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1. BBEAEHHUE.

MecTopoXaeHHsI BYJIKAHOTCHHBIX MacCHBHBIX CynbhumoB (VMS), Takke HU3BECTHBIE Kak
BYJKaHUYECKNE MACCHUBHBIC CYIb(QUABI, CBA3aHHBIE C BYJKaHAMH MAaCCHUBHBIC CYIb(QUABI WIH
MacCHUBHBIE CYJIb(UAHBIE MECTOPOXKIECHUS Ha MOPCKOM JIHE, SIBJISIOTCS Ba)XHBIMM HCTOYHMKAMU
MeJu, IMHKA, CBHHIIA, 30510Ta 1 cepedpa (Cu, Zn, Pb, Au, Ag). Ouu o0b9HO cTpaTU(HOPMHBI, MOTYT
UMeTh (HOpMy MHOXKECTBEHHBIX JIMH3 ¥ BAPHUPYIOTCS 10 00BeMY OT HEOOJBIINX TEI MEHEe TOHHBI /10
CBEPXTUTAHTCKUX OOBEKTOB, Takux Kak Puo-Tunto (Mcmanms) - 1,5 mupa T; XonOgHHHCKOE
(Poccus) - 300 mun 1; Jakrayn (CIIIA), 163 mua T 1 ap. Bo3pact VMS cocrasmsier ot 3,55 mupa
JIET 10 COBPEMEHHBIX, KOTOPbIE aKTUBHO (DOPMUPYIOTCS B YCIOBUSIX PACTSDKEHUSI HA MOPCKOM JHE B
CPEIMHHO-OKEAaHMYECKUX XpeOTax, OCTPOBHBIX Iyrax W 3aJyrOBbIX CIPEJUMHIOBBIX OacceiHax.
lupokoe mpu3Hanue coBpeMeHHBIX VMS, CBA3aHHBIX C HUMH THUAPOTEPMAIBHBIX (IIIOUIOB U
KEpJIoBOM (ayHbl OBLIO OJHUM M3 CaMbIX YIUBUTEIbHBIX OTKPBITMHA 3a mocinennue 50 ner, a
UCCIICIOBAaHUSI MOPCKOTO JHAa M Hay4HbIE HCCIIEZIOBAaHUS BHECIM OOJBIION BKJIAJ B HNOHUMaHHE
TEKTOHUYECKHUX U PYA000Pa3yIONIUX IPOLIECCOB B OKEAHNIECKOH cpere.

MaccuBHnas pyaa mecropoxaennii VMS na >40% cocrout u3 cynb(uaoB, OOBIYHO THPUT,
NUPPOTHH, XAJIBKOIHUPUT, c(hajJepuT U rajJeHUT; HeCyIb(PHIHAsS YacTh OOBIYHO COCTOMT U3 KBapla,
OapuTa, aHTUAPHUTA, OKCUAOB JKeJle3a, XJIOPUTA, CEpUIMTA, Tajdbka U MX MeTaMOp(U30BaHHBIX
OKBUBAICHTOB. PynHbII cocTaB MoxeT ObITh ¢ ipeobnamanuem Pb-Zn, Cu-Zn unu Pb-Cu-Zn, gacto
MECTOPOXKACHHS 30HUPOBAHbI KaK [0 BEPTUKAJIHU, TaK U 110 TOPU30HTAIIH.

ComnpoBoxkaronie THAPOTEpMalIbHble HM3MEHEHUs BMEIIAIOMIUX IOpPOJ, OOBIYHO XOPOIIO
pasBUTBHl M BKIIOYAIOT aprUUIMTH3ALMIO (KAOJMHUT, IYHHUT, WIIMT, CEPHUIMT), CEPULIUTHU3ALMIO
(cepuimT, KBapIil), XJIOPUTH3ALHUIO (XJIOPUT, KBAapl) M MNPONHUIMTH3ALUIO (KapOOHATHI, SMHIOT,
xynoput). HeoObruHOl o0ocoOeHHOCTBIO MecTopoxaeHuid VMS  sBrngercs acconuanust co
CTPAaTU(POPMHBIMU «AKCTATSILIMOHHBIMI OTIIOXKEHUSIMU, COCTOSIIIUMH M3 OKCHJIOB KPEMHUS, KeJe3a,
Maprasua, kapOooHaToB, cyJib(})aToB U JAp., BBIMABIIUMH B 0CAJ0K U3 T'MJIPOTEPMAIIbHBIX (IIIOUIOB B
NPUJOHHBIX BOAAX. DT 00pa30BaHMs MOTYT BBIXOJUTH NAJIEKO 32 MPEIETHl MACCUBHBIX CYIb(UIHBIX
pyA.

CymectBytonias cucremMaruka rpynnupyer mecropoxkaenus VMS B (1) moarun Kumpa,
CBSI3aHHBI C MOPCKMMHU OCHOBHBIMU BYJIKaHMYECKUMH Nopojamu, (2) moarun becmm, cBsi3aHHBIN ¢
TEPPUTEHHBIMU OOJIOMOYHBIMH OCAaJIKAMH W MOPCKUMH OCHOBHBIMH BYJIKAHWYECKHMH MTOPOJIAMH, U
(3) moatun Kypoko, cBA3aHHBIH C MOPCKHMMH BYJIKaHHYECKMMM Tmoponamu (tabm. 1). Ota
TEPMUHOJIOTHSL OBbIT pa3paboTaHa Ha OCHOBE TEKTOHWYECKMX YCIOBUH sl KaXJIOro THUIA
mectopokaeHuid. VMS Takxke kimaccuuuupyroTcss B COOTBETCTBUU C OTHOIIEHUsIMH LBeTHBIX (Cu-

Zn-Pb) u nparouenusix (Au-Ag) MeTaIoB.
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bonee mo3mame kmaccudukanmum MectopoxacHu VMS moguepkuBamy pazidyus B COCTaBe
CBA3aHHBIX BYJKAHMYECKHX U  OCaJ0YHbIX BMemaromux nopoxa. IlpenmymectBo  3THx
KJIacCU(UKAMOHHBIX CXeM - 0ojiee TeCHas CBA3b MEXAYy TEKTOHMYECKOW OOCTaHOBKOW U
auTocTparurpaguueckuMu Komiuiekcamu. OCHOBaHHasi Ha JIMTOJIOTMHM THUIIOJIOTHS IOKa3aHa B
tabnuue 1. Jlutonoruueckue rpymibl KOPPEIUPYIOT C TEKTOHHYECKHMMH YCIOBHSIMH CIEIYIOIINM
obpazom: (1) OCHOBHBIE TIOPOJBI  CPEAMHHO-OKCAHHMYECKUX  XpPeOTOB  WMIM  3pPETbIX
BHYTPUOKEAHHUYECKUX IYT; 2) MeIuTO-Maduveckue MNOpoasl THUIOBBIX Ayr; (3) OumonanbHO-
OCHOBHBIE MOPOAbl PUPTOreHHBIX BHYTPUOKEAHMYECKHX BYJIKaHHMYECKUX Ayr; (4) OuMMOJanbHO-
KHUCIIbIE TIOpPOJIbI Iyr KOHTUHEHTANbHBIX OKpPauH W THUIOBBIX AYr U 5) KHUCIbIE KPEMHHCTO-

00J10MOYHEIC nopoabl SIMKOHTHUHCHTAJIbHBIX YT

Table 1.
Cucrembl kjIaccupuKauiy ByJTKAHOT€HHBIX MACCHBHBIX CYJIb(HIHBIX MECTOPOKACHUIA.
Cox and Singer Galley and others Mosier and others This
(1986) (2007) (2009) report
Kuroko Felsic-siliciclastic Felsic Siliciclastic-felsic
Bimodal-felsic' Bimodal-felsic
Bimodal-mafic Bimodal-mafic Bimodal-mafic
Besshi Pelitic-mafic Mafic Siliciclastic-mafic
Cyprus Back-arc mafic Mafic-ultramafic

! Includes hybrid bimodal-felsic group of Galley and others (2007).

Hns moneneir mecropoxaenuit VMS, ommcanHbIX B 3TOM 0030pe, BapHalMd COCTaBa
BYJIKAHHYCCKHUX U OCAJJOYHBIX IIOPOJ, a TAKKEC CTpaTI/II‘pa(l)I/ILIGCKI/IC IIOCJIIEAOBATCIIbHOCTHU ABJIAIOTCA
BOXHBIMM NEPEMEHHBIMM NpPU HJIEHTHU(PUKALMU TEOJOrMYECKMX M TEKTOHHYECKUX YCIOBUH
¢dopmupoBaHus. BaXHBIMM JaHHBIMM SBISIOTCS TaK)kKe€ OCOOEHHOCTH BMELIAIOIEH JINTOJOTHH,
TEKTOHUYECKON 00CTaHOBKHU, MUHEPAJIOTHH PYJl, TEOXUMHUECKHE U Te0(hU3NUECKUE XapaKTEPUCTHKH,

TEeOpur 00pa30BaHMs MECTOPOXKIECHUH U JIp.

2. TEOJIOTMYECKHWM THUII U CBA3AHHOE OPY JEHEHUE.

Mecropoxaenns VMS npeactaBisitor co00H MIacTOBBIE CKOITUICHHUS CYNIb(UIHBIX MHHEPAJIOB,
BBIMABIIUX B OCAJO0K M3 THAPOTEPMAIbHBIX PACTBOPOB B YCIOBHSIX OKEAaHWYECKOro AHa. TepmMuH
BYJIKAHOT€HHBIN IOJpa3yMeBAaeT I€HETHUUECKYIO CBSI3b MEXIYy MHUHEpaIU3aluell U BYJIKAaHWUUYECKOMN
aKTUBHOCTHIO. OCHOBHbBIE TEKTOHHYECKHE OOCTaHOBKM s MecTropoxaeHuit VMS Bkiogaror
CPEIMHHO-OKEaHUYEeCKHe XpeOThl, BYJIKaHUYECKHE AYT'H (BHYTPHMOKEAHCKHE U KOHTHHEHTAJIbHBIC
OKpaMHBbI), 3ayroBble OaccelHbl, pUPTOBbIE KOHTUHEHTAIbHbIE OKpauHbl. COCTAaB BYJIKAaHMYECKHX
1OpOJ, BMEINAIONIMX CYJIb(UAHbIE MECTOPOXKACHUS, BapbUPYETCS OT KHUCIOr0 JO OCHOBHOTO,
HEepeAKH Takke OWMOJaIbHBIE CMecH. BylkaHWYecKHe TOJIIIM COCTOAT W3 MAacCHUBHBIX U
MOJNYIIEYHBIX JIaB, IJACTOBBIX IIOTOKOB, THAJOKIACTHTOB, JAaBOBBIX OpeK4yMil, MHPOKIACTHUKH.

Bo3spact oTnoxenuit BappupyeT oT paHHero apxes (3,55 mup/ JieT) 10 rojioreHa.
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MecTopoXaeHUST XapaKTEPUIYIOTCS OOMIBHBIME CYIb(UIaMHU Kejie3a (MMPUT WM TUPPOTHH) U
MEPEMEHHBIMH, HO TOJYMHCHHBIMH KOJUYECTBAMU XaJIbKONUpHUTa U cdaneputa. B HEKOTOPBIX
MECTOPOXKACHHUSIX MPHUCYTCTBYIOT OOpPHUT, TETPAdIPHUT, TAJICHUT, OapuUT W JPYrue MUHEPAIIbI.
MaccuBHble CyiabGuAHbIE Tea 0OBIYHO UMEIOT JUH30BUAHYIO WIH IUIacTUHYATYI0 Gpopmy. MHorme,
HO HE BCE, 3aJIeKHU UMEIOT AUCKOPAAHTHBIE CYIb(UICOAEpKAIINE )KUIbHBIE CUCTEMbI (CTPUHIEPHBIE
WIH IITOKBEPKOBBIC 30HBI), KOTOpPBIC MPEACTABISAIOT CO00M KaHAJIBI MOTOKA (QUIIOWIOB HIKE
MOpPCKOTO JIHAa. 30HBI PACIPOCTPAHEHHBIX W3MEHEHUM, XapaKTePU3YIOIIHECS BTOPUYHBIMHU
KBapUEBbIMH U  (WUIOCHIMKATHBIMH MHHEpaJlaMH, TaKKe OTPaXalT THAPOTEPMAIbHYIO
HUPKYJSIUIO B ByJKaHUYECKUX MOPOJaX. 30HAIbHOCTh METANIOB BHYTPU MAaCCUBHOTO CYIb(UIHOTO
tena or Fe+Cu B sape nmo Zn+FetPb+Ba mno mnepudepun xapakrepuszyer OOJBIIHHCTBO
MecTOpOKAeHUU. Jlpyrrue OCOOCHHOCTH, TPOCTPAHCTBEHHO CBs3aHHBIE ¢ pyaamu VMS, - st0
SKCTAIALIMOHHBIE (XMMHYECKHE) OCaJOYHbIE TIOPOJbl, CYOBYJIKAaHUYECKHE HWHTPY3UH U 30HBI
«TMOTYKOH(OPMHBIX» U3MEHEHUH.

Césazannvie munvi MecmopoNcOeHUll.

CBsi3b ¢ IPYTUMH TUTIAMH MECTOPOXKIACHUHN, CPOPMUPOBAHHBIX B MOJIBOJHBIX CPEllax, OCTACTCS
YCIOBHOU. BeposiTHO, CylllecTByeT HEKOTOpPO€ T'€HETHYECKOE POJICTBO MEXKAY MECTOPOXKIACHUSIMU
VMS u xene3npiMu popManusaMu agbrOMCKOTO THIIA, a TAK)KE BYJIKAHOTEHHBIMUA MECTOPOKICHUSIMU
mapranma. Ocagouno-skcramsanuonnsie (SEDEX) mectopokaeHus HMEIOT B IEJIOM  CXOXKHE
MOpQoOJIOTHUECKHE OCOOEHHOCTH, COOTBETCTBYIOIIME CHHTECHETHYECKHM OOBEKTaM B IOJBOIHBIX
cpenax, HO UX MHTEPIpETHPyeMble MaleO0TEKTOHNYECKHE YCIOBUS (HEeYAaBIINecs BHYTPUKPATOHHBIE
pudTl U pUPTOBBIE KOHTUHEHTANbHBIE OKpPAaWHBI AaTIAHTHUYECKOTO THIA), XapaKTePUCTUKH
TUApOTepMaAIbHBIX  (imonoB  (KOHUEHTpupoBaHHble  paccoibl  NaCl), orcyrctBue Wi
MaJIOYMCIEHHOCTh BYJIKAHUYECKHUX MOPOJI U aCCOIUAIINS C CITAHIIEBBIMU U KapOOHATHBIMH TTOPOJAaMH
OTJIMYAIOT UX OT OTJIOXKEeHU VMS.

[Tocne BbIsSIBICHHS accolMalnuil Xa-cynbpuIedITH W apriJTUTOBBIX H3MEHEHHH Kak B
COBPEMEHHBIX, TaK U B JIPEBHUX OKEAHMYECKHX Ayrax, Bo3HHMKiIa rumore3a (Sillitoe m ap.) o
CYILIIECTBOBAaHUM MNEPEXOJHOM B3aMMOCBA3M Mexay VMS u snurepmanbHbiMH (Au-Ag) THUIamMu
opyaeHeHusi. Hekoropble ucciaenaoBaTelld BKIOYAIOT MHUHEPATU3ALMI0 SMUTEPMAIBHOTO THUMA B
TUOPUAHBINA OMMOAANTEHO-KUCIIBIN MOATUIT CBOEH Kinaccupukanmu VMS.

JloBOoNIbHO 3arafiouHblii THO MaccuBOB, Oorateix Co, As um CU MuHepanu3anued B
CEepPIEHTUHU3UPOBAHHBIX  YIBTPAOCHOBHBIX TOPOAAX HEKOTOPHIX O(DHOIUTOBBIX KOMILUIEKCOB
OOBSCHSIETCS MarMaTHYEeCKHMMH CHH- WU TOCT- BHEAPEHUSMHU M IPOILIECCAaMU CEpPIIEHTHHHU3AIUH.
HenaBuue oTkpbITHS Ha 30HaX crnpeauHra CpeauHHO-ATIAHTHYECKOTO0 XpeOTa MOKa3bIBAIOT, UTO
BBICOKOTEMIIEpAaTypHble TUApoTepMaibHble Garouabl ocaxaaioT Oorateie Cu-Zn-Co MaccCuBHBIE

cynb(huIHBIE PYIbl Ha CyOCcTpaTax, COCTOSIIIUX U3 CEPIIEHTUHU3UPOBAHHOTO NEPUIOTUTA (HAIIPUMED,
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kepiioBoe mnose PeiitnOoy). Ha ocHOBaHHMM ATHX COBPEMEHHBIX aHAJIOTOB mpesmnonaraercs, uro Co-
Cu-As-opyZicHeHHE B YIIBTPAOCHOBHBIX MOPOJaX OPUOIUTOB JIEHCTBUTEIIEHO MOXET MPUHAIJICKATh
K CHEeKTpy MecTopoxxaeHuii VMS.

Ilepsuunvle u nobounsie nPoOOYKmMbL.

BynkaHoreHHbIe MECTOPOXKIIEHUS MACCHUBHBIX CYIb(QUAOB SBISIOTCS OCHOBHBIM MHPOBBIM
UCTOYHUKOM MEJW, CBHHIIA, I[IMHKA, 30JI0Ta M cepeOpa. PucyHok | wWiLTIOCTpHpYeT MIHUPOKHIA
JMara3oH KOMOMHUPOBAHHBIX KOHLEHTpAIHM HBETHBIX MeTa/u1oB (Cut+Zn+Pb) u ToHHaXa 11 OoJiee
gyem 1000 mecropoxaeHuit VMS mo Bcemy Mupy. XOTsS OOBIYHO OHHU TPUCYTCTBYIOT B BHJIC
CIEIOBBIX KOJIMYECTB, P JAPYTUX DJJIEMEHTOB MPEICTABIsAECT HHTEPEC KaK 3KOHOMHYECKH
U3BJIEKAGMbIE MMOOOYHBIC TPOAYKTHI WU 3arPS3HUTEIN OKPYXKAIOIICH CPEIbl: MBIIIbIK, OCpHILIHiA,
BHUCMYT, KaJIMUH, KOOAIbT, XpOM, TaJUIMi, TePMaHUi, PTYTh, HHIWN, MapraHell, MOJUOICH, HUKEIb,

CCJICH, OJIOBO, TCJUIYP U MCTAJLJIbI IUIATHHOBOM T'pYIIIBI.

100 T
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Puc. 1. CopeprxaHust 1 TOHHaX BYJIKAHOT€HHBIX MACCHBHBIX CYJIb(UIHBIX MECTOPOXK/CHUIL. J[aHHBIE TPUBEACHBI LIS
1021 00BeKTY IO BCEMY MUPY (mecmoporcdenus CLIIA noxazansi Kpacubiymu mouxamic).

2.1. OcHOBHBIE THITBI MECTOPOKIEHHIA.

Tunmynapie pa3mepsl B TuiaHe MectopoxnaeHwin VMS Haxomsarcs B mpemenax 100 x 500 w.
HeOGonpimme MecTopokIeHns MOTYT UMETh TUIONIA b JIUIIh JECATKOB THICAY KBAJPATHBIX METPOB B
MJIaHe, TOTJa Kak TMTaHTCKUE MECTOPOKACHHMS MOTYT MMETh pa3Mepbl B HECKOJIbKO KBaJIpaTHBIX
kunometpoB. Mectopoxaenne Bunmu-Kparru B bpuranckoit Komym6uu, Kanana, nmeer rmyOuny
okono 200 M, nqmuuy 1,6 kM u mwromans 0,3 KM pynuaoe Teno Kuman-Kpux B Onrtapuo, Kanana,

uMeeT mupuHy okoao 500 M, JIMHY HE MeHee 2 KM U pa3Mep 1o BepTtukaiu 1,0 kM; MecTOopoxieHne
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becmn Ha octpoBe Cukoky, Anonus, umeet pasmeps! 3,5 x 1,8 kM, uTo cocraBiseT miomaas B 6,3
km?. CrTonb OGonblIMe pasnuuus B pasMepax MecTopoxkaeHuit VMS oTpaxkaroT pasiddHble
MapaMeTpbl, TAKUE KaK: XapakTep U MPOJAOJLKUTEIBHOCTh JOHHOW, MOABOAHOM THIPOTEPMAIBHOM
aKTUBHOCTH; Tomorpagusi MOPCKOrO [HA; MPOHUIAEMOCTh IUIACTOB; CTPYKTYPHBIA W (WIJIH)
BYJKAHUYIECKUH KOHTPOJIb MUHEpAIH3aLUH, moctaechopmaiiu (B TOM YHCIIE CIABUTH, CKIIAMIaTOCTh U
JIp.), @ TaKKe CTEIeHb 9PO3UOHHON COXPaHHOCTH.

Pasmep cuopomepmanvhoil cucmemsvt OMHOCUMENbHO PASMEPA MECOPOHNCOEHUSL.

PaznoobOpaszue cucrem VMS mnpuBogutr K OOJIbIIOMY JUana3zoHy pa3MepoB 000JI0UEK
M3MEHEHHBIX MOPOJ], OKPYKAIOIUX pyaHble Tena. CuiibHO cOKYCHUPOBAaHHOE 3aroJHEHUE (IIOUI0B
B HEKOTOPBIX MECTOPOXIEHUSX IMPHBENIO K W3MEHEHHSIM OrpaHHYEHHOTO OOBEMHOTO 3HAYEHUS B
30HaX CTPUHIEPOB MOJOUIBBI, KOTOPbIE OOBIYHO COAEpPXkAT JHIIb HE3HAUUTEIbHBIE CYIb(UIbI
(cmemoBarenbHO, pa3paboTKa TaKUX MECTOPOXKICHHUN HepeHTaOenabHa). OmHAKO Ha MHOTHX
MECTOPOKACHUSAX HMMEIOTCS OpEOjbl U3MEHEHMI, KOTOpbIE B IJIaHE BBIXOIAT JAJEKO 3a IMPEIEIbl
pa3MepoB pYIHOTO Teja, HalpuMep, OPJIOBUKCKOE MecTtopoxiaeHue bpancyuk Ne 12 B paiione
barepct mrtata Heto-bpancyuk nnm najieonpotepo3oiickoe mectopoxienue Yuzens B pailone CHOy-
Jleitk B Manutobe, r1ie Opeossl B IBa-TPH pa3a MIMPE, YeM SKOHOMHUYECKasl YaCTh MECTOPOXKICHUM.
Eme Gonee kpymHO# siBIsieTCs 30HAa U3MEHEHUI, OKpYy»Karolas MECTOpOKaeHus 3anaaubiii Tapcuc
Ha Tacmanum, ABcTpanus, ee JuameTp coctaBiseT okoyio 800 M MO CpaBHEHHUIO C MaKCUMalbHOMN
HIMPUHON pynHOTro Tena okoio 150 M. DTu pa3Mepbl HE YUYUTHIBAIOT pa3Mepbl OOMIMPHBIX IO
JaTepaly 30H U3MEHEHUH, CBSI3aHHBIX C IIJIACTAMHU, HAIPUMED, TEX, KOTOPbIE BCTPEYAOTCS B TOJIAX
HOJOLIBBl HEMOCPEJACTBEHHO MO/ CYAb(GHUAHBIMU PYAaMH, WJIM B Topazfo Oojee TIyOOKHX, Tak
HA3bIBAEMBIX IMOJIYCOIJIACHBIX 30HaX MU3MEHEHMH, KOTOpbIe B HEKOTOPBIX CIydasx MPOCTUPAIOTCS Ha
KUJIOMETP WK O0Jiee OT PyIHBIX T€Jl MECTOPOKIACHHI.

Bepmuxkanvnwiii pazmax.

XapakTtep NOCTPYAHOM Jedopmanuu  onpeiesnser, 5SKBUBAJIEHTHA JIM BepTUKaIbHas
NPOTSDKEHHOCTh MecTopokaeHns VMS ero mcxomHol crpaturpaduueckoil MOIIHOCTH WJIH JITHHE.
s oTtHOcUTENbHO HeNe(OPMUPOBAHHBIX OOBEKTOB THIHMYHAS BEpPTUKaJIbHAas MPOTSKEHHOCTh
(MOIIHOCTB) COCTaBJIIET MOpsAKa AECATKOB MeTpos; IlporsokeHHOCTs >250 M BCcTpeudaeTcs B
HECKOJIBKUX MECTOPOXIEHUSAX 3TOro Tuma, Takux kak Can-Hukonac B Mekcuke, Tam6o-I'panne B
[Tepy u Cubait B Poccun. Hanbonbiine BepTHKaIbHbIE MOLUTHOCTH BCTPEUAIOTCS B TAOIUTYATHIX U
MJJACTUHYATBHIX MeTopoxkaeHusx, becumm B Anonnum 1800 m; pyanoe tenmo Kunn-Kpuk B Kanane
>2000 M.

Dopma.

I'eomerpust MectopoxkaeHuii VMS MokeT coxXpaHsTh TNepBOHAYaIbHBIE THIPOTEPMAIbHBIC

(dbopMBbI WK, ANbTEPHATUBHO, OTPAXKAaTh PA3IUYHbIE CTENEHU MOCTPYIHBIX AedopMaluil, TaKuX Kak
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CKJIa4aToCTh, pa3loMbl M cIBUIM. Ha ywacTkax OTCYTCTBHS WJIM MUHUMAaIbHOU JedopMmanuu
BO3MOXHBIE (POPMBI OTIONKEHUN BKIIOYAIOT IUIACTUHBI, CIIOU, JIMH3BI, Oyrpbl, TPYObl M IITOKBEPKU.
[TnactuHuyaTeie (QOPMBI  XapaKTEPHU3YIOTCS BBICOKUMH YIUIMHEHUSIMH, MPH KOTOPBIX JUIMHBI
CyIb(QUIHBIX 30H MPEBBIIIAIOT MOIIHOCTH Ha HOpsAAoK u Ooziee. Ilpumepsl BKIOYAOT
mectopokaenue becmm Ha Cukoky, SnoHMs, KOTOpoe HMeeT NpUOIU3UTENbHBIE pPa3Mepbl
3500x1800 m u momHOcTh <30 M, a Takke mectopoxaecHue Tananra B KBuncienne, ABcrpaius,
uMmeroniee JMHy 1o mpoctupanuto okoio 3000 m m momHOcTh 10-20 M. Takas «imcroBas»
reoMeTpHusi, TaM, I'/ie IBHO He J1e(hOpMaLlMOHHOE IPOUCX0KICHUE, MOXKET OTPAXKaTh:

* OTJIOKEHME CYIb(QUIOB B OacceiiHe ¢ paccosoM,

* O0CaJAKM U3 IUIOTHBIX JKUIKOCTEH C BBICOKOW COJIEHOCTBbIO, KOTOPBIE MHUIPUPYIOT B
TOTOTpaguIeCKue MUHUMYMBI,

* CKOIUIeHHE OOJOMOYHBIX CYyJIb(QHUA0B, Pa3MbIThIX W3 Tomorpaguueckud Oojiee BBICOKOIL
HOCTPOIKU MacCUBHBIX CYJIb(UIOB,

* ocaaku BOIM3M xepi (<500 M) U3 mIaBydel 4acT THAPOTEPMATBLHOTO TUTIOMA,

* 00beIMHEHHE TEPBOHAYAIBLHO W30JMPOBAHHBIX CYJIb(QHUIHBIX HACHIIEH B pe3ylbTaTe
MUHEpaJIN3alUui U3 HECKOJIBKUX XKepJ,

* [10JIBOJIHYIO 3aMEHY ITPOHUIIAEMOT'0 BYJIKAHUYECKOI'O MJIM OCaI04HOr0 IU1acTa, WK

* 00IMPHOE BBIBETPUBAHUE MOPCKOTO JTHA OBIBIIETO CYIb(UAHOTO KypraHa.

Cnou MMEIOT BO MHOTOM CXOKYIO0 TeoMeTpuio. JIMH3bI UMEIOT 6ojiee KOPOTKOE COOTHOLICHHE
JUIMHBI ¥ TOJIIIMHBI U BO MHOTHX CIIydasiX MMEIOT HENpaBMWIbHYIO (JOpPMY C CY)KEHHBIMU KpPasMHu;
KpyIHOEe MecTopoxaeHue 3toro thna — Can-Huxonmac B Mekcuke, nmeer anuny 900 M, mmpuny
>200 M 1 MomHOCTH 10 280 M.

CynbdunHble KypraHbl HUMEIOT pa3jIMYHYI0 TE€OMETPHUIO, OOBIYHO TNPUMEPHO OJMHAKOBYIO
mupuHy M anuHy (okosmo 100-300 M) M ropa3go MEHbBLIYIO TOJIIMHY, Kak, HampuMmep,
MecTtopokaenne Munenbax B okpyre Hopanna B KeeGeke. ATunuyHoil reomerpueil oOnagaroT
MacCHBHbIE CYIb(QUAHBIE KypraHbl NMPUMEPHO OJAMHAKOBOIO pa3Mepa, TaKHe Kak dameoOpa3Hoe
MecTtopoxaeHue JIbicas ropa B mrate MaH, quamerpom npumepHo 370%275 M u tonmuHoN A0 215
M, a Takke Mmecropoxaenue TG3 B Tambo-I'panne B Ilepy umeromee auamerp 500%350 M mpu
MOITHOCTH MpuMepHo B 250 M. Takas nmpuMepHO paBHOpa3MepHasi FeOMETpHsi, BEPOSATHO, OTpaxaeT
OTJIO)KE€HUE CYIb(GUIOB B OTPAaHMUYEHHOM IMPOCTPAHCTBE, TAKOM KaK BYJIKAaHHYECKHE KpaTepbl WU
HeOonpmre rpadenbl. TpybooOpasHbie oTnoxkeHus1, Takue kak Cubait Ha OxxHOoM Ypane B Poccun,
Mount Morgan u Highway-Reward B KBuncnenne, Apcrpanus u baiinHuan B npoBUHIMU [ aHbCY,
Kurail, uMeoT TONIMHY, KOTOpas OOBIYHO IIPEBBIIAET HX JAUAMETp, OOBIYHO B pe3yibTare
MOJBOAHONW MUHEpaIU3alliy, BKIIOYAIOIIEH 3aMelIeHHe IPOHMUIIAEMBIX BYJIKAaHMUYECKUX WIH

0CaJIOUHBIX ToI cylbduaamu. PacnonoxkeHrne U reoMeTpusi HEKOTOPBIX TPYOOOOpa3HbIX OOBEKTOB,
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TakUX Kak ropa MopraH, KOHTPOJIMPOBAINCH CHUHBYJIKAHMYECKUMHU JepeKTaMHu pocTa, Korja
Cynb(UIHBIC KypraHbl BCTPEYAOTCS BMECTE C HIDKEICKAIIMMH 30HAMU HM3MEHEHHHA W TITyOOKOU
AMUTEHETUYECKOH cTPaTu(OPMHON METHON 30HOM.

ITokBepkn OOBIYHO BCTpEYArOTCS B sAApax OoraTtbiX CynbQHUAaMU MECTOPOXKICHUN U
MPEJICTaBISIIOT COO0M MUTAIOUIYIO0 30HY, Yepe3 KOTOPYIO THAPOTEPMANIbHbIE PACTBOPHI MOIHUMAIKCh
K MaJIeOMOPCKOMY JHY. WX MOIIHOCTH BapbUpPYET OT JECATKOB METPOB JI0 COTEH METpOB. Takue
IITOKBEPKH, €CIM OHU OTHOCUTEIILHO Hene(hOpMHUPOBAHBI, OOBIYHO HMEIOT (GopMy OOpaTHOM
BOPOHKH WM 00pa3yioT TpyOuaryro cTpykTypy. I[Ipumepbl kinaccuyeckux IITOKBEpkoB VMS
BcTpedaroTcs: B paiionax Kypoko, Hopanna, /[xepom u Puo-Tunto B SInonun, Kpebeke, Apuzone u
Wcnanuu cooTBeTCTBEHHO. Peske MTOKBEPKH HAIOXKEHBI APYT Ha Apyra U BCTPEUAIOTCS Ha JIBYX WIIU
Ooiee crpaTurpaguuecKuX YpPOBHSX, Hampumep, B OTiIOokeHHsX peku Kys u ropsr Jlaitenn Ha
Tacmanuu, ABctpanus. [Ipumepsl cOBpeMEHHBIX IMITOKBEPKOB, OOHAPYKEHHBIX Ha MOPCKOM [JIHE U
oA HUM, BKItouarot ["amamarocckuii pudt, Mumn-Bammu u TAT .

HedopmupoBannsie pynubsie Tena VMS 00BIYHO MMEIOT CKIIAIUaTylO, Pa3IOMHYI0 W (WJIH)
CIABUTOBYIO CTPYKTYpY. CKIIaJIKK BHYTPU TaKUX MECTOPOKJICHUM BapbUPYIOT OT MIUPOKUX OTKPBITHIX
CTPYKTYp, Takux Kak B Jckaii-Kpuk, bputanckas Komym6us, u KapuOy, Heto-bpancyuk, Kanazga, no
M30KJIMHAJIBHO CKJIaq4aThiX cioeB, kKak B Tucane, Mekcuka, u Kyn3 3e Kas, FOxon, Kanana, no
CJIOKHO CJIO)KCHHBIX JIMH3, TakuxX Kak CtexeHiokk, IlIBenus, m Dnuzaber, Bepmont. B paitone
barepct B Hblo-bpancyuke, Kanana, cynbduaHple MeCTOpOXJEHUS MpEeTepHeNd HECKOJIbKO
MEPUOJOB MOBCEMECTHON aedopmannu, 4To 0COOEHHO XOpOIIO 33J0KYMEHTHPOBAHO B KPYITHBIX
pynubix Tenax bpancyuk Ne 12 u Xur-Ctui, BKIOYas peMOOHIN3ANIO CyIbQUI0B U 00pa3oBaHUE
cynbpuaneix Opexkunii. OOpamatoT Ha ce0si BHUMaHUE 30HBI YTOJIIEHUS MACCHUBHBIX CYIb(HUIOB,
XapaKkTepHBIE JJIS1 3aMKOB TUIOTHBIX U M30KJIMHAJIBHBIX CKJIaJIOK, HarpuMmep, Brunswick Ne 12,

OTnOXEeHHSI C CHIIBHBIM CIABUTOM OOBIYHO MMEIOT YUIMHEHHYIO WU PacujIeHEHHYI0 (opMmy
Cynb(UIHBIX TeN U (WIH) 30H CTPUHTEPOB MOOMIBBI, KOTOPbIE MOTYT OBITH CMEIICHBI MO CABHTaM
WIM TIacTHueckuM pasinomam. [Ipumeps! BkmtouaroT bpancyuk Ne 12, Jlakrayn u KpuctuneOepr B
[[IBeruu. B pesynbpTaTe TaKUX CIABUTOB W Pa3BUTUS TPAHCIIOHMPOBAHHOW CIIOMCTOCTH BO
BMEMIAOIINX MOPOJAaX U CIOKHBIX CTPYKTYP BHYTPH PEMOOHIN30BAHHBIX MACCUBHBIX CYIb(OUIOB U
MUTAIOMINX 30H MOXET OBbITh TPYTHO pPAa3INYUTh TEPBHYHBIE TE€OMETPHUYECKHE CBS3H MEKIY
MHUHEPATN30BaHHBIMU 30HAMH U BYJIKAHOT€HHO-0CAI0YHBIMH BMEIIAIOIIMMH TOJIIIIAMH, B TOM YHCIIE
OTIPENIETUTh, SBISIOTCS JIM OTJIOXXKCHHUS CHHTCHETHUYECKMMH WM DSIHUTeHeTHUYecKuMu. Jlpyrue
NPOAYKTH oOmmMpHON aedopmanuu oTiaoxkeHut VMS BKIIOUAIOT Tak HA3bIBAEMYIO «CTPYKTYPY
durchbewegung», BxIrOUaromyt0 GparMeHTh MOBEPHYTHIX U OOBIYHO OKPYIIIBIX BMEHIAFOIIUX TOPOJT
B OoraToil cynbpuaaMu MaTpHIle, a TAKKE TaKue OCOOCHHOCTH, KaK Oorarbie CyIb()pHIaMH KUJIBI,

MMWJIOHUTBI U BBICTYIIBI. Ocnabnenne u YTOHUYCHHUEC PYAHBIX TCJII B IIJIOCKOCTU CIIOCHUA SABJIACTCA
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OOBIYHBIM ~ SIBJICHHEM M MOXET MPHUBECTH K JIATEPaJlbHOMY PpACHpPEAEICHUI0  CTPYKTYp
KOMITO3UITMOHHOW ¥ MUHEPAIOTUYECKON 30HAIbHOCTH, KOTOPBIE M3HAYAIbHO OBLIM BEPTHKAIBHBIMHU,
Kak, Hanpumep, MectopoxaeHue Cunsep [luk B Operone uinu MHOTHE U3 MecTopoxnenuii VMS B
IPEAropHOM MeTaByJIKaHW4YecKoM nosice Kamudpopuuu.

Buewarowue nopoowi.

Bynkanndeckue U ocalouHbIE MOPOJIBI, OOBIYHO COAEpKalue MecTopoxaeHuss VMS moryr
BKJIIOYATh JIaBbl, TY(bl, CIAHIBI, aJCBPOJIUTHI, W (WIM) NECUYAHHKH UM UX MeTaMOp(HU30BaHHBIC
a”asord. OcaJlouHble KOHIJIOMEpAThl BCTpedaroTcs peako. I'pyOble BylkaHudeckue OpeKkunu u
00JIOMOYHBIE MHPOKJIACTUYECKUE TOPOABI  SBJISAIOTCS  BMELIAIOIIMMU  HOpPOJ KO MHOI'MM
MECTOPOXKICHUSAM, YTO OTpakaeT ONU30CTh THAPOTEPMANBHBIX HMCTOYHHKOB K BYJIKAHUYECKHM
HeHTpaM. Bo MHOTHX Cilydasix MacCHUBHBIC CYNb()UIHBIE MECTOPOXKICHHUS BCTPEUAIOTCS BIOJIb WA
BOJIM3M OpEKYMPOBAHHBIX PHUOJUTOBBIX KYIOJIOB, TAaKUX Kak paioHbl XOKOpyko B SmnoHuun u
Hopanna B KBeGeke.

2.2 JIBOJIONMS Ie00ro-reHeTHYeCKUX TMNoTe3 U KOHIeNIHii.

B neBsiTHannaTroMm Beke IoJiarajid, YTO OTPOMHBIE 3aJI€XKH CyJIb(UIOB, B TOM YMCIE MHOTHE,
KOTOpble MO3Ke OyayT Npu3HaHBl Kak MecTopoxiaeHus VMS, o0Opa3oBaHHbl B pe3yibTare
3allOJIHEHUS TPEIIMH M (WIK) CENEeKTUBHOTO TMIPOTEPMAIbHOrO 3amMerieHus. McrtouHuk ¢uonaos
OBLI COPHBIM: HEKOTOPBIE MCCIIEA0BATENN IPEAIOUYNTANIN JIATEPATIbHYIO CEKPELMIO0 U3 BMEIAIOIINX
MOpPOJI, a HEKOTOpbIE - (DIIOUJ0B U3 TPAHUTOUIHBIX UHTPY3UBOB. BbUIM M3yueHBl Tak Ha3bIBaeMbIe
OTJeNbHbIE JKWIbHbIE oOOpa3oBaHuss B Annanadax oT Herodaynmienga no JDKopmxuu u
YCTAQHOBJIEHO, YTO MHOTHE U3 HUX OBUIM CPOPMUPOBAHBI JO PETMOHAIBHOTO MeramopdusMa. beina
OTMEYEHa IMOJIHAsA TPaJalys OT CIAHIEBBIX BMELIAIOIINX MOPOJ 10 CYJIb(PHIHO-CIAHIEBBIX MJIACTOB
U MAacCUBHBIX CyIb(UIO0B, MPUBEIIIAsl K BBIBOAY, YTO BMEIIAIONIME MOPOAbI U MAcCCHUBHBIE PYIbI
UMEIOT OJMH M TOT e Bo3pacT. HecMoTps Ha STH OCHOBOMOIaramoIue HaOMIOJEHUS U
UHTEpHpeTalyy, OOJBIIMHCTBO HCCIEA0BaTeNe NpPUHSIIM SIUTeHEeTHYECKHEe TEOpuu M ocoboe
BHHUMaHUE yJENAI0Ch MarMaTHueCKOMY THIPOTEPMAIbHOMY 3aMEILEHUIO.

B 1950-x rogax BbIsiBIeHUE CTPATU(OPMHBIX BYJIKAaHUYECKMX MAaCCUBHBIX CyNIb(UIOB B pailoHe
barepct B Hrplo-bpaHncynke OTKpBIIM IBEpb [UIsl CUHIC€HETUYECKUX HHTEPIpETalMi. DTH HIEU
COBMNAJIM C TMOSIBJICHUEM OHKCTAISALHMOHHOM TEOPUHM NPUMEHHUTENBHO K MAaCCHUBHBIM CYIb()UIHBIM
MECTOPOXKIACHHUSIM HOPBEXKCKUX U UPJAHACKUX KaJeIOHU.

CoBpeMeHHas spa HCCIEIO0BaHUN BYJIKAHMYECKUX SKCTAISIMOHHBIX MACCHUBHBIX CYIb(GHUIOB
BO3HMKIA B 1960-x romax Onaromaps COYETAaHHIO HOBBIX  OTKPBITHH, YIy4IIEHHOTO
pPaMOMETPUYECKOT0 TaTUPOBAHMSI, BKIIOYEHHS HOBBIX MCCIIEOBAHUI CTAaOMIIBHBIX M PaIMOT€HHBIX
U30TOMOB M, B YAaCTHOCTH, OTKPBITUIO COBPEMEHHON T'HAPOTEPMallbHOM aKTUBHOCTH Ha

OKCAaHNYCCKOM JTHC.
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N3ydenne rugpoTepMaIbHBIX MPOLIECCOB HA MOPCKOM JIHE MPUBEJIO K NMPOrpeccy B MOHUMaHUU
KOHBEKIIMH (IFOMIOB M OXJIAKICHHUS OKEAHCKOW KOPBI, MPOUCXOXKICHUS <«3EJICHBIX KaMHEH» u
CCPIICHTUHHUTOB, a TAKIKC NPOUCXOXKICHUA CTpaTI/I(i)OpMHLIX 1 CTaTUYCCKUX MAaCCHUBHBIX CYJIb(l)I/I,I[HBIX
MeCTOpOXKAeHHM. bpima oTMeueHa koppersius obnacteil oborameHus cyiabpuaamu ¢ 00JacTsIMHU
MOBBIIIEHHOT'O TETJIOBOTO MOTOKA. CUUTAETCs, UTO 3TH OCAJKU BBI3BAHBI BOCXOSAIINMH PACTBOPAMHU
FJIY6I/IHHOFO MPOUCXOKACHUA, KOTOPLIC, BCPOATHO, CBA3dHbI C MArMaTHU4YCCKUMHU IpOoLECCCaMH Ha
FJIY6I/IH€. Nx IIOABEM CHHUTACTCSA «30HOU BbI1OXAa U3 MAHTUH 3CMJIN» U OTH SMAaHAIIUU MOTYT CIIYKHUTh
NepBOHAaYaIbHBIM 00OTallleHneM B IIpoleccax pyaoo0opa3oBaHusl.

[IpuMepHO B TO e BpeMsi OTKPBITHE 0ACCEHHOB C TOPSYMM paccojoM Ha jHe KpacHoro mops
(puc. 2) yka3bIBaJI0O Ha BO3MOXKHOCTH MPSMOTO OCAXKJIEHHUS METaUIOHOCHBIX (rouaoB (puc. 3) u3
TUIPOTEPMATBHBIX PACCOJIOB HA MOPCKOM JHE. DTO OTKPBITHE OOJIbIIE, YeM JIF000E APYroe, MPUBEJIo
K PEBOJIIOIMHM B 00JACTH pyJIOTe€HE3a M TMEPEOlICHKE MPOUCXOXKIEHUS MACCUBHBIX CYNb(HIHBIX

MECTOPOKIACHUI.

MIDOLE VALLEY b ] ASIA
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Puc. 2. KapTa TEKTOHUYECKHX PAHUL] MOPCKOT'O JIHA, PACIIOI0KEHHS THAPOTEPMAIIbHBIX XKEPJ U OPYACHEHHUSL.

[Tocne otkpeiTii B KpacHOM MOpe MNOSBUIOCH HECKOJIBKO CBHMJIETEIBCTB HCCIEAOBAHUI
CPEIMHHO-OKEAaHUYECKNX XPEOTOB M J1a0OPAaTOPHBIX IKCIEPUMEHTOB IO peaklHH Oa3anbT-MOpCKast

BoJla. bpUTo MOKa3aHO, YTO UUPKYJIALMS MOPCKOM BOABI M PEAKIHS C OKEAHWYECKOW KOpOMl u3-3a
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KOHBEKTHBHOI'O HarpeBa MOJBOJHBIMA MarMaTHYECKUMHU O4YaraMH UIpalyd JOMUHUPYIOILYIO pOJb B
00pa30BaHUM PYJOHAKONUTEIbHBIX (DIIOUAOB. OTH HCCICNOBAHUS IOATOTOBHIM TIOYBY IS
OTKPBITUSL AKTHBHBIX THIPOTEPMAIBHBIX HMCTOYHHUKOB W CBSI3aHHBIX C HUMH CYJb(QUIHBIX
MECTOPOXKJCHUH Ha CpPEIMHHO-OKEAHWYECKHX XpeOTaX, OCTPOBOJYXKHBIX BYJIKAaHAaX M 3aJyrOBBIX
LEHTpaxX CHpeJuHra. AKTHBHBIX M  HEAaKTUBHBIX TUIPOTEPMAIBHBIX CHCTEM JKEpI U
THIPOTEPMAIBHBIX OTJIOXKEHUH Ha COBPEMEHHOM MOPCKOM JHE 3HAYUTENIBbHO OOJbIle, YeM
0KU/1aJIOCh, 0COOEHHO C Y4E€TOM TOTO, YTO TOJBKO HEOOJBIION MPOLEHT OKEAHWYECKOro XpedTa u
KOHBEPIreHTHBIX OKpauH U3y4deH noapoOHo. B Hacrosimee Bpemsi uzBectHo Oosee 300 y4acTkoB co
CBU/IETEJILCTBAMM 3HAUUTENILHONW TMAPOTEPMAIbHOM aKTUBHOCTH Ha MOPCKOM JHE B MPOLUIOM HJIU B
HACTOSALIEE BpEMS.

ITomumMmo 3anexent paccosna KpacHOro Mopsi, B HacTosiee BpeMsi M3BECTHO HECKOJIBKO KPYITHBIX
(MUJUTMOHBI TOHH) 3a&JIeKeH C BBICOKMM COJAEP)KaHHMEM METAJIOB Ha CPEIMHHO-OKEaHMYECKHX
xpebtax (puc. 3), BKmouas ydactok Tpancarinantudeckoro reorpasepca (TAI). na CpenunHo-
ATnaHTHYeCKOM XpedTe M Ha camMoM ceBepHOM xpebre XyaH-ne-Dyka BocTouHee Bocrouno-

TuxookeaHCcKOro noJHATHS.

A. Mineralogic Facies of Metalliferous Sediment beneath the Atlantis || Deep Brine Pool, Red Sea
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Puc. 3 TunuyHble NpUMEpPbI KPYIHBIX 3aJIe)Kel MaCCHUBHBIX CYIb(HI0B Ha MOPCKOM JiHE. A - Pa3pe3 MeTasIoHOCHBIX
rpsi3eBbIx ¢arui, ['myouna Atmantuast 11, KpacHoe mope. B - Pa3pe3 maccuBHBIX CyJIb)HUIHBIX OTIOKEHUN HACHITIH
Bent-Xusn, Muui-Basnu, xpeber Xyan-ne-®Pyka. C - Tpancatnantuueckas reorepmaibhas (TAI) cynbdarHo-
cynb¢uaHas Hacklnb, CpenuHHO-ATinanTrdeckuii xpeoer. D - cynbduansiii xomm 13°c.m., Boctouno-Tuxookeanckoe
nogusarue. E - Mmectopoxxnenne maccuBHbIX cynbduaoB Comnapa-1, BocrouHas yacts Oacceiina MaHyc.
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B 3amyroBmIx YCIOBHSIX pacTsDKEHHS BOCTOYHOM YacTh OacceiitHa MaHyc MacCHBHBIE
CyIb(QHIHBIE MECTOPOXKICHHS C BRICOKMMHU KOHIIeHTpauusmu Cu, Zn, Au, Ag, Pb, As, Sb u Ba (puc.
3) pa3MeleHsl B M3BECTKOBO-IIEIOYHBIX MOPOJAaX, COCTaB KOTOPBIX BapbHpyeTcs OT Oazanbra 10
puonuta. Bee 3TH uccienoBaHus MOATBEPKAAIOT MHTEPIPETALMIO TEHETUYECKOTO POJICTBA MEXKIY
COBPEMEHHBIMHU OTJIOXCHUSMHU MOPCKOTO JTHA M APEBHUMHE OTI0KeHUsIMU VMS.

N3ydyeHne OTNOXKEHMI Ha KOHTHMHEHTAX LUIO MApajuleIbHO C OTKPBITHUSIMH MOPCKOIO JIHA.
[IpuMeHeHre XUMHUYECKUX M M30TOMHBIX METOJOB, MHTEpIpeTanus (U3MYECKOW BYIKAHOJOTHH,
TEKTOHUKHU, U Bce 0oJiee CIOXKHbIE MCCIeA0BaHUs (IIIOMAHBIX BKIIOYCHHM yIy4YIIMIN TOHUMaHHE.
[IpuzHanue opuOIUTOB UCKOITAEMON OKEaHWYECKOW KOpOM, 0Opa3oBaBIIEiCs B IEHTPaxX CIpPEIUHTa
Ha MOPCKOM JIHE, CONPOBOXKIAJIOCh OCO3HAHHMEM TOIO, YTO CBA3aHHBIE C HUMH MacCHBHbIE
CyIb(QHIHBIE MECTOPOXKICHHUS CHHICHETHYHBI CBOMM BYJIKAaHMYECKHMM ToiIaM. MccienoBanus
MecTopoxkacHu Kypoko B SIOHMM yCTaHOBHIIM, YTO OHU UMEIOT BYJIKAHUYECKOE ITPOUCXOKICHHUE.
Otnoxennst Tuna bamum 6bUM MpU3HAHBL 1e()OPMUPOBAHHBIMU CTPATU(HOPMHBIMH OTIOXKEHHUSIMH, a
OTJIOKEHHUS apXEHUCKUX M MPOTEPO30MCKUX 3eIEHOKAMEHHBIX TOSICOB, OCOOCHHO B CEBEPHOHN YacTh
OnTapuo, ObLTH IPU3HAHBI BYJIKAHOT€HHBIMHU.

B Mupe nHacuuthiBaetcs okosio 1100 mpusHaHHBIX MecTopoxxaeHuid VMS, B Tom uucie 6onee
100 B CILIA u 350 B Kanazge. Pacnionoxenue 3HauntenbHbIx MecTopoxaeHuii VMS B CoerHeHHbBIX
[IITarax HaHeceHO Ha 0a30BYIO reoJOrmuYeckyto kapry m3 HammonamsHoro arimaca CIHA (puc. 4).
OTtpaenpHble MPEACTABUTENN 3TOTO THIA MECTOPOXKJEHUMN, CTPYNIHUPOBAHHBIE MO JUTOJIOTMYECKUM
accoluanusM, TMpeAcTaBlIeHbl B TaOmuIEe 2 BMECT€ C NPEANOoJiaraéMbIMH TEKTOHHYECKHUMHU

napamMeTpamMu 1 BO3BMOXKXHBIMU COBPEMCHHBIMHA aHAJIOTAaMH.

al

Puc. 4. Pacnionoxxenne mecropoxneranii VMS B Coenunennsix HlITarax.
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Tabn. 2.
IpuMepsl THNOB MECTOPOKIEHUI € IUTOJTOTHYECKUMH ACCONUANMAMHE, MPEANOIAraeMbIMH TEKTOHHYECKUMHU
YCJIOBHSIMH M BO3MOKHBIMH COBPEMEHHBIMH AHAJOTAMHM.
Examples of Lithologic Inderred Passible

ancient deposits assncistons tectonic seflings madern analags SESSSE_.

Rio Tinto {Spain); Brunswick 12 Siliciclastic-felsic Mature cpicontinental margin arc Ancient deposits; Tomaos { 2006]; Goodficllow
(Conada); Stekenjokk (Sweden); and back arc ardl others {2003 |; Grenme and others | 1999
el (LISA); Bonnifield (LISA) Dashevsky and others (20035); Dusel-Bacon and

oibsers | 2004 )

Hanacka (Japan); Eskay Cresk HBimodal-Felsic Rifted continental margin Ccinawa Trough; Woodlerk Ancient depositss Ohmoto and Skineer (1983); Bar-
(Canasla); Rosehery (Auastralia); arc and back arc Basin; Manus Basin reft and Sherlock (1996); Large and others {2001);
Tambo Grande (Peru); Arctic Secinmyilller and others, 2000); Schmidt (15986);
(USAY; Jerome (LISA) Gustin (19940)

Modem snalogs: Binns ard athers {1993 Halbach
arel others (1993 Bines and Scoit (1993)

Homse (Canada); Komsomaolskoye  Bimodal-mafic Rified immature K.ermadec Arc; Lru-Bonin Ancient deposits: Gibson and otbers (2000); Prokin
(Russin); Bald Mountain (USA); inFaoceanic arc Arg; Mariana Arc ard Buslaey (1999); Schulz and Ayuso (2003
Crandon (USA) Lamshe and Rowe ( 1987)

Moddem analogs: Wright and others { 1998); Glashy
ardd others (2000); Hanmimgton and others (2005)

Windy Craggy (Canada); Siliciclastic-mafic  Rifted comtinental margin; sedi- Ciuayrnas Basin; Escanaba Ancient depositss Peter and Scott {1999); Basmo and

Besshi (Japan); mented oceanic ridge Trough: Middle Valley: Salkai (19289) Siephens and others (1 984); Gair

Duckiown (USA); Gossan Lead or back arc; imracontinental rift Red Sea amd Slack (1984); Crowe and others {1 992);
(USAY Mesdern analogs: Koski and others (1985); Zieren-

Beatson (USA) berg and athers {1993); Goodfellow and Franklm

(1993 ); Shamks and Bischofl | 1980)

Skouriotrsa {Cyprus); Lasasl Mafic-ulramafic Intraoceanic back-ane or fore-anc Law Basain; Morth Fijpn Basin; Ancrent deposits Constantinog and Govelt {1973);
(Cman ), Lokken (Morway) Betts basin; oceanic rdge Trans-Atlanbe Ceeothermal Alabaster and Crenne and others { 1999); Sephens
Cove (Canada); Bou Arzer (Mo- {TAG) field: Rainbow vent ard others { 1984 ); Upadhyay and Strong {1973
rocco); Tumer-Albright (LUSA) facld Leblanc and Fischer (199400 £serenberg and oth-

ers o | 98]

Modern analogs: Fouguel and others (1993); Kim
ard others { 2006); Rona and others | 1993);
Margues and others (2007)

3. PETMOHAJIBHBIE YCJIOBUS PASMEIEHNSA MECTOPOXIEHUI.

3.1 'eoTeKTOHNYECKHE 3aKOHOMEPHOCTH.

Mecropoxaenus VMS GopMupyroTCsi B MOPCKOH TEKTOHHYECKOW 00CTAaHOBKE, TJI€ CYIIECTBYET
CHJIbHAsI TIPOCTPAHCTBEHHAss U BPEMEHHAs B3aWMOCBS3b MEXKAY MarMaTH3MOM, CEHCMHUYHOCTHIO U
BBICOKOTEMIIEPATYPHBIM THAPOTEPMAIBHBIM IPOLECCOM. DTH YCJIOBHUS BKIIOYAIOT TNPOTSKEHHBIE
OKEaHWYECKHEe CIIPEIUHIOBbIE XpeOThl, BYyJKaHHYECKHE AYT'M (OKEaHWYECKHEe M KOHTHHEHTAJIbHBIE
OKpaWHbI) U CBSA3aHHbBIE C HUMU 3ayroBble OacceiiHbl (puc. 5). Kpome TOro, B moCTakKKpelMOHHbBIX U
(M) CYKIIECCHOHHBIX JYTOBBIX 00CTaHOBKaX (pH(TOBBIX KOHTHHEHTAIBHBIX OKPAaWH M CIBUTOBBIX
BIIQIMHAX) BO3MOXKHO (opMUpOBaHHE OOCTaHOBOK pacTsbkeHus. VMS B mpoTepo3oiickux u
(aHepo30MCKUX TOJNIIAX OOBIYHO MOTYT OBITh OTHECEHbI K KOHKPETHBIM TEKTOHHYECKHM pEeXHMam
IUTAT, TIPU 3TOM BCE, KPOME TEPPUIE€HHO-KUCIIOTO THUIIA, MPEACTABICHbl COBPEMEHHBIMU aHAJIOTraMH
(Tabmn. 2). OgHako CXOAHOE OPYACHEHHE B apXEWCKUX TEepPpelHaxX MEHee OMpeNeseHHO, MOCKOIBKY
pOIb TPAJWIMOHHBIX TEKTOHWYECKHX CHUCTEM IUITMT B paHHEW WCTOPUM 3eMIIM TMPOJODKAET
oOcyxnarecs. TakuM o0pa3om, XoTs apxeickue mectopoxaeHuss VMS MoxHO kiaccu(uiupoBarthb
[0 OTHOCHTEIbHOMY KOJMYECTBY CBSI3aHHBIX OCHOBHBIX, KHCIBIX M OCAJOYHBIX TOPOA, Takas
Kjaccu(uKanusi He 005S3aTENIbHO COOTBETCTBYET COBPEMEHHBIM TEKTOHHUYECKHUM YCIIOBHSM ILIHT.
OpHaKo, TOCKOJIBKY TEKTOHHYECKHE «ITUTHBIE» MPOIECCHl, IMO-BHIUMOMY, IEHCTBOBAIM, IIO
KpaifHell Mepe, C MaleonpoTepo30s M, BO3MOXHO, paHee, TIeOTEKTOHWYECKHE YCIOBHUS

MeCTOpO)KI[eHI/Iﬁ VMS onucaHbl HMKE B KOHTEKCTE COBPCMCHHBIX TCKTOHUYCCKUX PCIKUMOB ILIUT.
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B coBpeMeHHBIX OKeaHaX THAPOTEpMalbHas AKTHUBHOCTbh COCPEAOTOYEHA BIOJb CPEIUHHO-
OKeaHW4ecKknx xpeO0ToB (65%), a ocrampbHas 4YacTh - B 3aAyroBbIX OacceitHax (22%), BmOMb
ByJkanndeckux ayr (12%) u BynkanoB BHyTpu mint (1%). bonbmuHcTBO MectopoxaeHuii VMS,
COXPAHUBIIHXCS B TE€O0JIOTMYECKOH JIETONHCH, MO-BUAUMOMY, C(HOPMHUPOBAIMCH B HPOTIKEHHBIX
OKEaHWYECKMX M KOHTHMHEHTAJIbHBIX BYJIKAaHMYECKMX Ayrax M 3aAyroBblX OacceliHaX, TakuX Kak
MUOLICHOBasi fIMOHCKas JyroBasi-3aayroBas cucrtemMa M coBpeMeHHble OKHMHAaBCKMM Mporud u
Oaccelinbl Jlay m Manyc. OOmasi CKyJ0oCTh B T'€OJOTHYECKOW JIETOMUCH MecTtopoxaeHuin VMS,
00pa30BaBUIMXCS HAa CPEIMHHO-OKEAHWYECKUX XpeOTaX, BEpOSTHO, OTpakaeT CyOAYKLHIO U
nepepaboTKy KOpbl [Ha OKeaHa, 10 KpaiHed Mepe, ¢ Maneonporepo3ost (Kopa COBPEMEHHOIO
OKeaHCKOro JHa He crapiie 180 miH ser).

Xots mectopoxaeHus VMS, oOpa3oBaBivecs Ha CpeIUHHO-OKEAHUYECKHX XpeOTax, pelko
COXpAaHSIOTCS B TEOJIOTUYECKON JIETONHCH, M3YyYEHHE BYJIKAHWYECKUX, TEKTOHHMUYECKUX U
THJIPOTEPMANIBHBIX HPOLIECCOB, NMPOUCXOASIIMX HAa COBPEMEHHBIX I'pEOHAX XpeOTOB, BO MHOIOM
SIBIISIETCS. OCHOBOW COBPEMEHHBIX MojeNell ruaporepMaibHbix cucteM VMS. Hanbonee y3HaBaeMsl
BbicokoTemneparypuble (350°C) sxepyia «4epHBIX KYpUJIBLIUKOBY», BIIEPBbIE OOHApY)KEHHbIE Ha
Bocrouno-Tuxookeanckom mogHatun B 1979 r. OcoOGHHOCTH THIPOTEPMAIbLHON AaKTUBHOCTH
MOPCKOT0 JiHa HauboJsiee paclpOCTpPaHEHbl Ha CpeIMHHO-OKeaHWyeckux xpeOrax. MccnenoBanus
«KYpWJIBILIUKOB» IPOJOJDKAIOT JaBaTh Ba)KHbIE CBEAECHUS O TIEOJMHAMUYECKHMX M XUMHUYECKUX
nporueccax, BeAyIIMX K (OPMUPOBAHMIO JOHHBIX THUAPOTEpMalbHBIX cUcTeM. OJHaKO H3-3a UX
HEJIOCTYITHOCTH Ba)KHbIE BONPOCH! 00 MX (POPMHUPOBAHUU U HBOJIOLMU OCTAIOTCS HEAOU3YYEHHBIMH,
BKJII0Yas TPEXMEPHYIO CTPYKTYpPY THAPOTEPMAIbHBIX CUCTEM MOPCKOTO JHAa M UCTOYHMK(M) TerJa,
BBI3BIBAIOIIMNA ITUPKYISIIUIO0 BBICOKOTEMITEPATYPHBIX (QIIFOUI0B. DTH actekTsl Gopmupyromux VMS
CUCTEM, a TaK)K€ PETUOHAJIBHYIO apXUTEKTYpPy BYJIKAHMYECKHX TOJII], BMELIAIOUINX OTJIOXKEHHUS,
Jerdye uccieoBaTh MOCPEICTBOM JAETANbHBIX HCCIEIOBAHUN B PErHMOHAIBHOM MaclITadbe JIpEeBHUX
VMS. Opnako HHTepHnpeTanusi pacholokKeHus ApeBHUX MecTopoxkaeHuid VMS moxer ObITh
3aTpyJHEHa, OCOOEHHO KOT/la OHU NMPUCYTCTBYIOT B TEKTOHMUYECKU J€(POPMUPOBAHHBIX (pparMeHTax
OpOT€HUYECKUX IOSICOB.

TexkToHMUECKHE CTPYKTYphl, ONHCAHHBIE HMXKE, MPEJCTABISAIOT CO00M KOHEUHBIE DJIEMEHTHI.
MHorne ecTecTBEHHBIE YCIOBHS B HEKOTOPBIX OTHOUICHMSX SBIIAIOTCS NEPEXOAHBIMHU, HAIpUMeEp,
ByJIKAHMYECKass Jyra U CBS3aHHBIH C HeW 3aayroBoil ©OacceliH MOTyT H3MEHAThCA OT
KOHTHHEHTAJIbHOTO K OKEaHUYECKOMY.

3.2 CpenMHHO-0KeaHNYecKHe XpeOdThbl, 32/1yroBble 0acceiiHbI.

Hemmemnss rio0anbHas cUCTeMa CPEIMHHO-OKEAHHMUYECKUX XpeOTOB 00pasyeT MOABOIHYIO
cucteMy aiuHON Oosiee 50 TBIC KM, KOTOpasi B CPEIHEM HAXOAHUTCS Ha BBICOTE OKOJIO 3 THIC M HaJ

abuCccabHBIM MOPCKUM JHOM (pHC. 5). Pasnuunbie TUMBI XpeOTOB pa3IuvaroTCs B 3aBUCUMOCTH OT
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pPErMoHaNbHBIX TEKTOHUYECKUX HAMPSHKEHUN U CKOPOCTH MOCTYIUIEHUSI MarMbl. DTH (aKTOPbI TaKkKe
BIUSIIOT HAa pa3Mep U MOIIHOCTh THAPOTEPMAIIBHBIX KOHBEKIIMOHHBIX CHCTeM XpeOToB. CyliecTByeT
o0mmas TMOJOXUTENbHAS KOPPEJSIIHsl MEXKAY CKOPOCTBIO CHOPEIWHTa W HWHTEHCUBHOCTBHIO

THJIPOTEPMAIBHOTO IpoIiecca.

Oceanc Continarzal
Back are Istand Md-ocean intraplate Continental rityback-are

Bagn are ridge volcanoes margn arc basin

EXPLANATION

e 2 4 X s
+ 9 sulfide dep

Puc. 5 Cxema, mokassiBarommas Mectopoxxaeans VMS B IUBepreHTHHIX (CpeInHHO-OKeaHNIeCKUH XpeOeT 1 3a1yroBoi
OacceifH) 1 KOHBEPICHTHBIX (CBsI3aHHAA C CYOMyKIMEH OCTPOBHAS AyTa M Tyra KOHTHHEHTAFHON OKPAWHBI) YCIOBHAX.

Low-temperature
venting %

High-temperature
(black smoker)
venting

Volcanic
extrusives

Sheeted
dikes

Magma
resemvior
Puc. 6 Cxema, ruipoTepM Ha cipeTuHIroBoM BocTtouno-TruxookeaHckoM xpeOTe.

(sblcoxomemnepamypnbze «yepHvle KypuibuKu» 603HUKAIOM HAO 6onee MeIKUMU Ce2MEHMAMU 0Ce6020 MASMAMUYECKO20 pe3ep6yapa).

B mentpax ObicTporo cmpemuHra (CKopocTh crmpenunHra or 6 go >10 cm/rof), Takux Kak
Bocrouno-TuxookeaHCKOe TOJHATHE, BBICOKOTEMIIEPATYPHBIE  (UIFOMABI  IUPKYIHPYIOT Ha
OTHOCHUTENIbHO HeOobinue Tiyounsl (1-2 kM) (puc. 6). M3-3a mepnoandeckoro mpucyTCTBUS MarMbl
B HETTYyOOKHX CyOaKCHANbHBIX KaMmepaxX JPYNTHBHBIE KaHAIBI TECHO CBSI3aHBI C OOJIACTSAMHU CaMbIX
HEJAaBHUX BYJIKAHHMYECKHX H3BepxkeHHi. OIHAKO MECTOpOXACHUS, (HOopMUPYIOIIUEcs Ha OBICTPBIX
CTIPEIUHIOBBIX IICHTPaX, MMEIOT TEHJCHIMIO ObITh HEOONBIIMMHU (MEHEE HECKOJIbKUX ThIC T),
MOCKOJIbKY YacTble M3BEpKEHMsI, KaK MPaBUJIO, HAPYIIAIOT MOTOK THAPOTEPMAIBHBIX (IIIOMIOB U
norpe0aloT CKOIUICHUS CYNb(PHUAOB, a KEPJIOBbIE KOMIUIEKCH OBICTPO CMEMIAIOTCS OT CBOETO

HCTOYHHUKA TCILIaA. CpCﬂHCCKOpOCTHBIC CIIPCAUHIOBBIC LICHTPLL (4—6 cM/T 0)1), TaKHC KaK CHUCTCMbI

xpeodta Xyan-me-®Oyka, ['opma m Tajmamarocckuiét pud)T B BOCTOYHOW dYacTH THXOro okeaHa,
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XapaKTepu3yroTcs: 0osiee HU3KUMH CKOPOCTSMHU IMOCTYIUIEHUS MarMbl, 0ojiee r1yOOKMMH OCEBBIMH
JOMHAMU W OOJIBIINM CTPYKTYPHBIM KOHTPOJIEM HAJ[ BOCXOJSIIMM TIOTOKOM THIPOTEPMAILHOTO
¢dronma, yeM Ha OBICTPOCHPENUHTOBBIX XpeOrax. LIeHTpsl cripeawHra cpeaHell CKOPOCTH HUMEIOT
OJIHU M3 KPYIMHEHIINX U3BECTHBIX SPYNTUBHBIX MOJeH, mpu 3ToM 3¢ (dy3un 0OBIYHO COCPEAOTOUECHBI
BJI0JIb CTEHOK PU(TOBBIX JOJUH WM B 30HaX OCEeBBIX TpeuuH. Hanpumep, cerment MuneBop xpedra
Xyan ne @yka umeer 50-100 «yepHBIX KypUIIBIIMKOB», PACIOJIOKEHHBIX B IIECTH PABHOMEPHO
PaCIOJIOKEHHBIX KEPJIOBBIX MOJISAX, HA PACCTOSHUU 2—3 KM APYT OT ApYra, BOJb 15-KUIOMETPOBOTO
CerMeHTa OCeBOM MoJMHBL. MenneHHo pactymue xpeoTel (1-4 cm/ronm), Ttakue kak CpeawHHO-
ATIaHTUYECKUH, XapaKTEepPU3YIOTCS HHU3KOM CKOPOCTHIO IMOCTYIUIGHHS MarMbl W JIMUIb
MEPUOANYCCKUMH JIOKATBHBIMU U3BEPKCHHUSIMH 0a3alibTa. DT XPEeOThI CBUACTEILCTBYIOT O CHILHOM
TEKTOHMYECKOM PACTSDIKEHUHU, XapaKTEpHU3yromleMcsi OOJIbIIMM BpallleHHeM 10 cOpocaMm U
oOHa)X€HHEeM MHTPY3UBHBIX rab0po U CEprIEHTUHU3UPOBAHHBIX YIBTPAOCHOBHBIX MOPOJ B OCHOBHBIX
KOMIUIEKCaX, o0pa3oBaHHbIX cOpocamu. B Heckoibkux mectax Baoib CpeauHHO-ATIAHTUYECKOTO
xpeOTa «4epHbIC KYpPWJIBIIMKU» W 3aJIeKH MACCHBHBIX CYIb(QHUIOB, HEKOTOPHIE H3 KOTOPBIX
XapaKTePU3YIOTCS OOOTalllCcHHeM HUKeleM, KOOAaThbTOM U 3JIEMEHTAMH IUIATHHOBOW TPYIIIIEI,
BCTPEUAIOTCS TMOBEPX CEPICHTUHU3UPOBAHHBIX  YIBTPAOCHOBHBIX IOPOJ, MPEACTABISIOMINX
«oOHaxxeHHyr0» MaHTU0. Kak nokasaino rugporepmanbaoe noje TAI na CpeqnHHO-ATIaHTUYECKOM
XpeOTe, KPYIHBIC OJTOXHUBYIIUE THAPOTEPMAIBHBIE CHCTEMBI MOTYT Pa3BUBATHCS HAa MEIJICHHO
CIPEIUHTOBBIX XpeOTax.

[Tockonbky OkeaHWYeCKHEe OACCeMHBI U COAEpIKAIIMecs B HUX XPEOThI COCTABISIIOT OONBIIYIO
yacTh 3eMHOM MoBepxHOCTH (okono 48%), yem 000 ApPYyroil THUI 3€MHON KOPBI, TMOJBOJIHBIC
BYJIKAHUYECKHE TIOPOJBI  SIBIISIOTCS  HawbOojee pachpOoCTPaHEHHBIMH  MPUIIOBEPXHOCTHBHIMU
MarmMaTU4ecKuMu ropoaMu Ha 3emite, 1 >80% 3TuX Mopoj COCTaBISIOT 0a3aabThl, 00pa30BaBIIHECS
Ha CpeIUHHO-OKeaHWYecKnXx xpeOTax. bazanbTel, oOpasyrolue KOpy CpelnHHO-OKEaHHMYECKUX
xpedToB (MORB), npeactaBnsoT co0ol MPEUMYIIECTBEHHO CYOIIEIOYHbIE TOJEUTOBBIE 0a3aIbThI,
XapakTepu3yloumecs OOCAHCHHEM TOpUEM, YpPaHOM, IICJIOYHBIMH METANIaMAd W JIETKUMU
peIKO3eMENIbHBIMU ~ JJIEMEHTaMH 10  CPaBHEHMIO C  OKEAaHMYECKUMHU  OCTPOBHBIMH U
KOHTHHEHTATbHBIMU 0a3albTaMH H HWMEIOT OTJIWYHUTENbHBIE H30TOMHBIE XaPAKTEPUCTUKH.
HekoTopeie NpOMEKyTOYHBIE M MEIJICHHO CIHPEIUHTOBBIE IIEHTPHl HUMEIOT Oojee pa3BUTHIC
MarmMaTudeckue coctaBbl  (peppobazanbT ©  aHAE3UT), UYTO OTpPaKAET  (PPAKIUOHHYIO
KPUCTAJUTH3AIINI0, CMEIICHHE MarMbl 1 (MJIH) JIOKAJTBHYIO aCCUMUJISIINIO KOPOH HA MaJIbIX U CPETHUX
riyounax. Kpome Toro, HEKOTOpBIE IEHTPHI CIIPEeIUHTa (HAllprUMep, YacTH CUCTEMBI XpedTa XyaH /e
Odyka) Takke HMEIOT oborameHHble ToneutoBeie 0a3anbTel (EMORB) ¢ moBbIIEHHBIME
KOHIICHTPAIlUSIMH HECOBMECTUMBIX MHKpodJeMeHToB (Hampumep, Ba, Cs, Rb, Th, U, K, nerkue

pEeIKO3eMENIbHBIE DJJIEMEHTHI); 3TO OOOTallleHHe TakKKe MOXKET OBITh OTpPaXE€HO B COCTaBe
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TUAPOTEPMAIBHBIX (QIIIONA0B U CYIb(UIHBIX MECTOPOKICHUN B ATHX MecTax. XoTd Haubosee
JIPEBHEE JIHO OKeaHa, MO-BUIUMOMY, CO BpEMEHEM IMOABEPIVIOCH CYOIYKIIMH, B HEKOTOPBIX OPOTeHAX
MPHUCYTCTBYIOT PElIKHe OOyKTHBHBIC OCTATKU, TAKUE KaK O(QUOIHUT OPAOBUKCKOTO 3alIMBa OCTPOBOB
B Hrrodaynmnenae. Oqnako OONBIIMHCTBO O(PHUOIUTOB MPEACTABISAIOT COO0H OOJOMKH TyrOBBIX U
3aJIyTOBBIX 0AaCCEHHOB pacTsHKeHUs, CHOPMUPOBAHHBIX B YCIOBUSIX HAJICyOTyKIIMOHHOM 30HBL. XOTA
M3BECTHO HECKOJIBKO JIPEBHHUX MPUMEPOB MecTopoxaeHuii VMS, oOpa3zoBaBIIMXCcs Ha CpPeIUHHO-
OKEaHWYeCKHX XxpeOTax, Oonpllas WX YacTh OOpa3oBajiaCh B LIEHTPaxX CIPEJUHra B YCIOBHIX
HAACYOIYKIMOHHON 30HBI (OCHOBHAsI-yIbTpaMadUTOBasI acCOIMAIs), K HUIM OTHOCATCS OOBEKTHI B
koMmIuiekce Tpoomoc Ha Kwumpe; omanckue oduonmtel Oman; oduonut JIEKKEH B IEHTpaIbHOU
Hopseruu; opuonut berre Koys, Hetopaynmienn u opuonut XKozedpuna.

3.3 Okeannyeckne, OKPAUHHO-KOHTHHEHTAIbHbIE BYJIKAHUYECKHE TYTH, PUPTHI.

AKTHBHBIE IICHTPHI CIIPEIUHTa, KOTOPbIE CTAHOBSTCS OJIMKE K KOHTHHEHTAIbHBIM OKpauHaMm B
pe3ynpTaTe CyOAYKIIMM OKeaHWdeckoil Kopel (cuctembl xpebta Xyan-ge-Oyka u [opna),
pacnpocTpaHeHuss xpebta W pasBuTHsI pUPTa KOHTHHEHTAIBHON okpamHbl (BocTtouHo-
Tuxookeanckoe mnoxausatHe B Kamudopuuiickom 3anuBe) (puc. 7), wim 0ojiee CIIOKHBIC
TeKTOHMYeckue mnporecchl MMT (KpacHoe Mope) MOryT HCHBITBIBATH BBICOKHE CKOPOCTH
OCaJKOHAKOIUICHUS C Y4YacTHEM TEMHUIIeIaru4ecKux WIOB M (WJIM) OOJOMOYHBIX OTJIOXKECHHM,

00pa3oBaBIIMXCS U3 IPUIIETAIONIEH KOHTUHEHTALHON KOPBHI.
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....... Older transform fault \ Post 3-5 Ma
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N
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Puc. 7 Ctpykrypnas xapta KanmudopHuiickoro 3ajimBa, Ioka3bslBaromas NpoTsHKEHHOCTh HEAABHO cpociueiics
OKEaHWYeCKOI KOpHI B OacceliHax pacTsbkeHus (Oacceitnpl AnapkoH, @apamion u ['yaiiMac) BIOJIb MPOAOIDKEHHS
BocTouHo-THUX00KE€aHCKOrO OJHATHSI.

CeromHs OKOJIO 5 TIPOIIEHTOB aKTHBHBIX IIEHTPOB CIIPEANHTA B MUPE MOKPHITHI OTIOXKECHUSIMH C
OnMu3NeKAUX KOHTHHEHTAJIBHBIX OKpaWH, BKIIOYas 4dactu xpe0ToB XyaH-me-Oyka u [opma B
CeBepO-BOCTOUHOM yacTu TUXOro okeaHa u ceBepHyro 4acTb BocTouHo-TUX00KeaHCKOTO MOTHATHS B
Kamudopuuiickom 3anuBe. Bvicokas CKOpOCTh oOcaJkoHaKkoIIeHHs Ha 3Tux ydactkax (10-100
cm/1000 ner mpotuB 1 cm/1000 seT B OTKPBHITOM OKeaHEe) MPHUBOAUT K OOPa30BaHUIO MOIIHBIX
MOCJIEI0BATENbHOCTYH OCaJOYHbIX MOPOA., KOTOpble obOecrneunBaoT 3¢GGEeKTUBHBIN Oapbep

IUIOTHOCTU ISl U3BEP>KEHUS OTHOCUTENBHO IUIOTHOTO OaszainbTa Ha MOPCKOM JAHE. B pesynbrare
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U3BEPKEHUS] BYJIKAHOB Ha OTJOXKEHHBIX XpeOTax peaKd, HO OOBIYHBI TOJABOAHBIE HHTPY3HH,
00pa3yromue CHILI-0CaI0YHbIe KOMIUIEKCHI. BBIXOJ BBICOKOTEMIEPATYPHBIX THUIAPOTEPMATBHBIX
(GIIOUI0B MOXKET MPOUCXOIUTH MO KpasiM MOTrPeOSHHBIX CHILIOB, KaK 3TO MPOUCXOAHWT CErOJHS B
Mui-Bamnu, xenobe Dckanaba u 6acceiine 'yaiimac. X0oTs «ITOJJOKOHHUKH» MOTYT OBITh YaCTHYHO
OTBETCTBEHHBI 32 JBUKEHHE THIPOTEPMAJIbHBIX LUPKYIALNM, BEICOKOTEMIIEpaTypHble (IIIOUABI, M10-
BUJUMOMY, B OCHOBHOM O€pyT Hadall0 B BYJIKQaHHYECKOM (YHIAMEHTE, TJI¢ OHU MEePEXBATHIBAIOTCS
Ha MyTH CBOETO MOTOKA BHICTYNaMu (DyHJIaMEHTa U KOHIICHTPUPYIOTCS BBEpPX IO pasziioMaM WA
norpeOeHHbIM UHTPY3UsIM. Ha 3Tux yyacTkax MeTajuibl MOTYT OBbITh B OCHOBHOM OTJIOJKEHBI HIKE
MOPCKOTO JHa 3a CYeT 3aMelIEHUS BMEIIAIOIIUX OTJIOKEHUH, YTO MPUBOJUT K OOpa3oBaHUIO
Cynb(UIHBIX TEJ, pa3Mep KOTOPHIX OOBIYHO OOJbIEe, YeM TeJ, OOpa30BaBIIUXCS HA <TOJBIX»
CpeIuHHO-OKeaHnYecKnX XpeoTax. Cynbdumabie MeCTOpOXICHUS, cPOPMUPOBAHHBIC HA TIOKPHITHIX
0CagKoM XpeOTax, OOBIYHO MMEIOT Pa3IMYHOE COOTHOILICHHE IBETHBIX M IPAroll€HHBIX METAJJIOB,
ocobeHHO OoJiee BricoKoe coepxkanne Pb u Ag. B HekoTophIX ciydasix, Korna pudToreHe3 BO3HUK B
pe3yabTaTe paclpOCTPAHEHHS] OKEAHHMYECKOM OCH CIpPEAUMHTa B KOHTHHEHTAJIBHYIO KOPY WA B
pe3yabpTaTe amBeJUIMHTa acteHocdepsl (Hampumep, KpacHoe mope), Kpome CyOIIeTIOYHOM CBUTHI
MOTYT MPUCYTCTBOBAThH LIEIOYHBIC PUOJIUTHI U MIEPEXOIHBIC UITH IIEJI0YHbIE 0a3aIbTHI.

[Ipumepsl OpeBHUX MeCTOpoXKAeHHH VMS, KoTopsle, MO-BUIUMOMY, OOpa30BajuCh B
MOKPBITBIX HAHOCAMU XpeOTaxX, BKIIOYAIOT: TPHACOBEIM mepuon mectopoxacane Windy Craggy,
Kanana; no3gHenaneosoiickoe — mectopoxkiaenue  becmm,  SAnoHusa;  HeonmpoTepo30ickoe
MecropoxaeHue Jlakrayn, CIIIA u MroLieHOBOE MECTOpOXKAeHHE BUTCOH.

Buympuoxeanuueckue gynxanuueckue oyau u céa3anHble ¢ HUMU 3A0y208ble pughmol.

Bynkanudeckue Ayru TpENCTaBISIOT COOOM HM30THYTHIE IIEMH BYJIKAHOB, KOTOPHIE HMEIOT
BBIIYKJIYIO (OpMy. B CTOPOHY COCEIHEH OKEaHHMYEeCKOM KOTJIOBHUHBI M OTHEJIEHBI OT Hee
I1yOOKOBOJHOM BIaAHON. BHyTpHOKeaHNYecKHne Tyru UMEIOT OKEaHMYECKYIO0 KOpYy ¢ 00eUX CTOPOH
U MOTYT TepeKphiBaTh Ooliee cTapble AYroBble BYIKAHUTHI, OCTAaTKH OKEAHWYECKOW KOpBI H
WHTPY3UBHBIE OCHOBHBIC-YJIbTpaMa(pUTOBBIC TeNa. PaHHMI ByJlKaHU3M BHYTPUOKEAHCKOW IyTH, KaK
MpaBUJIO0, TIPEJICTaBIAeT COOON TOJEUTOBBIM 0a3ajabT OCTPOBHOM AYTH C HHU3ZKHUM COJIEpKaAHUEM
TUTaHA U OOHUHUT (BBHICOKOMAarHe3WAIbHBIN AaHJE3UT), HO BEPIIMHHBIE KalbJEPhl KPYMHEHIINX
BYJIKAHOB OOBIYHO COJIEpKaT OoJiee KUCIbIe HU3KOKAIHEeBbIe BYJIKAHMYECKHE MOPOIbI, B TOM YHUCIIE
OTHOCHUTEIIFHO OOWJIbHBIE PUOJUTOBBIC TEM3bl U TOCTKAIBICPHBIC TAIUT-PHUOJIUTOBBIC JIABOBHIC
Kymnosia. HegaBHue uccienoBaHusi HECKOJIBKUX BHYTPUOKEAHUYECKUX YT B 3alagHoOi yacTu Tuxoro
OKeaHa TMOKAa3bIBAIOT, YTO BYJIKAHU3M B IIEJIOM HOCHT OMMOANbHBIN Xapaktep, mpu 3ToM 30-50%
KOHCTPYKIIMU JyI TPEICTABISAIOT CO0O0W JaiuThl Wik puoiuTbl (>63 macc.% SiO2). Ilo mepe
pPa3BUTHSL JYT BYJIKaHU3M HMMEET TEHJIICHIIMIO CTAaHOBHUTHCS OOJ€e aHJIE3UTOBBIM W HM3BECTKOBO-

IICJIOYHBIM. ToneuToBkIe OCTPOBOYKHBIC 0a3aabThl B OCHOBHOM COACPIKAT BBICOKOC COACPIKAHUC
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amomunus (>16,5 mac % AlO3) W SBIAIOTCA TPOAYKTOM YaCTHYHOTO TUIABJICHHS MAaHTHH,
BbI3BaHHOTO A00aBneHneM H2O U Apyrux JeTydux BEIIECTB B IOJIYTOBYIO MAaHTHUIO B pe3yJbTaTe
JeTUApaTalii CyOIyUUPYIOIIMX OTJIOXKEHUH M THIPATUPOBAHHS OKEAHMUYECKOW KOpbl. bazaimbTbl
otauyarorcss o MORB - (1) Oomee BBICOKMM M 0Oojiee M3MEHYMBBIM conepxkanuem H0, (2)
oboraieHrueM KpyIMHbBIMA HOHaMU JINTO(GHUIBHBIX 3JIeMeHTOB, Takux Kak Cs, Rb, K, Ba, Pb u Sr u (3)
OTHOCUTENbHBIM 0OeHeHrneM ocobeHHo Nb 1 Ta. DT KOMIIO3HIIMOHHBIE XapaKTEPUCTUKH B IIEJIOM
COIJIACYIOTCSl ¢ M30MPATENILHBIM ITEPEHOCOM AJIEMEHTOB BOJAHBIMHU (pITroMaaMu, 00pa3oBaBIIMMUCS U3
MOTPYXAOMIMXCS OTJIOKEHUN U OKeaHHMYecKOo# Kopbl. Kucnble BylkaHUYeCKHEe MOPOIbl, CBS3aHHBIE C
STUMHU BHYTPUOKEAHMYECKHMMH JYTOBBIMU BYJIKaHaMH, KaK MpPaBHIIO, CHIIBHO ITy3bIpyaTble U
CTEKJIOOOpa3HbIe, YTO YKa3bIBaeT Ha JIEra3alMio Ha TIyOMHE M OBICTPOE OXJIAXKJICHHE B OCHOBHOM
NUPOKITACTHYECKUX HW3BEP)KEHUH BO Bpems oOpa3oBaHus Kaimpaep. Kpome Ttoro, ceiicMuyeckue
HCCJIEIOBAaHMSI HEKOTOPBIX IyI YKa3bIBAIOT HAa CJOU C XapaKTEPHBIMU CKOPOCTSMHU MPOAOJIbHBIX
BOJIH, KOTOpBIE WMHTEPIPETHPYIOTCS KaK KHCIbIe BTOp)KEHHUS. bolbline 00beMbl KUCIBIX MOPOZ,
NPUCYTCTBYIOIINX BO BHYTPHOKEAHWYECKUX AYTax, a TAKKE UX COCTaB, HEOAHOPOAHOCTb, NaKE W3
OJTHOTO W TOTO K€ IIEHTPA, MO3BOJSIET MPEANOI0KHUTh, YTO KUCIBIE MAarMbl SIBIISIIOTCS PE3YJIbTaTOM
JETUIpaTalliOHHOIO TUIaBIIEHUSI MaTepuaa MOAIITUTOBON JTyTH.

BuyTpuokeanckue 3a1yroBbsie 6acceifHbl (00J1aCTH pacTsHKEHUS Ha KPasiX KOHBEPTeHTHBIX TUIUT,
rie pupTOreHe3 H, B HEKOTOPHIX CJIyYasX, CHPEAMHI MOPCKOTO JHA pPAa3BUBAIOTCS Ha
npeobyafaronie IinTe) OOBIYHO pa3BUBAIOTCS B IEPUOJbI MUIPALlMM B CTOPOHY OKe€aHa U
MOTPYXEHHS TIUTHL (TO €cTh OTKaTa IJIUTBI) U MOTYT COMPOBOXKIAThCS pudTOreHe3oM. PaHHsSA
pudToBas ¢daza GopMUpOBaHUS 3aJYTOBOTO OacceiHa XapaKTEepH3yeTCs Pa3BUTHEM CTPYKTYPHBIX
rpabCHOB, pa3JeieHHBIX 0 MPOCTHPAHHIO IIETIOYKAMHU BYJIKAHOB. BynmkaHuW3M OMMOIANbHBIN, C
MPEUMYIIECTBEHHO 0a3aJlbTOBBIMH JIABOBBIMH TOTOKAMH, KOHYCaMH W HEOOJBIIMMHU ITOTOKAMH
JAIUTOBOM W PUOJMTOBOM JIaBpl B  MOJABOJHBIX  Kalblepax. bonblioe  KOJIMYECTBO
BYJIKAHOKJIACTHYECKUX OTJIOKEHUM, MPOUCXOISAIMIUX U3 COCEAHHUX IYTOBBIX BYIKAHOB, MOKET
oTJaraTbCs B pPa3BUBAIOIIMXCA 3aJyroBelx TpabeHax. [lo mepe NpOAOIDKEHHs] pPaCHIUPEHUS H
CO3pEBaHMsI 33yTOBBIX 0ACCEHHOB MOYKET HAuaThCsl CIPEAWHT MOPCKOTO JHA C Pa3BUTHEM IIEHTpa
CIpeAMHra, IOJ00OHOT0 CpeIMHHO-OKEeaHHYeckoMy XpeOTy. PacmpocTpaHeHue ByiakaHU3Ma IO
3alyTOBOMY OacceliHy XapaKTepHu3yeTcs TOJEUTOBBIM 0a3anbToM, MoxokuM Ha MORB, HO 00b1YHO
XapakTepusyromuiics oboramenueM JutopmibHbIMU - 3neMeHTamu  (Cs, Rb, Ba, Th) u
OTHOCHUTEINIbHBIM 00€IHEHUEM 3JeMeHTaMU, 0co0eHHO Nb u Ta. DTH KOMIIO3UIIMOHHBIE aTPUOYTHI
MPUIKUCHIBAIOTCS  B3aUMOJICHCTBUIO MEXKIy MaHTHEH W KOMIIOHEHTOM, TONyYe€HHBIM U3
MorpyXKaromieics mIuThl 1yropoi cuctembl. CyOaykuust 6a3ansToB 3aayroBeix OacceitHoB (BABB)
MMEeT TEHJICHIIMIO OBITh HAmOOJIbIIEH B Hadalie SBOJIONHMH OacceifHa, KOorja IIEHTP CIpeIuHra

HaXoauTCsa B HeHOCpe}ICTBeHHOﬁ OIU30CTH OT AyTu, 1 UMECT TCHACHUOWIO K YMCHBIICHUIO IO MEPEC
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pocta OacceiiHa. BpicokoTeMmepaTypHble TI'HMAPOTEpPMalbHbIE HCTOYHUKH OOBIYHO CBSI3aHBI C
3alyrOBbIMH BYJIKAHAMH U CIIPEAMHIOBBIMU LIEHTPAMHU.

Knaccuueckumu npuMepamMu COBPEMEHHBIX BHYTPUOKEAHMYECKHUX JYro-3aJyrOBbIX CHCTEM
sBisitorcst Mn3y-bonnH-Mapuanckas ayra v 3aayroBoil mporu0, a takxke Oacceiin Jlay m Tonra-
Kepmanmek myra w 3amyroBod OacceilH B 3amaaHoid 4acTH Tuxoro okeaHa. B o0Oeux myroBbIx
CUCTEMAX paHHUI JyroBON BYJIKAHU3M COCTOMT U3 HU3KOKAJIMEBBIX 0a3aJbTOBBIX MOAYLICYHBIX JIaB,
THAJIOKJIACTUTAa U IIPOCIOEB H3BECTHSKOBBIX OTJIOXKEHHH. DTH MOPOABI NMEPEKPHITH IJIaCTOBBIMU
KOHYCaMHM, COCTOSIIIMMU U3 0a3aJIbTOBBIX U aHAE3UTOBBIX JIaB U BYJIKAHOKIACTUYECKUX OTIIOKCHUH.
Hexotopsle Ooiiee KpynHbIe ByJIKaHbl UCIIBITAIN B3PbIBHBIE U3BEPKEHUS, 00pa3yolue KajabIephl. ¢
y4acTHEM JAIMTOBOW U PHOJIMTOBOW MUPOKIACTUKH, BCTpeUaroueiics Ha riryoune e meree 1500 m.
BricokoTemMmiepatypHble THAPOTEPMAIbHBIE BBIOPOCHI TNPHUCYTCTBYIOT BO MHOTHX KajbJIepax H
OOBIYHO pPACHOJararTCsl BJOJIb CTEHOK KaJlbJephl MM Ha IOCTKAIbICPHBIX Y4acTKaX - KHUCIbIE
Kynona. «Pa3rpy3ka» OOBIYHO HPOUCXOIUT Ha Oosiee MeNKHX INIyOMHaxX, 4yeM Ha CpEeAMHHO-
OKEaHMYECKHX XpeOTax WJIM 3aJyrOBbIX CIIPEAMHIOBBIX LEHTPAX, YTO MPHUBOJUT K MOBCEMECTHOMY
BBIXOJly THIPOTEPMAIIbHBIX (UIIOUJOB MpH Oojee HU3KUX TemmepaTypax. Kpome Ttoro, Hanmndme
Ooratelx cepoil (ymMapoa M KepioBbIX (UIIOMIOB ¢ HU3KMUM pH cBuAeTenbCcTBYeT O MNPsIMOM
HOCTYIUIEHUH MarMaTU4ecKHX JIETy4MX BEIIeCTB B ruaporepMaibHble (irouasl. [lo kpaiiHeil mepe,
HEKOTOpBIE U3 3TUX BHYTPHUOKEAHWYECKUX JYTOBBIX T'MIPOTEPMAIIbHBIX CUCTEM, I10-BUIUMOMY,
ABIIAIOTCS MEPEXOAHBIMU K MarMO-THUIPOTEPMANIbHBIM CHCTEMaM Cy0al’pajibHBIX JYTOBBIX BYJIKaHOB
Y XapaKTEPU3YyIOTCS XapaKTEPHBIMU MTOJIMMETAININYECKMMU IIPUMECIMHU.

BeicokoTeMneparypHble  T'MAPOTEPMAJIBHBIE WCTOYHUKU  INPUCYTCTBYIOT B 3aJyrOBBIX
OacceliHax, CBA3aHHBIX Kak C JOyroBbIMu cucteMamu Wna3y-bonuH-Mapuana, Tak U ¢ JyrOBBIMH
cucreMamMu Tonra-Kepmanek. B MapuaHckoli BIaguHe BBICOKOTEMIIEpATypHAasl TMAPOTEpPMalIbHAsS
JEATEIBHOCTD IPOSIBISAETCS KaK Yy OCEBOT0O ByJIKaHa BAOJb 33yrOBOIO CIIPEAMHIOBOIO LIEHTPa, TaK U
y psilia 3aJ{yrOBBIX BYJKAaHOB HEMOCPEACTBEHHO 3a (ppoHTOM ayru. B Gacceitne Jlay 3a nyroii Tonra
AKTUBHOCTb «YEPHBIX KYpPUJIbIIMKOB», HAIIOMUHAIOLIAS TUIHMYHBIE T'MAPOTEPMalIbHbIE HCTOYHUKH
CPEIMHHO-0KEAaHUYECKOro XpeOTa, MPOUCXOAUT B CEBEPHOM LIEHTpe cupeaunra Jlay u pazmeniaercs
B TUnuyHOM Oa3zanbTre MORB. Hanpotus, xepiioBas akTUBHOCTh B I0KHOI uactu Oacceitna Jlay
CBSi3aHA B OCHOBHOM C JYrooOpasHbIM aHAE3UTOM, a MECTOPOXKIEHHUS coJepxKaT OoJblioe
KOJTMYECTBO OapuTa, a TakKe ropas3fo 0osiee BhICOKoe coaepkanne Pb, As, Sb, Ag u Au. 3menenue
C CeBepa Ha IOT XapakTepa 3aJ[yrOBOr0 MarMaru3Ma M JEATEIbHOCTH «YEPHBIX KYPUJIBIIMKOB» B
6acceitne Jlay cootBercTByeT: (1) 3HaUMTEIHLHOMY M3MEHEHUIO IIHUPUHBI OacceitHa mpumepHo ¢ 600
KM Ha ceBepe 10 Bcero juiib okoso 200 kM Ha rore, (2) yMEHBIIEHUIO CKOPOCTH CIIpPEIMHIa
npumepHo ¢ 10 cm/ron B Ha ceBepe 10 mpuMmepHo 4 cm/roa Ha tore, (3) yMEHBIIEHHIO OCEBOM

riyounsl ¢ 2300-2400 m Ha ceBepe a0 npumepHo 1700 M Ha tore U (4) YyMEHBIICHUIO PACCTOSHUS
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3ayTOBOTO IIEHTP CIIPEANHIa K aKTUBHOM ayre, KoTopas NpubimkaeTcst npuMepHo Ha 20 KM K gyre
B IOJKHOW yacTH OacceifHa.

XO0Ts BBICOKOTEMIIEpAaTypHBIE THAPOTEPMAIbHbIE HCTOYHUKH U MACCUBHBIC CYNIb()UIHBIC PYIIBI
MPUCYTCTBYIOT B HEKOTOPBIX BYyJKaHaX Ha (pOHTE BHYTPHUOKEAHMUYECKUX AYT, 0KMJIAETCS, YTO OHU
OyIyT OTHOCHUTEIHHO HEOOJBUIMMH M3-32 MEHbBIIEH THAPOTEPMAIBHON LUPKYISIUU. SUYeeK,
CBSI3aHHBIX C HEOOJIBIINUMU HCI‘Hy6OKI/IMI/I MarMaTU4CeCKMMU o4daramu 1o/ BCPpIIMHHBIMU KaJlbACPpaMn
cTpaToBYJIKaHOB. Hanmuune oOMIBHBIX MUPOKIACTHYECKUX OTJIOKEHHUH, 00pa30BaBIIMXCS BO BpeMs
SKCIIJIO3UBHBIX M3BEP)KEHUH B STHUX MOJBOAHBIX AYIOBBIX BYyJIKaHaX TaKKe Mperoiaraer, 4uTo
TUAPOTEPMANIbHBIE CUCTEMBbl OYIyT HCIBITHIBATH YacThle IepepbiBbl. Kpome Toro, HebOosbliue
riyOuHBI U 00JIee HU3KOe OTPpaHUYMBAIONIEe TABICHUE HAa BEpPIIMHAX 3TUX TYTOBBIX BYJIKAHOB MOTYT
IMPUBCCTH K KUIICHUIO IMOJ MOPCKHUM ITHOM W Pa3sBUTUIO BEPTHUKAJIBHO HpOT?DKGHHOfI HITOKBepKOBOfI
MUHEpATU3allii, a He K Pa3BUTHIO KPYITHBIX MAaCCUBHBIX CYIb(UIHBIX MECTOPOXKACHUN Ha aHe. 13
HEJABHUX MCCJIENOBAHUN BHYTPUOKEAHUYECKHX BYJIKAHUYECKHMX JyI M CBSI3aHHBIX C HHUMU
3aJIyTOBBIX PU(TOBBIX CHCTEM, a TAK)KE€ U3 CPABHCHHUU C T€OJIOTHYECKOH JICTOMHCHIO CIEAYET, 4TO
IIOTCHOUAJI O6p&30BaHI/I$I KPYIIHBIX MGCTOpO)KIIeHI/Iﬁ MaCCHBHBIX CyJII)(i)I/II[OB SIBIIAETCS HanOOJIBIINM
3a ayroii (pudrorenes u 3alyroBoe pa3BUTHE), a HE Ha BYJIKAHUYECKOM (hDPOHTE.

JpeBHue npumepsl MecTopoxaeHuit VMS, KoTopble HHTEpIPETUPYIOTCA Kak 00pa30BaBIINECS
BO BHYTPHOKCAHUYCCKUX BYJIIKAaHUYCCKUX AYTOBBIX YCJI0BUSAX, BKJIFOYAKOT apxeﬁCKoe
mecropoxaeHne Kuan-Kpux B Kanane; maneonpoteposorickoe mectopoxkaenune Kpaumon, CIIA;
oplloBUKCKOe MecTtopoxaeHue JIvicas ropa, CILIA; nepmo-TpuacoBoe Mectopoxaenue Kyruo Kpuk,
Kanana u opcko-menoBoe mectopoxaenne Kanatyan, @ununmnuHsbl.

Jlyeu kKoHmuHenmanvbHoU OKpAuHbsl U C8A3AHHbIE C HUMU 3A0Y208ble pUGhmbi.

HOI[BOI[HBIC MarMaTuicCKue Ayru u CBA3aHHBIC C HUMHU 3a1yTOBBIC 6aCCCﬁHLI, Pa3sBUBAIOIIUCCA
B KOHTUHEHTAIbHOW KOpe (KOHTHHEHTANbHAsl OKpaWHa, Jyra-3aayroBas CHCTEMa) XapaKTepU3yloTCs
MOBBIIICHHBIM COJIEP)KAHUEM KHCIBIX BYJIKAHUYECKHX MOpOA M 00jee CIOKHBIM XUMHYECKUM
COCTaBOM Kak JYyroBbIX, TaK W 3aAyroBbIX MarMm, KOTOpbleé MOTyT BapbHpoBaThcsi oT MORB-
HOI[O6HI)IX 0a3ajbLTOB A0 CpEAHC- M BBICOKOKAJIMCBBIX H3BCCTKOBO-LICJIOYHBIX M IHMOIMIOHHUTOBBIX
aHJIE3UTOB, JALMTOB U pUOAUTOB. KpoMe TOro, nepekpbiTie MCTOUHUKOB MarMbl MOXET MPUBECTH K
W3BEPKEHHUIO TyrooOpa3HBIX MarM B 3aAyroBoil obmactu. OOUINE KUCTBIX BYJIKAaHMYECKHUX MOPOJ,
0COOEHHO B KOHTHHEHTAJIbHBIX OKpanHaX MW TBUIOBBIX AYyTrax, MOXET OTpaXaTb Kak 60J'IBHIyIO
cTerneHb (PAKIMOHHON KpHUCTAJUIM3AllMM MarM, 3aXBad€HHbBIX YTOJIIIEHHON KOpOH, Tak U MpsiMoe
YaCTUYHOE TUTABIIEHWE KOHTHHEHTAJIbHOW KOpHI. M3-3a cBoel OMM30CTH K KOHTHHEHTAJIbHOW KOpe
JIyT0-3aJIyTOBBIE CUCTEMbI KOHTMHEHTATBHON OKPAWHBI TAK)KE MOTYT MOJy4aTh OOJBIIIOE KOJTMYECTBO

KPEMHHCTBIX 00JIOMOYHBIX OTJIOKEHUH.



23

CoBpemMeHHblit OKMHABCKUHN keno0 U ayra Prokio kK rory or SAnoHUM SBISIOTCS TPUMEPaMH
KOHTHHEHTAJIBHOTO THUIOBOTO pPH(Ta W OKPAaMHHOH JIyrd COOTBETCTBEHHO. B 3TOM permone
HAKJIOHHAA CyOAYKIus TIUThl OUIMIIIMHCKOTO MOpPS Ha CeBep NpHUBENa K PAa3BUTHIO 33TyTOBOTO
OacceifHa, mMpUHA KOTOPOTO Baphupyercs oT npuMmepHo 230 kM Ha ceBepe 10 Bcero 60—100 kM Ha
tore. Ha ceBepe Gacceiin xapakrtepusyercs Au(pdy3HbBIMHA pa3IiOMaMU PaCTsDKEHUS U TITYOHMHON BCEro
B HECKOJIbKO COTeH MeTpoB. HampoTuB, neHtpaibHas 4yacTb OKHMHABCKOIO IpOruda COCTOUT W3
HECKOJIBKUX KynncooOpa3Hbix rpadeHoB mmHoi 50—100 kv u mmpuHoi 10-20 kM npu rirybuHax 10
2300 m. Paznuuus B riryOuHe U cTHiIe pUTOTreHe3a COOTBETCTBYIOT Pa3IuYMsAM B TOJIIMHE 3€MHON
KOpBI, KoTopas kosiedaetrcs oT 30 kM Ha ceBepe 10 Bcero yninb 10 kM Ha tore. 3mensiercs ¢ ceepa
Ha 0T ¥ MOUIHOCTbh OCa/JI0YHOI0 Ye€XJia, KOTOpas Ha CEBEpE JOCTUTAET 8 KM, a Ha FOre BCEro OKOJIO 2
kM. OrtnenbHble TpabeHbl B LeHTpajdbHOW uacTu OKMHABCKOro mnporuba coaepkar psiz
BYJIKAHMYECKUX XPeOTOB WM YAJMHEHHBIX BYJIKAHOB, COCTOAILIUX M3 OMMOJAIBbHBIX H3BECTKOBO-
HIENIOYHBIX TOPOJ - CBUTA BE3UKYJSPHBIX 0a3albTOB, aHAC3UTOB M PHOIHUTOB. ['maporepmaiibHas
JeSITeIbHOCTh IIMPOKO PacIpoOCTpaHeHa BOKPYT BYJKaHHYECKUX XpeOToB. KpymHeiimee xepioBoe
nosie (koten M3eHbl) paciosiokeHO B CTPYKTYPHOH JCTIPECCHH, TIOKPHITON 0a3aIbTOM U aHIC3UTOM C
JIOKQJIbHBIMH JTalIMTOBBIMU U PUOJIMTOBBIMU JIABOBBIMHU KYIOJAMH U YEXJIOM U3 PUOIUTOBOU MEM3bI U
apruuuToB. [Tonumerannnyeckue cynbpuabl Ha Mmectopoxaenun JADE Goratel Pb, As, Sb, Hg, Ag,
Au u Ba.

JlpeBHUE IpUMeEpBl MeCTOpOXKAeHU VMS, KOTOpble HHTEpIPETUPYIOTCA KaK 00pa30BaBIINECS
B YCJIOBUSIX KOHTUHEHTAJIbHOW OKpauHbl yTU-3aJyTrH, BKIOYAOT MUOLIEHOBBIE OTI0kKeHUsI Kypoko
B SlmoHum; oppoBukckoe MectopoxzacHue bpancynk Ne 12 u  1gpyrue MecTOpOXIEHUs
ropHogoObIBatomiero paitona barepct, Kanana; topckoe mectopoxknenne Jckaii-Kpuk, Kanaga u
MECTOPOXKIECHUS B IEBOHCKO-MHUCCUCUIICKOM paiioHe bonunduna, CIIA.

3.4 TIpoA0/LKUTEJILHOCTD AeSTeJIbHOCTH MAarMa-ruJipoTepMaibHbIX CHCTEM.

BynkaHoreHHBIE MECTOPOXKICHUS MACCUBHBIX CyIb(OUIOB CHOPMHUPOBAINCH B OOIIMPHBIX
MOJBOJIHBIX BYJKAaHMUECKUX YCIIOBMSIX, BO3PACT KOTOPHIX BapbHpyeTCs OT majeoapxeickoro (3,55
MJIpJ] JIET) A0 HEJABHEr0 BPEMEHM, NPU ITOM MECTOPOKIEHUS aKTHBHO (POPMUPYIOTCS CETOJHS Ha
CPEIMHHO-OKEAaHUYECKNX XpeOTax, OKeaHWYECKUX BYIKAHMUYECKUX JIyraX M 3aayroBbIX OacceifHax.
OnHako MECTOPOXKIEHHUS pacHpEelesIeHbl BO BPEMEHM HEPAaBHOMEPHO, a COCPEIOTOYEHBI, B
YaCTHOCTH, B TMO3aHeM apxee (2,85-2,60 mupa ner), maneomporepo3oe (2,0-1,7 mupa 7er),
Heonporeposoe (900—700 miH net), kemOpo-opaosuke (550— 450 miH 51eT), 1eBOHE (MHCCHCHUIICKOE
Bpemsa 400-320 maH JsieT) W cyOakBajJbHbIE BYJIKAHHMYECKHE TOJIIM OT paHHEH IOpel [0

coBpemenHoctd (200—0 mutH niet) (puc. 8A).
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Puc. 8 I'ucrorpammer: (A—G) KOJINYECTBO BYJIKAHOTEHHBIX MECTOPOXKICHUH MAacCUBHBIX CynbhumoB u (H) ToHHaM
copepxaierocst Meraiia Cu+Zn+Pb B MIIH T B 3aBUCHMOCTH OT BO3pacTa B MJIH JIET.

Touno Tak >ke OOmMI TOHHAX M COJEP)KAaHHME METAUIOB B MecTopoxaeHusx VMS
COCpEOTOUEHBl BO BPEMEHHBIX NocienoBarenbHocTsX (puc. 8H). Otnoxkenus BozpactoM mMeHee 15
MIJIH JIeT (CpeiIHHUH MHOILIEH) MOYTH BCE CBA3aHBl C COBPEMEHHBIMH OKEAaHHYECKHUMH YCIOBHUSMHU.
HeonHoponuslii BpemMeHHOe pacmpereneHue MecTopoxiaeHuid VMS moxer ObITh 0OBSICHEHO
OamancoM MexIy (POpMUPOBAHHEM B ONPEACICHHBIX T€OIMHAMHYECKIX YCIOBHUSIX M COXPaHHOCTBHIO
nociie oOpazoBaHus. bomsmmMHCTBO MecTopokaeHud VMS, COXpaHHMBIIUXCS B TEOJIOTHYECKOM
JEeTOMHCH, O00pa3oBajlCh B  pe3yidbTare CyYONYKIMH. pOJCTBEHHBIE  OKEAaHWYECKHEe |
KOHTHHEHTAJIbHbIE BYJIKAHMYECKUE JYTU U 33yTOBble YCTAaHOBKH, a X BPEMEHHOE pacrpejeeHue
TOYHO COOTBETCTBYET II€PHOJaM 3aKpbITHS OKEaHOB M aKKpEUUH IOocie pachaja KpYyMHBIX
KOHTHHEHTOB. OJIHAKO BIOJHE BEPOSITHO, YTO OOJNBIIMHCTBO MecTopokaeHuH VMS Obl1o yTpaueHo
U3 TEOJIOTHUECKOW JIETOMUCH JIN0O B pe3ysbTaTe OKHCICHHUS Ha MOPCKOM JHE, THOO B pe3yiabTare
aKKpelMM, TOAHATUS M HPO3UU B KPACBBIX OPOTEHHBIX I0sICaXx BO BpeMs (OPMHPOBAHUS
CYNEPKOHTHHEHTA.

Paznmuuneie Tumel MectopokaeHnin  VMS  Tarkke IEeMOHCTPHPYIOT BpPEMEHHBIE BapHAIHA
gucieHHocTH (puc. 8G). O0beKThl OMMOIATBHO-0a3UTOBOM acCOIUAINU HANOOIee PaCIPOCTPAHECHBI
B apxee U MaJeoNpoTepo30€, HO OHU TAKXKE SIBISIOTCS BaXHBIMH COCTABISIONIMMU B ME3030€ U
KaifHo30e. HampoTuB, MeCTOpOXJEHHsI OCHOBHON-YJIBTPAOCHOBHOW acCOLMAlMM TIOYTH BCe

najeo3oickue u 0ojiee MOJIOZbIE, 32 MCKIFOUYEHUEM HEOONBIIONW TpYIIbl MaleonpoTepO30HCKUX
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otnoxeHu#t (puc. 8G), oTpakaronuX CyOAYKITUIO JTPEBHEUIEro JHA OKEaHa BIIOJh KOHBEPTCHTHBIX
okpauH. KpeMHHCTO-OCHOBHBIE M KHCJIO-KPEMHHCTO-OOJOMOYHBIE OTJIOKEHHSI OTHOCATCS B
OCHOBHOM K MeE303010, B TO BpeMsl Kak OMMOJaTbHO-KHUCIBIE OTJIOKEHHUS Ooyiee pPaBHOMEPHO
pacrlpocTpaHeHbl, XOTSI W MEHEE pACIpOCTpaHeHbl B JOKEMOpUU. OTH HW3MEHEHHS THIIOB
MECTOPOXKACHUM C TEYEHHEM BPEMEHU TaKkkKe OTpakaloT (GyHIaMEHTAIbHbIE HW3MEHEHUs
TEKTOHUYECKOI'O CTHJISI BO BPEMEHHU, a TaKXKE Pa3IU4Ms B COXPAHHOCTU Pa3IMUHBIX TEKTOHUYECKUX
YCJIOBUH.

BynkaHoreHHble 3aj€KM MACCHUBHBIX CYIb(QUAOB SBISIOTCS HPOAYKTOM THUIPOTEPMAaIbHBIX
cucTeM, oOpa30BaBIIMXCS B OMpPEEICHHBIN BPEeMEHHOW MHTEpPBaJ WM WHTEPBAIbI MPU 3BOIIOLUU
HNOJABONHOTO  BynakaHu3dMa.  CTpyKTypHBIE,  JHUTOCTpaTurpaduyeckue ©  TI'€OXHMMHUYECKHE
XapaKTEPUCTUKHU IOABOJHBIX BYJIKAHMUECKHUX TOJIL] YKa3bIBalOT Ha TO, YTO OHU (POPMUPOBAIIUCH B
nepuoasl pudroreHesa. B OONbIIMHCTBE CBA3aHHBIX C JYrOM YCIOBUN MHKOBOE pPaCTsLKEHUE
HEJOJITOBEYHO M YacTO OTMEUEHO HAIWYUEM BYIKAHHMUYECKUX IOPOJA C BBICOKHM COJEp)KaHHUEM
KpeMHe3eMa (0T JaluTa 0 PUOJIMTA) U UX MHTPY3UBHBIX IKBHUBAJIEHTOB. MIMEHHO B TEUEHHUE ITHX
KOPOTKHX TICPUOJIOB PACTSHKEHUS, OOBIYHO JUIAMIMXCS MeHee 2-3 MIH JeT, (HOpMHUPYIOTCS
MecropoxacHus VMS.

JIBa OCHOBHBIX (haKTOpa KOHTPOJUPYIOT (IIOUAONOTOKH, MPOAOKUTEIBHOCTh Pa3rpy3Kku U
CPOK CITy’KOBI THAPOTEPMAlbHON cucTeMbl, oOpasytomeir VMS: (1) xapakrep, rimyOuHa U pasmep
MCTOYHUKA TeIula U (2) BpEMEHHOE paclipe/iejieHle MPOHUIIAeMOCTH B TOJILIAX MMOPOJ U pa3jioMax.
Pe3ynbraTtel HEaBHETO YHCIEHHOIO KOMIIBIOTEPHOTO MOJEIMPOBAHMS JIPEBHUX U COBPEMEHHBIX
cucreM VMS moka3bIBaroT, YTO MPOAOIDKUTEIBLHOCTh BBIOpOCa ruapoTepMaibHbIX (uronaos (T>150
°C) moxer mmutbesi ot 400 mo >200 000 yer. DT pe3yibTaThl COMOCTABUMBI CO CPEITHHUMH
pPaAMOMETPUYECKUMHU JlaTaMH, OINpPEAENEHHbIMU JJIsi COBPEMEHHBIX THUIPOTEPMAJIbHBIX CHUCTEM
Mopckoro JiHa (o1 <1000 mo mpumepno 250 000 ner). YucneHHOE KOMIBIOTEPHOE MOJEIUPOBAHHE
MOKa3bIBAaeT, YTO B T'MJPOTEPMAIbHOM (Itonje ¢ coleHOCThio Mopckoi Boabl 10 ppm Zn+Cu u
sbdexTuBHOCTRIO OocaxaeHus Oonee 10%, cpemnee mecropoxaeHue VMS (1,2 Mt olmero
KOJIMUECTBA METAJUIOB) MOKET 00pa30BaThCs B TEUEHHUE MEPHOJIa BpEMEHU OT MeHee 5 10 14 ThIc Jer,
B 3aBUCHUMOCTH OT T'€0JIOTHYECKUX YCIIOBHI, TAKUX KaK TeMIepaTypa U IiTyOMHa MCTOYHHMKA TeIuia.
KunkoctH, coaepxaiiie MEHbIIee KOJUYECTBO METAJUIOB, BPSA JM OyIyT OTJIaraTh JOCTaTOYHOE
KOJIMYECTBO METAJIOB AJi1 00pa30BaHUSI MECTOPOKICHHUI CpeaHero pasMepa, Torja Kak mnpu oosee
HU3KOH »AddexkTuBHOCTH OTIOKeHUs (<10 mnpomeHToB) nis 00pa3oBaHHA TaKuX OOBEKTOB
notpedyeTcs ropasno Oomnbie Bpemenu. Jljis oOpa3oBanus rurantckoro (>1,7 Mt Zn unu 2 Mt Cu
MeTalljia) ¥ CBEPXTUTaHTCKOTO MecTopoxkaeHus (>12 Mt Zn unu 24 Mt Cu mertamna) TpeOyercs: (a)
¢dmroua ¢ Oosee BBICOKMM cojepkaHMeM MeTauia B pactBope (>10 ppm), (b) sddexTuBHOCTH

ocaxkJieHus, mpepbimatomas 10 mpoueHToB, u (uau) (¢) 0osiee ITUTEIBHOE BPeMs ISl HAKOTUJICHUS
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JIOCTaTOYHOTO KOJIM4YecTBa MeTayyioB. ['maporepmanibHble (itouibl ¢ 60s1ee BHICOKOH COJEHOCTHIO
00Ja/1al0T TOBBIIIEHHON METANIOEMKOCTBIO M YBEJIMYMBAIOT IIAHCHI Ha O0Opa30BaHME KPYIHBIX
MECTOPOXKACHUHN I[BETHBIX METAJIJIOB.

Uccnenoanus runporepmanbHoro noist TAIL, pacnonokeHHOro Ha MEUIEHHO CIPEIUHTOBOM
CpenuHHO-ATIaHTHYECKOM XpeOTe Ha 26° CeBEpHOU IMIMPOTHI, MOKAa3aId, YTO aKTHBHOCTh Havajlach
npumepHo ot 100 mo 150 Teic seT Ha3aa, Korga HU3KOTEeMIleparypHble (ironns oOpa3zoBayiu
cTpaTu(OpPMHBIE MECTOPOXKIICHUS OKCHJa MapraHia. BwIcOKoTeMIiepaTypHbIE THUIPOTEpMaIbHBIC
cOOBITHS, KOTOpBIe Havaauch okono 100 Teic neT Ha3an B 30He Mup B npenenax noias TAI, Obuiu
SMU30AMYECKUMHU U OOBIYHO CJIEIOBANIN 32 NIEPUOIaMU SKCTPY3UH 0a3alibTa B COCEIHUN MOAYIIEYHO-
naBoBBIA  Kymoi. Koppemsiiuss Mexay TuApOTepMaabHBIMA U BYJIKAHUYECKUMH  COOBITHSMH
MO/JIEPKUBAET BEPCUIO TOTO, UYTO IMU3OAUYECKUE UHTPY3UH B BYJIKAHUYECKOM ILIEHTPE MOCTABIISIN
TEIUIO JJIS 3aIyCKa 3MU30IUYECKOI THpOoTepMaibHOW aKTUBHOCTH HA COCEIHEM CYIb(UIHOM XOIME
TAT'. PaguomeTpuueckue ucciepoBaHus Ha MecTopokaeHuu TAI' mokasbIBalOT, YTO THAPOTEPMBI
MOTYT PEaKTUBHUPOBATHCS B OJIHOM M TOM K€ PailOHE W YTO MEPUOAbl AKTUBHOCTU U 3aTHUIIBS MOTYT
YEpeIoBaThCS C MEPUOIUIHOCTHIO B THICSUHU JIET.

3.5 PynokoHTpoOsupYyoIe CTPYKTYPbI.

Mmuorue mecropoxiaenuss VMS pacnonoxensl kinacrepamMu ¢ auamMeTpoM okono 40 K,
KOTOpBIE CO/EPKAT OKOJIO AHOKMHBI OTHOCUTEJILHO PAaBHOMEPHO PACIOJIOKEHHBIX MECTOPOKICHUH,
OJIHO WJIM HECKOJIbKO M3 KOTOPBIX cojepxaT OoJiee MOJOBHHBI PECypcoB paiioHa. Jlokamuzamus
mectopoxkaeanii VMS B OCHOBHOM CBfi3aHa C BYJIKaHHYECKMMHM U CHHBYJIKaHHYECKHUMHU
ocoOeHHOCTsIMU. Taknue 0COOEHHOCTH BKIIIOUYAIOT, TOMUMO MPOYEro, KalbAephl, KpaTepsbl, IpaOeHbI U
KYIOJIa; pa3JIoMbl, IEPECEUEHHsI Pa3JIOMOB U BIAJAUHBI.

B GonpmmMHCTBE ciy4aeB JIOKaIM3alUs CYIb(QHUIHOIO OpPYICHEHHs BKJIHOYaJa CTPYKTYPHYIO
MOJATOTOBKY MPOHUIAEMBIX KaHAJOB IS METAIUIOHOCHBIX THUAPOTEpMaTbHBIX (IrouaoB. Pasznomsl
MOKA3bIBAIOT HAMOOJNBINYI0 TPEIIMHOBATOCTh BOKPYI OKOHEUHBIX JHMHUK pa3nomMoB (o0nactu
pa3pbiBa), KpUBOJIMHEHHBIN Clie]] OKOHYAHUS pa3joMa, Te HApsHKSHUS, CBA3aHHBIE CO CMEIIIEHUEM -
IPaJUEHT COCPEAOTOUEH M CHOCOOCTBYET PacHpOCTPAHEHUIO TPEIIMH B HETPEIIMHOBATYIO MOPOY.
Tam, rae nBe win 0ojee OKOHEUHBIX JMHHUHA pa3joMa HaXOASITCS B HEMOCPEACTBEHHON OMU30CTH,
OTJIeNIbHBIE OOJACTH pa3pyIICHUs CIUBAIOTCA, 00pa3ys eIuHYI MOAU(DUIIMPOBAHHYIO 00JIACTh
TPEIIMHOBATOCTH. BBUIO MOKa3aHO, YTO CTPYKTYPHOE TOJOXKEHHE THAPOTEPMAIBHBIX HCTOYHHKOB
BapbUPYETCsl B 3aBUCUMOCTH OT T€OMETPUU CHUCTEMBI PAa3JIOMOB U MEXaHHU3MOB, KOTOPbIE CO3JAI0T U

MNOAACPIKUBAKOT ITPOHULACMBIC ITYTHU IJIA ITIOTOKOB KUAKOCTHU (pI/IC 9)
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Puc. 9 [lnarpaMma npuMepoOB pa3iIMYHBIX CTPYKTYPHBIX YCIIOBUH THIPOTEPMAbHBIX HCTOYHUKOB (KPACHBIE 3BE3/IBI) IO
OTHOIICHHIO K pa3ioMaM (TIpsMBbIe IHHUH) B 00IAaCTAM pa3rpy3Ku (FKENThIE 3alITPUXOBAaHHBIC 00TaCTH).

(6 mpex 6epxXHUX NPUMEPAX HCepld PACHONALAIOMCS 8 30HAX KOHYEHMPAYUU HANPANCEHUL 80aU OM OCHOBHO20 PA310MA (OUHAMUYECKU
noooepoicusaemvie Mpewjunsl), a 6 CI1eYIOWUx mpex NPUMEPax JHcepaa pachnoaazarmes 6001b pazioma (KUHeMamuiecku noooepiicueaemvie
mpewjunbl).

['moGanbHOE WCCleOBaHNE THUAPOTEPMATBHBIX KEPJ MOoKa3ano, uTo 78% W3 HUX HAXOIATCS
BOJM3M pa3noMoB, a 66% Kepl Ha CpPEeIWHHO-OKEAHWYECKHX XpeOdTax HaxoIaTcs B 30HAX
MepeCceUCHU pa3JIOMOB. I[eTaJIBHBIe HCCICAOBaHUA BAOJIb CIIPECAUHIOBBIX CPCAMHHO-OKCAHNYCCKUX
Xpe6TOB MNOATBCPKAAIOT npeo6na,uaHI/Ie THAPOTCPMAIIBHBIX UCTOYHUKOB B paﬁOHaX B3aHMOHCﬁCTBHH
pa3iIoOMOB. KpOMe TOro, HCAABHUC HMCCICOAOBAHHA BOIH3HU MCIAJICHHBX W CBCPXMCIAJICHHBIX
CIIPEIMHT OBBIX CEerMEHTOB CpenmHHO-ATIaHTHYECKOTO xpebTta TTOKa3aJu, qTO0
BBICOKOTCMIICPATYPHEBIC (1)J'IIOI/IJII)I KYCPHBIX KYPWJIBHIMKOB)» KOHIOCHTPUPYIOTCA HAA IIOJOTHUMU

copocamu (puc. 10).

Leat Doy-type werts. E!PI..I.H.I'.'I'IIIH
‘1",' Flusid paihs
.. Detschment
= -
Inactin
\Lm NVZ MNeowalcanic zane I"m Dike

Puc. 10 Mozaens mupKynsnuu (IIIOUI0B U THIBI THIPOTEPMAIEHOM 3G (y3uH, CBSI3aHHbIE C pa3BUTHEM COPOCOB B/IOJIb
MEJUIEHHO CIPEIMHIOBBIX CPEJMHHO-0KEaHNYECKUX XpeOTOB.
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VHTEHCUBHBIE METACOMATHYECKHE M M30TOIHBIC M3MEHEHMS B PA3JIOMHBIX 30HAX BJOJb ITHX
CTPYKTYpP OTpBIBA MOKAa3bIBAIOT, YTO BJIOJIb HUX OBLTH COCPEAOTOUYEHBI OOJbIINE 00BEMBI (DIIOMIOB,
YTO MPUBEJIO K PA3BUTHIO JOJITOXKHUBYIIMX THIAPOTEPMAIBHBIX CUCTEM M (POPMHPOBAHUIO KPYITHBIX
MECTOPOKICHUAX MACCUBHBIX CYIb(QHUI0B.

[IpeumyiiecTBeHHAs OpUEHTAIUS IPEBHUX MecTopokaeHuid VMS u ux 6mm3ocTh K 00JacTsIM
BYJIKAHMUYECKUX JKEpJl U CUHBYJIKAHUUECKHUM Pa3jioMaM JIEMOHCTPUPYET BBIPAKEHHBIM CTPYKTYPHBIH
KOHTPOJIb 32 UX PACIOJIOKEHUEM (Harpumep, pailoH XoKypoky). OpueHTanusi CUHBYJIKaHUYECKHX
pa3jIoOMOB B YCIOBHMAX PACTSDKCHMSI KOHTPOJIMPYETCS HAIPaBICHHEM HAMMEHBIIErO0 OCHOBHOIO
HAIPsDKEHUS B NEPUOJBI PACTSHKEHUS U ByJKaHW3Ma. OCHOBHOE HANpPaBICHUE PACTSIKEHUS MOXKET
OBITH CYyOrOpU30HTAILHBIM U MEPIEHINKYISIPHBIM OCH pu(Ta HITH, B 00JI€€ CIOKHBIX CITydasiX, TAKHX
KaK TPaHCTEHCHOHAJbHBIE PUQPTHI, OPHCHTUPOBAHHBIM HAKJIOHHO K OCH pudTa. CHHBYJIKaHUYECKHE
pas3yioMbl 00ECIIEUNBAIOT OYard MUIPALlM MarMel, a TAK)Ke pa3rpy3Kd IMIPOTEPMalIbHBIX (DIFOMIOB.
OcoOeHHOCTH, TMOJE3Hble NpU UACHTHU(QHUKALMKM CHHBYJIKAHUYECKMX pa3jIOMOB B JPEBHHUX
BYJKaHUYECKUX TOJINAX BKIIOYalOT: (1) JIOKalbHBIE HEOMHOPOTHOCTH B CTpaTHrpaduu pa3pe3oB
NOoJOIIBEL, (2) AMaXxpoHHbIE KIMHbA OChinK;, (3) celieBble TOTOKH, CryLIAIOUIMECS WM
oOpbIBaroIIyecss Ha HEOOJIBLIOM HONEPEYHOM PacCTOSTHUM; (4) 30HBI TPAHCIPECCUBHBIX W3MEHEHMIA;
(5) cuHBynIKaHMYECKME JalKW M pOM JaeK, OCOOEHHO Te€, KOTOpbleé OKaHYMBArOTCS OO B
KPUITOKYIIOJIaX, JUOO0 BO BHYTPUBYJIKAHMYECKHX OCAJOYHBIX TOPU30HTAaX; (6) pacroiaokeHue
MIOTOKOB KHCJIOW JIaBbl, KYIIOJIOB, MapKUPYIOMIUX BYJIKaHUYECKUH LEHTp U (7) HMpeanoyYTUTENbHOE
PacroI0KEHUE BYJIKAHUYECKUX KEPII.

CTpyKTypsl OOpYILIEHHUS BYJIKAHOB B ITOJIBOJHBIX YCJIOBUSIX B OCHOBHOM IIPEJCTABISAIOT COOOM
KaJIbJephl, KpaTtepsl U rpadeHsl. Hanmpumep, HenaBHME HCCIEAOBaHUS CUCTEMBI yru-3aayru Unzy-
bonnn Ha 3amage B Tuxom okeaHe OOHapyXWJIM HECKOJIBKO KajlbJep, XapaKTepU3YIOLIUXCS
PHOJIMTOBOM MEM30i M THIPOTEPMAIbHOM MacCUBHOM cynbhuaHON MUHepanu3anuen. MccnenoBanus
MHTEPIPETUPOBAIIN MTOABOAHBIE KaJIbAEPhl KaK YCIOBHUS AJI1 HECKOIBKUX JIPEBHUX MECTOPOKIECHUN U
paiionoB VMS, 0CHOBBIBasICh Ha CPABHEHUH C YCIOBUSIMH COBPEMEHHBIX THIPOTEPMAIBHBIX CHCTEM
MOPCKOTI'O JHa.

K npesuum VMS otHocsTcs paiion Xokypoky B Snonuu, paiton OceTpoBbix o3ep B OHTapuo u
rpynmna o0bekToB XanTtep B paiioHe Hopanna B KeOexe. Bo3MOXHBIN CTPYKTYpHBIH KOHTPOJb B
TaKUX YCJIOBMSIX KajbJEphl BKIIIOUAET KOJIBLIEBBIE PA3IOMbl M MX MEPECEUCHUsS] C PETHOHATBLHBIMU
JyTOBBIMU WJIU THIJIOBBIMHU Pa3jioMaMU, IIapHUPHBIE Pa3IOMbl BJIOJIb ACHMMETPUYHOTO OOPYIICHHS
TUIA JII0OKa, a TaKXkKe BYyJIKaHMYecKue Kymnoia. CBA3aHHBIM C ByJkaHaMH TIpabeH KOHTPOJIMpPOBAI
pacIoyio’keHNe U TEOMETPHIO MOIIHOTO Yaleo0pa3Horo MecTopoxaeHus JIpicoit ropsl B mrate MaH.
B paitone Hopanna B KBeOeke oOHapyKeHbI MAacCHUBHBIE CyNb(UIIHBIE PYAHbIE Tela, TaKUE Kak

MI/IJ'IJ'IGH63X, JIOKAJIM30BAHHBIC B MpCACiIax OBIBIIIMX BYJIIKAHUYECCKUX KEPJI PUOJIUTOBBIX KYIIOJOB.
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CTpyKTypHBIM aHamu3 B IOKHOM yacth Kanbaepbl Ozepa Crepmxken, OHTapuo, MOKas3aja, 4TO
MacCHUBHBIEC CYNb(UIBI MPEUMYIIECTBEHHO BCTPEYAIOTCA BAOJIb PA3JIOMOB M TPELIMH, CBSI3aHHBIX C
00pa30BaHNEM CHHBYJIKAHWUYECKHX PUQPTOB U rpaOeHOB. THUIBI U CTWIM OJNIArONPUSATHBIX CTPYKTYP
orpaxaroT: (1) coctaB M H3MEHEHHsS BMEUIAIOMIMX MOPOJ; (2) HUCTOPHIO CHHBYJIKAHUYECKOTO
TEKTOHM3Ma, BKJIIOYas OOpyIIeHHEe, CBA3aHHOE C pacTshkeHueM u (3) opToroHanbHble ciBuru. Ha
MECTOPOXKACHUHU 30J10Tast poia, 3anajaHas ABCTpajus, CHHBYJIKaHUYECKHUI pa3ioM pocTa COBIAAET
C camMbIMH BbICOKUMHU cojaepxkaHusiMu Cu(+Au) W caMbIMM MOIIHBIMH 30HAaMH MACCHBHBIX
cynb(uI0B.

[IpocTpaHCTBEHHO-BpEMEHHbBIE YCIIOBUS, YIpaBIsiolKe GOpMUPOBAHHEM MOBOIHBIX KaJbAep
TaKXKe MOTYT B 3HAYUTEIBHOW CTENEHM OIpEeNessATh pazMep U MectoHaxoxaenue VMS. Ilonesbie
UCCIICIOBAaHUST W JKCIIEPUMEHTAIbHBIE PAa0OTHI IMOKAa3bIBAIOT, YTO MpPHU OOPYIIEHUH KallbACPhI
pa3BUBAIOTCS JIBA OCHOBHBIX THIIa pa3ioMoB: (1) BHyTpEeHHHE Pa3IOMBbI, KOTOPbIE OOBIYHO MAAAIOT
HapyXy 4 (2) BHEIIHUE, MAJAloIIMe BHYTPb PA3JIOMBI, CBSI3aHHBIC C MO3JHUMHU TepUepUHBIMU
pasnomamu. B o0nacTsix pacTsmkeHHS OCHOBHBIE Pa3JIOMbI KallbAEPhl MOTYT OBITh HE KPYTOBBIMH, a
3HAYUTEIbHO Ooyiee acUMMeTpuyHbIMU. Korma STH JHHEWHBIE W JIyrooOpasHble CTPYKTYPHI
NepeceKarnTcsl, 00pa3yroascs cucTeMa TPEIUH pa3BUTa Jy4Yllle, YeM B JIPYTUX YacTAX KalbIEphl, U
M03TOMY OHa OpPMHUPYET OCOOCHHO OIArONpPUSITHBIE YYACTKU AJISl THAPOTEPMAIBHON HUPKYISALUN U
JIOKAJIM3aIMKA OPYACHEHUSSI. ACHMMETPUYHBIC KaIbJephbl, 00pa30BaHHBIC B PE3yIbTATE MOTPYKEHHS
amb0 B BHJE «IIOKa» BJAOJb OJHOTO ILIAPHUPHOTO pas3ioMa, IO-BUAMMOMY, OOECIEeUHBAIOT
CTPYKTYpHBIE yCJOBHS, KOTOpble OCOOEHHO OJarompusTHbI [UId OOpa30BaHHUs HEKOTOPBIX
MecTopoxaeHuit VMS.

dopmupoBanuio MecTopoxacHu VMS GaronpusaTCTBYIOT JABE CTaIUN 00pa30BaHUs Kajbaep
(puc. 11): (1) Bo BpeMs u cpa3y mnocie oOpyleHus: Kaiabaepsl U (2) BO BpeMsi MOCTKaJIbJEPHOTO

BO3POXKIACHHUA, COITPOBOXKAAOIICTO TOBTOPHOC BBEACHUC MAaI'MbI Ha HG6OJ'IBH_IYIO I‘J'IY6I/IHy.

A. Influx of seawater along primary caldera fault B. Development of hydrothermal cells and VMS deposits C. Resurgent dome and shallow hydrothermal system
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Puc. 11 ):[I/IarpaMMBI OBOJIFOLIUU KaJIbACPbI HOHBOHHOﬁ MarMO'rHﬂpOTCpMaﬂBHOﬁ CHUCTCMBI.

A, acummempuunoe obpyuienue Kanpoepbl NO36051en NPUMOKY MOPCKOTU 800bl 8001b OMKPLIBAIOWE20Cs KpAe8o2o pasioma, B, mopckas 60oa mevem
6HU3 NO GHEWHUM PA3NOMAM, NAOAIOWUM BHYMPY, 8 MO BPEMsL KAK 20psHUe MUHEPAAU3YIouUe DIIoUObl OBUICYMCS B6EPX NO CEPUU PA3TOMOS,
NAOAOWUX HAPYIICY 8 Pe3ybmame 4acmuyno2o oopywenus kanrvoepsl. C, 603podicoenue Kaib0epbl, C6I3aHHOE ¢ 60300HOGICHUEM MAMAMUIMA U
gHeOpeHueM 6 NOPoObl KPOBIU HAO OCHOGHBIM MASMAMUYECKUM 04a20M. Dmo obecneyusaen OONOTHUMENbHYIO YUPKYIAYUIO CUOPOMEPMATLHO0
@rouda u 0bpazosanue OONOTHUMETLHBIX MACCUBHBIX CYIbGUOHBIX MECOPOIHCOCHUT 8 YEHMPATLHBIX YACMAX KATbOEPbl.

Bo BpEMsI HAYAJIbHOTO OITyCKaHUA aCHMMCTquHOﬁ KaJIbACPbl MAarMo-ruipoTcpmMaibHas

CHUCTEMA BCKPBIBACTCA U oOHaXkaeTcs BJOJIb OCHOBHBIX KaJIBJACPHBIX PA3JIOMOB, MAaJAarOIHUX HAPYKY
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(puc. 11A). D10 cmocobCcTByeT OOMBINEH era3aliii MarMbl U JTA€T BO3MOXXHOCTH IS OOJIBIITHX
IIPUTOKOB MOPCKOM BOJABI MJIM MECTHBIX METEOPHBIX BOJ, KOTOpPBIE MOIYT HAalpSIMYIO
B3aMMOJIEMCTBOBATh C MarMaTH4eCKUM pe3epByapoM. C TeueHHEM BPEMEHU M3HAYaJIbHO INIyOMHHAas
TUAPOTEPMANIbHAS CUCTEMA MUIPHUPYET BBEPX II0O BHYTPEHHUM KalbJIEPHBIM pas3jioMaM, B TO XK€
BpeMsl MPOUCXOJUT MOANUTKA THAPOTEPMAIBLHON CUCTEMbI depe3 Mepudepruueckue pasiomsl (puc.
11B). MeTamuibl MOTYT TIOCTYIATh B TUAPOTEPMATIbHBIN (PIIIOMA HEMOCPEACTBEHHO IMyTEeM Jera3aliu
Marmel U IIyTEM BBICOKOTEMIIEPATYPHOI'O BBILIEIAYMBAHUS U3 ByJIKaHWYeCKUX nopox. Kpynuenmue
MecTOpokIeHUss VMS 00blYHO pa3BUBAIOTCA B IOPHUCTBIX NHMPOKIACTUYECKUX OTIOXKEHUSX,
IPUMBIKAIOIINX K OrPaHMYMBAIOIIMM KalbpAepy paszioMaM. Bo Bpems BO3pOKICHHS KalbACpbl
BBEJICHHE HOBOM MarMbl MOKET BbI3BaTh IIOJAHATHE JHA KAJIbACPHl U PEAKTUBALIMIO TUAPOTEPMAIBHON
CHCTEMBI [10 MEpE Pa3BUTHUS OTKPBITHIX MyTeH (IIFOUI0B BIOJIb pa3iioMoB pactspkeHus (puc. 11C).

BepimmHHbBIE Kalbaepbl MOABOJHBIX JYrOBBIX BYJIKAHOB, KaK IPAaBWJIO, OTHOCUTEIBHO MaJlbl
(<10 kM B 1mOmEpeYHUKE) U HMEIT TOJBKO HEOOJIbLINE TUAPOTEPMAIbHBIE CUCTEMBI W,
COOTBETCTBEHHO, HEOOJBIINE, HO IOTCHIUAIBLHO BBICOKOKAYECTBEHHBIC 3AJIEKH MACCHBHBIX
cynbunoB. Kampmepsl peako TNpeACTaBISAIOT COOOW TPOCThIE KOHCTPYKLMH, ITOCKOJBKY CO
BPEMEHEM OHU MOTYT 3BOJIIOLIMOHUPOBAaTh B COCTaBHBIE CTPYKTYpPBI, BKJIIOYAas BIIO)KEHHBIE WIIH
NIEPEKPBIBAIOLINECS] KOMIUIEKCHI Kalblep. B reoslornueckoil JIETOMMCH TaKUE CIIOKHBIE KabAEpbl
MOTyT cojAepXkaTb KpyIHbIE MacCUBHbIE CyJIb(QHUAHbIE pecypchl. B 1memom  kanbiaepsl
BHYTPHOKEAHMYECKUX JTYrOBBIX BYJIKAHOB MEHbIIE, YeM KallbJepbl, 0Opa30oBaBIIMECS Ha JYTOBBIX
BYJIKAHAX KOHTMHEHTAJIbHOW OKPAUHBI.

CTpyKTypHBIIl KOHTPOJb TaKkKe OBbUI MpeasiokeH Uil OmIoKeHud VMS, B KOTOpBIX
OTCYTCTBYIOT YETKHE JI0Ka3aTeIbCTBA KalbJepHOU oOctaHOBKU. Hampumep, B 3a1yroBbix 00J1acTsX,
B 30HaxX pHUQTOreHesa, MOryT oOpazoBaTbCsi OOJIBLIME BIAAMHBI MOPCKOIO JTHA, TaKUEe KaK KOTel
Desmos B BocTouHOi1 yactu 6acceitna Manyc u xoren M3ena B OkunaBckoM xenobe. Korex Desmos
B BOCTOYHOH vacTu GacceitHa Manyc k ceBepy oT HoBoit bputanuu pacnonokeH B MpOTSHKEHHOU
30HE MEXIy TIpslaMd BE3HUKYJISIPHOIO HW3BECTKOBO-IIEIOYHOro Oa3ajibTa U PHOJIUTOBBIMHU
BYJIKAHUUECKUMHU TMOpoJamMH. ['mapoTepMaibHOE H3BEp)KEHUE MPOUCXOTUT Ha 10-KumiiomeTpoBOM
oTpes3Kke, rne OypeHHe BBIBUJIO IMPONUTAHHbIE CYIb(QHIAMH BYJIKaHOKJIACTHUYECKUE MOPOJBI OT
BeplIMHBI XpeOTa 10 rinyOuHbl 380 M HMKe Mopckoro nHa. B neHTpanbHoi yactu OKHHABCKOTO
nporu0a 3aayroBblii BYJIKaHW3M M THUApOTEpMaibHas AESITEIbHOCTb MPOSBIAIOTCS B Ipenenax
HECKOJIbKUX 3IIEJIOHUPOBAaHHBIX rpabeHoB. OtnenbHble rpadeHsl nMeroT anuHy 50-100 kM, mupuny
10-20 kM u cozmepkaT pAl BYJIKAaHHYECKUX XpEeOTOB MIIM Y/UIMHEHHBIX BYJIKAHOB, CIIOKEHHBIX
OMMO/IaIbHBIMH BE3UKYJISIPHBIMUA HW3BECTKOBO-IIETOYHBIMH 0a3zajibTaMu, aHJ€3UTAMHU U PHOJIUTAMH.
['unporepmanbHas akTUBHOCTb MPOUCXOJUT Ha BYJKAHWYECKUX XpeOTax WIM PsSAOM C HUMH, MpU

3TOM KpymHeiimee xepioBoe nojie (JADE) pacmonokeHo B CTPYKTYpHOU JEMPECCUH MIHUPHHON 5X6
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kM u TiryonHoi 300 M, u3BecTHOM Kak koten M3enbl. [Ipyrue nmpuMepsl BKIOYAIOT MECTOPOKICHUE
Tam6o0-I'panne B Ilepy, KOTOpOE MPHUITKCHIBAIOT JOKATU3AMH B CTPYKTYPHO CBSI3aHHBIX MPOTHOax U
rpabenax  BToporo mopsiaka, ©u  MectopoxnaeHue Can-Hukomac B Mekcuke, rae
CUHCEIMMEHTAllMOHHBIE DPA3JIOMbl M KPYTOW CKJIOH PpHOJIMTOBOIO Kyloja IO-BUAMMOMY,
KOHTPOJIMPYIOT MaCCUBHYIO CYJIb()UIHYI0 MUHEPAIN3ALIHUIO.

OpHMM U3 KOCBEHHBIX (DaKTOPOB, OMPEICISIIONINX CTPYKTYpY MecTopoxknenuit VMS, sBnsercs
uX ONM30CTh K KPYIHBIM CYOBYJIKaHMYECKHM CHJUIaM, 3ajieraomM Ha riayoune mo 2000 m B
HOJOLIBE HEKOTOPBIX MECTOPOXAEHUH, KOTOpble HE TOJIBKO OO0ECHEeYUBAIOT 3HAUYUTEIIBHOE
KOJIMYECTBO Temla Julsi paboThl T'MIPOTEPMANIBHBIX CUCTEM, HO TakKe MOTYT YBEJIWYMTh
TPEUIMHOBATOCTh BMEIIAIOIINX BYJIKAHMYECKUX IUIACTOB M C(POKYCHPOBATH THIPOTEpMalbHBIC
KUAKOCTU. J[aHHBIE O TETJIOBOM MTOTOKE JUIsl COBPEMEHHBIX TO/IBOJHBIX cUCTeM B Oacceline ['yaiimac,
Kanudopuuiickuii 3ay1uB, Takke yKa3bIBalOT Ha TO, YTO I'MJIpOTepMalIbHbIE (DIIFOM/IbI JOKAJIM30BAHbI B
TpEIMHAX BHYTPU CHJIJIOB U BJOJb MX KpacB. MoIEIMpOBaHUE METOJOM KOHEUHBIX 3JIEMEHTOB JUIS
UMHUTALUU pa3Mepa OTIOKEHUH M MPOCTPAHCTBEHHOTO pacipeneseHuss mectopoxaenuii VMS nan
koMIuiekcoM benn-PuBep B paiione Martaramu B KBeOGeke mokaspIBaeT, 4TO MPOCTas 3aBUCUMOCTh
IIPOHUIIAEMOCTH BMELIAIOUIMX IOPOJA OT TEMIIEPATyphl JIOKAIU3YeT I'MAPOTEPMANIbHBIN alBEJJINHD
Ha/l MHTPY3UBHBIM KOMIUIEKCOM U CO3aeT MPOCTPAHCTBEHHYIO CTPYKTYPY U JHamna3oH oO0bEMOB
BEHTUWJIMPYEMOH >KUJIKOCTH, aHAJIOTUYHbIE TEM, KOTOpble 0OHapykeHbl B pailone Mataramu. To4uHO
TaK K€ TPEXMEPHOE MOJIETUPOBAHUE CTPYKTYPHI U AUHAMUKH TMIPOTEPMAIIBHBIX CUCTEM CPEAMHHO-
OKEaHWYEeCKHX XpeOTOB IMOKa3al0, YTO KOHBEKIMOHHBbIE SUYEHKH CaMOOPIraHU3YIOTCS B TpyOuaThle
30HBI BOCXOJSILErO IOTOKA, PACIOJIOKEHHBIE HA PETYJISIPHOM paccTosiHMM npuMepHo 500 M,
OKpYXEHHbIE y3KHUMHU 30HaMU C(HOKYCHPOBAHHOTO M OTHOCHUTEIBHO TEIJIOTO0 HUCXOJAIIET0 MOTOKA.
OTU CTPYKTYpbl OYEHb OJM3KH K PETYISIPHO PaCMOIOXKEHHBIM BBICOKOTEMIIEPATYPHBIM >KepiiaM
mectopokaeHus Main Endeavour Ha xpe6te Xyan e dyxka.

Jlpyrue cpeicTBa KOHTPOJIS PYAOOTIOXKEHHs CBs3aHbl C Haneorornorpaduei. BmamuHs
MOpCKOTO JIHAa, HE3aBUCUMO OT IPOUCXOXKACHUS, CIY)KAaT JIOKAJbHBIMU OacceilHaMu Kak JUIs
XUMHYECKOI0, TaK U MEXAHUYECKOTO OTJIOKEHUS CYIb(PUAOB. XUMUYECKU OCAXKJIEHHBIE CYIb(HIbI
IPEUMYIIECTBEHHO aKKyMYJIHPYIOTCS B TONOrpadUyeck HHU3KHX YYacTKaX, OCOOEHHO B TeX
cilyyasix, KOrja >KepyioBble (IIIOMIBI MPEACTABISAIOT COOOH BBICOKOCOJIEHBIE paccoiibl, Oolee
IUIOTHBIE, 4Ye€M OKpy)Kalllas MopcKas BojAa, 00pa3ys JIOKaJbHbIE METAJZIOHOCHBIE COJISIHbIE
OacceliHbl. BnaanHbl MOPCKOro JTHA TakXke JIOKaIU3yIOT 00JIOMOUYHbIE CYIb(QUIbI, BEIMBITHIE 3PO3HE
U3 O0orateIx cylbOuIaMu «IbIMOXO0/I0B», HACHINEH U APYTUX MOCTPOeK. Bo MHOTHX MECTOPOXKIEHUSIX
3TU CyNb(UIBI COCTOST W3 MOJIMMHUKTOBBIX 3€PEH pa3MepoM OT IecKa J0 aleBpUTa, KOTOpHIE
COXPaHSIOT CTYNEHYATYI0 CIOMCTOCTh U IPyTUe 0caqodHble ocodeHHocTH. B penkux ciydasx VMS,

MOJTYYCHHBIE C TTIOMOIIBIO CEJIEBBIX TTOTOKOB, COAEPKAaT 0OJIOMKA MAaCCUBHBIX CYIb()HIOB pa3zMepom
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0T OyJIbDKHMKA J0 BaJyHa, KOTOpblEe HAaKalLIMBAIOTCS B YUIMHEHHBIX KaHajuax 10 1 kM wim Oosee
BJI0JIb MIPOCTUPAHUS OT UX UCTOYHHMKA HA MECTE, HAIpUMep, B OOTaThIX, TPAHCIIOPTHPYEMBIX PYIHBIX
tenax. B betokence, Hetoaynanenn, Kanana.

3.6 Posib MarmaTu3Ma B py1000pa3oBaHHU.

BynkaHoreHHble 3aeXu MAaCCUBHBIX Cylb()HUIOB 00pa3yroTcs Ha MOPCKOM JHE WM BOJIU3U
HEro B F€0JJMHAMHYECKUX YCIIOBUSAX PACTSDKEHUS B IPOCTPAHCTBEHHOM, BDEMEHHON M F€HETUYECKOU
CBA3M C COBPEMEHHBIM BYJKaHU3MOM. OTJIOXKEHMSI 4acTO HENOCPEICTBEHHO BMEILIAIOTCS WU
BCTPEYAIOTCA B TOJINAX BYJIKAHUTOB. B IOBEHWJIBHOH cpeae ¢ MpeodsajaHueM OCHOBHBIX-
yIBTPAOCHOBHBIX, OMMO/1aIbHBIE-OCHOBHBIX U KPEMHHCTO-00I0MOYHBIX-0a3UTOBBIX
JMTOJIOTUYECKUX accoranuii MectopoxaeHuss VMS cBsizanbl ¢ OOHMHUTOM U TOJIEUTOM OCTPOBHOM
JIyTA C HU3KUM COJCp’KaHUEM TUTaHa, 0a3aJbTOM CpeAuHHO-OKeaHudeckoro xpedra (MORB) unu
6azanpTOM 3amyroBoro OacceiiHa. (BABB). Kucnele mopojsl B IOBEHWIBHBIX YCIOBUSX C
npeoOialaHieM OCHOBHOTO COCTaBa OOBIYHO TOJEUTOBBIE M  OTHOCHUTEJIBHO  OO€IHEHBI
MHUKpOdJIEMEHTaMHu. B cpenax, CBSA3aHHBIX C KOHTHHEHTAJIBHOW KOPO M 00BIYHO ¢ mpeoliaagaHuneM
KHACIOTO MarmatuzmMa (Hampumep, OMMOJANbHO-KUCIBIE M KHCJIO-KPEMHHUCTO-O00JIOMOYHEIC
JUTOJIOTUYECKUE AacCOLMalMU) MHOpoasl, cBs3aHHble ¢ VMS, Moryr BKIIOYaTh TOJEUTOBBIE,
U3BECTKOBO-ILIEIOYHBIE U LIeOYHbIe 6a3aIbThl U aH1e3UThl. Kucible mopoabl. 0ObIYHO BapbUPYIOTCS
OT W3BECTKOBO-IIEJIOYHBIX JALUT-PUOIUTOBBIX /10 IIEIOYHBIX, 0OOTralllEeHHBIX MHMKPOAJIEMEHTaMHU.
OCHOBHBIC B3aMMOCBSI3M MEXAY BYJIKAHWYECKOH aKTUBHOCTBIO M MecTopoxiaeHusmMu VMS
BKJIII04aOT: (1) KOHTpPOJIb JIOKATU3allMM B BYJIKAHUYECKUX M CHHBYJIKAHUYECKUX CTPYKTYpax M
JUTOJIOTUYECKUX eIuHMIAX; (2) MPOU3BOACTBO BBICOKMX CKOPOCTEM aJBEeKIUM TeIula B
IIPUIIOBEPXHOCTHYIO CpENy, KOTOpask CTUMYJIHMPYET KOHBEKIMIO MOPCKOW BOJBI M B3aUMOJCIHCTBHE
KHJIKOCTH C TOPHOM MOPOI0ii; (3) MOCTYIUICHHST METAIIJIOB U CEPBI 32 CUST PEAKIIUU TTOPO]T TIOAOIIBBI
C KOHBEKTUPYIOIIUM (IIIOMJIOM U (WJIM) HETIOCPEACTBEHHO C MarMO-THAPOTEPMATIBHBIMH (PITFOMAAMHU.

HccnenoBanuss COBPEMEHHOM T'MAPOTEPMAIBHON AKTHUBHOCTH B CPEIUHHO-OKEAHWYECKHUX
LEHTPax CKOPOCTEH CIpelMHra MOKa3blBalOT, YTO BBICOKOTEMIIEPATYPHBIE KEPJIOBBIE MOJIS MOYTHU
MOBCEMECTHO CBS3aHbl C TPUCYTCTBUEM MarMbl; «TrOpsSYM€ KaMHU» WM HEMarMaTHuecKue
UCTOYHUKM  TEIUla  KaXyTCd  HEJOCTaTOUYHBIMM  JUIsl  CO3J1aHUsl  BBICOKOTEMIEPATypHOM
TUAPOTEPMAIILHON aKTUBHOCTU. B JIpEBHUX BYJIKAHWYECKUX TOJIIAX COCTABHBIE CUHBYJIKAHMYECKHE
WHTPY3UH YacTO MPUCYTCTBYIOT B TOJOMIBE TOA OTIOXKEHUsSIMH VMS U cuMTaroTcsi TEIIoBHIM
JBUTATeNeM, KOTOPBIH HMHMUIMUPOBAT U TMOJJAEPKUBA THUAPOTEPMANBbHYIO JEATEIbHOCTh, IPH
(dopMHpOBaHUU OpyAeHEHHs. B yclIOBHSAX OKEaHHMYECKUX CIPEAMHTOBBIX XpPEeOTOB MarmMa MOXKET
NOJHUMATBCS B IMpefeNiaX HECKOJBKUX THICSY METPOB OT MOPCKOTO JHAa M 00pa30BbIBATH
MIPOJI0JTOBaThie TaO0OpPOBBIE CUILIBI, TApaJUIeNbHBIE OCH CIIpeArHra Mopckoro aHa. OOpa3oBaBIInecs

KOMIIO3UTHBIE  (rab0po-IHOPUT-TOHATUT-TPOHBEMUTOBbIE) HMHTPY3UBHBIE KOMILJIEKCHI ~ MOTYT
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MOJIHUMAThCS B Ipesienax 2—3 KM OT MOPCKOTO JHa, B TO BpeMsl Kak aHJIePIUICHTHHT U PacTsbKEHUE B
6onee momHOM (20-30 KM) KOpe MOTYT IPUBOJUTH K CPETHEKOPOBBIM UHTPY3UsAM. OTMEUYEHO, YTO B
JpeBHUX Tojdmax, BMemamux VMS, cuaByIKaHNYeCKne HHTPY3UH MOKHO pacno3Hath 1o: (1) ux
CHILIONOI00HOM ci10xHO# (opme; (2) ci1aboMy KOHTAKTOBOMY METaMOP()UIECKOMY OPEOITY HIIA €r0
orcytcTBuio; (3) OJM3KOMY IO COCTaBy IOpPOJaM BMEIIAMONICH BYJIKaHHYSCKOH Toumu; (4)
aHAJIOTUYHOMY, HO 00blyHO Oojee MoOJOAOMY BO3pacTy; (5) HaIMYMIO KOMILICKCOB
TUAPOTEPMATBHBIX U3MEHEHUH, aHAJIOTHYHBIX TAKOBBHIM BO BMEIIAIOIINX BYJIKAHHYECKHUX IMOPOJAX U
(6) Hanmmuuro nosuMeTtaumaeckoi (Cu, Mo) u (nu) 30J0TOM MUHEpATU3alIiH.

BynkaHoreHHble MacCUBHBIE CYNb(QUAHBIE MECTOPOXKACHHUS MMEIOT TECHYIO CBS3b C
BMEINAIONIMMU UX BYJKaHUYECKUMH JINTO(aUaIbHBIMU acconranusMu. [1opopl TOJONIBEHHOTO U
BUCSYETO OJIOKOB (PUKCUPYIOT Cpely, B KOTOpPOW (QOPMHUPYIOTCS 3allekH, WX Mopdoioruo,
MEXaHM3Mbl HAKOIUICHHSI M COCTaBa CyIb(UIOB, TEOMETPUI0O M MHHEPAIOTHI0 KOMIUJICKCOB
TUAPOTEPMAIBbHBIX H3MEeHeHHH. Kpome Toro, mnacTel BUCAYMX CTEH OOECIEeUMBAIOT 3alKCh
IPOIOJDKUTEIHLHOCTH M MIPEKPALICHUS MUHEPATN3AIMH U YKa3bIBAIOT HA COXPAaHHOCTh. B 3TOH cBs3M
ObUTH OTIpeieNieHbl TpU JUTo(anuaNnbHbIX nmoapasaeneaus (puc. 12): (1) accouuamnusi «ImpOTOYHBIX»
mutodanuid, (2) accouuanus BYJIKaHOKIACTHUECKUX IuTodanuii u (3) accomuanus OCaJ04YHBIX
autodanuid. AccouMandyd MOTYT OBITh JOIMOJHUTENBHO MOJAPA3JelieHbl Ha OCHOBHBIC U KHCIIBIC

IIOATHIIBI B 3aBUCUMOCTH OT npeo6naz[a101uer0 COCTaBa BYJIKAHUTOB.

Flow lithotaci ot Volcans lithotacs iots Sodi y lithotaci
Noranda Carme Sturgeon Lake District iberian Pyrite Belt
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Puc. 12 CnoxHsle ctpaTurpaguyeckue pa3pessl, WITIOCTPUPYIONINE TOTOKH, BYJIKAHOKIACTHKY M OCaJIKH,
npeobagaronye B IUTO(AIHsIX, BMELIIAIONINX BYJIKaHOTCHHbIE MACCHBHBIE CYIb(QHIHBIE MECTOPOKACHHS.
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3.7 IlpocTpancTBeHHAsI CBSI3b C PyA0BMeIAIIUMH (POPMALUSIMHU.

[ToToKOBBIE TOJNIM BKJIIOYAIOT KOT€PEHTHBIC YIbTPAOCHOBHBIC (KOMAaTHUTOBBIC), OCHOBHBIC U
(M7M) KUCIbIe JaBOBbIE NMOTOKM M KYIOJIA M CBA3aHHBIE C HUMH aBTOKJIACTHYECKHE OTJIOKEHUS
(aBTOMpPEKYMH, THATOKIIACTUTHI, U UX MEPEOTIIOKEHHBIC SKBUBAJICHTHI) (puc. 12). CHHBYJIKaHHMYECKHE
UHTPY3UM OOBIYHBI M BKJIIOYAIOT JAWKW, CHJUIBI U WHOTJA KPUITOAOMBI (M CBSI3aHHBI C HUMU
nernepur). BynkaHOKIacTUYeCKHe MOPOIBI SBISIFOTCSA BTOPOCTENIEHHBIM KOMIIOHEHTOM U OOBIYHO
COCTOAT W3 TEPEOTVIOKEHHBIX THAIOKIACTUTOBOM OpeKYMH W HEKOTOPHIX  IEPBHYHBIX
MUPOKJIACTUYECKUX OTIOXKEHHH. MoryT mpucyTcTBOBaTh HE3HAUMTENbHBIE KOJIMYECTBA OCAIOYHBIX
MOpOJ, KOTOpbIe OOBIYHO COCTOAT M3 YIJIEPOAMCTOTO aprujuluTa M HE3pelibIX BaKKOB
BYJKaHUYECKOTO TPOMCXOXKACHUS, HE3HAYUTEIBHOIO KOJMYecTBa KapOoHAaTa M HE3HAYMTENIbHBIX
XUMUYECKHUX OTJIOKEHUH (IKCranuTa, (hopMalliu sxenesa).

[TocnegoBarenbHOCTH C mpeoOiaiaHueM TOTOKa OO0pa3yloT BYJIKAaHMYECKHE KOMIUIEKCHI,
COCTOSIIIIME W3 OJMHOYHBIX WM COCTaBHBIX MOJBOAHBIX IIUTOBUAHBIX BYIKAHOB, KOTOPHIE
00pa3oBaJIMCh B pe3ysibraTe 3P Py3MBHBIX MPOIECCOB N3BEPIKESHUI HA MTYOMHAX, KaK MPaBUIIo, Ooee
1000 M. B atux mocnenoBatensHOCTAX MecTopokaeHus VMS o0bIYHO BCTpedaroTcs B mepephIBax
BYJIKAHM3MA, KOTOpPBIE MOTYT OBITb OTMEYEHBI JIOKAJIbHBIMH WM JaTepajbHBIMU OOIIUPHBIMU
Cynb(UIHBIMA, OOBOAHEHHBIMH TY(DOBBIMU U (WJIM) XHUMHUYECKUMHU OCAZAOYHBIMU TOJIIAMH
(9KcramuTOBBIE TOPU30HTHI). [lOCKONBKY BMeHIarOIIKEe IOPOABI OTHOCHTEIHHO HEMPOHHUIIAEMBI,
BOCXO/ISIIIIAE TUAPOTEPMATIbHBIE (PITFOUIBI KOHIIEHTPUPYIOTCS BJIOIb IIPOHUIIAEMBIX 30H, & OCAKICHHE
CyIb(QHIOB MPOUCXOAUT HA MOPCKOM JIHE U HEMOCPEJICTBEHHO 0]l HUM. PernoHaabHble H3MEHEHUS
COCPEOTOUEHBI B 00J1ACTAX C BBICOKOH MPOHHUIIAEMOCTBIO, TAKUX KaK KOHTAKTHI MOTOKA, OpeKYHH
MIOTOKA, MUH/IAJIMHBI ¥ CHHBYJIKAaHHYECKUE 00pa3oBaHus, pa3inoMbl. Cyab(QHIHBIE OTIOKEHUS PACTYT
B pe3yibTaTe MPOIECCOB pocTa TPyO oOpylieHus, 3aMelnieHuss OO0JOMKOB TpyO U, HaKOHEI,
BO300HOBJIEHHS pocTa TpyO ¢ 0Opa3zoBaHMEM KJIACCHUYECKUX HACHITHBIX WJIM JIMH30BUIHBIX PYAHBIX
TeJ HaJl MPOKUIIKOBOM WU IITOKBEPKOBOM CyNb(puIHOM 30HOI. BynkaHOreHHBIE 3al1e’KH MaCCUBHBIX
CynbQuIOB, (GOpMHpYIONIMECS B TOJIIAX C MpeoOiIaJaHHeM OCHOBHBIX IOTOKOB, KakK IPAaBHIIO,
0orarel MeIbIO, B TO BpeMs KaK B KHCIIBIX TOJIIIAX, KaK MPABUIIO, OOTAThl MEIbIO-IIHHKOM-CBHUHIIOM.
[Tpumepsr mectopoxaennii VMS B nuToharimoHHON accolManuy MOTOKOB BKIIIOYAIOT OTJIOKCHHS,
dopmupyrolecs Ha COBPEMEHHBIX CpPEIMHHO-OKEAaHWYECKMX CIIPEIMHTOBBIX  XpedTax -
0(HOTUTOBBIE OOBEKTHI U BHYTPHUKaJIbAEpHbIe 00BEKTHI B apXxelickoM paitone Hopanna.

Accoyuayus 8yIKAHOKIACMUYECKUX TUMOoGayui.

BynkaHokiacTudeckue TOIIKM B OCHOBHOM CJIOXEHBI MUPOKIACTUYECKUMHU U CHHIPYIITUBHBIMU
MEPEOTIIOKCHHBIMU ~ TUPOKIACTUUECKUMUA U DNUKIACTHUYECKUMU  OTJIOKCHHUSIMH, a TaKkKe
MOJTYMHCHHBIMH W CBS3aHHBIMA OCHOBHBIMH ¥ KHCJIBIMHA JIABOBBIMH ITOTOKAMH M KYIIOJaMH

(+ayToOpeK4ynH, THAIOKIACTUTBHI M HUX TMEepPEOTI0KEHHBIE SKBUBAJICHTHI), C aCCOLMHPOBAHHBIMU
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HENEePUTOBBIMU U (M) (DIIONAaIbHBIME OPEKUUSAMH, PEKE CUHBYJIKAaHUYECKUMHU JTaliKaMH, CUIIaMU
U OOJIOMOYHBIMH OCaJ0uHBIMU Topojamu (puc. 12). O6moMouHbIe OCaTO0YHBIE HMOPOJBI, KOTOpPHIE
OOBIYHO BCTPEYAIOTCS B TOJIIE BUCSYUX CTEHOK, OOBIYHO MPEACTABISIIOT COOOH YIiIepoAHCTHIC
apriJUIMTBI, He3pelble SIHUKJIACTHUECKUE BYJIKAHUYECKHME BaKKM W KapOOHATHbIE TOJIIIH.
[TpeoOnananre MUPOKIACTUYECKUX IOPOA B ATOH JUTO(ALUM IpeanojaraeT 3KCIUIO3UBHBIE
U3BEPXKEHHS] B OTHOCHUTEIBHO  MENKOBOAHBIX (<1000 M)  ByJKaHMYECKHX  Cpelaax,
XapakTepu3yImuxcs (HOPMUPOBAHHEM IIEHTPAJIBHBIX BYJIKAHHYECKUX KOMIUIEKCOB C OJHHM WIIU
HECKOJIBKUMM IIOJABOJHBIMU ByJIKaHaMU. Hannyue MOIIHBIX JIOKAJIbHBIX I10CJIENOBATEIbHOCTEN
IOBCHWJIBHBIX ~ BYJIKAaHOKJIACTUYECKUX  IOPOJ B BEPXHUX WIM  LEHTPAIbHBIX  4acCTIX
IIOCJIEIOBATEIbHOCTH IIPEIIIONIAracT pa3MELIEHUE BHYTPHU KPYIHBIX MPOCAZAOYHBIX CTPYKTYp WU
Kanpaep. BynkaHoknactudyeckue TUTO(AIMaIbHBIE acCOIMAUU PAacIpPOCTPaHEHBI B OMMOJABHO-
OCHOBHBIX, OMMOJIAIbHO-KHUCIIBIX U KUCIIO-KPEMHHCTO-00JI0MOYHBIX aCCOLUAIIMSIX.

HauanbHas rusporepManbHas pasrpy3Kka B BYJIKaHOKJIACTUYECKHUX MPE0OIalalouX CyKIECCUU
BCTPEYAIOTCS HAa OOJIBIICH TUIOIIAAN, YeM B CYKLECCHAX C MpeoOIaJaHueM MOTOKa, ¢ OTHOCUTEIHEHO
HEC(OKYCHPOBAHHBIM BBIXOJIOM M3 MHOTOUYMCIIEHHBIX CIIMBAIOIIMXCSA THUIPOTEPMAIbHBIX KepI,
KOTOpBIE HHOTJAa IPUYPOUYEHBl K JIMHEHHBIM, KOHTPOJIMPYEMBIM pa3jOMaMH BIaJWHAM WIU
rpabesam. OminoxeHuss cynbGuIOB  OOBIYHO HPOMCXOAAT B  IOPOBBIX  IPOCTPAHCTBAX
BBICOKOIIPOHUIIAEMOW BYJIKAHOKJIACTUYECKOW MOJOIIBHI B BUAE HEC(OKYCHPOBAHHBIX BOCXOJSLINX
TUAPOTEPMANIbHBIX 00pa3oBaHuil. JKUJIKOCTh OXJIaXAaeTcs 3a CYET B3aUMOJICHCTBUS C 3aXBau€HHOM
U YBJIIEUEHHOW MOPCKOM BOJOH. DTO NPUBOAUT K 3aMELIECHUIO BYJIKAHOKIACTUYECKUX IOPOJ U
(GopMHpOBaHHUIO MIACTUHYATHIX MecTopoxaeHuit VMS. Ilpu nmpopomkaromeics: ruipoTepMalbHON
LHUPKYJISIUU TPOLECChl 30HAJIBHOIO paUHUPOBAHUS MOTYT MPHUBECTH K 3aMEIICHUIO paHee
chopMUpOBaHHOMN MIAPUTOBOU u NUpUT-ChaIepuTOBON MUHEpaIU3alnun Oonee
BBICOKOTEMIIEPATYPHBIMH  XaJIbKOMUPUTOBBIMU U c(halepUT-XaJIbKOMUPUTOBBIMU KOMILIEKCAMH.
Kpome Toro, mockosibKy HEKOTOpPbIE MOCIEI0BATEIBHOCTH C MPEe0OIalaHueM BYJIKaHOKIACTHUECKUX
MOpOJI Pa3BUBAIOTCA Ha MEJIKOBOJbE, MECTOpOXKIeHUsT VMS Moryr uMeTb CXOJCTBO. C
cy0al’pajbHBIMU SMUTEPMAIbHBIMU MECTOPOKICHUSMH, BKIIOYAIOMIMMU Oojiee Oorarbie 30JI0TOM
COCTaBbl M DAa3BUTHIE 30Hbl W3MEHEHUN AaprWUIMTOBOTO THIIA, MPEACTABIEHHBIE B JIPEBHUX
OTJIOKEHUSAX KOMILJIEKCAMHM AJIOMOCWJIMKATHBIX W3MEHEHUN WM KOMIUIEKCAMH, COAEpkKalluMU
KaJui (CepHULMT, KaJUeBbI MOJEBOI 1IMAaT).

[Mpumepsr mectopoxnenuit VMS, CcBS3aHHBIX ¢ BYJIKAaHOKJIACTHYECKOW JIMTO(DAIMOHHON
accoluanuei, BKIIOYalOT MecTopoxaeHuss XopH, ['amnen m MoOpyn, Hopanna-Kommn, Kanana;
mectopokaenne Marrabu, Crepmxken-Jleiik-Komn, Kanama; mectopoxnenuss [apnenGepr u
[uukrpyBaH, okpyr beprcnaren, IlIBeuus; mectopoxaenus Poy30epu u I'epkynec, Tacmanus u

MecropoxaeHue JIsicas ropa, CILIA.
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Cé53b ¢ 0ca0oUHbLIMU NOPOOAMU.

[TocnenoBarenbHOCTH € IpeoOIIalaHueM OCaIKOB, BMEIAIOIINe MecTopoxkaeHus VMS, cocrost
U3 JBYX OTHENbHBIX aruii: (1) kpeMHUCTO-00M0MOYHAsT ¢arus, COCTOsIIasi U3 IECYAHHKOB,
QJIEBPOJIMTOB, apIUUINTOB, MECTAMU W3 JKEJIE3UCThIX WM KEeJIe30-MapraHIeBbIX apruuiuTax, u (2)
nenuToBas (auus ¢ apruuIMTaMy, YIIMCTBIMU apriUIMTaMH, aleBPOJIMTAMH, MEpresissMu U
kKapOoHaramu (OMOKJIACTUYECKHE M XUMHUYECKHE). B 3THX mpeobnafaroniux OTIOXKEHHUAX TaKkKe
IPUCYTCTBYIOT IOJYMHEHHbIE KOTE€PEHTHbIE NOTOKM OCHOBHOM M (MJM) KHMCIOW JaBbl, KYIIOJa,
KPHUITOIOMBl U CBSI3aHHBIE C HUMH ayTOOpPEKYMM, THAIOKIACTUTBHI M IENEepUThI, WIH OOBEMHBIE
KUCJIbIE BYJIKAHOKJIACTUYECKHE OO0pa3oBaHMs, NAYKU C IOAYMHEHHBIMU KHUCIIBIMM JIaBOBBIMHU
NOTOKaMH, KymoJaMu U KpuntogomMamu (puc. 12). B HEKOTOpBIX OCaZOYHBIX TOJIIAX
npeo0IaaroyM BYJIKAHUYECKHM KOMIIOHEHTOM MOTYT OBITh CHHBYJIKQaHMYECKHE JalWKd, CHILIBI U
KpuntokoMmbl. Mectopoxxaenus VMS npocTpaHCTBEHHO CBSA3aHbI CO CIOXHBIMH BYJIKAaHWUYECKHMMHU
LIEHTPaMHU, Pa3BUTBIMU B 00Jiee MEIKUX CTPYKTYPax OCEelaHUs, PACIONOKEHHbIX B Oosiee KPYMHbIX,
3al0JIHEHHBIX HaHOCaMU OacceliHaxX pacTsKEHUs; OJHAKO HENOCPEJCTBEHHO BMEIIAIONINE MOPOJIbI
MOTYT OBITh JINOO OCaAOYHBIMH, JHOO BynkaHndeckuMmu. Kak u HekoTopbie MectopoxaeHus VMS,
o0pa3oBaHHBIE B TOJLIAX C MpeoOJaJlaHueM BYJIKAHOKJIACTUKH, MECTOPOXKACHUS B TOJIIAX C
npeo0i1aaHueM OCal0uHBIX MOPOJI MOTYT 00pa30BBIBATHCS HEMOCPEACTBEHHO O] MOPCKUM JTHOM B
pe3ysibTaTe OCaXK/IeHUsl B MOPOBBIX MPOCTPAHCTBAX M 3aMELIEHUS OCAJ0YHBIX MOPOJA. DTOMY TUIY
JIOKAJIM3allud MOKET CIOcOOCTBOBATh MPUCYTCTBHE MOKPBHIBAIOLIETO CJIOSI KpeMHe3eMa, kapOoHaTa
Wi cynabpuaa, ASUCTBYIOLIEr0 Kak (u3nyeckuili Oapbep A BOCXOASIIUX THAPOTEPMATIbHBIX
¢ronsioB. B ocasouHbIX TOMIIAX, B KOTOPBIX MPeo0JafialoT TeppUTIeHHO-00JI0MOYHBIE TOPOJBI B
KOHTHHEHTAJIBHBIX pudTax M 3aayroBbIX OacceliHax, mecropoxaeHuss VMS o0br4HO comepixar
3HAUUTENbHOE KOJIMYECTBO CBMHIA U cepeOpa. [IpeBHHe mnpumepbl MectopoxaeHuid VMS B
OCaJOYHBIX OTJIOKEHUSAX BKIIOYAIOT MecTopokiaeHue bpancymk Ne 12, pynsblii paiion barepcr,
Kanana; mecropoxxaenne Windy Craggy, Kanana u mecropoxxaenus B [IupeHelickoM Komue1aHHOM
nosice, Mcnanus u [lopryranus.

OOpazoBaHusi keie3a M JpPyrue TUAPOTEPMAJIbHO OCAXKJECHHBIE XUMHYECKHE OTJIOXKEHUS
(HampuMep, KPeMHHUH, sIIlIMa, OTJIOKEHHsI, OOraThble XKeJle30M U MapraHiieM) OOBIYHO IEMOHCTPUPYIOT
IPOCTPAHCTBEHHYIO U BPEMEHHYIO CBSI3b ¢ MeCTOpOoXxaAeHUAMH VMS 1 0cOOEHHO XOpOIIo pa3BUTHI B
MOTIEPEYHOM HaIpaBJIEHWH, B KOHTHMHEHTAJIbHBIX PU(PTAaX W THUIOBBIX Jyrax (Hampumep, pyAHbII
paitfon batepct, Kanana). O1tu «okcraiutel» OOBIYHO 3ajieral0T B HEMOCPEICTBEHHOW OMM30CTH OT
CYIb(QHUIHOTO MECTOPOXKACHUS U MOTYT UMETh OJIMHAKOBYIO CTPATUTPAdUUECKYIO TPUHAIIEKHOCTb.
SmMel  (reMaTUTOBBIE KPEMHHM) OOBIYHO  OOpa3ylOT TOHKHE JIOKAJIbHBIE IIANKKH  Haj
mectopoxkaeHussMid VMS, B To BpeMs Kak B JPYTHX paiioHaX OTHOCHTEIBHO MaJIOMOIIHBIE (<2 M)

JKele3Hble 00pa3oBaHUS MOTYT OOpa3oBBIBATH MPOTSDKEHHBIE IO JlaTepald MapKHUPYIOIIHe
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TOPU30HTBI, KOTOpbIE€ COEOUHSIOT (BO BpEMEHHM U MPOCTPAHCTBE) HECKOJIBKO MAaCCHUBHBIX
CyIb(HUIHBIX MECTOPOXAECHUH. OTH TOHKOCIOUCTBIE WJIIHM CJOUCTBIE TIOPOJbI B OCHOBHOM
OCaXJIAIOTCSl U3 TOJBOJHBIX THAPOTEPMAIBHBIX UCTOYHUKOB (DIIOMIOB, HO OHHM TaKXKe COAEpXkKAaT
BKJIag obOnomouHoro nerputa Al u Ti. Hcnonb3oBanue oOpa3oBaHHMil jkeje3a B KadecTBe
CTpaTurpaduyecKoro OpueHTUpa Mpu pa3Beqake mecropoxaeHuid VMS umeno nepeMeHHbI ycnex.
Cunrtaercsi, 4TO MOJOXKHUTEIbHAs AHOMAJIMS €BPOINHUS B JKEJIE3UCTHIX OOpa30BaHUSAX OTPaXKaeT
BBICOKOTEMIIEPATYPHBII BHIOPOC (IIIOMIOB M MOXKET CIY)KUTh WHAMKATOPOM MHHEpaTU3allii B
HEKOTOpBIX paiioHax. Kpome Toro, MuHepalornyecKkue BapHallud OT OKCHJAA yepe3 KapOoHAT K
cynbpuay B OOMMPHBIX O0Opa30BaHUAX JKeJIe3a MOTYT yKasblBaTh Ha ONHM30CTh K Oojee
c(OKYCHUPOBAaHHBIM KOMILJICKCAM THUAPOTEPMAIBHBIX HCTOYHUKOB C OoJiee BBICOKOW TeMIIepaTypoid,
XOTS TIOCJIEAYIONINNA METaMOP(HU3M YaCTO HAKIIABIBAET OTIIEYATOK HA MEPBUYHYI0 MUHEPAIOTHUIO.

Csa3b ¢ Memamoppuueckumu nopooamu.

BynkaHoreHHble MacCUBHBIE CYJIb(GUIHBIE MECTOPOXKICHHS SBISIOTCS CHHTC€HETUYECKUMU
MECTOPOXKACHUSIMU U HE CBSI3aHbl HAINPSAMYIO ¢ MeTaMOp(PUYECKUMH IpoleccamMu. TeM He MeHee,
CTpaTu(ULMPOBAHHBIE, IOJIYCOIVIACHBIE HW3MEHEHUs palOHHOIrO MaciiTtada, KOTOpble OOBIYHO
pa3BUBAIOTCS U3 MOABOJHBIX THUAPOTEPMAIBHBIX KOHBEKIMH HaJ] KOMILJIEKCAMHU OXJIAXIAIOIINXCS
CUJJIOB MOXKET TMPUBECTH K (HOPMUPOBAHMIO MHUHEPAIBHBIX KOMILJIEKCOB THAPOTEPMAIIbHBIX
W3MEHEHHH, KOTOpPhIE UMUTHPYIOT 00pa30BaBIIMECS B PE3YJIbTaTe PETHOHAIBHOTO MeTamMopdu3ma.
OO0pa3oBaBiInecss accolMalid MHUHEPAIOB THAPOTEPMAIbHBIX W3MEHEHHH MOTYT OTIMYaThCsi OT
accouuanuii amdubonutoBoit Qammu (oboramennsiii Fe-Ca amdubon, xnunozomsut, Ca-
IUTarMoKJIa3, MarHeTHT) HEMOCPEJICTBEHHO HajJ HMHTPY3UsAMHU uepe3 Ooratele Na-Ca KOMIUIEKCHI
3€JICHOCTAHIEBbIX (amuii (anpOuT, KBapi, XJIOPHUT, aKTHHOJUT, SMUIOT) K IHEOJHUT-TIUHUCTHIM U
POACTBEHHBIM  CyO3€JICHOCTAHIEBBIM  (DalMaIbHBIM ~ MHHEPAIBbHBIM  accoluanusM  (KaJuii-
MarHe3uallbHble CMEKTHUTBHI, CMEIIaHOCIOWHbIE XJIOPUTHI, KaTUEBBIM MmoneBoy mmar). Kpome Toro,
HEeKoTopble MecTopoxaeHuss VMS, oOpa3oBaBiiuecss Ha MEIKOBOJbE, XapaKTEpU3YIOTCS 3a CYET
MPOKCUMAJILHOTO aJIOMOCHUJIMKATHOTO W3MEHEHHsS UX MOJOIIBEHHbIX mopona. Kak omnucano,
peruoHanbHbI MeTaMoOpPU3M 30H TUAPOTEPMAIbHBIX W3MEHEHMH, CBS3aHHBIM ¢ 00pazoBaHUEM
MAaCCHBHBIX CYJIb(HIOB, MOKET IPUBECTU K 0OPAa30BAHUIO XapAaKTEPHBIX MUHEPATHHBIX aCCOIHAIINA
U TUIIOB TIOPOJI, KOTOPBIE MOTYT CIIY’)KUTh OPHEHTHUPaMH JJIsi MUHEPATU3allii B JIPEBHUX BYJIKAHO-
IUTYTOHUYECKUX TeppeiiHax (Hampumep, TuApoTepMalbHbIE aTOMOCHIMKATHbIE M3MEHEHUS MOTYT
MPUBECTH K 00pa30BaHUIO CHIUTMMAHUT-KUAHUT-KBapL-OMOTUT-KOPUEPUT-TPAaHATOBbIE acCOIIUAIIUN
py BepXxHEeM aM(PUOOTUT-TPaHYIUTOBOM MeTaMOppu3Me).

IIporpeccuBHBIN MeTaMOp(}U3M MACCUBHBIX CYyIb(HIIOB TaKkKe JaeT U3MEHEHHs, B TOM YHUCIE:
(1) yxpynHenue cynb(uI0B IBETHBIX META/NIOB IO pa3Mepy 3epeH; (2) mpeBpalieHue MUpUTa B

NUPPOTUH U 0o0pa3zoBaHHe MUPPOTHHA 3a cUeT cyiabpuaupoBaHus Fe B apyrux MuHepasnax BbIIIE
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TPaHMIIBI 3eJICHOCTaHIeBO-aMbrOomnToBol (amuu; (3) mocreneHHoe ypennueHue coaepkanus FeS
B canepure, a Takke BBIJCIICHHUE XalbkomupuTta U3 cdanepura; 4) oOpa3oBaHUE ITUHKOBOM
IIMTAHEIN, IIAHKOBOTO CTaBPOJIUTA M CBHHIIOBOTO TIOJICBOTO IIINIATA B YCIOBUSAX BEpXHEH aMpuOOIHT-
IPaHyJIUTOBON (aruu; 5) BblIEICHHE 30JI0Ta U3 TUPUTA U €r0 paclpeielieHne MeX1y JIEKTPyMOM U
XaJlbKOMUpUTOM;  (6)  BBICBOOOXKIEHHE  APYTUX  MHUKPODJIEMEHTOB,  BKIIOYEHHBIX  WIU
HECTEXMOMETPUYECKH 3aMEIICHHBIX B Cylb(uuax [BETHhIX MeTauioB U (7) pacrpenencHue
MHUKPOIJIEMEHTOB ~ MEXJy PaBHOBECHBIMH CYIbGUAHBIMU TapamMu. HekoTopble U3 ATHX
MPOTPECCUBHBIX  MeTamopduueckux dPdekroB  Moryr ObITh  oOpamieHbl  BCHATh  NIPH
COOTBETCTBYIOILIEM  Pa3BUTUU  PETPOrPaIHBIX MPOLECCOB  (HAIPHUMEp, MHUPPOTUH  MOXKET
cynepuaupoBathcss A0 mnupura). Kpome Toro, medopmMaivu, COMPOBOKAAOIINE MeTaMophusm,
MOTYT MPUBECTH K MOOWJIM3AIMK U TIEpepacpeIeICHHI0O MACCUBHOU CYJIb(QUIHON MHHEpAIA3AIHH,
BKIIIOYasi OTAeNieHue Oojiee IMIACTUYHBIX MUHEPANOB, TAKUX KaK TajleHUT u cdanepuT, oT Oonee

XPYIKUX CYIb(QUIHBIX MUHEPAJIOB, HAIPUMED, TUPHUT.

4.TIETPOJIOT' U PYJOBMEILAIOIINX ®OPMALIUI.

4.1 MarMaTH4ecKux.

BynkaHoreHHble MacCHBHbIE CYJIb(HIHBIE MECTOPOXKIEHHUS, IO ONpEeACICHHUI0, JMO0
pPacoJIO)KE€Hbl BHYTPH BYJIKAHHMUECKUX U CYOBYJIKAHHYECKUX HHTPY3UBHBIX MOPOJ, JHUOO TECHO
IPOCTPAHCTBEHHO CBs3aHbl ¢ HUMHU. CleoBaTelnbHO, CYLIECTBYET XOPOIIO JOKYMEHTHUPOBaHHAs
TeHEeTHYecKasl CBA3b MEXIY MarMaTu3MoM u (gopmupoBaHueMm mectopoxxiaeHuid VMS. MarmaTtusm
ABJIETCS PEANOCBUIKON B CIENYIOIIMX CIIyqasX:

1. B kxayecTBe TEIUIOBOIO MPUBOAA B JBHM)KEHUE TIIyOOKHMX T'HMIPOTEPMAIbHBIX CHCTEM, UTO
MOJYEPKUBAETCSI O0bEeIMHEHUEM OoraThlX paciulaBaMH oOiacTeil 3eMHOM KOpbl B COBPEMEHHBIX
XpeOTOBBIX CUCTEMAX U TMIPOTEPMAIbHOW aKTUBHOCTH MOPCKOTO JTHA.

2. Kak ouar ruzporepManbHOM mUpKysiuu. CyOByJIKaHMYECKHE HHTPY3UH IEHCTBYIOT Kak
«TOYEYHBIE» MCTOYHHMKHM Temia, KOTOpble (OKYCHUPYIOT HHMCXOIAILIUE >KUIKOCTH M3 oOlnacteit
NUTaHUSI B y3KHE 30HBI MOABEMA U pa3rpy3ku. Mojenau Temio- U MaccolepeHoca IMO3BOJISIIOT
IPEIOJIOKHUTh, YTO THAPOTEPMalIbHas CHUCTEMAa HMEET COOTHOIIEHHWE CTOPOH OKOJO E€IWHMIIBL.
CdoxycupoBaHHBIi MHUHUMYM HEOOXOIMM JJIsI PYAHBIX MECTOPOXJIEHHUH Ha MOPCKOM JHE U
COTJIACYeTCs ¢ 3aKOHOMEPHOCTSIMU U3MEHEHNH, HaOI0JaeMbIX B IPEBHUX MecTopoxaeHussx VMS.

3. Kak UCTOYHHK XMMHUYECKUX KOMIIOHEHTOB THAPOTEPMAIbHBIX CHCTEM. XOTs OOLIENPUHSTO,
4TO METaulbl 00pa3yloTCs B pe3ylbTaTe B3aWMOJIEHCTBHUS TMIPOTEPMAIBHON JKUAKOCTH M MOPOJIbI
BJI0JIb ITYTH HU3KOT'O YPOBHS KUAKOCTH, METAJUIBI TAK)KE MOTYT OBITh 100aBJIEHbI M3 MarMaTH4eCcKUX
GIIOoUA0B U ra3oB, CBS3aHHBIX C MO3JHUMH CTAaIUSMU MarMaTU4ecKOW KpHCTaUIM3alMH, KakK 3TO

ClenyeT U3 COBpEMEHHOM cucteMbl MuHepanu3anuu Ilanya-Hogoii [ Bunen.
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JIutoreoxumusi accouuanii BYJIKAaHWYECKUX IMOPOA B LEJIOM MOXET ObITh NPUMEHEHA K
KOHKPETHBIM TEKTOHHYECKUM YCIIOBHSM. ACCOLMAIMH MOPOJ KIacCU(PUIMPYIOTCS Kak Ma(UTOBEIE,
O6uMoanbHO-Ma(DUTOBBIE, KPEMHE-00JOMOYHO-MAa(UTOBBIE, OMMOAAIBHO-KUCIIBIE M  KpeMHe-
o0noMouHO-KucHble. MneHTHGUKalMsg KOHKPETHBIX TEKTOHHYECKHUX OOCTAHOBOK MECTOPOKICHUN
VMS cBsi3aHa ¢ JUTOr€OXMMHEH BYJIKAHWYECKMX TIOPOJA B COBPEMEHHBIX TEKTOHMUYECKUX
obcranoBkax. B pymsbix paitonax VMS o0buHO HaOmromaercss 0ojiee OJHOW JTHTOJOTHUYECKOM
accolyaluy, HapuMep, B TMT'AaHTCKOM pailoHe baTtepcT mMmeroTcs MeCTOpOXKIEHHUS, CBSI3aHHBIE C
OuMoaNbHO-MaUUECKUMHU M KPEMHHMCTO-00JOMOYHBIMU KHCIBIMU Iopojamu. I'pajanum Mexzy
acCOIMAMSIMU MEHSIIOTCS B 3aBUCUMOCTH OT MacIuTada onucanue (PerioHaIbHOE WM JIOKAIBHOE).
[Tpu xaptupoBanuu mectopoxxaeHuii VMS xucinbie aBbl U CyOBYJIKAHUYECKHE KUCIIbIE HHTPY3UU
4acTo MISHTH(PUIMPYIOTCS KakK JOKaJbHBIE MarmMatudeckue accouuanuu. [lopomHeie acconuanuu
ABIIIOTCS BOXKHBIMH OCOOEHHOCTMU MecTopoxaeHuit VMS, nmockonbky: (1) Ha MECTHOM ypoBHE
OHU OINpPEAEISAI0T MCTOYHUKHU TeIjla, KOTOpbIE YHPABISAIOT THAPOTEPMAIBHON LUPKYJIALueH, u
MECTHBIE HMCTOYHHUKHM MAarMaTH4eCKUX METAJUIOB M KHUCIOTHOCTH; (2) B 0Oojee pernoHaJIbHOM
MacmTabe OHM TPEIOCTABISAIOT WHPOPMANKI0 00 MCTOYHUKAX METAUIOB U (3) OHM 00ECreYnBarOT
MEXaHU3M OBICTPOrO 3aXOPOHEHUSI MACCUBHBIX CYJIb(UIHBIX OTIOXKEHUN, HAIPUMED, T€0JIOTUUYECKU
MI'HOBEHHOE BHEJIPEHUE BYJIKAHOKIACTHUECKUX TYpOUUTOB.

Maguueckasa-ynompaocnosnas — accoyuayusi — TpeACTaBIsgeT  MecTopoxkaeHus  VMS,
IIPOCTPAHCTBEHHO CBS3aHHBIE C JIUTOJIOTMEW, B KOTOpPOM mpeodsanaroT 0Oa3anbTOBble W (WJIM)
yapTpaMapuToBble Nopoasl. IlocieaHue B JIETONMUCSAX TOPHBIX MOPOJ BCTPEUAOTCS PENKO M HX
TEHETHUUYECKOE POJCTBO C PYAOH HEACHO. B apXelCKuX 3€JI€HOKAMEHHBIX IO0SCaX MECTOPOKACHHUS
VMS moryT OBITH CBSI3aHBI C KOMAaTHUTOBBIMH JIaBaMd. MaduT-ynbTpamMaduTOBBIE aCcCOIMAIIUH
VMS c npeobnagannemM 0a3aibTOBBIX TOPOJ BCTPEUYAIOTCS B BEPXHUX YACTAX OOIXYKTHPOBAHHBIX
0(pHONUTOBBIX KOMIUIEKCOB, Hampumep, Omana, Tpoonoca, Tepuep-OnGpaiita. B coBpeMeHHbIX
OKeaHax MagHTOBas accolualMs BCTpeYaeTcsl B JBYX CHEUU(UYECKUX YCIOBUAX: CPEIUHHO-
OKEaHMYeCKHX XpeOTOB M 3penblX 3adyroBblXx OacceliHOB. ['maporepmanbHas aKTUBHOCTD,
IIPOCTPAHCTBEHHO CBsI3aHHAas C yJAbTPaMa(UTOBBIMH IOPOAAMH, OOBIYHO CEPIIEHTUHUTAMH,
HaOJroamach B HECKOJIBKUX MecTaX, OMu3kux Kk CpeluHHO-ATIaHTHUYECKOMY XpeOTy, HarpHumep,
Jloct-Cutn, T'akkena u Pumk. OTH TruapoTepMalIbHBIE CHCTEMBI CBSI3aHbl C OKEaHHYECKUMH
KOMIUIEKCAMM Ha MaJIOMOILIHOW OKEaHHMYeCKOM Kope Ha JMIIEHHBIX Marmbl XpeOTax. XoTs
CEpIIEHTUHU3ALNS SIBISIETCS OSK30TEPMUYECKHM IPOLECCOM, KOTOPBI MOXKET OBbITh Ba)KHBIM
UCTOYHUKOM Temia B HHU3KoTemnepaTypHbiXx (<100°C) ruapoTepManbHbIX CHUCTEMax, BIIOJHE
BEPOSITHO, YTO TEIUIOBas MallMHA JuId BbicOKoTemreparypHoi (350-450°C) ruaporepManbHOMA
HUPKYJISIUU IPUBOJIUTCS B JIBUYKEHUE HIDKeNexXaluMu rab0pooBbiMu UHTpy3uBaMu. Kpome Toro,

YTBEPKIAETCSI, YTO TEOXUMUS KEPJIOBBIX JKUIKOCTEH B HHU3KOTEMIIEPATypHOM THAPOTEPMATBHON
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cucreMe JlocT-Cutm yKka3pIlBaeT Ha TO, YTO OHHU TMPEIACTABISAIOT COOOW OTpabOTaHHBIE U
OXJIQKICHHBIC KHUJIKOCTHU C 00Jiee BBICOKOM TeMIiepaTypou.

OJIMBUHOBBIE TOJIEUTHI MPEJCTABISAIOT COOOW PacIIPOCTPAHEHHBIN THII BYJIKAHHYECKUX TOPOJI,
BCTpEUaIOUINXCcs Ha CpeIMHHO-OKeanndyeckux xpedtax (MOR), u uzBecTHbl M0 OOIIMM Ha3BaHUEM -
0a3anpThl cpeauHHO-OKeaHndeckux xpedroB (MORB). [lanee onu gemarcs Ha DMORB
(o6enuennsie), NMORB (aopmanbeneie), TMORB (mepexomgnsie) 1 EMORB (oboramenusie), B
OCHOBHOM B 3aBUCHMOCTU OT cooTHomIeHus: K/Ti 1 HeCOBMECTUMOro 3JI€MEHTHOro cocraBa. Broib
CUCTEMBbl CPEIMHHO-OKEaHWYEeCKMX XpeOTOB, OCOOEHHO BIOJIL CeBepHOM dYactu BocrouHo-
TuxookeaHCKOro TOMHATHS, OBLIO OOHAPYKEHO MHOKECTBO MECT AaKTUBHOTO HAKOIUICHHUSA
TUAPOTEPMAIBHBIX CYIb(UIOB, HO MMOYTH BCE OHU MMEIOT HEPEHTAOCIbHBIE COACPKAHUS U TOHHAK.
Ucknrouenuem sBisercss mecropokaenne TAIT obovemom 3,9 mua ToHH Ha CpeauHHO-
Atnantuueckom XxpeOte. Crenyer Takke OTMETHUTh, 4TO Ha HeEKOoTopbix yudacTkax COX, rae
pEruoHaNbHO MpeoldiiagaeT MadUTOBAs JUTONOTHS, CYIIECTBYIOT OoJiee TOKATHM30BaHHbBIE, HO BCE KE
00BEMHO 3HAYUTENIbHBIE CKOIJICHUS aHJ1€3UT0-0a3a]IbTOB, aHJE3UTOB, JAIIUTOB U PUOJIUTOB. B 3THX
YCIIOBUSAX THIPOTEPMAIIbHAS JIEATEIBHOCTh SBIISIOTCS MPOJYKTOM (PAKIIMOHHON KPUCTAILIH3AIUN
MORB u accuMuisiiM 3a CYET AHATEKCHH HETTyOOKOW THApPAaTUPOBAHHOW 0a3aabTOBOW KOPBHI.
Hannune madurt-ynprpamaduToBOii accoumanuud B 3aQyroBblX OacceifHax siBisieTcs (yHKIUEH
0JIM30CTH K OOpaIICHHON K MOPIO OCTPOBHOMH Jyre W HauOoJee OTYCTIUBO HAOIIOJACTCS B 3PEIbIX
3a/1yTOBBIX OacceiHax, MMEIOUINX XOPOIIO OpPraHU30BaHHbBIN CIIPEIUHT, HAIPUMED, BOCTOYHAS 4acTb
Mopss Ckoma, Oacceitn Jlay u Mapuanckuii xeno0. Xwumwus 0a3anbTOB, CBSA3aHHBIX C
OCTPOBOJY>KHBIMHU CHUCTEMaMHU, SIBIISIETCS CIIOKHON (DYHKITMEH MaHTHIHON XMMHH U B3aUMOICHCTBUS

MaHTHHU C (IIOUIaMuU/paciiaBaMu, MOTHUMAIOIIIUMHUCS OT MOTpyXKaromieiics minThl (puc. 13).

Back a¢ blang Md s<ean Oceanc Corteantal Comtnental rity
basn e g traplate nagn et Dach arc damn
Vol ances

[:] Ik anogeTc maING 1eltde Capeni

Puc. 13. Cxema, noka3sbiBaromas OCHOBHbIE KOMIIOHEHTHI U MPOLIECCHI, y4aCTBYIOIINE B 00pa30BaHHH OCTPOBOJYKHBIX U
3ayrOBBIX BYJIKaHUTOB, KOTOPHIE SABISIOTCS OCHOBHBIMH JIUTOCTPATUTpapUUECKUMU SANHUIIAMH, CBSI3aHHBIMH C
BYJIKAHOT€HHBIMU KOIUEJaHHBIMU MECTOPOKACHUSAMH.
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Bxnang cyoaykmuu Brmodaer: (1) ¢urouasl, BRICBOOOXKIaeMble Ha HEOOJBIINX TIyOWHAxX B
pesyibTare peakuuil neruaparanyuu, U (2) CHIMKAaTHBIE DPACIUIaBbl, BBICBOOOKIAEMBIE BO BpEMs
YaCTUYHOTO IUJIABJICHUS Ha OONBIIMX IIyOMHAX. DTH JIBa IMpoOIEcca METACOMATH3MPYIOT MAaHTHIO,
N00aBJIsAs OTAEIbHBIE KOMIUIEKCHl MUKPO3JIEMEHTOB. J[BUKeHHE acTeHOC(hephl ABISETCS OTBETOM Ha
nporecc CyONyKIMHM U MOXKET OIPEAEATh IyrolnapauielbHOe U Jyroo0pa3HO-HAKIIOHHOE IBUKEHUE.
Ha ocHOBaHMM HM30TOMHOW CHCTEMATHKH B 3aMaJHO-THXOOKEAHCKHX Iyrax ObLIM BBIJCICHBI JBE
pasHble MaHTHiHBIE oOmactn — «Muauiickas» u «Tuxookeanckas». DKCTpPaKIUs MaHTHHHOTO
pacIuiaBa Ha HerayOOKHMX YPOBHSX M MOCIIEAYIOIIEee CMEIIMBAaHUE U (PPaKIIMOHUPOBAHUE ITPOU3BOJASAT
Ha [OBEPXHOCTHU 0OJIbIIOE pa3HOOOpa3ne BYJIKAHUTOB, OOJIBIIMHCTBO U3 KOTOPBIX XapaKTepU3yIOTCs
BOJHOW TpUpPOa0il. BynkaHU3M OCTPOBOAYKHBIX BYJIKAaHOB MNPUHIMIIUAIGHO OTIMYAIOTCS OT
BYJIKAHHTOB 33JyrOBBIX OAcCEHHOB M3-3a Pa3jIMYHBIX NpPHUMECEH CYOMYyIHUPYIONICH OKEeaHWYEeCKOM
KOPBI.

B 3TuX ycnoBUsX ruapoTepMaibHble CUCTEMbI OTIIMYAOTCS OT CUCTEM CPEAMHHO-OKEAaHMUECKUX
XpeOTOB TeM, YTO MUMEIOT ropas3o 0ojiee BHICOKOE COJIEpYKAHHE JIETyYMX BEIIECTB, YTO OTPa)KaeT
00I1yI0, XOTS U HE YHUBEPCAIbHYIO, OOTaTyIO JIETYyYUMH BEUIECTBAMH TPUPOAY CBS3aHHBIX C HUMHU
BYJKaHUYECKUX IOpOJ M IpelnojaraeMbix CyOBYJKaHHYECKUX HMHTpy3uil. bosiee BbIcOkOE
coJiepXKaHue JIETyYUX TaKKe MPHUBOAUT K OOPAa30BAaHUIO T'MIPOTEPMAIIbHBIX >KUIKOCTEH, KOTOpBIE
UMEIOT 3HaueHust pH Bcero 2, 4ro 3HAYUTENBHO HIKE, YeM B THIPOTEPMAIBHBIX IKHIKOCTSIX
CPEIMHHO-OKEAaHUYECKMX XpeOTOB, U, BEPOATHO, CBS3aHO C JUCHPONOPIMOHUPOBAHUEM
pactBopeHHoro SO2. B 3aayroBsix OacceiiHax HASHTU(OUIIMPOBAHBI pa3HOOOpa3Hble 0a3aJIbThl, B TOM
yucie MORB, KoTopble XUMUYECKH HEOTIIMYMMBI OT T€X, YTO HAOJIOAAI0TCS B OTKPHITOM OKEaHe, a
ux coctaB Bapeupyercs or DMORB (nienTpanbnas dacte Oacceitna Jlay) 1o EMORB (ceBepnas
yacTh OacceiiHa @umxku). BaxxHo oTMeTuTh, 4YTO TUN Oa3anbTa, YHMKAJIbHBIA A 3a1yroBoi
00CTaHOBKH, ObUT NMpHU3HAH M Ha3BaH OazanbToM 3amyroBoro OacceiiHa (BABB). ITocnennuit umeer
YHUKAJIbHBIE XapaKTEPUCTUKU MHMKPODJIEMEHTOB, OCOOEHHO OO€IHEHHUE 3IJIEMEHTAMU «C BBICOKOI
MPOYHOCTHIO HA Pa3pbIB», YTO OTpa)kaeT Cpedy CyOIyKIMH, U BKIIIOYAeT Kak OO€JHEHHbIE, TaK U
oboralieHHbIe Pa3HOBUTHOCTH.

Kpemneobnomouno-magpuueckas accoyuayus onpenensercs Kak MPUMEPHO PaBHbIE OOBEMBI
KPEeMHUCTO-O0JIOMOYHBIX ~ HMHOTJA  MEJIMTOBBIX,  OCAJOYHBIX M  MaQUTOBBIX,  MHOTJa
yIbTpaMapUTOBBIX, BYJIKAHHYECKUX IMOpoa. MaduTOBBII KOMIIOHEHT B OCHOBHOM COCTOHT W3
BYJIKaHWYECKUX TMopoa, cxoaHblx ¢ MORB. Knaccuueckumu mnpumepamu SIBISIOTCS OTJIOKEHUS
paiiona becmm, k aApyrum npumepam otHocsaTcest Yunau Kparru u HeOobIne MECTOpOKIeHU XapT
Pusep u Aiic B Kanane u I'punc Kpuk B CILIA. CoBpeMeHHBbIE aHAJOTMYHbIe 0OCTAHOBKU BKIIIOYAIOT
CTIPEMHTOBEIE XPEOThI OTKPHITOTO OKEaHa ¢ aKTHMBHBIMH THIPOTEPMAILHBIMU CHCTEMAaMHU, KOTOPBIC

PacioJIoKE€Hbl JOCTATOYHO 0IU3K0 K KOHTHHCHTAaM, YTOOBI MNpUHUMAaTh 3HAYUTCIBHBIC 00BbEMBI
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OTJIOXKEHUH, KaK, HAIpUMeED, B xkenode Dckanaba Ha xpeoTe ['opaa, B CpenHelt 101MHE HA CEBEPHOM
xpebre Xyan-ne-Oyka u B Oacceitne ['yaiimac B Kamuopuuiicknom 3anuse. Bxman cununuio-
KJIACTHYECKUX KOMIIOHEHTOB B (DOPMHUPOBAHUH MeCTOpOXAcHU VMS HesHaunteneH. bonbmmHCTBO
MectopoxaeHuin VMS  dopmupyrorcs Ha riayomHe (>1 kM), 4YTO, MO MHEHHIO MHOTHX
UCClIeIoBaTeNeii, MPEnsITCTBYET PACTBOPEHMIO JIETyYMX BEIIECTB M 00pa3oBaHUIO0 OOJIOMOYHBIX
HOPO/, OTJIMYHBIX OT aBTOOPEKYHii, U IPUBOJUT K IPOKCUMAIILHON BYJIKAaHHUECKOW cTpaTurpaduu, B
KOTOPOH Mpeo0I1afaroT JaBOBbIE MOTOKU. BOJBIIMHCTBO KUCIBIX BYJIKaHOKJIACTHYECKUX MOPOJ, I0-
BUJUMOMY, NPEJCTaBIsIeT COO0OM MEepPeOTNOKEHHYIO JHMTOJOTHIO, BO3HHUKIIYI0 Ha HEOOJBIINX
[IyOMHAX ¥ BHEIPEHHYIO B «MYTHBIE TOTOKH».

Bumooanvro-ocnosnas accoyuayuss B OCHOBHOM KOPPETUPYIOT ¢ Ma(pUTOBOW JHMTOJIOTHEH, HO
comepxut 10 25% kucnpix nopox. [IpuMeps! BKIIO4alOT rUraHTckue mMectopoxaeHus Kuman-Kpuk,
Onun-OnoH, Pyrran u bareper B Kanane; ne6onbinne mectropoxaenuss Cymaym u Jlbicas ropa B
CHIA; u MectopoxaeHue OylaMUHHAa B ABCTpaiuu. BaXHbIM KpUTEpHEM SBISETCS TO, YTO
MECTOPOKICHHUS OOBIYHO PACIIONIAralOTCsA B KHUCIBIX TMOPOAax. B cocTaB OCHOBHOTO KOMIIOHEHTA
MOTyT BXOIuTh OazambThl THHa MORB, 6azansTel THma BABB u OOHHHHTHI, CBS3aHHBIE C
puonuTamu. TekToHHuYecKass 00CTaHOBKa ObIBAET:

a. copMupoBaHHas B 3aJ[yrOBOM OacceiiHe, pacroioKeHHOM MPOKCUMalIbHEee OCTPOBHOM JIyTH,
HanpuMep, CIOpeIUHIoBbli 1eHTp BocTounslii Jlay, ceBepHbIil U 10HBIA nporud MapuaHHsbl, nyra
Kepmanek. BynkaHuUTBl MMEIOT CHUJIBHYIO CYOJIYKIMOHHYIO COCTAaBJISIOUIYI0O W (WMJIM) BKJIIOYAIOT
BYJIKAHUTHI KHCIIOTO COCTaBa, 0Opa30BaBIIUECS MPU YACTUYHOM IUIABIIEHUU KOPHEBBIX 30H 3peJion
AYTH,

0. chopmupoBaHHas B TPEHIYroBOM OOCTAaHOBKE, TJI€ B 3a4aTKe BYJIKaHHYECKOro (poHTa
npeobsiagaroT 6a3anbThl ¢ HE3HAUNUTEIbHBIMU KOMIIOHEHTaMU OoJiee (PpaKIIMOHUPOBAHHBIX KHUCIIBIX
BYJIKAHUTOB; WU

B. chOPMHUPOBAHHAS B YCIOBUSX SMUKOHTHHEHTATBHOW IYT'H, B KOTOPOM KHUCIIbIe KOMIIOHEHTHI
MOCTYNAOT U3 KOHTUHEHTAIbHON KOPBI.

bumooanvno-genvzuueckas accoyuayus B OCHOBHOM KOPPEIUPYET C KUCIBIMU BYJIKaHUTAMU C
HE3HAUYUTEJbHBIM KOMIIOHEHTOM OCHOBHBIX BYJKAHHUTOB. [IpUMepbl BKIIIOYAIOT MECTOPOXKIACHUS
paiionoB Kypoko u bblokeHc. BtopocTeneHHbli MaQUTOBBIH KOMIIOHEHT MOXET BKJIIOYATh
6a3anbsThl, mogooHEIe MORB, wyacto ¢ xumudeckumu npusHakamu EMORB, u menounsie 6a3anbThl,
UMEIoLIe pU3HaKu 0a3anbTa okeaHckux ocTpoBoB (OIB), a Takke MOryT BKJIIOYATh IIOMIOHUTHI.
OTa accolManys 4acTO CBSI3aHA C AMUKOHTHMHEHTAJIbHOW IyroBod cpefoi. Kuciplii KOMIOHEHT
MOJKET BKJIFOYATh AHJIE3UTHI, JAIUTHI U PHOJHTHI, HO YacTO B HEM MpeoOiIasaeT PUOIUT, KOTOPHIN

4acTO UMEET U3BECTKOBO-IIEIIOYHOE POACTBO, HAIIPUMEp, MeCTOpokieHne MayHT-Pun, Tacmanus.
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B ycnoBuAx coBpeMeHHBIX Iyr OMMOJAIBHOCTh YAacTO pa3BUBAETCS Ha 3peloil craauu
ByJIKAHM3Ma, Hampumep, B AseyTckoil n MenaHe3nickol Jyrax, U CUUTAETCsA, YTO OOWJIbHBIE
PHOJIUTHI 00pa3yloTCs B PE3yJIbTaTe YaCTHYHOIO IJIaBJICHHUS Oosiee TIIyOOKMX 0a3alibTOBBIX YacTen
BYJIKAHUYECKUX MOPOJ HaACTpoiiKku. IIpucyTcTBHe BEICOKOLIEIOUHOW MarMbl, 0OCOOEHHO U3BEPKEHUS
HIOIIOHUTOB, OOBIYHO CBS3aHO C IO3JHUM MajJOOOBEMHBIM BYJIKAaHHU3MOM, KaK 3TO HAOIIOJAaeTcs B
Hogoii I'Bunee. buMonanbHbie KUCIIbIEe acCOLUMAIMM TaKXe MOTYT (POPMHPOBATHCSA HAa HAYaIbHBIX
CTaIusIX pa3BUTH 33JyroBoro OacceifHa, rie BYJIKAaHUTHI ¢ JyrooOpa3HbIM CXOJICTBOM CBSI3aHBI CO
IIEJOYHBIMM ~ MarMamy, oOpasyloIIMMHUCS B pe3yibTaTe  IUIaBI€HHs  JUTOC(epsl, ¢
nporpeccupoBanHreM B cTopoHy MORB-11og00HbBIX Marm o Mepe HCTOHYEHHUS KOPBI.

Kpemneobnomouno-xucnaa accoyuayus uMeeT HE3SHAYUTEIBHYIO JIOJI0 OCHOBHBIX BYJIKaHHUTOB,
KOTOpasi MOXKET COCTaBJIATH Bcero Juib 20%, Kak 3T0 HaOII0JAeTCsl B HEKOTOPBIX MECTOPOKICHUSIX
paiioHa barepct. l'eoxumMs  KHCIBIX  BYJKAaHWTOB, KOTOpbIE  BKJIIOYAlOT  IIOJBOJHBIE
NUPOKJIACTUYECKUE M SMIHUKIACTUUECKUE Ppa3HOCTH (TypOMIUTHI), KpHCTALIMYECKue Ty(]bl
JAIIUTOBOIO U PUOJIUTOBOIO COCTaBa, YKa3blBAET HA MCTOYHUK, 3aKIHOYAIOIIMNCA BO BKIIIOUEHUU
Pa3IUYHbIX KOJMYECTB KOHTMHEHTAJbHOW KOpPBI, @ UCTOYHHMKAMM TeIlIa SIBJISIOTCS 0a3albTOBBIE U
ra00OpouIHbIe MarMbl, HAKOIIMBIIMECS BHYTPU KOPbI. B 3T0il accoumanuu takxke HaxoIsATCs KpYyIHbIe
MecTopoxkaeHuss VMS, takue kak MOepuiickuii NMUPUTOBBIA MOSC U HEKOTOpPHIE YacTU pailoHa
barepct. B CILIA mectopoxnenuss VMS, nmeromue 3Ty JTUTOJIOTHYESCKYIO aCCOIMAIIAI0, HAXOATCS
B Kpannone, Pex Jlemk u Aiipon-MayHTuH.

llepsuunas  munepanocus  BYJIKAHWMYECKHX TIOPOJ  OTPAXKAET  KPUCTAUIM3ALUIO  IIPH
MarmMaTU4eCcKOM OXJIaXJAECHUH B MHTepBaie TeMrepatyp npumepHo ot 1300 no 900°C. Ognako npu
B3aUMOJICCTBUY C THAPOTEPMATILHBIMU (DITFOMIaMH TPU TOpa3io 0oJiee HU3KUX TemiiepaTypax (450—
350°C wu HmWKe) TMepBUYHBIE MHHEPATbl W BYJIKAHHYECKOE CTEKJIO AeCTaOMIM3UPYIOTCS.
CrnenoBarenbHO, TOPOABI, COCTaBJSAIOIINE BYJIKAaHHYECKYK CTpaTUrpaduio, CBA3aHHYIO C
mectopoxkaeHusmMu VMS. Kpome Toro, B Xoae HOCTPYIHBIX METaMOP(PHUUECKUX peakluil MOryT
0o0pa3oBbIBaTbCS BTOpUUHBbIE (Da3bl. [lepBHuUHBIE MarmMaTHUeCKHE€ MUHEPAbl CIYXaT CHIPbEM H
MOTJIOTUTEJIEM  OCHOBHBIX, = BTOPOCTENEHHBIX W  MHMKPORIEMEHTOB B  LUPKYJIHUPYIOIIUX
ruporepMaibHblx  (mrompax.  CocTtaB  OCHOBHBIX — NMEPBHYHBIX ~ MHUHEpaloB U Oojee
pacrpoCTpaHEHHbI HOHHBII OOMEH MHHEPaI-KUAKOCTb, BKIIOUYAIOMIMNA OCHOBHBIE MHUHOPHBIE U
MHUKPODJIEMEHTHI IPUBENICHBI B Ta0II. 3.

[lopoabl Takke MOTYT coJep>KaThb CTEKJIO, KOJMYECTBO KOTOPOTO BapbHpyeTcs OT
MHTEPCTULMAIIBHOTO KOMIIOHEHTA /0 OCHOBHOT0. CoCTaB CTEKJIa MOXKET ObITh BECbMa M3MEHUYHBBIM:
OT yIbTpaMapuUTOBOrO Yepe3 6a3aabTOBbIM O PHOJIUTOBOIO, C HIMPOKUM HAOOPOM MUKPO3JIEMEHTOB.
Crexsio O4eHb HECTaOWIBHO U OOBIYHO SBJSIETCS NEpBUYHOM (a3oi, KOTOpas H3MEHSETCs B

TUAPOTEPMANBHBIX YCIOBUSX. B muTonorum, rae mnpeobiamaroT 0a3albTOBBIE W aHJIE3UTOBBIC
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MOPO/IbI, CTEKJIO, BEPOSATHO, Oy/IeT BTOPOCTEIIEHHBIM KOMIIOHEHTOM U BHOCHT JIMIIb HE3HAUUTEIHHOE
KOJIMYECTBO MUKPOAJIIEMEHTOB B IUPKYIUPYIOIIKE KUAKOCTH. OqHAaKO 00Jiee KUCIbIE TIOPOIbI, TAKHE

KaK JalluThl U PUOJIUTHI, MOTYT UMCTh OCHOBHOM CTGKJIOBHI[HLIﬁ KOMIIOHCHT.

Tabn. 3.
CocTaB 0CHOBHBIX H MHMKPO3JI€MEHTOB MUHEPAJIOB MArMaTHY€CKHUX NOPOJA COBPEMEHHBIX VMS.
Minerals Major elements Trace elements

Plagioclase CaAlLSi O (anorthite) — NaAlS: O (albite) solid solution Na+v, Alv+ Car+, Sev+, Bar~, Eurr

K-Feldspar KAISLO, (orthoclase, sanadine ) L Alss+ K+ Rb+, Ba++ REE

Olivine Mg S0, (forsterite) — Fe2SrOM (fayalite) sobd solution Mg++, Ferr, Corr Nive

Clhnopyroxene CaSiO, (wollastonite) ~ MgSi0O) | (enstatig) — FeSi0, Mg+, Alr++, Cars, Scr+, Tivssr, Crees Mo+,
(ferromalite) solid solution Fer+, REF

Orthopyroxene MgSiO, (enstatite) ~ FeSi0, (ferromalite) solid solution Mg+*+, Alr++ Ma++, Fers, Corr, Znrs

Amphibole (Ca, NaNCa, Fe,+, Mg, Na) (Al Fe's Fe™ Mg) (Al S Fe, Cle, Na+, Mg++ Alsss Cars, Tivsss, Voo
)0 (OH, F, C), (general formula) Crevr Mar+, Fers, Ferve Cotr, Nive, Znvs

Mica K(FE+) (Al Fe*)S1,0,_(OH, E, C1), (biotite) Bes+ Fo, Mg++, Als++, Cle, K+, Foot, Fetss Vaes
KMg AIS1L0O_(OH, F, Cl), (phlogopste) solid solution Lo

White mica KAL(SLANO J(OH, F, Cl), (muscovite) Li+, Bes+ Fo Als++ Cl K+

Spinel Fe''Fe " O, (magnetite) ~ MgFe O (magnesioferrite) Mg+ Alves Tivrss Veoss Crees, Mavs, Mases,
F&Cr O, (chromite) - MgALO, (spmnel) solid solution Fer+, Fer+v+, Cor+ Ni++

Oxade FeTrO, (menite) ~ MgTiO_ (geikiclite) solid solution Mg+, Sivess Tivess Mns+ Fers

Sulfide (Fe, Na)S (monosulfide solid solution). (Fe, Ni, Cu)S (mterme-  Se-, Ferr, Cors Nivr, Curr, Zavr, A, Inrer
diate solid solution). FeS_ (pynite). Fe, S (pymhotite) Ag*, Aurss mre metals, PGE, Pbe+

Notes Silicates are also a major source of salica 1o solution. Metals

may be carned as either chlonde or bisulfide complexes

llepsuunvle gynkanuyeckue mekcmypvl U CMPYKmMypbl MarMaTU4eCKUX IMOPOJ, CBSI3aHHBIX C
MECTOPOXKIACHUAMU VMS, 0OBIYHO (GOPMHPYIOTCS BO BpEeMsi B3aUMOJCHCTBHUS >KHUIKOCTH/TIOPOJA.
OpHako TekcTypa, HapsAAy ¢ XMMUYECKMM COCTaBOM JKUAKOCTH U TEMIEpaTypoH, UIpaeT BaKHYIO
poOJb B ONPEAETICHUU CKOPOCTH JEeCTa0MJIM3alUM pa3nyHbIX NepBUYHBIX ¢a3. Ha ocHoBanuun
U3yYeHHs] BYJIKAHMUYECKUX TIOPOJ, CBA3aHHBIX C coBpeMeHHbIMH VMS, cymecTByeT HIMPOKHA
Uana3oH KPUCTAUIMYHOCTU: OT IMOJIHOCTbIO KPHUCTAJUIMYECKON (TOJIOKPHUCTANINYECKO) depes
IPOMEKYTOUHYIO KPUCTAUNIMYHOCTD (TUIOKPUCTAUIMYECKYIO UM TMIIOTHATMHOBYIO) J10 MOJHOCTHIO
CTEKJIOBHJIHOM (rojoruainHoBoi). HekoTopele pacnpocTpaHEHHbIE BYJIKaHHYECKHE TEKCTYpPBI
onucaHbl B Tabnuie 4.

CTpyKTypbl BYJKAaHMYECKHUX TOPOJ, CBSI3aHHBIX C MecTopoxJIeHussMu VMS, Becbma
pa3sHOOOpa3Hbl M 3aBUCAT OT COCTaBa M IOJBOJAHOM OOCTaHOBKU. BOJBIIMHCTBO BYJIKaHMYECKUX
N0CJIEI0BATEIbHOCTEN PACMONOKEHbl B PUMTOBBIX YCIOBHUAX (OCTPOBOAYKHBIX MM OKPaMHHO-
KOHTHHEHTAJIbHO-YyTOBBIX) U MOTYT BKJIIOUATh 33AyTOBOM U BHYTPUKOHTHUHEHTAJIbHBIA pudTOTEeHE3.
OTnoxeHus: KpeMHe-00JI0MOYHO-Ma(hUTOBOIO TUMA COAEPKAT 3HAYUTENbHYIO J0JII0 OOJIOMOYHBIX
0CaJIKOB, CMEIIAaHHBIX ¢ 0a3abTOBBIMU JalKaMU U CUJUIaMU, U (OPMHUPYIOTCS Ha pUPTOBBIX XpeOTax
OTKpPBITOTO OKE€aHa, NPOKCUMAJbHBIX K KOHTHHEHTAJIBLHOMY MCTOYHUKY ocaakoB. CoOBpeMEHHbIE
ycioBHs BKI0UaroT Mumin-Bamnu, sxeno6 Dckanaba u Gacceiin ['yalimac. OcoO€HHO BakHA CBSI3b
MEXJy COCTaBOM, BS3KOCTbIO M COJAEpKAHMEM pPACTBOPEHHBIX TIa30B, KOTOpbIE OMPEIENISIIOT
B3pBIBHOM moTeHuman marMel. Ha menkoBogHbIX (<500 M) MOJBOJIHBIX Y4acTKaxX B BYJIKaHMYECKOU
apXUTEKType MpeobafatoT TMOHIKEHUS U CBSI3aHHbIE C HUMH aBTOOPEKYMH, MPOCTPAHCTBEHHO

CBA3aHHBIC C BYJIKAHOKJIIACTUYCCKUMU ITOPOAaMHU, KaK MMOABOAHBIMHU, TAK U CyGaBPaHLHLIMI/I.
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Tabn. 4.
Oo0mue TeKCTYPhl B MAarMaTH4eCKHX MOpPoaax coBpeMenHbIx VMS,
Name Desciption
Hyaline A completely glassy rock that may contain minor quenched crystals (crystallites). Commonly observed in submarine

volcanics as quenched surfaces in basalts, basaltic andesites and andesites. Glass may make up a large volume of
submarine and terrestrial evolved volcamics (dacites, thyolites) if the melts are relatively dry. These latter volca-
nics often display distinct banding due 1o differences in: (3) crystallite abundances and oneatations; (b) degree of
devitrification, (¢) degree of spherulite formation. Glass may also be the mamn product of submarnne and terrestnal
fire fountaining and welded and unwelded rhyolite tuffs. In the case of rhyolitic wifs the texture is unwelded if the
glass fragments are not welded together and are commonly found in a matnix of very fine gramned glass (ash). In the
case of welded twffs the rock often has a laminated appearance due 10 extreme compaction and welding of onginal
pumice fragments. The regular alignment of flattened pumice produces a texture known as eutaxitic

Hypocrystalline A panly crystalline rock that shows distinct differences in granulanty due 10 presence of both crystals and glass. These
rocks are often called vitrophyres or pitchstones with the modifying terms of the man phenocryst phases, for ex-
ample, plagioclase-augite vitrophyre. In some cases the glass may have severely devitrified if it contains substantial
dissolved water

Holocrystalline A completely crystalline rock that may be equigranular or porphyntic. Equigranular rocks may be cryptocrystalline
(individual crystals are submicroscopic) or microcrystalline (indivadual crystals are microscopic) or phaneritic
(individual crystals can be discerned by eye). Equigranular rocks may be: (3) itersertal (hyalophatic subophitic,
ophatic), in which plagiociase is partly or completely surrounded by pyroxene and (or) olivine; (b) intergranular, i
which one muneral phase dominates and other phases fill in the spaces between this phase; (¢) trachytic, i which
small feldspar crystals are aligned in a distinct flow texture. A vanety is trachytoidal in which the feldspar crystals
are larger yet sull aligned in a flow pattern. Despite the name, these flow textures can be observed in rocks from
basaltic to rhyolitic

Cavity textures A vaniety of cavity textures may also exist that include vesicular textures due 1o presence of irregular holes (vesicles)
due 10 exsolution of a gas phase during magmatic cooling, amypdaloidal textures in which former vesicles are filled
by late-magmatic or post-magmatic minerals (commonly carbonates, zeolites, quartz). In some coarser rocks the
irregularshaped gas cavities may be filled with kate-magmatic, cubadral crystals and the texture is termed miaro-
litic

Note The various textures of igneous rocks are important in determining the extent 10 which individual minerals react with
percolating hydrotherm fluids. In turn, this determines the interchange of metals and other elements between the
rock and the flud

B omnoxenusx VMS, cBs3aHHBIX € MaQUTOBBIM BYJIKaHU3MOM, 0a3aibThl OOBIYHO
NPECTaBISIIOT COOON TOHKHE JIaBhI (ITOIYIIKH, TOKPOBHBIE TOHWKECHUSI U OyTPUCTHIE TTOHIKEHHS) C
OONBIINM YAJTMHEHHUEM, 32 MCKIIIOUEHHEM CIIydaeB, KOTJa BIIMSHUE HEOBYJIKAHHMUECKUX Pa3ioMOB
IOPUBOANUT K 0Opa30BaHUIO YTOJIIIEHHBIX JaBOBBIX 03ep. B MectropoxiaeHusx VMS, cBs3aHHBIX
TJIaBHBIM 00pa3oM ¢ KHCIBIMH BYJKaHUTaMH, MPeoOalaioT JIaBbl C KyIOJIAaMH, TETEepUTaMU M
ABTOKJIACTUYECKHMMH OpexunsMu. borareie meM3oil OpeKYuH, THAIOKIACTUTHI, TY(QbI JAMWILIH,
KpUCTaNINYeCKUe TY(bl, CTEKJIOBUAHBIE TY(]bI, OTIOKEHHs IMEIIONaJ0B U IEIUIOBble MOHWKEHUS
(MTHUMOPUTHI) OOBIYHO MMEIOT HErayOOKHEe HCTOYHHKH. MHTepKamupoBaHHBIE BYJIKAHOKIACTUKH
00€CTIeYNBAIOT TOBBIIICHHYIO MOPUCTOCTh W TPOHHUIAEMOCTh, YTO TPHUBOIUT K IUPPy3HOMY
GarouIHOMY MHUHHUMYMY, TOrja Kak Oosiee c(POKyCHpOBAaHHBIH MHUHHUMYM MOXKET OBITh CBSI3aH C
TPEUIMHHON MOPUCTOCTHIO, 0OecrieynBaeMoi MOHIKEHUSIMM W HU3KUMH Kynojamu. B HexkoTopsix
cllydasix MOT'YT OOHa)KaThCsl CyOBYJIKaHMUECKUE UHTPY3HH, OOBIYHO MpeICTaBIIsONINe cO00i KBapIl-
M0JIEBOIIIATOBBIE MOpQUphl. Bapuanuu u TUIBI pa3BUBAIOMIMXCA CTPYKTYP BO MHOTOM 3aBHUCST OT
KOHKPETHOW BYJKAHHUYECKOH OOCTaHOBKHA pPyHoOoTiokeHHs. (OOCTaHOBKa KalbJIephl ObLIa
IpeUIo’KeHa JJIsi HEKOTOPhIX MecTopokaeHui Kypoko, XoTs oHM He Moryt oOpa3oBaThCsi B
pe3yabTaTe B3pBIBHOTO BbIOpOCa CyOBYJIKAaHMYECKOM Marmbl B KJIACCHUYECKOM CMBICIIE OOpYyIIECHHS

LEHTPaJIbHOTO BYJKaHA, a YETKO ONPEIEICHHbIE CTPYKTYPhI KalbJIepbl HEe ObLTN KapTUPOBaHbl. bbiio
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Puc. 14. JIBe xmaccupuKamu MarMaTHYECKIX TTOPOJ.
A. (N20O + K70) 1o cpaBuenuto ¢ kpemuesemoM (SiO7). B. Kiaccubukanusi, 0CHOBaHHas! Ha OOIIMX XUMHUYECKUX
XapaKTEePUCTHKAX, C INHUAMH, COSTUHSIONIUMH OOBIYHO COMYTCTBYIOIINE TTIOPO/IbL.

l'eoxumus enasnvix 21emenmog. MaKpO3JIEeMEHTHBI XUMHUYECKHI COCTaB BYJKaHUYECKUX
NOpOJI, CBSI3aHHBIX ¢ MecTtopokiaeHusMu VMS, ompenensercs coyeTaHHEM HCXOIHOTO COCTaBa,
TEeMIepaTypbl U JAaBieHHUsS (MAHTUHHOIO M KOPOBOTO PEXUMOB) M MOCHeAyromeld (paklnOHHOMN
KpUcTalu3anued u (wim) accuMuisinved. B menom ocHoBHbIe 0a3zaibTOBBIE CEpUM OENATCS Ha
toneutoBele (MORB, BABB), wu3BectkoBo-1ienounbie (OCTpoBoaykHble OazanbThl [AB) u
menoynsie  (OIB), omHako oOCTPOBOAYKHBIE OOCTAHOBKM BKIIIOYAIOT TaKke OOHWHUTOBYIO U
IIOIIOHUTOBYIO CEPUH. MaKpO3JIeMEHTHBIE COCTaBbl pA3IMYHBIX THUIIOB 0a3ajlbTOBBIX IOPOJ,
CBSI3aHHBIX C MecTopoxaeHusMu VMS, mpuseneHsl B Tabi. 5 H janee 3BOJIOLMOHUPOBABIINE
TIOPOIBI TIPEACTABJICHEI B Ta0. 6.

MakposIeMEHTHBIM COCTAaB BYJKAHUTOB OTPAXKaeT CTENEHb HM3MEHEHWH M MHUHEPAJIOTHIO
u3MeHeHuid. Opeosl u3MeHeHUil BOkpyr mectopoxiaeHusi Ky»-Pusep, Tacmanusi, moxer OBITh

3aKapTUPOBAH C UCIIOJIB30BAHUCM COCTAaBa OCHOBHBIX 3JICMCHTOB U CBSI3aHHOM C HUM MHHepaHLHOﬁ

XUMHHU. bBBII pa3pa60TaH CIOIUK I/I3M€H€HI/II>1)), B KOTOPOM HCIIOJIB3YIOTCA ABa OCHOBHBIX HMHACKCA
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WU3MEHEHUs JJIEMEHTOB - mHJeke m3MeHeHnus Mcukapel: 100K20+MgO)/(K20+MgO+Na,0O+Ca0), u

xJIopuT-KapooHat-mupuToBbIid nHAeke i CCPL: 100(MgO+FeO)/(MgO+FeO+Na,0+K>0).

Tabn. 5.
DJieMeHTHBIii cocTaB 0a3a;ibTOBBIX Hopoa VMS
DMORE' NMORE: TMORE' EMORE' BABE* BABE'  BABE'  BABE IAE  Shoshenite
i, 50.32 50.17 0.4 50.56 40,00 4913 40.04 50.40 Wi 51N
T, 117 119 (] 1.24 129 116 0.00 0.99 103 108
ALD, 15.47 15.79 16.02 15.40 1683 16.30 1633 16.52 16.20 15.84
Fe() (Total) 0.00 B.2% 8.60 BAS 0.50 932 B.14 B8 237 177
M) 0.18 0.16 0.15 0.16 011 0.14 0.1% 07 017 011
Mg0 9.14 8.33 812 858 B9l 885 B.70 42 896 6.36
Cal) 11.54 12.07 1199 1183 1246 1237 1288 1108 9.50 7.90
Na,0 243 245 2.44 241 246l 23 136 294 289 238
K20 0.03 0.10 0.18 0.38 0.0% 009 0.14 0.21 107 287
B0, 0.12 0.11 0.13 0.16 0.16 0.14 0.08 0.13 021 0.5
KT 37 B.1 15.0 29.7 40 74 14.1 211 200 514
Mg# 63.7 62.4 635 641 616 B30 657 63.0 B5 8 0.0
Tabn. 6.
CocTaB 0CHOBHBIX 3JICMEHTOB PA3IMYHBIX CepHii ByJKaHH4YecKHX nopoa VMS
Boninite series’ MORE series’ Cabc-alkaline series®

Boninite  Andesite  Dacite  Rhyolte  NMMORE  Andesite  Dacite ”m Andesite  Dacite  Rhbyolite
5400, S645 5050 £6.4% £6.28 5017 56,42 BS08  S0.59 5964 6650 T0.70
i, 0.10 020 0.20 020 119 171 043 105 0,74 0.23 (.30
ALD, 13.59 13.91 10.64 1064 1579 1364 129 1629 17.38 1524 1340
Fetd (total) 782 .72 454 454 B.28 10,13 651 B.37 5K 214 3.50
Bmiy .10 11 0.07 0.oT (i 1] LA L) 012 17 Rl 0.06 (.30
Mzlh 540 304 .43 043 513 309 LUk LA 1495 1.50 s
Cal) 919 763 104 104 12,07 655 116 050 543 117 240
Ma,0) 200 257 339 330 245 412 48 149 440 4.97 490
K0 052 056 0.97 0.97 0.10 .68 134 L7 204 1.92 200
PO, nd nd nd nd, 0.1 0.23 01s 02 028 0.09 001
KTi 54444 27340 4B3TS 50625 B.11 3972 16145 10190 26842 B3R 666.67
Mg 5500 4122 14.22 1422 62.40 3547 1745 6583 5871 55.79 251

Shoshonite series’ Deean islamd series’

Alkali
Sheshomite  Latite  Basanite  olivine  Hawaiite Mugearite Bemmerite  Phanelite

bazalt
Sall, 53.74 2027 44.22 4504 47.X1 56.36 6095 6208
Tai, 1.05 .56 12.74 147 1.62 1.71 1.44 098
AL, 15.54 1590 293 15.35 1650 1537 17.62 16.32
Feld {1otal) T.77 5.18 170 926 10.43 924 469 168
Mn() ol 10 0.14 18 0.zl 16 14 o1
Mgl 636 545 11.85 9.74 6.23 oy 1.1% 049
Cald T.90 5490 1056 9.52 11.06 636 i 121
Ma O} L3 2.67 .05 3B k¥ |} 4.18 5.66 T.11
K0 257 268 1.01 LU 1.T6 211 277 545
[ 054 041 0.4l 037 051 LUL. .41 UNE]
KT 24 Tt 4TR57 7.93 4417 1E.64 12339 1492 36 55612
MaW S9.57 G544 6l 5H 5.4 51.81 3142 11.35 1933

Ota cxema: (1) MOXET MCMONB30BATHCA ISl TOTO, YTOOBI OTIMYUATH d(P(PEKTH M3MEHEHUU OT
MOCTEAYIONIETO METAMOPPUIECKOTO HATOKEHHs; (2) HE MOXET pacro3HaTh >KUJIBHYIO KBapIIEBYIO
MUHEpanu3aiuio; (3) B OCHOBHOM TIOJIE3HA ISl KUCIBIX M OCHOBHBIX BYJIKAaHHUTOB; U (4) HE MOXET

OBITH MCITOJIE30BaHAa JJIsI U3BMEHCHHBIX 00JI0OMOYHEIX OCaJIOYHBIX IMOPOI.
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['eoxumus MuKkposiemenmos.

MHUKpPO3JIEMEHTHI ChIrpaiy (yHIAMEHTAIBHYIO POJb B KJIacCU(UKAMN MAarMaTHUYEeCKUX MOPOJT
B CaMblX pa3HbIX TEKTOHMYECKUX YCIOBHUSAX, a MX TIE€OXMMHMUYECKOE IIOBEIACHHE HIMPOKO
UCMOJIB30BATOCh JUIsl MACHTU(GUKAMKM W pa3[esieHHs] Ie0JOIMYeCKHX IMPOLECCOB, AKTHBHBIX IpU
00pa3oBaHUM Pa3IMYHBIX CEPUM TOPHBIX IOPOJ, CBSA3AHHBIX C MecTopoxiaeHusMu VMS. Opnna
rpyIIa MUKPORJIEMEHTOB 0COOEHHO MOJIe3Ha - TUTOPHIBbHBIC, KOTOPhIE UMEIOT CUIBHOE CPOJCTBO BO
BpEeMsl YaCTHYHOTO IUIaBJICHUSA M (PpaKIMOHHON KpucTauM3auuu. HekoTopbie U3 3THUX 3IIEMEHTOB
TaKKe JEMOHCTPUPYIOT XalbKOo(UIbHOE (IIOUCK Cepbl) MoBeAeHHe. B rpynmy BXost anemeHTsl: Li,
Be, B, Sc, V, Cr, Rb, Sr, Cs, Ba, Nb, W, Pb, U u Th. HexoTtopsie nmuTodriibHbIE MUKPOIJIEMEHTHI,
takue kak Rb, Cs u U, moaBmxHBI BO BpeMs NOCT-BBIBETPUBAHUS, JHAreHe3a, METacoMaTo3a U
metamoppuzma. OHH MOTYT JAEMOHCTPHPOBATH MOBEJCHHE OTKPBITOM CHUCTEMBI U W30MpPATEIHHO
HepepacnpenesATbCs BHYTPH BYJIKAHUYECKON CUCTEMBI.

OOBIUHO BBIJEIAIOT JBA IMOJMHOXECTBA HECOBMECTHUMBIX 3JIEMEHTOB: 3JIEMEHTHI C BBICOKOMH
HanpsbxeHHoCThI0 1oyt (HFSE) u penkozemensubie anements! (REE). B coctaB HFSE Bxonsar Y, Zr,
Hf, Nb, Ta u ocnoBHO#i snemeHT Ti. OHM XapakTEepPHU3YIOTCSI OYEHb MOXOXHM T'€OXHUMHUYECKUM
IIOBEJICHUEM, IUIOXO PAcCTBOPSIOTCA B BOJHBIX JKUAKOCTAX M, CJIENOBATEIbHO, UMEIOT TEHICHLUIO
ObITh OYEHb HEMOJABMXHBIMHU. P3D mpenctaBisioT coboil aneMmeHTHbIN psaa mMexnay La m Lu u, 3a
uckmoueHrneM Eu m B Hekoropbix ciydasx Ce, BemyT ceOsi Kak LENOCTHas rpynmna 3JI€MEHTOB,
KOTOpasi TakXe MPaKTUYECKH HEpaCTBOPUMA B BOJHBIX KHJIKOCTAX, 3@ UCKIIIOUEHUEM KapOOHATHBIX
BOJI, IJIe OHM MOTYT 00pa3oBBIBaTh PacTBOPHUMBIE M, CJIEJOBATENbHO, MOJBUXKHbBIE KapOOHATHBIE
Buabl. HFSE n REE ocoGeHHO mojie3Hbl MOTOMY YTO MX HEMOABH)KHOCTh M HEPacTBOPUMOCThH B
KUAKOCTU TPUBOAUT K: (1) COXpaHEHUIO T€OXMMHUYECKUX XapaKTEPUCTUK IPOTOJINTA, KOTOpPHIE
MOTYT OKa3aTbCsd IOJIE3HBIMU JJIsi OINpeAeNieHUus] TEeKTOHWYeCKOoM obcrtaHoBku (puc. 15); u (2)

OTJIEJIEHUIO MAaHTHUHHBIX MPOLIECCOB OT MPOLECCOB CYOYKIIMH.

A NWYb (Manile Sertility and % medting)
B: Ba/Nb (Total subdsction compoment)
€: ThyNb |Deep subdsction com poaent]
B: Ba/Th o

,_.-:--"'"_'_'—' Shallow subduction component

Loaipl

Rock/MORE

Mantle component

o
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Puc. 15. I'padux conep>kaHuii ¥ COOTHOIICHHUH PENIKMX 3JIEMEHTOB B Ka4eCTBE II0Ka3arenei cy01yKIIMOHHOTO
BO3/ICHCTBUS Ha BBILIEJIEKALTYIO0 MAHTHIO, COXPAaHUBIIYIOCS B MAaHTHIHBIX YaCTHYHBIX paciljiaBax, 00pa3yromux
OCTPOBOYKHBIE M 3aJyTOBbIE BYJKAaHUTEHI.
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[TepBo3nanupiii (0O€THEHHBIN) KOMIOHEHT MaHTHU TPEACTABICH MHKPO3JIEMEHTOM 0a3ajabT
cpeauHHO-oKeaHnueckoro xpedta (MORB). KommoneHT riny0OKOH CyOAyKIUMH TpeAcTaBiIeH
MHUKPOSJIEMEHTHBIMU TMPU3HAKAMH YAaCTUYHOTO TIUIABJICHUS CYOAyIUpYIOIIEH KOpBhI, TO €CTh
KOHIEHTPALUSMU U COOTHOILIEHUSIMHU 3JIEMEHTOB, KOTOpbIE SBISIIOTCS (YHKIUEH HECOBMECTUMOCTHU
anemeHToB. [Ipouiecc HernmyOOKOW CyONyKUMU TMPEACTaBICH KOHUEHTPALUSIMU M COOTHOLICHUSIMHU
MHUKPORJIEMEHTOB, KOTOPBIE YACTUYHO OTPAXKAIOT (DIFOMIBI, MOTYyYSHHBIE U3 0CAIOYHBIX TOPO/I.

[Tone3noe rpaduueckoe MpeACTaBICHUE COAEPKAHUS MUKPOIIEMEHTOB - ATO HCIOJIb30BaHHE
TaK Ha3bIBa€MON OWHAPHOW «JIMarpaMMbl IayKa», PAacCIIUPEHHUs TuarpaMmmbl cojaepxanuii P30,
HOopMann3oBaHHOM 10 P3D. Kaxkaplii oTnenbHbIN M1a0JI0H HA3bIBAETCS «ITayKOTPAMMOM» U CTPOUTCS
yTEeM HAaHECEHUS MAacCHBa MHKpPODJIEMEHTOB Ha OChb X B IMOpAIKE YObIBAaHHS HECOBMECTUMOCTH C
coJiepkaHueM djeMeHToB Ha ocu Y. [lociennue Moryr OBbITh aganTHPOBaHbl K pa3iIMYHBIM
HOPMHUPYIOIIUM 3HAUYEHUSM B 3aBUCUMOCTU OT pelIaeMOW 3ajauyd, HAmpuMmep, MepBUYHAS MAHTUS,

xouapuThl, MORB, cpeHss BepXHsis Kopa, ceBepoaMepuKaHCKue ciaHiibl (puc. 16).
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Nb/Yb aces as a proory for mantie fereliy
|and to a besser exient, dogree of meking)

Ennchad BASE
East Scota Sea, Segment E2)

Flos i A0 RE

Ennched MORS
North Fyi Basin

Ao ol WA AR

Nb/Yh

Deplated BASE
(East Scotia Saa, Sepment B8]

Depleied MORB
Central Lau Basin
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Puc. 16. XapaKTepI/ICTI/IKa MUKPO3JIEMCHTOB JJI1 HECKOJIbKUX THUIIOB BYJIKAHOB U3 COBPEMCHHBIX TCKTOHUYCCKUX CPEH,

CBsI3aHHBIX ¢ MecTopoxaeHusMu VMS. (A) cpennnaHO-0okeaHndeckut 6a3anproBeie XpeOTS (MOPE) 1 (B) 6a3amsToBEIC
3amxyroBeie Oacceitabl (BABD).

beuto nokazano, uto HOopMmanuzauus coaepxkanusi MORB ¢ nmocnenyromieil mepeHOpMHPOBKOIL
Tak, 4To0bl YBN = 1, 0cOO€HHO moJie3Ha NpU OMMCAHUU BYJIKAHMUYECKUX IMOPOJ B Pa3IUYHBIX
TEKTOHUYECKHUX YCIIOBUSX, B KOTOPBIX HaXOAATCAd MECTOpOXAeHUsS VMS, 0COOEHHO B TEX YCIOBHUSX,
KOTOpBIC BKITIOYAIOT HAACYOIYKIIMOHHBIC U 331yTrOBble MecTopokaeHus (puc. 16). MukposieMeHTbI
MOKa3bIBAIOT, YTO 3aJyroBble OacceiiHbl coiep:kaT He ToNbKO BynkaHbl BABDB, HO u 6a3aibThl,
KOTOpBIE OUEHb TMOXO0KH IO CIIEKTPY COCTaBOB, OOHAPYKEHHBIX B CUCTEMaX OKEAHCKUX XpeOTOB, TO
ectb or DMORB go EMORB. Dtu 0a3anbThl, JOJDKHO OBITH, MMEIH OOeTHEHHBLIC MaHTHIHEIC
UCTOYHUKH, MOJICTHIIAIONIEH CPEINHHO-OKEaHNYEeCKUI XpeOeT MarMaTHuecKoi cucremsl. HanmpoTus,
crnaiiiep-rpamMbl moy BABB - ropasno Gonblasi U3MEHYMBOCTh OT 3JIEMEHTA K DJIEMEHTY H3-3a
BIIMSTHUS TIOTPY’KaIOIECs TUIUTHI, HallpuMep, aHomanbHoe cofepxanue K, ba u Pb.

JnarpaMmbl mayka MOJ€3HbI JUIS pasjeieHus 3(pQPexkToB MaHTHUIHAs T€OXUMHS, HalpuMmep,

ucnonbszoBanue cooTHomenust Nb/Yb (puc. 15). 'eoxumus 6a3zanpToB 3a1yroBeix 6acceiinoB (BABB)
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OIpesieNIeTCsl B MEPBYIO OYepeb XUMUUECKUMH B3aUMOAECHCTBUSAMM MaHTHM ¢ (QUIOUJaMU U (WUIH)
pacmaBamu, OOpa3yIOUIMMECS BHYTPH TOTPYXKAIOMIEHCS IUIMTBL. JTH B3aUMOJCHCTBUS HMEIOT
TEHJCHIMIO K YMEHBIIECHUIO B 3aBUCUMOCTH OT YyJAJIEHUs 3aAyrOBOH CIPEIMHIOBON CHUCTEMBI OT
OCTPOBOJY’)KHOH. Bo-BTOpbIX, Treoxumus onpezaensercs (GpakUMOHHON KpuCTaulM3auuedl u
aCCUMWISILIMEH, TNpUYeM TOCHEHssT Takke sBigercs (QYHKUMEH pacCTOsSHUS OT JAyrd WId
MIPOCTUPAIOIIECICA KOHTUHEHTAIbHON OKPAuHBI.

[TomumoO CBO€Hl MONE3HOCTH B NETPOrCHETUYECKUX HCCIEIOBAaHUAX, MHUKPOIJIEMEHTH B
OPOTONUTaX VMS SBISIOTCS BaKHBIM HCTOYHMKOM KAaTHOHOB M AHHMOHOB Ui LUPKYJIUPYIOLIMX
THJIPOTEPMAIBHBIX JKUAKOCTeH. B uacTHocTH, MeTamabl 3(Q@EKTHBHO BBIIETAYUBAIOTCS U3
BYJIKaHHYECKUX MOPOJI IPU TeMIiepaTypax, npessimaronmx 300°C.

Conepxanne nepexomubix snementoB (Cr, V, Ni, Co, Cu) ymeHpmaeTcs ¢ yBEIUYECHUEM
COJepKaHUs KpeMHe3eMa BO BCEX CEepusAX Marmbl (LIEJIOYHOH, TOJIEUTOBOM U H3BECTKOBO-
IIEJ0YHOM), Tor/a Kak KoHUeHTpauuu Pb yBennuuBarorcsa. B 1ie1oM KOHIEHTpauus NepexoaHbIX
metaiioB B IAB (B cpeanem 105 ppm Cu, 74 ppm Zn) u MORB (B cpennem 71 ppm Cu, 84 ppm Zn)

3HauuTenbHa (puc. 17).
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Puc. 17. YacToTHBIC pacmpeneNieHust MEIH B Pa3IUNYHBIX COBPEMEHHBIX ByJIKaHAX.
A, 6a3anbtel ayru (SiO2 <52%). B, naBsl ayru (SiO2> 52%). C, 6azanst CpeanHHO-OKeaHndeckoro xpedra. D, 6azanbt
OKeaHW4IeCKHUX ocTpoBoB (Mcmanmms).
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YMeHbIIeHHE COAEpIKaHMs TEPEXOJHBIX METAUIOB MPU (PAKIMOHHON KPUCTAJUTM3AIMN B
OCHOBHOM 3aBHCUT OT OCaXXIACHHA OJIMBHMHA, OKCHIOB Fe-Ti un HECMEIINBAIOITUXCS Cy.]'II)(l)I/I}IOB.
KpI/ICTaJ'IJ'II/ISaHI/ISI OKCHI0OB Fe-Ti Bo mHOrom ONnpeaAcIsICTCA OKHCIHUTCIbHO-BOCCTAHOBUTCIIbHBIM
coctosHreM paciuiaBa. B pacmnaBax MADB Bwicokoe pO2 NMpUBOIUT K paHHEW KpUCTaUIM3alUU
okcunoB Fe-Ti (mepexomHble 3JE€MEHTHI OOCTHEHBI HAa paHHEH CTaguu KpUCTauM3anuu). B
pacrmaBax MORB nuskoe 3nauenne pO; npuBoaut k HakorwieHuto FeO u TiO2 B (paze pacmiasa Bo

BpeMsl (ppakIMOHHOW KpucTauiM3anuu, a okcuiasl Fe-Ti mpencraBisitor coboil mo3aHIO (a3y
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kpuctaum3anuu. CreoBaTenbHO, mepexoanubie Metawibl B MORB oGenHstoTcs MenieHHee, 4eM B
pacruiaBax [AB.

B nmpunHmume, otneneHue HecMeMMBamoIIelcs CynbGuaHOW (Pa3pl  JOMKHO — OKas3aTh
CYILIIECTBEHHOE BJIMSIHHE Ha KOHIICHTPAIMIO B paciulaBe MepPexXoJHbIX MeTaioB, ocooeHHo Ni u Cu.
Opnako cucTeMaTHKa pPACTBOPUMOCTH Cepbl, KOHTPOJHUPYIOIIAs HACBHIIIEHHOCTh CYJIb(QHUIOB B
CHJIMKAaTHBIX PAacCIUIaBaX, OCIOXKHSETCS pacTBOpPEHHMEM Tra3000pa3HOi (a3bl ceprl. Tem He MeHee,
cucremarnueckoe noseneHne Cu W Zn MO OTHOWMIEHUIO K S TMO3BOJSET MPEIINOJIOKHTh, YTO
OCaXKICHHE CYIb(PUIOB SBISIETCS BaXKHBIM MPOIIECCOM BO BpeMs ()paKIIMOHHON KPUCTAIITU3AUU AJIs
CHI)KCHMSI KOHIICHTPAIlMM HEKOTOPBIX IEPEXOAHbIX MeTalioB. B 0a3zanmpTax KOHIEHTpauuu S
nocturaioT 1500 ppm u yBenuuuBatorcs 70 2500 ppm Ha cTaauu KpUCTALTU3AIMKN aHE3UTa, TOCIe
Yero COJCpKaHHsI TOCTCIICHHO YMCHBINAIOTCA. TakuM 00pa3oM, OYEBHJIHO, YTO TIPOTOJIHMTHI
mectopoxkaeanit VMS mnpeacraBnstor co0oil Oorarelii MCTOUYHUK Cepbl IS THAPOTEPMAIbHBIX
JKAIKOCTEHN.

Hzomonnas eeoxumuss CBeXHX BYJIKAHWMYECKHX TOPOJA ACTUTCS Ha JBa OCHOBHBIX pasjena:
paguorennble u3oTonbl (Sr, Nd, Pb) m crabunbnble m3orombl. [locnemanue moapasnesstoTcs Ha
TpaauIMoHHbIe cTabunbHbie n3otornbl (H, O, S) u Hetpaaumonnsie uzorornsi (B, Fe, Cu, Zn). Pb u B
MEHBIIIEH CTENeHU Sr ABIAIOTCS TMOABIKHBIMH 3JEMEHTAaMH M MOTYT OOMEHHBATBhCS C
MPOCAYUBAOIIMMHUCS KUJAKOCTIMH BO BpEeMs THAPOTCPMAIBHBIX HM3MCHCHHH. BynkaHnudeckas
JUTOJIOTHS, CBS3aHHAS C OTJIOKEHUSIMU VMS, MOXET COXPaHITh HEKOTOPHIE M3 CBOWX H30TOIHBIX
XapaKTepUCTHUK B 3aBUCHMOCTH OT CTEMEHU H3MEHEHHH, I1u00 BO BpeMs TUIPOTEPMaIbLHOTO
MUHUMYMa, CBS3aHHOTO ¢ 00pa3zoBaHueM MecTopoxkaeHnid VMS, mbo B pe3ynbrate 0oniee mo3aHETo
MeTamoppusma.

Paouocennvie uzsomonvt MORB, OIB, BABB, IAB u poocmeennvle 8yiKanumeoi.

W3ortonueiit cocraB Sr, Nd u Pb 0a3anbToB, M3BEpKEHHBIX Ha CpPEIUHHO-OKEAHUYECKHX
XpebTax, MOKa3pIBAET OTPULATENbHYI0 Koppensmuio Mexay o/Sr/%Sr u  “NdA*Nd  u

TIOJNIOKHTENBHYIO KOPPEISIio Mexy o Sr/%8Sr u m3oromamu Pb (puc. 18).
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Puc. 18. B3aumocBs3b Mex 1y uzoromnamu ctpouiust (Sr), Heoauma (Nd) u cuniia (Pb) B pasnuunbIx 6a3anbrax

cpenuHHO-OKeaHndeckux xpedToB (MORB) u 6a3ansTax okeannueckux octpoBos (OIB).

o o

Paguorennele  MOPDB  wu30TONBI  OTpa)karoT HEpPaJMOTEHHYIO MPUPOJY HCTOUICHHOH B

poTepo3oe acTeHocdepsl Mo cpeauHHo-okeanndeckumu xpedramu. [lone OIB pacnpoctpansercs
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Ha CYIIECTBEHHO OoJjiee paJuoreHHbIe COCTaBbl U OTpakaeT HCTOYHUKU OoJee paauOoreHHOM
acTeHoc(hepHOU MaHTHH, KOTOPbIE MOTJIA TIOJIBEPTHYTHCS IIEPUOaM MPUCYTCTBUS MUKPOIICMEHTOB
MeTacoMaTo3 U (WJIM) BKIIIOYAIOIIME PAJUOTEHHBIE KOMIIOHEHTHI IUTIOMAa. B HEKOTOPBIX ciydasx
paguorennbiii OIB BkitOuaeT Takke KOMIOHEHT JIMTOC(HEpHONM MaHTHUU BCIICICTBUE YTOHEHUS
auTochepsl HaJ BOCXOAIIEH rOJI0BOM ILUTIOMA.

BepositHo, HanOolee MUPOKO H3YUYEHHOW U3 OKEAHCKUX OCTPOBOIYKHBIX CHCTEM SIBIISICTCS
cucrema Mcy-bonun-Mapuanckue octpoBa. M3otomnubeie cooTHomenus crpormus, Nd u Pb mexny

Bynkanutamu [IAB u Bynkanutamu BABB noka3ansl Ha pucynke 19.
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Puc. 19. M3oTonHas H3MEHYMBOCTH CTPOHIIMS, HEOIMMA ¥ CBUHIIA B OCTPOBOAYKHBIX 0a3anbToBbIX (IAB) BynkanuTax

(Un3y-bonmnn, MapraHckre OCTpOBa, MIOMIOHUTOBAS IPOBUHIINS) U 3aAyTOBBIX OacceiiHOB Oa3ambToBEIX (BABDB)

ByNnKaHUTOB (MapuaHCKuii mporuo).

BonpmmacTBO BynkanuToB BABB nmeroT 3Hadenus nzoromnos Sr <0,7032 u 3Hauenus eNd >9 u,
TakKUM O0pa3oM, OTJIMYAIOTCA OT OONBUIMHCTBA ByNKaHOB [AB, HO moxoxku Ha 6a3albT CpeAHMHHO-
okeannueckoro xpedta (MORB). Bynkauutsl IAB oaunakoBo 6osee paauorennsl, yeM MORB, HO
nepekpriBatoT nosie OIB. Haubonee paanoreHHBIMH Sr-cocTaBamMu 00J1aJlaeT TOJIe MIOMIOHUTOBBIX
ByJIKaHUTOB (no3auuil 3tan [AB-Bynkanusma). PannoreHHblil M30TONHBINA cocTaB ByJlKaHUTOB [AB
OTpa)KaeT MePEMEHHBIN MPUTOK PATUOTEHHBIX H30TOIOB U3 CYOAYIIUPYIOIIEH TUTHTHI.

3anyroBele OacceiiHbl BKIIOYAIOT Kak BynkaHuThl THa MORB, Tak U ByJIKaHUTHI 33yTOBOTO
bacceitna (BABB). Xors BABB B 3anyroBeix OacceiiHax OXBaThIBae€T IIUPOKUH CHEKTP
MHUKPO3JIEMEHTOB, COCTaB PaJMOTE€HHBIX M CTaOWJIBHBIX H30TONOB Tropas/io 0Oojee OrpaHUyYeH U
anajornyeH 3HaueHusM B MORB. IlogoGubie siBnenus umeroT BynkaHbl bABB ot 87Sr/®8Sr no
MORB, HO umeroT 6omee Hu3koe 3Hauenne *Nd/***Nd u Bbime 3Hauenus mist 2°°Pb, 2Pb wu
2°8Pb/2°4Pb.

BynkaHuThl OCTpOBHBIX IyT HecyT Oosiee paguoreHHbsie St 1 Pb u menee panuorennsie Nd mo
cpaBaeHnio ¢ MORB (puc. 19). DTn XxapakTepuCTHKN yKa3bIBAIOT HA TO, YTO MAHTUHHBIC HCTOYHHKHU
IAB 6onee oGoramiensl TUTOGUIBHBIMA MUKpOdJeMeHTaMu, yeM MaHTuss MORB, HO Takxke mMoryT
OTpaXkaThb KOPOBYIO aCCUMUJISILIMIO U CIIOKHBIN MPOLIecC KOPOBOro cMeinBanus mantus UAD.

K »>TumM KOMIIOHEHTaM OTHOCSTCS KUIKOCTH JEeTHApaTallid OKEAaHMYECKOW KOpBhl Ha
HEernyOOKUX YPOBHSAX CYOAYKIIMM U YaCTUYHBIE pacIlylaBbl OKEaHWYECKOW KOphI Ha Oojee IIyOOKHX

YPOBHSIX. AHI[C3I/ITBI, JalduTbl WU PUOJIUTBHI, CBA3AHHBIC C KOHTUHCHTAJIbBHBIMU OYyT'aMWU, Ooiee
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panuorenssl 1o Sr, Nd u Pb nmo cpaBHEHUIO ¢ OCTpOBOIYKHBIMH BYJIKaHUYECKUMH MOPOJAAMH M3-3a
BOBJICUEHUS BBICOKOPAIMOT€HHON KOHTUHEHTAJILHOM KOPBI.

OObIYHO B BYJKAaHMYECKUX MOPOAAX HAOJIIOAaeTCsi HEKOTopas cTerneHb oOMeHa Sr ¢ MOpCKOM
BOJIOM Ha HEMIYOOKHMX YPOBHSIX 36MHOH KOPBI BO BpeMs THIPOTEPMaIbHBIX U3MEHEHHH, TOCKOIbKY
MOpCKasi BOJIa COJAEPKHUT 3HAYUTENbHbIE KOHILEHTpauuu Sr (okojo 8 ppm). B coBpeMeHHBIX
cHUCTeMax 93TO MpPOSBISIETCS B HAJTOKEHUHM OoJiee pajMOreHHOro Sr H3-3a HM30TOIHOIO COCTaBa
mopckoir  Bogsl (0,7091). B npeBHux omnoxenusix VMS, BepositHO, OyIyT NpOUCXOIHUTH
AQHAJOTUYHBIE ITPOLIECCHl M3MEHEHHM, 32 UCKIIOUYEHUEM TOT0, YTO U30TOMHBIA COCTaB MOPCKOW BOJBI
M3MEHYHUB B T'€0JIOTMUECKOM BpeMeHU. B seronucu ropHsix nopos, eciau Rb tepsiercs u3 cucreMsl B
X0Jle TUAPOTEPMAIBbHBIX HM3MEHEHHH M OOMeH c (uIIonJaMH OrpaHHuYeH, TO HM3OTOIHBIM COCTaB
HCXOJHON HOPOJIbI MOXKET COXpaHUThCsI. OJHAKO 3TO PEAKOE SIBJICHHUE, U B OOJBIIMHCTBE BYJIKaHOB
Habmo1aeTcsi 0OMeH St ¢ JKUIKOCTHIO, JTMO0 MOPCKOW BOJIOM, JIMOO M3MEHEHHOW MOPCKOW BOJIOM.
[Tocneguue Moryt oOnagatb paguOreHHOCTHIO  Sr, YHACIEJOBaHHBIA OT  PaJUOTEeHHOM
KOHTMHEHTAJIbHOW KOpbl. M30TOnBl Heonuma Oojee yCTOMYMBBI BO BpPEMS T'MIPOTEPMalIbHBIX
U3MEHEeHHH, MOCKONbKY Nd - HEmoABMKEH BO BpeMs M3MEHEHH, a OOMEH C MOPCKOW BOJOU
OTpaHHYeH OYeHb HMU3KUMHU KoHUeHTpauusmu Nd B mocienneid. M30Tombl CBUHIIA Tak)Ke BeChbMa
ycToiunBbL; Pb mpakTHuecku HEMOJBUKEH, TOITOMY MCXOIHBIM M30TOMHBINA cocTaB Pb MoxeT ObITh
COXpaHEH.

Tpaouyuonnvie cmabunvrvle uzomonsi - Jetimepuii/Booopoo.

N3-3a Gonbiioi pa3HUIlI B Macce Bojopoja u aeitepus dpaxinuonuposanue D/H B mpupone
MOXET OBITh OY€Hb CYIIECTBEHHBIM. BOMOpOIHBIA M KHUCIOPOAHBIM COCTAaBBI PA3TUYHBIX BOJ

noka3zansl Ha pucyHke 20.
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Puc. 20. MI30TOmHBINA COCTAB BOAOPOAA U KHCIOPOa PA3InIHBIX THIIOB 36MHBIX BO/I.
(SMOW, cmanoapmnoe cpednee 3nauenue okeanckoi 600vt; MWL, nunus memeopHoi 600bl)

N3oTomHbIl cocTaB BOAOpOAAa [JPEBHEHM MOPCKOM BOJBI, OCHOBAaHHBIM Ha 3HAYEHUSX
MECTOPOXKACHUN, HE CHJIbHO U3MEHWIICS 3a MOCIIeAHUE 3 MUJUIHapAa JIET, a COBPEMEHHAs OKEaHCKast
BOJa MMeEeT KaHOHMuYeckoe 3HaueHue O npomuiuib. KHAKOCTH THUAPOTEPMATIbHBIX HCTOYHUKOB

UMEIOT 3HaueHus 0D, Onmu3Kue K 3HAYeHHUSM MOPCKOHM BOAbI (0T 3 10 -2 MPOMUJUIB) B pe3yabTaTe
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peakIuii >KUIKOCTH/TIOPO/Ia TMPH TEPEMEHHBIX COOTHOIIECHUSX BOJa/Topoia, pasneneHus (a3 B
HEKOTOPBIX CIIydasX M J00aBIeHHS HEOOJBIIMX KOJMYECTB MarMaTHYeCKOW BOIBI. BOIBIIMHCTBO
MarmMaTU4ecKuX BOJ UMEIOT 3HadeHus 0D ot -50 mo -85 mpoMuIuib, 4TO HAXOAWTCS B JUANA30HE,
obnapyxeHHom B BylkaHax MORB u OIB. Marmarudeckue BOJbI, CBSI3aHHBIE C Ma(HUTOBOU
Marmom, kose6moTcest ot -60 10 -80 mpoMILIb, TOra Kak BOJbI, CBSI3aHHbIE C KUCIBIMU MarMami,
KosieboTest ot -85 mo -18 mpommimne. Oxeannueckue 6azansTel (MORB u OIB) nemoHcTpupyioT
nuarnasoH 3HaueHuit 0D ot -20 10 -100 npoMmis co cpegHum 3HaueHueM -80 mpoMumnib. YacTuaHo
3TO U3MEHEHUE MOXKET OBbITh Pe3ylbTaTOM IMOTEPU BOAOPOAA BO BpEMs HU3BEPKEHHS B pe3yJbTaTe
BbiiesieHnss HoO u, B orpaHnueHHbIX ciydasx, BeiaeneHus CHs4 m Hz, KoTopble Bce BBI3BIBAOT
U30TONHOE (pakunoHupoBanue. [IpenmonaraioT, 4TO MEpPBHYHBIC 3HAUeHUs OD 1 BYJIKaHOB
MORB u OIB Hepaznmuuumbl u cocTaBisitoT -80 = 5 NpoMuIIIb, YTO aHAJOTUYHO 3HAUYCHHSAM IS
KOHTHHEHTaIbHOU nuTochepsl (0T -63 no -70 mns dimoromutoB). B KUMOEpAUTax. DTO 3HAYCHHE
OTJIMYAETCS OT 3HAYCHWH, HAOJMI0IaeMbIX IS BOJHBIX MaHTHHHBIX MuHepanoB (oT -20 mo -140
IIPOMUJIIb) U HOMHUHAJIBLHO O€3BOJHBIX MaHTHHHBIX MHHEpasioB (0T -90 no -120 mpomumis). Takue
Oonplye auamna3oHbl 3HaueHW 0D mpemmonararoT JMO0 BO3MYIIEHHE «MAHTHIHOTO 3HAYCHUS
B3aMMOJICHCTBHEM C MOBEPXHOCTHBIMHM U MPHUIIOBEPXHOCTHBIMU (pitougaMu U (WJIM) T€TePOreHHYIO
M0 U30TOMMHOMY COCTaBY BOAOPO/Ia BEPXHIOIO MaHTHIO.

bazanbThl 3aayroBoro OacceitHa ObuM M3MepeHsl B Oacceline Jlay m Mapuanckom nporude u B
OxunaBckoMm mporuOe. OO6paszubl Jlay u o0pas3ibl OKHHABCKOTO kenoba MMET 3HadeHus oD,
nogo6usile MORB (ot -63 go -70 mpomwuib), ¥ He TpeOyIOT MaHTUHHOIO HCTOYHHMKA C
KOMITOHEHTOM, CBSI3aHHBIM C CYOJyKIMeH. DTO corjacyercs ¢ ApyruMH JaHHBIMH IO PagHOr€HHBIM
M30TONaM M MHUKPORJIEMEHTaM, KOTOpble yKa3biBatoT Ha MaHTHi0 Turia MORB non 6acceiinom Jlay.
Hamporus, o0pasust BABB u3 Mapuanckoit 1 OkMHaBCKOW BNaJuH M30TONHO Tsxkenee (Mapuana:
or -32 no -46 mpommiuib, OxkuHaBa: -50 IPOMMIUIB), YTO YKa3blBa€T HAa HAJIMYUME MaHTHITHOIO
KOMITOHEHTa BOJIbI (OKOJIO -25 MPOMMIIIB) U3 MOTPYKAIOLIEHCS IIIUTHI.

Kpucrannuueckoe (pakuMoHMpOBaHME B MarMaTHYECKMX CHCTEMax pacUIUpsieT Auara3oH
M30TOMHOTO COCTaBa BOJOpoa /10 Oosee Jerkux 3HadeHuH, a 3HadeHust 0D -140 Obutn U3MEpeHbl B
pHOIMTaX, KOTOpble UMEIOT MarMatudeckue 3HadeHus 0180 u, cieqoBaTenbHO, He ObUIN 3arpsi3HEHbBI
acCUMWIALIUEN METEOPHOM BO/bl. HaCTO M30TOMHBIN COCTAaB BOJIOPOAA KOPPEIUPYET € COAECPKAHUEM
BO/bI; 0D yMeHnbiaercs ¢ ymenblieHueM mMac % H20, yTo mo3BossieT npeanosokuTh, YTO TUANa30H
M30TONHBIX COCTAaBOB CBA3aH C MarMaTH4eCKOM Jiera3amnuei.

I'my6Gokoe OypeHHe B COBPEMEHHBIX OK€aHax JaeT MpeJCTaBlIeHHe 00 N3MEHEHUAX W30TOMHOTO
COCTaBa BOJIOPOJIa B M3MEHEHHOM OKEaHMYECKOW KOpe, BBI3BAHHBIX TIyOOKOM T'MIpoTepMalibHOU
nupkyasaueii. KepH ¢ rimyOunsl 2,5 KM MOKa3bIBaeT, YTO MOAYIIEUHbIE 0a3aJIbThl CI0s 2A HMEIOT

nepemeHHbIe 3HadeHus 0D (ot -60 g0 -110 mpoMusIs), TOTIa KaK pacciIOeHHAas 4acTh Jaiku cios 2B
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nMeet Oosee ogHOpoaHbIE 3HAYeHHs 0D (okoso -40 mpommie). [locnenHue 3HaUCHUS COTIACYIOTCS
¢ 0OMEHOM BOJIOPOJIOM MEXIy 0oOpa3oBaBIICiicsS MOPCKOW BOJOW (1—2 MPOMUILIB) U HETPOHYTHIMHU
BYJIKAHUUECKUMHU IOpoAaMM Ipu BbICOKMX TeMmmeparypax (or 350°C no >400°C), torma kak
M3MEHYUBOCTh IEPBBIX OTPAKAET PEaKIUU KUAKOCTH/TIOPOAA MEXY U3MEHEHHON MOpPCKON BOIOMH
HETPOHYTasi MOPCKas BOJa U BYJIKAHMUECKHE MOPO/IbI B 1Maria3oHe Oosiee HU3KUX TeMIepaTyp.

B Tabmuue 6 nanasie D/H mis pyIHBIX KHAKOCTEH, CBSI3aHHBIX C MECTOPOXKICHUSMU VMS
o0beIuHenbl ¢ HH(OpPMaIUel O TeMIepaType U3 paBHOBecHil )uakocTs/Munepan 6%0. B tabn. 6
TakkKe INpejacrapieHa uHbopMalus o 3HaueHusx 0D 11 uensix mopona u muHepanoB. [lo obmemy
MHEHHIO, 7Ta MH(OpMANUs B codueTaHMH ¢ O°0 3aKmioyaeTcs B TOM, 4TO PyZ00Opa3ylomIue
JKUJKOCTU JUISI MECTOpPOKIeHUM VMS u KUIKOCTH JUIsi M3MEHEHHUsI TOPHBIX IOPOJ COJAEpXk aT
MOPCKYIO BOJly WM U3MEHEHHbIH COCTaB MOPCKOW BOJABI U HUPKYJIUPYIOT NPU IIUPOKOM JHANIa30HE
temneparyp ot <125°C no >350°C. Ha HEeKOTOpBhIX MECTOPOXKICHUAX Habto1aeTcs yBenuueHue oD
B CTOPOHY PYZbl U MOBBILIEHUE cTeneHN n3MeHeHHoctH (3anaanas [lacta, Tpooroc, HEKOTOPBIE M-
Hus Kypoko, JHakrayn, Kunn-Kpuk) - mnocTmMuHepanm3anoHHBIH MeTaMOopdu3M TIpHBEN K
TrOMOTEHH3UPOBaTh dD.

180/160

U3zotomuslii coctaB kucnopoga (6'80) MORB mnpakTHueckd HEM3MEHEH M COCTaBIseT 5—6
IPOMUIIb. DTO TAK)KE 3HAYEHME JUISl CBEKUX MAHTUMHBIX MEPUIOTUTOB, IO3TOMY IIpEIIoaraercs,
YTO 3TO 3HaYeHHe i1 MaHTUU. [Iper3noHHbIe JaHHbBIE 110 U30TONAaM KUCIIOPO/AA BBISIBJISIOT TOHKHE
BapHalllM, KOTOPBIE CBSI3aHbl C HECOBMECTUMBIMHU KOHIICHTPALIUSIMU U COOTHOLIECHUSIMH 2JIEMEHTOB U
UHTEPHPETUPYIOTCA C TOYKM 3peHHs (PaKIMOHHOM KpUCTAJUIM3ALMM W TOHKUX Bapualui
M30TOMHOTO COCTaBa MaHTUMHBIX HCTOYHUKOB. bazanbT OKEaHCKMX OCTPOBOB JEMOHCTPHUPYET
pacIIMpeHHbId JUana3oH 3Hau€HUM H30TONOB Kuciopona (4,6—6,1 mpoMumip) Mo CpaBHEHHUIO C
obpazuamu MORB, koTopble oTpaxkatoT 6osee Cl0XKHble MaHTUIHBIE UCXOJHBIE pe3epByapsl OIB.
bonee HU3KME 3HAUEHHS U30TONIOB MOTYT OTPa)kKaTh y4acTHE JAPEBHEN HMKHEN OKEAaHUYECKOU KOpBI,
TOrJIa KaKk 0oJiee BBICOKHME 3HAYCHUS] MOTYT OTPa)kaTh KOMIIOHEHT Melarndeckux ocaakos (puc. 20).
bazanbTel 3amyroBoro OacceiiHa XapaKTEpPU3YIOTCSI OTHOCUTENBHO OrPAaHUYEHHBIM IUANa30HOM
U30TOIHOr0 coctaBa kucnopoaa. lllectHaauare 6a3anbToB u3 6acceitna Jlay Bapsupyrores ot 5,6 10
6,4 mpoMmwIb. ba3anbThl OCTPOBHBIX AYT W POJACTBEHHBIE UM BYIKAaHUTHI JIEMOHCTPUPYIOT Ooiee
IIMPOKHUI JTMana3oH M30TOIMHOrO COCTaBa KHUCIOpoAa Mo cpaBHeHUIO ¢ Byiakanutamu MORB, OIB
win BABB. B ocHoBHbIX Bynkanutax IAB nuanason HeBenuk (4,8—5,8 mpoMuiib), HO BKIHOUYEHbI
pa3BUTBIE KUCIbIE BYJKaHbI, AocTUrarommue 14 mpoMusuib. JIumpb 4acTe 3TOr0 M3MEHEHMSI MOXKET
ObITh CBsA3aHAa C (PaAKIMOHUPOBAHMEM KPHUCTAJUIOB, KOTOpOE, KaK OXHJIAeTcs, NpPUBEAET K
YBEIMUYEHHIO H30TOIMHOTO COCTaBA BCETO JIHIIb MPHMEPHO Ha 1—2 mpoMumb. 3Hadenus 850 marm

IAB u ux MMPONU3BOAHBIX OCJIOXHAIOTCA BO3MOXHOCTBIO CMCIIMBAHUA U aCCUMUIIAIHUU ITPU ITPOPBIBE
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MarMsl 4epe3 MOILHBIE TOJIIIU OCAJKOB U (MJIM) KOHTHHEHTAJIbHOU KOphl. bosee BpIcOkHE 3HAUCHUS
1808 mna IAB no cparenuo ¢ MORB moutu HaBepHsAKa OTPaXKaroT KaKOW-THOO0 TUIT 3arpsS3HEHHMS,
BEPOSITHO, M3 IMEJIAarMuecKuX OTIOXKeHWH. HemaBHue u3MepeHHs IpeanojaraiT, 4YTO JUana3oH
HE3arpsi3HEHHbIX BYJIKAHUYECKUX IOPOJ COCTaBiseT 5+1 NpOMMILIb, YTO HMIEHTUYHO 3HAYCHUAM
MORB, HO MOryT ObITb TOHKHE NpHU3HAKU A€()EKTHOro Marepuana, J00aBICHHOTO B MAHTHUIO U3
CyOaylIMPOBAHHOM TIUTHI.

B coBpeMeHHBIX THAPOTEPMANBHBIX CHUCTEMaxX MOPCKOTO JHAa BO3MYIICHHE IE€PBO3JAHHOTO
U30TOIIHOI'O COCTaBa KUCJIOPOJa BYJIKAHUTOB IIPOMCXOJIUT 3@ CUET U3MEHEHUS OKEaHWYECKOH KOpbl
80se =a w0 anrep (8 MHT) MM BBIIEIIAIOMIEHCS MOPCKOI BOIBI, TO €CTh XkKepIIoBbIX (Bmonnos (580
= 0,52 npomuILIb), IPOLIECC, KOTOPBIH ABIsSETCS (DYHKIMEH TTTyOHHBI (3aMECTHTENS TeMIIepaTyphl) U
CKOpPOCTH pacrpocTpaHeHHs. V30TOMHBIA COCTaB KHCIOPOJAa MOPCKOW BOJBI HAPYIIACTCS H3-3a
peakuMii BOJA/MOPOAA, KOTOpPbIE BBI3BIBAIOT M3OTOMHBIM OOMEH MEXIy UUPKYJIUPYIOLIMMU
KHUJIKOCTSIMM M NEPBUYHBIMM MHUHEpaJlaMH, YTO HPUBOAUT K H30TOIHOMY pPAaBHOBECHIO MEXIY
KHUJIKOCTBIO U BTOPHYHBIMU MUHEPAJIaMHU.

Ha xpeOrax cpemHero m MeIUICHHOTO CIIPEIUHTa TEKTOHHYECKOe HApYyHICHHE OKCAaHHYECKON
KOpbl MPHUBOJAUT K YBEIUYEHUIO NMPOHUIAEMOCTH W TPEIIMHHONW MOPHUCTOCTH, YTO OOecledrBaeT
riyOOKO€ TNPOHUKHOBEHHE MOPCKOW BOJIbI, OXJIQXKJEHHE KOPbl U KOMIUIEKCHl W3MEHEHU,
oOpasyrommecss Mpu HHU3KUX TemIeparypax. B 3Tux oOCTOsATeNbCTBaX OOIIMH IyTh KHIKOCTH
YBEIMYMBACTCSI B JIIMHY, YTO OOECHEeYMBaeT OOJBINYIO CTETeHb B3aUMOJCHCTBUS JKUAKOCTH W
nopofsl. Ha ObICTpO CHpEeIUHrOBBIX XpeOTax CTpOEHHE 3eMHONM KOphl MEHEe TEeKTOHHYECKU
HapylIeHO, MOPHUCTOCTh W MPOHHMIAEMOCTh HIDKE MO3BOJSIOT LUPKYIUPYIOIUM SKUIKOCTAM
NOJJIEP)KUBATh OOJiee BBHICOKHME TeMmImeparypbl. Ha MemIeHHO CIpeIuHTOBBIX XpeOTaX, TaKuX Kak
pupr Kocra-Puka (ckopocTb copeauHra 5  cM/TOJ), TUIApPOTEpPMalbHAs  LUPKYISIIIHS
pacrpocTpaHsieTcs 10 OCHOBaHMS cj10s 2B (CI0UCThIM KOMIUIEKC J1aeK), r/ie 00eAHEHHBIN N30TOMHBIH
COCTaB KHCIIOpPOJa COCTaBIseT BCero 4 mpoMuiuib. ['uaporepManbHble (IOMIbI, TPOHUKAIONIIUE B
BEpXHHE OJHOPOJHBIE rab0pO CI0s 3, TakKe AEMOHCTPHPYIOT AHana3oH 3HaueHuit 520 ot 2 mo 7,5
npoMIUTh. B BepxHUX vacTsax cios 2b nHabmogarorcest oOorameHHbIe H30TOIMHBIE COCTaBBI KHCIOPOAa

— 8 IPOMMJLTB U BBIIIIE, MOBBIIICHHBIC 3HAYCHUS — B ciioe 2A (puc. 21).

Puc. 21 M3oTonHblil cocTaB KUCIOPOAA PA3INIHBIX JTUTOJIOTUIECKUX €JMHHUI] OTHOCHTENIFHO 0a3aJIbTa CpeIMHHO-
okeannueckoro xpeora (MORB).
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TonmumHa nepuaOTUT-Tad0pO aeK MOAYNIKO 0Opa3HbIX 0a3aJbTOB MPEACTABISET COOOM TOJIILY
OKEaHWYEeCKOM KOpbI, OOBIYHO HabmomaeMyio B o¢uonutax. M30TomHas M3MEHYMBOCTH B ITOU
MIOCJIEIOBATEIBHOCTA OTPAXAET TUAPOTEPMAIbHBIA OOMEH C THIPOTEPMAIBHBIMU (IIIOHIAMH U
MOPCKOW BOJIOM.

B Tpoosoce NpoaeMOHCTPHPOBAIN CHCTEMATHUECKHE N3MeHEHNs 580 ByIKaHHUIECKUX MOPOI,
BMEIIAIOIINX MecTopoxkaeHuss VMS. BriiesieHo Tpu THUIa UCKOIMAEMbIX THAPOTEPMAIIbHBIX CHCTEM
HA OCHOBE BPEMEHHBIX (PAaKTOPOB, TEMIEPATyphl M COOTHOIICHHUS BOJBI M TOPOJBL. XOTS JaHHAs
KJIacCU(pUKalUs MPUMEHUMA K IIUPOKOMY CIIEKTPY PYAHBIX MECTOPOKJICHUHN, OT SMUTEPMAIBHBIX JI0
Me30TepMajbHbIX, OHA MMEET OTHOIICHHE U K MecTopoxiaeHusM VMS. Tpu Tuma, KOTOpble He
ABJIIOTCS B3aMMOUCKIIIOYAIOUIMMU B IPOCTPAHCTBE U BPEMEHMU:

* Tun | — 3nu30HANBHBIE CHCTEMBI C PA3INYHBIMU 3HAUSHHUSAMH 6180 1 KpalfHIMH H30TOMHBIMH
HEPABHOBECHSIMU MEXAY COCYIIECTBYIOIIUMU MHUHEPATbHBIMU (a3zaMu. OTH CHUCTEMbl HMEIOT
temneparypy or 200 mo 600°C u cpok ciyx0pl <10 mun ner. Cucrembl tuna I Hambonee
npuMeHnMBI K cucremam VMS, xotopeie popmupyroTcst Ha riyonHe <3—4 KM U BKJIIOYAIOT B ceOs
BCI0O COBOKYITHOCTb THAPOTEPMAIbHOIO MHUHHMYyMa OT IOBEPXHOCTH JI0 NPOKCUMAIbHBIX YacTel
MOJI36MHBIX UHTPY3HIA.

* Tun II — Oonee rmyOoko 3aneraromue M (WIM) AONTOKUBYIIME CHCTEMbI, TaKXKe C
nuanazoHoM 3HaueHmit 80 1y Bcelt MOpOABI, HO C PaBHOBECHEM MEXIY COCYIIECTBYIOITAMHE
MUHEpaIbHBIMH (pazamMu. DTu cucteMbl umeroT temmepatypy ot 400 no 700°C u cpok ciyx0s1 >10
MiH JieT. Hekotopeie u3 Oonee rmy0okux yacTteil Oonbmux cucteM VMS MOryT ObITh BKIIOYEHBI B
3Ty KaTEropHuIo.

e Tun III — paBHOBECHBIE CUCTEMBI C OJMHAKOBBIM 510 BO Bcex JMTONOTHSX. DTH CHCTEMBI
TpeOyIoT OOJBIIOTO COOTHOIIEHHUS BO/Ia/mopoia, BeIcOKUX Temmepatyp (500-800°C) u murenpHOTOo
cpoka ciryx0bI (0kos10 5x10 MITH JIeT).

bouto mpoBeeHO MHOKECTBO padoT, MOCBAIIEHHBIX PA3IWYHBIM aCHeKTaM H3MEHYMBOCTH
U30TOIMOB KHUCJIOPO/Ia B BYJIKAHUYECKUX MOPOIaX, BMEIAoNMx MecTopokaeHust VMS (tabi. 7).

BynkanusMm, cBsi3aHHBIA ¢ MECTOPOXKACHUAMU VMS, HEM3MEHHO AEMOHCTPUPYIOT HEKOTOPYIO
CTeleHb OOMEHa KHCJIOopOoJa BO BpeMsl THAPOTepMalbHBIX M3MEHeHHMH. Besne, rie mpoBOIMINCH
JleTalbHbIE HMCCIIEIOBAHMS, W30TONHBIM COCTAaB M3MEHEHHBIX BYJIKAaHUTOB MOKHO COOTHECTH C
KOHKPETHBIMU 30HAMH H3MEHEHHH, KOTOPhIE MOTYT OBITh COTJIACHBIMU WJIM TIEPECEKaTh MECTHYIO U
PETHOHAIBHYIO JINTOJIOTHIO. OTH KOPPENSUUU SBISIOTCS (YHKIUEH TeMreparyp H3MEHEHU Hu
COOTHOIIEHUHN KUIKOCTH/TIOPOJIa, KOTOPHIE CO3/IaI0T 30HBI M3MEHEHUH OT IEOJTMTOBOW (amuu 10
BEepXHeH 3eleHocnaneBoi gamuu. B psnge ciaydaeB Ha 3TH 30HBI U3MEHEHUI MOTYT HAKIIaJAbIBAThCS

KOMILJIEKCHI Oosiee mo3aHer ampuoOonuToBoil daruu. Bo MHOTHX cityyasix 3TH (IIIOMIHBIE CUCTEMbI
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UMEIOT PETHOHAIBHYIO MPOTSHKEHHOCTD, MPOCTUPASICh B IMONEPEYHOM HAINPABICHHM HAa HECKOJIBKO
KMJIOMETPOB 3@ IPEJENbl HENOCPEACTBEHHBIX PYIHBIX MECTOPOXACHUM. OHU Takke MOryT
HpOCTI/IpaTLCSI BepTI/IKaJIBHO Ha COTHH MeTpOB B JIUTOJIOTUIO ITOAOIIBHBI MU B JIMTOJIOTHUIO BPICSI‘-ICfI
crenku. B TabGnume 8 mpeacraBieH KpaTkuii 0030p auarna3oHa 3HAYCHHUI 80, HabmrogaeMbIX B

BYJIKAHUYECKHX MTOPOJAX, CBSI3aHHBIX C MECTOPOKIACHUAMH VMS.

M30paHHbIe H30TONMHBIE HCCJIETOBAHUS KHCJI0POAA BYJKAHUYECKUX MOPoA M-Huii VMS

Age

Applit:a-ﬁnn

Reference

Deposit

Gieneral Tayvlor: Seminal stsdy of & 180 variations in Taylor { 1974); Huston | 19949
lithostratigraphic successions associated with a wide
variety of ore deposits, including VM3 deposits of
westem Cascades. Huston: An in-depth review of
stable isotope geochemistry applied 1o VMS deposits

Kidd Creck, (Omniario Archean lsotope composition of hanging wall and foorwall Beaty and others { 1988); Huston and
rhyolites and mafic volcanics (bimodal mafie others {1995); Husion and Taylor
asanciation). Regional isotope mapping recognizes {190y
izotopic shifts due to hydrothermal alteration and
regional greenschist facies metamorphism.

Sturgeon Lake, Ontano Archean Local and regional scale isotope studies of caldera King and others (2000); Holk and
complex (bimodal felsic association). Identified sym- oithers
and post-mineralization flusds of hydrothermal (2008)
{modified seawater) and seawater |:l|i5in and fluwid
Temperalunes

MNoranda, Quebec Archean Local and regional scale isotope mapping of Beaty and Taylor { 1982); Cathles
vipdcanic sequences {bimodal mafic associstion) o (1993); Hoy (1993); Paradis and
understand fluid flow and namre of hydrothermal others {1993)
fluisda.

Marapami Lake CQuebec  Archean Ohrigin of hydrothermal fluids in shallow brine pood = Costa and others | 1983)

Hercules, Tasmania Cambrian Lise of stable isptopes for regional exploration Gireen and Talern (1992)

Ramail, Oiman

Josephine, United States

West Shasta, United States

Iberian Pyrite Belt, Spain
and Ponugal

Crandon, United States

Kuroko, lapan

Cretaceous

Jurasgic

Devorian

Carboniferous

Proterozoic

Mliocens

Regional isotope study of classical *Penrose”
ophiolite (mafic association). Pillow lavas and
sheeted dikes are i:u.lhr|r:||.'u|]} enriched ;a|:l|:um amd
peeridotites are depleted due to interasctions with
sgawater at shallow levels and aliered seawater at
deeper levels. Hydmothermal fluids penetrated 1o
Moho in off-axis sections

Regional study of ophiodite comgplex, mainly
exirusive sequence and sheeted dikes (mafic
assnciation) ]:ll.l[I:l|riL' :l:l!lpllai[i-.um allow
recognition of discharge and recharge 2omes
Regional scale snsdy of mining district (siliciclaste
felsic association) o sdentify fluid sources and
lemperalunes of alteration

Regional isotopic study (siliciclastic-felsic associ
tson) o understand nature of ore fluids, some being
beriinal brimes.

Local and regional isotope snsdy 1o evaluate fuid
compositions and iemperatures

Regional |district-widejand local (mine scale)
studies of lithostratigraphic units (siliciclastie-fielsic
asanciation) to identify stopic vanialions as
function of alieration glu.dl: and establish |:\.|r]|:lu ation

Siralegees.

Gregory and Taylor {1981); Siakes and
Taylor { 1992)

Harper and others {1988)

Cagey and Taylor { 1982); Taylor and
South (1985)

Munha and Kerrich ( 1980); Munha
and others { 1986);, Tornos and others
{2008)

Munha and others (1986)

oo and Rye ( 1974); Green and
ofhers {1983); Pisutha-Armond and Rye
{1983); Watanabe and Sakai (1983);
Marumo | 1989)

8%S

Tabn. 7.

ManTniiHoe 3HadeHue &S BapbUpyercst OT -7 10 7 mpomuiuib. [IepUIOTUTBI ¢ BBICOKHM
coJiepsKaHueM S UMEIOT 3HaYeHUs oT npumepHo 0 10 -5 MPOMUILIb, TOTJA KaK MEPUAOTUTHI C HU3KUM
coJiepskaHueM S UMEIOT 3HaueHus oT nmpumepHo 0 10 +5 mpomMmIb. boIbIIMHCTBO CBEXUX 00pa3lioB
MORB umetot 3HaueHns 534S 0+2 mpomuts. OHAKO THAPOTEPMANBLHO n3MeHeHHbIH MORB umeer
3HAYNTENBHO OoJlee BHICOKHME 3HAUEHHs O°'S, KOTOphle OOBIYHO KOppenupyroT ¢ &/Sr/%®Sr ms3-3a
B3aMMOJICHCTBHSA C COBPEMEHHOH Mopckoi Bomoit (8°*S mpumepro 21 mpommmis). OCHOBHEIM
CEpHHUCTBHIM T'a30M, HaXOJSAIIUMCS B PaBHOBECUU ¢ MAa(QUTOBBIMH pacIijlaBaMH IIPU HU3KOM JaBJICHUU

U BBICOKOH Temmeparype, apisercss SO2. C noHmwkeHueMm temreparypsl 1 (win) ysenuuenuem fH20
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H>S cranoBurcs Oosee crabminbHBIM. COBpEMEHHBIE BYJIKAaHUYECKHE Ta3bl, CBS3aHHBIE C
0a3aJIbTOBBIM BYJIKAHU3MOM, HMEIOT 5*S okomo 1-1,5 MPOMUJIIb, TOTJA KaK rasbl, CBSI3AHHBIE C

KMCJIBIM BYJIKAHU3MOM, UMEIOT GoJiee BHICOKHUE 3HadeHus 8°4S 10 5 MpOMULIb.

Tabn. 8.
3navenns 6%0 p1s mATOCTPaTHrpadUIEcKUX MoApa3geaennii MecTopoxaennii VMS.

BT ) .
Deposit Age (least altarad (most altered = References
ies| lithologies) lithalogy
Fukazawa, Mliocene 11.6-22 4 zewl Green and others
Japan (1983
G516 8 [
A E—10E ser-chl
Liwamuki, Mliocens B.E—L04 kaol-gz-serschl=alb Urabe and others
Japan Felsic (1983
T 3—-109 alb-ser-chl-gz Harvori amd
BMuchlenbachs
(19RO
B2 04 clay-ser-chl-qz { 1980)
T.0—9.2 ser-chl-gqz
6. T—8’.A gZ-[er
2183 sil
Troodos., Bodafic Cretaceous. 1i.8—16.0 Upper pillosw lavas
Cyprus
1L4—4.1 Saockwork
Sarmail, Blafic Cretace s, 20-T.0 Giabbro Saakes amd Tavlor
Chensan (19az)y
5090 epi-chl sheered dikes
G.0—9.0 epi-chl pillow lavas
Seneca, Jurassic 10.7-11.6 Felsic breccia Urabe and others
Cansda (1983
65987 Ril fizlsic brexccia
Fremas-Estacin, Carboniferows 15 7—18.1 Volcamoclastic thyolites Barrigs and Kerrich
Pormagal (RR: ]
139144 Srockwork-peripheral
11.6—-125 Saockwork
Hercules, Cambrian 11.2—155% Fhyolitic flows Gireen and Taheri
Tasssania felsic (RRt U] ]
G E— D0 gz-chl-ser
Hellwver, Kiliciclasgic- Cambrian 10.4—123 Footwall andesite Gireen and Teheri
Tasssania felsic (RRt U] ]
H0—11.6 ser-qz stringer {distal)
TO—9.6 chl-ser stringer {pooximal)
9a—14.0 Hanging wall basaln
2.4—11.8 fuch-cark hanging wall basalt
Duckronw, KRiliciclasgic- Froteromosc BH—1DE Country rock Auddy and Ypma
Uniied States Felsic? (1T
10.2—11.5 gz {counny rock)
B30T gz {altered rock)
S 1—103 gz {ore Done)
Bruce, United Proterazoie 6.0-T.6 andesite
States
2d4-56 chl
Blartagamia Bimodal- Auchean B5092 rhyoline Costa and others
Lake, maafic (1983)
Canads
2.0-T.6 rhyolite
- ] chl altered footeall
Home, Cansda Bimodal- Auchean T.0—5.0 rhyolite Hony 1993
mafic
Ba—11.6 agz-ser-chl rhyolite
3944 chl-rich rhyolize
Blobrum, Bimaodal- Aurchean 60— 14.0 qE-ser rhyolite Hony ( 1993 )
Canads maafic
Morbec, Canada Bimodal- Auchean 3.0-T.a dalm below ore Hony 1993
maafic
agz-ser rhyolive
Avcmuler, Bimuodal- Aurchean B F—hd andesite Beaty amd Tay bor
Cansds mafic {19=2)
4048 grid fracoured zome (stock-
work )
3638 dalm
Ansil, Canads Bimodal- Avrchean 4 .0—600 rhyolite, andesite Hone ( 1933
mafic
20— qgz-ser alvered rhyolite,
andesite
Corbet, Canada Bimodal- Acrchean 6008 andesite Urabe and others
maafic (1983)
2 3—4F ore Foae
Kadd Creek, Bimuodal- Mrchean 1Z.0-158 rhyoline Beaty amnd others
Cansds mafic {198R)
D T—-149 rhyolite (ore bost) Huston and Taylor
{ 1999); Beary and
oilvers {1 98E)
Q. 1-13.6 hanging wall porphoyry Huston and Tanylor
{ 1999)
Q0-12.3 chernty breccia
4.3-T8 chlorizite
Sourgeocn Lake, B dzal- Arch T 2T mabiboo, tonalite Kimg and others
Cansda Felsic (2OMMO )
TO—T.4 chil-epi-amph (intnasives)

epi-chl-ser

QOO0 15.0 sil

rhvolite (ore hosth
andesite

Holk and others
(=i N
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H3MmeHeHre BYJIKaHUTOB, CBSI3aHHBIX C MecTOpoxaeHusMH VMS, mpuBOIUT K H3MEHEHHIO
BAJIOBOTO coziepkanus 8>*S 3a cueT ocakaeHus CynbGUIHBIX U (HIH) CyTb()aTHBIX MUHEPAJIOB.

Inybuna pazmewjenusi.

HcTounuk, KOTOpBIM ympaBiseT THAPOTEPMAIBHON  IUPKYISAUe, B  OOJIBIIUHCTBE
coBpeMeHHBIX ycnoBuii VMS He ompeneneH. B coBpemeHHbIX yciaoBusix MOR HeOombIME JTUH3BI
pacriaBa ObUITM  CEHCMHUYECKHM HW300paKeHBI TI0J] HECKOJBKMMU CcerMeHTamu BocTtouHo-
THX00KEeaHCKOTO MOTHATHA, BIONb XpeodTa XyaH-ne-Dyka u B CpeqMHHO-ATIAHTUIECKOM PETHOHE
Pumxk. JIuH3BI pacmiiaBa 4acTo CBsI3aHBI C TUApOTEpManbHOM BeHTWsinuei. [Ipeamnonaraercs, yTo
OHH SIBJISIFOTCSI ICTOYHUKOM TET1JIa, BBI3BIBAIOIIUM THAPOTEPMANBHYIO HUPKYISAILHIO, U PACIOIOKEHBI
OJM3KO K OCHOBaHHIO cJ0s 2B, KOTOpBIN HAXOIUTCS MPUMEPHO Ha IIyOWHE 2 KM IOJ THOM OKeaHa
Ha OBICTPO CIIPETUHTOBBIX XpeOTax M Ha TIIyOMHE 10 3 KM IpU MEJICHHBIX CIIPEIMHTOBBIX XpeOTax.
Oxwunaercs, 4To OTH TIYyOWHBI OyayT NOAXOIUTH nis MectopoxaeHud VMS ¢ wmadwur-
yabTpaMaUTOBBIMU BYyJIKaHHYECKUMHU accouuanusmu. Oxnako B ycnoBusix MOR u 3agneit nyru
[0/l JINH3aMM pacIljaBa BBICOKOIO YPOBHSI HaXOJUTCSl 3HAUUTENbHAs (B HECKOJIBKO KHUJIOMETPOB)
KpUCTAJJIMYECKAsl MEIIaHWHA pacIillaBa, KOTopas TakkKe [OJDKHA BHOCHTH BKJIAJ B TEIUIOBYIO
SHEPru0, HeoOXOAUMYIO Il obecreueHus] THAPOTEpMaIbHON HUpPKyIauuu. OObluHas accoluanus
MecTtopoxaeHuit VMS ¢ kucibpiMu BylkaHUTaMu, Jake B cpeiax ¢ mpeodiaganreM MaduTOB MOKHO
NPENONI0KNUTh, YTO KHUCIBIE IUIYTOHBI OOecredYnBail HeoOxonumoe Teruio. Hammume Kucibix
BYJIKAHUTOB Ha MOBEPXHOCTH MNPEANOIOKUTEIBHO MPEArnoaraeT Hajludhe KHUCIbIX HMHTPY3UH Ha
riyOuHe, XOTsS O TOYHOM TIyOMHE Maslo yTO M3BecTHO. Kak MpaBHiIO, B COBPEMEHHBIX YCIIOBHSX
OTJeNIbHBIE MHTPY3UH BBICOKOTO YPOBHS SIBISIOTCS 3(pEMEpPHBIMH B CBOEH CIIOCOOHOCTH
obOecnieunBaTh TEIUIO AJis1 00ecneYeHNs THAPOTEPMAIbHON IIUPKYIISILIUH.

4.2 Ocago4HbIX.

3Hnauenue 0cadoyHvIX NOPOO 0I5l 2eHE3UCA MECOPOHCOEHUI.

BaxXHOCTb M MPOLIEHT 0Ca0YHBIX MOPO/I, CBA3aHHBIX ¢ MecTopoxIeHUsIMH VMS, pasnuyarorces
B 3aBUCUMOCTH OT THIa MECTOPOXIECHHUH M 3aBUCUMOCTH OT HUX JIUTOJIOIMYECKOH OOCTaHOBKH.
OcanouHble MOPOJBI ABIAIOTCS HE3HAYUTENIbHBIM KOMIIOHEHTOM B MECTOPOXACHMUSIX OMMOIAJIbHO-
MapHUUECKOro  THUMA, COCTABJIAIOT  BTOPOCTENEHHBIH  KOMIOHEHT B MECTOPOXKIEHHSIX
yAbTpaMaUTOBOTO THIMA, HO SBISIOTCS BaXXHHIM KOMIIOHEHTOM B MECTOPOXKICHHMAX KpeMHe-
00JIOMOYHOr0, OMMOJANTBHO-KUCIIOT0 U KPEeMHE-00JIOMOYHO-KHCI0ro Tuma. HecMoTpst Ha pa3inyHble
OTHOCHUTEJIbHBIE MPOMOPILUU OCAJ0YHBIX MOPOJ K OCHOBHBIM M KUCJBIM BYJKaHHYECKHUM IOPOJIaM,
CBSI3aHHBIE C HUMH OCaJOYHbIE JUTO(AIMU, B OOJBIIMHCTBE BbIIIENEPEUNCIEHHBIX yciaoBuit VMS
npeo0asaloT TeppUreHHblE OOJOMOYHBIE OCAJOYHBbIE MOPOJbl, B OCHOBHOM BAaKKH, MECUAHHKH,
QJIEBPOJIUTHI, APTHWIIUTBl M YIJIEPOJWCTHIE APTHIUIUTBL, C MEHBIIMM KOJWYECTBOM KpEMHEH,

KapOOHATOB, Mepresyiel 1 Kene3ucTbix oOpa3zoBaHuil. OTCYTCTBHE OIpeIeIeHHbIX 0CaJOUHBIX (haruit



61
TaK)K€ MOJKET CIY)KUTh Ba)KHBIM TajieoreorpaduieckiuM orpannyeHueMm. Hampumep, orcyrcTBHe
MOITHBIX SMUKIACTHYECKUX OCATOYHBIX TOJII MEXy apXCHCKIMH BYJIKaHUYECKUMHU 00pa30BaHUsIMU
rpynnbsl  peku briedk wuiaum BHYTPH HHX, B KOTOPBIX pacrHoiOXKeHbl MecTtopoxaeHus VMS
O6uMoganbHO-MapUTOBOrO TUMA B paiioHe Hopanja, mpeanonaraer, 4To BYJIKaHU3M ObUT AUCTaJbHEE
cy0alrpabHBIX WM HAJ3EMHBIX MACCHBOB.

CocTaBbl OCHOBHBIX M MHKPORJIEMEHTOB OCAJOYHBIX TMOPOM, CBSI3AHHBIX C MECTOPOKICHUSIMU
VMS, MoryT oTpaskaTb pa3IUYHbIC THUIBI HCTOYHHKOB IMPOUCXOXKICHHUS M TEKTOHHYECKUE YCIOBUS
CBSA3aHHBIX C HHUMH OCaJOYHBIX OacceilHoB. boibinas yacTh OCaZOYHBIX MOPOJ OTJarajach B
OacceitHax pacTspkeHus. OgHako camu MecTtopoxzaeHuss VMS o0bdHO (GopMHpOBaIUChH BHYTPHU
BYJIKaHUYECKUX LIEHTPOB, KOTOPBIE PACIOIAraIuCh B 00JIee MEJIKUX TPaOEHOBBIX CTPYKTYpax BHYTPHU
Oojee KpYIHOTO, 3allOJIHEHHOINO oOcagkaMu OacceiiHa pacTsbkeHust (Hampumep, barepcr).
MukposjeMeHTHbIE JaHHbIE MO BYJIKaHUYECKUM IMOpoiaM, cBsi3aHHbIM ¢ VMS, ykasbiBaloT Ha TO,
YTO OOJBIIMHCTBO MECTOPOXKICHHUI 00pa30BaloCh Ha Pa3IMYHBIX CTAIUSAX pUdTOreHesa, CBSI3aHHOTO
C BHYTPUTOBBIM M 33aQyrOBBIM pa3BUTHEM. PacmpocTpaHeHHe M YTOJIICHHWE OCaJOYHBIX TOJIII,
CBSI3aHHBIX C BYJIKAHWYECKHMHU M BYJIKAHOKJIACTHYECKHMMH TOPOAAMH, MTO3BOJISIOT BBISIBUTH HAINYHE
CUHBYJIKAHMYECKUX pPa3jIOMOB pOCTa, OOpa3oBaBIIMXCS B Xoae pudroreHesa. DT Ppa3ioMbl
ABIIIOTCS ~ KJIIOYEBBIM  TEKTOHMYECKHM 3JEMEHTOM B  (OPMHUPOBAHHH TUIPOTEPMATbHBIX
KOHBEKIIHOHHBIX ~ CHCTEM, KOTOpBIE  BBIOpAchIBAIM  METAJUICOACPKAIIME  KHJIKOCTH  Ha
3arevyaThIBaoIIee THO WM B IPOHHUIIAEMbIE TUIACTHI HEMOCPECTBEHHO IT0/T 3aI1eYaThIBAIOIINM JTHOM,
o0pa3ys mectopoxaenus VMS.

OO010MOUHBIE 0CAZOYHbIE TOJNIIH, OOBIYHO YIJIMCThIE apTUILIUTHI, HE3pelble SMUKIACTHIECKUE
BYJIKAHMYECKHWE BAKKM M KapOOHATHBIE TOJILIM, Yallleé BCErO0 BCTPEYAIOTCS B IMOCIEAOBATEIHLHOCTU
BUCSYMX  CTEHOK MecTopoxaecamii VMS  (Hampumep, paiton  beprcmaren, I[IBernus).
BynkaHoknacTHUeCKHE OTJIOKEHUS, BKIIIOYAIOIIME Bce OOJIOMOYHBIE BYJIKAHHMUECKHE MaTepUallbl,
oOpa3oBaBlIMecs B pe3yibTare J000ro rmpouecca (parMeHTaluu, IUCIEPTUpPOBAaHHBIE JIIOOBIM
TPAHCHOPTHPYIOUIMM areHTOM, OTJIOXHBIIMECS B JIIOOOW cpene WM CMEIIaHHBIE B JIIOOOU
3HAYUTEIBHONH YacCTH C HEBYJIKAHMYECKUMH (parMeHTaMH, SIBJISIOTCS BaKHBIM KOMIIOHEHTOM
OOJBIIMHCTBA MECTOPOXKACHUH VMS UM BKIIOYAIOT KaK NHUPOKIACTUYECKHE OTIOXKEHUs, Tak U
nepepabOTaHHBIN U MEePEOTIOKEHHBIH BYJIKAaHUYECKUNA MaTepuall, KOTOPbIi MOXeT OBITh MPOCIIOEH
TEeppUTreHHBIMHU ocaakamMu. JuddepeHnmanus Mex 1y NepBUIHBIME BYJIIKAHIYECKHUMH TEKCTYpPaMU H
nepepadOTaHHBIMK SITUKIACTHYECKUMH TEKCTYPaMH B TAKMX TIOPOJaxX MOXKET OBITh 3aTPyIHUTENbHA.

OcanouHble TOPOJBI, BKIIOYAs IEPEOTIOKEHHBIE KHUCIbIE BYJIKAaHOKIACTUYECKHUE TOJIIIH,
CBSI3aHHBIE C KHUCIIBIMH BYJIKAHWYECKMMH BMEIIAIOUIMMH IOPOJAaMH, MOTYT IOMOYb BBIICHUTH
Croco0 OTJIOKEHUSI KUCIBIX BYJIKaHWYECKUX MOpoJ (CyOa’paibHBIM WM MOABOJHBIN), TIIyOHHY BO

BpeMsl TIOJIBOJAHBIX M3BEP)KEHUN BYJIKaHOB U (GopmupoBaHuss VMS, a Takke CTaJud pacTsLKEHUS U
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OIlyCKaHMs B 3apOXJarolieMcsi pudTe Ha OKparHe KOHTHHEeHTa. Hanpumep, acconnanuy ocagodHbIX
¢dammii B cuinbHO AedopMupoBaHHbIX Zn-Cu MacCHBHBIX CYJIHMIHBIX MECTOpPOXAEHUsX B benamOpe,
ABcTpanus, yKa3plBalOT HA TO, YTO MHHEpAIHM3alMs MPOU3OILIa B ILEHTPE HSHCHATHMYECKOTO
3aJyrOBOr0 WJIM BHYTPUAYTOBOro OaccelHa IOcie KOHTPOJIMPYEMOrO pa3joMaMHU OIyCKaHHs B
CMEIIaHHOM cy0al’panbHOM U cyOakBalbHOM ciioe. Cpesa ¢ akTUBHBIM PUOJIMTOBBIM BYJIKAHU3MOM,
yepe3 MOPCKYI0 IIenb(OBYIO Cpely C H3BECTHAKOBO-BYJIKAHOKIACTHUECKON CeIUMEHTalueH
aprjuiMTa U TypOuauTa, OT puosMTa A0 Oasanbra. MaccuBHBIE Cylnb(HIBI 00pa30BAUCH B
QJIEBPOJIMTAX B IpejesaXx MPOKCUMAIbHOW (OKOJIOKEpIOBOH) (hanuanbHON accolMaluy cpelHe- U
rJ1yOOKOBOJAHOTO  IOJBOJHOIO  BYJKaHa, COCTOALIET0 U3  TYpOMAMTOBBIX  OTJIOKEHUH,
NEPECIIauBAIOIINXCSl C PUOJIUTOBBIMU M 0a3aJbTOBBIMU CHIIJIAMH, JTaBAMU W CBSI3aHHBIMH C HUMH
THAJIOKJIACTUTAMH Ha TIO3HEH CTaJiuu pacTsDKEHUE — OITyCKaHHe.

OnHako MHTEpIIpeTanus crnocoda BHEAPEHUs INTyOOKOBOAHBIX KUCIBIX BYJIKaHHYECKUX MOPO,
0COOEHHO TeX, KOTOpbIE IpeTepreny 3HAuYMuTeNbHble M3MEHEHUs, MeTamopdusm u nedopmanuio,
SIBJISIETCSI CIIOPHOM, ¥ BO3MOKHOCTH TTyOOKOBOIHOTO KCIIO3UBHOTO KHCIIOTO BYJIKAaHW3Ma OCTaeTCs
TMCKYCCHOHHOU. HexoTopeie ncciieqoBaHusl MPEATIOIOKIINA, YTO UITHUMOPHTHI B TIOJIBOJHBIX Cpeiax
HIPUYPOUYEHBI K MEJIKOBOJIHBIM MPUOPEKHBIM cpeslaM Ha INIyOMHaX B JIECATKM METPOB WJIM MEHBIIIE,
IIOCKOJIbKY OoJjiee BBICOKME JaBJICHHUS B YCIOBHAX Oojblled IiyOMHBI OynyT MpensTCTBOBATH
BE3UKYISILIUU M, CIICJAOBATEIHHO, B3PHIBHOMY M3BepikeHUI0. OIIHAKO M3BECTHO, YTO 3HAYHUTEIBHBIC
00BEeMBbI TIEM30BOH Te(PpBI OTIOKWINCH HENOCPEICTBEHHO B MOPCKOW cpelle Ha 3HAYMTENBHBIX
riyouHax (>1,4 km). BelsiBiaeHHe ocoOeHHOCTEN OCaJIKOHAKOIJIEHHUS OCaJ0YHBIX MOPOJ, OCOOEHHO
BYJIKAHOKJIACTUUYECKUX, OYAET urpaTb BaXXHYIO pOJb B Pa3pelIeHHH 3TOr0 IMPOTUBOpPEUUs B
OTHOIIEHHUH APEBHUX MecTopoxkaeHnit VMS.

OcamouHple, a TaKKe BYJIKAHWYECKHE TOJIIM Yy TMOJHOXKBS MOTYT OBITh BaXHBIMHU
MaTepUHCKUMHU NOpoJaMHu Juid MuHepanu3zauuu VMS. Hanpumep, B KpeMHUCTO- KUCIIOH 00CTaHOBKE
paiioHa batepct ruaporepmanbHas KOHBEKTHBHAsh CHUCTEMa, OTBETCTBEHHas 3a (hOpMHUpOBaHUE
MECTOPOXKICHHUN, MPOCTHpAaCh OO0 JTOBYJIKAHWYECKHX, CBS3aHHBIX C pH(TaMU TeppHUTEeHHBIX
0CaZ0YHbIX TOJII, KOTOPBIE HECOMIACHO IOJCTUIAIOT BYJIKAHUYECKUE I1OCIEA0BATEIBHOCTH H
otinoxenus VMS. IlepBuuHas NMpOHUIIAEMOCTb M TMOPUCTOCTH JUTO(AIMKA TMOIOIMIBBI BIUSIOT Ha
JIBIDKEHUE THUAPOTEPMAIbHBIX KMJIKOCTEH M, TAaKUM 00pa3oM, Ha pacrlpeiesieHHe U pa3BUTHE 30H
U3MEeHEeHHH. PernoHabHpIe KOMITIEKCH CONPOBOMKIAIONINX U3MEHEHNUH MHUPOKO PACIPOCTPAHEHHI B
MIPOHHIIAEMBIX BYJIKAHOKJIACTHUECKUX M KPEMHEOOJIOMOYHBIX OCAJTOYHBIX (DAIUAX MECTOPOKICHHUMA
VMS.

Paznuuuss B TNEpBUYHON MPOHUIIAEMOCTH U TOPUCTOCTH BYIKAHUYECKUX U  OCAJO0YHBIX
murodanmii BMenaromux mopoa VMS BiusioT Ha MOpdosoruio 30H u3MeHeHui. B ycinoBusx VMS,

B KOTOPBIX CHHBYJKaHHMYCCKHC PA3JIOMBI pas3pe3ar0T IIJIACThl, COCTOAINHNE K3  PBIXJBIX
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BYJIKQHOKJIACTUUECKUX MJIM KPEMHHCTO-OOJOMOYHBIX IOPOJ C BBICOKOM IPOHHMLAEMOCTbIO U
[IOPUCTOCTBIO, BOCXOJALINE T'MAPOTEPMANIbHBIE JKUJIKOCTH MOTYT pa3psDKaTtbCs B JIaTEpalbHOM
HAIpaBJIEHUU OT pa3jioMa U pasrpyxarbcsi Ha Oosnpiiol muiomanu. Ecnm akBaxmron (Hampumep,
KpEeMHE3eM, IJIMHA M HE3HAYUTEJIbHbIC CYIb(UIHBIE MHUHEpalbl; aprUJUIMT MEJIKO3EpPHHUCTBHIH;
YIJIMCTBIA aprUJUIUT) pa3BUBAeTCsl B TOJILE IOJOILIBBI, IEPBOHAYAIBHO IIIOXO C(HOKYCHPOBaHHAS
pasrpy3ka MOXKET JIOKaJM30BaThbCA BAOJNb CTPYKTYPHBIX KaHaJOB WK  0Opa3oBHIBAThH
JVICKOP/IaHTHBIE, IIMPOKHE U JIOKATBHO CTPATH(QOPMHBIE 30HBl H3MEHEHUH TTOOIIBHI.

Ilopucrocts M pa3Mep 3€peH OTIOKEHMH UrparoT BaXHYK poOJib B IPEAOTBpPAIICHUU
pacceuBaHMsl MeTaysiocojepxkamux okuakocted. IlogBogHoe  HakomieHHe U 3aMelIeHHE
NPEICTaBISIOT c000i A(PPEKTUBHBI MEXaHU3M YJIABJIMBAHUS METAIJIOB U MOTYT OBITh NMPUYUHOU
o0pa3oBaHusi KPYMHBIX TaOMUTYATBIX  MecTopokaeHuit VMS. HekoTopele KOMIOHEHTHI
LUPKYJIUPYIOLIEH THAPOTEPMAIbHON KHUIKOCTH 33JE€P)KUBAIOTCS B OTJIOXKEHUAX BUCSYUX CTEHOK U
ocajikaX MOPCKOI'O JIHa, a TaKUEe 3JIEMEHTBI, Kak KpeMHUI U KOoHcepBaTUBHbIE 31eMeHThl (Mn, Eu, P,
Tl, a Takke LBETHBIE M APATrOICHHBIC METAUIbI) HAKAIIMBAIOTCA B 3THUX OTJIOXKECHHAX. 00pasys
pyasbsie Tena. [loxBomusie VMS ocaxaaroTcs B paHee CYIIECTBOBABIINE MOPOBBIE MTPOCTPAHCTBA U
TPELIMHbI BYJIKAaHWYECKMX HJIM OCAJ0YHBIX IOPOA, WIH B PE3yJbTaTe 3aMEIlEeHUs BYJIKAaHMYECKUX
WIN OCa/IOYHBIX KOMIIOHEHTOB XMMHUYECKH aKTUBHBIM «XO3SMHOM», TAKUM Kak kapOoHat. HanGonee
0JIaronpuATHBIMU  OCAJOYHBIMM MOPOJAMH JJIsi TaKWUX TOJBOJHBIX OTJIOKEHUN SBISAIOTCA
II1yOOKOBO/IHBIE TEPPUTE€HHBbIE OOJOMOYHBIE MOPOABI, TAKHE KakK IMecYaHUK U Bakk; llonBoaHbie
OTJIOXKEHHUS B aprWUIMTO-TUTO(AIMAX BCTpedaroTcs penko. I[loaToMy mpeanodTUTENbHBIMU
o0BbeKTaMu ABJSIIOTCA oTioXkeHus VMS, pacrionoskeHHbIE B BYJIKAHUYECKHX TOCIE0BATEIbHOCTSX,
B KOTOPBIX MPe00IaaatoT BYJIKaHOKIACTUYECKUE U (MJIH) KPEMHUCTO-00JIOMOYHBIE INTO(AITIH.

Mectopoxaeanss VMS OumonanpHO-Madudeckoro Ttuma (Hampumep, Hopanma, Kanana;)
CBSI3aHbl C TEPPUICHHBIMH OCAJOYHBIMHU IOPOJAMH, B KOTOPBIX MpeoOsIafaloT He3peible BaKKH,
NECYaHUKHU M apTUILTUTHL. [ MapoTepManbHbIi KpeMeHb TakkKe 0ObIYeH B HEMOCPEICTBEHHOM BUCAYEH
CTEHKE HEKOTOpBIX MecTopokiaeHuid. Mecropoxaeaus VMS wmaduro-ynprpamMmaduToBOTO THIIA
(manpumep, Tpoomoc, Kump) o6sruHO comepkar <10 MpOIEHTOB OCaTOYHBIX MOPOJ, COCTOSIINUX
PEUMYIIECTBEHHO U3 CYIb(HIHBIX, BOCCTAHOBJIEHHBIX WM T'€MaTHT-OKHCICHHBIX apTHJUIMTOB,
KpemHel u (nim) Ty(doB.

Mecropoxaeans VMS  kpeMHEOOIOMOYHO-MA(PUUECKOTO THIA BCTPEYAIOTCS B  3PENbIX
OKEaHMYECKHX 3aJYrOBbIX IIOCIIEJJOBATEILHOCTAX, B KOTOPBIX MOIIHbIE MOPCKHE TOJIIIU
00JIOMOYHBIX OCAJ0YHBIX MOPOJI U MPOCIOeK 0a3zanbTa MPUCYTCTBYIOT B MOYTH PABHBIX MPOMOPLUIX
win ¢ npeobnananuem nenuta. [Ipumeps! HaxonsaTcs B paiioHax beccu m CumoakaBa B SlnmoHuu u
mectopoxkaennn Bunau-Kpsrru B bpuranckoit KomymOuum, Kanaga. Ocanounble mopojibl,

XapaKTCPHBIC JIA MIEITUTOBOM J'II/ITO(l)aIII/II/I, BKJIIOYAKOT AapruJuUIMThl, YTJIUCTBIC QapruJlJIMTBI, B
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MOAYUHECHUH QJICBPOJIUTHI, MEpPreii W KapOoHaThl (OMOKIAcTHYECKHE W XuMudeckue). Jpyrue
COITYTCTBYIOIIME OOJIOMOYHBIE TOPOABI MOTYT BKJIIOYaTh AapEHUT, APEHUTOBBI KOHIJIOMEpAT,
TypOUIUTOBBIA CIaHEl M TEeCYaHWK. MeTaxepT, MarHeTHUTOBas »ele3Has (opmarus, KOTHUKYIa
(MenKOo3epHHUCTasE KBapL-CIECCAPTUHOBAsE MOpPOJAa) M TYPMAIMHUT BCTPEYAIOTCS BO MHOTHMX
MeTaMOp(hHU30BaHHBIX MECTOPOXKJEHUSAX Tuma becmu win BOIM3M HUX U MOTYT 00pa3oBarbCs B
pe3yibTare JOMETaMOp(PHUUECKHX THUAPOTEPMATbHBIX HM3MEHEHUH WJIM XUMHUYECKOTO OCAKICHHS,
CHHXPOHHOT'O C MACCHBHBIM CYJIb()UTHBIM OTIIOKEHUEM.

Otnoxxenust OMMOJATBLHO-KHUCIOTO THIIA, Hampumep, naineomnpotepo3ost Paiion Illemnedre B
[[IBeruu u cpenHenaneo3oiickuii paiion o3ep Punneiicon B Kanaae, oOpazoBaBmmecs: B mpeaenax
3apOXKAAIOMINXCSA PUDTOBBIX IYr KOHTHHEHTAJIBHBIX OKPaMH W CBSI3aHHBIX C HUMH 3aJHUX JYT,
coJiepKaT Jullb OKoJo 10 MPOLIEHTOB TEPPUTCHHBIX OCAJOYHBIX TOJLI. BylkaHuueckue mopoisl
KHCIIOTO COCTaBa COCTaBIIAIOT MPeodNafaromlyro JUTOJ0rHI0 (35—70 mpOLEHTOB BYIKAHUYECKUX
tonuy), mpu 3ToM OazaneT coctaBinseT 20-50 mpomentoB. B 3Tux paifoHax pacrmpocTpaHEHbI
MOJIBOJAHBIE KHUCJbIE BYJKAHOKIACTUUYECKUE IOPOJAbI, M MHOIME W3 KHUCIBIX BYJIKaHUYECKHX
OTJIO)KEHUH ObulM TepepadoTaHbl OCaJ04YHBIMU IporieccaMud. OOBIYHBIE THUIIBI OCAJOYHBIX OPOJ
(MM BO MHOTHX CIlydasx MperojaraéMble OCaJ0YHbIE MPOTOIHUTHl META0CaJA0YHBIX TOPOJ),
MPOCIOEHHBIE BYJIKAHMYECKHUMH MOPOJaMH, BKIIOYAIOT PUOIUTOBBIA Ty(OAnIeBpOIUT U TMECUAHUK,
YIJIMCTBIA  QJIEBPOJIUT M APTHJUIAT, IIOJICBOIITIIATOBBIA ¥ KBAapIOMOJEBOUIATOBBIA TYypOHIUT,
NECYaHUK, BYJKAHUYECKUN OpeKUMII-KOHIIIOMEPAT U BYJIKAaHOKJIACTUYECKUE MOPOJIbI. C U3BECTKOBOM
MmaTpuuei; [1o cpaBHEHUIO C 9TUM U3BECTHSK PEAOK.

KpemHHCTO-0010MOYHBIE TONIIU COCTABISIOT 10 80% MOpoJI, CBA3aHHBIX C MECTOPOXKICHUSIMU
KPEMHEOOJIOMOYHO-KHUCIJIOTO THIA, (POPMHUPYIOIIUMHUCS B 3pPEJION SMUKOHTHHEHTAIBHOU 3aIHEH TTyTe,
npuMepoM KOoTopolt sBisitorcs MOepuiickuil nmuputoBelid nosic, Mcnanust u Ilopryranus u barepcr,
Kanama. OmnpenensioT KpeMHHCTO-OOJOMOYHYIO —OCAJ0UHYI0 JIMTO(ALUI0 KaK COCTOSLIYIO
MPEUMYIIECTBEHHO U3 BaKK, IECYaHHKA, apTUILTUTA, alleBPOJIUTA U MECTaMH >KETE3UCTHIX (hopmanuii
WIM aprujuiuTa, 60ratoro skeiae3oM M MmapraueM. CommyTCTBYIOIIAsl JIMTOJIOTHS BKIIIOYAET KHUCJIbIE
BYJIKAHOKJIACTUYECKHE TOPOJbl M BTOPOCTENEHHBIE IOHWXKEHMS, Kylojla M HMX HHTPY3UBHbBIE
OKBUBANEHTHl  (okomo 25%), a Takxke MapUTOBbIE TOHWKEHHUS, CWIUIBI M  MEJKHE
BYyJIKaHOKJIaCTHUYeCKHe Mopoabl (okoso 10%). I'muHUCTBIE M YIIUCTBIE OCAJ0YHbIE MOPOABI M UX
(GUIITMTOBBIE WIIHM CIIAHLIEBAThIE SKBUBAJICHTHI, a TAKXKe XUMHUUEcKHe ocagounble nopoas Fe, Mn, Ca
u Ba pacnpoctpaHeHbl B BHCSUEM OOpTE A3TOr0 THUIMA MECTOPOXKJIEHUH. TUNMMUHBIMH TUIIAMU
ocaZioyHbIX mopoJ MOepuiickoro MMpPUTOBOrO Mosica SIBISAIOTCS ClaHLbl (YepHbIE, TEMHO-CEpHIE,
3€JIEHbIE U MYpPIypHBIE), TPayBAKKU, KBapLIBAKKH, MPUMECHBIN KBAPLUT, KPEMHUCThIE XUMUYECKUE
0CaJI0OUHBIE MOPOABI (SIIMa WIH KPEMEHB) U PaUOJISIPUT; BTOPOCTETIEHHbIE U3BECTHIKU BCTPEUAIOTCS

B BUJIC JIMH3 U KOHerHHﬁ.
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Munepanoeus. YuuThiBasi, 4YTO TOAABJISIONIEE OOJIBIIMHCTBO MecTopoxkaeHuit VMS u
BMEINAIONIMX MX TOPOJA MeTaMOp(H30BaHBI, MUHEPAJIOTHs (METa)OCaTOUYHbIX MOPO, CBSA3aHHBIX C
pPa3UYHBIMK ~ THIIAMH  MECTOPOXKICHHUM, PpEAKO COXpaHSeT MEpPBHYHYIO TIHHUCTO-SIO>-
MOJICBOIIIATOBYIO-POTOBYI0 00MaHKY-ITUPOKCEHOBYIO MUHEPAJIOTHIO OCAAKOB U Oy/leT BapbUpPOBATh.
B COOTBETCTBHUH CO CTeNeHbto MeTamopduiMa. OObIuHbIE 00JIOMOYHBIE WM MaTPUYHbIE MUHEPAIbI,
IPUCYTCTBYIOIIME B OCAJOUYHBIX IIOPOJAxX, BKJIIOYAIOT KBapll, CIOUCTbIE CHJIMKAThl (HaIpumep,
WIIAT, KAaOJUHHUT, XJIOPHUT, CEPUIUT, OMOTHT U MYCKOBHT, IOCJIEIOBATEIBHO PA3BUBAIOLIHECS C
YBEJIMYEHUEM CTENEeHH MeTaMop(u3Ma), IUIaruoKiia3, KaJlWeBbId II0JIEBOM IIMar, KapOOHATHBIE
MUHEpabl, JETPUTOBBIA OJMBUH. THPOKCEH M amMpubon, a Takke 3aMellaloue Hx
MeTaMop(uieckue MUHEpalbl (HampuMmep, SMUJ0T, TUTAHUT, WIBMEHHT), a TaKXKe MUPUT U (WJIH)
OopraHuveckoe BemecTBo/rpadur. MarHeTuT, KOTUKYJa W TYPMaJHH — XapaKTEPHBIE MHHEPAJIbI
XUMHYECKH OCKJIECHHBIX 0CAA0YHBIX MOPOJ MECTOPOXKICHUN KPEMHEOOIOMOYHO-MA(PUTOBOTO THIIA.

Texcmypbl 0CaJIOUHBIX TOPOJI, CBSI3aHHBIX ¢ OTiOXkeHUsAIMH VMS, KOTOpble BIOCIEICTBUU HE
ObUTM M3MEHEHBI TUHAMOTEPMAILHBIM METaMOP()HU3MOM, BKITFOYAIOT CTPYKTYPBI MATKUX OTJIOKEHUH,
PUTMHYECKYIO HACJIOEHHOCTh TYpOHMIIMTOB, CTYIIEHYATHIC CJIOM, MEPEKPECTHOCTh, YTOHUYCHUE WIIH
YTOJILEHUE CIIOEB, CBSI3aHHBIX C CUHBYJIKAaHUYECKUMU Pa3IOMaMH, PUTMUYHYIO MEIKOMACIITaOHYIO
MOJIOCYATOCTh YIJIEPOAUCTHIX MOPOJ. M BYJIKAaHMYECKHE IUIACTUHKH, OMMOJAlIbHOE pacIpe/ieicHHe
o pasMepaM TepepaOOTaHHBIX  BYJIKAHOKJIACTUYECKHX IMOpPOJX  (OCOOGHHO  COIep KaIluX
BKpAIUICHHUKU KBapla), IJIOXO OTCOPTUPOBAHHBIX OCAJOYHBIX OpeKYUd U KOHIJIOMEpATOB.
OO010MOUHBIE TEKCTYPHI TAK)KE MPUCYTCTBYIOT B MAaCCUBHBIX CYIb(GUAHBIX OTIOKeHHUsX. Hanpumep,
B MOepuiickoM NHPUTOBOM IOSICE TaKUE OCAJOYHBIE CTPYKTYpPbI, KaK CTyleHYaras CJIOHCTOCTb,
MEPEKOChI, 0CAJOUHbIE OPEKUMU U CTPYKTYpPbl OMOJ3HS, PaCIpPOCTPAHEHbl B MAaCCUBHBIX CIOMCTBIX
pynax.

Pasmepul 3epen 0caouHbIX TIOPOJI, TPOCIOEHHBIX OTIOKEeHUAMH VMS 1 NpUCyTCTBYIOIINX B
Onu3nesxalel MoABOJHON cpelie OCaJIKOHAKOIIJICHUS, BApbUPYIOTCS OT CyOMMJITMMETPOBBIX YACTHIL
B MEJIKO3E€PHHUCTHIX apIUJUIUTAX A0 00JOMKOB JIMaMETPOM B JIECATKU CAHTUMETPOB B BYJIKAHUYECKHUX
U OCaJlouHbIX OpeKuMsX/KOHrioMmeparax B pu(ToBbIX OacceliHax. buMmonanbHOe pacmpeneneHue
3epeH Mo pa3MepaM, 0COOEHHO KBaplia U IMOJIEBOTO MINAaTa, YaCTO BCTPEUAETCS B SMUKIACTUYECKHX
nopojax, oOpa30BaBIIMXCS B pe3yJlbTaTe pPEeMOOMIM3ALUN KPUCTAUIMYECKHX Ty(})oB WM
CyOBYJTKaHMYECKUX TMOPPUPOBBIX HMHTPY3Ud. MeTamopdudeckas pEeKpUCTALIU3ANNS OOBIYHO
NPUBOIUT K YBEJIWYEHHUIO pa3Mepa 3€pHa, HO 3TO YBEIMYEHHE MOXKET IPOTHUBOJCHCTBOBATH
U3MENBYCHUIO 3€peH MpH  MpoHHKawomed aedopmanuu. BBICOKOCOPTHBIA — MOCTPYIHBIN
PETHOHAIBHBIN WM KOHTAaKTHBIH MeTaMOpP(PHU3M MOXKET J1aTh KPYIMHO3EPHUCTHII I'paHaT, aHJIaly3uT,
KOPJIMEPUT, POTOBYI0O OOMAaHKY WJIM APYTrue MUHEPAIbl B U3HAYAJIbHO MEIKO3EPHHUCTHIX OCaJI0YHBIX

nopojax. O6ioMouHble CyIb(UIbI, Pa3MbIThIe U3 «JIBIMOXOJOB U KypraHOB», OOBIYHO COCTOSIT U3



66
3epeH pa3MepoM OT IecKa J0 aleBpUTa B IUIACTOBBIX OTJIOKEHHUSAX, a OOJOMKHM MaCCHBHBIX
CyIb(QHIOB pa3MepoM OT OYJIBDKHUKA JI0 BaJyHa PEIKO BCTPEUAIOTCS B PYCIIOBBIX OTJIOXKEHHSX C
HU3KHUM COZIEpP)KaHUEM OOJIOMKOB.

Cpeoda ocadicoenusl.

Ocanounble TOpOJIbI, CBsi3aHHBIE ¢ oOTIOXkeHHsIMH VMS OGumonanbHO-MapUuecKoro TuIa,
OTJIATaJIUCh B TIpEeNiax 3apoKIaronieiicss pudToBoi OMMOINANTHHON BYJIKAHUYECKOW IIyTU HaJ
BHYTPUOKEAHHUYECKOW 30HOW  cyOaykumu. Ocamounble mopoabl B omiokeHusix  VMS
yAbTpaMa(pUTOBOrO TUIIA HAKAIUIMBAIKUCH B 3pEJIbIX, BHYTPUOKEAHUUECKUX, 33 {yTOBbIX U CBSI3aHHBIX
C HUMM TpaHC(OPMHBIX pazjoMax WJIH, peXe, Ha OKEAHWYECKMX OCTPOBaxX WJIM MO3JHEH craauu
KOHTHHEHTAJBHBIX 33{yTOBBIX IOJBOTHBIX TOP.

['eomornveckne 0COOEHHOCTH MECTOPOXKACHUH  KpPEeMHE-00JIOMOYHO-Ma(hUIECKOTO  THIIA
HO3BOJISIOT MPEANONOXKUTh, 4YTO JIyYIIMMH COBPEMEHHBIMH aHAJIOraMu SBISIIOTCA  Oorartble
OUPPOTUHOM CyNb(UIHBIE CKOIUICHHS Ha MOILIHBIX OCAJOYHBIX TOJIAX U BHYTPU HHX,
NEPEKPHIBAIONINX OKEAHHMYECKHE CIPEANHTOBBIE XpeOThI CeBEpPO-BOCTOYHON yacTh THWXOro okeaHa,
Takue Kak OacceiiH ['yaiimac, nmporu0 Ockanaba u CpenHsas noinuHa. Bo Bcex 3THX COBpPEMEHHBIX
aHaJorax OCHOBHBIM KOMIIOHEHTOM OOJIOMOYHBIX OTJIOXEHHUH SIBISETCS 3POAMPOBAHHBIA MaTepuall
Onu3eKalluX KOHTUHEHTAJIbHBIX MaccuBOB. OcajoyHas MMOpoJa B 3TUX COBPEMEHHBIX aHajorax
COCTOUT W3 TYpOMIUTOBBIX WIJIOB, KOTOPHIE MOTYT IPOCIAWBaTHCS JUATOMOBBIM WIIOM, HJIOM,
apKO30BBIM TIECKOM M MECTHBIMH YTJIEPOAMCTHIMHA ocaakamu. OxeaHWdeckue 0a3allbTOBBIE W
CBsI3aHHBIE C HUMHU MaduTOBBIE Naliku M cwuibl coctaBa MORB 3aneratorT BAoib CHpeaMHIOBBIX
XpeOTOB - BaXHOTO HCTOYHMKA TeIUa sl THAPOTEpPMAIbHOW IUpKymsauuu. HekoTopsle
TEKTOHWYECKHEe OOCTAaHOBKM COJEpXAT BHINICYKa3aHHBIE JJIEMEHTHI: BHYTPHUKOHTHHEHTAIbHBIC
pudTHL, pUPTOBBIE OKPAHHbl KOHTUHEHTOB, OKEAHNYECKUE XPeOThl BOIN3H MAaTEPUKOBBIX MAaCCHUBOB,
3ayroBble BNAJMHBI U CIPEAMHTOBBIM XpebeT, moriomaemblii 30HOH cyOaykuuu. B kauectBe
BO3MOXHBIX COBPEMEHHBIX AaHAJOrOB MECTOPOXKJIEHUH KPEeMHE00JIOMOYHO-Ma(hUIEeCKOro THUMa
Ipe/IaraloTcs TakKe MJIaCTMHYAThle METaNIOHOCHbIE oTiokeHus: KpacHoro mops. 3xech ropsumue,
OoraTble MeTalJlaMU Paccojibl U METAUIOHOCHBIE OTJIOKEHUS 3aJIeraloT Ha TOJEUTOBBIX Oa3ayibTax,
HBAIOPUTAX U CIAHIIAX; COBPEMEHHBIE OTIIOKEHHSI COCTOSIT B OCHOBHOM M3 U3BECTKOBOTO MIIA.

OcaouHble TOPO/IbI, CBA3aHHBIE C OTJIOKEHUSAMH OMMOAAIBLHO-KUCIIOTO TUIIA, HAKATUIMBAINUCh B
YCIIOBUSX 3apoKaaronieiicss pupToBoi OKpauHHO-KOHTHHEHTAJIbHOU JYTH U 33JlyTOBBIX 00CTaHOBOK.
[TaneonpoTtepozoiickuii paiton Ilemnedre B IlIBenmm mpencraBiser co0OW TPHUMEpP CIOKHOW M
pa3sHooOpa3HO# nasneoreorpaduu, B KOTOPOH Ui 3TOrO0 THUIA MECTOPOXKJIEHUH JOKYMEHTAIbHO
HOJATBEPXK/IEHbl MarmMaTu3M, IMOJIMMETAUINYecKass MHUHEpaau3alus U celuMeHTauus. M3meHenus
WHTCHCUBHOCTH W MECTOIOJIOKEHUS MOPCKOTO BYJIKaHM3Ma TMPUBEIH K CyOpernoHaIbHBIM

HECOrJ1aCusM, I{I/I(b(i)epeHHI/IaHBHLIM MNOAHATUAM H OIIYCKaHHAM, UYTO IIPHUBCIIO K 06pa30BaHI/IIO
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CJIO)KHOM CHCTEMBI TOPCTOB M TpabeHOB. CemMMeEHTAIMsi B ITOM CHCTEME TOPCTOB U TpaOCHOB
pa3sHoOoOpa3Ha BO BPEMEHH M NPOCTPAHCTBE M BKIIOYAET AIOBUAIBHO-IECIIBTOBBIC OTIIOXKEHHS, a
TaKXKe apruJUIMTOBBIE M TECYaHUKOBBIC TypOuauThl. CleqoBaTelIbHO, MAacCHUBHBIE CYIb(QUABI B
paitone lllemnedre, kak moyararoT, OXBaTHIBAIOT IIENIbIM pPSAJl TUIOB PYAHBIX MECTOPOXKICHUN: OT
IyOOKOBOJHBIX OTJIOKEHUI HAa MOPCKOM JIHE 10 CyOMOpPCKHMX 3aMEIlEeHUH, O MEJIKOBOAHBIX H,
BO3MOYHO, Cy0a’paIbHBIX CHHBYJIKAHMYECKUX 3aMEICHHH.

Mecropoxkaenuss  VMS  kpemHHCTO-KMCIOTO  THMAa  CHOPMUPOBAINCH B 3pEIbIX
KOHTUHEHTAJIbHBIX WM SMUKOHTHHEHTAJbHBIX 0OCTaHOBKax 3aaHed nyru. OcaJouyHble MOPOJIbI,
CBS3aHHBIE C 3TUM THUIIOM MECTOPOXKICHHM, HAKaIUIMBAJIUCh B OOLIMPHOM MOJIBOAHOM Oacceiine,
KOHTPOJHPYEMOM pa3joMaMH, ¢ OTPAaHMYCHHON IUPKYJIAIUEH U TOHWKEHHBIM OKUcIeHueM. [lo nim
CUHBYJIKAHMYECKHE PA3JIOMBI U MX TIEPECCUYCHUSI C IPYTHMH PETHOHATBLHBIMH CTPYKTYpaMU ChITpalld
BaXHYIO POJb B OMNPEICICHUU MECTOMOJIOKEHUS BYJIKAHUYECKUX LIEHTPOB M CBS3aHHON ¢ HUMH
TUAPOTEPMAIbHON aKTUBHOCTH BHYTPHU 0acCEeHHOB.

Beuti TTpOBeIeHBI AKCIIEPUMEHTHI ¢ BOJOHACHIIICHHONW TIEM301 U ()parMEHTaMH TOPHBIX TTOPOJ]
(KaMEHHBIMHU TOPOJIaMU) W TOKa3ajJM, YTO YAaCTHIIbI, OCEAAIONIME HA MOPCKOE JHO C MPEeaeabHOU
CKOPOCTBIO, OYAYT JEMOHCTPUPOBATh 3aMETHYIO OMMOJANBHOCTD TUAMETPOB YACTHUIL: KYCKH MEM3bI
MOTYT OBITH B MATH-JECATH pa3 OOJbIIE, YEM COOTIOKEHHbIE KaMeHHblE (parMeHTbhl. OHH TaKxke
MOKa3aJlv, 4YTO aHAJIOTUYHBIA MaTepua, KOTOPBIA M3BEPraeTcsl B BO3YX W OTKJIAJBIBACTCS Ha CYIIIE,
UMEET TOpa3/io MEHee Pa3BUTYI0 OMMOJAIBHOCTH Pa3MepoB: JAUAMETP TMeM3bl OOBIYHO BCETO B JBa-
TpH pa3a OOJbIle, YeM Y CBSI3aHHBIX C HEH KaMEHHBIX MOPOJ. DTH CTPYKTYpPHBIC Pa3lIu4YUs MOTYT
OBITH KCIOJNB30BAHBI ISl BHIBOJA O TOJBOJHOM MPOUCXOKIACHUH HEKOTOPHIX OTPOMHBIX TOJII
BYJIKAHHYECKUX OTJIOKEHUH B JPEBHUX BYJIKAHWYCCKUX TEpperHaxX, cpela OTIOKECHUS KOTOPBIX
OCTaETCs HEOMPEICIICHHOM.

OrpanuueHus Ha TIIYOMHY CEIMMEHTAIlUU, CBSI3aHHOM ¢ OTIOkeHHsMH VMS, MOryT OBIThH
00YyCIIOBJIEHBI CETUMEHTOIOTUYECKUMHU 0COOCHHOCTSIMHU CTPATUTPAPUUECKUX pa3pe30B BhIIIE U HIKE
OTJIO)KEHUH, KOMIUIEKCAMH WCKOITAEMBIX M HCCJICIOBAHUSMHU KUJIKUX BKIIOYCHHH B CBSI3aHHBIX C
HUMH  MacCHBHBIX  CYJb(QUIHBIX MHHepasiax. Hampumep, Ha  OuMOmaITbHO-MaQHUTOBOM
MecTopoxaeHun Jlbicass Topa Ha ceBepe MmTara MpdH YCIOBUS TIIYOOKOBOJAHOTO OTJIOKECHUS
MPEJIONIararoTCsl 0CaJ0YHON TOJIIEH, B KOTOPOH OTCYTCTBYIOT KaKUe-THOO 0CaoyHble CTPYKTYpHI,
CO3JIaHHBIC BOJIHAMM, JIF00asi MEJIKOBOJIHAsE MOpCKas (ayHa in situ u naxke Jro0ast mepeoTIoKeHHAs
MEJIKOBOHAs MOpcKas (ayHa; W JIOOBIE JOKA3aTeIbCTBA CyOadpaibHOTO OOHAXEHUS, DPO3UU WITH
ATIOBUANBHON CeMMEHTaluu. J|OMONMHUTEIbHBIM CBUIETEIHCTBOM TIIYOOKOBOAHOU cpeabl JIbicoid
TOPBI SIBIISIETCS HAIMYKME YTIEPOAUCTHIX apTHIUTUTOB, BCTPEUAIOIINXCS MO BCEMY pa3pesy, KOTOpEhIE,
KaKk TMpaBwio, o00pa3yloTca B TIyOOKOBOJIHBIX ycnoBusix >200 M. Otu  1i1yOOKOBOJHBIE

CEIMMEHTOJIOTHYECKHE OCOOCHHOCTH TMOATBEPKIAIOTCS aHaIW3aMu  (QIIIOWIHBIX  BKIFOYCHHUI
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IIEPBUYHOTO THUAPOTEPMAIBHOTO KBaplia MECTOPOXAEHHsA JIbicas ropa, KOTOpBIC YKa3bIBalOT Ha
TUAPOCTATUIECKOE JaBICHHUE, COOTBETCTBYIOIIEE TIIyOnHe naieBoab! >1,45 kM.

Hanpotus, crtpaturpaduueckue naHHBIE MeCTOPOXACHUH VMS KpEMHHUCTO-KHCIOTO THIIA
Maynt Yanmepc — MacCHBHOrO Cynb(ua IUIOC HITOKBEPKOBOIO MEIHO-30J0TOr0 PYAHOIO Tella B
KBuHcnenae, ABcTpaius — yKa3bIBalOT Ha MEJIKOBOAHYIO OOCTaHOBKY OCa/IKOHAKOIIJIEHHUs BO BpeMs
MuHepanuzauui. OKaMeHeNoCTH, WIACHTU(UIMPOBAHHbIE B MEPMCKOM OCaJOYHOM paspese
Yanmepca, coctoar u3 Opaxuornojl, OpPIOXOHOTMX MOJUIIOCKOB, JIBYCTBOPYATHIX MOJUIIOCKOB H
MILIAHOK, KOTOpbI€ JEMOHCTPUPYIOT OIpaHMYCHHYIO IepepadOTKy M  COAEp)KaT  Clelbl
OKaMEeHeNOoCTe!, THIIMYHBIX Ul uXHo(auuu Kpy3uana. DTy nckonaemble KOMIUIEKCh yKa3bIBalOT Ha
OTJIOXKEHHUS HIKE dPPEKTUBHOIO OCHOBAHMS BOJHBI U MpeanosaratoT Hanmuue riryounsr 200-300 m
OpU OTJIOKEHHMH MAcCUBHBIX Cyinb(umoB. Takoe ompeaereHre Manoil TIyOMHBI WMEET Ba)KHBIC
HOCJEICTBUS Ul B3aUMOJCHCTBUS MEXAY IIyOMHOM, KUIEHHEM THAPOTEPMAIbHbBIX >KUIKOCTEH U
oOpazoBanuem otnoxxkeHuit VMS. Tlpennonoxxuinu, 4To MOpCKas cpela ¢ MUHUMAJIbHOW TIyOUHOM
1000 M HeoOXoaWMa sl TPENOTBPAINCHUS KHUIECHUS MOJHUMAIONIMXCS TUAPOTEPMAIBHBIX
KHUJIKOCTEH, KOTOPOE MOTJIO ObI BBI3BaTh OCAXJIEHHE CYIb(GUIOB U 00pa30BaHHE PACCESHHBIX WIIH
KHWIBHBIX OTJIOXKEHUI, a He 00pa30BaHHE MACCHBHBIX CTPAaTU(OPMHBIX OTIOKEHHH. pyabl. OgHaKO
OPEIMNONI0XKUIN, YTO CEJUMEHTOJOTMYECKUE CBMJETEIbCTBA MEJIKOBOAbS INIyOMHA JIONYyCKaeT
BO3MOXXHOCTb TOTO, YTO PYyI000pa3yolliue XUAKOCTH MOIJIM 3aKUIETh 10 TOro, Kak JOCTUIJIU
VIUIOTHEHHOT'O JTHA, OCOOEHHO €CIM CYLIECTBOBAJIM CY)KEHHS WJIM CAMOYIIJIOTHEHUE KaHaJIOB JUIs
KHUJIKOCTH, M 4YTO KHUIIEHHME MOIJIO NPUBECTH K 0Opa3oBaHHMIO cTpuHrepa mnojomsbl Kypuxa u
MOBBIIEHHON COJIEHOCTH. B KUAKUX BKIIOYEHMSIX Ha rope Yaimepc. OTmeTnin, 4rto, HECMOTpPS Ha
BEPOSATHOE KUIIEHUE THIPOTEPMaIbHBIX XKHUIKOCTEN Ha MecTopoxaeHnn Yaamepe, o0pazoBajiuch 1Be
JUH3bl MAaCCUBHBIX CyIb(UIOB, U YTO 3Ta HUHTEpPIpETalMs COrjacyercss C MpUMepamMH U3
COBPEMEHHBIX MACCUBHBIX CYJIb(QHUIHBIX CHCTEM, B KOTOPBIX KHIIEHHME Ha OOJIBIIMX TIyOuHaXx,
Harpumep, Ha xpebre Oxcruopep (1850 M) u moxBoanoil rope Axkcauane (1540 wm),
COIPOBOXKAAETCS OTJIO)KEHUEM MAaCCUBHBIX CYJIb(UIOB.

VYrnepoaucTeie CiaHlbl SABISIOTCS OOBIYHBIM KOMIIOHEHTOM OOJBIIMHCTBA MECTOPOXKJIEHUMN
VMS, Hanpumep, MECTOPOXAECHHA B  paHHENANE030MCcKOM JpaiioHe barepct u B
CpEeIHENAIe030MCKOM paiioHe o3epa DuHielcoH, paiioH bonnuenn. IlpucyrcTBue yriepoaucTsix
OTJIO’)KEHUHN Ba)KHO JUIS yKa3aHUsl Ha OECKHUCIOPOJIHbIE, KaK IPaBUII0, TITyOOKOBOIHbBIE PYAHbIE TENa,
COoIEpXKallhe CIaHlbl, B FOKHOM 4yacTh [lupeHelcKkoro MNUPUTOBOTO MOsSiCA, KOTOPBIE
UHTEPIPETUPYIOTCS Kak oOpa3oBaBIIMECS B CYOKHMCIOPOAHON WM OECKHCIOPOIHOM cpene
0acceilHOB, B KOTOPHIX IOJHUMAIUCh BBEPX, OOEIHEHHBIE CEPOHM JKUIAKOCTH, CMEIIAHHBIE C
Mo (PUIIMPOBAHHON MOPCKOM BO/IOM, KOTOpasi Obuia 6orara B OMOT€HHO BOCCTAHOBJIEHHBIX Cpenax,

YTO OIPpUBOAMUT K OCAKICHHUIO MAaCCUBHBIX Cy.]'IB(i)I/IJIOB Ha MOPCKHX CKJIOHAX. ZIOKa3aTeJ'IBCTBaMI/I 9TOro
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SKCTAJSATUBHOTO TPOUCXOXKICHUS SIBISIIOTCS CTpaTU(QOpPMHAs CTPYKTypa, OTCYTCTBHE KpPYIHBIX
METAJUIMYECKUX BKIIOYECHUH, OOMIINE OCaJ0YHBIX CTPYKTYp, OTCYTCTBUE CYJIb()aToB U OOBIYHOE
NPUCYTCTBUE OOTATBIX CHAEPUTOM (amuid. YTIEPOTUCTbIC TONIM BHYTPU BYJIKAHMYECKHX TOPOJ
OpPEACTaBIsAOT  co0OM  mepepblB B BYJIKAaHU3ME, KOTOpPBIH  OOBIYHO  XapaKTepusyercs
HU3KOTEMIIEPAaTypHOH TUIAPOTEPMAIbHOW aKTUBHOCTBIO, OJAaronpuaTCTBYIOLIEH 00pa3oBaHUIO
MacCUBHBIX Cynb(umoB. Hanpumep, B Apuxm, wmecropoxaenun Kuan-Kpuk OumonanbHo-
Ma(HUTOBOTO THIIA, YIJICPOJUCTHIE OTIOXKEHHUS BCTPEYAIOTCS B BHUAE NPOCIOEK IO BCEMY
ByJIKAaHW4YeCKOMY KoMiulekcy Kunn-Kpuk; naHHble M30TONOB yriaepoaa yKa3blBalOT HAa TO, 4TO
TUAPOTEPMANIbHAS aKTUBHOCTb, CKOpE€ BCEro, HMMeJa MECTO OJHOBPEMEHHO B HECKOJIBKHX
M30JIMPOBAHHBIX CcyOOacceiiHaX BHYTPH TOpa3io Oojee KpYMHOW TpabeHooOpa3HOW OOCTaHOBKH.
HccnenoBanust ruapoTepManbHONM aKTUBHOCTM B OacceiiHe ['yailimac, cOBpEMEHHOM aHajore
KPEeMHE00JI0MOYHO-Ma(pUTOBOTO MECTOPOKICHHUS, MOKA3aIM, YTO HAJIU4Me OOMIIBHOIO OCaJl0YHOIrO
raHUOKpOBOro BemecTtBa (2—4 mac. %) B ocajkax OacceilHa CHIIBHO BJIMSET Ha MUHEPaJIOrMyecKue
W3MCHCHHUS W CTCICHb XUMHUYECKOro oOMeHa B mpenaenax OacceitHa ['yaiimac, a Takke TO, 49TO
oOumbHbIe BUAbl C U S B TMIPOTEPMAIIBHBIX JKUJIKOCTSIX U MUHEPAIbHBIX OTJIOKEHUSAX B IMOKPBITHIX
OCaJKaMHM LEHTpax paclpoCTpaHEHWs TakkKe CWIBHO BiausauM Ha pH, oxucauTensHo-
BOCCTAHOBUTEJIbHBIE M KOMILUIEKCOOOpa3ylolie peakluu, KOTOpble, B CBOIO OYepe/b, HAMPIMYIO
OTrpaHUYMBAJIM MPOLIECCHI IEPEHOCA METAIIIIOB U OTIIOKEHUS.

4.3 MeramopduyecKux.

Mertamop¢uueckre mopoJbl, CBs3aHHbIE C MecTopoxkaeHussMU VMS, onuchIBaroTCs ¢ TOYKU
3peHHsl Ha3BaHMH MeTaMOp(PUUECKHX IOpoJ, MeTaMOp(pUYECKUX MHHEPATbHBIX KOMILJIEKCOB MU
metamoppudeckux ¢ammii. B Tabmume 9 mokasaHBl B3aWMOOTHOIIEHUS MEXKAY pPa3TUYHBIMUA
MeTaMoppUYecKUMH (QanusiMud U XapaKTEpPHBIMH METaMOpPUUECKMMH KOMIUIEKCAMH MUHEPAJIOB,
Pa3BUBAIOIIMXCS B YETBIPEX OCHOBHBIX COCTAaBaX B YCJOBUSAX JaHHOW MeTamopduueckoit arum.
Pacnonoxxenue Haubosee pacnpocTpaHeHHBIX MeTaMopduyeckux Qauuii B MpOCTPAHCTBE AABICHUN
U TeMIIepaTyp 1moka3aHo Ha puc. 22.

BonbimnHCTBO ApeBHUX MecTopoxaeHniH VMS noasepriuch perioHaibHOMY METaMOPPU3MY U
nedopmarusaM. AHanu3 Metamopdudeckux cremnened, st 1090 mecropoxkaenuit VMS co Bcero
MHpa, MOKa3bIBaeT, uTo U3 8§19 MecTopoXkAeHUH, MO0 KOTOPHIM OBLIM JOCTYIHBI JaHHBIE, TOJIBKO 3
MpoLEeHTa ObUIM 3apEerUCTPUPOBAHBI Kak HeMeTaMopduzoBanHuble. OcTanbHble METaMOP(PHU30BaHbI B
YCIOBUSX CIENyIOIMUX MeTamopdudeckux ¢anuil (B mopsjake yObIBaHHsS BcTpeyaemMocTH): 62%
3eneHocnaneBoi Qauuu; 13% xoHTakTHBIA MertamopdusMm; 11% amdubonutoBoit dammu; 7%
Cy03e/IeHOCIaHIIeBOM, MPEHUT-MYMIEUIMUTOBON WM MyMIEJUIMUT-aKTUHOMUTOBOM dauuu; 2%
royiyoociaHIeBord win JKJIorutoBo (aruu; 1,5% meomutoBoit dammm; u 0,5% rpanynmuToBOMN

danuu.
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XapakTepHble MHHEPAJIbI OCHOBHBIX THIIOB COCTAaBA MOPO/ Pa3IHYHBIX MeTaMoppuieckux Gpanui.

Facies Mafic rocks Miramafic rocks Pelitic rocks Calcarsous rocks
Leolite Amalcime, Ca-zeolites, Serpentine, brucite, Oneartz, clays, illite, albite,  Caleite, dolomite, quanz,
zoiaite, albite chlorite, dolomite, chlorite talc, clays
magnesite

Prehinite-pumpellyie

Gireenschist

Amphibolite

Giranulie

Bilueschist

Eclogite

Albite-epidote

Hornblende homfels

Pyroxens homfels

Sanidinite

Chlorite, prehnite, albite,
pumpellyite, epidote

Chlorite, actinolite,
epidote of 2oisite, albite

Homblende, actinolite,
epidote of 2oisite,
plagioclase, sphene
Hornblende, plagioclase,
sphene, ilmenite

Hormhlende, angite,
orthopyroxkemns,
plagioclase, ilmenite

Gilawcophane, lawsonite,
albite, aragonite,
chlorite, zoiite

Mg-rich gamet, omph
cite, kyanite, rutile
Albite, quarte, iremaolite,
actimolite, chlorie

Hormblende, plagioclase,
orthopyroxens, garmet

Orthopyroxens, augite,
plagioclase, gamer

Orthopyroxens, augite,
plagioclase, gamer

Serpentine, talc, forsterite,
tremolite, chlorite

Serpentine, talc, remolite,
brucite, diopside, chlorite,
magnetite

Forsterite, remolite, tale,
serpentine, chlorite,
magnetite

Forsterite, remolite, tale,
anthophyllite, chlorie, o
thopyroxens, magnetiie

Forstenite, onhopyroxens,
augite, bornblende, gammet,
Al-spinel

Forsterite, serpentine,
diopside

Forstenite, onhopyroxens,
augite, gamel

Serpentine, tale, epidote or
2nisite, chlorite

Forsterite, orthopyroxens,
hornblende, chlorite, Al
spanel, magnetiie
Forstente, onhopyroxens,
augite, plagioclase,
Alspine]

Forstenite, onhopyroxens,
augite, plagioclase

Oneartz, illite, muscovite,
albite, chlorite, stilp-
nomelane

Quartz, plagioclase, chlo-
fite, museovite, biotite, gar-
met, pyrophyllite, graphite
Oueartz, plagioclase,
chlorite, muscovite, biotite,
graphile

Ouaartz, plagioclase,
chlorite, muscovite, biotite,
garnet, siaurolite, kyaniie,
sillimanite, andalusite,
graphite, ilmenite

Oneartz, plagioclase,
orthoclase, biotite, garmet,
cordierite, sillimanite,
orthopyposene

Ouaartz, plagioclase,
muscoyite, carpholite, tale,
kyanite, chloriioid

Oueartz, albite, phengite,
tale, kyanite, garmet
Oueartz, plagioclase, remo-
lite, cordierite

Quartz, plagioclase, mus-
covite, biotite, cordierite,
andalusite

Ouaartz, plagioclase,
orthoclase, andalusite,
sillimanite, cordserite,
orthopyroxene:

Oueartz, plagioclase,
sillimanite, cordserite,
orthopyrosens, sapphirine,
Al-apanel

Caleite, dolomite, quariz,
clays, tale, muscovite

Caleite, dolomite, quariz,
miscovite, hiotite

Caleite, dolomite, quartz,
muscovite, biotite, tremolite

Caleite, dolomite, quariz,
biotite, remolite, forstente,
diopaide, plagioclase

Caleite, quantz, forsteribe,
dispaide, wollastonite,
humite-chondrodite, Ca-
gamnet, plagioclase
Caleite, aragonite, quariz,
forstenie, diopside, remo-
lie

Caleite, aragonite, guartz,
forstente, diopside
Caleite, dolomite, epidote,
muscovite, chlonte, tale,
forsterite

Caleite, dolomite, quanz,
remaolite, diopside, fors-
Lerite

Caleite, quantz, diopside,
forstente, wollasionite

Caleite, quantz, diopside,
forsternte, wollastonite.
monticellite, akermanite

Puc. 22 JluarpamMma JaBieHUs/TeMIIEPaTYphl, TOKa3bIBAIOIasi OCHOBHBIE BOCEMb MeTaMophuiyecKkux (aiuii; noaumMopds

Prasair, n kighars

Temperaiune, in degraes celsies

- Hoghi P77 | Glasc apbans- duciari

Al,SiOs: kuanur (Ky), annanys3ut (And) ¥ CHITMMaHWUT; U TPY OCHOBHBIX THIA (DaIlHaTbHBIX PSIOB
JIaBJICHUS/ TEMIIEpaTyphl.

Tabn.
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KpynHozepHuctele  HaOOpbl  XapaKTepHBIX  MHHEpPAJIOB  BEPXHE3EJCHOCIAHLEBOH U
aM(puOOTUTOBON (aruu, BKI0Yas XJIOPUTOUI, TPAHAT, CTABPOJIUT, KHAHHUT, aHIATY3UT, (JIIOTONUT U
raHuT (LMHKOBAs IITUHEIB), a TAK)KE MHHEPAIOB BEpXHEH aM(PrOOIUTOBOM U TPAaHYIUTOBOH (haruwu,
TaKUX KaK CHUIMMAHWUT, KOPJIUEPHUT, OPTOMHPOKCEH, OpTOoaM(PuOOI MOTYT OMNpElNeisTh 30HbI
TUAPOTEPMATBHBIX M3MEeHEHHH VMS. ['mmHo3emMucTeie MUHEpabl (IpaHaT, XJIOPUTOUI, CTAaBPOJIUT
i nosmmMopdsl AlpSiOs, KHaHWUT, aHAATY3UT M CHILTHMAHHUT) OOBIYHO BCTPEUAIOTCS BOIM3H TPYOOK
BBICOKOTEMIIEPATYPHBIX THUAPOTCPMANBHBIX HM3MEHEHHWH, OTpa)kas OCTaTOYHOE OOOTalICHHE
[JIMHO3EMOM IIpU IpeMeTaMop(hUUYecKOM TUAPOTEPMAIbHOM BBIIIEIAYMBAHUN IIEJI0OUEH B YCIOBHSX
BBICOKOT'O COJIEPKaHUs KHUIKOCTH/TIOPO/IBI.

Hcnonb3oBaHne BU3yanbHOW UACHTH(PUKAIUN OTIUYUTEIHHBIX METAMOPPUUIECKIX MHUHEPAIIOB
U WX MOJNAJIBHOTO COJEPKAaHUs, a TaKKe OINpeAclicHUe HEH3MEHCHHOTO COCTaB IOPOJIbI-
MPEIIIeCTBeHHUKA, BEKTOPbl U3MEHEHHI MOTYT OBITh IMOCTPOEHBI HA OCHOBE TPOHMYHBIX JHUArpaMm
OCHOBHBIX 3JIEMEHTOB, KOTOPBIE OMpPENEISIIOT KOH(PUTYypalio 30H UCKOMAEMBIX THAPOTEPMATbHBIX
n3MeHeHu# B cucremMax VMS. JlanHbIe MO HEMOJIBUXKHBIM OCHOBHBIM M MUKPORJIEMEHTAM B 1IEJIOM
0 TOPOJIE MOTYT YKa3bIBaTh HA TO, BOSHHUKIIM JIU TIMHO3EMHCTHIE METAMOP(PUICCKIEC MHHEPAIBI B
pe3ynpTaTe JAoMeTaMopUYeCKUX HM3MEHEHHMH MOPCKOro THA/MeTacoMaThu3Ma MPOTOJIWTAa WU B
pe3ynbTaTe CcoCTaBa MNEPBHUYHOTO MPOTOIUTA. MUHEpaNbHBI XUMHYECKHH COCTaB HEKOTOPBIX
MeTaMOPPUIECKIX MHUHEPAIOB, CBSI3aHHBIX C M3MEHEHUSMH, TaKWX Kak cooTHomieHue Fe/Zn B
CTaBPOJIMTE, TAKKE MOXKET CITY)KUTh BEKTOPOM pyabl. [IOCKOIBKY MHOTHE U3 3TUX METaMOp()HUIECKUX
MUHEPAJIOB SBISIOTCS TYTOIJIABKMMH BO BpeMs CEIMMEHTAllMd, OHU MOTYT BCTpEYaThCcs B
OTJICTBHBIX TSDKENBIX MUHEpaliaX, COOPAaHHBIX HA MOKPBHITHIX THUJUIOM YYacTKax H, CJIEIOBATENbHO,
SIBIITFOTCS IEHHBIM BCIIOMOTATEIILHBIM CPEJICTBOM IPH pa3Beke paiioHoB VMS.

OrneHka yCIIOBUS JaBJICHHUS HW TEMIIEpaTyphl, pacCUMTAHHbIE Ha OCHOBE CHJIMKATHBIX,
KapOOHATHBIX U CYIb(UIHBIX MUHEPATHHBIX KOMIUIEKCOB Ha KOHKPETHOM MECTOPOKICHUH, MOXKET
MOMOYh  OMPEICNUTh  B3aUMOCBSI3b  MEXKIY  MOJMMETAUIMYECKONM  MUHepanu3auued u
MeTaMOp(PU3MOM, B YACTHOCTH, SBJISCTCS JU METaMOpPPHU3M 10 WM IOCJIe TEeHe3Uca pPyIIbL.
Conepxxanne FeS B chaepute B muppoTUH-CHATEPUT-NMUPUTOBBIX ACCOLUAIMIX MOXKET OBITh
MOJIE3HBIM [IJISl OTPAaHUYCHUS JABJICHUS BO BpeMsi MeTamMopdu3Ma, ¢ OTOBOPKOHM, YTO HEOOXOIMMO
COOIOAAaTh OCTOPOXKHOCTh, YTOOBI OXapaKTepH30BaTh C(haJepuT MapareHe3uc U UACHTU(DUIHUPYIOT
COCTaBHI cdaliepuTa, KOTOphle (PUKCUPYIOT MUKOBBIE METaMOPPUYECKUE COCTOSIHHS, a He Oolee
MO3JHHUE peTporpaanbie 3HPeKThl.

Eme opHa BaxHas wuHpoOpMaIus, KOTOPYHO MOKHO TOYEpPIHYTh TMPH H3Iy4YECHUU
MeTaMOpGUYECKHUX TIOpPOJ, CBSI3aHHBIX C MecTopoxaeHusmMu VMS, - »10 wuaeHtuduxamms
MeTaMOP(PUIECKUX TIPOTOTUTOB (MATEPUHCKUX TUIIOB MOpOo). Bo MHOTHX Ciydasx TPYIHO YBHJIETh

MeTaMop(queCKy}o HaK/IaJKy Ha MECTOPOXICHUAX U BMCIIAIOMIUX ITOPOJaxX, HO 3HAHNEC KOMIIJICKCOB
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IPOTOJIUTOB HEOOXOAMMO JJIi PEKOHCTPYKIMH JIUTOJIOTMYECKOM accolualud BO  BpeMs
MHUHEpaJIM3allil W, B CBOI O4Yepelb, TEKTOHWYECKOH OOCTaHOBKM MecTopoxiaeHus. K
MHUKPORJIEMEHTaM M PEIKO3EMEJbHBIM  3JIEMEHTaM, KOTOpble, KaK W3BECTHO, SBISIFOTCA
HENOJIBIKHBIMU BO BpeMsi MeTamop(du3ma OT HU3KOM /0 yMEpEHHOW cTeneHu (HIKE YCIOBUMN
BepxHel amM(puOOIUTOBON M TpaHylIuTOBOW aruu), otHocsaTcss Nb, Ta, Zr, Ti, Cr u Y. DOtn
HETOABIDKHBIE JJIEMEHTHI OCOOCHHO TOJE3HBl IS WACHTHU(QHKAIMA MarMaTHYECKOro COCTaBa
MeTaMOp(U30BAaHHBIX MarMaTHYeCKHUX TOPOJ, CBS3aHHBIX C MECTOPOXIACHHAMU VMS, u s
noJiyueHus: "HGOpMalluu O HU3KOM TEIUIe U TeKTOHUYECKOU cpene hopmupoBanust VMS.

[Toucku pyn VMS B npenenax pernoHanbHO MeTaMop()H30BaHHBIX U Ae(hOPMHUPOBAHHBIX TOJIIIL
MOTYT OBITh  NEPCHEKTHBHBIMH 10  cienyrommM  npuumHam: (1)  meramopduueckas
NEPEeKPUCTALTN3AIMS U COIMYTCTBYIONIEE YBEIMYCHHE pa3Mepa 3epeH M YHCTOTHI CYJIb(UIHBIX
MUHEPAJIOB (2 B HEKOTOPBIX CIydasX HEMETaUNTMYeCKMX MUHEPAJOB, TAKMX KaK KHAHWUT B Mpelenax
30HBI W3MEHEHHS) JAENaloT HMX OCBOOOXKIEHHWE M KOHLEHTpAlUIO Oojiee IJIETKUMHU M MEHee
3arpaTHBIMU; (2) pyasl OOBIYHO MMEIOT OOJBIIYIO TOJNIIWHY B HIAPHUPHBIX 30HAX CKIIAJOK, YTO
obyerdaer Metoabl N00b4H; U (3) m3buparenbHas MOOMIM3ALKS BO BpeMsi MeTaMOp(hu3Ma MOXKET
MIPUBECTHU K JIOKAIBHOMY 00O0TaIlIEHUIO METAIIIaMH.

B 3aBucuMocTH 0T cteneHu Meramopdu3Ma pacnpoCTpaHEHHBIMU TUIIAMU TTOPOJ], CBSA3aHHBIMU
¢ mecropoxacausiMu VMS, o0pa3oBaBmmMuCsS B pe3ysibTaTe MeTamMOppu3Ma OCHOBHBIX IOPOJI,
SBJISIIOTCSL.  3€JICHBIE CJIaHIBl (OoraTble XJIOPUTOM CJAHIIBI), 3€JICHOKaMEHHBbIE, MeTaradbopo,
metaauabasel u ampubonuTsl. [loponsl, oOpa3oBaBiIMecs B pe3yabTaTe MeTaMOp(hu3Ma 0CaT0YHbIX
MOPOJI, BKJIIOYAIOT APTWUIMTHI, CIAHIbI, (QWIIUTHI, KBapI-CIIOJSHbBIE CIAHIBI, MeTarpayBaKKH,
METAaKOHTJIOMEPAThI, KBapIWTHI, W3BECTHAKH, MPaMOPBl M W3BECTKOBO-CHIIMKATHBIC TTOPOJIBI.
KgBapronosneBommaroBeiii Wik MaUTOBBIN THEHC MOXKET 00pa30BaThCsA KaK U3 OCAJ0YHBIX, TaK U U3
MarMaTH4YeCKUX MPOTOJIUTOB. BMmematomuye nopo/ipl, 00bIYHO CBS3aHHbIE ¢ MeCTOpoxaeHUusIMH VMS
KPEMHE-00JIOMOYHOTO THMA, COJAep’KaT Haubojee XapaKTepHYI JHMTOJIOTHIO, KOTOpas MOXET
BKJTIOYAaTh METaXepT, MarHETUTOBYIO KeJIe30(OpMAIIHIO, CIAHIIBI, OOTaThie CEPUIIMTOM U XJIOPUTOM,
KOTHKYJY (MEJIKO3EpHUCTYIO KBapIl-CIIECCAPTHUHOBYIO MOPOAY), TYPMAJIUHUT, aIbOUTUT U PEAKO
mpamop. [Topossl, Goratbie XJIOPUTOM U MYCKOBHTOM, albOMTUTOBBIE U MAarHETHUTOBBIE JKEJIE3UCThIE
o0pa3oBaHus 00BIYHO 00pa3yIOT MJIACTOBBIE JTUH3BI MM 000JIOYKU BOKPYT MAaCCHUBHBIX CYIb(HUIHBIX
PYA ¥ MOTYT MPOCTHpaThcs Ha TIyOouHy g0 10 M B mpuiieraronye BMENIaronue nopoasl. ToHKue,
CTpaTH(OPMHBIE CIOM KOTHUKYIBI, TYPMAJHMHUTA M METaxepTra MOTYT MPOCTHUPATHCS Ha HEKOTOPOE
paccTossHHE B CTpaTUrpaUyeckyl0 BUCSYYI0 CTEHY MM Ha COTHH METPOB B JIaTepallbHOM
HANPaBIIEHUU 3a TMpPEAeNbl MACCHUBHBIX CYIb(QUAHBIX OTIOXKEHHH. XapaKTepHble BMEIIAIONINE
MIOPOJIBI, CBSI3aHHBIE C MACCHBHBIMH CYJIb(OUIHBIME OTJIOKEHUSIMH KPEMHEOO0JIOMOYHO-Ma(pHUTOBOTO

TUIIa, HO IMTPOCTPAHCTBCHHO Ooiee YAQAICHHBIC OT HUX, U NPHUJICTAOINNE K HUM BMCIIAIONIUE ITOPOABI
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OOBIYHO BKJIIOYAIOT MEJIUTOBBIE CJIAHIBI, METarpayBakkM M 3€J€HOKaMEHHble aM(pUOOIUTHI, B
3aBHCUMOCTH OT CTEIICHH MOCTPYAHOT0 MeTamopdusma.

Munepanozus u munepanvHbie KOMNIEKCbl

MHorue MUHepallbHble KOMILJIEKChI, 00pa30BaBIIUECS B XOA€ I'MIPOTEPMAIIbHBIX W3MEHEHHH,
CBSI3aHHBIX C 00pa3oBaHueM MecTopoxkaeHui VMS, aHanornyusl TeM, KOTOpbIE MOT'YT 00pa3oBaThCs
B XO0Jle IOCTPYJHOIO, PErHOHAIBHOIO  (LI€OJIMTOBOTO,  MPEHUT-IYMIIEUIMUTOBOIO U
3eJICHOCJIaHIeBOrO (anuii) meramopdusma. 30Hbl CHHICHETHYECKHX HW3MEHEHMH, KakK IMpaBHIIO,
HIOJIyCOIJIACHBI OTJIOXEHUSAM M MOTYT IPOCTHUPAThCA Ha JECATKM KUIOMETPOB IO MPOCTHUPAHHUIO U
HIDKE 11aJIEOMOPCKOro JIHa 70 M1yOuH cyOByJIKaHM4YeckuX MHTpy3uil. [lonycornacnas moaudukanus
Obula 3aperucTpUpoBaHbl B OMMOAATIBHO-MAPHUTOBBIX KoMIUiekcax (Hanmpumep, Hopanna),
yIbTpaMapUTOBBIX CyKlleccusax (Hampumep, OMaH) U OMMoanbHO-KUCIbIX (Hanpumep, Kypoko), Ho
IUIOXO JIOKYMEHTHPOBAH B KHCIIO-KPEMHHCTO-O0JOMOYHBIX U KpPEeMHE-00JIOMOYHO-Ma(UTOBBIX
IOCJIEI0BATENbHOCTAX.  MeTramMoppuueckue MUHEpaibl, pa3BUTble HAa  HHU3KUX  CTaIusX
MeTaMop(u3Ma, BKIIOYAIOT XJIOPUT, KBapIl, SHUAOT, LOW3HUT, KIWHO30U3UT, CEPHUIIHT, AIbOHT,
TUTAHUT U KapOOHAT, B 3aBUCUMOCTH OT COCTaBa MpoTosuTa. [IoMHMMO 3THX pacHpoCTpaHEHHbIX,
HU3KOTEMIIEPAaTypHbIE 1I€O0JUTOBbIE MHUHEpasibl (HalpuUMep, aHAJIbLUM, JOMOHTHUT, CEJIQJOHUT U
reinaHauT) OOBIYHO OOpa3yloTCsl B  MOJOCTAX MM IYy3bIpbKaxX BYJKAaHUYECKUX IOPOJ
MeTaMOPPUIECKONW CTETICHH EeoNMTauu, OOBIYHO TpU TemImeparypax Hmxke npumepHo 250°C.
VYcnoBus NPEeHUT-MYMIEITIMUTOBOM (halluy SBISIOTCS MEPEXOIHBIMU MEKY YCIOBUSMHU LIE0JIUTOBOM
¢danmu Oosiee HU3KOrO KayecTBa M 3€JIEHOCTAHLIEBOM (aiuu 0osiee BHICOKOTO KadecTBa U OOBIYHO
IOPOMCXOJAT B TUaNa3oHax Temnepatyp u aasiaeHui okono 250-350°C u 2—7 kGap cOOTBETCTBEHHO.
XapakTepHble MUHEpaJIbHbIE aCCOLMALIUU TPEHUT-ITYMIIEJUIMUTOBOM (aiiu, pa3BUThie B Ma(UTOBBIX
U yiabTpaMa(UTOBBIX MarMaTHYECKHX IMOpOJaxX, a TAKKe B MEIUTOBBIX (MIUCTBIX) U M3BECTKOBBIX
0CaZI0YHbIX OPOJax, MpecTaBleHb! B Ta0I. 9.

PacnipeniesieHre  MUHEPAJOTMYECKMX M TIEOXMMHMYECKMX XapaKTEPUCTHUK HU3KOCOPTHBIX
KOMIUIEKCOB MOJKET OBbITh HCIIOJIb30BAHO JUISl BBISBJICHHUS KPYMHOMACIITAOHBIX 30HAJIBHBIX CHCTEM
THIPOTEPMAIBHBIX HM3MEHEHUI BOKpYr MectopoxiaeHuit VMS u mis muddepeHmmanum ux ot
HAJIO)KEHHBIX HU3KOCOPTHBIX MOCTPYAHBIX PErHOHATBHBIX METaMOp(PUUECKUX KOMILIEKCOB. OOBIYHO
B LIMPOKUX 30HAaX M3MEHEHWH HaOmonaercs yBenuyeHue conepxkanus Ca-Si (3nmgoruzanus-
okpemuenue), Ca-Si-Fe (akTHHONUT-KIMHO30M3UT-MarHeTuT), Na (cnmmutusamus) wim K-Mg
(cmemransbid xopuT-cepunut + K moseBoii mmar). B mpocTol cuctemMe KOMIUIEKCH M3MEHEHHI
pacrpoCTPaHAIOTCS MO TJIyOMHE OT TPUIOBEPXHOCTHBIX JMAr€HETHUECKUX M II€OJIUTOBBIX
KOMIIJIEKCOB K CIIMJIMTOBOMY KOMIUIEKCY 3€JI€HOCIAHIIeBOM (aluu U, B KOHEYHOM HMTOTE, K AMHJIOT-
KBapleBOMYy KoMmIuiekcy. OQHAKO B JOJNTOXXKHUBYUIMX KOHBEKTHBHBIX T'MIPOTEPMAJIbHBIX CHCTEMax

MPONUCXOAUT HAJIOKCHHUE KOMIIICKCOB W3MEHEHHI BO BpEMA MPOTrpeCCHBHBIX H3MEHEHUH |
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3aXOPOHEHUH, UTO YCIOKHAET MHTEPIPETALNIO U3MEHEHUN WM MeTamopduueckux tekcryp. Cpenu
ATHX CJIOXHOCTEW paclpeiesieHHe M B3aWMOCBS3b CJIAHIIEB, OOTaThIX XJIOPUTOM M CEPUIMTOM B
BMEINAIONIMX TO0pojax, ¢ OoTioxkeHuAMH VMS Moryr ykaspiBaTh Ha HaJIM4Me 30H IEPBUYHBIX
U3MEHEHUH, KOTOpble BO3HUKIM BO BpeMs IMOABOJHOW MuHepanu3auuu. llpeamonoxxunu, dTo
XJOPUTOBBIE  CIaHIBl  Ha  MecTtopoxaecHusx  JlakrayH-VMS  mpeacraBmsror  coboit
MeTaMOp(U30BaHHBIE XJIOPUTOBBIE MUTAIOIINE TPYOKH B IMOJIOIIBE MECTOPOXKACHUM, U YTO OOorarhie
CEpUIIMTOM CIIaHI[Bl 00Pa30BaIKCH B pe3ybTaTe MeTaMop(hr3Ma 30H U3MEHEHUH, aHAJIOTHYHBIX TEM,
KOTOpBbIE OOBIUHO BCTpeuaroTcsa. B BHCsUel creHe MmecTopoxaeHuit Kypoko. OnHako BbIBICHUE
3aKOHOMEPHOCTEH 30HAJILHOCTH U3MEHEHUN MOXKET OBbITh 3aTPYJHUTENIbHO, YYUTHIBAsI, YTO TPYOKHU
U3MEHEHUH MOTYT BBIXOJWUTH 3a TPENEIbl MECTOPOXKICHHS M CIUBAThCSA 10 JIaTepanu | (WJIH)
BEPTUKAJIH C 30HaMU TOJIYyCOTJIACHBIX M3MEHEHUH, a TaK)Ke TO, YTO METaMOP(U30BaHHbIE TTUTAIOIIHNE
TPpYOKM W 30HBI TOJNYCOTJIACHBIX W3MEHEHUH MOTYyT BKIIOYATh CXOAHBIE MeTaMOop(HuUecKue
MUHEpPaIbl. XJIOPUTOUJIHBIE M CTaBPOJIMTOBBIE KOMIUIEKCHI MOTYT 00pa3oBaThCsi B pe3yibTare
MeTaMop(u3Ma 3eJeHOCTaHIeBo 1 ampuOonuToOBOM Qammii B TpyOkax Oorateix Al-Fe-Mg wnm
MI0JIyCOIJIACHBIX 30HaX U3MEHEHUH.

Hckonaemble THIpOoTEepMalibHbIE 30HBI TaKXKE PACIO3HAIOTCA [0  JIUAarHOCTUYECKUM
MUHEPATBHBIM KOMILJIEKCAM, Pa3BUTHIM B paiioHax VMS, meramopdr30oBaHHBIM B YCIOBHUSIX BEpXHEH
aMm(puOOTUTOBOH ©  TpaHylIMTOBOM (ammu. [IuarHoCTHYECKWe MHHEPAIbHBIE AaCCOIMAIUU
3€JICHOCJIAaHIICBOH W TPaHYJIUTOBOW (anuii, pa3BUThIE B PAa3IUYHBIX THIAX THUIAPOTEPMATIBHBIX

I/I3M6HCHI/II>'I, a TaKKC B HCU3MCHCHHBIX IIPOTOJINTAaX, IPUBCACHLI B tabmn. 10.

Tabn. 10.
,Z[I/lal"HOCTl/l‘leCRaﬂ MHUHEPAJIOrus U BaKHeHIIasi reOXuMHUs 3€JJCHOCTAHIEBbLIX U TPAHYJIHUTOBBIX
MeTaMOp(lll/I3OBaHH])lX NpOAYKTOB H3Me]—[e]—[l/lﬁ, CBfI3aHHBIX ¢ MECTOPOKACHUAMU VMS.
Alteration Diagnostic minerals: Diagnostic minerals: granulite Diagnostic Similar rocks
type greenschist facies facies composition (at granulite facies)
Advanced argallic Kaolnste, pyrophyllie Sillimanste, kyamite, quartz ALO,, SIO, Laterite
andalusite, corundum,
topaz
Argllic Sencite, illite, pyrophylhte  Sillimaniste, kyanite, quartz, ALO, Si0, K O, Pelite
biotite, cordserite, garmet Fe, O, MgO
Sencitic Sencite, illite, quarntz Biotite, K-feldspar, sallimanite K,0,AR203,Fe, 0, = Pelite
Kyamite, quartz, cordsente, garmet MgO, = S0,
Chloritic Chlonite, quanz, senicite Cordierite, orthopyroxene, Fe, 0, MgO, = ALO,,  Pelnte
orthoamphibole, phlogopite, = S0,
sillimanite, kyanite
Carbonate propylitic  Carbonate (Fe, Mg), Carbonate, grossular, epidote, Fe,0,, Ca0 Cale-silicate rock of
epadote, chlorite, senicite homblende, diopside, sedimentary ongin,
feldspar orthopyroxene marble or mafic rock

[Ipu3Hanue  CEepULMTOBBIX, APrWUIMTOBBIX W  IPOJBHHYTBIX  30H  apTHJUIMTOBBIX
TUAPOTEPMAIBHBIX M3MEHEHHHl B THEHCOBBIX TeppelHax TIpaHyJIUTOBOM (auuu  CHIBHO
3aTPYIOHSIOTCS CXOACTBOM HMX METaMOP(PUUYECKHMX MHUHEpPaIbHBIX KOMILJIEKCOB C TEMH, KOTOpbIE
pa3BUBAIOTCS B HEMUHEPAIM30BAHHBIX OCAJOYHBIX MOPOJAax M MajeonoyBax, METaMOp(pHU30BaHbI B

ycnoBusx —rpanyiautoBoi  ¢armmu  (tadbna.  10). CooTBETCTBEHHO, 4YTOOBI  HIACHTHU(UKAIUSI
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TUAPOTEPMATBHBIX M3MEHEeHUH Thna VMS H0mKHBI OBITh OCHOBAaHBI HE TOJIBKO Ha XapaKTEPHBIX
MEeTaMOP(HUIECKUX MUHEPAIbHBIX KOMIUIEKCAaX, HO M Ha IMOJIEBBIX HAOIIOACHUAX 33 PEIUKTOBBIMH
NEPBUYHBIMH BYJKaHUYECKUMHU CTPYKTypaMH M TEKCTypaMH M WHAMKATOPAaMHU THIPOTEPMAIbHOM
AaKTUBHOCTH, TaKOM KaK HaJM4YMe METa’KCXAJIUTOB, IITOKBEPKH, WU Cyab(GUAHAS MUHEpaIU3aLUs.
PacrniozHaBanne MeTaMop(pHU30BaHHOIO XJOpPHUTa B TpyOax OOBIYHO 0003HAuYaeTcs Kak KOPAUEPHT,
OpPTOMHPOKCEH H OopToamMdubdon (aHTODUIUTUT WK KEIAPUT) BO BHYTPCHHEH 30HE M3MEHEHHM, TIe
XJIOPUT MOKET OBITh OoJiee 6OraT MarHMeM; M TaJIbKOM, (DJIOTOMUTOM WJIM OJHOU M3 MOJIUMOPQHBIX
moaudukarmii Al2SiOs Bo BHelIHelH, MecTaMu OOraToi )KejIe30M 30HE XJIOPUTOBBIX H3MEHEHHUI.

bospmHCTBO  MOMMAE(OPMUPOBAHHBIX CHCTEM HW3MEHEHMH BepxHed am@puOoIuTOBOM U
IPaHyJIMTOBOM (haIlH BBISIBIEHO B MIPOTEPO30OMCKUX U apXEHWCKUX THEMCOBBIX TeppeiiHax. Apxeickoe
MmecTtopoxaeHue I'eko 6umonanbHO-MaguToBOro TUna B npouHuu Cynepuop B Kanane, sBisercs
OPUMEPOM MONIUAEPOPMUPOBAHHOTO MECTOPOXKICHHs BepXHel am(uOoauToBoil (anuu, B KOTOpoM
CHUHI€HETUYECKHE T'MIPOTepMalibHble U3MEHEHUsI 0003HAaYeHbl 30HAMM. CHJUIUMAHUT, aHTO(UIIUT,
rpaHat W Kopaueput. Bce BynkaHWYeckne mopojsl Ha MecTOpokaeHnu ['eko Meramopdu30BaHbI B
CIaHLIBI M THEWCHI, a KUCJbIE METABYJIKAHUYECKUE TIOPOJbl, BMEIIAOIIUE PYyAY, COCTOAT
IPEUMYIIECTBEHHO M3 MYCKOBUTOBBIX + KBapl-CHJUIMMAaHUTOBBIX CJIAHLIEB, HHTEPIPETUPYEMBIX KaK
MeTaMOp(U30BaHHbIE 30HBI CEPULUTOBBIX M3MeHeHUH. [lomumo paszButus Gorateix Al, Fe u Mg
KOMIUIEKCOB B XOJe MeTamopdu3ma 30H H3MEHEHUH, OBUTM HMHTEPIPETUPOBAHBI OoTaThie
IUIAarMOKJIa30M MOPO/IbI, CBA3aHHBIE C HEKOTOPBIMU PYAHBIMH TeldamH B paiioHax [laktayn u ['occan
CBUHIIOBOTO MECTOPOXIeHHS VMS KpeMHHCTO-Ma(HUTOBOrO THIMA KaK 30HBI MeTaMOp()HU30BaHHBIX
HATpUEBBIX H3MeHeHWH. KapTupoBaHHe WHTEHCUBHOCTH M pacHpeleNeHus aHTO(UIIUTA,
KOpJIMEpHUTa, CWIIMMaHWTA, TIpaHaTa, KBaplia, MYCKOBUTa M CTaBpOJIUTA TaKXe TIpPHUBEIO K
BBISIBJICHUIO 30H M3MEHEHUN U OTKPBITHIO OMMOJAIbHO-MAa(QUTOBOIO apXeHCKOro MECTOPOXKICHHS
VYuncron-Jleiik, OHTapHo.

Metamop¢uueckne MHHEpaJbHbIE KOMILJIEKCHI CBHJIETENBLCTBYIOT HE TOJIBKO O PEIMKTOBBIX
ruporepManbHbIX cuctemMax VMS u T-P ycioBusix Metamopusma, HO U 0 TEpPMUYECKOM I'PaIUCHTE
W, CIIEZIOBATENIbHO, O KOPOBOW cpene, B KOTOpOWl Mpoucxommst meramopdusm (puc. 22). Huzkwmii
reOTepMUYECKUN TPAJUEHT XapaKTepu3yeT MeTaMop(hu3M B 30HaX CYOQYKIMH C BBICOKUM
JlaBJieHueM MeTamopdu3ma rosyodocianueBoil gpauuu (rmaykodas + JaBCOHUT WM SIHUIOT + aabOUT
+ XJIOpUT) MpH HHU3KUX TemImepaTrypax M Meramopdusma »>KkiIOruToBOM (auuu (rpaHar +
OoMQaIUTOBbIII MUPOKCEH) MpH BBICOKMX Temmeparypax. Conepkamiye Triayko(aH KOMIUIEKCHI
roixyoociaHieBol (auuu MepeKphIBalOT JIEBOHCKO-MHCCUCHIICKHE AapKTHYECKHUE OTJIOXKEHHs Ha
ceBepe AJSCKM M IOPCKO-HM)KHEMeNoBble  oTiokeHuss VMS  wa  KybGe. Ilpumep
BBICOKOTEMIIEpAaTypHOTO MeTamoppu3mMa amMpuOOIUTOBOM U SKIOTUTOBOM (auuid, KOTOpHIi

HAJIOXKUJICS Ha MaJIeoNpoTePO30MCKIe MOpoAbl - MecTopokaeHue CunapHa B [lIBenun.
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[IpoMeXyTOUHBIA ~ TEOTEPMHYECKHUH  TpPaJAMEHT  XapakTepusyer  meramopdusm B
KOHTUHEHTAJBHBIX KOJUIM3UAX M OPOTeHHBIX moscax (puc. 22). OOpa3oBaBIIMecs B 3TUX YCIOBHUIX
O0appoBcKkuEe MeTaMOpP(PHUUECKHUE 30HBI XapaKTEPU3YIOTCS IOCIIEAOBATEIbHBIM TOSBICHHEM B
NEJIMTOBBIX TMOPOAAX C YBEIMYEHHEM CTEleHHM MeTamopdu3ma XJopuTa, OHUOTHUTA, TIpaHara,
CTaBpOJIUTA, KNAHNUTA, CHJUIMMAHUTA U CUJUIMMAHUTA+KaJIMEBOI0O M0JIEBOro MmmnaTa. MecTopoXaIeHHs
VMS paiiona JlakrayH, mrar TeHHeccH, KpeMHE-0010MOYHO-Ma(pHUTOBOTO THIIA B METaMOP(UIECKOI
npoBuHIMK biy-Pumk, Meramopdu3npoBaioch B yCIOBUSAX 3€JIEHOCTAHLIEBOM M aM(puOoInTOBON
¢dauuu B GappoBckoil Meramopduueckoil cepun. M3BecTHble Cynb(UIHBIE MECTOPOXKIEHUS 3TOrO
paiioHa INpUYpOUYEHBbl K CTABPOJUT-KMAHUTOBBIM 30HaM. MeTramMop(hus3M NPOMCXOJWII BO BpeMs
TakoHMWYecKol ckianyatoctd (450480 muH JieT Ha3an), U YCJIOBHUS BapbUPOBAINCH OT CTEIEHU
XJIOpUTa Ha 3amajie 10 CTENEeHU CTaBpojuTa (-KhaHuTa) Ha BocToke. [lupporuH, npeobnanaroumii
Cyib(QuI, IPUCYTCTBYET B BUJE NMPOKHUIKOB, MapaJIe]bHbIX METaMOP(PHUUECKUM TpeIluHaM, U, Ho-
BUAMMOMY, 0O0pa3oBajicsi M3 MHpPUTa BO BpeMs pPErHOHAIBHOrO MeTamopdusma; rpyOsle
uarnomMopdueie mopdupodiacTel nmuputa auameTpoM 10 30 cM B MHPPOTHHOBOW PYAE OTPAXKAIOT
JUIMTENIBHBIA POCT BO BpeMsi MeTamopdusma. TekcTypHble 0COOCHHOCTH M BapHaluu CyIb(HIIOB,
IOKa3bIBAIOT, YTO BO BMEINAIOUIMX MOpOJaxX C BO3pacTalolledl CTelneHblo MeTraMmopgusMa
3aUKCHpOBaHa  3HAYMTENIbHAs  pPeMOOMIM3alMsl  Cylb(DUIHBIX  KOMIIOHEHTOB BO  BpeMs
peruoHasibHOro Meramopdusma. bumonansHo-MapuTOBOE MECTOpOXKIAeHUE 03epa ApuaeH N30k Ha
Cesepo-3anaaHbIxX TEPPUTOPUSIX Kananpr ABIIETCS IpUMEpPOM MECTOPOKICHUS,
MEeTaMOp(U30BAaHHOIO B YCIOBHMSIX TIPaHYJIMTOBOW (amuu — BBICOKOTEMIEPATYpPHOTO KOHIA
IIPOMEXYTOUHOTO TEPMUYECKOTO IPAJTUEHTA.

Kpyroii reorepmuueckuil IpaJueHT XapaKTepU3yeT MeTaMOppuU3M B OCTPOBHBIX MOyrax,
OKEaHCKHX XpeOTOB ¥ KOHTHHEHTAJNBHBIX OKpamH (puc. 22). XapakTepHble MHHEpabI,
oOpa3oBaBIIMecs B TMEJIMTOBBIX MOpojax B 3Tol oOctaHoBke ¢ Hu3kuM P/T, ompenensior
MeTaMmop(¢uueckre 30Hbl bblokeHa, B KOTOPBIX OMOTUT — KOPAUEPUT — aHJATY3UT — CUIUIMMAHMUT.
Cunmeramopduueckue HMHTPY3MHM, B TOM YHCIE B YCIOBHUSIX PACTSIKEHHs, OOBIYHO SIBISIOTCS
MCTOYHUKaMU Terula Ajisg Mmeramopdusma tuna berokena. bonee nokanu3oBaHHbI MeTamMop(du3M B
OKPECTHOCTSIX MarmMaTH4ecKOi MHTPY3MHM MOXKET NMPHBECTH K OOpa30BaHHIO KOHTAKTHOTO OpeoJia
MUHEPAJIBHBIX 30H BOKPYI MCTOYHMKA TEIUIA; MHUHEpalbl, Pa3BUThIE B XOJA€ KOHTAKTHOIO
MeTtaMmopdusMa (POroBUKH), MOTYT BKJIFOYATh T€ K€ MUHEpaJbl, KOTOPhIe 00pa30BaIMCh BO BPEeMsi
pernoHasibHOrO MeTamoppusMa bbiokeHa, HO, B 3aBHCHMOCTH OT CTENEHHM CHHILTYTOHHYECKOMN
negopmanuu, MUHEpaiIbl KOHTAKTHOTO MeTaMop(u3Ma MOTYT OTIMYAThCS 1O TEKCType M HE UMETh
NPEIIOYTUTENBHON opueHTauuu. OpHako pa3felieHue MeXJ1y DbDbIOKEHOM U KOHTaKTHBIM
MeTaMOp(hU3MOM B HEKOTOPBIX YCIOBHSX SIBISETCS MCKYCCTBEHHBIM, HallpuMep, B mrate MpaH, rie

MeTamopduiecKkrue HU30Tpajbl cyOrnapalijiesibHbl KpasM ILTyTOHOB, W METaMOppHU3M Jydllle BCEro
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ONHUCBHIBAETCSI KAK PETHOHANBHBIM KOHTAaKTHBIH MeTaMoppu3M. BbIBIEHBl MHOIOYMCIEHHBIE
mectopoxacaust VMS B Kazaxcrane (manpumep, Kycmypyn), Y36ekucrane (Hanpumep, Kymnnapa) u
Kurae (nanpumep, buenyByty), nmonseprimecs: HOCTPYAHOW PEKPUCTAIUIM3AINN B X0/1€ KOHTAaKTHOTO
MeTaMopdusma.

IlomuMo omnpezneneHus TEPMUYECKHUX YCIOBUM MeTaMOP(PHUUECKUX MHUHEpPAJIOB BMEIIAOIINX
1OpOJ,, HEKOTOpbIE CYyIb(UAHBIE MHUHEPATbl MPEUMYIIECTBEHHO IEPEKPUCTAIIM30BBIBAIOTCS C
yBEIIMYEHUEM CTereHu Mmeramopdusma. Hanpumep, nunkoBas mmuHens ((Zn,Fe,Mg)Al204) moxer
00pa3oBbIBaThCH MO0 B pe3ynbTaTe MeTamopduszma ¢a3 okcuaa Zn, necynbduanzanuu chaiepura,
1100 paspyuieHus Zn-CoAepKallluX CWIMKATOB, TAKUX Kak cTaBposuT; nuppotud (Fel-xS) moxer
o0pa3oBaThCsl B pe3ynbTare 0ojiee BEICOKOTEMIIEpaTypHOi pekpuctaumsanuu nuputa (FeS2). beuio
MOKa3aHO, YTO COCTaB ITMHKOBOH HIMHUHENMN SBIAeTCS 3()(HEKTUBHBIM OPHEHTHUPOM IIPH DPa3BEIKe
MeTaMOp(U30BaHHBIX MACCUBHBIX CYJIb(QUAHBIX MecTopoxaeHui. [IpogeMoHCTpUpoBaHO, YTO
COCTaB BMELIAIOIIUX IOPOJ M THUIBl M3MEHEHHUI, NPUCYTCTBYIOIIMX B JaHHOM MECTOPOKICHHUHU,
ClIeZlyeT YYWTHIBATh IPU BBIOOpPE COCTaBa INIMHENH, KOTOPBHIA OyIET HMCIIONBb30BaThC B Ka4eCTBE
MIOVWCKOBOTO MIPU3HAKa, 0COOEHHO TaM, TJI€ TOPOJIbl MarHe3UaIbHEIE.

Hedhopmayusa u mexcmypboi.

bazanbTOBBIE MOpPOABI, MOABEpruIvMecs MeraMoppu3My, OOBIYHO COXPaHSIOT PEIMKTOBBIE
MarMaTHYECKHUE TEKCTYphI, TOT/Ia KaK IOPOJbI, MEPEKPUCTAJUIM30BAHHBIE B XOJ€ MOCIETYIOIIUX
PETHOHANBHBIX JUHAMOTEPMAJIBHBIX IMPOIECCOB, OOBIYHO COXPAHSIOT PEIUKTOBBIE MarMaTHYecKHe
TEKCTYpbl. B ocalouHbIX MOponax MOXKET OBITh TPYJHO Pa3IUYUTh MEPBUUHYIO JePOpMaLUIO
OTJIOKEHHUH Ha MOPCKOM JTHE U MOCTPYAHYIO pETHOHATIBHYIO AedopMaruio 1 ckiaayarocts. Hanmnuue
XpYHKUX J1e(pOpMallMOHHBIX OCOOEHHOCTEN Ha MECTOPOKIEHUSAX SBIISIETCA OJHUM M3 MOKa3aTenei
MOCTPYIHOTO OXJIXKIEHHUSI TUAPOTEPMAIBHON CHCTEMBI Tieper aedopMaiieid M, CIeJ0BaTeNbHO,
ABJISIETCA ApTyMEHTOM MPOTHB CHHXPOHHOCTU JAedopManuu ¢ (GOpMHUpPOBAHHMEM MECTOPOXKIECHHI
mectopoxkaenne VMS. TekcTypsl, Takue Kak TJIMHO3EMHUCTbIEé KOHKPEIIMH B BBICOKOCOPTHBIX
KBapIIOMOJICBOIINATOBBIX THEWcaX © JamWwuMd Wid 0ojee KpymnHble (parMeHTHl OJOKOB B
COITyTCTBYIOIIMX  TJIMHO3EMHUCTBHIX  THeWcaX, NPUMBIKAIOIUX K YEeTKO  Pacro3HaBaeMbIM
MeTaMOp(U30BAaHHBIM  JIAMMMJUIMCTOHOBBIM TOJNIIAM C ()parMEHTaMH aHAJIOTUYHOTO pasMmepa,
SBIISIIOTCSL  OCTaTOYHO  HAJEXKHBIM  CBHJIETEILCTBOM  IPEALIECTBYIOIINUX  T'MJIPOTEPMAIbHBIX
n3MeHeHu tuna VMS. JletanbHas TEpPMOXPOHOJIOTUS BO3PACTOB MarMaTH4eCKOW KPUCTAJUIA3AIMU
METaMarMaTH4ecKiX BMEIAIOIINX TOPOJ, CBS3aHHBIX C MECTOPOXICHUSIMH MecTopokaeHne VMS,
HeoOXoauMma sl TOro, 4roObl auddepeHIpoBaTh BMEIIAIONIME IMOPOAbI OT MOJBOJIHOM
MHUHEepaJIM3alui MeCTOpoXkaeHue VMS 1 TeKTOHUYECKH CMEKHBIX JIMTOJIOT M, BOSHUKIINX BJIAJIX OT
MecT MUHepanm3anuu. OmnpeneneHne BO3pacTOB METaMOP()HUYECKOTO OXJIaXICHUS U Pa3InIHBIX

MHHCPAJIOB BMCIIAOIIMNX IMOPOA, KOTOPBIC UMCIOT AWAIIa30H TEMIICpaTyp 6J'IOKI/IpOBKI/I, TaKXXE UIpact
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pEIIaloNIyl0 pOJIb B OMNPEACICHUH IOCTPYIHOM TEepMHUUYECKOW W AePOPMAIMOHHONW HCTOPUHU
MecTopokaeHuil VMS.

BonpmmHcTBO paifoHoB  MectopokaeHue VMS mocTtpaganu  OT  CKIAA4aToO-HAJABUTOBBIX
nedopManuii, MOCKOJIbKY MHMHEpalbHbIE Tosfca CHOPMHUPOBAINCH B HEJOJITOBEYHBIX OacceiHax
pacTsbkeHus: BOJIM3U KpaeB IUTUT, KOTOphIe 1e(hOpMUPOBAIUCH BO BpeMs MOCIEIYIOIIEr0 3aKPhITUS
OacceiiHa. OTHUM U3 pe3yJIbTaTOB CKJIAAYaTOCTU SIBISAETCS TO, YTO MEPBOHAYAIBHO OTHOCHTEIBHO
TOHKHMHA CJIOW PyAbl MOXeET OBITh YTONIIEH /10 3KOHOMHUYECKH BBITOAHBIX pa3mepoB. Hambonee
pacrnpoCTpaHEHHBIM OOBSCHEHHWEM YTONIIEHHUS CyIbQUIHOM Macchl SBISIETCS IpEeBpalleHue
Cynb(hUI0B B METIN CKIAAO0K npu aedopmannn. OQHAKO HEKOTOPbIE UCCIIENOBATEIN YKa3bIBalOT Ha
KOHTPOJIUPYIOILIEE BIIMSIHME, KOTOPOE MOJKET OKas3blBaTh Ha JIOKAIM3ALMIO CKJIAJOK Macca
CyIb(HIOB, YK€ MPUCYTCTBYIOUINX B 1e(HOPMUPYEMBIX TOPOIaX.

Pazmep 3epen meramopduueckux TOpOJ, CBA3aHHBIX C oTIoxkeHUsIMH VMS, o0O0BIYHO
YBEJIMYUBACTCS C YBETMYEHHUEM CTEIEeHH MeTaMopdu3Ma, a Takke 3aBUCUT OT MeTaMOp(hUUYECKOTro
POTOJMUTA. AHAJIOTMYHO, pa3Mep 3€peH acCOLMHUPOBAHHBIX CYJIb(UIOB B MECTOPOXKICHUU
BaphbUPYETCSI B 3aBUCHMOCTH OT TIEPBUYHOM MHUHEPAJIOTHU M CTEIEHU METaMOpPUICCKON
pekpuctainzanuu. [lepBuunbie cyabpuIHbIe MUHEpaibl 6osbiMHCTBAa ZNn-Ph-Cu MecToposkaeHni
MEJIKO3EPHHUCTBIE U CPOCILINECS, TOTIa KaKk MUHepaibl 00bIKuHCTBa Cu-Zn MECTOPOKIECHUN OOBIUHO
Oonee kpynHo3epHuctele. @opma U pasmep 3€peH, KOTOpble NPUHUMAIOT CYJIb(UIHBIE MUHEPAJIbI
pu MeTaMop(uuecKoil peKpucTalIN3aluy, 3aBUCAT OT OapUUYECKUX U TEMIIEPATYPHBIX YCIOBHM NMPU
MeTamopdusme, mpuponaa kuakod (assl U AedopmalMOHHBIE CBOMCTBAa MHMHEpasioB. B 1enom
MIPOTPECCUBHBIN PETHOHATBHBIA MeTaMOp(u3M, MO-BHAMMOMY, BBI3BIBAET YBEIMUEHHUE pazMepa
3epeH CyIb(PUAHBIX Pya MPH YCIOBHH, YTO jAedopMalius He OblIa CIUIIKOM HHTEHCHUBHON. OueHb
KpymnHble (auamerpoM 3—7 cM) rpaHaThl MPHUCYTCTBYIOT B XapakTepHOM ¢opMmMe B claHIaXx Ha
MECTOpPOXKACHUH Onu3aber, mrTar BepmonT. XoTs rpaHaTel 00pa3oBaluCh B pe3yibTare
MOCTPYJHOTO PETHOHAJIBHOTO aKaJCKoro (paHHEro JAeBoHa) MeTamopdu3Ma, BaJOBOW COCTaB,
HEOOXOIUMBIA JUIsl MX 0Opa3zoBaHus, CHOPMHUPOBAJICS B pe3yJbTaTe J0AKaJICKOrO MOJBOJHOIO
MeTacoMaTosa.

VMS kpemHe-0010MOYHOTO THUHa BepMOHTCKOro MEJHOro Mosca HMMEIOT SKCTaSIUOHHOE
MPOUCXOXKICHUE KOTUKYIBI, METaxepTa | jkene3000pa3oBanms. | €oOXuMUYeCKHe JaHHbIE s IPYTHX
HEOOBIUHBIX JIMTOJOTHII— KBapI-MyCKOBUT-KapOOHAT-CTaBPOJIUT-KOPYH/IOBBIM ClaHel] M KBapll-
TypMaJMH-aJIbOUTOBOM MOpPOAE€ — TMO3BOJMIN MPEANOI0KUTh, YTO 3TU TMOPOJBI MPEICTABISIOT
co0Oi TONEUTOBBIE 0a3aJbThl, KOTOpHIE MpeTeprenn OOUIMpPHBbIE M3MEHEHHS W METacoMaro3 0
akajckoro Metamopdusma. J[okazaTenbcTBOM UX 0a3aTbTOBOTO MPOUCXOXKICHUS SIBISIFOTCSI BRICOKHE
conepxanus Cr ¥ HOPMUPOBAHHBIC 110 XOHIAPUTY CTPYKTYpHI P33, KOTOphIE BO MHOTOM aHAJIOTHYHBI

TaKOBLIM B HEU3MEHEHHOM MeTa0a3ajbTe M3 BMCIIAOIMUX ITOPOI. IToMuMO BBICOKOTO COACPIKaHHUA
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Cr, HEKOTOpBIE OPOJbl CHIIBHO OOOTallEHbl TJIMHO3EMOM, YTO OOBSCHAIOT MOTEPEH Macchl APYTUX
KOMIIOHEHTOB BO BpEMsl AIKCTPEMAJbHBIX INPEMETaMOPPHUECKUX THIPOTEPMATBHBIX H3MEHEHHI.
[Tockonbky MaccuBHBIC Cynbhuasl MemgHoro mosica BepMmoHTa Takke HMMEIOT OYEHb HHU3KOE
COJIEp’)KaHNE OTHOCUTENBHO HENOABMKHBIX 3JIEMEHTOB, Takux Kak Cr, Zr u P33, npumum k BeIBOLY,
YTO Cylb(UIHbIE TeJa JIMIIEHbl 3HAYUTENIBHBIX COJIEP’KAHUM OCaJo4YHbIX WM 0a3albTOBBIX
KOMIIOHEHTbl U, CJIEJJIOBATE€IbHO, HE 00pa3oBajlMChb B PE3YyJbTAaTe I[OJBOJHOIO 3aMEIIECHUs
00JIOMOYHBIX OTJIOKEHUH WM OCHOBHBIX BYJIKAaHHTOB. BMECTO 3TOro MacCHBHBIE CYJIb(HIIBI
IEPBOHAYAJILHO 00pa30BaJIUCh B PE3YJIbTATE CUHI€HETUKO-IKCTAISILIMOHHBIX MTPOLECCOB HA MOPCKOM
JIHE B CUITypPUICKOM M PaHHEM JIEBOHCKOM IIEPHOJIE.

JlaHHBIE TI0 HETMOJABMKHBIM MHUKDPOIJIEMEHTAM U PEAKO3EMEIIBHBIM JJIEMEHTaM B IIEJIOM II0
NOpOJIe TIO3BOJIMIIN YCIEIIHO UACHTH(PHUINPOBATH METaMOP(PUIECKHE TPOTOIUTHI TOPOJI, CBSI3aHHBIX
C HECKOJBKUMH JIPYTUMHU MECTOPOKICHUAMHU KpeMHeoOnoMoyHo-Maduueckoro tuna VMS. Beuio
[IOKa3aHO, 4YTO IPEALIECTBEHHUKU XJOPUTOBBIX CJIAHIEB U TIPaHOOJACTOBBIX AJIbOUTUTOB U3
MecTopoxaeHuil ['occan-CBuHeny B BupKMHMM aHAJOTMYHBI IPENIIECTBEHHUKAM COCEIHHUX
HEN3MEHEHHBIX META0CaJOYHbIX CIAHIEB, YTO MO3BOJIAET MPEAIIOJIOKUTh, YTO XJIOPUTOBBIE CIIAHIIBI
U anbOUTHUTHI 00PA30BANINCH B PE3Yy/IbTaTe I'MIPOTEPMAIIBHOTO METACOMAaTO3a 00JIOMOYHBIX MOPCKUX
OTJIOXKEHUH, a HEe B pe3yibTaTe CUHICHETHUECKUX ocaakoB. Ha 00I0MOYHO-MOpCKOE OcalouHOe
IIPOUCXOXKIECHNE YKa3blBAJIM TAKXKE COOTHOILEHUS MUKPO3JIEMEHTOB U P30 B XJIOPUTOBBIX CllaHLAX,
OMOTUTOBBIX CIIAaHIIAX, MyCKOBUTOBBIX CIIaHLIAX U aIbOUTUTAX, IPUJIETAIOIUX K CYIb(OUIHBIM pyiaM
mectopokaeHuit [laktayn, mrar TeHHeccu. I'eoxumuueckue IaHHbIE MO OOraTbIM XJIOPUTOM H
OMOTHTOM CJaHLIaM M3 BMELIAIOIIUX IMOpoJl MecTopoxaeHus Marwiecc B HamuOun mo3BossioT
MPEIOJIOKUTh, YTO 3TU MOPOJIbl BOSHUKIIN KaK TOJIEUTOBBIM 0a3anbT, KOTOPBIA BIOCIEICTBUHU ObLI
MeTacoMaTU3UpoBaH.  XOTd  OOJBIIMHCTBO  MeTaba3albTOBBIX  TOPOJ,  CBSI3aHHBIX  C
MmectopoxkaeHusMu  VMS  kpemHHCTO-Maduueckoro THIAa, HUMEIOT XHUMHYECKHH  cocTaB
OKEaHWYECKHX TOJEUTOB, HEKOTOpble 3€NC€HOKaMHU M aM(UOOIMTHI, CBA3aHHBIE C ATUMHU
MECTOpOXACHUSIMUA, B TOM uucie B mosice CamOaraBa B Anonum u Bungu-Kparrm B Kanane,
COJIep’KaT MUKPO3JIEMEHTHI 1I€JI0YHOTO BHYTPUILIUTHOTO Oa3aibTa.

TepmobapomeTpuss BMEINAIONIMX MMOPOA M CYyIb(QUAOB BMECT€ CO CTPYKTYpHBIMHU
UCCIICIOBAaHUAMHU Jlajla BaXHYI0O MHQOpMAIMIO O Cpokax MeTramopdusma, aedhopManuu u
oOpa3oBaHusl Cynb(OUIHBIX OTJIOXKEHHH. B neranbHOM H3ydyeHUM YCIOBHM MeTamopduima
CyTb(UIHBIX OTJIO)KEHUH M CBA3aHHBIX C HHMH BMeIIAIOUMX MHopoj B paiione bartepct Hbrio-
BpaHcynk mMOITBEpX,AE€HO, UYTO MeTaMOpP(pHUUECKUE YCIOBHUS 3€JICHOCIAHLEBOW dauuu i
CUJIMKATHBIX KOMILIEKCOB, BCTPEYAIOLIMXCS BHYTPH U BO BMELIAIOLIUX IIOPOJAX MECTOPOKIACHUS
OBLIM MJIEHTHUYHBI TaKOBBIM B CYIbQUAHBIX KOMIUIeKcax. Takoe coorBercTBue yciosuil P/T

MOKA3bIBACT, YTO OTJIOKEHHUS CPOPMUPOBAIHCH 10 NHKAa MeTramopdu3Ma BO BpeMsl TEPBOTO
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MeTaMOp(pUYECKOro 3MU30/a, YTO COTJIACYeTCsl C CHUHIC€HETUYECKUM MPOHCXOXKIECHHUEM OTJIOKEHUN
Barepcra. CdanepuroBas OapoMeTpuss MPUMEHUTEIBHO K COOTBETCTBYIOIIEMY ChalepUT-THPUT-
FEeKCaroHAJIbHOMY MUPPOTHHY KOMIUIEKCY, OKa3bIBAJIM MOCTOSIHHOE JABJIICHUE MEXIY Pa3IuYHbIMU
CTPYKTYypHBIMH 30HaMu. [IukoBbie TemnepaTypsl MeTamopdu3Ma, onpeaesieMble apCeHONUPUTOBOM
U XJIOPUT-(DEHTUTOBON TepMOMETpUEH, Takke ObUIM COTJIacOBaHbI MEXy OTIOKeHUsIMU batepcra u
CTPYKTYpHBIMH TIOKPOBaMH, B KOTOPBIX OHHM BCTpeYalOTCs. Y3kui amamason P/T-ycrmoBuid,
OTIpeICIICHHBIN JIJIsl OTIOXKEHUH baTepcTa mo3BoIsIeT MPEANONIOKUTh, YTO MMOKPOBHI OBUTH COOpaHbI U

BHYTpEeHHE 1e(hopMHUpOBaHbI JO NEPBOr0 METaMOP(HUIECKOTO SU30a.

5. XAPAKTEPUCTHUKU OPYIEHEHNAI.

5.1 Mopdosorust 1 30HAJIBLHOCTb.

Bce HecynbdumHbie KOMMOHEHTHI OTIOKEHUH VMS OOBIYHO CUHMTAIOTCS MMYCTOW MOPOAOH.
MuHepanbl 3TOH KaTErOpUU CHJILHO pPa3jUYyarOTCs B 3aBUCHMOCTH OT HECKOJBKUX (haKTOPOB,
BKIIIOYasi CTCIECHb MeTaMop(du3Ma, BO3pACT M T'EOJIOTHYECKYH) OOCTaHOBKY. [l OTIOXEHHIA,
3aJIETalOIINX B HIDKHEH 3€TICHOCTAHIICBON (DAllMK WITH HUKE, TUTIOTEHHAS TIOPOJIa MOXKET COCTOSATh U3
KBapia, kapOoHarta, 6aputa, O6em0il Ciroabl U (WIH) XJIOPHTA BMECTE C MEHBIIMMH KOJIMYECTBAMHM
MarHeTuTa, HATPUEBOTO IUIArMOKiIa3a, SMUA0Ta, TypMalliHA, aHAJIbLIUMa M MOHTMOPUJUIOHUTA;
JIOOPUT, TENbCUH, ruanodadH; MecraMu MOTYT MPUCYTCTBOBATh TPUHAINT, CTHILITHOMETAH,
reMaTuTa, aHTuApuTa U rurca. Ha 6oiee BRICOKUX CTYNEHSIX MeTaMOp(u3Ma OOBIYHBIME KHTbHBIMH
KOMIIOHEHTaMH SIBJIIOTCS XJIOPUTOU, TpaHaT, aMpuOO0i, KOPIAUEPUT, TAHUT, CTABPOIUT, KUAHUT U
aHJaNy3uT, MECTAMHU B HE3HAYUTEITFHOM KOJIMYECTBE BCTPEUYAETCSI pYTUI U (WUJIH) TUTAHUT.

Bozpact mecropoxnennit VMS Bo MHOIOM CBSI3aH C HaJMYMEM WJIM OTCYTCTBUEM HEKOTOPBIX
KWIBHBIX MUHepanoB. Cpeau HHUX CIeIyeT BBIICIUTh OApUT, KOTOPBIA BCTPEYACTCS B HECKOJIBKUX
apXeHCKUX pYAHBIX TelaxX, HO OOBIYHO OTCYTCTBYeT B 0o0Jee MOJOJBIX JOKeMOPHICKUX
MECTOPOXKACHUSIX. bapuT OTHOCHUTENBHO PaCHpOCTpaHEH B (haHEPO30HCKUX OTIOKEHUSIX, KOTOphIC
coJlepKaT OOWIbHBIC BYJKAHWMUYECKHE TIOPOJBI KHCIIOTO COCTaBa, Kak IMPABWIO, C BBICOKOM
KOHIIeHTpaleld Ba B kanueBOM MOJIEBOM Imare. B HEKOTOPBIX MecTax BCTPEUAIOTCS AHTHUIAPUT H
THUIC - ciaboMmeTraMop(dHu30BaHHBIE PYIHBIE TeJIa MHOIEHOBOTO MecTopoxkaeHus Kypoko B Smnonuw,
HO B IIEJIOM OHU HEM3BECTHHI B Oosiee MeTaMOp(U30BaHHBIX JPEBHUX OOBEKTaX, B OCHOBHOM H3-3a
pPETPOTPaJIHON PACTBOPUMOCTH AQHTHUIPUTA M JIETKOCTH €ro pacTBOpeHHEe OoJiee IMO3THUMH
YKUJIKOCTSIMH.

KoMIIekcpl KWIBHBIX MHUHEPAOB B MECTOPOXKACHUAX VMS MmUpoKo BapbUpPYIOTCS B
3aBUCHMOCTH OT HECKOJBKHX T[apaMeTpoB, TaKMX KaK COCTaB KHUAKOCTH, COOTHOIICHHE
KUIKOCTB/TIopoa, ucropus P-T u mocTtpymHas pekpucraum3aiusa. B 6orateix cynbpumaaMu 30HaX

3eJICHOCTIaHIeBOW (alluu MECTOPOXKACHHM, pachpOoCTpaHEHHBl acCOLMAllMM KBapl + XJIOpPUT +
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CepUITUT. £ KapOoHaT + GapuT + anbOUT; O0JIee CUITbHO MEeTaMOP(PU30BaHHBIE MECTOPOKICHUS MOTYT
coJIepKaTh KBapIl + rpaHar + ampuOoI £+ pyTHIL

VcxonHblii TUAPOTEPMATIbHBINA TMApareHe3uC SKWIBHBIX MHHEPAJOB BOOOIIE HEBO3MOXKHO
BBISIBUTH H3-32 IIOCTCEIUMEHTALMOHHBIX Jedopmauuii u Mmeramopdpuszma. OJHAKO HEKOTOphIE
XOpOULIO cOXpaHuBLIMECH pyasl VMS, Haxozsmuecs Ha ypOBHE HMXKHEH 3eleHOCHIaHLeBOl ¢anuu
WIA HIDKE C MUHUMaJbHOW TpOHHUKaomedl nedopmanueii, 0OHAapYXHUBAIOT, IO-BHIUMOMY,
NIEPBUYHBIE IOCJIEA0BATEIbHOCTH JKWIbHOW MHHepanu3anuu. Ha OpIOBUKCKOM MECTOPOXKIECHUU
bonn-Mayntun B mitate M3H BBIACIEHO CEMb CTaIUi MHUHEpaIu3allMy: PaHHUN MaCCHUBHBIN
HNUPUTOBBIN CyIb(QHI; MACCUBHBIA MUPPOTHH; KUIbHBIN KBapl; MACCUBHBIA MUPUT, MarHeTut u Fe-
CHJIMKATBI; KBapI-CUICPUT-CYIb(UIOBBIC KHIIbL, U JBE CEPHUH IMO3JHUX KBaPL-CYIb(QHUIHBIX KUI.
Hexotopsie otnoxxenuss VMS cumypuiickoro uiam 1eBOHCKOTo Bo3pacta Ha FOxHoMm Ypane B Poccun
COXPaHSIOT EPBUYHBIEC TApAreHEeTUUECKUE CBA3H.

MuHnepanoruyeckas 30HaJIbHOCTh IPU3HAaHA Ha MHOTMX MecTopoxiaeHuax VMS. 3onanbHOCT
CyTb(HUIHBIX MHUHEPATIOB XOPOIIO JOKYMEHTHPOBAHA, HO 30HAIBHOCTH >KUJIBHBIX MHHEpAJOB (3a
UCKJIIOYEHUEM OHKCraJIuTOB) oOCyknaercss penko. TeM He MeHee, MOXHO CJielaTb HECKOJIbKO
0000mieHuit. Bo-nepBbiX, B XOPOIIO COXPAaHUBIIMXCS (PaHEPO30MCKUX OOBEKTAX JKUIIbHAs MOPOAa B
Aaapax cylb(QUIHBIX «OYrpoB» MpPEJCTaBICHA NMPEUMYILECTBEHHO KBaplleM, TOI/la KaK Ha OKpauHax
MeCTaMHU TPHUCYTCTBYIOT OOWJIbHBIE OapuT W (WJIM) aHTUAPUT. XJIOpUT M Oenas citoga MOTYT
KOHIEHTPUPOBATbCA B HWKHEH MJIM BepxXHeH dacTu Cyiab(QUIHBIX KypraHoB. KapOoHaTHbIe
MUHEpPAJIBl, KaK MPaBWIO, IIHUPOKO PACHPOCTPAHEHBI HAa HEKOTOPBIX MECTOPOKACHMSX, TAaKUX Kak
Pyrran B ManuTo6e, OHM BCTpeYarOTCs MPEUMYLIECTBEHHO B CTpaTUrpauuecku Oosiee BBICOKUX
4acTsX Cyab(UIHON 30HBI.

XKunbHble MUHEpallbl HMMEIOT pa3Hbli pa3Mep 3€peH B 3aBUCUMOCTH OT CTENEHU
MOCTCEIMMEHTALMOHHBIX ~ TPOLIECCOB,  TAaKMX KaKk H3MeJNbUeHHE U  MeTamopduueckas
pexpucTtau3anus. OObIYHO KHUJIbHBIE MUHEPAbl UMEIOT MAaKCUMANbHBIN pazmep MeHee 1 MM. XoTs
pa3Mepsl 3epeH OObIYHO Oosbllie B Oosiee CHIBHO J1e(OpMHPOBAaHHBIX U MeTaMOp(pU30BaHHBIX
otnoxeHusix VMS. Hekoropele IpeBHHE OTIOXKEHHS HUXKE (aluyu 3€JIeHBIX CIAHIEB MOTYT
coJiepKaTh KHUJIbHbIE MUHEPAJIbl Pa3MEepOM JI0 HECKOJIBKHUX CaHTHUMETPOB. ['opa3no Gosee KpynHbIe
3epHa XOpOIIO JOKYMEHTUPOBAHbI B MECTOPOXKICHHUIX aM(pHOOIUTOBOM U IpaHyIUTOBOM (auuid, rae
M30METpUYHBbIE MUHEpallbl, TaKHMe Kak rpaHaT M KOPAUEPUT, MOTYT MMETh auaMerp 5-8 cm, a
npu3MaTHUYECKUEe MUHEpalbl, Takhue Kak amM(puOon M KHAHWUT, MOTYT HUMETh JJIUHY B JECSATKU
CaHTHMETPOB.

TepMuH <«@KCraquT» OTHOCUTCS K <OKCTASITUBHOW» XUMHUYECKOW OCaZJOYHOW IIOpOJE.
OKCXaJuThl NPEACTABISIIOT CcO0OW  cTpaTuOpMHBIE TUIACTBI WM JIMH3Bl TOPHBIX TOPOJ,

IPOCTPAHCTBEHHO CBsi3aHHBIE ¢ oTIokeHusIMH VMS. Cumraior, 4To B dKCrajuTax 3a(puKCHpOBaHO
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ocaxkjieHrue B 0CHOBHOM amopdubIx (a3 Fe-Mn-Si-S-Ba-B u3 ruaporepmaibHBIX Kepi M IUTFOMOB,
csizaHHbIX ¢ VMS. «Bp110X1» BO3HUKAIOT B IPOKCUMAJIBHBIX MECTAaX B TOJIIAX BUCSYET0 OOpTa HAl
CyTb(HUIHBIMA OTJIOKEHUSIMH ¥ (WJIM) B BHJIE KpaeBbIX LUICH(POB NPUMEPHO HA OJIHOM
cTpaTurpaduyeckoM ypoBHe. J(ucTanbHbIe SKCraluThl, IPOCTUPAIOIINECS HA COTHU METPOB U Oosee
10 OT OTIoKeHu VMS, Takxke MOryT MpUCYTCTBOBATh, XOTS BBIACHEHHE MX I'€HETUYECKOH CBSI3H C
KOHKPETHBIMU CYIb(PUIHBIMH TOPU3OHTAMU MOXET OBITh 3aTpylnHEHO. Pexxe BcTpedaroTcs
HKCTAJIMTBI, 3aJICTAIOINE B MTOJIOMIBEHHBIX TOJIIIAX HIDKE CYIb(PUIHBIX 30H. HeKkoTOphIe KpeMHUCTHIE
IJIacThl, Takue Kak Tyd I'maBHOrO KOHTakTa B paitone Hopanma B KBebeke u kiro4-Ty(UT B paiioHe
Mararamn B KBeOeke, MHTEpHPETUPYIOTCS KaK SKCTaJHUThl; OJHAKO, CYAs IO HCCIEeIO0BaHUAM
COBPEMEHHBIX cucTeM VMS, BIOJHE BEPOSTHO, YTO 3TH OTIOKEHHUS 00pa30BAINCH HE B Pe3yJIbTaTe
BBIMAJICHUS NUICH(POB, a B pe3yiabTare MIMPOKO paclnpocTpaHeHHOro aud@y3Horo BwIOpoca u
CBSI3aHHOTO C 3TUM OKPEMHEHUS TY(QOTr'€HHBIX TOJI] HA MOPCKOM JHE WIN B HETNIyOOKOH TOJIILE.

CoBpeMeHHbIE 3KCXAINUThl ObUIM OOHApy)XeHbl BOIM3M HECKOJIbKMX cucteM VMS. Ilpumepsl
IPOKCUMAJIbHBIX  JKCAJUTOB  BKJIIOYAIOT  AKCaIUThl  CpeauHHO-ATIAHTUYECKOro  XpelTa.
CoBpeMeHHbIE JUCTAIbHBIE AKCraJUThl IPEACTABICHBl HKEJIE30MAapraHLUEBbIMU  OTJIOKEHUSIMH,
OKpY)KalOIIUMU MHOTMEe Mopckue omiokeHuss VMS, a Ttakke JHalbHUMH METaJJIOHOCHBIMU
OTJIOXKEHUsAMHU, Hampumep, B BrmaguHe bayspa u Ha Bocrouno-Tuxookeanckom nofHstuu. B
JPEBHOCTH JKeJIe3Hble O0pa30BaHMsS THUNA AJBrOMBI, BEpPOSITHO, 00pa30BaJUCh B pE3yJbTaTe
BbINA/ICHUS TJIIOMOB B OTJAJIEHHBIX Cpelax IO CpaBHEHHIO ¢ cucteMamMu VMS. OHu oOHapyKeHBbI
KaK B JIOKeMOPHUHCKUX, TaK ¥ B (paHEPO30MCKUX BYJIKaHHYECKUX I1OCIIEAOBaTENIbHOCTAX. borareie
MapraueM yMOphl, TakuMe Kak ymMOpbl M3 MejoBoro o¢uonura Ha Kwumpe, BeposSTHO, MMEIOT
aHaJIOTMYHOE TmpoucxoxzaeHue. IIpenocrepexxeHne 371ech COCTOMT B TOM, UYTO OOJIOMOYHBIE
TypOMANUTHI, OoraTble Cylb(uaaMu, WiIM aHAJIOTUYHBIE NepepabOTaHHbIE CYIb(UIOBBIE OTIOKEHUS
BIamu oT MecTtopoxiaeHuit VMS, kak Ha coBpemeHHOM CpeauHHO-ATIAaHTHYECKOM XpeOTe, He
OTpaXXaroT BBINAJCHUS THAPOTEPMANIBHBIX IIJIIOMOB.

BoNbIIMHCTBO 3KCTaJUTOB UMEIOT TaOIUTYATYI0 OPMY U COOTBETCTBYIOT HAIUIACTOBAHHUIO BO
BMEUIAIOMIMX BYJIKAaHMYECKUX WM OCaJO4yHBbIX Toimax. OOblYHAs TOJIIMHA BapbUPYETCS OT
HECKOJIbKUX CAaHTHMETPOB /10 HECKOJIBKUX METPOB. BO MHOIMX Cilydasix MPOKCHUMAJIbHBIE IKCT AT
UMEIOT HauOOJBIIYI0 MOIIHOCTh HEMOCPEACTBEHHO HaJ CYIb(QUIHBIMU 30HaMH M IOCTEIIEHHO
CTaHOBSITCS TOHBIIIE 110 MEPE YAAJIEHUS OT MECTOPOXKAeHUs. JlHMCTalbHbIe SKCTATUTH OOBIYHO UMEIOT
OJIMHAKOBYIO TOJILIMHY 1O NMPOCTUPAHUIO OT AECSITKOB JO COTEH METPOB, 3a UCKIOYEHHEM oOacTeit
C TMpexnojiaraéMoi  HEpOBHOM Tomorpadueil MOpCKOro JTHa M MECT, IOJIBEP>KEHHBIX
MOCTCEIMMEHTAIMOHHBIM pa3ioMaM WK ckiaggaroctu. OueHb MOImHbIN (20-30 M) MpoKcUMalIbHBIN
OKCAIUT O00pa3yeT IUIaCTUHYATHIM CJI0OM HEMOCpPEeICTBEHHO HaJ MAacCUBOM CyiIb(UIOB B

yameoOpa3HoM rpabeHe Ha MecTopoxaeHuH JIpicas ropa B mrate MoH.
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CTpykTypsl CHOCOOCTBOBAJIM HAKOIUIEHHWIO KaK MOINHBIX 30H CyJIb(UIOB, TaKk U
nepekpeiBaronx ux Si-Fe omnoxkenmit. Ha mectopoxaennn lOnaiitren-Bepne B okpyre [[xepowm,
mrTaT ApHU30Ha, HAJl MACCUBOM CYJb(HIOB 3aeraeT SKCrajaTUBHAS SIIMa MOIIHOCTHIO OKOJIO 30 M.
Eme Oosiee MOIIHBIN SKCaIUT BCTpeyaeTcss Ha MecTopoxaeHuu baiimHuan B 3amagHoMm Kwurae,
0o0pa3ysl KypranHyo JHH3Y MOIIHOCTEIO 30—50 M. Takue MOIHBIE 3KCTAINUTHI, BO3MOXKHO, ChIMPaIX
BOXHYIO DPOJb B XOJ€ O3BOJIOIHMHU HEKOTOPBIX MecropoxaeHuit VMS, ynepxuBas Temno u
TUAPOTEPMATBHBIE JKUJIKOCTH, YTO CIHOCOOCTBOBAJIO MOABOJHON Cynb(UIHOW MUHEepanu3anud. Ha
OCHOBAHMU MOJICJIbHBIX HCCIEIOBAaHUN MPEANOI0KUIN, YTO IOKPOBHBIE HMOPOJbI CIHOCOOCTBYIOT
o0Opa3oBaHuI0 OOraTbIX LIMHKOM MECTOPOXJIEHHUH, NpeaoTBpallas pacTBOPEHHWE aHTMIpUTA U
CyIb(QHIOB IMHKA MO3IHUMH THIAPOTEPMAIBbHBIMU (IIonIaMH. B HEKOTOPBIX CilydasiX KPEMHUCTHIE
MOKPOBHBIE MOPOJBI Hal oTiiokeHUssMH VMS o0pa3oBanuch He B pe3yiabTaTe <«BBIABIXaHUS» Ha
3€MHOE€ JIHO, a B pe3yJIbTaTe AMUIeHETUYECKOT0 3aMELEHNs B HeJIpax.

JUtnuHa TpOCTHpPaHMUs CHJIBHO BapbUpyeTCs B 3aBUCHUMOCTH OT HECKOJIBKHX (aKkTOpOB, HO
M3BECTHO, YTO B pailoHaX, XOPOIIO OOHAKEHHBIX, HEKOTOPBIE BEIOPOCH POCTUPAIOTCS HA HECKOIBKO
KAJIOMEeTpoB U Oonee. Takue OOMIMpPHBIE MO JIATEpad SKCTAUTHl XOPOIIO TOKYMEHTHPOBAHBI B
paiione JI€kkeH B ueHTpanbHOMl HopBeruu, rzne miaactel jkene3HbIX (opManuid CylbQUIHOW U
CHJIMKAaTHOU (anuii («BacKHC») U SILIMBI POCIECKUBAIOTCS HA OJAHUX U TEX XK€ CTpaTUrpauyeckux
YPOBHSX Ha HpOTsKeHMM 3—5 kM, a Takxke B pailoHe bartepct B Hbro-bpancyuke, Kanana, rae
HEKOTOpBIE IJIACThl OKCHIHO-KapOOHATHO-CUIIMKATHOW eye3ucToll ¢opmanuu umeroT >10 kM 1o
IIPOCTUPAHHUIO.

Beinenensl pa3HooOpa3Hble MHUHepalibHble (anuu skcranuToB. Hambonee pacmpocTpaHeHb
OKCHJIHbIE, KapOOHATHBIE, CYNb(QHUAHbBIE, CUIMKATHBIE U CyJIb(paTHbIE, KaXk/as U3 KOTOPbIX OCHOBAaHA
Ha MpeodiafaonieM THIIE MHHEPAaJbHOrO KoMIoHeHTa. Ha pucyHke 23 TOKa3aHbBI YIPOIICHHBIE
paspesbl OTIoXKeHUH VMS pa3nuyHbIX TUIOB, CBSI3aHHBIX C HUMM IKCTAIUTOB, UX MOPQOJIOTHsS U
(aumu, BEposITHOE MPOUCXOKICHNUE U TPUMEPHI.

DKCraluThl MOXHO pa3feNuTh Ha CIAEAYIOIINE BUJIbI:

e  okcugHas (auus, cocTosias U3 SAIIMbl, TEMAaTUTOBON >Kele3ucTor (opManuu U 00pa3oBaHUs

MarHeTura;

e  kapOonarHas (amus, KOTopas BKJIOYACT OJWH WIM HECKOIbKo kKapOoHatoB Fe-Mg-Ca-Mn,

TaKMX KaK CUJEPUT, aHKEPUT, JOJIOMUT, KAJIBLIUT, POJAOXPO3UT U KYTHAXOPHUT;

e  cunukarHas Qamus, BKIIOYAIONAs MHHEpaibl, OoraThle ejle3oM (Takhue Kak TPUHAIUT U

CTHJIbITHOMEJIaH), MUHepaibl MarHus (Takue Kak TaldbK W XJOPHUT), MHUHEpalibl, Oorareie

MaprasieM (HampuMmep, CIecCapTUHOBBIN IpaHaT) WU MHUHepalibl, 6oratele 60poM (Hampumep,

TypMaJIHH);
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e cymbuaHas damus, cocTosmas NPEUMYIIECTBEHHO W3 MUpUTa W (WJIKM) TUPPOTHHA C
HE3HAYUTENIbHBIMU TPUMECSIMH TOJUMETAIUIMYECKUX CYIb(UIOB (XaJIbKOMUPHUT, chalepur,
TaJICHUT); U
o Cynbbatnas Qanus, BKIIOYArONIas OapUT W, B OrPAHUYCHHOM YHCJIE MECTOPOKICHHUIA,

AHTUJAPUT U TUIIC.

M

Jaspers, hemainc cheris

Limied areal exient |2-3 © massnae suffida)
Pl Fallaun Cocall

Owdmneg ambient araaronmsm

2 Kwoho:, Cyprus:, and Besshitype depasiis

Cartanane, awde, sdicaie inan formaton

Large aread extent (-3 massse silhda|

Begional plume fallaw
m Ble=lLiCing erearoamam

@ Hybrad Eurpkn: oyp2 deposics

. . Bronsvweck Mo §and 12, Ausan
— Broak, Heath Stegle depasis, BB

2o sulfide, awde |0kl cartanate |Carbl, ard silcais S
Masseve sulbde alang srike

2oned from redscing near vet
- e o3 i in disial ambsm @y onment
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) 2 Broken Hilliype depasiis:
r I Broken Hil and Pegmang, Australa
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Feducing to asc ambsam arsimmement
Hnne pol
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[—— Woraary; Aflaris B Deep, Aed Sea

Puc. 23 YnpouieHHble pa3pe3bl ByJKaHOTEHHBIX KOJYEAaHHBIX MECTOPOK/ICHHH, TOKAa3bIBAIOINE PA3JINUHbIE THITBI U
MOP(OJIOTHIO SKCTAIIUTOB, A - IPOKCHUMAJIbHAS SIIIMA U FeMaTHTOBBIH KPEMEHb, EPEKPHIBAIOIINE KypraHooOpa3Hoe
pyaHoe Teno. B - npokcuManbHbIe U AMCTaIbHBIE (PETMOHAIBHO OOLIMPHBIE) KEJIE3UCThIe 00pa30BaHus, BCTPEUAOIINECS
HETIOCPEJICTBEHHO HAJl U 110 IPOCTUPAHUIO PYAHBIX Tell. C - 30HaJIbHOE 00pa30BaHue jKelle3a, IOCTEIIEHHO MEHsoIIeecs
OT BHYTpEHHe! Cysb(GUIHON K KapOoHATHOH (aru, 3aTeM K OKCHIHOW U K cHIIMKaTHOHM danusaM. D - oOpa3oBanue
JKeje3a MPOUCXOAUT BOKPYT PYAHOrO Teja.

JHpyroil ganuanbHbplii THI — KPEMEHb U METAKPEMT, LIMPOKO PaCIpOCTPAHEHHBIN 3KCTajuT,
COCTOAIIMA B OCHOBHOM H3 MHUKPOKPHUCTAJUIMYECKOTO KBapla, KOTOPBIM Ha HEKOTOPBIX
MECTOPOKICHUAX 00pa3yeT TMOKPBIIIKY HaJl MAacCUBHBIM CYIMIHBIM TeloM. [Ipyrue dauun
9KCTAJIUTOB, KOTOpBIE COJEP)KAaT OOWJIbHBIE JIIOOPUT, amaTUT, TaHUT WJIK Zn-CTaBpOJIUT, B
re0JIOTUYECKON JIETONUCH BCTPEYAOTCSA PeaKo. XOTA NPOKCUMANbHBIE JKCTAIMTHI, COAECpPKAIINE
3HAYUTEIbHOE KOJMYECTBO XalbKomupuTa M (W) cdanepura, MOTYT BCTpedyaTbcs B Ipezaenax
HECKOJIbKUX COTEH METPOB OT MecTopoxkaeHus VMS u3-3a XUMHUYECKMX M THIPOJAWHAMHYECKUX
IIPOLIECCOB, AMCTAJbHBIE OTJOXKEHHUS, Oorarble MUPUTOM M MUPPOTHHOM, MOTYT OBITh TaKXke

OTpa)XeHHEM IBKCUHOBBIX (CYIb(GUIOBBIX) IPUIOHHBIX BOJI.



85

Bo MHOrMX SKCramuToBBIX ToONIIaX HaOMIOJaeTcs BepTUKAIbHAs W JlaTepajbHas
MHUHEpAJIOTUYECKas 30HATBHOCTh. THUIMHYHBIMU SIBJISIOTCS HECKOJBKO 30H, COCTOSIIUX M3 PasHBIX
OPONOPUUN THAPOTEPMAIBHBIX KOMIIOHEHTOB, BO MHOTHX CIIy4asX CMEIIaHHBIX MM YepelyIOIuXcs
Cc OOJIOMOYHBIM MaTEpHalOM, BKJIIOYas MEIarudyecKyl0 TIJIHHY M BYJIKaHOKIACTUYECKUE OCAIKU
MECTHOI'O MPOUCXOXACHUA. TOJIIKMHA CII0EB MOXET BapbupoBaThcsi oT <1 MM g0 1 M; MHOrue
OKCTAIHUTHI AEMOHCTPHUPYIOT IUIACTUHKH PA3HOTO MacuTada 4epenyrollnXxcsi MUHEPaIbHbIX (anuii.
JlaTepanbHas 30HaJILHOCTh MUHEPAJIOB HE TaK XOPOILO JTOKYMEHTHPOBaHa, HO U3BECTHA B HEKOTOPBIX
pailonax, Takux kak paiion barepct, Heio-bpancyuk, rae cuneput Hanbolee pacnpocTpaHeH BOIU3U
MecTopoxaeHu VMS B npesenax KpyImHOM eIMHMIIBI KeIe3uCcToro oopasoaHus nosica bpancyuk, a
B JKelle3e Hanbouiee pacpoCTpaHeHbl pa3IMUHbIe KOMIOHEHTHI, BKIIIOUasi KapOOHAT, CTHIILITHOMEIAaH
U araTuT - GOpPMaLuH, MPOKCUMAIIbHBIC K CYJIb(QHIHBIM OTIOXKEHUAM mosica XuT-CTHil.

CynbduaHple MHUHEpalIbl MOJUMETAIIIOB MOTYT JAEMOHCTPUPOBATh 30HAJIBHYIO CTPYKTYpPY B
JKCTaluTax OKcugHoW (pauuu. VccnenoBaHus COBPEMEHHBIX OCaJKOB MOPCKOTO JIHA U3
THIPOTEPMAIBHBIX [UICH(OB TMOKA3bIBAIOT, YTO MPONOPIHMU M pPa3MEphl 3epeH TaKuX CyIb(uIoB
UMEIOT TEH/ICHIIMIO YMEHBIIATHCS C YBEIHMUCHHEM PACCTOSHUS OT JKepJla M YTO Ha PacCTOSHUAX >1
KM OT epJa Jr0ble MPUCYTCTBYIONINE CYIb(UIbI M0 00bEMy OUEHb HE3HAUUTEIbHBI B HEOOIBIINX
3epHax <10 MKM B quamerpe.

brnarogapss mocrcenuMeHTalMOHHOMY d3(QQeKTy auareHe3a u MeTamopdu3Ma HCXOIHBIC
TUAPOTEPMAIbHBIE KOMIIOHEHTHI SKCTJIUTOB MOTYT OBITh IOJHOCTBIO ynajeHsl. B ciyuae
o0pa3oBaHus Keje3a OKCUIHOM (aluy IIHUPOKO paclpoCTpaHEHO MHEHHE, YTO NEepBUYHbIE (a3bl
OpeACTaBIsuIn  co00il aMOpPQHBIA OKCUTHIPOKCHI JKele3a, MCXOAd U3 UX TMPUCYTCTBHUA B
COBPEMEHHBIX THAPOTEPMAIBHBIX YCIOBHSIX, B TOM YHCJIE€ B OCAJKaX, MOJYYCHHBIX W3 ILTIOMOB.
Kpucranmudecknii reMaTHT, KOTOPBIA BCTpEYaeTcss B APEBHUX OOpa30BAHUAX SIIMBI M JKele3a,
CBsi3aHHBIX ¢ VMS, cuuTaercs NpOAYKTOM JuareHe3a M (win) meramoppusMa, MOCKOJBKY B
COBPEMEHHBIX YCJIOBHUSX I'€MaTHT 00pa3yeTcsl TOJBKO M3 JKUAKOCTEH ¢ yMEpeHHOH TeMiepaTypoin
(>115°C), Torma kak B yCcJIOBUSX IUIeH(a TeMepaTypa OKpY>KaroIel CpeIbl I OCAKICHUS Keie3a
HamHoro Huxe (00pyHO <10°C) u, TakuM oOpa3oM, HMKE CTaOMIBHOCTH remaruta. OOpa3oBaHue
MarHeTUTOBOIO JKE€Je3a, €CIM OHO HE CBS3aHO C JUAareHeTUYeCKOH WM MeTamMop(uuecKon
TpaHchopManmel reMaTiTa, BEPOSTHO, BO3HUKIIO B pe3yJIbTaTe MOBOIHOTO U3MEHEHHSI IEPBUYHOTO
OKCUTHJIPOKCH/JIA JK€Je3a OKHCIUTEIbHO-BOCCTAHOBUTENBHBIMU ITpOLIeCCaMU. BbIIeTUTh NepBUUHYIO
¢da3zy(sl) B AKCraguTax CHJIMKATHOW (halluM CIIOKHEE, TTOCKOJIBKY MX CTaOMIBHOCTH OMPEAeIsaeTCs
CIIO)KHBIM HabOpOM MapameTpoB, BKItoyas Temneparypy, pH, fO2, fCO2 u T. 1. OcoGeHHO CIOXKHOM
3ajaueil sBISETCS ONpezesieHHe MPOTOJUTa CIeCCapTUH-KBAPLEBBIX MOPOJ, KOTOpble MOT'YT UMETh
IpeIIeCTBeHHUKH Ooratoro Mn kapOoHaTa WM TJIMHBI Mn-OKCHTHIPOKCHI B 3aBUCHMOCTH OT

q)HSI/IKO-XI/IMI/I'—IeCKI/IX YCJ'IOBI/II\/'I Ha NMaJICOMOPCKOM OHE U BOJIM3HU HETO. HpOTOJ’II/ITI)I Pa3JINYHBIX THUIIOB
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AKCTATUTOB KapOOHATHOM, CynbPUIHON U CynbhaTHON (aruii 0OBIYHO CYUTAIOTCS CXOJHBIMU WU
UJICHTUYHBIMUA HAONIOIAaeMBIM B HACTOSIIEE BPEMsS MHUHEPAJIbHBIM KOMIUIEKCaM JUisi 00pasIoB B
MeTaMOP(UYECKUX YCIOBHUSIX 00JIee HU3KOM CTETIEHH 3€JICHBIX CIaHIIEB WIN HIDKE.

bbu10 MpOBEEHO MHOMKECTBO I'€OXMMHUYECKHUX HCCIEIOBAaHUN 30HAIBHOCTH KakK JUIsl OLEHKHU
IPOMCXOXKAEHUSA, TaKk W JUIsl ONpEAETeHHMs BO3MOXHOIO HCIOJIb30BaHUS B IOHMCKax. bbuin
NpoaHaJM3UPOBaHbI apxerickue sKkcranuTbl Kananckoro muta Ha npeamer P33. YcraHoBneHo, 4To
HAJIMYME TIOJIOKUTENBHBIX EBPONMEBbIX aHOMAIMK Ha JUarpaMMax, HOPMHUPOBAHHBIX Ha CJAHIIBL,
yKa3plBaeT Ha Onu3ocTh MectopoxkaeHus VMS. JletanpHble UcClIelOBaHMs MOKA3ald, YTO CaMble
BbICOKHME OTHoUIeHus: Fe/Mn B xiiopute, CTUIbIIHOMENAHE, CUAECPUTE U challepuTe BAOJb Mosica XUT-
Crun BeTpevaroTcss BOJNM3M CyNb(QHUIHBIX Tel 30HBI B, B KOTOPBIX HCIONB3YyeTCS WHACKC
TUAPOTEPMAIBHBIX OTJIOKEHUH, OCHOBAaHHBIM Ha BaJlOBOM cocTaBe. B smmax paiioHa JIEkkeH,
Hopgerus, otHomenust As/Fe u Sb/Fe cuctematndecku ymeHbIIAtOTCsS 10 Mepe yaaneHus or VMS.
CoBpemenHble aHanoru Takux Fe-Mn-Si skcraautoB AeMOHCTPUPYIOT psJ BaJOBBIX COCTaBOB,
BKIIIOYAs BapHalMd 10 cojaepkaHuio P3D W MHKpPO3JIEeMEHTOB, CBS3aHHBIE C MPOMOPIHSIMHU
THJIPOTEPMAIIBHBIX, BOJOPOICOIEPIKAIIUX U OOJIOMOYHBIX KOMIIOHEHTOB.

5.2 PypoconpoBokaaonue ruipoTepMaibHO-MeTACOMATHYECKUE H3MEeHEeHHUSI.

I'eoxuMuyeckne peakluy, BbI3BIBAIOIINME T'MIPOTEPMallbHbIE H3MEHEHHMsS BO BMEIIAIOLINX
nopogax Mecropoxaennii VMS, mMerorT pemaromiee 3Hau€HHE IO psAAy HpUYHH. Bo-TIepBBbIX,
TPEXMEpPHOE paclpe/ie]ieHne 30H THUAPOTEPMATbHBIX H3MEHEHHH CO3[AaeTCs LUPKYITHPYIOUIMH
THJIPOTEPMAIBHBIMU  KUJAKOCTSIMM M, TakUM 00pa3oM, IpeJoCTaBiIsgeT [oKa3aTelbCTBa IyTel
nepeMeIeH sl JKUAKOCTEH M reOXMMHUYECKUE JT0Ka3aTeIbCTBA (PU3MUECKUX U XMMHUYECKHX YCIOBUN
U3MEHEeHHH. 30HAIBHOCTD THAPOTEPMAILHBIX U3MEHEHUH, KaK MPaBWIIO, SBISFOTCS €IWHCTBEHHBIM
NPSMBIM CBHJIETEIHCTBOM 3aKOHOMEPHOCTEH IMPKYISAIUN (IIFOMIOB, CBS3aHHBIX C O0pa3oBaHHEM
pya VMS. Bo-BTOphIX, CHCTEMaTHKa 30H THAPOTEPMAIbHBIX HW3MEHEHMH MOKET NpEeI0CTaBIATH
UHPOPMALINIO, TOJNE3HYI0 MPU MOUCKAX CKPBITBIX MECTOPOXKJIEHHH. B-TpeThux, rupporepMaibHble
U3MEHEHHS MOTYT NPEJOCTaBUTh KIOYEBYI0 WH(POPMAIHIO O TPOUCXOXKICHHH METATUTHYECKUX
AIIEMEHTOB B MecTopoxaeHusax VMS. Hanpumep, UCTOIIEHNE KITFOUYEBBIX JI€MEHTOB B M3MEHEHHBIX
opoJax B COYETAHWU C M3MEPEHHBIMHM WM IpEAnojaraeMbIMH OLIEHKaMU OObeMa H3MEHEHHBIX
IOpPOJ MOXET OrpaHHYUTh BO3MOXHBIE HCTOYHHMKM pYIHBIX MeTaioB. HakoHen, pa3Butue,
UICHTU(PUKAIMS KOMIUIEKCOB THIPOTEPMAIBHBIX M3MEHEHWH W WX 30HAIBHBIC B3aMMOOTHOIICHUS
MOTYT CIYXHTh BaXXHBIM JIOKa3aTeIbCTBOM  MEPCHEKTUBHOCTH pPAHOHOB Ui  TOMCKOB
MecTtopoxaeHuit VMS.

I'uaporepmanbHble HM3MEHEHHsS IIMPOKO BaphbUPYIOTCS OT pailloHa K paloHy U Mexay
OTIENFHBIMA MECTOPOXKICHUSMH. 30HBI HM3MEHEHHH, CBs3aHHBIE ¢ MecTopoxaeHusmMu VMS,

JEMOHCTPUPYIOT XapaKTepHOE PacIoioKeHne (IIPOKCHMAITBHOE, TUCTAIbHOE, COPOPMHOE), KOTOPOE
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MOJKET OBITh CBA3aHO C HU3KUM YPOBHEM >KUIKOCTH U MPOLIECCAMU B3aUMOIECHCTBHSI BOJIBI U TIOPObI
(mogHsATHE, IOTIOJIHEHHE, TIOTPEOATBHBIA METAMOP(PU3M).

B HEKOTOpBIX CiTydasix OCHOBHAs YaCTh MACCHBHOM CyNb()UIHON Pyl MOKET OTKJIAIbIBATHCS B
HErnyOOKUX TMOJABOAHBIX ycioBHsX. [lpu 3ToM pexrnMe MHHepalu3alud TUAPOTepMalibHbIE
KUJKOCTU TOTPYKAIOTCSI B BBICOKONPOHUIIAEMbIE U BBICOKONOPHUCTBIE MOPOJbI, TAE OCAKICHHE
CyIb(pHUIOB MHULUUPYETCS CMEUIMBAHUEM C XOJOJHOW OKpYKalolied MOPCKOW BOJIOH B MOPOBOM
IPOCTPAHCTBE. SIpKMM I[pPUMEPOM TaKOro THUIA MHUHEPAIU3ALMU  SABJISAETCS T'MTAHTCKOE
mectopoxkaenne Kumn-Kpuk, rae Oomnpinas 4YacTh MUHEpadU3alldd MPOU30IUIA HUXKE JHA B
MPOHUIAEMBIX, KHCIBIX BYJIKAHMYECKUX MOpoJax. AHAJIOTMYHOE MPOUCXOXKACHUE MPEaoiaraercs
JUIS. MECTOPOXKACHUH XOpH U ATHEC WII, TJ€ CIOUCThIE KUCIBIE MEIUIbl/TYpOUAUTHI ObUIN 3aMEHEHBI
CynbpuIaMi ¥ KPEMHE3eMOM, a TaKke O(PHOIUTOBOE MecTopokaeHue OnOpailT, re MacCHBHBIC
cynb(huIpl 00pa30BBIBAIMCH HUKE MOPCKOTO JTHA — B IIpejiesax 6a3albTOBOrO FHAIOKIACTUTA.

l'unporepmanibHble M3MEHEHHS BMEMIAIOMIMX BYJIKAHUYECKHX IOPOJ] COMPOBOXKIAIOTCS
3aMEIlEHUEM MEPBUYHOIO0 MarMaTHYeCKOIro CTEKJIa W MUHEpAJoB (IUIaruokiasa, OpToKJa3, KBapll,
OMOTUT, MYCKOBUT, aM(}uOOJI, NMUPOKCEH, TUTAHOMArHeTUT) C MHUHEpaJaMH, YCTOMUMBHIMH B
YCIIOBUSIX U3MEHEHUH, KaK MpaBmiio, B ymepeHHoM nuana3one 150—400°C. Munepanbl U3MEHEHU B
HEMETaMOP(PU30BaHHOM JUTOJOTMU MOTYT BKIJIIOYATh KBapll M JApyrue Qopmbl KpeMHe3eMa
(xamuenon, onai, aMopdHbBINH KpEMHE3EM), WIITUT, CEPULIUT, CMEKTHUT, XJIOPUT, CEPIICHTHH (JIU3ap/IuT,
XpU30TUI), aNbOMUT, SMNUIOT, NHUPUT, KApOOHATHI, TajbK, KAOJUHUT, NUPODUIUIUT, CYyJIb(AThI
(aHruaput, OapuT, AJIYHWUT, SPO3UT) U OKCUABI (MAarHETUT, TeMaTUT, TETUT). DTU MMHEPAJbI
THJIPOTEPMAIBHBIX M3MEHEHUH MOTyT TpaHC()OPMHUPOBAThCS B XoJ€ MeTamMopdu3Ma B aHIAIy3HT,
KOPYH/I, TOTIa3, CUJNIMMAHUT, KHAHUT, KOPJUEPUT, TPaHAT, (JIOTONUT U Pa3IMYHbIe OPTOMUPOKCEHBI
U opToaM(puOOIIBI.

TexcTypbl U3MEHEHUH BapbUPYIOTCS OT CJIA0BIX M3MEHEHMH JIMIIb HEKOTOPBIX MUHEPAIOB MU
MaTpHULbl BO BMEIIAIOIUX NOPOJAaX, NPUJAIONINX KaMEHUCTBIA MM 3€MJIMCTBIA BUJ BCEH NOPOAE,
WIM JIO YaCTUYHO U3MEHEHHBIX BKpAIJIECHHUKOB. Takoe n3MeHeHre MOKET ObITh TPYIHO OTIIMYUTH OT
BbIBeTprBaHUA. CTEKIOBHUIHAS MaTpHUlla TMOPOAbl MM MEJIKO3EPHHUCTBIM COCTaB MOIYT OBITh
0COOEHHO BOCIPUMMYMBBI K U3MEHEHHMSM M MOTYT OBITh 3aMEHEHBI KPEMHE3EMOM, XJIOPHUTOM WU
CEpPULIUTOM II0 MEpPE YBEIMYEHUS HWHTEHCUBHOCTH H3MeHeHuil. IIpu BBICOKON HHTEHCHUBHOCTHU
U3MEHEHUH TMpakTHUYeCKU Bce TMepBUYHBbIe (a3pl B MopoAe MpeoOpa3yroTcsi B  HOBBIE
TUApOTEpMANIbHBIE MUHEpalibl. B KpaiiHeM cilydae CTPUHTEPHBIX 30H, HENOCPEICTBEHHO
HNOJCTUJIAIOIINX MACCUBHBIE CYJIb(QHUIHBIE OTIOXKEHHS, HEPEIKO OOHAPYKHUBAIOTCA MACCHUBHO
W3MEHEHHBIE IOPOJbI, COCTOSIIIME W3 KBapla, XJIOPUTA M XaJbKOIMUPHUTOBBIX WJI C MEHBIIMM
KOJIMYECTBOM IHPUTA, CEPULMTAa U KapOoHaTOB uiau Oe3 Hux. Ilopoapl CTpUHrEepHON 30HBI MOTYT

OBITH HCY3HaBa€MBbI C TOUYKHU 3pCHUMA HCXO)IHOﬁ JIUTOJIOTHH.
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WNHorna m3MeHeHHe TOPHBIX MOPOA MPUBOIUT K HEMPAaBWIIBHONW HACHTU(HKALUK JUTOJOTUH,
KaK 3T0 OBLJIO MPH MCCIIEOBAHUAX pHOHTA B pailoHe Hopanaa. JINTOreoXxuMuuecKue ucciae10BaHus
C MCIIOJIb30BaHUEM CTPYKTYPHI HETIOABIKHBIX 3JIEMEHTOB IMOKA3aJIM, 4YTO pUOJIUT BepxHnero Amynera
Ha CaMOM JIeJIe TIPE/ICTABISIET COO0I THAPOTEPMAaIbHO H3MEHEHHBIN aHIe3UTO-allUT. AHAIOTHYHBIM
0o0pa3oM, B HMHTCHCHBHO OKPEMHEHHBIX 30HaX MecTopoxiaeHus Tepuep-OnOpaiiT 0a3anbTOBBIH
THAJIOKJIACTUT TIOCTENEHHO 3aMEHSUICS KBapICEPUIIUT-XJIOPUTOM, KBapI-XJIOPUTOM U, HaKOHEIl,
KBapI-cyabpuaoM. [10JIHOCTEIO KPEMHHCTBIE TOPOIbI IEPBOHAYAIBHO OB HAHECEHBI Ha KapTy Kak
«KPEMHHUEBBII JKCTAUT», HO TIIATEIbHBIE MHHEPAIOTHYECKHE, T'€OXUMHYECKHE W H30TOIHBIC
UCCJIEOBAaHHUS TIOKa3aJd IMPHCYTCTBHE PEIMKTOBOTO MAarMaTH4eCKOrO0 XPOMILIIHMHENUAA, YTO
JIOKa3bIBACT MACCHBHOE THAPOTEPMaIbHOE 3amenieHne. [10100HbIe SKCTpeManbHbIe N3MEHEHHS ObLITH
JIOKaJbHO 3a(UKCHUPOBAHBI BO BMELIAIOIIKX MOpoaax amM(puOOIUTOBOH (aryi Ha MECTOPOKICHUH
Onusabert, mTaT BepMOHT, Iie Takue KOMIUIEKChI, KaK KBapl-MyCKOBUT-KaJIbIIUT U KBAapL-MyCKOBHUT-
JIBOUT-CTaBPOJIUT-TPaHAT-KOPYH/I, COAEPIKAT OJJMHAKOBO BbICOKOE cojiepxanue Cr/Zr. U OTHOLIEHUS
Ti/Zr, xoTOpBIE OTPAXKAIOT MPOTOIUTHI TOJIEUTOBOTO 0a3aIbTa, KOTOPHIE MOABEPTINCH IIOBCEMECTHON
METAacCOMAaTU3aIlMU BO BPEeMs THIPOTEPMAIBLHON MHHEPATU3AIH MOPCKOTO THA. DTH UCCIIETOBAHHS
HOJYEPKUBAIOT BAXXHOCTh MOHUMAHUS NPHPOABI M IMOCIEJCTBUI THAPOTEPMAIBbHBIX M3MEHCHHH B
cucreMax VMS, Bkitoyast HalnoXeHUE MOCTPYJHOIO PErMOHAILHOTO MeTaMophu3mMa.

Munepanvhvle komniekcol U 3aKOHOMEPHOCMU 30HUPOBAHU.

PanHne uccnenoBaHWs M3MEHEHHBIX MUHEPAIBHBIX KOMIUIEKCOB ITOJYEPKUBAIH 30HAIHHOE
pacIoyio’)keHNe MUHEPAJIOrMd BOKPYT CYJIb(QUAHBIX XHJI Ha HECKOJBKHX MeIHO-TIOP(UPOBBIX
MECTOPOXKICHUAX. V3yueHne KOMIUIEKCOB U3MEHEHUH B 3TUX KOHTMHEHTAIbHBIX THAPOTEPMaTbHBIX
YCIIOBHSX TIPWBENO K BBIICICHUIO psijia OOUIETIPU3HAHHBIX 30H M3MEHEHUH: KaJIHeBbIX, TJIMHHUCTHIX,
GWIIATOBBIX W TPONIIUTOBBIX C YETKO BBIPAKEHHOW MHUHEPAIOTHEH W yMEHBIIAIOIIEHCs
MHTEHCUBHOCTBIO M3MEHEHUH M0 Mepe YAaJeHUs OT OpYyAEeHEHHUs. Bl coXpaHeHbl HEKOTOphIE U3
ATUX KJIAcCU(UKALMOHHBIX TEPMUHOB M MX HCHOJB30BaIU Ui oTiokeHH VMS HccnenoBanus
MeTaMop(U30BaHHBIX MecTopoxaeHnd VMS mokazanu, 4TO MepBHYHBIE MUHEpPATbl W3MEHEHHH
TpaHC(HOPMHUPYIOTCS B  MHHEpaJbHBIE KOMIUIEKCHI C MPEACKa3yeMbIMH 0Ooyiee BBICOKHMU
TeMIlepaTypaMu U JaBieHueM (tadmuma 11).

[TonBoIHAS 30HAILHOCTh COBPEMEHHBIX THAPOTEPMANbHBIX M3MeHeHHiH VMS MeHee u3yueHa,
YeM SKBUBAJICHTHBIE CHCTEMbl Ha KOHTHHEHTAaX M3-3a OTHOCUTEIFHON CKYJHOCTH OypeHHs, HO Takas
30HAJIFPHOCTh BaXKHA, TIOCKOJIbKY OTJIOKEHHsI HE IOJBEPIIIMCh 3HAYMTENLHOW aedopMaru Win
metamop¢pusmy. Heckonbko o0macteil MOPCKOTo JHA MPEJOCTaBHIN JAOCTaTOYHO MH(pOpMAIMU IS
NOHUMaHHUs MUHEPAJIOTUH M XUMUHU U3MEHEHUH, a TaKXkKe MPOCTPAHCTBEHHOT'O PACIIONIOKEHHS THIIOB

W3MEHEHUH, CBS3aHHBIX ¢ cucreMamMu VMS: mTokBepkoBas 30Ha [‘amamarocckoro pudrTa,



89
Madumaeckue cucreMbl B TAG, KpeMHUCTO-00I0MOYHas MaduToBas cucrema B Mumi-Bammm, u

OuMoanbHas Kucias cucrema B Oacceline Manyc k ceBepy ot [lamya-HoBoit ['Bunen (puc. 24).

Tabn. 11.
_ JluarHocruvecKue MHHepa/Ibl B THAPOTEPMAIbHO H3MEHEHHBIX VMS pa3zubIx cTeneneii Meramopgdusma.
Alteration Diagnostic minerals: Diagnostic minerals: Diagnostic minerals:
type unmetamorphosed deposits greenschist facies granulite facies

Advanced argillic Kaolinite, alunite. opal, smectite Kaolinite, pyrophyliite, sndehusile,  Giltimenite, kysnite, quartz

corundum, topaz
z Sencite, illite, smectite, pyrophyllite, Sillimanste, kyanite, quartz,
Argillic opel Sencite, illite, pyrophyllite L . coad :
Biotite, K-feldspar, sillimanite,
Sencitic Sencite, illite, opal Sencite, illite, quarnz kyamite, quartz, cordienite,
gamet
Cordierite, orthopyroxene,
Chlonitic Chlorite, opal, quantz, senicite Chlorite, quanz, sencite orthoamphibole, phlogopite,
sillimanste, kyanite
o e  Carbonate (Fe, Mg), epidote, chlorite, Carbonate (Fe, Mg), epidote, chlorit, Casbonate, gamet, epidote, hor-
PPy sencite, feldspar sencite, feldspar o 2 cne' '
A B.
EAST 151 METERE WEST
Eroged chimneys Farniganaus mad r.
oy angd sadmams
— Pelagic sadmam Masshe gy and
) Pyrea-siica iR Bracrias

e Filbrar Tiaws: B8 [ breccias Pyrea-antydnia

Liss aiored

I METERS

e lncaly
= AT
Ehizet and E Sazalt
labaie: Nows I |
raganiic
g Stmicksce
’ 1 |
Dwier zone Inner zone [Pipe| Ouler zone
Fractured Closely rachwed and brecclated Fraured b
Waakly  highly ahered bards flank fracures. Weakly )
Unahered <= oored  kaohin, smactes, Fa-chiorite, sulide, ahered— Lnateed F ] o METERs  Chiantic
Iy, Fa- silbca stockwark of veiblens. patchas iNCisant aleration an ; : o —
chiomie] of kass alored rocks niEnene Fraeciures: silica, Fo.ory el
Fe, Mg chianie, sikca hydrasises, clay
[ o
SUH o5 HUHIH
o Roman ruing 5
Snowecap Satanic Mills =
Sulfide chimnays, plumes ODF mound = Bent Hill Bent Hil
P S o
Urakared dacae Lasing po

* Fault?

E-spai-clry-quas,
TTh EeTiE-anhydme

Clas- crisiodakie,

with pryrite anhyd e " part.abered dacit

[Pyriinz sinez lowork

Fyrapnyikin, with grite-anhydrite [ —

Clarg-quairts, with pymE-anhydme

Puc. 24 Pa3pe3sl H3MEHEHHH, CBA3aHHBIX C THAPOTEPMATBHOM ICSSITEIBHOCTHIO HA COBPEMEHHOM MOPCKOM JTHE.
A. munepanoaus uzmenenull WMokeepkogot 3onul I ananazocckozo pugpma. B. munepanocus usmenenuit na mecmopooicoenuu TAG. C. sonanvrnocmo
usmenenuti 6 [laxmanyce, bacceiin Manyc, Ilanya-Hosas ['eunes. D, 3ona usmenenuti Cpeoneii 00IuHbL.
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30Ha IITOKBEPKOBHIX HM3MEHEHMHA Oblla u3ydeHa B [amamarocckom pudTe mOa HBIHE
HEaKTHBHBIM CYIb()HUIOBBIM X0IMOM (pHC. 24A). Bo BHyTpeHHeH 30HE IITOKBEpKa B 0a3abTOBBIX
NOJYIIKaX, JIABOBBIX OOpa30BAaHUAX W THAIOKIACTUTAX TNPUCYTCTBYIOT CyJIb(UIHBIC >XWIBI U
JKEJIE3UCThIE  XJIOPUT-CMEKTUT-KAOJIMHUT-KBAPLEBbIE U3MEHEHUs BMmemawmux nopon. llo
nepudepun BHyTpEeHHEH 30HbI U3MEHEHHUs cllabble, B HUX IPeobagatoT 6oratble MarHueM XJIOPUTHI,
[JIMHBI, OKCUJIBI XKEJIe3a U KPEMHE3EM.

Bypenne xyprana TAG VMS na Cpeauaao-ATiantudeckom xpedre (puc. 24B) moguepkuBaer
MOJIBOAHOE OC@XKJIEHUE W PEeMOOWIM3AIUI0 TUAPOTEPMANbHBIX CYIbQUIHBIX U CYIb(aTHBIX
MUHEPAJIOB U JaeT MPUOIU3UTEIbHYI0 KapTUHY 30HAJIbHBIX M3MEHEHHH BO BMEIIAIOIIMX MOPOJaX
nox TAG. Ilo cyru, ITOKBEpKOBasi 30Ha HEMOCPEACTBEHHO I0JI MECTOPOKIECHUEM IMPEICTABIISAET
co00il KpPEeMHE3EeMHYI0 THPUTOBYIO OpPEKYHIO C HEOOJBIIMM KOJMYSCTBOM IaparoHUTa (Takke
HA3bIBAEMOT'O CEPHUIIMTOM), KOTOPBII YBENTUUYHMBAETCS C TNIyOMHON B 3TOU 30HE. Hipke pacronoxena
XJIOpUTU3HpPOBaHHAs Oa3anbToBas OpeKyusi, COCTOSIAs B OCHOBHOM M3 XJIOPUT-KBapl-MUPUTA C
HEOOJIBIINM KOJIMYECTBOM FeMaTHUTa, a TAK)Ke CMEKTUTA U TaJlbKa B U3MEHEHHOM MaTpHIIE TOPOIbI.

bacceitn Manyc, roe Ha xpeOte Ilonma BcTpeudaroTcsi JaBbl ¢ mIpeoOriagaHueM janura (OT
aHJe3uTa A0 pUoJaluTa) U THAPOTEepMalibHbIE jKepia, OblT MpoOypeH 10 MaKCUMalIbHOU TITyOHHBI
387 m. Tpu ckBaXMHBI BCKPBUIH THIPOTEPMAILHO U3MEHEHHBIE MOposl (puc. 24B). bonbias yacte
M3MEHEHUH Ipe/cTaBiIeHa TJMHAMU IUTIOC KpeMHe3eM. KpeMHeszeM BcTpewaercs B BUJe onaja-A B
MPUIIOBEPXHOCTHBIX TOPOJIaX C IOCTENEHHBIM MEPEXO0JIOM B KPHUCTOOAIUT, a 3aTeM B KBapll C
ri1yOuHON. ['TMHBI XJIOPUTOBBIE, WILTUTOBBIE, U CMEIIAHHOCIOMHbBIE (a3bl, BKIIOYAIOIINE XJIOPUT,
CMEKTHT, WIUIUT U BepMHUKYIHUT. [Iupodmiaur BcTpeuaeTcs MATHAMHM M, KaK IOJararoT, CBs3aH C
KHUCIIOTHO-CY/Ib(aTHBIMU W3MEHEeHusMU. [loxg ruapoTepManbHOM 30HONW HAXOJUTCS XOPOLIO
Pa3BUTHIN MUPUT-KBAPL-aHTUIPUTOBBIM MITOKBEPK M 30HA KAJMIINATOBBIX U3MEHEHHH. 30HAIILHOCTD
Ha O3TOM Y4YacTKE€ HECKOJbKO OTJIMYAeTCs OT TaKOBOW B OOJBLIMHCTBE JPEBHUX MAaCCHBHBIX
CyIb(QHIOB, HO BIIOJHE MOXET IMPEJCTaBIATh COOON 30HBI-NIPEIIECTBEHHUKH 30H U3MEHEHHUH Tex,
KOTOpBIE ONPEIENIEHbI B TUTHPOBAHHBIX MJIM METAMOP(PHU30BaHHBIX MOPOAX.

W3meHenus, cBs3aHHbIE C THIpOTepMalibHOM cucteMoil CpenHel IOJMUHBI, MPEICTaBISIOT
coOoi XOopomuil MmpUMep H3MEHEHHBIX OCAJKOB M 0a3aJbTOB B KPEeMHEO0JIOMOYHO-Ma(pHUTOBOM
cucreme (puc. 24D). beun oOHapyXEeHBI YETKO OIpPEJeNICHHbIE 30HBI M3MEHEHHU B pe3yibTaTe
OypeHHsI B OCaJOYHBIX BMEIIAIONIIUX MOPOJaX BOKPYT MAacCHUBHOTO CYJIb(MUIHOTO MECTOPOXKICHHS
benr-Xwin. ®dauuu uW3MeHEHHH BapbUPYIOTCA OT TIyOOKOW BHYTPEHHEW 30HBI KBapI[-XJIOPUT-
CMEKTUT-PYTHJI K BHEIIHEH 30HEe O albOUT-XJIOPUT-MYCKOBUT-IIUPHUT, AHTUAPUT-MUPUT-WIUIUT H
KAJIbLIUT-TIUPUT-WUIUT. DTU 30HBI MOTYT IPUMEPHO COOTBETCTBOBATh BHYTPEHHEH XJIOPUTOBON M
BHEIIHEW CepUIMTOBOM (WJIJIMTOBOM) 30HaM, MPHUYEM KaJbIUT-MHUPUTOBAs 30HA JEMOHCTPHUPYET

CXOJICTBO C MPONHJIUTOBBIMU H3MeHeHUsMU (Tabn. 11). Bes ocamounas Tojdmma moJ pyAHBIMHU
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3ajeXaMy MpeoOpa3oBaHa B XJIOPUT-KBAPLEBYIO 30HY, BKIIOYAIONIYIO MTPOCION MOHOMHUHEPAIHLHOTO
xyiopuTta. Ha ydacTkax MeCTOpPOXIEHUS MEHEee WHTCHCHUBHBIE M3MEHEHHs OOpa30BalM JOJIOMHUT,
CMEIIaHHOCJIONHBIN XJIOPUT-CMEKTHUT, KOPPEHCUT, XJIOPUT U KBApLL.

3onanvrocmov uzmeneHull 8 OPeGHUX 8YIKAHO2EHHbIX KOTUEOAHHbIX OMI0NACEHUSIX.

ABcrpanuiickue MectopoxaeHuss VMS, koTopele B OCHOBHOM OTHOCATCS K OHWMOJAIbHO-
KHCJIOMY THITY, UMEIOT MPOXHIKOBBIE 30HBI, B KOTOPBIX MPeo0IaaloT XJIOpUT-KBapll, CBI3aHHBIN C
cynbdunamu. CHIbHBIC XJTIOPUT-CEPULIUT-KBAPI-IIUPUTOBBIC U3MEHEHUS HAOIIOAAI0TCS B 000JI0UKaX,
OKPYXXAIOIIMX MPOXKHWIKOBYIO 30HY MHUHEpalu3aluu. MeHee MHTEHCHUBHbIE HM3MEHEHHMs, [0 Mepe
yaJeHus: OT MECTOPOXKACHUM, CEPULIUT-KBAPI-ITUPUTOBBIE.

JlpeBHne HeMmeTamop(dus3oBaHHBIE U ciabomeTamopduszoBaHHble MecTtopoxaeHus (Kump,
Kypoko, Hopanga, Typuus) AeMOHCTpUPYIOT NPOCTPAHCTBEHHBIE paA3IU4Msl B OTHOLIEHHSX
Fe/(FetMg) B xjopute U poACTBeHHbIX eMy Fe-Mg cClIOMCTBIX cuIUKaTtax B 3aBHCHUMOCTH OT
paccTosiHusL OT Cynb(QUAHBIX pyA. XJOpUT C BBICOKHM conaepkanueM Fe/(FetMg) o6bruHO
BCTpEUaeTCs B SAApax 30H, a XJOPUT ¢ HU3KUM cojepkanuem Fe/(Fe+Mg) BcTpedaeTcs 1Mo KpasiM.
Ot 3P PeKTH, T0-BUAUMOMY, O0YCIOBIECHBI TepPMETH3AIMEH BHYTPEHHUX YaCTeH MHUTAIONICH 30HBI
OT TPUTOKA MOPCKOM BOABI M HW3MEHEHUSMHU TIOJ JIeHCTBMEM HEpa30aBICHHOTO KOHIIEBOTO
TUApOTEpMAbHOTO (urona B siApe nurtaroiieit 3016l [IpoTrBoMonoxkHas kKapTUHa HabI01anach Ha
HECKOJIbKUX MECTOPOKICHUSX, I/I€ MPEAINOoIOKUTEIbHO MOpCKas Boja ObLla BOBJIEYEHA B SIIPO
nuTatonie 30usl. B MeramMopdu30BaHHBIX OTIOXKEHUSX NepBUYHBbIE cooTHouieHus Fe/(FetMg) B
TypMalliHe coxpaHsoTcs, Hanpumep, B Kuna-Kpuk, rae TypmanuHbl B LEHTpE NMUTAIOLIEH 30HBI
Ooratsl ele30M, TOTAa Kak TYpMaJIMHbI 110 KpassM 6oratel MaraueM. Kpome Toro, HermocpeacTBEHHO
B TOJIOLIBE WM BUCAYEM KpBUIE 3aJIeraloT IUIaCTOBBIE U CTpAaTU(OpPMHBIE, OOrarbie XJIOPUTOM
MPOCJION U JIMH3bI, MECTAMU IPEJCTABIISIIOIINE COOO0M MOYTH MOHOMHHEpAIbHbIE XJIOPUTUTHI. Ciou,
JUH3Bl U KHWJIBIL, OOraThle XJOPUTOM, BEPOSITHO, 00pa3ylOTCs B Pe3yibTaTe BOBJICYEHHUS MOPCKOIL
BOJIbI B BOCXOJIAIINE THAPOTEpMaNbHbIe (UIIOU[BI, IPU 3TOM MOpCKas BojJa oOecreyrBaeT MarHui
JUISL METACOMATUYECKUX MPOLIECCOB.

Penpe3enTaTiBHBIE TPUMEPHI 30HATBHOCTH U3MEHEHUI HECKOJIBKHUX MOJTUIIOB MECTOPOKICHUIN
VMS (puc. 25) BxmouatroT KpemHe-o0somouHbli kucielii tun (batepct, Hpro-Bpancyuk),
madutoBelii T (TepHep-Onbpaiit, XKozehpuna Oc¢uonur, Operon) u OuMoAIBHO-Ma(UTOBbIE
tunbel B Yuzene. O3epo Manutoba m OumomanbHO-MadUTOBBIE OTIOXKEHUST B okpyre Hopanna,

KsBebOek.
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Puc. 25 HpI/IMepI)I 30HAJbHOCTH U3MEHEHUH B BYJIKAHOT'CHHBIX KOJTY€AaHHBIX MECTOPOKICHUAX.

A. euopomepmanvhvie usmenenus ¢ paiione Bamepcm. B. usmenenus na ogpuonumosom mecmopoaicoenuu Tepuep-Onbpaiim, wimam Opecon, ceszannvie
¢ 3amewjaioweli MunepaIu3ayuel @ NOPUCMOU U NPOHUYAEeMOUl Moawe 2UAIOKIAcmuma, ¢ 0ouum cxoocmeom ¢ usmenenuamvu 6 TAI' u Iananazocckom
pugpme. C — mecmopooicoenue Huszen-Jleiix 6 patione Cuoy-Jleiix, Manumoba, 20e uzmenenus npemepnenu pecuoHaIbHbLil Memamoppusm
ampubonumosozo yposHs. D. 30Hbl USMEHEeHUl, HECOTIACHbIE C Pe2UOHATIbHIMU MEMAMOPGUYECKUMY u302padamu 8yaKkaHuveckui komniexkc Hopanoa.

W3menenns B paiione batepct (puc. 25A) mMoOKa3pIBaIOT KBapIl M OOTaThIid KEJIe30M XJIOPHT,
HETIOCPEACTBEHHO MOICTHIIAIONINN MAaCCUBHBIN CyIb(GUI U B IITOKBEPKOBOI 30He. [To mepudepuu ot
HEro HaxoAuTcs Ooratas MarHMEeM XJIOPUT-CEPUIIMTOBAs 30HA, KOTOpas IMEPEeXOJUT HapyxXKy B
XJIOpUT-(peHruT  (cepuuuT, oborameHHbli KpemHezemoM). OtnoxeHuss barepcra  Tarke
JEMOHCTPHUPYIOT (DEHTUT-XJIOPUTOBBIC M3MEHEHHUSI B BUCSUCH CTEHKE HaJl MACCUBHBIM CYIb(HUIHBIM
TOPU30HTOM, YTO CBUJETEIBCTBYET O MpPOJOJIKAIOMIEHCS TUAPOTEPMATIbHONW AKTUBHOCTH IIOCHE
3aXOPOHEHMS MECTOPOXKICHUS.

H3meHenuss B MauTOBOM OQHOTMTOBOM MecTopoxaeHuu Tepuep-OnOpaiit (puc. 25B)
JIEMOHCTPHUPYIOT XapaKTep U3MEHEHUM, CBA3aHHBIX C 3aMEIIA0NIE MUHEpATU3alUel B TOPUCTON U
MIPOHMUIIAEMON TOJIIIIE THATOKIACTHTA, C OOIHUM CXOACTBOM ¢ m3MeHeHussMu B TAI™ u ["ayamarocckom
pudrte. (puc. 24A, b). HermocpencTBEHHO 10J] MACCUBHBIM CYJIb(GHUIHBIM TEJIOM Mpeo0IagaroT KBapil-
Cynb(UIHBIE U3MEHEHUS B Pe3y/IbTaTe MACCUBHOTO 3aMelIeHUs 0a3aIbTOBOTO ruanokinactuta. Hike
pacnosararTcs 30HbI KBapIl-CEPULIMT-CMEKTUT-XJIOPUT U KBapPL-XJIOPHUT.

Otnoxxenust B MeTaMop(pH30BaHHBIX TeppeilHaX, Takue Kak MecTopokiaeHue Ymszen-JIelk B
paiione CHoy-JIeWK, rje W3MEHEHHUs NpeTepresid PEerHOHaIbHBIA MeTaMop(u3M amMQpUOOITHUTOBOM

dammu (puc. 25C), 1EMOHCTPUPYIOT OTUYETIMBBIE KOMILJIEKCHI, CBSI3aHHBIE C JIOMETaMOp(hUIECKUMU
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U3MEHeHUusAMU. Ha 3TOM MecTOpOXKIAeHHH NMPOKUIIKOBBIE 30HBI Oorarhl KBapuem u amdubosiom, a
nepupepuyecKre N3MEHEHNS IPECTAaBICHbI XJIOPUT-CTaBPOIUTOBON M OMOTUT-TPaHATOBOM 30HAMH.

30HBI CONMPOBOXKAAIOIIMX HW3MEHEHHH, BCTpeYalomuecs BO MHOrux paiionax VMS,
MIPOCIIEKUBAIOTCS HA MHOTME KHJIOMETPBI 110 MPOCTHUPAHUIO U SBHO HECOIVIACHBI C PETMOHAIBHBIMU
MeTaMOphUYECKUMH U30TpajaMu. Takue 30HbI, BEPOSATHO, CBS3aHBI C JoMeTaMOppUUEeCcKOn
TOPU30HTAIIBHOW THAPOTEPMATIBHON LIUPKYIISIUEH, BBI3BIBAEMOM TEIJIOM HHXKEJISKAIIMX CUILIOB WIIH
JPYTMX UHTPY3UBHBIX Tel. OJUH U3 OTJIMYMUTEIbHBIX THIIOB M3MEHEHMH BKIIIOYAET acCOLUALUU
MYCKOBHTa+XJIOPUTOUI-XJIOPUT-KapOOHAT B CTpaTUrpapuueckoM pa3pe3e TaKuX MEeCTOPOKICHHI,
kaKk Martabu B OHTapuo u B paiioHe /[enbThl Ha ceBepe AJSCKH. DTOT THUIT U3MEHEHHH OTpa)KaeT
IIOBCEMECTHBII THUAPOTEpPMaIbHBI METAaCOMATO3 IPOHMIIAEMBIX KHUCIBIX BYJIKaHUYECKUX WIH
BYJIKAHOKJIACTUUECKUX MOPO/JI, BKJIFOUAOLIUH IIEJI0YHOE BhILIEIaYBaHUE, IPUCOEIMHEHHUE JKele3a U
OoCTaTo4yHOEe OOOoTralIeHNe TIMHO3EMOM, 32 KOTOPBIM CJEIyeT pPETHOHATbHBIA MeTaMopPu3M
3eneHocnanneBo ¢anuu. [Ipu Gonee BrICOKOI creneHun MeTamMopdu3aMa MUHEpPaTbHbIE acCOIUAINH
B ATHX 30HaX MOTYT CO/E€pKaTh OOMJIbHbIE KUAHUTHI, CUJUIMMAHUTBI WX KOPAUEPUTHI.

Pa3smepbl 30H HM3MEHEHHMH YacTO TPYAHO ONPEIENIUTh U3-3a OTCYTCTBHMSI OOHaXEHUH U
OTCyTCTBUsS OypeHus 3a mpenenamu MmecTopoxaeHuit VMS. BonpmHMHCTBO NMpOKCHMaibHBIX 30H
M3MEHEHUH MPOCIIEKUBAKOTCS MPUMEPHO Ha 2—3 FOPU3OHTAIBHBIX pa3Mepa MECTOPOXKICHHS U MOTYT
IPOCTUpPATbCA Ha INIyOMHY, nmpuMepHo B 10 pa3 MpeBBILAIONIYI0 MOILIHOCTb PYIOOTIONKEHUS.
MHorre MecTOpOXKJIEHUSl 3aJIeraloT B 30HaX HM3MEHEHMH, JJIMHA IPOCTHUPAHUS KOTOPBIX MOXKET
nocturath 5—50 kM, a MOIIHOCTh — 1-3 KM, OCOOEHHO B YCIIOBUSX KajlbJep.

MonenpoBaHue HU3KOIO YPOBHS JKMJIKOCTH IIMPOKO HCIOJIB30BAIOCH [UIsl OTPAHUUYEHUS
MOJIBOAHBIX TPOIIECCOB B COBPEMEHHBIX U JPEBHUX MAaCCHBHBIX CYIbQUAHBIX OTIONKEHHUSIX
(ITapmentre u Croynep, 1978; Kartnc, 1983; Jloysmn u Pona, 1985, llapar u Jlapmxk, 2009). Ot
MOJIENIN OTPAaHUYEHBl OTCYTCTBHEM HH(MOpMAIMK 00 apXUTEKType, CTPYKType, MPOHUIAeMOCTU
36MHOM KOpbI, MarMaTU4ecKOM TEIUIOCHAO)XKeHUHM U  CBoicTBax (uIIoMIOB B CyO- W
CBEPXKpUTUYECKUX peruoHax. OgHAKO caMble MOCIEAHME MOJIEIM BKJIIOYAIOT MHOTHE M3 3TUX
nepemenHbIX. lapar u Jlapmx (2009) nonbeiTanuch MOAETUPOBATH C PEATUCTUUYHBIMU CTPYKTYpaMu
npoHHIaeMocTd (puc. 26). Pe3ynbpTaThl yKas3bIBalOT Ha HMHTEHCHBHBIE M3MEHEHHUS IO pa3jioMaM
pa3MepoM JI0 HECKOJIBKUX COTEH METPOB. B pszie ciyyaeB MoslycoryiacHble M3MEHEHUS TPOU3BOJATCS
pazmepamu 500—700 M o BepTrkanu U 10 30 KM IO TOPU3OHTAIIA, HO HAa 3TH pa3Mepbl, BEPOSTHO,
CWJIBHO BJIMSIIOT pa3Mepbl MOJENU U CTPYKTYpa MPOHUIIAEMOCTH BHYTPH BYJKaHWYECKOH Toium. Tem
HE MeHee, 3TOT TMOKUIl MOAXO0A K MOIETUPOBAHMIO MMeeT OOJBIION MOTeHUual s OymyIiero
NOHUMaHMs rporeccoB u3MeHeHui. [lpeanomnaraercs, yTo 0071acTH C BBICOKMM COOTHOILIEHHUEM BOJIbI
U TIOpOJAbl TOJBEPraloTCs WHTEHCHUBHBIM W3MEHEHMSIM M3-32 BBICOKOTO TIIOTOKA pPEareHTHOM

KUIKOCTH.
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Puc. 26 MozaenupoBaHue NOTOKa (IIIOMIOB, TIOKa3bIBAIOIIEEe COOTHOIICHHE BOABI U MOPOJIBI BO BPEMS THAPOTEPMabHON
OUPKYIANAH. (A) B ByJTKaHOTCHHOM MAacCHBHO-CYIb(GUIHOM paiioHe [lanopama u (B) mox Mmopckum THOM B
THIpOTepMalbHON cucTeme OacceitHa Jlay.

CoBpeMeHHbIE HMHCTPYMEHTHI TIO3BOJISIFOT KOJHMYECTBEHHO OIEHHUTH TPHPOCTHI H TOTEPH
THIPOTEPMATEHO-METACOMATUYECKIX U3MEHEHNH M 0XapaKTepU30BaTh UX KOHKPETHBIC THITHI. MeTo
METacCOMAaTHYECKOTO aHaju3y C MCIOJIb30BaHHMEM OallaHca Macchl, KOTOpBIM BKIIIOYaeT B cels
HOPMAaJIM3aI[MI0 OTHOCUTEIBHO CBEXHMX HEW3MEHEHHBIX MOPOJ C HCIOJIb30BAHMEM HEIOJIBUKHBIX
JJIEMEHTOB M pacueT W3MEHEHHH 00BheMa C HMCIIOJIb30BaHHMEM W3MEHEHHWH TUIOTHOCTH WIJIM COCTaBa
(puc. 27). OGa momxoaa TMO3BOJSIOT MISHTH(GHUIMPOBATh PEAKIWN W3MEHEHHH W KOJIMYECTBEHHO
OLIEHUTb UX CTETEHb.

A. I'paduky IpOLIEHTHBIX U3MEHEHUH A MecTopoxaeHust bpancynk Ne 12, ocHOBaHHBIE Ha
HopMmanu3armu 1o Al;Os. B 3TOM ciyd4ae mpoleHTHOE H3MEHEHHE OCHOBHBIX OKCHIOB SICHO
NIOKa3bIBACT TEHJEHIMIO K OKPEMHEHHIO U MPUOABIEHUIO THPOTEPMAIILHOIO cepuuuTa, Mg-xiopura
u Fe-xnoputa. 3MeHeHus conepxanus okcuioB, nocturaromnire 5000 mpoieHToB, yKa3bBaloT Ha TO,
YTO B MPOLIECCE U3MEHEHUH ObLT 3a/1eliCTBOBaH MHTEHCUBHBI METACOMATO3.

B. Smmynas nauarpamma u3MeHeHHH, kotopas oOwemuusier: (1) wmuaexkc m3menenus (Al),
onpeneneHHbpli kak oTHomeHne KoO+MgO k cymme BcexX WIETOYHBIX M IEIIOYHO3EMENbHBIX
OKCHJIOB, 0 CpaBHEHHUIO ¢ (2) xiopur-kapOoHaT-nuputoBslil uHaeke (XKII), onmpenensemslii kak

OTHOIICHHUC MgO+FCO K OTUM OKCHJAAaM IIJIFOC OKCHAaM HIICIIOYHBIX MCTAJIJIOB.
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OO0beMHEHUE OTUX TOKa3aTelel Ha €IWHOM TpauKe TMO3BOJSIET BBISIBUTH TPOIECCHI
W3MEHEHUH, BIHSIONIME Ha COCTAB MOPOJIbl. DTOT MOIXO]] TIO3BOJISCT UACHTHPHUIIMPOBATH OTIACIILHBIC
peaKkIMu U OTKPHIBAET BO3MOXKHOCTU [UJISl PaA3IMUCHUsl JIMAar€HETUYECKUX U TUIPOTEPMATbHBIX

IMPpOUECCOB, YTO MOXKET MMETH BaAXKHOC 3HAYCHHUEC NIPHU OLIEHKE MUHEPAJIHLHO-PECYPCHOI'O MOTEHIIMAJIa

palioHOB.
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Puc. 27. I'eoxumuyeckre METObI KOJIMUECTBEHHON OLEHKH 3(P(PEKTOB THAPOTEPMATIBbHBIX H3MEHEHHH C UCIIOIb30BAaHHEM
(A) noaxoma 6ananca maccel I'pecenca u (B) moaxoaa kopoOuaToii tuarpaMMbl H3MEHCHH.

5.3 I'nnoreHHbie M rUNEPreHHbIEPY/bI.

Penpe3eHTaTHBHBIM  CIHCOK  OCHOBHBIX, BTOPOCTENEHHBIX M  PEIKUX  MHHEPAJIOB
Mmectopoxacanii VMS nipencrasien B Tadimie 12.

IIpeoOnanaromas MuUHepanorus pya Ha OOJIBIIMHCTBE MECTOPOXKAECHUN OTHOCUTEIBHO MPOCTA.
Bo Bcex moaTumax MecTOpoXKACHUH MpeoOiagaroliuM Cylb(QUIHBIM MUHEPAIOM SIBIISETCS MHUPHUT
win nuppoTuH. Crenyronme Mo paclpoCTPaHEHHOCTH pPYAHbIE MHUHEpANbl, XalbKOMUPUT U
cayiepuT, BCTPEYAIOTCS B PAa3IMYHBIX KOJIMUYECTBAX, & Ha HEKOTOPHIX MECTOPOXKICHHSX TOT WIH

MHOM miaM 00a BCTpEYaroTCS B KOHILIEHTPALMSIX, MPEBBIMIAIONIUX COJEp)KaHUuEe Cylbpuaa xKeiesa.
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EnMHCTBEHHBIM JAPYTrUM CyIb(UIOM B OCHOBHOW KaTerOpPUU MUHEPAJIOB SIBJISIETCS TAICHUT, KOTOPBII

COCPEAOTOUYCH B OTIOXCHUAX, CBA3AHHBIX C 6I/IMOI[3.JILHO-KI/ICJIBIMI/I n KPCMHUCTO-KHCJIBIMU

nopoaamu.
Tabn. 12.
I'mnorennas pyAHasi MUHEPAJIOTHA BYJIKAHOTCHHO-KOJTY€JaHHbBIX Memopomennﬁ.
Major mingrals Trace minerals (cont]
pvrile FeS, frerberzite (Ag, Cu) (S, As)S
pyirhotite Fe, 5 Eermanie Cu (G, FeNS, As),
chalcopyrite Cukes, geridorfite MiAss
sphalente {#£n_Fe)S glaucodot (Co FelAsS
grlers InS palad An
Minor minerals gold tellurdes
marcile h.'ﬂ: sidante l'.'u,I":!i.
magnetite Fe O, haodbeyite BiTe,
cobaltie {Co, Fe)lAss hessate Ag.Te
ATSETWOPYTIlE FeAsS ol limgate FeAs,
fennantite f.'ul_.,ﬂ.u.i*.'i.:‘ gk e e ] q:I'XS
tetrahadnine Cu, ShS il berite Mis
Trace minerals L sl Cu Fe Sa5,
acanthite Ag S molybdenine MoS,
argentite Ag.S nackeling MiAs
basmuth Bi prontlamdste (Fe, Mi) 5,
havmuthenste Bis, pyTargyTIle Ag ShS,
besimuth tellurdes Bi,Te, realgar Ass
bormite Cu FeS, rarmure lkberpite MiAs,
culbanile CuFe 5 o uesile CulnS,
boulanpente FbSh.5 rutile T,
Besur mcsnate Pl usShs saifhonte CoAs,
brannerite LT, silver Ag
beavorle {Fe, M, Co I‘.-i-___ skoutterudile l'.'u’u.z .
carrolite CuCo S, stardaite CulFeSas4
Cassalerile Snl, slibmle 5bh.5,
cinnabar Hg5 SIECMC Y TG AgCus
electnem (A, Agl tetradymale |;t: lq,:_IS
dagenite Cu S, vallenite (Fe, Cu)S. s(Mg. AINOH),
enargile f.‘L'I.IMS-+ wurtele Ias

Ectp npumepsl, korna B MectropoxxaeHusx VMS B n300uiaun mpuCyTCTBYIOT U IpYTHE PyIHBIC
muHepanbsl. K HuM oTtHOcsATcs 6opHuT B Kuan-Kpuk u ropa Jlaiienn; terpasapur, aHTUMOHHUT U
peanbrap B 00rarelx 30J0TOM U cepeOpoMm pynax Ockaii-Kpuk; apceHonuput B O60raTtoi 30J10TOM
pyae boinmaeHa; ¥ CTaHHUT U KaCCUTEPUT B PYAHON OJIOBSHHOW MuHepann3auuu B Hesec-Kopso u
Kunn-Kpuk. B Taommme 12 npencrasiien xapakrepasiii Habop Co u Ni cojaepiKamux apceHHJIOB,
cynbdapceHuIoB U CynbQUIOB (HApPUMEpP, CKYTTEPYAHUT, cadIopuT, KOOAIbTUT, JIEUTUHTHUT,
MIUIIEPUT U NEHTIAHIUT), KOTOPbIE PeIKK B OONBIIMHCTBE MecTOpokaeHUH VMS, HO OTHOCHTENBHO
IIUPOKO  paclpoCTpaHEHbl B  MAacCHUBHBIX  CYNb(QUIHBIX  OTJIOKEHHUSAX, CBA3aHHBIX C
CepIICHTUHU3UPOBAaHHBIMHU yJIbTPAMAUTOBBIMH TOpPOJaMH B O(UONUTOBBIX TeppeiiHax Kaebeka,
Mapoxkxko u Kuripa, a Takxe B Meranepuoturax paiiona Oyrokymny B Ounnsaauu. [loteHimansHo
aHaJIOTHYHBIe MecTopoxaeHus: VMS, cBsizaHHBIE C CEPIIEHTHHU3UPOBAHHBIMHU YIbTpaMa(UTOBBIMH
OpoJjaMH Ha MEJUIEHHO CIPEAMHTOBBIX ydyacTkaX CpeauHHO-ATIAaHTUYECKOTO XpedTa, TaKxke

oboramens! Co u Ni.
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XOTsl AparoneHHbIe METAJIBI SIBISIFOTCS SKOHOMUYECKH BaXKHBIMU BO MHOTHUX MECTOPOKACHUIX
VMS, oHU BCTpedarTCs B BHJIE HE3HAUUTENBHBIX MO 00BeMYy oOpa3oBaHmii. Buammoe 3010TO
OOBIYHO TPUCYTCTBYET B BHUJE BKJIIOUEHHH CAMOPOAHOTO 30JI0TA, JJEKTPyMa WIM MHUHEPAIOB
TeJUTypuJa 30JI0Ta B OCHOBHBIX CYJIb(HIHBIX MHHEpallax, TOrjJa Kak cepeOpo BCTpedaercs B
cynbuaax cepebpa W MHHEpalax CyJIb(ocojel, TakuxX Kak TeTpa’daputT u (Qperdeprur. B
MUHepanu3anu Tuna VMS Ha coBpeMeHHOM MOpCKOM AHe Au n Ag Hanbosiee 000raieHbl 1yroBbie
U 33/1yrOBbIE OOCTAHOBKHM pacTsokeHHs. O MOSBIEHUH CaMOPOJHOTO 30JI0Ta B BHJIE BKIIOUEHHUH B
chanepuTe U XaJdbKOIMUPHUTE COOOIIAETCS B MAacCCHUBHBIX 00pasiax cynbhuaoB u3 OacceitHa Jlay u
BOCTOYHOM uacTu OacceitHa Manyc. 3050T0 Takke CKOHIeHTpupoBaHo B VMS Bo Bmaguhe
Ockanaba, MEIJICHHO pacumpsionieMcss cermente xpedra 'opma. Tam acconumanmm camMopoIHOTO
30J10Ta, AIEKTpyMa 1 MangoHuTa (AuzBi) ¢ koMIIeKCOM MUHEpaIoB Cyib(apceHn1a U BUCMYTA.

MunepanbHble KOMIUIEKCH (M BaJloBasi XMMHUYECKas XapaKTepUCTHKA) mecTopoxkaeHuit VMS
HANpPSIMYIO CBS3aHBI C XUMHUEH pPyn000pa3yoIIUX TUAPOTEPMaIbHBIX (IIIOUIOB, KOTOPHIE, B CBOIO
ouepeb, OTPAKAIOT OOMEHHBIE PEaKIMi ¢ BMEMIAIOIIMMHU TOPOAAMHU TPU HUPKYISAIUHA (ITFOHIOB.
Takum 00pa3oM, MacCHBHBIE CyIb(QUIHBIE MECTOPOXKICHHs, O00pa3oBaBIIMECS B YCIOBHSX
MPEUMYIIECTBEHHO Ma(HUTOBBIX MOPOJ, BEPOSITHO, OyAyT UMETh MUCKPETHBIE MHHEPAIOTHMUYECKUE
OTIIMYMSI OT MECTOPOXKICHUMU, CBSI3aHHBIX C TOJIIAMH MPEUMYIIECTBEHHO KHUCIBIX mopoa. Kpome
TOTO, HA MHHEPAJIbHBIE KOMIUIEKCHI TaKXKE BIUSIOT KUIKOCTH, COCTaB KOTOPBIX H3MEHSETCS NpU
NPOXOXKJICHUN Yepe3 MOIIHBIE TOJIIM OCAIKOB JYTOBOTO WJIM KOHTHHEHTAJLHOTO MPOUCXOXKICHHS.
Kakumu Obl HM OBLTH MaTEpUHCKHE MOPOJBI, pa3iNdus B MUHEPAIOTUH YacTO HaMOOIee OUEeBHIHBI
BO BTOPOCTENEHHBIX U PEAKUX MUHEpaax.

VMS, 3anerarommye B OCHOBHBIX BYJKAaHHYECKHX MOPOJAX, XapaKTEPU3YIOTCA TIaBHBIM
MUHEpAILHBIM KOMILIEKCOM, B KOTOPOM TMpeo0iamaer MUPUT (ropa3fo peke NUPPOTHH WIH
MapKa3uT) Hapsly C IEpEeMEHHBIMU, HO TOYMHEHHBIMU KOJTMYECTBAMHU XaJIbKOMUPHUTA U canepuTa.
pyrue cynbGuaHble MUHEpaibl MPUCYTCTBYIOT B CIIEJOBBIX KOJIMYECTBAaX, U YTO Oojee BakHO,
TaJICHUT U CYJIH(HOCONN TOTMMETAIIIOB PEKH BO BCEX YACTIX ATUX MECTOPOXKIEHHUH. OTIOKEHHS B
KPeMHE00JI0MOYHO-MapHUECKUX OOCTaHOBKaX HMEIOT CXOIHbIE O€IHBbIE CBHUHIIOM MHHEpaIbHBIC
accolMaluu.

Ha npyrom KoHIE JUTOJIOTHYECKOTO CIIEKTPa, B KOTOPOM IMPeoOIaaloT PUOIUTHI U JALUTHI
mectopoxacHuss VMS (takue kak Kypoko) cojepxkar oOMIIbHBIC H TIEPEMEHHBIE KOJIMYECTBA ITUPHUTA,
XaIPKOMUPUTa W cdanepura, a TaKKe 3HAYUTEIBHOE KOJIMYECTBO TalleHUTa W TETpPadJIpHTa.
MecTopoKIeHHs C 3TOM JIMTOJOTMUECKON accolMaIel 4acTo coJiepKaT 30HbI Py C CyIb(GHUIHBIMU
accoluanusMu C TpeoOnagaHueM cdaneputa U TaleHUTAa, a B PEOKUX CIOy4dasX - pYyIHO-
MUHEpaJIbHBIC aCCOLMAIMH C TIpeoOyialaHueM TalieHWTa, TeTpadJIpHuTa, peajbrapa U aHTUMOHHUTA.

MoxHo oxunath, 4to VMS B OMMOJAIBHBIX BYJIKAaHHYECKHX TONIAX OYyIyT UMETh CyIb(QUIHBIC
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MUHEPAJIbHBIE KOMITJIEKChI, HECKOJIBKO MPOMEKYTOUHBIE MEXAY Ma(UUECKUMHU U KUCIBIMA TOPHBIMU
nopoaaMu. Tak OCHOBHasi MUHEpaJIbHAsI CEpUs MTUPHUTA, TUPPOTHHA, CallepuTa U XaTbKOMUPUTA HA
JIpicoii TOpe CONEpPKUT BTOPOCTENEHHYIO, HO 3HAYUTEIBHYIO TAJCHUTOBYIO M apCEHOMHUPUTOBYIO
MUHEPATU3ALHUIO B PYAHBIX Tellax.

[Taparenesuc, mocneAOBaTEIbHOCTh OTJIOKEHHS MHHEPAIOB, OCJIOXKHIETCS 3aMEHOW paHee
00pa3oBaBIIMXCSI MUHEPAJIOB HOBBIMM MUHEpajJaMU MO MEpPE TOro, KaK TEeMIIEpaTypHbIE YCIOBUS
YBEJIUYHUBAIOTCSI M YMEHBIIAIOTCA BO BpeMs MNPOAOJIKAIOIIEHCS TUAPOTEPMAIbHOM aKTUBHOCTH.
HccnenoBanusi COBPEMEHHBIX MAacCUBHBIX CYIb(UIHBIX TPYO U KypraHOB «UEPHOTO KYpPUIIBIIHUKA»
HAa OKEaHCKMX XpeOTax JaroT HMH(QOpPMAIMI0 O BPEMEHHBIX MUHEPAJOTHYECKHX HN3MEHEHUSX
dbopmupoBanus otnoxxkenuit VMS. Xots napareHe3uc MuHepasioB OyeT HECKOJIBKO pa3iuvaThbCs OT
MECTOPOXKACHHUSI K  MECTOPOXKICHHIO W BHYTPH OJHOTO MECTOPOXKICHHS, OOOOIICHHAS
MOCIIEOBATEIbHOCT  OTJIOXKEHHUSI OCHOBHBIX CYIb(UIHBIX, CYyJIb(AaTHBIX W KPEMHE3EMHBIX
MUHEPAJIOB B THIOTETHYECKOH CynbGuaHON TpyOe mokasana Ha pucyHkax 28. [Ipu temmepatype
npumepHo 110 250°C BbIIaaeT B 0cagoK OApUT, aHTUAPUT, KpeMHEe3eM, chaneput u Mapka3ut. Korga
TeMIiepaTypa moBbImaercs npuMepHo 10 350°C, 3TH MUHEPAJbl 3aMEIIAIOTCS TUPUTOM, BIOPIIUTOM,
XQJIBKOMUPUTOM, MUPPOTHMHOM U H30KYOAaHMTOM. BaXHBIM acleKToM STOH MOCielI0BaTeIbHOCTH
ABIIIETCS 3aMEHa UCXOAHBIX cynbunoB Ha cynbpuasl Cu-Fe u nuppoTHH mnpu BBICOKOMH
temneparype. CynbdaTHble W CWIMKAaTHBIE MHHEpPaJbHBIE (a3el Hapsmy co chamepuroMm wu
MapKa3uTOM/TTUPUTOM TaK)K€ OTJIAralOTCsS Ha TO3HUX CTATUAX MUHEPATU3AINHU 110 MEPE CHIKECHUS
TEeMIEpaTyphl (IIOUI0B.
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Puc. 28 [IpuMepsl mapareHeTHUECKUX TOcieoBaTensHocTeit B VMS.

A. MuHepabHBIN TTapareHe3uc B THIIOTETHYECKOM CYIb(QHUIHO-CYIb(PaTHO-KPEMHE3EMHOM «IBIMOXOJIE» (60 6pems pocma
O0bIMOX00a meMnepamypa HeUuokocmu yseauuugaemces npumepro 0o 350°C, a 3amem cHudCaemcs no mepe cCMewUBaHus 2uOPOmMePMAaIbHbIX
JHcuUOKOCmell ¢ MOPCKOU 0001). b. HapareHemc THIIOT'CHHBIX CyJ'H)(I)I/I,HHLIX MHHEPpAJIOB U KBapla Ha KOJIYCIAaHHOM
MECTOPOKIACHNN BOJ‘II[-MayHTI/IH (HITaT MBH) (monyuna uepHix nooc npedcmasisiem coboll OMHOCUMeNbHbLe NPONOPYUU MUHEPAIIOB).

MuHepanbHBII TapareHe3uc APeBHUX MecTopoxaeHuit VMS Moxker OBITH TOpa3ao CIIOXKHEE,
YeM [apareHe3uCc MMHEpaJoB, YINOMAHYTHIX Belme. [lapareHeTudeckas auarpamMma OCHOBHBIX
TUIIOT€HHBIX CYJIb(QHUIHBIX MUHEPAIOB (IUIIOC KBapll) MAaCCHBHOIO CYIb(UIHOTO MECTOPOKICHHS
JIbicoit ropsl mpencTaBieHa Ha pucyHkax 28b. Jluarpamma JIbICOi TOpbl MILTIOCTPUPYET CIOKHYIO U

MOBTOPAOIIYIOCA KapTHUHY OTJIOXCHUSA Cy.]'II)(l)I/I)IHI)IX MHHCPAJIOB Ha HECKOJBbKHUX CTaauAaX
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dopmupoBaHuss MecTopokacHHus. OIHAKO MPUMEYATEIBHBIM CXOJCTBOM MEXIY IaparcHe3ucoM
JIpicol TOpBI M «KaMEHHBIX TpyO» SIBISETCS TO, YTO HA paHHEH cTamuu 1 OTIIOKEHUS MUpPHUTa,
MapKas3uTa, cajgepuTa W KBapla COMPOBOXKIAIUCH MUPPOTHHOM M 3aMEHOH XaJbKONHpPUTA MpU
Ooisiee BBICOKMX TemIeparypax Ha drtane 2. MHOTOYHCICHHBIC JONOJHHUTEIBHBIC CTaJIHU
MUHEpaI000pa30BaHus, IPEUMYIICCTBEHHO B (DOpMe TepeCceKaroIUXCs KUIOK, HAKIIAABIBAIOTCS Ha
MAacCCUBHYIO IHUPPOTHUH-XAJIBKOIUPUTOBYIO MUHepanu3auuio Ha JIeicon rope. Ilaparenesuc
THIIOTEHHBIX PYAHBIX MHMHEPaJOB Ha MHOTHX JpEBHHUX MecTopoxaeHusix VMS eme Oonee
OCJIOXHSIETCS] IEPEKPUCTATITU3AIUCH U 3aMEIIICHUEM B XOJI€ TIOCTTUAPOTEPMAIBHOTO MeTaMophu3Ma
(manpumep, 6opHuTOBBIC pyabl Kumn-Kpuk).

Cxema 30HAIBHOCTH MECTOPOXKIEHHI, NP KOTOPOHl B BEpXHEM IITOKBEPKE MpeolianaroT
XaJIBKOMUPUT + MUPUT + MArHeTHT, B OCHOBAHWW MACCHBHOTO CYJIb(HIHOTO TeJa MpeoOiiagaroT
NUPUT + XaIbKOITUPUT, @ HA BEPXHEH W BHENIHEH OKpamHaX MAacCHBHOTO Cyib(uIa mpeodiaanarT
cdaneput + raneHut (+ 6apuT) gaBHO u3BecTHa B cuctemMax VMS. CynbhuaHas TuH3a U ITOKBEPK
BMECTE C COOTBETCTBYIOIIMMH INTOKBEPKOBBIMH H3MEHEHUSMHU U TEpUDEPUIHBIMU 0CATOYHBIMH

OTJIOKEHUSMHU — MOKa3aHbl Ha puc. 29.

HANGING WALL VOLCANIC ROCKS

MASSIVE SULFDE LENS

52904 (Nemu 3l Muraton et

Bacced or wywred wructon

Puc. 29. I/IﬂeaJII/ISI/IpOBaHHaﬂ JIMH3a MaCCUBHBIX CyJ'IL(I)I/II[OB, HWITIOCTPpUpPYIOLIas 0COOEHHOCTH 30HAIIBHOCTH T'MITION€HHBIX
PYAHBIX MUHEPAJIOB. [6a, bapum; cpy — XanbKOnupum, 2H, 2aleHum, no, NUppomuH; py, nupum; cn, cgparepum]

Ota 0a30Bas MOJENb BEPTUKAIGHOW 30HAIBHOCTH Jy4IIe BCETrO MPOSBISETCS B XOPOIIO
COXPaHMBUIMXCS OTJIOKEHHSX, HMEIOIMX OMMOJAaIbHO-KHCIOE WM OMMOJaIbHO-Ma(uTOBOE
CXOJICTBO  TIOCIIC/IOBATENIbHBIX  SMHU30/I0B  OTJIOKEHHS M  3aMelleHHus CyJIb(QHUIOB BHYTpH
reoTepMabHON cucTeMsl (Tabdm. 13).

B Monensx mMOBBIIEHHE TEMIIEPATYPhl JKUAKOCTH Yy OCHOBaHMS PACTYIIEH PYIHOW JIHMH3BI
NPUBOJUT K 3aMEIICHHIO XaJbKomupura Oojiee paHHeH cyabpuaHON ¢danunu, B KOTOpOU
npeodiaaloT chanepuT, TETPadAPUT, TAIEHUT W mUpUT. MoOunu3oBaHHble Zn U Pb murpupyror

BBEPX U NEPEOCAXKTAIOTCA B BUAC cayepuTa W TalleHWTa B 00Jiee XOJOMHBIX YaCTAX JMH3BI, UTO
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MPUBOAUT K 30HAIM3AIMKM XalbKonuputa W cdanepura (framenur), a takke Cu m Zn (£Pb) Bo

MHOTUX MECTOPOXKJIeHUsAX VMS.

Taba. 13.
B 30HaNILHOCTL THIOTeHHBIX MHHepaJdoB B VMS.
Deposit or district Mineral zonation Reference
Hokuroku distnct Jop o bottom. Eldndge and others (1983)
(composite) Barute ore: ba > sulfides

Massive black ore: sp + ba> py + gl
Semublack ore: sp ~ ba > py > ¢cp
Massive yellow ore: ¢h + py
Powdery yellow ore: py > ¢cp
Massive pyrite ore: py >> ¢p >> $p
Silver Peak (Oregon, USA) Jop 10 bottom, Derkey and Matsueda (1989)
Barite ore: ba
Blackore:py+ba+ten+sprbazcp
Yellow ore: py + cp+ ba
Fruable yellow ore: py
Urals Cu-Zn deposat (composite)  Jop 1o bottom. Hemngton and others (2005)
Outer/upper massive sulfide: sp+pyzcp=ba =gl
Middle massive sulfide: cp + py
Stockwork and basal massive sulfide: cp + py = po = mt
Bathurst camp (composite) Distal 10 proximal Goodfellow and McCutcheon (2003)
Bedded pynite: py = sp = gl
Bedded ores: py +sp+gl=cp
Ore-vent complex: po+mt + py +cp=sp = gl

[lepeoTnoxeHne METAIJIOB HapyXKy WM «30HHOE CAEPKUBAHUE» METAIJIOB TAKKE MOXKET
NpUBECTH K oboramennto Au B O6orateix cdanepuroMm 30Hax MectopoxiaeHuit VMS. 1 nao6opor,
OUYCHb HHU3KWE KOHIIEHTPAIIMU I[BETHBIX U JIPArOlEeHHBIX METAIJIOB B MUPUTOBBIX MECTOPOXKICHHUIX
VMS, conepxamux o¢pUOIUTHI, pacnoyiokeHHbIX Ha Kunpe m OmaHe MOryT OTpaxkarh IOJIHOE
yJaJeHue WIH «4pe3MEpHOE COJEp)KaHHe» METaUIOB BO BpeMs YCTOWYMBOM T'MJIpOTepMalibHOU
AKTUBHOCTH Ha TTaJIEOMOPCKOM JIHE.

3oHanbHOCTh CcynbhuaoB Cu u Zn B MacmTabe OTIOXKEHUN OblIa OMMCaHa B MAaCCHUBHBIX
CyIb(QUIHBIX KypraHax, MOCTPOCHHBIX Ha CPEAMHHOM yacTh okeaHHueckux xpeOToB. Hambonee
XapakTepHbI  MpUMEp  MEJHO-IIMHKOBOM  30HAlIbHOCTH  HAOMIOAAaeTcss B OTAEJBHBIX
BbIcOKOoTeMnepaTypHbiXx (>300°C) Tpybax uepHbIX KypuubliukoB (puc. 30), oOpasyroomuxcs B
COBPEMEHHBIX XPEOTOBBIX YCIOBHAX. B 3THX mpuMmepax OcCakIeHHE XaIbKONMHpUTa M cdayiepura
KOHTPOJIMPYETCS] IKCTPEMAIBHBIMHA TEMIIEPAaTypaMH ¥ XUMHUYECKUMH TPAIHCHTAMHU, TEHCTBYIOIINMU
B CAHTUMETPOBOM MacIITabe.

Texctypsl u cTpykTypsl VMS 0XBaTbhIBalOT KOHTMHUYM (PU3MUECKUX CBOMCTB: OT MAacCCHBHBIX
pyn, cocrosmux Ha 100 mpoLeHTOB U3 CyNb(PHUIHBIX MHUHEPAJOB, Yepe3 IMOJyMAaCCUBHBIE PYIIbI,
npeCTaBisiomue coboil cMecn Cynb(pHUIOB, JKWIBHBIX MHHEPAJOB ¥ BMEMIAIONINX IOPOJ
(BYJIKAHMYECKHX HJIM OCAJ0YHBIX), 10 Bce Oojiee peAKuX CyIb(PHIOB, paCCESHHBIX BO BMEIIAIOIINX
nopojax. JTa rpajauus MOXKET NPeACTaBIATh cOOOW BEPTUKAIBbHBIN MEpexo]] OT MUHEpaIU3aluu
MOPCKOTO JiHa (MM BOJIM3U MOPCKOTO JHA) K MUHEpaIU3alluy Ha INyOuHEe BHYTPH MUTAIOIIEH 30HbBI

ruporepManbHOi cuctembl. Cynb(uiHbIle MUHEpabl TakkKe 00pa3yroT Kbl (0OBIYHO € KBapLEM U
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JpYTMMHU KAJIBHBIMA MHUHEpallaMu), pa3pe3aloliue BMeNlaroliie MopoJasl U paHee oOpa3oBaBIIUECcs
MAaCCHBHBIC CYIb(QUABI, a TakK€ MHOTHE MACCHUBHBIE CyIb(QUIHBIC Tela MOACTUIAOIINECS

AUCKOPAAaHTHBIMU KUJIBHBIMHA CECTAMU (IHTOKBCpKOBBIMI/I 3OHaMI/I).
A B

Seawater CENTIMETERS

- Chalcopyrite or cubanite + pyrrhotite Inner walk
Chalcopyrite > pyrite > bornite
- Cu-Fe sullides + anhydrite
Wide middle wall:
E Ashydrite + sphalerite + pyrite or Sphalerite + wurtzite > chalcopyrite + anhydrite
” Thin outer wall:
Pyrrhotite + pyrite + sphalerite + anbrydrite Pyrite + marcasite > barite

Puc. 30. CpaBHI/ITCHLHaﬂ rUnoreHHas MUHEepajibHasi 30HAJIbHOCTD «YCPHBIX KYPUIBIITUKOB)).
(A) Mozienu ABIMOBOI TPYOBI «4EpHOr0 Kypuiibluuka» ¢ Temnepatypoit 350°C Bocrouno-Tuxookeanckoro noansatus u (b) nonepeunoe ceeuenun
(oxoio 310°C) npiMoBoit TpyOBI XpedTa Xyan-ne-Dyka. (Kkaokcobiii ObIMOX00 UMeem GHYMPEHHION CMEHKY, 8 KOMOpol npeobaadarom cyib@uobl Meou u
Jiceniesa, Cpeoniorn CIMEHKY, co0epACauyIo 0OUIbHbLE CYbGUOLL YUHKA, U BHEWHIOI 0D0N0UKY, 8 KOMOPOU Npeobaadaion cyib@uovl Jcenesa).

MaccuBHbI€ cynb(huabl 00BIYHO MPEICTABIAIOT COO0H KOMIIAKTHBIE MEJIKO3EPHUCTBIE arperaThbl
cpocmuxcsi Cyab(GUAHBIX MHHEPAJIOB C HEPOBHBIMH TpaHUIAMH 3epeH. JlMarHoCTHYeCKHMMHU
NEPBUYHBIMH TEKCTypaMH B MAaCCHBHBIX PYAax SIBISIOTCS HIMOMOpP(HBIE KPUCTAUIBI (HAIpUMeEp,
NUpUTa, MUPPOTHUHA), BBICTYMAIOUIME B IOJOCTH, KOJIIO()OpPMHBIE pa3pacTaHusi (0COOEHHO
cdanepurta, TUpUTa U Mapkazurta), GppaMOOUIATbHBIA U OOTPUOMAAIBHBIN MHUPUT, ICEBIOMOpP(HOE
3aMenieHne (HampuMmep, cyibdaTa THUPPOTHHOM), MEJIKOMACIITAOHbIE OTHOIICHHUS 3aMeIeHUs
(HampuMmep, «XaJdbKOMUpUTOBasi 00J€3Hb B canepure»), KopoOUaTble CpacTaHUS U BHYTPEHHSS
30HAJIBHOCTh pOCTa MHUHEpPaloB (0COOEHHO B cynbduaax Zn). pyrumu oOIIMMHU NpU3HAKAMU
HEMETaMOP(PHU30BaHHBIX PYJ SBJSIOTCS BBICOKAs MOPUCTOCTh M TEKCTypHAs HEOJHOPOJHOCTh B
Macimitabe nuiMda. OTH  TUIBl MEPBUYHBIX TEKCTYPHBIX OCOOEHHOCTEH OCOOEHHO XOpOLIO
COXPaHWINCh B COBPEMEHHBIX OTIIOKCHHUSX.

TexkcTypsl U CTPYKTYpbl JIpeBHHUX OTJIOKEeHUH VMS 0OBIYHO HECyT HEKOTOpBIM OTIeYaToK
MOCTCEIMMEHTAMOHHOTO AUareHe3a u Meramopdusma. Meramoppu3M BbI3IBAET MHOT'OUHCIICHHBIE
TEeKCTypHble H3MEHEeHUus, Bkitouas (1) pexkpucTalIM3alUi0 U YBEIMUEHUE pa3Mepa 3epeH, (2)
pasButue noppupod1acToB, (3) CJI0CHHE U BRIPAaBHUBAHUE KPUCTAIUIOB CYIb(HIA U TyCTON MOPO/IHI,
(4) TpaHuIBI 3epeH ¢ TpPOWHBIM coenuHeHHeM 120° (TekcTypbl oTxkura), (5) pemoOumm3anus

xanpKkonupuTa u (6) mpoHukaromas aepopmanus («rexkctypa «durchbe wegung») nuppoTHHa.
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BonpmuucTBO MecTopokaeHnit VMS UMEIOT Ty WM UHYIO (OpMY NMEPBHUYHOU CTPYKTYPHI.
OO0MOYHBIC U CIIONCTBIE PY/bI ABISAIOTCS MPeo0IalaloMMy CTPYKTYPHBIMU XapaKTEPUCTUKAMH B
MacmTabax MecTOpOKAeHHsA. Bo MHOTuX ciiydasix 3TH OCOOCHHOCTH, IMO-BHIUMOMY, SBISIOTCS
pe3yJbTaTOM MAacCOBOI'O HCTOILIEHUS M 00pa3oBaHUSl KPYTHIX CKJIOHOB CYJIb(QHUAHBIX KYpPraHOB.
MaccoBoe ucTolIeHre U MPOKCUMallbHasl CeIMMEHTAINS THAPOTEPMAIbHBIX 00JJOMKOB KYypraHoB Ha
CpennHHO-ATIIaHTUYECKOM XpeOTe TpeacTaBisieT co00i COBPEMEHHBIN aHajIOr MHOTHX JPEBHUX
VMS, mnecuanple 30HBI TakKe OOpa3yIOT XapaKTepHbIC BHYTPEHHHE CTPYKTYPHBIE OCOOCHHOCTH
XOpOILIO COXPAHUBIIUXCS MacCUBHBIX CynbhuaoB. lccrnenoBanus COBpeMEHHBIX CYIb(UIHBIX
KypraHoB IOKa3bIBalOT, YTO 3TU Opek4ynu 00pa3oBaUCh B pe3yibTare OOpYLICHHS HECTAOMIIbHBIX
CyIb(QHUIHBIX TPYO Ha OBEPXHOCTHU KypraHa, a TaKXe - OOpYIICHHs ITOCIe pACTBOPEHHUSI aHTUAPUTA B
AOpe CTPYKTYphl Kyprana. MeHee pacnpocTpaHEHHBIE NEpBUYHBIE CTPYKTYpBI, COXPAaHUBIIHECS B
OTJIOKEHUSAX, BKIIOYAIOT (parMeHThl Tpyd C <«KHAKUMH KaHalaMu» - OKaMEHEIOCTSIMH
TUAPOTEPMAIIBHOM JKepIIOBOM (payHBI U cliejaMu MUKPOOHBIX (OPM SKU3HH.

BynkaHoreHHble MacCHBHBIE CYJIb(QHUIHBIE OTJIOXKEHHUS OOBIYHO He3epHUCThle. Jlnama3oH
pa3MepoB 3€peH OCHOBHBIX THIOTCHHBIX CYJIb(UIAHBIX MHHEPAJOB HEMETaMOp(pHU30BaHHBIX
MAaCCHBHBIX CYJIb(QUAHBIX MECTOPOXKIeHUil coctaBiger npumepHo 0,1-1 MMm; akueccopHbie
Cynb(huUIbl 3HAYUTETFHO MEHbINE MO pa3Mepy. Pazmep 3epeH 3070ThIX MHHEPAIOB MEHBIIE, YeM Yy
OCHOBHBIX Cynb(huaoB, Oonee yeM Ha mopsnok. CpenHue 3HAYEHHUS pa3Mepa JUCKPETHBIX 3epeH
30J10Ta (JIEKTpyMa) B OJIMHHAIATA MECTOPOXKICHUsIX VMS B BOCTOUHON ABCTpaJIUU JIEKAT MEKTY
2,5 nu 25 mM. Hampotus, MeTamop(r30BaHHBIE MAacCCHUBHBIE CYNb(UIbl Oosiee KPYMHO3EPHUCTHIE -
Cyib(pUIHBIE 3epHAa B METaMOP(U30BAaHHBIX OTJIOKEHUAX OOBIYHO MPEBBHILIAIOT 1 MM B AMaMeTpe, a
nopdupobnactel nupura auamerpoM a0 300 MM BCTpewaroTcsi B OOraTblx HUPPOTHHOM pylax
ropHoio0bIBatoliero paiiona Jlakrays, mrat TenHeccu.

Munepanocus u munepaibHvle KOMNIEKCbl CYNeP2eHHbIX py0 SIBISIOTCS MPOIYKTaMH PEaKIIHid
MEX/y TUIIOT€HHBIMU CYJIb(QHUIHBIMU MUHEPATAMH U HUCXOSIIIUMH KHCIBIMH METEOPHBIMU BOJIAMH.
OTH TpoIecChl MPOUCXOAAT HAa TOBEPXHOCTH WIIM BOJM3M Hee B CyOa’palibHBIX ycioBUsX. Ha
mectopokaeHnsax VMS menp u apyrue Metamuibl MOOMIIM3YIOTCS W3 TIEPBHYHBIX MAaCCHBHBIX
CyIb(QUIHBIX Pyl W MepeoTiaratoTcss Ha riayoune. Takoe ocaxnaenue cynbuaoB Cu ¢ BBHICOKUM
cooTHomeHueM Cu/S MOXeT NPUBECTH K SKOHOMHYECKHM 3HAYMMOMY OOOTaIlleHHI0 MEIbI0 Ha
PEaKIIMOHHO-BOCCTAHOBUTEIHLHON TPAHUIE MEXKIY CYIb(PHUIHBIM MAaCCHBOM WM TMPOHHUKAOIIUMH BHU3
KHUIKOCTAMU. «Omesio» CYNMEepreHHOTO OOOTalleHHsI TePEKPhIBACTCS CHUJIBHO HW3MEHEHHBIM H
BBILIEJIOUEHHBIM TOCCAHOM, OOraToM OKCHAAaMU Kele3a (OCTaTKM HCXOJHOTO MAacCHBHOTO
Cynb(uIa), IPOCTUPAIOIUMUCS BBEPX 10 NaCONOBEPXHOCTH.

HccnemoBanusi THAPOTEPMATIBHBIX CYIb(UAHBIX KYpraHOB M JTBIMOBBIX TPYO Ha OCH OKeaHa

BBISIBIJIM BTOPOW THI TOCCAHOBBIX OOpa30BaHUN: OKHCIEHUE CYIb(UIHBIX MHUHEPAJIOB 3a CYET
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B3aUMOJICHCTBUSI C OOTraTol KHCIOPOJOM OKpYKaroleld MOpPCKOW BOJOW. DTOT mpolecc, MHOTIAa
HA3bIBAEMBIl «BBIBETPUBAHUEM MOPCKOTO JIHA», COIMPOBOXKIAETCS 0Opa3oBaHUEM BTOPUYHBIX
HU3KOTEMIIEPATYPHBIX MHHEPAIOB CYJIb(Haa MEIU, a TAaKKe XJIOpHIa MEIH, MUHEepana aTakaMuTa,
Ha yuyactke TAI, CpenuHHO-ATnantuueckoro xpedra. Ha ocHoBanmm HaOmonenuir B TAG, cion
OXpBI, MEPEeKphIBAIOIIME MacCuBHbIe cCyibbuaHslie nopoasl B Ckypuortucce, Kump, Obuin
WHTEPIPETHPOBAHBI KK IMOABOIHBIC TOCCAHBI.

MuHepanbHbIe aCCOIMAIMN 30H THIIEPTEHHOTO 00OTAIICHUS U CBS3aHHBIX C HUMHU TOCCAHOB IS
MectopoxaeHuit VMS mnpencraBnenst B Tabn. 14; mepedeHb BTOPUYHBIX MHHEPAJIOB W HX
XUMUYeCKre (GopMyIbl MpeAcTaBieHbl B Tabna. 15. B rumepreHHBIX CynmbGUIHBIX MHHEPATbHBIX
accollManusax JPEeBHUX MECTOPOXKICHUI TmpeoOiiamaet HeOomblas Trpylna MeIbCoAepKAINX
MUHEPAJIOB: XaJIbKOIUT, OOPHUT, KOBEJUIMH, JUTCHUT M dHAPTUT. B cynmepreHHOM 00pa3oBaHHH ITH
Cynb(UIBl MOTYT CPACcTaThCA C PA3UYHBIMU KOJIMUYECTBAMH PENUKTOBBIX TMIIOTEHHBIX CYIb(UIOB,
TaKUX KaK MHPUT, XaJIbKOMUPUT U cdaneput. McciaenoBaHusi aHAIOTMYHOTO MOPCKOTO MaccHuBa
CyIb(UIBI TOKA3BIBAIOT, YTO BBIBETPUBAHHUE MOPCKOTO JIHA in Situ MPUBEIO K COMOCTABUMOKN CBUTE

BTOPHUYHBIX CYJIbQUIHBIX MUHEpaToB (MecTopoxaeaue TAL B Tabm. 14).

Tabn. 14.
MuHepajibHBIE ACCONHALNH IT'HMEePreHHbIX 00cTaHoBoK VMS.
(Munepanvl 6 Kypcug npucymcmeyem 6 He3HaUUmenbHblX UIU CLe008bIX KOIULeCHBAX).

Hews Souwih Flambeau VIMS Baiburei deopasiis, TAG priw. Mid- Ailsabic
Wiakes A _— dop Wi . ¢ is® Bisha mine, Errea® Ridae'
rre— € hent goasan: [ ¥ T —— Hemat e garthite quarts | huidised subfdes
pocthile, homalals wpuarts {chert), hematie, pnan: pocibule sl pume | pessan amusiphous Fe oxyhy-
pocthals, jaromile, AElive o pltonis silica Iormatite, poscthile. guaits, alios nde, goscthie,
COahReE AR gkl parcssie, plambojarosite,  Chakiodony, matfve gpodd JETERIRES SNy
AR A OLILE AR shlaca. alacamite
Fhesphaie some: Argillis goasan berialandete . wmalits, b sl b ag et s aulf st e RN Copp
rvrormerphale suarts, homatde | gocthibe,  mdheimite e kaolinate, il
chlonte, montmssilhomte Eyproum, abusile. quarts
Al s e tnpnsdaratite. argiesiie,
OEFFERE. ST,
O wrlsrmals fovi D Ak rie o n whlarargy vise, sanive gold
eeussity . smathsomitg ank vty hematitg
A gelad
Sullale ronc: il poe:
g et & bumite. pudrh- i, goseihise, )

jarcasts, madas it chibe, ssurite, mative wilfver
acwrite, barite, sfolsie,
e

Supergens sullide rone

chaloocite, enaigite chaloocie, bormine convellate, chaloooite, chakocie, digenise, degenate, covelline,
chaloopyrite digemite, acanthine covellite, haride, madive godd.
ampleuide bimrute cnangine e
Primary missive sullide
prmile, sphalernis, gakma Py, chakooprnile pyiile, sphakenite pyunle, sphalene mAarca e, pn
chaleopaTitg, arsanopnrile, sphabenite, gl Ealewa, chakoopyie, galana, sphaleaine,
awrralivalvine - et Fevavilarine ¢ b bgopryrite pryunbecd sl areemogn rire whaloopyreie,

aremoprie R P e——— Fearmite

B oTnoxeHusix, Te 30Ha BBIBETPUBAHHUS XOPOIIO Pa3BUTa U COXPaHWIACh, TOCCAH MOKET
COJIEpKaTh BBIpAKCHHBIE MHUHEPATbHBIC MOA30HBI C Mpeo0iaJaHueM Cynb(aToB, KapOOHATOB,
docharoB mwin okcuaoB (Tabm. 15). XUMHUYECKHNH COCTaB OKHUCIEHHBIX MHHEPAJTIOB TOCCAaHOB B
HEKOTOPOM CTETCHH OTpakaeT IMPEAIISCTBOBABIIYI0O UM CYIbQUIAHYIO MHUHepaioruio. Hampumep,
BbICOKOE cojaepxkanne Pb (Pb mmeer TeHmeHImio ObITh MEHee MOJBMKHBIM B ITHX Cpelax) U
BTOpUYHBIE KapOOHaTHBIE U cCynb(aTHble MUHEpanbl Pb (LepyccuT, CMHUTCOHUT, AaHTJIE3UT)
BCTPEYAIOTCS B TOCCAHOBBIX 30HAX, NEPEKPHIBAIONIMX MHHEpamm3anuio VMS, coaepkanyio

3HAUUTENbHBIE KOJIMYECTBAa TajeHuTa. B MectopokneHusx paiiona barepct u MoGepuiickoro
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MUPUTOBOTO IOsica CIOXHBIE Cynb(paTbl WU Cylb(aTHO-apceHaTHbIE MHMHEpaNbl, TaKhe Kak

HJ'IIOM60$IpOSI/IT u 6ey,IIaHTI/IT, TAKXKXC BBICTYIIAKOT B KAaUCCTBC 3HAYHUTCIIbHBIX IIOT notutencii Pb B 3oHe

OKHCJICHHA.

MI/lHepaJIOFI/ISl THIEePreHHbIX chIb_(bI/IlIHI)D_( 30H U roccaH.
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Tabn. 15.

OctaTouHnas KOHICHTpausg AparouCHHbIX METAJIJIOB B IrOCCaHaXx B BHUAC CaMOPOJAHOI'0 30JI10Ta,

JJIEKTpyMa M Pa3IMYHBIX MHUHEpAJIOB cepedpa MOXKET HMETh HKOHOMHYECKOE 3HAaYeHHE Ha

mectopoxkaeansx VMS. Hampumep, Ha mectopoxkaeann VMS Kanatyan (OWIMnmuHbBI) OIEHEHO

45-HpOHeHTHOC YBCIUYCHUC COACPIKaHHUA 30JI0Ta B BUAC JJICKTPYMa B I'OCCAHEC, BHIBCTPUBIICMCS U3

MMUPUTOBBIX MACCHUBHBIX CYJ'IL(bI/II[OB. AHaJ'IOFI/I‘-IHO, KOHICHTpanusga CaMOpOJHOI0 30JI0Ta B T'OCCaHC,

nepekpeiBatonieM MectopoxaeHue VMS dnambo (BuCkOHCHH), COOTBETCTBYET IIECTHKPATHOMY

oboramennio Au 1o cpaBHEHHIO ¢ Cyab(umaapiM MaccuBoM. OOoramenne Au u Ag B ToccaHax

YeThlpeX KaHaJCKUX MecTopoxaeHui VMS mpexacraBnsercs ciemyroumM obpazom: Mroppeii-bpyk

(2,5, 1,2), Kapuby (4,0, 2,4), Xur Crun (3,5, 2,5) u Bungu-Kporru (8,5, 3,4). UccnegoBanus
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COBPEMEHHOM MHUHEPAIM3allMi MOPCKUX Pyl TaKXKe IMOKa3bIBAIOT 00OTaleHHEe 30I0TOM OKHCIECHHBIX
30H MaCCUBHBIX CYIb(OUAHBIX MecTOpoxKaAeHMi (Hanpumep, TAG).

PazButue 30HBI THUIEPreHHOro OOOTAIICHHS BMECTE€ C MEPEKPHIBAIOIIMM €€ TOCCAaHOM B
MectopoxacHussXx VMS naet cBoeoOpa3Hyro mapareHeTHYeCcKyro mocienoBareasHocTh (puc. 31). Ha
pPaHHUX CTaAMAX MU3MEHEHUI MEHee YCTONYMBBIE MUHEPAJbl XaJIbKOMUPUT, CHAIECPUT U TETPAIAPUT
(MpM MX HAJIMYUH) 3aMEUIAI0TCA XaIbKOLUTOM, JUTCHUTOM, KOBEJUIUTOM U JIPYTUMHU CYIb(PUIaMHU.
AKaHTUT MOXeT 00pa30BHIBaThCSA B 30HE T'MIIEPreHa NP BbIIEICHUHU cepedpa u3 teTpa’rapura. Ilo
Mepe PACIpPOCTPAHEHUs OKUCIIUTENIBHBIX YCIOBUI Ha OOJIBIIYIO INTyOMHY KOBEJJIMH M JUI'€HUT B
KOHEYHOM UTOT'€ 3aMEHSIOTCS XaJIbKOLIUTOM.

C HactymiieHueM (QpOHTa OKHUCIEHHs TUIEPreHHbIE CyIb(uIpl, a TaKkKe MUPUT U JPYrue
OCTaBIIMECS TIEPBUYHBIC CYIb(QUABI CTAHOBATCS HECTAOMIBHBIMH. [lOoMBEpKEHHOCTh MHUPPOTHHA
OKHCIICHHIO TpeAroiaraeT ObICTpoe paspylieHue 60oraTelx TMPPOTUHOM pyd. PacTBopeHue rajgeHura
U apCeHONMUPUTA, €CJIIM OHU HPUCYTCTBYIOT, CIIOCOOCTBYET OC@XKICHMIO pa3iauuHbix Pb u As-
cofepKammx CyiIb(paTHbIX ¥ KapOoHAaTHBIX MuHepaioB (puc. 31; Tabn. 14, 15). K rumeprenHomy
napareHe3ncy TakkKe MOKHO OTHECTH 30JIOTOPYAHYIO MHUHEPATIH3AIHIO, BOZHUKAIOUIYIO B PE3yJIbTaTe
pacTBopeHHst Au-copep)kallux 3epeH apceHonupurta u nupura (puc. 31). OnHOBpeMEHHO cC
MHUHEpAJIbHBIMU H3MEHEHMSIMU B 30HE THIIEPIeHHOro O0OOTalleHus IMPOUCXOAUT PACTBOPEHUE
NEPBUYHBIX KapOOHATHBIX MUHEPATIOB M 3aMELICHHE AIOMOCHIMKATHBIX MHHEPAJIOB TIIMHAMH U
aMOp(HBIM KPEMHE3EMOM B TOCCaHe. 3peias CTaJus Pa3BUTHSA TOCCaHa MPEACTaBICHa KOMILIEKCOM
OKCHJIOB Kejle3a, KBapua M (WM aMop(HBIH KpeMHe3eM) TJIMHHUCTbIE MHHEpajbl, CyabhaTbl U
KapOOHATHI MEPEKPBIBAIOLINE CIIOH CylepreHHOro o0orameHus.

Remsiatexs Casseerte, Barte, Zrcon, Ruble, Matve Bromsth
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VYcroiunBocTh  Cyab(GUAHBIX MHHEPAIOB B OKHUCIMTEIBHBIX YCIOBHUSAX BO3pacTaeT clieBa
HanpaBo. Takum oOpa3omM, TmiepBUYHBICE CyIbQuabl cleBa (0COOCHHO XaTbKOMHPUT) JIETKO
U3MEHSIOTCS M 3aMEUIal0TCd BTOPUYHBIMH Cylb(uaamMu Meau B 30He oOorameHus. OKHcIeHHe
MHUHEpAJIOB CyNb(OCOIeH U rajJleHUTa CIIOCOOCTBYET OTJIOXKEHHMIO aKaHTUTA B30HE OOOralleHHus U
BTOPUYHBIX MHHEPAJIOB CBHHLIA B OKCHAHOHM 30HE. BhlnazeHue 30510Ta NMpH OKUCICHUU YKa3aHbl
TaKXKE€ apCeHONMHMPUT M THUPUT. ['OccaH BBIMIETOYCHHBIA IOCIE PACTBOPEHUS CYIb(QUIHBIX WU
KapOOHATHBIX MHHEpAJIOB MPEJACTABICH BTOPUYHBIMU CHUJIMKaTaMH, OKCHJAMH JKelie3a U
YCTOMUYUBBIMU K OKMCJIEHHUIO MUHEpaJIaMU TAKMMHU KaK KaCCUTEPUT U OapuT.

30HAJILHOCTh I'MIIEPreHHbIX MUHEPAJIOB Haubosee ApKO pa3BUTa B BEPTUKAJILHOM HAIPaBICHUU
OTHOCHUTEJIBHO  BBIBETpeNoi  maneonoBepXHOCTH.  OCHOBHOM  mpouib  BBIBETPHBAHUS
MecTopoxkaAeHU VMS cofepKuT 4eTblpe 30Hbl OT UCXOAHON MOBEPXHOCTU BHU3: (1) BhIIENIOUEHHAs
HOKPBIIIKA, B KOTOPOH IMpeobafaloT OKCUABI jKeje3a, MIIMHUCThIEe MUHepaibl U KBapll, (2) 30Ha
OKHCIICHHs, B KOTOpOH Mpeo0siafaoT BTOpUYHBIE CyiabdaTbl, (3) rumepreHHas 30Ha - 30Ha
oOoraimeHus: ¢ OOMJIBHBIM COJICPKAHNEM XaIbKOIUTA M JAPYIHX OOraThIX MeIbI0 CyabGuaoB u (4)
BEpPIIMHA HIDKEJIEKAIEro MaccuBa cynb(puaoB. bonee cioxHas 30HATbHAST CTPYKTYpa MPOSBISIETCS
B 3pEIbIX THUNEPreHHBIX NpoPWIsiX, pa3BUTBIX Ha MecTopokacHusx VMS, ocoberHo
MECTOPOXACHUAX, Ooratbix Zn, Pb m As (tabm. 14, 15). MomHOCTH OTAEIBHBIX 30H BeChbMa
M3MEHYMBBI U YBEJTMUUBAIOTCS K OKpanHAM MAaCCHUBHBIX CYJIb(MUIHBIX T U BIOJb CTPYKTYP.

PazHOOOpaszue TeKcTyp, CBSA3aHHBIX C pEAKIUSMH 3aMEUICHHsS M PACTBOPEHUS, SIBISIETCS
XapaKTepHOM 4epTOol 30H BBHIBETPUBAHUS U TUIEPreHHOM MuHepanu3anuu. Paspactanus u 3aMeHa
KaiiM OOpHMTA, KOBEJJIUTAa MM XaJbKO3UTA, XaJIbKOMUPUTA YaCTO HAOJIONAIOTCS KaK MHIAUKATOPHI
HAUMHAIOMINXCS THIEPTeHHBIX W3MEHEHHH. XaJbKOIHUT OOBIYHO BCTPEUACTCS B BUAE MSTKUX
CaXUCTBIX TIOKPBITHI Ha MUHEpanax. bonee riry0okne n3MeHEeHHs TIEPBUYHBIX CYIb(OUIO0B MIPHBOIST
K YaCTUYHOM WMJIM TOJIHON NCceBAOMOPHON TEKCType 3aMellleHus], CHayaja ¢ y4acTHeM CYIb(pHI0B
MeNIu, 3aTeéM pa3IMYHbIX KOMOMHAIMM BTOPHYHBIX CyIb(QUAOB, CyIb(}aTOB U KapOOHATHBIX
MHUHEpAJIOB M, B KOHEYHOM HUTOT€, OKCHJOB M OKCHTHAPOKCHIOB JKelle3a. BTopuuyHBIE TMUPUT H
TaJIEHUT C KOJUI0OPMHOM, OOTPHOUIHOMN, CKeNeTHON U (ppamMOONIaIbHON TEKCTypaMu BBISBIICHBI B
YAaCTUYHO BBIIIETOYEHHBIX TOCCaHAX psjia YpalIbCKUX MeCTOpOXKAeHUH. OCHOBHBIM TEKCTYpHBIM
U3MEHEHHEM BO BpEMsl THIIEPT€HHBIX IPOLIECCOB SBISETCS Ppa3BUTHE BTOPUYHOW IMOPUCTOCTH.
[Topucro-ry0buartasi TekcTypa XapakTe€pHa IS 30HBI THUIEPreHHOTo OOOTalleHus, a TaKkKe I
TOCCaHUTOB, OCOOEHHO SYEHCThIE KOPOOOUKH, 00Opa30BaBIINECS B pe3ybTaTe PacTBOPEHUS MHUPUTA.
OKCUTHIPOKCUBI JKeJe3a M Jpyrue BTOPHUYHBIE MHUHEpanbl OOBIYHO TMOSBISIOTCA B BUJE
KOJTIOQOPMHBIX M OOTPHOMAHBIX BKpaIICHMH B MyCTOTAaX MM JIAMHHAPHBIX pa3pacTaHUid Ha
PE3UCTUBHBIX MHHEpallaX, TaKMX KakK KBapl WM KaccuTepuT. Haxomkm OomaHTHTa B roccaHax

paifoHa baTepcT WIIIOCTpUPYIOT pa3HOOOpa3He CYMEPreHHbIX TEKCTYp: MHUKPOKPUCTAIITMYECKHE
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MOKPBITUS,, MACCHUBHBIN Ty0YaTblii HMHTEPCTHIMAJIBHBIM MaTepuai, uYepBeoOpa3Hble CIIOH,
BBICTHJIAIOIIHE MTyCTOTHI, KyOM4ecKre KPUCTATUIECKUE U KOJIO()OPMHBIE MaCCHI.

@parMeHTapHble 30HBI — 001113 0cobeHHOCTh cTpoeHus roccaHoB VMS. Tlo-Bugumomy, oHH
MIPEACTABISIIOT CO0OM OpeKYrH OOpYyIICHHS, OOpa3yoIIHecs I0cCie OOIMMUPHOTO PACTBOPCHUS
NEPBUYHBIX CYJIb(PUIHBIX U KapOOHATHBIX MHHEpanoB. Emie oJHON OTIMYUTENBHON OCOOEHHOCTHIO
ABJIAIOTCA IUIOXO KOHCOJIMIMPOBAHHBIE IPOCIOM KBApLEBOTO W IMHUPUTOBOIO IE€CKa B TIOCCaHaX,
NEPEKPBIBAIOIINX 30HBI TUIIEPTEHHOTO 00O0TrameHus - 0cOOeHHOCTh MecTopoxaennit VMS B Kanane,
CIHA u HxHoM VYpame. OTH TecCKH MOTYyT 00pa3oBaThCsi B Ppe3yJbTaTe BHIIMICIIAYNBAHUS
Cynb(hUICOEpKAIIEero roccana BO BpeMs aJJBEKTUBHOM JIETIPECCUH COBPEMEHHBIX IPYHTOBBIX BOJ.

[IceBnomopdHoe 3amerieHue W MHUHEpaTU3alUs, 3alOJHAIOMAS MYCTOTBI, MPHBOIAT K
U3MEHEHHUSIM pa3Mepa 3€peH, KOTOPbIE SKBUBAJICHTHBI WM aHAJIOTHYHbI BHYTPEHHEMY 3€pHY, YEM Y
Cynb(UIHBIX MUHEPAJOB B MaccuBe. [[s MENKO3epHHUCTOro XapakTepa BTOPHUYHBIX MHHEpAIOB
XapaKTepHbl  CIEAyIIlWe  MposiBIeHus  OemaHTuTa B roccaHax  paiiona  barepct:
MUKPOKPUCTANTNYECKAE OOOJIOUYKM, MACCHBHBIM TyO4aTblii WHTEPCTULHMAIBHBIA  MaTepual,
YepBeoOpa3HbIe CIIOM, BBICTHJIAIOIINE MYCTOTHI, KyOMUECKHE KPHCTALNTMYECKHE U KOJIO()OpMHBIC
MAacCBhl.

Mopckue wmaccuBHble cynabbuasl (SMS), mpeanonaraeMble MPEIIIECTBEHHUKH JIPEBHUX
otnoxxeHuit VMS, HecTaOWIIbHBI B IPUCYTCTBUU Ja)Ke HEOOJIbIIMX KOHLEHTpauui kuciaopoga. OHu
NOTEHLIMAJIbHO TOJBEPKEHBl BBIBETPUBAHUIO NPU TEMIIEpaType OKpYXKarolled cpeibl U APYTruM
mpoueccaM, KOTOpbIE MOTYT BbI3BaTh CYILECTBEHHBIE IIOCTCEIMMEHTAIlMOHHBIE W3MEHEHHUS B
MUHepaJIoTuu U reoxumuu. [1oBoiHOE BBIBETpUBAaHUE (XAIBMHUPOJIN3) HA MECTE OTIIOXKEHMS PY.bl
ABJIIETCS PE3yJIbTaTOM MHOXKECTBA PEAKIINI, KOTOpPhIE IIEPBOHAYAILHO OMOCPEIYIOTCSI HaChIIIEHHOM
KHCJIOPOJIOM MOPCKOM BOJION, IUPKYIUPYIOIIEH yepe3 MecTopoxacHue. OKuUcIeHne HaYMHAeTCsl Ha
I'paHUIIE MECTOPOXKICHHUSI U MOPCKOM BOJIbI, U ()POHT OKHUCIICHHUS OCTENIEHHO MEpPEMEIIAeTCsl BrIyOb,
YTO NPUBOJUT K MAaCCOBOMY HMCTOILEHUIO PYAHOIO MECTOPOXKIEHUS MPU TEMIIEpAType OKPYkKaroLIei
cpensr 1-2°C.

B mpunnune, npouecc BBIBETPUBAHHMS MOPCKOTO JHA MOXKET HMPHUBECTH K IMPOMEXKYTOUHBIM
CTaJusIM THIEPreHHOro OOOTaIleHUsl MyTeM IMOJIHOTO WJIM YaCTMYHOIO 3aMEleHHs MEepBUYHBIX
CyIb(QHUIOB BTOPUYHBIMH CYyJIb(QHUIaMU U OOOTAIIEHHBIMH T'OCCAHaMH, HO MPOJOJDKAIOIIAsACS
LHUPKYJISIUS HACBILIEHHOW KHCIOPOJOM MOPCKOM BOJIbI B KOHEYHOM MTOr€ MPUBOAUT K
buznyecKOMy M XUMHYECKOMY pa3pylIeHHI0 MecTopokaeHus. ClieoBaTeabHO, BHIBETPHUBAHUE
oTioxeHuid SMS sBisieTcst Hen30€XKHBIM MOCIIEICTBUEM BO3/IEHCTBUS MOPCKOW BOJIBI, €CIIU TOJBKO
OTJIOXKEHHUs ObICTPO HE TOKPOIOTCS OCaJKaMU U (MJIM) BYJKaHUYECKUM MaTepHUaIoM, 3alUIIAI0IINM

Cynb(UABI OT KOHTAKTa C MOPCKOM BOAOW. beckucmopoaubie, HEMTpadbHBIE TPUIOHHBIC BOJIBI TAKXKE
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collepkaT HeOOJbIIOE KOJMYECTBO KHUCIOpOJa, IMO3TOMY B  OECKUCIOPOAHBIX  YCIOBHSX
BBIBETPUBAHUE OTJIOKEHUN MOXKHO 3aMEJIUTh, HO HE OCTAHOBUTb.

MuxkpobHasi nerpaganusi Cyib(QHIOB TPYHTOBBIX BOJ, HAallpUMEp, MUPPOTHHA, TaKXKE MOXKET
OBITH BaYKHBIM IpoLIecCOM BhIBeTpuBaHus. Eciu otnoxkenns VMS coxXpaHsIOTCS B JIETOMUCH TOPHBIX
OpOJ, 4YTO JIOJDKHO OBITh OTHOCHTEIBHO pPEAKUM COOBITHEM, OHU MOTYT TOJBEprarhcs
cyOaspanpHOW  JErpajallid  TNpH  BO3ACUCTBUM  A0MOTHYECKHX  pEaKIUil, BKIIOYAIONINX
MOBEPXHOCTHBIE W TIPUIIOBEPXHOCTHBIC HACHIIICHHBIE KHUCIOPOIOM JKHJIKOCTH, aTMOCQEpHBIN
KHUCTIOPOJT M OMOTHMYECKHE DPEaKIMH, BKIOYaronire OakTepuaibHyl0 aKTUBHOCTh. ['ambMuponus u
cyOasparnbHas Aerpananus TpeOyIOT CXOAHBIX OKHCIUTENIbHBIX XUMUYECKHX PEeaKIuil, pa3nudus BO
MHOTOM ONPEACISIOTCS HAJIMYMEM MM OTCYTCTBHEM TIa3000pa3HOTO KHCIOPOJa, KOHIIEHTpaIHen
pPacTBOPEHHOTO KHUCJIOpOAa M JKejle3a, a TaKkKe HAIU4YMEeM WM OTCYTCTBHEM TIa3000pa3HOTo
KHCIJIOPO/Ja.

Munepanorudyeckie peaxkiuu mpoiecca (U3NYeckoil U XUMHUYECKOW JAerpajaius ocajaka BO
MHOTOM OIIPENIENISIETCS] CKOPOCTBIO OKHUCIEHHS Cyab(GuaoB. [IMpUT MOXKET HAmpSIMYyIO OKHUCISTHCS
KHMCJIOPOJIOM MOPCKOHM BOJbI B 3aBUCHMOCTH OT €TI0 KOHIICHTPALlMH, KOTOpask 3aBUCHT OT CKOPOCTH
OOHOBJICHUS IPECHON MOPCKOM BOJIBI U CTEIIEHH aHOKCUU MPUIOHHOMN BOJIBI:

FeSa(1) + 7/202(Box) + H20(x) — Fe?*(Bon) + 2S042-(Boa)+2H+(Box 1)

u 4FeSy(TB) + 1402(Box) + 4H20(x) — 4FeSO4(Bon) + 4H2SO4(BoN) 2

O06e peakluy BBI3BIBAIOT 3HAYUTEIBHYIO KUCIOTHOCTD, HO CTENIEHb MOAJEPKAHUS KUCIOTHOCTH
JKUJKOCTU OIPEIEIAETCS CTENEHbI0, B KOTOPOM 3TH HayaJlbHbIE PEAKLUM IPOTEKAIOT B 3aKPBITON
cucreMe. OKHCICHME MUPUTA TAaKKE€ MOXET OBITh OCYILECTBIEHO IIOCPEICTBOM HENMPSIMBIX
DK30TEPMHUYECKMX pPEaKIMi C HCHOIb30BAHMEM KHCIOPOJAa M TPEXBAJEHTHOIO  JKele3a.
PacrtBopumocts Fe(Ill) cunbHO 3aBucut oT pH; ogHako naxe B HEHUTpaTbHOM MOpPCKOW BOnE
koHueHTpauun Fe(Ill) mocraTounsl, 4yTOOBI AOMHUHMPOBATH B OKHCICHMM CYIb(QHIOB xene3a. B
CUCTEME, OTKPBITOM Ui LMPKYJISALUA MOPCKOW BOJBI, KHCIOTHOCTb U PAaCTBOPEHHOE JKEJIE30
YAQIAIOTCS B OOJBIIION pe3epByap OKEaHCKOH BOJbl. Hannune maHmupst U3 roccaHa, COCTOSIIETO B
OCHOBHOM U3 OKCHUJIOB M OKCUTHJIPOKCHUJIOB Keje3za, oTpaxaeT Hu3Kyrw pactBopumMoctb Fe(lll) u
NoJpa3yMeBaeT HeWTpajbHble U ciaalomenounble 3HaueHus pH sxuakocTu:

Fe2*(Bom) + 1/402(Box) + H+(Box) — Fe*+(Box) + 1/2H20(x) 3

u Fe**(Bon) + 3H20(x) — Fe(OH)s +3H* 4)

OTH peakunyu NOPOJOJDKAKTCSI [0 TEX IOp, MOKAa TBEPAbIM MUPUT HE HUCYEPIACTCS WU
CynbQUIHBIA MaTepuand He OyJeT H30JUpOBaH OT OKpyKaromieid Mopckodl Boabl. Hamuuwme
MOBEPXHOCTHU TOCCaHa in situ MOYKET CYIIECTBEHHO 3aMEUIUTh CKOPOCTh OKUCIICHUS JISXKAIIETO MOJ
HUM cyiabduaHoro matepuana. [lepBoHauanabHO roccaHbl 00Jalal0T BBICOKON MOPUCTOCTBIO M

MPOHMUIIAEMOCTBIO, TO3TOMY He 00pa3yroT dS()PEeKTUBHOTO HEMPOHUIIAEMOTo Oapbepa I



109
HUPKYJISIUU  MOPCKOW  BOJBL, HO TMpPH  YIJIOTHEHHH TOCCaHBI MOTYT  OOpa30BBIBATH
BBICOKO9()(DeKTUBHBINM HempoHunaemblii Oapeep. Camas MemneHHas craxus peakuuit 1-4 wu,
BO3MOXKHO, JIPYIMX IPOMEXYTOUHBIX CTaJHi, NEPBOHAYAIBLHO OIPENEISIIOT CKOPOCTb OKHUCICHMS
nuputa. OIHAKO CKOPOCTh OKHCIIEHUS TaKkKe 3aBUCUT OT JIOCTYITHOTO PAaCTBOPEHHOTO KHUCIIOpOAa U
CTENEeHH, B KOTOPOU KeIe30CcoAepKallie MUHEpallbl HHKANICYJTUPYIOT U, CJIEI0BATEIbHO, 3alIUIIAI0T
MAPUT OT PEAKIIUU C KUCIOPOACOAEPKALIEH MOPCKOW BOJIOM.

[TpoucxoxaeHne roccaHoB, CBSI3aHHBIX C MecTopokaeHusMU VMS, deTko He yCTaHOBIIEHO.
HekoTopsie U3 HHX, [O-BUAUMOMY, 00pa30BajJUCh HA MOPCKOM JHE, TOTJa KaK JPYrue CBS3aHBI C
cy0al’pajbHbIM OKHCJICHHEM. XHUMHUYECKHUH COCTaB TOCCAaHOB HHTEPIPETUPYETCS C TOUKH 3PEHUs
OCAKIECHMSI U3 HU3KOTEMIIEPATYPHBIX JKEPJIOBBIX KMJKOCTEH M BOJOPOJHBIX PEAKLUN C ydacTHEM
OKpy’Karomed Mopckoil Boasl. OHAKO B pe3ylbTaTe BBHIBETPUBAHUS HECTAOMIIBHBIX CYIb(UIHBIX
MUHEPAJIOB B KOHEYHOM HTOre 0Opa3yroTcsi OKCHUABl M OKCHTHUIPOKCHUIBI METAJUIOB, MOATOMY
HEKOTOpbIE TOCCAHbl JOJKHBI OBITH MPOAYKTOM TajdbMHpOJK3a. BeposATHO, 4YTO TrOCCaHbI
IIPEJICTaBIISIIOT COOOM CIIEKTPhI MEPEKPHIBAIOIIUXCS IPOLECCOB, BKIIOYAIOIINUX HU3KOTEMIIEpAaTypHbIE
JKEPJIIbIe KUIKOCTU U OKPYKAIOILIYI0 MOPCKYIO BOJY.

CoBpemennbie MecTopoxkaeHuss VMS sBistoTcst MecTaMu OOMIIBHOM MHUKpO- U MakpodayHbl,
Hanpumep, Ha FOxxnom Ypane u Tpoogoce. [lockonbky nuieBas 1emnb MakpodayHbl HAUMHAETCS Ha
OaKTepHaIbHOM YPOBHE, Pa3yMHO MPEIIOJIOKHTh, YTO JpeBHHE oTIokeHHs VMS Takke ObUIH
MecTaMM OOWIbHOW MHKpodayHbl. TakuMm oOpa3om, IpsIMO€ U HENpSMOE OKUCIEHHE CYIb(UIOB
TaKXe MOXXET OBbIThb ONOCPEIOBAHO XEMOCHHTE3UPYIOIUMH OaKTEPUSMHU, UTO SBISETCS OOBIYHBIM
SBIIEHUEM B COBPEMEHHBIX MecTOpoxkIeHussx VMS.

W3 ocHOBHBIX Cynb(hUI0B Keme3a, 00HapyKEHHBIX B MecTopoxaeHusx VMS (nmuput, muppoTHH
U MapKa3WuT), NUPPOTHH SBJSETCS HaubOolee peakIMOHHOCIOCOOHBIM, a MIHUPUT - HauMEHee
PEAKIIMOHHOCTIOCOOHBIM. DTO CHPABEAIMBO Kak JUIsi aOMOTHYECKOTro, TaKk M sl OMOTHYECKOTrO
okucneHus. [pyrue cyiabpuabl Takke HeCTaOMIIBHBI B OKPY)KAIOIIEH MOpPCKOM BOJie, HACHIILIEHHON
kuciaoposioM. CTeneHp pa3pylleHus 3TUX CyIb(UI0B 3aBUCUT OT: (1) colepkaHusi B HUX KeJe3a U,
cienoBarenbHo, oT cTeneHu aoctynHoctu Fe(Il) s okucauTenbHO-BOCCTAHOBUTEIBHBIX PEAKITU;
(2) cTaOUIBHOCTh KPUCTAITMYECKON peIIeTKH, KOTOpas YaCTUYHO 3aBUCUT OT CTENEHU CIIOCOOHOCTH
peLIeTKH BMEIIaTh BTOPOCTENIEHHBIE M MUKPO3JIEMEHTHI; U (3) COOTHOILIEHHE MeTal/cepa, KOTopoe
onpezenseT MacmTaObl TPOU3BOACTBA CEpHOM KucCIOThl. Hekoropble peakuuu c ydacTHeM
’KeJle30co/IepKaliX Cyiab(UI0B U PaCTBOPEHHOTO KHUCIOPOJa B AOMOTHYECKUX YCIOBUSIX MOKa3aHbI
HIDKe, rae ruapokeun keneza [Fe(OH)s] ucnonb3yercs B KkadecTBe 0000IIEHHONW (HOpMyIibI
MOTEHLIUAIBHOTO CIOXKHOTO PsiIa BTOPUUHBIX OKCHIOB M OKCUTUAPOKCUIOB:

[Inpportun:

Fe1xS(TB) + 2,17502(Bomr) +2,35H20(%) — 1.xFe(OH)3(TB) + SO4>-(Bomn) +4H*(BomH)  (5)
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XaJIbKOMUPUT:

CuFeS2(1)+15/402(Bom)+7/2H20(:x)—Fe(OH)3(1)+2S04%-(Bon)+Cu?+(Boa)+4H " (Bo ) (6)

bopHur:

CuzFeS(1)+31/402(Bom)+7/2H20(x)— Fe(OH)s(t)+4S04% (Bon)+3Cu?* (Bon)+4H+(Box)  (7)

ApCEHONUPHUT:

FeAsS(18B)+7/202(Boan)+3H20(5x)—FeAsO4.2H20(tB)[ckopoaut|+SO4*(Boan ) +2H+(Boan) (8)

Borarerii sxene3om chanepur:

(Zn, Fe)S(tB)+302(Boan)+H20(x) —Fe(OH)3(1B)+S04% (BomH.)+Zn?* (Bomn)+2H (Bomn)  (9)

B aTux ciydasix BOCCTaHOBJIEHHbBIE PACTBOPEHHbIE (JOPMBI METAIIOB O0Jiee pacCTBOPUMBI, YEM
pactBopernbiid Fe(Ill) m (wnm) mx ocaxaeHWe KUHETHYECKH WHTHOUPYETCS, TaK 4YTO MHUHEPAbI,
conepkauie Fe(Ill), umeror TeHAEHIMIO JOMUHUPOBATh B MUHEPAJIOIUU T'OCCAaHOB, CBSI3AHHBIX C
otnoxkeHussMu VMS. OnHako MepBOHAYAIbHO MPUCYTCTBUE B PACTBOPE KATHOHOB, OTIWYHBIX OT
JKenesza, IPUBOJUT K 3aMeHE CyIb(UI0B kKejle3a BTOPUUHBIMA MUHEpaaMH, TAKUMH KaK CYJIb(HIbI
MeaM, IIMHKa M CBHUHLA M, BO3MOXXHO, cyib(aramu. Pa3nuuHas pacTBOPUMOCTb TPEXBAJIECHTHOIO
Kelle3a M MapraHila MOXKET IMPUBECTH K OOJBIINM pa3nuuusM B cooTHomennn Fe/Mn B roccanax.
OO6mue MuHepalbl, 0Opa3yrolecss NpU TalbMHUPOJIN3E, BKIIOYAIOT TE€TUT, T'€MaTUT, OCpHEcCHT,
TolopuKe, Fe-cMeKTHUT U pa3nuyHbie nonuMopdubie Moaudukanuu Kpemaesema. CHUIHKaATHI JKenesa,
OOBIYHO CMEKTHUTBI, TAaKK€ MOI'YT BCTpPEUaTbCsi B KayeCTBE OCHOBHOIO KOMIIOHEHTa HEKOTOPBIX
«TIOCTCEIMMEHTAIIMOHHBIX)» THAPOTEPMaTbHBIX MECTOPOKICHUH.

OmnpeneneHa YCTOMYMBOCTh K OKHCIEHHIO B CyOa’pajbHOM cpelae B MOpPAIKE MUPPOTUH
<cpaneput <xXanbKOMUPUT <IUPUT, HO HEU3BECTHO, IPUMEHNMA JIM 3Ta MOCIEI0BATEIBHOCTD TaKKe
U K cpene Mopckoro aHa. OObIYHOE MPUCYTCTBUE caiepuTa B roccaHax MO3BOJSET MPEOJIOKHUTh,
4yTO c(aneput UM, Mo KpaiHel Mepe, ero pasHOBUJIHOCTU C HU3KHUM COJEp)KAHMEM JKele3a MOTYT
OBITH YCTOMYMBBI K OKHCIEeHHI0. HekoTopble Cynb(uIbl IBETHBIX METAJIOB, TaKWe KaK TaJeHUT,
001aJal0T BBICOKOH YCTOMYMBOCTBIO K OKHUCIUTEIBHOMY BBIBETPUBAHUIO. XOTS MUPHUT MOKET OBITh
HaubOosee YCTOWYMBBIM M3 OCHOBHBIX CYJIb(UIHBIX KOMIIOHEHTOB MecTopoxaeHuid VMS, oH yacTo
ABIIIETCS JIOMUHUpYIOIIEH cynbduaHoil (as3ol, MOITOMY YAcCTO OKHUCIEHHWE NHUpPUTA SBISETCA
ONPEACIAIONMM 3TallOM MAacCOBOIO OKHUCIUTEIBHOrO UCTOLIEHUs. (CUMTaeTcsi, 4YTO CKOpPOCTb
peakuuii OKUCIeHHs cdanepuTa, XaJbKONUPUTA, APCEHONHUPHUTAa W HHAPTUTA B IEPBYIO OYepenb
OTIpe/IeNIIeTCs HE KHCIOPOJOM, a OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIMU PEAKIUSIMH C Y4acTHEM
TPEXBAJICHTHOI'O XkeJie3a, IPOU3BOJUMOro OaKTepUsIMHU; HaIIpUMeEp:

ZnS(tB)+8Fe®* (Box)+4H20(x)®Zn?* (Box)+8Fe?* (Box) +SO4> (Box) + SH+(BO) (10)

CuFeSy(1)+16Fe* (Bom)+8H20(x)®Cu?*(Bom)+8Fe?* (Bom)+2S04% (Box)+ 16H* (Bom) (11)

lanpMuponbHas aerpajanus SBISETCS CKOpee IMPaBUIOM, YEM HCKIIOUYEHHEM B TEUEHUE

JKU3HCHHOI'O HHUKJIAa MECTOPOXKIACHUSA VMS, CJICACTBUEM YCTO ABJIACTCA TO, UTO IJIA COXPAHCHUA
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MecTopoxacHUusT VMS B MOPOJHON JIETONMHUCH HEOOXOAMMBI HCKIIOYHTENIbHBIE O0CTOSTEIhCTRA.
Haubonee BaxxHbIM MOCIEACTBUEM BBIBETPUBAHUS MOPCKOI'O JTHA SIBJISIETCS IIE€PBOHAYAIIbHAS BBICOKAS
COPTHOCTh OTJIO)KEHHM H3-3a MPOIECCOB THUIEPIC€HHOTO0 3aMEIICHHs, HO B KOHEUYHOM HTOre
MIPOMCXOAUT 3HAUWTEIbHAS IMMOTEPS METAUIOB B TOJINY BOJbI W (WMiau) (uU3WYEcKas aerpaaarus
OTJIOXKEHUH, TIOCKOJIbKY OHHM TEpPSIOT CBSI3HOCTh. Ha mNpoABUHYTOH CTaauu  PasiIoKCHHS
HEpPacCTBOPUMBIC OKCHUJIBI M OKCHUTHAPOKCHIBI BBINAJAAIOT B OCAaJOK U HMEIOT BBICOKYIO
anCcopOLMOHHYI0 CHOCOOHOCTh. XHWMHUYECKHE MUHEpadbl TOMJIOMIAIOT OSJEMEHTH, OCOOEHHO
MePEXOIHBIC METAILIBI, U3 MOPCKOM BOJBI M(WIJIM) U3 TOPOBBIX JKHIKOCTEH IMOCIE X BBIICICHUS U3
Cylnb(pUI0B U BTOPUYHBIX MUHEPATIOB. DPHEKTHBHOCTh KOUYHUCTKHU» TJIaBHBIM 00pa30M OMpeIesaeTcs
CKOPOCTbIO HAKOILJICHUS OKCHJIOB U OKCUTHUIPOKCUIOB. BeposaTHO, IEBAHOCTO JEBSATH MPOLICHTOB WX
0oJiee METaNIOB TEPSIOTCSI BO BPEMsI BRIBETPUBAHUS TPYHTA, €CJIU 00pa3yrOTCsl TOCCAHBI.

Crenenp, B KOTOPOU MEPEHOC MaTepralia B TOJIIY BOABI BO BPeMsl rajlbMHUPOIIN3a CIIOCOOCTBYET
YBEJIMUEHUIO OanaHca -MOPCKHMX JJIEMEHTOB, €IlIe MPEACTOUT OLIEHUTh, HO 3TO MOXKET HMETh
3HAUUTENBHBIN 3P dekT. [IparomeHHpie MeTaLUTbl MOTYT HMETh BBICOKOE COJICPIKAaHUE BO BTOPHUIHBIX
roccaHax, 0COOCHHO €CJIM MCXOJHas Cyab(UIHAS pyla CONCPKUT AU U TICPBHYHBIC MUHEPAITbI Ag.
Hampumep, wmectopoxnenue Jletnee Ha HOxxHOM VYpane cOAEpKUT MHOXKECTBO NEPBUYHBIX
TEJUTYpUIOB OJaropoJHBIX METAJIOB, TAKUX KaK CUJIbBAHHT, BOJIBIHCKUT, ATTaUT U IITYIHUT, KOTOPHIE
IPH OKUCJICHHH JHOO BBICBOOOXKTAIOT CAMOPOIHBIC APAroleHHbIC METAJUIbI, JHOO 00pa3yroT
BTOPUYHBIE MUHEPAJIBl BHICOKOTO KaueCTBAa, TAKHE KAK T€CCUT U aKaHTHT.

Takum o0Opa3om, OOBIYHBIE MPOAYKTHI BBHIBETPHBAHHS MOPCKOM BOJBI HAa MO3AHHUX CTaJIUAX
BKIIIOUAIOT 00pa3oBaHHE T'OCCAHOB, KOTOPbIE MMEIOT MHOTO OOIUX (U3UYECKUX M XUMHYECKHX
XapaKTEePUCTHUK ¢ CyOa’dpabHBIMHU ITOCCaHAMMU.

OO6pa3oBanre BTOPUYHBIX OKCHUIOB M OKCHUTHAPOKCHUIIOB TaK)Xe MPUBOJUT K CYIIECTBEHHOMY
CHI)KCHUIO TUIOTHOCTH TI0 CPaBHEHHIO C UCXOAHBIM CYIb(UIOM. DTO CBOMCTBO MOXKET MPHUBECTH K
MEPEHOCY BTOPUYHBIX MPOAYKTOB YEpe3 NMPUIOHHBIE TEUEHUSI OT MECTa MPOUCXOXKICHUS OTIOXKEHHUI
pyIbl, 4YTO, B CBOK OYepelb, MPUBOIUT K YBEIMUYCHHIO COOTHOIICHHS (JJTMHA/MOIIHOCTS)
MecTopoXkaAeHu. HekoTopele roccaHbl MOTYT OCTaBaThCsl (PU3NYECKU CBSI3aHHBIMH C CYJIb(UIHON
pPYIOii, €clii CTeleHb BBIBETPUBAHUS OrPAaHUYCHA U MECTOPOXKIEHUE OBICTPO TOKPHIBACTCS,
HaIlpuMep, OXpbl Ha MECTOPOXKACHUSAX B MaccuBe Tpoonoc Ha Kumpe. ['occanbl MOTyT cOXpaHUThCS
Y TIPU OTCYTCTBUU JBWKEHUS MOPCKOM BOJBI B MPUOHHBIX TEUCHUSIX. [ '0CCaHBI MOTYT OBITH CBSI3aHBI
C IPYTUMH XUMHUYECKUMH OTJIOKEHUSIMH, TAKUMHU KaK yMOpPBI. ['eHeTHuecKast CBs3b MEXIY OXPOU U
yMOpoii OdYeBHIIHA, HO TOCIEAHSS, MO-BUAMUMOMY, SIBISIETCS CIEACTBHEM HU3KOTEMIIEPATyPHBIX
TUAPOTEPMANIBHBIX TPOILIECCOB HM3IUSHUS, KaK ATO HAONIOAanoch Ha THAPOTEPMALHOM TOJie Ha

CPEIMHHO-OKEaHMUECKNX XpeOTax.
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Borartas mapranmeM npupojaa cyda’paibHBIX TOCCAHOB KOHTPACTHPYET ¢ OCAHBIMH MapraHIeM
rocCaHaMH, pa3BUBAIOIIMMUCA HAa MOPCKOM JIHE, IJI€ PACTBOPCHHBI MapraHel MOXET ObITh
MEPEHEeCEH OT MECTa Pa3BUTHSI TOCCAaHOB. B cybal’panmbHOU cpelne pacTBOpBI MOTYT OBITH Ooliee
CTaTUYHBIMH, IIO3TOMY HX XUMHUECKash HBOJIONUS TPUBOJUT K PACTBOPECHUIO MapraHIIEeBhIX
MHUHEPAJIOB U OCAXKICHHIO OKCHJIOB, THIPOKCUIOB U OKCHTHIPOKCHIOB MapraHila Ha TOM K€ MeCTe,
YTO M OCWKJICHHE MHUHEpAJIOB JKelie3a. BBICOKAas KHCIOTHOCTh PAa3BHBACTCS, €CIM PEaKIHH
NPOTEKAIOT TPU OoJiee HU3KOM COOTHOIICHWU BOJA/TIOPOJA, M TPOLECC BHIBETPUBAHHS MOXKHO
paccMaTpuBaTh KakK OJIHONPOXOIHBI HENPEPBIBHBI HU3KOPEAKIMOHHBIA mporecc. Peaknuwy,
ONKCAHHBIC JUIS BHIBETPHBAHUS B MOPCKOH BOjE, OOBIYHO NMPHUMEHUMBI H Ui Cy0a’pajgbHOTroO
BBIBETPHBAHUS, HO B pE3yJIbTaTe IOBBIMIACTCS KHUCJIOTHOCTh. B MOBBIIMICHHOW pPACTBOPHUMOCTH
KaTHOHOB. Jcdyba’puaabHOEC OKHUCICHHE TPEACTABIsCT CO00W 3HAYUTENHHO Oo0siee OBICTPBIN
nporiecc, 4YeM rajbMupoiin3. [1oBBIIIIEHHAs PACTBOPUMOCTh KATHOHOB JI0OABJISIET JTOTIOJIHUTEIBHYIO
KHACJIIOTHOCTh 3@ CYET OCa)XJICHUS THIPOKCHJIOB, TAKMX KaK TUIAPOKCHJBI JKejie3a W aJIOMHUHHS, a
CyJIb(aThl MOTYT OCAXKIATHCS MPU CMEIIMBAHUH | (MJTH) HCHIAPEHUH KHUIKOCTH.
Als+(Bozn.)+3H20(x)—Al(OH)s(tB)+3H+(3aHq)eF**Bomn) +3H20(x)— Fe(OH) 3(B)+(3aHq)

Takue (a3l CO3MAIOT MOJOKHUTEIBHYI OKUCIHUTEIIEHO-BOCCTAHOBUTEIBHYIO TMETIII0 00paTHON
CBsI3U (BOCCTAHOBJICHHBIC YaCTHIIBI B CYIb(QHUIHBIX MUHEpAJIaX ¥ OKUCICHHBIC YaCTHUIIBI B PACTBOPE),
KOTOPbIC 3HAYUTEIILHO MOBBIIIAIOT KUCIIOTHOCTh pacTBopa. Bo BpeMst cy0aspaibHOIO BhIBETPHBAHHS
B BHJEC BTOPHUYHBIX MHHEPAIOB MOXKET OCAKIATHCS IIMPOKHH CHEKTP CIIOKHBIX CYiIb()aToB,
THJIPOKCUCYITb(ATOB, OKCHJIIOB, THIPOKCHIOB, KapOOHATOB, CHJIMKATOB M CAaMOPOJHBIX METaJLJIOB.
W3BectHO Oosnee 100 MuHEpasioB, MHOTHE M3 KOTOPBIX MO CBOCH MPUPO/E HECTAOWIBHBI B BOJIHOU
cpene. Kak oTMeuanoch BbIIe, 0CaXI€HHE HEKOTOPHIX TMIPOKCHIOB MPUBOIUT K BBHICBOOOMKICHUIO
KUCIIOTHOCTH, TOT/Ia Kak 00pa3oBaHue Cyab(PaToB U THAPOKCUCYIIH(ATOB, TAKUX KaK SPO3UT, ATYHHT,
HIBEPTMAHHUT U POMEPUT, TOTJIONAET MPOTOHBI. MHOTHME W3 3THX MHHEPAJIOB PAacTBOPUMBI, B
pe3yJIbTaTe Yero CHOBa BBIACISACTCS KUCIOTHOCTb:
Fes(SO4)a-14H20(s) [pomeput]«—Fe(OH)s(s)+Fe? (Box)+8H20(x)+4S04% (Bom)+6H" (14)
FeSO4-7H20(s) [menanTeput]+01/40,(BomH.)—Fe(OH)3(TB)+4,5H20(11)+S04% (Bom)+2H* (Box) (15)

Hayimure n3BeCTHSIKOBON BMEUIAMOIIEH MOPOIbI UM KaKHX-JINOO KapOOHATOB MOTYT CMSITYHTh
BO3/ICUCTBUEC KHUCJIOTH. KOHIpYI HTHBIE pPEaKIUU JpEHaka KHUCJIOTHI, BKIIOYANONIME KapOOHATHI
(KaJbIUT, OJOMHUT, CHICPUT, AHKCPUT, MArHe3WT) MPHBOAAT K YACTHYHOMY WM TIOJTHOMY
pPACTBOPEHUIO M MPOM3BOJCTBY MHHEPAJOB HOHOB OWKapOOHATa WM YrOJbHOH KHCJIOTHI, B
3aBucuMoctd OT pH kucioro pactBopa. Kanbuur jierde pacTBopsieTcsi, 4eM Jpyrue KapOOHATHBIC
MuHepasiel. B orcyrcTBue razoobpasHoro CO:z Bo ¢peaTHuecKoil 30HE, PACTBOPEHHE KaJlbLUTa
IIPOTEKAET B 3aKPBITON CUCTEME:

CaCOs(tB)*+H*(Bogn.)—Ca*™(Boau)+HCO3 (Boan) (16)
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u CaCOs(1B)+2H*(Bogn)—Ca™ +H2COs(Boan) a7

Onnako npucyrctBue razooopasnoro CO2 B Baj03HOM 30HE MPUBOIUT K MOBEIACHUIO OTKPBITOM
CHCTEMBI, OTPaHUYEHHOMY TOJIbKO HAJMYMEM OJHOTO WJIM HECKOJbKUX KapOOHATHBIX MHHEPAJIOB.
[ToBbIIEHHOE pacTBOpEHUE KajblMTa MPUBOAMT K OOpa30BaHUIO OOJBILEr0 KOJIWYECTBA HOHOB
OukapOOHaTa U YBEJIMYEHUIO TOTPEOIECHNS KUCIOTHOCTH:

CaCO3(tB)+CO2(r)+H20(x)—Ca**(Boau)+ 2HCO3-(BoaH) (18)

Hexoropeie mecropoxaenus BMC coxepxar cuueput, HoTpeOieHHe KHUCIOTHl KOTOPOTO
3aBucAT oT Eh. B BoccTaHOBUTENBHBIX YCIOBUSX KeJ€30 BbleNseTcs B pacTBop B Buje noHoB Fe(Il).
B npucyrctBumM razoo0pa3HOro KHUCIOPOAa BBICBOOOKAAIOLIEECS >KEIe30 IPUCYTCTBYET B BHJE
Fe(Ill) u BnociencTBuu TUIpOSIM3YyeTCS 10 OKCHUJIA XKeJIe3a WM OKCUTHIPOKCHAA Kele3a (peakiuu
15, 16), uro npuBOAUT K 00pa30BaHUIO KUCIOTHOCTH. [Ipu 3TOM mpucyTrcTBHE cUAEpUTa HE BIUSET
Ha KHCJIOTHOCTh PacTBOpA.

Fe®*(Bon)+2H,0(x)—FeOOH(1)+3H (Box) (19)

u Fe**(Bon)+3H20(:x)—Fe(OH)s+3H (Box) (20)

CunukaTtHble MHHEpPAJbl SBISIOTCS IMOBCEMECTHOH dacThio MecTtopoxiaeHuit VMS. Onum
BCTpeyaroTcss B BUze: (1) KUJIBHBIX MUHEpPAJOB, TECHO CBSI3aHHBIX C Cyib(uuamu; (2) MUHEpabl
MopoJl, BXOAAIMX B cTparurpapuyeckuii kapkac VMS; u (3) BTOpUYHBIC MHUHEpAIHI,
00pa3oBaBIIHECs B X0J1€ TUAPOTEPMATIHHBIX, TUIIEPTCHHBIX MPOILIECCOB U MPOLIECCOB BHIBETPUBAHUSI.

C wmecropoxnenusivu  VMS  cBs3aHo oueHp Ooibllioe  pa3HOOOpa3We CHIIMKATOB: OT
Kele30MarHe3uajJbHbIX MUHEPAIOB (OJIMBUH, MTUPOKCEH, aM(rOoI1, CiIr0/1a) 10 HIETOYHOCOAepKAIIUX
QIIOMOCUJIMKATOB (ITOJIEBOM IIMAT, TJIMHA) M TPOCTBIX OKCHJIOB (MarHeTUT, TeMaTHUT, KBapl).
Kucnornas 6ydepHas crtocoOHOCTh 3TUX MUHEPAIOB M BMEUIAIOIINX WX MTOPO/T IUPOKO BapbUPYETCS
B 3aBUCHUMOCTH OT IMOTCHIMAIBHBIX XUMHYECKUX PEAKIHUN U TUAPOIOTHIECKUX (PAKTOPOB, KOTOPHIE
OTIpPEeNeNA0T MYTH JBUXKEHUS >KUIKOCTH. BBICOKOKPEMHHCTBIE TOpPOJbI, TakhUe KaK PHOJIMTHI,
KBapIMThl U KPEMHHUCTbIE aprUUINTHI, 00J1a/1al0T HEOObION OydepHoii cnocodHocThI0. HanpoTus,
OCHOBHBIE W YIBTPAOCHOBHBIE MarMaTHUECKHE TOPOABl W CIAaHIBI 00JagaroT OoJiee CHIBHOU
OydepHoit crmocoOHOCThIO. OOBIUHO peaKIUU C CHJIMKAaTaMU HECOBMECTHUMBI ¢ 00pa3oBaHHEM
BTOPUYHBIX MHHEPaJOB (KAOJWHUT, WIUTUT, MOHTMOPWIJIOHUT), KPEMHUEBOW KHCIOTHl WJIM HOHOB
O6ukapOOHaTa U C PacXo0JJOM MPOTOHOB (KUCIOTHOCTH).

2NaAlSizOs(T)+2H+(Boa) +9H20(3k)—ams0uT

2Na+(Bom)+Al2Si2Os(OH)4(1B)+4H4Si04 21)

KaOJIMHUT KPEMHHEBAsI KUCIIOTA
6NaAIlSiz0g(t)+4H20(x)+4CO2(r)—ansout
4Na*(Box) + Na2Aw(SisA2020(0H)4(1)+4HCO3+12SiO2(Box) (22)

MaparoHuT
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Ecnu pacTBOpeHHBIN KpEMHE3€M B peakiuu 22 NOCTUTAECT HACBIIIECHHS, TO MOXKET BBINACTh B
ocazok nu0O0 xammenoH, Jmbo oman. bydepHas eMKOCTb CHUCTEMBI OTpaHHMYEHA AAJbHEUIIMMU
peakusiMu, B pPe3yJabTaTe KOTOPBIX OOpPa3yIOTCs MPOTOHBI, TAKUMU KaK OCaXJCHHE THOOCHTA
IIPOU3BOJIAT MPOTOHBI, TAKKE KaK OCaKJIeHUE rudoocuTa.

Daxkmopwbl, KOHMPOIUPYIOUWUE CKOPOCHb PEaAKYUU.

bouto  mpoBeneHO OONBIIOE KOJUYECTBO JKCIEPUMEHTAIBHBIX HCCICAOBAHUA KUHETUKU
OKHUCJICHUS CYIb(PHUIOB VIS TeX CyIb(UI0B, KOTOPbIE HAMMEHEE YCTOWYUBBHI K OKUCICHHIO (IUPUT,
MapkaszuT U OUppoTuH. OnHAKO OBLIO MPOBENEHO MEHBIIE HCCIeNOBaHUN CYIb(UIOB, KOTOpHIE
pacnpocTpaHeHbl B MecTopokaeHusx VMS, Ho Gosiee yCTOMYHMBBEI K BBIBETPHBAHUIO (MOJUOACHUT,
KHHOBaph U Jp.). DakTopbl, KOHTPOJHPYIOIIHE YPOBEHb OKHUCIICHUS CYJIb(QHUIOB OBIBAIOT Kak
XUMHUYECKUMH, TaK U QPU3HIECKUMHU.

Qu3zuueckue hakmopul KIIOUAIOM .

1. rupponoruyeckue (GakToOpbl, TaKHME€ KaK MOPUCTOCTH/TIPOHUIIAEMOCTh 3€peH U TPEIIUH U
TUAPABIMYECKUI HAMoOp, KOTOpPHIE OINPEACNISIOT CKOPOCTh JBM)KCHHS >KHUJIKOCTH M CTEINEHb, B
KOTOpOM aJBEKIIMs IEPEMEIAET IPOIYKThl PEareHTOB U3 MECT PEAKIINH; U

2. reoMeTpHs Cyab(hUIHBIX MUHEPATIOB, TaKas Kak KpucTtaummueckas Gopma, pazmepsl U popma
3epeH, LIEPOXOBATOCTh MOBEPXHOCTH, TPELIMHBI, IIOCKOCTU CHAWHOCTH, SIMKM M Kpas, KOTopas B
COBOKYITHOCTH ONPEIEIISET yIEIbHYIO IOBEPXHOCTh pearupyroumx MUHEPAJIOB.

K xumuueckum pakmopam omnocamcsi:

1. pH pearenTHOI1 )xuaKocTH, onpeaenstonuii pactsopumocts Fe(Ill);

2. Hann4uue pactBopeHHoro kucioposa, noHoB Fe(Il) u Fe(IIl) u ux koHIleHTpanuu B pacTBOpE;

3. XUMHsI MUHEpaJIbHOH (as3bl;

4. oHEpTUM aKTUBAIIMH BUIOB JIJISl PA3BUTUSI PEAKIINH;

5. CKOpOCTHBIE 3aKOHBI (YpaBHEHUS) KOHKPETHBIX OKUCIUTEIBHBIX PEaKIni; U

6. hu3HKO-XMMHUYECKast IPEABICTOPHS TBEPBIX PEareHTOB, 0COOCHHOCTH TEMIEPATYPHI.

Heokucnurensubie peakiuu 3aBucat oT pH. [luput m MapkasuT He MOJABEPraroTCs TaKUM
peakusM. [TuppoTHH U HEKOTOpPBIE APYTUe CYIb(PUIbI, HAIpUMEpP, CPaIePUT, MOTYT TTOJABEPTaTHCS
HEOKUCIUTEILHOMY PAaCTBOPEHHIO B KUCIBIX PACTBOpPAX B OTCYTCTBUE PACTBOPEHHOIO KHCIOPOJa U
TPEXBAJIEHTHOTO kele3a. Takue ycloBHs MajJOBEPOATHBI B MPUPOJAE, HO MOTYT BO3HUKHYTH B 30HE
HACBIIICHHUS.

PacTBOpUMOCTh TpeXBaJIEHTHOTO Kejle3a CHJIbHO 3aBUCUT oT pH u Haxomutcs B oOpaTHOM
3aBUCUMOCTHU. [IpM BBICOKMX HCXOJHBIX KOHLEHTPALUAX TPEXBAJIEHTHOTO JKeNe3a B KHUCIBIX
CUCTeMaxX CKOpOCTh OkucieHus cynbhumoB sxenesa (FeSy, Fel-xS) sddextnBHa U momuuHseTCS
3aKOHY CKOpPOCTH HYJIEBOTO NOpSIKA, T. €. CKOPOCTb OKHCJIEHMS] HE 3aBHCUT OT KOHLIEHTpAallUu

pearupyromux BCHICCTB. HpI/I HU3KUX KOHIOCHTpANUAX TPEXBAJCHTHOI'O XKCJIC3a B HeﬁTpaHI)HBIX n
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IIEJOYHBIX CHCTEMax B OKHCICHMHM cyib(uaa oKejme3a IpeoliasaeT  BOCCTAHOBJIEHHE
TPEXBAJEHTHOTO JKeJIe3a, HO 3aKOH CKOPOCTH siBiIsieTcs ApoOHbIM. KoHCTaHTa cCKOpOCTH, U3MEpEeHHas
II0 CKOPOCTH IPOU3BOJICTBA JBYXBAJIEHTHOTO >Xeye3a, npubmmxaercs k 0,5, To ecTh CKOpPOCTb
OKHCJICHHsI TPOIIOPLIMOHATIbHA KBAIPAaTHOMY KOPHIO U3 KOHIIEHTPALMU TPEXBAJIEHTHOI'O JKeJe3a.

B mmpokoM nauanazone 3HaueHuid pH u, cienoBarenbHO, KOHUEHTpalMi pPacTBOPEHHOI'O
TPEXBAJEHTHOTO JKEJe3a 3aKOHBI CKOPOCTH COOTBETCTBYIOT OKHCIEHUIO, KOTOPOE BKIHOYAET
CJIOJKHBIE TIPOIECCHl COPOLUM M JecopOLUM Ha MOBEPXHOCTH TBEpAOro kpucramwia. Hampumep,
IPOJEMOHCTPUPOBAHO, YTO ABYXBAJIEHTHOE XE€JIe30, aJCOPOMPOBAHHOE Ha IOBEPXHOCTU IHPUTA,
ABISICTCAd B@)KHOM 4YacThlO OKWUCJIEeHUs nupura. Peakumm 1 um 3 ykasplBaloT Ha BaXKHOCTb
pactBopenHoro Fe(Il) kak mocpenHuka B mepeHOCEe 3JIEKTPOHOB MEXKIY MUPUTOM M PACTBOPEHHBIM
kucinopogoM. OOmUA MeXaHW3M HCIOJB3YyeT MpeuMyliecTBeHHyro anacopbuuio  Fe(Il) Ha
nosepxHoctu nupura u npeanourenue Fe(Ill) B kauectBe oxucnutens nupura. [loBepxHOCTHas
koHueHntpauuss Fe(Il) ompenensier CKOpOCTh peakuMU. ODJIEKTPOHBI MEPEJArOTCs C MOBEPXHOCTHU
NUpUTAa PAcTBOPEHHOMY Kuciopony uepe3 ajncopoupoBanHbiii Fe(Il), kortopelii B pesynbrare
okucnserca 1o Fe(Ill). mocneqnuil BrociencTBun BoccTaHaBiauBaeTcs 10 ajgcopoupoBanHoro Fe(Il)
nyTeM OBICTPOro IMEpeHoca JPYroro 3JIEKTpOHA C MOBEPXHOCTH NHUPUTA, U LUKI OKHCICHHUS U

BOCCTAHOBJICHUA 3aTEM ITOBTOPACTCA.

6. TEOXMMMNYECKHUE XAPAKTEPUCTUKU PV/I.

6.1 Accounanuu u cxeMbl 30HMPOBAHNS MHUKPO3JI€MEHTOB.

B cnncok mukposnementoB Bxomat cieayromme: Co, Ni, Ga, Ge, As, Se, Mo, Ag, Cd, In, Sn,
Sb, W, Au, Hg, Tl, Bi. IIponopuuu MeTamioB U uX KOHIIEHTPAIIMH BO MHOTOM 3aBHUCST OT OOIIMX
accoIaIui mopoj U XUMHIECKoro coctaBa (uronaos. Hampumep, B KaHaJCKUX MECTOPOKIACHUSIX
VMS MecTopokaeHus ¢ mpeodiiajaHiueM KHCIOTO coCTaBa COAEpkKaT BHICOKHE KOHIeHTpauu Pb u
Ag, Toraa Kak OMMOJIaTbHO-KHUCIIbIE MECTOPOXKICHUS COJEPKAT CaMble BBHICOKHE KOHIIEHTpAlluu Au.
Bo MHOrux ciydasx MHUKPO3JIEMEHTHI acCOLUAIMH OIMPEACNISIOTCS OOIMMM XUMHUYECKUM COCTaBOM
Pa3IUYHBIX JIUTOJIOTHM, C KOTOPHIMH CTQJIKUBAETCA IKUIKOCTH BO BpPEMsS THUIPOTEPMAIBHBIX
MPOLIECCOB LUPKYISIUU, U OHU MOTYT ONPEIEHATHCA MO JUTOJIOIMH, PACHOJNIOKEHHOW JUCTalIbHEe
MectopoxaeHusi. Hampumep, mectopoxknenuss Maynt-Pun na Tacmanum coxpepxkaT aHOMaJIbHO
BBICOKME KOHIIGHTpalmu Au, KOTOpbIe, TO-BUIUMOMY, TPOMCXOAAT W3  OTIAJCHHBIX
BBICOKOTUTAHHUCTHIX 0a3anbToB. VMS, CBsi3aHHBIE TNIaBHBIM 00pa3oM ¢ MaduT- yIbTpaMadUuTOBBIMH
KOMIUIEKCaMH, OOBIYHO XapaKTepU3ytoTcs BRICOKMME KoHIeHTparmsimu Co, Ni u Se.

MUuUKpO371€MEHTBl MOTYT OCaXKIAThCs MPHU CMEIIMBAHUU BOCCTAHOBIIEHHBIX THIAPOTEPMAIbHBIX
JKUJKOCTEH C HAarpeTod WM OKPYXKAIOIIEH MOPCKOM BOJOW B 3aBHCUMOCTH OT COCTOSIHUS

cynbdunanun xuakoctd. CoBpeMeHHbIE U IpeBHUE MecTopokaeHuss VMS 0XBaTBHIBAIOT IIMPOKHMA
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JMana30H COCTOSHUM cynb(uaaluy, OCHOBAHHBIX Ha CYJb(UIHBIX MHUHEPAIbHBIX KOMIUIEKCAX U
CBSI3aHHBIX C HUMH KOMIUJIEKCaxX H3MEHeHWH. B ycnoBusx HU3KOH W cpemHell cynbduauzanuu
MHUKPO3JIEMEHTBl MOTYT OCaXAAaThCs B BHUJIE caMOpoaHbIX 3nemeHTOB (Bi, Ag, Hg, Sb, Sn). Otu
yCIIOBUS, MO-BUIAMMOMY, B OCHOBHOM COOJIOAAIOTCSI B MEIHO-IIMHKOBBIX MECTOPOXKACHUSIX,
CBSA3aHHBIX C Ma(UTOBBIMM KOMIUIEKCaMH. B  ycrmoBusix OT cpeaHell [0 OuY€Hb BBICOKOM
CyIb(QHUIN3AMUN MHUKPORJIEMEHTBl UMEIOT TEHJICHIMIO 3aKPEIUIAThCS B CYIb(POCONAX TaKUX Kak
damantunut (CusShSs), kunoBaps (HgS), 6eprhepur (FeSb2Ss), Bucmyrunut (Bi2Ss), aHTUMOHUT
(Sb2S3), aprentut (Ag2S) u rennanTut ([Cu,Fe]12AS4S13), HO MOTYT OBITH CBA3aHBI K C CAMOPOIHBIM
Au. B aKkTHBHBIX MOPCKUX THAPOTEPMAIbHBIX cHUCTeMaxX (DIOUIbl Xal-CyNnHUIEHIIH CBSI3aHbl C
OCTPOBOJIY’)KHBIMH OOCTaHOBKaMH, a B JApPEeBHUX MecTopoxaeHusix VMS oHu BcTpeuaroTcs B
KPEeMHHUCTO-KUCIIBIX M KHCIBIX JIMTOJOTHYECKUX accolmanusx. llepedeHb MeCTOpOXKIECHUH ¢

BBICOKMMH XapaKTePUCTHUKAMU CYylIb(PUAANY IpUBeieH B Tabnuie 16.

Tabn. 16.
COBpeMeHHbIe U IpEeBHUE VMS B cocTostHumn xaﬁ-cyﬂmbnneﬁmﬂ
Noee Grade wwasage Age Most rocks Minealcation style Mypogese akecaticn Mypogeae
suflides
Hse Hua Lau o data Recent Andeutes Seafloor masen ¢ selfule G kaopyeo ol . ba w5, py, mare, ba,
Haun <p. kmn, gal
sulf
Usdu, Fupi 1321051 Cu ™ 2 Miuocene Dectic pumice teecing Muassay ¢ uelllde pods in G o, moat, gyp b py. op o gal en
pupchihe body senn, o, Wl
Tsachihata Japan ASMEINCe A+ Ag  Mucene Rhyolae dome Ssockwork G Py, op tema on dux
Kelkaya Turkey J0Mr I%Cs 1 SN Z2a Cretaceow Decitic volcanis Saochwork and massive G2, e ke, da Py p.cp
sulhde rommacts
Hecwer, USA 46 Mt i gt A Late Proscrosoic - Volcanics sad volcanocltcs  Ppe Desocia, massne o, cord, pyro, al top,  py.oa o, b, kan,
Farty Camboun e be, S met 2w <, B wp, gl
<ina
Boliden Swoden E3ME L% Cu 6% Protesoscec Decite, g porphiyry, schest Pgciie massive sulfide G, aad muse Sa 0 Py, Cp By, PO, P
As IS gtAu SO g1 Ag gl sl
Bouwsguet Canada  No 1207 M dsS g Aschean Qu-soncie schat Stochwork and massive sulfide g aad, by, s py.be op W <
As.No 2 T4Me &g tone

6lgtAu I6gtAg
08 Cu

Bo MHoOrmx ciywasix ocaxJaeHue IK30THMUYECKHMX MUHEPAJOB, KOTOPBIE MPEACTABISIIOT COOOM
JIMIIB CJIEI0BbIE KOMIIOHEHTBI, IIPOUCXOAUT MMAPArCHETUYECKH TTO3/IHO U IIPOCTPAHCTBEHHO CBS3aHO C
Ooratoii 0apUTOM JHMTOJNOTHENH, YTO COTJIACYyeTCs C YBEIMYEHHEM COCTOSHHUS CYIbGUIN3AIUN C
MOHWKEHUEM TeMIlepartyphl. TecHass MpOCTPAHCTBEHHAs CBSA3b C PAa3BUTBIMH APTUJUIMTOBBIMU M
QTYHUTOBBIMA M3MEHEHUSIMH YyKa3blBa€T HAa TO, YTO THAPOTEpMalibHBbIC (IIIOMABI ObUIM OYEHBb
KHCITBIMUA ¥ KOPPO3UOHHBIMH, & COCTOSIHME BBHICOKOW CYTb(PUAN3AINN MOXKET yKa3bIBaTh HA y4acTHE
MarMaTu4eckux (QUIIOMIOB W Ta30B. OJTO TakXKe MOXET OBITh HUCTOYHHUKOM HEKOTOPHIX
MHUKPOAJIEMEHTOB, CBSI3aHHBIX C MUHEPAJIaMU BBICOKOH CyIb()uan3aium.

Bce mectopoxknennss VMS 1eMOHCTPUPYIOT T€OXUMUYECKO/MUHEPATOTHIECKYIO 30HAIBHOCTD,
KOTOpasi ~ 3aBUCUT OT  cocraBa  (UIIOMAOB, WX  CMEIIMBAaHWS,  TeMIepaTypsl |
nopucTocTu/mponuiiaemoctd. Ha npeBrux mectopoxaeHusx VMS TpynHO mpocienuTs 3BOIOLUIO
pocTa MEeCTOpPOXXKIEHHH, IOCKOIbKY Oojiee MO3AHME CTaAuHM OCaXAEHUS CyIb(UIOB HMEIOT

TEeHJICHIIMIO HAKJIaJbIBaThCs Ha Oojiee paHHHME, W OOBIYHO CYIIECTBOBAIO HECKOJBKO CTaauid
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MuHepanu3auuu pyabl. OIHAKO UCCIETOBaHMS COBPEMEHHBIX «IBIMOXOJOB YEPHBIX KYPHIIBLIIUKOBY»
Ha BocTtouHo-TuxookeaHCKOM MOAHATUM M HA AaKTUBHOM rujapoTepmaibHoM mnose TAID Ha
CpenuHHO-ATIaHTUYECKOM XpeOTe, NaloT NpeACTaBIeHHE 00 H3BONIONMU pOcTa cyiabhuaoB. B
HEKOTOPOW CTENEHU 3TH CTPYKTYpHI MPEACTABIAIOT COOOM CXEMbl 30HAIBHOCTH, HAOIIOAaeMON B
Macitabe MEeCTOPOXKICHHS, TOCKOJIBKY B 000MX ClIydasx MUHEpaJIOrHueckas 30HaJbHOCTD SIBIISIETCA
(GYHKIMEH XMMHYECKOTO COCTaBa KUAKOCTU (CMEIIUBAHUE THAPOTEPMAITBHOMN KUIKOCTH U MOPCKOMH
BOJIbI) U KPYTOTO TEMIIEPATYpPHOI'O I'paJueHTa (TMApoTepMaibHas >KMIKOCTh IPU TEMIIEpaType 10
400°C m okpyxaromas Mopckas Boaa npu Temmeparype 1-2°C). B cOBpeMEHHBIX «IBIMOXOTHBIX»
nporeccax KpUTHYECKON HadyalbHOW CTajuel siBisgercs ocaxaenue anruapura [CaSOs]-kamuHuTA
[Mg7(SO4)5(OH)4*H20] ©3 KOHIYKTHBHO HAarpeTodl MOPCKOH BOIBI BCJIEJACTBUE OOpPATHOM
pPacTBOPUMOCTH 3TUX MUHEpaioB. VIMEHHO OCa)KJ€HHE aHTWJPUTA Ha TPaHMIIE pasjiera ¢ MOPCKOMI
BOJIOM CTaOWIM3UPYET POCT «TpyO» M oOecreurBaeT MaTpUIly AJs OCaKACHHs CylbPUIHBIX (a3.
JIpIMOXOJ TIPOABUTAETCS BBEPX M HApYXKy 3a CUYET pocTa aHruAputa. ['opsiuas ruapoTepManibHas
KHUJIKOCTb, KOTOpasi LUPKYJIUPYET BHYTPH AHTUAPUTOBON MaTpHUIBl BOJHM3M TPAHHIBI C MOPCKOM
BOJIOM, OBICTPO OXJIAXKIACTCS U OCAKIACT MEIKO3EPHHUCTHI METaCTaOWIBHBIN MUPPOTUH U OOraThie
xKene3oM caneputsl. AHTUIPUT CylIbGUAHAS MATPUIA pa3pacTaeTcsl HapyXKy, BHYTPEHHSS CTEHKA —
MUPPOTUH 3aMEICH CTAOWIBbHBIM MUPUTOM B pe3ylibTaTe MPUMECH THAPOTEPMANbHBITO (GUIIouaa U
MOPCKOM BO/BI. JIOMUHUPYIOIIUM CTaHOBHUTCSI MUHEpallbHas (a3a mpu pocte ApiMoxoa. Kak Tonbko
CTpYKTypa IbIMOXOAa (QOpPMHUpPYETCs 3a CUeT pocTa AaHTUIPHUTA, THApPOTEpMalibHas KUAKOCTb
U30JIUPYETCs U BBICOKOTeMIIepaTypHble (pa3bl ocaxaarorcs. Cynb(uasl ocakaaoTcs Ha BHYTpEHHEH
CTEHKe, TaK YTO JIBIMOXOJ pacTeT BHYTPh (puc. 32), a TakkKe Hapyxy, 3aMellas aHI'MIPUTOBYIO
MaTpully. JluamMerp BHYTPEHHEro 3allOJIHEHHOIO KHJAKOCThIO KaHala IOJJIEp)KUBAeTCs Ha
PAaBHOBECHOM 3HAY€HMHM B 3aBUCHMOCTH OT HU3KOW CKOpPOCTH KHJIKOCTH, KOTOpas OIpeeser

CKOPOCTb OCAKACHU Cy.]'Ib(bI/I,ZLOB " CKOPOCTb UCTHPAHUA OCAKACHHOI'O MaTCpHraJia.

Simgar T Timge 7

ERFLANATION
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Puc. 32. neanu3upoBaHHbIC CEYCHHUS ABYX OCHOBHBIX CTAHiA POCTa MACCUBHOTO CYIb(QHUIHOIO ABIMOXO/IA.
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Cragusa 1 BKJIIOYAET MEPBOHAYAIBHOE OCAXKJEHHE AHTMJPUTA C MOCIEAYIOUIMM OCAKACHUEM
Cynb(hUIOB Kee3a U 60raToro kene3oM cajiepuTa B MOPUCTON CETKE aHTUIPUTOBBIX MUHEPAJIOB.
JBIMOXOJT pacTeT HapyXy 3a CyeT J00aBlIeHHsS aHTHUAPUTA K BHEIIHEH CTEHKE IhIMOXOJa H3-3a
HarpeBa  OKpY)KaroLleil  MOpPCKOM  BOABI  TOPAYMMH  T'MIPOTEPMAIBHBIMU  PacTBOPaMH,
JTUPOYHAUPYIOLMMH HApYXKY U3 LIEHTPAIbHOIO XKUIKOTO siipa. Bropas craaus pocra npezmnonaraer
OTJIOKEHHE BBICOKOTEMIIEPATYPHBIX CYIb(UAOB (XaJIbKONUPHUT, HW30KYOAHWUT, NHPPOTHH) U3
THIPOTEPMAIBHBIX (IIIOUJOB, KOTOPHIE IO CYIIECTBY 3alUIIEHBbl OT KOHTAaKTa C MPOXJIaJHON
Mopckoi Bojoi. [IpocaunBanue ruipoTepMaibHON )KUJKOCTH Yepe3 CTEHKY JbIMOXOJa MIPUBOIUT K
OXJIQXK/ICHUIO M OCAXKACHUIO CYIb(PUIOB ¢ Oosiee HU3KOW TeMIIEpaTypol, TAKMX KaK C(halIepuT.

[lytu nanpHEWIIed »HBOMIONMH JIHIMOXOJA: OJHA IOCJIEOBATEILHOCTh OOpHUTA W TpHU
1oCJIeI0BaTeNbHOCTH 0e3 OopHUTA (MOCIEIOBATENBbHOCTh C JOMHUHHUPOBAHHEM XaJIbKOIHPHUTA,
[0CJIEI0BATEIBHOCTh NIPOMEXYTOYHOTO TBEPAOI0 pAcTBOpa XaJbKONUPUTA M KyOaHHUTOBYIO
HOCIICI0BATEIEHOCTB).

[Tone vepHBIX (M Oe€NBIX) «IBIMOBBIX TPYO» caMo MO cebe He SBISIETCS SKOHOMHUYECKHM
pecypcom. Kpome Toro, npocroe CKOIUIeHHE O0JIOMKOB YEPHOTO KYPUJIBIIMKA HA MOPCKOM JIHE HE
MOIJIO HMMUTUPOBaThb YETKYHD TI'€OXHMHYECKYI)/MHUHEPAIOTHUYECKYI0 30HAJIBHOCTb, OOBIYHO
Ha0JI01aeMYI0 B JIPEBHUX OTJIOXKEHHUSX - OHO INpEJCTaBsgeT cO00M MPOCTPAHCTBEHHO CIIydalHYIO
COBOKYIHOCTH Cynb(uaHbix mMuHepanoB. C oTkpeiTHeM akTuBHOro Kyprana TAG na CpeauHHO-
ATIaHTUYECKOM XpeOTe - CTPYKTYpPbl OKPYIJIONH (OPMBI C MpeIoyiaraeMbIMU OOIIMMHU pecypcamu
MacCHUBHBIX Cynb(UIOB B 2,7 MIIH TOHH, cojepXaHueM wmeau 2%; ObUIO YCTaHOBJEHO €ro
XUMHYECKOE, MHHEPAIIOTHYECKOE U BYJIKAHOJOTMYECKOE CXOJCTBO C MECTOPOXAECHUAMU VMS

KHIpcKoro tumna (puc. 33).

TAG 2 (A, H, N

TAE I [EI

TAH &

EXPLANATION
:I Muxsrve pyrile Breccia
- Prrite-anhypdrile Breccia
B Freivesi .
- Ppril-sikca brecca

I:I Sibcifed walirach breccia fGrading
min serrceined bamall st =¥ mbal

:I Chlarilined basall breccia

] B

Puc. 33. UneanusupoBanHoe nornepedHoe cedenne TpaHcaTianTHaeckoro ruapotepmanbroro moms (TAG).

[Tone TAG npencraBnser co60i KOMOMHAITMIO HEAKTUBHBIX JKEPJ U aKTUBHBIX JKEPJT «UEPHOTO

KypWIBLIMKAY», HAChIMM CyIbQUIAHON OpeKkdMH W NaHUMUPS M3 OKCHUIOB Keie3a (OXpbl) u
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BBIBETPEHHBIX Cynb(uI0B. bypeHue BBIIBWIO MMHEPAJOrMUECKM M XMMHYECKH 30HAJIBHOE
MECTOPOKICHHE, JIeKAIIee HaJl OKPEMHEHHBIM IITOKBEpPKOM. OCHOBHOE CYJIb(HIHOE TEIO CIIOKEHO
CJIO)KHOM accouuanuei cynb(uIHO-aHTHIPUT-KBAPIEBOH OpeKYnu, HO COJEPKUT OYECHb HHU3KHE
KOHIIEHTPALMH [IBETHBIX METAJUIOB 10 CPABHEHUIO C NOBEPXHOCTHBIMU 00pa3aMu. TO MPOUCXOAUT
U3-32  HENpEepbIBHOM  30HANBHOM  IepepabdOTKH,  KOTOpas  BbI3bIBAET  PAacTBOPEHHE
HU3KOTEMIIEPATYPHBIX MUHEPAJIOB U NIEPEOTIOKEHUE HA IPAHULIE pa3/ieia MOPCKOM BOJBI.

BepOHTHO, caMas BaKHasA JUCKOIPTHA 3aKIH04HajlaCb B BBIABJICHUH ICPUOAUYCCKUX IICPUOJ0B
HNOHMKEHUS YPOBHS KMJKOCTU BHYTPU U MOJ CYJIb()UIHBIM XOJIMOM, YEPEIYIOUIUXCS C EPUOAAMU
pasrpysku >KMAKOCTH B Kyprase. IIpeamomaranoce, 4TO NEPHOAMYECKOE IOBEACHHUE SBISAETCA
peakuuei Ha: (1) mepuoabl MOBBILIEHHON MPOHUIIAEMOCTH BHYTPU HACBIIA 3@ CUET PacTBOPEHUS
MHHCPAJIOB U THMApOpPa3pbiBa, YTO IMO3BOJIMUIIO ZIO6I/ITI>C$I III/ICHepFI/IpOBaHHOI\/JI KUIKOCTH C HHU3KUMU
HU3KMMH JIeOUTaMH M OTPaHHYCHHBIM BBIHOCOM; (2) HEpPHOIBI OKKIIO3UH IOPUCTOCTH H3-3a
OCaX/IeHUs] MHHEpaJoB (B OCHOBHOM AaHTUApPUTA, HU3-32 KOHJYKTUBHOIO HarpeBa HeOOJbIINX
00BEMOB MOPCKOM BOJIBI), UTO MPUBOJIMIO K CPOKYCHPOBAaHHOMY, BHICOKOCKOPOCTHOMY TOHMKEHHUIO
C ITOBBIIIICHHBIM BBIHOCOM.

IIpu nepeMerieHUu >KUIKOCTH OT TMOAOIIBBI MECTOPOXACHUS (BKJIOYAs HUKEJIEeKAILYIo
IITOKBEPKOBYIO 30HY) K TIpaHHIle pa3zeiia 3aJie)kKb/MOpCKas Boja o0pa3oBajlaCh 30HA YCUJICHUS.
JIBUKEHHE BBICOKOTEMIIEPATYPHBIX JKHJIKOCTEH MPEUMYLIECTBEHHO BKJIOYAeT ()a3bl, OCaXKJICHHBIE
paHee U3 KUAKOCTEN ¢ Oosiee HU3KOM TemmnepaTypoil. Hanpumep, nmpenmyIiecTBEHHOE pacTBOPEHUE
¢a3 Zn-S npuBoauT kK 30HHOM ounctke Cu-Fe-S pyabl. Ilepuonuueckoe IBMXKEHHE XKHUIKOCTEH,
HEJIOHACBIILIEHHBIX 10 OTHOLIEHHWIO K HEKOTOPBIM paHee OCaXJEeHHBIM (pa3zaM Takke MPUBOIUT K
pacTBOpPEHUIO U MacconepeHocy. OOIKUM HEJOCTaTKOM SBIISETCS IPEUMYIIECTBEHHOE MTEpEMEILIEHUE
OCHOBHBIX U MUKPOJJICMCHTOB IO TEMIICPATYPHOMY I'PAAUCHTY, YTO IIPUBOJUT K OUMCTKE, HO TAKKC
IPUBOIUT K KOHLEHTPALIMM MHUKPOIJIEMEHTOB B HM3KOTeMIepaTypHoW dactu. Hampumep, B
pe3yibTaTe pacTBOPEHUs W Nepekpucramiu3anuu B Kyprane TAG o0pa3oBajochk HMOYTH YHCTOE
mecropokaenne Cu-FeS, Beimenouennoe w3 Zn, Ag, Cd, Sb, Pb, Au, xotopsie ceiiuac
nepeoTiiaraeTcsi U KOHIIEHTpHUpYETCss B mipejaenax BepxHux 10 M Mectopoxknenus. B mpunnumne,
KOHEYHBIM Pe3yJIbTaTOM OyneT OecruioiHas MUPUTOBAs py/ia, a TaKKe MOTeps U pacCeMBaHUE APYTUX
METAJIJIOB B TOJILIE BOJIBI B PE3YJIbTATE 30HAIBHOTO CIIEP’KUBAHUS U BHIBETPUBAHUE IPYHTA.

30HaIbHBIA PEMHUHT MPEACTaBIseT cOOOM MOJE3HYI0 MOJENb 30HaJIbHBIX 3aKOHOMEPHOCTEH,
Ha6n}011aeme B JPCBHUX OTJIOXKCHHIAX. B 3aayTOBBIX Ma(i)nqecxnx YCIIOBUAX IITOKBEPK YacCTO
npezcTaBisieT cOO0H MOMOBEPXHOCTHYIO OPEKUHIO XJIOPUT + MUPHUT U MO SAPOM MACCUBHBIM MUPUT
U NMUPHUT + KBapueBas Opekuus. B OumonanbHOW MapHUTO-KUCIOW OOCTaHOBKE IITOKBEPK YacTO
JEMOHCTPUPYET CIOKHYIO 30HAJIbHYI0 MUHEPAJIOTHI0, KOTOPasi BAPbUPYETCS OT MUPPOTUHA + MUPUTA

+ XaJlbKOMHMpUTA 10 KBapma + XJopuTa W XJOpUT + cynbuna B cepuute. CynbpuaHbIE PYABI
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BapbUPYIOTCA OT MAacCHUBHOI'O IIUpUTA + NUPPOTHHA + XaJIbKONHUPHUTA OO MACCHUBHOI'O NHUpHUTA +
chanepura + xanpkormupura. B OuMOJanbHONW KHUCIIOW OOCTaHOBKE MAacCHBHAas pyJda OOBIYHO
MEHSIETCS OT XaJIbKOIMPUTA + MUPPOTHHA + MUPHUTA Yepe3 MUPUT-CHATEPUT + XaTbKOUPHT, TUPUT +
chaneputr + TaJeHUT K NOUPUTY + cdanepuT + rajeHuT. B KuCIO-KpeMHHCTO-00JIOMOUYHOM
00CTaHOBKE IITOKBEPKOBAs 30HA CBsI3aHA C XJIOPUTOM + MUPPOTUHOM + MUPUTOM + XAIBKOIIUPUTOM.
MaccuBHbIE pyIbl OOBIYHO MPEACTABISAIOT COOOW MUPUT + MTUPPOTHH + XaIbKOMHPHUT C
MUHEpaJIM3alUeH, pacIUpPsIOMENHcsl HapyKy J0 clionucTtoro nmuputa + chaneput Au + Ag. Takum
o0pa3oM, 30HHOE H3MellbueHHE obOecrieunBacT 3(P(EKTUBHBIN CHOCOO TOBBIMICHUS COJCPIKAHUS
[BETHBIX U JPArolieHHbIX METAJUIOB MecTopoxaeHuit VMS. B ycrnoBusix, rie npeodiiagatoT KUCibie
BYJKAHUTBI, TOMUHHPYET accouuanms nonumeramioB Fe-Zn-Pb-Cu, u 3tu mecTopoxiaeHus: yacto
COJIEpKaT BBICOKOCOPTHBIC 3KOHOMUYHBIE KoynmdectBa Au, Ag, Sn, Sb, Bi, Co u In, Hanpumep, Ha
mectopoxaeann Kunn-Kpuk. Takue MecTopoxaeHusl 0ObIYHO UMEIOT 00raToe MeIbl0 OCHOBAaHUE U
naHipb Zn-Pb. Kpome Toro, cymectByer TtemmepaTypHO-3aBHCHUMOE (HpaKIMOHUPOBAHUE
9IIEMEHTOB. Bo-mepBbIX, (opMupyercss BBICOKOTEMIIEPATypPHBIH  KOMIUIEKC, BKJIFOYAOIIHNA
orpanndeHHyoo pactBopumoctb Cu, Co, Se, In-Ni. Bo-Bropsix, oOpa3yercss HU3KOTEMIEpaTypHast
CBUTA, OlpeesseMas COYeTaHUEeM PACTBOPUMOCTH U JIETy4ecTH ¢ yyactueM Zn, Ag, Au, Pb, Hg, Cd,
Bi, Sn, Sb, As, Ga, Hg, £T1 + W. DTu BBICOKOCOPTHBIE METaJUIbl MOTYT MPUCYTCTBOBATH B BHJIE
CIIOXKHBIX CYIb(PHUI0OB, TAKUX KakK Pok3uT (CulnS), amanbramel, ceeHUIBI U CYITb(POCOIH.

6.2 TepmoMeTpusi U TeoXuMHUs GIIOUIHBIX BKIKOYEHH .

B otnnume ot coBpeMeHHBIX cucteM VMS, rie npoOsl THAPOTEPMATBHBIX KUIAKOCTEH MOXKHO
OoTOMpaTh HANPSIMYIO, TaKasi POCKOIIIb HE MPUMEHUMa K JIpeBHUM cucTteMaM VMS, rie XxumMuueckui
COCTaB THAPOTEPMANbHBIX (MU MeTaMOp(PUYECKUX) >KUAKOCTEH MOXXHO OTOMpaTh TOJBKO IO
KUJKOCTHBIM BKJItoueHUsIM. HeOonbiine o00beMbl 3aXBAaY€HHBIX JKUIKOCTEM BCTpEYaroTCsl B
pa3MYHBIX S>KWJIBHBIX W PYOHBIX MHHEpalaX, HO B OONBIIMHCTBE CIIy4aeB HCCIEIOBAHUS
OTPAHUYMBAIOTCSA BKIIOYCHHSIMH, 3aKIIOYECHHBIMU JTUOO B KHIIBHBIM KBapll, MO0 B ChaIepuTOBYIO
pPYyLy C HHU3KUM cojiepkaHueM jxene3a. DIouIHble BKIIOUEHHUS Yallle BCEro MCIOJb30BaIMCh JUIS
U3MEpEHUS TEMIIEpATyphl 3aXBaTa U COJIEHOCTH JKUJIKOCTH C UCIIOJIb30BAHUEM MUKPOTEPMOMETPHH, a
B PEIKUX CIydasx MpPeINpUHUMAIUCH MOMBITKH HEMOCPEACTBEHHOTO M3MEPEHUsl COAEpKaHUs ra3a
(CO2, CH4, N2, SO2, H2S), xonmentpanuu ocHoBHbIX kaTnoHOB (Na, K, Ca, Mg), cienoBbie
KOJIMYEeCTBA KaTHOHOB KOHIIEHTpanuu (pynnbie snemenThl: Fe, Cu, Zn, Pb, Ba; xunbHbie 371€eMEHTHI:
B, Li, Sr, Rb) u ocnoBHubie anmnonsl (Cl, S, Br).

@nrouHbIe  BKIIOYEHHUS JAlOT BO3MOXKHOCTh TMOHATH PAa3JIMYHbIE aCHEKThl IPOILIECCOB
PYIOTIOXKEHHUSA, BKJIIOYAs U3MEHEHHUS TEeMIEPAaTypbl U COJIEHOCTH B 3aBUCHMOCTH OT 3BOJIIOIUU
PYIOTIIOKEHHUS, CMEIUBaHUSA (IIOUI0B W pasfeneHus (a3, a TakKe HUCTOYHHKOB (ironmoB (M,

CJIeIOBATEeNbHO, MCTOYHHKOB METAJJIOB M aHUOHOB). BOJBIIMHCTBO HCCleNOBaHUM (IFOUAHBIX
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BKJIFOYCHUH B OTJIOKEHUSAX VMS BBISIBHIN COJEHOCTH, OJM3KYIO K 3HAYEHUSM MOPCKOW BOJBI, U
MOBBIIICHHYIO COJICHOCTh (DIFOMIOB, KOTOPHIE OOBIYHO MHTEPIPETUPYIOTCS KaK MOIUGUIIMPOBAHHAS
MOpCKasi Boja. B 3TOM cilydae COJIEHOCTh MOKET IMOBBIIIATHCA B XOJA€ PEaKIMil THApaTaluu C
MUHEpajJaMH TOPHBIX IMOPOJ BIOJIb MyTeW TUApPOTepMallbHBIX (rongoB. B HEKOTOpBIX ciydasx
BCTPEYAIOTCS OYEHb BBICOKME COJIEHOCTH, KOTOpPHIE MOYXHO HWHTEPIPETHUPOBATH KAK pe3yibTaT
KHUIICHUS JKUJIKOCTH C 0oOpa3oBaHMEM paccoyia M Tapa HHU3KOH COJIGHOCTH, pasjueicHus (a3 Ha
IyOMHE, MarMaTU4eCKOW >KMJIKOCTH WJIM B3aUMOJICHCTBUS KUAKOCTU ¢ ucnapeHusmu. COIeHOCTh
JKUJKOCTU Ba)KHA, MOCKOJBKY OHA B 3HAYUTEIBHOM CTENEHU ONpENEesseT IJIOTHOCTh JKHUIKOCTH,
KOTOpasi, B CBOIO OYEpe/lb, ONPEICISIET, JEUCTBYET JIM THAPOTEPMAIIbHAS JKUJKOCTh KAaK IUIaByYas
JKUJIKOCTh MPU CMEIIMBAHUU C MOPCKOW BOJOM M OXJIAKJICHUM WJIM € HE XBaTaeT IUIABY4YECTH Ha
rpaHuiie pasiena. B ciydae TUraBydMx THUAPOTEPMATBHBIX IUTFOMOB (KaK 3TO HaOJIOJaeTcs B
COBPEMEHHBIX CHUCTEMaX YEpHOTO M Oeloro KypUJbIIMKA), BEPOSITHO, >95 MpPOIEHTOB 3aXBaueHHBIX
METAJUIOB TEPSIOTCA B MECTE HENOCPEACTBEHHOIO BbIXOJAa Tra3oB. B ciywyae 3acTOMHBIX
TUIPOTEPMATBHBIX (IIFOMIOB, BEPOSTHO, >95 MPOIEHTOB METAJUIOB 3a/ICP)KUBAIOTCS B MECTE BBIXO/a
¢mronnoB. Tabmuma 17 wWUTFOCTpUPYET IIMPOKOE pa3HOOOpa3We TEeMIepaTyp H  COJCHOCTH
TUAPOTEPMAIIBHBIX JKUAKOCTEH, HAOMIOJaeMBIX B KWJIBHBIX U PYJHBIX MUHEpajaX, y4aCTBYIOIIUX B

dbopMupoBanuu MectTopoxkaeHuit VMS.

Tabn. 17.
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[IpoBeneH psia  HMCCIENOBaHMK KPEMHEOOJIOMOYHO-KHUCIBIX COMYTCTBYIONIUX — OTJIOKEHUN
MectopokaeHuid Moepuiickoro komdeaanHoro mosica. K HuM orHocsTcs uccnenoBanus B Hesec-
KopBo u Canragunso B Ilopryramum, a taxke B Tapcuce, Koncencrone, Can-Murene, Aryac-
Tenbugace, Can-Tenbmo, Puo-Tunto u AsHaibkodbiApe B Mcnanumu. B A3zHanbkosibiaape
TeMreparypa U COJEHOCTb JKHUIKOCTEH YBEIMUYUBAKOTCS C [IIYOMHOM M 10 HAlpaBJICHUIO K
[EHTPAJIbHOMY CHUJIBHO H3MEHEHHOMY MITOKBepKy B nuamazoHe 200-400°C. Kpome Ttoro, Oblia
OoOHapy)XeHa JKUJIKOCTh C HHU3KOW TEMIlepaTypoil M HHU3KOH COJEHOCTBbIO, YTO MOKHO
MHTEPIPETUPOBATH JIMOO KAaK OXJIAXIEHHE NPH CMEIIMBAHUM C METEOPHOH XHUIKOCTHIO, JINOO Kak
HAJIMYME OXJIAXK/IEHHOW KOHJIEHCUPOBAHHOW ©apoBOM (pa3pl mocie KumeHus xuakoctd. Ha
MecTopokaeHnn Puo-TuHTO He OOHApy)KEHO BBICOKOTEMIIEPATYPHBIX JKUIKOCTHBIX BKIIIOYCHUH;
OOJIBIIMHCTBO M3 HUX HAaXOAUTCS B y3KoM auanazone Temreparyp 130-230°C ¢ coneHoctbio oT 2 10
10 mpounenroB B skBuBajeHTe NaCl. [lokasarenbcTBa NMOCTMHUHEpAIM3allUU IepepacipeeeHus
METaJUIOB ObLIM OOHApy)XeHbl B METaMOP(PHUUECKUX KHUJKOCTSIX, 3aXBAUEHHBIX BKIIIOYEHHSIMM Ha
MmecTopoxaeHussx Tapcuc u mectopoxaenun Canragunbo. llepBoe wuccienoBanue 0coOEHHO
MHTEPECHO TEM, YTO JEMOHCTPHUPYET, YTO TEMIlepaTypa METaMOp(pUUECKUX >KUIKOCTEH JTOCTUraeT
makcumyma npu 430°C npu naenenun 300 Mlla, a 3atem cHuxkaerca no 170°C npu nasnenun 40
MIla. Oty pa3HuIly aBTOPbI OOBACHAIOT HEPEXOJO0M OT JUTOCTATMUECKUX K THAPOCTATUYECKHM
YCIIOBUSIM.

[Togpo6HOE ucciaenoBaHUE KUIKUX BKIIOUECHUN OBLJIO TPOBEICHO Ha OUMOJATBHO-KHCIOM
MecTopoxkaceHun ['akyHp B mnpoBuHuuu Ceriuyanb, Kwutail. OHO NIpOAEMOHCTPUPOBAIO POCT
TEMIIepaTypbl U COJEHOCTHU C TIIyOWHOW BHYTPHU CTPUHIE€PHON 30HBI C yyacTHeM (IIIOUJOB OYEHb
BbICOKOM coneHoct (17-21% skBuBanienT NaCl) HEM3BECTHOTO MPOUCXOXKACHUS. B 11emom, xuakas
COJICHOCTh BapbupoBaiach oT 4 g0 21 mnpoueHra, Oojiee HHM3KHE 3HAYCHUS CBSI3aHBI C
HU3KOTEMIIEpaTypHBIMU OapUTaMH MO3AHEN CTaHH.

bbulo NpOBENEHO HECKONBKO HCCIECNOBAHUM >KMIKMX BKIOYEHHH B KPEMHHUCTO-KHCIBIX
MecTopoxkaeHussx VMS Snonun. B paiione XOKypoKy OHM HpPOJEMOHCTPUPOBAIN KOJEOAHUS
temneparypsl oT 200 mo 380°C m odeHp HeOONbIIME HM3MEHEHHUS COJICHOCTH JKUAKOCTH (3—6
nporieHToB B skBuBasieHTe NaCl). HauGonpmmii auama3oH Temmeparyp HaOdronancs y 4YepHBIX
pyaubix muHepanoB (200-330°C), torga Kak y JKENTBIX OH HUMeN OTrpaHMYEHHBIH Hara3oH
(330£50°C).

Ha kpeMHHCTO-KHCIIO-KHCIIOM MEeCTOpOXKIeHUH Xemnuep, TacMaHus, BbIACTWIN TpU (azbl
pa3sBUTHS KWJI, CBA3aHHBIX C MUHepanu3auueil. OmonHbe BKIIOUEHHUS U3 3THX Tpex ¢a3 (2A, 2B,
2C) u XuJbHAsg cHCTeMa MOCTMHHEpATU3alMi 00eCleYnBaIl KaK TeMIepaTypy, Tak U COJEHOCTb.
Temmeparypsl romorenusanuu coctaBisin 170-220°C, Brmouenus ¢as3sl 2B 3amepKuBaMCh MpH

165-320°C, a Bxumouenus ¢aszpl 2C Obutk moiiManel mpu Temmeparype 190-256°C. Komebanus
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COJICHOCTH OBUTH OTHOCHUTENbHO HeOombimuMu (8—11 mporentoB skBuBanieHTa NaCl), a Bapuaruu
TEMIIepaTypbl Ha KaX10i cTaguu GopMUPOBAHUS KUJI HHTEPIPETUPOBATUCH KaK OTPAKEHHUE POCTA U
ynajika ruipoTepMaibHON CUCTEMBI.

Takum oOpa3oM, (uronaHbIe BKJIIOYEHHS B XKMIBHBIX U PYIHBIX MHUHEpanax MPeloCTaBISIOT
BOXHYI0 HMHpOpMaLU0 00 M3MEHYMBOCTH TeMIEpaTypbl M cocTaBa (UIIOMJIOB B IEPHOJbI
MUHEpaJIM3aliy, a TaKkke 00 yJacTUH METEOPHBIX BOJ M MarMaTHueckux (hiaroumoB. Yacto naHHbBIE O
COJICHOCTH CaMH MO ce0e He MOTyT OBITh OJHO3HAYHO HMHTEPIPETHPOBAHBI, IOCKOJBKY y4dacTHe
MarMaTH4YecKux (JIOMA0B, KUIEHHE, CMEIIMBaHUE U pas3zeieHue (a3 MOTyT BbI3bIBaTh OOJIbIINE
U3MEHEHHs COoJIeHOCTH (Iron]10B. bosee orpaHMueHHbIE UHTEPIPETALUU BO3MOXKHBI, €CJIU JJAHHBIE O
KHUJIKUX BKJIIOUEHHSIX COYETAIOTCS ¢ ApYrod mH(opmanuei, Takoi kKak nHpopManus o CTaOMIbHOM
M30TOITHOM COCTaBE JKUJIbHBIX MHUHEPAJIOB.

6.3 'eoxumust cTabNJIbHBIX H30TONOB.

bbutn monydeHsl 1aHHbIe TPAAUIMOHHBIX CTaOWiIbHBIX u3oTonoB (0D, 813C, 6180, 634S) mns
npeBHUX MecTopoxaeHuil VMS 1 1isi COBpeMEHHBIX MOPCKHX THIPOTEPMABbHBIX cucteM VMS, a
TaK)Ke JUIsl HETPAAULMOHHBIX cTabuinbpHbIX n3oTtonoB (B, Fe, Cu, Zn, Mo). Ilpu usyuenun pyaHbIx
MECTOPOKICHUNH CTAaOMIIbHBIE M30TOIBI HCHOJIb30BAJIUCH JJISI YCTAHOBJICHHSI MCTOUYHUKOB PYAHBIX
xuakocred (H, C, O, S), temnepatyp otnoxenus pyn (S) um cuiukatHeix usmenenuit (O). B
MeCTOpPOXKACHUSIX VMS cTaOuibHbIE HM30TONBI TAKXKE HCHOJIb30BAIMCH JJI YCTAHOBJICHUS IyTel
nBrkeHus xxuakoctu (O), npoucxoxaeHus xxuakoct (H, O, S), okucnuteabHO-BOCCTAHOBUTEIbHBIX
usmenenuit (C, S) u pasznenenus a3 xuakoctu (O, H). Herpanunmonnsie cTabuiabHbIe U30TOIBI
UCTIOJIb30BAIMCH Ul W3y4YeHHsI OOILIeH M30TONMHONW M3MEHYMBOCTH B MECTOPOXIEHHsIX VMS, mis
JYYIIEr0 TOHWMAHUS TPUYHH H30TOMHOTO (PAKIMOHUPOBAHUS M OIPENEICHUS HCTOYHHKOB
METAaJIJIOB.

0 u oD.

B HeckonbkHX HcclenoBanusax 60 Bceit moponsl B momomBe (IITOKBEPKE) M HEKOTOPBIX
ydJacTKax BHCsS4ero 6opra mecTopoxaenuiit VMS Habmonaercs cucteMatndeckoe nsmenenne 5°0 B
3aBHCHUMOCTH OT MHTEHCHBHOCTH H3MeHeHuil. HamMensiue 3nauenns 880 oGHapyxuBaroTcs Tam,
I7le CWIMKAaTHbIE U3MEHEHUs! Han0oJiee HMHTEHCUBHBI, YTO OOBIYHO COOTBETCTBYET IIEHTPAJILHON 30HE
CEepPULUTOBBIX W3MEHEHUH, Hampumep, Ha M-Huu Dykansasa, Anonus, I'epkynec, Tacmanus u
Oeifranc-Ocrakao, [lopryranus. Tam, rie MecTOpoKIEHUS MOTYT OBITH IPOCTPAHCTBEHHO CBSI3aHBI C
HErTyOOKUMHE CyOBY/IKAHMYECKMMH IITOKAMH, 00JacTh HM3KHX 3HadeHHit 680 obpasyer maHImphb
HaJl HHTPY3Heii, OT KOTOPOTO Y3KHE 30HBI M3MeHeHHit ¢ Hu3kuM 680 mpocTuparotcst BBepX B Gosiee
TIPOKIIIKOBBIE 30HBI. B HEKOTOpHIX CIydasx CYLIECTBYeT MOCTerneHHoe yBenmdeHue 580 Beepx mo
CyOBYJIKAHMYECKHUM IOCIIEI0BATEIBHOCTAM, KOTOPOE, BEPOSTHO, OTPAXKAET BOCXOASIIEE TOHUKEHHE

TEMIICPATYPbl OT MArMaTudcCKOro HCTOYHHKA TCIJIa K IMOBCPXHOCTH. 30HBI C HU3KHM 8180
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COOTBETCTBYIOT 00JIacTM C(POKYCUPOBAHHOTO BBICOKOTEMIIEPATYpHOro (IIOMAHOIO MUHUMYMA,
OKPY)XEHHBIM 30HAMM C Oollee BBICOKMM H3MeHeHHeM O°0, KOTOpbIEé COOTBETCTBYIOT
MHUHEpAJIOTUYECKUM H3MEHEHHsIM OoJjiee HM3KOH CTENeHH, TaKUM KaK 30HbBI MOHTMOPHJUIOHHTA U
L[EOJTUTA.

KoHeunoe 3HaueHne wm3MeHeHHs o0°0 ompesensercs psAAOM II€PEeMEHHBIX (COOTHOIICHHE
BOJA/TIOPO/ia, TEMIlepaTypa peakiuM, MHHEpAnorus W3MeHEHWH, HayanbHoe 3HaueHme O°0 B
OCHOBHO# mopoge, xuakoe 820) B equnyto dynkumo. g VMS HeKOTopble U3 3THX NepeMEHHbIX
MO’KHO M3MEPHUTh MM almIpoKCUMupoBaTh. Hampumep, 3Hadenus sxuakoro 580 6bumm n3MepeHs! B
aKTHBHBIX THAPOTEPMAIBHBIX CHUCTEMax Mopckoro mHa (B cpemneM 0,91+0,37 mpommine, 122
U3MEPEHUSs), B KHUIKOCTHBIX BKJIIOUYCHHUSIX B KIJIUCTOM KBapiie ApeBHuUX omnokenuit VMS (-0,7+1,75
OpOMWIIE), a TakKe B MHUHEPaJbHBIX IapaXx, B KOTOPBIX IMpearoyiaraerca TeMIeparypa.
®paximonupoBanue  6°0 MeXITy IKMAKOCTBIO M TIOPOAOH Kak (YHKIHS TeMIepaTyphl
AnMpPOKCUMUPYETCS ISl KHUCIBIX CHCTEM C HCHOJb30BAaHUEM JHOO W3MEPEHHOrO 3HAYCHHs s
OJIMTOKJIa3-BO/Ia, a Ui OCHOBHBIX CHCTEM - W3MEPEHHOTO 3HA4YeHHUs /s OWUTOBHUT-BOAA WIIH
TEPMOJMHAMHYECKOIO0 METO/A. pacyeT IYTH peakUuu. YUMUThIBas 3T OrPaHUYEHUS, PACCUHUTAHbI
M3MEHEHHbIE 3HAaueHHs 0-°O MOpojabl B 3aBUCHMOCTH OT COOTHOIIGHMs Boja/mopoma (W/R) u
Temnepatypsl. OHM MOKa3alH, 4TO CyIIeCTBEHHbIE OTpHIIATeNbHEIE n3MeHerHus 620 1o cpaBHenmIO C
MCXO/HBIMU 3HAUYEHUSIMU CBEKEN MOPOJbI (B JAHHOM ciiyyae § MPOMUILIE) MOTYT OBITh JOCTUTHYTHI
TOJIBKO IIPU BBICOKMX OTHOIIEHUsIX W/R M MpH BBICOKHX TeMIEparypax, TOrJa Kak OTHOCUTENIbHBIE
TONOXKHUTEIbHbIE H3MeHeHHs 620 MOryT GBITh JOCTMTHYTHI TONBKO TNPH BBICOKHX 3HAUEHHUAX
cooTHommeHus: W/R M Hu3KOH Temreparypbl. DTOT BBIBOJ MOJHOCTBIO COTJIAcyeTcs C OMHCAHHBIM
BEIIE pachpezeneHneM o0°0 B M3MEHEHHBIX IIOPOJHBIX KOMIUIeKcax. To ecTh, ropsdue
TUAPOTEPMANIbHBIE (DITIOUBI, TBUXKYIUECS Yepe3 CUIIMKATHbIE KOMILUIEKCHI C BBICOKOW TpEUIMHHON
HOPHUCTOCTHIO/TIPOHUIIAEMOCTBIO, MPUBOAAT K TOMY, YTO C(HOKYCHPOBAaHHBIH MHHHMYM 0Opa3yer
KOMIIIEKCHI M3MEHEHMH ¢ HU3KMMH 3HaueHHAMH 680, Torma kak mucTanbHBIA (ioua npu Gosee
HI3KHX TeMIIEpaTypax o0pasyeT KOMIIIEKCH H3MEHeHH il ¢ 6oiee BRICOKMMH 3HadeHusMu 5180,

BaxxHblll, HO CIOpHBIM BONPOC KacaeTcsl IMPOUCXOXKACHHUS KUIAKOCTEH M, CIEA0BATENBHO,
IPOMCXOXKACHUS METAJUIOB B MeCTOPOKIeHUAX VMS. CrabuiibHbIe H30TOIBI KMCIOPOa U BOAOPOAA
JIAIOT BA)XHYIO, XOTS U HECKOJIbKO HEOJHO3HAYHYI0 MH(OpPMAIMIO B 3TOM OTHOLIEHUH, MOCKOJIBKY
KOHKYPUPYIOIIME HCTOYHHMKHU JKUIKOCTH (MOpCKas BoJa M MarMaTHuecKas HUIAKOCTb IOcCeIHen
CTajMK) MMEIOT COBEPIIEHHO pasHble 3HadeHHs 620 u 8D (mpubmusutensro 0 TpOMEIb s
Mopckoii Boasl 00 u 8D, 5 mo 10 mpommmms 820 wm or -35 mo -50 mpommmms 8D s
marmMaTuueckux (QuiouaoB). I[lone3Hbl OLEHKM W3MEHEHMH B COCTaB€é MOPCKOM BOJIBI WIIH
MarmMaTHdeckux (uonoB coctaBoB 00 u 8D B pymHBIX Gmonmax. HekoTopble MpoIecchl, TaKne

KaKk MCIIapCHHUEC U B3aI/IMO)]eI\/'ICTBI/Ie )I(I/IJIKOCTB/HOPOJI&, HE MOryT 00OCHOBAaHHO BBI3BIBATH
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HaOJro1aeMble M30TOMHbBIE BapHALMU PYIHOW KMJIKOCTH, TOrJa Kak CMEUIMBAHHWE MarMaTH4ecKou
KUAKOCTU U MOPCKOM BOABI M (MJIM) M303HTAIBIIMYECKOE KHUIIEHUE SIBJISIFOTCS BO3MOKHBIMU
MEXaHU3MaMH.

5%,

VY4uTeIBas, 4TO cepa SBISAETCSA OCHOBHBIM METAJNIONJIOM B MECTOPOXICHUAX VMS, HOCTYIHbI
MHOTHE COTHU aHAJIN30B U30TOIIOB CEPHI.

B daneposoiickux cynbdunax HaOII0OIaeTCA 3HAYUTENLHO OoNee MMPOKHil auanason §°*S mo
CPaBHEHMIO C apXEHCKUMHU U IPOTEPO30MCKUMHU CylibduaamMu. X0Ts TUXOTOMUS, BEPOSITHO, peallbHa,
OHa TaK)K€ MOXKET OTpPaKaThb MEHbILEE KOJIMYECTBO ONpEAEICHUH apXEHUCKUX M IPOTEPO30HCKUX
oTnoxkenuit. TenmeHnus u3MeHenus 5°*S B IPOTEpO30HCKUX U (HaHEPO3OKCKUX OTIONKEHHSIX VMS
O0JM3KO MapasuiesibHa KPUBOW JIPEBHEM MOPCKOM BObI, HO CMEIIEHAa B CTOPOHY Oojiee JIETKUX
sHavenuit &S mpumepHo Ha 18 mpommmnb. Cynb(paT MOPCKOH BOAbI SBISETCS HCTOUHHKOM
HNOHMKEHHOTO COJIepKaHusl cepbl B MecTopoxkaeHusx VMS - BbIBOJ, KOTOpPBIH coriacyercss ¢
NOIPOOHBIMH HCCIICIOBAHUSMH COBPEMEHHBIX THIPOTEPMAIBHBIX CYTb(QHIHBIX CHCTEM B YCIOBHUSIX
OTKPBITOI'O OKEaHa.

B COBpPEMEHHBIX OCTPOBOIYKHBIX H 3a[yrOBBIX yYCIOBUAX H3MEHYUBOCTH 84S Gonee oyeBHIHA,
mpM 3TOM GOJbIIAs [OJS KEPIOBBIX KUAKOCTeH mMeeT nerkuit 83*S. IIpMUMHBI STMX CIBUIOB
HEOYEBU/HBI, HO MOTYT yKa3bIBaTh Ha MCTOYHHUK BOCCTAHOBJIEHHOW CEpbl MOMHMO MOPCKOW BOJBI,
TaKOM KaK MCTOYHUK CEphl B pe3yJibTaTe AUCIPONOPIHOHUPOBAHUS MarMaTuieckoro cynbdara (SO2
+ 2H,0 — HS + S4% +2H). B coBpeMeHHBIX CHCTeMaX Ha JOMHUHHPYIOLIYIO POIb MOPCKOH BOMIBI
yKa3pIBaeT TakKe TO, 4To 8°*S cymb(paTa aHTHAPUTA TIPAKTHYECKM MIEHTHYEH COBPEMEHHOMY
cynbdaty Mopckoil Bojbl. CyIIECTBYIOT M Jpyrue NOTEHUHATbHbIE MCTOYHUKU BOCCTAHOBJICHHOMN
cepbl sl (paHEPO30MCKUX OTIIOKEHUH TMPEACTaBIsIET coO00M MarmMaTtuyeckyro jaeraszaruio HoS (u,
BO3MOXHO, SO2) U cynb(UIOB, BBIIIETOYEHHBIX M3 BYJIKAHHYECKHUX IOPOJ LMPKYJIUPYIOIIEH
Mopckoir  Bomoil. Ilockonbky Marmatuueckuit H2S wu  cynbduabpl B ByJKaHax HMMEOT
nepekpbiBatonecs: 3HadeHuss (0—5 NpoMuIUIb), HEBO3MOXKHO HAMNpsSMYK pa3iMuuTh 3TH JIBa
rucrtouHuka. JIto0oi uCToOUHUK OyJeT NeHCTBOBATh, YTOOBI KOMIIEHCUPOBATH COJIEPKaHHUE CYJIb(PHUIOB
B MOPCKOM BOJie 10 OoJiee JIETKUX 3HaUYeHUN. Y MEHbIICHHUE COJIepKaHus Cyab(haToB B MOPCKOH BoJie
MOYXET MPOUCXOJUTH IMOCPEACTBOM AOMOTHUYECKMX WM OMOTHYECKHX IMpolieccoB. AOMOTHYECKHE
MPOLIECCHI BKIIIOYAIOT OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIE PEAKIIMH MEXAY CYIb(aToOM U KaTHOHAMH,
MPUCYTCTBYIOIIMMU B BOCCTAaHOBIIEHHOW (opMe (TakKMMH Kak YIJepoid, XKele30 U Meab).
buotndecku-onocpeoBaHHbIE PEAKLUN BKIIIOYAIOT PEAKIUU JAUCIIPOIIOPLUOHUPOBAHUS C Y4aCTHEM
cyib(arpeyuupyommx 0akTepui.

BosImMHCTBO HccnenoBanuii 8°*S BKmowaoT B cebs nubo d-ompeneneHue MenbHOM TOPOJIHL,

nu00 aHaNMM3bl MUHEPAIBHBIX BemecTB. OJHAKO CIMOCOOHOCTh K TEMeph H3MEPSIOT Ha MeCTe
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OTHOCHTENBHO TOYHEIE U TOYHEIE 3HAYEHHS 0°'S Ha eIMHHYHBIX CYTb(GUIHBIX MHHEPATLHBIX 3epHAX
JEMOHCTPUPYET JOINOJHUTEIbHYIO KOMIUIEKCHOCTh. IIpoanHanu3upoBanu poiab B HHTEpHpPETALUU
M30TOITHOTO cocTaBa cephl ApeBHUX VMS - mupur, chanepur, raieHuT, XaTbKOMUPUT U TETPAIIPUT
W3 MO3AHEro JeBoHa—MecTopoxaeHue Jpaii-Kpuk, pannero Muccucunu B BOCTOYHO-IIEHTPaIbHON
Anacpe ¥ IpOJEMOHCTPHPOBANH JMANA30H 3HAYCHHH &°'S oT -48 10 23 Ha MWI. DTH H30TOIHbBIE
JJAHHBIC WHTEPIPETUPOBAIM KAK OTPAKAIOIIME [BYXATAIHBIA Ipouecc MuHepanusauuu. [lepbiit
3TaIl BKJIIOYAJ HAYAJIBHYIO THAPOTEPMATIbHYIO aKTUBHOCTh M MUHEPAJIN3aIlMI0 B MECTHOM Oacceiine,
OTKpBITOM JUISL Cy/Ib(aTHOH MOpCKOil Bozbl. 3HaueHus cymbduma 5*S li oTpakaemas nepeMeHHas
CMEIIMBAHHUE JIETKONH OCECKHUCIOPOIHON TOpOBOM »kuakocth HoS ¢ kucimopogHsiM cyibharom
MOPCKOH BOJIbI ¢ MOTyueHHeM CyIbGuaoB >*S co 3HaueHMAMH 3HaueHHuit oT -40 10 -10 mpomue.
Boree mo3auue cynb(GuIsl 00pa3oBatnch B pacconax THrna KpacHoro Mops, qaBast 3HA4EHHS >'0S OT -
10 no 9 mpommiuie. Bo-BTOpbIX, mocnemyroiee ocaxiaeHue cynbduaos (15-23 mpomunne) u3
OCeCKUCITOPOAHBIX MpUIOHHBIX BoJ (10—60 mpommiie), oOpa3oBaBIIMXCs, Korja OaccedH cran
3aKPBITHIM JJISI KUCJIOPOJHBIX MOPCKHUX BOJA. KaK C MHMHEpPAJbHBIM MapareHe3ncCOM, TaK U C
BMEILAOIIEH JIUTOJIOTUEN.

B otnuune ot daneposoiickux orioxkeHuil, otnoxkenus VMS mpoTepo3oiickoro u apxenckoro
BO3pacTa UMEIOT ropaszio Oojiee OrpaHUYEHHBIN Ouana3oH 3HaueHuil 034S, B cpemnem okono 0
npoMuiuie. Eciiu oHM JeMCTBUTENBHO PENPE3EHTATUBHBI, TO TOJIBKO €CIIU MOJPa3yMEBAIOTCs YCIOBUS
OKpYyXKarolie# cpemsl. XOTS KpUBYIO O°*S MOpCKOH BOIBI HEBO3MOKHO DAacIpOCTPaHUTH Ha
TIPOTEPO30ii 1 Gollee paHHME TIEPHOIBI, COracoBaHHOCTE VMS 3Hauennii §**S (okono 0 Ha ThICAUY)
Ha MPOTSHKEHUHU 3 MILIHAPJOB JIET UCTOPUU 3eMIIH MOTJIa ObITh JJOCTUTHYTA TOJBKO B TOM Ciyd4ae,
ecnu: (a) coaepaHue Cyiab(aroB B MOPCKOW Boj€ OBUIO OJMM3KO K COBPEMEHHOMY 3HAYEHUIO
Mopckoit Bonel (mpuOmumsutensho 21 wa wmmi), u (b)) VMS oOpaszoBanuck Tak ke, Kak H
daneposzoiickue oTnoxenus. O6a 3TH TpeOoBaHMs MOTYT ObITh MIPABUILHBIMU, HO HET BO3MOKHOCTHU
OLICHUTh HH OJUH U3 KPHUTEpUEeB (TOJBKO BEPXHUH YpOBEHb Cyib(daTa) M OTPAaHUYHUBAET
pacTBOPUMOCTh Ha JIHE OKEaHa, CHUXKAET COJIepKaHue cepbl B OECKHCIOPOAHBIX, IIEIOYHBIX
YCIOBUSIX.

OB, 6% Cu, 5%2Zn, 6° Fe, 5°°Se.

IlepBoe wuccnenoBaHue M30TOMOB OOpa B COBPEMEHHBIX cucreMax VMS  ompenenuso
KOHIIGHTpaniui B © 3Ha4eHWs W30TOMOB B JKEPJOBBIX JKUIKOCTSAX, CHETaB BBIBOJ, 4YTO OOp
BbIIIIETaunBaJICs U3 0a3zanbToB 0e3 (PpaklMOHUPOBAHUS U YTO TaKUE JaHHbBIE MOXHO HCIIOJIb30BATh
JUISL  OTIpeNIelICHHs] COOTHOIICHWU IKUAKOCTH/TIOpoAa U TiobamkHOrTO B B okeanax. /[lpyrue
UCCIEeI0BaHMs M30TOoNa B B )KEpIoOBBIX JKUJIKOCTAX MOKa3ajid, YTO HU3KOTEMIIEpATypHOE yAaJICHHE

00pa 3aBUCUT OT CKOPOCTH PACTEKAHMSL.



128

DKcriepuMeHTalIbHbIE HCCIEI0BaHUs IOKa3alld, 4TO CHUCTeMaThka H30TOnoB B B mepByio
odepelb OTPAXKAET MPONOPLUU B U3 MOPCKOM BOABI 1 HCTOYHUKOB 36MHOM KOPBI, YTO MOJYEPKUBAET
MOJIE3HOCTh HM30TOMOB Oopa Jjisi OrpaHUYCHHUS W3MEHEHHH MOpPCKOTO0 JHA W COOTHOIICHUS
BOJIa/TIOpO/Ia.

[TepBoe uccnenoBanue uzorona B npeBHuX MectopoxkaeHuid VMS mnpenocTtaBuiio JaHHBIE IO
TypMaJIMHY U3 14 MECTOPOXKAECHHI OT apXeHUCKOro A0 OPAOBUKCKOTO BO3pacTa U MOKa3allo JUana3oH
3Hauennit 1B ot -15,7 10 -1,5 npomuis. [IpeaTokeHo MECTh BEPOATHBIX HIEMEHTOB YIPABJICHHS:
(1) cocraB ucrounuka B, (2) mocTpyaHbIii permoHanbHbI MeTamophu3M (Oojiee TSDKEINbI, a He
Jerkuil  um3oTon  (pakuuoHHpyeTcs B KUAKYIO ¢dasy, CcIeloBaTeNbHO, MeTaMop(hUYeCcKU
PEKPUCTAJUTM30BAHHBI TYpMaJIMH CTAHOBUTCS HM30TOMHO Oosiee Jerkum), (3) COOTHOIIEHUE
BOJIa/TIOpO/Ia, (4) BOBICUEHUE MOPCKOM BOBI, (5) muacToBas TeMiieparypa u (6) BEeKOBbIC H3MEHEHUS
Mopckoii Boasl 81B. B0 BEICKa3aHO NMPEANOI0KEHHE, YTO HANOOIee BaKHBIM (DAKTOPOM SABJIAETCS
COCTaB UCTOYHUKA B B TUTONIOTrMU BMEMIAIOIMIKX MOPOJ. bblIo mpoaHanu3upoBaHO MIECTh 00pa3IoB
TypMaJIdHa W3 HEOONbIIMX MecTopoxaeHuid VMS mpoteposoiickoro Bo3pacta B MHauu, KoTopbie
mokasanud guamazoH 0B ot -13,8 mo -13,0 MPOMHJIJIb, YTO COTJIACYETCS C HCTOYHUKOM B,
MPEUMYIIECTBEHHO U3 MEIIMTOBBIX CIIAHIEB MIPEATOPHii, a TAKXKe, BOZMOYKHO, KUCIIBIX BYJIKAaHUYECKHX
nopoza. Typmanun u3 kpynHoro MmectopoxxkaeHuss VMS Jlepu B Uuauu (Takxke IpoTepo30il) - JaHHbBIE
8B nns mByx 0OpasnoB TypManMHA He W3 PyIHOH 30HBI - -164 u -15,5 mpommiie, ObLTH
WHTEPIPETUPOBAHbI KaK OTPAKAIOIIME BBHINICIAYUBAHUE KHUCIBIX BYJIKAHHMYECKUX W TJIMHUCTBIX
0CaJIOYHBIX MOPOJ] B TIOJIONIBE.

[TonpoOHoe wuccnenoBanue 15 TypMaTuHOB MAcCCUBHBIX CYIb(QHIOB U3 THUTAHTCKOTO
mectoposknenns Kunn-Kpuk (apxeif) mokasano 3mauenms 6B or -13,6 1o -7,8 mpomumis. B
codeTtaHuu ¢ JaHHBIMH 00 m3otonax O m H B olHUX U Tex ke TypMaliHax MPEArnooKeHO, YTO B
dbopMUPOBaHUM TYpPMalWHOB (W, KaK CJIEICTBUE, CYyIb(PUAOB) Yy4acTBOBaIM TpH kuakoctu: (1)
cierka MoAuduIUpoBaHHAs Mopckas BoAa, (2) CHWIbHO MOIUGUIIMPOBAaHHAS MOpcKas BoOja,
00pa3oBaBIIascsi B pe3yJbTaTe MPEIbIAYIIETO «IMOABOJHOTO KHUIMEHUsS» U (3) CBEPXKpPUTHYECKAs
JKUJIKOCTh C BBICOKOM TEMIIEpaTypOu.

N3oTomnbl 371€MEHTOB-UHAMKATOPOB NPUMEHSUIMNCh K pPa3IU4YHbIM THIAM MECTOPOXKICHUH,
BKIO4asgs MenHo-moppupoBele u  MVT (tuma gommHbl  Muccucunu). MecTOpoxaeHUs .
Hcnonp3oBaHne HETPAAWIIMOHHBIX CTAOUIBHBIX H30TOMOB B MECTOPOXICHHSIX VMS sBisieTcs
OTHOCHUTEJIFHO HOBBIM TIOJIXOJIOM, KOTOPBIA oOemaer Oojiee TriayOOKOe MOHWMAaHHE HWCTOYHHMKA
METAIIJIOB B cucTeMax VMS u pa3iuuHbIX (HpaKkIMOHUPOBAHUA METALIOB, KOTOPBIE MOTYT BO3HUKATh
BO BpeMs JBWKCHHS THIPOTEPMAIBHBIX >KUIKOCTEH M OCaXACHHUS CYIb(UIHBIX MHUHEpaIoB. B
OKPECTHOCTSIX MecTopokaeHnid VMS  ¢paknnoHHpOBaHUE TEPEXOTHBIX HM30TOIOB METAaJIOB,

BCPOATHO, 6YI(YT Y3KUMHU IIPU HNOBBIMICHHBIX TEMIICpaTypax WM HIHUPE B CUTyalUsaX, CBIA3AHHBIX C
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A0MOTHYCCKUMH OKHCIUTEIIbHO-BOCCTAHOBUTEILHBIMA U OMOTHYECCKMMH peakiusMu. B Tabmume 18
ITIOKa3aHbI JAHaI1a30HbI COI[ep)KaHI/I)I HN30TOIIOB HepCXOI[HBIX MCTAJJIOB, I/I3M€p€HHBIe JUUIA

COBPEMEHHBIX U JIPEBHUX MECTOPOXKAeHU VMS.

Ta6n.18.
CooTHoOIIeHNSI H30TOMOB MePeX0aHbIX MeTaL10B B VMS MecTOpoKIeHUsIX ¥ POACTBEHHBIX MOPOIAX.
P . Analysis =] BT :57Fe LildSe c - Rl
trpe per mal pet el et mmal per ml
BUR-1 Whole rock DOE = 0.
Saaradard
BIR-1 Whole rock ool
Saamcderd
BHVO-1 Wihale reck [ =Y Rk
Saradird
ODP Sae Aliered bazalt il w 02l Fe motope varations ap
BOIC 0 4 per mil could be
abiotas aead (o | beobc
[oop-ica 007 o 0.23
rodimamin
Chemacal 2510 1.0
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Chent 25
Fe-axyhy- <052 w0039
drovade
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Celadonine | 86
Lecky Chalcopyrite ] THI-IE_II' 34 122048 -322& )52 Versos s Cu sotopsc  Rowsel snd
Sanke, compumstion dc W othor
MAR walfide oxslation i 200da, B)
Adscarmuie 05wl avg 1O
Pymite marca- 2372046 3352z 0115 Se-poor chalcopyrite
g bz 3TFe -1 10 -3 per
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e has $7Fe ~ 0 per
mal Aot fracton-
atiom of Fe sctopes
duning ulfide precip-
el
Logachey, Chaloopyrite 100 0T, avg Varratnn o Baounel sl
MAR als compossbon disc o others
sulfice oxsdation (2004a, b)
Atecamune D4wdT avg 26
Rornase 07027 g 21 Variaton = moaopic
covellse compomelion dac
walfide ousdation
Ranbow, Chalcopyrite/ on Rounel and
MAR socubanate others
(20042, b)
Boensse i3
covellae
EPR 210N Ve flends 031 £019 Flusd semperatures Jobes and
273-388C others
(200%)
EPR 9aN Vet thaads 056+05 0542058 Fluad temperatares: Rouxel and
203-3830C others
(2008)
Chalcopyrite 0164007 L023:009
Pyrite 0924028 0692002
sphalerie
gakna
Pyrae sphal- 040:042 0OS8:034
ente
Pymte 085+050
TAG, MAR Vo floads 025+015 Flusd tomperatures
290- 3600C
Alcandnn.  Stockwork 012030 0450005 Chalcopyrse, sphalonte, Mason and
ka, Urals galena others
(2005)
Man ore 02810032 002 0 Sphalente

021

B coBpeMeHHBIX TUIPOTEPMAaTIbHBIX CYIb(QUIHBIX CUCTEMax (paKIHMOHUpOBaHUE Kak Fe, Tak u
Se 3aBUCHT OT Macchl. Se U S UMEIOT CXOXKYI0 TeoXUMHUI0. [1oe3H0CTh M30TOMOB Se 3akitouaeTcs B

TOM, 4TO coOoTHomeHue Se/S B Mopckoit Bojne (6,3%10-8) cHuiibHO OTJIMYAeTCS OT 3HAYCHUH MaHTHH
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(MORB) (1,5x10-4), Tak 4TO cOodYeTaHHWE aHajIM3a MHKPOIIEMEHTOB M H3OTOIHBIX OIPEACIICHHI
MMEEeT NOTEHUUaN JJs PACIO3HABAHUS PA3JIMYHBIX HCTOYHHMKOB B TI'MIPOTEPMAIIBHBIX CHCTEMax.
U3otonHkit cocTaB Se (882Se) coBpeMeHHBIX THAPOTEPMANBLHEIX CYIIb(HI0B BAPUPYETCS TPUMEPHO
Ha 7 IPOMMJIUIb U MOXKET OBbITh PE3yIbTaTOM COUYETAHUS OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIX PEAKIUN
(ceneHaT U celeHU] B MOPCKOH Boje), OMOIOTMYECKUX peakuuii u peakuuil Boga/mopoaa. Cocras
COBPEMEHHOH MOPCKOM BOJIBI UMeeT 082Se, uTo OTpakaeTcsi Ha M30TOMHOM cocTaBe Mn-KoHKpelwuii
(mpubmmsurensHo -1,5 mpommuie). Takum o0pa3oM, 3TO 3HaUEHHE HEOTIMYMMO OT MAHTHUHHOTO
3HAueHHs, TaK YTo GoJblue Bapuanuu 5%2Se B cynb(uaax He MOTYT ObITh 0OBACHEHBI CMEITUBAHUEM
ByJIKaHW4YeCKOro Se ¢ Se mopckoi Boawl. Kpome Toro, cootHomeHue Se/S u KoOHIEHTpanus Se B
MOPCKOW BOJIE HACTOJBKO HU3KH, YTO JJA)KE€ YACTUYHOE BOCCTAHOBJICHUE OKUCIEHHBIX (popM Se mMano
noBnus0 Ol Ha 0%2Se cynmbmmoB, ecnmu Obl MOpCKas BOJA M THAPOTEPMATBHBIH (ITIOHI
CMEIIMBAINCh HampsMmyro. OJHAKO OKUCIUTEIbHO-BOCCTAHOBUTENIBHBIE PEAKLUUU  SBISIIOTCA
€/IMHCTBEHHBIM HM3BECTHBIM MEXaHM3MOM IPOM3BOJICTBA OUEHb JIETKOI'O Se, U MOXKET CYIIEeCTBOBAThH
HEBUJUMBIA  pe3epByap Jerkoro Se, oOpasyromuiics B pe3ysibTaTeé  OKUCIUTEIbHO-
BOCCTAHOBUTEJIBHBIX PEAKIIM MOPCKOM BOJBI B HEPaAX.

[Tpumenenne Mynbruu3oTonHOro (S-Se-Fe) moaxoma K HM3Yy4EHHIO THIPOTEPMAbHBIX
CyIb(QHI0B MOPCKUX IIIyOHUH CTaJO BaXKHBIM BKJIAJOM B IPHU3HAHUE MEPBUUHBIX THAPOTEPMAIbHBIX
GuroNI0B, KOTOpBIE BBIACISUIN CYIb(GHUABI C HM30TONMHBIMH 3HaueHUssMH Fe m Se, Onmuskumu K
MarMatHueckuM (okosno 0 Ha Mui), CONpPOBOXKIAEMblE 3HAYEHHSAMH O°'S (okono 1,5 Ha Mmi), ¢
MUHUMAJIBHBIM YYaCTHEM MOPCKOM BOJBL. OJTO COIJIACYeTCs CO 3HAYUTENBHBIM CMEIIMBaHUEM
THJIPOTEPMAIBHOTO (IIOMJIa U HAarpeTol MOPCKOW BOJBI, a TaKKe C HEOOXOAMMOCTHIO HATUYHUs
IyOOKOTO (TIOJIMOBEPXHOCTHOT0) Pe3epByapa JErKOTro U30TOMHOTO Se.

3uavenns 5°'Fe COBpEMEHHBIX CyMbOUIHBIX MHHEPAIOB, TI0-BHANMOMY, ABJIAIOTCA (yHKIMeit
OKpY’Karolle cpenbl, B KOTOPOH MHHepaibl Ju00 pociu, aubo (uiam) nepepabaThIBaIMCh IOCIE
ocaxeHus. CyllecTByeT CHJIbHBIH KHHETHYECKHH 3(Q(EeKT NMpu OCaXJIECHHM MKene30Cysb(UIHbIX
MUHEPAJIOB (MUPHUTA, MapKa3UTa) BO BPEMsI pOCTa aKTUBHBIX CYIb(UIHBIX TPyO, TaK YTO 3HAUYEHUS
3°'Fe SBHO OTIMYATNCH OT 3HAYEHMH BEHTUIANHOHHON >KuAKOocTH. OJHAKO B HEAKTUBHBIX
«IBIMOXOJIaX» 3HAaueHHs O°°Fe OBUIM NPAKTUYECKH MIEHTHYHBI 3HAYCHHAM BEHTUIALMOHHOM
KUAKOCTH, YTO SIBJISIETCS PE3YJIBTATOM TOCTCEAUMEHTALIMIOHHOTO OTXKUIa.

UccnenoBanmii m3otonoB Cu u Zn B MectopoxaeHusx VMS B COBpeMEHHBIX M JPEBHUX
YCIOBUSX OTHOCHTENbHO Mano. OOmmii BBIBOA: H30TOMHOE (pakmmoHmpoBanue Zn (5%°Zn)
OTHOCHTEBHO HEBEIMKO 1O CPABHEHHMIO ¢ Meabio (3%°Cu), B OCHOBHOM M3-3a €r0 OJHOBAIEHTHOTO
noBeneHus. HeGonbime pasnuuns B 3Ha4eHHAX 5°°CU TepBUYHEIX CyTb(UIOB B MITOKBEPKOBOH U
MacCUBHOM Cynab(UIHONW 30HaX MecTopoxaeHus VMS AlekcaHIpHHKA, TOBOPIT 00 HU3MEPHUMBIX

pasITHUMAX B BapHAmMAX 6°°Zn Mexay MepBHYHBIM XaTbKOMMPHTOM H TIEPBHYHBIM C(halepHToM,
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MEePBbIA U3 KOTOPBIX Jierdye npumepHo Ha 0,4 mpoMuiuib. OTa B3aMMOCBSA3b MHTEPIIPETUPYETCSA KaAK
paBHOBECHOE (PPAKITMOHUPOBAHHUE MEXKIY IBYMS (ha3amu.

6.4 PaagnoreHHo-u30TONHAS reOXHUMHUS.

B MecTopoxkaeHusxX LBETHBIX METAUIOB PaJUOT€HHbIE M30TOINbI OrPAHUYMUBAKOTCA U3YYEHUEM
M30TONOB CBUHIIA, B MEPBYI0 OUYEpE]b raJICHUTA, & B IOCJIEAHEE BPEMs - UCCIIEIOBAHUSIMHU PEHUS-
ocmust (Re-Os) paznuuHbix cynbGUAHBIX (as3.

Mectopoxaeansst MVT u SEDEX sBRsitoTCS OCHOBHBIMH MHUPOBBIMH HcTOUHHMKamu Pb. Jlns
STUX JBYX THUIIOB MECTOPOXJCHHUNH ObUIO H3MEPEHO MPOMOPLHOHAIBHO OO0JBIIOE KOJIHYECTBO
cooTHomeHud nzoronoB Pb. Mectopoxxknenuss VMS He SBISIOTCS OCHOBHBIM HCTOYHHUKOM Pb. B
ceBepHoi yactu CeBepoamepukaHckux Kopauiabep M30TONBI CBUHIA B FaJI€HUTE WIM JIPYrod pyze,
conepxamieii Pb u HeznauntensHoe komuuectBO U u Th, CBHIETENBCTBYET O TOM, YTO JUISI POCTa
panuorenHoro Pb ne tpeOyercs nenarh mompaBKy Ha Bo3pacT. CienoBaTenbHO, H30TOMHBIA COCTaB
Pb otpaxkaer riaBHBIM 00pa3oM BO3pACT PYIHOTO MECTOPOXkIeHUA (0oJiee JpeBHUE MECTOPOXKICHUS
coJepkar MeHblle pamuoreHHoro Pb) u, Bo Bropyro ouepens, reoxumuio (otHomenue U/Th)
ucrounuka Pb. W3 3nauenuii n3orona Pb ans 151 mecTtopoxaeHusi, TOIBKO 5 MPOLIEHTOB OTHOCATCS K
mectopoxaeHusiMm VMS (Xemnuep, Poy3bepu, Kys-Pusep [ABcrpanus]; paiion Bepsbe [benbrus];
paifon barepctr, borokenc, bartn-Jleiik [Kanamal]; mosic Ambamxu-Cenapa [Munus]; Kypoko
[flnoHus]), u3 KOTOpPBIX TOJAbKO pailonbl barepctr u Kypoko ObuiM  3HAYUTEIbHBIMU
npousBoguTensaMu Pb.

ITon6opka naHHBIX MO u30TONaM Pb ans CynbpuIOB M3 pazIMUHBIX MECTOpPOXaAeHUuH VMS,

mmokasaua B tabmune 19.
Tabn. 19.

H3oronnelii cocras ceunna (Pb) n30paHHbIX BYJIKAHOTEHHBIX KOJYeJaHHBIX MECTOPOKICHHIA.

Depositdistrict Miineral Age Ph ™ Ph PWPh =FhPh Data source
Tasmania, Australia

Sount Read Cambrian

Roscbery-Heroales Galena = SOR 18.271 Sampster and others ( 2004F)

e Rliver Galena 18.348 Sampster and others { 20040)
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Oco6o0 crnenyer oTMeTuTh cienyromiee: (1) manaple o u3oronaMm Pb ayis oTAenbHBIX paliOHOB,
KaK MpPaBWIO, OJHOPOAHBI, JEMOHCTPUPYS MAKCUMAaJIbHYIO BapUallMI0 OKOJIO 2 TPOLEHTOB; (2)
M30TOITHAS TIOAUCH Pb sSBIIsIeTCS M30TOMHON MOAMKUCHIO MPOTOJIUTA, YTO TMO3BOJISET MPEANOIOKHTD,
4TO JMOO OTACNBbHBIC MPOTOIUTHI HM30TOIMHO TOMOTEHHBI, JIMOO THUIPOTEPMAIbHBIE CHCTEMBI
CIOCOOHBI TOMOTEHU3MPOBATh M30TOIHBIA cocTaB Pb rereporeHHbIX NMPOTONHMTOB; (3) WM3OTOIHBIN
coctaB Pb rajeHWTOBON pynbl HCIONB30BAICA IJII OMPEICIICHUS ABOJIONHMHA CBUHIIOBOW KOPBI
(KpHUBBIE POCTA), U3 YETO CIECAYET, YTO PACCUYNTAHHBINA MOJIEIBHBIN BO3PACT JIOJDKEH OBITh OJHM30K K

BO3pacTy MECTOPOXKICHUH.

7.TEOJIOT'O-TEHETUYECKA A MO/IEJIb.

OObeUHSIONMMHI  XapaKTePUCTHUKAMH  BYJIKAHOTCHHBIX  MAaCCHBHBIX  CYJIb(UIHBIX
MecTOpoXKAeHu sABistoTcs (1) acconmanus ¢ ByJTKaHMYECKUMHU Mopoiamu M (2) MuUHEpamu3auus
TUAPOTEPMAIBHBIMU PAacCTBOPaMH Ha MOPCKOM JIHE WM BOJIM3M HEero. B paHHMX HMccle10BaHUAX 3TH
MECTOPOXKACHHUSI  HA3bIBAIMCh  CTPAaTU(OPMHBIMM,  IUIACTOBBIMM  WJIM  JKCTaJISLMOHHBIMHU.
OTIIOKEHUSAMU. MEeCTOpOXKAeHUS B  BYJIKAaHUYECKUX, OOJIOMOYHBIX OCaJOYHBIX, MOPCKUX
KapOOHATHBIX W MeTaMOpP(PHUUECKUX KOMIUJIEKCaX ObUIM OOBEAMHEHBI. DTO O3HAyYano, YTO BCE
MacCHUBHBIE CYNIb()UIHBIE MECTOPOXICHHS, B TOM YHCIE HAXOMISALIMECS CTPOTO B BYJIKAHHYECKUX
komriekcax (VMS), B cinanueBbix Oacceiinax (SEDEX) u B xap6onatbix Tommax (MVT), Obum
CTPYNIHUPOBAHBl HA OCHOBE HEKOTOPOro OOIIEro CXOJACTBAa (MECTOPOXKICHUS MOJUMETAIIIOB,
MacCUBHbIE  Cydb(QUIHBIE  MECTOPOXKICHMS).  pyd, HHU3KO- M CpeJHeTeMIepaTypHbIX
TUIPOTEPMANIbHBIX MTPOLIECCOB.

OTu paHHHUE NOMBITKU KJIACCU(UKALMN YKa3bIBalOT Ha TO, YTO CYIIECTBYET Oojee MM MEHee
HEMPEPbIBHBIN CIEKTP TUIIOB MACCHUBHBIX CYNb()UIHBIX MECTOPOXKJIEHHH W UYTO KiacCH(UKALUIO
MHOTJa TPYJHO TIIPUMEHATh JAaXK€ CETOAHsS H3-32 CXOJHOIO XapakTepa XapaKTEPUCTHUK
MectopoxaeHuit. KiroueBoe otnuume MectopoxkaeHuid VMS 3akiouaercs B TOM, 4YTO OHH
o0pa3oBaJIUCh KaK MAacCHUBHbIE CYJIb(UIBI MOPCKOTO [HA W3 TUAPOTEPMaJbHBIX (DIIOUIOB,
BBI3BAHHBIX MarMaTH4YeCKUM TEIUIOM. DTOT MPOLECC MUHEPAIU3ALUNA MOKET BKIIIOUaTh KOHBEKIUIO
MOPCKOHM BOJIbl, KOTOpasi MpEeBpaIlacTCs B pe3yibTaTe B3aMMOZECHCTBHS BOJBI M MOPOJBI B CIIETKa
KHCITYyI0 METaJUIOHOCHYIO JKHMJIKOCTh, KOTOpas MOKET COJEep>KaTh 3HAYUTEIbHBI KOMIIOHEHT
MarMaTU4YecKuX JIETyYuX BEIIeCTB. B HEKOTOPBIX MecTaxX BYJIKaHMYECKHE UM MHTPY3UBHBIE TTOPOIbI
IOPUCYTCTBYIOT TOJIBKO B TOJIIE TOJOMIBBI MM HAXOAATCS Ha Mepudepu CyabPUIHOTO
MECTOPOXKICHUSA, U B ITUX CIy4asX HEOOXOJMMO YCTaHOBHTb T'€HETHYECKYIO CBSI3b C IMOMOILBIO
re0JIOTUU U TEOXUMUH.

VMS MecTopoxaeHHs UMEIOT SIBHOE CHUCTEMHOE CXOJICTBO € OCAJ0YHO-IKCTalIILIHOHHBIMU

(SEDEX) oObekTaMu W SIBJISIOTCS TIEPEXOJHbIMUA K HUM. bonbmmHcTBO Mectopoxaenuii SEDEX
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BCTPEYAETCSl B CIIAHIEBBIX OacceilHax ¢ HEOOJbIIMM OOHAXKEHHWEM MarMaTHYeCKUX IOpoJ WIH
BoOOmIe Oe3 HUX. B orTnmmume or GoJbIIMHCTBA (HO HE BCeX) MeCTOpokAeHWH VMS, OHH, Kak
npaBUiIo, OOTraTel LMHKOM, OOBIYHO HMMEIOT IMPHU3HAKK O00pa3oBaHMsA (DIIOWAHBIX BKIIOYCHHH W3
KOHLIGHTPUPOBAaHHBIX  (0acceHOBBIX) pAaccojoB, O0Opa3ylTCs MpPU HU3KHMX U YMEPEHHbIX
temriepatypax (50-200°C) u 0OBIYHO AEMOHCTPUPYIOT JOKAa3aTelbCTBa 0O0pa3oBaHUE Cylb(pUIa U3
MECTHBIX HMCTOYHHUKOB B MeECT€ OTJIOXeHHs (OaKTepHajabHBI Cylb(uI B MOPOBBIX BOJAX WIH
pactBopeHHbli H2S B OeckuciopoaHou cpeje).

Tem He MeHee, HAKAIUIMBAIOTCS CBUJETEIbCTBA O TOM, YTO HEKOTOpPbIE MECTOpOXxaeHus VMS,
0COOEHHO B KHCJIO-KPEMHHUCTO-OOJIOMOYHBIX YCJIOBUSAX, TaKHE€ KaK TACMAHCKUE OTJIOXKEHHs B
ByJKaHax ropel Pun, mecropoxaenust barepcr (Hpio-bpancyuk) m mectopoxnenus Moepuiickoro
nupuToBOTO Mosica B Mcnannu u [lopryranuu, o0pa3oBaBIInecs U3 CONEHBIX KUIAKOCTEH B «COJSTHBIX
JTy’Kax» Ha MOPCKOM JIHE. DTH OTJIOKEHUS] COCTOAT U3 IIACTMHYATHIX MAaCCUBHBIX CYJIb()UIHBIX TEI,
00pa30BaBUIMXCS B pe3yJbTaTe OTIOXKEHHMsS B OOLIMPHBIX MO IUIOIIAAM PACCOJBHBIX OacceiHax,
AQHAJIOTHYHBIX COBPEMEHHBIM OTIOXeHHsM KpacHoro mops (6x14 km, mommuocts 20 M). Maduro-
OKPEMHHCTO-00JIOMOYHBIE OTJIOKEHHS, TAaKHE€ KaK MECTOPOXKICHHs beciim, BEposSTHO, TaKxke
bopMHpYIOTCS M3 IUIOTHBIX 3aJIeXkKel paccojioB, HO B OOJIBLIIMHCTBE MeCTOpoxaeHui becun He
yIaloCh OOHapy)XUTh CBHJETENILCTBA HAIMYUSA JKUAKUX BKJIIOUYEHUH H3-3a 3HAYUTEIBHOMN
noctpyaHoit nepopmanuu. Mecropoxaenne Bunnu-Kparru, bpuranckas KomymOusi, umeet xoporo
COXpaHMBILIMECS JKUJIKOCTHBIE BKJIIOUEHHUS, KOTOPbIE YKa3blBalOT Ha 0Opa3oBaHUE U3 yMEPEHHO
coueHbIx xuakocteit (9—17 mac% sxBuBanenta NaCl), KOTOpble MOTJIM 0Opa30BbIBATh OTPULATEIIHHO
IJIaBY4YHME PACCOIIbl HA MOPCKOM JIHE.

Haxonen, mecropoxaenuss VMS nMe0T HEKOTOPOE CHCTEMHOE CXOZCTBO C SMUTEPMAIbHBIMA
MECTOPOXKACHUSIMU JPAroleHHbIX META/NIOB Xal-CylHJeHIIH B MOPCKUX BYJKaHUYECKUX MOpOJax,
BYJIKAHOT€HHBIMHM MapraHIIeBHIMU MECTOPOXKICHUSMH U JKEJI€3UCThIMU (hopMalusIMu TUIa AJroma.

Otnoxennst VMS CHHreHETWYHBI, CTPaTM(PUUUPOBAHBI M YAaCTHYHO CTPATU(OPMHBI.
MecTopoXKIeHusI COCTOST U3 JBYX YaCTeH: COTJIacCOBAaHHOM MacCHBHOM CynbdumHon muH3bl (>60%
Cynb(PUAHBIX MHHEPAJIOB) W HECOTJAaCHOM KWIHHOW Cynb(PUIHOW MHUHEpaIU3aIluu, OOBIYHO
Ha3bIBAEMON MPOXKUIIKOW WIIM IITOKBEPKOBOM 30HOM, PacHoOjOXKEHHOM B 000JI0YKe M3MEHEHHBIX
NPEArOPHBIX BYJIKAHUYECKUX M/MIHM OCaJOUYHBIX MopoJ (pHc. 34). B HEKOTOPBIX ClIydasx MU3MEHEHBI
TaK)K€ BHCSYME OCAJOYHBbIE WJIM BYJKaHUYECKHE MOpoJsl. Ha HEKOTOpBIX MECTOpPOXKIECHUSIX
cTpatudopMHas KolTuelaHHAs JMH3a OXBAaThIBAE€T BCIO IMPOMBIIUIEHHYIO 3aJIeXb, TOTJa Kak Ha
JPYTUX MECTOPOXKACHUSAX 3HAUMTENIbHBIE KOJIMYECTBA PYJ JOOBIBAIOTCS TaKkKe M3 IITOKBEPKOBOM

30HBEI.
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MASSIVE SULPHIDE LENS

"Exhalite” or &0 S+ PyviCriPosG
o = SPTEY Tsorun
"Tuff unit (10) o Yo ( ¥ S
no \'"\r) D Qry+
\ - 78S B Py+Sp+~Gn

v

sfratification

I
Alteration
Pipe
)

@y -Cu x100
— CutZn

Fracture +

Disseminated Disseminated

fracture mineralization Mineralization (cp,po)
@v.sh) "STOCKWORK"™
or
STRINGER ZONE
Puc. 34: UneanusupoBaHHoe MeCTOPOXKIeHHe VMS, IOKa3bIBAIOIIEE CIIOMCTYIO JIMH3Y MACCHBHBIX CYJIb(HIOB,
NEPEKPHIBAIOLIYIO HECOITIACOBAHHYIO MPOKUIKOBYIO CYIbQHIAHYIO 30HY BHYTPH 000J0YKH M3MEHEHHON MOPOIBL.

(30HANLHOCb YBEMHBIX MEMANI08 0D03HAYEHA YUCIAMU 6 KPYICKAX, NPU JMOM Camble 8bICOKUEe Yuppsbl coomseemcmeyiom boamcmesy meou, a
MeHbulue ucia - 6oavule YUHKY)

OOwenpu3HaHo, 4YTo oOTHoXkeHuss VMS (opMUPYIOTCSI CHHIEHETHYECKH KaK MPOIYKT
TUAPOTEPMAIBHBIX CHUCTEM MOPCKOTO JHA, KOTOpble C(OPMHUPOBAINCH B MPOCTPAHCTBEHHOM,
BPEMCHHOW ¥ TEHETHYECKOW CBS3M C OJIHOBPEMCHHBIM BYJIKAaHU3MOM W/WJIH TUTYTOHH3MOM.
Otnoxenust VMS 00pa3yroTcsi Ha MOPCKOM JIHE U HETIOCPEACTBEHHO TOJ] HUM B pe3yibTaTe BhIOpoca
BBICOKOTEMIIEPATYPHOTO THAPOTEPMANBHOrO (Quiouaa ¢ mpeodiajaHueM MOPCKONM BOJBI, Kak
MOKa3aHO B MOJIENH, MPEACTAaBICHHONW Ha pucyHke 35. Mojenb WIUTIOCTPUPYET IIEeCTh OCHOBHBIX
AJIEMEHTOB, KOTOPBIE CUYUTAIOTCS BAXKHBIMHU 7151 (POPMHUPOBAHMS THIPOTEPMAIBHBIX cucTeM VMS.

1. WcrouHuk Temja, KOTOPBIA HMHOTAA TPOSIBISIETCS B BUJE KPYIHBIX, IOXOXKHX Ha
MOJOKOHHUKH, CHHBYJIKAaHWYECKMX  TrUaOHUCCalbHBIX  HHTPY3UH, KOTOpblE  HHHUIMHPYIOT,
CTUMYJIUPYIOT M TOJACPKUBAIOT JIOJTOXKHUBYILYIO BBICOKOTEMIEPATYPHYIO THAPOTEPMAIbHYIO
CUCTEMY.

2. BricokoTemmiepaTypHasi peakliMOHHAs 30Ha, 00pa3yromascs B pe3yJbTare B3aUMOJCUCTBUS
BBIJICJIUBIICHCSI MOPCKOM BOJbI C BYJKAaHUYECKHMMHM W OCAJOYHBIMHU TONIIaMH. B Xxome »Toro
B3aUMO/ICHCTBUSL METAJUIbI «BBILLEIAUMBAIOTCS» U3 TOPHBIX MOPOI.

3. I'myOOKOBOJHBIE CHHBYJIKAaHMYECKHE Pa3IOMbl, KOHIIEHTPUPYIOIINE MHTAHUE U PA3TPY3Ky
METaJUIOHOCHOTO THIPOTEPMATIBLHOTO (hITIon .

4. 30HBI MOJOMIBEHHBIX M BHUCSYUX HW3MEHEHUH, SIBISIONIMECS MPOJAYKTAaMU B3aUMOJICUCTBUSA
MPUIIOBEPXHOCTHBIX TOJI CO CMECHIO BBICOKOTEMIEPATYPHOTO BOCXOJSIIEIO THAPOTEPMAIBHOTO
¢drouaa U OKpyKaroIeid MOPCKOM BOJIBI.

5. MaccuBHoe cynbpUIHOE MECTOPOXKIECHHUE, 00pa30BaBIIeeCcs] HA MOPCKOM JHE WM BOJIM3H
HEr0 W COJIep)KaHHUE METAUIOB B KOTOPOM OBIJIO YTOYHEHO B PE3YJIbTaTe TOCIEIOBATEIHHBIX

THUAPOTCPMAJIbHBIX SIBIICHUH.
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6. JlucrampHble TPOIYKTHI, B TEPBYIO OUYEPEIb AKCTAJIUTHI, KOTOPHIC MPEACTABISAIOT COOOM

THJIPOTEPMAIIbHBINA BKJIA B (POHOBYIO CEIMMEHTALIUIO.
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Puc. 35: Cxema, WILTIOCTPHPYIOLIAsk B3aUMOCBSA3b MEXKIY CYOBYIKaHHYCCKUMH HHTPY3USMHU, U3MEHEHHSMH T10IBOAHOTO
JIHa, CHHBYJIKAHHYECKUMH Pa3jioMaMy M 00pa3oBaHueM OTIoxeHHH VMS

BaxHo npu3HaTh, 4TO OCHOBHBIE 3J€MEHTHl Moaenu VMS, nokasaHHele Ha pucyHke 35, B
pPa3IMYHOM CTENEeHU JEMCTBYIOT BO BCEX IOABOJHBIX BYJIKAHO-OCAZAOYHBIX THUIPOTEPMATIbHBIX
CUCTEMax, HE3aBUCUMO OT TOrO, coJiep:kaT oHU MecTopokaeHuss VMS unu Her. Takum oGpasom, B
KOHTEKCTE TMJIpOTEepMaIbHOM MOJEIM CIEeIyeT paccMOTpeTh JiBa BaXKHBIX Bompoca: 1) Kakue
9JIEMEHTBl MOJENU  BIMAIOT Ha HPQPEKTUBHOCTb U  JOJITOBEYHOCTb, HEOOXOIUMBIE IS
pynooOpa3yroimei  MOABOJAHONW THUIPOTEPMAIbHOM CHCTEeMBI? W 2) €CThb JIM  DJEMEHTHI,
OTCYTCTBYIOIIIME B TEKYIIEH MOJEN, YbHM BKJIIOYEHHS IMpUBENYT K oOpa3zoBaHuio VMS (Hanpumep,
MarMaTH4YeCKUil BKJIaJ] METAJIJIOB)?

7.1. l'eonnnamuyeckas cpeaa.

Otnoxennst VMS npenMyiiecTBEHHO 0Opa3yroTcsi BO BpeMsl pU(THHra OKEaHMYECKUX U
KOHTUHEHTAJIbHBIX BYJIKAHUUECKHX JIyT, IEPSIHKUX YT U B 3aJyTOBBIX cCpelax pacTsukeHus (puc. 36).

XoTs Ha (pOpMUPOBAaHUE U COXpaHEHHE MeCTOpokAeHu VMS Biusier 00ibIlI0e KOITUYECTBO
(bakTOpOB, YTOHUYEHHE 3EMHOM KOpPbI U pUPTOreHe3 UMEIOT Ba)XKHOE 3HaueHue Juid (GOpMHPOBAHUS
NPOAYKTHUBHOM THAPOTEpPMANbHOM cUcCTeMbl. PacummpeHue M yTOHEHHME KOpBI Hpu pUdTOreHese
pasrepMeTu3upyeT JUTOC(EpHYI0 MAaHTHIO, BO3HHKAIOLIEE B pe3y/ibTaTe IIJIaBICHHE MaHTUU U
CBs3aHHbBIE ¢ pUPTaMU Pa3ioMbl GOKYCHPYIOT MarMaTHYeCKyl0 aKTUBHOCTh Ha PA3IMYHbBIX YPOBHSIX
YTOHEHHOM Kopbl. Maduueckue mMarMbl HakKalUIMBAIOTCS Yy OCHOBaHMS YTOHUEHHON KOpBI U, €CIIH
PUQTUHT SBISETCS JAJIUTEIbHBIM, YAaCTHYHOE IUIaBJICHHE KOpBhl TNPUBOJUT K 0Opa3oBaHUIO
PHOJIMTOBBIX paciiiaBoB. Takoe coueTaHue pacIuiaBOB OCHOBHOM MaHTUHU M KHUCJIOW KOPbI MPUBOJIUT

K THIUYHOMY OMMOJIaIbHOMY BYJIKAHU3MY MHOTHX PU(TOBBIX cpell u cpes VMS.
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Puc. 36: PudTHHT BynKaHHYIECKOH TyTH, MOKAa3bIBAIOMINNA: A) HICTOHYCHHE 36MHOM KOPEI, OITyCKaHUE M MaHTHHHBIN
anBeyunHT; B) BynmkaHm3M u o6pazoBanue MectopoxaeHuii VMS; u C) Bo3Bpat k C:xuMaroIeii IyroBoii cpene u
nedopmanust puTOBOH MOCIEI0BATETHHOCTH.

Takum oOpa3om, paciupeHre 00ecIIeunBaeT JIOKATM30BaHHBI HCTOYHUK TEIlIa, HEOOX O IUMBII
JUTSL CO3JaHWSI W TIOJICPXKAHHS BBICOKOTEMIICPATYPHOH THUIPOTEPMAIbHOW CUCTEMBI, H WMEHHO
rIyOOKass MEXKIUIACTOBasl CTPYKTYPHas IPOHUIIAEMOCTh, oOecrieunBaeMas pa3jioMaMu, BOSHUKIITHMHU
U PEaKTUBHPOBAHHBIMH BO Bpems pudToreHesa, obecreunBaeT 3PPEeKTUBHYIO THAPOTEPMAIBHYIO
UPKYJSIUI0 U PasTpy3Ky; BCE OHH SIBISIOTCA (yHIAaMEHTAIBHBIMH JJIEMEHTaMU TPOAYKTHBHON
ruaporepmanbHoit cuctembl VMS. Kinaccudukarus paitonst VMS (He MeCTOpOXKIEHNI) 1 OCHOBaHA
Ha BCeH BYJKaHO-0Ca0YHOM accommaruu (Tadm. 20).

Kpome Ttoro, mpeamonaratorcs cyOBYIKaHMYECKHE MHTPY3MHM - UCTOYHUKU TEIUIa, KOTOPBIE
WHUITUHPOBAIH U TIOJIJICPKUBATTN 00pa30BaHNE KOHBEKTHBHOW THAPOTEPMATBHON CHCTEMBI, KOTOPAS
TaKk)Ke IMOCTaBIIa METALUIBI B PYyA000pasyromnlyo TuapoTepManbHyo cuctemy VMS. Onnako
HEJaBHHE TE€OXMMHUYECKHE M TE€OXPOHOJOTHYECKHE HCCIIECOBaHMs TMOKAa3bIBAIOT, YTO Haubolee
o0bemMHBIE (a3bl CyOBYJIKAaHMYECKMX HMHTPY3HMM ObUIM BHEAPEHBI MO3KE, YeM CBSI3aHHBIE C HUMH
otnoxkenuss VMS u cBsi3aHHBIE C HUMH OCHOBHBIC M KHCJIBbIC BYJIKAHUTHL. BO3HHUKHOBEHHE ITHX
MHOTO(a3HbIX CYOBYJIKAHHUECKAX HHTPY3MH YKa3bIBaeT HA HAIMYHUE JTOJTOXUBYIIUX TEPMaTbHBIX
KOPHJIOPOB, B KOTOPBIX TMOBTOPSIOMIMKACSA BYIKAHHW3M, CBSI3aHHBIM C pUPTaMH, U UHTPY3UBHAs
AKTUBHOCTH CO3JIAI0T Moaxosmiue ycnosus ans VMS.

KiroueBoit XapakTepuCTUKOW MOJIEIN SIBIISIETCS Pa3HOOOPA3HBIM CHEKTP BYJIKAHOTECHHO-

0CaJIOYHBIX Cpejl, OmaronpusaTHeIX i popmupoBanus VMS. (puc. 37a—).
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Tabn. 20:

Tunsl MecTopo:xkaenuii VMS, dpanuu, XuMuuecKHe KOMILIEKChI 1 TEKTOHMYeCKHe YCI0BHUS

LOTI = nuskomumanucmeiti 6azanrem, MORB = 6azanem Cpedunno-oxeanuueckoeo xpeoma, EMORB = obozaujennbiii

MORB, BABB -baszanem bacceiina Back Arc, OIB- bazanem ocmposa Oywien, HFSE-31emenmoi ¢ 6b1cokot
HANPANCEHHOCIBIO NOJIAL.

Type Typical Fadies Petrochemical Tecionic Seiting {Inferred Tor | Examples
Assemblages Archean examples)
Malic Dominantly mafic flows and, ¥ MDTIB:- L O TI -boninsie | Mature imtra-oceanic backarcs Sol.thnk.Emin
felsic MNowsidomes. Malfic sills amd | basalis Ceniral Newloundland, Cansda
dikes common, minor angillile and Troodos, Cyprus
cherl {Ophialie assemblapes) Semail, Owmian
Pontides, Turkey and Albama
Pelitic-malic Mahc !ﬁl. subordinale Mows with | MORB, EMORE hasalis, Sedimented mid-ocean ridges, &l&m.ﬁlﬁlmﬂ
argillite, carbonaceows  argillite | Alkaline basaly (O1B) transfosms of hackarcs Labrador Trough, Windy Craggy. Canada
subequal or dominand, minor chert Madd and South Urals, Russaa
and irace to shsent felsic volcanic Besshi district, Japan
[F
“Bimodal-mafic | Do Iy mahic flows with up 1o | MORE . LOTI, BABB | Rifted occamic arcs Abitibi, East Slave, Flin Flom, Canada
25%  febic  Mowsdomes  and | bondniie, icelandite Mid and sowh Ursls, Russia and
subordinate felsic/mafic | (lessercale-alkalic and Kazakhsian
volcamiclasiic rocks amd lermgenows | island ase tholeiites) Tambs Grasde. Peru
sedimentary rocks {wackes, | FII {FIV) == Fll rhyolies Zacalecas, Mexico
argillites)
Eimodal-felsic | Felsic Nows'domes. volcamclastic | MORB. OIB-Alkalic hasahl | Coatnental margmn  arcs  and | Western Slave. Fnlayson Lake. and
rocks dominang with 10-40 mafic | FlI {«=FII) riyolites | related backsncs Dhnnage Fone, Myra Falls, Eskay Creek,
Mows and sills and <10 terrigenoas | (HFSE-enriched) Canada
sodiments {wackes, argillites). Some Skellefie and Bergslagen, Sweden
portions of  succession  may  be Mount Read Volcanics, Tasmania
subaerial or shallow waler. Pontides, Turkey
Hokuroko, Japan
“Siliciclastic- Siliciclastic rocks up 1o 75 %, felsic | MOR B, O1B -Alkaline | Mature cpicontinenial backarc Murchison, W. Australia
Telsic volcamic Lstic rocks with | basal Rudny Alai, Karakhsian amd Russia
swhordinate flows'domes  with | FlI {«<=FIL) rhyolites Iherizn Pyrite Belt, Spain and Porsgal
<10% malfic fMows amd sills and | (HFSE-enriched) Jibeln amd Guemessa, Morocco
mansw Fe- and Mn-rich sedimentary Bathurst, Canada
rocks (iropformation). Some Campo Morado, Mexico
portions of succession may  be
subacrial of shallow waler.
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Puc. 37 a Pa3pe3 6umonanbHo-ocHOBHBIX oTioxeHuid Kunn Kpuk u [Torrep; B Paspesst Hopanackoii kanbaepsl,
BMeIaroniei Mmecropoxkaeane XopH; ¢ Ctpaturpapudeckuit pazpe3 Anrae-CasHCKOTO OpOreHa, OCHOBHBIE KPEMHHUCTO-
kucnbie otnokernst VMS; d Paspesst otiokenuit VMS B paitonax [llemnedre u BepremareH, ByIKaHOKIACTHIECKHE
¢arn; f Paspes paiiona bareper n MGepuiickoro MUpUTOBOTO MOSICa, KPEMHHUCTO-KHCITBIE TIOCIEI0BATEIBHOCTH.

B Hacrosee BpemMs NPU3HAHO, YTO MHOTHE OTJIOKEHHA VMS 4YaCTMYHO WIH IOJHOCTBIO
(GopMHpPYIOTCSL TIOJT MOPCKUM JHOM B PBIXJIBIX OCAQJIOYHBIX U BYJIKAHOKJIACTHYECKHX JUTO(AIHAX B
pe3yabpTaTte MpOIEecCOB MHOMIBTPALMU W OCAKACHUS CYIb(UIHBIX MHUHEPAJIOB BHYTPH MOPOBOTO
IIPOCTPAHCTBA.

VMS BcTpeuaroTcss B OJIM3KEPIOBOM 30HE BYJIKAaHUYECKUX LEHTPOB. OTHU IMPOKCHUMAaJIbHBIE
o0JlacTH PACHO3HAIOTCA M ONPEACISIOTCS 10 HAJIWYMIO KHCIBIX IIOTOKOB, KYIOJIOB W/HIH

KPHIITOKYIIOJIOB W/WIA CKOIUIEHHH OCHOBHBIX M KHCIIBIX CHUHBYJIKaHUYCCKHUX HAacCK W/MJIM CUILIIOB

(puc. 38);
Cryptodome-hyaloclastite-tuf! cona model
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Puc. 38: PacrionoxxeHne MacCHUBHBIX CYIb(OUAHBIX JHH3 B TPOKCUMAIBHOM BYJKaHHYECKOM IIEHTPE, OTMEYEHHOM
KPHIITOKYTIOJbHO-THAJIOKIACTUTO-TY(POBBIMHU KOHYCHBIMH ByJikaHamu, okpyr lllemnedre, [IIBenns.

OTa OpOCTpPaHCTBEHHAss W BpPEMEHHasl CBSI3b MEXAY NIPOKCUMAaJIbHBIMU BYJIKAaHUYECKHUMHU
HeHTpaMHu U oTioxkeHusMu VMS oTpaxaer iexamuii B UX OCHOBE CTPYKTYpPHBIH KOHTPOJb, TJIE
pasznoMbl (TPEIIMHBI), KOTOpBIC SIBISIOTCS KaHATaMHU s TOABbEMa MarMbl, OOBIYHO SIBIISIFOTCS

KaHaJIaMU U BOCXOAAIIETO THAPOTCPMAIIBHOTO (bJ'IIOI/II[a.
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B wmacmrabe wmectopoxaeHuss VMS 00BIYHO BCTpeyaroTcs B Mpenenax 0acCcelHOB,
OTPaHUYEHHBIX PA3JIOMAMU - BIAJUH WK TPaOCHOB, ONPEACISIeMbIX PE3KUMU U3MEHEHUSAMHE (alluid,
TaKUMH KaK IOSBJICHHE MOIIHOTO IMOTOKA BYJIKAHOKIACTHYECKHX ¢aruii. B macmradbe necsiTkoB
KUJIOMETPOB HeOoJbIIne OacceiiHbl MaciiTaba MECTOPOKICHUS SIBISIOTCS 4acTbio 0oJiee KPYIMHBIX
puGdTOBBIX OacceHOB WM BYJIKAHO-TEKTOHUYECKUX BHAJAMH (KOTJIOB), KOTOpPbIE MOTYT BKIIIOYaTh

Kasbaepsl (puc. 39).

Puc. 39: T'eonornueckuii mnaH u pa3pe3 ByJIKaHHUSCKOro KoMiuiekca koria Hopanna.

VMS B mpenenax paiioHa pacnpefessitoTcss MO OJHOMY WM JBYM CTpaTturpapuueckux

untepBanam (puc. 40).
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Puc. 40: VMS B xotne Hopanaa - pacnosioskeHue Ha JBYX OCHOBHBIX SKCTaJIITUBHBIX TOPU3OHTAX.
Pernonanpabie momykoHGOPMHBIC 30HBI M3MEHEHUM TPOCTUPAIOTCA Ha JCCATKH KUIJIOMETPOB
BHM3 OT TAJEOMOPCKOTO JHA JO CyOBYJIKaHMYeCKUX WHTpYy3ui. OHU TpeACTaBICHBI
MHUHCPAIOTUYCCKUMHU, COCTABHBIMU 30HAJIBHOCTSMU, KOTOPBIC B TOJIIAX, BMCIIAOIINUX 6331/ITOBBIX,
[IEIUTOBO-0a3UTOBLIX H 6PIMOI[EUILHO'6331/ITOBBIX OTHO)KCHHﬁ, noApa3ACIIIFOTCA Ha BCPXHIOKO
(nMareHeTUKOo-11€0JUTOBBIC, KapOOHATHBIC, CIUJIUTOBBIE) W HIKHIOK  (3MHIOT-KBapPICBBIC)

IMMOJIyCOTJIaCHBIC 30HBI. B ocHOBHBIX BYJIKAHHYCCKUX (baHI/ISIX OIHUAOT-KBApPUECBLIC H3MCHCHUA
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UHTEPIPETUPYIOTCA KaK YaCTHYHO IPEJCTABISIONIME BBICOKOTEMIEPATYPHYIO PEaKLIHUOHHYIO 30HY,
KOTOpas Morjla 00ecreunTh MEeTaJUlbl JUIs pynooOpasyromux (iaronnoB. B meramopdu3oBaHHBIX
TeppeiiHax 30HaJIbHOCTh U3MEHEHNH MUHEPAJIOTUYECKH YCHUIIMBAETCA 3a CUET Pa3BUTHUS XapaKTEPHbIX
KPYIHO3EPHHUCTBIX METaMOP(PUUECKUX KOMIUIEKCOB.

Pacnipoctpanenue 1 pa3BUTHE HOTYCOIVIACHBIX U3MEHEHUI MUHEPAIbHBIX KOMIUIEKCOB OTYaCTH
CBSI3aHO C TIEPBUYHON MPOHUIIAEMOCTHIO BMEMIAIOMIMX JUTO(anui, HAmpuMep, TaKuX Kak
MHHJIQJICBUIHBIC 30HBI, BJIOJb KOHTaKTOB IOTOKOB (IIOTOKOBBIE OpPEKYMU U CHUHBYJIKAHHYECKHE
pasznombl). B tonmax, rae mpeobnagarT BYJIKaHOKIACTUYECKHE M KPEMHHCTBIC OCal0YHbIC (aliH,
THJIPOTEpMaAlIbHBIE KOMILUIEKChl M3MEHEHUH 0oJiee paclpoCTpaHEHbl M BCTPEYAlOTCd B BUJE
MaTPUYHOTO LIEMEHTA U 3aMELICHUsI OOTaThIX CTEKJIOM OOJIOMKOB.

OTiMuuTeNIbHbIE MUHEPAJIOTUYECKUE, U30TOMHBIE U3MEHEHHS COCTaBa BCEW MOPOJIbI CBSI3aHBI C
U3MEHEHHEM TIOJIOIIBEHHBIX M BHUCAYMX CTEHOK. OTH 30HbI H3MEHEHMH 00pa30BaHbI
B3aUMOJICHICTBUEM  BOCXOJSIIErO  BBICOKOTEMIEPATYPHOTO  THAPOTEpPMalbHOrO  (Quitouja,
OKpYKaroIled MOPCKOW BOJIBI M WX CMECed ¢ IUIacTaMH JIeKAa4ero W BHCSYEro OOpTOB,

HEMOCPEICTBEHHO MPHJICTAIOIUMHU K MecTopokaeHuo VMS (puc. 41).

Limit of thallium halo
Mn halo of carbonate increases

Rock Units Alteration Zones
."-w-"\*nw .uummmm
= sedimaniy laci
.hmﬂm Chiorie o [chkocie savcte-pyia) ssEesEnmae
- g S/Na,0 increases
[ ot [ oot o s i e " decreases CCPI increases
Footal wleai o 77 i pome fuerichi-carbonit chinle-pyite)
l‘hm"m . Limit of Na depletion ﬂ Al increases

a.

Puc. 41 a) Pactipenenienrie HECOTJIACHBIX 30H N3MEHEHHH TIOJOMIBBI M BUCSYEH CTCHKH; M 0) TEOXUMHUYECKHE U
N30TOITHBIE XapAKTEPUCTUKHU 30H U3MEHEHHH JIe)KaunX M BUCSYMX CTEHOK 110 MEpE YAAICHHS OT MACCHBHBIX CYIb(HUIOB.

«3oHaIBHOE paUHUPOBAHUE» — O3TO TPOIECC, B pe3ysbTaTe KOTOPOTO JIOCTHTAETCS
CoJlep)KaHHWe M KOHIICHTpAIUsl METasIoB, HeoOXoauMBbIe Al 00pa3oBaHUS MecTOpokaeHus. OHO
pa3BUBaeTCs M3-3a OOJIBIIOTO TEMIEPAaTypHOTO TPAIAMEHTA: OT TOPSAYEro y OCHOBaHUSA K Oolee
MPOXJIJTHOMY HaBEpPXYy BHYTPH pacTyiied cynbGuIHON JMH3BL. BBICOKOTEMITEpaTypHbBIE KUIKOCTH,
MOTNAJAr0NTNe B OCHOBAHUE JIMH3BI, TIOCTENIEHHO OTKJIAIBIBAIOT MEIh BHYTPM OCHOBAHHS M BHYTPH
JUH3BI, TIOBTOPHO pacTBOpsitoT Zn, Pb (+/-Au) m mepeMemaroT WX HapyXy, YTO TMPUBOJIUT K
KoHIeHTpanuu Zn, Pb u Au BBepxy. nuH3bL. 30HANbHOE padUHUPOBAHHE MOXKET OTPAXKATh
W3MEHEHHE TeMIIepaTypbl U COCTaBa TUAPOTEPMANBHOTO (UIIOMIAa CO BpEMEHEM H3-32 CMEHBI
WCTOYHHMKA (DITFOMIa WM MEHBIIETO0 B3aUMOJEHCTBUSI C 0Oojee XOJIOIHONM MOPCKOW BOIOW H3-3a

MIPOLIECCOB CaMOYIUIOTHeHHUs. Emy OnaronpusiTcTByeT MJOJT0XKHMBYIIAs BBICOKOTEMIIEpaTypHast
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TUApOTEpMANIbHAS CHCTEMA - OHA XapakTepHa i OoraThlX MeTajulaMu MecTopokaeHuil. OnHako B
OTKPBITBIX THUAPOTEPMATBHBIX CHUCTEMaX, JIJS KOTOPBIX XapaKTepHbl BEHTHIIALMOHHBIC CHCTEMBI
«UYEPHOTO KYpPWIBIIHKA», 3a)UKCUPOBAHHBIE HA COBPEMEHHOM MOPCKOM JIHE, MOTYT MPHUBECTH K
MOYTH TOJHOMY YJAJICHHUIO I[BETHBIX M JPAroleHHBIX METAJUIOB, OCTaBIsAsA IOcie ceds Hachlllb
NUPUTOBBIX CyIbGuA0B. Kil0OueBbIM HHIUKATOPOM JOJTOXKHUBYIIEH THUIPOTEPMAIbHOU CHUCTEMBI
SIBIISIETCS. TIPOJODKEHNE KOMIUIEKCOB THAPOTEPMATBHBIX H3MEHEHHH Y MOJHOXKbS B BHCSUEE KPBLIO
0JIarONPUATHOTO CTPATUTPA(YUUECKOTO HHTEPBAIA WU TOPU30HTA.

7.2 ICTOYHUKH METAJIIOB H COMYTCTBYIOIIUX 3JIEMEHTOB.

HccnenoBanus renesuca pya B MECTOPOXACHUSIX VMS M COBPEMEHHBIX aHAIOTax MOPCKHX
MECTOPOXKACHUI B TeueHHe mocieanux 30 JeT ObUTM COCpPEelNOTOYEHBI B OCHOBHOM Ha MOJIENSIX
B3aMMOJICHCTBHSI BOABI M TOPHBIX MOPOJ, MPU ITOM NPSIMOMY MarMaTHYeCKOMY BKJIQJy OOBIYHO
OTBOJUTCS  BTOPOCTENEHHAs WM  HE3HAYWTeNIbHAas. OKCIEpUMEHTAIbHbIE  HCCIEIOBaHUS
B3aMMOJICHCTBHUS 0a3anbTa W MOPCKOM BOABI MpH Temmeparypax Ao 425°C mokazand, 4TO
B3aMMOJICHCTBHE BoOJa/mopojsa 0e3 MPUCYTCTBUS MarMaTu4ecKuX JIETYYMX BEIICCTB MOXKET
OOBSICHUTH TIOJHBINA CIIEKTP HAOJIFOIaEMBIX COJICPKAHUN METaNIOB B THAPOTEPMATBHBIX JKEPIIOBBIX
KUJKOCTAX, KOTOpbIE ObUIN MPOaHATU3UPOBAHEI ¢ cepeArHbl 1990-X IT. B OKeaHMYeCKHX XpeoTax.

OpHako XOpOIIO U3BECTHO, YTO B pe3y/bTaTe MarMaTU4YecKoW Jerasaliud B KOHBEKTHBHBIC
ruporepMaiibHbie cucteMbl gooasisirorest He, CO2, CH4 u HoS mimn SO2. Hexotopslie ucciieqoBanus
MOCJICIOBATEIPHO OTCTAaMBAIOT BAXHYIO, BO3MOXHO, PEIIAIONIYI0 pPOJIb TIOCTAaBOK METAJIOB
MarmMaTU4ecKUMU KUAKOCTAMU. B yacTHOCTH, B OacceitHe MaHyc coCTaBbl METAITUYECKUX OCAIKOB,
oOHapyXEHHBIX B MY3bIPbKaX pacIulaBa BKJIIOYEHHUS U MAaTPUYHOE CTEKJIO MOCTETIEHHO H3MEHSIOTCS
ot Ni + Cu + Zn + Fe B 0a3anprax u ange3udasanpTax 10 Cu + Zn + Fe B anaesurax, 1o Cu + Fe B
nanurax, 1o Fe B puogamurax u g0 Fe + Zn (+ Pb?) B puonute. JlononHuTENbHBIE TOKA3aTEIHCTBA
Ha OCHOBE KCIIEPUMEHTANbHBIX HCCIeNoBaHUM U ma3zepHoro aHanmuza ICP-MS oraenbHbIX GoraThix
napoMm XKUAKUX BKIOUeHuU - Cu u Au BMecTe ¢ As U Sb IpenMyIIeCTBEHHO KOHIIEHTPUPYIOTCS B
MarMaTU4ecKuX Tapax B KOHIEHTPAIUAX, KOTOPbIE HAMHOIO BBIIIEC. Y€M B PaccojiaX C BBICOKUM
conepxkanueM Cl. Otu HaOmOIEHHUS B COYETAHWU C HCCICJAOBAHHMSAMH, KOTOPBIE TOKA3bIBAIOT
oboramenne Cu, Au, As u Sb B MAaCCUBHBIX CyIb()UIHBIX OTIOKEHUSIX MOPCKOTO JTHA B PUOJIUTOBBIX
¥ PUOJAIMTOBBIX 0OCTAHOBKAX B BOCTOYHOM YacTu OacceiitHa MaHyc O3BOJISIOT MPEANOI0KUTH, YTO
UMITYJIBCHI MarMaTHYECKHX JKUJIKOCTEH, WH)KCKTHPOBAHHBIC B KOHBEKTHBHBIC CHUCTEMBI MOPCKOM
BOJIBI, MOT'YT OBITh BaXXHBIMH WCTOYHHKAMH METAJNIOB B KHCJBIX CpelaxX, U YTO B3aWMOJICHCTBHE
BOJA/IOpPOJIa MOXET JOMHUHHUPOBATh B TIOCTaBKax METAIOB B Ma(UUYECKUX  YCIOBHUSX.
AnbpTepHAaTUBHAS TOYKA 3PEHHS COCTOUT B TOM, YTO MarMaTHYECKHUE KHJIKOCTH, OOTaThie JeTYUHUMHU
BEIECTBAMH, TOOABJISIOT KHCIOTY B KOHBEKTUBHBIE THIPOTEPMATIBHBIC CHCTEMBI, U 00pa3yroIuecs B

pe3ynbTaTe OueHb KHUCIbie )XuAKocTH (pH <1) cmocoOHBI BRITIEIAYNBATh TOMOJTHUTEIIBHBIC METAJLIHI.
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Hcmounuku nueanoos, yuacmsyowux 6 mpaHcnopme KOMNROHEeHmos pyobi.

OCHOBHBIM aHMOHOM MOpPCKOW BOJbI siBisieTcst Cl ¢ yTMBUTEIBHO MOCTOSHHON KOHIEHTpaIUen
543 mM/n wim 19 277 mr/n. CreayromuM 1o BaXHOCTH aHUOHOM sBisieTcss SO4 ¢ KOHLEHTpaIHen
2600 mr/nm wam 27 mM/n, 3a HuM cieaytot HCO3 (140 mr/m), Br (65 mr/im) u H3BO4 (24 mr/mn). 3Hanus
o conepkannu Cl B mronmax, yuactByromux B (GopmupoBaHuu otioxkeHuii VMS, mosydeHsl Ha
OCHOBE M3Yy4eHHUS (UIIOMIHBIX BKIIIOYCHHH M MPSMOTO OTOOpa MpoO aKTUBHBIX THAPOTEPMATBbHBIX
CHCTEM Ha COBPEMEHHOM MOPCKOM JHe. JKuakue BKIIOUEHHs U3 OOJBIINHCTBA IPEBHUX OTIIOKCHUN
VMS umerot xkonnentpauuto Cl, 6iuskyro k konuentpauuu Cl B mopckoit Boge (3—6 mac.% NaCl),
HO MHOTHE M3 HHMX HMEIOT ropasjo Ooisiee Bbicokoe cojaepxkanue Cl. MccnemoBaHusi aKTUBHBIX
CUCTEM II0Ka3aJld, YTO OCHOBHOM NPUYMHON H3MEHEHHUS COJEHOCTH Ha CPEIMHHO-OKEAHMUYECKHX
xpebTax sBisieTcst (pa3oBoe pa3aeneHne Ha HU3KO- U BBICOKOXJIOpUAHbIE (ionanbie Gas3pl. 3HaueHUs
XJIOpa B OTOOPAHHBIX KEPJOBBIX JKUIKOCTSIX HWMEIOTS MEHBIIWI Juana3oH, YeM B JKHIKOCTHBIX
BKioueHussx VMS: ot 10 mo 200 mpouenToB 3HaueHuid mopckoit Bomsl (0,3—7% wmacc. NaCl).
Bacceitnbl ¢ pacconom KpacHoro Mopsi mpeacTaBisitoT cOOOW YHUKaIbHBIN COBPEMEHHBIN Clydau,
KOIJla KOHBEKTHMBHAs MOpCKas BOJA BCTYHNAeT B PEAKIHUI0 C MOJ3EMHBIMH HCHAPSEMbIMU
MUHEpajJaMH, B pe3ysbTare yero coaep:kanue Cl mpumepHo B 8 pa3 mpeBbIIaeT CoAepKaHue XIopa B
Mopckoi Boze (25 mac% NaCl), uto 6mu3ko k Hacklimenuto NaCl.

CepoBomopoi—eiiie OJIUH AHWOH, KOTOPBIN MOXKET OBITh BA)KHBIM
METaJIJIOKOMITJIEKCOO0pa30BaTeieM, y4acTBYs B TAKUX peaKLusiX, Kak:

Au(s)+H2S(Bomn)=AuHS(Boan)+0,5H2(r) wau Cu* +2HS- =Cu(HS)>..

CepoB0oJIOpOJT MOKET MOCTYIAaTh B LUPKYIUPYIOIIKE MHMAPOTEpPMANIbHBIE KUAKOCTH myTeM (1)
TUAPOTEPMAIBHOTO WM OaKTEpHabHOTO BOCCTAHOBIIEHUS Cyib(paTa MOPCKOH BOJbI, (2) peaxiuii
TU/IPOJIN3A C BYJIKAHMYECKUM CTEKJIOM WU Cyab(UIHBIMU (pa3amMu BO BMEIIAIOUIUX MopoAax win (3)
OpSAMOM MHBEKIIUM MarMaTUYeCcKHUX JEeTyuyuX BemecTB. JIMoKkcu cepbl HeCTaOMIIEH B BOAHBIX Cpeaax
u pucnporniopunonupyet ¢ SO4 u HoS nnm ¢ SO4 m caMopogHOM cEpoi IO CIENYIOIHUM PEAKIUAM:

4S0;(r)+4H20(BonH)=H2S(Boan)+3H2S04(BoH)3SO2(r)+2H20 (Boan)=S(TB)+2H2SO4(Bo1H)

Taxum oOpazom, peakuu AucIponopunoHrpoBanus SO2 TakKe BHOCAT 3HAUUTEIbHBIN BKIIA] B
MOBBIIIIEHNE KHUCIOTHOCTH THAPOTEPMANIBHBIX (IIFOUIOB.

Hcmounuxu ¢pniouoos, yuacmeyowux 6 mpancnopme pyoHbiX KOMHOHEHMOS.

[Tonapnsitoiee OONBIIMHCTBO XMMHUYECKUX U U30TOIMHBIX HCCIEAOBAHUN cocTaBa (IIIOHIOB B
COBPEMEHHBIX W JpPeBHUX MecTopoxkmeHusx VMS moka3eiBaoT, 4TO0 MOpCKas BOJa SIBISETCS
JOMMHHPYIOIEH MUHEPATU3YIOIIEH KUAKOCThIO. L{MpKyIsaLus MOpCKON BOABI B OTIOXKEHUAX VMS
o0ycioBiIeHa MarmMaTuyeckuMm TeruioM. llomydaromiasicss B pe3ysibTaTe KOHBEKI[MOHHAs CHUCTEMa

MMPONU3BOAUT MOPCKYHO BOAY C HU3MCHCHHBIM COCTAaBOM B pPE3YIIbTATC peaKHI/Iﬁ C BMCIIArOUIMMHU



143
MopoJlaMu W TeMmmepaTypbl Kujakoctd mpumepHo n0 400°C B 30He moabemMa M B  MECTE
TUAPOTEPMAIIBHOIO UICTOYHHMKA HA MOPCKOM JHE.

JpyruMy noTeHIMAIbHO BaXXHBIMU YYaCTHUKaMM IIPOLEcca TPAHCIIOPTUPOBKH PYAbI SIBISIFOTCS
MarmMaTH4yeckass BOJa M CBsi3aHHble ¢ Hel JeTyuue BeniecTBa. OOBIYHO MarmMaTU4ecKHe TIasbl
comepxar okojio 90 monpHbIX mporeHToB H2O, 5-10 monpnbiX mpomeHToB CO2, 1-2 MONBHBIX
MPOILIEHTA CEPOCOCPKAIIMNX YacTull, TakuxX Kak SOz u (unmn) HoS, n Mensimme konmnyectsa Ho, HC1 n
HF. HCI sBnsercss 0cOOEHHO Ba)XKHBIM MarMaTHYECKHM JIETYYHM BEIIECTBOM B OCTPOBOIYKHBIX U
3aJ]yrOBBIX YCJIOBUSX. Bce 3Tu BuabI ra3oB MOryT HampsMyro aOcopOMpOBaThCS B KOHBEKTHUBHBIC
THJIPOTEpPMAJIbHBIE CHCTEMbl MOPCKOW BOJIbl, a CYLIECTBEHHOE J00aBICHME MarMaTH4ecKoro
KOMITOHEHTa puBeeT K pazbasnenuto Cl 3a cuer nodasnenus H20, CO2, S u F u cumxenuto pH.

Marmarnyeckass >KMJIKOCTb MOXET COJAEp)KaTh 3HAUUTENbHbIE KOJUYECTBA KOMIIOHEHTOB
yriiepojia U Cepbl, a TaKXKe MOTEHIHAIbHO 3HaUUTENbHbIE METANINYEeCKHe KOMIOHEHThl. HekoTopsie
KHUJIKOCTHBIE BKJIIOUEHHS] M SKCIIEPUMEHTAJbHBIC JIaHHBIE YKa3bIBalOT HA TO, YTO MarMaTH4ecKue
napbl MOTYT HECTH HCKIIIOYUTENIBHO BBICOKOE COJAEpKAHME METAJUIOB, YTO IOBBIIIAET BEPOSTHOCTH
TOTO, YTO KPAaTKOBPEMEHHBI MarMaTHYeCKHi HMITYJIbC C OrpaHHYCHHBIM O00BEMOM MOXKET OBITH
OUYECHb BAXKHBIM JUIsl 00€CIICUeHHUs] METAJIJIOB B CHCTEME.

MarmaTuueckasi Bofa U3 pas3InyHbIX MarMaTuueckux cpeq umeet oD ot -40 g0 -80 mpomMmiuib 1
3180 oT 6 10 8 mMpOMMIIE, M 3TH 3HAYEHMS MOTYT OBITh IIPHMeHeHsI kK cucteMam MOR. Jlyropas u
3alyroBasi CHCTEMbl HECKOJIBKO pAa3JIMYyaloTCs H3-3a BOJbI, OOpasyroleics B pe3yJbTaTe
00€3BO’KMBaHUS ONyCKAIOLIEHcs IUINThI; MarMaTMYeCKUe BOJbI, CBA3aHHBIE C JIYTOW, MO OLIEHKaM,
uMmeroT 3HaueHuss OD oxonmo -25 mpommiiab. Takum oOpa3oM, Jake HeOOJbLIME BKJIAJbl
MarmMaTU4ecKoi BOJbI JOKHBI OTJIMYATHCS OTPULIATEIbHBIMU 3HAYeHUSIMU 0D B ruipoTepManbHbIX
dmrouax.

OOHapy)XeHHBIE JKEpJIOBbIe KUJIKOCTU U3 oOnacTh m3BepkeHus ByakaHa MOR 1991 roapa co
3HayeHusMu OD Bcero numpb -2 Ha MWI. OTH 3HAY€HMsI, KOTOpBIE SBISIOTCS €AMHCTBEHHBIMH
OTpULIATENIbHBIMU 3HaueHUsAMHU 0D, oOHapyKEHHBIMU JIJIS )KEPIIOBBIX KHUAKocTel ¢ yuacTtkoB MOR,
MOTYT OBITh PE3yJAbTATOM JINOO HEOOJIBIIOr0 KOMIIOHEHTAa MarMaTHU4ecKoil BOAbI, TM00 OTKPHITOrO
CHUCTeMHOro u300apHoro mpouecca (asoBoro paszzaeneHus. KoHBeKIMs MOPCKOW BOABI — 3TO
IIPOLIECC, KOTOPBIM OXJIAXkKIAaeT OCEBbIE MArMaTUYECKHE OYard M U3BJIEKAET TEIUIO U3 OKEAaHMYECKOMN
KOpbl. Mopckasi Bojla HE MOXKET MOracuTh Marmy, He HCHbITaB paszjaeneHus ¢as. Marmaruyeckoe
CMEIIEHUE BOJ| BMECTE C peakuusMu (roua-0a3anbT, CABUTAIOIIUMHU 3B0OH,0 B CTOpOHY Oomee
BBICOKMX 3HAYeHUH, OOBSACHSIET M30TOMHYIO CUCTEMATHKY *kepil, obenHeHHbIX D. OnHako 6a3anbTel
cpeanHHO-oKeaHnueckux xpedTtoB (MORB) wuMeroT TeHAeHIMIO OBITh JOBOJIBHO «CYXUMH» H
coziepkath Juib okojio 0,2% BoAbI; MCCIeA0BaHUS raBaiiCKUX CTEKOJ MOKa3ajid, YTO OHM HUKOI/a

HE JIOCTUTaIOT HACBHIIMIEHUS BOJOH MpH ITyOMHAX M3BEP:KEHUs O0Jee HECKOJIIbKMX COTE€H METpoB. To



144

€CTh MOpPCKHE WM 0a3aJbTOBBIEC JIaBbl HE BBIICISAIOT BOJY Ha INyOMHax OoJjiee HECKOJIbKUX COTEH
METPOB, MPOCTO «3amep3asi» ¢ oOpa3zoBaHueM crekiia. OIHAKO MOJIHAs KpUCTaIH3alus 0a3aibTOBON
naitku MOR, conepskariei Toibko 0e3BoHbIE (ha3bl, MOTJIAa IPUBECTH K BBIICICHUIO MAarMaTUYECKOM
Bo/bl. TakuM 00pazoM, oTpHllaTeIbHbIe 3HaYEHUS 0D He ABISAIOTCA YOS TUTEIBHBIM J10Ka3aTeIbCTBOM
MarmMaTU4eckoro CyIIeCTBOBAaHUS BOJbl B KOHBEKTHBHO-BEHTWJISLIMOHHOW CHUCTeMe. AHAJIOTHYHO,
JAaHHBIC O CTAOWJIBHBIX M30TOMAX W KHUJKHX BKIFOUCHUSX MAarMaTHYeCKOrO BOJAHOTO KOMIIOHEHTA B
OTII0)KEHUAX VMS B 11€710M 1BYCMBICIIEHHBI.

B 3a1yroBbIX TEKTOHMYECKHUX YCIIOBHUSX KEPIOBbBIE KUJIKOCTH C OTPULIATEIILHBIMU 3HAYCHUSIMU
oD (-8,1 mpomMuiie) ObLIM TTpoaHATM3UPOBaHbl U3 kepiioBoro moiast DESMOS B Gacceitne Manyc.
3TO TUAPOTEPMATILHOE TI0JIE COCTOUT M3 TOPOJ OT aHJIE3UTOBBIX /10 PHOJALUTOBEIX, a 00pa3yroIIne
WX MarMbl 3HAUWTENBHO Oosiee Ooratbl Boaod, yemMm MORB. 3to ykassiBaeT Ha TO, HTO
TUAPOTEPMAIIbHBIC KUKOCTH U3 BOCTOUYHBIX YU4aCTKOB OacceiiHa MaHyc HMEIOT XUMHUYECKHI COCTaB,
COOTBETCTBYIOIIMHA CMECH JABYX TpeTe MOPCKOM BOABI M OJHON TPETH MarMaTU4ecKOW BOJIBI,
OoraToii JIeTy4rMMH BEIICCTBAMHU.

CepoBOJIOpOJT TaKKe€ MOXKET OBITh J00aBIEH B THIPOTEPMAIBHBIC CHUCTEMBI B PE3yJIbTaTe
MarmMaTU4ecKou Jerasanuu, HO JOKa3aTeslbCcTBa TOro mporecca st cucteM MOR HeogHO3HAUYHBI,
nockonbky H2S oOpasyercs B u300miIHK B pe3ybTaTe BBIIEIAYUBAHUS MAaTMaTHUYECKUX CYIb(PUI0B
W3 0a3albTOBBIX TIOPOJ BO BpPEMs B3aMMOJEHCTBHS Boja/mopoja. MccrmemoBanms 8*SH,S B
BEHTHJISIIIMOHHBIX JKHJIKOCTSAX 4YepHOTro Kypwibimnka MOR mokazanm, 4ro HEKOTOpPOE KOJHMYECTBO
cynb(haToB, MOMYUYEHHBIX U3 MOPCKOM BOJBI, BKIIIOUAETCS B pe3yNbTaTe peakiuil cynbaTpeayKInu,
YTO TPUBOJMT K TMOJOXUTEIBHBIM 3HAUEHHAM O°'S, HAaOMIOMaeMBIM B 00pa3laX BEHTHIISIIMOHHBIX
)kuakocter HaS 1 MaccuBHBIX Cynb(uI0B.

®denp3uTOBasS MarMa UMeeT TEHJEHITNIO ObITh 00Jiee OKHUCIIAIONICH 0 CpaBHEHUIO ¢ Ma(hUTOBOM
Marmom, mo3ToMy oxkugaercs, 4o SOz OyneT TOMUHUPYIOIIMM MarMaTHUYeCKUM CEPHUCTHIM Ta30M.
PasnuyHble MCCIeA0BaTENN HCIOIb30BAIN peakimu pucrnponopiunonupoanust SOz (mo HzS u SO4)
1S 00BACHEHHS OTPHUIATENBHBIX 3HaueHHit 8>S (oT -3 m0 -18 ma Mmn) HzS u cymbguambix
MHHEpAJIOB, a Takxke 3HadeHuit 5°'SSO4 Hmke, ueM B Mopckoit Boje (10—17 Ha Mui) B CBA3aHHOM
SOs. XuMmudeckwe NaHHBIE MO M30TONAM CEPhl OOBACHAIOT OTPHIATENbHBIE 3HAYCHHA O°'S
Cynb(UIOB, CBSI3aHHBIX C JAYTOBBIMH U 33JyTOBBIMH BYIKaHUYECKUMHU cucTtemMamu VMS, u
yOeaUTEeNBHO MPEAIOaraloT MPOUCXOXKICHUE CEPhl U3 MarMaTH4eckux mapos SO».

7.3 IIpouecchbl XUMHYECKHOTO TEPEHOCa.

Jlurangamu, Hambonee BaXKHBIMH JUISI TPAHCIOPTa METAJUIMYECKUX JJIEMEHTOB IPHU
pynoobOpaszoBanuu, sBisoTcss Cl u HS, ucxoas u3 coBpeMEHHOTO COCTOSHUS 3HAHHA O BOJHBIX
KOMIUIEKCaX B THJIPOTEPMAIBHBIX pacTBopax. Cl sBISETCS BaXHBIM KOMILIEKCOOOpa3oBaTeseMm,

KOTOPBI 3HAUUTENBHO YBEIUYUBAET pPacTBOPUMOCTh Hebmaropoausix meramioB (Fe, Cu, Pb, Zn) B
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TUAPOTEPMATBHBIX pacTBopax. KomriekcoobpazoBanue cynbduna (MeHS) BakHO 111 IOBBIIEHUS
pPacTBOPUMOCTH HEKOTOPBIX METaLIoB, ocobeHHo Cu u AU.

PacyeTbl reoXMMHUYECKUX pEaKIUi, YIUTHIBAIONIME BCE BO3MOXKHBIC BOJHBIC COCTMHEHUS U MX
BJIMSTHUE Ha PaCTBOPHUMOCTh MUHEPAJIOB, MMOKa3alu, YTo (IIOUIbI, COAEpKAIINE MOPCKYIO BOJY WIH
0oJiee BHICOKYIO COJIEHOCTh, CIIOCOOHBI MEPEHOCUTh METAILIBI U CYIb(GUABI IPU TEMIIEpaType BbIIIE
200°C, u 9TO OTNIOXKEHHE PYAHBIX (Gatoug0B VMS MpoHCXOMUT IIaBHBIM 00pa30oM M3-32 H3MEHEHUS
TEMIEPATYpPhl, KOTJa TUAPOTEPMalbHBIC (IIOHIBI CMEIIUBAIOTCSI C XOJOJHBIMHU OKPYXKAOIIMMH
NpUIOHHBIMU BojaaMu. [locienoBaTenbHOCTh CYNbGUAHBIX, CYIb(AaTHBIX U CUIUKATHBIX MUHEPAIOB
(puc. 42), obpasywomuxcs B pesyiabrare cmemeHus 350°C ¢uronga ¢ XOJI0THONH OKpY)KaroIIeh

NPUJOHHONW MOPCKON BOJIOM, TIOKA3aJI0, YTO OXJIAKACHUE SIBJISICTCS BAXXHEHITUM (PaKTOpOM.
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Puc. 42. Jlnarpamma xoJa peakiuu, oKa3bIBaroIas crabuiIbHOCTh MHHEPAIIOB U KOJIMYECTBa, 00pa30BaBILIHECs B
PEIYIBTATE MOCTCIICHHOTO CMCIINBAHUA BOJbI TOPAYNX HCTOYHUKOB Bocrouno-TuxookeaHckoro IIOAHATHUSA C
temnepatypoit 350°C (mpaast cropoHa) ¢ xonoaHo# (2°C) npuIOHHOW MOPCKON BOOH (O1MXKe K JIEBOIM CTOpOHE
JarpaMMBI).

HecmoTtps Ha pazbaBieHue rupoTepMaibHOTO (QIIIouAa, TPOUCXOASIT OOMIIbHBIE MUHEPATbHBIE
OCaJIKU, a OXJKICHHUE SIBIIETCS MPUYMHON BBIMAJCHHUS NHUPUTA, XalIbKOIUpPUTA, cdajepura U
KBapIa. AHTMJPUT, TaJbK U OapuT BBINAJAOT B OCAZOK B pe3y/lbTaTe CMELIMBaHMUA U J100aBICHUS
cynpdaTta W MarHuss M3 MOpcKod BoJbl. I[IporHosumpyemasi IMOCIIE€IOBATENbHOCTh MHHEPAJIOB,
0COOEHHO XaJIbKOMIUPUT—aHTUAPUT—TTUPUTCDATIEPUT. XOpOILIO coryiacyercs c
MOCJIEIOBATEIbHOCTBIO B HEKOTOPBIX MACCHBHBIX CYJIb(UIHBIX MECTOPOXKACHUSX M Tpydax
MOPCKOTI'O JHa.

7.4 TepmoOapuueckne U reoJUHAMUYECKHUE YCIOBHA PyA000pPa30BAHMS.

Hupkynsauus (aougoB B MOABOJHBIX T'HAPOTEPMAIBHBIX CHUCTEMaX OOYCIIOBJIEHA TEIUIOM
CyOBYJIKaHMUECKUX MHTPY3UBOB. B mpuHIume, mpupoay nepeHoca ) HUAKOCTH U MacChl B IOABOJHBIX

THIPOTEPMAIBHBIX CHCTEMaX MOYKHO MPEJICTaBUTh KaKk MPOCTYIO 3a1auy (puc. 43).



146

Basalts: Mleit lens:
200-800 meters thick % 1bs of mebers thick

Partially molben
krai-velocity rone

Puc. 43. CxemaTnuecKkoe ceueHne TUITMIHOW apXUTEKTYPhI 36MHON KOPBI CPEANHHO-OKCaHNIECKIX XPeOTOB.

A. TlonepeyHoe ceyeHHE, TOKA3BIBAMOIIECE ITOAYIICYHBIC JIABHI W IOMYIICYHBIC XPEOTHI,
CIOUCTBIE Jaiiku, Ta00po (BKJIIOuYas KOHBEKTHUBHBIM OCEBOW MarMaTH4eckuil odar) u
YIIbTPAOCHOBHBIE MIOPOJIBI.

B. bonee neranbHBIl BUJI, NOKA3BIBAOIIMNA MarMaTHUYe€CKWl MCTOYHUK TEIJa, XPYIKO-
MJIACTHYECKYI0 TEPEXOJHYI0 30HY M TMpEIoiaraéMble MOJEIN HUPKYISIUN THAPOTEPMATbHBIX
¢baroua0B, BKJIIOYAash MHOKECTBEHHBIE 30HBI HHUCXOMAIIETO IMOTOKAa U C(OKYCHPOBAHHYIO 30HY
BOCXO/ISIIIET0 MOTOKA TOJ] OChIO XpeOTa U jKeplia YePHOTO KYPUIIBIINKA HA MOPCKOM JHE B Ipeenax
0CEBOI pu(PTOBOI 30HBHI.

KonBekiusi BBI3BIBACTCSI MAarMaTUYECKUM TEIUIOM, MOATOMY CYIIECTBYET CUMMETpPUYHAs 30Ha
HIOKHETO M HW)KHETO TMPEAeNioB, T/Ie XOJOJHAs MOpCKas BOJAa 3apsikaeT cuUcTeMy, M Ooiee
choKycHpoBaHHAsI 30HA BEPXHETO YPOBHS, T/Ie HArpeTast >KUKOCTh IIABHO U OBICTPO MOJIHUMAETCS K
MOpPCKOMY JTHY. B TIpeAcTaBistonux HHTEPEC CUCTeMaxX OOBIYHO MPEOoOIalatoT OJUH WU JIBa THIA
TOPHBIX TOPOJ W OJHA JKUIKOCTh — MOpckas Boga. OJHAKO Ha MPAKTHKE ATOT MPOIECC OYEHBb
cioxkeH. HenaBHue 1OCTHXEHUS B MOJIETMPOBAHUH, KOTOPBIE YUYUTHIBAIOT TUHAMUKY, CBSI3AHHYIO C
BHEJIDEHUEM JIaeK, Mepefavyei Terjaa OT MarMaTU4ecKoro odara K TUIpOTepMalbHOM cucreme, a
TaKk)K€ KOHBEKLIMEW U TOMOJHEHWEM MarmMbl BHYTPU oOuara, I[O3BOJIAIOT PEATUCTUYHO
anMpOKCUMUPOBaTh NBYX(a3zHelii MHUHUMYM B cucteMe NaCl-H2O. DT1o mo3Bomiser MomennpoBaTthb

pa3IuYHbIe XUMUYECKUE, GPU3NYECKUE U TPAHCIIOPTHBIE Mpoliecchl B (pa3ax mapoB HU3KOM COJIEHOCTH
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U paccosie BBICOKOW COJICHOCTH. DTH MOJEIU BEAYT K JIYUIIEeMy NOHUMAHUIO BPEMEHHOW HBOJIFOIUU
MOPCKUX THAPOTEPMAIBHBIX CHUCTEM M CYAbOBI paccoyioB, OOpPa3yIOUIMXCS B HEApax IyTeM
pasnenenus ¢das.

bouto 0600111€HO MHOKECTBO HUCCIIEJJOBAHUM IO MOJEIMPOBAHUIO KHUJIKOCTH B JPEBHUX U
COBpPEMEHHBIX cucreMax VMS U UCIONb30BaHO COBMEIIEHUE MOJEIM PEAKTUBHOIO TPAHCIOpPTa U
MOJIENI TPOHULAEMOCTH TPEUIMH, YTOOBI MOHATH YCJIOBHUS, HEOOXOAMMBIE Ml (OPMHPOBAHUS
KpynHoro mecropoxzaenuss VMS. Ilpunum x BbIBOLY, 4TO sl (YOPMUPOBAHHS MECTOPOKICHUN
VMS cpennero pa3zmepa (0koi0 1,2 MIIH TOHH OOIIET0 KOJIMYECTBA IIMHKA U Meau) Tpedyercs 5000
JIeT, a A7l 00pa30BaHuUsl CBEPXTUTAHTCKUX MECTOPOXKIeHUH (>12 MIIH TOHH IIUHKA WU 24 MJIH TOHH
Mean) Tpedyercs ropasio 6ombine Bpemeru (>35 000 net) wim ropa3ao 6oiee BEICOKOE COJIepIKaHue
MeTasuioB B kuakoctu (>100 ppm).

7.5 XapakTep KaHA/I0B ABUKEHHUS MPOTYKTUBHBIX (DJIIOHT0NOTOKOB.

MHoOrouyuciaeHHble UCCIEI0BaHUs aKTUBHBIX TMAPOTEPMAIbHBIX UCTOYHUKOB HAa MOPCKOM JHE
MOKA3bIBAIOT, YTO C(OKYCHPOBAHHBIN BBICOKOCKOPOCTHOW TMOTOK (1—2 M/C) OOBIYHO BO3HUKAET B
YKUJKOCTSX YEPHOTO KYPHJIBIIUKA C CaMOW BBICOKOW TEMIEPATypOid. ITH HU3KHUE CKOPOCTU TPEOYyIOT
OTKPBITBIX KaHAIOB JUIsl >KUAKOCTH. CTpPHUHTEpHbIE WM MUTAIOIIME 30HBI HAOIIOJAIOTCS B psjie
CIIy4aeB Ha COBPEMEHHOM MOPCKOM JIHE WUJIU MpU OYPEeHUH MACCUBHBIX CyNb(PUAHBIX 0TIOXKeHuH. 1o
AQHAJIOTHH IITOKBEPKOBBIE 30HBI, IPEBHUX MecTopoxaeHuit VMS, mpencraBisioT coboil nuraronme
30HBI 110J] MACCUBHBIMU CYJIb(QHUIHBIMHU TEJIAMHU.

bonee rnyOokMe dYacTH BOCXOJMIIMX CHUCTEM MeHee wu3BecTHhl. OpHa u3 obnacteil
HPENoIaraeMoro riIryoOKoro MOIIHOTO MOAHATUS HaxomuTcs B rpabene Cosea Ha Kumpe, rae
MacCHBHBIE SIUJOT-KBaplEeBble H3MEHEHHUS, PAa3BUThIE B MEJIOBBIX JIaBaX, OTPa)KalOT CUJIbHBIE
peakuuu BOJA/NOPOJa, BBI3BAHHBIE BBICOKOTEMIIEPATYPHBIMU T'HAPOTEPMAIBHBIMHU KUJIKOCTSIMHU.
[TonoOubIe 30HBI HAOMIOAANUCH HAJA CyOBYIKAHMYECKHMMH UHTPY3USIMH U B APYTUX O(DUONIUTOBBIX
cucreMax VMS.

30HBI MOANUTKH OXapaKTEpU30BaTh TPYAHEE, MOCKOJIbKY ATH CUCTEMBbl Oosee AUPQY3HBI U
BO3HUKAIOIIME B pe3yJibTaTe U3MEHEHMs MEHee WHTEHCUBHBI. I3MeHeHus CcTeHOK OOIIMpHBI U B
HEKOTOPBIX CIydasx MOJYKOH(OPMHBI, UTO YKa3bIBae€T Ha HU3KYIO WM YMEPEHHYIO TeMIIepaTypy B
HIMPOKO 30HE NEpE3apsIKH.

IIpupooa nosyuiex u 3aumooeticmeausi co CMeHKaMu, 8bl3bl8aIOUUX 0CANHCOEHUE PYObL.

B cucremax VMS oxnaxaeHue TMOJOIIBBI CUUTAETCS OCHOBHOW MPUYMHOM OCAXICHUS
CyIb(QHIOB, a U3MEHEHUs BMEINAIOUIMX MOPOJ B OCHOBHOM CUHUTAIOTCA MEHEE 3HAUMMBIMH IS
ocaxeHus pya. OnHako HaOMIOAEHUS 332 OBICTPHIM OKHCIEHHEM CYIb(QHUIOB Ha MOPCKOM JHE
NpUBENIM K TPENOJIOKEHUIO O Pa3IMYHBIX MEXaHHW3Max, COXPAHUBIIUX JApeBHUE pyasl. K HUM

OTHOCSITCSI OE€CKHCIOpO/IHbIE (B TOM 4YHCIE CYIb(UIHBIE) MPUIOHHBIE BOJbI, TMOKPHIBAIOLINE JIaBbI
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WM XMMUYECKUE OCAIKU KpeMHe3eMa, CyIb(GaTHBIX MUHEPATIOB, KOTOPbIE MTOKPBIBAIOT U U30JIUPYIOT
CUCTEMY OT OKHUCIISIFOIIMX IPUJOHHBIX BOJ.
CrpoeHne M cocTaB IIMPOKO PACIPOCTPAHEHHBIX HW3MEHEHUM BHCSYMX CTEHOK Ha
MECTOPOXKACHUSIX VMS SBISIOTCS CBUIETEIHCTBOM OCTATOYHON KOHBEKIMHM TUIPOTEPMAaTIbHBIX
pacTBOPOB H3-3a MPOJOJIKAIOIIETOCS OXJIAXKIEHUS HIDKEIeKal[MX IUIyTOHOB TIOCJe Mepuoja

pynooOpa3oBaHusl.

8.ITPOI'HO3HO-ITIOMCKOBBIE KPUTEPUU U ITPU3HAKMN.

8.1 I'eostornueckue.

[Tpusnanue pugToBoit cpenpl VMS mmeer BaxHOE 3HAUYEHHUE NIl BHIOOpA paiioHa IMOMCKOB.
Pudtsl xapakTepu3yroTcsi XapakTEepHbIMH aCCOLMALMIMU U U3MEHEHUSMHU TOPHBIX TOPOJI, BKIIOYAs:
1) npenpudTOBbIE BYJIKAHUYECKHE, BYJIKAHOT'€HHO-0CaJJOUYHbIE W 0Ca/I0YHbIE
MOCIIE0BATEIHLHOCTH, KOTOPBIE MOT'YT OBITh YaCThIO0 OKEAHHUYECKOI0 OCTPOBA, OKPAaMHOW KOHTUHEHTA
WIM DIUKOHTUHEHTAJIbHON  IOCJIEOBATEIbHOCTBIO; 2) CHHpU(TOBas IOCIENOBATEIbHOCTD,
XapaKTepU3yroIasicss OMMOJAIbHBIM BYJIKAaHUYECKUM WM BYJIKaHOT€HHO-OCAJOYHBIM KOMILIEKCOM,
B KOTOpPOM Mpeo0ianaroT jaubo 6a3anbThl (MK aHae3u0a3aabThl), THO0 PUOIUTOBIE BYIKAaHUTHL; 3) B
psage ciydaeB (OMMOJanbHBIE KHUCIBIE W KPEMHHUCTO-KUCIBIE OTIOXKEHUs) MocTpudTOBas
TEPMUYECKAs II0CJIEI0BATEIbHOCTh OIlyCKaHUH, XapaKTepU3YIOLAsCcs XOpOouIO
CTpaTu(HULIMPOBAHHBIMU MOPCKUMH OCaJI0YHBIMU TIOPOJIaMU C BYJIKAaHUYECKUMH MOpoAaMHu Uiu 0e3
HUX, WIH U PEepeHIMPOBAaHHBIMU JYTOBBIMU BYJIKaHUUYECKUMU ITOPOIaMH, CBUETEIbCTBYIOIIUMH O
BO3BpaTe K CXKUMAIOLIEMY JYrOBOMY TEKTOHHYECKOMY peXHMY; 4) CBUIETENbCTBA OCAJ0YHBIX
CTPYKTYp, BYJIKaHHYECKUX (halluii 1 OKaMEHEJIOCTEeN IHUPOKO PacIpOCTPAHEHHOM MOABOJHON Cpebl
U OBICTPOrO TOTPYKEHHS M3 HA3€MHON WM MEJIKOBOJHOW MOPCKOM Cpenbl B TITyOOKOBOJHYIO
MOpCKYI0 cpeny (Harnpumep, pailon VMS OceTtpoBoro o3epa); 5) oOImupHbIE pOU CUHBYJIKAHUYECKHX
JlaeK KaK CBUJAETENIbCTBO pU(THUHra M omyckaHus (Hampumep, paiioH Hopanpa); 6) mmpoxo
pacIpoOCTpaHEHHbIE OT YMEPEHHBIX JO CWIbHBIX PpETHOHAIbHBIE U JIOKAJIBHBIE YYAaCTKHU
TUAPOTEPMAIBHBIX HM3MEHEHHMH UM METaNIMYeCKMX MHUHepanu3aius (KUiIbl I[BETHBIX W/WIH
JParoleHHbIX METAJUIOB, BKPAIUICHHBIE CYIb(HIHBIE 30HbI) B Mpel- U CUHPU(TOBBIX TOJIIAX; U 7)
HaJIMYMe KOMarMaTHYeCKUX CyOBYIKaHUYECKUX MHTPY3UH, COCTOSIIMX M3 TOHAJIUTA, TPOHABEMHUTA,
KBapUEBOro JuopuTa U rab0po u uYbM KucHble (a3bl TEOXUMHUYECKH HKBHUBAJICHTHBI
ACCOLIMMPOBAHHBIM KHCJIBIM BYJIKaHHYECKMM TopoaaM (Hampumep, @OnaBpHaHCKUN IUIYTOH,
Hopanna; miyron 3anuBa beiinensman).

OTH 0COOEHHOCTH MOXKHO HaO0JaTh BO BpEMs PETrHOHAIBHBIX Mouckax. CuHpudTOBBHIE
BYJIKAHUYECKHE IIOPOJbI MOYKHO paclo3HaTh C IOMOIIBK JUTOreoxuMmuu. Hampumep, cocras

MHUKPO3JIEMEHTOB MO3BOJIIET PAClO3HATh OJaronpusATHBIE CPebl BYJIKAaHMYECKONM AYyrd U 3aJHel
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JIyTH TO CPAaBHEHUIO MEHEE IEPCIEKTUBHBIMU CpeaMu OKEAHCKOTO JTHa M OKEAHCKUX OCTPOBOB.
JlokazarenbcTBa TPUCYTCTBUSL 3TUX JYI MOTYT BKIIOYaTh IPHCYTCTBUE OOHMHUTOB U
HU3KOTUTAHUCTHIX 0a3aJlbTOB U KOMAaTHUTOB. DTHU TUIBI MOPOJ SBJSIOTCA MPOIYKTOM MAacCOBOTO
IUTaBJIEHUsT JUTOC()EepHOW MaHTUM Ha CTaAMSIX 3apOXKIAIOLIErocs JYroBOIO pa3BUTHUA U
MOCIEAYIOWEro yroBoro pudtuHra. J[pyroil MmOTeHIMaIbHO 3HAYMMOW accouuanueil sBisercs
NOSIBJICHHE MCIIaHANTA W/UIIM BEICOKOTUTAHUCTBIX aHJIE3UTOB B HEKOTOPBIX pailoHax VMS, ocoGeHHO
oumonansmaduroBoro Tuna. Onucana CBsI3b MEXKJy aHJIE3UTOM C BBICOKHUM COJIEpKAHUEM XKele3a U
TUTAaHA M MacCUBHBbIMU cynbhumamu Ha [‘amamarocckom xpeOrte. CiaHubl W/WIM aHJE3UTHI C
BbICOKUM cozepkanueMm Ti (Fe) Taxke Obutn oOHapyxeHwsl B Hopanpae, Ha mectopoxaenun CaH-
Hukonac B Mekcuke, Ha MectopoxacHusx Tam6o-I'panne B Ilepy, mectopoxaennu Marrabu u
MecTopoxaeHur OnH-DIoH.

CocTraB OTIMYUTENBHBIX TUIIOB KUCIIBIX BYJKAHUYECKUX MOPOJ, KOTOPbIE COAEPKAT MHOXKECTBO
MecTopoxaeHu VMS, Takxke HUCIonb3yeTcs Uil ONpeneseHus NepCrleKTUBHOCTU. BynkaHnnueckue
NOpPOJIbI KHUCJIOTO COCTaBa, CBA3aHHbIE C OTIOKEHUsIMH VMS, umeror cnenuduueckuit cocras. B
KOKIOM CIy4ae 3TH BBICOKOKPEMHHCTBIE PHOJMTOBBIE pacIUlaBbl 0Opa3ylOTCS IPU BBICOKHX
temneparypax (800-1000°C) B pe3ynbraTe 4YaCTHUHOTO IUIABICHUS KOPBI Ha HErIyOOKux (<15 km)
ypoBHSIX B pudroBoii cpexe. boree Toro, maxe ecid OmpenelieHa  MEPCIEKTHBHAs
[IOCJIEI0BATENbHOCTh BYJIKAHUYECKUX YT, KOHKPETHBIE COCTaBbl 0a3aJIbTOB U PUOJIUTOB (HampuMmep,
0a3anbT CPeIMHHO-OKEAHUUYECKUX XPEOTOB, OOHUHHUT U PUOJIUT C BBICOKUM COJIEpP’KaHUEM KPEMHMS)
MOTYT HCIIONIb30BaThCs ISl ONpeAeTeHUs COOBITHH pudroreHesza, KOTOpbIE OrPAHUUYUBAIOT
OnaronpusTHbIE PYAHbIE HHTEPBAJIbI (TOPU30HTHI) B KMJIOMETpax OT JII000ro MectopoxkaeHus VMS.
TakuMm 00pa3zom, NETPOXUMHUS OMMOJIATIbHBIX BYJIKAHMUECKUX KOMIUIEKCOB MCIIOJIB3YETCS BO BpeMs
pPErMOHANbHBIX IOMCKOB JJIsi OmNpeAeNeHUs pU(TOBBIX IOCIEI0BATEIbHOCTEH U YCIOBUH,
OyaronpusATCTBYIOMIKX 0OpazoBaHuio VMS.

KpynHble ByTKaHOTEKTOHMUYECKUE CTPYKTYPBI OIYCKaHUs SIBJISIOTCS MPOSIBICHUEM MOJBOIHBIX
pu(dTOBBIX Ccpel MOPCKOrOo JHA, M MX pacrlo3HaBaHuWe OyJaeT Hambojee BaXHBIM Ha CTaauu
IIPOrHO3HO-TIONCKOBBIX UCCIIEI0OBAaHUM, HO UX OYEHb TPYJHO PAacHO3HATh JIaXe B XOPOLIO N3YYEHHBIX
paiionax VMS. Hanuuue CcyOByJIKaHMYECKUX MHTPY3UH SABISETCS OIHMM M3  CIIOCOOOB
pacro3HaBaHMs LIEHTPAJIBHBIX BYJIKAHMYECKUX KOMIUIEKCOB M, BO3MOXKHO, BYJIKaHOTEKTOHMUYECKHX
CTpyKTyp omnyckaHusi. CocpeoTOYeHHE BBICOKUX T€O0TEPMHYECKMX TPAaTUEHTOB BHYTPH JTHUX
CTPYKTYp ONYCKaHHSI MPUBOJUT K XapAKTEPHOMY CKOIUICHHIO oTioxeHud VMS. Ilpucyrctue 14
mectopoxkaeHnit VMS B kotie Hopanaa siBisieTcs mpuMepoM Takoro kKiactepHoro sgdekra, uto
JIeNIaeT ATOT TUIl MECTOPOKACHUH ellie 0oJiee BaXKHBIM 0ObEKTOM MTOMCKOB.

[lepepriBbl B ByJKaHU3ME, KOTOpPBIE MOTYT OINpPEAENATHCS TOHKOM 0OJOMOYHO-XUMHYECKON

0CQJIOYHOM  TONIIEH  (IOKCTATUTOM), W/WIM pe3KuM wu3MeHeHueMm jutodaruii. Hamuuwme
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SKCTAJIATUBHBIX €IMHMI] HUCIOJIB3YETCS ISl ONPEAENICHUs MEPCIEKTUBHBIX KOHTAKTOB, TOI/A Kak
pacrpeziesieHue U COCTaB COAEp KAILUXCsl B HUX METaJUIOB, MUKpoajieMeHToB U P30 (Hampumep, Eu)
UCIOJB3YIOTCS  JUIsl  ONpPEAEJCHUS  HAIpaBJIEHUS  I[OMCKOB  BJOJb  3TUX  KOHTAKTOB.
MuHepanoruyeckue, TI€OXMMHYECKME W HM30TONHBIE  XAPAaKTEPUCTUKH,  CBSA3aHHBIE  C
TUAPOTEPMAIBHBIMA W3MEHEHUSIMU, IIMPOKO MCHOJIB30BAIIUCH B KAYECTBE BEKTOPOB MOUCKOBBIX
pabor.

[TonpoOHbIe reosornyeckue KapTbl 00€CIEUMBAIOT BaXKHEMIYI0 OCHOBY. [[1s1 peruoHoOB, rie
OTCYTCTBYIOT H3BECTHBIE MECTOPOXKJICHHUS, OPHUEHTHUPOM IIEPBOTO MOpSAIKA SBISIETCS BO3PacT
BYJIKAHOT€HHO-0CaI0YHOM TOJIIIM OTHOCUTEJIBHO BO3pacTa IOCJIEI0BATEIbHOCTEN B APYTUX 4YaCTAX
MHpa, COJEpKallluX 3HAYUTENIbHYI0 MHUHepanu3aiuio VMS. baza gaHHBIX MOKa3bIBa€T MEPHOIBI
BPEMEHM B TI€OJOTMYECKOW JIETONHCH, B TEYEHUE KOTOPBIX 00pa3oBalMCh 3HAUYUTEIbHBIC
mectopoxaeauss VMS. Hcnonb3ys 5TH BO3pacTHbIE JaHHBIE, MOXHO CJlIelaTh BBIBOJ, YTO BO BCEM
MUpE B JOKeMOpUU OCHOBHas MHUHepanu3anus VMS mpoucxonuina B mepuon 2,75-2,65 mupn e,
2,05-1,85 mipa net u 1,00-0,65 mupn et Hazan. ByakaHOreHHO-OCaI0UHBIE TEPPEHHBI C BO3PACTOM
BHE 3THX BPEMEHHBIX NEPUOJOB, B TOM uucie >3,25 mupx jaer, 2,65-2,00 mapa et u 1,85-1,00
MJIpJ] JIET C MEHbILIEH BEPOSITHOCTBIO CcojepkaT KpymHbie (>30 MIIH TOHH) MeCTOpOXaAeHus. Takue
npoOenbl B BEKOBOM paclpeesieHnu JoKeMOpuiickux ominoxeHuit VMS oTpaxaroT 3BOIOLHIO
(GyHIaMEHTAJIbHBIX IPOLECCOB B 3€MHON KOpE, OCOOEHHO TEKTOHHKHU IUIUT U CBSI3aHHOTO C HEU
(GOpMUPOBAaHUS KPYIHBIX KOHTHHEHTAIBHBIX OJIOKOB. B ¢anepozoe wmecropoxaenus VMS
chopmupoBanuck B ocHoBHOM B mepuon 500-300 mmH ner Hazad (MO3AHHM KeMOPHII—TI03THUIMA
kapOoH). He wusBecTHBl [uTensHbie mepuoabl (>50 MIH IIeT), B KOTOPBIX OTCYTCTBYIOT
3HAUUTENbHBIE MecTOopoXxaeHU VMS. Majio MecTopoXIeHHI ¢ BO3pacToM MeHee 15 MITH JieT Ha3aj
(cpenuuii MHUOIIEH) - B PE3yJbTaTe OTPAHUYCHHOW OOAYKIIMU 0OJiee MOJOJBIX MOPCKHUX BYJIKAHO-
0Ca/IOYHBIX TOJII HA KOHTUHEHTHI.

B npenenax KOMIUIEKCOB, COAEPKAUTUX MECTOPOKIACHUS, KIHOUEBBIMU OPUEHTUPAMHU SIBIISIFOTCS
(1) GmaronpusiTHIE MOPCKHE BYJIKaHOTE€HHO-OCAJ0YHbIE TOJNILIHM, BKIKOYAsl KUCIbIE WIH Ma(duOBbIE
JaBbl WK Ty(sl, TpyOble OpEeKYNH U PUOJUTOBBIE KYIIOJIA, KOTOPHIE COJEPKAT MUHEPATU3AIHNIO B
mpeJienax OJHOTO U TOTO )K€ KOMIUIEKCa; (2) MepCleKTUBHBIE CTPYKTYPHI, BKIIOUYAIONINE MJIaCTOBBIC
Tela W JNUCKOPJAHTHBIC >KUIBI, (3) SKCTalHWThl, OCOOCHHO cojepiKaiiue OapuT U (UIU) BBICOKHE
koHneHtpanuu Cu, Zn unu Pb; (4) CHHBYJIKaHWYECKHE CTPYKTYphI, TaKWe KaK pPa3JIOMBI POCTa,
KaJIbJIEphl U TIEPECEUYCHHUS PA3jIOMOB, KOTOPbIE MOTYT HWMETh KOHIICHTPUPOBAHHBIH MUHUMYM
KUAKOCTH W JIOKATU30BaHHYIO CyIb(GUIHYI0O MUHEpaau3anuio; (5) MECTHbIE MEIKO3EPHHCTHIE,
BBICOKOYTJIEPOJUCThIE WU TPapUTOBBIE OCAJO0YHBIE TMOPOJBI, KOTOpPbIe (UKCUPYIOT IMEpEephIBHI B
ByJIKAHM3ME M B OOJBIIMHCTBE CJIy4yaeB YyKa3blBAlOT HAa OJHOBO3PACTHBIE OECKUCIOPOHBIE

Cy.]'IBC];)I/II[HI)Ie MNPUIOHHBIC BOJbI, KOTOPBLIC MPEAOTBpAlla]Id BBIBECTPHUBAHUC MOPCKOTO JHa H
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OKHcCTIeHHEe CylIb(uIoB; (6) KpymHbIE CHHBYJKAHUYCCKHAE CHIUIBI U (WJIM) AalKH, KOTOPbIe OOBIYHO
BCTPEUYAIOTCS y OCHOBaHMsSI OOpa30BaHMM, CIY)KMBIIMX MCTOYHMKaMHM TeIjia Jjs IpUBOAA
THIPOTEPMAIBHBIX cHcTeM; (7) OOWJIBHBIH XJIOPUT WJIM MYCKOBUT M HMX MeTaMOp(pU30BaHHBIC
SKBUBAJICHTHI (BKJIFOYas MHUHEpaJibl, Oorateie Al), Kak CBHACTEIBCTBO M3MeHeHUH Tuma VMS.; u (8)
OOMIIbHBIC TYpMaIUH ¥ (MJIM) TAHUT; a TAK)KE AUArHOCTHYECKass MUHEPAIOTHS MeTaMOp(HU30BaHHBIX
30H M3MEHEHHH, MOAUYEPKHUBAIONIAs Pa3InyMs MEXy OJOKaMH 3€JIE€HOCIAHIIEBON M TPaHyIUTOBOM
dauwmii. B mocnenneit npeobiagaroT rHEMCH U TUArHOCTUYECKUE MUHEPAJIBI, €CJI OHU HE 3aTPOHYTHI
peTporpajHbIM MeTaMmop(u3MoM, BKJIKOYask KOPAUEPHUT, AUOICH, OPTOIUPOKCEH, IPaHaT, KaJIueBbIil
MOJIEBOII 1ITIaT, OMOTUT U Al-CUITMKAThl, 0COOCHHO KHAHUT U CUJUIMMAHUT.

8.2 T'eoxumMnueckmue.

['eoxumust TOpHBIX MOPOJ TPAAULIMOHHO MCIOJIb30BANACh JJISl ONPENEICHUs, KapTUPOBAHUS U
BEKTOpH3aIMU 30H M3MeHeHudd VMS, nns nuddepeHnmaniy TUIOB BYJIKAHUYECKUX MOPOA U s
pa3paboTku xeMocTpaTurpaduu, KOTOpas [OMOTraeT CTpaTurpauueckoil Koppemsuud |
OTCJIC)KMBAHUIO OJIArONpPUSATHBIX PYAOCOAEpKAIMX eAuHUL. JluToreoxummueckoe ompoOOBaHUE
MIOBEPXHOCTH M KE€PHA CKBAYXKHUH MO3BOJISIET CO3aBaTh TPEXMEPHYIO 0a3y JaHHBIX s 3(P(HEKTHBHOTO
reOXUMHUYECKOro HaienuBaHus. OOpasibl MOUBHI (PACTUTEIBHOCTH) OTOMPAIOTCS ISl ONpeAeNCHUs
1eNel Ha 3aKPBITHIX TUIOMIAISX.

['eoxumuueckne KpuTepuu NOUCKOB VMS MOXHO pa3JenuTh Ha KaTeropuu, KOTOpPbBIE
doxycupyloTCsl Ha cienyromux Tunax cpenbl: (1) ropHsle moponbl, (2) MuHepansl, (3) peuHble
OTJIOXKEHHUS W KOHLEHTPALMM TSDKENIbIX MHHEpaJoB, (4) JeAHUKOBbIE TWLIBI, (5) O3€pHBIE
OTJIOKEHUS, 6 — BOJBI, 7 — I0YBBI U TIOYBEHHBIE T'a3bl.

I'eoxumusi TOpHBIX MOPOJ HampaBieHa Ha IMOMCK IOBBIIIEHHOTO COAEpXKaHMS LIBETHBIX U
0J1aropoIHBIX METAJJIOB U OJIArONPHUATHBIX MHAWKATOPOB TUAPOTEPMANIbHBIX U3MeHEeHuH Tuna VMS.
Marmartuyecke Mopojbl B MEPCIEKTUBHBIX MOACaX OOBIYHO HMMEIOT I'€OXMMUYECKHE MPU3HAKH,
oTpakaroiye (GOpMHPOBAHHE B Pa3IUYHBIX I'€OJAMHAMHUYECKUX YCIOBHUSX, BKIIOYAs OKEAHWYECKHE
CIPEIUHIOBbIE XpeOThI, pUPTOBBIE AYT'H U 3a/HUE IYTH, a TaKKe pUPTOBbIE OKpPaHbI KOHTUHEHTOB.
JIoMUHUpYIOIIUM  SBIISIETCS TOJIEUTOBBIM-TIEPEXOAHBI OMMOJANBHBIII MarmMaTusM; ULIEJIOYHbIE U
CyOIleI0uHbIe BYJIKaHHUECKUE TIOPOBI [0 CPAaBHEHMIO C 3TUM pelku. B mokemOpuiickux TeppeiiHax
OnmarompusiTHbIE  YCIOBUS  Ans  MecTopokaeHuid VMS — BkiowaooT, MOMHMO — INPOYEro,
BBICOKOTEMIIEPATYpPHbIE PUOJIUTHI, UMEIOLUE AUATHOCTUYECKUH COCTaB. BKIIIOUasi BHICOKHE 3HAUECHHUS
Zr (>300 ppm), otHomeHus Y/Zr <7, oTpuuareabHble aHoMaauu Eu (HOpMUpPOBaHHBIN Ha XOHJIPUT
6asuc [CN]), orHomenust (La/YbCN <7, a coornHomenue (Gd/Yb)CN <2). B danepo3oiickux
TeppeiHax COCTaBbl KHCIBIX (M Ma(QUTOBBIX) MarMaTHUECKUX IMOPOJI, CBA3AHHBIX C OTJIOKEHHUSIMHU
VMS, cunpHO paznmuyarotrcs. Bapuamum cocraBa cynbQUIHBIX MECTOPOXICHHH, W3MEHEHHBIX

BMCIIAKOINX TTOPOJ U CBA3AHHBIX C HUMH SKCraJIuTax HCIIOJB3YIOTCA KaK BO3MOXKHBIC OPUCHTHUPBI
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npu nouckax pya. Oraomenue merauioB 100Zn/(Zn + Pb) ucnonb3oBanock B Bynkanax MayHT-Pun
Ha Tacmanuu, 4TtoObl OTIMYUTE VMS OT KOHUEHTpaluii Cyinb(puI0B, 00pa3OBaHHBIX APYIHMHU
TUIIAMU MUHEpalu3auuu. ['eoXuMuueckue BEKTOpbI, NPEIOKEHHbIE JUIsI BMEUIAIOIIMX IOPOJ,
BKJTFOYAIOT «SIIIMK U3MEHEHUN», KOTOPBIM coueTaeT B cede nHaekc n3menenus Mcukassl, 100 (K20 +
MgO)/(K20 + MgO + Na,O + CaO), ¢ xmopuT-kapOoHAT-MUpUTOBEIM HHIAcKcoM 100(MgO +
FeO)/(MgO + FeO + K;0). YBenuyenue 3HaueHU 00OMX MapaMeTPOB OTPaKaeT WHTEHCUBHOCTD
WU3MEHEHUH, IPU KOTOPBIX CEPULMT, XJIOPUT, KapOOHAT M MUPUT 3aMEIIAI0T HATPUEBBIM IOJIEBOU
mnaT M CTEKJIO B BYJIKAHMYECKUMX MOpPOJAX. JTa CXE€Ma MOXET HMETh IPEUMYLIECTBA IEpes
NpEeAbIAYIIMMHA TOIXO0/IaMH, HaIpUMEpP, OCHOBAHHBIMU HAa XMMHYECKUX IPHUPOCTAX U IMOTEPSIX BO
BpEMsI U3MEHEHUI, U €€ JIy4llle BCEr0 MPUMEHATh K KUCIJIBIM BYJKaHUYECKUM IIOPOJIaM B COUETaHUHU C
MUHEPAJIOTUYECKUMH U TEKCTYpHBIE JIaHHBIE 110 aHaIM3UpyeMbIM oOpasuaMm. beul pa3pabotan
HOPMAaTUBHBIN UHAEKC MUHEPAJIbHBIX U3MEHEHUN, KOTOPbIA MEHEE UYBCTBUTEINIEH K JIUTOJIOTUYECKUM
pa3auuuaM MeEXIy oOpasnmamMu W Jiydlle UIASHTUGUIMPYET TUAPOTepMaibHble MHHEpaTbHBIE
KOMIUIEKCHI, CBSI3aHHBIE C PYIOil.

B perunonanpHOM Macmitabe ruApOoTEpMalbHbBIE MHHUMYM, CBA3aHHBIH C MUHEpajlu3aluein
VMS, moxer o0pa3oBbIBaTh XapaKTepHblE MHHEpATbHBIC ACCOLMALUA W MHHEpPAIbHBIA COCTaB,
OTNMYaIIuiics oT MeTamopdusMa 3eJIeHOCHaHIeBoi (auuu, B KOTOPOM THUAPOTEPMaiIbHO
U3MEHEHHbIE BYJIKAaHMYECKHE IOPOJbl IPEUMYLIECTBEHHO COJEpKaT OOWJIbHBIE JKEJIE3UCThIC
XJIOPUTBI, (PEPPOAKTUHOIUTEI W KPYHNHO3EpHUCThIE KIMHO30M3UTHL. [loTeps Na2O Bo Bpems
u3MeHeHuss VMS sdBigeTcs OTJIMYMUTENIbHOM YepTOM H3TOro TUIa MeCTOopoxaeHui. J[lpyrue
npeznonaraeMple (akTOpbl U3MEHEHMs BMEINAIOUIMX MOPOJ BKIIOYAIOT yBenuueHue 3HadeHuid TI,
Sb, Ba/Sr, §*4S B cynsdumax u comepskanus Mn B KapOoOHATaX 10 OTHOIIEHHIO K pyae. Jpyrum
BO3MOXXHBIM BEKTOPOM SIBJIIIOTCS M3MEHEHHS] B MUHEPAJIOTUH U MUHEPATIbHO-XUMHUYECKOM COCTaBe
BMEILAIOLIMX MOPO/JI, BBI3BAHHBIE CYNIb()UIHO-OKCUIHO-CUIMKATHBIMA PaBHOBECHSIMH, BO3HUKIIMMU
B Xo0Jie MeTramopdu3Ma. DTOT HpPOIECC U €ro NpUMEHEHHE INpPH MOUCKaX CBS3aHO C OpeojaMu U
npornopiusiMu 0oratelx Mg u (uiu) Zn CUIIMKaTOB M OOTaThIX Zn OKCUOB, MHTEHCUBHOCTh KOTOPBIX
yBEJIMYUBAETCS 1O Mepe npudmkeHus K pyae. CoctaBel MUHEPAJIoOB, 00pa30BaBIIMXCS BO BpeMs
VMS 1 nozxe HanoKeHHbIe MeTaMOp(UYecKHe MPOIEecChl ObITN B IIEHTPE MPOTHO3HBIX MOCTPOCHUH,
BKJIIOYAs MCCJIEIOBAaHUS TypMalliHa, OoraToro Zn CTaBpojiMTa, pyTHJia W MarHetuta. Hamuuue
BBICOKMX KOHIEHTPALUH 30JI0Ta B HEKOTOPBIX MECTOPOXKICHUAX MPUBEIO K IPU3HAHUIO caliepuTa ¢
HU3KHUM COJIepKaHHeM >Keje3a U Olpe/IeJIeHHbIX PAaBHOBECHM CyI(pUAN3AIIH B KAUECTBE OPUEHTUPOB
JUIs cucteM, OoraThlx 300TOM. Ha HEKOTOpBIX TeppeiiHax OCHOBHAs TE€OXUMHs HKCTaJIHMTOB,
CBsA3aHHBIX ¢ VMS, MOXeT UCIob30BaThCsl B KAYECTBE ITOMCKOBBIX BEKTOPOB. B paiione barepcrt B
Hrro-bpancyunke, Kanaga, skcraauTsl Xopomo oOHa)keHbl Ha JBYX OCHOBHBIX CTpaTHrpapuuecKux

YPOBHSX. OTH JKCTaJUThl, COCTOSIIME M3 pAa3NUyHbIX (anuil oOpasoBaHus xeine3a (cynbdun,
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KapOOHAT, CHJIMKAT, OKCUJ), TOCITYKUIIN LEHTPOM JI€TaIbHBIX MUHEPAJIOTHUYECKUX U TEOXUMHYECKHUX
uccnenoBanuii mosicoB bpancynk u Xut-Ctun. OHU TO3BOJIMIM cO37aTh HanboJiee MONHbIE 0a3bl
JTAHHBIX, 00 OOLIMPHBIX IO JIATepAJId IKCTAINTAX, CBA3aHHBIX C JApeBHEW MuHepanusauueii VMS, u
o0ecrieunyii  OCHOBY Ul OLEHKM HCIIOJIb30BAaHMSI TEOXMMHUU OSKCAaJUTOB MPU  IMOHCKAX
BBICOKOTEMIIEPATYPHBIX TUIPOTEPMAIbHBIX LIEHTPOB UM, KaK CIEACTBHE, MACCHUBHBIX CYJIb(HIHBIX
pyaHbIX Tenl. Ha OCHOBE MaHHBIX MO HKCrajuraM Obula TOCTPOCHA AMarpamma, MOKa3bIBaroIIas
UJCATM3UPOBAHHbIE MUHEPAIOTMUECKUE U KOMIIO3UIIMOHHBIE 30HAIBHOCTH JUISl MPOKCUMAJIBHBIX U
JUCTaJIbHBIX YCIOBHM OTHOCHUTEIBHO OJHOIO HCXOJHOro MmectopoxiaeHus VMS. Cpenu MHoOrux
BBISIBJICHHBIX MMapaMETPOB B Kaue€CTBE JUATHOCTHYECKHUX JUISl MPOKCUMANBHBIX 3KCTanuToB (<500 M
OT MAaCCHUBHOTO Cynb(huaa) ObUIO TPEUIOKEHO HAIMYME XalbKOMUpHUTa, cdaneputa ©u (WIIH)
rajienuta; Beicokue konunentpamuu Cu, Pb, Zn, Ag, As, Au, Bi, Cd, Hg, In, Sb, Sn u TI; BbicOKHE
orHomrenust Fe/Ti, Ba/Ti u EwEu*, (rme Euw/Eu* — BenuuuHa €BpPONUEBOH aHOMAIMM). IJTH
napaMeTpbl COCTaBa HCIOJIb30BAIM BMecTe ¢ Ipyrumu (Hampumep, P/T) ans onpeneneHus uuaexca
TUAPOTEPMAIBbHBIX IPOSIBICHUN, KOTOPBIM IOKA3bIBAET CaMble BBICOKHE 3HAYEHUS B TpPEX
KpynHeHmmx MectopoxkaeHusx VMS B nosice Xut-Ctuil U BOJM3M HUX. DKCTaJSLMOHHAs fIIMa,
CBs3aHHas ¢ MuHepanu3anuendn VMS B paitone JIEkkeH B HopBeruu, KOTOpyro MOKHO MPOCIEIUTH 10
MPOCTUPAHUIO HA 4—6 KM, JEMOHCTPUPYET 3aKOHOMEPHOCTh, B KOTOpoi oTHomieHus As/Fe u Sb/Fe
YBEJIMYUBAIOTCS 10 HANPABJICHUIO K MACCUBHOMY CYIbUAHOMY 00bEKTYy. B npyrux pernonax, rae
«BBIJJOXU» MOT'YT OBITh HE OOIIMPHBIMU B JIaATEPaIbHOM HAIIPaBJICHUHU, OJIarONPUATHBIMU (paKTOpaMu
omuzoctu Kk MectopoxiaeHusM VMS oTHocaTcs: Hanuuue Cyiab(GUIOB IBETHBIX METAIOB
(XaJIbKOIUPUT, c(hanepuT, TaJICHUT), MOBBIIIEHHOE COJIepKaHUE MUKPOAJIEMEHTOB, Takux kak Cu, Zn,
Pb u TI, a rtaxke monoxurenbHsle aHomanmuu Eu. Mectopoxknenue Bect 45 B Ksuncnenne,
ABcTpanus, O6bU10 OOHAPYKEHO MYTEM BBISBICHHUS OOJIBIION MOJIOKUTEIHHOW aHOMAJUU €BPOTHS B
00pa3iie HKCTaTSITUBHOM SAIIMBI.

Jlpyrue oOpa3ibl cpelibl ¢ IEPEMEHHBIM YCIIEXOM UCIIONIb30BANINCH MU nouckax VMS. Peunsie
OTJIOKEHUS SIBJISIOTCSI 4aCThIO MHOTMX MPOTrpamMM IMOMCKOB M OLIEHKH PETMOHAIBHOTO Maciirtada,
OCHOBaHHBIX Ha pa3rpPaHUYEHUH TE€OXMMMUYECKHX AaHOMAINUN, KOTOPbIE OTPAXKAIOT 3PO3UI0
Cyab(pUICOIEPKAIUX TOPOA U3 U3BECTHBIX MECTOPOXKICHHH. TsKenble MHIUKATOPHbIE MHHEPAJIbI
TaKXe MOTYT OBbITh MOJIE3HbI B MOMCKOBBIX MpOrpaMMax Ha JEeTHUKOBBIX IIeidax, rae creccapTHH
WU JIpyTUe YCTOMYUBBIE MUHEPAJIBI, MOTYT SIBJIATHCS pPErMCTpaTOpaMy MUHepanu3auuu tuna VMS.
OzepHble OTIOXKEHUS ObUIM HCIIOJIb30BAHBI B HEKOTOPHIX PETHOHAJIBHBIX TE€OXHMHUYECKUX
UCCIIEOBaHMsIX. ['eoXxMMHMUEecKHe  HCCIEeOBaHUS  IOYB, Kak IpaBWIO, OrPAHUYUBAJINCH
JIOKAJIM30BAHHBIMU O0BEKTaMH, KOTOpbIE OBUTH YK€ OYEpUEHHBI I'€OJIOTMYECKMMU OCOOEHHOCTSIMU
WK Teo(U3UUeCKUMU aHOMaJIUsIMU. PeKOrHOCHMPOBOYHbBIE HUCCIIEIOBAaHUS MOYBBI CIIOCOOCTBOBAIN

00HapY)XEHHUIO CKpBITOTO MecTopoxaeHuss VMS Jlbicas ropa Ha ceBepe mrata M»aH. [louBenHbIe
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raspl TAaKKE OKA3aJUCh MOJE3HBIMU M3-3a UX MOJBMKHOCTH B BaJ03HOW 30HE M JIEIHUKOBBIX
MOKpPOBAX.

8.3 'eousznueckue.

BynkaHoreHHblE MECTOPOKACHUS MAaCCHUBHBIX CYNb(UIOB OOBIYHO MMEIOT CHJIbHBIE
reou3nyeckue KOHTPAacTbl C BMEINAIOUIMMHU IOPOJAMU H3-3a CYILECTBEHHBIX pa3IMuuidi B
(GU3MUeCKUX M XUMHUYECKHX CBOMCTBAX MEXIYy pPyAOd M BMemaromuMu nopogamu. K Takum
CBOWCTBAM OTHOCATCSI IJIOTHOCTh, MAarHUTHAsi HANPSHKEHHOCTb M BOCIHPUUMYHMBOCTH, TPABUTAIIMA,
JJIEKTPUUECKOE CONPOTUBJICHHE M AaKyCTHYecKas CKOPOCTb. OJEKTPUYECKHH COOCTBEHHBII
NOTEHIMAJ WIN NEPEXOJHbIe PEaKLMU Ha HU3MEHSIOUIMECSs BO BPEMEHM 3JIEKTPOMArHUTHBIE IOJIS
TaKXXe MOTYT MCIIOJIb30BAThCs U OOHApY)KEHUSI MOTPEOCHHBIX CYIb(PHUIHBIX 00BEKTOB. OOBIYHO
Cynb(UAHOE TENO NPEeACTaBIseT cOO0OW COINIACOBAaHHYIO JIMH3Y, IOJICTHIAEMYIO HECOIJIACHBIM

IITOKBEPKOM HJIH CTPUHTEPHOM 30HOM ¢ KUIIbHOM MuHepanu3auyl (puc. 44)

Black smoker complex

Collapsed area

Anbwydrite cane
i

White smoker

Debris apron and
metalliferous
sediment

Sulfide tatus

S

cifed, pyritic stockwork

o
© 3\000
t‘:D‘ T Chioritized + hematized basalt
o'
Zine-rich a g'b
art [
marginal g

facies
Alteration pape
0 100 METERS
L 1 1 1 J

Puc. 44. TlpunnumuansHeIi pazpe3 coBpeMeHHOTo (TAG) cynbduaHOro MecTopoKaeHuUs.
(coenacosannasn nonymaccusHan u MaccugHas Cyrb@uUOHAs TUH3A, NOOCMULAEMAs OUCKOPOAHNHOU UIMOKEEPKOBOU
JHCUTILHOTL CUCTNEMOUL U CEA3AHHOU C Hell OPeOIOM USMEHEHUTL).

Cyns no gopme u TiIyOMHE PYJIHOTO Tela, CoAepKaHue CyIb(PUIOB B pyJe JaeT 3HAUUTEIbHbBIC
FCO(bI/ISI/ILIGCKI/Ie MPHU3HAKU - SJICKTPOMArHUTHBIC, TPABUMCTPUYCCKHUEC U MAIrHUTHBIC OTKJIMKH U, TAKUM
00pa3oM, TPeaOCTaBISAIOT OONBIION MOTEHIMAN ISl Teo(U3UUecKOro OOHAPYKEHUS PYIAHBIX Tel
(tabm. 21).

I'eodusuueckue uccnenoBanus (puc. 45) yCcrnenrHo NPUMEHSIOTCS JUISl BBISIBJICHUS PYJHBIX TeT
N HCIOJB3YKOTCA Ha pPaHHUX TIOMCKOBBIX CTaausidX. 21.]'[5[ Cy.]'II)(l)I/I)IHI)IX MeCTOpO}K,ZIeHI/Iﬁ
HEMMOCPCACTBCHHBIMU BCKTOPAMH ITOMCKOB CTAHOBATCA KOHTPACTbl MAarHUTHBIX, 3JICKTPOMArHUTHBIX
W TPaBUTALMOHHBIX (IUIOTHOCTHBIX) CBOWCTB; TraMMa-CHEKTPOCKOMHUS TMPEACTaBIseT Cco00it
KOCBEHHBI METOJI, OCHOBAaHHBI HAa XMMUYECKUX KOHTPACTaX, CBSI3aHHBIX C MPHUIOBEPXHOCTHBIMHU
N3MCHCHUAMU, T'JIaBHBIM O6p330M, B BHUJC O60FaIlIeHI/I$I HJIM UCTOLICHUSA 3aIllaCOB KaJIMsd BHYTPHU U

BOKPYT MECTOPOKJICHUS.
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Tabn. 21.

IIpumenenne reopu3myecKux MeTo10B Npu nmouckaxVMS mecToposkneHuii.
(O - npeocmasnsem coboii evicokosppexmusivie memooui, X - ymepenno sghghexmusnvie).

Geophysical method

Air or . » vmMs
ground Applicetien deposits
Electric
Aar Geological Framework X
Ground Drect Targeting O
Electromagnetic

Aar Geologscal Framework X

Aar Direct Targeting O

Ground Geologacal Framework xX

Ground Dwrect Targeting O
Magnetic

A Geological Framework O

Aar Dawrect Targetung O

Ground Geologiscal Framework O

Ground Dhwrect Targetung O

Graviaty

Aar Geologcal Framework X

Aar Darect Targeting O

Ground Geological Framework X

Ground Darect Targeting O

Radsometrnic

Aar Geologscal Framework o

Aar Dawrect Targetung X

Ground Geologacal Framework X

Ground Dwrect Targoting x
Seismic

Ground Geological Framework X

Ground Dwect Targetung X

Haubonee pacrpocTpaHeHHBIM CyIb(GUIHBIM MHUHEPAIIOM B MECTOPOXACHUsX VMS sBisiercs
INUPUT, KOTOPBIA YacTO CBs3aH C APYTUMH Cylb(uIaM{, TaKUMHU KakK MUPPOTHH, XaJbKOIHPHT,
chareputr U raneHuT. Jlpyrue BO3MOXKHbBIE HeCylIb(QHJHBIE MHMHEPAJbl, CBS3aHHbIE C
MecTopoXKAeHus MM VMS, BKIIOYalOT MarHeTUT, TeMaTUT U KAacCUTEpUT; OapUT MOXKET
IPUCYTCTBOBATh B BHJIE >KUJIBHOTO MUHepaia. Bce 3Tu MHuHEpasibl UMEIOT OTHOCUTEIBHO BBICOKHE
3HaueHusi yaenbHoro Beca (4,0-7,5 r/cm3; Tabn. 22), 4TO pe3Ko KOHTPACTHUPYET C CYIIECTBEHHO
0osiee HU3KUMM IUIOTHOCTSIMH, M3MEPEHHBIE B UX OCAJ0YHBIX MM BYJKaHUYECKHX BMELIAIOIIUX
nopoaax. [moTHOCTH BMeIIaroIie mopoasl B pyaHoM paiione barepct 2,70-2,84 r/cm3.

Onexmpuueckue memoowvl 3HPEeKTUBHBI IPU UAEHTUGUKAUU VMS, OCKOJIbKY OHH pearupyroT
Ha JIEKTPONPOBOJIHOCTb T'OPHBIX IOPOJ U MUHEPAJIOB, KOTOPasi MOXKET U3MEHATHCA Ha 20 MOpSAAKOB.
W3-3a Takoro OOJBIIOTO MOTEHLUMAIBHOTO JHAara3oHa 3HAYeHWH ObUIM pa3paboTaHbl pa3iIHyYHbIC
JIEKTPUYECKUE METO/bI, HCIOJIb3YIOLIHE: U3MEPEHUE MPOBOJUMOCTH, YEIBHOTO CONPOTUBICHUS
(oOpaTHOrO 3HaUY€HUS MPOBOAMMOCTH), HABEACHHON MOJSPU3AINH, HIEKTPOMAarHeTU3Ma U CIIEKTPOB
raMMa-u3inydeHus (tabm. 22). DiaekTpudecKuid MeTOJbl B HACTOsIEe BpeMs SBIAIOTCS Haumbosee
UCTOJIb3YyeMBIMU TIpH  TMOHUCKaxX MecTtopoxkaeHuid VMS (manpumep, MegaTEM, Titan24 wu

CKBa’)XNHHBIC MeTO)II)I) .
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C. Bougwer gravity field
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E Equivalent thorium

Puc.45. Asporeodusndeckue ucciaeoBaHus pyIHOTO paiiona barepcr.

A. KapTa obmieit HanpsHKEHHOCTH MAarHUTHOTO TIOJIS. (mennbie ysema - 001acmu 8bICOKUX 3HAYEHUL MAHUMHOU HANPAdCeHHOCmIL, Ooee
X0M00HbLe - HU3KUE 3HAYeHUS; 0BIACIU KPACHOEAMOT U Jcemoil OKpacku - Maznemumcodepocayue 6azarsmey). B. KapTa kaxkymencs
BBICOKOYACTOTHOW MPOBOJAUMOCTH; (067acmu Kpacko2o u jiceimozo yeema - uephvie cytbhudcodepicaiyue caanybl, 061a0arouue 6biCoKol
nposodumocmwio). C. Kapra rpaButarmonsoe noius byre. D. Kapra BepTukansHOro MarautHoro rpaauenta, E. Kapra
AHOMAJIUH TOPUS (ommeuersl KpacHviM U JCeTMbIM - 2PAHUMbL U KUCTbIE EYTIKAHUYECKUE NOPOObL).

BynkaHoreHHble MacCHBHBIE CyIb(UIHBIE OTIOKEHHUS 00Jalal0T BBICOKON MPOBOAUMOCTHIO
(puc. 45b), npesbrmatonue 500 MCm/M 1 1o BenuuuHe Onu3ku K rpadury u conenoit Bome. Ilo
CpPaBHEHHMIO C MarMaTHYEeCKUMHU M METaMOP(PHUECKUMH MTOPOJIaMH ¢ TUIHYHOW TMPOBOJAUMOCTHIO <1
MCM/M ¥ OCaIOYHBIMH TOPOJaMU € TPOBOAUMOCTBIO OT 1 1m0 500 MCwm/M, KOHTpAacT MEXITy
OTNOXKEeHUsAMU VMS 1 BMemaromieil mopo10il MOKeT ObITh 3HAUUTEIBHBIM U MOKET OBIThH MOJIE3HBIM
¢dusznyeckuM cBOMCTBOM. OMHAKO OCIOXKHSAIOIMUM (aKTOPOM MOKET OBITh OOBOJHEHHAs TOJIIA,
NePEKPBIBAIONIAS PYAHOE TeNI0. BeCKUCIOpOIHBIE 0CaI0UHBIe TOPU3OHTHI, COACPIKAIIE TPAPUT W
CynbuI, TaKke 00JaJal0T BBICOKOH MPOBOJUMOCTBIO, M MX TPYAHO OTIMYUTH OT MACCHBHBIX

CyTbQUIHBIX pyI. JlaHHBIE 3JIEKTPOCOMPOTHBIICHHSI TTOJIE3HBI NP pacueTe KaKyIIETrocs YAEeTbHOTO
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MOJKCT HUCIIOJIb30BATLCA JIS1 KaPTUPOBAHUSA BCKPBIIIHBIX ITOPOM.

COTPOTHBIICHUS Ha Pa3HBIX IIIyOMHAX, YTO MPHUBOJIUT K MOITYYEHHIO CEYEHHUI MCTUHHOTO yJEIbHOTO
CONMpoTHUBIIEHUA. VX MOXHO MCHOIB30BaTh JUIsl CO3AAHUSI TPEXMEPHON N€OMETPUM PYIHBIX TE Ha
riyoune. MccnenoBaHus 3JIEKTPOCONPOTHUBICHHUS TAaKKe HCIIONB3YIOTCS IS OIEHKH MOIIHOCTH
BCKPBIIIHBIX [TOPOJ, YTO 3aT€M MOXKET ObITh HCIOIb30BAHO ISl YITYUIIEHUs UHTEPIPETAIlH JaHHbBIX

TpaBUMETPUUCCKHUX HCCHCHOB&HHﬁ. HpOBOILI/IMOCTB, O6paTHaSI YACIbHOMY COIIPOTHBJICHUIO, TAKXKEC

®uznyecKue cBOCTBA (IVIOTHOCTH, MATHUTHAS BOCIIPHUMYHBOCTD, 3J1€KTPONPOBOHOCTD)

Rock
iype

Demsity (g/ce)
Max.

HAve.

Magnetic (51 x 10-7)
Max.

Ave.

Comductivity (mS,m)]

Max.

Ave.

Sediments and sedimentary rocks

Owverburden

Soil

Clay
Gilaciolacusirine clay
Ciravel

Sand

Gilacial ull
Saprolite (mafic)
Saprolite (felsic)
Sandstone

Sheale

Augillie

Lron formation
Limsesione
Dodomite
Conglomerate
Gireywacke

Coal

Ried sediments

1.7
1.7

1.61
1.77

24
16

24
23

142
142
e |

[ SN I N )

ool

(1]

ol

1.26

0o

1

025

[IF]
LT

03
[N

003

1

1
ol
o1
0.5

50

Eli]
0.07
0.0%
0.001
0.001
ol
0.09

300

EEueéEr,.. 8

[ )

833
1300

024
100

Igneous rocks

Rhyolite

Andesite

Ciranite
CGiranodiorite
Porphyry

Cruartz porphyry
Quartz diorite
Quartz diorite, dacite
Drorite

[riabase

OMivine diabase
Baszali

Ciabbro

Hornblende gabbro
Perdaotite

Ohaidian
Pyroxenite
Monzonite

Acid igneous rocks
Biasic igmeous rocks

299
303
308
315
23

37

02

i5

I
s

gz
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Rock Dansity (gfee) Magmetic (51x 107 Conductivity (mS/m)

ype Min. Max. Ave. Min. Max. Ave. Min. Max. Ave.
Phomolite 159
Trachyte 2a 49
Mepheline syenite 28l
Syenite rm 49
Anorthosite )}
Morite 292

Metamorphic rocks
(uanzite 28 4
A TE 2nd 1.4
Marble 275
Serpenting 278
Slate m ]
Gingiss 18
Amphibolite 296 07
Eclogite £ )
Giranulie 265
Phyllite i
Quanz slate n
Chlomte schist 287
Skam 295 ER L] 15 125
Homfizla 19 i 031 0.05
Sulfide minerals
Chaleopyrite d2 02 0.4 1.11 667
Gialena 77 =003 1.11 1.47
Pyrite 5 003 53 167 833
Pyrrhotite 5 3,200 6.25 5
Sphalerite 375 003 0.75 008 3T
Other

Magnetite S 1,000 5,700
Graphite 25 {08 02 1ol 157

Hccneoosanus nasedennou nonapuzayuu (IP) n3MepsioT 3apsaeMoCTh U BPEMEHHYIO Pa3HUILY
B pEaKkLUU 3JIEKTPOMArHUTHOTO MOJIs, KOTOpas CBs3aHa CO CIIOCOOHOCTHIO MaTepuaja COXPAHSTh
aneKTpudeckue 3apsanpl. VccnmenoBaHusi BBI3BAHHOM MONsipu3aliid  o4eHb d()(PEKTUBHBI IpU
OOHapy>KEHUH PACCeSHHBIX CYIbGUAHBIX Teld. OOBIYHO 3TH CyNb(UIBI BCTPEUAIOTCS B U3MEHEHHOM
opeoJie, OKpYXarollleM MacCHUBHOE CYJb(UIHOE PYAHOE TEJIO, U MOTYT OBbITh CBSI3aHbI C TJIMHAMH,
KOTOpBIE TaK)KE€ BBI3BIBAIOT 3HAUNTENbHBIE peakiuu IP.

Onekmpomaznummusle Memoobl MOTYT HANIPSAMYIO OOHAPYKUBATh MPOBOJAIIUE JIEMEHTHI, TAKUE
KaK MECTOPOXKJIEHHMsI LBETHBIX METAJJIOB, IJleé MEXAY PYAHBIMH TelaMH M HUX PE3UCTUBHBIMU
BMEUIAIOIIMMH TOPOJAaMH BO3HUKAIOT 3HAYUTEIbHBIE pa3Iv4Ms B 3HAUEHUSAX HPOBOJMMOCTH.
3HaueHUsT JJEKTPONPOBOJAHOCTH IOYB, TOPHBIX TMOPOA M PYAHBIX Tel, H3MEpsAeMble B
MUJTMCUMAHCaX Ha METP, BapbUPYIOTCS B MpeJiesiax HECKOJIbKUX NOpsAAKoB: oT 3,57x109 MCwm/Mm nnst
rpaduta 10 5x108 MCwm/M st muppotrra u A0 0,01 MCwm/M a1t rpaBust u necka. Kak Bo3gymiHeie,
TaK W Ha3eMHble D3JEKTPOMAarHUTHbIE METOAbl A(PQPEKTHBHbI NpH OOHAPYKEHUU MAaCCHUBHOM
CyAb(QUIHON MHHEpAIU3alMM, HO TOJIBKO B TOM Ciydae, €ClM 3epHa Cyab(puaa B MECTOPOKIACHUU
JJIEKTPUYECKHU CBsI3aHbl. B ciyuasix, korja 3epHa cyiab(QUI0B HE CBSI3aHbI JIEKTPUUECKH, HAIIPUMED,

B INTOKBEPKE BKPAILJICHHBIX Cy.]'II)(l)I/I)IOB 1101 OCHOBHBIM MAaCCHBHBIM Cy.]'H)(l)I/I}IHI)IM PYAHBIM TEJIOM,
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UHAYLIMPOBAaHHAs MOJIApU3alUs MOXKET OBbITh YCIHEIIHO HCIONb30BaHA JUIl OOHApyKEHHs ITHX U
JpYruX BKparieHHbIX cynb(uaoB. [TockonbKy coaepkaHrue BOABI CHIIBHO BIHMSET HAa MPOBOAMMOCTD
IUI1acTa, MOKa3aHo, YTO Pa3HHIIA IPOBOJUMOCTH MEXy BIaKHBIM U CyXUM Ty(hom pazinuyaercs B 100
pa3. HaceleHnHas BoJo MOKpBIBAIOLIAs IOPOJa MOKET J1aBaTh 3HAYEHUS IPOBOJUMOCTH, KOTOpBIE
a3 dexTuBHO MackupyroT VMS. MuHepaim3anuio.

Maenumnule Oannvle 6blCOK020 paspeuieHusi MOTYT ObITb MHCTPYMEHTOM [UIsl OIPEIEICHHUS
Ie0JIOTUYECKONH CTPYKTYpPhl M 4acTO I10Ka3bIBalOT KOHTPACTHBIE 3aKOHOMEPHOCTH, OTpa)karollue
pasinyusl B JIMTOJOTHYECKOM COCTaBe, CTPYKTYpax, a TaKKe TUIE M CTENeHH W3MEHEHU.
D¢ HeKTHBHOCTE MAarHUTHBIX UCCIIEAOBAHUM 3aBUCUT OT HAJIMUMs MarHeTUTa WIN APYrMX MUHEPAJIOB
C BBICOKMMH 3HAYEHHUSIMU MarHUTHOW BOCTIpHUMYUBOCTH (puc. 45A; tabmuuet 21, 22). Pynubie Tena
4acTo UACHTU(UIUPYIOTCS IO OKOHTYPHBAHUIO MAarHUTHBIX aHOMAJIUH.

Ilo cpaBHeHHIO ¢ aHOManMsAMHM, HaONIOJAeMBIMH Ha KapraXx IIOJHOW MarHUTHOM
HaNpsOKEHHOCTH, BEPTHKAJIbHBIE I'PaJMEHTHBbIE AHOMAJIMM, KaK IpaBWio, Oojee OrpaHUYEeHbl U
CBA3aHbl C OJIM3KO pACHOJIOKEHHBIMH TIEOJIOTUYECKUMHU E€AUHMIIAMM, KOTOpbIE MPOU3BOMAST
OTYETJINBbIE MarHUTHbIE aHOMaIuu. KapThl BEpTUKAIbHBIX I'PAJIMEHTOB OOBIYHO MCIOJB3YIOTCS IS
OKOHTypHUBaHUs MecTopokaeHuit VMS (puc. 45).

Muorue cynbduaHble  MuHepanbl  00JaJalOT  BBICOKUMHU  3HAYEHUSMH  MAarHUTHOM
BOCIIPHMMYHUBOCTH YTO MPHUBOAMUT K 3aMETHBHIM MAarHUTHBIM aHOMAIUSM, CBS3aHHBIM C PYIHBIMU
tetaMu VMS. B HeKoTOpbIX ciyyasix CUJIbHAs MarHUTHas CUTHATypa MECTOPOKIEHHUS CBs3aHA C
MuHepanuzauueil. Hanpumep, Goratoe menpio MectopokiaeHne VMS, conepxaliee XalbKOMUPUT,
MOKET MMETh CWJIBHYK0 MAarHUTHYIO aHOMAJIHWI0 M3-3a €r0 acCOLMalUd C IUPPOTHHOM,
BHICOKOMAarHUTHBIM, HO HEpEHTa0eNbHBIM MuHEpajioM (Tabi. 21). OdeHb BBICOKHE 3HAYCHUS
MarHUTHOW BOCHIPUMUMYHBOCTH HaOogatorces y mupporuna (3200%10-3 CH) u nupura (5x10-3 CH),
KOTOpBIE SBJISIOTCS Haubosee pacpOCTPaHEHHBIMU MHUHEPAIOMHU, CBSI3aHHBIM C MECTOPOXKJICHUSIMU
VMS. Ilo cpaBHeHUIO ¢ O0jee HU3KUMHU 3HAYCHUSIMHU, U3MEPEHHBIMH B OOJIBLIIMHCTBE OCAI0UHBIX U
BYJIKAHUUECKUX BMELIAIOMIUX IOpOJ, JTOT CHJIbHBIA KOHTPAacT 3HAYEHUH MPUBOAUT K
MOJIO’KUTEIBHBIM MAarHUTHBIM aHOMAJIUSAM B 00CIIe1yeMble TEPPUTOPHH.

Jlpyrue pacrnpocTpaHeHHble Cynb(uIHble MUHEpaibl B MecTopoxiaeHusx BMC, Ttakue kak
XaJIbKOMUPHT, c(hajepuT U TaJeHUT, UMEIOT OoJiee HU3KHUE 3HAYCHUsSI MArHUTHOM BOCITPUUMYHMBOCTH,
KOTOpBbI€ AHAJIOTMYHBl 3HAYCHHUSIM, OOHAapYXEHHBIM JJIi HMX OCAJOYHBIX M BYJIKAaHMYECKHX
BMEIIAIOIINX TTOPO/I, U, TAKUM 00pa3oM, HE CIIOCOOCTBYIOT BOBHHKHOBEHHUIO KaKUX-JIMOO0 MarHUTHBIX
aHOMalInH, cBs3aHHBIX ¢ pyAHbIM TenoM BMC. Ccanepur He UMeeT BbIpaXKEHHBIX reo(pu3nyeckux
CBOWCTB, KOTOpbI€ IO3BOJIWJIM OBl €ro UACHTU(PUIMPOBATH C UCIOJIB30BAHUEM OOBIYHBIX
reousnvyeckux METOJOB U, MO CyTH, OOHapyXeHHe JIOObIX Zn-coaepKalumx Ccyabhuaon

3aTPYAHCHO. MarHeTuT U TeMaTuT — PacCIIpoOCTPAaHCHHBIC MUHEPAJIBI XKEJIC€3a., KOTOPBIC MOT'YT OBITh
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CBSI3aHBI BO BPEMEHU M MPOCTpaHCTBE ¢ VMS; BBICOKHE 3HAUYEHMSI MarHUTHOW BOCIPUHUMYHMBOCTH
ATUX MUHEPAJIOB MPUBOIUT K YCHJICHUIO MAarHUTHBIX aHOMaIUN. TOT (akT, 4TO C pyIHBIMH TEIAMH
CBsI3aHBI CYNb(UIBI C BBHICOKUMH 3HAYCHHSIMH MArHUTHOW BOCHPHMMYHUBOCTH, OOJIErdaeT uX
unaeHtupukanuo. Kpome TOro, HecynbQuIHBIE MHHEPadbl C BBICOKMMHU 3HAUYCHHUSIMH
BOCITPUUMYHUBOCTH, Takue kKak MarHeTut (5500x10-3 CH) u rematut (40x10-3 CH) (Tabdi. 22), Taxke
pactpocTpaHeHbl B HEKOTOPBIX MECTOPOXKICHUAX. MarHeTuT B MecTopoxacHusx VMS o0brdHO
BCTPEUAETCS B SIPE MITOKBEPKA U B IICHTPAIBHON YaCTH MEPEKPHIBAIOIICH CYIb()HIHOMN JTUH3EIL.

B npyrux ciydasx ruapoTepManbHbIC M3MEHEHHs MOpPOJ TOJ MACCUBHBIMHU CYJIb(QHUIHBIMUA
OTJIOKECHHUSMHU MOTYT MPUBOJIUTH K Pa3pYIICHUIO0 MAarHUTHBIX (Da3 U MPUBOJIUTH K AHOMAIIbHO HU3KUM
MarHUTHBIM CHTHAJIaM, BO MHOTOM IIOXOXXHM Ha 30HBI THUAPOTEPMAIbHBIX H3MEHEHUN BOKPYT
TE€pPMaJIbHBIX OaCCEHHOB.

I'pasumempuyeckue ucciedosanuss MOTYT OBITh UCTIOJIB30BaHBI Il OOHAPYKEHUST H30BITOUHOM
macchl (puc. 46), KoTopas MOXET yKa3blBaTh HAa HAJIUYKE IMOTCHIUAILHOTO PYIHOTO Tella Ha
nIyOWHEe, W JUIsl OLIEHKH pa3MEpOB H30BITOYHOW MAacChl; TPAaBUMETPUYECKHE HMCCICAOBAHUS MOTYT
UCIIOJIb30BAThCS B COYCTAHHM C WCCIICOBAHMSIMH TPOBOJAMMOCTH JUIS OLEHKH TOTO, BBI3BaHA JIU
AHOMAJIUSI TPOBOJAMMOCTH TPAPHUTOBBIM TEJIOM HH3KOW TIUIOTHOCTH Ha TJIIYOMHE WM 30HOU
CyIb(QUIHON MHUHEpPAINU3AlUU BBICOKOH IUIOTHOCTH. MuHepaibl MmecrtopoxkacHuin VMS, umerot
OTHOCHUTEJIGHO BBICOKHE 3HAUEHHs YICIBHOI'O BECA, YTO PE3KO KOHTPACTHPYET ¢ Ooyiee HU3KHMHU
3HAUEHUSMH YACITHHOTO BeCa, M3MEPEHHBIMH B HMX OCQJOYHBIX W BYJIKAHUYCCKHX BMEIIAIOIINX
nopojaax. ['paBUTallMOHHBIE MaKCHUMyMbl TUIUYHBI Ansi pailoHoB VMS u cocpenoTodeHsl Haj

pynHbMu Tenamu (puc. 45B, 47).

Posilive
fr ity
anomaly
|hisghil
MALE EXCRSE

Puc. 46. Cxema, nokasbiBaromias, 4To H30BITOYHAS Macca ClIoCOOCTBYET YCHIICHHIO MPAaBUTAIIMOHHOTO MOJISl U CO3/1aeT
TPaBUTALIMOHHBIA MAaKCUMYM.

IIpu I'PP rpaBumerpuueckue uccie0BaHUS OOBIYHO CIEAYIOT 3a APYTUMH Te0(pU3UYECKUMHU
(MarHUTHBIMH, JIEKTPUUECKUMH WM 3JIEKTPOMAarHUTHBIMU) ¥ T€OXUMUYECKUMHU HUCCIIEIOBAHUSIMH U

MCIIOJIB3YIOTCS 11 OOHAPYKEHHs pa3MEepPOB U TOHHAXKa PYAHOIO Tela.
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Puc. 47. I'eonornueckue 1 reopusnueckue kaptel paiiona batepcr, Heto-bpancyuk.
A. I'eonocuueckas kapma. B, [lonnas maenumnas nanpsisicennocms. C. I pasumempuueckas kapma. J. Ilpoeooumocms. E: [Ipogunu obugeco
MASHUMHO20 NOJIA, BEPMUKATBHO20 MACHUMHO20 SPAOUEHMA, 2PABUMAYUOHHOT AHOMATUY U NPOPUNA NPOBOOUMOCIU.

T'amma-cnexmpomempus MOXeT ObITb 3(PQPEKTUBHON HpPHU TEOTOTUYECKOM KAPTUPOBAHUM U
OTIpe/IeIiecHUH MUHEpaIn3alui B 3aBUCHMOCTH OT HECKOJbKHX (hakTopoB, B ToMm uucie (1) korma
WU3MEpPUMBIC Ppa3lUYMsi B PACHpPEICIICHUN PAJMOAKTHBHBIX JJIEMEHTOB MOTYT OBITh CBSI3aHBI C
pasIUYMSIMHA B JIMTOJIOTHMH BMEINAIOMUX TOPOJ, (2) KOoTja coaepikaHWe Kallds B TOpoJie ObLIN
WU3MEHEHBI B PE3YNIbTAaTe METACOMATUUECKUX IpoleccoB. COOTHOIIEHHS pPaJUOaKTUBHBIX 3JIEMEHTOB
K, U u Th MOXHO TpUMEHSTh AN MUHUMHU3AIMU BO3JCHCTBHUS BJIard B TMOYBE, T'€OMETPHH
UCTOYHUKA M BO3ACMCTBHUA KOPEHHBIX mopoi. llpenmyiiecTBeHHass MOOHWIM3AIMS OTIEIbHBIX
paauodIEeMEHTOB B OTBET Ha KOHKPETHBIE TE€OXMMUYECKHE YCJIOBHS TO3BOJISIET HCIIOIB30BAThH
COOTHONICHUSI PATUODIEMEHTOB B KAadyeCTBE YYBCTBUTEIBHBIX BEKTOPOB TIPU OMNpPEIEICHUU
MECTOHaXOXKICHHUs] 00NacTH MuHepanu3anuu. Kanuii-usmMeHeHHble Ma(UTOBbIE U KHCIbIE
BYJIKAHHYECKHE MOPObI, CBsI3aHHBIE ¢ MecTopoxaeHneM VMS Ha octpose [Twinu, Hetodaynanens,
(UKCUPYIOTCSI TaMMa-CIIEKTPOMETPUIECKUMHE JTAaHHBIMH, TIOJTYYCHHBIMU C BO3/lyXa W Ha 3eMJe (puc.
48).

B paitone barepct otuernuBeie TenaeHuuu B coaepkanuu K, U um Th oueBuaHbl BHYTpU U
MEXIY KUCJIBIMU BYJIKaHMUYECKUMU U BYJIKAHOKIACTUYECKUMH MOPOJAAMH. DTH TEHACHIIMH OTPaKaroT
pa3IMYHbIE MEPBUYHBIE TUTOXUMUYECKUE BapUALIMKU U TTOCIEAYIOIIME THAPOTEPMATIbHBIE U3MEHEHHUS
u (W) HaloXeHuss meramopdu3ma ¢ainuy 3eJEHBIX CIIAHIEB. XOTS TOJBIKHOCTH IIETOYHBIX

OJICMCHTOB, CBsA3aHHAad C THAPOTCPMAJIbHBIMH HW3MCHCHUAMU U MeTaMOp(pI/IE}MOM, BJIMACT Ha
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3HaueHue K B 3THx YCIOBUAX, KOHICHTpAaOIUU HCIIOABHXKHOI'O 3JICMCHTA Th MoxkHO CpaBHHUBATH C
APYruMru HCIIOABMXXHBIMU JJICMCHTAMU C BBICOKOM HaIMpsO>KCHHOCTBIO  T1OJIA, yTOOBI IIOMOYHL B

KOpPPEJSIHs U yCTAaHOBJICHUE CTPATUTPahUIeCcKOi OCHOBBI.

i ™

sl

|I}‘

VaLcanic
Aoces

Puc. 48. CxemaTnueckas muarpaMma, oKa3bsIBaoast BO3AYIIHBIC M HA3eMHBIC paHOMETPHUYCCKIE NCCIICTOBAHMS.

Ceticmuueckue memoowi.

ITockonbKy MOBEpXHOCTHBIE M IPUIIOBEPXHOCTHBIE HCTOYHUKM VMS HCTOLIEHbI, COBPEMEHHbIE
UCCIIeI0BaHUs MECTOpOXKIeHUH VMS 0JKHBI OBITH COCPEOTOUCHBI HA BBISIBICHUU MUHEPATU3ALUN
Ha OOJBIIMX TIyOMHAX, 4TO TpeOyer Ooyiee CIOXKHBIX MeTomonoruid. CelicmMudeckas ToMorpadus
UCTIONB3YyeTCsl Uil oOHapykeHHsl pyAaHbIX Tenl. CeiicMudeckas oOTpakaTelbHas CIIOCOOHOCTB
KOHTPOJIMPYETCS] HECKOJIBKMUMHU (PaKTOpPaMH, HO OJTHUM U3 BaXXHEHUIIMX (DAKTOPOB SIBISETCS pa3HUIIA
B HMIIEIaHCe MEXIY JMTOJNIOTUsAMHU. MMmenaHc ompeaensieTcs Kak MPOM3BEAECHUE IUIOTHOCTH U
CKOpPOCTH TIPOJOJBHON BOJHBI B JaHHOM Martepuane. V3MepeHus ymeiapbHOro Beca W CKOPOCTH
OOBIYHBIX CHIJIMKATHBIX MOPOJ M PYIHBIX MUHEPAIOB MOKA3bIBAIOT, YTO PYAHBIE MHHEPAIBl HMEIOT
3HAYUTEIBHO OoJiee BBICOKME 3HAUEHHsS IUIOTHOCTH W IIUPOKWH JHMama3oH CKOPOCTeH W,
CJIEZIOBAaTENIbHO, MMEIOT TEHJIEHIIMIO HUMETh 0ojee BBICOKHME MMIIEJAHChl, Ye€M BMeEIIalollue HX
nopoasl. Pa3HuIla B BeMMUMHE UMIIEJaHCA MEXAY PYIHBIM TEJIOM M BMEINAIOUIEH ero Mmopojon
MOYET OBITh JOCTATOYHO 3HAYMTENBHOM, YTOOBI MPUBECTH K OTPAKEHUSM BBICOKOW aMIUTUTYABI U
uaeHTUHUKAIIMK PyAHOTO Tena (puc. 49)

Ckopoctn Haubojee paclpOCTPAHEHHBIX CYIb(QHUIHBIX MHHEpPAJIOB BeChbMa H3MEHYMBHI U
kosiebmorest ot 8,04 km/c mia nupura 1o 4,68 km/c i nuppoTuHa. s cpaBHEHHs, U3MEPEHHBIE
IUIOTHOCTH COCTaBJIAIOT oT 5,02 r/em® s nupuTta 10 4,63 r/cM3 ISt TUppOTHHA.

Pynnble MuHepansl, CBsi3aHHbIE C pyJAaMH C MPeo0IaJaHueM MTUPUTA, YBEIHUUNBAIOT CKOPOCTh C
yYBEIMYEHUEM IUIOTHOCTH, TOTJa Kak pyasl ¢ mpeobianaHueM canepuTa, XadbKONMUPHUTA U
OUPPOTHHA OOBIYHO UMEIOT 3HAYEHUSI CKOPOCTH, KOTOPbIE YMEHBILAIOTCS ¢ YBETHMUEHHEM TUIOTHOCTH.

OTa TEHJCHIHS CHIDKEHHS 3HAYCHHWHA CKOPOCTH C YBEIIMYCHHWEM 3HAYCHWU IUIOTHOCTH emie Oolee
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BbIpaXkeHa JUIsi MaUTOBOI MyCTOW MOPOABI C MUPPOTHHOM. 3HA4YEHHs MJIOTHOCTH BMEIIAIOLINX

MOPOJI UIMEIOT TOPa3a0 OoJiee y3KUW M MEHBIUN TUANa30H 3HAYCHHUN TNIOTHOCTH U UMEIOT ITUPOKUN

JIAana3oH CKOPOCTEM.

T T T T T T
200 MPa

Ecciogie

Perdome

Pyranenig

Mutapeito

Amphddia
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Mate gramsna | | o | Mg,
Ah.l’l.m:n‘ \
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@
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Density, in grams per cubsc centimeter

Puc. 49. 3nadeHns CKOPOCTH PAa3ITMYHBIX TUTIOB TOPHBIX IMTOPOJ ¥ PYJHBIX MIUHEPAJIOB B 3aBUCUMOCTH OT X IUIOTHOCTH C
JUHASAMU TIOCTOSTHHOTO aKyCTHYecKoro umrenanca (Z). Hanoxxena takke kpuas Hada-/[peiika (mokazaHa cepbiM
I[BETOM) JUTSI OOBIYHBIX THITOB TOPHBIX MOPOJI TIPH CTAHIAPTHOM BcecToporHeM naBieHun 200 MIla (meramackaneii).

VYcenemHas — ceificMudeckas  Bu3yanuzamus  VMS  3aBucHT  OT  pa3mepa, (opmel U
OpHEHTAIMK/HAKIIOHA PYIHOTO Tejla W MapaMeTpOB PErHCTPAIlMH, UCIOJIBb3YEMBIX B CEHCMUYECKON
pasBenke. Ilpu ceiicMuueckoM NMPOWIMHIE CYLIECTBYIOIIME ITyOOKHE CKBaXXMHBI MCIIOJB3YIOTCS B
KayecTBe MecT Ui J0OBIYM 3ajie)kell MAacCHUBHBIX CYNb(HIOB, Kak IMpaBHio, ¢ MpeoliaJaHueM
NUPUTA, M, YUUTHIBasE HMX BBICOKME aKyCTMUECKHE HWMIIEJJAHChl, OHHU SBJISIOTCS OTIMYHBIMU
KaHAUJATaM{ JUIsl METOZOB CEHCMHYECKOW pa3BelKHu BBICOKOTO paspemenus. Ha puc. 50 mokasan
npopmib CEHCMUYECKUX OTPAKEHUIl C BBICOKMM pa3pelleHHuEeM dYepe3 MecTopoxkaeHue MSa B
pynHOM paiione barepcr.

Takum oOpazom, mpu nouckax VMS ucnonbs3oBaics pazHooOpa3HbIii Habop reou3nuecKux
METOJIOB KaK B PErHOHAJIbHOM, TaK U B JIOKAJIbHOM Maciutabe. B pernonanbHbIX mporpamMmmax U B
paiioHax, TA€ OTCYTCTBYIOT IOJPOOHBIE TI'€OJOTMUECKHE KapThl, aBHALIMOHHBIE HCCIIEIOBAHUS,
COYETAIOUINE EKTPOMArHUTHBIE M MarHUTHbIE M3MEPEHUs, MOTYT JaTh LEHHYI HH()OPMALHUIO O
TEOJIOTHYECKUX OCOOCHHOCTSIX, CBS3aHHBIX C 3aJleTaHUEM MeCTOpoXKaeHuid VMS, Bkiouas
CTPYKTYpbl, UHTPY3UBHbIE T€Jla U 30Hbl U3MEHEHUN. MHOTHe MEeCTOPOXKACHUS ObLIIM OOHAPYKEHBI B

X04€ BO3AYHIHBIX MW HA3EMHBIX JJICKTPOMAIrHUTHBIX HCCHC,[[OBaHHﬁ, HCKOTOPBIC HanOoJee
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puUMeYaTeNbHBIX U3 HUX — pynHoe Teno Kuan-Kpuk B Ontapuo, pyanoe teno Urap-Xur-Ctun u

pyzHsbie Tena bpancyuk Ne 6 B bpancyuke u psj 1pyrux.

C. Dsmnce, in kiometers
A SOUTH 88 10 12 14 NOATH
- - pp— - —— - - - Q .
e s Processing datum Hatfmile lake deposit
o [ DR ! surface R g
- V‘&-;T;‘;_:‘ Merensky Reef /
-~ p—]
} - m.: e —

e p—

Dapth, i lomaters

Two-way rawBrw, in miliseconds
Depth, in klameters

Dapth, in Klomaters

impedence target

Puc. 50. IIpodwmm ceiicmuueckux orpaxenuit gepes VMS.

A. TIpoduiib, TOKa3bIBAMOIINIA CYTHGUAHO-IATHHOUAHBIN prd Mepenckoro B kommtekce bymsenn, FOxuas Adpuka; B. TpexmepHsiit mpobuis Hax
MecropoxaerneM JlyBukyp, Bans 1’Op, Kebex (D — ompaoicenue, npunucvisaemoe 3one usmenenuii). C. JIByMEpHOE MHOTOKaHAIBbHOE CEHCMUYECKOS
n300pakeHre MeCTOPOXKIeH s Ha o3epe Xandmaiin. D. [lonepedHoe cedeHne TPeXMEPHOTO CEHCMHYECKOro Ky0a, OKa3bIBaIOIee MECTOPOXKICHHIE,
00HapYKEHHOE € TIOMOIIbI0 CEHCMUYECKHX METOJI0B Ha TiryouHe 1300 M.

DONeKTPOMarHUTHBIM METOJ HWMEET JiBa OCHOBHBIX HEJOCTAaTKa: BO-TIEPBBIX, OTYETIIMBBIC
AHOMAMU TaKXXe MOTYT OBITh BBI3BAaHBI HEMHUHEPATU30BAHHBIMH CTPYKTYpaMH, BKIIOUas
YIIepOAUCThIE WU TpadUTOBBIE OCAIOYHBIE TIOPOJIBI, HE COJepKalliue Cyab(MUI0B, U UCTOIICHHYIO
MOKPBIBAIOIIYIO TOJIIY. BTOphIM oOrpaHWYEeHUEM SBISETCA CIOXKHOCTh DJIEKTPOMArHUTHOTO
OKOHTYPHUBAaHHS OOTaThIX ITMHKOM MECTOPOXJICHUN H3-3a IUIOXOH MPOBOIUMOCTH c(anepura Mo
CPaBHEHHMIO C JPYTMMU CYIbGUIHBIMH MHHEpanaMu. OTIOXKEHHS, COJEpKallhe 3HAYUTEIHHOE
KOJIMYECTBO MAarHETHTAa WU MUPPOTHHA, €CIIM OHU HE 3aJeraloT TITyOOKO, CO3JAl0T XapaKTepHBIC
MarHUTHbIE aHOMAJIMH, KaK 10 JaHHBIM aBUAI[MOHHBIX, TaK U HA3€MHBIX HCCIEA0BaHUNH. MarHuTHbIe
JAaHHBIE TaK)K€ MOTYT OBITh MMOJIE3HBI NIl OMpEIENIEHUsl TpaHHIl CyOBYJIKaAaHMYECKUX HUHTPY3UH U
ONpeNieNICHUsl, UCXOAS U3 MNPEIIOJOKEHUS, YTO TaKUE HHTPY3UU SIBIAIOTCS HCTOYHUKAMH TEILa,
THAPOTEPMAIBHBIX  CUCTeM. PaccessHHbIE CYIbGUABI MOXHO  OMNPEACTUTh C  MOMOIIBIO
MHAYUUMPOBAHHOM MOJSIpU3allMi, KOTOpas HalleleHa Ha 3epHa Ccyiab(uaa, KOTOphlE HE CBSA3aHbI

JIEKTPUYECKHU.
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I'paBUTALlMOHHBIE UCCIIEIOBaHUS OCOOEHHO IMOJIE3HBI JJIS BBIABICHUS 00pa30BaHUM C BBICOKOM
IUIOTHOCTBIO, TAKUX KaK OOraTeie OapuTOM 3KCTAIUTHI WIIM MAaCCUBHBIE CYIb(HUIbI, OOTaThie IUHKOM.

Pagnomerpuueckue uccieoBaHusl, OOBIYHO HCIIONb3YEMbIE MPH a’pOPOTOCHEMKE BMECTE C
MarHMTHBIMH U 3JIEKTPOMAarHUTHBIMU U3MEPEHUSAMH, BKJIFOYAIOT raMMa-criekrpockonuio i K, U u
Th, d9to MOXeT odYepTHTh OOraThie KalMeM 30HbI W3MEHCHHUH, KOTOpPbIC OKPYXAlOT MHOTHE
MECTOPOKICHUS.

I'eopusuueckne METOABI, KOTOpPHIE IIOKAa HE IIMPOKO HCHONB3YIOTCS B MOHCKax VMS,
BKJIIOYAIOT  DJIEKTPOXMMHMYECKHE, CEHCMUYECKHME  HCCIIENOBAaHUS  BBICOKOTO  pa3pelIcHMs,
OKHUCJIUTEIbHO-BOCCTAHOBUTENBHBIE METOJbl M HCCIENOBAHMS CIIOHTAHHOI'O TOTEHILMANa, a TaKXKe
pa3IuyHble METObI JUCTAHIIHOHHOTO 30HIUPOBAHMS.

8.4 D1eMeHTBHI-HHANKATOPBI.

Cpenu MHOTOYHCIIEHHBIX CTAOUIIBHBIX U PAJMOI€HHBIX U30TOMHBIX CUCTEM M30TOIbI KHCIOPOJa
UMEIOT HauOOJIbIINE IEPCIEKTUBbI AJI IMPSMOro NPUMEHEHUS B IIOMCKAaX M OLIEHKE pPEecypcoB
00bvexToB VMS. Kucnopoa BoKpyr MHOTHX MECTOPOKIEHHUI MMeEeT N30TOoIHbIe opeoibl. Hanpumep,
BapHalMil H30TOMOB KHCJIOpoAa B palloHe XOKypokKy B SIMOHWMH, OHpPEAETSIOT —OOIIyIo
3aKOHOMEPHOCTb, B KOTOpOii 3HaueHus 680 mo mopose KoppenupyloT ¢ KOMILIEKCOM H3MEHEHHIH,
HE3aBHCHMO OT JIMTOJIOTMM BMelaromux nopoa. Mecrtopoxaenue dDykanzaBa IJEMOHCTPUPYIOT
POTPECCUBHBIN POCT 3HAYCHUH (IIPUMEPHO 8 MPOMUILIBL) OT BHEIIHEH 30HBI IICOJINTA 10 BHYTPCHHEH
XJIOPUT-CEPULIUTOBOM 30HBI. AHAJOTMYHAs pErvoHalIbHAs 30HAIBHOCTH ObUIA ONpeE/esieHa B pailoHe
VMS Becrt-lllacta B KamudopHuu, BkiIrouas HaJW4yhe CHHBYJIKAHUYECKOTO IUTyTOHA, KOTOPBIi,
BEPOSITHO, ObUT MCTOYHHMKOM TeIJja YTO MPHUBEJIO K BO3HMKHOBEHHIO THAPOTEPMAIBHOM CHCTEMBI.
ConoctaBUMbIE pPE3yabTaThl OBLIM MOJYYEHBl PErMOHAIbHBIMU M30TOMHBIMU HCCIIETOBAaHUSIMHU
kuciopoga B okpyre Hopanma B KeOeke, maHopaMHOM paiioHe B 3amagHoil ABCTpaliuu,
[Tupenelickuii nuputoBblil nosic Mcnanun n paiione OcerpoBsix o3ep B OHTapumo. MckimroueHnem
ABIseTcs MectopoxkaeHue llanmelipononnc B bpasunuu, B KOTOPOM OTCYTCTBYET W3OTOIIHBIN
KOHTPAacT KHCJIOpOJa MEXAy TUAPOTEepMaIbHbIMU CIa00M3MEHEHHBIMHM M HEHW3MEHEHHBIMU
BMEIIAOIUUMH ITOPOJIaMH, BO3MOYKHO HM3-3a M30TOIIHOM NOMOTE€HH3alMU BO BPEMsl MHTECHCUBHOTO
metamop¢usma. JletanabHble UCCIIEA0BAaHUS JIOKATBHBIX 30H U3MEHEHHH BBIABISIOT X XapaKTEepHbIE
0CcOOEHHOCTH, HAallpUMep, Ha MeCTOpoxJIeHHH bproc B Apuzone u mectopoxaeHusx Kuan-Kpuk u
I'exo B OHTapwmo.

8.5 Meroab! BbIsIBJIEHHS CKPBITHIX MECTOPOKICHUI.

I'eopusuueckue wuccneqoBaHUs ObUIM OCOOEHHO BaKHBI B TaKWX palOHAX, KaK CEBEPHBIN
BuckoHcuH, rie 6iaronpusiTHbIE BYJIKAHUYECKHE TEPPUTOPUH MOKPHITHI JIETHUKOBBIMU TTOKPOBAMHU.
Mecropoxnaenne KpsHaoH B BuckoHcuHe, KOTOpO€ SABIISIETCSI OJHUM W3  KPYNHEWIIHX

mectopoxkaeanit VMS B CHIA (68 MT), u HeCKONbKO IpYyrux Oojiee MEIKUX MECTOPOXKACHUN
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(dnamb0, Topuamnm, [lenukan, JIMHH) OBLTM OTKPBHITHI C MOMOIIBIO a3POMArHUTHOW Pa3BEIKU C
NOCHCAYIONMMH  HAa3eMHBIMM  MAarHMUTHBIMH  HCCIICAOBAaHUSMH H  OypeHuem. [ uranrtckoe
mecropokaenne Kidd B mpoBunimm OHTapuo Takxke OBLJIO CKPBITBIM MECTOPOXKACHHEM, KOTOPOE
ObUI0 OOHAPYKEHO B PE3YJIbTATE A3POIEKTPOMArHUTHBIX UCCIIETOBAaHUM.

MaccuBHas cyabpuaHas MUHEpATU3aLUs BCTPEYAECTCS B BYJIKAHMYECKHX,
BYJKaHOKJIACTHYECKMX M OCAJOYHBIX IMOPOJaX, KOTOPhIE OOBIYHO HMMEIOT HHM3KYI0O UM YMEPEHHYIO
IUIOTHOCTh. MaccuBHasl cynb(UIHAsS MHHEPATH3ALHs C MUPUTOM, MUPPOTUHOM, XaTIbKOIHPHUTOM,
chajepuToM M TaJEHUTOM OO0JaJaeT BBICOKOM IUIOTHOCTBIO. 3aMETHblE KOHTPACThl MEXIY
(Gu3n4ecKUMHU CBOMCTBaMU MHUHEpaNoB, 00pa30BaBUIMXCS B pe3yibTare MUHepanuzauuu VMS, u
BMEUIAIOIIMX HUX T[OPOJ JENalT CKPBITbIE MECTOPOXKAEHUS HJCAIBHO MOAXOMSAIIUMU  JUIs
reopu3nYeckux TOUCKOB. ['eopu3mueckne WMCCIENOBaHHUS CHITPATH TAKXKE PEHIAIONIYI0 POJb B
BeisIeHMH VMS B MOpcKkux ycnoBHsiX Ha 6onblmx riyouHax. Meronasl VidMenSti oka3aiuce oyeHb
YCIIEIIHBIMU TP OOHApYXEHUU MeCTOpoXaAeHul Ha riayoune B 300 M, celicMuUecKue OTpa)KeHUs C
BBICOKMM pa3pellieHueM MO3BOJISIIOT OOHAPYKHUTh OOBEKTHI HA €I1ie OOIbIINX IITyOrHAaX.

KomOnHupoBaHHbIE aBHAIIMOHHBIE AJIEKTPOMArHUTHBIE U MAarHUTHBIC MCCIECIOBAHUS, a TAKKe
CKBakMHHbIe uccienoBanuss TDEM craiu OCHOBHBIM HMHCTPYMEHTOM OTKPBITMH OOJBIIMHCTBA
MecTopokaeHuid  VMS.  AsporpaBUMeTpudecKHe HUCCIEIOBaHMs  CTaHOBATCS Bce  Oosee
pactpocTpaHEeHHBIMH Kak B KadecTBE HWHCTPYMEHTa KapTorpapupoBaHHs, TaK M B KauyecTBE
MHCTPYMEHTA NpsAMOro oOHapyxeHus. Tak B psae palloHOB OHU OOHAPYKUIM, ONpenenuin Gopmy u
pasmep pyaHbIX Ten. HerpaguiuoHHble reou3nyeckue METONbl, TaKHe KaK MarHUTOTEeJTypHKa,
Turan 34, Megatem™ u ap. ¢ BBICOKMM pa3pelleHHeM M INIyOMHHOCTBIO B HACTOSILEE BpeMs
HIMPOKO UCTIONIB3YIOTCA JUISl UACHTU(PUKAIUU CKPBITBIX O0BEKTOB.

8.6 KpuTepuu nepcnexkTHBHBIX IUIOIIA/el Pa3IMYHBIX YPOBHEIA.

OOmmupHBle HCCIeOBaHUS MHOTMX pailoHOB VMS 1o Bcemy Mupy H  oOuMpHas
VMHBEHTapHU3als. MUHEPAIM3allud Ha COBPEMEHHOM MODPCKOM JHE IO3BOJISIFOT HCIOJIB30BaTh
HEKOTOpbIE€ MPOrHOCTUYECKHE KPUTEPHUH ISl ONIPEIEIICHUS KIIACTEPOB MECTOPOKIACHUM.

1. Paiionst VMS BcTpeuaroTcs BHYTPU KPYIHBIX BYJIKAHHYECKMX IIOCTPOEK, KajbAep H
CTPYKTYp 3eMHOM Kopel. Paiiomsl Hopanma wu  barepct sBIAOTCS  ABYMs  XOPOILLIO
JIOKYMEHTHUPOBAHHBIMH IIPUMEPAMHU.

2. Kpymnnbele MectopoxieHusi, Oonee 50-100 muH TOHH, BcTpedaroTcsi penko. Hekoropsie
KpYIHbIE MECTOPOXKIEHHUS CBSI3aHBI C OCHOBHOM JOJIOXKHBYIIEH CTPYKTYpOH 3€MHOM KOPBI
(manmpumep, Kuan-Kpuk), uim ¢ MOLUTHBIMHU MOCIEI0BATEIBHOCTSIMHE BYJIKAHOKIACTHYECKUX MOPOJT
(mampumep, batepct), wumm  BcTpewaroTcs B Oonee  CTaOMIBHBIX — PU(PTOBBIX  YCIOBHSX
KOHTHHEHTaJIbHOW OKpauHbl (Hanpumep, MOepuiickuii nupuToBsii mosic). bonbiine MecTopokaeHUs,

KaK MpaBUJIO, CBSA3AHBI C KPYMHBIMH, TU((Y3HBIMU HU3KOTEMIIEpATYpHBIMU CUCTEMAMU W3MEHEHUN
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U KHUCIIBIMU BYJKAaHOKJIACTHYECKHMMM W/WIM KPEMHE3EMHBIMHU JIUTO(ALUAMH, BKIIOYasi TOHKHE, HO
oOmmpHeIe 1o Jarepanu oopasosanus Fe u Fe-Mn.

3. MecropoxXaeHus MOJUMETANIOB M JParoleHHBIX METAJJIOB MOTYT OBITh CBSI3aHBI C
pPETrMOHANBHBIMU, MECTHBIMU U KOMITO3ULIMOHHBIMU OCOOEHHOCTSIMH. MeCTOpPOXK/I€HUs, CBA3aHHBIE C
TeppeliHaMu ¢ MpeolJialaHueM OCHOBHBIX IOPOA, OOBIYHO colepxaT MeAb U Meab-UMHK. KpynHble
MecTopoxacHus, Takue Kak Kunn-Kpuk, @nun-®inos u X0pH, COAEpKAT UCKIIIOYUTEIIBHbBIC 3aI1achl
Meau, 307I0Ta w/wiu apyrue meramwibl (Hampumep, In u Sn B Kunn-Kpuk). KoHTuHeHTaNbHBIC
OKpauHbl U PUPTOBBIC IYrOBbIE€ CTPYKTYpPbl C KHCIBIMU BYJIKAHOKIACTUYECKUMHU U OCAJ0YHBIMU
BMEILAIOUIMMHU TOPOAAMU MMEIOT OoJiee BbICOKHME KOHLEHTpanuu Pb-Zn (nanmpumep, LIMHKrpyBaH,
Beprcnaren) mnu konnentpauuun Pb-Au-Ag (Poy36eppu, Tacmanus; Iletuxnac, [Benus; Dckaii-
Kpuk, Kanana; ['punc-Kpuk, Aunscka). Wckmrouenue cocraBisier HeBec KopBo, xoTopbslil mmeer
6onbume 3anacel Cu-Sn ¥ IPOCTPAHCTBEHHO CBSA3aH C HKCTPY3UBAMM PHOJINTA.

4. CunbHO MeTamMOp(U30BaHHBIE OTJIOKEHHs, OOBIYHO BCTpEUAIOLIMECs B apXEHCKUX WIU
IIPOTEPO30MCKUX TeppeilHax, OObIYHO cojepkaT OoJjiee KpPYNMHO3EPHUCThIE CYJIb(PUIBI, W,
CJIEZIOBATENILHO, W3BJICYEHUE METAILUIOB OOBIYHO JIyUIlle, YeM MEIKOKPUCTAIUIMYECKHX CYIb(QHIOB B
HEKOTOPBIX MEHee MeTaMOp(pHU30BaHHBIX pailoHax. Pexpucramimzanus Takke MOXKET YCIOXKHHUTb
U3BJICUEHHE M3-3a IPOPACTaHUs METAJUIOB U 3aMELICHUs BPEIHBIX METaJUIOB, Hanpumep, Se u Tl, HO
TaK)K€ MOYKET TEPMUYECKH U MEXaHUUYECKU «OUYUCTUTH» OTJIOXKEHMSI TAKMX METaJIoB, kKak Hg, As u
Sh.

IlepcrieKTUBHBIN Y4acTOK MPU OLIEHKE MUHEPAIBHBIX PECYPCOB ONPENEIAETCS KaK TEPPUTOPHS,
reoJIornyeckie O0COOEHHOCTH KOTOPOW JIOMYCKAIOT IOSBICHHWE OJHOTO WM HECKOJIbKUX THUIIOB
MecTopoXKAeHu. bnaronpusitHas reojorusi sBisieTcs HaumOoJee BaXXKHBIM KpPUTEpUEM IS
ompezeNieHus: NePCIeKTUBHOCTH!

* HaJWYME IOJBOJHOM BYJIKAaHOT€HHO-OCAJAOYHOW TOJIIHM, BO3PACT KOTOpPOM TMONagaeT BO
BpEMEHHOW TMepuoJ (GopMHpOBaHUS MHOTOYMCIEHHBIX MecTopoxkaeHuii VMS ¢ Oonbuum
COBOKYITHBIM TOHHQ)KEM U COJEP>KaHUEM MOJIUMETAIIIOB;

* CBUJIETEJILCTBA €OJJUHAMUYECKON OOCTAHOBKHU PACTSKEHHS M CHHBYJIKAHUYECKHX PA3JIOMOB,
YTO OTPAKEHO B XapaKTEPHOM COCTAaBE BYJIKAHUYECKUX U CUHBYJIKAHUUYECKUX UHTPY3UBHBIX MIOPOJ;

* HaJIMYHUe rpyObIX BYJIKAHWUYECKUX OPEKUYMI MM KUCIBIX KYIOJIOB, YKa3bIBAIOIIMX Ha OJU30CTh
K BYJIKAHUYECKOMY LIEHTPY;

* TIOSIBJIEHUE KCTAIUTOB, OCOOCHHO COJIEPKaINX CYIb(PHAbI IBETHBIX METAJIOB WM KPYIHBIX
MI0JIO’KUTEBHBIX EBPONMEBBIX AHOMAJIN;

* HaJM4YUE 30H U3MEHEHHH, MPEACTaBICHHBIX OOMIBHBIM XJOPHUTOM M MYCKOBHTOM, WM MX

MeTaMop(l)I/ISOBaHHBIMH OKBHBAJICHTaAMU, 1
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* BO3HUKHOBEHHE KpYNHBIX CYyOBYJIKaHMYECKHMX CHJUIOB Kak MCTOYHUKOB  TeIUia
TUAPOTEPMAIIBHBIX CUCTEM.

JpyruMy TOJIOKUTEIbHBIMU  KPUTEPUSMHU  SIBISIOTCS aHOMAaJIbHO BBICOKOE COJEp)KaHUE
L[BETHBIX METAJJIOB B OTJIOXKEHUAX PYUbs, HAIMUNE OOUIBHBIX MHUHEPAIOB-UHIUKATOPOB, TAKUX KaK
TFaHUT MM CIECCapTUHOBBIM TIpaHaT, a TaKXe TIeopU3NUYECKHue TaHHbIe, KOTOpPbIE IO3BOJISIIOT
IPEIOJIOKUTh HAMYME 30H TMIPOTEPMAJIbHBIX W3MEHEHUHW WJIM IMEPCHEKTUBHBIX AHOMAIMH MO
pa3IMYHBIMU IOKPOBAMH.

WuTerpanust reojgoruyeckux, MUHEPaIbHbIX, F€OXMMHUYECKMX U TeO0(PU3MUECKUX JaHHBIX C
ucnonb3oBanueM uHpopmannoHHbXx cucreM (I'MC) u aHamOrM4HBIX METOJOB IPOCTPAHCTBEHHOIO
aHanmm3a 00ecreynBaeT HaJle)KHYI0 OCHOBY JUISI OLIEHOK CTEHHM MEPCIEKTHBHOCTU. Tako MOAXoI K
OLICHKE NEpPCIEKTUBHOCTU ObLI HcHoib30BaH B paiione lllemnedre B IlIBenuu, yto mpuBeno k
II0JIOKUTEIBHBIM PE3YyJIbTaTaM.

Paznuunple MacTaObl KapT MOTYT OKa3blBaTh CYLIECTBEHHOE BIMsSHHME Ha (GopMy U pa3mep
NEePCIEeKTUBHBIX IUIomaael. lcnonap3oBaHue KpymHOMAacHITaOHBIX TE0JIOTMYECKUX KapT MOXKET
NpUBECTH K OOOOIICHWIO W pPACHIMPEHHIO TEPCIEKTUBHOM IUIOMAd HAa OCHOBE BKIIIOUCHHS
pa3INYHBIX TUIIOB OPYAEHEHMs, BCTPEUAIOIIMXCs B JIOKAIbHBIX yciaoBusAX. Mcmonb3oBanue Ooiee
0000IIEHHBIX KapT MpH aHaJIu3€ CHOCOOCTBYET BKJIHOYEHHUIO I€OJOIMYECKHX MapaMeTpoB, KOTOpBIE
HE SIBJISIIOTCS OJaronpusATHBIMM JUIsl JAHHOIO THIA MECTOPOXKICHUM M TakuM oOpa3oM CO3Aar0T
00MaHYMBOE BIEUYATJIEHWE O MEePCHeKTUBHOCTH. KoIu4uecTBEeHHO OLIEHUTH ATy IpolbiieMy maciitada
KapThl MOKHO C ITIOMOLIBbIO aHa/n3a pacnpezneneHus Ilyaccona, mokasas, 4To reosioruueckas Kapra,
UMeIoINas B J1Ba pa3a OOJIBbIIYIO JeTaau3alHio, yeM Oosiee 00001IeHHas KapTa, YMEHBIIUT TUIONIA/1b
NepCreKTUBHOM Tuionaan Ha 50 mpoueHToB.

[Mosinenne 3D-I'MC-Bu3yanu3anuu u MOJIEIMPOBAHUS TPUBEIO K HMHTETPAlMd MarHUTHBIX
JTAHHBIX BBICOKOT'O pa3pelleHusi, rpaBuTaunu, DM, yJIenbsHOro CONpOTUBICHUS, KapTorpadupoBaHus
BYJKaHUYECKUX JHUTO(GAIMNA, T€OXUMHM U3MEHEHMH M ap. Ans 3(dekTuBHbIX mouckoB. Takoe

MozenupoBanue B Hopanne, HanpuMep, BBISIBIIO OTKpbITHE 3amaaHoro Axcuia (tadi. 23).
Tabn. 23:

IHouckoBbie MeTObI BhISIBJIEHUS MecTOpOxIeHuil VMS

Br10op nepcneKTHUBHOM NJI0IIAAH BoisiBiIeHUE MeCTOPOKAEHUSI
(noucku Greenfields) (PP Brownfields)
COop T€0NOrMueCcKNX TaHHBIX.
KapTtupoBanue pudTOBBIX CHCTEM,
CcyOBYITKaHMYECKUX UHTPY3HH, a TaKXKe

JeransHoe kaptuposanue (M-6 1:5000 - 1:2000)
PYIOJIOKAJIU3YIOLIHUX PAa3IOMOB,

Teosiorusi CyOBYJIKAHMYECKHX TeJl, 30H U3MEHEHHH.
FHAPOTEPMATHHOMETACOMA TIHECKHX 3asepounoe Oypenwne, cocrainenne 3D I'C
n3meneHuid. BMacmrabdel:10 000 — 1:20 POHHOE bYP ’

MOUCKOBOW MOJIEIN
000.
OmnpoboBanue (KpyIHBIE, CIEIOBEIC, OnpoboBanne 1715 HACHTUDHUKAINN THITA TIOPOX
pelKko3eMelbHbIe (xemocTparurpadust A1t KOPPEISALHHA

TeoxuMust | SJIEMEHTHI) sl HACHTUDUKATUH OIaronpUATHBIX CTPATUTPAPUISCKUX HHTEPBAJIOB
pUQTOreHHBIX M HHTPY3UBHBIX TOPO/I. 1 PELICHUIO CTPYKTYPHBIX IPo0ieM (MakOpHEIE,

OHpO60BaHI/Ie (OCHOBHBIX u PaCCCSIHHBIC U pEAKO3CMCIIbHBIC BHCMGHTI)I).
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MUKPO3JIEMCHTOB, METAJJIOB U U30TOIIOB OHpO6OBaHI/I€ MOBEPXHOCTHBIX OOHaKEHUI 1
Kncnopoaa) JUTA XapaKTCPpUCTUKHN KEpHa [JIst onpeaciCHUS 30HAJIbHOCTH HM3MEHEHHMI
W3MEHEHUM U MUHEpaAJIN3aluu. (OCHOBHLIe U MUKPODBJICMCHTDBI, MCTAJIJIbI 1

MuHepanorudeckre (XRD) u MunepanbHO-
XUMHUYecKHe annble). [Ipu HeoOxoaumocTn
0T0Op NPOO MOYBHI, PACTUTEIBHOCTH I BOJBL.

Kommmusiiys npeasLaymx
reo(pU3NIECKUX UCCIICAOBAHMUM.
Ieopusuka | Asporeodusuieckue ncciae 0BaHUSA
(MAT, OM, pagromeTpus,
TpaBUMETPHsL?).

Ha3zemHbIe ¥ CKBaXXHHHBIC TCO(PU3MUCCKUC
uccnepoBanng (MAG, EM, IP, rpaBuTanus...B
3aBUCHMOCTH OT THIIa MHHEPAJIU3AIMU U pazMepa
MECTOPOKICHUS] — SKOHOMHUYECKHE TTAPAMETPHI.

8.7 Iloka3zaTeyin, BJAUSIOIIHE HA OLIEHKY MapaMeTPOB MeCTOPOKIEHHUIA.

Ha mapamerpbl MecTOpOXAEHMI BIUSAIOT HECKOJIbKo (akTopoB. bbuio ormeueno, uro 47%
mectopoxacanii VMS nHa teppuropun Kananel BCTpedaroTcst TOIBKO B IIECTH paiioHax. Bo3MoxHbIE
OOBSICHEHUS 3TUX CKOIUIEHHH OTiokeHud VMS, oxBaThlBaloIIMX IUIOMIAAW B CpeaHeM 32 KM B
TUaMeTpe, BKIIIOYAIOT HAllM4Yhe OOWJIBHBIX KHUCIBIX BYJIKAHMYECKHX IMMOPOJ U CBSI3aHHBIX C HUMH
BYJIKAHUYECKHX LEHTPOB, a TAK)KE MPEUMYIIECTBEHHOE 3aJ€raHhe B IPEANOJIaraéMbiX MOJBOIHBIX
KaJpAepax. ITa rpyNnupoBKa MECTOPOXKACHUN ObllIa TaKKe MOJYEPKHYTa TeM (PAKTOM, YTO AUAMETP
KaXIOM  TPynmbl  CTPYNIHPOBAHHBIX ~ MECTOPOXKICHHMHA  OTpakaeT  MacImTabbl  CHCTEM
TUAPOTEPMAIbHBIX U3MEHEHUN pEeruoHajabHOro Maciirada. Pacnpenenenue MecTopokIeHU BHYTPU
KOKJIOr0  pailoHa  CBSI3aHO C  pacClpelesICeHMEM  CHHBYJKAHUYECKHMX  pPa3JIOMOB  HaJ
CyOByJIIKaHMYECKMMU HHTpY3UsiMU. B cinydae paitona Hopanpa mmomagHoe pacrnpesenieHue
orinoxeHnd VMS OIM3KO COOTBETCTBYET OYEPTAHUSAM THAPOTEPMAIBHO HM3MEHEHHBIX MOPJ
kanbepsl Hopannasl.

B coBpeMeHHBIX YCIOBHUSX CpEeAHSS IUIOTHOCTh THAPOTEPMAIBHBIX JKEpPJOBBIX IOJEH
konebnercs or 1,9 mo 6,6 ydactkoB Ha 100 kM qIMHBI. DTOT AUANa30H TUIOTHOCTEH BKIIIOYAET
JaHHbIe I 3aayroBoro xpeodrta Bany ®a, nyr Tonra u Kepmazek, a Takxe cpeInHHO-OKEaHMUECKIX
XpeOTOB B BOCTOYHOH 4acTh Tuxoro okeana. Camble kpymHeie VMS Ha cpennHHO-OKEaHUIECKHX
xpe0Tax, Kak MpaBWJIO, BCTPEUAIOTCS TaM, IJI€ CKOPOCTh PACHpOCTPAaHEHUS OT MEIJIEHHOW 0
cpenHeil. PacueTsl, OCHOBaHHbIE Ha TEIJIOBOM IOTOKE, TEOPETHUECKH MPEANOJaraloT HaIu4Hhe Kak
MHUHUMYM OJIHOTO >K€pjia YEepHOro KypWJIbIIMKA Ha Kaxabld 1 KM JJIMHBI XpeOdTa, HO UX
pacrnpezieieHue HEpaBHOMEPHO, U OOJIBIINE CKOIIJICHUS KepJl YEPHOr0 KypHIIbIIIMKA BCTPEUAIOTCS Ha
ropaszio OoJbIIMX paccTOSHUAX - mpuMepHo 50-100 kM. B 1peBHUX YCIOBUSX pacCTOSIHUE MEXKIY
MECTOPOXKACHUSIMHU CBSI3aHO C PA3IMYHBIMM MPOIECCAaMU, B PE3yJIbTaTe YEro AUAMETP, MO OLIEHKaM,
COCTaBJsieT 5 KM Il MacmTaba MPOKCHMAalIbHBIX THAPOTEPMAIBHBIX M3MEHEHUN BOKPYT Ka)IO0Tr0
MECTOPOXKACHHUS.

[TonpoOHbIi cTaTHCcTHUECKUI aHanK3 oOecrieunBaeT Hanbosiee HaZeKHYIO OCHOBY Uil OLIEHKU
TUIOTHOCTU HEPa3BEAaHHBIX MecTopoxaeHuid VMS s OIeHKH MHHEpaTbHO-CHIPHEBBIX PECYpPCOB.

Hcronb3yroTes 4aCTOTHBIE PaCIPEAEIICHNs] INIOTHOCTH MECTOPOXKACHUM [ 38 XOpOIIO U3YYEHHBIX
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30H 10 Bcemy MHUpY. bruto onpeneneHo, uro 90 mpoIeHTOB KOHTPOIBHBIX TEPPUTOPUI UMEIOT OoJiee
100 mectoposxaenunit VMS na 100 000 km? 1 uTo Kak MacIuTad KapThl, TaK U pazsMephl KOHTPOIbHBIX
TEPPUTOPUIN  SIBIISIFOTCSL  MOKA3aTeIs MU  IJIOTHOCTH  MECTOPOXKIeHWH. Macmradbl — KapThl,
UCIIOJNIb3YEMbIE Ui Pa3rpaHUYCHUs MEPCHEKTUBHBIX IUIOIIAJEH, Takke HEOOXOJUMO YUUTHIBATD,
MOCKOJIbKY OHHM HampsMyl0 BIMSIOT Ha TMPOCTPAHCTBEHHOE M YAacTOTHOE paclpelesieHue W,
cienoBaTenbHO, Ha MI0THOCTE VMS. TlosTOMy Ui OLIEHKM MHHEPabHBIX PECYpCOB CIEIyeT
UCTIOJIb30BaTh Hanbosee NoApOoOHBIE TeOIOTHIECKHE KapThl, YTOOBI MAaKCUMH3UPOBATh 0a3y 3HAHUN
JUIst SKcriepToB VMS TpH OIleHKEe KOJIMYEeCTBa HEOTKPBITHIX MECTOPOXKACHUN HA JAHHOH IUIOIIA N,

OneHkr pa3MepoB HEpPa3BEAAHHBIX MECTOPOXKICHHI OCHOBaHbI TJaBHBIM 00pa3oM Ha
CTaTMCTUYECKUX JAHHBIX [0 COJEP)KAaHUSAM U TOHHAXY I JaHHOTO THUIIA MECTOPOKICHHM.
KpynHelimme 3anacbl METaIIOB OOBIYHO COAEPKATCS B HECKOJIBKUX TMIAHTCKUX PYIHBIX OOBEKTaX,
MO03TOMY OY€Hb MEJKHE WM OeHBbIE MECTOPOXKACHHS HE CYIIECTBEHHO BIIMSIOT Ha paclpeesieHue
copTHOCTH M ToHHaxa. [lompoOHBIE cTaTHCTHYECKHE HUCCIENOBaHUS 3a(PUKCUPOBATH HECKOJBKO
KJIFOYEBBIX B3aMMOCBSA3€H MEXJy OCHOBHBIMU THUIIAMU MECTOPOKIEHHUM IOJE3HBIX HCKONAeMBbIX,
BKitouass VMS: (1) pacnpenereHre TOHHaXa MPUMEPHO JIOTapUPMUIECKH HOpMalibHOE, (2) pasmep
MECTOPOXKACHHUSI 0OpAaTHO KOPPEIHPYET C IIOTHOCTHIO MECTOpOXKAeHHs, U (3) o0llee KOIMYeCTBO
MUHEPATU30BaHHONW TMOPOJBI MPOMOPLHUOHAIBHO pa3Mepy CpeIHEro MeCTOpOoXIeHus. Takum
0o0pa3oM, 3aBUCUMOCTH, IIOJyYEHHbIE B pE3yJIbTaTe€ CTATUCTUYECKUX MCCIENOBAaHUM, B TOM YHUCIIE
MEXJy pa3MepaMy IUIOIIAJAeH U IMJIOTHOCTbIO MECTOPOKIEHHI, MOTYT HCIOJIb30BaThCsl BMECTE C
MOJEISIMH COJIEpP)KaHHA M TOHHaKa B KAydeCTBE IIOKA3aTeled KOJIMYECTBA HEOTKPBITBIX
MECTOPOKJICHUNH M OOIIEro KOJMYECTBa HEOOHAPYXKEHHBIX METaoB. Takke BaXKHbI OCOOEHHOCTHU
omokoB 3K, KOTOpbie, BEpOSTHO, OMNPEACISIIOT O0ECNEeYeHHOCTh MeETaUIaMH, BKJIFOYast
BO3HHUKHOBEHUE U PACIOJIOKEHUE TUTAHTCKUX U CBEPXTMTAaHTCKUX MECTOPOKICHUH.

8.8 HanmpagJjienus Oyaymux uccjaeJ0BaHUM.

CylecTByIOT HEKOTOpbIE HEIOCTaTKM COBPEMEHHOM wMoaenn VMS, koropele cuenyer
YUUTBIBAaTh NPU pa3padOTKe MPOrHO3HO-MOUCKOBBIX nporpamm ['PP:

1. HeomnpeneneHHOCTb OTHOCUTENBHO HMCTOYHHMKA ILIBETHBIX M JPArollEHHBIX METAIJIOB B
MecTOpOKIAeHUAX VMS. SIBAsOTCS JIM MeTaulbl MOJHOCThIO 00pa3oBaHHBIMU B pe3yibTare
BBIIIIEIAUYNBAHNS KOPEHHBIX MTOPOJ MOPCKOM BOJOM B 30HaX BBICOKOTEMIIEPATYPHBIX PEAKLUH, WIN
K€ CYIIECTBYET MpPSIMOW MJIM KOCBEHHBIM MarMaTH4eCKH BKJIaJ B THIPOTEPMAIbHYIO CHUCTEMY
VMS? Ecnu mpenmoyteHue OTHAETCS MEPBOMY IMPOIECCY, CIAEAYeT YAEHSATh OOJbIlle BHUMAHUS
NOHMMAHHIO, PAcCHO3HAaBAaHUIO M OIPEJEICHHUIO BBICOKOTEMIIEPATypHBIX 30H peakuuu. OnHaxo,
BTOPOH Ipolecc O6JaronpusaTCTByeT 0ojiee IiTy00KOMY MOHUMAHHUIO TIOBEACHUS METAJUIOB U CEPBI BO

BpEMA YAaCTUYHOI'O INIABJICHHA, MAarMaTudcCKOro (l)paKHI/IOHI/IpOBaHI/ISI N J3BOJIOIIMHW ITOABOJIHBIX
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BYJIKAHOB. PerieHue, BEpOATHO, JEKUT MEXKAY IBYMS UCTOYHHMKAMU METAJUIOB B 3aBHCHUMOCTH OT
TOT'0, HACKOJIBKO PA3BUTHI U OOTAThI JIETYYUMH BELIECTBAMU CBSI3aHHBIC C HUMH MarMbl.

2. [louemy OJTHU MECTOPOXKJIEHUSI OOTaTHI 30JI0TOM, a Apyrue HeT? boratrelil 30J0TOM XapakTep
MecTopoxaeHruit VMS oObsicHsieTcsl mpoleccaMy 30HAJIbHON OYMCTKH, MarMaTU4ecKUM BKIIAJIOM,
KUIIEHHEM M (Da30BbIM pa3JesieHHeM BOCXOISALIMX THIPOTEPMATIbHBIX (IIIOMIOB U, B HEKOTOPBIX
cllydasix, HaJIO)KEHHEeM Oosiee TO3IHUX THUAPOTEPMAIBHBIX M TEKTOHHYECKUX coObiTuii. Ecim
KUTICHHE UMEET pelIarolee 3HaueHue, To IIyOnHa BOJIbI TAK)KE CTAHOBUTCS KPUTHUECKOM, PABHO KaK
U HEOOXOIMMOCTh Pa3pabOTKU KPUTEPHUEB, MO3BOJSIOIIUX pa3nyarh IUIACTHI, OTJIOKUBILKECS Ha
MEJIKOBOJE M B Oojee IMIyOOKMX BOIHBIX cpefax. OueBumHO, 4TO oOoramieHue Au B
MeCTOpOXKACHUsIX VMS Bce ele mioxo M3y4eHo,  KpailHe BaXHO pa3paborarh Ooyiee HalleKHBIC
KpUTEPUU ITIOUCKOB.

3. Kakue KOHKpETHbIE peruoHajbHble TEKTOHHYECKHE U MarMaTHYecKue MpOIeCcCh
pudToreHe3a MPUBOAAT K 0Opa30BAaHUIO BYIKAHOB, MHUHEPATU30BaHHBIX VMS, Mo cpaBHEHUIO C
ByJIKAHAMU, HE MUHEPAIN30BaHHBIMU, U KaK MOKHO I1OCJIEJOBATEIBLHO PACO3HATh MEepBhIE?

4. Tlouemy peHTaOenbHBIE MECTOpPOXACHUS VMS B KOHKPETHOM paiioHE (BYJIKAaHUYECKOM
KOMIUIEKCE) 4allle BCer0 paclojararoTcs BCEro Ha OJHOM-ABYX CTpATHrpauuyecKuX TOPHU30HTaX
(w1 uHTEpBajax)?

5. B HeKoOTOphIX paiioHax OyAeT TOJNBKO OJHO MecTopoxaeHue VMS, Torna xak B Opyrux -
HecKosibko. [ToueMy 3TO Tak M Kak BBLAENATh NEPCHEKTUBHBIE IUIOMIAIN, KOTOPbIE MOTEHIIMAIbHO
MOTYT COZIEpP>KaTh KJIaCTep IKOHOMHUYECKH KU3HECTIOCOOHBIX MeCTOpoxkIeHnH VMS?

Hwxe npuBoauTCs KpaTKUil CIUCOK TeX oO0JIacTei, KOTOpbIE 3acIyKMBAIOT JAajdbHEUIIEro
W3YYCHUS U BHUMaHUSI.

Obpa3zosanue ceepxeucanmcKux Mecmopo*cOeHutl

* O0BeMBl MATEPUHCKOW TOPOJBI WU MarMbl, HEOOXOIUMBIE Ui MarMaTHYeCKOW MOJENH
TUAPOTEPMAIIBHOTO OPYIEHEHUS], HCTOYHUKH METAJUIOB;

* ['eoxumudeckast JUCKPUMHUHAINS YHUKAIBHBIX MarMaTHUYE€CKUX PY/I;

* CocTaBbl ra30BO-KUAKUX BKIIOUEHUH B pyJHBIX MUHEpanaXx VMS Ha oCHOBE HOBBIX METOJIOB
OmpesieNieHUs] KOHIIGHTpPAIlMK METAJUIOB BO BpeMsi 00pa3oBaHUS pyAbl WM JUIS TMOHUMAHUSA
MarmMaTU4ecKoro NepeHoca MeTajjIoB IMapoM, a HE MarMaTU4YECKMMH paccojamy;

* JlonroBe4yHOCTh THIPOTEPMATIBHBIX CUCTEM (YIyUIIEHHSI T€OXPOHOJIOTHSA).

ConocmasneHue pecuoHAIbHBIX U JIOKAIbHLIX PaAKMOpPO8:

* B3aumocBs3b NPOU3BOJICTBA TEIJIA U MarMaTUYECKUX JIETYYMX BEIIECTB MAarMaTH4YECKUX Tl
1utst MecTopokaeHuit VMS;

* Jlokanuzanus opyA€HeHUs — BEpTUKAJIbHAS U JIaTepajibHas;

* [TocTpyaHbIe TUTYTOHBI U O0OTaThIE 30J10TOM MecTopoxkaeHust VMS;
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* VinprpamaduTOBBIC acCOUAIUN (KOMATHUTHI);

» Ousnueckas BYJIKAHOJIOTHS U (amanbHas apXUTEKTypa BYJIKAHUIECKIX MTOPO/I.

Hosoe moodenuposarnue nomoka ¢hiouoos.

* HoBble mporpammel ¢ HOBbIMU Bo3MokHOCTsIMU - T OUGHREACT, GWB wu np;

* [Ipo10IKUTENBHOCTh U MACCONIEPEHOC THIPOTEPMATIBHBIX CUCTEM;

* PeakTHBHBIN TPAHCIIOPT U H3MEHEHHE PACTBOPUMOCTH BCIICICTBUE PACTBOPCHHUS.

* BiinsiHMEe MarMaTu4ecKux JIETyYUX UMITYJIbCOB HA KOHBEKTHBHBIC CHCTEMBIL;

* Huskuit ypoBeHb KUIKOCTU B MOJIBECHBIX HACTEHHBIX CHCTEMAaX.

Bpemenunsvie u npocmpancmeenHvle npuuuHbl COXpAHEHU MECIOPONCOCHUL

* AHOKCHS,

* I3BepxeHue ByJIKaHa,

* Onoa3Hu,

* [TogBoHas MuHepanu3aus u

» KpeMHe3eM Wi apriuIiT/apriJDIATOBAS TOKPHITIIKA.

Hoegvle memoowvl noucka ckpbimvix MecmopotcoeHull.

* Tspxenble MUHEPAIBI;

* T'ecoxumus, HoBble wu3oTomHble cuctembl (Fe, Cu, Zn, 335), JIA3€pHBIM U HOHHBIN
MUKPO30H/IOBbIN aHAJIN3;

* JluctanbHble, 3araJI0YHBIC H3MECHEHUS;

* HoBkle l"eO(l)I/BI/I‘leCKI/Ie MCTOHEI.
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