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KyntymuHCckoe MeCcTOpoXK/ieHHe pacrioiaraeTcsi B rpefesiax ['a3MypoBCKOW MeTalJIoreHhueCKOM 30HbI B
BocTouHoMm 3abaiikanbe. OpyzeHeHue puypoueHo K KylTyMUHCKOMY UHTPY3UBHOMY MacCHBY CpeJiHe-
BEPXHEIOPCKOTO BO3PacTa, MpeJCTaBIeHHOMY ITOPOAaMH CyOI1[e/I0UHOM Cepur OT KBapLieBbIX
MOHLIOHUTOB Y KBapL|EBbIX CUEHUTOB /10 TPAHUTOB U JaikaMU MOHLIOAUOPUTOB. [laliKui O3HEFOPCKOTO
BO3pacTa Mpe/CTaBIeHbl CyOIIeouHbpIMU 1abbpo. AHamM3 TpeHAOB (PPaKIMOHUPOBAHKS TIETPOTEHHBIX U
PeJKHX 3/IeMeHTOB 103BOJISIET TPe/TI0N0KUTh, YTO 00pa3oBaHue JOMUHUPYIOLUX B KynITyMUHCKOM
MacCHBe U JaKOBOM KOMILJIEKCe MOHLIOHUTOHM/IOB TTPOUCXOAUIIO IyTeM JuddepeHIraliu CyOIieI0uHOro
6a3uToBOro pacrijiaBa u3 oboraieHHOro MaHTUMHOTO UCTOUHMKa. [Iporjecc popMupoBaHus 30/10TO-
Me/IHO-Ke/1e30-CKapHOBOI'0 U MPO’KUIKOBO-BKPAIJIEHHOW CpeJjHeTeMIiepaTypHOW NOMUCYIb(MUIHON U
snuTepManbHON Ag-Te-Bi-MuHepanu3salnuy, kene30-MarHe3uaabHbIX U KpeMHellle/I0YHbIX
MeTacOMaTUTOB UMeJI [TTe/TbHOe MHOTOCTAZIMHOe Pa3BUTHE U TIPOTEKasl B acrieKkTe 001ield SBOTIOLN
PYZHO-MarmaTuyeckol CUCTEMBI.
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AHHOTAIIVA

KyntymyHCkOoe  MecTOpo)K[eHWe — pacrosnaraeTcsi B mpefenax ['a3umypoBCKOM
MeTa/l/loreHuueckold 30Hbl B BocrouHom 3abaiikanbe. OpyzeHeHHWe TPUYPOUEHO K
Ky/nTyMUHCKOMY MHTPY3MBHOMY MaCCUBY Cpe[He-BEPXHEHPCKOr0 BO3pacTa, MpeACcTaBIeHHOMY
ropofiaMy  CyOIIle/IOUHOM Cepuu OT KBapLeBbIX MOHLIOHUTOB W KBApIEBBIX CHEHHUTOB [0
FPAaHUTOB W JalKaMh MOHLIOAUOPUTOB. [laliKM MO3JHEIOPCKOr0 BO3pacTa IIpe/iCTaB/ieHbl
cyOuesniouHbiIMM  rabbpo. AHanu3 TpeHJOB (PAKLIMOHUPOBAHUSI TIETPOTeHHBIX U PeJKUX
3JIEMEHTOB TI03BOJISIET TIPeATIONOKUTh, UTO 0Opa3oBaHHe JOMUHHPYIOUUMX B KynTyMHHCKOM
MaccuBe W JAMKOBOM KOMILIEKCe MOHLIOHUTOM/ZIOB TPOUCXOAW/IO0 MyTeM AuddepeHLaliun
cyO1iesiouHoro 6a3sUTOBOrO pacruiaBa M3 00O0TrallleHHOr0 MaHTUHHOTO MCTOYHHMKa. IIporjecc
q)OpMI/IPOBaHI/IH 30/10TO-MeJHO-KeJ1€30-CKapHOBOI'O u HpO)KI/I]IKOBO—BKpaHJIEHHOﬁ
cpeHeTeMITepaTypPHOU TO/UCY/Ib(MUAHON U SMUTEepMa/ibHON Ag-Te-Bi-MUHepaIu3alivy, >KeJie30-
MdrHe3nd/IbHbIX W KpPEMHeIEe/JTOYHbIX MEeTAdCOMdTUTOB HWMEJT [OJIUTE/JIbHOEe MHOFOCTa,II[I/II‘/’IHOE

pa3BUTHE U MPOTEKAJT B acIieKTe 00I1[el IBOJTIOI[UM PYJHO-MarMaTuueCKOW CUCTEMBI.

Kouepsble ciioBa: KyaTymMuHCcKoe MecTopoxkaeHue, BoctouHoe 3abatikaibe, MarMaTu3Mm, MeTPOreOXUMHUS,

Au-Cu-Fe-ckapssl, nonucynbduanas u srutepmansHas Ag-Te-Bi-mMunepamzarps.

ABSTRACT
The Kultuminsky field is located within the Gazimurovsky metallogenic zone in the
Eastern Transbaikalia. The mineralization is associated with the Middle-Upper Jurasic
Kultuminsky intrusive massif composed of alkaline series rocks ranging from quartz monzonite
and quartz syenite to granite and monzodiorite dykes. Dykes of the Late Jurassic age are
composed of subalkaline gabbro. Trend analysis of fractionation of major and rare elements
suggests that formation of monzonitoids dominant in the Kultuminsry massif and dyke complex

occurred during differentiation of the subalkaline basalt melt from enriched mantle source.



The process of formation of the gold-copper-iron-scarn and medium temperature polysulfide
veinlet-disseminated and epithermal Ag-Te-Bi mineralization, as well as of iron-magnesia and
silica-alkaline metasomatites was long and multi-stage from the viewpoint of the total evolution
of the ore-magmatic system.

Key words: Kultuminsky deposit, Eastern Transbaikalia, magmatism, petrogeochemistry,

Au-Cu-Fe skarns, polysulfide and epithermal Ag-Te-Bi mineralization.

BBejenue

KynTymuHCKoe 30710TO-Cy/bhHAHO-Ke1e30-CKapHOBOe MeCTOPOXK/IeHHe PaCIoIOKeHO Ha
Tepputopun ['a3uMypo-3aBozckoro pationa YutuHckol obmactu B BocrouHom 3abatikanbe. Ha
MecTopoxkaeHnu 1o Kareropusim C1 + C2 mofcurTaHbl 3arackl: 3010To —121 T., cepebpo — 948
T., Megb — 587 T.T., Kejie3Hble PyAbl — 33 MJIH T., TIO3BOJIAIOLME OTHOCUTH €ero K OJHOMY M3
Ba)KHBIX TTPOMBIIIJIEHHBIX TUIIOB MECTOPOXK/eHWW. B HacTosiijee BpeMsi OHO pacCMaTpUBaeTCsl B
KauecTBe 3HAUYMMOI'O WHBECTHUI[MOHHOTO 00bekTa (MuHepasbHO-ChIpbeBbie..., 2003). OCHOBHBIE
acreKkTbl TeOoJOrMUecKOoro CTPOeHHWs, MarmaTtu3Ma U XapakTepa pYJHOW MHHepanu3aluu
MeCTOpoXKeHus1 ocBellleHbl B paborax H.E. Uepnsbnmosoii [2009, 2011, 2012], A.A. ®enopoBoii
[2009], A.A. ®enoporoii u B.C. Camuxosa [2009], P.B. I'py3aera [2015], B.C. Canuxora u P.B.
I'py3geBa [2013]. Llenbto JaHHOTO M3yudeHUs SIB/SIZIOCH pAacCCMOTPeHHe MeTPOreoxXumMuyecKux
0COOeHHOCTeH, MPUPO/bl ¥ MUCTOUHUKOB MarMaThyeCKUX TOPOJ, MeCTOPOXKAeHHs], MUHepaJoro-
reOXMMHUECKUX OCOOEHHOCTeM pyJ, M B3aMMOOTHOIIEHUsI TIPOIIeCCOB pPYyA0000pa3oBaHUsI C
MarmMaTu3MOM.

BoctouHoe 3abailikasbe 3aHMMaeT  LeHTpaJbHYyH 4YacTb  MOHrom0-OX0TCKOro
CKJ/1a/IuaToro rosica U SiB/isieTCsl KPYIHEeNIINM ChbIpbeBbIM PETMOHOM, B KOTOPOM COCpPeJ0TOUYEHbI
MEeCTOPOXKJIEHHsSI MHOTHX TI0JIe3HBIX MCKOTIaeMbIX - MO/MOzeHa, Boib(pama, 0J/I0Ba, 30J10Ta,
cepebpa, BuUCMyTa, >Kejie3a, MeAu, CypbMbl, CBWHIA, LMHKA, Oopa, Quroopura W ypaHa.
MerTannoreHusi 3TOM TeppUTOpPUM BriepBble feTasibHO paccmorpeHa C.C. CmupHOBbIM [1961],
YCTaHOBHMBILIMM TIOSICOBOE PpacIiojioykeHre MecTopoxkjeHuil. [lo3gHee MeTanioreHMUecKue
ocobenHoctn BocrouHoro 3abaiikasbsi CTamM pPacCMAaTpUBaThCsl C  TIO3WIMUA  TEKTOHO-
MarMaTH4YeCKOM aKTUBHU3al[iM, OXBaTbIBAIOIIEM B Me3030e KOHCOJIM/IMPOBaHHbIe OaliKalbCKue U
paHHeKasieflIoHCKue  ckiagdatble  coopykeHusi [LllersoB, 1966]. B  coBpeMeHHBIX
reoZJMHaMUYeCKUX HWHTepIipeTanusix TeppuTopyuss MoHrono-OX0oTcKoro mosica  sB/seTCs
KOJ/UTU3UOHHOW 30HOW cowileHeHusi Cubupckoro u MoHrono-Kuraiickoro KOHTHHEHTOB,
OCHOBHasi BeTBb KOTOpPOU B BUJje MOHTr0/10-OXOTCKOM CYTYphI U ee F0ro-3arnajiHoro OTBeTB/IeHUs
(OHoTCKasi BeTBb) TpacCUPyeTCsl C CeBepO-BOCTOKA Ha toro-3amnaj (puc.l) [3opuH u gp., 1998;

CrnvpuzioHoB U 1p., 2006; Zorin et al, 2001]. BaxHasi pyzosniokanu3yroljasi pojib Mpyd 3TOM
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OTBOZWTCS 3aHMMAOLIUM 3HAUYWTETbHbIM O00BEM TUIOMIaZX Me3030MCKUM MarmMaThudeCcKUM
oOpa3oBaHMsIM, C KOTOPbIMH CBSI3bIBA€TCS TOZAAB/sOLIee  OOJIBIIMHCTBO — YHJOT€HHBIX
MeCTOPOXK/IeHHH LIBeTHBIX, PeIKUX M 0/1aropoiHbIX MeTainoB. [1o cBoeMy XUMU3MY UHTPY3UBBI
SIBJIIFOTCSL  TIPOU3BOJHBIMU  BBICOKOKA/IMEeBbIX M3BECTKOBO-IIe/IOUHBbIX U JIaTUTOBBIX Mar,
VIMEIOLMX BEePOSITHO MaHTUMHOEe MPOUCXOXK/EeHHE. YCTaHOB/IEHO, YTO NIPU3HAKK CyIl[e CTBOBAaHUS
TOpSIUEero MATHA B MAaHTUM TPOSIBUIUCH KakK B 0OCTaHOBKe CpeJjHe-BepXHEIOPCKOU KOJUTM3WH, TaK
1 B 00CTaHOBKe paHHEMeJ/IOBOTo pudToreHesa. B aTux ycioBUsixX KOJUTM3UOHHbIE U PUTOreHHbIe
MECTOPOXX/|eHHSI MOIJIM UMeTh 0011{1ie NCTOYHHKH.

OZHUM U3 TIPOMBIIUIEHHO-BA)KHBIX DPErMoHOB BocTtouHoro 3abaiikanibsi sBASETCS
TePPUTOPUS, PAaCIO/IOKeHHass K IOro-BOCTOKY OT bBoOpIeBOYyHOro Kpska, OrpaHUYeHHas
'a3uMypOBCKUM 1 YDPY/IFOHTYeBCKUM pa3/ioMaMH, BO3HUKIIMMU, MO0 0OHOB/IEHHBIMHU BO BpeMst
korumsun. K T'a3uMypoBckoMy TyOMHHOMY pasjioMy mpuypodeHa ['a3umMypo-YprOMKaHCKast
MeTasJIOTeHn4eCKasi 30Ha, B KOTOPOU COCpe/0TOUeHbl KPYTIHbIe PYJHbIe Y3/Ibl U MeCTOPOXKIeHUS
Fe, Cu, Au, W, Mo, Sb (puc. 2) [KopmumuiibiH, iBaHoBa, 1968]. OHa npoTaruBaeTcsi B CeBepo-
BOCTOYHOM HaripaBieHHMH Ha 350 KM Ipu cpejiHeli ImMpuHe OKojo 80 KM M XapaKTepu3yeTcs
IIMPOKUM pa3BUTHEM KPYMHBIX Pa3pbIBHBIX HapylIeHWH W IMOCTOPOTe€HHbIX TrUrabaccanbHbIX
VHTPY3MBHBIX TeJl Cpe/IHerae030MCKOro U Me3030MCcKoro Bospacra. Ha roro-Bocroke I'asumypo-
YploMKaHCKasi 30Ha YaCTUYHO «mepekpbiTa» [IpMapryHCKMM  CBUHLIOBO-LIMHKOBBIM U
Kananryiickum (QuitoOpUTOBBIM TOSICAMM, @ Ha CeBepo-3amajie COBMelljeHa C OJIOBSIHHO-
BO/Ib(pamMoBBIM 1osicom [CmupHOB,1961].

AHaTryeCcKre MeTO/bI

Metogamu P®DA, ICP MS u aroMHO-abCOPOIIMOHHOTO aHa/iu3a IPOaHaIU3UPOBAHEI
coctaB, P30 ¥ »3/neMeHTBI-TIpUMeCH MarMaTH4yeckKux Iopog, U pyA. Ha ckanupyroiem
9/1eKTpoHHOM ~ MuKpockorie (TESCAN MIRA 3LMU) u  peHTTeHOCIeKTPaJbHOM
MukpoaHanusatope (JEOL JXA-800) w3yueHbl B3aWMOOTHOLLUEHHSI PYAHBIX W HepPyQHbIX
MUMHEpaJJOB pas/lMYHbIX MHUHEpaJbHbIX aCCOLMALMM pYyZ, XMMUYeCKUH COCTaBa M 3/eMeHThI-
npuMecH. BrInosHeHbl W30TOMHO-TeOXUMHUUECKUe HuccaefoBaHus Cynb(ugoB. OCHOBHbIE
VICCIe[IOBaHUSl BBITIOJIHSUIMCh Ha TIpUOOpHOM 6ase LleHTpa KO/IZIEKTMBHOTO T10/Ib30BaHUS
MHOT'03/IeMeHTHBIX M M30TonHbIX uccaenoBannii CO PAH (r. HoBocubupck) u B iaboparopuu

00O "AJIC Yura-JIabopatopus" (r. Uuta).

KyaTyMHHCKOe pyAHoe 1oJie
KynTymuHCKOe pygHOe Tio/le pacrionaraeTcsi B LieHTparbHOM uactu ['asumypo-
YPyMKaHCKOM MeTasllIoTeHUYeCKOr 30HbI U TArOoTeeT K MeXAypeubto p. ipomait u OuyHorja Ha

neBobepexkbe p. I'asumyp (puc. 3). Ha miomagu pyaHoro mosis emie ¢ 40-x rogoB XIX Beka,
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ObUTM  W3BeCTHBI ~ POCCHITTHOE  30/I0TO, MarHeTUTOBbIe  PyZbl, CcepeOpocozepiKariye
MoJMMeTa/l/IMYeCKue  pyZbl M  KBapl-apCeHONWpWTOBasg MuHepanusauus. OpyzeHeHue
JIOKa/IM30BaHO B BeH/l-paHHeNane030MCKOM, M03/[HeNane030MCKOM U Me3030MCKOM CTPYKTYPHBIX
5Ta)kaX, COOTBETCTBYIOL{MX Pa3/IMYHbIM 3TariaM re0TeKTOHUYeCKOrO Pa3BUTHS perroHa.

['MaBHOW CTPYKTYpOM BeH/-PaHHeNase030MCKOr0 3STaxa sBseTcsl byqroMKaHCKUN
CUHK/IMHOPWH, CJIOKEeHHBI OTIOKeHussMu Oesnetyiickoii cButhl BeHza (Vbl), ObicTpuHCKOM
CBUTHI HIWKHeKeMOpuiickoro Bo3pacta (€:bs) ¥ epHUUEHCKOW TOJILM YCIOBHO HIDKHe-
cpefHekeMOpHiicKoro Bo3pacta (€1.,? er). OTo JIOKHOCK/IaZuaToe COOpY)KeHHe, COCTosIIlee U3
OpaxMaHTUKJIMHAMBHBIX W JIMHEHHBIX CKIaJOK 2-T0 M 0Oosiee BBICOKMX TMOPSJKOB. B simpax
AHTUK/IMHAJIe 0OHa)XKAIOTCsI TIeCYaHO-C/IaHLIeBbIe OT/IOXKEeHHsT OesieTylHCKOM CBUTHI, JOIOMUTBI U
W3BECTHSKU OBICTPDUHCKOW CBUTHL. AJIeBpO-TIeCUaHUKOBbIE TOJIIMA epHUUEHCKOM CBUTHI
BBITIO/HSIIOT OpaxWCHMHK/IMHAMN U KPbUTbsi aHTUK/IMHANBHBIX CK/Ia/I0K. B3auMooTHOIIEHNsT CBUT
COITIaCHble, MOIIHOCTU WX U3MEHSIIOTCSI OT COTeH MeTpoB Ao 1 kM. CrpatuduiipoBaHHbIE
MopoJibl B pallOoHe HHTPY3MBHOIO MaCCHMBa OPOTOBMKOBaHbI, CKapHMPOBaHbl M BMeLIalOT
TIPOSIB/IEHUST  30J10TO-CYy/bGUAHON, cepebpo-ToMUMeTal/IMueckoii W 30710TO-CyIb(PUIHO-
MarHeTUTOBOM MUHepau3aLyu.

Marmatnyeckve  0o0pa3oBaHMsi Ha IUIOL[QJU  DYAHOTO  TIOJsT  TIPE/ICTaBJIeHBI
nopupobIacTOBBIMU  TPaHUTaMU  OOpIIOBOYHOro  Komruiekca (yJ2-3  b), mopopamwu
maxTaMuHCKoro  (yémJ2-35), KykynbOeiickoro (yJsK) M yHAMHCKOTO KoMILTiekcoB (ysPiu).
panuTonsibl  OOPIIIOBOYHOTO  KOMIUIEKCA  SIBASIOTCS ~ TIPOAYKTOM  peMoOuIM3aLuu
PaHHEeNpPOTePO30MCKOr0 CHaauueckoro (yHjameHTa B CpeJHe-TIO3JHEIOPCKOe BpeMsi U B
reOXVMHYeCKOM IJIaHe Clielaau3upoBaHbl Ha pefikue 3reMeHThl. [llaxTaMMHCKUM KOMIUIEKC, K
KOTOPOMY OTHOCHUTCSI KynTYyMUHCKUIN MHTDPY3UBHBIM MacCHB, TpeJCTaBleH MOpojaMy TpeTbei
da3pl - TrpaHOAUOPUT-TIOPPUPAMM, TpaHUT-TIOpPUpaMu U  AuOpUT-TIoppuputamu. Ux
pa3sMellieHre KOHTPOJMPYEeTCs yyacTKaMH IepeceueHMsi 30H pa3pblBHbIX HapylueHuil. I[lopogsl
KyKy/Ib0OeICKOro KoMIijiekca 0OHa)KaroTCsl Ha 1ore pygHOro mosist. OHU TIpe/iCTaB/ieHbl MaCCUBOM
JIEMKOKDATOBbIX TDAaHUTOB W peJKUMU JlaKaMd KUCJIOrO COCTaBa. MeTajuioreHnyecKas
crielMany3anysi KOMITIEKCa OCTaeTCsl Heolpe/ie/leHHOW. YH/WHCKUN KOMIUIeKC IpeJcTaB/ieH
TpeTbel (a30ii — MeJKO3ePHUCTBIMU JIEMKOKPAaTOBBIMA  OWOTUTOBBIMU TPAHUTAMH  C
He3HauuTeTbHOW MUHepasu3alell TaHTa/no-HU0OaToB. Bo3pacT IMIaXTaMMHCKOTO KOMILIeKca
TIPUHST KaK CpeiHeBepXHEeIPCKUH, KyKy/Ib0elcKoro - BepxHeropcKuii [['eonoruueckoe crpoeHre
..., 1997]. Tlo paHHbIM K/Ar ormipezenieHuii, BO3pacT IIaXTaMWHCKOTO KOMIIJIEKCA pa3/IUUHbIX
MaccuBOB BoctouHoro 3abaiikasbsi HAXOJUTCS B uara3oHe 167-155 MUTH /ieT, a KyKy/ib0OeicKoro
Bo3pacta - 150-126 maH net [CrimpugoHoB u zap., 2006; Ko3zmos, 2011]. [To3aHetopckuii Tart

pa3BUTUSI TEPPUTOPUM 3aBeplllaeTCs BHeApeHWeM JaeK JIaMIpohHpOB U [I0JIEPUTOB, yCJIOBHO
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OTHEeCEHHBbIX K HEePUYMHCKO-3aBOJCKOMY Komrutiekcy (xJ3nz). Oty obOpa3oBaHUsI CEKyT TOPOJbI
11aXTaMUHCKOI'0 KOMIUIEKCa Y He HeCyT PyZIHOM MUHepaIn3aLlui.

['naBHBIMM pa3pbIBHBIMHA CTPYKTYPHBIMU 3/IeMEeHTaMy B LIEHTPa/JIbHOM 4YacTH TUIOIIa[u
DYAHOTO TIOMS SIBJISIOTCSL CHUCTeMbl TyOuHHBIX [IpaBo-JleBo-I'a3umypckux U ByaroMkKaHCKOTO
passoMOB CeBepO-BOCTOYHOIO TNPOCTHpPaHus. BaXHOM MarMOKOHTPO/IMPYIOLLEN CTPYKTypOu
sIB/IsIeTCs 30Ha IyomHHOTO Boraark-bolarounHckoro passioma ceBepo-3araiHoro MpoCTUPaHuS,
KOTOpasi KOHTPOJIMPYeT pa3MelljeHhe UHTPY3UM 11axTaMUHCKOro Komriekca. Ha ceBepo-3amazie
PYAHOTO TO/si TPAaHUTOW/BI OOPIIIOBOYHOrO KOMILIeKca o SipoMaiickomy pas3/ioMy HaZlBUHYThI
Ha TeppUreHHO-KapOOHAaTHBIE OT/IOXKeHHsT KeMOpHsi.

B pygHom mone mipefcraBieHbl KynTyMHUHCKOe 30/10TO-Cy/b(UHO->Ke1e30-CKapHOBOe
MeCTOpOXKJeHHe, ydyacToK OuyHOr[JMHCKMK W pygomnosiBieHde CeBepHOe C 30/10TO-MeJHO-
CcylbGUIHBIM OpyJeHeHWeM ¢ MHOTOYMC/IEeHHble TOUKM MHHepaau3aliyd  pasvuHbIX
MUHepa/IbHbIX THUIIOB, TATOTEIOLMX K IUlowjaAyd KylATyMHHCKOrO WHTPY3MBHOIO MaccuBa M
BMELIAOIINM TepPUTeHHO-KapOoHaTHBIM ropoaM (puc. 3). IHTpy3uBHBIN MacCcuB 00pamiisieTcst
BTOPUYHBIMU T€OXUMHUEeCKHMHU opeojiaMu paccesinus 3os0t1a (0.01-1.45 r/1), megu (0.01-1 %),
tuHKa (0.02-0.2 %) u ceuna (0.01-0.05 %).

MarmarusMm ¥ pyaHasi MUHepamu3anus KyJ1TyMHHCKOro MeCcTOpoXX/jeHUus

OCHOBHOe TpOMBILLIZIEHHOe OpyZeHeHHe KyaTyMHMHCKOrO MeCTOpPOXK[EeHUs TAroTeeT K
5H/I0- Y 5K30KOHTAKTOBBIM 30HaM CKapHOB I'DaHUTOMJHOIO MacChBa Y OPOTOBHMKOBAHHBIM U
CKapHUPOBAHHBIM TeppPUreHHO-KapOOHAaTHBIM TOpPOZiaM ObICTPUHCKOM CBWUTHI M €PHUYEHCKOU
Toymy. MaccuB Tiomaipio 5x15 KM BEITSHYT B C€BepO-BOCTOUHOM HarlpaB/ieHuH, pa30ypeH /10
rny6unsl 900 M ¥ TipesiCcTaB/eH KOH()OPMHBIM TeIOM C yBeTMYeHHWEeM MOIIHOCTH B CEBEPHOM
HanpasjeHud. [1o JaHHBIM rpaBUpasBeJKM M MarHUTOpa3BeJKU, KyqTyMHUHCKHII MacCUB UMeeT
¢dopMy JarnmonvTa C MOABOAAIIMM KaHalIOM Ha CeBepe, MHTEPIpeTUPYyeMOl Ha IMIyOWHe OKOJOo
2500 M, xapakrepu3yeTcsi OTpHULATe/JIbHOM T'DaBUTALMOHHOM AaHOMaJded W TMOBTOPSIET
3aKapTUPOBAHHYIO TPaHMLly BbIXOJda MHTPY3MM Ha [HEBHYHO0 IOBepxHOCTb. [lo pe3ynbraram
VHTepripeTalyyi reoy3nyeckux JaHHbIX, KyITyMHMHCKMI MacCUB MpPUypOuYeH K OCEBOM 4acTU
CUHK/IMHAaIbHOU cknaaku [Canuxos, ['py3zes, 2013]. CyiijecTByeT TOUKa 3peHHsI O reTepOreHHOU
npupozie KynTyMMHCKOro MaccrBa TMpM IIMPOKOM YYacTHUM MpOLIeCCOB KOHTaMUHALMK U
MeTacoMaTo3a [UepHsiiieBa, 2011; 2012].

Ha muioijaiy MHTPY3MBHOTO MaccuBa ObLIM BbIJe/ieHbl Tejla SKCTUIO3UBHBIX OpeKumii,
IIpe/ICTaB/IeHHbIX T'PaHUT-NIOPGUpPaMU C KBaplL-110/eBOIINAaTOBbIM LieMeHTOM. Ilpupoza 3Tux
oOpa3oBaHMii ellle HEAOCTAaTOUHO H3yueHa. HeEKOTOPBHIMM HCC/Ie0BaTeNsIMUA SKCTIO3UBHBIE
(3pynTuBHBIe) OpeKuMd pacCMaTpUBaMCh KaK uacTb MeJHO-TIOPPHUPOBOM MarmaTuyeCcKou

cuctembl [I'py3meB, 2015]. Bmecre c TeM B TIOC/IeAYIOIeM 3TH TIpe/CTaBIeHUs ObLIU
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MO/IBEPrHYThl COMHEHUIO, TTOCKOJIbKY TUIIOBBIX MPU3HAKOB TAKOW MOJEIU Ha MeCTOPOXKIEHUN He
obHapyxeHo [CamuxoB, Ipy3meB, 2016]. OTu o0Opa3oBaHUS pacroNaralOTCs B 30HE
COTIPSDKEHHBIX pa3/ioMOB CyOMepUMOHAIBHOTO U CeBePO-BOCTOYHOTO MPOCTHUPAHUS, PACCEKAIOT
VHTDY3WBHBII MacCuB, MMEIOT TeKTOHUYECKYHO TIPUPOAY v Trpe/iCTaBJ/IeHbl
Ka/IMILTNAaTU3UPOBaHHBIMU ~ TpaHUT-TIopdUpaMd  C  BKparuIeHHO-TIPOXKWJIKOBOW  KBaplj-
MOMMOIEHUTOBOM MUHepasu3aryei.

WHTpy3uBHBIN MacCUMB pacceKaeTcCs JaliKaMu JaMIIpO(UpOB, AOIEPUTOB, AUOPUTOB U
JuopuT-nopguprToB. OCHOBHast Macca UX MpUypoYeHa K KO)KHOW YacTH MHTPY3UBHOIO MacCuBa
Ha miomaau yuactka OuyHorguHckui. [IpotsbkeHHOCTE faek gocturaet 900 M, MOIHOCTB - [0
30 M, Tpu CeBepo-3araiHOM, CEBEPO-BOCTOUHOM U CyOMepHAMOHANIbHOM TIPOCTUPAaHWU U
M0JIOTOM TaJieHUM Ha BOCTOK M 3amaf, moj, ymiamu go 45°. Ilo Bo3pacTy [aliKyd YC/IOBHO
OTHOCATCSI K HEPUMHCKO-3aBO/ICKOMY UHTPY3UBHOMY KOMILJIEKCY Y He HeCyT KaKOu-ib0 pymaHOM
MUHepaIu3aLuu.

Cocmae nopod Ky1myMuHCKO20 UHMpY3Uu8HO20 Maccueéd U OdaliKo8020 KOMI/IeKcd.
ITopoxsl MaccuBa, 0003HayaeMble Ha TeOJIOTUUECKUX KapTaxX KaK TI'PaHUT-TIOPGUDPHI, UMEIT
Cepyto U 3eJIeHOBAaTO-Cepyr0 OKPAcKy, CpejHe3epHUCTOe U nopdupoBoe cTpoeHue. [loppupoBeie
BKDAIlJIEHHUKM TPe/ICTaB/IeHbl M/1IarMoK/I1a30M, 4YaCTO 30Ha/IbHOTO CTPOEHUsI pa3MepoM 10 3-4 M,
Ka/IMeBbIM TIOJIEBBIM IINATOM W POTrOoBol 0OMaHKOW pa3mepoM g0 2-3 cM. /[leTanbHoe
neTporpaduueckoe OIMMcCaHHe TOpoA TipeAcTaBieHo B pabore H.E. Uepnsimoroit [2011].
MuHepa/bHbIA COCTaB TUIIOBOM Pa3HOBUIHOCTH TpaHUT-Nopdupa crenyomui (%): niaruoksas
— 25-30, kBapij- 20-25, kamuimar — 20-25, 6uotut — 5-8, poroBast o6manka — 5-10. OcHOBHast
Macca TOpojJ, WMeeT MUKPOTDAaHMTHYIO WM  (Denb3UTOBYIO CTPYKTYpPy U CIOXKeHa
M30MeTPHUYHBIMU 3ePHaMU KBaplja, KaJIWIIaTa, TabJMuKaMu IlarMoK/a3a velryikaMu OMoTUTa
M YaCTO aKTUHOJMTU3UPOBAHHOW pPOroBOM 00OMaHKOM. W3 aKileCCOpPHBIX MUHEpAJIOB
MPUCYTCTBYIOT MarHeTUT, PyTWI, CQeH, amatuT U LUpPKOH. [Topojbl AalKOBOTO KOMILIeKca
Mpe/iCTaB/ieHbl AUOpPUTaMU U AonepuTamMu. OHU UMEIOT UYEepHYH U TeMHO-3e/IeHYH) OKpacKy,
MJIOTHOE MEJIKO3ePHHUCTOe CTPOeHWe, WHOI/|a COoZlep>KaT NMop(upoBble BKPArJIEHHUKHU I10JIEBOTO
mmata. CTpPyKTypa OCHOBHOW MacChl TOpPOJbI AosieputoBasi, aduroBas, MHKporabOpoBas,
KOTOpasi TIpeJiCTaB/ieHa JelCTaMu WM WUAMOMOP(HBIMM 3epHaMHU TUIarMOK/a3a, OMOTUTOM U
3aMeIlleHHbIMU 3€PHaMHU MMPOKCEHA W POroBOM 0OMaHKU. OTMeuaroTCs BKparuleHWs araTuTa U
pyTuna.

[Topopbl  KynTyMHMHCKOrO  MacCHMBa  XapakTepu3ylOTCS  LIMPOKMM  /iMaria30HOM
KpeMHeKUCI0THOCTH  (S10,=60.4-69.5%), OTHOCATCA MO XUMHWUYECKOMY M MHHepalbHOMY
COCTaBy MPEeUMYILeCTBEHHO K CyOIIle/IOUHOM Cepuu U mpejicTaB/ieHbl Ha TAS-auarpamme psiziom

oT mpeobajaroluX MOHI[OJMOPUTOB, KBapILIeBbIX MOHIJOHHWTOB W KBapLIeBbIX CHEHUTOB [0
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rpanuToB (puc.4a). B cootBeTrcTBUM € cucTemMaTukoi [Frost et al., 2001] 5Ty nopofp! SBAsAOTCS
MeTtaamomMuHueBbiMu  (0.91-1.1), marHesuansHbiMu  (FeO*/(FeO*+MgO)=0.47-0.86) wu
NpeUMYIIIeCTBEHHO  WU3BECTKOBO-Ile/IoYHbIMU 0  mjesiouHblx  (Na,O+K,0-Ca0=0-6.5).
IToBeIIeHHOE coziepkaHue K0 oripefiesisieT Ux TPUHA/IE;KHOCTD K
BBICOKOKa/IMeBOW/1LIOILIOHUTOBOW cepud (puc. 4.B). ITopozbl cpejHero cocraBa XxapakTepU3yrTCst
obpatHoit Koppessitiueit mexxay SiO, u MgO, FeO, CaO, TiO, u P,Os (puc. 16) u npsimoti ¢ KO,
TOr/la KaK B IpaHMTax C yBeaudyeHueM SiO, NIPOMCXOAUT KakK CHW)KeHUe KOoHLeHTpauuu MgO,
FeO, TiO,u P,0s, Tak 1 ymensbiieHue K,O.

[Topoabl [AMKOBOTO KOMITIEKCA TIPE/ICTaB/Ie€HbI PSOM OT CyOienouHbix rabopo o
CyOIIIe/IOUHbIX JVOPUTOB M MOHLIOHHMTOB. /[MOpDUTBI W MOHIIOHWUTBI JAWKOBOTO KOMILIEKCa
obpa3yeT 001i[ie TpeH/bl IeTPOreHHbIX KOMIIOHEHTOB OTHOCUTebHO SiO; ¢ rnmopojjaMu MaccuBa
u Haubosiee KpeMHEKHC/Ible WX Pa3HOCTH TI0 COCTaBy O/M3KM K MOHLOHMTaM KynTyMuHCKOMN
uHTpYy3un (puc.4). Hanporus, cybienounsie rabbpo U3 Zjaek OTKIOHSIOTCS OT OOLMX TPeHZOB
(puc. 4) u pe3ko oboramjerbl TiO (1.7-1.6%) u P,Os (0.71-0.86%) B cpaBHeHWM C TIOPOIaMHU
cpenHero cocrana (Ti0,=0.85-0.93%; P.0s=0.22-0.33%).

IMTopogp! cpeaHero cocraBa KynTyMHHCKOrO MacCHBa M JIaliKOBOTO KoMILjekca obmaziaroT
BBICOKUM cojiep>kanuem Ba (500-1200 ppm) u Sr (350-710 ppm), 4TO IBJSIETCSI TUMTUYHBIM [I7Is
ropoZ, MoHLIoHUTOBOrO psiia (Ba-1700 ppm, Sr-700 ppm) [Taycon, 1977]. B MoHLIOHUTax U
CHeHUTaxX KOHLIeHTpalys Ba HenpepblBHO Bo3pacTaeT C pocTtoM SiO,, HO pe3KO CHWKaeTcs B
rpanuTax (Ba<640 ppm) npu ymensiunennu K,O (puc. 5a). [Ilvpokue Bapraiuu cofep>xaHusi Sr
u Rb B mopogax cpefiHero m KMC/IOTO COCTaBa He OOHApPY)KUBAIOT OTYETIMBOM KOPPEJSIUN C
SiO,, uTO MO-BHUAMMOMY CBSI3aHO C BTOPWYHBIMU HU3MeHeHUssMU Topof. Copepkanue Zr, Th,
Jerkux U Tsokenbix P30 u Y B mopopax Ky/nTyMHMHCKOrO MaccuBa CHWKaeTCSl OT KBapLiEBBIX
MOHIIOHHUTOB U KBapI[€BLIX CHEHUTOB K rpaHuTaM Ipu cHkeHnu TiO, u pocre SiO; (puc. 50, B).
Konuentpaiusi Nb cHwkaeTcsi ¢ ymeHblieHrneM TiO, B mopojax CpefHero cocraBa U BHOBb
BO3pacTaeT B rpaHudrax (puc. 5r). /[IMOpWTBI M MOHLIOHWTBHI JAUKOBOTO KOMILJIeKca IO
COZIep’KaHUI0 BBICOKO3apsiIHbIX 37eMeHTOB, Th u snerkux P30 B 1jeioM OAM3KM K TOpPOJaM
cpegHero cocraBa B KyaTyMHHCKOM MaccrBe, HO He BIMCHIBAIOTCS B 00Lue TpeH[bl
orHocutensHO SiO; u TiO, a o06ocobmsroTcss B camocTosiTenbHBIe KiaacTepel. OT mopof
KynTyMuHCKOrO MaccvBa W TOpOZ, JAMKOBOTO KOMILIEKCA Pe3KO OT/IMYAr0TCs CyOlljesiouHbie
rab6po pe3ko oborarrieHHbie Zr, Nb, Lau Y.

KBaplieBble ~ MOHLIOHMTBI UM KBapLieBble  CHeHWTbl  KynTyMMHCKOro — MaccuBa
XapaKTepU3ylTCs yMepeHHO (QpakiMoHUpoBaHHbIMU criekTpamu P33 (La/Yb),=18-58) co
cnabeiM eBporeBbiM MUHUMYMOM (Eu/Eu*=0.95-0.64) (puc. 6a). bamn3kuii xapakTep CrieKTpOB

P33 wumetor rpanutsl (La/Yb),=17-35, Eu/Eu*=0.86-0.7). 11 MOHLIOHUTOB W CHUEHUTOB C
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poctoM SiO, MPOUCXOAWT OTUETIMBOE 00eZHEHUe TsHKEIbIMU JlaHTaHOWjaMu U Y (puc. 5.B, 6a),
TOT/IA KaK B TPAaHUTaX He YCTAHOB/IEHO CHIKEHHWsl KOHLIeHTpaLMi 3THX 3/1eMeHTOB. [IHMOpUTHI U
MOHLIOHUTBI [JallKOBOrO KOMIUIeKca OJIM3KKM 10 XapakTepy CrekTpoB P30 K O/M3KUM 110
KpeMHeKHCcI0THOCTA mopozaM KyntymuHckoro maccuBa (La/Yb),=14-33, Eu/Eu*=-0.74-0.8),
TOT/Ia KaK CyOiesiouHbie rabbpo oboraiijeHbl JIeTKUMU JlaHTaHouAaMu (puc. 6.B).

MynbTh3/IeMeHTHBIE CTIEKTPhI Kak Topoj Ky/lITyMHHCKOTO MacCuBa, Tak U OOJBIIMHCTBA
TOpOJ, AaKOBOTO KOMIIeKca O/M3Kd Mexkay co0oiM M XapaKTepu3yrTCsl OTpHLiaTe/lbHbIMU
aHomasnusimi Nb, P, Ti u nonoxurenbHbiMu St u Zr (puc. 7). Cy6ienounbie rabbpo oTiMuaroT
Oosiee crabbie oTpuliatenbHble aHOMauK 1o Nb u Ti ¥ OTCyTCTBHE TTO/IOKUTETbHOM aHOMaJTU!
Sr (puc. 7B).

Konmakmoeble u 2udpomepmanbHo-memacomamuyeckue npoyeccbl. IIpoAyKThbl
KOHTaKTOBO-T€DMa/IbHOTO W3MeHeHHsi B DYJHOM I0jie U Ha MeCTOPOXKJEHUU TMpe/CTaB/eHbI
KBapII-T/IarMOK/1a3-KOPANEPUT-OUOTUTOBBIMU u KBapII-1/IarM0K/1a3-0l0THT-
POTrOBOOOMAaHKOBBIMU POTOBUKaMH (TI0 ajieBPOJIUTaM) C BKpAIIeHHOW MHUPUT-MUPPOTUHOBOM
MUHepar3aLyei. KoHTaKkTOBO-MeTacomaTuuecKrie TMpOLeCChI COTIPOBOXK/Ia/TCh
(hopMupoOBaHMEM BBICOKO-CPeJJHE U HU3KOTeMIlepaTyPHbIX CKAPHOB U CKAPHUPOBaHHBIX MOpo/,. C
CepIIeHTUHCOAEP>KAIIMMU U TTUPOKCEeH-aKTUHO/IUT-(JIOTONMUTOBBIMU CKapHaMH, 00pa30BaHHBIMU
10 /I0JIOMUTH3UPOBAHHBIM U3BeCTHSIKaM (9K30CKapHbI) U, B MeHbI1Iel CTeleHu, 1o IPaHO[UOPHT-
nopvpaMm M [AUOPUTOBBIM mMoppupuUTaM (3HAOCKApHbI) B OCHOBHOM aCCOLMUPYIOT
MIPOMBILLIIEHHbIE  3aJ/Ie)KU  30/10TO-XaIbKOITMPUT-MarHeTUTOBbIX P/l BblcOKoTeMIiepaTypHble
JTMOTICUJIOBbIe M [IUOTICU/I-TPAaHAaTOBble CKapHbl BCTPEUAlOTCSI B BU/le DEIMKTOB B CpefiHe- U
HU3KOTEMIIEPATYPHBIX CKapHaX, CJOKEHHBIX aM(pHUOO0/OM aKTHHOIMT-TPEMOJIUTOBOTO psijia,
3MUJ0TOM, (PIOTONUTOM, CEeprieHTUHOM. B 3THX TOpojax TakKe ILIHUPOKO TIpe/CTaB/IeHbI
MarHesuasnbHbIi xy0puT (Mg-21.75 Mac. %, Fe-1.84 mac. %), MarHe3uT u cuziepuT. XapakTepHa
oboraiieHHOCTh KapOoHaToB MapraHieM (710 3.33 Mac. %) u MmarHeTuTa - Maravem (1.7 mac. %).

'mpoTepmasibHasi BKparjleHHO-TIPOXKUIKOBAs 30/10TO-MOMUCY/Ib(YHAs MUHepaIu3aLiys
NpUypoyeHa K MeTacOMaTMUeCKW W3MeHEeHHBIM MarmMaTH4ecKUM UM 0CaJ0oYHbIM TIOpOJaM WU
Ha/Io)KeHa Ha CKapHbl M CKapHUPOBaHHble mopojbl. Haunbosiee MoIlHbIE 30HBI W3MEHEHHBIX
TOpO/] CeBepPO-BOCTOUHOI0 MPOCTUPAHUS TPOsIB/IeHbI B 0)KHOW yacTu KynTyMHUHCKOTO MaccrBa B
paiioHe ydacTka OUyHOT[TMHCKOE, T7le IIMPOKO Pa3BUThI KBapL-OMOTUTOBbIE METaCOMATHTHI U
OMOTUTU3UPOBaHHBIE WHTPY3WBHBIE U TeppPUreHHbIe TOPOJbl C TYPMaJWHOM M BKpaIieHHOMN
cynbugHOM MuHepanu3alueil. K 30HaM ceBepo-3amafiHOrO TIPOCTHMPAHUS Yallle TArOTerT
Oepe3uTHU3NPOBaHHBIE TIOPOJBI U  KBapI[-CEPUIIUTOBBIE METACOMATHThI C  TIPOXKUTKOBO-

BKpaHJIeHHOI‘;I 3OJIOTO-apCGHOHI/IpHT-HI/IpI/ITOBOI‘;I MI/IHepaJIHBaL[HEI‘;I B CeBepHOﬁ YdaCTHU MdCCHBaA.



OpHoli M3 0COOEHHOCTeW THUAPOTepPMabHO-METAaCOMAaTHUYeCKUX TIPOIIEeCCOB  SIBIISIETCS
MIPUCYTCTBUE B BU/le NIpUMeceli B Hepy/IHbIX MUHepasiax Takux 31eMeHToB Kak F, Cl, B, P u Sr u
CcOOCTBEHHBIX MHHepasioB 3TUX 3yeMeHTOB. B amarute copepkanusi F, Cl u Sr cocraBinsitoT
COOTBETCTBEHHO (Mac. %): 4.18; 0.41 u 0.39, B MyCKOBUTe U CeprieHTHHe cofiep>kaHue (propa -
0.59 u 2.49 mac. % coorBeTCcTBeHHO. KpoMe TOro, B pyjax MeCTOpPOXK[eHus IIpe/CcTaB/ieHa
OopHast MUHepa/I3aLysl - JIFOBUTHUT, alllapuT, (UIF0000PUT, TYPMaIuH U (JIFOOPHT.

B wesom, mnpoueccel pyAooTiokeHHss Ha KyaTyMHMHCKOM MeCTOpPOXK[EeHMM Ha PaHHUX
CTausIX COTMPOBOXK/JA/NMMCh 0Opa3oBaHMEM Ha paHHUX CTa/IUsIX >Kee30-MarHe3uasbHbIX, a Ha
MO3JJHUX CTa/IUAX — KPEMHeIL|eJIOUHbIX MEeTaCOMaTHUTOB.

CmpykmypHo-mopgonozuueckue ocobeHHocmu opyoeHeHusi. OCHOBHas Macca
MPOMBILLIEHHBIX  307I0TO-ME/IHO-’Ke/Ie3HbIX CKapHOBbIX pYyZ, M BKpareHHO-IPOKUIKOBOU
cynbuaHOM MUHepanu3aluu KylITyMHUHCKOTO MeCTOpOXK/eHUsi J0Ka/iru3oBaHa B BocTtouHoMm
OIyI[eHHOM OJI0OKe WHTPY3WBHOTO MaccuBa. PynaHas 30Ha MeCTOPOXKIEHUsS MMEEeT CJI0XKHOE
crpoeHrie. OHa TIpe/CTaB/ieHa CyOTIaCTOBBIMM TellaMM MeTacOMaTHUeCKHd H3MeHeHHBIX
Cynb(UIM3MPOBAHHBIX U OKBapLIOBaHHBIX I'PaHOAUOPUT-NIOP(YUPOB, [OIOMHUTOB, U3BECTHSKOB,
TePPUTeHHBIX MOPOJl, MarHETUTOBLIX CKAPHOB M CKapHHWPOBAHHBIX MOPOJ, C KBapL-Cylb()UIHOU
MUHepa/v3aiue. PymgHasi 30Ha TIpe/cTaB/sieT KOMITIEKCHOE OpyZeHeHHe Ha 30710To, cepebpo,
TIOIMMeTasUTbl ¥ JKese30, C PeJKUM TPOsiBJIeHHeM MOJIMOZeHOBOM M OOPHOUM MHHepau3aljiu.
CTpyKTypa MeCTOpPOX/eHHs OIlpeJesisieTcsi CodyeTaHHWeM CKaaguaTbiXx (opM KeMOpUHMCKHX
TeppPUreHHO-KapOOHATHBIX TIOPOJ, W Pa3pbIBHbIX HapyleHuid. OCHOBHOE pyAO0JIOKa/IU3yHoIIee
3HaueHWe /51 MOP(OJOTUM PYJHBIX Tel HWMEIOT aHTUK/IWHAIW, peXke CUHK/IWHA/M, BbICOKUX
nopsigkoB.  Pa3peiBHasg  cTpykTypa 0Oyc/iOB/leHa TiepeceueHreM  pa3HOHArpaB/IeHHBIX
HapyueHuid. HapyieHuss C3 HampaB/ieHuUsi TIPOsiB/ieHbl B FO)KHOM OJIOKe yuyacTKa, UMerT FOro-
3anagHoe najeHue mnof ymaMy 50-60°, 0C/IoKHSIOT MOPQOIOrUI0 KpaeBoOM 4acTh WHTPY3UU U
KOHTDPOJIUPYOT JIMH3bl MArHETUTOBLIX CKADHOB U 30HY O€pe3uTOBBIX N3MEHEeHU! B TPAHO[UOPUT-
nopdupax. Paznombr CB OpHMEHTHPOBKM pa3BUTHI TPEMMYIIECTBEHHO B CEBEepPHOM OJiOKe,
nazaroT Ha C3 mog ymiamu 55-70° U Tipe[icTaBleHbl 30HaMH ApPOOIeHUs W aprujuid3alyd B
rpaHoguopuT-nopgupax. [lnojaab opyJeHenbX TMOPOJ, MeCTOPOXK/EeHUs BBITSHYTa B
MepUJrOHa/IbHOM HanpasieHud Ha 2400 m, nipu mvpude 10 1200 m B teHtpe u 150-400 m Ha
¢saHrax. B 1el0M TIpOMBIIUIEHHBIE pyZHBIE 3a/€eKH HMEHT IlacToOpasHyo  ¢opmy
MOLHOCTBIO 10 56 M 1 wiowjageo 500x1000 M, TATOTEIOWMMY K MarHeTUTOBBIM M aKTUHOJTUT-
dbnoronur-guoNcuioBbIM  ckapHaMm  (puc.  8).  IIpoKWIKOBO-BKparijieHHasi — 30J10TO-
nosMcynb(uHasi MUHepanau3alusi Ha MeCTOPOXKJeHUM TIPOsiB/ieHa KakK B IpejiesiaX M1aCTOBbIX
3a/e)xeld, TaK M BHe X, TArOTeeT K 30HaM TeKTOHMUECKUX HapylleHWH U CONpPOBOXKAAeTCs

rnponeccamMu ruiporepMa/ibHO-MeTaCOMaTh4Ye CKUX W3MEHEHUH.
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CmpykmypHo-mMuHepa/ibHble Munbl OpyOeHeHUs1 U xapakmep MuHepaauszayuu. Pyabi
MeCTOPOXK/IEHUSI TIPe/ICTaB/IeHbl MAaCCUBHBIMH, OPEKUMEBBIMH, BKPAr/IEHHBIMH U TTPOXKUATKOBBIMU
TUMIAMU TEKCTYp U B OCHOBHOM XapaKTepU3YIOTCS MeJIKO3epHUCTbIM CcTpoeHueM. [lo
MHHepabHOMY COCTaBy BBIJIE/ISIFOTCS CyL|eCTBEHHO MarHeTUTOBbIe, CeplieHTUH-MarHeTUTOBEIE,
(hioronUT-MarHeTUTOBHIE, MAPUT-Xa/TbKOMUPUT-MarHeTUTOBbIE, MAPUT-apCEeHOINUPUT-
JIOJIOMUTOBbBIE, XaJbKOMUPUT-rasieHUT-c(arepuToBble C Cyab(GOCO/IsSMY, BKparleHHble U
TIPO’KUJIKOBBIE C XaTbKOTIMPUT-TEJITyP-BUCMYTOBOM M KBapLl-MOIM0/IeHUTOBOW MUHepanu3aLyei
(puc. 9). Copep>xaHue cynb(hU0B B PYZIHBIX TeaX LIMPOKO BapbUPYeT, JOCTHrasi Ha OT[e/IbHbIX
yuactkax 5-10 %. 3o/m0TO0 BCTpeuaeTci BO BCeX TEKCTYPHO-MHUHepa/bHBbIX THUIIAX.
Pacnipesienenue ero B pysax KpaliHe HepaBHOMepHOe. XapakTep pacripefie/ieH’si KOHLIeHTpaLun
30/10Ta, cepebpa W Meau uepe3 IIeHTPa/JbHYIO YaCTb PYAHON 30HBI MeCTOPOXK/EHUs.
wutroctpupyercst Ha puc. 10. B pygax ycraHoB/ieHa BbICOKasi KOppessILMOHHAsl 3aBUCHMOCTD
3os0ta U Meau (Kiop=0.9). KoppensiioHHOM CBsi3u 30/10Ta C cepeOpoM He BbIsiB/sieTcsl. [loMuMo
OCHOBHBIX NPOMBIIIEHHO-3HAYUMBbIX 371eMeHTOB: Au, Ag, Cu u Fe, B pygax npuCyTCTBYHOT
takke As, Pb u Zn, pexe Bcrpeuatorcsi Bi, Co u Ni. B oraenbHbIX pyAaHbIX 00Opa3siiax
OTMeuaroTcsl BbICOKMe KoHLeHTpauud Mo (4040 r/t) u B (1710 r/t). Pe3synbratel ICP-MS
aHasmM3a 00pa3lioB pa3/IMUHBIX TUTIOB Py TIPHMBe/ieHbI B Tabsuile 2. [ CUIepUT-MarHeTUTOBBIX
W TpaHar-KapOOHaT-MarHeTUTOBBIX 00pa30BaHUI OTMeuaroTCsi Oosiee BBICOKHE COJep>KaHUS
Menu, KobasbTa, TUTaHa, BaHa/vsl U 6opa. BKparjieHHO-TIPOKUIKOBbIE PYZbl XapaKTepU3yHTCS
TIOBBIIIIEHHBIMHU KOHLIEHTPALIUSIMU 30/10Ta, cepeOpa, MbIIIbsKa, BACMYTa, CBUHI[A, LIUHKA, KaJMHUSI
Y PTYTH.

UeTKoro puUCyHKa pyAHO-METacOMaTUuYeCKOW 30HaJlbHOCTM B PyAHbIX  Tejax
KynTymMUHCKOrO MecTopokeHusi He HabOmofaercs. XapakTep pacrpefiesieHdsi  30J10TO-
Cynb(UIHOM MUHepaau3alid B MarHeTUTOBBIX pyJax, CKapHaX M CKapHUPOBAHHBIX
BMeELLAIoLIMX MOPOJax OmpeJenseTcsi, CKopee BCero, mpoLeccamy BHYTPHUMHHepaIu3alOHHON
TeKTOHUKU. CTPYKTYpHBIM KOHTPO/bL CyAb(GUAHON MHUHepanu3aliii B MarHeTUTOBBIX DYIAHBIX
Tejlax yCTaHaB/IMBaeTCsl TAK)Xe MPU MUKPOCKOIMYECKOM WU3Y4YeHWU pyZ. 30JI0TO, XaJbKOIHPHT,
CyOMHKPOCKOIYeCKHe BbIJje/IeHUs] MUHEPA/IOB BUCMYTa, Te/UTypUAbI cepedpa KOHTPOIUPYIOTCS
MUKDOCK/IQIKAMM M MHUKDPOHApyLIeHUsIMA pas3pblBHOTO U  CJBUIOBOIO  XapakTepa B
KaTaK/1a3upOBaHHBIX arperarax Marserura (puc. 11).

OcobeHHOCMU MUHepa/bHO2O cocmaesa pyo. MuHepanbHbIi cocTaB pyf, KynTyMUHCKOTO
MEeCTOPOXKJeHHsI OCTaTOYHO pa3HooOpa3eH W OTpa)kaeT MHUHepasbHble accolualud |
rapareHe3rchbl pa3HbIX TeMIlepaTyp o0pa3oBaHUs. BbiensifoTCs IIaBHBIE, BTOPOCTENEHHbIE U
peiKue pyJHble U HepyAHble MUHepasbl (Tabm. 3). [7TaBHBIMU PYAHBIMU MUHepaiaMy SIB/ISTFOTCS

MdarHeTuT, Xa/IbKOTIMPUT, TIMPUT U dpCEHOITUPUT. B ocHOBHOM OHM cJlararOoT pdaHHHE aCCOoldlIN
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COOCTBEHHO  CKapHOBO-MAarHeTUTOBYK) U  PaHHIO  THUAPOTEPMaJbHYH  30/I0TO-TIUPUT-
XaJIbKOMMPUTOBYHO C KappOJIUTOM, Ky0OaHUTOM, OopHHTOM, MMPPOTHUHOM.
CpezHeTemniepaTypHbIM YCIOBUSIM OT/IOXKEHUS] COOTBETCTBYIOT 30/10TO-ITMPUT-apCeHONUPUTOBAs
accoranMs M IoJIMMeTa/l/iMyeckass accouyanys. 3ak/louuTeslbHasi HU3KOTeMIlepyTypHas
SMUTepMasibHasi acCOLMaLUs TpeACTaBlieHa CaMOPOAHBIM BHCMYTOM, CAaMOPOJHBIM 30/10TOM,
reccutoMm u rpynmoii Cu-Pb-Ag-Te-Bi-munepanoB. YacTo 3TH accoljyaljii NMpOCTPAHCTBEHHO
coBMelleHbl (puc. 11).

Crierjudyka XMMHUUYECKOTO COCTaBa HEKOTOPBIX PYJHBIX U HEPyAHbIX MHHEpaJoB Ha
MeCTOPOXKJeHUM TIPOSIBJISIeTCA B C/iefyrolieM. B pynax MecTOpo)K[eHusl IMPOKO Mpe/CTaB/eHa
BBICOKOTEMITepaTypHasi BbICOKO)Kese3ucTasi pa3sHOBUAHOCTb Cdasiepura - BIOPTLUT, C
cogepxaHuem xese3a 9-11 mac. %. XapakTepHbl TakKe CTPYKTYpbl pacriaja Xa/JbKOIUPHUT-
cdanepur U OOPHUT-XaTBKOMUPUT. Pe)ke BCTpedaeTCsi HU3KOTeMIiepaTypHasi Pa3HOBHIHOCTH
cdanepura - KnelodaH c cofepkaHueMm >xene3a 1.5-3.5 mac. %. W3 aneMeHTOB-ipuMeceil B
MOHOMMHEPAbHBIX MPobax cdanepura NpucyTcTBytoT (Mac. %): Ni (0.25), Co (0.57), Cd (0.35)
u Ag (0.14).

[ monvMeTa/yIMueCcKor acCOLMaliui XapakTepHbl CypbMsiHble MUHEPA/Ibl - TeTPas/pHuT,
(hamMaTHHUT, MEHeTWHUT, Oy/laH)KepUT, a Takxke Sb-cofep)kaie TeHHaHTHT (0 14 Bec. %) u
muput (o 0.8 Bec. %). Pa3HooOpa3Ho B pyaax mpezacraBieHa rpymma Cu-Pb-Ag-Te-Bi-
cynbdoconell - IIaAWAT, KPYIIKAaWUT, SMIUVIEKTUT, XaMMapHT, KOOe/UIUT W HeyCTaHOBJeHHbIe
muHepasibl X U Y (tabn. 4). Hocurensmu cepebpa B pyJax SIBASIOTCS KakK COOCTBEHHO
cepeOpsiHbIe MUHepanbl, Tak U cepebpocogepkamye cynbduabl u cymbpocom. Cepebpo B
CaMOpOAHOU (hopMe TIPUCYTCTBYeT B BHJe CyOMHUKPOCKOTIMUECKMX BKJ/IIOUEHWM B rajieHWuTe, a
TaK)Ke B BHJIe reCcCuTa, cepebpocozepxkaiiux Tetpasaura (Ag - 20.47 mac. %), Tetpagumura (Ag
-3.65 mac. %), B muHepanax X (Ag-11.23 mac. %) u Y (Ag -9.25 mac. %) u B 30510Te (Ag - oT 40
Mac. %). MomubmeHUT W IeeJUT B pyJaxX BCTPEUAIOTCS PEKO, pacrpefiesieHbl KpaiiHe
HepaBHOMEPHO, TIpU cpefHUX cofepkaHusax Mo u Sn coorBerctBeHHO 0.0001 1 0.005 mac. %.

B uenom criefyeT OoTMETHTH COBMeLeHME B pa3/MUHbIX MHUHEPA/bHBIX acCOLMaLUsxX
HEeCKOJIbKUX reHepaLyii TTMpUTa, XaabKoMupuTa, caseprra, apCeHONUpUTa U 30/10Ta.

30/10TO Ha MEeCTOPOXKJEHUU TIpe/ICTaB/IeHO WCK/IIUMTE/IbHO CAMOPOAHON (opmoi u
BCTpeUYaeTcss BO BCeX MHUHepasbHbIX accoLualusax MecTopoxzeHus. Camol NpOAYKTUBHOW
SIBJISIETCSL PAHHSST 30/710TO-Xa/JIbKOIMPUT-MarHeTuToBasi accoruanusi. Haubosee Ooratbie pyzbl
OTMEUalTCs B Yy4YacTKax COBMeIIeHHs] UX C Oosiee MO3AHMMH MHHEpPaTbHBIMU aCCOL[UALASMHU.
Bkparnsiennss 30/0Ta B pyAax MeCTOPOXK[EHHUSI BCTpeyaluCb B MHHepasax CKapHOB,
[0OJIOMHUTOBBIX METAaCOMAaTHUTOB U B PYJHBIX MUHepasax pa3/IMuHbIX TeMIepaTypHbIX acCOLUaLliui

(puc. 11 6, B, e, 3). MUKpPOCKONMUECKH OCHOBHasi Macca 3epeH 30/I0Ta OTHOCHUTCSI K TOHKOMY
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KJIaCcCy C pa3MepoM 3epeH He TPeBbILLIAIOIIUM /1eCITKOB MUKPOH, peZiko KpyriHee. dopMa 3epeH B
OCHOBHOM OIpefie/IsieTcsl CTPYKTYpOM BMelljarolljell Cpefbl, OHU UMEIOT YIJIMHEHHYIO,
M30MeTPUYHYI0, PeJIKO KpUCTa/TnUecKyto (popmy. OCHOBHasi Macca IpoaHaInu3upOBaHHbIX HAMU
3epeH 30710Ta U3 pa3/MUHBbIX CTPYKTYPHO-MHUHepasbHbIX TUIOB DYJ, XapaKTepu3yeTcsl CpefHei
npoOHOCThIO (746-867%0), penko BbicOKOUM TMpoOHOCTHIO (968-1000%0). Ha mecTopokzeHuun
OTMEeUasioCh TaKXXe HU3KOMpoOHOoe 30/0T0 (577%0) W3 3memMeHTOB-TipuMeced B 30/10Te U3
Xa/IbKOTIMPUT-MarHeTUTOBOM  accouuauuu  nipucyrcteyer Cu (o 1.4 wmac. %), wu3
rnosiMMeTanImIeckoi accoquanuu - Hg (3.75 mac. %).

H3omonHbili cocmas cepbl cy/nbguoos. TOHKO3ePHHCTOE CTPOEHHe Pyl U TeCHbIe
CTPYKTYPHbIe CpacTaHusl Cy/Ib(UIHBIX MUHEPAIOB He T03BOJISIFOT 0XapaKTepPU30BaTh W30TOIHBIM
COCTaB OCHOBHBIX MHHepasioB. BbuiM TIpoaHa/M3UpPOBaHbl TOMBKO 4 TIPOOBI MOHOMHHEPATBHOTO
MMPUTa U3 Pas3/IMUHBIX MUHEpPA/IbHBIX THIIOB PYJ W OfHA Mpoba XaabKOmupuTa. 3HaueHus §*S
MUPUTA U3 TTMPUTHU3UPOBAHHOTO TPaHUT-TIOP(dHPa, U3 MAaCCUBHOW TTUPUTOBOW PY/bl, 3€MIUCThIX
pa3HoOCTel M3 KapOOHAaTHO-MMMPUTOBOM PY/bl, U3 MAaCCUBHOW apCEHOMUPUT-TTMPUT-I0/IOMUTOBOMN
pyabl coctaBnasitoT (%o): 4.7; 9.4; 7.2; 14.3 COOTBeTCTBEHHO. XanbKOMUPUT M3 MaCCHUBHOU
XaJTbKOTTMPUT-TIMPUT-MarHeTUTOBOM pPy/bl uMeeT 3HaueHue 8*'S - 11.3%o. Bes cepa cynbhugos
oboraiijeHa TSHKebIM U30TOTIOM.

OBCYX/JEHUE PE3Y/IbTATOB

Teoxumuueckue munbl pacniagog 0151 nopod KyamymuHckoeo maccuea u 0aiikogo2o
Komniekcd. AHanu3 TpeH/10B (paKL[MOHMPOBaHKSI MeTPOreHHbIX U PeJIKUX /1eMEeHTOB M03BOJISIeT
TIPE/ITIO/IOKUTb, UTO B 0Opa3oBaHuM Ky/nTyMHMHCKOrO MacCHMBa W aCCOI[UMPYIOIIETO JAMKOBOTO
KOMIL/IEKCa y4YacTBOBaJI0 TpPW TWIIA PpacIiaBoB. JlIOMUHMpYyOIME B MacCHhBe KBaplieBble
MOHL[OHUTBI W KBaplieBble CUEHUTbl W MOHLOJIMOPUTHI [aKOBOTO KOMIIJIEKCa, BepOSITHO,
SIBJISTFOTCSI TIPOAYKTaMu JuddepeHIMaliu CyO1esiouHoro 6a3utoBoro pacrijiaBa. CHIKeHUe
cozepxxanus MgQO, FeO, CaO, TiO; u P,Os a takxke Tsokensix P33, Y u Eu ¢ pocrom SiO;
CBHUJETeNbCTBYeT O (PaK[MOHMPOBAHWHM  K/IMHOMMPOKCeHa/ampuboia, TMiarvoksiasa u
aKL[eCCOPHBbIX MUHepajoB - cdeHa U amarura. [lockosnbKy mopogbl MaccuBa U JAWKOBOTO
KOMIUIeKca 00pa3yroT CaMOCTOsITe/lbHbIe K/acTepbl Ha BapWALMOHHBIX JAMarpammax psija
nerporeHHbix (CaO) u peaxux (Nb, Th u ap.) anementoB (puc. 4, 5), OHU MOTYT TpPe/ICTaB/ISITh
TIPOAYKTHI I depeHMalii CaMOCTOSATE/TBHBIX MOPLM Oa3uToBoro pacriiaBa. O6pa3oBaHUIO
I'PAaHUTOB KaK KOHEUHBIX TIPOAYKTOB AuddepeHiyaiuu cyOiesiouHoro 6a3uToBOro pacrijiaBa
MIPOTUBOPEUUT MOHWKeHHOe coziep>kaHre K,O U psijla HeKorepeHTHbIX pefikux 31eMeHTOB (Ba,
Th) B rpanuTax B CcpaBHEHMU C MOpPOJAMU CpejHero cocrasa (puc. 4, 5). ITU reoxuMHUyeckKue
XapaKTePUCTUKU CBU/IETeTbCTBYIOT O (POPMUPOBAHUM IPAHMUTOB U3 CaMOCTOSITE/ILHOTO pacrjiaBa,

BEpPOSITHO KOPOBOTO TMpoucxoxzieHus. [lpexanonaraercs, 4to (¢OpMUpOBaHME WHTPY3UU
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IIIaXTaMUHCKOTO KOMIJIeKCa TIPOMCXOJWIO B KOJ/UTM3MOHHOW oOcTaHoBKe [3opwH u fp., 1998;
CriupuzioHoB U 1p., 2006; Zorin et al., 2001], cnenoBatenbHO, 0Opa3oBaHUe T'PAHUTOB MOTJIO
OBITh CBSI3aHO C T/IaB/IEHHEM T1a/Ie030MCKUX CYOAYKIIMOHHBIX BY/JIKAHUTOB. TpeTHii TUI pacriiaBa
TIpeZICTaB/SIOT CyOIenouHbie rabOdpo alikoBOro KoMriekca, KoTopbie pe3ko oborairjeHbl TiO,,
P,0s, Zr, Nb, P35 1 Y B cpaBHeHHM C MOHLIOHUTOHMJHOM rpymnmoii. Takum obpa3om, B coCTaBe
JAMKOBOTO KOMILJIEKCa TpeZCTaB/ieHbl KaK MOHIIOJUOPUTHI, O/M3KKMe M0 COCTaBY MCXOAHBIX
pacIIaBoB € MopojilaMu KyITyMHUHCKOTO MacCHBa, Tak U CyOlijesiouHble Tabbpo, umeroiiue 6osee
oborail|eHHbIN UCTOYHUK U BEePOSITHO TeHeTUUeCKH He CBsi3aHHbIe C TTOPOJaMU UHTPY3UU.

HcmouHuku u ycnosusi obpazoeavusi nopod KyamymMuHCKko2o maccuea u 0atikogozo
Komniekca. Hu3kasi KpeMHEKUC/IOTHOCTh, TIOBBIIIEHHbIe COflep>KaHus (heMUUeCKUX KOMITOHEHTOB
u menouert, mpexze Bcero K,O B JOMUHMPYIOIIMX MOpPOJax MaccvBa U JIalKOBOTO KOMILIEKca
yKa3blBalOT Ha WX 00pa3oBaHHe B pe3y/bTare IlaBjaeHust/quddepeHMald  MaduueCcKoro
WCTOYHMKA. BBICOKME KOHLIEHTpALMM HEKOTepeHTHBIX peAKHWX 3JIeMeHTOB B JjahKax
MOHIIOJJUOPUTOB M TIOPOZIaX MHTPY3UU CBUZETELCTBYIOT B I0/Ib3y 00pa30BaHUS MaTEPUHCKUX
MachruecKUx MarM U3 o6orareHHOro MaHTUMHOTO MCTOYHMKA. XapaKTepHoe [l CyOIlle/I0UHbIX
1opo/| cpefiHero coctara oboraijerHre Ba (go 1200 ppm) u Sr (7o 700 ppm) ¥ OTHOCHUTE/ILHOE
o6emHerre Nb u Ti, mposiB/ieHHOe Ha MYJIBTU3/IEMEHTHBIX CIIEKTpaX, SIB/ISETCS TUITAYHBIM [I7IsI
CyOyKIIMOHO-CBSI3aHHBIX 0a3a/bTOB U Mpe/rio/iaraeT MeTacoMaTo3 MaHTUIHOTO UCTOUYHHKA IO/
JelictBreM BOAHBIX (ronoB/pacruiaBoB. CXoAcCTBO CyOlie/iouHbIX 1opoj KyaTymMuHCKoro
MaccMBa U JIaWKOBOTO KOMILIEKCA C TOPOJaMU CyOAYKLMOHHBIX OOCTAaHOBOK, HalduMe B WX
cocraBe aMm(puboMa M MarHeTWTa, TPUHA/IEXHOCTh TOPOJ, K W3BECTKOBO-IIEJIOUHOW, a He
TOJIEUTOBOW CEpPUM WIW MarHe3uajbHOMY THIly TPaHUTOMOB CBU/ETENbCTBYET O TMOBBILLIEHHON
akTuBHOCTM H,O U oripefensieT OKUC/IUTeNbHbIE YC/IOBUS 00Opa3oBaHMs. XapaKTepHoe [t
WCCIeOBaHHBIX Topos obOoramjenune K,O, Ba wu Sr, SIBASIOTCS THUMWYHBIMHM /11 TIOPO/,
MOHL[OHUT/JIaTUTOBOTO  PSiia, KOTOpble CUWUTAKOTCS MOTEHLUMalbHO pPYJOHOCHBIMM  Ha
nosimmeTanisl, Mo, W, Au [Taycon, 1977].

Cy611jesi0uHble TabOpO 1aliKOBOTO KOMILIEKCa, OTIMYAoLuecs: oT 1nopoj, KynTyMuHcKoro
MaccuBa C Ooree BBICOKUM cogepkanuem Ti, P, merkux P33, Zr u Nb, BepositHO nMenn
3HAuUUTeNbHO O0siee 0OOTalleHHBIN MAaHTUMHBIA UCTOYHUK U TIPEATIO/IOKUTETBHO OB/ CBSI3aHbI
c Gosee 1MO3HUM PUGTOTEHHBIM ITATIOM.

CpagHeHue nopod KyamymuHcKo2o maccuea u 0alikogo2o Komnjaekca ¢ adakumamu. B
Moc/ieJHUe TOfAbl MarMaTUuyecKuhe T[OpO/bl, aCCOLMHPYIOL[Me C KPYNHbIMU MOPGUPOBLIMU
MecTopoxzaeHussMu Au, Cu, Mo, He peIKO pacCMaTpUBarOTCS KaK aHa/lIOru alakKuToB, KOTOPbIe B
CBOIO OYepe/ib CUMTAKOTCS WHUKATOPAMU BbICOKOTIPOAYKTHUBHBIX MeAHO-TIOP(PUPOBLIX CUCTEM

[Oyarzun et al., 2001]. Takoe corocTaBleHHe OCHOBAaHO Ha psiie o0cobeHHOCTel
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peJIK03/IeMeHTHOTO COCTaBa TOpoJ, MOopGUPOBOTO0 KOMILIEKCa, TpeX/Je BCero IOBbIIIEeHHbIX
(La/Yb), u Sr/Y otHomenusix [KoBanenkep u ap., 2015; Zhang et al., 2017]. AgakuTsl 3TO
By/IKAHMUECKUe TIOPOZbI CPeJHEeKHUCI0ro COCTaBa C HU3KUM  COfilep)KaHWeM  Kasiusi
(K2:O/Na;0~0.42) (Martin, 1999). Ha auarpamme K — Na — Ca aflakuThbl pacriojiaratoTcsi B
00/1acTU TPOHJBEMUTOBOTO TPEHZA, OTIUYAIOIIEroCs OT THIMWYHOTO HW3BeCTKOBO-II[EI0UHOTO
TpeHza ¢ HakorieHueM K (puc. 12). CoorHomienne K — Na — Ca B aflakuTax omnpejessieT UxX
HHU3Koe cpesiHee cofiep>kaHve Rb (30 ppm), ymepeHHoe Ba (485 ppm) u Bbicokoe Sr (869 ppm)
[Drummond et al.,, 1996]. TumnuuHble 4YepThl peKO3/IEMEHTHOTO COCTaBa a/laAKUTOB 3TO
obemHeHue TsokesbiMu P30 u Y, uto oOycsiaBnmuBaeT noBbinieHHOe (La/Yb), (14) u BbICOKOe
Sr/Y (68) [Martin, 1999]. 3T 0coGEHHOCTH COCTaBa, COIVIACHO 3KCIIEPUMEHTA/IbHBIM JIJAHHBIM
[Rapp, Watson, 1995 u ap.], mpeanosarator obpa3oBaHue alakKUTOB B pe3yJibTaTe IIaB/eHHUs
HU3KOKa/IMeBOr0 MeTab0a3sUTOBOTO MCTOUHHMKA B YCJIOBUSIX BBICOKOTO faBieHusi (=10 kbap) B
PaBHOBECUU C T'PaHaTCO/Iep>Kall[iM PeCTUTOM C MaJiol /lo/iel Tiaruoksiasa.

ITopoapl KynTyMHHCKOM WHTPY3UM W [JAMKOBOTO KOMIUIEKCA OOHApY)KHUBAHOT MHOTHE
Bell[eCTBeHHbIE XapaKTepHUCTHKH, OT/IMYAIOIIe WX OT afaKWUTOB. [JlaBHOe W TIPUHLIUITAAIBHOE
OT/INYKe COCTOUT B NMPHUHA/JIEXKHOCTH ITUX TIOPOA, K CyOIIe/I0UHOM Ka/neBOW Cepru C BBICOKUM
K,O/Na;O. Cpepgnue 3Hauenus K,O/Na,O pasHel 1.2 n 1.0 a8 nopog MHTPY3UU U JAaWKOBOU
cepuu, coorBercTBeHHO. Ha muarpamme K — Na — Ca kBapLeBble MOHLIOHWUTBHI, CUEHUThI U
IPaHUTBI TPYIITUPYIOTCS B 00/1aCTH M3BECTKOBO-I[e/IOUHOTO TpeHza (puc. 12). TloBbliiieHHOe
copepkanne K,O koppesnupyeT u c 0Oosee BBICOKMMH KOHLeHTpaiusiMu Rb (76-213 ppm) u
ocobenHo Ba (525-1218 ppm) B CpaBHEHHH CO CPeJHHM COjlepP)KaHWUeM B HH3KOKATHUEBBIX
apakutax (Rb=30 ppm, Ba=485 ppm) (cM. puc.5a). B ominune ot agakutoB (Th =2.9-4.9 r/T)
nopo/ibl KynITyMUHCKOM MHTPY3UM U AAWKOBOTO KOMILIEKCA XapaKTepPHU3YHOTCS TOBLIIIEHHBIMU
koH1eHTparmsiMy Th (puc. 5B). 3T pas3muunsi 00yC/I0BIeHbI XapaKTepOM UCTOUHUKOB/HUCXOJHBIX
pacriaBoB. [Ijii a/lakKUTOB KakK CyOAYKIMOHHOTO, TaK WM KOJ/UTM3UOHHOTO TIPOUCXOXK/IEHUS
TIpe/iTio/iaraeTcs TUiaBieHre o0eHeHHbIX Haubosiee HekorepeHTHbIMU 37eMeHTamMu (Rb, Th)
HU3KOKa/IMeBbIX MeTaba3uToB, B TOM uuciie 6a3anbToB THa MORB mipy orpaHiueHHOM BK/ajie
TePPUTeHHOTO 0Ca/J0YHOr0 MaTepuasna. HarpoTuB, Kak MOKa3aHO BbIllle, UCXOJHble Marmbl JJis
nopoz, KynTyMUHCKOTO MacCHBa U JJaeK MOHI[OZAMOPUTOB UMeJH CyOI[e/IOuHON XapakTep U ObLTH
CBsI3aHbl C IUIaB/IEHUEeM 00OTall[eHHOTO MaHTUHHOTO UCTOuHUKa. [ToBbimeHHble (La/Yb), u Sr/Y
JUIsl UCCTIe;lOBaHHBIX TIOPOZ, 0OHAPY)KUBAIOT CXOJCTBO C aJJaKUTaMH, HO COZlep>KaHUe TsDKeNbIX
P33 u Y (Yb=1.8-1.1 ppm, Y=18-15 ppm) B HanOo/iee Me/laHOKPATOBBIX PAa3HOCTSIX BBIIIE, UYEM
B agakutax (Yb=0.9-0.6 ppm, Y=9.5-6.0 ppm) [Smithies, 2000] (puc. 56), a cHKeHHe HX
KOHI[eHTpAIWi TPOUCXOAUT Tipu AuddepeHIMaMM 3a cueT (paki[MOHUpOBaHUs aMdubona.

Takum o6pa30M, nmopojbl KYJITYMI/IHCKOFO MdCCHBa H I,q(’il‘/JIKOBOI"O KOMIl/IEKCa He HWMEeIOT
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TUMAYHBIX UYePT aZakKUTOB W (OpMHpOBaIMCh myTeM auddepeHIalyd  CyOIe0uHOro
6a3uTOBOrO pacriaBa U3 00OraleHHOr0 MaHTUIMHOTO MCTOUHMKA, a He B pe3yJibTaTe T/IaB/IeHust
HU3KOKa/IMeBoro Maguueckoro cybcrpara mpu roBbiiieHHOM P.

MoodenbHble npu3Haku u ¢opmMayuoHHbili mun opyoeHeHus. IIpoCTpaHCTBEHHO C
KyJITYMUHCKAM WHTPY3WBHBIM MaCCHMBOM aCCOLIMMPOBAHAa 30/10TO-MeJHO->KeJle30-CKapHOoBas,
30/10TO-TIONMCYMbGUAHAsE U cepeOpo-TosMMeTanInyeckass — MuHepanu3aiys.  OCHOBHbIe
MoZle/ibHble TIpU3HaKW KyaTyMHUHCKOTO MeCTOPOX[eHHs 3ak/IoJaroTcss B ciaeayroweMm. [lo
OTHOLIEHWID K MaCCHMBY YCTaHaB/IMBaeTCsl 30Ha/JbHOe pacrpefie/leHue MHUHepPasbHbIX
accolMalii, CBsi3aHHOe C JH/0- U SK30HTAKTOBBIMU TpeoOpa30BaHUSIMM MacCHBa U
BMeLL[aoLLIX TepPUTreHHbIX TOpOZ, u rocTMarmatiye CKUMu TUIPOTepPMasbHO-
MeTacOMaTUUeCKMUMU TIPOI[eCCaMH, KOHTPOJUPYEMbIMH PeaKTUBHUPOBAHHBIMU T/TyOUHHBIMU
pa3zioMamMH TOCjie BHEJpPeHUsi WHTPY3UBHOITO MaccuBa. B 1leHTpa/bHOM 4YacTh MaccuBa
TIPOsiB/IEHAa peJiKasi >KW/bHAsl KBapll-Ka/WIIIaT-MO/IU0ZeHnTOBasi. MuHepaau3aiuu. OCHOBHbIE
TIPOMBIIIIJIEHHbIE ~ CyOT/IaCTOBbIE — 3a/IE)KHU  30JI0TO-Xa/IbKOMUPUT-MarHeTUT-CKAPHOBBIX P/
TATOTEIOT K 30HaM CeBepO-BOCTOUHOTO TIPOCTUpPAaHMs B BOCTOUHOM YaCTH WHTPY3MBHOIO
MaccuBa. K CeBepo-BOCTOUHBIM HapyLIeHWSM TakXe NPUYPOUYEHbl TIPOAYKThI JKeje30-
MarHe3uajbHOTO MeTacomaro3a, MpOsIBIEHHOTO B BHJe CeprieHTUHU3aluH, (PoronuTusauy,
ouotuTHzanuy, Mg-xmoputh3aiuu W Fe-Mg kapboHatu3aumu. B meracomatuuecku
W3MEHEeHHBbIX TI0poJaxX 5K30- M SHJOKOHTAaKTa MacCUBa, KOHTPOJIMPYEMBIX 30HaMH CeBepo-
3arafHoOr0 IpOCTUPaHUs, TIPOsIBJIeHAa TUAPOTepMajlbHO-MeTacoMaThueckasi IPOKUIKOBO-
BKparjieHHast 30/10TO-Xa/IbKOMTUPUT-MTUPUT-apCEeHOMUPUTOBAS, Cy/b(OCONBHO-
nomumeTansmueckas U Cu-Pb-Ag-Te-munepanuzaius. Ilo  mepudepun  MHTpy3MBa
MperMYyIlleCTBeHHO B KapOOHATHBIX TIOpoflax TIpe/iCTaB/eHa THApoTepManbHas >KUTbHas
cepebpo-cdanepuT-rajieHUTOBas MUHepar3anus. K MaccuBy mprypoUYeHbl BTOPUUHBIE OPEOJIbI
30/710Ta, MW CBUHLIA WM LJMHKA, @ BO BMEIAKLIUX TePPUreHHbIX IOpPOJAaX YCTAHOB/IEHBI
cofiepKaHusi 30710Ta, Me/id, MbIIIIbsiKa ¥ Bo/b()paMa, B ZiBa-TPH pa3a IMpeBbIlIalolie KIapKOBbIe
ypoBHU. Bce 3TO T03BO/MsieT paccMaTpuBaTh IpoLecChl  pyooOpa3oBaHUsi B IMPSIMOM
MPOCTPAaHCTBEHHONM M BPEMEHHOM CBS3M CO CTaHOBJEHWEM WHTPY3UBHOIO MacCuBa U
(dhopMupoBaHUe pa3/IMUHBbIX MUHEPa/bHBIX aCCOLMALUM B LIMPOKOM TeMIlepaTypHOM MHTepBase.
[TposiB/ieHHbIE HA TIIOMIAZM PYJHOTO TOJs APYrHe MarMaTHueckue mopobl (KyKy/lIb0enCKoro u
YHAWHCKOTO KOMIIJIEKCOB), KaK M TIO3[HEIOpPCKHe JlalKu OCHOBHOTO COCTaBa HEPUMHCKO-
3aBO/ICKOTO KOMITIEKCa, He HeCYT KaKUX-JIM00 TIPHU3HAKOB 30/10TO-CY/Ib(GUAHON MUHepau3aLyu.

[Ipouieccel  MeTacomaTto3a W DPYAOOTVIOKEHMS] HAa  MECTOPOXKIEHWM  HOCWUIU
MHOT'OCTa/IUMHbIN XapakTep. OHU COMPOBOXKJAMUCh HEOJHOKPAaTHOW peaKTHUBAL|ell pa3/ioMOB,

KdTdKjlda30M M IIJIaCTUYeCKHUMU I,E[(E(i)O];)M(:lL[I/ISIMI/I OT/IO)KEHHBIX MHWHEPA/IOB W COBMeEIlEHHWEM B
15



MPOCTPAHCTBE MHHEpaAbHbIX AaCCOLMALMK OT CKapHOBBIX BbICOKOTEMITEPaTYPHBIX 10
SMUTepPMa/IbHbIX HU3KOTeMIiepaTypHbiX. [1000HbIN XapakTep CTaJuilHON MUHepaiv3aluu U
30Ha/JIbHOCTM [0 OTHOILIEHHIO K WHTPY3UBHOMY MAacCHBY YCTaHaB/IMBaeTCs Ha KPYIHOM
BBICTPHHCKOM 30/710TO-MeIHO->Ke/1e30-CKADHOBOM MeCTOPOXKJEHUM, PacIiojioKeHHOM B 3TOM ke
MeTaslyioreHn4eckoi 30He [@enopoBa, UepHsiiioBa, 2009; KoBanenkep u fp., 2016].

TunoBbIMM MUHepajaMM paHHeld BbICOKOTEMIIepaTypHOM acCOLaly — SIBJISIOTCS
Xa/IbKOMUPUT, MapMaTUT, MarHeTUT, MUPPOTHH, KyOaHUT, O0PHUT, MUHepasbl KoOanbTa U HUKeJs
- Kappo/uT, (ieTyepuT, BUUTHAMUT, KobanbTiH, Co-TTUpUT, CpeJHeTeMIIepaTypHOM acCOLAal[iu
- raneHuT, c(aneput, TEHHAHTUT, TeTpPadapuT, Oynamwkeput. OnuTepMmanbHas Ag-Te-Bi
MUHepaM3alys B py/jax Mpe/cTaB/ieHa peako, HO MUHEPaIoTnyeCcKy JO0CTaTOYHO pa3HOOOpa3Ho
- KaK B BH/Jle TeCCUTa, BUCMYTHHA U TeTPaJUMMTa, TaK U B BUJe MuUHepasoB coctaBa Cu-Ag-Pb-
Te-Bi. Omio)keHre 30/10Ta TPOUCXOAWIO B TedeHHWe BCero pyAooOpasyrolero mpoiecca.
[TpucyTcTBHe 30/10Ta pa3HOi MPOOHOCTH B MUHEPATbHBIX aCCOIMALIMSX MOXKET PACCMaTpPUBAThLCS
KaK TIPOCTPAHCTBEHHOe COBMellleHHe 0ojiee paHHeEro BBICOKOMPOOHOTO C  TO3JHUM
HU3KOTIPOOHBIM. [IIUTe/IbHOCTh OT/IO’KEHUsI 30/710Ta paHee paccMaTpvBanach Ha TpuMepe
TIO/TMMETA/JTAUeCKUX M 30JI0TO-TIONIMMeTa/l/TMUeCKUX MeCTOpOXKAeHuM BoctouHoro 3abaiikasbst
[BaxpymeB u Ap.,1971], 3010TO-Cynb(pUIHO-CKAPHOBBIX MecTOpoxJeHul Asnrae-CassHCKOU
obnactu [BaxpymieB, 1972] # 30/I0TOHOCHBIX CKapHOB MeCTOPOXKJeHUs PsOUHOBOe
[[TanakueHko u ap., 2005].

Ocob6eHHoCTBI0 Ky/NITYMHUHCKOM pyJHO-MarMaTHueCKoW CUCTeMBI SIB/IsieTCs 000raiieHHOCTh
TakuMu 3nemeHTamu Kak F, Cl, B u P, npucyTcTByronuMu B BUZe MpruMeceli B MUHepaiax
TUApPOTEPMa/IbHO-U3MeHeHHbIX 1opo/l. [ToBbIllIeHHYI0 posib B pyzoo0pasyroijeM pacTBope Ha
MeCTOPOXKJeHUH Wrpan (Top, TPUCYTCTBYIOIIUNA B araTurte, OUOTHTE, CeprieHTHHe U B BHU/E
CaMOCTOsITe/IbHBIX MUHepasioB - ¢uiroobopuTa U (rrooputa. BaskHasi posib 3TUX JIEMEHTOB TPU
mporieccax pyzAooOpa3oBaHusi paHee Oblla pacCMOTpeHa Ha TpUMepe MeIHO-MOJUO/eH-
nop¢upoBbix MectopoxxeHuid [CoTHUKOB, bep3uHa, 1993].

YTsoKeneHHbIM M30TOMHBIA COCTaB CEPbl OCHOBHBIX Cylb(UAOB pyZJ TO3BOJSET
rpejiriosiaraTh BOBJIeUEHWE B TMIPOLIECC PYAOOTIOKEHHUs Cy/lb(aTHOW Cepbl BMeIIALKUX
TepPUTeHHBIX MOPOJA. Biv3Kue 3HaueHUsi M30TOMHOTO COCTaBa Cephl Cy/lb(UO0B OTMEYaUCh B
pyzax Mectopoxxzaenuit Hoso-IIupokuHckoe, JlyrumHckoe u KoukoBckoe ["a3umypoBCKoi
MeTajyIoreHU4eCcKo# 30HbI - [Amm u ap., 2014; AbpamoB u zp., 2017].

HeopHo3HauHbIM OCTaBasicsi BOMpOC (hOPMAaLMOHHOM MPUHAAIEXHOCTH KyaTyMUHCKOTO
MeCTOPOXKEeHUs], YUUTbIBas MeTa/JIOTeHUUeCcKyro creuuduky [a3uMypoBCKON 30HBI, U
NPOCTPAHCTBEHHYIO COBMEILIEHHOCTh 30J/I0TO-MeJHOPYZHBIX, 30/I0TO-MeJHO-Xe/le30-CKapHOBBIX,

30JI0TO-TIOJTUMETA/JTMUe CKUX MeCTOpOXKAeHui ¢ wmomubpeH-nopdrpoBbiMu (ByrganHckoe) u
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MenHO-MombAeH-TiopdupoBbivu (IIlaxTamuHCcKoe) MecTopokaeHussMyA [ COTHUKOB U fip., 1995;
bepsuna u zap., 2013]. MecTopoXKzieHHe paHee pacCMaTpPUBA/IOCh KaK TMOTEHI[UA/IbHBIA O00BEKT
30/10TO-IOP(GUPOBOr0 THIA WU Tpe/CTaBUTeb KOMIUIEKCHOTO 30/10TO-MeJHO-Mop(HpPOBOro
reosIoro-TpoMBbIIIIeHHOTO Tura [MuHepanbHO-ChipbeBbIe..., 2003; Xomuu, bopuckuHa, 2011].
B.C. CamuxoB u P.B. I'py3zaeB [2013] oTHOCAT MeCTOpPOXK/jeHHe K COBMeIL[eHHOMY CKapHOBOMY U
nop$upoBOMy - CKapHOBO-MeAHO-TIOPGUPOBOMY THIy C 30/i0TOM. OfHaKo, Kak Tl0Ka3aau
MOC/IeAyIole WCCAeJOBaHUSI W Hallld JlaHHble, SIBHbIe TPHU3HAKU TIOPGUPOBLIX CUCTEM,
nipezicTaBneHHble B pabore [Sillitoe, 2010], Ha MecTOpo)kaeHNH OTCYTCTBYHOT. 1o AaHHBIM ALA.
@enopoBoii 1 B.C. CamuxoBa [2009] MecTopox[eHHe OTHOCUTCS K >Keje30-MeJHOMY
30/10TOCEpeOpoCcoiepkalleMy CKapHOBOMY Turly Ilo HammMm Tipe/CTaB/eHUsIM, TPOLeCcC
(hopmupoBaHus 30J10TO-Me/JHO->Ke/1e30-CKapHOBOT'0 U TIPO>KUJTKOBO-BKParyIeHHOM
CpeJHeTeMIlepaTypHOU NoMuCyabGUAHON U snMTepManbHON Ag-Te-Bi-MuHepanuszaiuu, xene3o-
MarHe3uajbHbIX W KpeMHellleJIOYHbIX MeTaCOMaTUTOB HMes [IJIUTe/lbHOe MHOTOCTa/iuiHOe
pa3BUTHe U TpoTeKan B acrekre o0Iei 3BomoIuKu KynTyMHHCKOM pyAHO-MarMaTuueCKou
CUCTeMbl. XapaKTepHOW 0C00eHHOCThIO KylITyMUHCKOTO WHTPY3WBHOTO MacCHBA SIB/ISIETCS €ro
TIPUHA/IJIE)KHOCTb K TIOPOZiaM CyOIIle/TIOuHOr0 MEeHIJOHUT/JIaTUTOBOTO, a He TUIarOTPaHUTHOTO
(amakurtoBoro) psifa. IcTouHMKamM¥ pyZIHbIX KOMITIOHEHTOB MOIVIM CYXKUTh KaK MarHe3uasabHbie
MOHI[OHUTOUZIBI - TIPOAYKTHI AuvddepeHIMaiii 0a3UTOBONM MarmMbl, TaK T'DaHWUTBI, UMEOIHe
KOpOBBIM HCTOUHHMK. C 93TUM CBSi3aHa W TIOJIUJIEMEHTHOCTb pyA  KyaTyMHHCKOTO
MeCTOPOXK/IeHHs1, TIpe/iCTaB/IeHHast Kak 1eMeHTaMu npucymymu 6asutam (Fe, Cu, Au, Ni, Co),
Tak u rpanutam (Mo, Pb, Zn, Ag, Sb, Bi, Te).

KyntymuHCckoe MecTOpoXKZieHre MOKeT ObiTh OTHeceHO K (hOpMaijMOHHOMY THUITY
"intrusion-related" 3omotopysHbix cuctem [Lang, Baker, 2001] wuau ruapoTepMaabHO-
Marmatuueckux cucteM [Robert, 2001]. Tlpumepbl CBsSI3W 30/I0TO-MeAHBIX W 30JI0TO-MeIHO-
CKapHOBBIX MeCTOPOXKJEHUM C BbICOKOMAarHe3uaabHbIM II[eJIOUHBIM MarmMaTh3MOM W3BECTHBI B
pa3/MuHbIX pervoHax Mupa. C TIOCTOPOTeHHBIMM BbICOKOMAarHe3uaabHbIMA MOHLIOIHOPHT-
CUEHUTOBLIMU WHTPY3USIMH MAaHTHHHOTO TPOUCXOXK/EHUSI B TIPOCTPAHCTBE M BO BpeMeHU
CBSI3bIBAIOTCSI MHOTOCTa/IUMHbIE 30/I0TO-CKapHOBbie MecTopoxKaeHusi [Mueller et al., 2008], a ¢
MOHLIOAMOPUT-TOHA/IUTOBBIMU  MHTPY3USIMHA  30JI0TO-MeJHO-3H/I0CKAPHOBbIE MeCTOPOXKJeHUsI
[Mueller, 2007] B ABctpanuu. 3OHAocKapHOBble Fe-Cu-Au MeCTOPOX[eHUs, CBsi3aHHbIe C
MOHLIOAUOPUT-TIOp(HpPamMH, U3BeCTHbI Takke Ha BocToke Kuras [Zhang et al., 2017], a Au-
MoJIMMeTalJIMueCKue MeCTOPOXK/eHHs, aCCOLMMPYIOLKe C Ie/IOUHbIMUA MOp@UupamMu, Ha HOro-
3arage Kuras [Li et al., 2016].

3ak/IroueHue
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KyntymuHCckoe  MecTOpOXK[eHWe  pacrosiaraeTcsi B mpeenax  ['a3uMypoBCKOM
MeTaJ/IOTeHUYeCcKol 30HbI B Bocrounom 3abaiikanbe. OpygeHeHWe TPUYPOYEHO K
KynTyMUHCKOMY MHTPY3MBHOMY MacCHBY Cpe/iHe-BepXHEeIOPCKOTO BO3pacTa, Ipe/iCTaB/IeHHOMY
ropofiaMy  CyOIIeJIOUHOM Cepuy OT MOHIIOIMOPUTOB, KBApILIEBBIX MOHLIOHWTOB W KBapILEBBIX
CUEHUTOB [0 TPAHWTOB M JaliKaMd MOHLIOAMOPUTOB. [laliku T03[HEIOPCKOro BO3pacTa
TIpe/ICTaB/IeHbl CyOIe/IouHbIMUA Tab0po. AHanmu3 TpeHZOB (HPAKLMOHUPOBAHUS METPOTeHHBIX U
peKuX 9S7eMeHTOB TI03BOJIsieT  TPeJIIoNIoKUTh, UTO obOpa3oBaHMe [IOMUHHUDYIOIIUX B
KyntymyHCckOM MaccrvBe W [JalKOBOM KOMILJIEKCE MOHLIOHUTOMZIOB TPOUCXOJW/IO MyTeM
muddepeHMaui  CyOIe/IouHOr0 6a3UTOBOrO paciiylaBa W3 000raleHHOro MaHTUWHOTO
WCTOYHMKA. XapaKTepHOH 0CO0eHHOCTHI0 Ky/lTyMUHCKOTO MHTPY3UBHOTO MAaCCHBA SIBJISIETCST €T0
TIPUHA/IJIE)KHOCTb K TIOpOofiaM CyOI1le/IOUHOr0 MEeHIJOHUT/JIaTUTOBOTO, a He TUIarorpaHUTHOTO
(apakurtoBoro) psiga. VIcTouHMKamM# pyZIHbIX KOMIIOHEHTOB MOIVIM CY>KUTh KaK MarHe3uasbHble
MOHIIOHUTOUZIBI - TIPOAYKTHI AuviddepeHIMAiiM 0a3UTOBOM Marmbl, TaK T'DAaHWUTHI, UMEOIHe
KOpOBbIM UCTOUHMK. C 93TUM CBsi3aHa W TIOJIUYJIEMEHTHOCTb pyA  KyaTymMuHCKOTO
MeCTODOXK/IeHHs], TIpeJiCTaB/eHHasi Kak 3/7eMeHTaM{ TpPUCYLUMM 0Oa3uTamM TaK M TpaHUTaM.
Mpepnonaraetcsi, 410 GOPMUPOBAHUE MHTPY3UN  LLIAXTAMUHCKOTO KOMIJIEKCA MPOUCXOAUI0 B
Konam3noHHoi obcraHoeke CyOrenouHbie rabOpo AAMKOBOTO KOMILUIEKCA, OTIHYAIOIIAECS OT
nopos,  KynTymMHHCKOrOo MaccuBa, BepOSITHO, WMeJM 3HAuWTeNbHO Oosee oOoraieHHbIH
MaHTHUHHBIA MCTOUHUK U TPE/IIONOKUTE/ILHO CBSI3aHbI C O0Jiee M031HUM PU(MTOreHHBIM 3TaroM.
[Mporiecc ¢opMHUpPOBaHHUSI  30/I0TO-MeJHO->Ke/e30-CKapHOBOTO U TPOXKUJTKOBO-BKparieHHOM
CpeJHeTeMIlepaTypHOU NoMuCyabGUAHON U snMTepManbHON Ag-Te-Bi-MuHepanu3zanuu, xene3o-
MarHe3uajbHbIX W KpeMHellleJIOYHbIX MeTaCOMaTUTOB HMes [IJIUTe/lbHOe MHOTOCTaiuiHOe
pa3BUTHe M TIpOTeKaa B acrekTe oOiieid sBomormyd KynTyMHHCKOM pyAHO-MarmMaTuueckoi
cuctembl. KynTyMHUHCKOe MeCTOPOXK[eHHe OTHOCHTCS K (opMalMOHHOMY Turly 'intrusion-
related" 30/10TOPY/AHBIX CUCTEM WK TUPOTEpPMabHO-MarMaThue CKUX CUCTEM

Asmopbl npuzHamenbHbl A.B. Ky3ueyosy, A.X. Illacpukosy, A.Il1. Bep3zuHoli, A.H. Bep3uHoli
u O.B. IllemeauHoli 3a npedocmasneHHble Mmamepuanbl. Paboma ebinonHeHa 8 pamkax
eoczadaHuli (npoekm 0330-2016-0001, 1X.137.1.2 Ne AAAA-A17-117011210077-2), npu
yacmuyHoll ¢puHaHcoeoli noddepaicke PODU (npoekm 16-05-00353).
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[Topnucu kK pucyHkaMm crared: K.P. Kosanes, FO.A. Kanmvuuun, O.M. Typkuna, B.O. ['nMoH,
B.H. AbpamoB "KynTyMHHCKOe 30/10TO-Me/JHO->KeJsie30 CKapHOBOe MecTopokzeHue (BoctouHoe
3abaiikanbe, Poccusi): meTporeoxuMryeckre 0COOEHHOCTA MarMaTy3Ma U MpoLecchl
pyaoobpa3oBaHus’”

Puc. 1. ITonoxxeHue KyaTyMHUHCKOTO MeCTOPOXKEHUs Ha CXeMe OCHOBHBIX CTPYKTYD
Bocrounoro 3abaiikanbsi (C cokpaieHusiMd, 1o gaHHbiM: FO.A. 3opuH u zp., 1998 u A.M.
CrvpugoHoB U 1p., 2006).

1. - Cubupckuii KoHTHHEeHT; 2 - Monroso-Kuraiickuii KoHTHHEeHT; 3 - OHOTCKUM
OCTPOBOAYXHBIM TeppeliH; 4 - OCHOBHasi BeTBb MOHron0-OXOTCKOM CTPYKTYpbl, 5 -
JloTIo/THUTeNbHAsE BeTBb MOHro0-OX0TcKoM CTpPYKTypbl (poHTanbHasi yacte OHOTCKOrO
HaziBura), 6 - pa3nombl, oOpa3oBaBivecs, MO0 OOHOBUBIIHECS TIPU KO/UTU3MU KOHTUHEHTOB:
UMW - Yukoui-UHroauHckui, I'A - ['asumypoBckuii, YP- YpyntoHTyeBCKU.

Puc. 2. Cxema Treo/sIOrTMUeCKOrO0 CTPOEHUSI U pasMelleHuss pPYyAHBIX VY3/I0B U
MeCTOpOXKJeHU Mexaypeubs ['asuMypa U YproMkKaHa (C M3MeHeHusiMH, IO AaHHbM: B.C.
Kopmusnuisia u A.A. ViBaHoBa, 1968).

1 - TeppureHHo-kapboHaTHbIe TIOPO/bI PAHHENAne030MCKOr0 BO3pacTa, 2 - TPaHUTOU/bI
Cpe/iHernane030MCKOro Bo3pacTa. 3 - MeCYaHWKHA U KOHIVIOMepaThbl HIDKHe-CpefiHel Iophbl, 4 -
T'PaHUTBI Me3030MCKOTO BO3PacTa, 5 - aH/1e3UThI, aH/1e3UT0-0a3aibThl ¥ UX TY(bI M03[HEIOPCKOTO
BO3pacTta, 6 - TpaHOAMOPUTOBblE WHTPY3UM [IO3[HEIOPCKOTO BO3pacTa, 7 - 0CaJ0yYHbIe
obpasoBaHMsi MenoBOro Bo3pacTa, 8 - 3ddysuBHbIe 0Opa3oBaHMs MeOBOrO Bo3pacTa, 9 -
yeTBepTUYHbIe 0a3zanbThl, 10 - 1[VIaBHbIe paspbiBHble HapylleHWs. PygHble y3/1bl |
MecTopoxkzeHus: 1- - AkaryeBckoe (Pb, Zn), Byrgannckoe (W, Mo), 3 - [llaxramunckoe (Mo), 4
- KpacHosipcko-3anvuHckuii pygueiid y3en (Pb, Zn), 5 - TaitnuHckoe (Pb, Zn), 6 - beicTpuHCckoe
(Cu, Au, Fe), 7 - Cononeunoe (Ca, F), 8 - HoBo-IllupokuHckoe (Au, Zn, Pb), 9 - YiumyHckoe
(Sn, W), 10 - Kyntymunckoe (Cu, Au, Fe), 11- Byaromkanckoe (Sn), 12 - CononeueHckoe (Sb,
Au), 13 - JIlyrokaHckoe (Au, Cu).

Puc. 3. Cxema reonoruueckoro cTpoeHuss KynTyMHHCKOro pyAHoro mojs (Mo JAaHHbIM
reosioro-pasBejouHbix padot, 2008 r.).

1 - anmoBuanbHble oTAMKeHUsI (Qum - Qrv); 2 -TypnuHckas curta (Kotr): recyaHukw,
TydorecyaHuKy, ajeBpONUThl, apru/liUThl, rpadenutsl, aHAe3uTbl. Mx Tydsl, Tydo-U
naBobpekuu; 3 - HepuuHcko-3aBoackoit kommuieke (J; nz): [Jalikd J1aMmrpogupoB,
MUKDO/IMOPUTOB, AWOPUTOB; 4 - KyKy/JIbOeMCKUl TpaHUTOBBIM Komruieke (J3k): TpaHWTHI
JIEMKOKpaTOBble W OWOTUTCOAepXKallje; 5 - IIIaXTaMUHCKWUM TPaHUT-TPAaHOAMOPUTOBBIN
komriekc, 3 daza (J.-38): rpaHUT-TIOpUPHI,, TPaHOAUOPUTHI TMOP(PUPOBUAHBIE, JAUOPUT-

nop¢uputbl; 6 - YHOUHCKWN TPaHUT-TPaHOAUOPUTOBLIM KomIulekc (Piu) - rpaHuTHl,



JIEMKOKPATOBbIe, TPAHOJUOPUTHI, T'PaHOCUEHUTHI BTOPOM U TpeThel (a3; 7 - OOpIOBOUHBIN
KoMmrutekc (J»3b): rpaHuTBI, rpaHOUOPUTHI (a), AaliKu merMatuToB (0); 8 - epHUUEHCKasT TOJIIIA
(€1-.7er): mecuaHuKH, aneBpOIeCYaHHKH, aleBPOIUTBI, C/IaHLbl KPEMHHUCTO-TJIMHUCThIE, TTPOC/ION
W3BECTHSIKOB M JIOIOMUTOB; 9 - ObIcTpuUHCKasi cBuTa (€; bs): [0/70OMUTHI, HW3BeCTKOBUCTHIE
JIOJIOMUTBI, U3BECTHSKY, NTPOC/ION NeCUaHUKOB, a/leBPOIUTOB, YIJIUCTO-IJIMHUCTBIX ciaHLeB; 10 -
Oenetyiickasi cBurta (Vbl): KBapl-CepULIMT-XJIODUTOBbIE W YIVIUCThIE CJIAHLIBI, TIeCYaHUKH,
aJieBpOJINTEI, MPOCJION JI0JIOMUTOB, U3BECTHSAKOB; 11 - pa3sombl I71aBHbIE (@), BTOPOCTEeHHbIe
(6); 12- pa3nombl CKpbIThIe; 13 - HagBUTH; 14 - 3KCIIO3WBHBIE OpeKunH; 15 - KOHTAKTOBBIE
pOroBUKH; 16 - CKapHMpPOBaHHbBIE NTOPOAbLI; MwuHepanbHble THMBI PYJHOU MUHepanu3anmu: 17-
Au-Cu-Fe-ckapHOBBIe: a — MeCTOpOXJeHHs, O — pygonposiBieHus; 18 - Au-As-
rugporepMasbHele, 19 -  Cu-Au-As- rujporepmanbHO-meTacomarnueckue, 20 Ag-Pb-Zn-
JKUJIbHbIE TUApPOTEpMasibHble. BTOprUuHbIe opeosibl paccesHus: 21 - 3050T1a, 22 — Meau, 23 —
CBUHLIA U LIMHKA.

Puc. 4. Tuarpammer SiO; — Na,O+K-0 (a), SiO, — CaO (6) u SiO, - K,O (B) ans nopoz
KyntymuHckoro MaccuBa U JaiKOBOTO KOMIL/IEKCA.

KynrymuHckoro maccuB: 1 — MOHLIOAMOPUTBI, KBaplieBble MOHL{OHUTHI, KBapLlieBble
CHEHUTBhI, 2 — TPAHUTBI; AAWKOBBIA KOMIUIEKC: 3 — AMOPUTBI, MOHIIOHUTHI, 4 — CyOIIle/I0uHbIe
rabbpo; 5 — cpegHue coctaBbl aakuToB 1o (Drummond et al., 1996; Stern, Killian, 1996). Ha
puc. 1B cepuu nopof: 1 — HU3KOKa/iMeBasi, 2 — yMepeHHOKa/veBasi, 3 — BbICOKOKa/iveBas, 4 —
LIOLLIOHUTOBAS.

Puc. 5. lnarpammbl SiO, — Ba (a), SiO,— Y (6), TiO, — Th (8B) u TiO, — Nb (r) g1t mopoz,
KynTyMuHCKOTO MaccuBa 1 JalKOBOTO KOMITIEKCa. YC/IOBHbIe 0003HaueHHsi COOTBETCTBYIOT PHC.
4.

Puc. 6. PenkosemesnbHble CrHeKTpbl Jjs mopoj, KylaTymMuMHCKOro maccvBa U JAlKOBOTO
KOMIU/IEKCa.

a — MOHIIO[JUOPUTHI, KBapl|eBbleé MOHIIOHUTHI, KBaplieBble CHEHWUThbl, O — T'PAaHUTHI, B —
TIOpOZBI JaiikoBOro Komruiekca. Homepa ripo6b cootBeTcTBytOT Tab1. 1.

Puc. 7. MynbTusneMeHTHble COEKTPbI A/s1 nopos KyaTyMHHCKOro MaccuBa U JJAKOBOTO
KOMIUJIEKCa.

a — MOHIIO[JUOPUTHI, KBapl|eBble MOHIIOHUTBI, KBaplieBble CHEHWUThbl, O — T'DaHUTHI, B —
ropoAbl /lalikoBoro Komruiekca. Homepa mpo6 coorBetcTBytoT Tabn. 1. HopmupoBaHo 10
npuMuTrBHOM MaHTUX (PM) (Sun, McDonough, 1989).

Puc. 8. Teonormueckuit paspe3 LieHTpa/bHOM YaCTU IJIABHOM DYLHOW 3a/leXu

KynTyMHHCKOTO MecTopoKzieHus (110 JaHHBIM re0/Ioro-pa3BejouHbIx padbot, 2008 1.).



1 - mnecyaHuku, asieBpOJIMTHI; 2 - ajieBpPOJUTBI, AapruuIMTbl; 3 - U3BECTHAKH,
V3BeCTKOBUCTbIe [JOJIOMUTBI; 4 - pas/ioMbl; 5 - POrOBUKM KBaplj-IJIarMOK/Ia3-KOpAUepHUT-
O6UOTHTOBbIE,  KBapL-OMOTUT-TIJIarMOK/Ia3-pPOroBo0OMaHKOBbIe; 6 -  CKapHbl ~ MarHeTUT-
CEepIIeHTUHOBbIE, MarHeTUTOBbIe; 7 - CKapHbl [AUOMNCHU/-aKTUHOIUT-CEpIIeHTUHOBbIe; 8 -
CKapHUPOBaHHbIe NOPOAbI; 9 - rpaHOAUOpUT-TIOPGUPUTEL; 10 - CKBaXKUHBI.

Puc. 9. OcHOBHble TeKCTYpDHO-MUHepasbHble THWIIBI PYJHONH MHUHepa/iu3aluu
KynTyMUHCKOTO MeCTOpOKAeHusl.

a - MaccuBHasg CynbhuaHo-marHetuToBasi pyaa (C-301), 6 - OpekurpoBaHHast
apceHOMUpUT-nUpUT-gonomuToBas pyga (Ky-327), B - mMaccuBHasg mojuMeTa/yIMuecKasl pyza
(865/376), r - BKpamyieHHO-TIDOXKWJIKOBasi MoauMMeTa/uinueckasi pyzaa (865/349.8), n -
BKparieHHasi cynb(uaHo-gonomutoBas pyza (Kyn-14/1c), e - okuciaeHHass BKparjieHHas
Xa/TbKOMMPUT-BUCMYTOBasi MUHEpa/TU3aljisi B JOJIOMUTE C PeIMKTaMH MUPOKCeHa U amdubona
(Kyn-23/1); x - KBapi-KapOOHATHBIM MPOXXWJIOK C BKpPAlUIEHUSIMA CaMOPOJHOTO BHUCMYTa B
rpanuT-nopdupe (853/210.3; 3 - KBap-MommbeHnTOBast xua (97/1018).

Puc. 10. T'uctorpamma pacripefiesieHdsi 30/0Ta, cepebpa W Megu 0 JAHHBIM
oripoboBanust KaHaBbl Ne 1 B LIeHTpa/bHOM YacTH TJIaBHOM DyAHOM 3anexxu Ky/nTyMHUHCKOro
MecTOpoXJeHusi (10 MarepwiajaM paHHUX TeoJioro-pa3BefjouHbIX — pabor, 1998 ).
Teonoruyeckuii pa3pe3 yuacTka orpoOoBaHMs TI0 TIOC/IeIHUM JJAHHBIM TTPUBE/IeH Ha puc. 8.

Puc. 11. CTpyKTypHble B3aUMOOTHOLIIEHUsI PYIHbIX MUHEPAJIOB B Pa3/IMYHbIX TeKCTYPHO-
MHHepaJIbHbIX TUMAaX PY/,.

CynbuoHo-mazHemumosas pyoa: a - KceHoMopdHbIe BbiieneHus KybanuTa (1, 4, 5, 6),
BwiMamuTa (2) u Co-nupurta (3, 7, 8) B xanpkonupure (9) ¢ BkioueHusima xsioputa (10) u
kBapija (11). 6 - cybMuUKpocKoriueckre BKparieHus 3o710Ta (1, 2) B guietuepute (3) B arperare
xanbkornipuTa (5, 10) ¢ BkitoueHusimu caneputa (4-9), marsetura (6, 11) u marnesura (7, 8); B
- BbifesieHure 30i10T1a (1,5 ) ¢ BucmyTtuHoM (3) B amsekTute (2, 4) B arperate casnepura (6, 11) u
xanbkoriputa (7, 10) ¢ BkitoueHUssMU ceprieHTHHA (8) u marHe3uTa (9); r - THe3JOBble U
ceTuaThble BbifiesieHUs BUCMYTHHa (1), Ni-kKobasnbTHa (2) 1 XaapKiipuTa (3) B arperate XJ0pHUTa
(5) u dmoobopura (4); i - BucMyTHH (1) C BK/IFOUEHHEM TeTpaguMHTa (2), XanbKorupura (3) u
xnoputa (4) B marHetute (5). Ilupum-apceHonupum-donomumogas pyod: e - TPOXWUIOK C
uiMoMopHHBIMU 3epHamu 3o0s10Ta (1, 2) u Geksioii pyznoii (3) B mupure (4). Cepuyum-keapy-
KapboHam-noaumemaniuueckas pyoa: x - oynamwxeput (1, 3, 4) u meHeruHut (2) B ranerure (5)
¢ pevikramu canepura (6, 9) u upura (7, 8). BkpanneHHas cyabuoHo-kapboHamHas pyoa: 3
- KceHOMOp(dHbIe BbIlenieHus 30/10Ta (1, 3) ¢ xanbkonupuToM (4) U okcujamu BucmyTa (5, 6) B

nipokcene (7).



Puc. 12. Juarpamma Na — K — Ca pgna nopog KynrymuHCKOro maccuBa M [JaMKOBOIO
KOMIL/IeKCa.

Kyntymunckoro maccuB: 1 — KBapLieBble MOHLJOHUTHI, KBapL{eBble CUEHUTBI, 2 — IPaHUTHI;
[AUKOBBI KOMILIEKC: 3 — [UODWUTBI, MOHLIOHUTBHI; 4 — CpefiHWe COCTaBbl aJaKUTOBBIX

KOMIL/IeKCOB, 110 (Smithies, 2000). Tpenzabi: CA — 13BeCTKOBO-111e/I04HOM, T — TPOH/IbEMUTOBBIM.



Tabnuiia 1. Cozep>kaHue TIeTPOTeHHBIX (Mac. %) U peikux (T/T) 3/1eMEHTOB B TIOpO/jaX
Kyntymckoro MaccuBa M JJaiKOBOTO KOMILIEKCa

kul-14

817/50.5

865/691

856/37.5

kul-2

864/753.2

kul-1

856/48.5

864/710.5

864/732.8

1 2 3 4 5 6 7 8 9 10

SiO,,

Mac. % 60.55| 62.04| 62.19| 6231 | 62.75| 6436 | 64.66| 65.10| 65.31| 65.65
TiO, 0.87 0.68 0.57 0.65 0.52 0.55 0.46 0.47 0.52 0.51
AlLOs3 15.5| 1463 | 14.64| 1540 | 14.81| 15.26 152 | 15.05| 1531 | 15.06
Fe,Os* 4.94 4.84 3.84 4.82 3.53 3.72 2.74 3.09 3.81 3.45
MnO 4.44 4.36 3.45 4.34 3.17 3.35 2.46 2.78 3.43 3.10
MgO 0.05 0.05 0.03 0.02 0.06 0.04 0.03 0.02 0.04 0.05
CaO 5.14 5.26 3.53 3.72 2.83 2.87 2.22 2.33 2.81 2.96
Na,O 4.30 5.14 3.52 2.08 4.75 2.14 3.51 2.38 2.33 3.72
KO 4.12 2.18 2.89 3.87 4.12 2.72 4.06 3.81 3.64 3.72
P,0Os 3.54 2.79 4.44 4.74 5.15 4.42 4.99 5.13 4.10 3.67
[T 0.27 0.23 0.18 0.20 0.15 0.17 0.13 0.14 0.16 0.15
Cymma 0.60 0.79 3.52 1.27 0.74 3.05 1.35 1.57 1.46 0.57
Th, r/T 12.4 13.2 13.6 11.6 9.2 11.5 11.7 10.1 7.8 10.5
U 3.23 3.75 3.65 3.77 2.74 4.24 3.47 3.69 2.66 3.84
Rb 96 157 139 199 114 150 115 121 159 120
Ba 937 525 738 930 772 890 936 1218 1010 695
Sr 709 693 399 514 349 479 487 563 658 667
La 47.8 43.9 33.5 92.8 19.9 26.4 27.5 28.7 25.7 30.6
Ce 91.1 85.0 67.1 | 148.2 43.9 52.6 53.8 53.5 50.6 59.4
Pr 10.3 9.7 7.7 14.7 5.5 6.2 6.2 6.0 5.8 6.8
Nd 39.8 34.3 28.0 46.3 22.6 23.1 24.0 20.1 21.7 25.6
Sm 6.5 6.0 4.7 6.7 4.1 4.5 3.8 3.5 3.9 4.9
Eu 1.73 1.31 1.22 1.23 0.99 0.8 1.09 0.79 0.92 1.09
Gd 5.1 4.7 3.4 4.9 3.1 2.9 3.1 24 3.0 3.5
Tb 0.6 0.56 0.45 0.48 0.33 0.4 0.38 0.29 0.31 0.45
Dy 2.98 2.98 1.97 2.42 1.79 2 1.96 1.46 1.64 2.14
Ho 0.48 0.59 0.33 0.42 0.33 0.39 0.32 0.28 0.27 0.42
Er 1.27 1.53 0.84 1.16 0.93 0.92 0.84 0.75 0.69 1.07
Tm 0.19 0.21 0.12 0.17 0.13 0.13 0.12 0.09 0.09 0.15
Yb 1.08 1.25 0.72 1.08 0.74 0.75 0.69 0.59 0.52 0.83
Lu 0.14 0.18 0.1 0.16 0.11 0.11 0.1 0.09 0.07 0.12
Zr 202 195 177 191 162 189 143 146 184 165
Hf 5.3 5.5 4.8 5.3 4.4 5.1 4.1 4.3 4.6 4.6
Ta 0.71 0.75 0.57 0.76 0.53 0.69 0.67 0.59 0.45 0.66
Nb 10.7 9.6 7.5 9.1 7.4 8.8 7.5 6.9 7.3 7.7
Y 14.7 16.4 10.3 12.4 9.7 10.1 9.6 8.1 8.2 11.7
(La’Yb), 29.8 23.7 31.4 57.9 18.2 23.8 26.8 32.8 33.3 24.8
EwEu* 0.89 0.73 0.89 0.63 0.82 0.64 0.95 0.79 0.80 0.77

IIpumeuarue. Fe,Oz* - obuiee xene3o. Kynrymckmii maccuB: 1 -10 — KBapiieBble MOHIL|OHHTHI,
KBapL|eBble CUeHWThl, 12-14 — rpaHUTHI; AAWKOBBIM KoMIuleKc: 15-18 — monHuoHutsl, 19-20 —
cybrmenounsie rabopo. O6pasnpr: 817/50.5 - HOMep CKBaKMHBI U TyOMHA (M), OCTasbHBIE - U3
TIOBEPXHOCTHBIX TOPHBIX BbIpaboTOK. AHamutuku H.I. KapmanoBa, .B. HukonaeBa u C.B.

TTanmecckuii.




I[Mpogomkenue tabs. 1.

k-10-42 | ku-2 ku-1 856/191 | 864/706.5 | kul-10 kul-20 kul-7 865/433.1
12 13 14 15 16 17 18 19 20

Si0,,
Mmac. % 68.53 | 69.52| 69.49| 55.06| 55.13| 56.48 | 57.87| 48.11| 51.60
TiO, 0.39 0.39 0.41 0.86 0.93 0.85 0.85 1.59 1.72
AlO;3 15.27 | 14.01| 14.88| 1393 | 14.39| 14.00| 14.88| 15.12| 15.82
Fe,O3* 2.78 5.27 2.61 5.42 6.70 7.25 7.12 9.00 8.64
MnO 2.50 4.74 2.35 4.88 6.03 6.52 6.41 8.09 7.78
MgO 0.02 0.05 0.02 0.03 0.05 0.10 0.10 0.13 0.10
CaO 1.73 1.54 1.69 6.61 7.62 8.44 7.06 8.27 4.23
Na,O 2.44 2.54 2.42 4.62 5.89 5.37 5.55 7.35 6.88
K.O 4.49 3.97 4.37 291 3.62 2.72 2.80 2.22 2.88
P,0Os 3.83 3.19 3.69 5.22 3.28 2.82 2.54 5.17 2.70
[T.o.m. 0.12 0.09 0.12 0.29 0.33 0.27 0.22 0.86 0.71
Cymma 0.67 0.00 0.60 4.22 1.32 1.49 0.83 1.43 3.59
Th, r/T 9.7 8.4 9.8 9.5 10.5 9.0 8.7 9.7 5.9
U 2.88 2.76 3.0 3.2 2.9 2.69 2.52 2.34 1.52
Rb 134 117 127 206 213 125 76 305 63
Ba 643 335 583 905 467 520 679 1180 891
Sr 654 446 622 446 628 607 620 837 839
La 27.2 15.4 29.6 28.7 40.1 38.5 32.8 65.9 61.4
Ce 53.9 32.8 56.7 53.5 81.6 75.0 65.7 | 144.1| 126.3
Pr 6.3 3.8 6.5 6.0 9.9 10.0 8.8 18.0 15.7
Nd 21.4 13.7 214 20.1 36.8 37.2 31.8 71.6 58.8
Sm 3.4 2.5 3.8 3.5 6.8 6.5 5.5 11.3 10.6
Eu 0.71 0.63 0.83 0.79 1.51 1.66 1.41 3.24 2.61
Gd 2.6 1.8 2.7 24 5.5 6.0 5.2 9.0 8.2
Tb 0.33 0.24 0.3 0.29 0.73 0.75 0.63 1.02 0.93
Dy 1.47 1.3 1.51 1.46 3.56 3.74 3.36 4.96 5.19
Ho 0.27 0.24 0.26 0.28 0.69 0.75 0.66 0.84 0.83
Er 0.7 0.63 0.7 0.75 1.88 1.91 1.74 2.07 2.06
Tm 0.09 0.1 0.09 0.1 0.25 0.27 0.24 0.28 0.27
Yb 0.6 0.63 0.57 0.59 1.46 1.79 1.62 1.76 1.49
Lu 0.1 0.1 0.08 0.09 0.2 0.24 0.24 0.25 0.21
Zr 169 134 168 172 208 161 176 229 340
Hf 4.1 3.7 4.2 4.9 5.6 5.3 5.6 5.1 7.6
Ta 0.60 0.67 9.6 0.66 0.76 0.63 0.57 1.16 0.92
Nb 9.4 9.08 9.6 8.5 10.9 7.7 6.7 17.7 16.9
Y 8.7 8.22 8.3 14.4 18.5 17.8 15.3 24.6 23.6
(La/YDb). 30.6 16.5 35.0 32.8 18.5 14.5 13.7 25.2 27.8
EwEu* 0.70 0.86 0.76 0.79 0.74 0.80 0.80 0.95 0.83




Tabnmija 2. DeMeHTHBIN COCTaB OCHOBHBIX MUHEPAJIbHBIX TUTIOB PyA KynTyMuHCKOTO
MecTopoXxzaeHus 1o gauubiM ICP MS ananu3a.

Tun Cupepur- I'panar- Honomurt- ITonume- Kap6onarHo- Keapy-

PYABL, MarHeTuToBasi | KapOoHar- apCeHONUPUT | Ta/UIMYecka | MOJMMeTa/UIM- | KapOoHaTHas >Kuia

Ne pyza. MarHeTUTOBas | -IIUPUTOBAs s pyaa, yeckasi pyza, c Cu-Bi

obpa3ua. | 91-1018 pyza pyza, Ku-865/376 | 865/349.8 MUHepau3arnyes,

DJIeMeHT. C-301 Ky-327 Ky-23/1

Au,r/T | 1.5 1.3 7.9 0.84 0.20 7.6

Ag 17.4(11) |46.0(25) |1.5(45) >100 >100 (133) | 1.5(1.7)
(204)

Al % 1.01 0.99 0.01 0.57 1740 0.01

As,r/T |98 188 13 3060 <10 13

B 1710 <10 <10 <10 20 <10

Ba 10 10 20 40 <0.1 20

Be <0.5 1.8 <0.5 <0.5 <0.5 <0.5

Bi 300 8 973 19 103 973

Ca, % |0.14 4.19 4.76 4.48 7.54 5.82

Cd,r/r |24 3.2 2.6 184.5 137.5 0.6

Co 80 341 2 8 15 2

Cr 15 S5 13 31 16 <1

Cu >10000 >10000 5570 110 2930 4290

Fe, % >50 37.80 18.60 4.95 9.75 0.62

Ga, r/r |10 <10 <10 <10 <10 <10

Hg 1 <1 5 40 15 <1

K, % 0.01 0.03 0.02 0.29 0.08 0.01

La, r/T | <10 <10 <10 10 <10 <10

Mg, % |6.38 1.16 2.57 1.88 6.13 1.14

Mn 623 548 1940 7510 6770 235

Mo 6 3 2 1 2 11

Na, % ]0.01 0.02 <0.02 0.01 0.01 0.01

Ni, r/r |12 12 7 17 5 8

p 70 180 70 230 10 50

Pb 64 42 50 >10000 >10000 211

S, % 2.99 6.66 >10.0 6.15 9.05 0.30

Sb,rir | <2 <2 1830 770 1150 6

Sc 2 1 <1 1 1 1

Sr 21 57 51 171 130 48

Th <20 <20 <20 <26 <20 <20

Ti, % 0.03 0.01 <0.01 0.01 <0.01 <0.01

T, r/r | <10 20 10 <10 <10 <10

U <10 10 <10 <10 <10 <10

\ 22 27 1 7 1 <1

W 10 <10 <10 30 30 <10

Zn 1390 500 325 >10000 >10000 27

[TpumMeuanue. 30/10TO OMpe/Ie/sIOCh aTOMHO-a0COPOIMOHHBIM METO/[OM.
Anamutuk B.H. Unbuna.




Tabmuija 3 MuHepasbHBINA COCTaB pyZ, MeCTOpoXKAeHus KyntymuHCKoe.

I'naBHbIE BropocreneHnHsle Penxue
PynHble MyuHeparibl
XaIbKOIUPUT I'eccur Ag.Te
[Tuput ITuppotun Terpagumur Bi,Te,S
ApceHonupuT Cdanepur Kappoaut Cu(Co,Ni),S4
MarHeTut aneHuT ®netyeput Cu(Ni,Co),S4
TeHHaHTUT Bunmuamur (Co,Ni)SbS
Tetpasgpur Xogpywt Cug Bi2S»
bynanxepur Inaput CuPbBisSe
bopHuT Kpynkaut CuPbBi3Se
Ky6anut [Taaput Pb;;Cu;7Bis3S12
BucmyTtuH (Bi,S3), X-gaza (Cu,Ag,Pb,Bi,S)
MonubaeHuT Y-daza (Cu,Ag,Bi,S)
I'emaTut OmmiekTut CuBiS;
My11KeTOBUT XammapuT Cu.Pb;BisSe
Pytun Menerunut Pbi3CuSb;S,4
®amatuauT CusSbSy
Kob6enmut PbeFeBisSb,Si6
Kob6anerun (Co,Ni,Fe)AsS
XenkokuT CuigFenSs:
Cawm. 30710TO
Cam. cepebpo
CaMm. BUCMYT
Kaccurepur
BosbhpamMut
HepyaHble MyHepasbl
Huoncup Anatut JIroaBurur
Tenenbeprur Ankeput Amaput
AKTUHO/IUT Kanbuur dmoobopur
Tpemosut TypmasnvH DroopUT
PoroBasi oOMaHKa ['panat (aHApaauT)
CepnieHTHH
Mg-xnopur
Fe-xmopur
buorur
@J10ronUT
MyckoBUT
Maruesur
Cupepur
Honomur
Kansur

Ksapry




Tabmurja 4. Xumnueckuit cocraB Cu-Ni-Co, Ag u Cu-Pb-Te-Bi-cogepykanux MUHepaioB pyz, KynTyMHUHCKOTO MeCTOpOXKAeHus (Mac. %).

Komnonenr | 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Fe 1.01 33.03 1.32 | 0.8 33.09 | 5.84 4.24 | - - - - - - 0.74 | 4.8 0.56 | - 0.6 0.48
Ni 5.07 - 347 | 534 |- - - - - - - - - - - - - - -

Co 40.02 7.01 31.96 | 38.39 | 14.25 | - - - - - - - - - - - - - -

Cu 12.95 | 16.48 - 13.36 | 0.25 22,22 | 3843 | - - 0.87 | 0.66 | 1.0 436 |4.64 |19.18|6.63 | 1.81 |9.84 10.24
Zn - - - - - 1.82 3.39 |- - - - - - - - - - - -

Cd - - - - - - - - - - - - - - - - - - -

Pb - - - - - - - - - 190 |162 |6.56 |13.8 | 1932 - 25.94 | 40.72 | 4.46 0.7
Ag - - - - - 20.87 | 1.62 | 62.76 | 3.65 | - - - - - - - 0.14 | 11.25 | 9.63
Bi - - - - - - - - 54.68 | 81.07 | 78.09 | 71.38 | 60.14 | 55.64 | 55.79 | 47.89 | 31.99 | 56.36 | 59.23
As - - 4222 | - - - 1043 | - - - - - - - - - - - -

Sb - - - - - 26.40 | 1411 | - - - - - 047 | - - - 6.6 - -

Te - - - - - - - 36.65 | 34.71 | - - - - - - - - - -

Se - - - - - - - - 1.08 | - - - - - - - - -

S 4196 | 41.92 | 22.38 | 41.32 | 53.12 | 23.63 | 27.22 | - 411 | 14.78 | 18.67 | 144 | 18.77 | 17.75 | 18.73 | 17.0 | 18.30 | 17.46 | 18.30
Cymma 101.01 | 98.44 | 101.35 | 99.11 | 100.71 | 100.78 | 99.41 | 99.74 | 99.02 | 99.35 | 99.58 | 99.18 | 97.72 | 98.09 | 98.5 | 98.02 | 99.56 | 101.38 | 100.16

[Mpumeuanwue. 1- ¢ieTuepurt, 2- Ky0aHWT, 3- KOOAIBTHH, 4 - KAppouT, 5 - Co-cofiepyKaliuii MUpuT, 6 - TeTPasAPUT, 7- TEHHAHTUT, 8 - reccur, 9 - TerpagumuT, 10 - BUCMYTHH,
11 - MemuCTO-CBUHIIOBUCTBINM BUCMYTHH, 12 - CBUHIIOBUCTBIN BUCMYTHH, 13 - Tagut, 14 - Kpynkawur, 15 - sMriiekTuT, 16 - xammaput, 17 - kobeswmT, 18 - daza X, 19 - daza Y.
Anamutuk M.B. XjecTos.
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