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BBEJAEHHUE

AKTYyaJlbHOCTH MCCJIe0BaHNM. B nocnennee necatuneTue pe3ko U3MEHUIICS
MOJIXOJ1 K OIIEHKE PbIHKA MOTPEOIEHUS ChIPbs. BEICOKOTEXHOJIOIMYHbIE POU3BOICTBA
TpeOyIOT OT pbIHKA Bce OO0JIbIIIE HOBBIX MaTEpHUaaoB U MeTaioB. Ha nepennuit mian
MHUPOBOW TOPIOBJIA CHIPHEM BBIILIN, TAK HA3bIBAEMBIE, «KPUTHUYECKUE METAIIIBDY, K
KOTOPBIM OTHOCST HE TOJIBKO IKOHOMHUYECKH Ba)KHbIE METAJUIbI, HO U T€, 0€30MaCHOCTh
U CTaOMIIBHOCTh TOCTABOK KOTOPBIX COCTABIISIET CEphe3Hble pUcKU. [IepBbIMU B criUCKe
«KPUTHYECKUX»  CTOST  penkue Meramibl. B jmuccepranmoHHOM — pabote
paccMaTpuBalOTCs 3aKOHOMEPHOCTH (OPMUPOBAHUSA U KPUTEPUU MPOTHO3ZUPOBAHUS
peaxkomeTamibHbIX TerMatuToB Kanba-HapeimMckoro mosca, XapakTepU3yIOIIUXCS
HOBBIIICHHBIM cojiepkanuem metamwios (Ta, Nb, Sn, Li).

Heanb uccaegoBanusi — pa3paboTKa KpPUTEPUEB PYIOHOCHOCTU TPAHUTOUIOB
Kanba-HapeiMckoro mosica (Boctounsrii KazaxcTtaH) Ha OCHOBE COBpPEMEHHOM
MEXIYHAPOJHOM KJIACCU(PUKALMK W HOBBIX JAHHBIX IO BO3PACTy IMETMAaTUTOB U
MaTE€PUHCKHUX TPAaHUTOUIOB.

3agauu:

1) wu3yunTh reoguHAMUYECKHd pexuM (opmupoBanus Ttepputopun OOb-
3aliCaHCKOM CKJIQIYaTOM CHUCTEMBbI, YTOYHUTHh T'E€OTEKTOHUYECKYIO TO3UIIHIO,
3aKOHOMEPHOCTH (POPMHUPOBAHUS M BO3PACT PEAKOMETAILIbHBIX nermarutoB Kanba-
Haprimckoro penkomeramibHoro nosica (Ta, Nb, Be, Li, Sn, W);

2) W3y4yduTh BO3PACT U IETPOXUMHYECCKHE OCOOCHHOCTH MarmMaTHTOB
KYHYILLICKOTO, K&JIOWHCKOTO M MOHACTBIPCKOTO KOMILJIEKCOB U [IETMaTUTOB;

3) mpoBecTH TepMOOapOMETPUYECKUE HCCIIeoBaHus TrpaHuTounoB Kanba-
Hapsimckoro 0aronura,

4) TpOBECTH MHHEPATOTUYCCKUE UCCIICIOBAHMUS MIETMATUTOBBIX PYIHBIX TEII;

5) M3y4YHTh CHCTEMATHKy MECTOPOXICHUN penkux wmeramioB Kanba-
HappiMCKOIl 30HBI, HCCIEAOBATH T'€OXMMUYECKHE XapaKTEPUCTUKH OCHOBHBIX
MUHEpaIbHBIX KOMIUJIEKCOB PYJOHOCHBIX IETMATUTOB,;

6) YTOYHHTH OCHOBHBIC TOWCKOBBIC MPH3HAKK M KPUTEPUU JIOKATH3AIHH
pEAKOMETAIUIbHBIX NIerMaTuToB B nipeaenax Kanba-HapbsiMckoil MeTamioreHu4ecKom
30HBI.

Hay4ynasi HoBHU3HA

1) VYTouHEHBI BO3PACT, IETPOXUMHUCCKHE XaPAKTEPUCTHKH U TEMIIEPATYPHBIH
PEXUM PYIJOHOCHBIX T'PAaHUTOMJHBIX MAacCCHUBOB M mermMaTutoBbix Ten Kanba-
HappiMckOro nosica Ha OCHOBE HOBBIX aHAJIUTHYECKHUX JaHHBIX.

2) YCTaHOBJIEH XapakTep CBA3M IECMATUTOBBIX  MECTOPOXKICHHH ¢
BMeImaImumMu  Tpanutougamu  Kamba-HapeimMa, fnokazaHa  TpHHAIICKHOCTH
OCHOBHBIX TNErMaTUTOBBIX pyAHbIX mnosed Kanba-HapeiMckoll 30HBI K ceMeHCTBY
nermatutoB LCT.

3) VYcraHoBiICHA BO3MOXHOCTh HCIOJB30BAHUS COICPKAHUN XUMHUUCCKHX
AJIIEMEHTOB JIJIsl 30HAJTBHOCTH OPYJIEHEHUS KaK B MpeJenax KPyIHbIX PYIHbIX 30H, TaK
Y OTJIETBbHBIX PYIHBIX MOJIEH.



IIpakTH4eckas 3HAYUMOCTDH

BrinosHeHHbIE  HCCIIEIOBAHMS  PACKPBIBAIOT HOBBIE BO3MOXKHOCTH  JUISI
IIPOTHO3UPOBAHUS U MMOUCKA PEIKOMETAJUIBHBIX MECTOPOXKAECHUH, 3aKII0YAIOIIECs B
BBISIBJICHUM OJIArONPUSATHBIX KPUTEPUEB M MPEANOCHUIOK s  (HOPMUPOBAHUS
PEAKOMETAIUIBHBIX MECTOPOXKIEHUU B mpenenax teppuropun Kanda-HapsiMckoro
nosica. VMeroTcs akThl BHEAPEHHS B TMPOM3BOACTBO, y4eOHbIM mpouecc HAO
«Bocrouno-Kazaxcranckuii Texuanueckui yauusepcuteT umenu 1. CepukOaeBay.

Pe3ynbTaThl HayyHBIX UCCIEAOBaHUN BHeIpeHbI B npou3BoacTBO TOO «I'PK
«Tonaz» (Ilpunoxxkenne A), a TakKe UCIOIB3YETCS NPU MPOBEACHUM JIEKIIMOHHBIX U
MPaKTUYECKUX 3aHATUH JUIsl OakanaBpoB 00pa3oBaTelIbHON MporpaMMel «l eonorus u
pazBenka MIIM» 1o guciumuimHe «l'€osiorust MECTOPOXKIACHUM  TMOJIE3HBIX
uckonaembix» (Ilpunoxenue b).

OcHOBHBIC 3alIUIIIAeMbI€ T0JIOKEHHS:

1) I'paHuTOMIBI KYHYIICKOIO KOMIUIEKCA IPEACTABICHBI HU3KOKAJINECBBHIMU
BBICOKOTJIMHO3EMHUCTHIMU TIAarMOTPaHUTAMHU U JIEUKOIUIaruorpaHutaMu M-tumna, a ux
dbopmupoBanue npoucxoawio npu temmneparypax 805-840 °C. ITopoasl kaaOUHCKOTO
KOMILJIEKCA  MPEJICTABIECHbl  U3BECTKOBO-IIEJIOYHBIMU  BBICOKO- H  YMEPEHHO
TJIMHO3EMHUCTBIMH TPAHOIUOPUTAMH, TPAHUTAMH CMEIIAHHOTO |-S-THITa, 1151 KOTOPBIX
XapakTepeH TeMIepaTypHbiii auamna3od ¢dopmupoBanus 785-820 °C. Ilopoasl
MOHACTBIPCKOIO KOMIUIEKCAa MPEICTAaBIEHbl BBICOKOKAJIUEBBIMU U HM3BECTKOBO-
IIEJIOYHBIMU, BBICOKO- M YMEPEHHOTJIIMHO3EMHUCTHIMHU JIEMKOTpaHUTaMu A-TUIa C
temriepatypamu popmuposanus 760-785 °C.

2) Pesynpratel U-Pb natupoBaHus ITUPKOHOB M3 MerMatutoB OrHEBCKOTO
PYIHOTO MOJIS MOKA3aJIH, YTO MEerMaTUThl (OPMHUPOBATIUCH OKOJIO 291 MIIH JieT Ha3a
CUHXPOHHO € TpaHUTaMu S-|l-Tumna (KaaOMHCKUNA KOMILIEKC).

3) Amnanu3s comepkanus Li, K, Rb u Cs B mosieBoM minate 1 MyCKOBHTE MOXKET
OBITh HWCIOJB30BaH MJI UIACHTU(PUKAIMU TMEPCHEKTUBHBIX OOOTAIEHHBIX JUTHEM
CIIOAYMEHOBBIX, TMETAJUTOBBIX MW  JICMUAOJUTOBBIX  mermMatuToB. ['paduku
cootHommennit K/Rb—Cs, K/Rb-Ba, K/Cs—Rb, P-Ga, B 0CHOBY KOTOPBIX MOJIOKEHBI
coneprkanus MukpoasiemenToB B KITII u K/Rb—Cs, K/Rb—Li, Al/Ga—Ga B MmyckoBuTe,
MO3BOJISIIOT C  JOCTATOYHO OOJBIIOW TOYHOCTBIO MPOU3BECTH PAlOHMPOBAHME
NEerMaTUTOB B IMpejAesiax PyAHOro MoJig Wik Oojiee OOWIMPHOW PYIHOM 30HBI C
paszieleHueM TNerMaTUTOB Ha IyCThle, OepuiIueBble, OepUIUI-CIIOAYMEHOBBIE,
CIIOJTyMEHOBBIC U aJTbOUTHUTHI.

4) C WCHoOJgb30BaHMEM  IOJIYYEHHBIX JAaHHBIX  YTOYHEHbI  OCHOBHBIC
pervuoHangbHbie (T€OTEKTOHMYECKHE, CTPYKTYPHO-TEKTOHUYECKHE) U JIOKAJbHBIC
(MarmaTuueckue, TreOXUMHYECKHE, MHHEPAJOTUYECKHUE) TMOMCKOBBIE NPU3HAKU U
KPUTEPUHN JIOKAIM3AIMU PEAKOMETAUIBHBIX TIErMaTHUTOB B Tmpeaenax Kaiba-
HapsIMCKOM METaIIOreHN4eCKOM 30HBI.

MeToauka uccjie10BaHMs BKIIIOYaeT B ce0st 0030p U aHAIIU3 UCCIENOBAaHUM 110
peaKoMeTalibHbIM MecToposkaeHusiM Kanba-Hapbeima u MUpOBBIX aHATIOTOB; TOJIEBbIE
pabotel ¢ oTOOpOM  TPoO;  KOMIUIEKC  AHAJIUTHUYECKUX  MCCIICAOBAHUMN
(mMpo6OMOATroTOBKA, M3y4EHHE MUHEPATBHOT0, XUMUYECKOTO, JIEMEHTHOTO COCTABOB
Py ¥ BMEIIArIuX nopo u onpeneicaue U-Pb abcomoTHOrO Bo3pacTa nmerMaTuToB).
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DaKTHYECKUI MaTepPUaJ M JIUYHBIN BKJIAJ aBTOpPA

B ocHOBY paGoTbl MOn0XEeHBI MaTepuaibl, MOJYyYECHHbIE aBTOPOM 3a MEepUOJ
oOyueHus B pe3yIbTaTe BHIOTHEHHS MOJIEBBIX IKCIEAUIMOHHBIX PaObOT MO MpOeKTaM
HAO BKTY wum. /I CepuxbaeBa no temam: 1) «3akoHOMEpHOCTH (HOPMHUPOBAHUSI,
KPUTEPUH MPOTHO3UPOBAHUS U OLICHKA MEPCIEKTUB HETPAIUIIMOHHBIX TUIIOB OJIOBO-
TAHTAJI-JTUTUEBOTO OPYJCHEHHsI C IIENIbI0 YKPEIUICHUS! MHUHEPAIbHO-CHIPHEBOM 0a3bl
peakux metauioB (Bocrounsit Kazaxctan)». ['pant no norosopy ¢ Komurerom Hayku
MOH PK Ne 7 (mo moroBopy Ne AP08052371-OT-20); 2) «Hayunas orieHka
WHBECTUIIMOHHON TpUBJIEKATENBHOCTU CTPYKTYyp KazaxcraHa mnepcrnekTUBHBIX Ha
BBISIBJICHUE MECTOPOXKICHUM MOJIE3HBIX UCKOTaeMbix». (2021-2023 rr. mo nporpamme
BR10264558); 3) BR24992854 «Pa3paboTka u peann3anus KOHKYPEHTOCIIOCOOHBIX
Hay4YHO-000CHOBAHHBIX TEXHOJIOTHH JJIs1 0OecieueHts yCTOMYMBOTO Pa3BUTHS TOPHO-
MeTalTyprudeckoit otpacin Bocrouno-Kazaxcranckoit obmactiy (2024-2026 rr. 1o
nporpamme BR24992854).

B pamMkax moAroToBKH JUCCEPTALMKM aABTOPOM OBUIM MPOMAEHBI 3apyOeKHbIE
Hay4YHBIE CTRXKUPOBKHU B MPOGUIbHBIX HAYUYHBIX YUPEKICHUAX - NTHCTUTYTE Te€0JIOTHU
u munepasiorun CO PAH (r. HoBocubupck, Poccust) u My3ee ecTecTBEHHON UCTOpUU
(r. JlongoH, BemukoOpurtanus). CTaXHpOBKM BKJIIOYAIN BBIIOJHEHUE pPadoT,
HaIlpaBJIEHHBIX HA MPOBEJICHNE aHATUTUYECKUX HCCIIEOBAaHUM.

ABTOpPOM TMpOBEAEH aHAINW3 MOHOIpaPUUECKUX, CIPABOYHBIX MU HAYYHBIX
nyOJUKaIuil Mo peKoMeTauIbHbIM MecTopoxkaeHusiM Kanba-HapeiMckoil 30HBI, a
TaKkKe 3apyOeKHBIX aHaloroB. B jauccepraniid HCIOIB30BaHBI MaTEPHAIbI,
cOOpaHHbIE AaBTOPOM B IPOLIECCE TOJEBBIX UCCIEIOBAHUN HA Psilie PEIKOMETAIIbHBIX
oovektoB (Touka, Axmerkuno, IOOuneitHoe u 1p.), a TaKke O0OpasIlbl,
MpPENIOCTaBlIEHHbIE  KOJUIETaMU,  MPOBOAMBIIMMHU  TOJEBble  paboOThl  Ha
paccMaTpUBAaEMbIX MECTOPOKIACHUSIX.

MuHepanoruueckue UcCcieloBaHus U U3y4YeHNEe XMMUYECKOr0 COCTaBa Mmopoj u
pyA OpOBOAWIOCH aBTOpoM B pamkax mnporpammbl ITI[® BR10264558 «Hayunas
OLICHKA MHBECTUIIMOHHOW MPHUBJIEKATENBHOCTH CTPYKTYp Ka3zaxcTaHa nepcrneKTUBHBIX
Ha BBISIBJICHUE MECTOPOXKIEHUM MOJIE3HBIX MCKOIMAEeMbIX», B paboTe HaJl KOTOPOM
aBTOp NPHHMMAI HENOCPEICTBEHHOE ydacTHe. Ha OCHOBaHMM WHTEpHpeTauuu
AHAIMTHUYECKUX JIaHHBIX aBTOPOM  C(OPMYJIHPOBAaHbI  MPOTHO3HO-TIOMCKOBBIE
KPUTEPHUH, CIIOCOOCTBYIOIIME MOBBIIIEHUIO 3(()PEKTUBHOCTU TE€O0JOrOpa3BEIOYHbIX
pabor.

Anpobanus padoThl U MyOJUKANMH. Pe3ynbTarsl MCCIEIOBaHUM, BOIPOCHI
OCHOBHBIX TIOJIOKEHUN JIOKJIAJBIBAIUCh M OOCYXKJAINCh Ha MEXIYHAPOIHBIX
KOH(epeHusIX:

— OcHOBHBIE THUIBI PEIKOMETAUIbHBIX MecTopoxaeHuil Kanba-HapeimMckoro
IPAaHUTOMAHOTO TOsICAa W UX MpakThueckas oleHka. V. MexnayHapoaHas Hay4yHas
koH(pepenuusa «Koppensauuss Anrann u Ypanua rinyOMHHOE CTpOEHUE JHUTOC(hEpsI,
cTparurpadusi, MarmMaTu3M, MeTaMoppu3M, TreoJWHAMHKAa M MeTauioreHus» (T.
HoBocubupck, 2020 r.).

— O reosioro-reHeTU4eCKo Mojenu (POopMUPOBAHUS MECTOPOXKICHUM C
HAJIOKEHHBIM TUIIOM PEAKOMETAIBHOTO OPYACHEHUS (HAa MPUMEPE MECTOPOXKICHHUS
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Uepnosik). MuHepaiibHO-ChIpbeBasi 0a3a aiMa3oB, OJIArOPOAHBIX U LIBETHBIX METAIIOB
- oT mporHo3a K no0wrde. COopHUK Te3ucoB noknanoB | Monoa&xHol Hay4dHO-
oOpa3zoBarenbHOM KoHpepeHuu (r. Mocksa. 2020 T.).

— Tunbl JTUTUEHOCHBIX MECTOPOXKICHUN W KPUTEPUU HMX MNPOTHO3UPOBAHUS
(Boctounsnii Kazaxcran). Marepuansl VII MexyHapoJHOW Hay4YHO-TEXHUYECKOM
KOH(epeHIIMU CTYI€HTOB, MAarUCTPAHTOB U MOJIOABIX YueHBIX (T. Y cTh-KameHoropck,
2021 r.).

— I'eomornueckoe  CTPOEHHME M KPUTEPUU  OLUEHKU  aAllOTPAaHUTHOIO
peaxometamibHoro yuactka [lentpansnoit Kanosl (Bocrounsrit Kazaxcran). 3anucku
Ycre-Kamenoropckoro drmana Kazaxckoro 'eorpaduueckoro O6mectsa. Beim. 15.
MexayHaponHbli TOX MuUpa, JOBEpUS M YCTOWYMBOIO pa3BUTHS. Marepuaibl
MEXIYHApOIHONW HaydyHO-TeXHW4YecKor koHdepeHuu (r. Ycrb-KameHoropek, 2021
r.).

— Marmatusm u peaxomeraibHas MuHepanusanus KanOwer (Bocrounbrit
Kazaxcran). I[leTponorus u pyJOHOCHOCTh MarMaTuyeckux (opmaiuii: Matepuabl
Hay4YHOU KOH(EpeHINH, MocBseHHon mamsatu wi.- kopp. AH CCCP u PAH T'. B.
[TonsixoBa u pod. A. I'. Bmagumuposna (r. HoBocubupck, 2022 r.).

— TepMoXpoHOJIOTHSI PEAKOMETAJUIBHBIX MECTOPOXKJIEHUW, CBA3AHHBIX C
MOCTKOJUIM3UOHHBIMU ~ rpaHuTtamu  Kanba-Hapeimckoro mosica  (Boctounsrit
Kazaxcran). IleTponorus u pyAOHOCHOCTh MarMaTU4ecKuX (OpMalMii: MaTepuasbl
Hay4. KOoH(}., nocB. namatu wi.- kopp. AH CCCP u PAH I'.B. IlossikoBa u ipod. A.T'.
Bnanumuposa (r. HoBocubupck, 2022 r.).

— Oranbl  penkoMmeTaluibHOTO  Marmatu3ma  Kanba-HapeimMckoro  mosica
(Boctounsiii  Kazaxcran). Bo3pact u  koppenmsuus ~ MarMaTHYECKHX,
MeTaMOP(PUUYECKUX, OCATOUHBIX M pyaoo0pasyronmx mporeccoB. Martepuansr VIII
Poccuiickoit koHdepeHimu mo uzotonHoi reoxponosioruu (r. Cankr-IlerepOypr,
2022 7).

PesynbTaThl paboThl omyOaukoBaHbl B 14 cTaThsix, U3 HUX / — B U3JAHUSIX,
pexoMengoBanHbIX KOKCHBO PK (Becthuk BKI'TY um. JI. CepukbaeBa, Bectauk
KazsHUTY, I'opusiit xypraan Kazaxcrana), 7 — B xKypHalie, BXOJAIIEM B 0a3y JaHHBIX
Scopus u Wed of Science (Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu,
Geology of Ore Deposits, Minerals, Lithos, Visnyk of Taras Shevchenko National
University of Kyiv geology), 8 — B MarepmanaXx MEXIYHApPOJIHBIX HAYYHBIX
KOH(epeHIU ONMKHEro U JajdbHEro 3apyOexbsi, MOJy4eH akT 00 HMCMOJb30BAHUU
pE3YyJIbTATOB HCCIIEIOBAHUSI.

Ctpykrypa U 00bem padoThl. JluccepranmonHas paboTa u3jaokeHa Ha 195
CTpaHUIaX U BKIIFOYAET BBEJICHUE, 7 pa3/I€i0B, 3aKI0UECHHUE, CIIUCOK UCIIOIb30BAaHHBIX
MCTOYHUKOB U3 155 HammeHnoBanui, 98 pucyHkos, 13 Tabnuil u 8§ IPUITIOKESHUIA.

ABTOpP BbIpakaeT IJIYy0OOKYH NPHU3HATEJIBLHOCTh W 0JIArOJApPHOCTH 32
MPAaKTUYECKYI0 W MOpPaJbHYIO TIOMOIIb TIPU BBIMOJHEHUHM U  OQOPMIICHUU
JIMCCEPTAIMOHHOM paboThl: IEPBOMY HaydHOMY KOHCYJbTaHTy akagemuky HAH PK
|JIL;1qKOBy B.A.| (PecnyOnuka KazaxcTtan), HayyHbIM KOHCYJbTaHTaM K.I-M.H.
Muzepnoit M.A. (Pecnybmuka Kazaxcran), k.r-m.H. Kotnepy IL.J[. (Poccus),
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npodeccopy Reimar Seltmann (BenukoOGputanus, 1. JJonaon); corpyaaukam LIkomns
Hayk o 3emsie BKTY wum. JI. CepuxbaeBa, crapiieMy HAy4YHOMY COTPYAHHKY
Mupomnukooir A.Il. PhD ¢umuana PI'TI «HI[ KIIMC PK» BHHHWnBermer;
corpynaukaM Llentp npeBocxoactBa «VERITAS» BKTY wum. JI. CepuxbaeBa 3a
MOMOIIb HU  BO3MOXHOCTh  TPOBEACHUS  DJIEKTPOHHO-MHUKPOCKOMHYECKUX
HUCCIIEeI0OBaHUMH.
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1 COCTOSIHUE MHWHEPAJIbBHO-CBIPBEBOM BA3bl PEJIKHUX U
PEJAKO3EMEJIBHBIX 2JIEMEHTOB B KASAXCTAHCKOM PET'MOHE

1.1 Kpurunyeckne BHIBI CbhIPpbSi — 00llee NOHMMAaHHE MPOOJIEMBI,
NnoTpeduTe I, OCHOBHbIE CTPAHBI IPOU3BOINTEIH.

Kak u3BecTHO B mocnegHee NECATUIETHE PE3KO U3MEHUIICS MOJIXOM K OLEHKE
pBIHKA MOTPEOJIEHUSI METAUIOB. BBICOKOTEXHOJIOTMUHBIE TTPOU3BOICTBA TPEOYIOT OT
pBhIHKa Bce O0JbIe M OOJbIIEe HOBBIX MaTepuaioB U MeTauioB. Ha mepennuii minan
MHUPOBOM TOPTOBJIHM CBIPbEM BBIIUIM TaK HA3bIBAEMBIE «KPUTHYECKU BaKHBIC
METAJIBD», K KOTOPBIM OTHOCST HE TOJIBKO KM3HEHHO BAXKHbIE METAJUIBI, HO U TE€,
0€e301MacHOCTh U CTAOUIIBHOCTH MTOCTABOK KOTOPBIX COCTABISIET CEPhE3HbBIE PUCKHU.

OTU pUCKUA MOTYT OBbITh BBI3BaHBI COYETAaHUEM (PAKTOPOB, BKIIIOYAs,, TOMHUMO
IPOYEro, OBICTPBIM POCT CHPOCA, BHICOKYI0 KOHUEHTPAIMIO LEMOYEK MOCTABOK B
KOHKPETHBIX CTPAHAX WJIM BBICOKMHN YPOBEHb BOJATHUILHOCTH LIEH.

MHoOrme wu3 3TUX KPUTHYECKHM BAXKHBIX MHMHEPAIOB NPOU3BOIATCA B
CPaBHUTEIBHO HEOOJBIINX 00beMax («BTOPOCTENEHHBIE METAJUIBD)) WM B KaueCTBE
COIyTCTBYIOILIMX METAUIOB (TO €CTh OHU IMPOU3BOJATCS KaK MOOOYHBIE MPOIYKTHI
JIpyroil ropHOAOOBIBAIOUIEH AESITEIbHOCTH), SIBJISIOTCS HE3AMEHSEMBIMH B CBOEM
OPUMEHEHUU U UMEIOT HHU3KHUE Kod3(duuueHntsl nepepaboTku. OcoOEeHHO Ba)KHBIM
NOTpEOUTENEM «KPUTUYECKUX BUAOB METAUIOB» B HACTOSIIEE BpeMs SIBISIETCA
HHEpPreTHKa, MAITMHOCTPOEHUE, IPUOOPOCTPOEHUE, IJIEKTPOHUKA U JIP.

Ha pucynke 1.1 mnpencraBieHa pacTymias MOOTPEOHOCTh CIpoca Ha
ONPENIEIICHHbIE BHUJBI METAUIOB OT 17 BeKa A0 CEroAHSIIHETO BPEMEHH, KOTOPOE
MHOTHE Ha3bIBAIOT BEKOM 3eJieHor peBomonnu. Kak BuiaHo u3 pucysnka 1.1 peakue u
pPEeIAKO3eMEeIIbHBIE AJIEMEHTHI SBJSIOTCS OJHUM M3 HanOoJiee BaXKHBIX COCTABISIONINX,
0€e3 KOTOphIX HE 00XOAMUTCS MPAKTUUYECKH HU OJ(HA cepa NpOU3BOJICTBA.

Pucynok 1.1 — DneMeHTbl, IIMPOKO UCIOJIb3YEMBIE B MPOMBIIIUIEHHOCTH MO rojiam

[Tpumeuanue — CocTaBieHo 1Mo UCTOYHUKY [1, c. 8].
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JUig KaKaoW CTpaHbl UMEETCSl CBOW CIHMCOK «KPUTHUECKHUX BHUJOB CBIPBS» U
BaYKHBIX JUIsl €€ 3KOHOMUKH TPYNH PEIKUX METAIOB (pUCYHOK 1.2).

Pucynok 1.2 — Ilepuonnyeckast Tabauia 3J€MEHTOB. beabIM [IBETOM MOKa3aHbI
KpUTHUYECKUE 31eMeHThl BennkoOputanuu, Brkimouas REE

[Ipumeuanue — CocTaBieHO 110 UCTOYHUKY [2].

B coBpeMeHHBIX MPENCTAaBICHUSAX K PEIKUM 3JIEMEHTAM OTHOCUTCA TpYyIINa
Majgo — u yiIeTpa—ManokiapkoBeix (10,2-10,7 Bec. %) ecTECTBEHHBIX
HEPaJMOAKTUBHBIX U HEOJArOpOJIHBIX, MPOMBIIIJIEHHO Pa3BUBAIOIINXCS METAUIOB U
HemetawioB [3]. [lo knaccudukanuu b.M. Koran, 1978 r. k peakum otHocuTcs 36
AJIEMEHTOB, BKIIOYas peako3emenbubie: Li, Rb, Cs, Sr, Cd, Se, Ga, Y, In, La, Ce, Pr,
Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Tl, Ge, Zr, Hf, V, Nb, Ta, Bi, Se,
Te, Re. B mpakTuke reogoropa3BeJouHbIX padOT K peIKUM METajljlaM 4acTO OTHOCAT
0JIOBO, BOJIb()paM 1 MOJIUO/IEH.

B pyaseix Qopmarusx ¢ peaKMMH MeETaJUlaMH TECHO AaCCOLMUPYIOT
peako3emenbHble 31eMeHThl (P3M), KoTopble 04eHb pelKo 00pa3yloT COOCTBEHHBIE
MUHEpaJIbl. MeCTOpPOXKICHUN ¢ pyJaMu, COJASPKAIIUMU TOJBKO PEAKO3EMEIbHBIC
MeTalibl B KazaxcTaHne He BBISIBJICHO.

Penko3emenbHbIE AIEMEHTHI — CTPATETHUUECKU BAXKHBIE PECYpPChI, UTPAIOIIUE
KJIFOUEBYIO POJIb B MIPOU3BOJICTBE COBPEMEHHOM 3JIEKTPOHUKH, MAIIMHOCTPOEHUU U
BOCHHOU MPOMBIIIJIEHHOCTH [4].

Pa3mep ppiHKa peIKOo3eMEeNbHBIX 2JIEMEHTOB oliecHHBaeTcs B 175,03 KMJIOTOHH B
2024 ronmy wu, kak oxwugaercs, npocturHer 214,89 xwnotonH k 2029 rony,
CpPEeIHEroI0BOM TeMmn pocta cocTaBuT 4,19% B TeueHue MPOTHO3UPYEMOTO MEPUOJA
(2024-2029 roxawr) [5].

OCHOBHBIMM ~ TIPUPOJHBIMM HCTOYHHUKaAMU P3M  sBSIOTCS  ClieIyroue
munepansl: O0actHesut (Ce,La,Y)COsF (comepkanue oxcumoB P3M 70-75%) [6],
monarut (Ce, La, Nd, Th)(PO4) (55-60%), nonaput (Na, Ce, Ca)(Ti, Nb)Os; (30—
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35%), kcernotuM (Y, Eu, Gd)PO4 (55-60%) u nonnoadcopOimonnsie rimusbI (10—20%)
[7, c. 580].

ITo ouenke I'eonmornueckoit ciyx6np1 CIIA B 2023 1. 0011ue MUPOBBIE 3aMachl
penkux 1 P3M (B mepecuete Ha okcuibl) coctaBrid 110 MuIH. T, U3 HUX Ha 10710 KuTas
MIPUXOJIUTCST OKOJIO TOJIOBUHBI BceX 3amacoB B mupe. OcHoBHble pecypchl B KHP
COCPEOTOUYECHBI B KeJIe30—HUOOUK—peKo3eMeIbHbIX MecTopoxaeHusix. B KHP
cocpenoroueHo okono 80% BceX M3YYEHHBIX MHUPOBBIX 3alacoB HaMMEHEe
pacnpocTpaHeHHOM uTTpueBou rpynnsl P33 [3; 8 c. 13].

B 80-e roasr mpomnoro Beka 6osiiie Bcero P390 npoussoaunu CIHIA. OxHako
n00bIYa UX CII0XKHA M JI0POTa U K TOMY K€ HAHOCUT CEPhE3HbIN yIIepO OKpY Karolien
cpele, a OYMCTKa TpeOyeT rpPOMaHbIX 00BbEMOB KUCIOTHI U SIBJISIETCS MPOIIECCOM HE
TOJBKO TPYJIOEMKHM, HO U OYEHb 3aTpPaTHbIMU. B pe3ynpTare pyIHHKU U IIaXThI 1O
no0bI4e Tora elie He O4YeHb HYXKHBIX U Heioporux P33 moBceMecTHO 3aKphIBAIKCH,
a ux nmpou3BonacTBO IepeHocunock B KHP. 3Haunrtensnbie chipbeBbie 3amacel P30,
HU3Kasi ce0EeCTOMMOCTh MPOU3BOACTBA, 3(P(DEKTHBHAS TPOMBIIIJICHHAS TMOJUTUKA
MOCHEAHUX  JIBYX  JIECSATWIETHH C  y4ETOM CBOpauyMBaHUSI  MPOU3BOJICTBA
penko3emenbHbIx MeTaioB B CIIA mo3Bonunu Kuraro yCTaHOBUTH MOHOIIOJIBHBIN
KOHTPOJIb HaJl MUPOBBIM PBIHKOM PEAKHUX 3eMenb |8, ¢. 13].

Btopoe Mectro mno 3amacam P33 3anumaror ctpanst CHIT (17%), roe
IIPEBAIMPYIOT B OCHOBHOM MecTopoxaeHus Poccun. Poccuiickme penkue 3emun
COCPEIOTOYEHbl B OCHOBHOM B JIOBO3EpPCKOM MECTOPOKIECHUM JIOMAPUTA U B
KOMIUIEKCHBIX MecTOpoxkaeHusXx Boctounoit Cubupu (pucynok 1.3) [8, c. 13].

Atomic symbol Li Li U Li
KoHueHTpauua Nnpou3BoACTBa Percentage of global annual production 35% 34% 18% 1%
KPUTUMECKHX METANN0E 1 1st largest 2nd largest 3rd largest 4th and 5th
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Pucynok 1.3 — Benymue cTpaHbl-IpOU3BOAUTENN PEIKUX METAIIOB

[Tpumeuanue — CocTaBieHo 1Mo UCTOYHUKY [1, ¢. 75].
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OtHocuTenbHO KpynHbIMU pecypcamu P33  obnamator Takke CIIIA,
Agctpanus, ['pernnanus, Kanaga, FOAP, Mnaus. OgHako BeITYCK KPYTHOTOHHAXHOM
pEIKO3eMENbHON MPOAYKIMU, MOMUMO KuTtas, B MocieqHue Tofbl OCYIIECTBIISIICS
ToJIbKO B Poccuu n MHanu (MOHAIIMTCOAEPIKAIIE POCCHITH ), BO30OHOBIIIACH JOOBIYA
B CIIIA u nauarta — B ABctpanuu [7, c. 583].

Jlonu cTpaH MOCTaBIIMKOB Ha PBIHKE pPEeAKO3eMeNbHbIX MeTamioB (P3M) u
COCIMHEHUN MEHSIIOTCSI €KEKBAPTAJIbHO, HE TOBOPS YK€ O €XKEroJIHOM M3MEHEHHH.
Takke MEHSIETCSL U PEUTUHT CTpaH MOCTaBIIMKOB. [ 1151 Ha AMarpaMmy JOJIEd CTpaH
B IpoJakax pelnko3eMenbHbIX MeTaiioB (P3M) u coennHeHnit, MOXXHO CKa3aTh, YTO
PBIHOK BBICOKO MOHOIOJIM3MpOBaH. B Tpoiiky nuaepos, xoTopeix MetalResearch
onenuu B 3 kBaptaie 2024 roaa, 6e3 yuera Poccun Bonum: Kurait ¢ goneit 26,73%,
Manaitzus ¢ nonei 19,26%, CILIA ¢ posneit 17,91%. I1o pe3ynbraTam aHanusa, cpeiu
JIPYTUX 3aMETHBIX CTpaH-MOCTaBUIMKOB: Anonus, ®panuus, Tamnann, Cunramyp,
Wunus, Hunepnanasl, Peciyonuka Kopes u npyrue ctpansl. Cpean MOCTaBIIMKOB
penko3eMenbHbIx MeTauioB (P3M) u coenuHenuii aHanuTuku yBuaenu u Poccuro.
Opnnako naHHble 0 Poccuum mpenocTaBisitoTCsl TOJIBKO MPU 3aKa3e aHajdu3a phIHKA
penko3eMenbHbIX MeTaJuoB (P3M) 1 coenrHeHui MOXKHO C TEKYIIEH WK C TJIaBHOM
cTpaHullbl caiita. B texymieit nuarpamme Poccus He BkitoueHa [9] (pucyHok 1.4).

Hounst Kazaxcrana: pocdop — 9%; Gapuit, renuii, nie3uii, Banaaui — 7/%.
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Pucynok 1.4 — CTpaHbl-IpOM3BOAUTENN KPUTHUECKUX BUIOB ChIPbS

[Tpumeuanue — CocraBieHo 1Mo ucTouHuky [10].
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1.2 CocTrosiHue U3Y4EeHHOCTH PeIKOMETAJJILHOTO chIpbsl B Kazaxcrane

MUHHCTEPCTBO  TPOMBIIUIGHHOCTH W CTPOHUTEILCTBA  pa3paboTalio
KoMmruiekcHbIN TJIaH Pa3BUTUS OTPACIU PEAKUX U PEAKO3EMEIbHBIX METAJIOB
Pecry6mmkm Kazaxcran na 2024—2028 rozsi, coobmaet Zakonkz. [11, c. 1].

KoMmiekcHbIi MIaH TpeaycMaTpuBaeT paclIUpeHUEe pecypcHOM O0asbl u
BHEJPEHHE  TEXHOJIOTUA  KOMIUIEKCHOTO  M3BJICUCHUS  PEIKUX  METaJUJIOB,
MOJICPHHU3AIMIO JCHCTBYIOMMX Mpou3BoAcTB [11, c¢. 2], pa3paboTKy cTaHIapTOB,
PETYJIMPYIOIINX OTPACIIb U CHATHE PEKUMA CEKPETHOCTH HA OTAEIbHbIE MeTasubl [11,
c.2].

Penkue u penko3eMeNbHbIE METAUIBI OTHOCATCS] K KDUTUYECKUM BHIAM ChIPbS,
BOCTPEOOBAHHBIM BEIYIIIUMHU OTPACISIMUA MUPOBOI S KOHOMUKU. OHU HEOOXOTUMBI 1J15
nepexoja K «3eJIEHOI» dHepreTuke, pa3BUTHUs MUPPOBBIX TEXHOJIOTUH, 0OOPOHHBIX,
a’POKOCMUYECKUX, MEIUIUHCKUX M MPOYUX BHICOKOTEXHOJIOTUYHBIX HaIlpaBJICHUIN
[11,c. 3].

B noxyMeHTe K peIKuM M pPeaKO3eMEIbHBIM METajlllaM OTHECEHBI LIBETHBIE
METAaJLJIbI, 32 UCKJIIFOYEHUEM PEJIKUX PaIUOAKTUBHBIX METAJIIOB:

— peaKue TYroriaBKkue MeTauibl (IUpKOHUM, radHui, BaHagui, HUOOUH,
TaHTaJl, MOJIMOJIEH, BOJIb(PpaM, TUTAH), PEAKUE JIETKUE METAIUIbI (JTUTUH, pyOuIuid,
1e3ul, OepuiUInii), peAKUe pacCeIHHbIC METAIUIbI (TAJUTNNA, UHIAUHN, TATUNA, TepPMaHUH,
raHUM, CelieH, TeTyp, PeHH);

— pelKo3eMenbHbIe METaJUIbl (CKaHIuM, UTTPUM, JTJAaHTAH U JTaHTaHOU IbI) [12].

Ha ceromnsmnuii nens B Kazaxcrane BbIsIBIEHO OKOJIO 124 MecTopoxkAeHUN
PM u P3M (110 OTKpBITBIM HCTOUYHUKAM). B cTpaHe Hanboliee mpuUBIIeKaTEIbHBIMHU IS
JIOpa3BeKd M JOObIYM SIBISIOTCS crheayomue mectopoxaenus PM u P3M: mo
BaHaauto — Kypymcak, bana-Cayckanapik; 1o TutaHy U nupkonuro — KapaoTkens,
O6yxoBckast, [Illokam, IllmakoBka, Kymkonb, CabbiHabikosb, [Ipornosnoe,
['opskoBckoe, bepe3oBckoe, 3adubsa, pyxbOa, Akecne; Mo TaHTady U HUOOHMIO —
Bepxnnii-MUprus, Ksapuesoe, Kanaii-Tankan, Bepxne—baiimyp3uHCKOE; 110 JTUTHIO —
HO6uneitnoe, Bepxune—balimyp3sunckoe, bakennoe, benoropckoe, AXMETKHHO,
Mengenka; mo monmubaeHy u Boibppamy — KokreHnkonb, poxuminosckoe, Bepxuee
Kaiipaktsl, CmupHoBckoe, FOxubiii XKayp, XKaner, bateicray, Akmaray, Kapaoo6a,
baitnazap; no 6epumummio — Hyparangel, Kapamxkan, Japat; nmo peakum 3emisim —
AxOynak, Kynaeibait, Bepxunee-Ocme, MoitbiHkyM, Aknana, Tamaiipeik, MemoBoe,
Towmak, Taitborap, TacmypyHn [11, c. 5].

Kpome Toro, Bo3mo’kHa momyTHasi J0ObI4a pPENKUX 3eMelb Ha OTICIbHBIX
MECTOPOXKIACHUSAX MOJuO/IeHa W Boibdppama, (GochopuToB, BaHaAMsI, TUTAHA W
IUPKOHMS, UCKOTTaeMbIx yriei [11, c. 6].

MunepanbHO-ChIpbeBasi 0a3a otpaciu PM u P3M Takke BKIIOYaeT 0OBEKTHI
TMO 0T TOpHO—METAUTyPru4ecKuX W XUMHUYECKUX TMPOU3BOJACTB. AHaIu3
comepkannsi TMO moka3piBaeT KOMMEPUYECKYIO TMEPCIEKTUBHOCTh OTIEIBHBIX
o0bexToB miisa u3BiaedeHuss PM u P3M. Ceronns Ha yuete B I'b3 naxoautcs 41 oObekT
TMO, conepxamuit PM u P3M, u3 Hux 31 00BEKT mepe/ilaH B HEAPOIOJIb30BaHUE.
TOO «SARECO», Bxonsamee B rpynmy «MACT», Bener nepepadborky TMO c
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BBIITYCKOM KOJIJIEKTUBHOTO KoHIleHTpata P3M u ¢uroca ckanaus nias mpojaxu Ha
skcropT. Ocranbhbie 00bekThl TMO HaxoasTcs Ha cTaauu uccieaoanus [11, c. 6].

Pynbl OonbimimHCcTBa MecTopokaeHnid Kazaxcrana komruiekcHble. [lomMumo
OCHOBHBIX KOMITOHEHTOB, OIPEIEIISIFOIINX MIPOMBIIUICHHY IO LHEHHOCTb
MECTOPOXICHUH, OHU coziepxat npumecu PM u P3M [11, c. 6].

OaHaKo TEXHOJIOTUH OOJBIIMHCTBA OTEUECTBEHHBIX MPEANPUATUN HAlICTICHBI Ha
W3BJICUEHNE OCHOBHBIX KOMIIOHEHTOB. [Ipu 3ToM MHOrue Buasl PM u P3M yxonsr B
OTBaJIbI, 00BEMBI KOTOPHIX TTOCTOSIHHO PAacTyT W HE Ucmoiab3yroTes [11, ¢. 6].

Ha ceroansiianii nenp TMO, pacnoJiokeHHbIE BHE KOHTPAKTHBIX IJIOMIAAEH,
HE MCCJIEIOBAHBI HA ITPEAMET COJIEPKAHUA LIEHHBIX KOMIIOHEHTOB, XOTS IPEACTABIISIOT
3HAUYMUTENBHBIN UHTEPEC B IJIaHE pa3BuTusa orpaciau PM u P3M [11, c. 6].

Ha cerogus B Kazaxcrane orpacias PM u P3M nmeet 70—TH JIETHIOIO HCTOPUIO
Y MOKET MCIOJIb30BaTh CKJIAJbIBAIOIINECS B MUPE TPEHBI JJIs1 YKPEIUICHHUS! CBOETO
AKCHOPTHOIO TOTeHIuana. Ha Texkynmii MOMEHT aKIMOHEpHOE OOIIEeCTBO «YCTh—
Kamenoropckuii tutaHo—marnueBbii koMOuHat» (ganee — AO «YKTMK») yxe
3aHMMAeT JIMJUPYIOIIUE TMO3UIHMH CPEeAd MHUPOBBIX IMPOU3BOJIUTENEH THUTAHA,
aKLIIMOHEPHOE OOIIECTBO «YIBOMHCKHIA METaJUlyprHYecKHil 3aBoa» — OCpWIUIMS U
tantana. Jlo 2004 roma pecnmyOIMKaHCKOE TOCYIAapCTBEHHOE MPEANpUSITHE
«JKe3kasranpeMeT» 3aHMMano BTOPOE MECTO B MHUPE IO BBINTYCKY peHus. Psax PM u
P3M pnoObiBaeTcst Kak MOMYTHBIM NPOAYKT Ha 0a3e KPYyHHBIX MPOU3BOACTB 0A30BBIX
MeTaiioB. OCHOBHAs TPOOJIeMa OTPACITH 3aKJIFOUAETCs B 3aBUCUMOCTH OT UMIIOPTHOTO
ceipbsi. Tak, AO «YKTMK» u AO «YM3» mjis npou3BOACTBA TUTaHA, TaHTaja,
HUOOUS UCHOJB3YIOT UMIOPTHOE ChIpbE, OEpUILINS — paHee HaKOIJICHHBIE 3aIlachl
OepriieBoro KoHueHnrpara [11, ¢. 7].

Bonvgpamosvie mecmopoocoenua. Ilo 3amacam Boibdpama Kazaxcran
3aHMMaeT mepBoe Mmecto B mupe. B Heapax Kazaxcrana 3akioueHo Ooinee 54%
3amacoB Bojb()pama, YUTEHHBIX TOCYyAapCTBEHHbIM OaylancoM ObiBuiero Coroza.
[Ipeobianaromias 4acTh MECTOPOXKACHUHN BOJIb()paMa OTHOCUTCS K KBAPIIEBOKUIBHO—
Ipel3eHOBOMY M IITOKBEpKOBOMY Turam — Kapaoba, Akmiaray, Bepxuee Kalipaktsl,
borytel u np. borateie BosbppamMoM pyasl pa3BeaHbl HA CKapHOBO—TPEH3EHOBBIX
mectopoxaeHusx (Cesepubiii Karnap, basiH) u B kopax BbIBETpUBaHHUSA CKAPHOBO—
rper3eHoBbIX pyaHbIX 3anexei (Kokrenkoinb [Ipomexyrounsiii) (pucynok 1.5) [13 c.
84; 14 c. 11].

Oxkono 85% 3amacoB BoJib(ppama MPUXOAUTCS HA OO IITOKBEPKOBBIX Py
(Bepxnee Kaiipakte, borytel, Koktenkonb, KapaoOuHckuii mTOKBEpK U Jp.) C
conepskanreM Tpruokcuaa Bosibdppama 0,12-0,19%. Huszkue comeprkanusi — OCHOBHOU
clepKUBarOIMA  (AKTOp UX MPOMBILUIEHHOIO OCBOGHMs. 3amachl CKapHOBO—
I'pEN3eHOBBIX MECTOPOKIEHUI COCTABISIOT 0K0JIO 9% Bosib(ppama, KBaleBOKMIbHO—
rpeizeHoBbIX — 1,2%, Kop BeIBeTpUBaHUS — 5,5% U pocchlniel — COThIE JOJIM TPOLIEHTA
BoJIb(pama ot obux 3anacoB [13 c. 84; 14, c. 11].
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Pa3smelleHne OCHOBHbIX MECTOPOXAEHWIA
onoea, monub6aeHa u sonbppama PP
Pecny6nuku KasaxcraH ks

w0 M

Pucynok 1.5 — Pa3menieHne 0oCHOBHBIX MECTOPOXKIECHUM MOJMOeHa U BoJb(ppama
PecnyOnuku Kazaxcran

[Ipumeuanue — CocTaBieHo 10 UCTOYHUKY [14, cTp. 14].

Monuboenosvie mecmopoxcoenus. 1ITOKBEpKOBBI THUIT CcOAepXUT 94,3%
3aMacoB, YYTEHHBIX OajaHCOM, 3amachl CKapHOBO-TPEU3EHOBBIX MECTOPOKICHUIM
COCTaBIAIOT oOKoido 3% MonmbOnaeHa, JKwibHO-Tpen3eHoBbIX — 0,8%. Psag
MOJIUOACHOBBIX MecTopoxaeHui, Bkiatouas [llanruio, Kapatac IV u KokreHkosb
OTHOCSITCS K IITOKBEPKOBOMY THUITy. KpoMme Toro, B JaHHYI0 KATETOPUIO BXOJIAT JACBATh
o0bekTOB: BoJb(dpamoBeie (Bepxnee Kaiipaktel, borytel, Kapaoba); menHbie
(bosmakonb, Koynpan, bopnbsl, Axrtorait, Awnapnsl, Koxcaii.). Conepxanue
MonuOJeHa B ATHX pyaax Hu3koe. Kaparac [ (monubaeHo-mMenHoe) W psij
MECTOPOXKJICHUH ¢ COMYyTCTBYIOIIUM MOJUOAeHOM, B ToM unciie CeBepHbiii Katnap u
Casikckad rpynna npuHauiexxar ckapHoBoMy Ttuiy [14, c. 12].

Co0OCcTBEHHO MOJIUOICHOBBIE W CYIIECTBEHHO MOJIMOICHOBBIC
MectopokaeHus: B Kazaxcrane He pa3pabaTbIBarOTCs, M00bIYAa MOJUOEHA BEACTCS
MONMYTHO TIPU 3KCIUTyaTallud KBAapLIEBOXWIBHO-TPEU3EHOBBIX MECTOPOXKICHUIN
Kapaoba m Axmartay, a Takke MEIHBIX CKapHOBBIX MecTopoxiaeHui (Caskckas
rpynmna) u MmeaHo-noppupoBsix MectopoxaeHuit (Koyupan) [14, c. 12] (pucynox 1.5).

Jlumuesvie  mecmopooscoenusi. B Kazaxcrane 11ecThb  BBISIBICHHBIX
MecTopoxieHun mutusi. Kimrouesele 3anacel iutug PK HaxonsTCst Ha MECTOPOKICHUAX
AxmetrknHO U Axmupockoe — 40% wu 34,1% or oOmux 3amacoB B CTpaHe
COOTBETCTBEHHO. IleHHBIN MeTamn Takke ObUl OOHApY)KEH Ha MECTOPOXKICHMSIX
bakennoe, Bepxne—baiimyp3unckoe, FO6uneitnoe 1 Mensenka [15, c. 1] (pucyHok
1.6).

Pa3Benannpie 3amackl AXMETKHHO COCTaBJSAIOT 23,28 THIC. T OKCHJA JIMTHSA
(A+B+C;), mepcnektuBHble — 3,06 ThIC. T. J[aHHBIX 110 pa3BeIaHHBIM 3aracam
AXMHPOBCKOTO MECTOPOKJICHHS Y IKCIIEPTOB HET, NEPCIEKTUBHBIE COCTABIISAIOT 22,22
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ThIC. T. Pa3BeanHbIe 3amachl TpEThEro no pasmepy mectopoxacHus (bakennoe) — 6,2

TBIC. T, IEpCOEKTUBHBIE — 2,8 ThIC. T. [15, c. 1].
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Pucynox 1.6 — OCHOBHbBIE U3BECTHBIE MECTOPOKICHUS JIUTHS, TAHTAJIa HUOOHS Ha
tepputopuu KazaxcraHna v nmpuieraromumx cTpal

[Mpumeuanne — CocTaBIeHO M0 UCTOUHKKY [16, ¢. 110].

Tonbko Ha cerogusmuuil neHb no Kazaxcrany 06azoit nanusix CERCAMS

3adukcupoBano 0osee 100 nepcnekTuBHBIX Li—coaepxkaniux «00beKTOB HHTEpPECcay,
MOJIEKAIINX MOJIEBOM PEKOTHOCIIMPOBKE U aHAIMTUYECKOW BepupUKaIMU (PUCYHOK

1.7).
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Pucynox 1.7 — IlepcrieKTUBHBIE OOBEKTHI 711 U3YUYEHUS TIO COCPKAHUIO
nutus B Kazaxcrane u nmpuiieraronyx CTpaHax

[Tpumeuanue — CoctaBiieHo 1Mo UCTOYHKKY [16, ¢ 115].

18



Tanman—nuobuesvie mecmopoacoenus — benoropckoe, bakennoe, FOoOuneiinoe,
KBapueBoe, Axmerknno, Kapaobunckoe u gpyrue.

O0yx0BCKOE — POCCHINb (TUTAaH—IUPKOHUEBAs). 3 UeThIpEX 3KCIUTYyaTUPyEMbIX
MECTOPOXKJICHUN Tpu pa3padaTeiBatoTcss Ha TaHTan bemoropckum ['OKom
(benoropckoe, bakennoe, IOOuneitnoe) u onno KapaobuHckoe paspabarbiBaeTCs
Axmatayckum ['OKom Ha Bosb(paM ¢ HOMyTHHIM MOJTHOIEHOM, BACMYTOM U OJIOBOM.
Copeprkanuecs: B BOJIb(PpaMHUTE M KACCUTEPUTE TaHTAT U HUOOWI HE M3BIICKAIOTCS, C
BOIbPAMOBBIM M OJIOBSIHHBIM ~ KOHIIEHTpaTaMu TMOCTYIMAIOT MOTPEOUTEIIO.
OO0yX0BCKOE MECTOPOXKJICHHE, B KOTOPOM TAHTAJI SIBJISIETCS MOMYTHBIM KOMIIOHEHTOM,
B HACTOsIllee BpeMs TOTOBUTCS K OCBOEHMIO. llepcnekTuBbl paciupeHus
MUHEpaIbHO—ChIpbEeBO 0a3bl TanTana B Kanba—HapsiMckoM paiioHe He McuepIiaHbl.
Kpome TpaiuuMOHHBIX [JIsi pailoHa MEerMaTUTOBBIX OOBEKTOB, IMIUPOKUM
pacmpocTpaHEHUEM  MOJB3YIOTCS  KBapUEBOKWIHBHO-TPEU3EHOBBIE  BOJIbPpaM—
OJIOBSIHHBIE TPOSIBJIICHHS C BBICOKMM COJEp’KaHWEM TaHTaJla B Kaccuteputax (Ooiee
0,1%) u Bonbdpamurax (6omnee 0,05%) [14, c. 12].

B PecnyOnuke Ka3zaxcran ObuiM M3BECTHBI 12 MECTOPOXACHUH, COIEpKAILIUX
TAHTAaJ, U3 KOTOPBIX 7 MECTOPOXKACHUN C Pa3BEIAHHBIMU 3aI1aCAMH CBBIIIE 2 THIC. TOHH
okcuna TaHtana (pucyHok 1.6). benoropckuit 'OK, ocymiecTBISBIINN MOCTaBKU
TAaHTAJOBBIX KOHILIEHTPAaTOB Ha YM3, 00aHKpOTUIICSA, PYIHUKH U OOOTATUTENbHBIE
(bhaldpuku JeMOHTHUPOBAHbI. MeTaTyprudecKuil TaHTAJIOBBIN 3aBOJ 00€CIeUrBaCTCS
ceipbeM u3 cTpal LlentpanbHoii Adpuku. Huobuii sBisercs: monyTHOW MpOayKIuen
nepepaboTKu TaHTaloOBbIX pyA. CelppeBOe 0oOecreueHrue MpOoU3BOICTBA OEpUILIMS B
KazaxcTane ocy1ecTBIsIIOCs NOCTaBKaMK U3 Poccun.

B coBerckoe BpeMs HacCUMTBHIBAIOCH A0 12 mpeanpusaTui, NpOU3BOIAIIMNX
IPOAYKLIHMIO 3TOM oTpaciu. [lo BuaaM mpoW3BOAMMON NMPOAYKIUH M OpraHU3aldA
IIPOM3BOACTBA C MPOAyKIMen, opueHTUpoBaHHOW Ha BIIK - 310 UpThILICKHI XUMUKO-
METaJUTypruyecKuil 3aBoji, YJIBOMHCKUMN MeTaulypruyeckuii 3aBon, LleauHHBIM
rOpHO-XMMHUYEeCKHii KomOuHat, 3aBoibl «Kepamuka» u «Kackop». 3O1o ObuM
MPUOPUTETHHIC IpEeANnpUATUS oTpaciu 151 o0ecreunBaluCh
BBICOKOKBAJIM(DUIIMPOBAHHBIMU KaJpaMH, 000pYAOBAHUEM U HAYYHOU MOIIEPIKKOM CO
Bcero Coserckoro Coro3a.

Huobuenocnocms um3ydallacb TONYTHO TPU  OLEHKE TaHTAJIOHOCHOCTH
MectopokneHuii. B PecnyOnuke HW3BECTHBI CIIEIYIONIME COOCTBEHHO HHOOUEBBIC
MECTOpOKAeHUs U TposiBieHUs: JloceBckoe (K0TyMOUTOBBIE TPAHUTHI) U CBSA3AHHBIE C
Humu Koktepekckass u BuktopoBckast pocceinu; BepxHe—OcnuHCKoe (IIEI0YHBIC
rpanutbl — Ywunaruz—TapOararaii); Bepxue—Wprusckoe (Kopbl BBIBETpUBAHHUSA TIO0
pEAKOMETAIUTLHBIM IerMaTtutaM — Myrokapsl); bopcbikcaitl (HedenTnHOBbIE CHEHUTHI
— Myromxkapsl) u psaja 0osiee METKHUX TposBiieHuit [ 14, c. 13].

Onosannvie mecmopodxcoenusi. B Ka3axcrane 3amacbl ojoBa y4TeHbl 1o 14
MECTOPOXKACHHUSAM, B TOM YHCIIE TPU MECTOPOXKICHUS C 3a0alTaHCOBBIMU 3aMacaMH.
MecTopoxaenus ¢ 6alaHCOBbIMU 3anacaMu — AXMeTKMHO, bakennoe, benoropckoe,
Bepxne—baiimyp3unckoe, [Jomuna FOxnas — pocceinb, Kananam, Kapaodbunckoe,
Kanaii—Tankan, Measenka, CeipsiMOet, FOOumeitnoe (pucynok 1.8) [14, ¢.9].
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Pucynok 1.8 — Mectopoxaenus onoBa Ha Tepputopun Kazaxcrana u
COIPEEIBbHBIX CTPAH

[Mpumeuanne — CocTaBIeHO 1O UCTOUHMKY [16, ¢. 111].

CaMoe kpymHOe B3 3TUX MeCTopokIeHn — CrIppIMOET, pa3Benano B 1994 1. u
ABJIAETCSI COOCTBEHHO OJIOBOHOCHBIM. biiarogapsi 3ToMmy MECTOPOKIEHUIO OAJIaHCOBBIE
3amacel 0JioBa nociie 1994 r. Obun yBenuueHsl O0Jiee 4eM B J1Ba pa3a, 3HAYUTEIbHO
NOJHSUIOCh M CpeJHee COAepKaHhe oJioBa. IIpOMBINUIEHHOE  OCBOEHHE
MectopoxxaeHus: CeipbiMOeT mo3BOIMI0 KazaxcTany 3aHsATh 3HAYMMOE MECTO B MUPE
0 MTPOM3BOJACTBY oJioBa [ 14, c. 9].

CornacuHo nanasiM Komutera reosiornn MuHucTepcTBa MPOMBIIUIEHHOCTH H
ctpoutenbcTBa PK, mo cocrosnuio Ha Hawyano 2024 rona, chipbeBas 0aza peakux
METaJUIOB B pecIyOJiMKe MpejcTaBieHa (ThiC. TOHH): Bosib(ppam — 2400; monubaeH —
1100; nutuii — 75.6; oeprminii —68.8; Hunoodwuii — 28.1; Tantan — 4.6 [17].

Peokosemenvuvie  mecmopoowcoenusi. B Kazaxcrane — mepcreKTUBBI
PEAKO3EMENLHOTO OPYICHEHUS CBS3BIBAOTCS C KOMIUIEKCHBIMU PYJIaMU KEMOPUMCKUX
BAHAU—PEIKOMETAUIBHBIX MecTOpoxkaeHurn Kypymcak u bamacayckaHaplk B
Kaparay. B pyaax 3Tux MecTOpox/IeHUI yCTaHOBJIECHA MPsSMasi KOPPEISAIUOHHAS CBS3b
MEXK]Ty BaHaJUEM U peIKo3eMeNIbHBIMU drieMeHTaMu. B ¢pochoputax Kaparay cpennee
conepxkanue P3 0,08%. ['eonornueckue 3amacel P30 B Kapartay ouenusarorcsa B 1150
ThIC.T. B 6anancoBeIX 3anacax MmectopoxaeHus XKanarac 3amnacel P39 oneHnBaroTcs B
253,8 TeiCc.T. [14, . 10.].

C yueroM BbICOKOW cTOMMOCTH P30 Ha MUPOBOM pPBIHKE W KX LIMPOKOTO
MPUMEHEHUSI B PA3IMYHBIX OTPACSAX MPOMBIIUIEHHOCTH, BOBJICUEHUE B IMOIYTHOE
u3Bneuenue P30 u3 dochoputoB Ha nelicTByromux cymnepdocdaTHBIX 3aBOJAX,
BKJIFOYAsl TEXHOJIOTMUECKUE OTBalbl, PecyOmnuka Kazaxcran MOXKET 3aHSATh OJTHO U3
BEIYLIMX MECT KaK MOCTaBIIMK PEAKUX 3eMeNIb HAa MUPOBOM pbIHOK [14, c. 11].
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[TonumeTannuyeckoe Chipbe IepepadaThIBACTCS Ha MNPEANPUATUSAX LBETHOM
METaJULypPIrUy CTPAHbI U CBSA3aHO C KPYITHOTOHHAYKHBIM ITPOU3BOACTBOM M€/, CBUHIIA,
LIMHKA U3 OT€YECTBEHHBIX MECTOPOXIeHn BocTounoro u LlentpansHoro Kazaxcrana.
Copnepxxanne P3M B nonumertamnmyeckux KoHueHTpartax cocrtasiser ot 0,01 mo
0,001%. P3M B xome mnepepabOTKH KOHIEHTPUPYIOTCS B pPa3IMYHBIX BHUAAX
oty pabpuKaToB, U3 KOTOPHIX M MOJy4alOT TaKUE AJIEMEHTHI, KaK — PEHHIA, CEJeH,
TN, TETyp, KaJAMWUW, TalUIMid, MHAUNA, cypbMma u T.1. Kak mpaBuino, oObeMbl
nosty(abpukaToB u cojaepkanue B HUX P3M 3aBucat or o0BbeMOB MpPOU3BOJICTBA
OCHOBHOTO TPOAYKTa U KayecTBa MPUMEHSIEMON TEXHOJIOrMU. YeMm COBEpIICHHEE
pUMEHsieMass TEXHOJIOTHS, TEM BBIIIE KAYECTBO M OOBEMBI JKEJIaeMOro MpPOAYKTa.
OcHoBHbIE NpennpusATus, u3piekarmue P3M kak nonytHoe cbippe B KazaxcTane —
Yerb—KameHoropckuii - CBUHIIOBO—IIMHKOBBIA M TUTAHOMAarHWeBBbIM KOMOMHAT,
[TaBnogapckuii  amroMuHHEBBIH ~ komOumHaT.  YcTb—Kamenoropckuit  TMK
CHeUaIn3upoBalICs Ha nepepaboTKe UMIOPTHOTO ChIPbs, C HEOOJIBIIMMUA O0BEMaMU
no0brur Ha CaTnaeBCKOM MECTOPOXKIECHUM WIbMEHHUTA. [Ipon3Boas OCHOBHYIO
IPOIYKUHMIO TUTAH U MarHui, MOMyTHOW NPOAYKIMEHN SBISETCS OKCUJ BaHA U, paHee
IIPOU3BOJNJICA U PEAKUM CKaHIAM.

[TaBrogapckuil aTFOMUHUEBBIN 3aBOJ, IlepepadaThiBas O0KcUThI Typraiickoro u
JIPYTUX MECTOPOKICHUM, KpPOME aTIOMUHUS MPOU3BOINUT PEIKUHN TAILIUN.

Bwvi6oowt no puinky ceipvs Kazaxcmana. 1'TaBHOW CIIOXKHOCTBIO Pa3BUTHS
MPEVIOKEHNS HA PBIHKE PEAKUX U PEIKO3EMENIbHBIX MeTaIoB KazaxcraHa siBisieTcs
OanaHcoBast mpoOJemMa — pa3HULAa MEX]ly €CTeCTBEHHBIM pacnpenenenueM PM u P33
B PYy/Jlax MECTOPOKECHUI U PBIHOYHBIM CIPOCOM Ha HUX. CIPOC Ha 3TH METAJLIBL, IPU
JIOBOJIBHO BBICOKMX II€HAX, HEyCTOWYMB [8, c. 15].

Tax xak B OOJILLIMHCTBE CIy4yaeB MPOU3BOJIUTENN PEIKO3EMEIbHBIX METAIIOB
HE OrPAHMYMBAIOTCSA BBITYCKOM OJHOIO 3JIEMEHTA, B YHCJIE MPOAYKIHMH 4YacTo
BCcTpeyaeTcs: eule U coeguHeHust P3M, takue Kak OKcHibl, KapOOHAThl U ApPYyTHe,
MOATOMY U OIIEHKA PhIHKA PeAKO3eMeNbHBIX MeTauioB (P3M) nomkHa y4uThIBaTh HE
TOJIBKO CAMH METAJIJIbl, HO U UX COEIMHEHHUS.

[lo oumeHnkamMm U pacyeTaM, TNPOBEIECHHBIM TPYNNOW aHajdu3a pPHIHKOB
MetalResearch B ¢eBpane 2025 roga, MUPOBOM PBIHOK PEIKO3EMENbHBIX METAIJIOB
(P3M) u coemunenuit B 2024 romy mnokazajg 3aMETHOE YyBEIMYEHUE MPOJaX B 3
kBaptasie 2024 ropa. AHaIWTHUKA OUEHUBAIOT 3TO u3MeHeHue B +14,1% mno
otHoueHuto K 1 kBaprany 2024 roga. Ho He Bce Tak ogHo3HauHO. Ecnu B 1 kBapraie
2023 roga 06beM TIPOIaXK HA PHIHKE peKo3eMeNbHBIX MeTauioB (P3M) u coenunenuii
orenuBayics B 691 981 twic.jomn., To yxke B 3 kBaptasnie 2024 roma o0beM Mpoax
oueHuau B 431 261 Teic.momn. Junamuka u3aMeHeHui 3a 1 rog + 9 mecsieB nokasana
nagenue Ha —37,7%. [Ipu 3TOM MOXy4YMIIOCH, YTO MOKa3aTedb MpoAa)x ObLI caMbIM
HU3KKUM 3a nepuop 2023 — 9 mecsiues 2024 roga — B 2 kBaptaiie 2024 rona, a peKopJIHO
BBICOKMM OB B 1 kBapTane 2023 roxa [9, c. 1].

CpaBnenue 9 mecsneB 2023 u 2024 rogoB Haubojee MoKa3aTelbHbI C TOYKU
3peHHMsl TIOHMMaHWs W3MEHEeHuM, mnpowusomenmmx B 2024 roay Ha pbIHKE
penko3eMenbHbIX MeTauioB (P3M) u coenuHenuil, moka gaHHbIe 3a MOIHBIN 2024 To
HE ToSIBUINCE. 3a 9 mecstieB 2024 nmo otHomenuro Kk 9 mecsam 2023 roga, aHaJIMTUKA
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MetalResearch ouenunu u3mMeHeHue oObemMa NPOAAX HA PBHIHKE PEIKO3EMETbHBIX
MetaiioB (P3M) u coenunenuit Ha —31,8% o ypoBast 1 236 091 Teic. nomn. Koneuno,
€Clii CpaBHMBaThb B HATYpaJIbHOM BBIP@KEHHUH, TO TIOKa3aTelb MPOAaXK
penkozemenbHbIX MeTauioB (P3M) u coenqunenuit OyaeT Apyroil, Kak MOXKET OBITh U
npyras auHamuka. OpHako Oojee WIIIOCTpUPYIOIIas IWHAMUKA HaOII0AaeTcs
UMEHHO B JICHE)KHOM BBIPQXEHHUH, TOCKOJIBKY 93TOT TIOKa3aTelb OILICHWBAET

KOJIMYECTBO JICHE)KHBIX CPEJICTB, 000PAYUBAIOIINXCS HA TaHHBIM phIHKE (pUcyHOK 1.9)
[9,c. 1].

691981

608 878

1kBe. 2023 2 KB. 2023 3 kKB. 2023 4 kB. 2023 1ks. 2024 2KB. 2024 3Ke. 2024

511624

461 359
427 001 431261
l . ) .

Pucynok 1.9 — J/luHamuka npoia’k Ha MUPOBOM PBIHKE PEIKO3EMEIBHBIX METAJIIOB
(P3M) u coenunenuti B 2023 — 3 xB. 2024 1T.

[Ipumeuanue — CocTaBieHo 110 UCTOYHUKY [9, c. 1].

Kazaxctan crpemutcss K auBepcH(HUKAIMU CBOCH IKOHOMHKH W Pa3BUTHIO
BBICOKOTEXHOJIOTHYHBIX OTpaciiei, YTOObIl CHHU3UTh 3aBHUCHUMOCTh OT PECYpPCOB M
YBEIUYHTH JOOABJICHHYIO CTOMMOCTh B MPou3BoACTBE. OMHAKO, B HACTOSIIEE BpEeMsI
Ha (hoHE YCTOWYMBOTO COKpAIICHHUE 3allacoB MO HEKOTOPHIM OCHOBHBIM BHJaM
MeTasuioB (30J10TO, cepedpo, CBUHEI, ITUHK, ME/Ib), COKpAIIEHU UX JO00BUU (Kpome
cepeOpa U MeaM) U OTCYTCTBHS BOCIIOJHCHHS 3amacoB TpeOyeTcs HOBBIM MOIXO0M K
(hOpMUPOBAHUIO PHIHKA CHIPHSI.

JIJIst  yCTIeIIHOTO TPOJBIKEHHSI B 9TOM HaINpaBiICHUM HEOOXOJUM aHaInu3
TEKYIEH CUTyalluu, W3yYeHUEe NUHAMHUKU Pa3BUTHS MHUHEPATbHO—CHIPHEBON 0asbl,
aHaIM3 TMOTPEOHOCTH TOJE3HBIX HCKOMAEMbIX W IUIAHUPOBAHUE PA3BUTHS PBHIHKA
HeTpaauunoHHbIX 11 Kazaxcrana BUAOB ChIpbs. Pa3BuTHe MUHEpPaIbHO—CHIPHEBOU
0a3bl peIKMX METAIIJIOB, KaK OJTHOTO U3 BAKHEUIITUX BUIOB CHIPhS, BXOSIINX B CITUCOK
CKPUTHYECKUX METAIIOB», MOXKET CTaTh BAXXHBIM IIIarOM JJIS Pa3BUTHS SKOHOMHUKHU
Kazaxcrana.

1.3 CoBpeMeHHO€ COCTOSIHUE M3YYE€HHOCTH I'e0JIOTHH U PeIKOMeTA/LIbHOM
MeTaJIJIOTeHNH PailoHa Mcc/ieJ0BaHUs

O6bekT wuccnemoBanust — Kamba—HapeiMckuii  6aTOIUT, TMOJTHOCTHIO
pacniosioxkeH B mepenenax Kamba—Hapeimckod 30HBI Ha Tepputopuu Boctouno—
Kazaxcranckoit o6nactu Pecnybnmuku Kazaxcran. OcHOBHONM 00BEM  30HBI
JOKaln30BaH B JieBoOepexbe Mpreima u ByxTapMuHCKOTO BOJOXpaHWIMIIA U
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BBIpaXKEH B pelibede B BUIE MpoaospKaromux apyr apyra Kandunckoro u Hapeimckoro
XpeOTOB, KOTOPBIE OTHOCATCS K Foro—3anaanoi yactu Anras. Kanba—HapsiMckast 30Ha
U TIPOCIIEKHUBAETCS OT TpaHUIbl ¢ Poccuelt, rae mepekpsiBaeTCs OTIOKEHUSIMU
3amaguoit Cubupu, 10 reppuropun Kutas na roro—Boctoke [18, c. 13] (pucynok 1.10).

84| 90°|
Poccusi

L
) 93- Xybeyryn
L

| Kazaxckuii
MEMKOCOMOYHHK

Naganewan

; W
+,03. bamxau,

Pucynok 1.10 — Jlokanu3zauust TeppUTOpUI UCCIECTOBAHUN HA KOCMUYECKOM
cauMke (cmyT. Landsat7)

[Ipumeuanue — CoctaBieHo 1Mo UCTOYHUKY [18, c. 14].

[TonuroH wcciaemOBaHWA TPEACTABISECT COOOW OIWH W3 KIFOYEBBIX Y3JIOB
pynHoO# reosioruu Ha tepputopun PecnyOnuku Kazaxcran. Mctopus ero usydeHus
neTanbHO omucaHa B padotax (psuxos, 1979; JlonatHukoB u ap., 1982; JIbsS4KoB U
ap., 1994, lep6a u ap., 1998 u ap.). 'eonornueckuii unrepec k Kandba—Hapsimckomy
paiioHy BIIEpBBIEC MPOSBUIICS €UIE B JIEBATHAAIATOM BEKE U CBSI3aH B MEPBYIO OUYEPE/b
C HaJIMYUEM 37€Ch MHOTOYHMCIEHHBIX MECTOPOXKICHUWA U PYAONPOSBICHUN 30JI0Ta,
0JIOBa U peAKux meTauioB. [lepBbie onucaHHsi T€OJOTMUYECKOTO CTPOCHUS TAHHOTO
peruoHa ObUTK caenaHbl moj pykoBoAcTBoM I1. A. Uuxauesa B cepenune XIX Beka.
[TepBbic nerampHbIe KapThl KajaObl 1 IPEANOI0KEeHNS O BO3pACTe TPAHUTOB 0ATOIHUTA
ObUTN caenanbl o1 pyKkoBoacTBOM B. A. O6pyueBa B Hayane XX Beka.

OTKpeITHE  psAga KOPEHHBIX W POCCHIITHBIX  OJIOBO—BOJIB(PAMOBBIX
MeCTOpOXJIeHMH B 30—Xx rogax MPUBEIO aKTUBHOMY POCTY T€0JIOrO—Pa3BEIOYHBIX
pabot B npenenax Kanba—HapsiMckolt 30HBI. Pe3ynbTaToM 3TOr0 M3yUueHHUsl SBUIIUCH
nepBble  Teojornueckue KapThl Macmraba 1:100 000, a Takke mepBas
cTpaturpaduyeckas CXema peruoHa, COCTAaBJICHHBbIC T10J] pykoBojacTBoM H.A.
Emnceea u B.II. Hexopomesa. B mnpenenax Kanba—Hapweimckoit 30HBI ObLIH
BBIJICJICHBI ~ PAa3HOBO3PACTHBIE  TI'PAHUTHBIE  KOMIUIEKCHI:  PEIKOMETAIbHBIM
KaJIOMHCKHUM U 3MEMHTOPCKUN TOJTUMETAIITNYECKUMA.
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B 1941-1945 rr. uccnenoBanusi B Boctounom Kazaxcrane mpoBOIUIIUCH IO
pykxoBoactBoM [.H. Ilep6s1, M.B. MyparoBa, B.1. CnaBuna. Ilo pe3ynbpratam ux
paboT OBLIO COCTABIECHO HECKOJIBKO JAETaIbHBIX KApPT OT/AEJIbHBIX MACCUBOB, OTKPBITO
HECKOJIbKO MECTOpPOXKIAEHUN oJioBa U Bosibpama [18, c. 15], a Takke BBIJEICHBI
TJIaBHBIE CTPYKTYPHBIE PETHOHA U C/IETIaHbl IEPBbIE MPETOIOKEHHS O TEKTOHUYECKOMN
ucropuu pazsutus [19]. HecmoTrps Ha moctaTtouyHo OOJBIIYI0 AUCKYCCHOHHOCTD
OTJICJIbHBIX BOMPOCOB TI'€OJOTHHU PEruoHa, JTaHHbIC, KOTOPbIE ObUIM IMOJYyYEeHBI B
cepenrHe M Hadasie XX BEKa CTAIU HAJEKHOM OCHOBOM IS JAJIbHEUIIErO U3YYCHUS
reoJioruu U Metamuiorennu Kanosbr.

B nmnocneBoennwie TOnmbl Omaromaps paboram I[H. Ileposr u M.A
AOynkaOUpOBOM YCTAHOBJIEHO, YTO BCE MEPMCKUE TPAHUTOHJBI PETHOHA MOXHO
pa3ienuTh HAa OHOTUTOBBIE TPAHUTHl KAJIOMHCKOTO KOMIUIEKCA U OHOTUTOBBIC
JEUKOTPAHUTBl MOHACTBIPCKOIO  KOMILJIEKCAa, a TakKKE€ YCTAHOBJIIEHA CBA3b
PEIKOMETAUIBHBIX ~ MECTOPOXIACHUW C TpaHUTaMH KaJIOMHCKOIO KOMILIEKCa
(Abnynkabuposa, CtpoeBa, 1955; lllep6a, 1957). B paborax I".H. lllepObI Bricka3aHbI
MPENOJIOAKEHUS O CBSI3U MarMaTu3Ma, METAJIOTCHUU U TITyOUMHHBIX MOJBUKHBIX 30H,
KOTOpBI€ ObUTH pa3BUTHI B Ooiiee mo3gHuX padotax. B konme 50-x coTpyaHukamu
BCEI'EM Ha ocHOBE NMPOBEAEHHBIX T€0JIOr0O—CHEMOYHBIX PA0OT OBUIM MOCTPOEHBI
nepBbie cpenHemaciTadubie reosiorndeckue kapThl (1:200 000). HayaTa paspabotka
NerMaTUTOBBIX MecTopoxkaeHui LlentpansHoil Kanbel — bakennoro, KOOuneitHoro,
benoit T'opel, a Takke 3amyiieH bemoropckuil ropHO—00OTaTUTENBHBIN KOMOUWHAT,
nepepadaThiBaronii BcE€ J0ObIBAEMOE PEIKOMETAIIIIBHOE ChIPHE.

B 70—x romax orpoMHbIi 00BEM JAHHBIX MO TE€OJOTHYECKOMY CTPOCHHUIO U
marmatusmy Kanba—Hapeimckoro 6atonurta ObL1 OTydeH Mo pyKoBoiIcTBOM bopuca
AunekcanapoBuya [[pgukoBa. BriepBble UM BBIIEIEHBI UHTPY3UHU TUIATHOTPAHUTOUIOB
U 000CHOBaH WX JOKIOWHCKHI BO3pacT, a TaKXKe BBIICICH CaMOCTOSTEIbHBIN
MUPOTIOOOBCKUN KOMIUIEKC, B COCTaB€ KOTOPOro TMOCTOATOJUTOBBIC MalKH OT
OCHOBHOTO JI0 KHUCIBIX cOCTaBOB (/pstuxkoB u ap., 1698; IpsukoB, 1972). B stor
BPEMEHHOM OTpe30K ObLIIM MOCTPOCHBI ACTAIBHBIC KAPTHI OCHOBHBIX PYJIHBIX Y3JIOB U
MacCHBOB 0aTOJIUTa, ONTMCaHa 1 000CHOBaHA MHOT0()a3HOCTh TPAHUTHBIX KOMILJIEKCOB.

B 80-90-¢ romer Ha Tepputopun BocTouno—KazaxcraHckoi obiacTé ObLIO
MPOBEJICHO JIeTallbHOE Teosiornueckoe kaptupoBanue 1:50 000 macmitaba, a Takxke
OBUTM TIOCTPOEHBI JETalbHbIE MPOTHO3HBIE KAapThl 3TOro peruoHa. Ilo reonoruu
Bocrounoro Kazaxcrana, B epByio ouepeab MarMaTuuecKou, ObIIIN OMyOJIMKOBaHbBI
riaBHbIe 000OIatoie MoHorpaduu (Jlonaruukos u ap. 1982; [psukoB u nap., 1994)
[20, 21]. Taxxke B xoHue 90—x corpyaaukamu HAH PK B pesynprare o6o01marommx
paboT 1O T€OJOTUHU U TIOJIE3HBIM UCKOMAeMbIM AJTas ObljIa BBIMYIIEHA TPEXTOMHAS
MoHorpadus «bonbiion Antait». B mepBoil KHUTE MPUBEACHBI JaHHBIC 110 UCTOPUU
pa3BUTHS W reosiorudeckoMmy crpoeHuto Boctounoro Kaszaxcrana (Illepb6a u mp.,
1998), BOo BTOpOI OnMUCaHbl OCHOBHBIE THIbl MECTOPOXKJIECHUN U MUHEpPAreHUYECKUe
orieHkn pecypcoB Bocrounoro Kazaxcrana (Illep6a u mp., 2000), B TpeTheil naHb
XapaKTepUCTUKA U TOTEHIMAT HEPYIHbIX MeCTopokaeHud bonbioro Aunras
(Camapramnues u nip., 2003).
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B 90—x romax Hawanoch mnepeocMmbicieHue reosiornu Kaszaxcrana ¢ TOYKH
3pEHUS COBPEMEHHOW Teopuu TEKTOHWKW TUHT. CQOpMyIHpOBaHBI TIEPBBIC
MPEACTABICHUSI O POJIM IUICHT—TEKTOHHKHA B Pa3BUTHUM TeoJIoTUU BocTodHOro
Kazaxctana, BBIICIEHBI TEPPEWHBI ©  CTPYKTYPHO—(OPMAIIMOHHBIC  30HHI,
WCCJICIOBAHBI KPYITHOAMILUIUTYIHBIC CIBUTOBBIC 30HBI [22-27].

B nauane 2000—x romoB Ha Teppuropun Boctounoro Kaszaxcrana Hauvamuch
paboThl MO TEOJOTUYECKOMY JIOM3YUYeHMIO Iuiomaaei macmrada 1:200 000,
POBOJMMEBIE TreosioropasBefouHoil kommnanuedt «Tomaz» (A.E. Cremanos, W.I.
Teepsinkun, O.B. HaBo3zos, B.I1. Consanuk u ap.). [1o pe3yabTaTam 3TUX paboThl ObLIN
COCTAaBJICHbl T'€OJIOTUYECKUE KapThl HOBOTO TOKOJICHUS, YTOYHEHBI BOIPOCHI
MarMaTU4ecKOil TeoJloTuh M cTpaturpaduu peruoHa. 3HAYUTENbHBIA BKIIAJ B
M3y4yeHHE Marmatu3ma u reosioruu BocroyHoro Kazaxcrana BHeCIM Hay4HbIE
corpynnuku MuctutyTa reojoruu u munepanorun CO PAH (A.I'. Bnagumupos, C.B.
Xpomsix, C.3. Cmupnos, 1.YO. Cadonona, M.JI. Kyiiduna, I1.J1. Kotnep, A.B. TpaBun
u 1p.). Imu BrepBbie ObLIM MPUMEHEHBI COBPEMEHHBIC aHATIMTUUECKUE METOJIbI K
reojgornyeckuM ooObekTaM OOp—3alicaHCKOil CcKJIaguaTod o0jJactTd U YUWHru3—
TapOaratas takue kak U-Pb um Ar—Ar H30TONHOE JaTUPOBAHUE, H30TOIHBIC
ncciaenoBannst Rb—Sr m Sm-Nd cmcrem m aHanm3 m3otomHoro cocrtaBa 0180,
TepMOOAPOreOXMMHUYECKUE HCCIEIOBAHUSA, OINPEIEICHUE BO3pacTa JETPUTOBBIX
UPKOHOB. Pe3ynbTaThl 3TUX pabO0T OMyOJUKOBAHBI B PSAJIEC BEAYIIMX MEXKTyHAPOIHBIX
xypHaios [27-31].

B cBa3u ¢ yBenuueHueM MOTPEOHOCTEH COBPEMEHHON MPOMBIILIEHHOCTH B
PEIKOMETANIBHOM ChIPbE, B TIEPBYIO OUEPEAb B JIUTHUS, TAHTAIE U PEAKO3EMEIbHBIX
MeTauiax, pyaHsie o0bekThl Boctounoro Kazaxcrana, u B udactHoctu, Kamba—
HapbiMCKO#1 30HBI, MOTYT CTaTh KIIOYEBBIMH OOBEKTaAMH JUIsl Pa3BUTHUSI YKOHOMUKU
pernona. HawuOosiee mNepCreKTUBHBIME HANPABICHUSMU SBISIOTCS TPOBEACHHE
IIEPEOLEHKN MaJIbIX MErMaTUTOBBIX MecTopoxkaeHuil LleHtpansHoit m CeBepHOU
Kanoer (Ta—Nb, Li-Rb-Cs; wmecropoxnenns Kapacy, HoBoaxmupoBckoe,
YepHoBuHCKOE, U Jp.). Takxke clenyeT OTMETUTh 3HAYUTEIbHOE KOJIUYECTBO
OTHOCHUTEJIbHO  HEOOJBIINX  aJlbOMT—CHOAYMEHOBBIX IerMatutoB KaparowmH—
CapblO3eKCKOT0  PYJAHOTO TIOJs, KOTOpPbIE XapaKTEPU3YIOTCS IOBBIIIEHHBIMU
cojepkanusMu Jiutusi. OJIHAKO TP MPOBEICHUH MEPEOIIEHKH ChIPhEBOTO MOTEHIIMAIIA
Boctouno—Kazaxcranckoil obiacTu cienyeT Y4YWThIBaTh, YTO KJIFOUEBOM 3ajaueid
JTOJKHO SIBJIITHCSI IOMCK Y BBISIBJICHHE PYJIHBIX 00BEKTOB, HAXOIAIIUXCS HUXKE YPOBHS
COBPEMEHHOW TOBEPXHOCTHU, MOTOMY 4TO ¢OHA OJU3 TMOBEPXHOCTHBIX JIETKO
OTKPBIBAEMBIX MECTOPOKICHHUM YK€ MPAKTUUECKU UCUEPIIaH.

Bonpmioli BkIag B W3y4eHHE PEAKODIEMEHTHBIX O0BEKTOB BoctouHOoro
Kazaxcranckoro pernona BHecin yueHble Boctouno—KazaxcTaHCKOro TEXHUYECKOTro
yauBepcuteta uM. J[. CepukbOaeBa B paMKaxX BBIIOJTHEHHUS TPAHTOBBIX MPOCKTOB W
nporpammHo-1ieneBoro ¢punancupoBanuss MBOuH PK.
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2 METOJIUKA UCCJIEJTOBAHUN
2.1 Coop n anaau3 ony0JIMKOBAHHBIX U (POHIOBBIX MATEPHAJIOB

[Ipn wusydyenun ¢GoHIOBOrO MaTepuana, MyOJMKaluil B Ka3aXCTAaHCKUX U
3apyOeXKHBIX MCTOYHHMKAX OBLI TMPOBEACH CPaBHUTENBHBIM aHANU3 HMEIOIIUXCS
JaHHBIX TI0 PEAKOMETaNIbHBIM MecTopoxaeHusaMm Kamnba-Hapbima u m3BECTHBIM
MupoBbiM MectopoxaeHusiM (bepuuk-Jleiik (Kanana), Komnmoropckoe (Poccus),
nermatutoBoro nois Toropans Can-Jlync (Aprentuna), Kpocc-Jlelik, Manuro6a
(Kanaga) u np.).

[TosrydyeHHbIE HaHHBIE OBLIM MCHOJB30BaHbl KaK OCHOBA JJIsl HAIIMCAHMs TJIaB
nuccepraniionHon  pabotret (I'maa 5 «CoBpemeHHass — KiaccH(pUKALUS
peIKOMETaNIbHBIX MerMaTuToBy, ['maBa 6 «PeaxkomeraubHble nermatutbl Kanba -
Happimckoro mnosica» u I'maBa 7 «OCHOBHBIE TOMCKOBBIE NPHU3HAKH M KPUTEPHUH
JIOKaIU3aluy PeIKOMETAIIIbHBIX IerMaTuToB B Kanba-HapbeiMckoii 30He»).

2.2 TlosieBbIe reoJIOrn4ecKue uccjae10BaHus

[ToneBbie uccneq0BaHUs TPOBOIMIUCH (pUCYHOK 2.1) ¢ 11enbi0 oTOopa npod u3
BMEIIAIONIUX TTOPOJI U PYJI JUIsl IPOBEACHUS Ja00PaTOPHBIX UCCIICIOBAHUIA.

Pucynok 2.1 - IToneBble ucciie1oBaHus
26



[To oToO6paHHBIM 00pa3iiamM COCTaBJICH KaTajor, B Tabuiie 2.1 moka3aHbl IaHHbIC
10 HEKOTOPBIM U3 HUX.

Tabnuma 2.1 — Karanor o6pasnoB. Mectopoxxnenne Anait

No oOpasia Ha3zBanue nopoibl Bec o6pasna, r doto obpasma
1 2 3 4
Mecmopooicoenue Anoati
Al OpOFOBI/IKOBaj{HHI/I YTIUCTO- 600
TJIMHUACTBIA aJICBPOJIHT
A2 I'paHOIMOpUT-TIIATMOTPAHUT 700
A3 [Tnaruorpanut 500
A4 [Iermatut co cnogymeHOM 600
A5 ITermatut ¢ anpO0UTOM 600
6 0 m 0 4 s ow W0 1
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2.2.1 Ilpobonoocomosxa

[IpoGonoaroToBka mpoBOAMIACHE B CeKTOope mpobomoaroToBku lleHTpa
npeBocxoactBa « VERITAS», BKTY um. JI. CepuxbaeBa u naboparopuu UI'M CO
PAH (r. HoBocubupck).

[IpoGomoaroroBka ObLTa TpPOBEACHA B HECKOJbKO ATamoB: 1) apoOrieHue
obOpasnoB Ha mekoBoi apoduike /-6 (OO0 «BUBPOTEXHUK», Poccus) mo
bpakuuu <5 mm; 2) mpocewBaHme; 3) U3MENbUCHHE 10 <] MM C MOCIEAYIOIINM
nepeMenMBanieM U peaynupoBaHueM m0 1 kr; 4) ucrtupanue npod go 0,07 mm
BuOparmonHoM wusMmenpuntene MB-4 (OAO «['pant», Poccus); 5) mpoceuBanue,
nepeMelMBanyue u jaenenue npod mo 0,5 kr (pasmep o6paszua He 6osee 0,020 mm.
[ToyyeHHbIe 00pa3Ilbl HAIIPABISIUCH HA MACC-CIIEKTPOMETPUUYECKHUM aHAIN3.

[IpoGonoaroroBka ans POM-ananuza ocyliecTBIsUIach Ha  y4acTKe
MUKPOIUIU(OB C UCIOIB30BAHUEM OTPE3HOTO MHUHEpajoruyeckoro cranka MC-120
(Maruta, Snonus). [lanee uccineayempiii MaTepuai 3aJuBaeTCsl SMOKCUIHOW CMOJION
XOJIOMHOM 3anmuBKku ¢ otBepautenemM SpeciFix-20. [lns mnoBblIeHUs KadecTBa
MPOMUTKH, UCKIIFOUCHUS MTy3bIPHKOB BO3AYyXa U 00ECIEUCHUS MTOTHON MHDUIBTPALINU
CMOJIBl B MIOPUCTYIO CTPYKTYpYy oOpasiia, UCIOJIb30BAJICS BaKYyMHBIH UMIIPETHATOP
CitoVac mpousBojicTBa koMranuu Struers ([lanus).

Jns uu@oBKM U TOJMPOBKKM 0Opas3oB ObLI  HMCIHOJIB30BAaH CTAHOK
nu@oBaibHO-TIoNIMpoBanbHbId LaboPol-5 ¢ ycTpoiicTBOM sl aBTOMaTH4ECKOM
nuUIMOBKHU U MOTUPOBKH 00pa3ioB LaboForce-3 nmpon3BocTBa KOMIAHUU «Struers
(anus).

OOpa3ipl NPOXOIUIN  YJIbTPAa3BYKOBYIO OUYMCTKY OT a0pa3uBa U JIPYTUX
3arpsi3HEHUM B ycTaHoBKe Metason-60 (Struers, JlaHus) mocie Kaxmaou cTaguu
aIMa3HOM TOJMPOBKU. ['OTOBBIE MHUKpPOILIU(BI CYHIWIM B ycraHOBKe Drybox-2
(Struers, [lanus). Jlamee oOpa3upl ObLIM IEpPEHaHBI HA YYacTOK pPacTPOBOM
(CKaHUPYIOIIEH) 2JIEKTPOHHOU MUKPOCKOITHUH.

[IpoGomoaroToBka ajisi BeIACICHUS MOHO(MPAKIMK UPKOHA BKJIKOYasia B ceOst
IpoOJIcHUE Ha IEKOBOM APOOMIIKE, MpOocenBaHue ¢ ucnoyibzoBanuem cut 0,5, 0,25 u
0,1 MM, TPOMBIBKY MPOOBI ISl YIAJACHUS OT MEJIKOJUCIICPCHBIX YaCTHUI[ TPOTOYHON
Bojoi. [locne mpocymuBanust mpoObl pa3ae/isuINCh HA MarHUTHBICE U HEMarHUTHBIC
dbpakiuu ¢ MOMOIIBI0 MarHUTHOTO cemnaparopa. JlanbpHelee BbIACICHUE ITUPKOHA
MPOBOAWIIOCH C MOMOIIBIO TSKENOU KUIAKOCTH — IeTepONoiuBoJibppamaTa HaTpHs,
wioTHOCThIO 3.0 T/cM®, Thoe oThensuch NErkhue HeMarHUTHBIC MUHEpaIbl (KBapil,
anpOut). B panpHeimem u3 THKENON (pakiuu BPYUHYIO TOJ OWHOKYJISIPOM
oTOMpanrch 3¢pHa MMPKOHA U 3aJTMBAJIMCH YTTOKCHIHOW CMOJION. 3aTeM IMOTy4YCHHBIHN
npenapar (marnika) nuidonaiach MPUMEPHO Ha 2 TOJIIMHBI 3€pHA U TIOJIMPOBAJIACH.
Jlanee misi yTOYHEHUS BHYTPEHHETO CTPOCHUS 3EPEH IMPKOHA OBLIU TOTYYEHBI
KAaTOJOJIOMUHUCIICHTHBIE  M300paKEHHWsI HA  CKaHUPYIOIMIEM  DJICKTPOHHOM
mukpockone LEO 1430 VP B LIKII MHOro3/1eMEHTHBIX U U30TOMHBIX UCCIIETOBAHUIM
NI'M CO PAH (r. HoBocubupck).

2.2.2 AHanumuyecKkue ucciedo8anus nopoo u pyo
AHAIINTHYECKUE  HMCCICAOBAHHUS  IPOBOJWINCH B aKKPEAUTOBAHHBIX
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naboparopusx (Llentp npeBocxoacrtea « VERITAS», HAO BKTY um. /. Cepukbaena,
[IKTI MHOTrO3/IeMEHTHBIX U U30TOIMHBIX UCCIEIOBAHUN U 1TAOOPATOPUH METPOJIOTUU U
pynonocaoctu Mmarmarudeckux gpopmaruiit UT'M CO PAH (r. HoBocubupck), dhunmman
PT'TI «HIL{ KIIMC PK «BHHH1BeT™MET?).

Macc-creKTpoMeTp ¢ HWHAYKTHBHO CBsi3aHHOM miasmon Agilent 7500cx
(ompeaensronyii 10 73 AIEMEHTOB ¢ BBICOKOH YYBCTBHUTEIBHOCTHIO — 10 1 ppb), a
TaK)Ke PaCTPOBBIN 3JEKTPOHHBIN MUKpockor JSM-6390LV (npousBoactsa JEOL Ltd.,
SAnonus), oCHAIEHHBIM CHUCTEMOW HHEProAMCHepCUOHHOTO MukpoaHanmuza INCA
Energy PentaFETx3 xomnanuum Oxford Instruments Analytical Limited
(Benukobputanus) UCIIOJIb30BAJIHCH TUTSI oTpeeIeHUs MUHEPAJIOT0-
NETPOJOTUYECKUX U TEOXUMUYECKUX XapaAKTEPUCTHUK.

Jist  merporpauyeckoro HCCIENOBaHUS Ha ONTHYECKOM MHUKPOCKOIIE
Olympus BX-51 B ¢unmane PI'TI «HI] KIIMC PK «BHUMuBeT™MeT» M3rOTOBJICHBI
npo3paunble mnds! (I[Tpunoxenue B).

TepmobapomeTpuueckne wucCciaeIOBaHUS TpousBeneHsl Mo 198 obpasmam
OvoThTa C  HCHOJB30BaHMEM  TepMoOapoMeTrpa B pEXUME  OHJIAWH
(https://lixiaoyan.shinyapps.io/Biotite_thermobarometer/).

B IKII mHOTO3M€MEHTHBIX W HM30TONMHBIX HccaeaoBannii UI'M CO PAH (r.
HoBocuOupck) MeToJioM Ja3epHOM aOJsiuy, BKIIOYAIOIMIMM Macc-CIEKTPOMETP
Bbicokoro paspemenusi Element XR (Thermo Fisher Scientific), coBmeménnbIii ¢
9KCUMEpHBIM J1azepoM Analyte Excite ¢ amuHo# BoaHbI 193 HM npoBoawiocs U-Pb
M30TOMHOE JaThupoBaHue. /[maMerp jazepHOro msATHAa COCTaBIsI 35 MKM, 4acToTa
MOBTOPEHUS UMITYJIBCOB — 5 ['II, IIOTHOCTh PHEPTUU jJa3zepHoro uziaydeHus — 3,0
Jlx/cm?. AHanu3 npoBOAMIICS C MCIOIB30BAHUEM JIBYX MEXKIYHAPOJHBIX STATOHHBIX
00pasIoB IMPKOHA:

— PleSovice (337 £+ 0,4 MiH JiIeT) — B KaueCTBE BHEIIHETO CTAH/IAPTa;

— 91500 (1065 £ 0,6 MJTH J1€T) — B Ka4eCTBE KOHTPOJBHOrO 00pasiia.

Koppekuuss Ha (QpakIMOHMpPOBAHME 3JIEMEHTOB NpPH Ja3€pHOM HCIApPEHUH,
JUCKPUMUHALIMIO Macc W Jpedd HaCTpOeK Macc-CIIEKTpOMETpa BO BpPEMEHH
IpoBOJAMIACh MO  BHEIIHEMY CTaHAapty. Jas  KOHTpOJss  TOYHOCTH H
BOCIIPOU3BOAMMOCTH PE3YJIbTATOB B Hayaje, CEpeIUHE U B KOHIE aHAIMTHYECKOU
CECCUU M3MEpPSIIOCh CTaHaapTHoe cuHTeTndeckoe crekino NIST SRM 612, gto
MO3BOJWJIO  Y4YeCThb  M3MEHEHUS  YYBCTBUTEJIBHOCTH  MacC-CIIEKTPOMETpA.
JIoOTHUTENBHO UCTIOIB30BAICS KOHTPOJIBHBIN 00pasell A1 TPOBEPKH MPaBUILHOCTH
usmepenuii [32]. U-Pb uzoTonHbie OTHOLICHHSI HOPMAaIM30BaIM Ha COOTBETCTBYIOIIHE
3HAUEHUA W30TOMHBIX OTHOIIEHWUN cTaHmapTHBIX 1HUpkoHOB 91500 u PleSovice.
[TorpemHocT €IMHUYHBIX AaHAIW30B (OTHOIICHWH, BO3PACTOB) M BBIYHMCIICHHBIX
KOHKOPJAHTHBIX BO3PAcTOB MpuBencHbl Ha ypoBHE lo. [locTtpoenue muarpamm ¢

KOHKOpAMeH BeIMOIHUTHCH B Microsoft Excel co BcTtpoennbim makerom Isoplot 4.15
[33].
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3 OCOBEHHOCTH I'EOJIOI'MYECKOI'O CTPOEHMUAI,
TEKTOHUKHN U MAT'MATHU3MA KAJIBA-HAPBIMCKOTI'O ITOACA

3.1 T'eonoruveckoe crpoeHue M ucropusi pa3purusi O0b-3aiicaHckKoH
CKJIAAYATON CHCTEMBI.

PaccmarpuBaembie B paMKax JaHHOW paOOThl OOBEKTHI PACMONararoTcs B
npenenax 3amaaHoit yactu llenTpanbHo-A3suarckoro ckiamuaroro mnosica (LJACII).
LACII npeacraBisier co0oil KpyNHEWIIMHA Ha TIaHeTe 3emiis CKJIaayaTblid MosicC,
KOTOpBIN mpoTsruBaercs oT CeBepHOro-JlenoBUTOro oxkeana Ha IOr 4depe3 Ypal U
[leHTpasibHYI0 A3HMI0 10 CKJIQJ4YaTbhIX COOpYykeHUW [IprumMopbs M BOCTOUHON 4YacTH
Kutas (3onenmaiia u np., 1990; Hunenko u np., 1994; Hobpeuos, 2003) [34-36].
Textonnueckumu rtpanutiamu [[ACII sBusitoTcss KpynHbIE KpaTOHHBbIE OJIOKH C
nokeMOpuiickuM pynaamenToM — Boctouno-EBponeiickuii Ha 3anane, Cubupckuii Ha
ceBepe U BocTOke, Tapumckuii 1 CeBepo-KuTalicKuii Ha BOCTOKE M IOTO-BOCTOKE.
I'eonunamuueckas ucropusi pazsutust u sBomonusa LIACII ceg3ana ¢ pa3Buthem u
3akpbiTieM [lanmeoasznarckoro okeana B TeueHuun Oosiee 800 MIUIH JIET OT MO3AHETO
npoTepo3os 10 Me30308 (MoccakoBckuit u np., 1993; Xaun, 2001; Dobretsov et al.,
1995; Windley et al., 2007; Kroner et al., 2014) [37-41]. B pe3ynbTare 3aKpbITHs
[Taneoa3naTckoro okeaHM4YeCcKoro daccelina ObLI CPOPMUPOBAH 3HAYUTEIBHBI 00BEM
KOHTUHEHTAJIBHOUN KOPbI, KOTOPBIi, B 3aBUCUMOCTH OT BPDEMEHHOTIO 3Tarna, pa3aeisercs
Ha psJl CKJIaI4aThiX CUCTEM WM 00JacTeil. B coBpeMeHHOM re01oru4eckoil CTpyKType
LenTpanbHOM A3UM CTPYKTYpPHO-BEIIECTBEHHBIE KOMILUIEKCHI, XapaKTEpU3YIOIINE
HBOJIIOLMIO 3TOTO OKEaHMYeCKOro OacceiiHa B CpPEJHEM-NO3JHEM TaJIe030¢€,
paccMaTpuBaloTcsa B coctaBe repiuuHckoi O0b-3aiicanckoi wim Upteiin-3aiicanckon
cknamuatoit cuctemsl (O3CC) [42, c. 111].

CTpyKTypHO-BellleCTBEHHbIE KOMIUIEKChl O0b-3aiicaHCKOi cucTemMbl Hanbolee
NOJIHO TpenacTaBieHbl B Bocrounom Kazaxcrane, B paiione Oacceiina peku MpThii u
o3epa 3aiicad (pucyHok 3.1). DTH KOMIUIEKCHI HUMEIOT BBIPAKEHHOE CEBEPO-3amagHOe
IPOCTHPAHUE M OrPAHUYEHBI pPa3jIOMaMM, KOTOpbIE OTAENIAIT UX OT YUMHIu3-
TapOararaiickoi 30HbI Ha Oro-3anajae u PynHo-AunTaiickoil 30HbI Ha CEBEPO-BOCTOKE.
OO0nacTh COUIeHEHUs ITUX CTPYKTYp Takxke u3BecTHa kak bonbmoi Anrait (l{epba u
1p., 1998). Ctpykrypa bosbiiioro Anrtas BKJIIOYaeT HECKOJIBKO CyOIapasiebHbIX 30H,
NPOTSHYBLIIMXCA C CEBepo-3amaja Ha Hro-BoCTOK. (CeBEpO-BOCTOYHBIE 30HBI
oTHOCATCS K Aunrtaiickoii okpanHe CHOMPCKOTO KOHTHMHEHTA, a IOT0-3alajgHble — K
Yunrusckoi okpanne Kazaxcranckoro koHTuHeHTa [18, c. 21; 43, c. 53].

OcHOBHBIC YepThl TEKTOHHUYECKOM 3Bomtonnu O0b-3alicaHCKOro OKeaHa ObLIN
usnoxkensl B padorax (Lllenrep u ap., 1993; bep3un u ap., 1994; Buslov et al., 2001,
Lietal., 2003 u np) [44-46] u nononHeHs! B padbotax (Bmagumupos u ap., 2003, 2008;
Buslov et al., 2004; Xiao et al., 2010) [47-50]. [IpuHuunuanspHas cxeMa SBOJIOLUU
OO0b-3alicaHCKOTO OKeaHa PacCMaTPUBACTCS C TMO3UIMI MOCTENIEHHOTO COJMMKEHUS
Cubupckoro n KazaxcTaHCKOTO NajJeoOKOHTUHEHTOB. [lorpykeHue oOkeaHHuecKon
auTocdepsl Mo KOHTUHEHTaIbHbIE OJOKH MPUBENIO K (POPMUPOBAHMIO HA OKpamHax
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Cubupckoro n KazaxcTaHCKOro naj€OKOHTUHEHTOB MarMaTu4ecKux MoscoB - PynHo-
Anratickoro u YKapma-Caypckoro coorBeTcTBeHHO [42, ¢. 111].
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2 — MHTPY3MBbI OCHOBHOT'O COCTaBa; 3 — BYJIKAHUYECKUE MYJIbbI KOJUJIM3HOHHOI'O 3Tara pa3BUTHS;
4 —rpanurounbie HHTPY3uH (Co.3); 5 — HHTPY3uu rpaHuToOB U rpanonnoputoB (Cs-P1); 6 — paHHenepMcKue
UHTpPY3HH Jieiikorpanutos (P1); 7 — naiikoBbie mosica; 8 — pa3ioMbl; 9 — YeTBEPTHYHBIC OTIOKEHHS.

Pucynok 3.1 — I'eonoruueckast cxema O0b-3alicaHCKON CKIIaI4aTOl CUCTEMBI (10
XpoMeIx u jp., 2020) [43, c. 80; 51]

[Tpumeuanue — CocraBieHo 1mo uctouHuky [43, c. 80]

B orHomenunn Xapma-Caypckoii 30HBI CyIIECTBYET TPU Pa3IudHbIE MOAEIN €€
dbopmuposanus. [1o onnoit uz moxeneit (Chen et al., 2017; Song et al., 2020), XKapma-
Caypckasi 30Ha MpeAcTaBisieT co00M BHYTPHOKEAHWYECKUN OCTPOBOLYKHBIA OJIOK,
c(hOpMHUPOBABILIMICS B CPEIHEM IaJ€030€ Ha 3HAYUTEIHHOM yAaldeHUu oT YuHrusz-
TapOararaiickoli okpaunbl. CyOmyKIUsi OKEaHWYECKON JUTOC(Ephl MPOUCXOIUTIA B
JIByX HarpaBiieHusAX: Ha ceBep noj JKapma-Caypckyro nyry u Ha 1Or noja YuHrus-
TapOararalickyto okpauHy (B COBpEMEHHBIX KoopauHarax). [ panuna mexay Kapma-
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Caypom u Yunruz-TapOarataem mnpoxomut mno Cayp-UuHrH3ckoMy CcKIIagyaTomy
NOSICY, KOTOPbIA  BKJKOYAET [JIBA COBMEIIEHHBIX AKKPEUMOHHBIX  KIJIHMHA:
Tapbararaiickuii, co ctoponsl XKapma-Caypckoit 1yru, u XeOyKkcaypCkuii, CO CTOPOHBI
Yunrusckoit ayru. dpyrue monenu (Hertspes, 2012; dunenko u ap., 1994; Shen et
al., 2012; Xu et al., 2022) npennonararot, uto Kapma-Caypckas OCTpOBHas Jyra
chopMupoBanach B MO3IHEICBOHCKOC-PAHHEKAMEHHOYTOJIBHOE BPEMsI B pe3yJbTare
cyonykmuu uTocdepsl OO0b-3aliCaHCKOTO OKEaHHYECKOTo OacceiiHa B IOKHOM
Hanpasienun non Yunrusz-TapOararaiickyro okpanHy KazaxcTaHCKOro cOCTaBHOTO
koHTHHeHTa. B pabore (Filippova et al., 2001) J>Xapma-Caypckas nyra
paccMaTpuBaeTCsl KaK OTHelbHas CTPYKTypa, apeiidoBaBmas B [lameoazuarckom
OoKeaHe W npucoearHuBIIascs K KazaxcTaHCKOMY KOHTHHEHTY B KaMEHHOYTOJIBHOE
Bpems. ComnacHo apyroit padore (dertsapes, 2012), 3anaanas yacts Kapma-Caypckoit
30HBI MOXET TMPEACTABIATh COOOW OCaJOYHBbIM KAMEHHOYTOJbHBINM Oacceli,
c(hOpMHPOBAaHHBII Ha KaJ€IOHCKOM OCHOBAHHMH. DTO MPEAIOIAraeT, YTo 3aJ0KEHUE
Kapma-Caypckoid Oyrd NpPOMCXOAWIO B HEMOCPEACTBEHHOM Onmm3octu [52-54] ot
PaHHENAJICO30MCKUX AYT.

B cnyuyae ¢ okpamHoil CHOMpPCKOrO KOHTHMHEHTa BBIACISIOT JIBa ATamna e€
pa3BUTHA: PAHHHM, COOTBETCTBYIOIIMM AKTUBHOW KOHTMHEHTAJIBHOM OKpAWHE
(BeposATHO, AHAMICKOrO THUIIA), U TO3AHHI, XapaKTEepU3YyHOUIUiics TpaHC(HOPMHON
okpanHoi. TouHOE BpeMs Mepexo1a MKy STUMH ABYMs CTaUsIMHU HE YCTaHOBJIEHO,
HO OH JIOJDKEH ObUT IPOU30MTH O OKOHYAHHUS CPEIHETO AEBOHA. DTO MOATBEPKAAETCS
npekpaiieHueM GpopMHpoBaHUs akKKpellMoHHOro kiuHa B Kanba-HapeiMckoli 30He u
MpEeKpalieHeM BYJIIKAaHUYECKOM aKTUBHOCTHU B OTAeNbHbIX nosicax (Kpyk u ap., 2014;
Kuibida et al., 2020) [55; 56]. IIpenmonaraercsi, 4To B MO3HEM JEBOHE — PaHHEM
kapOoHe  pa3Butue  PynmHo-Anraiickoi  OKpauHbl B OOJBIIEH  CTENECHH
XapaKTEPU30BAIIOCH CIIBUTOBBIMH JBMKECHHUSIMHU, & HE MOTPYKEHUEM OKEAHWYECKOU
IJIUTHI. DTO mpuBeno K 3anoysHeHuto Kanba-HapeiMckoro mpeagyroBoro mporuoa
OCaJIOYHBIMH TOpOJaMu U (HOPMHUPOBAHHIO OJOKOB MeTaMOp(UUYECKUX MOpoi B
npenenax UpTeIICKoN CIBUTOBOM 30HBL.

3aKpbITHE OKEAaHWYECKOTO OacceilHa MPOM30ILIO B Hayajle CpeJHEro KapooHa,
YTO TMOATBEPKIAACTCS TMOSIBICHUEM MOJIACCOBBIX TOJI OAalIKMPCKOTO fpyca C
KoHTIIoMeparamu B ocHoBaHuu (IlomstHckuit u ap., 1979) [57]. dopmupoBanue
KOHTHHEHTAJIbHBIX MOJIACCOBBIX OTIOKEHHM M TOKPOBOB aHAE3UTOB U 0a3ajbTOB
CPEIHEro-no3AHEKaAMEHHOYTOJIBHOTO BO3pacTa B MEKIOPHBIX BIIAJMHAX YKa3bIBAECT HA
HAyaJl0 OPOTEHE3a U CIIY>)KUT OCHOBAHWEM JUISL BBIACIICHUS KOJUIM3MOHHOW CTaIuu
pa3Butus peruona (MoccakoBckuii, 1975; Xpomsix, 2022) [58; 59]. [1ocne 3akpbITus
O0b-3aiicanckoro okeaHa HabIIOAAIOCh HIMPOKOE PacCpPOCTPaHEHHE TPAHUTOUIHOTO
MarMaTu3Ma: B CpeJHEeKaMEHHOYTOJIbHOE BpeMs OH MposiBIIICA Ha rpaHunax Cubupu
n Kazaxcrana (Pymgubiit Antaii u Xapma-Cayp), a B paHHEl NepMU OXBaTHJI BCHO
teppuroputo O0b-3alicanckol ckilaguaroit cucremsl [42, c. 112].

B crpykrype OOb-3aiicaHckoii ckIaauaTol CUCTEMBI (C I0r0-3armajia Ha CeBepo-
BOCTOK) BBIICTISIIOT CIEAYIOIINE 30HbI:

Kapma-Caypckas 30una, TpeACTaBIAmONIas Cco00H Maneo0CTPOBOAYKHYIO
cuctemy. JlaHHas 30Ha pa3BuUBajach Ha okpanHe Ka3axcTaHCKOro majiecOKOHTHHEHTA,
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BKJIIOYAIOIYI0 JI€BOHCKO-KAMEHHOYTOJIbHBIE BYJIKAHUYECKHE IOPOABI, a TaKxKe
aCCOLIMMPYIOLIME C HUMH BYJIKAHOTEHHO-0CAJI0YHbIE U 0CaJ0YHbIE MOPObl. B cocTas
30HBI TAKXKE BXOJAT rab0OpO-rpaHUTHBIE CEPUH, POPHIBAIOIINE 3TU OPOJbI [60].

Yapckas 30na. OTa 30Ha 3aHHMAaET OCEBOE MOJIOXKEHHE B CTpykrype OO0b-
3aiicaHCKOM CKJIa4aToil CUCTEMBI M XapaKTePU3yeTCs HAJTUYHEM CEPIIEHTUHUTOBOIO
MeJaHXa, BKIIFOYAOLIEro OJ0KH ByJKaHHYECKUX U 0CAJI0YHBIX TOPOJI, OTHOCAIIUXCA K
OKEaHUYECKOMY JIOKY (O(UONUTHI), OKEaHHMYECKHMM OCTPOBAM M OCTPOBHBIM
BHyTpUOKeaHu4deckuMm ayram [43, c. 58] (Hdo6pemnos, 1974; EpmonoB u np., 1981;
Bonkosa u ap., 2008; CumonoB u ap., 2010; Safonova et al., 2012; Safonova et al.,
2018). Hwmwxnuue wuactu pazpe3a UYapckoit 3ouHbl (0Or-D3) mpenctaBieHs
NPEUMYIIECTBEHHO Oa3ajabTaMu, KpPEMHSMH, aJeBpPOJUTAMU U HU3BECTHSKAMH.
KameHnHoyronbHbIE 00pa30BaHus BKIIOYAIOT BYJIKAHUYECKUE U KapOOHATHBIE TTOPOJIbI,
HO OCHOBHOM 00BEM COCTABJISIOT TEPPUTCHHBIE MTOPOABI CEPITYXOBCKOTO BO3pacTa.

Kanba-Hapuvimckas 30na. 9Ta 30Ha OpeCTaBIsIET co00M (unieBbIil Oacceiiy,
3alIOJIHEHHBIA TMOpPOJaMH OT CPEAHENEBOHCKOIO JI0 CPEIHEKaMEHHOYTOJbHBIX
B0o3pacToB. OCHOBHOW O0BEM OCaJOYHBIX MOPOJ MPEACTABIECH YIIUCTO-IJIMHUCTBIMU
aJIeBpOJINTAaMU U TMeCYaHUKaMu TakbIpckor cepur (Ds3-C;), UHTEHCUBHO CMSTHIMU B
cknagaku. Otnoxenus Kanba-HapbiMckoil 30HbI Hayanu (GOpMUPOBATHCS B IEBOHE B
npenenax MpeaayroBoro 6acceiiHa B pe3ysibTaTe pa3pylIeHUs BYJIKaHUYECKHX MOPOJ
Pynnoro Anras (Bnagumupos u ap., 2008; bycnos, 2011; Kotnep u ap., 2015). B
KaMEHHOYTOJIbHOM TEpUOJIE, IMOCTe TMPEeKpalleHus CYOAyKIMU TO0A OKpauHy
CuOupCKOro KOHTUHEHTA, PEKUM OCAJKOHAKOIUICHUSI COOTBETCTBOBAJI 0OCTaHOBKAM
MAacCCUBHOM OKpauHbl. PaccMmarpuBaeMble OOBEKTHI HCCIEHOBAHUS TOJIHOCTHIO
pacnonaratorcsa B nipenenax Kan6a-Hapbeimckoil 30HbI. [T1aBHBIN 00BEM 0CaI0UHOTO
paspe3a Kanba-HapbIMCKON 30HBI CIIOKEH NPEUMYIIECTBEHHO YEPHOCIAHIICBBIMU
TonmaMu [61], BO3pacT KOTOPBIX BapbUPYETCSl OT CPEIHEr0 JAEBOHA A0 CPEAHErO
kapOoHa. [1o pa3nu4yHbIM OLIEHKAM MOILIHOCTh O0CaJ0YHOI0 YeXJja COCTABISAET OT 7 10
10 kM. Ilo pesynbraraM T€OJOTMYECKOTO JIOM3YUYECHUS ILIOMAJECH, MPOBEIEHHOTO
reosioropaspeiouHoi komnanuei «Tomasz» B 2010-2014 rr. (pucyHok 3.2), B cocTase
0CaJI0YHBIX TOJILI, BHIXOASIINUX HA TOBEPXHOCTH B npezAenax Kanda-Hapeimckoii 30HBI,
BBIJIETISIIOTCS clenytomue cButhl (HaBo3zoB u np., 2009, 2014): nyeauéeckas ceuma
(Dse), xvicmas-kypuymckas ceuma (D.gv), makwvipckas cepus (abiakemxuHcKas
ceuma (D3-Cit), o6ypabaiickas ceuma (C;v), oananxapunckas ceuma (Cis),
mayounckas ceuma (Cyb) [18, c. 25].

Ilyeauésckas ceuma (D:e) mpencTaBiser cobOoi Hamboiiee APEBHIOO
OCaJIOYHYIO TOJIIY, BRISIBICHHYIO B mipenenax Kanba-Hapeimckoii 30Hb1. E€ BbIXOBI
(GUKCUPYIOTCS HWCKIIIOUYUTEIBHO B IOKHOM YacTH pEeruoHa — IOro-3amajHee
Kypuymckoro meramopduueckoro Omoka, ot rpanuimbl Kazaxcrana u Kurtas mo
BOJIOpa3eNbHON yactu HapeiMckoro xpeOTa, B npeaenax VpThImickoit 30HbI CMSTHS
Ha rpanune Kanba-Hapeima u Pynnoro Anras [18, c. 25]. CymMapHas MOIIHOCTb
OTJIO’)KEHUM CBUTHI BapbupyeT B npeaenax oT 1000 mo 3000 m (Hexopoies, Ecenos,
1967). Bo3pacT cBUTHI ycTaHaBIMBaeTCs Kak sudenbekuii [18, c. 27].

ITo nanubsiM Xopeoii b.5. (1963), cocTaB rHECOB U KPUCTAJUIMUECKUX CIAHIIEB
HpThilickoil ckinaayaTol 30HbI HAa MPaBOOEpERbe ByXTapMHHCKOTO BOIOXpPaHUIIMINA
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aHaJOTMYEH COCTaBy METaMOP(PU30BAHHBIX OTIOKEHUI Myrau€BCKOW CBUTHI B pailoHe
HapwsiMckoro xpeOTa, KOTOpbIe MO TPOCTUPAHUIO CMEHSIOTCA (PayHUCTHUIECCKU
OXapaKTePU30BAaHHBIMU  OTJIOXKEHUAMHU didensckoro sipyca. OcCHOBHas 4acTh
Myrady€BCKOW CBUTHI IIPE/ICTABICHA CEPHIMU, TEMHO- U CBETJIO-CEPhIMU, 3€JICHOBATHIMU
MEJIKO3EPHUCTHIMM ~ TMOJIUMUKTOBBIMM ~ TMECYAHUKAMHU M TOHKOIUIUTYATHIMU
aJeBpOIUTAMU. B H0KHOW 4acTH 30HBI, IOMUMO TEPPUTCHHBIX OTJIOKEHUM, B COCTAB
CBUTHI BKIJIIOYAIOTCS TPOCTOoN KUCTBIX 3(hdy3uBoB momHOocTEIO 30-50 MeTpoB
(Hexopomes, Ecenos, 1967) [18, ¢. 27].

OTIIOXKEHUS IIYTraueBCKOM CBUTHI HECOMIACHO MEPEKPBIBAIOTCS MOPOAAMU
kvicmag-Kypuymckou ceumol (Dygv). Ilo pamueim Ileposr u ap. (1998) wux
paccMaTpHuBalOT B COCTaBE YIIEPOAMCTO-U3BECTKOBUCTO-TEPPUTEHHON (hopMaliuu.
CBuTa npeacraBiieHa TEMHO-CEPHIMU aJIEBPONIECYAHUKAMU U YEPHBIMU [JIMHUCTHIMU
CJIaHIIJaMH C JIMH3aMH H3BECTHSIKOB, a €€ MOIIHOCTh orleHuBaercsa B 1000-1500 M u
HaOogaeTcs B 10ro-sBoctouHoil yactu Kanda-Hapeimckoii 30Hb1. B ocTanpHO yacTu
30HBI TOPOABI KBICTAB-KYPYYMCKOU CBUTHI PUKCUPYIOTCS B BUJI€ Y3KOU MOJIOCHI BIOIb
KPUCTAJUIMUECKUX CiaHIEeB VIPTHINICKOM 30HBI CMSTHS U B BHUAE OTIEIBHBIX
KCEHOOJIOKOB B MHTPY3UBHBIX TOpoAax. Bo3pacT cBUTh 000CHOBaH HaxoKaMu (hayHbI
YKUBETCKOT0 Bo3pacTta (TaOynsTel, pyro3bl) B €€ omioxkeHusax (Hexopomes, EceHos,
1967) [18, c. 27].

Abnaxkemxunckaa ceuma (D3-Cjt) paccMaTpuBaeTCs HIXKHSSA 4YacTh paspesa
TAKbIPCKOW CEpUH, KOTOpast MPECTABICHA CYLIECTBEHHO aJI€BPOJIUTAMU C TPOCIIOSIMU
MEJIKO3EPHUCTBIX NMECYaHUKOB. [0 JTUTOMOrMYECKHM XapaKTEPUCTUKAM TaKbIPCKas
cepusi TMOAPA3ACISIETCS HA JIBE MOJCBHUTHL. AJIEBPOIUTHI, XapaKTepU3YIOLIUECS
[JIMHUCTBIM M YIJIMCTO-IIIMHUCTBIM COCTABOM, HE3HAUUTEIbHOW, HO 3aMETHOM
M3BECTKOBUCTOCTHIO ITOPOJ] CJIArar0T HUKHIOK MOJICBUTY, MOIIIHOCTHIO 10 900 MeTpoB.

YIIUCTO-TIIMHUCTBIMU aJI€BPOJINTAMU, BKIIFOUAIOIIMMU MaJIOMOILHbBIE TTPOCIION
KHCJIBIX TTOJIMMHUKTOBBIX NecuaHukoB (10 10-20 cM) npeacraBieHa BEpXHss MOACBUTA,
MortHoCcThI0 10 600 meTpoB (HaBozoB u np., 2009). I[Toponabl o6eux moacBUT TOHKO
pacciIaHLOBaHbl U MHTEHCUBHO KIMBaXXUpoBaHsl [18, c. 28].

BepxHiol0 4YacTh pa3pe3a makwulpcKolu cepuu claraetT Oornee MoJonas
Oypabaiickast cButa (C;v). I[lopoasl CBUTBHI COITIACHO TEPEKPHIBAIOT OTIOKEHUS
abnakeTKMHCKOW cBUTHI. [18, c. 29]. 1o nmepexomy OT 0OqHOPOAHON YEPHON YIIIMCTO-
[JIMHUCTON TOJIIM K CEPOIBETHOM MECYAHUKOBOW TOJIIE OMpEAeNsIeTCs TpaHulla
Mexnay cButamu. B Kanb6a-Hapeimckoii 30HE mOpoabsl 3TOH CBUTHI  IIHPOKO
pPacIpOCTPaHEHbl U BBIXOASAT HA MOBEPXHOCTh B BUJE MOJOCHI IUPUHON 10 20 KM,
MIPOCTHUPAIOIIICHCS Ha ceBepo-3anal. bypabatickas céuma UMEeT OJTHOPOIHBIN aJIeBPO-
MECYAHHUCTBIM COCTaB, CHUJIBHO KIMBAXHpPOBAaHA, CKiagdara. B OCHOBHOM AJjs
rpaauTonioB Kamba-HapeiMckoro GaronurTa JgaHHaAs CBUTA SIBISETCS BMEIIAOIICH,
YTO TPUBOJUT K WHTECHCUBHOMY OpPOTOBHKOBAaHUIO OCanIKOB. bypalaiickas cBura
JNETUTCS Ha JIB€ TOJCBUTHI: HIKHIOW, MPEUMYIIECTBEHHO TMECYaHUKOBYIO,
MOIIHOCTBIO 950-1000 M, 1 BEpXHIOI0, aJI€BPOIUTOBYI0, MOIITHOCTHIO 10 600 M. CBuTa
MpeACTaBieHa TEMHO-CEPBIMU M CEPhIMH  MEJIKO3EPHUCTHIMU TMECYaHUKAMHU,
nepeciauBalOIMMHUCI C TEMHO-CEPHIMU M YEPHBIMU AJIEBPOIUTAMU U TJIMHUCTHIMU
cnanuamu. [Hasozos u ap., 2009] [18, c. 29].
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Pucynok 3.2 — Cxema reonoruueckoro crpoerusi Kan6a-Hapreimckoro 6atonura. CoctaBieHa Ha OCHOBE pab04ero MakeTa reoJIorHuecKon KapThl
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S — Cubunckuii; A — Acybynakckwuii; FI — Ipuupteimickuit; Sh — [ubenauuckuii; Ch — YeprnoBuuckwuii; V — BoittouecBekuii;

Ka — Kanaauackuii; Mi — Mupomto6oBckwii; P — ITecuanckuit; N —

Hapeivmckuii; Se — Cepreesckuit; K — Kypuymckuii; Br — Bypabaiickui;

Kk — Kemupkaunckuii. Hazsanus mectopoxxaenuit: M — Manbie Kaunasl; H — HoBo-Capeiosek; T — Touka; Me — Mensenka; An — Ajaii;
Ax — AxmetkuHo; bk —bakennoe; U —Uebynraii; I' — I'pemsiuee; FO — FOGuneitnoe; b — bemast [N'opa; I1 — [Manatmer, Ut — YeOynTait; U — Uepaosk.

[Tpumeuanue — CocTaBiieHO IO UCTOYHUKY [18, c. 26].
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OTNOXKEHUS cepnyxo6ckozo apyca OOBbENUHSIIOTCS B JaJaHKAPUHCKYIO CBUTY
(Cis), paccmarpuBaemyto B coctaBe TpayBakkoBoi ¢opmaruu (Illep6a u mp., 1998;
HagozoB u ap., 2009). B nentpanbHoii yactu Kanba-HapbiMckoil 30HBI IIMPOKO
Pa3BUTHI MOPOABI TATIAHKAPUHCKON CBUTHI, MPU 3TOM B IOTO-BOCTOYHOM U CEBEPO-
3aMmaJiHOM HAaMNpaBJICHUSX WX KOJWYECTBO yMEHbIIaeTcs. CBUTa COCTOMT U3 JIBYX
MOJICBUT, TJI€ HUKHSISI OJICBUTAa MOITHOCTHIO 1300 M COCTOUT IaBHBIM 00pa3oM u3
NIECYAHUKOB, a BepxHsAs MoIHOCThI0O 300-600 M u3 aneBponuToB. JlamaHKapuHCKas
CBUTAa  TMPEACTABICHA  CEpPhIMM  MACCUBHBIMH  IOJMMHUKTOBBIMH  MEJIKO-
CPEIHE3EPHUCTBIMA  MECYAHUKAMU, IEPECIanBAIOIIUXCS C  TOHKOCIOWCTBHIMH
aJIeBPOJINTAMU U NIMHUCTHIMU claHUaMu. [1opoabl JTaHHOW CBUTHI COITIACHO 3aJIETAOT
Ha OTIOKEHMUSIX OypaOalCKOM CBHUTBI, a BO3pACT YCTAHABIMBAETCS IO HAaXOJKaM
TOHMATUTOB U JIBYXCTBOPOK [18, ¢. 29, 30].

B mayo6uncxyro ceumy (C,b) 00beIUHSIIOTCS 0CaIOUHBIC TTOPOJIBI OATKHUPCKOTO
sapyca cpeaHero kapoona Ha repputopun Kanbda-HapbiMcKoli 30HBI M paccMaTpyuBaeTCs
KaK MoJiaccoBas mpubpexkHo-mopckas Gopmanus (Illepda u ap., 1998; HaBoszos u np.,
2009). MomHocTh cBUTHI cocTaBisieT okoyno 2000 meTpoB. [laHHBIE OTIOXKEHUS
pacrpoCTpaHEHbl MPEUMYILECTBEHHO B Ioro-3amajaHoi udactu Kanba-Hapeimckoit u
cocenner 3anmaaHo-KanOuHCKO# 30HaX, B OCTAIbHBIX palOHAX 3TH MOPOJbI UMEIOT
OTpaHUYCHHOE pacnpocTpaHeHue. CBUTa TMpeACTaBlICHA MEpPeCIauBaIOIIMMUC
Pa3HO3EPHUCTHIMU TPaBEIUTAMHU, KOHIJIOMEpAaTaMH, MOJUMUKTOBBIMHU MECUaHUKAMHU,
U aJeBpOJUTaMHU C JIMH3aMH H3BECTHSKOB, coxepxamux ¢(ayHy. Ha ocHoBaHuu
HaJU4Msl B 0cajKkax (hayHbl MOPCKUX TMENICHUIION, Opaxuomno, TOHUATUTOB, (JIOPHI U
JAHHBIX CTIOPOBO-IBUIBIIEBOTO aHAIM3a BO3PACT TAYOMHCKHUX OTJIOKEHUU YCTaHOBJICH
Kak Oamkupckuid. [Topoabl TayOMHCKOM CBUTHI HECOTIIACHO 3aJIETAIOT HA OTIIOKEHHSIX
JlaJlaHKapuHCKOM cBUTHI [ 18, ¢. 30].

OcaouHble  TOPOABI, MOJIOKE  CPEIHEKAMEHHOYTOJbHBIX  OTJIOXKEHUMN
TayOUHCKOM CBUTHI B mipeaenax Kanba-HapsiMckoil 30HbI HeM3BeCTHHI. JlanbpHelas
HCTOPUSI PErMOHa CBs3aHa C BHEAPEHUEM TUMaOMCCAIbHBIX M UHTPY3UBHBIX TEJ B
nepuo OT MO3AHEro KapOoHa /10 TpaHUIlbl paHHel U cpenHei nepmu [18, c. 30].

Marmatusm Kan6a-HapbeiMckoll 30HBI JIeTaIbHO ONMKMCaH B MHOTOYMCIICHHBIX
paborax [Illep6a, 1957; Hexopome, 1958; JIpsukoB, 1972; lllepba u ap., 1972;
Ky3e6usiit, 1975; JlomaraukoB u ap., 1982; lyneirun, HaBo3os, 1984; Ulyneirus,
HagozoB, 1986; XKypytun, JlonaraukoB, 1987; IlonomapeBa, TypoBunuH, 1993;
HpsiukoB u ap., 1994; IpauxkoB u ap., 1998; HaBozoB u ap., 2011]. MHoronetHue
UCCIICIOBAaHUS PA3JIMYHBIMU TPYIINAaMH TE€O0JOTOB MPHUBEIM K CO3JAaHUIO psaa
OTJIMYalOIIUXCA cxeM marmatusma [JlomarHukoB u np., 1982; Iynsirun, HaBo3oB,
1986; Kypytun, Jlonaraukos, 1987; [Tonomapera, TypoBunu, 1993; JIpa4koB u 1p.,
1994; HamozoB u ap., 2010] [18, c. 31]. Bo Bcex paccmaTpuBaeMbIX cXxemax
BBIJICTISTFOTCS 100aTOJIMTOBBIN KOMILICKC rabopoun10B CpeHe-
MO3ITHEKAMEHHOYTOJIBHOT'O BO3pacra (>kaHaTaNCKUH, JKEIbTAY CCKUH,
NPUUPTHILICKUN, KapaOuprokckuid). OTIenbHO pacMaTpUBAETCs MOCTOATOIUTOBBIN
JAWKOBBI KOMIUIEKC MHPOIIOO0BCKOTO KomIuiekca. Bcee rpanutounsr Kanba-
HapbiMckoii 30Hb1 00beuHsI0TCS B cocTaBe Kanba-HapeiMckoro 6aronuTa, B cocTaBe
KOTOPOT'O PacCMaTPUBACTCS OT TPEX J0 MATH PA3IMYHBIX KOMILJIEKCOB B 3aBUCUMOCTH
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OT MPUHATON CXeMbl MarmMaTu3Ma. B pamkax naHHON paOoOThl B KadecTBE pabouero
BapHaHTa MPUHATA CXeMa Marmarusma mnpejiokeHHas B paborte [[IpsukoB u 1p.,
1994], cornacHo koTopoii B mpenenax Kanba-HapeimMckoro 6aTosnmrta BBIIEISIOTCS
KYHYIICKMM  IUIarMOTPAaHUTHBIN,  KalOMHCKUH  T'PaHOAMOPUT-TPAHUTHBIA U
MOHACTBIPCKHM JIEMKOTpaHUTHBIN KOMIUIEKCHI [18, c. 42]. Ilopoabl 3THX KOMILIEKCOB
OyIyT IeTaabHO OMUCAHBI M PACCMOTPEHBI B TIOATIaBE 3.2 TaHHOU paboThI.

3.2 XapakTepuCcTHKM OCHOBHBIX MarMaTH4ecKHx KoMIiuiekcoB Kamda -
Hapbimckoro 0aTosiura

3.2.1 Ilempoxumuueckue ocobeHHOCMU  KYHYUICKO20, KANOUHCKO20 U
MOHACMBIPCKO20 KOMNJIEKCOB.

Kan6a-HapsiMckuii 6aToMUT 3aHUMaeT OKOJO MOJIOBMHBI Twiomanu Kanba-
Happimckoii 30861 BocTounoro Kazaxcrana, npotsrusasics moutv Ha 400 KM ¢ ceBepo-
3amajia Ha ro-Boctok npu mupunae ot 20 no 40 kM. PacnonoxkeHue rpaHuToOu0B
ONPEAENSUIOCh POCTUPAHUEM TYpPOMAMTOBOIO OacceiiHa, 3aloJHEHHOrO TOJILAMU
OCaJI0OYHO-BYJIKAHOTEHHOM  NPUPOABI, a TaKXKE  NPOCTHPAHHEM  KPYIHOU
TPAHCPETUOHAIBHOW Pa3JIOMHOM 30HBI — MPTHIMICKOW 30HBI CMSITUSA U ONEPSIOIIUMHA
e¢ pasnoMamu. [lopoasl TypOUIUTOBOTO OacceilHa HaKalIMBAJIUCh B JIEBOHCKOE W
pPaHHEKAMEHHOYTOJbHOE BpeMsl B KpaeBoM IMporube PyaHo-AnTalicKol aKTHUBHOM
okpanHbl CHOMPCKOTO MaJICOKOHTHUHEHTA [43, c. 68].

N3yuenne rpanuTouanoro wmarmatusma Kanba-HapeiMckoro Oartonura
MPOJIOJIKAIOCH B TEUEHUH BCETO JBA/ILIATOTO M HAayajla IBaAlaTh IEPBOTrO BEKOB, UTO
NpUBEI0 K (OPMHPOBAHUIO HECKOJBKUX PA3IHUHBIX cXeM MmarMatusma (Jpsukos,
1972; JlonatHukoB u 1ip., 1982; lynsirun, HaBo3os, 1986; [Tonomapesa, TypoBrUHMH,
1993; JIpstukoB u ap., 1994; Illep6a u ap., 1998; Bragumupos u 1p., 2001; HaBo3oB u
ap., 2011 u npyrue), Tadmmna 3.1 [18, c. 32; 33; 43, c. 76].

3a uCKIOYEeHHEM paboT paHHUX MCCIIEOBATENEe BCE BBIACIAEMbBIE CXEMBI
MarMaTu3Ma XapakTepU3yITCs HAIMYUEM PAHHETO IPaHOANOPUT-ILUIATMOTPAHUTHOTO
KOMILJIEKCA, KaJOMHCKOrO KOMIUIEKCa OMOTHUTOBBIX T'PAHUTOB M CaMOI'O MOJIOAOIO
KOMILJIEKCA JIEMKOTPaHUTOB (MOHACTHIPCKOro). Ho mpu 3TOM KOMITIEKCHI pa3InyHbIX
CXEM HMEIOT pacXOoXAEHUs Mo Bo3pacTy Marmartusma. llocmegnue paboThl MO
rpanuTtam, Briaovamomue U-PD  wm3oromHOoe  gatMpoBaHMe, TOKa3ald, dTO
dbopMHpOBaHUE TUIATHOTPAHUTOB KYHYIICKOTO KOMIUIEKCAa MPOMCXOJUIIO B KOHIIE
KapOoHa — paHHe! nmepMu, a POPMUPOBAHUE TPAHUTOB KAJTOMHCKOTO U MOHACTHIPCKOTO
xomruiekcoB — B panHei nepmu (Kuibida et al., 2019; Kotler et al., 2021).

B nanHoil TraBe OyneT mNpuUBEICHA XapaKTEpUCTUKA TPEX BBIACIAEMbBIX
KoMIiekcoB, (opmupyromux Kanba-HapeimMckuit  O6atonmut —  KyHYIICKOTO,
KaJIOMHCKOTO ¥ MOHACTBIPCKOTO Ha OCHOBE HOBBIX [I@HHBIX TI0 COCTaBy
nopoAo0pa3yIolUX U paccesHbIX IeMEeHTOB. byieT mpencTaBieHo CpaBHEHUE ITUX
KOMIUIEKCOB M BBIJICJICHBI KJIIOUEBBIC T€OXMMHUYECKHE XapaKTEPUCTUKU KaxkKJaoro
KoMILIeKca. Takxe B KOHIIE TJIaBbl BIEPBBbIE OYyJET clejlaHa OlLEHKa JaBJICHUN U
TEMIIepaTyp KPUCTAUIM3ALMKU TOPOJ KaXJOro KOMIUJIEKCa HAa OCHOBE JIaHHBIX
ouoturoBoro Tepmodapomerpa (Li Zhang, 2022).
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Ta6JII/IIIa 3.1 - ComocTaBjeHue CXeM MarMaTu3ma Kaﬂ6a-HapI>IMCKOFO 6aTOJ'II/ITa, npejiaraCMbiX pasjMIHbIMHA ABTOPAMHU

(xywbapavikckuii) v
IUIArMOTPAHUTHBIN KOMILIEKC
(Kynywickutr)

opUPHIL, AIUTUTHI U Ap.

KBap1ieBbie mophupsl | da3er;
rraruorpasuTsl | daser;
ATUTUTHI, TETMaTUTHI
111 ¢pa3zbr.

Enucees, [ep6a, 1957 JlonmatHUKOB 1 Ap., 1982 HpsakoB u ap, 1994;bonsmmoit ymerun, HaBozos, 1986; [Tonomapesa,
1938 Kypyrun, Jlonarnukos, 1982 Aurraii 1998 Hago3os u 1p., TypoBunun,1993;
2011 Bnagumupos u ap.,
2001
- - Monacmuipckuii Monacmuipckuii Monacmuipckuit Komniaekc Monacmuipckuii
komniaexc(P2): komniaexc (P1-2): (P2): NIeAKOZPAHUMHBLI
1) Kp/3 neiikokparoBbie 1) Kp/3 neiikorpanurs! | 1) neiikokpatoBsie Kp/3 komnnexc (T2-3)
rpasuThl | Gasbr; ¢a3sbl; noppupoBHUIHBIE TPaHUTHI |
2)  Cp.-M/3 NeHKOKpaTOBbIC 2) Cp/3 neiikorpanuts |1 (assr;
rpanutsl Il daser; (a3er; 2) nefiKoKpaToBbIE CP.- Ilo30nexanbunckuit
3) KUIbHBIC IPAHUTHIATLTUTBI, 3) Menko3epHUCThIC M/3 rparuTHI | dazsr; 2panum-
HEerMaTUTHI IPaHUTHI U IeHkorpanuTsl |1 3) KUIbHBIC TPAaHHTHI, J1eIKOZPAHUMHBLI
I1¢azer. ¢a3sbl. armuThl, merMaTutsl 11 komnaexc (Ps)
(hazel.
Kanounckui Kanounckuii komnnexc Kanounckuii komnnexc (P1): Kanbunckuin Kanounckui Pannexanounc xuii
Komnjiexc 1) rpaHOAMOPHUTHI U 1) Bt-rpanuTsl, Komnnekc(P): komnaekc(Pr): ouopum-
1) rpauuToun rpanutsl | da3zpr; rpanonuoputsl |passr; 1) nopduposuaHbIE rPaHATHL, 1) rpanutsl, Bt- 2panoouopum-
Has daza 2) Cp/3 rpanwurtsi |l 2) Bt- u aBycmoasHBIC IPAHOIHOPHTHL, IPaHOIHOPUTHI 2panumHbLiL KOMRIEKC
2) KuibHas (hazsr, rpasuTs |l dazsr; MEJTKO3EPHHUCTBIC TPAHHTHI nopduposuausie | hassr; (P1)
¢aza 3) M/3 rpanursi 1 3) nelKOKpaToBbIE TPAHUTHI, JOTIONHATEBHBIX HHTPY3HI 1 2)  Bt- u Bt-Ms-rpanutsr
hazsr alTMTOBUIHBIE TPAHUTHI, KUITBHBIETTOPOIBI | (Bassr; cp.-m/3 1l dassr;
nermatuthsl |11 dassr; 2) Bt- 1 Bt-Ms-rpanutb, 3) NI da3a — xunbHBIC
§ 4) Kp/3 GHOTHTOBBIE U JIOTOJHATENbHbIE HHTPY3HH H TPaHWTHI, ATUTUTEI,
JIEHKOKPATOBBIE TPAHUTBI, aIUTUTH, skbHBIe Topossl 11 dhaser. TerMaTHUThI
TerMaTUTHI,KBapIeBbIe KW |V
(haskbl.
Kynywickas Kynywickui Kynywickui Kynywickuii
cepus (C1): komnaexc(Cs): komniexc (Cs-Pr): NA2UOPAHUMHbBLI
rabOpOUHBIAKOMILIEKC UIarMOTPAHUTBL IIATHOT PAHUT- IUIArMOTPaHKT- OPQUPEL, Komniexc

*Kp/3, cp/3, M/3 — KpyIHO-, CpeTHE- MEJIKO3EPHHUCTHIE COOTBETCTBEHHO; Bl- bmoTnTOBHIE; MS- MyCKOBHTOBBIE

[Tpumeuanue — CoctaBieHo 1Mo ucTouHuky [18, c. 32, 33]
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Kynywckuu komnnexc

B mnpenenax KanGa-HapbimMckoil 30HBI TOpPOJBI KYyHYIICKOTO KOMILIEKCA
dbopMupyIOT HEOOJBIINE MACCUBBI M IITOKH, & TakXKe JAMKH Yalle BCEro CeBepo-
3aMaIHOTO MPOCTUPAHUSI MOIIHOCTBIO 10 10 METpOB M MPOTSHKEHHOCTHIO OT COTEH
METPOB JI0 IEPBBIX KHUIIOMETPOB.

Haitku  dopmupyror npepbiBucThie  mosica  (Manarckuii, Kaparouwn-
Capblro3ekckuii, TepeKTUHCKUI ), KOTOPBIEC Pa3IeNsaioTcs 00Jee MOJIOAbIMU IPaHUTAMHU
KaJIOMHCKOTO KOMILJIEKca. MaccuBbl BCTpeuaroTcss Ha BcéM mpoTsbkeHun Kanba-
HapsiMckoii 30HbI, HO HaOOJIbIIIEEe X CKOTUICHHE Ha0JI01aeTCs B IEHTPAIbHON YacTh
30HBI.

[ImarnorpanuThl KyHYHIICKOTO KOMIUIEKCA PETMOHAJIBbHO MUJIOHUTH3UPOBAHBI,
OTHEHCOBaHbI, MeTaMOP(PHU30BaHbl M 3aHUMAIOT KOHKOPIAHTHOE TMOJIOKEHHUE I10
OTHOILLICHUIO K BMEIIAOIINM CTPYKTypaM. KOHTaKkThl ¢ BMEIIAIOIIMMU TOPOJAMU Y
IUIarMOTPAaHUTOUAOB PE3KUE, OTYETJIIMBO HWHTPY3UMBHbIE. B 53HIOKOHTaKkTax Teiu
MPOSIBIISIFOTCS. 30HBI 3aKAJIMBAHMSI TIOPO/I.

Bo3spact nopoj KyHyIICKOro KOMILIEKCA COTIaCHO MOCIEAHUM pe3yibratam U-
Pb u3ortormunoro maruposanus (Kuibida et al., 2019) ounenuBaercs B untepBaie 305-
292 MIH JIeT, 4TO BKJIIOYAET B C€Osl KOHEIl KAMEHHOYTOJIBLHOIO — HA4ajio MEePMCKOTo

HIEPUOOB.
B cocraBe  KyHYWIICKOTO  KOMIUIEKCA  BBIACISAIOTCA  CIELYIOLIME
neTporpagpuyeckue  pa3HOBUIHOCTU:  PAaBHOMEPHO3EPHHUCTBIE  CpeOHE- U

KPYITHO3EPHUCTHIE, a TaKXke MOp(UPOBHUIHBIC IIJIATMOTPAHMUTHI, (HOPMHPYFOIIHE
OTHOCHTEIILHO KPYITHBIC MAacCHBBI M INTOKH, a TaKXKe IUIardOTPaHHUT-TIOPQUPHI,
BCTPEUAIOIIUECS B MpeeiaX TaiKOBBIX TOSCOB.

[TmarnorpaHuThl ¥ MX TOPGUPOBUIHBIC PASHOCTH UMEIOT OJIU3KUI XHMHUYSCKUAN
COCTaB U HE3aBUCUMO OT cojepxaHusi SiOy XapakTepu3ylTCs HHU3KON 0O0IIei
IICJIOYHOCTHIO M TIOCTOSTHHBIM pe3kuM npeobnaganuem Na,O Hax K,O.

Jlist mopox xapakTepHsl coaepxkanus Si0;, 67,17-76,46 mac.% (cpennee 71,48
Mmac.%), Huzkue KO/NaO otnomenus (0,18-0,59, cpemnee 0,30) u HeBbIcOKas
menogHocTh (NaO+K,0= 5,48-7,27 mac.%) (pucyHok 3.3) pH BBICOKMX 3HAYCHUSIX
CaO 10 4.0 mac.%.

XapaktepHo Hu3koe coaepxkanmne: FeO+Fe,O3+MgO = 1,18-3,37 wmac.%
(cpemnee 2,35 mac.%); TiO, — 0,04-0,25 mac.% (cpennee 0,15 mac.%). Coneprxanue
rimHo3eMa Al,Os; 14,14-17,61 wmac.% (cpemnee 15,77 mac.%). CooTHoineHHE
K2O/NayO<1, yacte o00pa3lioB TMOMagacT B TOJ€ TOJEUTOBOW CEpUM, YaCTh
U3BECTKOBO-IIIEIOYHOM cepun (pUCYHOK 3.4).
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Pucynok 3.3 — CocTtaBbl Opo/i KyHYIIICKOTO KOMIUIEKCa Ha KilacCU(DUKAIIMOHHON
nuarpamme «Si0z — Na;O+K;0» (Middlemost, 1994)
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Pucynok 3.4 — Pacnipenenenue nopoja KyHyIICKOrOo KOMIUJIEKCA Ha
kinaccudukannonnoi quarpamme «SiO; — K,0» (Peccerillo and Taylor, 1976)

Ha xnaccudukanmmonnsix amarpammax (Frost et al., 2001) (pucynok 3.5)
COCTaBbI MOPOJ KYHYIICKOTO KOMIUIEKCa MPEUMYIIIECTBEHHO JIOKAIMU3YIOTCS B TOJIE
MarfHe3ualibHbIX pazHocTel. [1o COOTHOIIEHHIO collepKaHus TIMHO3EMA U IIeIouen
JTAHHBIC TIOPOJIBI OTHOCSITCS K BHICOKOTJTMHO3EMHUCTBIM, @ TI0 COOTHOIIICHUIO IICIIOYCH
1 KaJIBIIMSI OTHOCSITCS K U3BECTKOBHUCTHIM Pa3HOBUIAHOCTSIM.
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Pucynox 3.5 — Knaccuduxarmmonnsie quarpammsl (Frost et al., 2001) (moposr
KyHyIICKOTo Komruiekca): ciea — «FeOt/(FeOt+MgO) - SiOy»; o cepeaune —
«Na0+K;0-Ca,0 - SiOy»; cnpaBa — «A/INK= Al/(Na+K) -ASI=Al/(Ca-

1.67P+Na+K)»

Otmeuaercs OTPULIATENBHBIN HAaKJIOH CIIEKTPOB pacnpeneneHus
penKo3eMelNbHbIX 351eMeHToB (Boynton, 1984) (pucysok 3.6) (Lay/Yb, = 8,02 — 23,07).
JlJis CTIEKTPOB XapakTepHO pa3InYHOE NoBeIeHne EU-anoManu — 4acTh CIIEKTPOB €&
HE UMEIOT, 4aCTh CIIEKTPOB UMEET CITa00BBIPAKEHHBII MAKCUMYM, & 4YaCTh CIIEKTPOB —
cinabplii MUHUMYM. J[Is TMJIaruorpaHUTOB XapaKTEPHO OTHOCHUTEIHHO HHU3KOE
cymmapHoe coaepskanre P32 XREE= 19,59-81,53 r/t (cpennee 42,68 1/1).
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Pucynok 3.6 — Cnektpsl pacnpenenenust P39 B nopoaax KyHYIICKOTO KOMILIEKCA,

HOPMHUPOBaHHbIE Ha cocTaB xouapurta C; (Boynton, 1984)

XapakTepeH OTPHUIATEIbHBIN HakaoH ¢ MuHumMyMamMud mo Nb u Ti u
MaKCUMyMOM 1O SI B MYJbTHIJEMEHTHBIX CIEKTpaX, HOPMHPOBAHHBIX I1O
npumuTHBHON MaHTHH (Sun and McDonough, 1989) (pucynox 3.7).
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Pucynok 3.7 — MynbTHAJIEMEHTHBIE CIIEKTPBI PACIIPEAEIEHUS, ITOTYyYECHHBIE 110
IIOPOJIaM KyHYIICKOTO KOMIUIEKCA, HOPMHAPOBAHHBIX IO COCTABY NPUMHUTUBHOU
mantuu (Sun and McDonough, 1989)

Ha muarpammax «(Na,O+K;0)/CaO — Zr+Nb+Ce+Y» (Whalen et al., 1987) u
Na,O+K,0- Fe O tot*5 - (CaO+MgO)*5» (I'pedennukoB, 2014) nns BbIIEICHUS
I'PaHUTOB A-THITa TOYKHA COCTABOB TPAHUTOMIOB KyHYIIICKOTO KOMILJIEKCA ITOTMAIaf0T B

noJist rpaHuToB S v | THMoB (pucyHoK 3.8).
Na,O + K,0

300

(Na,0+K;0)/Cca0

50 500 5000 5Fe,Out 5(Ca0 +MgO)
Zr+Nb+Ce+Y

Pucynok 3.8 — CocTaBbl MOpOJ KYHYIICKOTO KOMIUIEKCA HA MTETPOT€HETUHYECKOMN
nuarpamme. CrieBa «(Na0+K;,0)/Ca0 — Zr+Nb+Ce+Y» (Whalen et al., 1987) u
crnpaBa «Na,O+K;0- Fe O tot*5 - (CaO+MgO)*5» (I'pebennnkos, 2014)

[ToyyeHHbIE JaHHBIE IO COCTABY NMOPOJ KYHYIICKOTO KOMILUIEKCA YKa3bIBalOT,
YTO JIaHHBIE MOPOAbl HMMEIOT MAarHe3HaJbHbINA, W3BECTKOBUCTBIM, YMEPEHHO- U
BBICOKOTJIMHO3EMHUCTBII ~ COCTaB €  OTHOCUTEIBHO  HHU3KHM  COAEpPKaHUEM
pENKO3eMEeNbHBIX 3JIEMEHTOB. TakuM 00pa3oM rpaHUTOUABI KYHYIICKOIO KOMILIEKCa
MOTYT OBITH KJIaccU(pUUUpOBaHbl Kak mopoibl |- wim M-tunoB. bornee BbicOkue
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COIEpKAaHUS JIETKUX PEAKO3EMENIBHBIX JJIEMEHTOB OTHOCHUTEIBHO  TSKEIBIX
IPEANOIaraloT NPUHAMIEKHOCTh ATHUX Mopox K rpanuroumgam |-tuma. Cocrtas
TPAaHUTOUAOB YKa3bIBAE€T, YTO HCTOYHHUKOM JUI BBIUIABICHHUS TI'PAaHUTOUIOB
noJIOOHOTO CcOCTaBa JOJDKHBI CIYXKUTh TOPOJbI, OOCTHEHHBIE MIENI0YaMU U
penko3emenbHbIMH 3neMeHTaMu U Ooratel CaO um Sr. BepositHee Bcero »tumu
nopoJamMu, SBISUIMCh 0a3anbThl, HAXOIAIIMECSs B HIKHUX YacTIX paspesa
TypouautoBoro Oacceitna Kanba-HapbiMckoil 30HBI U BRIXOZSIIKE HA TOBEPXHOCTH B
BUJIE CJIAHLIEB KbICTaB-KypYYMCKOW CBUTHI I OJIOKOB 3€JIEHBIX CJIAHLEB B MpeeIax
HpTHIICKON 30HBI CMATHA.

Kanbunckuii komnaexc (Pr)

[Toponamu kanOUHCKOTO KOMILIIEKCA ClIOkKeHa 0oJiblast yacTh MaccuBoB Kanba-
Hapeimckoit 30HBI, oObenunsemas B Kanba-Hapweimckuit Garonut. KanOuHckuit
KOMILUIEKC 00bEIUHIET MHOTO(a3HbIE TPAHUTOUIHBIC UHTPY3UU, KOTOPBIE 00pa3yIoT
OTPOMHBIN TPAHUTHBIA TOSIC, MPOCIEKUBAEMBIN B CEBEPO-3aIlaJIHOM HAIIPABICHUU
noutd Ha 450 kM npu mupurae oT15-20 1o 40-50 kM Brons Bee Kanba-Hapreimckoit
30HbI. MaccuBbI MPEJICTABICHBI KPYIMHBIMU IJIACTOOOPA3HBIMU TEIaMU C MOJOTUMHU
KOHTAKTaMHM, PacIioararoluMUcs OTJEIbHO, TaK U B BUJE COMPSHKEHHBIX CTPYKTYD,
oOpazyroux npoTsxkéHHble Tena [18, c. 45]. MaccuBbl KalOMHCKOTO KOMILIEKCa
JIOKAJIU30BaHbl COTJacHO OOHIEMY CTPYKTYPHOMY IUJIaHY 30HBI, HO IMPU 3TOM CO
BMEIIAIOIIMMH TOPOJIAMH HMMEIOT YETKHE HECOIVIaCHble KOHTAaKThl. MIMEHHO cC
nopoJamMu KaJOMHCKOTO KOMIUIEKCA CBS3BIBAIOT PEIKOMETAUIbHO-TIETMATUTOBBIC
rpei3eHOBBIC OJIOBO-TAHTAJI0OBbIE MeCTOpOKIeHus [ 18, c. 38].

[Toponbt KaJIOMHCKOTO KOMIUIEKCA  IPEACTABIICHbI HECKOJIbKUMH
NeTporpapuyecKuMu  Pa3HOBUIHOCTSIMU  TPAaHUTOUJIOB: 1) OMOTUTOBBIE
IPaHOAMOPUTHI; 2) TOPGHUPOBUAHBIC CpPEAHE-, MEJIKO3CPHUCTBIC OHOTHUTOBBIC
IpaHUTHI; 3) KPYITHO-, CPSIAHE3CPHUCTHIC MOPPUPOBUIHBIC TPAHHUTHI, JABYCIIOASHBIC
rpaHuThl TOPGUPOBUIHBIE cpeHe3epHucThie [18, ¢. 37], a Takke aruThl U TPaHUT-
arumthl. B mopojax rimaBHOM a3kl KaJOMHCKOTO KOMIUIEKca MNOp(UPOBUAHBIE
BKPAIUIEHHUKU B BHJI€ YJJIMHEHHBIX TaOJMUI] pa3MepoM 110 3-5 CM Mpe/ICTaBIECHBI
MUKPOKIUH-TIEPTUTOM, COJIEPKAIIUM MOUKUITUTOBBIE BKIIFOUCHUS 3€PEH TIaruoKIiasa,
ouotuTa M kBapua. OcHoBHas macca runuauoMopdHozepauctas. CocTaB OCHOBHOM
MACChI: ITUIATMOKJIAa3, KAJIMEBbIM mojeBor mmar [18, ¢. 5S1] B BUAE HENpaBWIbHBIX
3epeH, KCEHOMOP(GHBIH WIM B BUJAE MHUPMEKHTOBBIX O0Opa3oBaHHWl KBapil,
MJIACTUHYATHIN WM YelTyH4aThiii OUOTHT.

[TerMaTUTOBBIE )KHIIBI COMIPOBOXKIAIOIINE TPAHUTHI TPOPBIBAIOT rPaHUTHI | (hazbl
¥ KOHTPOJIMPYIOTCS HAIOKEHHOM CUCTEMOM TpemunHoBaTocTH (rpoctupanue C3 310°-
CB 80°, yrner magenus 10-50° Ha ror), omepsiroreil CyOIUPOTHBIN TITyOWHHBIN
paziioM. DoOpMHUPOBAHME OCHOBHBIX PYJHBIX TEJ B MPEJIETaX MECTOPOKICHUN CBSI3aHO
C AKTHUBHU3ALMEW IIOJIOTOM CHUCTEMBbI TPEIIMHOBATOCTH, 3aHUMAIOIIEH ABTOHOMHOE
MOJIOKEHHE B rpaHUTax. B rpaHMTax TakXke MPOSIBICHBI Pa3pbIBHBIC HAPYIICHUS

CEBEPO-3aIMaIHOT0, CEBEPO-BOCTOYHOTO U CYOMEpPUIMOHATILHOTO HanpaBiieHus [62, c.
52].
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[lerMaTUTBl MO BELIECTBEHHOMY COCTaBY U CTPYKTYPHBIM OCOOEHHOCTSIM
pa3feNsaoTCsT Ha TPH TPYNNBL: a) OJMIOKIIA3-MUKPOKIMHOBBIE C Pa3HO3EPHUCTOM
CTPYKTYpPOH MpEICTaBICHBI TEIAMHU HEMPABHIBLHO-TUINTOOOpa3HOW (DOPMBI; COCTaB:
KBapIl, albOUT-OJMIOKJIa3, MUKPOKIMH, MYCKOBHUT, IIepi (KPHUCTALIBI O 5 CM),
onotHt; 6) METKOOJIOKOBBIE MYCKOBUT-MHKPOKJIMHOBBIE C 30HATbHO-CUMMETPHYHON
¥ 30HAIBHO-aCUMMETPHYHON TEKCTYypaMH; COCTaB: KBapll, MHUKPOKJIHH, ajlbOWT-
OJIMTOKJIA3, albOWT, TpaHaT, IIepJ, AalaThT, K KOHTAaKTaM OJIOKOB KBapla H
MUKPOKJIIMHA IpUypOUYCHBI KPHUCTAJLIBI 3€JICHOBATO-CEPOTO Oepuiia,
KPYIHOILJIACTUHYATBI ~ MYCKOBHT,  MEJKHE  KPHCTAIBI  KOJTYMOHWTa;  B)
peIKOMETAUIbHBIE IETMAaTHThI MUKPOKIMH-KBapI-aIbOUTOBBIE, ATbOUTOBBIE, alTbOUT-
CIIOAYMEHOBBIE W IIBETHOTO MMHEPAJBHOTO KOMIUIEKCa (C  KJIEBEJIAHAMTOM,
JETU0IUTOM, CHOJYMEHOM, TMOJUTYLIMTOM, LBETHBIMU TypMajJUHAMU, OepuiuioMm,
KaCCUTEPUTOM).

['paHuTOHMIIBI TAHHOTO KOMIUIEKCA XapaKTEPHU3YIOTCS MIMPOKUMHU BapHALASIMU
neTporeHHbIx 3nneMeHToB. Coaepxkanus SiO; BapbUpYIOT B MHTepBasie 62,29-74,11
mac.% (cpemnee 69,34 wmac.%) c npeoomaganmem K,O nam Na,O (0,86-1,98).
CymMmapnaoe comepkanue tmemoueir Na,O+K;O B wunaTepBasie 6,43-9,37 mac.%
(pucynok 3.9), npu pazmuunbix conepxkanusax CaO (0,57-3,15 mac.%). ®emudeckue
KOMIIOHEHTHI TaKK€ UMEIOT MUPOKuid pazopoc 3Hadennit MnO+Fe,03+MgO = 1,5-
8,44 mac.%, TiO,—0,09-0,98 mac.% npu BeICOKHX 3HaUYCHHSIX TanHO3EéMa Al,O3 13,62-

16,71 mac.%.
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Pucynox 3.9 — CocTtaBbl mopoJ1 KaJIOWHCKOT'O KOMILIEKCa Ha KIacCU(UKAITMOHHON
muarpamme «Si0; — Na,O+K,0» (Middlemost, 1994)

B cnenctBum BeicOkux conepxkanuii KO mopoabl OCHOBHOM 00BEM
IPAHUTOUIOB KaJOMHCKOTO KOMIUIEKCAa TIOMaJaeT B T0J€ BBICOKOKAJIMEBBIX
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I'PaHUTOUOB U3BECTKOBO-ILIETIOUHOM cepuH (pucyHOK 3.10), mpu 3TOM 4acTh COCTABOB
JIOKAJIU3yeTCs B MOJIE NOPOJ, IIOIIOHUTOBOM CEpUU.
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Pucynok 3.10 — PacnpeaeneHue mopo/ KyHYIICKOTO KOMIUIEKCa Ha
kinaccudukannonnoi quarpamme «SiO; — K,0» (Peccerillo and Taylor, 1976)

Ha xnaccuduxanumonnoii quarpamme (Frost et al., 2001) mo pazaenenuto nopon
Ha JKEJE3UCThle M MarHe3uajbHbIE PA3HOCTH TOYKH COCTABOB T'PAHUTOMIOB
KaJTOMHCKOTO KOMIIJIEKCA JIOKAJIU3YIOTCsl Ha TpaHulle AByX mosei. [1o cooTHomeHu o
CaO u menoYHBIX JIEMEHTOB pacCMaTpUBAaeMbIE MOPOABI OTHOCATCS K IIEITOYHO-
M3BECTKOBHUCTHIM M W3BECTKOBO-TIENOYHBIM. [10 MHIEKCY HACHIMIEHUS TIUHO3EMOM
(ASl) mopoasl KaJOMHCKOTO KOMIUIEKCA OTHOCSTCS K BBICOKOTJIMHO3EMHUCTBIM M
YMEPEHHOTJIMHO3EMUCTBIM PA3HOBUAHOCTAM (pUCyHOK 3.11).
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Pucynox 3.11 - CoctaBbl MOpoj] KaIOMHCKOTO KOMITJIEKCA Ha KJIaCCU(PUKAIIMOHHBIX
nuarpammax (Frost et al., 2001): ciieBa — «FeOt/(FeOt+MgO) - SiOo»; o cepennte —
«Na,0+K;0-Ca,0 - SiOy»; cnpasa — «A/NK= Al/(Na+K) -ASI=Al/(Ca-
1.67P+Na+K)».
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['panutounsi KOMILJIEKCA XapaKTepU3yOTCS aACCUMETPUYHOCTBIO,
OTpUIIATEIBHBIM HAKJIOHOM BCEX CIEKTPOB pacnpenesienus P32, HOpMUPOBAHHBIX IO
xoHnputy (Boynton, 1984) (pucynok 3.12) (Lan/Yb, = 4,07-34,12 (cpennee 14,6).
[TpucyTCTBYIOT CIIEKTPHI Kak coO c1ado MposiBJICHHON EU-aHOManmuel, Tak 1 ¢ XOpOoIIo
BeIpakeHHBIM EU-muaumymom (Ew/Eu*= 0,29-0,92, cpegnee — 0,53). OOGmiee
COJIEp’KaHHUE PEIKO3EMEIIbHBIX JIEMEHTOB TaK)KE€ U3MEHSETCS B HIMPOKUX Mpejenax
YXREE= 55,32-346,39 ppm (cpenuee 144,17 ppm).

XapakTepeHsl oTpullaTeNibHbie aHoMaauu 1Mo Ba, Nb, Ti u MuHumym mo Sr B
MYJIbTHUDJIEMEHTHBIX CIIEKTPaX FPAHUTOB, HOPMUPOBAHHBIX MO MIPUMUTUBHON MaHTUU
(Sun and McDonough, 1989) (pucynox 3.7).
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Pucynok 3.12 — Cnekrpsl pacupenenenus P39 B noponax kaaOMHCKOTO KOMILIEKCA,
HOPMHPOBaHHBIC Ha cocTaB xoHapuTa C; (Boynton, 1984)
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Pucynok 3.13 — MyJIbTH3JIEMEHTHBIE CIEKTPHI PACTIPEACIICHUS, TIOJIyYEHHBIE IO
nopojam KaJOMHCKOTO KOMIUJIEKCAa, HOPMUPOBAHHBIE HA COCTAB TPUMUTUBHON
mantuu (Sun and McDonough, 1989)
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Touku COCTaBOB IPAHUTOUIOB KaJIOMHCKOTO KOMILJIEKCca Ha
kinaccuukanmonHeix quarpammax «(Na,O+K;0)/Ca0 — Zr+Nb+Ce+Y» (Whalen et
al., 1987) mu Na,O+K;0- Fe O tot*5 - (CaO+MgO)*5» (I'pebeHnukoB, 2014)
IPEUMYILECTBEHHO PacloJlaraloTcs B MOJISIX 'PAaHUTOB S- U [-Tuma, B TO BpeMs Kak
JUIITb HE3HAYUTEbHAS YaCTh MOMAIAET B TI0JIe TPaHUTOB A-Tumna (pucyHok 3.14).
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Pucynok 3.14 — CocTtaBbl 1opoJ1 KaTOMHCKOTO KOMIIJIEKCA Ha METPOT€HETUUECKOM
auarpamme. CrieBa «(NaO+K,0)/Ca0 — Zr+Nb+Ce+Y» (Whalen et al., 1987) u
cipaBa «Na;O+K;0- Fe O tot*5 - (CaO+MgO)*5» (I'pebennukos, 2014)

BemiecTBeHHBIN COCTAaB TPAHUTOUIOB KaIOMHCKOTO KOMIUIEKCA UMEET IIIMPOKUE
BApUALINU U TTO3BOJISIET OTHOCUTH 3TU MOPOJBI K KEJIE3UCTO-MarHe3UaIbHbIM, BEICOKO-
U YMEPEHHO TIMHO3EMHCTBIM, U3BECTKOBO-ILETOYHBIM U IIEJIOYHO-U3BECTKOBUCTHIM
Pa3HOBUIHOCTSIM. DTH JJaHHBIE HE TTO3BOJISIIOT YETKO OMPEAEIUTD 3TH TPAHUTHI K TOMY
MHOMY reoxuMuueckomy Tumy. OJHAKO MOYXHO YBEPEHHO CKa3zaTh, YTO B MOpOAax
KaJIOMHCKOTO  KOMITJIEKCA HEJOCTaTOYHO BBICOKOE COJEp)KaHUE PEAKUX U
pPEAKO3EMENbHBIX 3JIEMEHTOB JUIsl OTHECEHHS WX K mopojgaM A-tumna. Beicokue
sHaueHus K;O, oGoraménnocts LREE mo3BomnsioT yTBepKaaTh, YTO 3TO TOYHO HE
nopoasl M-tuna. Takum 00pa3oM, Hanbosiee BepHOUl OyAeT uX Kiaccuukanus Kak
IPaHUTOUI0B KOMOWHUPOBAHHOTO |-S-THMa.

Ecnu roBopuTh 00 HCTOYHUKAX TJIABICHUS JUIsl TOPOJ KaJOMHCKOTO KOMILJIEKCa,
KJIFOUEBOE BIIMAHHME HA HMX COCTaB JOJDKHBI OBbUIM OKa3aTh OCAJOYHbIE MOPOIbI
TaKbIPCKOM cepuu (MeCUYaHUKH, aJIEBPOJIUTHI), 3aHUMAIOIIIE OCHOBHOM 00BhEM Kanba-
HapeiMCcKkOM 30HBI. Y4acThe OCaJOYHBIX CJIAHIEB B BBIILUIABICHUU T'PAHUTOUIOB
BBIDQKEHO B HX TMOBBIIIEHHOW TJIMHO3EMHUCTOCTH, CHOPAJAMYECKOM IMOSBICHUE
MYCKOBUTa M TpaHata B mnopoaax. OpHAKoO, HAIMYKUE YMEPEHHOTIMHO3EMUCTHIX
pa3HOBHUIHOCTEH, Tmopoa ©0e3 EU-MuHMMYMa W C OTHOCHUTEIBHO BBICOKUMH
CONlepKaHUSIMU  SI' TO3BOJIAIOT TPEAnojaratb y4acTHE B HMCTOYHUKE TOPOJT
MarMaTU4eCKOTO TeHe3Hca, BEPOSITHEE BCEro 0a3zalbTOB. DTHUMH IMOPOJAMU MOTYT
ABJIATHCS KAaK MeTa0a3uThl OKEAHMYECKOW KOpbI, KOTOpas MPEeanoiaraeTcs B
ocHoBanunu Kan6a-HapsiMckoii 30Hb1. O1HAKO, TOCKOJIBKY JaHHAs 30HA MPEICTABIISET
coboii mpenayroBoil mporud PyaHO-AnTalickoll aKTMBHOW OKpauWHbBI, TO MOXKHO
NPEANOJOKUTh Hajduuhe B €€ HIDKHUX YacTsIX HIMPOKOro pa3HooOpasusi Mopon
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aKKpETUPOBABIIUX K OKpPanHE B pe3yJibTaTe mnpoiecca CyoIyKiuu. ITUMU MOPOJIaMu
MOTJIA SIBJISITECSA Pa3HOOOpa3HbIE BHYTPHOKEAHWYECKHE OCTPOBA M OCTPOBOJIYKHBIC
oOpa3zoBanus. TakuM 00pa3oM, HCTOYHHUKOM JJIsi BBIJIABICHUS TPAHUTOHIOB
KaJIOMHCKOTO KOMIIIEKCA MOT SIBJIATHCS MTUPOKHI CIIEKTP TIOPO/I, IOKAJTU30BAHHBIX B
npejenax MpeagyroBoro mnporuda MNpu 3HAYUTEIBHON POJM MEPEKPHIBAIOIINX
OCaJIOYHBIX MOPO/I.

Monacmulpckuii Komniexc

MoHacThIpCKH KOMIUIEKC 0O0benuHseT psia MaccuBoB Kanba-HapsiMckoit
30HBI, CJIOKEHHBIX MPAKTUYECKHU MOJTHOCTHIO JIEHKOKPATOBBIMU IpaHUTaMu. B 1ienom
reoJIOTUYECKOE TIOJIO)KEHHE MACCHBOB MOHACTBIPCKOTO KOMIUIEKCA CXOXKE C
MaccHUBaMH KaJOMHCKOTO KOMILIEKCAa — OHM O0pa3yroT IENOYKy MAacCHBOB CEBEPO-
3aIaIHOro MPOCTUPAHUS COTIIACHO OOIIEMY CTPYKTYPHOMY IJIaHY 30HBI.

[To reou3nyeckuM TaHHBIM MACCHBBI TUIUTOOOPA3HOW POPMBI MOIIHOCTHIO 3-
10 kM ¢ y3KUMU BEPTHKAILHBIMH MarMOIOBOISIIMMA KaHAIAMH B IICHTPE MAaCCHBOB
(JIomatHukoB u 1p., 1982).

Bmemaromumu nopogaMu ISt TPAHUTOUIOB SIBJIIIOTCS YEPHOCJIAHIICBHIE
TOJNIIM TAaKbIPCKOM CEpPUU JE€BOH-KAMEHHOYTOJIbHOrO Bo3pacTa. KOHTakT ¢
BMEIIAIONIMMH TOPOJaMHU Yallle BCEro TMOJOTHM C 30HAMU OpPOTOBHUKOBAHUS H
KceHosTamMu. B menom, wMopdosoruss MaccCMBOB Y B3aMMOOTHOIIEHHUS C
BMEIIAIOIIMMH TIOPOJAAMHU CXOXKH ¢ KaJOMHCKUM KoMruiekcoMm [18, ¢. 71].

B cocraBe MOHACTBIPCKOrO KOMIUIEKCA BBIJETSETCS TpU (Pa3bl BHEIPECHUS:
nepBasi (pasza — TPaHUTHI, JIEUKOKPATOBBIC, KPYMHO3EPHUCTHIC MOPGUPOBUAHBIE U
PaBHOMEPHO3EpPHHUCTHIC; BTOpass (a3za — TpaHUTHL, JICUKOKPATOBBIE MEJKO-,
CpEIIHEe3EpHUCThIC; TpeThsd (ha3a — KUJIbHBIE TPAHUTHI AIUTUTHI, ATUIUT-TIETMATHUTHI,
kamepHblie iermatuthl (HaBo3oB u ap., 2011) [18, c. 40].

JIeiKOTpaHUTBl MOHACTBIPCKOTO KOMIUIEKCA XapaKTEPU3YIOTCS BBICOKUM
cogepxkannem SiOy (71,55-75,57 mac.% (cpennee 73,36 mac.%)) WU MOCTOSHHBIM
npeodnananrem K,0O Hax Na,O (K,O/Na,O =1,08-1,77; cpennee 1,48).

[Topoabl UMEIOT caMO€ BBICOKOE CYMMapHOE COJIEpKAHUE IIETI0UeH Cpein BCcexX
nopox Kan6a-HapeimMckoro 6aronmra Na,O+K,0 = 7,43-8,77 mac.%, (cpennee 8,25
Mac.%). B mopomax Habmrogarorces rauHo3emMa Al,O3 12,1-14,12 mac.% (cpemnnee 13,46
mac.%); TiO, — 0,07-0,33 mac.% (cpemnee 0,21 mac.%); OTHOCHUTEIHHO HHU3KHE
snauenus CaO — 0,51- 1,41 mac.% (cpeanee 0,93 wmac.%) (pucynok 3.15) wu
FeO+Fe,03+MgO = 1,72-3,76 mac.% (cpeanee 2,51 mac.%).

[Topoapl OTHOCSTCS K BBICOKOKAJIMEBBIM IPAHUTOWIAM U3BECTKOBO-IIEIOUYHOMN
CepUH, a YaCTh 0OPa3II0B MOMAIAET B MOJI€ MIOMIOHUTOBOM cepuu (pUCyHOK 3.16).
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Pucynok 3.15 — CocTaBsl MOpOT MOHACTBIPCKOTO KOMILJIEKCA Ha
kinaccudukannonnoi quarpamme «Si0z — Na;O+K,0» (Middlemost, 1994)
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Pucynok 3.16 — Pacnipeaenenue nopoJ s MOHACTBIPCKOIO KOMILJIEKCA Ha
knaccuukanuonHout nuarpamme «Si0;2 — K,O» (Peccerillo and Taylor, 1976)

CornacHo naHHbIM KinaccudukanuoHHbix auarpamm (Frost et al., 2001) mopossr
KOMIUIEKCA  paclojlaraloTcsi B MOJSAX  JKENE3UCThIX ~ YMEPEHHO- U
BBICOKOTJIMHO3EMUCTBIX, HM3BECTKOBO-IIEIOYHBIX U  IIEJIOYHO-HU3BECTKOBUCTHIX

TPaHUTOUIOB (pUCyHOK 3.17).
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Pucynok 3.17 — CoctaBbl OpOA MOHACTBIPCKOTO KOMIUIEKCA Ha
KiaaccudpukannoHHbiX quarpammax (Frost et al., 2001): cnesa — «FeOt/(FeOt+MgO) -

05

14

1.3

1.5 17

19

SiOy»; mo cepennne — «Na,0+K,0-Ca,0 - SiO,»; cnpaBa — « A/INK= Al/(Na+K) -

ASI=Al/(Ca-1.67P+Na+K)»

AcCUMETpHYHBIN 00JIMKOM ¢ oTpHIaTeIbHbIM HakionoM (Lan/Yb, = 3,24-21,28
(cpennee 9,79)) xapakTepu3yrOTCs CIIEKTPBI pacnpeaeseHus P33, HoOpMUpoBaHHBIE 110
xoHaputy (Boynton, 1984), (pucynok 3.18). Jlsia mopoa MOHACTBIPCKOTO KOMILJIEKCa
XapakTepeH sipko BbipaxkeHHbI Eu-muaumym (Eu/Eu*= 0,05-0,54, cpeanee — 0,26), a
TaK)K€ CaMbI€ BBICOKHE COJCPKAHUS PEIKO3EMENbHBIX 3JIEMEHTOB, CpPEIu BCEX
rpannTonsioB Kanba-HapeimMckoro Oaronura (XREE= 123,36-290,25 ppm (cpenHee

210,17 ppm).)
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Sample/ REE chondrite
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Pucynok 3.18 — MynbTURIEMEHTHBIE CEKTPHI pACIPEICIICHHUS], IOTYYEHHBIE 110
MOPOJIaM MOHACTBIPCKOTO KOMILIEKCA, HOPMUPOBAHHBIE HA COCTaB XOHAPUTA

(Boynton, 1984)
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XapakTepeHbl BeIpaK€HHbIC OTpUIIaTeIbHbIE aHOMasuu 110 Ba, Nb, Sr, P, Eu, Ti
B MYJIbTHAJIEMEHTHBIX CIICKTPax, HOPMUPOBAHHBIX 110 TPUMHTHBHON ManTuu (Sun and

McDonough, 1989) (pucyrok 3.19).
g

1000
|
LU

T T TTTTIT

100
|

UL

10
|

Sample/ Primitive Mantle

T T TTTTTT0

T T TTTTIT

0.1

Pucynok 3.19 — MynpTraneMeHTHBIE CIEKTPBI PACTIPEIEIICHHUS], IOJyYEHHBIE 110
IIOPOJIaM MOHACTBIPCKOTO KOMIUIEKCA, HOPMUPOBAHHBIE HA COCTaB MPUMHUTUBHON
ManTuu (Sun and McDonough, 1989)

Ha nuarpammax «(Na;O+K;0)/CaO — Zr+Nb+Ce+Y» (Whalen et al., 1987) u
Na,O+K,0- Fe O tot*5 - (CaO+MgO)*5» (I'pebennukoB, 2014) nns BBIIETICHUS
I'PAaHUTOB A-THIIa TOYKH COCTABOB TI'PAHUTOMJOB MOHACTBIPCKOIO KOMILIEKCA
MOIA/IAt0T B TOJI€ TPAaHUTOU0B A-Tura (pucyHok 3.20).

Na,0 +K,0

100
!

(Na,0+K,0)/Cca0
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[
]

50 500 5000 5Fe, 05t 5(Ca0 +MgQ)
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Pucynoxk 3.20 — CoctaBbl TOpO1 MOHACTBIPCKOTO KOMILJIEKCA HA IETPOTCHETUYECKOM
auarpamme «(Na,O+K;0)/Ca0O — Zr+Nb+Ce+Y» (Whalen et al., 1987) (cieBa) u
«Na0+K;0- Fe O tot*5 - (CaO+MgO)*5» (I'pebennukos, 2014) (cripaBa)
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[IpencraBieHHble COCTaBbl MOPOJ MOHACTBIPCKOIO KOMILJIEKCA MOKAa3bIBAIOT,
YTO KOMIUIEKC CIIOKEH KEJIE3UCThIMHU JIEHKOrpaHUTAMU C OTHOCUTEIBHO BBICOKHM
conepxxaarem K;O u NaO mpu Huszkux copepskanusx CaO. Taxxe mist 3TUX MOPO.
XapakTepHbl BBICOKHE COJIEPXKAHUS PEIKUX U PEIKO3EMEIbHBIX 3JIEMEHTOB.
[TomydeHHBbIC MaHHBIE TO3BOJSIIOT YBEPEHHO KIACCH(PHUIIMPOBATH JICHKOTPAHUTHI
MOHACTBIPCKOTO KOMIUIEKca Kak mopoasl A-tuma. Ilpomecc dopmupoBanms
JIEUKOTPAaHUTOB A-THIA HA JAHHBI MOMEHT OCTaETCsl 1OCTATOYHO JAUCKYCCUOHHBIM —
MpeAnojaraercs, 4T0 OHU MOTYT OOpa30BBIBATHCS KaK IMPHU IUIABICHUH KOPOBBIX
cyOCTpaToB, TaK M MPHU 3BOIIOIMK MaHTUHHBIX 6azutoBbix MarM (Frost et al., 2001,
2011; I'pebennukos, 2014) [18, c. 89]. IlockonbKy 1y paccMaTpUBAEMbIX TOPOJT
XapaKTePHO OTHOCUTENILHO HU3KOe coaepxanne ND, uTo BeIpakaeTcss B MUHUMYyMeE Ha
MYJIbTHUDJIEMEHTHBIX CIEKTpaxX, TO MOPOAbl MOHACTHIPCKOTO KOMILIEKCa CIEAyeT
OTHOCUTBH K Ay-pa3HOBUIHOCTSIM. J[aHHBIE TIOpOABI B OOJIbIIEH CTENEHU OTBEYAIOT
MJIABJICHUIO CYOCTPATOB 3pesioil KOHTUHEHTAIBHOM KOPBI MPU OTHOCUTEIBLHO HU3KUX
COJIEPKaHMSIX BOJIbI, YTO BBIPAXKAETCS B MOBBIIICHHOM JKEJIE3UCTOCTU. TaKKe TOPOIbI
MOHACTBIPCKOTO KOMIUIEKCA HMEIOT JOCTaTOYHO BBICOKHME 3HAYEHUS HHIEKCA
HachleHus: TauHo3EMOM (ASI), 4TO CKOpee BCEero CBS3aHO C BOBJICYCHHEM B
IJIABJICHUE OCAJOYHBIX IOPOJI TaKbIPCKOW cepuu. MOXKHO MPEeanonokKUTh, YTO
BEPOSTHBIMU MCTOYHUKAMU JJISI JIEUKOTPAHUTOB SIBJISLIICS TOT K€ HAOOp MOPOJI 4TO U
JUIs.  BBIIUIABJICHUSI TPAaHUTOB KAJIOMHCKOTO KOMILUIEKCA, TOJBKO B  Oojee
BBICOKOTEMIIEPATYPHBIX U OE3BOJHBIX YCIOBHSIX, OJHAKO STOT BONPOC Tpedyer
JAJbHEUIIIETO PACCMOTPEHUSI.

3.2.2 Tepmobapomempuueckue  ucciedosanus  epanumoudos  Kanba-
Hapvivckozo bamonuma

TepmoGapomeTtpusi mpencrasisieT coOoil ompenenenue TemmneparypHbix (T)
ycinoBui U napnenus (P), mpu KOTopbIx MpoUCcXoansio pOopMUpPOBaHUE TPAHUTOUOB,
YTO MOXET JaTh K04 K TOHUMAaHUIO TIyOWHBI 3aJI0KEHUSI MarMaTHUECKUX KaMmep U
HBOJIIOIMU MarM. B nanHo# paboTe ucnonb3yeTcss OMoTUTOBbIN TepMobapomeTp (L1 &
Zhang, 2022) ocHoBaHHbIi Ha MamHHOM oOydenuu (ML). Ilpumenenune ML-
MOJIXO0/1a MO3BOJIMJIO HAWTU CJIOKHBIE 3aBUCUMOCTH «COCTaB OMOTUTA (E£pacmiiaBa) —
T—Py», ¢ yuéToM MMPOKUX Bapualuii XMMHUYECKOIO cOCTaBa ciitoja. Beibop maHHOrO
TepMoOapoMeTpa B TEPBYIO OdYepeab OOOCHOBAaH TE€M, UYTO OHOTHT SIBIAETCS
«CKBO3HBIM» MUHEPAJIOM JIJIsl BceX KoMIuiekcoB U ¢a3 Kanbda-Hapreimckoro 6aromnuTa,
B OTJIMYME OT JIPYTUX MUHEPAJIOB-TEPMOOAPOMETPOB, HaTIpuMep, ampudoII1a, KOTOPHIi
MPaKTUYECKU HE HaOMIofaeTcss B TMopojax paiioHa. Vcmonap3yeMblit OMOTHUTOBBIN
TepmobapomeTp oOydeH Ha mupokom auanazone T (1o 1325 °C) u P (mo 48 k6ap) u
YYUTBIBAET MHOXKECTBO XUMHUECKUX 1eMeHTOB (5102, Ti02, Al:Os, FeO, MnO, MgO,
CaO, Na:0O, K:O, F, Cl B Ouotute W pacriaBe), 4TO MO3BOJISET YHHUBEPCAIBHO
OLICHUBATh TEMIIEpaTypy  nasieHue [63].

Ha ocHOBe COOpaHHOTO O3KCIEPUMEHTAIILHOTO Habopa maHHbBIX (n=198)
coJiepKallero OMOTUTHI MPOBEACH TEPMOOAPOMETPUUECKHUI aHaIUu3 TPAHUTOUIOB
KYHYIICKOTO, KAJIOWHCKOTO ¥ MOHACThIpCKOT0 KoMmIutekcoB ([Ipumoxenue I).
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Kynywckuii komniekc B TEIOM OTpakaeT (GOPMHUPOBAHUE TPH CPEIHHX—
yMepeHHO-BbIcOKHX Temmeparypax (790-840 °C, ocHoBHas wyacth 805-840°C),
naBieHue — oT ~ 3 kbap mo ~7 k6ap (okoyio 15 KM TiIyOMHBI), YTO COTJIACYeTCs C
MIPEAIOJI0KEHUEM O ero Oojiee TiIyOnHHOM XapakTepe (pucyHok 3.21).

L,

Pressure (kbar)
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ED
Temperature (*C)

Pucynok 3.21 — Pe3ynpTathl onpenesieHus TEMIIEpaTyp U 1aBICHUN
JUIS1 TOPOJI KYHYIICKOTO KOMILIIEKCa

[lo  pesynpTaTaM  TepMOOApPOMETPUYECKUX  pacy€ToB,  TeMmIlepaTypa
KpUCTAUTM3AIMMA TIOPOJT KaJOMHCKOro KomIuiekca cocrtabisieT 750-840 °C, mnpu
JABJICHUM TIPEUMYIIECTBEHHO 3—5 kOap, mocturawmomnieM S5—/7 k0ap B OTACIbHBIX
ciyvasix (pucyHok 3.22). Bapbupytoniuecs 3Hau€HUS JIaBIICHUS, BEpOSITHO,
CBUJICTECJILCTBYIOT O pa3HOM TiayOMHE KpHUCTA/UIM3allMd WM YKa3bIBalOT Ha
noyidazHoe BOJOIMOHHOE Pa3BUTHE MarMaTHYECKOTO KOMILIEKCA.

700 750 830 ET)

800
Temperature (*C)

Pucynok 3.22 — Pe3ynbTaThl onpeiesieHus TeMIepaTyp U JTaBJICHUI
JUTSI TIOPOJT KAJIOWHCKOT'O KOMILJIEKCa
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Temnepatypubiii untepBasn 740—760 °C  COOTBETCTBYET MO3AHUM HTalam
KPUCTAJUIM3aUMU TPAHUTOUIHBIX MarM M XapakTepu3yeT MO3JIHEMarMaTH4ecKylo,
0osee SBOMIOIMOHUPOBAHHYIO (Da3y, CIOCOOHYIO K (DOPMHUPOBAHHUIO MErMATUTOB B
BEpXHEl 4YacTh MarmMaTtmdyeckux kamep. JlaBnenume B mnpenenax 4—6 kOap
(cooTBercTByIOIIEEe TiIyOMHaM mopsigka 1520 KM) MOXKET CBHAETEILCTBOBATH O
KpUCTAJUIM3allMi Ha OoJyiee TIIyOOKMX YPOBHSIX MarMaTH4ecKod KaMepbl JMOO O
YaCTUYHOM IOTPY>KEHUH MOPO/I.

Temneparypusie mnapamerpsl 785-820°C npu pgaBiaeHusix 45,5 kOap,
YCTAaHOBJICHHbIE 110 OCHOBHOM 4YacTW o0O0pa3loB, YKa3blBAlOT Ha pa3BUTHE
BBICOKOTEMIIEPATYPHBIX MPOIIECCOB B Mpe/esiax CPEIHUX YPOBHEM KOHTMHEHTAIbHOU
KOphl (mpumepHo Ha Tiayoune 12—-18kmM). OTu yclIOBHS XapakTEepHbl Jis
KPUCTAJUIM3AIMU  CWJIBHO  3BOJIOIMOHUPOBAHHBIX MarMaTU4eCKUX pacIliaBoB,
BKJIIOYas TpaHuThl - u S-Tuna. Beicokue TemmnepaTypbl CBUAETENBCTBYIOT O MO3IHEH
CTaJMM MarMaTuyeckou auddepeHuuanuu, Ha KOTOPOd BO3MOKHO (POPMUPOBAHUE
NerMaTUTOB. B yKa3aHHBIX yCHOBHSX (DIIOMIOHACHIIIEHHBIE OCTATOYHBIE PACILIABBI
CIIOCOOHBI MUTPUPOBATh BBEPX, BHEIPSSACH B BBIIIENIECKAUIME TOPU3OHTHI U 00pazys
MErMaTUTOBBIC TANKH.

Monacmuipckuti  komnnaexc. OCHOBHasg 4YacTb Mpo0  JIEMOHCTPUPYET
TeMIlepaTypbl Kpuctaumzauuu B npegenax 760—785 °C (obmmii mHTepBan ~750—
810 °C). [aBneHue mperMMyIECTBEHHO BapbUPYET B Ipenenax S5—6 kbap, qocturas
8 kOap B oTHeNbHBIX citydasx (pucyHok 3.23). Temneparypnsiii auanazon 750-810 °C
COOTBETCTBYET OCTATOYHBIM I'DAHUTOMIHBIM MarMaM M YKa3blBacT Ha I103/HIOK0
CTaiul0 MX Kpuctaumzauud. JlaBnenus 5-6kOap oTpaxaroT (OpMUPOBAHUE
MarMaTU4eCKUX KaMep B Ipelesiax CpeJHEd KOHTMHEHTAJIbHOM KOpBI, TOrAa Kak
NOBBILICHHBIE 3HaUEHUS (10 8 KOap) MOTYT CBUIETENILCTBOBAThH O TIIyOMHHBIX Odarax
MarMaTu4eckol axkTuBHOCTU. Ilpu Takux ycClIOBHAX BO3MOKHO OO0pa3oBaHUE
NErMaTUTOB U3 (IIOUIOHACHIIIEHHBIX OCTATOYHBIX PACIIABOB.
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Pucynok 3.23 — Pe3ynbTaThl onpeesieHus TeMIIepaTyp U AaBICHUA
JUISL TIOPOJ MOHACTBIPCKOTO KOMITJIEKCA
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Bwvi6oo. Kynywickuti komnaexc 3ajieraeT Ha YMEPEHHBIX IrimyOuHax (~15 km) u
MOKET TPEICTaBIATh paHHIO a3y TPaHUTHOrO MarmMatu3ma peruona. Jlms
KAOUHCKO020 KOMNIeKCAd XapaKTEPHbI IIMPOKKUE Bapyuallui TeMIIepaTyphl U JaBJICHUS,
YTO yKa3bIBAaeT HA MONMU(A3HOE PA3BUTHE U CIIOKHBIE MPOILECCH KPUCTATUIU3AINU U
IUTaBIICHUS KOpBL. Monacmulpckutl  Komniekc —OTAM4YaeTcss  (HOpMHUPOBAHHEM
HU3KOTEMIIEPATYPHBIX MarM, BEpOATHO 00YCIOBICHHBIM OBBIIIICHHBIM COJIEP)KaHUEM
JIETY4YnX KOMIOHEHTOB (PUCYHOK 3.24).
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Pucynok 3.24 — ComnocraBieHue TepMo0apoOMETPUIECKUX
JAHHBIX KYHYIICKOTO, KAJIOMHCKOTO ¥ MOHACTBHIPCKOTO KOMITJIEKCOB

3.2.3 Onpeoenenue o3pacma hopmuposarus peoKoMemaiibHbIX NeMamumos

JIisi yTOUYHEHHSI BO3PACTHBIX XapaKTEPUCTUK TETrMAaTUTOB M HMX CBA3U C
IPaHUTOMIAMHU KaJOMHCKOTOo KOMIUIeKca Obuto mpoBeneHo U-Pb  matupoBanwue
pKoHa. beuin oToOpansl nBe mTydHBIE PO (3-5 KT) U3 Ab-Turm-Ms-Q=Spd-
MErMaTOUTHON >KHMJIBI M COTPSDKEHHOTO OMOTUTOBOTO TPAHUTA, JIOKAIM30BAaHHBIX B
npenenax OrHE€Bckoro pynHoro mnosd. [lermaturoBas »ujga MHpencTaBisieT coOOU
MOJIOTO3AJIETAIOIIEE TEJIO MOIIHOCTHIO OKOJIO 5 METPOB MPOCIICKUBAIOIIEECS B CEBEPO-
3amaj-3amnajJHoM HaIpaBJieHUHM Ha MpoTskeHuu okojo 300 meTtpoB (pucyHok 3.25).
JKuna npencraBieHa KpyIMHO3EPHUCTHIM arperaTtoM U3 ajap0uTa, KBapiia, TypMajuHa C
danuanbHBIMU IEPEX0/IaMU B MEIKO-CPEIHE3EPHUCTHIC JICUKOTPAHUTHI. {7151 sKUIIBI
XapaKTEPHO TMPHUCYTCTBUE OOJBIIOTO KOJUYECTBA CKOIUICHHMH C TOBBINICHHBIM
coJiep kaHreM TypMairHa u rpadata. [I[po6a 6uotTuToBOro mopPupoBUIHOTO TPAHUTA
Obl71a 0TOOpaHa B HK30KOHTAKTOBOW 30HE TAHHOMW JKUJIbI HA HEOOJIBIIIOM YAAICHUN OT
Heé.
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Pucynok 3.25 — @ortorpadusi nerMaTUTOBOM >KUITbI, 0OTOOpaHHOMU i npoBeaeHust U-
Pb uzoTonHoro narupoBanus (cieBa). TypMalInHOBOE CKOIUICHHE B KHJIE (CIIpaBa)

M3 1npoObl TrpaHUTOB KaJOMHCKOTO KOMIUIEKCAa yJIalloCh  BBIICIIHTH
MOHO(PAKIUIO IUPKOHOB, KOTOPBIC XapaKTEPU3YIOTCs KpymHbIM pazmepoM 200-300
MKM, KaK IPU3MaTHYEeCKOro raOWTyca, TaKk W C JHIAPAMHJION B KauyecTBE
npeobanarorieit hGopmsel (pucyHok 3.26).

Pucynok 3.26 — KatootoMUHECIIEHTHBIE N300paKeHUS TIPEACTABUTEIIBHBIX 3EPEH
IIUPKOHA, BBIJICJICHHBIX U3 TPAHUTA KAJTOMHCKOTO KOMILIEKCa

Bce kpucTamibl UMEIOT OCHMWJUIATOPHYIO 30HAJIBHOCTh, YTO TOBOPUT 00 HX
MarMaTM4ecKoM MpOUCXOkaAeHUU. Takxke B 3€pHaX HAOIIOMAIOTCA HEOOJIbIINE
BKJIFOUEHUS 3aXBaUYEHHBIX MUHEPANOB. M3 MerMaTUTOBOM KWIIbI yAajloCh BBIICIUTH
MOHO(PAKIUIO KPYMHBIX HUPKOHOB ¢ pazmepamu 250-400 mukpoH (pucyHok 3.27).
3€épHa UMEIOT KOPOTKOIPU3MAaTHUYECKUM rabUTyCc ¢ pa3BUTOW JUNHPAMUION, YaCTh
3épeH uMeeT HesicHble ouepTaHus. Ha KaTOIOIIOMHHECHEHTHBIX H300paMeHHsIX
JaHHbIE IMPKOHBI XapaKTEPU3YIOTCS TMOJHBIM OTCYTCTBUEM 30HAJIBHOCTH H
OJIHOPOJHBIM BHYTPEHHUM CTPOCHHUEM.
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Puynok 3.27 — KaToaom0oMUHECIIEHTHBIE N300paXKeHUS TPEACTABUTENBHBIX 3EPEH
[IUPKOHA, BBIJICJICHHBIX U3 METMAaTUTOBOM >KUJIbI

PesynapTatel  U-PD  wm30TOmMHOrO JaTMpoBaHHMsS TPAHWTOB  KAJIOWHCKOTO
KOMITJIEKCA TIPUBEJICHBI HA AHarpaMMe ¢ KOHKOpauen Ha pucyHke 3.28. Bcero 0110
npoaHanu3upoBaHo 40 3EpeH IUPKOHOB, W3 KOTOPBIX 15 ompeaeneHuil ObUIH
MPU3HAHBI HEKOPPEKTHBIMH M3-3a BBICOKMX 3HAYEHHM JAUCKOPAAHTHOCTH (>5%).
KonkopnanTtHoe 3HaueHne Bo3pacta paBHO 290.7 £1.6 MIIH JIeT, YTO TOATBEPKAAECT
paHHENepMCKU BO3pacT POopMUPOBaHUS TPAHUTOB KaIOMHCKOTO KOMILJIEKCA.

data-point error ellipses are 68.3% conf.
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Pucynok 3.28 — Pesynbratel U-Pb natupoBaHus 1IMPKOHOB U3 TPAHUTOB

KaJIOMHCKOTO KOMILJIEKCA Ha JUarpaMMe ¢ KOHKOpJuen

Ha nmarpamMMe c¢ KOHKOpauei mokaszaHbl pe3yiabtaThl U-Pb wm3otommoro
JaTUPOBaHUSl IIMPKOHOB M3 TerMaTHTOBOW >kuibl (pucyHok 3.29). Bcero Obuio
MIPOAHATM3UPOBAHO 55 3EPEH MUPKOHOB, U3 KOTOPHIX TOJILKO 17 ompeneneHuit ObuIH
MPU3HAHBI KOPPEKTHBIMU. J[J11 BCEX OCTaJIbHBIX OMPEEICHUN XapaKTepHbl BHICOKUE
HepaauorenHoro ceuHna (?°’Pb), m kak ciencTBHe, KpailiHe BBICOKME 3HAYECHUS
nuckopaantHocTh. KoHkopaanTHoe 3HaueHne Bo3pacta paBHo 290.5 £1.1 muH ner.
[Toy4yeHHBbIE naHHBIE TO3BOJIAIOT YTBEpPXKIaTh, 4YTO (OPMHUPOBAHWE TPAHUTOB
KaJIOMHCKOTO KOMILIEKCa M MerMaTuToB OTHEBCKOTO PYIHOTO TOJIS MPOUCXOIUIO B
panHenepMckoe Bpems. [lomydeHHbIe OIIEHKH BO3PACTOB JJIsi TPAHUTOB U IErMaTUTOB
COBIAJAIOT B IIpeJieliaX MOTPEIIHOCTH, YTO IMOATBEPIKIACT UX TCHETHYECKYIO CBS3b.
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data-point error ellipses are 68.3% conf.
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Pucynok 3.29 — Pesynbsrarel U-Pb natupoBaHus IMPKOHOB U3 IETMAaTUTOB
KaJTOMHCKOTO KOMIUIEKCa Ha JUarpaMme ¢ KOHKOpAUEH
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4 OCOBEHHOCTHU MHUHEPAJIBHOI'O COCTABA NIIEI'MATHUTOB
KAJIBA-HAPBIMCKOI'O ITOACA

B U3y4eHUe PEAKOMETAIIBHBIX 00BEKTOB Kan6a-Hapsimckoro
peaKOMETaUTbHOTO Tosica Oombimon Bkiax BHecin HO.A. CamoBckuii, B.O.
Oummnos, B.U. Ky3uenos, H.A. Cononos, [ApsukoB b.A. u n1p. 3HaunTenpHas 4acThb
nerMaTUToBBIX kui llenTpanbHoit KamOel OTHOCHTCS K BeAylieMy THITY TaHTaJ-
OJIOBSIHHOTO O€pUJIMEBOr0 U JINTUEBOIO PEIKOMETAIUILHOTO OpyAeHeHUs. TUIOBBIMU
MPEICTaBUTEISIMU SIBIISIIOTCS MecTopoxaeHus: bakennoe, FOOuneitnoe, benas ['opa u
JpyTHE, pacloyioXEeHHble B mpenenax AcyOynakckoro, OrHeBcko-bakeHHOro wu
benoropcko-baiMyp3nHCKOTO  pyAHBIX mojed. llerMatuTel  MECTOPOXKICHUS
AxmetknHO u Touka orHocarcs Kk Kaporomn-Capslozekckoil 30He LleHTpanbHON
Kan6el. Mecropoxxaenue Yepaosk pacrnoioxkeHo B HapbIMckOM pynHOM paiioHe
Kanba-HapeiMckoit MeTamioreHnueckoit 30Hbl. (pucyHok 3.2, ['naBa 3).

ABTOpOM OBLIT M3yYE€H MHUHEPATIOTMYECKHI cocTaB rnerMatutoB LleHTpanbHOI
KanOb1 Ha mpuMepe u3BeCTHBIX MecTopoxkaeHu KOOunelinoe, bakeHHoe, AXMETKHHO,
Touka, Yepnosik. M3yuenne npoBOAWIOCH € MMOMOLIBIO ONITHYECKOTO U 3JEKTPOHHO-
MHKPOCKOITMYECKOTO MUKPOCKOIIA.

FO6uneiinoe mecmopooicoenue.

MecTopoxieHre pacrojokeHo B AcyOyJaKCKOM PYJIHOM II0JIe M BXOJHUT B
coctaB AcyOynak-benoropckoro pyanoro yszna. HOwieliHoe MeCTOpOXKIeHHE
XapaKTepU3yeTcsl TPEIIUHHO-PA3PBIBHONW CTPYKTYPOd, CHOPMUPOBAHHON B BUCSUYEM
I0’)KHOM (taHre pyaHoro mnosisi. OCHOBHBIE pyIHbIE erMaTuToBbIe Tena (KOouneiinoe,
My3seiinas, Equnas u ap.) XapakTepusyroTcsl HEPaBHIbHO-TUIMTOOOpa3HOM (popmoii
(c pasmyBaMu U TepeKMMaMH), MPOCIIEKUBAIOTCS B CYOIIMPOTHOM HAaIpaBJIEHUU Ha
150-900 m mpu mmpune 1-5, pexke 10 M m Oosee; majeHUE WX IMOJOTOE B FOKHOM
HarmpasiaeHun — 30-40°. B pa3MmenieHnn merMaTuTOBBIX KUJI ONPEACIICHHOS 3HAUCHUE
MPUIACTCA TAKXKE BHYTPUPYIHBIM DPa3pbIBHBIM HAPYIIEHUSM CEBEPO-3aMaHOTO U
CEBEPO-BOCTOYHOTO MPOCTUPAHUSA, PAa30MBIIMM MECTOPOXKJICHHE Ha PsI MEJTKHUX
0siokoB. [Ipu 3TOM, OTMEUaeTCsi y3JI0BOE CKOIUICHHWE PYJOHOCHBIX METMAaTUTOB Ha
NIEPEeCeUCHUH TPEIMH Pa3HOro HampapyeHus [62, ¢. 50, 52].

[IpoBeneHHbIE paHee HWCCIEAOBAHMS  ONPEACIWIM  IIUPOKUWA  CIEKTP
PEAKOMETAUILHBIX U COMYTCTBYIOIIMX MHUHEpPaJoOB B mnermMatutax HOOumieiHoro
MECTOPOXKJICHUSI KaK Ha Makpo —, TaK U MHUKpOypoBHe. B pe3ynbrare
MHUHEPAJIOTHYECKUX HCCIICIOBAHUN TPONIUIBIX JeT [62, ¢. 55] Obum ompeneneHbl
OCHOBHBIC DYJIHbIE MHUHEpAJIbl: CIOJAYMEH, TaHTAJIUT-KOJIYMOUT, KacCUTEPHT,
MOJUTYTIUT, JTETUIOIUT, OCPUILIL.

ITo pe3ynbraraMm paHee MPOBEIEHHBIX HCCeqoBaHNM ierMaTuThl KOOumeinHoro
MECTOPOKICHUS MOIPA3ACIAIOTCS CICAYIOIINE KOMIUICKCHI.

B cocraBe osnucoxknaz-mukpoxiunogo2o Komnjiekca OTMEYAKOTCS KBapll,
OJIUTOKJIa3, MUKPOKJIMH, MyCKOBHT, IIEPJI U TpaHaT (KpUCTAJUIbI pa3MepoMm J10 1 cm),
WHOT/Ia cJ1a00 TposiBieHa anb0uTH3aius. B 60kax >kl pa3BUTHI allJIMTOBBIE U aIlJIUT-
MEerMaTUTOBBIE OTOPOUYKU. B 0CeBOI YacTH KU1 pa3BUBAIOTCS MEJIKOOJIOKOBBIE KBAPII-
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MUKPOKJIMH-MYCKOBUTOBBIE arperatbl cepeOpucTo-0es1oro neera ¢ mepaom (PUCyHOK
4.1) [64, c. 110].

Pucynok 4.1 — Kpucramn typmanuna (mepiia)

Ha MukpoypoBHE HaOJIIOIaeTCsA KACCUTEPUT M KOITyMOUT (prucyHok 4.2) [64 c.
109, 110].

Pucynok 4.2 — MukpoBKJIIOUEHHUS KaccuTepuTa (a) u KoaymouTa (0) B OJTMKOTJIa3-
MUKPOKIIMHOBOM TICTMAaTHUTE

Mukpoknunogblii  Komniekc TIpociexuBaeTcs (¢GparMeHTapHO B ¢opme
OTIICTBHBIX OJIOKOB KBapI-MHUKPOKIMHOBOIO COCTaBa, pACIOJIOKCHHBIX KakKk B
IIEHTPAJIBHBIX, TAK U B OOKOBBIX YaCTSIX KPYITHBIX MerMaTUTOBBIX wi (KOOumeiHas,
Emunas u nap.). B mpenmenax OJOKOBBIX 30H BCTPEUAIOTCS TaK)Ke PO3OBBINA KBapIl,
THEe3/1a KPYIMHOTUIACTUHYATOTO CepeOprcTo-0eI0ro MyCKOBUTA, KPUCTAIUTHI OepriLia
3€JICHOBATO-CEPOr0 OTTEHKA M TIJIACTUHYATHIE KPUCTAJUIBI KOJTymMOuTa (pucyHok 4.3).

OCHOBHBIMHU PYTHBIMU MUHEPAIAMUA KOMIUICKCA SBJISTFOTCS OSpHILT M KOJTyMOuT [64, c.
110].
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Pucynok 4.3 — TunomopdHbie MUHEPaTIbl MUKPOKIMHOBOTO KOMILJIEKCA!
a) MPU3MaTUYECKUI KpHucTa 6epuiia; 6) KpyMHOIUTACTUHYATHI MYCKOBHT;
B) TUTACTUHYATHIN KOIyMOUT ((poTo u3 kouiekiuu JpsukoBa b.A.)

Muxpoxnun-anebumogwlll  Komniekc TIAPOKO PaclpocTpaHéH B COCTaBe
PYJIOHOCHBIX TIETMAaTUTOB M XapaKTEPHU3yeTCs] METACOMATHYECCKHUM 3aMEIICHHEM
MUKPOKJIMHA MEJIKO3EPHHUCTHIM aJIbONTOM B acCOIMAIIMU C KBapIleM M cepeOpucTo-
oempiM  MyckoBuTOM. Kowmmiekc oOoramiéH ¢ocdatamMu JMTAS W MapraHIa,
criogymeHoM (1o 18x8 cm), BepaeauToMm, OEpPUILIOM, a TaKXKe COIAEPKHUT PYAHYIO

MUHEpaIU3aIMI0 B BUJI€ BKPAIJICHHOCTH TaHTAJIUTA U KOryMOuTa (pucyHok 4.4) [64,
c. 118].

a) KpUCTAJIJT CIIOAyMEeHa; 0) KpuCTaJuTbl OepuIlia; B) aTbOUTU3UPOBAHHBIN IETMATHT C
BKPAIUJICHHOCTBIO TAaHTAJIUTA U KOTyMOUTa

Pucynok 4.4 — TunnomopdHbie MUHEPAJIbl MUKPOKINH-aJIbOUTOBOTO KOMILJIEKCA.
®oto u3 koiekuuu JpsiukoBa b.A.

[Ipumeuanue — CocTaBieHo 1Mo UCTOYHUKY [64, c. 118].
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OcHOBHBIE py/JHbIE MUHEpAJIbl — KACCUTEPUT U TAHTAIUT-KOJIYMOUT (PUCYHOK
4.5), peaxo HaOIIOAI0TCS MPU3MATHUECKUE KPUCTAILIBI CIIOlyMEHa.

_ Kaccurepur

K1p 1

) Tanraaur -

Pucynoxk 4.5 — MukpoBkiItoueHuUs TaHTAMHATA (a) 1 KaccutepuTa (0)
B aJTb,OMTU3NPOBAHHOM TETMATUTE

Keapuy-anvoum-mycrosumosuoiti  (epelizeHo6vlll)  KOMNIEKC  BCTPEYaeTCs
JIOKAJIbHO B PA3IMYHBIX YaCTAX KU1 Bo BHyTpEHHMX 30HAaX MErMaTUTa acCOIUUPYET
C aJIbOUT-CIIOYMEHOBBIM KOMIUIEKCOM. BHeliHe — 3To KpymHO3EpHUCTHINA Tpei3eH
3€JICHOBATOM OKPACKH, COCTOSIIINI B OCHOBHOM U3 MycKoBuTa (6osee 50%), kBapia u
anpouta (pucyHok 4.6) [62, c. 56; 65].

Pucynok 4.6 — O0pa3siisl KBapIl-aTbOUT-MyCKOBUTOBOTO KOMITJIEKCA: a —
rpeii3eH 3eJeHOBAaTO-CEPOI OKpPaCKH; O — IPEM3eH ¢ MyCKOBUTOM U BKPAIlJIEHHOCTHIO
tanTanuta. ®oto u3 kosneknuu Jpsukona b.A.

[Ipumeuanue — CocTaBieHO IO UCTOYHUKY [65, c. 168].

['maBHas oTIMYUTENbHAS OCOOEHHOCTh TPEH3EHOBOI0 KOMILJIEKCA 3aKITF09aeTCs
B OOOTalIEHHOCTH €ro TAaHTAJIOM Ha YPOBHE yparaHHBIX 3HAYEHUN U SIBISECTCA
HanOoJIee MPOIyKTUBHBIM Ha MECTOPOXICHHH [62 c. 56].

3eeHblil MyCKOBUT, (TOpanaTUT, allaTUT U 3€JICHbIA TypMaiuH (BEpIeiuT),
peXe CIOyMEH OTHOCATCS K THIOMOP(HBIM WHIUKATOPHBIM MHUHEpaIaM KOMITJICKCA.
Bkpamiennocteio TaHtanurta, ukcuonuta (Ta, Nb, Sn, Fe, Mn),Os (ITo O.J.
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['aBpunienko, H.A. 3uMaHOBCKOI), ypaHOHOCHOTO TAHTAJOBOTO MHUHEpana -
mukponuta (Ta-31,33; U — 4,46-6,57), kaccutepura, [IMHKUTA U APYTUX, KOTOPHIE
OTIPEACIIAIOTCS MAKPOCKOMUYECKHM M HAa MUKPOYPOBHE MPEICTaBICHBI KaK PYJIHBIC
MuHepalbl. TaHTaTUT-KOTYMOUT 00pa3yeT MmIacTUHYAThIC U TaOIUTUAThIe KPUCTAILIIBI
YepHOTO I[BeTa. AMNAaTUT B MPOTOJOYKAX OTMEYAeTcss B BHAE OOJOMKOB
OpU3MaTHUECKUX KPHUCTAJUIOB  pa3iuyHOM  okpacku (2458 r1/T), Bepaenur
MEJIKOKpHCTANTNIeCKUH, oooramenubii Li,O — 0,54%.

Anbbumossiii Komniexc MPECTaBISET cO00M MAaTPHUILy JUJIS pEIKOMETaUIbHBIX
NerMaTUTOB W HMMEET IIUPOKOE pa3BUTHE Ha MecTopoxkiaeHun. CroxeH
MPEUMYIIECTBEHHO aIbOUTOM (95%) ¢ HEe3HauuTEeIBbHOU MpuMeckio kBapia (10 5%),
MYCKOBUTa, TypMajlMHa, T'paHaTta M JPYruX MuUHepaioB. BHemHe — 3To mopoja
MacCCHUBHOIO 00JIMKa O€Joro IBeTa, CIOKEHHAasT B OCHOBHOM MEJIKO3EPHHUCTHIM
IJIACTUHYATBIM QJIbOUTOM M €ro CaxapoBUJIHOM Pa3HOBUIHOCTHIO C PO30BBIM
rparatoM (pucyHok 4.7) [64, c. 129].

Pa3HOBHIHOCTH [AaHHOTO KOMIUIEKCA TPOSIBICHBI B IIEHTPAIBHBIX YacTsX,
BUCAYEM U JiekadueM OOKax TMerMaTtuToBbix Xuwi. Kpome ampbura M KBapua
OTMEUAIOTCS TaHTAIUT-KOIyMOWT, KaccutepuT. K XapakTepHbIM MHHEpaiaMm
OTHOCATCS TaK)Ke araTuT, FpaHaT, TypMaluH (1epa u Bepaenur) u gpocdatel Li, Mn,
Fe. HaOmromaercs criogymeH, IUPKOH, cdaliepuT, KOpyHA, (PIHOOpUT U OHOTHUT.
OTyimunTenbHas 0COOEHHOCTh KOMILIEKca — oborameHHoCcTh pocdaTamu Li, Mn, Fe,
o0pa3yromuMy THe3/a, JMH30UKH U MATHA YEPHOU OKPAacKu pa3MepoOM B HECKOJIBKO
CaHTUMETPOB.

Pucynox 4.7 — TunomopdHbie MUHEpAJIBI ATLOMTOBOTO KOMILIEKCA: a) aJTbOUT
CaxapoBU[IHBIN; 0) aTbOUTU3NPOBAHHBIN MMETMATUT C MYCKOBUTOM.
®oto u3 komnekuuu JIpssukoBa b.A.

[Tpumeuanue — CocTaBieHO 10 UCTOYHUKY [64, c. 129].

Cnoodymencooepoicawue neemamumayl SABISIOTCS TIaBHBIMU KOHIEHTPAaTOpaMu
peaKoMeTaiuibHOTO opyacHeHus. OHM  OOBEAMHSIOT HECKOIBKO TMPOIYKTUBHBIX
MHHEPAJIbHBIX KOMIUIEKCOB: KBapl-KJIEBEJIAHAUTOBBINA, CIIO1YMEH-KJICBEJIAHIUT-
JICTIUIONUTOBBIN (LIBETHOM) M MX PA3HOBUIHOCTH [66, c. 134], neTaqbHO OMMCaHHbBIC B
pabote [67]. XapakTepu3yrOTCs CIOKHOCTBHIO BEIIECTBEHHOTO COCTaBa, COAEPIKAIINX
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TUNIOMOpP(HBIE YHUKAIbHbIE MHUHEPAJIbl HECKOJbKUX TeHepauuid (KJIeBelaHIuT,
JETHUIONUT, CIOAYMEH, IMETaJuT, aMOJIMTOHUT, TMOJUTYLMT, I[BETHbIC TYPMAaJIHHBI,
KaCCUTEPUT, TAHTATUT-KOJIYMOUT, MUKPOJIUT U JApPYyrue) U Oorarbie KOMILJICKCHBIC
pyxsl (Sn+Ta+Cs+Li) [66, c. 134].

Keapy  sBasercss  OCHOBHBIM  MHMHEpPAJIOM  TErMAaTUTOB,  oOpa3ys
METacOMaTUYEeCKUE MPOXKIIIKU, THe371a M OJTIOKU TEMHO-CEPOro 1 6eNoro 1sera, HHOT/Aa
CTCKJIOBHJIHOTO 0oOJinka. B gucTom Buae cocrout (B atomH.%) u3z O (66,17) u Si
(33,83).

Knegeenanoum o0pazyeT M30THYTbIE KPYIHOIUIACTUHYATHIE  KPHUCTAJUIBI
roiy0oBaTO-CEpOro LBETA, ACCOLUUPYIOLIUE C KBAPLIEM, JIETUAOIUTOM, CIIOAYMEHOM,
NEeTaTUTOM U JPYTUMU MUHEpalaMH (PUCYHOK 4.8 a).

Jlenuoonum OTHOCUTCS K TJaBHBIM MHHEpajaM KBapll-KJIEBeJIaHUT-
JENUAOIUTOBOrO (Tpei3eHOBOro) KomIuiekca. ['pel3eHbl JIOKaIu3yloTcsl 0OBIYHO BO
BHYTPEHHHX 4YaCTAX JKWIbl, OTJIMYAIOTCA CHUPEHEBOM OKpPACKOM 3a CYET
000TaIEHHOCTH UX JIEMUAOIUTOM (pUCYHOK 4.8 0). Jlenmumonut nmpeacTaBieH ABYMsI
Pa3HOBHIHOCTSMU: 1) KpyITHO- U CpeaHEUeITyiIaThiii, 00pa3yomuid B aCCOMAIINH C
KJIEBEJIAHUTOM UM KBapUEM KpPYIHbIE arperatHble CKOIUIEHUS; 2) MEJKO-
CKpBITOUCHITYHYaThId, (UKCHUpPYEeMbIi B  BHIE  METAaCOMAaTHYECKHMX  KBapil-
JCTIAOUTOBBIX THE3/ CPEIU IPYTHX MHHEPAJIOB [66, c. 134].

a — KJICBCJIAaHAUT C KBAPLEM, JICTIUJOJIUTOM U IIETATIUTOM MMSTHUCTOMN OKpaCKHU KJICBCIAHAUTA, 0-—
KpHUCTaJJIbI CIIOAYMEHA U BKPAIIJICHHOCTBIO TaHTaJ'II/IT-KOJ'IYM6I/ITa

Pucynok 4.8 — TunmomopdHbie MUHEPAIBI B TPEH3E6HOBOM KOMILIEKCE.
®oTo u3 Kosuiekuu JpsiukoBa b.A.

[Ipumeuanue — CocraBneHo 0 UCTOYHUKY [64, c. 133, 135].

Taxke BBISIBICHBI MUKPOBKJIIOYCHHUS KacCUTEpUTa, (TopamaThTa, arnaTuTa U
nenuaonuTa (pucyHok 4.9). OTmeuaroTcs erie caMopojiHbie 3iaemMeHThl Ni, Pb u Zn.

Bximrouenus KaCCUTCpuTa B JICTIMAOJIUTC IMOATBCPKIAACTCA TAKKEC MHKPOAHATIUM30M
(SN0, — 97.72 %).
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Cnextp 5

a —BKJIFOYCHUSA KaCCUTCPUTA, Q)Top-ar[aTI/ITa, JICIIMJOJINTA, §) —MHUKPO3CPHA KaCCUTCPUTA,; B —
PEIMUKTOBOC 3€PHO araTuTa, pasbe€aacMoc aJL0UTOM U JCITUI0JIUTOM

PucyHnok 4.9 — MUKpOBKIIIOUEHUSI MUHEPAJIOB IPEH3EHOBOr0 KOMIUIEKCA

Cnooymen w3 tpymmbel mupokceHoB (Li, Al(Si;Os)) — oamH W3 TIaBHBIX
MUHEPAJIOB-UHUKATOPOB PEIKOMETAIIIBHOIO IermarurooOpasoBanus. OOpa3zyer
IpU3MaTHYECKUE KpUCTaJUIbl Jomaroro obnuka (pasmepom 1o 0,5 M) kenroBaro-
O0emoro M OEXEBOTro IBETa CTEKJISHHOrO OJiecKa, NPH BTOPUYHBIX H3MEHEHMSX
npuoOpeTaroii po30oBaTyr0 OKpackKy. OTMeyaroTCsi arperatHble CKOIUIEHUS C
OpUEHTUPOBAHHBIM PACHPE/ICICHUEM KPUCTAJJIOB CIOJYMEHA, aCCOLMUPYIOLIUX C
KBapIieM, KJICBEJIAHIUTOM U aMOJIUTOHUTOM (prcyHOK 4.10) [66, c. 134].

Pucynok 4.10 — Tunnomopdubsie 00pa3ibl CIOAyMEHA.
®doTo u3 koieknuu J{psiukoBa b.A.

Ambaueonum LIAI(PO4)F oTmedaeTcss B BHIE KPYIHBIX KPHCTAJIOB
npusmMaTHueckoro obnuka (pazmepom g0 10-15 cm) ¢ XOpomio BbIpaKEHHBIMU
TpaHsIMU TIMHAKOWUJOB. SIBIsSETCS TUMUYHBIM JIMTUEBBIM MHHEPAJIOM I[BETHOTO
KOMIUIEKCa, AacCOIMUPYET C KJIEBENAHIUTOM, JICTIHIOJIUTOM, CIIOJAYMEHOM,
MOJUTYLIUTOM U KBapIiieM, o0pasyeT uauomMopgHsie arperatsl (pucyHok 4.11 a).
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Pucynox 4.11 — Tunmaasie 00pa3isl aMOMUTOHUTA () U OJLTynHTa (0) IIBETHOTO
komiuiekca. @oto u3 kouiekuu JpsukoBa b.A.

[Mpumeuanune — CocraBiieHO 110 UCTOYHUKY [65, ¢. 170].

Honnyyum Cs[AISi,Og] oTHOCHMTCS K Hambojiee TO3JIHUM MHUHEpaIaM
NErMaTUTOB, TECHO AaCCOLMHUPYET C JIMTUCHOCHBIMM CIIIOJIaMU, aMOJIMTOHUTOM,
NETAJIMTOM, [IBETHBIMU TypMaJIiHaMu U KBapueM (pucyHok 4.11 6). Habmonaercs B
BU/IE CIUIOIIHBIX MacC MOJIOUHO-0€JI0T0 IIBETA, MEJIKO- U TOHKO3EPHUCTOM CTPYKTYPHI,
4acTO CaxapoOBUAHOTO O0O0MWKa. SBiseTcs TIaBHBIM MHHEPAIOM IIE3HEBBIX PYI,
KOTOpBIE OTpabaTbiBainch Ha KOOMIEIHOM MECTOPOXKICHUN.

Llgemnvlie mypmanunsvl aCCOUMUPYIOT C KJIEBETAHAUTOM, JIENUAOIUTOM,
MOJUTYIIUTOM, SIBJISIFOTCS MHAMKATOpaMu OoraThiX peakoMetauibHbix pya (Ta, Nb, Sn,
Li, Cs). [TomuxpoMHBIE TYpMaJIHHBI SBIISIOTCS TIABHBIX WHIUKATOPOM IIE3UCBBIX PYI.
B 1nBeTHOM MuHEpambHOM KOMIUIEKCE Oojiee IIMPOKO Pa3BUTHl KPUCTAILIBI
WHAWTONINTA, PyOemuThl (pucyHOK 4.12) W MOJMXPOMHBIE TypMaduHBI C UYEPHON
TOJIOBKOM.

Pucynoxk 4.12 — Kpucramisl uaauronura (a) u pyoenura (0) B peAKOMETAIIbHBIX
nermarutax. ®oto u3 Koekuuu JpsiukoBa b.A.

ITpumeuanue — CocTaBieHO 10 UCTOYHUKY [64, c. 144].
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Tanmanum npeAcTaBieH KPYNMHBIMUA KPUCTANIaMH YE€PHOTO LIBETa U 00pa3yer
MEJIKYI0 BKPAIJIEHHOCTH (5-8 MM) B KBaplle, KJI€BEIaHAUTE, JIENUIO0JIUTE, CIOTYMEHE
U Apyrux MuHepanax. OTMedaeTcs TaKke B BUJE HENPABUIBHBIX 3€PEH HMIIH KOPOTKO-
IpU3MATHUECKUX U TaOJUTUATBIX KPUCTALIOB OypOBATO-YEPHOTO IBETa (PUCYHOK
4.13).

PucyHnok 4.13 — TaHTanOHOCHBIE MUHEPAJIBI PEAKOMETANIbHBIXIIETMATUTOB
KOOuneinHoro MECTOpoXKIeHHS: @ — TAHTAIUT B KBapIIE;
0 — KpuCTaJUTBl TaHTAINUTA B ansouTe. @oTo M3 Koyweknuu J(psiakoBa b.A.

[Ipumeuanue — CoctaBieHo 110 UCTOYHUKY [64, c. 147].

B penkoMeTasIbHBIX MErMATUTAX BBISIBICHBI MUKPOBKIIIOUEHUS MOJUIYyLIUTA B
BHUJIC HEMPaBUJIbHBIX 3€pPEH B accolMalluu ¢ KaccuteputoM (pucyHok 4.14a),
KOTyMOHTa, TaHTaTUT-KomymOuTa (pucyHOK 4.140) M OJOBOHOCHOTO MHKPOJIHTA
pa3MepaMH B NEPBbIE €AUHUIIBI U JECATKA MKM.

TanTanur-
KOJIYMOHT

3
AN

{ KacCHTEpHT

TNOLTYIHT

20 mkm
p——d

Pucynok 4.14 — MUKpOBKIIFOUEHUS B PEIKOMETAJUIBHBIX IETMATUTOB
KO6uneliHoro MecTopoxaeHUS

Bvi600. 1o MmuHepalTbHOMY U XMMHUYECKOMY COCTaBYy py[ IMErMaTUTOBBIE Teja
BBIJICTISIOT: 1) OCHOBHBIE )KUJIbHBIE U PYIHbIE MUHEPAJIBI (AJIbOUT, MUKPOKIJIMH, KBapII,
MYCKOBHT, CHOAYMEH, OCpHIUI, TAaHTAIUT-KOIyMOUT, MOJUTYIIUT U KACCUTEPUT); 2)
BTOPOCTETICHHbIE MHHEpalibl (amaTut, TypMaJdH, TpaHaT, >XWIbOEPTUT, MOPHOH,
KaJIBIUT, MUKPOJIUT, MAaHTaHTAHTAIIUT, aMOJIMTOHUT, METATNT); aKkieccopubie (cdeH,
AMUI0T, OUOTHUT, XJIOPUT, TPAPUT, MUPOKCEH, POTOBYIO0 0OMAHKY, UKCHOJIUT, IUPOXJIOP

U JIpyTHE).
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bakennoe mecmopoorcoenue

MecTopok/IeHHEe PACHOJO0KEHO B CEBEPHOM JHAO- M IK30KOHTAaKTE
[TpuupTeinickoro rpanutHoro Maccusa LlentpanbHoi Kanoel, B nmpenenax OraeBcko-
bakennoro pyaHoro y3na. CTpyKTypa pyAHOTO TOJIsl KOHTpOJIHUpyeTcs ['peMsaunHCKo-
KuuHCKOM 30HOM WMIMPOTHOIO Pa3jioMa, B KOTOPOM pPa3MEIIAlOTCS MHOTHE
PYAOIPOSIBIICHUS PEAKOMETAIILHBIX U OJIOKOBBIX MUKPOKJIMHOBBIX ITIETMATUTOB, a Ha
BOCTOYHOM ()IaHTe — TPEH3CHOBBIE W KBApPIEBO-KUIbHBIE Sn-W TIPOSBICHUS
I'pemstariHCKOTO pyaHOTO y37a [62, ¢. 38].

JleTanbHBIM U3YyYEHUEM MUHEPAIBHOTO COCTaBa MErMaTUTOB 3aHUMaNKCh A. U.
['un30ypr, B. 1. Hukutun, H. A. Comonos, F0. A. CagoBckuii u Jip. M0 UX JTaHHBIM
MerMaTUThl XapaKTEepU3yIoTcs OOJbIIMM pa3zHooOpazueMm Hu copepxkar Ooisiee 80
MuHepanoB. OCHOBHBIE MOPOI000pa3yIOlIe MUHEPAJbl MErMaTUTOB: albOUT- 60%,
kBapil-18%, MHUKpOKIUH-7%, MyckoBUT-11%. BTopocTteneHHbie: Oepuiii, amaTur,
TypMaJuH, 3€JI€HHBIE CIIOJIKH, )KHIbOSPTUT, (QITIOOPUT, KATbIUT. Peiko BcTpeyatoTes:
MaHTaHOTAHTAJIUT, TUTAHO-TAHTAIOHUOOAT, MUKPOJUT, aAMOJUTOHUT, JICTIHIOJIUT,
MOJUTYUUT, TamuoOJUT U JAp. [J1laBHbIE pyAHBIE MHUHEPAJIbI: KOTYMOWT-TAaHTAJIUT,
Oepuyul, KacCUTepUT U cnoayMeH. Hanbosee pacripocTpaHEHHBIN KBapIl-MUKPOKIHH-
aTBOUTOBBIN THUIT IETMAaTUTOB COCTOUT U3 aNLOUT-KiIeBenaHauTa 46%, kBapua 26%,
mukpokinHa 13%, cnogymena 7,6%, myckoBura 4,5%, kaccurepura 0,2%, TaHTanur-
komym6uTa 0,03% u npyrux muHepanos [62, c. 43].

TanTanuT-koMyMOUT OTMEUaeTCs B BHJIE HEMPABWIBHBIX THE3[, arperaros,
OTJICJIbHBIX KPUCTAUIOB TaOJMTYATOM M KOpOTKOomMpu3MaTHdeckoil ¢opmbl. Umeer
Takoi xumuueckuii coctas (%): Ta,05 (67,3), Nb2Os (16,5), MnO (14,6), SnO; (0,9)
u FeO (0,7). B pynax ¢GuKcCUpyroTCs MUKPOBKJIIOYEHHS TaHTajiuTa (pa3MepoMm OT
MEPBBIX €AUHUI] IO JECATKOB MKM) B acCOlMalMu C (TOpanaTUTOM, MUKPOJIUTOM,
KOJTyMOUTOM, CIIOJTyMEHOM M JIpYTUMU MUHEpanamu (pucyHok 4.15a) [62, c. 43].

KomymOut oOpa3syer miacTUHYAThle, BEPETCHOBUIHBIE U JIBOMHUKOBBIC
KPUCTAJUTBI, HEMPaBUJIbHBIC 3¢pHA, (PUKCUPYEMBIE B MHUKPOTPEITUHKAX MEerMaTUTa B
accoIMaluy ¢ KBapieM, aap0uToM u myckoButoM. Coaepxut Ta (8,89), Mn (4,86) u
Fe (3,36%). PazHoBuaHOCTH KOTyMOUTA MMpUBEACHBI Ha pucyHke 4.156.

Kaccuteput mpeacraBieH METKUMH 3epHAMHU depHOTOo IBeTa pasmepom 0,2-3
MM Ui 00pasyeT OTAENbHbIE KPYIHbIE THE3/Ia B acCOUMaluu co cnogyMeHnom. [1o 1.
I'. ApramakoBy, IMeeT CICAYIOINH XUMUIECKHi cocTa (Mac. %): SnO, (81,6), Taz0s
(1,86), Nb2Os (1,41), Fe;03 (1,4), TiO; (0,18), MnO (0,13) u npoune (13,42) [62, c.
43].

Ha wMukpoypoBHE HaOIIOMAIOTCS BKIIOUEHUS KACCUTEPHUTAa HEMPABUILHON
dbopmMbl  (pa3MepoM B TEPBBIC EIWHHUIIBI MKM), JIOKaJIM30BaHHbIE B THE3ax
METaCOMaTHUYECKOTO KBapIla, I OTMEYAIOTCs 00Jiee KpyTHbIE KPUCTAIUIBI (pa3MepoM
6omnee 100 mxm), 6mu3kue Kk pomOuyeckoi hopme (pucyHok 4.15 B) [62, c. 43].

[TonmymuT OoTMEYaeTcsl B COCTaBe HanOoJiee MPOIYKTUBHOTO C TOYKH 3PCHHSI
IE3MCBOM MUHEPAIU3AIIUH KIICBEIIaHIUT-KBapIIl-CITOYMEHOBOT'O KOMIUIEKCa (PUCYHOK
4.15 r). B noneBpix mmarax u cmogax 3aduxkcupoan Cs. Ilo manHbIM paHee
MIPOBEJICHHBIX UCCIeI0BaHuM cpeaHee coaepxkanue Cs20, 0,12 %, 3amacel — 558 T. [62,
c. 45].
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a) MUKPO3EPHO TaHTAIUT-KOIYMOHTa; 0) MUKPO3EPHO KOITYyMOHTA;
B) MUKpO3€pHA KaCCUTEPUTA; I') 36pHO MOJUTYLIUTA

Pucynok 4.15 — PyHbie MUHEpasbl B peIKOMETANIBHBIX IErMaTUTax
bakeHHOro MECTOPOKIACHUS

Bbepunn BcTpeuaeTcss B BUJIe MEJIKOM BKPAIUIEHHOCTH WM 00pa3yeT KpyIHbIE
kpuctamiel guuHo 10 1 M. Comepkanue Oepwmaus B pynax 0,002-0,5% (cpennee
0,068%), 3amackl 3HaUMTEIbHBIC [62, C. 43].

B anp0uT-CIOJyMEHOBOM KOMILIEKCE BCTPEYAeTCsl CIOAYMEH B BHJE
KpUCTAJUIOB MPU3MAaTUYECKOM (POpMBI, OTAENBbHBIX KpYyNHBIX THe3xd [62, c. 45]. B
CIIOTyMEHE Ha MUKPOYPOBHE BBISBIIEHBI MUKPOBKIIIOYCHHS TAHTAIIOHOCHOTO IIIEEINTA
(c conepxannem W - 45,92 mac.% u Ta - 7,69 mac.%), kaccutepura (Sn - 34,51
mac.%). Ob1iee conepkaHre JIUTUS B pyJaxX albOUT-CIIOJyMEHOBOTO THIIA BAPbUPYET
ot 0,002 o 2,5 %, npu cpeanem 3HadueHuu 0,119 %, 4uro moaTBEpKAaET HATUYHUE
CYILIECTBEHHBIX 3aI1aCOB JIUTHEBOTO ChIPbS B Mpeiesax KOMIUIEKca.

TunoMopdHbIM  MHHEpaOM  KBapL-aIbOUT-MUKPOKIMHOBOIO  KOMILIEKCA
ABJIAETCS MYCKOBUT IIJIaCTHHYATOM (OpPMBI, COJEpKalluii MHOTOYUCIICHHBIE
BKJIFOUEHUS (PTOPCOJIEPIKALINX U TalOUIHBIX MuHepasoB. [1o nanueim (MartaiibaeBoit
N.E., 2017) Ha MUKpPOYpPOBHE B MYCKOBUTE, MPEUMYIIECTBEHHO BJIOJIb TPEIIMH,
BBISIBJICHBI MUKPOBKJIIOYEHHUS] CAMOPOJIHOTO CBUHIA, (pTOpanmaTuTa, TETpadJpuTa U
ranuta. Hanuuue AaHHBIX BKIIOYEHUN CBUIETENBCTBYET O BBICOKOM COJEPKAHHUU
dbropuaoB u ramouaubix coequnennii (F, Cl, P) B mermaturoo6pa3yromumx pacTBopax,
a Takke O KOHIEeHTpauuu pyanbix snemeHtoB (Cu, Pb, Sb, Zr) B Gosiee mo3gHux
MUHEpaJIbHBIX KOMILIEKcax [62, c. 46].
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Bvioo. MuHepanbHBII COCTaB MErMaTUTOB bakeHHOro MeCTOPOXKACHUS
JEMOHCTPUPYET BBIPAKEHHYIO PEIKOMETAJUTHHYIO crieruanmu3aiuto Ha Ta, Nb, Sn, Li,
Cs, Be. ['maBHBIME py1000pa3yOMMMUA MUHEPATIAMH SBISIFOTCS: TAHTATUT-KOJIYMOUT,
KaCCUTEPUT, CIOJYMEH, MOJUTyNHUT W Oepuiul. MUKpPOBKIIIOYCHHSI B MYCKOBHTE H
CIIOTyMEHE YKa3bIBAIOT Ha aKTUBHOE ydacTue (PTop- u rajouicoaepkaniux Qronmaon
B TIpoliecce pynooOpazoBaHus. 3auKcHpoBaHO MHOTO0Opazre MOPGOIOTHIECKUX
TUTIOB TaHTaJUTa M KOJIYMOWTa, OT MEJIKUX BKPAIUICHUH J0 XOPOIIO OTPaHEHHBIX
KPHUCTAJUIOB, YTO OTPaXKaeT MOJUCTATUHHOCTh ETMAaTUTOBOTO IIpoIiecca.

Mecmopoosicoenue Axmemrkuro

PenkomMeramibHOE OpyIeHEHNE CKOHLIEHTPUPOBAHO B OCHOBHOM B MUKPOKJIUH-
aTbOUTOBOM M aJIbOMT-CIIOJYMEHOBOM THIIAX, XapaKTEPU3YeTCs HEpaBHOMEPHBIM
pacnpenenenueM. Ilo manueiM P.A. T'yOaligynnuHa u ap., MUHEpaJIbHBIM COCTaB
nermMatutoB (%): kBapi (25-26), anps0out u MukpokiauH (58-59), myckoBut (9-10),
criogymeH (5-8) (pucyHok 4.16).

K oCcHOBHBIM pyAHBIM MUHEPaJIaM OTHOCATCS TAHTAIUT-KOJIYMOUT, CIIOTyMEH,
oepwii, kaccuteput. K comyTcTByromuM — (QTopamatur, IUPKOH, MOHAIUT,
AHTUMOHMT T JIp.), KOTOpPbIE 00Pa30BBIBAIMCH HA PA3HBIX CTAUAX PyI000pa30BAHMS U
(bUKCUPYIOTCS HA MAaKPOYPOBHE B BUJI€ (PITFOMTHBIX MUKPOBKIIOUEHUM.

TaHTanuT-KOIyMOUT OTMEUaeTcs B BUae Mesikoi BkparieHHocTH (0,05-5 MMm),
otvomenue Ta:0s/Nb20s=1,2. Cogepxanue Ta0Os usmensiercs B npeaenax 0,002-
0,008 w™mac.% (cpennee 0,009%). OTHOCUTCS K OCHOBHBIM TAHTAJIOHOCHBIM
MUHEpaiaM, OTHOCUTENIbHAS JI0JI1 TaHTajla B pyJe 3a CUeT 3TOro MuHepaina - 76,62
Mmac.%. KoHieHnTpaTtopaMu TaHTajla SIBIAIOTCS TaKXe JIpyrue MuHepaibl (Mac.%):
cmona (7,79), kBapi (3,90), cnogymes (2,6).

nmOs or G @ o o 08 O
10 20 30 4 5 60 70 , ; :
i 0 1 0 W 4 s 60 T 0mm e P e

a) rpy003epHUCTBIH MErMaTUT ¢ MyCKOBUTOM, 0) erMaTHT ¢ ¢ochaTaMu MapraHua; B)
ATBOUTH3UPOBAHHBINA TIETMATUT

Pucynok 4.16 — Pa3HOBUAHOCTH ETMAaTUTOB MECTOPOKICHUS AXMETKHHO

CriomyMeH - TJaBHBIA KOHIIGHTPATOp JHUTHS (UKCHPYETCS JOMATHIMU
KpucTauiamu pasmepom 10 20 cm no yanuaenuto. Cpennee coaepxkanue Li20-0,40%
MaKCHUMaJIbHOE 3HaueHue qocturaet (2,0%).
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bepwnin  mpencraBien  menkod — BkparuieHHocThio  (0,05-0,35 mwMm)
XapakTepu3yeTcs: paBHOMEPHBIM pacnpeneneanem. Conepxanue BeO BappupyeT ot
0,10 1o 0,72% (cpenuee 0,06%).

Kaccutepur o06pasyer BkparieHHbIC 3epHa (pazmepom 0,2-3,0 cm) pukcupyeTcs
B CPOCTKax C TAHTAJIUT-KOJIyMOWTOM. MakcuMmanbHbIe 3Ha4eHHs gocturarot 0,27-
0,44%, cpenunee coctapinset 0,016%.

Ha wmmukpoypoBHE B TMerMaTuTax BBISIBJICHBI MPEUMYIIECTBEHHO TAHTAJNT-
KOJYMOUT, MAaHTOTaHTaJIUT, KaccuTepuT (pucyHok 4.17). TaHTaIUT-KOIyMOUT
MPEICTaBICH B OCHOBHOM MHKPO3€pPHAMH MPOKUIKOBUIHON, BEPETEHOBUIHON U
KOMKOBHIHOU (hopmbl (pucyHok 4.17 a, 0), coaep:kaHre KOMIIOHEHTOB BapbUPYET B
cienyronux npeaenax (Mac. %): Nb (13,42-22,58), Ta (14,10-22,75), Mn (6,64-8,42).

s 4
T'dIl'l':l.’lll'l'-K()JI_\'M()HT/

3nekTporHoe usoBpaxenne 1
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Kaceurepur
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Tanrannt

40mkm 3nexTponroe nsobpaxerme 1

e)

l ‘\ AaHr aHOTAHTANHT

3nexTpoksoe soBpaxeie 1

"7 __Manranorantajaur

T ] s ]

Gmem 3nexTporsoe obpaxerme 1

a, = MHKPOBJIFOUYCHUSA TaHTaJ'II/IT-KOJ'IYM6I/ITa; B — KpUCTaJlII KOJ'IYMGI/ITB. C TAHTAJIUTOM, I'—
KpHUCTAJIJI KACCUTECPUTA, 1, € — MUKPOBKIIIOUCHWA MAaHI'AHOTAHTAJIINTOB

Pucynoxk 4.17 — MUKpOBKIIFOUEHHS PEAKOMETAIIBHBIX MUHEPATIOB B IErMAaTUTaX
MECTOPOXKACHUS AXMETKHHO
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OtMmeuaeTcst 3aMelieHne UAUOMOP(GHBIX KPUCTAIIIOB KOJIYMOUTA TaHTAIUTOM,
¢ukcupyemoe B BUIE CBETJION Kaiimbl (pucyHok 4.17B) ¢ conmepxkanueM (T/1): Ta
(34,13), Nb (5,43), Mn (6,58). B accomnuarnuu ¢ MaHTAaHOTAaHTAJTUTOM (DPHUKCHUPYIOTCS
MuKpo3epHa kaccutepurta (Sn 38.59-41.12) (pucynok 4.17 1), mHOTAA CoMEpIKaIIne
npumeck Ta 10 1,35 mac %.

MapraHiioBUCTble  Pa3HOCTH  TAHTAIUT-KOTyMOHUTa (MAHTAHOTAHTAJIUTHI)
paznu4yHOi (GopMbl U pasMmepHocTH (pucyHok 4.17 n, e). Haxoxnmenume B pynmax
MapraHilOBUCTBIX ~ MAHTAaHOTAHTAJIUTOB OTpaXarolux  MO3JHUE  CTaJuu
PEAKOMETANIBHOTO MErMaTUTOO0Pa30BaHUS, PACCMATPUBAETCS aBTOPOM KaK OJIUH U3
MOMCKOBBIX MHUHEPAIOTMYECKUX KpUTEpHeB. [l COMOCTaBICHUS TaKXKE MOXKHO
OTMETHUTH, YTO MAHTAJIOTAHTAIUTHI XapaKTEPHBI J1JIs1 IETMAaTUTOBBIX Py bakeHHOTO U
FOOuneitnoro mecropoxxaenuit KanObl, MposiBICHHBIX HA MO3AHUX MPOIYKTHUBHBIX
CTaausIX py1000pa30BaHuUs.

B  anpOuTH3MpOBAaHHBIX IErMaTUTaX pPacHpPOCTPAaHEHHBIMH MHHEPAJIOM
SIBIIICTCS IMPKOH, 00pa3yromuii THe310BUIHbIe ckorieHus B Si-Al-Na marpure (Zr-
18,38, Hf-3,24 wmac. %). B accommanum ¢ [OHUPKOHOM  OTMEUYAETCS
CYOMHKpPOCKOIIMYECKass BKPAIICHHOCTh caMopojHOW cypbMbl (Sh-32,22 wmac.%),
pucyHok 4.18 a. Kpome toro, hukcupyercs cpocTok nmupkoHa (Zr-23,73, Hf-2,96 mac.
%) ¢ MmanranotanTamutoMm (Ta-26,9, Nb-5,5, Mn-4,96, Fe-0,5), uTto cBUACTEILCTBYET
0 CUHXPOHHOCTH MX KpucTajmu3auu (pucyHok 4.18 6). K tunomoppHbiM MuHepaiam
OTHOCHTCS TAaK)Ke MOHAITUT, BcTpeyatomuiics B Si-Al-Na matpuiie B BUe MUKPO3EepeH
OBaJIbHOM (POPMBI, TISATHUCTOM OKpacku (puUCyHOK 4.18 B). B ero TeMHBIX mojockax
omnpenenena npumech Sr (5,06 mac. %).

Lupxon

|
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Zowm SnexTporsioe wsoGpareie | owim InerTporioe IoGpavere | Buim SnesTporHoe isoOpaneHme |

a — THE3/I0BUIHBIE CKOIUICHHUS [UPKOHA U CYOMUKPOCKOIINYECKasi BKPAIUIEHHOCTh
CaMOPOJHOM CYpbMBI; O — CPOCTOK IUPKOHA U MAHTOHOTAHTAIUTA; B — OBAJIbHOE 3€PHO
MOHAIIUTa

Pucynok 4.18 — MukpoOBKIIFOUEHHUS COMTYTCTBYIOIIUX MUHEPAJIOB B
MerMaTUTaX MECTOPOKIACHUSA AXMETKUHO.

B mermatutax Ha MHKPOYpPOBHE OOHApYyKEHBI MOJUOACHHUT, (TOpPAMATHUT,
KylnpuT © Jpyrue wmuHepasnbl (pucyHok 4.19). Monubnenur B  BHIE
MUKPOCKOTIMYECKON BKparieHHOCTH (Mo0-43,84, O-39,15) ¢ukcupyeTcst Ha TpaHHIle
MyckoBUTa W Kanmummarta (pucyHok 4.19 a). ®dropamarutr oOpaszyeT IWHEHHBIC
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HUTEBUHbIE TPOXWIKKW B anpbute (Ca-16,81, P-9,87, F-3,04), pucynox 4.196.
BrisiBneHs! Takke CyOMHKPOCKOIMYECKHE BKIIOUEHUS CaMOpOAHOro Bodabhpama (W-
48,14), pucyHok 4.19 B. B meTacomaTnueckoM KBaplie MPOSIBJIEHbI OPUEHTUPOBAHHBIE
MUKpo3epHa anTuMoHuTa (Sh-38,72, S-14,16) u Tantamut-komymouta (Ta-11,49, Nb-
12,70, Mn-5,18, Fe-0,71), pucyHok 4.19 r.

50mkm ' 3nekTponHoe msoBpaxenme 1

T 3nekTpoHHoe aodpaxeHie 1

Camopoanbrii
BoJIb(pam

-

10mMEm 3 OnekTpoHHoe Msobpaxenme 1 em BNAITDOMO0 OO0 |

a — MUKPOBKJTIOUCHHE MOJIMOCHHUTA; O — HUTCBUIHBIN TPEIIMHHBIN MPOXUIOK TOparaTura; B —
CyOMUKPOCKOTTMYECKHE BKIIOUSHHS CAMOPOIHOTO BOIb(paMa I — MPOKUITKOBUIHBIC
o0pa3oBaHMS AHTUMOHHUTA U TAaHTAJUT-KOJIyMOHTA

Pucynox 4.19 — MUKpOBKIIOYEHUSI MUHEPAJIOB B MUKPOKJIMH-aJIEOUTOBBIX
MerMaTUTaX MECTOPOKIACHUS AXMETKUHO

Bwvisoo. Ha MecTOpoXAeHUU BBIACIEHBI Ba THUIA PYJOHOCHBIX MErMaTUTOB:
MUKpOKIHH-anp0uTOBEI (Ta, Nb, Be, Sn) u anpbur-cnmomymenoswii (Li, Ta).
['maBHBIC pyAHBIE MUHEPATIBI — CIIOAYMEH, TAHTATUT-KOTYMOUT, OEPUILIT U KACCUTEPUT.
Ha pacTtpoBOM 3J€KTPOHHOM MHUKPOCKOINE ONpeneseHbl MapraHIlOBUCTHIE PA3HOCTU
TAHTAJUT-KOJIyMOUTAa W MAaHTAHOTAHTAINTA, XAPAKTEPHBIX MJIA TO3JHUX CTaJHi
NerMaTuTOBOro pynooOpasoBaHus. Ha MHKpOypoBHE OTMEYEHBI TakKe IUPKOH,
MOHALIUT, (TOpamaTuT, AaHTUMOHUT U CYOMHKPOCKONMUYECKHE BKJIIOUEHUS
camoponHoro W u Mo. BenymuMm pyaHbIM MHUHEPaJOM SIBIISIETCS CIOTYyMEH,
OTMEUAaEeTCsl MEHbIlIee Pa3HOOOpa3re TAHTAJOHOCHBIX M I[BETHBIX MHUHEpAJOB, HE
3a(UKCUPOBAH MOJUIYIUT, YTO CYIIECTBEHHO OTJIMYA€T MECTOPOKICHHE OT THUIOBBIX
nermMaTuToBbIXx 00bekTOB LlenTpanbhoit Kanlel u Apyrux peruoHoB. YcTaHOBIIEHA
30HaJIbHAs CMEHAa MUKPOKJIMH-aJIbOUTOBBIX U albOUT-CIIOAYMEHOBBIX IETMATUTOB,
3HAYUTEJIbHBINA BEPTUKAIBHBIN pa3Max OpyICHEHUS.
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K mouckoBBIM WHIUKATOpaM OTHOCATCS THUIIOMOpP(HBIE MUHEpalbl (aJbOUT,
MYCKOBHT, IEMUAOAOIUT, PTOpANaTUT, CIOLyMEH, OEpHILI, KACCUTEPUT), BHISIBIICHHBIC
Ha Makpo- U MUKPOYPOBHE, U TEOXUMHUYECKUE IeMEHTHI — peakue memnoun (Li, Rb,
Cs), Ta, Nb, Be, Sn u monytHbie KommoHeHTHI — CU, ZN.

Mecmopoowcoenue Touka

Mecrtopoxnenne Touka pa3memnaeTcs B ceBepo-3anagHou 4dactu KaparomH-
Capblo3ekckoll pyaHOH 30HbI. CPOpMUPOBATIOCH B CEBEPO-BOCTOUHOM JK30KOHTAKTE
rpanuTHoro MaccuBa [llyGapmioksl, 00pa3ysi >KUIbHOE IIOJE PEAKOMETAUIbHBIX
MEerMaTUTOB MPOTSKEHHOCTHIO OoJiee 3 kM U mupuHoi nopsiaka 300 M. YcraHoBiieHa
IIPOCTPAHCTBEHHAss  IPUYPOYECHHOCTb  PEIKOMETAUIBHBIX  IIETMAaTUTOB K
HaJMHTPY3UBHBIM 30HaM, anogu3aM U BBICTYIIaM HEOOJBIIMX MAacCHBOB
IUTArMOTPAHUTOB KYHYIICKOT'O KOMILJIEKCA U UX TallKOBBIM 0Opa3oBaHusM. [1o naHHBIM
npenpaymux uccnegosarene (B.®. Kamees, A.P. bytko, I1.1. Cuaummz, PeiOnna
U JIp.), PYJIHbIE TeJla pa3MEIIAI0TCs MPEUMYIIECTBEHHO B TEKTOHUYECKH HAapYIIEHHBIX
U MeTaMOpP(PH30BAaHHBIX YEPHOCIAHIEBBIX MOPOaX TaKbIpcKoi cBUTHI (D3), a Takxke B
HEOOJBIITUX MacCHBaXx IUIarnorpaHuToB (kuia bapweprHas u np.) [68, ¢. 109].

[lo MuHEpambHOMY COCTaBy II€TMAaTUTHl JIENATCA HA YEThIpe THUMA!
MUKPOKJIMHOBBIE, MUKPOKIINH-AIbOUTOBBIC, aJIbOUTOBBIE M aJbOUT-CIIOTyMEHOBEIE.
JlokanbHO TPOSIBIEH KBapL-MUKPOKIMH-MYCKOBUTOBBIA (TpEH3EHOBBIN) KOMILIECKC.
[IepcneKTUBHBIMM B OTHOILICHWM JMTHUEBOTO OPYICHEHUS SBISAIOTCS IErMaTUTHI
anbOUT-CIIOAYMEHOBOTO cocTaBa [68, c. 110].

MuKpOoKJINH-anbOUTOBBIA THUI MErMAaTUTOB MPEACTABIEH B OCHOBHOM KBapll-
aJIbOUT-MYCKOBUTOBBIMH KHJIAMU C TAHTAJIUT-KOIIyMOUTOM, OEpUIIIIOM, KACCUTEPUTOM
U OTACJIBHBIMU KpPUCTAJUIAMM criogyMeHa. Cpenyd HUX OTMEYaroTCsl pPa3sHOBHIHOCTU
rpy003epHHUCTHIX CJ1a00 aNbOMTU3UPOBAHHBIX KBApL-MUKPOKIMHOBBIX IETMAaTHUTOB
(pucyHok 4.20a), y4acTKM TpEU3EHU3UPOBAHHBIX KBapPI-aJIbOUT-MYCKOBHTOBBIX
(pucyHok 4.200), mpeMMyIIECTBEHHO KBaplL-aJbOMTOBBIX C THe3gamu (ocdaros
xene3a (pucyHok 4.20B), MapraHia 1 aabOMTOBBIX MUHEpaJIbHBIX TUMOB [68, c. 110;
69, c. 51].

a - KBapI-MUKPOKINHOBBIN METMATUT; O - TPEH3CHU3NPOBAHHBIN KBAPI[-ATHOUT-MYCKOBUTOBBIN
MEerMaTuT; B- IETMaTUT ¢ THe3amu (ochaToB xee3a U Maprasiia

Pucynok 4.20 — Pa3HOBHIHOCTH MTErMaTUTOB MUKPOKIIMH-ATIbOUTOBOTO THUIIA

[Mpumeuanne — CocraBiieHO MO0 UCTOYHUKY [69, c. 52].
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AnbOUT-CIIOAYMEHOBBI TUI TErMAaTUTOB SABISAETCS NPOAYKTHMBHBIM Ha
JAUTHEBOE ChIpbe. KpucTamisl cogyMena npu3Marudeckoi (GopMbl 10IATOro 00IMKa
(comepkanue m3Mmensercss ot 3-5 mo 20-25% wu 6Gonee) [68, c. 110]. Menkas ero
Pa3HOBHIHOCTh O€I0oro M Po30BOTO IBETa (pa3MepoM a0 3-5 CM) TUMHAYHA IS
IUIMTOOOPA3HBIX KWJI C O0pa3oBaHWMEM TMOMEPEYHBIX CIOAYMEHOBBIX TOJOC.
Kpynnokpucrannuueckuit cnonymet (anuHoit 6onee 5-10 cM, B monepeunuke 1-3 cm)
XapaKTepu3yeTcs THE3JOBUAHBIM pacnpeaeieHueM B Jkwiax (pucyHok 4.21).
OtaenpHbIE pa3HOBUIHOCTH CIIOyMEHA JOCTUTAIOT pa3Mepa B minHy 1 m [70]. Hacto
B MEerMaTuTax OTMEYAIOTCA KpHUCTamibl croaymeHa (mo 25-50 %), mo koTtopomy

Pa3BUBAIOTCS BOJOKHUCTBIE 00pa30BaHMs [IMMATOJIUTA C KpUCTAJUIaMU rpaHara [68, c.
110; 69, c. 53].

Pucynok 4.21 — AnbOUT-CIIOAYMEHOBBIE IErMAaTUThI

[Mpumedanune — CocTaBiieHO 10 UCTOYHUKY [69, ¢. 54].

Pynueie wMuHepansl (KacCUTEpUT, KOIYMOWT, TAHTAJIUT, MHKPOIUT) W
¢dTOpanaTUT KOMKOBHIHOW (POPMBI pa3MEPOM IEPBBIE SAUHUIIEI MKM 3a(DUKCHPOBAHBI
Ha MUKPOYPOBHE B aJIbOUT-CIIOyMEHOBBIX IerMatutax (pucyHok 4.22). Taxxe ObuIH
oOHapy»XeHbl BTOPOCTETICHHbIE MHUHEpanbl MHKpoOiuT (15-20%), caxapoBHIHBIMA
ATLOUT M KJICBEJIAHIUT, YCHIyHYaThIi MYCKOBHT, XHIILOCPTHT, PEIKO JICTIHIOJHT,
BEPJICIIUT, TpaHaT u ap. [71].

B kBapi-typManmH-ans0MTOBOM MUHEPATFHOM KOMIUIEKCE HAa MHKPOYPOBHE
¢dukcupyercss mukpopkimodeHne mukposmra (Ta — 20,36, Nb — 4,76 mac. %),
MPUYPOUYEHHOTO K Ae(EKTy B 3e€pHE aab0uTa (PUCYHOK a), TAaK)KE OTMEUAETCs IUPKOH
U ¢propanatut (pucyHok 4.23)
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a) 6) Crec@DTOP-ANATHT

O By
CnekTp 2 CnekTp 4 Y .

Kaccurepur

Cnextp 6

Cnexrp 2

Tanranur

MukpoJauT

Cnexrp 4

20 mkm
| e |

a — MUKPOBKIIFOYCHHEC KAaCCUTCPUTA, 0— MHKPOBKIIFOUCHHUC IIJIACTUHYATOT' O KOHYM6I/IT3 C
Q)TOpaHaTI/ITOM; B — MUKPOBKIIFOUCHUEC TaHTaJ'II/IT'KOJ'IYM6I/ITa; T — MUKPOBK/IIOYEHHUE MUKPOJIUTA

Pucynok 4.22 — PynHble MUHEpPaJIbl B aIbOUT-CIIOAYMEHOBBIX IETMAaTUTAX

[Tpumeuanune — CocTaBaeHO O UCTOYHUKY [72, ¢. 93].

B

Cnexrp 1

T mwm ' Gnepossoe iodpaxese 1

10uim

GnerTponkoe wadpaese 1 20Mkm 3nexTporoe woBparenme 1

a) MUKPOBKJIFOUEHUE MUKPOJIUTA; 0) 36pHO YPAaHOHOCHOTO LIUPKOHA OKPYIIIOH (POpPMBI;
B) MUKpPO3epHO (pTopanatuta

Pucynok 4.23 — MUKpOBKJIIOUE€HUSI MUHEPAJIOB B KBapL-TYpPMaJIMH-aIb0UTOBOM
KOMILJIEKCE

B anp0uT-MyCKOBUT-TPEH3EHOBOM KOMILIEKCE K THUIIOMOP(GHBIM MHUHEpaIam
OTHOCSITCSL amatut u (propanatut (pucyHok 4.24 a), oOpaszyroliue BKJIIOUYCHUS
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OTHOCHUTEIBHO KPYMHBIX pazMepoB (6ojsee 50 MKM), 1 MUKpPO3€pHA IIUPKOHA Pa3HbIX
monudukaruii (pucyHok 4.24 6). TaHTamaHOCHBI MHUHEpAJ TPEICTABICH B BUJC
BKITIOUeHUI HenpaBmwibHOU Gopmel (Ta — 33,92 u Nb 2,70 mac. %), pucynok 4.24 B.

e —

Sowm SneTpeHros olpamsme 1

e —

Pucynok 4.24 — MukpoBkitouenus propamnarura (a), nupkona (0) u
TaHTanuTa (B) B aIbOUT-MYyCKOBUT-TPEH3EHOBOM KOMILJIEKCE

B anb0uTOoBOM KOMILIEKCE BEYIIIMMU MUHEPAJIaMU SIBJISIIOTCS alIbOUT, alaTut u
dbTopanaTuT, comepKaIIMMK BKIIOYCHHS IPYTUX MHUHEPAJIoB (IIMPKOHA, TaJICHUTA U
KanpuTa). B medexTHOl CTpyKType anpOnTa OTMEYAIOTCS MUKPOBKITIOUCHHSI IIUPKOHA B
BUJIC MEJIKUX Y/UTMHEHHBIX ¥ KOMKOBHUIHBIX BbIZICNICHUN (pUCYHOK 4.25 a), a TakKe 3epeH
Ooree KpyIHBIX pazmepoB (>20 mkm), Takke 3epHa (Topararnra, pucyHoK 4.25 0.

Crexrp 2

Cr e — 00w BneKTpoHHoe WoGpaeHie |

Pucynoxk 4.25 — MukpoBkITtoueHus MpKoHa (a) u Gropanarurta (6) B aTb0UTOBOM
KOMILJIEKCE

B mnermarurax, CIOXXEHHBIX MPEUMYIIECTBEHHO MEIKO-CPEIHE3EPHUCTHIM
anbOUTOM C MPHUMECBHIO KBapla, MyCKOBUTa M anaruTa (anbOUTHUTAX), ONMpEAEIICHbI
MUKPOBKJIIOUEHHUST PEIKOMETAUIBHBIX MUHEPATIOB (TaHTAIUT-KOTYMOUT, KOTYMOHUT H
KaCCUTEPUT), MUKPO3€pHA LIUPKOHA U THE3OBUIHBIC CKOIUICHUS amaruTa (PUCYyHOK
4.26). B aT0ii cBsI3u 00HApPY)KEHHE B TUIATUOTPAHUTAX ATHOUTUTOBBIX METACOMATHUTOB
TaKXKe  SBISIETCS OJHMM U3  TOMCKOBBIX  TPU3HAKOB  PEIKOMETAJLIBHOTO
pynooOpa3oBaHuUs.
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aANImaTUT

Kaccn‘}?pnr

AR

e
\ IHPKOH

o

Wom Inertporoe wotpaveee |

Eowam Inextpoeeice motpaxeee |

a, 0 — MUKPOBKIIFOUEHUSI KACCUTEPUTA; B — TAHTAIUT-KOIIyMOUTA B allbOUTOBOM Macce; T —
IIUPKOH KOMKOBHIHOM (opMbI ¢ mpumechio Hf (1,26 mac.%)

Pucynok 4.26 — BkitoueHHss MUHEPAJIOB B MEJIKO-CPETHE3EPHUCTOM aIbOUTE

B cnomymenax ompeneiaeHbl MUKPOBKIIFOUEHUS OCHOBHBIX PEIKOMETaIbHBIX
MUHEpAJIOB — TaHTAIUT-KOIyMOWTa, KOaymOnTa M kKaccureputa (pucyHok 4.27). B
psine 0Opa3IoB OTMEYAOTCS HIANOMOP(HBIC BKIIFOUCHHS KOTyMOUTa (pUCyHOK 4.27 0),
accoluupyrommecss ¢ QTopanatutoM U crnogymeHoMm (pucyHok 4.27 r). s
CIOJIyMEHA TaKK€ XapaKTepHbl MUKPOBKJIIOUeHHUs Kaccuteputa (Sn 34,44 mac. %)
pucyHok 4.27 B.

a)

¢ropanaTut

TAHTAJIUT- KOJ’[yMﬁHT
4

// KOJYMOUT

|

\

__¢ropanaTuT,

~a

Snextp w3 )

a — TAHTAIAT-KOJIYMOUT B CTIOAyMEHE; O — KomyMOUT uanomMopdHoi opMbl 1 MUKPO3EPHO
¢dTopanaruTa; I — MUKPOBKIIFOUCHHE KACCUTEPUTA; € - KPYITHOE 3epHO (pTopanaruta ¢ BKIOYCHUEM
TaJICHUTa U TIPUMECHIO ypaHa

Pucynok 4.27 — MUKpOBK/IIOUE€HUSI MUHEPAJIOB B aJIbOUT-CIIOTyMEHOBOM
MUHEPaJIbHOM KOMILIEKCE
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B anpOuTH3upOBaHHBIX MErMaTuTax OOHAPYKEHBI THE3/1a [UMATOIuTa 0eI0To
[[BETa C KPUCTAJIAMH T'paHaTa U BKPAIJIEHHOCTH PYAHBIX MUHEPaJIOB (pUCyHOK 4.28)

[69, c. 52].

PucyHnoxk 4.28 —AnbOUTH3HPOBAHHBIE IETMATHUTHI (a- C BKPAIUIEHHOCTBIO PYIHBIX
MUHEPAJIOB; O - C MUMATOJIUTOM U TPAHATOM)

Buvisoo. Ha wecropoxnenun Touka BblA€NEHBl [JBa TUIA PYAOHOCHBIX
MEerMaTUTOB: MUKPOKJIMH-aJILOUTOBBIN (¢ MuHepanu3aiueit Ta, Nb, Be, Sn) u ansout-
cnonyMeHoBbIit (Li, Ta). Benymumu pyaHbIMA MUHEpadaMH SIBJISIOTCS CIIOyMEH,
TaHTaJIUT-KOIyMOUT. Takxke 3aduKcUpoBaHbl MapraHIOBUCTHIE PA3HOCTU TAHTAIUT-
KOJyMOUTa M MaHTaHOTAHTAJIMTA, XapaKTEepHBbIC A TO3JHEMETACOMATHUYECKUX
CTaJuii IETMaTUTOBOTO PyJA000pazoBanHus. Ha MUKpOypoOBHE ompeseNieHbl IHPKOH,
MOHAIIUT, (PTOpAmaTUT, AaHTUMOHHUT, & TaKKE CYOMUKPOCKOIMYECKHUE BKIIOUCHUS
camoponHoro Boib(ppama (W) u Mmomubaena (Mo). Begyumm pyaHsiM MUHEpPaIoOM
SBIISIETCSL CIOAYMEH, OOpa3yloluii Kak OpHUEHTHPOBAHHBIE arperaTbl, TaK U
THE3J0BUHBIE CKOIUIeHHs. [Ipu oSToM HaOmromaeTcs OTHOCUTENIBHO HH3KOE
pazHoOOpa3ne TaHTAIOHOCHBIX M IIBETHBIX MHHEPAJOB. YCTaHOBJICHA 30HATbHAS
CMEHa MUKPOKINH-AIEOUTOBBIX U aJbOUT-CIIOTyMEHOBBIX MIETMATHTOB, OTPaXKArOIIast
HBOJIIOLIMIO MErMaTUTOBOM cucteMbl. K MOHMCKOBBIM MHIMKATOpaM OTHOCSTCS Kak
TUTIOMOpP()HBIE MUHEPANIbl, BBIABICHHBIE HAa MaKpO- M MHUKPOYpPOBHE (aJbOuT,
MYCKOBHT, JIEIUJI0JIUT, PTOpaAnaTuT, CHOAYMEH, OEpUILI, KACCUTEPUT).

Mecmopoorcdenue Yepoosx

Mecropoxaenue Uepnosik pacnoioxkeno B HapsiMckom pyaHoMm paiione Kanba-
HapsbiMckoil MeTannoreHn4eckou 30Hbl. [[pOCTpaHCTBEHHO MPUYPOUECHO K 3amaIHOU
DK30KOHTAKTOBOM 30He HapeiMckOoro MaccuBa, CJIOXKEHHOTO TPaHUTOUIAMU
kanouackoro komriekca (P1) [73, c. 95]. Ha wMectopoxxiaeHur mpeoOiamaror
KBaplEBbIE KWJIbI, IKUJIOOOpa3HbIE Tela U IITOKBEpKU. KBaplieBble KUIIbI
XapaKTEPU3YIOTCA BBITAHYTOM TIMTOOOpa3HOW (POPMOIl, MOIIHOCTh UX COCTaBISIET
0,1-2 M, mmaa ot 20-60 m0 200 M. PyaoHOCHBIE IITOKBEPKHM HMEIOT OCHOBHOE
3HaUY€HHE, MPEJCTABICHbI CUCTEMOUN COJMMKEHHBIX KBAapLEBBIX XKUJ, MPOXKUIKOB U
oJI0C Ipe3eHN3UPOBAHHBIX METacOMaTUTOB KBapIl-MyCKOBHUT-(ITFOOPHUT-
TYPMaJIMHOBOIO COCTaBa, JIOKAJIM30BAaHHBIX B MOJIOTMX MEPUAMOHAIBHBIX U
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JTUAroHalbHBIX TpelmMHax. B mmane oO0Opa3yloT JHH30BUAHYIO (GOopMy C
BHIKJIMHMBAHWEM Ha TIIyOMHE B BHJE KOHYca WM (JaCTOYKWHA XBOCTa). Pasmepsr
mTokBepkoB: JuymHa — 30-110 M mpu MOIIHOCTH OT MEPBBIX METPOB JI0 JECATKOB
METpPOB, MPOTSHKEHHOCTh uX Ha riayouny go 100-250 wm. IllTokBepkoBblie Tena
CTpYNIHUPOBaHBI B HECKOJIBKO PYAOHOCHBIX 30H C MpeodiaaaromuM npoctupanrem CB
20-30° u magerunem Ha FOB nox yrimamu 50-70° (B cTOpoHY TpaHUTHOTO MaccuBa) [73,
c. 97].

[To nanubIM npeapTymux uccienoBareieit (mo M.®. Ctpenkus, T.A. MuHuHa,
T.H. llepba u ap.). B pylax MeCTOPOXKACHUS OOHAPYKEHO OO0JIBIIOE KOJIUYECTBO
muHepanioB [69, c. 57]. K riaBHbIM pyaHBIM MHHEpajlaM OTHOCSTCS IICCIIUT,
KACCUTEPUT U apCEHOIUPUT, K BTOPOCTEIIEHHBIM — MUPHUT, JUMOHUT, XaJIbKOMUPHUT,
rajiecHuT 1 O0epusul. OCHOBHBIE HEPYIHBIE MUHEpabl — KBapll, TypMaluH (1iepi),
MYCKOBUT, rpadut, ¢puroopurt. Llleenut cretiiont okpacku odpa3yeT rHe3a pa3sMmepoM
10 20 cM B TIOTIEPEYHUKE, COJICPIKUT BKIIOUCHHS MTOJIbYaToro TypManuna [ 73, ¢. 97]

Kaccumepum B rpeiizeHax BCTpedaeTcsl B BUJE MEIKON BKpArieHHOCTH (1 MM —
MIEpPBBIC CM. B TOMEPEYHHKE). B KBapmeBbIX jkmiiax 0Opa3yeT THe3[a W BKIFOUCHUS
HEMpaBWIbHON (OPMBI, YaCThIO OTMEYAeTCd B BHUJE XOPOILIO OTPaHEHHBIX
MUPaMUIATIBHO-TIPU3MATUYECKUX KPUCTAUIOB (pazMepoM 10 3x4 c¢M M KpyIHEe),
MIPOCTHIX M KOJICHYATHIX JBOMHUKOB TEMHO-KOPUIHEBOUW OKpacku. KoHIeHTpupyeTcs
Takke B 3adp0aHIax KBapIEBBIX JKWI. BcTpedamuch OTAENbHBIC KPUCTAJLUIBI
Kaccuteputa Becom a0 1,5-16 kr. Mmeet cnenyromuit xumuaeckuit coctas (%): SiO,-
0.66, TiO2-0.54, Al,03-0.03, Fe;05-0.13, Ca0-0.11, W03-0.18, Sn-97.74, Ta,0s-0.03,
n.n.n.-0.51, cymma 99,93. OT 4YepHBIX KACCUTEPUTOB U3 PEIKOMETATUIBHBIX
MEerMaTUTOBBIX MecTopokaeHui KayObl oTiaM4YaroTCsi HU3KOM TaHTaJIOHOCHOCTBIO
(Ta,0s o1 0,003 10 0,03%) [69, c. 59, 60; 73, c. 97, 98].

Ha MukpoypoBHe B pynax GUKCUPYIOTCS MOHOMHHEPAJIbHBIE KPUCTAILIBI (Sn-
77, 37 u 0-22,63 mac. %) U MUKpPOBKJIIOUEHHUs] KaccuTeputTa (pucyHok 4.29).

Conepxanve Ta B KOpHYHEBOM KacCHTEpUTE Takke HeBbicokoe (1,22 mac.%) [69, c.
59].

Cnekrp 4

30mkm 3nexTporHoe naoGoaxerme | 20Mkm 3nexTpoHHoe 3oGpaxenme 1

Pucynok 4.29 — N3o00paxkenue kpucrtasia (a) u 3epeH (0) kaccutepura
MeCTOpOXkaeHUa Uepaosk

Llleenum BcTpeuaeTcs B rpeizeHax (4735 1/T) 1 KBaplIeBBIX KUJIaX B BUJIE THE3
pazMepoM 10 16 cM B MONIepeuHrKe, UMEET JKEITOBATYIO i PO30BATO-0EIyI0 OKPACKY,
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nepecekaercs TypMaauHoM (pucyHok 4.30). Xumuueckuit coctaB meenuta: WO;3
77%, CaO 17,84%, SiO, 1,27% u Fe;,03 0,15%. I1o koau4ecTBEHHBIM CIIEKTPaIbHBIM
aHanm3om coaepxkut Sn 1% u As 0,2-0,4%.

ImeejmT

Q?"u-mp"

Cnexrp 2

20mem GnexTporsioe nioGpaxerme 1 20MKm 3nexrporsioe molpaxenne 1

Pucynok 4.30 — MUKpOBKIIFOUEHUS LIEETIUTA B KBAPILIEBBIX KUJIAX
MeCTOpOXKaeHUs Uepnosk

Bepunn oTMedaeTcs B BUJE KPUCTAIUIOB YUTMHEHHON MPU3MAaTHIECKON (POPMBI.
Takke BCcTpedaroTcsl B BUJI€ THE3[ pa3mepoM 10 10-12 cMm B monepeyHuke (PUCYHOK
4.31). LlBer xentoBatro-O€bli, CBETIO-3€JIEHBIA W PO30BAThIi. ACCOLHMHUPYET C
KBapIieM, aTbONTOM B MyCKOBHTOM [69, c. 58].

Pucynok 4.31 — M300paxkeHue kpucTajiia Oepusuia U apceHONUPUTA B
XpyCTaJeBUIHOM KBapIie

Apcenonupum BCTpedaeTcsl B TIpeil3eHaX, MEHbIIEH CTENEHU B KBAPLEBBIX
XKujax B GopMe KpUCTALIOB, IBOMHUKOB U CPOCTKOB pazMepoM OT 1-2 MM 110 2-3 cM
(pucynok 4.31) [73, c. 98].

Typmanun (wepn) oTMeHaeTcs B BHJE OTAEJIBHBIX WIOJbYATBIX KPHUCTAJUIOB,
THE3[ U paJuajbHO-TYyYUCTBIX CKOIJICHHUM, paclpoCTpaHEHHBIX B rpeizeHax (292 r/t-
26 «kr/t) (pucyHok 4.32); pexe BCTpEYAIOTCS MOJUXPOMHBIE PAa3HOBHIHOCTU
TypMmaiivHa. [lo paHHBIM H3y4YeHHs MMHEPAJOTMYECKOIO COCTaBa IMPOTOJIOYEK

81



TYpMaJIiH aCCOLMUPYET C KBapleM, MUKPOKIMHOM M IIeeauToM. B mpobax Taxxke
ormeuatorcs ¢parooput (39-1000r/T), mupur (22-1961 1/1) u unbmeHut (10 4255 1/71).

. - s

Pucynok 4.32 — UrosibuaTeie KpUCTAILIIBI TypMaJIMHA
B KBapI[-AJIbOUT-TYpMaJIMHOBOM I'peil3eHe

Kesapy saBnsieTcs 0CHOBHBIM KWJIBHBIM MUHEPAJIOM, IIPEICTABICH HECKOJIBKUMU
reHepanusMu. B rpeiizeHax u Kujax KBapll CEpbId U TEMHO-CEPBIM, IIECTOBATHIN C
KHUPHBIM OneckoM. Kpome OTMEUEeHHBIX XPYCTaleBUAHBIX M BOJSHO-TIPO3PAYHBIX
Pa3HOCTEN, B JKWJIAX OTMEYAKOTCS KCEHOJMTHI MACCUBHOIO CIMBHOIO KBapla paHHEH
reHepanuy, 30HaJIbHOU OKpacku (pucyHOK 4.33 a). PynHbIil kBapil xapakTepusyeTcs
3€pHUCTON CTPYKTYPOW, COAEPKUT THE3/la TEMHOLIBETHBIX MHUHEPAJIOB (TypMajuH,
OouoTUT U Ap.), pucyHok 4.33 6 [69, c. 57].

Pucynox 4.33 — OGpa3iibl KBapiia: a — KCEHOJUT TOTy00BaTO-CEpOTO KBaplia paHHEH
reHepannu; O — pyAHbIA 3epHUCTBIN KBapIl C THE3AaMU
TEMHOLBETHBIX MUHEPAJIOB

[Tpumeuanue — CocTaBiieHO IO UCTOYHUKY [69, c. 30].
Ha MCCTOPOKIACHHUN HIMPOKO ITPOABJICHBI OKOJIOPYAHBIC MCTACOMATHUYCCKUC

u3MeHeHus. [ pagumusayus pa3BuUBUTa HauOoJiee MHTECUBHO, NPAKTHUECKU
OXBaThIBAsi BCE PA3HOBUIHOCTH TTOPOJI, KOTOPhIE (PUKCUPYIOTCS YEPHOU U TEMHOCEPOU
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okpackoil Pynnas cragus accomuMpyer ¢ IpoleccaMd  Iped3eHU3aluH,
TypMaJIMHU3AIMH U 00pa30BaHUEM PYAOHOCHBIX KBapIeBbIX xkui [69, c. 60].

I'petizenuzayus HabIONAETCS B METACOMATHTAaX KBapI[-CIIOJSHOTO, KBapil-
TYpPMaJMHOBOTO M KBapIl-(IIOOPUTOBOTO COCTaBa C MPOSBICHUEM IICEIUTOBOTO
opynenenus (pucyHok 4.34) [69, c. 61].

i ‘WWMWmm!llwmw
\

a — KBapI-aJIbONT-MyCKOBUTOBBIH I'peii3eH CBETION OKpacKu; O — KBapIl-aIbOUT-TypMaIMHOBEIHI
METACOMATUT MSTHUCTON CTPYKTYpPBI; B — LIEETUTOHOCHBIN KBapIl-TypMaJIMHOBBIN Ipeil3eH (TeMHOoe
— UTOJIbYaTO-CITyTaHHAS TpapUT-TypMaTMHOBAsI Macca, CBETIIOE — THE3/1a [IeeTNTa)

Pucynok 4.34 — I'pelizeHu3aius mopoJ1 MecTopoxacHus: Yep1osak

Bwvi600. OTno)XeHus OCHOBHOM MacChl PYJIHBIX MHUHEPAJIOB MPOUCXOAWIO B
IPEN3EHOBBIM, KBapL-TONA30BbIA M  KBApL-IIOJEBOLINATOBBIA J3Tan. Yepaosk
JNEMOHCTPUPYET JOMUHUPOBaHKE Sn—W MHUHEpaIn3aluu ¢ COMyTCTBYIOMUMHU da3zaMu
Nb, Ta, REE u In. Baxnyto ponb urpator rpeizeHoBbie mporiecchl. [lo naHHbIM
oypoBbix pabor TOO «I'PK «Tomaz» B 2019 r. yCTaHOBIEHO MPOJOJKEHUE
MUHEPAJIM30BAHHBIX 30H Ha TiyouHy 6osiee 200 M ¢ OLIEHKON MPOTHO3HBIX PECYPCOB
WO3; nopsimka 7000 1. [73, c. 106]. [ToaToOMy MecTOpOXKIeHHE PEKOMEHIYETCS IS
JAaTbHEUIIIeT0 W3yYeHHUs] ¢ OOOCHOBAHHUEM BO3MOXXHOCTH U3BJICUCHUS TOIMMYTHBIX
xommonentoB (P32, Nb, Mo, In, Hg).

B pesynbrare mNpoOBENEHHBIX MHUHEPAIOTMYECKUX HCCIEIOBAaHUN TMOJTy4YeHa
JOTIONHUTENbHAST HWHGOPMAIMs O BEIIECTBEHHOM COCTaBE PEAKOMETAIbHBIX
MErMaTUTOB M TUTIOMOP(HBIX MUHEPAJIOB.
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S COBPEMEHHASA KJ/IACCH®UKALIMA PEJIKOMETAJIJIBHBIX
HEI'MATHUTOB

5.1 Onpenesienue U KiaccupuKanus NerMaTuToB

[lerMaTuTBl MpEACTABIAIOT COOOM MarMaTHYECKHe MOPOAbI CO CIOKHOMN
TEKCTYypOH, XapaKTEePHU3YIOIINECss COYETaHUEM KPYITHOTO, HO TIEPEMEHHOTO pa3Mmepa
KPUCTAJUIOB, 00JaJaroNIie MUHEPATOTHYECKON 30HATBHOCTHIO, SICHO BBIPAKEHHOMU
aHU30TPOIKUENH OpPUEHTALMHU KPUCTAIUIOB OT KpaeB BHYTPh, a TAKKE CKEJICTHBIMH,
paguanbHbIMU U rpadUyecKUMU 0COOEHHOCTSIMU cpacTaHusi kpuctamioB (London,
1992, 2008) [74]. [IpuHSTO BBIACIATH IBE T€HETUUECCKUE PA3HOBUAHOCTH IIETMATUTOB:
MarmMaTroreHHble U MeTamopdoreHHble. MarMaroreHHble MerMaTUThl U CBSI3aHHBIE C
HUMHU TIOJIE3HBIE MCKOIMAaeMble MPUHAAIEKAT K TpPyIne MO3AHEMAarMaTuyecKux
oOpazoBanutii [75, c. 13].

MarmaroreHHbIE TIETMaTUTBI ST Ha:

1) I'paHuTHBIC TIETMATUTHI YUCTOW JIMHWH, THOPUIAHBIC W JCCHUIUITUPOBAHHBIC
nerMarurhl [ 75, c. 14].

2) lllenouHble MErMaTUuThl COCTOAT U3 MUKPOKJIMHA, OPTOKJIa3a, HedearuHa 1in
cofainTa, ATHPHUHA, TaKMaHUTA, HATPOJIUTa, apdBEICOHWTA C MPUMECHIO amaThTa,
aHaJblIMa, MUHEPAJIOB IIUPKOHMS, TUTAHA, HUOOUS U PEAKUX 3eMelb [ 75, c. 14].

3) IlermMaTuThl YIBTPAOCHOBHBIX M OCHOBHBIX Marm CJOXEHbI OCHOBHBIM
MJIaruOKIJIa30M, POMOMYECKUM MTUPOKCEHOM (OpOH3UTOM), MEHBIIIE PACTIPOCTPAHEHBI
onvuBuH, amuOoy, OMOTUT C MNPHUMECHIO amarhTa, rpaHara, cdeHa, IUPKOHA,
TUTAHOMarHeTuTa, Maruetura [75, c. 15].

MetamopdoreHHpie MerMaTuThl, (OPMUPYIOIIMECS Ha Pa3HBIX CTaAMIX
MeTaMOppUYECKOro MpeoOpa3oBaHus, MO OCOOCHHOCTAM COCTaBa COOTBETCTBYIOT
danusaM peruoHaTLHOTO MeTaMop(r3Ma BMEMIAIONTUX TTOPOSI.

[TonmaBmnsrorniee OONMBITMHCTBO MMETMATHUTOB MMEIOT TPAHUTHBIN COCTAB, 1 UMEHHO
OHHM UMEIOT HanOOIbIlIee MPaKTHIECKOE 3HAUCHHUE.

YCcTaHOBIIEHO HECKOJIBKO (hOpM MErMaTUTOBBIX TEJ: B BUJIC BbIACICHUN BOIU3U
KOHTaKTa KPOBJIM MCXOIHOTO TIyTOHA; B BUJIC POEB JaeK, HCXOASAIINX U3 IITyTOHOB B
OKpYKaloIue MarMaTH4YecKue W MeTamop(uuecKkue Mopojbl; B BHAC MJIOCKUX WA
JMH30BUIHBIX T€J, ICTOYHUKH KOTOPBIX HE OOHAKEHBI.

['panuTHBIE METMATUTHI SBJISIOTCS BaXXHBIM HSKOHOMHUYECKMM HCTOYHUKOM
MIPOMBIIIEHHBIX MUHEPAJIOB (MTOJIEBBIX IITATOB, KBapIla, COIyMEHa, MMeTaInuTa) s
MPUMEHEHUsI B CTEKJIe, KepaMuKe U dJ1eKTpoHHOM mpombinieHHoCcTH (Glover et al.
2012, Simmons et al. 2012), a TakXe HIMPOKOTO CIEKTpa JUTOGUIBHBIX PEAKUX
anemenToB (Li, Cs, Be, Nb, Ta, Sn, U, B, Th, REE, Mo u Zr. u ap.) u crparerudeckue
MuHepaibl hocdarel u dparooput u T.4. [76]. [lermaTutsl Tak)Ke HHTEPECHBI C TOUKH
3pEHUS MOYYSHUS IIBETHBIX JIPAroIlieHHBIX KAMHEH M IICHHBIX 00Pa3IioB MOIETOYHBIX
MUHepasoB (Oepuiia, TypManuHa, Tornasza u 1p.). (Glover et al. 2012, Simmons et al.
2012, Dill H.G. 2015, London D. 2018).

[TermatuThl pa3HOOOpPA3HBI 1O COCTABY, MHHEPAJIOTHH, pa3MepaM, (hopmam u
TEeKCTypaM, 00JIaaloT BHYTPEHHEH 30HAIBLHOCTHI0. OHHM BCTPEUYAIOTCS B PAa3TMYHBIX
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TUIAX MOpoJ (BKJIOYAsi MUTMATUThI, METaMOP(PUUECKUE U MarMaTU4eCKUe MOopobl),
UMEIOT pa3Hylo IIyOHHY, TeMIieparypbl oOpa3oBanus u Bo3pacT (Cameron et al. 1949,
Brotzen 1959, Ginsburg & Rodionov 1960, Cern’y 1991, Simmons et al. 2003, London
2014).

B otnmume ot mx rabOpOWIHBIX U TPAHUTHBIX ITyTOHUYECKUX YKBUBAJICHTOB,
KOTOpBIE O0pa3yroT OOJNBITNE W MUHEPAIOTHYCCKHA OAHOPOTHBIE MACCHBBI TOPHBIX
MOpON, TIErMAaTUTHI 00pa3ylOT OTHOCHUTEIHHO HEOONBIIUWE Tela, BHYTPCHHE
HEOJTHOPOIHBI IO COCTABY U CTPYKTYpE.

CymecTByeT O0dbIIOE KOJIUYECTBO CXEM KIJacCU(PUKAIMU TPAHUTHBIX
nermatuToB (®epcman, 1930, 1967, Cerny and Ercit, 2005; London, 2008; Simmons
and Webber, 2008). Ilpocreiimie W3 HHUX JEIAT IETMATUTHl Ha OOBIYHBIC H
peaKodneMeHTHbIe. boiee CloKHbIE CXeMbl OCHOBAHBl HAa HAJIUMYMM Pa3IUUHbBIX
PEAKOMETAIUIBHBIX MUHEPATbHBIX aCCOLIMAIIHIA.

[lerMaTuTHI C peaIKUMH 3JIEMEHTAMHA UMEIOT aHOMajbHOE cojepkanue Be, Li,
Ta, Sn u Cs. bepumii yaiie Bcero npucyTcTByeT B Buae Oepuiuia, Li BcTpeuaercs B
BUJIC CIIOMYMEHA WJIU JICTIHAONNTA, Ta — B BUAC KOTyMOWT-TaHTaauTa, SN — B BUJIC
kaccureputa U Cs - B BujJe nojurynura [77]. HecMoTps Ha DOCTATOYHO XOPOIIYIO
M3YYEHHOCTh W CylIeCTBOBaHUE mopsaka 20 pa3sHOBUAHOCTEH KiaccUUKaiiuii
MEerMaTUTOB, 1O CHX TIOp CYIICCTBYIOT TPYIHOCTH TNPUMEHUMOCTH 3THX
Kiaccu(ukauii OHOBPEMEHHO B HAYYHBIX U B SKOHOMUYECKUX IEIISX.

[To MHEHHMIO aBTOPOB MHOKECTBA MyOIMKAIIMK HA TEMY IPAHUTHBIX IETMATUTOB
BCE TEOpPETHUECKHE KIIacCU(PUKAIMKM, OCHOBAaHHBIE Ha JIaHHBIX TIPOIECCOB
dbopMHUpOBaHUS METMATUTOB, JOJKHBI ObITh OCHOBaHBI Ha M3MEPUMBIX KPUTEPHSX.
[lepByto obmienpusHannyo kiaccudukamnuio npeaioxuia @epcman (1930). On BBen
TEMIIEpaTypy KpUCTAJUIM3AlMM TPAHUTHBIX TIErMATUTOB KakK MPEINoiaracMblii
KPUTEPUHN KJIACCU(PUKAIIUN, UCTIONB3YS TEPMHUYECKYI0 CTaOWILHOCTh MHHEPAJIOB U
MUHEpaIbHbIX KoMILIekcoB. [1o MueHuto (Simmons 2005, Dill H.G 2015) uzmepumsie
KPUTEPUHU BKJIIOYAIOT: MUHEPAIBHBIA COCTaB, MHHEPATBLHYIO U M30TOMHYI XHUMHUIO,
CTPYKTypy TMeTMaTHTa M BO3PACT KPUCTAUIM3AIMU. TeMIeparypa KpUCTATM3aliuA 1
rTyOnHA 00pa30BaHUS MMETMATUTOB SBJISIOTCS JOMOJHATEILHBIMU MPEATIOIaracMbIMU
kputepusiMu (Simmons (2005), Cern’y&Ercit (2005), London (2008)).

Knaccugurayusa A. E. @epcmana (1930).

A.E. ®epcman, paboThl KOTOPOTO MO METMaTUTaM OCTAKOTCS KIACCUUYECKUMH,
CUMTAJI, YTO MErMaTUThl (OPMHUPYIOTCS W3 OCTATOYHOTO paclljiaBa, CIIOCOOHOTO
pPacTBOPATH JIETYYHUE KOMIIOHEHTHl M BOAY B HEOTPAHMUYCHHBIX KOJIMYECTBaX. Takoit
pacruiaB, HACHIIICHHBIM BOAOW W JIETYYHMMH KOMIIOHEHTaMH, OO0JIaJJacT MEHbBIIEH
BA3KOCTBIO U OOJbIIIEeH MOABUKHOCTHIO. OTISNHUBIINCH, OT MArMaTUYECKOTO ovara u
BBITIOJIHUB TIOJIOCTh, OCTATOYHBIN PACIIaB KPUCTAIUIU3YETCS B HEW TIPH TTOHMKEHUSIX
temrieparypsl. IlerMaTuThl 0Opa3yroTCsi, MO €ro MHEHHIO, B 3aMKHYTOW (PHU3HKO-
XUMHUYECKOU cucteme [79, c. 57].

BonpImMHCTBO MEerMaTuTOB (OPMUPYETCS B TECHOH CBS3UM C TPAHUTHBIMHU
MopoJlaMd B TO3JHIOK CTaIuI0 MarMarudeckor kpuctamusanuu. [lo cocTtaBy
MErMAaTUTHl UMEIOT CXOMHBIH XWMHKO-MUHEPaIbHBIH COCTaB C T'PAHWTAMH, OJIHAKO
CYIIECTBEHHO OTIIMYAIOTCS OT HUX MOP(OJIOTHUECKUMHU M CTPYKTYPHO-TEKCTYPHBIMU
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O0COOEHHOCTSIMU. B OTiM4YMe OT MAacCHUBHBIX TI'PAHUTOB, METMATUTOBBIE TeJa, Kak
IPABHUJIO, UMEIOT MEHBIINE pa3Mephl, 00Pa3yIoT Kbl I THE3/1a, XapaKTepU3yIoTCs
YETKOW BHYTPECHHEH 30HAJBHOCTBIO, PE3KOM HEPABHOMEPHOCTBIO PAa3MEPOB
MUHEPAJIBHBIX 3€PEH - OT MEJIKHX J0 TUTaHTCKUX, a TaKke MPHUCYTCTBUEM CIICAOB
MeTacoMarhyeckux mnpoueccoB [75, c. 13]. Bo Bcex ciy4asix pOACTBEHHbIE
nerMaTuTaM  TPAHUTOUABl  OTJAMYAIOTCA  TOBBIIIEHHOM  KUCIOTHOCTBIO WU
IICJIOYHOCTHIO, MOTHOW muddepennuanmeir 1 MHOTO(a3HOCTBIO BHEApeHUs |75, c.
16].

['panutHble IEerMaTuThl, 110 A.E. @epcmaHy, MOKHO pa3/ieuTh Ha MEerMaTUThI
YUCTON JTMHUM U MIETMATUThI TMHUU CKPEIIeHUs (TMOPHUIHbIE TIETMATHUTHI).

lleemamumel yucmou 1uHUY, HE UCTIBITABIINE YCIOXKHEHUS COCTaBa B MPOIlecce
dbopMUpOBaHUs, 3aJI€TAIOT B TPAHUTAX WJIM TOXKIECTBEHHBIX UM MO MUHEPAIBHOMY U
XUMUYECKOMY COCTaBy Tmoponax. OHHU CIOXKEHbl KaJUEBbIM IIOJIEBHIM IIIIIATOM
(opToKiIa3, MUKPOKJIMH), KBapIleM, IJIaruokiaa3oM (aabOuT, OJIMIokia3) U OMOTUTOM;
KpOME€ TJIaBHBIX NETMaTHTOOOPA3yIOIMIMX MHUHEPATOB B HUX KOHILIEHTPHUPYIOTCS B
pa3Hoi CTENEeHH CIIOAYMEH, MyCKOBUT, TYPMaJIuH, TPaHaTt, Tonas, OepuIL, JICMUI0NHT,
¢roopuT, anaTUT, MUHEPAJIbl PEAKUX U PAAHOAKTUBHBIX 3JIEMEHTOB, a TAKXKE PEIKUX
3eMens [75, c. 19].

lleemamumer aunuu ckpewjenusi oOpas3yroTCs Cpeau HHBIX (opmaruii, 4To
OTpa)kaeTcsi Ha WX cOoCTaBe. B 9TuX yCIIOBUSX BO3HHKAIOT THOPHIHBIC MErMaTUTHI,
ACCUMUJIMPOBABIIIAE BEIIECTBO OOKOBBIX MOPOA U JIECHIMIIMPOBAHHBIC METMATHUTHI,
OTAABILKE YaCTh CBOET0 KPEMHE3eMa BMEIIAIOIIUM OPOJaM, HEAOCHIIIEHHBIM 3TUM
coeauuenueM [75, c. 19].

T'ubpuonvie neemamumol, 0Opa30BaHHbBIC MPU ACCUMIUISIIIUM TIIMHO3EMHUCTHIX
nopop (HarnpuMep, IMIUHUCTBIX CJIAHIIEB WM OCHOBHBIX TTOPOJT), 000TaIatOTCsl TAKUMU
MUHEpajdaMH, KaK aHJady3uT, KHaHUT, CWUIMMAHHUT. [1omoOHOTO po/a merMaTuThl,
ACCHMIJIMPOBABIIME KapOOHATHI KajbIMs, MarHus W >Keje3a, COAEp)KaT POTOBYIO
0OMaHKY, MUPOKCEHBI, TUTAHUT, CKAMOJIUT U APyTHe MuHepaisl [ 75, c. 20].

Hecunuyuposanuvie neemamumsl B yIbTPAOCHOBHBIX M KAPOOHATHBIX MOPOIAX
MPECTaBICHbI OOBIYHO TJIATMOKIA3UTAMH COCTaBa OT aJbOUTHUTOB JI0 AHOPTUTHUTOB.
[Tpu mepechIeHNH TTTHHO3EMOM BO3HUKAIOT KOPYH/IOBBIE TUIArMOKIIA3HUTHI.

B 3aBUCHMOCTH OT MecTa MOJIOKEHUS TerMaTUTHI JENSITCS Ha: CHHTEHETHYHBIC
(IUTMpOBBIE, KaMepHbIE) W SIHUreHeTuueckue (BbDKatbie) [75, c¢. 20, 21].
CuHreHeTHYecKne WIM LUIMPOBBIE IE€rMAaTUThI, 00pa3yroTCsi OAHOBPEMEHHO C
TPAaHUTOMIAMH U PACToararoTcss BHYTpU HUHTPY3uH. [lomoOHBIE mMerMaTuThl Kak
MPaBUJIO UMEIOT OBAJIbHYIO (POpPMY M M300MIYIOT MUAPOJIOBBIMHU MycTOTaMu. B HuX
OTCYTCTBYIOT PE€3KH€ KOHTAKThl M AalUIMTOBBIE OTOPOUYKH. [[s1 smHUreHeTnyecKux
MEerMaTUTOB XapaKTEpPHO: pa3MEIIeHNE KaK B TPAHUTOUJAX, TaK U BHE MHTPY3HUH B
001acTH HK30KOHTAKTA; Pa3MENICHHE MEerMaTUTOB KOHTPOJIUPYETCS TU3bIOHKTUBHOMN
TEKTOHMKOM; KHWIIbHAs (opma Ten; WMEIOTCA pPEe3KHe KOHTAKThl C BMEMIAOIIMMHU
NOopoJaMH; HaJWYHE allJIMTOBBIX OTOPOYEK; BeChMa Cliad0€ pa3BUTHE MHUAPOIOBBIX
nycTort [75, c. 21].

Orta knaccudukanus Obiia gopadorana (depcman, 1967, Miller A., 2022)
OcHOBHBIE €€ IyHKTBhl MpeacTaBieHbl Ha pucyHke S5.1. B Hent Bbeigenensr 10
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HErMaTUTOBBIX (pa3 «OCTATOYHBIX NErMaTUTHD» B COOTBETCTBUHM C TEMIIEPATypPHOMH
HBOJIIOIMEN TMEerMaruToBOro pacrmiaBa. [IpaBas KonoHka TaOMMIBI TTOKA3bIBAeT
pPOAOCIOBHYIO He 3arpsi3HEeHHBIX 10 merMatuToBBIX TemreparypHbix (a3 Ha 18
NErMaTUTOBBIX TUIIOB.

Temp. Residual T : :
[°C] Stages Phases pegmatites Genetic lineages of non-contaminated pegmatites
E, Granitic resndual melt
S Magmatic
800 1b Monazite peg.
S ; .« | 1 Ordinary pegs. FpticZong 1d  Gamet peg.
= Epimagmatic X 5
700 © (Allanite-monazite 1a Ordinary pegs.
5 peg.) (Graphic and peg- 1c Allamte peg.
S : |
o Pegmatitic 2 Peg. with rare ekoit greaniia)
600 |o/f quartz elements 2 Pegmatites with rare oloments
transition 3 Tourmaline and 3a Tourmaline peg.
muscovite peg. a
,% Pegmatoid ‘ 3b Muscovite peg.
S 4 Fluorine- 4 Beryl pegmatite——— quartz apophyses
o beryllium pegs.
50| § S
2 ithium pegs. 5a Albite 5b Lepidolite-rubellite
o (withvisn) l pegmatite l pegmatite
Superstitial
400 ‘ H‘ High
ol temperature v
©
E
2
300 = Medium 8 Fluoro-carbonate 8 Hi‘(;v:‘—:‘n!ivv):} s s
§ temperature pegs v j PN S S e
200 ac Low 9 Sulfide pegs 9 Sulfide pegmatite
temperature | 10 Zeolite pegs. 10 Zeolite pegmatite
150-
100 Hypergene

Pucynok 5.1 - Knaccudukanus no depcemany (1967)

[Ipumeuanne — CocraBieHo o uctounuky [80, c. 208].

Knaccuguxayua A.U. I'uncobypea- I'1. Poouonosa (1960).

[Tozke Obuta mpencraBieHa kinaccubukanus [ uncoypea-Poouonosa ¢
rpajanueld TEerMaTUTOBBIX Tel MO TiyOMHaMm (30HaM QopMupoBaHus). ITa
Kiaccuukanus Jeria B OCHOBY 0OoJiee TMO3MHUX MPUKIAJHBIX KIacCU(pUKAIIHM.
[lepecMoTpeHHast aHIIMIICKass BepcHsi ATOW Kiaccudukay Oblia OMmyOIMKOBaHA
['mucOyprom B 1984 romy. 3mech BBIACISIMCH YETHIpE KJacca MEerMaTuToB: 1)
KepaMUYECKHE M PEIKO3EMEIIbHBIC METMaTUThI, KPUCTAJUTM30BABIINECS HA TIIyOMHAX
oonee 10 xM; 2) crmromocoepxkaliiyue adruccalbHbIe TISTMATUTHI, 00pa30BaBIIMECsS Ha
ryoune or 7 go 10 xM; 3) penkoMmeTauIbHbIE TErMaTWuThl, 0Opa3oBaBIIMECS HA
r1youne ot 4 10 8 kM [81]; u 4) kpucramiocoaepKalue uiu MUaAPOJIOBbIE TIETMATUTHI,
3ajieraroniye Ha ryoune ot 2 10 3 kM (tabnuia 5.1).
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Tabnuma 5.1 - Knaccudukanus nerMatuToB mo NIyOMHHBIM 30HaM, npejoxenHas A.M. ['mu30yprom

(1960) n mepecmotrpennas ['muzOyprom (1984).

u I'I. PornoHoBbIM

ITermaturtoBas I'my6una Crenenn Cas13p ¢ | Pa3Butue PasButue Xumnueckas | I[Ipakruueckoe
¢dbopmanus oOpa3zoBanusa | Meramopduszma MaTEpPHUHCKUMHI IPU3HAKOB MHAapOJIOBBIX XapakTepuc | 3HaYEHHE
(x0ap) BMETIAFOIIHX TpaHUTaMHu 3aMETICHIS MyCTOT THKa
IOpOA

KPHUCTaJJIOHOC 2-3 3eJICHOCIIaHLIeBasl | BHYTPUTPAHUT- WHTEHCHBHO OYeHb Li, F, Be, | mpe3oonTudeckuii
HBIE dhammst HEIE, Pa3BUBAIHCH pacrpocTaHeHbI “TR”’ KBapI, JparorcHHbIC
(MHapoJIOBHIC) JIOKaJTU30BaHHBIE | BOKPYT KaMHHU (Tomas, Oepun)
MErMaTHTHI B Kymojllax ¥ | MHapOJIOBBIX

M3rudax KpPOBIH moJytocTen "

0Cc0OEHHO noJ
HUMH
penkometamibH | 3-8 KOPJIUEPHT- JIOKaJM30BaHHbIE | OOBIYHO PA3BHUTHI obpasyrwres peako | Li, Rb, Cs, | cmogymen, mneranur,
b€ TTerMaTUTHI amM(puOOTUTOBOM BONIM3W  KPYIHBIX Tl, Be, B, F, | 6epun, TaHTAJUT,
cyOdarun TPaHUTHBIX P, Ta, Nb, Sr, | kaccurepwur,
MacCHBOB Sh, Bi BOJDKUHHUT, MHKDOJIUT,
MOJUTYLIUT

CIIFOTUCTBIE 7-10 rpaHar- CBSI3b C WHOT]Ia Pa3BUTHI penkoe obpasyiorcs | Be, B, P, Nb, | myckoBwur,
abuccanbHbIE amM(puOOIUTOBON IPAHUTHBIMU MHApPOJIOBBIE U, “TR” KepaMUYECKHAN
MErMaTHTHI cyodanun UHTPY3UAMHU pe3opOupoBaHHbIE M0JIeBOI mmat

94acTo HesiCHa MYCTOTBI
KepaMHU4ecKue 10 TpaHyJINTOBAs HE UMEET | HE Pa3BUTHI He 00pa3yroTcs “TR’’, Th, | kepamuueckuii
(penxo3zemens (barus OUYEBHUIHOTO P, Ti [IOJICBOM AT
HBIE) IErMATUTHI OTHOIIECHHUS K

TPaHUTHBIM

UHTPY3HUSIM,

MHOT' A

ACCOIMHUPYETCS  C

MUTMaTHTaMH

[Tpumeuanne — CoctaBieHo mo ucTouHuky [80, c. 210]
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Knaccuguxayusa neemamumos no B.U. Cmupnosy (1982).

B 3aBucMMOCTH OT coCTaBa M CTPOCHHSI IMETMATUTHI ACJSIT HA MPOCThIE U
CIIOXHBbIE. [Ipocmbie epanumnble neemamumsl COCTOST B OCHOBHOM M3 KaJHEBOIO
MOJIEBOTO IIIIATa, KBapla W MYCKOBHUTA, a TAKXKE PEIKUX METAJUIOB, TATOTEHOIIMX
MPEUMYIIECTBEHHO K TpaHUlle KBaplEBOrO sjipa W MHUKPOKIMHOBOM 30HBI, HO
pPacupOCTPaHSAIOMIMXCS U B CTOPOHBI OT HEE, OCOOCHHO B 00JIACTh MUKPOKIMHOBOM
30HHI [2, c. 17].

CnooicHvle  epaHummuble  neamamumsl  UMEIOT 0Oojee  pa3HOOOpa3HbIN
MUHEPAJIBHBIA COCTAB U, KaK ITPABUJIO, 30HAIIBHOE CTPOECHUE. B CTpyKType 30HaIbHBIX
I'PAHUTHBIX TIETMATUTOB BBIACISIOTCS 000JI0YKa, BHYTPEHHSIS YaCTh U HEMPABUIIbHBIC
METACOMATUYECKNE CKOIUICHUs. Bce OHM COCTaBISAIOT MATh IVIABHBIX AJIEMEHTOB
30HaJIBHOM CTPYKTYphI: [lepBOi, camMmOl BHEUIHEN 30HOMW, SABJISETCA TOHKO3CPHUCTAS
OTOPOYKAa MYCKOBUT-KBapI[-MOJEBOIINATOBOrO cocraBa. [lo mupuHEe OHa peako
IIPEBBIIIAET HECKOIBKO CAHTUMETPOB. BTOpast 30Ha clioXkeHa KBapI-II0JIEBOIINATOBOM
Maccod TIHCbMEHHOW M TPAaHUTHOW CTPYKTypbl. TpeTbss 30Ha COCTOUT U3
MOHOMMHEPAJIBLHOM Macchl WM OJIOKOB MHUKpOKIMHA. YUeTBepTyro 30HY oOpasyer
KBapueBoe sapo. llstas 30Ha He Bcerga mHposBiIeHA W MeHee ordyeTiauBa. OHa
MpeACTaBlieHa HEMPaBWIbHBIMM CKOIUJICHUSIMU KBaplla, ajabOUTa, MYCKOBUTA,
CIIOAYMEHA U MUHEpAJIOB [75, c. 18].

CMHpHOB JEIUT NErMaTUThl Ha OCHOBE MPEOONIaalolIero MUHEPaIbHOTO
cocTaBa u crocoba oopazoBanusi. MM BbIeNIEHBI CEIYIONUE TUIBI MErMaTUTOB: 1)
MIPOCTHIE METMATUTHI (KBapII+II0JIEBOH ITIAT); 2) NePEKPUCTATUTM30BAHHBIEC TIETMATUTHI
(KBapI+II0JIEBOM IIMAT+MYCKOBUT); 3) METACOMAaTUYECKH 3aMEIICHHbIC MEeTMaTUThI
(KBapI+I10JIEBOM IITMAT+MYCKOBUTPEAKUE METAJUIbIHIPAroleHHbIe U TOJEI0YHbIC
KaMHH); 4) AeCWIMIMPOBaHHbIE (THOPUIHBIC) MErMaTUTHI (TUTaruokiIaz+kopysn) [75,
c. 22].

Knaccuguxayusa Cern’y P (1991,2005).

B aHmos3puHOM JIUTEpaType MO TPaHUTHBIM NErMaruTaM HamOoJiee IIUPOKO
ucnons3yercs knaccudukanus Cern’y P. [To rmy6unnoctu ¢popmupoBanus (Cern'y et
al. 1991) BeimenuA cieayrolMe OCHOBHBIE KATETOPUU KJacCU(UKAIIMU TTETMaTUTOB
[82, c. 2006; 83, c. 14].

1) AOuccansubie — AB (BbICOKasi TeMmIiieparypa, IaBJICHHUE OT BBICOKOTO 10
HU3KOTO0);

2) MycxkoButoBbsie — MSC (BbICOKOE JaBIE€HUE, HU3KAs TEMIIEPATypa);

3) MyckosutoBo-penkometauibHbiii REL-MSREL (nepexoansiii Mexxay MSC
u MSREL);

4) PenxomeramibHbiii - REL (Hu3Kkas Temreparypa, HU3KO€ J1aBlieHUE);

5) MuaponoBsiii — MI (61M310BEpXHOCTHBIN).

Brnepsrie Obta onyonukoBana B 1991t (Cern’y, 1991), 3arem ¢ u3MeHEHUSIMH
Cern'y&Ercit (2005; 2012) (tabmuma 5.2). OHa sBisercs HauOojee IHPOKO
UCIIOIb3yeMOH Kilaccu(uKaliuel Ha CEeroIHSIIHUN I1eHb.
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Tabmuma 5.2 - Cxema DIyOMHHO-30HAJIbHOM KJacCU(UKAIMU TPaHUTHBIX

nermatutoB 1o Cern 'y&Ercit (2005) ¢ usmenenusimu Cern’y et al. (2012).

Kitacc P-T ycnosus | [omkiace Tunnuasie Tun TToarum Cemeit
[PETHOHAND HbIX BTOPOCTEIICHHbIC CTBO
BMEIIAIOIITIX 2JIEMEHTEI
opoI
IAOHUCCaIbHBIN 9-4 x6ap AB- U, Th, Zr, Ti, Nb, NYF
(AB) HREE
700-800°C | AB-LREE| Y, LREE, HREE NYF
AB-U NYF
MyCKOBUT 8-5kbap | AB-Be Ca, Ba, Sr, Fe.Mn LCT
(MS) -
650-580°C
IMyCKOBHT — 7-3 kbar MSREL- | Be, Y, REE, Ti, U, NYF
penKuit 650-520°C | REE Th, Nb-Ta
DIEMEHT
(MSREL)
MSREL- | Li, Be, Nb LCT
Li
IPenxni 4-2 xbap REL-REE| Be, Y, REE, U, Th, | Ammauur- NYF
biement (REL) 650-450°C Nb.Ta, F MOHALIUTOBBIN
DBKCEHUTOBBIN NYF
a0 TMHUTOBEII NYF
REL-Li Li, Rb, Cs, Be, BepuiioBsiit Bepu- LCT
KOJTyMOUTOBBII
Ga,Sn, Hf, Bepu- LCT
KOIlyMOHT-
docharHpIi
Nb.Ta, B, P, F KoMrutekcHbIi CrioTyMeHOBBIH LCT
ITeraauToBEIi LCT
JlenumoauTOBBIM LCT
Dp0aNTOBBIN LCT
AMOJIUrOHUTO LCT
BBIM
Anpout- LCT
CIIOJTyMEHOBBIN
AnbpOUTOBBIN LCT
MuaposoBblit 3-15«k06ap | MI-REE Be, Y, Nb, REE, Tomasz- NYF
(MI) OepuILIOBBIN
500-400°C F, Ti, U, Th, Zr TagonuHauT- NYF
(heprrocoHnTO
BBIM
MI-Li Li, Be, B, F, Ta.Nb | Bepwmur- LCT
TOIIA30BBIN
CrioryMeHOBBII LCT
ITeraanToBEII LCT
JlennmomuToBEI LCT

* NYF Huobwmit-utrtpueBo-propuctoe cemeiicto; LCT Y4 Jlutuit-nie3uii-

TAaHTAJIOBOE CEMENCTBRO.

[Tpumeuanne — CocraBieHo 1mo uctouruky [80, c. 206].

B nononHeHue K KPUTEPHUIO TIIYOMHBI, KOTOPBIA SIBISETCS BBIBOJHBIM
KpUTEPUEM, TEPMUHBI TIEPBOTO MOPSAIKA KIACCU(PUKALMK MPEICTABIAIOT Pa3INYHbIE
KJIaCCU(PUKATMOHHBIE KPUTEPUU: «PEAKUN IJIEMEHT» — T€OXMMHYECKUN KPUTEPHid,
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«MYCKOBUT» — MHUHEPAJIOTHUYECKUN KPUTEPUH, a «MHApOJbD» — CTPYKTYPHBII
KpuTepuil. DTa KiIaccupukanus Takke Hanmbosjee WHTEPEeCHAa C TOYKH 3pPEHUS
HSKOHOMHYECKOTO  MPHUKIAIHOTO  pa3liefiecHus] TEerMaTuToB Ha  pEAKUEe W
penko3eMelnbHbie 3emMeHThI [80, ¢. 211].

[eomornyeckrie Kiacchl TPAHUTHBIX TIEIMAaTUTOB W MX T'€OXUMHUYECKHE-
MUHEPAJIOTHYECKUE TOAPA3ACICHUS, OMPENCIICHHbIE aBTOPAMH, BKJIIOYAIOT IISTh
KJIACCOB, JECATh MOAKIACCOB, TPUHAALATH THUIIOB M CeMb MNOATHNOB. Kiaccel
nonanaioT B P-T nuarpammy meramopdudeckux Qaruii, KOTOpble XapaKTepU3yroT
METPOJIOTHIO X BMelarome nopoast [80, c. 204].

CormnacHo Tabnuie 5.2, mokaszarellb IITyOMHBI PETIAMEHTHPYETCS J1aBJICHUEM.
[TapameTpsl naBieHUs oOpa3oBaHUsI NMErMATUTOB COOTBETCTBYIOT MATH Kjaccam: 1)
abuccaibHble TIErMAaTUTHI; 2) MYCKOBUTOBBIE ME€IMAaTUTHI, OOpa30BaHHbBIC TMpU
JaBJIEHUU; 3) MYCKOBUTHBIE PEIKOIEMEHTHbIE MErMaTUThl MPU KOHIEHTpanuu; 4)
PEAKOAIEMEHTHBIC IETMATUTHI U 5) MUAPOJIOBEBIE.

llecmamumel k1acca mMyckoeum TOKa3bIBAIOT COMIACHBIE U 1e(pOPMUPOBAHHbIE
CTPYKTYpPhI BO BMEIIAIOIINX MOPOJIax B aM(pUOOIUTOBBIX (hallisiX BHICOKOTO JABJICHUS
or 5 no 8 kbOap, XapaKTepU3YIOUIUXCS IMaparecHEe3UCOM KHaHUTa—CUJLTMMAHUTA
OappoBuiickoil MeTamopduueckoi danuanbHoi cepun. IlermMaTuThl, KaKk MpaBUIo,
0e3pyaHbI, COAECPIKAT MOJIEBOM IMIMAT KEPAMUUYECKOTO COPTa, KBAPIl U MPOMBIILICHHYIO
CJIIOMY, KOTOpas M J1ajla UM NepBOHAYaIbHOE Ha3BaHUE.

Cerny P. (1990; 1991) ompenenun abuccainbHbIi U MYCKOBHUTOBBIA KJlacc
MErMaTUTOB, KaK CBS3aHHBIE C AHATEKCHCOM B YCIOBHUSX OT aM(PUOOIMTOBOM 10
I'PaHyJIUTOBOM (haluu Mpu OTCYTCTBUHM cBsizeit ¢ rpanutamu. Cerny P., Ercit T.S. (2005)
MPEIONIOKIIIN, YTO MPOTOJIUT aOHUCCAIBHOTO Kjlacca MOXKET ObITh aHATEKTHYECKOU
JIEMKOCOMOM WJIM TPAHUTHBIM IO MpoucxoxiaeHuto [82, c. 208]. pyrue aBTOpbI
MPEANOJIAaraT, YTO HEKOTOPbIE€ M3 MErMaTUTOB TPYIIbl MYCKOBUTA, B YaCTHOCTH
nonyysiiuu nermatutoB kiacca MSREL npoucxoast ot rpanuTHbix MarMm (I1Imakun
1976; I'uuz6ypr u np., 1979).

llecmamumel knacca myckogum—peoKue 1emeHmsl B OCHOBHOM HECOMIACHBI C
MeTaMOp(PUYECKON  CIIAHIIEBATOCTHIO HMX  BMENIAIOMIMX TMOpPOA W HWHOTJA
JIEMOHCTPUPYIOT PErHOHATBHYI0 30HAJIbBHOCTh OTHOCUTEILHO MATEPUHCKUX IPAaHUTOB.
OHu pa3melieHbl B yMEPEHHBIX U BBICOKUX aM(PUO0IUTOBBIX (arusax 3-7 k0ap, 650°C
no 520°C. Bplaensror aBa IOAKJIACCA TETMAaTUTOB B KJIACCE MYCKOBUT—PENKHE
aneMmeHthl: oHM  BKIodatoT MSREL-REE  (MyckoBUT  penkue  3IE€MEHTHI
peaKo3eMelbHbBIC 2JIEMEHTHI) ¢ Teoxumuueckor curaarypoiut Be, Y, REE, Ti, U, Th, Nb-
Ta u MSREL-Li (MyCKOBHUT peaKue dJIEMEHTHI JIUTHI) C TEOXUMHUUYECKON CUTHATYPOU
Li, Be, Nb [82, c. 2010].

Ileecmamumel knacca peokux snemenmosd BkItodaroT ABa nojakiacca REL-REE
(penxo3emenbHBIC penKo3eMenbhbie eMenThl) 1 REL—Li (mutuii peako3emenbHbIN).

llooknacc REL-REE nipoUCXOAUT OT MOCTAHOPOTEHHBIX METArIMHO3EMHUCTBIX
JI0 TIEPATFOMUHUEBBIX TPAHUTOB HA Pa3JIMYHBIX ITTyOUHAX 36MHOM KOPBI IIPHU TaBICHUN
oT 2 no 4 xOap. Jlaunsiii noakiacc odorameH HFSE (snemeHTamMu BBICOKOW CHITBI
MoJisi), pa3MellaeTcss Ha pa3Iu4yHOM IyOMHE, HO, KakK IMpaBwio, Hermyooko. OH
nojipa3iesiseTcss Ha TPU TUMA: 1) aljlaHUTa-MOHAIMTA; 2) HBKCEHUTa, 00a C

91



HE3HAUUTEJIbHBIM KOJIMYeCcTBOM UM orcyrctBueM Be (Wise 1999); 3) Tun
ragonuuauta. Ilermatutel REL-REE oGennensl ¢ocdopom, comepkaHue IUTHS,
pyouaus u ne3us Takxe Huskoe [82, c. 2011].

Ilooxknacc REL-Li pacnionaraercs B (anuu OT HUKHUX amM(pUOOIUTOB 10
BEPXHUX 3€JICHBIX CIJIAHIIEB C aHJANy3UT-CHJUIMMAHUTOM U JaBiieHus 2-4 kOap u
OTJIMYAETCA OT CHH- JO MO3JHUX OPOTEHHBIX MEPATIOMUHHUEBBIX TPAHUTOB. J[aHHBII
MOJKJIacC TMPENCTaBIsieT co0oi Haumbonee AMBEPCUPUIIUPOBAHHBIA T'€OXUMHUKO-
MUHEPAJIOTHYECKUI MOAKIACC U MOAPA3JACISIETCS Ha NEeBITh TUMOB. OHU BKJIIOYAIOT
OepUILIOBBIN TUII, KOTOPBIN, B CBOIO OYEPE/b, BKIIOYAET MOATUIT OEpUILI-KOITYyMOUTA,
NOJTUTT OepUILT-KOITYyMOUT-Pocdara; CIOKHBIM THUI, KOTOPBIA BKJIIOYAET IOATHUII
CIOJyMEHA, TMOATHUIl TETaJIUTa, TMOATUI JICMUJOJIUTA, TMOATUIl AMbOAUTa, TMOATHUIL
aMOJIMTOHUTA; TUIl aJbOUTa-CIOJyMEHAa U THUIl aabOuTa. DTU JBa MOCIEIHUX THUIIA
MErMaTUTOB  XapaKTePU3YIOTCA  AallJIUTOBBIM HWJIM  CaXapOBUIHBIM  albOUTOM,
JTOMUHUPYIOIIUM HaJ KBapleM, MU BTOPOCTEIIEHHBIM - aKIIECCOPHBIM KaJIHEBBIM
MTOJIEBBIM IIIATOM, CLIOJYMEHOM WJIHM JenuaoiauTom [82, c. 2011].

Knacc muaponosvix neemamumoe Brkmowaer naBa noaknacca: MI-REE
(MuapoJioBble peaKo3eMeNibHbIe 3JIeMeHThl) U MI-Li (MuaposioBbie JHUTHUEBLIC).
ITonkmacc MI-REE sgaBngerca CHHI€HETMUYECKMM ¥ B OCHOBHOM CBSI3aH C
AHOPOTECHHBIMU TPAHUTAMH, KOTOpBIC MOAHUMAIOTCS 10 HETIYOOKHUX HHTPY3UBHBIX
YPOBHEM B 3€MHOM KOpE C pacmaJoM MHUapoJioBhIX [82, c. 214] monocreil BHYTpH
MaTEpUHCKUX TPAHUTHBIX IUTyTOHOB. Ilogkiiacc MuUapoJIOBBIX PENKO3EMEIBHBIX
AJIEMEHTOB BKJIIOUAET THUI TOMA3—O0EpPWT U TUI TaJA0IUHUT—(PEPTryCOHUT, MPUMEP
baseno (Pezzotta et al., 1999) ¢ Nb>Ta. Ilogkmacc MI-Li cBsizan ¢ Tem ke TUIIOM
PYAOHOCHBIX TPAaHHUTOB, KOTOpbIE TeHEpPUPYIOT nerMatuthl kiacca REL-Li, u
JIOKaJbHO Pa3BUBAETCS MYTEM MOCTENEHHOIO Iepexoaa OT nmocienaHero. CHUKEHHE
JABJICHUSI TIPUBOIUT K pacrany mnapoBoi (as3el, kak B noakiacce MI-REE, u
crocoOcTByeT 00pa3zoBannio MuaposioBbix nojocrei (London D, 1986) [82, c. 215].
[lonpaznenenre 3TOro Mmoakjgacca MMEET HEKOTOPOE CXOJCTBO C MOAPA3AEIECHUEM
nonknacca REL-Li. Tlomkmacc MI-Li Bkimrodaer Ttun Oepwii-tonas, Tan MI-
criogymeH, tun MI—neranut u tTunn MI-nenmpomnur [82, c. 2015, 2016].

Cern’y P. ObUIO TPEmJIOKEHO TC€OXMMUUYECKOE JIeJIEHHWE KJlacca MEerMaTUTOB,
00OTaIIeHHbIX PEIKUMU DJIIEMEHTA Ha JIBa CEMEHCTBA: CEMEUCTBO HUOOUM-UTTPUI-
d1op (NYF), cemeiictBo nutuii-nie3uii-rantan (LCT) (Tabnuma 5.2).

[lepBoHauanbHO TOMpA3ACICHUS] CEMEWCTBA OBLTM BBEACHBI IS paseicHUs
PEOKOAIIEMEHTHBIX NermMaruToB. B Hactosiiee Bpemsi moapaszaenenne NYF-LCT
UCIIOJIb3yeTCs 0oJiee MMPOKO, YeM Kilaccuukaiys rTyOuHHBIX 30H, U UCIIOJIb3YeTCS
JUTSL pa3ziesieHHsl IErMaTUTOB B OOIIEM HE 3aBHCHMO OT KJIacCU(UKAIMU 10 TITyOrHE
dbopmupoBanust (Cerny P., 1991). Knaccudukarus cemeicTB moapazymMeBaeT, 4TO
nermMatutbl LCT OTHOCSTCS K TpPaHUTHBIM Marmam S-Tura, OOHapy>XCHHBIM B
OpPOT€HHBIX YCJIOBHSX, B TO BpeMsi kKak merMatutbl NYF mpoucxoasT oT mo3gHux,
MOCTTEKTOHMYECKHUX 10 aHOPOTEHHbIX rpaHnuToB Trma A [80, c. 212].

B Ttabmuue 5.3 mnpuBeneHbl YeThIpE Kiacca TPaHUTHBIX IETMATUTOB,
MOKa3bIBAIOIINE BTOPOCTEIICHHBIE 3JIEMEHTBI, METaMOPGUUECKYI0 Cpedy, CBSI3b C
I'PaHUTOM, CTPYKTYpHbBIE OCOOEHHOCTH U MpUMephI MecTopoxaenuii (mo Cerny, 1991).
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Tabmuua 5.3 — OcHoBHBIE Kareropuu kinaccudukanuu nerMatutoB (Cerny et al., 1991)

4 xjacca I'PAHUTHBIX IIETMATUTOB

o | Tunmunele BTOpocTeneHHsle | MeTamopduueckas 00CTaHOBKA BzaumMocBs3p c CTpyKTypHBIE [pumepsr
;{5; JJIEMEHTHI TPaHATaMHI 0COOCHHOCTH
g8 | B
g s
O
1 2 3 4 5 6 7
U, Th, Zr,Nb, Ti, Y, REE, Mo | (BepxHsist ampuOoaUTOBAs) HIDKHSSL | OTCYTCTCTBYET OnaronpusTHbIE i | [posunnum  Peit uw  XupH, Cack.
5 cmabas (1o  yMepeHHOMW) | rpaHymuTOBas (arus, BEICOKOE (cKoTUTeHHSA MoOmmm3anuu cekymux | (Tpambme, 1978); Annmanckuii u
= MHHEPAIU3aLHsL P~4-9 kbar AHATEKCHUCTHYECKOU HKHUIT AHabapCKHii IIUTHI,
S E ~700-800°C JICHKOCOMBI) Cubupp (bymeB u Komyc, 1980);
< Bocrouno-banruiickuii mut (Kanwura,
1965).
- | Li, Be, Y, REE, TI, U, Th, | bBapposuau am¢uboauTOBas (damms | OTCYTCTCTBYET KBa3UOJIaronpusTHHIE Benomopre, CHI' (I'opmos, 1975);
5 Nb>Ta (KMaHUT-CHJUIMMAHUTOBAs ) BBICOKOE (anarexcuctuueckue JUTSL CEKYIINX KU npoBuHIUS Amnmanadun (Slvc u gp.,
N
% z cmabas (mo  ymepenHoit) | P ~5-8 kbar Tena) 1952); Pamxaxcran, Unnus (IlImakuH,
g S MUHEpaH3alys, CIIAbl H | ~650-580°C 1976)
TJIMHUCTBIE MUHEPAJIbI
= Li, Rb, Cs, Be, Ga, Nb, < >Ta, | A6akyma ampuboarTOBAs K | oT HEHTPAJBHOW | KBa3uOIarompusTHbIC Nennoyuaiip-®uny, wrar Hero-Hopk
S Sn, Hf, B, P, F 3€eJICHOCTIaHIeBOl  Qauuii  (aHmaIy3uT- | 9acTH 4yepe3 | I CeKyIIHX KU (Matter, 1987); Bmk-Xwmws, HOxuas
% ’E 5 MUHEpaIH3anus OT cI1adoi CHJUTMMAHUTOBAS ), HU3KOE nepudepuro K Hakora (Wupep u ap., 1987); Kot-
¢ &| 2 | mo cunbHOM, npombiuLieRHble | P~2-4 kbar BHEIIHEMY Kpalo Jleiik-Bunauner-Pusep g,
E JIparoreHHbIe KAMHHU ~650-500°C MannTo6a (Uepan u ap., 1981).
Y, REE, Ti, U, Th, Zr, BapbupyeT OT BHYTPEHHE! 30HBl K | BHYTpPEHHUE nuH3bl, | JIbsHo, Texac (Jlammec, 1932); okpyr
n Nb>Ta, F KpaeBoii 30He cornacueie ¢ cekymumu | Cayt-Ilnarr, Komopamo (CummoHc u
> | MuHepamu3anms ot cnabdoi TelaMu Ip., 1987); 3ananuerii Keiisn, Konbckmit
Z | 10 CHIBHOA, TTMHACTHIE monyoctpoB, CCCP (beyc, 1960)
MHUHEpAITBI
o Be, Y, REE, Ti, U, Th, Zr, | npu moBepxHOCTHast CyOByJIKaHHYECKAsT OT BHYTPECHHEW 30HBI K | BHYTPEHHHUE JIMH3bI Maiixc IIuk, Komopamo (Dypa, 1982);
5 Nb>Ta, F ~1-2 kbar KpaeBoii 30He U CEeKyIue Talku [Mmnoo6pas3uelii  Oaronmur,  Aigaxo
%’E i cimabast MMHEpaIu3alys, (borrc, 1986); KopocteHckuii IUTyTOH,
§ ®| Z | nparoreHHbIe KAMHH VYxpauna (JIazapenko u ap., 1973)
[e o]

[Ipumeuanue — CocraBieHo 1o UCTOUHUKY [83, c. 3; 84, c. 22]
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Kak Ob1710 cKa3aHO BbIIIIE, PEIKOAIEMEHTHBIE TerMaTuThl cornacHo Cerny, 1991,
Cerny &Ercit, 2005 MOXXHO YCIOBHO pa3leluTh Ha JBa CEMEWCTBa B KOTOPHIX B
Ka4eCTBE MPOCTOI0 XMMHUYECKOIO pa3zelia UCIONIb3yeTcss HA00p METPOreHETUYECKUX
AIIEMEHTOB: JIMTUI-11€3UI-TAHTANIOBbIE U HUOOMH-UTTpUi-pTOpCcoaepxamue [82, c.
2017]. Takoe neneHwe MAOMOJHUTEIBHO IOAYEPKUBAET KIFOYEBBIE pPa3auuus B
TeOJIOTMYECKUX MPOoIeccaxX, OTBETCTBEHHBIX 32 MUHEPAIU3AIIUIO PEJIKUX DJIEMEHTOB.

Jlumuiti-yesuti-manmanoswvie (LCT) nermarutsl oboramiensl Li, Cs, Ta, Be, B, F,
P, Mn, Ga, Rb, Nb, Sn u Hf. B kadecTBe mnpumepa KpymHBIX MECTOPOXKICHHIM
nermatutoB LCT MOxkHO mpuBecTy nermMatutbl TuH-MaynTuH B CIIA; nmermMaruthl
Tanko B Kanane; Aunrtaiickue mermMatutbl Ne3d B Kurae; 4yacTbh peako3eMeNbHBIX
nermatutoB KanGa-HapsimMckoit 30ubl B Kazaxcrane, mnermarutsl [punOytiec,
Bomxuna u [Munranrypa B 3anagHoit ABcTpaiivy; nermMatuThl bukura B 3uMbabBe; u
nermMatuToBeIi paiton Kentuua B D¢puonuu [78, c. 2].

bonbmmHacTBO mnermarutoBbix paciiaBoB LCT oOoramiensl  (iarouIHbIMU
komnoHentamu (H,O, F, P u B), koTopble CHUXKAIOT TEMIIEpaTypy COIUAYCa, CHIKAIOT
MJIOTHOCTh MarmMbl M YBEJIMUUBAIOT CKOPOCTh MOHHOUN auddy3un. Takum oOpazom,
nermatuthl LCT 00pa3ytoT OTHOCUTENBHO TOHKHUE JalKU C KPYMHBIMU KpUCTaJJIaMHU
npu Oonee Hu3kux Ttemneparypax (350-550°C) mo cpaBHEHHIO C OOBIYHBIMH
rpanuTHbiMu  pacriaBamu  (London, 2008, 2018). CkopocTu KpucCTaJLIM3aluy,
CMOJICJIMPOBAHHBIC IKCIIEPUMEHTAIBHO, YIUBUTEIHHO KOPOTKHU (OT HECKOJIBKUX JTHEU
1o Heckonbkux Jet; (Webber et al., 1997; London 2008, 2018). IlermaTuThl yaiie
BCETO pACHOJIOKEHbI B Ipedenax 10 KM OT KOT€HETHMYECKHX MEpPaTIOMHUHEBBIX
I'PAHUTOB U JISMKOTPAHUTOB (KaK 3TO OBLJIO SKCIIEPUMEHTAIBHO cMOJIeTpoBaHo Baker,
1998). Kpome TOro, Hambosee ONArompusATHBIMH JJIi PACHOJOXKEHHUS IMEerMaTUTOB
SBIIAIOTCSL anMKajldbHble dYacTH KpynHbIX ITuryToHOB (London, 2018). Ilpoctbie
MerMaTuThl HAUMEHEeEe Pa3BUTHI U CJ1a00 MUHEPATIM30BAHBI M COIEPIKAT TOIBKO 00IIIHe
noponoo0pasyrolue MUHepasibl (KBapll, MOJIEBOM IINaT, MyCKOBHT). bosee ciioxHbIe 1
pPa3BUTHIC METMATUTHI MOTYT BKJIIOYaTh OEpUIUI, OCPWIT U KOJIYMOHUT, TaHTAJIUT U
amroMocwiInKaTel Li, a Takke MOUTyIUT B HauOoyiee pa3BUTHIX merMarurtax. s
MEerMaTUTOB TaKXKe XapaKTepHa MPOCTPAHCTBEHHAsT 30HAJIBHOCTh BOKPYT OOIIETo
rpanuTHOro uctouHuka (London, 2018) [78, c. 3].

Huobuii-ummpuii-gpmopcooepacawue (NYF) nermarutsl odoraimieHs Be, Sn, B,
Nb > Ta, Ti, Y, penko3emenbabiMu 27eMenTamu (P33), Zr, Th, U, Sc u F, Ho 06e1HeHBI
Li, Cs u Rb. Jlns mermarutoB NYF nHanbonee xapaktepeH OWOTHT, B OTJIMYHU OT
nermatutoB LCT, e TOMUHUPYET MyCKOBUT. I3BECTHBIE MECTOPOXKICHUS IIErMaTUTa
NYF, no manueim Ercit T.S. (2005), BkiIrO4aOT rpaHUT W METMAaTUTOBYIO CHUCTEMY
Cayt-Ilnart B Konopazno (Simmons et al., 1987), rpanut ['pértunren u A6dopcener u
npyrue cBsi3anubie ¢ HUME riermatuthl B LlBernuu (Kjellman et al., 1999), GuoturoBsie
rpanuthl Jlak-mro-bone, rpynmny nermarutoB o3epa Illardopn B Kanage (Buck et al.,
1999), a Takke CTOKIOJIBMCKHI I'paHUT U MerMaruToByto rpymnmny Urreporo, [IBenns
(Kjellman et al., 1999) [78, c. 2].

Kax n nermarutel LCT, nermarutsl NYF 4acTo KOHTpOJIUPYIOTCS CTPYKTYpPaMH,
30HaMHM TPEIIMHOBATOCTH U 3ajieraHMeM B TOpPHBIX Topoaax. Tem He MeHee,
peruoHaIbHBIE CTPYKTYPHI 30HAJTLHOCTH 1O OTHOIICHUIO K MAaTEPUHCKUM TPaHHUTaM,
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He orMmeuaroTcs (Simmons&Webber, 2008). Ckopee Bcero, nermarutbl NYF 00bdHO
pasMemarTcs B TpaHuTax (Hampumep, B kpatone [lunbapa (Sweetapple&Collins,
2002) [78, c. 3].

BcerpewaroTcss Takoke CMENIaHHBIC WM «THOPUAHBIC» PEIKOIICMEHTHBIC
MErMAaTUTHI, KOTOpPhIE WMEIOT CMEIIAHHBIE PEIKOAIEMEHTHBIE MUHEpaIbHBIC
acCoUMalny W CYUTAIOTCA IPOMYKTaMHu 3arps3HeHus rnermMatutoB NYF Ha
MarMaTudeckol mwim moctMmarmarudeckon cramuu. Cerny&Ercit, 2005; Martin&De
Vito, 2005 npenanoiokusiv, 4ToO OHHM SBISIOTCS PE3yJbTaTOM IEperyiaBKl BHOBb
obOpa3zoBanHbIX nermaTuToB NYF Meracomarnueckumu ¢uirongamu, 6orateiMu Li, B,
Ca u Mg. [IpumMepsl cMelIaHHBIX METMAaTUTOB - erMaTuThl B Kumuto B OuHIsIHAUN
(Pehrman, 1945), B paiione Tépnan B Hopseruu (Bergstal&Juve, 1988; Cerny, 1991)
u 6aronut O'T'paitnu B Kanazge (Ercit et al., 2003) [78, c. 3].

5.2 IIpoucxo:kaeHne NerMaTuToB

Ha cerogusmHuii 1eHb OCTAIOTCS pa3HOMNIACHS KaK B OTHOIIEHUHU OOIIen
TEOPETUYECKON HHTEPIIPETAlNU MPOUCXOKIACHUS METMAaTUTOB, TaK U B MOHUMAHUU
MOCEA0BaTEIbHOCTH X (popMupoBaHus. HecMOTps Ha CyliecTBYIOIIME Pa3HOUTEHUS
[0 BOIPOCY TE€HE3UCa ITUX MOpPOH, OOIBIIMHCTBO HCCIENOBATENEH CXOIATCA BO
MHEHUH, YTO UX O00pa3oBaHUE MNPEACTaBIseT COOOH MHOTOCTAAUNHBIA U
MPOJOKUTENIBHBIN TIPOIIECC, MTPOUCXOMISIINNA B MOCTOSTHHO U3MEHSIIONUXCA (PU3UKO-
XUMHYECKUX yCIoBUAX [75, c. 23].

CyliecTBYIOT TpU OCHOBHBIE TpPYIIbBI THUIOTE3, OOBACHSIONIMX TE€HE3UC
nermatutoB. llepBas rumore3a mpearnojaraer, 4ro MerMaTuThl (HOPMHUPYIOTCA U3
OCTaTOYHBIX TPAHUTHBIX PACIUIABOB. JTa TOYKA 3pEHHs] HauOoJee MOCIIeI0BATEIILHO
uznoxkena /. E. ®epcmanom B ero pynmamentanbpHon padore «Ilermarute». Bropas
IpyIa - MEerMaTUThl BO3HUKIM M3 OOBIYHBIX MarMaru4yecKux Mopoj, (TPaHUTOB,
IPAHUT-AIUIUTOB) MYTEM MEPEKPUCTAIIIM3AIMH ITUX MMOPOJI U UX METACOMAaTHYECKOTO
npeoOpa3oBaHus;, IO JTOW THUIOTE3€, OCTATOYHBIM IMErMaTUTOBBIM pacIuiaB HE
cymectBoBasl. Hanbonee monmHo 3Ta runore3a chopmynupoBana A.H. 3aBapuiikum
(1947) u pazura B.Jl. Hukutunsim. CoriacHo, TpeThel rPpyIIIbl TUIIOTE3 MErMaTUThI
dbopmupyroTcs B aBa dTana. Ha nmepBoM M3 0CTaTOYHOTO MarMaTH4ecKOro pacrijaBa
dbopMupoBaNCh MPOCTHIC 30HANBHBIE TMermMaruTel. Ha BTOpoM 9Tame 1oA
BO3JICUCTBUEM THJIPOTEPMAIIBHBIX PACTBOPOB IMPOUCXOAUT MEPEKPUCTAILIM3ALUS U
MeTacomarnueckas nepepadotrka paHee chopmupoBaHHBIX mermaTuToB. Hamboinee
obcrositenbHo e€ pacecmarpuBaroT E. Kamepon, K. Jlannec (CI1IA), B.A. Hukonaes,
B.C. CoGoneB. CymiecTByeT TakXe TOYKa 3pEHHUS, UYTO IIeTMaTUTHl B
MeTaMOp(PUIECKHUX TONIIAX 00Pa3yIOTCs B pe3yJIbTaTe perpecCUBHOTO MeTaMophr3Ma
(BeIOOpOYHAsT MOOWIM3aIUs W coOupaTeNbHasl TEepPEeKPUCTATUIM3AIMS, HWHOTJA C
raBiaeHuem) [ 75, c. 24].

T'unomesza A.E. @®epcmana. CoriiacHO, 3TON TUIIOTE3€ KPUCTAIIU3ALMUS MarMbl,
comepxarnied sxkuakue u jeryuune kommnoHeHtel (H,O, CO,, F, B, Cl, u np.),
COTPOBOXIAETCS HAKOIUICHHEM ITHX BEIIECTB B OCTATOYHOM YaCTH Marmbl, KOTOpast
HMMEET BBICOKYIO TOJIBUYKHOCTh M TTIOHUKEHHYIO TEMIIEpaTypy KpUCTAUIM3alUA. ITOT
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pacryiaB  HAKallJIMBaeTCsd B  aNUKaIbHBIX YacTAX HMHTPY3UHM UM MEMJIEHHO
Kpuctammsyercs [75, ¢. 25]. B cootBercTBHE ¢ 3TUM DepcMaHOM BbIJICTEHBI 5 3TAroOB
u 11 ¢a3 mermarurooOpaszoBanus (Tabmuma 5.4) [75, c. 27].

Tabmuua 5.4 — OcHOBHBIE 3Talbl IerMaTuTooOpazoBanus o A.E. @epcmany.

®aza A -3aBepHICHHC OTBCPACBAHUA

Marmarudeckuii sran marmsr, 800-900°

®a3a B -snumarmatnueckas. OOpasyercs ammMToBas
otopouka 800-700°

[TermaTuTOBBIC TAIBI ®a3wi C, JI, E - KITII+Ks, rpad. crpykrypa 700-600°.
Ms, Typmanus, Tomaz 600-500°,

[MTueBmaronmutoBeiii 5Tan | @a3wl F u Q TBepaas da3za + razossrit gurouns.
3amelieHue padee 00pa3oBaHHbIX MUHepasioB Alb,
Li cimron 500-400°.

I'maporepmaneusiii tan | @a3el H-I-K cynsduner, cmoast, gpurooput, kapOoHat
400-500.

['mneprenHslii Tan ®a3za L - npeoOpa3zoBaHue B 30HE BBIBETPUBAHUA

[Ipumeuanne — CocTaBiI€HO IO UCTOUHHUKY [75, ¢. 27].

JlaHHas TUMoOTEe3a MMeJa OIMpPEACTICHHBIE CIOPHBIE BOMPOCHI: TPYAHO OBLIO
OOBSCHUTH 30HAJILHOCTh METMATUTOB; B paMKax €ro TMIOTE3bl HEBO3MOXKHO TaKXKe
OOBACHUTH (MTPU HAIMYUU 3aKPBITOM CUCTEMBI) MEPECEUCHUE TIErMaTUTOB KUJIbHBIMU
MUHEpAJIaMH  TO3JHUX CTaAud; HE YUYUTHIBAJICA TEKTOHUYECKUU  (akTop,
CIIOCOOCTBYIOITUN PACKPBITHIO CUCTEM, W HE YUHUTHIBAJICA (aKT OTrpaHUYCHHOU
pactBopumoct H>O B marme (Bcero 10%) [75, c. 28].

Tunomesza A.H. 3aeapuyrxozo - B.J[. Huxumuwna. CornacHO 3TOH THIIOTE3E,
MerMaTuThl o0pasyloTcs Mo cienyromed cxeme. Ha mepBomM »Tame TpOUCXOAUT
BHEJIPEHUE JTa€K MEJIKO3EPHUCTHIX T'PAHUTOB, AlUIMTOB, FPAHOCUEHHUTOB. Marma, u3
KOTOpOH (OPMUPYIOTCS JaiKKM HAChIIIEHA Ta30BO-BOAHBIMU pacTBopaMu. [lpu
3aCTBIBAHUU Marmbl B (DOpMe J1aeK ra30BO-BOJIHBIN pacTBOP HAXOJUTCS B COCTOSHUU
PAaBHOBECHS C KPUCTAILIAZYIOWICHCS MTOPOaon. A. 3aBapUIKUKA UCXOIUI U3 TOTO, YTO
pPacTBOPUMOCTh JIETYYMX KOMIIOHEHTOB B Marme, orpanudeHa. Haxopsimuecs B
PaBHOBECHH Ta30BO-BOJIHBIE PACTBOPHI CO3/IAIOT YCIOBUS Uil MEPEKPUCTAIIIU3ALAN
JAHHBIX TIOpoA. BO3HUKAIOT KpPyMHO-TUTAHTO3EPHUCTHIE TOPOAbl (MMChbMEHHBIC
IPAHUTHI), TI0 COCTABYy OTBEYAIOIIME COCTaBY MCXOIHBIX Mopo. Takas coouparenbHast
KpUcCTauIh3anus TpeOyeT JIUTEIHHOTO BPEMEHH U YCJIOBUM TepMocTaTtupoBaHus. Ha
9TOM OJTame cuctemMa Oblma 3aMkHyTOM. J[lamee, BcieacTBue GpakIMOHHOM
mucTUUAImA 1pu 1uddy3un ra30BO-BOJHOTO PAaCcTBOpPA MPOUCXOAHWT HAPYIICHHE
XUMHUYECKOTO PABHOBECHS, HAUMHAETCA PACTBOPEHUE PAHHUX MHUHEPAJIOB, CHCTEMA
CTAHOBUTCS OTKPHITON. B 3aKiitoueHnr u3 riTyOUHHBIX HCTOYHUKOB MTOCTYMAIOT HOBBIC
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MOPIIMM PACTBOPOB C TEMHU WJIM HHBIMM XHUMHYECKHUMHU AJIEMEHTAMH. JTa CTaausd
OTYETINBO (PUKCUPYETCS MO MOsIBICHUIO anbbuta [75, c. 29, 30]. JlanHnas rumoresa
UMEET MHOXKECTBO (haKTUUECKHX JOKA3aTeIbCTB: HAXOAKH PEIIMKTOB - OCTAHIIOB
HCXOJHBIX TOPOJ B IMETrMaTUTax; MOCTENEHHBIE MEPEXOJbl MEXKy MNerMaruTamMu
BMEIIAIONIMMHU TOPOIAMU; MOCTENEHHBIE MEPEX0Abl MEXKAY AIUIUNTOM U TIErMaTUTOM B
npezienax OJHOM >KHWIIbl (30HAJIBHOCTH); 3aBUCHUMOCTh MHUHEPAJBLHOIO COCTaBa OT
cocTaBa BMeHarmux mnopox [75, c. 31, 32].

OpHako W 3Ta TUIOTEe3a UMEET Psii TPYAHO OOBSICHMMBIX MOMEHTOB: HE BCE
MErMaTUThl COMPOBOXKIAIOTCS W3MEHEHHUSIMH BOKPYT HHUX; CIOXXKHO OOBSCHUTH
o0pa3oBaHuE OTHOTUITHBIX MIETMATUTOB B Pa3HOOOPA3HBIX IO COCTABY MOPOJAX KPOBIIU
WHTPY3UBa; IOYEMY [IETMATUTHI TSATOTEIOT UMEHHO B KPOBJIE UHTPY3uH [75, c. 33].

lT'unomesa E. Kamepona, K. Jlanoecca. T WccleqoBaTeNu Mo CTPYKTypHO-
TEKCTYPHBIM COCTAaBIISIOIIMM OTYETIMBO JEJST NErMaTUThl Ha 2 rpymnmbl: 1) rpymnmna ¢
30HAJIbHBIM ~ 3allOJIHEHUEM  TETMATUTOBOM  MOJOCTH; 2)  METacOMaTH4YEeCKH
npeoOpa3oBaHHbIE paHHee oOpa3oBaHHBIC merMatuThl [75, c. 34].ComnacHo JaHHOM
TUIIOTE3€ Ha MEPBOM ATale MerMaruTooOpa3oBaHus CUCTEMA 3aKphITa sl MPUBHOCA,
HO OTKpHBITa JUIsl BbiIHOCA. Ha BTOpoM 3Tame cuctema OTKPBIBAETCSI MOJHOCTHIO, YTO
MPUBOAUT K TIOJIHOMY METacOMaTUYeCKOMy IMpeoOpa3zoBanuio nopod. [lo manHOM
rurnoTe3e (U3MKO-XMMHYECKasi CUCTEMa CTAaHOBUTCS OTKPHITA C IMHEBMATOJIUTOBOIO
srana A. E. @epcmana [79, c. 34].

T'unomesa Cerny P., London D. Cornacto (Cerny, 1991; London D et al., 1989)
MErMaTUTOBbIC MOJS KJacca PEAKUX 3JIEMEHTOB o0pasyroTcss u3 Oosee NTyOOKO
3QJIETalONIMX Y HEHACBIIICHHBIX JIETYYMMHU UCXOAHBIMU FPAaHUTAMU M, KaK MPABUIIO,
CBA3aHbl C MarMarTM4e€CKUMHU HHTPY3UBHBIMHU IMOPOIAMH, B KOTOPBIX OTCYTCTBYIOT
paccesHHble pyaHbie (mounsl HepaBHOBeCHas KpUCTaUIM3AIUS M TEMIIEPaTyphI
OXJAXJCHUSl SBIAIOTCA JOMUHUPYIOUIMMH TMpOLEccaMy KpUCTAUIM3alUUd B
nermatutax. [logaBmstoiiee OOJBIIMHCTBO METMAaTUTOB UMEIOT COCTaBbI, OJIM3KUE K
TpoHOW Auarpamme (anbOUT-KanueBbld mosieBod mmmar-kBapi) (Tuttle&Bowen,
1958), HO B XoA€ OXJKICHHS W A00ABJICHUE JIETy4YMX BEIIECTB MPOUCXOIUT
3HAUMTEJIbHOEC M3MEHEHHE HAYaJIbHOTO COCTaBa IEerMaTuTa, MOXET BO3HUKHYTh
CIIOKHAsi BHYTPEHHSS 30HAJIBLHOCTh M YPE3BbIYANHO W3MEHUYMBBIE TEKCTYpPHbBIC
xapakrepuctuku (London D, 1987; London D et al., 1988;1989).

Knaccuduxanumonnas cxema cemeiicts rpanutoB LCT u NYF, npeanoxennas
Cerny and Ercit (2005), yka3piBaeT Ha HAIMYKE PA3IUYHBIX UCTOYHUKOB TPAHUTHBIX
MErMaTUTOB.

Ilpoucxoosicoenue opocennvix neemamumos cemevicmea LCT. Tpaauter LCT
Bmrovaror: LCT 1 w S-tuma [Miiller, 2022]. LCT I-tuna cyOrmmMHO3eMHUCTHIC
(A/CNK=1) deptunbHble TpaHUTHl MarMaTHYE€CKUX MPOTOJIUTOB, KOTOPHIC
o0pa30oBajuCh B pE3ylbTaTe HU3KOMPOIIEHTHOTO AaHATEKCHCAa MeTaMarMaTU4eCKHUX
nopon ¢ynnamenta (Wright&Haxel, 1982). Otu rpanutsl OyayT NpPOU3BOAUTH
nermMatuthel 0egubie Cs, B, P, S.

LCT S-muna neprnuHo3emuctoie (A/CNK>1) deprunbHble TrpaHHUTbHI
META0CaJ0YHbIX U MeTaBylKaHHueCcKux MnpoTtoiauToB (Cerny P., Brisbin W.C, 1982)
OyayT TpoW3BOAUTH MerMarutbl obOorameHuole Cs, B, P, S. IlepamtomuHueBsie
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dbepTuIbHBIE TPAaHUTBI JEMOHCTPUPYIOT YPOBHH (PPaKIIMOHUPOBAHUS, pPaBHbBIC
YPOBHSIM  ABOJIIOIIMOHMPOBABIIUX KUJAKAX PACIUIABOB TIETMAaTUTA C PEIKUMH
anemenTamu, ¢ K/Rb Bcero mumsp ~40, K/Cs ~250, Mg/Li ~ 1, Zr/Sn <1, Zr/Hf ~5,
Nb/Ta ~0,03, Al/Ga ~750 u K/Ba Bmiots 10 24 000 ppm (Cerny P P., Meintzer R.E.,
1988). OmHako m0Ka3aHO, YTO MHOTHE (PEPTUILHBIC TPAHUTHI OBLIN MOYYCHBI ITyTEM
TJTABJICHHS] CMEIIAHHBIX TTOPOJT OCHOBAHMSI M CYIIPaKPYyCTAIBHBIX MTPOTOJIMTOB, U OHU
MOKa3bIBAIOT MMPOMEXKYTOUHBIE Teoxumudeckue coctanbl (Walker et al., 1986).

Ipoucxoscoenue anopoeennvix epanumos NYF. AHoporeHHbie rpaHuThl NYF
A-tumna (pUCyHOK 5.2) OTHOCSTCS K OMMOAQIBHBIM ra00pO-rpaHUTHBIM UHTPY3USIM U
o0pa3yloTcs MyTeM YacTHYHOTO TIIaBJICHUS WCTOIICHHON HIDKHEH KOpBI, 00pasys
cyomienounsie (A/NK = 1) no merammuno3emuctoix (A/CNK < 1) nmermarutel NYF
(Simmons et al., 1987). Otu rpanutsl OyayT 0Opa3oBbIBaTh TOMA30BbIE U
dmoopuTCcoaepIKaIue MerMaTUTHI.

OROGENIC pluton-unrelated OROGENIC pluton-related OROGENIC or
ANOROGENIC pluton-related
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Pucynok 5.2— Cxemaruueckuii mpoduias 3eMHON KOPHI,
WUTIOCTPUPYIONTUH (haKTOPhI, BIMSIONTUE HA (OPMUPOBAHUE TIETMATUTOB,
CBSI3aHHBIX C TUTYTOHOM M HE CBA3aHHBIX C HUM

[Ipumeuanue — CoctaBieHo o ucTouHuky [85, c. 318].

[lerponornyeckue, H30TOMHBIE U TEOXUMUYECKUE JIaHHBIC MPEANoIaratoT
HECKOJIbKO  BO3MOXKHBIX  CIOCOO0B  mpoucxoxaeHuss Marm  NYF-rpanutos,
UCTOYHUKAMH KOTOpPOWM MOTYyT ObITh guddepeHimanys 0a3aJbTOBBIX MarMm
MaHTuiHOTO TIpoucxokienus (Fowler&Doig, 1983); mnaBnenue cpeaHeil wim HIKHEH
KOpPbI, HCTOIIEHHON MPEIbIAYIIMM IUIABJICHUEM, YTO TPUBOAUT K MOOMJIM3ALIUU
rpanutoB LCT, Ho koHcepBanuu rpanutoB NYF (Collins et al., 1982; Whalen et al.,
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1987; Cerny, 1990, 1991); nnaBneHHe KOHTHHEHTAJIBHOM KOPBI, OOOTAIICHHOM
anementamu NYF, (monmaMu MaHTHITHOTO TPOUCXOXKIEHUS B COOTBETCTBHH C
MOJIETTbI0 OMMOAATBHBIX Ta00po-rpaHuTHEIX CBUT (Harris&Marriner 1980, Jackson et
al., 1984; Martin&De Vito 2004).

Cemeticmea 8 nempoio2UYecKol KIACCUPUKAYUU SPAHUMHBIX Ne2Mamumos
niaymoHnudecko2o npoucxoxcoenus. Ilomnas kinaccudukamms mpeacTaBicHa B padore
Cerny&Ercit (2005). CBomHble maHHBIE MO KIACCH(DUKAITMOHHBIM OCOOCHHOCTSIM
ceMmeiicTB NYF u LCT rpanuTtoB npejcTaBiieHbl B TabauIe 5.5.

Tabmuma 5.5 — CemelicTBa B METPOJIOTUYECKON KacCU(UKAIIMM TPAHUTHBIX
MErMaTUTOB IUTYyTOHUYECKOTOo mpoucxoxaeHus. I[lonHyro kiaccudukanuio cM. B
pabore Cerny & Ercit (2005).

CewmetictBo | Ilomkmac T'eoxumn Cocras AcconumnpoBaH Cocrasn HcxomHbIe mOpoIs!
CBI Yyeckas nermMaTmura HBIE IPAHUTHI rpaHuTa
Crenuanm
3anus
LCT REL-Li Li, Rb, Cs, MepaIIOMUHE | CHHOPOTCHHBIE HepaoMu CYIpaKpycTalbHbIC
MI-Li Be, Sn, Ga, BBIE JI0 1o uesble S, | MOPObI BEPXHEH,
Ta>Nb, cybaaroMuHe MO3/IHEOPOTeH WIH cpeaHel KOpsl U
(B,P,F) BBIX HBIX CMElIaHHble | THEHChl hyHIaMeHTa
(aHOpOTEHHBIX); S+l
MIPEUMYIIECT
BEHHO
TeTepOreHHBIC
NYF REL Nb>Ta, Ti, | cybamomunes CHH-, ITO3/HE-, TIepaTIOMH o0eTHEHHEBIE
REE Ml Y, Sc, REE, BIE 10 MOCT-A HEBBIE 10 TpaHyJIHTH CpeIHE-,
REE Zr, U, Th, F | MerarnuHo3eM | NpeMyILIeCTBEH cybamromue HH)KHEH yacTen
UCTBIE HO BBIX U 3eMHO#1 KOpBI
aHAapOTeHHBIE; | METariIMHO3e
KBa3UT'OMOTEH | MHCTBIX A 1
HbIE | Trma
cCMellaHble | THOpHUnR CMelIaHble METarjuHO3e | MOCTOPOTeHHbIE | CyOaltoMueB CMelIaHHbIe WU
HbIE: MUCTBIE JI0 JI0 bI€ JI0 ACCUMMJIMPOBAHHbBIE
LCT& YMEpEHHO AHOPOTEHHBIX; IeTT0YHO CyTIpaKpyCTalIbHBIC B
NYF MepaJiOMUHE | TETCPOTCHHBIC | aFOMIHEBBIX rparutel NYF
BBIX

*[TepamomuneBsiii, A/CNK<I; cybamomuneBsiii, A/CNK~1; MeTarinHO3EeMHUCTHIMH,
A/CNK<I npu A/NK>1; cy6menounoit A/NK~1; cyGmenounoii nmpu A/NK<I, rne A=ALO;,
CNK=Ca0O+Na,0=K>0, u NK= Na,O+K,0 (Bce B MOJIEKYyISAPHBIX 3HAYCHUSX).

[Tpumeuanne — CocraBieno mo uctounuky [80, c. 206; 82, c. 2018; 83, c. 12].

OCHOBBIBasICb Ha BBIIIECKA3aHHOM, MOXHO CJEJNAaTh 3aKJIIOYEHUE, YTO
CyOBYJIKAaHUYECKHE W MEJKOINTyOMHHBbIE IEerMaTUThl B OCHOBHOM CBSI3aHHBIE C
rpaHuTaMM THMa A TpuHAIIexkaT K cemeidctBy nermatutoB NYF. ImyGoko
3aJIeralolue TPaHUTONErMATUTOBBIE CUCTEMbI, KaK MPaBUIIO, MPEACTABISAIOT COOOM
nepatOMUHUCTBIE TpaHuThl TUMA S U | ¢ nermarutamu cemerictea LCT. B Tabnure 5.6
MPUBEACHBl OCHOBHBIC TOJOXKEHUS, a TaKXKe KIaCCU(PUKALMOHHBIE MPU3HAKU U
KPUTEPUU OCHOBHBIX KJIACCU(PUKALMK IMErMaTUTOB, MPEAJIOKEHHbIE Pa3IuYHbIMU
aBTOPAMH B TEUEHUU MPOULIOTO CTOJIETHs. Takxke B MocieqHen KOJOHKE PUBOIUTCS
CTeNEHb NPUMEHUMOCTH TaHHBIX KIaCCU(UKAIMOHHBIX MTOKa3aTese.
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Ta6J'II/IHa 5.6 - KpaTKOC OIIMCAaHUC CYHICCTBYIOIIUX CXCM KJ'IaCCI/I(bI/IKaHI/II/I N OICHKAa B COOTBCTCTBHH C IIPUMCHACMBIMHU

KPUTEPUAMHU KIIaCCUPUKAIIUH.

nedopmarius,
BMEINAIOIINE TIOPOJIBI,
reOXHMHUECKHE U
MHUHEPATOTHUECKIE
0COOEHHOCTH

ABTOp 1 xmaccupuKamMoOHHEIN | 2 KiaccuUKaMoHHBINH | 3 Kimaccudukarmonnsiit | Orenka
KPUTCPHH KPHUTCPUH KPHUTEPHH
Niggli (1920) ['eoxumus Musnepanorust - He nocratouno ToyHas
®epcman (1930) Temmnepatypa I'eoxummus Munepaiorus OpHOM TeMIiepaTypbl HEJOCTATOYHO
Landes (1933) I'eoxumust Ctpykrypa Musepaaorus CIMIIIKOM TIPOCTO, HEAOCTATOYHO TOYHAS
(mpocrast/cnoxHas)
Bjorlykke ['eoxumusi/renesuc Musnepanorust Munepanorus OrpaHnveHa peJKOMETaJUIbHBIMU MerMaTuTaMu
cemerictBa NYF
Bnacos (1952, | Crpyxrypa/ Munepanorus - CumKoM IpocTo, HEAOCTATOYHO TOYHAS
1961) MUHEPaJIOTHsI
I'un30ypr u | ['my6una popmupoBanust | CTpykTypa I'eoxumus [Ipennomnaraer, uto MeramMopUUECKUH COCTaB
Pommnonos  (1960), (Hamm4me/0TCyTCTBHE BMEMIAIONIel Iopoabl  cooTBeTcTByer P-T
I'ua3oypr (1984) MHAPOJIOBBIX ITYCTOT) VCIIOBHMSIM HA MOMEHT (hOPMHUPOBAHUS IIETMATHTA
[THalinepxeH I'enesuc I'eoxumus I'eoxumus CauIKoM npocTo: NoApasaesieHus
(1961) (aHaTekcuc/MarMaTH3M)
Cerny (1991a), | I'myouna dopmupoBanus, | ['eoxumus Munepanorus Coueranue Pa3IMYHBIX THTIOB
Cerny&Ercit (2005) | ctpykTypa u KJ1acCU(PUKALTTOHHBIX KpUTEpHEB B 1
MUHEPaJIOTHsI KJIacCU(UKAIIMOHHOM KPUTEPUH
Wise (1999) Munepanorus MuHepaJiorus MuHepasorus Kiaccudukanms Tosbpko nermatutoB tuna NYF
Pezzotta (2001) I'mybuna ¢opmupoBanus, | MuHepanorus/reoxum Munepanorus OrpannueHa TOJIBKO MErMaTUTaMH,
CTPYKTYpa " pacrooKeHHBIMHE B Majiarackape
MUHEPaJIOTHsI
3aropckuii u ap. I'myOuna popmupoBanus | MuHepaiorus Munepaorust B obmemM  He ompesnereHa  IIyOMHA
(1999, 2003) (cTpykTypa) (cTpykTypa) dhopmupoBaHus
Dill (2016) Tun 3aneranus, Crpykrypa Xumus B psme cimydaeB TpyAHO TNPOBECTH pas3iIHyHe

MEXIY pa3IuIHBIMA THIIAMH TerMatutoB (1
MopsiiKa)

[Tpumeuanne — CocraBieHo 1Mo UCTOUHHKY [80, ¢. 218]
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Knaccuguxayua Martin & De Vito (2005).

Martin & De Vito (2005) yTBepxkmaroT, 4To KiIacCHU(PHUKAIUS MErMAaTUTOB TIO
TyOMHHBIM 30HaM HE TIO3BOJISICT AaJICKBAaTHO YYWTHIBATh JBAa OCHOBHBIX
reoxumuueckux tuma nermatutoB — LCT u NYF. Onu npenmonarairor, 4TO
TEKTOHMUYECKHE YCIIOBUSI KOHTPOJIMPYIOT XapakKTep HCXOAHOTO MarMaTu4ecKoro
VMCTOYHUKAa W TPOU3BOAHBIX PEIKOMETAIUIbHBIX paciuiaBoB. CONIacCHO MX MOJENH,
nermatuthl THUna LCT QopMupyloTcss B YCIOBHSIX TEKTOHUYECKOTO CHKaTHs
(oporeHHble KOMIUIEKCHI), Torga kak mnermarutel Tunma NYF — B ycioBusix
TEKTOHUYECKOTO paCTsKEHUsl (aHOpOreHHbIe KoMIUIeKChl). CMmernanHbie TUIbl NYF u
LCT, o ux MHEHUIO, SBIIAIOTCA PE3yJIbTaTOM KOHTAMUHALINH, IPOUCXOASIIECH KaK Ha
MarMaTU4ecKoM, TaKk M Ha NOCTMarMaTU4yeckod cragusx. B Takux ciydasax
sBooIIMOHNpoBaBiie NYF-noponsl MOryT OBITH  «IPONUTAHBDY  (PIIOUIIOM,
MPUHOCSIINM HE TOJIKO JTUTUH U 00p, HO TaKkKe KaJblIMi U MarHUi U3 BMEIIAOIINX
nopoa. Kpome Ttoro, mpenmonaraercsi, 4ro HerMaruTbl MOTYT (OpMUpPOBATHCS B
pe3ysibTare aHaTeKcHca KaK KOPKOBBIX, TAK M MAHTUUHBIX MOPOJ, KOTOPHIC paHee
MOABEPrajuCh METACOMATUYECKUM U3MEHEHUAM [ 85, c. 433].

CTaHOBUTCSI OYEBUAHO, YTO NETPOreHETHYECKash KiacCcU(UKAIUs, COoCOOHas
YCTAHOBUTH CBSI3b MEXK/y MeTMaTUTaMH, TEKTOHUYECKUMU PEXKUMaMU U TIPOIIECCaMu
reHepalyu MarM, HeoOXouMa Jisd YIIIyOJieHUs TOHUMaHUs TeHe3uca NerMaTuToB B
KOHTEKCT€  MAacIITa0HBIX  TI'€OJUHAMHYECKHX  mporeccoB.  Knaccudukaius,
npennoxxenHas Martin & De Vito (2005), npencrasiser co00il 3HAYUTENBHBIN I11ar B
ATOM HarpaByieHuH [85, c. 434].

Bwvi6oo: Takum o6pa3oM, B COBpPEMEHHON HAy4YHOW JUTEpaType TpaHUTHBHIC
MErMaTUThl TMOAPA3IAEIAIOTCS Ha KIAcChl — CEMEWCTBA — THUIMbl W TOATHUIIBI B
3aBUCUMOCTH OT HMX MHHEPAJIOTrO-TEOXUMUYECKUX XapaKTEPUCTUK U TITyOUHBI
3anmeranusi cormacHo Cerny (1991, 2012). Beigensiercss 4 kiacca: aOuccalibHBIE,
MYCKOBUTOBBIE, PEIKOIJIEMEHTHBIE U MUAPOJIOBHIEC.

Knacc penkosneMEeHTHBIX AENUTCA Ha 2 OCHOBHBIX CEMEWCTBAa Ha OCHOBE
munepasnibHoro coctaBa (LCT u NYF), rne nermatutel LCT oGoraiieHsl JUTHEM,
nesreM u tantanom, a NYF - HuoOGueMm, urrpueM u GpTopoM. Y CTaHOBJIEHA YETKas
cBs3b nermMatutoB LCT ¢ nmpenMyIiiecTBEHHO OPOT€HHBIMU TUTyTOHAMH, & IETMaTUTOB
NYF ¢ npenMy1ecTBEHHO aHOPOTEHHBIMH LTy TOHAMU.

B nocnennee BpeMst ObUIO MPEINTPUHATO HECKOJIBKO MOMBITOK CO3/1aTh HOBYIO
KJacCU(UKAIMI0O TIErMaTUTOB, MEHEE 3aBHCHUMYI0 OT MHHEpajlioTuu U Ooiee
OTPaXKAOIIYI0 UX I€0JIOTUYECKY0 00CTaHOBKY. B 3TOM Bompoce onHUM U3 Hanboliee
3aMETHBIX sBsieTcs Kiaaccudukanus nermatutoB Wise M. A. (2022), kotopast B
OCHOBHOM (POKYCHPYETCSI Ha HMCTOYHUKE Marmbl, U3 KOTOPOW KPHUCTAIIU3YETCS
nermMatuT. HOBBI MOaX0oa wWcmonas3yeT Ooree TMONHBIA HAOOp aKIECCOPHBIX
MUHEPAJIOB U ONPEACIISIET TPU IPYMIbI IETMATUTOB, KOTOPbIE TEHETUYECKHU CBA3AHBI C
IPAHUTHBIMU TUTyTOHAMH W aHATEKCHUCOM METaMarMaTHYeCKUX W METaoCaJ0YHbIX
NpOTOJUTOB. [lermaTuThl, OTHOCSIIIMECS K TpymaM 1 1 2, 00pa3yroTcsi U3 OCTaTOYHBIX
pacrmiaBoB rpaHuTHoro marmatusma S-, A- u I-tuna (RGM), a Takxke sBIAIOTCS
npsiMbIMi TipoaykTamu aHaTekcuca (DPA), Torma kak mnerMaTuTbl Tpynmnsl 3
00pa3yroTCs TOJIBKO B pe3yiibTaTe aHarekcuca [13, ¢.1].
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5.3 IIpuypo4eHHOCTb TPAHUTHBIX MErMATHTOB K OIpeleJeHHbIM
re0TeKTOHUYeCKUM 00CTAHOBKAM

5.3.1 Xapaxmepucmuxa 2ceomekmoHuyeckux oOCmMaHoeoK Gopmuposanus
neamamumos

[lermMaTuTOBBIE MECTOPOXKIEHHUS IIUPOKO PACIPOCTPAHEHBI KAK HA JPEBHUX
KPUCTAJUTMYECKUX MIUTaX, TaK M B CKIAAYaThIX oO0MacTsax. Bo3HWKHOBEHHE HX
OPUYPOUYEHO K 30HAM CTOJIKHOBEHHUS KOHTHUHEHTAIbHBIX JHUTOCPEPHBIX IUIUT
(CYTYpHBIX 30H), U 00JACTSIM TEKTOHOMAarMaTHYeCKOW akTUBU3aluu 1uiardopm [86].
BormpocamMu npuypoOdYeHHOCTH TErMAaTUTOB K Pa3UYHBIM  T'€OJAMHAMHYECKUM
obcranoBkam 3aHuMaiuch Tankard et al. (1982), Pitcher (1987), Tkauer A.B. (2011),
McCauley A, Bradley D.C. (2014).

Atopel Tankard et al. (1982), Pitcher (1987) Takxe yTBEpKIarOT, YTO
TPaHUTHBIE METMATUTHI IUPOKO PA3BUThI B TEKTOHUYECKUX LMKIAX KOHBEPIEHTHOM
CKJIaTYaTOCTH IMI0OAIbHBIX TUIUT. MiMu ObL1a nipeioxkeHa kiaccuuKaluoHHas cxema,
B KOTOPOW MPEJCTABICHBl JaHHBIE O MErMaTUTOHOCHOCTH Pa3JIMUHBIX Y4YaCTKOB
3eMHON Kopbl. MMM cpaemaH BBIBOJA, YTO MErMaTUThI MPUYPOUYCHBI MPAKTUYECKHU
UCKJIIOUUTENIPHO K DJHCHUAJMYECKUM OpOT€HaM M HE BCTPEUAIOTCS B Mpeleiax
sHCcUMaTnueckux (pucyHok 5.3) [87; 88; 89, c. 6, 13].

Koumunenmanvno-oyeoeas xonnuzus. KonuenrtyaibHas MOJENb SHCUATHYECKON
OpPOTE€HUHU HE HOBA, M €€ BOJIOLHUS B paMKaxX I100ajJbHOM TEKTOHUKU M3ydalach JJIs
MIPOTEPO30MCKUX IHCUAIMYECKHUX MOIBIXKHBIX M0sicOB [lamapckoro oporena (Tankard
et al.,, 1982). B cooTrBeTcTBUM C HEW 3a NMEPBOHAYAIBHOW CTaIMEN PACTSKEHUS, B
pe3ysibTaTe KOTOpOil 00pa3yloTcsi BCE OCaJIOYHbIE W MarMaTU4ecKUe IMOPOJbI,
XapakTepHble s pudTOBOro OacceifHa, clemayeT CTaJusl CXKaTusi, BbI3bIBAIOIIAS
YTOJIIEHHE  KOPbI, COMPOBOXIAMOMIAsICS  MeTamop(du3mMoM, MarMaTU4decKou
AKTUBHOCTBIO U, B 3aBEPIIECHUN, CUIILHBIM MOAHATHEM [89, C. 6].

JIaHHBI TUI KOPBI JIMIIEH KJIACCUYECKOW CYOMYyKIIMHM OKEAaHWYECKHUX OJIOKOB,
IJIe MErMAaTUTOBBIE TOPO/IbI, XOTS U CUJIbHO U3MEHEHHBIE, MECTaMU TOSIBIISIIOTCS PSIOM
C MOAHATHIMU OJIOKAaMU. DTOT THUIT XapaKTEPU3YETCS SHCHAIIUNYECKON TOJICTON KOPOU,
KOJUIM3UEN W HaJBUTaMH. 3a HCKIIOUYEHUEM T[CEBIONETMATUTOB, B ATOHU
reOJJMHAMHYECKON 0O0CTaHOBKE HAONMIOMAlOTCsT BCE  MOPQGOJIOTHYECKUE  THIIBI
KaJIbIIUEBO-IIEJIOYHBIX MEerMaTUTOBBIX nopoj, MpEICTaBICHHBIE B
kinaccudukammonHon cxeme CMS [89, c¢. 7]. Ha mpumepe MecTOpOXIACHHI B
entpanbaoit EBponie Dill H. G. cunTaer, 4To mnporiecchl, HEOOXOIUMBIE ISl CO3aHUS
U U3MEHEHUS MEerMaTUTOBBIX 0Opa3zoBaHuii mexay JlaBpasueit u [oHnBaHOM, Takxke
COOTBETCTBYIOT ITPUPOJIE SHCUAIUYECKOTO OPOTeHa.

Oporennblii Tun (pucyHok 5.3). IlceBmomerMaTUThl BO3HUKAJIUA TOJBKO B
OpOTEHAxX AJIBIMICKOTO THUIMA, IJI€ YacTh PA3UYHBIX (EIH3UTOBBIX MOPOJ BOILIA B
COCTaB HOBOOOPA30BAaHHOTO OpPOT€HAa M WX MHUHEpaJbHbIE AaccOIlMallud BHOBb
aktuusupoBanuck. Dill H.G monaraer, utro MHOrHe IOKEeMOpHIICKHE MErMaTHTHI
JIOJDKHBI OBITh KJIACCU(UIIMPOBAHBI KaK TICEBJIONErMaTUThI, a HE KaK MEerMaruThl B
COOTBETCTBHH C HOBOI Kjaccuukaronno cxemoit CMS (pucynok 5.3) [89, c. 7].
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OporeHHsIi TUI

KOHTI/IHGHTaJ'H)HO-L[erBaﬂ
KOJIJIN3UA

Konnusnon
HBIN
OpOTCHE3

Pudrorenes

AKKpennoH
HBIH OporeHe3

OxeaHunueckas
OCTPOAYKHAsS
CyOIyKIIHs

1

-
-

Ca-Alkaline

1 FPegmatite I

* Non-productive }

Y

- —
I'eorekTOHMUECKOE CHHKOITU3NOHHBII AHaTekcuc ITocTKOMIM3MOHHBIN CyOnykuus
MOJIO’KEHUE (B TOMIIIE KOPBI BHYTPHIUTUTHBIH (TUTIOM?)
MeTamopdudec
KHX TIOPOJ)
I'panuTHBIN THI 1) I'panuter S-Tuna Her (S)/A — Tun | — I'panuThbl (OKUCICHHBII)
(BOCCTAHOBIICHHBIH ) IPaHUTOB [Tun - marueTuT]
[Tun-uapMeHHT] (VAG= rpanuThl ByJIKaHHYECKUX
(WPG= B nipenieniax MIMTHBIX nyr, TTG= TpOHABEMUT TOHAIUT
2) (CHHKOJUTH3HOHHBIN) - TPaHKUTOB) IPaHOIHOPHUTHI)
[amakuTsi]
TlerMaTUTOBEIN THIT LCT NYF LCT>NYF mainly only greisens
LCT~NYF

IIpumepsl
(Kazaxcran)

KokueraBckuii MaccuB U
00beINHEHHBIE
nyru (CeipeiMbOer, JloHenkoe)

KOJUIM3UOHHBINA OPOT'EHE3

Bocrounas Kan6a - UpTei

PUDTOBBIN OPOI'EHE3

Hentpansubiii Kazaxcran (Kapao0a,
Axuaraif, KOKTeHKOITB)

AKKPELIMOHHBIN OPOT'EHE3

Pucynok 5.3 - T'eorexkronnueckue 00CTaHOBKH ()OPMUPOBAHUS TPAHUTHBIX IETMATUTOB
no (Tankard et al. (1982), Dill H.G (2015)) ¢ nononHeHus MU ¥ U3MEHEHUSIMU aBTOpa

[Tpumeuanue — Cocrasneno o ucrounuky [89, ¢. 8, 13].
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B npeaenax oporeHa aabnHUiICKOTO TUIA YJHCUATIUYECKUN OPOTEH MOCTENEHHO
NEPEeXOAUT B DHCHUMATHYECKUH, C pPAa3ABIKEHHUEM JHUTOCHEpPHBIX IUIMT H
MOCJENYIOIIMM 3aKphITHEM OKeaHa. Ha pucynke 4.3 nmokazaHo, 4To OpOIbl OPOreHOB
AJBIIMMCKOTO TUIIA HE COOTHOCATCS C MAarMaTMYE€CKUMM IMOPOJAMH, CBA3AHHBIMU C
CyOmyKIMEN, C METaJUIOTEHUYECKUMH MOSICaMU aKPELMOHHOTO OpPOIe€Ha, KOTOpBIE
JICHCTBUTENBHO SIBISIOTCS DHCUMAaTHUYECKUMH U O€3pyOHBIMH B OTHOIICHUH
paccMaTpUBAEMBbIX IErMATUTOBBIX MOPOJI.

Pugmosviti  mun, pacnojgokeHHBI Ha MPOTHUBOIIOJIOXKHONW  CTOpPOHE
METaJUIOTeHUYECKOTO MOosica TUIA KOJUTM3UOHHO-AYTOBOM KOJUTU3UH (PUCYHOK 5.3),
UMEET CUJIbHYIO BEPTHUKAJIBHYIO COCTABIIOLIYI0, BO BpEMs KOTOPOM B KOpe
oOpazoBanack nonuarue. Kopa nperepriesa 3HaYUTENbHOE YTOHEHHE, CTAHOBUIIACH
Bce 00Jiee PHCUMATUYHOM, BCJIEICTBHE YEr0 BMECTO KaJlbIIMEBO-IIEIOUYHBIX MOPOJ
(GbopMUPOBATHCH IIETOYHBIE MarMaTH4YeCKHUE, YTO TAKKE CHIIBHO OTPa3WIOCh Ha
MUHEpAJOTUM TEerMaTUTOB, BCTPEYAIOIIMXCS B JAHHOW TeOAMHAMUYECKOU
obctaHoBKe (pUCYHOK 5.3). ArmauToBble NMETMATUThl U HE(PEITUHOBBIE CUEHUTHI
IIPUBEIIN K TOSIBJIEHUIO IIUPOKOTO CIEKTpa rerMarutos [89 c. 7.

Bv1600: Tun Kopbl, aHATOTUYHBIA KOJUTM3UOHHO-YTOBOM KOJUTU3UU SIBISIETCS
HanOoJiee MEePCHEKTUBHBIM B OTHOIIEHHHM MErMaTUTOOOPAa30BaHUS B CHAIMYECKOM
KODE.

IlermaTtuTOBBIE TIOPOABI OPOTEHHOTO THMA, KOTOPBIE B Pa3sHOM CTEIECHH
NOJBEPIIIUCh M3MEHEHUI0 U IepepadoTKe, NEPCIEeKTUBHbBI Ha IPOSBICHUS
IICEBIONETMaTUTOB. [IprUMepoM SBISAIOTCS MErMaTUTOBBIE MOPOABI B BOCTOUHBIX
Anbnax. OHM 00J1a4aI0T XUMUYECKUM U YaCTUYHO MUHEPATIOTHUYECKUM CXOCTBOM C
BApUCCKUMM TErMaTUTaMH I0HOM vacTu boremckoro maccuBa (MonmanyOckast
30Ha) [89, c¢. 7]. Dra CBA3bp MeXay ME30CBPONEHCKUMHU (BapUCLKHMHU) |
HEOEBPOINECUCKUMHU (ATBIMUNUCKUMH) TOPOJAMH, CBA3aHHBIMH JPYT C JIPYTOM Kak
«POIMTENN» M «IETW», HE OIPAHMYMBAECTCA MAJIECO30MCKUMH M ME3030MCKO-
KailHO30MCKMMU oporeHaMmu B EBporne, HO mpuMeHuMa U K 0oJiee IPEBHHUM MOsCaM B
ApPYrUX 4YacTsX CBeTa. OTU JaHHbIE MOTYT OBITh HCIONB30BaHbI B KaueCTBE
reOAMHAMUYECKUX MPEANOChUIOK Pa3BUTHSI MErMaTUTOB Il MPOTHO3UPOBAHMS
XUMUYECKOM accouuanui, KOTOpble MOXHO OXUJaThb B 0ojiee  MOJIOIOM
nepepadoTaHHOM CKJIaI4aToM IOosice, MPUMBIKAIOIIEM K cTapoMy Kpatony [89, c. 7].

[lermatutoBble TOPOABI PU(TOBOTO THUNA C BBIPAKEHHON MOIKOPOBOI
COCTABJISIOIIEH MOTYT OBITh TaK)ke OOHAPY>KEHBI B YHCHAIIMYECKOM OpOTeHe, BOJIM3H
KOPHEBOW 30HBI HAIIIOB.

Ha pucynke 5.4 mnokazaHbl MECTONOJOKEHHS MHUPOBBIX IETMATUTOBBIX
mectopoxaenuii unu paiionoB LCT, Bximrouas nHeOonbmue paiionsl B CIIA.
CHMBOJIBI MMEIOT LBETOBYIO KOJMPOBKY IO BoO3pacTy. KpymHbIMH CHUMBOJIAMH
0003HauY€Hbl TUTAHTCKUE MECTOPOXKICHHUS.
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Pucynok 5.4 — Kapra mupa ¢ ykazaHreM MECTOITOJI0KEHUS TIETMATUTOBBIX

MECTOPOXKIeHUHN niv paioHoB LCT

[pumeuanue — CocrasieHo 1o ucrounuky [83, ¢. 7].

Ha pucyHke 5.5 mokazaHbl BO3pAacTHBIE ITUKH PACIPEICIICHUS OCHOBHBIX
(CkupHBIMH ITM(pPaMH) W BTOPOCTEIICHHBIX I1ETMATUTOBBIX IHKJIOB. [[BeTHBIMHU
MI0JIOCaMU BBIJICJICHBI TPUOJIM3UTEIbHBIE BpeMeHa 00pa30BaHus CyIIepPKOHTHHEHTOB.
KpacHoli 3Be3/10M OTMEUEHBI TerMarutoBbie oSl bukuta u TaHKO ¢ MacCHUBHOU
MOJUTYLIUTOBOM MUHEPAIU3aLIUCH.

r:j ages Sclavia Superia
Kenorland Nuna Rodinia  Gondwana Pangea
Pe | Gr -
501500
granites (Gr)+ 1875 525

40400 075

major LCT
301300 pegmatite

fields (Pe)
20200 2825
10-+100

0 T -. — l

4000 — Archean— 3000 ——»

2000 — Proterozoic — 1000 —>| Age (Ma) 0

Pucynok 5.5 — Bo3pacTHele pacrnipenenenus OCHOBHbIX nierMaTtuToBbiX nojeid LCT u
rpaantoB Gr (Condie et al. 2009; McCauley and Bradley 2014). Bo3pacthoe
pacnpeneneHue ocHOBHbIX nermMaTuToBbIX nosieil LCT no nanueiM Tkaues (2011)

[Tpumeuanue — Cocrapieno 1o ucrounuky [83, c. 8].
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BOABIIMHCTBO TErMaTUTOB MPUYPOUYEHO K OPOTCHHBIM TMOsCaM, XOTA HX
TUTIOJIOTHYECKUE XapaKTePUCTHUKUA 3aBUCAT OT KOHKPETHBIX TE€OAMHAMUYECKHUX
yCI0BUi (OPMUPOBAHUSL.

[lermatuThl abuccambHOTO Kjacca OOBIYHO BCTPEYAIOTCS B MUTMAaTHTOBBIX
nopofgax meramopduszMa BepxHel amMPpuOOIUTOBON TpaHyauToBO# (anuu [82, c.
2008]. [lermaTuThl KJ1acca MyCKOBHUT BCTPEUAIOTCSI B METAMOP(PHUUECKUX TeppeHax
0appOBHAaHCKOTO THIIA C HEMHOro 0©Oojee HHU3KUM TpajycoM, B OCHOBHOM
ampubomuToBoit anuu. Kak mma abuccalbHBIX, TaK W IS MYCKOBUTOBBIX
NErMaTUTOB, BMEIIAIOIIME MOPObI MPEACTABISAIOT CO00M NIyOOKO 3pOAUPOBAHHBIC
KOPHEBBIE 30HBI OPOT€HHBIX MOsiIcOB [82, ¢. 2009]. PenkosneMeHTHBIE TTErMATUThI
BCTPEUAIOTCS B MEHEE IPOAMPOBAHHBIX MeTamMopdUuecKux TeppeiiHax Tuma AOy-
Kyma, kak mpaBuno, xkopauepuT-ampubonuroBot ¢anuu. OHU  OOBIYHO
nepudepuitHbI MO0 OTHOIICHUIO K 00JIee KPYTHBIM I'PAHUTHBIM LTy TOHAM, KOTOPBIE BO
MHOTHX CIIy4asX HpeICTaBIsIOT COOOM MATepUHCKHM TpPaHUT, U3 KOTOPOIO
npowusoien nermatur [82, c. 2010].

CemeiicTBa B METPOJOTHYECKOW KIACCU(PUKALMKU TPAHUTHBIX IETMaTUTOB
IUTyTOHUYECKOTO MpOUCXOkaAeHHs. CBOIHBIE JaHHBIE 1O KIIACCHU(PUKAIMOHHBIM
ocobeHHocTsM ceMeicTB NYF u LCT rpanuToB npeacraBieHbl B Tabmuie 5.7.

Tabnmuua 5.7 — B3auMoCBsI3M MEXIy KilaccamH, CEMEMCTBaMU, TUMNaMHU U
NoJATUIIAMU TlerMaTtutoB, npemioxeHHbiMu Cerny P. (1991). IlokazaHbl TUIBI U
MOATHIIBI TIETMaTUTOB, oTHOCsIKec K cemerictBam LCT u NIF [83, c. 14]

Kiace CewmeiicTBO Tun [HoaTun
bepunnosslit bepn-
KOJIyMOUTOBBIH
AbuccaanbHbli bepu-
KOJTyMOUT-
docdarnbIit
KomrutekcHslit CnogyMeHOBBIH
(penkonsieMeHTHBIH) | [TeTanuToBbIN
MyckoBuToBbIi JIenu 10U TOBBIH
Penkosnementreiii | LCT AMOJTUT OHHTOBBI
Ans0uT-
CIIOAYMEHOBBIN
AJbOUTOBBIN
NYF
4
PenxoszeMenbHblll | AJUTyHUT-
MwuapoioBbIit NYF MOHTIaHUTOBBIN
["aioIMHUTOBBIN

[Tpumeuanue — Cocrasneno 1o ucrounuky [83, ¢. 14].
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5.3.2 TI'eomexmonuueckue o06CcmMaHo8KU GOpMUPOBAHUS PEOKOIIEMEHMHBIX
ne2mamumos

Jlumuti-ye3uu-manmanogvie TIETMATUTHI IIPUCYTCTBYIOT HA BCEX KOHTUHEHTAX
Y OXBAaTBIBAIOT TPU MUJIIMAP/A JIET UcTopuH 3eMiu. MX mobaneHoOe pacnpeneneHme
BO3pacTa OTPAXKaeT paclpelesiCeHe OPOrCHHBIX TIPAaHUTOB, YTO COOTBETCTBYET
BpeMeHU (HOPMHUPOBAHUS CYTIEPKOHTHHEHTOB 1 KPYITHBIX KOJTU3MOHHBIX OPOTCHHBIX
coowrtuii (Tkaues, 2016; Bradley et al., 2017). B mpotepo3oiicko-hanepo3oickux
o0CTaHOBKaxX, TJ€  KOJJIM3MOHHBbIE  TEKTOHMYECKHME  MPOLECCHl  XOPOILIO
nokymeHtupoBanbl, nermatuthl LCT, ckopee Bcero, oOpa3zoBajivCh B OPOTCHHBIX
BHYTPEHHUX paloHaX, CBS3aHHBIX ¢ KoHBeprenuued mmut [90]. Ilpoueccsl,
CBsI3aHHBIE C AyTraMu, KOTOPbIe KOHTPOJIUPYIOT 00pa30BaHUE MErMATUTOB, BKIIOYAIOT:
1) upe3amepHOE yTONIIEHHE KOHTUHEHTAIbHOM KOPBI; 2) OTPBIB IUTUTHIL; 3) pacciIoeHHe
IWUTH; 4) OoOpylIeHHe pacTsHKEHUEM, MPOUCXOAAIlee B KOHIE KOJUTM3MOHHOTO
COOBITHSl U BKJIIOYAIOIIEE AEKOMIIPECCUOHHOE TutaBiieHue. CleoBaTeNbHO, JTUTHII-
LE3UI-TaHTAJIOBbBIE  TNErMAaTUThl  pa3MEIAloTcs B MeTaMOp(U30BAHHBIX
CYNpaKpyCTalIbHBIX OPOJAX (HAIPUMED, 3€JICHOKAMEHHBIX MOACAX).

NHTpy3un BHEAPSIOTCS HA YPOBHSIX CpeAHEH KOpbl B KOHIIE OPOTEHHBIX
COOBITU M  KOHTPOJMPYIOTCS  CYIIECTBYIOIIMMH  pa3jioMamMH, TpEUIMHAMHU,
PACCIOEHHUEM U CIOUCTOCTHIO BO BMENIAIOIMX Nopoaax. [lerMarutel, noaBepKeHHbIE
ATUM YCIIOBUSIM, SIBJISFOTCS TUIACTUHYATHIMU, TOTJA KaK Ha HUKHUX YPOBHSX KOPBI
IUIACTUYHBIE  TUAPOCTATUYECKHE  YCIOBHUS  CIOCOOCTBYIOT  0Opa30oBaHMIO
JIMH30BUIHBIX U HEPETYJSPHBIX NErMaTuToB [91].

B mnporepo3oe u ¢daneposoe mnermatutsl LCT B OCHOBHOM SBISIOTCA
IPOAYKTaMH DKCTPEMAJIbHON (PAKIIMOHHON KpHUCTAUIM3AIMHd TPAHUTOB S-THUIIA,
MOJIYYEHHBIX B pE3yJbTare IUIABJICHHUS META0CAI0YHBIX MOPOJ B KOHTHHEHTAIbHBIX
xkoutn3noHHBIX 30HaX (Cerny&Ercit, 2005). B kauecTBe KOHKpPETHBIX MPUMEPOB
MOXHO TipuBecTH TermaruToBbie mosisi HamubOum (Fuchsloch et al., 2018), Mbsue
(Webber et al., 2019), B FOxnoit Hopseruu (Miiller et al., 2015), B utanbaHCKuUx
Anbnax. Konzett et al., (2018), Simmons, Webber, (2008); London, (2008, 2018)
MpeIaraloT aabTepHATUBHBIN mpolecc st oopasoBanus nermaruta LCT, koTopblit
3aKJII0YAETCS B MPSIMOM ILJIABJIEHUH MOPOJ COOTBETCTBYIOIIETO COCTaBa, HAIPUMED,
METa0CaJ0YHbIX TTOPOJI C 3BAIIOPUTOBBIMU CJIOSIMU [ 78, C. 2].

ITo nmanueiM (Sweetapple, Collins, 2002; Sweetapple, 2017) B apxelckux
T€OTEKTOHUYEKUX OOCTAHOBKAX TPAHUTHI S-TUIA PENKH, a KPYITHEHIIINE U3BECTHHIE
Mectopoxkaenuss nermarutoB LCT, Hampumep, kak mectopoxiaeHus BomxuHa,
[Munranrypa u ['punOy1iec, CBsA3aHbl ¢ BHICOKO(DPAKIIMOHUPOBAHHBIMY TpaHUTaMU |-
TUIa. B 3TOM KOHTEKCTE MPOTPECCUBHOE YaCTUYHOE IUIABJIEHUE MTPEAIIECTBEHHUKOB
TPOHABEMUTA-TOHAJIUTA-TPAHOIUOPUTA SIBIISIETCA OJHUM M3 BO3MOXKHBIX METOJOB
oOoraieHust peIKiX 3JEMEHTOB B PacIliaBax, KOTOPhIC JNEUCTBYIOT KaK MCXOIHBIC
UCTOYHUKA MHUHEPAJIM30BaHHBIX nermarutoB (Sweetapple, 2017). DTu mermMatuthbl
yalie BCEro pa3MEIIaloTCs B OCHOBHBIX WM yAbTpaMaQUUEeCKUX BMENIAIOUIUX
nopojiax B TMpefesax 3eJIeHOKaMEHHBIX MosAcoB (Hampumep, kparoH IlunGapa,
(Sweetapple, Collins, 2002); xpaton WMumrapn, (Witt, 1992). B stux apxeiickux
YCIIOBUSIX PETHOHAJIBHBIE CTPYKTYpPbl KOHTPOJIUPYIOT pachpelesieHue NerMaruToB,
OTBeYas 32 KOHIEHTPAIUIO U TPAHCHOPTUPOBKY (pron10B 1 marMm [ 78, ¢. 2,3].
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NYF nermatuThl ycTaHOBJIEHbI Ha OOJNBIIMHCTBE KOHTHHEHTOB. Bo3pacTt ux
KPUCTAJUTM3allMA COOTBETCTBYET OCHOBHBIM HMHTEpPBaJlaM TIIIOOAIBHOTO KOJUIaXa
KOHTUHEHTOB OT apxes 10 HeoreHa, ¢ mukoM B ~1000 MITH JIeT, COOTBETCTBYIOIIUM
oporenesy [ penBuss B JlaBpentuu [78, ¢. 3]. DT nerMaTuThI SABISIOTCS TPOyKTaMHU
BBIpaXKeHHOU MU PepeHmanu aHOpOTEHHBIX TPAHUTOB A -THTIA, KOTOPBIC SIBISIFOTCS
OOIIMM TPOIYKTOM OMMOJAIBHOTO rab0pO-TpaHUTHOTO MarMaTru3ma B pPUGTOBBIX
30Hax. [eonoruyeckre MpoIEeCcChl, KOHTPOJIUPYIOUIUE T€HE3UC TPAHUTOB THUMA A,
BKJIIOYAIOT: (DpaKIIMOHMPOBAHUE TIPSIMBIX YACTHYHBIX paACIUIaBOB M3 BEpXHEH
MaHTHUU; TeperiaBKy 0a3aibTOB, KOTOpPbIE HAKAIIMBAIOTCS IO HCTOHYEHHOM
auTocdepoii; YacTUYHOE TIJIaBJIeHUE THEHMCOB HIbKHEH Kopbl [92, 93]. B ycrnoBusix
pudToB, T7Ie 00BIYHO 00pa3yrOTCs T'paHUTHI TUMA A, Maduyeckue U (Peab3UTOBBIC
pacruiaBbl. HachIieHHOCTh paciiiaBOB HAXOJAUTCS HA YPOBHE WJIM BBIIIE HACHIIIICHUS
KPEMHE3EMOM, MPU ITOM I'PaHUTHI 3aMeTHO 00eHeHbl Ca u P u 061aaroT TsHKembiM
oborarmenuem peakoszemenbHbiMU d5ieMeHTaMu (HREE) (London, 2018) [78, c. 3].

N3yueHne reoquHaMUUeCKUX U JIUTOJOTUUECKUX 0OCTAaHOBOK (hOPMUPOBAHUS
METMaTUTOB MIMPOKO UCTOIB3YETCS JJIsl ONpPEACICHUS AJIEMEHTOB U MUHEPAJIbHBIX
acCoIMalMi MPOMBIIIJIEHHO TOJIE3HBIX PEIKOAJIEMEHTHBIX OOBEKTOB, CBSI3aHHBIX C
Pa3JIMYHBIMUA T€OIMHAMUYECKUMU 0OCTaHOBKaMHU.

B pa6orax (Dill (2008, 2015); Einaudi et al. (1982); Ray, Webster (1990);
Aksyuk (2000)) mpuBenensl 6osiee 20 SKOHOMHUYECKH BaXKHBIX TPYII AJIEMEHTOB,
MUHEpPAJIOB U TOPHBIX MOPOJ, T€HETHUYECKH CBSI3aHHBIX C mnermaruramu. OHU
BCTPEUYAIOTCS KaK B CAMUX MErMaTUTaX, Tak U B UX SHJI0- U DK30KOHTAKTax (CKapHax)
C PEaKIMOHHOCIIOCOOHBIMH TMOPOAAMH, TaKUMHU Kak MeTa(yJabTpa)OCHOBHBIC
MarmaTruyeckue mopojsl U MeTakapOoHarsl [95, 96].
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6 PEJIKOMETAJIVIBHBIE IIEI'MATUTBI KAJIBA-HAPBIMCKOI'O
IMOsACA

6.1 Cucremarnka MecTOpO:KIeHUil peakux Mera/uioB Kanda-HapbsiMckoi
30HBI

W3BecTHO, YTO METMaTUTHI, CBI3aHHBIE ¢ BHEApeHHEeM MHorodazHoro Kanba-
HapriMckoro 6aronnrta, B OCHOBHOM, TEPPUTOPUATILHO HAXOAATCs B npezenax Kanba-
HapbiMckoll mMeTanmnoreHn4eckod 30HbI. [lerMaTtuTthl, CBA3aHHBIE C TPAaHUTOUIHBIM
MEPMCKUM BYJIKaHHU3MOM, IIPOSBIIIMCH TaKKe B mpezenax 3anaaHoit Kanosr u XKapma-
Caypa.

CucreMaTnka MECTOPOKACHUN U PyJONPOSBICHUIN PEIKUX METAIIJIOB B Pa3HbIE
roabl npoBogwiack B paborax XK.A. Airamuena, C.I. Illasno, I'H. IllepOsl, B.A.
[pauxkoBa, B.B. JlomarHukoBa u JApyrux wucciuenosarened. B manbHenmem
KJaccu(ukanuss  pPeIKOMETAUIBHBIX  OOBEKTOB  MPOM3BOAMJIACH HA  PYIHO-
(OpMalIMOHHOI OCHOBE 10 BEUIECTBEHHO-T€HETUYECKUM TPUHIIUIIAM.

OCHOBHBIE MECTOPOXKJACHHS cocpenoTodeHsl B mpenenax Kanba-Hapeimckoit
METAJUIOTEHUYECKOM 30HBI 3aliCAHCKOM CKJIAJYaTOM CHUCTEMBl pPa3MEIIAKOTCA B
yeTblpex pyaHbix  pailoHax  (IllynsO6unckuii, CeBepo-3ananno-KanOunckuid,
[entpanbHo-Kanbunckuit u Hapeimckuii) [96, c. 174].

B mpenenax Kanba-Hapeima BbIensitoTCS JB€ KPYIIHBIE pYAHBIE 30HBI
(I'pemstunncko-Kunnckas, Kaparoun-Capblo3ekckas) 1 MHOTHE pynaHble y3ibl. Jlo
1994 roma benmoropckuM ropHO-O0OTATUTEIBHBIM KOMOMHATOM W JIPYTUMU
OpraHM3alMsIMH pa3padaThiBaINCh B OCHOBHOM pEAKOMETAJUIbHBIE IErMaTUTOBBIC
mectopoxaeHus (bakennoe, FO6uneitnoe, KBapuesoe u ap.), KOTOpble B HacTOSILEE
BpeMs 3aKOHCEpBUPOBaHbI [96, c. 174]. Menkue rpeii3eHOBbIE U KBAPILIEBO-KUJIbHBIC
MECTOPOKICHUS 0JIOBO, BOJIb(Ppama 0TpabaTbIBAINCH MPEANPUATUAMU
«Kanbaonoso», «HappiMONIOBO» M JOpPYyrMMH oOpraHu3zalusiMd. MHOTrOYMCIEHHbIE
HEOOJBIINE POCCHIIA KACCUTEpPHUTa, BOJIb(PpamMuTa W IIEEIUTa B OCHOBHOM
OTpaOOTaHBI.

Kparkass xapakTepucTHKa BEOYIIMX T€0JIOTO-TeHETHUYECKUX THUIOB M UX
re0JI0ro-MPOMBIIICHHAs TUMTH3alKs pa3padoTaHHas Ha 0CHOBe padoT JlbpsiukoBa b.A.
C JOTNOJHEHUsIMU aBTopa npuBonutca B llpunoxenun J[. B taGnune npeacrasieHa
CUCTEMATHKa MECTOPOXKACHUM M PYIONPOSBICHUN C HCIOIB30BAHUEM PYAHO-
(GOpMaIlIMOHHON OCHOBBI, C BBIJEJICHUEM TPYNIl W KOHKPETHBIX pPYAHBIX U
pPyZl0OOpa3yIolMX  IeoJOrHuecKue dbopmanuii, ONPENECICHUEM cocraBa
PYIOBMEIIAONMIEH CpPElIbl, OCHOBHBIX MHHEPAJIbHBIX THUIIOB MECTOPOXICHUU. B
TaONUIy TakKe BKIIIOUEHBI JIaHHBIE TIO0 TpeoliamaronmM (GopMaM pPYIHBIX Ted,
HA3BaHUSM PYIHBIX THUIIOBBIX OOBEKTOB U UX MPAKTUYECKON 3HAUNMMOCTH.

[lermaturoBas rpynna mecropoxaenuid Kanba-HapsiMa oObeauHsieT pyaHbie
dbopmanuu GJIOKOBBIX MUKPOKJIMHOBBIX IMETMaTUTOB, PEIKOMETAIUIbHBIX U KaMEPHBIX
XPYCTaJI€HOCHBIX IErMaTUTOB.

Dopmayus OIOKOBbIX MUKPOKAUHOBBIX Ne2Mamumog IIAPOKO MPOsBIEHA B
[enTpanbHo-KanOnHckoM pyaHOM paiioHe, B M3yY€HHE KOTOPBIX OOJBLION BKIa
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BHeciau B.K. Pemes, E.JI. AprembeBa, PI. I'y6aininymnun, FO.A. Ilacexos, C.C.
TynereHos u np.

[lermMaTuTOBBIE KWl Pa3MEIIAIOTCA B SHJIOKOHTAKTaX M MPOrudax KpoOBIU
TPAHUTHBIX MACCHBOB, CIIO)KEHHBIX IMPEUMYINECTBEHHO TrpaHuTongaMu [ ¢asbl
KasouHckoro komruiekca (tun Huxkuero JlaiiOynaka). PynHbie Tena KOHTPOJIUPYIOTCS
TPEUIMHHO-Pa3pbIBHBIMU CTPYKTYpaMH, MPEACTABICHbI HETMPaBWILHBIMU
TTMTOOOPa3HBIMHU JKUJIAMHU OJIOKOBOM CTPYKTYPhI 30HATBHOTO CTPOCHUS. XapaKTEePHO
nonoroe 3aneranue xun (yron go 35%. Ux mporskennocts o 150-300 M, mpu
MomHocTH 3-4 M, peaxko no 10-12 M. Ilo cocraBy >KWJIBI OTHOCATCSA K KBapil-
MUKPOKIIMH-MYCKOBUTOBOMY THITY. OCHOBHbBIE MUHEpaJbl: OJIOKOBBIM KBapll, WHOTIA
pO30BaTONl OKpPAacKW, MHUKPOKIHMH, KPYMNHOIUIACTUHYATBIA MYCKOBUT, KPHUCTAJUIbI
TypManuHa (1epia) pasmepom a0 15-20 cM 1o YAJUMHEHUIO, PY3bl U KPUCTAILIBI
rpaHara NSATHUCTOW OKpAacKd. PyaHble MuUHEpaibl NPENCTaBICHbI IIACTUHYATBIM
KOJIyMOUTOM U KpPYIHBIMH KpHUCTaulaMu Oepuilia 3eJeHOBAaTO-CEpON OKPACKHU
pasmepom 10 10 cM B ITONIEpEUHHUKE.

OcHOBHBIE WHIUKATOPBI OpPYJICHECHUSI: OJIOKOBBII MUKPOKJIUH,
KPYIHOIUJIACTUHYATBI ~ MYCKOBUT, KpUCTAUIBI Oepuiia, BBICOKas KajMeBas
miesiodHocth  (K,O/Na,0>2-3). MecropoxieHus pa3padaTblBalluCh Ha KyCKOBOE
MUKPOKJIMHOBOE ChIphE, MPUTOHOE JJII KEPAMUUYECKOW MPOMBIIUICHHOCTH. Takxke
OHO OTpadaThIBAJIOCh CTAPATEIISIMU C IIEIbI0 U3BJICUEHUS KPYITHBIX OCpPUIIIOB.

Dopmayus peoKkoMemailbHblX ne2mamumod OTHOCUTCS K BEAYIIEMY THITY
peaxoMeTraiuibHOTO opyaeHeHus: Kanba-Hapeima (Ta, Be, Li, Sn u ap.). TunoBeimu
MPENICTaBUTENISIMU SIBIISIIOTCS MecTopoxaeHus: bakennoe, KO6uneiinoe, benas ['opa u
np. B usydyenue »atux o0bekToB Oonbmiol Bkiaa BHecnau FO. A. Caporckwmii, B. @
®unnunos, B. W. Ky3nenos, H. A. CononoB u ap. IlerMatutoBsie MECTOPOXKACHUSA
COCpeoTOUYeHbI B OCHOBHOM B LleHTpansHo-KanOuHCKoM pyIHOM paiioHe B TIpeieax
AcyOynakckoro, OrHeBcko-bakenHoro u benoropcko-baitmyp3uHCKOro pyaHbIx
IIOJIEV, KOHTPOJIIMPYEMBIX CUCTEMOM IIMPOTHBIX PAa3JIOMOB PETMOHAIBHON PAHTOBOCTH
[73,c. 137].

[lermMaTuThl MPOCTPAHCTBEHHO W TeHeTHdecku (/IpIUkoB M 1p.) CBSI3aHBI C
rpaHurouiaMu  KaiOuHckoro — kommuiekca  (Py)  chopmupoBaHHBIMM B
MOCTKOJUIM3UOHHON OpPOTEHHOM TeoJuHaMu4eckoil oOctaHoBke [73, c. 137].
[IpeapinymuMu  MCCIEOBAHUSIMU  OblJla  YCTaHOBJEHA MPOCTPAHCTBEHHAS W
reHETHYECKasl CBS3b IVIaBHBIX THUIOB IermaTutoB llenTpansHoii Kanbwr (bakennoe,
OrueBka, benmas Topa, FOOuneiinoe u ap.) u Mecropoxaenuit Touka, Ammaid,
AXMETKHHO K CpeIHE-KPYITHO3EPHUCTHIM TOP(PUPOBUIHBIM OMOTUTOBBIM TpaHuTam I
¢da3pl KAIOMHCKOTO KOMIUIEKCa (KOHTAaMUHUPOBAHHBIC TPAHUTHI, TPAHOAUOPHUTHI JIp.)
HOPMAJILHOTO TIETPOXUMHUYECKOTO psisia, u3BeCcTKOBO-menouHoi cepuu. Co 11 dazoi
KaJIOMHCKUX JICHKOKPATOBBIX JBYCIIOASHBIX TPAHUTOUIOB CBS3aHBI IETMATHUTHI
mectopoxaennii Kpapuesoe (CeBepo-3anaanas Kanbda) u Axmerkuno (B Kaporoun-
Capniozekckoii 30He LlenTpansHoit KanOsbl.

CramuitHoe pa3BUTHE PYAHOTO MPOLECCAa BBIPA3UWIOCh B  30HAJBHOM
pacnpeneneHnd MUHEPAJIbHBIX KOMIUIEKCOB OT [62, €. 37| OJIMTOKJIa3-MUKPOKIMHOBBIX
(6e3pymHBIX) A0 MHUKPOKJIWH-aJIbOUTOBBIX C OEpPUIUIOM U TaHTAIUT-KOJIYMOUTOM;
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KBapl-aJbOUTOBBIX C OEpPUIIOM, €IMHUYHBIMU KPUCTAJUIAMHU TAHTAJIUTA U PEIKUM
CIIOJyMEHOM; KBapIl allbOUT-MYCKOBHTOBBIX (TPEU3EHOBBIX) CO CIIOMYMEHOM,
JETUAOTUTOM; aThOUT-CIIOMYMEHOBBIX [62, ¢. 137] 1 KBapI-aIbO0UT-IEMUIOTUTOBBIX
KaK B Mpejienax pyaHbIX palOHOB, TaK U KPYIHBIX PYAHBIX MOJICH.

JIns merMaTuTOB XapakTEpHbI MHTEHCHUBHBIE MPOIIECCHI METACOMATUYECKOTO
3aMenieHus (MUKPOKIMHU3ALUS, albOUTU3AINS, MYCKOBUTH3ALIMS, CIIOYMEHU3AIIUS
Y OKBapIl€BAHUE HECKOJIbKUX FeHEpaInii), IBETHbIE MUHEPAJIBI (JICTTUAO0TUT, pyOSILIIHT,
BEP/CIIUT, WHJIUTOJUT), JIMTUEHOCHbIE U I[€3MEHOCHBIE MHUHEPAJIbHBIE KOMILIEKCHI
(cmogyMeH, aMOJIUTOHUT, MOJUTYIUT, KJIeBeNaHAUT u 1p.). llo pe3ynbratam
MHUHEPAJIOTrHYeCKOr0 M3y4YeHHUs BBISIBICHO OOJIbIIOE pa3zHOooOpa3ue TaHTaJIOHOCHBIX
MUHEPAJIOB (TaHTAJIUT-KOTYMOUT, MAHTaHOTAHTAIUT, UCKCUOIUT U MHUKPOIUT). [lo
MUHEPAJOTHYeCKUM TMoKazarensiM merMatuthl Kanlbl Onu3ku K 3apyOexHBIM
MerMaTUTOBBIM MecTopoxkaeHusiM: bepuuk-Jletik (Kanana), Koxrorain (Kwurait),
3umba6Be, Konmoropcekoe (Poccust) u nip.

[maBHbIE pynHBIE MHUHEpaibl: TaHTATUT-KOJIYMOUT, O€puill, CHIOAYMEH,
MOJUTYIUT U KaccuTepuT. CpeaHee coaep:KaHus peIKUX JIEMEHTOB B TPOMBIIIIIEHHBIX
pynax cocrasisiet: Ta (125 r/T), Nb (117 r/1), L1,0 (0,1-0,3 mac. %), Sn (0,06 mac. %).
Ha skcrmyatupyeMbIXx MecTopoxaeHUIX JaHHOM ¢popmanuu (bakennoe, FOOuneiiHoe,
benas Topa, OrueBka) mpu MOJCYETE 3aMacOB YUYUTHIBAIMCH BCE KOMIIOHEHTHI, HO
MPAKTUYECKU MPU MPOU3BOJICTBE MOTyYaIl TOJIBKO TAHTAJ U OJIOBO, OCTAIBHBIC PY/IbI
yxonuiu B xBocThl (Li, Cs u ap.).

Dopmayus  peoKOMemailbHblX  Ne2Mamumos,  JOKAIUIVIOWUXCS 8
mexkmonu4ecku ocaiabiennwvlx 3onax [98] enympu daex 2ab6po-0uopumos KyHyucko2o
KoMnjiekca. JTa Pa3HOBUJIHOCTb PEIKOMETAUIBHBIX IETMaTUTOB OTJIWYAETCS OT
BBIIICONUCAHHBIX TOBBIIIEHHBIM COJEP)KAaHUEM B pPyJax JIMTUSA U OTHOCUTEIHHOU
oenHocthio penkumu dnementamu (Ta, Be, Sn, Cs). Takue nTUTHEHOCHBIC aTLOUT-
CIIOIyMEHOBBIE  TEerMaTUThl  cocpenotodeHbl B KaporomH-Capblo3eKCKoit
TEKTOHMYeCKH ociabneHHon 30He LlenTpansHoit KanObl. CaMbIM KpyIHBIM SIBJISIETCA
MECTOPOXKJIeHHE AXMETKHUHO, WU3BECTHBI TaK)Ke MEPCIEKTUBHbBIC PYAONPOSBICHUS
Kene06ait, Annaii, Touka, Mensenka u p. Ha psine oobextoB (Annaii, Touka, Menpenka
U 7p.) TErMaTUTOBBIC >XWJIbI MUKPOJIMH-AILOMTOBOTO M alIbOUT-CIIOYMEHOBOTO
COCTaBa U30MPATENIbHO JIOKAJIN30BaHbl B TEKTOHUYECKU HAPYIIEHHBIX JTAaHKOOOpa3HbIX
Tejaax IJIarMOrpaHUTOB M TPaHOAMOPUT-Nopdupax KyHyuickoro komiuiekca (Cs) c
oOpa3oBaHHWEM CTPYKTYp JIECTHUYHOTO THUMNA. MuUHEpaIbHBIA COCTaB: OepuL,
CIIOJyMEH, TONYIUT, aMOJIMTOHUT, IIBETHbIC TYPMaJHMHbBI, TAHTAIUT, KOIyMOuUT. 1o
MpEBAPUTEIBHBIM JIAHHBIM HW3y4aeMble OOBEKTHI MOTYT HMMETh MPAKTHYECKOE
3HAQYEHHE B KQUE€CTBE NCTOYHUKA JINTUEBOTO CHIPhS U 3aCIY>KUBAIOT JIOMOTHUTEIBHON
orieHKH. bosiee neranbHas X XapaKTepUCTUKA MPUBOAUTCS B pazzenie 3.

Dopmayus  KAMEPHBIX _ XPYCMANEHOCHbIX _Ne2Mamumog  BBIIEISETCS B
Hynranunckom maccuBe CeBepo-3anaanoi KanObl, ClI0)KeHHBIM KPYITHO3EPHUCTBIMU
JICMKOKPATOBBIMU TpaHUTaMU MOHACThIpcKoro komiuiekca (P2). PymomposiBienus
MpeACTaBICHbl IErMaTUTOBBIMU THE3JIaMU U30METPUYHOM U JIMH30BUIHON (DOPMBI U
KBapI[ MOJICBOIIIATOBLIMU KUJAMHU, Pa3BUTHIMHU B SHJIOKOHTAKTaX M alHUKaJIbHBIX
30HaX TPaHUTHOrO MaccuBa. llerMaTuUThl XapakTEepU3yIOTCs OJOKOBBIMHU KBapIl-
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MUKPOKJIMHOBBIMUA U KBapl-MUKPOKJIMH-MYCKOBUTOBBIMU MHUHEPAJIbHBIMU THUIIAMHU.
OCHOBHBIE MUHEPAJIBI - TOPHBIA XPyCTallb, MOPHOH, MUKPOKJINH, (DIIFOOPUT U OPTHT.
N3BecTHBIE 00BEKTHI HEOOJBITUE, TIPUTOIHBIC ISl CTAPATEIHCKOW OTPAOOTKH.

Bonee mmpoko kaMepHbIe XpyCTaI€HOCHBIE METMATUTHI MPOSIBJIICHBI B MACCUBE
Axxainsgy 3amagHod KanObl, CIO0KEHHBIM MOPOAAMHU  IIEJIOYHOTPAHUTOBOM
dbopmanmu. 37€Ch OTMEYAIOTCS XPYCTAICEHOCHBIE MTETMATUThl JTUH30BUIHON (DOPMBI,
coJiepKalue KpymnHble KpUCTaUIbl AIMYATOTO KBapla (payxTomnas), MOPHOHA, PEAKO
uuTpuHa. [lermMatuThl XapakTepU3yOTCs 30HAIBHBIM CTPOEHUEM, C TPUYPOUEHHOCTHIO
XPYCTJICHOCHBIX MMETMAaTUTOB K TPAHUIIE KPYITHOTO KBapIEBOIO 5A/Ipa MOLIHOCTBIO JI0
1-5 M. MecTopoxaeHre UMeNI0 TPAKTHYECKOE 3HaYe€HUe, OTPad0TaHO C MOBEPXHOCTH.

B JlenbOerereiickom rpaHuTHOM MaccuBe 3amaaHod Kanlel  mmpoko
MIPOSIBJICHBI, MUAPOJIOBBIE IYCTOTHI B BUJI€ CTOI0000pa3Hoi hopmbl (pazmepom 110 20-
50 cM B mONEpeYHHKE W BUAMUMOW ITyOMHOI Oosiee 1M), BBIIOJHEHHBIE PBIXJION
TPAaHUTHO-TIIMHUCTON JpecBoii. B HuX oTMmedaroTcs UAUOMOpP(HBIE KpPUCTAIIIBI
MOpHOHA, MHUKPOKJIMHA C HApOCTaMU MEJIKUX KpPHUCTAJUIOB TOMa3a, JIBOHUKOBBLIC
KpUCTAJUIBl TypMaJiiHa (1Iepiia), KPYyMHOIJIACTUHYATOTO CEpeOpUCTOr0 MYCKOBHTA.
Yacto BcTpevaroTcsi O€CBETHBIE KPUCTAILIBI TOIA3a, PEIKO KPUCTAJIIBI TPO3PAYHOTO
Oepuiuia 3eJ€HOBATOM OKpPAcKH. 37€Ch M3BECTHBI IPE3E€HOBO-KBAPLIEBO-)KUIIBHBIE U
TUJpOTEpMaJIbHbIE KBAapLIEBO-KWIIbHBIE pyaonpossieHus (Apkar, W3ympynHoe,
KO6uneitnoe Oxts0ps, Manbsie Kapacy u 1p.), uMeroniye CXOAHbI MHHEPATbHBIN
COCTaB C MHApOJIOBBIMU OOpa3oBaHUAMH (TypMaiuH, (PIIOOPUT, MYCKOBHUT, TOMA3,
Oepuil, U3yMpYIl, aKBaMapHuH, KaCCUTEPUT | Jp.). [loaTomy n3yueHue MUapoIOBbIX
MUHEPAJIIOB HMMEET IIOMCKOBBIE 3HAUEHHE U JOJDKHO YYHUTHIBAThCA B IIPAKTUKE
re0JI0ropa3Be/IouHbIX PadoT.

Anvoumum-epelizeHosas 010680-manman _aumuesas gopvayusi OTHOCUTCA K
HETPAJULIUOHHOMY BHEIETMAaTUTOBOMY THUIy PEIKOMETAIUILHOTO OpYIAEHEHUs,
nposisiieHHoro B Kanba-Hapeimckoit 3one (Kapacy, TopTkanmak, ATIOrpaHUTHOE U JIp.)
u B Upteiuickoii 30He cMatust (HoBo-AXMHPOBCKOE MECTOPOXKIIEHUE). DTU OOBEKTHI
M3YyYaJuCh B MPOIILIbIE TOJbI, HO MPAKTUYECKask 3HAYMMOCTb MX MOKa HE OINpeesicHa.
HNHTepec k JTaHHOMY THUITY OPYJICHEHUS POSIBUIICS B CBSI3U ¢ OOHapy»)eHueM B [opHOM
AnTae MecTOpOXAeHUs AJiaxa, MNPEICTABICHHOTO PEIKOMETAIbHBIMU albOUT-
CIOIyMEHOBbIMU TpaHuT-niopupamu (Li, Ta), a Takxke ¢ Bo3pociie moTpeOHOCTHIO
PEIKUX METAJJIOB HA MUPOBOM PBIHKE.

B Kanba-Hapeimckoit 30He pymoHocHble [99] anpOUTUT-rpeii3eHOBBIC
METAaCOMATUTHl PA3MEIIAIOTCA B HAJUHTPY3UBHBIX 30HAX W alHUKaJIbHBIX YaCTIX
CKPBITBIX TPAHUTHBIX MaccHBOB KanmOmHckoro komruiekca (Kapacy, llypyk, Maro-
UepHsiBUHCKOE W Jp.), @ TaKXe MPOSBICHbI B WX DHJIOKOHTAKTaX M amnoduzax
(AnorpanutHoe, YeOynawi). OpyleHEeHHE TMPEACTABICHO MHUHEPAIN30BAHHBIMU
30HaMM, IITOKBEPKAMH M KBAapLUEBBIMHU >XWiaMu. OCHOBHbIE PYyAHBIE MHUHEPAJIbI:
TaHTAJIUT-KOJTYyMOUT, K COMYTCTBYIOIIUM OTHOCSITCSI KBapll, ajdbOUT, JIMTUEHOCHBIN
MYCKOBUT, (roopuT u TypMmasnH. Ha mectopoxknennun Kapacy mpoayKTHBHBIMU
SBJISIIOTCSI KYTOJla CO 3HAUMTEBbHBIMU MPOTHO3HBIMH peCypcaMM TaHTaja M OJIOBa.
NmMeroTcest peKoMeHIaluK 1o JalbHEUIIeH OlleHKEe JaHHOTO O0OBhEKTA.
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I pynna epetizenoso-ksapyesodicunvubix popmayuti. B Kanda-HapbiMckoii 30He
W3BECTHHI MHOTHE MEIIKHE MECTOPOXKICHUS M PYJAOMPOSIBICHHS 0JI0Ba U BOJIb(pama,
KOTOpbIE B TIPONUIBIE TOABI pa3padaTeiBayiich mnpeanpusatusmu Kanba-Omoso,
Yo6apenmer u ap. [IpocTpaHCTBEHHO MECTOPOXACHUS pa3MmerniaroTcs B [{enTpanpHO-
Kanbunckom patione (Ilamarmpr, Ko3nosckoe), Ceepo-3anmamgnoii Kanbe (Kaunmsr,
HoBokaunasl u np.), lllynsounckom paiione (Koxxankynb, CTenmaHOBCKOE U Ap.) U
Hapeive (UYepnosik, HoBast Touka, TepekTuHCcKOE U 1Ip.).

PaccmarpuBaeMble  OOBEKTBI ~ XapaKTEPU3YIOTCS  MPOCTPAHCTBEHHOW U
TCHETUYECKOH CBS3BI0O C TpaHUTAMU KaJOMHCKOrO KoMmiuiekca [62, c¢. 36],
KOHTPOJIMPYIOTCS. aBTOHOMHOM CHCTEMOM TPEIIMHOBATOCTH IPAHUTOB U TPEIIUHHO-
Pa3phIBHBIMHU CTPYKTYypaMH, ONEPSIOIIMMU 0o0Jiee KPYyIHbIE PErHOHANIBHBIE PAa3IOMBI
HIMPOTHOTO U JPYTUX HampamieHuil. PynHble Tena mpencTaBlieHbl T'PEH3eHOBBIMU
IITOKBEPKAaMHU, 30HaMU M KBaplUeBbIMU Kujamu. I[IpeoOnamaioT KaccuTepuT-
BOJIb()PAMHUTOBBIN 1 KACCHUTCPUT-IIICCIUTOBBIN THUIBI OopyaeHeHus. Cpemud pyIHBIX
MUHEPAJIOB MPeo0IaIatoT KAaCCUTEPUT, BOIb(OPAMUT U LICETUT, HAPSAY C KOTOPHIMU
YaCcTO BCTPEYAIOTCS MUPUT, apCEHOMUPUT, (IIOOPUT, TypMaIUH U MYCKOBHUT U JIp.
Conepxxanue Sn u W B pylax HEBBICOKHE (MEpBBIE 07U TIpolieHTa). [IpakTuueckoe
3HaYeHUE JaHHOW (Qopmanuu HEOOJbIIOE, HO B LEJIOM OHU OTPAXKAIOT
METAUIOTCHUYECKYIO CIEIHaIN3alNl0 KaJOMHCKUX TPAaHUTOUJOB Ha OJIOBO H
BOoJIb()paM. 3a cUeT pa3pylICHUS KOPEHHBIX MECTOPOXKJICHHIN 00pa30oBaIuCh MHOTHE
POCCHINH KaCCUTEPUTA, BOJIb(paMUTA U II€ETUTA, B OCHOBHOM OTpabOTaHHBIE.

[IpakTuyeckuii  WHTEpPEC MPEACTABISIOT  TPEU3EHOBO-KBAPIICBOKUIBHBIC
NpOsBIICHUA BOJb(paMuUTa ¢ KAaCCUTEpUTAa THUIA MHUHEPATU30BAHHBIX 30H,
c(hOPMHUPOBAHHBIX B HAJAUHTPY3UBHBIX 30HAX CKPBITHIX TPAHUTHBIX MAaCCHUBOB U
JIOKaJIM30BaHHBIX B METaMOP(HU30BAHHBIX CIaHIAX TaKbIpcKoi cBUTHI (KannauHckoe
pYIHOE TOJe, a TaKXe TEePPUTOPHAIBHO AaCCOLIMUPYIONIUNE C TUIarUTPaHUTAMU
KyHYIICKOTO KoMIuiekca (Yepaosk).

I pynna cudpomepmanvruix popmayuii. imeet Hanbonblliee pacnpocTpaHEHUE
B KanbGa-Hapeimckoii 30He. IlpencraBieHO MENKMMHU — OJOBOBOJIb(PAMOBBIMU
MECTOPOXKJICHUSIMA U PYAONPOSBICHUSIMUA, B U3YYEHUU KOTOPBIX OOJBIION BKIaja
BHecu b.H. Epodeer, H.K. Mopo3zenko, C.JI. Konuakos, C.I'. IllaBno, I"H. [llep0a u
npyrue. PaccmarpuBaeMbie 00BEKTHI SBIISIFOTCS pa3HOBO3PACTHBIMU 0O0pa30BaHUSIMU,
TEeHETUYECKU CBS3aHBI C 3aKJIFOUYUTEIbHBIMU CTaIUsIMU (DOPMUPOBAHUS TPAHUTOUIOB |
¢da3bl 1 rpaHuTOB I KaTOMHCKOTO KOMIUIEKCA, a TAK)KE Ha 3aBEpPIICHUU CTAHOBIICHUS
JICHKOTPaHUTOB MOHACTHIPCKOTO KOMITJIEKCA.

Mecropoxaenue Yyockoe SBISETCS THUIMUYHBIM IIPEACTABUTEIIEM OJOBSHHOMU
dbopmaruu.  Pacmonmoxkeno B Bocrounoit Kanbe, B IleHTpalbHOW YacTH
Mupomato00BCKOTO TPaHUTHOTO MacCHBa. |EHETHMYECKH CBA3aHO CO CpeaHe-
KPYIMHO3EPHUCTHIMUA ~ MOPGUPOBUAHBIMA ~ OMOTUTOBBIMH  TpaHuTtamu | assr
KaJIOMHCKOTO  KOMIUIeKca. IIpencTtaBieHO  KBapll-KaCCUTEPUTOBBIMU  SKHJIAMH,
KOHTPOJIUPYEMbIE€ CEBEPO-BOCTOUHBIMH Pa3phIBHBIMHU HapylieHUsIMHU. OCOOEHHOCTHIO
SABJISIETCS ~ CTQIUMHOE  Pa3BUTHE  OJIOBOPYAHBIX JKWJI W  OPEKYUPOBAHHBIX
MUHEPAJIU30BAHHBIX KBapI-TYPMAJIUHOBBIX 30H C KacCUTEpUTOM. [J1aBHBIE pyIaHBIC
MUHEPAJIBI - KACCUTEPUT U APCEHOITUPUT, C KOTOPHIMU aCCOIUUPYIOT TUPUT, (IIFOOPHT,
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TYPMQJIMH M XaJIbKONUPHUT. B CBSI3M CO 3HAUUTENBHOM JAEHYAALMEHd TPaHUTHOIO
MacCHBa MEPCIEKTUBBI MECTOPOXKICHHS OTPAHUYEHBI.

Ksapueso-sicunvnuas  onososonvgpamosas gopmwayus. IlpencraButensiMu
ABIAIOTCS Menkue mectopoxkiennsa Kapam n Komcomonsckoe (Bocrounas Kainba),
Jlenunckoe (Happim). OmnpeneneHa HMX TE€HETHYECKas CBS3b CPEAHE3EPHUCTHIMU
MYCKOBUTHU3UPOBAHHBIMH  TpaHUTaMH  KajdOWHCKOro  Komruiekca [ ¢asbl,
comocTaBisieMble ¢ TUTUi-propucteiMu rpanuTamu o B.M. Kosanenko. Opynenenue
OTHOCHUTCS K KBapI-TFOOHEPUT-KACCUTEPUTOBOMY THUIY (C MYCKOBHUTOM, IOJIEBHIMU
mnaram, (QIIOOpUTOM M apCEHONMMPUTOM). [TaBHbIE pyAHbIE MUHEpaibl -
BOJIb()paMUT (THOOHEPUT), KACCUTEPUT U apCCHONMHUPUT. B TroOHEpUTEe cojepkaHue
WO; -72,56, MnO — 15,74, npumecu - Ta, Nb, Sn, Li, Rb, Cs, kpucramisl ero
3aMeIaloTCs IEeTMTOM U MAHTOHUTOM. KacCUTepuT CBETI0-KOPUYHEBBIN OKPACKH (B
accolMaly ¢ TIOOHEPUTOM U IIEETUTOM) OTMEYAETCS B TIPEU3ECHU3MPOBAHHBIX
y4acTKaxX KBaplEBBIX KWI. MeCTOpOXKI€HUs MPAKTUYECKU OTPAOOTaHBbI.

Keapyeso-scunvnas  sonvgppamosas gopmayus 1MWHUPOKO TMPOSIBICHA B
KPYIHO3EHUCTBIX JIEMKOKPATOBbIX TPAaHUTAaX MOHACThIpckoro komruiekca (P»),
oOpaMJISIOIIUX B BUJAE TPEIIMHHBIX MIMTOOOpa3HBIX Ted MUpPOIIOOOBCKHI MacCHUB.
OTO TrpaHUThl JEHKOKPATOBOIO OOJMKAa C XapaKTEPHBIMH KBapl-TypMajIMHOBBIMH
rHe3namu (10 10-15 cm B nonepeunuke), nepeceiiiensl Si0,, Al,Os, xapakTepusyroTcs
TIOBBINICHHON KaJIMEBOM IIEIOYHOCTRIO U ITIOM3UTOBOM armantHocThio (Ka=0,8). I1o
T€HETUYECKOMY TUITY OJIM3KH K pEIKOMETAIUIbHBIM Jielikorpanutam (1o JI.B. Taycony,
1976).

@opmanuss NpeACTaBI€HA MHOTMMH  MEIKHMMH  MECTOPOXKICHHUSIMU H
PYIONPOSIBICHUSAMHU, pPa3BUTBIMU B DJHJOKOHTakTax MHpPOIOOOBCKOIO MaccHBa
(bompmeBuk, ®ypmanoBckoe, Bocrounoe, Poza JlrokcemOypr u np.). s Hux
XapakTepHa IUIMTOOOpa3Has ¢opMa KBaplEBBIX JKWJ, YCTOMYMBBIA KBapIil-
apCEeHONMUPUT-TYPMATHH-BOJIB(PAMUTOBBIA MUHEPAJIbHBIN cocTaB. [ TaBHBIN pyaHBINA
MUHEpaa BOJIbPPAMUT NPEICTABIEH KPYIHBIMU KPUCTAJIJIAMHU U THE3AMU B JIECSTKU
Kr. [lo XxumMHueckomy cocTaBy, B OTJINYUE OT JIPYTUX MECTOPOXKJIECHUN, OTHOCUTCS K
*Kene3ucTon pasHoBuaHOCTH - hepOeputy (FeWO,4-80,9 u MnWO, — 19,1 mac. %).

VYcTaHOBIEHA MPEEMCTBEHHOCTh MHMHEpAIU3alMKU PYAHBIX Tell (TypMauH,
apCEHONUPUT, BOJb(PPAMUT, IIECETUT) OT COCTaBA JIEUKOTPAHUTOB, UTO SIBISETCS
BEIYIIUM I[IOKa3aTelieM UX pOJCTBAa. B reomornyeckoMm IMiiaHe yCTaHOBWIM Ooiee
MO3THUM BO3PACT JlaeK rab0po-1naba3zoBOro CoCTaBa MHPOIOOOBCKOTO KOMILIEKCA,
NepeceKaroX pyIaHble KBapI-BOJIb(PPAMUTOBBIE KUJIbI, YTO SIBISETCS pPETEPHBIM
oObekTOM B cxeme Marmaru3ma KanbOel. MectopoxaeHue BombIieBUK 4YacTUYHO
oTpabaThiBasioch. [lepCreKTUBBI CBSI3BIBAIOTCS C JIOM3YYEHHEM FOKHOTO (prlaHTa Ha
yuactke CepkeOynax.

W3noxkeHHass Kparkas XapakTepuThka cuctematuku ¢opmarnuii  Kanba-
HapsIMCKO 30HBI OTpa)kaeT JBOJIIOLUI0 I'PAaHUTOMIHOIO Marmaru3ma U CTaJuiHOe
Pa3BUTHE PEIKOMETAIUIBHOTO OPYAEHEHHUs, FTEHETUYECKU CBSI3AHHOTO C Pa3IMYHBIMU
WHTPY3UBHBIMU KOMILJIEKCaMu M (a3zamu. BreigeneHHble Beaylne THUIMBI PYIHBIX
dbopmanii 1 MECTOPOKACHUN OTIMYAIOTCS MO BO3PACTY, T'€OJIOTMYECKUM YCIOBUSM
dbopmupoBaHus U crielUpUKUA METALIOTCHUH.
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[maBHBIM MPOMBINIIIECHHBIM TUIIOM OpyAeHeHus B npeaenax Kanba-Hapbeimckoi
30HBI SBIISIETCS Ne2Mamumosslii manman-onossanHuli peoxoujenoynot (Ta, Nb, Be, Li,
Cs, Sn), mpeacTaBlICHHBIA PEIKOMETAIILHO-IIETMAaTUTOBBIMU MECTOPOKIACHUSIMHU
[entpansHoit Kanower (bakennoe, bemas Topa, IOO6uneitHoe u 1p.), KOTOpBIC
JUTMTEIbHOE BpeMs  pa3palaThiBaIMCh  benoropckum  ropHO-000TaTUTEIHHBIM
KOMOWHATOM, HO B HACTOSIIIEE BPEeMsI OHHM 3aKOHCEPBHUPOBAHEI [96, ¢. 174].

Ileemamumoswiti  manman-nuobuesvili TUN, OOBESIUHSIIOMNN  OJOKOBBIE
MUKpPOKJIMHOBBIE TIEIrMAaTUThl C KOJYMOUT-OCpUIIIIOBOM MMHEpATU3alMeH, TaKKe
MMeeT MPOMBIIIJIEHHOE 3HAYEHHUE JIJIs TIOTYyUEHHUs KyCKOBOTO MUKPOKIMHOBOTO ChIPbSI,
KBapia u MmyckoBuTa. [lermatuthl pazpadarsiBanuck bI'OKom (Huxuuit JlaitOynax).

On060-6801b(hpaMosbIll  2pel3eH0B80-K8APYEBONCUNbHBIL  TUIT  TIPEACTaBIICH
MEJIKUMHU OObEKTaMH, KOTOpbIE O0TpadarbIiBajIuCh npennpustusimMu «KanbaomnoBo» 10
1958 1. (pymaukm Kawnger, Ilanmarmer, Yepmosk u  ap.). IlepcrieKTUBHBIMU
MPEACTABISAIOTCS OOBEKTHI IITOKBEPKOBOTO TUIA B HAAMHTPY3UBHBIX 30HAX CKPBITHIX
TPaHUTHBIX KYTOJIOB.

Onogo-6onvdpamosolti  2UOPOMEPMATbHLIL — (KBAPYEBONCUIbHDBIN) — THII
XapaKTepU3yeTCsl MEJIKUMH TelaMu C KaCCUTEPUTOM, BOJb(PPaMUTOM U IIECEIIUTOM,
KOTOpbI€ pa3palbaThIBaiuCh B BOCHHBIE U IIOCIECBOCHHBIC TOABI, HO celyac He
MPEACTABIISAIOT MPAKTUYECKOTO HHTEpeca.

Onogo-maumanosviil  a1bOUMUM-2Pei3eHO8bIl  (AN0SPAHUMHbBIL) THUIT HAMU
paccMarpuBaeTCd ~ KaK ~ NOTEHUMAIbHO  MEPCHEKTUBHBII  HA  BBISBJICHUE
BHETIETMAaTUTOBOTO PEAKOMETAUIBHOTO OPYACHEHHSI B MPOMBIIUICHHBIX MaciiTadax
(tunt Kapacy).

On060-801b(hpamoswiii, peoKO3eMeNbHbIL U MUMAHOBLIU KIACMO2eHHble THUTIbI
OOBEIUHSIOT MEJIKUE POCCHINN KAaCCUTEPHUTa, BOIb(GpamMuTa, IIeeIuTa, MOHAIIUTA U
WIBMEHUTA, MHOTHE M3 KOTOPBIX SIU30AMYECKU OTpabarbiBainch. YacTh pocchlinen
MPUTOAHA JJISI CTapaTesIbCKUX PadoT.

Tanman-ono6auHbIll  KIACMO2EHHbIU TUIl  ABIAETCS HaubOosiee KpPYIMHbIM
IPOMBIIUIEHHBIM ~ 00beKkTOM cpean  pocceinet  Kanba-Hapeima.  M3BectHas
AcyOynakckasi poCChillb TaHTAJUTAa U KaCCUTEPUTA MOTHOCTHIO OTpaboTaHa, HOBBIX
MOKa HE OOHAPYKEHO.

6.2 T'eoxumuyeckass kiaaccupukanus nermarutoB Kasda-Hapbsimckoro
nosica

6.2.1 Awnanuz cnaidepepamm MUKPOINEMEHMHO20 COCMABA Ne2MAMUmMo8
Kanba-Hapuvimcroti 30161

N3BecTHO, uTO K peako3eMenbHbIM dnnemenTaMm (P39) otnocsar La, Ce, Pr, Nd,
Pm (B mpupozae He BcTpeuaercs), Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Ib, Lu, a unoraa
takke Y u Sc. P3D mnpunsaro paznmensate Ha ABe rpynnsl: jgerkux P30 (LREE),
BKJIIOYAIOIyl0 00bIYHO djeMeHThl oT La nmo Eu, um 1sxensix P35 (HREE),
BKtodaromyo anemMeHTsl oT Gd 10 Lu u Y. B oTeuecTBeHHON MNpakTHUKE WHOT/A
BBOJIUTCSI MPOMEXKyTOUHas rpynna cpenuux P39 - ot camapus 1o romemus. [pymmy
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nerkux P390 npuHATO Ha3bIBaTh LEPUEBOM, IPYNIY TSKEINBIX - UTTpUEBOW. ['paHuLIbI
MEK]ly TpPyIIaMH B pa3HbIX HICTOYHUKAX MOTYT BapbUPOBATh.

CornacHO OOMIECTIPUHATON MEXKIYHAPOMHON KiIacCU(UKAINK, TPAHUTOUIHBIC
nermMatuthl nensarcs Ha 2 cemeiictBa LCT (nmtuit-nie3uit- tantanoBeie) u NYF
(HHOOUH-UTPHUI-PTOPUCTHIC) TIO CONEPIKAHUIO MUKPOIIEMEHTOB, COCTABY U T€HE3HCY
MaTEPUHCKUX HHTPY3UHA, TCOAUHAMUYECKHM OOCTaHOBKAM OOpa3oBaHUs, KaK OBLIO
onucaHo B [nase 5.

CewmeiictBo mermatutoB LCT oboramieno B, P, Li, Rb, Cs, Be, Sn, Ta u Nb, npu
stoM Ta>Nb. MaTepuHCKUMU TOpOAAMH IETMATUTOB 3TOTO0 CEMEMCTBa SBISIOTCA
rpaHuThl S U | — TUNIOB B OONBIIMHCTBE ciiydaeB anureHetndyeckue. Cogepxanue P39
o6b1yHO HHU3K0e, ¢ LREE B 100-10 pa3 mo cpaBHeHuto ¢ xouaputorsiMu [100, c. 127].

s cemeiictBa NYF ormedeno Nb> Ta, noBsltienHbie conaepxkanus Ti, Y, Sc,
REE, Zr, U, Th, F. MarepuHckue TpaHUTHbIE TOPOJbI TaKXKE MOTIYT OBITh
MErMaTUTOBBIMU TI0 MPOUCXOXKJICHHUIO; ITO CEMEMCTBO MErMaTUTOB YacTO SIBISETCS
cunrenernueckuMm [100, c. 127; 101, 102]. Conepxxkanue P33 B guanazoHe oObIYHO
oborameno B 100-800 pa3 mo CpaBHEHUIO C XOHAPUTOBBIMU HOPMAJIM30BAHHBIMU
COJIEPKAHUSMHU.

Ycranosieno (Martin&De Vito 2005; Guastoni et al., 2009), uto LREE, kak
MpaBUIO, MPE0OIATAI0T B MEPIIETOUYHBIX armauToOBbIX MerMaTtuToBbix cButax LCT
rpanutoB S u [ Tuma, torna kak HREE sSBIAI0OTCS BaKHBIM KOMIIOHEHTOM NETMAaTUTOB
NYF, cBa3annsbix ¢ rpanutamu [ u A-tuma [100, c. 127; 103, 104].

Jlanupie 1O 91eMeHTHOMy cocTaBy mnermartutoB Kanba-HapsiMckoro
peaxometauibHoro nosica (KHIT) moiyuens! nmo pe3ynbrataM XUMHUYECKUX aHAJIM30B
ICP-MS. B mnpenenax KHII Obimu mpoaHanu3upoBaHbl oOpasiibl METrMaTuTOB U
OCHOBHBIX PYI000pa3yIolIUX MUHEPAIOB C Pa3HON T€OXMMHUYECKON Crieain3auei
B [lenTpansHoii Kan6e (LK) (6onee 60 oOpasnoB) B npeaenax OrueBcko-bakeHHoro
pyaHoro mons (MectopoxiacHus bakeHHoe), AcyOylakCkoro pyaHOTO —TMOJs
(mectopoxkaenust FOouneitnoe, Kapmen-Kyyc, Kpacnsiii Kopon) u mectopoxxaenus
AXMETKHHO. bb 0TOOpaHbl TPOOBI U3 NTErMaTUTOB, AILOUTUTOB, ciogymena, KITIII,
myckoBuTa Kaparoun-Capsrozekckoro pyanoro noist (KC) (mectopoxaenue Touka,
Annaii, Mensenka) (35 oOpasion), HapeiMckoro (MmectopoxaeHue Yepaosk) pyaHoro
nosist (22 oOpasiia).

JIns cpaBHEHUSI PYAOHOCHOCTHM TPaHUTOMJAHOTO MarmMaTu3ma B 3amajHo-
Kan6unckom mosice (3K) orobpanbl u mpoananusupoBanbl nermarutbl, KIIII u
MyCKOBUTHI JlennbereTeiickoro Maccuaa.

Tako¥i MUPOKUI BHIOOP MErMaTUTOB TMO3BOJHII YCTAHOBUTH T€OXUMHUYECKYIO
CHEUHUAIA3ALNIO IETMAaTUTOB, OTHECTH UX K CEMEMCTBAM, THUIIaM U TTOJTUIIAM COTJIACHO
OOIIETPUHATON TEOXUMUYECKOM Kinaccudukanuu, npemioxkenHoit Cerny (1991) u
ycoBepieHcTBoBanHOM Cerny&Ercit (2005) [105; 106, c. 2006].

Kiaccel, moakiacchl U TUIBI IETMAaTUTOB ObUIM BBIJIEJIEHBI B COOTBETCTBUM C
FCOXUMHUYECKOM KOHUENUMEN JJIsI TETPOTCHETUYECKUX CEMEUCTB IMErMaTUTOB,
cootBeTcTBeHHO NYF u LCT Tumnos u npeacrasieHsl B noamase 6.2.2.
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6.2.2 OcHosHble K1accughukayuorHvle xapakmepucmuxu neemamumos Kanoa -
Hapvima

Ha ocnoBe mnomydennbix nansbix (Ilpunoxenuwe E, JK) mermarutsr Kanba-
Hapsima ObUTH OLIEHEHBI C HCTIOTH30BAHUEM PA3TMYHBIX TEOXUMHUYECKUX KPUTEPUEB U
pEINpe3eHTAaTUBHBIX AUArpamM, Kak Mo pe3yiabTaTaM F€OXMMHYECKUX XapaKTePUCTHUK
COOCTBEHHO NErMATUTOB, TaK M C MCIOJIb30BAaHUEM JAHHBIX IO COAEpPKAHUE TPEUC -
aneMmenToB B cimronax u KIIHI. Kak m3BectHo, nermarutel Kanba-HapbiMckoil 30HBI
COCPEIOTOYEHbl B TMpeAeNiax pPYIHbIX TMOJed W NpUypodeHbl K JBYM (azam
I'PaHUTOUIOB KAJIOMHCKOTO KOMIUIEKCA U JIEMKOTpaHUTaM MOHACTBIPCKOTO KOMILJIEKCA.
Hwuxe npuBeneHa Kparkas XapaKTEPUCTUKA T€OXUMUU MUKPOIJIEMEHTOB M3BECTHBIX
PYIHBIX TOJIEH.

[Termatutel IlentpanbHo-Kanbunckoro paiiona Kan6a-HapeimMckoro mosica
COCPENOTOYEHBl B MpEIETIaX HECKOJbKUX PYIAHBIX TOJIEW W HMMEKT Pa3INYHYIO
FEOXMMHMUYECKYI0 M PYIHYIO CHEHHAIA3AlnI0. TeppuTopuanbHO CroAa BXOAAT
nermatuthl OrueBcko-bakenHoro, AcyOymakckoro, MOuneitnoro, benoropckoro,
AxmMetknHO, Bepxne-baliMmyp3uHckoro pyaHbix nosied. OHM OTHOCSTCSA, COITIACHO
reojioro-mpompinieHHoN  kinaccuukauuu b, JlpsukoBa, (IIpunoxenue JI)
pEAKOMETaNIbHOMY THIy W mpuypoueHsl K rpanurousaM I u Il ¢as3el kanOuHCKOTO
KOMILIEKCA.

Kaparonn-Capblo3eKCKHAI TErMAaTUTOBBIN PYAHBIA PAMOH CONEPKUT HECKOIBKO
PYOHBIX TIOJIEM, WMEKIIMX PEIKOMETAUIbHYIO CHenuanu3anuio. PyaHeie Tena
MErMaTUTOB TEPPUTOPUATIBHO PACIOJIOKEHBI B Mpelesiax TPaHOAHUOPUTOB TakK
Ha3bIBAEMOI'0 KYHYIICKOTO KOMIUIEKCA, HO TECHETUYECKHU CBA3aHbI ¢ TpaHuTonaamu I u
I da3pr kanbunckoro xomriuiekca. Croma BXOAST pyAHbIE TOJISA TMETMaTHTOBBIX
MECTOPOXKJICHUH U nposiBiieHUu Touka, AXmMeTkuHo, Anjail, Measenka u ap.

B ceBepo-3anangnoit uactu Kan6a-Hapeimckoit 3oub1 (CeBepo-3anannas Kanba)
COCPEOTOYEHHA TIpyIa [ErMarTuTOBbIX  MECTOPOXACHUH W IPOSABICHUN
PEIKOMETAJUIBHOTO THIA TEHETHUYECKH CBSI3aHHbIX C rpanurougamu Il ¢azbl
kasouHckoro komruiekca Keapueroe, HoBo-A3oBckoe u Jip.

bbun Taxkke m3ydeHsl mermMatuthl MectopoxaeHus Yepnosk (FOro-3amannas
Kanb6a, HapeimMckuii  maccuB), mNerMaTuThl  MecTopoxiaeHus [lenbOererei,
PaCIIOIOKEHHOTO B MO3THETIEPMCKUX TPAaHUTOMIHBIX MaccuBax 3amaaHoi Kanowl. Bee
ATU NPOSABJIIEHUS U MECTOPOKICHUS HAXOMATCS B Mpenesiax 3aiiCaHCKOW CKIIaI4aron
CUCTEMBl U TEPPUTOPHUATILHO PACIOJIOKEHBI B mpenenax Bocrouno-Kazaxcranckoro
peruoHa. Pe3ynbraThl HM3y4E€HHS] MHUKPOIJIEMEHTHOIO COCTaBa IPEACTABIEHBI B
[Tpunoxenun E, XK.

Ileemamumer  Ilenmpanvnou Kanbvr MOXHO  CTPyNIHpOBaTh IO  UX
CTPYKTYPHBIM,  TEKCTYPHbIM W  MHHEPAJIOTMYECKUM  JaHHbIM.  AHanu3
MUKPOAJIEMEHTOB TETMAaTuToB FOOunelinoco pyoHo2o nois OBIT ONPENEICH C
MCITIOJIb30BaHKEM 00pa3loB U3 nermMarurta B kpaeBoil yactu nosst, KL u myckoBuTa
U3 KPAEBBIX U [IEHTPAJIbHBIX YACTEH PYTHOTO MOJIS.

Cpennee conepxxanue Ga coctasiusier 94.9 ppm (15,95-198,1 ppm), nipu 3Tom
MakcumanbHble 3HadeHuss umeror KIIII or 83,3 nol198,1; KIIII 15,59 ppm;
nermatuta- 26,97 ppm. Conepxanue Ba 19,24-366,5 ppm, npu MakCuMyMe B KPaeBbIX
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nerMarutax 366,5 ppm u MuHUMyMe B MmyckoBute — 19,24 ppm. Konnuectso Cs 3,53—
211,4 ppm, makcumym B myckoBute 3 (211,40 ppm), Mmuaumym B nermatute (3,53
ppm). Conepxxkanue Rb 478-3747 ppm (mpu stom Rb, m3amepennwrii B KIIIII
cootBercTBYyeT 2230 ppm, a B MyckoBuTe - 1551 ppm); MUHHMYM IOKa3bIBAIOT
NErMaTUThl KpaeBoil 30HBI pyaHoro nosust 189,9 ppm. Ilokasarenu conmep:xanuil Sr
90,6-37,8 ppm, Y 0,43—15,09 ppm, LREE 4,87-94,49 ppm npu cymme 28,58; HREE
2,6-29,63 ppm, npu cymme 13,5. Conepxanue B cpeanem U 1,18 ppm; Eu 0,03—-0,94
ppm; Be 1,07-2,8 ppm, Hf 0,12-3,71 ppm u cpeanee otrHomenue Zr/Hf 28,47 ppm, B
cpenrem Ta> Nb (25,21 u 4,41 ppm).

bakennoe mecmopooicoenue. Ananu3 MUKpOIJIEMEHTOB MPOBEACH MO 00pa3iam
nerMatutoB ¢ (docdaramu, kKpaeBbix 30H (kuia CrnomyMeHOBasi), CIOJYMEHOB
HEHTPaJIbHOU 30HBI, ATLOMTU3UPOBAHHOTO MErMAaTUTa C TAHTAJIUTOM TMEPEXOAHOU
30HBI, KPYITHO3EPHUCTOTO ITyCTOrO MErMaTruTa, KaJIMeBOro MoJIeBOTo 1IMara, IIeesInTa,
Oepuiuia, MyCKOBUTA U IIEPI-TypMaJIMHA LEHTpadbHOU 30HbI. CpenHee coaep:kaHue
Ga cocrasisier 41,12 ppm. MunumaneHOe conepkanve (Ga BBISBICHO B PYIHBIX
MUHEpajdaXx — TAHTAJIWTE W IIeeNuTe, TypMaJuHe U (GochaTHOM MerMaTuTe Hu
coctasisger 3,21-17,9 ppm; cpennue conepxkanus 19-80,4 mokaspIBalOT OepuUILi,
anbOUTU3UpPOBaHHBIE TerMaruthbl, cnogymeH u KIIII; makcumanbHble copepKaHus
11,9-141,9 — y wmyckoButa. Cpennee coaepxanue Ba cocraBnser 41,33 ppm.
Conepxanne Ba mMakcuManbHO B MycKoBHTax 10 126,2—143,7 ppm. Muanmym Ba
XapaktepeH s nermMatuToB ¢ (ocdaramu  (0,37-1,39 ppm), B mycrom
KpynHo3zepHucrom nermatutre (1,12 ppm), anpOUTU3MPOBAHHOM IETMAaTUTE C
tantanmuroM (1,26 ppm). [Ipomexyrtounsie comepxkanus (15,63-47,84 ppm)
IIOKa3bIBAIOT CIOAYMEHOBBIM Ilermarut, crnoayMmeH, KIIII, meenut, taHTaNMT,
typmannd. Cpennee copepxkanue Cs 296,36 ppm. Makcumainbnbie conepxanus Cs
n3mepensl B mmeenute, KIIII u myckoButax (245,4—1840 ppm). I'pyOo3epHUCTHIC
NyCTble TMErMaTUThl, MErMaTUT ¢ (ocdaramu, aaTbOUTU3UPOBAHHBIE METMATHUTHI
nokasbiBaloT cpeanue coaepxanus (111,0-124,2 ppm); nuxe cpennero (28,3—67,6
ppm) B TypMaiiiHe U cniogyMeHax. Cpennee 3HaueHne Rb cocrasnser 1289,74 ppm.
MakcumanbeHble conepxaHust y myckosuta (1674,0-7220,0 ppm) u KIIII (3079,0—
4751,0 ppm). B anbOUTH3UPOBAHHBIX NIErMATUTAX colep kaHus kKoaeomores ot 240,8
no 1284,0 ppm. YMepeHHbIE U HU3KUE COAEPKaHUSA JEMOHCTPUPYIOT METMATUTHI C
dbocharamu, Oepwwi, meenut, TypmanuH 189,2—-10,9 ppm. Cpennee 3HaueHue Sr
coctanisieT 100,4 ppm (MakcuManbHbIE 3HAYEHHS MOJTYYECHBI U3 00pa3lloB KPaeBbIX
30H NIErMaTUTa C BMEMIAIOIIUMH TePPUTeHHBIMU ToNmamu 152,9-267,4 ppm, KITII u3
BHeIIHEH 30HbI (kuna Crnonymenonas) 82,9-100,5 ppm. Cpennee conepxkanue Y - 4,04
ppm, U - 3,47 ppm, Eu - 0,56 ppm, Ce - 3,74 ppm, Hf - 39,46 ppm u cymma LREE
cocrapisier 14,56 ppm, HREE - 17,47 ppm, ornomenme Zr/Hf - 65,07 ppm.
Ornomenne Nb/Ta cocrasister 10601,87/9499,24.

Acy-Bynakckoe pyonoe none. AHanu3 MUKPO3JIEMEHTOB PYIHOTO MO U3MEPEH
Ha oOpa3zuax KIIII »xwunel Tpanmeitnoit, Yurypcaiickoit 1 MecropoxaeHus Kapmen-
Kyyc (KK). Kpome Ttoro, B Kapmen-Kyyce Obumn orToOpanbl oO0pa3ubl u3
KPYIHO3EPHHUCTOTO MErMaTUThl, MErMaruta ¢ KIEBEIAHAUTOM U JICIHIOJIUTOM U
anbOUTOBOTO CaXapOBUAHOTO Ipei3eHa.
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Cpennee conepxxkanue Ga cocrabmsier 26,89 ppm. Ilpu makcuMaibHBIX
COACpX aHUIX B albOMTOBBIX-JIEMUIONUTOBBIX rpeizeHax Ga 54,41-79,27 ppm u
cpennux conepxkanusax 12,69-34,18 B KIII VYurypcas u >xwibl TpaHmendHOM.
MuHnMmanbHble COAEpKaHUS B albOUT-TENUAONUTOBOM rpeizere (17,33 ppm),
nerMaTuTe ¢ JenuaoauToM U kieenanautoM (10,97 ppm), neranure Kapmen-Kyyc
(5,52 ppm). Conepxkanue Ba nmaer ot 110,7 mo 124,7 ppm Bo Bcex oOpasmax
Mectropoxaenust Kapmen-Kyyc u 19-37,01 ppm B KIIII stux nposisnennii. Cpennue
conepxkanug Ba 93,47 ppm. MakcumaneHbie BenuuuHbl Cs cocTtaBisitoT 3624758
ppm B anbOuT-IenuaonuToBBIX TIpeiizeHax Kapmen-Kyyca, KIIII VYarypcait u
Kapmen-Kyyc (327-349,9 ppm). Munumym conepsxanuii Cs ormedersl B KITHI sxuiibt
Tpaumeitnas (92,6 ppm) u nermarure rpyoozeparcrom KK (37,8 ppm). Cpennee
conepxkanue Rb cocrapiser 2898,07 ppm. AnbOuT-1enu0IUTOBIN rpeiizeH Kapmen-
Kyyca conepxut ot 6017 1o 9568 ppm; KIILL Yuryncait (4812 ppm), Kapmen-Kyyc
(3464 ppm) u xunbl TpanmeitHoit (2499 ppm) Take MOKa3bIBAIOT MOBBIIICHHBIC
cofepkaHus. MuUHUMAaIbHbIE 3HAYEHUS OTMEYEHbl B MpoOax rpy003epHUCTOrO
nermatuTta (71,4 ppm) u B netanure (61,3 ppm) Kapmen-Kyyca. Cpegnee conepkanue
Sr - 59,17 ppm; Y - 1,56 ppm, cymma LREE cocrasiser 4,68 ppm, cymma HREE
coctasiseT 6,89 ppm. Cpennee 3nauenue U cocrasiser 2,4 ppm, Eu - 0,05 ppm, Hf
3,57 ppm ¢ MakcuManpHbIM 18,26 ppm B senunonutoBoM rpensene Kapmen-Kyyca.
Otnomenue Zr/Hf cocrasnsier 26,8 ppm. OtHomenue Nb/Ta - 158.378/38,47.

Mecmopooicoenue Touxka. AHanu3 MUKPOIIEMEHTOB MPOU3BENIEH IO 0Opa3iam
MYCKOBUTH3UPOBAaHHBIX, = MYCKOBUTOBBIX M  KBapl-MyCKOBUT-TYpPMAJIMHOBBIX
POTOBUKOB, aJbOUTHUTOB, albOUTUT-CIOJYMEHOBBIX, CIIOJyMEHOBBIX IErMAaTUTOB,
CIIOJlyMEHOB, T'PEH3EHU3UPOBAHHBIX pa3HOCTEeW merMaTuToB (Kwibl Yyackas,
bapeepnas, Ne9, No3, No2, kpaeBbie 4acTH MECTOPOKICHUSA).

Cpennee conepxxanue Ga cocrasisiet 30,13 ppm (1,12-52,05 ppm), ripu 3TOM
MaKCHMAJIbHbIE 3HAYEHHSI UMEET CIIOlyMEH, MUHUMaJIbHbIE - KBap. [[pomMexxyTouHbIe
3HaYeHus1 HaOmronarores B anpouture (15,05-23,31 ppm), kBapue B MyCKOBUTOBOM
py6amke (19,28 ppm), poroBukax (23,91-43,72 ppm), nermarutax (14,34-48,17
ppm), crionymene (26,6—52,05 ppm). Conepxanue Ba B cpemnem 336,48 ppm.
MakcumyM 3a(pUKCUpOBAaH B KBApL-MYCKOBUT-TYPMAJIMHOBOM porosuke - 4566.74
ppm ¥ MUHMUMYM B CJ1a00aIbOUTU3UPOBAHHOM, CUJILHO OKBAPLIOBAHHOM IE€TMAaTUTE -
1,9 ppm. IIpu 3Tom konuuectBo Ba konedneTcs B MyCKOBUTU3HMPOBAHHOM POTOBHKE
(73,5-195,5 ppm), cionymene (111,6-116,1 ppm), ansouture (157,9-444,8 ppm),
nermarure (57,4 —438,4 ppm). KomuuectBo Cs Bapsupyer (0,83—458,82 ppm),
MaKCUMYM B CIIIOIMCTOM pOTOBUKE (458,82 ppm), MUHUMYM B aIbOUTE CaxapOBUTHOM
(0,83 ppm). IloHmwxkeHHBICE COACP)KAHMS BBISBICHBI B MYCKOBHTH3HMPOBAHHBIX
poroBukax (7,04 —7,42), anpoururax (0,83—10,55 ppm) u kBapue (12,72—-26,9 ppm).
Conepxanue Cs xonebnercs B mermatutax ot 10,81 no 432 ppm u B cmogyMeHe ot
19,66 no 105,54 ppm. IloBbllieHHBIE coaepkKaHusa 3a(UKCUPOBAaHbI B KBapil-
MYCKOBHUT- TypMasinHOBOM (308,6 ppm) u MmyckoBuTOBOM (369,42 ppm) poroBukax.
Cpennee conepxanue 98,55 ppm. Conepxkannie Rb konebnercs B npenenax 15,73—
2260.20 ppm (MUHUMYM HaOJIOAAeTCSs B aJIbOWTE CaxapOBUAHOM, MaKCHUMyM B
CHOAYMEHOBOM Tniermarute). I[IpomexyTouHble coaep:kaHus 3apUKCUpPOBaHbI B
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oOpasnax kBapua (45,7-159,9 ppm), ansoututa (15,73—71,0 ppm), nermatuta (52,5—
2260,2 ppm), poroBuka (98,5-1354,5 ppm), conymena (167,3—-1419,0 ppm). Cpeanee
cogepxanue Rb - 531,15. KomuuectBo Sr konebnercst B mpeaenax 2,15-714 ppm.
[ToBwimeHHBIE conepx)aHUs Sr ompeneneHsl B anpoututax (521,82-714,0 ppm).
[TpomesxyTOoUHBIC COMEep KaHMs BBISBICHBI B 00pa3max mermartuta (2,15-131,4 ppm),
kBapua (52,1-91,6 ppm), poroBuka (91,6-208 ppm), cnogymena (103,2—172,94,0
ppm). Hwuskoe comepkaHue NOMYYEHO B CIa00aTBOUTU3HPOBAHHBIX, CHUIIBHO
OKBapIlOBaHHbIX merMatutax (2,15 ppm). Coxepxkanue Sr B cpeaHem 175,92 ppm.
[Tokazarenu conmepxkanuii: Y cpennee 8,63 ppm (0,49-71,52 ppm), U cpennee 4,06
ppm (0,86—8,73 ppm); Eu cpennee 0,28 ppm (0,0057—-1,36 ppm); Be 35,93 ppm (0,66—
177,2 ppm), Hf cpennee 2,18 ppm (0,11-8,08 ppm), LREE 0,41-77,4 ppm nipu cymme
15,46; HREE 2,36-48,49 ppm, nipu cymme 11,42; cpennee otHomenue Zr/Hf - 19,24
ppm; cpennee Ta 12,19 ppm (0,23—19,92 ppm); cpeanee Nb 39,91ppm (2,22—62 ppm).

Mecmopooicoenue Medseoka. AHanu3 MHKPOIJIEMEHTOB BBINOJIHEH 10
oOpa3iiaM MerMaTuToB, KBAPI-MyCKOBUTOBBIX U CIIOIUCTBIX TPEHU3EHOB, MyCKOBUTY U
KIII (>xuna biiokoBas).

Cpennee conepxkanne Ga cocrasmusier 33,7 ppm. MunnmansHoe conep:xxanue Ga
BBISIBJICHO B KBapll-MHUKpPOKJIMHOBOM mniermarute (5,54 ppm). IIpoMexxyTouHbie
COJIepKaHUs TIONy4YeHbl B allbOUTH3WpPOBAaHHBIX mermarutax (21,87-32,92 ppm),
nermatute ¢ rerepozutoM (20,05 ppm), mukpokiuse (27,96 ppm), caroguctom (39,21
ppm) © KBapi-MycKoBUTOBOM rpeizene (18,45-52,15 ppm). MakcumanbHoe
cojepkanue HaOmromaercs B MyckoBute (56,5 ppm). Cpennee conepkanue Ba
coctaBisier 420,54 ppm. Conmepxanue Ba makcuManbHO B allbOMTHU3UPOBAHHBIX
nermatutax 10 1320 ppm. [IpomexxyTouHble COEpKaHNs XapaKTEPHbI AJIsl TPEH3EHOB
(173,2 ppm—450,1 ppm), myckoButa (202,7 ppm), nermarura ¢ rerepo3utrom (237
ppm), aTbOUTU3NPOBaHHBIX (222,4-246,2 ppm) U KBapIl-MUKPOKJIMHOBBIX TIETMAaTUTOB
(1018 ppm). Munumym Ba conepxut mukpokius (112,3 ppm). Cpennee conepxanue
Cs cocrasisieT 31,66 ppm. MakcumanbHoe copepkanue Cs BBISIBIEHO B MYCKOBHTE
(162,2 ppm). Conepxanue konebdnercs B rpeiseHax (4,79-113,3 ppm) u B
anbOUTU3UPOBAHHBIX nermarurax (2,91-72,72 ppm). B Mukpokiune konuyectBo Cs
cocraBisier 69,9 ppm. B KBapl-MUKPOKJIMHOBOM MErMaTUTE BBISIBICHO HU3KOE
conepxkanue Cs (2,1 ppm). Cpeanee 3nHauenue Rb cocraBmser 1313,78 ppm.
Makcumanbshble coaepxxkanusi Rb nomydenst B myckoBute 4969 ppm U MUKPOKJIHMHE
4255 ppm. ConepkaHusi KoJaeOIIOTCA B merMaTuTax (KBapi-MUKpoJuHOBBIE - 40,3
ppm, ansouTH3UpoBaHHbIe OT 27,4 10 968,7 ppm), a Takxke B rpeizeHax (KBapil-
MyckoBUTOBbIe 37,9—1239 ppm, cmtomucteii — 1482 ppm). Huskoe coaepkaHue
BBISIBJICHO B IIETMATUTE C reTepo3uToM - 9,34 ppm. CpeaHee 3HaUCHUE St COCTABIIACT
94,05 ppm, ITonyueHnsl MakCMMaIbHBIC 3HAYCHHS U3 00Pa3II0B KBAPI-MYCKOBUTOBOTO
rpeitzena (236,0 ppm) u MukpoiuHa (229,3 ppm), MUHUMAaJbHbIC 3HAYEHUS U3
anbOUTU3UpOBaHHOTO Termaruta (42,61 ppm) u myckosura (44,98 ppm). Cpennee
conepxkanue Y 4,98 ppm (0,7-25,6 ppm), U 1,44 ppm (0,62-2,98 ppm), Eu 0,37 ppm
(0,07-1,17 ppm), Ce 7,25 ppm (1,6-24,36 ppm), Hf 3,91 ppm (0,23—-13,3 ppm) u
LREE 3,23-60,77 ppm cymma coctasisiet 26,95 ppm, HREE 8,3-61,65 ppm cymma
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coctapyiseT 20,21 ppm, otHomenue Zr/Hf cocrasnser 17,9 ppm. Cpennee Ta 26,33
ppm (0,59-74,07 ppm), cpennee Nb 84,14 ppm (3,61-208,2 ppm).

Mecmopooicoenue Anoaii. AHaIU3 MUKPOAJIEMEHTOB BBITIONIHEH O 0Opasmam
MerMaTuTa, IUIATMOTPAHUTa, TPaHOAUOPUT-IIATMOTPAHUTA, OPOTOBHUKOBAHHOTO
YIIMCTO-TIIMHUCTOTO aJeBPOIUTA.

Cpennee conepxanue Ga cocrasmser 17,39 ppm (14,79-25,02 ppm).
MakcuManbHOE 3HAUYEHUE BBISIBICHO B CIOJYMEHOBOM IMErMaTUTE U MUHUMAJIbHBIC
3HaYEHUs! B aJIbOMTOBOM TIErMAaTUTE M OPOTOBMKOBAHHOM YIJIMCTO-TIIMHUCTOM
aneposure. B marnorpanute coxepkanue Ga cocraBwio 15,01 ppm, B
rpaHoguoput-miaruorpanute -17.35 ppm. Cpennee copepxxanue Ba 230,44 ppm
(MakcuMajbHOE 3HAYEHHE B OPOTOBUKOBAHHOM YIJIUCTO-TJIMHUCTOM AaJIEBPOJIUTE
(253,2 ppm), MUHHUMAaJIbHbBIE 3HAYEHUS B CIIOAyMEHOBOM (214,2 ppm) 1 aab0UTOBOM
(215,4 ppm) mermaruTax, IPOMEKYTOUHbIe 3HadyeHus 233,6-235,8 ppm B
IUIAaTMOTPAaHUTE W TPaHOAUOPUT-IUIATMOTPAaHUTE  COOTBETCTBEHHO. Cpennee
comepxanne Cs cocrasisier 4,52 ppm. KomnuectBo Cs Bapbupyer 0,3—12.9 ppm
(MUHUMYM B IUIaTMOTPAHUTE, MAaKCUMyM B CIIOAYMEHOBOM mermarure). [Ipu stom
cogepkanne Cs B I'paHOAMOPUT-IUIATMOTpaHUTE cocTaBiaser 1 ppm, B
OpOTOBMKOBaHHOM YIIIMCTO-TIIMHUCTOM ajneBpoiute - 1,35 ppm, B aibOMTOBOM
nermatute — 7,07 ppm. [lokazarenu cogepkanuit Sr kosneoaoTcs B quanazone 14,36—
96,62 ppm, cpennee coaepxkanue cocrapusier 59,33 ppm. [lo pesynsratam ananmsa
BBICOKHE 3HAYEHUS MOy4YEHBI B 00pa3iiax rpaHoAOpUT-Tuiaruorpanura (95,92 ppm)
u 1uiaruorpanuta (96,62 ppm), NPOMEXKYTOYHBIE - B OPOTOBUKOBAHHOM YTJIMCTO-
IMHUCTOM ajieBponute (57,42 ppm), Hu3kue - B cnogymeHoBoM (14,36 ppm) wu
anpoutoBoM (32,32 ppm) nermarurax. Cpennee conepxkanue Rb cocrasmser 414,04
ppm. Conepxxanue Rb Bapbupyer B npenenax 23,89-267 ppm. MuHuMyM HOJTy4YeH B
IPAHOJUOPUT-TUIATUOTPAHUTE U MAKCUMYM B CIIOJTyMEHOBOM rermarute. KonndectBo
Rb B mimarnorpanure - 24,4 ppm, B OpOrOBUKOBAaHHOM YTJIMCTO-TJIMHACTOM aJ1€BPOIUTE
— 45,95 ppm, B ansbutroBom nermarure — 82,1 ppm. Conepxanue Y 0,78—11,84 ppm
(cpenuee 6,37), U 0,53—1,85 ppm (cpennee 0,95 ppm); Eu 0,04-0,76 ppm (cpennee
0,38 ppm), Be 0,58— 14,91 ppm (cpennee 5,11 ppm), Hf 1,95-4,04 ppm (cpennee
2,87). Tlokazarenu conepxkanuii LREE 2,24-31,58 ppm npu cymme 19,96; HREE
3,56-21,59 ppm, ipu cymme 12,5. Cpennee otHomenue Zr/Hf coctasnser 17,18 ppm.
Cpennee otHomenue Ta/Nb - 5,61/23,59.

Mecmopoowcoenue Axmemruno. AHanU3 MHUKPOIJIEMEHTOB ObLT ONPEICIIEH C
UCITIOJIb30BaHUEM 00Pa3Il0B U3 MErMaTUTOB (CIIOAYMEHOBOTO, AIbOMTU3UPOBAHHOTO, C
docharamu mapraniia, ¢ JEMUJOIUTOM), POTOBUKOB, TPEH3EHOB M3 KPACBBIX U
LHEHTPAJIbHBIX YaCTEH MECTOPOKICHHUSI.

Cpennee conepxkanue Ga cocrasiset 24,55 ppm (16,75-36,59 ppm), npu 3TOM
MaKCHMaJbHbIC 3HAYEHUS] UMEIOT IpeizeHbl oT 36,59 —32.4 ppm, MUHUMAJIbHBIE —
poroBuk (16,75 ppm). Ilpomexyrtounble 3HaueHuss Ga TMOMy4YEHBI B CIIOAMCTOM
poroBuke (20,43 ppm) u nermarutax (18,25-31,11 ppm). Conepxxkanne Ga B
nerMaTuTax: anpouTu3upoBanHoM (16,87-24,39 ppm), ¢ bocdaramu mapranmna (18,25
ppm), c Jgenugonutom (22,18-24,68 ppm), cnogymeHoBoMm (26,46 ppm),
rpyoo3epuuctom (31,11 ppm). Conepxkanue Ba 119,6-490,9 ppm (cpennee 207,55
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ppm), Ipyu MAaKCUMyME B POTOBUKE C MUPUTOM W MUHUMYME B aJIbOUTHU3HUPOBAHHOM
nermatute. I[IpomMexyTouHble 3HAUEHHSI TMOKA3adud MErMAaTUTHl (C JICOUAOIUTOM
(121,6—122,6 ppm), ansoutuszupoBanuslii (119,6—-171,1 ppm), ¢ bocdaramu mapraniia
(211 ppm), rpy06o3epuuctsiii (213,2 ppm), cnogymeHoBsit (214,8 ppm)), rpeiizen
(130,3-229,2 ppm), caronuctelii poroBuk (258,7 ppm). Cpennee coxaepxkanue Cs
cocraBisier 43,25 ppm. KommuectBo Cs Bapbupyer B npenenax 11,8—-132 ppm,
MaKCUMyM B CJIOAMCTOM POTOBUKE, MUHUMYM B aJlbOUTHU3UPOBAHHOM IErMaTHUTE.
[Tonmxennsle 3HadeHUs: Cs BBISABICHBI B poroBuke ¢ nuputoM (12,62 ppm), B
rpeizenax (18,67-24,64 ppm). CoaepkaHue B merMarutax KoyueobjaeTcs B Juara3oHe
11,8-78,94 ppm: ansoutusupoBanHom (11,8-21,46 ppm), crnomymenoBoM (17,04
ppm), ¢ nenupoiautom (47,28-57,23 ppm), rpydoszepuuctom (54,05 ppm), ¢
docharamu wmapranna (78,94 ppm). Cpennee conmepxkanue Rb 414,04 ppm.
KomuuecTBo Rb xonednercs B mpeaenax 81,4-786,9 ppm (MUHUMAIBHOE B POTOBHKE C
NUPUTOM, MAaKCUMaJbHO B CIIIOOUCTOM poroBuke). CoaepkaHue BapbUpPYEeT B
nermarurax (199,7-697,2 ppm) u rpeizenax (399,1-522,6 ppm). Ilpu s3TOM B
NErMaTUTax MOJYYEHbI CIEAYIOUIME COAEpKaHuA: albOuTU3HpoBaHHBIN (199,7-303
ppm), crnogymeHoBbI (228 ppm), ¢ docharamu Mapranuna (358,2 ppm), ¢
nenuponutoM (463,9-514,5 ppm), rpyoosepuucteiii (697,2 ppm). Conepxanue Sr
kosieonercsa B npenenax 30,3—-148,7 ppm (cpennee 55,84 ppm). KomnuectBo Sr B
NerMaTuTax Bapbupyer B crnogymeHoBoM 30,35 ppm, anpOutu3upoBaHHoM 31,53—
35,31 ppm, ¢ aenugoautoM 34,99-41,51 ppm, ¢ docdaramu mapranma 39,94 ppm,
rpy6oszepuucrom 47,38 ppm. B rpeiizenax Sr cocrasmser 49,21-55,08 ppm, B
poroBukax 81,4-100,2 ppm. Ilokazarenu conepxkanuii: Y 0,64—24,23 ppm (cpennee
5,56 ppm), U 0,73 —4,71 (cpenuee 1,63 ppm); Eu 0,04—1,18 ppm (cpenuee 0,26 ppm);
Be 1,77-279 ppm (cpennee 54,05 ppm), Hf 1,46-9,19 ppm (cpenunee 4,23 ppm), LREE
1,26-78,39 ppm nipu cymme 16,1, HREE 6,8-43,32 ppm npu cymme 15,57. Cpennee
otHoienue Zr/Hf coctasnsier 22,19 ppm, cpeanee orHomenue Ta/Nb - 31,37/56,11.
Mecmopooscoenue Keapyesoe. AHaNM3 MUKPOIIEMEHTOB BBIMIOJHEH 10
obpasnam KIIIII, cmogymena, MyckoBuTa, rpaHara, Oepusiia, alibOuTa, KBapla.
Cpennee conepxanue Ga 19,47 ppm, MakCUMalbHOE 3HAYEHUE Y MYCKOBUTA
(63,97 ppm), MUHUMaILHOE 3HaUeHue y 6epuiia (4,63 ppm). [loHM>keHHBIE 3HAUCHUS
BbIsIBJIEHBI anbOute (8,62 ppm) u KIIII (9,74 ppm). IIpomexyTouHble coaepkaHus
3a¢ukcupoBanbl B rpanare (14,88 ppm), cnogymene (16,66 ppm), kBapiie (17,79 ppm).
Cpennee conepxkanne Ba cocrasmser 787,89 ppm. KommuectBo Ba komnebnercs B
npenenax 15,39—1356 ppm. MakcuMyM BbISIBIIEH B a1bOUTE 1 MUHUMYM B KBapiie. B
rpanare conaepxanue Ba coctaBwio 16,64 ppm, myckoBute — 28,12 ppm, cnogymeHe
— 37,86 ppm, Oepumie — 58,21 ppm. Cpennee comepxkanue Cs — 97,68 ppm.
KomnuectBo Cs Bapbupyet 5,71-343,1 ppm (MuHuMyM B kBapiie, MakcumyM B KITLI).
[Tpu sTom conepkanue Cs B rpaHate coctaBisieT 5,86 ppm, B ciogymeHe — 6,98 ppm,
oepuiie — 37,63 ppm, ansoure — 107,8, myckoBute — 176,7. Ilokazarenu conepkaHuii
Sr konebmorcst B nuanazone 79,86-336,5 ppm, cpeaHee coiep)kaHUE COCTaBIISET
136,2 ppm. Ilo pe3ynbrataM aHaian3a MaKCMMaJbHOE 3HAUEHUE MOJYYEHO B aJIbOUTE
(336,5 ppm), npomesxytounsie B KIILL (170,7 ppm), 6epuiine (97,62 ppm), MycKoBUTE
(92,14 ppm), cionymene (91,33 ppm), MunumanbHoe B kBapue (79,86 ppm). Cpennee
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conepxkanue Rb — 599,77 ppm. Conepxkanuie Rb xonebnercs B nmpenenax 26,72—1433
ppm. Munumym nonyded B cnogymeHe u makcumyM B KIIII. Copepxanust Rb B
rpanare coctasiusiet 39,39 ppm, kBapue - 47,55 ppm, MmyckoBure - 1166 ppm, anroute
- 1253 ppm. Ilokazarenu conepxanuii: Y 0,42—1,17 ppm (cpennee 1,52), U 1,47-4.,4
ppm (cpenuee 2,16 ppm); Eu 0,01-0,48 ppm (cpeanee 0,1 ppm); Be 0,84-255,8 ppm
(cpemnee 39,11 ppm), Hf 1,48-10,82 ppm (cpenuee 4,93), LREE 0,17-0,48 ppm npu
cymme 0,30; HREE 9,95-13,92 ppm, ipu cymme 11,31. Cpeanee otHomenne Zr/Hf
cocTtaBiiseT 52,65 ppm, B cpennem Ta>Nb ( 42,18>22,45).

Mecmopooicoenue Yepoosx. AHann3 MUKPOIJIEMEHTOB BBITIOHEH 10 00pasiam
I'PaHUTOB, IErMATUTOB.

Cpennee conepxxkanue Ga cocrasisieTl6,43 ppm. MuHUMaNbHOE CoJEpKaHUE
Ga BbisiBiieHO B rpanute (13,34 ppm). MakcumanbHoe conep:kaHue HaOMogaeTcsl B
nermarutre (20,02 ppm). Cpennee coxaepxkanue Ba cocraBmser 242,4 ppm.
Conepxanue Ba MakcMMallbHO B MErMaTuTe ¢ TypMajauHoM (263,8 ppm). Munumym
Ba conepxxutr wu3MeHeHHbI nopdupoBuaHBIM TpaHuT (236,8 ppm). Cpennee
conepxanue Cs cocrasisier 21,43 ppm. Conepkanue kojebdnercs B mpeaenax 2,73—
41,65 ppm. Bricokoe conepxkanue Cs BBISIBIEHO B M3MEHEHHOM MOP(PHUPOBUIHOM
rpanure. B kpucraie kBapua ¢ BpocTKaMH TypMaJjlHa BbISIBIEHO HU3KOE COAEPKaHUE
Cs. Cpennee 3Hauenne Rb cocraBmser 60,55 ppm. ConmepkaHusi KoieOIIOTCS B
nuana3zone 22,86—111,95 ppm. MakcumansHoe coaep:kanue Rb mnoiydeHsl B
MEerMaTuTe, MUHUMAJIBHOE B KPUCTAJJIE KBapllia ¢ BpocTkaMu TypMmannHa. CpenHee
3HaueHue Sr cocrtaBisgeT 74,621 ppm, MuHuUManbHbIE 3HAYEHUS B IETMATUTE C
typManunoM (40,54 ppm). Cpennee conepxkanue Y 5,30 ppm (3,89-6,76 ppm), U 0,85
ppm (0,63—1,14 ppm), Eu 0,35 ppm (0,04-0,72 ppm), Ce 11,59 ppm (3,86—17,78 ppm),
Hf 0,96 ppm (0,45— 1,5 ppm), LREE 3,239,18-38,06 ppm npu cpeaneit cymme 26,28
ppm, HREE 8,01-13,93 ppm npu cpenueit cymme 11,42 ppm, cpenHee oTHOLIEHUE
Zr/Hf cocrasnser 23,6 ppm. B cpennem Ta<Nb (0,80<1,43).

Mecmopooicoenue Jlenvbecemeti AHaIN3 MUKPOIJIEMEHTOB BBIMOJHEH 10
obpasniam mnermarutra (KIIII (mukpokiuHa, ann0uta), Oepuiuia, KacCUTEpHUTA),
KBaplia, MOPHOHA, KBAPLI-MYCKOBUT-(PIIFOOPUTOBOIO I'peii3eHa.

Cpennee coaepxkanue Ga 8,19 ppm, MakCUMaabHOE 3HAYCHHE Y MUKPOKJIMHA
(26,55 ppm), MuHMMabHOE 3HaYeHHe y kBapua (1,27 ppm). [loHm>keHHbIE 3HAUECHUS
BbIsiBJIEHBI MopuoHe (1,46-2,13 ppm), kaccutepure (1,46 ppm), 6epuie (2,32 ppm),
KIII (3,12 ppm). [IpomexxyTounsie conepkanus 3adhukcupoBanbl B ansoute (12,82
ppm), xBapiie (13,28-17,47 ppm). Cpeanee coaepxkanue Ba cocrasmsier 46,32 ppm.
KonmnuectBo Ba konme6nercs B mpeaenax 13,06-127,6 ppm. MakcuMyM BBISIBIICH B
anpOuTe W MHUHUMYM B MOpHOHE. B KBapi-MycKOBUT-(IIOOPUTOBOM Tpeii3eHe
conepxanue Ba cocraBuio 15,96 ppm, kaccutepure — 30,49 ppm, kBapie — 38,04—
42,94 ppm, mukpoxsmnae — 45,48 ppm, 6epuiie — 54,42 ppm, ansoute — 76,66 ppm,
KIIII wu3 kBapu-myckoBUT-(Ir0OpUTOBOTO TpeizeHa— 127,6 ppm. Cpennee
conepsxkanue Cs — 26,9 ppm. KonuuectBo Cs Bapeupyer 0,21-258,9 ppm (MUHHUMYM B
mopuone, makcumyMm B KIIIII). ITpu sTom conepxkanue Cs B 6epuiie coctasiusier 0,37
ppm, ansoute— 0,50 ppm, kBapue — 0,52-3,19 ppm, mukpoxiude — 0,64 ppm,
kaccurepute — 0,73 ppm. Ilokazarenu comaepkanuii Sr KOJeOMIOTCS B AHANa3zoHe
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45,02-168,1 ppm, cpennee conepxkanue cocrauser 90,35 ppm. Ilo pesynbraram
aHaJlM3a MAaKCHUMallbHO€ 3HAY€HWE TMOJIy4eHO B  o0paslax KacCUTEpHUTa,
IPOMEXXYTOUYHBIE B KBapI-MYCKOBUT-(PIIOOPUTOBOTO rpeiizeHa (63,7 ppm), ansoute
(64,09 ppm), kBapiie (73,9-99,1 ppm) 6epuine (82,8 ppm), mopuone (82—86,6 ppm),
KIIII u3 kBapu-myckoBUT-(uIr0OpUTOBOrO rpeisena (138,1 ppm), MuHMManbHOE B
mukpoxinne. Cpennee conepskanue Rb— 402,71 ppm. Conep:xanne Rb xonebnercs B
npenenax 4,78-2259 ppm. MUHMMYM TOJTy4eH B KACCUTEPUTE K MAKCUMYM B aJbOUTE.
Conmepxanust Rb cocraBmsior B Mopuone 7-10,8 ppm, KBapi-MyCKOBHUT-
dbmroopuToBoM rpeiizene — 20,9 ppm, kBapiie — 21,21-110 ppm, 6eprmie — 36,52 ppm,
MukpokiauHe — 248,9 ppm, KIIII u3 kBapi-myckoBUT-(ar00puToBOro rpeizena— 1308
ppm. Ilokazarenu copepxaunuit: Y 0,72—11,57 ppm (cpenuee 3,38), U 0,55-3,2 ppm
(cpennee 1,52 ppm); Eu 0,01-2,51 ppm (cpennee 0,48 ppm); Be 0,33—646,8 ppm
(cpennee 68,72 ppm), Hf 0,02—0,86 ppm (cpenuee 0,27), LREE 3,42-63,10 ppm npu
cymme 15,8, HREE 6,01-40,38 ppm, npu cymme 15,61. Cpennee otHomenue Zr/Hf
cocrasiisgeT 13,06 ppm, B cpennem Ta> Nb (21,83>4,55 ppm).

6.2.3 BuviOenenue oCHOBHbIX MUNOE U NOOMUNOE NE2MAMUNMOE HA OCHOBAHUU
aHanu3a epaghuKos cOOMHOUEHUL MUKPOITIEMEHMO8

LCT B 3HaYMTENBHOM CTENEHU PACCMATPUBAIOTCS KAK ITO3IHUE MATMAaTUYECKUE
MPOIYKTHI SKCTPEMATBHOTO (PPAKIIMOHUPOBAHUS TEPATIOMUHEBBIX TPAHUTOB S-THIA
[107, c. 344], xots Hekoropsie aBropel [108, c. 2; 109, c. 315] anga renepauun
HEKOTOpbIX monyisiuuii mermatutoB LCT mpenararoT aHaTeKTUYECKOE IIABICHUE
HAJIXPYCTAJIbHBIX U MAHTUMHBIX MTOPOJ.

PenkomeramnbHbie nerMatutbl cemeirictBa LCT (auTuii-uesuii-tanran), Mo
kiaccudukamu (Cerny&Ercit, 2005), BKIIIOYaIOT OMPEIETICHHYIO TPYIITY TPAaHUTHBIX
nermMatutoB. Cpeau nermatutoB LCT cemMeicTBa BBIJICTSIOTCS CICAYIOIINAE THIIbI:
OepUILIOBBIN, KOMIUIEKCHBIN, aJIbOUT-CIIOlyMEHOBBIM U albOUTOBBIN (pUCYHOK 6.1 a)
[110, c. 14]. [loxka3aHO, YTO T€OXMMHYECKHE XapaKTEPUCTUKU IIETMATUTOB U
COCTaBJIIIOIIUX MX MHUHEPAJOB SIBISIOTCS BBICOKOA(()EKTUBHBIM HHCTPYMEHTOM B
pa3lieNIeHUH PeIKOMETAJILHBIX TETMaTUTOB, KOTOPBIE 3HAUUTENILHO o0oraméHHbIX Be,
Nb, Ta, Sn u Li OT pa3HOBUAHOCTEW, HE COAEPXKAIIMX PEIKOIIEMEHTHOM
MuHepanmzanuu [108, c. 8].

MN3yueHne cocTtaBa MHUKPOIJIEMEHTOB  Pa3jIMYHBIX MErMaTUTOB  JaeT
BO3MOYKHOCTb PEIIUTh HECKOIBKO 3a7a4. [lepBasi U3 HUX - FEOXUMHUYECKast TUITU3AIUs
MErMaTUTOB IO CTETIEHU MX (PPAKIIMOHUPOBAHUS U BBIJICIICHUE UX TUIIOB U MOATUIIOB
BHyTpu cemeiictBa LCT B 3aBucMMOCTH OT mNpeodiafaroniuX CoAepsKaHUMA
MHKPODJIEMEHTOB M UX MUHEpajoruueckon cnenuanu3anuu Ha Li, Be, Nb, Ta, REE u
T.[I.

Btopoii 3amaueii ObUIO ONPEACIUTh METALIOTCHUYCCKUN MOTCHIIMAN PEIKUX
MeTaiuioB, Takux kKak Rb, Cs, Be, Y, REE, Zr, Hf, Nb, Ta B mermaturax BocTounoro
Kazaxcrana, kortopseiid, mo nmanHeiM [106, c. 2017; 18-24] MOXHO OLEHUTH C
WCIIOJIb30BAaHUEM T€OXUMHYECKUX KPUTEPUEB U PENPE3CHTATUBHBIX IUarpaMm Jis
BCEX IOPOJI TMErMaTUTOB W MHHEpalIbHBIX 3KCTpakToB (B yactHocTu KIIII wu
MYCKOBHTA).

124



Class | Family Thpe Subtype
berylcolumbite miarolitic wp
Abyssal BERYL berykcolumbite: 200 6
Dhaspnate A
spodumene
n =petalite
Muscovite J—
(rare element) lepidlte
LCT amblygonite
Rare- ALBITE- 300 9 |
SPODUMENE
Element
ALBITE
NYF
% allanite-monazite
RARE-EARTH
Miarolitic | NYF gadalinkte 400 12

MPa km

ad - OCHOBHBIC TUIIbI U ITOATHUIIBI ceMeiicTBa PECAKOMCTANIBHBIX IETMATHUTOB,
0 - cxema peFHOHaHBHOﬁ 30HAJIbHOCTH IETMATUTOB OTHOCUTCIIBHO MAaTCPUHCKOI'O IINTYTOHA

Pucynok 6.1 — Knaccudukauusa nermaruroB LCT cemeiictBa o Cerny, 1991
[Mpumeuanne — CocrapneHo no uctounuky [110 c. 14; 111, c. 354].

[eoxumMusi MUKpPOIIEMEHTOB IMETMATUTOBBIX TMOPOJ, MOPOA00Opa3yIOIUX U
aKIIECCOPHBIX MUHEPAJIOB M3yueHa aBTOPOM Ha ocHOBe cooTHomeHui Al/Ga; K/Rb;
K/Ba; K/Cs; Nb/Ta; Ba/Rb; Rb/Sr; Y/Ce; LREE/HREE; Zr/Hf [100, c. 5]. Dto
MO3BOJIMJIO BBIJEIUTh PA3IUYHbIE T€OXUMUYECKHE W MUHEPATIOTMYECKUE THUIIBI U
noatumnsl merMmatutoB Kanba-Hapeiva u 3anmagnoi Kanosr.

st mocTpoeHusi TpaKOB HCIOJB30BAIMCH JaHHBIE XMMHUYECKOTO COCTaBa
nermMaTuToB, mnoaydyeHHele Ha ICP-MS, a Taxke 3HayeHus copep:KaHu
KOJIMYECTBEHHOTO  CIEKTPAJbHOTO aHali3a MPOLUIBIX JET IO HEKOTOPBIM
PYIOIPOSIBIICHUSIM.

K/Cs no omnowenuro x Cs. Ha nanHom rpaduke (pucyHOK 6.2) 4YeTKO
BBIJICIISIFOTCSL TIETMATUThI, UMeErolue reoxumudeckue xapakrepuctnku LCT. Kak
n3BeCTHO, Cs BKIIIOUEH B KPUCTAIIMYECKUE CTPYKTYPhI OepHILia, KaJTueBOro MoJIEBOTo
mmnara 1 myckoButa. llermarutel LlenTpanbnoit Kan6er (FOOunelinoe, bakenHoe,
OrHeBka) TMOKa3bIBAIOT BbICOKOE coaepxkanne Cs, or 199 mo 296,36 ppm.
MakcumanbsHoe coaepxxanue Cs - 933 ppm noiaydeH U3 NerMaruToB MECTOPOXKICHUS
Kapmen-Kyyc Acy-bymakckoro pyaHoro mosis, TAe IIMPOKO pa3BUTa aIbOUTHU3AINS U
rperseHn3anus. PyTOHOCHBIE TMErMaruTbl 3TUX MECTOPOXKACHUW HMEKOT BBICOKHE
COZIep’)KaHMsI MYCKOBHTa, Oepuiiia, CHogymMeHa W Jenuaonurta, a Takoke KITIII.
[Toxoxue pe3ynbTaTsl OBUTH MTOYYEeHBI 1151 IerMatuToB LlenTpanbubix Anbn (qaitku
Puo-I'paiis, [Tumo-Mapimo-Ansne-Pocco, Kononnenso B [unmo-ITanes u @ocdar-
Konepa [100 c. 122, 123].
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K/Cs | Cs K/Cs-Cs
Ub | 109 | 248
Bk [38 |296,36 100000
Ah | 494 | 43,25 10000
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Og | 314 | 199 L0 d%a 8o >4
To | 564 | 196,37 S 100 A ®
Al | 237 |10 10
De | 1430 | 25 )
Ch | 1417 |9
Q |404 |97,68 0.1

1000

Pucynok 6.2 — lnarpamma 3aBucumoctu K/Cs ot Cs

[Ipumeuanne — Cocrasieno o ucrounuky [100, c. 123].

Al/Ga no omnowenuro x Ga. JluarpamMma JaeT HHCXOAIIYIO JIMHHIO,
YKa3bIBAIOIIYI0 HA HE3HAYUTEIBHOE BO3pacTaHue coaep:kanus (Ga B MErMarurax ¢
0osiee BBICOKHM COJIEpKAHUEM €ro B anbOuTe, MyCKOBHUTE, Ouotute, TypmaianHe. [1o
Cerny P. »5Tu  MuHepansl OOBIYHO TIEPBUYHBI U  SIBJISIIOTCS  OCHOBHBIMU
KOHILEHTPAaTOPaMM 3TOTO JJIEMEHTA B I'paHUTHBIX nermarurax. [lo mamasmM [100, c.
123] xonnentpanus Ga B nermarutax LleHTpanbabix Anbn usmenserca ot 15 go 200
ppm. B Bocrounom Ka3zaxcrane Ha tepputopun Kanda-Hapeiva u 3anagnoi KanObr
conepxanue (Ga B merMaTuTax CpaBHUTENbHO HEBbICOKOE (0T 20 10 41 ppm) (pucCyHOK

6.3).
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Al/Ga

Ub

27,7

1440

Bk

41,12

1556

Ah

18,55

3346

Kk

26,89

3481

Og
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4698

To
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Al

17,39

1145

De

11,2

1226
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50 100
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Pucynok 6.3 — luarpamma 3aBucumoctu Al/Ga ot Ga

[Tpumeuanne — CocraBieno mo uctounuky [100, c. 123].

[Ipr 5TOM MaKCHUMaJbHBIE CONEpPKAHHS NPUYPOUYEHBI K MECTOPOKICHUSIM,
pacnoyio)keHHbIM B rpanutonyax | ¢das3el kanbunckoro kommiekca (bakeHHoe,
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OrneBka, Kapmen-Kyyc). Munumanpabie 3HaueHuss (Ga OTMEUarOTCs B IEerMaTUTaXx,
TeHETUYECKH CBSI3aHHBIX C rpaHuTongamMu Il ¢a3pl KajaOMHCKOTO KOMIUIEKCa
(Axmetkuno 18,55 ppm u KsapueBoe 16,47 ppm) U MOHACTBIPCKOTO KOMILIEKCA -
nerMaTuThl Maccuba Jlens6erereit 11,2 ppm. B nermarurax mecropoxaenue Uepaosk
HapbIMCKOTrO rpaHUTOMIHOTO MacCUBa yCTaHOBJIEHAa KOHIeHTpauus 16,6 ppm. Ctomib
HU3KWE KOHUEHTpanuuu (Ga MOTyT CBUAETEIbCTBOBATH O HE3HAYUTEILHON CTEIEHU
anbOuTH3anuu nermatutoB Boctounoro Kazaxcrana.

K/Ba no omnowenuio k Ba. JlanHble, ojlydeHHbIE HA Tuarpamme (pUcyHoK 6.4),
MO3BOJISIIOT MJAECHTU(UIUPOBATH MErMATUTHI, KOTOPHIE MOKA3bIBAIOT OTHOCUTEIHHO
HU3Koe (pakiuHupoBanue. Bricokue conepkanus Ba sBISIOTCS MHIUKATOpAMU
MEHee TeOXUMHUYECKH (hpaKIIMOHUPOBaHHBIX merMatuToB [100, c. 124].

[IerMaTuThl MUKPOKJIMHOBOTO Ps/1a, UMEIOIINE MAKCUMAJIbHBIE cofiepkanus Ba
470 ppm u Huskue coaepxkanusa K/Ba (38) ormedensl Ha mectopokiaeHun Touka.
Taxoke 3anmxeHHoe oTHotieHue K/Ba ot 11 10 16 uMeroT nerMaTuThl MECTOPOXKICHU I
Annmait m Yepnosk. Bo3moxHo, 3T mermMatutbl UMEOT cMemanHyro NYF-LCT
TEOXMMHUYECKYIO CIENUaIN3alnio, aHaJorndyHo AnbOeptunu ApBonbo (E), @yopur
ApBonbo (D), Cammur [lanes (P) u I'panar Konepa naex Llentpansabix Ansn [100, c.
124].

Ba K/Ba K/Ba—Ba
Ub 93 290
Bk 96,7 294 10000
Ah 207,6 108 o Kk
Kk 223 | 1882 g 1000 |\ ope
Og 167,8 372 <z ube Bk @08
To 470 38 100 ol -
Al 214.8 11 °
De 51,8 684 10 oCh gl
Ch 156,4 16
Q 2514 157 )

0 100 200 300 400 500

Ba

Pucynok 6.4 — luarpamma 3aBucumoctu K/Ba ot Ba
[Ipumeuanne — CocraBneno no uctounuky [100, c. 124].

Ba no omnowenuio k Rb. Ha nuarpamme (pucyHoK 6.5) HE yIaja0Ch BBIICIUTh
TPpyNny WIM OTIAEAbHBIC TPYNIBI IErMAaTUTOB, OOJANAIONINX CICHHU(PUICCKUMHU
TCOXMMHUYCCKUMH XapaKTePUCTUKAMU. ITO CBSA3aHO C TEM, YTO TICPBHYHBIC OWOTHT,
MYCKOBUT ¥ KaJIMEBBIH IIOJICBOM IIMAT OOBIYHO  SIBJISIIOTCS ~ OCHOBHBIMU
KOHIICHTPATOPaMHU 3TOTO AJIEMEHTA B TPAHUTHBIX IETMaTUTaX M CIIydalHbIM 00pa3oM
pacrpenesieHbl BO BCEX MErMaTUTOBBIX TTOJISX.
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Rb Ba
Ub | 8826 93 Ba-Rb
Bk | 1289,74 96,7 500
Ah | 414,04| 2076 oo L
Kk | 2898,07 22,3
Og 1284,4 167,8 o 200 0Q
To 513,93 470 “ 200 oo An 000
Al 88,67 | 214,8 - @ch el or
De 51,8 684 De® ol kK
gh 538’;1 ;gi’j ’ 0 1000 2000 3000 4000

Rb

PucyHnok 6.5 — JIluarpamma 3aBucumoctu Ba ot Rb

[Ipumeuanne — Cocrasieno o ucrounuky [100, c. 125].

Rb/Sr no ommowenuro x Sr. Jluarpamma CBHUJETENBCTBYET O BBICOKOM
o0oramieHuu Str, KOTOpoe OOBIYHO XapaKTEPU3YET OIPaHUYHbIE 30HBI [IETMATUTOB, I11€
JTAlKH UMEIOT allJIMTOBYIO TEKCTYpY (pUCYHOK 6.6). Bricokue conepxanus Sr (331,9
ppm) B merMaTruTax MecTOpOXAeHHs Touka OOBACHSETCS BBICOKHM COIEpKaHHUEM
anbOUTHUTA B AIUIUTOBBIX JaliKax - ano(u3ax OCHOBHOIO Teja nermaruta. [lonoOHbie
aTbOUTUTOBBIE JAaWKU HaOMIONAOTCA Ha MecTopoxkaeHusx Yepnosik, JlenbOerereit u
Kgapuesoe conepskanus Sr (110,0-90,1-136,2 ppm), a Takke HEKOTOPBIX ApyTrux. Bece
OCTAJIbHBIE IETMATUTHI UMEIOT JOBOJIBLHO HU3KHE coaepkanus St, menee 100 ppm. Ito
CIWJIBHOE CHMXEHHE BBI3BaHO 3(pdexTamMu BHYTPEHHEH KpUCTAIM3ALUU MErMaTuTa,

KOTOpBIP'I IIorjIomacT BEChb Sr B IIOT'PAaHUYHBIX 1 MCHCC (1)paKI_II/IOHI/IpOBaHHI>IX 30Hax.

Sr Rb/Sr Rb/Sr-Sr
Ub |276 |204 10000
Bk |483 |62,
Ah [5584 |74 1000
Kk |729 17,1
Og |83 [189 &0 ek
To [3319 |16 2 |Ube KkgoE
Al 1233 |75 Ne L T o
De |90,1 7.1 . ®To
Ch 110 0,3 0 10g ch 200 300 400
Q 136,2 | 4,4 o1

Sr

Pucynok 6.6 — luarpamma 3aBucumoctu Rb/Sr ot Sr

[Ipumeuanne — Cocrasieno o ucrounuky [100, c. 125].

Al/Ga no omnowenuio k K/Rb. Conepxxanne Ga m Rb cuimbHO 3aBHCHUT OT
MUHEpaJIbLHOIO cOCcTaBa KOMIIOHEHTOB nermaruta. Kak Obuio ormedueHo panee, Ga B
OCHOBHOM COZEPKUTCA B alIbOUTE, MyCKOBUTE, OMOTUTE, TypMajauHe, Torna kak Rb
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BXOJUT B cocTaB omotuta, myckoBurta u KIIII [100, c. 126]. Kak nmpaBuiio, merMaTuThl
Kan6a-HappimMa nMeroT JOBOILHO BEICOKHUE comeprxkanus Rb mpumepno ot 500 1o 3000
ppm, KOTOPOE MPUOIMKAETCS K CAMBIM BHICOKMM 3HAYEHUSIM B MyCKOBUTE U KaJTUEBOM
nosieBoM mmare. Coaep:xkanue Ga poBoiabHO HU3Koe (0T 11,5 mo 41 ppm) B 1enom B
nermMarure ¥ Bospacraer 10 98,8—198,1 ppm B MyCKOBUTax U APYTHUX CIIOAAX, @ TAKKE
typmanuHax (75,1 ppm) m cnomymeHax (52,2 ppm) HEKOTOPBIX MECTOPOXKICHHIA
(pucyHoK 6.7).

K/Rb | Al/Ga K/Rb-Al/Ga
Ub 33 725 2000
Bk 10 768 De® o
T °
Ah 54 | 3346 2000 o @
Kk 34| 1265 .
Og 40 | 1342 % 2000
To 34| 3212 Kk 90
Al O9%8
Al 14| 1145 oo |78 oM
De 56 | 3705 . Bk
Ch 82 1051 0 50 100 150 200
Q 66 | 3509 K/Rb

Pucynok 6.7 — lnarpamma 3aBucumoctu Al/Ga ot K/Rb

[Ipumeuanne — Cocrasieno o ucrounuky [100, c. 126].

Kamummar 1 MyCKOBUT KPUCTAJUIM3YIOTCS B TEUEHUE IJIUTEIBHBIX MEPUOIOB
3aTBEpAECBaHUS IErMaTUTa U TPAaHUTA. DTU MUHEPaJbl 00eCIIeunBatoOT HaKorieHue Rb,
Cs, Ca, Sr, Pb, Ba, Eu, La u Li, a rakxke B, Ga, Ge, Fe, Mg, Tiu P [112-116].

JI1st HOHMMaHUS IETPOTEHETUYECKUX CBA3EH MEX/1y TPAHUTAMM U [TErMaTUTaMU
U XAPAKTEPUCTUKH CTEIIEHH TE€OXUMUYECKOW SBONIOLUUU I IPEANOI0KUTEIBHO
KOT€HETUYHBIX MECTOPOXKACHUI pPa3IU4HbIX THUIIOB IOJISI NErMarutoB ToTopana.
OyarzAbal J., Miguel A.G.&Perino E. mpoBeneHbl neTanbHbIE T€OXUMHYCCKHE
WCCJIEIOBAaHUs  KajlMEBOIO IIOJIEBOIO Imara W MyckoBurta. X  naHHbIE
CBUIETENBCTBYIOT TOM, YTO TPAHUTHI S-TUNA C nermaturoBoro nois Toropass, Cas-
Jlyuc, ApreHTHH W TeorpapuYecKd CBS3aHHBI C HUMH POW PEIKOAIEMEHTHBIX
MErMaTUTOB COCTABIISIET (DPAKIIMOHHBIN TPEH/I, TO €CTh CBSI3aHbI MEK Ty coboi [109, c.
316].

ABTOpPOM  JUCCEpPTALIMOHHOM  paboThl  ObUIM  MNPOBEAEHBI  MOAOOHBIE
MCCJIeI0BaHuUs B Mpeeiax NerMaTuTOBBIX pyaHbIX nosei Boctounoro Kazaxcrana.

6.2.4 H3zyuenue ceoxumuu neemamumos no cocmasy KIIIII

ABropom nuccepraiuu O6buu uccnenoanbl KIIII n3 obGorameHHbIX peaKuMu
AIIEMEHTAMH NIErMaTUTOB C KOHTPACTHBIMU F€OXMMHUYECKUMU MMapaMeTpaMu, KOTOPbIE
BCTPEYAIOTCSI B TOCTTEKTOHWYECKMX TPAaHUTHBIX MaccuBax Kanba-HapsiMckoro
penkomeTaabHOTO mosica. B apomtoniuu marmarutoB Kanba-Hapeima MmHOTHE aBTOPHI
BBIICIISIFOT 3 Tepuo/la AaKTUBU3AIMM  KPYIMHOMACIITAOHOTO TPAHUTOUHOTO
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Marmaruszma: 295+1 MJIH JieT TpOsSBUIICS PAaHHEKATIOMHCKUIA FPAHOAMOPUT-TPAHUTHBIHI
OMOTUTOBBIA KOMIUIEKC; 287+]1 MiH Jer Ha3ajg - MNO3AHEKAaJOMHCKUN TIpPAHMT-
JEHKOTpaHUTHBIA KOMIUIEKC; M 284+2 MIIH JeT Ha3aJ NpOU30LUIO0 BHEIPEHHE
MOHACTBIPCKOTO JIEMKOTpaHUTHOTO KomIuiekca [117].

Ar/Ar W30TOIHBIE JAaTUPOBKH 1O CIIOJaM M3 TeX JKE€ TPAHUTOHUIOB
pacTATHBAIOTCSA B JWama3oHe OT Bo3pacTa (OPMHUPOBAHUS COOTBETCTBYIOIIUX
KOMILIEKCOB, ompeieiieHHoro ¢ moMotibio U/Pb MeToma mo nupkoHy, A0 3HAYUTEIHHO
0oJ1ee MOJIOABIX BEIMUMH — nopsiaka 270-267 (299-270) man ner [118, 119].

CornacHo [lpsiukoBa b.A. peaxoMeraiibHas MUHEpalU3alMs 37€Ch CBsI3aHa C
peAKOMEeTaJUIbHBIMU  TlerMaTuTOBbIMU  ToNisiMu  LleHTpanshoit, CeBepo-3anaaHoi
Kan6st u IOro-3amannoit KanObr (Hapeima). Bce wu3BecTHbIe pyaHbIE OIS
peAKOMETAJUIBLHBIX IErMAaTUTOB MPUYPOUCHBI K TpaHuTonnaM KanbuHCcKoro Komruiekca
[ u Il pa3pl U MOHACTHIPCKOTO KOMILIEKCA. XMMUYECKHUIM COCTaB U NMETPOXUMHUYECKUE
XapaKTePUCTUKU TPAHUTOUJIOB MPECTABJICHBI B TJIaBe 3.

MukposneMeHTHBIM  cocTaB  MyckoButa, kak u  KIII, npusnan
MH(POpPMaTUBHBIM B MpOrpamMMax HCCIEIOBAHUS MErMaTUTOB B KAU€CTBE BBISBICHUS
MOTEHIMaIbHO OoraThiX Ha L1 mermaruToBbIX T [120].

BOJBIIMHCTBO TPaHUTHBIX METMAaTUTOB HE COJIEPXKAT MPOMBIIUICHHO Ba)KHBIX
KOHIIEHTpAllUd peaKuX dJIeMEeHTOB M Li; OomHaKo B TMErMaruTOBBIX pacIljiaBax,
MOJBEPTIINXCS 3HAYUTEILHOMY (PPAKIMOHUPOBAHUIO PEAKUX DIEMEHTOB, MOXKET
pa3BUBATHCS JUTHEBAs, TaHTAJIOBAs, OJIOBSIHHAsI MUHEpan3anus,
XapaKTEPU3YIOIIASICS MPUCYTCTBUEM AIIOMOCUIIMKATOB JINTHS CIIOAYMEHA, METAINTA
WJIU JICTIU0JIMTA, KACCUTEpPHUTa, KOJIyMOUTa, TaHTanuTa u np. [121, ¢. 1-2].

Jloka3aHo, 4YTO cCoOAEpKaHUE MHKPOIIEMEHTOB B IEIrMAaTUTOBBIX IOJIEBBIX
mnarax M CIIOIax SBISETCS MOJE3HbIM MapKepoM [JIsl Pa3iuy€HUs XUMHYECKU
MPUMUTUBHBIX TIETMAaTUTOB OT YMEPEHHO M BBICOKO (PPaKIMOHUPOBAHHBIX,
OoOOTaleHHbIX PEIKUMU dJIeMeHTaMu. HeKkoTopble MHKPO3JIEMEHThI JIOCTaTOYHO
JTABHO HCTIOJB3YIOTCSI B KA4eCTBE MOJOOHBIX WHIUKATOPOB JBOJIOIMHU TErMaTHUTA.
Cpenun Hux Hambonee wusydenbl Rb, Cs, Sr, Ba, Pb. Takum 00pa3zom MOXHO
UCIIO0JIb30BaTh HAMOOJee TUIMHYHBIC JIJIsi MeTMaTUTOB MUHepabl, Takue kak KIIII u
MYCKOBUT B Kaue€CTBE IPOKCH pemepa Mg OLEHKH XUMHUYECKOW HBONIOUUM U
oOorarieHus rnermMatura peakumu snementamu [109, ¢. 315; 121, c. 2].

[To nanaeim Wise M. et al. (2024) pacnipocTpaHeHHOCTh 3JIEMEHTOB (HaIpUuMep,
Rb, Cs, Ta) u coornomenus (K/Rb, K/Cs, Nb/Ta) ciaykaT 1ieHHBIMU HHCTPYMEHTAMH
JUIsl OBICTPOM OIIEHKU CTEeNeHW (DPAKIMOHUPOBAHUS PEAKUX DIEMEHTOB B T'PaHUT-
MeTMAaTUTOBBIX TEJIaX M MO3BOJISIOT OLIEHUBATh CTENEHb UX pyaoHOcHOCTH [121, c. 1-
2].

B pesynbrare ucciieqoBaHuii MUKPO3JIEMEHTHOTO cocTaBa MaccuBa CTpkeroM-
Cobytka B Cynerax, ObII0 yCcTaHOBIIEHO, uTo auarpammbl K/Rb nmpotuB Cs u Ga 1o
JAHHBIM WX COJEpKaHUW B TEerMaTUTOBOM KajueBoMm mojieBoM mmare (KIIIHI)
MO3BOJISIIOT UCTOJIB30BaTh 3TU JJAHHBIE JJISI aHAJIM3a PA3IUYHBIX METPOreHETHYCCKUX
0COOCHHOCTEH rpaHUTHO-TIErMaTUTOBBIX cucTeM [ 122, c. 109]. PykoBOACTBYSICh ATUMHU
U JIPyTUMH OIMyOJMKOBAHHBIMU JaHHBIMH, aBTOPOM JAHHOTO MCCJIEIOBaHMS, ObLIH
MOCTPOEHBI IMarpaMMbl OTHOILIEHUH coaepkanust MUKpoaiemMeHToB K/Rb - Cs; K/Rb-

130



Ba; P - Ga; K/Cs-Rb B kanmueBbIX MOJIEBBIX IIIAaTaXx OCHOBHBIX PYIHBIX IOJIEH
uzyuaemonr tepputopuu [100, c. 322; 109, 322, 323; 122, c. 110]. ITonyuennas
nH(OpMAIHS TO3BOJISIET CALIATh HEKOTOPHIE BEIBOJIBI ITO CTEMEHU (PPAKITMOHUPOBAHUS
MErMaTUTOB M3yYaeMbIX PYIHBIX MOJEH U YCIOBHO OMPENCIIUTh UX MPUHAMICKHOCTD
K OIpeAeICHHBIM TUIIaM U ntoaTunam cemeiictBa nermatutoB LCT (pucyHok 6.8 a, 0).
JlaHHBIE [I7151 TOCTPOCHUS JUCKPUMHUHAIIMOHHBIX JUArPaMM MOIYUYEHBI 110 pe3yyibTaram
m3yuenus KIIII (ICP-MS), mnonyuyeHHbix aBropoM B Jaboparopuu lleHnTpa
onepexartoiero pazsutus « VERITAS» BKTY um. JI. Cepukbaena (Tabmuna 6.1).

Otnomienne K/Rb mo3Bossier oxapakTepu3oBaTh CTENEHb T'€OXMMHYECKOU
HBOJIIOIIMM TETMAaTUTOB PErHMOHA OT OE3pYAHBIX M MEPEXOIHBIX K OSPHITIOBOMY THUITY
oOpa3zoBaHui J10 aIbLOUT-CIIOYMEHOBBIX U allbOUTOBBIX ITerMaTuToB [109, c. 315]. Hns
BO3MOYKHOCTH CPaBHUTH IOJYUYEHHBIE aBTOPOM PE3YNbTATHl C PE3YJIBTATAMHU JPYTUX
UCCIeIoBaTeNe Ha ATUX PUCYHKaX ObUIM TaK)Ke BEIHECEHBI U BBIJICJICHBI [IBETOM TOJIS
dbpakimoHupoBaHusi nermMaruToB 1o AaHHbiM OyarzAbal J. U BbIIOJHEHHBIE ATOM
TPYIIION aBTOPOB B IterMaTtuToBoM noiie Toropans, Can-Jlync, Aprentrna. Ctpernouku
YKa3bIBAIOT HA HaIpaBlICHUE mpoliecca (pakIMOHUPOBAHUS U TOCIEAOBATECIbHYIO
CMEHY METMaTUTOB OT ¢J1a00 (PpaKIMOHUPOBAHHBIX MUKPOKIMHOBOTO U OEpPUILIIOBOTO
THUIIA JI0 aJTLOUT-CIIONYMEHOBBIX U albOUTOBBIX (pucyHkH 6.8 a, 6, B, 1) [109, c. 323].

I'pagux K/Rb-Cs (pucyHOK 6.8 a) 4acTO MCHOJB3YeTCs KaK OAWH U3 JYUIIUX
WHJIMKaTOPOB ABOJIIOIMYU IerMaTuToB. Ha nanHoM rpaduke ToUYKaMu ObIJT BEIHECEHBI
nanHbie 1o conepxkannio K/Rb-Cs, cOOTBETCTBYIOIIUE pa3HBIM IPyIIaM MErMaTUTOB
mecropoxkaennii  Kanba-Hapeima, mnermaruroBoro mnonsi Toropans Can-Jlyuc,
AprentuHa [109, c. 323].

AHanu3 TOKa3bIBa€T, YTO TOYKH, COOTBETCTBYIOIIHE JAHHBIM IO
MECTOPOXKJICHHS YeposIK CMECTUIIUCH B TOJIE TPAHUTOUAOB. [lerMaTuThl AXMETKHUHO
u Hwxknero JlaiiOynaka oxa3zamuch B Tojie Oe3pyaHBIX TerMatutoB. B mose
OepUIUIMEBOTO THIA MOMNAJU MEerMaTUThl MecTopokaeHuid Keapuesoe, HO6uneitnoe,
Touka, Mensenka u Anjaii, B IETMaTUTBI CIIOAYMEHOBOTO TUIa — bakeHHoe n Kapmen-
Kyyc.

Ecnau cpaBHUTH MOJTydeHHBIC MOJIA pacnpenesieHusi rnermatutoB BocTouHoro
Kazaxctana u mermMarutoBOro moiis ToTopasib, MOXXHO CHAENaTh BBIBOJ, YTO TMOJIS
MerMaTUTOB OEPUITMEBOTO THUIIA U CTIOAYMEHOBOTO THIIA UMEIOT ropasio 0oJiee HU3KHE
koHueHTpauun Cs B KIIII stux pynasix noneit. 3HadeHwus:, noiaydeHHbie mist Cs,
U3MEHSIIOTCS B Juamna3zoHe OT 5,52 B Oe3pyaHBIX WM CIIa0OpyAHBIX MEerMaTHTax
Hens6ereres no 196,3 ppm B KIIII mecropoxnenus bakeHHoe, HO HaxomsATCsS B
paMKax COOTBETCTBYIOIIUX 30H (PPaKIMOHUPOBAHUSA, BBIJCICHHBIX B paboTte
J.OyarzAbal et al. [109, c. 323].

OtmedaeTcsi aHOMaJbHO 3aBbIICHHBIE coaepkanus K/Rb B mpobax wu3
nerMaTtuToB AxmeTknHo U Hiokuuit JlaitOymnak ¢ JOBOJIBHO BBICOKUM COJAEp)KaHUEM
Oepwija, HO TOMABIIMM B TOJI€ MYCTHIX WM O€3pYyAHBIX NErMaruToB. Takxke
OTMEUAIOTCS IOBOJIbHO HU3kHUe coneprkanusi Cs u 3aBbiieHHble K/Rb B mermarurax
MecTopoxkienus: KOouieitHoe, 4To PUBENO K UX TMOJOXKEHUIO B TI0JIE OEPUILTHEBBIX
MerMaTUTOB, HECMOTPS Ha BBICOKHE COJIEPKAHUS CIIOJyMEHA B OCHOBHOM MX Macce.
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Tabmuna 6.1 — JlaHHBIC I OCTPOCHUS TUCKPUMUHAIIMOHHBIX TUArpaMM 1o MHKpolsieMeHTHoMy cocTaBy KITHI Kan6a-
Hapeivckoit, 3anagno-Kanbunckoit 30H 1o pesyasratam [CP-MS

MecTtopoxacHue Ga P Ba Rb K Cs Sr K/Rb K/Cs Rb/Sr Li
H. Jlaii0ymnak 17 40,2 - 1200,0 | 19600 47,1 - 163,3 416,1 - -
FOGuneiinoe 13,2 418,0 93,9 2230,0 | 48168 79,0 6,7 21,6 609,7 117,5 121,55
bakennoe 24,5 220,0 52,27 4362,0 | 17472 | 196,3 91,3 4,1 8,96 47,8 9631,0
Kapmen-Kyyc 21,0 3593 49,11 1360,0 | 41488 | 256,2 | 118,33 30,5 161,9 11,5 2778,02
Touka 36,6 2444 97,02 663,5 16056 314 97,8 24,2 511,3 6,8 3400,8
Anpaii 14,8 75,4 277,8 267,0 4806 68,9 37,3 18 69,75 7,13 1097,02
MenBenka 27,96 40,0 112,3 1300,0 | 18800 69,9 60 14,46 268,9 21,66 71,94
KgapueBoe 9,7 743,0 247,2 1433,0 | 82254 | 190,44 | 1311 57,4 432,0 10,9 3090,59
AXMETKHHO 16,9 673,0 149,9 341,8 28866 30,9 34,7 84,45 934,1 31,75 4225,33
Yepmosik 59 1939,0 156,0 30,4 9758 9,0 1243 | 321,0 084,2 0,86 10,81
JlenvOerereit 26,6 1371 61,07 90,1 68475 84,3 23,6 206 759 3,8 45,55
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1-11 — mermatuTsl (1- FOGuneiinoe, 2- bakennoe, 3- Kapmen-Kyyc, 4- Touka, 5 — Annaii, 6- AxmetrkuHo, 7- Kapuesoe, 8- [lenbOerereid,
9 - Hwxnuit JlaiiOynak, 10 Yepnosix, 11 — Measenka)

Pucynok 6.8 - JIluckpumunaimonssie auarpamMmmsl 11t LCT -ceMelcTB rpaHUTHBIX IErMAaTUTOB (TpeHT GpaKIMOHUPOBAHUS ) T1O:
a) K/Rb - Cs; 6) K/Rb-Ba; B) K/Rb-Rb; 1) K/Cs-Rb B KIIIII)

[Ipumeuanue — CocraBieHo no uctouyHuky [109, c. 323].
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Juaepamma K/Cs - Rb (pucyHok 6.8 0) Takke OTIMYHO JIEMOHCTPUPYET
muddepennmanuro nermatutoB Bocrounoro Kasaxcrana. Pacmpenenenue ux 1o
noJisiM (ppaKIMOHUPOBAHUS, B 00IeM MOBTOpsieT cutyanuio rpaduka K/Rb - Cs, 3a
UCKJIIOYCHUEM TETMAaTUTOB MeCTOpoxaeHus FOOWneiHoro, KOTOpble, Kak U
OKWJIaJIOCh, TIOMaJdd B TOJE€ CIOAYMEHOBBIX. B CpaBHEHHMM C TerMaTUTaMH
nerMaTuToBOro 1mosisi  ToTopainb MOXKHO OTMETUTh, YTO TOJOXKEHHE TOJIeH
dbpakuuonupoBanus Boctouno-KazaxcTaHCKUX MErMaTuTOB MPAKTHYECKHA COBMAIACT
C TIOJISIMU pacpeaeseHust nermatutoB Apreatunsl [ 109, c. 323].

HHuacpamma K/Cs - Ba (pucyHOK 6.8 B) MO3BOJISIIOT YETKO BBIJCIUTH OIS,
COOTBETCTBYIOILIUE OMNpPEEICHHBIM THUIIAM MErMaTUTOB: Oe3pyAHbINA, OCPHUILITIOBBIMH,
00OTaIlleHHbIN CIIOJYMEHOM U albOUTOBBIN THUIIHI.

Cpennee conmepxkaHue Oapusi B merMarutax Bapeupyercs ot 49,11 B
croayMeHoBbIX nermarutax Kapmen-Kyyc no 277,8 ppm B OepWIJIOBBIX IErMaTUTaxX
Anpaii. lnarpamma K/Rb-Ba neMoHCTpHUpyeT ycTOMYNBOE YMEHBIIEHUE COAEPIKAHUS
Ba, cBd3aHHOE C TIE€OXMMHUYECKOW SBONIONMEH MErMaTUTOB OT OEpPUIUIOBBIX [0
anpouToBBIX. 10 conepxanuto Ba B KIIII nermatutet JlensOererest Takxe Mmonaid B
10JIe TPAaHUTOUIOB, a UepAosKa B IycThie Oe3pyaHBIE.

B mnone OepuwmioBblx mnomanu TmnerMatuthl Touku, Angas, AXMETKUHO,
KBapuesoe u Huxnero Jlaitoymaka. K anbOUT-CIOMYMEHOBBIM - TETMAaTUTHI
KOOuneiinoro, bakennoro mecropoxnaenus, Touku, Mensenku u Kapmen-Kyyc. B
M0JIe aJTbOUTOBBIX HE MOMAJI0 HUA OJTHO MPOSIBICHUE TIETMaTUTOB.

Juazpamma K/Rb- Rb/Sr Ha nuarpamme K/Rb-Rb/Sr MoxHO BBIIETUTH
HECKOJIbKO MOJIEH, KOTOPBIE CJErKa MEPEKPBIBAIOTCS, HO MOKA3bIBAIOT I'PYNIHUPOBKY
OTJEJbHBIX METMAaTUTOB B THUIbI OCPUIUIMEBBIX M CIIOAYMEHOBBIX. [lepBast rpymmna
coBnagaer ¢ Tou, yto ompeaeneHa Galliski M.A. et al. (1997) mis mMyckoBuTa u
oe3pynubix peakodnemeHTHbIX nermatutoB LCT, NYF (Nb, Y, F) unu ruGpuanoi
curdarypsl [lamnelickoil nerMaTuToBOM NPOBUHIMU (PUCYHOK 6.8 T). TeM He MeHee B
ToTopanbckoe MErMaTUTOBOE TM0J€ TPYNIUPYET KaJWEBBIM MOJEBOWM MIMar U3
PYAOHOCHBIX TPAHUTOB B PEAKODIEMEHTHBIX MTeTMaTUTaX.

MUKpPO3JIEMEHTHBIM COCTAaB MErMaTUTOB TaKXe MOXXHO HCIIOJIb30BaTh IS
opueHTUpOBOYHOTO JeneHus nerMatutoB Ha LCT u nermarutax NYF cemericTaa.

MunumanbHble 3HAUCHUSI cofepkaHus ¢ocdopa oTMedaeTcss B MErMarurax,
CBs3aHHbIX ¢ rpanutamu TuUna NYF  (HuoOuii-uttpuii-ptop) u  cmabo
dbpakmonupoanubie Thna LCT. IToBelieHHOE coneprKaHue rajutks HaOI0aaeTcs B
MerMaTuTax, CBa3aHHbIX ¢ rpanutamu Tuna NYF (aunoOuii-utrpuii-grop). Hanpotus,
NMerMaTuThl, CcBA3aHHbie C rpanutamu Tuna LCT  (auTwil-nie3uii-tanrtan),
XapaKTepU3yloTCsl  BBICOKUM  conmepxkaHueM (Gocpopa u  Oosiee  HU3KUMHU
koHneHTpanusimu Ga, Fe u Pb [122, ¢. 110].

Ymepennsie conep:xkanus Ga Mpu MOBBIIIEHHBIX 3HAYeHUAX P B mermarurax
Kan6a-HapsiMa cooTrBeTcTBYIOT mpu3HakaMm nermMatutoB tuna LCT (quTuii-uesuii-
TaHTan). TakWe JaHHbIE COIVIACYIOTCS C pe3yJibTaTaMd paHee MPOBEACHHBIX
uccnenoanuii [109, c. 326; 122, c. 110]. Takum o6pazom, ananus coaepxanus P u Ga
B KIIII moxer ObITh 3((OEKTUBHBIM HHCTPYMEHTOM JUIsl Pa3iIMYEHUs] JIPYTUX
nonyJsiiui merMatutoB B MmaccuBax Kanba-Hapsima (pucyHnok 6.9 a, 0).
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Oro moATBepXkAaeTca Oolee paHHUMHU BBIBOJAMHM, OCHOBAaHHBIMHM Ha
acCOLMALMAX aKLECCOPHBIX MUHEPAJIOB B Ipynne MectopoxaeHuil cemeiictea LCT
(Kan6a-Hapeimckoii 30ub1) 1 NYF, Tabnuna 6.1.

Hwxe mpuBoasTcs rpaguku auckpuMuHanmoHHoil nuarpammel it LCT u
NYF-cemeicTB rpaHUTHBIX TIErMaTUTOB, OCHOBaHHBIX Ha K/Rb - Ga xonmnenTpanmii B
KIII, pucyHok 6.9.

P-Ga K/Pb-Ga
1000 | 1000
” | NYF
108 20 ‘
70 60 LLCT ‘
1o 100+
204 é
A, 100[ NYF-LCT ¢, o
9 olle
NYF -
10
) LCT
| 10 100 1000 1 10 1000
Ga Ga

a) P-Ga nuarpamma (HayiokeHHbIe 1oJist — mosiokeHue the Strzegom (blue) & Siedlimowice (red)
pegmatites, Cynetsl, [lonbma); 6) K/Rb npotus Ga konnentpanuit 8 KITII mo Wise (2013); 1-10 —
nermatuThl (1 - FO6uneitnoe, 2 - bakennoe, 3 - Kapmen-Kyyc, 4 - Touka, 5 — Anpaii, 6 -
AxwmertkuHo, 7 - KBapieBoe, 8 - Jlens0ereteit, 9 - Huxumii Jlaitbynax; 10- Uepnosik, 11 -
Mensenaxa)

Pucynok 6.9 — Jluckpumunaiimonnas auarpammsl 1t pazaenenus LCT u NYF-
CEMENCTB I'PAHUTHBIX [IETMATUTOB

[Ipumeuanne — CoctaBieHo 1o UCTOUHMKY [122, c. 110].

6.2.5 OcobenHocmu ~ eeoxumuu  Ne2mMamumos, OCHOBaHHbIE  HA
MUKPOITIEMEHMHOM COCMABE MYCKOBUMA

MukposneMeHTHBIM ~ coctaB  MyckoButa, kak u  KIII, mnpusHan
WH(OPMATUBHBIM B MIpOrpamMMax HCCIICOBAaHUS METMaTUTOB B Kaue€CTBE BBISBICHUS
MMOTEHIMAIbHO OoraThiX Ha L1 mermaruToBeIX T [121, c. 1; 123].

MyCKOBUT NPUCYTCTBYET B PA3IMYHBIX TUIAX METMAaTUTOB U KPUCTAJUIU3YETCS
Ha pa3HbIX CTaausIX pa3BUTUs nermaruta. OH B 3HAYUTENBHBIX KOJIWYECTBAX
MPUCYTCTBYET B TPAHUTHBIX MErMaTUTaX, SIBISASICh TPETHUM 10 BCTPEYAEMOCTH B HUX
nocje KBapiia ¥ noJjieBbix mmaros [121, c. 2].

[Mpennoxxennas (Cerny&Ercit, 2005; Wise et al. 2024) knaccudukamms
CEMEMCTB MErMAaTUTOB BBIACISIET TPU TPYMIbI, OXBATHIBAIOIIME HIUPOKUNA CIEKTP
TUMOB TIETMAaTUTOB HAa OCHOBE HX COBOKYITHOCTH TIEPBHYHBIX AaKIIECCOPHBIX
Opo1000pa3yIoLIUX U peAKodIeMEHTHBIX MuHepanos [106, c. 2006; 121, c. 2]. Bce 3
IPYIIIBI UMEIOT crieluUKaIMio B BUAE 000ranieHuss MUuKpoasieMeHTamMmu. [lerMaTuTsl
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cemeiictBa LCT xapakrepusyrorcs oboramienueM Li, Rb, Cs, Be, Sn, Nb, Ta, B, Pu F,
HO OOBIMHO WMEIOT HH3Koe coxaepxkanue Ti, Zr, Y u P33. CewmeiictBo NYF
XapakTepu3yloTcs BoICOKUM coaepxkanuem Ga, Zr, Y, Nb, Ti, U, Th, REEs, Zn, F u CI
[106, c. 2017].

N3BectHbl Takxke NYF - LCT nermMatuthl, He BXOASIINE HU B OJHY U3 ATUX 2
TPy U B KOTOPBIX oTMeueHo oborameHue Al-, B- u Be-conepxamumu MuHepaniamMu.

MyCKOBHT BCTpedaeTcss BO BCEX TPEX TPYIIAx METMaTUTOB (ITPU HAMOObIICH
pacnpocTpaHeHHOCTH B nermarurax cemericta LCT), 4To MO3BOMSET UCIOIB30BATh
€ro JIJIs U3y4eHus Bcex rpymnn nermatutos [121, c. 2].

CrnosxHas UCTOPUS KPUCTAIUIM3AIIMY TPAHUTHBIX ITETMAaTUTOB OOBIYHO MPUBOIUT
K TOSIBJICHUIO Y MYCKOBHTA IIMPOKOTO CHEKTpa MUHEPATOTHYECKUX U TEKCTYPHBIX
O0COOEHHOCTEH B 3aBUCHUMOCTH OT CTENEHU (PPAKIMOHUPOBAHUSA MErMaTuToB. Tak, B
OPOCTBIX TMerMaTuTax (QOpPMHUPYIOTCA CpelHe- U KPYMHO3EPHUCThIE KBapIl-
MYCKOBUTOBBIE arperarbl, KOTOpbIE BCTPEUAIOTCS B OOJBIIMX Maccax WM KUJaxX B
MPOMEXXYTOUHBIX 30HAX M Ha Kpasx KBaplLIEBOTO sipa merMatuta. B mpeaenax 30H
alUIMTU3AMU WM TPEeU3eHH3alUuu  €IWHUI] MPOSIBISIOTCS  MEJIKO3EPHUCTHIC
cepeOpsiHbie U OJIeTHO-KOPUYHEBbIC YEIIYyHKH MycKoBUTAa. B 30Hax obOoramenus Li
MOSIBJISIFOTCSL  3€JICHOBAThIE 30HMPOBAHHBIE KPUCTAIBI MYCKOBHUTA, OKAMMIICHHBIC
MYCKOBUTOM, CUPEHEBOTO IIBETA - JICTIUJIOJIUTOM, YacTO PAa3BUBAIOIIUMCS MO Kpasim
MHapPOJIUTOBBIX mojocteit [124, c. 37].

MuKposIIeMEHTHBIN COCTaB MyCKOBHUTA U3 TPAHUTHBIX METMATUTOB ObLT IIIMPOKO
u3ydeH, a nosegeHue Li, Rb u Cs okazanock upe3BbIUaiiHO 1IEHHBIM 71l TOHUMAaHHUS
XUMHMYECKOM dBojonuu  nermarutoB  [121, c¢. 2]. XuMuueckuid cocTaB
MHUKPOAJIEMEHTOB TaKkxke ucrnoib3oBaiica Wise et al. (2024) na ocHoBe aHanu3a 6oee
yeMm 1190 onmyGiMKOBaHHBIX U COOCTBEHHBIX aHAJIU30B MYCKOBHUTOB (OT OOBIUHBIX IO
(Be-Nb-Ta-P)-o6oramennsix, oboramenasix Li u REE, a taxke F-oOorameHHBIX
nermMatuToB ¢ coxepxanusiMu L1 ot 10 mo 20000 ppm B 3aBUCUMOCTH OT CTEIICHU
dbpakiMOHUpPOBaHUsI TMErMaTuTa) B Ka4eCTBE MHCTPYMEHTA ISl pa3IdyeHUs
MUHEPAJIOTHYECKH TPOCTHIX MErMATUTOB OT IETMAaTUTOB C TMOTEHIMadbHOU Li-
MuHepanuzanueit [121, c. 1, 3].

Wise et al. (2024) yrBepxaanu, uto cootHouenue K/Rb u pacripoctpaneHHOCTb
MYCKOBUTA B PEIKHUX IIEI0Yax MOXKHO PacCMaTpUBaTh KaK BaXKHBIM MHCTPYMEHT B
MOUCKAX CHOIYMEHO- WM TeTaJUTCOoAEepKammux nermarutoB. [lo uX AaHHBIM, B
MYCKOBHUTE METrMAaTUTOB C HU3KOW CTemneHblo ¢pakunonuposanus K/Rb ot 25 1o 618
ppm, comepxanue Li <200 ppm, penko BbIlIe. YMEPEHHO (PpaKIMOHHUPOBAHHBIC
nerMaTuThl ¢ oboramenrem Be, Nb, Ta u P conepxar B MmyckoButax Li ot 5 10 >1700
ppm, K/Rb 7-45 ppm. MyCKOBUT U3 YMEPEHHO M CHJIbHO (paKIMOHUPOBAHHBIX
CTIIOJTyMEHOBBIX MerMaTUTOB moka3beiBatoT K/Rb 1,4—84 ppm, Li 0135 10 >18 100 ppm
[121, c. 1, 3]. [lermatuThl, comepxkalimue 3HaYNTEeIIbHBIC MUHEpabl, Oorateie P30 u F,
MOTYT COJIEpKaTh MyCKOBUT ¢ cooTHomeHrneM K/Rb ot 4 1o 691 u Li ot 19 o 15 690
ppm. bbl1 cnenaH BbIBO, UTO MoBeleHHWE MyckoBUTa B oTHomeHun K/Rb-Li moxer
OBITH MMOJIE3HBIM MPHU OIIEHKE MOTEHIIMAJIA JIUTUH-MUHEPAIU3AIIMA B HEKOTOPHIX THIaX
IpaHUTHBIX nermMatuToB [121, c. 1].
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Selway et al. (2005) npennonoXuiau, 4YTO TETMATUThI C HaWOOJIBIINM
MOTEHIIMAJIOM MHHEPAIU3aluA CIOAYMEHA COAEPKaT KPYMHO3EPHUCTHIA 3EJICHBIN
MYyCKOBUT ¢ cooTHoIeHrueM Li >2000 ppm u K/Rb <20 [125]. Maneta V., Baker D.R.
(2019) cnemamu BBIBOA, 4TO KOHIEHTpamuu Li> 500 ppm B MyCKOBUTE, HAIEKHO
yKa3bIBaIOT Ha MpucyTcTBHE Li-amoMocuinnukaroB B merMatutax Mobian B KeeOeke,
Kanana [126].

[Ipu wu3yuennn nermarutoB crpan CHI' Topawenxko B.B. o0Hapyxwui
conepxkanue Li ot 470 mo 1370 ppm B MYCKOBHUTE W3 CIOAYMEHOCOJEPKAIINX
nermatutoB [121, c. 2; 127]. Jauubsie o cogepkanuu Li u K/Rb mpeacrasieHsl B
tabmune 6.2.

B npunnune BbllIenpuBeEHHBIE Pa3HBIMU aBTOPaAaMU PabOThI MOATBEPKIAIOT
oOlIyI0 3aKOHOMEPHOCTh - C POCTOM CTENEeHU (PPAKIUOHUPOBAHUS IETMATUTOB B
MYCKOBHUTaX HaOII01aeTCsl yCTOMYMBBIN pOCT coepxkanusi Li M yMeHbIIIeHHE 3HAYCHHUSI
cooTtHoteHus K/Rb.

JI1st BBISIBJICHUST OCOOEHHOCTH TTOBEACHUS MHUKPOAJIEMEHTOB B MYCKOBHTAX W3
nerMatutoB Boctounoro Kasaxcrama ObUTM MpoaHATM3UPOBAHBI  PE3YNIBTATHI
FCOXMMHMUYECKUX aHalu30B (Tabmuna 6.2), noctpoeHnsl rpaduxku Al/Ga-Ga, K/Rb
npotuB Rb, Ta npotus Ga, Ta npotus Cs.

Ipagux Al/Ga-Ga OTCTpOEHHBIH MO MHUKpPORJIEMEHTHOMY cocTaBy Kainba-
Haprimckoii 30861 1 CeBepo-3anainoil KanObl moka3bIBaeT, 4TO BEICOKOE COAEPKAHME
Al (2800-3500 ppm) mnpu Hu3koMm comepxkanuu Ga (50 ppm) npucym
MECTOPOXKICHHUSIM TIETMATUTOB TeHeThuuecku cBsizanHbiX ¢ | u |l dhazoit kanGuHckoro
rpaHutougHoro komriekca Kaparonn-Capblo3eKCKOM  TEKTOHHMYECKOW  30HBI
[entpanbuoit Kanosr (Touka, Measeaka, AxmetrkuHo) u CeBepo-3amannoi KanOsr
(KBapuieroe). Ha rpaduke (pucyHok 6.10) yeTko BbIAENSETCS 30HA CO CPEIHUM
conepxkanneM Ga ot 70 mo 180 ppm u Hu3kuMm cootHomennem Al/Ga mo 1300.
Jlannble ermatuThl Jjokanusytorcs B LlenTpansHoit Kanbe, hopmupys LlentpanbHo-
Kanbunckoe nermarutoBoe nosie (bakennoe, FOouneiinoe, Kapmen-Kyyc, Oraesckoe,
u nap.). [IpakTrudeckn Bce MECTOPOXKACHHS PYTHOTO TIOJSI OTHOCSTCS B BBICOKO
JUTUEBBIM aTbOUT-CITOTyMEHOBBIM.

Ga_ | AlfGa Al/Ga-Ga no myckoBuUTam
LN.L 189 | 480 00
2.Kk 74 | 1265
2. Ub 32 | 1456 o Moo
3000
2.0g 98 | 1131 ®Md
2. Bk 144 | 662
3. Md 33| 2893 |
3.T0 43| 3212 = e "
3. Al 0 0 1000 | gCh 08
411 Ah 24| 3423 °B o
411 Q 20 | 3058 0
5.Ch 18 034 0 50 Ga 100 150 200

Pucynok 6.10 - Iuarpamma 3aBucumoctu Al/Ga ot Ga

[Tpumeuanne — CocraBieno mo uctounuky [100, c. 123].
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Tabnuna 6.2 — JlaHHbIE 110 COCTaBY MUKPOJIEMEHTOB MyCKOBUTOB U3 PyAHBIX noiielr Boctounoro Kazaxcrana

Rb,

Cs,

Mecrononoxkenue | Li, ppm opm opm Nb Ta Sn Ga Al/Ga K/Rb Y W
Ax-4 1083 | 522.6 | 24.64 | 59.92 | 2214 | 7527 | 36,59 | 3060946 | 6530808 | 322 | 056
Ax-5 383 | 697.2 | 5405 | 4134 | 225 | 6957 | 3111 | 2362.584 | 36,37407 | 0.64 | 0.35
Ax-6 1399 | 3991 | 1867 | 6473 | 324 | 57.83 | 324 | 3253086 | 68.85492 | 221 | 04
Ax-8 7606 | 7869 | 132 | 1576 | 293 | 212 | 2043 | 3631914 | 544796 | 2423 | 167
BaKeHHoe 267 | 32700 | 2533 | 1937 | 24,03 | 43540 | 119,40 | 120938 | 175 | 049 | 2.97
BakenHoe 2125 | 47510 | 407.6 | 1595 | 995 | 42390 | 141,90 | 93094 | 131 | 169 | 2.18
BakeHHoG 3799 | 30790 | 2454 | 2278 | 13,02 | 39950 | 111,90 | 138159 | 200 | 218 | 562
BakenHoe 34500 | 747 | 547 | 8569 | 267 | 21000 | 5951 | 203327 | 225 | 064 | 023
Ortenka 10464 | 2134 | 3805 | 126,6 | 1022 | 8687 | 80,02 | 1385904 | 2499 | 101 | 683
Ortienka 20061 | 1629 | 3705 | 1134 | 5037 | 471 | 6337 | 1720057 | 3643 | 548 | 6635
FObuneinoe (13) | 214354 | 13667 | 6743 | 40 | 27.62 | 180 | 954 | 19032 | 362 | 54 | 15
Touxa T-6T-7 6220 | 1599 | 269 | 1487 | 16,69 | 5090 | 1928 | 272821 | 13246 | 070 | 185
Touxa T-2 31300 | 961 | 3086 | 26.70 | 9.02 | 10140 | 2591 | 310729 | 4058 | 7.79 | 2,08
Touxa TO-5 1450 | 1035 | 704 | 1114 | 051 | 077 | 2881 | 151857 | 13024 | 523 | 015
Touxa TO-6 1429 | 985 | 742 | 939 | 045 | 103 | 2391 | 172438 | 12508 | 520 | 021
Touxa T-3 30095 | 1285 |458.82 | 6620 | 2335 | 5284 | 4372 | 1231.01 | 1355 | 2336 | 115
Touxa T-15 407.45 | 13545 | 36942 | 3925 | 2.93 | 40.83 | 30.36 | 1269.76 | 11.66 | 38,08 | 101
Mesenka T-18 6451 | 1482 | 1133 | 60.73 | 6572 | 400 | 3921 | 124043 | 26,73 | 256 | 2.25
Mepeaka T-22 277 | 4969 | 1622 | 1208 | 18.87 | 2754 | 96,7 | 271504 | 1257 | 17 | 186
Mesenxa T-25 2757 | 379 | 479 | 857 | 2092 | 1326 | 1845 | 9212 | 5227 | 13.73 | 037
Menpenxa T-25-1 | 208.7 | 1239.0 | 9349 | 1126 | 7407 | 165 | 5215 | 114836 | 28.44 | 212 | 159
f;;fl’:f‘“’e O-24M | 45060 | 1166,00 | 176,70 | 90,84 | 5950 | 299,10 | 6397 | 2040 | 4865 | 042 | 5290
H. Jaiioymax (10) | 1202 | 1200 | 471 | 44 | 92 | 500 i i 1633 i i
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[To nanaeiM Cerny P., Burt D. (1984) noBsiiieHHbIe 3HaueHus Li B MyCKOBUTE
MOTYT YKa3blBaTh Ha TMPHUCYTCTBUE acCOLMaLUi, coaepxamux Li, B MOMyasmusx
nermatutoB LCT. AGcomoTHOe 3HaueHue Li B MyCKOBUTE M3 TPAHUTHBIX MErMaTUTOB
MokeT gocturats 30000 ppm. Mmu 6w onpenenen nopor coaepxanust B 500 ppm,
YTO MOXKET CIYXUTh OPUEHTHUPOM JJIsi IOMCKOB TIETMAaTUTOB, COACPKAIIUX CIIOTYMEH
[121, c. 2; 128]. Ilpm npoeunpoBaHUM JAHHBIX MHUKPOKOMIIOHEHTHOIO COCTaBa
MYCKOBUTA HUCCIEAYEMbIX MErmMaTuToB Ha auarpammy K/Rb mo cpaBHenuio c¢ Li
(pucyHok 6.11), npemnoxennyro Wise M. et al. (2022), na pucynke 6.11 a merMaTuTsl
Bocrounoro Kazaxcrana pacronaratoTcsi 4e€TKO B IIOJI€ COCTAaBOB MYCKOBHUTOB M3
criogyMeHoBbIX rerMatuToB [108, ¢. 20].
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i e J| ® saiongshan 57
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a) nuarpamma K/Rb-Li cucremaruku mo nmermarutam Boctounoro Kazaxcrana (1-3 Touka; 4-5
Mengenka; 6-8 Axmerkuno; 9- bakenoe, Oruesckoe; 10 KOOuneiinoe); 6) nanusie mo Bailongshan
field, China; Central Galicia field, Spain; Fregenda area, Spain; Kenticha pegmatite, Ethiopia;
Monts d’ Ambazac field, France; Moose pegmatite, Northwest Territories, Canada; Tanco
pegmatite, Manitoba, Canada; & Dike 1, Wekusko Lake field, Manitoba, Canada

Pucynok 6.11 - luarpamma K/Rb-Li cuctemarnku no myckoButam Boctounoro
Kazaxcrana st cpaBHeHUs ApyruMHu Li-iermMaruraMmu Mupa

[Ipumeuanne — CocraBieno o uctounuky [108, c. 20].

6.2.5 30onanvHOCMb neamMamumosvlx PYOHLIX NONEU NO MUKPOILEMEHIMHOM)
cocmasy nemamumos

b m3ydyenst 13 00pa3ioB MyCKOBUTA, OTOOpPAaHHBIX W3 Pa3IUYHBIX
MEerMaTUTOBBIX XK Ha MecTopoxaecHnr FOOunetinoe B LlenTpansHoit Kanbe, pucyHok
6.12. O6pa3ibl MyCKOBUTA OTOMPAIMCH U3 IETMATUTOBBIX JKHJI U TIETMaTUT-aIlJIUTOB.

['eoxumMuueckre XxapakTepUCTUKU MyCKOBUTA U3 PA3TUYHBIX 30H TETMAaTUTOBOTO
pyaHoro mosisi FOOWIEHHOTr0 MECTOPOXIACHUS JIEMOHCTPHUPYET SPKO BHIPAKCHHYIO
IJIONIAIHYI0  30HAJIBHOCTh W MPOTPECCUBHYID TEOXMMHUYECKYHO  DBOJIIOIUIO
(ITpunoxenue N). [Ipu HanoxxeHUM JAHHBIX MO conepxkaHusM Ha nuarpammy K/Rb —
Cs 4eTKO BBIJICISAIOTCS OOTaThIX KaJMEBBIM MOJICBBIM IINIATOM MErMaTUTOB OJIOKOBOTO
TUIA, TaK Ha3biBaemble Oe3pyaHbie nermartuthl (12M) (barren type); mermatuthbl
oepuiuioBoro tuna (ber type) (moarun 6eprmi-komymobura (brl-col) (1M, 11M, 13M);
anpout cnogymeHoBbsiid THN (alb-spd type) (SM, 7M, 3M, 4M, 8M, 9M, 10M) u tun
anbOUTU3UPOBAHHBIX TeTMaTUTOB (alb-type) (2M, 6M) (pucynok 6.13).
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1 - mopdupoBuHBIE OMOTUTOBBIE TPAHUTHI (KaIOMHCKHIA KoMmIuteke | daza);
2 - MyCKOBUTOBBIE I'paHUThI (kanOuHckuil komiuieke I ¢aza); 3 - cnaHis! (TakbIpcKas CBUTA
(D3fm)); 4 - ueTBepTHYHBIC OTIIOKECHHUS; 5 - IETMATUTOBBIE Tea (KUJIBI); 6 - alTUTHI, TIETMaTHT-
aruIUThl; 7 - )KWIbHBIE AIbOMTU3MPOBAHHBIE IETMATUTHI; § - Pa3phIBHbIE HApYyILEHUS; 9 -
pEerHOHANBHBIN TITyOUHHBIN pa3iom; [1, ¢. 52, 62] 10 - Homepa Touek oTOopa 0Opa3IoB

PucyHnok 6.12 — Cxemarnueckas reoiorndeckasi kapra paiioHa
MecTopoxkaeHus: KOoumneitHoe

[Ipumeuanue — CocTaBieHo 1Mo UCTOYHUKY [1, c. 52, 62].

K/Rb -Cs O6uneitHoe MyCKOBUT
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12M
S0 M
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g g

”"‘holom
10 10M
1 |
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Pucynoxk 6.13 — Ilonoxenue Touek 3aBucumocTi K/Rb-Cs B MmyckoBuTax
MEerMaTUTOBBIX TeJI MecTOpoxaeHUs: FOOumeitHoe

[Tpumeuanue — CoctaBieHo mo uctouyHuky [129, c. 112].
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B myckoBurax Habmomaercss nmporpeccuBHoe oOoramienne Rb, Cs u Y or
nermMatutoB Tuna (barren type) k tumy (alb-type). Cambie Boicokue comepxanus Ta u
Sn B MyckoBuTE OTHOCATCS K mermMatutaM tuma (alb-spd u alb type). Conepxanne W
UMEET TMOJIOKUTENbHYI0 Koppensiuio ¢ otHomenuem K/Rb-Cs (pucynok 6.13,
[Tpunoxxenne W), mporpeccUBHO yMEHBIIAsICh OT HaMMeHee (HPaKIMOHHUPOBAHHBIX
pasnocteit (12M) k makcumanbHO ¢pakiuonupoBanHeiM (3M, 4M, 2M, 6M).
[IporpeccruBHas reoxuMHuyeckas TEHACHIMS B COACPKAHUAX MHUKPOIJIEMEHTOB B
MYyCKOBUTE U3 nermMarutoB HOOMIEHHOro MECTOpPOXKACHUS MpPEANoyiaraeT Hx
T€HETUYECKYIO CBSI3b U (PPAKIIMOHUPOBAHUE U3 OOLIEH MaTEpUHCKON Marmal.

[Tonoxenue Touek 3aBucumoctu K/Rb-Cs B MyckoBUTaxX U3 MErMaTuTOBBIX TEI
mectopoxaeHus lOouneitHoe (pucyHok 6.14) mOKa3bIBalOT SIBHO BBIPAXKEHHYIO
30HAJIBHOCTD B paclpeieICHUN IErMaTUTOB B HAIIPABJIEHUH OT FOr0-BOCTOKA K CEBEPO-
3amaay ¢ yBeiaumdeHueM cojaeprkanuii Li ot 1042 mo 9478 ppm u Rb ot 748 nmo 5837
ppm, Cs ot 49,9 no 1023 ppm (Ilpunoxenne N). Hanbonee dppaknronnpoBaHHbIC U
oorarele JTUTHEM, I[I€3UEM M pPyOUIMEM IETMATUTOBBIC XHWIIBI PACIIONOKEHBI Ha
paccrosauu 10—15 M ot uHTpY3UBHBIX 00pazoBanuil 11 pa3pl KaMOMHCKOTO KOMILIEKCA.

JlmarpaMMa 30HAJIBbHOCTH CONEPKAHUU
MUKpPODJIEMEHTOB B MyckoBuTax KOouneinoro

—4—Li —@—Rb —d&—Cs =3¢=Sn —de—Be —@—Ta =—t—Nbh =P
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12M  11M 1M 13M 5M 7™ 8 M 9M 10M 3M aM 2M 6M
TOYKN MUHEPANTU3ALINN

Pucynok 6.14 — I'paduk 30HaTEHOCTH IErMAaTUTOBBIX PYAHBIX TEN B Mpeenax
MecTopoxkaeHus FOouneinoe

Bwvioo. TlonyueHHble JaHHBIE TO3BOJISIOT TMOATBEPAUTH MPEATNOIOKEHUE O
BO3MOKHOCTH BBISIBJICHUS 30HAJIBHOCTH KPYITHBIX METMATUTOBBIX MOJICH MO CTEICHU
(bpakIMOHUPOBAHUS OT/ACJIBHBIX TETMAaTUTOBBIX JKWJ W Tel HAa OCHOBAaHUU
MHUKPODJIEMEHTHOTO COCTaBa MYCKOBHTA C BbIJIEJIEHHEM HanOoJiee MepCIeKTUBHBIX U3
HUX Ha OOHaApyXEHUE MPOMBIIIJIEHHO Ba)KHBIX HA JIMTHEBOE OPY/ICHEHHUE.
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5.2.6 HUccneoosanue nomeHyuanbHou MmMaHmMAaloOHOCHOCMU Ne2MAMUmMos Ha
OCHOBAHUU MUKPOITIEMEHMHO20 COCMa8a MYCKOGUMA

MyCKOBAT MHOTMMH aBTOpaMH NPHU3HAH KaK HanOoJiee HHTEPECHBI MUHEPAI C
TOYKH 3pPEHUsl OINpPEAESICHUs MOBBIILIEHHOTO CONIEpKaHUS B MErMATUTAaX HE TOJIBKO
JUTHSL, HO psZa PEIKUX MUHEPAJOB, TAKUX Kak HUOOWH u Tantan. [opauenko (1971)
MIPENIONIOKIII, 9TO copeprkanue Ta B 6emoit ciarone <20 u >5 g0 70 ppm yka3bIBaeT Ha
NOTEHIMAJIbHY0 MUHEepanu3anuio okcuaa Ta [130, c. 1894].

[TomoOGuble wuccnaenoBanus mpoBoauiauck Moller P.&Morteani G. Uwmu
UCIIOJIb30BAINCHh TE€OXUMHUYECKHE U MOP(OJIOTHYECKHUE XapaKTePUCTUKU abouTa,
KaJIMeBOTrO TOJIEBOTO MInara u Oenoil cmoabl w3 nermarutoB B Kanane, HOxxHoM
Adpuke u EBpore, koTopble ObUIM U3y4YEeHBI HA TPEIMET UX IMOJIE3HOCTH B KaueCTBE
WHCTPYMEHTOB pa3BeAKHU MJisi OOHapy»)eHUsl Ta merMaTuToB U ClieNlaHbl BHIBOJIBI, YTO
cootHotenue Ta-Cs, Ta-K/Cs B KpyIHO3epHUCTOM paHHEM MYCKOBUTE OKa3bIBACTCSA
HanOoJee MHPOPMATUBHBIM OPUEHTUPOM Ha MEPBOM dTalle pa3BEAKU NErMaTUTOB Ha
COJIepKaHNe NMPOMBINUICHHBIX KOHIeHTpauui Ta [130, c. 1895].

ABTOpOM  paboTbl OBUIM MPOBENEHBI HCCIEAOBAHMS  IMMOTEHUIUAIBHOM
TaHTAJIOHOCHOCTH MErMaTUTOBOrO pyaHoro mnoss HOOuieitHoe ¢ MCIOoJb30BaHHUEM
pernpe3enTatuBHbix rpadukoB Ta-Cs, Ta-K/Cs (pucynox 6.15). JlanHble s
IIOCTPOEHHUS THarpaMm npuseneHsl B [Ipunoxennn 3.

JIuHuM MUHUMAaNBHBIX coaepkaHui Ta s OenbIX CItoJ B SKOHOMHUYECKH
BaXXHBIX IerMaTuTax ¢ Ta-MuHepanu3auuei npusenensl no L'opauenko (1971) u beycy
(1966). U3 anamu3a »TUX ABYX JMarpaMMm BHJIHO, YTO MPAKTUYECKH BCE TOYKHU
conepxaHnnil Ta B MyCKOBUTaX pacIioIOKEHbI BbIIE KpUBBIX [opauenko — beyca, 4to
MOJKET CBHJIETEIbCTBOBATh O JJOCTATOYHO BBHICOKOM OOOTaleHUH MerMaTuToB Ta.

CornacHo T'opaueHko U Jp. anpOUTHU3AIMS TETMAaTUTOB MOXKET 3HAUUTEIbHO
YBEJIMYUBATH KOJIMYECTBO U3BJIEKaeMbIX OKCUAO0B Ta. [loaTomy poct conepxxanusa Ta u
Cs B MeTacCOMaTU4eCKU aJbOMTU3UPOBAHHBIX NErMATUTAX MOXHO CUMTaTh Haubolee
NEPCIEKTUBHBIMU KPUTEPUSAMHU MOTEHUUATLHON pyAoHOCHOCTU Ha Ta (pucyHok 6.15).

Takum oOpazoM, mermMaTuThl HOOWUJEWHOrO pyAHOrO TMOJS OIEHEHBI C
UCIIOJIb30BAHUEM PA3JIMYHBIX TEOXMMUYECKUX KPUTEPUEB M PENpPe3eHTATUBHBIX
IUarpaMm, 3TO TMO3BOJWIIO CAENaTh BBIBOJ O TOM, YTO B MpEAeNiax PYAHOIO MOJIs
HaOJIIOAeTCsl SPKO BBIPAXKEHHAs TOPU3OHTAIbHAS 30HAJIBHOCTh IErMAaTUTOB IIO
cTeneHu ppakuroOHUpoBaHUs U conepxanus Ta u Nb (pucyHok 6.15).

[TonoxuTenbHbIN pe3yabTaTa TakKe MmoxyyeH Ha auarpamme Ta mpotuB Cs u Ta
npotuB K/Cs (pucyHok 6.15), rae oOpasiibl MyCKOBHUTA HCCIEIYEMbIX IErMaTHUTOB
pacrnoyiararoTcsi MEeXIy U Bblle JuHuM MuHepanuzanuu Ta-Nb beyca (1966) u
Iopauenko (1971). MokHO OTMETHTB, 4TO merMaruThl FOOMIEHHOTO0 PYIHOTO TOJIS
NEepPCHEKTUBHBI Ha Ta opyneHeHue.
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Pucynok 6.15 — luarpammel cogepsxanuid Ta npotus Cs Ta u npotus K/Cs B
MYCKOBUTaX U3 ermMaruToB KOOUIEHHOTO pyaHOTO MOJIs

[Ipumeuanne — CocraBieno o uctounuky [130, c. 1895].

Ha pucynke 6.16 ormeuaercst pocT conepxaHuid Ta B 3aBUCUMOCTH OT CTETIEHU
bpakMOHUPOBAHKS TIETMAaTUTOB H pocTy coaepxkanHus Cs. OTMEYEHO TaKkxke
CUHXPOHHBIM C pOCTOM cojaepxkaHusi Ta pocT coxepkanuss Nb, 4YTO MOXKeET
CBUJIETEIILCTBOBATh O NIMPOKOM PACIPOCTPAHCHUH TaHTAJIUTA-KOIyMOWUTa B
nerMaTuToBbIX Tenax KOounerHnoro.
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3aBucumocTh coaepxanusa 1a,Cs, Nb B
MYCKOBHTAaX U3 nermatutoB lOOuneiinoe
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Pucynok 6.16 — Cogepxanus Ta u Nb B pyaubix xuinax KOouneinoro
MErMaTUTOBOTO MOJIS

Bwvisoo no 6 enase. llenb 1iaBbl - OXapakTEpU30BaTh OCHOBHBIC IMPU3HAKU
MPUHAJICKHOCTH PEIKOdIEMEHTHRIX mermarutoB Kamba-HapeiMa k cemeiicTBam,
tuiam u  noarunam  LCT-mermatutoB  (Lithium-Cesium-Tantalum)  wumu
NYF(Niobium-Ytrium- Ftor); BbIIBUTH 3aKOHOMEPHOCTH PACIPEACIICHUS PEAKUX U
paccesHHbIX anemeHToB Li, Rb, Cs, Ta, Nb, Be, Ga, Sr, Ba, REE, Hf, Zr u ap. B pa3ubix
TUMAaX BMEMIAIOUIMX MErMaTUThl MOPOJ M PYAHBIX Tesl (NMEerMaTuThbl, aJIbOUTHUTHI,
Ipei3eHbl, POrOBUKH, MyCKOBUTH3MPOBAHHbIE PA3HOCTU I'PAHUTOB U T.1.).

[lo pe3ynbraraM NpPOBEIEHHBIX WCCIEIOBAHUN BBINOJHEHBI CIEAYIOIINE
paboThI:

- 3yueH MUKpPO3JIEMEHTHBI COCTAB OCHOBHBIX MMETMAaTUTOBBIX PYIHBIX MOJEH
Kan6a-HapsiMckoit metaorennyeckoit 3oubl. B Kan6a-Haprime penkosneMeHTHbIE
MErMaTUThl pacrojaralTcs B 4yeThipex pyAaHbix paiionax (IymsOunckwmii, CeBepo-
3amanno-Kanbunckui, [lentpansHo-Kanounckuit u Hapeimckuii) [96, c. 174].

- IIpoBenieHa o1ieHKa BO3MOYKHOM PYIOHOCHOCTH OTAEJBbHBIX TUIIOB IETMATUTOB.

- HM3ydena KOHIIEHTpalus MHUKPOIEMEHTOB (ppm wuiu %), yCTaHOBJICHBI
npeBbllIatonye (GOHOBbIE 3HAUEHUSI OCHOBHBIX MOKa3aTeseH.

- [Ipou3BeneHo cpaBHEHHE KOHIIEHTPALIMHA U UX COOTBETCTBUE NMPOMBILIICHHBIM
KOHJIULIMSIM JIJIs1 JTUTHSL, TAHTAJIa, HUOOUSI, pyOuIus U 1Ie3Us U T.1.

- [TocTpoensl rpaduku OTHOIIEHUN cofiep kaHuil MukpoaiemMeHToB Rb, Cs, Ta u
T.A. u othHomeHud (K/Rb, K/Cs, K/Ba, Nb/Ta), koropble ciyXxar I€HHBIMH
WHCTPYMEHTAMHM [JIsi OBICTPOWM OIIEHKHM CTEeNeHUu (PaKIMOHUPOBAHUS PEIKHUX
AJIEMEHTOB B IPAHUT-IIETMAaTUTOBBIX TEJIaX M, CIEI0BATENbHO, MO3BOJISIOT OLICHUBATh
CTENEHb UX PYAOHOCHOCTH.

- Jns Oosee TOYHBIX BBIBOJOB IPOBENEH COMOCTABUTEIbHBIN aHaU3 C
m3BecTHbiIMM LCT-nermaruramMu ©  APYyrUMU  PEIKOMETAIUIBHBIMA  MUPOBBIMU
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aHajoraMuM 1O COJIEPKAHUIO IEHHBIX METAJJIOB M MEPCHEKTUBAM PEHTAOEIbHOU
no0brun: [punbymec (ABctpamus), Tarko (Kanaga), MECTOPOXKIEHUS CIIOTyMEHOBBIX
nermatutoB IlentpansHoit Asum (Tamxuxucran, VY30ekucrtaH, 3abaiikanbe),
peaKoMeTauibHBIMU nierMarutaMu Poccunt (DTBIKTUHCKOE U JIp.)

Huxe npuBOauTCA XapakKTepUCTUKA OCHOBHBIX PYIHBIX MOJIEH.

1)  Lenmpanvno-Kanbuncxuii pyousiii pation 00beIUHSIET PEAKOMETAIIbHbBIC
nermMatuthl FOGumnelinoro u AcyOynakckoro pyaHbix moneid, OrHeBcko-bakeHHOTO
pyasoro noisig u Kaparoun-Capblo3ekckoil peikoMeTaliIbHOM 30HBI.

1.1) Ieecmamumuor mecmopooicoenus FOouneiinoe.

Penxomeranbubie nuTueBble nermarutbl (LCT-Tumna), ansOuT-Ienu0IuTOBbIC
Iper3eHbl, MOATHUII - OepUIII-clioAyMeHOBbIe. OCHOBHBIE pyAHbIC KUJIbl: FOOMeiiHas,
Mys3eitnas, Enunas, Yynackas, MPOKO Pa3BUTHI aAlJTUTHL, IErMATUT-AIUIUThI, )KUJTbHBIC
aNbOUTU3UPOBAHHBIE TIETMATHUTHI.

Xapaxmepucmuxa mukpoanemenmuozo cocmaga. I'annuit (Ga) B merMaTuTOBBIX
cUCTEMaxX OOBIYHO HAKAIUIMBAETCS B AJIFOMOCHIIMKATAX U CIIt0AaxX (0COOEHHO B CHIIBHO
(bpaKkIMOHUPOBAHHBIX, JIUTUEBBIX WJIM PYOUAUN-IIE3UEBBIX CIIOAAX). 3HAYUTEIHHO
NOBBIIIEHHOE COJEP)KAHHE B MYCKOBHTE YKa3blBAE€T Ha BBICOKYIO CTEIECHb
METacoMaTHYECKON MepepadOTKU WU Ha «IIO3AHIOK» CTAIUI0 KPUCTAIUIM3ALUHU, KOT/1a
pacruiaB ObUT MakcuMalibHO oboraiiéH Ga. Cpennee cogepkanue: 94,9 ppm, Auanazox
15,95 (8 KIII) — 198,1 ppm (B MmyckoBute). [lermarur (kpaeBbie 30Hb1) — 26,97 ppm.

bapuii (Ba) uwacto koHeHTpupyeTcs B Oojiee «paHHUX» IOJIEBBIX IIIarax
nermMaruta (0COOEHHO KaJIHEBBIX), IOPTOMY BBICOKHI Oapuil B KpacBOM 4acTH >KUII -
MOKAa3aTeJlb OTHOCUTEIIBHO «IIPUMUTHUBHOIO» COCTaBa pacillaBa HA MEPBBIX CTAAUAX.
B mo3gHux, 6oriee SBOMIOIMOHMPOBAHHBIX 30HAX W B METACOMAaTHYECKHUX CIIIOIaX
(myckoBute) Ba pesko nagaet. Jnanazon 19,24-366,5 ppm, npu 3tom (366,5 ppm) —
B KpaeBbIX MerMatutax, MUHUMYM (19,24 ppm) — B MyCKOBHUTE.

He3uit (Cs) - KiIaccMYECKUM 3JIEMEHT MTyOoKo (HpaKIMOHMPOBAHHOCTH
IPAaHUTHBIX MerMaTuToB. HakarnmuBaercs B cironax (MyCKOBHUT, JICTIHIOIUT), HHOTAA -
B noJuTyMTe. Boicokoe conepkaHue B MyCKOBHUTE MOJITBEPKAAET MO3HIOK CTAIUIO U
WHTCHCUBHYIO KOHIICHTPAIIMIO PEIKUX IIEJOYHBIX JJIEMEHTOB. MUHUMAIbHBIC
3HAYEHUS! XapaKTEepHbI ISl «paHHUX» 30H, rae Cs emeé He ychnen HaKOMUTHCS.
Huana3zon coxepxxkanuit 3,53-211,4 ppm, npu 3tom MmMakcumyMm (211,4 ppm) — B
MyCKOBUTE, MUHUMYM (3,53 ppm) — B nermarute (KpaeBble 4acTu).

Pyounuii (Rb) momobno Cs, cuibHO BO3pactaer npu (GpakiMOHUPOBAHHH.
Ouens Bricokue 3HaYeHUs (Oosiee 2000 ppm) B KOHTAKTHBIX U MYCKOBUTHU3UPOBAHHBIX
30HAaX OTPAKAIT MAKCUMAJbHYI0 OJBOJIOIMIO MarMbl W/WIM HMHTCHCUBHBIN
MeTacomaro3. KpaeBbie merMaTuThl UMEIOT HU3KOE cogepkanue (okono 190 ppm), uro
TOBOPHT O paHHEW cTaauu, MeHee oOoraménHoi. Coaepkanus Rb 478-3747 ppm B
uenom, B KIIII — 2230 ppm, myckoButre — 1551 ppm, munumym (189,9 ppm) — B
KpaeBbIX MMErMaTUTAaX.

Sr, Y, REE. Sr, nogo6Ho Ba, Bbiie B panHux ¢aszax mnermarura, B Oosee
(bpakUMOHUPOBAHHBIX MOXKET CHUXarbcsi. Hebosbioe, HO TOBOJBLHO BapuadesIbHOE
cogepkanre Y u HREE roBOpUT 0 HamuyuM akIECCOPHBIX MHUHEPAJOB (LIUPKOH,
KCEHOTUM, MOHAIIUT) B Pa3HbIX MOPONOPIHUAX. B CHIBHO HBOJIIOIMOHUPOBAHHBIX
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MErMaTuTax COAEPKUMOE PEIKO3EMETbHBIX MOXET BO3pacTarh JOKAJIbHO, HO 3/€Ch
aOCOJIOTHBIE 3HAYEHUsT HE OYEHb BBICOKHM, YTO YKa3bIBA€T HAa «YMEPEHHYIO»
peako3eMenbHyto crienuanu3anuto. Conepxanus anementon: Sr: 90,6-307,8 ppm; Y:
0,43-15,09 ppm; LREE: 4,87-94,49 ppm (cymma ~28,58); HREE no 2,6-29,63 ppm
(cymma ~13,5); u Eu (0,03-0,94 ppm); U (1,18 ppm) — HEBBICOKHUH ypOBEHb.
PannoakTuBHast aHOMaMs HECYILIECTBEHHA; Eu — HU3KME BEIMYMHBI U, BEPOSITHO, IPKO
BBIpA)KEHHass  oTpuuarenpHas  BEu-aHomanus ~— (TMnu4Has I CHJIBHO
(GbpaklMOHUPOBAHHBIX TPAHUTOMJIOB M TMEIMATUTOB, IJI€ PAHO BBIKPUCTAILIU30BAJICA
IJIaruokiias, u3duparenbHo 3adupasiuii Eu.

Be (1,07-2,8 ppm) mnoka3pIBacT IOBOJIbBHO HHU3KHE KOHIIEHTPALMM, YTO,
BO3MOXKHO, YKa3bIBa€T HA OTCYTCTBUE KPYIMTHOKPUCTAIIINYECKOTO OepuiLia UiTu IPyTuX
OEepUILIUEBBIX MUHEPAJIOB B 3aMETHOM KOJIMUYECTBE.

OTtHocuTenbHO HeBbIcOKHe copepskanust Hf (0,12-3,71 ppm) npu cpaBHUTEITBHO
BbIcOKOM Zr/Hf (28,47) roBopAT 0 TOM, YTO CUCTEMa HE JOCTHUINIA «IKCTPEMATILHOY
BBICOKOTO YpOBHS (pakumoHupoBanus. Ta ~25,21 ppm, Nb ~4,41 ppm, 1. e. Ta > Nb.
Ot10 xapakTepHo aJisa Oonee ¢ppakimoHupoBaHHbIX nermatutoB LCT-Tuma, rue TanTan
npeoOnaaer HaJL HIOOMeM. B «paHHMX» NerMaTuToBbIX (pa3ax, kak nmpasuiio, Nb > Ta.

1.2) Acy-bynakckoe pyonoe noie.

Tun  opyneHeHus: peAKOMETalbHbIE JIMTUEBBIE MErMaTUThI, aJIbOUT-
aenuaoauToBble rpersensl, (LCT-tun), moarun 0epuiI-CrioyMEHOBBIE.

OcHOBHBIE TIposBIICHUA: TpaHieiHas, YHrypcaiickas >KWibl (BEpOSATHO,
JUTUEBbIE  METMATUThI, aJbOUT-CIIOAYMEHOBBIE, MECTaMHU  JICTIHJIOJIUTOBKIC);
mecropoxaenre Kapmen-Kyyc (KK) (ecth kpynmHO3EepHUCTBIC JIUTUEBBIC TIETMATUTHI,
MErMaTUThl C KJIEBEJIAHJAUTOM U JICTIHJIOJHUTOM, AalIbOUTOBBIE «CaXapOBUJIHBICH
rpezeHbl (METKO3EPHUCTHIE).

MukposneMenTHbli coctaB: Ga: cpegnee 26-27 ppm, gocturaetr 54-79 ppm B
aIbOUT-JENUAOMUTOBBIX IpeiizeHax (Mpu3HaK MTyookoH (pakimoHupoBaHHOCTH). Ba:
B cpeaHeM 93 ppm; OTHOCUTEIbHO HHU3KHE 3HAYEHUsT TUIHMYHBI JUIsl CUJIBHO
(bpakuroHUpoBaHHbIX erMaTuToB. Cs: oT 37-92 ppm (MUHUMYM B Ipy003€pHUCTOM
NerMaTuTe U MeHee (PpakIMOHUPOBAHHBIX (PaIUAX) 10 BHICOKUX 3HaYeHUM 362—4758
ppm B aJbOUT-IENUAOIUTOBBIX Tpeii3eHax (mpu3HaK KpaiiHero oOorameHusi). Rb:
cpeanee 2900 ppm, HO B rpeisenax Kapmen-Kyyc nocrturaer 6000-9500 ppm
(3KCTpeMalibHbIe 3HaUYCHMS). St: 59 ppm, HEBBICOKOE — XapaKTEPHO MJid MO3IHUX,
«obenuénnpx» nermatuToB. Y, REE: Huskue (Y 1,56 ppm, > LREE 4,68 ppm, ) HREE
6,89 ppm), uto moarBepkaaeT TUNU4Hyr aia LCT-merMaTuToB CKYAHOCTH IO
penxozemam. U 2-2.4 ppm, Huxe uiu okoso ¢oHoBwix. Eu 0,05 ppm (oueHb HU3KO,
yKa3bIBae€T Ha CUJIbHYIO OTPHUIATENIbHYIO €BpomueByto aHoMmanuio). Hf 3,6 ppm, HO
MakcuMyMm 18,26 ppm B JIENHAOIUTOBBIX TpPEH3EHAX, YTO CBUAETEIBCTBYET O
HaKOTUIeHUU TaHUs B xoje mrybokou auddepenimanuu. Zr/Hf —26,8, aro ckopee
OTPaXaeT YMEPEHHYIO CTENeHb (PPAKUMOHUPOBAHMUS B HEKOTOPBIX Mpo0ax, HO
JIOKaJIbHO B 30HaX rpeizenusamnuu Zr/Hf MoxxeT cHmkarhCsl.

BriBogel mo pymoHocHoctH. llome xapakrtepusyercsa tunuunbiM s LCT-
nermaTuToB KoMIuiekcoM: Li, Rb, Cs, Ta, Nb, Be. OcobenHo Bbicokue coaepskanusi Rb
u Cs (OO0 HECKOJIbKHMX ThICSY ppm), YTO YKa3blBa€T Ha JIENUAOIUTOBYIO WM
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IMHBAJILUTOBYI0O MHUHEPAJOTHIO0 (HACBIIIEHUE CJIOA  PEIKUMH  LIEJIOYHBIMU
aneMeHTamMu). Takue 0OBEKThI TMEPCIIEKTUBHEI MPEXK/IE BCETO Ha JUTHM, a TakKe Ha
nomyTHyt0 100bray Rb u Cs (B ciydae 3(Q¢peKTUBHON TEXHOIOTMM W3BIICUCHUS U3
citon). TaHTan U HUOOUH TakKe MOTYT HAKaIlJIMBAThCsl, HO UX KOHLEHTPALIMU HYKHO
YTOYHSTH IO MUHEPAJIOTUYECKUM TaHHBIM (KOJTYMOUT-TAHTAJIUT).

B uenom, Acy-bynakckoe pynHOe MoJie O T€OXMMHYECKOMY OOJMKY OYE€Hb
OJTM3KO K IPYyTUM BRICOKODPAKITMOHUPOBAHHBIM Iermatutam Boctounoro Kazaxcrana.
Takum o0pa3oM, Acy-bynakckoe pyaHoe IMone — MpUMEP PEIKOMETAIITLHOTO
nerMarutoBoro komiiekca LCT-Tuna ¢ BbICOKOW CTENEHbIO (PpaKIIMOHUPOBAHUS, T]1€
OCOOEHHO SIPKO IMPOCIIEKUBAETCS OOOraileHue 1e3ueM, pyounueMm u iutueM. OHO
MOXKET BBICTYyHaTh KakK OOBEKT JUIsl CPAaBHEHUS C JIPYTUMU MECTOPOXKICHUSMU U
pynomnposiBienusimu Kanba-Hapeima.

1.3) Ileemamumul mecmopoowcoenus baxennoe (Oenescko-baxennoe pyonoe
noie).

MecTtopoxnenne bakeHHOe pacnonoxkeHo B mnpenenax OTrHEBCKO-bakeHHOro
pyaHoro mojig. I[lo onucaHHBIM BBIIIE MOKA3aTEIsIM, MECTOPOXKICHUE OTHOCUTCSA K
KOMIUIEKCY pedkomemannvHulx nermMatutoB LCT-tuna (JuTui—1e3uii—TanTain),
noATUN  OEepUJII-CIIOJLYMEHOBBIM. YYacTKUM TerMaruTa JEeMOHCTPUPYIOT — Kak
dbocdarHyto, Tak U cnodymeHosylo (1umuesyro) CHUeIUaIu3aluioo, a TaKKe 30HBI
aMbOUTU3AIMN C TAHTAJIUTOM M TOJIEBBIMH IMaraMu (KaJUEBBIM JTMOO HATPUEBBIM ).
Hanuune meenura u 6epusuia TOBOPUT O JIOMOJHUTEILHOM mpucyTcTBUM W 1 Be,
COOTBETCTBYIOIIEM CIIO)KHOMY (MHOTOKOMIIOHEHTHOMY) cocTaBy. CHEKTp aHalu30B
BirodaeT Ga, Ba, Cs, Rb, Sr, Y, U, Eu, Ce, Hf u penxozemenshubie amemerTsl (LREE,
HREE), a rakxe cootHomenue Zr/Hf u Nb/Ta.

Jlutuit (L1) — conepkanue ot 40 10 570 ppm, 4TO MOXKET CBUAECTEIHCTBOBATH O
3HAYUTEINIbHBIX MEPCIEKTHBAX Ha HAXOXKJICHHUE 37€Ch MPOMBIIUICHHBIX COIEPKAHUM

CIIO/TyMEHa.
lNannuit (Ga) kak mpaBwiio, 3amemaer Al B amoMOCHIIMKATax, MO3TOMY €ro
MakCUMyMbl B MyCKOBUTE€  JIoTuuHbl.  Huskme  3Hauenus Ga B

TaHTaJIUTE/IIEETUTE/TypMAIIMHE OTPAKAIOT UX 00JIee «METAUTMUECKUI WM OOPHBII
xapaktep, 0e3 mzomopduszma Ga. Ob6miee cpeanee (41 ppm) TOBOJIBHO BBICOKOE,
yKa3biBasi Ha TOBBILIEHHYIO aJIIOMOCWIMKATHYI0 MHUHEpaIu3auul0 (MYyCKOBHT,
noJieBble mnatel). MunumansHoe cogepxkanusa Ga (3,21-17,9 ppm) xapakrepHsbl s
PYIHBIX MHUHEpaJoB (TAaHTAJIUT, IIECETUT), TYpMaJMHA U MErMaTUToOB ¢ ¢ocdaTami.
Cpennue 3nauenus (19-80,4 ppm) 3adukcupoBanbl B 6epuilie, allbOUTU3UPOBAHHBIX
MerMaTuTax, crnogaymene, kanueBom mnosieBom mmare (KIIHI). Makcumanbasie (11,9—
141,9 ppm) B MyckoBHUTE.

bapuit (Ba) coBmecTMM B KajuIlIIaTax M HEKOTOPBIX citomax. CunbHas
bpakIMOHUPOBAHHOCTH (0COOCHHO anpOuTHU3aIms, hocdarHbie 30HBI) PE3KO CHIKAET
Ba. Bricokokoe conepkanue Ba B MyckoBHUTE, MO JAAHHBIM JIUTEPATYpbl, HEPEIKO
CBSI3aHO C MO3JHUMHU METACOMaTHYECKUMU IpolieccaMu, korna K-cioabl crnocoOHbl
akkymynupoBatb Ba. Conepxanus Ba makcumym (126,2—-143,7 ppm) y MyCKOBUTOB,
mMuHumyM (0,37-1,39) B nermarutax ¢ docdaramu, KpymHO3ZEPHUCTBIX «ITYyCTHIX»
NErMaTuTax u albOUTU3UPOBAHHBIX 30HAX C TAHTATUTOM. [[poMeKyTOUHBIE 3HAUYECHHUS
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(15,63-47,84 ppm) — cnoxymen, KIIIII, meenut, Tantanut, Typmanu. [e3uit (Cs) —
TUIIUYHBIN Mapkep miyOokoil nuddepeHnranuyu rpaHuT-NIerMaTUTOBOTO pAacCIliaBa.
Bricokue 3nauenust Cs (COTHH ppm) 4acTo HaOMIOAAIOTCS IMEHHO B MO3HUX CIIOAAX
(MyCKOBUT, JIEMUOJUT), @ TAKKE NHOTAA B MOJIEBOM IImate. THTEpecHo, 4To IIEeTnT
Toxke comepkut (245—1840 ppm Cs), BO3MOXKHO, 32 CUET (ITFOMTHBIX BKIIFOUCHUHN WITH
n3omopupix 3amemnieHuii. Cs B cpemHeM 296 ppm — CBHIETEIHCTBO BBICOKO
¢dpaxmonupoBannoro LCT-mermaruta. Cogepxanust Cs — makcumainbHbie (245,4—
1840 ppm) — meenut, KIILL, myckoBut; cpeanue (111,0-124,2 ppm) B «IIyCTBIX»
KPYIHO3EPHUCTHIX IErMaTUTax, (GocarHbIX, aTbOUTU3NPOBAHHBIX TETMATUTAX; HIKE
cpennero (28,3—-67,6 ppm) B TypMaJlIiHE U CIIOTyMEHE.

Py6ounuii (Rb) 3amemaer K B kanueBom mimare u cironax. OdeHb BBICOKHE
colepkaHusi (A0 HECKOJNbKMX TBICSY ppm) — TPU3HAK IKCMPEMATbHOSO
@paxyuonuposanus. ITlokazarenbHo, 4To (ocdarHple, OSPHILIOBBIE 30HBI HMEIOT
Menblie Rb, Torma kak myckoBuT u KIIII kpaeBbix yacTeld 1eMOHCTPUPYIOT MHUK.
Makcumym conepxanusi Rb (1674—7220 ppm) — B myckoBure, (30794751 ppm) — B
KIII; 240,8—1284 ppm — B anbOUTU3UPOBAHHBIX MErMaTUTaX; YMEPEHHbIEC/HU3KUE
(189,2-10,9 ppm) — pocdarHbie IErMaTUThI, OCPUILI, IIEEITUT, TYPMAIHH.

Crponumii (Sr) oObIMHO CHMXKaeTca NpH (pakuuoHHpoBaHUM (Kak u Ba),
MIO3TOMY BBICOKHME St XapaKTepHBI 1711 MeHee U PepeHInpOBaHHBIX, «PAHHUX) 30H.
KpaeBble yacTu mermatuTa MOTYT YIAEpKHBaThb 4acTb Sr, a LEHTpajbHbIE OoJjee
obeanensl. Cpennee comepxkanue Sr 100,4 ppm, makcumym (152,9-267,4 ppm) B
mpo0ax KpaeBbIX 30H MErMaTUTa W/WJIH MPUJIETAIOIINX TEPPUTCHHBIX TOJII; MUHUMYM
(82,9—-100,5 ppm) B KIIII u3 BHemiHel 30161 (CriogyMeHOBas JKUJA).

Conepxanue Y - 4,04 ppm; U - 3,47 ppm; Eu - 0,56 ppm; Ce - 3,74 ppm; Hf -
39,46 ppm; XLREE - 14,56 ppm, XHREE -17,47 ppm; Zr/HfZr/Hf - 65,07. Hf - 39,46
pPpm — JOCTaTOYHO BBICOKOE 3HAUYEHHUE, MPEAIOJIAraonee HHTEHCUBHOE HAKOIUICHHE B
HUMpPKOHE TpH npoaBUHYTOM (ppakuuronupoBanuu. Ho ZrHf-65\frac{Zr} {Hf}- 65 BcE
elm€ CpPaBHUTEIBHO BBICOKO (B AKCTPEMANbHBIX PEAKOMETAJUIBHBIX TPaHUTaX 3TO
COOTHOIIIEHNE MOXET naaarb Huxke 10—20, 3HaUUT NerMaTuT HE TIOCTUT «KOHEYHOW»
ctaguu. REE: XLREE + HREE - 32 ppm; cnabas npeo6nananune HREE (17,47) nan
LREE (14,56). OrpuuarensHass aHomainus Eu — TUOMYHO JJi1 CHJIBHO
(bpakIMOHUPOBAHHBIX TPAHUTOB/TIETMATUTOB.

Mectopoxnenne bakeHHOE HECOMHEHHO JEMOHCTPUPYET KOMIUIEKCHYIO
penkometauibHyto crnernuanuzanuio (Li, Rb, Cs, Ta, Nb, Be), npucymywo LCT-
nerMaTuTaM, TMOATUIY OepUIUI-CioAyMeHOBble. Hamuuue cromymeHa, TaHTajIuTa,
MyCKOBUTa C BbICOKUM Rb, a Tarke ¢ocharHbix U anbOUTU3UPOBAHHBIX 30H
YKa3bIBAIOT Ha TIYOOKYI0 CTaaui0 (pakiMOHUPOBAHUS M TEPCIEKTUBHOCTH IS
MPOMBIIIJIEHHOTO M3BJICYEHUS JIMUTHUS, TaHTajda U COMYTCTBYIOIIUMX MeTamuioB. llo
CPaBHEHHMIO C aHAJIOTUYHBIMU MUPOBBIMU MECTOPOXKIeHUSIMU, bakeHHOe pacroiaraet
COMOCTABUMBIMM (WJIM Jlayke MpeBOcXosuumMu) KoHreHTpauusmu Li, Rb, Cs, uto
YKa3bIBAE€T HAa BO3MOKHOCTh MMPOMBILUIEHHON pa3padoTku. KiroueBbiMu apameTpamu
ABIAIOTCS conepxumoe Li (B cogymeHoBbIX 30Hax), Ta/Nb (B TaHTaqIMTOBBIX), a
Takke MaciTaldbl kuil. [leTanbHble MUHEPaIOro-TEXHOJIOTUYECKHE HCIBITAHUS U
pa3BenKka MO3BOJIAT YTOYHUTH 3amacbl W PEHTAOENbHOCTh KOMIUIEKCA PEAKUX
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MetauioB. Nb/Ta (68,4/96,6): B LCT-nermarutax otHomenue Nb/Ta wmoxker
CHIDKATBhCS < 5 MPH SKCTPEMaIbHOM (PpaKIMOHUPOBAHUH.

1.4) Kapacoun-Capuloszexckas pyoHas 30Ha 00vbeoduHsem pyoHvie NoJjis
Mmecmopodicoenuti Axmemruno, Touka, Anoati, Meoseoka

Mecmopooicoenue Axmemxuno OTHOCHUTCS K CEMEWUCTBY JIUTUH-LE3HI-
tantanoBeiM (LCT) mnermaruroB. Ha MecTOpokaeHUU BBIJICICHB JBa THUIMA
PYIOHOCHBIX IETMaTUTOB: MUKPOKIUH- Oepwiui, cnogymeHoBbiid (Ta, Nb, Be, Sn) u
anpouT-ciomymenoBbii (L1, Ta). AXMETKMHO mNpeacTaBisieT CcoOOW CIOXKHYIO
MErMaTUTOBO-TPEH3EHOBYIO CHUCTEMY, BKJIIOUAIOIIYIO PA3JMYHBIC THUIIBI METMATUTOB
(cmomymMeHOBBIE, albOMTU3MPOBaHHBIE, ¢ (ocdhaTaMu MapraHia, ¢ JICTHUIOIUTOM),
rpel3eHbl, POTOBUKU M CIIIOJUCTHIE POTOBUKH. [E€OXMMHUYECKUI aHaIU3 BbISIBUII
3aKOHOMEPHOCTH  pACIPE/CNICHUs MHUKPOAJIEMEHTOB, IO3BOJSIOIINE  OLICHUTD
MOTEHIIMAI MECTOPOXKACHUS NIl JOOBIYM PENKUX U PEAKO3EMENIbHBIX 3JIE€MEHTOB.
Pacnipenenenre MUKpO3IEMEHTOB YKa3bIBAET HA KOMIUIEKCHBIA XapaKTep OPYICHEHUS
C HUIMYMEM PEIKO3EMEIIbHBIX PY/I.

lammuii  (Ga) - cpenHee cojaepKaHWE B MErMAaTUTax CIOAYMEHOBBIX,
rpyOO3EpHUCTBIX W JENUAOIUTOBBIX pasHoBuaHocred (18,25-31,11 ppm) B
rpanurouaax (~17 ppm). Makcumanbhuble koHUeHTpauuu (36,59-32.4 ppm)
BBISIBJIEHBI B TpEl3€HaXx, 4TO CBSI3aHO C UX BBICOKOTEMIIEPATYPHBIM THIPOTEPMATbHBIM
n3MeHeHueM. MuHuMalbHble cofepskanus (16,75 ppm) B poroBuke.

bapuit (Ba) nmemMoHCTpUpyeT CBA3b C OCTaTOYHBIMU THAPOTEPMAIbHBIMU
dronamMu, KOHIICHTPUPYACh B POTOBHMKax. MakcumalibHble KoHIeHTpanuu (490,9
ppm) B pOrOBHKE C HHPUTOM, YTO MOXET OBITh CBA3aHO C OCTaTOYHBIMU
rUAPOTEPMAIbHBIMU  TpoleccaMu. MuHuManeHble 3Hauenus (119,6 ppm) B
aNbOUTU3UPOBAHHBIX ITETMATUTAX.

[e3uii (Cs) KOHLEHTPUPYETCS B CIIOAUCTBIX POrOBUKAaxX M IETrMaTuTax c
JENUAOIUTOM, YTO XapakTEpHO [JIsl PEIKOMETaUIbHbIX mermatutoB. CpenHee
comepxkanue 43,25 ppm — BBIIIE CPEAHETO YPOBHS JIMTHUK-LIE3UEBBIX NErMaTUTOB.
MakcumanbHble KoHLEHTpauud (132 ppm) B CHOAKCTOM  POTOBHKE, YTO
CBUJICTEIILCTBYET O BO3MOXHONW  METAaCOMAaTUUYECKOW  mepepaboTKe  MOpPO.
MunumanbHlble cogepkanus (11,8 ppm) B albOUTU3MPOBAHHOM METMATUTE, YTO MOXKET
OBITH CBSI3aHO C 00JIee MHTEHCHUBHOM BBIIIEIaYMBaOIICH (ha3oil.

OcHoBHOE oOoraienue Rb CBS3aHO c JIEMTUOJIUTOBEIMU 5
IPEU3EHU3UPOBAHHBIMU  TIOPOJAMH, YTO IIOBBIIIAET PYAOHOCHBIA ITOTEHIMAJ.
Maxkcumanbhbie KoHIIeHTparuu (786,9 ppm) B CIIOIUCTOM POTOBUKE, YTO YKa3bIBACT
Ha 3HAYUTEIBHOE Yy4YacTHE PYOMIAMEBBIX MUHEpAIOoB. MUHUMAaIbHBIC COACPIKAHUS
(81,4 ppm) B poroBuke ¢ mnupuToM. CTpoHIuil (Sr) BBIMBIBAETCS B MPOIECCE
rUAPOTEPMATIBLHOM 3BOJIOIMU nerMatutoB. CpeaHee coaepxkanue 55,84 ppm, HUXe
KJIAPKOBBIX 3HaUeHUI rpaHuToB (~150 ppm). MakcumanbHbie 3HaueHus (148,7 ppm) B
pPOTOBUKE C TUPHUTOM, UYTO CBUAETENIBCTBYET O 3HAYUTEIBHOW THAPOTEPMATIbLHOM
nepepadotke. MunumManbsHbie koHIIeHTpauuu (30,3 ppm) B CHOTYMEHOBOM ErMaTHUTe.

TanTan (Ta) 31,36 ppm u HHOOMIT (Nb) 56,11 ppm. Bricokoe coaepsxkanue Ta u
Nb nenaer MectopoxaeHHe NEPCHEKTUBHBIM JJIsl TPOMBIIIUIEHHON TOOBIYM TaHTal-

149



u

HuoobueBbix pya. CootHomenue Nb/Ta = 1,79, 4To COOTBETCTBYET PYIOHOCHBIM
nuTuii-ue3ui-rantanoBsiM (LCT) nermaruram.

Penxozemensubie 3nemMeHThl (REE) mpakThyecku MOKa3bIBAIOT OJUHAKOBBIE
conepxkanns. Cymma LREE (16,1 ppm) u HREE (15,57 ppm). CootHomienne Zr/Hf =
22,19 — yka3bIBaeT Ha BBICOKYIO CTETICHD (PPAKITMOHUPOBAHUAI.

Mecmopooicoenue Medseoka mpeAcTaBisieT cOOOM MerMaTuTOBO-TPEH3EHOBYIO
CUCTEMY, BKJIOYAIOUIYIO KBAapL-MYyCKOBUTOBBIE W CIIFOAUCTBIE TPEH3EHBI, a TaKKe
myckoBuT U KIIII (xuna brnokoBas). IlpoBeneHHBIM aHamW3 MHUKPOJIEMEHTHOTO
COCTaBa MO3BOJISIET BBISIBUThH KIIFOUEBBIE 3aKOHOMEPHOCTH PACIPENEIICHHS MOJIE3HBIX
KOMIIOHEHTOB, OLICHUTh IMOTEHUHAI MECTOPOXKICHHUS U €ro IMEpPCHEKTUBHOCTH JIA
pa3paboTKu. AHAJIU3 MUKPOIJIEMEHTOB BBIMOIHEH MO 00pa3liaM MerMaTuToB, KBapil-
MYCKOBHUTOBBIX M CIIOAUCTBIX rpeiizeHoB, MyckoButy u KIIII (>kuna biaokosas).

3aKOHOMEPHOCTH pactipesiesieHuss MukposneMeHToB. [lammuit (Ga) - cpenHss
KOHIIEHTpauusicocTapisger 33,7 ppm (3HAUUTEIBHO BbIMIE (POHOBBIX 3HAYCHUHN
rpaHuToB, 17 ppm). MakcumanbHOE coiep:kaHue B MyckoBuTe (56,5 ppm), 4ro
MOJITBEPIKIAET €r0 KIOYEBYIO posib B KOHIEeHTpanuu (Ga B mpoliecce METacoMarosa.
MuHuManbHbIE 3HAYEHUS OTMEYAIOTCS B KBapIl-MUKPOKJIMHOBOM merMarute (5,54
ppm), 4TO CBSI3aHO C HU3KOM COPOIMOHHOM CITIOCOOHOCTHIO MOJEBBIX MAaToB K (Ga.

bapuit (Ba) - cpennee coaepxxanue - 420,54 ppm (B npenenax 3HaYCHUN IS
TPAHUTOUAHBIX KOMIUIEKCOB). [Ipn 3TOM MakcumanbHbI€ 3HAYEHHSI XAPAKTEPHBI IS
anbOUTU3UPOBAHHBIX  TermatutoB (mo 1320 ppm), 4dro yKas3plBaeT Ha
nepepacnpezeneHue Ba B npouecce HarpueBoro Mmeracomarosa. Takum oOpazom, Ba
KOHLIEHTPUpPYETCd B  IO3AHEMETACOMATHYECKUMX  IOpoJax, OCOOEHHO B
aNbOUTU3UPOBAHHBIX ITETMATUTAX.

Cpennee conepxkanue 1e3ust (Cs) 31,66 ppm, 4TO 3HAYUTEIBHO IPEBHIIIACT
KJIADKOBBIE 3HAUEHHSI TPAHUTOMAOB S5 ppm. MakcuManbHble KOHLEHTPAIIUU
XapakTepHbl a1 MyckoBuTa (162,2 ppm), 4TO CBUIETENBCTBYET O €r0 POJIH B
AKKyMYJSILUM ~ JTUTOQUIBHBIX  3eMeHTOB. (s KOHLEHTpUpYETCd B  MO3AHUX
TUAPOTEPMAJIbHBIX U METacoMarnueckux npoueccax. Pyounuii (Rb)- makcumanbHbie
KOHIIEHTpauuu B MyckoBuTe (4969 ppm) u wmukpokiauHe (4255 ppm), uTo
MOATBEPKIACT MPUHAIC)KHOCTh MECTOPOKACHUS K TUTHI-11e3uii-TanTanoBbM (LCT)
NerMaTuTam.

Cpennee conepkanue crpoHuuit (Sr) 94,05 ppm, mpu 3TOM MakCUMaJIbHbIC
3HAYEHUS B KBApIl-MyCKOBUTOBOM TpeizeHe (236,0 ppm) u mukpokiuue (229,3 ppm)
Py MUHUMAaJIbHBIX 3HAYCHHUSX B albOMTHU3MpPOBAHHOM mnermarute (42,61 ppm) u
myckoBuTe (44,98 ppm). DTO MOXET CBHJIETEIHLCTBOBATH O YACTUYHOM €0
nepepaclpecHny B IpoLecce TAPOTEPMAIbHBIX H3MEHEHUM.

Penkozemenbhbie anemenTol. LREE (cymmaphno) 26,95 ppm, HREE (cymmapho)
20,21 ppm, Takum ob6pazom HREE obGoramenue tunmuano st GpakiimOHUPOBAHHBIX
rpanutoB U rpeizeHoB. CootHowmenue Zr/Hf - 17,9 yka3biBaeT Ha BHICOKYIO CTETIECHb
nvuddepeHuan TpaHUTHOTO paciljiaBa.

TanTan (Ta) (26,33 ppm) u Huoduii (Nb) (84,14 ppm). Cootnomenue Nb/Ta -
3,2, 4TO  COOTBETCTBYET  pYAOHOCHBIM  PEIKOMETAJUIbHbIM  IerMaruram,
nepcreKTUBHBIM A1 100b14n Ta-Nb py.
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Mecmopooicoenue  Touka.  AHamu3  MUKpPODJIEMEHTOB  MOKa3aj, 4YTO
MECTOPOXKICHHE TPEJCTaBIsICT COOOW TUNMWUYHBIA TPUMEDP PEIKOMETAILTLHOTO
nermatutoB LCT-Tma ¢ BBIpaXEHHOM JMTUEBOM clienManu3anuve. AHamu3
MHUKpPO3JIEMEHTHOIO COCTaBa MOKa3ajJ 3aKOHOMEPHOE PACIPEACIICHHE AIEMEHTOB 10
TUMAM TOPOJ: OT CPAaBHUTEIHLHO OOCHHEHHBIX KOHTAKTHBIX POTOBHKOB K PE3KO
00OTaImEHHBIM  JTUTHH-TIC3UNA-TAaHTAJIOBBIM ~ TlerMaTtuTaM. [lermatutsl  comepikar
Bbicokre KoHmeHTparuu Li, Rb, Cs, Ta, Nb, Be, cymecTBeHHO MpeBbIIIAOIIIE
(hOoHOBBIE BMENIAIOIINX MOPOJ] M COMTOCTABUMBIE C AHAJIOTMYHBIMU PEIKOMETAIBHBIMU
MecTOpokaeHUsIMU. (OCOOCHHO BBIJEISAETCS JMTUEBOE OpYyJAeHEHUE (CIOIyMEH),
MOJITBEPK/IAI0IIee MPOMBIIIUICHHBIN OTEHIIMANl 00beKTa. POrOBUKOBBII Opeos BOKpYT
ui oborarieH Li, Rb, Cs, Sn, W 3a cu€t Mmetacomarnueckoro 3dgdexra 4to sBisieTcs
BaYKHBIM MOMCKOBBIM MPU3HAKOM U OTPa)KaeT yyactue (Irou0B B py1000pa30BaHUU.

Jlutuii (L1) — m1aBHBIN IIEeHHBIH KOMIIOHEHT, COJIEpKAIUHCS B IEerMaTruTax
MecTopoksieHusi Touka B criogyMeHe. Ilo oneHkam, CIOAYMEHOBBIE METrMaTUTHI
MECTOPOXKJICHUsT uMelT cpeaHee coaepxkanue Li (1333,4 ppm) B 3anexax
npombinieHHoM MomtHocTu. Conepxkanusi Li usmensitorest ot 83,5 go 9185,0, uro
CPaBHUMO C THUIMYHBIMU I[IOKAa3aTEIsIMU MHPOBBIX MECTOPOXKICHUM: Hampumep,
KpynHoe MecTopokaeHue [ punoyiiec (ABCTpains) MMEET CPEHIO0 TPOMBIIIEHHYIO
KOHIIEHTpaluio okojio 2,5 % LixO u sBisieTcs KpyMHEHIIIMM PeCypcoM JIUTHS B MUPE.

Conepxxanne Ga cocrasmsger ot 1,1x0 52,05 ppm, npu 3TOM MakCUMaJIbHbIE
3HAYEHUSI UMEET CIIOyMeEH, cpeanue conepxkanus (15,05-23,31 ppm) ycTaHOBIIEHBI B
MYCKOBHUTOBOM pyOallike, poroBuKax, rnermMarurax.

Conepxxanue Ba B cpennem 336,48 ppm, mpu 3TOM MakCUMyM OTMEYEH B
HanMeEHee b pakIMOHUPOBAHHBIX cinabo aTbOUTU3UPOBAHHBIX, CUJIBHO
OKBApILIOBAHHBIX NlerMaruTax u poroukax. Copepxxanue Cs BapbupyeT OT MaKCUMyMa
B cironucTtoMm poroBuke (458,82 ppm), 1o munumyma B ansbutax (0,83 ppm), uro
MOJTBEPKAAECT HATMYME MPOLECCOB METACOMATO3A.

[e3wuit (Cs) BcTpeuaeTcst B merMaTuTax 0ObIYHO B BHJIE MHHEpaja MOJUTyLUTa
unu oboramieHHoN Cs 1enua0auTOBOM Citoibl. OJTHAKO B CIIOAYMEHOBBIX MErMaTUTaX
MecTOpOXKaeHHs Touka MOJUTYLIUT HE OTMEYEH, U, CKOPEE BCET0, BXOJIUT B COCTAB CIIOJ
Y TIOJICBBIX IITIATOB.

Cpennee conepkanue Rb comepkanme 531,15 ¢ Makcumymom B
BBICOKO(DPAKIIMOHUPOBAHHOM  ClloAyMeHoBoM nermarure (2260,20 ppm, d4ro
COCTaBJISIET JIOJIM TPOLIEHTa B HamOojee OOOrameHHBIX 30HaX (Hampumep, B
IpeW3eHU3UPOBAHHBIX YYaCTKaX C BTOPUYHBIM MYCKOBUTOM).

KonmnuectBo Sr xonebnercs B mpeaenax 2,15-714 ppm. Ilpu 3toMm MUHHUMYM
coliepkaHuii B HamOoJee (pakIMOHUPOBAaHHBIX paszHocTsax (2,15-131,4 ppm) —
c1a00aTbOUTU3NPOBAHHBIX TIETMATUTAX, CIIOYMEHE.

Conepxanue Be ot 0,66 no 177,2 ppm, 6epuiuinii CONEpKUTCS B IETMATUTaxX B
Bujae Oepwwia. bepwin chopmupoBancs Ha OTHOCHUTEIBHO PAHHUX CTaAUsAX
KpUCTAJUIU3ALIUM TTIETMATUTA, a TAKXKE B SK30KOHTAKTaX.

[TokazarensHbl cogepxannss Y oT 0,49 mo 1,52 ppm, 4TO CBUIETENBCTBYET O
3HAYMUTEJIbHOM KOJIMYECTBE MOHAIUTA, IMPKOHA, KCEHOTHMa. Peako3eMenbHbIe
anemenThl (REE, Bkitouast Y) —cymmapno Huszkue LREE 15,46; HREE 11,42. VX ponb
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— unaukaropHas (xapakrep pacnpenenenus LREE vs HREE, orpunarensnas Eu-
anomanust (0,0057-1,36 ppm) U T.A., UYTO BaXKHO [Jisi TUIU3AIMU METMAaTUTOB Kak
TUNUYHBIX U3 cemerictBa LCT.

B mectopoxknenun Touka, Cymasi MO T€OXMMUYECKHM JTaHHBIM, TETMATHUTHI
oboramensl Ta (12,9 ppm) u Nb (49,9 ppm) otHOCHTENHEHO dOHA.

1.5) Kanba-Hapvimckuii peokomemannovhwiil nosic, Cesepo-3anaonas Kanba

[lermarutbl MectopoxaeHuss KeapueBoe nposBistoT tunuunble yeptbl LCT
nermMatutoBoro cemeiictBa, mnoxatun Li—Cs—Ta-nmermarutoB. OOBIYHO Takue
MErMaTUThl UMEIOT 3HAUYUTEIbHBIN MPOMBIIUICHHBIA WHTEPEC MpU OJaronpusiTHOM
Macitade (Oonbiiold 0O0BEM MOPOMA, KOHIIGHTpAIUs TIOJE3HBIX MHUHEpajioB). B
HAyYHOM  IUJJaHE  TOATBEPXKIAaeTCsd  3aKOHOMEPHOCTh  (PPaKIMOHHPOBAHHBIX
I'PaHUTOUIHBIX PacIuiaBoB, Korjna Rb u Cs KOHLIEHTPUPYIOTCS B MO3IHEM CTaAUITHOM
(IeI04HOM)  MHMHEpAJIbHOM — MapareHe3uce, a Ta>Nb cBuleTenbCTBYeT 00
3aBEepIIAIOIIEH CTa U IBOJIOLMH PaCIIaBa.

[lerMatuThl TEPPUTOPUATBHO U TEHETUUYECKH CBsI3aHbl ¢ rpanuTonamu 11 ¢aszel
KaJIOMHCKOTO KOMIUIEKCa. AHAIU3 COAEpKaHUH MUKPOKOMIIOHEHTOB MOJITBEPKIAET
MIEPCTICKTUBHI TIETMAaTUTOB Ha MOBBITIICHHBIC comepkanus Li u Cs.

Ga (ramnuit). Conepxanust Ga TUIIMYHO J1JISI TIETMAaTUTOBBIX CUCTEM, TJI€ TaJlui
yacTto accouuupyercs ¢ (azamu, oboraméHHbiMu Al, B YacTHOCTH ciogamMu
(myckoBuTamu/cintonamu F- u Li-coctaBoB): cpegHee comepkanue B mpodax - 19,47
ppm; MakcUMasbHbIC 3HAYCHUSI B MyCKOBHTE (64 ppm), MUHUMAaJIbHBIEC — B Oeprinie (5
ppm).

Ba (6apuii). BeisBieHHas 3aKOHOMEPHOCTh (MaKCUMAJIbHbIE 3HAUCHUS B
anpOUTE) XapaKkTepHa JIJIsi HEKOTOPBIX IErMaTUTOB, I71e Oapuil MOXKET 3aMelaTh KaJIui
B TOJIEBBIX IIIMTATaX WJIA HAKAIUIMBATHCA B BUJI€ OapHEBBIX MOJIEBHIX IIaToB. CpenHee
conepxkanue Ba 787,89 ppm. Makcumym B ansoute (10 1356 ppm), MUHUMYMBI B
MyckoBute (28 ppm), cnogymene (38 ppm), 6epuuie (58 ppm).

Cs (ue3wmit). Hakomienue B kanueBo-nosieBbix mmarax (KIIII) u myckoBute
XapaKTepHO JJIsi IETMAaTUTOBBIX TeJl, 00OTAIIEHHBIX AIEMEHTAMH IEIOYHON TPYIIIBI
(L1, Rb, Cs). Lle3mit yacTO KOHUEHTPUPYETCS B KAIUEBOU (PpAKIIMHU, YTO MOATBEPKIAET
MOTEHIIMAIbHO PYAOHOCHBIM Xapakrep st Cs. Cpennee copepxkanue — 97,68 ppm.
Juanazon ot 5,71 (muarmyM B kBapiie) 10 343,1 ppm (makcumym B KIILII).

St (ctponnuit). [lomodHoe pacnpeneneHue Sr (C aKIEHTOM Ha IJIaruokKjazax u
KaJIMEBBIX MOJIEBBIX MITIATaX) XapaKTepPHO JJIsi TPAHUTO-TIErMATUTOBBIX CUCTEM, TE St
yaiie BCEro CBsI3aH C KaJbI[MEBO-HATPUEBBIMU TMOJEBbIMHU Imaramu. CpenHee
conepkanue — 136,2 ppm. Makcumym ormedeH B anboute (337 ppm.

Rb (pyouamii). Conepkanust koneOmorcs B auanaszoHe 26,72—1433 ppm.
Hacronbko BeiCOKHME cojepkanus Rb B KannmeBBIX M HATPUEBBIX TOJEBBIX IMTATaX
(K/Na-da3bl) u cimogax CBUAETENBCTBYIOT O BRICOKOIIETIOYHOM XapaKTepe MeTMaTUTOB
U YKa3blBa€T HAa MX BO3MOXKHYIO MeTajuloreHudeckyro crnenunanuzanuio (Rb, Cs,
uHoraa Ta, Nb). Munumym B ciogymene (=27 ppm) u MakcumyM B KIIIII (1433 ppm).

[Ipouue snementsl. YpoBenb Y Huzkwii (0,42—1,17 ppm). U (cpenuee 2,16 ppm
(1,47-4,4 ppm) — xapakrepHble HU3KHE (OHOBBIC 3HAYEHUS AJIA MErMaTUuTOB, XOTA
BCTpEUaroTCs U 060Jiee BEICOKUE JITIsl peakoMeTauibHbIX. Eu (eBponuif) ot 0,01 mo 0,48
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ppm (cpeanee 0,1 ppm), HU3KKE 3HAUEHHUS COMIACYIOTCS C OOIIEH penko3eMeNnbHOM
crenu(uKoi IerMaTuToB, rae Eu o0br4Ho He oboraiés.

Cpennee conepxanue Be (6epummms) 39,11 ppm (0,84-255,8 ppm). Cssizad ¢
OepHIITIOM, YTO OXKHUIAEMO I OepUILTUHACOAEPKAIINX TETMAaTUTOBBIX JKUJI.

Conepxanue Hf (rapuus) Bapsupyert (1,48-10,82 ppm, cpennee 4,93 ppm).
OueHb HHU3KHE coAep:kKaHMs JETKUX penkodemenbHbix nemeHToB LREE (0,17-0,48
ppm, cymma 0,30 ppm). OTHOCUTENBHO NOBBILIEHHOE coaepxkanue TshkEnbix HREE no
cpaBHeHMIO ¢ J€rkuMu 9,95-13,92 ppm (cymma 11,31 ppm). B psne nmermaruton
JeWCTBUTEILHO OTMeuaeTcs: JokaiabHoe ooOoramenne HREE (dacto cBszanbl ¢
MUHEpaJIbHBIMH (allUsIMHU, COJEPKAIIMMU BbICOKUE coaepxanus Y, Er, Yb u T.o.
Otnomenne Zr/Hf B cpegnem 52,65 (mokazarenb (HOpMHpPOBaHUS IIMPKOHA C
onpeieéHHON cTereHblo ppakimonupoBanus). Ta>Nb (48,16>22,45 ppm), siBiseTcs
XapaKTepHbIM MPU3HAKOM JJisi Oosiee MTyOWHHBIX MU BBICOKO(PPAKIIMOHUPOBAHHBIX
pPEIKOMETAUIBHBIX ~ IerMarutoB ¢ Ta-cneumanu3anueil. Takum  oOpaszowm,
MECTOPOXK/ICHHE OTHOCUTCS K BBICOKO()PAKIIMOHUPOBAHHBIM IE€rMAaruTaMm ¢
KOMILUIEKCOM PEAKUX 3JIEMEHTOB, UMEIOIIMM MOTCHLIHUAIBHYIO PYIHYIO LEHHOCTD,
xapaktepuyto Juist LCT-nermarutoB (Li-Cs-Ta).
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7 OCHOBHBIE IIOMCKOBBIE IIPU3ZHAKM UM KPUTEPUU
JOKAJIMBAIIMN PEJIKOMETAJIJIBHBIX TNETMATUTOB B KAJIBA-
HAPBIMCKOM 30HE

7.1 TeopeTqucm/Ie OCHOBBLI oOnpeacicHuss KPUTECPUEB BbIICJICHUSA
PECAKOMETAVIBHBIX IIETMAaTUTOB

B coBpemMeHHO# KiacCHYeCKOM METayUIOTeHUHM HCCICAYIOTCS OOIIUe 3aKOHBI,
ONPEACISAIONINE DBOIOMI0O U PACHPEACICHUE PYAHBIX IOJIE3HBIX HCKOMAEMbIX B
IJ100aJIbHBIX, PETUOHAIIBHBIX U JIOKAIBHBIX TMOPOIHBIX KOMILJIEKCAX U Ie0JOTHYECKUX
CTPYKTypaX Ha pa3JW4YHbIX OJTanax pa3Butus 3emiad. HecmoTpss Ha oOuiue
CYHIECTBYIOIIUX KOHIIEMIIMM O CBSI3M METAJUIOTEHUU C Pa3BUTHEM 3€MJIM U €€
OTJCNIbHBIX CTPYKTYp, NpoOjeMa TMPOUCXOXKACHUS U pa3MENIeHUs] I0JIE3HBIX
MCKOIIa€MBbIX B HACTOSIIIIEE BPEMS JTAJIEKA OT Pa3peIIeHUs.

bonee 100 mer reomormueckmx wuccienoBannii B Kazaxcrane mnpuBenu K
OTKpBITUIO KpynHenmux MecropoxaeHuil (Kemmupcaid, Koynpaa, CeipeimOer,
BacunbskoBckoe, J[>ke3kasran, Pynusiii Antait BMC u T.4.). YuuThiBas Bce JaHHBIE 110
pe3yJibTaTaM MaclITa0HOTO Te0JOTUYECKOr0, T€OXMMHUUYECKOTO U Treo(hU3nyecKoro
KapTUPOBAHUS, KOTOPOE HMEJIO MECTO B MPOILLIOM, MOXHO CJI€NaThb BBIBOJ, YTO
MOTEHIIUAJI HOBBIX OTKPBITUN MOBEPXHOCTHBIX WJIM MPUIIOBEPXHOCTHBIX OOHAKEHUM
TPaJUIIMOHHBIMU METOJIaMH TMPAKTUUYECKH HcuepnaH. byayliue OTKpBITHS BCE €IIIe
MOXHO OXHJaTh B MaJIOM3YUYCHHBIX PETHOHAX BOJM3U IOBEPXHOCTH (1101
KaifHO30MCKUM TIOKPOBOM) WJIM Ha OoJbleil rioyOuHe myTem OypeHwus, Ha (raHrax
M3BECTHBIX PYAHBIX MECTOPOXKJICHUN U B PACIIMPEHUN MEPCHEKTUBHBIX PYJAOHOCHBIX
30H. [loaTOMy HEOOXOAMMBI HOBBIC TOJXOABI B M3YUYCHHH KaK XOPOIIO, TaK M Majo
M3YyYEHHBIX B T€OJIOTUYECKOM OTHOIIICHUH PETUOHOB C MCIOJIB30BAHUE COBPEMEHHBIX
METOJIOB M3y4yeHus U aHanm3a [131, c. 84].

AHanu3 HaKOIUIEHHOTO (DAKTUYECKOro Marepuana, KOTOPBIA BKIIIOYAET:
YCJIOBUSIM 00pa3oBaHus U MPOCTPAHCTBEHHO-BPEMEHHBIE COOTHOIIIECHUS 00pa30BaHUs
MECTOPOXKJICHUH; TEKTOHUYECKHE OOCTAaHOBKH, MarMaTu3M, TEKTOHUKY U T€0JI0ro-
METPOJIOTUYECKUE  XAPAKTEPUCTUKH  TOJIE3HBIX HCKOMAEMbIX, IOKa3ala, 4To
METAJJIOTEHUYECKUE PTOXU MPECTABISAIOT COO0M Ba)KHEWIIIME MOMEHTHI B UCTOPUU
HBOJIIOLMU HaIllled IJIaHEeThl. Ba3uCHYI0 aKCMOMY METAJJIOTeHUU (MU TJIaBHBIN
MPUHIINAI) MOXXHO CHOPMYJIHPOBATh CIASAYIOMM 00pa3oM: pyaHbIE OOBEKTHI
(MeCcTOpOXKIeHUs, PYyAHBIC TOJs, PYIHBIC Y3Jbl) SBJISIOTCA HE CIyYalHBIMH
I'COJIOTHYCCKUMH  OOpa30BaHUSAMH, a OPraHWYHO TMPUCYIIA 3EMHOM KOpe W
MPOTEKAIOIIMM B HEW MpolieccaM IepepacnpeaeiaeHus BeilectBa. ClienoBaTesbHO,
MOCJIEA0OBATEIbHOE HM3YYEHUE BCEX ATUX JIAHHBIX MO3BOJMUT BbIJICIUTh OCHOBHBIC
IIOMCKOBBIC TIPU3HAKM MW KPUTEPUU (POPMHUPOBAHUS OMNPEICICHHBIX THIIOB
MECTOPOXKICHUH JJ1s1 TaJIbHEHIIIeH TOCTaHOBKHM MOMCKOBBIX M Pa3BEIOYHBIX padoT.

OOmiass METOJIOJIOTHS  JIEMOHCTPUPYET B3aUMOCBSI3b  MEXKIY Tpems
WHTETPUPOBAHHBIMU MPOIEIYPAMH:
- AHanu3 reoAMHAMUYECKUX KpUTEeprueB (OpMUPOBAHUS MECTOPOXKIACHUM;
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- MertamioreHu4ueckuit aHaian3 GOpMUPOBAHUS MECTOPOKIECHUMN (TEKTOHUKA,
MarMaTu3M, CTPYKTYPHO-TEKCTYPHBIE XapaKTEPUCTUKH, T€0JIOTUUECKOE CTPOCHHUE);
- AHanIM3 MUHEPATIOTMYECKUX aCCOLUAINI (MECTOPOKICHUS ).

7.2 TeoguHaMu4yecKuil KpuTepuii (pOPMUPOBAHUS PeIKOMETATIBHBIX
nermaturoB Bocrounoro Kaszaxcrana

Ha tepputopun KazaxcraHa 3HAUMTENbHBI HMHTEpPEC ISl MEPCHEKTUBHOTO
aHajau3a W OLEHKU IOJIE3HBIX HCKOIMAEMBIX MPEACTABISAET Pl I'€OTEKTOHUYECKHUX
00CTaHOBOK: OCaJ0OYHbIE W BYJKAHHO-0CAJ04YHbIE€ OAacCEWHbI, IIOBHBbIE 30HBI U
oQHUOSIUTHI, ApeBHUE (PYHIAMEHTHI, aKKPEIMOHHBIC 30HBI, MarMaTU4YECKUE OYTH U
METAJUIOTEHUYECKUE II0siCa Ha TEPPUTOPUU KOTOPBIX 3a CYET MPUMEHEHUS
COBPEMEHHBIX  METOJIOB  IIyOOKO(GOKYCHOM  reou3uKd, AUCTAHIIMOHHOIO
30HJIUPOBAHMS, FTEOXUMUYECKUX METOJOB U IIEJE€BOT0 OypEHUsI BO3MOXKHBI OTKPBITHS
HOBBIX MecTopoxkaenuii [131, c. 85].

AHaJIN3 B3aMMOCBS3U MEXIY T€0JJMHAMUYECKON 00CTaHOBKOM U MIPOSIBJICHUEM
ONPEACICHHBIX THIIOB M MAacIITabOB pPyao00pa3yromuXx MPOIECCOB Ha IMpUMEPE
Kazaxcrana Owpu1 mpoBenen Illep6oit B. H., [psukoBeiM b.A., BbexxaHOBBIM,
Padannormuem M.C. u MHOrMMHU apyrumu aBTopamu [132, 133]. Beutn BbIJCIICHBI
IJIaBHBIE AMIOXH (POPMUPOBAHUS BEAYLIUX TPOMBIIIJIEHHBIX TUIIOB PY/I.

[To31HEKaMEHHOYTOJIBHO-TIEPMCKAsl 3M0Xa OTMEUYEHAa MHOTMMHU aBTOpPaMHU Kak
nepuoa koyum3un Kazaxcrancko-Keipreizckoro marepuka ¢ Tapumckum, BocTtouHo-
EBponelickuM, AnTtaec-MOHIOJBCKUM MaJ€OKOHTUHEHTAMU, B TEYEHUE KOTOPOTO
3aBEpIIMIIOCH  (DOpMUPOBAHHE  IMO3IHENATICO30MCKUX  CTPYKTYp, MOIIHO H
Pa3HOO0Opa3HO MPOSIBUIIM ce0s MPOIIECCHl OPOreHe3a U TPAHUTOUHOTO MarMaTru3ma.

[Tepmo-TpuacoBslii niepuosi GopMUpPOBaHUST JUTOCHEPHI SBISETCS OJHUM U3
KJIFOYEBbIX B (OPMUPOBAHUU TJIOOAJBHBIX CTPYKTYPHBIX AJIEMEHTOB (TaKMX Kak
EBpazuiickuii KOHTMHEHT) U TakKe B MPOSBJICHUU IUIIOMOB M CYNEPIUIIOMOB Ha
tepputopun lleHTpanbHOM A3uUM, K YHUCIY KOTOPBIX, OTHOcUTCS CUOUPCKUA U
Tapumckwuii (Biagumupos u ap., 2008; Todpenos u ap., 2010; Xpombix u mp., 2013;
Khromykh et al., 2019) [134-137].

HoBble naHHBIE MO U3YUYEHUIO PEIKOMETAUIBHBIX TPAHUTHBIX HMHTPY3UBHBIX
KOMIUIEKCOB B  KaueCTBE HWHIUKATOPOB  IMOCTKOJUIM3MOHHOTO  PACTSKEHUS
KOHTUHEHTaJIbHOW IUTOChEphl M aKTUBU3AIMM MAHTUU B BHJE aCTEHOC(HEPHBIX
BBICTYIIOB ObLTH TOTy4eHbl (AHHHKOBA U 1p., 2006, 2016; [IpsukoB, 2012; XpoMbIx u
ap., 2014; Gavryushkina et al., 2017, 2018 u mp.) [138-143].

bein cpeman BbIBOA, uTto BHeApeHue Kanba-HapbiMckoro rpaHUTOMIHOTO
KoMIuiekca (6aronuta) mocie 3akpeiTasi O0b-3aiicanckoro okeana B npezaenax O0b-
3alicaHCKON CKJIaq4aToOl CHCTEMBI SIBUJIOCH TMPSIMBIM CJEACTBUEM MPOSIBICHUS
MOCTKOJUTM3UOHHOTO PACTSDKEHUST M, KaK CYUTAIOT MHOTHE aBTOPhI, BHEAPCHMUS
Tapumckoro miaroma.

Bce rpanutonasl Kanba-HapeiMckoil 30HbI 00beauHsIOTCS B cocTtaBe Kanba-
Hapbimckoro 6aronuTa, B KOTOPOM pacCMaTpUBAETCs TPU PA3IUYHBIX MO BO3PACTY U
COCTaBY KPYITHBIX MarMaTH4YECKUX KOMIUIEKCOB. B qanHOM quccepTaliuoHHON padoTe
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NpuHATa cxema Marmatusma [ApsiukoB u ap., 1994], cornmacHo KOTOpoOi B mpeaenax
Kanba-HapesiMckoro Oarosmrta BBIIEISIOTCS KyHYHICKHNA TUIarnorpaHuTHbd (Ca-s),
KaJTOMHCKUI TpaHOIUOPUT-TpaHUTHBIN (P1.2) M MOHACTBIPCKUI JEWKOTPaHUTHBIN
komruiekeel  (P2), pucynok 7.1. IleTpoXMMHUYEeCKHE XapaKTEPUCTHKH JaHHBIX
KOMIUIEKCOB MOApoOHO onucaHbl B [ 'nase 3.

[To cBouM XxapakTepucTUKaM BCe€ TpaHUTOMAHBIE KoMmIulekchl Kanba-
HapobiMckoro 6aronura OTBEYalOT KJIACCHUYECKUM T'€OTEKTOHMYECKUM OOCTaHOBKaM
dbopmupoBaHus TpaHUTHBIX TTerMaTtuToB 1o (Tankard et al., 1982) ¢ mononHEeHUIMH U
nu3MeHeHusAMHU aBTopa (pucyHok 4.3) [89, c. 13].

[Ipnypo4eHHOCTh  PEAKOMETAIBHOTO  OpPYACHEHHS K  ONpeleiICHHBIM
MarmaTudeckuM komiuiekcam Kanba - Hapeima Oyner 6omee moapoOHO packpbiTa B
nojariase 6.3.

- panuTel D1-Da KanGa-HapsiMckuit
3anagHo-KanbuHckuin

nosc

MOiC  WpTpiwckas 30Ha CMSTUA

- MpanuTsl Ci-C2
- IpanuTbl C23

Benoyburcyb-Cap¥imcaktuHckas
a

l:l AKTUBHbIE nonsl AKKpPELMOHHas npusma E Paanombl
E OdmonuTsl Mpepayrosoii nosc 3oHbl anBennuHra

,—1 CTpyKTypHble Ipannua BepxHen E MHTpyauBHo-aaiikosble nosica Ca

KOMNnekcol

naneookeaHa -~ MaHTUA

Pucynok 7.1 - Cxemaruueckoe n3o0paxeHue, WITIOCTPUPYIOIee re0MHAMUYECKY IO
sBommonnto UpTteiii-3aiicanckoit cknaquaroi cuctembl (MLJL. Kyitbuna, 2019)

[Mpumeuanue — CocraBiieHo 1Mo uctouHuky [144, ¢. 195].
7.3 TekTOHUYeCKHIT KpUTEPUii

B pasmemennu Kan6a-HpipeiMckoro nosica rpaHUTOUIOB pelIaroniee 3HauYeHUE
OKa3zajau IIyOMHHBIE PA3JIOMbl M OMEPSIONINE MX Pa3phIBHBIC HAPYIICHUS, KOTOPHIC
(GYHKIIMOHUPOBAIM B TEUYEHHUE JUIMTEIBHOTO Tepuoda BpeMeHu. Haumbomee spko
MarMamoIioJIBOJIAINAs POJib CEBEPO-3alaHbIX TTyOMHHBIX Pa3JIOMOB IPOSBJICHA B
MO3/THETEPIMHCKYIO TMOCTKOJTU3UOHHYIO (OPOT€HHYIO) CTaauio pa3Butus HpThim-
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3aiicanckolt ckinamuaToil cucreMbl. Kpynuelmmmu marmoBogamu ciyxuin Kanba-
Hapoimckuii 1 TepekTuHCKUN TiIyOMHHBIE Pa3jOMbl, OOECHEUMBIINE JHUHEHHYIO
CEBEpPO-3aMaJIHYI0 OPUEHTHPOBKY T'PAaHUTOMIHBIX IIOSICOB C  BEPTUKAIBHOU
MOIIIHOCTBIO TPAaHUTHBIX TNHT 10 8-12 kM. IlepeceueHne MarmMoBOJIOB € pa3jiOMaMH
JIPYTUX HaIpaBJICHUH MPUJATH JUHEHHO-Y3JI0BOM XapakTep MOp(OJIOrud MacCHUBOB.
Haubonee pymnoHOCHBIMH OKa3aldWCh TPAaHUTHBIE HMHTPY3UH, CPOPMHUPOBABIIUECS B
MOOMJIILHOM  T€OJMHAMHUYECKOH  OOCTaHOBKE, 4YTO CIOCOOCTBOBajio  OoJjee
WHTEHCUBHOMY TMPOTEKAHUIO TMPOIIECCOB PyA000pa3oBaHUsl B HEpaBHOBECHBbIX PT-
YCJIOBUSX U, B UTOTE, (POPMUPOBAHUIO MPOMBIIIIICHHBIX MECTOPOXKIeHHH [145, c. 24,
25].

[Tpumepowm sBisiercs LlenTpanbao-Kanounckuii 070K, MPOHUKILIUN 1O CUCTEME
CEBEPO-BOCTOUHBIX COPOCO-CABUTOB B MpThINICKYt0 30HY cMsTHs Ha 15-20 kM, u
XapaKTepU3YIOUMHCA  MPOSIBIICHUEM  HWHTEHCHUBHOM  pa3pblBHOM  TEKTOHUKH,
MHOTOAKTHOM  MarMaTH4YeCKOM  JIeSITEIbHOCThIO U 00pa3oBaHUEM  TJIABHBIX
PEIKOMETATBHBIX METMAaTUTOBBIX MecTopoxkaeHuit (bakennoe, KO6uneiinoe, benas
I'opa, Touka, KBapueBoe u nap.) Hamporup, Oojiee CHOKONHHBIE TEKTOHUYECKUE
YCJIOBHSI KPUCTAJUIM3ALMU OTHOCHTEIIBHO MAJIONOJIBMKHBIX M BSI3KUX T'PaHUTHBIX
pacIIaBOB MPUBOJAT K paccesiHuio PO u cnaboil pyJOHOCHOCTU TPAHUTOB (MaCCUBBI
Jyowrranel, CuouHckwi 1 ap.) [145, c. 24, 25].

Baxnoe 3HaueHue mpuIaeTcs PYIOKOHTPOIMPYIOIIEM POJIM IIMPOTHBIX
IJTyOWHHBIX Pa3jOMOB JPEBHEIO 3aJI0KEHUS U JUIMTEIbHOM aKTUBALlMU, OCOOCHHO B
y3Jlax ~MX IIepecedYeHuss C  CEBEpO-3allaJHBIMH, CEBEPO-BOCTOYHBIMU  WIIU
MEpUANOHANBHBIMU  Tu3blOHKTUBaMH ([ peMsunHcko-Kuunckuii, AcyOynakckuii,
benoropckuii, Mupomnto06oBckuii u ap.) Tak, ['pemsunncko-Kaunckuii cyOmmpoTHBIM
pasiioM, paCIIOJIOKEHHBIM B CeBepO-3amagHoil 4acTu [IpUUPTHIICKOrO rpaHUTHOTO
MacCHuBa,  KOHTPOJMPYET  pa3MEIICHHE  PEIAKOMETAJUIBHBIX  MErMAaTUTOBBIX
mecTopokaeHuii — bakennoe, OrneBckoe (Ta, Nb, Be, Li), rpelizeHoBo-
KBapleBOXXWIbHOE MecTopoxaeHue ['pemsuee (W,Sn) m MHOTHE PYyIONPOSIBICHUS
[145, c. 25, 26].

[Inauropckuit MUPOTHBIM pa3ioM KOHTPOJIUPYET pazMeleHne AcyOys1akCKoro
IIETMAaTUTOBOTO TMOJS, B KOTOPOM BBIACISIIOTCS [BE PYJOHOCHBIE IOJIOCHI
CyOLIMPOTHOTO MPOCTUPAHUS, pa3iesieHHbIe pa3ioMoM: 1) YHrypcaiickas (ceBepHasi),
BKIIIOYaronias pyaHeie o0bekThl Kapmen-Kyyc, Akkesenb, YHrypcai, [Inauropa u 2)
Kpacnokopnouckass  (toxHasi), oOwbeauHsitomas FOOwneitHoe MNPOMBIIIICHHOE
MecTopokaeHue u pygonpossieHus Kpacuoiit Kopnon, Ckanbaoe u by o ¢ mrarom 1,5
KM (pucyHok 7.2) [145, c. 26].

benoropckuii  pyaOKOHTPOJIUPYIOMIMNA Pa3IoM paccekaeT B CyOIIMPOTHOM
HampaBieHun YeOyHauHCkuii W benoropckuii TpaHUTHBIE MACCHUBBI, a B €ro
OTEPSAIONINX  Pa3PbIBHBIX  HAPYHIEHUSX  CYOMEPHIUOHAIBHOTO  MPOCTUPAHUS
JIOKaJIN30BaHbl PEAKOMETAIIILHBIE IETMATUTOBBIE KUJIbI MECTOPOKAeHHM benast [ opa,
Bepxnss baiimyp3a u Kanaii-TonkaH.

Muposto00BCKMII IIUPOTHBIA Pa3jioM JUIMTENbHOW AaKTHUBHM3ALMU OKa3aj
pemarouyro  pojib B paclpeleseHUH  BOJAb(PAMOHOCHBIX  T'PEH3EHOB U
TUAPOTEPMAIIUTOB OJHOMMEHHOTO TPAaHUTHOIO MAacCHhBa, B KOTOPOM OCHOBHBIE
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pyIHBIE Tella JIOKAIM30BAIMCh B OINEPSIOIIMX €ro pa3pblBaX MEPUIHMOHAILHOTO
HANpaBIICHUS,  PACCEKAIOIMMX  TPAHUTH  KAJIOMHCKOTO M JICHKOTPAHUTHI
MOHACTBIPCKOTO KOMIUIEKCOB. Ha 3aKIIFOUMTENbHON CTaJliu TePIMHCKOTO TEKTOHO-
MarMaTU4IeCcKOTO ITUKJIa MUpOITFOO0BCKUH pas3ioM peoOpa3oBajcs B COPOCO-CABUT CO

CMEIIIEHNEM BCEX WHTPY3UBHBIX OOpa30BaHHUW W PYIHBIX TEJI C aMIUTUTYIOH 3 KM
(pucyHok 7.2).

\/

1 [ s (e s e 17 s =
|--—|1o|¢m>|11 [~ |12 [ |13 & |14 A 15| @ |16 [N\]17 [—]18

1 - yeTBepTUYHBIE OTJIOKEHUS; 2 - CIIAHLBI TAKBIPCKOW CBUTHI; 3 - TUOPUTHI, TPAHOAUOPUTHI
KYHYIICKOTO KOMITIEKCa; 4 - CpeaHe-KPYITHO3EpHUCThIE TOPGUPOBUIHBIE OMOTHTOBBIC TPAHUTHI |
¢a3sl, 5 - UX KOHTAMUHUPOBAHHBIE PA3HOCTH U 6 - MEITKO-CPETHE3EPHUCTHIE
MYCKOBUTH3UpOBaHHbIE TpaHuTHI || (ha3pr kanOuHCKOrO KOMITIeKca; 7 - )KUIbHBIE alUTUTOBHIHBIC
IPaHUTBI, § - aITUT-TIErMAaTHTHI, 9 - OJMTOKJIa3-MUKPOKIMHOBBIE TIETMaTUTHI Oe3pyHble, 10 -
ATBOMTH3UPOBAHHBIC TIETMATHUTHI CI1a00 PYAOHOCHBIE, 11 - OJI0KOBBIE MUKPOKIHHOBBIE TIETMATHTHI,
12 - pynHble IETMaTUTOBBIE JKUIIBI; 13 - MECTOPOXKAEHUS OJOKOBBIX KOTYMOUT-0€pHIIIIOBBIX U 14-
15 - penkoMeTaUTBHBIX IETMATUTOB (14 - MUKPOKIHH-AIBOUTOBBIE C IETAUTOM, 15 - ambOUTOBBIE
C IIBETHBIM MHHEPAJIbHBIM KOMILJIEKCOM, CIIOlyMEH-albOUTOBBIE); 16 - KBap1I€BO-KUIIbHBIE
OJIOBSIHHBIE; 17 - (hparMeHThI IIMPOTHOTO TITyOMHHOTO pasioMa; 18 - MenKkue pa3pbIBHBIC
Hapyienus [146, c. 345]

Pucynox 7.2 - Cxema reooru4eckoro CTpoeHus AcyOyJIaKCKOTO PYAHOTO OIS
(Bemmonueno OiinieBoii T.A.) [146, c. 345]

[Tpumeuanue — CocTaBieHo 1o UCTOUHUKY [146, c. 345].
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W3noxkeHHbIE JaHHBIE, C YyYE€TOM MAaTEpHaJiOB IO COCEAHHM PYIHO-
dbopmanrionHbpIM 30HaM: PymHomy Amntato, 3amamHoit Kanbe m UYapckoit 30He,
MOKAa3bIBAIOT, YTO perMaThdecKas CHUCTeMa aKTUBHU3HPOBAHHBIX CYOITUPOTHBIX
IyOMHHBIX PAa3IOMOB SBJISIACH OAHUM W3 Beaylmx (akTopoB (GopMuUpOBaHUS U

pa3MeNIeHusT MECTOPOXKIECHUN 1IBETHBIX, OJIATOPOJIHBIX U PEIKUX MeTauioB [145, c.
27, 28].

7.4 MarmMaTuyeckuii Kputepuii

Bospacm maemamumos u neemamumos Kanba-Hapvimckoeo 6amoauma.
MarmatuszM, Kak OTMEYajoch OOJBIIMHCTBOM aBTOPOB IO MErMaTUTOBOM
npoOiemMaTuke, SBISETCA OCHOBHBIM (pakTopoM GOpPMHUpPOBAHUS MErMaTUTOB.
Crneunanu3anusi MerMaTUTOB Ha MPOSIBICHUE PA3IMYHBIX THUIIOB MPOMBIILIEHHOTO
ChIpbSl TAKXKE H3yyajach yxe OoJiee 4eM CTOJIEThe Ha MpUMEpE MEerMaTUTOB B
pPa3IUYHBIX TOYKAX 3€MHOIO 1Iapa.

N3yuennro marmatuzma MpTein-3aiicaHCKOM CKIaA4aTON CUCTEMBI ITOCBSILIEHO
MHO>KECTBO HAay4HBIX TPYJOB Ka3aXCTAHCKUX M POCCHMCKHX YYEHBIX, O 4eM Ooiiee
nopoOHO OBLIO CKa3aHO B riaBe 3. 3HAUMTENIbHBIA MHTEPEC MPEACTABISIIOT padOThI
10 TUTIOM-TEKTOHHUKE W ILTIoM-Marmatusmy (Brmagumupos, Kpyk, Xpomsix, KoTiep,
AnnunkoBa, 2018). B paGore (AnnuakoBa, 2018) npHBOAATCS JTaHHBIC
NETPOXUMUYECKOTO ¥ TEOXPOHOJIOTMYECKOTO  M3YyYEHHMS  MEPMO-TPHUACOBOIO
MarMatu3Ma B mOpenenax AJTaicKoM AKKPEIMOHHON CHCTEMBI, OXBAaThIBAIOIICH
reoTekToHn4Yeckue cTpykTypsl Poccuu, Kazaxcrana u Kuras. Ha ocHoBanuu ux pador
U paboT JpyruxX yUeHbIX ObLIN YCTaHOBJICHBI BO3pacT (295-265 mun net) u (Li-Ta-Be,
Mo-W-Sn) cnemumanuzamnus rpanuTonaoB Kamba-HapeiMckoit 30HBI.  JaHHBIN
pouIib OpyIEHEHUS MPOSBIACTCS B BUJIC TUTUEBO- TAHTAIUIOBBIX PYAOMPOSIBICHUIMA
(FO6uneitnoe, bakennoe, Orueska, Kpacusiii Kopion u nip.), natupoBanHsbix 1o Rb/Sr,
Ar/Ar, Re/Os uzoronam B 295+1 u 209+1 miH seT. ABTOpaMu YTBEP>KIAETCS, YTO B
dbopmupoBanun B Kanba-HapeiMe  JIUTHEBO-TAHTAUIOBOM  MHUHEpaIM3alUU
3HAYUTEIIbHYIO POJIb Chirpayid posiieHus Tapumckoro (Cs - P1) urroma [147].

7.5 AHaiu3 MHHEPAJbHBIX CHCTEM PeIK0IJIEMEHTHbIX IerMaTuToB
BocTounoro Kazaxcrana

7.5.1 IInowaomnas 3onanvHocme pacnpeoenenus MUKPOINEMEHNO8

AHalM3 MUHEpPAJbHOM CHUCTEMBl TIErMaTUTOB CKJIAJBIBACTCS W3  psjaa
XapaKkTepUCTHK, KOTOPHIE MOMOTAIT MOCJIEA0BATENbHO BBIAEIUTh MPEANOCHUIKA U
MOKa3aTelid WX OOOTaIleHUs PEIKUMHU DJIEMEHTaMH. AJTOPUTM (OPMHUPOBAHUS
MUHEPAIBHOW CUCTEMbI PEAKOAIEMEHTHBIX IETMAaTUTOB MPEICTABISAIOTCS B BUJIE PAaa
KPUTHYECKHUX MPOIECCOB, K KOTOPHIM OTHOCSITCS: HAJIMYKE TIJIOJOPOJTHOM MarMbl Kak
HUCTOYHUKA (DIIFOUI0B U METAJIJIOB; HAJIMYKME TTYOMHHBIX TEKTOHUYECKUX PA3JIOMOB U
OCJIA0JIEHHBIX 30H B BHJIE TPEIIMHOBATOCTH TOPHBIX MOPOJ B KauyeCTBE MyTeH s
MOCTYTUICHUST (PITFOMIOB; MPOLIECCh OXJIaXKACHU U Xumudeckas quddyszust dhaonaos
B 00pa3oBaBIIMXCS TPaHUTHBIX paciiaBax, KOTOpbIE MPUBOAIT K OOpa3OBaHUIO
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PEAKONIEMEHTHON MUHEPAJIN3ALMY B Pa3JIMYHbIX 110 COCTABY M TEKCTYpPE IIErMaTUTax;
SPO3MOHHBIA cpe3 mpoduiel 3eMHOM KOpBI, COAEPKAIIUX PEIKOIIEMEHTHBIC
IIETMAaTHTBL.

3HAUUTENBHYIO POJIb MPU XapPaKTEPUCTHUKE IErMAaTUTOBBIX PYAHBIX MOJIEH
UTPAET IOJI0KEHUE IIETMATUTOB OTHOCUTEIIBHO MATEPUHCKOTO ITyTOHA. [10 naHHBIM
MHOTMX aBTOPOB TPAaHUTHO-NIETMATUTBI YacTO JIEMOHCTPUPYIOT 3aKOHOMEPHOCTH
pPErHOHAJIBHOrO paiioHupoBaHusl, rae nermatutel LCT pacnosnokeHsl B mpeaenax 10
10 KM OT pOUTENBCKOIO IPAaHUTA, TO €CTh IPOSABISETCS CBOEOOpa3Hasi perHOHAIbHAS
30HAJILHOCTh OTHOCHTEIBHO MAaTEPHHCKUX UHTPY3UBHBIX Tell (PHUCYHOK 7.3).

parental granite

\ NOTTO SCALE
PD176 02.06.20

1 - BMemaronre moposl; 2- TPAHUTHI; 3 - IErMaTUTOBBIC TPAHUTHI; 4 — IETMATHUTHI; 5 - TPAHUILIBI
MEXy 30HAMH PEIKOMETAJUILHOTO OPYACHEHHUS; 6 - TEKTOHUYECKHUE PA3JIOMBI

Pucynox 7.3 — Mopenb pernoHaIbHON 30HATBHOCTH MTETMATUTOBBIX TOJICH
OTHOCUTEJIHHO MAaTEPUHCKON PYJIOHOCHOM UHTPY3uH, o Cern’y P

[Tpumeuanue — CocTaByieHo 1Mo UCTOYHUKY [ 78, c. 3].

30HaNBHOCTh PEIKO OBIBAET KOHLEHTPUUYECKOM, YacTO OHAa acCUMETpUYHa U
CIWJIBHO 3aBUCUT OT MPUPOJABl M CTPYKTYpbl BMEIIAIOIMIEH MOPOAbl, (QOpPMBI
MAaTEPUHCKOM HWHTPY3UM U TEKYILLEro YPOBHS HPO3HMOHHOIO Cpe3a TIPaHUTHO-
IIETMaTUTOBOW CUCTEMBI.

B wmenom, HauMeHee pa3BUTbIE U CIA0OMHHEpPATU30BAHHBIE MErMaTHThI
HaxXoJATCs OJM>KEe BCEro K KpasiM MCXOJIHOTO TPAHUTHOIO IIyTOHA, B TO BpEMs Kak
HanOoJiee XUuMUYEeCKU pa3BuThie Be-, Ta- u Li-o0oraiieHHble nerMaTUTbl BCTPEYaIOTCS
B YJIQJICHHBIX 00JIaCTAX OTHOCUTEIHLHO POJUTEIBCKOTO IUTyTOHA (PUCYHOK 7.3).

[TomoGHasi 30HANBHOCTH OblJIAa YCTAHOBJIEHA B TNpeaesiax pYJIHOTrO MO
MectopoxaeHuss KOOuneliHoe Ha OCHOBAaHMM M3YyYE€HHS] MUKPOJJIEMEHTHOTO COCTaBa
MYCKOBUTOB W3 13 mermMaTuToBbIX XKW (pUCYHOK 5.11) pacmnosioKEeHHBIX BHYTpPH
rpaHuTon70B | ¢a3pl KanOUMHCKOTO KOoMIUIeKca 1, Ho Ha paccrosauu 500 -1000 m ot
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anous rpanuTon 0B |l Ga3el, KOTOpEIE TaKXKe, CYIs MO TaHHBIM TJIaBbl 6.2 OKa3bIBAIN
3aMETHOE BIIUSHHUE HAa COCTAB METMATUTOB. 3/1ECh IO MUKPOKOMITOHEHTHOMY aHAJIU3Y
BbIIEIstOTCS Kwna (12M) ¢ Huskumu conepkanusmu Ta (10,16 pmm), Nb (40,2
pmm), kpaiine Hu3kumu — Be (2,8 pmm), Sn (1,38 pmm), oxnako coxepxkanus Li
(1042 pmm), 4To SBISAIOTCS CPETHUMH JUIS JAHHOTO PYJIHOTO IOJIS. MaKCUMaJIbHbIC
srayeHus Ta (179,5 pmm), Nb (406,1 pmm) i IpOMBINUICHHBIMH COJIepKaHusIMHU Li
(2408 pmm) u Sn (721,5 pmm) ycTaHOBJICHBI B IErMaTUTOBOM ke 8M. B Touke 6M
OTMEYAOTCsI MaKCUMalIbHbIC conepkanus Li (9478 pmm), cpeanue Sn (491,5 pmm),
Ta (39 pmm), Nb (214,7 pmm), Be (29,28 pmm).

B nienom, cyas o tadauiie 7.1 ¥ puCyHKY 7.3 MOXHO Y€TKO MPOCIIEIUTh, YTO
COJIEp)KaHUSI MHUKPODJIEMEHTOB, YKa3bIBAIOIIMX Ha CTETNCHb (PPAKIIMOHUPOBAHUS
MEerMaTUTOBBIX JKUJI, Bo3pacTaeT nmo HampasieHuto ot KO3 (12M) k CB (6M). Oto
MOJKET OBITh TOJTBEP)KICHUEM BO3MOKHOCTH HCIIOJIb30BAHMS aHAN3a COJIEePIKaHUs
OCHOBHBIX MHUKPOAJIEMEHTOB B MYCKOBUTAaX M3 METMATUTOBBIX JKIUI IS 30HATBHOCTH
PYAHBIX TOJIEH ¢ BBIACICHUEM 30H C Mpeodiaaaroiieid OepuuiueBou, CrioyMEeHOBOM
WJIU TaHTajl- HHOOMEBON MUHEpau3aluen.

Tabmuua 7.1 — CoaepkaHusi HEKOTOPBIX PEAKUX 3JIEMEHTOB B MErMATUTOBBIX
xunax KOOumeHoro pyiHoOTo mosst

COL[Gp)KaHI/IH HCKOTOPbIX MHUKPOJ3JICMCHTOB, pmm

Li Rb Cs Sn Be Ta W Mo Nb P

1 2 3 4 5 6 7 8 9 10 11
1M 474 1013 | 187,5 700 26,96 | 20,05 | 21,52 | 1,44 55 700
2M 6545 4869 894 502,2 56 27,78 | 4,35 | 0,06 199 1003
3M 3996 4787 | 513,2| 567,6 | 70,64 | 28,47 | 4,44 | 0,13 267 968,3
4M 5465 4849 | 639,4| 557,8 | 38,28 | 2398 | 6,59 | 0,86 | 218,8 | 1088
5M 2190 4016 | 261,5| 574,7 | 33,24 | 31,44 | 891 | 0,84 | 330,2 | 1060
6M 9478 5837 | 1023 | 491,2 | 29,28 39 451 | 0,62 | 214,7 | 1347
™ 2844 3872 400 403,9 | 28,17 | 121,6 | 10,27 | 6,07 | 301,1 | 1652
8M 2408 4064 600 721,5 32,6 179,5 791 | 441 | 406,1 1044
oM 4564 4114 | 5476 | 323,4 | 23,14 | 121,14 | 21,69 | 6,98 | 147,37 | 1171
10M | 3299 3226 | 4486 | 348,2 | 20,73 | 63,47 | 15,62 | 8,53 | 156,81 | 1498
11M | 1010 1555 | 99,75 | 216,44 | 35,89 | 67,39 | 25,92 7,8 692 2500
12M | 1042 748 49,9 1,38 2,8 10,16 | 20,54 | 1,66 | 40,22 581
13M | 1413,9 | 11449 | 218,8| 230,6 | 22,14 | 153,1 | 18,34 | 6,58 | 185,1 | 1088

[Tpoba

7.2.1 [eoxumuueckue ucciedo8auus

[Tpu monckax m pa3BeaAKe PEIKOIICMEHTHBIX TPAHUTHBIX TIErMaTUTOB OOBIYHO
HCTIOJIB3YIOT KOMIUIEKCHBIM T'€OJIOTUYECKUN, MUHEPATOTUYECKAN U T€OXUMUYECKUN
MIOJIXO/T JIJIS BBISIBJICHUSI OOHAKCHHBIX U TIOTPEOCHHBIX MTErMaTUTOB, TIPEICTABIISIOIINX
PKOHOMHYECKHMU  umHTepec. Hawmbomee  »ddexkTuBHBIMUH  TIOKA3aTelssMu B
muddepennmanu  O0e3pyAHBIX TETMATHTOB, JHUIICHHBIX PEIKUX MHUHEPAIOB, OT
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MerMaTUTOB, KOTOPhIE HECYT 3HAYUTEIbHYIO0 MUHepanu3aiuio Be, Nb, Ta, Sn umu Li
SBJIFOTCSI TEOXUMUYECKHUE UCCIEA0BAHUS.

[TermaTuThl MOTYT pa3MeNIaTHCS B paHee 00pa30BaHHBIX MAJBIX TEIAX U TalKax
MarMaTU4eCKUX MOpOJ, KaK HalpuMep, NerMaTutsl nepBoil ¢gasel (P1) kanOuHckoro
komiuiekca Kaparoun-Capsiozekckoit 30Hbl Ilentpanbnoii KanObsi, Boctounoro
Kazaxcrana, Haxomsmpecss BHyTpH O€3pyIHBIX JaeK rabOpo-TuOpUTOBOIO COCTaBa
KyHyuickoro komiuiekca (Cp.3). B maHHOM ciiyyae KOpHU JacK KaMEHHOYTOJIBHOTO
BO3pacTa SBJSUIUCh CBOCOOPA3HBIMU MarMOTOBOJAMH, & CAMH JAMKW dKpaHaMH JJis
JoKanu3anuu 0oJiee MO3JHUX METMAaTUTOBBIX Tell. B 3TOM ciydae B jgalikax MOXKHO
Ha0JTI0/1aTh OBBIIICHHBIE coepkanus, B ppm: Li—135,7-517,4; Rb - 31,51; Cs-2,67—
6,2; B u Be 5,3 (mermatutsl Touka).

Bo Bmeniaronmx nopoaax Hekotopsix nermatutoB LCT moryT oOpa3zoBbIBaThCA
sKk30MOpdHBIE opeoisibl, oOorameHHsie Li, Rb, Cs, B u Be B pesynbrare
B3aUMOJICUCTBUS C (IIOMIAMH, TMOCTYNAIOIMMMU B OKPYXKAIOIIME TMOPOAbl U3
nerMatutoB. [IpuMepoM MOTYT CIIY>KUTh POTOBHKM U TrpadUTOBBIE 0O0pazoBaHUs
BMEILAIOIINX [IETMAaTUTOBOE oOpyAeHeHue AxMmeTkuHo, B LleHtpansHoit Kanbe.
Conepxxanus B HUX, B ppm: Li — 177,3-1757,4; Rb — 81,3-786,1; Cs-12,4-132,2; P-
779,3- 18030 u Be 1,77-8,29.

Hcnonb3ys skcnpecc METOAbl ONMPEACIICHUS PEIKUX 3JIEMEHTOB MPU MOMOILIU
NOPTAaTUBHBIX AHAIU3ATOPOB (Hampumep, npudopsl LIBS), MoxHO 0OHapyx uBaTh
Jake HU3KKUe ypoBHH Li 1 Apyrux MukpossieMeHToB. [10100HbIM ONBIT OBLIT TPOBEICH
IpyIIoi aBTOPOB B Mpe/ienax oJ0BIHHO-CIoyMeHoBoro nosica Kaponuna, CIIA [35,
c. 1].

1.2.2 Uccneoosarnus KIIII u myckosumos

Anamm3 conepxkanusa Li, K, Rb u Cs B moneBoM mimare ¥ MyCKOBHUTE MOKET
CTaTh YHUKQJIbHBIM HWHCTPYMEHTOM JUIA HWACHTU(GUKAIIMK  MEPCICKTHUBHBIX
oOorameHHbIX Li CIogyMeHOBBIX, IETAIMTOBBIX M JICTIHIOJIUTOBBIX METMAaTUTOB. Kak
nokazano B ['mase 6, rpadpuku K/Rb—Cs, K/Rb—Ba, K/Cs-Rb, P-Ga (pucynku 6.8-
6.11), B OCHOBY KOTOPBIX MOJIOKEHBI conaepkanus MmukpodnementoB B KIIII u
myckoBute (K/Rb—Cs, K/Rb-Li, Al/Ga—Ga), mo3BosSIOT ¢ J0CTaTOYHO OOJIBIION
TOYHOCTHIO TIPOU3BECTH PAMOHUPOBAHWE B Tpelesax MerMaTuTOBOTO PYAHOTO OIS
w 6osnee OOMMPHON PyAHON 30HBI, TJ€ MOTYT IPUCYTCTBOBATH JECATKH M COTHU
MUHEPAJIOTHYECKH Pa3HOOOPA3HBIX MErMaTUTOBBIX TEN, C pa3lAelieHUEeM MEerMaTUTOB
Ha MyCThIe, OEpUIUIOBbIE, OCPUILI-CIIOAYMEHOBBIE, CTIOTyMEHOBBIE U aTbOUTHUTHI.

bonee Toro, kak ObUTO MOKa3aHO BbIIIE (MoAriaBa 6.2.5), MOKHO OTCJIEIUTH
30HAJILHOCTh NETMATUTOBBIX TeJl B MPEAEIaX OJHOI0 PYIHOTO MOJISI 10 COOTHOILIEHUIO
K/Rb - Cs, xak npezacraBieHO Ha pucyHke 6.13 (kak 3TO ObUIO CAEIaHO aBTOPOM
oUccepTalMl  Ha npumepe pyaHoro mois HOOuielHOro MecTOpOXXIEHHS B
[HenTpanbuoii Kanbe) ¢ BbIieIeHMEM HOBBIX EPCIEKTUBHBIX IUIOIIAJIEH.

[Tpenemnpl 3HAUEHNUI HEKOTOPHIX DJIIEMEHTOB JUTS MACHTH(DHUKAIINN TUTHEHOCHBIX
nermMatutoB ObuH TipeiokeHsl Wise MLA., Curry A.C., Harmon R.S., uTo Takxe
SIBJIICTCSI HAJIKHBIMU pETiepaMu IS BBIICICHUS TTOMYJISAIHA TETMAaTUTOB TPYIIIIBI
(LCT), moaydeHHBIX M3 POAMTEILCKAX TPAHUTOB S-THIA WM aHATEKTHYECKOI'O
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TUIaBJICHUS MEPATIOMUHUCTBIX META0Ca0YHbIX TopoA. OObIYHO HU3KHE 3HAUYEHUS, B
ppm: K/Rb (2—400) u K/Cs (20-2000) B xanueBom mosieBoM mmate, K/Rb (1-50) u
K/Cs (10-1000) B myckoBute, Na/Li (2-20) B 6epuiute, Fe/Mn B rpanare (0,007-2,0),
Nb/Ta (~0,001-24) B munepanax rpynmnsl komymouta u Zr/Hf (0,01-13) B nupkone
BCTPEYAIOTCA B HamOoJiee TPOAYKTUBHBIX IerMaTUTaX, KOTOPBIE TOBEPIIINCH
YMEPEHHOMY WJIM HKCTPEMaIbHOMY YPOBHIO (DPaKIIMOHUPOBAHUS W HAKOTUICHHS
penkux JUTOGUIBHBIX 37eMeHTOB [35, c¢. 2]. OpHako, 3TH JaHHBIE WMH HE
pEKOMEHIyeTcsl Il MpUMEHEeHHsl K nerMatutam cemerictBa NYF, oTHocsmumest k
AHOPOTEHHBIM U TIOCTOPOTEHHBIM TPAaHUTOMUJIAM C TE€OXMMHUYECKMMU CUTHATYpaMu
TUINA A, WU MOJYYEHHBIM B PE3yJIbTaTe aHATEKCHCAa OCHOBHBIX MOPOJ, KOTOpHIE
oOpa3oBainu paciuiasbl, 0orateie P32 u F.

JlanHble TabIuUIIbI 7.2 TTOKA3bIBAIOT, UTO cojaeprkanus Li, Rb, Cs u cooTHOIIEHUS
K/Rb, B MyckoBUTax peAKOMETaUIbHbIX TermMatutoB Boctounoro Kazaxcrana u
HEKOTOPBIX MHUPOBBIX BBICOKOIIPOYKTUBHBIX MECTOPOKICHHUH BITOJTHE COTIOCTABUMBI
[35, c. 7-8] ¢ pe3yibTaTaMu, OJYyYECHHBIMHA aBTOPOM, YTO MOXET CBHJICTEIHLCTBOBATh
0 BO3MOXHOCTH MCIIOJIb30BaTh ATU JJAHHBIC /ISl TPOTHO3a MEPCIIEKTHBHBIX 00HEKTOB
B Kanb6a-Hapsime Ha Be, Nb, Ta, P, Li.

Tabnuma 7.2 — MUuUKpOdJIEMEHTHBIH COCTaB MYCKOBHTAa U3 TIETMAaTHUTOB
HEKOTOPBIX peruoHoB Mupa u Bocrounoro Kazaxcrana

Tun nmermaTuta JlanHbIE aBTOpa

Conepxanus, (Be-Nb.-Ta-P) 06OFaHI.GHHI)Ie REE-10 F- u

ppm OOBLIYHEIE Li Li, onyOJIMKOBaHbIC

00oTraIeHHbBIX
o0oraieHHbIe | CIIOAYMCHOBBIC HMCTOYHHMKHU
1 2 3 4 5 6

Li 72,81 Jlens0ererei,
Rb 248,90 BocTouHslii
Cs 6,52 Kaszaxcran
K/Rb 207,7
Li 388-1389 AXMETKHHO,
Rb 399,1-697,2 BocTouHslii
Cs 18,67-132 Kazaxcran
K/Rb 36,37-68,85
Li 452,6 KBaprieBoe,
Rb 1166 Bocrounsrii
Cs 176,7 Kazaxcran
K/Rb 48,65
Li 1048-3799 OrueBcko -
Rb 1629 4751 BakenHoe,
Cs 245,4-407,6 BocTrounsrii
K/Rb 36,37 Kazaxcran
Li 1010-9478 IO6uneiinoe,
Rb 748-5837 Bocrounsrit
K/Rb 82,3-16 Kazaxcran
Cs 99,7-1023

163



[Iponomxenue TadauLbl 7.2

1 2 3 4 6
Li 208-645 Mensenka,
Rb 1170-4969 Bocrounsrit
K/Rb 26,7-52,3 Kazaxcran
Cs 93,5- 176,6
Li 390,9- 3130 Touka,
Rb 103-1354 Bocrounslii
K/Rb 41-133 Kazaxcran
Cs 27-370
Li 11-16 Ago-lwoye
Rb 349679 area, Nigeria (n
K/Rb 617-61 =4)
Cs 15-40 [121, c. 7]
Li 14678 Cross Lake
Rb 158-2528 field, Manitoba,
K/Rb 508-34 Canada (n = 38)
Cs 9-741 [121, c. 7]
Li 232-743 Panceiros peg.,
Rb 2133-3308 Spain (n = 5)
K/Rb 39-26 [121, c. 7]
Cs 16602204
Li 5-228 Cross Lake
Rb 1174-4420 field, Manitoba,
K/Rb 75-19 Canada (n = 25)
Cs 31-2660 [121, c. 7]
Li 346-805 Peerless  peg.,
Rb 1763-2226 South  Dakota,
K/Rb 45-36 USA (n=5)
Cs 53-179 [121, c. 8]
Li 37-488 Cross Lake
Rb 1374-32820 field, Manitoba,
K/Rb 62-2 Canada (n = 29)
Cs 190-2334 [121, c. 8]
Li 1208-17187 Volta Grande,
Rb 689-48372 Minas  Gerais,
K/Rb 3-1 Brazil (n =11)
Cs 7546414 [35, c. 8]

[Tpumeuanne — CocraBineHo no uctounuky [121, c. 7, 8].

7.6 MuHepaJjiornyecKkue HHANKATOPHI PeIKOMETAIJILHOI0 OPy/1eHeHUs

C uenbio BBISBICHHUS TUIIOMOP(HBIX OCOOCHHOCTEH PYAHBIX MHUHEPAIOB U

AJIEMEHTOB-UHANKATOPOB PEIKOMETAINIBHON MUHEpaIU3alUu U3YyYE€H MUHEPaTbHbIN
COCTaB OCHOBHBIX MECTOPOKJICHUH U TIPOSBICHUI peakux MetamwioB Kanba-Hapeima.
[Toy4yeHHBIE pe3yabTaThl AHAIM30B SIBIJIUCH OCHOBOH JIJIs1 pa3pab0TKH MUHEPAIOTro-
r€OXUMHUYECKOT0 KPUTEPUS MTPOrHO3a PEAKOMETAINIBHOTO OPYACHEHHUS.

164




W3ydyeHne MHUHEpPAJOrMu4ecKoro cocTaBa IerMaTUToOBbIX kuin  Kanba-
HappiMckoro nosica Ha IpOTSYKEHUU JECATUIETHI IPOBOAUIOCH MHOIMMU aBTOPAMH,
cpenu KoTopbIx cienyeT Bbiaenutb A. U. I'mnz0Oypra, B. /I. Hukutuna, C. I'. lagmo,
H. A. Conognoga, B. 1. Ky3nenosa, 0. A. Cagosckoro, B. A. ®ununmnosa u Ipyrux.

WNMu OBLIIO OTMEYEHO, YTO NMETMAaTUTOBBIE MECTOPOKIACHHS XapaKTEPHU3YOTCS
pPa3HOOOpa3HbBIM U CIIOKHBIM BEIECTBEHHBIM COCTABOM, OTPAXKAIOLIUM CTENEHb MX
PYIOHOCHOCTH U YCIIOBUA MHHEpAIooOpa3oBaHUs, YTO OTMEYAIOCh MHOTHMH
uccnenoBarensamu  [148-152]. Haubonee MNpPOAYKTUBHBIMH  MPEICTABISIOTCS
MHOTOKOPHEBBIE TMETMaTUTOBBIE KHWJIbl CIO0KHOH Mop¢oJioTuH ¢ pa3gyBaMHU U
nepeKuMaMi, B KOTOPbIX MHTEHCUBHO MPOSIBICHBI METACOMATUYECKUE MPOLIECCHI C
IPUBHOCOM PYJIHOTO BEIIECTBA (MUKPOKIMHHU3ALMS, AIbOMTU3ALINS, TPEeH3EHU3AINH,
CHOOYMEHM3alMss U JAp.). MHorumu  HccienoBaTeNs MM OTMedalach
MHOT'OCTaJUHHOCTh PYAHOIO IpoLecca, IPU KOTOPOH Kaxkaasi MOCJIeAyomas cTaaus
CONMPOBOXKJAJNACh 3aMelIeHueM Oo0Jee paHHUX MHUHEPAIbHBIX KOMIUIEKCOB C
HOBOOOpA30BaHMEM TMOPOJ00OPA3YIOMIMX W PYAHBIX MHHEPAJIOB HECKOJbKUX
reHepaluii, SBIAIOMNXCS HHIUKATOPaMU PEeIKOMETAIIIFHOTO py1000pa3oBanus |64,
c. 172; 153].

B pe3ynbrare MUHEPAIOrO-T€OXMMUYECKHX HCCIECIOBAHUN BBIICISIIOTCA
YEThIpE TJIABHBIE MOCIEAOBATENIbHBIE CTAJANH PEAKOMETAINIBHON MUHEpaIU3aluu, He
CUMTasl paHHUE CTaaud OOpa30BaHMs IPAPUUYECKUX U OJUTOKIA3-MUKPOKINHOBBIX
NErMaTUTOB.

1. MukpokauHHU3a1us, COMPOBOXKAAIOIIAACS OOpa3oBaHUEM OJOKOBBIX
MUKPOKJIMHOBBIX IE€TrMaTUTOB. MHIuWKaTopamMu SBISAIOTCS OJOKM MHUKPOKIMHA U
KBapua (ceporo, HHOIZIa pPO30BOrO IIBETA), THE3/lAa KPYHMHOIJIACTUHYATOTO
IPO3pavHOro MyCKOBUTA, coiepxaliero npumecu Ta, Nb, Be, Li u ipyrux 31eMeHTOB.
PynHble MuHepanbl — IJIACTUHYATHIM KOJYMOUT M NPU3MATUYECKUE KPUCTAILIbI
Oepuuia 3eJIeHOBATO-CEPOM OKPACKHU.

2.  AnpOuTH3auusg, C KOTOpOHM CBsi3aHO (HhOpMUPOBAHHE  AJTBOUT-
MUKPOKJIMHOBOTO M allbOMTOBOTO MHHEPAIbHBIX KOMILIEKCOB, SIBJISIOIIMXCS
MaTpULEd pEeAKOMETAIBHBIX MEerMaTUTOBBIX >KWI. Beaymme TtunomopdHbsie
MUHEpanbl — aJbOUT CaxXapoOBUAHBIA M MEJIKO3EPHUCTBIN, CpeaHeUelryiyaThiid
MYCKOBUT, 3€JI€HbId TypMaluH (BEpAEIUT), PO30BBIA TIpaHatr, (ropanaTur,
dbocharasie munepansl Fe, Mn, Li, Ca, Na B Buje rHe3] U MATEH YEPHOTO I[BETA
(TpuuITUH, CUKJIEPUT U Ap.), METKOKPUCTAJUIMUECKasi BKPAIUICHHOCTh TaHTAJINTA,
KOJIyMOHMTa U KaCCUTEPHUTA YEPHOTO LIBETA, KPUCTAILIBI U THE3/I0BUIHBIE CKOIUICHUS
Ooepwna. B oty craguio oOpazoBajgnch B OCHOBHOM OEpHIUIMI-0JI0BO-TaHTAJIOBBIE
Pyl C PSIOBBIMU COAEP/KAHUAMHU METAIIIOB.

3. [I'peiizenusauust HaOdrOgaeMasl JIOKAIbHO BO BHYTPEHHUX 4YacTsX
NErMAaTUTOBBIX JKUJ B KBapI-aJIbOUT-MYyCKOBUTOBBIM KOMIUIEKCE. TumomMopdHbIe
MUHEpabl — 3eJIEHOBATHIN TUTUEHOCHBI MYCKOBUT, (PTOpANaTUT, 3€JIEHbIN TYpMaIUH
(BepenuT), TaHTAIUT-KOJTYMOUT, WMKCHUOJIUT M KACCUTEPUT UEPHOrO IBETA.
XapakTepHas 0COOEHHOCTh KOMILJIEKCA — yparaHHOE COJIepKaHUE B HEM TaHTaJa (110
1% ¥ BbIIIE) U 0OOTALIEHHOCTH OJIOBOM.
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4. CnonymeHusanusi XxapakTepHa Ui MO3AHEM CTaguud IErMaTUTOBOIO
mpolecca, XapakTepus3yeTcsi HOBOOOpa30BaHMEM CHOAYMEHAa B BHAE MAacCOBBIX
CKOIUIEHWH, OTHENbHBIX THE3J M MapajuIeIbHO OpPUEHTHUPOBAHHBIX KPHCTAJUIOB.
Bo3nukime KBapIl-KJIEBEIaHAUTOBBIN, CIIOJTyMEH-KBapLEBBIH, CIIOJTyMEH-
KJICBEJIAHUTOBBI KOMIUIEKCBI M WX Pa3sHOBUAHOCTU ABISIIOTCA HauOoiee
IPOIYKTUBHBIMHU, COCTABISIOIMMH 10 70% OT 001X 3armacoB peJKuX METALUIOB Ha
MeCTOpOkAeHUH. NHIUKATOPBI OPYJECHEHUS — KIEBEIaHANT, CIIOAYMEH, aMOJIMTOHUT,
HOJUTYLIUT, JIENUAOJINT, IBETHBIE TYPMAJIUHBI, (DIFOOPUT, TAHTAJIOHOCHBIE MUHEPAJIBI
(MaHraHOTAHTAJIUT, MHUKPOJIUT, MKCHOIUT) U  apyrue. llocnenoBarenbHoe
(opMHUpOBaHHE 3TUX KOMIUIEKCOB COIPOBOXKAAJIOCH YCIOXKHEHHUEM (OPMBI U
YBEIMYEHUEM MOIIHOCTUM IErMAaTUTOBBIX JKWJI, pa3HooOpa3ueM pyAHbIX U
COITyTCTBYIOILIMX MUHEPAJIOB, KOHIIEHTPALIUEHN PeIKOMETANILHOTO OpyIeHEeHus [64, c.
172; 154, 155].

HccnenoBanus MOKa3bIBAOT, YTO HAUO0JIEE MPOAYKTUBHBIMU ITPEICTABIISIFOTCS
TaKhe NEerMaTUTOBBIE KUJIbl, B KOTOPbIX HMHTEHCUBHO MPOSBIICHBI BCE YETHIPE CTAJAUU
MeTacoMaTo3a ¢ 00pa30BaHUEM PYAHBIX U COMyTCTBYIOIIMX MUHEPAIOB HECKOJIBKHX
reHepanuii. B 3Tux nermaTuTax mMpPOKO pa3BUThl MHOTME MUHEPAJIbHBIE KOMIUIEKCHI
Y Pa3sHOBUJHOCTU TAHTAJIOHOCHBIX MHHEPAIOB (KOJIYMOHUT, TaHTAJIUT-KOJIYMOWT,
MaHTaHOTAHTAJIUT, MHUKPOJIUT, HUKCUOJUT, TanuoauT). Ocoboe mnpakTUuecKoe
3HAYEHUE MMEET YCTAHOBJICHUE IMOBBIINICHHONW JIMTUEHOCHOCTU CIIOJI, HE TOJBKO B
JENUAOIUTE, HO W B JAPYI'MX Pa3sHOBUIHOCTSX, BKJIOYAs IIPO3PAYHBIE CBETIIBIC
MYCKOBHTBI, KOTOPBIE IIUPOKO PACIPOCTPAHEHBI B PA3JIMYHBIX THUIAX METMATUTOB U
JIPYTUX MeCTOpoxKaeHui [64, c. 173].

[IposiBieHuEe  peaKOMETAIIIBHOIO  PYJ000pa3oBaHUs  Mpenonpeaesercs
CTENEHbIO (PPAKIMOHUPOBAHUS IMErMaTuTa W HWHTEHCUBHOCTBIO IPOSBICHUS
NOCJIEAYIOUIMX  METaCOMaTUYECKUX IMPOLECCOB, CpPeAu  KOTOPBIX  BEAYILUM
IEHEpaTOpOM  PEIKOMETAUIBHOIO  OPYJIEHEHUs  SBISETCS  anboumuzayus,
COMpOBOXAaeMasi 00pa30BAHMEM MHIUKATOPHBIX TUIIOMOP(PHBIX MUHEPAJIOB (aT1bOUT
MEJIKO3EPHUCTBI M CaXapOBUIHBIM, KIIEBEIAaHAUT, MYCKOBUTBHI PAa3HOM OKpAaCKH,
JENUAOIUT, KUIBOEPTUT, IBETHBIE TYPMAaJIUHBI, CIIOAYMEH, NOJUTYLIUT, (pTOpanaTur,
KaCCUTEPUT, TAHTAIUT-KOJIyMOUT u ap.) [64, c. 158].
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3AK/IIOYEHUE

VYBenuueHne MNOTPEeOHOCTE COBPEMEHHBIX OTpACiEd MPOMBIIUIEHHOCTH B
BBICOKOTEXHOJIOTUYECKUX BUJIaX CHIPhS, K KOTOPHIM BO BCEM MHUPE OTHOCST PEIKUE U
pPEAKO3EMENbHBIE JJIEMEHTHI, MO3BOJSIET NEPECMOTPETh IMOAXOA K H3YUYEHUIO
MOTEHIUATBHO - PEIKOMETAIIFHBIX 00beKTOB BocToka Kaszaxcrana, rae B nmpeaenax
Kanba-HapbIMCKOW METaIIOr€HUYECKON 30HBI yxke Oosiee yem 50 JeT M3BECTHBI
NPOSIBJICHUs] HUOOMWS, TaHTala M peAKux 3eMmenb. Haumbosee mnepcreKTUBHBIM
HAaIllpaBJIICHUEM  SIBIIETCSL MPOBEJACHUE IEPEOLUECHKM MAJbIX MErMaTUTOBBIX
mectopoxaeHuit Llentpansnoit u CeBepo-BocTounoit Kanbbsl Ha oOHapykeHHs
cpenHuX U KpynHbIX 00bekTOB Ha Ta-Nb, Li-Rb-Cs. /lanabie paboThl MOTYT CTaTh
KJIFOUEBBIMU [IJISl PA3BUTHS SKOHOMHUKHU PEAKUX METAJUIOB PErMOHA M PECIyOJIMKU B
LEJIOM.

B pe3ynbTaTe rcciieqoBaHuii aBTOPOM MOJTYUYEHBI CIAEAYIOIINUE PE3YIbTATHI:

- Ha ocHoBanmm pesyneratoB U-Pb wm3ortomHoro natwpoBaHuss TrpaHUTOB
kanouHckoro komruiekca (290.7 £1.6 muH net) u U-Pb u3oromHoro natupoBanHwus
[IUPKOHOB M3 MErMaTtuToBOM *Kujbl ¢ (290.5 £1.1 mMiH neT.) nOKa3aHa reHeTHYeCKas
CBSI3b T'PAHUTOB KAJIOMHCKOTO KOMILJIEKCAa W MEerMaTUTOB Ha mpuMepe OTHEBCKOTrO
PYJIHOTO TOJIS;

- ComnocraBiieHHE TepMOOAPOMETPUUYECKHUX JAaHHBIX MO3BOJISIET 3aKJIIOUUTh, YTO
KYHYIICKUH KOMIUIEKC (OPMHPOBAJICS JIOKAIbHO TiyOxke U mpu 00jiee BBICOKHX
TeMIlepaTypax, TOr/a Kak KalOMHCKUM (0cOOEHHO ero BTopas (a3a) U MOHACTHIPCKUIA
XapaKTEepU3YIOTCd YMEPEHHBIMUA TEMIIEpATypaMH W JABJICHUSIMHU, TUIUYHBIMU IJIS
CPEIHEKOPOBOTO ypoBHA. Bce Tpu KomIuiekca MOTYT OBITh CBS3aHBI  C
MOCTKOJUIM3UOHHBIMHA  MPOLECCAMH, COIMPOBOXKIAIOMIUMHUCS AHATEKCUCOM KOPBI,
BHEJIPEHUEM MarMaTHYE€CKUX TeJ U MOCIEAYIOIMM (POPMUPOBAHUEM TIETMATUTOB.

- M3yueHbl OCHOBBI COBPEMEHHBIX KJlacCU(UKaIui, yciaoBus (GOpMUPOBAHUS,
r€OTEKTOHUYECKHUE YCIOBUS 00pa30BaHuUs PyJJOHOCHBIX IErMaTUTOB; OCHOBHBIE ATAIlbI
MEerMaTUTOHOCHOCTH B pa3pe3e T'eOJIOTUYECKOW HCTOPUU Pa3BUTHUS 3€MHON KOPBI;
CBSI3b MIETMATUTOB C dTAllaMHU Pa3BUTHUSI MarMaTu3Ma B Pa3IMUHbIX T'€OIMHAMUYECKUX
00CTaHOBKAX;

- YCTaHOBJEHO, 4YTO W3YyYCHUE TE€OJUHAMHYECKUX U JIMTOJOTHUECKUX
00CTaHOBOK (POPMHUPOBAHUSI METMATUTOB MOXET OBITh HIUPOKO HCIIOIB30BAHO IS
OMPENICNICHNUS] AJIEMEHTOB U MHUHEPAJIbHBIX acCOIMAlUid MPOMBIIUIEHHO MOJIE3HBIX
PEIKODTIEMEHTHBIX 00 BEKTOB.

- OxapakTepr30BaHbI OCHOBHBIE pU3HAKH MPUHAJJIEKHOCTH
peakoMeTaIbHBIX nermaTtuToB Kanba-Hapeima, 3anmagnoit KanOel Kk cemelicTBaMm,
tunam u noarunam LCT-nmermarutoB (Lithium-Cesium-Tantalum) waun NYF
(Niobium-Yttrium-Fluorine); BeIsBICHBI 3aKOHOMEPHOCTH PACIPEICIICHUS PEAKUX U
paccessHHbIX anemeHToB: Li, Rb, Cs, Ta, Nb, Be, Ga, Sr, Ba, REE, Hf, Zr u ap. B
pa3HBIX THUMAaX BMEMIAIOIIMX T[ETMAaTUThl MOPOA M PYIHBIX Tea (MerMaTUThI,
aTBLOUTHUTHI, TPEN3EHBI, POTOBUKH, MYCKOBUTHU3UPOBAHHBIE PA3HOCTH TPAHUTOB U T.1.).

- 3yueH MUKpPOAJIEMEHTHBINH COCTaB OCHOBHBIX NIErMAaTUTOBBIX PYIHBIX MOJIEH
Kanba-HapbiMckoll MeTaJTIOT€HUYECKOM 30HBI U PEIKOMETAJUIbHBIE TEerMaTUThI
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IPaHUTOUAHBIX MAacCMBOB TmiepMmMckoro Bo3pacta B JKapma-Caype, u 3amanHo-
KanbuHckoli 30He 3aiicaHCKOM CKIaq4aTON CUCTEMBI.

- [IpoBeieHa o11eHKa BO3MOKHOU PYJJOHOCHOCTH OTAEIBHBIX TUIOB IETMaTUTOB
U pyaoHocHbIX 30H Kanba-Hapeima, 3anaanoi KanoOsr.

- HM3yueHa KOHUEHTpalMsi MHUKPO3JIEMEHTOB (ppm win %), yCTAaHOBJIICHBI
MpEBBIMIAONIME (OHOBBIE 3HAYEHWS OCHOBHBIX IIOKa3aTelied pPYyIOHOCHOCTH B
npezenax OCHOBHBIX PYJIHBIX TOJICH.

- [Ipou3sBeneHo cpaBHEHUE KOHIIEHTPAIMH U KX COOTBETCTBHE MTPOMBIIUICHHBIM
KOHJUIUSAM ISl JIUTHS, TaHTalla, HUOOWs, pyOMaAuMs W Le3us W T.JA. B Ipelaenax
OCHOBHBIX pyAHbIX nojiel Kanba-Hapoeima, 3amannoit Kanosr.

- Mcnonib3oBanbl rpaduKu OTHOIICHUH cojiepykaHuii MukpodaemenToB Rb, Cs,
Ta u 1.1. u otHOmeHu# (K/Rb, K/Cs, K/Ba, Nb/Ta), koTopble SBJISIIOTCS 1IEHHBIMU
MOKa3aTeJIIMU Il OMEpPATUBHOM OIICHKM CTENEeHU (DPAKIHMOHUPOBAHUS PEAKUX
AJIEMEHTOB B T'PAHUT-TIErMATUTOBBIX TElaX M, CJI€I0BATEIbHO, O3BOJISIOT OIICHUBATh
CTEIEHb X PYJAOHOCHOCTH.

- Jlns Oonee TOYHBIX BBIBOJIOB MPOBEICH COMOCTABUTEIBHBIA aHAU3 C
u3BecTHbIMU LCT-nnermaTuTaMu U IpyruMu MUPOBBIMU aHAJIOTAMHU IO COJIEPIKAHUIO
PEAKUX METAJUIOB U MEPCIEKTHBAM peHTa0eIbHOM 100b1un: I'puHOymec (ABcTpanus),
Tanko (Kanaga), MecTOpOXXI€HHSI CIOYMEHOBBIX MerMaTuToB lleHTpanbHolt A3zun
(Tamxukucran, VY30ekucraH, 3abailikaibe), PEAKOMETAIIIBHBIMU TE€rMaTUTAMU
Poccuu (OThIKTHHCKOE U Ap.).

YcraHoBieHo, 4TO cojaepxkaHue siaemeHToB (Hampumep, Rb, Cs, Ta) u
cootHomenust K/Rb, K/Cs, Nb/Ta) mMoryT cinyXuTh LIEHHBIMU MOKa3aTeIsIMU IS
OBICTPOI OIICHKHM MAaTEPUHCKUX T'PAHUTOUIOB, YCTAHOBIICHUS CTENEHU OOOTaICHUS
peaxkumu daemenTamMu. O6bpryHO HU3KKE 3HaueHust K/Rb (1o 400 ppm) u K/Cs (20—
2000 ppm) B xanmueBoMm mosneBom tmmare, K/Rb (50 ppm) u K/Cs (10-1000 ppm) B
MYCKOBUTE, XapaKTEePHO JJisi TErMaTUTOB, KOTOPhIE MOABEPTIIMCh YMEPEHHBIM WM
AKCTPEMAIBHBIM YPOBHAM (PPaKIIMOHUPOBAHUS M HAKOIUICHUS PEAKUX DJIEMEHTOB.
DTHU T€OXUMHUYECKUE UHAUKATOPHI (PPAKITMOHUPOBAHUS OBLITH YCIIEUTHO UCIIOIb30BaHbI
JUIs OTIpejiesieHusl CTeneHu (pakiuuoHupoBaHus nermatutoB (I'maBa 5, moarmasa
5.2.2-5.2.3) u ycTaHOBJIEHUS 30HATbHOCTH MIETMATUTOBBIX PYAHBIX TIOJIEH HA TpUMeEpe
Mectopoxxaenus: KOouneitnoe (I'naBa 5, noarmnasa 5.2.3).

Ha ocHoBanum anann3a KOMIUIEKCA T€OTEKTOHUYECKUX, T€0JI0TO-CTPYKTYPHBIX,
MEeTPOXUMUYECKUX W  MHHEPAJOTUYECKUX  (DAKTOPOB, BBHISBICHBI OCHOBHBIC
3aKOHOMEPHOCTH (POPMUPOBAHMS U PA3MEILICHUS BEAYIIUX T'€OJIOT0-TIPOMBIIICHHBIX
TUNOB Mectopokaennit B Kamba-Hapeime u paspaboraHbl peKOMEHIAUU TI0
HaIpaBJICHUIO JAITBHEUIIINX MPOTHO3HO-TIONCKOBBIX padoT.
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IHPUJIOXKEHHUE A

AKT 00 UCITOIB30BaAHUHI PE3YIbTATOB I/ICCJ'IC)IOBaHI/II\/'I B IMPOU3BOJCTBE

COIJIACOBAHO YTBEPAJIAIO
Yaen “mpaanenus  HAO  «BKTY um. L crop TOO «I'PK «Tonas»
< cpux()aqaavg,.‘ : )‘"/_.’ %

NO HakkE M IORE

B ' AKT BHE/IPEHHSI
38 &/
A \\@M ;“S’qno-uccnenoaamnbcxux paboT B BBICIUHX YHEOHBIX3ABEACHHAX

N\ NS

S >. o
1o 3axasy: Tos C OrpaHHYeHHOM HH TOO «I'PK «Tonas».
Hacrosumm AKTOM NOATBEPIKAACTCH, 41O pesyn bTaThbl nuccepTauuo»mon

paBoThic3aKOHOMEPHOCTH  (JOPMHPOBAHUS, OCOGEHHOCTH  BEWECTBEHHOrO  COCTABA M KpHTEpH::
pyaoHocHoeTH  rpanuronnosKanGa-Hapeimekoro nosca (Boctounstii  KasaxcraH)», BuIIONHCHHOH B
HAO Bocrouno-Kazaxcranckom texuuueckom ynusepeutere um. [l CepukGacsa:

- CTOMMOCTbI0:0€3 CTOUMOCTH
- BHeapeHbl: B ToBapHulecT HHYEH CTCTBEH TOO «'PK «Tonasy.

1. Bua BHeAPEHHBIX PE3YALTATOB: MOACHHTENbHAA 3aMHCKa«3aKOHOMEPHOCTH (HOPMHPOBAHHA,
OCOBEHHOCTH BELECTBEHHOrO COCTABA W KPUTEPHH pyloHocHocTH rpanuTonaosKanba-Hapsivekoro
nosica (Boctounsiii Kazaxcrau)».

2. Xapaxrepucrika Maciutaba BHEAPEHHA: eAMHHYHOE,

3. dopma BHEAPEHNA: TCXHUYECKAR JOKYMEHTALMA.
4. HoBW3HA pE3y/bTATOB HAYYHO-HCC/EAOBATENLCKHX —paboT: MPHBEACHA  COBPEMEHHAA

jnaccuuxauus nermatutor Bocrtounoro Kasaxcrawa, noNy4eHb! JAHHBIE O COTEKTOHMHECKMX
yeAoBMAX 0Opa’oBaHMA PYAOHOCHBIX MNErMATHTOB,ONpEAE/eHbl KPHTEPHH 1A NPOrHO3HPOBAHWA M
1IOMCKA PYJIHBIX O0LEKTOB,
5. Buenpensi:
- & npoekTHbie paboTul: A8 uenoabIosanus B naanax PP,
Counanbiuiii M HAYYHO-TCXHHYCCKH  HPEKTBLIACICHHE HOBBLIN  TICPCHEKTHEHLIN

6
YHACTKOB, O0CCNEYEHUE NPUPOCTA FAIACOB,

01 BY3a Or Mpeanpuisiin
Pyko e OF lbipe?pp TOOA «Tonas»
)/‘ ~ H.A. 3umanosckas : A.b.baranaes

)lumupam/ﬂ ‘
{ C.C. AfrOaesa
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IMPUJIOKEHUE b

AKT 00 UCIIONIB30BaHUH PE3YJIbTATOB UCCIIEOBAHUIT B yueOHOM Tpolecce

COTI'JIACOBAHO YTBEPXJIAIO
Unen npasnenns HAO «BKTY um. J1. JAO «BKTY um. /L.
CepukbaeBa», IpopekTOp 3

10 HgyKe H HHHOBALMAM
K. T. KonypGaena

« Oy p3 2025 r.

2025 r.

B yueOHblii npouece yHHBepCHTETA pe3yabTaTol eJ0BAHUI HA TEMY
«3akonomepnocTH GopMHPOBAHHSI, 0COGEHIOCTH BCUICCTBEHHOrO cocTaBa H
kpuTepun pyaonocnoctn rpannronaos Kanba-Hapbimckoro nosica

(Boctounbiii Kazaxcran)».

MBI HIDKEITOAIMHCABIITHECS,

JlupekTop aenapramenTa no AJl Ta6uena E.E.
Jlupextop Jlenapramenta no HAJL Vaspipxatnosa I".K.
Jlexan I111Ho3 PaxeimGepanaa M.E.
Pykosoautens OI1, LIIHo3 Aiit6aena C.C.

CoCTaBHIH HACTOSIIMIT aKT B TOM, 4TO Pe3yJbTaThl HCCIIEI0BaHHH Aut6aesoit CanraHat
Cabunonnaesubl — nokropanta HAO BKTY um. JI. Cepuxbaea BHEAPCHBI B yueOHBIH nmpouecc 1o
obpasosatenbHoii nporpamme 6B07204 - Teosnorus M pa3Beixa MECTOPOIKJACHHH  TMOJIE3HBIX
nckonaembix, 1lIkonst Hayk o 3emie B 2025 rojy.

PesynbTaThl MccnepoBanuii (2017-2025 rr.) no Teme «3akonomepHocTH (hopMHpOBaHUS,
0COOEHHOCTH BEIIECTBEHHOIO COCTaBa M KPHTEPHUH PYJIOHOCHOCTH FPaHHTOHIOB Kan6a-Hapeimckoro
nosca (Boctounsri Kasaxcran)» HCIIONB3YIOTCS JUIS TIPOBEJACHHS JIEKIHMOHHBIX H MPAKTHICCKAX
samsTHii a1s  GakanaBpoB o6paszoBaTenbHOW mnporpammbl  «['eonorus Mo pasBeaka MIIU» no
wenmmnae «e0NorHs MECTOPOXKACHHUI TMONE3HBIX MCKomaeMbIx». DeKxt BHEAPEHUS: METOAUKA
MIHEPAIOT0-TeOXHMHIECKIX HCCIIeIOBAHHI BEIIECTBEHHOTO COCTaBA PEAKOMETA/UTBHBIX MErMaTHTOR
(na npumepe Kan6a-HapbiMckoro nosica, BocTo4HbI#H Ka3zaxcrah).

Ha mnpakTHyeckKuxX 3aHATHAX 10 aucuuiuinHe «I'eosorus MECTOPOKIACHHH IMOJIE3HBIX
HCKOMAeMBIX» H3ydaeTcsl THIIOBas KOJUICKINS MHHEPAIOB (MECTOPOXKICHHE AXMETKHHO, 1O6nnetinoe,
Bakennoe, Touka). Pa3paGoTanbl M HCNONB3YIOTCs B y4eOHOM mpouecce MOASTH dopmupoBanus
pa3IMYHBIX THIIOB PEAKOMETaIbHBIX MECTOPOIKIAECHHIA.

STH jaHHBle OTpakeHbl B Paboueif MomynbHON y4eGHOI mporpamme (cunnabyce) 1o
mennnumie «’eosorns MECTOPOK/ICHHH MOJIE3HBIX HCKOTIAEMBIX»: [TerMaTHTOBBIE MECTOPOKIAECHHS
(tema 6 - JIEKUMOHHBIE U T€Ma 5 - MPAKTHYECKHE 3QHATHS).

TaGuera E.E.
VYassipxanosa I".K.
PaxemmOepanna M.E.
Aiitbaesa C.C.

JlupexTtop aenapramenta no AJJ
Jlupextop Jlenapramenta no HAJT
Jlexan 11THo3

PykosoaunTtens OIT, IITHo3
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IHPUJIOXEHUE B

MuxkpodoTorpadun u nerporpadpudeckoe onrucanne 0opason

HInug T10. Buomumoswtit zpanum-nopgup ¢ MypmanuHom.

Cmpyxmypa Mmenkonopguposas, OCHO8HAZA macca
Mukpoanompuomop@roszeprucmas. Texcmypa maccusHas.
Menkue (0o 1,3 mm) nopgupogvlie 6KpanieHHUKU  NpPeoCcmasieHbl

KOPOMKONPUIMAMUYECKUM YMEPEHHO KUCTbIM NIA2UOKAA30M (OTUSOKAA3, UHO20d
00 auoe3uUHa), madbaumuamoim u eOUHUYHbIM CYOUOUOMOPDHBIM 3ePHOM K8apyd.
Kax menkue (0o 0,5 mm) 6KpanieHHUKYU MOXHCHO OMMEMUMb U CPOCTKU HECKOIbKUX
(0o 10 wm) nenpasuivhoix niacmunox 6uomuma. Cymma 6cex 6KPanJeHHUKO8
~10-15%.

OcHosnas macca menkozeprucmas u uepasHomeproseprucmas (0,05-0,25
mMm), HO noanoxkpucmannuyeckas. Cocmoum u3 niaeuoxaasza, KIILI, xeapya u
ouomuma (5-7%) 6 uUHOUBUOAX NPUMEPHO C OOUHAKOBOU  CHENEeHbIo
uouomopgusma. B yuacmxax cxonnenus uewiyex Ouomuma unoe0a pazeunivl
KpacHosamvle 2udpookucavl Fe (no pyonomy munepany).

B ocnosnoti macce ommeueno mneckonvko menxkux (1,2 mm) cybosanvHbix
BKIIOUEHUTL (KCEHOMUMbL?), OCHOBHASL IMO MACCA COBEPULEHHO TeUKOKPpAmosas (Hu
00H020 GKIIOYEHUs. MeMHOY8emHo20 Munepania (buomuma). Macca kuciou
nopoobl ¢ 2pamyrumogoil cmpykmypou — menkue (=0,05 mm) okpyenvie 3epHa
K8apya 8 macce noiegozo wnama

Axyeccopuviti mypmanun (noumu uepHwlil) - CKOnieHue OIUHHbIX 00 5-7 MMm)
monxux (=10:1) uconvuamuix kpucmannog (10-12 wmyx), acpecam npeocmasiet 8
sude posemxu. XapaxmepHdas O0CODEHHOCMb NOYMU 6ceX KPUCMANLo8 (Kpome
camvix meakux) — meaxue (=0,1 mm) mroeouuciennvie (=10%0 notikurumoguvle
BKIIOUEHUS K8apya (KaKk ceemivie 36e3004KU HA YepHOM hone).
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LInug) A4. Illeemamum co cnooymenom.

Cmpyxkmypa 2UNUOUOMOPDHO3EPHUCASL.
CabOKAMAKNACMUYECKASL.

B wnugpe nepasnomepnozeprucmas (0,4-6,2 mm) nopooa Kuciozo ymepeHro
wenounoeo cocmasa. Cocmag: KUCAbIUL NAASUOKIA3 (An6OUmM, OAULOKIA3-
anvbum) -50%, cnooymen -25%,; KIILI — 5%, keapy — 0o 20%.

THopguposuono evidenero kpyntoe (00 8 mm 0bpazosanue cnooymena — 3mo
2710Meponophupo8slil CPOCMOK UX mpex Kpucmainos (2-5,6 mm). Ilo cnaiinocmu
Kpynnozo kpucmania pazeumel moukue (0,03 mm) numouku zudpocepuyuma.
Jluaeconanvro no ecem mpem Kpucmannam pasgum npoocunox (0,23 mm),
8bINONHEHHBI 3eMAUCTNBIM INUOOMOM, 8 HeM passumo Heckonvko menxux (0,1
MM) @KroueHul 6ypbix eudpooxucios Fe.

Bcs macca  bonee  menxoseprucmas (= 0o 3 mm), HO
HepasHoOMepHO3epHUCTNASL. IInazuoknaz KUcnvlil, npusmamuieckue,
cyonpusmamuyeckue unousuovl (0,5-2,6 mm), unoe0a umeem He4emKYio
omopouxy neaumuzuposannozo KIIIII. C KIIIII céazano necxonvko menxux (0,2
MM) naacmunok myckoguma (cepuyuma). Keapy nomnocmuio kcenomopghen,
umeeem eonuucmoe yeacauue. Paszwep 3sepen 0,5-2,9 mm 6 nonepeunuxe.
Eounuuno exmouaem ¢ cebsn menxue (0,2 mm) uouomopghuvie npuzmouxu
nAA2UOKIA3A.

Ha epanuye xeéapya u nnaeuoknaza paszeum moukuti yyacmox (0,1 mm) —
NPOICUNOK, 6bINOIHEHHbI NOYMU YEPHbIM PYOHLIM MUHEPALIOM C CUHEBAMbIM
OMAUBOM.

Texcmypa



HHPUJIOXEHUE I

TCpM06apOM€TpI/I‘I€CKI/I€ HCCJIICAOBAHUA T'PAHUTON 0B KYHYIIICKOIO, KaJIGI/IHCKOFO, MOHACTBIPCKOT'O KOMIIJICKCA

sample T.degC P.kbar sample  T.degC P.kbar sample T.degC P.kbar sample T.degC p.kbar
1X-1111-1 748 5.38 51 X-1043-6 796 5.77 101 K14-104-7 817 5.54 151 Ka-14-84-4 764 5.32
2 X-1111-2 754 5.12 52 K-14-108-1 828 5.28 102 K14-104-8 813 4.98 152 Ka-14-84-5 764 5.05
3 X-1111-3 756 5.36 53 K-14-108-2 820 4.88 103 K14-104-9 830 5.88 153 Ka-14-37-1 769 5.86
4 X-1111-4 760 5.56 54 K-14-108-3 824 5.15 104 K14-104-10 839 5.77 154 Ka-14-37-2 778 591
5 X-1111-5 757 4.82 55 K-14-108-4 816 4.68 105 K14-104-11 829 538 155 Ka-14-37-3 776 6.06
6 X-1111-6 752 5.48 56 K-14-108-5 814 4.89 106 X-1044-1 806 7.16 156 Ka-14-37-4 797 5.43
7 X-1111-7 756 5.46 57 K-14-108-6 797 4.95 107 X-1044-2 802 6.09 157 Ka-14-26-1 783 858
8 X-1111-8 762 5.46 58 K-14-108-7 819 a9 108 X-1044-3 807 6.67 158 Ka-14-26-2 783 837
9 X-1111-9 758 5.44 59 K-14-108-8 819 4.99 109 X-1044-4 804 6.23 159 Ka-14-26-3 790 8.74
10 K-14-113-1 801 5.44 60 K-14-108-9 815 4.88 110 X-1044-5 802 69 160 Ka-14-26-4 779 7.47
11 K-14-113-2 797 5.35 61 X-1036-1 794 3.38 111 X-1044-6 801 6.54 161 Ka-14-26-5 782 8.03
12 K-14-113-3 802 5.67 62 X-1036-2 794 42 112 X-1044-7 799 657 162 Ka-14-26-6 775 7.34
13 K-14-113-4 787 5.56 63 X-1036-3 789 3.56 113 Ka-14-32-1 767 5.02 163 Ka-14-26-7 778 8.04
14 K-14-113-5 801 5.42 64 X-1036-4 794 3.38 114 Ka-14-32-2 751 4.76 164 Ka-14-26-8 781 7.75
15 K-14-113-6 802 6.19 65 X-1036-5 806 4.44 115 Ka-14-32-3 783 5.13 165 Ka-14-26-9 780 7.85
16 K-14-113-7 803 6.83 66 X-1036-6 807 417 116 Ka-14-32-4 769 5.26 166 Ka-14-19-1 753 5.25
17 K-14-113-8 803 5.76 67 X-1036-7 805 3.95 117 Ka-14-32-5 768 5.17 167 Ka-14-19-2 769 7.61
18 K-14-113-9 804 6.3 68 X-1036-8 795 3.94 118 Ka-14-32-6 773 5.19 168 Ka-14-19-3 755 5.31
19 K-14-137/2-1 825 5.34 69 X-1036-9 801 439 119 Ka-14-32-7 767 533 169 Ka-14-19-4 733 531
20 K-14-137/2-2 825 4.89 70 X-1036-10 811 5.05 120 Ka-14-32-8 766 5.02 170 Ka-14-19-5 721 4.88
21 K-14-137/2-3 824 5.26 71 X-1032-1 830 5.58 121 Ka-14-8-1 788 5.87 171 Ka-14-19-6 770 7.63
22 K-14-137/2-4 834 6.28 72 X-1032-2 812 46 122 Ka-14-8-2 786 5.65 172 Ka-14-19-7 762 6.35
23 K-14-137/2-5 836 6.62 73 X-1032-3 815 5.08 123 Ka-14-8-3 775 5.25 173 Ka-14-19-8 757 6.04
24 K-14-137/2-6 833 6.21 74 X-1032-4 827 5.42 124 Ka-14-8-4 781 5.72 174 Ka-14-16-1 770 5.99
25 K-14-137/2-7 794 3.4 75 X-1032-5 827 5.36 125 Ka-14-8-5 793 5.81 175 Ka-14-16-2 772 7.19
26 K-14-137/2-8 826 4.89 76 X-1032-6 801 4.26 126 Ka-14-8-6 776 5.8 176 Ka-14-16-3 758 5.57
27 K-14-137/2-9 822 4.39 77 X-1032-7 786 4.28 127 Ka-14-46-1 753 5.04 177 Ka-14-16-4 766 5.08
28 K-14-137/1-1 781 471 78 X-1032-8 818 5.38 128 Ka-14-46-2 752 5.18 178 Ka-14-16-5 760 5.2
29 K-14-137/1-2 789 5.01 79 X-1032-9 816 S 129 Ka-14-46-3 758 5.02 179 Ka-14-16-6 766 5.11
30 K-14-137/1-3 793 5.08 80 X-1032-10 823 5.62 130 Ka-14-46-4 754 5.29 180 Ka-14-16-7 765 5.22
31 K-14-137/1-4 795 5.12 81 K14-107-1 806 5.05 131 Ka-14-46-5 760 4.76 181 Ka-14-16-8 769 5
32 K-14-137/1-5 790 5.07 82 K14-107-2 810 4.97 132 Ka-14-46-6 756 4.97 182 Ka-14-16-9 765 5.22
33 K-14-137/1-6 791 531 83 K14-107-3 814 5.58 133 Ka-14-50-1 754 5.14 183 Ka-14-97/2-1 763 6.09
34 K-14-137/1-7 792 5.29 84 K14-107-4 798 5.96 134 Ka-14-50-2 760 5.39 184 Ka-14-97/2-2 766 6.24
35 K-14-137/1-8 787 5.04 85 K14-107-5 807 6.5 135 Ka-14-50-3 756 5.04 185 Ka-14-97/2-3 765 6.15
36 K-14-137/1-9 790 5.03 86 K14-107-6 798 4.51 136 Ka-14-50-4 759 4.92 186 Ka-14-97/2-4 761 6.05
37 X-1056-1 761 5.75 87 K14-107-6+ 800 472 137 Ka-14-50-5 763 5.48 187 Ka-14-97/2-5 763 6.19
38 X-1056-2 765 5.87 88 K14-107-7 793 472 138 Ka-14-50-6 755 5.05 188 Ka-14-97/2-6 762 6.01
39 X-1056-3 762 5.3 89 K14-107-8 801 5.06 139 Ka-14-50-7 764 523 189 Ka-14-97/2-7 776 6.19
40 X-1056-4 762 6.14 90 K14-107-9 800 5.48 140 Ka-14-50-8 763 5.12 190 Ka-14-97/2-8 778 6.14
41 X-1056-5 761 5.66 91 K14-107-1C 808 5.77 141 Ka-14-50-9 763 5.05 191 Ka-14-97/2-9 780 6.12
42 X-1056-6 763 5.77 92 K14-107-1C 819 6.99 142 Ka-14-57-1 748 535 192 Ka-14-96-1 778 5.1
43 X-1056-7 765 5.94 93 K14-104-1 832 5.76 143 Ka-14-57-2 777 5.64 193 Ka-14-96-2 786 5.19
44 X-1056-8 765 5.62 94 K14-104-2 826 5.16 144 Ka-14-57-3 779 5.79 194 Ka-14-96-3 785 5.15
45 X-1056-9 763 5.67 95 K14-104-3 839 5.26 145 Ka-14-57-4 760 5.49 195 Ka-14-96-4 780 5.21
46 X-1043-1 799 5.67 96 K14-104-4 805 5.48 146 Ka-14-57-5 769 556 196 Ka-14-96-5 778 5.22
47 X-1043-2 804 6.09 97 K14-104-4+ 800 5.15 147 Ka-14-57-6 717 5.13 197 Ka-14-96-6 774 5.09
48 X-1043-3 794 6.55 98 K14-104-5 799 4.93 148 Ka-14-84-1 769 5.13 198 Ka-14-96-7 780 535
49 X-1043-4 801 6.47 99 K14-104-5+ 826 5.8 149 Ka-14-84-2 773 5.16
50 X-1043-5 804 7.05 100 K14-104-6 839 6.14 150 Ka-14-84-3 762 5.18
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IMPUJIOKEHUE |

XapaKTCpI/ICTI/IKa BCAYIIHX I'€OJOIO-TCHECTUICCKHUX THUIIOB U UX I'COJIOTO-IIPOMBIIIJICHHAA TUITU3alus

Ta6J'II/IHa J_Il - XapaKTepI/ICTI/IKa BCAYIIHUX I'COJIOTO-IT'CHCTHUYCCKUX THUIIOB U UX I'COJIOTO-IIPOMBIIIITICHHAA TUITU3aIlUA

Pynnast MunepanbHBIN THIT Pynoobpa DneMeHTHI Pynoobpasyromrue dopma pyaHbIX TunoBsie ['eonoro-mpomMbIIUIEeHHBIN
¢dopmanus 3YIOIINE MUHEPAJIbI pUMecH (hopmanuu/ BMeIaronye Ten 00BEKTHI THUII, IPAaKTHYECKAast
I10PO/IbI 3HaYUMOCTh
1 2 3 4 5 6 7 8
['pymnna nermatutoBoil Gopmarmu
1 BrokoBbIx Komymour- Komnymowur, Sn, W, Ta, I'panuroBas, P/ 30HaIBHBIE KU, Hwxuuii ErMaTUTOBBIM TaHTA-
MUKPOKJIMHOBBIX OepHILIOBBIH, Oepuiu1, MUKPOKJIH Ti, F I'paHUTEI, CIaHIIBI THE37I0BU/IHBIE TENa, Jlaitbynaxk, HHOOUEBBIH
MEerMaTUTOB MHUKPOKJIHH- TaKBIPCKOW CBUTHI OJIOKOBBIC 30HBI, JlobGakcaid, Mernkue 00bEKTHI
MYCKOBHUTOBBIH (KaJIOMHCKUI KOMILJIEKC) JIECTHUYHBIE HKHJIBI UYeOyHTaii
2 Penxome MUKpPOKIINH- Tanranur, W, P, TR, I'panurosas, Py / ITIuTOBUIHBIE KUIIBL, Bakennoe, neamamumosviit manman-
TaJUTbHBIX abOUTOBBIH, abOUT- KOJIyMOWT, Sh, U, Au, I'panuTsI, CIaHIBI KHUI000pa3HbIE Tena KO6uneiinoe, OJIOBAHHDBLU
MEerMaTUTOB CIIOTyMEHOBBIH, MHUKPOJIUT, OEPHUILT, Cs TaKBIPCKOW CBUTHI benas 'opa, peokowenounoti (Ta, Nb,
TaHTAJIUT- KaCCHTEPHT, (KaJIOMHCKUIT KOMILIIEKC) KgapreBoe Be, Li, Cs, Sn)
KOJTYMOUTOBBIH, CIOJIyMEH, TIOJIyILIUT, CpenHue U MeJKue
KBapI-aJIbOHT- aMOJIMTOHUT, 00BEKTHI
JICTINI0TUTOBBIN I[BETHbIE TYPMAJIHMHBI
3 Peaxomeramib MuKpoKInH- Tanranur, Nb, Ta, Sn, I'panuToBas, Py / ITnuroobpasHbie Kenebai, penKOMeTallIbHbIE
HOE anbOMTOBBIN, KBAPII- KOJlyMOUT, OepuiL, Be, Li CrnaHIp! ¥ TPAaHOAUOPUT- JKUJIBI, IECCTHUYHBIE Mengsenxka, MErMaTUTOBBII aIbOUT-
(c HaJIO’KEeHHBIM anponT- CIOZyMEH, TIOJIYLIUT, IUTarMOTPAHUTHI (C SKUJIBI Touka, Anpnai, CIOJTyMEHOBBIN
THUTIOM MYCKOBUTOBBIN aMOJIMTOHUT, HAJIO’)KEHHBIM JlykoHb
OpyIIeHEHUs (TpeiizeHOBBII), I[BETHBIE TYPMAaJIHHBI OpYJICHEHUEM) Menkue 0OBEKTHI
anpouT- (KaJIOMHCKUIT KOMILIIEKC)
CIIOAYMEHOBBIN
4 Kamepnbix bnokosslii kBapI- Komymbut, 6epuin, TR, Sn Jlelikorpanurosas, P2 MpuaponoBsle THe3/a, JyHranbl MHUKpOKIINH- KBapLIEBbIH
XPYCTaJIEHOCHBIX MHUKPOKJIMHOBBIMH, MHUKPOKJIHH, (MOHACTBIPCKUI KOMILIEKC) OJIOKH, YKUJIBI Menkue 0OBEKTEL,
MErMaTHTOB KBapI-MUKPOKJIMH- MYCKOBHT, MOPHOH, PYIOTIPOSIBIICHUS
MYCKOBHUTOBBIN TOPHBII XpyCTallb,
Gdrooput
['pynna anpOuT-TpeiizeHoBas
5 AnpOutut- Ksapu-ans0uToBBIH, Ansbut, myckosur, | W, Mo, TR, I'panuToBas, Py / MpuHepan30BaHHbIE Kapacy, OnoBoO-TaHTaNOBbIN
rpei3eHoBas KaCCUTEPHT- JTUTHO(UILTUT, F Crnanusl 30HBI, KyIoJa, Hooaxmepos aNbOUTUT-TPEH3EeHOBBIN
0JIOBO-TaHTa- TaHTAJIUT- TOMNa3, KACCUTEPHUT, MYCKOBUTH3UPOBaHHBIE, 11mTOKBEPKH, JKHIIBI CKOE, (amorpaHUTHBIN)
JIUTHEBAS JIMTHEHOCHBIH, TaHTAJNT, QII00pHUT TpaHuTHl 2 (asbl AnorpaHuTHbII Menkue 0OBEKTHI
anpouT- KaJOMHCKOTr0 KOMIUIEKCa
MYCKOBHUTOBBIH
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[Tponomxenue Tabmauist /1.1

1 | 2 | 3 | 4 | 5 | 6 | 7 | 8
['pymnna rpeii3eHOBO-KBapLEBOKMWIBHBIX (hopManuid
6 OnoBo- Kaccurepur- Kaccurepwur, As, B, Cu, I'panurosas, Py / JKuiibl, ITOKBEPKH, Yepnosik, O110BO-BOJIb(PpaMOBBIT
BOJIb(pamMoBast BOJIb()PAMUTOBBIH, BOJb(pamur, Pb, Vi, Ti, CnaHLbl, TPaHUTHI, MUHEPAIN30BAHHBIE I'pemsuee, HoBas Ipel3eH0BO-
KaCCUTEPHT- LICEJINT, TUPUT, Au, TR, U HaJI0KE€HHasl Ha 30HBI Touxka, Kannsr, KBapIIEBOKUIIbHBIN
LIEETUTOBBII apCEeHONHPHUT, TYP aruorpanutel Cs Kaparoun Mernkue 0OBEKTHI
MaJIMH, MYCKOBHT, (KyHYIICKHI KOMILJIEKC) (0TpabaThIBaJIHCh)
(harooput, rpadur
7 Bonbdpamosast | Ksapi-mMyckoBuT- eemnur, As, Sn, Be, F | T'panurosas, P; /['paHuTHl | 30HEI TPEIIMHOBATOCTH, IanaTusr O1noBo-BoIb(PAMOBBLI
LIeSTUTOBBIH apCeHONUPHUT, CpenHe-KpyIHO3EepPHUCTHIE SKHITBI Ipei3eHOBO-
KaCCUTEPHUT, KBapll, nopduposuansie (1 dpaza KBapILIEBOKUIbHBIN
MHKpPOKJIVH, KaJOMHCKOTO KOMIUIEKCA) Mernkne 00bEKTHI
MYCKOBUT (oTpabaThIBAIIUCH)
I'pynna rugpoTepMauibHbIX hopManuit
8 KBaprieo- Ksapu- Kaccurepur, As, F, Pb,B I'pannToBas, Py / 30HbI OpeKUNPOBaHUS, Uynckoe O1noBo-BOIb(PAMOBBII
JKUITbHAS KaCCUTEPUTOBBIN apCEHOIUPHT, (1 da3a kanbuHCKOTO TpEMIUHHBIC 30HBI, THUAPOTEPMAITbHBIN
OJIOBSIHHASI IIUPUT, TyPMaJUH, KOMILIEKCa) HKHITBI (KBapUEBOXKHMIBHBII)
KBapIl, MyCKOBHUT Menkue 0OBEKTHI
(oTpabaThIBAIIUCH)
9 KBapriieo- Ksapii-kaccurepur- Kaccurepur, Sn, W, As, I'panurosas, Py / Kuer, Kapan, O110BO-BOJIb(PpaMOBBIT
JKWJTBHAS OJIOBO- BOJIb()PAMUTOBBIN BOJIb(PAMHUT, F (2 da3a kanbuHCKOTO MUHEPaTU30BaHHBIE Jlenmnckoe, TUAPOTEPMAITbHBIN
BOJIb(paMoBast (TroOHEpUTOBBIIT) TFOOHEpHUT, KOMILJICKCa) 30HBI Komcomonnsckoe (KBapUEBOKHMIBHBI)
IICEIINT, JletikorpanutoBas, Po/ Menkne 0OBbEKTEI
ApPCEHOIUPUT, JleiikorpanuToBsie (oTpabaThIBaINCh)
MYCKOBHT, TPaHUTHI C KBapII-
¢moopur TYPMaJIUHOBBIMU
MHapoJIaMu
(MoHacThIpcKuit
KOMIDJIEKC)
10 KBapreso- Ksapu Bonbdpamur B, As, Pb, JleiikorpanuToBas, Py Kunst BosabmeBuk BonbdpamoBsiit
KHJTbHAS TypMaluH— (bepOepur), weennt, Cu JletikorpaHUTOBEIE THIAPOTEPMAIBbHBII
BOJIb(paMoBast BOJIb()PAMUTOBBIN ApPCEHOIUPUT, TPaHUTHI C KBapII- (KBapUEBOKHMITBHBIH)
(pepOepuTOBBIiL) TypMaJiuH, QIIIOOPUT, TYpPMaTHHOBBIMH Mernkne 00beKThI
KBapll, MyCKOBUT MHapoJaMH (oTpabatbiBanuch)
(MOHACTBIPCKHHA KOMILIEKC)
IIpumeuanue — CocTaBiaeHo Mo HCTOYHUKY [62, c. 40, 65, 113; 73, ¢. 35,36; 97]
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MukposnemeHTHbIN cocTaB nermMatutoB LlenTpanbsHoii u CeBepo-3anaanoi Kanoe

INPUJIOKEHUE E

Tabmuna E.1 - [IpeacraBurensHbiil cOCTaB MUKpOAIeMeHTOB niermMatutoB Llentpansaoit n CeBepo-3amannoit Kanob

[}
=
5
£
g, [po6a Haumenosanue Ga Ba Cs Nb/Ta Ta Rb Sr Th/U U Y Ce LREE Eu HRE Be Hf Zr/Hf
o
8
=
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 | 19 20
4120 . Tpanmeiinas | 34 1 | 5715 92.6 1.84 1.46 2499 1255 1.7 179 | 117 | 265 | 586 | 005 | 925 | 29 | 06 21.6
MHUKpOIUH
5080 Yurypceaiickuii 1638 | 37.01 | 327.00 | 022 84.0 48120 | 15338 35 170 | 832 | 244 | 514 | 003 | 13.07 | 1.58 | 1.02 | 745
MuxkposnuH
6100 Kapuen-Kyyc 1269 | 1900 | 349.90 | 116 | 209 | 34640 | 757 | 188 | 098 | 166 | 453 | 952 | 006 | 409 | 166 | 026 | 3384
MuxkponuH
KK-2 | Kapwen-Kyyc 968 | 1133 | 876 | 27 | 073 1360 | 4027 | 033 | 085 | 065 | 061 | 236 | 005 | 374 | 129 | 032 | 72587
P030BBH/I MUKPOJINH
e KK-4 Tlermatut c
& MeTuI0MITOM w| 1097 | 1107 | 1012 | 4.78 791 354.1 4661 | 042 | 153 | 035 | 034 | 114 | 004 | 976 | 1.21 | 034 | 29.23
;’ KJICBCJIAaHIUTOM
3 KK-10 IIermatut KBapIl-
= KieBemammaro  Boif, | 20.25 | 1247 | 37.8 047 | 10.19 714 3394 | 002 | 864 | 164 | 126 | 464 | 006 | 542 | 474 | 1545 | 0.88
= rpy603epHUCTBII
% KK-12 TIermatut KBapIl-
5 KITeBETARIHT- 31 1133 | 500.3 7.8 248.7 3169 25.73 02 | 576 | 06 | 074 | 239 | 003 | 305 | 26 | 333 | 7.08
% JIETTHJOJTMTOBBIHN
£ [KKk3 Tleramir 552 | 1138 | 1295 | 2.88 0.92 613 4709 | 023 | 066 | 05 | 034 | 143 | 006 | 7.82 | 1.14 | 0.32 | 41.34
2 KK-7 I'peiizen KBapIl-
& KIeBeTAHINT- 31 1155 | 3626 | 4.69 9.96 1849 4997 | 047 | 2588 | 084 | 096 | 345 | 007 | 7.84 | 574 | 15 | 2427
< JICTIAJIOJTUTOBBIN
KK-8 I'peitzen ATBOUT
eI HTOBBI, 54.41 113 4176 172 | 3497 6017 5264 | 018 | 087 | 045 | 04 | 152 | 003 | 7.09 | 477 | 116 | 1658
CPEIHE3EPHUCTHIH
KK-15 I'peiizen
MermpmommToBblt o | 79.27 | 1109 | 4758 129 | 51.33 9568 2081 | 042 | 248 | 177 | 457 | 1595 | 003 | 804 | 52 | 1826 | 1.08
KBapleM
KK-1 Tpetisen QONT- | 1993 | 1233 | 2746 | 244 8.79 1552 3804 | 042 | 092 | 074 | 058 | 282 | 006 | 352 | 394 | 058 | 6533
JICTTUAOJIMTOBBIN
Cpennee 2689 | 9347 | 933.09 | 267 | 38.42 | 289807 | 5917 | 076 | 24 | 156 | 162 | 468 | 0.05 | 6.89 | 3.06 | 359 | 268
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[Tponomxenue Tadbmuip E. 1

Ipoba HanmeHoBaHue Ga Ba Cs Nb/Ta Ta Rb Sr Th/U U Y Ce LREE Eu HRE Be Hf Zr/Hf
M-1 Myckosut M 1104 | 1433 | 2533 8.06 24.03 32700 | 6254 | 058 | 111 | 049 1.16 256 | 003 | 247 25 1.31 9.01
IerMaTura
M-2 Myckosut M3 1419 | 1437 | 4076 | 16.08 9.95 47510 | 66.40 | 067 | 258 | 1.69 3.10 792 | 009 | 5.9 105 0.80 | 37.26
rnermMaTuTa
M-3 ﬁ;‘;‘;‘:ﬁz 1119 | 1262 | 2454 175 13.02 3079.0 | 5511 | 1.0 | 1.87 | 218 3.09 915 | 007 | 682 21 123 | 15.44
M-4 Cronymen 5051 | 114.8 54.7 3.21 2.67 747 4254 | 14 | 104 | 064 1.28 278 | 0.03 | 506 2,0 157 | 9.6
JK-100-6 | Crioxymen 4512 | 2212 7.14 1.02 60.9 26.6 1083 | 289 | 045 | 517 2.08 6.1 0.34 | 1185 | 1.49 174 | 55.85
0-25 | Croaymen 53.41 0.34 1160 | 20.04 759 1140 | 6642 | 097 | 039 | 0.67 0.20 173 | 021 | 1791 | 117 030 | 75.43
0-14 | Hervatur  kBapl- | 5 gq 1.65 1132 | 5451 0.35 4694 | 6306 | 373 | 059 | 4.03 1.60 9.9 174 | 2898 | 177 2.93 3.67
CHO,HyMCHOBbIH
0-17 g;‘f;jf“p"”“ Hhi | as a0 | 283 | 1201 | 16.05 1.68 12840 | 8691 | 419 | 069 | 262 | 084 | 625 | 057 | 2064 | 223 | 503 | 76
0-17 AnbOUTH3UPOBAH HBbIH
1) TerMaTuT c| 2279 1.26 116.2 | 21.85 1.50 2408 | 6401 | 031 | 310 | 214 0.89 572 | 078 | 2132 | 29.40 149 | 126.43
TAaHTAJIUTOM
0-23 ‘I?;‘;f;jf“f’m“ HBIE | o463 | 086 | 1242 | 59.66 145 11660 | 27110 | 083 | 101 | 289 | 036 | 369 | 021 | 158 | 1290 | 1038 | 363
(]
]
£ |©0-20 | Merwami ©| 994 | 139 | 1154 | 021 1294 | 1186 | 4177 | 081 | 091 | 218 | 106 | 1119 | 098 | 2036 | 320 | 598 | 259
2 tdocdaramu
<
& | 0-20(1) | Hermarur °| 2563 | 037 | 1110 | 19149 | o087 1892 | 9739 | 016 | 244 | 090 | 024 | 18 | 031 | 1216 | 254 | 3464 | 162
tdocdaramu
0-24 Egjﬁ;’:ﬁi’“m’m 2222 1.12 119.6 0.09 161.0 12940 | 8034 | 2.09 | 148 | 473 0.51 528 | 043 | 3132 3.06 229 | 105.46
4092 Munpomui Cxuma | oe09 | 2033 | 71400 | 1.93 0.57 41940 | 1005 | 394 | 121 | 162 5.61 1147 | 006 | 4.43 10.90 0.19 | 56.89
CnoxymMeHOBas)
406 Mukpomn —— (xnna | o606 | 1703 | 67.60 1.03 1.76 16740 | 906 | 296 | 1.09 | 212 14.22 | 29.82 | 009 | 6.94 0.99 0.14 | 4185
CrioymMeHoBast)
6065-r | Mukpomn — (xwna | qq4 | 4784 | 18400 | 181 145 | 72200 | 829 | 191 | 082 | 100 | 325 | 698 | 007 | 603 | 049 | 026 | 3119
CriorymMeHoBast)
5429-a | Lleennt 17.98 | 121.0 | 11220 | 21.36 0.32 60.3 50.78 | 1.15 | 110 | 1.29 2.92 652 | 003 | 12.77 | 53740 | 112 | 42.83
M-5 Beprnn 8840 | 127.8 28.3 9.98 58.90 11.4 5263 | 0.74 | 445 | 866 544 | 1272 | 002 | 3.5 08 6.27 | 20.45
JK-100-a | Tantamur 3.21 13.97 1.04 0.11 217600 10.0 106.6 | 0.78 | 49.31 | 7.01 172 416 | 0.08 | 2609 | 058 826.2 15
M-6 Typmannn (Bakennoe) | 1.01 15.63 0.45 0.46 358.9 10.9 1798 | 35 | 092 | 6.09 | 2741 | 83.85 | 0.83 | 42.08 | 065 091 | 10.66
0-15 | Ipeiisenmsnposan 20.16 8.30 514.2 0.66 22.08 1436 | 11920 | 2.61 | 1.07 | 458 2.69 306 | 172 | 2669 | 1.66 0.34 | 376.18
HBII POrOBUK
0-22 | Porosux u3 kepHa 18.71 8.34 323.6 2.74 7.07 112.3 | 26740 | 153 | 117 | 1491 | 335 | 3355 | 195 | 39.14 | 1.18 0.94 | 386.49
0-21 | Tpanurl assl 1778 | 1037 | 301.2 0.82 17.03 150.3 | 152.90 | 254 | 092 | 1524 | 3.6 411 | 224 | 3412 | 166 150 | 75.47
Cpenitee 4112 | 4133 | 296.36 | 1050 | 049924 | 1289.74 | 1004 | 248 | 3.47 | 4.04 374 | 1456 | 056 | 17.47 | 2350.73 | 39.46 | 65.07
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[Tponomkenue Tadbauibl E. 1

TMlpo6a | Haumerosanme Ga Ba Cs Nb/Ta | Ta Rb St [ ThiU | U Y Ce | LREE | Eu | HRE| Be Hf | zrH
f
125-I1 MyckoBUT
’ 83.3 1054 |  49.4 396 | 10.16 748 906 | 426 | 163 | 804| 1351| 2938 | 023 | 2884 28 | 223 2111
TO6uelinoe
4751-a | Myckosut 14520 | 19.24 | 40.60 1.6 80.0 | 1551.0 | 107.3| 288 | 040 | 043| 239 | 487 003 | 287| 197| 083| 6.99
TO6uelinoe
, | 291 | Myckosut 198.10 | 4277 | 21140 | 5.07 332 | 37470 | 126.8| 367 | 093 | 070| 439| 916 005 | 358| 280| 1.16| 7.41
g I06uneiinoe
e JByCTOAHOI IPAMNT | 9567 | 36650 | 353 | 844 | 1219 | 1899 | 307.8| 259 | 237 | 1500| 4520 9449 | 094 | 29.63| 107 | 371 | 3186
S (FOowueiiHoe)
LO -
Q | 4987 | Muxpomnn 1595 | 9390 | 79.00 3 15 | 22300 | 189.2| 259 | 058 | 145| 207| 501 | 005| 26| 215| 012| 75
FOo0ueiinoe
Cpennee 949 | 12556 | 76.79 | 441 | 2521 | 1693.18[ 16434 32 | 118 | 514| 1351 2858 | 026 | 135| 2.16| 1.61| 2847
T-6 Kgapig B
T-7 MYCKOBHTOBOI 1928 | 60.9 26.9 089 | 16690 | 15909 | 124 | os58| 166| 07| 3716] 725 | o005| 267 54| 017| 3176
pyo0arike
T-2 Ksapu-myckoBur-
TypMATAHOBE 2591 | 4566.74| 3086 | 296 | 9.02 961 916| 149 | 378 | 779| 33 774 | 123 3331] 453 218 4963
POTOBHK
T0-5 Porosuk  myckoBuTH | 5081 | 1959 | 704 | 2184 | o051 | 1035 | 12608 201 | 211 | 523 286| 771 | o021 | 1263 o066 393 | 2099
3HpoBaHHBII/I
TO-6 | Porosux myckosutu | 5391 [ 18 [ 742 | 2087 | o045 | 985 | 14276] 099 | 266 | 52| 1961| 496 | 017 | 1325 126| 46 | 1404
3I/Ip0BaHHI>II/I
T3 CIUOHCTBIH POTOBHK 43.72 735 | 45882 | 29 | 2335| 1285 | 167.16] 048 | 7.3 | 2336 499 | 1273 | 023 | 1253] 6.29| 3.7 | 18.28
T-15 Porosmc 3036 | 1575 | 369.42| 134 293 | 13545 208 | 055| 868 | 3808 489| 1289 | 026 | 4879 16.34| 808 | 16.27
« MyCKOBI/ITOBLII/I
=1 _
g | T9 A GuTuT y 1505 | 157.90| 1055 | 0.74 258 | 7100 | 690.000 08 | 206 | 185| 1340| 3054 | o062 | 7.34| 1496| 070]| 3153
=] MeHKO3epHI/ICTI>II/I
T-13 Ampbuir 2331 | 24090 | 942 0.96 080 | 4550 | 714000 049 | 476 | 761| 2052 6651 | 088 | 200 7150 1.23| 2815
CaXapOBHI[HBII/I
T6 Ansout
3 1993 | 4448 | o083 485 | 041 | 1573 | 52182 o012 | 310 1286| 1398| 3154 | 023 | 2561 11.94| 135| 4733
CaXapOBHI[HBII/I
TO-1 | Hermarur  ambbut- | 5g 46 [ 1994 [ 1505 [ 69 | 507 | 11415 | s216| 073 | 293 | 049| 027| 057 | 0006| 481 1948| o045| 11.96
CHO,HyMCHOBLII/I
T-1 Hervatnr —— ambut- | 4a92 | 1135 | 2490 | 255 | 4460 | 19020 | ss18| 046 | 391 | 191| 025| 109 | 0o046| 05| 3897| 224| 375
CHOHyMeHOBLII/I
T-17 Hermatur —— ambut- | 5576 | 1993 | 3232 3.1 2054 | 36435 | 131400 01 | 873 | 7.03| 029| 199 | 136 | 1236| 44.63| 4.04| 445
CnO)IyMeHOBLﬂ/I
T-32 ITermatut
ansbutmsmposan mei | 38.60 | 1118 | 1825 | 852 | 895 | 21080 [ 114100 008 | 651 | 153 024| 074 | 004 | 583| 3331 326 401
CO CIIOJJYMEHOM
T-34 Hervatur —— amut- | 660 | 1094 | 3140 | 694 | 1101 | 65550 | 4136| 045| 176 | 120| 017| 041 | <001| 395| 4526 326| 5097
CnO)IyMeHOBLﬂ/I
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[Tponomkenue Tadbauibl E. 1

Mpoba | Haumenosamue Ga Ba Cs | No/Ta | Ta Rb St [ThiU [ U Y Ce | LRE | Eu [ HRE Be Hf | zH
E f
T-38 Mervarur —— ambut- 40 57 109 | 18.08| 6.94 | 1084| 22025| 4246] 015 639 | 127| 018 | 044| 00057 236 | 3017 | 438 | 646
CHO,EI,yMeHOBbll/I
T9 Ilermatut
cnaboastsGuisu 26.34 1.90 | 4320 318 | 034 | 19704| 215| 033 | 611 | 7152| 036 | 547 033| 759 | 8234 | 3,74 | 468
pOBaHHbII/I, CHJIBHO
OKBapLIOBB.HHBIfI
T-6 Ksapii co criogymesom | 1,12 50.80 | 12.72| 124 | 272 | 4570 | 5210 183 | 086 | 1.05| 348 | 6.73| 005 552 3.41 0.26 | 36.04

| g:r?\fay;f;“‘)“"“ 2990 | 5740 | 1287| 168 | 36.71| 8000 | 10650] 599 | 270 [ 3.16| 2162| 4758 o026 | 12011| 17720 0.28 | 46.93

4

x -

e | T g:r‘;fayTﬁHOB“” 1993 | 8670 | 1081 199 | 37.99| 5250 | 9210] 229 | 320 109| 563 | 1388| 015| 411 | 13790 065 | 15.98
T2 Criofiymen 50,70 | 1118 | 19,66] 264 | 361 | 1673 | 1180] 018 | 246 | 112| o034 | 091 | 001 | 445 3.14 056 | 6.27
T0-3 g:r‘;f;ﬁﬁo‘“"” 14.34 114 | 214200 375 | 036 | 19365| 11132 041 | 215 120| 047 | 1.29| 0.006| 4.02 1.89 011 | 190
T6 Criofymen 5205 | 116.1 | 10554 219 | 1039| 14100 17294 o086 [ 423 | 299| o037 [ 121 o012 | 805 | 1069 | 202 | 46
T-23 Criofiymen 3826 | 1116 | 56.48] 763 | 914 | 3756 | 103200 229 | 328 | 071| o014 | 043 | 0017| 458 | 30.80 | 1.01 | 7.31
T2 ?;g;“;;gm €01 26604 | 4384 | 8295 429 | 1506 2260.2| 12006 076 | 6.11 | 8.25| 16.02| 38.33| 027 | 1408| 2954 | 165 | 26.35

Cpenitee 30.13 | 336.48 | 9855| 554 | 12419 | 531.15| 17592] 1.02 | 4.06 | 863| 8.5 | 1546| 028 | 11.42| 3593 | 2.18 | 19.24
T-18 CotoiCTBIi rpefizen 3021 | 4501 | 1133] 092 | 6572| 1482 | so.07| 189 | 298| 256| 2436| 60.77| 1.17 | 61.65 8 227 | 17.14
T-22 MyCKOBHAT 96.7 2027 | 1622| 6.4 | 1887| 4969 | 4498| 275| o089 | 17| 358 | 838| o015| 136 7.54 2 | 11.25
T-25 1;‘2?;;“”"0’“03”” 1845 | 1732 | 479| 41 | 2092| 379 | 6450 08 | 297 | 1373 1112| 2793 o014 | 2761 1234 | 133 | 9.22
T-25-1 fpz?;:‘yc’“”mo“"ﬁ 5215 | 2230 | 93.49| 166 | 74.07| 1239.0| 23600 645 | 138 | 2.12| 19.07| 4405| 03 | 2067| 894 63 | 7.78

]

E T-15 I'py6o3epHUCTBIH

2 ATBOUTH3APOBAHHETIT 2187 | 2224 | e624| 279 | 2129 1002 | 7439 692 | 107| 07| 253 | 64| o022 139 | 1052 | 127 | 1433

§ TEerMaTUuT
T-21 Termarut | 2005 | 2375 | 111| 405 | 1846| 934 | 57.17| 169 | 148 1.18]| 218 | 581 009 | 1248 8.7 455 | 13.43

TeTePO3UTOM
T-23 [ermatur — xBapu- | 55, 1018 | 21 8.9 0.59 403 | 531| 263 062| 074 211 | 559 o054| 157 5.54 0.88 | 34.09
MI/IKpOJ'II/IHOBLII/I
T-24 g;‘f;;‘f“p"”“””“ 3292 | 1320 | 7272| 1064 | 1957 9687 | 4261| 164| o083| 08| 16 | 476| 093 | 1403| 106 | 167 | 2275
T-24-1 :;‘f;;f“p"““””ﬁ 216 | 2462 | 291| 505 | 2184| 2734 | s836| 172| 144 | 144| 23 | 1476 o1 | 1422| 731 | 650 | 1273
5184-a gﬁ%‘iﬁ? O 9706 | 1123 | 699| 186 | 194 | 4255 | 2203| 257 | o075 | 182| 161 | 323| o007| 83| 155 | o023 363
Cpenanee 33.7 420.54]| 31.66| 4.64 | 26.33| 1313.78 94.05| 2.91 144 | 498| 7.25| 26.95| 0.37| 20.21 8.1 3911 17.9
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[Tponomxenue Tadbmuip E. 1

lpoba | Haumenosamue Ga Ba | Cs Nb/Ta | Ta Rb | sr ThiU | U Y Ce LREE | Eu HRE | Be Hf Zr/Hf
Ax-4 Tpeiisen ¢ senene | g6 59 | 1303 | 2464 | 271 | 2214 | 5226 | 5508 | 1.84 1,0 322 | 138 | 355 004 | 1168 | 314 | 344 | 16.84
MyCKOBPITOM
AXx-5 I'py6o3epHUCTBIH
HerMaTuT c| 3111 | 2132|5405 184 | 225 | 6972|4738 | 063 074 | 064 | 143 | 313 0.1 8.14 28.06 | 1.46 | 13.24
MYCKOBUTOM
Ax-6 Tpeiisen ¢ senenbm | o) 4 2292 | 1867 | 199 [ 324 | 3991|4921 | 145 073 | 221 |o086 | 233 0.1 1254 | 339 |32 | 1306
MyCKOBPITOM
Ax-8 CrfonucTeiii porosux | 2043 | 258.7 | 132 538 | 2.93 | 786.9 | 1002 | 0.97 214 | 2423 | 3301 | 7839 | 1.18 | 4332 | 829 | 406 | 69.93
o | Axl Hermarir © 12468 | 1216 | 47.28 15 | 6234 4639 | 3499 | 156 132 | 184 | 19 | 406 0.09 | 849 535 [ 919 | 6.26
E JICTTUIOJINTOM
= -
g | Ax2 Termarit ©| 2218 | 1226|5723 o083 [ 9571 | 5145|4151 | 065 165 | 208 | 208 | 5.13 019 | 1095 | 452 | 806 | 852
é JICTTUIOJINTOM
Ax-3 ﬁ;‘f;;‘f“p"““ﬁ“” 1687 | 1196 | 11.8 15 |4708| 1997|3531 | 109 |15 |393 |256 |518 |o012 |1368 |515 |35 | 1672
Ax-10 ﬁ;‘fﬁf“""‘*a““ﬁ 2439 | 1711 | 2146 | 288 | 2094 | 303 [3153 |o089 | 171 |o09s |119 [286 [o004a | 756 |421 |406 1297
Ax-11 | Termarur © | 2646 | 2148|1704 | 413 | 1356|228 | 3035 |017 | 471 [073 |o0ss [219 |o009 |68 1983 | 303 | 1766
CIOJYMEHOM
Ax-1 Termarur 11825 | 211 |7894| 278 | 2408|3582 39.94 | 051 101 | 264 |09 1.26 0.1 9.34 279 215 | 14.31
docharamu Maprania
Ax-9 POTOBHK C IUPUTOM 16.75 | 4909 | 12.62 | 648 | 1.36 | 81.4 | 1487 | 24 138 | 187 | 2948 | 6785 | 078 | 3873 | 1.77 | 442 | 5455
Cpennee 2455 | 20755 4325 | 291 | 3136 | 414.04| 55.84 | 1.1 163 | 556 | 688 | 1599 | 026 | 1557 | 54.05 | 423 | 22.19
Al OporoBUKOBaHHBII
= YTITUCTO-TIINHUCTBIH 14.79 2532 | 1.35 19.74 | 0.23 | 45.95 | 57.42 1.76 0.79 11.84 | 13.08 | 28.12 0.56 21.59 0.63 254 | 25.01
g AJICBPOJIUT
2| M I'panonnoput- 1735 | 2358 | 1 862 [ 029 | 2389|9592 | 085 053 [861 [101 |2713 |044 | 1551 | o058 | 195 | 971
Tj1ar: I/IOTpaHI/IT
A3 TInarnorpanut? 1501 | 233.6 | 0.3 6 | 037 | 244 | 96.62 | 063 076 | 729 | 13.06 | 31.58 | 0.76 | 15.6 189 | 254 | 2553
Ad Termarur €01 2502 | 2142 | 129 637 | 733 | 267 | 1436 | 031 081 [078 [072 | 224 0.04 | 356 754 | 329 | 489
CIIOTyMEHOM
A5 Tlermatut ¢ ansontoM | 14.79 | 2154 | 7.07 313 | 19.82 | 82.1 | 32.32 | 0.22 185 | 3.35 | 377 | 1072 | 008 | 624 1491 | 4.04 | 4.44
Cpennee 17.39 | 230.44] 4.52 8.77 | 561 | 88.67 | 59.33 | 0.75 095 | 6.37 | 691 | 19.96 | 038 | 125 511 | 287 | 17.18
1 T-xBapn 17,79 | 1539 | 5,71 971 | 540 | 4755 | 7986 | 0,83 191 | 050 | 1,07 | 048 002 | 1079 | 377 | 148 | 27,55
2 anbouT 8,62 1356,0] 107,80] 0,07 | 35,88 | 1253,0] 336,50 | 0,11 149 | 042 | 033 | 030 048 | 11.02 | 0,84 | 150 | 224,33
o |3 Gepun 4,63 5821 | 37.63 | 044 | 3447 | 232,30] 97,62 | 0,095 | 440 | 0,56 | 055 | 0.30 0,04 | 13.92 | 25580 | 459 | 21,27
g [4 TLrpanar 1488 | 16,64 | 586 011 | 7252 | 39,39 | 8527 | 0,16 188 | 1,17 | 035 |0.22 0,01 | 9.96 434 | 10,82 | 7,88
=S Tlerm. crmona 63,97 176,7| 153 1166, 0,063 9.95 17,89
5 5 2812 | 0 59,50 | 00 92,14 172 | 042 | 030 [017 0,02 670 | 515
KIILL 9,74 0,06 1433,0 0,19 12.02 18,60
6 247,20| 343,10 9530 | 0 170,70 227 | 055 | 094 | 024 0,09 1,08 | 918
7 Croaymen 16,66 | 37,86 | 6,98 0,174 | 31,06 | 26,72 | 91,33 | 043 147 (070 | 075 |041 004 | 1149 | 125 | 179 | 51,02
cpeanee 1047 | 787.79] 97.68 | 1.68 | 48.16 | 599.77] 136.2 | 0.22 216 | 1.52 | 0.61 | 0.30 0.1 11.31 | 39.11 | 493 | 52.65
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HPUJIOKEHUE K
MuUKpO3JIeMEHTHBIM COCTaB METMaTUTOB MeCTOpOXKIeHn Uepaosk, Jlenpoerereit

Tabmuua XK.1 - [IpeacraBUTenbHBINA COCTAB MUKPOIJIEMEHTOB IETMATUTOB MECTOPOXKAEHUS Yepoak

Mectoposxnenne

[po6a HaumeHoBanue Ga Ba Cs Nb/Ta Ta Rb Sr Th/U U Y Ce LREE Eu HRE Be Hf Zr/Hf

yp | Vsuenennbii 1801 | 2368 | 4165 | 072 | 1.34 | 736 8274 | 066 068 | 634 | 1454 | 3294 | 044 | 1311 | 3.14 06 | 37.8
0p(HUPOBUAHBIA IPAaHUT

42 IMermarut ¢ rpadguToM 16.79 251.2 6.8 1.49 0.69 33.44 74.46 0.75 0.68 4.36 10.32 25.08 0.04 10.22 14 1.05 | 21.94

y3 | Ipamar cnabo | 4334 | 2374 | 3013 | 570 | 033 | 6065 | 6804 | 0.99 094 | 538 | 139 2097 | 02 | 1142 | 251 | 12 | 2595
rpadUTH3MPOBAHHBII

44 Iermartnt ¢ TypManuaom | 16.68 245.6 30.37 2.02 1.21 84.55 78.5 0.46 1.04 5.98 10.79 23.58 0.2 12.77 3.77 15 16.92

Kpucramn  kBapma ¢

gs 18.57 237 8.39 344 | 032 | 4203 | 5268 | 0.39 079 | 496 | 5.11 1344 | 028 | 1012 | 189 | 09 | 162
BPOCTKaMU TypMaJIiHa
KaraknasupoBanHbIi
5 46 | myckosurmsmposammbii | 13.68 | 231.6 2.73 6.25 | 0.12 | 22.86 | 72.98 | 087 071 | 532 | 11.95 | 27.88 | 016 | 1246 | 503 | 15 | 11.17
= TPAHHT
@] o
=2 I'padurisnpoBanHbIit
yy | CCPHMTHUMSHPOBAHHLI 17.35 240 35 098 | 277 | 677 | 87.76 | 098 104 | 676 | 17.78 | 3806 | 06 | 1393 | 1.89 | 1.35 | 17.66
OKBapI_IOBaHHbII/I
HHaFHOFpaHI/IT
48 | Mermatur c myckosutom | 20.02 | 2424 | 29.96 | 227 | 073 | 111.95 | 103.82 | 1.48 063 | 466 | 1392 | 3242 | 048 | 1078 | 229 | 06 | 30.23
49 gm‘(m“p?‘*a““"‘“ 1623 | 2382 | 1633 | 572 | 018 | 28.05 | 8458 | 0.63 086 | 538 | 13.75 | 3029 | 036 | 11.37 | 063 | 0.45 | 29.73
NOTUTOBBIN FpaHI/IT
ITermaTut
Y10 | rpadurHsuposanmbLii 13.68 | 263.8 12.9 234 | 032 | 8065 | 4054 | 0.2 114 | 389 | 386 918 | 072 | 801 314 | 045 | 28.96
I10JIOCYATHIA
Cpennee 16.435 | 2424 | 2142 | 179 | 080 | 6055 | 7479 | 0.73 0.85 | 530 | 1159 | 2628 | 0.35 | 11.42 | 2569 | 0.96 | 23.66
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Ta6muma X.1 - [IpeacraBuTeIbHBIN COCTaB MUKPOIJIEMEHTOB IIErMaTUTOB MecTopokaeHus JlenpoereTeit

o
=
5
1
g, ITpo6a HanmeHoBaHue Ga Ba Cs Nb/Ta Ta Rb Sr Th/U U Y Ce LREE Eu HRE Be Hf Zr/Hf
=]
2
>
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
g7-r | Kpapi, (rpefisenonmia |y 5o | 45 g4 0.52 0.99 1.01 2121 | 739 | 166 | 055 | 1.01 | 2.249 513 0.08 | 1098 | 1.082 | 014 | 944
Toma3zoBas)
Kgapn (rpeiizen 13.2
63-I1 | KBapL-MyCKOBHT- s 3804 | 3.19 0.72 3.08 110 99.1 | 247 22 223 | 343 728 | 014 | 648 | 125 | 086 | 1.99
(IIFOOPHUTOBBII)
Ksapu-dirooput-
g5 | Myekosur  (rpefisen | 174 | 45q6 | 987 | 085 | 175 | 209 | 637 | 168 | 082 | 097 | 1105 | 221 | 008 | 645 | 458 | 03 | 6386
KBaplL-MyCKOBHUT- 7
(haroopHTOBBIIT)
N 8;’83' Mopwon 213 | 1306 | 021 1.03 152 7 82 183 | 084 | 157 | 566 | 11.82 | 002 | 630 | 141 | 021 | 504
(o]
2 810(%(;' Mopuon 146 | 1857 | 101 | 140 | 149 | 108 | 866 | 150 | 116 | 208 | 198 | 431 | 001 | 601 | 033 | 03 | 414
O
v-}
5 2 Kaccurepur 146 | 3049 0.73 012 | 1232 478 | 1681 | 064 32 | 1157 | 1537 | 6310 | 251 | 3519 | 2.83 | 023 | 4242
= JenbOerereit
ITonesoit IIraT
95-1 gﬁ:ﬁ;; KPP | 312 | 1276 | 2589 | 085 | 249 | 1308 | 1381 | 300 | 205 | 212 | 461 | 1127 | 017 | 640 | 20 | 035 | 1.39
(hITFOOPHUTOBBIIA)
4 | KHOL - (waepomnm) | 265 | y5 45 | 06a | 045 | 17.58 | 2489 | 4506 | 230 | 123 | 914 | 385 | 1628 | 101 | 4038 | 404 | 019 | 927
Jlenbberereit 5
5 | KL @mwbur) | 128 | gee0 | 050 | 043 | 2842 | 2259 | 6409 | 030 | 104 | 072 | 079 | 342 | 015 | 2240 | 485 | 002 | 3393
Jlennberereit 2
9 Bepwun JlensGerereii | 2.32 | 54.42 | 0.37 0.25 378 | 3652 | 828 | 093 | 210 | 243 | 266 | 1325 | 066 | 1553 | 6468 | 0.07 | 16.14
Cpennee 810 | 4632 | 2690 | 065 | 2183 | 40271 | 90.35 | 1.63 | 152 | 338 | 516 | 1580 | 048 | 1561 | 68.72 | 027 | 13.06
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Tabmuma 1.1 — JlarHbBIE TIO cOmEepKaHUIO0 MUKPOIJIEMEHTOB B MyCKOBUTax MecTopokaennn Koouneiinoe

IMPUJIOKEHUE U

MuKposJieMEeHTHBIN COCTaB MyCKOBUTa MecTOpoxkieHust FOoumneiinoe

NeNe ITpoba K/ Cs K/Rb Li Rb Cs Sn Be Ta K W Mo Nb P

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 IM 499,9 83,29 1474 1013 187,5 700 26,96 20,05 84370 2152 | 1,44 55 700

2 2M 87,17 16 6545 4869 894 502,2 56 27,78 77930 4,35 0,06 199 1003
3 3M 153,3 16,23 3996 4787 513,2 567,6 70,64 28,47 78680 4,44 0,13 267 968,3
4 4M 126,5 16,68 5465 4849 639,4 557,8 38,28 23,98 80860 6,59 0,86 218,8 1088
5 5M 313,19 20,39 2190 4016 261,5 574,7 33,24 31,44 81900 8,91 0,84 330,2 1060
6 6M 73,12 13,88 9478 5837 1023 491,2 29,28 39 73,12 4,51 0,62 214,7 1347
7 ™ 200,45 20,71 2844 3872 400 403,9 28,17 1216 80180 10,27 | 6,07 301,1 1652
8 &M 154 22,75 2408 4064 600 7215 32,6 1795 92450 7,91 4,41 406,1 1044
9 oM 118,5 15,78 4564 4114 547,6 3234 23,14 121,14 64910 21,69 | 6,98 147,37 1171
10 10M 134,08 18,65 3299 3226 448,6 348,2 20,73 63,47 60150 15,62 | 8,53 156,81 1498
11 11M 935,6 60,02 1010 1555 99,75 216,44 35,89 67,39 93330 25,92 78 692 2500
12 12M 1579 105,35 1042 748 49,9 1,38 2,8 10,16 78800 20,54 | 1,66 40,22 581

13 13M 319,5 61,05 413,9 11449 218,8 230,6 22,14 153,1 69900 18,34 | 6,58 185,1 1088
14 Cpennee 116,16 36,2 3692 3579 674,3 433 32,3 192 78326 247 1275
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