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BBEAEHUE

AkmyanbHocmb  uccrniedoeaHusi.  YCnewHoe  pelleHMe  MHOIuX
ANCKYCCUOHHBIX NpobrnemM reonorMn 3aBUCUT OT BO3MOXHOCTU  MONyYeHUs
MaKCMManbHOro KOnuyecTBa reHeTuyeckonm wHdopmauun, ©Gonbwon obbem
KOTOpoWn cogepxar dnongHble BKINIOYEHUSA B MUHepanax.
Tepmobaporeoxmummyeckme MeToabl B MUPOBOW [EOSIOrMYECKON Hayke cTanu
NPUMBbIMHBIM N CaMbIM  TOYHbIM Hay4YHO-UCCIEeAO0BATESNIbCKUM  UHCTPYMEHTOM,
0COBEHHO B CBSI3M C pasBUTMEM METOAOB aHanu3a UHAMBWMAOYasnbHbIX BKAOYEHWUN,
TakMx Kak nasepHo-CrnekTpanbHbld aHanum3 >xuakon dasbl BrodeHun (J1ICA),
NPOTOH-MHAOYLUMPOBaHHas peHTreHoBckass amuccensa (PIXE), macc-cnektpockonua ¢
nasepHou abnaumen (LA-ICPMS) n gp.

Ha npumepe un3yyeHuMss  Tpex  TEHEeTUYEeCKM  PasHOTUMHBIX U
pasHOMeTarlbHbIX MECTOPOXAEHUA pPacCMOTPeHbl Hauvbonee AUCKYCCUOHHbIE
npobnembl TeOpuM pyaoreHesa:

1. npobnema o6pa3oBaHMs SHOOrEHHbIX MECTOPOXAEHUN, 0693aHHbIX
CBOVIM NPOUCXOXAEHUEeM MarmaToreHHbIM hnovaam;

2. npobrnema ypOBHA KOHLUEHTpauuMi MeTannos, HeobxoguMmoro u
AO0CTaTOYHOro Ans obpasoBaHNsi MECTOPOXAEHWUN;

3. npobrnema nccnegoBaHui OU3MKO-XMMUYECKNX YCNoBuin 0BpasoBaHus
MECTOPOXAEHNA HOBbIX Y PeAKUX MUHEeparibHbIX TUMOB.

TpaOvUMOHHO B reornorndyeckon nutepaTtype npu U3yYeHUU «TUMUYHBLIX»
0O6BHEKTOB MPOBOAUTCHA NpeaBapuTENbHOE COMOCTaBfeHUE reonoro-reHeTUYeCcKnx
0COBEHHOCTEN MECTOPOXAEHUA C U3BECTHLBIMU U XOPOLLUO WM3YYEeHHbIMW; TEPMWH
«NpeaCcTaBUTENIbHOCTb  MECTOPOXAEHUSA» pacCMaTpMBaETCs KakK MO3UTUBHbIN,
AaloLWmM OCHOBaHUS AS1s1 UCNOMb30BaHWUS FEHETUYECKMX MOCTPOEHUN, 3anOXEHHbIX
npegbliaywnumMn nccnegoBaHnAMU, YTO COBepLUEHHO cnpaBennuneo. Ho npu atom
MHOIMe MeCTOPOXOEHUS, KOTOPble HE OTHOCATCS K TUMUYHBIM M3-38 HEOOLIYHOCTU
MUHEepanbHOro coctaBa pyn, WM TpygHOCTEN Ansi OObACHEHUS HEeKOTOPbIX
reHeTUYEeCKM BaXKHbIX [eTanen reofnorM4eckoro CTPOEHUs, He MO3BONSAOLLMX
NCTONKOBbIBaTb UX TPaAULMOHHBIMU cnocobamu, OCTalTCs He3aMeYeHHbIMWU, He
NPUHATBIMU BO BHUMAHUE U, B KOHEYHOM UTOre, HE N3YYEeHHbIMMU.

lMepBas npobnema. HeogHO3HAYHOCTb MHTEPNPEeTaUUn pPosiv rpPaHNToONa0B
B pyaoobpasoBaHMM CylleCTByeT Aaxe B OTHOLWEHUM Haubonee Wn3y4YeHHbIX
BONb(PaMoBbIX 1 MONMBOEHOBLIX MECTOPOXAEHUNA PEN3EHOBO-XUBLHOW rPYNMbl
dopmauui, 3aKOHOMEPHbIN XapakTep CBA3N KOTOPbIX C Me30- U rmnabuccanbHbIMK
FPAHUTHLIMU  UHTPY3NAMU  SABNAETCS IMMUPUYECKM HAAEXHO YCTaHOBMEHHbIM
daktoM. O4eBMAOHO, YTO CYLLUECTBYIOWMNX AaHHbIX 00 ycrnoBusx opMMpOBaHUSA
MECTOPOXAEHUN APYrNX, NOSIMMUHEPArbHbIX U HEODbIYHbLIX TUNOB HEQOCTATOYHO, U
HeobXxoauMbl HOBble, KOTOpble He gonyckann 6bl HEOQHO3HAYHOro TOSIKOBaHUSA
Habngaembix akToB.

BTopas paccmaTtpuBaemas B paboTe npobnema KacaeTcs YpPOBHS
KOHUEHTpaunn MeTansioB B rmapotepmMax, HeobxoguMoro u [OCTaTOYHOro Ansd
obpasoBaHnA pydHbIX MECTOPOXAEHUW, T.e. O rpaHuue Mexagy npocTo



«METanMoOHOCHbIMMUY U OENCTBUTENbHO «pyaoobpasyrolmnmMm» pacTtBopamu, T.K.
NPOUCXOXXAEHNE N POSib BbICOKOMETANMOHOCHbBIX PacTBOpPOB B (hOpMMpOBaHMM pya
B ps4e Crny4vaeB €elle He BbISCHEHbI 40 KOHLUA.

Tpetba npobnema - u3yvyeHMe HEeOObIYHbIX TFeosiormyecknx OOBLEKTOB,
YHUKAnNbHbIX B MWHEPanormyeckoMm W reofioro-reHeTUYeCKOM OTHOLIEHUU, B
BOMpOCax reHesnca KOTOPbIX HET MosiHom sicHocTu. MeTogbl Tepmobaporeoxmnmmm
Mo3BONAKOT UM B 3TOM  Cfydae  nonyyaTtb  MNpsaAMble  CBedeHus O
MuHepanoobpasylouen cpege M PU3MKO-XMMUYECKUX YCIOBUSIX KpuUcTannuaaumm
MUHEpanos 1 Nopoa.

LUenb u 3ada4yu uccnedoeaHusi. OCHOBHas Uenb WccnegoBaHUs —
BbIIBUTb  AOMNOSIHUTENbHbIE  (PU3MKO-XMMUYECKME  MapameTpbl  MpOLLEeCcCOoB
dopMnpoBaHNA pPasnUYHbIX MECTOPOXAEHUA MeTogaMn Tepmobaporeoxmmumm wu
NpPOAEMOHCTPUPOBATL APAEKTUBHOCTD MPUMEHEHUS TepMobaporeoxXmmMmyeckoro
aHanmsa AOns peweHus npobnem pygoreHesa. [Ona OOCTMXKEHUS 3TOM Lenu
pellanucb criegyowme 3agaym:

- un3yyeHue cneumdukm IBONKOUUN TPAHUTOMAHON Marmbl MarHeTuT-
cepebpo-nonmMmeTannnyeckoro mecTopoxaeHus daconbHoe (LlepbakoBckoe
pyaHoe none, MNpumopbe), 1 conocTaBreHne CoCTaBoOB MarmaTuyeckoro govaa un
rmopoTepmanbHbiX  pPacTBOPOB AN BbIACHEHWA  ponu  MarmMatMsma B
dhopMmnpoBaHUN MTMAPOTEPMANBHOIO OPYAEHEHUS;

- BbISICHEHWE YPOBHS METASINIOHOCHOCTU (PNoMaoB, OTBETCTBEHHbLIX 3a
OT/IOXKEHME OCHOBHOMO KonmnyecTBa MUHEpanoB Sn B PYyAHbIX MpoXurikax (Ha
npumepe MectopoxaeHus onosa BepxHee, Kapagybckuin pyaHbin y3en, XvHraHo-
OnoHowicknin panoH EAO);

- COMOCTaBIrIeHNE pe3ynbTaToB TepMoBaporeOXMMMYECKNX XapaKTePUCTUK
NPUPOLHON FreTEPOreHHOM CUCTEMblI U MOAenbHOro pyaoobpasyrolero pacrteopa
(Ha npumepe renbUMPKOH-Oaa0eNenToBOro MecTopoXxaeHus Anrama, AngaHckumn
LLNT).

HayyHasi Hoeu3Ha u npakmu4yeckass 3Ha4YumMocmb. Bnepsble ans
KOHKPETHbIX AanbHEBOCTO4HbIX MECTOPOXAEHNN YCTaHOBIEHbI
TepmobaporeoxumMmyeckne npu3sHaku pyaoHOCHOCTU FPaHUTOUOHbLIX WHTPY3UK, C
yKaszaHMeM KONMMYECTBEHHbIX U3UKO-XMMUYECKMX MNapaMeTpoB, OTpaKaloLLmMX
oOLLyl0 TEeHOEHUMIO M HanpaBfieHHOCTb 3BOMOUMM MarmMaToreHHbIX 3MaHauuin.
YCcTaHOBMEHbl MpedenibHble  KOHUEHTpauun npounmpylowmx MeTannoB B
naneorngpoTepmax, Heobxogmmble Ona GOPMUPOBaHUS PYOHbIX XU (Ha npumepe
n3ydeHnss mectopoxaeHunsa onosa BepxHee, Kapagybckui pygHbin y3en, XuHraHo-
OnoHoncknn panioH EAOQO). [MokazaHa BO3MOXHOCTb MWCMOSIb30BaHUS MEeTOA0B
Tepmobaporeoxummm Ons  UCCrneaoBaHUs MECTOPOXAEHUN peakmx U HOBbIX
MUHEparnbHbIX TUMOB (Ha NpUMepe U3YyYeHUs rernbLUMPKOH-0aa0enenToBbIX pya
MECTOPOXAEHUSA Anrama n MarHeTuT-cepebpo-nonmMmeTannInyeckoro
MecTopoxaeHust PaconbHoe).

HayuHble pesynbTaTbl, W3MOXeHHble B paboTe, peKoMeHAyKTCa K
NPUMEHEHNIO NMPU N3YYEHUN KOHKPETHBIX OOBEKTOB pasfiMyHON MeTannoreHM4Yeckomn
cneunanusaumn Ons  pelleHns BOMPOCOB pyaoobpas3oBaHWA W MUHEpareHuwn.
MeTogunyeckne noaxodbl, NPeanoXeHHble aBTOPOM, MOryT ObiTb MCMNOMb30BaHbI
ANS BbIACHEHUS PONW  TPaAHUTOMAOB B (OPMUPOBAHUM  Pa3NUYHbIX TUMOB



9HOOrEHHbIX  PYAHbIX  MECTOPOXAEHWW, MpPU  UCCNEeAOBaHUM  3BOSIHOLINN
METasnsIOHOCHOCTU pPacTBOPOB, (POPMUPYIONX MECTOPOXKAEHUNA, a Takke Mnpu
N3y4YeHUN MECTOPOXKAEHNN PeOKUX MUHEPATbHbIX TUMOB.

OcHoBHbIe 3awuwaeMble rMosIoXKeHUsl.

1. OBontounsa PU3NKO-XMMUYECKMX NapameTpoB PopMMpOBaHMUS MarHETUT-
cepebpo-nonMmeTannuyeckoro MectopoxaeHmsa ®daconbHoe uMena eauHyto
HanpaBfIEHHOCTb, KOTOpasa COCTOUT B criegytoLwem: opMnpoBaHne rpaHMTongHOro
MaccvmBa MNPOMCXOAUNO MNPU CHWXKEHUM TemnepaTypbl, CONMEHOCTU niomMaos u
HEOQHOKPATHOW  reTeporeHusauuMM  pacnnasa; npouecc  pyaoOTNOXEHUS
pasBuBarncd 3a cuveT marmaTtudeckoro dnwounaga, 9BOMOLMOHMPOBABLLENO OT
MarmaTuU4eckoro AUCTUNSATa 4o rmapoTepManbHOro pacTeopa.

2. OnoBopyaHble accoumauum MECTOPOXAEHUSA BepxHee
cchopmmpoBannch B npoLecce nocnegoBaTefbHbIX MMNYbCOB ONHONAHOrO NOTOKA.
[MoBbILEHHAs KUCNOTHOCTb PacTBOPOB siBUSAcb 6raronpusTHbIM (pakTopoM Asis
MurpaumMm ofioBa B 30HY pygooTnoxeHus. [lpombllineHHass onoBsiHHas
MUHepanu3auns obpasoBaHa pacTBopamMu C KOHUEHTpaumen He meHee 8 - 13 r/kr.
Bbicokas KoHUEHTpauus pyaHbiX afieMeHToB B pacTBopax (He meHee 0.n — n BeC.%)
paccMaTtpmBaeTcs Kak Heobxoaumoe ycrnosue obpasoBaHus 6oraTtblX pyn Ha
MECTOPOXAEHUAX, (POPMUPYIOLLMXCA NYNbCaLMOHHBIM (OIIONLHLIM MOTOKOM.

3. OCHOBHOE OTNOXEHWe pya peakoro Tvna LMPKOHUMEBOW MUHEepanusauum
renbUMpKoH-6aa0enenToBoro  MectopoxaeHuss  Anrama  npoucxogumno w13
reTeporeHHoro driovaa, B nHTepsane temnepatyp 360 - 110 °C v aasnexnn 500 —
1000 6Gap npu yyacTum XNOpuAHO-KapbOHAaTHbLIX PAaCTBOPOB, CcoAepXKallmnx
YyrnekucnoTy m metaH. BO3MOXHOCTb Kpuctannusauuu Oapggeneuta npu aTuUX
YyCrnoBusIX MNOATBepXAeHa pesynbTataMy  U3y4eHUst accoumaumm  LUUPKOH-
bapoenenT-kBapL B YCNOBUSAX 3KCMEPUMEHTA.

®dakmu4deckuli mamepuan u Memodbl uccrsiedogaHul. [lonyyeHHble
BbIBOAbI 6a3npyoTcs Ha U3yvyeHun maTepuanoB, COOpaHHbIX aBTOPOM U HayYHbIMU
cotpyaHukamu OB OBO PAH B nepmog 1990 — 2000 r.r. Ha MeCTOpOXOeHMUSX
pasnu4yHoM MeTannoreHn4yeckon crneunanusaumm [danbHero BocToka, a Takke B
panoHax pasBUTUA PYAOHOCHbIX WU OpAVHApPHbIX rpaHuTouaoB lNMpumopbs. OcHoBy

paboThbl COCTaBnsoT pe3ynbTaThl reornioro-MMHepanorn4eckmx "
TepMobaporeoXMMNYECKNX WCCNeaoBaHUA aBTopa Ha TPex TUMOBbIX OObEKTax:
MarHeTUT-cepebpo-nonMmeTannm4eckom MECTOPOXAEHMM daconbHoe,

MecTopoxaeHun osnosa BepxHee (XuHraHo-OnoHonckuin pygHbii panoH EAO),
renbUMpKoH-6aaaenenToBoM mectopoxaeHun Anrama (AngaHCcKui WnT).

B kadecTBe OCHOBHOro uccnegoBaTenbCKOro WHCTPYMEHTa, Hapsay C
TPaguUMOHHBIMU FEO0NIOMMYECKMMU, NeTporpaduyeckuMmm n MUHEpPanormyeckumm
mMeTogamun, B pabote ncnonb3oBaHbl MeTOAbl TepMobaporeoxvmum, BKIKOYaroLwme
BOJIIOMOMETPUIO,  FOMOreHM3aunmio, KPUOMETPUIO,  AeKpenutauuio, JasepHo-
CreKTpanbHbl  aHanmM3  XUAOKOW  pasbl  BKNKOYEHUW,  3KCrepuMeHTarnbHoe
MOOenupoBaHue.

OcHoOBHblE 3alpMLLaeMble MOMNOXEHUS cOOPMYNMPoOBaHbl NO pedyrbTatam
Kak npoBeAdEeHHbIX JIMYHO aBTOPOM, TaK UM COBMECTHbIX UWCCNegoBaHun,
onybnMkoBaHHbIM B CTaTbsiX W Te3ncax. HayyHble 3agaym uccnegoBaHust U
OCHOBHble NOAXOAbl K WX pEeleHU0 HaMedYeHbl COBMECTHO C Hay4YHbIM



pykoBogutenem A.MN. XaHyykom, 3aB. nabopatopuen bB.JI. 3anuwakom,
npodgpeccopom JI.H. XeTumkoBbIM, AOKTOpaMu reonoro-MUHEpPanorm4ecknx Hayk
A.M. JlenHHukoBbiMm, [1.. Hepawkosckum, B.B. Patkmubim, B.[. Xomuyem.
WccnepoBaHme MeTansIOHOCHOCTU naneorngpotepm MecTopoxaeHust BepxHee
npoBegeHo 6narogaps uHuumMaTmee n cogencremo A.r.-m.H. ®.I. Penda (MMH CO
PAH), mopenupoBaHue pyaoobpasylowero pactBopa B Crydae accoumauuu
renbUMpKkoH-bapgoenenT—kBapy, No  pesynbTatam  TepMobaporeoxXmMmmnyeckmx
nccnegoBaHUn NPUPOAHON rMOPOTEPMArnibHOM CUCTEMbI MECTopoXaeHuss Anrama
ocyuwectenanocb K.X.H. B.C. KopxuHckon B MOM PAH. PaspaboTka KOHKPETHbIX
crnocoboB mMccnegoBaHna M UX NpakTUyYeckas peanusauns OCyLeCTBIEHbl NIMYHO
aBTopoM. B xoae vccnegoBaHusi NPOCMOTPEHO OKOJSIO ThICAYM NAACTUH U CTONbKO
Xe wnmudoB, B TEPMO- U KPUOMETPUYECKMX OMbITaX WU3Yy4EHO OKOMO BOCbMUCOT
donongHbIX BKIOYEHUA. [1Na nasepHO-CrnekTpanbHOro aHanusa nogrotosrieHo 20
cepuin (aHanu3oB) obLen YncneHHocTbo 180 BKITHOYEHUMN.

Anpob6ayusi pabomabi. OCHOBHbIE MONOXEHUA paboTbl AOKNaabiBanuch u
obcyxganucb Ha KOHepeHumn no npobneme "PyaHble mecTtopoxaeHust [lanbHero
Boctoka - MuHepanormyeckme Kputepum NporHos3a, noucka W OLEHKN"
(Bnagmsoctok, 1991), Ha VIII MexagyHapogHoMm coBelaHun “Tepmobaporeoxmmms
reoniormyeckmx npoueccos”, (r. Mockea,1992), Ha cekuum ’lleTponornsa u
pynoobpasoBaHue” 1-ro  Poccunckoro  [lleTporpaduyeckoro  coBellaHus
"Marmatnam u reoguHamuka” (Ydpa, 1995), Ha IX Symposium of International
Association on the genesis of ore deposite, (China, 1994), European Current
Research on Fluid Inclusions), (Nancy. France, 1997), Ha 3acegaHum KoHepeHumum
«CTpaTerns mcnonb3oBaHUS U pPasBUTUA MUHEpPanbHO-CblIpbeBOM 0asbl penKkux
metannos Poccum B 21 Beke» (r. MockBa, 1998), Ha IX wmexgyHapogHom
KOH(pepeHumMn no Tepmobaporeoxumum (r. Anekcangpos, 2001), a Takke Ha
Hay4HbIX ceccusax B ABIMM PAH B nepnog ¢ 1991 no 2003 rr.

My6nukayuu. Mo Teme pauccepTauum onybnukoBaHo 32 paboTbl (26
cTaTten n 6 Te3nMcoB), CNUCOK KOTOPbIX NPUBOAMUTCA B KOHUE pedepara.

O6bemM u cmpykmypa pabomsbl. [uccepTauusi coctouT U3 4 rnas,
BeeaoeHusa n 3aknioyeHunsa, umeeT obuwmn obbem 168 cTpaHuu, 9 Tabnuu, 17
unnncTpauun, 26 dotorpadun. B cnucke nutepatypbl 188 NCTOYHUKOB.

BbnazodapHocmu. Ha Bcex atanax BbIMNOMHEHUS paboTbl aBTop ollyLuan
Nnoaaep)KKy CO CTOPOHblI HAy4YHOro PYKOBOAWUTENS, OMPEKTOpA MHCTUTYTA, YneHa-
koppecrnoHaeHTa PAH A.WN. XaHuyka, 3aBefytowero nabopartopuen, copaTtHuka u
coaBTopa b.Jl. 3anuwaka, npodeccopa J1.H. XeTuyuMkoBa, OOKTOPOB reosoro-
MuHepanoruyeckmnx Hayk A.M. JleHHukoBa, IN.I.Hegawkosckoro, B.B. PatkuHa, B.T.
oHeBYyKa. WccnegoBaHuMe MeETansIOHOCHOCTU naneorngpoTepM  OfIOBOPYAHOro
mecTtopoxaeHuss BepxHee (XuHraHo-OnoHOMCKMA  pyaHbIA  palioH)  cTarno
BO3MOXHbIM Briarogapst nHuuymaTmee u cogencteuto A.r.-Mm.H. ®.I. Penda (T’MH CO
PAH), k.T.H. FO.M. NwkoBa, K.r.-m.H. CtenbmayoHka K.3., a Takke ux akTMBHOMY
yyactuio B 0b6CyKaeHnn pe3ynbTaToB U MOCTOSIHHBbIM Hay4HbIM KOHCYIbTaUUsM.
CosgaHue npubopHon 6asbl ANs TEePMOMETPUYECKUX OMbITOB U rpagympoBaHune
npnbopoB NpPOBOAUIIOCL MPU MOCTOSSHHOM Y4acTUM U Hay4HbIX KOHCYNbTauMsX
coTpyaHuka nabopatopum  U3MYECKON T[EeOXMMUMM U TEOXMMWUU  MPOLIECCOB
pyaoo6pasosaHna UFEM PAH k.r.-m.H. A.[l. babaHckoro. AHanuabl 3akaneHHbIX



MUKPOBKIOYEHUA  BbiNonHanuce M. JlannHom B nabopatopum aHanusa
MuHepanbHoro BeuwectBa UMEM PAH. [lepBble ypoku rpamOTHOro nposeneHus
TEPMOMETPUYECKUX OMNbITOB METOAOM rOMOreHM3auum couckateslib nosyyYun B
nabopatopun [O.H.Xutaposa (BMMC), nog pykoBoactBOM K. r-M. H.M.H.
KaHauHoBa, MeToauky KpoMeTpum onionaHbIX BKIAKOYEHUIA ocBavBan npu yyactum
OOHOrO M3 €ero aBTOpoOB, pa3paboTaBwWMM MeTo4 OnpeaeneHus 3BTEeKTUKK
pacTBOpPOB, A.r.-M.H. A.C.BbopuceHko n COTPYAHUKOB nabopatopuu
rmgpoTtepmanbHOro  pygoobpasoBaHna 1 metannoreHmn  O6beguMHEHHOro
WHCTUTYTa reonoruu, reopusunkn n mumHepanormm CO PAH. paHutongbl u pyabl
MecTopoxaeHus daconbHoe, pacCMOTpPeHHble B paboTe, M3ydanucb B TECHOM
coTpyaHu4yecTse c K.r.-m.H. B.K.[lonoBbiM Ha npeaocTaBrieHHbIX UM reonormyeckmx
mMaTepuanax. MogenuposaHue pygoobpasytoulero pactsopa B nabopaTopHbIX
yCrnoBusIX  accouuaumm  renbuupkoH-bagaenenT-kBapy  NO  pesynbTatam
TepmMobaporeoxXMMmMyYecknx nccrnegoBaHnum NpUpogHoON rmapoTepManbHON CUCTEMDI
MecTopoxaeHus Anrama ocyulectsndanoch K.x.H. B.C. KopxunHckon B8 UOM PAH. [Jo
KOHUA CBOEW >XMU3HW aKTMBHOE Yy4yacTue B AMArHOCTUKE MUHepasibHbIX (a3 u
aHanmsa cocTaBa BKITHOYEHMI NOCPECTBOM MUKPO3OHAOBOIO aHanmMaa npuHMman K
r-m.H. B.. CanvH. AHanuTnyeckmne paboTtbl (XMMn4eckune, cnekTpanbHble aHanusbl,
raszoBas xpomatorpacusi) B nadopartopuax OBI'M seinonHsnn T.K. Babosa, J1.U.
AsapoBa, 3.C. Hataposa, J1.B. HegawkoBckas, B.I". KoxaHoBa, E.C. EpMmoneHko u
H.. KoHoBanoBa. bornbLiyo nomoulb B opopMineHun paboTbl okasanu Kosnnern no
nabopatopumn - B.b. TuwkuHa u 3. OpgapunyeHko, a Takke 3aBeayloulas
nabopatopuein koMmnbtoTepHbIx TexHonormn OB OBO PAH k.r-m.H. B.B. HaymoBa
C coTpyaHukamu atoun nadopartopumn C.B. Muxannoson n A.M. KopeLukoBbiM. ABTOP
cyuMTaeT nNpUATHbIM  OOSITOM  BblpasnTb BCEM  BbllleHa3BaHHbIM  KOmsieram
WCKPEHHIO BnarogapHoOCTb.

MABA 1. OB BbEKTbI U METOAbl NCCJIEAOBAHUA

B rnaBe copepxartca obwime cBedeHust O BKIHOYEHUSIX U COBPEMEHHbIX
MeToaax nx nccnegoBaHun (NnuTepaTypHbIn 0630p), obocHoBaHue
npeacTaBUTENbHOCTU nnu cneummnyHOCTH 06beKkToB nccnenoBaHus:
MECTOPOXAEHUA, MNPOXWUINKOB, BKMOYEHUW. PaccmartpuBaloTcss MeTodbl U
annapartypa, WCnonb3oBaHHble B XOAEe WCCNeaoBaHWA BKIHOYEHUW, OCHOBbI U
NPUHLUMNbI MHTEpPNpeTauun NonyYeHHbIX pe3ynbTaToB.

Ha ocHoBe nutepatypHoro o63opa, a Takke COOCTBEHHbIX HabnageHun
N3NOXEHbl MNPUHUUNbI  MOBLILIEHUS HAAEXHOCTM pe3ynbTaToB onpeaeneHus
PU3NKO-XMMNYECKMX MNapaMeTpoB MUHepanoobpasoBaHUs W KpuTepuu Bblbopa
BKIMOYEHUIN ON1s1 TEPMOMETPMYECKUX OMNbITOB: 1) NpeacTaBUTENbHOCTb BKIHOYEHUS -
BKMOYEHME [OOIMKHO OblTb MEPBUYHLIM, UM ero OpPMUPOBaHME [OOSHKHO ObiTb
NpUypoOYEHO K onpeaeneHHoMy atany (anu3oay) MuHepanoobpa3oBaHUs B AaHHOW
cucTteme; 2) OTCYTCTBME BTOPUYHBIX M3MEHEHUI; 3) AoCTaToYHasa yaaneHHOCTb OT
NMOBEPXHOCTU 3epHa; 4) onpegeneHne roMOreHHoOCTM (UnNu reTeporeHHoOCTN)
CUCTEMBI. Ocoboe BHUMaHWe yoensaeTtcs peLeHno Bonpoca o]
NpeacTaBUTENbHOCTU  UCCNEeAYyEMbIX BKMIOYEHUA, BbIACHEHUIO 4acToTbl  MX
BCTPEYAEMOCTUN, TUNOMOPEHOCTM UMM IK3OTUYHOCTU TEX WM WHbIX BKITHOYEHUN B



OHTOreHUN MuHepana, Tak Kak WMH(OPMAaTMBHOCTb W HAAEXHOCTb MOMyyYyaeMblX
AaHHbIX OMpeaensieTca He CTONbKO KOMMYECTBOM TPYMn M3YYEHHbIX BKIHOYEHUN,
CKONbKO  OBOCHOBAHHOCTLID  MX MPUBA3KM K  OMNpederieHHbIM  anu3ogam
MarmaTU4ecKoro u ruapoTepmMmaribHOro NPoLIECCOB.

O6cyxgarTca npuHUMnbl Boibopa 06BHEKTOB UCCReAoBaHU U UX Feosioro-
MUHepanormdeckme ocobeHHOCTU. [ns BbISICHEHUS XapakTepa CBA3WM Mexay
rpaHMTOMA4aMM WU  acCOUMMPOBAHHLIMW C HUMW pPyaHbIMM Tenamu B paboTte
paccmaTpuBaeTcs MarHeTuT-cepebpo-nonumeTannmyeckoe MEeCTOpOXaeHue
daconbHoe (LLlepbakoBckoe pyaHoe none, lNpuMopbe), KOTOPOE MO HEKOTOPbIM
npu3sHakam (MMHeparnbHbIM COCTaB pya, rpaHNTONaOoB) cneunguyHo.

[ns peweHns Bonpoca 06 ypoBHE KOHUEHTpaUUn pyaHbIX 311EMEHTOB B
rmgpotepmax nna obpasoBaHUS MPOMBbIWNEHHLIX MECTopoXaeHun B paboTte
paccMaTpmBaeTcs MecTtopoxaeHne onoBa BepxHee (XuHraHo-OnoHOMCKWMIA panioH,
EAO). OG6ocHoBaHa npeacTaBUTESNIbHOCTL  MECTopoXaeHus BepxHee Kak
aTanoHHOro obbeKkTa cpeamn LUTOKBEPKOBO-XUITbHBIX MECTOPOXAEHUN rPen3eHOBO-
XnnbHOW pyaHou dopmaumu, nokasaHbl OTNNYUA paccMaTpMBaeMoro obbekta oT
N3BECTHONO M XOPOLUO U3YYEHHOro XWHraHcKoro mectopoxaeHund. OTMeYeHo, 4To
noka 9TO €eOVHCTBEHHbIN [afbHEBOCTOYHbIA OBBLEKT, MO KOTOPOMY YyAanocb
NnofyuYMTb [OaHHble O METasfIOHOCHOCTU pyd MEeTOOOM fasepHO-CrnekTpanbHOro
aHanuaa Xuakon dasbl BKNOYEHNNA.

Bbibop TpeTbero obbekta mccnegoBaHwun, paccmaTpuBaemoro B paboTe,
obycnoBrieH MHTEPECOM, BO3HUKLLUNM B CBS3M C U3YyYEHMEM HOBbIX MUHEparnbHbIX
BMOOB, B  Y4acTHOCTW, BONb(pamM-UMPKOHMEBLIX  pyd, NpeacTaBneHHbIX
TOHKOAUCNEPCHbIMKM ©agnenenTtoMm WM LUPKOHOM, 3anerarwmx B AONTOMUTOBbLIX
Mpamopax BEHOCKOro Bo3pacTta Ha ceBepe AnN[aHCKOro wurta (MectopoxneHue
Anrama). PopmaunoHHasi CaMOCTOSATENBHOCTb 3TOrO0 reHeTU4Yeckoro Tuna (HOBbIN
bapoenenT-renbUUpKOHOBLIN TMOPOTEPMAanbHbI FTEHETUYECKUA TUM LIMPKOHMEBLIX
MEeCTOPOXAEHUIN) NogKpeneHa ewe Nywb ABYMS MECTOPOXAEHNAMU B MUPE.

lMoayepknBaeTcs BaHasi pPoSfib  IKCNEPUMEHTasNbHbIX  UCCNeaoBaHUN
[Korapko, 1995; Pa6bunkos, 1985; Npamennukun u LeknHa, 1993; KoTenbHukoBa,
1986-2001] gna pasBuTus mMetoga TepMobaporeoxmmMmm, OCODEHHO B CBS3M C
NnoslyYyeHMeM [OaHHbIX O TMOBEAEHUM CHOXHbIX B XMMWUYECKOM OTHOLUEHUMU
MHOFOKOMMOHEHTHbLIX CUCTEM B LUMPOKOM [AManasoHe TemnepaTtyp U AaBNeHuMn,
OTBEYaLWMX MarmaTU4YeckuMm W ruapoTepManbHbiM npoueccam [KoTenbHUKoBa,
2001]. OnpepeneHne cocTaBoB a3, BO3HMKAKOWMX NpPU reTeporeHn3auunm
dononga, MeeT BaKHOE 3HA4YeHMe, MOCKOISbKY SIBMSIETCA OCHOBOW ONsl BbiBOAA O
CYLWEeCTBOBaHUN YCNOBUW HECMECUMOCTU B MNPUPOLHBLIX YCNOBUAX MPU U3YyYEHUN
IONOHBIX BKITHOYEHUN.

O6cyxparTcsa 0CoBEHHOCTU MHTeprnpeTauun TepmobaporeoxXumMmnyeckmnx
OAHHbIX, KOTOpble MMEKT CYLWEeCTBEHHOEe 3HayeHMe [Aand  0bOCHOBaHMS
nocrnegylowmnx BbIBOAOB, B 4aCTHOCTU: OCOBGEHHOCTM 06pa3oBaHMs MNEPBUYHbIX
BKMIOYEHNUN MNPU  TFETEPOreHHOM COCTOSIHAM  MUHepanoobpasylolen cpeabl,
npegenbl BapuauMin BOAOCOAEP)KAHMS TPaAHUTHbLIX Marm, cnocob onpegeneHuns
Cw20 B PB, BnepBbie getanbHo obocHoBaHHbIM B.B. HaymoBbim [Haymos, 1979,
1980], anarpamma ¢a3oBOro COCTOSIHUA NENKONPaHUTHOW CUCTEMbI, MOCTPOEHHOW
Nno aKCnepuMeHTanbHbIM 1 pacyeTHbIM gaHHbIM [Pend, 1990].



MABA 2. TEPMOBAPOIEOXUMUYECKUE NMAPAMETPbI
®OPMUPOBAHUA MATHETUT-CEPEBPO-NOJIMMETAIIJTUHMECKOIO
MECTOPOXAEHUA ®ACOJIbHOE (LUEPBAKOBCKOE PYOHOE MNOIJIE,
NMPUMOPBLE) U NPOBNEMA PYAOHOCHOCTU NFPAHUTOUOHbLIX UHTPY3UH.

B rmaBe  coAepXuTcs onucaHue reosiorm4yeckoro CTPOEHUSA
MecTopoxaeHus PacoribHoe, pesyrnbTaTbl XMMUYECKOTO U MUKPOINEMEHTHOrO
cocTtaBa nopoa, nx neTporpaguyeckue OCODEHHOCTH. MpuBepeHa
nocrnegoBaTtenbHOCTb  (QOPMUPOBaHUA  pyaHbIX — accouuwauun. O6cyxaatoTca
pesynbTtaTtbl TepMobaporeoXMmMmnyYeckon pPEKOHCTPYKUUX SBOMILUMA NapamMeTpoB
PYOHO-MarMaTu4eckon CuUCTeMbl UM HEKOTOpble BOMPOCbI XapakTepa CBsA3U
MarmaTuama u opyaeHeHus.

MarHeTuT-cepebpo-nonumeTtannuyeckoe MectopoxaeHne  daconbHoe
pacnonioxeHo B npegenax Llep6akoBckoro pyaHOro nons, MNPUYpPOYEHHOro K
nogHATOMY 6rioky IOPCKUX—PaHHEMESTOBbIX BYNKaHOreHHO-0Ca04HbIX
obpa3oBaHuit, BbICTynatoweMy cpeaun No3gHeMernoBbIX—naneoreHoBbIX 3¢hdy3nBoB
BocTo4yHO-CuxoTa-AnmHCKOro ByrnkaHM4yeckoro nosica. B npepenax pyaHoro nons
LUMPOKO pa3BuTbl Aanku 6asanbToB, aHae3nbasanbToB [Knaccudukauus.., 1997] n
OONEepuToB, rEHEeTUYECKN CBSA3aHHble C  CYOUHTPY3MAMM  CUHAH4YMHCKOro
BYIKaHM4YeCKoro komnriekca. Ha 1oXHOM U1 toro-sanagHoM yyacTkax pygoHOro rnons
3akapTmpoBaHbl HebonbLlime (0.8 x 1 KM) WITOKO- N gankoobpasHble Tena rpaHuT-
nopcupoB  ganbHeropckoro (?) MHTPY3MBHOMO  KOMMMeEKca, dABnsoLmecs
anukanbHbIMW BbICTYNamMun eguHon 6atonutonogobHomn nHTpysum [LLesenes, 1994r].

CornacHo HoBoW TekToHu4eckon kapTte MNpumopbs [onosybos n ap, 1995],
NMOCTPOEHHOW Ha OCHOBE KOHUEeNnuuu TeppenHoB, W naneoreogvHamMmmyeckomy
aHanuay, MHTpy3MBHble obpa3oBaHUs MecTopoxaeHus daconbHoe npuHagnexar K
CyO6OYKUMOHHOMY  TUMY rPaHUTOMOOB, AN KOTOPbIX XapakTepHbl MpoLecchl
KOHTaMWHUPOBAHHOCTU CYBAYKUMOHHBIX MarMm KOpoBbIM Martepuanom. BaxHoun
XapaKTepUCTUKON  BCeX  CYOAYKUMOHHbIX  FPAHUTOMAOB  CYMTaeTca  UX
NPUHaAOANEXHOCTb K MarHETUTOBOW CEpUN U, COOTBETCTBEHHO, BbICOKME 3HA4YeHUs
MarHMTHom BocnpumnmymnsocTn — ot 1000 go 10 S con.

MHTpy3nMM udalle Bcero npeacrtaBnaioT cobon Hebonbline LWTOKM W
NUHENHblE TPELUMHHbIE Tena, pacnonarawowmecs nMbo B 30HAX KanbAepHbIX
pas3fiomoB, JiMB60 B OCHOBAHUAX BYFKAHUYECKMX COOPYXEHUN. BonblNMHCTBO
UHTPY3UA MMmeeT OByxdasHoe cTpoeHue. K nepson dase oTHocAaTca rabbpo u
ANOPpUTBLI, KO BTOPOM - rpaHoauopuTbl U rpaHuTel. B npegenax d¢as mexay
OTAESNIbHbIMW Pa3HOBUAHOCTAMM BO MHOIMX criydadx HabniogatTcsl NOCTENeHHble
nepexodbl. B uenom nopoabl komnrekca obpasytoT HopMasibHbIN TOMOAPOMHbIV
pag andgepeHumatoB rabbpo-guoput-rpaHnt. MuHepanornyeckon ocobeHHOCTbIO
AanbHEropcknxX rpaHUTOMOOoB SBMSEeTCA OOnblUOe KONMUYECTBO  aKLEeCCOPHOro
MarHeTuTa.

Mopoabl  rpaHMTHOrO  MaccuBa  Ha  NNowaanm  MeCTOPOXAEHUN
XapaKkTepuayTcs CNOXHbIMW  (haunanbHbIMWU  NepexodamMun:  rpaHUT-nopgupkbl,
NenkokpaToBble  MNerMaTtouviHble  rPaHuTbl, NOPUPOBUAHbLIE  FPAHUTLI, C



N3MEHYNBON TEKCTYpoWn n CTPYKTYpOW, Hanu4nem LWAMpoobpasHbIX
rPaAHNTU3NPOBAHHbIX 000COBMEHNI NOPOS, KPOBMM U MOBbLIWEHHLIM COOEPXaHMEM
SiO2 n wenoyen.

paHuTt — nopdupbl M NOPPUPOBUAHBIE TPAHUTBLI  XapaKTEpPU3YHTCA
rpaHocompoBon (yyacTkamuM NermMaTuToBOM) CTPYKTYPOM OCHOBHOM MaccChbl W
nopompoBUAHLIMKM  BblOENEHMAMM  KBapua, KanueBoro noneBoro  wnara,
nnarnoknasa. TeMHoOUBETHbIE MUHEepParnbl HEYCTONYMBbLI U 3aMeLLaloTCs aNNMO0TOM U
MarHeTUTOM, YacTO coAepXaTt aNUaoT-MarHeTUTOBbIE MPOXUIIKMA N THe30000pa3Hble
BblAENeHnsa, MHOr4a B 3HA4YMTEmNbHbIX KonuyecTBax. B nemnkokpaToBbIX rpaHuTax
OTMeYalTCs remMaTuT-marHeTuToBble (C  aNMAOTOM, rpaHaToM, KBapueMm)
obocobneHus, accouuunpytowme ¢ bonee nNO3gHMMKU NPOXUNKaAMKU KBapL-reMaTut-
MarHeTUToBOro coctaBa. XumnbHble JdepuBaTtbl KOMMEKca MpeacTaBneHbl
€OVHUYHBbIMW JakaMW rPaHUT-NoOPcOUPOB U PUOSIUTOB, MPOTSXKEHHOCTLIO OT COTEH
METPOB A0 2.5 KM 1 MOLLHOCTbIO OT 1 M JO HECKOMbKUX AECATKOB METPOB.

MwuHepanbHbI COCTaB pyd MECTOPOXOEHUS XapaKTepu3yeTCcd pesKuMm
npeobnagaHveMm B HUX MarHeTuta. OTAenbHble XWMbl BbINOMHEHUA pas3HOW
MoLHocTuK (8o 3 meTpoB) Hauerno (80 — 90%) cnoxeHbl Meriko- 1 TOHKO3E€PHUCTbIM
MarHeTMTOM YepHOro uBeTa, B KOTOPOM OCHOBHblE pyAHble KOMMNOHEHTbl — raneHuT
n caneput — pacnpegeneHol B opMe INWH3, HenpaBuIiibHOW (OpMbl rHe3A,
NpepbIBUCTbIX NMH3006pasHbIX nonoc. Pyabl XapakTepuayTca
MHOIFOKOMMOHEHTHBIM COCTaBOM, C npeobrnagaHnem MarHetuta, cdanepura,
raneHuTa; BTOPOCTENEHHbLIMU CHATAKOTCA NUPUT, XanbKONUPUT, MUPPOTUH, CTAHHWH.
N3 XWNbHbIX MUHEpanoB MO CTENeHW pacrnpocTpaHeHUs YCTaHOBIMEHbI: KBapu,
nonesble WNaThl, XNOPUT, 3aNUOOT, PNIOOPUT, Kanbuut. B 3HaKOBLIX KONn4yecTBax
obHapyXeHbl MapKasuT, MENbHUKOBUT, TETPasapuT, KOBESNH, BOPHUT, XanbKO3uH,
ctedpaHnT, nNUPaprupuT, akaHTuT, dQpendeprnt, nonudasut, apceHoNuUpuT,
raneHoBUCMYTUH, KUHOBapb, 30510TO.

BknioyeHnss  MuHepanoobpasywwmx —cped  mM3yyanucb B KBapue
BKPanyeHHMKOB U OCHOBHOM  MacCbl  FpaHUT-NopupoB,  NENKOKpPaTOBbIX
nerMaTougHblX [paHUTOB, a Takke B rmapoTepmManbHO-MeTacoMaTUYECKMX
obpasoBaHuAX, NpeacTaBfiEHHbIX rHe34o0obpasHbiMM 000cobneHnamMmn coctasa
KBapL-anMaoT-MarHeTuT-remaTuT-rugporpaHat, U B KBapue pyLHbIX MNPOXUIKOB
KBapL-cynbduaHon accounaumun. Mo gaHHLIM MccnegoBaHWn MHTPY3MBHLIX MOPOA
YCTaHOBJEHO:

PaHHemarmaTtunyeckaa cragus orpaHuveHa TemrnepaTypHbIMU rpaHuuamu
840 - 850°C, Bapuauun drongHoro aasneHus coctasnsanu ot 2000 go 3500 6ap;
ycriosusi KpucTannusaumm pacnrasa Ha 3aKNIYNTENBLHbIX aTanax
xapakrepusylotca Temnepartypamu 740-765°C n pasneHvem okono 2000 6Gap.
McxogHoe copepxaHue BoAbl B pacnnaBe rpaHuMT-nopgupoB COcTaBnsano ot 3
(ueHTpanbHble Yy4YacTKM BKpanfieHHWKOB KBapua B rpaHuT-nopdupax) no 5%
(nepudpepunyeckne y4acTku BKparnieHHUKOB KBapLa) M NOCTEMNEHHO MNOBbLILWANOCh,
AOCTUrHYB Ha no3gHemarmMaTudeckon ctagum (B KBapue NerMKOKpaTOBbIX FPaHUTOB)
6,8%. [erasaums pacnnasa Hocuna nNynbCauUMOHHBIA XapakTep M npoucxoguna
MHOFOKpaTHO, Ha 4TO YyKasblBaeT MpPeuMMyLIECTBEHHAA  NPUYPOYEHHOCTb
COMyTCTBYHLUUX BKITHOYEHUI K OTAEMNbHLIM 30HaM pOCTa KBapua, a Takke Bapuauum
dortoMAHOro AaBreHus.



Tabnuua 1

Pe3ynbTatbl TepMOGapPOreoOXMMMYEeCKOro U3y4eH1s BKITIOYEHUN B KBapLue
MecTtopoxaeHua daconbHOro

Tepmobaporeoxmmmyeckne xapakTepucTukm

lNopona, Cocras KoHueH-
reHepaLms O6nmK, Tvn Trom. .°c | Taem, pacTeopa TPAUWMA | Py
KBapLia BKITIOYEHMS Tcpn. °C | kaTuoHbl (rag) o, | 08P
AHMOHBI Mac. 7o
paHuT- @ 205-245 He He orp. He
nopdovpbl @ MNP 840-850 onp. onp. 2000
(BKpanneHHUKK),
paHHe- e -60.7 | Na K Ca Fecoz
ook o | 82 O o | cosse | 27 CIF(?) 7| <50 | 3000
AR 260-300
NevikokpaTosble ; @ NP | 740-765
rPaHNTLI C ") 0 Na K Ca Feicoz| 90 3500
rnerMaTuToBOW 520-550 -60.5 CIF (?)
CTPYKTYPOW, @@ Co | (>700) | -58.5
no3aHe- Na K Ca F
Na K Cale(coz
MarMaTudeckas @ O Co c (CO2) 50 2000
KeapLi- - — 335-340
MarHeTUToBble @ < Mo | 480-520* Na K Ca Fe 35 1200
obocobnenys B ‘0 -59.7 TR
NEVKOKPAaTOBbIX -56.9
rpaHuTax, 28(C0O,)
no3aHe- @ @ NB®| 340-360 He onp. 20-25 860
MarmaTuyeckas
(@) Nno | 220-240 -58.5 Na Ca 500-
KBapu, pyaHbIx 8 ’ -56.9 Mg(co2) 700
Hun Cl
cynbdomaHom AR
accovialm . g B® | Heonp. | -36,5 Na Fecoz He He
ot -34,0 _e e onp. onp.
@20 MKM Cl

Mpynmeyvanwue: MNP — nepBrnYHbIE pacnnasBHbIE;
C® — conyTcTBylOWME (hNOMAHBIE;

M® — nepBuYHbIE rIONAOHbIE;

NMB® — nepBUYHO-BTOPUYHbIE ONIOMAHLIE;

- rmgporpaHar;

- ranut.




MwuHepanoobpasytowaa ¢niovagHaa cuctema nepuoga OpPMUPOBAHUSA
KBapL-MarHeTuT-reMaTuT-annaoT-rugporpaHatoBbix 060Co0NeHNN B NENKOKPATOBbIX
rpaHutax (Trom 520-360°C) 6bina Takke BbICOKOKOHLIEHTPMPOBaHHOM (35 Mac.% oKB.
CaCly), Haxogunacb nog paeneHvem 1200-800 Gap w  3anu3oanyecku
dyHKUMOHUPOBaNa npu reteporeHnsauun BOLHO-YINEKUCOTHOrO  pacTBopa.
KpnomeTpudeckoe nsyydeHne coneBoro coctaBa BKMOYEHUIN U3 KPUCTanoB KBapua,
NMELLMX MHOYKLMOHHbBIE FPaHW pocTa C pygHbIM MUHepanoMm, rnokasano, 4YTo no
OCHOBHbIM MapameTpamM OHW He OTANYMMbl OT COMYyTCTBYHLUUX pacniaBHbIM
BKITOMEHWI B KBapLe NNENKOKPaTOBbIX IPaHMTOB.

HanbHenwee npeobpasoBaHne PU3NKO-XMMUYECKON CUCTEMbI B npouecce
dopmmpoBaHns pya cynbuAHOM accoumaumm, C KOTOPOW CBS3aHO OTOXeHue
chanepuTa, raneHuTa, xanbkonuputa, CTaHHUHA U 30510Ta, NPUBENO K N3MEHEHUIO
TemnepaTypbl (240-220°C), nasnenus (500-700 6ap), 1 koHUeHTpauum conu (20-25
mMac.%akB. CaCly). ConoctaBneHne KpUOMETPUYECKUX XapaKTepUCTUK CONEBOro U
rasoBoOro CoCTtaBa rMapoTepMaribHbIX PAacTBOPOB M MarmMaTtMyeckoro AUCTMINsTa
oBGHapyxuBaeT MX COOTBETCTBME, YTO CBUOETENbCTBYET O peluarllemM BKrnage
MarmaToreHHbIX prnonaos B hopMmpoBaHme rugpotepmansHomn cuctemel (tabn.1).

NMABA 3. TEPMOBAPOIEOXUMUYECKUE NMAPAMETPbI
®OPMUPOBAHUA MECTOPOXXAEHUA OJNTIOBA BEPXHEE (KAPAOYBCKOE
PYOHOE MOJE, XUNHFAHO-OJIOHOMCKUA PAUOH EAO) U NPOBJIEMA
METAJIJTIOHOCHOCTWU NANEOIrMAPOTEPM.

B rnaee cogepxutca onucaHme UCTOpUU UCCNeLoBaHUA MECTOPOXKAEHNI
XnHraHo-ONoOHONCKOro paMioHa W OCOBEHHOCTEN eO0SsIorM4eckoro CTPOEHUs
mecTtopoxaeHnsa BepxHee. [lpuBegeHa nocnegoBaTenbHOCTb OPMUPOBAHNSA
MUHEpanbHbIX accouMauuin  MeCTOPOXAEHMS Ha OO4HOM U3  [OPU3OHTOB,
ABNAIOWAACA OCHOBOM TepMOOapOreoXMMnYecKoM PEKOHCTPYKLMM  3BOSOLUN
cocTaBa W TemnepaTypbl naneorMgpotepm B Nepuog  MHOroctaguMmHOro
pynoobpasoBaHus.

B ocHoBe TepmMobGaporeoXMMm4eckom  pPEeKOHCTPYKUMM  3BOSIHOLINN
napameTpoB rMapoTepmanbHOro  pygoobpasoBaHUA  NEeXuT  uccriegoBaHune
pPa3HOBPEMEHHbIX NHOMBUAYANbHbIX QMONOHBLIX BKIOYEHUIA, CUHXPOHU3MPOBAHHbIX
C oOnpeaeneHHbIMKU nepuogaMmm MUHepanoobpasoBaHUs B  PaA3HOCMCTEMHbIX
npoxunkax. Kpome cTaHOapTHbIX TepMO- U KPUOMETPUYECKOTO METOLOB,
ncnonb3oBanacb METOAMKA Na3epHO-CNeKTpanbHOro aHanmaa.

Ons  Tpex MuHepanbHbIX accouMauum MectopoxaeHuss BepxHee
yCTaHOBMNeHa nocnegoBaTeribHOCTb MUHEepanorn4eckmnx cobbiTun,
conpoBoXaaBLnxcsa obpasoBaHnem nongHbIX BkNoveHun (PB) B MuHepanax.
BoccosgaHHass Ha 3TOM OCHOBE 3BOMOUMS MapamMeTpoB  rMApPOTEpPMarnbHOro
npouecca (Temnepartypa, COJNIEHOCTb pPacTBOPOB, KOHUEHTpauusi B HUX psiga
mMeTannos, (puc. 1, Tabn. 2) no3BonseT caenaTb CrieayoLmne BoiBO4bI.

1. PaccmartpuBaemble accouvaumm cgopmupoBanucb B Mpouecce
nocrneaoBaTenbHbIX MMMYNbCOB ONIFOMAHOrO NOTOKA; B Havane Kaxaoro umnyrnbca
TemnepaTtypa noBbilanacb, HO OCHOBHasi Macca HOBOOGpPa3oBaHHbLIX MUHEparoB
oTnaranacb Ha boHe NocrnenyLero NOHWKEHNA TemnepaTypbl.



460
440
420
400
T,°C 380
360
340
320

0,1
0,01

0,001

me’ 1

a/kz <

0,01
10

Do+

0,1

Aw N -
‘-

q
-[ O

A

SnG, l

Puc. 1. W3meHeHune
nocrnegoBaTernbHbIX UMMYNIbCOB W OTHOCUTESNBHONO KOMMYecTBa OCaXOeHHOro
KaccutepuTa: 1 - nepmogbl PopMUPOBaAHNSA MUHEPArbHbBIX accoumaummn; 2 - Homepa
30H pocTa Kpuctannos ditooputa; 3 - YCTaHOBIEHHbIE 3HAYEHUA KOHUEHTpauum
3MIEMEHTOB; 4 - pacCUYMTaHHbLIM BEPXHUM Mpenen BO3MOXHbIX KOHLEHTpauun
9N1IEMEHTOB, KOTOpble aHanM3oMm "He OBHapyxeHbl"; 5 - AnanasoH Tr BKAOYEHWUN
AAHHOrO TuMMa W cpegHee 3Ha4YeHue;

(cxemaTu4yHo).

¥

BE:

PO NI % %
_ I 44
et
T L

'l"zn - | T

R T R e [ e

(e |

| o e

: s

Be
-
1r
|
1r
1F
1F

Ke - Tn3 Kem - Ke TR- ®©rnip
TemnepaTtypbl, METafSIOHOCHOCTH

6 - TpeHabl

460
440
420
400
380
360
340
320

10

0,1

1 0,01

0,001
10

0,1

0,01
10

0,1

N3MEHEHMSI NapamMeTpoB

pacTBOpOB



Tabnuuya 2

Pe3ynbTaTtbl NazepHO-CMNEKTPanbHOro, TepMo- U KPMOMETPUYECKOro u3yyeHus hbnonagHbiX BKNHOYEHUN B
MUHepanax KkBapu-tonaszoBo# (KB-Tn3), kaccuteput-kBapueBou (Kct-KB), peakosemenbHo-dnrooputoson (TR-

®np), kBapu-caneputoBoun (KB-Cchn) accounaumn.

T, NaCl, T, KoHueHTpauwms, r/kr pactesopa Mpoumre
Accoumauym|  °C mac.% °c Sn(1,2) | Cu(1,5) | Fe(1,6) | Mn(1,8) | B(1,6) | Zn(1,7) | Be(1,5) | Mo(2,0) | Al(1,6) | kadects
eHHO
400 46 -58,9 <1,6 0,04 5,7 1,3 <0,1 0,8 <0,02 | <0,6 - Ti
442 44 -63,8 4.0 0,4 2,2 0,8 0,4 <1,5 <0,02 | <0,7 20,0 Ti, Ca,
Mg
Ke-Tn3 | 400 43 -63,8° | 2,6 0,5 7.2 5.4 <0,3 <14 <0,01 <0,6 110,0 | Ca
464 32 -61,3 <45 0,09 3,8 1,7 <0,4 <36 <0,04 | <1,8 28,0 Ti, Ca,
Mg
363 28 -70,4 2.1 0,03 1,2 1,5 0,7 <1,4 0,2 <0,7 42,0 Ca, Mg
356 - -8,3 <0,5 0,06 1,8 <0,005 | 0,2 <0,5 <0,004 | <0,2 13,0
398 37 -69,6° | 1,0 0,4 3,6 1,7 0,5 <0,6 <0,005 | <0,2 17,0 Ca
388 37 -69,6 <4,0 * 1,6 <0,8 <0,3 <3,2 <0,04 | <1,6 16,0 Ti, Ca
353 34 -69,1° | 13,0 0,2 <0,4 <0,7 1,2 <29 <0,04 | <2,9 <1,8 Mg
344 - -66,9 11,0 0,1 14,0 4.6 3,3 <25 <0,02 | <1,0 <1,2 Ca, Mg
Ket-KB [ 347 24 -67,0 8,1 0,4 3,6 <0,7 0,6 <29 <0,04 | <14 <1,8 Ti
340 15 -40,6 2.3 0,06 1,6 0,5 0,2 <0,7 <0,008 | <0,3 <0,4 Ca
339 6,8 -25.8 <1,1 0,05 <1,1 <0,2 <0,09 | <0,9 <0,01 <0,4 12,0 Ti
340 - 250" | <2,0 <0,008 | <0,2 <0,4 <0,2 <1,6 <0,02 | <16 <1,0
380 37 -69,9 *x 0,6 3,0 2.0 2.4 3,0 1,9 <0,2 11,0 Mg
380 42 -69,9 <2,0 0,3 16,0 2,3 1,4 8,7 <0,02 | <0,8 <1,0 Ti
365 42 -70,0 0,5 0,2 2.0 1,2 0,3 0,8 0,07 <0,06 | <0,08 | Ti
TR-®np | 368 25 71,2 <0,4 0,04 3,1 2.3 0,8 2.1 0,02 <0,2 <0,2
357 26 -71,0 <0,6 *x 6,5 2.0 1,7 <0,5 <0,006 | <0,2 <0,3
358 26 -71,0 <0,4 0,1 3,7 1,9 1,1 1,3 0,02 <0,1 <0,2
415 37 - <21 0,07 <0,4 <0,02 1,0 <21 <0,02 | <0,8 14,0 Bi, Ca,
Ke-Coon | 344 34 - <1,1 0,1 0,7 <0,2 0,4 <0,9 <0,01 <0,9 - Al, Mg
357 - - <0,3 <0,001 | <0,03 | <0,06 | <0,03 | <0,3 <0,003 | <0,3 - As, Al
Mg




lpumeyaHue Kk mabn. 2. * - Homep 30HbI pocma; # - NpednonoXxumesbHO coomgemcmeaytom
muny 2-3, npoyepk (-) - OaHHble omcymcmeytom, ** - aHanumuyeckasi JIUHUS 3rieMeHma 8
crnekmpe rnepekpbigaemcsi Opyaumu nuHusMmu; () - 3HayeHue Moslyd4eHo Mo Opy2omy
8KMoYyeHUr0 amoeo xe muna. KoHueHmpauusi NaCl onpedeneHa no memnepamype
pacmeopeHusi 2anuma - eaudpoeanuma 6e3 ydema npucymcmeuss 8 pacmeope Opyaux
cornesbix KOMMNoHeHmMos. B konoHke (T,) npueedeHbl cpedHUe 3HadyeHusi 3amepos. B repeol
cmpoke mabnuuybl psOOM C cuMmeosiaMu 3/1IeMeHmMOo8 yKa3aHO 3HadyeHue cmaHOapmHo20
MHOXUMETS.

2. B nepwvogbl, npefwectBoBaBlUME Hadvany noAToka MeTeOpHbIX BOf,
KOHLEHTpaums Sn B pacTBopax Tpex nocrieoBaTerbHbIX UMMNYbCOB COCTaBnsna
1-4, 8-13 n < 0,5 r/kr COOTBETCTBEHHO, HO MEPBLIA U TPETUN UMMYNbCbl NOPOAUNN
NUWb  HEMNPOMBILLMEHHYIO OJSIOBAHHYIO MUHEpanu3auuio; MNPOMbILLIEHHbIE PYyAbl
obpas3oBaHbl pacTBOpamMn BTOPOro UMMyribca.

3. 3HauuTenbHyl YacTb nepuodoB unbTpauum pacTBOpPOB 4epes
nccnegoBaHHOE ceveHue TpyOku gaxe Hamboriee BbICOKOMETANIOHOCHbIE U3 HUX
OblIM He HacbiWweHbl OTHocUTeNbHO SnO2, 4TO, COMMACHO KPUOMETPUYECKUM
AaHHbIM, 00YCNOBEHO WX NOBbLILWEHHOW KUCNOTHOCTbIO (Hannume HF u (nnn) HCI
BO BKJHOMEHMSX "cBeXnx" pacTBopoB). Hayano MaccoBOro oTroXeHus kaccuteputa
coBnagaer C nosiBNeHneM [MpuU3HaKoB MNpUToka crabomMuHepanm3oBaHHbIX,
BEPOSITHO, METEOPHbLIX BbICOKOOKUCIEHHbIX BOA, MO3TOMY 30HA CMELUEeHUs
paccmaTpuBaeTca kak Eh-6apbep, a ero HUCxoasiLee ABMKEHNE MO Mepe nageHus
AaBrneHns BO (OIIIOMAHOM MOTOKE - Kak NpuYMHa BepTUKanbHOW MPOTSXKEHHOCTU
OpyAEeHeHus.

4. Bblcokad KOHUEHTpauus pyaHbIX 3N1IEMEHTOB B pacTBoOpax SBMSeTCs
pewatowmm ycrnosuem obpasoBaHust 6GoraTtbiXx pya Ha  MECTOPOXAEHUSIX,
dhopMUpYyOLLMXCA MYNbCALNOHHBIM PNHOUAHBIM NOTOKOM (K HUM OTHOCATCS MHOTM1e
NAYTOHOrEeHHble MecTopoxaeHusi). ConocTtaBneHne MonyYeHHbIX AaHHbIX C
onybnmnKoBaHHbIMM  MO3BONSIET  CYUTaTb, YTO  BblWENPUBEAEHHbIE  OLEHKU
NPUMEHUMbI K BOSBLLUMHCTBY NAYTOHOrEHHbIX MECTOPOXAEHUN.

MABA 4. TEPMOBAPOIEOXUMUYECKUE NAPAMETPbI
®OPMUPOBAHUA NENbUNPKOH-BAAOENENTOBBLIX PY[Q
MECTOPOXXOEHUA ANFAMA (ANOAHCKWUW LLIUT) U NMPOBNEMA
WCCNEOOBAHUA MECTOPOXOEHUU PEOKNX MUHEPANbHbIX TUMOB

B raBe npuBeaeHbl CcBeOeHUS O  HEOObIMHOM  LIMPKOHMEBOW
MUHepanu3aummM, OTHOCALLENCA K HOBOMY MNEpCrnekTUBHOMY TUMY MOMEe3HbIX
nckonaemsolx, BbisiBrieHHon B 1985 rogy B AsHo-Marickom panoHe XabapoBCKOro
Kpaa B kapboHaTHOM TofLle HAOMCKOW cepun (BeHA) B obpamieHnnm n3BecTHOro
MHrMNUMNCKoro  LWenoYHo-yrbTPpaoCHOBHOMO MaccmBa (MHrunuinckaa  KynosibHas
CTPYKTYpa).

HeoagHo3Ha4yHOCTb MHTepnpeTaunm reoniorm4yeckom nos3uumm
MECTOPOXAEHNA, crneumdmrKka reonormyeckoro CTPOEHUST (XapakTep BMELLALLMX
nopoa, cybropnsoHTanbHoe 3aneraHne pyaHblX Ten, OTHOCUTENbHAA yaaneHHOCTb
OT MarmaTnyeckmx obpasoBaHuin) NPUBOANNKN Pa3SINYHbIX aBTOPOB K



Tabnuua 3
Tepmo- n KpMoMeTpmnYeCKue XxapaktepuCcTUKU XUNbHOro KBapua 13

renbUMpKoOH-0agaenenT-kBapueBbIX pya
Ne KpaTkoe onucaHue Toer °C CoctaB pactBopa no TvnnYHbIM 06NKUK T rom.
obp. obpasua 9BTEKTMYECKON BKMOYEHWUI °c
TemnepaType
CpefnHesepHUCTbIN -53 r 7
arperart kBapua -100 - -110 CaCl,+MgCl,+H,O 1o =
rekcaroHarnbHo- -38 CO2+CH4
NpU3MaTU4EeCcKOro -11 Na,CO;+K,CO3+H,0 S
obnuka, BOKpyr KCl,+H,0 T #
KOTOPOro BUAHbI 30HblI T.#.
1 pocTa (dakensbl)-
pasnnyHble YPOBHU
nepekpuctannusauun.| -100 - -110 CO,+CH, T 110
CpefHsis yactb -38 - -37 Na,CO;+H,0
Kpuctanna, B 30He -55 CaCl,+NaCl+H,0 @ 160
pocTa.
BepxHas yacTb -55 CaCl,+H,0 % 120
2 | (ronoBka) kpuctanna | -37 - -38 Na,CO;+H,0 E?Q/E@/ 240
221 NaCl+H,0 - ﬁ
BepxHasa yactb 330
(ronoska) -55 - -53 CaCl,+NaCl+H,0O %%
3 30HarnbHOro -24 NaCl+KCI+H,O .4 110
Kpuctanna
[Mpoxunok 330 240-
Gannenenta e FeCl,+H,0 %% 250
4 NOJSIMroHanbHOM -35.5- FeCl;+H,0 i 145-
KBapLe -36.5 ot 130
CpenHss 4acTb @%e) 340
30HarbHOro @ @
5 KpucTanna keapua, -55 CaCl,+H,0 T 360
30Ha pocTa @
TpaccupyeTcs 170
BblOeneHnsMK
Oappoeneunta
M'MapoTepMarnbHas
6pekuns. Obnomok ’%%
30HanbHOro keapua, | -24 - -22 NaCl+KCI+H,0
30Ha pocTa -11 KCI+H,0 T
6 TpaccupyeTtcs -4 --2 Na,CO3;+NaHCO5;+H,0 &5 5( @/”n
BblOeMneHns MK
OappeneunTta

MpumeyvaHuna: * - B ra3oBou hase BKITHOYEHWUM;
r-ras;

T.p.

110 - TemnepaTypa YacTUYHON rOMOreHn3aLnu;

- TBepAasn gasa;

d

T.®.

50 MKM




NPOTMBOPEYNBLIM BbIBOAAM, B YaCTHOCTU, O reHe3nce MeCTOPOXAEeHUs, BO3pacTe
OpyAEeHEHN M MHOMMX OpYruxX npuHuMnuanbHbiXx Bonpocax (bargacapos, 1994;
Hekpacos, 1994).

HanpasneHue n metogmka nccrnenoBaHum UMPKOHUEBOW MUHepanu3auum B
HayanbHbIA MEepuoa OCHOBbIBANUCb Ha MpeacTaBneHnsax 06 MCKNUYUMTENbHO
GaooenenToBoM COCTaBe pyd, O €AWHCTBE TeN «PbIXIbIX» U «TBEpAbIX» pya U UX
cTpatnopmMHoOM (0cagoyYHOM), NMacTOBOM, COrflacHOM 3aneraHuu, O BMeLlarLmx
KapboHaTHbIX Nopodax Kak HOpMarbHO OCadouYHbIX, NMpPeobpa3oBaHMs B KOTOPbIX
obycnoBneHbl UCKMOYUTENBHO ayTUTEHHbIMU W OMareHeTUYECKUMN MnpoLeccamu.
MogpasymeBanocb, 4YTO WHrMNUMACKUM MaccmB, KaK OOKOOMCKUN, MOT CITY>XUTb
NUWb NOCTaBLLUMKOM LMPKOHMS B MpPOLIECCe 3p03uK, pasmbiBa U NepeoTNoXeHUs
npoayktoB ero paspyweHus. OpgHako B Xoge NpoBeOeHMs MOMCKOBbIX U
pa3BedoYHbIX paboT M HaWMX UCCNeaoBaHMW 3TU NepBOHa4varnbHblE UCXOAHbIE
NONOXXEeHNA HEe NOATBEPAUIUCE.

MccnegoBaHmsiMn  TOHKOAUCMEPCHBLIX py4  renbuMpKoH-6aaaenenTtoBblX
pya metogamu TepmobaporeoxmmMmm yCTaHOBMEHbI NapamMeTpbl pyaoobpasoBaHns
N3 BbICOKOKOHLIEHTPUPOBAHHOIO reTeporeHHoro donounaa, B UHTepBarne TemnepaTtyp
360 - 110 °C v pasneHun 850 — 1000 Gap Npv y4acTuu XnNopuaHO-KapBOHaTHbIX
pacTBOPOB, coAepXalumx YrrekucnoTy n metaH (tabn. 3). leTeporeHHble CUCTEMB,
BO3HMKaOLWMEe Npu HapylweHun asoBbiX pPaBHOBECUA B MPUPOOHbLIX pacTBopax,
He4oCTaTOMHO UCCreaoBaHbl 3KCNepuMeHTanbHO. Hanuune HeonpegeneHHoCTen
OTHOCUTENBHO CaMOW BO3MOXHOCTU CYLLLECTBOBaHUS MOAOBHbLIX CUCTEM, pasnuyuns
B COCTaBe NpuUpoaHbIX NOMA0B U NPUMEHAEMbIX MOAENbHbBIX AnarpamMm Bbl3Banu
HEeoOXOOMMOCTb  3KCMEepPUMEHTanbHOW  MPOBEPKM, B  OCHOBY  MONOXeHa
KonuyecTtBeHHas WMHdopMauus O napameTpax npouecca (Temnepartype, cocTase,
AaBneHun), YCTaHOBJIIEHHbIX TepmMobaporeoxXxmMmMmyeCcKkumMm MeTogaMM.
OKcnepuMeHTanbHOe  NoATBepXAeHue  CBUOETENbCTBYEeT O  KOPPEKTHOCTU
caenaHHbIX BbIBOJOB " LuenecoobpasHoCcTU NPUMEHEHNS MeTo0B
TepmobaporeoxXmmMmm ons N3y4eHns CRoXHbIX CUCTEM.

3AKIIOYEHUE

O6cyxpaetca 3Ha4yeHMe MONy4YeHHbIX MeTodamMun TepmMobaporeoxmmmm
AaHHbIX ONa peweHna npobnem pyanoreHesa. B npeacrtaeneHHon paboTe Ha
npuMepe U3y4YeHUs TPeX TEeHEeTUYECKM Pas3HOTUMHBIX W pasHOMeTanbHbIX
MECTOPOXAEHUN paccMOTpeHbl Hanbornee BaxHble Npobrembl pyaoreHesa:

1) npobrnema o06pa3oBaHUSA 3HOOFEHHbIX MECTOPOXAEHUN, 00S3aHHbIX
CBOVIM NPOUCXOXAEHNEM MarmaToreHHbIM hnrovaam;

2) npobnema YypOBHSA KOHLEHTpauuMi MeTannoB, HeobxogMmoro U
A0CTaTovyHOro Anst obpasoBaHUs MECTOPOXOEHWMN;

3) npobnema wuccnegoBaHnn HOU3NKO-XUMNYECKUX YCOBUA 0Bpa3oBaHus
MECTOPOXAEHUN HOBbIX N peaKUX MUHEpParbHbIX TUMOB.

OcHOBHble  pesynbTaTbl, MOMYYEHHbIE MPU  U3YYEHUN  YCIIOBUM
obpasoBaHNsA pacCMOTPEHHbBIX MECTOPOXAEHWI, CBOASATCS K criegyoLemy.

1. MNMpn uccnegoBaHnn pygHO-MarmMaTUYECKOW CUCTEMbl AN BbISCHEHUS
OTHOCUTENBbHOW  pPoNnM  rpaHUTOoMaoB B POPMUPOBAHUN  TMAPOTEPMASIBHOMO



opyaeHeHus (Ha npumepe MarHeTuT-cepebpo-nonmMmeTanInyeckoro
MecTopoxaeHust daconbHOe) YCTaHOBMEHO, 4YTO, HECMOTpsi Ha cBoeobpasne
MECTOPOXAEHUS, KOTOPOE MNpPOSABNSAETCS Kak B COCTaBe pyAHbIX acoouunaummn
(coBMELLEHHOCTb pa3HOMETanbHOr0 OpyAEHEHUS W OTMOXEeHMe MarHetuTta
OQHOBPEMEHHO C raneHuToMm u ccaneputom), Tak U B OCOBEHHOCTAX COCTaBa
NENKOrpaHUToOB  MecTopoxaeHusi PaconbHoe — Hanuune 3HAYUTENbHOMO
KonuyectBa (MepBble  MPOUEHTbI) MarHeTuta npu  MOfIHOM  OTCYTCTBUMU
TEMHOLBETHbLIX MUHEPAroB, OCHOBHbIE 3aKOHOMEPHOCTU Pa3BUTUS MarMaTu4eCcKomn
CUCTEMbI  COrMacyloTCsl C  OCHOBHbIMW  MOSIOXKEHUAMM  OpTOMarMaTU4eCcKom
KOHLenumm.

OBoNOUMNA  (PUBNKO-XMMUYECKMX MNapamMeTpoB (POPMUPOBAHUS MaHETUT-
cepebpo-nonMmeTannuyeckoro MectopoxaeHmsa ®daconbHoe uMena eauHyto
HanpaBSIEHHOCTb, KOTOpasa COCTOUT B criegytoLlem: dopMnpoBaHne rpaHMTongHOro
MaccvmBa MNPOUCXOAUNO MNPU CHWXKEHUM TemnepaTypbl, CONMEHOCTU pnioMaoB u
HEOQHOKPATHOW  reTeporeHusauuMM  pacnnasa; npouecc  pPyaoOTNOXEHUS
pasBmMBasnica 3a cuveT mMarmaTtudeckoro nwounga, 9BOMOLMOHMPOBABLUENO OT
MarmaTuU4eckoro AUCTUNNSATa 4o rmapoTepMarnbHOro pacTteopa.

2. Btopaa paccmatpmBaemasi B paboTe npobnema KacaeTcd YpOBHS
KOHUEHTpaumn MeTansioB B rmapotepmMax, HeobxogumMoro u [OoCTaTOYHOro Ansd
obpasoBaHna pygHOro MeCTOpPOXAEeHus, T.e. O T[paHuue Mexagy npocTo
«METanMOHOCHbIMNUY U OENCTBUTENBHO «pyAoobpasyowmmMm» pacTtBoOpamu.

YCTaHOBMEHO, YTO M3yYeHHble accoumaunm coOpMUPOBaHbl AUCKPETHLIMU
uMnynbcamn  QrOMOHOrO NOTOKa, pasfeneHHbIMM  nepuogamMn  OCTbIBaHUSA
pasorpeTbiX Nopod B YCIOBUSX NpUToKa crnaboMmHepanmn3oBaHHbIX METEOPHLIX (?)
BOJ.

HecmoTpa Ha ©Onu3octb ob6wero coctaBa, pacTBOpPbl OTAENbHbIX
UMMYNbCOB  pasnNUYalTCa  KOHUEHTpaumen  psga  pyaHbIX — 3rEMEHTOB.
[MpomblwneHHoe opydeHeHMe obpa3oBaHO pacTBopamMuM C  Hambonbluen
KOHueHTpaumen Sn (8-13 r/kr npotms 1-4 n 0,5 B pactBopax OO- U NOCTPYOHOM
cTagun), Nnpuyem Ha U3ydeHHOM YPOBHE OTIOXeHMEe OCHOBHOW MacChl KaccutepuTta
NPON30LLSIO B CBA3WN C YMEHbLUEHMEM pacTBOPUMOCTU SnO2, BbI3BaHHbLIM NPUTOKOM
METEOPHbIX BOA MNPU CHWXEHUN aOaBfeHUss B HarNoOpPHOM MOTOKE 3SHOOrEHHbIX
dnongos.  [aHHble O KOHUEHTpauusix  pyaHbIX — 3fIeMEHTOB  cnyxar
AOMNOSTHUTENbHBIM apPryMEeHTOM B MOMb3y akTyalbHOCTW MOUCKOB MEXaHU3MOB U
akToOpOB, CYLLECTBEHHO BNUAKIOWMX Ha pacnpegeneHve MeTansoB Mexay
doronMaomM 1 pacniaBoM.

3. NccnepoBaHMsaMN TOHKOAUCMEPCHBIX renbuupKoH-6aaaenenToBbiX pyg
MeTogammn TepMobaporeoxXMmumm YCTaHOBMEHbI: TEMMNepaTypHbI MHTEpBan uXx
opmmpoBaHus, koTopbin coctaenseT 370 - 110 °C, coctas pacTBOPOB (ranoreHsl ¢
npeobnagaHmem katuoHoB Na’, K, Ca™ un Fe™), Bbicokue (40-35 macc.%)
KOHUEHTpaumm pacTBOPOB, HEOOQHOKPATHOE W3MEHEHWEe arperatHoro COCTOSAHUSA
pacTBopoB B MHTepBanax 370 - 340; 250 - 240°C. Pynoobpa3oBaHue Npoucxoamso
npu y4actum XnopuaHo-kapboHaTHbIX PacTBOPOB, CoAepXKalLUMX Yrnekucrioty u
METaH.

B pesynbTaTe npoBedeHHbIX UCCregoBaHUW YCTaHOBNEH psgd pusnko-
XUMUYECKNX NapamMeTpoB (hopMMpPOBaHUS OpPYyLAEHEHUHA, KOTOPOE B TOM UAN MHOM



OTHOLLUEHMM OTNNYAETCss OT TUMUYHBbIX MECTOPOXAEHUN TaKoro e pPyAHOro
npocuns, n noaToMy cnabo nsyyeHo. lNonyyeHble gaHHbIE OOMOMHAT N YTOYHSOT
npeacraBneHnMst O nMpoueccax, CBsA3aHHbIX C pyaoobpas3oBaHMEM, a Takke
CMOCOOBCTBYHOT peLLeHNo Npobnem pyagoreHesa.
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