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BBEJEHHE

B ofnacrAx cOBpPeMEHHOTO BYJIKaHW3Ma HauGollee APKO MPOABJIAETCA reoTepMabHaf
AKTUBHOCTb Hefp, BBIPaXalOIaACA B BBIHOCE K MOBEPXHOCTH 3emiH rinyGMHHOro Temia
H MarmMaTtHyeckoro BeulectBa. M3yyeHHe 3akoHoOMepHOCTe#l (POPMHPOBaHHA TePMAIBHBIX
BOA M Ta3’0BOOHBIX (IIIOMAOB, YYaCTBYIOIIMX B 3TOM TEINIOMAacCOMEepeHOCE, MOXeET HaTh
OTBeT Ha MHOrHe HefiICHble NMOKa BOMPOCHI TeOXHMHH. JTM HCCNEQOBaHHA MO3BONAIOT
CYDHTh O TEPMOAMHAMMYECKHX YCIOBHAX Help, oGHapy»HBAalOT NMOCTYIUICHHE K IHEBHOM
TIOBEPXHOCTH I0BEHWIBHOTO (MAaHTHI{HOrO) BeIecTBa H BBHIABJAIOT THAPOTEOXHMHYECKHE
OCODCHHOCTH PpAa3NMUHBIX CTPYKTYPHO-TEKTOHHYECKHX M JIMTONIOTO-palMaNibHBIX OO6CTaHo-
BoK. OHM NOMOTalOT TaKXXe BBIACHATH POJIb COBPEMEHHBIX TMAPOTEPMANIBHBIX PAacCTBOPOB
B MMHepalio- H pynooGpa3oBaHMH, B MNpoUeccax MeTaMopdu3Ma rOpHbIX NOpod, B MOQ-
3eMHOM XHMHYEeCKOM CTOKE W B APYTHX Pa3HOOGpa3HbIX reooruuecKHX Mpoueccax.

Bonpocel ¢opMupoBaHMA THOPOTEPM B BYJIKaHMYeCKHX OOGNAcTAX HaBHO MPHBIEKAIH
BHHMaHHE HCCIeoBaTe/led W IMPOKO OOCYXOaMHCh B JHTepatype. OmHaKo MOMHOro
OCBellleHWs1 ApoGneMbl MOKa HeT, XOTA OTAeNnbHble OOlMe M perHOHaIbHBbIE e acMeKThl
PaccMaTpHBAIMCH BecbMa NoapoGHO, Hampumep B paGotax B.B. Usanosa [1960, 1976],
I. Yaiita u I'. Yopunra [1965], A.B. lllepGakosa {1968], C.U. HaBoxo [1980], A. 3nnuca
[Ellis, 1970,-1979], A. 3nmuca u Y. Maxona [Ellis, Mahon, 1977], E.A. BackoBa u
B.H. Cypukosa [1975], A. Tpycnenna [Truesdell, 1975], H.A. MapuHoBa u P.H. TkaueHko
(1974, 1978], B. Kapne [Karle, 1981] u np.

B mocnemmme rompl BEIACHEHHe MMEHHO 3THX mpo6ieM npuo6peno ocoGenHo Gonmbiuoe
3HaueHWe B CBA3M C pa3BMTHeM paboT MO MPaKTHUECKOMY OCBOEHHI0O HOBOTO HCTOUHMKA
3HepruH — rayOGuHHOTO Terwna 3emid. ITH paGoThl YCHIMIIH NOTPeOHOCTh B reOXHMMUECKOM
THIM3AUMH TePMalbHBIX BOJ W MAPOTHAPOTEPM H BLI3BANM HeoGXOOAMMOCTH ompeaeNneHds
HauGoliee MOAXOAALMX TMAPOXUMHYECKHX HHOMKATOPOB MpH MOHCKAaX M pa3BefKe TMOpPO-
TepMAIBHBIX MECTOPCIKIECHMUA.

PasHocTopoHHHe WcCIefoBaHMA, NMpOBefieHHble B MOC/NedHMe OecATWIETMA B oOGnacTAx
COBpeMeHHOro akTHBHOro Bynkamuama B CCCP, ClIA, Hosoit 3emangun, Urammm, fino-
Huu, Hcnanpun, Mexcuke, dduonun, KeHmn M nOpyrux crpaHax, OaiM HOBbIE BaKHbie
MaTepHaiibl, 3HAUMTENBHO PAaCIIMpHBIIME M BO MHOIOM H3MEHHBLIME paHee CYLIECTBOBAB-
LMe MpENCTaBJICHHA O PACPOCTPAHEHHWH, COCTABE H reHe3HCe TepMAIbHBIX Bof. llupokxoe
H3ydYeHue [HA MHPOBOTO OKeaHa MO3BOJWIO MONYJYHTh TAK)KE W HOBBIE CBeJleHUA O cyGokea-
HMYECKHX TePMAIbHBIX BOLAX, a TAKXKE HOBbIE JaHHble O TEPMAX, Pasrpyiatoumxcd B Gepero-
BbIX 30HaX. B pesynbrate ceitvac craro BO3MOxHO 0GoGiieHne B rnoGanbHoMm Maciurabe
reoXMMHYECKHMX 3aKOHOMepHoCTel (GOpPMHPOBaHHA TepMAaJIbHBIX BoM, B 00nacTAX COBpeMeH-
HOTO BYJIKAHW3MA, OT/IHUAIOLMXCA CTpOeHHeM 3eMHOH Kopbl, HaGopom dopmalHii, THIOM
MarmMaTriimMa H Meramopdmusma. CaMbIMH MHTepeCHbIMM OGbeKTaMM I TaKMX MCCleJOBa-
HHMi CIYXaT [pOABJIEeHHA THAPOTEPMATIBHOH MEATeNBHOCTH B HanGollee TEKTOHMUECKH
AaKTUBHBIX 30HaX 3eMHOro 1apa — pH(PTOBBIX CHCTeMaX OKEaHOB M KOHTHHEHTOB, a TAKXKe
B OCTPOBHBIX [yrax. Bbicokuit TEIUIOBOH NOTOK M crHeuuduyeckas reolMHaAMHYECKas
o6cTaHOBKa CO3JAI0T 30ech GNaronpuATHbIe YCIOBHA 1A BO3HHKHOBEHMS MarmMaTHuecKHX
OYaroB B BepXHell YacTH MAHTHH M TMOCTYIUIEHMA K AHEBHO# MOBEPXHOCTH MarMaTH4ecKOro
BewlecTBa. MaciuTaGbl 3Toro mnpouecca, GopMbl ero MposABIEHHA M COCTaB NPOOYKTOB
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3aBMCAT OT TUMA M CTaJMH Pa3BMUTUA OTAENBHBIX CTPYKTYp. B uTOre 3Mech co3al0Tca 0cobbIe
THIPOTEOJIOTHYECKHE YCIIOBHA, MPOTEKAT cneundHyecKHe THAPOreOXMMHUECKHE MpOLeC-
Cbl ¥ BO3HHKAIOT HeOObIuHbie TePMANBHbIE PaCTBOPBI, HE CYLIECTBYIOLUME HU B KaKHX APYTHX
Te0TeKTOHMYECKHX OBCTAHOBKAX 3¢MHOM KOpHI.

Marepuanom pjsi npemjiaraeMoil BHHMaHUI0 yMTaTeNe paboThl MOCHYNGUIH HCCleloBa-
HHAL TeOXMMMH TEpMAJIBHBIX BOJ, NMPOBOAMBIIMECA aBTOpOM HaduHaAz ¢ 1960 r. B pasnuu-
HbIX PaiiOHaX COBpeMeHHOro M HoBejimlero BynkaHu3ma B CCCP, Ucnanpuu, Utanum, Mek-
cuke H CIIA. B TeyeHue psifa jieT M3YYaIMCh THAPOTEOXHMHUECKHE OCOOEHHOCTH THIUYHOTO
ImeMeHTa ocTpoBHbix Oyr — Kypmino-Kamuarckoro peruoHa. 3ateM B cocTaBe rpymiibi
corpynHukoB Teonornvyeckoro uHcturyta AH CCCP B 1970 r. u CoBerckoil KOMIUIEKC-
HoH reonoro-reopusuueckoit sxcnemuun AH CCCP (HayuHblif pDYKOBOIOMTENb WIEH-KOP-
pecniongeHT AH CCCP B.B. BenoycoB) B 1971-1973, 1978 rr. aBTOp HCClEAOBan rUOpo-
Tepmbl Hcnanouu, pacnosnioskeHHOH Ha ocH CpedVHHO-ATIAHTHYECKOro XpeGTa B moToMy
NpeACTaBIALICH YHWKAIbHYI0 BO3MOXHOCTh I IONydeHHMA XapaKTePHCTHKH ocoGeH-
HOCTEeH THOPOTEPMAIBHOH AaKTMBHOCTM B rIOOWIBHOH CHCTeMe oOKeaHMuecKHX PHOTOB.
Boun  mocewieHsl M OmMpoGOBaHBI HEKOTOPble TePMOIPOABJIEHHA SNHIUIATGOPMEHHOTO
Baiikansckoro puTOBOro MmosAca M 3MMOpPOreHHoW pudrToBod cucTembr KanudopHmii-
ckoro 3anusa (paiion Ceppo [Ipueto). KpoMme TtOro, misi CpaBHMTENLHOrO aHAIH3a aBTO-
pPOM HCMONB30BaHbI HMEMIIHECA B JIMTEpaType CBelleHMs Mo mpoGneme, Kacamoumecs
smwiaTopMeHHbIX pUPTOBBIX 30H A(DpHKAHO-ApPaBHACKOrO MNOACa, MEXKOHTHHEHTANIb-
Horo pudta KpacHoro mops, a Tak)ke HEKOTOPBIX IOPYIMX TUXOOKEaHCKHX OCTPOBHBIX
nyr (Anouus, Hopasa 3enangua u Op.) .

Hccnenya ocHoBHble mpouecchl U (akTophl, GOPMHPYIOLME COCTAB TEPMAJIBHBIX PacTBO-
POB, aBTOP CTPEMMJICA Mpexde BCETO BHIACHUTD 3aKOHOMEPHOCTH paclpOCTPaHEeHHs TepMalib-
HbIX BOJI, TEHE3HC CaMOi BOABI U PacTBOPEHHLIX B He BeleCTB, BO3MOXHBIA COCTaB IJ1yOHH-
HbIX (MOMOOB, MCTOYHMK TeIUIOBOrO IHMTaHMA TUAPOTEPMANIBHBIX CHCTEM, OCOGEHHOCTH
ABH)KEHUS TEPMAaNbHBLIX BOM U MAapOTHAPOTEPM B CHEUMPUYECKUX IeoOTHYECKHX 06GCTaHOB-
KaX M CHCTEMaTH3HPOBaTh BCe BbILIeNepeYHCIieHHble MX OCOGEeHHOCTH, a TaKXe OLEHHTh
Ha OCHOBe MpeUIOXKEHHOH KNacCHOHUKALMH TePM BO3MOXHOCTH NMPaKTHYECKOTO MCIIONb30Ba-
HUA Pa3MYHBIX TeOXUMHUYECKHX THIIOB TEPMAJIbHBIX BOL.

CoOGpanHbie aBTOpOoM MpoOBI BOABI M ra30B aHaiM3upoBanuck B naboparopuax 'MH AH
CCCP, ®TU AH CCCP, TEOXU AH CCCP, BHUT'PHU MI" CCCP, I'eokanrtaxxMuHBod, MuH-
sgpaBa CCCP monm pykoBoactBoM u mnpu ydactiu JI.5I. YonmopoBa, B.U. Bunorpamosa,
C.B. CmenoBa, B.A. MampipuHa, JI.B. Xabapuna, T.M. Cymercko#t, I.M. Ilpaconosa,
JI.M. ®neit, I'.J0. BeitnpeGe, B.I1. lllepbaxk.

ConepxaHue OTHIeNbHEIX pa3genoB paboThl aBTOp o6cyxman ¢ H.U. Xurapoprim, B.B. HBa-
HOBbIM, ®.A. MakapeHko, A.B. lllep6akosbim, B.H. Pekenko, E.A. BakunpiMm, P.H. TkaueH-
KO M HEeOOHOKpPaTHO HOKJIa[pIBaJl Ha BHYTPHCOIO3HBIX M MEXKIYHapOOHbIX COBELIaHUAX.
ABTOp Takdke MONb30BaNiCA coBeTaMu H xoHcyiabrauusamu JLLH. BapaGanoBa, B.A. I'paGos-
HukoBa, B.H. IIsopoBa, B.H. llucnepa, B.I1. 3Bepena, B.A. Unvuna, A.W. CepexxHiKOBa,
A.b. CvupHosa, T.M. Cymesckoii, U.H. Toncruxuna, C.JI. lilpapuepa.

Becbma nonesHeivu uiA aBTopa ObUiM Gecelbl M OMCKYCCHH ¢ 3apyGexHBbIMH KO/UIETaMH
. Yaittom, I'. lonnepom, I'. limaccmanom, K. lllepeBbimM, O. ®panko, K. ®puxe, 5. Hos-
rnamno, I'. CurBanpacorom, C. ApHopccoHoM, b. ApHacoHom, H. HoncoHoMm, K. Ilanuku,
3. bap6ee, ®. Mo3epom, U. Tapau.

Bcem 3THM sMuam aBTOp BhIpaXKacT ry6okylo G/1arogapHoCTs.

HckpeHHOl NpU3HATENIBHOCTD ABTOP BhIpaXkaeT TakK)ke CBOHM KOJUIETaM IO 3KCHenu-
uuu H ocobenno B.I'. Ilonsaky 3a mocToAHHyI0 MOMOLIb B NOJIEBBIX MCCIENOBAHHAX H [I€TaNb-
Hoe o6cyxmeHne paboThl Ha BCeX CTaMAX €€ NMOATOTOBKH.

B odopmiiennn MoHorpadum m mOAroToBKe ee K meyaTH HeoLUEHMMYH0 MOMOILDb aBTOpY
oxasanu C.B. Kosnosuesa, X.JI. Oumaposa u JL.U. Enaruna.

PaGoTa BhInonHeHa B saGopatopuu reorepmun [eonoruwyeckoro uHcttyTa AH CCCP.



IJIABA NEPBASA

NPOBJIEMA KJIACCHPHKALIMM COBPEMEHHbLIX T'MOPOTEPM

YcnoBus ¢GopMHpPOBaHMS THAPOTEPM OGNacTedl COBPeMEHHOrO BYNKaHM3Ma O0COGEHHO
yriy6nenHo usydanms B.B. MBanos, ®.A. Maxapenko, b.H. ITnitn, H.WU. Xurapos, A.B. lllepGa-
KxoB, B.B. Asepben, E.A. Backos, I'.A. 'onepa, K.K. 3eneno, C.H. Ha6oko, b.®. Maspui-
kuii. bonbiiodt BKkian B HccnemoBaHue 31oi npo6nemsr BHecnu JI.H. BapaGaHos, E.A. BakuH,
C.JA. Manuunn, B 1. Iamnypa, B.H. Penkeniko, B.M. Cyrpo6os, P.U. Tkauenko, 10.I1. Tpyxu,
W.JI. XonakoBckHi, a 43 3apyGexHsix yuenbx — I1. Yaiir, A. Inmuc, C. ApHopccoH, B. Kaprne,
I1. Madnep, ¥. Maxon, X. Hakamypa, I'. CurBangacon, ®. Tonanu, A. Tpycaens.

CoBpeMeHHbIE THAPOTEPMBI PacNpOCTPaHeHbl B TEKTOHHUECKH MOGHIBHBIX MOSAICAX 3€M-
HOH KOpbl, OTpaHH4YeHHBIX B ePBOM NpHOMHKeHUH 6-6armbHoil n3ocekicroii. Hapangy ¢ Brico-
KOH THAPOTEPMANIbHOH H CeMCMMYECKOH AKTHBHOCTHIO TEKTOHHYECKH MOOWIBHBIE TNOfca
XapaKTepH3YIOTCA OGONPIIMMHM TpaMeHTAMM BEPTHKAJIBHBIX HEOTEKTOHHYECKHX HBHM)KEHHH M
IIMPOKMM Pa3BHTHEM BYJIKaHH3MA.

IpoABIeHUA COBPEMEHHOTO BYNKAaHH3Ma SABJIAIOTCA THMMYHOM YEPTOH OCTPOBHBIX YT
(UnpoHesuiickoit, OununnuHckoii, fnoncko#t, Kypwro-Kamuarckoit, Aneyrckoit u ap.),
aKTHBHBIX OKpaWH KOHTHHeHTOB (Kopmunbeph!, AHOBI), anbIUACKUX FOPHBIX COOPYIKEHMId,
ob6pamsoumx BHyTpenHHe mopA (CpemM3eMHOMOpPCKas NPOBHHIMA H [p.), HEKOTOPBIX
obnacreii 3MUIUIaTGOPMEHHOrO OporeHe3a (ApaBHiicKo-ApHKAHCKHI OpOreH), a TaKXke
KaK KOHTHHEHTAJIBHBIX, TaK U OKEeaHHYeCKHX PHGTOBBIX 30H. XapakTepHB OHM M [IiA
HEKOTOPBIX AKTHBHBIX YYaCTKOB OKeaHmdeckoro aHa (puc. 1, cM. Bki.). Okono 75% peiict-
BYWOIUMX Ha 3¢MHOM IHape BYJIIKQHOB PpacnoiioxkeHo B THXOOKEaHCKOM Konble, NMpuyeM
14% — B omo#t Tombko Mnmonesmn. K Hauboree aKTHBHBIM BYJIKAHWYECKHM NMPOBHHIHAM
3TOro perHoHa oTHocATcA TakxXe Kypuno-Kamuarckas, umeromas oxorno 200 BynkaHoB,
H3 HMX 68 pmeiicTByoumx; SmoHckas, B KOTOpOH HacuuTbBaerca 144 BynkaHa, B TOM
uncne 55 peiicrBylommx, u Auackaa (Ywmm, Iepy, dxsanop, Komym6us), roe B ucTopmnue-
cKoe BpeMsa u3Bepranmock 79 BynxaHoB ([Catalogue.., 1951-1965; Maxpmonansn, 1975].

B ATnaHTHYeCKOM Nofice HaHGoJIee aKTHBHBIM BYJIKAHHYECKHM paiioHOM sABNAeTca cnan-
mus, TOe B HCTOpUYeCKOe BpeMsa [eilcTBOBaNo okono 30 BynkaHWYeCKHX anmaparoB, a B
LeJIOM 3a MOCHIeOHUKOBLHIA nepHopn — okono 200, Ussepkenns B Hclanouu nmpoMCXOOAT
Kaxqsie 5—6 net, ¥ 3a nocinemHue 500 seT 3mech HanMMIoch okoso 1/3 Beeit 1aBbl, H3BEPrHY-
TO#H Ha moBepXxHocTh 3ewm [PuT™maH, 1964].

CoBpemMeHHas BYJIKaHHYeCKas HEATENIBHOCTh IIMPOKO pacHpocTpaHeHa Takxke B Bocrou-
Hot AdpHuke M Ha ApaBHiICKOM MOITyocTpoBe. 3mech, B BocTouHo-AdpHKaHCKO-ApaBHii-
CKOH BYJIKAHNYEeCKOH TNPOBMHIMHM, HACUMTBIBAETCA OKONMO 60 OCHCTBYIOLMX BYJIKAaHOB.

Bcero, no ganHubim B.H. BriopaBua [1973], Ha 3emHom mape ¢ 1500 r. mo H.3. mo 1973 r.
peficrBoBanio 817 BynkanoB. [IpUMepHO ueTBepTas MX YaCTh HaXOJHTCA CefiMac B CTajHH
conbdarapHoOii aKTHBHOCTH.

B xone BynkaHnyecKo# M rHOPOTSPMABHON JeATEIBHOCTH HA MOBEPXHOCTh 3eMITH BBIHO-
CHTCA OTPOMHOE KOJIHUeCTBO Temia. Ho, NOMMMO 3THX KOHBEKTHBHLIX TEILUIONOTEPD, B TEKTO-
HMYeCKH MOOHJIBHBIX NMOACaX OYEHb BBICOK H DETMOHaNbHBIA TewioBo# moTOK. Ero Beymm-
YMHA 3/1eCb HAMHOIO TMpeBBILIaeT cpenﬂermaﬂeragnoe 3HavyeHHe, COCTaBJIAA, HalpHMep, B
CPeIMHHO-OKeaHHYecKUX XpebTax 160—200 MBr/M*, a MecTaMH moCTHraa maxe HECKONBKHX
Toicy. Ho Takue yyacTku mpenctaBssioT co6oit JIOKanbHEIE MONOXMTENBHBIE TEPMOAHOMA-
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Puc. 1. Kapra feficTBYI0LUMX BYJIKaHOB MHpa H pHGTOBLIX 30H
1-2 — Bynkansl, peiicteobasiwuue [Morris et al., 1979]:

1 - B ucropuueckoe Bpemsa; 2 — B rononene; 3—4 — ocu coBpeMenHbIx pudToBbIX 30H (3) M TpanchopmHbIX paziomon (4) [Kapacuk u ap., 1981)
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Puc. 14. KapTa MHHepaNbHBIX H TepMabHBIX Bon Mcnanmum Maciuta6a 1 :1 500 000. Cocrasumu B.H. Koxo-
Hos, B.T. llonak, C.B. Kosnosuesa, I.T. Tony6xona, JI.WU. ®nepona

1-4 — npopusumu TepMomuHepanbubix Bon: ] — BOmOpomMbIX TepMm oGnacTed COBpPEMEHHOTO BymKa-
HM3IMa M pUdTOTeHe3a, 2 — 830THO-Y (TIEKHUCIIBIX TepM OGMacTeli COBpeMeHHOrO ByTkaHu3Ma, 3 — yrnexuc-
JbIX BOR, 06nacTel MONOXON MAarMaTHYecKo HEATENBHOCTH, 4 — a30THBIX TepM OGacTeil Pa3BUTHA MMO-
UEH-HMXHEIUTHOUEHOB bIX 11aTOGasaibroB; S—9 — ra30BbIi COCTAB TePMOMHHEPATILHBIX BOX: 5 — BOOOPOM-
HBIii, 6 — 830THO-yITIeKMCNBIA, 7 — yrnmexucnstit, 8§ — a3othbmi, 9 — cocras wne onpegensanca; 10~13 -
XUMMYECKHI COCTaB BOM ¢ npeobnapanuem B awmonwHon uactu: /0 — xnopupos, 11 — cynwsparos, 12 —
KapGoHATOB K 6uxapﬁom°-ron, 13 — cmewamnniit; 14 — nopbmuennoe conepxanue B pomax H,SiO,; 15 —
TeMnepaTypa Ha Bbixome, C:d — 20-35,6 — 35~75,8 — 75—100, 2 — > 100; 16 — rpasnibi NPOBUHLMIA;
17 — rpanuust Bynkanmyecku aKTHBHbIX BeTBell CpemHHolM 20Hb1; /8 — TexToHMMecKHe Hapymemun; 19 —
Bynkaust. Tepmonposannenmn: 1 — Kpoce, 2 — Xenna, 3 — Jitpu, 4 — I'pamna Ucadbopa, 5 ~ Peitkxonap,
6 — Bakkn, 7 — Xpepasuk, 8 —Jluma, 9 — Cefiymuraancrysira, 10 — Xpucap, 11 — Oypybpexka, 12 —
Jlucyxomip, 1'3 — Péiimamennpcénbkennna, 14 — Xpyrcxonprenoir, 15 — Jlaunbpor, 16 — Cnerradennbcxne-
pHp, 17 — Peitkup Xpyradwopn, 18 — Cxapn, 19 — Peitxup Peiikpabpoiit, 20 — Peitkup Cxaradwopn, 21 —

Bapmaxnua, 22 — Poccxsep Crxaradvopa, 23 ~ Topmanup, 24 — Pefixup Xonap, 25 — Peitxup Oynade-
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Ta6Gnunal
Cocras razos axtusHbix BynxaHos [Yaiit, Yopuur, 1965; Sigvaldason, Ellisson, 1968]

AKTHBHbIe ra3nl, MEpPecYUTaHo Ha 100%
MecTrononoxeHHne T, °C

co, co CH, H, HCI HF
Anouus, ¥3y, xynon lilosa- 750 650 - 0,08 25,0 5,39 2,76
llunsan*
Tasafin, Mayna-Jloa 1100 54,0 04 - 0,0 - -
Uranus, Besysuit > 300 84,5 0,0 0,0 9,5 6,0 -
HUtarmsa, 3tHa 950 62,9 8.4 1,0
Anscka, Karma#t (HdomHa 250 - - - - 74,0 13,0
Decam Teicay piMoB)
HUcnanpus, Cyprcait 1100 36,1 2,8 - 344 2,9 —
Adpuka, Huparonro, Jlaso- 1020 84,35 5,05 -~ 1,55 - -
BOE 03epo

'llonommrenu-lo o6uapywen NH; = 0,06%.

TIMH, CBA3aHHbIe, KaK YCTAaHOBJIEHO, C Pa3rpy3Koil INyOHHHBIX TEIUIOHOCHTENel — THApPO-
TepMaJibHBIX IIOMIOB H MAarMaTHYeCKOro paciutaBa. XapakTepHOi UepTOl TeWIOBOro MoOnA
MOGHWIBHBIX MOACOB ABJIAETCA H OOHIMe OTPHLATENbHBIX TEPMOBHOMATHH, MMEIOILMX TY XKe
npuponxy. B mpenenax TakHx aHOMasHil 3HauYeHHA KOHOYKTUBHOrO TEIUIOBOro NMOTOKA NajanT
[0 Hynf, XOTA OOWMA BBIHOC [NIyOMHHOTO TEIUIa Ha 3TMX YYacTKax (B ovarax pasrpy3ku
THAPOTEPM M Ha BYIKaHHYECKHX anaparax) OCTaeTCs BHICOKHM.

Crieundua ruaporeonorsyeckoil 06CTaHOBKH GITH3 BYJIKaHHYeCKHX O4YaroB onpenensieTca
C/IOXHBIMH B3aWMOOTHOLLICHUAMH PbIXJILIX M IWIOTHBIX MPORYKTOB BYJIKaHUYECKOH OeATeNb-
HOCTH, cBoeoGpa3neM BO3HMKAIOWMX B pe3ynbTare ee CTPYKTYp (Ha3eMHble BYIIKaHHYECKHE
NOCTPONKH Pa3NIMUHBIX TMIOB, KAIbAEPHI, BYJIKAHO-TEKTOHHYECKHE [IENPECCHH) H HATHYHEM
Ha rny6uHe (MHOTHA He3HAYMTEJIBHOH) MAarMaTMyecKOro paciulaBa, B3 KOTOPOTO HenpepbIBHO
BLIIENAIOTCA JIeTYUHe KOMMOHEHTBI.

Kak noxa3sbiBaloT HaGMiomeHHAA B KpaTepax AEHCTBYOIUMX BYJIK2HOB H Ha CBEXHX JIaBO-
BBIX MOTOKAaX, B COCTaBe BY/IKAHMUECKUX Mapora3’oBbIX BBHIJIENIEHHH, IOMMMO MapoB BOfbI,
cocrapsAonMX oObiyHO Gonbuwie 90% oOT OOWWEd CyMMBI BCEX KOMIOHEHTOB, COAEPXATCA
C0,, CO, COS, SO,, S0,, H,, HCl, HF, SiF, CH,, NH;, N,, Ar, He n npyrue uHepTHbIe
raspl, a TaKXXe COe[MHeHUA Gopa, MBbIlbAKa, Cynbarbl U XIOpUIbl MeTanaoB (Tabm. 1).

Mpu 3toM B BhICOKOTeMmepaTypHbiX ¢dymaponax (180—-700°C) npeo6naparor HCI,
HF, SO,, CO,, H,, NH,, B, CH,, H,S, N;, B cpeneremneparypubix conbgarapax (100—
180°C) — H,S, CO, CO,, CH4, N,, SO;, H,, 2 B HU3KOTeMIIePaTYPHBbIX colbdaTapax
(< 100°C) — H, 8, CO,, CH, u N, [HUBanop, Kononos, 1977].

CornacHo pacueram K.B. Kpayckonda [1961], npu ommHaxopoit Temnepatype (600°C),
HO B pa3HbIX OKMCITMTENbHO-BOCCTAHOBHTENBHBIX YCIIOBHAX COCTaB BYJIKAHMYECKOro rasa
TaKxe Oyjmer pasnuueH. Tak, B Pe3KO OKHCIHTENbHBIX YCNOBHAX comepxaHue SO, Gymer
Bbilre, ueM H, S; B yCIOBHAX OT yMEpeHHO OKHMCIHTENBHBIX A0 Pe3KO BOCCTAHOBUTENIBHBIX
BaXXHYI0 poJib cTaHyT urpatb H, n H, S u moryTt noasurecs CO n CHy.

B3aumopeiicTBHe MarmMaTMyecKOro TeIUla, BYJKaHMYECKHMX Fa30B H MOA3eMHbIX BOJL MpH-
BOIOMT K MOABJIEHHI0 XapaKTePHBIX BBICOKOTEMIIEPAaTYpPHbIX TEPM, BBIXOOAUWMX Ha OHEB-
Hyl0 MOBEPXHOCTb B KpaTepax M Ha CKJIOHax BYnKaHOB. [IpH onpeneneHHbIX YCIOBHAX B
3THX paiioHax MoryT (GOpPMHPOBATbCA M TOPH3OHTHI TEPMATBHBIX BOM, NMPHYPOYCHHBIE K
¢dyHIaMeHTaM BYJIKaHUYECKHMX anMapaToB M BYIKAHO-TEKTOHHYECKHM MENPECCHAM, 3amo-
HEHHBIM PBIXJIBIMH MHPOKACTHYECKHMH OT/IOXKEHUAMM YacTo ¢ MOKPBILLIKO#M cnabonpoHuuae-
MBIX MOPOA4. JTH THAPOTEpMANbHBIE CHCTEMBI, C TPELIMHHO-IUIACTOBBIM H AaXe NOpOBO-
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::Igg;o”e Ta3bl, NepecuuTaHo Cocrap napora3oBoii cmecH, % 06.
H,S so, so, | Cymma k- o, N, Ar H,0
0,10 1,66 0,723 0,0001 0,026 0,00009 99,25
- 17,0 29,0 7,17 - 16,80 0,58 75,44
0,0 0,0 - 13,05 3,72 15,94 67,74
1,5 26,2 20,2 - 2,4 - 774
13,0 - 0,76 - - - 99,24
23,8 - 13,77 - 0,07 86,16
- 9,05 - 48,50 - - 8,30 43,20

IUTACTOBBIM  XAPaKTEPOM UMPKYJIAUMH, B THOPOIMHAMHMYECKOM OTHOWICHHH SABNAITCA
MaJIbIMH apTe3HaAHCKMMM OacceiHaMM M apTe3HaHCKHMM CKJIOHamH. Pasrpyska ux moxer
MPOUCXOAMTh NO 30HAM pa3lMOMOB H [a€K B BHAE KHIAIMX HCTOYHHKOB, IEA3epoB M
NMapOBOAAHBIX CTPYH.

K coxanenuio, oOCIIENPHHATOS YHHBEPCIbHOE ONpedelieHHe TepMHMHA ~THAPOTEpMAalib-
Hafg CHCTeMa’, KOTOpbIi B [anbHeH1leM GyneT BCTpevyaThCs OOBOJIBHO 4YacTo, MOKa OTCYyT-
creyer. Pam asTopoB [ABepbeB, 1961; Vakin et al., 1970; HaGoko, 1974; Benoycos,
1978] moHuMaioT mof, HUM crieMdHUeCKHe BOMOHANIOPHbIE CHCTEMBI, BO3HMKAIOLIKE B 3€M-
HOH Kope B 06nmacTAX COBPEeMEHHOrO BYJIKaHM3Ma MApH BHEPEHWH B BOJAOHOCHBIE CIIOM
ryOHHHOrO TEIUIOHOCHTENIA — MarMbl MM HaJKpUTHYeCKOro BogHoro dmonma. Takue
TepMoaHOManuM, coriacio B.W. Benoycoby u B.M. CyrpoGosy [1976], npuypouensi k
onpefeneHHbIM reolOrHYeCKHM CTPYKTYPaM U XapaKTepPH3YIOTCS MOBEPXHOCTHBIMH MTPOABIIE-
HHAMH THAPOTEpPMANIbHOH aKTHBHOCTH. CnemyeT OTMeTHTb, OIHAKO, YTO0 B pAfe Cly4aeB
THOPOTEPMATIbHBIC CHCTEMBl HHKAK BHEHIHE He NPOABNAITCA Ha JHEBHOl MOBEPXHOCTH
¥ 00 HX CymeCTBOBAHHH CTAHOBMIIOCh H3BECTHO JIMLLD Nocie OypeHusa ckBaxmH. B.B. Asepren
BBIJENH B Npedenax ONHOH TMOPOTEPMANBHOW CHCTEMBbI OTHENbHBIC YYaCTKH, YROOHbIe
I H3BJICYeHHA NapOTrHApOTepPM, KOTOpPble OH Ha3bIBall FHAPOTEPMATIBHBIMH MECTOPOXKIe-
HHAMH. Heckonbko rugpoTepMasibHBIX CHCTEM, MO €ro MHEHHI0, MOXeT ObITh CBA3aHO Ha
rnyOuHe eOHHbLIM (PPOHTOM TEIVIOBOTO NMTAHUA M OOBbEeOHHEHO B reOTEPMANbHBIA paiioH.
IInomwagn reoTepManbHBIX MECTOPOXIECHMHA He NpPEBBIIAIOT HECKONbKHX KBaApaTHLIX
KWJIOMETPOB, THAPOTEPMATIBHBIX CHCTEM — MepBBIX AECATKOB, 2 FeOTEePMAIBHBIX PaiOHOB —
OT AECATKOB JI0 COTeH KBaJipaTHbIX KHIIOMETPOB.

OmHako Takoe OmpefielieHHe THOPOTEPMANBHBIX CHCTEM HECKOJIBKO CyxeHo. OHo xapak-
TepH3yeT JHIUbL HauGoyee BbICOKOTeMIIEpaTypHble- HapOTHAPOTEPMBI BYIIKAHHYECKH aKTHB-
HbIX o6mnacreit. B 10 xe Bpema H BHe obGnacreft COBpeMEHHOTIO BYIKaHH3Ma — B CeIMMEHTa-
UHOHHBIX 6GaccediHax MM InyGOKHX 30HaX TeKTOHMYECKMX ApoGneHniA — MOryt ¢opmm-
POBaTbCSl CKOIUICHHS! TEPMATIBHBIX BOM, XOTA M XapaKTepH3YIOIMECA MEHBLIHM YACIbHBIM
BHIHOCOM TeIUIa B OYarax pasrpy3KkH, HO TaKdKe SIBJIAIOIHECA THAPOTEPMANIbHbBIMH CHCTEMAaMH
(repmp1 Baiikanbckoit  pudTOBO# 30HDI, M-0Ba YenekeH, KapnoBbl Bapei, IlawmoHckuit M
TlapuxckHit apTeanaHcKue OacceiHbl H MH. Op.) .

Ilo HamleMy MHEHMI0O, TepMHH “TMAPOTepMAJIbHAA CHCTEMa” MOXeT GbITh OTHeceH KO
BCEM THAPOIMHAMMYECKHM CHCTEMaM, 3aKJIIOYEHHBIM B PaMKaX OTAE/IBHBIX Ie0JIOTHYECKHX
CTPYKTYp, GOPMHPYWOIUMMCA JIH6O NpH HAarpeBaHWHM BOJ B PETrHOHANBHOM TeIUIOBOM
fioNie B pe3ynbTaTe HX rnyGoKoi UMPKYIALMH, ITHGO ellie M MPH OONOIHHTEIIBHOM MOCTYIUIE-
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HUM B BOOOHOCHbIE FOPU3OHTHI IMYOHHHOrO Telwia, NPUHOCHMOTO MAarMoil MM HaJKpHTHYe-
CKHM ¢tIoHTIOM.

B nepsoM cnyuae THOpOTEPMBI HaXOIATCA TONBKO B suakoi ¢ase H MaKCHMAJIbHBIC
GazoBble Temmeparypsl' He mpeBbuuaoT 150°C, a Ha OHEBHON TMOBEPXHOCTH OHM OGBIYHO
HH)KE TOUKH KHIIEHHA.

Bo BTOPOM Cilydyae MBI HMeeM [€JI0 ¢ MaporHapoTepmamu. MakcumansHbie TeMnepaTypel,
3apMKCHPOBAHHBIE B TaKMX CHCTEMax, Bcerfia nmpessmuawor 180, mocturas mHorma 300°C
u Boie, Io mammmim A. Tpycmenna [Truesdell, 1975], u3 100 runpoTepManbHbIX CUCTEM
MHpa, pa3BelaHHBIX CKBaXuHaMH, 38 MMeloT Temmnepatrypy cBeime 180, 19 — cpomue 240
u 5 — Gonee 300°C.

O6BIMHO BBICOKOTEMIEPATypPHbIE CHCTEMBI CJIOXKEHbI CPaBHMTENIBHO XOPOLIO MPOHHIIae-
MbIMM MOpPOJIaMM, KOTOpbIe, KaK NPaBHJIO, MEPEKpBITBI CBEPXYy MeHee MPOHHIAEMOR
H30NMPYIOILEH TOMLEHA HIIH ke TOPH3OHTAMH, MPOHKIAEMOCTh KOTOPbIX CO BPEMeHeM Pe3Ko
yXyOUMIach BCJIEOCTBHE OCKICHHA CoOJieH B 30He BCKHIIAHMA MaporugporepM. B tom
Clydae, Koraga NPOHMIIAEMOCTb BMELLAIOLMX MOpOM, BBICOKA M MHTaHWe WHGWIbTPAUHOH-
HbIMH BONAMH HOCTATOMHO [ifi BOCHONHEHWA pacXoja TepM, Jaxe IPH OueHb BBICOKHX
GasoBhIX Temmepatypax (~ 250°C u Bbime) B pesepByape GymeT mpeoGnamath HIKas
dasa. B npooykTMBHBIE CKBaXXMHbBI MOCTyMaeT TOJBKO BOHA, KOTOpas BCKHMaeT NpH
CHIKEHWH [aBJICHHA JIHIIb B IIPUIIOBEPXHOCTHBIX YCIOBHAX, BCIENCTBHE YeTO Ha JHEBHYIO
NOBEPXHOCTb BHIOPachIBaeTCA NapOBOOAHAA CMECh.

IMpu aHOMaIBHO BBLICOKHX BEJIHUHHAX TEIUIOBOTO ITHTZHHA M MAJIOM NHMTAHHM HHQHIIbTpa-
UMOHHBIMM BOOAMH (BCJIEACTBHE HH3KO# MPOHHUIIAEMOCTH BMEILAIOWIMX NOPON) , He oBecneyn-
BalOLEeM NOJHOCTBI0 Pa3rpy3Kky ABYX(a3HO# cMecH, B THAPOTEPMANIbHBIX CHCTeMax Gymer
npeoGnagats nap [White et al., 1971].

TepmansHble Bopmbl OGNacTeil COBPEMEHHOTO BY/IKAaHM3Ma Ype3BBIYAHHO Pa3HOOGpa3HbI
Mo CBOEMY TeOXMMHMYECKOMY OGNHKY H TeIsioBbiM MapamerpaM. OCHOBHbIE KOMIIOHEHTBI
ux rasosoro cocrasa — H,, H,S, CO,, CH,, N,, uHeprusie rassl. Cpemy pacTBOpPeHHBIX
coneit JOMHHHPYIOT TaJIONAbI, CyNbdaThl, THAPOKapOOHaTHI H KapGOHaThI r1aBHBIM 06pazoM
IIETOYHBIX H LUENIOYHO3EMEJIBHBIX IEMEHTOB. 3HAUMTENIBHO BAapbHPYIOT MHHEpATH3aUMA
rugpotepM — ot <1 mo 500 r/kr u Gomee, ux pH — ot 0,1 mo 10, a Takxe TemMneparypa,
[OCTHTaouiaA B HEKOTOPHIX THAPOTE PMANILHBIX cucTeMax 360°C.

I'maBHO# TpymHOCTBIO, BO3HMKaWILeii NpPH MOMBITKAX CUCTEMAaTH3HPOBaTb HaHHbIE O
FeOXHMHYECKHX M TEIUIOBBIX 0COGEHHOCTAX COBPEMEHHBIX THAPOTEPM, ABNIACTCA Heo6x0omu-
MOCTH BBIGOpa OGBEKTHBHOI'O KPHTEPHA MJIA HX CpPaBHEHMA.

Tem He MeHee TONBKO CHCTeMATH3alUMA 3THX MCKIIIOUMTENIBHO IECTPBIX JAHHBIX, HX yIIOpA-
HOOYeHMe Ha OCHOBe OOBEKTHBHBIX KPHTEPHEB CXOACTBa — pa3NHUMA KOHKDPETHBIX pPa3HoO-
BHIHOCTEl TEPMAIBHEIX PacTBOPOB MOTYT 06ecneuuTh BhIABJIEHHE OCHOBHEBIX THIIOB TMOpO-
TepM, 0COGEHHOCTe MX TPOHCXOXKIEHHSA M 3aKOHOMEPHOCTeH NPOCTPAHCTBEHHOTO pacipe-
AeneHMs. PelieHne 3THX 3aay Ype3BBINAHHO BaX¥MHO B TEOPETHYECKOM OTHOLUCHMH, TaK KaK
OHO MOJDKHO NPOACHHTb OCHOBHbIC YePThl TMAPOTEPMANBHOTO MpPOLEcca, €ro MpHUYMHBI, poilb
B NEPEHOCE H OTNIOXEHHH BElLIeCTBAa BIUIOTh 10 (OPMHPOBAHHA BTOPHUHBIX KBAPUMTOB HIH
PYIOHBIX MecTOpoXIeHMii. IIpakTHUeCKM TakHe UCCIIEHOBAHHA BaXHBI eule M MOTOMY, YTO
HMEHHO OHM CIIOCOGHBI MpPaBHIIBHO OPHEHTHPOBATb PabOTHI MO OCBOGHMIO TEIUIOBBIX pecyp-
COB COBpPEMEHHBIX THIPOTEPM, KOTOPBIE PacCMaTpPHBAIOTCA CETrOOHA KaK BaXMHbiH pe3epB
aepretukn Oymymero. MMeHHO ¢ 3TMX NO3WUMil MpHOGpeTaeT MepBOCTENEHHOE 3HaycHHe
NPaBUIIBHOE pellICHHE LieHTparbHOH Tpo6ieMs! dopMHPOBaHHA COBpPeMEHHBIX FHOPOTEPM —
AIBJIAIOTCA JIH BCe HaGmiomaemble MX PasHOBMIOHOCTH NPOM3BOAHBIMH OOHOTO M TOTO Xe
HCXOIHOTO MarMaTHyecKoro GMoHaa MM 3T0 FEHETHYECKH pa3fIHYHble THIMBI MOA3EMHBIX
PacTBOPOB, BO3HHKAOILHE B ONpENeNeHHbIX FeOXHMHMYECKHX H Fe0TepMHYECKHX YCIIOBHAX,

! Noustie o Gasosoft Temneparype BBeneHo I'. BomsapccoHom {Bddvarsson, 1961]. Ono ocHoBaHO Ha
MOMEJIH, B KOTOpPOi#t BOOA METEOPHOTO NMPOMCXOXNEeHHA HarpeBaeTc B (POHOBOM reoTeMIICPaTyYpHOM
nojie 3eMHOMR KOpbI B npouecce rMy6OKoro KOHBeKUMOHHOro nMisa. I'ny6GuHa 3TOro NMKNa U Temnepa-
Typa Ha 3Toft INyOHHe HA3LIBAIOTCA COOTBETCTBEeHHO “GasoBad rny6uHa” W GazoBada Temmepartypa’.



XApaKTepU3YIOLUMX pasiNuHbIe TeoNoro-CTPYKTypHble o0OcraHoBKH. Eciu cnpaBeminBa
nepBaf TOUKA 3PEHHs, TO CTECTBEHHa BO3MOXHOCTh BCTPEYH BBICOKOIHTABIHAHOTO THAPO-
TEPMATBHOrO (IOHAa, TOTHOTO VIS NPaKTHYECKOTO HCMOJIB30BAHUA, NPH MOGOM reoXHMH-
ueCKOM OCIHKe NOBEPXHOCTHBIX TepMONpPOsABIIeHWHA. B NMPOTHBHOM cCilyyae MepCHEKTHBHI
o6HapyXeHHA Ha ryOuHe Takoro (ouAa JOJKHBI GbITh He OIMHAKOBBIMM B 30HaX pacpo-
CTPaHEeHMA reOXUMHYECKH PaIMYHBIX TEPMATLHBIX PACTBOPOB.

Ipumepom knaccuduiaumii rHAPOTEPM, OCHOBAHHBIX Ha IHMOTe3e 06 HX MOHOreHHOM
NIPOHCXOXKIEHHH, MOTYT CIIYXWTh THIHM3alHH TePMaIbHBIX BOH obMnacTell aKTHBHOrO BYJKa-
HU3Ma, npemtoxennsie LE. Yaiitom [White, 1957] u C.H. Haboxo [1974]. B knaccuduxa-
nur C.H. HabGoxo Bce TepManbHbie BOAbI PacCMATPHBAIOTCA KaK eJMHbI IeHeTHYeCKHH
KJIacc, NOCKONbKY, MO ee MHEeHHI0, OCHOBHBIMH (paKTOpaMH, OMPpeHeNAIMMH HX TeIIo-
BOH peXWuM, CONICBOH M ra3oBbIil COCTaB, ABJIAIOTCA IJyOMHHBIE MarMaTHyeCKHe IpOLECCHI,
a BapHauMH (H3MKO-XMMMMECKHX MMapaMeTpoB TMAPOTEPM ONPEHEAITCA OCOGEHHOCTAMM
BBIEJICHHA JIETYYMX H3 TeX WIH HHBIX CWIMKATHBIX PaclUlaBOB Ha Pa3HUHBIX INyGHHaXx,
T.6. B Pa3sHbIX TePMOOapHUECKHX YCIIOBHAX. AHAIM3UPYA METAUIOHOCHOCTD TePMATbHBIX
pon, C.U. Haboxo [1980], Tem He MeHee, moapasfienfer MX MO COCTaBYy H TemIepatype
Ha MATb OCHOBHBIX XMMHYeCKHX THNOB. K nepBoMy TNy OHa OTHOCHT meperperbie” Xiopua-
Hble HaTpHeBble BOMABI C HEBBICOKOH MUHepamH3auveir (0koio 3 r/n) u GOnbUBM comepxa-
muem Si, K, B, Li, Cs, Rb, As, Sb (tax Ha3pmaemsni ITayxkerciko-Baiipaxeiickuii Tam).
Ko BTOpoMy — rupapokapGoHaTHpie M CyJiibdaTHbie aMMOHMifHbIE HH3KOMMHEPAM30BaH-
Hble NMapOrHEPOTEPMBI, B ra3oBOM COCTaBe KOTOpbIX mpeoGnapmatror CO, u H, S (Komenes-
ckue, KamGanbubie, Cemaunuckue Tepmbl) . Tpetuil TMN npencTaBisier coGoil ~neperpetsie”
cynbdbaTHO-XIIOPHIHBEIE HaTPHeBble BOObI ¢ MWHepanM3auMeil MeHee 2 rfl, XapaKTepHBIM
NpeJCTaBHUTENIEM KOTOpPHIX aABIAWTCA bBonblueGanHble uctounukH. K verBepromy tHOY
tepm C.HU. Haboko otHocur ropawie (< 100°C) xmopuaHble HAaTpHEBble YIIIEKHCIbIE
BoObl ¢ moBsiieHHBIM copepxkanueM K, Si, B, Li, Cs, Rb, As, Sb, Sr (HanaueBckue,
Ilarmuckue, [lynmuckue ucrownku). HakoHen, nATHl THI OGbemUHsAeT GONBILYIO Tpynny
rOpAYMX H TEIUTHIX BOJ CIIOXHOTO COCTaBA H HH3KOH MHHepanu3aluM, B ra30BOM COCTaBe
KOTOpsIX NpeoGnanaer azor (HawmixuHckwue, [laparynckue Tepmbl u Op.) .

Cama no ceGe mpemioxkeHHaa C.H1. HaGoxo c¢opmansHas THMH3AUHA THOPOTEPM COOT-
BETCTBYeT KOHKPETHBIM THAPOTEPMAIIbHBIM MNpPOABJICHHAM, PpEalbHO CYILECTBYIOLWMM
B Kypuno-Kamuarckom perHoHe. B He#t JNHMIIb He XBaTaeT HEKOTODbIX APYTHX XapaKTep-
HBIX Pa3HOBUOHOCTEH TepMAalbHBIX BOX, (CEPOBOHOPOMHO-YTIEKHCHBIX (YMapOJbHBIX
XITOPHAHBIX T€PM CO CJIOXKHBIM KATHOHHBIM COCTaBOM H NOBBILICHHOH MMHepaM3aluMed —
oo 35 r/n, MeraHOBBIX rHOporepM). OmHAKO BpAA M MOXHO OGBACHHUTH reHe3HC BCex
3THX pasHbIX MO XMMHUYECKOMY COCTaBY M TeMIleparype BOH TOJIbKO Da3lIHUHON riyOHHOMH
¥ MHTeHCHBHOCTBI0 MarMaTHYeCKHX MpolueccoB U muddeperunameii “"neppuuHoro” dionna.
Ha Toit )xe Kamuatke, CioxeHHO# MopodaMH, BeChMa pa3HOOGPAa3HBEIMH N0 IeoNIOTHYECKOMY
BO3pACTy, COCTaBY, CTeNMEeHH AMCIOUMPOBAHHOCTH H MeTamMopdu3ma, npoueccsl BynKaHH3Ma
H MarMaTHyecKas HeAITeNIBHOCTh TMPOSABIAIOTCA JIMLIb B JIOKATBHBIX 30HaX. H3BecTHO Takke,
YTO TPYNOBI a30THBIX M yriiekucnbix Boxk Kamuarku, kotopsie, no mHenuto C.U. Habc «o,
dopmupyloTca RHON BO3AEHCTBHEM MAarMaTHYeCcKOro XJIOPHIHOTO HATPHEBOro QIIoHLZ,
IMPOKO pPa3BMTbl M B pailOHaX, Ifie COBPEMEHHBIH BYJIKAHM3M M MArMAaTHYECKafd aKTUB-
HOCTh B HacToAwiee BpeMsA OTCyTCTBYIOT (Hanpumep, Ha Ilamupe, B Taup-lilane u 3aGaii-
Kanbe) . KpoMe 10ro, Kak OymeT nMoKa3saHO HWXe, TAK Ha3bIBaeMble “TIEPBHYHBIE” XJIOPHI-
Hble HaTpHeBble GIIOMABRI [aXe B pailOHaX COBPEMEHHOTr0 BYJIKAHW3Ma pPacHpOCTpaHeHBI
OaIEKO He MOBCEMECTHO.

OcraHoBuMMcA Tenepp Oojiee MompoOHO Ha KIACCHPUKALMAX COBPEMEHHBIX THAPOTEPM,
KOTOpBIe MCXOOAT K3 MOJIMIeHHOIo MX NPONCXOXKHeHHA. B Hacrosiiiee Bpems CyluecTByer
HECKOJIBKO TAaKHMX KIaccHpHMKauni, KOTOpble MOXKHO NOAPA3AENUTDh - 1O 3aNI0KEHHOMY
B HHX oNpenesigoleMy TIpH3HAKY.

B nepmoii rpynne kiacchpHKauMii OCHOBHBIM NPH3HaKOM ABNIFETCH Ta3OBbIH COCTaB
TEPMAIBHBIX BOM, KOTOPHIA, corflacHo B3rnsaam B.HU. BepHanckoro [1929], AM. Opuns-
HuKoBa [1947], B.B. Usanoa [1960), A.B. lllepbaxosa [1968] n npyrux uccnemonareneii,
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ABJISIETCA OOHMM M3 CaMBIX Ba)XHBIX HHOMKATOPOB INMyGHHHBIX FeOXMMHYECKHX M reoTepMu-
YeCKHX YCIIOBMH.

[lupoko H3BecTHa COCTaBJICHHAA MO 3TOMy NpHHUMNY kiaccHhdukauusa B.B. Msanosa.
10T  MCClemoBaTeNib BHEC 0COGEHHO GonbLIOH BKIAM B H3y4YeHHe OCHOBHBIX 3aKOHOMEpPHO-
cTeil pacmpenesieHHs H GOPMMPOBAHHA TEPMAIBHBIX BOJ B PaHOHAX AKTHBHOIO BYJIKAHH3Ma
[UBanoB, 1956, 1957, 1958, 1960, 1966, 1976]. UM BnepBbie 6bU1a cocTaBneHa umpo-
xumudeckas kapra Kamuatku u Kypuinbckux ocrpoBoB B MaciutaGe 1 : 3000 000. Brinenen-
Hble UMM B 3TOM perHoHe MO COCTaBY Fa30B OCHOBHble Pa3sHOBHIHOCTH TEPMAIBHBIX BON
NPencTaBJIAIOT, N0 ero MHEHHIO, Pa3IMyHble TeHeTHUeCKHE THINbI, GOPMUPYIOLLMECH He3aBH-
CHMO Ipyr OT HOpyra B cheuMuyeckux WA Kaxporo Thna ycioBuax. Tak, B Bocroumoi
ByJIKaHMYecKo# 30He KaMuaTki, roe HaxomATCA MOYTH BCe AEHCTBYIOLUME BYNKaHbl, B chepe
BO3IEHCTBHA MarMaTHYeCKHX OYaroB BO3HHKAaWT CePOBOMOPOIHO-YTIIEKHCIIbIE U a30THO-
YTTIEKHCIIbIE TEPMBl, 3 BHE HX BJIHAHHA — a30THBIE TEPMbI. B paiioHax, rae BynxaHuyecKkas
OeATENIBHOCTb, MPOABNABLIAACA B YeTBEPTHUYHOE BpeMs, ceiyac yracaer, Noj, BJMSAHHEM
NpoLECCOB TepMOMETaMOpGhH3Ma FOpHBIX Nopol GOPMHPYIOTCA YTileKucIbie Boasl. B ocamou-
HBIX Tonmumax 3amamHo-Kamuarckoro, LleHTpansHoro u Bocrowwo-Kamuarckoro mporuGos,
colepxkalI¥X OpraHHYeCKoe BeLleCTBO, B pe3ynbTarte GHOXHMHYECKHX MpoleccoB oGpa3yoTca
METaHOBbIE M 230THO-METaHOBBIE TEPMBI.

To3xe B.B. UBanoB [1977] pa3spaBoTan yHMBEpCATbHYIO TEHETHUECKYIO KITaCCHHKAIMIO
MHHEPAJIH30BAaHHBIX BOJ 3eMHOH Kopbl. B Heil pasHOBMOHOCTM NOA3eMHBIX BOM HOENATCA
NOCIeOBaTeNIbHO Ha aHAIOTWYHbIe IPYIbI MO Ta3oBOMy COCTaBY, a 3aTeM Ha Kjiaccel (MO
COCTaBY aHMOHOB), MOAKJACCHl (MO0 KaTHOHAM) M, HAKOHENl, IpafauMu (110 BeTMYMHE MHHEpa-
nu3aumK). JTa KIacCHPUKAUMA NPHHMMAeT BO BHHMaHMe IJIaBHeHILMe reoXHMMUeCKHe M
reojloruyeckue OGCTaHOBKH (XapaKTepHble KOMIUIEKCHI MOPON), B KOTOPHIX MPOHCXOOMT
tdopMupoBaHHe BOM, BEPOATHOE MPOHCXOXKICHHE MOCIEIHUX, 3 TAK)KE OCHOBHBIE M CrieLMbH-
YeCKHe mnpouecchl GOpPMHPOBAHMA XHMMYECKOTo cOCTaBa Boi. OHa yGeIMTenbHO OEMOH-
CTpMpyeT OCHOBHYI0 uueio B.B. BanoBa, KOTOpy10 pasfeyifieT H aBTOpP, O TOM, UYTO B OIpe-
HeleHHBIX TeOXMMHUYECKHX H FeOCTPYKTYPHBIX YCIOBHAX MOTYT GOPMHPOBAThCA MHHEPAIH-
30BaHHbIe BOBI /MLIb ONMpPeeleHHOro XHMHYECKOrO COCTaBa H MPONCXONICHUSA, T.¢. Pa3jIHy-
Hble THNbI THOPOTEPM He NPHHAIJIEKAT €IMHOH IeHeTHYeCKOH JIMHMH, OTpaxalowed oG
xon muddepeHuHaMH MarMaTMYecKHX 3MaHauui. OOgHaKo, HECMOTpA Ha TO YTO B 3TOH
HHTEPeCHOM KylaCCHQMKAUMM YUTeHbl MHOrHe NOKa3aTejln, ONpede/IAILIMe: YCIOBHUS
dopMHpOBaHHA MHHEPATH30BaHHBIX H B TOM UHMCIIe TePMaJbHBIX BOX oGnacTeil COBpeMeH-
HOTO BYJIKaHW3Ma, OHa, Ha Halll B3r/AH, MeHee MOOXOOMT OJIA CHCTEMATH3AIMH NOCHeN-
HHX, 4YeM MpeXHHe KIACCHOMKALUMK THAPOTEPM TOrO )K€ aBTOpa. B Helt MeHee Hmpo6HO
BBIIETIEHbl THIHI TEPM IO Ta30BOMY COCTaBY M CIMUIKOM YNPOLIEHHO NIaHbI TeMIlepaTyp-
Hple rpagaund. K panunm knaccuguxanusm B.B. HpaHoBa Giin3ka cHCTeMaTH3alUMA TepMallb-
HbIX BOJI, TPUBEACHHAA KOJIEKTHBOM aBTOPOB B HanGonee KpynHoM 06GOGLIEHHH IO THOpO-
reonorun Kamuarku, Kypwnbckux u Komanmopckux ocTpoBoB, cocrasidmiowmeM T. 29
“T'npporeonorun CCCP” [1972], a Taxxe B MOHOTrpacdHH, NOCBSAIIEHHOH 32aKOHOMEPHOCTAM
thopMHPOBaHHA MeTAIUIOHOCHBIX pacconoB [[onemau nop., 1981].

Te >xe TuNBI TepManbHEIX BO, (¢ mo6aBnenneM chemduuecKol rpynnsl GeperoBbIX TepMm,
YTTIEKHCIIBIX MApOrHApPOTEPM H XOJOOHBIX KMCJIOPOOHO-a30THBIX PAaIOHOBLIX BOH) 6bUIH
BoigenieHbl P.U. Tkauenko [1974, 1978] Bo MHormx crpaHax Adpuku M A3uH, H B ToM
uHCie B pafiOHaX COBPEMEHHOro BYJIKaHH3Ma 3¢uomm Kenun, finonuu, TafiBaus, Ounun-
muH, Unponesmn, Kamuatku v Kypu.

B ocHoBy Apyroii rpynmnbl KiaccHbHKAUMii B KauecTBe IVIaBHOFO IPU3HAKA MOJIOKEHa
KHCIIOTHOCTb—IIENOuHOCTh pacTBopoB (pH), a mnsa Gonee mpo6HBIX MOApa3AENeHHIl HCTIOND-
3ylTCA O0COGEHHOCTH MX AHMOHHOIO (peXe KaTMOHHOro) cocraBa. TakoBBI KiaccMduKa-
IIMM HEeKOTOphIX 3apyGexHbix [Allen, Day, 1935; Barth, 1950; White, 1957; Ellis, Mahon,
1977; Ellis, 1979] n coserckux HccnemoBateneil [Backos, Cypuxos, 1975; Mapxuuus,
Crpatyna, 1977; bapaGanos, 1977, 1979; Iepensman, 1979]. XoTA MO KHUCIOTHO-ILENIOU-
HbIM CBOWCTBAM TepMaJibHble BOAbI MOJPa3feNAITCA OGBIYHO Ha OBe OCHOBHBIE TPYNMNBI —
KHKCNIbie H llieJIouHble, TpaHHYHble 3HaueHMA pH pasHbpie aBTOpHI NMPHHMMAIOT He OMHHAKO-
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Boimu. Hanpumep, B wiaccuduxauun E.A. BackoBa u C.H. Cypuxosa [1975] 3rto 3Have-
Hde pH cumraercA paBHBIM 4,5. AHHOHHBIA, a8 3aTeéM ra3oBbIi COCTaB TEPMAIbHBIX BOX
CyXaT A BbiOeNleHMA HX Gojee NPOGHBIX KiaccoB H monknaccoB. OCHOBBIBaACh Ha
TIepeurCIeHHBIX BBIllle INOKA3aTeNAX, ITH HCCICOBATENIH BBINEWIH HECKOJNIBKO NPOBHH-
Ml TepManbHBIX Bod, B THXOOKEaHCKOM cerMeHte 3eMJIH, H B TOM 4MCle B HOpAOKe
MNpOrHo3a — H B MOABOMOHBIX THOPOTEOJIOTHYECKHX CTPYKTypax (uensda, MaTepMKoOBOro
CKJIOHAa W Ap.). OmHaKO YeTKOH MPHYPOYEHHOCTH BbIZETIEHHBIX IO 3THM NpPH3HAKaM THIOB
BOO K ONpedeNeHHbIM TeoJIOro-TeKTOHHYECKHM NPOBUHLMAM, Ha Hall B3rAR, He Habimio-
paercs.

CXonHble NPUHIMNLI NONOXEHBI B OCHOBY KnaccHuxauuu JI.H. BapaGanosa [1979],
HCIONB30BaBlIEr0 B KayeCTBe OCHOBHOTO KPHTepHA Hapany ¢ BelmuuMHoi pH 3HaueHme
Opyro#t 'GYHIAMEHTAIBHOH XapaKTEPHCTHKH MOO3EeMHBIX BOO — OKHCIHTENIBHO-BOCCTAaHO-
utenbHoro noreHunaia (Eh). Ilo 3tum npusHakam oH Buiiermwl Ha Kypuibckux octpoBax
Tph rpymnsl Bon: 1) ouens kucisie (pH < 3,5, Eh = 370—650 mMB), 2) kucneie (pH =
= 3,5-5,5, Eh = 200-370 mMB), 3) cnaBokucinsie, HeiiTpasnbHbie H ciaGowenoudsie (pH >
> 5,5, Eh = 0-350 MB). 3areM OH pa3Gun 314 rpynnbl TEPMATbHLIX BOM Ha THNBI (MO ra3o-
BOMY COCTaBY), KJIacchl (IO COCTaBY aHKOHOB) U HOAKIIACCH (1O aCCOPTHMEHTY KATHOHOB) .

CucreMaTHKy COBpPeMeHHBIX MMAPOTEPM MO OKHCIIMTEIbHO-BOCCTAHOBHUTEIIBHBIM H LLEJIOY-
HO-KHCJIOTHBIM YCIIOBHMAM Tipemioxun Takoke AW, Ilepensman [1979]. On poimenun yersipe
rpajaliMH IO WIENOYHO-KHCIIOTHBIM YcoBHAM: 1) cunbHokucmsie (pH < 3), 2) cnaGokucnbie
(pH = 3-6,5), 3) ue#rrpanbHbie W cnabowenounsie (pH = 6,5-8,5), 4) cunbHOLIENOYHDIE
(pH > 8,5) — u Tpu — mO XapaKTepy OKHCIHTEJbHO-BOCCTAHOBHTEJIbHOM OBGCTAHOBKH :
1) okucnurenbHas, 2) BoccraHoBMTeNnbHaA Ges H, S, 3) BoccraHoBurensHag ¢ H,S u ero
npou3BodHbIMH. [lo coueTaHMAM yKa3aHHBIX XapakTepuctHk A.W. IlepensmaH Bbimenun
12 pasnuuHBIX KJIACCOB COBPEMEHHBIX MMApoTepM. K coxanennio, B 31o#i Knaccudbuxanuu
He YYHTBIBAaeTCA ra30BbIi M MOHHBIA COCTaB TePMAIBHBIX BOA, 3 TAKXE HX TEIUIOBOH NMOTEH-
uMan. B pe3ynprare B OOMH KJjlacC MONAJIH TaKHe pa3Hbleé B reHETHYECKOM OTHOILEHHH Tep-
Mbl, Kak reiisepsi Kamuatku, [kepmyk v Kaprnosst Bapsl.

B 3HaumtenbHO Gonee monHoM Knaccudukauuu A.B. lllepbaxopa [llepGaxos u mp., 1974]
OCHOBHBIE TpPYyNNbl NMPUPOOHBIX TA30BOIHBIX PACTBOPOB 30HBI COBPEMEHHOTO aKTHBHOTO
BYJIKaHU3Ma BBIAENAIOTCA TAKXKe MO OKHCITMTENbHO-BOCCTAHOBHTENBHBIM H 1LIEJIOYHO-KHCIIOT-
HEIM ycnoBuaM. OpHako B OTIMYME OT Npedpiymied kaaccupHKALUHH MM, KpOMe TOrO,
YUYMTBIBAIOTCA THI Ta3’0BbIX KCTaAUMIA, reOCTpYKTYpHasa M TepMoGapHueckas 06GCTaHOBKH,
Ta30BbIif H HMOHHO-COJIEBOH cOCTaB M MuHepanmu3auusa Bofd. Cornmacno A.B. lllep6akoBy,
CIIOKHO OKMCITMTENbHAaA reoXHMHYeckasd OGCTAaHOBKAa BKIIIOYaeT TPH TPYNNBI [Aa30BOAHBIX
pacTBOpOB: (PTOP-XIOPHUCTYIO, XJIOPHCTO-CEPHUCTO-YTIIEKUCAYI0O H CEpPHMCTO-YITIEKUCIIYI0
(pH < 3, Eh = +150 ++1000 mMB, 100—1200°C). T'a3oBOOHEIE PacTBOPbI NEPEXOIHOM Teo-
XUMHYECKOH OGCT3HOBKH COCTOAT B OCHOBHOM M3 FPYNIbI a30THO-YTTIEKHCIIBIX Teif3epHBIX
tepm (pH = 6—8,9, Eh = —10 ++16 MB, 100—400°C, no 30 at™m) . K 3TOMY e reoxummye-
ckoMy mHny A.B. lllepGakoB OTHOCHT TakXe ropsiuMe YIJIEKHC/Ible H a30THbIC¢ BOObI 06nMa-
cTefl HeHABHO YraclMX BYJIKaHMYeCKHX NpolieccoB. HakoHen, TepMasibHBIe pacTBOpbI BOC-
CTAHOBHMTEJIbHOH OGCTAHOBKHM BKJIIOUAT IIMPOKO H3BECTHbIE CEPOBOMOPONHO-YTIIEKMCIIbIE
dymaponsr (pH = 4—8; Eh = 0 — —300 MB) u BhIenenHbIe BiepBbie Hamu [KonoHos, Honsx,
1974] BomopomHo-yrrexkucibie (“BOIOPOIHbIE") NapOTHOPOTEPMBI.

IpuHsATHIE B NepeunCIIeHHBIX BhILe KIACCHUKAUMAX OCHOBHbIE ONPeHeNsAIoIHe MoKa3are-
md (pH u Eh) MeHAwTCA B mpoliecce ABHXEHHA H B3aHMOMEHCTBHA THAPOTEPM C BMeLIalo-
IIMMH NIOPOZIaMM, a TAKJXKe NIPH BCKHITAHMH TePM B NPHIOBEPXHOCTHBIX YCAOBHAX U OTHENe-
HuM mnapoBoii ¢aspl ¢ CO, u H,S. KpoMe TOro, noxasarens KHCIOTHOCTH—IUETIOYHOCTH
PaCTBOPOB M HX OKMC/IHTeJIbHO-BOCCTAHOBHTEINbHbI MMOTEHIHMAJl M3MepsloTca OGBIYHO Ha
OHEBHOW MOBEPXHOCTH M He XapaKTepuU3YIOT ITyGHHHBIX FMAPOXMMMYECKHX YCIIOBHI Help.

MNpepnoxennan A.U. CepexxrmkosbiM U U.A. Kiimetko [1975] mMmm43aums TepManbHbIX
Bof, KaMuaTky HCHons3yer B KaueCTBe KIJIACCHPUKAIMOHHOrO NPU3HAKA TOJIBKO aHHOH-
HbI COCTaB TepM, MO KOTOPOMY 3TH aBTOpHI NOOPa3feNAlT TIHOPOTEPMBI HAa  KIIACCHIL
B npenenax KaXOoro Kjacca OHH BbIOENAIOT ONpefelieHHble THIBI TEPM N0 reorpagude-
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CkuM HasBaHMAM (Hampumep, Ilayxetckuit, HanviueBckuis, [lapatyHckuii, Bausbiit M Ap.).
WUnest BbimeneHUsA onpederieHHOro THNAa TepMATbHBIX BOM MO Ha3BaHWI0 Haubonee APKOTroO
ero IpeNCTaBUTENA HHTEPECHa M HCNONb30Banachk Takke B.B. HBaHOBBIM M OpYrHMH aBTO-
pamu. OmHAKO B LEIOM paccMaTpUBaeMasd THMH3aUMA THOPOTEPM, Ha Hall B3[IAM, He-
yhayHa. M3-3a TOro, YTO aBTOpPHI HE YUYMTHIBAIOT Ta30BYIO COCTAB/IAIOLIYI0 TepM, B OIMH
KJIAcC XJIOPHIOHBIX BOM MONATH COBEPLICHHO DPa3dlIMYHBIE 1O TeHEe3UCY BLICOKOTeMOeparyp-
Hble maporufporepMsl [layeTkH, HCHbITBIBaoOIMEe BO3OCHCTBME MAarMaTHUeCKOro Ouara,
ropaure yrinekucnbie HanblueBckue TepMbl, CBA3aHHBIE ¢ MpoueccaMH MeTamopdu3ma mo-
pon, U 06YycCloBJIEHHbIE Pa3BUTHEM GHOXHMMUYECKHX TPOLECCOB B OCANOUHMBIX TOJNLIAX
cnaborepManbHeie MetaHoBhle IIMHaueBCkHe HCTOMHMKH.

Mo3nHee A.U. Cepexxrukos [1979] npemnoxmun HOBY™0 KiaccHGMKalHio, B OCHOBY
KOTOPO# MOJIOXEHO MNpelCTaBlieHHe O TOM, YTO XMMHYeCKHe M [pyrHe CBOWCTBa THIpPO-
TEPM CYLUECTBEHHO 32BUCAT OT 3PO3HH BYIIKAHHUYECKHX MOCTPOEK H ONpedeIAITCA CBA3BIO
TepM C ’HAONIPONMIIMTOBBIMK™ WJIH “NPOIBUIMTOBBIMM® M3MeHeHHbIMH nopogamu. A.H. Ce-
PeXHHKOB BBIAENAET OBe OCHOBHBIe (alMM H3MeHeHHBIX IOPOR — BYJIKaHWYECKYI0 U Cy6-
BYNKaHHYECKYI0, B MpeAeNaX KOTOPhIX MO KHCIOTHO-LIEIOYHBIM CBOHCTBAM M TeMmepa-
Type THOPOTEpMBI JENATCA Ha Ipymunsl, a Te, B CBOI0 ouepelb, Ha KJIACCHI MO aHHOHHO-
My coctaBy. OOHako TepMaiibHble BOOBI BCTPEYAIOTCA M CpelM NMOpPOH, He HCHBITABILIHX
CYLIECTBEHHOTO THAPOTEPMAIbHOrO M3MEHEHMA, YTO YKa3biBaeT Ha HENOJNIHOTY KJaccHu-
kamnd A.H. CepexxmuxoBa. Kpome T1Oro, mpu fefneHMHM Ha KIIacChl KMCIBIX H  ILIENOYHBIX
BOA 3TOT aBTOp He NPHBOAMT rpaHUuHBIX 3HaueHmii pH. Taxxke He omnpeneneHsl U BBHI-
OeNeHHble UM ’ropfivie’” u “'neperpersie” BOMBL

‘BpimeneHne reoXuMmuyeCKMX THMOB THAPOTEpM OGNacTeid aKTUBHOrO BYJIKAHW3Ma C NO-
moupio IBM MetomoM Kiacrep-aHanu3a Geuto caenao B.JL. ITammypoit [1981]. 3roT Me-
TOI, MO3BONACT IPYNIMPOBAaTh THAPOTEPMBI MO ClieOYIOLMM NPU3HAKAM: CyMMe KaTHOHOB
(8 mr-axs/n), K*, Na* u SO}~ (B 3xB.%), a TaKkxe otHomenuam Na/K, Na+K/Ca +
+Mg, C1/SO;, SO,/HCO; u Na/Cl. B pesynbrare 06paGoTKH 62 aHamM30B M3 BbIGpaH-
HBIX 39 rUEPOTEPMAIBHBIX CHCTEM MM ObUTH BBIIENICHBI HECKONBKO IPYMI C Pa3iiMYHOA
CTENEHBI0 CXOLCTBA N0 OCHOBHBIM U IONOHMTENIBHBIM IIPH3HAKaM M COCTaBlleHa Kilaccuduka-
IHOHHAA TaGNMHHA reOXMMHYeCKHX THNOB ruAporepM. K OCHOBHBIM reOXHMMHUYECKHM THNAM
tepm B.J1. Tlamnypa otHec: I — xsropunHbiii HatpueBbIil (¢ NMHUTHIA-GOPHOM crieuManulammeit),
II — cynsdarHo-rugpokapGoHaTHBIA 1weouHOo3eMenbHblit H Il — cynbdaTHO-XTOpHIHBLA
AMIOMMHHI -Ite/TouHOo3eMenbHbI. Kpome TOro, HM GbUTIO BBIAENEHO TPH NEpeXOOHBIX MOR-
THNA: IUETOMHO3EMENbHbIA JxBuBaeHTHBI Mo Na/Cl, menouHo3zeMesnbHbIiT HEIKBHBAIICHT-
uetii o Na/Cl 1 xs1opuoHO-cynbgaTHbIH HATPUEBbIA HeIKBHBaIEHTHbII o Na/Cl.

B uMcII0 reoXMMHMYECKHMX NMPHIHAKOB, 3aI0XEHHBIX B IpYNIMpYyeMOe MHOXECTBO 0ObeK-
TOB, He BOILEN PAN BAXHBIX, Ha Halll B3MAM, NMokasareneii (cocraB rasos, HCO, ™, Mg?*,
pH, Eh). B pesynsrare B npemioxennoit B.JI. [lammypoit knaccudukaumu Boobiie He Haul-
NMoChb MeCTa OjIf MHOTMX M3BECTHBIX FeOXHMMYECKHX THNOB TepManbHBIX ¢urionnoB. Tak,
B Heil OTCYTCTBYIOT rMapokapGoHaTHble TepMbl McnaHmuum W comoBbie TepMmbl Bocrouo-
Adpuxanckoit pudToBO CHCTeMBl, TaK)XKe THAPOTepMaNbHbIe pacconbl Yesano u Conron Cu.
B omHy rpynmy momnapaioT pa3Hble MO CBOEMY NPOMCXOXHEHHIO KHCIbIE CEPOBOJOPOIHO-
YIJIEKHCITbIE MIAPOTHOPOTEPMBI MalykaBa, 1L€JIOYHO-a30THO-YTJIEKHCIIbIe THIPOKapOOHaTHO-
cynsdarHbie THAPOTEPMBI XBepaBelUIMp U cemipHueckne Geperophie XJIOPHIHBIE HATPHEBO-
KalbuHeBble TepMbl ['opsiero musXa. B To ke BpeMA B pa3HBIX IPYNNax OKa3bBAITCHA BOObI
O[IHOTO M TOFO € IHIPOTEPMAILHOIO MECTOPOXKIECHHA, TAK KAaK aBTOP, NO-BHOMMOMY, BKITIO-
YaeT B KHACTep-aHAIH3 He TOJbKO HX HanGollee BHICOKOTEMIEPATYPHBIH TTyOHHHBIA COCTaB,
HO M COCTaB OXJIaXKOEHHBIX M [1erasipOBaHHBIX MOBEPXHOCTHEIX AEPHBATOB.

B HEeKOTOPBIX KJACCHPUKAUMAX MCHONb3yeTCA B KayeCTBe Beldyllero MPU3HAKA TeMMiepa-
Typa. BnepBbie Ha Takoil OCHOBe GbUIM CHCTEMAaTH3HPOBAHBI TepManbHbIe BOOBI H MapOra3o-
puie ctpyn Hcnawmuu. T. Bomsapccon [BGdvarsson, 1961] paspenun ux Ha fiBe OCHOBHbIE
FPYNNBI: HM3KOTeMNepaTypHble (¢ 6a30BOi Temneparypoit membine 150°C) u BbICOKO-
TemnepatypHbie (> 150°C). [epBas rpynma TepM paclpoCTpaHeHa Cpefl MHOLEHOBBIX
niaro6a3ansroB, a2 BTopad — B OGNACTAX roONQUEHOBOro BYJNKaHW3Ma CpemHHON 30HEI.
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Knaccuduiauna I'. BogpapccoHa umena npHKiIagHOe 3HaueHHe M XapaKTepH30BaJia IHApO-
TepManbHbie pecypchl Meonasmum kax ucroumMk temna. OpHako 3TOT ke NpUHUMEO Here-
HHA TepM ObU1 MONOXEH M B THAPOXHMHYECKYIO inaccubukauuio C. ApHOpPCCOHA, KOTO-
pBIi K BBIACNEHHBIM HHM3KOTEMIIepaTypPHBIM M BBICOKOTEMIIEPaTypHBIM TepMaM [doGaBHi
TpeThl0 rpynny OeperoBbiX TepM ¢ BBICOKOH MuWHepanu3aumen. Knaccuduxaimmio rumpo-
TEPMAIBHBIX CHCTEM, OCHOBAHHYI0 Ha NpeAIoNaraeMoM reHe3nce HX “aHOMaJIbHOro”™ Teria,
npewtoxan A. Tpycmermn [Truesdell, 1975], soinenuBumii ABa OCHOBHBIX THNA THAPOTEPM —
pPa3BHTBIX B BYJIKaHHYECKMX M B HEBYJNKAHHYeCKMX paiioHax. BHyTpH nepBoit rpynmsl
OH BBIBENTHII FMOPOTEPMANIbHBIE CHCTEMBI MPEHMYILECTBEHHO C ropsveii BOHOH H CHCTEMbI
¢ npeobnapganwem mnapa. K HeBy/nkaHM4eCKOW’ rpynne THOPOTEPMANBHBIX CHCTEM OH
OTHEC Ce[lMMEHTAUMOHHbIe GacceiiHbl ¢ TEPMATIbHBIMH BOJAMH H TPEIMHHO-KHIbHBIE CHCTE-
MBbl rHApoTepM Tnyboxoit mmpkynsumu. Kpome Ttoro, oH TakxXe BBIOENHN chienudpuye-
CKYI0 rpynny GeperoBbIX TepPM, BCTPEYalOLIYIOCA KaK B BYJIKAHHYECKHX, TAK H B HeBY/IKa-
HHYECKUX paiioHaXx H GOPMHpPYIOLIYIOCA NpPH BHEIPEHMHM B TMAPOTEPMAIBHYIO CHCTEMY
COBPEMEHHbIX MOPCKHX BOJI.

Yka3anHble K1accHOMKAUMH, Ha HAll B3IJNIAN, He OTPaXKaoT BCEro MHOrooGpasus tepm
o6riacTefi COBPEMEHHOrO0 BYJIKaHM3Ma. B To ke BpeMs npuMeHeHMe ONA CHCTEMATH3aUMH
rugpotrepm 6a30Boil TeMIepaTypbl, KOTOpaA Temepb MOXeT ObITh paccuMTaHa ¢ MOMOLLBIO
IHAPOXMMHYECKUX HMHOMKATOPOB (CM. [aBY BOCBMYI0), KaXKeTcsi HaMm BecbMa MepClek-
THBHBIM, HO B OOA3aTe/IBHOM COYETaHMH C Ta30BbIM H aHHOHHBIM COCTABOM BOM M HX
MHHepaIn3auHed. IMEHHO 3TOT KOMIUIEKC NMoKasaTelied M JOJKeH, MO HalleMy MHEHHIO,
jieus B OCHOBY KJacCH(PUKAIMH TepMAIbHBIX BOJX H MaporugpoTepM oOnacreil COBpeMeH-
HOTO Bynkauusma. Ho mpexie ueM NMPHUCTYMMTh K COCTaBJIeHHIO HOAOGHOM Knaccudpuxa-
IMH, HeOOXOOMMO KOHKPETHO PacCMOTPeTh COCTaB H OCOOGEHHOCTH PpacnpOCTpaHEHHsA
MHOFOUHCIIEHHBIX [EOXUMMYECKHX Pa3sHOBMIHOCTEN ruaporepM B 00macTAX cCOBpeMEHHOro
BYJIKaHH3Ma, OCOOEHHO B MHTepecyIOIMX Hac OCTPOBHBIX AYrax H OTHOCHTENIbHO MeHee
H3yUYeHHBIX pH(TOBBIX 30HaX.

Paspenas Barnansi B.U. BepHanckoro u ero mocnefoBarencii o6 onpenensomemM 3Hade-
HMM Tra30BOTO COCTaBa MiA XapaKTEPUCTHKH OGCTAHOBKHM BO3HMKHOBEHMA TEPMATBLHBIX
BOf, Mbl B JAIbHEHLIEM BOCIONB3YeMCA 3THM KPHTEpHeM VI MONpPa3NIe/ieHHA THEPOTEPM
Ha HECKOJIBKO TIJIaBHBIX THMMOB. AHAIH3 MOJNYYeHHOrO B MOCIEeOHHEe rofbl OGLIMPHOro
rHAPOT€OXHMHYECKOTO Matephaiia Mo OGNacTAM COBPEMEHHOTO BYJ/IKAHH3MA MO3BONAET
BBIIC/TATh CIICAYIOLIME OCHOBMBIE THUIIB! TEPM IO 3TOMy II0Ka3aTeNnio: CepOBOAOPOIHO-
YTTIEKHCIbIE, YTNEeKHCII0-BOAOpOHble (“’BOAOpONHBbIE™), YTNIEKHCIbIE, a30THO-YTJIEKHCIIbIE,
MEeTaHOBble (a30THO-MeETaHOBBbIe) M a30THbie'. Kaupiit M3 Ha3BaHHBIX TMIIOB BOJ OXBAThI-
BaeT HX MHOFTOUMCIIEHHbIE Ppa3HOBHOHOCTH, OTIIMYAIOLUMeCS HOHHO-CONIEBBIM COCTaBOM.
Tfocnennye Mo cBOMM TEIUIOBBIM NapaMeTpaM AENATCA Ha THAPOTEPMBI (C TEMNEPATypoit OT
20 mo 150°C Ha rny6use) , HaxomAumecs TONbKO B XUAKOM cOCTOAHMH (Tpop < Tacyn),
naporugpoMerpet (C rnyGMHHbIMM TemmepaTypamu 150—400°C), KoTophbie NpenCTaBIAIT
co6oi nByXda3Hble CHCTEMBI H Pa3FPYXXalOTCA Ha MOBEPXHOCTH 3eMJIM B BHAE MapOBOSAHOIM
cmecH (Tyop = Tienn) > H, HakoHel, ¢IIIOHM, HAXOOAWMACA B NOA3EMHBIX YCIIOBHAX TOJILKO B
napoBoi ¢ase M BBHIXOOALUMIA H3 OHEBHYI0O MOBEPXHOCTh B BUOE NMapora3oBbIX BblieJiCHHit
(Tnos = Tyun)-

PaccMOTpHM KX COCTaB H OCOGEHHOCTH PEeFHOHANIBHOTO paclpeesieHU.

! BbifienieHue Tpynn TePMOMHHEPUTBHBIX BOA 10 0COGeHHOCTAM ra30BOr0 COCTABa  OCHOBZHO Ha YCIOBHO
IMPUHHMAEeMbIX TI'paHHYHBIX KOHLEHTPAUMAX XAaPaKTePHbIX KOMIIOHEHTOB. Tak, YreKHCIbIMH, 830T-
HBIMH MM METAHOBHIMH BOMAaMH Ha3BIBAOTCA Te, KOTOpble ColepXaT B ra3oBoM cocraBe Gonmee 70
(dacto Gonee 90) % 06. COOTRETCTBYIOLIET0 KOMIOHEHTA, CEPOBOLOPOMHO-YTTIEKHCIILIMH, YTIEKHCIIO-
BOIOPOMHBIMH H 230THO-METAHOBBIMHM CUMTAIOTCA BOMBI, B KOTOPHIX COAEPXAHHE KaX@Oro H3 HaldBaH-
HbIX ra3oB Gonee 10, a mpyrux — kaxmuoro meHee 10% o6.
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FJIABA BTOPAA

COCTAB COBPEMEHHbBIX TMIOPOTEPM

I'naBHbIE OCOGEHHOCTH COCTaBa TépPM H 3aKOHOMEPHOCTH HX oﬁpaaonamm CXOOHBI A
MHOTHX paﬁouos COBPEMEHHOro BYJIKaHH3Ma. AHanu3 TIOJIY4EHHOro 371eCh B MNMOCICOHHE
roaspl OOUMPHOro THAPOTEOXHMHYECKOro MaTepHana MO3BOJNIAET BBIICHAUTD HECKONBKO
OCHOBHBIX THIIOB TCPM H PaCCMOTPETH 0coBeHHOCTH HX pacrnipeenceHuA.

CepoBONOPONHO-YTNIEKHCHbIE TEPMBI

Bopp! 2TOrO THHma HauGoNee YacTO BCTPEYAlOTCA Ha CKJIOHAX U B KpaTepax HEeHCTBYIO-
mMX BYJIKaHOB, HO HHOrga oGpa3ylor H He CBA3aHHbIE C BYJIKAHHYECKHMH IOCTPOHKAMH
THAPOTEPMANTBHBIE CHCTEMBI.

CepoBOIOPOIHO-YTIIEKHCIIbIe MAPOTHAPOTEPMBI NPEACTABNAIOT COGOH CMech Mapa U ByJIKa-
HMYeCKHMX ra3oB (B MCXOJHOM COCTaBe€ KOTOpBIX MOryT Gbith He Tonnko H,S u CO,, HO
n HCl, HF, SO, u 1.n.). TeMneparypa napora3oBbIX CIpYil B KpaTepaX aKTHBHBIX BYJIKa-
HoB mocturaer 700°C. Kak NpaBmiio, OHH XapaKTepH3yIOTCHA OYeHb HH3KOH BemumHon pH

Ta6bnuua 2

Cocras cBOGOAHO BLIAENAIOWHXCA ra3oB B GyMaponbHbIX TepMax, % 06. [MBanos, 1960; Backos,
Cypuxos, 1975; Ellis, Mahon, 1977]

MecTononoxenue co, H,S CH, H, N, Ar He
cccr
CeBepo-MyTHOBCKHE 63,43 18,58 - 1,64 16,38 - -
HCTOMHHKH
Bocrounoe ¢yMapoliBHOe 88,0 10,0 0,0 - 2,0 0,024 0,001
nofie BynkaHa MeHReneeBa
Anouus
MaHp3a 42,3 54,1 ocTatoKk 3,6
TamaraBa (OGykn) 74 22,0 ” 39
I0HOXaHan3aBa (ByNKaH 71,1 28,0 - - - - -
XakoHe)
Manykasa 81,8 14,1 ocratok 4,1
o. TaliBanp
Matcao, Tatyn 55,0 37,2 » 1.8

u, npu Hammuuu HCl u HF, “okucnurenshpiMu™ sHauenwamu Eh (300-800 mB [lilep6a-
KOB M .p., 1974]), Bricokoil MuHepanu3aumeii KoHgeHcatoB (mo 15—20 r/kr) u cynbdar-
HBIM WM XJIOPHIHO-CYNbaTHBIM' aHMOHHBIM cocTaBoM. Cpeli KAaTHOHOB YacTo BaXHYI0
pons urpaior H,, Fe, Al, NH,, o6bruHo mpucyrcreyior Na, Mg, Ca u np. BHe BynkaHuue-
CKMX MOCTPOEK TaKHE MAaPOTMAPOTEPMBI BCTPEYeHb! B ABYX TMAPOTEPMATBHBIX CHCTEMAxX
THXOOKEAaHCKHX OCTPOBHMIX AYyr — ManykaBa (flmomma) u Tarym Marcao (o. TaiiBaHb).

TepmansHbie BoOpl 3TOTO THMa NPEOCTaBIAKNT COGOM eCTECTBEHHblE KOHHOEHCATHI Mapo-
ra3’oBbIX CTpYH, 3anonHAwume Gojlee HIH MeHee KpymHble ~KOTIGI” Ha CONbdaTapHBIX
NONAX aKTHBHBIX BYJIKAHHYECKHX MNOCTPOoeK. XapaKTepHOH HX OCOGEHHOCTBIO ABIIAETCHA
npucyrcreue cpoGomHoit H, SO, M COOTBETCTBEHHO KHCIAaf® H CHJIBHOKHCIAR peaKuus
(pH ot pmoneit emummupt 10 4,5). Benrnumna Eh Takux ¢epoBONOpONHO-YIIIEKHMCIIBIX TEpM
usMensierca oT —300 mo 0 mMB [lllep6axos u aAp., 1974]. HeGursl KOWIOB KoNeGmoTca

1 N
3Oech M falee B HA3BaHHM THNA BOX HOHBI NEPEYHCIICHBbI B MOPAAKE YMEHbIIEHHA OTHOCHTEILHOTO coaep-

1 4x(aﬂux (1.e. OT GOJNIBLIETO K MEHBUIEMY) .



TabGnuua 3

XapakTtepHsie CepOBOAOPONHO-YTAECKHCbIe TepMbl obnacTell akTuBHOro By nkanuima {Kononos, 1965;
Hpanos, 1960; Txauenxo, 1974; Txauenxo u ap., 1978]

Mecrononoxe- ) P T.°C M, ®dopMyna XMMHYECKOro pH H,SiO,,
HHe ’ r/n cocrama Mmr/n
Cccce
Kamuarka MyTHOBCKHe Kun. 2,7 (80, +HSO,) 100 1,7 224
H48 Fel6NH, 14
KuxmyHstuep- Knn. 0,63 SO,100 4,0
CKHe
Na62NH,15Mg11Ca9
o. Kysamup CeBepo-MeHne- 69 49 (SO, + HSO,)86C114 14 357
JleeBCKHe
H33(Na +K)33 Al14
Kucnuiit Kmou 56 3,9 C166(SO, + HSO, )34 24 426
A128(Na+K)26Fel?
o. Mapamymnp BepxHelopren- 95 17,6  (SO,+HS0,)57Cl43 0,86 317
CKHe
H45A121Fel6
AnoxHun
0. Xoncio Karamu3aasa 55 0,52 SO,60HSO,33 249 128
H33 A127Cal6Nal1Mgll
O6yku 97,8 4,76 C178S0O,10HSO,8 1,3 341
H70A115Cas
Axusama 88 36,8 CI85HSO,1080,5 04 833
H57Cal4 Na10K1
IOmoTo (Hacy) 70 2,72 HSO,46 S0,39Cl15 1,5 191
‘ H46 A129Cal0Mg8
0. Kiocio I3un3oio 49 0,33 SO,79HSO,7Cl114 24 78
(Benmy)
Na29 A122Mg22Cal8
Hunonesus
o. g8a Bary-Tlumux 96 1,5 (80, + HSO,)99 2,1 262
H62(Na +K)15
Unatep 40 1,26 C1638S0,34 2,32 204
H31 Al21 Ca20 Nal2K3
Kasa-MnxeH 20 106,34 SO,68C132 0,02 0,094
HS7 A130
Adpuka
Suonusn HaHakuneckan
BraguHa
Kynon Jannon >107,5 300 Cl199S0,1 0,5
Na78 Ca6 K2
Kynon YepHas 110 429 Cl1100 3,0
I'opa —
Mg95 Ca3




Tab6nuua 4 ,
Xumiriecknil COCTaB CepOBOAOPOAHO-YTICKUCIBIX TePM, Mr/n

fe"n'j:':’ 1 2 3 a 5 6 7 A 9 10

H* 4,0 0,4 185,0 16,0 15,0 63,50 1044,0 8,3 -

K* 0,8 2,5 230,0 2 7,1 54,87 144 1051,2 285 3570,9

Na* 11,0 37 351,0 55 22,2 1574 264 1100,0 77 101000,0

NHY 0,7 19 - 1 3,1 0,169 - -

Mg+ 9 201 210,9 3 30,5 44,24 8,7 6989 30,4 2910,0

Ca®* 5 248 463,2 62 63,6 1388 229 888,1 105,5 6740,0

Fe?* He o64. He o6H. 460,9 7 27,5 64,17 508,0 1496,5 18,2 -

Fe3* 20 0,2 1,5 He o6H. Heofn. - 3614 He onp. 6170,0

Al** 82 0,09 994,2 68 85,2 26,11 4913 51,3 -

- 127 28 4042,0 8 168,8 2559 12,4 20561,4 544 $82700,0

F- 09 < 025 80,0 0,25 0,355 65,49 - 12,2 85,0

Br- 0,1 - 2,9 1,0 Cnenpt = - - -

HSO; HeobH. 167 - 575 1441,6  536,9 He o6H. Heo6u. -

S0; - 594,3 1423 12482 1011 6024 '506,1 1780,0 60223,0 404,5 2971,0

H, SiO, 118 304 393 180 190,8 358,0 882 93 204 -

H,;BO, 0,8 0,5 12,7 i - 167,11 684 - He onp.  829,7

M 1052 2433,1 19826,4 1942,2 2657,8 4763,39 4306,0 106340 1260 300000

pH 2,5 3,55 1,08 1,75 ‘1,5 “1,15 4,9 - 0,02 2,32 0,5

T,°C 93 98 94 ~100 69,9 97,8 280(945m) 20 40 107,5
Mpumeuanue. 1 — Kamuaria, Y30H, ucrounuk UepHodi: Taxxe ycTaHoBlieHo Mn — 2,8 ([MpaHoB, 1960];

2 - 0. Kynsump, Bymcan Conopmumna, ncrowmmxy Ha Buenmem dymaporsmom mone: Li — 0,02, FeOH** — 0,7,

Sr — 0,2, Zn - 0,6, Cu — 0,005, F — < 0,25 {Backos, Cypuxon, 1975]; 3 — o.[lapamyump, Bynkar 36eko,
HerouHuky Bepxmewopresckue: I — 0,4, HyAsO, — 13,6 [Cupmopos, 1967]; 4 — o. Kymsump, Bynkan Memnperee-
B8, HCTO! u Ha C 3 dymaponsuoM mnone: Li — 0,005, Sr — 0,1, Mn — 0,2, Zn - 0,15, Cu —
- < 0,001, H, AsO, - 002, § — Snommua, ucrowmmku Hacy: Mn - 0,32, Zn - 0,138, Cu — 0,028 [ — cnepps,
H,S8 —~ 34,5, CO, c» — 6,6 {[Backos, Cypuxos, 1975]; 6 — sinomwus, ucrounmx Tamarapa: Mn — 2,72, H,S -
1 608, CO,cB — 4763 39 {Sato, 1961];. 7 — Sinouma, o. Xoucw, Mauyxama, cks. 1: CO,o06wm - 26 0,
H,S — cmenwt [Ellis, Mahon, 1977); 8 — Hunoneaus, o. fira, xparepHoe o3epo Byukaua Kama Mmxken; 9 — Hupo-
Heaml, 0. ﬂna, pynxaH TauxyGau, Tlpaxy, ucrowmxnu Umartep [Txavenxo, 1974); 10 — Adpuxs, Hanskunsckan

), HCT Ha xynone Hamron, N 4: Li - 5,5,Rb — 3,2, Cs — 2,8, Sr — §7,0, Mn — 335,0,
Cu — 18,5, Ag <01, Au — 0,1, Zn — 5,0, Hg — 10,0, As — <01 Cr-<01 Mo -<0,5 Ni—<0,5 Pb —
1,0 [Txuenko M op., 1978]

or 0,1 mo 2, mocrnrasm mHorga 10 sn/c u Gonee, a TeMmepaTypsl BOI COCTaBJIRIOT O6BIUHO
75—100°C. 310 cynbaTHBIE TEDMBI CO CIOXHBIM KaTHOHHEIM coctraBoM (Fe, Al, NH,, H,,
Na, Ca u pp.), munepaym3amueit or 1 mo 20 r/kr, Beicokum comepxaunem H,SiO; u
npucyrcreiem HyBO;. IIpumepamu nx moryr cnyiwamrs ucrounuku CeBepo-MyTHOBCkue,
KnxminereBckue, Ysonckue (YepHsni) Ha Kamuarke, Cesepo-Menpeneenckue, [00OBHHH-
ckue Ha 0. Kynaump, Karammsapa Omoto, Hd3upson (finomnsa) u MHOrHe Apyrue, ¢opmu-
pyolMecs B HNPUHOBEpXHOCTHOH 30He OGNAacTell aKTHBHOrO BynkaHu3ma (Tabn. 2-4).
Ecm KOHOEHCauMsa Naporas’oBHIX CTPYH NPOHCXOIMT He B IPHUNIOBEPXHOCTHBIX YCIIOBHAAX,
a2 B 3WICraloIMX ray6xe BOHOHOCHBIX TFOPH3OHTaX, TO (GOpPMHpYeTCA PasSHOBHIHOCTDH
TEpM 3TOTO THNA, OTIHYAIOMIAACA OGONBUMM COOepXaHHEM XJIOPHAOB B MPHCYTCTBHH
cBo6omoit HCl u Gonee Bhicokoit muHepann3aumeii. Taxue XI10puaHble MM CynbdhaTHO-
XIIOPHOHBIC TePMbl XAPaKTEPU3YIOTCA OCOGEHHO KHCION peakuMeil, HO MEHBUIMM Taso-
Cofiep)KaHHEeM H B OTIIHUHE OT CEPOBOMOPOIHO-YITIEKHCIIBIX TEPM MOBepXHOCTHOro dbopmu-
poBanuA oxucimTensHoi cpemoit (Eh = 4350 + +600 MB). Pasrpyxasce B riyGoxmx
IPO3HOHHBIX BpE3axX BYJIKAHHYECKHX MOCTPOEK, 3TH BOMBI, YacTO HMelouMe GOMbIIOH
peOHT, BLIHOCAT 3HauMTenbHoe KoymuectBO Al, Fe m apyrnx womnonenroB [HBaHoB,
1966]. Tepmbl 3Toro THma uacTo BCTpeualoTca Ha KypHIbCKHX ocTpoBax, B Sflmommm,
Owmnmunax, Uuponesmn (cMm. TaGn. 3, 4). Ha KamuaTke TepMbl TaKoro THna BOEpBbIE

obHapyXenbl B Kambgepe Y3oH [Ihuimnenico, 1974], a Takke Ha BynKaHax MyTHOBCKOM
H Maymbiit Cemamix.
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Xota mnA cepOBOAOPOIHO-YTIICKHCTBIX (GYMapONBHBIX TepM HanGonee THIHYEH CyJIb-
daTHbii, CynbGaTHO-XJIOPUAHBIA H XIOPHOHBIE COCTaB, B OTAEIBHBIX CIY4YafAX OHH MOTYT
ObITe M THApPOKApOOHAaTHBIMH. TakoBEI, HampuMep, HexoTopble (ymaponbHbie (“’rceBmO-
¢bymaponbibie”) Tepmbl 3TOTO THNA Ha ByJikave Komenesa (Kamuatka), B paifoHax ruppo-
TepMATBHBIX cHcTeM Baiipakedt, Baiiotany u Potopya (HoBas 3eianmma), Ha OTHAENBHBIX
yuactiax Hennoycrosckoro mapxa (Man Bynkano) .

YrNeKHCII0-BONOpogHbIe TePpMbl

Bopp! 3T0r0 THMAa M3BECTHBI TONMBKO B BHAE MAPOTHAPOTEPM, PacNpOCTPaHEHHbIX IJIaB-
HbIM 06pazoM B CpemMHHOH HeoByNKaHHueckodt 3oHe HconaHmuu. BeifeneHHble BriepBbIe
B KayectBe ocoforo “Bomopommoro” tHma rupporepm B.U. KononoBsiM u B.I'. Tlonakom
{1974], st BoABI XapaKTEpPH3YIOTCA BBICOKHMM, MHOI[A TOCNOACTBYIOLMM COIEPKAHHEM
BOOOPOA2 B COCTaBe Ta30B, CpelM KOTOPhIX NpHCyTcTBYIoT Takxke CO,, H,S, N,
(tabn. 5—7). OHH BCTpeYalOTCA KaK B LEHTPATbHBIX YaCTAX BYJIKaHHYECKHX alIapaToB,
TaK M BHe BHMMOil CBA3H C HMMH, TPacCHpYs 30Hbl Pasrpy3KH MOLIHBIX TMIOpOTepMaIb-
HBIX CHCTEM.

Ha peficTBylolmMX BynKaHax “BOJOPONMBIA’ COCTaB XapaKTepH3yeT 1apora3oBhbI¢ CTPYM,
He TONbKO CBA3aHHBIE ¢ H3BePXKeHNeM J1aBbl (KaK, HanpHuMep, Ha ByikaHe dnadems, 0. Xei-
Madfi, e B OTOeNIbHBIC MOMEHTHI H3BepXKeHHsa 1973 r. B mprkepinoBoit yactH b. ApHacoHOM
6bUM B3ATHI MPO6BI BHICOKOTEMIICPATYPHBIX ra3’oB, cofepxkaumx mo 54% o06. H,), Ho u
pasTpy’KaloLMecs B MeXNaPOKCH3MANbHYI0 CTaJMI0 HX AKTHBHOCTH (Ha BynkaHe ACKHA B
1972 r. Habmopanocs no 14% 06. H, B rase).

TuppoTepMabHble CHCTEMBI ¢ ra3aMH TaKOTO COCTaBa OTIIHYAIOTCA Haubosiee BRICOKHM
TerioBsIM Notemmariom (o 10® xan/c) u Temneparypoit o 350°C, Kak mokasaiu H3mepe-
HMA Ha rnyGuHe 2000 m B rmpporepMmanbHOl cucteMe Kpa6na-Haymadeamis. B aroft ke
THAPOTEPMAIBHON cHcTeMe 3aHKCHPOBaHbI M MAaKCHMAIbHblE COHEP)KaHHA BOAOpPOAa B
rasze — fo 64% 06. [Sigvaldason, 1966], a o6umit ero ne6UT npesbunaet 3neck 1000 M3 /cyT.
Takmne rumpoTepManbHbleé CHCTeMBI (POPMMPYOTCA KaKk B 30HAX JIHHEHHBIX DPa3pbIBHBIX

Tabnuua s

Cocras cBOGOAHO BBHIAENMOUMNCA Ta30B YTICKHUCIO-BOAOPOIMBIX NAPOTHAPOTEPM, %. o6. [KonoHoB,
Monak, 1977; White et al, 1971; dnmc, 1975 ’ ¢ ’

Mecrononoxenne H, H,S Co, N, Ar CH, o,
Hcnangun
CpenuHHasn HeOBYJKa-
HHMYeCKasA 30Ha
Haymadbamm 44,53 0,001 55,33 - - 0,005 0,0
Teitcrapefikup 19,0 0,05 80,0 0,2 - 0,05 0,0
Hecpasemmp 46,4 7,6 43,9 — - 0,5 0,0
Kpucysuk 7,0 9,8 82,8 0,55 0,09 0,03 0,0
Topdattoxkym, 22,2 1,7 61,9 - - - 1,6
HCTOYHMK JftpaxBep
CHA
Kamdopuus
Feft3epri CoHoma 14,7 1,7 63,5 3,5 15,3 -
CanbBagop
AxyavanaH, cks. 1 10-40 0 50-80 2-10 - -
Mexcuxa
Ceppo Ipueto 1,9-6,2 2,3-3,7 77,9-92,4 0,2-8,9 1,5-6,9 0,0

2. 3ak. 2069 17



Tab6bnuna 6
Xapakrepusie yraekucno-sopopoamsie repmbl [Konomnos, IMonsx, 1977; White et al, 1971; Sigval-

dason, Guellar, 1970; Arnorsson et al, 1978]

: T,°C
Mecrononoxe- ﬁ?:::'::’em?o' nosepx.. | M, ®opmMyna XHMUIECKOTO pH H,S510,,
HRiE _— r/n cocraBa mr/n
TeMbl ray6.
Henanmua Haymadeanms
IMapoBonsHan Kun. 1,2 H,S8i0,41HS26S0,23CISHCO,4F1 9,2 514
CMeCh Ha BHI- —_
XO[le U3 cKB. 4 253 Na90K9Cal
KoHpeHcar ecte- Kun. 0,3 S0,76C123 4.4 234
CTBEHHHIX Mapo- - —_—
Xupnkas ¢asa, Kmm. 0,8 HCO,6950,21CI9F1 7,0 768,3
cxB. 3 _—_
289 Na®$2K10Ca8
Teftcrapelikup
KoHpeHcar ecre- Kun. 1,7 (SO,+HSO,)9%6 2,25 3039
CTBEHHBIX Napo- _— ’
Heceasemuymp
XeHrumns
Kunxan dasa, Kun. 0,8 CO0,58S0,29Cl10 8,0 5817,1
CKBaXMHa PR -
222 Na91K7
KpucyBuk
Kupxas da3a, Kun. 1,9 ClI8850,11 8,0 6495
CKBa)XXMHa —_— S
220 Na91K6
Topdaitoxkymm
Jftpaxsep, HCTOY- 94 1,4 CI59C0,26F7S0,6 9,6 336,4
HMK —_ -
Na97K3
Anonus, Apuma 97 76,8 C199 5.8 199,0
o Xomcw 133 (Na +K)82Cal7
CllA, Kanmu- Tefizepsl CoHoMa Kun. 1,33 SO, 84HCO,15 7,0 85,7
bopHui 240 Mg47NH, 33Cal SNa4K1
Mekchka Ceppo Ipueto Kun. 20 CI86(HCO, + CO,)14 6,7 961,3
347 Na76K20Ca4
CamsBazop AxyavanaH Kumn. 15,1 C199 1,0 570,3
228 Na83K9Ca7

Hapyutenmit (Kpucysux, TeiicTapefikup M Ip.), TAK H B Goriee peKHX 3[€Ch KOJBLUEBBIX
BYJIKaHO-TEKTOHMYeCKHX CTpYKTypax (Topdaitokymns, Haymadsamis-KpaGna). Omu mpen-
CTaB/AKT coBoil KpynHble BOOOOGHJIBHBIE TMAPOOMHAMHYECKHE CHCTEMBI, OTIMYAIOLHecH
OCOOBLIMH YCIOBMAMM LMPKYJALUMH M pasrpy3kd ¢UIoHOOB M3-32 MX BBICOKOH TeMIiepa-
Typbl. UX XapakTepHOil YepToil ABNIAETCA Pa3rpy3Ka Ha JHEBHYI0 MOBEPXHOCTh B BHOE MOIL-
HBIX ra30-NTapOBOISAHEIX CTPYil. B KOHOeHcaTax 3TMX CTpyH CpeaM aHHOHOB OOBIMHO BEAYINYIO
pons urpator SO4, HCO; n H,3SiO,, Torma kak B rny6unHo# kuakoi ¢ale npeoGnanmanr
HS u HCO;. B xaTHOHHOM cocTaBe OOMHHHpYeT Na. MHHepanu3sauus TepM 3TOro THIA,
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Ta6bnuua 7
XuMmaeCKHi COCTaB YTNEKHCI0-BOAOPOAHBIX TepM, MI/n

KoMnoHeHTbI 1 2 3 4 5 6 7
K* 0,6 28,0 2,0 15,5 58,0 6 872
Na* 9,7 133,0 158 118,0 485,0 18 4839
NH;, - - - - 111 -
Mg** 0,1 0,03 12,1 0,09 2,9 108 22,5
Ca* 11,3 1,1 9,5 14 3,2 58 341
Fe?* - - 6,0 - - - -
Fe?* - - 39,0 - - - -
Al - - 60,0 - - - -

Cl- 9,3 20,0 30,0 20,8 658,0 1,5 8407
F- 1,5 0,4 1,4 04 1,2
HSO;, - - 1242 - - - -
S03- 42,0 62,0 1000,3 80,3 120,0 766 27
HCO; - 261,0 - 453 - 176 47
003~ - - - - - -
H, Si0, 234 768,3 303,9 587,1 649,5 85,7 570,3
H,BO, - - - - 85,8 720,9
M 307,0 1274,9 1682,1 848 1928 1,330 15121,7
pH 4,4 7,0 2,25 8,0 8,0 7,0 7,0
Tromepx’ C Kun. Kun. Kun. Kum. Kun. Kun. Kun.
Trrlyﬁ’ °C - 289 - 222 220 240 228

Mpumeuanune 1-5— HMcmsuma: 1| — Haymadbaniib, KOHOEHCAT €CTECTBEHHBIX MAPOBLIX CTPYHt;
2 — TaM XKe, xugKan ¢dasa; 3 — TeiicTapefikup, KOHOEHCAT eCTECTBEeHHbIX NMapoBbIxX ¢Tpyit [Konouos, Monak,
1977); 4 — HecpaBegymp (XeHrumib), CKBaxKHHa, xxuaKasa ¢asza; S — KpHCYBHK, CKBaXKHHa, KHOKaA da3a
[Sigvaldason, 1966]; 6 — CIIA, Kamadroprmiickue Teitzepsr (Conoma) [White et al.,, 1971]; 7 — Cansba-
nop, Axyavuanau [Sigvaldason, Guellar, 1970].

Kak npaswio, meHsiie 2 r/n. [Ipu BeIxoge Ha AHEBHYIO IOBEPXHOCTh OHH HMEIOT “BOCCTaHO-
putensHbie” 3uaveHusa Eh (or —300 MB po 0), cnaGoiwesouHylo peakumio, O4eHb BBICOKOE
(HECKONIBKO COTeH MWUIMrpaMM Ha nuTp) comepxanve H,SiO; M pe3axo ommmyaliorcs ort
CepOBOIOPOIHO-YTTIEKHCIBIX IAPOTHAPOTEPM.

3a npemenamu HUcnanmm “BopopopiHbie” TepMEBI MOKa Malo M3BecTHbL. MX aHanoramm
ABJIAKOTCA, NO-BHAMMOMY, nuib ['eitzepbl CoHoma B KamHpopHHHM, roe BOXOpOH COCTaB-
nser 14—15% o6ero obvema razos [dmnc, 1970], repmanbHoe none Axyauanas B Canspa-
nope, rae ero cogepxanue pocruraer 40% o6. [Sigvaldason, Guellar, 1970], u MecToposxae-
une Apuma (finoHms), roe B cocraBe rasa oGHapyxeHo o 54% o6. H, [Nakamura,
Maeda, 1961].

Yrnekucnsie TepMbl

B paitoHaX COBPeMEHHOTO M paHHEUETBEPTHYHOTO BYJIKAHM3MAa B 3aKPBITBIX HIIH MONY-
3aKpbITBIX CTPYKTYpaX, 3alOJIHEHHbIX BYJIKaHOTEHHBIMH H BYJIKaHOTeHHO-OCAHOYHBIMH
NOpOJAMM, BCTPEYAIOTCA TPEIMHHbIE H TUIACTOBO-TPEIIMHHbIE MECTOPOXICHHA YIJIEKHCIbIX
Bofd. OHM mpHYpoUYeHbl OOBIYHO K KPYNHBIM 30HAM pa3sioMOB M GOPMHMPYIOTCA B Tipedenax
KaK FHOpOreoIOrHYeCKMX MAaCCHBOB, TaK H apTe3HaHCKHX 6acceiHOB.

Bce yrnexucnbie BOOBI MHTEGHCHBHO ras’upywr (comepxanHe CO, B CHOHTaHHOM rase
o6ermo Gonee 90% 06., a ee KOHuUeHTpauua B Bomax 0,5—3 r/kr, 1a6n. 8). B page Bynka-
HHYECKHX paliOHOB Ha JIHEBHYI0 MOBEPXHOCTb BBIXOHOAT “cyxue’’ CTpYM YIJIEKHCJIOTO rasa.
Bokpyr BbIXO/IOB YIrIEKHCIIBIX BOA HaGTIONAIOTCA TPaBEpPTHHBI H OXPHCTbIE OCAIKH.

19



Tabnunpa 8

. Cocrap cBOGOIHO BHIACNAIOLUINXCA Fa30B H3 YTICKUCABIX BOA W naporuaporepm, % o6. [KoHoHos,
Monnax, 1977; Heawos, 1960; Immic, 1975}

Mecromono- | Meromsncn | €O, | H,S | CH, | H, | Ny4peg | O, | NH, |H,BO,
XonopnHwe
Ucnanpus Pefinamens- 99,0 - - - 1,0 - - -
CENTbKEIBIA
TepMmanpHble
CCCP, Kam- Hanbmenpckue 93,43 - 0,74 - 58 - - -
YaTKa
CCCP, o. Uty- aumsie 97,70 - - - 2,30 - - -
pyn
Ucnanpus Jlucyxonnp 93,0 - - — 6,0 1,0 - -
MMaporuapoTepmbl
Hrarms Jlappepemwio 92,8 2,5 2,0 0,55 - 1,7 0,45
HoBas Baitpakeft 91,7 44 0,9 0,8 1.5 - 0,6 0,45
3emaHans
ClIA, Kami- Conron Cu 90,0 Ocrarok 10,0
dopHuA
CHIA, Hesama CrumGot 97,23 0,77 < 0,03 - 1,86 0,14 - -
Cnpunre
AnoHusa Oraxe, ckp.7 96,7 0,65 - - 2,65

IMapornppoTepmbl 3TOr0 THNA MO CBOMM TEIUIOBBIM IIapaMeTPaM CXOOHBI C IpPYTHMH
NapOrHApOTepMaMH (MX TeMMepaTypa Ha rny6une 180—-388°C).

BenuunHa MMHepaTH3aUMH YIJICKHCIBIX NMApOTHAPOTEPM BAapBUPYET B OUEHb LIMPOKHMX
npemesiax — Or MeHee 1 mo Gonee 300 r/xr. Ona onpefensiercA ¢a3oBBHIM COCTOSHUEM
¢dmoupga B pe3epByape, OGYCIOB/ICHHBIM, B CBOIO OYepefh, COOTHOLUCHHEM HHTEHCHBHOCTH
TeIUIOBOTO H BOJHOTO IMMTAHHA CHCTEM.

B cucremax ¢ mpeoGfanaHMeM Mapa MMHepalTH3auuaA oGbMHO Huke 1 r/Kr M KOHIeHcat
napa MMmeeT THAPOKApGOHaTHBIA WiH CyNnbdaTHbIK HATPHEBbIA COCTaB HpPH INOYTH IIOJIHOM
OTCYTCTBHH XiiopHaoB. Jlons raza B mapora3oBoii cMecu o6GBMHO HeBenuka (Oo 5%) , H THUD
B HTaJIBAHCKOH THAPOTEPMANBHOM CHCTeMe MoHTe-AMMaTa OHa NepBOHAYATIBHO AOCTHrana
80—90%. IIpumepsl YTreKHCIBIX HapOTHAPOTEPM C MpeoGiafaHHeM Mapa MOXHO HAiTH
He TONbKO B ANNEHMHCKOM cerMeHTe Cpenn3eMHOMOPCKOro MOsica, HO H B BOCTOMHOH
nosioBuHe Tuxookeanckoro iomsua (CtambGor Cnpunrc, Hepana, Bannec Kansgepo, Hsio-
Mexkcuko, Jloc-Asydppec), a raxke B Hnpmoneann (Kapax-Komomkanwr) u Ha Kamuatie
(Hmwxmexowenenckoe, MyTHOBcKoe H CeMAMMHCKOE MECTOPOKICHHA ) .

B cucremax ¢ mpeoGnagaHumeM BOABI (33KIIIOYEHHBIX B 0o0jlee MPOHMNAEMBIX KOJUIEK-
TOpax) NapOTHAPOTEPMBI MPHOGPETAIOT, KaK MNpasWwio, XIOPHOHBbIE HaTpPHEBBIA COCTaB,
a MMHepaM3aliis MX MoBbiaeTcs. CpaBHMTENIBHO HH3Ka OHa (IO S I/KT) y HOBO3enaHH-
CKHMX IMApPOTepMalIbHBIX MecTopoXaennit Bpomnennc, Kasepay, Opaiikefikopako, Baitorany,
Baitpakeit (1a6n. 9), 3aKUTI0OYeHHBIX B BYJIIKaHMYECKHX TONMmax. Beuue oHa (okono 25 r/xr)
B YTJIeKHCIbIX GeperoBrix maporufipoTepmax 'samenynmi (KapuGcxwmit Gacceitn) u ®nerpeii-
ckux moneit (Mrama), a B BBICOKOTePMIbHBIX pacconax Kanudopmmiickoro rpaGena
(Conron Cu ¥ np.), 3aMOJIHEHHOTO TEPPHTeHHBIMH H 3BANOPHTOBBIMH TONILAMM, AOCTHTaeT
305 r/xr.

Maporunporepmer Conton Cu (¢ Temmeparypoit oxono 340°C) mpencraBnsior coGoik
KpenKHe XIOpHOHBIC HATPHEBO-KanbuueBhle pacconbl (~ 300 r/kr) ¢ HeoGBMHO BbICO-
kUM comepxanuami K, Li u taxensix meramnoB (ta6n. 10). B MX ra3oBom: cocrape
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Ta6bnuuma 9
Xumuueckuii COCTaB YrIAeKHCIBIX BOA W MApOTHAPOTEpM, Mr/n

Komrnionents! 1 2 3 4 - s 6 7 8 9
Li* - 0,5 - - 5,7 320 0,18 14,2
K* 1,0 32,3 48350 - 32,0 73 23800 12,6 225
Na* 9,2 464,4 78930 17600 56,6 665 54000 105,0 1320
NH;} - - 87 - 19,0 - 530 3,2 0,16
Mg?* 0,8 6,8 17 15 50 - 100 0,47 0,03
Ca* 3,2 28,4 106 11 44 40000 28,0 17
Fe?* - 3,24 0,7 - Cn. - - -

Cl- 10,0 75,0 42850 16000 42,6 871 184000 9,6 2260,0
F- 0,2 4,0 100 - - 1,0 - - 8,3
Br- - - - - 1,5 700 0,2 6,0

SO - 1,0 45,2 163290 550 1374 132 10 74 36
HCO; 21,9 1037,0 5850 - 89,7 125 - 258 19

H, SiO, 61 1045 17,6 - - - - - 896,3
'H,BO, - - 15160 - 79,5 2055 29559 - 164,7
M 53,4 1832,0 356000 34,176 396,2 2092,2 305650,0 491,4 4978,1
pH 7,1 8,15 8,5 - - 8,8 5,5 8,5(?) 84
T,°C 7 35 210 286 300 160 340 131,7 260

MpumeuaHue. 1 — Hcnaugus, Peilnamernbcenskensna; 2 — 18M ke, JIMCYXOM/Tb: TAKKE YCTAHOB-
neHo CO;' -~ 84,0, Ga — 0,0118, Ge — 0,038, Mo -~ 0,0091, Ti — 0,003, Pb — 0,0016, Cu - 0,0051
[Kononos, I[Monax, 1977]; 3 — Hranua, Yessno, ckp. 1 (Ha Bocrounom Gepery 03. Bpaumano) : Rb —
450,0, Cs — 80,0, As — 8,3, Cu — 0,012, Zn — 0,04, Pb — 0,01, Co — 0,02, Ni — 0,02, Hg —0,001,U —
0,04, Ba — 0,1, Sr — 0,09, Mn — 0,10; 4 — Uranua, Kammu dnerpeit [Innuc, 1975]; 5 — Uranus, paiton
Jlappepemnno, Kap6osm; 6 — CIIA, Hepama, Ctum6o01 Cripymre: H,S — 11,1 -0,7, Pb — 1,2,Cs — 1,9,
As — 2,7; 7 — CHIA, Kanudopuusa, Conron Cu: Pb — 100, Cs — 20; 8 — CHIA, HennoycroHckuil napk,
Map Bynkano [White et al., 1971]); 9 — HoBaa 3enmanmmua, Bsipaxen: H,S — 1,0, Pb — 2,8, Cs — 2,5,
As —4,8, I —0,3,

(nomumo CO;,, cocraBnawwei oxono 90% o06., n Heanauutensubix Kommdects CHy u H,)
OTMeYEHO TaKke W HeGonbioe comepxkanue H, S (0,35%) .

HeoGbrumblii Il TepMAIbHBIX PaccoOSIOB CYbhaTHbIA HATPHEBO-KAMEBBIA COCTaB HMEIOT
UTaNBAHCKHE NaporuapoTepmbl Ue3aHo, BCTpedeHHble B HeGornbiioil kanbaepe Bawaxo Ban-
neit B 15 kM ceBepHee Puma. OHH npHypoUeHbI K BYJIKAHOTr€HHBIM TOJIIIAM H 3BaNlOPHTOBBIM
dopmaunsaM TpHMaca, colepxaupiM 3HauMTeNnsHble KoimdectBa CaSO,. OTIHUMTENBHOH OCO-
GeHHOCTBIO 3TOTO BhICOKOTeMmepaTrypHoro (210°C ka rny6use 1400 M) M BBICOKOMMHEPAITH-
30BaHHOro (356 r/kr) paccona aABnsoTCA BhicOKOe comepxanne SO, , K, Rb, Cs n H3BO;,
OTHOCHTeNbHO HeBGonpume komsuecTBa Fe, Mn i Taxensix MeTaynoB (cM. Ta6n. 9) u nonHoe
OTCYTCTBHE B cocTaBe rasos H, S.

Yrnexucipie THOPOTEPMBI ILIMPOKO PaCHpOCTPaHEHbl BO BCeX paOHAX COBPEMEHHOTO H
HeJlaBHero BynKamn3ma. Temnepatypa HX Ha BeIxoze Bapsupyer ot 20 no 100°C, Ho o6braHO
MeHee 80°C. OmM XapaKTepH3YITCA HeCKONbKO MOBHILIEHHBIM cofepkannem H, SiO; (mo
200 Mr/kr), MHTEHCHMBHO Tra3MpyloT H OGpasyloT Ha BhIXOfe KapGOHATHbIe OTIIOKEHMA —
TPaBepTHHBI.

UM cBoiicTBEHHa NepexomHan reoxummueckas obGeraHoska (Eh = 0 + +250 mB [lllep6a-
KOB ¥ AOp., 1974]). Monasnsomwee GONBIUIMHCTBO 3THX TePM XapaKTepu3yeTcs CyGHeATpab-
Ho#t peaxipeit (pH = 6—8). HoHHoO-CoNeBOIl COCTaB YINEeKHCIBIX TePM YPe3BHAHHO PasHO-
06pa3en. Cpe1 HUX BCTPEYalOTCA MOYTH BCe Pa3HOBHIHOCTH NMOA3€MHbIX BO/: O aHHOHHOMY
COCTaBY — rumpoKapGoHaTHbIe, CynbdaTHble, XJIOPHOHbIE; MO KAaTHOHHOMY — KajlbliMeBbIe,
HaTpHeBble, MATHHEBbIE H HX MIPOMEXYTOUHbIE pa3HocTH (Tabn. 11).

FuppokapGoHaTHEIE YTTIEKHMCIble TEPMBbl PacnpoCTpaHeHsl HawGonee mmpoko. OGerHO
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Tabnuua 10

XapakrepHble YTIeKHC/bIe NAPOTUAPOTEPMBI OGNACTEdH COBPEMEHHOTO BYTKAHHIMA H AKTHBHON Marma-
THYecKkoi AesrenvHocTw [White et al, 1971; Onauc, 1975]

Mecronono- ° M, ®opmMmyTa XUMHYECKOTO H,Si0,,
weHHue Hcrowmuu T.°C r/n cocTaBa pH Mmr/n

C npeoGnagaHuem BOOB

Hopast Baftpakett 260 47 C19880, 1 8.4 896
Jenatm Na90K9Cal
Hrarms Kammu Oner- 286 34,2 Ci9880,2 - -
peft —————
Na99
CHIA, Kann- Conton Cu 340 305,6 C1100 5,5
opHus Na47Ca39K12Lil
Cnpeo6GnamaHueM mapa
CllA, Hesapa CrumGot 161-240 0,083 S0,58HCO,40C12 6,5 18
Crpusre —_—
Na48Ca38K14
Wennoycron- Man Bynkano  131-240 0,491 HCO,7080,25C15 8,5
i Ia _—
ol TapK Na70Ca22K5NH, 3
CCCP, Kam- Huxaexolue- 231 0.6 S0,99 4,8 122
yaTKa NeBCKHe T ——
NH, 81 Ca9Mg8

B MX KaTHOHHOM COCTaBe BeAYIYI0 poib Hrpaet Na npu nomuHHeHHbIX KonnyecrBax Ca. Xapak-
TePHBIM MX NPMMEPOM SABNAIOTCA ucrouHMkH Jlucyxomns B Mcnanpum. Pexxe BcTpevalorcs
ruapoKapGOHaTHbIE MaTHUMEBHIE YTIJICKMCIIBIE T€PMBI, IPHYPOUYEHHbIE K 30HE Pa3BMTHA [HOJIO-
MHTU3HPOBaHHbIX NopoA. [IpuMepoM Takux Bop ABNAOTCA UCTOMHMK Mapu6Gaxka u HeKoTO-
pble OpyrHe yrieKucibsie Tepmbl UHnoHe3uH. CyllecTBeHHYI0, HO NOMYMHEHHY0 POl HTpaeT
Mg B ropokapGOHAaTHBIX BOJAX, LHPKYIMPYIOIMX B MOJIOABIX BYJIKAHHYECKHMX TOJIHIAX.
Takue BoAap! BeTpevatorcs Ha Kamuatke # B KPYTHX MpOBHHUMAX OCTPOBHBIX OyT. MUHepanu-
3aUMsA FHAPOKapBOHATHBIX YITIEKHCIIBIX TePM, KaK PaBHIO, HIXe 5 I/Kr.

CynbdarHble YTiIeKHCIIble TEpMbl MeHee paclpocTpaHeHbl. FIX mpHMepoM MOTYT CITY>XMTb
Ananenbckde WcTouHMkH Ha Kamuarke. 310 MajomuHepanuioBaHHbie Bomel (< 3 r/kr),
B KaTHOHHOM COCTaBe KOTOPhIX mpeoGnanaoT Ca H Mg. OHM HMe0T CIaGOKHCITYI0O peaKLHIo
(pH < 7) u Tremneparypy menee 70°C.

H3BecTHbl M XIOpHIHBIE YTiekucibie Tepmbl. HamGonee sAipkMMHM HX NIpeCTaBHTENIAMH
ABNAIOTCA TepMaJbHble MHHepasTH30BaHHbie Boibl MmbGorake n KaBaumHarano, pacrniofoxen-
Hble B F0r0-BOCTOYHO#M 4acTH 0. XOHCI0. ITH TepMbI XapaKTePU3YIOTCA XJIOPHOHO-THAPOKap6o-
HATHBIM HATPHeBbIM (MHOTA HATPHEBO-KAIBLUMEBBIM) COCTaBOM C MMHEpalIH3auMei fio
20 r/n, Bemumuoit pH = 6,4—7,3 u Temneparypoit mo 40°C.

K xsmopHpHBIM HaTpHeBEMM YITIEKHCIIBIM PaccojiaM MOTYT ObITh OTHeCeHbl H HEKOTOpBIC
uctouHMkH JlaHakunbckoit penpeccun B J¢uomun. OHM pacnonoxeHbl B BOpPOHKOOGpa3-
HBIX KOTJIOBUHAX Ha BEPIUHHAX COAAHBIX Kynosos. X MuHepanu3auusa cocrasnser 282 r/kr,
a TeMmmneparypa He mpepbiiaer 25°C [TkaueHko H fp., 1978]. Cneayer uMeTh B BHAY, 4TO H
CpeNHerofoBas TeMIlepaTypa B 3TOM paiioHe 6mmska k 25°C. Io-BumuMoMy, 3TH pacconbl
NpefcTaBnAlT CoB0i rPYHTOBbIE BOIbI CTONb CHelH(PHYECKOTO XMMHYECKOTo OGTHKa.

Yaie Bcero, OHaKo, YINIeKHCbIe TePMbI HMEIOT MPOMEXYTOUHBI HOHHO-COJIEBOM COC-
TaB: THAPOKApOGOHATHO-XNOpHAHBIA, TI'MAPOKApGOHATHO-KAPGOHATHO-XJIOPHIHO-CYIIbGAT-
HbIA, XJIOPHEHO-THOPOKAPGOHATHLIA, XJIOPHAHO-CYNIbdATHEII — NPEHMYLIECTBEHHO HaTpme-
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Tabnunuma 11

Xapakrepnsie yTiexucasie .Bogbl o6nacreli cospemensoro BysnkasHwma [Komomwos, 1975; Hsanos,
1960; Txavenxo, 1974]

Mecrononoxe- co,, o M, ®opMyia XHMHIECKOrO H,SiO,,
Hue Hcrounnn r/n’ T.°C | ¢/n cocraBs PH Ml"/ﬂ ?
XononHbe
CCCP
Kamuatka MankuHckue 2,7 5,6 52 HCO,63C137 6,2 32,0
(Na+K)61Ca28
Henangun
n-os CHaii- Pentnamern- - 7,0 0,053 HCO,54C14250,3 71 6,1
dennscuec CENBKENBIA —_—
Na63 Ca24 Mg12
Iduomun
BocrouHas JNanaxnm- 0,75 22 282,0 (100 59 -
pudropan CKHe pac- _—
30Ha CONbI Na55Ca33K3
TepManesHHE
CCCP
KamuaTka Hamuruenckue 0,457 74,8 44 Cl17280,15 6.4 191
(Na+K)75Ca2l
HyumHckue 0,4 420 5.8 Cl49HCO0,4250,9 6,7 127
(Na +K) 84
o. KyHaump Heckyuencxkue — 500 1,3 HCO,4950,48 6,3 280
Ca46Mg30
Anonun
Macytomu 0,363 34,0 9,0 C174HCO, 1880, 8 6,4
' Na83Ca9K7Mgl
Caraky 0,38¢ 414 25 CI73HCO, 24 64 -
Na53Ca30Mgl13K4
Hupounesun
MapuGaxa 0,531 46 1,31 HCO,91C19 - -
Mg40 Ca35 Na23K2
Hcnangusa
Jucyxomne - 58 1,9 (HCO, + C0,)86C19 8,2 143
Na88Ca6

BLIif, HATPHEBO-MATHMEBBI# M HaTpHeBO-KaibuHeBbid. OHM BceTpeuatorca Ha Kamuatke
(HanprueBckue, THMOHOBCKHMe, [IynmHCcKHe H MHOTHE OpyrHe HCTOUHMKH), Ha Kypumbckux
ocrpoBax ([awnble ucrounuxn Ha o. Urypyn), B flmommu (mcroummku Mmucaca, Caraky,
Macytomn, Hkema, l0xaras), B HUnpoHesuwm, HexoTophiX paiioHax Cpemu3eMHOMOpCKOrO
nosica, B pu¢pTOBBIX 30HAX ADPHKH.

Kak mpasuio, neGuTBI yIIIEKHUIBIX TepM He mpesbiuaior 20 71/c, HO M3BECTHBI OTHEND-
HBle HX BBIXOIB! CO 3HAUMTeNbHO Gonbumm pacxomom. Tak, rpymma ropsumx (66°C) yrie-
Kucnbix Tepm Pam6o B TaHsaHMH, pasrpyalolmxcsg Ha yyactke 100X 100 mM B ponuue
p- Conrse, nmeer o6umit neéur 500—1000 n/c [Tkaverko u mp., 1978]. IInA MHOrMX yrie-
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KHCJIBIX TepM CMEIAHHOTO COCTaBa XapaKTePHO NMPHCYTCTBHE pacTBopeHHoro H, S. Hanwum-
€M 3aMeTHBIX KOJIHYECTB CyibdaT-HOHA H CepOBOHOPONA OTIMYAIOTCH TepMallbHbie YIile-
KHcnbie Boabl Hesca-TaHraHeMkckoil BeTBH A¢pHKaHO-ApaBHiACKOro pHu¢TOBOro NosAca.
MuHepain3auus yTIeKHCIBIX TEPM Pa3THYHA M JOCTHIaeT HHOITA 3HAUMTENIBHBIX BEJTHUHH
(mo 17 r/kr B adpuxaHckoM HcTOUHMKe Mam6yra), HO OGBIHO IEXHT B AMaNa3oHe
2-5 r/kr.
A30THO-YTTIEKHCIIbIE TEPMBI

K 3TOMY THIIy OTHOCHTCA pAJ LUMPOKO N3BECTHBIX NAPOrHAPOTEPM H FHAPOTEPM obnacTeit
COBPEMEHHOrO BYIIKaHH3MAa.

Ilo razoBOMYy COCTaBY 3TM TepMbI a30THO-YTJICKMCIIbIE WIM YTJIEKHCII0-a30THbIE, HHOTHA
¢ He3HaunTerbHOH npumecsto CHy u H, S (1a6n. 12). ConpepikaHHe ra3oB o6GbIMHO He mpe-
BhilIaer B HUX 50— 100 mu1/n. OG1ueil Mx 4epTOH ABNIAETCA LteJIOYHAA PeaKIHA Ha BbIXOe U nepe-
xomHble 3HaveHua Eh (0 ++250 mB).

A30THO-YTNIeKHCIIbIE TTApOTHAPOTEPMBI TI0 CBOEMY OGIMKY HOBOJIBHO ONH3KH K PaccMOT-
PEHHBIM BhILIE YTIEKHCIBIM MAPOTHAPOTEPMAM ¢ NMpeoGiagaHHeM Napa H OT/IHYAITCA OT HHX
NHIIL HeCKONBKO MEHBIIMM TeIUIOBBIM MOTEHIMATIOM H ra3oBbIM ¢axkTopoM. Bemoc Tenna
NaporMApoTepMaMu 3Toro Tuna oxono 107 xan/c.

B eCTeCTBEHHBIX OYaraX pasrpy3KH a3OTHO-YIJICKHCJIble NaporuapoTepmsl obnaparor
GonpimMH OeGutamu (mo 50—100 51/c), KOTOpble 3HAUMTEIILHO BO3pacTaloT MpH pa3GypuBa-
HMH MecTopoXaeHuii. Mes Ha rny6uHe TeMmepatypy okono 200°C, B eCTECTBEHHBIX YCIIO-
BHAX OHH BBIXOJAT Ha JHEBHYIO MOBEPXHOCTh B BHOE KHIAIMX HCTOUHMKOB M MHOTHA refde-
poB. CKBaXMHBI Xe BHIBOJAT MApOBOHAHYI0O CMeCh, B KoTopoi oT 80 mo 90% 06. cocras-
nseT BOOA.

A30THO-yTJIeKHCIIbIE  NAapOTMAPOTEPMBI  OTIMYAOTCA HEBBICOKOH  MHHepaM3auuei
(< 5 r/kr) n Temmepatypoit 180—200°C Ha rny6une 1—2 kM. OHH HMEIOT CIOXHbBIA aHMOH-
Hbl cocras (TaGn. 13).

TaGnuna 12

Cocras cBOGOAMO BHIACNAIOUMXCA F230B a30THO-yriekucibix TepM, % 06. [KoHowos, llonaxk, 1977;
HBanos, 1960; Backos, Cypukos, 1975]

:::: TOMONOXKE" | Yerowuxu | CO, H,S CH, H, N, Ar He o,
ccee
Kamuarka Tefisepunie 54,80 — 1,0 - 4420 - - -
Bonsume 67,6 He o6u. 0,5 He oGH. 25,5 0,539 0,002 6,4
KupeyHckue
Mayxerckue 75,60 8,4 0,80 - 15,20 - - -
0. Kynaump Topaunit 654 - 2,8 - 31,8 0,739 0,001 -
WIAK, CKB. 3
SAnounn
Benny 959 06 He onp. He omp. 3,5 He onp. He onp. He onp.
Henangun
Bonswoit 77,0 - - - 21,0 - - -
Feit3ep
Aypxsep 11,6 - 0,15 - 859 23 - -
XBepasen- 77,8 - 1,0 - 20,6 0,44 - 0,2
mup Peitky-
axseppu
CulA
Henmnoycron-  Baccefin 95,10 0,55 0,10 0,10 4,15 - - -

ckHit mapk BepxHutt
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Ta6nruna 13
Xumuuecknii COCTaB 830THO-YTACKHCABIX TepM, Mr/n

KommonenTnt 1 2 3 4 H 6
K* 105 59,9 12 25 39 -
Na* 986 597,2 416 324 873 350
NH} 0,6 0,2 3 0,1 0,2 -
Mg?* 3,5 3,7 2,8 He oGH. 8,5 -
Ca?* 52 25,6 33 23 86,2 39
Fe?* - He o6H. 0,4 - He o6H. -
Fe?* - He o6H. He o6H. - He o6H. -
q- 1633 858,8 578 127 1489 483
F- - - 0,8 9,0 - -
Br- - 2,5 3,7 04 - -
S0; - 78 143,5 125 532 50 130
HCO; 4 81 74 42,7 67,1 29
C03 - 22 38,4 38 37,2 He o6H. -

H, Si0, 383 382 190 290 156 195
M 3448 2194 1537 1400 2764 1031
pH 8,2 7,6 7.2 8,7 8,2 -
Thopepx: 'C  -KHIL -KH1. “KHIL. -KHIL. -KHII? KL
Trny6 °C 195 250 170 170

Npumeuwanune 1 — CCCP, Kavuatka, Hayxerka, ckB. 4; 2 — tam xe, Jomuua eitaepos, refizep
YBermkan” [KoHOHOB, 1965): rakike ycraHoBineHo I — 1,2; 3 — tam xe, Kupeynckne MCTOUHMKH:
CO,cB — 32; 4 — Ttam xe, Bormumme Bauubie ucroummku: As — 0,12, Mo — 0,02, Ge — 0,01; 5 —
o. Kynammnp, Topauuit wiax, cke. 3 [Bakux, Cyrpo6os, 1972]; 6 — CHIA, AneyTcKue OCTpOBa, reMsep
Ha o. Yummak: B, 0, — 157,0 [ Waring, 1965]; 7—3dmonus, refizep AnnanoGepa: HBO, — 9,0, Li — 0,5,
I-0,27; Cs — 0,32, St — 0,33, Rb — 0,25, H,S — 0,1; 8 — HUcnannun, Bonemoii reffzep; 9 — Tam xe,
AypxsBep; 10 — Tam xe, JlojirapBemmup; 11 — tam xe, Pefixxonst [Kononos, IMonak, 1977].

Ta6nuua 13 (oxoHYaHHE)

KOMMOHEHTS! 7 8 9 i 10 11
K* 58 20,9 2,3 2,5 4,1
Na* 545 207,2 85,1 144,9 71,9
NH*, 2,1 - He oGH. -
Mg 0,84 0,03 0,2 34 0,04
Ca?* 25 0,8 3,2 9,2 2,6
Fe* - -~ - He o6H. -
Fe* He o6H. 0,012 - He o6H. 0,006
Cl- 710 122,0 34,0 9,7 34,0
F- 0,7 1,0 3,0 0,9 2,3
Br 1,7 - He ofn. -
SO}~ 260 1145 69,1 28,0 62,4
HCOy 119 207,4 13,4 305,0 18,3
co}- 17 26,4 22,5 36,0 1,8
H, Si0, 450 661,7 158,6 156,0 254,8
M 2188,3 1370,9 391,7 695,6 458,2
pH 8,4 9,2 9,3 8,1 9,63
T nomepx: °C -KHII. 87-xun. “KHIL 70
Traye °C 219
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Tabnuma 14

XapakTepHbie a30THO-YTeKHCbIE TepMBI 06NacTel akTuBHOro Bynkann3ma [KoHoHos, 1975; HUsanos,
Komnonos, 1979; Txavesko, 1974; Txavenxo u ap., 1978}

T, °C
MecTronono- . M, DopMyJIa XMMHYECKOro H,Si0,,
XKeHHe Herommnen | BOBePX r/n cocTaBa pH m"/n }
rny6.
1 2 3 4 5 6 7
MNaporugporTepMu
ccce
Kamuarka Tettzepinie Kun. 24 C18350,8 8,7 333
250 (Na +K)94Ca$
Maywerckue Kun. 31 C19580,5 8,2 305
200 (Na + K)94 Ca6
0. Kynaump Topawmit Kun. 4,6 C196S0,2 8,1 309
TUISAK — -_
160 (Na + K)93Ca6
Anonnn
OnnkoGe Kun. 1,26 C18250,10 8,4 273
- Na87Ca7K3
Bakypa 94,2 2045 Q99 7,8 -
(Na + K)54 Cad4
Henangua
Bonbiuott 87(100) 1,3 (HCO, +CO0,)3980,31Cl15 9,2 662
lefizep
253 (Na +K)93
Aypxsep Kumn. 04 $0,36(HCO,+C0,)25C124 9,3 158
- (Na +K)93
XspepaBen- Kumn. 0,3 (HCO,+C0,)45HSi0, 2050,16C116 9,6 182
mup (Peit-
- KpAxBephH) (Na +K)96Ca2
CliA
Hennoycron- Bacceftn Kun. 1,7  (HCO,+ C0,)49Cl143 8,7 -
ckuft Ilapk  Bepxmuit b
- (Na +K)99
Adpuxa s
Jduomn Teftaep Kum. 2,4 (HCO, + C0O,)44C13850,16 9,1 225
JlanraHo —_
- Na96 K4
AmnanoGepa  Kun. 2,1 Cl17180,20 84 450
- Nag89Ké
F'mgppotepmu
Huponeansn
o. Cymaecu ITaco 70 0,632 HCO,53Cl142 - 106
Na88Ca6K3
o. flsa Paiton Byn- 37 0,702 HCO,7250,18C110 1,7 -
KaHa JueHr
Na50Mg19Cal7K9
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Ta6nuua 14 (oOKoHYAHHE)

F'npporepmm

o. Baru Hcrounmk Ha 37 0,536 (15480,40 6,1 -
3anafiHoM ——
noGepexme Na65Ca30KS5s
Ypyn Daka 97 13,2 ass - -
(Na +K)78Ca17
Hcnangus
Hoitrapsen- 70 0,69 (HCO,+ CO,)87S0,8 8,1 156
Hp
Na89Caé
Adpuxa
Aduomns Yuna Bunex 40 1,0 HCO,50C130S©,17 - 110
Na98K2
Hcrounnk B 74 1,8 Q7380,15 6,5 20
rpaGene Teo —_—
Na85CallK3
Hctounnk Ha 52 39,2 C199 86
BOCTOMHOM _—
Gepery Na66Ca27K2
03. Appepa
cece
Kamuatka KapriMckue 39 1,1 S0,89HCO,5C15 8,15 -
Na84Mgl0K5Cal

I'nppoxap6oHaTsl npeoGiiagaloT B BOAAX IPYNILI LIHPOKO H3BecTHOTO bosbilioro Tefisepa
H HEKOTOpBIX APYTHX HCIAHOCKHX MapOrMOpoTepM. B HOOUMHEHHOM KOJIHYECTBE B 3THX
Bopaax npucyrcryor SO, v Cl, a vHOrOa Ha BTOpoe MecTo BBIXOOMT Si. 10, KaK H BTOPO-
crenenHaa ponb Cl ¥ HMaxkaa mumeparusauusa Bon (< 1,5 r/kr), sBnserca XapaKTepHO#
ocobeHHoCTbIO TepM Hcntanmun.

B HexoTOphIX HCJIAHOCKHX a30THO-YITIEKUCIBIX NMAPOTHOPOTEPMAX B aHHOHHOM COCTaBe
OOMUHHMpYeT cynbdaT, a rHOpoxkapGoHaT mpeotnagaeT Ham XIOPOM (MCTOUHMKH AYpXBep).
OHH Takke HMEIOT HeBbICOKYI0 MMHepanu3amuio (< 1,5 r/kr), wenowyio peakuio (pH <
<9) ¥ TeMnepaTypy B HiKHell YaCTH FHAPOTEPMANBbHOI cHCTeMBI oxoo 180°C.

CynbdaTHO-XOPHHBIA AHHOHHBIA COCTAB MMEOT HEKOTOPbIE a30THO-YTJIEKHCIIbIE Mapo-
FHOPOTEPMBbI OCTPOBHBIX Oyr (Hanpumep, Bonbume BanHble mcrounmxu Ha Kamuatke),
HO IjiA GONBLUIMHCTBA MX XapaKTepeH XJIOPHOHbIH cocTaB. Takue TepMbl HMEIOT ILENIOY-
Hylo (Ha Bhixosme) peakmmio (pH = 8-—8,7), Heckomsko 64mbuIyio MHHepamTH3aLMIo
(2-5 r/kr), BecbMa He3HaumTesbHOe comepxkame SO, u HCO;, MOBbILIEHHYI0 KOHIUEHTpa-
mio B u H;Si03 (mo 0,4 r/kr). [Ipy akTHBHOM BCKHNaHHM MapOTHOPOTEPM Ha MOBEPXHO-
CTH H3 HMX BBIMAJaeT KpeMHe3eM, oGpa3ylonmil OTIOKEeHHA refi3epHTa, XapaKTepHbie mA
HCTOYHMKOB [AHHOTO THMA. THNMHMYHBIMM MNpPENCTaBUTENIAMH 3THX TEPM ABIIAIOTCA H3BECT-
HBIe THApOTepMaibHble MecTopoXkaeHHs [layxerckoe, I'efisepuoe u Kupeynckoe Ha Kam-
4arke, a Takxe Orwo, OnnkoGe u Opaxe B flnowuu 1 Tusn Ha OununmiHax. Ects Taxue napo-
rugporepMel - ¥ B Bocrowo-Adpuxanckoii pudroBoil 30He. ITO KMNAume a3oTHO-yrie-
KHC/Ible HCTOYHMKH H Tei3epbl C XJIOPHIHBIM H XJIOPHOHO-CY/IbGaTHBIM HaTPHEBBIM COCTa-
BOM M MHHepanH3aumeil MeHee 3 r/Kr B paitoHe Adap — JaHakunp (Hanpumep, reisep
AnnanoGena, TaGn. 14).
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Bonee Bhicokyw MuHepain3amuio (10 20 r/Kr) HMeT XIOpuUIHBIE HATPHEBO-KAIbLiMe-
BBI€ TepMBI, IPHMEPOM KOTOPBIX ABJiAeTCA MecTopoxneHue TopAauwmit wisx Ha o. KyHaump.

A30THO-YTTIEKHCIIBIE THAPOTEPMbI C TeMIepaTypoi Ha Bbixome oT 30 mo 100°C umeror
HOOBOJIbHO TeCTPbIi aHMOHHBIA COCTaB (CpelM KAaTHOHOB B BOJAX 3TOr0 THMA BCETHa Ipe-
oGnapaer Na, cm. Tabn. 14). '

I'unpokapGOHaTHO-XJIOPHIHBIE (WM THOPOKapOGOHAaTHO-CyNnbGbAaTHEIE) TepMBl BCTpeUeHbl
B WHponesuu (McrounMxn Ha o. CynaBecH, paiioHa BynkaHa JlueHr Ha o. flBa u np.),
B Ucnaumun (Jlolirapseminp), a Takke B HeKOTOPhLIX paitoHax I$HomuH (B ZonuHe p. ABal
u Homune O3ep) .

Pexxe BcTpevalorcA cynbdaTHble TepMbl Takoro Tuma. MX nmpuMMepoM MOFYT CIYXHTb
KapbimMckue ncrounmku Ha Kamuatke.

Bce nepeuynciieHHble BHILIE I'PYNIBI a30THO-YTIIEKHCIIBIX THAPOTEPM HMEIOT CPaBHHTENIBHO
HeGoubllyIo MUHepanu3auuio (MeHee 3 r/m).

XJiopupiHBIE H XIIOpHAHO-CyibdaTHbIe TepMBI HMEOT KaK TaKyiwo ke (Tepmnl Adapa u
Hanaxkwig), Tak H 60nplIyl0 MuHepamm3auumo. locnemas cocrasnser 5—35 r/kr y Gepero-
BbIX TepMm Baxypa B flmonmu H YpyH-Iaxa B UHpoHeann H  pmocturaer 39,2 r/kr B Bomax
HMCTOYHMKOB, PacnoJioXKeHHbIXx Ha Gepery conenoro o03. Adpep (Iduomus), comepicainero
XJIOpU[IHbIE HATPUEBBIE PACCOJIBI.

ITo Bceit BEpOATHOCTH, 230THO-YTIIEKHCIIbIe THOPOTEPMEI B MPOLWIOM HMeNH Gonee BbICO-
KYI0 TeMNepaTypy, O YeM CBHIETEIIbCTBYIOT OTIOXEHMA TIefl3epHTa BOKPYr MCTOUHMKOB.

MeTaHoBEIE H 230THO-METAHOBHIC BOIBI

I'/y6uHHasA TeMIlepaTypa TAKKX BOJ 3HAaYMTENbHO BapehupyeT — oT < 50 mo > 200°C.
OHH xapakTepH3ylTCA UMPOKWM HHTepBaioM 3HaueHHis pH — or 5 mo 9,0 (Ho oGbIwHO
npeoGnapaer iuenovyHas peakuusa oA, pH = 7—9) u “BoccraHOBHTeNbHBIMK ™ BetuunHaMu Eh,
Hu3MeHsommMMHcA oT —250 go 0 [lllep6akos u np., 1974] .

MeTaHOBBIE MapOrHOPOTEPMBI OTMEYAIOTCA Ha YIaCTKaX HOBeilliero MarMatuama (ByJKa-
HH3Ma), I1aBHBIM 00pa3oM B rpaGeHax Bocrouno-Adpuxanckoi pudtoBoii 30Hb. B paiio-
Hax o3ep Karse, HafiBaina, XaHHMHITOH M OPyrux CKBaXMHaMH Ha rnyGune meHee 1000 M
6bUTM BCKPHITBI METaHOBble MApPOTHApOTEpMbI C Temmepatypoit mo 202°C [Tiauenxo
H np., 1978].

B BynKkaHMYeCKHMX Mapora3soBbIX BBIZIETICHMAX TaKXe MHOTOA OTMEYATHCh MOBBILICHHbIE
conepxanusa CH4. Tak, B razax ¢ymapon synkada Hosapynra (Anscka) comepxanme CH,
coctapwio 10% 06., BynkaHa Acaama (fimonns) — 14% o6. B ATnaHTHYeCKOH BYJIKaHHYe-
CKOil MPOBMHLMH OTMEYATHCh BHIXOMBI METaHAa NMpH MOABOIHOM M3BepXeHWH BOIH3H A30p-
CKHX OCTpOBOB, rie comepxatue CH, B rasax mocrurano 86,6% 06. [Yaiit, Yopuur, 1965].

MerTasoBBIE H a30THO-METaHOBBIE THAPOTEPMBbl BCTPEYAIOTCA BO MHOTHX paioHax Tuxo-
okeaHckoil, CpemuseMHOMOPcKOi M Bocrouno-Adpukanckoit npopuHumit (1abnm. 15-17).

Ha KamuaTtke 310 TepMbl ITTyGOKHX TOpH30HTOB Bosmmnonscikoit, Xpomonckoit, CoGones-
ckoit u BoraueBckoi mnomapeii. IeONTb CKBaXMH, BCKPBIBILMX 30€Ch TPELMHHO-IUIACTO-
Bble TepMAIbHBIE BOIbI, KojlefmoTcsa o6erHo npu camousupe or 0,01 go 0,2 n/c. Temnepa-
Typa BOIBI B €CTECTBEHHBIX BBIXOIaX HocTHraer 70-80°C, a MHHepalM3aUMA COCTaBNIAET
1--3 ¥ Ha rnyGHHe He npeBbiIaer 15 r/kr. )

HCTOUHMKH 3TOro THNa, NPHYpPOYCHHBbIE K TEKTOHMYECKHM HapylienuaM, B Kypuno-Kam-
yaTcKoil OGNacTH cpaBHMTensHO peaxn. Ilo npumATO# Hamu ycnopHo#i rpammue (20°C) k
TepMAJIbHBIM MCTOYHHKAaM clieflyeT oTHeCcTH Ha Kamuartke nmuum CapaHckue, HuxHeronsirnu-
c¢kMe ¥ oaMy rpymny Ha o. Utypyn (Topaue xmowu). CymMmapHbie HeGHTBI OTHEIBHBIX
rpyIn HCTOYHUKOB JocTHratot 2—10 1/c.

PaccmarpuBaembiit TMn TepM BcTpedaerca B fimomus, Homoil 3enmanmym (Mopepa, XaH-
Mep), a TaKXe, NO-BUAMMOMY, Ha 0. Talibaxe. 1 QWIHNNHUHAX, IIe B HEKOTOPBIX BHAaTHHAX
OTMeYalocA NPOABIIEHUA HedTerasoHOCHOCTH.

Tepmbl 3TOro THHa MMeET OOBIMHO XJIOPHOHBLIA, peXe XJIOPHIHO-THAPOKapGOHATHLIA
HAaTpMeBBIA cOCTaB. I'mmpokap6GoHaTHbIe HIIH CynbdaTHble TepMEI HOBONBHO penxu. Ha Kam-
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Ta6bnuna 15

Cocrap cBOGOAHO BLIAENMIOIWUXCA Ta30B METANOBHIX W 230THO-METAHOBBIX TepM, % 06. [HBanoB,
1960; Backos, Cypuxos, 1975; Waring, 1965]

Mecromonoxe- | Yerownncn | co, | H,s | cH, H, N, Ar He o,

ccce

KamuaTtka Huxteronul- 12,6 0,0 54,5 - 329 0,552 0,013 -
TMHCKHE
CaBanckue 0,0 0,0 89,9 - 10,1 0,29 0,009 -
Borauesckans 0,66 - 90,40 - 5,77 - - 1,28
mnouaney,
cKB. P-2

o. Utypyn Topsaune 12,1 0,0 57,3° 0,3 30,3 0,334 0,007 -
KJIOYH

finonun

o. OkuHaBa Haxa, cks.P-2 0,24 - 89,52 0,019 9,72 - 0,028 0,48

HoBas 3enanaus
Mopepa - - 84 - 16 - - —
Xanmep - - 96 - 4 - - -

*Taxxe ycranosneno CyH; - 0,3% 06.

Ta6nuwpa 16

XumMudecKHil COCTAB METaHOBBIX W 230THO-METAHOBBIX TepM, Mr/n
Konno 1 2 3 4 5 6 7 8 9
K* 7796,7 47,0 49,0 390 305 19,0 - 100
Na* 702 228,0 5§77,0 8650 9800 5950 9654 7100
NH*, 35 2 6,0 4.5 161 - 27,6 - -
Mg+ 310,4 13 7,0 15 584 500 95,3 95 Ecth
Ca** 896,4 248 22,0 30 283 351 256 167,2 -
q- 14455,1 1139 415,2 551 15740 17300 10300 14520 16000
I- 13 - - 0,64 294 99,7 48,1 10,16 -
Br- 8 - 1,9 24 121 61,1 453 21,74 -
S03- - 432 1,0 10 - - 30,8 - 21
HCO; 116,55 183 850 805 1070 1144 128 654 -
B,0, 5,22 27,67 22,85 50,81 - - - -
H, SiO, - 182,0 69,0 229 - - - - -
M 23636,0 27374 913 2317,4 27446 29793 16960,1 25356 > 23221
pH 7,38 - 74 7.5 1.5 7,6 8,7 - -
7,°C >20 74 >20 55 >20 > 20 28,5 >20 49

Mpumeuanmne. 1 — CCCP, Kamuarka, Konycnas nnomans, cks. I'K-1 [Backos, Cypuxos, 1975];
2 — Kamuaria, ucrounnkyn HAXHETONBITHHCKHE: TAK)KEe YCTAHOBIEHO Felt 0,4; 3 — TaM xe, HCTOUHMKH
Capancxue: Fe?* — 0,1, NO; — 0,5 [MBanos, 1960]; 4 — o. Urypyn, ucrowmcu Fopmine kmoun:
Fe,O0, — 0,7, Sr — < 0,5, Li — 0,07, NO7 — 0,03 {Backos, Cypuxon, 1975); 5 — Sinouna, Yrtumo,
cKB. P-16: KMnO, — 363, CO,c® — 15,0; 6 — 1am e, MoGaps, cxs. P-1: KMnO, - 232, CO,cB —
37,4 [Teonorus..., 1961); 7 — Slnouus, o. Oxmmass, Haxs, cxs. P-2: CO3~ — 60,0, KMnO, — 65,0;
8 — Hnupomesun, o. fApa, Hxenox: CO}“ — 487,8; 9 — Hopaa 3enanpus, ucroumuxn Mopepa: Li —
5,4, Cs -~ < 0,1, Rb - < 0,1 {Waring, 1965].




Tabnuuna 17
XapakTepHble METaHOBBIC M 230THO-MeTaHOBbie Tepmsl [HBanos, 1960; Waring, 1965)

Mecrononoxe- T P T— T,°C M, @opmysia XMMHIECKOTO pH H,Si0,,
HHe r/n cocTaBa Mr/n
CCCP
Kamuatka Boravenckas 78 12,5 CI196HCO, 2 - -
ﬁg. P-6 Ca51(Na+K)46
CaBaHCKHe 20 0,913 CI89HCO, 11 7,4 69,0
Na76K9Ca8 Mgd NH, 3
HuxHeronsi- 74 2,737 $0,59CI21 HCO, 20 7.3 182,0
Tcie Na69 Ca28 Mg3
o. Utypyn Topawit xmou 55 2,456 CiS6HC0,4350,1 12 182
Na85Ca6 Mg5K4
Anowun
o. OxuHaBa Haxa, ckp. P-2 28,5 16,960 C199 8,7
Na92Ca5Mg3
Hupouesnn
o. fisa JTxeHoK 23,356 C198HCO, 2 - -
Na96 Ca2Mg2
HoBan 3enangun
Mopepa 49 23,221 a9 - -
Na99kK1

4aTKE H3BECTEH JHIIbL OIMH CynbGaTHBIH KaNbUMEBBIH HCTOMHHMK I3TOro THna — Huxwe-
TONBITHHCKHE (cM. TaGn. 17). Munepanusauus TepM B Gonee ITyGOKHX FOPH3OHTaX BO3-
pactaer. JlnAa 3mMX BOA XapakTepHO HaTMuMe GpoMa, iHofa, HahTEHOBBIX KHCJIOT, THIMYHO
”"Mopckoe” 3Hauene otHowenusa Cl/Br. B ecrecrBeHHBIX BBIXOZAX TEPMBI 3TOrO THNA
HHOTHa COAepXaT, MOMMMO MeTaHa M a30Ta, 3aMeTHbIe Konuuecrsa CO,. OGbMHO copep-
aHue MeTaHa H3MeHsAeTcA oT 50 mo 98% 06., yBemMuMBaACH C ryGHHOIA.

Oco6blil THII TEPMAIBHBIX PaCCONIOB C TAKHM Ta30BbIM COCTaBOM paclpOCTpaHeH Ha Mo-
Gepexxse KpacHoro mopa. 31ech B OTIOXEHHAX Naleo30sd H Me30301 Ha rinybune 900—
1000 M BcTpeueHbl a30THO-METaHOBBIE H METAHOBBIE PACCOJIbI XJIOPHOHOTO HATPHEBOTO-
KaJIBLIEBOTO COCTaBa ¢ TeMmepaTypoit 65—70°C u MuHepaym3aaumeii 0o 288 r/kr (cM. rmaBy
YETBEPTYIO) .

A30THbIE THAPOTEPMBI

A30THBIE TepMBl NPEACTABNAIT cOBOH XapakTepHylo rpymiy wenowsix Box (pH =8-10)
¢ TeMIlepaTypoil Ha BbIxofe OOBIMHO HMXKe TOUKM KHMNEHHA, a Ha NIyOuHe O0KOJNO 2 KM —
He Gomnee 150°C. O6upii BLIHOC TemIa B oYarax pasrpyaku umeeT mopsmox 106 kan/c. ['aso-
coOepkaHMe 3THX BOM, HM3KOe, ra3 MOYTH UEMMKOM (95—99% 06.) COCTOMT M3 a30Ta
(1a6n. 18). Bons! uMeroT nepexonnsie 3Hayennsa Eh or—10 go+150 MB. B oTaemsHbIX crydasax
MoryT G6bITh C1a60 BOCCTAHOBHMTENIBHBIE Cpedbl NPH HAJIMYHM THAPOCYNbPHAHOrOo HOHA
{ilep6akos u np., 1974] .

ITo cBoeMy cocTaBy H MHHEpAITH3alHH' a30THbIE TepPMBbI BeCbMa. pa3HooGpa3Hel. HanGonee
LLIMPOKO Pa3BHTHI IMIpoKapOoOHaTHBIE, THApoKapGoHaTHO-cynbdaTHBIE H THAPOKapBOHaTHO-

30



Ta6auna 18

Cocras cBOGOAHO BHIACNAIOUIHXCA TA30B a30THBIX TepM, % 06. [Konomos, Ionsak, 1977; Usamos,
1960; Bacxos, Cypuxos, 1975; Tiasenko u gp. 1978}

Mecronono- | Merownmxcn co, | H,5 | CH, H, N, Ar He
cCcCcp
Kamuarka HaunkuHCckne 0,80 - - - 97,748 1,397 0,035
Huxmenaparyn- 0,20 - - - 98,403 1,338 0,009
CKHe
Isyxioprounsle 1,20 - 0,87 97,175 0,709 0,046
o. Kynaump JoGpsit Koy - 04 99,6 1,486 0,010
Henangua
Bapmaxnmn, - - - - 98,0 2,0 -
Troypcayneft 0,21 - 0,35 0,0004 97,72 1,68 -
Adpuxa
03. Bukropus ~ - - - 81,2-88,2 - 9,3-17,9
Tab6bnuua 19
XuMiiecKuli COCTaB 2330THBIX TepM, Mr/n
Konio- 1 2 3 s s | s ] 8 9
K* 8,2 13,4 6,8 59 73 1,8 6,1 1,5 0,3
Na* 297,2 318,3 150,0 1117 388, 74,1 92,5 64,4 50,6
NH} Heo6n. Heo6u. 0,6 1 0,6 - - - -
Mg** 32 1,8 2,0 24 7 >001 05 0,5 1,6
Ca™ 160,3 30,0 1 194 96 1,8 1,6 16,0 2,8
Fe?* Heo6n. Heo6u. HeoOn. Heo6u. HeolH. - - - -
(o 199,5 188,6 90,0 1385 525 33,3 6,7 284 8,7
F- 1,2 2,0 2,5 1,25 0,25 2,3 2,5 1,0 2,0
Br- 0,2 0,1 - 5,2 2 - - - -
I- He o6H.  He oGH. - 0,4 He o6H. - - - -
S0; - 706,8 447,0 112,0 828 345 58,9 111,0 18,7 16,0
HCQ~ 61,0 549 47,0 342 37 25,5 6,3 9,8 1,0
CO; - - 6,0 29,0 - - 6,4 15,9 504 41,1
H, SiO, 81,0 109,0 112,0 193 84 166,4 358,8 220 122,2
H,BO, Ecms Ecms 7,2 54,8 9,2 - - - -
M 1548,3 1189,5 548,0 4237,5 1559,6 370,5 601,9 340,0 246,8
pH 8,1 8,4 9,1 7,45 6,3 9,56 8,0 9,4 9,6
T,°C 61 80,6 82 65 68 87 71 120 90

NMpumewanne. 1 — CCCP, Kamuatia, HibkHenapaTyHCKHe MCTOMHHMKM; 2 — TaM ke, Hammcumnckne
HcTounMky [MBanoB, 1960]; 3 — 7am e, MankuHcKHe (ropaune) HMCTOYHMKM: TaK)ke ycTaHomieHo Li —
0,1, Rb — 0,05, Cs — 0,02, As — 0,04 [Cepexnuxon, 1981]; 4 — o. Mrypyn, PeifioBCKHEe HCTOUHMKH:
HAsO;~ - 0,057, Fe,O, — 1,1, Mn — 0,2, Zn — 0,01, Sr — 1,35, H,S — 4,25; 5 — o. Kysanmip, Ho6pbiit
xmou: Fe,0, — 1,1, Al,0, — 0,09, Li — 0,03,-Zn — ciempr1, H,S — 0,61 [Backos, Cypukos, 1975]; 6 —
Ucnaunns, Bapmaxmun; 7 — tam ke, Thopcayneit; 8 — TaM e, PefikbaABUK, ckB. G4; 9 — Peitkup Ouécka-
panyp [Kououos, lonax, 1977]).
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Tabnuua 20

XapakrepHbie a3omnie Tepmsl [Konowos, Monnx, 1977; Hsanos, 1960; Txawenxo, 1974; Txauenxo
" ap., 1978)

,h:::;t:nono- Herommkn | T, °C 1{‘/!;1 ®opmyia xuMIECKOro cocTana pH ﬂl’_}?‘;o”
CCCP
Kamuatka Huxcaenapa- 61,0 1,5 S0,69Cl126 8,2 81,0
TyHeKde (Na + K)61Ca37
Hamxutckne 80,6 1,2 S0,59C134 84 126,0
(Na +K)92
o. Kynauip IloGpett xmou 68,0 14 C16380, 34 8,0 174,0
(Na +K)72Ca23
fAnonun
Horo 494 0,216 HCO,51C142 8,8 400
Na75Cal0OK7
Conzenasu 78 1,1 C16080,32 8,6 -
Na75Cal0K7
Amacupo 46,5 1,125 SO,88 8,6 -
Ca63Na37
ATtamu 77 9,24 Cl100 - 680
Na64 Ca36
Huponeaun
Uy Conok 95 1,11 (153S0,30HCO,17 8,85 185
Na74Cal7KS
Yu Jlaxap 37,5 0,336 Cl68HCO,28 7,9 0,04
NaB2K8
Kpakan 40,0 12,1 C1100 - -
. Ca§5(Na +K)45
Adpuxa
Odunonus Kapty 61,5 1,0 HCO, 6980, 26 8,1 170
Na93
Yranna Hxumbo 690 057  S0,52C125HCO,23 8,5 -
(Na +K)94
TaH3aHuS Ckana Anpa 65,5 4,2 C17580,22 - 130
Na89K3
Hcnanpun
Bapmaxmun 90 0,35 80,42C132(HCO,4 + CO, )21 9,6 1664
Nal00
Pefticup 90 025  (HCO,+CO,)S6HSI0,16S0,13CI10F4 9,6  122,2
Guecananyp Na89Ca6Mg5

32



XNOpHAHbIE HATPHEBEIC WIM HaTpHeBO-KaTbuHMeBble mienounble (pH = 8,0) Boas! ¢ MUHepanu-
sanmeit MeHee 1 r/kr u Temneparypoit no 80—90°C (ta6n. 19, 20). JIe6HT HCTOUHMKOB
pmocruraer 10—20 n/c. Ha Kamuatke Kk TepMam 3TOro THNa OTHOCATCA BepXHeuaxMMHCKHE,
UBanoBckHe u KopkaBasmckue, B finommn — ucrowHuknu Jloro, B ClIA — Boiumar u ap.,
B Honanpuu — Pelikup Ouéckapanyp, paiioHa PefixpaBuka M Op., B A¢puxe — Aiuler,
Kapry, Tupo (9duomusa), Apyc, Jlo66u (Kemmsa), Py6aby (¥Yramma), MaGen, Myrapa
(Bypyum1) u MH. op. UX neGur xosne@nercs ot moseit mo 20 n/c.

HeoGbrHO BbICOKOe comepxkaHne He B Mcroummkax storo tuma ormeuaercai [TkaueHko
H 1p., 1978] Ha BocrowioM 6Gepery 03. Bukrtopua. 3mech ¢ TEKTOHHYECKHM HapyLICHHEM
B TIOPOZiaX MaleoreH-HEOreHOBOTO BO3PacTa CBMA3aH BBHIXOX IMApOKapGOHAaTHO-KapGOHAaTHO-
XJIOPHIHO-CYNIb(ATHBIX HATPHEBBIX BO[, B Ta30BOM COCTaBe KOTOpBIX IpeoGiafaimt N,
(81,2—88,1% 06.) n He (9,3—17,9% 06.) .

Cynbdarnble, cynbdaTHO-runpokapOoHaTHble H CYyNb(ATHO-XJIOPHOHbIE HATPHEBbIE M
HaTpHeBO-KaJlbliMeBble MatoMHHepanu3oBanHble (< 1,5 r/kr) menounsie (pH > 8) Tepmbl
TaKXe JOCTaTOUHO IIMPOKO Pa3BHMTbI B THXOOKEaHCKOM H ATIIaHTHYeCKOM nosicax. Temnepa-
Typa Box KoneGerca ot 25 mo 100°C, Ho HamGonee XapakTepHbie ee 3HadeHua 60—70°C.
Je6uT GONMBIWIMHCTBA TPYNN TepMOMpPOMABJICHMI He mnpeBbiuaer 10, HO y HauBonee Kpyn-
HbiX mocruraer 20 n/c u Gonee. Ha Kamuarke x HuM orHocarca [MaparyHckue, Haunkun-
ckne, ToweBckue, HinbkHeuaxxavmHCkHe, JIByXioprouHble, MajiKMHCKHe ropAuMe M OpyrHe
ucrounuku. Ha Kypumax Ttepmer 3toro tHma BcTpeueHsl Ha o. KyHammp (AnexmmHckue
HCTOUHMKH) . B flmommm Kk a30THBIM TepMam c npeo@napaHueM cynb¢ara cpelH aHHOHOB,
a HaTpHA CpellM KATHOHOB OTHOCATCA MHOTHE MCTOUHHKHM (HanmpHMep, AcaMa, fImMacupo u fip.),
a B UnpoHesun — YumaHmupu. llupoxo pa3BuThI TEpMBI 3TOro THNA B UcmaHmuH (MCTOMHMKH
CeBepo-3anamHoro mnojyyocrpoBa, ¢sopmoB Ispadsopnyp u Cxaradsopmyp, Bocrounoii
WUcnanmuu ¥ 1p.). A30THbIE TePMBI 3TOTO ~MNa BCTPEYAlOTCA H B OGNAcCTAX COBPEMEHHOTO
pynkaHuaMa Adpuxun — B BocrouHo-Adpuxanckoii 30He. K HHM OTHOCATCA HEKOTOpbIE
HMCTOYHMKH YraHapl, 3amGun, Pone3un.

A30THEIE LeNnouHBle TepMbl ¢ npeoGnamanvem B cocraBe Bop Cl m Na pacnpocrpaneHsl
MeHee LIMPOKO, YeM mpemsiayume. Ilo MHHepaM3auMM HX MOXHO TOAPAs[EHTb Ha [IBe
rpyNmsl BOA: MaloMMHepanu3oBaHHbIX (< S5 r/Kr) W MMHepanu3oBaHHbIX (5—35 r/kr).

K nmnepBoit oTHOCATCA HekoTOpble HCTOuHHKM Kamuatku (AnawmHckue, TioweBckue,
Mansie Yaxmurckue), Kypwisckux ocrpoBoB (0. Kymaump, ucrowsmk Hdo6peni Kiou),
finonnn (Cronszennsmn), Huponesum (Uu Conok, Un Jlaxap) u Hopoi 3emammmu. Hx
MHHepanu3auus He MNpeBbllliaeT o6pruHOo 1 r/kr m Temmeparypa KoneGmerca or 35 pmo
70°C, muub B HEKOTOPBIX BBIXOOAX MHOCTHTas TOUKH  KHIEHHA. B Bocrouno-Adpukas-
cKoil 06MacTH BOMbI 3TOFO THMA MMEKT HECKONbKO GOnbirylo MuHepanmmsammio (1—5 r/n).
JleGHTBI MCTOYHMKOB He MPEBBILIAT 3[eCh HECKOJIBKO JIMTPOB B CEKYHAY, a TeMIeparypa
BOMIBI BappupyeT oT 25 mo 96°C. TipumMepaMu asOTHBIX TepM TAKOTO THNA MOTYT CIYXHTb
Hcrounuku Moukmymny, Ixom60, Knbepo (3punonns), Ckana Aupa, Miionpe, Taksa (Tan3a-
Hu#) , Mbica BaHsa, 03. Tanradsuka (3aup), Yusera (Manasu) u Hexotopbie Op. [Tkauenko
u ap., 1978].

Ha Gepery o3. TaHraneuka B TaH3aHMM HaXOIMTCA XJIOPHOHbIH HATPHEBBIA HCTOUHMK
YBHH3a ¢ Temnepatypoit Bombl 25,5°C. CoctaB pacTBOpeHHOTO rasa Ha 94,6% 06. cocroMT
H3 a30Ta. MuHepaM3aumMa BOAbI 3TOTO HCTOYHHKA aHOMabHO Bhicoka — 183 r/kr. Heckons-
KO MCTOYHMKOB ¢ TemIeparypoil 36—40°C u MuHepanusaumeii Bompt 7—36 r/n oGHapyXeHbI
B 3anpe [TxaueHko u ap., 1978].

Taxum-06pa3oM, B OGINACTAX COBPEMEHHOTrO BYJIKAHH3MA LIMPOKO Pa3sBHUTHI CaMblé Pa3HO-
o0pa3sHble MO COCTaBy, MHMHEpaTM3alMH M TeMIlepaType MPUPONHbIE PAacTBOPHI H Maporaso-
Bble CTpYH.
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T'JIABA TPETbA

TNOKA3ATEJIH T’EHE3UCA COBPEMEHHBIX THOPOTEPM

B ¢dopMupoBaHMH COBpeMEHHBIX THOPOTEPM MOLYT NPUHMMATh YYacTHe BOMBI, a TaKXKe
MHHEpaIbHbIe M Ta30Bbleé KOMIIOHEHTHI CaMOrQ pa3IMYHOro MPOMCXOXHeHUA (MOPCKOFo,
METEOPHOr(, MeTaMOpdOreHHOro M MWBEHWILHOro). BhIACHeHMe HCTOWHMKOB Kak caMoi
TEPMaJIbHOM BOMBI, TAK M PaCTBOPEHHBIX B Hell BELIECTB YacTO BCTPeyasio 6oMblMe TPyd-
HOCTH (0COGEeHHO B ONpelelleHHH HOBEHWNIBHOH COCTAaBIMIIOLIEH) M3-3a OTCYTCTBMA YETKHX
reHeTHUYeCKUX KPHTEDHEB H OTpaHMYeHHA aHAIN3a TOJNBKO FeOXMMMUECKHM acneKTom. JIuub
B TIOCJIEfHee BPeMSA CTalM He TOJIBKO PacCMaTPHBaTh OBIMIA XHMHYECKHH COCTAB TePMATIBHBIX
$oHnoB, HO M MpPHBJIEKaTh B KaueCTBe OCHOBHBIX I0Ka3aTelieil MUTAHMA COBPEMEHHBIX
TMApPOTEPM HaHHBe 00 MX TeIIOBOM GamaHce M 0COGEHHO H3OTONHBIA COCTaB HEKOTOPBIX
COEPXALUIMXCA'B THOPOTEPMAX KOMIOHEHTOB.

TENJIOBAST MOWHOCTh FHAPOTEPMAJIBHBIX CUCTEM

AHQTH3 XapaKTepa M BeIMYMHbI IPHPOXHBIX TEPMONPOABJICHNH NPHBOAMT K 3aKJHOYEHHUIO,
YTO HarpeBaHMe FHIPOTEPMAIIBHBIX CHCTEM MOXeT GbiTh 0GYyCnoBiieHO: 1) perHoHasbHBIM
TEIUIOBBIM MOTOKOM; 2) BHEJIpeHHeM MarMarHyeCKoro pacIulaBa B BONOHOCHYIO CHCTEMY HITH
NOACTHNAOLLNE BONOYNOPHEIE CJIOH; 3) MOCTYIUIEHHEM ‘BBICOK OTEMIIEPAaTy PHOTO IJIyGHHHO-
ro ra3onapoBOAAHOro ¢JIoHaa.

OGBIYHO CYMTAIOT, YTO NMPH KOHOYK THBHO#H Nepefave Tellla KaK PerHOHAIBbHBIM TEIUIOBBIM
MOTOKOM, TaK H OT MarMaTHYeCKHX MHTPY3UH HMKaKOro NOCTYIUIEHHA IOBEHHJIbHBIX KOMIIO-
HeHTOB (T. €. KOMIIOHEHTOB, MOCTYMAILIMX B 3eMHYI0O KOpY H ruapocdepy B pe3yibraTe
COBpeMeHHOH Aerasauuu U mM¢¢epeHUHAUMM MAHTHH) B THOPOTEPMAallbHble CHCTEMBI He
HaGmopaerca. B 10 ke BpeMA IpH KOHBEKTMBHOM IM€PEHOCE TelUIa JIETYUMMH, BBIOEIAIO-
IMMHCA W3 MarMaTHYeCKHX OYaroB, WIH BOCXOOALUHMM 'MOTOKOM IJIyGHHHBIX IMaHALMIA:
HEKOTOpPOe KOJIMYECTBO HIOBEHMIIBHBIX KOMIIOHEHTOB MOJXET NONACTh B TMOPOTEPMAaJIbHYIO
cucremy. Ifo3TOMy )11 BHIABJICHHA NPU3HAKOB IOBEHWIBHOTO IMMTAHHA COBPEMEHHBIX THAPO-
TEPMAJIbHBIX CHCTEM HEOGXOOMMO MpeXOe BCero YCTaHOBHTb, KaKHe (PaKTOPhI MOTYT 00yc-
JIOBHTH HarpeBaHHe MAHHOI BOAOHOCHOM cHcTeMbl. Ja 3TOro Hamo omeHUTh 06/acTh GOPMH-
POBaHHA paccMaTpHBaeMoOii TMAPOTEPMAIbHOH CHCTEMbl M TEIUIOBYI0 MOLIHOCTh BCEX €€
ouaroB pa3rpysakd. Takasa ouenxa [Kononov, Polak, 1975] mokaspiBaer, ur0 TemwioBbie
MapaMerpbl a30THBIX, METAHOBBIX M YTTIEKHCIIBIX TMAPOTEPM MOTYT ObITh oGecneueHbl NpH
CbeéMe UaCTH PEerMHOHATBHOTO KOHAYKTHBHOIO TEILUIOBOro MOTOKa. Tak, B QYarax pasrpys-
KH a30THBIX TepM Kamuarku u Mcnanmuu Beinoc Temna o6bIMHO cocTaBiser okono 108 kai/c.
Temnepatypa 3THX TEepMONpPOABIEHHH Ha NMOBEPXHOCTH, KaK MPAaBWIO, HHXKE TOYKH KHIE-
HMA, a Ha riay6une He npebiaer 150°C. TewioBbie napaMeTphbl A30THBIX TEPM COTNIACYHTCA
C M3BECTHOH MOJIEJIbI0 HArpeBaHMA HHQWIbTPALMOHHBIX BOJ, HACHILEHHBIX aTMOCGHEPHBIM
a30TOM, B PerHOHAJIBHOM TEMIEPATYPHOM M07I¢ B NpederiaX 2—2,5 KM-redIOrHYecKoro pas-
pesa [Bodvarsson, 1961]. [lostoMy oBbiwHo nonarawt [Usanos, 1960], uto rinyGuuHbIE,
H B TOM YHCINE I0BEHHTbHbIE, IMAHAUMH He NPHHUMAIOT YYacTHA B (HOPMHUPOBAHMHU NMEPEUHCIIEH-
HBIX THIIOB THAPOTEPM.

AHUM3 THOPOTeOJIOTHYECKHX YCIIOBMA H TermoBoro GamaHca BBICOKOTEMIEPATy PHBIX
THAPOTEPMATIBHBIX CHCTEM, IPOBEICHHBbIA Pa3/IMUHbIMM MccriedoBarensamu [Banwell, 1963;
White, 1957, 1967; Asepses, 1964; Bakuu uap., 1971; Cyrpo6os, 1979; Manyxun, 1977;
Kouonos, 1965, 1979; Heanos, KoHoHoB, 1977; u Op.], moka3ai, YTo pOrpeB 3THX CUCTEM,
Kak NpaBUJIO, He MOXeT ObITh oOecreueH OFHHM TONBKO CheMOM KOHAYKTHBHOIO peruo-
HAIBHOTO TEIUIOBOrO MOTOKAa ABIXKYLWMMHCA HHOWIBTPalMOHHBIMM Bofamu. [lonbiTku
HeKOTOpbIX HccalemoBareneilt [Imwmc, 1965] oGbACHHTL HOMONHMTENbHBIH HarpeB TAKHX BO[,
3a CYET IK30TEPMHYECKHX PeaKLMil PaCKPHCTAUM3AaLUHH CTEKJIOBATBHIX H3BEPXKEHHBIX MOPON
HIH IPYTHX M6TaCOMATHYECKHX NpeoGpa3oBaHMil He HAUUIH MOATBEPXIeHHA B MOCIETY IO X
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6onee pmerampHbix paGotax. Kak moxazanm B.A. Uneun [1977], H3yuaBLMiA HANPABIEHHOCTH
IHepreTHieckoro 3p¢eKTa CHOPOTEPMaNbHOTO MeTacoMaro3a Ha Kamuartke n Kypuibckux
OCTpOBaXx, 3TOT NpoLecC B LEJIOM KMeeT 3HeproeMKHii Xapakrep. bnaropgapsa eMy npHMepHO
10% TenynoBO# MOIIHOCTH THOPOTEPM “’3aCTPeBaloT” B MOPOMAX OYara pasrpyskH, He JoHOA
no nosepx#octd. K aHasornussiM BhIBofam paHee npuwen u B.I1. 3sepes [1972]. Tosromy
HeoGxomMMO NpH3HaTh, YTO WA oOecneyeHHs TEIUIOBOH MOLHOCTH a30THO-YTJIEKHCIIBIX,
YITIEKHCIIbIX, CEepOBOHMOPOIMHO-YTTIEKHCIIBIX H BOJZOPOMHBIX THAPOTEPMATBHBIX CHCTEM, CY-
LIECTBYIOIHX AECATKH M JIa’ke COTHH ThICAY JIET, TpeGyeTca JONOTHMUTENbHBIA MPHTOK riTyGHH-
HOro- TelUia, CBAI3aHHBIA JIM60 ¢ KOHOYKTHBHBEIM NPOTPEBOM OT HErITy0OKO 3ajleralonmx
MarmMaTH4eCKMX 0YaroB, JIH6O ¢ MOCTYyIUIEHHeM BBHICOK OHArpeToro MaporasoBoro cbmoxma.

A30THO-yIJIeKHelIble TepMBI KMEKT OGBIYHO Ha rity6uHe 1—2 kM Temmepatypy 200—250°C,
a BHIHOC TEIUIA B OYarax MX pa3rpy3KH COCTaBjfeT 107 KaJjI/C, YTO IKBMBAIEHTHO GOHOBOMY
TEIIOBOMY NOTOKY Ha Iutomsam Gonee yem 1000 km? . B fneiicTBHTEMBHOCTH 06MacTh hOpMH-
poBaHMsI TaKHX TepM OOBIYHO Ha [Ba MopsAfka MeHblle. Hanpumep, WA rupporepManpHOi
cucTemMbl Kamuarckoit omuubl [eif3epoB OHa, MO HALLMM AAHHBIM, cOCTaBiAeT ~30 kM?,
a NS APYTHX CHCTEM 3TOrO THINa He mpeBbimaeT S kM> [CyrpoGos, 1979]. K azorHo-yrie-
KMCIIBIM TEPMaM OTHOCATCA TaKHEe XOpOLIO H3BECTHbIE THAPOTepMallbHbIe: CHCTEMBI, KaK,
Hanpumep, Ilayxerckas n Kupeynckaa Ha Kamuatke, rpynna Bomemioro eitsepa u Xee-
pasenymp B.Mcnanmm, u ap. Kak mokasan B.B. AsepseB [1964], nporpes Hau60osee MOIUHBIX
a30THO-YIJIEKHCITBIX THOPOTEpPMANBHBIX cHCTeM KamMuaTkum MOXHO OGBACHMTH TONBKO NOA-
MEIIMMBAHHEM K HHM BBICOKOHArperoro napora3oBoro ¢ioHfa, MHMrpHpywoumero ¢ 6ons-
LIMX ryGHMH ¥ NpencTaBnAmiIero coboit no cymecrBy ra3’ooGpa3Hblii MarMaTHYeCKHi Iie-
pUBaT, OTHE/IeHHe KOTOPOTO- MPOMCXOMHT Ha rpaHMlie KOPhI M MaHTHH. B.B. ABepreB {1964].
mojiarain, Yro rMApPOTepPMAIbHBIH NPOLECC HE ABJIACTCA CJIENACTBHEM BHEpPEHUA B BepXHHe
TOPH30HTHI 3¢MHOH KOPbI Macc MarMaTHYecKOro Marepuana. Ilo ero MHeHuIo, THIPOTEpMaIIb-
Has OeATeNIbHOCTh HaXOMMTCA B MAapareHeTHYeCKOH CBA3H ¢ KMCHBIM BYJIKAaHH3MOM, NpHYeM
06a 3TH ABNEHHA OGYCNOBJIEHBI OMHOW NMPHUMHON — MOCTYIUICHHEM B BEPXHHE IOPH3OHTBI
3eMHOH KOpPbl BBICOKOTEMHOEPAaTYpPHOro 3HAoreHHoro dumonaa. CornacHo ero pacyeTam,
B Jlomune [eii3epoB noCTyIDIeHMe TaKOro “IHMOTEHHOTO Mapa” C TeIUIOCOHAEPIKAHHEM
700—-800 kan/r u3Mepsierca BermumHoM 40 Kr/c, 4To cocraBnger okono 30% or obwei
Macchl TEPMAIbHBIX BOJI.

BpicOKHMH TCIUIOBBIMH NapaMeTpaMH OGJIafaloT YIriIeKHCible (M YTJIEKHCII0-AMMOHHIA-
Heie) maporugporepmsl Jlapmepemno, Moute-Amuara (Mranmna), Kasax Kamomkanr (M-
nonesns), Man Bynxano (CIIA), Jloc Asydpec (Mexcuka), Huxuexowenenckue (Kam-
yaTKa, CCCP) B 3THX rHOpOTEpMalIbHBIX CHCTEMaX, riae riyGHHHbIE TEMIIEPATy Pbl IPEBbIILA -
o1 240°C, mpeoGnajaeT map, M VIA MX CYNIECTBOBAHHA TAaKXe HEOGXOTMM IONOJIHHTEIIb-
HbI MPHBHOC TeIUIa MAarMaTHYeCKHMM MHTPY3HAMH W dmiongamu. Ecim ero cymecrso-
BaHMEe B HEApPaX 3THX CHCTEM MOXKHO MpeANoJiaraTh JIHINp IO KOCBEHHBIM NMpPH3HaKaM, TO
B IPYTE CEPOBOMOPOSHO-YTIPKHKCIBIX TEPM TaKON NMPHBHOC OYEBHAEH, TaK KAK 3TH TEPMBbI
CaMbIM ABHBIM 0Gpa3oM CBA3aHBI ¢ NMPOABJIEHWAMH COBPEMEHHOTO ByJKaHH3Ma. O6prHO
TEPMBI 3TOTO THNA He 00pa3’yloT MOUIHBIX THIPOTEPMANIbHBIX CHCTEM, BCTpeyascCh IJIaB-
HbIM 00pa3soM B KpaTepax M Ha CKJIOHaxX [eiiCTBYIOLUMX ByJkaHOB. TeM He MeHee TeIUIoBasA
MOIIHOCTh MX pPa3rpy3KkH [OOBOJIBHO BeJMKa. Tak, CepOBOHNOPORHO-YIJIEKHCIIbIE (DIIIOHIBI
Ha Bynkane 36eko (0. I'Iapamyum’g) BBIHOCAT okono 6,3 - 107 [Monsk, 1966], a u3 kparepa
MyrHoBcKOro ByJkaHa — 4 kan/c [BakuH, IImmunenxo, 1979]. HU3BecrHnl Takke
H [Be KPYIHBbIE THAPOTEPMAILHBIE CHCTEMBI, cofepKauwue ¢IIOMABI TAKOro COCTaBa: Ma-
unyxaBa (Anomms) u Taryn (TaitBaHp); Ha mepBoit M3 HuMX ¢pyHKuUMoHHpYyeT I'eoTIC Mom-
HocThio 22 MBT.

Haxonen, HanGosiee MolHble TapOrHAPOTEPMaNbHbIE MECTOPOXXIEHHS, B Fa30BOM COCTaBe
KOTOPBIX COAEPXKATCA OT HECKONBKHX eIUHMI, 0 HeCATKOB MPOLEHTOB CBOGOAHOro BOAO-
ponda, MPHYypouYeHbl K IUTAaHOTAPHBIM CHCTEMaM oOKeaHMvyecKMX pHTOB. 3mech co3malTca
HauGosiee GIAroNpHATHBIE YCJIOBHA IS BBIHOCZ K IOBEPXHOCTH 3eMJH IIyGHHHOrO Be-
IIeCTBA H AaKKYMYJIHMPOBaHHOH B HeM TEIUIOBOH 3HeprHH. B mpOTHBONOJNOXHOCTH Kparep-
HBIM (yMaponaM MHOTMX aKTHBMBIX BYIKAHOB MHpa, KOTOpbIE TaK)Ke MHOTMA COMepXaT
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BOAOPOH, 3TH TEPMONPOABJICHHA ABJIAIOTCA THIWIHBIMH COBPEMEHHBIMH THOpPOTEpMAIIb-
HBIMH CHCTEMaMH C BBICOKMM TEIUIOBBIM NoTeHuManoM. Mix sApkumMM npemcTaBUTENsAMH
asnsorca Haymadwamns, Topdaioxkymms, Kpucysuk, Xseparepmt B Ucnanmuu, a Taxoxe
Teitseper CoHoma (Kamudopmmun) n Ceppo Iipmeto (Mekcmka). TepMmambHble cHCTeMBI
9TOrO TMNA Pa3rpyXaloTCA Ha MOBEPXHOCTh B BHOEC MOIUHLIX NMAPOBBIX CTPYH, 3 Ha ITyCHHe
NepBBIX COTEH METPOB HMX TeMIEpaTyphl COCTaBisiior okono 300°C. Bemoc Temwna B ovarax
Pas’rpy3KH HeKOTOPhIX THAPOTEPMATBHBIX CHCTeM 3TOoro THma mocturaer 10° xan/c. O6p-
SICHHTDb TEIVIOBYI0 MOLIHOCTb TAKHX IMAPOTEPMAUTHHBIX CHCTEM OZHMM TOJIbKO PErMOHANbHBIM
KOHJYKTHBHBIM IIOTOKOM HeBO3MOXHO. Hanpumep, TeIuioBas MOLIHOCTh THAPOTEPMAIbHOM
cuctemsl Topdaitokymns, cornmacio I'. BogsapcoHy [Bodvarsson, 1961], cocraenser
5 ¢+ 10® xan/c. IInx ee oGecneueHus HeOOGXOMUMO OBUTO GBI CHATH pPerHOHaNbHbIH KOHIYKTHB-
HbIfi TEIUIOBO# NOTOK C OIHOH NMATOM TeppuTOopHH Mcnanmuu. Jto, Hexonsa U3 ruaporeosnoru-
YeCKHX YCIIOBMHA OCTpOBa, HepeanbHo [KoHowoB, 1978). [TostoMy cnenyeT AomycTHTs HONON-
HHTeJIbHOE TEeIUIoBOe MHTaHHe cucreMul Topdaliokymib 3a cueT BHe[IpeHHA B Hee MITyGHHHOTO
BBICOKOTeMIIepaTypHOTo (10 WIH PacIUIaBJIeHHBIX MArMAaTHYECKHX Macc.

Takoe mocrymneHMe MarmMaTHyeCKOrO pacilaBa, NIpHYeM He TOJIBKO B KOpHeBble, HO
OaKe B BepXHME TOPH30HTbI THAPOTEPMAILHOM CHCTEMBI, ObUTO BiepBhie otMeveHo B 1977 r.
B ‘HMcnaumm, B paiione KpaGna, Bo BpeMsa H3Bep)keHUs ByJKaHa JIeApXHyKyp, CONPOBOXIAB-
LWIErOCA W3NuAHWeM 6a3aibTOBOH J1aBhl B Ovare pasrpy3KH THAPOTEPMANIbHOH CHCTEMBI.
CHavajyia CyLIeCTBOBaHMEe 3[eCh MAarMarTHYeCKOro paciulaBa (pHKCHpPOBAJIOCh Pa3jMYHBIMH
reopH3UYeCKMMH METO[aMH, 3aTEM OHO MPOABWIOCH B 'KOJEGaHMAX THIICOMETPHUECKHX
OTMETOK [HEBHO#l NMOBEPXHOCTH, H, HAaKOHell, HAYAICA HeNOCpeNCTBEHHBIA BbIGpoC 0670-
MOYHOTrO MaTepHalla H3 3KCIUTyaTAHOHHOH CKBAaXMHBI, NPONyNMpoBaBlliel panee map. Ilpn
3TOM MEHANMCh H TeOXMMHYECKHE XapaKTePHCTHMKH TepMaIbHOro QUIIOHMOA: Tak, comepia-
me CO, B mapora3oBoii cMecH Bo3pociio ¢ 50 go 20000 uacreit Ha MHJUTHOH, 3HauyenHe pH
cHM3WIoch ¢ 8,6 mo 1,9, u 1. n. [Bjornsson et al., 1977]. B HacToflLIee BpeMA B pafie THAPO-
TEPMUTBHbIX cHcTeM Hcnanmym npenmnonaraercA no yCTaHOBJIEHHBIM TOJIOKHTEIBHbIM IPaBH-
TAUMOHHBIM AHOMAIMAM H [aHHBIM GypeHHA cyluecTBoBaHMe Ha riy6une 1200—1400 m
ManbIX MHTPY3MH, KOTOphie paccMaTpuBalorca [Arnorsson et al, 1978] kak HMCTOYHMKH
BOTMO/THHTEIIBHOTO Tellla.

Takum o6Gpa3oM, yuacTHe JIOKAIH30BAaHHOTO IITyOHHHOrO TEIJIOMAaCCONOTOKAa B TeIUIO-
BOM IHTAHMH COBPEMEHHBIX FMAPOTEPMANTBHBIX CHCTEM OGHAPYXMBaerCA MOCTATOMHO SCHO.
TleoxuMuueckme Crefbl 3TOr0 MAacCONOTOKA, YKa3bIBAIOUIME Ha €ro HCTOYHHMK, HOJDKHBI 3a-
KJIIOYAThCA B NMPOAYKTaX TMAPOTEPMATBHON M BYJIKAHHYECKON [IEATENbHOCTH, H3[aBHa CYM-
TABLLMXCA Pe3yJIbTATOM aKTHBHOCTH MaHTHH.

XHMHWYECKHA COCTAB I'HOPOTEPM
KAK NMOKA3ATE/Ib X FEHE3HCA

FaszoBbBI il COCTaB TepM, OTpaxalowuii HanGonee ob1Me 3aKOHOMEPHOCTH HX IeHe-
3HMCa, Ka3ajICcA B 3TOM OTHOILEHHH HauGoree NOAXONAIMM HHOMKaTopoM. JleficTBUTENBHO, B
paiioHax aKTHBHOrO MarmMaTM3Ma OTMEMAJIOCh HHTEHCHBHOE BbifleJieHHE YT/ICKHCJIOTHI, a
Ha AeHCTBYIOLLMX ByJiKaHax, noMumo CO,, eme H, S, SO, u pexe HCl, HF, NH;. B tepmainsp-
HbIX ¢umoHfax cpeMMHHOH 30HBI Mcnanmmm, cumTatoweiica Ha3eMHBIM BbIPRKEHHEM OKeaHH-
yeckoro pu¢ra, 6bUTa OTMeueHa BhicOKas koHHeHTpauma H,, Biwiots mo npeobnapanus ero
B 00weM coctaBe ra3op. 3HauMTeNbHble KoMuecTBa H, Gbutn 0GHapyXeHBI TaKXKe H B ApY-
rux pupTOBBIX cHcTeMax (Hampumep, Ha gHe KamidopHmuitckoro 3amsa H B HEKOTOPbIX
paitoHax IlentpansHoii u CeBepHoii AMepHkH, conpspkeHHbix ¢ Boctouno-TuxookeaHckum
NOAHATHEM) . 3T0 O0GCTOATENBCTBO, B COYETAHHH C TEOPETHYECKMMM MOCTpPOeHHAMHU A.A. Ma-
paxywena u JLJL Tlepuyxa [1972], ILH. Kponorkuna [1955], H.H. Xuraposa {1976],
B.H. Jlapyma [1980], ®.A. Jlernmxona u ap. [1977a,6], noasomno Ham BbICKa3aTh Hpen-
NOJIOXKEHHe O IIyOHHHOM reHe3Hce BOAOPOJa, BBICOKOE COMepXKaHHe KOTOPOTo NpencraB-
nAeT cobGoil OTIHUMTENbHYI0 YepTy THAPOTEpPMANbHOH AaKTMBHOCTH B TIOGanbHOH CHCTeMe
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cpemuHo-okeatmuecknx xpe6roB [Kowomos, IMonsk, 1974, 1977]. B ux pudrosbix 30HaX
GbUIO OTMEYeHO BBLIIEIEHHE BMeCTe ¢ BOOOPOIOM M 3HaUHTENbHbIX KOMmMyecTs MetaHa [Wel-
han, Craig, 1979] .

Bce e MPHCYTCTBHE B TEPMAIbHBIX GJIIOMAAX TOTO MM HHOTO ra3a caMo mo cebe Hemo-
CTATOYHO 1A OKOHYATENIbHBIX BBIBOJOB 06 MX mpoMcxoxaeHuH. OIHM M T€ e ra3bl MOryT
HMETh CaMblii Pa3iMyHbI reHe3WC, NMOMafadA B TMAPOTEPMAJIbHbIC CHCTEMBI KaK H3 Marma-
THYECKHMX OYaroB, TaK H NpPH MeTamopdH3Me ropHbIX nopop (HanmpuMep, KapGOHaTHbIX
TOML), OKACIECHWHM CyNbGHAOB, MPeoGPa3oBaHMH OPraHMYECKOro BEIIECTBA, OHomormuye-
CKHX MpOleccax, paJMOaKTHBHOM pacnafe, a Takxke H3 aTMOCdephl M, HAKOHeIl, MOt BIHA-
HHMEM TEXHOTEHHbIX (GaKTOpOB.

UOHHO-CONEB O COCTaB BOJ TAaK)Ke NMBITAIOTCA HCIONb30BATh B KAUECTBE eOXMMH-
YeCKOro KPHTEpHs IeHe3HCa COBPEMEHHBIX rHapoTepM. O NPHHAUIEXHOCTH BOA K TOMY HIIH
HHOMY TEHETHYECKOMY THTY M NpOIeccaX, BUOOH3MEHAIOUMX HX OGIIHK, YacTo CY[AT IO Xa-
paxKTepHbIM K03 dHImeHTaM:

Cr Br . K* rSO2~ rNa* rCl"—rNa* rME“. rCl™ —rNa*

— 108- . ; — -
Br- Cl  ’Br- rcCl”’rCl” Mg?* rCI- rso3

HT. I

N )
C nomolIbio 3THX KO3)PUIMEHTOB MOXHO BBIABHTL yYacTHe B GOPMHpDOBAHMH TEPM MOp-
CKHX BOM, 3aJle)ked KaMeHHOH coyM, HehTAHBIX MECTOPOXOEHWH, YCTAHOBHTb pa3jIHuHe
MeXIy MaTOYHbIMH CeJMMEHTALHOHHBIMM PacCOJIAaMM M PacCOJIaMH BhIIUETaYMBAHHA, H T. II.
[Banauwxo u mp., 1966; BuHorpamos, 1956]. B 10 %e BpeMsA OTAeNbHBIE HCCIIEROBATENH
(ApcanoBa, 1974; JlomoHocos, Ilammypa, 1978] nonaramr, YTO BEMUWHBI HEKOTOPBIX
ornowenuit Li/Rb/Cs, K/Rb, K/Cs, Cl/ (Li + Rb + Cs) MOryT yKa3eIBaTh Ha 10BEHHJIBHOE NPO-
ucxoxnenue penmxux uenoyeit. IIpenoxennbie umu ko3¢ buuHeHTs GbUIH BBIBEIEHBI AJIA
XJIOPHITHBIX HATPHEBBIX T€PM, KOTOpBIE, IO HX MHEHMUIO, GJIHXKe BCErO COOTBETCTBYIOT COCTABY
rySuHHOrO dionaa H He NOAXOMAT AJIA APYTHX THIIOB TePMaNbHbIX BO.,

Ilpeo6naganue XJIOPMAOB B BOJAX MHOTHX THAPOTEPMAIBHBIX CHCTEM, HapAAYy C MPHUCYT-
cteieM HCl B 3kcransumax akTHBHBIX BYJIKAaHOB, NPHBEJIO HEKOTOPBIX HCCleloBaTeneil
K TIPEe[CTaBJIEHHIO O I0BEHHWIIbHOM TeHE3HCe XJIOpPa He TONbko B 31X onpax [Kpacuuuena,
1968; Apcanosa, 1974; HaGoxo, 1980], HO M B BBICOKOMHHEPATIH3OBAHHBIX pacconax,
BCTPEYAIOIIMXCA MECTAMH B HH)KHEH I'MAPOOMHAMMYECKOH 30HE TEKTOHWYECKH CTaGHIBHBIX
oGnacreit (Taspunerko, Hepnronsu, 1971]. TaxkoMy npecTaBleHHIO NPOTHBOPEYMT, Ha
Halll B3rJAM, Pe3KO MOMYMHEHHasdA pONb XJIopa B rupporepMax MUcmaHoum, mpHypOYeHHbIX
K CHCTEMe CPeMHHO-OKEaHHYeCKOro pu¢Ta, rie yClnoBHA IUIA Pasrpy3KH CNyOHHHBIX (MaH-
THiiHBIX) GIIOHOOB HOIDKHBI GbiTh HauGonee GraronmpuATHBIMM. B TOH MM MHOH cremenu
I0BEHWIbHOE NPOHCXOXKAEHHEe 4YacTO IPHIMCBIBaeTCA TaKMM 3neMeHtaMm, kxak F, B,K,
Li, Rb, Cs, Mg, As, Sb. Huorna B atux ¢moHAaX OTMevaoTCA NOBBLILIEHHbIE  KOH-
HeHTpammu MetamwtoB: Fe, Mn, Cu, Zn, Co, Ni, Cr, V, npuuemM ux colepXKaHHE B OMHHUX CIIy-
yanx, Kak B CpenunHoi 3oHe Ucnanmu [Koxouos, Ionsk, 1977], miws uyTs Bbie GpoHo-
BOrO, 2 B IPYTHX, KaK B TepMaJIbHBIX pacconax tpora Conton Cu [White, 1963] wm pudra
Kpachoro mopa [Bpykc u np., 1974], mocturaer HecATKOB H faXe COTEH MHUTMIPaMMOB.
310 ABneHHe CBA3LIBACTCA HEKOTOPHIMH aBTOPaMM C NPHBHOCOM IOBEHHIIBHOW COCTaBAl0-
wteit. Ho mo muernio BJI1. Bapcykosa u U.11. PaGuuxona [1980], HenocpencTBeHHOE MPOHHK-
HOBeHHe MaHTHHHBIX (ITIOH/IOB B BepXHHe FOPH3OHTHI 3eMHOH KOPbI MaJIO BEPOATHO.

JxcnepuMeHTaNbHbIE HecenoBana A. Jwmca M Y. Maxona [Ellis, Mahon, 1964, 1967],
paborer B.B. MBanoBa [1960], E.A. Backosa u C.H. Cypukosa [1975], a maxxe Haum
HCCIeNOBaHHA, NPOBEMIEHHbIE H2 MCKYCCTBEHHO CO3NaHHBIX ovarax Temia {KoHoHoB, 1965],
MOKa3bIBAIOT, YTO MPHCYTCTBHE B TEPMAJIbHBIX BOJAX T€X HIM HHBIX 3JIEMEHTOB MOXET GbITh
NPOCTO pe3yNbTaTOM B3aHMOJECHCTBHA BOA H BMEIUAIOIIHX HX uOPOMd B YCTOBHAX BBHICOKHX
TeMmmnepatyp. Bmecre ¢ Tem, cormacio 6anancoBbiM pacueram II. Yaiita [White, 1970), BbHOC
BEILECTBA HEKOTOPBIMM FHAPOTEPMAIIBHBIMH CHCTEMaMH, CYIUECTBYIOLIMMH ECATKH H COTHM
TBICAY JIET, HACTOJIBKO BEJIHK, YTO He MoOdKeT ObiTh OGecmeyeH HX BbILIETIAUHBAHHEM M3
H3y4YeHHOro pa3pe3a, OHAKO riTy6HHa MX HCTOUHMKA M B 3TOM CITyYae He fICHA.
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Takum 06pa3oM, TpaIHIMOHHOE H3YYEHHE XHMHYECKOTO COCTaBa COBPEMEHHBIX FHAPOTEPM
He OaeT MOKa OMHO3HAYHBIX MOKAa3aTe/IbCTB HAJMYMA WJIH OTCYTCTBHMA B HHX I0BEHM/IbHBIX
KOMITOHEHTOB . Hazexxzpl Ha pellieHne 310  11poGneMbl cediyac CBA3BIBAIOTCA TJIaBHBIM 06-
Pa3’oM ¢ H3yUYeHHEM K30TOMHOTO COCTaBa XapaKTEPHbIX KOMIIOHEHTOB rHAPOTEPM.

H30TOIMHBIE NMOKA3ATEJIH
WBEHH/IbLHOTO MUTAHHUA TI'HAPOTEPM

IIpy M3yueHHH H3OTOIHOTO COCTaBa KOMIIOHEHTOB TEPMaJIbHBIX (JIIOM/IOB IJIaBHBIMH 06b-
eKTaMH uccnepoBanuii ceiyac apnawrca H, O, C, S, Ar, He. IIpuBnexaioT BHUMaHHe TakXXe
N, Ne ¥ gpyrue HHepTHbie ra3pl. B mopogax ¢ Toil ke uesibio HCCTeMyeTCst U3OTOMHBIN COCTaB
ewe U Sr, Po, Nd, Sm 1 HEeKOTOPbIX APYTHX 3JIEMEHTOB.

H3oTonublit cocTaB 37eMeHTa OGBIYHO XapaKTEpPH3YIOT BEJMYMHONH OTHOLUEHHA ABYX €ro
CaMbIX PacHpOCTpaHEeHHbIX CTaGWIBHBIX H30TONOB, KOTOPYIO CPaBHHBAlOT C YCTaHOBJIEHHOM
B NpUHATOM I31anoHe. OT/IHYME H30TONHOTO COCTaBa 3JIeMeHTa B NMpobe OT CTaHOAPTHOTO
YacTO BBIP@KAIT CTeNeHbl0 oGoraieHus oGpasua TaXensiM H3oTomoM (8D, 8180, §'3C,
5348, 8% Ar), H3MepseMoii B NIPOLIEHTAX WM MPOMHUIAX.

Bonopon M kHemopod. BONpPOCHI reHe3Mca caMoii Bofbi B THAPOTEPMAIbHBIX CHCTEMAx
H3aBHa MPHBJIEKATH BHHMaHHe HCCIIEOBATeNeH ellte cO BpeMeHH H3BECTHOTO CIopa “HenTy-
HMCTOB” H “IUTyTOHHMCTOB™. ITH BOINPOCH! aKTHBHO IMCKYTHPYHOICA B T€UeHHE MHOTHX JIeT,
MpUYeM B OTAeJIbHbIe TMePHOHBI TOCIHOACTBOBAM TO OAHM, TO ApPYyrue MpefacTaBieHHs. B
HacTosiliee BpeMA B pe3yJbTaTe H3YyueHHs NpoGiieMbl Ha HOBOM, H30TOIIHOM YPOBHE HIMpO-
KO€ pacnpOoCTpaHeHHe MOJIyYKH/ia KOHIENUMA, COrJIACHO KOTOPOi Jake B palOHaX COBPEMEH-
HOrO aKTHBHOTO BYJIKaHH3Ma B TepMaJIbHbIX BoOAax NpeoOiafiaeT MeTEOpHas COCTaBILAIO-
uaA, a goGaBKa IOBEHWIBHBIX BOA (eCM OHa BooOlue ecTb) He IpeBbllliaeT 5%, HaXoOACh
B mpefenax TOYHOCTH M3amepenua' 6D u 8'80 [Craig et al., 1956]. Hosanuee I. Yaiit mo-
Bhicun 3Ty 1Mdpy mo 10% [White, 1970]. Takoii BbIBof, G CHeNIaH Ha OCHOBAaHHH CPaBHH-
TEJIPHOFO aHaIN3a M30TONTHOTO COCTABa BOMOPOAA M KHCIOpoda Bo (IIIOMOAX KpPYMHEHLMX
rMAPOTEPMAIBHBIX CHCTEM MHMpa H B aTMOChepHBIX Ocagkax 3THX e paioHoB [Craig et
al.,” 1956; Craig, 1963; White, 1968, 1969]. IIpoBeneHHbli aHanmM3 OGHapyXMJ B 3THX
CHCTeMax BecbMa LMpOKHH crekTp 3Havermii 6D u §'%0, B To Bpemsa Kxak B Kakmoil U3
HHMX H30TOIHBIH COCTaB BOOOPOMA OKa3alIcsA, KaK MpPaBuIo, 6IM3KHM K ero CocTaBy B aTMO-
chepHBIX OCafikax [aHHOTO paiioHa. MMemwlecsa >xe pa3nmuuust B COAEPXAHMH HOeATepHA
B TMOBEPXHOCTHBIX H TePMaJIbHbIX BOHaX OOBACHAIMCH Golee yAaleHHbIM H BBICOKHM HOJIO-
skeHHeM oOnacteii muranua (Ha Gojlee BBLICOKHX OTMeTKax 3HayeHHe §D B aTtMocgepHbIX
oCafikax HeCKOJbKO Hxke). ITO XapaKTepHO, HapuMep, I Beex TepManbHbIX Bof Mcnman-
mm [Arnason, Tomasson, 1970] u Hexoropbix ucrounuxos flnomun [KoGaskaBa, 1960] .
Ot1 MeCTHBIX METEOPHBIX BOJ, B 3HAYHTENIBHOH CTENCHM OTJHYAWTICA MO COAECPXKAHHMIO AekTe-
pusa norpeGeHHble WM MeTamop¢oreHHble BOAbl, Hanpumep TepMbl beperoBoro xpebra B
Kamnpopumm (White, 1969] wum tepMaisHble pacconsl Apumbl ¥ Takapazyka B flmoHuu
[Matsubaya et al., 1973]. Kucnopon, xe TepMabHbIX (GIIIOHIOB BCEria HECKONBKO YTAXENEH
N0 CpaBHEHMIO C KMCJIOPOOM METEOPHBIX BOJI, YTO OGbACHAETCA GONMBILIMHCTBOM HCCIIENOBa-
TeJlelt KHCIIOPOIHBIM OGMEHOM ¢ CHIIMKAaTaMH IOl BJIHAHHEM BbICOKOH TeMIIepaTyphl.

Bo3nMKaeT onpenesieHHOe NPOTUBOPEYHe MeXTY HaHHBIMM IO M30TOMMH BOMObI, CBHE TEIb-
CTBYIOLUIMMH O CYILIeCTBEHHOM NpeobnaJilaHiH B COCTaBe THAPOTEPM METEOPHBIX BOM, H TEIUIO-
BBIMH IapaMeTpaMM IeoTePMasibHbIX MECTOPOXKIEHHH, TpeGYIOLMX yvacTHs B HUX $opMH-
POBaHHMH OIpefieNIeHHBIX KOJIMYECTB BBICOKOTEMIEPaTypHOro riy6uHHoro dmounpa. Bos-
MOXHBI cllenyoue oObACHEHHUS 3TOTO SBJIEHHA.

Bo-nepBbIX, OTCYTCTBYIOT fICHBle MpeACTaBlieHHA 00 H3OTOIMHOM COCTaBe BOHAOpOMa M

! B KavecTBe 3TaOHA CPaBHEHMS B M3OTONHON FeOXHMMH BOOPOMa M KHCJIOPOMAA H3GpaH cpeHuit H30TON-
HBI#l COCTaB okeaHndecko#t Bonsl (SMOW), B xoTopom a6conoThele BenmuunHbl DYH = (158 + 2) - 10°¢
n'%0/'%0 = (199341 2,5) . 10,2 5D u 6' *O NPHHATHI paBHBIMH HYJO.
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KHCJIOpoJia B 0BeHWIbHOM (MaHTHitHOM) BemectBe. Hanpumep, omuu Hecneposatenu [Bumo-
rpanos, 1959; Ferrara et al,, 1965; u gp.} monaraiot, 4TO B 10BEHWIBHBIX JIETYYMX BOJIO-
pon, nerye, 4yem B ruapocdepe, T. e. oGoraieH mpotHeM, a npyrue [Kobayakawa, Horibe,
1960] mymatot, uto OH TAXenee, T, e. oGoraieH AefitepueM. BewecTBO METEOPHTOB XapakTe-
pu3yerci BeCcbMa pPa3HOOGpa3HbIM HM3OTONHBIM COCTaBOM Bomopopa. [lostomy cumtaetcs,
yro HauGonee GNIHM3KOE K PEAIbHOCTH MpefCTaBjieHMe 06 H30TOIMHOM COCTaBE IOBEHWIBHOM
BOMBI [aeT COCTaB BOMOPOAA M KHCIOPOAA, BXOOAIUMX B CTPYKTYpPY OCHOBHBIX MarmarH-
YeCKHX NOpOA H MHHEpPATOB, WIM BOMbI, COOEPXKAILEHCH TaM B BUAe 060COGNEHHBIX MHKPO-
BKJIIOYeHHH. B 3THX OObBexTax muama3oH BapuamMii 8D, XapakrepHsyloumii lOBeHPUIBHYIO
BoOAy, cocTaBnsier —28 + —85%,, (vaute ykaspiBaror —50 + —80°%;,), a §!30 = +6 + 87/,
[Craig et al., 1956; Craig, 1963; White, 1970; Hpupommste . . ., 1975; Teiinop, 1977;
Yaiir, 1977]. Ecima cumrarth, YTO yKa3aHHble 3HAYEHMS TOYHO OTPAKANT M3OTONHBII COCTaB
BOIOPOLda M KHCIIOPOOAa B IOBEHWIBHOM BOME, TO H TOrJa B 3TOM HHTEpBAle OKWKYTCA 3Ha-
yeHHsa 6D misA MHOTHX wusBecTHbiX. Naporuaporepm: Jlapaepemno, Monre Ammara, Ieit-
sepoB Conoma, ConroH Cu, 3nb Tatno, KomomxkaHr ¥ Ap. 3HaYeHUA KUCIOPOZa TepMallb-
HbIX (IIIOMOOB MO PAJY NPHUMH, O KOTOPbIX OyMeT CKa3aHO HWXe, BCEraa OTJIMYATCA OT
3HaYeHMil, mpunuchBaeMbIX 5'20 loBeHWIbHON BOMBI, M B pacyeT, MO-BHAMMOMY, MOIYT
He npuHHMaTbcA. [losToMy, BeposiTHO, HamO OCTOpOXHEE OTHOCHTBHCA K OOILENPHHATOH TEO-
PHM OTHOCHTENIBHO ITOJIHOrO Mpeo6GiafaHuA B HApPOTEPMax METEOPHBIX BOM, U OTCYTCTBHA
B HMX MarMatHueckoro ¢moupa. IIo MueHmio ¥, Maxonwa u I'. Max Hoysmna [Mahon,
McDowell, 1977], marmarHuecknii map Hrpaetr GoJjiee CYleCTBEHHYI0 POJib, UM €My Ceil-
yac OOBMHO OTBOAAT B HArpeBaHUH THAPOTEPMANBHEIX CHCTEM.

Bo-BTOpBIX, MOXXHO IOOMYCTHTB, YTO GOMbIIAA 4acTh 3ITOrO rinyounHoro cmonga nMeet
He IOBeHWIbHOe (MaHTHiHOE), a MetaMopdoreHHoe (KopoBoe) mpoucxoxaeHue. lleicrBu-
TEJIBHO, JaXe BOMa, BBIAEJIAIOMIANACA M3 MarMel, CTPOrO TOBOPA, MOXET OKa3aTbCA HE I0BE-
HWIBHOM, a BO3POXIEHHOH, TAK KaK paciviaB, NMOMaB B 30HY C BHICOKHM JiaBIeHHEM BOMBI,
CHayaJla MOTJIOLIAeT KaKoe-TO ee KOJIMYECTBO, A MO37Hee MpPH KPHCTAJUIH3AMH MarMbl Bbife-
nAeT 3Ty Bomy. B 3toM cnyvae 3Hauenus 6D B BoimensrouieMcsa M3 MarMel nmape 6bum GObl
MOXOXH HAa 3HaueHusa 6D mepBOHaYanbHON METEOpPHOH BOABI, B TO BpPeMA KAaK 3HAYEHUSA
8'80 craiu 61 MPOMEXYTOUHBIMH MeXUIy TeMH, KOTOpble NMPHCYIM METEOpHOH BOfe M
marme. Kucmoponueni casur” (ot 2 go 15%, ) MoXer BO3HHMKHYTh, MO-BUIMMOMY, HE:
TOJIBKO B pe3ynpTaTe 06GMEHa H30TOMAMH KHCIIOPOAa Mexdy NMOopomoit M BOMOi, HO H BCeN-
CTBME CMeLlIeHHsI METEOPHOH BOIbI C MarMaTHYECKUM II2POM.

U, HakoHell, B -Tpersux, B MCMOJIb30BaHWM M30TOIIHOTO COCTaBa BOAOPOAA M KHCIOpofda
U1 TeHeTHYeCKMX MHTEepMpeTauuii HMETCA ONpeferieHHbie HEACHOCTH, BHOCHMbIC 3¢ ¢eKTa-
MH ' pasfielIeHHsl M30TOMNOB NpH (Ha30BbIX NEpeXoAax Hu mpoleccaMH HX oOMeHa ¢ MOpoHdaMu.
Monaraior [Mahon, McDowell, 1977], ut0 ¢ poctoM Temnepatyphbi Ao 220°C B mapoBylo
a3y nepexomMT MpeHMYILECTBEHHO NIerkHil H30TON — MPOTHiA, a NPH AaNbHEMIIEM €€ NOBbI-
IeHUH, Hao6OpOT, AeiiTepHii; B TO Xe BpeMa '8 O makamympaerca B xuakoit paze. Ha Bo3-
MOXHOCTb M30TOMHOTO OOMeHa MeXAy TepMAJIbHBIMH (IIOMIAMM UM CWIMKATHBIMH H Kap-
GoHaTHBIMH Tmopofamu ykassBas I'. Kpeiir [Craig, 1963]. [lostoMy H30TONHBIe OTHOLIEHHSA
D/H, u ocodenno '80/! ©0, Mornu MeHATBCA MO NMyTH IOBEHITBHBIX BOJ W3 MAHTHH B BEpX-
HHE 3TaXH 3eMHOI KOPbI.

IopBons MTOrH, MPHUXOTHTCA C COXKalleHHEM KOHCTATHPOBaTh, YTO cama Io cebe M30To-
A BOOOPOZa ¥ KHCIIOPONa He [AaeT OJHO3HAYHBIX CBHAETEJIbCTB NMPHCYTCTBHA B M3yYaeMbIX
¢dironax 10BEHWIBHBIX JIETYUHX.

Yrnepoa. Ilpu peureHuH BONIPOCOB reHe3Hca MOA3EMHBIX BOM M ra30B HCIONB3YIOT TaKXKe
HOaHHbIe MO M30TOIHOMY COCTaBy yriepona. BMecTe ¢ TeM H3BECTHO, YTO B PAa3THYHBIX yTIile-
poncofepXaiMX rasax rMapoTepM 3Hauenusa &'3C cyinecTBeHHO HEOIMHAKOBBI B 3aBHUCH-
MocTH OT ¢opMbl Haxoxaenus yrnepopa'. Tak, Bemmumusl §'3C B MertaHe KoneGmIOTCHA

'B KauecTBe yHHBepCalbHOro cTaHmapta (8'°Cppp = 0%) OpHHAT yIilepod KapGoHaTa OKaMeHeNOCTH
Belemnitella. americana n3 noagHemenosoft popmaunn Iu-Tu I0xHo# Kaposmuer, CHIA.
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or —1,5 1o —3%. 3Hauennus e §'>C B yrmexuciom rase usmensiorcs or 0—0,7% mia Ho-
BO3€JIaHACKUX Naporuaporepmu no —0,8 + —1,1% B TepmaimbHeix dpmonpax CtumGoT Cripunre
u TeiiaepoB Conoma [Craig, 1963]. Io3toMy HauGojiee OGbEeKTHBHOE NpeACTaBiIeHHe 06
H30TOMHOM COCTaBé YINepola B TepMaJlbHbIX (MIIOMIAX NOJDKHO [aBaTh CPelHEB3BeLIEHHOE
3HaueHne §' > C Bo Beeil Macce €ro paaIHYHBIX COEIHHEHHI.

YcraHoBneHo, uTo 3HavenHe 8' *C uz CO, aTMocdepst H oxeaHa paBHO —0,4%. 3ameTHOe
ofilerueHne yrnepoma OTMeYaeTcA B XHMBOM BeIECTBE M ero NPOM3BOMHBIX: OpraHHYeCKHil
yrnepon (aepeso, cnaHel, rpadMT 4 T. A.) HMeeT HH3Koe 3HaveHHe &' 3 C = —3,0%. Haxomre-
HHe Ke T/DKEJIOrO YIJiepofa MPOMCXOAMT B KapGOHATaX MOPCKMX OC3aAKOB: B MOPCKOM
naBectHake 8! 3C = +0,3 + —0,3%. B MeTeopHTaX M3BECTHBI [BE Pa3MUHbIe CMECH H3OTOMOB
yIiiepofia, OTBeYalolUMe YIIHCTbiM XoHapuTaM (5'3C = —0,5%) H ene3HbIM B KaMEeHHBIM
merteoputaM (8'>C = —2,2%). OueBMOHO, MO3TOMy H3OTONHBIA COCTAB YIJIepofa B rasax
rMApoTepM MoXeT (GOpPMHPOBATBCA BCIEACTBHE CMELIEHHs YTJIepoda PasHOrO reHe3uca:
BbIIE/IMBILIEroCA M3 KapOOHAaTOB, OPraHHYECKOro BELIECTBa MOPON H MAaHTHHHOrO HCTOUHM-
Ka (KOHUEHTpauMs aTMOChepHOH YrIIEeKHCIHOTBI B MMOO3EMHBIX BOMAX CIMIIKOM HH3Ka,
YTOGB!I BIMATH Ha H30TONHBIE OTHOLIEHHA) .

3.M. Tummor [1968] nonaraer, YyTo yriepoa MaHTHH He HPEACTBAAET coBOil rOMOreH-
HOe BelLIEeCTBO, oOnapaloiliee HEKOTOPHIM CpPEeAHMM M3OTONMHBIM COCTaBOM, a HAaXOmMTCA
B ABYX pa3nHuHbIx (pa3ax, MOJOGHO TOMy KakK 3TO HaGniofaeTcs B METEOPHTHOM BELIECT-
Be. Ilpy 3tom o cuuraer, yro 3HAoreHHaa CO, MOIDKHA XapaKTepHU30BaThCA H3OTOIMHLIM
COCTaBOM YIJIEpO[a, OFBEYAIOLIMM YCTAaHOBJICHHOMY B YIJIMCTBHIX XOHIPHTaX M 3eMHOi Kope
B uenom. Ilo MHEHMIO 3TOrO HMCCNeoBaTeNifi, B I0BEHWIBHOM yriexucnote &' 3C = -0,7%.
Ho, corfiacHO BbileNpHBENCHHBIM [AHHbIM, B ra3aX TepMaIbHBIX (IOHOOB 3HaveHna §'3C
CYLLECTBEHHO OTKJIOHAIOTCA OT 3TOi BeJMuMHBL. B MeraHe 3TH OTKJIOHEHMS MOYT BCerga B
MEHBUIYI0 CTOPOHY, TOTZla KaK B YTJIEKHAIOTe OHM GNH)Ke K MpearioaraeMoMy ’’l0BeHHIIb-
HoMy’’ 3HaueHMio. [loaToMy, He HMes eIMHO# TOCTATOUHO ONpeesIeHHO# I0BEHUIILHOM METKH,
H3O0TOMHBIA COCTaB YIJIepoda TOXE He MOXKET CIYXKMTh HaJe)XHbIM OCHOBAaHMEM IJIR BbIAB-
JICHHA MAHTHIHONH KOMIIOHEHTEI.

Cepa. OgHMM M3 ITTaBHBIX KOMIIOHEHTOB TMPOTEPM SIBJAETCA CEpa, MpelCTaBIeHHAaA
B HHX OOBIYHO CBOMMHM KpaWHMMM BoccTaHOBNeHHBIMH (H;S) u oxmucnenmpiMu (SO,;) dop-
Mamu. XUMHYEeCKas aKTHBHOCTh 3TOrO 3JIeMeHTa U CBA3aHHOE C Hell ¢(paKIMOHMpOBaHMe
H30TONMOB MEX/y PajTHUYHBIMH ero COeAWHEeHHAMM CO3[AIOT [UIA MHTEpPIpPEeTalHH H30TOMHOro
COCTaBa Cephbl Te Xe TPYIHOCTH, YTO ¥ mpyu u3yueruu usotonoB H, O u C. Ho B otmmume ot
ITHX 3JIEMEHTOB fICHee MEePBHMYHBIA COCTaB 3¢MHOM cepbl. CUHTaeTCA, YTO OH OTBEYAET COCTABY
cepbl MeteopurHoro Tpoummra (32S/3%S = 22,22), npuHMMaeMOMy 3a ITaJlOH CPaBHEHMA
63*S = 0%,). MockonbKy B MaHTHH €MHCTBEHHOH YCTOHUMBOH (OPMOi Cephl ABNAETCA
cynbdunnasi, IOBEHHIbHBIA CEpOBONOPON, AODKEH XapaKTepH30BaTbC HMEHHO 3TOH BETHUM-
Hoii. TlogHMMasACh K MOBEPXHOCTH, OH OKMCIAETCA, YTO CO3MaeT MpemnochUIKH A ¢pak-
LUHOHHMPOBAaHUA HM30TONOB Cepbl MEXAY BOCCTAHOBJICHHBIMHM M OKHCICHHBIMH €€ COelMHe-
HMAMH BCIIEACTBHE TepMOOMHAMHYECKOrOo H KHHeTHUecKoro 3¢¢exroB. brnaromapa 3tHM
apdexraM cynndparHaa cepa, HAKAIUIMBABLIAACA B OKeaHaX M 3aTeM acCHMHIIHPOBaBIUAACHA
3eMHOH Kkopoii (B BHOE TBepAbIX CyIb(aTOB 3IBAMOPHTOBBIX TOJIL, NMOTJIOLIEHHOTO TJIMHH-
CTBIMH OCafIkaMH MOPCKOTO COJIEBOTO KOMIUIEKCAa M, HAKOHEll, CEMMMEHTAMOHHBIX BOM),
B TEYEHHE Te0JIOrHYeCKOl 3BOMIOIMH “yTaxemunacs” mo §34S = +207,, . M3bprok xe 32S
CBA3BIBAJICA B OCaflOMHO-IHAT€HETHYECKMX CyibdHNaax, OKa3pIBABIIMXCHA NO3TOMY OOJeryeH-
HbIMH 1O cgaBHeHmo ¢ MaHTMHHBIM (IOBEHWNBHBIM) cepoBofoponoM. Takum oGpasom,
3Havenus 834 S, cyliecTBeHHO OT/IMYHbIE OT Hy/NA B M06YI0 CTOPOHY, BOOGIUE MOTYT CIIyXKHTb
HM30TONHONH METKOH KOPOBOH Cephbl.

B cimyuyae NOCTyneHHA B THAPOTEPMAJIBHYI0 CHCTEMY OJHOH TO/IbK® MaHTHHHOH cepbi
BaJIOBLIH CpeHMit H3OTOMHLIA COCTAB €€ BO BCEl MacCe BO3HHKAIOLUX HM30TONHO-PATHYHBIX
COEeTMHEHMit He JOJDKEH CYLIECTBEHHO OT/IMYATHCA OT I0BeHHWIbHOro. O6pasyolmnecs OKHCIEeH-
Hble GOPMBI IOBEHWIBHOTO CEPOBONOPONA IOJDKHBI MMeTh 3HaueHms &S, Grm3kue Kk Hyrne-
BbIM. Kak Gyner mokasaHo B rlaBe YeTBEpTOl, HMEHHO TaKMe 3HaveHus 5*S xapakTtepHbt
IJIA UEJIOTO PANA BHICOKOTEMIEPATYPHBIX THAPOTEPMAJIBHBIX CHCTEM M (PyMapoJl aKTHBHBIX
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3He/* He Puc. 2. 3Hauenne > He/* He B npuponHsiX ofbekTax,
no U.H. Tonctuxuny, H.JI. Kamenckomy, B.A. Ma-

107! MEIpuHy [1969]
Tenwun
MeTeopHTOB BynkaHoB Mcnanmuu. Bmecte c TeMcepac
103k §%%S ~ 0 Moxer wuHorga, No-BUAMMOMY,

chOpMHpPOBaTHCA M B Npenenax Kopbl B pe-
| 3yJbTaTe CMELIEHHA cepbl Pa3’HOTO COCTaBa
J COBPEMEHNII MaNHTHAHBI H NpOLECCOB H30TONHOTO ¢pa1<1monupoaa:
= ‘HHA. JTO  NpeNnATCTBYeT  ONHO3HAUHOM
TEHETHYECKOH HHTEpPIpPETAlHH HYJNIEBBIX 3Ha-
vennit §3%S Ge3 nononmuTenbHOM reo-
XHMHYeCKOH HNAH reonoruyeckoi uHbop-
MaLuy.
5 KopoBsIi (paauorennrii) I'enu#t. HauGonee HagexHbIM KpHTEpHEM
B I0BEHWIBHOCTH GIIIOMAAa CUMTaeTc ceivac
- OTHOLIEHHe B HeM H3oTOMNOB renus. B noc
0 JiegHee BpeMA ycTaHOBJeHO [MaMbipHH 1 fIp.,
1969; Kamenckuit u gp., 1976; Tolstikhin,
1978}, uro otHoweHue >He/* He B npupoaHbix
00beKTaX BapbHpPYeT B 3HAUMTENbHBIX mMpegenax (puc. 2). 310 OGBACHAETCA cMelIeHHEM
[yGHHHOTO TellHA, CONEPIKallero NepBHYHbIA (MEeTEOPHTHBI) TeNHil, 3aXBaueHHbIH 3eMuei
Ha cramuu akkpemun (CHe/*He = (3—4) - 107*) u pamuorenHoro rems (B 06GbMHBIX OpoJax
3He/4Hep,n =2 - 10%), NOCTOAHHO reHepUpYIOMIETOCA B Tele IUIaHeThl (OCOGEHHO B KOH-
THHEHTAJIbHON KOpe) IPH HENpepHIBHOH NUCCHMaLMK rejlil B KOCMHYECKOE IMpPOCTPaHCTBO.
Conepxanne reyusa B atMochepe (CHe/*He = 1,4 - 107%) ne Gomee S5 - 10° cm’/em?, u
NO3TOMY IOAMEIIHBAHHE BO3/yXa NPaKTHYECKH HE MOXKET OKAa3aTh CYILECTBEHHOrO BIMAHHA Ha
OTHOLLICHHE H30TOIOB reJMs B [Ty GHHHBIX Ia3ax, Iie €ro KOHUCHTPauHA, KaK NpaBHIo, ropas-
mo Bhille. B Tex xe cimyuasx, Korga comep)kaHHe reJis B MOA3¢MHBIX ra3ax HeBeJIHKO, BKJIaf
atMoc(epHOH COCTAaBJAIOLIEH MOXKET ObITh 3HAUMTENIBHBIM, HO €r0 JIErKO BBIYHCIIMTH, €CIIH
H3BEeCTHBI COIEp)KaHHe K KOHUEHTpalus aprona [Kamenckwii u ap., 1976] .
Kak ormeuator B.T. MTonak, W.H. Toncruxun 1 B.IL. Axyuenn [1979], permmunna *He/*He
B 3eMHBIX ra3aX HMMeeT 3HaUeHHE reoNIOro-MCTOPHUECKOro mapaMerpa. B xome reomormue-
cKoil 3BomomuH 3eMuM mepBoHauyanbHOe oTHoulenue >He/*He crmkaercA B mopomax KoH-
_ THHEHTAJIBHON KOpbI TI0 Mepe yBelIueHHA ee Bo3pacta. Pacnan pamioakTHBHBIX 3JIeMEHTOB
B KOpe CO BPEMeHEeM MOHOCTBIO CTHPaeT HCXOMHYI0 MaHTHHHYI0 H30TOMHO-TEJIHEBYI0 METKY,
U B rasax popudeiickux mnardopm *He/*He = (2 £ 1) - 10°%. B 6Gonee MonombIx cIpyKTy-
pax-30HaX TepUMHCKONH CKJIAyaTOCTH 3TO OTHOLIeHMe Bhille M paBHO & 1 - 1077. Camble
Gonbume Benuuuubl *He/*He ormevalorcst B TepManbHbIX IOMHIaX BHYTPHOKEAHHYECKHX
pailoHOB 06/acTH aKTHBHOrO BYJIKAaHH3Ma, Ile, OYEBHIHO, COBPeMeHHaA NEra3ala MaHTHH
NpoABAAETCA B YC/IOBHAX MHHMMAIBHOH KOHTAMHHAIMH BOCXOJSALIEr0 FIYOMHHOTO rejins
KopoBbiM. [l03TOMy B KauecTBe M3OTOMMON XAPAKTEPUCTHKH reIMA COBPEMEHHOM MaHTHM
ceronHs paccMaTpHBalotca 3Havenus >He/*He~ (3 + 1) - 107°, ycraHOBNeHHbIe B TepMarb-
HbIX ¢mongax 30HBLI COBPEMEHHOro ByJKaHM3Ma MciiaHOMu, roe BeJIMUHHBI reJMEBOrO H30-
TOMHOro0 OTHOLIEHMs foctHraor 33 - 1075 [KouowoB u fp., 1974). Takoii e ypoBeHb
3TOr0 OTHOLUEHHS XapaKTepH3yer TepMayibHble GIIOMAbI H APYTHX MOGWIBHBIX 30H OK€aHH-
Yeckor kopbl. Tak, B 3MaHaiMAX raBaiickoro BynkaHa Kumaysa, mpHypoOueHHOro, Kak
nonaraior, K ropsueii Touke B MaHTHH. oTHoluenne >He/*He cocrapnser 2,1 - 1075 (Craig,
Lupton, 1976] . Ewe Hike ypoBeHb 3TOTO OTHOUICHHA B MOABOAHBIX 6a3anbTax 10XKa OKeaHa.
Takum 06pa3om, nosbiuenHsie xouuentpauun *He (PHe/*H =~ 107°) yxassmalor Ha
HX TEHETHYECKYIO CBA3b C COBPeMEeHHOH OeralaiMeil MaHTHH, 0OeIHEHHOH pafyMO0aKTHBHBIMH
3MIEMEeHTaMy 1O CPaBHEHHIO C KOPO# M COXPaHHMBIIel OCTATOYHBIH NepBHuHbIii * He.
Apron. U3 mpyrHx MHEpPTHBIX [a30B, COOEPXAMNXCA B THAPOTEPMaX, KaK reHeTHYeCKHii
NoxKa3areNs JaBHO NMpPHBJIEKaNn BHUMaHue aproH. B GonbumHcTBE CiiyuyaeB aproH TepMalbHBIX
41

1075

| ———————— cospemenHbiil aTMOCcdepHbIR

10—’7 -




¢mona0B COBIAaeT MO H3OTOMHOMY COCTaBY C aprOHOM COBpeMeHHO# arMmocdepbl (rme
40Ar/3¢Ar = 295,6, 2 8*° Ar = 0), uTO IPAMO YKa3bIBAET HA ETO METEOPHOE MPOHCXOXKICHHE.
OnHako B HEKOTOPBIX TEPMOIpPOABNEHNsAX BelmuMHA 5*° Ar oTmmuaercs ot Hyna. CornacHo
TeopeTHyeckHUM noctpoenuam [Tomcruxum u gp., 1975; Tolstikhin, 1978; Matsuo, 1970],
cofepXailHicsas cedyac B MaHTHH 3eMIM aproH HoJbkeH GbITh oGoraiieH pagMOreHHbIM H30-
TonoM. UsBectHo, yto 6a3anbTel MOABOMHBIX MINHAHHMIL 4acTO comepXar HaGbITounbii *°Ar,
YTO TPYAHO OOBACHHTH HHaue, KAaK 3aXBaToM rnyGHHHOro aprona [Dalrymple, Moore, 1968].
AHanornyHas 0ocoGeHHOCTh OTJIHYAET M TepMallbHble GIIIOHOBI B aKTHBHBIX 30HaX OKEaHa —
HexoTopble Tepmonpospienus Hcnanmm [CMmenoB u np., 1975]. Beicokoe comepxanue B
rTyOMHHBIX razax u36birounoro *°Ar (#35 u +42%) GbUIO YCTaHOBNEHO B ATIEHHMHCKOM
CerMeHTe AJBMMIACKOTO NMOACa B OKPECTHOCTAX BYJIKaHa JTHA M Ha TMAPOTEPMAJIBHOM MeECTO-
poxnenuu Jlapneperno. Onnako 3nech H36biToK *® Ar Mosier 61T npumucan pacmany *°K,
COJIepXallerocsi B KOpe, H NMpUBEAEHHbIE JaHHbIE HE MOTYT OBITb MHTEPIPETHPOBaHbI OOHO-
sHauHo [Monsik, Mpaconos u Ap., 1979]. Otpuuatenbubie 3HaueHUS *° Ar B TepMONpOAB-
JIEHMAX BCTPEYAlOTCA AOBOJILHO PefKo, HalpuMep B TepMax kansgepbl ['oJloBHKMHA Ha 0. Ky-
Haump [YeppapiHues, llutoB, 1967]. Kak Gbuto nmokasaHo C.B. CmenoesiM [1976], Taxue
3HaYeHMA BO3HHKA/M B pe3yJIbTaTé M30TONHOro (ppaKkLUMOHMPOBAHMA aproHa C MUCXOMAHBIM
”BO30YUIHBIM’’ COCTABOM.

H3yueHne H3OTOMHOIO COCTaBa aproHa M KOHUEHTPalMH HHEPTHBIX [a30B MO3BOJIAIOT
OlIEHUTh BO ¢rmoMmax MO0 aTMOC(HEPHOH KOMIOHEHTBI H  BbLAECJMTb BKJaJ KOPOBBIX H
MaHTHiiHbIX HcTouHMkoB [KameHckmit u ap., 1974]. CoBMeCTHbIA aHanM3 M30TOIHOIO CO-
CTaBa aproHa M reJIMA PaclMpsAeT BO3MOXHOCTH MX FeHeTHYeCKO#H MHTepnpetauuu. Hctounu-
KOM DaHOTEHHBIX M30TONMOB OGOMX ra3oB ABJISIOTCA FOpHBbIE mopodbl, Ho ‘He tepsercs
VIMH CPaBHUTENIBHO JIETKO, TorAa kak *® Ar — b npu 3HawnTensHoM mporpese. [lostomy
ornomtenne ‘He/*®Arp,, (rme *°Arp,, — u36biTok *°Ar o CpaBHEHHIO C €TO KOHIEHTPa-
uMedl B aTMocdepe) TakKe MOXET HCHONb30BATHCH [UIA CYXIeHHA O FeHe3uce NMON3EMHBIX
¢dmoupoB. UeM OHO HHXe, TeM BbIllle [O/DKHA ObITh TEMIEpPAaTypa OKPYXKAIOLMX HOpPOZ.
YcranosneHo [Boponos M mp., 1974; Ilpaconos, Jlo6kos, 1977; Tolstikhin, 1978}, uro
O XapakTepy pacnpeneneHus BO (JIIOMEAX Pa3sHOBO3PACTHBIX CTPYKTYP OHO 3HAuMTelNb-
HO pa3/iHuaeTcs H COCTaBisieT B ROopHbeHckHux IiardopMax oxosno 19, B 3MMrepHHHCKHX
wiHTax — 10, a B 30Hax abAAICKON M THXOOKEaHCKO# cKiaguatocTH — 4. 'a3bl ¢ BBICOKHM
3HavenueM “He/*®Arp,; BBIIEIWIMCh M3 NOPOA, He HCNBITABUMX OCOGEHHOTO MpOrpeBa,
YTO M OTBEYaeT YCHOBUAM GOPMHPOBAHMA OCaOUYHOro Yexsa KpeBrMx mwiatdopm. Hanportus,
rasbl ¢ HH3KHM OTHOLUEHHeM oO6pa3soBa/MCh NpH TONHOH Heraszauuu nopop (B pe3yJibrare
CWIBHOTO MX MpPOTpeBa BIUIOTh A0 MEPEIUVIABIEHHA), YTO XAPAKTEPHO WIA MarMaTH4ecKoro
mpolecca WM rily6oKoro TepMoMeraMopdu3Ma, KOTOpble HMEIOT MeCTO B HefpaX MOOHIb-
HBIX MOACOB. B BelllecTBe MaHTHM BeJIHUHHA 3TOTO OTHOLUIEHMA MOXeET ObiTh, IO MHEHHMIO
A.H. BopoHosa, .M. Ipaconosa u B.B. TuxomupoBa [1974], Huxe 1.

Crponmipis. JIna ompeneneHHA reHe3Hca TepMalbHBIX (JIIOHOOB HEKOTOphbIE HCCIENoBa-
TENIX CTaJId MCIMOJIb30BAaTh M3OTOIHBIA COCTAB COAEPXKAILErocA B HMX CTpoHUHA. Flerpomoru
YyX2 AaBHO MNOJb3YIOTCA H30TONHBIM COCTABOM CTPOHIMA NOPON UIA H3yUeHMsA TeHe3Mca
MOCHENHNX [Cbo?, MMayann, 1974]. Kak n3BecTHO, B NMPHPOOHBIX O0BEKTAX COMEPXaHHE H30-
Tonos 23Sr, 2°Sr, #4Sr NOCTOAHHO, B TO BpPeMsA KaK KOHuUeHTpamrs ®7 St pacrer co Bpeme-
HEM BC/IE[CTBHe P-pachiajia palMoakTHBHOrO ®7Rb. B kauecTBe MeTpOreHeTHYECKOTO HHIM-
KaTopa Hcronp3yercsi oTHourehue °7Sr/®®Sr. MummmamsHoe ero 3Havuenme (0,69899)
XapaKTepH3yeT 6a3aJIbTOBble aXOHAPHTHI H MPHHUMAETCA B KaueCTBE MCXOHOTO W 3eMIlH.
B mpouecce reojorsuecKon 3BOMIONHH H30TOMMBIA COCTAB 36MHOTO CTPOHLIUA, KAK H TeJHA,
H3MeHANCA. B MOJIOMbIX OKeaHHYeCKMX GasambTax orHowenme °7Sr/2®Sr Bapmupyer or
0,702 po 0,706, cocrasnas B cpemiem 0,7037. 310 CAyXMT YKa3aHHEM Ha BO3MOXHbIH
H30TOMHBIA COCTAB CTPOHLMA B COBPEMEHHOH MaHTMH. B mopodax KOHTMHEHTaIbHOH KOpbI,
o6orauenHoi Rb, mo cpaBHeHmio ¢ MauTHeil otHowenne 8’ Si/®®Sr, ecrectBenHo, yBenu-
YUJIOCh 10 CPaBHEHWIO C HavyanbHbIM. O ero BelMYMHe B ApeBHEHIINX 6710Kax KOPbI MOXHO
CYOMTb MO CpefHEMY H30TOIHOMY COCTaBy CTPOHUMA B PEYHOM CTOKE NOKeMOpHACKHX
wMrToB. [To pasHeIM OlEHKaM, 3Ta BeJIHUMHa Nexurt B auanadode 0,719-0,725. CrpoHuui,
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PacTBOpEHHBINi B OKEaHHYECKOH BOJE, XapaKTepH3yeTcA NPOMEXYTOUHBIM Mex(ty “’KOpo-
BbIM” M “MaHTHiiHbIM” 3HaveHMeM 27Sr/®°®Sr = 0,7093, ormuanomwuMca GOMBLIMM TOCTO-
aHctBoM. Hexotopoe ymeHblueHMe 3T0i BeymumHbl no 0,708 [®op, Dxonc, 1974] B pacco-
nax KpacHoro Mopsa Gbuto HcronkoBaHo. [[aouenupse, 1972] xak NpHU3HAaK yYaCTHA B HX
¢$hopMHPOBaHHH MaHTHAHOIO CTPOHIUSA.

OnHako MOHIKEHHE MO CPaBHEHWIO C “KOPOBBIM™ H "OKeaHWYeCKHM’ 3HaYeHHAMH Be-
nmnbt 87 Sr/8€Sr B cTpPOHIMM, PacTBOPEHHOM B BOJE, HE MOXET CUMTATHCA OJHO3HAYHBIM
[00KAa3aTeNbCTBOM OBEHWIBHOCTH TAKMX ¢IIIOMAOB. J3TO XOPOLIO WITIOCTPHPYET ONbIT M3Yy-
YeHHsi M30TOMHOTO COCTaBa CTPOHIMA B Bojgax [layxkerckoro reorepMmanbHOro padoHa
Kamuatkn [[Tammypa u mp., 1980]. B 3tux maporuapotepmax Bemmunxa °’ Sr/®°Sr Bapsu-
pyer ot 0,7033 po 0,7067. Ho B MonompiX BY/KaHMYECKHX MOPOAX, B KOTOPbIX LMPKYJIH-
PYIOT THOPOTEPMBI, 3TO OTHOLICHHE TOXe O4YeHb HH3Kkoe — 0,7034—0,7043. Iloatomy cTpoH-
mit [lay>keTCKHX BOJ, MOT MOMNacTh B HUX HE HEMOCPENCTBEHHO M3 MaHTUHM (BMECTO C HEKHM
MaHTHIHBIM (GJIIOMAOM), 2 B PE3y/bTaTe BIULENAYNBAHNA BMewmaoIuX nopos,. Bonee Hapex-
HO MO M30TONHOMY COCTaBY CTPOHLIMA MOXKHO CYOHTb 00 y4acTMH B (POPMHPOBAHWM NOM-
3eMHBIX BOJI, MOPCKOTO COJIEBOr0 KOMIUIEKCA.

3akaHuwBaA pacCMOTPEHHE BO3MOXKHOCTEH H3OTOMHON reéOXHMIM UIS BbIABJICHHA NMPH3HA-
KOB COBPEMEHHOTO0 MaHTMHHOTO BeILECTBA K HOBEPXHOCTH 3eMIM, cjleflyeT NMpH3HaTh, YTO
OIHO3HAYHbIE BHIBOOBl B 3TOM OTHOLUEHHH MOTYT OBITh CHesaHbl NOKA JIMILE Ha OCHOBaHMM
H3YYECHHsI U30TONOB TeJMA U CTPOHIMA. TpaHCIOPTHPOBKaA ITHX I0BEHWIBHBIX KOMIIOHEHTOB
APOMUCXOIMT B OCHOBHOM IIPH BHEIPEHHM B KOPY CHIIHKAaTHOTO BEIUECTBAa, a B 30HaX Mak-
CHMAIbHOM IPOHHIIAEMOCTH 3€MHON KOpPbI, BO3MOXHO, TaKXe H B pe3yJibTaTe MOCTYIUICHHA
MOTOKAa MAHTHIHHBIX JIeTyuHX. B 511060M crnyyae MaHTHITHBIA rejMii nepexoguT B NOA3eMHbIe
TepMaJibHble  IIOMbI, FAIE €ro COCTaB OCPeJHACTCA M CTAHOBHMTCH PErHOHANBHOH Xapak-
TEPUCTHKOM, MeHsuedca B reosiornyeckoM Bpemend [Ilonax, Tonmcmuxmu, AKyneHw,
1979]. IlpucyrcrBue B TepMambHbIx QUIIOKIAX reJMA COBPEMEHHOH MaHTHH YKa3bIBaer
Ha MOCTYIUICHHE B HMX IOBEHWJIbHOH KOMIIOHEHTHI M YMEHbIIaeT HeOJHO3HAYHOCTh MHTEp-
TpeTalyH 0co6eHHOCTEH H30TOMHOIO COCTABa APYTHX 3JIEMEHTOB.

Ilo3toMy 1A BBIABIIEHHA CYIIECTBOBaHMA I0BEHWIBHOTO IMHMTAHMA COBPEMEHHBIX THpPO-
TEPMAJIBHBIX CHCTEM Hafl0 B KaXJAOM KOHKPETHOM CITyuyae YUMTHIBaThb THPOreoJIOTHYecKHe
yCJIOBHA U TEIUIOBbIE MapaMeTphl PacCMaTpPHBAEMOM CHCTEMBI, CAENAaTh KOMIUICKCHBIA aHAIIN3
BCEX HM30TOIMBIX MAHHBIX, MPOBECTH OaTaHCOBbIE MOJCYETHI MOCTYMAOMIMX M BBIHOCHMBIX
THOAPOTEPMAMM XHUMHUYECKHX 371€MeHTOB. TOJIbKO IOCJIE 3TOro MOXHO AENaTh BBIBOAB O
reHesuce TEpMaIbHBIX BOJ, H PaCTBOPEHHBIX B HHX BELIECTB.

FJIABA YETBEPTAA

OCOBEHHOCTH PACITPOCTPAHEHHUA
PA3JIMYHBIX T’EOXMMHYECKHX THUIIOB THOPOTEPM
B OBJIACTAX COBPEMEHHOI'O BYJIKAHU3MA
PHOTOBLIX 30H

PernonanpHele uepTHl PacHpOCTPaHEHWA MePEUMCIIEHHBIX BBILE Pa3HOBHOHOCTEH THOPO-
TEPM CBSA33HBI C Te0JIOTMYECKUMH 0COGEHHOCTAMH TE€X MJIM MHBIX YYaCTKOB 30HBI COBpeMeH-
HOTO BynKaHM3Ma. BakHeitiime M3 3THX OCOGEHHOCTEH — reOTEKTOHHYECKas MO3WLMA pe-
THOHAa, CTPYKTypa pe3epByapa, JMTOJNIOrO-METPOXHMMYECKHH COCTaB pa3pe3a, reoTepMH-
YECKHIl pexuM.

PudToBBIMH 30HaMM Ha3pIBAIOT OTPHLATENIBHBIE CTPYKTYpPBI 36MHON KOPBI, CBA3aHHbIE
¢ KpPYTHBIMH TOPU30HTAJIbHBIMH PacTSOKEHHAMH CHAUTHUYECKOTO CJOA, KOTOPble CONPOBOXK/A-
10TCA 06pa3oBaHHeM pas3NiOMOB, yXOOAIMX B MaHTHI0 3emym [flHumH, 1977] . O6bemineH-
Hble B CHCTEMBI IU1aHETAPHOTO MacliTaba, OHH MEPECEKAl0T OKEaHbl U B HEKOTOPBIX pailOHax
3eMITH NPOHMK AT B rifyGb KOHTMHEHTOB. MMeOTCA Takke M OTHEsIbHBIE M30JIMPOBaHHbLIE
pudTOoBBIe Mosica U 30HBL. PasBuTHe GONBLUMHCTBA PHPTOBBIX 30H COMPOBOXHACTCH ABHBIM
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NOXbEMOM O IITyGHHHBIM Pa3jioOMaM MaHTHHHOIO BELIECTBA M MPOABJICHHEM IMOPOTEPMallb-
HO aKTHBHOCTM H MarmatuaMa. Macuirabbl M XapaKrep TMAPOTEPMAIBHOIO H MarMatH-
yeckoro (B TOM WHCIE BYIKaHWYECKOTO) IPOLECCOB. 3aBHCAT OT THNA PHGTOBOM 30HLI K
cramuu pudprorenesa. CornacHo E.E. MwnawoBckomy ([1976], pudbtoBBIe 30HBI 3€MHOrO
Iapa MOXXHO MOAPAs3[eJMTh Ha TPH KPYMHbIE KaTerOPHM: OKeaHWYeCKHe, MEXKORTHHEHTaTb-
Hbie H KOHTHHEHTAJIbHbIE.

B oxeannueckux pHTOBBIX 30HAX Kak oceBOH rpaGeH, Tak M ero oGpamuenne oGnama-
10T KOPOH OKEaHHYeCKOro THMINa, KOTOpasi MOJCTMIIAeTCA BBHICTYIOM MAaHTHIHOrO MaTepuana.

B MeXKOHTMHEHTATBHBIX PHPTOBBIX 30HAX oceBasA 4YacTh pudTa HMeeT Kopy, Grmmskyio
K OKeaHWuecKkoil, ee IepHdepHyecKHe YACTH — MNepepaboTaHHyI0 M HECKOJNBKO YTOHbILEH-
HYI0 KOHTHHEHTAJIbHYI0 KOpY, 2 “INIedH’’ XapaKTepu3yloTCA THIIMYHOH KOHTHHEHTAJIbHOK
KOpOH.

KoymineHTANsHbI pUPT ¥ ero oGpamiieHuss ofNaaloT KOPO# KOHTHHEHTAJIBHOTO THIA
(yrounuenroii mon pudrom o 20—35 KM), MOACTHIAEMOM JMH30M HECKOJIBKO Pa3yImior-
HEHHOro MaHTHItHOro marepnana. E.E. MUIaHOBCKHI BbimeNAeT OBa THIIA KOHTHHEHTAJIBHBIX
pHOTOBRIX 30H: IeNeBble H CBONOBO-BY/IKaHMuecKHe. KOHTHHeHTansHble pHTOBbIE 30HBI,
TaK ke KaKk H MeXKOHTHHEHTaJIbHbIE, MOTYT 3aK/aibiBaibun MHGO Ha IlardopMax (M-
mAaTdopMeHHbIe) , JIMGO B npefienax MONOO# CKIIamyaTol 061acTH (IMHOPOTreHHbIE).

IIposBneHus IiTyOMHHBIX TMpOHECCOB pHPTOreHesa Ha MOBepXHOCTH 3eMiM, Kak Oyner
MOKa3aHO HMXKe, OTIHYAITCA B 3aBHCHMOCTH OT TOr0,BO3[eHCTBYIOTOHM Ha 3eMHYI0 KOpY
OKeaHOB, MOJIOMBIX CKJIAAuaThIX o6nacredt mim mwiargopm. [loatoMy 6pU10 HHTEpECHO CpaB-
HATh, KaK 3TH PallMuMs OTPaXAITCA B reOXHMMYecKO#H cneuHdrke rHIpoTepMaIbHOR fed-
tenpHocn. HauneM ¢ ocoGenHocTedl GOpMHPOBAHNA H FEOXHMHM TEPMAJIbHBIX BOX B pHTO-
BbIX 30HaX OK€aHHYECKOro THNa. YIoGHee BCero caenars 370 Ha npuMepe Ucmanmm.

THAPOTEOXUMHMA HCNAHAHH

OcoGeHHOCTH reoJI0ru9ecKoro CTPOSHHA

OcrpoB Ucnanmua Haxomurca Ha ocu CpemHHHO-ATIaHTHYeckoro xpebra m paccMaTpH-
BaeTCA MHOTMMM HCCIICHOBATENAMM KaK IPHNOTHATAA 4acThb OKEaHWYECKOro AHa, pacceyeH-
Horo pudroBoi moymHoit [Ward et al., 1969; Palmason, 1971; Ileiige, 1975 u mp.]. B 10
%e BpeMA HEKOTOphIE HCCIeOBaTeNH CcuMTaioT VICHAaHIMI0 OCTaHUOM HApeBHEd KOHTHHEH-
tanbHOi wmTh! [leitnmann, 1968; Benoycos, Munanosckuii, 1975; 3sepes u ap., 1975].
Kax Gymer BHAHO M3 HanpHellliero, MpoBedeHHbIe HAMM THAPOTeOXMMHYECKHE HCCIIeNoBa-
st [KoHonos, [lonak, 1977] noMoryT oTBeTHTh Ha 3TOT BXHBIH BOMPOC.

HcnaHmia XxapakTepH3yeTcsi HHTCHCHBHBIM IPOSIBJICHHEM COBPEMEHHOTO BYIIKaHHM3Ma.

‘Ceroma BYJIKaHHYECKasA OEATENIHOCTb cocpeioTouiach B CpemMHHOM 30He, CYMTAIOWIEH-
€A Ha3eMHBIM BBIDDKEHHEM CPeTHHHO-OKEaHHYeCKOro pHTa, a TakXke Ha N-oBe CHaiidenyinc-
Hec. Cpeny BysKaHHyeckHx nopop 90% 06. cocTaBJistior 6a3aIbTb.

Hakomnenue BynkaHHYeCKHX 0Opa3oBaHHH CBA3AHO C [EATEJIBHOCTBIO MOHOTEHHBIX
TPEIMHHBIX BYJIKAHOB M BYJIKaHOB IEHTPAIBHOro THNa. TpemuHHbIE BYJIKaHBI HITHBAIOT
6azaisToBYI0 NaBy. Cpe NPOAYKTOB [EATENIBHOCTH BYJIKAHOB UCHTPAJIIBHOIO THIA, NIOMHMO
J1aB OCHOBHOIO COCTaBa, 3HAYMTENbHYI0 POJIb UTPAIOT KHCIIbIe M CpefjHMe Pa3sHOCTH — MEM3bi,
Nemwibl, UrHUMOPHTHI, a TAKXe pPHONMTOBhle M JauMTOBbIe JaBbl. C MpPOABIECHUAMH
KHCJIOTO BYJIKaHM3Ma OOBMHO accouMMpYIOT HaHGoJiee MOMHBIE TIHAPOTEpMAanbHbIe
CHCTEMBI. -

Ucxons u3 pesymbratoB paGor sxcnemuumu AH CCCP (HMcmammusa . . ., 1977-1979]
H [OpPYruxX MCCIeOBaHMi, reojioruyeckoe crpoene McnaHmuu npefcraBiifeTcsa CledyOMHM
(puc. 3).

HauGosree npeBHMe MHOLCH-HI)KHEIUIKOLEHOBbIE IU1aT06a3anbThl, OOHaXKaloWIMECA Ha
OHEBHOH TMTOBEpPXHOCTH MO nepudepHu OCTpOBa, HMEIT Bo3pacT 5,5—16 muiH. ner. Ouu npen-
CTaBIAIOT COGOH HOBOJIBHO OOHOOOpa3Hble TOMIM MOLIHBIX JIABOBBIX MOTOKOB C NMPOCTIOAMH
BYJIKAHOT€HHO-OCafIoYHOr0  MaTepHajia, NPOHM3aHHbIE 06a3aJIbTOBHIMH H [OJIEPHTOBBIMH
44



[ ]
®
20 g9 25
voP A 7
o o IPB 1730@)
1 12

n ~on Peiikbanec

23.24 %o

L B N 53¢ [As (o ]e [A]e
‘_@_]7 L’a Lo_].o |_o_|m [ o ]u ][ & ]n

Puc. 3. Cxema reonmornyeckoro crpoeHns Mcnannuwm u nposBiieHHit THOpOTepMaNIbHOM NeATELHOCTH (rpa-
HMIIbI T€ONIOTHYECKHUX 30H, no E.E. Munasosckomy [1976])

1 — KOMIUIEKC MHOUEH-HHKHEIUTMOLEHOBBIX [D1aT0683anbT0B; 2 — MUIMOLEHOB bl K 301 CTONEHOBbIE
BYJIKaHOTEHHO-0 Cafiouble 00pa3opanmsaA; J — IWIEACTONEH-TOJIOUCHOBLI B YJIKaHWIECKH KoMmieke; 4 —
rONOLEHOBbIE OCaJOUHble 06pa3oBanusA; 5 — KpynHefilMe NO3AHedeTBEPTHUHBIE BY/IKaHbI; 6 — rHOpoTep-
MarnbHble CHCTeMbI (@) ¥ dyMaponbHbIe MOJIA 3PYNTHBHAIX LeHTpoB (6); 7 — KHNAILIME HCTOYHHKH M refi-
sepel; 8—11 — ropawe mcTOoWHMKH C TeMmepaTypod, C: 8 — 75—100°, 9 — 45-75, 10 — 20-4s, 11 —
< 20; 12 — xonomanie MHHEPaNbHble HCTOYHHUKH. I'napHefilie THAPOTEPMANIbHEIE MNPOABJIEHHA: 1 —
Pefixpanec—Cnaprcenry, 2 — Kpucysuk—Tpeanagnnrsa, 3 — Bpemmmcreiinchoemns, 4 Xeimrupms—Hecna-
Beup—XBeparepau, 5 — Coynsxefimaexkyman, 6 — Topdanexymns, 7 — Kemymurapdsemmm, 8 — Bouap-
ckapn, 9 — I'pamcBeTH, 10 — Kpepxdemns, 11 — Acksba, 12 — Kemunpunarsa, 13 — Haymadsanns—KpaGna,
14 — Teficrapelikup, 15 — Xpepasemup—Pefikbaxsepeu, 16 — Xsepasemup—Ksenyp, 17 — rpynna Bons-
woro [eiizepa, 18 — PeiikbaABuKk, 19 — BapMmaxinnug, 20 — Jincyxomns, 21 — Peiinamenscenbkensaa, 22 —
Cyprcait,, 23 — Ineademis, 24 — CKBOKHHE Ha 0. Xefimadii, 25 — HeanaapTyHra

O

u_o 1qo Ku

mafikaMi. BHYTpH 3THX TOJIII MeCTaMHM 3aXOpOHEHbl BYJIKAHBI IICHTPAILHOro THna. B tommax
6a3abTOBRIX JIaB M BYJIKAaHOKJIACTHYECKOrOo MarepHalla M3pefKa BCTPEYaloTCa JIMH3bI
PEYHBIX H O3ePHBIX OTIIOXEHHI H THIINTOB.

Mopons! He3HauMTeNbHO HakioHeHbt (< 3—5°) Kk meHTpanbHON yacTH ocTpoBa. CpemuH-
HYI0 30HY OKaMJIAIOT M pa3fieNiAi0T Ha OBe aKTUBHbIe BeTBHM — BocrouHyio u 3anapmnyio —
IUTHOUECHOBbIE M 30IUICHCTOLCHOBbIE BYIKaHOTEHHO-OCaloYHEIe 00pa3’oBaHMA, K KOTOPBIM
oTHocuTCA GOPMAlMA TaK HA3bIBaeMBIX NpeBHUX cepbiX GazanproB (1—5 muH. ner). HeGons-
UIas 30Ha IUTMOLEHOBBIX M YeTBEPTHUHBIX H3JMAHMIA NMPOTATHB2ETCA B ILIMPOTHOM HAmpaBJiie-
HMM Ha n-oBe CuaiidemnbcHec. Haxonen, campit monmopoi (< 0,7 MIH. eT) IJIEHCTOLEH-
TOJIOLCHOBBIN BY/IKaHHYECKMH KOMIUIEKC Da3sBHT B aKTHBHBIX BETBAX HEOBYIIKaHHYECKOM
30Hbl. K Hemy mpuypoueHa xapakrepHas ana Hcnanmun cneuudHdeckas NanaroHMTOBas
dopmauns (HasbBaeMas 3fech popMaimeri MoGepr), oGpasyromiaacs B MECTaX NOMJICAHBIX
(W mOmBOMHBIX) M3Beprkenuit. ITa GoOpMaIMsA NpeCTaBYIeHa TOMAMH  BYJIKAHOKJIaCTOB,
CITOKEHHBIX B pa3HOM CTeNEeHM YIUTOTHEHHBIMM Ty¢daMH, FMIOKIACTHTAMH H pa3Hoobpa3-
HbIMH GpexunsAmM. CpeoH HHMX BCTPEYAlOTCA TOPH3OHTHI MOAylleyHniX JiaB. Kommiekchi
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BYJIKRHOKJIACTOB M MOMAYILEYHBIX JIAB MEPECNaHBalOTCA B pa3pe3ax C BONOYMOPHBIMH rOpH-
30HTAMHM TWUIMTOB. B 3THX CIIOMCTBIX TOMIAX BCTpevalOICA TakXKe MNOTOKH GasanbtoB. B
KPOBIIE TOJIIH MHOTTA JIEXHT GpoHUpYylomit 6a3a/1bTOBbIH MOKPOB rOJIOLEHOBEIX JIaB. B Tom
Cyvae, KOraa MOMIEOHOEe HIBEPXKEHHME MPOMCXOAMT MO TpelidHe, 06pa3yloTCA CIIOXKEHHbIE
BYJIKAHOKJIACTHKO# XapaKTepHble OCTpOBepXHe XpeOThl (PHIDKHM) BBICOTOH B HECKOJIBKO
COTeH MeTpOB, LIMPHHOI 0 5 KM H NPOTAXXEHHOCTBIO N0 HECKONBKHUX ACCATKOB KHIOMET-
poB. Ilpu nomnenHbIX M3BEPXKEHMAX LEHTPATBHOTO THNA HOPMHDYIOTCA THIMUHBIE mas Hc-
JAHMH KPYTOCKJIOHHBIE H IUTOCKOBEpIMHHHbIE cTONOBRIe rophl. Ilocnme orcrymwienna nen-
HHKOB B pe3yJIbTaTe NOCIEAYIOIHX Ha3eMHbIX BY/TKaHHYECKHX H3BepXKEHHH YacTh CTOJIOBBIX
rop H pumKeit MoXeT GbITh TOXOPOHEHA MO, JIABOBBIMY MOTOKAMH.

B merpoxHMHYECKOM OTHOLIEHMH MHOLEH-HH)KHEIIHOEHOBHIE I11aT06a3abTbl H MPODHL-
BAalOLUMe MX JAafKH NPEACTaBIAIT oGOl THIHYHBIE TONeHTOBbIe Ga3anbrhl. PasHooGpasHbIM
XHMHYECKHM COCTaBOM OTJIMYAIOTCA YeTBepTHUHbIe GasanpTel pudTOBBIX 30H. Tak, B ceBep-
HO# yacTH BocTounoi# pu¢TOBOI 30HBI CpemM HUX MpeoGnafanT KBapuUeBble TOJIEHTH, GIM3-
KHe K TOJIEMTOBBIM Ga3ansTaM CpeqHHHO-OKEaHHWYeCKHX xpe6ToB. K roro-samamy mo mpoctu-
panui0 CpelMHHOM 30HBI OHH CMEHMIOTCA OJIMBHHOBBIMH TONEHTaMM, 3aTeéM Ga3ambTamu,
TIePEXOMHBIMH -OT TONICMTOBBIX K LUETIOYHBIM, H, HaKOHel, Ha ocTpoBax BecrmaHHeisap —
IETOYHBIMH  OJIMBHHOBBIMM GasansramMu. B 3amapoii  (Peiikbanecckoit) pubToBOH 30HE
NpeobNIafjaloT ONHBHHOBBIC TONEUTH, a B CHaiideUTbcHECCKOH — IeTouHblE OJIMBHHOBbIE
6asaneThl [Jakobsson, 1972; CepacumoBckHit U Ap., 1978]. TakuM 06pa3oM, TONEHTOBbIE
Gasabrbl C HM3KOH IIETIOMHOCTBIO XapaKTepH3ylT Haubonee MpOHHMIAEMBIE I MarMarh-
YeCKHX PacIUIaBOB yYaCTKH PHTOBBIX 30H.

B textommyeckom crpoennu Hcmanpun B.B. Benoycos u E.E. Munamockwmii [1975]
BBIJICJIAIOT BHYTPEHHIOW 30HY, pa3fielieHHYI0 Ha YYacTKH ONYCKaHWA M TMOOHATHI, H [Be
CIOKOJHbIE KDaeBble 30HbI, 3aHMMAIOLINE KPbUTbA GONBIIOH CHHeK/HMAabl. Bo BHyTpeHHeit
30He, MOMHMO KpYTHBIX rpaGeHOB (PHGTOB) M ropcta Mexmy HMMM, BBIIENAIOTCA Gonee
MeJIkHe rpabeHbl M TOPCTHI, HMEOILHME B LEIOM TO Xe TeHepalbHOe NMpocTHpaHMe. 3Mech
IIHPOKO Pa3BUTHI Pa3spbIBHbIE IHCIIOKAUMM — TPELIHHBI PaCTAXEHHR, cGpoChl, cGpoco-pasmBu-
TH C aMIUIMTY[OOM, COCTaBsAoIeH 0ObMHO NECATKH HIIH COTHH MeTpoB. Pasprmbr rpynmupy-
0TCA B KYJIHCOOOPa3HO PacmoNioXkeHHble NyukH [MunaHoBckuit u ap., 1979]. Bee aro noka-
3bIBA€T, YTO B CTPOeHHM cekyulei Ucnanpwio HeoBynkadmueckoilt CpempuHOlN 30HBI ompefne-
NAWIAA POJNIb TPHHATUIEKMT IT1yGHHHBIM JIMHEHHBIM TEKTOHMYeCKMM paspbmBaM. Iloatomy
o6WMe TPEIUMHHBIX H3Bep)KeHHMH — XapaKTepHas YepTa MCIAHACKOrO BYJIKaHH3Ma, XOTA
3[eCh, KaK y)Ke OTMevaoch, HUMEIOTCA H BYJIKaHHYECKHE aNNapaThl HEHTPATbHOTO THIA.

Ho cBoe# Mmopdonorunm Hcnanmmsa npencraBnsger coGOH MacCHBHOE KyTonooOpa3Hoe
w1aTo, Bo3Bbiualomeecs Ha 400—800 M Hag ypoBHeM MopsA. Hax nosepxHocTsio Iiato nmomd-
HMMAKOTCA BYJIKaHWYECKHE COOPY>KEHHA M TOpHble MacCHBBIL. ['TaBHbIN BOMOpPa3aen APOXOTHT
yepe3 BO3BBILLIEHHOCTH, TIOKPLITHIE JIEAHHKaMH BatHaitexyms, Jlanritexymmm, Xodcitekyns,
co cpenuumu BbicoTamMH 1300—1700 M. Beicmas touxa HcnaHmuu — BeplMHAa BYJKaHa
JpaitBaitekyms (2119 m).

T'eoTepMirueckue ycnoBus

®oHOBLIH KOHOYKTHBHBIH TEIUIOBOH NOTOK B HCiaHmMM HaMHOro NpEBBIIAET CpelHE-:
miaHeTapHbiii. OCOGEHHOCTBIO re0TeMMEePaTyPHOrO MOJIA BCEX MOTOOHBIX PafiOHOB ABIAETCA
€ro Ype3BhIMANHHAA MECTPOTAa, T. €. ODWIME pe3KHMX MOJIOKUTENBbHBIX H OTPHMIATENbHBIX J10-
KaJIbHBIX aHOMAaJIHil, BbI3BaHHbIX IBHXKEHHEM MOA3eMHbIX Bof, (puc. 4, 5).

O6uuee pacnpedeneHde KOHAYKTHBHOTO TeIJIOBOrO NMOTOKAa Ha Teppuropuu Hcemanpun
(cM. puc. 4) onpenensercA BO3pacToM claramiuux ee 6mokoB u 6put0 BeIsicHeHO B.T. Ilo-
naxom, B.U. KoHoHoBpiM, M.JI. XyTOpCKHM IIyTeM OCpeqHEeHHA ero 3HaUCHMI B IIOJI0CaX pac-
NpOoCTpaHeHHA 6a3aJibTOB TOrO0 WM HMHOTO BO3pacTa. JTH [aHHbIE CBMACTEILCTBYIOT O Ype-
3BBIYAHHO BBHICOKOM KOHOYKTHBHOM TEIUTOBOM IOTOKe B Ipedeiiax He Toybko CpemHHHOM
30HBI, HO M Ha ee Gmwkaiiuieii nepubepuu (B OONMAacTAX pa3BHTHA 6a3aJIbTOB MOJIOXE
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Puc. 4. 'eorepMmuneckue ycnoBud Ucnanmmu [Palmason, 1967, 1973, 1974; Palmason, Saemundson, 1974,

1979; Fridleifsson, 1979] ¢ goGasneHHAMH

1 — DyHKTBI H3MepeHHA TeOTEPMHYECKOro FPATHMEHTa U ero 3HaueHns, - C/KM; 2 — OCHOBHBIe 0GiTacTH

PACIPOCTPaHEeHHS HM3KOTEMMEPaTYPHBIX THAPOTEPM;

3 — BbIcCOKOTEMmEpaTypHbIe THAPOTEPMAlbHbIE

cucTeMbl; 4 — rpaHMua BYJIKaHWYECKHM aKTHBHBIX BeTBeil CpeqMHHOM 30HbI; 5—8 — 30HBI CpegHMX 3Have-

HMii TENUIOBOTO MoToKa, MBT/M?:5 — > 140, 6 — 120—140, 7 — 100—-120,8 — < 100
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Puc. 5. PacipeneneHne TeMneparypsl 1o rity6iHe B CkBaxkuHax Mcnaunuu (Palmason, 1967, 1974 ; Palmason

etal, 1980; Bjornsson et al,, 1972]

1 — donoBOE, He UCKaXKEHHOE UMPKYNALMUEH NOA3EMHBIX BOd; 2 — B 30He MUTAHUA NOO3EMHBIX BOM;
3 — B ouarax pasrpy3Kku rHApPoTepM (@) n nx BepoATHOTO HATHUMA Ha riySune (0). NyHKTbI HaGmOMeHui
1 — Xeitmasii (Bectmammadiinp), 2 — Kanmapcens, 3 — Heapusukypxeiin, 4 — AKpanec, 5 — PefiKpABHK,
6 — Xnupapnanyp, 7 — HecpaBenymp—XeHrumn, 8 — Peiikpanec, 9—11 — Haymadsams, H3MepeHo: 9 —
7.VIIL 1969 r., 10 — 11.1X. 1969 ., 11 — 30.1. 1970 r.; 12—13 — Kpa6na: 12 — ckB KG-§, 13 — ckB. KJ-6



4 MUIH. 7eT), TZie OH COCTaBJAET B cpemHeM okono 160 mMBr/m*. B Gonee mpeBHHMX uacTax
OCTPOBa KOHIYKTHBHbIH# TeIUIOBO#l NMOTOK MOHMXaetcsa a0 90 mMBr/m%. M3 >1Hx M mpyrux
HaHHBIX CNIEAYyeT, YTO TNyOuHa 30HbI IUIaBJIeHHA (KPOBNA actenHocdepsl) 3aneraer B Cpepun-
HOH 30He Ha rnyGuHe oKoNo 15 KM, a K KpasfM OCTpOBa onycKaeTcA A0 DIy6uH 20—22 xm.

I'noporeonorngecxue ocoGennocTv

Hcnangusa npepncrasnser co6oii BecbMa CB0oe0Opa3HbIii B THAPOre0IOrHYeCKOM OTHOLUEHHH
paiioH. Pacnonosxennsiit BOman [TonAapHoro kpyra H 4aCTHYHO MOKPHITHIA JIEAHHKAMH, 3TOT
OCTPOB XapaKTepH3YyeTcA HHTEHCHBHEIM MNpOABJIEHHEM COBPEMEHHOrO BYNIKaHH3Ma, BBICO-
KOH TeMIepaTypoii Hefip # 6oNbIIHM pa3HooOpa3neM GopM rHAPOTEPMAIBHOIM MEATENIBHOCTH.
Ha teppuropum octpoBa HacuMThIBaeTcA OoKono 600 rHapoTepMalbHBIX MPOABICHHH — ro-
PAYMX HCTOUHMKOB, reii3epoB M NapoBEIX CTpYyi. OfHaKko npexkae 4eM Mbl HaYHEM pPacCMaTpH-
BaTh MX FeOXHMHYECKHEe OCOBEHHOCTH, OCTAHOBHMCA KPAaTKO Ha OGIMX rHAPOreosIorHYeCKHX
ycnoBusix Mcnangun, sapnsoumxca ¢poHOM, Ha KOTOPOM NPOABIAETCA reoTepMaJIbHAA AK THB-
HOCTDb Heflp.

Orpenshble uepthl rupporeonorun Mcnmanmum ocBeianmucs Bo MHorux pab6orax [Einars-
son Tr., 1942; Barth, 1950; Rist, 1956; Bodvarsson, 1961; Sigvaldason, 1966; Amason,
Sigurgeirsson, 1967; Arnason et al., 1968; Amorsson et al, 1969, 1978; Arnason,
Tomasson, 1970; Thorsteinsson, Eliasson, 1970; Tomasson, Kristmannsdottir, 1972;
Amason, 1976; Fridleifsson, 1976; Tomasson et al,, 1975; Thorsteinsson, 1976} . Onna-
KO JMIIb B MOCNe[Hee BpeMsA MOABWIACh ee CBONHaA XapaktepMctHka [KoHoHos, 1978].

YCIOBMA NMMTaHUA M CTOKA MOJA3EMHBIX BOM, BEJIMUMHA MOCTYIUIEHHA B MOM3EMHYIO FHApPO-
chepy atMocdepHBIX 0CaTKOB H HHPHWIBTPALHOHHBIX BOM, 06pa3ymoIHXCcA NMPH TasAHHH JIef:
HMKOB, 3aHMMAIOUMX OKOJIO 15% TeppHTOpHH CTpaHbI, 3aBHCHT B MEPBYIO OUEPERb OT KIIH-
MaTH4YecKHx ocobennoctert Ucnanmmm.

Kmmar Ucnanmus, kak ot™meuan JL.P. CepeGpanbii [1969], onpenensaerca HU3KHM ypOB-
HEM CONIHEYHOH pafHaUMH, HATHYHEM Yy ee OeperoB Temnoro TeyeHMAa HpmmHrepa H xornop:
Horo—Bocrouno-HcnaHpckoro u, HakoHen, [BIKEHHEM Yepe3 OCTPOB Mace aT/IaHTHYECKOTO
H apKTHYeCKOro BosfyXa. B uenom iymmar Hcnanguu MopcKoii, OBOJIBHO MATKHIA. 3nMo#i
cpelsas TeMmmuepatypa Konebnerca or 0 — —2°C Ha 10)KHOM H 3anagHoM noGepexse 10 —7 —
—10°C B npuneralonmx paiioHax. CpefHaA TeMNepaTypa CaMoOro KapKoro JIeTHEro MecALa —
Hiona okono +10°C Ha 0KHOM H BOCTOYHOM NMoGepeXbAX H HECKObKO MeHee B CEeBEPHBIX
M BHYTPeHHHX paiioHax. Cpeaneromonas Temnepatypa 6mska k +5°C. Komuectso ocankos
B pasHbIX pafioHax HcnaHmmm HeomMHaKoBO. B ceBepHBIX paiioHaX OCafiKOB BBINAAeT B
cpemHem MeHee 500 MM, B 3amafHbBIX H 0ro-3amajiHbix paiioHax — oT 500 mo 2000 mM, B
IOKHBIX H I0ro-BocrouHbix — Gomee 2000 mm. Bommuue Bcero ocamkop (o 4000—6000 MM)
BbillaiaeT Ha nemumKax. IIpu cpaBHMTENBHO Cl1aGoM MCapeHMH ¢ noBepxHoctH (100—200 MM
B TOfI) OCHOBHAafl YacTh aTMOC()EPHBIX OCAaZKOB M TAJIbIX BOL HOCTYMAeT B MOBEPXHOCTHbIHA
H TMOA3eMHbIH CTOK, O YeM CBHCTEILCTBYIOT M [aHHbIE H30TOMHOrO aHa/iM3a BOAOPOJA M
KHCJIOpOfia B OCafikax M Bofax pek [Arnason,1976]. KomMuecrBO BBIIABIIHX OCATKOB MO-
BCEMECTHO MPEBBILIACT BEJIMUHHY NMOBEPXHOCTHOTO CTOKAa MPHMeEpPHO BABoe. COOTBETCTBEH-
HO paclpeqesieHHI0 OCaiIKOB CpefHHe MOMYJIH PeuUHOro CTOKAa Ha ceBepe CTPaHbl 3HAUHTEINb-
Ho Menbie (12 n/c - kM?),uem Ha tore (55 11/c - kM?). 3a ron pexamu McnaHamu BHIHOCAT-
ca B oxeanokono 17 - 10'° m® Bommt [Rist, 1956].

Ilo ycnoBuAM OGBOOHEHHOCTH H XapaKTepy LMPKYJIALMH NMOA3EMHBIX BOJ B reoJlorHye-
cKOM pa3spese Hcnanpgum HaMu BoigeneHbI YeTbipe BOOGOHOCHBIX KOMIUIEKCa.

I BomoHOCHDII? KOMIUIEKC NPHYPOYEH K BEPXHEIUIEHCTOLEH-TONOLEHOBOR TOJILIE PbIXJIBIX
BY/IKaHO-TEPPHreHHbIX O6pa3oBaHMii (AJUTIOBMAIBHBIX, 30JIOBBIX, a TaKXe LMPOKO pac-
MPOCTPAHEHHBIX OTIOXEHHIl JOHHBIX MOpeH). ITH 06pa3oBaHHA HMEKT HOBOJILHO BbICOKYIO
nopucrocts (> 20%) M XapakTepu3ylOICA NOPOBOH H MIaCTOBO-MOPOBOH LMPKYJALMeEdH
IPYHTOBBIX BOJ,

Il BomoHOCHBI KOMIUIEKC 3aKJIIOYEH B FOJIOLEHOBBIX JIABOBBIX MOKpoBax. Ux Moumocts
mocturaer 1 kM (cnoit O [Palmason, 1971]). IMopoasl KoMUlekca, NpeACTaBIIEHHbIE IIaB-
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HBIM 00pa3oM MOTOKaMM 6a3alibTOBOH JIaBBI, a TaK)Ke MMPOKJIACTHKOH, HTHUMOpHTaMHU H
BY/IKAHOT€HHO-OCAOYHEIMI 0Gpa3oBaHMAMM, CIIY)XaT XOpOLIMM pe3epByapoM A nof-
3eMHbIX BOA. OCHOBHBIE BOJIOHOCHbIE TOPH3OHTBI NPUYPOYEHB! K MOBOJNBHO MOPHCTBIM
(~20%) Ty¢$OBBHIM MPOCHOAM, 3 TAKXKe K MPOHHLAEMBIM KOHTAKTaM H HMyCTOTaM MEXAY
OTHEJIbHBIMH NMOTOKaMH Ga3anbToB. O6bEM MUPOKIIACTHKH OOBMHO YBEITHUMBAEeTCA C POCTOM
KHCTIOTHOCTH MarM. IlopHcTocTh 6a3anbTOBBIX J1aB TaKXe 3aBHCHT OT HX XMMHYECKOro
cocTaBa. B BepTHKANbLHOM CeYeHHM JIaBOBOTO NMOTOKa MOPHCTOCT OOBIMHO HEOIMHAaKOBa —
B €ro LEHTPAIbHOH MAaCCHBHON YaCTH He NMpeBbIIaeT 5%, a B KPOBJe H MOACTHIANIIMIEM CII0€
pocturaer 25%. Bpicokas MOpHCTOCTs MOpoOd He OO0A3aTeNbHO O3HAaYaeT X BBICOKYID HpO-
HMIIaeMOCTb, XOTA H CO3[aeT NpPEANOChUIKH [UIA BO3HHKHOBEHHA NOCIIeHeN. Kosd)cbmmem
BOHONPOBOIMMOCTH TOJIONEHOBBIX J1aB, YCTaHOBJIEHHbIM NPH I3KCIDIyaTaUMH TpeX T
TepMAaJIBHBIX CHCTEM B loro-3ananHoit Mcnanauu, konebnercs or 3 - 107 go 20 - 107 /c
{Thorsteinsson, Eliasson, 1970; Thorsteinsson, 1975). B ronoueHoBbix 1aBOBBIX NMOKpO-
Bax npeobnafjaloT MWIaCTOBO-TPEUMHHbIE Oe3HANOpHble YCNOBHA IHMPKYJIHH MOA3EM-
HBIX BOJ.

III BOONOHOCHBIH KOMIUIEKC BEPXHEIUMOUEH-IJICHCTOUSHOBOMH TONIUM BYJIIKaHOKJIACTOB
M JIaB C TOPH30HTAMM THJUMTOB XapaKTepH3yeTcA HauGolbilied BOROOGHIBHOCTHbIO. Bna-
rogaps Xopoluleii MOPUCTOCTH arjioMeparoB, Ty$poB H ruaoknacros (20—30%) B HHX MOryT
‘ObITh 3aKJLOYEHBI pe3epByaphl MOA3eMHBIX BoA. OCOGEHHO 3HAYMTENbHBIMM pe3epByapaMH
ABIAIOTCA MOrpeGeHHble TABOBLIMH MOTOKAaMH IHATIOKJIACTOBbIE PHIDKM M LEHTPAThHBIE all-
napartsl ¢opMamun MoGepr. Ilopucrocts mopop 310l dopMamHy NpUMepHO BOBOZ BBILle
MNOPHCTOCTH NOKPLIBAIOIIMX MX JIaB. XOpollHe YCIOBHA WIA (PUIBTPALUMH NOH3EMHBIX BOX
CO3JAITCA Ha KOHTAKTaX JaB H rHanokiacroB. Tak, B paitoHe PeiikpsiBHKA B 2-KHJIOMETpO-
BOM paspe3e THIPOTepMallbHON CHcTeMbl Peiikup, pa3Gypensoit 29 ckBakuHaMu, obmas
MouHocTh N1aB pocturaer 1000, ruamoknacroB — 900, unrpys3ust — 100 M. CxBaxuHaMu
BCKPBITO 3[eCh OKOJIO 50 KOHTaKTOB J1aB M rHatokiacToB. VI3 3Tux vacreii paspesa u 6buH
noJyry4yeHbl HaMGONbiHe pacxomsl Bomsl — B 64% cnyuae mo 20 n/c u Gonee [Tomasson
et al,, 1975]. O crenenu oO6iueA rOPU3OHTANIBHON NPOHHLAEMOCTH JIaB MOXHO CYAHTb IO
OlleHKe, NMONYUeHHOH Mg paiioHa PeiixpABHKa W paBno#t 0,035 II {Palmason, 1967]. Bep-
TMKIbHaA NPOHHIAEMOCTh Ga3abTOB AO/DKHA ObITh HHMXE, 32 HCKIIIOUEHHMEM 30H TEKTOHH-
9eCKMX Hapywlenuii. OcoGeHHO 3aTPyAHACTCA PePTHKAIBHOE NBH)XEHME NOA3EMHBIX BOJI
B TaK Ha3bIBaeMbIX APEBHHX cepbix 6a3ayipTax, TaK KaK B HHX CPe[M CJIOE€B JIaB BCTPEYa-
10TCsL BOTIOHENPOHHI[aeMbIe TOPHIOHTI THILTHTOB.

B paiione Peiikpapuka 13 Il BomoHOCHOro KoMiUleKca — Tpex FOPH3OHTOB, NPHYPOYEH-
HBIX K UDIAKOBHIM NPOCIOAM H TPELIHHOBATHIM 30HAM MeXOy CIOAMH 6a3aibToB, — OIMH-
HAOUATBI0 CKBOXKHMHAMH orkaumBanocs 330 nfc. I'myGuHa cxsawamH cocrapnsana ot 403 mo
2198 M, a ux me6urnl koneGamics ot 8,2 mo 4,9 n/c. Koaq)q)mmel-rr BOOONPOHHLIAEMOCTH
BOIOHOCHBIX TOPH30HTOB M3MeHscA or 3,5 - 1073 mo 8,8 - 107 3 Mm2c, a K03 duIpeHT 3a-
nacos — or 3,9 - 1075 no 3,2 - 107* ‘[Thorsteinsson, Eliasson, 1970] . IlpomxuaemMocts Byn-
KaHOKJIaCTOB CHH)KAeTCA B 3aBUCHMOCTH OT CTEMEeHH HX YIUIOTHEHHA M JMTHHKAlMH, T. €.
OT BO3pacTa H OT HHTEHCHBHOCTH THAPOTEPMATbHBIX H3MEHEHHIH.

B menoM ToJua 3THX MOPOH XapaKTEepH3yeTcA CIOXHBIMH YCIIOBHAMH LUHPKYIAIMH NOM-
3¢MHBIX BoA. B opmmx ciyuasx Hachlmaiomme 3Ty TONIY BOAbI Ge3HamopHbI, B APYTHX —
o6napaloT Hamopamu. MeHsAeTCA TaKXe M XapaxTep LUMPKY/ALMH BOA. B oTmensHBIX rOpH-
30HTaxX HX ABHXKeHHe MPOMCXOMMT IO TPEelMHAM, HO B Ipejesax pacCMaTpHBaeMOro BOfO-
HOCHOr0 KOMIUIEKCa MpeoGiafaeT WIacToBO-IOPOBAsA WMPKYJIALHNA.

IV BOMOHOCHEBIH KOMIUIEKC MPHYPOYEH K MHOLCH-HIKHEIUTHOIEHOBBIM ILTaT06a3a/1bTaM.
IOna 3THX TONMII XapaKTepHA MMacTOBO-TPCIMHHAA ¥ TPEIHHHO-KWIIbHAA UMPKYJIAIHNA
Nof3eMHBIX Bof,. MX ropu3oHTaNbHAA GWIBTPALMOHHAA CIOCOGHOCTh ONMpeNeNsAeTIcA B OCHOB-
HOM MPOHMIAEMBIMH KOHTAKTaMH MEXIY JIABOBBIMHM NOTOKAMH, BEpXHHE H HWXXHHE YacTH
KOTOphIX OOBIMHO BechbMa MNOPHCTbI, HAIMYHEM BYJIKaHOr€HHO-OCAJIOUHBIX ' TOPH3OHTOB H
HrHUMOpHTOB, TydOBBIX NPOCTOEB M pexe cHuoB. 03ddUuMEHT BORONPOBOIMMOCTH
konebnerca or 2 - 1072 mo 20 - 107 m*/c [Amason, 1976] . Bogoynopamu cryxar Gonee
MOHOJIMTHBIE UYACTH JIaBOBBIX NOTOKOB, a TakXe CJaGompoHMLaeMble 30HbI, oGpa3yloume-
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Ci Ha KOHTAKTe MOJIOABIX M CTapbIX JIaBOBBIX NMOTOKOB NpH OIUIABJICHHHM YacTH MYCTQT H
CHeKaHMH B LUIAKOBYI0O KOPKY KPOBJIH MONCTHIAIOIIMX PBIXJIBIX OTioXeHWit. Ilyramu Rep-
THKAJIbHO# MMIpalMH ABIAIOTCA [NIaBHBIM OGpPa3’oM. MPOHULaEMbIe 30HBI Pa3lIOMOB U KOH-
TaKThl ¢ [aiikaMH, a TAKXe TPEMHbl cTon6uartod ormenpHocTH GazanbroB. B menom mpo-
HUKHOBeHHe CBOGOMMBIX IOA3EMHBIX BOI B ITyGp 6a3ansroBOoro MOKPOBa He IpEBBIIAeT,
no muenmio I'. Boppapccona [Bodvarsson, 1961], 2—3 km. [loBbieHHO# 0GBOTHEHHOCTHEO
XapaKTepU3YIOTCA 3aXOpPOHEHHble B 5a3anbTOBBIX TOJNAX Tejla HECHTPAIbHBIX BYIIKAHOB.
Bruio noncurano [Fridleifsson, 1976], uTo B TakOM OrpOMHOM LEHTPAIBHOM BYJIKaHe,
Kak BynkaH Bpeiimnanyp, o6vemoM 400 kM, conepimrca oxono 40 km® mycroT. Ilomo6-
HBIX BYJIKAHOB B pa3pe3e MHOLEH-HIDKHE IUTHOLEHOBBIX TOJIL 06HapyxeHo yxe 40.

IMomumo mnorpeGeHHBIX BYJIKAHHYECKHX MOCTPOEK, CIelHPUYECKHMMH T'MIpOreoyiorH-
YeCKHMH YCJIOBHAMH B 3TOM KOMIUIEKCE XapaKTepH3YIOTCA 30HbI TeKTOHHYECKHX Hapy-
meHuii. Ha Takux yyacTkax yclOBHA IMPKYNAUMH MOJ3€MHBIX BOH, CYILIECTBEHHO MEHAIOT-
cA. 30HBI pa3’fpOONEHHbIX MOPOL HIPalT PO PErHOHAIBHBIX JIPeH [UIA “BOA ITy6oKMX
TFOPH30HTOB, a NPH ONaronpHATHBIX YCIIOBHAX B HUX MOTYT TaK)Xe MOCTYNaTh TPYHTOBBIE H
MOBEPXHOCTHble Bombl. Kak mpaBWio, ¢ 3TMMH 30HAMH CBA3aHO CYLIECTBOBaHHME BBICOKO-
TEMITEPaTYPHBIX TPELUMHHO-)XHITBHBIX BONOHANOPHBIX CHCTEM.

Pa3rpy3ka XONOAHBIX rPYHTOBBIX BOJ, MPOMCXOOHT OGBIMHO BHOJIb KOHTAKTOB JIABOBBIX
MOTOKOB, HA CKJIOHAX M B TalbBerax OOJMH H B NpHMopckux GeperoBbix. o6pemax. I u I1
BOJIOHOCHbIE KOMILIEKChI, CO/EpXKalMe T'PYHTOBBIE BOMbI, HPEHHPYIOTCA MECTHOH pDEeUHOM
ceTbio M o3epamu. JIeGUTHI OTAENIBHBIX HCTOYHHKOB COCTABNAIOT NECATKH, a HHOTOA H GOMb-
i€ IMTPOB B CEKYHAY.

MNopsemusie Bope! rimyGoxoit mupkynamm III u [V BOXOHOCHBIX KOMIUIEKCOB pasrpy-
XalTCA OOBMHO MO 30HaM pPa3JIOMOB M HaeK Kaxk Ha JHEBHO#l MOBEPXHOCTH, TaK, NMO-BHOM-
MOMY,H Ha OKEaHWYeCKOM [He B NpPHIEralomiX K OCTPOBY yyacTKax weibda. O npoHMKHO-
BEHHM “MAaTepHKOBLIX™ BOA, B 30HY Mieibha CBHOETENbCTBYIOT Pe3yJIbTaThli HCCIICHOBAHMIl
H30TONMHOTO COCTaBa BOAOPONA B BOMAAX, BCKPBITBIX CKBa¥MHOH Ha rny6ude 900 M Ha
o. Xeitmasit, B 17 kM or Geperos Hcmaumuu [Arnason, Tomasson, 1970; Arnason,
1976].

Pacxofp! TEpMATBHBIX HCTOUHMKOB M3MEHAIOTCA OT HECKOJNBKHX [0 [ECATKOB H Jaxe
COTeH JIMTPOB B CeKyHOy. Tak, LIMPOKO M3BeCTHbI HCTOUYHMKH JleiinmapTyHra ¢ o6umm pac-
XomoM kuIistiueit Boapt 250 ni/c [Barth, 1950].

Ibe3oMeTpHUECKHIl YPOBEHb BOJ, IMyGOKO# UMPKYJAUMH OOBIMHO JIEKHT BbILIE NOBEpPX-
HOCTH 3eMJM, HO NPM MHTEHCHBHOM HX 3KCIUIyaTaUMM 3HauMTeNIbHO manaer. Tak, B paiioHe
PelikbABMKa B pe3ynbTaTe 12-meTHeH I3KCIUTyaTallid TepMalbHbIX BOJ, DPa3rpyXaBIIMXCS
30ech Ha NOBEPXHOCTH, X YPOBEHb ynaJ Ha 66,8 M.

Be/muMHa NOA3€MHOTO CTOKAa MEHAETCA MO IUIOMIAIM, OTPaXKaA OCOGEHHOCTH reoNiorH-
YeCKOro CTPOEHHA M KJIMMAaTHUeCKHE YCJIOBHMA ocTpoBa. K 30He akTHBHOrO BOmOOG6MeHa
MOJTHOCTHIO TPHYPOYEHB! BOHOHOCHBIE KOMIUIEKCHI PBIXJIBIX BYJIKAHO-TEPPHIeHHBIX OT-
noxennis (I) ¥ ronoueHoBbIX JaBoBbIx MoKpoBoB (II), a Takke BepXHHe BONOHOCHBIE IO-
PH3OHTBl BePXHEIUTHOLEH-IUICHCTOLEHOBOM TomuK BynkaHowitactoB H naB  (IIT) u Muones-
HIDKHEIUTHOLIEHOBBIX M1aTo6a3anbroB (IV). 3Ta 30Ha XapaKTepH3yeTcA MHTEHCHBHOi 1Mp-
xymauuein (100 — > 1000 M/roa) ¥ HENMOCTOAHHBIM PEXHMOM I'PYHTOBBIX BOJ, CBA3ZHHBIX
¢ KJMMAaTHYECKHMH BapHalMAMHM peXHMMa NMOBEPXHOCTHhIX Bof. K cpenmHeil 30He 3aMefyicH-
Horo BogooGMeHa (1—100 M/rox) Moryr GbITh OTHECEHBI HANOPHbIE CHCTEMBI TPEILMHHBIX
BOMI, HAXOJAIMXCA B BEPXHUX YaCTAX pa3pe3a CTPYKTY PHbIX JENPECcCHH, CTIOXKEHHBIX MHOLICH-
HIDKHEIDIHOLIEHOBBIMA 6a3aibTaMM, a TaKXe BOIbI B OCHOBHOM IUIaCTOBO-TIOPOBOMH IMpKYJIA-
IMH, 3aKJII0OYEHHbIE B TONIIE BePXHEIUIMOLEH-NIIEACTONEHOBLIX ByNKaHOKNAacToB. HukHas
THAPOAMHAMHYECKAA 30Ha OTIMYAETCA paclpOCTPAHEHMEM OTHOCHTEJIBHO 3aCTOHHBIX BOf,
OBMOXKEHHE KOTOPBIX B YCIIOBHAX OGBIMHOTO TeOTEPMHYECKOrO PeXHMa YPE3BBIYAHHO 3a-
MemieHo (< 1 M/roa) H oCyLIeCTBAETCA, NO-BHOMMOMY, 3a cuer mHbGy3nn {Manyxun,
1977]. K 3101 30He OTHOCATCA TPEIIMHHbIE BOMBI, 3aKJTIOYCHHBIC B HHXXHHMX CMOSX TOJILIM
m1aTo6a3aIbTOB B MECTaX €€ NOrPY>KEHHOTO 3aJIEraHu .

HccnenoBanusa KOHLUEHTpAaUMil AeiTepHA B MOA3EMHBIX BOZAaX H aTMOCGHEPHBIX OCaKax
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[Amason, Tomasson, 1970; Arnason, 1976] noka3sbiBaloT, YTO pacCTOfiHHE MeXny OG-
JIACTAMM MMMTAHMA H PasTPysKH BOX 30HBI AKTHBHOTO BOOOOOGMEHa COCTaBJIACT OOBIYHO He-
CKOIIbKO, WA BOH 30HBEI 3aMeIJICHHOro BOTOOOMeHa — MeCATKH, 2 JIA OTHOCHTENHHO 3a-
croitHbix Bop, — cBbiie 100 xm. IpomomimTensHoCcTh BomooGMeHa B BepXHeH I'MApOAHMHa-
MHYECKOH 30He OT HeCKONbKHX OHed mo 1-—3 net, B cpenHeil 30He — HECKOJIBKO HNECATKOB
JIeT, @ B HYDKHEH 30He — HCYMCIIAETCA THICAYECIIETHAMH.

TMon3eMHRI XUMHYECKHH CTOK H €r0 TeoJIOrHYecKoe 3HaYeHHe

Ha reppuropmu Ucnanmu ssigensiorca [KonoHos, 1978] TpH xpynHble rHEporeosorn-
yeckHe cTpykTyphi: Cepepo-3amammei  (C—I/8N?) u Bocrownsrit (C—II/AN3*3) rupporeo-
JIOTMYECKHE MAaCCHBBI MM OLEH-HIDKHEIUTMOLEHOBBIX [UIaTO033a/IbTOB M HAJIOKEHHDIH BepXHe-
ITMOLEeH-YeTBepTHUHbL Bynkanuueckuit cynepGacceitn (D—III/N, —Q,4), a BHYTpH HMX —
BOJIOHOCHBIE CTPYKTYPhl HH3LMX MOpAAKOB.OGIacTAMH MMTaHUA CITy>aT HauGoslee NpUNoa- -
HATbIEe YacTM penbeda, MeCTaMH yBeHuYaHHble JefHUKamHM. OOliee HBHXKeHME MON3EMHBIX
BOJI HaMpaBJICHO CHayaJia K KEHTPaIbHOM YacTH OCTPOBa, a 3aTteM mo CpenuHHO-WUcnanacko-
My rpabeHy k noGepexspio JlemOBHTOro H AT/IAHTHUECKOro OKeaHoB (pHc. 6). Bemnuuna
MOMA3EMHOTO CTOKa MEHAETCA MO IUIOIIA/M, OTpaXas OCOGEHHOCTH I'eOJIOTHYECKOTo CTIpoe-
HMA M KIIHMAaTHYeCKHe YCIIOBHA ocTpoBa. B BocrouHoM u CeBepo-3amagHoM rUOpOreosyoru-
YeCKMX MacCHBaX, a TaK)e B NPUNOAHATON 30He Xpennap, pa3fensiolleli aKTUBHbIE BETBH
CpenMHHOM 30HBI, 3HaUeHUs MOMYJIA MOA3EMHOTO CTOKa He MpeBbILUaloT 5 j1/c - kM*. B npe-
Oenax  HWTOXEHHOTO HEOBYIIKAHMYeCKOro cymepbaccefiHa OHM CYILIECTBEHHO Bbllle
(1020 n/c - kM?).

HupkymHpys B BEepXHHX TOPM30HTaX 3eMHO#l KOpBI, NOM3eMHBbIEC BOMbI 0GOramanTca
BBIIIENIOYEHHBIMH U3 MOPOM, MMHEPAJIbHBIMH KOMIIOHEHTAMM M B KOHEYHOM CYETE BBIHOCAT
Hx B okeaH. B 3Toif “xuMuueckol HeHyHmauMH” 3eMHOW KOpbI INIaBHYI0 POITb HIPalT BOMbI
30HBI AKTHBHOTO BOJ006MeHa. Macchl pacTBOpeHHOro B HMX BelIECTBA IpelCTaBiIAT coboit
TaK Ha3bIBaeMbIH MOM3EMHbIA XMMHUECKHit CTOK. McXoOsA M3 MPHHUMINA COOTBETCTBHA XHMU-
YeCKOr0 COCTaBa 3THX BOJ CONEHOCTH MaJIbIX pek B MexeHb [Makapenko, 1950; 3Bepes
u gp., 1974], B Henanmm Hamu 6bU10 ONMpOGOBAHO B JIETHUH NMEPHOM H OCEHHION MeXeHb
1970—1973 u 1976 rr. cBbilie 40 MpecHBIX HCTOYHMKOB, O3¢p U MAJIBIX peK B Pa3HbIX paii-
OHax ocTpoBa. Kpome Toro, yuHTHIBa/MCh OaHHBbIE PEKMMHBIX HaOIIONEHHHR 332 XHMHYECKHM
COCTABOM HEKOTOPHIX peK. B Hrore 6pUIO yCTAHOBJICHO, YTO MHHEPATU3AUMA XOJNOTHBIX
IpecHbIX BOX COCTaBJAeT 37ech 06biuHO 50—150 mr/n. Cpeny aHHOHOB MOYTH BCIOAY Npe-
o6mapgatlor HCO3 (20—70 mr/n), a cpemu xamnoHoB — Na* (1—24 mr/n) uCa®* (3—24 mr/n).
MMocnenymit npepaymMpyer Hal APYTMMH KaTHOHAMM B [IOBEPXHOCTHBIX M GIIM3M0BEPXHOCTHBIX
BOJIaX, 06pa3ylouMXCA NMpH TagHMH JIbOa U cHera. [Ipu pacuere MHHEpaM3alMH BOMBI YYHTbI-
Baliocs 0Olee KOMMYECTBO IMOPOKapOOHATHOTO MOHA, a TAK)Ke BBOOWIACH IOMpaBKa Ha
yMeHbllieHue oOlleii MUHepaM3alHH B 3UMHIOI MeXeHb. AHaNMH3 PeXXMMHBIX HabniomeHHi,
MPOBEeNEHHbIX HWCIAHACKMMM TMOPOJIOTaMH B I0T0-3allaflHOH YacTH OCTPOBa, CBHAETENbCIBY-
€T O TOM, \TO BelMuMHa o6lueil MUHepaIM3aUWH MpPECHBIX BOM B JICTHHI NEPHOJ, BBIllle Ha
20—25 mr/n, wem B 3uMHMIl [Armannsson et al., 1973].

BanaHc XMMHMYeCKOTrOo CTOKa B rofi Ha TeppHTopuH HWcnaHpum mnokasbiBaeT, 4YTO M3
17,85 MIH. T pacTBOPEHHBIX BELIECTB, YYaCTBYIOIUMX B OGIIEM CTOKe, ¢ arMoc¢hepHBIMH
ocankaMu nocrymnaer 0,3 MIH. T coJieil, MIOO3¢MHBIM CTOKOM BBIHOCHICA 2,45 MIIH. TH Ha
OO0 OBEPXHOCTHOrO CTOKa npuxoaurca 15,1 muH. T (Tabn. 21).

HaunGonee monmHoe npemcraBneHMe O TeOJNOTHYECKOH HEATENIbHOCTH IIO/3€MHBIX BOA, H
MPOCTPAaHCTBEHHBIX BapHalAX MOA3eMHOT0 XHMHYECKOrO CTOKa JIaeT €ro MofdyJjb, Bbipa-
XaeMblit B r/c * kM?. Ha pHC. 6 rpaHMIBI 30H NPEACTABIAIT COGON M3OIMHMA MOILYIIA MOA-
3eMHOr0 XMMHMYECKOIO CTOKAa, HOCTPOSHHBIE NMyTeM NPHOIIMKEHHON HHTEPNOJIALMM ero 3Ha-
YeHWH MeXy OTHENbHBIMH TOUKAMH C YYETOM TpPaHMIl TMIPOTEOJIOTHYECKHX CTPYKTYp,
penbedpa M MONOXKEHNA JIENHUKOB. BUIHO, YTO B BENMHYHHAX MOMI36MHOTO XHMHYECKOI'0O CTOKA
Npexcie Bcero OTPaXKaeTCA TeoJIOTMYECKOe CTpoeHHe ocTpoBa. HanbomnbsumMMH 3HaYeHHAMH
MofyJieil MOJ3eMHOro XHMMYECKOTO CTOKA XapaKTepH3yeTCs HAJIOKEHHbI HEOBYIIKaHHue-
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ckuit cynepbacceiin Cpenunnoit 3onn1 (0,75 — > 1,5 r/c KM? ), HAUMEHBILMMH — CeBepo-
3amagubiii . BocrouHblit IMApPOreoNorMHuecKHe MAacCHMBbl, a Takxe 30Ha Xpemmap (0,25—
0,5 r/fc - kM?). B HeNOM NPOCNENMBaeTCA ONpENENeHHaA CBA3b MEXIY BO3PACTOM CJIaraio-
IMX OCTPOB MOPON M MOAYJEM TNOA3EMHOrO XHMMYECKOrO CTOKAa — MOCIIeIHHH MEHbLIe
B bolee MPOMBITHIX ApeBHUX CTPYKTypax. HauGonee BbicokHe 3HaueHUA MOAYJA NOA3EMHO-
ro XHMHYECKOro CTOKa NpUYpOUeHbl K OBJIacTAM [peHNpOBaHMsA, OHH YBEJHUMBAIOTCA TaKKe
C pocToM abCOMITHBIX OTMETOK M BOJM3H JeAHMKOB, TAC BBINMAHAeT MAKCHMANbHOE KO-
JHYECTBO OCA[KOB, NMPOMCXOMMT TaAHME JIbJA H OTMEYaeTcs BBICOKAasA HOpMa CToka. B 1o
e BpeMA B 30HaX, HEMOCPEOCTBEHHO OKAMMIIAIONIMX JICHMKH, BeJIMYMHA MON3EMHOTO XH-
MHYECKOr0 CTOKAa HECKOJIBKO HIDKE, YeM Ha HEKOTOPOM YHAJieHHM OT HMX, a JaHHBIE O €rO
3HaYEHHAX IOJ JIETHUKAMK OTCYTCTBYIOT. BepoATHO, OHHM 3MleCh TaK ke Malbl, KaK H B paio-
Hax Pa3BHTHA MHOroJIeTHei MepanoTsi Ha Tepputopuu CCCP. JImme Ha yyacTkax mopJien-
HOM FHOPOTEPMAJIBHOK WM BYJIKaHWYECKOH aKTHBHOCTH BO3MOXHbBI aHOMQJIMH C MOBBILIEH-
HBIMH 3HAYECHWAMH MOZYJIA NOA3€MHOTO XHMHYECKOrO CTOKA.

B pesynbTaTe HempepbIBHON OEATENBHOCTH MOA3eMHEBIX BOJ, 32 BCe BPEMA CYIIECTBOBAHUA
Ucnaupgan U3 GasanbTOBBIX NOPOJ, CIAraloiMX BepXHHE CJIOH ee TeoJIOTHYeCKOro paspesa,
[oIkHO GbUTO GbiTh BBIHECEHO B OkeaH He MeHee 1,7 - 10'? T pactBopeHHbIX BewecTs. Bbl-
1IelayMBaHHEe PACTBOPHMBIX BEILECTB H 3JIEMEHTOB IPOMCXOAWIO BHONb TPEIMH H NOp
6a3aIbTOBBIX TOMWL, TydOBHIX CJI0EB H KOMIUVIEKCOB THasioxaacToB. IIpy 3TOM B mEpBYI0
ouepenpb BBHIINECNAYHBAMCh IMAPOTEPMATBHO HM3MeHeHHble nopoabl. [loa Bo3peiictBueM mon-
36EMHOr0 XMMMYECKOr0 CTOKa NOpOAbI [ODKHBI GBUIH B KaKoOH-TO Mepe pa3yIUIOTHATHCA
H NOOrOTaBJMBATLCA K NOcChenylouieMy ¢du3mueckoMy BbIBeTpHBaHHMIO. MOXHO YyQIOBHO
MePecYHTaTh BCIO CYMMY BbIHECEHHBIX B OKEaH 33 CYET NOA3EMHOr0 XHMHYECKOTO CTOKa
MHHEpPAIbHBIX BeHIECTB B CNIOH ¢ IUIOTHOCThIO Gasambra (2,8 r/CM3), HMCXOAA M3 COOTHO-
wenua h= (Q - 7)/(n-S), roe h — MOWIHOCTD CNOA, M, § — TMOA3EMHBIH XUMHYECKH CTOK
32 BBIYETOM €ro arMochepHOH COCTABIIAIOIICH, T, T — BpeMs BO3EHCTBHA NMON3EMHOTO
CTOKa Ha BMeEILAIOLME MOPOMbl, JIET, 1) — IIOTHOCTH C1Os, S — IVIOLIaJlh PaCCMaTPHBaeMOH
30HDI, KM?.

MOIHOCTD TAKOTO CIOA, “yHaieHHOro” MOA3eMHBIM XHMHYECKHM CTOKOM, B CeBepo-
3anamHOM TrHOpPOreOJIOTHYECKOM MaccuBe (7 = 16 MuH. net) okasbiBaercA pasHoit 100,
B BoctouHoM (7 = 12 MiH. nteT) — 72, a B HATO)KEHHOM HEOBYJIKaHHYeCKOM cyniepbacceitHe
CpemnHO# 30HBI (7 = 2 MuH. Jiet) — 17 M. Ecnu ke HCXOOMTD M3 BeJIMVMH O0IEro XUMM-
YeCKOr0 CTOKa, a He TONbKO MOA3EeMHOro, T0 3TH 1HdpHI cnefyer ysenuunts B 7 pas. Cre-
OyeT MMeTb B BHAY, UTO majeokymMmar Vcnawnum B uenom GbuUl Tertee TenepelrHero (Jem-
HHKH MOKPBHIBAJIM OCTPOB JIMLIL B YETBEPTHYHOM IEPHOME, H MO3TOMY B IPOLUIOM HHTEHCHB-
HOCTh MO/I36MHOTO XMMHMUYECKOrOo CTOKAa H CBA3aHHOTO C HHM MpoLecca AeHyJauuy Nopof
momkHa Gbuta ObiTh eine Boiile. Ho M B COBPEMEHHBIX KIIMMATHYECKHX YCIIOBHAX OCPEIHEH-
HbA mo Bceit wiowam Ucnanmun 3¢dext XMMHUeckoil IeHyTIAanMH MOBEPXHOCTH BbIpaXKaeT-
Cf BeTIMUMHOM nmopanka 1 ¢cm/1000 ner.

Ynanenue Takoro KONMYeCTBa BEILECTBA IKBHBAJICHTHO MO Macce HCUYE3HOBEHHWIO JIETHM-
KOBOro MOKpOBa MOWIHOCTBIO 1-2.4 KM, 4TO HOIDKHO GbUTO Gbl HAaliTH COOTBETCTBYIOLIEE

e—_

Puc. 6. Cxemaruyeckas ruporeosyiormueckan kapra Henangumu

1-5 — penuuuna Mopmyns NMOMA3EMHOTO CTOKa, nf¢ - kxM2: ] — < 5,2 -5-7,5,3 - 7,5-10, 4 — 10-20,
5 — > 20; 6 — H3OAMHMK MOAYJISl NOA3EMHOrO CTOKAa; / — MYHKTHI ONpe/eSeHHA MOAY/A MOA3eMHOTr0
croka {Rist, 1956];8 — xonbuenbie aenpeccun. M'maporeonornyeckne CTpyKTyphl NepBoro nopanpka: I —
CeBepo-3anaaMblit THAporeosornyeckuii Maccus, Il — BocTouHbni ruaporeonormdeckuit maccus; III —
Hanoxennstin (N, —Q,) Bynkanmveckmit cynepGacceith CpenmuHON 30HBI. 'MaporeosormdecKue paioHbI:
Ia — n-o» CHaltdbemincHe: ¢ HANOKEHHBIM B YIKaHHYECKHM BaccefiHoM, 16 — rugporeonoruyeckKuii MacCHs
CeBepo-3anagHoro nonyocrposa, I8 — rugporeonorudeckuit Maccu CepepHoit Mcnaupun, 111a — cepepuan
YACTh HAIOKEHHOTO CyrepSacceiiHa, BKNovalomwian ocepyo dacts (II1a,) u kpouiba Saccedina (1lla,, Illa,),
1116 — 10’Han YaCTh HAIOXKEHHOTO CynepbacceiiHa, BIJIIOYAIOWIAA [BE aKTUBHBIC BETBH CpeHHHOI 30HBI —
BocTouHyio (I116,) u 3anamuyw (I116,) ocepbie yacTH, KpbUibeBhle 30HbI -Gaccetina (I1IG,, 1116,) u 3omy
Xpennap (I116,). CTpenkaMu NOKa3aHO HalpaBJIeHHe ABHKEHNA MOA3EMHBIX BOJ,
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Tab6bnuua 21
TMopa3eMubiii XHMHYeCKHH CTOK Ha TeppuTopus Hcnanaun, 1/rop - 10°

- Moy b NoOA3eMHOro
anb, HMog3emMmbiit . +2 +2
Peruon E,l:lgm » crok, km? /ron :/"c"f":::zxom croka,| Ca Mg
1. CeBepo-3anaansiit rumporeo- 31206 73,1 0,65 41,4 21,1
JIOrHYecKHit MacCcHB
1 a. llonyocrpos CHaftdbemn- 1777 6,7 1,01 44 2,4
CHeC
1 6. CeBepo-3anagHslif mony- 16177 35,1 0,53 17,0 9,0
OCTpOB
I B. CeBepHan Ucnaumus 13252 31,3 0,74 20,0 9,7
II. BocTOuHRIt THAPOTe0NIOTH- 10327 16,9 0,46 10,6 2,9
Yeckuit MaccHB
1II. Bynkannveckuit cynep6ac- 61466 183,6 0,86 111,7 51,2
ceitH CpeHHHOM 30HBI
111 a. CeBepHas yacThb 20856 599 0,9 38,3 17,7
111 6. 0xHan yacTs
3anagHas BeTBb 21756 65,9 0,68 29,0 11,2
Bocrounasn BeTBB 18854 57,7 1,02 444 22,4

BbIpaXKEHHE B HM30CTATHYECKHX JBIDKEHHAX Kopbl Mcnawmm. H3BectHO, uTOo B KpaeBbIX
YacTAX OCTPOBa, Tfie I3TOT “medeKT Macchl” MOIKeH Gbul GbiTh Gomnblle, TOMUM IUIATOGa-
3QIBTOB TNPHIOMHATHl OTHOCHTENIBHO BHYTPEHHMX PafiOHOB M MMelOT CNabblii Hak/IoOH K

HEHTPY.

XHMHYECKHI COCTaB THAPOTEPM

Onucanve reoxXHMHH TepMaJIbHBIX BOIO Hcnanguu BKIIOYaeT XapaKTepHCTHKY HX raso-
BOrQ, HOHHO-COJIEBOIQ (MaKPO- H MMKPOKOMIIOHCHTBI) H H30TOIIHOI'O COCTraBa.

lasoBpii cocraB rmizporepm. Ha teppuropum HcnaHgum rasoBblii COCTaB TMAPOTEPM
HMEET YETKYI0O 30HAILHOCTb, XOPOIIO COIJIACYyIOIYIOCA C TeONIOTO-CTPYKTYPHBIM PpailOHH-
pOBaHHEM OCTpoBa (puc. 7, tabn. 22). B o6nacti pa3BHTHA MMOLCH-HWKHEIUTMOLEHOBBIX
n1aTo6a3aIbTOB PacNpoCTpaHeHbl a30THbie TepMmbl. K 30He m-oBa CHaiidemnscuec ¢ yracato-
e BYNKaHWYECKOH HEsTeNIBHOCTHIO IPHYPOYEHBI YTJIEKHCHbie BOAbL. B obGnmactax moro-
JIOUEHOBOH BYJIKaHMYEeCKOH aKTHBHOCTH CpegMHHOW 30HbI M B HEKOTOPbIX IPHIIETAOIIHX
y4acTKaxX pasrpyXalTcA a30THO-yIJIeKHCIble TepMbl. HakoHel, B ByJIkaHHYECKH aKTHBHBIX
vacTax CpenMHHOI 30HBI B Fa30BOM COCTaBe NApOBOAAHBIX CTPY# B 3HAUMTEJIBHOM, a HHOTAA
TOCIOACTBYIOLIEM KOJIMYeCTBE NPUCYTCTBYET CBOGOOHBIA BOMOPOH, BBIHOC KOTOPOTrO B
atMocdepy TONBKO Ha OHOM MecTopoxaenun Haymappamm nocturaer 1000 M /cyt. “Bopo-
POOHBIR” (YITIEKHCIIO-BOAOPONHDI) THII TepManbHbIX (IIIOMIOB, XapaKTEepHbIi, IO HALIEMY
MHEHHIO, U1 THAPOTEPMAIIbHON aKTMBHOCTH B CHCTEMe CPeIMHHO-OKEaHHYeCKHX XpebToB,
ABNIAETCA APKOH OCODEHHOCTHI0 ra3oBoi 3oHanbHOCcTH Mcnmanmuu. OcrajsibHble KOMIIOHEHTBI
ra3oBoro cocrasa 3roro tuma TepM H, S u CO,, B MajibIx KONMHYECTBAX NMPUCYTCTBYIOT TAKXKe
a30T, MHepTHbIe rasel U MeraH. IlocieqHHil MMEHHO B BOOOPOAHOM THIIE TepM HaleH B’
Hcnanpuu B HanboNMbIMX KOJMYECTBaX, MOCTUTAIOIIKX B ABYX mpobax M3 paHoHa XeHrHIib
4,2 u 10,8% 06. Ho, kax npaBusno, B Bogopoausix TepMmax Ucnanguu conepskanne CH, MHOTO
Menblle 1% 06. B 11 BbeIGOpOuUHBIX Mpo6ax pa3HBIX THUMNOB CMAPOTEPM HCCIENOBAIOCH CO-
Oep>KaHMe TsOKeNIbIX YTJIeBOOOpPONOB (OmpedeneHHa BBIMOJHAIMCh B Ta30XHMHYECKOH JIa-
Goparopuun MI'PU nop, pyxosonmcrBom npod. A.M. KpaBuosa). Iloutn Bo Bcex mpoGax Gsun
HalineH C, H¢ B xomtuectBax (B % 06.) mo 0,002, B rpex — C, Hy mo 0,0005, B marn — C3Hy
mo 0,0004 u B onxolt — C4H,4 mo 0,0002. He 6eirm o6Hapyskenst BoBce C3Hg, iIC4Hy o, iC3Hs,
iCsHy,,nCsHy,,CoH,ya.

['paHUUbI ra30XMMHMYECKHX 30H OOGBIYHO TOYHO COBMATAIOT C TeOJIOTHYeCKUMM, HanpuMep
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Na* k* | Hco; soi- ar- H, SiO, Cymma

84,2 4,9 271,8 23,3 90,0 103,5 640,3
8,5 0,3 19,7 5,5 8,9 6,6 56,4
46,3 1,8 99,3 53 68,0 25,5 272,1
T2 02 700 67 Xe 2% e
181,4 19,4 784,1 76,2 116,9 323,7 1664,4
57,2 49 287.8 24,0 25,6 1342 589,7
i o 3073 o %0 6079

¢ TpaHMLIaM¥ [0XHOH BETBM 30HBI TOJIOUEHOBOrO BY/IKaHM3Ma WIH BYJIKAHHYECKOH 30HBI
CHaiipenmcuec. Ho HMeroTca pacxoXXIeHMsA, H3 KOTOPBIX CaMoOe CYILIECTBEHHOE Ha ceBepe
CpemmnHO# 30HBI, B paifoHe nm-oBa TwhémHec. IIpHCYTCTBHMe a30THBIX TepM K ceBepy or Xy-
‘CAaBHKCKOTO pa3fioMa CBHIETEIbCTBYET O KAaKOW-TO TPAaHMUIIE, PacCeKalolleil CEBEPHYI0 OKO-
HeyHocTs CpemMHHOH 30HBI M OTOENAMILEH OT Hee YaCTbh, MEHEEe aKTHBHYIO B I'€OJHEpreTH-
yeckoM oTHouIeHuH. Takoe e ocrnabneHne aKTHBHOCTH, Cy[dsA MO ra3oBOMY COCTaBY TMIPO-
TepM, HMeeT MeCTO U B kokHOit HMcrmanmun. IIpHcyTcTBHe 3[ech a30THBIX TEPM MOAYEPKUBa-
eT pa306WEHHOCTD 310 BeTBH CpeMHHON 30HBI M JIEXXAILETO I00KHEE BYJIKAHHYECKOTO apXH-
nenara Bectmannadiiep, roe B rasax BynkanoB Cypreait ¥ Insademnb CHOBa JOMMHHMpPYET BO-
popon. OTcyTcTBMe “BOOOPOOHBIX” (KaK, BIpOYeM, H JII0GBIX APYTHX) TepM B 3aMalHON BETBH
cepepHee 03. THHrBagnaBaTH M BOCTOuYHee JyemHMKa XodCHEKYMIb CTaBHT MO, COMHEHHE
BO3MOXHOCTb OObeJHHEHMS TeOTePMAIBHO aKTMBHBIX PallOHOB 3TOH 30HbI B CIUIOLIHYIO
HOJIOCY, CONMPATAIOLIYIOCA ¢ BOCTOUHOM BeTBbI0 CpeIMHHOI 30HDI.

Homno-conenod#i cocraB rupporepm. XapakTepHO# ueproii momseMHbix Bof Hcmanmuu
ABJIACTCA MX HM3Kas oOlas MuHepaym3auusa. B mpecHsIX XONMOOHBIX BOJAX OHa, KaK OT-
Meyanocs, cocraBnAer 50—150 mMr/n. 3ro nMpeHMyLIECTBEHHO THAPOKAapGOHaTHbIE HaTPHeBbIe
WIH ruapokap6oHaTHble KasbliMeBble BOABI. THIMUHBIM MPHMEPOM TAKHX BOJI, pasrpyxaio-
umxcsi U3 Il BomoHOCHOro KoMIUIekca (roJIoLeHOBbIE JIaBOBbIE MOKPOBbI), MOXET CITYy>KHTb
Bofa McrouHHkoB OypaynmaxpeitH, paclojIOKeHHBIX B CE€BEPO-BOCTOYHOH aKTHBHOH BETBH
CpemiHHOI 30HBI:

HCO,79C11250,8
*! Na40Ca32Mg26

B TepMayibHBIX BOOAX COHNEP)KaHME PAaCTBOPEHHBIX BeLECTB B CpefHeM Konebimerca or
150 mo 1500 mr/n. Takoil HU3KO#K MUHEpaTH3auMel THOpoTepMbl UcnaHmny  oTiIHyaloTcA
OT TepMaJIbHBIX BOJ, OPYTUX BYJIKaHMYECKHX DAilOHOB MHMpa. JIMUb B KHCIBIX CybgaTHBIX
NOBEPXHOCTHBIX BOMAAX BBICOKOTEMIIEPATYpHbIX obnacteit oHa mocturaer 5000 mr/n. Uckmio-
YeHHEeM SBJIAIOTCA XJIOPHOHO-HaTpHeBBIle BOObl GeperoBbiX TepM I-0Ba PeiikbsAHec ¢ MuHe-
panmu3aumeit 1o 52000 Mr/7, reHe3nc KOTOPBIX GyoeT pacCMOTPEH HHKe:

Conepxanme rnapubix aHuoHoB (HCO;, CO;, SO,4, Cl) B moA3eMHBIX BOAAX TOXE TECHO
CBA3aHO C reOJIOTHYECKMMH OCOGEHHOCTAMM pa3jMUYHBIX paitoHoB Hcmanmuu (cM. puc. 7,
1a6n. 23). Kak nmpaBWio, B KOHEHCATAX €CTECTBEHHBIX IMAPOBBIX CTPYH TePMAalIbHBIX 06-

55

pH7,1; T4,5°C.



= - - B [ 15 | - le
| a)e [s]e [ajr. (&)
[ o] [ @ ]| [ @]is | @] ﬁ”

Puc. 7. Cxema ruapoxuMuieckoil 3oHamsHoCcTS Mcmanmm

1—4 - 30oum pacnpoctpanenus azothmix (1), yrneiucnmx (2), ssomo-yraexncnnix (J) u sogopon-
Hax (4) TepM; 5 — TepMONPOABIEHMA ¢ UIYICHHBIM TFa30BBIM COCTABOM; 6—9 — TEPMOMPOMBIECHUA M
XONOAMBbIC HCTOUHMKH ¢ mpeolnapanneM KapGoHaTtop M GuiapBoHATOB B cOCTaBe BOOBI K obillelt MHUBepa-
muzsunens (8 r/n) mo 0,15 (6), 0,15—-0,5 (7), 0,5—1,0(8), Gonee 1,0 (9); 10—12 — repmonpossnerma
H XOJITOIHbIe HCTOYHHMKH ¢ npeolnaganueM cybpaToB B COCTaBe BOAB M obied MuHepamu3anMeid (B r/m)
no 0,5 (10), 0,5—1,0 (11), Gonee 1,0 (12); 13—16 — TepMONpPOABIEHNA U XOJOMHBIE HCTOMHWKH C TIpe-
ofnajanMeM XJIOPHAOB B COCTaBe BOA M oOmeR MuuepatHisumenr (s r/n) mo 0,5 (I13), 0,5—1,0 (14),
1,0-5,0 (15), Gonee 5,0(16); 17 — rpauuMuRI B y/TKAHHMECKH AKTHBHBIX BeTBeil CpeMuHOi 30HbI (HA 3TOM
H apyrux pucysxax no [Palmason, Saemundsson, 1974])

]
|
Y

nacreit CpemuHHO#M 30HB1 rocnogcTByer SO, TOrna Kak B aHHOHHOM COCTaBe HX I'ITy GHHHO#
Aot ¢aspr mpeobnamalor HS™ u HCO3. Hocnenmmit npeoGnagaer B aHHOHHOM . COCTaBE
TepM 3a npenenamu CpeNMHHON 30HBI, H JMII B HEKOTOPHIX MCTOUHHKAX, HAXOMALUMXCH
nobm3ocTd or GeperoBoi JIMHMM, B COCTaBe TEPMANbHBIX BOJ, JOMHHHMDYIOLMMM aHHOHOM
CTaHOBHTCA x10p. OfHaKO THIMYHBIE I BYJIKAHHYECKHX PaHOHOB-MHp2 XJIOPHAHO-HaTPHE-
Bble TEPMBI a30THO-YTTIEKHCIOro THia B McraHAMH OTCYTCTBYIOT; 3/ech B aHHOHHOM COCTaBe
THIPOTEPM C TAKHM ra3oBBIM cocTaBoM mpeobnamaior HCO3 u CO%”. 3710 crasur nop co-
MHeHHEe MpealoJIaraeMoe HeKOTOpbiMHM HcclieioBatenamu [Hepnromu, 1963] cymecraopa-
HHe TaK Ha3bIBaeMoi rinobanbHoi riryGuHnol rufipoxsiopocdepnl. Hu3koe conepkanue xynopa
B HCIAHOCKHMX a30THO-YIJIEKHCIBIX H BOLOPOAMBIX TepMaX, O HallleMy MHEHMIO, IPOTHBO-
PEUHT PaCHPOCTPaHEHHBIM NPEACTaBJICHHAM O TOM, YTO OH ABJIACTCA THITHIHBIM KOMIIOHEHTOM
rny6uHHbIX dmonpos [UsanoB, 1960; ApcaHosa, 1974; HaGoko, 1974; Mwmnenxo, 1974,
IilepGaxos, 1975; IMammypa, 1981].

M3 npyrux aHHOHOB B COCTaBe TepMaTbHBIX BOJ, HHOTZa MosABNAerca ¢rop (mo 16 mr/n),
YTO yKa3bIBaeT Ha MPHCYTCTBHE MarMaTHYeCKHX TeJl KHCIOro COCTaBa.

B KaTHOHHOM COCTaBe TepMaJIbHBIX BOf, 30HATLHOCTH He oTMeuaerca. OGbMMHO cpemu
KatHoHoB gomuumpyer Na* . Copmepxanme K* u Mg** yperMumBaercA B KOHIEHCaTax mapo-
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Ta6bnuua 22
Cocras razos ruaporepm Henannnn, % 06. [ Apnopceon u ap., 1974; ¢ nononsennamu abropa] -

;‘::L"m”' HcTownnku H,S co, CH, H, N, Ar
N, — 0,1-0,8 0-1,0 0-0,01 97-98 1-2,4
Bapmaxnun - -~ - - 98,0 2,0
Treoypcaymnest - 0,21 0,35 0,0004 97,72 1,68
co, XonogHusie - 93-99 0,16-0,2 <0,001 1,7 0,03-0,06
PeitDaMenbcenbkens — 99,0 - - 1,0 -
na
TepmansHblie - 88-95 - 0,005 5-10 0,7
Jncyxomnb - 93,0 - - 6,0 -
N, -CO, C npeoGnananuem N, - 2-13,0 <03 - 85-96 ~2
PefikxonnT - 13,1 0,27 - 85,0 2,3
Aypxsep - 11,6 0,15 - 85,9 2,3
C npeoGnanannem CO, - 40-70 - 0,01 30-50 0,7
Bonsinoit Ieitsep - 77 - - 21,0 -
H, KoHaeHcaT ecTecTBeH- 2,6-22,5 40-90 0-11,0 2-64 1,5-2 0,016-0,6
HBIX NMApOBBIX CTPYil
Haymadwamb S5 - 45 1 -
XBépapeHn
I'ny6uHHas »xuaKasa
dasa
Haymadpbamns, 24,1 314 2,5 32,8 8,7 -
CKB. 3
TepmansHslit Mopckoit 0,45 93,6 <0,02 0,75 4,52 0,12

paccon Peftknsanec

ra3oBBIX CIpyit BOJOPO/IHOTO THIIa, OTMEYAA YYaCTKH Pasrpy3KH ¢dmonpa ¢ HauGonee BbI-
COKOIi TeMInepary poi.

OtnyunTeNbHAA 0COGEHHOCTh HCIIaHACKMX TEPM BCEX THIIOB — OY€Hb BBHICOKOE COfiep)KaHHe
Kpemue3deMa (1o 1000 mr/m).

KHCIOTHOCTHHIIENIOYHOCTS H OKHCIIHTENIhHO-BOCCTAHOBHTEIIbHbIE YCJIOBHA TepMallbHBIX
Boz. JUia MCIIaHACKHX TePMAbHBIX BOJ, XapaKTepHO Bhicokoe 3Hayenne pH 8—10 (npu 20°C).
3HauMTeNBHO pexe ruaporepmsl umewotr pH 6—7, u yMiIe Ha $yMapONBHBIX NOJIAX BCTpeua-
10TcA 6onee kucnble KOHACHCaThl. KoHmeHcaThl BIAXHOTO mapa GypoBBIX CKBAOXHMH B 00-
JIACTAX PacnpoCTpaHeHHA BOAOPOMHBIX TepM HMeloT pH okono 7—8 (mpu ecTecTBeHHO# TeM-
nepatype Ha Bbixofe). Takaa BemwunHa pH B ocHOBHOM 00yCIiOBNeHa HOHH3aLMel pacTBO-
pernbix H; S 1 CO, u B MeHblueii cTeneHu kpemHe3ema. IIpH BBICOKHMX TeMIiepaTypax HH-
TEHCHBHOE BbIlL[eJIAYHBAHHE Cepbl H yTJIEpOda M3 MOpOJ MPHMBOOMTI K CO3JaHMIO B BOJax
OCTaTOYHO BhICOKHX koHuUeHTpauuit H, S u CO, H B MeHbllIeH CTENIeHM KpeMHe3eMa, XOTA
BO3MOXHO, YTO YacThb HX HMeeT IOBEHWIbHOE MpoucxoxueHue. [lpeanonaraerca [ApHopccoH
u np. 1974), uro BbicokHe 3HaueHusa pH, xapaxTepHble M MCNAHACKHX TepM (0COGEHHO
a30THbIX), BBI3BAHBI PEAKLHAMM HOHHOTO OOMeHa, CONPOBOXNAIOUIMMHCA PACTBOPEHHEM
KpPEeMHe3eMa BYJIKAHMYECKOTO CTEKJIa H H3MEHEHMEM MAarHMeBbIX CHJIMKAaTOB, TaKHX, Kak
OJIMBHH H THPOKCEH.

IlpenpapurenbHble HcoTemoBanua [Arnorsson, 1969] ykassBaloT Ha TO, YTO OKHCIIMTEINb-
HO-BOCCTaHOBHTENIbHDI MOTEHIMAN TEPMAJIBHBIX BOJ, KOHTPOJHMPYETICA PAaBHOBECHEM MEXMY
cynbpHIOM H 3neMeHTapHO#H cepoit. Ecim cympdun TIPUCYTCTBYET B HEIHAUMTENLHBIX KO-
JIMYECTBAX, YTO OGBIYHO HMeeT MeCTO B BOJAX C HeBBICOKOH Temmeparypoit (mxe 70°C),
TO 3TOT MOTEHIMAN MOXeET HCIBITHIBATh BIIMAHKE aTMOCHEPHOrO KHCIOPOIa, COAEPXKAILEerocs

57



Ta6bnuua 23
Xumuyeckuit cocraB ruaporepm Hemanauu, mr/n [Apropccon u ap., 1974; Komuouos, lNoaak, 1977;
Amorsson, 1979]

pere | erommanewewues | 1°,¢ | pH | Enopw2s°C| Mwr/m | HCO; | coi-
N, <Tgeun 7,4-10,3 -0,15++0,16 146-—1080 1,6-39,8 0,2-41,1
Bapmaxiing 87 9,56 +0,08 370,5 25,5 6,4
Twoypcaynént 71 8,0 601,9 6,3 15,9
Co, XononHsie ~7 53,5-2,484 21,9- 258,3
988,2
Peitnamenscens: 1. 53,4 21,9 -
Kenbia )
TepMmaibHile ~40 1882,0 1037,0 84,0
JIncyxomns 35 8,15
N,~CO, C npeoGnapanneM  <Tyyun 9-10 -0,11+ 222-726 6,5-528 0,8-48,6
N, +-0,04
PefikX0nsT Kun. 9,63 -0,04 458,2 18,3 1,8
Aypxsep Kumn. 9,3 391,7 13,4 22,5
C npeoGnapannem  Kum. 9-10 339-1247 24-2074
Co,
. Bonpuoit Teisep 85—kun. 9,2 -0,06 13709 207,4 26,4
H, KoHgneHcar ecre- Kun s 74-1006,0 0-2,4 -
CTBEHHBIX MapOBBIX
cTpyit
Haymapramis, Kumn. 4,4 307,0 - -
XBepapeun,
Knaxaa da3a nmapo-
BOASAHOM cMeCH
Kpabna, cks. 7 >342 6,9 379,0 36280*
Beperosbie TepMbI
CBapTCeHrH, 243 6,1 24006,0 539*
CKB. 4

*H, CO, + HCO, + CO§'.
**H,S +HS" +S .
Il p uMe uaHHUe BepxHAA CTPOKA — AMANA3OH KOHUCHTPAUMIT KOMIMOHEHTOB, BCTPEUIIOLUMACH
B OAHHOM THITe, HWKHHE CTPOKH — KOHLIEHTPAUHH KOMIIOHEHTOB B YKa3aHHOM TePMOINPOABNCHHN .

B Bofie. Bemmmna Eh B TepmanbhbIx Bomax kone6nerca ot —290 mMB B Bonmo# ¢ase Bogo-
POOHBIX TepM 10 +160 MB B TepMax a3oTHoro Tna (cM. rabn. 23).

MukpoxoMitoHenTsl. PacripesieneHvie U KOHIIEHTPAlMA PENKHX 3JIEMEHTOB B HCIaHOCKHX
TePMaJIbHbIX BOJAX CBA3aHBI C COOEPKAHHEM B HHMX HEKOTOPBIX PaCTBOPEHHBIX MaKpOKOM-
noHenToB, pH, TeMnepaTypoii 1 pacTBOPHMOCTHI0 MHHEPAJIOB BMeLIaloLMX nopon. B uemom
gake B CpemHHHON 30He B BOAAX HE OTMEYEHO AHOMAIbHO OGONBLIMX KOJHYECTB KaKOro-
b0 3K30THYECKOTO MHKpO3JIeMeHTa. Tak, ecliH MaKCHMaibHble CONEPKAHHA OT/ENIbHBbIX
MHKPOKOMIIOHEHTOB B TepMaJIbHBIX pacconax KpacHoro mopsa, Conrou-Cu (Kamupopuus)
1 B ruaporepMax THXOOKeaHCKOTo mosca O6GbINHO COCTaBJIAIOT HECKOJNIBKO, a HHOIHA AaXKe
BeCATKH M COTHM MHIUIMFPaMMOB B 1 JI, TO B HC/IaHACKHX TepMaX OHH H3MEpAIOTCA MHKPO-
rpaMMami B 1 1. B 10 e BpeMsa B pacnpefeNieHHH HEKOTOPHIX MHKPOKOMITIOHEHTOB Habio-
[aerca OnpefesieHHasaA CBA3b C FeoJiorHuecKuM crpoenuem Hcnmaupun. B 3toit cB3m Gouta
M3y4yeHa KOHUeHTpaima 22 MHKpokoMIioHeHToB. IIpu 3toM momrpynna Fe (Ti, V, Cr, Mn, Fe,
Co ¥ Ni), a Taxxe Mo, Ga u Ge paccMaTpHBaloTCAB OCHOBHOM II0 JaHHbIM C. ApHOpPCCOHa
[Arnorsson, 1969, 1970a) . Onpenenenme Cu, Zn, Li, Rb, Cs npoBogunocs T.M. Cywesckoi
B TEOXH AH CCCP. Anamu3 Fe, Al, Pb, Mn, Cu, Li, Rb, Cs, B, P BrimonHsiica TaKkxe B
rugpoxuMmIueckoil naboparopun I'eoxanraxevMuiBon, (pyxoBomurems B.A. MoposoBa), a
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SO%” a F- Na * K* Ca? Mg+ H, SiO;

62-111,0 3,5-407,2  1,3-2,5  32,0-164,4 0,1-86  1,3-74,5 <0,01-27,8 28-358,8

58,9 33,3 23 74,1 1,8 1,8 <0,01 166,4
111,0 6,7 2,5 92,5 6,1 1,6 0,5 358,8
1,0-136,6 7,7-2459  0,2-62  9,2-665,6 1,0~30,0 3,2-24,6 0,8-59,6  6_86
1,0 10,0 0.2 9,2 1,0 3.2 0,8 6,1
452 75,0 4,5 464,4 32,3 28,4 6,8 104,5
36,2-105 15,6-238,0 0-3,0 38-172  0,7-12,3 0,7-283 0,03-13,2  54-299
62,4 34,0 2,3 71,9 4,1 2,6 0,04 254,8
69,1 34,0 3,0 85,1 2,3 3,2 0.2 158,6

21-168,7 16,8-130,2 1,2-12,0 62,6-207 19-209 04-14 0,01-1,9 182-662

114,5 122,0 10,0 207,2 20,9 08 0,03 661,7
42-1000 1,1-14,3 0,3-9,0 4,6—158 0,05-10,0 2,4-264 0,1-125,6 0-234

42,0 9,8 - 9,7 0,6 11,3 0,1 234,0
46,9 (311,1%%) 29,1 0,27 60,6 11,3 0,7 0,01 200,6
35,5 (5,8**) 12791 0,11 6440 987 1053 1,14 599

uccienopanve Hg m Sb B TepMax u coneBbIX omioxenuax nposomuinoch H.A. OsepoBoit
B UITEM AH CCCP.

Cpen MHKpPOKOMIIOHEHTOB, KOHI[EHTPAlMA KOTOPHIX B TEpMaJIbHBIX BOJAX BO3pacTaer
B CpeuHHO# 30He, B NIEPBYI0 Ouepens cnemyer ynomanyts Cu, Zn, Li (puc. 8, Tabn. 24).

M e nb» onpemeneda B 30 3 137 onpoGoBaHHBIX BOGOMPOABJIEHWH Pa3/IHYHBIX THIOB.
Ee comepxamne B HHX KoneGnerca or 1,0 mo 61 Mkr/n. 3ameTum, 4T0 B npo6Gax MOPCKOi
Bonbl, oro6pannsix EM. EmensanoBeim [1973] Gnu3 Geperos Hcnanmuu, KOHUEHTpaims
MeaH H3MeHstack oT 1,0 mo 5,0 mxr/n. B npuooHHsIx Bogax Ha och xpe6ta Peiixpanec co-
mepxanue Mem, o mauubiM T.M. Cymesckoil, yBenuumnock 1o 24 MKr/n. B joHHBIX ocan-
Kax M3 npob, B3ATBIX nomepek Xpe6Ta, OHO BO3PACTajoO MO HAMpPABIEHMIO K ero och oT 60
oo 100 mr/n [Horowitz, 1974]. B Mopckux MeTaMOpdH30BaHHBIX TEPMAJIBHBIX Paccoyiax
n-0Ba PeiikbsAHec, BHEAPHBUMXCA MO TEKTOHMYECKHM pa3jioMaM B ITyGb CYILM, COIEPXHUT-
ca 26 mkr/n memu. Ho HauGornblie ee 3HayeHua B Boiax Hcnammuu 3adMKCHpOBaHBI B
HECBA3AHHBLIX C MOpeM BOHOpommbIX TepMax CpemuHHOM 30HBI — 40 MKT/I B KOHJIEHCaTe
caMoii Moot ¢dymaponst KpaGnet (pH = 7,25), 61 mxr/n B cxBaimue Xeitnrnmis-Hecps-
seymp (pH = 8,3) u, HaxoHen, 434 mMxr/n B kucnom pyuse (pH = 1,8), nportekaiouieM no
THAPOTEPMATIBHO HM3MEHEHHBIM IIOJIAM CEBEPO-BOCTOYHOrO CKIOHa xpebra Haymadbamis.
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Ta6nuua 24
CocTaB MHKPOKOMOOHEHTOB B ruaporepMax Hcnanamu, 107° mr/n [Apsopccon u mp., 1974; ¢ no-
NONHeHHAMH aBTOpa]

I::!Mrunpo- HcTouHukH Fe Cr Co Ga Ge

N, 3,6-181,0 <2,0 <1,0 0,6-4,5 <0,5-11,4
Bapmaxup, 8,0 <2,0 <1,0 2,2 114
Troypcaynéei - <20 <1,0 - -

co, Xononusie - - - - -
Pefimamenbcenbkensna — - - - -
TepManmeible - - - - -
JIncyxomm 3240 <2,0 <1,0 11,8 38,0

N, -CO, C npeo6napanuem N,  1,9-925 <2,0 <10 0,8-7,2 2,0-174
PeftKXONLT 6,5 2,0 1,0 3,6 3,0
Aypxsep - 2,0 1,0 - -
C npeoGnaganueM 4,0-35 2,0 1,0 0,6-8,8 5,4-28,6
Co,
Bonrwof i'eftzep 12,5 2,0 1,0 1,5 23,6

H, KoHpeHcat ecTecTBeH- 90-10000 <2,0-645,0 <1,0-152,0 3,2-100 0,5-27,4
HBIX NMapoBLIX CTpYy#H
Haymadwamis, Xbe- - - 1,0 - -
papenn
TepmaneHeit MOp- 192 <10 <10 2,6 5,5

ckoft paccon Peftxe-
AHeC

Mpume a3 HHe Bepxuasa cTpoka — OHANA30H KOHUCHTPAOMH KOMIOHCHTOB, BCTPEYAIOIIMACH B
NAaHHOM THIe.

Ta6nuua 24 (oxoHYaHHe)

Tun runpo- HeTouHukH - Rb Cs Pb Cu Sr
TepM
N, <1,0-600 <1,0 2,444 <1,0-14,0 <1,0-360
Bapmaxuing - - - - -
Tooypcayne#t - - 3,0 1,0 360
Co, Xononusle - - <1,0-4,3 <1,0-4,5 <1,0-100
Peftmamenscenbkennna - - 4,3 4,5 <1,0
TepMamsHbie - - - - -
JIncyxomts - - 1,6 51 -
N, -CO, C npeoGnanammnem N, <1,0-10 0,5-1,0 <1,0-20 <1,0-11 <1,0
PeftkxomsT - - - - -
Aypxsep 5,0 <10 <1,0
C npeo6napannem CO, 1,0-150 6-20 <1,0-16 <1,0
Bonkwof Ieftaep 150 6,6 9,4 <1,0
H, KoHeHcaT ecTeCTBeH- <1,0-20 0,01-0,12 1,8-34 <1,0-61 <1,0-600
HBIX N2POBBIX CTPYH
Haymadraans, Xsepa- 20 - 10 <1,0 -
péun '
Tepmanpinit Mopcxoft 2,6 26,0 6300

paccon Peftxnanec




Mo Ni Ti’ Vs Zn Mn Li

1,0-37,8 <1,0 <0,5-15,6 <0,5-2,0 <2,0 <1,0-300 <0,1-560

37,8 <1,0 1,2 <0,5 <20 - -

- <1,0 <0,5 - <2,0 <10 -

- - - - <2,0-12,0 <1,0 0,1-250

- - - - 12,0 <10 0,1

9,1 <10 3,0 <0,5 <2,0 <1,0 500

4,5-25,1 <10 <0,5-100 <0,5-8,1 <2,0 <1,0 2-40

21,0 1,0 0,7 0,5 2,0 -~ -

- 1,0 - - 2,0 1.0 40

4,5-617,0 1,0 0,5-33,5 1,4-15,1 2,0-16 1,0-300 100285

47,0 1,0 15,1 1,0 2,8 - 285
<0,5 <0,5-244 36,9-100 35,0-83 <2,0-52,0 <1,0-1200 0,2-400

- 2,5 - - 10,0 <1,0 20

10,9 1,0 6,1 0,7 88,0 4200 3000

OcoGeHHO 3aMETHO KOHLIEHTpAaUMA MeOH BO3pAacTaeT B .I0ro-3amagHoi BeTBH CpemMHHOH
3oHb! Ucnanmum. ‘

Mexny copepXaHHeM MeOM M MHHEpaJM3alMeil MOO3eMHBIX BOM He HaGiiomaeTcs omnpe-
DieJIEHHOH 3aBHCHMOCTH.

B BomoponHbIX cepoBopoponacoaepkanx repmMax Cpe/lMHHO| 30HBI Meflb, M0-BHMMOMY,
obpasyer mugpocynsdumusie xommiekchi — CuS - HS™, Cu(HS); u pp. [XomakoBckmii,
1966] . B wienoyHbIX U CTaGOKUIBIX BOMAX, He codepxawnx H, S, Mens MHrpHpyeT B OCHOB-
HoM B Buge CuOH', CuCO; u CuCl3", a Taxke (0COGEHHO B a30THBIX TEPMAX ¢ HU3KHMH
TnoNoXuUTebHbIMA 3Hauennamu Eh) B une Cu?* [Kpaitnos u nip., 1966).

Il ¥ K X TaKoKe MOYTH HE CONEPHMTCA B a30THBIX TepMalbHBIX Bofax CeBepo-3anmamHoro
H BocTouHOro THApOreoNOrHYeCKMX MACCHBOB, 3HaYeHMA e ero B 30He Xpemmap Kone6-
motca ot 0,4 no 34,8 MKr/n — 3apUKCHPOBaHBI B KHCIIBIX Py4bAX, COGHPAIOLMX KOHIEHCa-
TBl TIAPOTra3OBLIX BOAOPOIHBIX CTPYH Ha TepMomposBiieHnax BoHapckapd, Ackss, Hay-
madpamns, TeifcTapelikup, a Takke B BbHICOKOMHHEPAIM3OBaHHBIX TePMAIBHBIX PaccoNax
n-oBa Peiixpanec (88,0-96,0 mkr/n). B npuaonHbix npo6ax ocH xpe6ra Peiikpanec TM. Cy-
meBckan o6Hapyxwia 49 MKr/n muHka. OTMeuaeTCA Takxe H obluee BO3pacTaHHMe KOHLEH-
TpamMii’ tuaka (or 20 mo 140 Mxr/n) B ocamkax mo mpodwio, NPOBEREHHOMY NOMEpeK
xpe6ra Peiikpanec [Horowitz, 1974]. YeTkoit 3aBHCHMOCTH MeXTy cOfepkaHMeM Zn M
PH, a Takke copepxanieM IMHKA ¥ MMHEpANIH3alLMeit He HabmomaeTcs.

B menounsix cynbdaTHbIX 230THBIX M A30THO-YTJIEKHCIIBIX BOMAX, a TAKXKe HEHTPabHBIX
H cnabGoiMCnbiX YIMeKHCabix Bofax Hcnanauy UMHK NEPEHOCHTCA B BHOE CyNbaTHBIX,
THAPOKAapBOHATHBIX M XIOPHOHBIX KomiulekcoB — ZnSO,, ZnHCO3, ZnCl* u np. B cepo-
Bonmopoacoaepxamwmnx ¢pongax CpenuHHON 30HBI — B OCHOBHOM B BHAE THAPOCYIbPHIHBIX
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Puc. 8. Comepxanue Li, Cu, Pb, Zn B TepmanbHbiX Bomax Mcnaupuu oo npoduna A—-B5 (cMm. puc. 9)
CpermnHan 30oHa (3anagHana (@) axkTMBHan M Boctounasa (6) mersu): ] — Li,2 — Cu, 3 -~ Pb, 4 — Zn

KOMIUIEKCOB, a B CHJIBHOKHCIIBIX Cy/baTHbIX Boax — B Buae mpocteix (Zn?* ) u koMmiex-
cubix (ZnHSO% ) xatonos [Tonesa, 1977; XomakoBckuii, 1966] .

P 1y T5s HOBONBHO 4acTO BCTpeYaeTCs B TEPMAJIBHBIX BOOAX 0GiacTeil COBpPEMEHHOTO
BYJIKaHM3Ma, NpHYeM ee copepxaHue KoneGierca o6prmo ot 0,05 mo 0;5 MKr/n u nmigs
B PEOKHMX CyyYaaX OOCTMraloT 6 MKr/n. B mcnanpmckux tepMmax pryTh oGHapyskeHa B 41 u3
47 oro6paHHbIX HaMH npo6 B xonmuuectBax ot 0,170 0,7 mxr/n. Kakoit-mi6o yeTkoii 3aKOHO-
MEPHOCTH B €e pacIpefie/ieHMH He OTMeuYaeTCs, XOTA HauGoiblliHe KOHLEHTPaMH 3apHKCH-
pOBaHbI B KOHMEHCAaTaX Mapora3oBbiX cIpyit Cpemuunoit 3oHbl — 0,5—0,7 Mkr/n (Kepnus-
rapdsémns, Haymadeamms, Jlepxaykyp, KpaGna) .

B 1epmax, comepkawmux H, S, pry1s, no muenmio U.JI. XomakoBckoro [1966], HaxomuT-
Csi B OCHOBHOM B BHIe rHOpocyibdumHbIx KoMmmiekcoB — Hg (HS), B: kHcmbix Bopmax M
Hg (HS) 3 B 1mienouHpix.

Kaagmuii, ne pmanueiM C.A. ApHopccoHa [Arnorsson, 1970a], B TepManbHBIX BoAax
Hcnasipuu He oGHapyskeH.

JI v T u # o6napgaer HauGosbLIe TIPOCTPaHCTBEHHOM 3aKOHOMEPHOCTBIO pacnperes1eHHs
B TepMaibHbIX Bomax Mcmanmuu (puc. 9). MakcHMasibHble €r0 KOHLEHTpaumH 3adMKCHpO-
BaHbl Ha YYaCTKaX BHe[peHHA MOPCKMX BOA B FnyGb Mbica Pelikbsnec M Ha o. XeHMasi
(mo 3 Mr/kr), a Takxe B npenenax CpeduHHOR 30HBI (o 560 MKr/M), NpHYeM B MOCIEn-
HEH YYaCTKH BBICOKHX KOHLEHTPAIMi JIMTHA COBNAJAIOT C IPOABJIEHHAMH KHCIJIOTO BYJIKaHM3-
Mma. Ha ruppoxumuveckoM npoduwre (cM. puc. 8) XOpoLIo BUAHBI MAKCHMYMBI €ro COfiepa-
HMS B Npefenax BOCTOYHONM BeTBH M Ha nepudepun 3anamHoit BerBn CpefMHHOMH 30Hbl. B
IOHHBIX Xe ocafkax Xpebta PelikpsAHec NMOBbIICHHA KOHUEHTPALMA JHMTHA HE OTMEYAIOTCA
[Horowitz, 1974). Ha6mopaerca OnpeneieHHOE YyBEJIHYEHHE €ro COMEepXKaHHA C POCTOM
o01uel MHHepaTH3alluy.

B BbICOKOMHHEpPamM30BaHHBIX pacTBOpax PeilikpAHeca JMMTHI HaXOOMTCA, NO-BHIKMO-
My, B popme LiCl, a B ocransueix THRAx Bon — B Buae Li* [KpaiiHos u np., 1966] .
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Puc. 9. Copepranne Li B Tepmansusix dumionfax Hcnanouu, Mxr/n

1 — ne oGHapyxeno; 2 — < 20; 3 — 20—-100; 4 — 100-500; 5 — 500—-1000; 6 — > 1000; 7 — rpa-
HMIBI BYIKAHMYECKH AKTHBHbIX BeTBeil CpemuHoit sonbl; 8 — nemmuxu. A—5 — numma npoduna (cMm.
puc. 8)

Py6unuit u ue3nit cogepxarca B TepMayibHbIX Bofax Mcrannuu B BecbMa HU3KHUX
KOHUEHTpauuAX (cM. Tabn. 24), H KaKOH-THG0 3aKOHOMEPHOCTH B HX PacrpefielieHuM IoKa
YCTaHOBHTb He YOAJOCh. ‘

I'e pM a H u i, HanmpoTMB, pacipefiefieH B GIM3KOM COOTBETCIBHH C ra30BOH 30Hallb-
Hoctoio. HauGonslime 3HaueHHA 3adpMKCHPOBAaHBI B >KMOKO#H ¢ase BbICOKOTEMINEPATYPHbIX
ruapoTepM paiioHa Haymadsamne — go 58,8 mkr/n. Ilo muenmio C. ApHopccona [Armorsson,
1970], xoOHUeHTpauMs repMaHMf YNPABJIAETCA PACTBOPHMOCTBI0 TepPMaHaTa KAIBUMA H
3aBHCHT TaKX€ OT COMEepXaHMA B BOJAX KPEMHE3eMa, KOTOpoe B CBOIO OUepeddb CBA3aHO
¢ non3emMHol Temmepatypoil H pH cpenpl. B kucnbix Bomax, a TakXe B TEPMajJbHOM MOp-
CKOM paccolie TepMonpossieHus PelikpaHeca KOHUEHTPAUHH repMaHHA CPaBHHUTEIBHO MAJIbL.
MoxHO npemnonoXurs, ocHoBbBasach Ha paGore C.P. KpaiinoBa [1965] o pacnpocrpaHeHm
TEPMaHHA B MHHEpaJIbHBIX ‘BOJAX, YTO B KHCNBIX CYNbdaTHBIX KoHOeHcarax CpemHHHO
30Hbl FepMaHMii MHTPHPYET B OCHOBHOM B BHOE YETPHIXBAJICHTHOTO KaTHOHA. B mienounsix
K€ a30THBIX H a30THO-YIJIEKHCIbIX TEPMaX OH HaXOOUTCA, BEPOATHO B aHHOHHOH M MoJTe-
KynsapHo#t ¢opMax repmanueBbix kmconor (H,GeO; wm mp.), a Tak)ke repMaHMiHOpraHmye-
CKHX COeTMHEHHit.

CBHHel, BOTMYME OT PACCMOTPEHHBIX Bblllle MUKPOKOMIIOHEHTOB, He 0GHAPY>KHBa-
€T B CBOEM paclpefiejieHUd B TepMaX NpAMOM CBA3H C reoI0ro-rTéKTOHMYECKHM CTPOSHHEM
Ucnanmm. KomueHTpaumn ero B TepManbHbIX Bofax CpelMHHON 30HBI JaXKe HECKOJBKO
HIDKE, YeM 32 ee mpenesamu (cM. Ta6in. 24) . OHE CHHXKAIOTCA H B TOHHBIX OCaKax Hajx pudTO-
Boit 30HO# xpeGra Peiikbanec [Horowitz, 1974].

Kaxerca, uto Mexqy obuieit MuHepaym3aupedi mpo6 BOObl M COEPXaHHEM B HMX CBMHLA
CYLIIECTBYeT IUIOXO BhIpaXKeHHas oGparHad 3aBUCHMOCTh (pHc. 10).

B 3aBucuMocTH OT coctraBa TepM, BenmuHbl pH u Eh, copepxanua H, S ¥ Temnepatypsi
CBHHEL] HAXOOMTCA B Pa3/MyHbIX GpOpMax — B BHAE FHAPOCYNbPHOHEIX U THOCYJIbATHBIX
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Puc. 10. T'papHux 3aBHCHMOCTH MeXJy cofepkaHuem Pb B TepMalTbHBIX BOAAX H MX MHHEpATH3auHeH

KOMIUTEKCOB (B BOJaX, HACHILIEHHBIX CEpOBOOPONOM), B BHIE Pb(S04)%” B cmnbHO-
KHCIBIX Cy/nbdaTHbIX Bofax H B ¢opme PbOH', PbCO,, Pb%*, .Pb(CO3)3", PbCl B mienou-
HbIX TepMax [XomaxoBckuit 1966; Tonesa, 1977; Backos, Cypukos, 1975}

I' annuit HAXOMUTCA B OTHOCHTENIBHO BBICOKHX KOHUEHTPAUMAX B KHCIIBIX Bofax CpenyH-
HOM 30HBI (cM. Ta6in. 24), a TaKXe B HEKOTOPBIX PydbAX C HEHTPATBHHIMH HIH LUeJIOYHBIMH
3HaveHuAMH pH, mpoTexaouWMMH Yepe3 rHOPOTepPMANBHO H3MeHeHHble Topoast. ['anmaii MoxeTt
BXO/IHTb B CTPYKTYpPY IIHHHCTBIX MHHEPAJIOB M LEOJMTOB, TN OH 3aMeIlaeT ATIOMMHH.

M bl W b A K, OGBHIYHO LIMPOKO PaclpOCTPaHEeHHbIH B TEPMaIbHBIX BoaX oGuacreii coBpe-
MEHHOTO BYJIKAHH3Ma, B HMCJIAHACKHMX T€PMax BCTpedaeTcs KpaiiHe pemko (B 16 mpo6ax
n3 137). OtHOCHTENBHO MOBBOLEHHBIE ero KoMuectBa (20—40 MKr/N) OTMEYAoTCA JMILb
B TEPMONPOABJICHHAX NPHOPEXHBIX PaliOHOB, K KOTOPHIM NMOAMEILLMBAIOTCA MOPCKHE BOMbI.

Moiumsak, cornacHo B.B. AsepreBy [1960], Murpupyer B TepMalbHBIX Bofax B ¢opme
MBILLAKOBOH U MLILUBAKOBHCTOH KHCJIOT H HX aHHOHOB.

CypsMa B TepMambhbix Boaax Hcnanmm n3yueHa B 40 mpobax, roe ee comepxanue,
no panusiM H.A. O3epoBoii, B ocHOBHOM kone6anocs or < 1 mo 1 Mxr/n. Jmimb B KHCIIBIX
KoHzeHcatax Haymadoama oHo ysemsrmnocs Ao 40 Mkr/m.

T M T a HB yr/leKHCIIBIX H a30THBIX TepMaX COMEPXMICH B HeGOJNBIIMX KOJIHYECTBAX
(0,5—15,6 MKr/m), ero KOHUEHTPaUMH HECKOJIBKO YBEJHYMBAIOTCA B .IUEJIOUHBIX a30THO-
YITIEKHCIBIX H BOMOPONHBIX TEPMOIIPOABIICHHAX, 3 MAKCHMAJThHBIE 3Havenua (3o 100 mxr/m)
OTMEYaloTCA B KHCIBIX Bodax pH = 2.

BaHapgMii IMPOKO pPacHpOCTpaHeH BO BCeX THNax TepMaibHbiX Bof Mcnanpnmu. Co-
lep>KaHMe €ro HaXOOMTCA OObluHO B mpemenax < 0,5-20 MKr/n, yBeJIHUMBaACh HO
35—83 MKr/n B KOHOEHCaTaX eCTECTBEHHBIX MApOBbIX Crpyi. KOHUEHTpaiMsa BaHagMsa ABHO
CBA3aHA ¢ KOJHMYECTBOM COMAEPXKALNErocA B TEPMAIBHBIX BOAAX KPEMHE3eMa, YBEIHUHBAACH
C POCTOM COMepKaHHA MOCJIeqHero. B KMCNbIX TepMax BaHafHii, BepOATHO, MHIPHpYeT B
uge V3* wm VO?*, a B HefiTpanbbix M menounnix — B Bune H, VO,, HVO%,, HV, 04
[Amorsson, 1970a). Bbicokoe copepxamme V (mo 0,11%) oGHapyxeHO B )Kene30-MapraH-
HOBbIX KOHKpEmHMAX  BMONb CPEJHHHO-OKEAHWYEeCKHX XpeOTOB, If¢ 3HAUMTENbHbIE KOJIH-
yectBa V Bmecte ¢ Fe, Mn, Pb, Cu, Co 1 Ni mocrynamr B 30Hy 0CalKOHaKOIUIEHHA ¢ THAPO-
TepMaMH H YKcramsMu [Xomnonos, 1975].

X p oM BO Bcex THOAaX TePMAIBHBEIX BOJ CONSPXHUICH. B KpaifHe He3HATMTEJILHBIX KO-
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mryectBax < 2 MKr/n. MckioueHHe CoCTaBNAIT KOHIEHCATH! €CTECTBEHHBIX MAapOBBIX CTPYil
BOODOMHOrO THNA, B KOQTOPhIX €ro KOHUEHTPAalMM MeCTaMH pPe3KO BO3pacTalT Mo
645 Mrk/n. OcHOBHBIE KONMYECTBA XpOMa MEPEXONAT B PaCTBOP B MPOLECCE NOBEPXHOCTHO-
ro KHCGIOTHOro BblilIeJIaYMBaHHA THAPOTEPMaIbHO M3MeHeHHbIX mopop. Hambonee Bepost-
Hast pOpMa ero MUTPALMH B TEPMATbHBIX Bomax Cr* .

Hukens M kK 062a7b T TakKe MMEIOT OTHOCHTENIbHO MOBbILIIEHHbIE KOHLEHTPALHH B
KHCJIbIX KOHJEHCAaTaX NaporasoBBIX CTpy#l BomopomHoro tina (cM. 1abn. 24). B ocrans-
HbIX THMAaX HCaHACKHMX TepM OHM CONEPXATCA B KOJIMYECTBaX, He MpeBbllatonmx 1 mMxr/n
(TOUHOCTD aHAIM3A) .

MapraHei WMPOKO pacHpoCcTpaHeH B IMApPOTEpMaX BONOPOJHOTO THIIA, a TAKXe
B TepMONpOABJIeHUAX Mbica PeiikpAnec, K KOTOPBIM, KaK yKe TOBOPWIOCH, IOAMEIINBa-
I0TCA MOpckHe Bombl. OTCYTCTBHe MapraHua BO MHOTHX BBICOKOLIENIOUHBIX TepMax Hcman-
oK oObACHAETCA, NMO-BUAMMOMY, TeM, YT0 B 3THX ycnoBuax (pH 7,6—9,5) oH Bbimapaer
B ocamok [3enenos, 1972].

K ene3o BHaHOONBIMX KOIHYECTBAX COAEPKUTCH, ECTECTBEHHO, B KHCIBIX GyMaporb-
HbIXx cTpyax CpemuHHOM 30HBI (cM. Ta6n. 24). TepmanbHeni paccon PeitkbaHeca Takke
COE PKUT TOBBIIIICHHBIe KOJIHYecTBa Xene3a (192 Mxr/n).

B KMCIBIX TepMax kenie30 Haxomutca B dopme Fe?* | Fe* u xonounHol, a B 1e/I0YHBIX
rnaBHBIM o6pa3oMm B Buae Fe?* u FeOH' wm Fe (OH),. Conepxamme Fe?* B cynsduno-
coflepXallMX TePMAIbHBIX BOHAX OMNpeJeIAeTCA PacCTBOPHMOCTHIO MHPPOTHHA MJM APYTHX
KeJe30CcoAepXKalMX MUHepaloB 6a3anbToBBIX MOPOA. B HEHAachIEHHBIX CepOBOAOPOAOM
TEIWIBIX BOOAX  KOHUEGHTPAUMsA PACTBOPEHHOIrO >ele3a MOXET COXPAHATHCA Ha HH3KOM
ypOBHe.

An1oMHHMNA HauboJNee UIMPOKO PacNpOCTpaHEH B BOZOPOAHBIX Tepmax CpenMHHOI
30HBI, IIe €r0 KOHLEHTpalMA fAocTuraer 63 Mkr/n. Comepxanne aTIOMMHHS 3aBHCKT IJIaBHBIM
o6pasom ot BermunHbl pH. Haubonsiuue ero 3HaueHs BCTpedeHbl B KHCIBIX BOXax. B yrie-
KHCIIBIX H a30THO-YTJIEKHCNIBIX BOAX OH BCTpeueH B €OMHMYHBIX MpoGax (2—20 mkr/m),
a B a30THBIX TepMmax npuMepHO B 40% npo6, npudeM copepKaHHe aJIIOMHHMA B HUX He Mpe-
Boimano 80 Mxr/in.

CTpoHuui Bcrpeued npumepHo B 30% npo6 a30THBIX M BomoponHbix TepM. HanGons-
LiMe ero KOHHEHTPalHM 3apUKCHPOBAaHBI B TEPMAIbHOM MOPCKOM paccone Mbica Peiikpsa-
Hec — 6,3 MKr/1n. ‘

Monu6pgeH npucyrctByer B GONBIIMHCTBE HCITAHACKHMX HEATPAIBHBIX H ILEJIOUHBIX
TEPM M OTCYTCTBYeET B KHUCIBIX BoAax (cM. Tabn. 24). KoHUEHTpalmA ero 3aBHCHT OT cofiepXKa-
HHA B BOMaX pPacTBOPEHHBIX KPeMHe3eMa H CEepOBOAOpOda — C POCTOM KpeMHe3eMa OHa
BO3pacTaer, a ¢ yBeJIMYeHHeM oSuiero komayectsa H, S — ymensiaerca [Arnorsson, 1969].

Ipucyrcreue H, S B pactBope Bimser Ha mmrpauyio mMombaeHa B ¢opMe KpeMHeMO-
JIMGHAaTHOrO KOMIUIeKCa — BbicokHe KoHueHtpaumu H, S nepepomsar ero B ocamok [Xurapos
u ap., 1965]. Ilomumo 3toit dopmbl, MOMGAEH B TepMaIbHBIX BOAAX HAXOOUTCA B BHMOE
Mo03~, HMoO3 , u H,MoO,.

®ocd op eume HemocTaTOUHO M3yueH B Tepmax Ucnanpmu. U3 137 npo6 on oGHapyxeH
mub B 12, xapaktepusytowux 5 tepmonpossnenuit (Teiicropeiikup, Bonapckapn, Ackp4,
Kepmuurapdenns u Fonmamip). Copepxanme dochopa B Hux konebnerca or 25,6 mo
192,0 mMxr/n. Pexummubie HabmopmeHus 3a comepxaHueM docdopa B pexax Oro-3anagHoM
Ucnanun noxkasaym, 4To B 3HMHIOW MeXeHb ero KOHUEHTPALMU B PeYHBIX BOMAAX HOCTHTAM
102,4 Mr/n [Armannsson et al., 1973].

B kucmbix Bomax docdop mpucyrctByer riaBHeiM obpazom B Buae H;PO, u H,POg,
a B wesoumbix — B popme HPOZ™ u PO3™ [Backos, Cypukos, 1975].

b o p Takxe BcTpeuen yMum B 14 mpo6ax n3 137, npuvem B 6 U3 HUX, NO-BUAUMOMY,
NPHCYTCTBOBAJIa MOpPCKas Bofa. MakcHMaibHble KOHUEHTpamuu Gopa 3adHKCHPOBaHbI Ha
n-oBe Peitkbsinec B Tak HasbiBaemMoM MopckoM Teiizepe (9,12 Mr/n) u B TepMONpOABIIEHHH
Caaprcerru (7,75 mr/m). B a30THO-YTIIEKHCABIX TEPMaX, a TAK)Ke BOOOPOIHBIX apOra3oBbIX
CTPYAIX M MX KHCIIBIX [epMBaTaX NpH TOYHOCTH aHamu3a 1 MK/ mpHCyTcTBHe Gopa He 06-
HapyXeHO.
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B CpemmHHO{1 30He /ML 1eJIOUHbIE TepMasibHble BOOLI XBeparepam copepxar ot 0,5 mo
1,4 mr/n HBO,. B yrnexkucipix BOJaX H a30THBIX LUENOYHBIX TepMax conepxanme HBO,
Kxosnebanocy or 0,5 mo 6 mr/n. IoBpileHHble comepkauus Gopa B rUAPOTEPMaxX HPYTHX
BYJIKaHHYECKHMX PpaiiOHOB MHpa OGBLIMHO MHTEPNPETHPYIOTCA KaK MPH3HAK NMPHUCYTCTBHA B
reoJIOrHYeCKOM paspe3e OCaZOYHbIX NMOPO..

Taxum 06pa3oM, cocTaB MaKpO- H MHKPOIJIEMEHTOB, PACTBOPEHHBIX B MOA3EMHBIX BOJAX
Ucnanmuu, B GonbILMHCTBE CilydaeB MOXeET ObITb OGBACHEH MPOLIECCOM B3aMMOMEHCTBHA
Box u mopop. Huskoe copmepxaHMe pacTBOpeHHBIX BELUECTB B BOAAX OGBACHAETCA MalIbIM
coepXaHHeM HMX B 6a3anbToBOM pa3spede HcnaHmMM H HempoXOMKMTENBHOCTBIO B3aHMoOZEil-
CTBHA MOPOA M BOJ, TAK KAaK CKOPOCTh LMPKYJAUMH MOCIIEHMX BBICOKA, a IUIOLIAAb CO-
NPHKOCHOBEHMSA C NOPOAOH OTHOCHTEIIBHO HEBEIMKA.

Menbinas obuias MuHepanu3auua rufaporepM HcmaHoxu no CpaBHEHHIO ¢ MMHE paM3aien
TEPMAIbHBIX 'BOJ, JAPYTHX BYJIKAHHYECKMX NMPOBHHUMH (PHPTOBBIX 30H H OCTPOBHBIX Iyr)
H OCOOEHHOCTH COMEePXKaHWA W pachpeleNieHH B HMX MMKPOIJJIEMEHTOB CIIYXKaT B HalIMX
r71a3ax NPH3HAKOM Pa3JHuMil B COCTaBe BOLOBMELIAIOIHX TOJILL ITHX PETHOHOB.

JloxanbHple 0COOEHHOCTH COJNIEBOrO COCTaBa TEPMAIbHBIX BOJI, B NMPHOPEXHBIX yyacTKax
H paifloHax HeJaBHUX MOPCKHX TPaHCTPECCHI CBHAETENLCTBYIOT O BIMAHHH MOPS.

BMecte ¢ Tem ompegeneHHas cnenmu¢HKa CONEBOTO COCTaBA MCNAHACKHMX THAPOTEPM M
0COGEHHOCTH PpAacCNpene/ieHHA HEKOTOPbIX €ro KOMIOHEHTOB NO3BOJIAIOT MPEeANONIOKHUTh M
NOCTYIUIEHHEe C TIYOMHHBIM 10BEHWIBHBIM BbICOKOTEMNEpaTypHbIM (IIIOHIOM KaKOii-To,
BEPOATHO HE3HaUMTeNIbHOM, YacTH wenoveit, Cu, Zn, Ge, V, Cr, Co, Ni. 31 anemeHTbI, TaK
ke Kak H B GONbLMX KOJMYECTBaX cepa M KpeMHMH, MOryT, mo mueHmio B.JI. Bapcyxosa,
JI.B. Omutpuena u I'.B. Yaunuepa [1974], otnenarsca oT MaHTHiHOrO cyGcTpara npH nepe-
XOJe rPaHaTOBBIX MEPUIOTHTOB B LHINHEJICBLIE B Pe3yJIbTaTe MOXbeMa MaHTHIHOTO BELECTBA
B BEpXHHE CTPYKTypHble 3Taxu. OHaKO, KaK yXe OTMEYaJIOCh BbIlle, TPAAULHOHHOE H3yye-
HHE Tra3’oBOro H HOHHO-COJIEBOTO COCTaBa TePMAIbHBIX (IIIOHOOB He [aeT ONHO3HAaYHBIX
[OKAa3aTeNIbCTB HAIMYMA MM OTCYTCTBUA B HMX I0BEHWIbHBIX KOMIIOHEHTOB. 1 BbIABIIEHHSA
MPU3HAKOB COBPEMEHHOrO MOCTYIUICHHA MAHTHAHOrO BeillecTBa K moBepxHocTd HMcmanpum
PaccMOTPHM OCOGEHHOCTH M30TOMHOTO COCTaBa HEKOTOPBIX XapaKTepPHbIX KOMIIOHEHTOB
TepMaIbHbIX GITIOHTOB.

H3oTonHbifl cCOCTaB KOMIIOHEHTOB T'MApPOTEPM. B TeueHue pspa neT aBTOPOM COBMECTHO
¢ B.I'. lonakoM u3yvanca u3oTOmHbIA coctaB He, Ar, S, comepxawmxca B HCIaHOCKHX
TepMaibHbIX unionpax. TakHe HCCneqOBaHMA B 3TOM pPEerHOHe ObIIM MPOBEHECHbI BIEPBBIE.
IpeacraBnienHble B paboTte KaHHble 06 M30TOMax rejiMA MOJIYYeHbI MPH aHAIH3e COGPaHHOTO
MarepHaia Bmecte ¢ b.A. Mambiputbim 1 JI.B. XaGapuHbiM, a cepbl M aprona — ¢ B.A. Buno-
rpanoebiM B C.b. CMenoBbiM.

Othowenue *He/*He B npo6ax rasa onpemensyioch NpH MOMOILM CHEUMATBHOTO MArHHT-
HOro pe3oHaHCHoro Macc-cnektpomerpa (MPMC), paspa6orannoro B JleHHHrpaackom
¢usuxo-rexnmyeckom HuctutyTe AH CCCP, no meropmke, M3noxenHoi panee [Mambipun
H Op., 1969]. OcoGeHHOCTbIO 3TOH METOOMKH SBJIAETCA BBICOKAasA TOUHOCTb ONpeHesIeHUA
M30TONHOTO OTHOLLEHHs, cooTBeTcTBYlomas npu >He/*He = 107 ortHoCUTeNbHO#M norpew-
HOCTH B 2—3% (NpH eMMHHIHOM ONpeLeeHHHU) .

H3oT1onbl cepbl H aproHa onpenesisyiuch B 1aGOpaTopyy reoXMMUH CTaGHIIbHBIX H30TOINOB
I'eonoruuyeckoro nHcrutyta AH CCCP. M30TONHBI# COCTaB cCephl M3YYalic HA Macc-CeKTPo-
metpe MU-12-01 ("IOnuTep”) no CTaHOAPTHOH METOAMKE C TOYHOCTBbIO H3MepeHHa t 0,2%.
B kauectBe 3TajioHa MCIOJIB3OBAJIaCh cepa TPOWIHTa U3 Meteoputa CuxoTte-Anunb. Uamepe-
HHMA H30TOMHBIX OTHOLUECHHI aproHa NPOBOAWIMCh B CTATHYECKOM peXHMe Ha Macc-CleKTpo-
metpe TH-150 ¢upmbr “Varian” mo meropuke, HaoxerHoi C.b. Cmenossim [1980]. Tou-
HOCTb H3Mepenns oTHowenua *®Ar/3¢Ar — 0,5%, 38 Ar/?SAr — 2,4%.

I e n v i1 B HcnaHACKHUX IioHOax u3yvasnca B 60 TepMONpPOABIIEHHAX, PaCHPOCTPaHEHHBIX
no Bceil TeppuTopHM ocTpoBa (pHc. 11). Bcero 6put0 caenano 77 onpenenenuii H30TOMHOTO
cocraBa renua [Konowos u np., 1974}, npuyem onpoGoBaHHe KOHTPONBHBLIX OGBEKTOB B
pa3sHble rofibl MOKa3ano, 4o oTHotuenue > He/* He ocTaeTcA B HMX MPaKTHYECKH HEH3MEHEH-
HBIM.
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Puc. 11. PacnpenieneHne pennuuHsb otHowenns * He/*He - 10~* B rasax rugporepm Hcananmm

1 — nyHkTH! 0T6Opa NpPod M 3navenme oTHowmenmsa >He/*He - 107%; 2—4: 2 - >24,3 - 1,6-2,4,
4 - < 1,6; 5 — w3onnHuu BenmuunHBI oTHOWenMA *He/*He; 6 — rpamuubi BynkaHnuecit aKTHBHBIX BeTBeHR
CpenmMHHOWM 30HBI ’

Kak BHAHO M3 pHC. 11, Bce M3MepeHHbIe 3HAYEHUA 3aKiIloueHbl B Auanaszone (0,7—3,3) X
X 1075 . Taxum o6pazoM, 06/1aCTh MPOSABIIEHHS HA NOBEPXHOCTH FTyOHHHbBIX 3MaHAalHii 311eCh
HAMHOTO TPEBOCXOOMT MO NIoany o671acTh YETBEPTHUHBIX HU3TMAHMA MarmMaTHYecKHX pac-
mwnapoB. Benmunnbl *He/*He B Ucnanmuu noBciogy Ha 2—3 NOpAAKa NMPEBBILIAIOT 3HAYEHHA,
CBOMCTBEHHbIE KOHTHHEHTAJIBHBIM YYaCTKaM 3eMHOH KOpbl. JTO yKa3blBa€T Ha OTCYTCTBHE
KOHTHHEHTaJIbHOTO “TPaHMTHOro” ¢jiofi B Kope Hcnmanomu M 1eM caMbIM Ha POACTBEHHOCTB
ee CTPYKTypaM OKeaHHYeCKOro [IHa.

Ha o6uem ¢one BhicokHX 3Hauenuit otHowenus > He/* He B Tepmanbubix dmonnax Ucnan-
IMK 3aMETHbI ONpelesieHHble MPOCTPAHCTBEHHbIE BapHallMH 3TOro mapamerpa (cM. puc. 11).
OHM He BNOJIHE COIJIACYKTCA C YCTaHOBJIEHHOW TMOPOTe€OXHMMYECKOH 30HAIBHOCTDBIO, YTO,
NO-BHAMMOMY, CBSI3aHO. C Pa3HOii ryGHHOI reHepalM COOTBETCTBYIOLMX (tionnoB (nmpuyem
relyil MmocTynaetr ¢ HaWGONbUMX riyOHH). BMecte ¢ TeM BbIABJIEHHass 30Ha NMOBBILIEHHbBIX
(2,0 -107%) 3navennit ortHomenus >He/*He npotaruBaerca uepes Hcnanmmio B 0GiieM
HanpaBJ/IeHWH CHCTEMbl CPEIMHHO-OKeaHMyecKoro xpebGTa, COBMajjasA Ha fore ocTpoBa co Cpe-
[MHHOH 30HOM, a Ha CeBepo-3alafie — C MpeONoJiaraeéMbIM NMpojoJDKeHHeM BerBH Pelikbi-
Hec—Jlanritokymib k n-oBy Ckara u ganee Ha coeflMHeHHe ¢ moxaBoaHbiM XpebTom Konbein-
ceit. Takum 06pa3om, BelmHumHbl oTHOWeHNs > He/*He B TepmanbHbix rasax Mcnaumumm u 3a-
KOHOMEPHOCTH HX MPOCTPaHCTBEHHOrO paclpefeneHHs OTPaXKaloT BaXKHble OCOOEHHOCTH
rJiyOMHHO# reoJIOrHIeCKOoN CTPYK Typhl OCTPOBa.

AproH onpemenanca B 36 TEpMONPOABIIEHUAX C Pa3JIMUHbIM COCTaBOM (hITIOMOOB,
npuuem B GONBLIMHCTBE NMpoG GbUTM H3MepeHB! BENMHUMHbI OTHoleHMA kak *®Ar/3SAr,
tak u 38Ar/3¢Ar [CmenoB u mp., 1975]. Pasmemenne takux npo6 nokasaHo Ha puc. 12.
IlposenenHsie MccneNOBaHNA YCTAHOBHIIH, YTO HEKOTOPbIE TEPMOIIPOSABIICHHSA 10XHOH M 3a-
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Puc. 12. OGoratenne *° Ar 0OTHOCHTENIBHO BO3yXa B Ia3ax TepMonpoAsneHult Ucnanmm, %
1-4-1->10,2-7-10,3-4-7,4-<4

najiHoit MIClaHIMK XapaKTepH3yloTCA YCTOMUMBBLIM o6orawenneM *®Ar o cpaBHeHHUI0 C BO3-
lyXoM, XOTA BenuunHbl oTHouwlenus >3 Ar/>®Ar B uux tummuno atmocdepubie. Iocnenmee
yKa3biBaeT Ha To, 4yTo oGorameHue 3THX rasoB *®Ar He cBA3aHO ¢ MpolieccaMy W30TOIHOTO
($paKMOHHPOBAaHUA aproHa M XapaKTepH3yeT MX MCXOAHbIil coctaB. [IpencraBnaerca mano-
BEPOATHBIM, YTOGB! OTMeueHHOe oforaienne HEKOTOPbIX HCIIAHICKHX TEPMaTbHbIX GIIIOHAOB
4OAr GBUTO CIIEACTBHEM €ro reHepalii B [IOPOAAX, KaK 3TO MOXHO M003PeBaTh B MOTOGHBIX
ClydasiX B IHAPOTEPMAX BYJIKaHHUECKHX PaifOHOB ANbIHiickoro H THX00KeaHCKOro MOIBHXK-
HbIX mosicoB. Bazanbtel Mcmannum xapakTepusyloTcs HM3KuM coepxanueM K, O — okono
0,5% [Tepacumorckuit u mp., 1978] u uMerotr Bospact He crapiie 16 muu. ner. Iloaromy
HaKOIUIeHHe B HUX PaJHOreHHOrO aproHa He MoxeT GbITh 3HauMTenbHpIM. Kucnbie mopoasi
Ucnanpnu comepikat, Mo JaHHBIM Tex ke aBTOpoB, 2,4—4,1% K, 0, ro OonsA UX cpeau mpo-
OyKTOB Byikauu3Ma Hixe 10% [Palmason, Saemundsson, 1974].

YuacTkn o6oramieHns ra3op *°Ar COBMAjaloT ¢ 30HOH MAaKCHMAJIBHOFO COMEPXaHHA B
TepmaribHbIX nroMpax HMcnangum nerxoro usoroma renus. SIpKHM mpHMepoM Takod Kop-
PENAIMH CIIYyAMT COCTaB ra3a, B3aToro B 1973 r. u3 ckBaxuHbl Ha 0. Xelimadii BO BpeMs
BYJIKAaHHYECKOTO H3BepxeHHs. B 0TOGpaHHOM rasze oueHb BBHICOKA KOHILEHTPALUMA TeHA
(0,3% 06.) ¢ U30TONHBIM COCTABOM, OTBEYAIOIUMM IPENCTABIICHHIO O €r0 MaHTUHHOM IIPOMC-
xoxmenun (PHe/*He=2-10"%), u B Hem xe 0GHapyXeHO MaxKcHMalbHOe OGOraiieHHe
40Ar — Gonee yem Ha 12% 1o CPaBHEHHIO C BO3IYXOM.

O6oraienne TepMatbhbIX GniouaoB *®Ar Ha CTONb 3HAYMTENIbHON TEPPUTODMM B BYJIKa-
HHYECKOM perroHe o6HapyxeHo Bnepsble. [10-BHOMMOMY, OHO CBA3AHO C MOATOKOM ra3oB
M3 MaHTHH.

C e p a M3yuayacb B NOA3eMHbIX Bofax H razax Mcnanmuu (puc. 13). B orinume o1 renu,
B M30TOIIHOM COCTaBé Cephbl JIErKO YBHIAETh YETKYH 30HAIBHOCTb, COBNAHAIOLIYI0 C OGLIHM
CTPYKTYPHBIM IUIAHOM OCTPOBAa M 30H&IBHOCTBIO XHMHUYECKOTO COCTaBa ruapotepm [Buuo-
rpafoB M ap., 1974]. Kak nokasbiBaet puc. 13, B TepMONPOABIECHHAX, IPUYPOYEHHBIX K BYJI-
KAaHMYeCKH aKTHBHLIM BeTBAM CpedMHHOI 30HBI, H30TOMHBIA COCTaB KaK CyibdaTHOI, Tak H
cynbdbuaHoi cepbl 6mu30K K MeTeoputHoMy (534S = 0%50). 3a npenenamu paiioHOB aKTHB-
HOTO BYyJIKaHM3Ma B GOJIBIIMHCTBE TEPMONPOABIIEHHA Cepa XapaKTepH3yeTcs 3HaYCHHAMU
8348 +3,3+ +7,3%,, a B6mu3n Geperopoii nuuuM — +8,7 + +15,1%0. Takas 30HaNIbHOCTD
obbACHAETCA cMellieHneM GITIOHI0B C Pa3HbIM HCXOIHBIM COCTaBOM cepbl. C OHOM CTOPOHBI,
3TO KOHJEHCaTbl Mapora3oBbix cTpyil CpedMHHOM 30HBI, B KOTOPbIX HCTOYHHKOM CEpPbI ABJIA-
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Puc. 13. Pacnipenienenue 3navenmit 6°* S B TepMonposisnenuax Hemanauu, °/,
1 — nynxTH 0T60pa MpoS (wHMcMTENs — B CynbdumHO# cepe, 3HaMeHaTeNb — B cyibdatHoit) ; 2 — rpa-
HMIIBI BYJIKAHWYECKH aK THB HbIX BeTBeilt CpesMHHOM 30HBL; J — neHHUKH

etca Bymkanudecknit H, S ¢ “HyneBbiM” (MeTeopHTHBIM) 3HaueHHem 534S (kak nokasaHo
BbILlIE, MMEHHO U3 3TOH 30HBI BHIHOCHTCA B OK€aH NOJABIIAIOLIAA Macca CyibdaToB, CHOCHMAA
¢ tepputopud Mcnanmuu) . C apyroi CTOPOHBE, 3T0 MOPCKOIi CONEBOH KOMIUIEKC, COAEPXa-
wmit cepy ¢ 6348 oxono +20%,. MakcuManbHas npumech Cynb$haTa MOPCKOTO POHCXOX-
JeHust HaGJIoIaeTCA B TEPMONpPOABIEHHAX NpuOpexHbix paitoHoB Hcnanguu (ocobeHHO
APKO 3TO mposABNserca Ha n-oe PeiixbaHec). [lonTArvBaHne OkeaHHYECKOH BOMIBI K TEMNO-
BOMY OYary MPOABWIOCH H Ha OKpaHHe 0. XeitMadii, JieXauiero Ha NPOAOIDKEHHH 10XKHOH BeT-
pHu CpelHHHOI 30HBI BO BpeMs M3Bep)XEHHA Ha 3TOM ocTpoBe B 1973 r. Bynkaka Jnsadensb.
TennoBas akTUBH3alLMA HeAp OTPa3WiIach Ha AMHaMUKeE MOA3eMHbIX BoA: U3 l,5-kunomerpo-
BO#l CKBaHHBI, PacOIOKEHHOi B 2,5 KM OT LieHTpa HOBOTO M3BEP)KEHHA, Hayasla M3JIHBaTbCA
Bopa. Ilo cocraBy oHa oTBevana HamonoBHHY pa3baBlIeHHONH MOPCKOMH BOME U XapaKTEpH3o-
Bajiach THIIMYHO “MopckuM” 3HauenHem 83°S cynbdatHoit cepbl. OHAKO B CaMOM eplie
BYJIKaHa B 3T0 BpeMs NTOCTyNalia K MOBEPXHOCTH CEPa COBEPILLIEHHO HHOTO — METEOPUTHOTO —
cocTaBa. JnemeHTapHasi cepa H SO, BBICOKOTEMMEPATyPHBIX ra30B, BbUIEIABLMXCA BMECTe
C JIaBOH KaK 30€eCh, TAK U B aHAJIOTMYHBIX YCJIOBHUAX paHee Ha BynkaHe CypTc3H, XapaKTepH-
30Baymch 3HauenuaAMH 834 S oxono 0. IT0 CBHIETENBCTBYET O MOJHOH H3ONALMM MarMomno-
BONALITO KaHana — MO KpaiHell Mepe B MOMEHT H3BepXeHHA — OT MOPCKHX BOJ [axe NpH
CTOJIb MaJIbIX Pa3Mepax ocTpoBOB (IUTomamb 0. XefiMadii COCTaB/IANA 10 H3BEpxeHHs 12 km?,
a CypTcaii BooG1Le MOABWICA TONBKO B pe3yJIbTaTe H3BEpPIKEHHA) .

H3yyenne BapHauuii H30TOMHOrO COCTaBa Cepsl B TepMONpoaBeHUsax Mcnanmuyu npuBoouT
K BaXHBIM T€0JIOTHYECKHM BbIBOJaM. OCOGEHHOCTH 3TOrO COCTaBa MpH HU3KOM 06IeM BbI-
HOCe Cepbl MOO3EMHBIM CTOKOM Jierye BCero OOBACHAIOTCA clelHdPHUECKUM BeLleCTBEHHBIM
COCTaBOM €€ KOpbI, MPaKTHYECKH He cofepiKalleil cepbl MOPCKOIO COJIEBOTO KOMIUIEKCA.
Bnu30cTh M30TOMHOTO COCTaBa CyNbpaTHOR M CyNbPHIHON Cepbl B TEPMONPOABIIEHHAX BYII-
KaHHYeCKH aKTHBHBIX BeTBeil CpemMHHOH 30HBI McnaHOMM K METEOPHTHOMY B COYETAHMH
¢ oflueil reoTeKTOHHYECKOH MO3MLMEH OCTPOBa M APYIMMM €ro reOXMMHYeCKHMH M TeoTep-
MHYECKHMH OCOGEHHOCTAMM NMO3BOJIAET CYMTATh, YTO CEpa B ITHX TEPMOIPOABIIEHHUAX MOXET
6bITb, MO KpaiiHeit Mepe YaCTHYHO, I0BEHWNbHOH. M3meHenns 3navenmii §3*S no mpoctupa-
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Huio CpemIHHON 30HBI CBA3aHbI, MO-BHOMMOMY, C KoOJleGaHHAMH B NPHTOKE HOBEHWIBHOTO
cepoBoopona. B Tom cnyuae, xorfia 3T 3naueHMs BO3PacTaioT, KaK B IOFO-3aMa/iHOH BETBU
CpenuHHOM 30HbI CeBepHee THHIBEMTHPa, 3T0O TOBOPHT 06 0TCYTCTBHH NPHTOKA I0BEHUJIBHOTO
CepOBOROPOAA H MOXeT GbITh HCTOIIKOBAHO KaK pe3yJIbTaT pa30O6iieHHA NaHHOH YACTH BETBH
Ha OTHEeJbHbIE 3BEHBA.

HeoXxupaHHO GNH3KHM K “METEOPHTHOMY” OKasajiCA COCTaB CyjibGaTHOH cepbl B OTHOM
U3 TEPMOIIPOABIIeHUil ceBepo-3anafnod Mcnmanmmm — azotHom ucrounuke Pejikup-Peitkba6-
POHT. ITO OTIIMYAET JAHHOE TEPMOMNPOABJICHHE OT COCEHMX, HMEIOILKX TOT € ra3oBblil COC-
TaB, U He HAXOOMT cebe Jpyroro oGbACHEHNA, KpOMe MOMBITKH CBA3aTh 3TOT (aKT C MOJIOXKe-
HHMEM MCTOYHMKa B Npedenax MpenionaraeMoi 3aech apeBHeit BetBu CpenuHHO# 30HBI Jla-
yHritekymib—Ckaraxeimm.

Taknm 06pa3om, B pe3ynbTaTe HCCIEAOBARMI H3OTOMHOIO COCTaBa IeliMsA, aproHa H cepbi
B TEPMAIbHbIX (IIIOHIAX BhIABJIACTCA yuacTHe B MX (GOPMHPOBAIHUM MaHTHAHOH 10BEHWILHOIA
COCTaBJIAOLICH H YTOUHAIOTCA T€0NOro-CTpyKTypHble oco6enHocT Mcmanam.

Kapra MHHepansHbIX
H TepMansibix Boa Henanpum

HNTOroM KOMIUIEKCHOTO aHaJIH3a Te0IOrHYeCKHX, TeOTEPMHUECKHX, THAPOTe0IOrHYeCKHX
H rUporeoXumMmueckux ocobenHocteit Mcmanmuu ABWIach BriepBble COCTaBJICHHAs JUIA 3TOrO
paitoHa Kapra MMHepanbHBIX H TepManbHEbIX Bom, (pHc. 14, cM. Bki1.) . OHa npefcraBiser par-
MeHT MexayHapoauoii KapTel MHHepanbsHbIX M TepMaibHBIX Boa EBpomnsl macuitaGa
1:1500000, cocraBnaemoit Komuccueit MMHEpaIBHBIX H TepMalibHbIX Bon MexayHaponHoi
accolManMM THAPOreoJjioroB, WICHOM KOTOpPOH aBiserca aBTop. CornacHo npunatoi Ko-
MHCCHEH yHHBEDCaIbHOM JiereHie, Ha TeppHTOpHH HClaHOoMH BbifieNieH pAn rHApPOreoJiorHye-
CKHMX CTPYKTYpP, K KOTOpbIM MPHYpPOUYEHBI Y€Tbipe NPOBHHIMH TEPMOMMHEPaIbHBIX BOJ,
Pas3JIHYHOTO IeHe3Hca.

IpoBBHIMA 330THBIX TepM. ITH TEPMBbI PaCIIPOCTPaHEHB! B NPENENaX THAPOreoIOTHYECKHX
MacCHBOB 3amafHO# M BocTouHOH HcnaHmMM, CJIOXEHHBIX MHOLIEH-BEPXHEIUTHOLECHOBBIMM
nnaroGasansTamu. PopMHpoOBaHHE TaKHX TEPM CUMTAeTCA CIIENCTBHEM IyGOKOi LMPKynA-
MM Bol B (JOHOBOM reoTeMmeparypHoM nosie. OHM MMEIOT TeMIlepaTypy Ha BBIXOZE, KakK
NPaBHJIO, HI)KE TOYKH KHIEHMA, a Ha “06a30Boii” rimyOuHe, COITIaCHO pacyeTaM, He BbILle
150°C. BbiHOC Temna B OYarax pasrpy3KH a3oTHbIX TepM mocTHraet 10° xan/c. Mix temnossle
mapameTpsi MOryT GbiTh 0GecreyeHn! ’cCbeMOM” YaCTH KOHAYKTHBHOTO TEIUIONOTOKa UHHIIB-
TPaUMOHHBIMM BOJAMH B mpefenax Bepxuux 2—2,5 kM pa3pe3a 6asansroseix tomu. Io reo-
XHMHYECKHM OCOGEHHOCTAM B NPOBHHUMH 330THBIX T€PM BBLIENAITCA BOLbI aTMOC(EPHOIo
H CMELLAHHOTO MPOUCXOXKIEHMUS.

Bonos atTMoChepHOro NnpoHCXOoXAeHHA o6pasyloTca B pe3ynbTaTe HH-
GWIbTPaUMH METEODHBIX BOR, HACBILEHHBIX BO3OYLIHBIM 330TOM, M HX B3aMMOIEHCTBHA
¢ BMelaloMH nopofiaMi. OHM ABNAIOTCA 3[ech NMpeoGNafalonMM THIIOM, UMEIT OGBIYHO
rHApOKap6OHaTHbIH HAaTPHEBBIH, pexe CynbgaTHblf HATPHEBBIA COCTaB, MHHEPAITH3ALHIO He
Bbige 1,5 r/n, Xapak Tepu3yioTca BBICOKO# 1IeSIOMHOCTHIO (pH = 8—9) H-comepkaTt ao 180 Mr/n
H, SiO;.

Boab CMeWaHHOro NPOKCXOXIEHHSA BCTPEYAOTCA TOJNBKO B MPHOPEKHBIX
paitoHax (cM. puc. 14, TepmonposBnennus 4, 17, 77). Oun 06pa3yiorca NpH BbILIENAYHBAHHH
METEOPHBIMH BOJAaMH MOPCKOrO COJIEBOTO KOMIUIEKCa M XapaKTepPH3YIOTCA XJIOPHIOHbIM
HAaTPHEBBIM COCTABOM C MHHepaJin3aimeii oxono 1 r/fnu pH=7-8.

IMpopuHIMA yraekHcnbiX BOX. IlpoBMHIMA NpuypoueHa K TMApPOTEOJIOTMYECKOR CIpYK-
Type n-oBa CHafibemibcrec. IDiolansoe NX pa3BHTHE B 3TOM PErHOHE YKa3biBaeT, YTO OHH
o0Opa3yloTca nod BO3[EACTBHEM NpPOLECCOB PErMOHAIBHOTO MeTaMopdH3Ma 6a3abTOBbIX
ton. Kpome Ttoro, yrnexucibie Boabl BCTPEeYaloTCA M Ha OTHENIBHBIX HeGOJNBUIMX yyacTKax
(cMm. puc. 14, tepmomnponsnenus 44 u 83), rae ux GopMHPOBaHUE CBA3AHO, NO-BUIUMOMY,
C JIOKJIbHBIM METaMOPGH3MOM Ha KOHTAKTaX HHTPY3HBHBIX TeJl H MPAMBIM NOCTYIUIEHHEM
CO, 3 OCTHIBAIOWIMX MarMaTHYeCKHX OYaroB. BONBUIMHCTBO YITIEKHCNIBIX HCTOYHHKOB XO-
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nonmvie (~7°C), pexe — Temvie (mo 40°C). Cpenu 31X BOM Takke BbIAENAWTCA BOMbI
aTMOC(HEPHOrO H CMEIIAHHOTO MPOHCXOXHACHHA.

Boan atMochepHOro NpPOMCXOXAEHUA B ITOH MPOBHHUMH HMEIOT THAPO-
KapBOHATHBIH KATIbUMEBBIH COCTaB, MUHepanu3amio ot 0,5 no 2,5 r/mupH = 7.

Bonop CMEWaHHOIO NMPOMUCXOJXKMAEHHUH, XapaKTEPU3YIOIHMECHA NPH TOM
ke reoXuMHYeckoM o6iIHke MOBBILLEHHBIM CcolepXkaHueM Xnopa (mo 245 mr/n), obpasyrorca
MpH y4aCTHU B MX GOPMHPOBaHHN MOPCKOTO COJIEBOTO KOMIUTEKCa.

TlpoBHHIHS a30THO-YIMEKHUIBIX BOA. OHa MpHYpPOYEHa K KPbUIbEBBIM YaCTAM HAaJOXEH-
HOro BYJIKaHMYeCKOro cynepbacceiina CpenuHHO# 30HbI M 30He Xpemnnap. 314 TepMbl reii-
3epHOro”’ THMA OTIHYATCA HauGoNbLUMM NeGUTOM M Pasrpy3Koi B BH/E NapOBOAAHON CMECH.
Ha rny6une MX TeMmepaTypa, COFJIaCHO pacyeTaM, cocTaBiseT okono 250°C. JlokanmbHblit
BBIHOC TEIUIa B OYarax MX pa3rpy3KH JOCTMraeT BenuuMH nopaaka 107 kan/c. [lpunumasn Bo
BHUMaHHE, YTO TaKHe rMApPOTepMaIbHbIe CHCTeMBI NpHypoueHsl B Mcmanoun K cpaBHUTENbHO
HeGONMbLLMM JIMHEAHBIM CTPYKTypaM (rpaGeHam, 30HaM pasliOMOB), HX TEIUIOBOI MOTEHLMAI
Helb3fl OGBACHHTL TONBKO HarpeBaHHeM B (OHOBOM re0TeMHEPaTypHOM IoJie H Heo6GXonHMOo
[OOMYCTHTh NPHUTOK HEKOTOPOro KONMYecTBa InyGuuHOro ¢ioKna ¢ BbICOKOH SHTAJIbIMEH.
Bce TakMe TepMbl OTHOCATCA K BOAAaM CMELIAHHOTO NMPOMCXOXAEHHA, dopMHpylolHMCA
TpH B3aMMOJIEACTBUH aTMOC(EPHOI, MOPCKOM H BYIKAHMYECKO#H COCTaBNAIUMX. OHU UMEIT
rHOPOKapGOHATHO-CY IbgaTHbI HaTPHEBLI cocTaB, MuHepanu3amuio 0,2—1,2 r/n, BhICOKYyWO
mwenourocts (pH = 8—9) u MaxcumanbHble KonueHTpauuu H, SiO; (mo 662 mr/n). AsotHo-
yriekucisle TepMbl McnaHaomu oT1imMuaioTcs OT 3apyOekHbIX aHAJIOrOB pe3KO NOMYHHEHHOM
POJIBIO XJIOP2 B aHHOHHOM COCTaBe. v

Ilpopununs “Bopopomnsix” TepM. OHa OTBeuaeT aKTHBHBIM BeTBAM CpenyHHOM HEOBYI-
KaHHYECKOH 30Hbl. Bofiopo/mble TepMbl pasrpyaiTcs B BHOE MOIUHbIX MApOBBIX CTIPYH, a
Ha rmybune 1—2 kM HX TemnepaTypbl gocturatot 350°C. Kak M a30THO-yrieKHcnbie, 310 —
BOOGI CMEIMIAaHHOTO MPOMCXOXAEHHSHA, BHOPMUPOBAHHM KOTOPHIX IPUHAMAIOT
ydactue rnyGuHHble IIOHABI. ITH THOPOTEPMATIBHLIE CHCTEMbI NMPHYPOYEHbI K JIMHEHHbIM
CTPYKTypam M Gonee pegxum B Ucnanauu xonsueBbiM genpeccusaM. Bepxu reonornueckoro
pa3pesa TakHuX CTPYKTyp (Kak M yyacTKoB GOpPMHPOBaHHA TePM ’reii3epHOro’ THIa) CioXxe-
Hb! OOBIMHO TOJNILIEH HEMPOHMLAEMBIX HIIM C/IaGONPOHHLIAEMBIX MOpOoM, 3alUMINAIONEH THAPO-
TEPMATBHYI0 CHCTEMY OT OXJIXIAIOLLEro BIIMAHNUA HHGHUILTPALMOHHBIX BOM,. XapaKTEPHBIM U
yacTo mpeobnagaumM KOMIIOHEHTOM HX aHHOHHOTO COCTaBa ABNsieTcA cyJibdar-HOH, o6pa-
3youMiica 651aronaps OKHCITEHHI0 BYIKaHHYECKOTO cepoBopopopa. IIpucyIcTByloT Taiike
HCO3 u CO%~. Cpenu kaTHOHOB rocnoAcTBYeT HaTpuii. pH BapbMpyeT B LIMPOKHX Tpere-
ax — OT 4 B eCTECTBEHHbIX KOHJIeHcaTaxX OO0 7—8 B rayGuHHOI#M ko dase. OTmHunTens-
HOIl uepTOoil BOAOPOOMBIX TePM ABJIACTCA MOBBILIEHHOE, 0 OTHOLICHHIO K O4Y€Hb HH3IKOMY
aneck ¢ony, conepkanne Li, Cu, Zn u HekoTOPbIX ApYTHX MHKpPO3ieMeHTOB. Oco6oii pasHo-
BHAHOCTBIO CMELIAHHBIX BOJA BOAOPONHOrO THNA ABJAIOTCA TMAPOTepMbl Mbica PelikbsaHec
(cM. puc. 14, tepmonponsnenus 30, 31, 32, 33). GopMupoBaHHe HX CBA3aHO C BHEOPEHHEM
COBPEMEHHBIX MOPCKHMX BOJ MO PHGTOreHHBIM pa3lioMaM, coemyHmouwmM CpequHHYI0 Heo-
ByJIKaHWuecKylo 30Hy Hcnanmuu ¢ nomsomHbiMm xpeGToM PefikpsiHec — CEBEPHbIM YYaCTKOM
CpemiHHO-ATIAHTHYECKOTrO XpeOGTa — M TpeGyeT CnelManbHOro aHaIH3a.

BEPETOBLIE TEPMbl BHYTPHOKEAHHYECKHX PHOTOBBIX 30H
(TEPMAIJIBHBLIE PACCOJTHI MBbICA PEAKBAHEC)

BoigBieHHble OCOBEHHOCTH THMAPOTEPMANbHOH aKTHBHOCTH WcnaHmmM, no-BMAMMOMY,
BO MHOTOM XapaKTepHbI M 1A IIOABOIHBIX YYaCTKOB IJ100aJIbHOM CHCTEMbI CPETHHHO-OKCaHH-
yeckux Xpe6ToB. OHAKO B reOXMMHYECKOM OGJIMKE 3THX TMAPOTEPM IONKHBbI GBITH M Cy-
IIECTBEHHbIE Pa3iMuMA. B cocTaBe TepManbHbIX (IIOMIOB, PasrpyXaloummxcsa B cyGakBasib-
HBIX YCIIOBHAX, BMECTO MaJIOMHHEPAIM30BAHHBIX MeTeopHbiX Bof Gyner mpeobnanars Mop-
ckas Boza. Ha 310 yKaspiBaer M3yueHue creunuduueckoil rpymmnsl TaK Ha3biBaeMmbix Gepero-
BBIX, WIH “MOpPCKHX”, TepM, BCTpevalommxca B NPHOPEXHBbIX yYacTKaX paHOHOB COBPEMEH-
Horo Bynkanu3Ma [KonoHos, Tkauenko, 1974].
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HenpeMeHHBIM yCNIOBHEM BO3HHKHOBEHMA TepM 3TOrO THNA ABJIACTCA HAJIMUHE KPYIHBIX
30H TEKTOHMYECKOro OpOGHEHHsA, CEKYIMX MOPCKOe THO H MMEKLMX Ha3eMHOe IPOHOIDKe-
Hue. BHenpenne cOBpeMEHHBIX MOPCKHMX Bofl B GeperoByio 3oHy B 0BlIEM Cilydae NPOMCXO-
IOUT TOrZa, Korda B THOPONMHAMHYECKO#l CHCTeMe NaBlIeHKe cTOJIGa MOPCKOii BOMBI He YpaB-
HOBELIHBAEeTCA [aBJICHHEM CToJIGa mof3eMHbIX BOA cyum. Kpome Toro, B psAfe CilyyaeB npH-
UMHOH TaKOTO BHeAPEHNA MOXET GbITh aHOMAIbHO BBICOKMI NPOrpeB Help GeperoBoi YacTH
rHApoIMHaMHYecKoil cucTembl. TlocneHAA NpMYMHA XapakTepHa Kak pa3 mia obmacreit
COBpPEMEHHOTO BYJIKaHH3Ma.

OmHMM M3 CaMbIX APKHX MPHMeEpOB Takux GeperoBbix (“MOpCKMX™) TepM ABJIAIOTCA
BBICOKOTEMIIEPATYPHbIE PaccOJibl, Pa3rpy’KaloLMecs Ha KpaiiHeM foro-3anane Wcnanmm, roe
CTPYKTyphl N-0Ba PeiikbAHec COMpAralnTca ¢ OOHOMMEHHBIM NOJBOMHBIM XpeGTOM, ABNAW-
IMMCA OOHMM H3 3BeHbeB CpemmHHO-ATnanTHueckoro pudra. CpaBHMTENbHO noapoGHas
reoJIOTHYECKasA, reoTepMHIECKas H THOPOXMMHUYECKAA H3YUEHHOCTh FeOTEPMAJIBHOTO MECTO-
poxneHua PeiikbaHec, pacmonodkeHHOro B pHOTOBOH 30He, CeKyLIeH OKeaHHYeCKyIo KOpY,
fenaeT 3Ty THAPOTEPMAIbHYI0 CHCTeMYy HAWIYYUIMM OGBEKTOM [UA BLIACHEHMA OGIMX
3aKOHOMEPHOCTel (POPpMHpPOBaHUA “MOPCKMX™ TEPMaIBHBIX PaccoloB KaK B GeperoBoit
30HE, TAK ¥ Ha OKEeaHMYEeCKOM [IHe.

Tepmansubie pacconsi Mbica PeitinsHec

B ommiune o1 ApPYyTHX ruApoTepMaNbHbIX cucteM Ucmanmiu, xapakTepH3yonMXca HH3KOH
obleil MuHepaiM3anMeil NOA3EMHBIX BOI M NpeobliafaHMeM B HX aHHOHHOM cocraBe SO,
HCO3; u CO;, nmaporunporepmsl PeitkbiHec UMeroT BbICOKYI0 MuHepaH3auuo (0o 52 r/kr)
H XJIOPHIHBIA HATPHEBLIA COCTaB, IO KOTOPOMY OHM CXOMHBI, XOTA H HE BIIOJIHE, C OMBIBaio-
IUMMHU MBIC MOPCKHMH Bofiami (Ta6n. 25). Ilo cpaBHeHMI0 ¢ MOPCKOH BOMOM B 3THX rMApPO-
TepMaXx 3HAUMTENIBHO HM)Ke KOHUeHTpaumsa HoHoB SO, m Mg u Beime copepxanne H, SiO;,
K, Ca, HCO3;, CO;, a B npunoBepxHocrHoit 30He — Taxxe Cl u Na. Comepxanme As, Mn,
Sr, Li, B cooTBeTCTByeT HX KOHIEHTPAlMH B MOPCKOil BOJE H 3HAYHTENBHO BbLIILE, Y€M B
OpyruX TepMaibHbIX Bofax Hcmanpun.

IIns TtepMaIbHBIX paccoyioB PeilkbfiHeC XapaKTepeH CPaBHHTENIBHO BBICOKMI Tra3oBblIit
tdakTOop (HWIDKe YPOBHA BCKMIIaHHA M [€rasalyM coAep)KaHMe rasa cocrasager 1900—
2600 mr/kr). B omimuMe OT ApPYTMX BBHICOKOTEMIEPATYPHBIX IHAPOTEPMAILHBIX CHCTEM
CpenuHHOR HEOBYJIKaHWYECKOH 30HBI, B ra3aX KOTODBIX 3HAaYHTENbHYI0 HOMIO COCTAaBJIAET
BOROpPON, B Ta30BOM cocCTaBe rupporepm Peiikpanec mpeo6namaer CO, — 93,6%, a octans-
Hble KOMIIOHEHTHI cocTaBswT (B % 06.): H, S —0,45; CH, — 0,02; H, — 0,75; N, —4,52;
Ar —0,12.

BoIxo@pl TepMalbHBIX PacCcOJIOB PacrojioKeHbl Ha KpaitHe# 10ro-3amafiHod OKOHEYHOCTH
n-oBa Peiixsanec (puc. 15). 3pecs, B 1200 M ot Geperosoit K Ha Beicote 10—40 M Hap
yPOBHEM MOpA Ha Towank okoyo 1 kM?, HabnlonaeTcs Bce MHOrooGpasse TepMONpPOABIIe-
HMH, OTMEYAIOLMX pa3rpy3Ky BBICOKOTEMIEPATypPHBIX THAPOTEPMAJIBHBIX CHCTEM — NOJIA
THOPOTEPMANIBHO H3MEHEHHBIX, MECTAMH FOpPAUMX IOPOJ, YYCTKH € aKTHBHOH (pyMapOJIbHOH
H conbdarapHoil AEATENBHOCTBIO, IPA3EBBIE KOTIBI, KHIALME BHICOKOMUHEPAITH30BaHHbIE
HCTOYHHKH, BBIXO[MAIHE HA IUIOIafKaX, CIIOXEHHDbIX Tei3epHTOM, H, HAKOHELl, YIHBHTEINb-
HBIA reif3ep, BoIOPAchIBaOIIMI TOYTH MOPCKYI0 BORY.

EcTecTBeHHBIl PacXo[ TepMaJIBHBIX paccosioB He mpesbiman 20 kr/c. Ilocne Gypenus
8 cxBaxuH ray6unoii o1 300 go 1750 M, JaBIMX CAMOM3NIMB, PACXOA THAPOTEPM YBEHUMIICA
B HECKOJNBKO pa3, a B OmDkaiilllee BpeMsA MNPeOIONaractTcsi AOBECTH 3IKCILTYyaTalMOHHbIHA
pacxon oo 410 kr/c.

Teonoruueckoe crpoenne. Ilo manxbim Gypenns [Bjornsson et al., 1972], ero paspes
ClIOXeH CyOropU3OHTANIbHOH TOJNLEH BYJIKaHOTEHHBIX MOPOJ, NMpPENCTABJICHHBIX B BEpXHEH
yacTH paspesa fo rnyGuHs 900 M (ceficMuyeckuit ciioi ”0” ¢ vp = 2,75 kM/c) mwiedcToneH-
rONIOLEHOBOH FHAIOKNIACTHTOBOH ¢opMalleli OCHOBHOTO COCTaBa (BYNKaHOKJIACTaMH, Ty-
¢damMH ¥ GpeKyHAMH C MPOCIOAMM JIaBbl), a Hke — 170-MeTpPOBO# TONMIEH TUIMOLUEHOBBIX
6a3aIbTOB ¢ MPOCTIOAMH IMPOKIJIACTHYECKOr0 MaTepHalia M BYJIKaHOT€HHO-OCA/IOUHBIX 0Opa-
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Puc. 15. Teonormueckas xapTa MbIca
Penikpanec [Tomasson, Kristmannsdottir,
1972}

1 - nocrrnAumanbHbie Gazanbronbre
NaBbl IWHTOBBIX BYJIKAHOB H 3PYNTHB-
HBIX TpemuH; 2 — NANarOHMTOBBIE
Gpexunn, Tydnl ¥ mMUIIOYNaBm; I —
rpaHMIa MECTOPOXTEHHA TePManbHbIX
BOJ, NMPOBEdEHHasA NO KOHTYPY 30HHI C
Px = 3 oM. M [Bjornsson et al., 1972} ;
4 — 3pyntuBHble Tpemmub; 5 — c6po-
cbl; 6 — CKBAXKMHBI M MX HOMepa; 7 —
TepMasibHble HCTOUHMKH M (yMaposbl.
A—F — nuuma npodpnna (cm. puc. 16)

3oBaHmMi (ceificMuMecKHit cioi 17’
cvp= 4,2 xm/c). IosepxHoctp
mbica PefikpsiHec NOKpeITA INAB-
HbIM 06pPa3’oM NOCTTNAIMaTbHBIMU
NMOTOKaMH  6a3anbTOBOM  NaBbl
(caMble MoONOObie M3 KOTOPBIX
He cTapuie 1000 ner).

INo reodpusMyecKkHM [AHHBIM,
TUIMOLCH-YeTBEPTHYHAA  BYJIKaHO-
reHHas TOJILA 3aJIeraeT Ha MoBepx-
HOCTH ceHcMHuecKoro crnoa 3" — L
(p = 6,5 xM/c), OTONMIECTBIIAAC- | l | "’ [/\\/7;//:’ ZLLLLLL"
MOro co cnoem 3" oxeaHHYeCKo-
ro aHa (cnoii *2” 3mech Hcye3aer). = s ds [ a3]e [ O]’
Mowmnocts crmoa 3" pmocruraer
5900 M, u Ha ruyGune Bcero 8,5
KM OT HEBHO#H NOBEPXHOCTH OH NMONCTHIIACTCS CEHCMMYECKMH crioem 747 (vp = 7,2 km/c),
CUMTAIOIIMMCH AaHOMaJIbHO#H MaHTHe# [Palmason, 1971].

Takoe HeOOBMHO BBICOKOE IIOJIOKEHHE YaCTHUYHO aMOpP(H30BAHHOTO MAarMaTH4YeCKOro
BEIECTBA B COUCTAHWM C CEeKYUIMMH MOJIYOCTPOB TIIIyOHHHBIMH PaslioMaMH CO3[aeT 3[eCh
6naronpUATHBIE YCJIOBHA [UIA MOABEMA K IOBEPXHOCTH 3eMIIM MAarMaTHYECKHMX IMa-
HAIMHA. .

Feotepmudeckne ycnoBusi. [lonmyoctpoB PeiikbaHec xapaxkTepusyercs MaKCHMaJIbHbIMH
s tTepputopud HMcnmanmumm 3HaueHHAMH (POHOBOTO KOHAYKTHBHOTO Temomotoka (Gonee
140 MB1/M?) . TeoTemMnepaTypHoe Mojie B €ro NPENenax OCHOXHEHO CYLIECTBOBaHNEM JIOKATTb-
HBIX TEPMOaHOMAJIHii, OJHO#H H3 KOTOPBIX ABJIAETCA PACCMaTPHBAEMOE reoTepMalbHOEe MECTO-
poxpeHne. Bokpyr Hero CymiecTByeT pe3KHMH rOpH3OHTaIIBHBIA rpagMeHT Temmepartyp. Tak,
B 3a60e 100-mMeTpoBOIi CKBakHHBI, pacnomnoxeHHOM B 200 M OT rpaHHMIBI MECTOPOXKACIHA,
Temnepatypa Bof He npesbimana 12°C, Torga kak B mpefeNaX caMOro MeCTOPOXAEHHA Ha
101 e riy6uHe ona mocturana 150°C [Tomasson, Kristmannsdottir, 1972} . Ha rny6unc
1700 m B ckB. 8 3aduxcupoBano 292°C. Mcxona U3 (OHOBBIX FeOTEPMHUYECKHMX YCIIOBHil
B HeOBYNKaHWyecKoii 3oHe Mcmanmm (60°/km B 1,5-KMIOMETpOBOi CKBaXHHE Ha O. Xeii-
Masit o usBepxenus 1973 r.), remnepatypa Ha kposie cios 3> B paitone Meica Pefikpa-
Hec BPAXL M Morna Okl 6biTh Bhile 160—180°C, H B TaoM ciyuae TPYAHO NMpPEANONOKHUTD,
YTO MApOrMAPOTEPMBI MOryT ObITh HAarperbl 37echb TOJMBKO 33 CUET KOHTAKTAa C MOPOJaMH
B npenenax GazaynbToBOH TONIH, Kak nonarawT C. BrepHcco 1 ap. Chemom POHOBOrO KOH-
OYKTHBHOFO TeIUVIONOTOKA HeNb3A OOGBACHHTL M BLICOKHN TEIUIOBOH MOTEHUMAaNl 3TOro reo-
TEPMATBHOTO MECTOPOXIEHHA, HocTuralonmit 4,25 - 10% kan/c mpu Becbma Manoit WwIowWwamH
ero dopmupopamma (mopaaka 6 km?). Takoil TeIWIOBoIi NOTeHIMaN AODKeH GbITH IKBHBA-
JICHTEH KOHMAYKTHBHBIM TEIUIONOTEPAM Ha IVIOMARH 0kono 125 kM? npH IIOTHOCTH Temo-
Boronorokas 140mB1/mM?. YuuThiBad, uTO Ha HarpeB BOJ PAacXOMYeTCA JIHILb YaCTh ITOrO
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Ta6bnuuma 25

XuMH1ecKHi COCTaB NOBEPXHOCTHLIX H NOA3EMHBIX BOA Mbica Peficbanec, Mr/Kr

T°,C
I'ny6una pH/f C
Mecronmonoxexne, .
orGopa npo- .| paccunrannan Na’ K Ca?*
HCTOWHMICH 6u1, M ::;aepeu no Si-reorep- | Eh/25°C
MOMeTpy
Mopckas Bona Tos. 10 7,6/20° 10520 416 386
IoBepxHOCTHBIE » 1.5 7,2/20 16,3 1,5 9,8
Bompl
PeltxnaHec
Mopckoit reftaep » 100 5,35/20 14373 1520 2287
Hcrourmuk* ” 99 259 6,2/99 14325 1670 2260
+0,02
Cxs. 2 (cpemuee 300 226 5,2/221 10440 1382 1812
u3 17 aHanu30B) * +0,13
CxB. 8 (cpemmee 1754 292 274 6,1/292 9610 1348 1530
43 11 aHanu3soB) *
CkB. 7* 59 10 - 3150 200 66
* [To [ BjOrnsson et al., 1972}.
TaGnuua 25 (oxoHuaHHe)
C1 N.
n?l:::::(ol?:*eme, H2 Sioz H3 BOS M — —a- OOPMYIIII XHMHUYECKOro COCTaBg
Br K
C191S80,9
Mopckas Bofa 39 35114 297,7 25,3 M35,1
Na77Mg18Ca3K2
- S0,42CI34HCO, 24
TMoBepXHOCTHBIE 11,9 120,5 - 10,9 0,1
BOOBI Na44Ca30Mg24K2
PelixbsiHec
Mopckolt reitsep 78,0 53,5 46397 2745 9.5 M464 —— M
Na79CalSKSMgl
Cl199
HcrouHmk* 706,6 68,7 52160 - 8,6 M522 ———
Na79Cal4K6Mgl
] C199
Cxs. 2 (cpemmee 4858 66,4 34550 - 1,6 M345 ———
43 17 aHamM30B) * Na78Cal6Ké
C199
Cks. 8 (cpemee 826,2 - 32400 - 7.1 M324 —m——
u3 11 aHanu3oB) * Na79Cal4K7
C19580, 5
Cxs. 7* 39 - 9716 - 15,8

M9,7 —M8M—
Na94K4Ca2
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] _ - O6Gwan xap6o-
Mg?* Li Cr SO, s HCO; |uarnecTs HCO, + F~ Br-
- +CO, +CO,

1282, 19800 2640 66,5
4,7 19,3 32,0 23,9 0,2
96 3,0 27729 159,0 2,4 0,4 101,0
123 - 29100 206,0 0,2 5,0 0,2 -~
8 - 20745 72 50,9 2650 0,2 -
16 - 19260 30,8 45,3 1926 0,1 -

- 4170 276,0 - - -

TeIIa, IWiowab Harpepa [0JXHa ObiTh eine Gonpiue: Hanpumep npH 20% [Monsax, 1966] —
0KoJ10 625 KM?, YTO HE COOTBETCTBYET FE0NIOTHUECKO CHTYaLHH.

YacTs TeIU1a, MOABOAMMOro K MOAoIIBe 6a3arbTOBOH TOMM, MOria 6b1 MOCTYNATh OT 3a-
JIETAloLIEr0 HECKONbKO riyfxe MarMaTHueckoro oyara. QOoHaKo H3-3a OTCYTCTBHA TeOJIOTH-
YeCKHX H reopM3anyecKHX MPHIHAKOB CYIUECTBOBAaHHA pacIUlaBa B KpOBJe ciloA 3" NOrHY-
Hee OOMYCTHTb o6ecneyeHHe TEMIOBOH MOIHOCTH PaCCMaTPHBaEMOTO re0TEPMAIBHOTO MECTO-
POXKAEHHA TOCTYIUIECHHEM B HEero BBICOKOTEMIEPaTYPHOTO TeIUIOHOCHTenA. Takum Terto-
HOCHTETIEM MOTYT ObITh JieTyuHe, BbUIE/IAIOLMECA M3 pAacIUlaBa B BepXHeil dactu cioa 4",
60 3HOOreHHBIR (bIIIOHM, MOOHMUMAIOIHICA 31eCh H3 3eMHBIX He[lp He3aBHCHMO OT Marma-
THYECKOr0 paciiaBa no riyGuHHoMy pasnomy. Ilns Toro yroGel o6ecreunts HaGilomaeMblii
BBIHOC Temna B KommuectBe 4,25 - 10% Kkan/c, MOCTATOYHO MPHUCYTCTBHA B COCTaBE TEPMallh-
HbIX PaccoJIoB OKono 25% dmouna ¢ xTanbmieil 800 xkan/kr. Ilpu ecrecTBeHHOM pacxofe
TEPMATbHBIX pacconioB B 20 Kr/c HojiA 3Toro ¢ionaa COCTaBHT NPHMEPHO 5 Kr/c.

T'upporeonoruveckHe 0coGeHHOCTH. B rMaoporeosiornyeckoM OTHOILIEHHH paccMaTpuBae-
MBIl paiiOH OTHOCHTCA K KPaeBOil YaCTH HAJIOXKEHHOTO BYJKaHMuyeckoro cynepbacceiina Cpe-
muuHo#t 30HBl [KoHoHoB, 1978]. B ero paspese 6bUI0 BCKPBHITO CKBOKMHAMH OKOJIO ABYX
OEeCATKOB BOJOHOCHBIX TOPM30HTOB, IJIaBHBIM 06pa3om BHYTpH Ga3anbToBoil TONumM (cnos
,’l”) .

Ha rny6une 900—1100 m o6Hapyxena 200-MeTpoBas nauka NaBOBHIX MPOCIIOEB, KOTOpas
MpeROXpaHAeT HIDKHIO YacTh FHOPOTEPMAJIbHOH CHCTeMBI OT MOCTYIUIEHMs cBepxy OGosnee
xonoausix Bog. [Toatomy rupporepmanbHan cucteMa PefikpsaiHec uMeeT cBoeobpa3sHylo rpylue-
Bugnyio dopMy (puc. 16). CoracHo JaHHBIM 37IEKTpOpa3sBedKH M GypeHus, a Taxke Ganan-
coBbIM_pacuetam cofiepxaina K* B Bope m mopopmax [Bjornsson et al., 1972], runpotep-
ManpHaA cucrema PelikpAHec 3aHMMaeT B NMpeAenax HAJIOKJIACTUTOBOrO KOMIUIEKCAa OKOJIO
1 kM2, a B 6a3anbTOBO TONMIIE — NPUMEPHO B 4 pa3a Gonbiiie. CHH3Y ee OrpaHHUHBAIOT BOLO-
yNOpHBI€ 3eNeHocnanueBble aMm$puGonuToBbie opoas! (cnod ”3”), CKBO3b KOTOPbIE BO3MOX-
Ha BOCXOQOAINaA MHUrpalMf HAOAKPHTHYECKUX 3HOOTEHHBIX (IIIONOOB JMLBL MO Y3KOH 30HE
riyGMHHOTO pa3jioMa. ‘

B cBoe#t BepxHe#l yacTM TMAPOTEPMAalIbHass CHCTEMAa B3aMMOIEHCTBYET C OKPYXAIOIMMH
XOJIOHbIMH HHWIBTPAUHOHHBIMH H MOPCKHMHM BOJIaMH, OT KOTOPbIX OHa CTPEMHTCA H30JTH-

75



%
V24
s
. V%
Ve '/
N2/ v II vssﬁ v ’mv \\v \ v
- </ // 1 arodnzo v Y2200
/; / ’, / PGTIE ~p i \‘ \‘ %
A v
Wwoo v A X
, X/ Y. '//

N 2 AV R 75y onsw
4IEEE|J’| a I;I 8 I/

Puc. 16. Cxema dopMHpoBaHHA GeperoBmix TepM MBica Peitibianec paoms nmpodmwia A—5 (cM. puc. 15)

1 — rmanoxnacturoBasa Tomma (Gpexumu, Tydnl, TydoreHuble ocaxu, npocion 6azansroB); 2-—-3 —
6asanpTOBAnA Tomua (MepeciaMBaHMe J1aBOBLIX NOTOKOB C TY(OTEHHBIMH OCAIKAaMHK), HMEIOIIAA B KPOBJIE
cnaGonponmuaemsrit cnoit (2) ; 4 — Kposaa cnos 3 (3enenocnanuenbte aMmbuBONTHTOBBIE ciiaGonpoxnuae-
MBI€ IOPOARY) ; 5 — OKeaH; 0 — CKBaXHHBI H UX HOMEpPa; 7 — TepMANbHBIE HCTOUHMKH

POBATLCH OTIOKEHHAMH MHHEPAJIBHBIX HOBOOOPa30OBaHMH, BHINANAIOLIMX Ha FPAHMIAX Pa3HbIX
reoXHMHYeCKHX cpel. O TeCHOTE I'HOpPABJIMYECKOi CBA3M rHApoTepM Mbica PelikbaHec H co-
'BPEMEHHOTO OKeaHa roBOPAT KoyleGaHHusA ypOBHA BO/bI B CKBaXHHaX BG/MN3K Geperopoit nu-
HHH, OTpaXalowHe (C ONpeleNeHHbIM 3aNa3[IbIBaHieM) MOObEM M MOHIDKEHUE YPOBHA MOpA
BO Bpemsa NPHJIMBOB M OTMBOB. B paiioHe mbica PeiikpsiHec cymecTBylor cnenmdpuieckue
YCIIOBHA, TTOfl, BITAAHHEM KOTOPBIX MOPCKHE BOMbI IPOHHKAIT NpuMepHO Ha 20 kM B riy6b
NONYOCTPOBa. JTO MPOMCXOAMT BCIIEACTBHE X GWIbTPaUHMM Ha riTyGHHY mo 2600 M no Tpe-
IMHHBIM CHCTEMaM, CeKYILMM MOPCKOE JHO H KPaeBYI0 YacTh MOIyOCTPOBa. 30eCh 3TH BOMbI
CMEIMBAIOTCA ¢ MAIOMHHEPAIM30BaHHBIMH HHOWISTPAUHOHHBIMH BOZAMM H TJTyGHHHBIM
BbICOKOTEMIEPATYPHbIM MarMaTHYECKUM (DITIOHIIOM.

Cyna no xummuueckoMy coctaBy naporuaporepm Hcnanmmu, MuHepanuzamus riayGHHHOTO
¢monna Taike BechMa He3HauuTeNbHA. B pesynbrare pazGaBneHus, nHocenyommx NpoLeccoB
BHILLEIAYMBAHUA BMEILAIOIIHX MOPO/ H BbINAPHBaHHA MHUHEPANH3ALMA H [UIOTHOCTh CMELLIaH-
HbIX BOQ Bo3pacTaer (0coGeHHO B BEpXHMX FOpPH30HTaX). Bce xe B Lenom oHa Hidke, YeM y
Mopckux Bof. ITosromy mia ypaBHOoBeMBaHKHA cToN6a MOPCKOit Bodbl ¢ Gonpllieli MHHepa-
JMHM3alMeil M MeHbllUed TemmepaTypoil Tpebyerca Gonee BBICOKHI CTONG CMELIAHHBIX BOLL.
lpuBens Hanop MOPCKHX BOA K HAamopy BOObI, OTBEYalolleH MO yAeNbHOMY BeCy CMeLaH-
HOH BOJOE HCTOYHMKOB, MOXHO OLEHHTb M3GBITOK Hanopa MOPCKHX BOJ OTHOCHTeNIbHO abco-
T0THOH OoTMETKH ypoBHA Mopa AH. Eciu 3710T H3GBITOK JOCTaTOMEH [UIA TOTO, YTOGbI Mpe-
‘OOTIETh THAPABJIHYECKOE CONMPOTHBIICHHE NMOPOJ, Ha YUaCTKe, OTAENAI0IIEM HCTOYHUK OT MOpA
(Ahy), n pasHOCTb aGCONMIOTHBIX OTMETOK BBIXOHOB CMEILAHHBIX BOM M ypoBHs Mops Ak,
1. AHZ Ahg + Ah;, TO K 3TOMY HCTOYHMKY HOJ/DKHBI MOATATMBATLCA MOPCKHE BOMbI.
10T H3GHITOK Hamopa, 0O6YCNOBJIEHHBIA Pa3HYHeM B IUIOTHOCTAX MOPCKHX M CMELIAHHBIX
Bofl, paccuThiBaerca no ¢opmyne AH = H(Yy — Yem)/Yem, e H — BbicoTa cTONGa MOp-
CKOH BOMbl, M; 7Yy — IUIOTHOCTb MODCKOH BOIBI; Ycn — IUIOTHOCTh CMELIAHHOHM BOMIBI,
Kr/m3.

I'napaBnHuecKkoe CONPOTHBIIEHHE OBIKEHHIO MOPCKOH BOMbI K MCTOYHHKAM MOXHO pac-
crate no popmyne Ak, =(Q-L)/(K-m-B), rae Ah, — norepa Hanopa npH $HWILTpa-
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um, M; @ — Macca MOPCKOH BOABI B [eGMTe HCTOUHMKOB, M’ /cyT; L — nnuHa mymH, Mm;
B — umMpHMHa MoTokKa, M; M — MOWMHOCTh NOTOKa, M; K — K03 pHUMEHT MTPOHHLAEMOCTH,
M/CyT.

IbnoTHOCTs MOpCKHX Bop y Geperos Mcmanmm v, = 1029 kr/m® [Barth, 1950]). Moxso
PenNONOXHTb, YTO, NPOHHMKAA MO TPEIUMHHBIM CHCTEMaM B MOPOAbI TMAIIOK/IACTHTOBOH H
6a3aIbTOBOI TOMI O T1y6uHbl 2600 M K COOTBETCTBEHHO Harpepascs o 160—180°C, mop-
cKas BOJAa CTAHOBUTCA NMPeMMYIECTBEHHO XJIOPUIHON HATPHEBOMH, COXPaHAA CBOIO COJIEHOCTb.
06 3TOM CBHACTENLCTBYET, HAPHMEP, BEIHYMHA MHHEPAIH3AUMM TepMaJIbHOrO paccoiia Ha
rny6une 1700 M B cxB. 8 (cM. Tabn. 24). Ipu cpenneit Temneparype 80° C mioTHOCTE MeTa-
Mop}H30BaHHO# MOpPCKOIl BOABI H3-32 €€ PacCIlMPeHHA HECKOJIBKO CHMXAeTCA M COCTaBJIfET,
COTNIACHO IKCTIEHMEHTALHBIM AHHBIM 1A 3,5%-uoit NaCl [3apembo, ®emopos, 1975],
v,2% = 1000 kr/m®. Torna Bec cTonGa 310k BOMBI BhICOTOH 2600 M (Ham, KpoBeit crios "3”)
co3maeTt nasjenve B 260 kr/cm?. Uro6el YPaBHOBECKTb 3TO [IaBJICHHE, THIPABIIHYECKH CBA-
3aHHBIH CTONG CMEIUAHHOH BONBI B LieHTpe reOTepPMAIBHOTO MECTOPOXKAEHHA C TEMIepPaTypOil
nopanxa 200° C gomxkeH u3-3a coome‘rcrnylomero PAa3yIUIOTHEHHA, MOHMIKAIOILETO MJIOTHOCTh
TEPMANILHOTO pPaccona 10 Yea o = 910 kr/mM>, HMerh Bricory Ha 257 M Gombie, T.e
AH=257Tm.

Y106b1 OUEHHTH BENIHUMHY THAPABIIHYECKOro CONMPOTHBIICHUA NBIDKEHHI0 MOPCKOM BOABI H
TEPMAIBHOTO Paccojia K HCTOYHMKAM HCXOIA M3 THIpPOTeoIorHueckKuX ocoGeHHOCTeN MecTo-
POXIEHHA, WMPHHY H MOUIHOCTh NOTOKA CMEAyeT CUYMTAThb COOTBetrcTBeHHO B =1000 M u
m =2600 M, a pyiuHy nyTh L = 5000 M. CornacHo ruipOXHMMYECKHM pacyeTaM {CM. HIXKe),
B oGieM ae6uTe HeTouHHkoB (20 11/c) 57% coctaBnAT MOpckHe Bobl, 1.6. Q = 1000 m> /cyT.
Tlpn TakuX MapaMeTpax MOTOKa H Ko3hdHIMeHTe MpoHHIaeMocTH nopow K = 0,01 m/cyr
THIpPaBIIMYECKOE COMpPOTHBIIeHHe Ah; cocTaBHT okono 200 M. Ymensiuenue xoapduumenta
NPOHMIIACMOCTH H YBETTHYCHHE [JIMHBI MYyTH BOML MOXET MPHBECTH K MPEBBIILEHKI0 rHIPaBIIH-
4eCKOr0 CONPOTUBIICHHA HAaJ H30BITOYHBIM HANIOPOM, H YCIIOBHIt [AJ1s AalIbHEMNILIEero NBKEeHUA
MOPCKHX BOJI B CTOPOHY CYUIM He Gyner.

Taxum o6pasom, cylecTBoBaHME TEIUIOBOro ovara Ha mbice PeiikbsHec, yMEHblllag BA3-
KOCTb H 0ObeMHBIA BeC MOA3EMHBIX BOJ, BHI3bIBAET MOXBEM HX YPOBHA B MpeAeNax Tepmo-
anomanuu (°TepmoapTesnanckuii Hanop”). IosBreHue B BepxHel 30He MapoBo#l a3k y
NPOPBIB €€ Ha JTHEBHYI0 NOBEPXHOCTb, TaK )K€ KAK ¥ BHIBOJ MapOTHAPOTEPM CKBXHHAMH,
aKTHBH3HPYIT IHHAMHYHOCTD HE TOJIBKO CaMOr0 reoTePMaNIbHOTO MECTOPOXIEHMA, HO H
OKPYXaWLIMX ero XoJOmHBIX BomHbIX Macc [Komomos, 1965; Cyrpo6os, 1964]. Bokpyr
ouara pasrpysKH THAPOTEPM BOSHHKaeT JeNpecCHOHHasa BopoHKa. HeduiumT naprneHuii B reo-
TEPMATIBHOM MECTOPOXAeHHH Ha rinybune 1700 M no cpaBHEHHIO C OKPYKAIOLMMH €ro BO-
pamu cocrasnser 10 atm [Tomasson, Kristmannsdottir, 1972]. Ilostomy 3aeck co3malotca
YCJIOBHA I NOCTYIUIEHHA B THOPOTEPMAIBHYIO CHCTEMY BOJ, pPa3jIHYHOTO reHe3uca, B TOM
YHCIIE COBPEMEHHBIX MOPCKHX, HHOHIbTPAUIHOHHBIX U MaTMaTHYECKHX.

®opMHpoBaHHE XHMHYECKOTO COCTaBa paccolioB. PopMHpOBaHHE PpacCMaTpPMBAaEMBIX pac-
COJIOB NMPOUCXOOUT NPH YYaCTHH TeX e (aKTOPOB M NMPOLIECCOB, KOTOPbIE ONpPENENAnT XH-
MHYeckuil 06Kk m06bIx noa3eMHbIX BoA. UX COBOKYNHOCTh HENABHO HAETalIbHO PaCCMOTPEHA
E.B. Iluanexepom [1977]. Omuaxo B paiione mbica PeiikpaHec H3 Bcero MHorooGpasus
¢$akTOpPOB H NpoLECCOB, ONMPENENAWMX COCTAB TEPMATIbHBIX PaCCOJIOB, INIABHEHLIHMH Clle-
AyeT CYHTaTh TEKTOHHYECKYI0 Pa3fmpo6lieHHOCTh NOPOH, MPOABJIEHHA MarMaTH3Ma H BBICOKYIO
TeMIIEpaTypy HEAp, a TakKe Ipouecchl GWILTPAUHOHHOIO MAaCcCONEPEHOCa — CMEIeHHe BOf,
Pa3NMYHOrO reHesuca (B TOM WMCIe MOCTYIUIEHHE B Paccoll 3HAOTEHHOTO (liouza), B3aHMO-
OeACTBHE paccojia ¢ OKPYKAOIMMH NOPOJaMHU H €r0 peTporpajgHoe KHIEHHE B NPHIIOBEPX-
HOCTHOM 30H€E.

PaccMoTpHM, KakHe e BONBI H B KAKHX COOTHOLIEHHAX GOPMHPYIOT TEPMAJIbHBIH paccon
Pefikbanec, Hcxona us onpepenenHoro B. ApHacorxom H30TOMHOTO COCTaBa BOAOPOJA B IO-
Bepxnocmux Bofax nomyocrpoBa (5D =-48%,0), B OMBIBaIOUMX €ro MOPCKHX BOAAX
(5D =+1,5%50), a Taxe B 3kcranmmmax symicana Cypreait (8D = —55%) , KOTOpBIE MO~
HO CUMTATb NMpEeNCTABHTENbHBIMM I MarMaTHyeckHX Bod [Arnason, 1976]. B ormuume ot
GonbIIMHCTBA TEOTEPMANIBHBIX CHCTEM MHpa TEpMalbHbIA paccon PeiikvAnec popmupyercsa
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TMpH AIBHOM YYaCTHM M30TOIHO Golnee TsKeIbIX COBPEMEHHbIX MOPCKHX Bofl. Tak xak B aTOM
paccone 8§D = —21,3%50, TO ero popmHpoBanHe, MO MHeHHIo B. ApHacoHa, MOXHO 6bUTO 6bI
06BACHHTD CMelieHHeM 54% MHGWIBTPaUHOHHOH MeTeOpHO BoObl ¢ 46% MOPCKOM BOJBL
OmHaxo npHBeeHHbIe BHIIIE re0TepMUYECKMe JaHHbIe CBHAETEIbCTBYIOT 06 yuactum B ¢op-
MHMpPOBaHHMH 3THX PacCOJIOB MarMaTH4eCKoil cocTapisowei. O TOM.)ke TOBOPDHT H H30 TOTIHBIA
COCTaB HEKOTOPhIX KOMIIOHEHTOB, COIEPXKaUMXCA B MCIIAHACKHMX rugporepmax. B paccone
mbica PeiikpsiHeC B H30TOMHOM COCTaBe cepbl OYEBMAHO mpeobiafjaHHe MOpCKOro cyibgara.
Ho mo mepe ypanenusa ot GeperoBoil IMHHH 1O NMPOCTHPaHHIO PUPTOBOH 30HBI H3OTONHBIH
coctaB cynbaTHOM Cepbl CTAHOBMTCA Gonee NErKMM. YUMTbIBas €IHHCTBO TEKTOHHYECKOH
MO3MLMH FHOPOTEPMAIbLHON CHCTEMBI Mbica PelikpAHec M ApPYrux BbICOKOTEMIEPAaTYPHbIX
cicTem CpenmuHHON 30HbI, rae 3Havenne 82¢S ~ 0%, MoXmHO myMaTh, uTO H B paccMaTp-
BaEMOM TEPMAIBLHOM paccoiie CONEpXKHTCA ~MaHTHHHAA™ cepa, MPHUCYTCIBHE KOTOPOM 31ech
MPOCTO He3aMeTHO Ha ¢oHe MOpckoil. OMHO3HAYHO XKe yyacTHe B (POPMHPOBAHMH PacCOJIOB
MaHTHiHOrO (JIIOHA OKa3bIBaeTCA M3OTOMHBIM COCTABOM COMAEPXKAIUErOCA B HMX TeJIA,
B KOTOpoM onpegeneno 3uauenne >He/*He = 1,75 - 1075, Takoil MOPANOK BENHUMHBI ITOTO
OTHOIIIEHMs, OTIIMYAIILMA K [pyrwe rHOpOTepMalbHble cHcTeMbl Mcnannuu, xapaktepusyer,
KaK yKa3bIBaJIOCh BbIlLIE, reJIHi cOBPEMEHHOH MaHTHH.

TaxuMm 06pa3oM, reOXMMHYCCKHE JaHHble CBUOETEIILCTBYIOT 06 yuyacTHH B GOPMHPOBaHHH
paccona Mbica PeilikpsiHec e TOJIKO MOPCKHX H METEOPHBIX, HO M MarMaTHueCKHX BO.I.
U3 TemnoBbIX pacueToB C1€MyeT, YTO AOJNA MarmMaTrHYeckoro (iioHOa JOMKHA COCTABJIATH
okono 25%. Ucxonsa H3 3TOro 3HayeHHA M BenwunHbl §D B Bomax pasiMUHOro reHesHca, He-
TPYIHO MOACYMTATD, Y70 TEPMaJIbHBIH paccont Mbica PeiikbsiHec comepxurt ewe 18% undunst-
pauMOHHbIX (MeTeopHbIX) U 57% MOPCKMX BOA,

CMelIeHne MOPCKMX, MarMaTHYeCKMX H HHPWIBTpPaUMOHHLIX BOA, NMpOMCXopsulee B pe-
syneTate npouecca ¢unbTpauMoHHOro (mHMddy3MOHHO-KOHBEKTHBHOIO) MAaCCOMEPEHOCa,
npuBoAMT K 00pa3oBaHHi0 cBOe€OOpa3sHOro cocraBa rmAapoTepM Ha Mbice PeiikbaHec. 30T
COCTAB NpeTEPIEBAET NAJIbHeiiIlMe M3MeHeHHA NpH B3aMMOMEHCTBHH paccolia ¢ Hopofamu, a
TAIOKE NP IETa3alMH KNMALIETO Paccoiia H ero KOHUEHTPHPOBAHHH B Ovare pas3rpy3KH.

OcAOBHbIE M3MEHEHHR B COJIEBOM COCTaBe MOPCKHX BOZ, HPOUCXOIAT NPH UX BHEOPEHHH
B PoICOKOHarpeTbie MOPOMAbl THAIOKIACTHTOBOA M 6a3anbTOBO#M TOMLI. 3[ech APKO MPOSB-
AETCA TePMOMeTaMOpdH3aLHA MOPCKHMX BOM, KOTOPafA BBIPAXAETCA B YMEHbLUEHHH COMEP-
XAHHA B HHUX Cynb$aTa M MAarHMa M 3aMELIEHHM YacTH HaTpHa KaiblmeM (cM. tabm. 25).
B paitone Mcnanmmn B mopckoit Boge SO3™ u Ca?* HaxoaTcs B MOABMXKHOM PaBHOBECHH,
6/m3KoM K HacbienHo. PactBopumocts CaSO, ¢ pocTom Temmepatypbi cebime 40° C ymeHb-
LIaeTcA, U IpH JaTbHel1lIeM HarpeBaHUH MOPCKONH BOJBI MOCTHraeTcA Haceimmenmne. B pesyss-
TaTe MPOMCXOOUT OCAXKIEHHE aHTHIPHTA, 3HAYUTESIbHble KOJIHMYECTBA KOTOPOrO BCTPEUEHBI
B BEpXHMX TOPH30HTAX pa3pe3a IPHMERHO 0 rityouHs! 600 M.

OnOHOBpEMEHHO C CaAKOH aHTrMApPHUTa MPOMCXOOMT B3aMMOOEHCTBHE HArpeTbiX MOPCKHX
BOX C BMELIAIOLMMM TOPOLAMH, YTO NPHBOOMT K INOCTOSHHOMY IOMNOJIHEHMIO PacTBOPOB
HOHaMH IeJIOYHBIX H LIENIOYHO3eMeJIbHbIX MeTaUIOB. Kanbimit moCTymaer B pacTBOp IPH Bbl-
IeJIAYMBAHHH METACOMaTHIECKOrO KaIbIMTa M IUTarMOKJIa30B BYJIKAHOT€HHbIX NOPO/.

OTHOCHTEJIBHO NMOBbILUEHHaA KapGOHATHOCTh TMAPOTEPMANIBHO H3MEHEHHEIX Mopop, Habo-
paerca o ray6uusr 600 M. Oco6eHHO MHOFO K&TbLMTA BCTPEYAETCA B CAMbIX BEPXHHX rOpH-
30HTax, Irie MPOMCXOMHT BCKMIIaHHe paccona. 3ech paCTBOPUMOCTb KTBLUHT3 YMEHDbLIAEeTCA
BCNIEACTBHE yBennuenusa pH Boa npu Mx merasaimu. '

Kak nokasamu uccnenopanus U.I'. Kuccuna u C.H. ITaxomona [1968], uayuaBumx Buus-
HHe [OBBIIIEHHBIX TEMIEPaTyp Ha B3aMMOIEHCTBHE MODCKOH BOMbI C NMOPOHAMH, COMepXa-
wHMH KapBOHaTHI, B MHTepBasle Temnepatyp 75—100° C o6pa3yercs yrieKHcnoTa, KonMIecTBo
KOTOPOH pacTeT C yBelMyeHMeM TemnepaTyphl. He McKiioueHO, YTO MMEHHO 3TOT NMpOLECC
H o6ycroBnHBaeT 30eCh CPaBHUTENBHO BhICOKHE KOHLEHTpauuH CO, B TEpMATIBHOM paccole.
B noponax ¢ 3—4% xamsmus npu 150—200°C o6pa3ytotcs npakTHieckH GeccybdaTHbie XIIo-
PHIHBIC HATPHEBIE BOMBI C NOBbILeHHBIM (10—20% 3KB.) comepxanuem Ca®* .

Mopckue Boabl, NOCTYTAOIME B HIKHUE TOPH3OHTHI FMOPOTEPMAIbHON CHCTEMBI, Kylda

HE pacnpoCTpaHACTCA MpouecCc MOHTMOPWUIOHWUTH3AUMHM H rnae Kapﬁouamocrb nopon He-
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3HauMTeNbHA, Takke TepalT SO3™, a mpu Temmeparypax cebiwe 200°C B npucyrcruM H,
cynbdat BoccraHaBymuBaerca [Manunun, Xurapos, 1969]. OcoGeHHO MHTEHCHBHO 3TOT NpO-
LECC MPOTEKaeT, ecJIH B MOPCKHX BOHAX COMEPXKHTCA OpraHHuYeckoe BellecTBo (abHoreHHas
cynbdarpenyKumsa) .

Bonsliag 4acTh MarHMA TaKXXe YXOOMT M3 pacTBOpa B Ipolecce HONOMHTH3alMM Kapbo-
HATOB, B pe3yJIbTaTeé BXOXIEHHA Mg B KPUCTAUIMYECKYIO PelleTKY CMEIIaHOCJIOMHBIX IIIH-
HHMCTBIX MMHEPIOB THAPOTEPMAIBHOTO MPOMCXOXEHMA M INPH NPOLECCaX METacoMaTo3a,
COMPOBOXHALIHX BBICOKOTEMIIEPaTYPHOE B3aMMOJEACTBHE PacCcONIOB C KalbLMACOAEp KaLlH-
MH CHIIMKAaTaMH.

Copepxanue Na* u K* B rupgporepmansioM paccone oByCNOB/IEHO MHTEHCHBHOCTHIO
HOHHOro oOMeHa MeX Iy TBEpHOH M XHAKOH ¢a3aMU M 3aBHCHT OT TEMIIEPAaTypPhbl, MHHEPJIO-
FHYeCKOro COCTaBa MOPOM H KOJIMYSCTBA PacTBOpeHHOro B Bomax Ca?* . Oco6enno Gonblioe
BHHMaHMe MPHUBJIEKaeT B NoOCNeNHee BpeMA pacnpocTpaHeHHe xanua. B Wcmanmm ero copep-
XaHHe B NMOBEPXHOCTHBIX BOAX BecbMa He3HauMrensHo — 0,5—2 mr/n, uyTh Gonplue OHO
B TepMaybHBIX Bopax — 10—30 mr/n. JInum B CpenunHOl 30He B riryGHHHON »maxoi ¢ase
BLICOKOTEMITEPATYPHBIX BOJOPOMHbIX NaporuapoTepM conepianue K Bospacraer no 119 mr/n.
3uaunrtensno Gompwe K B MopckHx Bopmax, BHempswumxca B cyury (416 mr/n), u Makcu-
MaJIbHbIE 3HAYEHHA OTMEYAlOTCAA B BBICOKOTEMIIEPaTyPHOM XJIOPHMOHO-HaTPHEBOM paccolie
Peiikpaineca — 1670 mr/n, xotopbiii BoimenauwnBaer K u3 smewaroumx mopon. Ilpu stom
yBelMueHHe KoHUeHTpaiMH K B rumporepmax MpOMCXOIMT OCOGEHHO HMHTEHCMBHO B 30HE
PacnpOCTPaHEHHA H3MEHEHHBIX NMOPOA (MOHTMOPHJUIOHHT, KAOJIMHUT) .

Bonsuioe copmepxanue kpeMHe3eMa B TepMajibHOM paccolie PeiikpaHeca 06ycioBiieHO
BBILIE/IAYHBAHMEM CHWIMKATHBIX MMHEPAJIOB NMOA CHIIBHBIM BO3HEHCTBHEM BBICOKOH Temrie-
patypni (>>200°C), a TakXe HATHYMEM B COCTaBE PacTBOPa NMEKTPOJMTIOB, YCKOPAIOLIMX
3TOT Mpolecc.

k. Bumogom u Y. Ceiippunom [Bischoff, Seyfried, 1978; Seyfried, Bischoff, 1981]
6bUI0 YCTaHOBNEHO, YTO ¥ Ge3 B3aMMOIEHCTBHA ¢ MOPOJOHM, TOJIBKO 32 CYeT HHTEHCHBHOIO
HarpeBaHMA MOPCKOit Bombl ot 25 mo 350°C (mpu Pi= 500 6ap), B ee cocTaBe MPOMCXONAT
3ameTHble M3MmeHeHuA. Ecnu copepxanme Na, K u Cl ocraeTca mpakTHuecKM MpeXHHM, TO
KoHueHTpaunsa Ca, Mg u SO, cHIDKaeTcs BCIEACTBHE KPUCTA/UTH3ALMH AaHTHAPUTA H OCaXae-
Hua Mg (OH) - nMgS0, -n — 2H,0 (3 <n <5). OmHOBpeMeHHO NPOMCXOMUT MOBbBILICHHE
KHCIOTHOCTH Mopckoit Boabi (pH m3aMenserca ot 7,3 mo 2,5), o6ycnoBiieHHOe OCaXICHHEM
Mg(OH) - nMgSO, - n —2H, 0 n B MeHblleil CTENEHH OKHUCTIEHHEM PacTBOPEHHOrO B BoMe
OpraHH4YecKoro BelllecTBa. Takoe H3MeHeHHe CBOHCTB MOPCKO# BOJIbI IIpH HArpeBaHHH A€NaeT
ee Cpefioi, ClIOCOGHO AKTHBHO BBILLEIAYMBATS TADKEIbIE METAILIb! U3 623a1BTOB.

Hakonen, eme ogHHM npoueccoM, GOPMHPYIOLMM COCTaB TEPMAJIbHBIX PAaccOJIOB MbICa
Peiixkpanec, ABNACTCA HX BHINAPHBAHHE NPH KHIEHHH B ouare pasrpy3ku. B pesymnbrare 3toro
B NPHMIOBEPXHOCTHOH 30He conepkanue Cl u Na okazanocek B 1,4 pa3a Bhillie, 4eM B MOPCKHX
BOMaX. YBe/THUMBAETCA TaKXKe COMep)KaHHe H APYrHX KOMIOHEHTOB, H o6lLiaA MHHepann3a-
UMA paccona Bospacraer A0 52 r/kr. [Ipouecc perporpagHoOro KHMeHHsA pacTBOPOB BCTpEUaeT-
c M B APYTHX THAPOTEpMAIbHBIX CHCTEMaX MHpa, Hampumep Ha Kamuatke, B xanbaepe YaoH,
rue oH omdcau I'.®. Mununenxo [1974] .

Paccmotpennbie Hamu ocoBenHocTH ¢opmupoBaHHuA GeperoBbix TepM Mbica PeiixbsaHec
ABJIAITCA, NI0-BUTHMOMY, THIIHYHBIMH M [UIA JPYTHX CHCTEM TaKOT0 poja, LMPOKO Pa3BUTHIX
Takxke B TuxookeaHcko#t BynkaHmieckol npoBUHIMH (Topaumit sk Ha o. KyHaump, UGy-
cykH, Bakypa, Hapukana, Uto, Atamu B Anonnn, Kpaxan, ¥pynnake, Unrarok B UnnoHesuu,
Tusn Ha QWMNNHHAX, a TAK)Ke MHOTMe HOpyTHe). Brixome! GeperoBbix TepM (KCTaTH, OHM
pasrpyxaiorca Ha Geperax He TOJILKO MOpEii, HO N HEKOTOPbIX BHICOKOMHHEPATH30BAHHBIX
03€p) TMPHYPOUEHbl K CaMbIM Pa3HOOGPa3HBIM reosIorHyeckuM GopMaLMaM, HO TeM He MeHee
MOYTH BCE OHH HMEIOT CXOMHBIA XJIOPHIHBIA HATPHEBO-KaJIbUMEBLIA COCTaB H MHHEpaJlM3a-
o 06bvHO MeHee 35 r/kr. B To e BpeMs MX ra30BbIif COCTaB MOXET GObITb CaMBIM pa3HO-
0o6pa3HbIM: “BOHOPOIHLIM™, YTJIEKMC/IBIM, a30THO-YITIEKMCIBIM WIH a30THBIM, B 3aBHCH-
MOCTH OT TOTO, B Npefesiax KaKo# NPOBUHUMH CO3JAIOTCA YCJIOBHMA OJIA MX BO3HHKHOBEHHSA
[Proceedings..., 1975].
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MEXKOHTHHEHTAJIBHBIE PHOTOBBIE 30HbI
(TEPMANTBHBIE PACCOJIBI KPACHOTI'O MOPA
H THOPOTEPMBl KAJTHOOPHHACKOI'O PHOTA)

HMerotca pasiiHuHble CBUAETENLCTB2 TOrO, YTO MOPCKaA BOAa MPOCAYHBACTCA H UMPKYIIH-
pyeT BHYTPH OKEaHWYECKOH KOpbl B aKTHBHBIX IIEHTpax cmpeduHra. Ilpexxme Bcero Ha 310
yKa3bpIBAIOT HM3KHE 3HaYeHHA TEMJIOBOro NOTOKAa B camoi pudTtoBoii mommuue. Hasectho
TaKe, YT0 MJIA LMPOKO Pa3BHTOro 3fech MpOLEeCcCa CEPICHTHHU3AIMH OKEaHHYeCKOH KOpbI
TpeSyIoTCca Gonblume KOMHYeCTBa BoApl. Cyla No H30TONMHOMY COCTaBY KHCJIOpPOHa B CEpHEH-
THHHTAX (¢ HM3KKMH 3Hauenuamu 8'20), B 3ToM mpomnecce yuactByet Mopckas Boga. Hako-
Hell, O MOOBOOHOH THAPOTEPMAJIBHOH AaKTHBHOCTH CBHJETENBCTBYET H3yYeHHE IeOXHMMHH
OOHHBIX ocagkoB. s ¢opmupoBanuA TepManbHbBIX GIIOHOOB B Cy6aKBanbHbIX. YCIOBHAX
HauGosnee GNAaroNpHATHBIMH CUMTAIOTCA THAOPOTEOJIOTHYECKHE YCIIOBHA PHUGMTOBBIX MONHH
CPEeNMHHO-OKEAHHYeCKMX XpeGTOB, XapaKTePH3YIOIUMXCA IIKMPOKMM Pa3sBHTHEM pPa3pbIBHBIX
HapylIeHHH MarmMaTHYecKoi H BYJIKAHWYECKOH HOeATeNIbHOCTH. B cnaraionmx 3TH CTPyKTYpH
BYJIKAHHYECKHMX M BYIIKaHOT€HHO-OCAIOYHBIX TOJILAX BO3MOXXHA TPELUHHHAA WIH TPEIIHHHO-
NNacTOBasA UMPKYIALUMA COBPEMEHHBIX MOPCKHX Boi. Takue cyGakBalibHble BOObI HOTKHbI
3aK/TI0YATHCA H B JlaBax, CNaralolMXx ApYrue ByJIKaHHYeCKHe COOPY>KEHHUA — LENH H MacCHBBI,
KOTOpble BO3BHIIBAIOTCA Ha okeaHumyeckom pHe (Tapaickmii xpeGeT, ByNKaHHYecKas Lemb
HWMnepaTopckux rop, u op.) .

CyGakBanbHble THOPOOMHAMUYECKHE CHUCTEMBI, KaK NPaBHJIO, HE HMEIOT NMPAMOH CBA3M
¢ apTe3HaHCKMMM OacceifHaMH cyum. Pasrpyska TakuMX CHCTEM MOXKET MPOHCXOOHMTb NON
BO3[€iiCTBHEM aHOMATbHO BBICOKHX INIACTOBBIX HaBJICHHIi, BOBHHKIIMX B BOJOHOCHBIX ILIac-
TaX B XOJie NIPOUECCOB YIUIOTHEHHA OCalouHbX Tomm [Xompkos, Banykonuc, 1968]. Takue
yCIIOBHA, BEPOATHO, HanbGoJiee THIMMYHBI [J1A BHYTPEHHHX Mopei U 1uebdoBbix 30H. ONHaKO
B LEHTPAIbHBIX YACTAX OKEIHOB, H NPEXAEe BCETO B Pa3JIOMHBIX 30HaX OK€aHHYeCKHX pH(PTOB,
MHTpalHsa BOA, OojkHa 6T 06yCOBIIeHa TIIaBHBIM 06Pa3oM reoTepMalibHON AaK THBHOCTBIO.
9Ta aKTMBHOCTb BBIP2XaeTCA B MOABOJHOM BYIJIKaHH3Me, CONPOBOXK/AGIIEMCS BHEAPEHHEM
B BepXHHE YaCTH OKEAHMYeCKOH KOpPbl MarMaTHYECKHX Tell, H B BOCXOOAIHX MOTOKaX IiIy-
OHHHBIX ra3onapoBbIX SMaHalMii, YTO HOJDKHO NMPHBOOMUTH K BO3HHKHOBEHHIO B MPHOOHHbIX
IHOPOAMHAMMYECKHX CHCTEMAX TEpMOAapTe3NaHCKOro Hanopa H ABJIeHHH cudoHa K ra3mdTa.

HepaBHo monmBoaMble NPOABJICHHA THOPOTEPMATIbHOA aKTHBHOCTH ObUH OGHapyXeHbl
HEMOCPEACTBEHHO, YeMYy CMOCOOGCTBOBAIO HayaBlLeecA B OKE2HOJIOTHYECKHX MCCIIEHOBaHMAX
umMpoxoe mpumeHeHHe GatuckadoB. Pasrpyska rumporepM Ha OHe okeaHa OGHapyXeHa yxe
BO MHorux mecrax — B Kamudopnuiickom 3anuse, KpacHom mope, T'ananarocckom pudre.
B nocnepneM cnyvae o6ume 0coO6EHHOCTH XMMHYECKOTO COCTaBa TMAPOTEPM, NO-BUAMMOMY,
CXOOHBI C COCTaBOM TepM, PasrpyKalouMxcs B CpeoMHHO-A TIIaHTHYECKOM OKEaHWYEeCKOM
pudre. Pudthi sice Kanmudophmiickoro 3amsa u KpacHoro Mopst OTHOCATCA, cornacHo E.E. Mu-
naHoBCKoOMy [1976], Kk HECKONBKO KHOMY THIY CTPYKTYP — MEXKOHTHHEHTAIHBIM pHTO-
BbIM 30HaM, B KOTOPBIX JIHIlIL OCEBasA YacCTbh CIIOXKEHA OKEaHHYeCKOoH KOopoii, a oGpamieHHe —
NpeAcTaBiIeHO KOHTHHeHTanbHOM. [lo xapaxTepy pa3BHTHA M THIY OGpamMiIeHMA MEXKOHTH-
HeHTanbHble PHPTOBBIE 30HBI MONPA3AENAOTCA Ha sMuUIaTdopmeHHbie (¢ MIaThOPMEHHOM
pamoit — KpacHoe Mope, AleHCKMil 3aJIMB) M 3MHMOPOTeHHble (C paMOil MONOMOBIX CKJ1adya-
ThIX coopyxeHnit — KanudopHuitckuit 3anus) . B saBucumocty ot tuna o6pamsienns, onpene-
JIAIOIETO COCTRB BOAOBMEINAOLMX TOJII, FHMOPOTEPMBI MEXKXKOHTHHEHTAJIBHBIX PHGTOBBIX
30H XapaKTepU3ylaTc HEKOTOPHIMH OCOOEHHOCTAMM, PaCCMOTPEHHBIMH HIDKE.

TepmaneHsie pacconsi Kpactoro Mops

B HeckonbkHX BHaHHaX HEHTPaIbHOro Tpora KpacHoro Mops npMpoHHas BoOa OT/IMYaeT-
¢ KpaitHe BBICOKOH MMHepanu3auued (no 257 r/Kr) M noBbILIEHHON TeMmepaTypoit. ITo
naguHet Cyannn, Hepeyc u xopolo HayueHHble B nociefune rombt Ammanruc 11, duckasepn
# Yeitn [CoBpemennoe..., 1974]. Ha nue 3THX BRAIMH JiekaT COBPEMEHHBIE 0CaInKH, 06ora-
eHHBIE TAKENIBIMH METAJUIaMH X0 TRKOH CTeNeHH, YTO HX Ha3bIBaloT pYNOHOCHBIMH. Cym-
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MapHas IUIomafp TpexX NocneqHux BnafuH, cormacio K. 3mepu u ap. [1974], B npenenax
n306atst 2000 M cocraBnger oxono 70 km?, 1.e. 0,016% o6wei nnomany Kpackoro mops,
a ux o6bvem — okono 0,003% ero obuwero o6vema (puc. 17). HanGonee usyuena ceiiuac Bna-
mua Atnanrtuc II, kotopas umeer rnyGuHy 2170 M M MOIHOCTb CJlI0A 0CagkoB Ho 50 M.

T'eonormueckoe crpoenme. CtpyKTypa mHa KpacHoro mMopsa B paiioHe BIaMH H3ydajiach
KaK reopu3HYeCKHMM METOOaMH, Tak U GypeHHMeM CKBaXXKMH Ha OCTPOBaX, NOGepeXnAX M
B MpeeliaXx aKBaTOPHH. YCTaHOBJIEHO, YTO NOM COBPEeMEHHbIMH NOHHBIMH OCA[lKaMH JIEXHT
3BanopuToBas (OpMalMA MHOLEHOBOro Bo3pacta (v, =3,5 —4,5 km/c). Ona npencras-
JIeHa COMAMM H aHIHAPHTaMM, BK/IOYAIOIMMH CJIAHLBI C MPOCIOAMH BOJOHOCHBIX MECKOB U
KOHITIOMepaToB, ¥ pa3bura MHorouMciieHHeIMH c6pocamu. Ilo 6eperam KpacHoro mops
31a ¢dopMauMA NMOACTWIAETCA TPAMIOBOH CepHell BEPXHEro Mejia — OJITOLEHa M IepeKphl-
BaeTcA afCHCKMMH BY/IKaHMTaMH OT MHOLIEHOBOTO [0 COBpeMeHHoro Bospacta. Hemocpen-
CTBEHHO TOf, 3BANOPHMTOBOI TOJILEH MeXOy ABYMS KJIMHOBHIHBIMH, NO-BHAHMOMY IpaHH-
TOHIHBIMH, GnokamH (Up = 5,5 — 6,4 KM/C) HaXONMTCA TOJNIA MVIHBLMXCA B PHPTOBOMH
30He Ga3anbTOB (vp =6,8 —7,3 kM/c). Kak mokasanno Gypense Bo Bunamuse Arnautic II,
TakHe 6a3anbTel GbUTH OGHapY>KeHbI N0, MAYKOi YeTBepTHUHBIX ocafgkoB. Ilo cBoeMy coctaBy
OHM OKa3aJIMChb THNMYHBIMM TOJICHTOBBIMH 0a3aJIbTaMM, CXO[HBIMH C TaKOBBIMHM CPEIMHHO-
OKeaHHYeCcKHX xpe6ToB [MHunanosckmii, 1976] .

IoBepxHOCTD MOXOpOBHUMYA pacHoJIOkKeHa o 0ceBo# 30H0IH KpacHoro mops Ha riyGHHe
0K0J10 22 KM H OMyCKaeTCcA B CTOPOHEI OT Hee 10 ri1yGuHEI Gonee 30 kM.

Kax usBectHo, KpacHoe Mope uepe3 Iduonckuii pudt cBasbiBaeTc ¢ AQpHKaHCKUMHU
pHUGbTOBBIMH OOJMHAMH H, MO-BHAMMOMY, NpeACTaBiaAeT coBOH MeCTO pa3fBHraHUs OKEaHH-
yeckoro aOHa. IloatomMy oceBas xomnoBHHa KpacHOro MOpsi MOXET CUMTaThCA aHAJIOrOM
UEHTPATBHOMN YaCTH CPeIHHHO-OKE€aHHYEeCKOro XpebTa.

Feotepmuueckne ycnoBua. KpacHoe Mope B IIeJIOM XapaKTepH3yeTCA MOBbILICHHON BEJH-
YMHOH Temw1oBoro noroka. Ilo nanHeiM H3mepenwit B 86 mynkrax (cm. puc. 17), cpennee 3Ha-
YyeHHe TEMJIOBOro MOTOKa B II0JIOCe LUMPHHOH S5 KM BHOJb OCEBOH ITyGOKOBOOHOM YacCTH
Mopa coctapiser 467 + 116, a B nonoce ot 50 mo 170 kM ot ocu — 111 + 5 MBr/mM? [Gir-
dler, Evans, 1977]. E.B. Bepx6uuxuit 1 B.I'. 3onorapes [1980}, nonisepaus BhIBOZ O pe3-
Kot muddepeHUNaLMU TEIIOBOrO MOTOKAa B OceBOM yacTH KpacHOro Mops mpH BBICOKOM
€ro CpefHEM 3HaYeHMH, OOpaTWIM BHHMaHHE Ha TO, YTO B A(pPHKAHCKOM MIINTE OH TaKXKe
OTHOCHTENIBHO ToBbileH (~ 125 — 146 MBt/M?), Torma kak B ApaBHIiCKO#l [UTHTE CYILECT-
BeHHO Menblle (27—39 MB1/M?), uTo Maxke HHXKe CPEHENUTaHETAPHOTO.

Ha nosepxHoctH ocagxoB nHa KpacHoro mMopsa BHe BHalHH TeMmepaTypa COCTaBIISeT
22°C. Bo Bnanune Arnantuc II BemuMHa reoTepMHYeCKOro rpaMeHTa B OCalkaX MeHseTcs
ot +3,78 1o —0,87°C/M. OTpHLATENbHbII FeOTEPMHYECKHI TPAIHEHT B OCaikax HabmiogaeTca
TaKoke BO BrnanuHax Jluckapepd u YeitH. 310 CBHOETENBCTBYET O TOM, YTO Ha TAKHX Y4acTKaX
TEIUIO MOCTYIaeT M3 paccosia B 0cafoK. JleTaJIbHRIMM TeOTEPMHYECKHMM HaGIIioIeHHAMH,
npoBeneHHbIMU B 19711972 rr. [Schoell, 1975}, 6bu10 yCTaHOBNIEHO, UTO BBICOKOTEMIIE-
PaTypHbIii paccoll pasrpyaeTcA H HONHOCTBIO MepeMElMBAETCA JIMUIL B CeBEepO-3amafHoi
yactd Bragumbl Atnantic I, oTkyna oH pacnmpocTpanserca no Bcemy ee 6acceiiHy H mepere-
KaeT B cocelinve BnaauHb! YeitH u TuckaBepH.

B mpenmenax BmamuHbl ATmaHTHC Il MOXKHO BBIIEJIMTH Ba TePMHUECKHX CIIOA: BEPXHHH —
B HHTepBasie riay6uH 2009—-2035 M — M HMKHHWIT — [0 OHa BmaguHbl. BrinonHenHsle B pas-
Hble Tofpl HeTajibHble TepMOMeTpHuYecKHe Mamepenua [Schoell, 1975; Schoell, Hartmann,
1978] nO3BONMHIM yCTAHOBHTb, YTO TEMIIEPATYpa 3THUX CJIOEB MOCTENEHHO BO3pacraer. Tak,
B 1965 r. TeMniepaTypa BepxHero cjos coctapisna 44°C, B 1971 r. oxa nosbicuiacs o S0°C,
B 1972 r. cocranana 51,5°C, a B 1977 r. nocrurna 52,2°C. AHaROrHYHBIM oﬁgaaom H3Me-
HAJIaCh M TeMmepaTypa GoJlee ropAuero HHXXHEro Clos, KoTopas Bo3pocna ¢ 56 C B 1965 .
mo 62,5°C B 1977 r. CornacHo pacyeram M. lloemna, ckopocTh H3MEHEHHs TEMNEPaTyphi
paccona B 1965—1972 rr. kak B BepXHeM, TaK H B HHXHeM ClIoAX coctapisuia 0,75° B rog.
B 1972—1977 rr. ckopocTh HarpeBaHHa yMeHbuminach go 0,29°, 4To cBHAETENbCTBYET 06 H3-
MEHEHHH FHIPOTEPMAIbHON aK THBHOCTH BO BrnajfuHe AminaHtuc I

Cpenannpie M. Woennom GanancoBbie MOACYETHI MOKA3wIH, YTO OOWMiA 06beM TepMaib-
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Horo paccona Bo BnamuHe Atnanmic Il cocrapnser 2,6 kM. IIpy 3TOM Ha [ONI0 HHXKHEro
6osee ropauero cnos mpuxomurca 1,8, a mepxsero — 0,8 km>. Uto6b1 oBecneynBancsa poct
Temnepatypbl B 0,75° B roj, Heo6XooMMO NOCTYIUIEHHe B 3Ty BrafuHy 8,4 - 107 xan/c,
1.6. ‘Haflo AOMYCTHTb PasrpysKy paccona ¢ neburom 400 n/c mpu Temneparype 210° C(um
¢ nebutom 800 n/c mpu temneparype 105°C u 1.n.). IIpu cxopocTH HarpesaHus paccona B
0,29° B ron COOTBETCTBYIOLMiX NEGUT IMYyGHHHOrO BHICOKOTEMMEPATYPHOTO Paccona JOJDKeH
6bITh MeHbILE B 2,6 pa3a.

OuexHka TeMnepatyp B reolIormdeckom paspese aHa Kpacsoro Moga B PacCMaTpUBaeMOM
paiioHe NoKas3bIBaeT, YTo NpU GOHOBOM TeIoBOM notoke 111 MB1/M* TeMneparypa B ToMue
spanoputoB (A=10-10"% kan/em - ¢ - °C) Ha ryGume 1000 M Hke JHA BO3PAcTaeT MpH-
mepHo 10 50°C, a Ha rny6une 2000 M — o 75°C. Eciu eme Huxe mexart 6asanbTel (A =
=5-10"% kanfecm-c-°C), To Temneparypa 105°C momiaa GbiTh BCTpeueHa Ha IilyGHHe
3 kM, 2 210°C — Ha royGune 4,5 kM.

TpennonoxmM, YTO HarpeBaHHe PaccolOB OCYLUECTBJIACTCA TOJIBKO NPH HX HHPKYJIALMH
B PErMOHANIBHOM reoTeMIEpPaTypPHOM Iojie 6e3 HOMOHHUTE/IbHOTO JIOKATBHOTO NOCTYIUICHHA
Terna. Torga HCTMHHAA BeNHUMHA IJTyOHMHHOrO TEIUIOBOro NMoToKa GyneT npesbiiath HaGiio-
gaeMyio y moBepXHocTH. IIpu cHaTuM pacconamu 20% ri1yGMHHOTO TEIUIOBOTO MOTOKA OHa Gbi
coctaBmna 138 MB1/M?. B 3TOM ciyyae miomaas TeIIOBOrO NMHTAHHA PaccoyioB

_ 8,4 - 107 xan/c
s = = 12700 xm?.
3,3 :107% xanfem?® - ¢-0,2°C

ITpexcae yeM paccMaTpHBaTh r'MOPOOHHAMHYECKHE MOJEITH TaKoH GHIbTPALMH, OCTAHOBHM-
cA Ha XMMMYECKHX OCOGEHHOCTAX TepMallbHbIX pacconoB KpacHoro mMopsa s 1oro, yro6bl
6ornee 060CHOBaHHO CyAMTb 06 HX MPOHCXONICHHH.

®opMHpoBaHHEe XHMHMYECKOIO COCTaBa TEPMANBHBIX PaccoyoB. XMMHUYECKHIH COCTaB Tep-
MaJbHbIX paccolioB Bo BrnamunHax Atnanruc Il u InckaBepn npuBenen B 1a6n. 26. Ifo comep-
aHMI0O T/aBHbIX HOHOB TEPMAJIBHBIE PACCOJBI OTINHMYAIOTCA OT OBBINHOH MOPCKOM BOAbI
Onp oBGoraleHb! XJIOPHAOM HAaTPHA H MMEIOT TaKXe BbICOKOE OTHOIICHHE KaJIbLHA K XJIopY.
Pacconbl XapaKTepH3YIOTCA OTHOCHTEIILHO BBICOKHMH COTEPIKaHHAMH KaJlus, Jkesie3a, MapraH-
3, UMHKA ¥ OPYTHX 31eMeHTOB (cM. TaGi. 26) . B HHX OTCYTCTBYeT KHCIOpOZ, a KONHYECTBO
H,S kpaiiHe He3HauMTeNbHO, T.e. ANA ITUX cnabokucnbix (pH~ S) pacconoB XapakTepHsi
BOCCTaHOBHTeNbHbIE YCIOBHA ¢opmupoBanua ¢ Eh = —100 MB. ConepkaHus Marausa H cyiip-
dara okasanmuch NOHMXKEHHBIMH. ITO OOGBACHAETCA 3[ECH TEMH Xe TNPOLECCaMH, KOTOpbIe
MpPOABIIAIOTCA B HOPOTEPMANbHON cHcTeMe Mbica Peiikbanec. B dopmupoBamim kpaciaomop-
CKHX paccoyioB GOJblyI0 pojib MIPaeT MPHCYICTBHE B pa3pe3e TONLI FauMTa H rumca. Obora-
1IeHne TepMaTbHbIX pacconioB Na, Ca, Li M HeKOTOpbIMH ApYTHMH MHKPO3JIEMEHTAMH MPOHUC-
XOMT, MO-BUAMMOMY, B Pe3yNbTaTeé HX BbIIIEJIaYMBaHUA NPH GHILTPALHK PACcCCOJIOB CKBO3b
0CaZiouHble MOPOIBI, COHEpiKalie 3BANOPUTHI. XJIOPHOHO-HATPHEBBIE PACcCOJIbI JIETKO M3BJIe-
KaloT M3 [IHHKCTBIX mopod M GasanstoB Pb, Ag, Cu, Cd, Zn, o6pasys xyopHaHbIE KOM-
AJEKCHI, KOTOpble MOTYT GbIThb YCTOMUMBBIMM TPH BBICOKHX TeMmepaTypax [Byreabciwui,
1974; Hsopos, 1975]. B npHOOHHOM ClIOe BCEACTBHE YBEJIMYEHHA CKOPOCTH BOCXOINALIINX
pactBopoB mpoucxomut gerasauua CHy, CO, u H,S. 310 Befer K BhIMameHHI0 B OCafoOK
CaCO;, MnCO3;, FeCO;. IIponcxomuT TaKke H BOCCTAHOBJIEHHE CyNbGaT-HOHa MPH NMOBBILIEH-
HBIX TEMIIEpaTypax ¢ BbiMazieHMeM U3 paccona cynspunop FeS, u MeS. [Ipn nosblueHHH
TEMIEPaTyphbl PacTBOPa MOXeET NMPOUCXOOMTb MOBTOPHOE BHILIENAYHBAHHE ITHX HOBOOGpa3o-
BaHHil U oGoralueHHe HHXHEro KOHBEKUMOHHOTO cios paccona Fe, Mn, Pb u np. Mexanuam
o6pa3oBaHHA 3THX PYAHBIX OCaAKOB yGemuTensHo mokazan B paborax I'.J0. Byrty3oBoil u
ap. [1980) u ILI. Tumodeena u op. [1981].

Pynubie ocaikH 3aneralor Ha GHOreHHO-TEpPHIeHHBIX WIaX, Ha OTHENIbHbIX y4acTKax [Ha
OHM NOKPbIBAIOT 6a3abTHI, a MECTAMH JIEXKAT HENOCPEACTBEHHO Ha IBanopHTax [ByrysoBa
u op., 1980]. ITo gaHHBIM 3THX aBTOPOB, HETAJIBHO M3YYABLUMX CTPOEHHE M BeLIECTBEHHBIH
COCTaB PYOOHOCHOH TONUM BHaguHbl ATnaHTHC I, r/1aBHBIMH KOMIOHEHTaMH PYOHBIX OCaf-
KOB ABJIAIOTCA THAPOOKHCIIBI Xefle3a M KpemHesema (> 70%) . Octanbhsie pynooGpasyiowuue
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Ta6nuua 26
X HMHYECKHii COCTaB TEPMANBHBIX PaccoNoB H BoA KpacHoro mMops, r/kr

Bnaguma Arnantuc I1 Bnaguna Jiuckanepu

KoMmnoHeHnTsl - Bopa oxeana
1 2 1 2

Na* 92,60 113,25 93,05 108,85 10,75
K* 1,87 2,69 2,14 2,74 0,39
Ca?* 5,15 5,81 5,12 3,97 0,41
Mg** 0,76 0,90 0,81 1,48 1,29
NH;, - 0,016 - 0,058 -
cr 156,03 190,06 155,3 180,85 19,35
Br~ 0,13 - 0,12 - 0,066
o/ 0,84 0,82 0,70 0,48 2,71
HCO; 0,14 - 0,03 - 0,72
Si 0,03 0,0004 0,003 0,0002 4-10-3
Fe 0,08 0,018 0,003 0,0066 2-10"°
Mn 0,08 0,11 0,05 0,042 1-10°%
Zn 0,005 0,0025 0,0008 0,0105 5-10"¢
Cu 0,0003 0,00066 0,0001 0,0099 1-10%
Co 0,0002 0,0015 0,0001 - -
Pb 0,0006 0,003 0,0002 0,00048 4-10-¢
Ni - 0,0015 0,0003 - 11077
ConeHnoctb 251,76 307,6 257,37 291,8 35,71
T°,C 56,5 - 44,7 - -
¥ 1,178 - 1,183 - 1,03
pH ~5 58 — 6,4 -
Eh -100 +50 - +13Q

MpumMmeuanune: 1 — repmanbHbhl paccon [ IMepnu u op., 1974]; 2 — wiosan poaa [ MNynmxwuna u ap.,
1979, 1980]: Takxke ycranosneno Cd — 0,00001, B — 0,007—0,014.

KOMITOHEHTBI MIPE/ICTaBJIeHbI CynbpuIaMu xenesa, HHHKA, MEOH, OKHCIIaMH MapraHlia, Xere-
SHCTBIMH CMEKTHMTaMH, Kap6oHaTaMM Xejte3a U MapraHua. Passutue xap6oHaToB XapakTepHO
IJIA HIDKHEH YacTH PyOOHOCHOH Tonupi. OCHOBHaA 4acTh CYJIbQUIOB OCaXOAETCA MpPEHMY-
IECTBEHHO B HIDKHeM GoJiee ropsueM paccolie, a 0CaXkaeHHe OCHOBHONH MacCh! THIPOOKHCIIOB
)Kene3a NPOUCXOINT, IO X MHEHHIO, B BEpXHEM paccolie 3a CUeT OKHCIICHUA KXKelle3a KHCIIOopo-
oM OGBIMHOH MOpPCKO# BOABI.

Pynuaa MuMHepanM3alMA B BEpPXHMX AECATH METpaX OCakoB Bo BnaguHe Amnauruc Il
cocraBjiaeT okoJo 83 muH. T. Hinke 3aryeraoT Takke pyZOHOCHBbIE OCaIKH, MOLIHOCTb KOTO-
poix kone6nercs or 20 go 100 M [Imepn u ap., 1974].

®opmupoBanue pacconioB KpacHoro mopsa TpakTyeTca no-pa3HomMy. OfHaKo Bce MHOro-
YHCIICHHDbIC THMOTE3bl MOXKHO Pa3[elluTh HA TPH OCHOBHBLIE IPYINIbI, HCXOMA U3 HHTEpMpera-
UMM TEHE3MCa BOMbI, COJICH H METAJJIOB, a TAKXe TeIUla.

CorylacHo OmHOMY M3 TNpEANONOXKEeHHi, Paccoiibl 0Gpa3OBANCh NMPH TOYTH NONHOM BBI-
napuBaHHu BoZ& KpacHOro Mopsi BO BpeMs €ro H30JALMH M HaieHHA yPOBHA B NEPHOJ, BIOPM-
CKOH TJIAIMO3BCTaTHUECKOH perpeccud. OHAaKo 3BaNOPHTH3ALMA 3THX BOI, KaK OTMeYaeT
T'. Kpeiir [1974], nomxHa 6bu1a 661 IPUBECTH K YMEHBLUICHHIO BEJTHYHHBI OTHOLUEHHSA K XJIOpPY
COTlep)KaHHi BBICOKOPaCTBOPHMBIX HOHOB KainMs, MarHua H Gpoma, uero He HaGmiopaetcs.
He o06bacHAIOTCA 30€Ch TAKXKe H HCTOYHHMKH TEILIa.

B Opyryio rpynmy MOXHO OOBENMHHTb HECKOJIBKO THIIOTE3, N0 KOTOpbiM GOpMHPOBaHHE
TEPMAJILHBIX PacCOJIOB NMPOMCXOMMT TakKoke Ge3 yuacTMs MaHTHM, B pe3yNbTaTe LUHPKYJIALMH
no rayOGHHHBIM pa3nioMaM M HITHAHWA Ha MOPCKOE HO BOJI Pa3/IMUHOTO reHe3uca, H3MEHHB-
UMX CBOH XMMHUYECKHHl COCTaB B NpOLECCe PaCTBOPEHHA H BHILLIE/IAYHBAHHA IBANOPHTOB H
Nepec/IaMBAOIIHXCA ¢ HIMH ITHHUCTBIX caHues. [loBbilteHHas TeMneparypa paccosnoB oGbsc-
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HAETCA B OCHOBHOM 34 CYeT ChEMa YacTH PErHOHAIBHOrO KOMIAYKTHBHOIO TEMIOBOIO MO-
TOKA.

TumoTe3bl 3TOH TIPYNNbI PasiIMYAlOTCA B3TJIALAMH Ha TeHE3UC BoA, GOPMHUPYIOILHMX Tep-
manbubii paccon. Tak, C.U. Cvupros [1971] u H.A. Mapusios [1978] cumratot, uto 3TO
BOJIbI 3aKPBITBIX HEPTEHOCHBIX H ra30HOCHBIX CTpykTyp. C.A. Bpycunoscxuit u mp. [1980],
OCHOBBIBaACh Ha u3oTonmHoM cocrase (D u ! 80) unosbix pacTBopoB Bo Bnamuue Atnantuc II,
[OJIaTal0T, YTO TepMaJIbHBbIA paccon GopMHpYeTcs M3 CeTHMEHTAUMOHHBIX BOJl, CHHTE€HETHY-
HbIX C COJIEpOIHbIM GaccefHOM M pPa3b6aBIIEHHBIX METCOPHBIMH BOJAMM, MOCTYMAIOIMMH

¢ OKPaMHHBIX MaTepUKOBbIX vacTeit KpacHoro mopsa. P. Bpykc, U. Kannan u M. Iutepcon
{1974] npuumu K BHIBOOY, YTO 3HAUMTENBHYIO POJIb B cbopwlponalmu PaccoioOB IOIDKHA
Mrpatb Boza, 0CBOGOX/IAIOMAACA NpPH Jeruapataiyy runca (13 1 M3 runca MoxeT BHUIENHTb-
cs1 0,486 M> BonpI) .

ITo muenuto I'. Kpeiira [1974], paccosibl BOSHHKIIH 3a cueT GITH3NIOBEPXHOCTHBIX MOPCKHX
pof. CBolo Mozenb OH OGOCHOBBIBaeT JAHHBIMM MO CONEPXaHMAM B pacconax AeATepHs u
TADKEJIOro M30TONA KHC/IOPOAA, KOTOPbie OKA3aUCh TAKHMH XK€, UTO H B MOPCKO# Bofie ¢
coneHoctsio 38,2%0, BCTpeueHHOH B paitoHe AmeHckoro mopora (80'%=1,21%,,8D=
=7,5%0) .CnenoBarenbho, cunraerT. Kpeiir,>1t# pacconsl He MOTITH 06pa30BaThCA MyTEM 'PacT-
BOPEHMA COJICHOCHBIX OCaAKOB HHOHIBTPALHOHHBIMH BOJaMH, MOCKOJIbKY 3TOT NMPOLECC PH-
BeN Okl K Gonee HU3KHM KoHueHTpanuam O ® u D. IToT HccnemoBaTeNns AOMyCKaeT, ¥TO MOP-
CKasA BOOA M3 palioHa AJJEHCKOTO MOPOra NPOCAYHBAETCA MO Iy OHHHBIM pasfioMaM B 3eMHYI0
KOPY, HATPeBafACh MO NMYTH 33 CYET PETHOHAIBHOTO KOHAYK THBHOTO TEILIOBOFO NOTOKa. PacTBo-
pAA HMELMeCA B pa3pe3e 3BaNOPHTHI H NMPOHIA B TeUeHHE HECKONBKHX THICAY JIET NMyTh
mmHOH 1o 1000 xM, TepMalibHBIEe paccoiIBl PasTPYXKaloTCA B YNOMAHYThIX BmamuHax Kpac-
Horo mopa. UX OBMXeHHe MpOMCXOOMT MOX AeiicTBHeM Hamopa (40 at™), 06yCNOBIIEHHOTO
Pa3HOCTBIO INIOTHOCTEH KOJIOHHBI Pacco/IOB H MOPCKO# BOTIBI.

TpeTsa rpynna rumoTe3 NpeANosiaraeT ak THBHOE yYacTHe MarMaTHYeCKOro TeIUla U BerecT-
Ba B QOPMHMPOBaHMH KPacCHOMOpPCKHX pacconos. K. Imepn, Ibx. Xaur u J. Xeiic [1974]
OTMEUYAlT, YTO MOA3EMHbIE BOObl MOTJIM NMpeoGpa3oBaThCA B TEPMAJIbHBIE PacColibl, 3aHMCT-
BYA KaK TIJIaBHble KOMIIOHEHTBI CBOErO HOHHO-COJIEBOFO COCTaBa, TAK H MMKPO3JIEMEHThI H3
BMemalouMx nopod. KoHTakTMpys ¢ TeJlaMH HeJaBHO BHEAPHBIUMXCA M elle He OCThIBLIMX
6a3a7bTOB, OHM MOTJIH HACBIIIATBCA HOBBIMHM BELIECTBAMM, COOEpXAIMMUCA B MarmaTuye-
CKHX 3MaHauMAX. B pesynbrate NOMOMHMUTENBHOTO HPOTPEBA IIOTHOCTb PAacCOIOB HECKOJIBKO
YMEHBILMNACE, YTO 0GYCIIOBIIIO MX BOCXO[sItee OBHXEHHE U HCTeUeHHe Ha MHO BIAJHHBI AT-
nanmic 1.

I'.C. H3ouennnse [1972], ananmusupys pe3ynbTaTsl KCCIEHOBAHMA AMEPHKAHCKHX OKEaHO-
JIOTOB, TPHILENI K 3aKJIIUEHHIO, YTO ropsuMe paccoiibl BnaguH KpacHoro Mops, pacnonoxeH-
HbIX B pUTOBOIi 30HEe ¢ ABHBHIMH NMPOABJICHHAMHA HEIABHETO BYJIKaHH3Ma, CBA3aHBI C NOCT-
BYJIKQHMYECKOii [IEATESIBHOCTbIO M MUHEPATIM30BaHbl THAPOTEPMAMH MAarMaTHYECKOTO NMPOHC-
xoxaennsa. P.U. Tkauenko # ap. [1978] YKas3bIBalOT Ha CXOOCTBO TEPMAaNIbHBIX PaccosIoB BMa-
miH Kpachoro Mopsa u consHoro kynona Hannon B JaHakuibckolt Bnamuie. OHM CYMTAIOT
KPaCHOMOPCKHE paccoiibl MPOAYKTOM CMeIleHHA MOPCKHMX BOL C Pa3rpYyXamIMMHCA 30eCh
BBICOKOTEPMANbHBIMU H BbICOKOMHHEPAJIH30BAHHBIMH PacTBOPaMM, KOTOPBIE, [I0 HX MHEHHIO,
npeAcTaBnAlT coboit Marmarmueckmii ¢nioua. I'H. Barypun, A.B. Kouenon, 3.C. Tumoc
[1969] obpamatoT BHHMaHHMe Ha TO, 4TO K Pa3nioMaM, MPOCEXHBAIILMMCA BIOJIb NoBepexss,
MPHYPOYEHDI cnefbl PyMaponbHON AEATENHHOCTH H COBpeMeHHble BHIXO/bI TEPMATbHBIX MC-
TOYHHKOB. C 3THMM MCTOUHHKAMH CBA3aHbI H MHOTOUMC/IEHHbIE MEJIKHE IMApOTEpMallbHbIe
MECTOPOXK/IEHHA JKeJie3a, MapraHua, CBHHLA, UMHKA M MEMH, T.e. TOro Xe KOMIUIEKCa MeTall-
JIOB, KOTOpBIC XapaKTepHbl H WA paccoiioB KpacHoro Mopsa. 3TH aBTOpBI BBICKa3bIBAIOT
NpenoNnoXeHHe 0 eMHHCTBE HCTOYHMKOB MeTajuioB B GeperoBbix Tepmax M pacconax Kpac-
Horo mopsa. Ha yyacrne mMarmatuueckux nmpoueccoB B GOpMHPOBaHHH XHMHYECKOTO COCTaBa
pacconoB ykaseiBaloT takke IDk. Kynep u Ibkx. Puuapnc [1974], cuuraronme, 4T0 HCTOYHH-
KOM METAJUIOB B PYIOHOCHBIX Paccoliax ABNAETCA HeryGOKHi MarmaTtuueckuit ouar. Ha ca-
MbIX KpaiHux nosumuax croar E.C. Fappunenxo u B.®. Hepnronsy [1971], nonarawonpte,
YTO KPaCHOMOPCKHE Paccoiibi HMEIOT HCKITIQUNTENIBHO 10BEHWIBHBINA TeHe3uC.

85



Ha nHaw B3rnsag, odHHM K3 Haubonee BeCKMX OKA3aTeNbCTB YYaCTHA B Paccoiax BelecT-
Ba, HMeIOLLEro BYJIKaHWYECKHI HIM MarMaTHYECKHH HCTOUHHK, ABJIAETCA OGHapyKeHHas B
rasax paccojioB MaHTHiiHasa BemmunHa otHoiwieHHa >He/*He =1,34-107% [Lupton et al.,
1977]. B uenom e MbI IonaraeM, Y10 pacconbl KpacHOro Mops UMEIOT CTIOXKHDIA reHe3uc.
B ux ¢opmHpoBaHMH NMPUHHMAIOT YYaCTHE COBPEMEHHbIE MOPCKHe BOIbI (O YeM CBHIETENb-
CTBYIOT JaHHble HO H3OTOIMHOMY COCTaBY COMOEPXKAaLIMXCA B HMX BOAOPOXa, KHCIIOPOAA H Ce-
pe1). K MOpcKHM MOTYT NMOAMEIMBATHCA BOObI CEIMMEHTALMOHHOTO U NErHAPATALMOHHOTO
[POMCXOXIEHMA, 3 TAK)K€ BBICOKOTEMIIEPATypPHblii MarMaTHuecKuii ¢mona. O nocTymieHuH
MOC/IERHErO, NMOMHMMO TeJIHEBOM METKH, CBHOETENbCTBYIOT TaK)Ke H INpelJIOXKeHHble HaMH
HIXKE THAPOAHMHAMHMYECKHe MofeaH. OmHako, Mpexme YeM MNepeiiTH K X PacCMOTpPEHHIo,
OCTaHOBHMCA Ha rMAPOAMHAMHYECKHX MpoTHBOpeunax mopdenu I'. Kpeiira.

Ecnn npunars, cornacHo cxeme I'. Kpeiira, uto Mopckasa Bozma MpOXOAMT IO TOJILE IBa-
NOPHTOB OT AJIEHCKOrO MOpOra 40 pacCMaTpHBaeMbIX BMAaAMH NMyTh IIHHOH okono 1000 km
(L) npu rpanuente nasienns B 40 atm (AH), nocreneHHo onycikasch 20 rny6uusl 3 km ()
M HarpeBasch 3a CYET PETHOHATBHOTO TewioBoro nojs go 105°C, To mns obecneuennus pacxo-
ma pacconoB (Q) B 800 n/c (~70000 m3/cyT) npu pasyMHbIX BeAHUMHaX K03dduIMeHTa
dwisTpain (0,01 M/cyT) mnoLaak NONEPEUHOTO CEYEHHA MOTOKA

e Q-L 70000 m>/cyT - 10° M
K-AH 0,01 m/cyT - 400 M

= 17500 km?,

T.e. MPH MOILHOCTH MoToKa (A1) B 3 KM ero umpuHa A0KHA Obuta 661 mocTHrath 5833 KM,
YTO HE COOTBETCTBYET I€OJIOTHYECKOH CHTyaliMH. YBenuueHHe 3HaueHWH Ko3pPuuMeHTa
GHIIBTPAUMM Ha NMOPAJOK TaK)Ke He CIacaeT /ieNo, TaK KaK IMpHHA MMOTOKAa BCE PaBHO JNOJDKHA
6biTh B 3,4 pasa Gonbite umpnusl KpacHoro mopa. Kpome toro, Hanmmuue GoJbILOrO YHCIa
rny6okux nonepeubix k Kpacnomy Mopio pasnoMoB npenaTcIByeT GpUIbTpalHH BOL B 3TOM
HalpaBJICHUH.

Ha Hawi B3rnsap, 6onee BEpOATHO, YTO NpocaunBaHKHe BoAbl KpacHoro Mopsi B 3BaIlopuro-
BYIO TOJILIY HPOUCXOOMT Ha (JIaHraX aKTHBHOH pHGTOBO# 30HBI. JIBH)KEHHE MOPCKHMX BOO U
paccoJioB O0YC/IOBJIEHO I'PafMEHTOM HMX IUIOTHOCTH, BO3HHKAIOLMM HaJl 04aroM pasrpy3kH,
BCJIE[ICTBME pa3HOH MHHepaJIM3alMH BOJ, H PacCoOJiOB B Ipefiejlax €AMHOH rMApOIMHaMHye-
ckoi cHcrempl (cM. puc. 17). IpucyrcTBue B pudTOBOM 30He JTOKAIBHBIX TEPMOAHOMANIHIA
TaK)Ke CKa3bIBaeTCcA Ha rpafMeHTe IUIOTHOCTH BOH, YCHIIMBasA BOCXOHfLlee JBIDKEHHE Pacco-
noB. C yvyeroM Temmepatypst B 105°C M morpyseHHsa pacconoB Ha r1yGHMHy 3 KM OT OHa
BNAOMHBI Ilepenaj [aBieHHH HM3-332 Pa3sHOCTH IUIOTHOCTEH BOM, 3BaNOPHTOBOro rOPH3OHTa H
croi6a MOPCKO# BOABI COCTaBUT BO BHafHHe okono 700 M, Kak 3TO BUOHO H3 CledymolLMX
pacueToB:

Py =y My +7 - hy =1030 - 500 + 1180 - 2000 = 2,875 - 10° rfcm® * M,
P, =4, - huy=1030 - 2000 = 2,06 - 10® r/cm® - M,
_P, — P, 2875000 — 2060000 8- 10° r/cm’ - M

Ys 1180 1,18 rfem® - 10°

AH ~ 700 m.

IOna pacconoB ¢ Temmepatypoii 210°C (4TO COOTBETCTBYEeT ITyGHHE HX MOrpYXeHWs
4500 M) pa3sHOCTb HAaNOPOB OCTAHETCA TaKOM e, HO NMyTb GUALTPALUMH BOX B 3BaMOpPHUTaX
ysenuuutca po 7500 m. Ilpu 3stoM mis obecnevenua pasrpysku tepm (Q) ¢ meburom
70000 m3/cyT (npu 105°C) umu ¢ me6butom 35000 M>/cyt (mpu 210°C) u npu mmMHe mo-
nockl pasrpyskd (B) no nepumerpy BrnagvHbl 42 KM AOCTATOYHO MMETh LUMPHHY TNOTIOCH
pasrpysku (b) B nmepBom ciyyae 1070, a Bo BTopoM — 890 M.

IllupuHa Monock! pa3rpy3KH HaxXoOgUTCcA 1o popMyre

Q-L

AH
Q=K—B-b, b=——— .
L K-AH-B



[pu Temnepatype pacconop 105°C
70 - 10° M3 /cyT - 4500 M

= = 1070 M.
0,01 mM/cyT-700 M -42-10° m
Ipu Temnepatype pacconos 210°C
35 - 10° M3 /cyt - 7500 M
= 890 m.

0,01 M/cyT-700Mm-42-10° M

IT0 He NMPOTHBOPEUUT I'eOJIOrHUECKOi CHTYalMH, OHAKO YKa3aHHbIe THOPOAUHAMHYECKHE
fapaMeTpbl He MOTYT oGecrneunTh FHOPOTEPMANIBHONR CHCTEME HeoOGXOMMMOe TeIUIoBOe MUTa-
HHE, MOCKOJIbKY CbéM KOHAYKTHBHOIO TEIUIOBOrO MOTOKa, KaK OTMEYaJloCh BbILIE, KOJDKEH
NMPOUCXOIHUTL C Topa3fo GoNbllel IUTOIWAAH.

Takum o6Gpa3om, pacCMOTpeHHbIe rMAPOAMHAMHYECKHME MOAEIM CBHAETENILCTBYIOT O TOM,
YTO HarpeBaHHe paccosioB Bo BrnagHHe AmnaHtHC Il Henw3sa obecnewiTs TONBKO 3a CYET CheMaA
YaCTH KOHOYyKTHMBHOTO TemloBoro moroka. [loatomMy mpuxomMrTcsa AomyckaTh AONOJIHHTENb-
HO€ TMOCTYIUIEHHE KaKOTO-TO KOJIMYECTBAa BBICOKOHArpeToro riayGHHHOrO MarmartHyeckoro
¢drronaa. PactBopeHne ranura u rumca 3BanopuToB HOPMaJIbHONH MOPCKONH BOAO# H (ITioHIoM,
nocjefylouiHe peakuMd BO3HUKIIMX PacCOJIOB ¢ BMEWA UMMM [IOPOJaMH H BbllLE/IaUHBaHHE
H3 HMX MHMKPO3JIEMEHTOB, a TaKXe MAyliMe BO BIIafiMHE MpPOLECChI OCAKIEHHUA KOMIOHEH-
TOB NPHBOIAT K 06pa30BaHHI0 OKOHYATENBHOTO XHMHYECKOTO 06G/IMKa KPaCHOMOPCKHX pac-
COJIOB.

I'unpotepmsr Kanudopuniickoro pudra

AKTHBHaA THUAPOTepMaJIbHAA [eATEIIBHOCTh OTMeEUaeTCA TaKdKe M Ha JiHe HECKONIbKHUX BMa-
mH B KanmngopHuiickoM 3anuse.

Teonornueckoe crpoenne. KanudopHuiickui pudT nexmuT Ha ceBe pHOM MPOOONKEHHHU OCe-
Boil 30HbI BocrouHo-Tuxookeanckoro nogHATHA. [1o ¢cBoeMy TeKTOHHYeCKOMY MOJIOKEHHIO,
pa3MepaM, MOPGOJIOTHH U TTIyGHHHOMY CTPOEHHI0 OH ABNAeTCA O/M3KMM aHanoroM pudros
KpacHoro Mops u ApeHckoro 3anuBa. OmHako oblnee ceBepo-ceBepo-3amafHoOe MPOCTHpa-
Hue Bnapuibl KanudopHuiickoro 3aymBa pe3Ko OTIHYaETCA OT CeBEPO-BOCTOYHOTO MPOCTHpa-
Husi pparmMeHToB pHpTOBOI HONMMHBI (pHC. 18) . MHOrouMceHHble TPaHCHOPMHBIE Pa3liOMBI,
paccekatone KanudopHuiickuit pudT, OpHEHTHPOBAHBI B CeBEpPO-3aMATHOM HalpaBJICHHH.
O6was ropu3soHTaIbHAA AedopMalua B obnacTu 3ajiuBa uMeer, cornacio E.E. MunaHoBcko-
My [1976], pa3pBuro-cOBuroBbIii XapakTep (C mpeoGnafiaHHeM COBUTOBOH KOMIIOHEHTHI) .
371a geopManus NpHBeENa K pa3oOlieHHio 6JI0KOB KOHTUHEHTaIbHOM Kophl. Tak, ceAcMuyec-
KHMH HCCIIeIOBAaHHAMH B OJHOM H3 LEHTpaNbHbIX CerMeHTOB pudTOBOH 30HBI — BacceiHe
Tyaiimac. — ycraHoBNeH okeaHuyecknil Tvn Kopbl [Williams et al., 1979] ; no-euauMomy, Ta-
KOBO K¢ CTPOeHHe H OpYrux rinyGoxoBogHbix GacceiiHoB — KapmeH, ®apannoH, [leckanepo,
PacnonokeHHBIX 0ro-BoCTOuHee {CM. puc. 18).

Hpopomkenne Bocrouno-THxookeaHckoro pudroBoro nosca nepexogur uepe3 Kamudop-
HHMICKHIi 3a7iMB Ha CeBepo-AMEPHKAHCKHMA KOHTHHEHT, Iie “HaKJaJbIBaeTCa’™ Ha KOP/IHIIbe p-
CKYI0 Me3030MCKYI0 CKJIAfYaTyl0 30Hy M BhIKJIIMHMBaeTcA B paiioHe 03. ContoH Ch. Comnps-
AeHHaA ¢ 3Toil CTPYKTypoi cucTeMa pa3nomoB CaH AHfpeac pacCMAaTpMBaeTCf KaK TPaHC-
¢$hopMHasA Mo OTHOLUEHHIO K pUdTOBOI 30HE.

Ha3semHubIM oGpamMneHHeM paccMaTpuBaeMoro pudra sensworca KanndbopHumiickuii nomy-
ocTtpoB H xpebet 3ananHoi Ceppa Manpe, koTopble MOTyT 6bITh 06BEIMHEHDI B pPAMK aX €d-
HOM 30HBI, BBITAHYTOH BHOJIb THXOOKeaHCKOro mobepexpa Mexcuku. B TeueHHe nouru Bcero
KaiiHO305 3Ta 30Ha 6bUIa apeHOi HAKOIUTEHUA MOILIHBIX H3BECTKOBO-ILEIOYHBIX aHIE3HTOBBIX
cepuii. PopMHPpOBaHHE TAKMX CEPHM, CUMTAIOLIMXCA THNHYHLIMH AJ1S OCTPOBHBIX YT, 0OBIYHO
CBA3BIBAIOT C FeOIMHAMHYECKOH 0OCTaHOBKOM CXKATHA B 30He CyOOYKIUMH OKeaHHYeCKOH TUIH-
T (B HaHHOM ciyyae wint Papannox, Pueepa, Kokoc) non koHTHHeHTaNbHYI0 (CeBepo-AMe-
pukatckyio) . Ha KanudopHuiickoM nonyocTpoBe Takoit MeTpOXUMHYECKHH 0GIMK MarMaTu-
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Puc. 18. Mopdonorua KamndopHuitckoro pudra M monoxeHHe yYaCTKOB reoTepMalbHOH aKTHBHOCTH
— ocb pUBTOBOI 30HbI; 2 — TpaHCcHOpPMHBIE Pa3IOMBI; 3 — NOJIOXKEHHE OCeil MATHUTHBIX aHOMAasTHI
Ha OKeaHMYecKOM aHe; 4 — u305aThl, M

YeCKHE MOPOAbl COXPAHAIOT NO KpaiHeH Mepe ¢ WPCKOro BpeMeHH, a B 3anafnHon Ceppa Man-
pe — C MO3AHEMENOBOro, Korga B o6enx Mof30HaX MPOH3OLUIO BHeApeHHe KPYMHBIX HHTDY-
3MBHbIX Ten. B 3oueH-omMrouesoBoe BpeMs 37ech MPORBISAICA aHOE3HTOBBIA BYJTKaHM3M, KO-
TOpbIil B MHoOLcHe cMecTiwica Ha KanndopHiiickoM nonyocTpose K tory, a B 3anagHo# Ceppa
Majpe Kk BOCTOKY, rie oOpa3oBasiMch MOLLHbIE NOKPOBbI HMTHUMOPUTOB, CBA3aHHbIE, KAK I10-
7IaraloT, ¢ MECTHOM 30HOH PacTAXeHHA B ThUTY OCTPOBHOi Ayru. COrfacHoO pagHonoruyeckKum
OATHPOBKAM, BYNIKAHUTHI PacCMaTpHBaeMOM 30HbI B 00LIEM OMOJIa)KHBAIOTCA B 10T0-BOCTOY-
HOM HaNpaBlICHMH, YTO OTPAXAeT MOCTENCHHOE OTMHMpPaHUe OCTPOBOAY KHOTO TEKTOHHYECKOTO
pe)KMMa [0 NPOCTHPAHNIO ITOHN 30HbI € CEBEPa Ha I0T.



B xoHIUe IWIHMOLEHAa B CeBEPHOH YaCTH 30HBI MPOH3OILIa HOBAA BCIBILIKA BYJIKAHH3Ma, HO
yXe 6a3anbTOMAHOro THMA. B OCHOBHOM ero mpomyKThl — IllieJIoUHble 6a3anbThl, a B pailoHe
r. Tuxyana u Ha o. Topryra, pacnonoxkeHHOM Ha TpaHCHOpMHOM pa3ntome Gacceitna ['yaiimac, —
gaxe G6asaneTel TONEMTOBOH TeHOeHUMH [Demant, Robin, 1975; Williams et al., 1979].
Taxo#l cocTaB BYNKAHHTOB OObIYeH 1A COMYTCIByWILeH pudroreHesy reomHHaMHMuyeCKoOH
0GCTaHOBKH pacTAeHMA, koTopasd B 30He KanudopHuiickoro 3anuBa Bo3HMKNIA 4—6 MIIH.
neT Ha3an [Atwater, 1970]. HanGonee mo3gHumu nposiBNeHUAMH 3ToH ¢a3bl BynKaHH3Ma
CYXHT OedcTByIoluii crpatoBynkaH Jlac-Tpec-Bupxenec B cpenHeit yacts KanndopHuiicko-
ro NOJIYOCTPOBA, CJIOXKEHHBIA OJIMBUHOBbIMM 6a3anbTaMM W M3BepraBLMHCA NOCTENHMA pa3
B 1857 r. [Cataloque..., 19511965} . C 310ii xe ¢a30ii CBA3aH M HAXONAIUMIACS HEJAIEKO OF
ceBepHOTO okoHuaHus KanudopHuiickoro 3anuBa HeGonbiuod 3pynTHBHBIN annapat Ceppo
Ipueto, nefictBoBaBumit B nepuof ot 110 mo 10 Thic. IeT Ha3aA ¥ JABIMH CBOE MMA BCK Pbl-
Toll pAOOM C HHM MOIIHON THOPOTEPMAJIBHON CHCTEME.

Kpome BysiaHOreHHpIX HOPOH, B TeonoruuyeckoM pa3spe3de GoproB KanudopHuiickoro
pHdTa NPUCYTCTBYIOT H OCafOUHbIe — W3BECTHAKH, CNIAHIIbI, GWIUTMTHI, I'PayBaKKH, ECYAHUKH
# KOHITIOMEpaThl MeJIOBOTO BO3pAcTa, a TaK)ke NIeCYAHUKH M CNIaHLBI NaneoreHa [KponoTtkuy,
IllaxBapctoBa, 1965].

Mexmoy KanndopmmiickuM 3anuBoM K 03. ContoH Cu npocTupaHHe pudpTOBO# 30HBI OTBE-
uaeT cTpykTypHoil menpeccun ConrtoH Tpor, 3anonHeHHOH NMO3AHEKAHHO30HCKHMH OENBTOBBI-
MH omtoxeHHAMH p. Konopanmo. K 3100t HaseMHO# YacTH pudTa NpHy poYeHO HECKOJIBKO BHICO-
KOTeMIle paTy pHBIX THAPOTepMAnbHEIX cHcTeM (B ToM umcie Ceppo Ilpuero u Conron Cu),
TPacCCHPYIOILM XCHA NPOABNEHUAMH YeTBE PTHYHOTO BYJIKAHH3Ma H BBIXOJAMH FOPAYM X HCTOYHH-
KOB M Mapora3oBbIX CTPYH.

Tl'eoTepmudeckne ycnosusa. KamndopHuiickass pudroBast 30Ha B IEJIOM XapaKTepH3yeTcs
MOBBILIEHHHIM TEIUIOBHIM MOTOKOM, OTIIHYAIUIMM BCe CpeIUHHO-OKeaHHYecKHue XpeOThl.
OnHako MHOMBHAYaIbHble 3HAYeHNA TEIUIOBOTO MOTOKA 37€Ch, KaK M Be3[ie B OCEBBIX 30HAX
pu¢dTOB, JAIEKO HE OOHOPOIHBI.

B oTOeNBHBIX cerMeHTax 3TOH 30HBI M Pa3’AeAIIMX MX TPaHChOPMHBIX pa3lioMax BCIpe-
YAIOTCA KAK NONIOXKUTENbHbIE, TAK MHOIAA H OTpHLATeNbHble TepMoaHoManun'. PaccMoTpum
0COBEHHOCTH TEIUIOBOIO NOJIsI B OOHOM M3 TAKUX ceTMeHTOB — BacceliHe I'yaiimac, rge B noc-
nepgHue rompl GbUIO NMpoBedeHo cBhiUe 150 M3MepeHHil TemwloBoro nortoka [Lawver et al,
1975; Williams et al., 1979].

Bacceiin I'yaiimac, orpaHuyelHsIii n3o6atoit 1500 M, npoTAriBaercs B AnnHy Ha 240 KM, a
B LMpHHY Ha 60 kM. OH MMeeT UeHTPaJIbHYIO [ENPECCHI0, OrpaHMYeHHYI0 u3o6aroit 1900 M,
pa3neNieHHylo Ha aBa tpora. lilupuHa 310it menpeccuu 3—4 kM, a rny6ura 50—150 M. OGas
MOIIIHOCTh AMATOMOBBIX OCAAKOB W reMMMENarHYeCKuX MIMCTBIX ITIMH, MIOKPBIBAIOUIMX THO
GacceitHa, pocturaer 0,5 kM. TemwtonpoBonHOCTh 3THX ocaakoB 1,7 - 103 kanfem - ¢ - °C
[Williams et al., 1979]. Tlo gaHHBIM 3THX HCCNIeOBaTeNel, CpeiHee 3HaUeHHe KOHAYK THBHO-
To TeIIOBOTO INoToKa B 6GacceitHe I'yaiiMac BHe ULEeHTpanbHOW JEMpPECCHH COCTaBJIfeT
180 + 46 MB1/M?. BHyTpH >ke LeHTpanbHOM Aenpeccuy GONBIIMHCTBO 3HaueHui (52 u3 75) >
> 260 MBt/M2, uTO MPUMeE PHO OTBEUYaeT CpelHeMYy 3HAUeHHIO [UIA el pecCHH B LeJIoM, Ho B 23
nyHkTax < 105 MB1/M2. Pas6poc 3HaueHHil TEMIOBOTO MOTOKA B COCTABIAIOIIMX [ENpPECCHIO
pudTOBBIX TpPOrax BecbMa 3HauMTesleH — OT MeHblie Yem 40 mo 1135 mBr/m?. B npenenax
TPaHCHOPMHOFO pa3nioMa 3HaUeHUsl TEIUIOBOrO MOTOKa BapeupywlT oT 125 mo 460 MB1/M2,
a cpemHee mo 15 u3MepeHHAM coctasnser 259 MBr/m2. TonaraioT, Yro Takoe MOBLILIEHHE
CpelIHero TeIUIOBOTO MOTOK2 M OOUNHE IOJIOKMTENIbHBIX TepMOAaHOMAINJi CBA3aHO C Cy-
IIeCTBOBaHMeM MOGIM30CTH OT AHA GacceiiHa BBICOKOTEMIEpaTypHO# HHTPY3uu [Lawver et
al., 1975] u aKTUBHOM MMAPOTEPMATIBHOMN AEATENBHOCTH.

B tom mecte, roe pudroBas 3oHa Kanudophuiickoro 3ammpa BBIXOOUT Ha CYLIy, peru-

! 314 anomanuu BosMMKalT H3-32 HAPYLICHUSA YC/IOBHI UMCTO KOHOY KTMBHON TeIUlonepeaut UMpKy asum et
BO/IbI B AOHHOM TpyHTc. OTpHLaTe/ibHbE aHOMAIHH OOYCNOBIIeHH BePTMKAIBHBIM ABMXEHHCM BOOBI
(pasrpy3koil rMApOTePM HIH NPOCAUMBAHHEM B TPYHT MOPCKOH BOMBI) , NOJIOXKHTENbHbIe (UKCHPYIOTCA
Hal GPOHTOM BOCXOMAIMX THAPOTEPM, PAa3TPY KA LMXCA THe-TO B6/mM3u NyHKTa HaGmoneHnA.
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OHafibHAA MOJIOXMTE/IbHAA TreoTepMHYeckas AHOMAIMA HPOCIEHKHBAETCA M Ha KOHTHHEHTE.
3oeck oHa mpotAruBaerca Baoss Aenpeccun ContoH Tpor. Ilpu 310M Ha o6wieM doHe noBbI-
LUEHHOTO TeIUIOBOTrO MOTOKA BBIENAITCA [IBa YUACTKa, I/l ero 3HaYeHus eule Bbille. ITO 1H-
POKO H3BecTHble THApoTe pManbHble cucTeMbl Ceppo Ilpuero u ContoH Cu.

FnonporepManbHoe MecTopoXxaeHue Ceppo Ilpuero (mwiomanpio
25 km?) HaxomuTcsi B CTpYKTypHoil menpeccur ConroH Tpor, 3anonHeHHO# MowHbiMM (710
4,5 KM) OTIOXeHUAMHU HENbTOBBIX 0cankoB p. Komopamo. OHO mpHypoueHO K pajioMHO#
3oHe CaH XacuHTO, TepeceKalolleil B ceBepo-3aNafHOM HaIlpaBJieHHH ¢(pparMeHT JeNpeccHH —
monuiy Mexukanu. Bepxiue 700 M pa3spesa cioxeHbl TOJLIEH FNHH, HHXKe KOTOPOil HAXOOAT-
cA Nepec/IanBalILKHeCHA NECKH, TajleYHUKH, [JIMHbI, 3BalIOPUTHI, ECYAHUKU H TIIMHUCThBIE CIIaH-
ubl. OcafouHas TOJIIA 3ajieraeT Ha rpaHHTHOM OCHOBaHMM, KOTOPOE CTyNeHYaThIMH GITIOKaAMH
MOJHMMAETCA K 3aMajly ¥ BBIXOMHT Ha OHEBHYIO NIOBEPXHOCTb B BHIe rpaapl Ceppa Kykana.
I'panurHblil PpyHAAMeHT pa3BHT cepued PasioMOB, MO KOTOPBbIM NOOHUMAIOTCA TepMAaJIbHbIe
BOIbl, PACTEKAIOIHECA 3aTeM B 3aMaJJHOM HANpaBJIeHHH 10 MPOHHLAECMELIM NPOCIOAM MECYa-
HMKa. B ueHTpe ruapoTepMaIIbHOlN CHCTEMBI HAXOOMTCA YeTBE pTHUHDEE ByikaH Ceppo Ilpuero.

Ha nHeBHOIi MOBEPXHOCTH 3/1€Ch OTMEYAOTCA BBIXOMbI 1aPOra3oBbIX CTPYW, FpA3eBbie KOT-
abl, kunAume ucroyHMkH (Jlarysa BynkaHo). Mectopoxmenue pa3GypeHo Ha rinyOuHYy A0
3600 M. KpoBns npooyKTHBHON 30Hb! BCKPbITa Ha ry6uHe 1500 M. Tny6uHHas s»auAxas da-
33 XapaKTepH3yeTCsA MCKITIOUATENbHO BBICOKHMYU Temniepatypamu (o 367°C) u nopbuueHHo#
MHHEpaTH3aLHen . :

O61wasn npoussoantenbHocTh 30 CkBaXMH Ha KoHel 1979 r. coctaBnsna 3540 1/yac Bonsl 1
1500 1/vac napa. TemwnocomepxaHne MapoOBONAHON cMecH mocTurano 313 kkan/kr. JlaBneHue
MapOBOMIAHON CMeCH HAa YCTbe CKBaXMH GbUIO B cpefiHeM 89 atM (MaxcuMajibHOe 20 aT™M) .
H3 BbicOKOMHMHEpaNM30BaHHBIX (PIIIOMHOB B CKBAXMHAX U TPYyGOMPOBOZaX WHTEHCHBHO BbI-
CaXMBaeTCA KpeMHe3eM, BCIEICTBME 4ero 3a 50 fgHeil rHApaBNHYeCKOE CONPOTHBIICHHE B HUX
Bo3pactaeT Ha 90%. TeM He MeHee Ha THApOTepMaTbHOM MecropoxdaeHnu Ceppo Ilpuero
ycnemHo AeiictByer kpynHas I'eoTIC, MousHocTe KoTOpOI B 1979 r. cocraBnsna 150 MBT
(& 1984 r. mnanupyercs ee yBenuueHue 1o 400 MBT).

IF'mppotepManbHoe MmecTopoxaeHne ContToH CH pacnonoxeHo B TOH
’Ke cTpyKTy pHoit Aenpeccun Conton Tpor (momuna MMmipuan Bamm) y 10ro-BoCTOYHOro KOH-
ua 03. ContoH Cu. IIpepmonaranet, 4Yro Kak pa3 3fech M BeIKIMHUBaeTcA Kanudo pHuiickas
pudToBas 30Ha. lonnHa UMnupuan Banm Takke 3amoiHeHa MOLIHBIMH (10 6 KM) OTIOXe-
HUAMH [IeTIbTOBbIX ocagkoB p. Komopamo. BepxHas 4acte pa3spe3a cnoxeHa 300-mMeTpoBo#
TOJILLeH ITIMHUCTBIX CIaHLEB, HUXKe KOTOPOH HAXOBATCA MepeclianBalolMec MecKH, TajleyHu-
KH, TJIMHBI,TajioTe KHbIe NOPOAbl H NECYaHNKH . MOpCKHe OT/IOXKeHMA (BepXHHH MUOLEH—IUIHO-
LeH) BCTpeYaloTcA TOJIbKO Mo nepudepun monuHel UMnupnan Bannu K loro-samany W 3amagy
ot 03. ContoH Cu. Pe3epByapoM rHApOTEpM CIy’XaT B OCHOBHOM apKO30Bbie NECKH MOILl-
Hoctbio cBbillie 600 M. HenmocpenciBeHHO B paccMarpHBaeMo# reoTepMajibHO#M 00nacTH NMpH-
CYTCIBYIOT PMOJIMTOBBIE 3KCTPY3HH, JAHKH M CHIUIBI, BOSHHKHOBEHHE KOTOPbIX CBA3BIBAETCA
C IUIMOUEH-INEACTOLEHOBHIM BYJIKAHH3MOM. JKCTPY3UH BKIIIOYAIOT MATh OTAENbHBIX KYINO-
JIOB, TPH M3 KOTOPBIX XapaKTepu3ylorca cnaboil pasrpy3koil rasa W BOOSHOIO Napa, Bbide-
NAWKXCA 0 TpeliuHaM u pa3noMaM [Muffler, White, 1969].

MecropoxaeHne pa3bypeHo Ha rny6uHy no 2,5 xM. InyGuHa 3ajieraHus NpoayKTHMBHOM
30HbI HXe 1,5 kM. Ha Mectopoxxaerun ContoH CH TenmoBo#d NOTOK COCTAaBIIAET, MO JaHHBIM
P. Pexca [Rex, 1966], 292 mMBt/mM?. Cornacko I'. Xenbrecony [Helgeson, 1968], o Bbmue —
Ha nepudepuH MeCTOpOXAeHUA HocTHraeT 502 MB1/M?, a B ueHTpaibHOM YacTH Mpeanoso-
xutenbHo 711 MBr/M?. [IBa NoClEHHX 3HaueHHsA XapaKTepH3YIOT MepeKphIBAIOLUHE THIPO-
TePMafibHbIA pe3¢pBYap INIHHUCTbIE CIIaHLbl M FeHEeTMYECKH CXOIHBI C MONOXMTeJIbHBIMH aHO-
MaJIMAMH B TMOJBOIHBIX OCEBbIX YUACTKAaX OKeaHHYeCKHX pudroB. M3otepma 300°C B ckBa-
*HHax Ha MecTopoxaerun ContoH Cu 3aneraer Ha riny6uHax ot 900 mo 1600 M, a B ueHTpe,
BO3MOXHO, elie OMXKe K MOBEPXHOCTH. MakcHMasnbHasA TeMIlepaTypa Ha 3TOM MeCTopoxie-
Huu 360°C 3adpukcupoBana B ckB. 1 IMop Ha rnyGute 2100 M.

I'ny6unHan xmpokaa ¢asa xapakTepH3yeTc MCKIIIOUMTEIbHO BbICOKOH MUHepalM3auuei
(275 r/kr) xnopumHBIX HaTPHEBO-KATIBLMEBBIX PACCOJIOB.
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ConeHocTh U TeMnepatypa JIIOMAA YMEHBLIAIOTCA N0 HaNpaBJIeHUI0 OT UEHTpa MHApoTep-
MAaJIBHOTO pe3epByapa. JHTanbluA pacconos konebnercs ot 220 go 275 kxan/xr [Helgeson,
1968] . BuomuMmblii noBepXHOCTHBIH pacxorn (U3 c1abbiX TOPAYHX HCTOYHHKOB, PacloOXKEeHHbIX
BOKPYT 0T0-BOCTOUHOTO KoHua 03. Comnron Cu), no oueHie II. Madnepa u II. Yaiira [Muf-
fler, White, 1969], Bpsan nu mMHoro 6onbiue 100 M /cyT. T'pynnbl HCTOYHUKOB TIPHYPOYEHbE K
ABYM NHMHeaMeHTaM, OfMH U3 KoTopblx (Muum Kpux — BaHHMHT ¢onT) YacTHUYHO MOKPBIT
pogamu 03. ContoH Cu. B rumportepManbHon ciucreme (iou HAXOOMTCA B OCHOBHOM B XU A-
Ko# aze — BCKHIAHKE M OTAENEHHe N1apa MPOUCXOIMT JIMILb B IPHNOBEPXHOCTHBIX YCJIOBHAX.
Hons napa B pa3rpy3ke oxono 0,4. Cogepxanne rasa B nape cocraBnser 0,1-1,0,a B rmy6uH-
HO#i ropsaveit soge — 0,04—0.4% 06. B coctaBe rasa 90% o6. cocrasnset CO,, a cpeay ocTanb-
Hbix 10% 06. oGHapyxeHb! H, S, CH,y, N, , H, {Eliis, 1979]. CHauana papneHne yIieKucaoThl
6bU10 Bblllie MMAPOCTATHYECKOTO, M OHAa M3BJIEKANach 37eCh B MPOMBIIUICHHBIX MaclliTabax,
mia Yero 6buo mpobypeHo 50 MeNKHX CKBaXHMH ry6uHoi fo 200 M. Ob6uiee KOJIMYECTBO
CO, , HoNyYeHHOe TOMBKO 32 9 11eT, cocTaBmnol8 - 10° M3 . OnHako BCeCTBHeE NafeHNs [aBie-
Hus go6biva CO, ¢ 1954 r. 6buta NMpexpairieHa.

Ilo pacueram I'. XenbrecoHa rinybokada ckB. | MOXeT NpoOyuMpoOBaTbh B [EHb OKOJIO
10000 m® dmiouna. Ilpn 3TOM Ha IHEBHYI0 MOBEPXHOCTb GyMIeT exXeIHEBHO BBIHOCHTBCA CBbI-
we 2700 Tbic. T coneit u Gonee yem 2 - 10° kan Temna.

XumuueckHit coctaB ruapoTepM. Brixonsl ruaporepm B aHe KamndopHmiickoro 3anuea
H3YYAIIMCh MEXIAYHapOOHON HayuHOH J3KcHemuiueil ¢ moMoiubld GatHckapoB “AnNbBHH” H
”CuaHa”. VICTOMHHK ¢ [IaBJICHHEM BOJbI Ha Bbixole 4 aTM u Temnepatypoii 102°C 6bu1 06Ha-
pyxeH B ceBepHoit yactn KanndopHmiickoro 3aymusa B 400 M ot Gepera Ha riy6use 30 m.
XuMHYeCKHMil aHATH3 3THX NMOJBOAHBIX T€pPM NOKa3al, YTO 0 HOHHOMY COCTaBY OHH XJIOpHA-
Hble HaTpUeBble ¢ MUHepajM3alueil 0KoJo 19 I/ U cogepXaT cpefu ra3oB IJIaBHBIM 0Gpa3oM
CH, (51,4% 06.) u N, (44% 06.), a TaKkke MOBbILEHHbIE 10 OTHOLUEHHIO K BOfle OKeaHa Ko-
muecrsa Fe, Cu, Zn, As, Cd, Pb, Cr u Ni [Vidal et al., 1978].

Ilpyroit yyacTok pa3rpy3ku Gbul oGHapyxeH B ycrbe KanudopHuitickoro 3anuBa [Abelson,
1979] Ha 21° ceBepHoit WwHpOTHI. 3mech Ha E1y6uHe 2500 M Ha MOPCKOM JiHe BBIXOIAT Tep-
MaibHble ¢ouapl. X TeMnepatypa Ha BbiXofe cocTaBisieT okono 400°C, a naBneHne 0KoJNo
270 atM [Welhan, Craig, 1979]. I'a3bi, comepikaltMecst B pacCTBOpax, no AaHHbiM k. Benxana u
I'. Kpeitra, o6orauiesbl BoZOPOAOM ¥ METaHOM, a TaKkOke renueM M pagoHoM. M3 obpasosa-
HHi, HalIOMMHAOWMX AbIMOBble TPyObl 5-MeTpoBOH BbICOTHI, Ha 30 M BBEepX BHIPBIBAIOTCA
cTpyn (“uepHble Teii3epbl™), comepixallye MUHepanbHOe BELIECTBO, KOTOpOEe OTIaraeIcs Bo-
KpYT B BH/Ie KOPHYHEBBIX XOIIMOB. ITH MPeHMYIUECTBEHHO Cy/bhpHOHbIE OTNOXEHHA OT/IHYA-
I0TCA BBICOKMM cOfep)KaHHeM djKene3a, LMHKaA, CBHHIA, MeOM, cepeOpa, 30110Ta, IUIATHHBI,
KobBabTa ¥ KagMHUA.

Kak u3BecTHO, ropsAyas MOpCKas BOMA, HAXOMALIASICA TON AABJIEHHEM, BbILIEIaYHBaET
YKa3aHHbIe 3JIEMEHTBI M3 CHJIMKATOB. MOXHO NMpeanosioNmTh, YTO OHA MIPOHHKAET MO pa3no-
MaM B puTOBOM 30He Ha IyOHHY 2 KM HHXKE MOPCKOro AHa. 3aech BOM3H MarMaTH4YeCKOTro
ouara oHa mpuo6peTaeT TeMnepatypy cabiiie 400°C ¥ Noa faBneHueM okono 450 aT™ ycrpem-
nAeTcA BBEPX, B3AUMO/EHCTBYA MO MyTH C BMELIAIIIMMYA MOPOJaMH M U3BJIIEKasA H3 HUX Nepe-
uMClIeHHbIe Bbile dneMeHTbl. [Iponcxoxpenue cynbduaoB cBf3aHo, BepoATHO, ¢ pedyKuHel
cynbgaTa MOPCKOH BOABI XKeJle3MCThIMK cHMKaTaMu. KpoMe Toro, B 40 pMHPOBaHHH Py AHBIX
0cafixoB GOIbIIYI0 PONIb MOXET HIPaTh M OPraHMYeCKOe BeleCTBO (BOK YT TOPAYMX HCTOYHH-
KOB Pa3BHThI KOJIOHHH XMBBIX OPraHH3MOB), KOTOPOe BOCCTaHABJIMBaeT Cynbhar-HOH NpH
MOBBIILEHHbIX TEMIePaTy pax C BbialleHHeM U3 PacTBOpa CyibduIOB.

Taxnm oGpa3oM, B GopMHPOBAHHH ITUX BBICOKOTEMNEPATy pHbIX 0GOTalleHHbIX MeTansa-
MH pacTBOPOB YYACTBYIOT MopckHe BoAbl. OOHaKO K HMM, MO-BHAHMOMY, NOAMELUMBAETCA H
MarMaTH4YecKuil pIloMa, o YeM CBUAETENbCTBYIOT Ype3BbMAaiHO BHICOKHE TEMIEPAaTyPhl, a TaK-
€ H3OTOMHbIH COCTAaB rejiiA B NPUAOHHBIX Bofax pudToBbIX BGaccelinoB KamudopHuitckoro
sanuBa. Tak, B GacceitHe T'yaiimac otHomenme *He/*He = (1,1 + 0,06) - 10~% [Lupton,
1979], uro yka3spiBaeT Ha MaHTHHHOe MPOUCXOXOEHHE 3TOTO ra3a. 30Ha BBICOKUX 3HAuYeHMi
3He/*He B KanudopuuitckoM pudTe MoxeT GbiTh mpocneseHa ot 6acceitna [yaiimac yepe3
reoTepManbHeii paitoH Ceppo [lpueto mo rumpore pmasnbHo#i cucreMbl Conton Cu. OnpoGosa-
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Ta6bnuua 27
XumuyecKknil COCTaB TepMAJbHBIX (PIOHAOB FHApOTEpMaNbHbIX cHcreM Kamudopumiickoit pudroBoii

30HBI, MI/n

KoMnoHeHTb! 1 2 KomnoueHTs! 1 2
HCO, 150 Mg 8 54
co, 1653 _ Fe 0,2 2290
SO, 0 Mn - 1400
Cl 10420 155000 Sr - 400
I 3,1 18 Ba - 235
F - 15 Zn - 540
Br 14,1 120 Pb - 102
NH, - 409 H,S 12 16
Na 5820 50400 H, BO, 70,9 2232
K 1570 17500 H, Si0, 961,3 520
Li is 2i5 M 19770 258000
Rb - 135 pH 6,7 5.2
Cs - 14 T° C 340 300
Ca 280 28000

Npumeuanune.l — Ceppo lpuero,cxs.1.1 N1 [Ellis, Mahon, 1977};2 — Conton Cu [Muffler,
White, 1969°) : Taxke ycraHoBneHo Al — 4,2, As —~ 12, Cu— 8, Ag -1, °

HHe TepManbHbix dimonnioB Ceppo Ilpuero, npoBenenHoe aBTopoM coBMectHo ¢ B.I'. Tlona-
KoM B 1979 r., noka3ano NpHCYTCTBHE B HHX FeJIMAl C BBICOKMM H30TONHBIM OTHOILLEHHEM —
okono 1 - 107%, yTo XOpoLIo COrnacyeTcs ¢ ApyrvMy NaHHBIMH, TIONYYSHHBIMH B 3TOM paiioHe
[Welhan et al., 1978]. B rugporte pManbHoii cucieMe ContoH CH aMe pUKaHCKHe HCCIIeoBare-
M TaKxke OBGHapyXMIIH TeNMit TOro ske H30TOMHOro COCTaBa, HO, MO MX [AaHHLIM, CEBepHee M
3anagHee 3To# cucTeMbl BenuunHa > He/ He B rasax, pasrpyxaiompuxcs B pa3lioMHoli 30He CaH
Asppeac, pe3ko cHuXaeTcs, onyckascs ao 10~7 [Craig, Lupton, 1978].

Maporupmgporepmsnu Ceppo Il puero uMeOT XJIOPHAHO-THIAPOKAPOOHATHBIH
HATPHEBO-KanMeBbld coctaB (1abn. 27) . Ux MuHe pann3aumua Ha riayGuHe, rae OHH HAXOOATCA
B XuAKoit ¢a3e, He mpeBbiaeT 15 r/Kr, a B IPUNOBEPXHOCTHBIX YCIOBUAX MOCTIE OTHENIEHU A
mapa OHa BO3pacTaeT, HOCTUTas B CeMapupoBaHHo#l xaakoil dase 23,7 r/kr. [omumo Ci,
HCO;, CO;, Na, K u Ca, B xunxoil ¢a3e B NOBBIUEHHBIX KONMHYecTBax comepxarca Li u
H, Si0;-. TepManbHbie ¢nronapl uMetor 6M3KYI0 K HeHTpanbHON peakumio cpeabl. B ux ra-
30BOM cocTaBe npeoGnamaer CO, (78—-92%) M B 3aMeTHBIX KONMYECTBAX COAEPKATCA TAKXKe
H, (2-6%) uCH, (1,5-7,0%).

IIpoucxoxmenue 3TUX THAPOTEPM MOXHO OOBACHHTH PACTBOPEHHEM U BHILLENAYHBAHHEM
3BaNoOPHTOB, COAEPXKALIUXCA B TONILE AeNbTOBBIX 0cafkoB p. Konopago, uHGUILTpauMoHHBI-
MU BopamH. Ha 3T0 yka3biBaeT, B YaCTHOCTH, BBICOKAsA KOHUEHTpAIMA B TEPMAJIbHBIX (ITIOU-
HaxX HaTpUA M 0COOeHHO KanMs, IUTHA UM CTPOHUMA. XITOPUCTBI Kauil, Kak H3BeCTHO, Bojlee
HHTEHCHBHO BBIILIE/IAYMBAETCSA NIPH BBICOKMX TeMmepartypax. [locnenyromas peakimsa BO3HUHK-
KX TaKMM 06pa3oM MHHEpPAJIH30BAHHBIX PaCrBOPOB € OCa[OYHBIMM OTIIOXKEHHAMY NPH CTH-
MYJIHpYIOLIEM BO3[eHCTBHH BBICOKHX TeMMepaTyp NPHBOOMIIA K KX OGOralIeHHi0 OpPYTHMH
IMMeMeHTaMH — TSKeNbiMA MeTaiulamu U 11p. OueBMAHO, B GOPMHPOBAHHH 3THX THIPOTEPM
YYACTBYET TaKe H HEKOTOpOe KOIHYECTBO BHICOKOTEMITEPAaTy pHOIO MarMaTH4ecKoro ¢niou-
Oa, ¢ YeM CBA3aHBI UX Ype3BBIYAaiHO BBICOKAA TEMIIEPATYPa, KOTOPYI0 HEBO3MOXHO OGBACHUTD
JIMIIb 332 CYeT KOHIYKTHBHOTO TEIUIOBOTO MOTOKAa, M XapaKTepHble 3HAUCHHA OTHOLIEHUS
3He/*He. Ha okoHUaTeNbHBIA OG/MK Te PMANBHBIX (ITIOUIOB OKa3bIBAIOT BIMAHHE TAKKE NPO-
Heccel BoccTaHoBiieHHsl SO, B YCIOBHAX BBICOKMX TeMIIEpPaTyp B MPUCYTCTBHH BOOOPOIA M
cBs3biBanne obpa3syloumeroca H, S comepxammMcs B MOpPoOAax jkejie30M, BCKHMIIAHME W KOH-
LEHTPUPOBaHKe PacTBOPOB, BbinajieHue B ocafiok CaCO,, SiO, u ap. (rabn. 28).
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Tabnuna 28
Xumuuecknit cCOCTaB 0CAIKOB, BHINMABLINX H3 TePMAJIbHBIX GJNOHAOB, % Bec.

KomMrnioHenTh! 1 2 KomMnoHeHTH 1 2
Si0, 87,28 0,08-0,29 BaO 0,0007 0,0015
TiO, 0,0096 0,01-0,025 SrO 0,002 0,001
AL O, 0,68 0,68-0,70 Ni 0,0011-0,0019 -
Fe, O, 0,72 0,014-0,05 Zn 0,0112-0,0201 -
MgO 0,18 0,16 Cu 0,0087-0,0204 -
Ca0 06 0,6 Ga 0,0015-0,0024 -
Na, O 0,63 40,0 Po 0,0070-0,0250 -
K,O 0,45 0,62-1,17 Rb 0,0020-0,0026 -
P,0, 0,05 0,00 Cl 0,6-1,0 40
MnO 0,26 0,011-0,013

MpumeyuaHmue:l — Ceppo llpuero; 2 — Conron Cu, oGpazen mobesno npenocranien II.E.Yafitom.
O6pasunl BHATTHIHPOBAIMCh METOROM IUIS3MEHHOR 3MHCCHOHHOMN CIMEKTPOMETPHM M IHEPTOAMCIIEP CHOHHOM
PeHITeHO-DIMOOPECUCHTHON COEKTPOMETPHH B XHMMMKO-aHanuTHuéckoil naGoparopux I'MH AH CCCP
(pyxosomrrems I.51. Yonopos) .

HaporugpoTepMbl ConToH CH NpeACTaBAMOT cOBOHK KPEMKHit paccon ¢ MHHe-
parm3anueii 0kono 300 r/Kr, XJIOPHIHBIM HATPHEBO-KAJbiMeBbIM COCTABOM H BBICOKHM CO-
JIepAAHHEM MHOTHX MeTamnos. Boicokas Temmeparypa paccona (mo 360°C)  npucyTcrBHe B
HeM, momMuMo CL, Na, Ca, K, eme u 3HaunTensHbix Koymuecrs Fe, Mn, Zn, Sr, Br, Si, Ba, Li,
a taioke Cu, Pb, Ni, Rb, Cs, Ag H HeKOTOPBIX APYINX 3/1eMeHTOB (Tabn. 27) mocnyiam oc-
HoBaHMeM ([White et al, 1963] mpenyIONOXMTB, YTO ITOT PAcCOII ABJACTCA CreUHbHYeCKUM
PYAOHOCHBIM MarmMaTH4YeCKHM OCTaTOUHBIM (IIOHAOM. 3Ta rHIOTe3a NPHUBJIEKIa K cebe BHH-
MaHHe MHOrHX HMcolepoBarencii. OmHMM M3 mepBbiX ee moasepr kputuke C.H. CmupHOB
[1967], xoTopblit MpoaHamM3KpoBaB Matepraibl JI. YaiiTa H ero Kojier, Nokasan, YTo Tep-
MajbHble paccoiibl ConToH CH HMe ABJAIOTCA PYAOHOCHBIM MArMaTHUeCKHM (IIIOHOOM, a
NpeACTaBIIsAoT CoBO# paccol cojiepoHoro 6acceiia, GOpMHPYIOLIMIACK B YCIIOBHAX BBICOKO#H
Temnepatypbl. Bnocnencreum u cam JI. Yaiit oTka3ancs OT CBOel e pBOHaYanbHOM rHIOTe3Bl,
BBI{BHHYB HOBYIO Bepciio 06pa30oBaHNA 3THX MeTAUIOHOCHBIX BHICOKOTEMIIEPATY PHBIX Pacco-
710B. OCHOBBIBasICh Ha H30TOITHOM COCTaBe BOZOPOOA M KHCIIOPOJAa B MAPOTHAPOTEPMAX H IIO-
BEPXHOCTHBIX BOJAX paiiOHa, OH IpHILEN K BBHIBOAY O NPEHMYLIECTBEHHO METEOpHOM Npo-
HCXOXAeHuH BoAbl pacconoB [White, 1968]. K takomy xe BeBony mpuuen u I'. Kpeitr
[Craig, 1966], cumrarommii, yro HcrourmkoM H, O B reorepMasibHbIX pacconax He MOITIH
6BITH MarMaTH9eCKHE HJIM MOPCKHE BOJBI M YTO 3TH paccosbl GO pMIPYIOTCHA H3 MeCTHBIX JOX-
OeBBIX ocagkoB, BbiulesiammBalomux Cl, Na u fpyrue 3neMeHThl u3 BMeEILAOLMX NOPOA.
TIpu 5TOM Cpa3y *e BCTAlOT BONpPOCH! O BOHUKHOBEHHH BbiCOKO#M (~300 r/kr) mMuHepanu3a-
MM PacCMATPHBAEMBIX PaCCOJIOB H HCTOUHMKE MX TEIUIOBOrO MUTaHHA. BosMoxHble nmponeccsl
KOHLEHTPHPOBAHUA TEPMANbHBIX pacTBOPoB ConToH Cu BCKkope 6bUIH pacCMOTpPeHbl PasHbIMH
aBTOpaMH.

CornacHo ofHO# M3 TpeJIOKEHHBIX TUMOTe3, Takoe KOHUEHTPHPOBAHHWE pPacTBOPA €CTh
creactene MeMGpaHHOro 3¢ ¢dexra, B pesynbraTte KOTOPOro NPOKCXOIWIH [JOTEPH MONEKYN
BOMBI Yepe3 MONYNpPOHWIAEeMEBIC TIIHHMCTBIE CIIAHLbI BepXHei MOKPHIIIKH pe3epByapa [Ber-
ry, 1967].

Ipyroe o6psicHenne BhIABUHYN I'. XenbrecoH, CUMTAOMIA, YTO OCHOBHYI0 MacCy BOAbI pac-
CONOB cocTaBnsmoT Boap! p. Konopamo, monasiime B nopoBble NPOCTPaHCTBA [ENbTOBLIX OCal-
KOB. 3TH NepBOHaYAIbHO MAJIOMMHEpAIH30BaHHble BOAbI MOABEPTaNHCh 3aTEM TEIUIOBOMY
BO3[eiCTBMI0 CHH3Y, BCIIEACTBHE Yero Havanachb WX murpauus BBepX. [lo mytH oHm B3auMo-
OEeHCTBOBAM C BMEIIAIHMH [OPOJaMH M YBENHUHMBAJIM CBOKW MMHepanu3auyo. B mpumo-
BEPXHOCTHBIX YCJIIOBHAX 3TH Harperble N0 BHICOKOH TeMITepaTyphbl PacTBOPbI BCKHIANH, Tepss
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YacTh MOJIEKYJ1 BOABI, H CTRHOBWIHCH Gonee coneHbIMH. I'. Xenprecod cuuraer, 4T0, OCKOJTB-
KY YpoBeHb 03. ConToH Cu HaxomuTcs Ha 70 M HHXXe YPOBHA MOPS, 3TH paCTBOPBI He TIpHCOe-
OHHAJMCh K TOA3EMHOMY CTOKY, a ONATb, BCICACTBHE Gomblilei IUIOTHOCTH, NMOTPYXATHCH
BHM3, rle CHOBa HarpeBasnMch. B pesynbrate HMXe CaHUEeB BOSHHKIIA MOCTOAHHO JICHCTBYIO-
masA KOHBEeKUHOHHAA Ayeiika. Takoi MoBTOpeHHbIA 15 pa3 KOHBEKIMOHHBIA LMK MOXET, IO
mHenmio I'. XenvrecoHa, IoBecTH cosieHOCTh Boabl 1o 200 r/kr u Gonee. IIpu mBHkKeHHH pac-
TBOpa o ckopocthio 1 - 10™% cM/c 1 ayIMHe KOHBEKIMOKHOTO LMKIIA OKOJIO 2 KM 3TO 3aHSI0
6b1, IO ero nofcyeram, Toybko 1000 net.

9TH OOBONBHO CJIOXKHBIE M TPYOHOOOBACHHMBbIE C THAPOTEOJIOTHYECKOH TOUKH 3peHHA
THIIOTe3bl HE OTBEYAOT Ha ApYTo#l OCHOBHOH BONpPOC: 00 HCTOYHHKE TEIUIA B 3TOH THApPOTEP-
MajibHOM cucTeMe. Ecnu cpaBHMTENbHO HU3KYI0 TEIUIOBYIO MOIHOCTD €CTECTBEHHOH pas3rpys-
KH 3T0it cuctemsl (oxono 7 - 10° xan/c npu ne6ute 550 M/CYT M M3GBITOUHOR TeMMepaType
10°C) emme MOXHO KaK-To OGBACHUTD ”ChEMOM” PerHOHANIBHOTO KOHAYKTHBHOTO TEIUIOBOrO
NoTOKa B pamkax mogpenu I'. XenbrecoHa, To TeMneparypa 360°C Ha rny6uHe 2 KM npen-
CTaBJIfeT pe3KYI0 Fe0TepMIYECKYI0o aHOMAJTHIO.

Ha Hami B3rnap, dopMupoBaHue TaKHX CBOeOGPa3HBIX BBICOKOTEMIIEPATYPHBIX PaccosioB
NIPOMCXOIMT B pe3y/ibTaTe MATaHMA TMAPOTEPMAIILHOIO pe3epByapa He TOJIBKO (2 BO3MOXHO,.
He CTOJIbKO) MeTeOPHbIMH BORAMM, HO M COJIEHHIMH Bonamu 03. ContoH CH, NOrpyskaioiu-
MHCSA [0 pas’lioMy, CeKylleMy ero gxo. HarpeBaloTcs jke pacconbl Kak 3a CYeT ChéMa KOHOYK-
THBHOTO TEIUIOBOTO NMOTOKAa, TAK M BCJIEACTBHE NMOCTYIUICHHA B TMAPOTEPMAIIBHYI0 CHCIEMY
HEKOTOPOTO KOJIMYECTBa BLICOKOTeMIEPATypPHOro MarMaTHueckoro ¢uouna (o ueM CBMIe-
TeNIbCTBYET “’MaHTHitHOe” oTHouenne >He/*He ~1 - 10~%). B pe3ynbTare B3auMoeiicTBHA
HarpeToro paccofia ¢ BMEIIAOIMMH NIOPOAAMH, 3 TakiKe MOCIeOYIOLIMX MPOLEeccoB, npeoGpa-
3yIOUMX ero COCTaB (/AerasalMH, CONEOTNOXeHHA, KOHICHTPHPOBAaHUA NpH MapooTHesieHUH
H Op.), TepMaybHbIt o npuobperaer cneumdnyeckuit xummyeckui o6/mk. ['naBHBIM
HCTOYHHKOM TSDKEJIbIX META/JIOB B HEM CIIyXaT, OTHAKO, OCaJloYHble MOPOIbI, O YeM CBH/e-
TEJIbCTBYIOT, B YAaCTHOCTH, MCCIIeIOBaHHA U30TOMHOrO COCTaBa CBMHILA M CTPOHIMA B IIOPOAax
H Bopax paitona ContoH Cu [Doe et al., 1966]. Tak, cBHHell, H3BJIeYeHHBIA U3 PacNOJOXKeH-
HBIX H3 MECTOPOXIECHHM PHOJIMTOBBIX IKCTPY3Hil, OKa3aICA OMIMYHBIM OT CBUHIA PaccoJiOB.
B TO e BpeMA CBHHEN, H3BJIEKAEMBbIil H3 BMELIAIOIMX OCAIOUHBIX [IOPO, KHCIIOTHON BHITAXK-
KO#H, HMeJ1 NIPaKTHYECKH TOT Ke H30TOMHBIA COCTaB, YTO H CBHHeL, paccosioB. Ilpu 3TOM CcBH-
Hell, BMEIIAIOIMX [IOPOJ, H PaccoiioB GbUT M3OTONMMUYECKH OTIIHYEH TaK)Ke M OT CBHHIA OKEaHH-
9eCKOH BOAbI. AHAJIOTMYHbIE BBIBOABI GbUIH CHEJIaHbI H Ha OCHOBAHMH H3yYeHHS U3OTOIHOTO
cocraBa crpoHumsa. CnaGas xumuyeckad audgepeHIMAIMA MO POM, apHAHbIX GO PMALHMii M KOH-
HEHTPauHsA METAUIOB B NOJIMMEPHBIX OGIOMKAX 3THX MOPOJ ABAAETCA AOCTATOYHO BaXXHOM
OpHYMHOH (OPMHPOBAHMA TAKHX METAJUIOHOCHBIX pacconoB [Crpaxos, 1962; Xonomos,
1982].

ITpoucxoxneHue YrieKHCIOThI CBA3BIBACTCA C MPOLECCOM TEPMOMETaMOpPH3Ma AeNbIo-
BbIX ocafxoB p. Konopamo u pa3spyuienus kapGoHaToB: yriepofl MOCHeAHHX XapaKTepH3yeT-
ca 3HaveHuaMHu 6'3C ot 0 mo 4% u B Tex xe npenmenax Haxomurcs 8'3C B yrneponme CO,

[Muffler, White, 1969] .

Taxum o06pasom, ruaporepmsl Kanmngopruiickoro pudra xapakTepH3yloTCA BbICOKOH TEM-
neparypoit (6onee 300°C), yIIIeKHCIO-BONOPOAHBIM COCTABOM [a3a CO 3HAUMTENILHOH MpH-
mecbio CH, , xmopunaHbIM HATPHEBHIM HIIH HATPHEBO-KAJIbIMEBBIM COCTaBOM H MOBBILIEHHBIM
CoiepXAHHEM METAIIIOB.

B ux GopMHPOBaHHM NIPHHMMAIOT YYacTHe B3aHMOJIEHCTBYIOIUME C BMEILAIOLIMMH NOPO-
mamu MeteopHeie Boas! (Ceppo Ilprero otuacTn ContoH CH),, MHHE pasTH30BaHHbIE O3ePHBbIE
Bopap! (Conrton Cu) H cOBpeMeHHbIE MOPCKHe BOOb! (IOHHBIE Tepmbl KamudopHuiickoro 3a-
NIKBa) .

B TenyioBOM NHTaHMM 3THX FHOPOTEPMANIbHBIX CHCTEM NPHHHMAET YYacTHe BBHICOKOTEMIeE-
PaTypHBIf MarMaTHYecKuii GIong.
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KOHTHHEHTAIJIBHBIE 3MUIMJIATOOPMEHHBIE PHOTOBBIE 30HbLI
(BOCTOYHO-AOPHKAHCKAA CHCTEMA)

PudToBbIe 30HBI 3TOr0 THNA MPHY POYeHBI [TIaBHbIM 06Pa30M K BbICTYNAM CKJIAAYATOrO OC-
HOBaHHMA ITaTHOPM M HACTeAYIOT MPOCTHPAHUA APEBHUX CTPYKTYp dyHIameHTa u o6pa3yior
KOJIEHYATbIE 3Ur3aroo6pasHpie H KYJIHCHbIE COYETaHHA KPYNHBIX rpaGeHoB.

Cpemn srmmnaTdopMeHHBIX pUTOBBIX 30H BhIIeNANTCA [Mu1aHOBCKHil, 1976] 30HBI CBO-
OOBO-BYJIKaHHYeCKOro M 1iesieBoro THma. O6pa3oBaHue NepBbIX CBA3aHO, NO-BHOMMOMY, C
BO3HHKHOBEHHEM JMH3b! pa3yIUIOTHEHHOrO aHOMAJIBHO pa3orpeToro MaTepyalia C OTAelIbHbI-
MH MarMaTHY¢CKHMH OYaraMM B BEpXaX MAHTHH H NpocefaHueM GIOKOB KOpbI IpH pasrpys-
K€ 3THX 0YaroB B NpoLecce H3BEPXKeHU .

lileneBbie pH}pTOBBIE 30HBI XAPaKTEPU3YIOTCA CNAGbIMM NPOABJICHHAMA BYIKaHH3MA WIH
HX NONHBIM OTCYTCTBHEM. Ilponecc HX GOpMIPOBaHMA HAUMHAETCA C 3aJ10KeHHA Y3KHX Ipa-
GeHOB, 06GbIYHO NMPHYPOYEHHBIX K HPeBHUM OCIaG/ICHHBIM 30HaM, a YKe NO3[IHee HAUMHACTCA
POCT KpaeBbIX MOOHATHH.

HauGonee ApkuM NpuMepOoM KOHTHHEHTAJIBHOM 3MMIUIATGOpMEHHOH PHPTOBOH CHCTEMBI
asnserca Bocrowno-Ad pukanckasn. Ee reonoro-reKToHu% ckue 0CoGEHHOCTH KPaTKO OCBella-
I0TCA HaMH no MatepuanaM CoBerckoit KoMiuiekcHol skcnepummu  AH CCCP [Benoycos,
1974; Bocrouno-Adpukanckas . . . , 1974] u moHorpa¢uu E.E. Munavosckoro [1970], a
THpPOreosIorHYecKas H HAPOXMMHNYECKAR XapaKTePHCIMKA — 1o MoHorpabuu “Tumporeo-
norusa Abpuxu” [1978].

Teonoruveckoe CTpOeHHE

B npemenax 3Toif CHCTeMB! MBI PACCMOTPHM TeOJIOTHYECKHE H THAPOXMMHUYECKHE 0COGeH-
HOCTH OBYX €€ IJIaBHBIX BeTBeii: J¢duoncko-Kemmiickoit 1 Husica-TavraHsukckoi, 0THOCSH-
LWMXCA K Pa3jIMYHBIM THIIAaM MaTepUKOBbIX PHPTOB.

PudroBbie 30HB! CBONOBO-BY/IKaHHueckoro THRa. K 3toMy THny oTHocATcA JdHONCKaA H
Kenuiickas 30HbI, BO MHOTOM CXO[HbIE MO CBOEGH CTPYKTYpeH HCTOPHH Pa3sBHTHA. ITH IpOTH-
xeHHble (npuMepHO Mo 1000 KM KaXKgas) KyJMCHO pacNoNoXKeHHble pHTOBble 30HbI HAXO-
OATCA B Npefieriax Mo3aMOGHKCKOro CKIIafyaToro Iosica paHHENMpOTEPO30ACKOM pereHepalyH.
Hx GyHOaMEeHTOM CITyXaT HO3HHENPOTepO30iicKue MeTaMOpdHUeCKHe rHeCOBBIE TOJIM, a B
npefenax IPpHONCKOMH 30HbI — ellle U MO3THENPOTePO30CKHE KOMIUIEKCHI.

Ina pudprosbix 30H KeHuitcko-IPpHoNCKoit BeTBH AdpHicaHO-ApaBHIHCKOTO NMOMACA XapaK-
TepHbI HCKIOYMTENIBHO MOLLHbIe NPOABJIEHHA KaHHO30MCKOT0 BYIIKaHU3Ma, IpeALIeCTBOBAB-
LIHe UX 32JTOXEHHIO H COTIPOBOX/IABILME BCe CTAMH HX ¢OpPMUPOBaHHA.

Cpemn BynkaHudyeckux oGpa3oBaHHii B 0Gex 30Hax Hpeo61aflaloT OCHOBHbIE NHOPOMBI.
OpHako menouYHOCTh Nopoa B IPHONCKOH 30He B 1eJIOM Hike, YeM B Kennitckoii. Hapaay ¢
OCHOBHBIMHM NTaBaMH (LLeJIOYHbIE OJIMBHHOBBIE Ga3anbThl) B JPHONCKOI 30HE 3aMETHYIO POJIb
(oxono 15%) urpaiot Kucinble cybmenounsie noponel. Bynkarursl Kenniickoit pudroBoit 30-
HbI OTHOCATCA K IBYM CEpHAM — LIEJIOYHBIM MOPOAaM HaTpHeBoro pana (B ToM ucne Na- Ca-
u Ca-kapBGOHAaTUTBI) U K OoJee pacIpOCTpaHEHHBIM MOPOAM YMepPEHHOH LIENOYHOCTH (ONH-
BHH-Ga3anbTOBasA CepHA) .

Havano dopmupoBaHus cBofia B 06enX 30Hax MpefillieCTBOBANO 3aNoxeHuio rpaberos. Ilpu
3TOM apeasi BYJIKaHM3Ma MOCTENMEHHO paclMpAJICA Mo NnpocTHpanuio Jduoncko-Kenniickoit
BeTBH pUPTOBOro Nosca B 10)KHOM HalpaBJjleHHH B TedeHHe JoleHa—HeoreHa. CoOTBETCTBEHHO
PACIPOCTPAHAINCH K oIy (C HEKOTOPHIM 3aNa3fbIBAHHEM) M MPONECCH AKTHBHOTO pUGTO-
0o6pa3oBaHui.

OrpomHblii Maciutab MposBNeHHA BYJIKAHM3MA Ha BCeX CTalufAX pudTOreHe3a, MpPHCYT-
CTBHE B BYJIKaHHYECKHX NOPOJaX BKJIIOYEHHI IPaHATOBBIX M LINHHENEBBIX NEPHAOTHTOB (Jiep-
HONHTOB M rapubyprutoB) H MOHMXCHHble B HUX H3OTONMHBIe OTHOWIeHUA ° ' Sr/86Sr cBupe-
TeJIbCTBYIOT O MAHTHITHON MpHpOde MarMaTHYeCKHX 04aros.

B yetBepruuHOE BpeMs NPOHCXOMIN H3BEPKEHHA BYTKAHOB HEHTPATBHOTO THIIA Ha HEKO-
TOPBIX YYACTKAaX PaCCMATPHBAeMbIX pu(TOBLIX 30H. YeTBepTHUHBIE CTPATOBYIIKaHBI NpOCIE-
HHMBAIOTCA 110 BCEH AJIMHE 3THX 30H, IPHUEM HEKOTOPbIE H3 3THX BYJIKAHOB MPOAOIDKAIOT feii-

95



CTBOBaTb [0 HacTofero BpeMeHH. B uactHoctn, B KenniickoM pudre 1oxkHee 03. HatpoH B
1960 u 1961 rr. H3BeprajicA H3BECTHHIA WIETIOUYHO-KapGOHATHTOBLIH BynkaH OnpmoiHbO
JleHran.

Oco6biit HHTEpeC KaK MeCTO COeMHEeHHMsA TpeX pu¢pToBBIX 30H — Jdmonckoit, KpacHoMop-
CKoOit M AfleHCKol — TpeAcTaBnfer Bnaguia Adap. Bdnbluyio 9acTs ee 3anoNHMOT MOIHbIE
TONUM CyOILEIOUHBIX TPeMHHbIX 6a3aybTOB ¢ MOAUYMHEHHBIMH WM HOKPOBaMH HTHMMOGpH-
TOB M MOCTPOHKAMH OTHENIbHBIX LIENIOYHbIX BYJIKAHOB. B ceBepo-3amafHO#M YaCTH BMAAMHBI —
y3koM JlanakunbckoM rpabeHe (B ero ceBepHOM yuacrKe BbifielifeTCS OOHOMMEHHBIH TOPCT,
IpencTaBsAloLMii co6oii CTPyKTYpy Golee BBICOKOTO NOPAMKE) PACHPOCTpaHeHa TaK Ha3bIBa-
eMast NaHAKWIbCKasA CepHA MEeCTPOUBETHBIX OGIOMOYHBIX NOPOX KOHTHHEHTAJIBHOTO H YaCTHY-
HO MOPCKOIO MPOMCXOXIEHHA, BKIIIOYAIOILAsA 3BalOPHTOBYIO TOMLLY, COCTOSAINYIO U3 TAIMTa,
THMIICa, AaHTUAPHTA H HPOCIIOEB KaJMIAHbIX coneii. Ob1an MONHOCT 3BaNOPHTOBO# TOJIIH, MO
reodpH3nYeCKHM JAHHBIM, AOCTHTAET 4—6 KM.

E.E. MunaHoBckuit [1976] cumraer, 4ro 31a TONMMLA XOTA Gbl YACTHYHO COOTBETCTBYET BEPX-
HeMHOIIEHOBOI{1 coneHoCHo# Tomue KpacHoro Mops. Beixonb! 3BanopHTOBO#R TOJMIH NPHY PO-
YeHBl K 0ceBOM 4acTH JlaHakuibcKOro rpaGeHa — CONAHON paBHHMHe, JieXallled HHXe yPOBHA
okeaHa. CONleHOCHAasL TOJIIA NPOPHIBAETCA OCHOBHBIMH HMHTDY3USAMH H )XXePIOBHHO# YeTBep-
THYHOTO BYJTKaHa.

AHann3 rpaBHMeTpHYeCKHX AaHHbIX mo3omun M. Maxpucy, X. Men3seno u 10. Linmmep-
maHy [Makris et al., 1972] npeanonoxuTs, YT0 NOA KpaAmMu IGHOMNCKOrO IUIATO MPHUCYT-
CTByeT KOHTHHEHTabHafg KOpa MOIIHOCTBI0O OKOJIO 30 KM M HeCKOJIbKO MeHee MOIIHas
(20 kM) — nop ropcramu Aitina ¥ Janakuns. Ilog Bnamuno# Adap H nop 3o0Hoi Bomm
KOHTHHEHTAJIbHAA KOpa CHIIbHO YTOHEHA M TOMCTHMNACTCA JNMH30H MaTepHasia NOHM)KeHHOM
TUTOTHOCTH, 3 TNOK CeBepHO# YacThio Adapa Kopa YaCTHYHO “’OKeaHM3MpoBaHa’’. 3Ta Mopdenb
B 00mmeM nmoaTBepXAaeTcs H JaHHBIMH CeiCMHYECKOTO 30HIMPOBaHUA.

Pu¢roBsie 30HB WeneBoro THRa. K 30HaM aroro tHna otHocutca Husca-TaHraHbukckas
BeTBb A¢ pMKaHO-ApaBHICKOro MOsica, Ha3bIBaeMas TaKKe HHOTMA 3anagHoit cucreMoil pud-
toB. OHa Bikimovaer TaHraHbuxckym n PykBa-HeAcckylo kaiiHo3olickHe pu¢dTOBBIe 30HBI,
NpUypoOYeHHbIe K 30HAM paHHe-CpelHe- H NO3OHENPOTEPO3OHCKOH cKknanyatocth H Mo3sam-
6MKCKOMY HOACY NO3NHENpPOTEPO3OHCKONH pereHepaumu. JIMum ceBepHoe okoHuanne TaH-
raHpHKCKOM pUGTOBOM 30HBI YACTHUYHO JIEXUT Ha apXelcKOM MeTaMopdHieckoM ¢pyHIaMeHTe
{MunaHoBckwit, 1976].

TaHrawbnkckas pudToBas 30Ha — OrpoMHas BBUIYKJIAA. K 3anafy Ayra — COCTOUT H3 Tpex
OCHOBHBIX CerMeHTOB. CTpykTypa TaHraHpHKCKON BIafMHbI, COCTOALIEH H3 HECKOBKUX KY-
JIMCHO pacHOJIOXKEHHbIX rpaGeHOB, BechMa HalmoOMHHaeT cIpyKrypy bBajixanbckoit pudroBoi
30HBI. Jina TaHraHbMKCKOM 30HBI XapaKTepHbI HE3HAMUTENbHBIH MacITab YeTBEpTHYHBIX BYJI-
KaHHYeCKNX MPOABJICHHH H HX NPHYPOYSHHOCTh K CPABHUTENbHO MO3THUM CcTaguaM pudrore-
He3a. CpaBHMTesIbHO HeBoJblION ByJIKaHHYeCKHil paiioH BupyHra-Bydymoupa, pasgenaommi
BIIAIUHBI 03ep MobyTy Cece-Cexo n KBy, HanoxeH B YeTBepTHUHOE BpeMs Ha OCEBYIO ITOJIOCY
TaHraHbukckoi pudprToBoit 30HBI. [InvoueHOBBIe H3Bep)keHUA NMPOMCXOMUIIM B PACIIONONKEH-
Hoil K 1ory oT 03. KuBy Bynkamuveckoi o6nactu bykasy.

Bynkamuyeckue nmponykTbl TaHraHbMKCKOM 30HBI HMEKOT cleuMpHYecKHe MeTpoXuMHYec-
KHe 0coOeHHOCTH — 31ech pa3BUThI K-mienounsie cepun nopon. B Hacrosuee Bpema Tah-
FaHBHKCKAA BIAIMHA He MMEET ABHBIX IPH3HAKOB BYJIKaHHYECKOH HIIH THAPOTEPMANTBHOM aK-
TMBHOCTH (32 MCKITIOYeHHeM Lienmu Bupynra). _

AHanu3 CTPYKTYPHBIX H reodpH3Inyecknx ocoGeHHOCTeH CBUOETENbCIBYET 06 OTCYTCTBHH
3pech pa3obuieHMs 6710KOB KOHTHHEHTANBHON KOPBI, CBOicTBeHHOro pudraM KpacHoro Mo-
pA u Apenckoro 3anuBa [Degens et al., 1971). B npenenax qoBosbHO NpOTSXKeHHOH (0KOJIO
2000 kM) Pyksa-Hpacckoli pudToBOil 30HBI IMPOKO PaclpoCTpaHeHbl KOHTHHEHTAIbHblE
0CaiovuHbie ¥ OTYACTH BYJIKAHOTEHHbIC TOJNLIM BepXHero KapGoHa — HuHeil 1opbl (dopmanus
Kappy) u HixHero Mena. IpoABsieHHA MarMaTH3Ma0TMEYAI0TCA MeXy o3epaMu Pyksa u Hpsica
B HeGONBILIOM ByJIKaHHYeCKoM paiione Pyrrse. 3gecs npubmisnrensio B 1800 r. Ipoucxomum
nocneaine N3BepXKeHUs KPYTHbIX KajlbAePOBbIX By kaHoB PynrBe, Kuemko u ux cateyuimros.

Mexay paccMOTpeHHBIMHM PHGTOBEIMH 30HAMM Pacrojio)keHa o6LLMpHan o6nacTh pa3sBHTHA
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apxeiickoro rHejicoporo ¢yHmaMeHTa. 310 TaK Ha3bBacMbli CpeIMHHBIA MaccHB BuxTopua.
Bropoit ManogedopmHpoBaHHbii Maccus — Macalickuii — nexcuT B mpegenax MosamMGuxcko-
ro nosica, MeXJy OKOHYaHHAMM Kemiicioii pudToBO# 30HBI M CTYNEHUATO-INIbIGOBOMH 30HBI
PBaxa-KunomGepo.

T'eoTepMudeckne ycnoBus

I9TH yCNOBHA M3yYeHbl IOKAa B PETHOHaJIBHOM IUlaHe He oYeHb Xopoiuo. Hmeronmeca naH-
Hble, NONyYeHHble Kak B Bocrounoil (Kenwmiickuii pudT), Tak ¥ B 3anagHoit (o3epa Manasu,
Kuny, TaHraHeMKa) BeTBAX 3TOH KOHTHHEHTAIBHOH CHCTEMbI, CBUIETENIBCTBYIOT O 3HAUMTENb-
HOM pa3bpoce ero 3HadeHuii (6—234 MBT/M?) M COCTaBNISIOT B pa3HbIX ee OTPE3KaX B Cpell-
HeM 51-72 MBr/M? [Degens et al., 1971; Skinner,1977].

CTonb UMPOKHA CHEKTp 3HaueHHH, CXOOHbIH ¢ HabmomaeMbiM B OKeaHHYeCKHX pHTAX
KpacHoro mopsa u KanudopHuiickoro 3anuMpa, OYeBHUAHO, BbI3BaH aHANOTHUHBIMH IpHYHHA-
MH — 3KTHBHOH LMpKYNAUMER MOO3eMHbIX BOA H CYyHIECTBOBaHHMEM HersyGOKMX MarMatH-
YeCKHX TepMoaHoManuil. [1o-BHIMMOMY, reOTepMHYECKHIA PeXHMM OCEBBIX YaCTeH pH(PTOBBIX
30H CXOIEeH BHe 3aBHCHMOCTH OT OCOOGEHHOCTEH HX CTPYKTYPHO-TEKTOHMYECKOH MO3WIMH.
JlleficTBHTeIJIPHO, reoTepMHYeCKHe MPOEKTHI, ocyulecrBieHHble B Jduomnu, Kennn u Kouro
nop arupoii OOH, cBHOeTeNnbCTBYIOT, YTO ITYGHHHbIE TeMIEpaTypbl FHAPOTEPMAIBHBIX CHC-
TeM, HaXOfALMecA B OCEBbIX YACTAX PuTOBBIX 30H, cocrapjsior 180—200°C. 3a npemenamu
pudbTOBBIX 30H B JpeBHUX (HOpHGeHCKKX) CKJIAA¥aThIX CTPYKTYpax TeIsIOBOH NOTOK JOJ-
aeH ObITh 3HAUMTENBHO HMIXKE, XOTA B MX HENOCPeJCTBEHHOM OGpamJieHHM, KAaK MOJIaraior
{Chapman, Pollack,-1977], B MecTe 3anoxeHus HoBoro pudra (imHeameHT Jlyanrsa—Cpen-
HAA 3amGe3n) OULyLIAeTCA eTO OTHOCHTENbHOE NOBBILIEHHE. 3[eCh 3HAYCHH A TEIUIOBOTO NOTO-
Ka B Cpe[lHeM coCTaBnismoT 64 MBr/m2.

XumugeckHil cocTaB rHApOTEpM

PaccMaTpuBas KapTy FUAPOXHMHYECKOH 30HaIBHOCTH (pHC. 19), MOXKHO OTMETHTH XOpO-
1lee COTrJIACOBAHHE BbIETICHHBIX IO Fa30BOMY COCTaBY THIIOB T€PM C IeONIOro-CTPyKTY PHbIM
paHoOHN pOBaHHEM PErHOHA.

Tak, B 06nacTAX COBpeMeHHOH ByJKaHMYecKo# fieATenbHoCTH IdHonckoi H Kennickon
pudTOBBIX 30H pPa3BUThI MPOBMHLUMM CEPOBONOPOSHO-YITIEKHCIIBIX, 230THO-YINIEKHCIIBIX H
YTJIEKHCIIBIX TepM 0GnacTeil COBpeMeHHOIO BYIKaHK3MA.

CepoBopoOpORHO-yranexkucnbe GyMapoNbHble TepMbl NPHYPOUYCHH
B.OCHOBHOM K KpaTepaM H CkJIoHaM 40 neficTBYIOLMX BYJIKaHOB, HAXOMMIMXCA B CTa[MH
NOCTBYNKAaHHYeCKO#l OeATeNbHOCTH. OcoGeHHO MHOTrOuHCIIeHHBIe GyMapoIbl H CoNbdbaTaphl ¢
TeMIepaTypoit BhiIeNsIouMXca razos 160—220°C orMmevaiorca B Ipuonckom pudre. 3Haum-
TenbHoe BoigeneHue SO, , H, S 1 CO, ycraHoBieHO Takke Ha ¢byMapoJbHBIX NONAX OCTPOB-
HbIX BYNIKaHOB 03. Pynionbd, B Kpatepax H Ha CKJIoOHax BynkaHos Keuniicioit pudroBoil 30-
Hbl (Cyryta, MeHaHraH, OnpoitHso JleHrau u Kp.). Beixompl maporasoBhIX Crpyi ¢ comepxa-
HueM CO, 1o 77 8% oTMeueHBI Ha CKIIOHAX BynkaHa 36yppy okono 03. HaiiBaiua.

CepoBofoponHo-yrinekucnble Tepmbl BocrouHo-AdpuiaHckoit pudTOBOH cHCTeMbl, He-
NOCpenCTBEHHO CBA3aHHbIC C BhIOETICHHAMH BYJIKAHMUYeCKHX 3MaHaIHi, HMEIOT CynbhaTHBIA K
XITOPUAHO-CYNbaTHbI aHHOHHBIA COCTaB H MOBOJIPHO MeCTPhIii COCTaB KaTHOHOB ¢ pH oT mo-
neil emuHUIbI A0 4—5 (cM. Ta6n. 4) . ITo 06bIHbIE HYMAPONIbHbIE TEPMb, LIKPOKO Pa3BUThIE
BO MHOTHX pailoHaX COBPeMEHHOTO BYNKaHM3Ma Mupa. OnHaxo B BocrouHo-A¢pukaHcKoif
pudTOBOH CHCTEMe OTMeYeHb! TaKXKe H BLIXOMAbE CEPOBOAOPOMHO-YITIEKHCIIBIX TEPM C YHH-
KaJIbHBIM MOHHO-COJIEBBIM COCTaBOM. 3mech B ceBepHOi wacTH JIaHAKHJIBCKOH BNAIMHBI, 3a-
NOJIHEeHHOR TOJIWEH 3BaNOPHTOB, PpasrpyXaeTcAd CBOeoGpa3HaA TrpyINa YyJIbTPAKHCIBIX
(pPH = 02-0,5) HCTOUHHKOB, HMEIOIMX WYPe3BbMAKHO BBICOKYI0 MHHEDATH3AIHIO
(300—525 r/kr) .31 BechbMa Manoneﬁnmue TepMbl C TEMIIEPATY poii HA OBEPXHOCTH (Gnaro-
Haps Takoi MuHepam3amuu) 10 110°C HMeOT XITOpH/HbIA HaTPHEBbIH WJIH MATHHEBBIi COC-
TaB. B 3THX pacconax OTMeYalOTCH Takke MOBBILEHHbIe comep¥aHusa (B Mr/kr) cynnpara
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(mo 2971), xamsuua (mo 6740), xammua (mo 3600), xene3a (6000—9400), MapraHua
(150—420), 6opa (75-180), dropa (15-105), menu (mo 23), umnka (11,5-39,5), prym
(mo 10), nutus (4—5,5) n HeKOTOPLIX APYTUX penKHx snmeMeHToB [Koga, Noda, 1974; Tka-
4eHKO H Ap., 1978] (cm. 1abn. 4).

QopMHpOBaHME 3ITHX CBOeOGPa3HBIX pAacCONIOB CBA3BIBAETCA C BHe[peHHEM B TOIILY 3Ba-
MOPUTOB MHTPY3HH, HAIMUHE KOTOPOH Ha CpPaBHHUTENbHO HeGOJbLIOH ITyGuHe yCTaHOBJIEHO
reodu3nyeckuMu MetoaaMu. MiMerommiica NoGAM30CTH YeTBEpTHYHBIA BYJIKAH, BBICOKAR TEM-
nepaTypa pasrpy>alollerocsi paccolia M COCTaB CIIOHTaHHBIX ra3oB (SO,, H, S, CO,) cBupe-
TENbCTBYIOT O 3HAUYMTENILHOM MPOTrPeTOCTH Hellp BONMM3M 3TOi MHTPY3HH, NPeCTaBIAOLIEH, N10-
BHIHMOMY, aKTHBHBIA MarMarudeckuii ovar. M3-3a rmmoxoit npoHHIAEMOCTH 3BallOPHTOB I0-
CTymleHHe MeTEeOPHBIX BOZ, 3[€Ch 3aTpyOHEHO, U BOMbI, yUaCTBYIOIMe B POPMHPOBAHMH pac-
COJla, KMET B OCHOBHOM JIeTHIPATalMOHHOE H CeIHMEHTAaIMOHHOe nmponcxoxaeHne. Kpome
TOTO, CpeflM HHUX NMPHCYTCTBYIOT, NO-BHAMMOMY, H BBICOKOTEMIIEpaTypHble MarmMarHteckue
IKcTanAuuu. BaauMomeicTBYA ¢ rajluTaMu, rMIICAMH, aHTHIPHTAMH, a Tak)Xe XJIOPHTaMH H
cynsdaTaMu KaJIHA M MaTHHSA, Te pMaJIbHbIe Paccolibl NPHOOGPETAOT BHICOKYI0 MHHE PAJIH3a1MI0
H XJIOpMIHBIA HaTpHEBBIH cocTaB. 'MOPOH3 XJIOPHAHO-HATPHEBBIX PacCOJIOB B MPHCYTCTBHH
KpeMHe3eMa B YCJIOBHAX BBICOKMX TeMIlepaTyp NpUBOOMT, coriiacHo B.B. KpacuHueroit
[1968], k o6pasoBammio xnopucTOro Bomopoaa. C 3THM NpoLECCOM MOXeT GbiTh CBSI3aHA
ynbTpaKkucias peaxius paccoinon. [To muenmio P.Y. Tkavenko [Tiauenko u nop., 1978], xio-
PHUCTBIH M, BePOATHO, HTOPHCTHIA BOAOPOI MOTYT NMOCTYNaTh TaKXKe B paccol H Hemocpef-
CTBEHHO M3 MAarMaTH4ecKoro odara. MoXHO COIJIacHThCA C ITHM MCCIIE[OBATENIeM, CUHTAIO-
IOIIMM, YTO Pa3BHTbIE 37ECh Xe XJIOPUIHO-MAaTrHMeBbIe paccoiibl 06pa3oBaIMCh He B pe3yJIbTaTe
Ppa3noXeHHA OuiIodHTa H KapHA/UIMTA BMEILAILKX OPO, 3 U3 XJIOPHIHBIX HATPHEBBIX pac-’
COJIOB B MIpoliecce UX BBINAPUBAHUA U BHIMAJEHNA B OCAAOK XIIOPHIAOB HATPUA U KAJIUA M Ha-
KAaIUTHBAHHA B >kKHAKOM (a3e XITOPHIAOB KalbLUMA H MarHUA.

A30THO-YyTrTeKHCABle T€PpMBI B pACCMATPHBAEMOM perHOHe, KaK H B APYTUX
palloHaX COBPEMEHHOTO BYJIKaHW3MA, IPHYPOYEHBI K BYJIKAHO-TEKTOHHYECKHM HeNpecCHAM H
¢dyHIaMeHTaM ByNKaHMYeCKHX anmapatoB. OHM pacnpoCTpaHeHbl NpPeHMYIIECTBEHHO B
I¢nonckoii pupTOBOi 30He, B paiioHe MaHakwnb U Adap, U B pailoHe DOMHHBI p. ABaul ¥ Jlo-
ymHe O3sep.

T'uppoTrepMBbl M MAPOTHAPOTEPMBI NEPBOro paiioHa MMEIT NPEeHMYLIeCTBEHHO XJIOPUIHO-
HATPUEBBI M XJIOPHAHO-CYNbGATHO-HATPUEBBIH COCTaB M MMHEpPAJIM3aLHI0 MeHblie 3 r/i.
THIMYHBIM HX IpefiCTaBHTeNIeM MOXET CIIYAMTh reiidep Amnano6ema (cM. Tabn. 14). Pacuer
Iy GHHHBIX TeMIepaTyp no Si-repMoMeTpy M oTHolueHnio Na/K (cMm. riaBy BocbMy10) cBuje-
TEJIBCTBYET O CYWIECTBOBAHMM 3fiech Ha £a3oBoit rimyGuMe Temmeparypsi 200°C. Inomanp
THAPOTEpPMATIbHOM cHCTeMbl AsumanoGena oneHuBaerca B 4000 xm?. McTouHMKH, pacmono-
KeHHble N0 GeperaM 03. Adpepa, HMeloT 6oJlee BBICOKYI0 MuHepanmu3aumio (3,2—39.2 r/n) u
CPaBHHMTENbHO HeGONBLIYI0 WIA 3TOro TMNAa Boj Temnepatypy (38—57,5°C). Mo-suoumomy,
3TO TaK Ha3biBaeMble GeperoBble TepMbl, MUTAIOIIMECS B TOM HIIM MHOM CTENEHH XJIOPHAHO-Ha-
TPHEBbIMH paccojiaMH cosieHoro (144 r/kr) o3. Adpep.

B nonune p. Apaiu u Jlonuie O3ep pacnpocrpaHeHbI IPeHMy11ie CTBEHHO mnpoxapﬁonamo-
XJTOPHOHbIE WIH THIPOKapOOHaTHO-CYNbpaTHble HATPHEBbIE ILEJIOUHBIE TEPMBI C MHHEpanu3a-
umeit ot 1 10 5 r/n (HampuMep, reiizep Ha ocTpoBe B 03. JlanraHo, cM. Ta6n. 14) . B ormune or
reiizepop Mcrmanmmu n KamyaTku refiepbl 3T0ro paiioHa JQpMONMMM OT/1araloT TpaBepTHH.
—

Puc. 19. Kapra TepMoMuHepanmbHbIX BoA BocTouHO-AdpukaHcKol pHPTOBOH 30HBI H NMpHJeraloumx o6-
nacreft, no P.H. Tkauenxo [1974)

1-4 - NPOBHHUHH TEPMOMMHHE DANIBHBIX BOA: 1 - €epoBOROPOOHO-YITIEKHCIBIX, 3a30THO-YITICKHCIIBIX
M YITIEKHCABIX TePpM oOGNacTek COBPEMEHHOrO BYIKaHM3M8, 2 — YINIEKHUIBIX BOX ofGnacreit MoJsofoO#
MArMAaTHYECKON NeATeSIbHOCTH, 3 — 830THBIX TepM oGnacreit HOBEHIINX TEKTOHHYECKHX JIBIDKGHHI.G, 4~
430THBIX, 330THO-METAHOBbLIX H METAHOBBIX BOXA B OCAJOYHOM 4exie; 5 - IoIoumiagy, B npegenax KOTopbiX
TEPMOMHHEPATIBHDBIE BOODI HCHIBECTHDBI; 6—8 — rpaHHIbl GacceiiHOB TePMATTBHBIX BOIX: 6 — YCTAHOBJICHHDbIE,

— npeanonsraemsie, § — npeanosnaraeMere cyGmapumisie; 9 — cySmapusmbie 5accCeiiHbI TepMAabHBIX
Bon: I — KpacnoMopcekmit, II — Anenckmii; /0 — Musepanssble M TEPMATbHbIE MCTOYHMKH WITK MX TPy Ik}
11 - rmy6okoBoaHbIe BHAKMHBI KpacxHoro mopa ¢ tepmanbHbiMu BogsMu: 1 — Atnanrtuc II, 2 — UYeidn,
3 — HOuckasepn
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IIpernonaraior, YT0 rHAPOTEpMANIbHAA CHCTEMA B paHoHe 03. IIMCTPHKT MMeeT 6a30BYy1o TeM-
nepartypy nopsaxa 180°C.

Pasmuue B MMApPOTepMANIBHOH HEATENBHOCTH B npefenax HdaHakwis—Adapa U JOJHHBI
p- ABami—Jlommun  O3ep obwsacHaerca P.U. TkaueHKo TeM, 9TO B ITHX PaOHaX MPOABJIAIOT-
CA pasHble CTaOMH NOCTBYJIKAHMYECKOHR AeATenbHOCTH (6oriee aKTHBHOH B NepBOM paiioHe,
rde OTMeYaloTCA TaKXe BbicokHe 3Hauens *He/*He = 2 -107%).Ha Ham Barnap, nomMumo
3TOH MPUYMHBI, MOXKET CKa3aThCA TaKXe H HEKOTOpOe pa3iMuiie B IeoJIOTHYECKOM pa3pese
paccMaTpHBaeMBIX paiioHoB [MunaxoBckwit, 1976].

YrnexkHcnble NapoTHAPOTE PMBbl HTepMbl oBIIacTeil COBpPeMEHHOTO BYJIKa-
HH3Ma, BblAeNeHHble BIepBhle Kak camocroatenbHbni THN P.U. Tkavenko [TkaueHko u mp.,
1978], pa3BuTHI, 10 BAHHbIM 3TOTO HcclefioBaTesnd, B Kenuiickoi pudToBoii 30He. Boicokue
TeMIIepaTypbl HEKOTOPBIX HCTOUHMKOB (HampuMep, KuGopuur, KsaiiGeiinoit u gp.) , ”MaHTHi}-
Hble” 3HaueHus remmeBoit MeTku (0,5 - 10~° [Craig, Lupton, 1978]) u yrnexucnbii cocras
BKJIOYeHHi, OGHapyXeHHBIX B MAarMaTHYeCKHX NOPO/aX, TOBOPAT O BO3MOXHOCTH NMOCTYN-
JieHUA B TaKHe THApPOTepMalibHble CHCTeMbl 3HIOTeHHOTO BBICOKOTEMIIEPATY pPHOTO YITIEKMC-
sioro ¢monpa, NoSHHMaKLIErocs B 3Toi YacTH BocrouHo-AdpHkaHckol pudTOBOH CHCTEMbI

' OT MarMaTH4eCKOro 04ara.

‘Yrnexkucsbie TepMbl, OObIYHBbIE [JIA PaHOHOB MONOMAOH MArMATHYECKON HAEATENILHOCTH,
BCTpevaloTcA B pHTOBBIX 30HaX mmeneBoro Tuna TaHraHsHxckod u PykBa-Hesicckoii. OHu
NpHYPOYeHbl 3[leChb K CPaBHMTEIIbHO HeGOIBIIMM OG/IacTAM YeTBEPTHUYHOTO BYJIKaHH3Ma Bu-
pyHra-BypymOupa, ByxaBy u PyHrse. McTOWHHKH 3TOr0 THIIA HAGITIONAIOTCSA HA YYACTKAX TeK-

- TOHHYECKHX HapyleHuii. OHH ¢popMHpYIoTCA 32 cYeT pacTBopeHHR CO, B HHOHIIbTPAHOHHBIX
‘BopmaX. I'Mapoxumuueckne OCOGEHHOCTH YTJIEKHMCIIBIX TepM OINpPeHeNAloTCa COCTaBOM
BMELIAIMX NOPOX, ¢ KOTOPHIMH H CBA3aHO, NO-BHAMMOMY, TaK)e [10BbIIIEHHOE COJiepKa-
-HHe cynbdaToB B ITHX BOHAX.

MeTaHOBbBE H a30THO-MeTaHOBbI e BOJ bl PACIIPOCTPaHEHb! B BYJHKaHU-
YeCKHX 06/1acTAX OGBIYHO BHE 30HBI HENIOCPEACTBEHHOTO XHMHYeCKOI'0 H TeIUIOBOTO BO3/CH-
CTBHMAL MAarMaTHYeCKMX INpoueccoB. B o0nacTaXx cOBpeMeHHOro BYJIKaHH3Ma TaKHe BOMAbI
BCTPEUAloTCA B apTe3HaHCKHX OacceiHax, MPHypOUYeHHBIX K MEXTOPHbIM BIIaJMHAM M Ipefl-
ropHsiM nporuGam. B BoctouHo-A¢prkanckoii pudTOBO# 30He OHM NPHYPOYEHBI K rpabeHaM,
sanoHeHHpIM MowHbiMM (@0 3000 M) TomuaMu BYNKaHOTEHHO-OCAOMHBIX OTIOXKEHH
HeOTeH-ueTBe PTHYHOTO Bo3pacTa (cM. puc. 19). Bobl 370ro THNA paclpoCTpPaHeHbl B CHCTEME
rpaGeHoB ¥ BraguH bacceiiHa Benoro Huna, BLINO/HEHHBIX HEOTEHOBBIMH H YeTBE PTHUHBIMH
OTIIOXeHHAMM MomHOCTEI0 250—300 M, a Takke B HeNpecCHOHHOI 30He, pasgensmoei Ke-
HHHCKHii ¥ IdHONCKHI CBOADL.

B paccMaTpHBaeMOM perHOHe B OKpeCTHOCTAX 03. Haitparua Ha rny6mle okoyo 1 kM
BCKPBITHl HeoGbINHEIE METaHOBble MapOrMApOTepMbl ¢ Temmeparypoir 202°C [TkaueHko
u ap., 1978]. Ux npoucxoxpaenue HesacHO. BepoATHO, OHO CBA3AHO C BHEAPEHNEM B apTe3HaH-
CKHii OacceliH, coliepxaUMi. MeTaHOBbIe BOMABI, MArMaTH4eCKOIO Tena.

A3oTHble TepMb B Bocrouo-AdpukaHckoit pudToBOi CHCTEMe IMPOKO Pa3BUIbI
Ha KpbUIBAX PHPTOBBIX 30H, a TaKXKe B Npefenax MaccBoB Bukropua m Macaiickmii (cm.
puc. 19). Onu npencraBnsmor coGoit Boabl aTMOCHEPHOTO NMPOHCXOXIEHHS, HATPEThIE B pe-
TMOHAJIBHOM TeoTeMIlepaTypHOM mojne. 'eoxymMuuecknii oGnHK a30THBIX TepM GOpMHpYeTCA
33 CYeT BbILEIIAYMBAHNA BMEILAIONMX OPOJI, OTPaXKasA COCTaB NoCNeaHHX. [IpuMepamu a301-
HBIX TepM MOTYT CIIy»MTh HcTouHMKH KapTy Ha 3anapHom 1ieve 3duonckoro csopa, Mxum-
6o u Ckana Anfia Ha 3anaflHON OKpaMHe CpeMHHOro Maccupa Bukrtopus (cM. Tadn. 20).

B Kenuitckoit pudToBOi#l 30He BCTPeualoTCA CBOeOGpa3Hbie COMOBBIE TEPMBI, Ta30BbIH COC-
TaB KOTOPBbIX He H3BecTeH. OHM NMpPUYpPOUYEHBI K ILIEJIOYHO-KapOOHATHTOBBIM JIABaM H IMPpO-
KJTACTOJMTAM, 3AMOTHAIOIMM OMyLIeHHbIE YYACTKH 0CeBON PHGTOBOI 30HBL. B ueHTpanbHBIX
YaCTAX KanbAep M rpabeHOOOpa3HBIX BNAAMH HAXOAATCA comoBeie odepa Harpow,
Maramn, Hyxkypy, XammunrroH, Bappmiro u ppyrue, mHMTalommecs BOJAMH TopAMX
IMApOKapGOHATHBIX HATpHeBbIX HcTouHnkoB (pH = 9—10) ¢ Temnepatypoii ot 37 mo 100°C
¥ MuHepanu3amyeit 20—37 r/kr (a B OTAENBHBIX CTyYasx — 00 66 r/Kr).

ITponcxoxgieHHe CONOBBLIX TMAPOTEPM NPHBJIEKaeT BHHMAaHME MNOTUX HCClIeIOBaTeneil.
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Cornacio npencraBnenuam E.B. Iocoxosa [1975] u CJI. lilsapuesa {1978], comoBbie
MAPOTepMbI GOPMHUPYIOTCS TIPH B3aHMOMEHCTBHH TOPAYMX BOJ HIIM HAPOB C BMEILAIOIHMH
nopopamu. JIpyrylo Touxy 3peHus orcraupaet P.U. Tkauenko [TkaueHko u gp., 1978], koto-
phiii CBA3BIBAET FeHE3UC COROBBIX BOA ¢ MarMaTHYeCKHMM NPOLIECCAMH H HOCTBYIKaHHYe CKO#
OeATeJIBHOCTBI0 B Nperieniax pudra. Paspensa muenne JDx.b. JlaycoHa o TOM, YT0 HaTpHeBO-
KapGoHAaTHBIE Nembi M JIABBI IO CBOEMY COCTaBY COOTBETCIBYIOT HEKOHTAMHHHPOBAaHHOI
POIOHAYaNIbHOM Marme cy6GBynkaHMYeckoro xomiuiekca, P.M. TkaveHko mpemmionaraer, 410
BBUIC/IAIOIMECH H3 3TOH MarMsl JIeTyYHe MMEIOT HaChIMCHHBIH YIJIEKUCIIOTON MIEIIOYHON Kap-
GOHaTHO-XJIODHIHDbIA HATpHEBBIH COCTaB. B pe3ynbrare B3aHMOJEHCTBHA TAKOTO 1IENIOYHOro
¢moupa (cocrosmero u3 H, 0, CO,, Na, CO,, NaCl, NaBr, NaF u gp.) ¢ mog3eMHBIMH BO-
OamMH ¥ GO pMHPYIOTCA, IO ero MHEHHIO, YITIEKHCIIbie COHOBbIe THAPOTEPMBI.

Ha naw B3rnaf, npuypodeHHOCTb COJOBBIX THAPOTEPM TOJNBKO K TeM paiioHaM pudToBOii
30HBI, rae pa3puThl Na- kapGoHaTHTOBBIE MOPOIBI, B COCTaBE KOTOPBIX B NOBBILICHHbIX KOJIH-
YeCTBAX CONEPIKATCA TaKXKe XJIOp, Cy/bdaTHaA cepa H HTOp, CBHAETENLCTBYET B O3y HEPBOM
TouKM 3peHusa. OCHOBHBIM mpoueccoM uX ¢GopMHPOBAHHA ABNAETCHA THAPOIM3 KapGOHATHOTO
MATEpHaJIa, KOTOPbIH COMPOBOXAAECTCA METaCOMATHYECKUM 3aMellleHHeM HaTpHA nmopon (Ko-
TOpBI NepeXOIMT B PAcTBOp) Ha Kambimii rumpotrepm. Kpome Toro, u3-3a oueHb BbICOKOMH
wenouHoctd (pH =9—10) copoBbie TEpMBI He MOTYT HMeTh B cocTaBe rasa CO, M BpAQ M HX
CTOHUT OTHOCHTH K YITIEKHCIIOMY THITY.

Taxum o6pa3oM, r1aBHble TeOXHMMYECKHE YePThi THAPOTEpMAJIbHOH aKTHBHOCTH B BYJIKa-
HHYeCKHX paiioHax BocTouHo-A¢dpHKaHCKOH KOHTHHEHTaNbHOM pHGPTOBOH CHCTEMB Cile-
aoywoipe.

1. CraHpapTHadA ra3’oBas 30HAIbHOCTb THAPOTEPM, NMOMYHHEHHAS €ro TeoNIoOrM4ecKoMY paii-
oHupoBatuio. IIpu 3TOM, B OTIIHWME OT OKeaHMUeCKHX CTPYKTYp H Kamudophmiickoro mex-
KOHTHHeHTaJIbHOTO pH(Ta, 3Mech BOAOPOAMHDIH THI TepM NOKa He OGHAPYXeH, HO 33TO HMEIOT-
CA METaHOBble MAPOTHAPOTEPMBI, OTCYTCTBYIOIIHe B McnaHmumt, Ho npucyTcTByiowme B Kamu-
¢opuuiickoM pudre.

2. MuHepanu3aumsa TepM 30eCh, Kak M B MEXKICOHTHHEHTAJIbHBIX PH(PTaX, CYILIECTBEHHO BhILIIE,
yeM B Ucnanmum . OGycnoBiieHa oHa BHALENIAYMBAaHHEM BMELLAIOIMX TTO PO, COJie PHALHX Mec-
TaMH ITIPOCJIOH 3BANOPHTOB (C HUMM CBA3AHBI XVIOPUIHbIE HATPHEBbIE TEPMBI ¢ MHHEpayIn3a-
muedt oo 300 r/Kr) WIH CNOXeHHBIX CrenMpUUeCKUMHM KapOOHATHTOBBLIMH jIaBaMM (K HMM
NPHYpOYeHBI CONOBbIe rHApoKapGoHaTHO-HaTpueBhie TepMel) . Ho moBceMecTHOro npeo6iana-
HHUSA XJIOpa B aHHOHHOM COCTaB¢ THAPOTEPM, KaK AYMAIOT CTOPOHHHKH KOHUeNuuH raoGans-
Hoit FTUApOXTIOpocdephbl, HeT B KOHTHHEHTAIBHOM pudre.

3. B rupporepmax BocTouHoit BeTBHM pHGTOBOH CHCTEMBI, KaK H B ApYyrHX pudToBBIX
CTPYKTYpax. NPUCYTCTBYIOT ClIebl MAHTHIHHOTO IeJTHA ¢ BBICOKHM H3OTONMHBIM OTHOLLICHHEM.

T'JIABA MATAA

OCOBEHHOCTH PACTIPOCTPAHEHHUS
PA3JIMYHBIX TEOXMMHYECKHUX THIIOB TMIPOTEPM
B OBJIACTSIX COBPEMEHHOT'O BYJIKAHH3MA OCTPOBHbIX YT

B npepenax coBpeMeHHBIX TeOCHMHKJIMHAJIBHBIX 30H, COCTaBJIAIOIUMX BHYTPEHHIOW 4acTh
THX00KEaHCKOTO TEeKTOHHYECKOIo MOACa H OKAHMIAIOIMX JI0KEe OKeaHa, CYLeCTBYIOT
MHOTOUH CJIeHHbIE TeOAHTHKIIHHAJIbHBIE TPAMALI, HIH TaK Ha3bIBaeMbie OCTPOBHBIE KYTH, IPOTA-
KeHHOCTBI0O OT HECKOJIBKMX coTeH Ao 3000 KM mpH CpaBHMTEeNIPHO HeGOJbIUOH LIMpHHE.
Hx monoxeHue onpenenferca NpocTHpaHueM Or pOMHOI H CIIOXHOM MO CBOEMY CTPOEHHIO CHC-
TEMBI pa3NioMOB, BO3HHKIIEH B MO3MHEKAHHO30HCKOe BpeMA H NepepabarbiBatomeit Gonee
PaHHIOI0 TeKTOHHYECKYI0 CTPYKTYpY. JT1a mnepepaboTka CONMpOBOXHmacTcA oOpa3oBaHMeM
KPYIHbIX pa3pbIBHbIX HapyllleHHil H 6JI0KOBBIX, GJI0KOBO-CBOOOBbIX H GII0KOBO-CKJIAM9AThIX
CIPYKTYp, ¢ KOTOpbIMH CBfi3aHbI mposisjieHusa BynkaHu3Ma (Ilymaposckwuii, AdpeMona,
1967; NMywmaposcxuit, 1972].
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O1nuwmTensHoil 0COGEHHOCTBIO OCTPOBHBIX HYT SBIAETCH KOHTPACTHOCTH HX penbeda M
CTPYKTYPHasi pacuieHeHHOCTb. OCTpOBHBbIe IPAHbI MOTYT BO3[BIMATHCA Ha 8—10 KM oTHO-
CHTEJIbHO AHA CMEXHBIX Xe1060B HIH NOTHHMATHCA Ha 3—5 KM OTHOCHTENIBHO IHA OKpaHH-
HBIX MOpeii, HO MpPH 3TOM OCHOBHas MX YaCTb HAXOMHTCA HIDKe YPOBHA okeaHa. Hexoropsie
rpAAbl HMEIOT MIPOCTOE CTPOEHHe, HANpHMep AnAckuHckan. [pyrue, kak Kypuibckas, pacwie-
HAITCA Ha IPOJOJbHBIE H MIONEepeyHble CTPYKTY Pbl BTOPOro MOPANKA.

ITH reOaHTHKIIMHAJIbHBIE TPANbI CTI0XKEHDI IITABHBLIM 06pa3oM yeTBE pTHUHBIMH H HEOT¢HOBBI-
MH 06pa30BaHMAMH, peke BCTPeYalnTcA mopoabl maseoreHa. IlpecrasneHsl OHH B OCHOBHOM
BYJIKaHOTeHHBIMH (aHOE3UTOBBIMH, aHOE3HTO-Ga3aibTOBBIMM H Ga3aJIbTOBBIMH), BYJIKaHO-
reHHO-0CaJlOYHbIMH M TEPpPHTeHHBIMH, 3 TaK)ke KapOoHaTHbIMM popMamaAMU. B HexoTOpBIX
OCTPOBHBIX Ayrax o6GHapykeHbl MeTaMOpdHYeckye WIH OTHOCUTENBHO A peBHHE W3Be piKeHHbIE
MO OB MPENNOJIOKHTENIBHO TOKaHHO30MCKOT0 BO3pacTa.

3aji0)keHHe OCTPOBHBIX YT NMPOMCXONMT Ha KOpe OKeaHHYecKoro Tuma (“’6asanbroBOoM”™
CJ10e ¥ NMOKPhIBAOLINX €70 0cafiKax) . B peaynbraTe nx DanpHel1iero re0CHHKIMHAIBHOTO pas-
BUTHA, T.6. CTaHOBJIICHHS CTPYKTYp, OCAAKOHAaKOIUIEHMA, MArMaTH3Ma H MeTraMopduima,
B IpefeNiaXx OCTPOBHBIX AYT YBEJIMUHMBAETCA MOIIHOCTh 3¢MHOH KOpBI H MOABIIAIOTCA OTAEND-
Hble YYACTKH C FPAHAUTHBIM CIIOEM, MO3[Hee CIMBalonmecsa BoeauHo [Mapkos, 1975].

Ha nepudepun Tuxoro okxeaHa HaCUMTHIBAETCS NMPUMEPHO 35 BYIKaHHYECKHX MOACOB, KO-
TOPpble, COTTIACHO TNOJIOKEHNI0O B TEKTOHHYECKOH CTPYKTYpe, pasfensioTcA Ha JIBe OCHOBHbIE
TPYNINbl: BYJIKaHHYECKHE [OACA OCTPOBHBIX IPAM H BYNKAaHHYeCKHe NOACAa MAaTepHKOBBIX 06-
nacreii. Ilocnensve, B cBOI0 ovepend, AENATCA COOTBETCTBEHHO MOJIOKEHHIO, 3aHHMAEeMOMY
BYJIKZHHYECKHUM T0ACOM OTHOCHTEJIBHO JI0Ka OKeaHa, Ha mpubIIkeHHble K JIOXKY OKeaHa M
yQajieHHbIe OT Hero. _

OueHuBaAg MOIHOCTb BYJIKaHMYECKMX NPOABIICHUA B 3THX 30HaXx, H0.M. IlymapoBckuit n
P.A. Appemona [1967] npuxonAT K BEIBORY, YTO 06lllee HaNpaBieHUe pa3sBUTUA BYJIKaHHYeC-
KOTO Npolecca INTHONEH-YeTBe PTHYHOTO B peMeHu Ha nepudepun Tuxoro okeaHa npoABnseTca
B YMeHbIIIEHHH er0 aKTHBHOCTH OT IIpHOKeaHHYecKHX obnacTeil k 06nacTaM, ynaneHHbIM OT
OKeaHN4yecKoro Jioka. B 3ToM ke HanpaBiIeHHH MPOMCXONMT U M3MEHEHHE COCTaBa BYJIKaHHU-
YeCKHX MOPON — OT BYJIKAaHUTOB MOBBILICHHOH OCHOBHOCTH OKEaHHYeCKOro JHA K BYJIKaHU-
TaM CpefHero H OCHOBHOIO COCTaBa B MpefieNlaX OCTPOBHBIX YT H 3aTEM K BYJIKAHMTAM KHC-
JIOTO ¥ Cpe[Hero COCTaBa, pa3sBHTHIM B NepHPepUUeCKNX NPUKOHTHHEHTANIBHBIX KaiHO30M-
CKMX CKIagyaThix 06acTax.

B coBpeMeHHyI0 3MOXy BYJIKaHU3M HanGonee HHTEHCHBHO NPOABIACTCA B OCTPOBHBIX Ay-
rax CeBepoO-3aMafHOr0 ceKTopa THXOOKEAaHCKOT0 TEKTOHMYECKOroO MOosMica, HeloCpenCTBEHHO
OKpyXaloMX Jloxke okeana. Cpemy Hux 10.M. [lyimapoBckuii Boiienser YeThipe KpyTHble BYII-
KaHHYeCKHe 30HbI: AlleyTcKo-AnsackuHckylo, Kypuio-Kamuarckylo, MaprHaHcko-fInoHckyio 1
Tonra-HoBo3enanackyo. K 3ToMy ke THIY OCTPOBHBIX IpsAf NpHypoueHbl B- THXOM OkeaHe
H0xHo-CangsuueBa M T'ananarocckas ByJKaHHYeCKHe 30HbI, B UHmuiickomM — UHmoHe3mickas
(octpoBa CyMaTtpa u fIBa) , a B ATnaHTHYeckoM — MasioaHTHIBCKAT.

BynkaHuuecKHe 30HBI CYLIECTBYIOT M Ha OCTPOBHBIX IpAfiaxX, yAAIeHHBIX OT JIOXKA OKeaHa.
B TuxookeaHCKOM TEKTOHHYECKOM IOACE K HHM OTHOCATCA 30HbI rpAf Prokio, OuiHImiH-
ckoit, Cyny B CaHruxe (c ceBepHoil vacTeio o. Cynasecn), HoBoreGpuackoii, a Takxe rpan
apxunenara Bucmapka u CosloMOHOBBIX 0cTpoBOB. COBpEMEHHbIH BYTKaHH3M B HUX McHee
HHTCHCHBEH, 4eM B 30HaX OCTPOBHBIX TIpsA, HEMOCPEACTBEHHO MPHMBIKAOLUIMX K JIOXKY
OKeaHa. ’

T'unporeosiornyeckas, reoTepMHueckas H THAPOreoXuMIYeckas U3yYeHHOCTh BYJIKaHHYeC-
KHMX 30H OCIPOBHBIX AYT OYeHb padnuyHa. [lo OmHHMM 30HaM WIIH OTHENIbHBIM MX 3jleMEeHTaM
(Kypwio-Kamuatckoit, finonckoMy u HoBosenaHOCKOMY cerMeHTaM) MMeeTcA OOGILM pHbIH
MaTepuasi, no ApyruM (Aneyrcko-AnAckuHckol, Proxio, CymarpuHcko-fIBaHcko#, Oumn-
MMHCKOH, 30He COJIOMOHOBBIX OCTPOBOB M Ap.) — 3TH CBEIECHNA HOBOJIbHO CKYZHBI.

B cBA3M ¢ 3THM PacCMOTPHM CHavaJIa TUAPOreoOXuMHYeckue 0co6eHHOCTH oHOM U3 Han6o-
Nee aKTUBHBIX H XOPOLIO H3YYeHHBIX BYIKAaHHYECKMX 30H OCTpOBHbIX Ayr — Kypuno-Kam-
YaTCKOM.
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KYPHJIO-KAMYATCKHIA PETHOH

XapakTepHbIMH UYepTaMH, ONpEJENAIIMMHE TeONIOTHYECKOe CTPOEHHE M THUAPOreOoNIOTH-
ueckune ycioBHA Kypuno-Kamuarckoit 30HBI, SBJIANTCA FeOCHHKIIMHANIBHBIA THII $opMauui
U CKJIAAYaTOCTH, BbICOKAA CEHCMMYHOCTb, LIMPOKOE Pa3BUTHE MOJIOABIX TeKTOHMUYECKHX Ha-
PYUIEHHH, HHTEHCHBHbIE Topoo6pa3oBaTenbHble BYJIKaHHYECKHE MpPOLECChl H Hampske HHbIHA
reoTepMuyeckuii pexwM. OmHcaHMe reoJIOTHYECKMX H THAPOTEONIOTHYECKHX OCOGeHHOCTEl
PaccMATPHBAEMOTrO PErHOHAa JaHO B OCHOBHOM I10 MaTepHanam, H3l0oXKeHHbIM B T. 29 “Tunpo-
reontornn CCCP” [1972], u B Gonmee moanmux o6o6matoimx paGorax [Mapkos, 1975; Ma-
HyxuH, 1977; UsaHos, 1976; u np].

I'eonoruueckoe cTpoeHne

B npepenax Kamuatkn u KypwibckuX OCTpoBoOB, cormacHo cxembl I'M. Bmacosa
[1964 a, 6], MOrYyT GbITh BbIfIelieHbI TPH CTPYKTYPHBIX 9Ta%a: Be pXHHil, 06pa30BaHHBI IUTHO-
HEH-YeTBEPTHYHBIMH BYIKaHHYECKHMH MOPOJAMM, CPeIHM, BKITIOYAIOILMI OTIIOXKEHHA Maseo-
reHa-HeoTreHa, M HHXKHMiH , OXBAaThIBAIOLMMA BCe Me3030HCKHE H HOMe3030HCcKHe 006pa30BaHHA.

Ha KypuwibCknx OCTPOBax pa3BHTbI IliaBHbIM OOpa3oM uYeTBepTHUNBIE, peXe — MajieoreH-
HeoreHoBble mopoabl. Jluum B oTHOCHTeJIbHO HeOonblmx Gnokax Ha octpoBax Maoit Ky-
PWIBCKOi CpANBI BCTPeYeHbl BepXHEMENIOBBIe NOopoasl. Bojlee mpeBHHE MenoBbIE, Me3030i-
CKHe, Naj1Ie030MCKHE H MPOTepo30iickie 06pa30BaHUA OTMEUAIOTCA ToNbko Ha KaMuarke.

B npenenax Kamuatckoro nomyocrpoBa BBIGENAIOTCA TPH IJIaBHbIE CTPYKTYpHO-pauuanb-
Hble 30HbI (puc. 20). Ileppan — BocrouHo-Kamuarckas — 30Ha uMeeT GoJee CIOXKHOE CTpoe-
HHMe M BKJNoYaeT B ce6A mBa kpynHbiX nporn6a — lleHrpanbhbni 1 BocrouHo-Kamuarckmit —
mBa aHTMKIMHOpuA — BocrouHo-KamuaTckuii M NOJyOCTPOBOB BOCTOMHOTO MOGepexhs.
Bropas — lleHTpasnibHo-Kamuarcikasa — 30Ha npeAcraBifer coboil B LieJIOM IOJIOTHiA aHTUKITH-
HOPDHil, CITOXeHHbIA BYNKaHOTeHHbIMM [OPOAAMH Mejla H KaiHO305 U BKJIIOYAIOLIHI IBa BbIC-
TYNa ApeBHeHIMX MeTaMopduyeckux nopon — CpemuHHbrii Kamuarckui u I'aHanmbckuit Mac-
cuBbl. TpeTba — 3anamHo-Kamuatckas — 30Ha npeacrasnser co6oi KpynHbIi nporu6, BbIION-
HEHHBIH KafHO30HCKHMH 06pa3’oBaHMAMH. ITH CTPYKTYpHO-bauManbHble 30HbI OTIIHYAKOTCA
ApYT OT pyra pa3’Hoil JMCIOUHPOBAHHOCTHIO H B3aHMOOTHOILIEHHEM OCHOBHBIX CTPYKTYPHBIX
ApYcOB, a TaK)Xe HHTEHCHBHOCTBIO NMPOABIJIEHHA MarmMaTHYecKol AeATeNbHOCTH. B mepmbix
OBYX 30HAX, TOMHMO Ha3BaHHbIX TEKTOHHYeCKHX CTPYKTYP, BBIIEILAIOTCA HaJIOXKEHHbIE B YeT-
BEPTHYHOE BpeMsA ByJIKaHMYeckue nosca — Cpemuunplii (B LleHTpanbHo-Kamuarckoii 30He) 1
Bocrounsiii. B nepBoM H3 HMX ByJIKaHUYeCKaA AKTUBHOCTh K HACTOSILLEMY B peMeHH NOYTH CO-
BepLIEHHO NpeKpaTWiIach, K MPOABIICHHA COBPEMeHHOH BYJIKaHMYeCKOH AeATebHOCTH Cocpe-
OoTOveHBI B BocTouHoM Bynkanmyeckom mosice KamuaTky u Ha octpoBax Bomsiuoii Kypuis-
ckoil rpaabl. Bocrounbiit mosdc Ha Kamuatke npuypouyeH K OBYM KPYIHBIM AeNpecCHAM —
rpabeH-cHHIIMHANAM l0kHoi u BocroyHoit KaMyartikn, xoTopble 06paMiAIOTCA rOpHbIMH CO-
opyXeHMAMH (THIMYHBIMM TODCT-aHTMIUIMHAJIAMHM) M pasgensiorca HauwmkuHCKOR ckian-
YaTo-INIbIGOBOM 30HOH.

Coctas mopon, ClaralomX reoJIOTHYeCKHi pa3pe3 pacCMATPUBAaeMOrQ perHoHa, JOBOJIb-
HO pa3HooOpa3eH.

HauGonee npeBHue mporepo3oiickue (?) oGpasoBanusa CpemuHHOro u I'aHanbcKkoro Maccu-
BOB, Npe/icTaBjieHHble B OCHOBHOM THeilCaMH, KPHCTAIIIMYECKHMHU CJIaHIAMH, 3eJleHOKaMeH-
HbLIMM HOpPOAAMH H MHTMAaTHTaMM, MMEIOT JOBOJIBHO OONBIYI0 BHAMMYI0 MOIIHOCTD (KoMma-
KoBckafg cepua — 3000—4000 M, kamuatckag — 2500—3200 M, raHanbckas CBHTA —
1500—2000 M) .

K maneo3ofickuM noponaM OTHOCST TOJIIIH 3ell€eHOKaMeHHbIX H MeTaMOpGH30BaHHbIX OCa-
BovHbIX 0Gpa3oBaHHil Ha HepHEpHH PEeBHHX MAaCCHBOB, 00beIMHAEMbIe B MATKHHCKYIO Ce-
PHIO, MOIIHOCTb KOTOPO# flocTraer B CpeuHHOM Xpebre 2900, a B 'ananbcxkoM — 2700 m.

Me3so3soiickue o6pa3oBaHHA, NpeACTaBIeHHbIe TOIBKO BepPXHEMENOBBIMH MOpPOJAMM, pac-
npoctpaenbl B I u II crpykrypHo-banuanpHbix 30Hax KamMuaTky M AeNATCA HA ABe TOJNILM.
Huxmsaa — xo3roHckas (JlecHOBCKas, OMIOHCKas) — Cepufi CEHOMAaHTYPOHCKOrO BO3pacTa
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Puc. 20. OcHOBHBIE TeoJIOTHYECKHE CTPYKTYphI H rua-
poreojiornueckue palfoHnl Kamuarks, no mMarepHanam
Tnaporeonormm CCCP [1972)

1 — KpHcCTAIMYECKHEe MACCHBBI JOBEPXHEMETOBBIX
NopoA ¢ NOKWIBHBIMH NPOABICHHAMH XOJIOZHBIX yIJle-
KHOTBIX rHApoKapGoHaTHRIX Bof (TMOpOreosoruvdec-
KHe MECCHBRI); 2 — MOOHATHE &IOKH BepXHEMelO-
BbIX ¥ KAAHO30HCKHX BYJIKAHOTCeHHO-OCAIOUHBIX IO-
PO ¢ JIOKAILHBIMH TPOABICHHAMM a30THLIX TEPM,
8 TBKXE XOJOOHBIX YITIEKHCIbIX BOA INPEeHMYINEeCT-
BEHHO THAPOKSPGOHATHOTO cOCTaBa (amapTe3HaHCKHe
Gacceitnpt) ; J — nporuGul, BHIMOIHEHHBIE OCAOUHBI-
MH KaHHOIOACKHMMH OTIOKEHHAMH ¢ JIHH3AMH XJIO-
PHOHBIX M CHAPOKApPGOHATHBIX ’comoBbIX” BOA, (ap-
Teananckue Gacceitnnt); 4 — To ke, B NpenesIax Mo-
nomsIX BynKamMveckux oGiacreii; 5 — Bynkammdec-
KHe oGimactu (cynepSaccefiHbl) ¢ JTOKaNbHBIMHM MPOAB-
JICHMAMH TEPMANBHBIX BOA; 6 — AClCTBYIOWIME BYN-
KaHsl. ApTe3naHckHe Gaccefinbl: Aa— 1/K, P~N 3anan-
Ho-Kamuarckoro kpaesoro nporuba, Ab — 2/P-N —
Lentpansuno-KaMIaTCKHX MEXTODHBIX BAAIMH, Ab—3/
#—N-BocTrowo-KaMuaTCKHX MEXTOPHBIX BNaIHH, Aa—
4/N — Cepepo-KaMqaTCcKOro Kpaesoro nporu6a. I'mo-
poreonorwdeckne maccuebl: C — 5/PR + PZ(?), MZ,
N—-Q — Uenrpansuo-Kamusrckuii, C — 6/MZ, P-N, Q—
Boctouno-Kamuarcxuit, C — 7/PZ(?), P-N, Q — nony-
OCTPOBOB BOCTOuHOrO noGepexba. Hanoxemsie rum-
poreonoruaeckue cTpyxrypsi: I — 9/Q — Cpemmuumo-
Kamuarcknit Bynkanmueckmit cynep6acceiin, I{ — 8/Q~
Bocrouno-KaMuaTckHil ByIKaHMYeCKHH cynepBacceiin.
3K3, K3 u BK3 — coomsercrBento 3anagmo-, Lienrt-
pansHO- M BocTrouHo-KamMuaTckaa cTpyKTypHbIe 30HEI

CIIO)KeHa MeCYaHUKaMM, aJIeBpOJIMTAMM, aprus-
JMTAMM H CJIAHUAMH W MMeeT MOILUHOCTh A0
3000—4000 M. Bepxnsaa — upyHeiicxaa — cepua
CEHOMAHCKOrO BO3pacTa COCTOMT H3 BYIIKa-
HOTeHHO-KPEeMHMCTBIX 06pa3oBanuii (CIIUINTOB,
6a3aNbTOBRIX M aHAE3MTOBLIX NMOPGHPHTOB, HX
TydoB, TYDOreHHO-KPEMHHCTBIX H KPEMHHC-
ThIX mopon). B mpenenax Manoit Kypnmbcioi

rpsfbI BepXHeMeloBble 06pa3oBaHus NpeCcTaBieHbl TYGOKOHIIOME paTaMit, TY$o6pe KUMAMA
u 3¢ dymBamMu (ManoKaTaHCkas CBUTa — He MeHee 400 M), a TaKXe TeCYaHHKaMH, AJIeBPOJIH-
TAMM H aprWUTHTaMy (MaJIOKy pwibckas cButa — 200—300 M) .

IaneoreH-HeOTeHOBBbIE OTIIOXKEHHA, Claraiolie OOLIHpHbIE TEPPHTOPHHM PANA KPYMHBIX
CIPYKTYp, NpencraBnedsl B 3anagHo-Kamuarckoii 30He TeppureHHOM Tommuei nasgeoreHa, coc-
TOSMIIC W3 KOHITIOMEPATOB, IECYAHMKOB, AIEB POITMTOB, APTHIIMTOB H HHOTA3 KaMEHHbIX yr-
sieit (TMIWIbCKaA M KOBAYMHCKasA cepuH — o 6000 M), a TaKXe OTJIOXKEHHAMH HeoreHa, Clo-
KeHHBIMH MOPCKHMH TeppuMIeHHbIMH, YacTO Ty()OTeHHbIMH Nopogamyu (BOSMIIONBCKASA
-cepusa — 0o 3000 M, kaBpanckas cepus — g0 3500 M) . B Uenrpanpro-Kamuatckoii 30He BYI-
KaHoreHHble 0Gpa3oBaHUA 3TOTO BO3PAcTa, CAOXKeHHbIe pa3uuHbIMU 3 dy3uBaMu U UX Tyda-
Mo, Tydonasamu, TyGoGpex uAMY, HTHHMOPHTAMH MHOTA C HPOCIIOAMM TydOoreHHBIX Nnecya-
HHKOB, &JIEBPO/IMTOB, KOHITIOMePaTOB (aHABIraHCKaA H aJIHeHCKAA CepHH) , HMEIOT MOLIHOCTD
no 2000 m. Ewe Gonsite (10000—12000 M) MOIIHOCTD Na/I€OreH-HH KHe MHOLIEHOBBIX 0Caf0Y-
HBIX TePPHTeHHBIX OT/IOXeHMH H TydoreHHHIX mopox B mporu6ax Bocrouno-Kamuarckoi
30HBI.

Ha Bonsioit Kypwisckoii rpsage nopoms! najreoreHa moka He H3BeCTHbL. 31€Ch UIHPOKO
Pa3BHTbl OTIIOXKEHHA HEOTeHA, MPEACTABJICHHbIE HA IXKHBIX OCTPOBAX MoIHOK (mo 1000 M)
MHOLEHOBOH TONWEH WIOTHBIX 3¢ dy3uBHBIX H 3} PYIMBHO-0CANOUHBIX AHCIONM POBAHHBIX H
THAPOTEPMAIBHO H3IMEHEHHBIX MOPOM, 3 Ha CEBEPHBIX OCTPOBaX — IUTHOLCHOBBIMU BYJIKaHO-
reHHO-OCaIOUHBIMH OTNIOXKeHMAMU (TydonecuaHHKH, TyPOKOHITIOMepathl, TydobpekmH,
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ONOKOBHIHbIE MeCYAHNKH, IMaTOMHTHI) . Ha ocrpoBax ITapamyump u lilymiry MOLKOCTb TDTH-
OLIEHOBBIX OTNIOXKeHH# mocTuraer 1000 M.

YcnoBHO majleoreHoBble OTIIOKEHHA HalifieHbI NOKa TONbKO Ha ocrpoBax Mamoi Kypwrs-
CKOi1 IpAAbl, THe OHU MpefcTaBJieHs! 3¢ ¢y3NBHO-NHPOKIIACTHYECKOH TOJMILEH MOWHOCTBIO He
meHee 500 M. OcafiouHble ke OTNIOXKeHHA HeoreHa 3[1eCh OTCYTCTBYIOT.

UYeTBepTHUHbIe BYJIKaHOTeHHbIe MOPOABI caraoT Ha Kamuarke, Kak yike FOBOPHIIOCH, IBA
KPYTIHbIX HAJIOXKEeHHBIX BYNIKaHHYeCKHX nosica — CpeguHHblii 1 Bocrounsni. Fx o6pa3zosanme
HayaJIoch B HavaJsie IUMOLEHA TPeLMHHBIMM H3NMAHUAMM (TTIaBHBIM 06pa3oM B CpedHHHOM
H0sice) BYAKAHUTOB NPEeHMYIIECTBEHHO 0a3ajlbTOBOTO H aHOE3HTO-6a3aIbTOBOrO COCTaBa,
NepeK phIBIIMX BHIPOBHEHHYI0 NpeHllecTBYIOLIEH 3po3Hell MOBEPXHOCTb GoJiee ApeBHMX HO-
pon. Io3gHee 3TH HITMAHWA CMEHWINCh H3BepXKEHMSAMM LEHTPAJIbHOIO THIA, B pe3ynbIaTe
KOTOPBIX BO3HMKIIH BYNKAaHHYeCKHe IpAObl H OTAEIIbHble KOHYCA, a TaK)Ke KpYIHble KajIbe-
pbl (npeuMywiecTBeHHO B BocrouHoM nosice). MOWHOCTD TOJILL YeTBE PTHUHBIX BYJIKaHOTEH-
HBIX opopA aocturaer Ha Kamuarke 1000 m.

Ha Kypunbsckux ocTpoBax YeTBepTHUHbIE BYJIKAHWYECKHE NMOPOAbI (aHME3MThi, aHOE3HTO-
6a3aybThI, 6a3anbThl M KX TYDbI M TYGOGpeKUMM) TaKKe pa3BUTHI Upe3BbIYaiHO LIMpoKo. Hx
MOUIHOCTb JOCTHraeT 31eck 1000—2000 m.

HHTpy3uBHaA meATeNIbHOCTh NMPOABJIANACh BO BCEX CTPYKTYpHO-daunanbHbIX 30Hax Kam-
YaTKH, a TaKkke Ha KypruibckHX ocTpoBax.

B Hacrosiee BpeMs NMOYTH BCe NPOABIICHU A BYJIKaHHYECK O AeATEIBHOCTH COCPeIOTOYEHbI
B BocrouHoM BynkaHmdeckoM nosice Kamuatku u Ha Kypuwnbckux ocrposax. B BocrouHom
BYJIKaHHYeCKOM TMosice HacuurbiBaerc 27 HeACTBYIOIIMX BYJIKaHOB, HECKONBKO COTEH
LINTAKOBBIX KOHYCOB TrOJIOLEHOBOrO BO3pacTa H MOJOABIX 3xcrpy3uii. HauGonee xpymHbie
BYJIKaHMYeCKHe anmaparbl (KaubOepbl, CTPATOBYJIKAHBI) M MOU{HBIE 30HBI THAPOTEPMDIBHO
H3MEHEHHBIX TOpPOJ H MOYTH BCe BICOKOTEMIIEpaTypHble TePMbI MIPHYPOYEHEI K eJMHOM MOo-
JI0Ce LIIMPUHOMR OKOJIO 15 KM, NpOoTATHBaIONIEHCA BAONb BCErO BYJIKAHHUECKOTO MOSCa.

Ha Kypunbckux ocrpoBax HacuMTbiBaeTcA 37 pAeiicTBylowmx BynkaHos. Ha ocrpoBax
Bonbuio#t Kypuibckoit rpaabl pacrosoxeHbl. BepXHeYeTBEPTHUHBIE BYJIKaHbl, ABNAIOLMECH
BEpIIMHAMM KPYIHOTO FOPHOTO COOPYXeHMA, CKPBITOTO Nod YpoBHeM Mopsa. Ha 3amagHom
CKJIOHe 3TOro xpe6ra Haxomurces Gonee 100 moaBoaHbix BynxaHoB. Ha ocrpoBax Manoit Ky-
PHIIBCKO# I'pAIbl OTCYTCTBYIOT JeiicTBYIolMe ByNKaHel. [lociienHee H3IMAHKE JIaB, BO3MOJX-
HO, MIPOHCXOOMIIO 3AeCh B HIXKHEeUeTBepTHYHOE BpeMsA Ha o. [lnkoTaH.

I'eorepMsrgeckne ycnoBHA

Kax nokasanu reotrepmmuueckue ucciemnoBanus [[onax, 1966; Cmuphos u Op., 1974;
CvupHoB, Cyrpo6os, 1979, 1980 a, 6], semonHennble B Kypuno-Kamuarckom pernoHe, xa-
PaKTepHHIMH YepTaMM TEIUIOBOTO MONA 37eCh SABJIAIOTCA PerMOHAIIBHO MOBBILICHHbIH TEIUIO-
BOH NOTOK M 001IaA HECTAHOHAPHOCTS TEIUIOBOFO MO, BbIPAXKAWIAACA B LIMPOKOM Pa3BH-
THH JIOKQNIBHBIX TEPMOAHOMAIHH, B NpefeiaX KOTOPBIX TEIIOBOM NOTOK MOXKET GBITh CaMbIM
Pa3MYHBIM — OT MOYTH HYJEBIX O OYeHb BHICOKHX 3HAYeHMil, a OCHOBHYIO pOJIb B 00ILEM
BBIHOCE TEIUIa HIPaeT KOHBEKTHBHAA COCTABJIAIOLIASA.

H3MmepeHns TemwioBoro noToka B npepenax Kypuno-Kamuarckoii e cTpoBHO# AyTH H Npuie-
raloMX AKBAaTOPHH MO3BOJMIH BBIABHTH ONpeHENEeHHYI0 CBA3b MeEXAY ero 3HaYeHHAMH H
OCHOBHBIMH CTPYKTYPHbIMH 3jIeMeHTaMu peroHa. Tax, Hopmanbhble (46—59 MBr/m?) Benu-
YHHBI TEMIOBOTO NOTOKA oTMeuaioTca B Kopakcko-Kamuarckoit (3anannas KamuaTka) reocHH-
KJIMHAIbHOM 30He H MpHieraoumiesi k Hei vactu Oxotckoro Mops. C yueToM ocagiKoHaKoIUle-
HHSA B TPETHYHOE BPEMsA 3Ta BeJIHUHHA Bo3pacteT Ko 59—67 MB1/m? . HauGonee BricokHe 3Have-
HUA (POHOBOro TEIUIOBOrO NMOTOKa 3a(PMKCHPOBaHBI B I.lempamuo-l(amqarcxoi 30He, I'Ae B
npenenax CpeIHHHOro BYJIKaHMYECKOTIO NOSACA OHM COCTaBALT 84—105 MB1/M2 B ero 3anap-
HO#t ¥ HEHTPABHOI YaCTH K 0KoJIo 61 MBT/M? B ero BocTouHoi Yactu. B Bocrouno-Kamuarcicoit
30HE C HAJIOXKEHHBIM BYJIKAHHYECKHM II0SCOM OTMEYAI0TCSA HEOXKHAAHHO HH3KHE 3HAYCHHA KOH-
[YKTHBHOTO TEIUIOBOTO MOTOKA — OT 34 o 50 MB1/M2. B TO %e Bpems B rpabeH-CHHITHHAH
Hknoit Kamuatkn, ot Kolllenerckoit runporepManbHoil cicTeMs! uepe3 IlayxkeTckoe mecto-
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poxknenue, Kypunsckoe o3epo, Bynkansl Wnsunckuit, Xentobckuit, Kcynau 1 XomyTka no
MyYTHOBCKOTO TreO0TepMANIbHOTO pafoHa BKIJTIOYMTENIBHO, a TaKxe B rpaGeH-CHHKIHHAIK Boc-
TouHo# Kamuatku, o1 HanbideBckoii K0 Y3oH-TefisepHoii THAPOTEpMANIbHBIX CHCTEM, OTMEYa-
ercsl Gonplloii BBIHOC IIYGMHHOTO TeIUIAa IMAPOTEPMANIbHOH H BYJIKAHMYECKOH OeATenb-
HocTbio. Beero B Bocrouno-Kamuarckoit 3oHe, cornacHo pacvetaMm B.T. Ilonsaka u U.B. Mene-
kecuea [1979], pacinasbl BbiHOCAT 1,46 - 10° kanm/c (cpeaHee 3a rosnoneH), a TEPMBI, o
naunbiM SI.B. CmupHoBa u BM. CyrpoGosa [1980 a, 6], — 2,2 - 10® xan/c. [To onenxe
MOCIIefHUX HCCIIeNoBaTeNeH, YYaCTKH TeIUIOBBIX aHOManuil (ZeficTBylolMe BYJIKaHbl, pyma-
POJIBHBIE TOJIA, THAPOTEPMANIBHBIE CHCTEMBI H TePMAJIbHbIe MCTOYHHKH) , Yepe3 KOTOpbIe OCY-
ILIECTBIAETCA BeCh KOHBEKTHBHBIH BBIHOC SHOOTEHHOTO TeIUl2, 3aHMMalT Bcero 4% o6uwieit
JUTOIIA/IM BYNKaHHYeckoro mosca. CpeaHee 3HaueHWe KOHAYKTMBHOTO TEINIOBOTO MOTOKa B
npenenax Bonsuwoit Kypunsckoit myru cocrabnser 68 + 22 mBr/m? [CmupuoB, Cyrpo6os,
1979], npuyeM ocn Bcex aHOMaTHi BBICOK OT'0 TEIDIOBOTO [IOTOKA COBIAMAIOT C IPOCTHPaAHUEM
Ky punbckoit rpafipl, CMeIasACch OTHOCHTENIPHO Hee BO BNAZiHHBI OKPaHHHBIX MOpeEi.

I'unporeonomtlecme 0COGEHHOCTH

KnuMar, MOPPONOTHA K TeoJIorHYecKoe CTpOSHHe PerHOHa B 1IeJIOM BecbMa GIaronpuar-
Hbl [ HaKOIUIEHHA Mof3eMHbIx BoA. KomuyectBo atMocdepHBIX 0CafiKOB, BbINAJAILIMX B
pa3mMyuHBIX paioHax KaMuaTkH, otnnyaerca novru B 4 pa3a. Eciu B neHTpe U Ha ceBepe HOYy-
OCTpOBa OHO cocTaBinfeTr okoino 330 MM, 1o B paiioHe r. [lerponaBnoBcka mocruraer 1119 Mmm
(Ipn BenMuMHe HCHapeHHA B 3TOM paiioHe He Gonee 388 MM), a B cpemHeM KoneGnerca oT
350 po 550 MM. Moaynb MOBepXHOCTHOTO CTOKa cocTaBnisier 30—60 5i/c- KM%, MpuyeM Hau-
Gompumit crok (70%) MPOMCXOIOMT B JIeTHE-OCEHHHIA IIePHOLL, 4 HAMMeHbILUMI — BecHOR (14%) .
BenuunHa noA3eMHOro cToKa NpMMEPHO Ha NMOPANOK MeHbllle, HO B NpeAeNiax ropHbIX COOpY-
>KeHHH OHa YBEJIMUMBACTCA H COCTaBiAeT He MeHee 20% oT 06wiero croka. Becbma ciempduy-
HBI yCJIOBUSA MHMTAaHHA NOAI3¢MHBIX BOJ B BYJIKaHHYeCKMX CTpykTypax. E.A. Bakun [1966]
NPHBOIUT M8 10KHOH uacTH KopAKcko-ABauMHCKOH BYJIKaHOTeKTOHMYECKOH IenpeccHu
olpefeNieHHbIe KM MyTeM GaTaHCOBBIX PacueToB BeNHUKHBI obiero croka (22,5 n/c - kM?) u
OTIENbHBIX €r0 COCTAaBIIMIOUMX — MOJYyNei peuHoro croka (13,4 n/c - kM?) M mom3eMHOrO
9,1 n/c - kM?).

B pesynbrate n3yuyeHHA yCJIOBHH NUTaHUA, GOPMHMPOBAHHA XHMHYECKOTO COCTaBa H XapaK-
Tepa UHPKYIAIHH noa3eMHbix Bod Kamuartku E.A. Bakun, T .II. Kupcanosa, B.U. KoHOHOB 1
B.I'. Monsak [1962] BbImenuym YeTbipe OCHOBHBIX BOXOHOCHBIX KOMIUTEKCa Hopod: I — phix-
JIbIX YeTBEPTUMHBIX OTIONKeHMiH; II — MIHOLEHOBBIX H YeTBEPTHUHBIX JIABOBBIX MOKPOBOB;
IIT — 30HbBI NOBEPXHOCTHOIN TPEIMHOBATOCTH NOIUTHOLEHOBBIX CKaNbHLIX nopod; IV — adpdy-
3MBHO-TEPPUIeHHbIX MOPOJ, MaJIEOTeHOBOTO M HEOTEHOBOTO BO3PAcTa, 3aNMOJIHAIONMX CTPYK-
Ty pHbIE [IEIIPECCUH.

Kpome Toro, no cneudpuyeckuM IuporeosiorHYeCKUM YCIOBUSM OTAENbHO BbINEAITCA
o6BoAHeHHbIe 30HbI TEKTOHHYECKMX HAPYIUEHHHA H BYJIKaHHYeCKHe MOCT POMKH.

B cocTaB kaxporo KOMIUIEKCa BXOAAT MOPOABI pa3HOTO BO3PACTa M TeHE3HCA, HO OMHAKO-
BbI€ 110 YCIOBHAM HMPKYJISAIMH MOA3¢MHBIX BOA. B T0 ke Bpems moponbl ofHOro CTpaTurpa-
¢$HYecKOro KOMIUTEKCA MOTYT, B 3aBHCHMOCTH OT YCJIOBMil 3ajleTaHMA M TPELMHOBATOCTH,
MPHHALIEXKATb K Pa3HbIM BOTOHOCHBIM KOMIUTEKCAM.

K I BomoHocHOMY KOMILTeKCY OTHOCATCA 0IIOBbIE , M POKJIACTHUECKHE, (DIIIOBHOIALMAND-
Hble, JIEAHHKOBBIE, MOPCKHE M aJUTIOBHAJIbHbIE OTJIOKEHHA, a TaK)Ke PbIXJIble BYJKAHOTE€HHbIE
o6pa3oBaHusA. OTNHYAACH MO TeHe3UCY, BO3PACTY U B MeHbILUEH CTENMEHH MO BELIECTBEHHOMY
COCTaBY, PACCMATPHBAaEMble Pa3HOCTH YeTBEPTHUYHBIX OTIIOXKEHHH MMEIOT MHOrO obiiero B yc-
NTOBHAX OOBOINHEHHOCTH H XapAKTepe LHMpPKYIAUHH 3aKJIIOYEHHBIX B HMX MOA3eMHBIX BOJ,
o0pasyi, o CYlIECTBY, eluHblii TOPH3OHT NOPOBbIX BOM,. UeTBe pTHYHBIE OCAMOYHbIE H PBIXJIbIE
BYJIKaHOT€HHbIE OTIIOXEHHA 061afaloT BhICOKOH IPOHHLAEMOCTBIO, 06ecieuiBaloT HHTEHCHB-
HbIH FPYHTOBBII CTOK H OOGMIIBHOE HMTaHHMe IITyGHHHBIX BOJOHOCHBIX CHCTeM. JleGHTBI HCTOY-
HHKOB 3TOr0 KoMiuiekca gocturaiot 10 n/c.

Ko Il BonoAoCHOMY KOMIUIEKCY OTHOCATCA JIABbl NIOK POBHBIX M3JIMAHKHA IJIMOLEHOBOIO H
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HHDKHEYeTBEPTHYHOrO BO3pacTa M GoJyiee MOJIOLbIE NIABOBble NOTOKH OT/EJNIbHBIX BYJIKAHOB.
ITOT KOMIUIEKC COAEPHUT De3HANOpPHbIE TPELIMHHO-IUIACTOBBIE BOAbI. JeGUT HCTOYHHKOB [I0-
CTHIaeT IeCATKOB JIMTPOB. B CEKYHIY, XOTS Ha OT/AEIIbHBIX YYacTKaX, Iie JIABOBBIE MIOKPOBBI
M NOTOKH paccevyeHbl Ha BCIO IIyOMHY peMHbIMH OOJIMHAMH, OHH GbIBaloT 0GBOIHEHBI M1 B
NepHON AOXEH U CHEFOTasTHHA .

BoAoOHOCHBIE KOMIUIEKCHI PHIX/bIX YeTBEPTHYHBIX OTJIOKEHHH M JIABOBBIX MoKpoBoB (I M
I), cnaraiomue By/IKaHH4eCKHe NOACA, COCTABAAIOT 0COObIE TMIPOTEONIOTHYECKHE CTPYKTY-
pbl — Bocrowno-Kamuarcxkuit u Cpenmino-KamMuarckuii HanoxkeHHble BYJIKaHHUECKHe Cymnep-
Gacceitrel (1-8/Q; 1-9/Q).

Il BOOOHOCHBI KOMIUIEKC MPHYPOYEH K 30HE NOBEPXHOCTHOH TPEIIMHOBATOCTH B BEpX-
Hel YaCTH pa3NIMYHbIX [0 COCTABY H BO3PACTY AOIUIHOLEHOBBIX 06Gpa3oBaHHii. K 3ToMy KoMIutek-
CY OTHOCATCA H pa3HOBO3pACTHbIE HHTPY3UBHBIE MACCHBBI, I KOTOPHIX XapaKTePHO pacmpocT-
paHeHHe TPEIMHHBIX BOO B KOPE BBIBETPMBAHMS, a TaKXe TPELIMHHO-XWIbHBIX Bof. Bompi
KOMIUIEKCa MOYTH, 3 YacTo M COBCeM Oe3HamopHbie. BOOOHOCHBI KOMIUIEKC MpHYpOuYeH
K 30HaM NOAHATHA WIM ropCI-aHTHKJIHHODHAM perHoHa, oGpa3yloIMM THOpPOTeooruyec-
KHe MaccHBbl. JleGuthl uctounmxos 0,1-3,0 i/c.

Ha Kamuarke BBIIENAOTCA TPH IMIPOreOJIOrHYECKHX MAcCHBa MepBOro nopaaka: Llewt-
panbHo-Kamuarckuit  (C — 5/PR + PZ(?), MZ, N — Q), Bocrowo-Kamuarckuit (C — 6/
/MZ,P-— N, Q) 1 nonyocrposos Bocrousoro noGepexws (C —7/PZ(?) . 2—N, Q).

IV BOMOHOCHBI TrOpH3OHT 0GpPa3’OBaH MaleOreH-HEOTEHOBHIMH NOPOAAMH, 3aMNONHAI-
LMMH CTPYKTYPHbIC AENPECCHH. B TeppHIreHHbIX OTIOKEHMAX Pa3BUTBI B OCHOBHOM Gollee
WM MEeHee BBUIEPXXaHHbIC FOPH3OHThI TPELUHMHHO-IUIACTOBBIX BOJ. YUY3aCIBYA BMECTE C PbIX-
JILIMH OTJIOKGHMAMH B CTPOCHHHM T€KTOHMYECKHX NpOru6oB, BOMOHOCHBIE FOPHU3OHTHI ¢Gop-
MHDYIOT B HHX KpYIIHbie apTe3naHcKHe GacceiiHpl (cM. puc. 20), takme, xak 3anagHo-Kam-
yarckuii (Aa—1/K, B — N), Uenrpansno-Kamuatckuit (Ab — 2/R — N), Bocrouno-Kamuar-
ckuit (Ab —3/P— N) u Cepepo-Kamuarckuii (Aa — 4/N).

B 30HaX TeKTOHMYECKHMX HapylieHwii 6yarofaps pasApoGNIEHHOCTH TMOpPOJ M BO3HHUKHO-
BEHHMIO Bonee OlarONpHATHBIX, YeM B HEHAapYLICHHBIX Y4YacTKaX, BO3MOXHOCTEH IS IMPKY-
JIAIMH MOI3€MHBIX BOJ, YCTaHAaBIMBAeTCA TMApPABIIMYECKAasA CBA3b MEX/y PasNIMYHbIMH BO-
IOHOCHBIMHM FOPH30HTaMH.

BynkaHuueckHe NOCTPOiKM MO YCIOBUAM OGBOMHEHHOCTH [eNAIcA Ha [Be OCHOBHBIE
rpynnsl: obpasyiomme noJyioXHrenbHble (GOpMbl pelibeda — IUIATO, LMTOBbIE BYJIKAaHBI,
CTPAaTOBYJIKAHBl — M OTBEYAIOWIME OTPHIATENbHBIM GopMaM penbeda — Kanpdepam U ByIN-
KaHO-TeKTOHMYeCKUM TenpeccHaM.. [locTpoiikH. nepBo# rpymnsl CIyXat obiacTAMK NUTaHKUA
MOA3EMHBIX Bold. B KOHycax CTpaTOBYNKaHOB BOObl MHIPHDPYIOT, HE IPOHMKAA B 30HY MOA-
BONAILIETO KaHaJla, KOTOPbIA H30MPOBAaH BOAOHENPOHHIIAEMBIMH OIUIABJIEHHBIMH OPOJAMH.
Kpynubie HCTOYHHKH TEPMaIbHBIX BOM B NMOJIOKMTENBHBIX CTPYKTYpaX He H3BECTHBI U MOAB-
NATCA HHOIJA TOJNBKO Y HX MOOHOXHA. OTpHnaresbHble Xe CIPYKTYPbl NMpPENCTAaBIAIOT
coboi JempeccHH, 3amONHEHHbIe NMOpodamMM Oojiee BBICOKOH NPOHMIIAEMOCTH, ueM Gopra
H ¢yHAaMeHT. B 3THX CTpyKTypaX BO3HMKAIOT M30JMpOBaHHble GaccefiHbl M TPELIMHHbIE
CHCTEMbBI HANOPHBIX H IPYHTOBBIX BOJ. I'MApOreojiorMueckue ycioBHS Kalbfep H [enpec-
CHii BecbMa 6J1aronpHATHEI TS GOPMHPOBAHMA TMAPOTEPMAJIBHBIX CHCTEM.

IlepBbie TPH BOJOHOCHBIX KOMIUIEKCa OTHOCATCA K OOHOH TMOPOSMHAMMUYECKO# 30HE —
K 30He HMHTEHCHBHOro BoJooOGMeHa. Conmepxammecs B HHX BOOBI MMEIOT CXOAHbIH COCTaB.
MunepanusaiMa Mx HeBbICOKa M He npepbimaer 0,4 r/m. XumMuueckuil THO BOA THUApOKap-
GoHaTHBIA Ka/IbIMEBbIA WM HATPHEBDIA. B oTAenbHbIX cryvyasX (OOBIYHO Ha y4acTKaxX TMApPO-
TEPMAIBHO H3MEHEHHBIX MOpPON) Cpedd aHMOHOB IOABIIAETCA, a HHOrJAa M mpeobiagaer
cynbdaT-HOH, a HENOCPEeNACTBEHHO B GeperoBoil mosmoce — xiop-HoH. Ha yuactkax ¢ mono-
ObIMH J1aBOBBIMH TNOKPOBAaMH M NMHPOKJIACTHKOH B KAaTMOHHOM COCTaBe MOA3€MHBIX BOJ
BCeraa NpHMCYTCTBYIOT MOHbI MarHHA. ColiepXaHMe KPEMHEKHCIIOTHI B 3THX BOfAax KoJneG-
aerca or cinemoB no 40 mr/n (uHornma maxe o 80 mr/n), uto B obLIeM THIMYHO [7ifA paii-
OHOB H36BITOYHOTO yBnakHeHMs. Temneparypa Bon He npesbimuaer o6biuo 4°C, pH u3me-
Hsercs ot 5,3 mo 7,9.

K 30He 3amemyeHHOro BOOOOOMEHa OTHOCATCA B OCHOBHOM BOJIOHAaNOpPHBIE CHCTEMBI
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TPEIUMHHBIX BOH, 32KIIIOYEHHbIE B IlaNleOreH-HEOreHoBbix noponax (IV kommiekc) u pas-
BUTble B NMPHMONHATBIX KPaeBbIX YaCTAX CTPYKTYPHBIX HeEmpeccHil, a TaKXe B HEKOTOPBIX
yuacTkax pgomimonesoBeix nopon (III), B yacTHOCTH B 1OKONE BYNKaHOB. MHMepanu3aima
3THX BOR Bo3pactaer 10 10 r/m, a B MX aHHOHHOM cOCTaBe npeo6ianaeT XJaop-HOH.

K mxHed 30HE OTHOCHTENIBHO 3aCTOHHBIX BOJ NpPHHAIUIEXXAT BOJOHANOPHBIE CHCTEMBI
TPEUHHHbIX BOJ, 33aKJIIOYEHHbIE B MAJICOTEH-HEOTCHOBBIX NMOPOAAX B MECTAX MX MOTpYXeH-
HOro 3ajieraHMsa B Npefienax apTe3HaHCKHX GacceitHoB (IV). MHHepanM3alMst HX COCTaBAAET
06b1yH0 10—20 r/n. Tun Boab! XJIOPHAHBIA HATPHEBO-KATbIMEBBII.

XuMHueckHil COCTaB THRPOTEPM

O6mtee WICTIO eCTECTBEHHBIX TepMONposBJeHui npepbinaeT Ha Kamuatice 100, a Ha ocTpo-
Bax Bonsnioii Kypunsckoii rpagst — 50.

I'unoporepmbl Kypuimo-Kamuarckoro peruoHa BecbMa pa3HOOGpPa3HBl MO XHMHMYECKOMY
coctaBy. OHaKO IO COCTaBY ra3oB Cpell HHX MOTYT GbiTh BBIAEJIEHBI MIOYTH BCE OCHOBHbBIE
THIIbI, BCTPEYAOIMECA H B [IPYTHX BYJIKAHHYECKHX MPOBHMHIMAX, PACCMOTPEHHBIX BBILIE,
HUx pacnpocrpaHenue, kak M Be3lle, NOQYMHAETCA [TIABHBIM OCOBGEHHOCTAM reoJIOTHYECKOro
CTPOEHMA BYJNKAHHYECKOH 30HBI, HO MOBEPXHOCTHOE BBIPRKEHHE 3TOH 30HAIILHOCTH MMeEET
3pech Gonee CNOXHBIA XapaKTep, Y4eM B OTHOCHTEJIBHO MPOCTO MOCTPOEHHDBIX COBPEMEHHBIX
pHdTOBBIX 30HaX.

BomoponHslit THI TEPMaNbHBIX (IIIOHIOB, CTOJNb THIMUHBIH OJIA OKeaHHYeCKHX pHPTOB,
Ha Kamuatke [0 HemaBHero Bpemenu 6bul coBeplLIeHHO HeuapecteH. Ho mocnemmme meranb-
Hble MccnepoBaHua ruaporepm Kamuatku Beissunn npucyrcrsue H, B konnuecTse mepBhIX
npoleHToB BO dmionax Haubosee MOIMHBIX M BBICOKOTEMIIEPATYPHBIX [HIAPOTEPMAJIbHBIX
cucreM (CemsaumHckoit, MyTHOBCcKoO#, KoleneBckoii M Op.), HAXOOAILMXCA Ha TepeceyeHuH
PETHOHANBHOrO IyGHHHOrO paxnoMa (ock BocTouHOM ByJIKaHH4YecKOil 30HBI) ¢ mMomepey-
HbIMH 30HamMM pacTsmkenuii [Bakuu, KytbieB, 1979]. HesacHo, ogHako, B Kakoil Mepe npH-
CYTCTBHE 3TOTO ra3a ABJAETCA PErHOHABHON O0COBEHHOCTHIO BHICOKOTEMMEPATYPHBIX THAPO-
tepm Kamuatkn. Ha Ham B3rnAn, He MCKIIIOYEHO, YTO B HAa3BaHHbIE CHCTEMbI, PacIOJIOXEH-
Hble B HENOCPeOCTBEHHOW OJIM30CTM K aKTHBHBIM BYNKAaHHYECKHM aNnaparaM, BOOOPON
HOCTyTIaeT NPAMO H3 MUTAIIMX 3TH aNNapaThl MarMaTHYeCKHX OYaroB, rfie OH ABNAETCA
OOBIVHBIM KOMIIOHEHTOM (O 4YeéM CBHAETENICTBYET COCTaB ra3oBBIX 3MaHAIMH B Kparepax
OEACTBYIOLIMX BYJIKAHOB H Ha CBE)XEHINTHBLIMXCA NaBOBbIX MoTokax). Tak, H3BecTHO, HanpH-
Mep, 4TO B /1aBOBBIX NMOTOKax Boinbiioro rpeumuHoro TonGauHHCKOro. H3BEpXEHHA cofaep-
xanume H, (Ge3 yuera H,0, O, u N;)  pmocturano 40—60% 06. [Mensitnos u np., 19806] .
TloaroMy MBI noka Bo3HepXHUMCsi OT BoifeneHHAa B Kypwio-KamuatckoM permose 3toro
THIIA TEPM.

OOpIyHBIA 1A BYJIKaHHYeCKHX 06acTel Ce pOBOXOPOOHO-YyTINeKHCABbIH
(MarMaToreHHb #) THN TepMalbHbiX GIIOHOOB pacrpocTpaned B Kypuno-Kamuat-
CKOM persoHe oyeHb UMPOKO. PMOHMBI TAKOro COCTaBa TPAaCCHPYIOT 30HY COBPEMEHHOTO
BYJIKaHH3Ma, OTMEYeHHYI0 TOJIbKO B BocrouHom mosce Kamuatkn u Ha Bonsiioit Kypune-
cKoOM rpage. I'eHeTHYECKH M TIPOCTPAaHCTBEHHO OHM CBA3aHBI C BBIXOJAMH BYJIKaHMUECKHX
rasoB M HaGniofjaloTca B Kparepax, Kalb[epax H Ha CKJIOHaX [EeHCTBYIOIMX BYJIKAaHOB, T
3TH ra3sl NONAAalT B IyGoxHe BOIOHOCHBIE FOPU3OHTHI, 2 TaKXKe B FPYHTOBBIE H IIOBEpX-
HOCTHBble BOIbI. EC/M NMOpPOMBI, ClAraioiiie ByNIKaHHYECKHEe INOCTPOMKH M HX (yHIaMeHT,
COAEpXaT MaJi0 BOMBI, TO BBICOKOTEMIIEpaTYPHBbi€ Ta30Bble CTPYH NPOPHIBAIOTCA NPAMO
Ha MIOBEPXHOCThb, 06pa3ysa MolHble HyMapoIIbl CIIOXKHOrO COCTaBa. B 3aBHCHMOCTH OT aKTHB-
HOCTH MarMaTHYeCKHX O4aroB, COCTaBa, TeMIIEPaTypbl M HaBJIEHMA OTHOCAAILMXCA OT HHX
ra’oB, a TaK)Ke OT YCITOBMH B3aMMOJEHCTBHA ITHX rasoB C MOA3EMHBIMH BOJAMH H INOPO-
namu GOpPMHPYIOTCA pa3lTHyHble MOATHIBI TAKHX BOJ.

Boicoxoremnepatyphbie (COTHM TIpafiycoB) XJIOPHCTO-CEPHHCTO-YITIEKHCITbIE Ta30fa-
POBBIE BbIfIEJIEHHSA, B3aUMOMIEACTBYA C NOA3EMHBIMH BOJAMH, 06pasyioT pefKHii THI CHIIBHO-
KHCIIBIX PacTBOPOB CBO€OGPAa3HOr0 XMMHYECKOTo COCTaBa. JTO TaK Ha3dbiBaeMmbie (dyma-
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poIbHbIE TEPMbI, KOTOpHIE, coriacHo B.B. UBanoBy [1961, 1964], B cBOIo ouepenb menATcA
Ha B¢ Pa3HOBMIHOCTH: TEPMBI [TyGHHHOIO M NOBEPXHOCTHOrO POPMHPOBAHHA.

®ymMmaponbHble TepMbl ITTyOMHHOTO (OPMHpPOBaHMs CpPaBHMTENIPHO pedkH Ha Kamuartke
H LIHPOKO pa3BHTbI Ha ocrpoBax Bombwoit Kypunbckoit rpaasl. Onn o6pa3yiorcs B pe3yisb-
TaTe HachllueHMs BOJ ByNkaHuyeckumu raszamu (HCl, HF, H,, H,S, SO,, CO, u gp.),
Korfa B okMcnurenbHoH o6craHoBke HCl, HF, B u vactMuHo H, mepexomAr B aHHMOHHBIH
cocraB Bop. [Ipx 3ToM B pesynsraTe OKHMCNeHHs cepHHMCTHIX rasoB (H, S, SO,) oxucHbiMH
COCTMHEHMAMH COJepXKailerocd B MOPOAAX )Keje3a W Pa3fioKeHHsA CEPHMCTOH KHCNIOThI B
YCIOBHAX BBICOKHX Temmepatyp W npu Hammun HCl B pactBope oTmeuaoTcs BBICOKHE
wonepxauua SO,, H, SO, u HSO, [HMeanos, KoHouos, 1977; Ozawa et al., 1973]. Pac-
CMaTpHBAaeMble TEPMbI HMEIOT XJIOPHAHBIA H XJIOPHIHO-Cy/IbGAaTHBI aHUOHHBIA cOCTaB (C
GonmsumMm: copepxanneM F) M croxwbiit katHoHHbI cocTaB (Fe, Al, Na, Ca u gp.). Ouu
XapaKTepH3YIOTCS, KaK MPaBHIIO, BHICOKOH MMHepanu3aimeii (o 35 r/a), npHcyrcTBHem
csoGopnpix H, SO, u HG, nopsiueHnsimM conepxanmem H, SiO; u H; BO3 u ynsrpakucnoi
peaximeit (pH no 1,0 u Huxe) .

Ha Kypunbckux ocIpoBax TepMmBbl 3TOr0 THNA PasrpyXaloTcAd B IIIyGOKHMX 3PO3IMOHHBIX
Bpe3ax, BbIHOCA Ha JHEBHYI0 MOBepXHOCTh Gonmbiume xonuuectsa Al U Fe [3enewnos, 1972].
3nech MX APKHMH MPEACTABHTENAMH ABJIAIOTCA (GyMaposbHbie TepMbl ByiikaHa I6exo (Bepx-
He- n CpenueropbeBckne) , Hivknemenneneenckue, Kucymiit kiou i ap. (1a6n. 29). Ha Kam-
yaTtke (pyMapoiibHble TepMbl IJIyGHHHOrO (GOPMHPOBAHHA BCTPEYAOTCA 3HAYMTENILHO pedXe.
OGHapy>xeHbl oHM B Kainaepe Y3oH [[lwnuneHxo, 1974], a Takxke Ha ByiakaHax MyTHoB-
ckoM H Manbiit Cemsunic.

Bropasa pasHOBUOHOCTD (pyMapoONibHBIX (IIIOMOOB — TepMbl NMOBEPXHOCTHOrO dopmHu-
poBaHHA. OHM 0Opa3ylTCA B pe3ysbrare HachILIEHHA TPYHTOBBIX M NOBEPXHOCTHBIX BOJ
OCTATOYHBIMH M YaCTHYHO OTGMHIBTPOBaHHBIMM ra3zamu, B ocHoBHOM CO, u H, S. IIpu sTom
BO3HHKAIOT CepOBONOPOOHO-YITIEKHCNIbIE CylbdaTHble TEPMbi, B KAaTHOHHOM COCTaBe KO-
TOpbIX Takke npucyrcrBywt Fe, Al, Na, K, Ca u gp. Ux MuHepanusaius He npeBbIllaeT
o6bryro 7,5 r/n. Tlpn oxucnermu H, S comepxammmuca B ByNKaHHYeCKHX NMOPOJAX OKMC-
HbIMH COCTHHEHMSIMH )KeJle3a H [PYrHX METAIOB, a TAaKXe B Pe3yNIbTaTe PACTBOPEHHSA CyJNb-
c]:an-lux muHepanoB oGpasyerca H, SO,, ¢ yeM cBA3aHa kHcnas peakimsa 3tux Bog (pH =

= 1,5-5,5). XumMHyeckuil cOCTaB 3THX TepM MEHAETCA CO BPEeMEHEM. I.leﬁu'r HCTOYHMKOB,
KaK NpaBHiIo, HeGOMbLION, 3 TeMIepaTypa Bof oGbluHO He npesbimnaer 100°C.

TUnMUHpIMH TNIpeACTaBHTENAMH (YMapONIBHBIX TEPM MNOBEPXHOCTHOFO (GOPMHPOBAHHMA
aAsnsorca Ha Kamuatice Tepmbl BynkanoB Cemaunxa, MyTHoBcKoOro H ap. (cM. 1abi. 3, 4),
a Ha octpoBax Bbonbuioit Kypunbckoii rpsapt — CepHo3aBo[CKHE HCTOYHMKH, TEPMBI BYII-
KaHa MeHpeneeBa u np. (cM. 1a6n. 29).

HOpyruMm cneipédHIecKHM HOATHIOM MarMaTOTreéHHbIX BOJ B PacCMaTpHBaeMOM perHoHe
ArnAwIcA conbdarapHrle TepMbl. OHM CBA3aHBI C BbIXOHMaMM COJ‘lel)aTaprlX CEpHHUCTO-
YTTIEKHCIIbIX BbIIE/IEHHi, TeMIlepaTypa KOTOpbIX He mpesbiiuaer 100—180°C (06biyHO Me-
Hee 100°C).

B paccmaTpuBaeMOM pernoHe conbgaTapHbie TepMbI BCTPEYAIOTCA HA TEX XKe BYNIKAHAX, YTO
U ¢yMaponbHbie TepMbl, H, KpOMe TOro, B MPHIEraoUMX K HAM padiomax (HanpHmep,
B [layxercko-KolueneBckoM reotepmanbHoM paifoHe W Ap.) . TepMbl 3TOro THNA OTIMYAIOTCA,
KaK MpaBHIIO, HEBbICOKOW MuHepanu3aimenn (ot 0,1 mo 1, uHorma mo 7'r/m), KHcno-HedT-
pamsaoi peakiméi- (pH = 2—6). B ux razoBom cocrase, nomumo CO, u H, S, Hacto comep-
warca NH; u CH,. Mx xoHOoeHcaTsl HMeWT CynbdaTHBIH, pexe rHAPOKapGOHATHbIA aHHOH-
HBIJi COCTaB, 2 M3 KaTMOHOB 4acTo NpeoGnanaer ammonui (cM. Tabn. 29) . OTMEYIOTCA TaKkKe
NOBbiLIEHHbIE KOHIeHTpaimu B, Mn, Ti, Al, Pb, Cu. Kak nonaraor A.W. Cepexuuikos u
ap. [1977], coctaB ¥ TeMmepaTtypa TAKHX TepM CYIIECTBEHHO M3MEHAIOTCA B 3aBHCHMOCTH
OT HMHTEHCHBHOCTH TOCTYIUIEHHS B IPHIIOBEPXHOCTHbIE BOMbI INyOHHHbBIX CONbdaTapHbIX
crpyit. Tak, Ha BepxHexoLieneBCKOM colbhaTapHOM IONe IO Mepe yRaneHus ot HanGonee
HarpeThiX TePMAJIbHBIX IUIOWIANOK BbIXOIBI Bblcoxoremnepawypmﬂx (90°C) cynbpatHBIX
aMMOHHMHHBIX BOJ NOCTEMEHHO CMEHSAIOTCA ~THICOBBIMH’ CYNb(ATHHIMH KabIMEBbIMH
tepmamu (42°C), @ Ha OKpauHe CONbHATapHOTO MONA Pa3BUTHI Y)KE XOJNIOAHbBIE (5°C) cymp-
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Taénuua 29
Xumuvecknit coctaB GyMaponbHbIX H conbghaTapHeIX TepM, Mr/n

Komnonentn! 1 2 3 L)
H* 141,37 18,7 2,87 -
Li*. 8,5 0,73 0,012 -
Rb* - 0,31 < 0,05 -

Cs* - 0,11 <0,05 —

K* 220,0 97,37 1,90 200,0
Na* 328,0 725,0 10,0 200,0
NH; - He onp. He omp. 128,0
Ca?* 5430 129,14 10,54 16,0
Mg?* 2413 58,16 6,08 7,0
Mn?* - 14,25 1,34 4,0
Fe** 660,02 84,0 450 -

Al 1200,42 26,40 4391 -

C1- 4673,88 1708,69 48,93 He o6H.
F- — 12,40 0,25 44
HSO; 6943,26 469,48 75,66 -

SO;- 6549,12 787,20 413,06 1870
HCO; - - - He o6H.
H,SiO, 441,94 360,00 276,0 120

H, BO, - 125,10 31,16 7,14

M 20784,0 462493 966,01 3000
7°,C 90 84 78 100

pH 1,12 1,84 2,6 3.8

MpumMeuaHuue 1-2 — dbyMmaponbHsle ’rnyouHHbie” Tepmbl: 1 — CpeaHelwpbeBCKHe, BYJIKaH
36eko, 0. MMapamyump: Takxke ycraHosneno Fe3* — 13,6 |3enenos, 1972]; 2 — HuwxkHemeHpeneenckue,
BynkaH MeHpeneesa, o. Kynaump: Zn — 2,0, Pb — 0,25, Cu — 0,004, Cd — 0,025, TI - 0,003, H AsO, —
5,10, H;SbO, - 0,041; 3 — cdymaponbHble "'IOBEPXHOCTHBIE' TePMbl, HCTOYHUK Ha CeBePO-BOCTOMHOM
nosne ByiakaHa MeHoeneeBa: Ba < 0,056, St — 0,072, Zn — 0,09, Pb — < 0,01 |JieGenen u ap., 1980];
4 — Kamuarka, HumxHekolIeeBCKHe MCTOYHHKM, KOHAEGHCAT mapa CKB. 41: TaKXXe YCTaHOBrneHo: Br —
2,0, As — 0,15 | CepexxHuxosn, 1981].

¢daTHBIC KaNIBIMEBDIE BOMBL, He -  coOepXaimpe aMMOHHA. [IpomexyTouHble Pa3’HOCTH 3THX
Bog, nomumo NH, u Ca, comepxar Takxe Mg, Fe u Ipyriue KaTHOHbI.

PaccMaTpHBaeMble HCTOUHMKH OGBIYHO MHOTONEGHTHBI U CYILECTBYIOT JIHTENIBHOE BpeMs.

A3oTHoO-yrnekucnbit refisepHb ) THI NAPOTHAPOTEPM NPOABIICH
B Kypuno-Kamuarckom pernoHe oueHp sipko. Taxue TepMbl TOXKe OGHapyXMBaioT TECHYIO
NPOCTPAHCTBEHHYI0 CBSA3b C IPOABJICHHAMH AKTHBHOTO BYJIKAHM3Ma, HOHE  CTOJIb HEnmocpe-
CTBEHHY10, KaK cepoBoJopoaHo-yrinekucnsie. Ha Kamuatke rumpoTepmsl aToro Tuma - pacnpocT-
paHeHbl B BocTouHOM BynkaHuueckom mosice (Mectopoxmenus Ilayxerckoe, JomHa Teii-
3€poB, H [Ip.), HO BCTPEYATCA B OTIHUHu OT CEpOBOIOPOIHO-YTNIEKHCIBIX TepM H B Cpe-
OMHHOM NOACE, T B HACTOALLEEC BPeMs BYJIKAHHYECKAasA aKTHBHOCTb YK€ He NMpPOABIACTCA
(nanpumep, KupeyHckoe) . Ha Kypunbsckux octpoBax K MeCTOPOXIECHHAM 3TOr0 THIIA OTHO-
carca naporuaporepmsl l'opavero Ilnska Ha o. KyHaump.

A30THO-yrnekuciele naporuapotepmel Kypuno-Kamuarckoro pernoHa o6bIYHO npHypo-
YeHbl K OGLUMPHBIM KOJIBI(EBBIM BYJIKAHO-TEKTOHHYECKUM NENpecCHAM H KanbaepaM, oO-
pa3oBaHHe KOTOPHIX GBUTO CBA3aHO C MOLLUHOMA BCHBILIKOH KHCIOro BydkaHH3Mma [Vakin
et al, 1970]. XapakrepHoii 4epToii a30THO-YITIEKHCIIBIX MAPOTHIPOTEPM ABJIAECICA HX OYeHDb
BBICOKHi TeIUIOBOHl MoTeHIMan M GolbllHe ecrecTBeHHble pecypchl. Ha mecTopoxaeHusax
[Mayxerckom, bonbweGanHom u Topsaumit IInsAx OHM BBIBOOATCA TaKXe CKBAKMHAMH C
rmyGunsr 300—1200 M. Ha TlayseTckoM MecTOpoXIeHMH ofumii AeGHT MX COCTaBifeT
200 krfec.
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B razoBoM COCTaBe PacCMaTPHBaeMbIX NMaporuaporepm, nomumo CO, u N,, B HesHawm-
TenbHBIX KOJHMYecTBaX MHOTAA BcTpevaerca npuMecse CH,, Hy u H,S. O6wee colep>xaHue
rasoB He npeBbilaeT oGbiyHO 50—100 mu/n. ITo HOHHOMY COCTaBY 3TH TepMbl HENATCA Ha
[Ba MOATHNA — XJIOPH/IHBIH W CynbodatHblit. [lepBblit XapakTepusyeTcs XJIOPHOHBIM HaTpH-
€BBIM COCTaBOM, HeBBICOKOj o6iueli MuHepaM3alMeit (OO 5 r/i), NMOBBIIEHHBIM COOEPXa-
mem H, SiO; (mo 400 mr/n) n H;BO;. Ha rnyGuHe HIOKe YPOBHA BCKHIIAHUSA TEPMbI MMEIOT
cnabokucnyio peakimw (pH < 6,8), a mocne napooraeneHus u fera3aly UX peakliMsa CTaHoO-
uTcA wenoyHoit (pH = 8,0-8,7). K a30THO-yrneKHcIIbIM XJIOPHHBIM HATPHEBBIM TepMaM
OTHOCATCA yeTbipe KpYNHbIX MecTopoknenus Kamuatkn — [layxerckoe, HonuHa Ceitsepos,
Kupeynckoe u Axamemun Hayix, a Takxke kypunsckoe mectopoxnenue Iopawmit ITnsk
(cMm. Tabn. 12, 13).

SlpkuMm mpHMEpoOM MEpBOro, XJIOPHAHOTO, MOATHIA A30THO-YITIEKHUCIHBIX TEPM ABIAIOTCA
IIMPOKO M3BECTHbIC Maporuapotepmbl HomuHm TeiizepoB Ha Kamuarke, Ha paccMOTpeHMH
KOTOPBIX H OCTAHOBHMCH HECKOJIbKO NofApoGHee. MecTtopoxaeHHe naporuaporepm JonHHbI
TeitzepoB HaxomMTCA B npenenax Y3oH-IelizepHoil KONBIEBO#H OENpPecCHH IUIEACTOEHOBOrO
po3pacra. PopMHMpOBaHHE 3TOH CTPYKTYphl CBA3aHOC MOLUHOH BCIBILIKO# KHCIIOTO BYJIKa-
Hu3Ma [ABepreB u gp., 1971]. Jonuna TeitaepoB, npuypoueHHas K KpYMHOMY pa3jioMy
CEBEPO-BOCTOYHOTO NPOCTHPaHHA, NMpOpPe3aeT Y3KHM KaHbOHOM JIaBOBOE IUIAaTO, NMPHMON-
HATOE Ha HECKOJIBKO COTEH METPOB HaJl YPOBHEM OKeaHa. B reosiornueckomM cTpoeHHH pafoHa
NPHHMMAIOT YYacTHE TMOPOMbl BEPXHEIUTMONEH-YETBEPTHYHOTO BO3PACTa, KOTOPbIE MOXHO
pasfenHTh Ha ABa xoMmiUlexca. HupiHmil npencraBnser co6oil TygoreHHyIo Tonuly BepxHe-
TUTHOLIEHOBOTO HIIH IPEBHEYETBEPTHYHOTO Bo3pacTa (MepecnauBaowmecs ncegurossie, ncam-
MHTOBbBIE H aJIEBPONENTHTOBbIE TybI H TYGOGpeKuMH B OCHOBHOM :aHIE3MTOBOTO COCTAaBa).
Bepxuuit komiiekc o6pasyioT Gomee :TO3/IHHE J1aBBI H MAPOKIIACTHYECKHE TOPOMIbL.  (TOrO
ke aHIE3MTOBOTO COCTaBa). K HeMy Takike OTHOCATCH HEKKH M IKCTPY3HHM aHIE3UTO-NALM-
TOB M [aiikH Ga3anbToB. Bo3pact nmopomd 3Toro KoMiviekca cpefHe- H BepXHeyeTBepTHUHBIM.
HenocpencrBeHno Ha yuyacTke BbIXOAa TEPM pPa3BHTa TONMA TYyPOreHHbIX CcnaGOTpeIHHO-
BaThIX MOPON HMIKHEro KOMIUIeKca. BhIXOAbl BBICOKOHArperbiX BOHO H NMapora3oBbiX CTPYH
oTMevatoTcsl mo o6oum Geperam p. TelisepHOlN Ha pa3HbIX YPOBHAX MO CKJIOHAM HONMHBI.
‘O6wmiz OeGuT Bcex rpynnm ruapoTepM (¢ yueToM [e0HTa MapOBBIX CTPYil) COCTABIAET
277 xr/c.

Mo xumuyeckomy coctaBy Tepmbl llonmuubi [efizepoB He MOEHTHYHBI. B HMDKHe# yacTH
OONMHHBI ruApoTepMbl COGCTBeHHO T'efi3epHON rpyNibl HMEIOT XJIOPHIHDIA HATPHEBBIN COCTAB
¢ MuHepanu3aimeit ot 1,4 1o 2,3 r/n 4 noseieHHbIM cofepxanvem H, Si0O; (mo 400 mr/m).
B BEpXOBBAX .M cpeliHeil YaCTH NONMKMHbI BONMM3M OT HEHCTBYWILEro ByJiKaHa KHMXOMHBIY K
HHM TIOLMELIHBAITCA GyMaponbHble M coNbdalapHble TEPMBI, B pe3yJbTaTe yero BepxHe-
reiisepHbie ¥ KUXNHHbIUEBCKHE UCTOYHMKH MMeEIOT CyNb(paTHBIA HaTpPHEBBIH COCTaB C MMHe-
pamm3sanmeit ot 0,19 no 0,63 r/n. B mapora3oBbix CTpyfiX, BBIXOAAWMX B HeNOCPeICTBEHHOH
GIIM30CTH OT THIOPOTEPM, COMEPXATCA B HOBOJNIBHO BBICOKMX koHneHTpaimax CO,, NH;,
H,S n gp. B peaynsrare onpoGoBaHHA 3THX CTpyi Hamu ObUIO YCTaHOBIIEHO, YTO B pailoHe
Teii3epHOii rpynibl HCTOYHUKOB B Nape colepxuicd B cpenHem (B r/kr) CO, — 2,87, H, —
0,43, NH; — 0,018,a B maporasosbix cTpyax KuxmiHeiueBckoi u BepxHereiisepHoit rpynn
co, —11,7-129,H,S - 0,82-0,91, NH; — 0,03-0,092.

Temnepatypa McTOUHHKOB KojeGlleTcA B LIMPOKHX npelenax. Bcnencreue HeomHopon-
HOCTH T€OJIOTHYECKOTO CTPOEHMS YYacTKa HHQWIBTPAIMA NMOBEPXHOCTHBIX BOM MPOHCXORMT
30€Ch ¢ Pa3HOM MHTEHCMBHOCTBIO, C 4eM, No MHeHHo B.B. ABeppeBa [1964], u cBA3aHo BO3-
HMKHOBEHMe B Mpe/ieNlax OHOW M TOM K€ TEeIUIOBOH aHOMAJIMH Pa3lHYHbIX IO TEMIEpaType
THAPOTEPMAJIBHBIX MPOSABIIEHHA — OT HU3KOTEMIIEPAaTypPHBIX HCTOYHHKOB 10 MApOBbIX CTPYil.
H3mepeHne TemnoCOHEPKaHHA M OIpefieJieHHe PacxofoB OTAENbHbIX HCTOUHHKOB M IpyIN
MO3BOJIM/TH HaM, COBMECTHO ¢ B.B. ABepbeBbIM, OACYMTATh KOITHYECTBO TEIUIA, BLIHOCHMOIO
ruaporepmamu. Tak, nns BepxHereiizepHO# rpynnbl CyMMAapHBbIi pacXxol KHIALIMX H TEIUIbIX
MCTOYHWK OB COCTABIIAET 0kono 100 Kr/c,a oBwumii  BBIHOC Temla He mpenbiaet 7000 xian/c.
KunsaumMn HCTOUHMKAMH, refisepaMu U NapoBbIMM CTPYAMH I'efi3epHo#M rpynnbl BBIHOCUTCA
275 kr/c BOOBI CO CPEIHMM TerlocodepXkaHHeM 250 kkaj/kr, M oGMMi BbIHOC TeIIa COC-

11



TaBiser 3fech 68750 xkan/c. Takum obpasom, o6umii BeiHOC Tewia rugporepmamu llo-
nuHbl TefizepoB npuMepHo paBeH 75000 kxain/c, a yhesnbHblil BBIHOC Tellfla HA pa3HBIX ee
y4acTKax OIHHaKOB H cocTaBnAeT 2000 kkan/km? - .

Bropo# noATHN a30THO-YIJIEKHCIIBIX NMAPOTHAPOTEPM MPENCTABIIAT Cylb(aTHbie TEPMBI.
TepMsl Takoro cocrapa 0GbIYHO ACCOLMHMPYIOT C HHTPY3HAMH M MacCHBaMHM M3MEHEHHBIX IO-
POA — MPOMHUNIHTOB. BynkaunueckHe TONIM B pailOHaX pa3BHTHA ITHX THAPOTEPM OOLIYHO HMe-
T KHCnbliA cocras [CepexainkoB, 1977]. Takue Tepmbi 0GOraleHbl PeAKHMH LIEIOYHBIMH
MeTaUlaMl H ¢ropom. Mix nmpumepom MoryT cnyxmth 1MpoKo u3pecthble BonbiileGanHble
HCTOYHHMKH, Ha paCCMOTPEHMH KOTOPBIX MBI OCTAaHOBHMCS HECKOJIbKO MOJpoGHee.

B CTpykTypHO-TEeKTOHHUECKOM OTHOLUEHHH BonblueGaHHble MaporHAPOTEpMbl HAXOOAATCA
B Ioro-3amagnoii yacrh HauMKHHCKOH cKJ1amyaTOmIBIGOBOM 30HBI, B O0NIACTH CONMpPSKEHHMA
ee ¢ aHKTHKIJIMHOpHeM CpenuHHOro xpe6ta. 31a 06NacTh XapaKTepH3yeTCA Pa3BHTHEM KpYII-
HBIX TEKTOHHYECKMX HapyIIEHHH CeBepO-3alafHOTO MPOCTHPAHMA H CepHell MEJIKHX palio-
MOB CEBEPO-BOCTOYHOTO MPOCTUPaHuA. PaccMaTpuBaeMblit paiioH CTIOXKEH TONLLEH BYJIKAHHTOB
OT CpeNHEMMOIICHOBOrO 00 IUIHOIEHOBOTO BO3pacTa. B HEKOTOpbIX MecTax BCTPEYalTCH
ApEBHEYCTBEPTHYHBIE H COBpeMeHHbie 0a3abToBble MOKPOBBI. MecTopoXkaeHHe HAXOTHTCA
B fonuHe p. DaHHON M BCKpPBITO CKBaXMHaMHM Ha MpPOTSDKEHHWHM OKONO 2 xM. B mpemenax
MECTOPOXKOCHHA BYJIKAHOTEHHBIH KOMIUIEKC NOApPa3fielIAeTCA HA BEPXHIO H HH)KHIOIO TOJILLM.
BepxHsaa - Tomua npencrapnesa NOTOKaMH JIAB JIHIIAPHTOBOTO COCTaBa, CNIEKIUUMHUCA Tydamu
JIMNApHTOB H TydobpexunamH. HUKHAA TONIIA COCTOMT M3 NMOTOKOB aHAE3HTOB M HAIUT-
JHMNApHTOBBIX TydoB. MakcHManpHas TEMHEpaTypa, YCTaHOBJIEHHasg B CKBa)XXMHaX, COCTaB-
nser 171,5°C [Tumporeonorus..., 1972; Tpyxun, Ilerposa, 1976].

ITlo xumMueckoMy cocTaBy Bce TepMasibHble BoAbl Donbumix BaHHBIX HCTOYHHKOB, KakK
yXe TOBOPWIOCh, Cynb(aTHO-XJIOpHIHblE HaTpHeBble. MuHepanmu3alMa HX Komnebnerca or
0,5 mo 1,5 r/n. Copepxarme Cl ne npesbiaer 180, a SO, — 600 mr/n. B HauGonee ropsAunx
BOJAX OTMEYaloTCA MOBbIeHHbIe collepkaHua H, SiO; (mo 300 mr/n) npu pH or 7 mo 9.
Crienmnueckoit 0COGEHHOCTBI0 COCTaBa 3THX NMAPOrHAPOTEPM SBIAETCA MOBBILUIEHHOE COMEP-
XaHMe B HUX ¢Topa (0 9 Mr/n) M HEKOTOpbIX PYAHBIX 37eMeHTOB (cM. Tabn. 13). Ilo
mHeHnio A.U. Cepextukona [1977], oGoraiueHHe IieNIOYHbIX Cy/bdaTHBIX TepM pYIHbIMH
IMEMEHTAMH CBA3aHO C MPOIECCOM BBILIENAUYMBAHUA HMM IPOMNMIIMTIOB, a LLEJIOYHbIC METall-
nbl K GTOP MOCTABIAIOTCA BOCXOAALMM FHAPOTEPMAIIBHBIM OTOKOM C GOJIBILMX ITTyGHH.

Ha pHeBHOH NOBEPXHOCTH NAapOrHOPOTEPMbI MOKPLIBAKOT OONBIIME YYaCTKH COJIeBBIMH
HayeTaMi (B ocHOBHOM CaSQO,) M oT1/IoXKeHMAMM reitsepura. Ha ypoBHe BCKHNaHUsA U [era-
3a1MM TEPM, KaK Mbl M IIPEANONAranM euwe A0 Hayana GypeHus ckaxuH [KoHoHoB, ITonsx,
1964], otnaraerca npenmyuiectBeHHo CaCO;. OToxeHHe KanbliMTa B CKBAXHHAX OCIIOX-
HACT 3KCIUTyaTalHI0 3TOTO MECTOPOXKIAEHNA, KOTOPOE MOKa HE OCBaUBaeTCA.

B cocraBe ra3oB BHauajie HaxomwiH nuip a3zor [MBamoB, 1960], 3zarem Hamu Gbuia
obHapyxeHa Taike M yrnexucnora (12,5%); noapHeiimmmu uccinenoBanuamu [Kpaesoit
H nop., 1977] 3pecs Gbu10 3aduKcupoBano eme Gonbluee comepxaine CO, (mo 88% 06.).

EcrecTBeHHbIA Ne6HT BonbueGaHHbIX TepMATBHBIX HCTOUHMKOB COCTaBNsUT Beero 40 1/c,
HO mocie GypeHHsl CKBaXMH pa3rpy3Ka Bo3pocia ao 290 xr/c mapoBOOAHOH cMecH co cpef-
HHM TelmocoaepxkaHueM 153 kkan/kr. 3T1o o3Havaer, uTo NpH CPEOHErofl0BO# TeMmepaType
B paiione 6rmuskoit k 0°C BonblueGanHble THAPOTEPMBbI BBIHOCAT 0K0/0 44400 Kkan/c.
Takoifi BBIHOC IKBHBAICHTEH KOHAYKTHBHbIM TEIUIONOTEPAM Ha IUIOWIAOH NPHMEPHO
2400 kM?> mnpH IUIOTHOCTH TEIUIOBOTO NOTOKAa B 23TOH yacTH Kamuatku okono 2 X
X 107 kan/c - cM?. Kak ye OTMeuasioch, Ha HarpeBs BOJL PacXOMyeTCs JHMLIb MATAaA YacTb
srovo tewna [ITonsak, 1962] u mnomans Harpepa momxHa 6biTh ewwe Gonbuie — 12000 kM2,
C TOuKH 3peHHA oBILMX rHAPOTeOsIOTHYECKHX YCIIOBHIH, Nogo6Han wiomans GOpMHpOBaHHA
DaHHO#M TMAPOTEPMANTBHONH CHCTeMBb! MalloBepoATHa. [loaToMy 0GBACHMTL HarpeB MOA3EMHbBIX
BOM 3TOT0 MECTOPOXAEHHA TONbKO PETHOHAIBHBLIM TEIUIOBBLIM noneM 3eMIIH He Npencras-
JIAETCA BO3MOXHBIM, H CHEJlyeT CYMTAaTh, YTO Ha 3TOM YUaCTKE HMEET MECTO [AOMNOIHHTENbHbIH
NpPHBHOC Telia, 0GYCIIOBJICHHbIA Ha rNyGHHe NOKalIbHBIM TerioBbiM ouaroM. [lpucyrcreue
CO, B ra3oBOM COCTaBeé pPacCMaTpPHBAEMbIX NApOTHOPOTEPM MOXeET ObITh HCTONIKOBAaHO
KaK pe3yJbTaT CYLIECTBOBAHUA 3TOrO Ovara.
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Ta6nuua 30
Xumuvecknit cocras HmKHeKOWENEBCKUX YIAEKHCIbIX NAPOrHApPOTEPM, Mr/i

KoMmoHeHTB1 TNapoBonaAnan Beperosbie KoOMIIOHEHTBI MapoBonsanan Beperosbie
cMech TepMBL, CKB. 8* cMmech TepMbI, CKB. 8*
Li* 0.5 0,8 So?- 321,0 61,0
Na* 10,0 - [ - 2,5
K* 1.5 1000,0 Br~ - 71,0
Na + K - 7900,0 I" - 4,2
Rb* 0,02 4,0 H, SiO, 150,0 6,0
Cs* He oGH. 1,8 H,BO, 0,3 431,0
NH} 100,0 120 As 0,01 4,0
Ca®* 12,0 43590 M 601,0 32200,0
Sr3* 4,3 45,0 pH 4.8 7,0
Mg?** 7,0 He o6H. ,.C 96 100
Fe?* 43 - oo SO, 99 C199,6
- MyJia
glc_,o, ;’;w"' f;'& o0 i NH, 81 Ca9 Mg8 (Na + K)61Ca39

*BniGpoc napoBoaAHOM cMecH ¢ rinyGuHbl 1500 M [ Cepexxnukos, 1981 ).

‘{peTHiA BBINENEHHbIA B PETHOHE MO ra3’0BOMY COCTaBY TH 11 (QIIIOMEOB — yr €K H C-
1 bl B — obGbemuHAET HECKONBKO PA3HOBHAHOCTEH, Pa3IMYAIOLUMXCA ITIaBHBIM 0Gpa3om
TEIUI0BbIM MOTEHIMANIOM, 2 TAK)XE COCTaBOM pacTBOpeHHbIX conei. Ha Kypunsckux octpo-
BaxX TaKHM COCTABOM rasa orTnmuyarotcsa 14, a Ha Kamuatke 30 rpynn pa3sHOOGpasHbIX HCTOY-
HUKoB. U3 HMX 2 rpynmbl oTHOCATCA K maporuaporepMam (Hinknexomenesckue u CeBepo-
MyTtHOBCKHME), 23 — Kk ropsuMM M TewibiM McrounMkam (HansrueBckue, Ilymmuckue, Iia-
IMHCKME M [p.), 3 OCTAIBHBbIE — K XOJIOOHBIM MMHepalbHbIM HCTOuHMKaM (MankHHCKHe
XOJIOHBIE U Op.).

Pa3penbHaA NOKaNH3aIMA ITHX TpeX MOMTHNOB YIJIEKHCNbIX (IIIOHIOB OTPaxkaer CHelM-
MKy reosoro-CTpyKTypHOii .06CTaHOBKH M reoTEpMHYECKOrO PEXHMAa B PasHbIX paitloHax
Kamuatckoro cerMeHTa 30HbI HOBEHILIErO BYJIKAHH3Ma.

Yrnekucnsle MaporuopoTepMbl, aHAUIOTHMYHbIE M3BECTHBIM M B APYIMX BYJIKaHHYECKHX
npouHimax (Jlapoepemo u 1.11.), Ha Kamuatke npuypoueHs! K HanGoJiee aKTHBHBIM YyacT-
xaM BoCTOYHOro BYJNIKaHHYeCKOTO NMosAcCa M Haubojee TeCHO acCOIMUPOBAHBI C CEPOBOO-
POMHO-YTTIEKHCIIBIME TepMaMH. ITO B OCHOBHOM MaJloMHHepaynmu3oBanHbie (< 1-4 r/n)
cynvdaTHble aMMOHMitHbIE BbIcOKOTeMmepatypubie (~ 231°C) Tepmbl ¢ mpeoGnamanuem
napa.

Hpyras pasHOBHIHOCTb YIJIEKHCIBIX NapOrMOPOTEPM — TCpYINa MHHEPATM30BAHHBIX
(< 32,5 r/n) xIOpHIOHBIX HaTPHMEBO-KAJIBIMEBBIX TepM, BHepBbie 0GHapyxeHHbix Ha Kam--
uatke A N.CepexHHKOBBIM. JTO TaKk Ha3biBaemble Geperosbie Tepmsl HyxHekolleneBckoro
MecTOpoXIeHHa (raGnm. 30), aHaorM KOTOPBIX LIMPOKO HM3BECTHbI TakXe M B SmoHuu.

Yrnekucnbie TepMBI, KaK U NapOTMAPOTEPMBI, BCTpeyaloTcs B BOCTOYHOM pynkaHHuec-
KOM T0siCe, HO NMPHYPOYEHBI B IIEJIOM K MEHee aKTUBHLIM ero yuacrkaM. [Ipusaro cumrats,
YTO TEPMBbI TaKOro THIA GOPMHUPYHTCA OGBIYHO B BOCCTAaHOBHTENIbHOH 06GCTaHOBKE Ha 3Ha-
YMTESIBHBIX TTIyOMHaX B 3aKPBITHIX MIJIH MONY3aKPHITBIX CTPYKTYpPaxX C 3aMelJIEeHHbIM BOJO-
o0OMeHOM, H NpPHIMCHIBATH HAChIILAIOLIEH WX YITIEKHCIIOTE YMCTO TEPMOMETaMOpQHYECKOe
npoucxoxrgenue [HUpanoB, 1960; Bapranan, 1977]. OnHako B MOILUHBIX YTIEKHCABIX Mapo-
rupgporepmax CO,, ckopee Bcero, MOCTymaeT W3 MarMatrHueckoro ouara. Kaxercsa, urto H
B MEHee ropAuMX yriekHcisix TepMax CO, MOXeT B TOH MM HHOM CTeNeHH MMeTb Marma-
THYECKOE NMPOUCXOXIEHHE, HO BOMPOC 3TOT MOKa OCTaeTCA OTKpPhIThIM. Pasrpyxascs, yrne-
KHCTIbIe TEpMbl BBHIHOCAT Ha [HEBHYIO NOBEPXHOCTb B [ECATKHM M COTHH pPa3 MeHblUe TeIa,
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Ta6nuuma 31
Xumuvecknfi cocTas yraexucasix tepm, mr/n [Cepexumkos, 1981]

K .
g 1 2 . 3 4

NH; 3,0 3,0 He omp. He omp.

Li* 4,2 5,5 09 3,0

Na* 1000,0 2000,0 4750 15700

K* 1100 200,0 27,0 48,0

Rb* 0,64 0,86 0,15 0,20

Cs* 0,8 0,84 0,03 0,17

Mg?* 28,0 33,0 68,0 540

Ca** 230,0 625,0 157,0 168,0

F- 0,7 2,5 04 0,17

Clr- 14450 3560 4480 14400

Br~ 39 11,3 19 4,0

- 0,1 04 - 0,4

S03- 509,0 9740 399,0 387,0

HCO; 5100 350 1021,0 21450

As 8,0 1,5 0,1 0,01

H,BO, 412,0 583,6 14,3 1716

H, SiO, 136,6 133,0 He onp. 142,0

CO,cB 189,0 258,0 396,0 300,0

M 3845,0 7762,0 2598,0 5820,0

pH 6.4 6,2 6,1 6,7

r,cC 70 55 45 38,6

% Cl6350, 18HCO, 14 C17950,16 HCO,44C13450,22 Cl48HCO,42S0,10
pryna (Na + K)77Cal9Mgé (Na + K)74Ca24 (Na + K)64Ca21Mgl5 (Na + K)85Cal0Mg5

IMMpumeuvuaHue: 1l — HablueBckHe HCTOMHHKH, CKBaXHHA; 2 — KpaepemuyeckHue HCTOMHMKH, Bau-
Ha; 3 — TUMOHOBCKHE HCTOYHMKH, Bonboit rpudoH; 4 — [lyumHckHe HCTOUHHKH, Banna.

€M PacCMOTPEHHble Bbillle NaPOTHAPOTEPMBI, H XapaKTEPU3YIOTCA TEMIlepaTypo#, He Ipe-
sbuuatomedi 75°C.HUx ra3oBslit cOCTaB mpencTapiieH B ocHoBHoM CO, (0o6sruHo Gonee 95%) ,

HO MHOTrAa B HeM npucyrcrByer npumecs N, 1 CH, . Conepicanne pacrBopensoit CO, B Bomax
3THX TepM He mpeBbiliaer 0,6 r/n. Ilo HOHHOMY COCTaBY Cpeli¥ HMX BBIAEJIAIOTCA TPH OCHOB-
Hble rpymnbl ¢monnoB. Ileppas — xyIopuHbIE HATPHEBO-KATBIMEBBIE TepMbl, XapPaKTEpH-
3yI0IIHec CPaBHMTENIBHO BBICOKHMM ° TEMIIEPaTypaMH M MMHepanu3aimed (mo 8 r/n), a
TaKke BIM3KHM K MopckoMy oTHoeHHeM Cl/Br u nossleHHbIM coepkaHueM 60pa. Bropas
Ipynna — rugpokapOOHaTHO-XJIOPHIHbBIE HAaTPHEBbIe TEPMbI — OTJIMYAETCA MEHBIIMMH TEM-
nepatypamu (o 50°C) u munepamu3anmeit (2—6 r/in). TpeTba rpynna — ruapoxapGoHaTHbIE
WIH cynbdaTHO-THAPOKApOOHaTHbIE BONBI C PAa3NHYHBIMM COOTHOINEHMAMH KAaTHOHOB Na,
Ca u Mg — MMeer HaMMEHBLIYIO TeMIIEpaTyPy’ H MHHEPaNM3aIHIo M ABJIAETCA Kak Gbl mepe-
XOJHOM K XOJIOAHbIM YIJIeKHCIBIM BofaM (TaGn. 31).

IIpn pasrpy3ke YITIEKMCIBIX BOMO M3 HMX B pe3yJbTaTe Heras3allid M BbI3BaHHOTO 3THM
HapylIeHHA KapGOHaTHOrO paBHOBecHs, Bbimamaer B ocagok CaCO;, dopmupya npoxauiku
BTOPHYHOIO KaJIBIMTa MJIH TPABEPTHHOBbIe Kymoyia. HOroa BeIgeNAIOIWIancA H3 TakUX ¢ito-
HaoB CO, OOCTMraeT MOBEPXHOCTH 3eMIIM B BHMIE CYXMX ra3oBbIX CTPYH WIM pacTBOpAercs
B IPYHTOBBIX BOJIaX, 06pa3ys BTOpHUHbIE YITIEKHCIIbIE BOMABL.

PaccmoTpMM noppoGHee HEKOTOpbIe TEPMOIPOABIIEHHA, MPEACTABIAIOILKE Pa3fIHYHbIE
NOITHIIb YIIIEKUCIBIX GIIIoHIoB.

CeBepo-MyTHOBCKOE MECTOPOXAEHHE YIJIEKHCIBIX MapOrHAPOTEDPM CeHuyac WHTEHCHBHO
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pasBemyerca. Jlyylie HM3yyeHbl HOKa naporuaporepmbl KolllesieBckoro BYJIKaHHYECKOTO
MaccuBa, B ocoGeHHoctH HuxkHekomieneBckoe MmecropoxaeHue, rae 6bulo npoGypeHo 7
cKkBaXuH [BakuH u 1p., 1976 a, 6; Cepexuukos, CrmueHxosa, 1978]. Itv naporugporepmsl
pbiHocAT 25000 kkan/c (ofwas temnoBas MowHOCTh KollleneBCKOH THOPOTEPMAIbBOH
cuctembl 75000 kkan/c). Temnepatypa CTpyil Ha TOBEpXHOCTH COCTaBNIACT: 96°C, a Ha riy-
HuHe Bo3pacraer 10 231°C (436 m) u maxe mo 253°C (1201 m). IkcTpanonsimei Mo CKB.
3n s ry6uH 2—3 kM 6pUTH paccuMTaHbl TeMuepatypsl 300—-350°C.

KolueneBckuit MacCHB pacHojlokeH B KPYINHOH CTPYKTYPHOW [EMpecCHM Haf, XMBYLICH
yxe Gojiee MWIIJTMOHA JIET 30HOM NMOCTYIUIEHMA B BEPXHHE TOPH30HTBI 3¢MHOH KOpPbl Marma-
THYeCKOro matepuana. [Ipegnonaraor [Bakun M fOp., 1976a], uro 3mech cywecTByeT Hec-
KOJIBKO Pa3sHOFITYGMHHBIX MarMaTHYeCKHMX OYaroB, SBJIAIWIMXCA HCTOYHHKAMM Tela A
COBpeMEHHbIX TEIUIOBBIX aHoManui KomeneBckoro maccuBa. Kak u Ha OpYrHx NOJroxH-
BYLIMX BYJIKAHHYECKMX MaccMBax KamuartkH, TyT HaOnofaloTCA H3NUAHUA KAK OCHOBHbIX,
TaK M KHCIBIX MarM. ['ugporepmanbHble Mpoliecchl NPOTEKANH 3[eCh BMeCTe C BYJIKaHH-
YeCKOH JIEATESIBHOCTbIO B TEUEHHE BCEro YeTBEpTHYHOro BpeMeHH. Cefiyac MOILHbIE BbIXO/bI
NMapa NpHYpOYeHbl K YYaCTKy IepeceueHHsi HECKOJIbKMX KPYIHBIX TEKTOHMYECKHX Hapy-
wennii. IlapoBoii “cronG”, oTAensAaCh OT BCKUMAOLIMX Ha GONBIIOH IyOHHE Neperperbix
BOI “TIPOTHIKaer” BhIlLENEXAIME BOJOHOCHbIE TOPH3OHTHI, HArpeBas MOCIEHHE U H3Me-
HAA UX XMMHYECKHH cocTaB. B rupporeonornueckomM paspese KollleleBCKOro MacCHBa Bbl-
OenATCA BOJOOOWIbHbIE YeTBEPTHYHBbIE BYIIKaHMThI, KOTOpble OTHENIEHbl OT 3a/IeralolMX
HH)XXe JOYETBEPTHYHBIX JIaB BOMOYNOPOM H3 M3MEHEHHBIX MOpod. B 30Hax oTkphITOH Tpeluy-
HOBaTOCTM 3THX [OYETBEPTHUHbIX JIaB BO3HMKAIOT JIOKaJIbHblE CKOIUICHHA BBICOKOTEMIIe-
patypHbix Bon. [lopoap! o6BoIHEHbl HEPaBHOMEPHO — BOKPYT NOTOKA coiybdaTapHbIX I'MA:
poTepM TIPHYPOUEHHOIO K OJIHOMY M3 PafMajIbHbIX pa3noMoB 3amnamHo-KolueneBckoro Byn-
KaHa, CYLEeCTBYeT MacCHB Harperbix cyxux” nopof. ITOT MacCHB MpPOCIIEKUBAETCS CKBAXH-
HaMH BIUTOTh A0 OXOTCKOTO MOpA.

XuMHUECKHA COCTaB PacCMAaTPHBAEMBbIX IMOPOTEPM HEoNHOpPOMEH. B Mx raszoBoM cocrase,
nomumo CO,, B 3aMeTHBIX KonuyecTBax mpucyrcrsyetr CHy (o 11-14%) . Ha Bepxuexone-
JIEBCKOM MECTOPOXIEHHH OTMEYAIOTCA TaKXKe M INOBBILICHHbIE COEPXKAaHUA CepoBOHOpPONa
(no 10% 06). IlaporugpoTepMbl OCHOBHOTO BOCXOOAIIEr0 NOTOKAa HMEIOT CyibdaTHbIA
aMMOHMIHBIA COCTaB ¢ MHHepaIu3aimeii 0o 4 r/n. B koHAeHcaTax Mapa H AepUBATHBIX TepMax
B aHHOHHOM cocraBe mpeoBmamaer HCO,, a cpemn karnonoB, nomumo NH,, mossnsmorcsa
Na u Ca. C ypaneHuem oT BOCXOAALLEr0O NMOTOKA H CBA3aHHOTO C HUM MAacCHBA IPOMUIINTOB
CynbGaTHOCTh BOL MOHMKAETCA H YCTAHAB/IMBAETCA OOBIYHAA TUAPOXHMHUECKAA 30HATbHOCTD!
BBEPXY 3aI€ralT rHApOKapOOHaTHbIC BOMBI, BHM3Y — XJIOPHIOHbIC, @ MEXOy HMMH — mepe-
XOIHbIE THAPOKapOOHaTHO-XJIOpUaAHbIe pasHocTH [CepexxHukoB, CnuueHkoBa, 1978] .

B mpuGpexHoit vact HudkHEeKOLIENEBCKOro MECTOPOXIEHHA CKBaXKMHAMH BCKPbBITHI
MHHepalu3oBaHHple 00 32,5 r/n “OeperoBbie” TepMbl XJIOPMOHOIO HATPHEBOrO-KaJIblie-
Boro cocraBa (cm. Ta6n. 30) .

B xauectBe HauGosiee APKOro MpUMepa YIIEKMCIBIX TepM paccMoTpuM  HanblueBckyio
rpynny, KOTOPas HAaXOOMTCA B ONHOMMEHHOW CTPYKTYypHOil Hernpeccuu. I'eonmorvueckuit
paspe3 moclenHeil NPeACTaBieH PbIXJILIMH BEpXHEYETBE PTHUHBIMH OTJIOKEHHAMH MOLHOCTbIO
oo 100 M, nod KOTOPBIMH 3ajeralT HWXHEMHOICHOBble M GoJiee [pEeBHUE BYJIKAaHWTBI K
HHTPY3HBHBIE OPOJbI CPEAHEr0 — OCHOBHOro cocrtasa. llMpoko pa3sBHTBI MacCHBbI pyno-
HOCHBIX NpPOMWIKHTOB M BTOpHYHbIX KBapiuroB [CepexxrmioB, 1981]. HanbrueBckHe ucrou-
HUKH COCTOAT U3 HECKOJIbKHX TpYIIl TepMONpPOSBNEHHH, OTCTOALIMX ApYr oT gpyra Ha 0,5—
1,0 kM. Temneparypa Bonsl B HuX KkoneGnercsa ot 42 mo 75°C. O6wMiz pacXofd ¢ y4eToM
pasrpy3kH u3 ckBaxid gocturaer 110 n/c. ITo xuMHyecCKOMY COCTaBY 3TO XJIOPHOHbIEC HATPH-
€BO-KaIbl(MeBbie TepMbl ¢ MUHepau3aimeit 3,8 r/n u pH 6,4 (cm. 1abn. 31). Temnepatypa
Bombl B Hux 75°C. B Mectax BbIXO[a MHAPOTEPM OTMEYAIOTCA 3HAUMTENbHblE CKOILUTEHUA
TpaBepTHHOB. B otnoxemmax HanbiueBckux tepm, momumo CaCO;, comepxarca Takxke
(B %) A1203 - 1941, Fe203 -122 HA8205 —10,24.

O npOHCXOXIEHHMH pPa3IMYHBIX KOMIIOHEHTOB HMOHHO-COJNIEBOrO COCTaBa YITIEKHMCIbIX
THOPOTEPM HeT eIMHOro MHeHus. Ha Haw B3rnan, HauGosee peanMCTHYHBIM BBICIAOMT Npef-
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CTaBJIEHHE : O TOM, YTO OCHOBHAA Macca XJIOpa He MMeeT JHOOreHHOH NMPHPOMbI, a IOCTYMaer
H3 MOPCKOTO COJNIEBOTO KOMIUIEKCA CeIHMEHTAIHOHHBIX GacceifHOB (B ciiyuae xe “Gepero-
BBIX’ TEPM — HEMOCPE/ICTBEHHO H3 MOPCKHX BOJ) .

Ilpu B3anmopeiicteum H,0 u CO, c CHIMKAaTaMu M B MeHbllUeH CTeneHM ¢ KapbGoHaTamy,
KOTOPBIE BCTPEYaloTCA 3eCh B THAPOTEPMATIBHO H3MEHEHHBIX TOPOMIaX, B PaCTBOP NMePexXonaT
HCO3, Ca?*, Na* , Mg* u xpemHMeBas KucoTa.

YeTBepThlii THII — a3 0THDBI € I EJTOYHBIE TepMBl — PacpOCTPaHEH ITIaBHbIM
o6pazoM B paitioHax paHHEYeTBEPTHYHOro ByiKaHH3Ma. K TepmaM 3TOro THma oTHOCATCA
B perdoHe Gonee 70 rpynn ucroynukoB. Cpeny HMX HanGonee H3BecTHble Ha Kamuarice IMapa-
TyHckHe, Haunknnckue u MankuHckue (ropsuMe) MCTOuHMKH, a Ha Kypwnax — HoGpbiii
xkmoy Ha o. Kynaump. Taxne Ttepmbt popMupyioTca B rnyGHHHOH BOCCTAHOBHTEINIbHOM 06-
CTaHOBKE, BHe “30HbI 3AMETHOTO BJIMAHMA MarMaTHICCKHX H  TepMOMETaAMOPGHUECKNX Mpo-
HECCOB, OGBIYHO B 30HaX IIMyGOKHX TEKTOHMYECKHX painoMoB. IleGuT GONBIIMHCTBA MCTOY-
HHKOB He Tpesbimaer 0661yHO 10 51fc. TemnepaTypa BOOb! Ha BBIXOME HHXKE TOUKH KHIEHMS
(o6bruo  60—-80°C). OGumit BBIHOC Temna B OTHENBHBIX ouarax pasrpy3xu 1000—
2000 xkan/c. Ha IMaparyHckom u HaumkuHCKOM MecTopoXaeHHsax GbUTH poGypeHs! CKBa-
KHMHBI, 110CIE Yer0 CYMMApHbUA IeGHT TepM Ha nepBOM M3 HUX cocTaBmil 270 11/c pH TemTepa-
Type Bon 75—88°C (MakcuMansHan TemmeparypaB ckB. 49 106°C), Ha BTopom — 12,5 nfc
(75—-82°C).

Tepmbl 3TOro THNMa HMMET HH3KOE ra30Cofep)kaHHe, HE3HAUMTENIbHYI0 MHMHEpPAITH3al(HIo
(mo 1,5 r/n), cynbdaTHO-XJIOPHAMBIA HATPMEBBIA COCTaB, NMOBHIILeHHOe cofepxaHue H, Si0,
(no 150 mr/n), menounyo peaximio (pH > 8,0) (cm. 1abn. 18—20).

leHeTHueckH 3T0 MHWIBTPalMOHHBIE BOHBI, HOHHO-COJNIEBOH COCTaB KOTOPbIX (hopmu-
PYeICA B pe3yNbTaTe BhIILETAYHBAHUA BYNKAHHUECKHX MMOPON,.

TunmvusbIM pUMEPOM a30THBIX TepM aABNAloTcA Haumimuckue Hcrounukn. OHM pasrpy-
KaloTcA Ha Gopry Haumkuucko#t pempeccHu cpegd MeTaMOpPGH3OBaHHBIX BYJTKaHOTEHHBIX
NOpon ¥ AHOPHUTOB — rpaHOTHOPHTOB HMxHero (?) MuoleHa. TepMbl npUypoYeHBI K 30He
Pa3yioMa ¥ XapaKTepH3YITCA TPEeLMHHO-KVWIIbHbIMH YCJIOBHAMM UHpKynawmn. Ilocne Gypennn
20 ckBaxaH riny6uHol mo 370 M ux o6umit meGuT cocrasun 12,5 nfc. Taxas penmumHa me-
6ura 3THX BOA OBUIa mMpencka3aHa HaMH ewle OO Hayana GypeHHs Ha OCHOBAaHMH THAPOXH-
MHUECKHX pacueToB (1o comepxaxuio Cl B pyyse, IpeHHpYIOLIEM TepManbHbie BoMbl) . Mak-
cuMarbHas Temnepatypa Bop 84°C. TazoBbiit cocTaB HauMKHHCKMX TepM NETTMKOM Tpen-
CTaBJIEH a30TOM. B HOHHO-COIEBOM COCTaBe CpefM aHHOHOB NpeoOnamaer cynbdaT, a cpemu
KATHOHOB — HaTpHil. O61ana MHHepamM3ala TepM cocraBnser 1189 mr/n, a pH > 8,4 (cm.
1abn. 19). Cnemmduueckoit yepToii MHKPOKOMNOHEHTHOTrO cocraBa Bof HaumkHHCKMX Mc-
TOYHMKOB ABNAOTCA BbicOKHe (~ 120 MKr/m) koHueHTpanuu Bonbsdpama. CymbdaTHbIi
THII MHHEPAJTU3al(KH 3THX TepM, NO-BHOMMOMY, CBA3aH C HX MMPKYIAUMEH CPEH NMPOMMIIH-
TH3MPOBAHHBIX MOPOJ M BBILIEJIAUHBAHHEM U3 HUX CYITbQHIOB.

IIaTplit TMII — METaHOBbIE TEPMAallbHbie BOAbI — LIMPOKO PAacNpOCTPaHEH B rimybOKHX
FOPH30HTaX NaJICOTE¢H-HEOTeHOBBIX OCAIOYHBIX OTNIOXKeH i 3amagno-Kamuarckoro u lleHr-
panbHo-KamuaTckoro mporuGoB, a TakXKe B HEKOTOPbIX APYrHX paioHax Kamuarku, He
3aTPOHYTBHIX HOBEHLMMH ByJIKaHMuecKHMH Ipoiteccami. Ha Kamuatie n3BecTHbl TpH rpynimsl
HCTOYHHKOB 3Toro Tuna (CapaHckue, Hmiueronvirnickne o IuHaveBckwe). Kpome Ttoro,
METaHOBble TepMbl BCKDBITHI IITyGOKMMM CKBaXHHaMM B mpenenax Boraueckoit, Boam-
NONbCKO# M XpOMOBCKO# pa3BeNOYHbIX mWiontadenn. CymecTBylor TaKkne Tepmer H Ha Ky-
PHIBCKHX OCTPOBaX, O UeM CBHICTENHCTBYIOT METAHOBble MCTOUHMKH [opsunme Kmowm Ha
o. Utypyn.

Ilo XMMHYECKOMY COCTaBY paCCMaTpHBaeMbie TEPMBbI HOBOJIBHO OMHOOGPa3HbI: 3TO XJIO-
pHAHbIE HATPHEBBIE BOMABI C O6bIYHO HEBbICOKOH MHHepaym3aumeii (go 12 r/m). B ux razoBom
cocraBe npeoGnapaer MetaH. B CaBaHCKHX MCTOYHMKaAX, HanpuMep, . CHy coctanser 79% 06.,
a B MunaveBcxknx — 75,5% 06. [JleGepes, Hexycap, 1980} . A Boa THIMYHO NPUCYTCTBHE
6poMa, HMofa, HadTEHOBBIX KHCIIOT, Mopckoe wiop-GpomHoe oTHowenne [MBanoB, 1976].
XapakTeoHbIM NPEACTaBHTENIEM METAHOBBIX TePM ABNAKTCA I'ONBIrMHCKHe  MCTOUHMKH,
ofHcaHHe KOTOPbIX AaHo Hamu no A.H. CepexwuioBy [1981]. ITH HCTOUHHKH PacliOIOXKEHBI
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y NOJHOXMHA [PEBHEYETBEPTHYHOTO ByNKaHa B AonuHe p. ['onbirnHoii. I'paben, k koTopomy
TIPHYpPOUYECHa 3Ta [ONHHA, OTPAaHHYEH CepHeil pPalIOMOB H 3aNOJIHEH PHIXIIBIMU YETBEPTHY-
HBIMM OTJIOXKEHHAMH, a TAKKE FrOJIoEeHOBbIMH GasaibTamu. QPyHOamMeHTOM rpabeHa Ciyxat
HEOreHOBble BYJIKAHWTBHI, BHIXOOALIME Ha SHEBHYI0 MOBEPXHOCTh MO ero GopraM. Buixomsl
HCTOHMKOB COCPE[JOTOYEHBI B TpeX IPYINaX, U3 KOTOPHIX 3aMajHas MMeeT HauGob A
pe6ur (mo 6 nfc) M Temmeparypy (60-—75 C). Cocras BOA BO BCeX TpyINax OJMHAKOBBIA —
XJIOPHIHBIH HAaTPHEBO-KAIBIMEBBI ¢ MMHepanu3aimeir ot 2,6 go 3,2 r/n u pH oxono 7,5
(cm. T1abn. 16, 17). B cocraBe rasa, kpome CH, (mo 55%), comepxarca takxe CO, (3—
13,4%),C,Hg (1,4-3,5%), a Taxcke N, M MHepTHbIE rasbl.

MuxpokomnoHentsl. HanGonee nosHbie cBeieHMA O MHXPOKOMIIOHEHTaX B TePMATILHBIX
Bofax Kypuno-Kamuarckoro pernoxa npusenens! 8 paborax E.A. Backosa, C.H. Cypunxopa
[1975], T.A. Tonesoit, [1974], JLII. Huxumunoi (1978], I'.A. Kapnosa [1976], I0.I1. Tpy-
xuHa, B.B. lletpoBoit [1976], JLM. JleGenena [1975], JI.M.JleGenenan op. [1980], U.A. Me-
HalnoBa M ap. [19806],C.M.Ha6oko [1980] u ppyrux HccnenoBareneii. YCTaHOBIIEHO, UTO
cofepXaHHe MHKPO3IIEMEHTOB CYLIECTBEHHO PAlIHYaeTCA B PaIHYHBIX THHax Tepm’ 06
JIacTeif COBpEMEHHOTrO ByJikaHM3Ma (1abn. 32).

B 10 %€ BpeMA B TepMaX PacCMAaTPHBaeMOro perHoHa B I(€JIOM TNOBBILUEHBI KOHIIEHT-
pauuu B, As, Sb, Hg, Rb, Cs, Ge (mna Hexoropbix THIOB Box enie ¥ Mn, Sr), a B KOHAeHca-
TaX BYJIKaHHYECKHX ra3oB — Zn, Pb, Cu, Sn u Hg.

Paccmortpum pacnipenienneHue B rufporepmax Kypuno-Kamuarckoro pernoHa Haubonee xa-
PaKTEPHBIX KOMIOHEHTOB, He OCTAHABJIHBAACH Ha GOPMAX MX MHTPALMH, IOCKOJIbKY OHH yXe
6bUTH ONHKcaHsI Bhillle (I71aBa yeTBEpTan) .

Pengkue WmWeEeNOUHBIE METajNbl NPHUCYTCTBYIOT B Pa3NIHYHBIX THIIAX TepMallb-
HbIX BoH. IIpH 3TOM HamGosee BHICOKHMH HX COREPKAHHAMH OT/IMYAIOTCA XJIOpPHOHbIE HaTpHe-
Bble TEPMbI, XapaKTepusyioumeca B o6meM cootHomenneM Li / Rb/ Cs ~ 100 /9/ 8. KoHueHT-
pauua Li B TakHMX KaMYaTCKHMX THOpOTepMax cocTapnser 0,5—6 Mr/n, B KYPWIbCKHMX —
0,5—1,2 mr/n [Ha6oko, 1980], a conepxanua Rb u Cs nponopunoHanbHbl yKa3aHHOMY OT-
HoweHmo. Beie korueHTpamuu Rb u Cs B KoHAEHCaTax ByJKaHWYeCKUX ra3os. Tak, Ha ByJI-
KaHe 36exo B HUX cogepxanocs (B mr/nm) Rb — 0,07, Cs — 0,003 [ApcaHoBa, 1974], a B na-
porasoBbIX CTpyAX DBomsumoro TpeumnHoro TonGaumMHCkOro u3BepxeHHs eme Gorbuie:
Rb — 0,78, Cs — 0,38 [Meusitnos u ap., 1977] . B kucnbIX TepMax CoOep)KaHHe TUTHA OBBIYHO
He mipeBbItiaer 0,3 Mr/i1, H JHIIL B eQMHHYHBIX CIyvyaaX (Kanboepa Y3oH) ero KOHUECHTpauus
H2 NopAHOK Bhile. C 30HOH BCKHMNaHMA MapoOTHPOTEPM COBIafaeT oGpa3oBaHHe KBapu-aay-
JIAPOBBIX METACOMATHTOB, YTO COMPOBOXKIAETCA NIEPEeXOAOM KAIHA, JIMTHA H pySUIMA M3 Tep-
MaIbHBIX BOO B MOPORY M, HAMPOTHB, HATPHA M Le3HA U3 mopoasl B sony [Haboko, 1980].

MpmpAK, CYppbMa H PTYTh IHPOKO PaCIpOCTPaHeHbI B TEPMAIBHBIX BOIAX
Kypmno-Kamuarckoro pervoHa. Kak ormeuvaer C.U. HaGoxo [1980], xummueckuit cocras
TEPM H HX OTNIOXKeHHi moaTBepxpaer As—Sb—Hg cneumanulaimpmo uayuero 3gecs rugpoTep-
MaIBHOro npouecca. B TepMambHBIX BOJaxX MBIBAK ONpeAenAercsa NoBceMecTHO. MakcH-
MaTbHble ero KoHHUeTpauuu Gutin oTMeueHb! C.U. HaGoko B XJIODHMIOHBIX HAaTPHEBBIX Tep-
Max Kanbfepbl Y3oH (25 mr/n). Beicokne conepxanusn meimbaka (7—13,5 mr/n) ompegene-
HBI TAK)Xe B ropAuMx yriexkucibix HanprueBckux tepmax [HaGoko, 1980] . MeHblle KoHLEeH-
Tpauud As B JOpYruX THmax tepM. Tak, B KHCHBIX CepOBOHOPOAHO-YTIIEKHCIBIX TepMax,
B aHHOHHOM COCTaBe KOTOpPBIX peoGafaeT XJIop, MBILUBAK COAEPXKHTCA OGBIYHO B KOJTHYECT-
Bax 0,2—2 mr/n, a B cynbdarnbix tepmax — 0,005-0,6 mr/n. OmHaxo B riyGHHHBIX XJI0pHI-
HO-CYNb(aTHBIX KHCNBIX THOpOTEpMax ByJikaHa MeHneneeBa Taioke GbUM 3aMKCHpOBaHBI
moBoimsHO BbicokHe (0,5—10 mr/n) copepxanua muiubaka [JleGenes u op., 1980]. B asot-
HBIX M METAHOBBIX TEPMAIBHBIX BOJAX KOHUEHTpauus As B LEJIOM eule Gonee HU3KaA —
0,002—0,05, XxOTA B OTAENBHBIX CIYYasnX ¥ HocTuraer 2,5—3,2 mr/n (cm. Tabn. 32).

KoHueHTpauusa cyppMb! B TepMaTbHBIX BOJAX AOCTHTaeT 4,1 (B KMCHbIX XJIOPHOHBIX TEp-
Max ByJnKaHa J6exo0), Ho o6b1yHo Hipke 1 mr/n.

10 conepanuu penxux 3nEMEHTOB B METAHOBRIX BOJAX HET NAHHKIX.
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Ta6nuua

32

CoctaBp MUKPOKOMNOHEHTOB B ruapoTepMax Kamuarkn n Kypuascknx ocrpoBoB [['HApPOreonorss...,
1972; Ha6oko, 1980; Hukurtuna, 1978; Backos, Cypukos, 1975; Meusiinos u ap., 1980a, 6]

ConepikaHne MHKPOKOMIIOHEHTOB, MI /1

I::::mpo' HcTounnku .
Br I Li Rb Cs
N, <0,1-27 <0,1-08 0,12-1,5 < 0,01-0,06 <:.0,01-0,047
HawmkuHckue 0,55 - 0,24 0,058 0,047
CO, TepMbl 1,9-10,5 < 0,1-2,7 0,6-6,0 0,08-0,57 0,023-0,84
HanviueBckne 7.8 - 5,15 0,46 0,71
N,-CO, 0,8-3,7 < 0,1-1,2 0,55-6,1 0,04-0,59 0,02-0,47
Mayxerckue 3,7 0,8 345 0,23 0,37
Bomume6an- 0,8 - 1,63 0,08 0,175
Hble
CO, naporun- <0,1-2,0 - - < 0,01-0,02 -
pOTEPMBI
BepxHexkolile- 2,0 - - 0,02 -
JieBCKHe
H,S-CO, <0,1-29 <0,1-0,7 <0,01-2 0,018-0,78 < 0,01-0,38
Ton6Gawmk, 29 - - 0,78 0,38
KOHAEHCAT
D6exo - - 0,05 0,07 0,03
Huxaiemenne- 7.4 0,7 0,98 0,50 0,18
neeBCcKHe
Ta6nuua 32 (OKOHYaAHHE)
ConepxaHne MMUKPOKOMITIOHEHTOB, MKT /N1
TT:;nMrunpo- HcrovHnKK onep il !
Hg Cu Zn Pb Cd
N, <0,001-0,5 <0,1-68 <0,1-350 <0,1-86 <0,1-11
HasmxuHokae — 5 25 10 -
CO, TepMbl <0,001 <0,1-50 <0,1-37 <0,1-21 <0,1-17
HanbklueBckie — 2-6,3 5-37 1-17 2-17
N, -CO, 2,5-50 0,1-83 5-90 0,9-78 <0,1-160
IMayxerckue 0,4 32 - 29 -
Bonsine6an-  — - 5 40 -
Hble
CO, nmaporua- - 12-310 83-200 0,4-166 <0,1-3
poTEpMBI
BepxHexolle- — 207 83 166 -
NieBCKHe
H,S-CO, <0,001-72 10-4700 200-8000 10-32000 <0,1-400
TonGauuk, 1,5 4700 7700 450 400
KOHAEHCAT
J6exo - 350 1780 970 14
Huxaemenpme- — 2000 8000 750 120
JiIeeBCKHe

PTyTs — [OBONIBHO PacHpOCTpaHEHHbI KOMIOHEHT TepMambHbIX ¢mionaos KaMyarku H
Kypwimsckux ocTpoBOB. MakcuMansHoe conepxatye Hg (0,072 mr/n) 6buio ycTaHOBJEHO
B KOHJeHcarax BbicokoTemrepatypHbix (500 C) ¢dymapon BynkaHa MymHosckoro. B koH-
neHcarax ¢(yMapoJbHBIX rasoB BYJIKaHOB bessimsannoro, IllinBenyu, ABauMHCKOro, a Takxke
B rasax GazanstoBoro pacrapa TonGaumka comepxaHua pryTH KoneGmoorcs or 0,001 no
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CopepxaHue MUKPOKOMIIOHEHTOB, Mr/n

Ba Sr As Sb v Cr Mn
<0,01-0,7 <0,01-15,2 0,002-3,2 < 0,0001 < 0,000t <0,002-1,74 < 0,01-29
- - 0,5 - — - —
< 0,01 < 0,01-15,0 0,03-13,5 <0,0001-0,225 < 0,0001-0,5 < 0,002-0,9 < 0,01-50
- - 7-13,8 0,225 - 0.005 24
< 0,01-0,084 < 0,01-0,45 0,5-25 < 0,0001-0,84 < 0,0001-0,84 < 0,002-0,32 < 0,01-45
0,029 0,037 7.5 0,285 0,64 0.32 0,04
- - 0.5 - - - 0,06
< 0,01-0,21 < 0,01-6 0,01-0,15 < 0,0001-3 < 0,0001-0,012 0,003-0,207 0.04-04
0,21 0,06 0,15 - 0,086 0,207 1,2
<0,01-2,2 <0,01-2,6 0,005-19 < 0,0001-11 0,003-7.,5 <0,002-0,249 0,1 -23
- - 19 11 - 0.02 0.24
2,2 2,6 0,6 4,1 0,5 0,225 19
- - 10,0 0,012 - - 232

CopepxaHue MUKPOKOMIIOHEHTOB, MKT /)1

. 8n Ag Mo Co ~ Ni w Ge
<0,1-5 <1-38 <1-100 <0,01-7 <0,1-90 <0,5-120 <0,5-30
- - .30 - - 120 -
<0,1-36 <1-5 <1-1350 <0,01-360 <0,1-204 <0,5 <0,5-27
36 5 1350 360 45 - 27
<0,1-47 <1-30 14-140 <0,01-70 <0,1-100 <0.,5-80 <0,5-84
30 30 29 22 64 64 14
- 8 20 - - 7-16 2
<0,1-6 3-20 <t-1 <0,01-13 3-20 - <0.5-3
6 14 1 13 14 - _
<0,1-110 <9-20 0,7-300 2-138 3-260 - <0,5-15
110 16 - 14 260 - —
- 119 138 - - -

4

0,006 mr/n. Boobue pryTh, Kak mokasanu MccrnenosaHua H.A. Osepomoit ¢ coaBTropamu
[1971], wacTo mpucyTcTBYeT B ra3’oBoit ¢ase ByIKaHHYECKHX IKCTaAumi BynkaHoB Kam-
vatkn (3-1077 — 4-107° r/mM®) M BO BKIIOUEHHAX B IKCTAIALHMOHHON ‘cepe. Bbicoxue
KOHIEHTpAlMH PTYTH OGHapy)<eHb! B LIENOYHBIX TeDMaX Kanbdephl Y3oH (mo 0,05 mr/n)
M B YIIeKHCNBIX rasax Haneraescinx ucrourukos (1,8-107° r/m?).. OGbIHO e KOHIEHTpa-
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uuu Hg B Bopmax pernona He mpessiuator 0,002—0,005 mr/n. HecMOTpA Ha TakHe HHM3KHe
KOHUCHTPAlIHH, B OCalKaxX TE€PMAJIBHBIX BOA M B THAPOTEPMAJIbHO M3MEHEHHBIX MOpodax
PTYTb HaKaIUTMBAeTCA BIUIOTH HO O6Pa3s0BaHHA PYIHLIX MUHEPAJIOB.

MBIbAKOBO-CYPbMAHO-PTYTHAaA CyNbGHIHAA PYAHasA 3a/eXb, CBA3AHHAA C Pa3srpy3Koi
COBpEMeHHBIX [HApPOTepM, HaiiieHa B Kambaepe Y3on [Ha6oko, 1980]. dromy pymonposs-
JICHMIO CBOMCTBEHHBI M NOBBILLECHHbIE KOHIEHTpalMM cepeGpa, XapaKTepHble TakXe M [UIA
KPEMHMCTBIX OCalKOB TEPMAIBHBIX BOJ M METaCOMATHTOB APYFUX THAPOTEPMANbHbIX CHC-
T€M, Ifle Ha BbIXOJAE TepManbHbIX BOJ (POPMHUPYIOTCA MBILLILAKOBO-CYPbMAHO-PTYTHBIE CYIIb-
dupHbie pynomnposiBneHna. CepeGpo M 30N0TO NePEeHOCWIMCh B HapaxX BOObI M IaIOMOHBIX
KHCITOT H COXPaHAIMCh B CONAHOKHCIIOM KOHJeHcaTe JeTyuux 6a3anbToBoro pacmwiaBa bosnb-
woro TpemmHHoro Ton6aunHckoro u3BepkeHus. ComepxaHne Au B 3TOM KOHJEHcaTe JOC-
turano 0,05 mr/n [Meusitios u ap., 19806] . B kucnex (pH = 0,65) cynbdaTHO-XTOPHAHBIX
TepMax BynkaHa JI6exo oGHapyxeno 0,0016 mr/n Au [[onesa, 1974). Cepebpo noBonbHO
YaCTO COMEPIKUTCA B TEPMATbHBIX BOMAX perHoHa B KoOHueHTpaumax or 0,0003 po 0,038,
IIP[IHB] B eIHHMVYHBIX CiTyyasx pocrurasa 0,2—0,3 mr/n [Backos, Cypukos, 1975; HaGoko,
1980} .

Menb, UKHK, CBHHEI HAPYTHe XaIbKOPWIbHBIE TEMEHTHI COIEPXKATCA BO BCEX
THHax rugpoTepM Kamuatku u KypHnibCKHX OCTPOBOB B He3HaUMTENbHOM KONMYecTBE (0GBIN-
Ho < 100 MKr/1), B TO BpeMA KaKk B KOHAEHCATaX BYJIKaHHUECKMX HyMapos HX KOHLEHTpa-
IMA CpaBHHUTENbHO BbicoKa. Tak, B ynerpakucnsx (pH = 0,4—0,6) ranowmibix KOHOEHCaTax
razoB Bonpbuioro rpeumnoro TonGauuHckoro ussepxekus comepxanue (8 mr/n) Cu mocru-
rano 4,7, Zn — 7,7, Pb — 0,45, a B KHCNIBIX TepMax ByJkaHa J6eko — cooTBeTcTBeHHO 0,35,
1,78, 0,97. AHOMabHO BBICOKOE COOepXKaHue cBHHIA (32 Mr/n) oGHapyXeHO 3[ech B KOH-
pencarax ¢ymapomt Pepywein [Backos, Cypuico, 1975]. IlopbluueHHble KOHIEHTPALMH
Cu, Zn, Pb otMevaloTcs ¥ B ITYGHHHBIX XJIOPHOHO-CYIb(ATHBIX KHUCITBIX THAPOTEPMAX BYITKa-
Ha MeHpeneesa. Tak, no gauxbiM JLM. JleGepena u ap. [1980], conepkanue Zn B 3THX Tep-
Max cocrasiser (B mr/n) 3,5—8,Cu —2uPb—0,15-0,75, mpHueM KOHIEHTPALHH PouZns
BOIAX YBEIIMYMBAIHCh B NEPHOABI CEHCMWYECKOH aKTHBHOCTH WIH Niepel H3Bep>KeHHEM ByIl-
kaHa Tsars.

KoHneltpauun Cu ¥ Zn B ocagkax HaxoAaTcA oGbIYHO Ha YpOBHe KJIapKa WM HHXe, B
T0 BpeMs Kak Pb Gonee akTHBHO NMepeXOAMT B OCallOK ¢ Cy/bdaTaMH M I'MIPOOKHCIIaMH.
B Apo3MTaXx M JIMMOHMTAX, OTKJIabIBAEMBIX KMCNBIMH BOAAaMH BYJIKaHa MeHpeneeBa, comep-
xurca oo 0,5% sec. Pb [Ha6oxo, 1980] .

Keneszo, MapraHen, THTaH NHPOKO PAaCHPOCTPaHEHb! B TePMAIbHBIX BOJAX
oGnacreii coBpeMeHHOTO ByJKaHu3Ma. CofepokaHus xene3a konebniorcsa or 1-3mr/n go 3r/n.
Han6ormblme ero KOHUEHTpauyH HaGMIONAIOTCA B KHCIBIX (YMaponbHBIX TepMax (mo 1—
3 r/n1). B yrnekHcisiX TepMax KOHUEHTPAUMHM Keneda coctapnsoT 10—20, a B wmeouHbIX
230THBIX U a30THO-YTJIEKHUCIIBIX TEPMaX OBBIYHO He mpeBbiwaoT 1—2 Mr/m.

Maprasen B KuCibix ¢$yMapoOJIbHBIX TepMax COHNEPKHTCA OObIMHO B KojimyectBax ot 0,1
0o 2, HHOraa [0 23 Mr/n. AHOMAIBHO BLICOKHE KOHNeHTpauun Mn (50 mr/n) ormevarorcs B
yrnekucnsix Tanoseix uecrounukax (pH = 6,5). B 1ieliounbIX TepMax ero cofiepXaHHe B Ipe-
genax 0,01-3 mr/n [Ha6oko, 1980] .

CoflepkaiHe THTaHa B LIETIOTHBIX TEPMAX XJIOPHAHOro cocraBa ot 0,018 fo 2,6, a B cym-
¢darHbIX Tepmax — ot 0,005 mo 0,5 mr/n. B xucnbix ¢pymMaposbHBIX BOLAX €ro CoAepxaHue
Konebnerca B IWIMpOKOM Auana3oHe — ot 0,008 mo 37,6 mMr/in B KoHAeHcaTte $yMapOILHOTO
rasa Ha CeBepO-BOCTOYHOM IOJIe BynkaHa I6exo [Backos, Cypukos, 1975]).

B ovarax pasrpy3kH ropAuMx YDIEKHCIbIX XJIOPHOHBIX HaTpueBbix HanbreBckHX TepMm
dopmupyerca apGOHaTHBIN KeNne30-MbILBAKOBLIH T'MOPOOKHCHBIA THN PYHOONPOSBIICHHS.
B 3THX OTNOXEHHAX, NOMHMO MBIUIbAKA, OTMEYAeTCA MOBBILIEHHOE COHNepXKaHHWe XKeje3a M
MapraHua, a (Fe + Mn)/Ti mogyns coctaBnser 209—382. Boicokue 3Ha4eHMA 3TOrO MOAYNA
OTMEYAIoTCA B CYJIbAaTHBIX H XeJIe3HCTBIX 0CaliKaX, a TaKXKe B OCalKaX KMCJIBIX XJIOpHOHO-
cynbbarHeIX ¥ CyNbaTHBIX TEPMANBHBIX BOM, AKTMBHBIX BYJIKaHOB H OCOGEHHO B MHHeEpajib-
HbIX B3BECAX KUCIIBIX pevueK Ha BynkaHe I6exo [Haboko, 1980].

Monu6noeH Bcrpedaercs BO BCEX THNAX BOJI, XapaKTepHBIX WA BYJIKaHHUECKHX pai-
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oHoB Kamuatku u Kypuibckux ocrpoBos. Ero comepxanns B KHCIbIX $yMapoObHbIX TepMax
or 0,0007 po 0,3, a B wenouHbIX TepMax — B mpemenax 0,02—0,06 mr/n. CpasHHuTeNBHO
BBICOKOE cofmepkaHue Mo Habmonaercs B yriaekHcabx HanbiueBckux tepmax — 1,35 mr/n
(cMm. Tabn. 32).

Hukens U KxKo06anpT o0GHapyXeHbl B OYeHb He3HAYHTENIBHBIX KOJIMYECTBAX B
KHcnbIX dyMapombHbix Tepmax (B Mr/n) : Co — 0,002—0,138, Ni — 0,003—0,26; B a30THO-YT-
JIEKHMCITBIX LIEJIOYHBIX XJIOPHIOHBIX HaTpueBbIX Tepmax Co — mo 0,07,aNi — o 0,1; Gombiue
Co B yITIeKHCIIBIX XJIOPMIHDBIX HaTPHEBBIX Tepmax — po 0,36, Ni — o 0,2.

F'epMaHH# BCTpeuaeTca KaK B KHCJIBIX, TAK H B LIEJIOYHBIX TepMax. B nepprix ero co-
nepxanue oObruHO He mpessiiaer 0,015, a Bo BTopeix — 0,03 Mr/n. AHoMansHo Gormbime ero
3HaveHua (0,084 mr/n) onpenenennt C.M. HaGoko [1980] B Hmkueananenscikmx tepmax.

Baunapgnit BHauGomumx konuuecrsax (0,5—0,84 mr/n) oGHapyXeH B CepOBOAOPOA-
HO-YTJIEKMC/IBIX M a30THO-YIJIEKHCIIBIX T€PMaX, FeHeTHYECKH CBA3aHHBIX C MAarMaTHYECKHMH
npoueccamu. B.H. Xomomos [1973, 1975] Beinenun BaHagueBYI0 NPOBHMHLMIO THXOOKeaH-
cxoro noGepexnA. B yacTHocTH, Ha Kypwmbckux octpoBax M B fIOHMM 3Ta IPOBHHUMA NIpen-
CTaBJIeHa MHOTOYMCIIEHHBIMH COBPEMEHHBIMH NpPHGPEXHO-MOPCKHMH | pOCCHINAMH BaHaaue-
HOCHBIX THTAHOMarHeTHTOB.

Bonbdpam BCTpedaerca B NOBHIIEHHBIX KOJNHYECTBAX B IIENIOYHBIX THAPOTEPMAX,
dbopMHpyIOILMXCA Ha y4acTKaX pa3sBHTHA Nopop Kucioro cocrasa. HamGonbpume ero 3Have-
HuA (~120 mxr/n) o6HapyeHb! B HaUHKHHCKHX 230THBIX LUENIOYHBIX TEPMANBHBIX HCTOUHH-
Kkax. [opbieHHpIMH KOHUeHTpauMAMH W (X0 64 MKT/N) XapaKTepH3YIOTCS aHaJOrMYHble
IO COCTaBy M TeMIleparype BepxHemaparyHCKHe TepMBl, a TaKXKe a30THO-yriexucisle [lay-
eTCKHe NaporuapoTepMBl.

B uenom ruppotepmbl Kamuatku 1 Kypwibckux ocTpoBOB 0GHApYXUBalOT ONpeAesIeHHYIo
CTICHHAJIN3ALMIO N0 COIEPHKAHHIO PA3/IMUHBIX MHKPOKOMIIOHEHTOB.

IInA cepoBOOOPOAHO-YTIIEKHCIIBIX (PYMAPOJIBHBIX TEPM, a TakKe KOH/IEHCATOB YITIEKHCIIO-
AMMOHMHBIX MApOruapoTepM HauBojlee XapaKTepHbBIMH KOMIIOHEHTamMu ABJfIOTCA Zn, Sn,
Pb, Cu, Hg, Fe, Mn, Al, As, Sb.

B a30THO-YrneKHCHbIX XJIOPMRHBIX HaTPHEBLIX TepMax OTMEYAlOTCA NOBBIlIEHHbIE coflep-
xaHua B, Br, Sb, Hg, Li, Cs, Rb, Ge, As n noHwkenHble koHuenTpaumu Cu, Zn, Pb n opyrux
xanbKOQWIBHBIX IeMeHTOB. B maporuaporepMax CynbghaTrHO-XJIOPHAHOTO HaTpHEBOTO
COCTaBa OTMeEYATCA MOBbIleHHEIe conepxanusa F, As, Sb, V, W, Cd u Ge.

TopsuMe yrneKuCible XJIIOPHOHBIE HaTPUEBEIE TepMbl (HAIBIMEBCKOTO THNA) COMEPXKaT B
NOBBILLEHHBIX KOHUEeHTpauusax Rb, Cs, Sr, As, Sb, Br, B, Mn, Mo, Co, Ni ¥ B HM3KHX —
Cu, Zn, Pb,Cd.

s a30THBIX TepM XapaKTepHO MpHCYTCTBHe As, B, Li, Cs, Rb, Ge, W, Ho B Gonee HU3Kkux
KOHIEHTpaUHMAX, YeM B PacCMOTPEHHbIX paHee THmax BoA. OmHako [JIf HEKOTOPBIX FHAPO-
tepM 3toro THna (HauMKHHCKHX, BepXHemapaTyHCKHMX) OTMEVAlOTCA HeOOBIMHO BBICOKHE
KOHIEHTpaluy Boibdpama.

H3orommsiil cocraB KoMNoHenToB ruaporepM. B nocnennue roppl B Kypuno-Kamuarckom
perMOHe HAaKOIUIEH ROBONBHO GOMBILON MaTepHasn 1O CTabWILHBIM H30TONAM HEKOTOPbIX
CNIaBHBIX W BTOpOCTenmeHHplx kommoHentoB (H, O, C, S, He, Ar) TepManbHBIX BOJ, M ra3oB.
PaccMOTpMM M3 3THX AaHHLIX HauGonee HHGOPMATUBHbIE 1A PEIEHHA TeHETHYECKHX Mpob-
neM.

Fenuilt Hero H3OTONMHLINA COCTaB GbUI MPOaHANMU3UPOBaH 61arofapsa yCWIHAM B OCHOB-
HoM neHuHrpapckux uccnenosarteneit -(MJI. Kamenckuit, H.H. Tonctuxun, b.A. MambipuH,
E.A. Backos u np.) npu yuyactuu cotpymauxkos 'MH AH CCCP (b.T. Ionsak, B.A. Hibun
H aBTOp), a TaKke KaMuarckux BynkaHonoros (E.A. BakuH, A.M. Poxkos, 10.11. Tpyxum).
Ilpy 3TOM HCCENOBAMUCh KAK THOPOTEPMANIbHBIE M BYJIKaHHUeCKHe (IIIOHMbI, TaK H ra3bl
PErHOHAIBHBIX TUIACTOBO-TPEILMHHEIX BOMOHAMOPHBIX CHCTEM, a TaKXXe HEKOTOpbIE ra3omnpo-
ABJIEHUA HesICHOro reHesuca. Becero Gpuio onpoGoBaHo 39 oGbekTOB M chenato 85 onpenese-
HHil M30TOMHOro cocrasa renusa [Toncrmxud u mp., 1972; Kamenckwuit u gp. 1976; Polak
et al,, 1976)] . BonblLMHCTBO HCCIIENOBaHHBIX 06beKTOB HaxoauTca Ha Kamuarke (puc. 21),

onuH Ha o. ITapamyimp u 10 Tpu — Ha octposax Urypyn u Kynaump.
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Puc. 21. H3otomnsit cocras He B raszax Kamwarky,
no W.H. Tonctuxuny, B.A. Mamsipusy, E.A. Backo-
By u 1p. [1973], ¢ no6aBneHuAMU

1-3 — nyuxTe 0T60pa NPOS: B TEpManbHBIX dilfo-
unax (1), B nop3eMHBIX BOMaX pPerHOHAIBHOTO pac-
npocTpanenna (2), B ra3ax HeM3BeCTHOrO rexesuca (J3)

Bouto ycranoBiyieHo, ut0 B npenenax LleHr-
panbHOH M Bocrouno#t Kamuatku Bce dimowsbl,
HE3aBHCHMO OT 0COGEHHOCTEH HX ra3oBOro COC-
TaBa M reHe3Wca, COHepKaT reJiMi ¢ BBICOKMM
H30TONMHbIM OTHOLIeHHeM (T1abn. 33).B cpenHem
3He/*He = 7,4 - 107° [Ilonak, Tonctnxun, Axy-
ueHd, 1979], a MakcuMaibHble 3HAUYEHHSA

60

e/ *He-r0-6 | T 2 3 o] . pocturaior 1,1 - 107°. 310 cBHOeTenbCTBYeT
112 O TpUCYTCTBHM BO GIIOMOaX TeUA COB-

>1.0 - |a peMEHHON MaHTHH, The 3He/*He ~ (3 £ 1) x
10-1.4 | —|a x 107°. Takoit remuii BbIHOCHTCA W3 MaHTHH
WETIR PY P MarMaTMYeCKMMH  paclUlaBaMH M JIeTyuH-
MH 9MaHauMAMH B Tpotiecce ¢GOpMHUpPOBaHHA

>8.0 @ - 3¢MHOM KOpBI M BAIOCNEACTBHM MOCTyMaer

B CBOOOOHBIE MOA3EMHbIE q)moumﬂ'. Bbi-
COKasi  BeIMYMHA  TEIMEBOro  M30TOMHOIO OTHOLIEHMA, HaAOMOJaoILaAca BO  ¢poH-
TaIbHOM YacTH [yr¥, TOBOPHUT 00 OTCYTCTBHMM 3[€Ch 3peJIOr0 KOHTHHEHTAJIbHOrO TpaHMT-
HO-MeTaMOpGHYECKOro Clos — TOCTaBUIMKA PaIHOreHHOro KOPOBOTO refius ¢ HU3KHM H30-
TomHpIM oTHOlIeHHem >He/*He = (2 £ 1) - 107, 310 3axrouenue NONHOCTBIO COTNIACYeTCA
C HaHHBIMH HOBEMIIIET0 TEKTOHHYECKOro aHaJin3a, COrjiacHO KOTOPBIM 3TH paiioHbl Kamuarku
CUMTAIOTCA 30HOW COBpeMeHHOTro ¢OpMHpPOBaHHA KOHTHHEHTalbHO#H Kopbl. HanmpoTtus, B ByIN-
KaHWYeCKM NMACCHBHBIX cerofHs pailoHax 3amamHoit KamuaTku, rae, mo TeM ke reonoruue-
CKMM JaHHBIM, CTaHOBJIEHHE KOHTHHEHTALHOIO rPaHUTHO-METAMOPHHYECKOTO CJI0A 3aKOH-
YWIOCh He Mo3fHee NMO3MHero Mena, BemuunHa > He/*He B momseMHbIX ¢dmonagax ropasmo Hu-
xe — 1o (0,5—1,0) - 1077 310 oTpaxkaeT npouecc MOCTENEHHOro CTUPaHUA MaHTHIHON H30-
TOMHOI METKH MCXOOHOTO BellleCTBa KOpbI reHepanueil paaMoreHHOro remua. Peskuit cnag
3nauenuii otHoweHus > He/* He ¢ BocToKa Ha 3anaj XopowIo BUAEH Ha puc. 21.

C e p a u ee u3oromslit cocraB B Kypwio-Kamuarckom peruore usyvyanuce B.W. Bumo-
rpagoBbiM [1970, 1980] . Ha KamuatckoM MOIyOoCTpoBe HM HCCNEdOBAIMCH BYJIKaHbI MyT-
HOBCKMH, ABavya, be3piManHbI#, llluBenyu u rugpoTrepManbHble cHCTeMBI [layerckas, Y3o0H,
Teitzepnas u Ilaparyrckasn, Ha Kypwibckux octpoBax — BynkaHsl 36exo, MeHpeneesa, I'o-
noBHMHa, Anaup u runporepmsl I'opsivero IDnsxka Ha o. Kynammp. Kpome BeapimsuHOro u
Ananna, Bce BYJIKaHBI ONMPOGOBAINCh B MEXMAPOKCH3MAILHYI0 CTAIMI0 aKTUBHOCTH. OGBIU-
HO MCCJIENOBANINCh TepMarbHble DIIOMOBI KPaTepHbIX MOJIeH, HO Ha BYJIKaHe MeHneneepa Gvi-
JIH U3YYeHHI ellle U TePMOMPOABIIECHUA Ha BHEIIHUX CKJIOHAX M Y €ro MOJHOXHA.

Kak BugHo u3 1a61n. 34, B BynkaHax Kypuno-Kamuarckoro pernoHa okHcIeHHbie (GOPMBI
cepbl COMEpXaT [OBOJBHO MHOTO TAXENOro W3oroma. Ha mecTw w3 3tux BynkaHo 534S
OKHCJIEHHO# Cephl JIKHT B OuanasoHe +9,0 ++29°/,, (30 onpeneneHwuii) ¥ ML Ha ABYX —
MyTHOBckOM M MeHneneesa — B muamasone —7,0 + +20%/40 (10 ompenenenuir). Takoe
noHwkenue 3HaveHuit 63%S B 3THX BynKaHax MoXeT GbITh CBA3aHO C MHTEHCHBHO Mepepa-
6orxoit ¢yHOaMeHTa MOCTPOEK ApeBHEH IMAPOTEpMATIbHOM HeATeNIbHOCTBIO, NpHBEIled K
o0pa3oBaHMI0 B MOpolax CynbOHOOB ¢ OGNIEryeHHBIM OTHOCHTENIBHO HCXOOHOIO M30TOMHBIM
COCTaROM, Cepa KOTOpOTrO HbIHe OTATh BOBJIEK2eTCS B BYJIKaHMYeCKHH mpouecc. B nenom

! B rasax Bonbuoro TpeumuEHoro TonGaunHcKoro H3Bepeansa [Mensitnos H ap., 19806] 6eutn 3aduxcu-
popaHbl Gonee HH3KHe 3HaueHns >He/*He = (1,0-1,8) - 10°¢, 6mu3kue k armocdepHbiM. Ho koHueHTpa-
UMA TenHA B 3TUX NOPOJAX Ha NOpANOK Bhillie, YeM B arMocdepe. OueBHOHO, B Npotiecce H3BEPXEHHS BY II-
KaHHYeCKKe 3MaHallMH C BBICOKHMM H30TONHBLIM OTHOLLIEHHEM CHIILHO 3arpA3HAITCA (pa3baBiAloTca) 3dech
KOPOBBIM TellHeM.

122



Ta6nuuma 33
Haotommwtii cocTas resns B TepMansubix dnonaax Kamyarku

THR ruapoTepMm HICTOYHMKH 3He/*He - 10°*

H,S-CoO, CeMAYHHCKHE 7,4-9,9
Y3oHCcKHE 6,3-11,3
KuxnuHurieBcKHe 9,2
CeBepo-KambaneHsie 7.8-11
MyTHOBCKHeE 10

N, -CO, Honmuna Teft3epon 9
IMayxerckue 6,9-9,1

Cco, HiwkHexolenesckue 8,7-10,7
CeBepo-MyTHOBCKHe (IlauHbie) 7.4

Cco, HampiueBckue 8
Myupmscxue 8,2-10,3

co, Mankutickue (xononusie) 6,6

N, Maparynckue 6,9-8,7
Onansckue 6,0
XonyTKHHCKHe 9,5
O3epHOBCKHE 8,3
MankuHckue (ropsaune) 6,2—-8,0
AnaumHcKHe 6,5

CH, [TmHavyeBckne 4,9
CapaHckue 6,0-7,0
TonsruscKme 8,3

e UMemoLIMecs NaHHble CBHOETENbCTIBYIOT, YyTo B Kypwio-KaMyaTcikoM 3BeHe CHCTEMBI OCT-
POBHBIX AYT B BYJIKaHHUYeCKHH MpOLECC BOBJIEUEHa ~"KOPOBaA’™ cepa ¢ H3OTOIHBIM COCTABOM
cepbl Mopckoro cyrnbdara.

Ha mectopoxnennn I'opsauuii Ik y nogHoXMA BynkaHa MeHpesleeBa NPOMCXOIMT AaKe
NOATATHBAaHHKE COBPEMEHHBIX MOPCKHX BOJ B FHAPOTEPMATbHYI0 CHCTeMy. B pesynbrate 534S
cynbdartHoi cepbl 3aech +17 + +29°/,,. OueBMOHO, MO TOM ke NMpHUMHE Ha O. ATacoBa B
MCTOYHMKAX JIMTOpPATH, OGHADY)KEHHBIX NPH M3YYeHWH M3BepXKeHHs BynkaHa Ayaun, 634S
cymdatHoit cepbl coctapnser +17%/40 (B Bmcoxoremneparygumx ’e BO3rOHAaxX Ha CBeXei
TnaBe 3TOro M3BepXeHus, cobpannbix E.A. Bakubim, 5348 = 12%/4,).

B Opyrux xaMuyaTCKMX BYJKaHaX, JOCTaTOYHO YOATEHHBIX OT MOpA, YTOGHI Mpennonarars
BO3MOXXHOCTb NIPAMOrO MOACOCa MOPCKHX BOJ K TEIUIOBOMY O4Yary, COCTaB OKHMCJICHHOM ce-
pI etuie Gonee “TKeNbIH”.

Hccnemopanug, nposepennrie B HoBoit 3enanmmm [Steiner, Rafter, 1966; Wilson, 1966],
MOKAa3aJIM, YTO H B 3TOH OCTPOBOLYXHOH CTPYKTYpe B BYJIKaHHYECKHI H IHIPOTEePMalbHbI
TpollecC aKTHBHO BOBJIeKaeTcsi “kopoBasa’ cepa. [lo-BHAMMOMY, B mpoluecce CTaHOBJIEHHMA
KOHTHUHEHTAJIBHOH KOpbl B NpelleflaXx OCTPOBHBIX OYT BYJIKAaHOreHHO-OCaflouHble (opManuy
aCCHMIIMPOBAIIH CEPY MOPCKOIO COJIEBOro KoMIUlekca. B Hacrosiuee Bpema oHa BOBJIEKaeT-
cA B IMAPOTEPMAIbHBIA M BYJIKAHMYECKHMH NMPOLECCHI B TAKOM KOJHYECTBE, YTO HE YHACTCA
Ha[eXKHO BBIIEIMTH Ha ee (oHe BeHWIbHY10 KoMnoHeHTy [Ilonsak u mp., 1977].

AproH Hero H3oromsi cocta B Kypuno-KamuarckoM peruoHe yoMHHAIOTCA B pA-
e paGor [YepasiHues, llluros, 1967; Bombmen u np., 1971; Kamenckuit u mp., 1976;
Backos, Cypukos, 1975; MeHsitnos u ap., 1980a; Cmenos, 1980].

B GonprunHCTBE Mpob ra3oB kak GpyMaponbHbIX CTPY#, TaKk H TepManbHbIX HCTOYHHKOB ap-
F'OH [I0 U30TOMHOMY COCTaBY MAEHTHYEH BO3OYILIHOMY.

B rasax xanspepsi T'onopHuna B.B. UepnpiHues u 10.B. llutos [1967] of6Hapyxuin H3Gsr-
10K 3% Ar N0 CpaBHEHMIO ¢ €ro COIepXKaHHeM B aTMOC(EPHOM aproHe, 4TO, N0 MHEHHIO 3THX
HCCTIeOBaTeNIeH, FOBOPHIIO O MAaHTHITHOM NPONCXOMHECHHH 3THX ra3oB. OIHAaKO MpOBedeHHbIE
3pech xe Gosee mospmHue Hccneposahua C.B. Cmenopa [1980], npoananu3yposasilero uso-
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Ta6bnuuga 34

H3oronnmiit cocTas cepbl B OKHCIIEHHBIX ee coeiuHennAx Kypuno-Kamuarckoro pernona [Bunorpaaos,
1980]

Yucino onpe-

O6BbeKT ucCIenoBaAHHA 5348 -
aeneHnn
BynkaHsl
lllusenyy, napora3sopas crpya +12++29 8
Be3niMAHHBINA, TO Xe +11 ++22 6
AsBayuHCKHi, +9 =428 4
MyTHOBCKHi, -7 ++11 7
J6eko, ” +10 ++28 8
AJsaup, BO3TOHBI Ha JIaBe +12 1
Anaun, 8oLl HCTOYHHKOB JINTOpAITH +17 1
MenpeneeBa, BO/ta HCTOYHMKA +10 ++18 7
T'onopHuHa, napora3opas cTpys +11 ++420 3
TepManbpHbe BOAB

Mayxerka +10,6 ++13,7 7
Hoymua I'efisepon +11,3 ++14,4 4
Yaon -0,5 ++22,4 8
IMaparynka +6,8 ++12,1 6
Topaumit Thnsax +17 — +29 6

TONMHBIA cocTaB aproHa B 30 mpo6ax, MOKa3aiH, YTO €ro MOXHO OOBACHHTL (PPaKIUHOHHPO-
BaHHEM HM30TONOB BO3NYIIHOro aproHa. Hexoropsie TepmanbHbie dmonaer Kamuatku u Ky-
PWIBCKHX OCTPOBOB OKa3aJMCh MO CPaBHEHMI0 ¢ Bo3myXoM oGorameHHbiMu ‘®Ar [Kamen-
CKMIi ¥ 1p., 1976] . OcoBenno penuico orHowenue *®Ar/>¢ Ar B rasax Bompuworo TpewmHo-
ro TonbauHHCKOro U3Bep>KeHUA, rae OHo Aocturano 372 [MeHsinos u Ap., 1980a] . Cunraer-
CA, YTO B MaHTMHHOM aproHe 310 oTHouIeHMe 6nu3ko k 500. Ho, nockonsky aproH xopsl To-
xe oboramen (no cpasHenwo ¢ Bo3nyxoM) *®Ar u3-3a pacmama comepxamerocs B Heii *°K,
crenarh OMHO3HAuHble BBIBOABI O reHe3HCe ra’joB, OTIIMYAIOIMXCSA M3GBITKOM 3TOTO M30TO-
N2, OCHOBHIBAACh TOJIbKO HA ITOH MX GCOGEHHOCTH, HENb3s1.

Kaprsl MHHePaJIEHBIX H TEpMANBHBIX BOX KaMuaTku
H KypHnuckHX ocTpoBoB

AHanm3 reonorudecKux, reoTepMHIeCKHX, FHAPOreoNOrMYeCKHX ¥ THIPOXHMHYECKHX OCO-
6errocteii Kamuatkn 1 KypHibCKHX OCTPOBOB NO3BOJIWI HAM COCTaBHTh H [UIA 3TOrO paioHa
KapThl MHHEPATIBHBIX K TEPMaJbHBIX BOA (PHC. 22, CM. BKIL., 23) . ITH KapThl COCTAaBJICHbI IO
TO# Ke JIereHMe, T0 H MeXIyHaponHas KapTa MHHe paJIbHBIX H TEPMANTbHBIX Bof EBpornsl, uc-
TMaHACKH#H PpparMeHT KOTOpOil GbUT ONMHMCaH B FiIaBe YeTBEPTOM.

Ha teppuropmn Kamuarku Bhinenserca psif THAPOreoIOTHYECKHX CTPYKTYD, K KOTOPBIM
NPHYpOUeHO MATh NPOBHHLUMA TEPMOMMHEPATbHBIX BOJL pa3/IHIHOrO reHe3uca.

TIpoBuHIMA 230THBIX TepM. ITH TEPMBI PaCIpOCTpaleHbl B MpENENax HANOXKEHHbIX BYJIKa-
HUYEeCKHX GacceWHOB BOCTOYHOH M UEHTpalpHOH KamMuaTKkM M rHOpPOreosIoTHYECKHX Maccu-
BoB Kponoukoro, Kamuarckoro u lilunmyHckoro nonyocrposoB. GopMHpPOBaHHE TAKHX TEPM
CUMTaeTCA CNEACTBHEM IJIy6oxo#l LIMPKYIAUMH BOA B (OHOBOM reoTEMIEPaTyPHOM MOJE.
Hx teMneparypa y mHeBHOH NOBEPXHOCTH HIDK€ TOYKM KHIEHMA, 2 BHIHOC ToUla B oyarax
Pasrpy3KH He nMpeBbiiaet o6brmo 10° kan/c.

ITo ocoGeHHOCTAM HOHHO-COJIEBOrO COCTaBa B MPOBHHIMH a30THBIX TEPM BHIAENAIOTCA BO-
Bb1 aTMOCHEPHOTO H CMELIAHHOTO MPOUCX OXKACHHS.
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Puc. 23. Kapra TepMaibHBIX H MHHEPATBHBIX BOI
KypHabCKHX OoCTpoBoB MaciuraGa 1: 2 500 000.
Cocrasuin B.H. KonoHo u C.B. Koanobueba
YcnopHbie 0603HaueHHA CM. Ha puc. 22. Tep-
MonposaBnewua: 144 — BynkaH Anana, 145 —
Jfexckue, KparepHbie, 146 — I6exckue, BOCTOY-
‘ Hbiil CKNOH, 147 — Bensbiii Kmou, 148 — Bepx-
HewopbeBckHe, 149 — CemepaHckuil, 150 — Jlena-
IUHHCKHA, 151 — pynkan Yuxkypauxa, 152 — syn-
xan ®ycca, 153 — p. Pyanoit, 154 — Bynkau Ta-

TapuHoB, 155 — Bynxan KapnuHckoro, 156 —
0. Makanpymn, 157 — Kpenmnunna, 158 — o. Xa-
puMxoTaH, 159 - 3anagHo-CuHapckue, 160 —

Boctouno-Cunapckue, 161 — Bamimauubie, 162 —
ArnaMmeparoBbie, 163 — JByXKOHyCHble, 164 —
BoponapgHvie, 165 — IpoGHble, 166 — 3axarHste,
167 — OOGpanbuble, 168 — KynroMuHepckue,
169 — KpacHbie o3zepa, 170 — Hsanolwo, 171 —
YupuHKOTaHCKHEe, 172 — BaxnHonogoGHbie, 173 —
Aunxuuenckue, 174 — Kerodickue, 175 — Hkan-
MHKOTCKHHA, 176 — Buprososbre, 177 — OOpbI-
BHCTBIE, 178 — MunsHoBckue, 179 — TpesySeu-
KHe, 180 — MapbuHckue, 181 — [erywkoBckue,
182 — OtnuBHble, 183 — mMpica Henpoitpews,
184 — Kinwuenbie, 185 — p. Huropn, 186 —
p- NonoBopsoit, 187 — Menbumin Bpar, 188 —
mbica EBrenusn, 189 — PeitpoBckue, 190 —~ Jlo-
cocenbie, 191 — UYupunckne, 192 — Bapanckue,
193 — Inyxmue, 194 — Topawii Kmou, 195 —
Mauexa, 196 — Iaunbie, 197 — KpaGopsie, 198 —
BypeBectHuk, 199 — Crokanckue, 200 — Bepy-
TapyGekue, 201 — Heckyvyenckue, 202 — HoSpsii
Knwoy, 203 — Kucnwmifi Kiiou, 204 —~ Topsunit
IMnax, 205 — Menpeneesa, 206 — Kucnopeuen-
ckue, 207 — CronGosckue, 208 — TpeTbAKOBCKHE
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Boae aTMocdepHOro NpoUCXOXIZeHUusa GOpMUPYIOTCA B pe3yJibTare
MHQWILTPAMN HACBHILIEHHBIX BO3AYIUHBIM 230TOM METEOPHBIX BOJ, H MX B3aUMOMEHCTBUS
€ BMELIAILINMH, 0ObMMHO MPONUIHTH3HPOBaHHBIMH NopoaaMH. Bopbl XapakTepH3yoTcsa pas-
JIMIHBIM COCTABOM M MHHepayin3auuen (06bruHo mensite 10 r/n) u pH ~8,0.

Boabm cMemaHHOTrO NMPOMCXOXJEeHHSA BCTPEYAOTCA rJIaBHbIM 00pa3om
B NpUGpexKHbiX paitoHax (McTOuHMKH 25, 26, 50, 68, 106, 107, 108 u ap.). OHu o6pasyiorca
NpH BBIINENIAYMBAHHH aTMOCGHEPHBIMH BOJAMH MOPCKOTO COJIEBOIO KOMIDIEKCa M XapaKTe-
PH3YI0TCA TIOBBILIEHHBIM COMIEPXKAHHEM XIIOPHAOB H MHHepalTM3aumeil.

INpoBuHIMA YrieKHCABIX Bod. 3Ta MPOBHHUMA NPUYpPOYEHa K HAJIOXKEHHOMY BYJIKaHMYe-
ckomy cynepbacceiily BoctouHo-KaMyaTckoro aHTHKIJIMHOpPHSA, B IIpefeNax KOTOPOro U3BecT-
HO HEeCKOJIbKO PaHOHOB pa3sBHTHUA YTJIEKHCIbIX TEpMAIbHBIX BOJ M maporugporepM. Hx ten-
JIOBOM NMOTEHIMAJI OXapaKTepH3oBaH Bhillle. B Mankyicko-I'aHanbckoM ruporeoyioruyecKomM
MacCHBe, oTBevaouieM CpenquHHOMY M 'aHanbckOMY BBICTYNaM KPHCTAUIHYECKHX JOBEPXHe-
MEJIOBBIX NOPOJ, pPa3BHTbI MHOTOYMCIIEHHbIE XOJIOQHbIE YTIIEKHCIIbIE BOABI. YTIIeKHCIble BO-
Ibl TAKKE HMEIOT Kak aTMochepHoe, TaK ¥ CMELIaHHOE IPOUCX OXKIEHHE.

Boabn arTMochepHOro mHNpPOUCXOXAEHHSA HMEIOT IPEHMYILECTBEHHO
THAPOKapGOHaTHbIH WK CYNb(aTHO-THAPOKAPOOHATHBIN HATPHEBO-KAIBUUEBLIH COCTaB, MH-
Hepanu3aumo ot 0,5 mo 2 r/nu pH=7.

Bomb cMemaHHOro NMPOMCXOXHAEeHHUSA, (GOPMHUPYIOIMECS IPH YYACTUH '
MOpPCKOro cojieBoro kommiekca (ncrounnku 80, 81,93, 94, 95, 96, 97, 98, 99, 103), xapak-
TEPH3YIOTCA MNOBBIIIEHHBIM COflep)KaHUeM XJiopa H Goliee BbICOKOH MMHepanu3alueit, a npH
YUaCTHH BYJTKaHHYECKHX IKCTANAUMA — Cynbdara U aMMOHUA (MCTOUHHKH 126, 149).

IMpoBHHIMA a30THO-YINIEKHCIbIX BOJ OXBAThIBaeT IIaBHBIM 05pa3oM MHOrMe paioHBbI Ha-
JIOXKEHHOTO BYJNIKaHMyeckoro cynepbacceitHa BoctouHo-Kamuyarckoro  aHTHKIMHOpUA

Q
oenax Hauﬁonee aKTHBHBIX ydyacTkoB CpemuHHoro xpe6ra (ucrounmxku 19, 20, 115). Otn
TepMBI Treii3epHoro” THMa XapaKTepH3yloTCs BBICOKO#M TeMnieparypoii (Ha rimyGHuHe HeCKOIIb-
KO COTEH METPOB OHa JOCTHIaeT 250°C) ¥ 3HaYHTENBHBIM BRIHOCOM TeIUIa B OYarax pasrpy3s-
Kku (~ 107 xan/c). OHu OTHOCATCA K BOIAM CMEILAHHOTO NPOHCXOXIEHHS, GOPMHUPYIOLIUMCS
MpM B3aUMOJIEHCTBHU aTMocdepHOH, MOPCKOH H BYJIKAHHYECKOH COCTaBJIAIOLIMX. A30THO-
yrnexucnsie TepMbl Kamuatku u Kypuwibckux ocTpoBOB HMeOT XJIOPHIHBIH HATPHEBbIA CO-
cTaB, MuHeparmmu3ammo 1-2,5 r/n, seicokyio wenouHocts (pH > 8) u moBbIleHHOE comepxka-
Hue KpemHezema (1o 400 mr/n).

TpoBHHIHA CepOBONOPOIHO-YIIIeKHCHBIX BoA. OHa B BUIe OTAeNbHBIX He6GonbUmMX Momned
¢ dymapomnpHO# U conbdarapHOH IeATeNBHOCTBI0 MPOTATHBAETCA MO BCel 061acTH COBpeMeH-
Horo BynkaHu3ma Kamuarku u Kypuisckux octpoBoB. Boael 3TOro THIa mpHypoYeHbI K ak-
THBHBIM [eHCTBYIOLLMM ByJkaHaM. OHM MUMEIOT CMelllaHHOe ApOUCXOXeHHe: B HX opMHpo-
BaHMM, NMOMMMO aTMOC(epHOH COCTaBIAMILIEH, BCerfla NPHHHMAIOT YYacTHe IJTyGHHHbIE
marmatnueckue ¢monapl. XapakTepHbIM U OGBIYHO NpeobiIagaomyuM KOMIIOHEHTOM aHHOHHO-
ro COCTaBa 3THX TepM ABJIAeTCA CyNbdaT-HOH, 0Gpasyroumiics 6narogaps OKHCICHHIO BYTKa-
HHYECKOro cepoBomopona. OHu 4acTo HMEIT BBICOKYI0O MHHepanmu3auuio (Io 20 r/i), KHCIyIo
H cimHOKHCIylo peakimio (pH = 1,0—6,0 1 HiDke) .

TIpoBHHIMA 230THO-METaHOBBIX H METAHOBLIX BOA. JTa MPOBMHUMA NPHypOYeHa K KpyI-
HBIM apTe3HaHCKHM bacceiiHaM, 3aKJIOUeHHBIM B fiporuGax (3amoNIHEHHBIX OCAOOYHLIMH Ma-
11e0T eHOBLIMH-COBPEMEHHBIMH OTIOKeHHAMH) 3anapHoit ¥ LlenTpanbHoit Kamuarky, a Taroke
B CTPYKTYypHbIx nmporunbax Bocrourno-Kamuarckoit 30Hb1. Bopsl 3Toro tHna Berpevatorcst 1ak-
Ke B allapTe3HaHCKNX GacceifHaX, IPHYPOYEHHDbIX K MOAHATHIM O6110KaM BepXHEMENTOBbIX—Kai-
HO30MCKHX BYJIKaHOTeHHO-0CaJOYHbIX HOPOL.

). B Bupge oTmesnpHEBIX rpynn Boabl 3TOrO THIIA BCTPEYAKTCA TAKXKE U B IIpe-
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THAPOTEOXHMHYECKHE OCOBEHHOCTH
HEKOTOPBIX OCTPOBHBIX OYI' THXOOKEAHCKOIrO KOJIbLA
(ANOHHUsA, HOBAA 3EJTAHANA U AP.)

AnoHnsa

Feonormueckoe crpoene. TekToHMueckaa cTpykTypa SimoHum Bkmouaer [Kponorkwuw,
lllaxBapcTosa, 1965] : 1) I'nasHyw0 myry, oxeaTbiBaowmyw ocrpoBa Kwocio, Cukoxy u XoHcio
H COMPOBOXIaeMYI0 C BOCTOKa I'TyGOKHUM KelloGoM; 2) Oyry aHTHKIMHOpHMA 0. XOKKa#fIo,
TPOAOIDKAIOILYIOCA B CIPYKTYpe 0. CaxanuH; 3) 30HY CKJIaHOK BOCTOYHOI 4acTH 0. XOKKa#-
00, MpeHCTaBsAINLYI0 coGOM toro-3ananHyio yacts Kypwisckon nyru; 4) 3oy octposos HUn-
3yCHTHTO W BOHMH, cocrapnsiouiyio mpofoikeHue MapuaHCKO# OCTpoBHO# myrH; 5) myry
OCTpOBOB Plokio ¢ mapansenbHEIM eit rny6okHM sketoboM.

B npenenax I'maBHO#M AYru BbIOeNAeICs HECKONBKO re0JIOrMYeCKH Pa3NMyHbIX 30H: BHYT-
TpeHHAn (Gnuxaiiiiasa K NOHCKOMY MOpIO) , CpeJMHHAA U BHelmHAA (puc. 24). -

Octposa Oku u n-B Hoto, crnoxeHHble JoxeMOpUACKUME THeificaMu, ABJIAIOTCA, IO MHe-
amo ILH. KponorkuHa n K.A. Waxsapcrosoit [1965], yuacrkamu mpeBHell mnaT¢opmsl.

Bo BHyTpeHHeit 30He Ha 3amaHOM MobGepexne 0. XOHCI0 M I0T0-3aMaHON YacTH 0. XOKKai-
OO pa3BHMTBI CKIIa@YaTbie Me3030/ICKHe H ManeoreH-HeorcHOBbie BYJIKaHOTE€HHO-OCAOYHbIE
OTIIOXKEHHA.

B cpenuHHO# 30HE BBIAENAIOTCA MOSACA PaCNPOCTPaHEeHHA APEBHUX MeTaMOp(hHUeCKMX MO-
pon (rHefiCBl M KPUCTAUIMYECKHE CIAHIIBI CHIypa H NEBOHA), NHbEeLMPOBaHHbIe TPaHHTaMH,
a TaiOKe BEPXHENaneo30HCKHe OTNOXEHUA (Tydbl, KPeMHH, CaHIbI, MPOCTION M3BECTHAKA,
rpayBakKH KapOoHa U NepMH),, CMATbIE B CKJIAIKH M MPOPBAaHHbIE FPAHUTAMM WIH [epeKpbI-
Thi€ JIABAMH HEOreHOBOTO M UeTBEPTHYHOro Bo3pacTa. C 10ra M 10ro-BOCTOKa CpeflMHHaA 30-
Ha COMpPOBOXHaercsa NporuGom Upsymu, orpaHWYeHHBIM C 10ra paspbIBOM “CpelHeil THHHeH,
MO KOTOPOMY Masie030/CKHe TMOPOAbI H PaHHEME3030MCKHE IPAaHMTOHIBI HANBHHYTHI Ha ma-
J1e030iCKHe TOponbl BHellHed 30HBI. [lpormG Upsymu 3amonHeH Tonmmied (MOILHOCTBIO
1,512 KM) BepXHeMeNIOBBIX IECYaHHKOB H KOHIJIOMEPaTOB, TPAHCTPECCHBHO 3aJICral0IINX
Ha rpaHUTax, IPaHOAXOPHTAX WIH METaMOPGH3OBaHHBIX MOPOIAX.

BHenmss 30Ha genurca Ha ABe MOM30HBI — MANIEO30HCKY0 U Me3030¥cKyw. I0xkHee “cpen-
Hell THHHH" NPOTATHBAETCA BHEWUHsAA Maneo3oiickas noa3oHa Turuby. B cBoeii ceBepHoil yac-
TH OHa CJIOXKeHa Goree IpeBHUMH, BEPOATHO MPOTEPO30ACKUMH M HIDKHENANEO30MCKUMH, Me-
TaMopHUECKUMH BYTKAHOTeHHbIMH U TePPUreHHBIMHU OPOJJaMH, a B I0XKHOH — CpefHe- M
BepXHeNaJie030HCKHUMH MeCYaHO-TIIHHUCTHIMU M BYJIKAHOT€HHbIMHU NOPOAaMH THITMYHO TeOCHH-
KIHHANIBHOTO 06/1HKa. BHeluHAs noA30Ha Me3030ACKUX M KaifHO3ONCKMX OTNIOXeHw (B oc-
HOBHOM INIHHMCTBIX CJTAHIIEB U NECYAHUKOB) TAaKXe MOZpa3felfAeTca Ha IBe KpyTHble obac-
TH, Ha3biBaeMble TeoCHHKNIHHanAMH CumaHro M Haxamypa. 3Ta IO[30HA OXBATHIBAET I0XK-
HYI0 4acTh OcTpoBOB Kiocio H CHMKOKY M NONOCY I0OKHOTO H CeBEPO-BOCTOYHOTO 10Gepexbsa
0. XoHcCwo.

K I'naBHoj#i myre npHwieHseTCA NONEPeYHbIH NOAC AUCIOKALHI, Ha3biBaeMbIH Benukuii I'pa-
Gex (Fossa magna) , Ha IPONOIDKEHHH KOTOPOro JIEXHUT BYTKaHHYeCKas lienb ocTposos Un3y-
CHTHTO. CKITaKH CpedMHHON M BHELLHEH 30HBI HCTIBITBIBAIOT BOIH3H 3TOro rpabeHa KpyToit u3-
ru6. Hemuoro BocTouHee pacnosioxeHa CpaBHHTS/IBHO KPYIHasA AeNnpeccHa iaHTo.

PaccMarpuBad finoHuto kak o61acTb KaifHO30HCKOH CKJIAMYATOCTH ¢ YYaCTKAMH H 30HaAMH
npesHel koHconunauym, IL.H. Kponorkux u K.A. Illaxsapcrosa [1965] Bbimensor B ee crpyk-
TYpe HECKOJIBKO ITKEH, OTBEYAOIMX Pa3IMYHBbIM 3Tanam ee pasBuTHA. HauGonee npesHue
HOCHJTY pHACKHE THEAChI M KPHCTAIUTHYECKHE CNIaHIbI 06pa3yloT MeTaMopdU30BaHHbIH QYH/a-
MEHT CKJIATYAThIX COOPY>KeHHH H NPENCTaBAA0T cOOOH MepBbIi CTPYKTYpHbiii 3TaK. TpH no-
CTIeYIOMNX 3TaKa COCTABIIAIOT KOMIUIEKCHI Cpedte- H BepxHenaneo3oiickux (II), me3o3o0ii-
cxux (II) u kaitHo3odckux (IV) ornoxenwit. HakoHen, k BepxHemy (V) CTpyKTypHOMY 3Ta-
XY OTHECEHBI YeTBepTHUHbIE OTJIOXKEHH, 3aNOTHAIOLIME HATTOXKeHHbIe BIIAIMHBI B PailoHe BHYT-
PEHHEro MOps M 3aTMBOB Ha 0. XOHCI0 U LEHTPAJIBHOrO aHTHKITMHOPHA Ha 0. X0KKaimo.

K xaiiH030ACKHM CTPYKTYPaM MpHUYyPOUYEHbl BCe H3BECTHbIE THAPOTEPMalTbHbIe  CMCTEMBbI
SAinoHuu. ITH CTPYKTYPhI NPENCTABNAIOT COGOi pa3HooGpa3Hble Te0aHTHK/THHANBHBIC IOIHA-
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Puc. 24. Cxema reoJIOrHYeCKOTO CTPOeHHA H TerioBoro nona Anoxnun [KponorkuH, Waxsapcropa, 196S5;
CwmupHoB, CyrpoGos, 1981]

1 — rpanyup cTpyxTYpHBIX 30H; 2—4 — CTpYKTYpHbie nog3onsi: 2 — Turn6y-Haratopo (PR u PZ), 3 —
CumsanTto (MZ), 4 — Hakamypa (KZ); 5 — BynkaHmyeckme 30Hb1: 1 — Tucuma, 2 — Hacay, 3 — Texan,
4 - ®ynau, 5 — Hopuxyps, 6 — HaitceH, 7 — Piox1o; 6 — meiicTeyromue ByaKaHsl; 7 — IJIaBHeHLUMe Iy~
SuHHBIE Pa3NOMBbl; 8 — H3O/MMHHM TeTIOBOTO NMOoToKa, MBT/M?; 9 — och NONOXHUTENBHBIX aHOMAIHIT Ten-
JIOBOTO MOTOKA



THA H JENPECCHH C MANTOH MOIHOCTBIO U cN1aGOH AMCIIONHPOBAHHOCTHIO 3AMONIHAIINHX HX IIO-
PORL B CpeIMHHOH 30HE M TIyGOKO NPOrHGaBLIMECA T€OCHHKIIMHANIM IO Kpasm SINOHCKOM
OyTH, HCTILITABLIIHE CKJIAYaTOCTh B HeoreHe.

BynikaHH3M Ha TeppHTOpHH SHOHUH aKTUBHO NPOABIAJNICA B TeYEHHEe BCEro KaWHO30s, HO
HauGonbluell HHTEHCHBHOCTH OH JIOCTHrasn B MHoueHe. Bynkannueckas ReATeIBHOCTh B 3TO
BpeMs MPOMCXO/IHIIA Ha iie MOpA, KOTOPOE PaclMpAIoCh OMHOBPEMEHHO C  T€OCHHKITHHATIDb-
HeiM nporuGanueM. ITocrne U3nMuAHKMIN aHAE3UTOBBIX, PHOJTHTOBBIX H 6a3aNbTOBBIX JIAB . HAYANH
¢dopmupoBaTbcs ocamouHbIe Oacceiitbl ¢ HedreHoCHbIMH dopMauuaMH. Ha HekoTOpBIX ydacT-
KaX MOLIHOCTb 3THX BYNKaHHTOB H MOPCKHX OCaIKOB IOCTHIal1a HECKOJIBKMX THICAY METpOB.
BynxaHoreHHO-0CaIouHble HOPOAbI MOABEPIIHCH FTHAPOTEPMANIBHOMY H3MEHEHHI0O H MECTaMH
CHWILHOMY CMATHIO B CKJIaiKH. B pe3ynbraTe OHH MpeBPaIAIACh B TaK Ha3blBaeMble 3€JICHBIE
Ty®BI. Y4acTKH, pacnosoxeHHbie BAoJb Oepera THxoro okeaHa, BO BpeMsA BYJIKaHHUECK O Ies-
TEJILHOCTH GBbUTH CPaBHHUTENBHO CMOKO#MHBI. 371eCh MOPCKHE OCAIKH He CMATH B CKJIANIKH H
MAJIOMOILLHBI.

B uerBepTHUHOM Nepuofe Ha Gomnbluer YaCTH TeppHTOPHH ANOHMM BYIKaHHYECKasA JIeATeNb-
HOCTh NPOMCXOJMIIA Ha cylle. B Hayasie yeTBepTHYHOTO NlepHONia BYJIKaHH3M 37ech Gbut Gonee
aKTHBHBIM, YeM B HacToAlee BpeMs (puc. 24).

Boons I'maBHO#H IOyrn B ee 10XKHOW YacTH NPOTATHBAETCA MOTYXILMIA ceifyac ByNKaHHue-
ckuit nogc Haiicen. OH ciuBaerca Ha 0. Kioclo ¢ ByJlkaHHYeCKHM NOACOM, COCTaBIIAIOIIHM
NpofIoJkeHHe OCTPOBHOM AyrH Piokio. B nosce Piokio MMeeTcs MHOrO HEHCTBYHIUHMX BYJIKaH-
HOB, HIMBAOILHMX JIaBbl Ga3aIbTOBOro M aHIE3MTOBOro cocraBoB. B cemepnoit wactn I'nas-
HOH [yTH NPOXOOAT ABa NMApAUIENbHbIX NOACa — MOAC MOTYXIUMX BYJKaHOB Tekau c aHfe-
3UTO-JALMTO-PHOJIMTOBBIMM JIaBaMH M noAc Hacy, upywuui no ocu cpemHHO# 30HBI H Mepe-
XOOAMMHA B I0XKHYI0 4acTh 0. XOKKaiao. BynkaHbl 3T0ro mosica M3Beprajii B OCHOBHOM
JIABY aHIE3HTOBOro M Ga3anbTOBOro cocraBa. B cpemuedt uact o. XoHcwo I'maBHaa nOyra
nepeceKaeTcsa ¢ BYJIKaHWYeCKHM HosacoM Pynsu, xotophiit TaHeTca Mo Benukomy I'pabeny
4 ocTpoBHOiH ayre Upsycururo—BonuH, nmpomomxkaloweiics Ha MapuaHckux ocrpoBax. 910
IJIaBHBIM 06GpPa3oM [ieiiCTBY01IIHE BY/TKaHbI HEHTPANbHOTO THIIA ¢ HM3NHAHHEM JaB Ga3aibro-
BOTO M aHMIE3UTOBOTO COCTaBa.

B BocrouHOH vacTH 0. XOKKaimo HMMeEeTcs pAO HeHCTBYIOIIMX M MOTYXIIMX BYJIKAHOB,
H3BEPraBlLIMX JIaBbl aHOe3HTO-023aNbTOBOr0 COCTaBa. JTOT BYJIKAHMUECKHH NOAC NMpHHaMIe-
At k Kypunsckoit gyre. .

Bcero Ha Teppuropuu finoHun HacumrbiBaerca Gonee 200 KpyNHBIX BYJIKAHOB, H3 KOTODBIX
oko1no 50 efiCTBOBAJIH B HCTOpPHYECKOE BpeMsl.

Feotepmuveckue ycrnoBus. 3HayeHHA TEIUIOBOTO MOTOKA B Pa3fIHYHbIX reOTeKTOHMYECKHX
obnactax SNOHMK CYIIECTBEHHO pa3NIMYAOTCA Mexay co6oii. OHM aHOMAIBHO BBICOKH
(> 80 MBT/M?) B TreOCHHIUITMHATIBHBIX KOTIOBMHAX OKPaHHHBIX MOPEH H BYIKaHMYeCKHX
NOACaX OCTPOBHBIX YT H aHOMANIbHO HU3KH (MeHee 40 MBT/M?) B TEKTOHMUECKHX Xenobax
(naneoxenobax, mo onpenenenuio 10.M. Ilymaposckoro). HopMansHble 3HaueHHA TETUIOBOTO
notoka (40--48 mMBr/M?) OTMeualoTCA B INyGOKOBOMHBIX Xe0GaX M IPHIETAIOWMX OKea-
HHYECKHX TUIMTAX.

I'pannua 30H BBICOKOro W HM3KOTO TEIUIOBOFO MOTOKA B LEJIOM MPOXOOMT MO TaK Ha3bl-
BaeMBIM CpefiHeil TMHMM W jiuHuK Fossa magna (cm. puc. 25). lilupuHa nepexona ot aHOMAJIb-
HO BBICOKHMX 3Ha4YeHHMH TEIUIOBBIX MOTOKOB K aHOMAlbHO HM3KMM OYeHb HeBelMka — oT 20
10 50 kM. [103TOMY rOpH3OHTAIBHBIE TPaIMEHTHI TEMNEPATypbl AOCTHTAlOT 31ech 2—4 MB1/M?
Ha 1 kM. ToHkas cTpyKTYpa MoJiA TEIUIOBBIX MOTOKOB B PacCCMaTpHBa€MOM PErHOHE JOBOJIb
Ho cnoxwas [Cmuphos, Cyrpo6os, 1980; Nakamura et al., 1977] . Tak, Ha 0. XokKaiifio Terto-
BOM Motok Bbimie 80 MBr/M? oxBaThiBaeT [iBe 30HBI — CKJIAAYATYI0 CHCTEMY, OTBEYAIONLYI0
npopoimxkernio Kypuwibckoil oyTH, i MOJIyOCTpPOB Ha I0Te OCTPOBa, IZie B pafioHe BYJIKaHa Ycy
BbUIENIAETCA aHOMATHA TEIUIOBOro notoka (Bbilie 160 MB1/M?), pacnpocTpaHsIoWasca B
CTOpoHy SImoHckoro Mopsa. Mexxamy HUMM pachoJiOXeHa 30H2 aHOMAIBHO HM3KOrO TeIUIOBO-
ro moroka (25—46 MB1/M?), coBnajaoiuas c NO3XHeMEe3030iCK UM CHHIUTHHOpHeM UcHKapH.

Ha o. Xoncio TenioBoii norox Bsie 80 MBr/m?2 [IpOCTPaHCTBEHHO COBMAAJAeT ¢ obnacTbio
pasBHTHA 3eneHbix Ty¢oB. Ho 3mech Takke BeTpeualoTcst M yyacTKH ¢ MOHH)KEHHBIM TEIUIO-
9. 3ak. 2069 129
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Puc. 25. Cxema rHAPOXHMHYECKOH 3OHATRHOCTH STmoHHH

1 — a3oTHO-yrnexHcible XJ0pUAKbIe HATPHEBBIE MAPOrHAPOTEPMBI 05NACTEl COBPEMEHHOTO BYNKaHH3:
Ma; 2 — CepOBOOOPOOHO-YITIEKUCbIe XJIOPHOHbIS (CO CJIOKHBIM K3aTHOHHBIM COCTaBOM H MHHEpANH3a-
uMed [0 20 r/n) u cynbdaTHble TEPMBbI 0GNACTell COBPEMEHHOTO BYJIKAaHM3Ma; J — YU/EKHCIbie, THAPO-
KapOoHaTHBIE WM XJIOPUOHO-TMAPOKapSGOHATHBIE KaNbuMeBO-HATPHEBbIE M HATPHERO-KaNbliHeBbie Malo-
MHUHepanH3oBaHHble (< S r/N) W XJOPHAHO-rMAPOKAPOOHATHbIE HATPHEBbie BbICOKOMHHEPATH30BaHHbIE



BbIM NMOTOKOM (O 54—67 MBT/M?), B yacTHOCTH Ha ceBepo-3anaze 0. XOHCI0. 30HbI BBICO-
KOro TeIUIOBOro NMOTOK2 OTMEYalnTcA Ha 0. XoHclo no jiuud Fossa magna u manee Ha Un3y-
CUTHTO-DOHHHCKOMR OyTe, a Takdke MO 30HE, TPACCHPYEMO#H LENOYKON MOIBOIHBIX BYIKAHOB
H TIPHMBIKAIOLICH K BOCTOYHOMY MOGepeXkbio OCTPOBa B pailOHe THOPOTEPMAIBHOTO MECTO-
poxaeHnss Apuma. Kpome tOro, BbICOKME 3HAYCHMA TEIUIOBOTO MOTOKa MPOCIIEKHBAIOTCH
B CTOPOHY Ayr# PioKio ¥ reocHHKIHHaJIbHOM BaguHb OKHHaBa.

B npenmenax AMOHCKMX OCTPOBOB HOpPMaibHble 3HAYeHWA TelIOBOro moroka (50—
68 MB1/M?) duUKCHPYIOTCA B NasIe030HCKOM fAfpe CPeAMHHON 30HBI, 2 AHOMAJIBHO HM3KHE
(20-40 MBT/MZ) B NMajJIe030MCKHX MacCHBaxX BHelllHei MOA30HBI. Me3030MCcKHe CKIIamyaThie
COOpYXeHHSA BHEIHEA NOJ30HbI HMEIT MPOMEXKYTOUHbIE 3HaUEHUA TEIUI0BOro MOTOKAa NOpAN-
Ka 60—75 MB1/M2.

Ha 310M (poHE KOHOYKTHBHOIO TEMIOBOro MOTOKA BBIAEIATCA MHOTOUHCIIEHHDIE JIOKAJIb-
Hble TEPMOAHOMAJIHH, CBA3aHHbIE ¢ BYJIKAHWYECKOH H TUAPOTEPMAJIBHON IEATENIBHOCTBIO.

I'npporeonornueckne ocobenHocTH. Ha ANOHCKHX OCTPOBaX IMKPOKO paclpoCTpaHeHbl Ma-
Jible apTe3HaHCKHMe GacCeliHbl [UTACTOBBIX BOJ, MPHYPOUYEHHbIE OOBIMHO K HEGOJBUIMM BNagH-
HaM, BbINOJIHEHHBIM [aJI€OT¢H-HEOT€HOBbIMH H YeTBEPTHYHBIMH OGpa3oBaHHAMMU. TpelnHHbIe
BOMbI XapaKTEPHBI [UIA MHTPY3HUBHBIX MOPOM, CpedH KOTOPBIX MpeoGNafaoT rpaHOIHOPUTHI
H KBapueBble HOPHTbL. OnmHako H3-3a cnaGoit TpeUMHOBATOCTH BOJOHOCHOCTb TAKHX MOPOL
06brdHO HeBbicOKa. JIMIL B 30HaX KPYMHbIX TEKTOHMYECKHX HApYIIeHMH MMEKTCA POAHUKH
¢ nebuTaMH, OCTHTAIILMMH HECKOIBKHX JECATKOB JINTPOB B CEKYHAY.

Ilom3emHble BOABI NaNIeOreHOBBIX OTIIOKEHHUI He U3yyeHbl. J¢dy3UBHO-0CAIOYHbIE IOPOALI
MHOLEHa (3eneHble Tydbl) OTNHUaNTCA C1aboil NMPOHMLAEMOCTBIO M BOJOHOCHOCTBIO. Bonee
6aronpUATHBIMH YCIOBHAMH 1A HAKOIUIEHHA TNON3eMHBIX BOJ XapaKTepPU3YWTCH MeCKH
M MeCYaHHKH IUIHoLeHa (IeGMThI MpOGYpPeHHBIX B HUX CKBaXXMH COCTaBIAOT oxono 10 n/c).
BbicOokOi BOMONPOHHLUAEMOCTBIO XapaKTepU3YIOTCA YeTBEPTHYHbIE BYJIKaHHWYeckue oGpa3so-
BaHUA, B CBA3H C YeM Y NOOHOXKMH BYJIKAHHYECKHUX KOHYCOB H OCHOBAaHHH JIaBOBBIX HOKPO-
BOB BBIXOAAT MHOTOUMCIIEHHbIE POIHMKHM, Y4CTO C BbICOKHMM AeGuramu [Tkauenko, 1974].

I'mpporepMmaribHas aKTHBHOCTb NPHYpOYEHa B OCHOBHOM K IUTOLA[AM pPa3BHTHA 3€JICHBIX
Tyd0B, HHTPY3UBOB H MOPCKHX OCa[OYHBIX MOpOJ, HEOreHa, IUTHOLEH-YeTBEPTHYHBIM OCaOY-
HBIM DacceiiHaM H pallOHaM YeTBePTHYHOro BysaHu3ma. CymiecTByeT 60Jiee COTHH THAPOTED-
MasIbHBIX CHCTEM C TeMmepaTypoit Boas! Bbiue 80°C (puc. 25).

Kak yxe oTMeuanocs, Iwiomany pasBUTHA 3elleHbIX TY(OB XapaKTepH3yOTCs 0GbIYHO MO-
BBILICHHbIM TeMIlepaTypHbiM rpamuentoM (oo 7,0°C/100 m). K HuM mpHypoueHbl MHOTHE
KpyINHbIe THOPOTEpMaIbHbIe CHCTeMbl (XaunmaHrait, OHHKOGe U Op.). B T0 Xe Bpems B He-
KOTOpPbIX OaccelfHax 3TOro THIA, pacloJIOXEHHBIX BOONb nobGepexssa AnoHckoro mops, reo-
TEPMHYECKUH I'PaIUEHT JIHILL HEMHOTO BbIllle HOPMAJIBHOTO.

B o6nactAx pa3BUTHA M3BEp)KEHHBIX MOPOJ, HEOTeHa FeOTEPMHYECKHHA IpaJMeHT MeCTaMu
TaK)Ke MOBbIUIEH. B TakHX paifoHaX TOXce BCTpEYalTCs ropAude UCTOYHHKH, HApHMeEp Ha
n-oBe Kun (0. XoHcl0) win B HeKOTOpbIX paioHax 0. XOKKai[Io, Ile OHH pa3rpy>XaloTcs H3
MO3THEMHOLEHOBBIX KBapLEBBIX NOPHHPOB.

B mmoueH-YyeTBEPTUUHBIX OCamOuHbIX GacceiiHax (Hampumep, Kanto, Ho6u) Temnepatyp-
HbIlil rpamMeHT He npesbimaer 2—3°C Ha 100 M, T.e. GIM30K K HOPMAJIBHOMY, HO B HEKOTO-
phix GacceiiHax ceBepo-BOCTOYHOM fAnoHny yBenmunBaerca 0o 5°C Ha 100 M.

OCHOBHOE KOJHMYECTBO THAPOTEPMAIBHBIX CHCTEM NPHYPOYEHO K OO/IACTH YETBEPTHUHOIO
BynKaHu3Ma. BOnH3u aeficTByIoMX BY/IKaHOB OTMEYal0TCA MaKCHMAJIbHBIC 3HAYCHUSA TeoTep-

-—

Puc. 25 (okoHYaHHe)

(oo 20 r/n) Boabl oGnacTeil MONOAOH MarMaTHueCKoOH HEATENBHOCTH; 4 — a30THble FMAPOKAPGOHATHO-
XJTOPUIOHBbIE HIIH XJIOPHAHO-CyNnbdaTHbIE HaTPHeBble TEPMbl C MHuHepanM3auMerd MeHee 1,5 r/n yvacTkos
TeKTOHHYECKHX HapyLIeHHi; 5 — MeTaHOBble M 330THO-METAHOBBIE XJIOPHUOMbIE U XJTOPHOHO-TUAPOKapSo-
HATHBIE C MOBBILIEHHOW MMUHepanu3auuein (0 32 I/Kr) TepMbl apTe3UaHCKHUX 5acceHOB; 6 — yrIeKMcno-
BOJIOPOJHBIE TePMbI; 7/—8 — XNOpUIHBIE HATPHEBO-KaNbUMEBbIE ¢ MHHepanu3aluueil menee 35 r/kr Gepe-
roBbie TepMbl: oauHounbte (8) u rpynnossie (7) Buixoabl; 9 — TepManbubie UcTouHuku; 10 — BaguHbl,
BBINONIHAEMbIE NaNeore¢H-HEOTeHOBbIMHU U YeTBEPTHYHBIMM 0Gpa3loBanuAMH: 1 — LlenTpanbHoro Xokkaitno,
2 -- Akwura, 3 — Huurara-Harano, 4 — Kanro, 5 — Hodu, 6 — Knuku
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MHYECKOro IpajlHeHTa M BCTPEYaloTCA Kak ¢pyMaponrHble HCTOUYHHKH M [13pOra3oBbie CTPYH,
TaK M MapOrHAPOTEPMBL.

Xumuuvecknit cocraB. TepmarnbHbie Bofbl SIMOHUE MOXHO MOAPA3HENTHTH Ha LIECTh OCHOB-
HBIX THIPOXMMMYECKHX THIIOB (CM. pHc. 25).

K neppomy otHOCATCA Ce€pPOBOJOPORHOYrNEeKHCABE Te€pMBbl NOBEPX-
HOCTHOTO H IJIyGHHHOTO (OpMHPOBAHHS, pPaclpOCTPAHEHHbIE B PallOHAX COBPEMEHHOTO BYJI-
KaHH3Ma U T€CHO CBA3AHHBIE C BHIXOJAMH BYJIKZHHYECKHX I'a30B.

Tepmel ray6uttoro ¢opMupoBaHHA (KHCIIbIE XJIOPHOHBIE CO COXHBIM KaTHOHHBIM CO-
CTaBOM) LIMPOKO Pa3BHTbI Ha ANOHCKUX ocTpoBaX. Mx mmHepammu3aumsa koinebrieTcaA OT He-
CKOJIbKHX [IO JIECATKOB rpaMMOB Ha JIMTp H uacto mpepbnuaer 20 r/n. [leGur Takux MCTOY-
HUKOB 06bIyHO HeGonbiLoi — meHee 0,311/c, HO pacxon MeHee MMHepaM30BaHHBIX (IO 5 r/m)
BOJI 3TOTO THIIA YacTO cocTapiser Gonee 8 n/c [Nakamura et al., 1977].

THNMMHBLIMH NPEICTABHIENAMH KHCIIBIX XJIOPHOHBIX MHHEPAIM3OBAHHBIX BOJ ABJIAIOTCA
TepMbl paiioHa XaummaHTai. I'eonoruyeckmii paspe3 ero cioXxeH Me3030HCKHMH I'DaAHHTaMH
(byHoameHT), 3emeHbIMH TydamMH H MOPCKMMM OCaIKaMH MHOLEHa (BOTOHOCHBIH KOMII-
NeKC) M YIUIOTHEHHBIMHM Tydamu MoueHa (nokpsiika) . HanGosnee u3pectHa B 3T0M parioHe
THApPOTepMAIbHAA cHcTeMa TamaraBa, pacHoJIOXEHHas Ha CKJIOHE [EHCTBYIOLLEro BYJIKaHa
fikesama. Ilpu pasrpyske ee oGpa3syioTca KHCIIbie py'bH, cofiepxatuye HCI. Kpynneiiumit u3
HCTOUHHKOB — OBykn — umeeT Temmepatypy 98°C u pacxop nourd 90 n/c. Ero ocamku
colep)kaT paaMOaKTHBHBIH MHHepan XOKYTOJNHT. Brio 3ameueHo, YTO ¢ ycHieHHEM JKCIUIO-
3HBHOM [IEATENBHOCTH ByNKaHa flkeAMa pacxo 3TOro MCTOYHMKA Bo3pacrtaer [[eonorms...,
'1961]. K 3roMy e rHAPOXHMHUECKOMY THITy OTHOCATCA M PACNONIOXKEHHbIe HECKOBKO 10XK-
Hee TepMsl KaBapare (1a6n. 35).

IIpumepaMu TepM NMOBEPXHOCTHOTO GOPMHPOBAHHA, B aHHOHHOM COCTaBe KOTOPBIX Ipeo6-
slapaet cynbgaT, MOTYT CITY>KMTh HAXONALIHECA B TOM Xe paioHe XauMmaHTail ¢pyMaponbHbIe
ucrounnky KarammsaBa (pasrpyxkarolmecs M3 NPHUIIOBEpXHOCTHBIX TOPH3OHTOB THOPOTEp-
ManbHO# cucrembl TaMaraBa) u GITIONIBI LIMPOKO H3BECTHOTO MapOTHAPOTEPMAIBHOTO Mec-
TopoXaeHnus ManykaBa (cM. Ta6Gn. 35). Ha 3T0M MecTOpOXIeHHM eCTeCTBeHHan pasrpy3ka
6bU1a KpafiHe He3HaUHTEIIbHOH (HECKOJIbKO MAalofeGHTHBIX HU3KOTEMIEPaTypHBIX MCTOYHH-
koB). Ho B Hefipax 3TOTO yYacTKa COHEPXHMTCA MOLMHAA THAPOTEPMAIBHAA CHCTEMA C Mpeo6-
nagaiueM mapa (aKKyMyJMpPOBaHHOTO B MOPCKHMX OCaIKaX MHOLEHA), H30/IMPOBaHHAf OT
NOBEPXHOCTHBIX BOJ MOKPBILIKOH IUIHOLEHOBBIX YTUIOTHeHHbIX TydoB. U3 mpobypeHHbIX
3gech LUECTH CKBaXMH ¢ rny6uHer 900—1500 m 6buT BRIBEEH CHAvajia ropsAYMH pacTBOp
FeSO;, a 3areM Ha IHEBHYI0 NOBEPXHOCTD CTall BBIXOIMTH JIHUIb cyxou nap (240 1/4) ¢ BbI-
coKoit KoHIeHTpaudeint H, S, MakcHManbHoit Temneparypoit 280° C u naBnenunem 3,6 kr/cm?
[Nakamura et al., 1977].

YrnekucnoBOOOPOAHBIE Te€pM bl NpelcTaBlieHbl eTHHCTBEHHBIM H3BECTHBIM
B SINOHMH TePMONPOABIEHHEM TaKOro THIA — FTHAPOTePMAMH APHMa, paclioIOKeHHBIMM B
npuGpesxHO# MoNoce I0ro-BOCTOUHOM YacTH 0. XOHCI0. B ra3oBoM cocraBe 3THX TepM Npeoba-
paer (B % 06.) H, — 51,4, CO, — 46,7, N, u penxue rasst — 1,5 u O, — 0,4. Kak yxe oT™e-
YaJIoCh Bblllie, *’BOAOPONHbIE’ " TEPMbI OGBIYHO MPHYPOYEHE! K FIyGHHHBIM pUGTOTEHHBIM pa3-
nomam. IIpuGpesxcHble TepMbl ApHMa TaKKe, BEPOATHO, HAXOOATCA B 30He MPUMbBIKAHUA K
0. XOHCH0 IITyGHHHOrO pa3fioMa, O YeM CBHOETENIbCTBYET UMEIOLIAACA Ha OKEaHHYeCKOM OHe
liellb BYJIKAHOB M TEPMOAHOMATHI. MecTOpOJKIeHHe pacrloyiOKeHO Ha CEBEPHOM CKIIOHE rop
Poxko, CloskeHHbIX BEpXHEMENOBLIMU IPaHHTAMM M puonuTamMH. [HOpoTepManbHas cuctema
NpHYpoOYeHa K KPYMHOMY Ppa3fioMy, CEeKyLIeMY PHOJMTBHI. B npegenax paccMaTrpHBaeMoro
MECTOPOKIEHHA OTMEYaeTCA TpU THMA BOA: 1) XJIOpHIOHbie BBICOKOTEMINIEPATYPHbIE PacCoIbI
(relvmeparypa Ha BbIXOZle cocTapifAer 97, a Ha rnyGume 168 M — 133°C), cocpenoToueHHbIE
B y3Koit (300 M) 30He; 2) ropsaume (18—60°C) pacconbl ¢ BHICOKMM COfepaHHeM KapGo-
natoB (HCO;3 + CO,); 3) cnaGomuHepann3oBaHHbIE XONOAHKIE BOIBI C BBICOKON KOHIEHTpa-
weit CO, . MuHepann3auus TepMaIbHeIX paccoioB 1-it rpymmsr gocturaet 72,5 r/n. Coctas Bop
XJTOPHIHBIA HAaTpHEBO-KaNblLMEBLIA ¢ BbICOKO#H KoHueHTpaumed K, Li, Fe, Mn, H; BO;; Be-
mwurHa pH u3amenserca ot 6,1 o 6,6. Boma TepManbHBIX HCTOYHHKOB ApHMMbI HMeET HanGo-
niee BbICOKOe B SlnoHuH copiepsxanue pamusa (3 - 107! r/m).
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Ta6nuua 35
XHMH4YECKHH COCTaB HEKOTOPBIX CEpOBOAOPOAHO-YINEKHCABIX TepM fAinoHuu, mr/a [Sato, 1961)

KommnouenTtsi 1 2 3
H* 63,50 1,7 63,5
K* 54,87 1,8 45,2
Na* 1574 134 62,2
NH 0,17
Ca®* 138,8 16,3 134,7
Mg?* 44,24 7,3 137,0
Fe?* 64,17 0,3 72,6
Mn2* 2,72 1,6 2,2
Al 26,11 12,6 100,6
CI- 2559 13,3 1296,9
F- 65,49
HSO; 536,9 163,3
S03- 506,1 150,4 957,2
HS, 0; 5,88
H, AsO; 2,13
H, SO, 85,43 -

H, SiO, 358,0 127,8 330,2
HBO, 87,68

H,S 1,6 9,6 0,5

M 4763,39 5194 3202,8
T,°C 97,8 55 92

pH 1,15 2,49 1,2

NNpumeuanne. 1-2 — Tamarasa: 1 — O6yku, 2 — Karamn3aapa, 3 — Kapapare.

B rugporepManbHO HM3MEHEHHBIX MOPOAaX OGHapy)KeHbl HOBOOGPa3OBaHHbIE TAIEHHT M
canepur (Ha rinyGuHe) u cumepur (BGIU3M NOBEPXHOCTH) .

Beicokoe comepixaHue BomOpoaa H ApyrHe ocOGeHHOCTH XHMHYECKOro COCTaBa THAPOTEPM
Apuma, no muennio X. Hakamypot u K. Maema [Nakamura, Maeda, 1961], roBopar o Tom,
YTO 3TH TEPMBbI ABJIAIOTCA KOHXEHCATOM MAarMaTHIECKHX IMaHAaLMH, MOYTH He pa3GaBlIeHHBIM
armocdepHpiMH BofamMu. Bonee mosmuue uccienopanua [Matsubaya et al., 1973], ocHoBaH-
Hpie HAa M3OTOMHBIX NZHHLIX, CBMAETENIbCTBYIOT O TOM, YTO FHOPOTePMBI ApHMBbI ABJIAIOTCA
CMECHI0 MECTHBIX MeTeopHbIX BOM, (5! 20=—8,2%/4,,6D5—50,0°/00) ¥ XJIOPHIHEIX PaccoyioB,
conepxamux Cl~43,7r/xr, 8120=48%/,0 u 8D = —30 +~25%/4,. Pacconsr xe 3TH, KaK CuH-
taior O. Mauy6as ¥ ero coaBTOpHI, ABJIAIOTCA, BEPOATHO, OCTATOYHBIMH MarMaTHYECKHMH, Me-
TamMOphUIECKHMHU HIH T€OTEPMATBHBIMH (ITIOHIEAMH, 32KITIOYCeHHBIMH B BEPXHEMEIOBBIX PHO-
JIMTaX, FPaHHTaX ¥ MeTaMOoppHIECKHX Moponax cepur PHoka.

A30THOYIrnNeKHCABEe MapoOTHAPOTEpPMBl LHMPOKO PACHPOCTPAHEHDLI B
Sinonnu. OHY, Kak OGBIYHO, IPHYPOYEHBI K KPYTIHBIM K&IBHEPAM H BYJIKAHO-TEKTOHHYECKHM
OenpeccHAM 30HbI COBPEMEHHOTO BYNKaHW3Ma. Temmeparypa Bonbl, Ha BhIXOAE OiM3Ka K
TOUKe KHIIEHHs, a Ha [y6uHe nocturaer 200—-300°C. ITo XMMHUECKOMY COCTaBY 310 XJIOpHI-
Hbie HaTpHeBble TEPMbI ¢ GIM3KHM K HeATpanbHbIM 3HaueHuAM pH. TunmunbiMM Hx npencra-
BHTEJIAMM ABNAOTCA ruapoTepmel OHUKOGe, OTake, XauoGapy (cm. puc. 25).

Mecropoxnenne OHuioGe pacnoyioxkeHo B ceBepHoit yacTH 0. XoHclo. CornacHo X. Haka-
mypa, K. Cymu u T. O3aBa [Nakamura et al., 1977], oHo npuypoueHo Kk Kaibjiepe, 3aNOHeH-
HOH O3epHBIMH OTJIOXEHHAMH, KOHITIOMEPaTaMH, NECYAHHKAMH, ApTWUTHTAMH, HAIHTOBLIMH
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Ta6nuua 36
XuMuecKHil COCTaB HEKOTOPBIX 230THO-YTNEKHCABIX” Tepm SAAnonuu, mr/a [Nakamura et al.,, 1977]

KomnonenTni 1 2 3 4
K* 130 980 108 289
Na* 895 4250 805 1396
Ca?* 124 950 20 10
Mg?* 2,2 553 0,05 0,16
Cl~ 1364 11588 1243 2327
S0z 120 180 202 98
HCO, - - 65 58
H, Si0, 356 237 662 1418
pH 8,3 2,5 8,4 8,1
T,°C Kumn. Kun. Kun. Kumn.
M 2999,5 18740,5 3113,45 5604,26

Mpumeuanune. 1—-2 — OnnkoGe: 1 — BepxHMil KOMINEKc, 2 — 3esieHble Tydsl, 3 — Ortake, 4 — Xa-
yobapy.

TydpaMH, aHAE3UTOBBIMH TydoOpeKUHAMM ¥ MOTOKaMH JaBbl. l0ro-BOCTOUHYI0 YacThb 3TOrO
GaccefiHa 3aHMMaeT [IeHCTBYIONMINHA YeTBepTHUHBbIA AauutoBblid BynkaH Hapyro. U3 oaepHbix
OTJIOXKEHHA BBITEKAIOT KHIAIIME HMCTOYHHKH. B reonornueckoM paspese THOPOTEpMATIBHOM
cucrempl OnukoGe GypeHuem oGHapyeHsl: 10 rty6uHbl 600—700 M — aHOesuTOBBIE TydoO-
OpeKunH M NMOTOKH JIaBbl, HHXKE 10 IyGuHbt 1200 M — 3eneHbie Tydbl, a NOL HUMH — Me30-
30HCKHe TpaHHThI. B BepxHel yacTu pa3pe3a Ha rnyGute 190—350 M 6bUT BCKPBIT CyXOit ne-
pETpeTRIil Map, KOHAEHCAT KOTOpPOro MMeeT HEHTpaIbHYI0 WiM CnaGolIenoyHylo peakuHio.
B 3eneHpix tydax GbumM HaiileHB! TepMaibHble (IIIOHMIBI, HO TIOBBILIEHHOH KHCIIOTHOCTH
(pH=2-3).

A30THO-yITIeKHCble UCTOUHHKH OGHapy>KeHbl H B ceBepHOH yacTH 0. Kiocio B xpymHoi
penpeccur benmy — Acy. B 3Toit genpeccHu HaXOOATCA THOpPOTEpMalIbHbie cCHcTeMbl Bermy,
Orake, Xauo6apy u Op. llenpeccus 3anosiHeHa aHRe3UTOBOH Ty(doOpeKuneit H NOTOKaMH JI1aBbl
YeTBEPTHUHOTO BO3pacTa MowHOCThI0 cBhiie 1000 M. Ha Mectopoxmenun Otake pesepBya-
POM TOpAYMX BOJ, ABNAETCA BEPXHAA YacTh 3Tod dopmammu (mo rimyGuH 450 m). B 10 *e
BpeMA Ha MecCTOpoXJeHuM XauoGapy TepMajibHble BOMbI NMPHYPOUYEHBI K €€ HIMKHEH 4YacTH
(rny6unam cebiuie 1000 M) , moacTHRaeMoil BOJIOYTIOPHBIMH NIOPOJIaMH HEOreHa.

XHUMHUECKHA COCTAB THIMYHBIX Mpe/ICTaBUTENEH a30THO-YTIIEKUCIbIX TepM SnoHuM mpu-
BeficH B Ta6n. 36. Bonpiuast yacTh a30THO-YTIEKHC/IBIX TEPMATIHBIX BOX UMeeT aTMoChepHoe
npoucxoxaenue. OmHaKo, Kak OTMEYalOT. AMNOHCKHE MCCIIeOBATeNH, oforaieHHe xiopun-
Ho-cynbcbambxx TEpM TSDKENbIMM CyNb(aTaMu ¢ XapaKTepHbiMu 3Hauemmamu 84S (+20 +
+428%/94) yKa3biBaeT Ha TO, UTO MX HCTOYHHKOM ABJIAIOTCA, BEPOATHO, CyNbdaThl MOPCKHX
BO, NMOrpeGeHHBIX B 3elieHbIX Tydax [Matsubaya et al., 1973]. Comepkaimecs B 3e/eHbIX
Tydax xI0pHAHO-CynbbaTHble (MHOTHA CYNbGhaTHO-XIOPHOHbIE) HATpHEBEIE TEPMBI C Heil-
TPUIbHbIMH 3HaueHuAMM pH M cpaBHHMTENPHO BBICOKOH CONEHOCTBIO ABIIOTCA CMECBIO MeE-
TEOPHBIX H NOrpeGeHHbIX BOM C HEKOTOPO#H monei rnyGHHHOro BHICOKOTEMIIEPATYPHOrO Mar-
Matnyeckoro ¢mionpa. Ha mpucyrcrBHe mocnepgHero ykasnIBalOT GNH3KHA K MaHTHHHOMY
H30TOIHBIH COCTaB reivA B 3TUX dmoumax [Matsubayashi et al., 1979] u ux BbICOKHE TeILIO-
Bbl€ TapaMeTpEI.

YranekHucnee BOIB BCIpeyaioTcA B ANoHuM B 06IacTAX MONONOH MarmMaTHye-
CKOil [IeATeNIBHOCTH KaK B BHIE ManomuHepanu3oBaHHbIX (< S r/n) xonomubix (MocuHo)
WM TepManbHbix (Macaca, Caraky) Bol, TaK H B BHAE MHMHEPaJIH30BaHHEIX PacTBOpOB (0
20 r/n), npuypOueHHBIX K MexXropHniM BnaguHam (Takapasyka, HumGortake, Macytomu,
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HUkena, Kracae) . [To xuMHueckoMy cOCTaBy BObI IEPBOro THNA FHAPOKApGOHATHbIE WIH XJIO0-
pum{o-mnpoxagﬁoﬂa'r}me KaJIbLIMEBO-HATPHEBbIE H (WIK) HaTPHEBO-KAIbLMEBBIE C TEMIIE-
parypoit 1o 50°C n pH okomo 6,5 (cm. 1aGn. 11). MHHepani30BaHHbIE YTTIEKHCIIbIEe BOMBI
OGBIYHO XJTOPHIHO-THIPOKAPGOHATHBIE HATpHEBbIE (HHOINA CO IHAYHTENBHBIM COLEpPHKAHHEM
kabigna ¥ BermunHo# pH ot 6,4 mo 7,3) . Temniepatypa 3THX BOZ 0GBIYHO HEBBICOKA H KONe6-
netcs ot 20 o 40°C.

Yrnekucinble rugpoKkap6oHaTHbIe pacTBOPbI HaiAEHbI B I0XXKHOMR 4aCTH 0. XOHCI0 B MeJIOBBIX
MeTamMopdHuecKHX nopodax Proke, MepekprITbIX YeTBEPTUYHBIMH NeckaMH. 3[ech Ha MeCTO-
poxnernax Mnmborake n Kapammuarano GeuiM nmpoGypeHbl CKBaXWHbI ISl MPOMBILIICH-
HOH no6brau yraexucnoro rasa. Ilo mammeiM O. MarcyGas u ap. [Matsubaya et al., 1973],
aHauerns §!3C B CO, M3 3THX pacTBOpPOB KONEGNETCA B MOBONIBHO Y3KOM HHTEpBale — OT
—2,9 mo —8,0°/0 PDB u cBA3aHBI, BEPOATHO, C YTIIEPOLIOM, oﬁgaayloummcn IIpH Pa3fioNeHUH
MODCKHX H3BECTHAKOB H TMOpPOTEpMATBbHbIX KapGoHaroB (8'3C oprammueckoro yriaepoma
o6bruHO HIDKE —25%/00) .

A30THB € TepMBI BCTPEYAIOTCA B HEHTPAIBHBIX YACTAX 0. XOKKaitno H o. Kiocio,
a TaK)ke B BOCTOYHO#H H 10)kKHO# gacTAxX 0. XoHcio. HanGonee THIHYHBIMM MX TpEICTABHTENSAMH
ABnAoTca ucrouHukH Kaverapa, Yuunomaxu, Muo6au, 0¢pyun, 10ma, Acama, Cionsennsu. ITo
XMMHYECKOMY COCT2BY 3TH BOIbI THAPOKApGOHATHO-XIIOPHOHBIE WIIH XJIOPHIHO-CYNb(aTHbIE
HaTpueBbie, wenounsie (pH 8,4—8,8), ¢ MuHepanusauuein meHee 1,5 r/n (cMm. 1a6n. 20). Ux
TEMIIEPaTypa Ha BBIXOJIE HH)Ke TOUKH KHIIEHHA H 0GbrHO KoneGiercs B uurepsane 40—80°C.
Tepmbl 3TOrO THNA NPHYpPOYEHBI OGLIMHO K TeKTOHMYECKHM HapyIUEHHAM B MAarMaTHYeCKHX H
MeTamopdHueCKHX nopoaax. OHM CYUHTAIOTCA BOJAMH aTMOChEPHOro NPOHCXOXKIEHHSA, TPOHH-
KaolWHMH Ha Gonbluyio ry6GHHY, roe HarpeBaloTcA 3a CUeT €hbeMa YaCTH KOHEYKTMBHOTO TeH-
J10BOro noroka. Ux coneBoit coctaB popMHUpYeTCA B OCHOBHOM B pe3ynbTaTe  B3aHMOJEHCT-
BMSA 3THX TepM C BMEILAIOLMMH IOPOIaMH.

MeTaHOBBE H a30THOMETaHOBBIE TepMbl BCKpPHITH B flnoHuK B npe-
Oenax KpyMHBIX OeNpecCHd H CPaBHHTEJIBHO HeGONBIIMX BIaOMH, BBHIMOJIHEHHBIX IAJeOreH-
HEOreHOBbIMHM H YeTBEPTHUHBIMM 00pasoBaHMAMM. Cpemu HMX ciiedyeT YNOMSAHYTb BIaJHHY
HeHTpayibHOro Xokkaino, BmagMHbl AkuTa, fimarara n Huurara — Harano na 3anagHom mo-
Gepexiwe 0. Xoncio # Kanro u Ho6u Ha BocTouHOM, a Takxke BnaguHy KMHKH, OTKpBIBaloLIyI0-
¢ B0 BHytpennee fnmoHckoe Mope (cM. pHC. 25). B HEOreHOBBIX OTIIOXKEHHAX OTMEYAIOTCA
NposABJIeHUA HedTerasoHoCHOCTH. Bompl, NpHypoueHHble K 3THM OTIOKEHHAM, OTIMYAIOTCA
BBICOKO#H MHMHepaH3alMeil # MOBLILIEHHOH TeMNepaTypoil, CpedM paCTBOPEHHBIX Fa30B Npeo6-
napaet Metad (92-93% 06.).

B npenenax smamitbi Ucniaph Ha 0. X0KKaitio B OTJIOKEHUAX IUTHOLEHA BCKPBITHI BOIbE
¢ Temnepatypoit 48,4°C u MuHepau3aimeit ot 8 1o 30 r/Kr XTOPHOHOTO HATPHEBOTO COCTa-
Ba. B paiione Huurara na rny6une cspiie 2000 M HaXOHATCA XITOPHAHO-THAPOKAapGOHATHbIE
HaTpHEBO-MarHHeBO-KaJIblMeBhbie BOObI ¢ MuHepanu3aumeii 32—35 r/kr u Temmeparypo# mo
61,5°C. Bo Bnamume AkHTa B CeBepo-3anagHoil YacTH 0. XOHCI0 B MUOLEH-IUTHOICHOBBIX OT-
TIOXKEeHMAX Ha riry6uHe 226—1100 M remmepatypa Bombl konebnercs ot 25,6 10 40,2°C. Coc-
TaB BOJ XJIOPHIHO-THAPOKApOOHATHBIN HaTpHeBbEHf, MMHepamu3amma 22—32 r/xr, pH 7,2.
B mmoueHOBBIX OTNOXeHuAX GacceitHa KaHTO BBIAB/IEHO HECKOJIBKO BOOOHOCHBIX TOPH3OH-
TOB, CONEpXAIIMX MHHEPATH3OBAHHbIE BOJBI. Hx temmepatypa B uHTepBane 525-2107 m
Bo3pacraer OT 26 0o 55° C. MuHepaym3amma ol Kone6nerca or 15 go 25 r/Kr, cocTas XJro-
PHOHbI HATPHEBBIH C HOBBILUCHHBIMH KOHIeHTpauuany I, Br, B [Nakamura et al., 1977; Tka-
ueHko, 1974].

MeTaHOBbBIe H a30THO-METaHOBbIE MHHEPAITH30BaHHbIE XJIOpH/IHbIE HATPHEBEIE (WIH HaTpHe-
BO-KaJIblMeBbie) TEpMbl HMEIOT B OCHOBHOM CeMMEHTOreHHOe NMpoucxoxaeHne. OGpasopa-
HHMEe METaHa B 3THX BOJAX CBA3aHO, NO-BHOHMOMY, ¢ GHOXMMIUECKHMH NpoLeccaMu, 0GycnoB-
JIeHHBIMM TIPUCYTCTBMEM B NOPOIAX PACCEAHHOTO OPraHHYECKOTO BEILECTBA H HAJMYHEM Hed-
TAHBIX ¥ Fa30BBIX MECTOPOXKIIEHHH.

BeperoBbie TepMBl BCTpEYaloTca Ha 0kHOM noGepeime o. Kiocto, a Taioke Ha
0T0-3alIaTHOM M BOCTOYHOM NoBepexme 0. XoHCo (cM. puc. 25). TepMbl 3T0ro THNMA HMET
pa3HbIif Ta30BBIH COCTaB, HO NOBOJBHO OOHOOGPa3HbI MO HOHHO-CONIEBOMY COCTaBY. 3TO XjO-
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TaG6nuua 37
Xumugeckuit cocras HexoTopsix Geperosbix Tepm finonun, mr/n [Matsubaya et al., 1973

HUctowmmxu .C pH a- so}” HCO; Na*
Baxypa 95 8,0 12480 162 - 4300
ATamMH 85 1.5 10970 1038 - 3730
Kauyypa 56,5 8,8 886 64 71 426

Ta6nuua 37 (oxoHuaHue)

HcTouHuKY K* Ca?* Mg?* H,S M, r/n
Bakypa 14,0 3450 14,3 - 20,4
ATaMH 87,0 2990 239 - 19,0
Kauyypa 9 126 3,1 24,3 1,6

pHOHBIE HaTpPHEBO-KAIbLMEBbIE TEPMBI C MUHepaM3auMelt MeHblle 35 r/kr. K GeperossiM Tep-
MaM OTHOCATCSH rufiporepManbHsie cucrembl U6ycyxu u Hapukasa B Karocuma-Ken (o. Kio-
cio), Cupaxama u Kauyypa Ha n-oBe Kuu, Atamu u Uto Ha n-oBe Un3y, Kaiike B Torropn-Ken
u Bakypa na n-oe Horo (0. XoHcio) (ra6n. 37).

To muenuto O. Marcy6Gas u op. [Matsubaya et al., 1973], 311 TepMbI 0Gpa3yloTcA B pe3yiib-
TaTe CMELIeHHA COBPEMEHHBIX MOPCKHMX BOJ C MECTHBIMH aTMOC(pEpHBIMH OCagKaMH. JTO
MOATBEPXIAETCH TAKHMH )K€, KAK B MOPCKHX BOJIAX, 3HaueHHsMH 5*S, a 1aroke cxonHsIMU
semrunnamu 820 u 8D B TepMax U MeTeOpHBIX BOJIAX JIAHHOTO paiioHa. Tak, B Tepmax Ba--
Kypa 63%S cocrasnser B cynndare +22,7°/90 (1.e. Gnusxa kK SMOW), a §'%0 — +8,7, B 10
BpeMsA Kak B Bofe BeuumHbi 820 (—4,7%/00) 1 8D (—17,6%/00) MOXO5M Ha HX 3HaYEHHA
B MECTHBIX aTMOC(epHBIX BOoAaxX. B HekoTopbix GeperoBpix TepMax (HanpHmep, Ha n-oe Una-
3y) OTMeYanach, COrJIACHO H3OTOMHBIM HaHHBIM, IPHMeCh CeIMMEHTOTeHHBIX Bogl. Kpome To-
ro, O HallleMy MHEHHI0, B HX GOPMHMPOBaHMM MPHHUMAET YUacTHE M KaKOe-TO KOJIMYECTBO
MarmaTHueckoro (NIoMaa, Ha YTO yKa3biBaeT crelpuueckoe otHowueHue >He/*He Bo Bcex
3THX TepMax [Matsuabyashi et al., 1979].

Kax Bupso u3 puc. 24, 25, iomanu paclpoCTpaHeHHs pacCCMOTPEHHBIX THIIOB TEPM Tec-
HO YBA3BIBAIOTCA C T'eONIOTHYECKHM CTPOEHHEM H TeO0TepMHYECKHMH OCOGEHHOCTAMM SIOH-
CKHX OCTPOBOB.

Ha yvacrkax cOBpeMEHHOro BYJIKAHH3Ma Pa3BHThl CEPOBOIOPOIHO-YITIEKHCIbIE PyMapo-
JIbI M a30THO-YTJIEKHCIIbIe TepMbl. [IpHueM eciii mepBble BCTPEYAlOTCA TOJIBKO HA [EHCTBYIO-
IIHX BYJIKAHHYECKHX aNmnaparax, TO BTOpble (popMHPYIOTCA KaK NOGIN30CTH OT HUX, TaK M Ha
3HAYMTESIBHOM YOaleHHH (HO Bcerga NMpHYpOYeHbI K TepMOAHOMANHAM C BHICOKHM Temrle-
PATypHBIM PEXUMOM Hellp) . YTIIeKHCIIO-BOIOPOIHbIE TEPpMbI APHMBI HAXOIATCA B MeCTe NPH-
MbIKaHHA K GeperoBoil 30He TITyGHHHOTO Pa3ioMa, CEKYILEro OKEeaHHYecKoe MHO. YIIeKHc-
Jble BOMABI, MPHYpOUYeHHbIe OGBIYHO K OG/IAacTAM MOJIOONH MarMaTHYECKOH OEATESIBHOCTH,
BCTpeyalotTcaA B SIOHHH B OCHOBHOM JIHLID Ha 0. XOHCI0.

A30THbBIE H METaHOBBIE TepMbI GOPMHPYIOTCA BHE cepbl BIHAHHA AKTHBHBIX BYJIKaHUYe-
CKHX H MarMaTHYeCKHX OuaroB. A30THbIe TepMsI LIMPOKO Pa3’BHThI Ha Bcex ocTpoBax fimo-
HuH. OHH npHypoYeHs! 06GbIMHO K 30HaM ITyGOKHX TeKTOHHMYECKHX HapyILeHHH B MarMaruye-
CKHX H MeTaMOpdHYeCKHX Nopoaax. MeTaHOBble (M a30THO-METAHOBBIE) TEPMBI, HANPOTHB,
Pa3sBHUTBI B OCHOBHOM B IIpefielaX KpPYTHBIX HeNpecci U CpaBHUTENIBHO HeGONBILMX BIAIMH,
3aNOJIHEHHBIX OCaIOYHbIMHU NTOPOJAMM.

Cneuuduueckue Geperopbie TepMbl GOpMHPYIOTCA JIMLIB TaM, TAE CO3AITCA YCIIOBHA NO-
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CTYIUIEHHA B I1y6b CyllIH COBPEMEHHBIX MOPCKHX BO. Takue ycIIOBHA BO3HMKAIOT OGBIYHO
Ha YYacTKaX KPYMHbIX TEKTOHWYECKHMX MpoOGleHHH, CeKyIHX OKeaHHueckoe THO U GeperoByio
30Hy (WIH NpH HAJIMYMH B TOCIIEAHeH XOpOIIO MPOHMLAEMOTO IUIACTa), NIPH CYIECTBOBAHHH
B IpHOpPEXKHOM 30HE 0YaroB pa3rpy3KH NOA3EeMHBIX BO/I.

Hopas 3enanous

Teonoruveckoe crpoenne. B crpoenuu Cesepnoro ocrpoBa Hosoit 3enanpuu, Ha koTopoM
COCpeIOTOYeHa MHTEpeCcywILast Hac COBpEMeHHasa BYIKaHMYeCKas M TMAPOTEepMayibHaA fAes-
TEJIBHOCTD, YYaCTBYIOT NOPOMBI BEPXHENAIe030HCKOro, Me3030HCKOr0 ¥ KaHHO30MCKOro BO3-
pacta (puc. 26). HanGonee mpepHue ¥3 HUX — BepXHENAE030HCKHE CIIaHLBI — BHIXOIAT B AN-
pe aHTHKJIMHAIH Ha 3anafe n-oBa OKJieH[, OCTaJIbHAA YaCTh KOTOPOTO CII0XEeHa Me3030HCKOH
TeppHreHHo# ¢opmauneit, 3anonHAoLIeH KPYIHLIH cTPYKTYpHBbIi nporu6. Ha Boctoke ocrpo-
Ba JHCIIOLMPOBaHHbIC BEpXHENePMCKHe, TPHACOBbIE H I0PCKHE BYJIKAHOIeHHO-OCaJlOuHbIE IO-
ponasl o6pa3ylor psap, Xpe6ToB, BRITAHYTHIX cyGnapajuiesisHo GeperoBoit nuuu. B 3amagHoi
YaCTH OCTPOB2 HAaXOOUTCA KpYNHa# CTPYKTypHasa Oenpeccusa TapaHaku, 3anojiHeHHas IMC-
JIOUMPOBAHHBIMY  MEJIOBBIMH M KaifHO30/CkHMH 0GpazoBamuamu. Cumtator {KponoTkuh,
IlaxpapcroBa, 1965], 4ro 3anamHas 9acTh OCTPOBAa OTHOCHMTCA K OGIIACTH repUMHCKOlN CKIIak-
YaTOCTH, 2 BOCTOUHAaA — K aybIUiCKONA. B ceBepHoil H neHTpanbHOM YacTH OCTpOBa 060C06-
nAeTCA TeKTOHWYecKas 30Ha Taymo, ABisAolancA NpomoyDkeHUeM ocTpoBHOH ayrH Tourd—
Kepmanex. BHyTpu Hee BhimenAwoTca mwiato KaiiHrapoa, B mpepenax KOTOpOro NOpOHbI
Me3030iickoro ¢yHnamenta (rpayBakKH, aprHUTHTHI, QWUIHTBI, ClIaHUbI) HAXOMATCA BbIile
YPOBHA MOpA, U CTpYKTypHas faenpeccua Tayno (wm Taymo—Bensni octpoB), rae ¢yHna-
MEHT, pa3GUThIH MHOTOMMCIICHHBIMH pa3pbIBHHIMH HAPYIIEeHHAMH Ha OTAENbHEIE GIIOKH, OITyC-
Kaerca Ao rny6uHb 3700 M Hybke YPOBHA MOpPA. 3Ta [AENPECCHA 3alI0NHEHA BYJIKaHOT €HHBIM
MaTepHAJIOM HEOTreH-YETBEPTHYHOIO BO3pacTa — JIaBaMu (pHOJIMTaMH, JAalMTaMH, aHOe3d-
TaMH) M MX Ty¢daMH, nemM3aMH H UTHUMGpUTaMH.

BynkaHHYeCcKasa [NEATENBHOCTH B COBPEMEHHYIO IMOXY NMPOABIIUIACH Ha
CeBepHOM ocTpoBe B 30He Tayno u ee Grmuxaiiler nepudepun. 3nech PacloNoXeHbl. Kpyn-
Hble cTparoBynkaHel Pyanexy, Hraypyxos, ToHrapupo, Tapasepa, Yaiit, npogyuHpoBaBLIne
TIOYTH HCKITIOUMTEIhHO KHCIbIi MatepHasrs. O6umit 06beM TaKOro MarTepuasna, HaKOIMBIIero-
cs B 30He Taymo 32 NMO3MHEIUTHOLIEH-YeTBEPTHUHOE Bpems, fipeBbiiLaer 16 Thic. kM. 3a npe-
Zenamiu 30Hb! Taymo ¥3 MOJOMBIX BY/IKAaHHIECKHX aTMAapaToB H3BECTHBI JIMIUIL Ga3a/IbTOBBIE H
aHMEe3UTOBbIE KOHYCHI 1-0Ba OKJleHA, OeiiCTBOBaBIIMe B TeueHue mocnenuux 2000 ner, u an-
ZIe3UTOBDIi BynKaH JTMoHT B fenpeccuu TapaHaku (cM. puc. 26) .

C kHcnbIM ByNKaHM3MOM 30RbI Taymo accommupyer GOJNBLIOE KOJMMYECTBO KHIIALIMX MC-
TOYHUKOB, ref3epoB, ()yMaponbHbIX CTPYH, IUTOMIAfeH rHIPOTEPMATTBHO H3MEHEHHDIX NOPO.
B Bynkannueckoi 3oHe Tayno HaxonArcA 9 u3 10 caMbIX KPYTHbIX THAPOTEPMAIBHBIX CUCTEM
Hopoit 3enanpum 1 ymus ogHa cucrema — HraBa — pacnosnioxeHa Ha n-oe Oxnenn (puc. 27).

Teorepvmiveckne ycnosui. B pasHeix uvactax CeBepHOro OCTPOBA reOTEpMHYECKHE 1'CITO-
BuA pa3muuHBl (cM. puc. 26). Kak crnepyer us marepuanos O.II. Maumu [Pandey, 1981],
TEeKTOHWYECKad NMpOBHHUMA n-oBa OwseHA xapakrepusyerca GIH3KHM K HODMANLHOMY IS
Me3030/iCKMX CTPYKTYP TeIUI0BbIM oToKoM (63 MB1/M?). B cpykTypax Bocrousoro Gepe-
roBoro xpebra HabmogaembIi TEIUIOBOH TOTOK HAMHOTO HIDKE -HOPMATBHOTO I anblui, B
cpemtem Bcero 38 mBr/m2. ITo ACHO yKka3biBaeT Ha HECTAUMOHAPHOCTb TEIUIOBOTO MONA
B 3TOM paifioHe, CBA3AHHYIO,” OYEBHOHO, ¢ HHCXOOALIMMHM TEeKTOHHYECKHMH ABHKCHHAMH.
B 30He Taymo (OHOBBIH KOHIYKTHBHBII TEIUIOBO TIOTOK B cpefHeM HeBbicok (50 MB1/m?),
HO pa36poc ero YaCTHBIX 3HaYCHMHA 37eChb OUeHb BeJIMK. BMecTe ¢ BHICOKHMH €ro BEHYM-
Hamu, pocturalommmu 209 mBr/m?2, BCTpEYaoTCA M OYeHb HH3KHe — BmioTh mo 0. Bocxo-
Osee OBHXKEHHEe THAPOTEpM CO3[AI0 B BepXHeil HaCTH pa3pe3a OuYeHb BLICOKHE TEMIIEpaTy-
pbl — o 250-300°C (raGn. 38). Takoe pachpenenieHHe TEMIEpaTyp M TEIUIOBOTO NOTOKa
BOOGIIE THIMYHO IJiA PaiOHOB IMAPOTEPMATBHOR AKTHBHOCTH M CBA33HO ¢ MHTEHCHBHOH
BEPTHKATLHOA WHPKYNAUMeEH nom3eMHbIxX Bof,. Kak BumHO 3 Tabn. 38, oGLmMil BEHOC Temwa
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Puc. 26. I'eonornveckoe ctpoenue u Terutosolt notox Hosoit 3enannum {KponoTku, llaxpapctoba, 1965;
Pandey, 1981].

1-2 — 30Ha repumHun, nepepaGoTaHHAA Me3030HCKOM CKITATYATOCTHIO: Naneo3ofckue cTpyktypol (1)
BNAJIHHBI, BBINOJIHEHHbIE MEOBBIMH M KaHHO30HCKMMH OUCIOLHMPOBaHHBIMU OTIOXKeHnaAMH (2); 3—6 —
30Ha KalHO3ONCKON CKIAMMATOCTH: AXPO aHTHKIMHOpUA I0xHOro m CeBepuoro ocTpoBoB (J3), Me3030il-
CKHe TeOCHHKJIMHaNbHbIe nporuGer (4), 30Ha MEPMCKHUX M ME3030ACKHX OTIOXKEHHH BOCTOMHOTO KpPBUIa
AHTHKMHOPHA (J), 30Ha COGCTBEHHO ANBMMACKON CKIIAMYATOCTH — OHCIIOUMPOBAHHDIE OTIOKEHH Mea,
naneorexa u Heorena (6); 7 — BIaAMHBI, BHINOJIHEHHbIE KATHOIONCKHMH OTIIOKEHHAMH; 8 — pa3pbIBHBIE
Hapyuienms; 9 — Bymicannt; 10 — nyHKTBI ONpeZeNeHHA TEIUIOBOTO MOTOKA U €ro BenudnHa, MBT/M*



2
°

60 120 KM

I

o.Benwi

TuknTepe
Potopya Hasepa
oTopya g ? ® % y
Kormo.
n'.,(eﬁuopauo.

1
<Ba#pakeh Bpdanenac £L
Tayno .. Taykdpa”,

.omTa’yno //// ...:..

.
o
TaKaany . aMOpepa

. .

.
.
.
.
.
.
.
.

Puc. 27. CxeMa ruapoxuMmiecKkoit 3oHanbsHocTH HoBo#t 3enanmuu

1 — yrnexucnble XNOpHOHbBIE HATPHeBble ¢ MHHepanu3auuedt oT 0,6 no 8 r/n maporunporepmbl o6nacreft
COBPEMEHHOTO BYJIKaHH3MAa; . — CepoOBOROPOMHO-YITEeKHCNAbIe CysbdaTHO-XJIOpuaHbIe M cynbdaTHbIE
(¢ mecTpbIM KATHOHHBIM COCTaBOM) M COHOBLIe THAPOKAPEOHATHO-CYNbdaTHble HATPHEBbIE TePpMbI 0Gmac-
Tell COBPEMEHHOTO BYNKaHM3MAa; J — YITIEKKCIble FOPAUME M XOJNIOOHBIE FHApPOKapBOHATHO-CYIbdaTHEIE
HATPHEBbIE BOAbI OGMCTel YeTREPTHYHOTO BYNKaHNu3Ma; 4 — a30THBIC Cy/IbDATHO-HATPHEBBIEe C MHHEPAITH-
3alUMeR OKOMO 1 I/l TepMBI Y4aCTKOB TEKTOHMYECKHX HAPYLUEHHI; 5 — METAHOBBIE XTTOPHAHbIC HATPUEBbIE
¢ MHHepanu3aluHeil Ko 25 r/kr apreanaHckux 6acceitHOB; 6 — pailoHbI, Tie TePMalbHble BOXBI HEH3BECTHbI ;
7 — xpynseittuine ruApoTEPMaTbHBIE CHCTEMBI

rugporepmavm B 3oHe Taymo cocraBnser oxono S5 - 10® kan/c. XapaxrepHo, uro obume
KOHYKTHBHBIE TEIUIONOTEPH Ha ee Iwiowamu (~ 20 THIC. KM?) NPHMEPHO BOBOE MEHBILE.

HanGonbumit poHOBBI KOHIYKTHBHBIH TEMIOBOH NOTOK HaGmiopaerca B Aenpecchn Tapa-
HakH. 30ech OH MOYTH cTaGwieH H paBeH B cpemHem 80 MBT/M?. 310 yKa3piBaeT Ha 3Haym-
TeNIbHBIA NporpeB Help [MeNpecCHH, BbI3BAaHHBIN, OYEBHOHO, BHEOApeHHEM GOJIBLIMX MacC
MArMaTHYECKOrO MATEpHANIA, OTKPbLITaA pasrpyska KOTOporo chopMHpOBala BYIIKaH
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Ta6nuuna 38

EcrecTBeHHbIf TENUIOBOH BHIHOC B HEKOTOPBIX FHAPOTepMANLHBIX cicTemax Hosoit 3enanmuu [Ellis, Ma-
hon, 1977)

FunporepmanbHas T'ny6uHa CKBaXXMHBI, T °c EcTecTBeHHBI! BBIHOC

cucrema M max» Tera, KKan/c
Tayxapa 1047-1227 257-292 25000
Baitpake#t 500-2254 250-274 101000
Porokaya 888-1210 292-306 50000
Bpoanennc 7602418 143-300 20000-45000
Penopoa 1351 ~ 234 -
Opakeitkopako 1157-1411 224-266 82000
Baitorany 455-1110 203-295 134000
TukuTepe - - 28800
Kapepay 433-1233 237-285 18000
Hrasa ~ 600 220-225 9000

Tupporeonoruyeckue oco6eHHOCTH 30HEI Taymo oGYcClOBIEeHbl HAIMYHEM 3[1eCh MOILIHOM
OTHOCHTEJIBHO XOPOLIO NPOHHLAeMOH BYJIKaHOT€HHOM HeOTeH-yeTBepTHUYHO# Tonmum., K Han-
Gornee MPOHUIIAEMBIM CJIOAM 3TOi TOJIIH MPHYPOUYEHbI TOPH3OHTHI TEPMAJIbHBIX BOM, XapaK-
TEPH3YIOLIMECA B OCHOBHOM KOPOBBLIMHM M TPEHMHHO-KOPOBBIMM YCIIOBHAMH LUMPKYJIALMH.
BynkaHoreHHas TOJIa 3a/eraeT Ha IUTOTHBIX BOOOYMOPHBIX MeTaMOpGhH3OBaHHBIX MOPOHAX
Me3030fickoro ¢yHOaMeHTa, pasapoGlieHHBIX Ha GITOKM, OMylIeHHbIe Ha Pa3Hyio IiyGuHy.
B camoii BepxHe# YacTH pa3pe3a OGBLIYHO NPHCYTCTBYIOT ITIHHMCTbIE O3epHbIe OTAOXKEHHS
WM THOPOTEPMAIPHO W3MEHEHHble MOpPOABI, OGp23ylolHe OTHOCHUTEJIBHO HENpPOHMIIAEMYI0
NOKPBIIKY. MeCTOpOXXIeHHA TepMalbHBIX BOM, NpUypOueHbl, KAaK MpPaBWIO, K 30HAM Iepece-
uYeHH KPYTMHBIX TEKTOHHYECKMX HapylleHHH CeBepO-BOCTOYHOIO M CEBEPO-3aMafiHOroO MpocC-
THpaHMiA. JTH pa3noMbl HOJDKHBI CTYXMHTh KaHaJIaMH V1A BOCXOHAIEro MOTOKa Gonee riy-
GOKHX BBICOKOTEMIIEpaTYPHBIX GITIOMOOB.

Ouaru pasrpy3xH 3THX MeCTOPOXIeHHH NpeACTaBNAT coboil napsime 1oja ¢ MHOTOYHC-
JIEHHBIMM KHMAIIMMM HCTOYHMKAMHM M refisepamu. B HekoTOpBIX M3 ITHX OYaroB pasrpy3ka
THOPOTEPM IPOAOIKaeTCA yxe okono 500000 ner [Ellis, Mahon, 1977].

Xummueckuit cocraB runporepm Hopoii 3emannuu Gbul OeTasibHO H3ydeH A. JJUIMCOM M
Y. Maxonom [Ellis, Mahon, 1977; Ellis, 1979] u paccMarpuBaeTcs HaMy IJ1aBHBIM 06pa3oM Mo
OAHHBIM 3THX aBTOPOB. 3[eChb TaKXKe MOXHO BBIIEJMTh HECKOJBKO XapaKTepHbIX THIOB
tepMm (cM. puc. 27). B paiioHax cOBpeMeHHOTO BYJIKaHH3Ma BCTPEYAlOTCA B OCHOBHOM CEpO-
BOJOPOIHO-YIJICKHCIIBIE H YIJIEKHCNble MNapOTHAPOTEPMBbI. THIHUYHBIM IpeACTABHUTENIEM
CEpOBONOPONHOYIINEKHCHB X Te€&pM, TECHO CBA3AHHBIX C BBIXOAMH BYJKa-
HHYECKHX ra30B, MOTYT CIYXHMTh (yMaposibl, BhIXOAAIIME B KpaTepe aHAC3HTOBOIO BYIIKa-
Ha Yaiit (Benbiit ocTpoB). B omHOM M3 HUX — H3BeCTHOM ¢pymapone Bur Jlonansn — temme-
patypa nocturaer 800°C, a B coctaBe [Iapora3’oBO# CMeCH OTMEYAIOTCA BHICOKHE COMIEPKaHHA
H,S, SO,, HCl, a Takxe NH;, HF u H3BO; [Ellis, Mahon, 1977]. Psanom ¢ ¢dymaponoii 06-
Pa3’oBaNioch KHCIIOe KpaTepHoe 03epo ¢ BHICOKOH MMHepayM3alpei ¥ cneuMdpuYecKuM COCTa-
BOM pacTBopa (Tabn. 39).

IIpu HachIEHHH IPYHTOBBIX BOJ, APOTra30BBIMH CTPYAMH H OKMCJICHHH B HUX CYTTb(pHIOB
o6pasyiorca KHucible cynbdaTHO-XIIOpHIOHbIE H CYnbGaTHbIe TEPMBI ¢ HU3KHM COMIEp)KaHHEM
XJI0pa H NeCTPhIM KAaTHOHHBIM COCTaBOM (cM. TaGi. 39).

Jpyro#t pasHOBHOHOCTBIO CEpOBOAOPOITHO-YTJIEKHCIIBIX TEPM SABIIAIOTCA . HEHTpalbHbIE
ropAauHe CONOBbIE THAPOKapGOHATHO-CyNb¢aTHbIe HATPHEBLIE BOALI, KOTOPHIe GOPMHUPYIOTCA
OGBMHO B MPHMOBEpPXHOCTHHIX YCIOBHAX, XOTA B OTHenbHbIX cmywanax (Bpomiennae) moryr
CYlIeCTBOBaTh M Ha 3HaWMTENbHBIX rimyGuHax (600—700 m). Takue Bompt TOXE 0GpasyroTca
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Ta6bnuua 39

Xumnyeckuii COCTaB HEKOTOPBIX CEpOBOAOPOAHO-YraeKHCAbIX TepM HoBoi 3enanany, Mr/n [Wilson,
1953)

KoMnoHeuTst 1 2 3 4
H* - - 1,6 9,1
Na* 7670 790 2,76 22,22
K* 1000 220 0,09 1,18
Mg** 7310 1050 2,34 0,41
Ca?* 2560 1155 3,8 1,82
Fe 11480 925 0,04 0,40
AP 2030 1515 1,0 1,24
F- 870 445 - -
cl 61840 10912 0,5 19,31
S03%- 2340 17830 25,32 12,22
HSC, - - 1,54 4,27
H,S - - 0,92 2,4
H, Si0, 151,9 188 2,7 350
H,BO, 36,6 154,5 43,91 105
NH, 18 17,7 20,73 20,2
M 97306,5 35202,2 107,3 549,8
T,°C 100 50
pH 1 1,1 2,8 2,4

NMpumeuanue. 1 — Benniit 0cTPOB, KPaTEPHOE 03€p0O: TAKKE YCTAHOBIeHO Br - 40,0, I — 6, As —
6,3; 2 — nynxan Pyanexy, kparepHoe ozepo: I — 1,5, Mn — 3,4,Li - 1,6, Rb — 0,4, Cs — 0,1, H,SiO, —
1106,7; 3 — KeTretaxnu, HCTOUHNMK; 4 — POTOKABA, HCTOYHMK.,

Tab6bnuua 40
Cocras ra3os ruaporepm Hosoii Jenananu, % 06. [Ellis, Mahon, 1977}

Monurasa Ha
TuapoTtepmansHas cHCTEMA 1 xr sogm B co, H,S CH} H, N, +pen.

o6mieM pacxo-

ne
Kasepay, cxp. 8 0,11 94,0 2,6 2,1 0,3 1,0
Battpakett, cks. 27 0,012 90,0 4,1 2,1 0,5 2,4
Baltpake#t, Kapamum, dymapona 0,012 94,5 2,3 1,1 1,0 1,1
Baitorany, cks. 6 0,026 88,0 10,3 0,2 1,0 0,5
Bpomennc, cks. 2 0,25 94,4 1,6 2,2 0,2 1,5
Hrasa, cks. 1 0,5 93,9 0,7 3,9 0,5 1,0
Tayxapa, aporasopas CTpys 0,01 96,4 1,3 0,5 0,4 1,4

*CyMMa yrieBonoponos.

NpH HachleHWM BOJOHOCHBIX TOPH3OHTOB NAPOTa3oBBIMH CTPYSAMHM, copepiaummu H,S u
CO,, Ho Bo3HMKalole mpy okucneHud H, S kucnsie cynbdaTHbIe BOABI 3aTeM HEATPAH3YIOT-
cA M3-33 B3auMoJeiicTBHA ¢ moponaMu. IlockonbKy mpH BhICOKEX Temmeparypax CaSO, n
MgSO,; HMeIoT HH3KYI0 pPacTBOPHMOCTb, TO B KaTHOHHOM COCTaBé 3THX TepM IipeoGrnapaer
Na*
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Ta6nupa 41
Xumuueckuit cocTa yraexucasix napornaporepm Hosoit 3enananun, mr/n [Ellis, Mahon, 1977]

TapoTepMaLHAR CHCTEMa Torgys' pH Li Na K Rb Cs
Baftpakeit, ckB. 44 244 8,6 142 1320 225 2,8 2,5
Baltorany, cks. 6 240 8,9 6,6 860 155 2,4 0,8
Kasepay, ckB. 8 262 9,0 5,5 740 130 0,9 0,5
Poropya, cks. 137 160 9.4 1,4 565 31 0,26 0,31
OpakeftKopako, CKB. 3 234 9,0 3,1 254 40 0,18 0,27
Bponnenpc, cks. 2 260 8,5 11,4 1075 222 2,2 1,9
Bponnennc, ckB. 10 250 8,9 9,6 890 150 1,2 1,2
Tayxapa, cks. 1 255 8,0 13,8 1275 223 2,5 1,9
PoTokaya, HCTOWHHK 6 100 2,5 7.8 990 102 1,7 2,0
(258)
Hrasa, cks. 1 225 8,1 10,7 900 78 - -
ToxaaHy, HCTOUHHK 6 100 1,25 22,3 1750 165 1,1 2,8
Ta6bnuua 41 (oxoHuaHuE)
" [
T'unp OTepManbHan CHCTeMa zCO, SO, ZH,S INH, [ zSiO, { ZHBO, M
1
BaltpaxeH, cks. 44 19 36 1,4 0,15 640 117 4572,5
Battoramy, cks. 6 65 52 2 0,9 620 56 3296,3
Kasepay, ckB. 8 17 10,5 4 0,5 815 248 3247
Poropya, cks. 137 143 30 74 0,05 314 32,3 1831,6
Opaxeitxopako, cks. 3 50 64 5 0,1 546 14,4 1297,6
Bpoanennc, cks. 2 100 3,5 1,0 1,6 848 216 4349,1
Bpomnenac, cke. 10 400 6,0 2,0 1,2 695 2205 5639,3
Tayxapa, cks. 1 13 30 1,0 0,1 726 153 4692,6
PoTokaya, HCTOUHHK 6 144 520 0,2 1,6 340 183 3752,8
Hrasa, cks. 1 14,5 20 1,0 55 475 4800 8042,6
ToxaaHy, HCTOUHHK 6 1,5 65 1,0 1,2 305 364 5794

YrnekHcnbe HapoTHAPOTEPMBI LUMPOKO paclpoCTpaHeHb! B 30He Taymo
M BCTPCYAIOTCA B €[MHWYHOM ciiyMae Ha m-oBe OxuneHpn (Mectopoxaende Hrapa). K uum or-
HOCATCA Bce HauGoyee MOLIHbIE THApoTepManbHbie cHcTeMbl HoBoil 3emawmum, xortopbie
patee B.B. UBaHoB [1960] oTHOCHN K a30THO-YT/IeKHCIOMY THITY. OHaKO MOTyYeHHBIE 31ECh
HOBBIE [aHHbIe TTOKA3aIH, YTO COZIep)kKaHHe a30Ta He NMpeBbNUaeT B HHX 2,4% 06., B TO Bpems
KAaK YTJIEKMCHIbIi Ta3 cocraBnger o6bruHo Gosee 90% 06. (1abnm. 40). Xora TemmepaTrypbl
(OHOOB B 3THX CHCTeMaxX NMPHMEPHO OAMHAKOBBI, KOHLEHTPAlUMUs Ia30B B HHX CYILIECTBEHHO
papppyer. HauBbicie ee 3HaueHHA OTMeuaioTCA Ha MecCTOpokaeHuH Hrapa u B BOCTOYHOH
vacTH MecropoxcaeHua BpopyeHnc, roe pa3BuTHI ocafjouHble moponsl. B cocraBe razos Ha
3THX MECTOPOXKIEHMAX OTHOCHTENIbHO yBenHumBaercs comepkamwe CH,, NH; n H3BO;.
HanpoTHB, B TMOPOTEPMAIBHBIX CHCTEMaX, NMPHYPOYEHHBIX K BYJIKAHHYECKHM MOpPOJam,
KOHUEHTPAalMs ra3oB B MAapOBbIX CTPYAX HOBONMBHO HM3kaa (cMm. TaGn. 40). apneHue rasa
B ITyGOKHX BOXOHOCHBIX FOpPH30HTax Konebierca or 1 aTM Ha Mecropoxenns Baiipakeit mo
IecATICOB aTMOcdep B rHapoTepManbHbIX cucTeMax Bpomnennc, Kapepay u Hrasa.

Ilo HOHHO-COJIEBOMY COCTaBY MOUYTH BCe YIJIEKHMCIIble NMapOTUAPOTEPMB] XJIIOPHUIMBbIE HAT-
pueBBIe C G/M3HeilTpanbHbIMH 3HaueHMAMH pH. Munepanu3aumsa 3tMX TepM H3MEHACTCA OT
0,6 no 8,0 r/n (1abn. 41). Conepxanue B Bomax 3roro Tuma Na xoneGnercs ot 100 go 1750,
a K — or 20 no 250 mr/n. HauGonslime KOHUEHTPAalMH KATHA OTMEYAIOTCA BO BCKPBITHIX
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Ca Mg F Cl Br 1 As

17 0,005 8,3 2260 6,0 0,3 4,8
10 0,06 1,5 1450 4,7 0,2 31
1,1 0,39 5,2 1262 6,2 0,2 -

1,0 0,22 4,0 632 2,1 0,7 0,3
1,0 0,15 17,0 301 0,6 0,2 0,6
29 0,08 7,25 1844 6,4 0,3 5,6
2,1 0,1 6,5 1262 3.9 0,4 31
14 0,07 6,8 2222 4,2 2,1 4,1
12 10 1,0 1433 4,0 0,5 -

29 1,4 - 1658 - - -

36 0,5 1,5 3064 5,0 2,4 5,6

CKBaXMHaMM ruaporepMax Baiipaieit, Tayxapa u Bpomnennc (cm. 1abn. 41). Comepxanue
Li xone6nercs ot < 1 no 23 mr/n B Bomax ucrounuka TokaaHy. Rb u Cs npucyTCTBYIOT B Tep-
MaJIbHBIX BOJax B KOHueHTpanuax 0,01—0,001 mr/n, u auws B Bogax, Pasrpyxaoumxcs u3
CKBaXHH Ha FHOPOTEPMAaJbHBIX cHcTeMaX Baiipaxeit, Bpomiengc u Bafiorany, ux comepia-
HuA Boie (oo 3 mr/m). Konuentpamus Mg B riy60okuX BOGOHOCHBIX TOPH30HTaX JIOBOJIBHO
Huska (0,001-1,0 mr/im), npiyeM MHHMManbHa OHa B OBNACTAX, FAE Pa3BHUTHI PHOHTHL. Co-
nepxatue Ca He nmpesbimaet SO Mr/ 4 0GbIMHO MeHblie. OHO 3aBHCHT OT TEMIIEpaTyphl BOMBI,
BeyumHb! pH u konuyectsa CO, .

Copepxanue B B BbICOKOTeMITe paTypHBIX BOJAX 06/ACTH COBPEMEHHOrO ByikaHH3Ma Ho-
BOH 3eNaHOMM CYIIECTBEHHO BapbHpPYET B 3aBHCHMOCTH OT COCTaBa BMEINAIIIMX MOPOZ,
(cM. 1a6n. 41). OHO MeHblUe BCero B FUMAPOTEPMAIBHBIX CHCTEMAX, IPUYPOUYEHHBIX K BYJI-
KaHoreHHbiM ToNuaM (Kasepay, PoTopya W mp.), M 3HauMTensHO Bblille B 0GNAacTAX pasBH-
THA ocapouHbIX nopoa (HraBa, BocrouHas yacth MectopoxaeHua bpomiennc). MoxHo co-
TTIACHTBCA MOJTOMY ¢ MHeHHMeM A.B.llepGakopa [1961] o mpeMMyLiecTBEHHO OCailOYHOM
reHe3uce B. Ilomumo B, M3 ocagowHBIX MOpOn B TepMalibHble BoObl MecropoxkneHusa Hrasa
nocrynawt NH;,CO,,a rakxe Hg  [Ellis, Mahon, 1977].

KoHnuentpauuur F nexcatr B uHTepBane 1—17 Mmr/n, yBenuumBasch B HauGosee BbICOKOTEM-
HepaTypHbix BopaX. IlocToAHHO HU3KHM sABnAercs copepxanue I (0,1—1 mr/m). Beicokue
3HaveHMsA KoHUeHTpanuii | u Br BcTpevaroTca MHOrAa B BOJAX HEKOTOPBIX HCTOYHUKOB (Ha-
npumep, TokaaHy) , Iie 3TH 3IeMEHTHI HAKAIUIHBAKTCA PaCTHTENILHOH OPraHHKOM.

KoHueHTpammu CcynbdaToB B YINEKMCIBIX NAapOTHAPOTEPMAaX HOBOJIBHO Pa3HOOOGpPa3HbI.
B ryGoKHX BOMOHOCHBIX TORH3OHTaX OHH pefxo mpeBbiaot 100 Mr/n, npuyem camble
HH3KHe KOHIEHTPAlMH BCTpedalnTcA o6buHO B HauGolee BBHICOKOTEMNEPATYPHBIX BOMAX.
Hanpumep, B Bpomnennce u Kasepay npu temmeparypax okono 300°C conepxanue SO, B
TUApOTEpMAaX NlexMT B UHTepBale 5—20 mr/n. OmHako TaM, rOe ropsiuide XJIOpUOHbIE Ha-
TpUeBLIe BOIBI MPOXOIAT Yepe3 OCalKH, colepxawye cepy (mecropoxmeHue PoTokama),
dopmupyioTcs cBoeoGpa3Hble CynbdaTHO-XJ10 pUIHbIE BOTBI.

CopepaHHe MHKPOKOMIIOHEHTOB B YITIEKUC/IBIX NApOTHAPOTEPMAX CPaBHUTENBHO He-
Benuko (Tabn. 42), HO OHO Pe3KO YBENUUMBAETCA B OCafKaX, BHIIABLIMX M3 TEPMAJIbHBIX
dmongoB (1a6n. 43).

Ha CeBepHOM OCTpoBe B paliOHaX YeTBEPTUYHOIO BYJKaHM3Ma n-oBa OkneHN pa3BHTa
MPOBUHLUHA FOPAYKX M XONOOHBIX YT e€KH CNBIX B O M IMIPOKApGOHATHO-CYTbdaTHOTO
HAaTPHEBOTO COCTaBa.

Bre oGnacTeii COBpPEMEHHOTO M YETBEPTHYHOTO BYJIKAHH3Ma BCTPEYAIOTCA 4 3 O T H bl €
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Ta6nuua 42

Coctap MHKPOKOMMNOHEHTOB B HEKOTOPHIX maporuaporepmax Hosoit 3enanauu, mxr/n [Weissberg

et al., 1979)

T
T OPMATILHAA Mn Fe Ni Mo Cu Pb Zn
BponneHac*, cks. 2 0,133 360 0,2 - 09 1,3 1
BpomneHac, ckB. 25 - 360 0,05 - 1,3 55 06
Bafipaxeft ** 0,7A 12 1 14 1,9 45 2,2
* Taxke ycraHopneno Ti--7,W —87,V —2.3,8n —2,1,Bi - 0,3.
** Cpenue 3HaYeHHA N0 HECKONBKHM CKBa)KHHAM
Ta6nuna 42 (oKoHYaHHE)
Tunporepmanshan cd Ag Au Hg Sb Al Be Ge
CHCTEeMa
Bpoanennc*, cks. 2 0,01 0,7 0,04 - 220 - 0,23 4
Bponnenac, cks. 25 0,02 0,25 - -
Baltpaxent** 0,55 - - 12 1000 0,35 0,05 8

TaGnuua 43

ConepxaHie METALIOB B OCA/IKaX, BLINABIUMX H3 TepMaTbHBIX (ouaos, r/T [Weissberg et al., 1979]

I'nopoTrepManbHan As Sb Au Ag Heg T Cu
CHCTEMSE
g‘:“;e"“c { 50 1000 50 2000 600 150 0,25-10°
* s
OxaKu 250 0,810 55 200 200 1000 -
Bacceity 400 1-10% 85 500 2000 630 -
Cxe. 7 500 500 - 100 250 250 500
Poroxana
Cks. 2 4000 3.10° 70 30 15 5000 -
Bajiorany
Yamnaure, GacceltH 0,210° 0,2-10° 80 175 170 320 -

NMpumMeuaHue. Illepsas crpoka — Ha BHYTpeHHEN CTOPOHe IMYIIMTENRA, BTOpad — Ha BHeUMeH cToO-
poHe raywutens (bpopneHac, cks. 2) .

Ta6nuuna 43 (oxKoHuYaHHE)

fm:wmwaﬂ Pb Zn Mn Fe Ga Be Sn v
'C;::f“;'e"“c 400 50 200 1000 700 400 40 25
Oxaxu - - B - - - - -
Baccettn 25 70 - - - - - -
Ckp. 7 50 500 250 - 150 100 s 10
Porokasa
Cxs. 2 50 100 -

Baitoranmy
Yamnanre, Gaccefis 15 50 -




[Ds =3¢ =3

Puc. 28. Cxemaruyeckad Kapra I'MApPOXHMHUeCKOH 3oHansHOCTH Uxnouesmu, Ounvnmae u TaitBans, no
P.U. Trauenko [1974]

1-5 — MpPOBHHUMH T¢pMOMMHEPALHBIX BOA: | ~ CEpOBOAOPOAHO-YTAEKUCBIX U 830THO-YITIEKHCTIBIX TEpM
06TIacTel COBPEMEHHOTrO BYJIKAHH3Ma, 2 — 830THBIX TEPM o6nacreit HOBEHIINX TEKTOHHYECKHX IBHIKCHHH,
3 ~ a30THO-YITIEKHC/IBIX K 830THBIX GeperoBbix TepM, 4 — a30THO-METAHOBBIX M METAHOBBIX BO[ apTE3HaH-
ckux BacCeiHOB ¢ MUHepanu3auueit,r/n: d@ — po 10, 6 — 10-35, 8 — > 35, 5 — paitOHBI IpeANONaraeMoro
PacIpOCTPaHEHHA MeTAHOBBIX BOA; 6—7 — rpaHHubI GacCeAHOB TepMAIbHLIX BOA B OCaNOUHOM Hexine:
6 — ycTaHOBNeHHbie, 7 ~ NpeANosaraeMsole

THOAPOTEPMBI C TeMIEepaTypoil HIDke TOUKH KHIIEHHA, IPEUMYILECTBEHHO CynbdaTHO-
HATPHEBOrO COCTaBa, ¢ MHUHepanH3alueit okono 1 r/n. OHM NpUypoUYeHBI K TEKTOHHYECKHM
HapyuIeHUSM B NUCIIOUHPOBAaHHBIX 06pa30BaHHAX, cnarawimx xpeber Pyaxune.

B pmenpeccuax, 3amONHEHHBIX OCAOUMHBLIMM KaifHOZTOHCKHMH TMOPOAaMM, Pa3BHTHI MeTa-
HOBBIE XJIODHIHbIE HATPHEBBIE TepMbl C TeMIepaTypoii o6buHO MeHee 50°C ¥ MHHepanH3a-
umeit 7o 25 r/kr (cMm. Tabn. 15—17).

K cosxanenmo, mo ApyruM OCTPOBHBIM [IyraM He MMeeTCA CTONb € NOJIHBIX THApOreo-
XMMHYECKMX. JaHHbIX, KaKk no Kypuno-Kamuarckomy pervony, Amonmn u HoBo# 3enanouu.
CocraBnenHas P.WU.Tkavenko [1974] cxema, yuMThIBalolIasA BCe HMEIOUIMECA Ha 3TOT CHeT
OOBOJIBHO Pa3poO3HeHHbIe MATepHajibl, OTHOCAILMECH K 30HACKHM OCTPoBaM, OWIHINMHCKO-
My apxunenary, o. Taipans (puc. 28), maer muiub oGliee NMpeCTaBJIEHHe O paclpenesieHHH
37eCh Pa3NUYHbIX THIPOXMMHYECKHUX THIOB BoA. OOHAKO BHIHO, UTO H. 3[I€Ch BBIAENAIOTCA
Te e THIB! BOM: (GOPMUpYMOLIMECH NMOM BO3JEHCTBUEM MATMAaTHUYECKHX M BYJIKAHHYECKMX
o4yaroB (CepoBOOOPOMHO-YIJIEKHCIIBIE H a30THO-YITIEKHMCIIBIE TepMbl) H GopMHpYyloLIHeCH
B PerHOHaJIBHOM TEIUIOBOM folie (a30THhIe, YITIEKUCIbIe H MeTaHOBbIe TepMmsl) . KpoMme Toro,
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Kak Ha QUIHINHHCKOM apXHIejare, Tak H Ha 30HACKHX OCTPOBaX BCTPEYaeTcA TPYMI2 Tak
Ha3biBaembIx GeperoBbix TepM (Tusl, KamypaH), B ¢opMHpPOBaHHM KOTOPBIX MPHHHMAIOT
y4acTHe COBpEMEHHBIe U, BO3MOXHO, norpeGeHHble Mopckue Boasl. Hexoropsle HanGonee xa-
paKTepHbIE THIIBI TEPM NpHBeNeHb! B Tabn. 3, 4, 11, 14, 20.

TonBonA obuiMe MTOTH MO reOXHMMH T€PMAJIbHBIX BOJ, OCTPOBHBIX Oyr, OTMeTHM: 1) ra-
30BaA 30HAJIBHOCTb THAPOTEPM TaK)Ke NMOJUMHEHa IeONIOrHYeCKOMY PaiioOHMpOBaHHIO; HauGo-
jiee THMHYHBI [UIS OCTPOBHBIX AYT a30THO-YITIEKHCIIble M YTJIEKMCIIble MapOTHApPOTEPMBI,
a TaKxe cneuuduyecKas rpymnna GeperoBbix TepM; 2) COCTaB MApPOTHOpPOTEPM MpPeHMYLIECT-
BEHHO XJIOPUIHBIH HaTPHEBbIi, MIHEePANTH3aLHA HX BbILlE, YeM B CJIAHACKOM CerMeHTe OKea-
HMYeCKOro pHdTa, H HHXE, YeM B KOHTHHEHTAJIbHBIX H MEXIKOHTHHEHTAIBHBIX PUPTOBBIX
CHCTEMAX, YTO CBA3aHO C PajIHUMAMH B IeOJIOTHYECKOM CTPOEHHM pacCMaTpUBAaeMBIX pe-
rHoHoB; 3) IUIA THAPOTEPM OCTPOBHBIX Ayr THXOOKEeaHCKOro Mofica XapakTepHa ompeme-
NeHHas CNEeUManu3aluA pa3NHyHbIX MMKPOKOMIIOHEHTOB: TaK, B NOBBILIEHHBIX KOHIEHTpPa-
IMAX B HUX codepxarca B, As, Sb, Hg, Li, Rb, Cs, Ge, a B koHOeHcaTax BYIKaHHYECKHX
ra3os — Zn, Pb, Cu, Sn.

TJIABA HIECTAA

HCTOYHHUKH KOMITOHEHTOB
B T'HAPOTEPMAJIBHBIX PACTBOPAX

I'naBHBIMM HMCTOYHMKAMM MOCTYIUIEHHA MHHEDaNbHBIX M a30OBBIX KOMIOHEHTOB B MOA-
3eMHbIe BOIbl BYITKAHHYECKHMX oOnacreil ABNAIOICA MOPOMAbI NHTOChEPHI, a TaKXKe IyOHH-
Hble 3MaHallMH, NMOCTYTIAIOWHKE B NMOA3EMHble BOObI HEMOCPEACTBEHHO M3 MarMaTHYeCKHX
0YaroB, KOPHH KOTOPbIX YXOOAT B BepXHHe cjloM MaHTHH. HekoTopylo pomp Hrpaer Taxse
NpHBHOC BemtecTBa M3 armocdepbl. Kpome toro, yacTs MHHEpaIbHOH HAarpy3k MOA3EMHBIX
BOA HMMEET MOPCKOE TPOHCXOXAECHHE KaK OOA3aTenbHbIA KOMIOHEHT CeNMMEHTAIMOHHBIX
H BIOCTeNCTBHH norpeGeHHBIX BoH GacceiiHa ocamxoHakoluleHHA. COBpeMEHHbIE MOPCKHe
BOObl ABIAIOTCA OCHOBHBIM HCTOYHMKOM MHMHEDAJIbHBIX KOMIIOHEHTOB B CyO0aKBasbHbIX
THAPOTEPMATBHBIX CHCTEMAaX OKE€aHHYECKOro pH(Ta, a Tak)Ke Ha yYaCTKax pa3BUTHA Oe-
PeroBbIX TepM.

HCTOMHUKH H MACHITABbI NOCTYIUIEHHSA JIETYYHX
H THTOOHUNBHBIX INTEMEHTOB ’
B THAPOTEPMAJTIbHBIE PACTBOPBI

PaccMOTpHM HCTOMHMKH M MacluTaGbl MOCTYIUIEHHA JIETYMHX H JIMTOQMHIBHBIX 3JIEMEH-
TOB B THMAPOTEPMAIbHBIE PACTBOPbI B TPEX PAa3HOBMOHOCTAX PaiOHOB COBPEMEHHOFO BYII-
KaHH3Ma, Pa3/IMYAlOLIMXCA CBOEH TeOTEKTOHHYECKOH mo3undedi (B pHdTOBBIX 30HAX OKEaHa,
B KOHTHHEHTaJIbHBIX PHTOBBIX CHCTeMaX M Ha OCTPOBHBIX [Iyrax), H MOMbBITaeMCH BBHIABHTD
HX crieuHpUKy.

Armocdepa

Ilo cpaBHeHMI0 C APYTrHMH HCTOYHHKAMH, NIOCTYIUIEHHe MHHEPAIbHBIX KOMIIOHEHTOB B 1OA-
3eMHBIE BOABI M3 aTMOChEpbl OTHOCHTENIBHO HEBEJHKO. JIHIIb HeKOTOpble KOMIIOHEHTDI ra-
30BOTO COCTaBa TepMasbHbiX dmionnoB (N, , pexye rassi’, B HeKOTOPbIX Ciyuasx O, H Ap.)
HMEIOT NMPEHMYLIECTBEHHO BO3JYILUHOe NPOHCXOXOEHHE. 3TH ra3bl NMPOHMKAKT B MOPOMBI
BMecTe C aTMocepHBIMM ocagKamM. PacTBopeHHble B HHPHWIBTPAUMOHHBIX BOOAX, OHM

! O6BIUHO, KPOME I'eTHA.
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Ta6nuua 44

Moctynnenne XHMHYECKHX 3/1IeMEHTOB C aTMOChEPHBIMH OCaAKaMH B noa3eMHubie Boast Jonuues IMeii-
3epoB (Ha naowans 40 km?)

Cpennee cogep-
JneMeHT *';HI:: B oc;aln? Nocrynnenue, JieMeHT Eg:::)::nne Hoctynnenne,
Kax, Mr/n 7/ron B ocagkax, Mr/n 1/ron
Cl 3,8 506 Ca 1,0 13,3
S 26,5 353,3 F 0,09 1,2
C 2,0 2,7 1 0,002 0,03
Na 40,3 5373 Br 0,015 0,2
K 14 18,6 Si 0,83 10,7
Mg 0,8 10,6
Hroro 76,737 998,53

IMPKYIHPYIOT B NPHIIOBEPXHOCTHBIX YacTAX 3¢€MHOH KOpbI, a NpPH MOHWXEHHH HABJICHUA
(yBe/MYEHHH TeMIepaTypbl) BBIAENAITCA M3 PacTBOPOB B BHAE cBOGomHOM rasosoii dasbl.
I'ny6uHbl, Ha KOTOpble NIPOHHKAIOT ra3bl aTMOCdephI, 3ABHCAT OT KOHKPETHBIX IHApPOreosno-
THYECKMX ycnoBHii. [lo-BHIMMOMY, OHM IPHMMEPHO COOTBETCTBYIOT MOILHOCTH BEpXHeil THA-
POAMHAMHYECKOH 30HBI.

B coneBoM cocTaBe aTMOcCthepHBIX OCaAKOB COHNEPHKATCA NIEMEHTHhI, MOCTYMAIOIIKE Ty[a
C MBUIBIO 30JIOBOrO MPOHCXOXAEHHA (B TOM UMCIIe C MMOBEPXHOCTH MOPpEi M OKeaHOB) , a TAK-
Ke C BYJIKAHHYECKHMHM 3KCTaJIflMAMH M NpOMBbILDIeHHbIMM nponykTamu. Jt1o Cl, S, C, Na,
Ca, Mg, K, I, F, Sc, Si, Al, Fe, Mo, Cu, Zn. Ho nuum Tperss YacTh MUHEpaIbHOTO BEIIECTBA,
cofepkaulerocsi B arMocdepe, NpUHHMaeT yuacTHe B GOpPMHpPOBaHHMM XMMHYECKOIO COCTa-
Ba MOA3eMHBIX BoA. OCTanmbHbIe ABE TPETH HAXONATCA B MOCTOAHHOM KPYTOBOpOTE “TIOBEPX-
HOCTb CyLLIM — aTMocdepa — NOBEPXHOCTD cyum” [Murpaums..., 1974] .

O6ee KOMMYECTBO CONEil, BHIMANAIMIMX eXeTomHo Ha 1 KM? NOBEPXHOCTH 3eMIIH C aT-
mocdepHBIMH OCaiKami, kone6erca oT ~ 3 T B By/TKaHNMYecKHX paifoHax Mcnanmuu no Hec-
KOJIbKHX JeCATKOB TOHH B THXOOKE2HCKHX OCTPOBHBIX JIyrax.

CocTaB M KONHYECTBO COjiell B aTMOC(EpHBIX OCalKkaX 3aBHCAT OT BPEMEHHM rofa M Mec-
TONOJIOXEHUA TOYKH 0T6opa Mpobbl. OHH CYIIECTBEHHO Pa3NMYAIOTCA Jaxe B Mpenenax ofl-
HOro peruoHa. K coxasieHWio, IUIA pacCMaTpHBaeMbIX HAMHM DETMOHOB MOCTaTOYHO MOJIHBbIE
DAHHBIE WMEIOTCA JIMIIb N0 HEKOTOPBIM HMX yuactkaMm. Tak, cornmacHo B.I1.3sepeBy [Murpa-
umA..., 1974], cpennuit xumMueckmii cocTap arMocdepHsix ocankos B Kypuno-KamuaTckom
3BeHe 30HbBI COBPeMEHHOro BYJIKaHM3Ma Cienyioluuit (B mr/m): muHepammsauns — 65,21,
Na* - 16,3, K* — 1,26, Ca®* — 2,18, Mg?* — 0,67, CI” — 2,3, SOF™ — 32,2, HCO; — 10,3
n pH — 5,24. O6mnmM B cocraBe aTMOCHEPHBIX OCaIKOB BYJIKAHHYECKHX PaitoOHOB OCTPOBHBIX
Iyr ABNIAETCA MX CPaBHHTENBHO KMCJIAs PEAKIMA W MOBbIIEHHoe cofepxakue SO3; BOMM-
34 AeHCTBYIOWMX BYJIKAHOB OCAlIKH B MOBBILICHHBIX KONHYECTBax cofepxar Takxe CI .

Ha Kamuarke HauGonblleil MHHepaJlM3alMeill XapaKTEePH3YIOTCA OCAalKH, BbINAJAIOLIHE
usorga B paitoHe JlomaHbt CeitzepoB (mo 158 mr/m). OaHAKO C yYETOM CpedHEB3BELIEHHOTO
coflepXaHHMA JIEMEHTOB B [OXAE M CHere CpedHAsA MHHEPAIN3AUMA OCANKOB B TOMMYHOM
uMKiIe 3peck 76,8 wmr/n. CpeOHerogoBoe KONHYECTBO OCAIKOB B 3TOM paiioHe OKOJIO
1000 mMm. TlockonbKy TOJNIBKO TPEThbA YacTh COOEPKAIIEroCs B HHX MMHEPaIbHOTO BELLECT-
B2 MOCTYNaeT B MOA3eMHbIE BOABI, IETKO NMOACYNTaTh, YTO B FHApPOTEpMaTbHyI0 cHcTeMy Tlo-
nunpl TefizepoB, KoTopas 3aHMMaeT wiomans 40 KM?, ¢ aTMOCcepHBIMHA OCaliKaMH 3a [0
NpHHOCUTCA okono 1000 T paanuwMeix 3nemeHToB (Tabn. 44). Ipu 3TOM OCHOBHasm AoNA
npuHapyexxutr Na u S.



Oxeal

BaxabIM HCTOUHHKOM MLIEJIOTO pfAflA MHHEPAIBHBIX KOMIIOHEHTOB M MOBBIIIEHHOW MHHe-
PAIH3ALMA TEPMAIbHBIX BOM, ABJISACTCA OKeaH: 1) COBpeMeHHble OKEaHMYeCKHe WIH MOp-
CKHe BO[bl, HEMOCPENCTBEHHO NMOCTYMAIOUie B THOPOTEPMAJIbHBIE CHCTEMBI; 2) CeOMMEHTa-
LUMOHHbIe NIOPOBbIE BOJb! JOHHBIX OCAAKOB; 3) MOPCKOil CONEBOH KOMIUIEKC OCaJOYHbIX U
BYJIKRHOT€HHO-OCaOMHBIX MOpod; 4) CONeHOCHble (IBAMOPHTOBBIE) OTIOXKEHHSA, BCTpe-
YaIOLIHECH B pe3epByapax HEKOTOPhIX TMAPOTEPMAIIBHBIX CHCTEM.

IIpu HanuuMu XxOoTA OBl ONHOrO U3 TaKMX HCTOYHHKOB (POPMHPYIOTCA XIOpPURHBIE HaTpHe-
Bble (WM HaTPHEBO-KAJNIBIMEBble) TepMalbHble BOMNbI C MOBBILUEHHOH MHHepajiM3alHed W
pa3JINYHBIM Ta30BBIM COCTaBOM. YacTh KOMIIOHEHTOB ras3oBoro cocrasa (CH,, CO,, H,S)
MOXeT TakOKe MMeThb “’MOPCKOi™ reHe3uc, obpasysce B pe3yibraTe MeTamMOpdHUECKHX mpe-
06pa3oBaHHH MOPCKHX OCaJIKOB HJIIM B Ipouecce GHOXMMMYECKOH peyKLHMH CynbdaTHBIX
HOHOB, COAEPXKALUHMXCA B HHX WIM MOPCKO# BOAE.

Kax wusBecrHo [Camapuna, 1977], cpenHsas KOHUEHTpaUMA ITIABHBIX KOMIIOHEHTOB B
oKkeaHHMuecKoit Bofe cocTasnser (B r/xr): CI' — 19,35, SO3™ (a Takxe NaSO;, MgSO$ u
CasS0g) — 2,71, HCO3 (CO%~, H,CO0%) — 0,142, Na* — 10,76, Mg?* u MgS0$ — 1,29,
Ca®* (CaS0Oj, CaC03) — 0,413, K* — 0,39. Takum 06pa3om, GpopMyrnia CpeHEro XMMHYEC-
KOFO COCTaBa BOJIbI OK€aHa MOXeT ObITh 3aMUCaHa CllefyoIMM o6pa3om:

C1'90 SO, 9 HCO; 0,4
M .
** Na77Mg18Ca3K 16

OcranpHble KOMIIOHEHTbI, COEpPXAIUMEeC B OKEAHWYECKOH BOIE, HMEIOT 3HAUMTEIBHO MEHb-
uMe KoHueHTpaumu (B mr/kr): Br™ — 66,0, F — 1,3, Li* — 0,18, Sr**(SrS03) — 8,0
1(107%) — 0,05, a Takxe B — 4,6, KoTopbit Haxopurcs B Buge Hy BO$ u H,BO3. Ewe 78
3r1eMeHTOB 0GHapy eHbI B rOpa3fio MeHbIMX KonuecTBax (&€ 1 MKr/Kr).

Iorpyxasnce no pudTOoreHHHIM M MHBIM pa3jioOMaM B Iriy0b OKEaHHYECKOro AHA, BOMbI
COBPEMEHHOTO OKeaHa HAarpeBaloTCA B PEeTHOHAIIBHOM TEIUIOBOM MONE H, CMELIABIUHCh B He-
KOTOPBIX Clly¥asiX ¢ IIIyOMHHBIM BbICOKOTEMIEpPaTypHbIM (hIIIOHIOM, HECKOJIBKO H3MEHAIOT
CBOH COCTAB H IUIOTHOCTb. ITO NMPHBOJMT K BO3HHKHOBEHMI0 BOCXOUALIEIO TOKAa TEpMallb-
HbIX BOJ, K NMOBEPXHOCTH OKEeaHHYeCKOro AHA MJIH NMpWIeralIuHx y4acTkoB cyuud. [lopsop-
Haf pasrpy3Ka BbICOKOTeMMepaTypHbiX ¢monnoB (360—400°C) obHapyseHa, Hampumep,
B Kanudopumiickom (21° can.) u Tamamarocckom pudrax Ha rmyGuHax 2000—-2800 m
(cM. rnaBy 4eTBEPTYIO) .

IMocrymneHne MHHEPaIbHBIX KOMIOHEHTOB, COIEPXKALMXCA B COBPEMEHHBI X MO p-
CKHX BOJIaX, B rHipoTepMaibHbIe CHCTEMBI MOJPOGHO PacCMOTPEHO Bhillle Ha IIpHMe-
pe GOpMHUPQBaHUA TePMAJIBHBIX PACCOJIOB, Pa3TPYXKAIOLIMXCA B IPUOPEXHBIX PaHOHAX CYLLH.
Tak HasviBaeMble GeperoBble TepMbl ITHPOKO PAa3BUTHI B THXOOKEAHCKHMX OCTPOBHBIX OyTrax
(nanpumep, I'opaumit sk 1 Hibkaekowenesckue tepmel B Kypwino-Kamuarckom perxole,
Baxypa, ATamu u Apuma B fimonun, Ypyn Jlaxa n Kpaxan B UHIOHe3uH, ¥ Ap.) H UCIaHA-
CKOM HaiBOOHOM yuacTke okeaHHueckoro pudra (PeiikpaHec, Peiixup Wcadvopmyp u mp.) .
XoTs pe3epByaphl GeperoBBIX TepM HaXOIATCA B CAMBIX Pa3HOOOGpa3HbIX MOPOAAX, BCE ITH
TEPMBI HMEIOT CXOMHDIA XJIOPHAHBINA HATPHEBO-KAIBLMEBBIA COCTAB H MHHEPAJIM3aLHI0 OLbIY-
HO HHXe 35 r/Kr (XOTA B HEKOTOPBIX CHIyYasAX B pe3yiIbTaTe MPOLECCOB KOHUEHTPHPOBAHUA
NpH BLIMAPUBaHHUY OHa MOXKET Haxce mpeBbiiiaTh 50 r/kr). ComepxaHus OTHAEIbHBIX KOMIO-
HEHTOB B 3THX BHICOKOMHHEPATH30BAHHBIX BOAAX B PE3yNbTaTe HX MeTaMOPdHUeCKUX Npeod-
Pa30BaHHA OT/IHYAIOTCA OT CYIUECTBYIOLMX B MOPCKOH BoZie (YMEHBIIAETCA KOJHYECTBO
SO,4 u Mg n Heckonbko yBenuunBaerca Ca, K, H, SiO; n np.).

O macutabax NMOCTYNJIEHHA MMHEPaJIbHBIX BELIECTB B THAPOTEPMANbHYI0 CHCTEMY H3
MOPCKOFO HCTOUHMKA MOXHO Gosiee MM MeHee O0GOCHOBaHHO CyOWTh, H3y4Yas OGeperoBbie
TepMbl. COrnacHO NMpHBEAECHHBIM BbIle AAHHBIM, B THAPOTEpMalIbHYI0 cucreMy Peiikbanec
nocrynaer B rofi cBbitie 200 ThIC. MHHEPAIbHBIX KOMIIOHEHTOB MODCKOTO IeHE3HCa, B TOM
wcne €1 ~ 124 u Na ~ 66 1hIC. T.

B ¢opmupoBaHuM cyGakBajibHBLIX H GeperoBbiX TepM MOTYT TaKXKe NMPHHHMATh yyacTue,
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XOTAL H B MEHBIIMX Macuibrabax, MOpCKHe BOOB JOHHBX o0cagkoB. Co-
rnacio C.U.CvupHoBy [1974], xonuentpauyn Cl 1 Na B nopoBBIX BOAax Ha MepBOi CTauu
mmareHe3a GIM3KH K COMEPXaHHI0 3THX 3JIEMEHTOB B MOPCKO#l BOJE, B TO BpeMA KaK KOH-
HeHTpalMH GOJIBLIMHCTBA [APYTHX 3JIEMEHTOB B MOPOBBIX BOAAaX BHIIE, YeM B MOPCKHX (0co-
6enno Li, Sr, Ca, mennitte B u Ky etne menbue Br) . Konuenrpawm Mg u SO, B nopoBbIx Bo-
pJax HiDke, yeM B MOPCKOIi Bofie.

INA ceO¥MEHTAMOHHBIX BOJ MOPCKOrO TeHEe3HCa, HaXOHOAMMXCA Ha CTa[MM KOHTHHEH-
TABHOTO (OCTPOBHOIO) pa3BMTHA B GaccefHaX, 3aMOJIHEHHBIX MOCIAEME3030HCKHUMH OCaj-
KaMH, TaKXE XAPaKTepHbI NpeoOnajaHue XJIOp-HOHA, OTCYTCTBHE HIIM NOHH)XEHHOE COnep-
*aH#e cynbdaroB, BHICOKaA KOHUEHTpalMA KapGOHaToB, ioma M Gpoma [CMmupHoB, 1974].
CornacHo C.M.CMHpPHOBY, MHHEpAIIbHOE BEIIECTBO HOPOBBIX BOJ BBIHOCHTCA NO MEXaHM3MY
KOHIIEHTpalHOHHOH nHpdy3um. JIo6aBMM Taxdke, YTO Ha YYaCTKaX TEIUIOBBIX aHOMAIH
HOOJKHBI aKTHBHO NMPOABIIATLCH M npoueccs! Tepmonuddysuu. Kpome roro, ceaumeHTamMoH-
Hble BOMbI MOTYT CMELIMBaThCA C METEOPHBIMH BOHaMM (M Jaxke 3aMeIaThCA HMH), mepe-
[aBasfg M YacCTh CBOEH MMHEpANIbHOH Harpy3KH.

B ycnoBHAX BBICOKHX TeMIepaTyp NpOLECChl MAacCOMEPEeHOCa H XHMHYECKHX peakiui
pe3ko HHTeHCMbMIMpYIoTca. Bce 3T0 M OGYCIIOBNMBaeT OKOHYATENIbHBIH XHMHYECKHi coO-
cTaB HOPMHPYIOIIMXCA B TAKHX YCHOBHAX TEPMAIBHBIX BOH. B pesynpTaTe B pafioHax pas-
BHTHA OCaiOUHBIX M BYJIKaHOT€HHO-OCAHOUHbIX MOPON, HAKAIUIMBABLIMXCA B MOpcKHX Oac-
ceitnax (Kypuno-Kamuarckoro, finoHckoro, ®uwinanmuackoro, HoBo3enaHackoro U Opyrux
3BEHBEB CHCTEMb! OCTPOBHBIX OYT), GOPMHPYIOTCA TepMalbHble BOMBI XJIOPHIHOIO HaTpHe-
BOTO COCTaBa ¢ MuHepaym3auueii 10—30 r/kr.

FanoreHHse GoOpManNUU BCTPEYAlOTCA B OTAENBHBIX PallOHaAX KOHTHHEHTAIIb-
Ho#t pudrTOBO# 30HBI AdpuKaHo-ApaBHiickoil cucTembl (JlaHaxkwibckas BhaavHa, paifoH
Kpacnoro Mopsa) u HaseMHoii yacT Kanudopuwiickoro pudra (Conron Tpor).

B pesynbraTe mMpouecCOB KOHLEHTPAUMOHHON H TepMopHbGy3HH KOMIOHEHTHI, FeHEeTH-
YecKH CBs3aHHbIe ¢ BanoputoBbivH dopmamuamm (Cl, Na, K, Ca, Mg, SO,, Br, B, I, NH,,
Li, St n HexoTopsle ApYTHe), MePeXonAT U3 TBepHoH $a3sl BO BHYTPHCONEBbIE TEPMalbHbIE
Paccosl.

B nonconessie ¥ HafCONEBble TEPMAJIbHbIE BOTbI, CKOPOCTh IBIOKEHHA KOTOPHIX BO MHO-
ro pas NpeBbILIAeT CKOPOCTh AMbdy3uH, Macconepefada OCYILECTBIAETICA BCIeCTBHE Mpo-
11eCCOB BbIILECJIAYHBAHHA M PaCTBOPEHMA IBANOPUTOBBIX OTIIOKEHHA. HMeHHO B pafioHax pas-
BHMTHA TAJIOTeHHBIX PopMalMil B 0OCAROYHOM YeXile YIIOMAHYTHIX BbIllle paiflOHOB COBPeMEHHO-
ro ByJIKAaHM3Ma M BCTpedaoTcs HamGosee BBHICOKOKOHUeHTpupoBaHHbIE (150—300 r/kr u
Goslee) TepMalbHBIE PacCOJBI, B OCHOBHOM XJIOPHIHOTO HaTpHEBOTO COCTaBa. JIuiub B paiio-
He Uesano (Mramus) o6HapykeHB! yHHKalbHBIE BbicokoTemmepatyphbie (210°C) yrnexuc-
7ible  Paccoibl Cyib¢aTHO-HATPHEBO-KAMbLMEBOr0 COCTaBa C MMHepaiu3anmmeit 356 r/kr.

Obi1ee KOIMYECTBO MHHEPANBHBIX KOMIIOHEHTOB, MOCTYNAOLIMX H3 3BaNlOPHTOBBIX TOJILL
B TEpMAallbHbIE PAaccoNbi, N0 CPABHEHMIO C OPYTHMH HUCTOYHHKAMM MHHEPaIbHOH HAarpysKH
TepM HauBbicuiee. TepmaribHble paccoJibl TaKOrO TeHe3WCa, Pa3rpyXaiolyecs BO BIaUHe
Atnantuc II (KpacHoe Mope), exerogHo BBIHOCAT OT 3 KO 6 MIH. T paCTBOPEHHOTO BElLIECT-
Ba. OpgHaKo MomoGHbIe TePMaNTbHbIE PACCOITBI BCTPEYAIOTCA CPABHHTENBHO pefKo.

Takum 06pa3oM, okeaH B TOH WJIH MHOM pOpMe AKTHUBHO YYacTByer B (POpPMHPOBaHMH
COCTaBa TEPMAJIBHBIX BOJ BO BCeX PacCMATPHBaeMbIX HaMH perHoHax. B mpefenax oxeau-
9ecKoro pu¢dTa MHHepalibHble KOMIOHEHTB MOPCKOIO reHe3nca, H B AepBYI0 ouepeNis XJop,
NOCTYNAT B CyGaKBaJIBHBIE THOPOTEPMAJIBHBIE CHCTEMbI BMECTE C COBPEMEHHbIMM MOPCKH-
MH BOJAMH WIH K€ BBLIAENIAITICA H3 MOPOBBIX BOJ AOHHBIX OCafKOB. B OCTPOBHBIX myrax
H KOHTHHEHTAJIBHBIX PUGTOBBIX 30HAX, IZle Pa3BHTHI MOPCKHE OCaOYHble H BYJIKAHOTEHHO-
ocagounsie opMalH, TepMalbHbIe BOABI TaK>ke 00GOrauiajoTcs MOPCKHM COJIEBHIM KOMII-
nexcoM. Kpome TOro, Ha MHOTMX OCTPOBHBIX AYTaX, KaK ¥ B HAaIBOAHBIX y4aCTKaxX pu¢ro-
oxeannyeckux CTpykryp (Hcnanmous), BcTpeuaworcs GeperoBble TepMbl, YaCTHYHO COnep-
Kalpe COBpeMeHHble MOpCKMe Bompl. HakoHel, B 0CafOYHOM 4exyie HEKOTODBIX PaHOHOB
KOHTHHEHTAIBHBIX (M MEXKOHTHHEHTAIIBHBIX) pHGTOBBIX 30H Pa3BHTHI rajoreHHble Gpopma-
MM, HanGoJiee CHITBHO H3MEHSIOIMEe XUMHYECKHIi 0G/IMK TepMallbHbIX BO/.
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Jiurochepa

OCHOBHBIM MOCTABIIMKOM MHHEPaJIbHOH Harpy3ky B TepMalibHble BOObI B GOJBLLMHCTBE
CllyyaeB ABAAKTCA BMeluaoume HX noponel. IloBbillleHHBIE TeMIepaTypbl HeAp B paccMar-
PHMBAEMBbIX PETHOHAX CMOCOOCTBYIOT TOMY, YTO M3 mopopd, aurocdepsi B BogHylo da3y mepe-
XOIAT KaK BCe INIaBHbie H BTOPOCTENEHHbIE KOMIIOHEHTBI CONEBOH HArpy3KH TePMAJIBHBIX
PacTBOpOB, TaK M JIeTyuMe, COAepXxaumecss B NOpoHdax JuTochepsl B BHAE ra3oBoi $aisl B
MHMKDOBKJIIOUEHHAX K Oonee KPYMHBIX CKOIUIEHHAX WIH CBA3AHHbIE B COCTaBE Pa3lIMUHBIX
coemunenHit (CO, xapGonatheix Tonum, H,, NHy, N, H yrmeBomopomsi opraHMueckoro Be-
LIECTBa) M BIJENAIOILIMECA U3 HUX NIPH TepMOMeTaMOpdu3Me.

ITo cnocoGHOCTH K BBIHOCY H3 MOPOABI M MUTPAlMH B BOIHONM cpelie MPHPOOHbIE COeauHe-
HuA noppaspensiorca [[MH3Gypr, 1957] Ha cnemyrowme rpynmsi: 1) BecbMa NerkopacTso-
pHMble H BBIHOCHMBIE B COTHAX M [JECATKaX rpaMMoB Ha 1 1 — ranoupHsle, cynbdaTHbIe,
a30THBIE, YIJIEKHCble, PpTOopUCThIe, GOpHBIe H KpeMuHCTbIe comu K u Na (BeposATHO, Takke
Cs u Rb); 2) pacrtBopuMBIe — rajouaHble, cynbbartHbie H GuxapGoHaTtHbie comu Ca, Mg,
Ni, ranounmbie ¥ cynbdarusie conu Zn, Co, Fe, Mn, Cu u cynsbar Ag; 3) TpyaHopacTRO-
pumble (cnabGoBeHOCHMDBIE) — cynbdar Sr, kapGoHath Ba, Sr, Zn, Ag u SiO,; 4) BecbMma
TPYAHCPacTBOPHMbIe (MajlonmonaBuxHble) — KapGoHate! Pb, xpemuuctire conu Zn u Ca,
Mg, nourH HepacTBOpHMBbIe OCHOBHBle KapGoHarbl Cu, cynndarsi Ba, AgCl; 5) HepactBO-
puMble (HemoOBuxabie) — ruapookHcinsl Fe, Mn, Ti, Co.

Taxasa rpapauua Opuia npemnoxeda U.HM.T'uH3GypromM mis B3aUMONEACTBHA 3THX COEOM-
HEeHWil ¢ OUCTWUIMPOBAHHOH BOJO#H. B mpHpOOHBIX TepMaJbHBIX BOJAX PaCTBOPHMOCTb YKa-
3aHHBIX COeJWHeHMii MoxeT ObiTh Bhiile. Ha pacTBOpMMOCTh MOPOM, BJIMAIT KaK IMIPOIH-
HaMMUYECKMHl PeXHM MOA3eMHBIX BOM, TAK M COCTaB MOCHeOHUX (NPHUCYTCTBHE KPYTHX HOHOB,
creneHp HOHM3auMH pactBopa, pH, Eh), a taioke mapumaneHoe: HaBlieHMe ra3oB (ocoGeH-
Ho H,S, CO, u np.). Tak, pe3ko yCHIMBaeTCA BBIHOC M3 MOPOJ, KaJlHf, eC/IH B JAEHCTBYIO-
IIeM BOJHOM pacTBOpe CONEepXKHMTCA HaTpuil. Bo3pacraer mouri B 3 pa3a cogepxaHHe KpeM-
He3eMa B BOOAHOM Nape npu OoGasneHuu B nocnenuuit NaOH [Xurapos, 1944] . [pu nocry-
IUIEHHH B CHCTEMY ATIOMOCHJIHKAThl — BOMAA YITIEKHCIOTHI M XJIOpa H3 MOPOAbI H3BJIEKAIOTCS
IIEJIOYH M IEeJIOYHbIe 3eMJIM B KOJIMYECTBE, IPOMOPIHAOHATIBHOM Macce BBe[IeHHBIX JIETYUHMX
[Pekenko u ap., 1981]. Hexoropsle npyrue acnekThl B3aHMOJIEHCTBHA BOMBI H MOPOALI pac-
CMOTPpEHBI B IJ1aBe CeIbMOH.

B paccMaTpHBaeMbIX HaMH PerHMOHaX MOXHO BbIFEJIHTh TPH IJIABHBIX THIIA H3BEPXKEHHBIX
nopoxn, ¢ KOTOPbIMH HOBOJIBHO CXOOHBI [0 COCTaBY H HAXOOAIUMECA TaM BYJIKaHOr€HHO-OCa-
AOoYHble OOpa30OBaHUSA.

K nmepBoMy THIy OTHOCATCA MOPOIBI NPEUMYIUECTBEHHO TOJIEHTOBOIrO PAAA, XapaKTepHble
WVIA okeaHHdyeckoro puédra. Ko BTOpoMy — NOPOABI LIETOYHOro PAAA, LIMPOKO Pa3BUTbie B
npefenax KoOHTHHeHTanbHoro pu¢ra (BocTouHo-AdpukaHckasa cucrema). Tperwii THN Byn-
KAaHHTOB, CBOMCTBEHHBIX OCTPOBHBIM AYTraM, NMpPeACTAaBIIAIOT MOPOMAbl H3BECTKOBO-ILEAOYHO-
ro pApa.

Ho cpaBHeHMI0 ¢ OpYTMMH mopoAamu TonenTsl obenuensl Na, K, Fe, P u F, a raioke pep:
KHMH NUTOQHUIBHBIMU dneMeHTamH — Be, Li, Rb, Ba, Sr, Zn, TR, U, Th. B 10 %e Bpemsa B
HHX JOCTATOYHO Benuko copgepxanne Ti, Nb, Ta, V, Cr, Ni. B atux nopomax Na> K, a Ca >
> Mg. Copepixanne xyiopa B HUX 06bIuHO HeBenHko. B Gaszanbrax HMcnaHmuu, Hanpumep, OHO
cocraBnser 50—720 r/t [Sigvaldason and Oskarsson, 1976]. '

TonenToBBIe Ga3aJIbTHI IIHPOKO PacnpOCTpaHeHbl B OCTPOBHBIX AyTax. B 1o xke Bpems Wi
STHX CTPYKTYP XapaKTepHbl MOPOIbl H3BECTKOBO-LIETIOUHOMH cepuH (1LeIOYHOM ONHBHHOBBIA
Ga3anbT, aHOEe3UT0-6a3a)IbT, aHAE3NUT, JALMT, PHOJIMT), OTJIMYAIOIUMECH OT NMOPOJ, TOJIEUTOBOIrO
pana Oonee BLICOKOH LIeIOYHOCTBIO, OB BILLIEHHBIM COJIe PXKaHHEM LLUETIOUHO3E€MeJIBHbIX, PeKO-
3€MEJIBHBIX H pa;moaxrum{mx KOMIIOHEHTOB ¢ HECKOJIbKO INMOHH)XEHHBIM COOCP)KAaHHEM Ti,
Zn,Nb, Ta, V,Cru Ni (JIyru, 1980].

TTopons! wenouHoro pasia, ocoGeHno xapaxTepHbie A Boctouno-Adpukanckoit pudToBoi
CHCTEMBI, Ifle Cpeld HHX BBIACNAIT HATPHEBYIO U KalIMEBYI0 CEPHM, IO CPABHEHMIO C TONEH-
TaMM 3HauMTENBHO oboramensl Sr W Ba, a Takxe pelko3eMeNbHbIMU 3nementamu, Z1, HI,
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Nb, Ta. XapaxTepHbIM 37IEeMEHTOM adPHKAHCKHX BYJIIKRHHTOB ABJsercA TUTAH. Hanpotus,
KxoHueHTpauua Li, Rb, Be 1 Ga B HHX MeHbllle, Y4eM B LUENOYHBIX MOPOHAX, PA3BUTHIX B OpY-
rux peruoHax. Co wenouHbIMH nMopofaMH B AQpPHKaHCKOM pHdTe CBA3aHbI 3¢dy3HBHEIE
H HHTPY3MBHbIe KapOOHATHTHI, Oo6GOrallleHHble peOKHMH 3eMiIAMM, Ba, P, F u Gennnie V, Cr,
Ni, Co, Sc, Rb u Ga [[epacumoBckHhit, [Tonskos, 1974]. BuaHo, 4TO B NOpodax 3THX Tpex
THIIOB COAEP>KaHUA OCHOBHBIX KOMIOHEHTOB HeCKOJbKO pa3nuuatorcs. Ha atom doHe nposs-
NIAIOTCA TAaKXKe H OmpefielieHHbie Pa3JIHUiA B COCTaBE OCHOBHBIX M KHCIIBIX WIEHOB KaXKOOrO
pana. Tak, B KHCNBIX OPOAIaX COAEpXKaHNe HEKOTOPHIX MopomooGpasyrowmx (Si, Al, Na, K)
u pynubix (Rb, Ba, Zr, Li, Y, La u op.) 3neMeHTOB BbIlle, YeM B OCHOBHBIX M YJIbTPaOCHOB-
HbIX, a KoHueHtpamua Ca, Ti, Fe, Ni, Co, Sc, Zn, Mn, C, HaoGopot, Hwxe [Bunorpanos,
1956].

3TH pa3nmuumMs NMPHBOAAT K OnpefeneHHoi crniemdHKe B COCTaBe TepMAJIbHBIX PacTBOPOB,
dopMupylOUMXCSA B KOHTaKTe C TEMH WIHM HHbIMM nopofamu. [Ipu B3auMofercrsuu B yc-
JIOBHAX BBICOKHX TeMIEpaTyp M NaBJIeHHii KaK KHCIIBIX, TAK H OCHOBHBIX MOPOJ, C BOAOH M
XJIOPHOHBIMH PacTBOPaMM HATpMSA, KANBUMA H KalHA HHTEHCHBHOCTbD HX Pa3jIOKEHHA OCTa-
eTcA MPUGNU3HTENIPHO OOMHAKOBO#H, XOTA H HECKOJbKO MafiaeT ONA IIEJIOYHBIX PacTBOPOB
[Xurapos u op., 1970].

PaccMmarpuBaeMBble perHoHBI pas3NIMYalOTCA He TOJIBKO MO METPOXMMMYECKOMY COCTABY HC-
XOIHBIX H3BEPKEHHBIX MOPOMA, HO H MO MOILMHOCTH OCAfIOYHOIO YeXjla, COMepXaiero, ec-
TECTBEHHO, U MPOLYKTHI GHOCepsl U ropa3go Gonee MOABEPKEHHOTO BBIILIEIAYHBAHHIO, YEM
H3Bep)KeHHBIE HOPOABI PyHIAMEHTA.

B oxeannueckux pucdrax MectamH HaGIIIONAOTCA CPaBHHTENIBHO MOLUHbIE MAaYKH OCafoy-
HBIX TOpOAd, 3aMOJIHAIOIUME BHaaMHbl pudToBOil HonuHel (Hampumep, Gaccedn TIyaiimac,
BnaguHa ArmaHtic II u gp.). Ho o6bMHO TakHe OTNIOXKEHHA B 3THX CTPYKTYpPaX MaJloOMOLI-
HBI, 3 MECTAMH, KaK B BEPXHHUX YaCTAX CKJIOHOB OCEBBIX TP/ CPeIUHHO-OKEAHHYECKHX Xpeb-
TOB, BOOOILIe MPaKTHYECKH OTCYTCTBYIOT. B HamBoRHOM yuacTke CpelIHHHO-ATJIAaHTHYECKOTO
xpe61a — Hcmangun, kak yxe OTMedasioch, OCafloYHbIe OTJIOXKEHHA 0Opa3yloT TOIMBKO Ceii-
cMuveckwit cnoit 0 B CpeaunHoit 30He (MowHOCThIO OT 0 10 1 KM), MaJlOMOIUHBIE rOpH-
30HTHI B cnoAx | H 2 u HeGonblMe MOJNA MOPCKHX 0Opa3oBaHMi B MPHOpENHBIX paioHax
I0T0-3aMIaJTHOM U CEBEPHOIt YacTed OCTpoBa.

KoHTHHeHTanbHbIe pudTOBBIe 30HBI (BocTouHO-AdpHKaHCKas pudTOBag CHCTEMa) Xa-
PaKTepH3YIOTCA GOJNBILOH MOIIHOCTBIO OCaFOYHOTO YeXja, NPefCTaBIEHHOTO H3BECTHAKAMH,
MEpPreNnAMH, C/aHIAMH, aHTHAPUTAMHM C HPOCNOSAMHM KaMeHHOH CONH, KOHIJIOMEepaTaMH,
NecYaHHKaMM, IJTHHAMH, TOK POBaMHU OCHOBHBIX J1aB H HX Ty(OB.

Ha ocTpoBHBIX Ayrax OCaJlOHBIA YeXOJ, IpefCTaBjIeHHbI#i B OCHOBHOM BYJIKaHOT€HHO-
0OCafloYHBIMU OOpa3OBaHHUAMH, KaK I[IPaBHIIO, HMeeTCA, HO OH MeHee MOILMBIHA, YeM B Ipefie-
JIaX KOHTHHEHTAJIbHbIX PUDTOBBIX 30H.

I'upporepmMbl ByNKaHMYECKHMX DaHOHOB BBIHOCAT Ha MOBEPXHOCTh OTPOMHOE KOJHYECT-
Bo BewecTtBa. K npumepy, runporepmamu Honunsl efizepos Ha Kamuarke ¢ o6mum nebu-
toM 270 xr/c 3a Bce Bpema cywecrsoBaHua (~ 10000 ner), ecrmu cuMTaTh AeGUT U COCTAB
TMIPOTEPM [OCTOAHHBIM, ObUIO BBIHECEHO Ha MHEBHYI0O MOBEepXHOCTh Okono 100 mMnH. 1
Pas3MYHBIX TIeMeHTOB (Tabn. 45).

Ikcnepumentsl A. Jnnuca ¥ Y.Maxona [Ellis, Mahon, 1964, 1967, 1977] noxa3sansu,
YTO MPaKTHYECKH BCA MHHepasibHaA Harpy3ka TMApPOTEPM MOXeET ObiTh 00ecreyeHa BBIHO-
COM 3JIeMEHTOB M3 BMeUIaloIUMX nopoxd. Mcxons U3 XMMHYECKOro CocraBa THAPOTEPM H TO-
pOn, B KOTOPBIX OHH UMPKYJIMPYIOT, 3TH HCC/IefOBaTeNIM MOACYMTANIH, Kakod obbem mopon
NONBEPraeTcA BbIUIEAUMBAaHUI0 [UIA OOeclieueHHsT BBIHOCA MMHEPAIBHBIX KOMIIOHEHTOB
NaparuipoTepMaMH HOBO3eJIAHACKOro MecTopoxieHusa Baiipakeit (1abn. 46). U3 atmx
HaHHbIX criedyer, 4ro 3a 100 000 ner rHApOTepMANBHOMY BollieNIAUUBAHUK JOJDKHO ObUIO
nopBepruyThes okono S00 km® nopox. OAHAKO, YUMTBIBAS, YTO PACTBOPEHHEM M BbILLENIAUH-
BaHMeM GymeT OXBaueHa He BCA MOPOMa, a TONBKO €€ TPeLIMHOBATasA YacTb, 06beM 3TOrO GN10-
K3 HaJl0 CYILECTBEHHO YBEJIHUHTD.

B pa3HbIX paiiloHaX COBPEMEHHOrO BYJIKaHM3Ma MacIUTabbl MOCTYIUIEHHA MMHEpPaJIbHBIX
KOMIIOHEHTOB B THAPOTEPMAJIBHbIE PaCTBOPBI U3 THTOCHEPDI CYLIECTBEHHO Pa3iTHYHBI.
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Tabnuua 45
BbIHOC rHAPOTEPMAMH XHMHYECKHX 3/1IeMEeHTOB H3 BMewawmux nopoa Jonuust Fefizepon

Comepxane B riz- | Conepxanne s ma- Crr BbrHeceHO Ha HeBHY 10 HO-
Inemenr porepmax (Cx), POra3oBbIX CTPYAX S BepXHOCTE, 107 kr
mr/Kr Crr) /e Cx 3aron 33 10000 net
Cl 860,0 3,0 0,004 543,1 5-10¢
S 50,0 958.,9 19 243,1 2-10¢
C 26,6 923,2 35 20s,5 2:10¢
Na 597,0 13,5 0,02 380,8 4-10°
K 60,0 0,75 0,01 39 4-10*
Mg 3,7 24 0,65 2,9 310*
Ca 25,6 4,0 0,15 17,1 2-10°
F 1,0 10,0 10,0 2,4 2104
I 1,2 0,062 0,05 0,8 1-10*
B.l' 2,5 0,026 0,01 1,6 2-104
Si 133,0 2,9 0,02 84,6 110
Hroro 1760,6 1918,74 1485,78 1-10*

Tabnuua 46

BbIHOC THAPOTEPMAMH XHMHYECKHX 37IeMEHTOB M3 BMEL@IOWIMX NMOPOA HA MeCTOPOXAeHHH Balipaxeit
{Ellis, Mahon, 1977)

dnemenHt ?81‘1'!00 THOPOTepMaMH, gf;:‘l:::;: ‘;":;:.:5;?«5"' Tpeﬁyex;amﬁ o6bem nopo-
kr/ron 4eCKMX 1OpOmaX,Mr/Kr apl, kM /ron,
Cl 2000 200-1000 0,01-0,05
B 100 10-25 0,02-0,05
F 8 100-400 0,0001-0,0004
Li 15 20-80 0,001-0,004
Cs 2,5 0,5-2 0,005-0,02
As 6 2-5 0,007-0,002

Ha ocrpoBax ¢ KOpo#l OxeaHHYecKOro Tma (Hampumep, B Hcmanmun) 3To moOCTyIUTeHHe
HeBenuko. Ha 310 ykaspiBaloT HM3Kasgs MHHEpAIM3auuA TepManbHbIX ¢dmongoB (<1 r/n) H
COOTBETCTBEHHO HOBOJIBHO CNaGhlif XMMHYECKHI CTOK, a TaKXe OTCYTCTBHE CKOJNbKO-HHGYIb
3HAUMTEJIBHBIX DPYOONMpOSIBJIEHMII B OYarax ApeBHeil H COBPEMEHHOH pasrpy3kH THApPOTEPM.

Ho-sua¥MOMY, 3HAYUTENbHO GONble MHHEPANBHBIX KOMIIOHEHTOB NMOCTYNaeT U3 jHroce-
pbl B Harpersle MOPCKHe BOAbI, IPOHMKAIOIMeE B IIyOb 6a3abTOBOR OKEAHMYECKOH KOPH M
HarpeBalouMecs TaM. B MecTax HX pa3rpy3ku Ha QKeaHMueCcKOM [IHe OTMEYAIOTCA CKOIUICHUSA
XeJIE3UCTHIX M MapraHueBbIX KOoHKpeuwi. IIpomyxkTel mOABOOHBIX CMAPOTEPM XapaKTEepH3Y-
I0TCA TAKXKe BBICOKMM copepkaHueM As, Hg, U, B. Takue 06pa3opaHHA BCTPEYalOTCA Ha Bep-
LIMHAX U CKJIOHAX aKTHBHbIX OKeaHWYECKHX MONHATHI CpPeIMHHBIX XpeOGTOB H HHOTIAa B CMEX-
HBIX BIIaMHaX. B 3THX ke cTpyKTypax oGbIuHO HaGMOJa0TCA OTHOCHTENBHO BBICOKHE 3Haye-
HUA TENJIoBOro noroxa [Bapenuos, 1976].

HakoHeu, B Takux cneiuduuecKUX yyacTkax MHPOBOH CHCTEMB! PHTOB, KaK AEMpecCH
Conron Tpor, nexamas Ha KOHTHHEHTaIbHOM npopomkennn pudra Kanudopruiickoro 3anm-
Ba M COMepXauias MOLMHYIO TOJILY OC3AKOB C NPOCIIOAMH 3BaNopHTOB, 61aromapa B3aHMO-
OeHCTBHI0 BOJ, 4 TIOPOJ] BOSHHUKAIOT OYeHb BHICOKOMWHEPAIIM3OBAaHHBIE XJIOPHIHO-HATPHEBbIE
TepMaJibHble PYHOHOCHBIE PAaccOJibl. AHAJIOrMYHAsA CHTyauMsa Habmopaercss M B OEMpPeccHH
Adap, roe compararcsi BocTouH0-A$pUKaHCKHH KOHTHHEHTANBHbIA PAPT H MEKKOHTHHEH-
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tanbHbIl pudT KpacHoro mopa. Tam MHHepanH3auMa XJIOpPHAHBIX paccoiioB HocTuraet 300 u
paxe 400 r/kr, a Bo BnaguHax KpacHoMopckoro pudTa pasrpyaioTcA CXofHbIe ¢ KanHpop-
HMICKHMH FopsAYHe PyIOHOCHBIE PaCCOBI.

B wMCTO KOHTHHEHTanbHBIX 3BeHbAX puTOBOI cHcTeMbl BocrowHoit Adpukw, roe B oca-
[OYHOM uYeXJie HET TaJIOreHHBIX OTIIOXKEHMil, COCTaB ruApoTepM HHoii. Ilo Ty MHHepanu3a-
MM 3TO KapOGOHAaTHO-HATpHeBbIe TePMbl, GOPMHPpYIOLIHECH GIarofaps BbILIEIAYHBAHHIO CTOND
THIHYHBIX J7IA 3TOH 30HBI kapGoHatuToB. CoflepixaHHe PaCTBOPEHHBIX COJICH JIEKHT OObIYHO
B AMama3oHe 1—7 rfa, XOTA Ha OTHENBHLIX yyacTKax mosbnuaerca Ko 30 r/kr. Ctons Bbico-
KOl MMHepanM3auMeil oTIMYalTCA GJloHObl, pasrpyXalowHecsa no GeperaM crieuipuIecKHX
COOOBBLIX 03ep, BOAa KOTOpBIX MpeMcTaBiAer coGolf NOBONBHO KOHUEHTPHPOBAHHBIH Paccol
¢ mMuHepann3sammeit go 330 r/kr. YcmoBua ¢GopMHpPOBAHMA TMOBEPXHOCTHBIX M MOA3EMHBIX
(TepMaJIBHBIX) PaccojiOB B TaKMX apHOHBIX o6macTaX paccCMOTPeHbI HAMHM BhIlle. B 3THX pail-
oHax BocrouHoit A¢ppHKH BCTpevaoTcA MecTOpOXKAeHHsA cofipl. Kakue-nu6o pynompossie-
HHMA ¥ MECTOPOXXIEHHA PelKHX H PYAHBIX 3IEMEHTOB (KpoMe HeGONBIUMX CKOIJICHHH Cepbl
Ha GYMAPONIBHEIX MONAX) B AQPHKAHCKOM pHdTE OTCYTCTBYIOT.

Ha ocTpoBHBIX Ayrax, B TeoJIOTMYeCKOM pa3pe3e KOTOPHIX OCAafilOMHbIX mopop, Gonslie,
yeM Ha OCTPOBaX C KOPOi OKE€aHHYeCKOrO THIa, MacIITabbl MOCTYIUICHAA MHHEPAJTBHBIX KOM-
MIOHEHTOB B THAPOTepMBI Bbllue. MUHe pay3alius TepMalbHbIX BOJI, COCTaBJIAeT 30ech 25 r/m.
B npenenax oCTPOBHBIX Iyr BCTPEYAIOTCA KaK [ApeBHHE MECTOPOX/ICHHA MOJIE3HbIX HCKOMae-
MbIX, cogepxamme Cu, Ag, Au, Hg, Sb, Cr, Pb, Zn, Sn, Ba, Tak ¥ CKOIUIeHHA PyOHBIX 3JI€-
meHnToB (As, Sb, Cu, Zn, Pb), dopMupymoleca B pe3ynbTaTe OeATEIBHOCTH COBPEMEHHBIX.
rugporepm [Backos, Cypukos, 1975; HaGoxo, 1980]. 3HaunTenbHbIe KOJMYECTBA Xefe3a
(35 1/cyT) u amomunun (35 T/CyT) BLIHOCATCA U OTKJIANbIBaOTCA B Mope p. I0preBa (o.Ilapa-
myiuup) . CornacHo K.K.3eneHoBy, 31a peuka (pH = 1,72) oGpa3syercs 3a cueT KHCIIBIX TEPM
ray6uHHOro GopMMpOBaHHA, BBILIEIAYMBAKIINX (QYHIAMEHT M CKJIOHBI ByJkaHa J6eko.
HexoTtopble Ipyrue KOMIOHEHTHI, codepkamueca B Bode p. I0psesoit (Cl, S, B, F), nocry-
Na0T, BEPOATHO, He TONBKO M3 mopon JuTocdepsl, HO M H3 BYJIKAHHYECKHX JKCTaJIALMA
[3enenos, 1972} .

Marma

MarmaTHueckHe pacIUIaBbl COREPXAT pa3HOOGpa3Hble JIeTyuHe KOMIIOHEHTDb!, KOTOpPhIE MPH
noAbeMe 3THX PacIUIaBOB K MOBEPXHOCTH 3eMJIM MHTEHCHBHO BBIJEINIAIOTCA U3 HHX U MOTYT
NEePEeXONUTh B COCTAB NOM3eMHBIX TePMAIBHBIX (ITIONIOB.

BHelIHMe nmposABiIeHHS BYJIKAHHYECKOH aKTHMBHOCTH B Pa3sHbIX TEKTOHMYECKHX OGCTaHOB-
KaX pa3jIMyaloTCA MpeXae BCEro COOTHOLICHHEM 3KCIUIO3HBHBIX M 3 y3UBHBIX IPOAYKTOB,
YTO CUMTAETCA CIIEACTBHEM Pa3HOrO CONEPXKaHUA JIETYYHX B MCXOHOM paciuiaBe. 3TO COOT-
HOILIEHHE BBIPaXKaeTcsa K03GPUUHEHTOM 3KCIUTOSUBHOCTH E=V n/V 45, rhe Vy — 0GbeM m-
POKJIACTHUECKOTO MaTepHana, a Vy, — obumit 06beM BYIKAaHUTOB (MMPOKNACTHKY M JIaB) ,
NpONYyLHPOBAaHHBIX 3a OMpedelieHHOe reosnoruvyeckoe Bpema. HauGomee TouHo ompenmeneHsl
perHOHANbHBIC BETMYMHBI £ i1 CaMOro IOCIIeHEr0, MCTOPHYECKOrO ITana NpOoABJICHHH BYJI-
KAaHHYECKON AaKTHBHOCTH, OXBATHIBAKOLIETO JTHINb HECKONBKO cronerit [Purman, 1964].
CormacHo 3THM OLEHKaM, HauGOJIbLIeEHl KCIUIO3UBHOCTBIO OT/IHYAETCA COBPEMEHHbIA BYII-
KaHU3M BHYTPEHHMX YacTeill okeaHoB. Tak, Ha I'amaiiax £ = 1-3%. Ha ocrpoBax ATIaHTHKH
3TOT MHAeKC Bbile — Ha KaHapckux F = 20%, Ha Asopckux E = 65%. B UcnaHauH oH oueHH-
Baerca B 30%, HO, B CBeTe [ETaJIbHBIX JIMTOCTpaTHrpadHuecKUX Ucenenonanuii [Mcnanmus...,
1977-1979], ara umdpa xaxercsa Bbie cpenHeit 3a nocnenuue 10—15 mm. ner. Uctopuuec-
KHMif ByTKaHM3M B KOHTHHEHTAIbHBIX pUTaX Kak Gynro Gonee 3KCIUIO3MBHEIN, YeM B OKea-
HuvyeckuXx: B Bocrounoit Adpuxe £ = 40% (1o H 3Ta undpa, NO-BHAMMOMY, JAET HECKOIBKO
NpeyBelTHYeHHOE TPEACTaBlIeHHE O CTeNeHH K CIUTO3HBHOCTH KailHO30iCKOr0 ByJIKaHH3Ma . B
stoM peruoHe). HaumGonee 3KCIIO3MBEH BYNKAaHW3M OCTPOBHBIX Ayr, rae E = 85-99%.
3neck NMOABbEM MarM CONPOBOMNIAETCA BbIIE/IEHHEM OrPOMHBIX MacC JieTYUMX, YACTHYHO
MOCTYNAOLIHNX B OA3EMHYI0 rHapocdepy.

Cunraerca [Jlyru, 1980}, uro reHepauvs 6a3abTOBOH MarMbl B HEIpax OKEaHHYECKOro
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pHdTa MPOMCXOOHT NMPH MPOCTOM CEJICKTHMBHOM IUIABJIEHMH MAaHTHHHOTO BEHIECTBA M MH-
HMMAJIBHOR [OJIe JIETYUHX, KOTOpEIe 06pa3yloTcsA B Mmpollecce TAKOro wiapjieHusa. O cocraBe
3THUX JIETYUMX MOXHO Cy[OHTh, aHANIM3UPYA ra3oBylo ¢a3y B JlaBaX, a TaK)Xe B Ta30BO-KH/-
KHX BKJIIOYEHHAX B MHHepaniaX yJIbTPaOCHOBHBIX HOOyseill B 6a3anbrax. ITOT COCTaB IOBOIIb-
HO mocToAHeH M BKmovaer H,, CHy, N;, CO, CO, u B HeGonsiumx xonuuecrsax H,O u pen-
KHe ra3pl. B pudToBbIX 30HAX Ha rTTyGHHaX HHXKe aHOMATILHOH MaHTHH, XapaKTePH3YIOIUXCA,
KaK CYHTAI0T, BOCCTAHOBHTENILHBIMH YCJOBHAMH, (IIOMA NMpeACTaBlAeT, cKopee Bcero, H,
1 N, H, BoamoxHo, eme CHy, CO u otuact H, O [Kapukos u ap., 1980; JlerHukos u ap.,
1977 a,6; Jlytu, 1980]. Cunrtes Bomsl u o6pazoBanue CO, OCYmECTBIAETCH, TO-BUONMOMY,
BbILlE, HA INyGuHax 35—40 kM, npH Temmepatype okono 1200—1250°C, cooTBeTcIBYIOWIEIH
P—T ycnoBHAM Cnos HUIKHX CKOPOCTeii B 06/IacTAX pudTOreHesa, rae NPOUCXOAMT 3apodxye-
Hue GasaynbToBOI Marmel [I'paves, 1977].

Mo panueiM B.I''Monceenxo u op. [1978], B cpensem coctape ra3opoit ¢assl B 6a3ains-
TaxX oxeaHHYeckux pudroB coflepxmrca (B % 06. 6e3 yvera H,0): CO, — 68,1, H, — 214,
CO — 9,2, CH4 — 1,3. B napora3oBbIX CTpyfiX aKTHBHBIX BYJIKAHOB OKeaHHUeCKMX pH}TOB
npH BeICOKOM cofiepskain H, u CO, MpHcyTCTBYeT Tak)ke 3HAUMTENbHOE KONMHYECTBO Cep-
HbIX ra3oB (1a6n. 47). Oun coctaBnawT He MeHee 15% (ecnu uckmounts H,O 1 0,) o6ne-
Ma BCeX ra3oB, BBIJIEJIABIUMXCA M3 JIaBbl BO BPeMA H3BEPKeHHA BYJIKaHa Jnbademib Ha
o. XetimMasit B6mu3n HMcnmanpuu 8 1973 r. (B.ApHacoH, nuuHoe coobiueHHe), W Gosblile O-
TIOBHHBI B Ta30BbIX HPOAYKTax H3BepkeHua BynkaHa Cyprcesit [Sigvaldason, Ellisson,
1968] . Uccnenoranne H30TONMHOrO COCTaBa Cepbl B 3THX ra3ax MOKa3ajlo, YTO KaK BOCCTa-
HoBJieHHbIe (H, S), Tak ¥ oxucnieHnnie(SO,) ee dopmbl, a TakKe NeMEHTapHas cepa Xapak-
TEPH30BAIMCh “HYNEBHIM™ M3OTONMHBIM COCTABOM, YTO YKa3hIBaeT Ha ee I0BEHWIbHOE MpO-
HCXOXeHHe. Baxio oTMeTHTb OTCYTCTBHE WIH BecbMa HesHaumTenbHoe comepxanue HCl u
HF B rasax ByjkaHOB, pacNONIOXEHHBIX B OKeaHWYeCKoM pudre. IT0 0GHACHAIT BHICOKOH
PacTBOPHMOCTBIO XJI0pa B $Topa B 6a3anbTOBBIX pacisiaBaX: B HHX ocraercA A0 90% xiopa,
M Ml He3HAuMTeIIbHasA ero YacTh OTAeNsAeTcA B rasopylo dasy [Sigvaldason, Oskarsson,
1976; I'paueB, MapThiHOBa, 1980] .

[eHepalliA MarM ILIEJOYHOTO PAAA TIPOMCXOMMT, MO-BHOMMOMY, Ha GONBLIMX rinyGHHax,
yeM 0Gpa3oOBaHHe TONEHTOBBIX cepil. Criennduyeckoii 0COGEHHOCTBIO NEPBHYHOTO (ronna
ABJIAETCA €r0 MAKCHMAIbHAA OKMCIIEHHOCTh M Gonbluee cogepxanne H, O, yem Bo dmonpax
okeannyeckoro pudra. Jina Bcex mopon Bocrouno-Adpuianckoro pugra XapaKTepHbI
TakXe BbICOKMe cofepxaHus B rasax CO,, CH, n CO [Jlemnxon H gp., 19772,6]. Yrne-
KHCIIBI ra3 mpeoGaiaeT B BBICOKOTEMINeEpPATypHbIX (~ 1000°C) 3KkcranAauuAx NaBOBOroO
o3epa BynkaHa Heuparouro, raoe, kpome CO, u CO, B OTHOCHTENIBHO HEGOBIIMX KOIHYECT-
Bax npucyrcreyior H, u SO, (cM. TaGn. 47). T'anoupHble COCOMHECHHA B BYJIKAaHHYECKHX
rasax orcyrcrByioT. OnHako ¢TOpoM oGorameHs! Bce Pa3sHOBHAHOCTH IOPOA M OCOGEHHO
HaTpHeBble menounbie [[epacumoBckuii, [lonakos, 1974; TkaueHko H mp., 1978]. B co-
CTaBe. ra30B THAPOTEPMAIBHBIX CHCTeM pUGTOBBIX 30H Adpukn Takxke npeobnamaer CO,;
B MEHBILHX KOJIMYecTBaX BeTpevawotcs N, He, CHy, H, S.

B OCTpPOBOLYXHOM MEXaHH3Me FeHepaUMH Marmbl 0co6as ponb OTBOAMTCA IITyGHHHBIM
$roMaaM, TOCKONbKY BHIIUIABJIEHHE MarM IPOMCXORMT 3[€Ch, KaK MONAarawT, B GUIbTpYylo-
LieM MOTOKEe ra3oBhIX (MIOMOOB — NPOAYKTOB IiyOOKO# [erasaly 3eMHOro BeleCcTBa
[Xapuxos u mp., 1980; Jlytu, 1980]. B ornuuse ot ¢moumoB pHTOBBIX 30H 3[eCh B CO-
CTaBe Ta30B, KpoMe MepeuHcleHHbIX Bbiule kKommoHentos (H,O, H,, N, CH,4, CO, CO;),
MPUCYTCTBYIOT XJIOp M ¢Top. IT0 MOXET OGBACHATLCA Gonee akTHBHBIM mepexoniom Cl u
F B rajoByio BoOHyio ¢a3y M3 KHMCNIbIX paciiasoB [Korapxo, PaGunxos, 1978], a takxe
GoNee MHTEHCHBHOM 3KCTpaKuMedl xiopa ¥ $Topa H3 BMELIAIMHMX MOPOA KOPHI KOHTHHEH-
TAJIbHOTO H CyBKOHTHHEHTAITBHOTO THIIA.

Bricokoe cofepaHHe ranoumoB 6bUio a6HapyXeHO B rasax MHOTHX By/xaHoB Kamuat-
Kk, Kypuibckux ocTpoBOB H SINOHMH.

MacuitaG BBIHOCA Fa30B H MHHepAJIBHOTO BeleCTBA HAa Pas3fIMYHBIX CTAOMAX BYNKaHHYec-
KOW [eATeNBHOCTH MeHAeTcA. Ho maHHBIe TaKOro polia MMErTCH TONBKO MIA BYJIKAHOB OCT-
POBHBIX JIyT.
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Ta6nuua 47
CocTap ra3oB, 0ToGpaHHBIX #3 KHAKO#H Ga3zansTOBOH NaBsl, % 06.

N°n MecTononoxeHne, BYNKaH Yucno H,0 CO, CcO CH, H, Nz+peﬂ.

o npo6

1 I'apait#, Kunaysa u MayHa 28 73,5 11,8 0,5 - 04 49
Jloa

2  Hcnanpus, Cypreait 9 84,52 4,92 0,35 - 342 1,62

3  Adpuxa, Heuparouro 1 43,2 409 24 - 0.8 8,3

4 Kamuarka, Ton6awmx
CeBepHBIH POPLIB 78,56 4,87 0,39 0,44 3,01 11,81
03B npophB 92 97,77 0,08 7.10° 2.10°* 0,76 0,16

Mpumeuanne. 1 —E.S.Shepherd [1938): 2 — G. E Sigvaldason, G. Ellisson [1968]); 3 — M.Chaig-
neau et. al. [1960] ;4 — U.A. Mensitnos u op. {19806].

Ta6nnua 47 (OKoHYAHHe)

¥ | Mecrononoxenne, synxan | NH, H,S(S,) | so,+s0, | Ha HF 0,

1 lapatiu, Kunaysa u MayH: - (0,2) 8,7 0,05 - -
Jloa :

2 Hcmanpua, Cyprteoit - (3,56) 4,50 0,6 - -

3  Adpuka, Heuparouro - - 4,4 - - -

4  Kamuatka, TonGawmk
CeBepHbiit IPOpPHIB 0,11 0,16 0,03 0,57 0,056 0,01
[0xaibift TpopEIB 7.10°4 0,11 0,13 0,74 0,22 0,024

Bo Bpema Bombuioro tpenmuHoro TonmGawmHckoro wssepxeHua B 1975—1976 rr. Ha
OHEBHYI0 NOBepXHOCTb, MO moxcyeram HW.A Mensiinosa, JLILHuxntunot u B.H. llanapa
[19806], nocTymuno oxono 3,2 - 10° T H3BepKEHHBIX MPOAYKTOB, U3 KoTopbix 0,7 - 10° T
nerwios u 1,78 - 10® 1 rasoe (cocraB nmocnemmmx npueneH B Tabn. 48). Io oGwemy Komm-
YeCTBY CHJINKATHOTO BelEeCTBa M ra3’oB 3TO M3BepPXeHHe COMOCTaBHMO C €XerogHONH HOpMOii
MOCTYIUIEHUA M3BEPXKEHHBIX TOPHBIX MOPOH M ra3006pa3HbIX NMPOOYKTOB Ha MOBEPXHOCTH
B pe3yJibTaTe OEATENIBHOCTH BCEX BYJIKaHOB MHpa. OOiuee KOJHYECTBO BEwIECTB, BhIHECEH-
HBIX NIPH 3TOM H3BEPXKEHHH TOJIBKO B COCTaBe BOOHOPACTBOPHMOIO KOMIUIEKCAa MEIUIOB.
NO JaHHBIM YMOMSHYTHIX HMccrefoBaTeneit, mocrurano (B 1): Cl — 2 -10%, Ca—9,5+ 10%;
S$-71-10* K-3,1-10*, Mg—2*10*, F-15-10*,C~-5,6+10°,B—2,1 - 10%,
Na — 1,3 * 10°. Fuwe BbIule, N0 HX MOMACYeTaM, 6T MacIUTa6 BBIHOCA TIEMEHTOB B COCTaBe
sxcranammil. Tak, Bcero Bo BpeMs M3BEpXKeHHA Gbu1o BhmHeceHo (B T): H,O0 — 1,4 - 10%;
N; — 1,6 © 107; NH; —9,0 * 10*; CO, — 1,0 » 107;C0 —5,2 - 10°; CH, — 34 - 105;
HC1 - 23 - 10%; SO, — 5,0 - 10°; H,S — 4,3 - 10°; H, — 3,7 - 10%; HF — 2,7 - 10°;
0, —~1,8+10% Na—3,7-10% Al- 1,210 Ca— 1,4+ 10°; B—9,0 - 10°; Mg —
1,0+ 10°; Fe—4,5+10% Br—5,5-°10% Cs—21-+10% As—12-10°; Rb -
252; Li—48; Hg — 20 u uenbii pAn OpyruX peAKHX IEMEHTOB.

B MeX3pymTHBHBIA NEPHON BYJIKaHHYECKOH MEATENBHOCTH B KaJIbJepax, KpaTepax, Ha
CKJIOH2X BYJIKAaHOB TaKXXe HMPOHCXOOMT BbIeSIeHHe SKCTAIALMA M3 INTyOHMHHBIX MarmarH-
YeCKHX OuaroB. BMecTe ¢ TeM ra3bpl HAUMHAIOT BHIAEIATHCA H Ha MIOBEPXHOCTH M3 JIABOBLIX H
arnoMepaToBbIX NOTOKOB, OTOPBAaBIIMXCA OT BHIBOMHOIO KaHasa.

Ecn B MOMEHT NMapokcH3Ma TOUHBIH COCTaB IKCTAIALMA YCTaHOBHTb He YHaeTcA, TO B
nepepoiBe MeEXAY H3BEPKCHHAMH 32 COCTaBOM (yMaposl BedyTCA NOCTOSHHble HaGmope-
HHMA. YCTaHOBJICHO, YTO B IIMPOKOM JHama3oHe Temmeparyp (or 800 mo 100°C) B mapax
BOMIbI B JIETy4eéM COCTOAHHH MEPeHOCATCH TaJIOMOHbIe U CEPHUCTbIE COEOMHEHHA LUETOYHbIX
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Ta6bnuua 48
Cocrap razos Bonsworo rpemnunoro TonGaumuckoro nasepkenun, % 06. {Mensitnos u ap., 1980)

KOMITOHEHTBI CeBepHbI# 10xcHb1# K OMIIOHEHTBI CeBepHbIf Hoxubrit
npopniB npopsIB npopbIB npOopkLIB
H,0 78,56 97,77 NH, 0,11 7.10°*
o, 4,87 0,08 N, 11,81 0,16
cO 0,39 7-107* HC1 0,57 0,74
SO, 0,03 0,13 HF 0,056 0,22
H,S 0,16 0,11 o, 0,01 0,024
H, 3,01 0,76 Tyusms C 900-1000 1000-1135
CH 0,44 2:10°¢

-

U 1IeNIOYHO3eMENBHBIX METAIIOB, JKelie3a, allloMHHHMA W MHOTHX TAXKeNbIX MerayuioB. Pyma-
pOfIBHbIE CTPYH M B MeHblllel CTemeHH conbdaTapel BBIHOCAT TaKHe 3IEMEHThl, KaK As,
Cu, Li, Sc, Be, Zn, Mo, Ag, Mn, Sn, Bi, Cd, Ti, Ni, Pb, Zr, Cr, V, Ba, Sr n gp. Cocras neryumx
3aBHCHT OT COCTaBa JIaBbl M IPOAOJDKHTENBHOCTH ¢ymaponbHoil mearensHoctu [Haboxo,
1959; Bauapuna, 1963].

O6uIee KONMMYECTBO Ta30B, BBIOCIAIIIMXCA M3 IIYGHHHBIX MarMaTHYeCKMX OYaroB B
MEX3PYNTUBHBIA MEPHON, BYJIKAHNUECKON NeATENIbHOCTH, JOCTHTaeT 3HAUNTEIILHOM B €JTMUUHBI.
Tak, B 1963 r. E.A.Baxun, U.T.Kupcanos u B.T'. Ilonsax HenocpelACTBEHHbIMH H3MEPEHHA-
MH OnpefieMIH AeGMT ra3omapoBbIX CTPYH B HMbKHeM Kpatepe MyTHOBCKOro BYJKaHa B
252 1/u. Ilo maHHBIM TeX e MCCleloBaTeNlel, B rofl ¢ ra3aMM BBIHOCATCHA NECATKH ThICAY
TOHH MMHEpATIBHBIX KOMIOHEHTOB, B TOM uHcile oxono 30 Thic. T yrnepopa, 5 ThIC. T
xmopa H 2,5 Thic. T cepbl. M3 OCTalIBHBIX 3JIEMEHTOB HAa [HEBHYK0 NOBEPXHOCTh
nocrynawt (B 1) Ca ~ 200, Na ~ 30, Mg ~ 15, Fe ~ 9, F — 8 u K — 4. XumMnueckuii co-
craB pymaponbHbIX raszoB MyTHoBckoro Bynkana onpegensuca E.K.Cepapumonoit [1966].
Coenynenus alioMMHMA B KOHOEHCAaTe MaporasoBbix crpyit (pH = 1) He ompemensnuce,
XOTSA M3BECTHO, YTO B psAifie CNIyYaeB COHNEpKaHWe AJHOMHMHHMSA JOCTHraeT HECKOJIBKMX HECAT-
KOB IIPOLICHTOB OT CyMMbI METAJUIOB, JIETEBILMX B BBICOKOTEMITEpPaTy PHBIX CTPYSIX.

3HawiTeNIbHOE KOJNMYECTBO 3KCrajiALMM BBIEIACTCA H3 JIaB M arfioMepaTroBBIX MOTOKOB,
HaXONAUWMXCA Ha [HEBHOH MOBEPXHOCTH. AKTHMBHO AeiicTBYwouHe ¢byMaponsl BOSHUKAIH
Ha arjioMepaToBbIX MOTOKAaX NPH B3aMMOMEACTBHH rOpAUMX NMUPOKIIACTHYECKUX 06pa3oBaHui
¢ aTMOoC(epHBIMH OCajikaMH, TPYHTOBBIMH BOOAMM H OTYAaCTH BO3AyXoM. B pesynbrate uactp
JIETYYHX FaJIOHIHbIX, CEPHUCTBIX H MPOUMX COeIlMHEHHH pa3HOOOpa3HbIX NETPOreHHbIX H Pya-
HBIX 3JIEMEHTOB BBIHOCWIACh BMeCTe ¢ MapaMM BONBI M ra3amu B aTMocdepy, a YacTb — B
BHOE BO3rOHOB — NMOKPHIBaJIa MOBEPXHOCTh BYIKAHMYECKOTrO Mera W KpymHbix riaei6. Ha-
NpHMeEp, Ha OrpoMHOM arjioMeparoBoM nortoke Honuas: decarn Tricay IpiMOB, BOHHKLIEM
npy u3BepeHuH BynkaHa Karmaii B 1912 r., B TeueHHe MHOTHX JIeT CYILEeCTBOBAJIa AKTHB-
Has ¢yMapornbHasa OesATtensHocTh. B 1919 r. oGuu—m 06‘beM NapoB BOMbI M ra3’oB, BbifieJIUB-
LIHXCA H3 arnomeparonoro notokxa, goctur 800 km>. A 06beM TONMBKO KHCIBIX Fa30B CO-
crasun 2,26 + 10° M® (CO, — 800, HCl — 960, HF — 260, H, S — 240) . Tevmepatypa dpyMa-
pon Ha notoke B 1919 r. coctaBnsna ot 650 no 100°C. B Bo3roHax dbymapon 6buiH OGHapy-
XKeHbl pa3HOOGpasHble cynbbdaThl, XJIOPHADI, GTOPUABI H cepa. XMMHYECKHMH aHAITH3aMH YyC-
taHoBneHsl Pb, Zn, Mo, Cu, As, Sb, Sn, Ag, Ni, Co, Ti, Bi, Se, Te [Allen, Zies, 1923].

Taknm 06pa3oM, KONHYECTBO BelIECTBA, MOCTYHAIOLIET0 U3 Marmel B NMOA3¢MHbIE BOABI,
Kak GbUIO MOK23aHO, NOBOJIBHO BeNIMKO; OIHAKO He ClefyeT 3a6pmBarh, 4T0 GOpPMMPOBaHHUE
€aMOl Marmbl YacTO MPOHCXOHOUT NpPH TECHOM B3aMMOIEHCTBHM C MOPOAAMH H JIETyYMMH
nurocdepel. HeomuHakoBbiit MexaHH3M reHepalMi MarMpl B OK€aHHYECKOM H KOHTHHEHTaJIb-
HOM pudTe M Ha OCTPOBHBIX AYrax, pa3snHUHOe KOJIHUECTBO M PA3HBIA cOCTaB 06pa3yroumx-
CA HPH 3TOM ra30B H IMTyGHHHBIX (JIIOMIOB M, KaK CIEACTBHE, pa3HOe cOOTHOWeHHe 3ddy-
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3UBHBIX H YKCIUIO3MBHBIX NPOABIEHHA COBPEMEHHOTO BYJIKaHH3Ma — BCe 3TO (COBMECTHO C
OpYTMMH HCTOUHMKAMM MMHEDAIBHOM HArpy3KH) mpefdonpepenser cneuuduky cocrasa
TEPMAJIBHBIX BOMA B PACCMATPHBAEMBIX PETHOHAX.

B3auMopeiicTBHe TepMaTbHBIX GIIOMIOB C BMEINALIMMA MOPOJAMM CKAa3bIBaeTCHA He
TONBKO Ha COCTaBe NMEePBbIX, HO MOPOi CYIeCTBEHHO H3MEHACT H COCTaB BTOPBIX.

FUAPOTEPMAJILHOE H3MEHEHHE NOPOJ

B paiioHaX COBPeMEHHOTO BYNKaHM3MA IIPH B3aUMOJEHCTBHM ropsuux (> S50°C), Hachl-
IMEHHBbIX ra3aMH, MPHPOOHBIX PaCTBOPOB C BMELIAOLMMH nopogaMu obpasyercsa ¢opmalus
rHAPOTEPMANBHO W3MEHEHHBIX MOpoA, ¢ GaluAMH BTOPHYHBIX KBapUHTOB, THOpPOTEPMAIb-
HBIX IJIMH H NPONWIKTOB. '

Pa3zmepbl noneit ruapoTepMalIbHBIX TOPOR, AOBOJIBHO 3HAYHTENIbHbI. B coBpeMeHHOM 3po-
3HOHHOM Cpe3¢ TaKHe MOJIA HepPelKo 3aHHMAIOT JeCATKH KBAIPATHbIX KHIOMETPOB IUTOWIAIH
Pa3nooGpa3ne GopMUpYIOIIMXCA MeTacOMaTHYeCKHX ¢alHit onpefeNnseTcss COCTaBOM THA-
POTEPMAITBHBIX PAacTBOPOB, MX KHCIOTHOCTbIO—IUeNouHocTbio, P—T ycnosusmu, coctaBom
H KOJHYEeCTBOM ra30B, MPOHKIAEMOCTBIO M COCTABOM BMEILIAIOIINX NOPOH, HHTICHCHBHOCTBIO
BOAOOOMEHA M TPOIONXMTENIPHOCTBIO B3aHMOMEHCTBUA BOA, U MOPOA.

B rny6GoxkuxX 30HaX rHAPOTEPMATIBHOM CHCTEMBI, TIe peaKuHA cpeabl OOBIMHO CIIaGOKHC-
flast, XMMHYECKOe M3MeHeHHe MOpoM, KaK MPaBWIIO, HE3HAYHTENBHO — B HUX YBEJIHUMBAETCH
JIMIIb COMEepXKaHWe BOMABI, CePbl M YIIEKUCTIOThL. JIis 3THX 30H B NOPOAaX OCHOBHOIO THIa
XapaKTepHa XJIOPUT-UIbOUT-KANBIMT-3NUAOTOBas NPOMWIMTH3AIMA. B npuUnoBepXHOCTHBIX
30HaX, r7ie BCIEACTBHE MPOLECCOB BCKMMAHUA M [Era3aly TepM IIPOUCXOMMT Olle/IaudBaHue
¥ KOHUEHTPHPOBaHHE PacTBOPOB, Npeobnafaer afynApoBas H LEOJHTOBAA MPONMHWIMTH3ALHSA.
N3 pactBopoB B moponAb! HOGaBIIAIIHCH KAJIMA M KpeMHe3eM, 3 HATPHRA H KambluiA, Hao60poT,
M3BJICKAJIHCh M3 NOPOJ ¥ NOCTYNanH B BOALL. B ycroBHAX OKHCIIEHHA PaCTBOPOB H MX OXJIaX-
[OeHHA Pa3BHBAeTCA NPOIECC apTHIUIN3AUMH NMOpPOJ U 06pa3yoTca rMApPOTepMabHbIE TITMHBI.
IIpu 3TOM MPOUCXONMT aKTHBHBIA BBIHOC U3 MOPOAbI GOJIBLIIMHCTBA METPOreHHBIX H PYAHBIX
KOMIIOHEHTOB, Ha MECTE e OCTAITCA KpemHe3eM M TUTaH. OTOENbHBIM  30HAM CBOHCTBEH
NPHBHOC Kanusa ¢ o6pa3oBaHMeM GOTaThIX KayiMeM aNyHMTOB M runpociion [HaGoko, 1963,
1969]. TunpoTepmanbHble ITIHMHBEI OBBIVHO COpOMpYIOT Manble 37eMeHThl. [Io cpaBHeHMIo ¢
Hen3MeHeHHbIMH nopofaMu C.M.HaGoko B HHX AOMONMHHTENBHO ompepenwria Zn, Sc, Be, V,
Sr. B Ionune Teii3zepoB, HanpuMep, BONM3M BepxHereii3epHbIX HCTOUHHMKOB, KHCIIBIE JIaBbl
cogepxar Pb, Zn, Cr, V, Ba, a xaonunurosblie rnunbl — eute U Ni, Zr, B, Mo, In. B 10 e Bpe-
Ms B AJIYHHTOBBIX IJIHHaX copOumH He HabrlofaeTcs, a B ONANIONIMTOBBIX [JIMHAX B PE3ylIbTaTe
copbuum 06HapyKeHBI TONBKO cnenpl Zr U Ba.

I'ny6una mepepaboTku nopofl TepMalibHBIMH BOJAMH, a TakKyke oOpa3oBaHue H yCTOHWH-
BOCTh BTOPHUHBIX MHHEPAIOB 3aBHCAT OT MepeuHClIeHHBIX Bhillle PaKTOPOB, KOTOPbIE MOTYT
OBITh CXOMHBIMH HJIM CYLUECTBEHHO Pa3/IMUHbIMM B FeOTEKTOHMYECKH pa3HBIX PailOHaX COBpeE-
MEHHOTO BYJIKaHH3Ma.

PaccMoTpuM THOHYHBIE TUOPOTEPMANIbBHbIE H3IMEHEHHA NOpO., KOTOpbIe MPOUCXOMAT B
HEKOTOPBIX THAPOTEPMATIbHBIX CHCTEMAX 3THX PaiiOHOB.

OxeaHwvecKHe pHQTHI

TuppoTepMaiibHble H3MeHeHHA MOPOH OCOGEHHO XOPOLIO H3yYeHbl B HAABOOHOM YYacCTKe
CpenuuHo-Atnantuyeckoro pucdta — B Menanmimm [Sigvaldason, 1963; Tomasson, Kristman-
nsdottir, 1972; Palmason et al., 1980 u gp. ] .

3nech, KaK yxe OTMeualioCh BBILIE, MOXKHO BLIIE/HTH TPH OCHOBHDIX THII2 THAPOTEPMATID-
HbIX (nIoMMIOB: Hu3KoTemepatypHsie (< 150°C) wenowssie (pH = 7,5— 10) MaJIOMHHEpa-
nusoBanHble (< 1 /) a30THBIE TEPMBI; BRICOKOTeMMepaTypHbie (1o 350°C) manomunepa-
mu3opannble (< 1 r/n) yrmexucio-Bomoponusie naporugporepmnl (pH = 7—-8) u, Haxorel,
BbICOKOTeMMepaTypHble (250—290°C) mmHepanu3oBamHble (32—52 I/Kr) YrIeKHCIO-BO-
AOpOANbIe XTOpHAMbIe HaTpHeBO-KanbuMessle (pH = 5,3—6,2) Geperosbie TepMBL.
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[MocnenoBaTeNbHOCTh FHAPOTEPMAJIBHOTO M3MEHEHHA B HH3KOTEeMNOEpPaTy pHBIX
rHOPOTEPMaNbHBIX CHCTEMaX [ETAIBHO PaCCMOTPEHA B paiioHax IBbAdbOp-
na [Palmason et al., 1980] u Peiikpannka [Sigvaldason, 1963].

I'upporepmansHoe H3MeHeHHe Ga3albTOBBIX TOJNII HAUMHAET NMPOABNATHCA NMPH TEMIlEepa-
Typax cesime 50°C. B reonormueckoM paspese, CJIOKEHHOM B OGOMX paitoHaX MHOLEH-HHX-
HeIUTHOIIEHOBBIMH [TaT0Ga3anbTaMH, npeobrafiaioT MHHEpanbHble HOBOOOPa30BAHHA LEONH-
ToBO# ¢auun. ITo maHHbIM GypeHus, Ha riry6uHax ot 500 mo 2200 M HM)Xe ypOBHA MOPSA 31eCh
PETMOHANIBHO pa3BMTa JIOMOHTHTOBag 30Ha. JImub B mpefiesiax LUEHTPaJibHBIX BYJKAHOB BO-
KPYT MHTDY3Hil 0OTMe4aeTcAl 30Ha NPOMMIHTOBLIX H3MEHEHHIi ¢ MPHCYTCTBHEM XJIOPHTA, KaJlb-
L[MTa, MMPHTAa H 3MHOOTa, HO OHAa BO3HHKNA, MO-BHAHMOMY, B pe3ynbrare Gonee ApeBHeH THI-
POTEPMATBHON HEATENIBHOCTH.

Ha mectopoxnaerun PeiikpaBHK rupporepMansHoe npeo6pa3oBaHHe nopon noApoGHo H3y-
YeHO BO BCKPBITOM CKBaXMHOH HENMpepHIBHOM pa3pese o rny6uust 2200 m. WaMmeneHue
6a3a/1bTOB HauMHAETCA C MOABJIEHHA MOHTMOPWUIOHMTA, KaJbLMIA M ueonnToB. IIpu temne-
patype 120°C Bcrpeuaercsa MopaeHHT (mrunonut). Ot rny6Gmmbr ~ 200 M o 33608 cKBasH-
Hbl HauHGojiee WIMPOKO pacnmpocTpaHeH OGOrallleHHbIN >Kelle30M XJIOPHT, CONMPOBOXXIACMBIH
JIOMOHTHTOM, KaJBIUHTOM M aibGuTOM. B camoii ropsueit 30He ¢ Temmeparypoit 145°C Ha
rry6uHax 1000—2000 M HaiifieH 3nupoT, o6pasylolmii MPOXMIIKHE H 3aMELUAIOIIHA [pyTHe
MuHepansl. OOHAKO ero NPHCYTCTBHE CBA3aHO, BEPOATHO, C CYIIECTBOBABLIMMH 3[IECh paHee
6oree BRICOKHMH TEMIIEPATy paMH.

B BhicOkKOTeMNepaTYpPHBIX THAPOTEepPMAaJIBHbBIX CHCTEMAaX, 3a-
KJTIOYeHHBIX B 6a3anbTOBBIX Tomuax CpeldHHHOH HeOBYJIKaHW4YeCKO# 30HBI HcnaHaum, u3-
MeHeHHe NMOopofl MPOKCXOANT GoJiee MONHO. 3[ech, KaK U Ha OPYTHUX NapOTHIPOTEPMAJIBHBIX
MECTOPOK/ICHHAX, HA [HEBHOH NOBEPXHOCTH (POPMHPYETCA 30HA KHMCIOTHOTO BhIleIauMBa-
HHA, OXBAThIBalOLaA Ha INTyOGMHY JIHUIbL IepBble MeTphl paspe3a. K mapAumM mwiomagkam
MPUYPOYEHBI IpeBpallieHHble B ITIMHbI KAaOJHHUTH3MPOBaHHbIE M AJyHHTH3MPOBAHHbBIE IOPO-
Ab1. U3-3a pasHoil mpMMeECH B HMX IHAPOreMaTHIa WM MMPHTa [IMHBEI HMeT Gemyio, Gypyio,
KPpacHyio WK rony6yio okpacky. Huxe mpHmoBepXHOCTHON 30HbI KHUCIIOTHOTO BBIILE/IauNBa-
HHA B_6a3anbToBBIX TONMILAX NOABJIAIOTCA MMHEpAJIbHBIE aCCOLUMALMM LIEONTHTOBOM aluu.
IIpu 3tom HaGmiopaercs omnpeneneHHas TEMMepaTypHas 30HATBHOCTb. Tak, NMpPH peajibHO M3-
MepeHHbIX Temnepatypax S0—100°C B H3MeHEHHBIX MOPONAX [AOMHHHPYIOT HM3KOTEMIEpa-
TypHble LEOJIMTBI U CMEKTHTOBBIe OOpa3oBaHMsA, a TaK)Ke JIOMOHTHT; MeXIy H30TepMaMH
100 1 200° C cpemy MHHEpaIBHBIX aCCOLMALMI TPEO6IaaloT MEXCIIONHbIE CMEKTHTHI, TIOMOH-
THT, Baitpakut. B Temmeparyprom uHTepBane ot 200 o 230°C HaXOHMTCA 30HA cMellaHO-
CTOMHDIX TJIMHHCTHIX MHHEpPaoB, oT 230 1o 280°C — 30Ha MpeHMyIECTBEHHOTO PacipocTpa-
HEHMA XJIOPHTA M JNMHOTa, a MpH GONBLIMX TeMmepaTypax — XJOPWTa M aKTHHONHTa. B mo-
creqHeil HauGornee BBICOKOTEMIIEPATYpHOH 30HE IUTAarHOKIa3 OGBIYHO aNbGHTH3HPOBaH
(1abn. 49) . Takum 06pa3oM, B HHXKHHX YacCTAX pa3pe3a NPH TeMIepaTypax okono 260°C ueo-
nuToBaA MeTamopduueckas dalua cMeHaeTCH daumei 3eNIeHbIX CNaHIEB.

Ha mecropoxnenuu XBeparepn, KOTOpoe Tak)Ke OTHOCHTICA K BbICOKOTEMIIEPaTypHbIM
ruapoTepmansHeIM cHctemMam Hcnanpouu, mpeoGpa3oBanuio noaseprinuch 6GaszanbToBble Ty (bl
H HaxojdiuMecs 30ech B MOAYMHEHHOM KOJIMYECTBE HHTPY3MM PHONMTOB. Paspes ruppotep-
MaJIbHO M3MEHEHHBIX NMOPOH HAUMHAETCA C GIU3IOBEPXHOCTHOM 30HBI KHMCIIOTHOTO BbluleNa-
UMBaHHUA, HWXKe KOTOpOil Ha rmybuHy mo 100 M mpocnexuBaeTcA 30Ha MOHTMOPHIUIOHHTA.
KpoMe TOro, Huxe 30HBI KHC/IOTHOTO BBbIIE/IAYMBAHUA BCTPEYAIOTCA KANBUMT M LEOJIHTDI,
[JIaBHBI U3 KOTOPHIX JIOMOHTHT YCTOHYHB O CaMbIX BBICOKHX Temmepatyp (~ 230°C) u
pacnpoctpaned Hiwke 250 M. EMy comyTcTBylOT 3mMOOT, MyMEeNIMT M KiauHouousut. Ha
Gonee rmyGOKHX yPOBHAX CaMbIM PaclpOCTpaHEHHbIM MHHepaioM ABNAETCA XJIopuT. ['uampo-
TepMarnbHOEe U3MeHEHHe NMOPOJl MPOHCXOOMT Ha MIy6uHe 1mop, BO3[AeHCTBHEM TePMAJIbHBIX BOL
cpH~83 umeo,~2 - 10~% (Ellis, 1979].

I’''mpporepmanbHoe H3MeHeHHe BazanbrTOoB B Geperosoit 30-
H e Mbica PelikpAHec MHHepalM30BaHHBIMM MOPCKHMH BBICOKOTEMIEPATYPHBIMH XJIOPHI-
HbIMHM HaTPHEBO-KAaJIbLMEBBIMM PAaCTBOPAMH MOXXHO, NO-BUOHMOMY, CPaBHUBATh C T'MOpOTEpP-
MaJIbHBIMH H3MeHeHHAMM MOpOJ, MpOHCXOAAWMMH Ha MopckoM aHe [KoccoBckas u mp.,
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Ta6bnuua 49

CBA3b 30H THAPOTEPMANIBHOTO H3MEHEHUA ¢ TEMNEPaTYPAMH B AKTHBHBIX THAPOTEPMANBHBIX CHCTEMAX
{Palmason et al., 1980]

o 3 PeruoHanbHbIE
T.°C OHbI TMAPOTEPMAILHOIO Munepanornueckan xapaKkTepuMcTHKAE meTamop dHyec-
H3IMEHEHHA KHe CIJ&IIHH
50 Hu3koTeMmepaTty pHble HeOIUTHI H CMeKTHTO- | LleonnToBbie
- Bhie 0Gpa3oBHHUA
— 100 I. CMexTHT-UCONHTOBAA Hu3koTeMnepaTty pHbi€e LIEOJIHTHI ~+10MOHTUT
—150 MexcnoftHble CMEKTHTHI, IOMOHTHT—»Baft-
PaKHT
—_— CMEKTHT —»CMELIaHOCTIONHbIE ITTMHHUCTRIE MB- |— — — — — — — -
200 II. CMernaHocnolHbIX M-
Hepanbl
HUCTHI X MHHEPAJIOB
—250 111, XJ10pHT-oHHOOT CMellaHOCNORHBbIE TIIHHHCTBIE MHHEpaNbl - |— — — — — — —
- AJiop! HiloTOBaA XJIODHT, 3MHOOT — TIOCTOSHHOE MPHCYTCT- 3eneHbix
BHUE CITaHUEB
—300 IV. XnopHT-akTHHOMHTOBAS | AKTHHOJMTOBbIe 06pa3oBaHns, IIArHOKIa3,
loﬁwmo anmbGHTHINPOBAHHBIH

1981; Koccosckas, 1982]. OT paccMOTpeHHBIX BbIile BBICOKOTEMIEPATYPHBIX TMAPOTEp-
MaJIbHBIX cHcTeM HcnaHpyu 3Ta CHCTEMAa OTIIMYAeTCA 3HAUMTENbHBIM CONEpXKaHHEM B H3-
MeHEeHHBIX MOPOAaX KaJINEBOro moJyieBoro umara (ocobeHHo B BepxHHX 150 M paspesa) u
aHruapuTa. B nenom xe o6man kapTHHA H3MEHEHHS NOPOJ, BEICOKOTEMITEPaTy pHBIMH (ITIoH-
HaMH coxpaHsiercA. ['MOpoTepMaIBHOMY H3MEHEHWI0 TOIABEPrajuch Npexkae Bcero Ga3zalb-
TOBbI¢ CTEKJIa, 3aTeM OJIHBMH, MHPOKCEH M mwiaruokna3. Ilon 3oHoi okucieHus B Bepxax
pa3pe3a Ha#ileH remarur, 0o riny6unsr 300 M pacnipocTpaHeH onan. B 3one, roe Temiepary-
pbl He npebiuator 200—230°C, pa3BHTHI TaKXke pa3fHyHble LEONUThI (IN1aBHbIM 06Gpa3oM
MOPHEHHAT, CTWIOHT, aHATTBIMM, B MeHbLUEH CTeNeHH ero KaJlbLIMeBbId aHAJOr BaipaKHT) M
MOHTMOPHIUTOHHT. Hixe 11€0sIMTOBOH 30HBI Ha riyGuHe cBbime 350 M OGHapyXeH NMpEeHTHT,
a 3MMIOT BCTpeyeH Ha rny6uHe 450—650 M, rie TeMIepaTypbl CYMECTBEHHO NPEBHILIAIOT
200°C.

C pocToM TeMmepaTypbl MPOHUCXOOMT TlePeXOH 30HBI PACIpPOCTPAHEHHS MOHTMOPHIITIOHH-
Ta. uepe3 CMellaHble CIIOM MOHTMOPHJUIOHHTA H XJIOPHTA K 30He, Ilie NMOJHOCThIO npeobnama-
eT xiopur. Hwke 30HBI KMCIOTHOTO BbIUIENIAYMBAHHMA O BCEMY pa3pe3y DPacHpOCTPaHEHBI
KBapll, MHPHUT, KAIBIMT (0coGeHHO B BepxHHX 600 M) ¥ aHruaput. Temmneparypa rnyGHHHOTO
¢dmonpa cocrasnser 250—-290°C, pH ~ 55, a mco, ~ 0,02 [Bj6érnsson et al., 1972;
Tomasson, Kristmannsdottir, 1972; Ellis, 1979].

MexxkoNTHHEHTaNbHbIe pHQTEI

IlpeoGpa3zoBaHue MOpPOd, THOPOTEPMAMHM MEXKOHTHHEHTAIBHbIX PHPTOB H3YYeHO MOKa
AOCTaTOYHO AETAJIbHO TOJIBKO B THApOTepMaibHo#t cucteme ContoH CH, Haxopsiteiicsa Ha mpo-
nomkeHnu pudpra KanuopHuiickoro 3anuea B riy6b AMEpHKAaHCKOro KOHTHHeHTa. I'eo-
JIOTHYECKHMI Pa3pe3 ITOH CHCTEMbI COXEH NPEMMYIIECTBEHHO OCafAOUHBIMH nopofamu. OHH
NpeAcTaBiieHs! PeYHbIMH MeCKaMH, WIaMH, IJIMHAMH, 3 TaKXXe aJleBPONIMTAMH M TIIHHHUCTHIMH
cnaHuaMu. C HUMHM B3aHMOZEHCTBYET BbICOKOTeMIEpaTypHblit (Ao 340°C) xIOpHAHBIi HaT-
PHEBO-KANbUMEBLIA Paccosl ¢ MuMHepanu3anueil cBbime 275 r/kr. Ycranosneno [Muffler,
White, 1969], uro ewe npu Temmepatypax Hike 100°C HauMHAaeTCA MOCTENMeEHHDIN MepPexor
MOHTMOPHJUTOHHT2 B WIIHT (Yepe3 CMEIIAHOCIIOHHOe MHHepaibHoe 06Gpa30oBaHue), CTAHOBA-
umitcst momHbiM npu 210°C. TIpu Temmeparype Hike 180°C B pe3ynbTate B3aMMOMeiCTBHA

ropauero paccolsia ¢ DOJIOMMTOM, KAaOJIHHUTOM H AaHKEepHTOM 00pa3ywTca X0 MT, KQJIBLUMUT
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u CO,. llpu Gonee BbicOKMX TeMmepatypax (cBbiiie 290—310°C) B nopomax B H306HIHH
ObInM BCTpeueHb! GOrarblil Jkene3oM smupor a Takxke K-nmonepoit mmar, oGHapyxeHHbIH Kak
B KMNaX, TaK M NPH NEPeOTIONCHUH IUIArHOKIIa3a. Kpome Toro, npu TemMneparypax cBblllle
300°C pacnpocTpaHeHHBIMH MHHEpPAIaMH llyGHHHOTO H3MEHEHHA NOPON ABIAIOTCA XJIOPHT,
KajiueBasi CITIofia, KBapil, MUPHT B anbOHT. TepmanbHbie pacconsl uMenu pH oxono 4,7 u
mco, =~ 0,01 [Elis, 1979].

Memmopcbmeclcne H3MEHEHHS MOPO, — nepexolk OT ¢1a0OK pUCTAJUIHYECKHX H KapOoHaT-
HbIX OCaJOYHBIX MHHEpAIOB K BTOPHYHBIM IOJIEBbIM WINaTaM, MHOOTY, Xinoputy, CO, H Bo-
A¢ — HPMBOOAT X MWHEPAJIbHOH aCcCOLMALMH, CXOMHOM C TOH, YTO BO3HUKAET IIPH TeX XKe TeM-
nepatypax B pe3yibrare MAPOTEPMAIBHOTO H3MEHEHHA KPHUCTAUIHYECKMX M H3BEDPXeHHbIX
nopox, [Muffler, White, 1969] .

K coxanesuio, JaHHble O THPOTEPMAIPHOM H3MEHEHHH NOPOM, B KOHTHHEHTAJILHLIX pHd-
TOBBIX 30HAX MOKa OTCYTCTBYIOT.

OcrpoBHble JyrH

I'upporepmanbHble M3MeHEHHA IOPOA B OCTPOBOMYXKHBIX PailOHaX 30HBI COBPEMEHHOIO
BYJNIK2aHM3M2 Mbl PACCMOTPHM Ha MNpHMepe HEeCKOJIBKHX XapaKTepPHBIX I1apOrHOpOTEepMalib-
HBIX CHCTEM a30THO-YIJIEKHCIIOTO, YIJIEKHMCIOrO H CepOBOHOPOAHO-YITIEKHCIIOTO THIIOB.

K nepBomMy tHmy otHocHrca IlaykxeTckoe rumppoTrepManbHOe MeCTO-
pPOX M €eHHe, MNoApobHO H3yueHHOe, ¢ 3TOMH TOoukH 3peHus, C.M.Haboko, I'.A Kapnoprim
H A.TI.PosmuxoBoit {1965] u mpyraMu uccnenoBaTenamu. THOpOTepManbHbLT MeTaMOpdU3IM
H MHHepaioo6Gpa3oBaHMe pa3BHBAIOTCA 3IeCh MO BCel TOMUIE aHOE3UTOBBIX H JANMTOBBIX
NOpoHd, CIaraloliMxX pe3epByap CHCTEMBI U BCKPBITBIX CKBaXMHaMu A0 riy6umer 800 M.

30Ha KHCIIOTHOTO BhIlENIAYHBAaHUA BCTPeYeHa Ha caMoil MOBEPXHOCTH 3eMIH OOBIYHO Ha
rnyGuHax MeHee 1 M.

MOWHOCTE 30HBI APTMJUTH3ALMH M LEONIMTHIAUMH C aHAJTbLIMMOM M NTHWIOIHTOM 3aBHCHT
OT TIPOTPETOCTH MOPOX H KOHTPOJMpyerca u3orepmamu 50 u 150°. Ilpu Gonee BBICOKHX
TeMIIEpaTypax aHanbUMM M NTWIONHT BBITECHAIOTCA JTOMOHTUTOM. Pa3pHrHe MOHTMOpHIIIO-
HMTa COMPOBOXKAaeTcA oboraleHHeM MOpPOABI MAarHHEM, a TaKXke Jeye3oM H Bomoii. Hipke
3TOM 30HBI BCKPhIBAETCA 30HA PaclpOCTPaHEHHA JIOMOHTHTA H denpalImaTusauuu (amynsp,
anbOut) . Heoymrnsauua u ¢enpaumarusanua ¢ rny6uHoil ocrabGeBawoT, ¥ BedyulMMH BTO-
PHUHBIMM MHHEDPAJIAMH CTAHOBATCA KaJbLUHUT, XJIOPHT, MHPHT, CEPHUMT, peke BCTpEYyalorCa
abOUT, KBapLU, HEONHTHI, aHTHAPHT, MUOOT, afyNfap U MOHTMOpPWIIOHMT. B camoit rny6o-
KOH 30He THAPOTEPMANIbHO H3MEHEHHbBIE NOPOIbl HaubGornee o6oralieHbl cepoil H yrIeKUCITO-
TOM, YTO BBIpaxkaeTcA B OGWIMM NHpUTa M Kanbiuura. COBpeMeHHAA NPOMMWIHTH3AIMA Ha
May>xerckoM MeCTOpPOXKOEHUH MpOTeKaeT Mof Bo3deiicTBHeM cnaGoxucnbix (pH =~ 6) CyIb-
dbaTHO-rUIPOKapGOHATHO-XTOPHIHBIX pacTBopoB ¢ H,S mpu Temmeparypax 100—200°C.
Ha rnyGuHax 300—800 m [Ha6oko u mp., 1965].

AHanornuHbpiM 06pa3’oM NPOHCXOAHT TMApPOTEPMAIbHOE H3MeHeHHEe aHOE3HTOBBIX JIaB H
TydoB Kamuarckoit lonmuubr TeiizepoB, rhae M3yyeHa /ML BEPXHAA 30HA APrHJUIU3AIMH.
30ech Takoke BONM3H MCTOYHHKOB, Iei3epoB M MaporasoBBIX CTpPY# NMOpPOAbI PadiioXeHbl M
npeBpalieHbl B Genbie H UBETHbIE TTMHBI. B paiioHe BepxHerei3epHbIX HCTOYHMKOB MOA BO3-
DEACTBHEM KHCHBIX H ClaBOKHCIBIX CyibgaTHBIX TepM BYJIKAHHMTBI NPEBPaTHIIMCh B TJIH-
HHCTBIe MAcChl, cofepxawuye anyHMT. B paitione I'efiaepHoi rpynnbl H3MeHeHHe MOpPOJ Mpo-
HCXOOMT y)Ke MOA BO3AEACTBHEM XJIOPHAHLIX HaTpueBBIX ciaGowenouHbix BoA. Kucmbie
Ty¢BbI NpeBpalLleHb! 3[eCh B IIIMHACTDbIE IIOPOADI, COCTOAMe, 110 AaHHbIM C.M.Ha6oko [1954]
M3 FaJUTya3’nTa, THAPOOKHCIIOB XeJle3a, Oflaria H CAMOPOIHOM cepbl. MHHEpaNTOrHIeCKHi COCTaB
H3MEHEHHBIX MOpoA, H3yueHHbIH B.A.Epomesbim-lllaxom, B.A.MneuHbIM H OPYTHMH HCClie-
NOBAaTeNIAMH, B pailoHe clUMAHMA py4. BoponmagHoro u p. I'eii3epHo#i H3MeHsIeTCA CBEPXY BHH3
OT KAOJIHHUT-MOHTMOPHJISIOHHTOBBIX H MOHTMOPHWUTOHHTOBBIX aCCOLMAIIMit 10 CMEILAHOCIION-
HbIX xsopuToB. IIpH TemmepaType BCKMNaHHA THOPOTEPM HapsAdy € MOHTMOPHUIOHHTOM
pa3BHBawICA LeonuThl. Takum 06pa3oM, MUHepalbl, 0GHApY>KeHHbIEe B IPHIIOBEPXHOCTHBIX
vactax Honuubt Ieii3epoB, XapaKTepH3yIOT 30HY aprujUIM3alMM, BHANMAaA MOIUHOCTh KOTO-
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poit He MeHee 10 M [Unsun, 1977; Tumodees u Ap., 1979] . OveHb yacTo napAwHMe IWIoWAN-
KH M3MeHEHHBIX MOpPOR MOKPBIBAIOTCA IUIEHKAMH MJIM KOPKaMH BBILBETOB, 00pa3yoLIuXCs
[pH BBINAfleHUH CONER W3 Mapora3oBbIX CTPyH. Bokpyr reii3epoB BO3HHKAOT Teppackl, IIIO-
LIAIKH H KOHYCBI, CTIO)KEHHbIE OT/IOKEHHAMM KpeMHe3eMa.

Ha Mectopoxpmenuum Baitpaxkeit (HoBaa 3enaHmusa), OTHOCALIEMCA KO
BTOPOMY THNYy, THOPOTEPMATIBHOMY H3MEHEHHIO MOMABEDPIIMCH B OCHOBHOM DHOJIMTOBbIE
BYJIKaHHTHI (QHHE3UTHl BCTPEYAIOTCH JIMIIbL B ITTyGOKMX YacTAX pa3pe3a B 3aMajIHOH YacTH
nona). IlocmenoBaTenbHOCTS CMEHBI MMHEpAjOB HHXE 30HBI BBIUEIOYEHHBIX KHCIIOTaMH
KAOJMHOBBIX [JTHH HAYMHAETCA C MOHTMOPHIUIOHHTOBBIX [JIMH, Pa3BHTBIX Ha Y4aCTKaX BCKH-
nanus pacteopoB (pH < 7) ¥ moHmkenus temmeparyp oo 130—150°C. Huxe HaGmopaoTcs
30HBI ILIEONIMTHU3AIMH, COCTOALME CHAYala H3 MOpJEHHTa, 3aTeM M3 GoJiee BBICOKOTEMIepa-
TypHbIX JoMoHTHTa (150—200°C) wu Baitpakura. Jlamee ¢ pocToM Temmeparyp HaGnona-
€TCA MepeXon K 30HaM afynfapa U THAPOCIION, Pa3BHTHI XJIOPHT, Bal PaKMT, KBapll ¥ 3MAIOT.
Anynap u oGorameHHas KajineM CMAPOCIIONAa COCYLIECTBYIOT MPH TeMieparypax Bon 250—
260°C. X7OpHT, CTIOMMCTbIE TTIMHDBI, TaK Ke KaK IMPHT U MHPPOTHH, BCTPEYAIOTCA 110 BCEMy
pa3pe3y HHXXe 30HBI MOHTMO PHJUIOHHTA. KanbuMT B OCHOBHOM GBUIT BCTPEYEH B aHOE3UTOBBIX
nopoaax. I'maporepManbHOe M3MeHEHHe NMOPO NMPOHCXOOMT Ha IiIyGHHe MON BO3MEHCTBHEM
TepManbHbIX Bof ¢ pH ~ 6,5 umco, ~ 0,01 [Elis, 1979].

Ha MecropoxpmeHum MauyKaBa (SInoHwms) , TpeACTABNAOLIEMY TPETHIL THII
TepM, FMOPOTEPMAIIbBHOMY H3MEHEHHIO MOMIBEPriMCh aHAE3UTOBBIA M AIMTIOBBIA CIEKIUHH-
¢ Ty M aHAe3uTHl. B OT/IMWME OT pacCMOTPEHHBIX BBILIE THAPOTEPMAJIBHBIX CHCTEM T€PMaJIb-
Hblit monn ¢ Temmepatypoit 250—280° C, NOCTyNAOMWIKi B HIXKHIOK YacTb pe3epByapa, HMe-
er pH 3—4. Takue xucnbie BOOBI COIEPXKAT BbICOKHe KOHUeHTpauun SO, (500—1500 mr/n).
B Bepxsux 150 M pa3spesa B H3MeHeHHBIX MOPOAAaX 0OHapYKEHBI CANOHUT, XJIOPHT H CEPHIMT.
B 30He aKTHBHOr0 BOCXOOALIEro MOTOKa C riy6uHO# HaGmopaeTca onpeAeneHHasn Mocaeno-
BaTeJIbHOCTh 30H THAPOTEPMAIBHOTO H3MEHEHHA MOPOA, B KOTOpPbIX mpeobiafaioT CHayana
XJIOPHT, 3aT€M MOHTMOPWIUIOHHT M, HaKOHell, KaOJIMHMT H aiyHHT. C BepXHeH 4acTbio 30HbI
pacnpefeneHMa XJIOPUTa acCOUMMPYIOT JIOMOHTMT, TMADPOCIIONA, KalbUMT, KBapl, IHpHT,
aHTMOPUT ¥ rMnc. B 30He pasBHTHA MOHTMOPH/UIOHHTa HaXOOATCA TMApPOCIIOZA, KalbLHT
¥ aHruaput. KBapi u mMpHT BCTpeueHbl B 30HaX KAOJIMHMTH3AaUUM M aTyHHTH3aUMM NOPOMI
(Ellis, 1979].

CxopHas KapTuHa HaGMmomaeTcCA HHAM e CTO PO XAeHuH Matcao (o. Taiteans),
OTHOCAILIEMCA K TOMY )€ CEPOBOLOPONHO-YIJIEKHCIOMy THIY, TAE THAPOTEPMAJIbBHOE H3-
MEHEHHE aHME3UTOBBIX MOPOH TaKXe CBA33HO C IOCTYIUIEHHEM BBICOKOTEMIIEPATY PHBIX
(~ 290°C) xucnmix (pH<3) ¢mounos. KHCTOTHOE BhILENAUHBAHKE MOPOH NPHBOIMT
30ech K MpeoGnajaHMI0 B HHX KaoJIMHMTA, KBapua (WiM onana), ndpowUIMIa, H B IpH-
TIOBEPXHOCTHBIX YC/IOBHAX ayHHTa. [IpOMEXNYTOUHbIE 30HBI C HecKonbKo 66mbummM pH Bon
cofiepxar runc (Wix aﬂmnpur) TMMPHT, UIJHMT H KanbiUT. [loBbiuenue pH mo 5—6 npu tem-
nepatypax 250—-290°C u mcaq, ~ (0,02 BbI3bIBAECT NMOABJIEHHE TaKMX BTOPUYHBIX MHHEpa-
JI0B, Kak 3nuMAoT, K-mojieBoH LIMAT, WUIMT, MarHMeBBIH XJIOPMT, KBapu ¥ nuMpuTt. KBapl,
KaJIbUMT, IPEHHUT, MHPPOTHH M XATbKOIMPUT OTKJIaAbIBAIKCH B Xunax [Chen, 1970].

Taxum o6pasoMm, B paccmarpHBaeMbIX PETHOHAX MOXKHO BBIIENIMTb TPM OCHOBHBIX THNA
THAPOTEPMANIBHBIX H3IMEHEHHH NOPOA, MPOHCXOAAWMX B IMyOOKHX 4YacTAX BOIOHOCHBIX
CHCTeM NpH Temmeparypax 150—300°C.

Ilepepi THN, NPHMEPOM KOTOPOrO ABIAIOTCA METACOMATHTBI HMCIHAHACKHX BbICOKO-
TEMIEPATYPHbIX MECTOPOKIEHHH NaporHopoTepM, XapaKTepusyeTcs nmpeoGnajanveM cpemu
BTOPHYHBIX MHHEPAJIOB KaJIBLMTA, JIOMOHTHTa, XJIOPHTa H 3MMIOTa, OGpa3oBaHHBIX INON
BO3EACTBHEM Ha MOPOObI MAJIOMHHEPAIM30BaHHBIX I'MAPOKAapGOHATHO-CynbdaTHBIX (OGBIY-
HO ¢ HeQONBLIMM KOJIHYECTBOM XJ10pa) GIIIOMEOB.

Bropoit THR XapakTepH3yeTCA BHICOKOH aKTHBHOCTbI0 KM, T.e. HHTEHCUBHBIM 06pa3o-
BaHMEM B Mpoliecce TUAPOTePMAJIBHOIO H3meHeHus nopon K-nomeBoro umara u K-rumpo-
cnmiofpl, a TaK)ke BaHpakHTa H aHruaputa. OH OOBLIYHO MpOABNAETCA B, pesepByapax Gepero-
BLIX TePM H, NO-BUANMOMY, THOPOTEPM OKEaHHYeCKOro OHa. JTOT TMN THAPOTEPMANIBHOTO
H3MeHEHHA MOPOA’ UIHPOKO PA3BHT TaKXe B JAPYrAX CHCTEMaX C BBICOKOH MHHepaH3auuei
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tepmanbHbIX ¢rionaoB (ContoH CH), COCTaB KOTOPbIX, KaK H BO BCeX MEPEUHCIEHHBIX CIIy-
yasAX, XJIOPUAHBIA HATPHEBO-KAJIBIHEBBI .

TpeTHii THI rHAPOTEPMATBHOTO H3MEHEHHA NMOPOA, 06y CNOB/EH BO3ACHCTBHEM CHIIBHOKHC-
NOTO TEpPMAJIBHOro (NIOHAA, B COCTaBE KOTOPOTO B 3HAYMTE/IBHOM KOJIMYECTBE NPHCYTCTBY-
et cynpdar, a cpenu rasos npeoGnanawot H, S 1 CO, . Takoe BO3fieiiCTBHE IPUBOJMT K AKTHB-
HOMY KHCJIOTHOMY BBILIETIAYMBAHHIO NOPOM IO BCeMY pa3pedy H 06pa3oBaHMI0 B HUX KaoOJH-
HMTa, KBaplia, aTIyHHTa, a TAKKe aHIMPHUTA, THNca i MMpuTa (Mauykapa, Matcao) .

TJIABA CEIBMAS

'KIIACCHOHKALIMA TEPMAJIBHBIX ®JIOWIOOB
OBJIACTEA COBPEMEHHOI'O BYJIKAHU3MA
H OCHOBHbBIE NPOLECCH HX ®OPMHPOBAHHA

MaTepHaibl, HITIOXKEHHbIE B NpebIIyLIMX I/1aBaX, NOKAa3bIBAKT, YTO THAPOTEPMBI, BCTpeE-
qajouMeca B BYIKaHWIECKHX paHOHaX PHQTOBBIX 30H H OCTPOBHBIX YT, Ype3IBBIYAAHO pas-
HOOGpa3sHbl MO MHHEpPAM3allMH, COJEBOMY H Ta30BOMY COCTaBY, OKHCIIMTENIBHO-BOCCTAHO-
BHUTETBHOMY NOTEHUHAY H MPOMM TeOXMMHUECKHMM ocoGeHHOCTAM. B 3T0M riaBe Mpl mo-
MBITAEMCA CHCTEMATH3MPOBATh BCe HMeoLIMecs NaHHbIE, NPECTaBHB HX B BHAE ¢dopmManbHO-
reHeTHUeCKOH KIIaccHMKAIMM pasHOBHIHOCTEH THAPOTEPM 3TOH KPYNHOM! crieiHbHIecKod
CPYNIbI.

OCHOBHBIE 4epPTHI COCTaBa TePMANBHBIX BOM H ra30B B 30HE COBPEMEHHOro BYTKaHH3Ma
HOBOJIBHO CXOAHBI. OmHAaKO, KaK MOKa3alo H3yueHHe reoJIOTHYeCKH PasIMuHBIX paiHoHOB
sroit 3ol (Mcnangum, Kamuatkn, Bocrounoit Adpuxu # 1p.), a Takxke OTAENBHBIX THAPO-
TEPMAIBHBIX CHCTEM B MpeMeNaX KaXAOoro paitoHa, B FeOXHMHYECKOM OONHKe KOHKPETHBIX
THAPOTEPM MMEITCA M CYUIECTBEHHBIC DajIHUMA. JTH PAVIMYHA OMpEeNAIoTcS MpOCTpaH-
CTBEHHBIM MONOXKEHHEM THAPOTEPMANTBHOR CHCTEMBI OTHOCHTENIBHO BYJKaHMYECKOro oOdara,
YC/IOBHAMH €€ TeIIOBOrO NHTaHMsA, NEPBOHATAILHLIM COCTABOM BOJI, NOPOA H MarMaTuue-
CKHMX 3KCTIAUMHA, HHTEHCUBHOCTBIO NMOCTYIUIEHHA NOC/EOHMX B THAPOTEPMAaJIbHbIC CHCTEMB,
reoXMMHYECKHMH MpOUECCaMM B3aHMOMEACTBHA BYJIKAHHYECKHX ra3oB, MOA3EMHBIX BOM H
BOJOBMEIIAIONMX MOPOJ B ITyOHHHBIX BBICOKOTEMIIEpATYPHBIX YCIOBHAX H, HAKOHel,
MPHNIOBEPXHOCTHBIMH NpPOUECCAMM [Era3auuy, OKHC/IEHHA, MUHepanooGpa3oBaHNA, KOHOEH-
CalMH MapoB M ra30B, KOHUEHTPKPOBaHHA BOM, H Ap.

PasmuHbie coueTaHMA IEpeunClIeHHbIX Bhille $aKTOpOB B KOHKPETHBIX paifoHax oGyCIoB-
nuBaloT GopmupoBaHMe B HX Tpemenax creuH$HISCKHX Pa3HOBHAHOCTEH TMAPOTEPM, NpH-
MepBl KOTOpBIX NMOAPO6GHO OmMHCaHbI. ITO OGCTOATENBCTBO MPENOMpPENENHIO HEOTHOKPATHbIE
TNONBITKH CO3[aHHA YHHBepCATbHOH IJIACCHPHUKAUMM THOpOTepM (MBI PACCMOTPENIH MX B
rnaBe neppoit) . C.A. BpycunoBckuit [1979] npoananu3anpoBan HayuHO-METOOOJIOTHUECKHE
TPYOHOCTH, BO3HHMKAIOLME IIpH pelleHMH 3Toit 3agauwu. OH NONUEpKHYN CTATHCTHYECKMH
XapaKTep IrpaHdI MeXIy rpynnaMH MOA3eMHBIX BOM, 0G0COGNAOIMMMICA MO TeHe3NUCY H/WIH
XHMHUECKOMY COCTaBY, H yKasald, YyTO KiaccHOHKaUMA, MOAXONAINAA VI OIHOH reOXHMMH-
YeCKOM NPOBHMHUMH WIH TeHEeTHYECKOH IpYIIbI MOA3eMHBIX BOJI, MOXET GbITh HENPUrOmHOM
V1A [IpYTOH MX COBOKYIHOCTH.

BoiGpaB B kauecTBe 0GBEKTa HCCIeOBaHHil THAPOTEPMBI BYJIKAHHUECKHX OGJacTed,
Mbl NPHIUTH K BLIBONY, YT0 HanGojiee CYIIECTBEHHbIE PATHIHA MEXAY HHMH ONpPENEIAOTCA
HabOpOM THAPOXHMMYECKHX M FeOTepMHYECKHX XapaKTepHCTHK. IlepBas rpymma xapakrTepH-
CTHK YWHTBIBAa€T Pa3IMUMA B MMHEPAIH3aUMM, COJEBOM H ra3oBOM COCTaBE THAPOTEPM, a
BTOpaA — UX (HIHYECKOE COCTOAHHME, OTpaXalolliee TEPMOOMHAMWYECKHE YCIIOBHA Hernp.
Hcnons3osanue BTopoii rpynnel $pakToOpoB B KaueCTBE 06bEKTHBHOTO KiaccuHKAUHOHHOTO
KPHTEPHA CTATO0 BO3MOXHBLIM JIMILL TOCHTE IHPOKOTO IIPHMEHEHHA METONOB OUECHKH IITy-
OGMHMBIX TeMIepaTyp MO reoXMMMYECKHMM NOKa3aTenaM (CM. I71aBY BOCBMYI0), pa3paGoTaH-
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HBIM TOJIBKO B MOCHeOHee OecATWNeTHe. BasHpyowasca Ha 3THX KPUTEPHAX KJIACCHOHKa-
A, KOTOPYI0 MbI IpefUIaraeM BHHMaHHIO uMTarens (Tabn. 50, cM. BKIL.) , MpeACTaBIIAeT, KaK
HAM KaXXeTCsl, H OTpeMeNeHHbI MPaK THYECKHii HHTEepeC, MO3BONAA MPaBIIBHO OPraHH30BaTh
paboTy NO BBHIABJICHHIO IHAPOTEPMANBHEIX PECYPCOB OJIA HX HCTOJIb3OBAHAA KaK HCTOWHMKA
SHEPIHH B Pa3NIHIHBIX 06/1acTAX HapOXHOrO XO3fHCTBa.

TMPHHLNANBI COCTABJIEHHA KNACCHOHKAUNH
TEPMAJIBHBIX BOJ OBJIACTEA COBPEMEHHOI'O BYJIIKAHH3MA

Ilo rasoBomy cocraBy BCe peanbHO CYILECTBYIOLME B OGJIaCTAX. COBPEMEHHOrO BYJIKa-
HH3Ma TepMaNbHBIC H MHHEpaIbHEIE BOAbI MOXHO NOApAasfHeNINTh Ha CEpOBOAOPOMHO-YIJie-
KHCTIBIE, YIIIEKHCNO-BOIOpOOHbie (BOOOpOAMBIE™), YTIIEKHCIIBIE, a30THO-YTIIEKHCIIbIE,
230THBIE, METAHOBbIE H 230THO-METAHOBbIE.

Kaxmas BpifesieHHas 0 COCTaBYy ra3oB IpyIma TepM, B CBOIO ouepelb, NoApa3nenfaerca
Mo aHHOHHOMY COCTaBY Ha TpH HOATPYMILI: THAPOKapGOHaTHYIO0, CYNTbDATHYIO H XJIOPHOHYIO.
BHYTpH MOATpyNN NPOBOOHMTICA [ejleHHe N0 BeNHYMHE MHHEpPATH3AUMH, KOTOpOe MO3BONAET
CYOHTb O COCTaB€ BMEIIAOLUMX MOPOH, WIH yYacTMH B (GOPMHPOBAHHH H3YYaeMbIX TEpM
COBpPEMEHHBIX WM norpeGeHHbIX BOM, MOPCKOTO reHe3unca.

HoBriM B mpepnaraemoii KaaccHHKauMM gBRAETCA MOMNpa3fielleHHe TEPMATBHBLIX BOJ,
H Mapora’oBhIX CTpPyH NO TeMAOBbIM mapaMerpam. Ilpum 3TOM HCIONB3YeTCA HECKOJIBKO
XapaKTePHBIX TEMIEPATYPHBIX TOUEK, Pa3nENAIOIMX XONOMHbLIE MHHEPTbHbIE BOMBI, THOPO-
TepMBl, TAPOTHAPOTEPMEI H TIAPOTa30BbIe CTPYH.

Ilpn pasrpaHHueHHHM XOJIOJHBIX H TepMAIBHBIX BOJ B NpeVIaraBUMXCA paHee knmaccudu-
Kammax [OpwnHHKOB, 1947; llep6axos, 1956, 1979 a;, 6; Maxapenxo, 1961; HBauos,
1961; Maspuumicnit, 1971; J].nopon. 1972; Toncruxuu, 1975; n ap.] Hcnons3ylorca pasHbie
TeMIepaTypHbIe py6exa: 10, 20 u 35° C, npunmmaemsie GOMBLUEH HACTBIO MOCTaTOYHO YCIIOB-
Ho. C Halle# TOUKH 3peHHA, 06beKTHBHEe 1R ITO# uenH 6buTo 6b1 HCMONB30BATh TEMIIEpaTy-
pY “HERTpaNIBHOro’’ Ciiofl IViA JaHHOH MECTHOCTH M CYMTATh TEPMATBHBIMM BCE BOMIpI, TeM-
neparypa KOTOpPBIX Bbilie. B pajHbIX KIMMaTHUeCKHX 30HAX TemIieparypa “HeHTpaTbHOro™
CJI0A HeoMHAKOBa. OHa MEHSETCA OT OTPHUATENBHBIX 3HAYeHHi B PalOHAX PACTPOCTPAHeHHA
MHOToneTHeit mepanotst mo +28°C B 3xBaropHanbHOil Adpuke. TemmepaTypHBIl pexum
NOMOIIBE! CJIOA FOMOBBIX TEMNEPaTYpPHBIX aMIUIMTYR Gbul nompo6HO paccmorpeH HM. ®po-
nossM [1966, 1976], xOTopsIil OTMETHNT TaKIKe €r0 HE[JOCTATOUHYI0 PETHOHANBHYI0 H3YYEH-
HocTh. [ToaroMy MBI MOKa BHIHYXTEHBI TOXe YCTIOBHO NPHHATL 32 FPAaHMUY MEXMY XONOf-
HBIMM H TepMaTBHBIMH BOIaMH TeMIiepaTypy 20° C.

B nonzem{on ruapocdepe BRIOENAIOTCA CeyIOnMe XapaKTepHble TeMIlepaTypHble TOUKH :

100°C — TemmepaTypa KHNEHMA BOMbI NpH aTMOCGHEPHOM [aBJICHMH, Y MOJIEKYN BOZbI
paspaIBacTcA 20% BopoponHsix cBaseit [Haggis et al.,1952] ;

150°C — pasnenser TH[IPOTEPMBI, HAXONALMECA NPH CYUIECTBYIOMMX Ha rnyGuHe Oapie-
HMAX TONBKO B XHAKOR ¢ase, H Maporumporepmsl (3T0 TaKXKe MaKcHMManbHaa “Gasosas’™
TeMIIepaTypa a30THEIX BOO);

180°C — otmenser dpymaponsHeie CTPYH OT conbdaTapHbix (OGBIIHO TpH GONee BHICOKOI
TeMIleparype B cocTaBe rasop mossiserca HCl), maporuopoTrepmsl ¢ Taioit TeMIepaTtypoit
NpH COBPEMEHHOM YPOBHE TeXHMKH YXX€¢ MOTryT GbITH MCHOJIb30OBaHBI VI BRIpabOTKH 3ne-
KTPOIHEprHH;

240° C — HawanbHaA TeMIepaTypa CHCTeMbI ¢ MpeoGllapaHMeM napa, omnpenenAeMas Mak-
CHMaNbHOH IHTANBIMEH HackIeHHoro Mapa (2780 Ix/r npu mapnewuu 3,18 MH/m?); mone-
KyJIBl BOZIbI HMEIOT 34% pa3zopBaHHBIX BOOOpOAHbIX cBaA3eil [Haggis et al., 1952];

400° C — KpHTHUeCKaA TEMIEpaTypa /Ul MMHEPaTH3OBAHHBIX PacTBoOpoB, KOTJa Y BOABI
pa3pbIBalOTCA BCe BONOPONHBIE CBA3H M IpH HEeOGONBIIMX [paBNeHMAX BOJA NEPEXOMUT
B rasoobpasHoe cocrogHMe. OTmeNbHbIe HECTOHKHe acCOUMAThI MOJIEKYN BOMOBI MO-
TYT CYLUeCTBOBATH JIVILI TIPY AAaBlIEHUAX B HECKONBKO ThICAY aTMochep [Cmut, 1968] ;

700° C — NpOHCXOIMT NOMHOE HCUe3HOBEHHe JMMEDPHBIX aCCOLMAToOB, H BOAA HAXOMMTCA
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HCKJTIOUMTENIBHO B Ta300Gpa3HOM COCTOAHHMH, 3TO — MaKCHMaJIbHasA TemiiepaTtypa ¢pymapons-
HbIX CTPY#l B MEXMapOKCH3MAIbHLIA NEPHON AKTHBHOCTH [IEHCTBYIOLIMX BYJTKaHOB;

1200°C — TeMnepaTypa, XapaKTepHasd miA 6a3aibTOBBIX PacIUIaBOB, IPH KOTOpPOi MoOJie-
kynet H,O HawiHaoT paspyuiaTbcs, T.e. WAET NpoUecC B 3HAUUTENbHOH CTeneHH TepMHYe-
CKO# IHCCOUMANHM BOMBI.

ITo cBoeit Temnepatype H GU3NUECKOMY COCTOAHHIO PalIHYHbIE THNDbI ra30BOHOINPOABIIE-
HHil 06NacTeil COBpeMEHHOro BYIKaHH3Ma OGBEIMHAIOTCA B TPH OCHOBHBIX KJ1acca: THApPOTEp-
MBI, TapOTHAPOTEPMBI H NIAPOra30BbIC BhIICJICHHA.

KomGuHalMsa mnepeuHcrieHHbIX NPH3HAKOB (Tra3oBblil cOCTaB, mpeoGnajarornide aHHOHBI,
MMHepaJIH3auMsa, TeMNepaTypa) OIpeneliAeT OTHECEHHE PeaTbHO BCTPEYAIOIUMXCA B BYITKaHH-
YeCKHMX pailOHAX Pa3HOBHMOHOCTEH THAPOTEPM K TOM WIH HHOH KIIETKe MpeToKEeHHOR Kilac-
cupnkauuu. Kax BbIACHAETCA, TaKad KJIACCHPHUKAUHA MMEST ONpeAeNieHHbIH reHETHYECKHH
CMBICT1, €CIIH MPHHATH BO BHHMaHHe KOHKPETHbIE YCIIOBHA GOpPMHPOBAHHA BHECECHHBIX B Tab-
NHUY H3YYEHHBIX PAa3HOBHIHOCTeH THApOTEpM. ITH YCIOBHA ONpedesisAlorca pasiHIHBIMH
npoueccamut H $paxTopamH, noApoGHO paccMorpeHHbiMU E B. [Tunxexkepom [1977]. U3 Bcero
HX MHOroo0pasHs NMepevMciIMM Te, KOTOpBbIC MrpaloT BEAYUIYI0 pojib HMEHHO B oGJacTsax
COBPEMEHHOTO BYIKaHH3Ma. [TTaBHOe 3HayeHMe 3[leChb HMEIOT TpH TPYINbI $aKTopoB: 1) reo-
noruyeckue (MarMaTu3M, TEKTOHHKA, COCT4B MOPON, TeHEepauMs ra3oB # fAp.); 2) $u3uue-
ckHe (TeMIepaTypa, JaBJieHHe, IPOCTPAHCTBO U BpeMiA); 3) H3UKO-XMMHMYECKHE H XHMM-
YeCKHME CBOMCTBA 3JIEMEHTOB, PACTBOPUMOCTh XHMHYECKHX COeAMHEHH, KHCIIOTHO-ILIEIOUHBIC
H OKHCJIMTEJIbBHO-BOCCTAHOBHTEIIbHBIE YCNIOBHA). lIBe mocnemuue rpynmbl (paKTOpOB TeCHO
cBA3aHbt MeXHy coboii. Tak, uameHenue P—T yclioBHiIi HEMMHYeMO CKa3bIBaeTCS Ha BejiH-
YHHE OPYTHX TepMOAMHaMUuyecKux napametpoB cpensl (pH, Eh, Pra, u ap.).

OCHOBHBIE MPOLIECCHI,
®OPMHPYWOUIHE XUMHYECKHA COCTAB TEPMANBHBIX OJIIOHOOB

Ilpoueccel, onpenenAwmuMe GopmMupoBaHHe THAPOTEpM OGNAcTEH COBPEMEHHOro BYJIKa-
HH3Ma, OOBETHHAIOTCA B AATH GOJIBIMX TPYNN, H3 KOTOPBIX NepBad ABNACTCA cneumdunye-
CKOH MMEHHO [jiA 3THX perHoHoB. Kaxkgasa rpynma Bkiitovaer B ceGa LMpokHit HaGop mpo-
UECCOB, YaCTh KOTOPbIX HMEET MECTO H B APYTHX paHOHaX, 2 HEKOTOpbIE XapaKTepHbI TONBKO
OAs BYNKaHMYeckux obnacredt. Ilna ymoGcTBa mepenmavd 310 HHPOPMALMH B rpaduyYecKOM
BHJI€ KaXIOMY M3 MPOLECCOB NMpHIHILEM ONpeaeeHHbIH HHAEKC.

1. Ipoueccsl, onpenensoupe Gasopoe COCToAHHE

foa3eMHbIX BOI

1. Harpes BOm B perHOHaIbHbIX (HOPMAIBHBIX, (DOHOBBIX) TEOTEPMMYECKHX YCIOBHAX:

1, — korma Boga HaXOOMTCH B THAPOTEPMATBHOH CHCTEMe TONBKO B NMAKOH da3se;
1, — xorpa NpOHCXOAMT KMIIEHHE B NPHIIOBEPXHOCTHBIX YCIIOBHAX.

2. Harpep Bo# B aHOMaNbHBIX FEOTEPMUUECKHX YCIOBHAX (NpH BHEJPEHWH B BOAOHOCHYIO
CHCTEMY INyGHHHOIO BBICOKO-TEMIIEPATYPHOTO (MIIOHAAa WIH MArMaTHYeCKOH HWHTPY3HH):

2, — KOIrOa KHMIIEHHE MIET TOJBKO B INPHMNOBEPXHOCTHBIX YCJIOBHMAX, YTO MPUBOOMT
K KOHIEHTPHPOBAHHMI0O PacTBOPOB, Gllarofaps yaaleHuo vacth monekyn H,O;
2; — TIpH KOTOPOM NPOHCXOAMT KHIEHHME B IUIacTe H 06pa3oBaHMe TMIPOTEPMATBHBIX

cHcTeM ¢ npeoGapaHneM mnapa.

I1. [pouecchl NOCTYIUIEHHS BellleCTBa B pacTBOP

3. T'a3oHachIIeHHe IOA3EMHBIX BOJL, (C YaCTHYHOI JHCCOUMaUMei aK THBHBIX Fa30B) ©
3, _2- MarMaTOTeHHBIMH MaHTHiiHbIMH Tazamu (H,S, CO,, H,, HCl, HF, NH; u gp.);
3, — B rny6oKuX BOOMOHOCHBIX TOPH3OHTAX;
3; — B NpPHNOBEPXHOCTHBIX M TMOBEPXHOCTHBIX BOJAX (“’OCTATOUHBIMH’, T.e. MPOGUIL-
TPOBAaBLIMMHCA Yepe3 ITyGOKHe BOIOHANOpHbIe ropu3oHTHI razamu — H, S, CO,);
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3; — mMertamopdoreHsusiMu razamu (CO, n otyactu H, S);
34 — armoreHHbIMH rasamu (N,, Ar, 0,);
35 — OuorenHpiMu razamu (CH,, CO,, N,);

3¢ — pammorenHnimu rasamu (He, Aru np.).
4. BelenauMBaHMe M pacTBOpeHMEe HEM3MEHEHHBIX BYNKAHOTEHHBIX M OCA[OYHBIX TOPOA:

4, — KHCIBIMH TepMalbHBIMM pacTBOpamH (c oGorawemuem Bop Fe, Al, Ca, Na, K,
H,8i0;);

4, — yraexkucnsiMu Bomamu (c oBorauennem ux Ca, Mg, Na, K, Fe, H, SiO,;);

4; — HeHTPATBHBIMH W ILENOYHBIMH TEPMATILHBIMH BofgaMH (C o6GorauleHHeM pacTBOpOB
H,8i0;);

4, ~— XJOpMAMBIMM HaTpHeBhIMM pacconamu (c oGoramennmeM mociepmux Na, K, Ca,
Fe, HCO,, H,Si03).

5. BelmienayuBaHMe M pacTBOpPeHME TMAPOTEPMATIBHO H3MEHEHHbIX MOpon (c oboraieHHeMm

Box SO,, Ca, K, Mg, Li, Rb, Bau np.) :

S; — XONOOHBIMH NMPECHbBIMH BOOAMM;

S, — TepMalbHbIMH BOA2MH Pa3IHYHOrO COCTaBa.

6. BrunenaunBaHWe M pacTBOpeHME 3BallOpPHTOB ¢ oOfOraiieHHeM TepManbHBEIX PaccoiioB

Cl, Na, K, Ca, Mg, Li, Sr, Bu gp.

7. OKHCIHTENbHBIE IPOLECCHl B CHCTEME NOPOAa—pacTBOP:

7, — OKHCNeHHe CynbGUOHBIX MHHEpWIOB (KHCIIOPOAOM MNOA3EMHBIX BOM M JPYTHMH
TIPHPOIHBIMH OKHCITUTENAMH) C 0Gpa3oBaHUEM KUCIBIX PacTBOPOB, HAaCBHILIEHHBIX
cynbdaTOM H TAKENBIMH METAJUIaMH

7, — OKHC/ICHHE OPraHH4eCKOro BellleCTBa ¢ 05pa3oBaHHeM C/Nabo YTJIEKHCIIBIX PacTBO-
poB.

II1. Tpoueccsl, BHIBOOSAILHE BeLIECTBO U3 PaCTBOPA
8. Ierasaums repm (CO,,H,,H,S, N, ump.):
8, — ynaienme cBoGomHoOil (pacrBopeHHoit) CO, M CBA3aHHOE C ITHM BHIMAaJcHHE B
ocanok CaCO;;
8, — ynanenme cBoGopmHoro (pactBopeHHoro) H,S n cBfizaHHOe ¢ 3THM mpoueccoM
BBINaJIeHHe B 0CaOK CynbhHIOB;

83 — cHxenMe razocopepxxanusa CO, u H, S npu B3anMopeficTBHH ¢ noponamy.
9. Kpucrarnusaums conen:
9, — BbimajgeHHe B ocafok SiO, (mpu u3mMenenmu P—T ycrnoswii) ;

9, — Bomanenue B ocagok CaSO, (IIpH mepechilieHMH pacTBOpa B pe3ynbTaTe Harpe-
BaHHA cBoiue 40°C);

9, — Bpimagenne B ocamox CaSO,, S°, Fe,0;, MnO, BaSO, u apyrux Ha “OKHCIHTENb-
HoMm Gapbepe”’;

9, — BbIMaJieHHE B OCaJOK CyNbdUIOB Ha “BOCCTAHOBHTEJIBHOM Gapbepe’’;

9; — Bmimazenve B ocamok CaCOj,"CaS0,,Na;S04,NaCl, MgS0O, u KCl Ha “’kKoHueH-
TpalMoHHOM Gaphnepe”.

10. HecynbdaTH3alMsA MOA3EMHDBIX BOI

10, — abuoreHHas mecynbdaTH3aUMA BOL B pe3ynbTaTe BoccTaHoBnewus SO mo H,S,
B NOpoJax MpOoMCXOOMUT CYAbGUI00Gpa3oBaHHe;

10, — OuoreHHas mecynbdaTH3aUMA H COMyTCTBYIoltee eif BhiACNeHMe U3 pacTBopa H, S
(B ycnoBHAX yMepeHHBIX TeMINEPaTyp H HATMYMA OPraHNYECKUX BELIECTB) .

IV. Ipoueccsl 06MeHa BeIIECTBOM MeXIy pacTBOPOM H NOpPONoik
(MpHBHOC + BBIHOC BeLLECTBA)

11. MeTracoMaT03 H HOHHBIH OGMEH
11, — CepHOKHCNOTHBIH MeTacoMaTo3 (0Gpas’oBaHME CepHbIX KBapUMTOB—aTyHMTOB)
€ ynmaneHuMeMm M3 pactBopa Si, Al, S, Fe u nocrynnenuem B Hero Na, Ca, Mg, K
uap.; ‘
165



11, — xanbumeBbIdt YIJIEKHCIBIA METaCOMaTo3 (JIOMOHTHTH3AUMA — UEONTHTH3alUHSA) C yaa-
nenneM u3 pactBopa Ca ¢ npuBHocom Na, B pe3ynsraTe 4ero o6pa3yorca cogoBbie
BOJBI;
115 — ofMeH Mexay pacTBOpOM M INIHHHCTBIMH mopbmamm woHamu Na, K, Mg, Ca, Fe,
Al, Lj, Rb, Cs, Ba, Cu, Pb, Zn, Co u np.
12. Tupparaums nopon (yoaneHue u3 pactBopa Monexyn H,0) :
12; — c obpa3oBanmeM NPUPOIHBIX KPHCTALIOIHAPATOB (THIC, EONHTDI) ;
12, — ¢ o6pa3oBaHHEM TTIHHHCTBHIX MHHEPANIOB (KaOJIMHMT, MOHTMOPHJUTOHHT) ;
125 — memGpaHHbIH 3ddeKT.
13. Nerunparaumsa nopop, (o6oramenne pacteopa Monexynamu H, 0)
13, — B pe3ynprare pa3pyllieHHA KpHCTAIUTOTHPATOB;
13, — B pe3ynpraTe MeTaMOpGH3MA TITHHHCTBIX TOJIL.
14. BanenTHbie 0GMEHBI B pacTBOpE :
14, — oxucnenne H, S go H, SO, kucnopomom noa3eMHsIX BOA U APYTHMH IPHPOTHBIMH
OKHCIIHTENAMH ¢ OGpa3’oBaHMeM KHCIIBIX, HACBIEHHBIX CYNb(aTOM pacTBOpPOB.

V. Ipoueccsl MaccomepeHOCa H CMeLLEHHs BOJ
15. MnddysuonHoe MepepacipeneicHHe BeuiecTBa BHYTpH BOJOHOCHOH cHCTeMBb! (IOf, BIIHA-

HHeMm rpamueHroB 7, P, C) :

15, — repmomuddysus;

15, — Gapomuodysus;

15; — koHueHTpauMoHRHas mHdby3HA;

15, — camon;mpq)yaua (TpaHCnAuUMOHHOoe npMxeHue monekyn H, O nop Bo3pedicTtBuem

HOHOB) .
16. N ¢y3uoHHO-KOHBEeK THBHBIH ((PHIBTPALHOHHBIN) MacCONEePeHOC:
16, — ecrecTBeHHas KOHBeKUMA (IO BIMAHHEM IpalHEHTa TEMIIEPATYpbl H BhI3BaHHOM
MM pa3HMUBI IUIOTHOCTEH pacTBOpa) ;
16, — BBbIHY>KICHHaA KOHBEKIMA (TOH BJIMAHNEM HANOPHOTO TPAJIHEHTa) .
17. CMellieHHe BoJ, paNTHYHOrO COCTaBa H MHHEPATHIALHH |

17, — MereopHsle (MpecHbIe) ;

17, — MeteopHbie 03epHbIe (MHHEPATH30BAHHbIE) ;

17, — MarMaTHueckHe;

174 — meramopdorenHsie;

175 — cemMMeEHTOTeHHBIE;

17¢ — coBpeMeHHbIE MOPCKHE;

177 — KOHAYKTHBHO OXJIKAEHHBIC (pa3HOrO reHesuca).

Kak yxe ormeuanoce B rjlaBe NepBO#, C Y4eTOM reHe3Hca “aHOMAIbHOIrO’’ Temia ruipo-
TEPMAJIbHbIC CHCTEMBbI MOXKHO NMOAPA3MENIUTh H2 ABA OCHOBHBIX THNA — Pa3BHTLIE B BY/IKAHM-
YECKHX H HEBYNKaHHYECKMX palioHaxX, a MO YCIIOBHAM UMPKYNAIMH BOA H XapakTepy pe3ep-
Byapa — Ha IUT1aCTOBBIC H TPEIMHHHO-KHIIBHBIE :

BIl — “BynkaHMueckMe’ THApPOTepManbHbIC CHCTEMEI IUIACTOBOM M TPeLMHHO-IUIACTOBOM

UMY NAWIH

BT — ”BynkanmueckHe’ rufpoTepMalibHble CHCTEMbI TPELLMHHbIC H TPEIMHHOKWILHBIE;

PIT — pernoHamsHbie (’HeByJKaHW4YeCKHe'’) THAPOTePMA/IbHbIE CHCTEMbI B OCAIOYHOM

yexsie (IUT1aCTOBbLIE) ;

PT — perHoHanbHeleé THOAPOTEPMANIbHBIE CHCTEMbI B 30HaX pa3fioMOB (TpeLHHHO-KHIIb-

HbIE) .

Kpome 1oro, B TeX ke paifoHax BCTPEYAIOTCA XONIOAHbIE MHHEPAJIbHbIE BOIbI :

XI1 — xonogHbie MHHEpaIbHbIE BOAH! IUIACTOBLIE;

XT — xonopubie MHHEpasbHbIC BOIBI TPELHHHbBIE.

Takasa HHOeKcauMs [A€T BO3MOXHOCTh OXapaKTepH30BaTh YCJIOBHA (GOpPMHPOBAHHA
KaX[IOH H3 H3BECTHBIX Ha CErofiHA B BYJIKaHHYECKHX O6IacTAX Pa3HOBHAHOCTEH TepMAIBHBIX
H MHHEpPAIbHBIX BON H TEM CaMbIM BBIABHTh I'eHETHYECKHH CMBICT 0COGEHHOCTEH MX XHMM-
YECKOrO COCTaBa H TEIVIOBBLIX IApaMeTpOB.
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Hanpumep asotHbie TepMbl PeiikbaBuka (ckB. G4, UcnaHous) , HMelomMHe CleayIolryio
$opMyNy XHMHYECKOT O COCTaBa:

C0O;355C1268S0,413HCO,5

PT N, 98M, 3 T, T 120°C, pH 9,4, H, SiO; 221,

$opMHpYIOTCA BHE IPAMOTO BJIMAHHA BY/IKaHUYECKHX MPOUECCOB B YCIOBHAX  TPELUMHHOM
UMPKYNAUMHM BOJ, MOM BO3JEHCTBHEM IPOLIECCOB, 0GO3HAYEHHBIX MO HaileH cutTeMe HHEEKCa-
MK 1,,3,,4,, 115, 165, 17, 4. 3TO 3HaWHT, YTO HArpeB 3THX BOJ, MPONCXOIMT B PETHOHAIID-
HBIX (POHOBBIX reOTEpMHYECKHX YCIOBHAX M BOJA HaXORHTCA B IMApPOTEpMANbHOH cHCTeMe
TONIBKO B wMAKo# ¢aze. HacbiueHne 3THX TepM a30ToM (M aproHOM) NPOHCXOMT 3a CYeT
aTMoreHHBIX rasoB. Hx corneBoit coctaB ¢popMUpyeTCs BCENCTBHE BHILIEIaYHBaHHA H PacTBO-
PEHHA BMELIAIOIMX BYIKAHOTEHHBIX TOpo (B HaHHOM ciiyvyae — 6a3aibTOB) HeHTpasIbHBIMH
H UIENIOYHBIMH TepManbHBIMM BofamHu (c oGoramenmem pacrBopoB H,Si0,), a Takke B
pe3ynsrare o6MeHa MEXOY pacTBOpaMM H FJIHHHMCTBIMH mopogamH noHoB Na, K, Mg, Ca,
Fe, Al, Li, Rb, Cs, Ba, Cu, Pb, Zn, Co n np. Ha X OKOHUATeNbHBIH COCTAB BIIMAIOT TAKXKE
NpOLECCHl MAacCOMepeHoca, HMAyUMe MOJA BIMsHHEM HANMOPHOTO TPARMEHTa, H CMeEIUCHUA
METEOPHBIX H METaMOP(OTreHHBIX BOI.

AHajloTHYHBIM 06pa3oM, raaa Ha GopMyny XHMHYECKOro COCTaBa H HHOEKCHI, 0603Ha-
YaoLIMe MTPOLEeCChl, MOXHO pacumdpoBaTh ycI0BHA GOPMHPOBAHHA H APYTHX Xap2KTEePHBIX
THIIOB TEPM, BCTPEYAIOILMXCA B paCCMaTpHBaeMBbIX OGIacTsax:

S0,, Cl

BII(BT) €Oy, HaS M _yq oee

171,35, 4

T< ].00° pH 0,8—5, 22)32) 41’ 81,2’94’ 11» 14) 162’

Cl, SO,
Fe, Al, H, Ca, Na, K

BII(BT) CO;, H,S M < 35
11,,12,,14,16,,17, »
_HC0:,504 1 100° pH5-7,25,35, 81 2,12,,165,17, 3.4
Na, Ca, NH, i e
H,SiQ,, HS, SO,
Na, K

T< 1000 pH 0a4_3a22" 31 941,3’ 71)91,4)

BIICO,,H,SM < ,

BT Hg, CO;, M < 1 T<350° pH 7—'9,2 2 31, 42’ 8, 91,2,3, 113’ 122:

14,16,,17; 5 «

Cl
BII CO; (Hz, CH4) My4_33 —————T ~350° pH 5-6,5, .24, 3, 3,43 4, 81 3,91 .3, 10,
Na, Ca, K ’ ’ , ,
lll,3a 1229 16’ 171 ,3,4,6

Cl
BT CO,, H,, H,S Mao—so——iN C <300° pH 5-6,5, 22, 31,43,52,8,91,2,3,113, 12,
a, Ca
16,171 5.6
HCO,, C .
XT CO, Mc SET—T<2O pH5-7,1,,33,44,81,3,162,17, 4
a, Ca

HCO,, C1 . |
PI1 CO, M<4o—N—°— T<50° pHO,1,,35,44,81,3,112,16;,17; 4
a

CO,

H
BT CO, M

o T2 180° pH8-9,2,,3;5, 44,815,101, 115,122,162, 171 2.0
a

. SO
BT CO, (H,S) M. < lm T>240° pH3-7,2;,32,3,81,121 2,162,171 3,4
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C
BT CO, Mcs

N
17,345

[ Rt ]

1
K T<26OOPH6—9, 22, 32'3, 42,4» 81,3’91'3,101) 111,3, 122’ 162s

¥

Cl
M CO, M.~ T <360° pH 56,5, 2,,3,,434,6,8,9, 11, 5, 12,,
B 2 300 Na, Ca, K, Li, Me p 2,32,%3 .4 1,3 2

151,3,16,171 2 34,5

1, SO,

C
BT N,,CO, Mcs
2 2 V<SS Ca

£

T<100° pH 6,5-9,2;,33.4,42,7,91, 115,12,,165,171 3 4.6

HCO;, SO,, CI

BT CO,, N; Mcy s
Na

171 3,4

T< 2000 PH<9, 22’ 32’3,4, 427 91) 113’ 122: 162’

S0,, CI, HCO
BT N,, CO, M<1,s_—4?'—3T<200° PH<9,2,,3 54,4, 52, 71,9, 11,

a
12,165,171 5.4

Cl
BII(BT) CO,, N, M<3N—-T"’250° pH <9, 2,, 32 3.4, 42, 91, 104,11, 3, 124 5, 164,
a

171,3,4,5

Cl
BT CO,, N3, M50 T < 200° pH <8,2,,3;,3,4,43,91 2,3, 101, 11 3, 125, 16,,
a

174 34,6 ’
Per,HCM< 1 HCOS’CO3’C1’ SO4 T< 150° pH 6’5—9, 1a 34,6’421 113) 162’ 171,4
Na, Ca
S0,, C1,HCO
PT N, M< l,s—?‘N—'°‘ T< 150° pH8-10,1,34,4,,7;,91, 115, 12,,16,,17; 4
a

c1, SO, i
P’I‘Nz M< S—I\T—C— T<100 pH7—'9, 1,34,42,71,91, 102, 113) 162’ 171,4,5
a,La

]

Cl
BI'I CH4 (COzv Nz) M< 300 N C T~200°, 22,35’43a 6’ 92,4’101a113$121)13l,152,3’
a a

16,171 35 ’

Cl
BT CH, (N3, CO;) Mc 300 ———T60—200° pH ~5,2,35,43,6,9,,3,10;,115,12,,
Na, CaMe
13,,15,3,16,17, 3 5 ¢

S0,CLHCO, .
PHCH4N2 M< [ S — <75 pH<8’ 11’34,5’42’ 71192 3 1139 1629 171 5
Na, Ca, Mg ’ ’

B BbIEENEHHBIX HAMHM MO ra30BOMY COCTaBY THNAX TEPMATBHBIX (ITIOMOOB MOXKHO JIETKO
OGHApYNMTh HECKOJIBKO CHEIMPHUUECKHX MONTHIIOB.

Tak,cpem CepOBONOPOAHOYTINEeKHCNBX GYMApONbHBIX GNIOUOOB
9ETKO BBIIENAIOTCA KHCIIbIE MHHEpalnM30BaHHble Cy/lb(aTHbIE TepMbl MOBEPXHOCTHOTO H
xnopuaHsie (XJIOpHAHO-CYyNbdaTHbie) TepMbl IMyGuHHoro (mo B.B. UBanoBy) ¢opmupo-
BaHHA. B o6GpasopaHHH 3THX TépM OCHOBHYIO pOJIb HIpaioT MpOLECChI B3aMMOACHCTBHA Mar-
MaTHYECKHX Ta30B ¢ BOMOHOCHBIMH FOpPH30HTAMHM M NpPOLECCHI BBILICIAYHBAHUA BYJTKaHOTeH-
HBIX H BYJIKaHOT€HHO-OCAJIOYHBIX NOPOHN KMCIBIMH diionmamMH. B Tex cnyyasax, xorma Bme-
LIAIOLHE NMOPOMAB! COMAEPXKAT 3HAUMTENIbHblEé KOMHMYECTBAa Cepbl, NPH B3aMMOMEHCTBHH HX C
BbICOKOTEMIEPATYPHbBIMH illouiaMH GOpMHPYIOTCA HeOOBIYHbIE KHCIIbIe MapOTMAPOTEPMBI
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(MauyxaBa, Marcao). ManoMHHepanH30BaHHbIe THAPOKapOOHAaTHBIE TepMbl O0pa3symoTcs
HHOT/A NPH KOHIEHCALMH Mapa, comepxaiero Muoro CO, B npUNoOBEpXHOCTHBIX BOJOHOCHBIX
FOPH30HTaX.

B pafioHax pasBHTHS ralOreHHbIX (opmaumi npH BHEOPEHHH B BOAOHOCHYI0 CHCTEMY
MarMaTHUeCKHX SKCranauui (GOopMHPYIOTCA KHCIbie BbICOKOKOHUCHTPHPOBaHHbIC XJIOPH-
Hble HATpHEBO-KANbUMEBbIe TepMaJibHble paccoibi. CpefH MPOUECCOR, ONpeAeAIMX XUMH-
gyecKHil OGJIMK 3THX pacColiOB, BaXKHYIO pONIb MIpaloT BHILIETaYMBaHHE H pacTBOpEHHME 3Ba-
NOPUTOB, KPHCTa/UM3auMaA conedt, muddy3HoHHE U IHPPYIHOHHO-KOHBEKTHBHBIA Macco-
nepeHoc (Hampumep, pacconsl Jamiona) .

Yrnekucno-sogopoaHbie ("BOABOpOAHBIE”) TepMBbI, XapaKTepHble IS
pHdTOBBIX 30H, [eNATCA Ha TpH rpymnel. K mepBod OTHOCATCA BBICOKOTEMIEpATypHbIE
M2JIOMHHEPAJTH30BaHHbIE 1IeJIOYHbIE MMOPOKapOOHATHO-HATPHEBBIE H KPEMHHMCTO-THRPOCYIIb-
¢uaHbIE HaTpHeBbIE MAapOTHAPOTEPMBI, Pa3BHMThIC B pPaHOHaX COBPEMEHHOro BYJIKaHH3Ma
€ OKCaHMYECKHM THIIOM 3eMHOH KOpbl. B HX (pOpMHPOBaHHH BXKHOE 3HaY€HHE MMEIOT NpO-
LeCChl CMEUICHHS METEOPHBIX, MeTaMOpdOreHHBIX H MarMaTH4YeCKHX BOJI, HAaCBHILICHHA HX
MarmMaTHYeCKHMH IKCTUIAUMAMM, HOHHBIA OOMEH MEX/y pacTBOPOM H BMEILAIOLIMMH NOPO-
Jamy, BBILIENAYHBAHMA TOC/IETHMX B YCIOBMAX BBICOKHX TeMIlepaTyp, a Takyke [pOuecchl
merasaumu u mapootaenekus (Haymadpbamns—Kpabna). Ko BTopoii rpynne TepM OTHOCATCA
Gonee MHHEpaNM30BaHHbIE, MPEUMYILICCTBEHHO XJIOPHIIHbIC HATPHEBO-KAbUMEBBIE MApOrua-
poTepMbl, B (OpMHpPOBAHMH KOTOPLIX NPHHHMAIOT Y4YacTHE T€ ke Npouecchl, HO MpOTEKa-
JolMe B MHOH reojlorHyecKoil 0GCTaHOBKE (IMApOTepMAlbHBIC CHCTEMbI 3aKJIIOYEHBI B OCa-
ZIOYHO# TOMUle, Jierye NONAIILEACA BHILIENAMMBaHNI0 H pacTBOpeHMo) . K Tperseit rpymme
TepMANIBHBIX MHHEPAJTM30BAHHbIX XJIOPUMAMBIX HATPHEBO-KAJIBUMEBBIX PACTBOPOB OTHOCATCA
TAK Ha3biBacMble GeperoBbie TepMbl, B (DOPMHPOBAHHH KOTOPLIX BEAYINYI0 POJIb MIPAlOT
mpouecchl CMELICHUA BOM, Pa3sHOro reHesuca (B MepBylo Ouepedb MOCTyIUIEHHe B THEpOTEp-
MAaJIbHYI0 CHCTEMY COBPEMEHHBIX MOPCKHX BOJ), a2 TaK)Ke NpPOLECCHI MAcCONEPEeHOCa H BbI-
BeJIeHHA BelIECTBA H3 pacTBopa (pacconsl Peiikpsanec) .

CpemM yriunekHCJBX TepM TaKXKe BHIAENAIOTCA HECKONBKO XapaKTepHBIX NOATHIIOB.

I'napokapGoHaTHBIE H KapGOHATHEIE YTIIEKHCIIbIE MapOTHAPOTEpMBI OOpPa3yoTCA B HEKO-
TOPBIX BBICOKOTEMIMEPATYPHLIX HOPOTepMaNIBHEIX CHCTEMaX ¢ MpeoGiamaHyeM napa H BbICO-
KHM cofepxandem CO, B MecTax KOHUEHTpauuy napa. Bopmml Takoro o6mixa (co cna6o-
KHCIbIM M HeATpanbHbiM pH) BcrpeuaroTes M Ha GONBLMX ITyGHHAX B CHCTeMax, pe3epByap
KOTOPbIX 3aKJIIOYEH B METaMOp(HUeCKHX WIH OCaOUHbIX mopopax. OCHOBHbIE NPOUECCHI,
dopmupyloume Hx coctaB, — muccommaima CO,, BblillleNlayMBaHMe U PacTBOpeHHe BMeIla-
OUMX MNOpOJ YTAEKHCIBIMH BOJAMH, CMeELlEHHE BOL, METEOPHOro, MeTaMop¢OreHHOro
H MarMaTHYecKoro mpoucxoxmenus. Ilpeo6naganne Na° B KaTHOHHOM COCTaBe OOBACHAET-
ca cnaboit pactBopumoctbio CaCO; MpH BBICOKHX TeMmepaTypax W dukcaumeit Mg?* u
K* BO BHOBb 00pa30oBaHHBIX IIMHMCTBIX MMHepaiaX. B BbicokOTeMnepaTypHBIX THApOTEp-
MaJIbHBIX CHCTeMax c mpeoGnagaHMeM mapa, cogepxamero H,S, mpu koHpencaumu mnapa
B NMPHNOBEPXHOCTHLIX TOPH30HTaX cepoBomopon oxHcinserca mo H, SO, xucnopomom mon-
3eMHBIX BOM H APYTHMH NPHPOAHBIMH OKHCIHTCIAMH C 06pa3’oBaHHEM MAallIOMHHEPaIM30-
BaHHBIX CynbGaTHBIX pacTBOpoB. Brnaromaps HeiiTpanusylomeMy BO3JEHCTBHIO KapGOHar-
cogepoxaumx nopof, pH 3THx pacTBopoB 6/IM30K K HEHTPaIBHOMY.

Heo6bpryHO BBICOK2A MHHEPAIH3alUMsA H COCTaB BHICOKOTEMIIEpaTYpHBIX CylbdhaTHO-HaTpH-
eBBIX pacconoB YesaHo (UTayug) MOXHO OGBACHUTL BHeIpeHHEM MAarMaTHYeCKUX QIIIOHOOB
B JIOKaJIM30BAHHBIA CEMUMEHTALUMOHHBIA GacceiiH, B KOTOpOM oTnaranca TydoBblit MaTephal.
Bmecre ¢ ¢mongom nocrynmamu Na*, K* u Ca?', BHOCHMBIE H3 LIENOYHBIX BYyJKaHMye-
ckux mopop. CyuecTBeHHO Cylib¢aTHBIA XapaKIep TEPMAIBHBIX PaccojioOB OGYCIOBJIEH,
Ha HAll B3rMAA, WIHTENBHBIM NOCTYIUIEHHEM M OKMCIEHHEM CepOBOIOPONCOAEPKALUMX
ra30BBIX CTPYi, MOCTYNABLUIMX C MArMaTHYeCKHM (IIIOUIOM B CeIMMEHTAUMOHHbIA GacceifH.
bnarogapa ucnapeHMio B yCIOBHAX apHOHOTO KJIMMATa NMPOMCXOMWIO KOHUEHTPHPOBaHHE
3THX PaccosioB, YTO MpHUBENO K yBemuyeHuio copepxanuss SO mo 160 r/xr u BhnageHuio
B ocafiok Kb B BHAe CaSO, (TpHacoBsie IBaNOPHTEI) .

Yriexucnbie XJIOpPHOHO-HaTpHeBble (MHOTAA HATPHEBO-KaNblUMEBbIe) ClIaGOILENOUHbIE
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NaporHapoTepMBl ¢ MMHepaM3aumeit < 5 r/n, XapakTepHble AfiA GONBIMHCTBA oGnacreii
COBpeMEHHOTO BYJIKaHM3Ma OCTPOBHBIX HYT (HampHMep, HOBO3eNaHACKHE TepMbI), GOpMH-
pyoICA B TOjLE BY/IKAHOTeHHO-OCANOYHLIX MOPOX, ¢ KOTOPbIMH OHH B3aHMOJEHACTBYIOT
B YCJIOBHAX BBICOKHX TEMNEpaTyp. BeimajeHMe B 0Cafiok KpeMHe3eMa npH W3MeHeHMH P-T
ycnoBuit, a taioke S°, Fe, 05 M ApYMHX Ha “OKHCIMTENIBHOM 6apbepe’ B COYETAHMM C MpO-
ueccaMM METacoMaTo3a K HOHHOTro 06MeHa, rMApaTauMi NMOpOJ, MacCONEpeHOCca H CMELLICHHA
METEOPHBIX, MAarMAaTHYeCKHX M METaMOP(OreHHBIX BOJ MPHBOIMI K HMX OKOHYATCIIBHOMY
XHMHYECKOMY COCTaBY. XJIODHOHBIE TEPMBI NPHYPOYEHHI K PailOHAM pa3sBHTHA OCAmOUHBIX
H BYJIKaHOr¢HHO-OCAMOYHbIX MNOPOJ, HAKAIUTHBABIUMXCA B MOpCKHMX GacceiiHax. Bmecte
C TeM, Cyfs IO pacyeTaM COCTaBa IITyGHHHOM »uMAKO#H ¢(a3sl B BbICOKOTEMNEPaTyPHBIX FHAPO-
TepMATBHBIX CHCTeMax (CM. HHXe), KaKaf-TO YacTh XJIOPa MOXET MMeTh H MarMaTHYeCKOoe
NPOHCXOXKOEHHE.

Bonee MuHepamH3oBaHHBIE (<35 I/Kr) XTOpHMOHbIE HATPHEBO-KallbUMEBble pPacTBODHI
OTHOCATCA K cneuMduveckoit rpynne Geperospix TepM, npoueccsl GOpMHPOBaHHA KOTOPBIX
GBUTH pacCMOTpPEHBI BHILIE.

TepManbHbie XJIOPHMOHBIE HATPHEBO-KANbUMEBbIE YTIeKHCIble pacconbl (Oo 300 r/kr u
Gonee) ycTaHOBJIEHB! TOJIBKO B paifoHaX Pa3sBHTHA B OCAAOYHBIX NIOPOAAX raloreHHsix hopma-
unii. OcHOBHBbIE Mpouecch! HX ¢GOPMHPOBAHHA CXOAHBI C ONpPENEIAUMMHE COCTaB yXe pac-
CMOTPEHHBIX BBILIE CEPOBONOPOIHO-YTTIEKHCIIBIX 3BANOPHTOBBIX paccosoB. Jina oGbAcHeHHs
NPOKCXOXACHUA NAapOrHAPOTepMATIBHBIX pynoobpasyloumx pacconoB Coaton Cu gomon-
HATEJTBHO NPHUBJICKATNCh ~"MeMOpaHHbIH 3 ¢deKT’’ TIIMHMCTHIX CIaHUEB, OTAENABIUMX MOJe-
Kyfipl BOJBI OT Paccofia, a TAKXKe NMOCTYIIEeHHE B IMAPOTEPMANBHYI0 CHCTEMY BOJH, O3epa
Conton Cu B marmatiyeckoro ¢monna. McTouHnIcOM TSKENbIX METa/UIOB, OGHApYKEHHBIX
B JJaHHOM TepMAaJIbHOM DPacTBOpE, CJIYXKaT OCafIOYHbIE NMOpPOMORLI, a mpoHcxoxaeHnne CO, cea-
3bIBAJIOCh B OCHOBHOM C IPOHECCOM TepMoMeTamMopdH3Ma OCalKOB H pa3pylLIeHHsA COIepiKa-
IIMXCA B HUX Kap6OHATOB.

A3O0THO-YTJIeKHCHBE TepMbl TAKXKe OE/IATCA HA TPH OCHOBHBIE I'PYIINBI,

K mneppoit oTHOCATCA TepMbl, B aHHOHHOM COCTaB€ KOTOpBIX MpeoGilafaeT rufpokap6o-
HaT. OHH GOpMHPYIOTCA NOY, BIIMAHMEM TeX € NpOUEccoB, YT0 H TMAPOKApGOHAaTHBIE yTHe-
KHCIIbIE TEPMBI, 3 cleitHdHKa HX XMMHYECKOT0 COCTaBa 00yCIOBIieHa COCTABOM BMELLAIOLIMX
nopop,: KapGOHATHBIX ToM (MHOOHEe3HHCKHI MOATHIT) , KapGOHATHTOBBIX JIaB (adpHKaHCKHi
TIOATHIT) ¥ TONEHTOBHIX Ga3anbTOB (MCIIAHOCKHI NOATHII) .

QopMHpoBaHHe BTOPOH TPYNNIBI a30THO-YITIEKHCIIBIX TEPM — CYNIbGaTHBIX — CBA3AHO
B OCHOBHOM C MpOUECCaMH OKHCIECHMS CepyCORepXallHX COCOMHEHMH, HAXONAUMXCA B
THAPOTEPMAIBHO H3MEHEHHBIX NMOPOJAX.

K Tperbeit rpynnme OTHOCATCA XJIOpHAHBIE CNaGoOLIENOUHBIE MATOMHHEPAIN3OBAHHbIC
TepMbl  BocrouHo-Adpukanckoro pudrTa (AsmanoGema) W octpoBHbiX noyr (Ilayxerka).
Onu dopmHpyloTCcA NOA BO3MEHCTBHEM TeX ke NMpOLECCOB, YTO M ONHCAaHHEIE BBILIE yTiIe-
KHCJIbIC HOBO3€JIaHACKUE TEPMBI.

MHHepa/M30BaHHEIe XJIOPHOHbIE HATPHEBO-KaliblMEBLIE TEPMbl OGPa3yloTcs B pe3ynbIaTe
BHE[peHHUA B THAPOTEPMAIBHEIE CHCTEMBbI COBPEMEHHBIX MOPCKHX BOJl WM, KaK B Cllydae
¢ GeperopsiMu Tepmamu 03. Adpep (HaHakwis, Bocrounan A¢dpuka), BEICOKOMMHEPANN30-
BaHHBIX 03¢PHBIX BOJ. _

Cpeom METAaHOBBIX H 230THO-MeTaHOBBH X ¢ nioH 0B, dopMHUpyOLHXCH
B NMOPOJAX OCAJIOUHOro 4exJia, BCTPEYaloTCcA THAPOKapGOHATHBbIE, CybdhaTHbIE H XIOPHIHbIE
NOJATHIbI, NIPHYEM TIOCTIeNHHe Npeo6Gnanaor. Bce oMM HacemneHni raamu GHOreHHOro M OT-
YacTH aTMOTEHHOTO NpoHcxoxperna. CrneuMdHKa XMMHYECKOTrO COCTaBa 3THX TEPM Onpene-
JAETCA COCTABOM BMEIIAIOIMX NOpPOH, HMHTEHCHBHOCTBIO OHOTEHHOH mecynpdaTH3auMH,
npoueccaMH MaccomnepeHoca W cmellleHMAs Bof. B o6pazoBamun pacconmoB AdpHuianckoro
pudra (HaitBaiza, KpacHoe mope) u KamudopHmiickoro 3aMBa aKTHBHYIO pONIb HTpaloT
TaKXK€ HpOLECChl BHILETATHBAHMA H PacTBOPEHHA 3IBANOPHTOB H HeTHAparal nopop. B
¢$opMHpPOBaHMH pPacCMaTpPHBacMbIX THOPOTEPM MOTrYT NPHHHMATb YYacTHe BOfBI CaMOTO
PaNIMYHOTO TeHe3HCa — METeOpHbIe, MeTaMOpGOreHHbIe, COBPEMEHHbIE MOpPCKHE, CeJHMEH-
TOTeHHBbIE H MarMaTHIeCKHe,
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A30THB i THN rugporepMm GopMHpyerca B OCHOBHOM B PETHOHANBHOM TEIUIOBOM
nose MPH B3aKMOMEHCTBMM 4TMOCGEPHBIX BOM, ¢ BMELIAIOWMME NOopofamu. B 3aBHcuMOCTH
OT COCTaBa MOCEAHHX 06pa3yloTcA LIENOUHBIE MATTOMHHEPaTH30BaHHbIE THAPOKAapGOHATHbIE,
cynbaTHble WIH XJIOpHOHbIE TepMbl. MHHepanM30BaHHbIE XJIOPHOHBIE HATPHEBO-KAIBUM-
eBrie (HaTpHEBO-KAIMEBbIE) PacTBOPbl BO3HMKAIOT MPH NMOCTYIUIEHMH B THOPOTEPMATIbHYIO
CHCTEMY COBPEMEHHBIX MOPCKMX WM CONEHbIX o3epHbIXx Bom. Ilpoueccel dopmupoBanua
TaKMX GEperoBBIX TEPM PacCMOTPEHBI BhIle. PaccMaTpHBaeMeie TepMBI COTEPHKAT aTMOTEH-
Hpit a30T. JIMIIB B HEKOTOPHIX MCTOWHMKax BONMM3H 03. Bukrtopus (Adpuxa) B cocraBe
ra3’oB CyUeCTBeHHOe KoJIHuecTBO (10 17% 06.) 3aHMMaeT pagHOTeHHBINH TelIHii.

TaxuM 06pazoMm, o 0COGEHHOCTAM XMMHUYECKOTO COCTaBa ¥ MHHEpaNM3am|H TepM, a TaK-
e OCHOBHbIM (OPMHPYIONMM HX INPOLECCAM MOXHO BBINENIHTh HECKOJIBKO HauGonee pac-
MPOCTPAHEHHBIX XaPaKTePHHIX THIOB (MOOTHIOB) TEPMAIBHBIX BOJ.

1. CepoBomopomHO-yTIeKHCbIE (yMapONbHbIE TEPMBI:

a) NOBEPXHOCTHOTO (POPMHPOBAHHA — KHUCHbIE CYNbATHBIE CO CIIOKHBIM KaTHOHHBIM
COCTaBOM M MHHepanu3aumeil no 20 r/kr;

6) ryGHHHOrO GOPMHMpPOBAHMA — KMCNBIE M YIIBTPAKHCIbIE XJIOPHAHBIE (XJIOPHOHO-
cynbdaTHbIE) CO CIIOXKHBIM KaTHOHHBLIM COCTABOM H MHHepaiM3auMeii 10 35 r/kr.

2 ‘Yrnexucno-sofoponHsie (“BONOPOHHBIE™) BhICOKOTEMMeparypHbie (o 350°C) maro-
MHHeparm3oBanHbie (< 1 r/n) KpeMHHMCTBIE THAPOKapGOHaTHbIE WIN CyNbdaTHbIe GNIOHMDI,
NIPaKTHYECKH He CofiepiKalHe XJIopa. '

3 VYrnekHcnble HWIM a30THO-YIJICKMCIIbIE MaJIOMHHEpalM30BaHHbIe, THOPOKapGOHATHEIE
H cg'nb(banme HaTpHeBble (MHOTa aMMOHMiIHEBIC) NAPOTHOPOTEPMBI ¢ TEMNEpaTypoil OO
240°C.

4. Yrnexuciibie WIH 330THO-YTJIEKHCHbIE MATOMUHepan3oBaHuble (< 5 1/M) menounsie
XJIOpHIHBIE HaTpHeBbIe (TIONABI ¢ TeMnepaTypoii mo 300° C.

5. MeTaHOBBIE H a30THO-METaHOBBIE XJIOPMAHBIE HATpHEBBIE MHHEPaIIM30BaHHbIe (mo
10—-30 r/xr) TepMBbI ceTMMEHTAMOHHBIX GacceitHOB.

6. A30THbIEe LIENOMHbIC MAIOMHHepanv3oBaHHbie (< 5 r/Kr) cynbd)amble rugpoxap6o-
HaTHBIE, pexe — XIODHAHbIE HATDHEBBIE TEPMEI C TEMIEPaTypod Ha BBIXOOE HHXKE TOYKH
KHNeHHUA, a Ha ry6une menee 150° C.

7.7’CopmoBrie” 1ENOYHbIE TEPMBI.

8. DBeperoBrie TepMbl XJIOPHIHOTO HAaTPHEBO-KATBUMEBOrO COCTaBa ¢ MHHEpaTH3alHei
oxono 35 r/kr.

9. OBamopHTOBBIE TEPMAJIbHBIE PACCOJIBI XIOPHAHOTO HATPHEBO-KABUMEBOr0 COCTABA
¢ MHHepasTH3amueit Ko 300 r/kr u Gonee.

TEOPETHYECKHE H 3KCNEPUMEHTAJIbHBIE UCCIIEAOBAHHA
NMOBENEHUA OTJEJIbHbLIX JJIEMEHTOB
‘B TEPMAJIBHBIX ®JIIOHIAX

B HacTosee Bpemsa Garofapsi MHOTOMMCIIEHHBIM 3KCIEPUMEHTANIBHBIM HCCENOBaHUAM

M TEOPETHYECKHM DAcyeTaM BBLIACHEHa PaCTBOPHMOCTb M JEKTPOJHTHUECKAA [HCCOLMAIAA
CaMbIX PaTHYHBIX BELIECTB B BOJIE ¥ Iape B LIMPOKOM AHana3oHe remmepatyp (0—800°C)
u papnenuit (1-5000 Gap), OTBeUAOLMX YCJIOBHAM CyLIECTBOBAHHA NPHPOMHBIX FHAPOTED-
MaJbHBIX pacTBOpoB. HamGosiee BaKHble pe3yNbTaThl B 3TOM HAalpaB/ieHHH NOIYYWIH B
CCCP H.H. Xutapos, B.A. Xapukos, C.J1. Manunus, I'.b. Haymos, M.H. PaBuu, b.H. Proken-
ko, W.I.Pa6ukoB, WJI. XomakoBckmii, a 3a py6exxom — P.M. T'appenc, X.H.Tomnang,
K.B. Kpayckond, I'.Xensrecon, I'. Kemnenu, A.JDk.dnnmc M gpyrHe uccienoBateia. B
pe3ynbTaTe STHX paGoT ompeneNneHb! YCIIOBHA NEPEXOa B PacTBOP, GOPMBI CYLIECTBOBAHUA H
Hpenelbl HAKOIIEHHA MHOTHX KOMIIOHEHTOB pealibHbIX THAPOTEPM B 3aBHCHMOCTH OT COJIe-
BOTO H ra3oBOTO COCTaBa 3THX (IIOKOOB, MHHEPAIOTHIECKOTO COCTaBa BMELIAIOIMX MOPOA,
TeMNIepaTypsl H [aBlieHHA. BriABneHMe oOIMX (PHIHKO-XHMHYECKHX 3aKOHOMEPHOCTEH
$opMHPOBaHNA TEPMANIBHBIX PACTBOPOB A0 BO3MOXXHOCTD MCIIOIB30BAaTh MHOIOMHCIIEHHbIE
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OaHHbIE O COCTaBe PA3rpy>XAIOLMXCA MMOPOTEPM MJIA OOBEKTHBHBIX PEKOHCTPYKUMH (Ha
KOJINYECTBEHHOH OCHOBE) COCTaBa ITyGHHHBIX TepPMAIbHBIX (hrIIOHIOB.

PaccMoTpHM B 3TOM CBere MNOBeOeHHE IJIaBHBIX KOMIOHEHTOB XHMMYECKOTO COCTaBa
BBICOKOTEMIIePaTypPHBIX PacCTBOPOB.

Kak u3sectHo [Ellis, 1979], xoHueHTpauun GOJBLIMHCTBA INIEMEHTOB, HaXOAAUMXCA
B TepManbHbIx Bopax (Si, Al, Na, K, Ca, Mg, Fe, Mn), orpaHMuiBaloTci YCTaHaB/IHBAIOLIM-
MHCA MEXTy MHHEpalaMH H BOAOH B HaHHbIX P—T ycliOBHAX paBHOBECHAMH, KOTOpble
B 001IeEM CMOCOGCTBYIOT yAEp)KaHHIO 3THX I7IeMEHTOB B MHHepanbHbix ¢asax. Ho umerorca
u takue anemeHrsr (Cl, Br, B, As, Cs), KOTOpbIe MpeAMoOUMTAOT HAXOMUTLCA B BOHOM dase,
ToMafas B Hee B pe3ynbrare MPOUECCOB PACTBOPEHMA H BbIIIE/AYNBAHWMA MHHEPAIOB WIH
C JIETyYMMH.

Xnop. IlpupooHsie BOAHbIE PacTBOPH! ABNANICA B OCHOBHOM HEHACBILIEHHLIMH OTHOCH-
TEJIBHO XJI0pa. B ManommHepanHu3oBaHHBIX pacTBopax mpeoGnapmaer Cl7, a B KOHUEHTpHpO-
BaHHbBIX — KOMIUICKCHbIE COSOHHEHHA XJI0pPa ¢ KATHOHAMH LIENOVMHBIX H LIETOYHO3EMEJIbHBIX
aneMenToB. C poCTOM TeMIEpaTypsl 3aKOMIUIEKCOBAHHOCTh XJIOpAa yBenuWuMBaercA. MuHe-
palaMH-OCaTHTEIAMH XJ10pa ABJIAIOTCA FAIMT U CHIBBHH. PaBHOBecHaA KOHUEHTpalMA xjiopa
B pacTBOpe Haj 3THMH MuHepanamu, cornacHo B.H.Pwpkenko (1981], cocraBnser
5—6 mons/xr H,0 mpu 25°C u Moxer eiue BO3pacTd C yBelMyeHHeM Temneparypbi. Ilpu
He[OCTATKE ILENOUHBIX 3JEMEHTOB (M GONMBLIOM KOIHYECTBE LIESIOYHO3EMENBHBIX) KOHUEH-
TpalMsA XI0opa B NPHPOIHBIX PAcCTBOPAX MOXET cocTaBHThb 71-102 mons/kr H, 0, Ho 06brHO
OHa He [OCTHraeT BeJIMYMHbI PABHOBECHOH KOHUEHTpAUMH Haj, OCaAKaMH KPHCTAUIHYECKHX
xIopuToB. U [eficTBHTENbHO, MAKCHMATIbHBIe KOHUEHTpaumH xiopa (312 r/kr) naGmopna-
I0TCA B MarHHeBLIX TepMANBHBIX PAaccoNax confgHoro Kymona Yepnas I'opa (JlaHaxmimsckan
BIIAOMHA), B XJIOPHAHBIX HaTpHEBO-KalbUMeBbIX Haporupporepmax ConrtoH CH OHM HOCTH-
raiot 184 r/xr. OGbMHO e coepkaHne XJI0pa B TEpMax OCTPOBHBIX AyT 1—-2 r/Kr.

XITOpHOHBIA THII BOOHBEIX PACTBOPOB YCTOMUMB KaK B NPHMOBEPXHOCTHEIX, TaK H B Tiy-
OGMHHBIX YCJIIOBMAX 3¢MHOH KOpBI IIPH JIIOOBIX PEUTHHBIX TEMIepaTypax M [aBjieHMAX. B
Cllyyae BCKHIIAHHA NAapOTHAPOTEPM B INOA3EMHOM pe3epBYape XJIOp OCTAaeTCA B KMOKOM
dase. Jluum B ovens kucnoii cpeme HCl cTaHOBUTCA NeTyUHMM M IEPEHOCHICA C MAPOM.

®rop. KoHueHrpauusa ¢TOpa B NpPHPOAHBIX TEPMAIBHBIX BOMAX INHMMTHpPYeTCA pac-
TBOPHMOCTBIO ¢moopura. Kax noxasan A.Jbk. dmmmc [1970], npu Temmeparypax pdo
230°C st1a peaxums umeet Bup, CaF, 2 Ca?* +2F~, a npu Gonee BHICOKHX TeMIepaTypax —
CaF, +2H,02Ca(0OH), + 2HF. B npHCYTCTBHM KPEeMHHA MOXET HMETb MECTO DeaKiMA
tuna CaF, + H,0 + SiO, 2 CaSiO; + 2HF. Ilpenenshsie KoHueHTpamun ¢$Topa B OGBIMHbIX
MON3eMHbIX BOMAX OrpaHuveHs! BenuuuHoi 10~ monb/kr H, O. [Ipu HepocTaTKe B pacTBOpe
KaTHOHOB ILIENIOUHBIX 3eMENb COAepXaHHe ¢propa yBenuumBaerca ao n-107' moms/kr H, 0.
Tak, BricOKasA KOHuUeHTpammsa ¢ropa (mo 10 Mr/m) ormevaerca B rupporepmax Hosoit 3e-
NaHOMH B CHCTeMax, TAe BMeIIAlole MOpPOMbl XapaKTEPU3YIOTCA HH3KHM COHIEpKaHMeM
KanbuuA. O6wee pacrpeneneHue ¢GpTopa MOXET BO3pacT! TakKxke B KHCIIBIX pacTBOpax, B KO-
TOpBIX YBEJMUMBAaeTCA cogepykaHMe HewonusnpoBaHHoro HF u Bo3amoxHo oGpasobaHue
SiFZ” wm AIF}". ®rop Haxomircs B KMC/BIX pacTBopax B Bune HF, a B menoumbix Kak
npocToit MoH F~; B HeMTpaiBHBIX pacTBOpax mpeoGaaloT KOMIUIEKCHBbIE COeNHHEHMA
¢topa. loBbilleHHe TeMNepaTypsl NMPHBOOMT K PAaCIIMPEHHMI0 NOJIEH CYILECTBOBAHUA KOM-
wiekcHbiX dopm {Pepkenxo, 1971] . '

Cepa. OcHoBHBIMM (OpMaMHM HaXOXIEHHA Cepbl B TEPMAILHBIX pacTBOpax GyOyT cynb-
¢daTHbIe KOMIUIEKCHI LUETOoYeH M LUENOYHBIX 3eMEJIb, KOTOpbIe CTaGH/IBHBI BIVIOTH IO OYEHB
- BBICOKHMX 3HaueHMil LWENOYHOCTH. JIMIb cynbdaTHbIe KOMIUIEKCHI JKENe3a H AMOMHHHMA pa3-
PYILIAIOTCA B LIEIOYHBIX pacTBOpax ¢ o6pa3oBaHHeM THOPOKCOKOMIUIEKCOB 3THX 3JIEMEHTOB.
B xHcmeix pactBopax Bo3pacraer porms HSOj;. THocynbdaTHbIE H NOJHMTHOHAaTHbIE HOMBI,
no mauHeiM A.IDk. Immca [1970; Ellis, 1979], HeycTOHUMBBI MpH BLICOKHX TeMIIEPaTypax
(200-300°C) :

S,0%" +H,0-H,S +S0%",

2S5;0% + 8H,0~5S0%™ + 6H* + 5H,S.
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OHH MOTYT CYILIECTBOBATb NpH Goslee HU3KMX TeMINEpaTypax M HefTpaIbHBIX  3HaveHusAX pH
pacTBOpa, KOr[a PaBHOBECHbIE KOHUCHTPAUMH CYNbHIHBIX KOMIIOHEHTOB G/IM3KH K TOYKe
COCYIIECTBOBAHHA C Cepoil. B 3TOM cilydae B pacTBOpe BCTpEYaloTCA MOH S}~ M IpOoyKTHI
ero mUccouMauMu S; u S3, npHAalouMe rofy60# UBET OCTHIBAIOIMM H YACTHYHO OKHCIIEHHBIM
TepMalIlbHBIM BOMaM B IpH(OHAX W MCTOYHHKAX. B MallOMMHEpATM30BaHHBIX TEPMATBHBIX
Bofax mpeoGnamaer SO3 . Conepxatue cynbdara B GONBIMHCTBE TePMATBHBIX BOJ, C HEBBI-
COKOfi MUHepamu3aumeii, TemnepaTypoit 200—300°C u 6nu3HeiiTpanbupiv pH xone6nercs
or 10 mo 100 Mr/n. B yclOBHAX BBICOKHMX TEMIIEpaTyp H ocoGeHHO B npHcyTcTBHM H, npowuc-
XOIOUT BOCCTAHOBJIeHMe CynmbdaTHOR ceppl [Mamuumu, Xutapos, 1969]. Munepanom-ocagu-
TeNeM cynbdaTa JaKe H3 He OueHb KOHUEHTPHPOBAaHHBIX pacTBOpoB ABngeTcA CaSO,. Ocax-
OeHHe cynbdaroB OPYTHX 3JIEMEHTOB MOXET NMPOHCXOAMTDH JIHING MpH CYLIECTBEHHOM Hemo-
cratke Ca?* B pacTBOpe. BennmuuHa paBHOBecHO# KoHueHTpaumu SO}™ B pacTBOpe Haj ocaf-
KaMH cynbdaToB yGbiBaeT ¢ poctoM TeMnepaTtypsl. [lo3ToMy 0GBIMHO OYeHb BHICOKOTEMNEPA-
TYPHbIE HIH BbICOKOMHMHEPAIH3OBAHHbIC THOPOTEPMATIbLHBIE CHCTEMBI HMEIOT OCOGEHHO
HH3KWe KOHUEHTpamH cynbdara [Pooxenko, 1981]. HckiioueHneM ABNAIOTCA JHLIB BBICOKO-
TeMIepaTypHble pacconsl Uesano, rie copepxanue SOF~ mocruraer 160 r/kr. ‘

Yrnepon. OcHoBHbIMM OpMaMH CYIIECTBOBaHHMA YEThIPEXBAJIEHTHOTO YTJI€pOHa B BORHBIX
pactBopax sBnawotca H,CO;, HCO; u GuxapOGoOHaTHbIC KOMIUIEKCHI ILEIOYHO3E€MEIIBHBIX
H LIEJIOYHBIX 3NeMeHTOB. GopMa HaxOXK[EeHMS YTNepOAa B pacTBOPE 3aBHCHT OT BEJIMYMHEI
pH. B nefiTpanbHeIX pacTBOpax 1peo6iafaoT 6MikapGOHaTHbIE KOMIUIEKCHI IIE/IOYHO3EMENTD-
HBIX H LIEJIOUHBIX JEMEHTOB M aCCOLMHPOBaHHbIE POPMBI YTOnbHO# kucnoThl HCO3u H, CO;.
Tpu nomiacneHun pactBopa pacrer copepxamne H,CO;, a ¢ yBemMueHHWeM IIeTOYHOCTH
BO3pacTaeT 3HauYeHMe KapOOHAaTHBIX KOMIUIEKCOB. B KHMCNBIX M c1aGoIlesIoOuHBIX pacTBOpax
H,CO, npeoGnanaer Hag HCOj3, npuueM TeM cHiibHee, YeM Bhillie TeMneparypa. CyMMapHbie
KOHIEHTPaUUH HOHHBIX M MOJIEKyNApHbiXx dopm (CO, + HCO3 + CO3") wacto npusomarca
kak Z CO,. OcHOBHEIMH MHHepanamu-ocagurenaMi Z CO, MOTyT GbITb KanblUT U TOJIOMHT.
OcaxeHne KapGOHATOB HATPHA M KATHA BO3MOXHO TONBKO NpPH OueHb GOJNBLIOM HeMOCTaT-
Ké KanbuMA HJIH MarHHf, a OCaKOcHHMe KapOoHaTa eyie3a Tpebyer BOCCTAHOBHTEIBHOM
obcraHoBKH. PaBHOBecHast koHueHTpatma X CO, B pacTBOpe, COOCPKALIEM ABYXBaJICHTHbIE
KaTHOHBI, HMeeT mopsafoK n-10™* momb/xr H,0, a B pacTBOpe Ha 0CafkoM KapGOHaToB
LIEJIOYHBIX METAWIOB — 71MoNb/KF H, 0. IlosToMy kapGOHaTHBIMH NPHPOAHbBIE PACTBOPHI
MOTYT CTaHOBHTBCA TOIBKO NpH HENOCTaTKe KAaTHOHOB ILEJIOYHO3EMENBHBIX 37EMEHTOB
[Perxenko, 1981]. MakcHMansHas KOHUEHTpauHA KapGoHaToB (0k0mo 20 r/Kr) oTmeveHa
B KapGOHaTHO-HATPHEBLIX TEPMAIBHBIX PacTBOPaX, PasrpyKaloUMXcsa No GeperaM comOBBIX
o3ep Bocrowno-AdpukaHcikod pHPTOBOH cHcTeMel. OGBIMHO Xe copep)kaHHe THOpokapGo-
HaToB (WIH KapGOHaTOB) B TepMax cocrasnser okono 0,1—0,5 r/n M He npeBsnuaer 1,5 r/n.

Hatpuit u xamuit. OcHoBHEIMM GOpMaMH HX CylLIeCTBOBAaHMA B TepMAJIBHBIX PacTBOpax
aBnsAoTcA Honsl Na* , K* H KOMIUIEKCHBIE COeMHEHHs ITHX IEMEHTOB C XJIOpOM, Cynbda-
TOM, THApOKapGoHaToM. B He#TpasbHBIX pacTBopax KapGOHAaTHbie M TMOpOKapGOHaTHLIE
KOMIUIEKCBI HATPHA W KaJTMA He MrpaioT GoNbILIOH pOIH, HO IIpH MOZE/IaYMBaHHH pacTBOpa
HX cofiep)KaHWe Bo3pacraer. COOTHOLIEHHE MEXY OPYTHMH KOMIUIEKCAMH 3aBHCHT OT KOH-
uentpaumu B pacrsope SO, F~, Cl u np. PaBHOBeCHbIe KOHUEHTPAIMH HATPUA M KA Hajl
ocankamu ¢ropunos, docdaros, cynpdaroB, KapGOHATOB, XJIOPHOOB HACTONBKO BBICOKH,
Y10 GONBIIMHCTBO MPHPOAHLIX PACTBOPOB He HachiwieHo oTHocuTensHo Na u K. Hakomienue
LWesIoue B TepMAIBHBIX BOJAX OrpaHWYeHO PaCTBOPHMOCTBI0 CJIIOM] M KapKacCHBIX aJIloOMO-
CWIMKATOB. B pe3ymnbTare rHOpOTepMANTBHOrO H3MEHEHHA BMEILAOMMX NOPOA MPOUCXOAMT
oGpasopanmue K-nonesoro mmara, K-cnromst ¥ ans6ura. Ilpn 3tom, cormacHo A.JDk. dmnucy
[Ellis, 1979], MoxeT oCyWeCTBNATLCA KAK MPOCTOH MOHMBIA OOMEH KanHA pacTBOpa Ha
HATPHI IUISTHOKIJIA30BOrO NMOJNIEBOro ILMIaTa, TaK M HACHILEHHE KaJIHEM MOJIEBOrO LINATA:

K* +ams6ur 2Na* + K-nonesoii umar,

K + NaxCay-nonepoit umar <xNa* + yCa?* + K-nonesoii mmar,

2K* +6Si0, + Al,0, + H,022KAISi,0, + 2H*,

3KAISi; 04 +2H" 2KAIl;38i;0,,(0OH), + 2K* +68Si0,.
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Ho oGpa3zoBanusa K-ciroppl mienous HakamwmMBaoTCA MapajliejlbHO, HO 3aTeM NMPOHCXOMUT
TpeHMyIEeCTBEHHOE 060TaleHHe pacTBopa HatpueM, Tak yro Na/K > 10! —10? npu orHOLIe-
HMM mopoja/Bopa, paBHom 10 (PeoxeHko, 1981]. Bo Bcex rHApOTepMabHBIX CHCTEMax
(KpoMe KHCIIBIX TepM) HaGIIONaeTCA ONpeieNleHHasAs 3aBUCHMOCTh MeXy BeJIHYMHOH OTHO-
wenua Na/K u teMneparypoit (¢ pocTOM TemrepaTypbl 3TO OTHOLIEHHE, KaK NIPaBHIIO, yMEHb-
1IaeTcA) .

KoHueHTpaumu 1wenoueit B IpHPOAHbIX BOOHBIX PacTBOpax MoryT, cornacHo B.H. Prpken-
KO, IOCTHraTh n* Monb/Kr H, O. MuHepanaMH-0cagHTeNIAMH LIENIOYHDBIX 37IEMEHTOB ABJIAIOTCH
ATIOMOCWINKAThl (NPH MOBBILIEHHBIX TeMIIEpaTypax) H XJIOpPHThl. MakcHMapHbIC KOHUEH-
TPAUMH HaTPHA M KaTHA GbUIM OTMeYeHbI B TEpMalbHBIX pacconax pudbToBbIx 30H. Tak, Ha
y4acTKaxX pa3sBHTHA IBANOPHTOBBIX TOJLI Ha conaHoM Kymose Hanon B paccone GbUTH oGHa-
PY>KeHbl- KOHUEHTpauMu Hatpua mo 101 r/kr. B rumporepmax, GopMHpPYIOLMXCA B CEHMEH-
TaIMOHHBIX GacceiiHax WiH B GeperoBHIX 30HAaX, Ky[a BHEAPAIOTCA COBPEMEHHBIC MOPCKHE
BOfbI, a TaKXKe 10 GeperaM CONOBLIX 03ep KOHUSHTPAUHH HaTPHsA COCTaBNAT o6braHo 1015,
8 Kanua — Mmenee 1,5 r/kr. B o6acTAX coBpeMEHHOro BYNKaHH3Ma, Ifie OTCYTCTBYIOT MOp-
CKHe OCafiouHbIe N BYJIKAHOTEHHO-OCAIOUHbIE OTIOXKEHHA HIIH TaJIoreHHble POpMalIHH, COMep-
’KaHHe HATPHA B TepMax He npesbiuiaer 0,5—1,5, a xkamua — 0,05—0,2 rfn.

Maramit u xanemuii. B MamoMHHepaTM30BaHHBIX TEPMAIbHBIX BOMAX INpeoblafaloT B
ocHoBHOM Ca®* u Mg?* . C pocTOM MHHEpaIH3aUMH PacTBOPOB MEMEHTHI 06pa3yoT Cynbdar-
Hble, XJIOpHOHbIEe H GHKapGoHaTHbie KoMmIUleKchl. [IpH 3TOM B IIENOYHBIX pacTBOpax BO3-
MOJXKHO CYWUIECTBOBaHME JIHUIP KapOOHATHBIX M THMAPOKCOKOMIUIEKCOB, 2 B HEHTPATBHBIX
(npu 3HauwMTeNbHOM mapuManbHOM papjeHMn CO,) — GHKApPGOHATHBIX KOMIUIEKCOB. B
Golee MHHEPAIM30BAHHBIX TEPMAIBHBIX PacTBOpax OCHOBHbIMH (opMaMH HAXOXKICHHA
MarHusA K KallbuHMA ABIAIICA CyNbdarHbie H XIOPHOHbIE KOMIUIEKCHI LIEJTOUHO3EMETBHBIX
JNeMeHTOB. MHHepaaMM-0CaiHTeNIAMH KAIbIMA CIIyXaT (pTopHIbl, KapGoHaThl, CynbdaTs
u docdarsl, a maraua — dropuppl, kap6oHaTe ¥ cwmKaTsl. Ham ocagkaMu 3THX MHHEPaIOB
KOHUEHTpAlMM KaNbUMA M MATHMA COCTABIAIT, cornacHo B.H. Peokenko, n- (107 + 107%)
monb/kr H,O. B xnopHOHBIX pacTBopax BO3MOXKHO CyLUeCTBeHHoe Hakomwienne Ca u Mg
[0 KoueHTpauun n-10% moms/xr H, 0. MaxcuManbHble KonuuecTBa Marmma (104 r/xr)
OTMeYeHbl B TEPMAIBHBIX PAccoliaX, Pas3rpyKalolMxcA Ha IBaNOpMTOBOM Kynone UYepHas
lopa B JlaHakwibckoil BnaguHe. B BHICOKOTeMIEpaTypHBIX MalIOMHHEPATH3OBAHHBIX BOJAX
KOHUEHTPauHH MarHusa oGLIMHO Ype3BbryaitHo Hu3kk — 0,01 -10 mr/n. Kak nonaraer A.Jbx.9n-
muc [Ellis, 1979], omu koHrponupylorcs peakumeii xCa?* + Mg-cunnkar + (2—2x)H* <
2Mg?* + xCacunukar + ySiO,.

MakcHManipHOe KONTHYECTBO KaIbUMA OTMEYAeTCA B BBICOKOTEMIIEPATYPHBIX XJIOPHOHBIX
pacconax ConrtoH Cu —mo 40 r/kr. B BeICOKOTEMIIEpaTYpPHBIX MAIOMHHEPATH30BAHHBIX
BO/laX KOHUEHTPAUMH KaNbuysA HEBEIMKH, o6braHO MeHee 100 mr/n.

Ycnosua ¥ Mexauu3M 06pa3oBaHMA MPHPOMHLIX KapGOHATOB THAPOTEPMATBHOTO reHe3Hca
6bU1 moppo6uo paccmoTper C.II. MamuunubiM [1979] . UM 6bu10 NMOKa3aHO, YTO PaCTBOPH-
mocte CaCO; 3aBHcHT oT KoHuUeHTpauuu CO,, TeMmepaTypsl, [aBjleHHs, KOHUECHTPAUMH
coneBbix KommnoHeRT ¥ pH pactBopa. HexoTophie H3 3THX NapaMeTpOB T€CHO CBA3AHBI MEXIY
co6oit. Tak, pH GyHKUHOHANBHO CBA3aH ¢ KoHueHTpaumamH Ca?* u CO%™, B 10 Bpema Kak
copepxaine CO, B pacTBOope, B CBOI0 Ouepenb, ABJIACTCA GYHKUMEH OaBJICHHA H MOHHOM
CMJTBI JJIEKTPOJIHTA.

PactBopenne u ocaxgeHue CaCO; ompenensiercAs B nepByio oudepenp pexumom CO,.
BonpuMHCTBO TepMaNbHBIX BOA Ha riyGHHe MOYTH HachilieHO KanbuuroM. IloatoMy, korna
BOMa HawMHaeT KHnetsh H TepaeT CO,, mpoucxomut ocakmenne CaCO; B npUpOOHBIX KaHA/IAX
U ckBaxiHax. Ha pacTBopHMOCTs KapGOHATOB CyNIECTBEHHOE BJIMAHME OKAa3hLIBAET H TEM-
nepatypa, TaKk Kak npousBefieHHe akTHBHoctH CaCO; (xax M mpyrux KapGOHaTOB) yMeEHb-
IAeTCA C pOCTOM Temmeparyphl. [Io3ToMy mo Mepe mogbemMa pacTBOpa B MeHee HarpeThbie
CTPYKTYpbl pacTBOPHMOCTb KapGOHAaTOB BO3pacTaeT M JIMLIL Y CaMOil JHEBHOH MOBEPXHOCTH
M33a aKTHBHOro otdenemma CO, pe3ako mapmaer. PacTBopuMOCTh KapGOHaTOB BO3pacraer
C YBeJIHYEHNEeM KOHUEHTpauMH (MOHHOM CWIBI) 3NIEKTPOIMTOB. B MarmomMHepaM30BaHHBIX
PacTBOpaX MMHMMAIbHAA pacTBOpHMOCTs CaCO;3 OTMeuaeTcs mpH Temneparypax 350—500° C.
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O[HAKO B BBICOKOMHMHEPAIM30BAHHbIX YrleKHcNbIx pacTBopax (6% NaCl) pacrBopumoctsb
KkapGOHATOB NPH TemIlepatypax Gonee 350—450° C HauMHaeT pe3KO BO3PACTaTh.

Amomunniit 1 KpemuMil, OCHOBHBIMM ¢GOpMaMM CYIECTBOBAaHHA B TepMalbHBIX BOMaX
ATIOMMHMA ABJIAIOTCA THAPOKCOKOMIUIEKCHI (B KHCIBIX PacTBOpax BO3MOXHO TaKke NpH-
CYICTBHE XIODHOHBLIX M CynbdaTHeIX KommlexcoB). KpemHMii B ILETOYHBIX pacTBOpax
BCTpevaerca npexmyuiecTBeHHo B dopme H; SiOg, a B KHCbIX ¥ HEATPASIbHBIX pacTBOpax —
H,SiO03 [Peokenxo, 1981]. KoHueHTpaumyu amoMMHMA B TepMabHBIX PacTBOPax ONpenesns-
J0OTCAL PaCTBOPMMOCTBIO THOPOOKHCH M KaoONMHA (B NpPHCYTCTBMM KBapiia) WIH KapKacHBIX
ATIOMOCHIHMKATOB. KOHUEHTpauMH e KpeMHe3eMa B pacTBOpe ONpPENEIIAITICA PacTBOPHMO-
CThIO KBApLa H YBEeJIHWHBAaKWTICA ¢ poctoM pH. MuHepaiaMu-ocagnTeNAMH KPeMHHUA U ATIOMH-
HMA TPH BBICOKHX TEMIEPaTypax ABIAIOTCA aJIIOMOCWIMKATBHI NPH MEHee BBICOKHX TeMIie-
paTypax — KBapll M THIPOOKHCIIEI aTIOMHHWA. PaBHOBeCHBle KOHUEHTpalMH KpeMHe3ema
B PACTBOpax cOCTaBisioT, cornacHo B.H. Pookenko {1981}, n- (1072 +107*) moms/kr H,O.
B 1LIEJIOYHBIX PacTBOPaX BO3MOXHO HEKOTOpOe YBeSTHUCHHEe KOHIEHTPalyii KpeMHHA, @ B KHC-
JIBIX — anmoMHHNA. Tak, B IENOYHBIX MCNIAHACKHX TepMax CofepiaHHe KpeMHe3emMa JOCTH-
raer 662 mr/r. HauGonbume KOHUEHTpauuu amoMHHHA (0 5 r/Kr) 6bUTH OGHApYXEHBI
K.K. 3enenHosriM [1972] B ympTpakucibix pacconax xKparepHoro o3. KaBa Wmken. O6bruno
)K€ B BbICOKOTEMIIEPATYPHBIX MAIOMHMHEPAIM3OBAHHBIX TNAPOTHAPOTEPMAX COMAEPIKaHHE
ATIOMMHHA He MpeBsiliaeT 1 Mr/m.

¥Keneso. B BpicoKOTEMIIEpaTYPHBIX PaCTBOPAX ¢ HedTpaibHbIMM 3HaueHHAMH pH npepesns-
Hoe comepxanue Fe?* e npesbimaer n-10™3 mons/kr H, 0. OHO BO3pacTaeT c yBeTHUCHHEM
KHCTIOTHOCTH M ILENIOTHOCTH PacTBOpa, a TaKXKe B NPHCYTCTBHH OPratiiecKoro BElIeCTBA.
B npHNoBEepXHOCTHBIX ycnonmlx npoucxomur okucnenme Fe?* B Fe3*. B weliTpanbHbix
¥ menoyHbIx pacteopax Fe** mpeo6Gnamaer B Buae mnpoxcoxomnnexcon a B cJ1aGOKHCIIbIX—
docdatHbIx KOMIIeKCoB. Munepanom-ocagureniem Fe’* mmaerca THOPOOKHCh JKelie3a,
M paBHOBeCHbIe KOHUeHTpaumu Fe* He momiaisi npenblmarb n.1073 mom/kr H,0. C noss-
LIEHHeM TeMIepaTypbl paBHOBecHas koHueHTpauma Fe3* B pactBope yBenmuumBaercsa. Bos-
pacrTaeT OHa M B O9Y€Hb KHUCHbIX PacTBOpaxX, Iie THOPOKCOKOMIUIEKChI CMEHAITCA Cylbdar-
HBIMH WIH XIOPHOHBIMK KOMIUIeKcaMH xene3a [Pepkenko, 1981). MakcumanbHbeie KOH-
uentpauny Fe>* (~6 r/kr) ormeuensr B xucnbix (pH = 0,5) Bomax, pasrpyXamumxcs Ha
3BAOPUTOBOM Kymone Hammon. OGBIMHO Xe KOHIEHTPAlMH JKEJle3a B KMCIbIX MATOMHHepa-
JIH30BaHHBIX TEPMAX He npesbilaior 0,5 r/kr.

Ofnme 3aKOHOMEPHOCTH PACTBOPEHMS M OT/IOWEHHS MHHEpasioB. C MOBbILIEHHEM TeMIle-
paTypbl 3HAYCHWMA NMPOHM3BEACHUA aKTHBHOCTH TPOXOJAT vepe3 MaKCHMyM (ona pasbasnen-
HbIX pPacTBOpoB OGbLIMHO MpH Temmeparypax Hwke 100°C), a 3aTem pesko YMeHBLIAI0TCA.
B npucyrcTsHM 3neKTpOIHMTOB 3bdeKT HOHHON CWIbI, YCWIMBAKOUMIACA ¢ TeMNepaTypoi,
NPHBOAMT K NOBBIILCHWIO PacTBOPAIOLIEH CMOCOGHOCTH pacTBopa. IlpuHUIMMHManbHaA nMa-
rpaMMa pacTBOPHMOCTH MHMHEPQJIa B PACTBOpPE NICKTPOIHTOB NPH PaNTHUHBIX TeMIlEpaTypax
M pasHOM BeJIMUMHe HOHHOM cusl, no C.JI. Mamnmuy [1979], npuBenena Ha puc. 29. O6pa-
30BaHHe B PacTBOpe 3MEKTPOJMTOB MOHHBIX aCCOUMATOB, BO3PACTAIoOLIEE C TEMIEpATypoif,
TaKKe MOBBIIAET TeMIlePaTypPHBIi K03¢GHIMEHT PaCTBOPUMOCTH (TipHUEM BITHAHHE HOHHBIX
4CCOLMATOB HAa IIOBBILIEHHE PAaCTBOPHMOCTH MOXET HAMHOIO INpEeBBILIaTh BKJIa[, MOHHOTO
a¢pdexTa). CKIOHHOCTH EKTPOIMTOB K acCOUMAUHMH C NMOBBILICHHEM TeMIMepaTyph! NPOSAB-
JIAETCA H Y KHCJIOT, AUCCOUMAIMA KOTOPBIX B 9THX YCIOBHAX Pe3KO yMeHblIaeTcA. B pe3yib-
TaTe CHIBbHbIE KHCJIOTHI IPH BLICOKHX TEMIIEPATypaxX CTAHOBATCA Cl1aGbhIMH, M HA pacTBOpH-
MOCTb 0Opa30BaHHBIX HMH COeIMHEHWH CyllleCTBeHHOe BIMsAHMe okaspmaer pH pacrtBopa.

Hamenenne P-T ycnoBHil BMMAeT Ha BeJTHYHHY pacTBOPHMOCTH MMHEDPAIOB B XJIOPHIHBIX
HaTpHeBBIX pacTBopax. OxyaxicHHe pacTBOpa B OTpeNENeHHOM JMana3oHe BeTHMH oG1ero
paBneHna M KoHueHTpauuu NaCl (HOHHO# CHIBI pacTBOpa) MOXeET BBI3BaTh KaK OCRKOCHHE
MHHepaJioB (KBaplia, ¢JI0OpHTa, aHTHOpHTA, GapuTa, KapGOHATOB), TAK M HEPEXOm HX B
pacTBOp. BckHmaHMe pacTBOpOB, compoBoxpawouieeca morepeit CO,, BEAET K BHINAIEHHIO
B OCaZlOK KaJIBLMTa ¥ AOJIOMMTA. BaskHylo ponb B ocajieHHM MHOTHX MHHEPAJIOB (33 HCKITIO-
yeHneM, MoXer OblTh, GapHTa) HIpalOT peakIMM 3aMellleHHA KapGOHATHBIX CHIIMKATHBIX H
cymbaTHBIX MHHEPATIOB C YYacTHeM BOIOpoxHOro Meracomaruama [Holland, Malinin, 1979].
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Puc. 29. Imarpamma pacTBOpMMOCTH MHHEpala B pacTBOpeE 3JleK-
TPOJIMTa NPH Pa3NIMUHBIX TeMIlepaTypaXx H pa3HoH BelHYMHE HOH-
Ho#t cunbl, o C.JI. Manuuuny [1979]

§ — pacTBOpUMOCTb BelleCTBa B pacTBope; Ag — Koabdu-

LUMEHT PpAaCcTBOPUMOCTH B YypaBHeHMH ¢a30BbIX paal-loaecuu B
OuHapHbIX cucTtemMax; { — WoHHas cwia; T— TemnepaTtypa, °cC

LS B ycnoBusax 3emHOil Kopbl B BoOHOH (pase, Kak GbU10

nokasaHo B.H. Peixenxo, I'.JI. Mensuuxosoii 4 10.B. [lIBa-

/j—//,%,;y_ poBeiM [1977, 1981], mMoryr HaKaIHBAThCA CL S (VD),

C (IV), Na, K, Ca, Mg u Si. B pactBopax, He HMelo-

X oGLIMX HOHOB ¢ TBepROi $a3oil, paCTBOPHMOCTD ITOC-

JIefiHeHd BO3pacTaeT ¢ yBeNHYeHHEM KOHIUEHTPALHMH PacTBO-

¥t PEHHOrO 3JIEKTPOJIMTA NPH OBHHMX H TeX JKe 3HAUEHHAX TEM-

nepaTypbl M AaBieHusA. [IpH NOCTOAHHOH KOHUEHTPaUKH

PacTBOPEHHOTO TEKTPONIUTa PaCTBOPHMOCTb KapOGOHATOB CJ1abo 3aBHCHUT OT TEMIEpaTyphl, a

pPacTBOPUMOCTh CyNb(HaToOB YMEHBLIAETCA ¢ POCTOM TEMIEpaTyphbl (IpHYeM OCOGEHHO cy-
IIECTBEHHO B MAIOMHMHEPAJIM30BaHHBIX PacTBOpaXx) .

IosBneHne Haj PacTBOPOM YTJIEKHCIIOTHI H CO3[aHHe H3GHITOYHOIO NMapUMaIbHOTO AaBJie-
Hua CO, npHBOOAT K cMelleHUI0 pH pacTBOpOB B 0XONOHEHTPAIBHYIO 00/1aCTh, YBEITHYCHHIO
PacTBOPHMOCTH TBEPABIX (a3 H PaCHIMPEHHUIO MOJNA CYILeCTBOBAaHMA Cylib}aToB 32 CHeT MOJA
Kap6OHaTOB, 0COGEHHO B MPHIIOBEPXHOCTHBIX YCIOBHAX.

B3auMopeiicTBHe BOIbI M aNNIOMOCWIHKATOB B npucyrcTBud CO, M xJIOpHOOB npmaomn
K oboralueHHI0 BOgHOM (asbl 1IEJIOYaMH U LIEJIOYHO3eMENIbBHBIMM JIEMEHTaMM, HAKOIUIEHHIO
KaJIbUMA M MarHHA H BbIBEECHUIO NOC/IEHET O H3 pacTBOPa C POCTOM TeMmeparypsl. B amomo-
CIWIMKATHBIX Mopofax ¢popmupyerca KapGOHaTHO-HATPHEBBIA THII paCTBOPOB, MOJIE CYLIECTBO-
BaHMA KOTOPHIX C POCTOM TeMIeparyphl ynenmmnaercx 3a cueT CcynbdHaTHO-HATPHEBBIX
pactBopoB. Kak oTmeuanocsh Biie, noHsl SO3”, MocTynaioume B pacTBOp B NPHNOBEPXHOCT-
HbIX YCNOBMAX, yOANAITCA M3 HETO NpH NOTpyXeHHM BOM B 06/1acTh BHICOKHX TeMIeparyp.
XJTopuAHbIi JKe THI pacTBOPa YCTOWYMB MpPH JIOGBIX TEMIIEpaTypax.

Takum oGpasom, cornacHo B.H.PbbkeHKO M ero coaBTopam, npeoGafalomMMy KOMMO-
HEHTaMM MMHEPATBHON COCTABJIAIOLIEN BOAHBIX PaCTBOPOB B YC/IOBHAX 3€MHOH NOBEPXHOCTH
domkHbl 6p1T Na, Mg, Ca, Cl, C(IV), S(IV), a Ha rnyGuHe, rie TeMnepaTypbl CYIIeCTBEHHO
Bhile, — Na, Ca, K, Cl, C(IV), Si.

PacTBOpHMOCTb pa3IMYHBIX XMMHMYECKMX KOMIIOHEHTOB B BOJAE M HACHILICHHOM IHape
HEeOJMHAaKOBa. PacTBOPHMOCTb ra30B 3aMETHO M3MEHACTCA, YMEHbLIAACH (IIPH NOCTOSHHOM
[1aBJIEHMH) C POCTOM TeMIEpPaTyphl H KOHUEHTpaUMH pacTBopoB. Ilpu BexuMmanuu GoTbILas
YacTh ra30B NEpeXoguT B CBOGOOHYI0 (mapoBylo) ¢asy (uckmioueHMe cocraBnser NH;).
Tax, npu Bckumanum 250-rpanycHoil Boasl B 3Ty ¢a3y mepeiimer (IIpH oIpefeleHHOM ce-
NapanyoHHOM HaBlieHuM) oxono 5% H, O, Ho o 75% CO, u H, S, nepeoHayajibHO pacTBOpeH-
HBIX B BoJie. B 10 e Bpems BonHas ¢a3a coxpanser okono 85% NH; [Eils, 1979].

B rugporepmanibHBIX CHCTeMax c¢ MpeoGnamaHvem mapa konuenrpauns CO,, H,S, CH,,
H, u N, 3aBHCHT OT KOJNIM4eCTBA Napa, OTAEIIHBLIEroCA OT BOMBI,T.€. OT CENapauMoOHHOro aB-
JIeHHA, MPH KOTOpoM oTGMpaerca map Ha Beixope. ColepikaHWe rasa B Mape M3 CKBaX»MH
B Pa3NMYHBIX THOPOTEPMAIbHBIX CHCTEMaxX IMpOKo Bapwsupyer or 0,007% o6. (AxyatlanaH)
Mo MHOTMX AecATkoB (MoHTe Ammara). IIoMHMO ra3oB, mpx Temneparypax Huxe 300°C
B nape npucytctByoT Si0,, H3BO;, HF, a taioke HCl (B xucnbIX cHcTeMax) .

BO3MOXHbBIH COCTAB I'TIYBUHHOI'O ®TIOMIA

B npHNoBepXHOCTHOH 30HE 0YaroB pasrpy3KH THAPOTEPM BCIIETICTBHE NMPOLECCOB Mapo-
oﬁpaaonamm [erasauMi U OXJIaXAEeHHA BOA HapyIIAlTCA XMMHYECKHE pPaBHOBECHA H NEpPBO-
HavyaJIbHBIi l'J'lyGuHHbIH COCTaB THAPOTEPM MOXeT CYILIeCTBEHHO H3MeHHThCA. Tak, Bofa
¢ Temmepatypoi#t 250°C npu gapeHMH B 1 aTM MepeXOMT B NapOBOMAHYI0 CMECh, COMlePKa-
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uty1o 70,3% Boppl (¢ Temnepatypoit 100°C) u 29,7% napa. Ilp 310M GOJIbILAA YaCTh PACTBO-

eHHBIX ra3’oB (Cpead KOTOPBIX IJIaBHOE BIIHAHHE Ha reOXHMHYECKYI0 OGCTAaHOBKY OKa3bIBa-
jor H;S 1 CO,) orpenserca BMecTe ¢ mapoM, a B OCTaTOYHOA BOJHO# ¢ase Bo3pacraer
woHueHTpauma coneit. C notepeit CO, u H, S ¥ nocrenennsiM nosbueHdem pH npoucxonar
COOTBETCTBYIOILIHE M3MEHEHHS B PA3NIMUHBIX KHCIIOTHO-IUETIOUHBIX PABHOBECHAX HOHH3alMH
H B KOMIUIEKCOOOpa30BaHHH :

H,COj = H*+ HCO; H,Si0, = H* + H, SiO,
HCOj; = H" + CO}” HF=H*+F~
H,S=H*+HS" NH,OH = NH} + OH"~

HS™ = H* + §*" CaCO} = Ca* + CO}~

HSO, = H* + SO}~ MgCO3 = Mg?* + CO3}-
NaSO, = Na* + SO}~ KCI° =K* +CI”

KSO, = K' + S0}~ NaCl® = Na* + CI~

CasSOy = Ca® + S0} H,S (nap) = H,S (sona)
MgSO§ = Mg** + SO}~ CO, (nsp) = CO, (Bons)
H,BO, = H* + H, BO; SiO, (xBapu) = SiO, (sona)

UYro6el pecraBpHpoBath IJTyOMHHBIN COCTaB TIHAPOTEPM, . HOOGXOOMMO KOJTMYECTBEHHO
y4ecTb Bce KOMIIOHEHTBI CHCTeMbl Bofla—fap—ra3. U3 GypoBoil CKBaXKHHBI [I1 XMMHYECKOTO
aHa/IH3a OTOHPAIOTCA NMpH W3BECTHOM JABJIEHHH MpOGbI XHMAKOHX U MapoBoil a3 H H3IMepAeT-
CA IHTAIBIMA NapOBOMAHOH CMECH Ha JIOBEPXHOCTH (OHa He HOJKHA GBITh BbILIE MAKCHMAJIb-
HOH TEMIlepaTyphbl B CKBaOKMHE, €CITH TyHa MOCTYTIAeT TONbKO xMpakaA ¢asa, — B NpOTHBHOM
Clly4ae PeKOHCTPYKUMA COCTaBa riayOuMHHoro d¢uiiompga HeBo3moxHa). Ha ocHoBaHMM 3THX
JAaHHBIX C YYETOM KOHCTaHT PaBHOBECHA MOXXHO BBIYHCIIMTb COCTaBbI OJHOGA3HBIX INyGHH-
HbIX FOPAYMX PaCTBOPOB B HOHHOH H MoJieKynsApHO# dopmax ¥ Hx pH. 3HaueHMa KOHCTaHT
PaBHOBECHA IpPH pAVIMYHBIX TeMIepaTypax NpHBeleHLI BO MHOTHMX MH3BeCTHBIX pabGoTax
{Haymos n np., 1971; Psikenxo, 1974, 1981; Tappenc, Kpaiict, 1968; Helgeson, 1969;
Truesdell, Singers, 1974; Ellis, Mahon, 1977] . B aByx mocnegsux paGoTax, a TaKxe B MOHO-
rpadun b.H. Popkenko ommcanel nporpamMMel mia IBM, B KOTOpBIX y4TeHbl BapHalUuM KOH-
CTaHT PaBHOBECHH KOMIUIEKCHBIX MOHOB, Ta30BBIX M PaCTBOpPEHHBIX KOMIIOHEHTOB 1A pa3-
JIMYHBIX 3HAYEHMd KHCIIOTHOCTH — mienoyHoctH. KoaddunmeHTb! HOHHOM AKTHBHOCTH NMOMCYM-
TaHpl N0 ypaBHeHM10 Jle6as—Xi0KKeNsA ¢ y4eTOM CTAaHNAPTHBIX TEPMOOMHAMMYECKUX CBOHCTB
BOIBI U Mapa.

ITprMepoM PEKOHCTPYKIMH COCTaBa IITyOHMHHbIX (IIIOMHOB MyTeM TEPMOTMHAMUYECKHX
PacyeTOB Ha OCHOBaHMM XMMHYECKOrO aHanu3d pasrpyXalolMxcs BOOHOH W mapoBoil a3
H ra3oB ABNAIOTCA [aHHbIC, MONyYeHHbIe M)A ruapoTepM Ucnanmm. MsyueHnue cocraBa tep-
MaJIbHbIX BOM, Napa, ra3a W KOHAEHCaTa B 14 MapOBOMAHBIX CKBaXMHAX HauGonee IETANbHO
HCCIIeNOBAaHHBIX TIMApPOTepMalbHbIX cHcTeM (PeiikbsiHeca, CBaprcenrn, HecbaBemtupa u
Haymadwanna) nmo3pomwio paccuMTath riyGHHHbIA COCTaB TepManbHbIX GIIIOMAOB KaXIOro
MecTopokaeHnsa [Amorsson et al., 1978]. Ilng 3Toro MCNaHACKHMM HCCIIeOBaTeNIAMU
6bUTM MOACYMTAHbI AKTHBHOCTH 26 XMMMYECKMX COeOHHEHHH M CleJIaHa KOJIHYeCTBEHHaA
OLEHKa XMMHYECKHX paBHOBECHH B CHCTEMaX pacTBOp—pacTBOp M MMHepal—pacTBOp
(1abn. 51). PacueTnl mpOM3BOOMWIINCH C YYETOM BEpPOATHOH INTyGHHHOH TeMMepaTyphl, Ollpe-
HeNieHHO# ¢ MOMOIBI0 Si-TepMOMETpPa B MPEANONIOKEHHH O pPaBHOBECHH BOMbI C KBapueM
H OJHOAKTHOM amHalaTHYeCKOM BCKHMaHMM THApPOTepM. JTH paBHOBecuA omnpepensior pH
pacTBopa H MOABHXXHOCTH BOCBMH N3 [IECATH IIABHbIX KOMIIOHEHTOB B TepMAJIBHBIX BOJAX
(Si, Na, K, Ca, Mg, CO546m> SO4, F). lIBa ocraBumxcsa komnonenta Cl u H, Sy, BemyT
ce6sA HecKONbKO MHave. KOHUEHTpalMA XJI0pa B BOAE ONpeNeIACTCA TONbKO €ro NOCTYIUICHH -
eM B TepMJIBHBIA PacTBOp JTMG0 M3 MOPCKO# BOABI, IMGO M3 NMOpoA, B pe3yJibTaTe NMpollec-
COB BbIIIENIAYMBaHHA. JTOT KOHCEPBAaTMBHBIA JJIEMEHT He MEPeXOOMT M3 PacTBopa B rHApO-
TepMaIbHO HM3MeHeHHble nopoasl. Yro kacaerca H,S,gu, T0 ero akTHBHOCTb, BMeCTe C
aKTHBHOCTBIO S2~ ofpefensieTcss pacTBOPHMOCTbIO MMPPOTHHA B TEPMANBbHBIX BOJAX M peak-
UMei HX HOHHOro oGMeHa..
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Tab6bnunpa 51

Xumuyeckuii COCTaB pasrpyxapuiefica NIpoBOAANOI cMecH HA MecTopoxacHuu Haymadbanns  [Ar-
notsson et al., 1978]

KOMNOHEHTBI MF/Kr M -3KB kB %
H, Si0? 632,6 6,59
H,Si0; 421,8 4,44 40,8
Na* 161,0 7,603 90
K* 28,2 0,719 9
Ca?* 1,6 0,080 1
Mg?+ 0,12 0,011
HCO; 24,7 0,405 3,8
SO;- 122,1 2,54 23,3
HS~ 94,8 2,872 26,4
Cl- 18,9 0,53 4,9
F- 1,8 0,095 0,9
M 1507,62
OCHOBHBIE KOMIIOHEHTHI B KOHIEHCaTe, MI'/KT
co, 184,8
H,S 366,4
T'azoBas ¢a3a, HOYyWAA ¢ KOHOEHCATOM, % 06.
co, 28,7
H,S 16,3
H, 41,6
71 ra3a/Kr xoHneHcara/° C
0,63/20
Psap 10,4
H,SiO, 41HS 26S0O, 23C15HCO, 4F 1

H,Si0,0,63M, 5

Na90K9Cal
pH/°C =9,20/15

Kak n3BectHo, pH BBICOKOTeMIEPATYpHBIX I'TYGHHHBIX BOM, (O BCKHIAHHWA) OMNpenesia-
€TCA MOHHO-OGMEHHBIMH DaBHOBECHAMM BCEX IJIABHBIX KAaTHOHOB. AKTHBHOCTb OJHOrO
KaTHOHa TPH AAHHOH TeMIEpaType onpeesnsaer akKTMBHOCTH BceX MPYTHX ITaBHBIX KATHOHOB
u sopopop-HoHa. Hedirpanenoe pH ana soicoxoremnepatypusix Bom Haymadsamna u
HecpsaBenympa, onpemenenHoe mo Si-Temmepatype, cocraBnsfer 5,7. Ilosromy paccunraHHbIe
3gech 3HaweHMa pH 7,2-7,5 cBHOETeNbCTBYIOT O AIBHO IMEJIOYHOM peakumu 3THX Bog. Kakx
npennonararotr C. ApHOpccoH M fp. [Arnorsson et al., 1978], Ha rny6une (B omHoda3HO#
CHCTEME) cOIep)KaHHe TINIaBHBIX KOMMOHEHTOB BO (JIIOMOAX ONpPENEIAeTICA, BO-TICPBBIX,
HX TeMIlepaTypo#l, ¢ KOTOpO#l CBA3aHpl BeNVYHHBI KOHCTaHT pPaBHOBECHi, M, BO-BTOpBIX,
NPHCYTCTBHEM B HUX XJIOpa, ONpelielIALMM aGCoMoTHbIE KOHUSHTPAUMHM ITIaBHBIX KaTHOHOB.
CorxacHo pacueTaM 3ITUX HCCriefoBaTeneil, B rlyGOKHX BOOOHOCHBIX FOPH30OHTIaX paccmar-
pHMBAaeMBIX I'HAPOTEpPMANBHLIX CHCTEM CyibdaThl MPHUCYTICTBYIOT B BHIe coenuHenni NaSOg,
CaS03, acebiiie NOJIOBHHBI o6pa3yloT CcBOGOMHbBIA HOH SO3~. HSO; JMCCOUMHpOBaHa IOJI-
HocTbio. Temmeparypa HachIIEHMS MaTOMHHEPaNH3OBAHHBIX TepM McnaHoMM aHTHOPHTOM
paBHa 320-340°C mns Haymadweamia u okono 300°C mna HecwaBemmpa n XBeparepm.

CO%™ npucyTcTByeT B 3HawMTeNbHO GoJlee HU3KMX KOHILEHTpaumax, yem CaCO3 u MgCO3,
€ro NOABIDKHOCTb 3aBMCHT OT PacTBOPUMOCTH KaibUMTa. B paccMaTpHBaeMbIX CHCTeMax
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Ta6nuuma 52

Xnmuveckuit coctas riyGuHHoro daionaa Ha mecropoxaenun Haymagbaans [Arnorsson et al,,
1978]

KOMIMOHEHTDI Mr/Kr M -3KB KB - % KoMnoHeHTbI Mr/Kr Mr.3ks | axB-%
H,Sio] 854,24 8,89 cr- 15,73 0,443 8
H,SiO; 25,86 0,272 5 F- 1,71 0,090 1,6
Na* 125,58 5.46 90,5 HF* 0,02 0,001
K* 22,05 0,564 9,3 Na(l1° 0,205 0,003s
Ca* 0,22 0,011 KC1° 0,0149 0,0002
Mg** 1,32-107* 5.42-10°° NaSO; 44,65 0,392 7
HCO, 57,711 0,946 17 KSO; 5,40 0,040 0,6
Cco3- 0,006 0,0001 CaSO} 2,995 0,022
H,CO$ 88,66 1,43 MgSO} 0,48 0,004
S0} 28,93 0,603 11 CaCOj 0,030 0,0003
HS~ 92,07 2,79 50 MgCO3 1,15-10~* 1,36-107¢
§2- 1,11-10"* 3,48-10"° M 1436,51
HSO,; 0,291 0,003 Tpacu. no xpapuy ~ 253,3
H,S8° 67,66 1,99

HS 50 HCO, 17 SO, 11 Cl1 8 NaSO, 7 H,SiO, 5F 2
H,SiO, 0,85M; 4
Na91K9
pH/°C =748/253,3 .

Ta6nuua 53
CocTtap naporaszoBofi cMecH B OMarax pasrpy3xH repMansusix ¢ionnos, % o6. [Ellis, 1979]
O6uiee xo-

' r)il: p'":n O6ee KO-| nuuecTBO

ApOTEpMab- JIH4YeCcTBO ra3os B
HbIe CHCTEMBI ;ﬁz‘;ﬁ:a' ra3os B cry6uHHOM €O, [H,S | CH, | H, |N,+Ar| NH, | H,BO,

cMecn® nape, % 06. -%rg%une ,

Baitpakeft 0,32 0,063 0,020 91,7 44 09 08 1,5 0,6 0,05
(cpennee no Bcem
CKBaOXHHaM)
Bponilfl-mc, 0,35 0,61 0,22 94,8 2,1 1,2 0.2 1,5 0,2 -
CKB.
Marcao, cke E205 ~0,3 0,15 0,045 92 5 0,7 08 1,5 - -

* IIpu arMocdepHOM DaBIIEHMH.

BOMIBI C TEMIICPATYpPOH HHXE TOYKM KHIEHHsA BCErfa MOJHOCTBIO HaCBIMICHBl KaJIBbLIUTOM.
IMapoornenenue u aerasauus npuBodAT K nepeHachiuieHnio CaCO; B BogHo# da3e.

HesnauntensHo mMccouMMpyeT B TepManbHbIX BOfax KpemHeBasa kuciora (1-3%), B 10
'BpPeMs K&K YTOJIbHAaA KHCJI0Ta B CepOBOMOPOT THCCOLUMHPYIOT HallOJIOBHHY.

Kak BuaHO H3 Tabi. 52, OCHOBHBIMH KOMIIOHEHTaMH ri1y6uHHOro pactBopa Haymadeanns
senaotca Na*, K, HS™, NaSO;, SO%", HCO3;, H;Si0;, a Takdke HEHCCOUMMPOBaHHbIE
¢dopMBI KpemHEBO# M YTONBbHOM KMCOT. TaKoil MallOMHHepaTH30BaHHbIIH BBICOKOTEMIIEpa-
TYpHBIH (NIOHOD KPeMHHCTO-THAPOCYITbhHIHOTO HAaTPHEBOIO COCTAaBa M XapaKTepeH, NO-BHU-
OMMOMY, OJ18 TTTyGHHHbBIX 4acTel 6a3aNibTOBOTO paspe3a oGnacTedl COBpcMEHHOTO BYJIKAHU3-
Ma ¢ OK€aHHYeCKHM THIIOM 3¢MHO# KOpBI. )

B paiioHax aKTHMBHOTO BYJIKaHW3Ma OCTPOBHBIX LOYT COCTaB TNyGHMHHBIX GMIOWICB HHOIL.
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Ta6bnuua 54

Xumuveckuii cOCTAB TIYGHHHOTO (NioHAZ HA HEKOTOPHIX MAPOTHAPOTEPMAIIBHBIX MECTOPOKACHHAX

OCTPOBHBIX AYT

Mecrononoxenue,
FHOPOTEpMANBHAS °C pH Na* K* Ca®t Mg** a-
cHUcTeMa
Baitpakeft, cks. 24 20 8,3 1241,46 211,151 12,024 - 2198,086
54,005 5,402 0,599 61,987
89,9 9,0 1,0 96,5
Baitpaxeft, rnyGHHHBI! 250 6,6 850,63 144,68 8,016 - 1524,479
duiionn 36,997 3,701 0,399 42,991
90,0 9,0 1,0 96,9
Bponnennc, cxs. 13 20 8,6 981,673 199,42 2,405 - 1673,382
42,710 5.1 0,12 47,19
88,9 10,6 0,2 90,8
Bponnenac, rnyGuHHRI! 255 6,3 657,514 136,86 1,603 - 1120,315
¢monp 28,598 3,502 0,08 31,593
88,3 10,8 0,2 90,4
Marcao, ckB, E 205 20 2,4 5586,57 899,35 1482,960 131,185 13684,858
242,995 23,006 74,002 10,798 385,945
68,8 6,5 21,10 31 98,7
Marcao, riyGHHHBI 245 2,9 3655,4 625,63 1082,160 75,367 9182,327
dumionn 158,997 16,0 54,002 6,201 258,941
67,2 6,8 22,8 2,6 99,3
NMpumMmeuanne. lepBas ctpoxa — B Mr/i1, BTOPaf — B MF «3KB.%, TpeTe — B %.
Tab6nuua 54 (OxoHuaHHe)
Mecrononoxenme,
rHApPOTepMasIbHaR H,SiO, H, S0} HS~ s03- HSO, NasO; | KsoO;
CHCTEMS
Baftpakeit, cks. 24 39,554 857,231 0,992 24,976 3,572 -
0,50 0,03 0,52 0,03
0,8 - 0,8 -
Baftpakeft, rmyGHHHBI} 0,791 632,909 2,315 6,724 0,097 14,286 1,352
¢unoun 0,01 0,07 0,139 0,001 0,12 0,01
- 0,2 0,3 - 0,3 -
Bpomiennac, cks. 13 83,853 921,323 - 5,764 - 1,191 -
1,06 0,121 0,01
2,0 0,2 -
Bpomnennc, my6ummusit 0,791 697,001 3,638 0,961 0,097 3,572 -
s 0,01 0,11 0,021 0,001 0,03
- 0,3 0,1 - 0,1
Marcao, cks. E 205 - 873,254 - 195,962 19,414 70,240 6,758
4,081 0,20 0,59 0,05
- 1,0 18] 0,2 -
Marcao, rmyGHHHBIH - 624,897 -~ 5,764 151,426 14,286 1,352
dmonn 0,121 1,56 0,12 0,01
- 0,6 - -

970 OGDBACHAETCA HANMMYMEM 3[ieCh KOPbl CYOKOHTHHEHTAIBHOTO M JiaXKe KOHTHHKEHTAJILHOIO
THIIa C BYJIKaHOT€HHO-OCANOUYHBIMM MOPOJAMH, YaCTO COMEPXKALMMH CONEBOH KOMILIEKC,
a TaKKe MPHCYTCTBHEM XJIOPa B MArMaTHYeCKHX IKCTAUTAIMAX.

A.Jx. Jumc [Ellis, 1979] paccuuran mo Toit e cxeMe, UTO GbUIa pacCMOTpPEHA BHIllle,
COCT3aB ITyGHHHOTO BBICOKOTEMNEpaTypHOro (oHaa A ABYX XOPOLIO H3YYeHHBIX THOpPO-
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HCl F~ HF cos” HCO, H, BO; H, BO? NH}

- 8,359 - 0,6 23,186 18,855 148,397 1,624
0,442 0,02 0,38 0,31 0,089
0,7 - 0,6 0,5 0,1
- 5,509 0,6 ~ 44,542 - 117,481 0,18
0,289 0,729 0,01
0,7 1,6 -
- 4,560 - 4,801 158,031 54,742 219,504 1,804
0,242 0,16 2,29 0,90 0,1
0,5 0,3 4,4 1,7 0,2
- 2,470 0,8 - 187,319 - 189,824 0,361
0,132 3,070 0,2
0,4 8,8 0,6
- 1,710 5,802 - - - 618,32 39,686
0,089 2,2
- 0,6
21,147 - 5,402 - - - 445,190 27,059
1,502
0,6
CasSO? MgSO? NaCl1® KC1* M, mr/n DOpMyNa XHMHYECKOT O COCTABS
M C196
- - 17,533 - 4807,600 48 ——————
Na90K9Cal
Cl 97HCO,2
1,361 - 70,132 7,456 3433,545 _—

3.4
Na 90K9Ca 1
C191 HCO, 4 H,Si0, 2

- - 1,783 - 4314,215 M43
Na 89K 11
C190 HCO, 9
- - 54,936 7,456  3065,518 3,1
Na 88K 11
C198S0, 1
106,189 13,241 52,599 7,456  23795,654 Ma3g — 4"
Na69Ca21K6Mg3
CI99HSO, 1
17,698 98,7 935,088 74,555 17043,453 Myz,0 —0
Na67Ca23K7Mg2

TepmaibHbIX cHcTeM HoBoit 3emanpmu — Baiipakeit u BpomyieHac, a Takxe [ MeCTOpOXIe-
HuA Marcao Ha o. TaiiBanp (Tabn. 53, 54). Temmeparypa riny6uHHOro ¢ulloMza B HOBO3e-
JIaHICKUX THIPOTEPMANIbHBIX CHCTeMAX Obiila MM ONpefiesieHa ToXe 10 Si-TepMOMETpY H COCTaB-
nsana 250—255°C, a 3Hauenus pH, cornacHo pacueram, xone6amcs ot 6,3 1o 6,6 (B T0 Bpems
KaK Y HeHTpanbHbIX BOJ IpH TaKko# Temmeparype pH ~5,6).
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B Bynkanuuecioi o6nactu TatyH B paiioHe Macao 6bUTH BCKpbITHI Ha rityGuHe 300—-1500 m
yIJIeKHCIIble NTAPOTHAPOTEPMH C MpeoGiiafanueM BOObI HAM MapoM, ¢ BICOKOH MMHepanu3a-
ueit  (mo 23,8 r/kr), XIOpHOHbIM HarpHeBbIM coctaboM H pH 2,4 [Ellis, Mahon,
1977].

B ]Ma'rcao rny6uHHBIH GmioMn ¢ Temnepatypoit 245°C u MuHepanusaumeit mo 17 r/kr
COflepXHT 3HauMTenbHble KoHueHTpauuu kucimor HF, HCl m HSO; (cm. taGn. 53). 3pecsh
pH=2,9, 1 ero BeIMUHHa KOHTPOJIHPYETCA, COrfnacHo A. JJUIHCY, CAEOYIOIUHMH paBHOBe-
CHAMH :

4S + 4H,0 2 H* + HSO; + 3H,S,
Mg?* +HSO; 2Mg(SOs), + H* .

[Togo6uble cBoeoGpa3Hble KHCNBIE MAPOTHAPOTEPMBI BCTPEYAIOTCA [OBONBHO PEmKo.

Takum 06pa3om, rIMyGMHHBIA COCIaB TepMalbHBIX (JIIOMIOB HECKOJIBKO OTIIHYAETCA OT
HX COCTaBa Ha MOBEPXHOCTH, HO TOXE HMeEET PETHOHANIBHYI0 CMEUHMPHKY, OTPAKAIOLIYI0
Te0JIOrO-TeKTOHMYECKHE Pa3JIMYMsA TIIYGHMHHOTO CTPOCHHA pUQTOBBIX 30H H OCTPOBHBIX AVT.
Tak, Hegpa pailOHOB C OKEaHWYECKHM THIIOM KOpbI COfiepXaT MaJOMHHEPpAIM30BaHHbIA wIe-
JIOYHO#H KPEeMHUCTO-THAPOCYNHPHIHBIA HaTPHEBDIl BbICOKOTEMIIEPAaTyPHLIN rilyGUHHbI ilto-
uO, B cocraBe rasos Kotoporo copepxarca H,,N;, CHy, CO u CO,. OctpoBHBIM myram
NpUCYLL HECKOJIBKO GoNee MMHEpalTH30BaHHBIH XJIOPHIHBIA HATPUEBBIA OGLIMHO crabolesoy-
Hoil (MHOrOa, kKak B Marcao, KHCIIBIH) BBICOKOTEMIIEpAaTypHbIH MyOHHHBIA drioun, B raso-
BOM cocrase -kKortoporo npucyrcrBywT Takxe HCl m HF. Cocras rmyGunuoro ¢mionna B
KOHTMHEHTAIBHOM pH}Te MOKa He NMOACYMTaH, HO u3BecTHO [JlerHukoB M mp., 1977], uro
A BCeX Nopod H BYNKaHOB BocTouno-AdpHKaHCKOR CHCTEMBI XapaKTepHO BBICOKOE COflep-
xanue B razax CO,, CH, u CO. PasywuHpiit cOCTaB INTyGMHHBIX ra3oB oGyCNOBIICH Pa3HbIM
MEXaHM3MOM TeHEpalMd MarMbl B HEOpaX OKEaHMYECKOTO H KOHTHMHEHTAIbHOTO pHdTa,
a TaK>Ke OCTPOBHBIX AyT.

FJIABA BOCBMASA

3AI0AYHM THUOPOTEOXVMMHWHU B CBA3H
C OCBOEHHMEM TI'MOPOTEPMAJIBHBIX PECYPCOB

HoBblii HCTOYHHK JHeprudM — IIIyOMHHOE TelUio 3eMIIH — MpHBIIEKaeT ceiuac BHHMaHMe
yueHbIX MHOrMX cTpaH. Mcmonb3oBaHMe TeINOBOH 3HEPrMH, aKKyMY/MPOBaHHOH B MNOA-
3eMHBIX BOJAX M MapoOrMApOTEPMaxX, B NMPAKTUYECKMX HENAX (B OCHOBHOM i BbIpabGOTKH
IMEKTPOIHEPTHH) YXKKe YCHEIIHO OCyLIecTBAAeTCA B 15 cTpaHax (T1abn. 55). UccnenoBanusa
u pa3BenouHoe GypeHue ¢ uenbio crpoutenscrBa I'eoTIC mpoBopsarca ewe B psAfe CTpaH —
Yunu, UupoHesuu, Taitane, Unmuu, Typuuw, a Takke B Iduonnu, Kenun, 3aupe, Hukapa-
rya, I'Bamenyne. Hcnonb3oBaHue BHYTPH3EMHOrO TelUia A TeWIOPHKAUMH K TOPAYETO
BogocHaGxenna B HauGonpumx maciurabax ocymectsigerca B CCCP, Ucnanoun u Benrpuu,
OHO mpoBoguTCA Takxe B fimoxmu, ®pamuuu, CIIA, Hopoit 3enangun, Utanuu v Pymeinun.
HameuaeTtcsa coopyxeHne cHCTeM TeluTocHaGxenua B Yexocnopakuu u rocnasuu (puc. 30) .

Hcnonb3oBaHue rugpoTepM B MPaKTHYECKHX LENIAX OMNpeNenseTcs MX TEIUIOBBIM INOTEH-
UMaJIOM, pecypcaMi, INTyOMHOM 3aieraHus, JaBJIeHHEM, XHMHUYECKHM COCTABOM, BAMAHHEM
Ha OKPYXAIOLIYIO Cpelly, a TAaK)Ke IKOHOMHYECKHMH 0COGEHHOCTAMH paiioHa.

TerwmoBoil NOTEeHIWMANn MOA3EMHBIX BOJ, 3aBMCHT OT CTENeHH HANpPsSDKEHHOCTH FeOTEpMH-
4eCKOro peXxuma B 1aHHOM peruoHe. Kak m3sectno [[Tonak, CMupHoB, 1968; u op.], Benn-
yuHa (POHOBOTO TEIUIOBOrO NMOTOKAa 3aBHCHT OT BO3pacTa TEKTOreHe3a (BpeMeHH KOHCOJM-
JAIMM 3€MHOM KOpBI H €e aKTHBH3alMH). B MOGHNbHBIX moscax HaGmiomaeTca peskas Oud-
¢depeHnManHA TEIIOBOTO MOTOKA, YTO XAPAaKTEpPU3yeT Ppa3NHyHble CTaOMH H JHEPreTHKY
reOCHHKNMHATBHOIO Mpouecca.
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TaGnuua 55
Meiicrsyiomue u

crposmuecs IeoTIC (Ellis, Mahon, 1977; Truesdell, 1975 ; Fanelli, Taffi, 1980; Bepman, 1978; Ke-

umr, 1975]
. Moumocts I'eoTIC,
Cpepnan MBT
Mectononoxenue, | (MaKCHM&- | Cpemtan (Mak-
rHApOTepManbHan | Hag) ray6u- | ovaimuan) Tun ¢roouna n | Mnauupye-
CHCTEMS Ha CKBaXXH- T° C e’::l:"-la MaA oonosn-
HBI, M HUTENTBHO
B 1979r. « 1985 r.
CllA
Teit3epnt CoHoMa 1500(3120) 250 (285) lap (CO,-H,) SO,—Na M 1,33 908 300
Hmnepuan Bamnu' 1500(2470) 300 (360) TBC (CO,) Cl-Na M260,0 10 50
Hcr Mesa (2448) 200 HBC (CO,) Cl-Na M 28,0 - 10
Onaunnunsl
Tubn 950(2300) 250 MNBC (CO,) Cl—-Na M 13,7 220 110
Max Ban 250 MNBC (CO,) Cl-Na 165 55
ToHroHax 305 196 (224) NBC (CO,) Cl-Na M3,2 3 110
Hranna
Jlapaepenno 650(1600) 170-220(240) Iap (CO,) SO,—Na M 0,5 380,6 -
MoHTe AMHaTa 780(1500) 140-170(190) Tap (CO,) SO,—Na,NH, M1,0 25 -
Tpebane 690 (1370) 200 (264) Tlap (CO,) SO,—Na M1,0 18 -
@nerpefickie nons (1800) (300) Ilap (CO,) Cl-Na M36 - 20
Anspusa - 15
HCKbs: 175 NBC (CO,) Cl-Na M 20,0 0,5 -
Hosana 3enanama
Baftpaxe#t 800(2300) 230(260) TIBC (CO,) Cl-Na M4,6 192 -
Kapepay 800(1250) 250(285) MBC (CO,) Cl-Na M3,0 10 YBenuueHue
Bponnennc 1100 (2420) 255 (300) nBC (CO,) Cl-Na M4,1 - 150
Anouns .
Mauyxasa 1000 (1500) 220 (280) Map (H,S-CO,)SO,—Na,Fe M08 22 YpenuueHue
Otaxe 500(900) 230(250) NBC (CO,-N,)Cl-Na M3,1 11 YeemueHne
XauoGapy 500(800) 250(300) IIBC (CO,-N,) Cl-Na M3 50 -
OnnkoGe 1000 (1350) 230(288) MIBC (CO,-N,)Cl-Na M15 25 -
Onyma 800(1750) 200 NBC (CO,-N,) Cl-Na M3 10 -
Kaxonpa .200 NBC (CO,-N,)Cl-Na M2 50 -
Mopu, Huropukasa - 50
Mexcuxa
Ceppo Hpuero 1300 (2630) 300 (388) HNBC (CO,) Cl--Na M 27,6 150 250
Mat> (530) 175 NBC (CO,) Cl—-Na 35 JleMOHTHPOBaHa
Jloc Aaydpec (2000) 240 Map (CO,) HCO,-SO,—NaM< 1 - 50
CansBagop
AxyavanaH 1000 (1400) 230(250) MBC (CO,—-H,)Cl-Na M 19,3 60 40
Henanpus
Haymadpanns 1000 (1400) 250 (289) necC (H,-CO,) HCO, —-SO,—Na M 0,9 2,5 -
Kpa6bna 1200 (2000) 250(350) nBC (H,-CO,) HCO,-SO, —Na M 0,9 11,5 55
CcCcCp
IMayxeTka 350(480) 200(256) MNBC (CO,-N,) C1-Na M1-39 11,0 22
TMapatyHka 500(900) 80 Bopa (N,) 80, -Cl-Na M14 (0,7) [HOemoHTH-
pOBaHa
Typuun
Kuswipepe 700(1000) 190(220) NBC (CO,) HCO;—-Na M4,2 0,5(5) 10
Knurait
[0anr6Gaftu3sH, 26 (600) 150(175) IIBC (CO,-N,) 1,0 2,0
XyTaHr 92 NBC (CO,-N,) 0,3
QeHriuyHsb, BeHTanr, 67-91 Bopa (N,) 0,7 Cpemtee
OnHBrKOYy, Xyaitna no 4 cTaH-
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Ta6nuua 55 (oxoHYaHHE)

MouocTs I'eoTIC,
CpepHan MBT
Mecrononoxente, | (makcuman- | CPERHAR (Mak- .
THAPOTepMaNnbHaA | uasg) rnyGu- CHMATLHAA) Tun droonas Monyya- | [I18HUpYe-
cHCTeMa H8 CKBAXH- »C ema: Mas fonon-
Hbl HUTENBHO
B 1979 T 1o8s 1.
Kenun
Onbkapus (1300) 220(286) TIBC (CH,) CI-HCO, —Na - 30
Huxaparya
MomoTtom6o 400 230 30
Huponesnn
Kasa KamomkaHr 650(761) 220(238) Map (CO,) SO,-Na MO0,7 - 43
Yunu
3nb TatHo 1000 (1820) 230(265) MBC (CO,) Cl-Na M 15,6 - 30

Pacnipenenenue tepManbHbix Bopd, Ha TeppHropud CCCP 6buto OeranbHO paccMOTPEHO
B.®. Maspruxum [1971]. OHo ompenenAeTcA perHOHANBHBIMH, F€OTEPMHYECKHMH H THIpO-
reoJIOTMYeCKUMH OCOGEHHOCTAMM, TaKHMH, KaK XapaKTep UMPKYJALMH, HHTEHCHBHOCTb
BOJOOOMEHA, BeJIMUMHA CTaTHYECKHX M [MHAMHYECKHX 3allacoB M XMMHYECKHHA cocrtaB. C
YYETOM THAPOTEONIOTHYECKHX H TeoTepMHMYeCKHX mokasareneil reppuropua CCCP noppas-
fenAeTcA HAMH Ha 9 paHOHOB C pa3/IMYHBIMM NEPCNEKTHBAMH HCHOJIb30BAHHA TEPMANIBHBIX
pofl. Kak BugoHo u3 puc. 31 u 1abn. 56, B pailoHax cOBpeMeHHOro ByJka2HH3Ma Kypuno-
KaMyaTckoro permoHa BO3MOXHbI BCe BHOBI HCIONIb30BAHHA TEPMAIBHBIX BOA. 31€Ch OTMe-
YalOTCA BBICOKHME pEerMOHAIbHBIE CpefHUe 3HaueHuA rnyOGHHHOro TEIVIOBOro MOTOKa — A0
92 MBT/M® ¥ MMeeTCA MHOXECTBO TEPMOAHOMAJIHI — €CTECTBEHHbIX BBIXOIOB TMAPOTEPM
CaMOTO Pa3NMYHOro cocraBa M Temmeparypbi. HanGomsumit mpakTHueckHil MHTepec Mpen:
CTaBIIANOT 3/1€Ch FHAPOTEPMAIbHBIE CUCTEMBI *’ IeM3epHOro’” THIA C TEMIEPaTypoi, AOCTUralo-
weit 250°C Ha ryGuHe MEPBbIX COTEH METPOB. ITO a30THO-YIJIEKHCIIbIE TEPMBI, B COCTABE
KOTOPBIX MpPeoOIafaloT XJIOpHAbI HATPHA; HX MHMHEPAM3aUMA COCTaBNiAeT OT 2 A0 5 r/m.
CHcreMbl 3TOTO THIA 3aKJIOYEHbI B BYIKAHO-TEKTOHHYECKMX NENPECCHAX WIH OGIUMPHBIX
Kanbaepax (Hampumep, uctouHnku Iayxerku, Y3oHa, JJommus eitsepos, 'opsvero [nska) .
Ux pacxon MOCTMraeT HECKOJNbKHX HECATKOB JIMTPOB B CEKYHAY H 3HAUMTENIbHO YBEJIHYH-
BAa€TCA NpH OypeHHH CKBaXXHH.

B Hacrosuiee Bpema B CCCP HauGonee 3¢dppexTHBHBIM HampapjieHHEM NpUMeHEHUA ri1y-
6MHHOrO TemwIa 3eMIH ABNAECTCA TeIUIOCHa6XKeHHe OMOB H TEIUMII, a TAKXKEe HCIONb30BaHHE
TEPMaTIbHBIX BOJL, B KYPOPTHOM Jiee.

Ha Kamuarke, rae noxa paGoraer HeGonpiuass ombiTHO-NpombliiwieHHaa [eoTIC Ha Ilay-
weTke (11 MBT), BemyTcA H3bICKaHHA NOJ, CTPOMTENBCTBO KpymHoii (200 MBT) T'eoT3C
B paiioHe MyTHOBCKOro BYJIKaHa.

Hcnosnp3oBaHHe rHAPOTEPMANIbHBIX PECYPCOB Hallled CTPaHbl MOXET GbiTh pe3KO yBENH-
YeHO, TaK Kak Mo oueHke Munucrepctsa reonorni CCCP [Hypuatos u np., 1977] Bo3MOx- .
HO €XECYTOUHOE M3BIicucHMe M3 Hefp 22 MiIH. M°> TepManbHeIX Bof H 0,43 T MapoBOAAHBIX
cMmeceit. OnHaKoO 1A YCIEUIHOFO OCBOEHMA 3THX PECYpPCOB HeOGXOMMMO pellleHHe HECKOIIb-
KHX BOXHBIX TMApOreoxuMuuyeckux mnpobnem. K takum mnpoGnemam mpexne Bcero Moryr
GbITb OTHeceHbl: 1) KOppO3UA CKBaXHH M TpYG, a Takxe oGopynoBanua IeoTIC u uHpy-
CTPHAJIBHBIX OGBEKTOB TEPMAIbHBIMHM BOHOAMM; 2) COJIEOT/IOKEHHE B CKBaXKHMHaX M TpyGo-
npoBopax; 3) 3arpA3HeHHe OKpYXKalolLle# Cpelbl KOMIOHEHTAMHM, CONEPXKALIMMHUCA B Tep-
ManbHbIX ¢mionmax; 4) BbIACHEHHE TIYOHHHBIX TeMIeparyp MO OCOGEeHHOCTAM COCTaBa
MOBEPXHOCTHBIX TEPMOTIPOABIICHHIA.

Borrpocam GopObl ¢ KOppO3ueH H CONEOTIONEHHEM, a TAKXe C 3arpA3HEHHEM OKp) Kalo-
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Puc. 30. Hcnonp3oBaHue rnyGHHHOTO TelUla 3eMJIM, aKKYMYIIHPOBaHHOTO B TePMAIbHBIX BOOAX H Mapo-

ru}:l})oTepMax )
— neiictpyomme I'eoTIC; 2 — crpoammecs u 3xcnepumeHntanbuble ['eoTIC; 3 — TemsiocHadkenne
roponioB, HHAY CTPHAlIbHOE HUNTH CENbCKOXO3AINCTBEHHOE MCTIOJIb30B aHHUe

Hiei cpelbl, BO3HMKIUMM YXe NpH MEPBBIX MOMBITKAX MCNOIb3OBAHMA TEPMAJIbHBIX M MH-
HEpANBHBIX BOJI, MOCBAIIEHO MHOTO CriemManbHBIX pabor [Hampumep, C60pHUK ..., 1981;
Proceedings ..., 1970, 1975; u gp.], ¥ mo3TOMY MBI 37IeCh Ha HMX He GYHEM OCTaHaBIIM-
BaThcA. 3HaueHHe TpeTbel MpoGiieMbl — GOpbOBI ¢ XMMHYECKHM, TEIVIOBBIM H aKYCTHYECKUM
3arpA3HEHHEM OKPpYIKalllel cpeabl NpH MPaKTHYECKOM OCBOCHHM FMApPOTEPMAIbHBIX pecyp-
COB — B TOJIHOW Mepe BBIACHWIOCH JIMIIb B NMOCIEOHME rOfbl, ¥ Mbl PaCCMOTPHM €€ NOf-
pobHee.

BrnusiHMe rHOpOTEpPM Ha OKpYxawowylo cpeny. Micnonb3oBaHue maporufpoTepM IJif Bbipa-
GOTKH re0TepMalIbHOM YHEPrHH CONMPOBOKAAETCA MEHBILIHM BO3MEHCTBHEM Ha OKPYKaIOILLYI0
cpenyy, 4eM BJIMAHME HA Hee TEIUIOBBIX HJIM aTOMHBIX CTaHIMii. Bce e B pafe cnyuyaeB OHO
OOBOJIBHO 3ameTHO. Tak, mpH BbIGpOCe M3 CKBaXHH NMapOBOMAHON CMECH Pe3KO YBENHUM-
BaeTCA ypoOBeHb IyMa, mpeBbilliag uHoraa 120 ob. BopsHas mbUTh MOKPBHIBAET ACPEBbA H
TpaBy, OT/Iaras Ha HUX KpeMHe3eM U Apyrue cond. B pesynbrare oxpyxatomme jieca u nons
MOTYT GbITh YHHUTOXEHBI, KaK 3TO CIIYYHIIOCh Ha THAPOTEPMAIbHBIX MeCTOpOXaeHHAX Baiipa-
Kei M Axyauanan. MHoraa Ha 3HauMTenbHbIE PAacCTOAHMA MNMpPOTATHBAKTCA TPyGOMPOBOMRI,
MEHAA MeCTHBII NnaramadT.

[Ipu c6poce Ha OHEBHYI0 MOBEPXHOCTh OTPaBOTaHHBIX TEPMATbHBIX BOJ, MOXET MPOUCXO-
OMTb XUMHMYECKOE 3arps3HeHHe BojoeMoB. Kak yke OTMeYanoch Bbillie, THAPOTEPMBI YacTO
copepxaT GONbIloe KOMHYECTBO colteil U cpemw HUX F, B, As u taxensie Metausl. [IpocToie
pacuersi MOKa3bpiBaloT, yt0 ['e0TIC Moumocteio 100 MBT Hcnomns3yer B rog 10 MiH. T reo-
TepManbHOro diiouaa win okono 100 MIJIH. T ropsiueil Boapbl, KOTOpPaA MOXeET BBIHECTH H3
Henp o 100 1hic. T coneit xnopa, or 50 mo 1700 T aMMMaka, 3HaUMTENbHbIE KOJMYECTBA
dropa, cepHO# KMCIIOTHI, G5pOMa, MBILLIbAKA H APYTHX KOMIOHEHTOB (Tabn. 57).

KoHkpeTHble THAPOTEPMAIbHBIE CHCTEMbI, KaK NpPaBWIO, Pa3lIMYalOTCA HEKOTOPbIMH
cnemmpHYeCKUMH 0COBGEHHOCTAMH XHMHYECKOrO COCTaBa FOPAYHX BOJ, M KOHJEHcaTa napa.
B omuux cnyuyasx (xak, Hampumep, Ha MmecTopoxaennn Ceppo IIpuero) TepmainbHbie BOIbI
XapaKTepH3YITCA MOBLIIIEHHOH MHHEpANH3alKeil, B IPYTHX — BbICOKMMH KOHLEHTPaLMAMHU
Kakoro-m6o snemeHra (NH,; n B B reotepmansiom cdiioune IeiisepoB CoHoma u Jlappe-
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Puc. 31. CxeMa nepCcreKTHBHOTO HCNIONB30BaHHA TepManbHLIX Bog CCCP B npak-
THYECKHX Leax

1 — paiioHbl, rie MCNONB3OBaAHNE TEPMATBHBIX BO MPH COBPEMEHHOM YpPOBHe
TeXHMKH IKOHOMHYECKM He BBITOOAHO (Ha OTAENBHBIX YYaCTKaX MOTYT ObITh HC-
f0/b30BaHbI TEPMaTIbHbIE BOMBI, H3BJIeUeHHbIE NONYTHO NpPH r1yGoKoM GypeHus
Ha HedTb); 2 — 4 — paliOHBI BO3MOXHOTO MCMONbL3OBAHHA TEPMAJIBHLIX BOX
B faccefiHax M Ay lIEBbIX MaBHABOHAX, 1A 05OrpeBa rpyHTa, OTTEMBAHMA Mep3-
NBIX MOPOM ¥ TEIWIOBOTO OpOIUEeHHA, § — TO e, KpOMe MOCIeHero BHMAA MC-
NoJb30BaHUA; J — @ ~ PaHOHBDI, Tie BO3MOXHBI BCe BHObI HCMOJIb30BAHHA TeP-
MWTBHBIX BOM, NEpeyUCIEHHbie B NMyHKTE 2,4, H, KpoMe TOro, mWiA ropavero

BOOOCHAGKEHMA M B TEIUIMYHO-MAPHWKOBOM XO3AlCTBE, 6 — ABa NOCIENHNX BH-
12 MCMIOJIb3OBAHUSA JTHLIL ¢ MPUMeHeHHeM TernoobMeHHnKoB; 4 — @ — pailoHsl,
rae BO3MOXKHBI BCE BH/AbI UCMOJIb30BAHHA TEPMAILHBIX BOQ, [EPEUHCIIEHHbIE B
nyskTax 2, @ u 3, a, a Takxe V1A TeWIOCHaGKeuH s HACENEHHBIX MYHKTOB, XJTaRo-
cHaGxeHHA M BBIPaGOTKH IneKTpo3Heprun Ha IeoTIC ¢ npuMeHeHHeM npoMe-
HKYTOMHBIX HH3K OKMIIALUMX BellecTB, 6 — TO Xe, ¢ MIPUMEHEeHUEM TETTOOGMeH M-
KOB; 5 — @ — paiiloMbl, B KOTOPbIX BO3MOXHBI BCe BHOBI HCNOJIB30BAHUA Tep-
MaJIBHBIX Bofl, BK/mouaf I'eoTIC ¢ npAMBIM NapOBOAAHBIM LHUKIIOM, & — TO Xe,
C MpUMEHeHHeM TelU1006GMeHHMKOB



Tabnuua 56

Toxa3aTelH TEXHHYECKOH BO3MOKHOCTH HCNIONBLIOBAHHSA TEPMAIbHBIX BOJ MPH CPOKE IKCIUIYATAUMH He
menee 25 ner [Maxapeuko, Kononos, 1973; Barbier, Fanelli, 1977; c soGaBneHusAMH aBTOpa)

R He6ur, Cny6una 3anera-
BHI MCTIONB3OBAHHA T"C, M3 /cyT, HHUA BOAOHOCHO- Musepanusauus,
He MECHee He Memee ro ropH3oHTa, M, l‘/!‘l, He Gonee
He Gornee
BoipaGoTka anekTpo3neprun I'eoTIC 180 10000 3000 15
(10 MBT) ¢ npAMbIM MAPOBOAAHBIM LHKIIOM
BrinapHBaHue BbICOKOKOHUEHTPHPOBAaHHBIX 170 500 2500
pacTBOpPOB
MonyueHHe TAXENO! BOIBI 170 500 2500
CyllIKa JieCOMaTepHaJioB, IHATOMHTa, pbIGHOMK 160 1000 2500 2(50)
MYKH
KoHcepBHpOBaHHe IPOAYKTOB 140 500 1500 2
JHMCTHIUIAUMA BOOBI 120 500 2500 300
BripaGoTka antekTpo3Hepriu Ha FeoTIC 80 20000 2500
(10 MBT) c npuMeHeHHEM NPOMEKY TOUHBIX
HH3KOKHIALLMX BELLECTB
Cy1iKa OpraH4YeCcKHX MaTepHaJIOB, BOOO- 100 500 1500 2(50)
pocrieii, TpaBbl, oBoLLEeH
Mof#ika u cylika mepcry 100 500 1500 2(50)
TenocHaGxeHne HacelleHHBIX MYHKTOB 65 1000 2500 5(50)
XnanocHaGxeHHe 70 500 1500 50
YXMBOTHOBOACTBO 45 500 1500 2
TennuyHo-TTapHHKOBOE X03ARcTBO (0GOrpen 60 500 1500 10(50)
BO3[yXa M NTOYBHI)
T'opsuee BopocHaGxeHHe 50 1000 1500 1(50)
BripaiuyBaHue rpuGos 50 - - 2
Hoporpes noyssl 40 500 1500 2(50)
Bacceftiibl 1A NIaBaHHUA 30 250 1000 50
BposkeHiHe H NpOH3BOACTBO pepMeHTOB 30 - - 2
OTTanBalHe MepITBIX TOPOA, 30 250 2000
Pa3BefeHHe puIGHI 20 500 1000 1

Npumeuvuanue. B ckobkax ykasaHa OONycTHMMas MHHEPANU3aUMA BOA MIA reOTEPMAIBHbBIX
YCTaHOBOK € TeMI006GMEHHHUK OM.

perno, As B Tepmax Jmb Tatvo). OHM 4acTo COTEPXKAT M TaKHe BPe[HbI¢ A 3[AOPOBbA
yeNloBeKa, CEJIbCKOro X03AicTBa M phiGoBoAcTBa KoMMOHeHThi, Kak F, B, As, Zn, Cd, Pb,
Hg, Se (1abn. 58, 59).

Oco6ento Gonbluoe 3arpA3HeHHe BOOOEMOB TSXKEIBIMH METAUIaMM HaGiofaeTca IMpH
cOpoce reorepManbHBIX GIIOHOOB C BHICOKON MHHEpanM3alueH, a NPH BBIXOME HA THEBHYIO
NOBEPXHOCTh MAJIOMHHEPATH30BaHHbIX TEPM OHO OYeHb HE3HAUMTENBHO.

KouneHTpaumsa B rugporepmax ¢bTopa OGBIYHO HIdKe pa3spelleHHOH JIA NMUTbEBLIX BOI
(1,5 Mr/m) u NMILG B peAKHX CIYYasAX NpeBbILAaeT 3TOT YPOBeHb, AOocTHrasA 20 Mr/im.

ConepxaHue B HuX Gopa TOoXe OGBIYHO HM)KE MAKCHMAllbHOH HOPMbE ISl MATHEBBIX
Boa (20 mr/m). OnHako Ha HeKOTOpBIX MecTopoXkIeHHAX (Jlapoepenno, I'eiizepsi CoHoma,
AxyauanaH) oTMeualoTcA Gojlee BBICOKHE €ro KOHLEHTpauuH B BOJAX, cOpachiBaeMbiX B HMp-
PMTaUMOHHYIO0 CETb.

CBuHen W KaMHil B NMOBBILIEHHBIX (ONACHBIX /1A 3MOPOBbA) KOJIMYECTBAX BCTPEUAIOTCA
JMILb B OYeHb CONEHbIX WM kMcnbIX Bofdax (ContoH Cu, Ceppo Ilpuero u Marcao) . [Ipo6re-
Ma 3arpA3HEeHHA NpPECHBIX BOM 3THMH 3JIEMEHTaMH, 2 TAKXKe MAapraHUeM M Kelne30M BO3HH-
KaeT JIMILIb KOTAa MHHEPATH3aLMA TEPMANIbHBIX BOA, npeBbituaer 10 r/kr.

KoHuenTpauma MbllbAKa B THAPOTEPMAx COCTaBNAEeT OGBLIYHO HECKOJNbKO, HO HHOr[a
nocturaer 40-50 wr/n. [lpeBbllleHHe OONYCTHMON HOPMBI COOEPXaHMA €ro B BOAAX
(0,05 Mr/n) yxe B HECKONBKO pa3 MOXeT MPHBECTH K OTPAaBJICHHIO, H MOITOMY yIaleHHe

187



Tabénuua 57

OGuiee KONHYECTBO XHMHYECKHX KOMMOHEHTOB, BHIHOCHMBIX Ha AHEBHYK NOBEPXHOCTL MpH paGoTe He-
kotopbix I'eoTIC, MowHoctsio 100 MBT, 1/roa [Ellis, 1978; ¢ noGaBnenusmu aBTOpa)

KoMIoHeHTb! Egppo Tpue - Baipaxeit Bpomneunc | Kpabna* :gﬁM?p“ Co- MNMayxerxa™*
Li 320 350 300 20 - 300
Na 1,5 - 10° 3,5-10* 3-104 2,1-10* - 1.105
K 4-10* 5500 5000 2490 - 8000
Ca 1-10°% 500 80 170 - 5900
F 40 200 200 120 - 200
Cl 3.10°% 6-10* 5-10% 1,3-103 - 1,7- 10°
Bt 500 150 150 - - 370
SO, 170 700 200 19-10 - 4,7-10°%
NH, 800 50 500 - 1700 60
B 400 750 1100 56 200 4,1-10%
Sio, 4.10% 2-104 2-10° 2,8 -10* - 1-10°
As 30 100 100 - - 375
Hg - 0,025 0,035 0,03 0,04 0,04
CO, 1,5-10° 8000 4-10° 1,1-10* 3-10* 3.10%
H,S 4000 300 6000 - 2000 -

* U3 pacueTa yBenuueHUA MOLIHOCTH OeficTpylowesi FeoTIC ao 100 MBT u coOTBeTCTBYIOLUErO NOTpeGIeHUsA

TepManbHbIX ¢ MOHOOB.

Ta6bnuma 58

OG6uuil COCTaB TEPMANbHBIX BOA H KOHAEGHCATOB Mapa, BLIXOAAIUMX H3 CKBRKHMH Ha re0TepMAlbHBIX
mecropoxaeunsax, mr/a [Ellis, 1978; c noGaBnenuamu asTopa)

KomnonenTtst

‘CopepxaHue B BOOe

Conepxal-me B KOHOeHcaTe

JonycTHMBble K OHLIEH-
TpauM#u B MUTbeBOM
BOOe

ConeHocthb (kak NaCl) 500-200000

pH
SO,
F

B
Sio,
NH,
As
Hg

cd
Pb

2,5—-9 (o6bluHO 6—9)
0-200

1-40

1-1000 (yacro 20-50)
500-1500

1-100 (vyacro 1-10)
1-50 (uacro 2-10)
0,00005-0,001 (B pacconax no
0,06)

1075-1

0,004-100

* Hauppicuinii skeNaTebHBIA YpPOBEHbD.

0-1
5-8
20--1700

0,01-1 (penxo 20—200)

1-50 (penxo 100—1000)
0,002-0,05
0,001-0,06

C1-350 (200*)

500 (200*)
0,7-1,5 (1,3%)
20

10

0,05

0,001 (0,0008 B BO3-
nyxe)

0,01

0,03

MBILIBAKA M3 TaKHX TEPMANIBHBIX BOJ CTAHOBHTICA OJHOR M3 BaxHelumx 3agay. OmuH M3
METONIOB é€ peuleHMsA, paspaGoraHHbiit I'. Por6aymom u B. Anpeproiom [Rothbaum, An-
derton, 1975}, ycnemHo npumeHsercA Ha mectopoxpeHun Bpomnennc. TepmanbHas Bona
TaM nepeft c6pocom octbiBaeT 10 90°C, uTO MO3BOMNAET OCYLIECTBHTBCA MpOUECCY TIOMMMe-
pH3alMH KpeMHe3dema. 3aTeM B Hee NOGAaBNAKT HeGOJBIIHE KONMYECTBA XJIOpa, YTOGLI OKH-
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Ta6nuua 59
CopepXaHusa Xnopa (B Mr/n) M TAXeNBIX METANAOB (B MKr//I) B TEPMAJIBHBIX BOAAX

(I:‘:;pe(;r:pmanbnan a ) Fe Mn Cu Pb
Baitpakeit* 2200 12 0,7 2 4
Bpomnennc* 1740 360 13 1 4
Matcao* 9000 148000 28000 35 500
Ceppe Ilpueto* 21000 200 640 5 5
ContoH Cu* 184000 2,310 1,4 - 108 8000 1-10°
Kpa6na-Haymadr 20 21 <10 40 24
AW
PeftkpAHeC 29100 192 4200 26 2,6
AnnanoGena 710 - 5 <1 4
MayxeTka 1665 - 40 32 29
HonuHa [ettzepon 919 - - 1,9 0,9
Bonkine BaHHbIE 150 300 60 - 40

*TTo A. Ox. nmucy [Ellis, 1978].

Ta6nuua 59 (okoHuaHHe)

Lapormammn | gn | ca | s | s e
Baftpakeit* 2 0,5 - 4700 100 0,1
Bponnennc* 1 0,02 7 5700 200 0,1
Matcao* 8800 - - - - -
Ceppo Ipuero* 6 - - 2000 400 -
Conton Cu* 5-10° 2000 1500 12000 400 6
Kpa6na-Haymadp s <2 - 1,4 - 40 0,3
A0b
PeitknaHec 88 - 6,1 40 - -
Annano6ena 25 - - <100 - <1
Hayxerka - - - 7500 285 0,4
Honuna leitaepon 70 - - 1700 35 -
Bonsume BanHbie 5 - - 500 - -

CIIMTb apCeHMT B MeHee TOKCHYHbIA apceHar. Kpome Toro, mobGamnsior HeGonbllMe KONMHYe-
CTBa rallleHOW M3BeCTH, B pe3yJbTaTe 4ero oopasyercs OCafloK CWIMKATOB KallblUA, B KOTO-
POM TaKXe COHEPXMTCA MHOTO MBIUIBAKA, H3BJIEYEHHOr0 M3 BoAbI. A yaaneHHsA MbIUbAKA
U3 TEPMAaNbHOTO PacTBOpa B MOCIEOHHIA MOXKHO TakKe H0GaBNATL KHCIbIi pacTtBop FeSO,.

KoHueHTpaiis pTYTH B TEPMAIbHBIX BOAax MOYTH BCeraa HIDKe AOMYCTHMOH HOpMBbI A
muTheBbIXx Bon (1 mkr/n). Hampumep, B cucreme Bpomnennc, no pmamneiM A. k. Jmimca
[Ellis, 1968], rae ¢ mapoM BBIHOCHTCA OKOJIO 5 rfu PTYTH, ee KOHLEHTpAaUMA B NMapoBOM
IIaNKe Haj MecTOpoxKaeHueM cocTaBnser 0,2 MKr/n, a B BOJE, €CTECTBEHHO, elle HHXe
(oxono 0,1 mxr/n). HcknioueHHe COCTABJIAIOT NHUD BHICOKOMUHEPATH3OBAHHBIE PACCONBI
ConroH Cu, roe cogepxanne Hg coctaBnser 6 Mxr/n. B oTnnune oT tepmanbHbiX BOM KOH-
OeHcarbl mapa Gonee oGoramienbl pTyThio (1—5 MKI/n), a B KHCHBIX CyNbGhaTHBIX KOHHIEH-
caTax MeCTOpOXIeHHA MailykaBa ee conep>kaHue Bocruraer gaxe S0—60 Mxr/.

HexoTopbie TepMasibHble BOMBI, PA3rpyXasach Ha JHEBHOH MOBEPXHOCTH, OTIJIAfbIBAIOT .
cynbduapl (rnaBHBIM OGpPa3’oM CypbMBbI H MBILIBAKA) , KOTOpbIE CONEPXAT MPUMECH M ApY-
rux Tsxensix merauioB — Hg, Tl, Au, Ag. Imu cynbdummsie ocanxu, conepxaume go 100
u paxce 1000 Mr/kr pTyTH, B HeGoNbUMX 0GbeMax MOTYT HAKAIUIMBAaThCA B PEKax M 03epax.
Buonoruueckoe 0Gpa3oBaHHe COENMHEHHA PTYTH C METHIOM B OCaIKaX MOXET BbI3BaTb
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MECTHOe 3arpA3HeHHe BOJA, ¥ 3apaxeHHue pryThio poib. Tak, B HoBoi 3enannuv B p. Baitkaro,
Kyna cOpacbiBaer TepmasibHbie Bofbl [eoTIC, B TaHAX pbIGbI, BBUIOBICHHOH HHXKE CTAHIIMH
no TeYeHHIo, okasanocs B 4,5 pasa Gonblue pryTH, YeM B pbibGe, MOWMAHHON BbILLUE IO Teye-
Huto. OnHako B uenoM 3arpasHeHue Bop, Hg HesHaunTenbHO, Tak Kak pacTBOPHMOCTb PTy-
TH B TEPMATBHBIX BOJAX HH3Ka.

Bokpyr neiictByroumx ['eoTIC mpoucxommr Takxke 3arpa3HeHHe Bo3dyxa. Beixomsammi
Ha NOBEPXHOCTh map cofepxHT oT 0,5 mo 6% Bec. HekoHaeHcHpylowero ra3a (CO,, H; S, H,,
CHs n NH,;). Noncuurano, yto mia IeoTIC mouoctsio 1000 MBT 1peGyerca 195 ThIC. T
napa/cyt. KoHuentpauns H, S B npuponHoMm nape xoneGrnercs B 3HaUMTENbHBIX Mpefenax —
ot 30 mr/n B Otake u Ha Baiipakee no 400 mr/n B Ceppo Ipuero u 500—1000 mr/n B nape
Bponnennca. Ha nocnentem mectopoxaeHnn execyTouHblit ne6ut H, S cocrasnser 12-24 1.
3mecs oxono 3 mr/n H, S Brijengerca B mapoBoii cynTaH Haj oxnaxpaamwowei Gaumeii. B ar-
Moctepe 3anmax CepoBOAOPONA OLIYLIAETCA YXe Npu ero koHueHTpauud 0,002 mr/n. Ecan
comepxaiue H, S Bo3pacraer oo 10 Mr/m, T0 MPOUCXOOMT pasfpakeHue rinas, a npu 20 mr/n —
nerkux. 3amax cepoBOOpOHAa NPM COLEPKAHMM €ro B BO3AYXe CBblillle 5O Mr/n mapanusyer
yesIoBeKa, a Mpu 6OnblMX KoHUeHTpauuAx H,S Mmoxer Hactymuth cMepth. K coxaneHuio,
TaKHe CKOIUIEHUsI CEPOBOMAOPOJA HAa reOTEPMAIbHBIX MONAX HMEIT MecTo (HampHMeEp, B NO-
HHIKEHUAX OKOJIO CKBRKHMH, TpyO, B KaHaBaX M TepMaJlbHbIX GacceifHax), H HECKOIBKO He-
CYaCTHBIX ClyyaeB Gbu10 oTmeyeHo Ha Potopya u ppyrux mecropoxaenuax [Ellis, 1968].

Cnoco6bt ypanenus H, S ua rasos pacemorpen k. Jlacno [Laszlo, 1976). OouH u3 Hux —
CKHraHHe TOpIOYHMX ra3’oB, BHIAEJAIOIIMXCA M3 ra3’oOTAe/HTeNA, H MOCIEYIoIIee OYHILEHHE
OCTaTKAa ra3oB KoHaeHcatoM napa ¢ Huskum pH. [lpu atom ypmanserca oxono 50% H,S.
Ipyro# cmocoG — moGaBka pactBopa FeSO, k Bone, oxytaxnawinei napora’oBylo CMech.
Hon enesa pearupyer c pactBopeHHbiM H, S, oGpa3ysn cepy. HoHbI Xene3a BocCTaHaBiIH-
BRIOTCA 3aHOBO MpM a3palMH pacTBopa B rpagupHe. KoHOeHcaTop BHIBOOMT rasbl B GaliiHio
OXJIaKAeHMA, YTOObl OUMCTHTh MX pacTBopom. IIpu 3tom ymansanocs okono 90-92% H,S,
OOHAKO YBENMUWICA [polecCc KOppO3HH, a OGOpyHNOBaHME M 3aIBWKKH TPYG MOKPBUIMCH
ocanxom FeS. Tperuii cnoco6 — Henpsamas koHaeHcauus. Bona, uMpKynupyoias B rpagup-
He, OTHENAeTCA OT KOHAEHCATa Napa H ra3’oB B KOHJIEHCOpaX M3 HepkaBemoueit ctarm. Ieo-
TepMaJibHble raspl, Bkitoyaa H,S, He pasGaBnaiorcs BO3AyXOM H B BbICOKOKOHLEHTPHPO-
BaHHOH ¢opme H3BnekawTca npH npouecce Crperdopna, KOTOpIA 3aKIIIOYAETCA B MPOMBI-
BaHHW Ta30B DACTBOPOM COJIbl, HATPUH-aMMOHHNA-OIMBAHANATOM M aHTPOXHHOHIMCYNbdO-
HoBoH kucnoToii. CynbdHasl OKMCTIAWTCA BaHafgaToM O cepbl. BoccraHOBNeHWe BaHague-
BbIX PacTBOPOB NPOMCXOOMT MyTeM BOCCTAHOBIIEHHA BaHAJaTa Ha BO3MAYXe, a4 cepa U3BIEKa-
eTcA B BHE BbICOKOKAUeCTBEHHOTO NPOAYyKTa.

Boipnenenne B atmocdepy YINIEKHCIIOrO ra3a XOTA M He OKa3bIBaeT HeNoCpeNCTBEHHOro
BJIMAHKA HA 30OPOBbE YENOBEKa, TeM He MeHee MOXKET NPHBECTH K TaK Ha3bIBaEMOMY TEIUIO-
BOMY 3arpfi3HEHMIO Cpelibl 3a cueT MapHUKOBOro 3¢dexra. YBenuueHue KoHueHTpauui CO,
B atMocdepe Hap kpymnHsIMH ['eoTIC nmo 1ol e MpHYMHE TaKXKe MPHUBOAMT K YBEJTHUCHHIO
cpedHel Temmneparypol Bo3noyxa. Kpome TOoro, Ha rpagupHax HcHapsiercA CyLIECTBEHHOe
KOJIMueCTBO BOAbl (oKoj0 60 mMiH. M> Boaw B ropg Ha I'eoTIC MowHocmsio 1000 MBT),
YTO MOXET CKa3aThCA Ha KIJIMMaTe HaHHOH MEeCTHOCTH.

Hakoten, cOpoc oTpaGoTaHHBIX TepManbHbIX BOA H KOHMEHcara mapa B Gnu3nexaiue
BOOOEMBI MOJXET, NOBBbILlIAA WX TeMIIEpaTypy, CYLIECTBEHHO H3MEHHTb 3KOJIOTHYECKYIO
o6craHoBky. UToGBI 3TOrO0 He MpOM3OLUIO, OTpabGoTaHHble hIIOHABI MOIKHBI HANPABIATHCA
B BOJOEMBI, PacXofi KOTOpBIX MNpeBbIlllaeT OeGUT cOpoca He MeHee yeM B 30—100 pas. Ilpnu
TaKOM pa3GaBlieHHH GOJBLIMHCTBO XHMHYECKHX KOMIIOHEHTOB TepMalbHbIX ¢ironpon Oy-
OeT HAXOMHTbCA B KOHLCHTPALMAX, HE NPEACTaBIAIOIIMX ONMaCHOCTH [JIA 3N0POBBA YelNoBeKa.

CaMbIM JIYYLIHM, XOTS H CONPAXEHHBIM C JOTONTHHTENBHBIMHU 3aTPaTaMHu CocoGoM Goph-
6bl C 3arpA3HEHHEM OKPpYXKalollied cpelbl NPH MCIO/Ib30BAHHH IMAPOTEPMATBHBIX PECYPCOB
ABNIAETCA 3aKauka oTpaboraHHoro ¢monpa obparHo B mwiact. Takue IKcnepHMEHTHI yCHell-
HO BedyTca ceiivac Ha MecropoxaeHuax Ceppo Ilpuero, Axyavanan, Orake, eiizepbt Co-
Homa, Hmmnepuan Banmu H HexoTopbix Apyrux. KoHcTpyHpyloTcA cmeumanbHble axKycTH-
yeCKHe Kamepbl M 3BYKOTacHTENM [JIA CHIXEHHA YPOBHA LyMa [eHCTBYIOIUMX CKBDKHH.
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Pa3pabaTbiBaeTCA TeXHONOrMA, He NOIMycKalollas BhiOpOCa ra3oB B aTMOChepy, ¥ BEOyTCH
HCCIEIOBAHUA 1O M3BJICUEHHI0 M3 TePMalbHbIX BOJ KaK BpedHBIX, TaK M IOJIEIHbIX KOM-
FIOHEHTOB.

Bce 3TH MepONPHATHA MO3BONAT CBECTH K MHHHMYMY BO3/IEHCTBHE HCIIONb3OBAHHBIX Tep-
ManbHbIX (UIOUIOB Ha OKpYXalowlylo Cpely, OXpaHe KOTOPOH NMpHAAETCA CETOAHA MepBo-
cTerneHHOe 3HayeHue, H TEM CaMbIM MOBBICHTh KOHKYPEHTOCHOCOGHOCTh reoTepManibHbIX pe-
CYPCOB IO CPaBHEHHIO C APYTHMH HCTOYHHKAMH JHEPTHH.

[1pu pasBepTIBaHuMM paboT NO OCBOEHMIO ITHX PECYpPCOB CO BCeil OCTPOTOH BCTaeT BOMPOC
o BbIGOpe HauGonee MepcneKTHBHBIX YYacTKOB, HX pa3sBedxH M JOObIYM B Mpedenax Bbife-
JICHHBIX BbIIIE PAa3TMYHBIX THAPOreOTEPMAIBHBIX PaiioHOB. OOHUM M3 mMyTell peLUCHHA 3TO-
ro BOMpOCa fBJIAETCA pa3paboTaHHbIN HEAABHO THAPOXMMMYECKHMH METOM ONpene/eHus
rIyOMHHBIX Temrnepatryp nona3eMHbix ¢moumoB, BeCbMa KOHOMMUYHBIA M0 CPaBHEHHIO C
OPYTHMH cioco6aMH X OLIEHKH.

THOpoXHMHYECKHH MeTON onpeneneHMs IITyOHHHBIX TeMNepaTyp NMOA3eMHBLIX (POHHOB.
B nocnegHue roAul 3TOT MeTOR NMOAyuw1 ocoGeHHO 6olbllioe pacIpocTpaHeHHe 33 pyGexom
[White, 1970; Fournier, Truesdell, 1973, 1974; Fournier, 1977; u mu. ap.]. Ilpenmno-
CBUIKOH [Nl TAKOTrO MCMONb30BaHMA TMIPOXHMHYECKHX JAHHbIX ABNAETCA YCTaHOBJICHHas
3KCNEPHMEHTATIBHBIMH H TOJIEBLIMH HCCHENOBaHUAMH 3aBHCHMOCTb CONECpP)KAaHHA PANA Xa-
PaKTepHBIX KOMMOHEHTOB THAPOTEPM OT TeMIepaTyphl. BuipaxenHas rpadHuecKH WIM aHa-
JINTHYECKH, TaKasA 3aBHCHMOCTH MO3BOJNAET MO KOHUECHTPAUMAM TOTO WIM HHOTO KOMIIOHEH-
Ta WIH BeJIMYMHE MX OTHOLUEHHA B NMOBEPXHOCTHBIX BOLONMpPOABNEHHAX OLEHMTh IiiyGHHHYIO
TEMINEPaTypy FHAPOTEPMANIbHOMN CHCTEMBIL. ONbIT pa3GypHBaHHA COBPEMEHHDIX FHAPOTEPMallb-
HBIX CHCTEM MOKas3bIBaeT, YTO MPOrHO3HblE TEMIEPaTYpbl OTHOCATCA K HMHTEpPBANY IiyOHH
OT HECKOJIbKMX COTEH METPOB JI0 1—-2 KM B 3aBHCHMMOCTM OT KOHKPETHOH THIOpPOT€OJOrH-
yecKoil 06cTaHOBKH.

JaHHpliik MeTon, B MPHHIMIE NO3BOJIAET BBIABUTL Haubonee NEPCHEKTUBHBIC YYaCTKH
rHOPOTEPMATIBHOTO MECTOPOXICHHA Ge3 mpoBeneHHsa Ha Hem 6yposbix pabor. [loatomy Bo
MHOFHX CTPaHaX OH IIMPOKO HMCNOJIb3YEeTCA B MPAaKTHKE THAPOreOJIOrHYECKHX MCCIedoBa-
HHH NpU Mouckax M pasBedke TepmantbHbIX Bofd. K coxanenuio, B CCCP 3roT Meton ewe
TOJIbKO HauMHaeT ocBauBaTbea [WibHH M Ap., 1979; Wnbua, KoHoHoBs, 1979; BapaGanos u np.,
1979].

[lpuMeHeHMe TMOPOXHMHMUYECKOTrO METOHa IJIfi pacuera rnyOHHHBIX Temnepatyp Tpebyer
onpeneNeHHbIX NOMylUEeHUH.' Bo-nepBbIX, MpPEANONaraercs, Y10 XO[ XHMHYECKUX pPeaKIMi
B CHCTeMe ’BOJAa—NOpofa” 3aBHCHT B OCHOBHOM OT Temmeparypel. Bo-BTOpbIX, cuMTaercs,
YTO peaKuMH JOCTMraloT paBHOBeCHA NpH 6a30BOi TeMIeparype, CYLLECIBYWILEH B IMUTal0-
IMX TOPH3OHTaX THOPOTEPMAIBHOM CUCTeMbl. B-Tperhux,Bo Bpems Murpaimmn  dnionpa x
MeCTy onpoGOBaHHA HE MOIKHO TEPATHCA 3HAUMTENBHBIX KOJMYECTB TeIIa M PaCTBOPEHHBIX
Ha rinyGMHEe KOMIIOHEHTOB MNH e NMpUOGPETaThcs HOBBIX, XapaKTEPH3YIOWMX HHBIC YCIIOBHS
paBHOBecusa. OueBUAHO, YTO HAOEXHOCTh TOrO WIM HHOrO FMAPOXMMHUYECKOro HMHOMKATOpa
rJIyOHHHBIX TeMIepatryp (TeoTepMOMETPA) UeNMKOM OGYCIIOBJIEHA MONHOTOH COGNIOReHHA
3THX JomyuieHui. [loaTtoMy cnenyer BbIGHpaTh TaKo# reoTepMOMETp, KOTOPLIH 6yneT MeHb-
e pearMpoBaTh HA HapylleHHE MEPEYHCIICHHBIX YCTIOBHH B BEpXHHX FOPH3OHTaxX rMAPOTEp-
MaTbHO# CHCTEMBI.

PaccMOTpHM ¢ 3TO# TOYKH 3peHUA BCe CYUIECTBYIOLIHE B HaCTOALICe BPeMA THIPOXMMHU-
YeCKHe reoTepMOMETPDI, Pa3fieNIMB HX Ha KauyecTBeHHblE H KoJiMuecTBeHHble. Ilepshie maioT
JMIB CPABHUTENIbHYI0 OTHOCHTENIBHYI0 XapaKTEPUCTHKY IJyOGHMHHBIX TeMieparyp. Bropsle
NO3BOJIAIOT PACCYMTATh WIM rpadHyecKy OLEHHTb TeMIlepaTypy ¢ TouHocthio + 20°C. Kax
Te, TaK H Jpyrue rufipOXMMHYECKHE HHOMKATOpPBI MOTrYT ObIiTh NOApa3feleHbl Ha HOHHbIE,
ras’oBbic H H3OTOMHbIC; C TOH ke LENbI0 UCMONB3YIOTCA U HEKOTOpbie HEWTpasibHbie HOHHbIE
napbl (cnaboaucCOUMHPOBaHHbIE COSNTUHEHHSA) .

K kauecTBeHHBIM reoTepMoMeTpam (puc.32) OTHOCATCA: a) conepykaHHe HoHOB Ca, Mg,
HCO,, Cl; 6) BenuyuHbl HOHHBIX OoTHOLUeHHI Mg/Ca, Na/Ca, CI/F; B) sxBHBaleHTHOE OTHO-
wenue Cl/ (HCO3+ CO%7); r) ornowenne H, /mpyrue raspi; 1) HaTHYHE OTIOKEHHIA KpPeM-
He3eMa M TPaBepTHHA.

191



a
R
R \
N N
N N
N R
N N
3 3
N N
N
3
)
7 7
$i0,, werr
Puc. 32. XapakTtep H3MeHeHHA cofepXaHHi (d) M He-
KOTOpbIX OTHOIULICHUH (6) KOMNOHEHTOB TepMallbHBIX
Jo7 - e, 7, pacTBOPOB B 3aBHCHMOCTH OT TeMmepaTypsl [WnbuH,
y KoHoHoB, 1979]
é
207
Puc. 33. KpuBble pacCTBOpHMOCTH MHHEPAIOB KpeM-
“zr/f7a He3eMa IpPH pa3nuuHBIX Temmneparypax {Fournier,
00 - Rowe, 1962]
1 — amopduuiit kpemuesem; 2 — f-kpuctoba-
T} 3 — a-kpucrobamut; 4 — xamumepoH; 5 — KBapu
NnpH OXJIaKAeHMH: 4 — aAMadatudeckoMm, 6 — KOH-
V4 L 1 ] OyKTHBHOM

S0 700 750 7ot

KonmyecTBeHHBIMM reoTepMoMeTpamu (puc. 33, 34) ciy>xar: a) cofepxaHue paCTBOPEeHHOr o
KpeMHe3eMa; G) BeJIMUHHBI aTOMHBIX M HOHHBIX Na/K oTHoenmii; B) Na/K/Ca —MonsHOe OTHO-
weHHe; r) H3oTomHble ortHowieHMs (8D, 5180, 6'3C). Puanko-xMMHYeCKas CYIIHOCTh
HauGonee momynApHbIX B Hactosilee BpeMa Na/K u Si-reorepmomerpos nmogpo6Ho paccMoT-
pena B paGote B.A. Unbuna u ap. (1979].

Ha noka3aHuA reoTepMOMETPOB OKa3biBAKOT BIMAHWE (U3HYECKHE M XMMHYecKHe ¢ak-
topel. K nepBbIM oTHOCATCA Temmeparypa, AaBicHHe, CKOPOCTh MOTOKA FHAPOTEPM, BpeMs
CYLLIECTBOBAaHMA CHCTEMBI H Jp. Ko BTOpPHIM — MHHEPATOTHYECKHH M XHMMUYECKHI COCTaB
nopon, napuHajibHele AaBneHnsa razos, pH u ap.

Bo3peiicTBHE TeMmepaTypbl Ha HOHHbIE reOTEPMOMETPBI YCTaHOBNIEHO KaK 3KCIEpHMEH-
TAIbHBIMM, TaK ¥ HaTYpHbIMH HaGmwopeHuamu (cM. puc. 34). [lockonpky HaBleHUA B ruf-
pPOTEPMATBHBIX CHCTEMaX OOBIYHO HeBenukH (MeHee 40 aTM), TO OHM He MOTYT OKas3bIBaTh
CYLIECTBEHHOrO BIHAHMA Ha TOYHOCTb pacyeTa (KpPOME pacyeToB IO ra3oBbIM reOTEpMOMET-
paM) . YBenuueHue pa3mpoONEHHOCTH BMEILAOLMX TNOPOA, CHOCOGCIBYMOLIEe NOBBILICHHUIO
CKOPOCTH MOTOKA rHApPOTEPM M GoJiee aKTHBHOMY XMMHUECKOMY B3aHMOMEHCTBHIO MEXMIY
BOJOH M MOPOAOH, HOJIXXHO MPUBECTH K POCTY KOHLEHTPALMH PACTBOPEHHBIX KOMIIOHEHTOB.
OnHako 111 BBeNEHUA COOTBETCTBYIOLIEH MOMPaBKM MOKa HeT JOCTATOYHbIX HaHHbIX. Ucka-
xKarolee BiIMAHHe pu3uuecknX PaKTOPOB B OLEHKE TEMINEPATYpbl MOXKHO CBECTH K MHMHH-
MYMY, HCIOJIb3yA BEIUYHHB! OTHOLUCHHH KOMIOHEHTOB — reoTepMomerpos. [Ipu atom cie-
OyeT HMETh B BUAY, YTO C yBelHYEeHHEM BPEMEHH CYILECTBOBAHMA rHAPOTEPMATIbHBIX CHCTEM
B HauGonee ApeBHHX M3 HUX (cyulecTByroumx Gornee 100 TIC. eT) 3TH BeIMYHHBI B pacTBO-
pax HOJDKHBI NPUONMKATbCA K TAKOBBIM B NMOPOMAaxX BHe 3aBHCHMOCTH OT 6a30BOM TeMIe-
paTypbl M, CNEIOBATENBLHO, He MOTYT BBITh HCNIOJIB30BaHBI B HaumXx uensax. CnoxHee oGCTOUT
AENO C YYeTOM BO3NAEHCTBMA XMMHMYeCKMX (axkTopoB. 3heck B KaXJOM OTAEIBHOM Clyvae
[0XKHAa BBOOMTbCA MONpPaBKa, YCTaHOBJIEHHAa#A MpPH HAaTYpHBIX HaOMIONEHMAX WIM JKCIe-
PHMEHTAIBHO.

O HafIeX>KHOCTH TOTO MIIH MHOTO reoTepMOMETPa MOXHO CY[MThb, CPABHUBAsA PacCYMTaHHbIC
no HeMy TeMIIEpaTyphl ¢ M3MEpPeHHBIMH B CKBaXHHAX B YXe M3YYeHHbIX reoTepMaJIbHbIX
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Puc. 34. KpuBble 3aBUCHMOCTH BEJTHYM-
Hbl aTOMHOTO oTHolueHus Na/K B pac—
TBOpax OT Temmeparypsl [White, 1970;
WnsHH ¥ Op., 1979]

3apucumoctu: I — no A. Yaury,
2 — no M.IL. Opeuny, 3 — no A.JIx. In-
nucy u Y. Maxony, 4 — mo A.Jlx. Inmm-
¢y, 5—6 — no Ix. Xemnn; 7 —IMayxer
cKaf rugpoTepManibHas cHcreMa (Kam-
uarka); 8 — Tlaparyuckas ruaportep-
manbHan cucrema (Kamuatka)

MecTopoxaeHunax. CTaTucTHUeCKas
06paboTKa TaKHX JAHHBIX MO PALY
[eTaJIbHO M3YYEHHBIX MECTOpPOX-
OEGHHIi mnoKa3aia, uYTo HauGonee
HafiexxeH Si-reotepmomerp [Mns-
UH H Op., 1979]. IHpyrue reo-
TEPMOMETpPBl MOTYT GbITh HCIONIb-
30BaHbl JIMIUb B ONpeneNeHHbIX
ycnoBuax. Tak, npeanoskeHHoe
HaMH B KayecrBe reoTEpMOMETPa
orHowenne K/SiO, c¢ ycmexom
MOXeT NMPHMEHATHCA I pacyeTa
temneparyp Ha Iayxerckom mec-
TOPOXEEHHH M BEepXHEM YYacTKe
IMapatynckoro. i OCTAJIbHBIX Xe
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YYaCTKOB MOC/ICAHEr0 MeCTOPOXIEHHSA, a TAK)Ke 11eJIOro pAna SPYTHX reoTepMaIbHbIX CHCTEM
HCTONIb30BaHUE 3TOTO OTHOLIECHUSA He 1aeT XOPOLUMX pe3yNbTaToB.
KonuuectBeHHas OLEHKa MIyOHHHBIX TEMMEPaTyp C MOMOILUBI0 FEOTEPMOMETPOB NPOM3-

BOIMTCA 1O ciefyomym bopmynam.

I. Pacuer mo Si-reorepmoMeTpy B HHTepBane Temmepatryp ot 0 mo 250°C (mpu SiO,
mr/H; O xr) no ¢popmynam P. ®ypHee [Fournier, 1977]

Mo aMop$HHOMY KpeMHe3eMy

o 731
T°C= —— —-273,15
452 -1gC
. 781
p-xpucrobamry 7°C= ——— — 273,15,
451 -1gC
R 1000
a-kpucrobamury 7'C= —————  — 273,15,
4,78 -1gC
T°C 1032 273,15
XajeoH = ——— -273,15,
Y 4,69 —1gC
KBapily (IpH KOHIYKTHBHOM OXJIaX/IeHHH PacTBOpa)
. 1309
7"C=—7r—— -273,15,
519 -1gC

KkBapuy (TnpH agHaGaTHYECKOM OXJIDKJICHWH PACTBOpa)

) 1522
T°C= ———_ __ _273,5.
5,75 —1g C

1)

()

(3)

C)

%

(6)
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11. Pacuer no Na/K-tepmoMetpy (B Mr/n) B uHTepBase Temneparyp 100—245°C
no ¢opmyne II. Yaiita u A. Innuca [White, 1970%

o 855,6
T°C = -273,15, D
1g Na/K + 0,8573
no ¢popmyne P. ®ypube u A. Tpycuenna [Fournier, Truesdell, 1973]
o 177
T°C= —4——— -—-273,15. (8)
Ig Na/K + 0,70

I11. Pacuer no Na/K/Ca-repmomMeTpy (B MOJIB/N1)
no ¢opmyne P. @ypube u A. Tpycnenna [Fournier, Truesdell, 1973]
o 1647
T°C = — — 273,15 9)
1g (Na/K) + Blg(+/Ca/Na) + 2,24
npu §=4/3; /Ca/Na > 1; T< 100°C;
B=1/3; «/Ca/Na < 1; T > 100°C.

T. Mauec [Pales, 1975] 0GHapYXW1 CHCTEMaTHYECKOE OTKITOHEHME U3MEPEHHBIX TeMmIie-
paTyp OT PacCuHTaHHBIX no ¢dopmyne (9) B Tex Chyuasx, KOraa TeMIepaTypa HCTOYHHKA
70°C u mapumansHoe pasnenue CO, Gonee 107 atv. UM npeijioxeH nonpaBoyHbiii K03d-
¢uupent J = —1,36-0,254 Pco, ,C YYETOM KOTOPOTro 3Ta GOopMyIia IpHMET BHA:

1647

C= - 273,15. 10
1g Na/K + 4/3 1g (v/Ca/Na) + 3,6 + 0,253PCoz (10)

o

[IpuMeHeHHe TOR WIM HHOI GOPMYJIbI 3aBUCHT OT TEMIEpPaTyphbl, Fa30HACHILIEHHOCTH K Jle-
6MTa MCCefyeMbIX HCTOUHMKOB. BoiGop HauGonee mopxomsiei GOpMyNbl MOXHO NPOU3BO-
muTh 10 paspaGorakHoi Hamu {Hbun, KoHoHoB, 1979] cxeme:

Hnsa KHOALIIKX HCTOYHUK OB Pexomenpyemas popmyna
1. C Hu3kum aeburom (< 3 nfc)

¢ HU3KHMM ra3oBLiM paxTopom (< 0,06 %) “)

C BBICOKHM Ta30BbIM (akTopom (> 0,06 %) (&)
2. C BbicokHM ne6utom (> 3 n/c)

¢ HU3KHMM Ta30BbIM PpaKTOpOomM (6)

C BLICOKHM Ta30BbIM (paKTOpPOM (%), (M, (8), (9) nnu (10)

JInsA HeKMNALMX HCTOYHHKOB
1. C Hu3KuM OeGHTOM

C HU3KHM Ta30BLIM GaKTOPOM M, (8)

¢ BBICOKMM Ta30BbiM (PaKTOpOM D, 2,3, O
2. C BBICOKHMM HeGHTOM

C HU3KHM Ta30BbIM (aKTOpOM 9)

¢ BBICOKHM Ia30BbIM paKkTopom M, ®

OcTbIBaHKE THAPOTEPM 10 MY TH HX ABHKEHHA K OYary pa3rpy3KH MOXeT MPOHCXOIHTb KaK
B P€3YyJIbTaTe MX MEIJICHHOr0 KOHAYKTHBHOTO OXIKAECHHA, TAK M BCIEACTBHE CMELLEHHA
BOJ, pe3KO pa3NIMYaIOLIMXCA MO TeMneparype. B nepBom cnyuae s Bri6opa Menee pa3basneH-
HOTO XONOAHBIMH BOJAMH HMCTOYHMKA NMpPHMEHAETCA TaM, TOe 3TO BO3MOXHO, Xxnop-kap6o-
HaTHOe OTHOILeHHe (OHO Gy[eT Brillie B MeHee pa3baBNeHHBIX BOJAX), a OLIEHKY TeMIlepaty-
pbl mpoBoaAT 1o popmyrnam (5) u (6), Gepsa cpenHiolo. Bo BTopoM ciyuae rnyGHHHYI0 Tem-
nepatypy OueHHBaKT 1o dopmyie (5).

IIporHo3 TemMmeparyp ¢ MOMOILBIO reOTEPMOMETPOB HaMMeHee TOYEH B CIIyuae HH3KOTEM-
NepaTypHbIX MallofeGHTHBIX BOJ, NMOCKONBbKY 30ech GynmeT cka3piBaThCA BiMAHME Beex dax-
TOPOB, NMPHBOAAIIMX K OXJIAXICHHIO pacTBOpa. B TakMx ciyuasx >kejnaresibHO NMPHBJIEYEHHE
H OpPYrHX NMPH3HAKOB, YKa3bIBAWIUMX Ha INyGHHHYIO TeMmnepaTypy, M B YaCTHOCTH KauecT-
BEHHBIX FeOTEPMOMETPOB. Tak, HAIHYME refi3epuTa BOKPYr HCTOUHHKA MOXET CIYXHThb
CBHIETENILCTBOM BbICOKHX TEMNEPATyp Hellp B HaCTOALLEe BpeMSA WM B HEAAJIEK OM MIPOLLIIOM.

194



~-

N

[~

127
| 125,
5
131 1329
132
139 130736:134 s
140 137

" 143 7

Iyl /n-nilp=niyd

Puc. 35. KapTa nporio3Heix riyGHHHEIX Si-remneparyp rmapoTepManbHbIX cHcreM Kamuatku. Cocrannny
B.H. Kononos, B.A. Umam, C.B. Koanosuesa, B.T. flonax :

1 — ucciemoBaHHDbIE HCTOVHMKH (HOMeEpa COOTBETCTBYIOT pHC. 20; 2-6 - 3oHbI C TeMmepaTypoit;, ~C:
2- < 100, 3 — 100-125, 4 — 125—150, 5 — 150200, 6 — > 200; 7 — mpeAnONarseMsie rpaHMnel 30H



[IpHCyTCTBHE )K€ TpaBepTHMHA yKa3blBaeT OObIMHO HA CPaBHMTENIBHO HU3KHE rNyOMHHEBIE TEM-
nepatypbl. OOHaKO TOUHYI0 KAapTHHY MONYYMTh 37echb TpyOHO. Iloatomy mpu npomenmeHuu
reOXMMHMYECKOro onpobOBaHHA BCeria cienyer craparbcsa Gparp npoGel BOAbI M3 Hauboiee
BBICOKOTEMIEPAaTYPHBIX H BBICOKOAEOUTHBIX HCTOUHUKOB.

B xauecTBe mpuMepa HCHOMb30OBAHMA THAPOXHMHUECKHX MHOMKATOPOB A OLEHKH INy-
GMHHBIX TeMIMEpaTyp MOXHO IPHBECTH KapTy NPOrHO3HbIX IIyGHHHBIX Si-TeMIlepaTtyp rui-
poTepMaibHbIX cucTeM Kamuatkn (pHc. 35). AHaIH3 3TOH KapThl OKA3bIBAET, YTO HAUMEHD-
1Me MPOrHO3HbIE TEMIEpPaTyphl OTIMYAKT MOHOKNMHAIL 3anapHoi Kamuatiku u 60nsliyio
yacTh rOPCT-aHTUKIIMHANBHBIX CTpYKTYp. Hanporus, rpaGeH-cnHxknunanun Bocrounoit u H0x-
Hoit KaMuaTky xapakTepH3yloTcA MOBbILIEHHBIMH 3HaueHUAMHM Si-Temiepatyp, ocoGeHHO B
npenenax [layxercko-T'onbirMHCKOoro H MyTHOBCKO-b onpllIe6aHHOrO reoTepManbHBIX paio-
HOB. JlokanbHble MaKCHMYMBbI TJIyOHHHBIX TeMIlepaTyp OTMEYATCA TAaKXKe B Mpefenax
HanbiyeBckoit pdernpeccuu M B paiioHe, rAe pacnonoxkeHbl BynkaHbsl Kapeimckuit m Cems-
unk, Kanspoepa Y3oH u Jonuna Ieiizepo. Hameuaercs u cBA3p NMPOrHO3HBIX INyGHHHBIX
TEMIIEPATYp C  FEOXHMHMECKOH TUNM3auued repM. Tak, B 30He pa3BUTHA a30THBIX TEPM
Si-TemnepaTypbl HIXKE, YeM B MOIUHBIX THAPOTEPMANBHBIX a30THO-YTJIEKUCIBIX CHCTEMAx
reii3epHoro’’ TMma.

Takum o6pa3oM, rHOPOXHMHUYECKHH METON OLEHKH CIyGMHHBIX TeMIIEpaTyp MO3BOJAET
BBIJENATh TEPMOAHOMAJIHH KaK PETHOHAJILHOTO, TAaK M JIOKANBHOIO Maciutaba, uto HMeeT
GoJbllyI0 MPAKTHYECKYI0 UEHHOCTh I NMOMCKOB H pa3BellKH reOTepManbHBIX PECYPCOB.
YcnemHoe npuMeHeHHe 3TOro METOMA 3aBMCHT OT NMpPaBWIBHOTO BBIGOpa TOro WIH HMHOTO
reOTEPMOMETPA B CBA3M ¢ KOHKPETHBIMHM THIPOTEOJIOrHYECKHUMH YCIIOBUAMH, MHHEpaJIOTH-
YeCKHM COCTABOM BMELLANLIMX MOPOJ U CTENEHBI0 ra30HachlilleHHOCTH Boa. M3 Bcex mpemio-
XEHHBIX B HACTOAALlEee BpeMS THAPOXHMHYECKHX WHIMKATOPOB TIiyGHHHBIX TeMMEpaTyp
HaWIyylllHe pe3yJyibTathl AaeT Si-reorepmomerp. Kpome Hero, B psfe ClyyaeB ¢ yCHEXOM
MOryT GbITh mpuMeHeHbl Na/K aToMHOe M HoHHOe oTHOIIeHnA U Na/K/Ca MonbHOe OTHOLLIeH E.



3AKMOYEHHE

[IpoBeneHKbIA perHoHaNbHLIA aHATM3 M O6OGLIEHHE T€OXMMMYECKHX 3aKOHOMEpHOCTEH
dopMHpOBaHHA THAPOTEPM B PAacCMOTPEHHBIX BYJIKAaHHYECKHX OONAacTAX NO3BONAIOT KOH-
CTaTUPOBAThH CIEMYIOLIEE.

I. B o6nacTaAX COBPEMEHHOro BYJKaHH3Ma PHUGTOBBIX 30H M OCTPOBHBIX AYr MOXHO
BBIIETIMTD PAL XapaKTEPHBIX reHeTHUECKUX THIOB TepMasibHBIX GnlouIoB, GOpMHUpYIOMXCA
TOJNIBKO IIPH OMNpEREIEHHOM COYETAHMH TIeOJIOTHYECKHMX, THAPOTEOIOTHYECKHX, TEOXHMH-
YECKHX H T€OTEPMHYECKHX YCIOBHH.

1. Bue cepbl akTHBHOro BO3HEHCTBHA BYJIKAHHYECKHX NPOLECCOB, B PailOHaX C MOILHBIM
YexJIoM OCAafOYHBIX NMOPOJ — B apTe3WAHCKUX GaccedHaX MEXTOPHBIX BNamuH M Gonee KpyT-
HBIX HAENMpecCHH, pa3BMTbI KPYNHbIE INIACTOBbie BOJOHAMOPHBbIE CHCTEMBI a3 0THO-M € T a-
HOBBIX H MeTaHOB bl X NPEUMYLIECTBEHHO XJIOPHAHBIX HATPHEBO-KAJIBLUMEBLIX T € P M
¢ MuHepanu3amMeii 1o 25 r/xr u'temneparypoit menee 50°C. Ha nepudepun BynkaHuueckux
paifioHOB, 3 HHOIJa M BHYTPH HHX BCTPEYAOTCA a3 O T H bl € IUEJIOYHbIE TPEIHMHHO-KUIIbHbIE
T e P M bl C Pa3SHOOGPa3HBIM HOHHO-COTIEBBIM COCTABOM, HH3KHMM ra3ocoAepkaHHeM, HeGosb-
WO MHHepanu3anded (oObMHO MeHee 1,5 r/m) M TeMmepaTypoil MKE TOUKHM KHIIEHMA.

2. B paiioHax ¢ 3atyxaiolllell BYJIKaHM4ECKOW NEATENBHOCTbIO /WM MHTEHCHBHBIM pa3-
BUTHEM Ha Ti1yGuHe Tepmomeramoptbmecxnx MPOLECCOB PACIIPOCTPAHEHBl YT € K H C J1 bl €

rugpotrepmbl (@0 75°C) pa3MyHOTO HOHHOTO COCTABa, C MHHepaIH3aumel, He Mpe-
Bhalaoulei 06sHO 10 r/n.

3. B cdepe BNHAHMA AKTUBHBIX BYJIKAHHUECKUX OYaroB B 30HAaX rIyOOKHX TeKTOHMYe-
CKHX HapylleHHil, rf¢ rocnoficTBYI0T BOCCTAHOBHTENBHBIC YCIIOBHA, BO3HMKAT 230 THO-
yrleKMcible H YyTrileKHCIble HHIKOMUHEPATH3OBAHHBIE BBICOKOHTAJIBIIHHAHEIE
naporuaporepmn (200—-350°C) pasnuuHoro coneporo cocraba. OHu GOpMHpYIOT-
¢ MOA, BO3JEHCTBMEM BBICOKHX TeMIIEpaTyp M ra3oNapOBBIX 3KCTAIALMHA, HaCHILAMIIKMX
BOJIOHOCHbIC TOPH30HTBI Ha yYacTKaxX 3KPaHUPOBAHHA HX OT HHWIBTPALMOHHBIX BOJ IO-
KPBILIKOH IIOXONpoHuLaeMbix mopod. Ha pHeBHyo NOBepXHOCTP Takue TEpMbI pasrpy-
XAKTCA OObIMHO B BHE BbICOKOMAEOHTHBIX KHISIIIMX MCTOYHHKOB U B TOM YHCHE reii3epos.
B CpepunHoii pudTOBOii 30He McnaHmuM 3TM TepMbl MMEIOT rMAPOKapGOHATHBIN WIH CYJib-
¢daTHBIA HaTpUeBBIH COCTaB ¢ MUHepanu3aumeit Medee 1,5 r/n u pH <9. B paiionax coBpemeH-
HOrO BYJIKQHM3Ma OCTPOBHBIX JIYT ¢ BYJIKQHOr€HHO-OCaJIOUHBIM YEXJIOM TaKHe TEPMBI UMEIOT
NPEeMMYIIECTBEHHO XJIOPHIOHBIA HAaTPHEBBIA COCTAB U MHHepanu3auuio 1—6 r/n. B xoHTHHEH-
TaJbHBIX 3BeHbAX pUGTOBOH cHcTeMbl BoctouHoit Adpukh pasBurhl cBoeoGpa3ubie kap6o-
HaTHble HaTpHEBBIE “COMOBbIE’ TepMbl, MPHYPOUCHHbIE K THUIMYHBIM [JIA 3TOH 30HBI Kapbo-
HATHTOBbIM J1aBaM. UX MuHepamu3auua coctasnser 1—7 r/m, gocrdras uHorga 30 r/kr.
B o6nacTAx pa3sBHTHA 3BaNOPHTOBBIX TOJML B MpeAenax pHGTOBBIX 30H BOSHHKAIOT BbICOKO-
MUHepanu3oBaHHble (Gonee 300 r/Kr) YIJIeKUCHble XNOPHOHbIE HAaTPHEBO-KAJIbUMEBBIE
(vHOrga KanblUMeBO-MarHHeBbl€) TepMalbHbie paccosibl. OHM BCIpedeHbt B IDHONCKOM
pudTe M Ha Ha3eMHOM NPOJOIDKeHHH pUdTOBOH 30HbI Kanudophuiickoro 3anusa.

Kpome 1010, B Cepe BIHAHUA aKTHBHBIX BYJKAaHHYECKMX OYAroB K OTHENIbHBIM almnapa-
Tam (a B pelKHX CIYyuafgX M K FHAPOTEPMAIbHBIM CHCTEMaM) IHpPUYpOYEHb! Ce P O B O 11 O-
poaHo-yrnexkucable Tepmbl. OHU 06pa3yloTcs B OKHCIMTENbHBIX YCJIOBHAX B
MecTax MOCTYIUIeHHA B HOA3eMHbIE H MOBEPXHOCTHbIE BOMAbI HYMApOJIbHBIX U cONbdaTapHsIx
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ra3oB M mnociiegyloiuero BlaumMopeicTeua cwisHoxucnbix (pH < 1) pactsopoB ¢ BynkaHu-
YeCKMMH nopopamiu. CepoBOOOpOOHO-YITIEKHCIbIE TepMbl MMEIOT [OBAa XapaKTepHbIX HOM-
THIIA — NMOBEPXHOCTHOrO M rinyGuHHOro ¢opmupoBaHusa. B aHHOHHOM cocTaBe MEPBBIX Mpe-
obnapaT cynbdartbl, a BTOPHIX — XJIOPHObI; HX KaTHOHHbIHA cocTas cnoxHbid (Fe, Al, H
H Op.) , MUHepanu3auma nocruraer 20—35 r/kr.

TToMHMO 3THUX XOpOILLUO U3BECTHbIX B BYJIKAHHYECKHX O6aCTAX THIOB TepMATbHBIX (III0H-
[0B, HAMH BbIAENAIOTCA H TPH HOBBIX.

B okealMyeckHX puTax WIH B 30HAX MPHMBIKAHHA ITHX CTPYKTYP K KOHTHHEHTAJIbHbIM
610KaM MOJ, BJIMAHHEM MaHTHIHBIX PacIUIaBOB M BBIAEIAIOWMXCA M3 HHX BBICOKOTEMIIEpa-
TYPHBIX 3MaHaUMiA (GOPMHPYIOTCA 'BOHOPOIHbIE” MApOTHOPOTEPMBbI, B ra30BOM COCTaBe
KOTOpBIX B 3HAYHTEJIBHOM, a HHOrJA rOCNOACTBYIOIUEM KOJHuecTBe mpucyrcrByeT H,. OHu
06pa3yoT caMble KpyTHbie BbicOKOTeMMepaTyphbie (0o 300°C u 6onee Ha ry6MHAX MepBbIX
COTEH METPOB) THAPOTEPMAJIbHBIE CHCTEMBI, Pa3rpyKalolecs Ha JHEBHYI0 MOBEPXHOCTD B
BHIIE MOLIHBIX ra3onapoBbIX CTpyd. B MoABOAMBIX yCIOBHAX ~BOHOPOAHbIE” TEPMBI, PHY-
POYEHHbIe K 6a3a/1bTaM OKEAHMYECKOH KOpbI, MO-BHAMMOMY, IPEACTAB/AIOT COGOH B OCHOB-
HOM HarpeTble MOpCKHe Boapl. B HamBomHo# e yace pudrta (Mcnanmis) sto npeumyinect-
BEHHO MeTeOpHble MajloMHuHepasM3oBaHHble (< 1 r/n) ruapokapGoHaTHble WK CYNbdaTHbie
PacTBODbBI, OTIIMYAKLIHECA OTCYTCTBHEM B aHHOHHOM COCTaBe XJIOpa H NMOBBILIEHHbIM COIEp-
XaHHEM KpeMHe3ema.

B ByJKaHWYeCKHX paiioHax pHQPTOBBIX 30H C MOLUHBIM YEXJIOM OCaJOYHBbIX NMOPOM MpH
BHe[IpeHMH MAarMaTHYeCKHMX paclUIaBOB B apTe3HAHCKHME GacceiiHbl ¢ METAaHOBBIMHM BOJIaMH
(WIH NOCTYIUTIEHMA B HHX IJ1yGHHHOrO BHICOKOIHTaNbNHMiHOTO dillonna) o6pasyorcs Heoﬁbl‘t—
Hble METAHOBBIE THAPOTEPMbB H NHapPOrMAPOTEPMBI, YaCTO C BHICOKOH
MuHepanu3aumeii (cBbiie 200 r/Kr) H TeMIEpaTypoil, C MOBLIIICHHBIM CONEpPXKaHHeM PYIHBIX
3lIeMEHTOB — TepMalbHble paccosibl KpacHoro mMopa ¥ nogBopabie maporuaporepmbl Kamu-
dopuuiickoro pudra (B mocnegHuMx orMeyawTca ocobeHHO GoMblile KOHLEHTPAUHH METaHa,
BO3MOXHO He TOJbKO GHOreHHOro, HO ¥ aBMOreHHOTO reHe3Mca) .

4. Tperbst BbIOENEHHAA HaMM crielMHUECKaA THAPOTeOXHMHYECKAS PasHOBHITHOCTH Tep-
MaJIbHBIX BO/, TAK Ha3biBaeMble GeperoBbie TeP M bl, B pACCMATPHBAEMBIX PailoHax
BCTPEYaeTCA JIOKAIBHO. ITH TEPMbI OOpa3yloTCA NpH BHEAPEHMHM COBPEMEHHBIX MOPCKHX
(WM MMHEpaNM30BaHHBIX O3€PHBIX) BOJ B HAXOMALMECA B GeperoBoil 30He rHAPOTEPMAIIB-
HBIE CHCTEMBI TOFO WM MHOIO M3 NMEPEYMCIIEHHBIX BbIlle TUIOB. COCTaB TepM MOPCKHX noGe-
PEXHH BCerJa XJIOPHAHBIA HAaTPHEBO-KAIBIMEBDIH, MUHEPAH3aUMsA OGLIMHO He TIpeBBIlLIaeT
35 r/xr. Ilo Geperam comoBbix 03ep BocrouHoit AdpHkH BCTpeuaioTca MHHEpPAIH30BaHHEBIE
(Ao 66 r/kr) runpokapGoHaTHbIE HATPHEBBIE TEPMBI.

Il. AcTouHMKaMK Telna B FMOPOTEPMAIBHBIX CHCTEMAaX ABJIAOTCA NOKAIM30BaHHBIN Ten-
JIOMACCONMOTOK M3 MaHTHH H/H/M pErMoOHaNIbHOE TEIIOBOE MOoJe.

1. TerioBble NapamMeTpsl a30THBIX YITIEKHCIIBIX H METAHOBbIX THAPOTEpM (Temnepa-
Typa Ha BBIXOAC HHXKE TOYKH KHIIEHWA, BBIHOC TeIUIa B JIOKAIBHBIX OYarax pasrpy3kH fO
10° —10% kan/c) cormacyoTcsa ¢ MOLEnbIo HarpeBa 3THX BOA B (JOHOBOM reoTeMIepaTypHOM
noJie B Npezienax BEPXHUX 2— 2,5 KM pa3pe3a BMEIIAIOINX MX THIPOTeONIOTHYECKHX CTPYKTYP.

2. TemnoBas MOLIHOCTh BBICOKOIHTANBIHIAHBIX BOLOPOIHBIX, CEPOBOMIOPONHO-YIIEKH-
CNbIX, YTJIEKHCHBIX, 230THO-YINIEKHCIIBIX ¥ METAHOBBIX NMapOTrHApoOTepM™M (B oyarax
pasrpy3ku 107—10® xan/c) He mMoxer GbiTo OGecHeueHa TONBKO 3a CYET CheMma MOJ3eMHbI-
MH BOIIAMH (OHOBOrO KOHIYKTHBHOTO TEIUIONOTOKA. B 3mHX Ciyyasx, MO-BHIHMOMY, HMeeT
MECTO JIHGO MOCTYIUIEHHE B IHAPOTEPMANBHYIO CHCTEMY BBICOKOIHTANBIMIHOrO [IIyGHHHOrO
¢mionna, GO ee NOMOJNHMTENBHBI KOHMYKTHBHBIA NMPOTPEB OT HErNyGOKO 3aleraiommx
MarMaTHYeCKHX OYaros.

I11. HcrounukamH camoii BOAB! M COAEPXAUMXCA B TEPMATBHBIX PacTBOP2aX MHHEPAIbHBIX
KOMIIOHEHTOB H Fa30B ABIMIOTCA aTMOC(epa, OKeaH, 3eMHas KOpa H MaHTHA.

1. B mHTaHMM ruApOTEPM (CYAA 1O M3OTOMHH BOJOPOMNA M KHCIOpOA3) NPHHUMAIOT yua-
CMe rnaBHbIM 06Pa3oM HHWILTPAUMOHHbIE METEOPHbIE BObI, HO B HEKOTOPHIX THAPOTEP-
MaJIBHBIX CHCTEMaX TIPeoGNajaloT CeMMEHTOTEHHBIE WIH COBDEMEHHBIE MOPCKHE BOJIbL.
Hona marmaruyeckux ¢niowiop B BOAHOM Ganasce TMIPOTEPMATBHBIX CHCTEM OBBIMHO He
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6onbie 5—10% M TONPKO B MCKITIIOUMTEIIBHO MOILHBIX BBICOKOTEMIEPATYPHBIX NapOrHapo-
TepMax JOCTMraer, No-BHAMMOMY, 20—25%.

2. OCHOBHas YacTh PaCTBOPEHHBIX B BOE BEIIECTB 3aHMCTBYETCH M3 BMEILAIOUIMX NOPOLN
3eMHOH KOpbI JIM6O NMOCTYNAeT 8 rUAPOTEPMATBHYIO CHCTEMY BMECTE C CERMMEHTOr eHHBIMH H
COBPEMEHHBIMH MOPCKHMH BOJAaMH. AHOMAJIbHO GonbilMe KOHLUEHTpAlUMH PYHHBIX 3JIEMEH-
TOB, OOHapy>keHHble B TepManbHbIX pacconax KpacHoro mops K paiioHa o3. Conton Ch,
TaK>Xe CBA3aHbI MpeX/ie BCEro C BbILIENAYHBAHHEM BMEIUAOIMX MOpoJ BBICOKOMHUHE paTH30-
BaHHBIMH XJIOPHOHBIMH HATPHEBO-KATbUMEBBIMH PAacCONaMH B YCIOBHAX BBICOKHX TeM-
neparyp.

B 10 xe Bpemsa cneunduka U3OTOMHOrO COCTaBa rejiMsA, aproHa H cepbl B HEKOTOPBIX Tep-
MOIIPOABJIEHHAX B COYETAHHH C BBICOKMMH TEIUIOBBIMH NapamMeTpaMH, a MHOTAa H ¢ “BOMO-
POIHBIM™ ra3’oBbIM COCTABOM THAPOTEPM YKa3blBaeT Ha MOCTYIUIEHHE 3[ieCh K MOBEPXHOCTH
3eMiM MaHTHHHOIO BELLECTBA.

IV. PexoHcTpykimms rnyGMHHOrO cocTaBa TepMaibHbIX GITlOHAOB (BBINONHEHHaA Ha OC-
HOBaHHM OaIaHCOBBIX MOJCYETOB BCEX KOMIIOHEHTOB CHCTEMbl BOHa—Map—ra3 B ouarax
pa3rpy3KH THIPOTEPM, a TaKXKe OlpelleNeHHA NIyOGHHHBIX TEMMEpaTyp ¢ NMOMOLUBIO TH[-
POXHMMMYECKMX HHOMKATOPOB) HOKa3aga, YTO CYOHMHHBIA COCTAB TepManbHbIX (IIIOHUHOB
HMEET PErHOHANBHYI0 CHEUH(PHKY, OTPAKAILIYI0 FeoJIOro-TeKTOHHUECKUE PpaslMyHA pac-
CMOTpPEHHbIX 0651acTeil COBpeMEHHOTO BYJIKaHH3Ma.

1. Henmpa palioHOB ¢ Ok€aHHYECKMM THIOM 3€MHOH KOpBI COAEpXAaT MaJOMHHEPAIH30-
BaHHBIH ILIEIOUHOH KPEeMHHCTO-THAPOCYIbGHIHBIH HAaTpPHEBBIA ITyOHHHBIA BBICOKOTEMIIE-
paTypHbli dniona, B cocTaBe ra3zos Koroporo copepxarca H, , N, , CHy, COn CO,.

2. OcTpoBHbIM Ayram NpHCYI HECKOJIbKO GoJlee MUHepaTH30BaHKHDIH XJIOpHIHBIA HaTpHe-
Bbli €11a0OLIENIOYHO BBICOKOTEMIEPAaTYPHBIH INyOHHHDIH iiona, B ra3oBoM COCTaBe KOTO-
poro npucyTtcTByioT Takke HCl u HF.

V. T'naBHpiMM axTOpamH, OonpeneNAUIMMH XapaKTep M Maclumab ra3orsaporTepMaln-
HOIl JIEATENIBHOCTH, SIBIAIOTCA CleAyioniue: a) reojIOTHUECKOE CTPOEHHE H COCTaB MOPOJ;
6) rugporeonormyeckue OCOGEHHOCTH TI'MAPOTEPMANBHON CHCTEMbI; B) CYILECTBYIOIUHE B
Heit P-T ycnoBusi. I) COCTaB, TeMIEPaTypa W HaBjicHHE rITyOHHHBIX MarMaTHYeCKHX JKCra-
NAUMA U HHTEHCHBHOCTb HX NOCTYTUIEHHA B NMOM3eMHbIE BOMbI.

BaxHeilllMe mnponeccs, OTBeTCTBEHHDbIE 32 GOPMHPOBAHHE TEPMANIBHBIX (IIIOMAOB: a) Ol
penensowye $hazoBoe COCTOAHKE MOA3EMHBIX BOM; §) perynupyloume NOCTyIIeHHE BeLecT-
Ba B pacTBOp (ra3oHAcChlllieHHe BO[, BbILIE/IAUNBAHYUE U PaCTBOpPEHHE BMELIAIIIMX NMOPON) ;
B) OKMC/MTENbHbIE B CHCTEME MOPOAA — PacTBOp; T) BBIBOAALIME BELIECTBA U3 pacTBOpa
(merazauua TepM, KPHCT/INMH3aLMA conei, OecynbdaTH3alMA BoO M obpasoBaHue cynndu-
OB META/UIOB) ; 1) 3aK/uyanimecs B o6MeHe BELIECTBOM MEXAY pacTBOPOM M MOPOAOH
(MeracoMaTO3 H HOHHBIH OGMeH, rMOpaTauusa W AerMaparaiuua nopon, meMGpaHHeIi apdexr,
BaJieHTHble OGMeHbI B pacTBope); €) MacconepeHoca (muddysuoHHsie, nuddy3NOHHO-KOH-
BEKTUBHBIE) ; ) CMellieHVe BOJ pPa3InYHOrO IeHEe3HCa, COCTaBa M MMHEPATH3alHH .

V1. CpaBHMTenbHbIA aHanM3 ra3’oBOro W aHHOHHOrO COCTaBa TEpM, HX MMHEpAIH3ALMH
M TEMIIEpaTyphbl MO3BOJNHII MPEVIOKUTh KJIACCHPUKALMIO TepMalbHbIX (IIOHAOB 06nacTei
COBpeMEHHOro ByNKaHH3Ma. OHa BKJIIOYAeT IleCTb PAa3iMYHBIX THMOB, BbIAENEHHBIX MO ra3o-
Bomy coctaBy (H,S-CO,, H,-CO,, N,—CO,, CO,, N,, N, —CH,), kaxapiii H3 KOTOpBIX
noppasfenserca Ha TpH NOATHHA Mo mpeobapaiemy anmoHy (Cl, SO,, HCO;), a Te B
CBOIO ouepeflb Ha YeTblpe — IATH rpafalii M0 BeWuHHe MuHepanusauun (< 1, 1-5, 5-35,
35-300, > 300 r/xr). Bce BbiieneHHbie THIIBI TEPMATbHBIX QITIOHIOB JIEIATCA TAKXKe 110 Ten-
NOBLIM MapaMETPaM M CBOeMY (H3HYECKOMY COCTOAHMIO Ha TpPH CpyNIbl (THAPOTEPMBI,
NApOruApOTEPMbI, ra3oNapoBbie BbIMIENIEHHA) , KOTOpBIE B CBOIO OYepenp NMOApa3fenaiTca no
TeMNEpaTypHOMY nuarnasoHy. OObeIHHEHHe pa3HbIX TepMOMpPOABJIEHHA B OMNHOM KJIETKE
yKa3bIBacT Ha OGLUHOCT YC/10BHit 00pa3oBaHuA H npoueccoB GopMHPOBaHUA ITHX (HITIOHOOB.

VIL. C yueToM reoTepMuuecKHX M rMIPOreOXHMHYECKMX MOKa3aTesiedl olieHeHa Nmepcrek-
THBHOCTb HCIIOJIb30BAHHA Pa3/INYHBIX THNOB TEpM B MPAKTHYECKMX LIETIAX. .
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