~72 ~ B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka ISSN 1728-3817

YOK 553(574)
B. MopTHOB, A-p TEXH. HayK, npod.
E-mail: vs_portnov@mail.ru,
E. MycuHa, noKkTOpaHT
E-mail: sea_kitten_1@mail.ru,
M. NMoHomapeBa, KaHA. TEXH. HayK, AoL.
E-mail: mv_ponomareval8@mail.ru
KaparanauHckumn MNocygapctBeHHbIN TexHuvecku YHuBepcuteT (Kapl'TY)
BynbBap Mupa, 56, r. Kaparanga, 100027, KazaxcraH,
H. PeBa, kaHAa. hus.-mat. Hayk, Aou.
E-mail: mvreva@gmail.com
KneBckui HauMoHanbHbIA YHUBepcUTeT MeHn Tapaca LlleB4yeHko
yn. BacunbkoBckas, 90, r. Kues, 03022, YkpanHa

PEAKO3EMEJIbHAA MUHEPAJIM3ALINA BbICOKOBAPUYECKMNX CNAHLIEB YYACTKA
"PEAKO3EMEJIbHbIN-BOCTOK-1 " (MPTbILICKAS 30HA CMATUA)

(PexomeHA08aHO 4YrieHOM pedakyiliHoi konezil 0-pom 2eos. Hayk, doy. C.€. LUIHrokoeuMm)

Pedkue memannbi u 3emnu eecbma e8ocmpeboeaHbl 8 8bICOKOMEXHOI02UYHbBIX OMPACsIsIX MPOMbIWIeHHocmu. U3yyeHue ux npo-
cmpaHcmeeHHOo20 pacrpedesieHusl, MUHepasio2uu, KOMMep4YecKol 3Ha4YUMOCMu siesisilemcsi akmyasibHol 3adayell.

BhbisienieH cogepuleHHO Ho8bIli 2eHemu4ecKuli mun pedkKo3emesibHo20 Chipbsi 8 BocmoyHom Kazaxcmane. lMpu usy4eHuu Mmemamop-
guyeckux nopod Upmsbiwickoli 30HbI CMSIMUST YCMaHo8JIEHbI 2paHamosbie c/laHUbl, codepaujue 8 siopax Kaxdo20 3epHa spaHama
ghochpambi pedkux 3emesib. OHU OMHOCSIMCS K yepuesol u ummpuesol 2pyrnnam, a 2/1aeHble MUHepasbi-HoOCcUmesiu MoHayum u Kce-
Homum codepxam 0o 32% u 42% yepusi u ummpusi, coomeemcmeeHHo. 1o cymu, amu nopodsi npedcmassisitom cobol pocchinu, Me-
mamopghuzogaHHble 8 opdo8uUKe MNPU yCc/I08USIX 8bICOKUX U YIIbmpasbICOKux daesneHull. Ljenb pabombi 3akmoyaemcsi 8 usyvyeHuu
Mpmbiwckoli 30HbI cMsimusi u ucciedogaHuUU HOB020 2eHeMmuUYecKo20 murna pedko3emMesibHO20 Cbipbs 8 BocmoyHom Kasaxcmare; usy-
YeHUU e20 NpPocMmpaHCMeeHHbIX, 803PacMHbIX U 2eHemu4ecKux cesizeli; poeedeHUU MeXHOI02Uu4eCKUX UcnbimaHul ons pedko3eme-
JIbHO20 MUHEPa/ibHO20 ChIPbsi C UeJIbH0 OUEHKU €20 KOMMePYeCKo20 3Ha4eHUs1 U NepcreKkmue 0C80eHUsl.

naeHbIM Hocumenem pedko3eMesibHOU MUHepau3ayuu siesisiemcsi MoHayum, Komopail npedcmaesieH ceo600Hol ¢ha3oli 8
nopodax u MuHepasioM-y3HUKOM 8 2paHame. KpacHbili u YepHbIl 2paHam, a makKkxe e20 MPOMeXymoyYHble yeemoebie ¢hopMbl,
oduHakoebl 1o cocmaesy MUHepasioe-y3HUKO8, Komopbie npedcmaesieHbl MOHayumom (2/1a8Hblii), mumaHo-2eMamumoM, KCeHo-
mumMoMm, maHmarsno-Huo6amamu (8 2Helico-2paHUMax) U CII0XHbIMU, euwe He MOJIHOCMbIO U3y4YeHHbIMU, pedKo3eMeslbHbIMU ¢hop-
MaMu e KpacHoM 2paHame. paHam npedcmaesieH 8 08yX KOHMPAaCMHbIX ¢hopMax: KpacHbIl U po30ebill afbMaHOUH-creccapmuH
¢ codepixaHueMm nuporna He 6osnee 5% u nupanbcnum c codepxaHuem nupona 16-18%. [fpoeedeHHbIe MexXHOI02UYeCcKUe Ucnbima-
Hus1 pedKo3eMesIbHO20 CbiPbsi HO8020 2eHemuYecKo20 murna arom ece OCHO8aHUSs cHumamb €20 00CMaImo4HO MepcrneKmueHbIM

ans MPoMbIWI1€eHHO20 0C80€HUsI.

Knroyeenlie crnoea: cbauuu, Cbipbe, I'Ip06bl, MUKPOBKJTH0YeHUsl, MOHayum, YUPKOH, uszomonHbIl cocmas, eo3pacm.

MNMocTtaHoBKa NnpoGnemMbl B o6Lem BuAe U ee CBA3b C
BaXHbIMM Hay4YHbIMM U NpakTU4yeckumm 3agadamu. Pen-
Kve MeTannbl U 3emnv BocTpeboBaHbl B BbICOKOTEXHOSOMY-
HbIX OTPACMAX NPOMbILLIIEHHOCTM, MO3TOMY U3yYeHMEe UX NPo-
CTPaHCTBEHHOrO pacnpeaeneHusi, MMHepanormm, KoMMmepye-
CKOW 3HaUYMMOCTU SIBMSETCSA aKkTyanbHOW 3agadven.

B nocneaxwue rogbl akagemmkom HAH PK M.B. Epmo-
NOBbIM BbISIBMIEH COBEPLUEHHO HOBbLIA FEHETUYECKUA TUN
peako3emenbHoro chipba B BoctouHom KasaxcrtaHe [2-4].
MM npu nsydeHun metamopduyecknx nopoq MpTbiickomn
30Hbl CMSITUSI YCTaHOBMEHbI FPaHaTOBbIE CraHLbl, CoOAep-
Xalue B sgpax Kaxaoro 3epHa rpaHata gocgatbl peakmx
demenb. OHM OTHOCATCA K LEpPUEeBON M UTTPUEBOU
rpynnam, a rnaBHble MUHEpPanbl-HOCUTENU MOHaLUT U Kce-
HOTUM copepxaT Ao 32% u 42% uepus N UTTPUsS, COOTBET-
cTBeHHOo. Mo cyTn, 3T nopoAbl npenctaBnsawT coboi
poccbinu, MeTaMopdn30oBaHHbIE B OPAOBMKE NPU BbICOKUX
1 YNbTPaBbICOKMX AABMEHUSIX.

AHanu3s nocnegHux uccnegoBaHU U NyGnUKauUiA.
Mpy BbIOENEHMN M3 CNaHLUEBOrO KOMMMeKca LMpKOHAa Ans
M30TOMHbIX 4ATUPOBOK ObINIO 3aMeYeHO NpUCYTCTBUE B rpa-
HaTe OOMWMbHbIX YEpHbIX MUKPOBKITHOYEHWI, MpUpoda Ko-
TOPbIX Ha OCHOBE BM3yanbHbIX 3aKMOYEeHUn OO6bACHANAach
Hanuumem rpaduta [4]. [ns BbIACHEHUSA 3TOro BOnpoca u3
rpaHata Obin U3roToBMneH npenapaT ANg MUKPO30HAa, C Mo-
MOLLIbIO KOTOPOro YCTaHOBMEHO NPUCYTCTBME MUHEPAroB Lie-
pVeBOW 1 UTTPUEBOW PN peaknx 3emens. BHavane nx oT-
HeCIU K aKLeCCOpPHbIM MUHEpPanam 1 B 3TOM paHre OHW Brie-
pBble 6bInK onncaHbl B MoHorpadum NM.B. Epmonosa [2]. Oa-
HaKo MOCTOSIHHAsA BCTPEYaeMOCTb Takoro rpaHaTa B criaHue-
BOM KOMMIIEKCEe MOCMyXuna OCHOBaHWEM ANs MpoBeaeHUsi
bonee TLaTenbHbIX reonoro-MMHepanorM4eckmx n TEXHONMOo-
MMYECKMX NCCIEA0BAHMN C LIENbH OLLEHKN KOMMEPYECKOW ne-
PCMEKTUBHOCTN LAHHON MUHepanusaumn. B cBasu ¢ atum, B
2014 rogy 6binu oToGpaHbl COOTBETCTBYIOLWME NPOodbI Ans
n3y4eHns faHHoro Bonpoca [4].

BbiaeneHne HepelleHHbIX paHee 4acten oobuen
npo6bnembl. B KasaxctaHe M3BECTHbl TPU FeHETUYECKMX
TMNa peako3eMernbHbIX MEeCTOPOXAEHWUW: MeTacomaTuye-
CKWUIA, POCCHIMHOW 1 KOpbI BbIBETPMBaHUS. MNpumepom meTa-
COMaTUYECKNX MECTOPOXAEHUIN CryxuT BepxHeacnuHckoe
B BocTouHom KasaxctaHe. OHO CBSi3aHO C LLEMOYHbIM Me-
TacoMaTo30M B KOHTaKTe OCafoOYHbIX MOpPOA C pubeku-
TOBbIMW rpaHWTaMu. [MNaBHbIM MUHEPANoM-HoCUTENeM siB-
nsetcs rarapunnT (NaCaYFs). Pegkue 3emnu y4acTByloT B
CTPOEHUM €ro peLleTKn, MO3ITOMY TEXHOMOMMSA OCBOEHUS Me-
CTOPOXAEHUS,, HECMOTPSA Ha TO, YTO OHO pas3BefaHo B
60-x rogax NpoLUNoro CToneTusl, 4O HacTosILLEero BpeMeHu
He pa3paboTaHa [6].

PoccbinHble MecTopoxaeHuss passuTbl B 3anagHomn va-
ctv 3aiicaHckon BnagnHel. OCHOBHOE NPOMBILLNIEHHOE 3Ha-
YeHVe MMeeT WNbMEHUTOBas cocTaenstowas, BocTpebo-
BaHHas YcTb-KamMeHOropckum TuTaHO-MarHMeBbIM KOMOU-
HaToMm. Mpumecb MOHaLmTa B POCCHINSAX UCMONb3yeTcs no-
NYTHO YNbOUHCKMM MaLLUMHOCTPOUTENbHBIM 3aBOAOM.

Kopbl BbIBETPMBaHWUSA MMEIOT NMOBCEMECTHOE pacrpo-
CTpaHeHMe Ha OrpomHon Tepputopum oT KokweTtay Ao
Apanbckoro mopsi no wmpote u ot Typras Ha 3anage A0
Mpunbanxawbs Ha BocToke. OHM 3aneraloT Ha NO3gHeMe30-
30MiCKOM rMeHenneHe. B cocTtaBe HeoreH-naneoreHoBbIX
FTIMH 1 NECKOB MPUCYTCTBYIOT Crou, oboralleHHble peaknuMm
3eMnsAMU. Ha oTAenbHbIX ydacTkax Kopbl BbIBETPUMBAHMUS
n3yyeHbl pasBedkor U noacuyuTaHbl 3anackl pegko3emerb-
Horo cbipbsi. Pegknme 3emnu 3akniodeHbl B MoHaumTe. WX
dopma HaxoxgeHNUs nsydyeHa HeJoCTaToOYHO U TEXHONOrust
n3BrneyeHus He paspaboTaHa.

®dopmynupoBKa Lenen (noctaHoBka 3agayuu). Beinon-
HeHHble uccrneaoBaHUs ObinM NpU3BaHbl PewwnTb Creayto-
LMe 3a4a4un: U3y4mnTb CraHLubl B NEPBUYHOM 3arieraHum n nx
COCTaB; onpeaenuTb rMasHbIN MUHEpan-HoCUTeNb peaKose-
MenbHOM MWHepanusaumMm W BbISICHUTb Kakon pas3on OH
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npeAcTaBIieH; onMcaTe COCTaB IMaBHbIX MUHEPANoB-HOCUTE-
nen n onpeaenvTb yCnoBusa nx obpasoBaHnsi; OLEHWUTL nepc-
NEeKTUBHOCTb PEAKO3EMENbHOr0 MWHEPAarbHOTO Cblpbsi HO-
BOrO FEHETMYECKOro TNa OTHOCUTENbHO BO3MOXHOCTU €ro
MPOMBILLNIEHHOrO OCBOEHUS; OMNPeAenuTb HanpasneHne aa-
NbHENLWero usy4yeHnsi pegKko3eMerlbHoN MuUHepanusaumn B
nnonyaTbiX craHuax MpTbILCKON 30HbI CMATUS.

N3noxeHne OCHOBHOro martepuana uccrefoBaHUM.
Yyactok "Pegko3emenbHbin-BocTtok—1" pacnonoxeH B ce-
Bepo—3anagHon 4Yactn MpTbiickon 30HbI cmsaTtus. Ero no-
FNOXXEHWe MoKa3aHo Ha pUCYHke 1.

Puc. 1. Feonorunyeckas no3uuma yyactka "Pegko3emenbHbIn-
BocTok-1" B permoHanbHbIX CTPyKTypax KasaxcraHa:
1 — PygHoantanckum nonumeTannnyecknin nosc; 2 — Mptoiwckas
30Ha cmATUS; 3 — Kanba-HapbiMckuin pegkomMeTarnbHbI NOSC;
4 — nonoxeHwne yyactka "PegkosemensHbeln-BocTok-1"
B MpThbickon 30He cMaTust; 5 — ByxTapMUHCKOe BOAOXpaHUnuLLE

TekToHMYeckaa no3vums camon MpTbILCKOM 30HbI pas-
HbIMW KOMIEKTUBaAMW reosoroB OLIEHUBAETCA HEOAHO3HAYHO.
B.. Hexopolues, KOTOPbIA CTOSN Y UCTOKOB TEKTOHUYECKOro
pavioHnpoBaHns BoctouHoro KasaxcraHa[7, 8], Bblaensan B pe-
TMOHe ABe CTPYKTypHO-(haumanbHble 30HbI: PygHoanTavickyto
(Ha puc. 1 cnpaea) n Kanba—Hapbimckyto (Ha puc. 1 crnesa). B
coctaBe Kanba—Hapbimckoii chaumansHo 30HbI Obina Bblae-
neHa UpTbiwckasn 3oHa cmATust (Ha puc. 1 B ueHTpe). B 60-70
—X rogax NpoLUMoro Beka B CBA3W C aKTUBHbLIM pa3BUTUEM reo-
niorocbeMoyHbIX pabot macwTaba 1:50 000 konnekTMBoMm re-
onoroB UM'H wum. KW. Catnaesa [5] n Anraiickon reono-
rocbeMOYHOM 3Kcneamumen MpTbiwckas 3oHa cmATus Bbina
BblAeneHa B CaMOCTOSTESIbHYIO CTPYKTYpHO-dhaumanbHyto
30Hy. HeobxoayMo OTMETUTb, YTO TEKTOHUYECKOE ParoHUPO-
BaHWe TOro BpemeHn 6asnpoBanocb Ha MPUHLMMIAX reocuH-
KIMMHanNbHOM KOHLENLMK.

HoBas koHUenuus NAUTHOM TEKTOHUKM, KOoTopas Mnosny-
ynna pacnpocTpaHeHune B KasaxctaHe ¢ koHua XX Beka, Aa-
Bana npuHUMNManbHO MHOe OObSACHEHWE reHesnca npex-
HUX CTPYKTYpPHO-(haumanbHbIX 30H 1 onepuposana reobno-
Kamu 3eMHOI KOopbl, NOMYyYMBLUMMW Ha3BaHue TepperiHos. C
no3vVLUA NIAWTHOW TEKTOHWKM CaMOCTOATENbHbIMK Tep-
pelriHaMu MoryT CryXuTb Tonbko PyaHoanTtanckuin n Kanba-
HapbiMckuin reobnoku, a NpTeilickas 30Ha CMSITUSA, UMeto-
LLasi B LLeSTOM YeLLynyaTyto CTPYKTYpY, NpeacTaBnset cobom
COBOKYMHOCTb MHOIMMX MErKUX pa3HOBO3PaCTHbIX OroKoB,
cobpaHHbIX B CTPYKTYPY TUMa TEKTOHWYECKOro ropcra, 06-
pa3oBaHHOro BCEACTBMNE akkpeLummn (HarpomoxaeHus). Mo
cocTaBy B VIpTbILLCKOA 30He CMATMS pe3ko mpeobnagatot
MeTaceAUMEHTHbIE MOpPOoAbl, MO3TOMY NMPUHAANEXHOCTb ee

k Kanba-HapbiMckomy TeppeiHy, Takke CroxXeHHOMY npen-
MYLLLECTBEHHO OCagOo4YHbIMKU NopodamMu, CTaHOBUTCA Gonee
KOpPEeKTHOW, YeM K PyaHoanTanckomy.

B npegenax MpTbILWCKO 30HbI FOCNOACTBYOLLEE pasBu-
THe MMenT MeTaMopdr4ecKme KOMMNIIEKChbl BbICOKOTO 1 yme-
PEeHHOro AaBMNeHNi B Anana3oHe TeMnepaTtypHbIX davuuii ot
HM30B 3eNeHoCnaHLEeBol 40 BbICOKOTEMMNepaTypHon amdun-
6onmToBON, C NPU3HaKamun NPUCYTCTBUSA B NOCNeaHew penu-
KTOBbIX MapareHe3vcoB rpaHynMToBon dauun. T meTa-
MOpdUYECKME KOMMIEKCHI MMEIOT BO3PacTHOWM AManasoH oT
[okeMbpusa A0 OeBOHA M JoNs ux B cTpoeHun MpTbiwickon
30HbI gocturaet 90-95%.

C.IN. l'aBpunoBa B pesynbTate U3yvyeHUs WpThILLICKON
30HbI MpULLNA K 3aKo4eHunio [1], 4To B ee CTPOEHWUMN NPUHK-
MaloT yyacTue Tpyu MeTamopdUyecknx KoMnmekca: n3BecT-
KOBUCTO-TNINHO3EMUCTBIA YMEPEHHbIX AaBleHnn aHgany-
3UT-CUNIMMaHUTOBOrO TWNA, KPEMHWUCTO-TNIMHO3EMUCTbIN
BbICOKUX AaBNEHUA ANCTEH-CUNMMMAaHUTOBOrO TUNa 1 rete-
pOreHHbIN 3eneHocnaHueBbiv. [epBbii KOMNNEKC npocne-
XMBaeTCs BAOMb CEBEPO—BOCTOYHOTO pnaHra 30HblI Ha
BCEM ee MPOTSHKEHUW, BTOPOWN XapakTepeH TONbKOo Ans ce-
BEepO—3anagHow YacTu 30HbI, @ TpeTuin obpamnseT Asa nep-
BbIX C CEBEepo-BOCTOKa W C toro-zanaga BAOSMb rpaHuy,
MpTbiwckol 3oHbl ¢ PygHoanTarickon n Kanba-Hapbimckon
30HaMu COOTBETCTBEHHO.

leonornyeckas kapta yyactka obHapy>XeHHON peakose-
MenbHOV MUHepanu3aumm nokasaHa Ha pucyHke 2. Bea ero
TEPPUTOPUS  CMOXEeHa MeTaMopduyeckMMn  nopogamm,
cpeav KOTOPbIX pasnuyatoTcs TPU KOMMNMEKea: BbICOKOTEMINe-
paTypHbIN KOMMAMEKC KPUCTANNMYECKUX CnaHLeB, rHevicoB 1
MUrMaTUTOB YMEPEHHbIX AaBneHun (1-4 Ha puvc. 2), HU3KoTe-
MMepaTypHbI KOMMMEKC MNIoNYaThiX KpUCTanIM4eckux craH-
LeB BbICOKOro AaBneHusi (5 u 7 Ha puc. 2) u KOMNMeKc nron-
YaTbIX ABYCNIOAAHbIX THENCO-TPaHUTOB (6 Ha puc. 2).

OcHoBy 3eneHocnaHUeBoro KoMMrekca COCTaBnsloT
N3BECTKOBUCTbIE  anbOMT-aNNAOT-aKTUHONMUTOBbLIE  KPUC-
TannuMyeckne cnaHubl, NOAYMHEHHOE pacnpOCTpaHeHwe
NMetoT BUOTUTOBBIE Y MYCKOBUT-XITOPUTOBbLIE KpUCTanmye-
CKkvie cnaHubl. YcnoBusi MeTamopdunsma oTBeyaloT CpeaHe-
N BbICOKOTEMMEpaTypHON cybdaunam 3erneHocrnaHueBon
dauwmm. MpucyTcTBue B HEKOTOPbIX 3€MeHbIX CraHuax rpa-
HaTa JaeT OCHOBaHWe JOMYCTUTb, YTO YacTb UX — AnadTo-
puTbl No 6onee rmyboko MmeTaMopdU30BaHHbLIM KpUCTann-
YeCKUM crnaHuam.

KoHTaKT 3eneHocnaHLueBoro Komnsekca ¢ reTeporeHHon
Tonwen obbIYHO 3aKpbIT, HO Ha Npasom Gepery p. MpTbiw B
3 KM Huxke c. NpearopHoe oH obHaXkeH nonHocTbto. MNocne-
AoBaTenbHOCTb MOPOA 34€eCh C ro-3anaja Ha ceBepo-BOC-
TOK Takasi: CroncTbIn MeTaMopdUYECKMI KOMMMNEKC aHaany-
3UT—CUNNMMaHUTOBOrO TWMNa, TOHKONIONYaTbIA 3eneHocna-
HUEBbIN komnnekc — 80 M, CNOUCTLIN NecYaHMKO-YepHocna-
HueBbI komnnekc — 300 M, 6ECCTPYKTYPHBIN 3eMeHOCaH-
uesbli koMmnnekc. CouneHeHns NepevncrieHHbIX KOMMeK-
CoB Mexay coboi peskue B nHTepaane 1-5 M; Ha KOHTakTe
NPOSIBIEHbI TEKTOHUTHI.

BospacTt nopop 3eneHocnaHueBoro komnnekca Ha 6onb-
e YacT! paccMaTpuBaeMOoWn TeppuUTOpUM, MOMYYEHHbIN
Ha ocHoBe COOpPOB hayHbl B M3BECTHSKAX U AaHHbIX CMO-
POBO-MbINbLEBOr0 aHannsa B 3eneHblX crnaHuax, Aatupy-
eTcsa cpeaHuM aeBoHoM. Ha npaBom Gepery p. Ynbba B ve-
Lye 3eneHbIX CnaHueB onpeaerneHbl CrnopoBO-MbifbLEBbIE
komnnekcol C3—P1, a B 3eneHbix cnaHuax HenocpeacTBeHHO
IOro-BOCTO4Hee paccmatpusaemon Tepputopum M.C. Kos-
NoBbIM HangeHa cunypunckast dayHa. O3HakoMuTbLCS C re-
ofiorMen Ha BCeX ydvacTkax, rge B 3eneHblX craHuax cob-
paHa chayHa, HaM Moka He NpeAcTaBUOCk BO3MOXHbBIM. Ha
rope OpnoBa B ceBepo—3anagHoi YacTu 30Hbl U3BECTHSIK C
NpocrnosiMM  HemeTamopu3oBaHHbIX Meprenem wu ¢
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anidhenbckon hayHon 3aneraeT B NIOCKOCTU HaaBUra 3erne-
HOCMaHLEeBOro Komnnekca Ha CTpykTypbl PygHoro AnTas.
Mo cteneHn meTamopmama N3BECTHAK PE3KO OTNMYaeTcs
OT NOpoZ, 3eNeHOCNaHLEeBOro KOMMNeKca n ABNSeTCs Yyxe-
POAHBLIM TEKTOHNYECKUM OTTOPXKEHNEM. YKaXKeM TakkKe, 4To
B YeLlye 3eMeHbIX cnaHueB Ha npaBom Gepery p. Ynbba, 3a-
neratowert TEeKTOHUYECKN Ha HemeTaMopdM30BaHHbIX NO-
popax BepxHero naneo3osl U OxapaKTepu3oBaHHOW CrMo-
poBo-NbiNbLEBLIM kKOoMNnekcoMm Cs—P1, HanaeHb! U 4eBOHC-
Kne MukpoutonuTbl (daHHsle M.®. MukyHoBa). Takum 06-
pasom, nNpoTuBopeyMBble PakTbl HE MO3BONSANT cuuTaTb
OKOHYaTenbHO peLLeHHbIM BOMPOC O BO3pacTe 3eneHocna-
HLIeBOro Kommnnekca. He ncknoveHo, 4To B ero coctase npu-
CYTCTBYIOT TaKxXe HibkHenaneo3onckue obpasoBaHus.
HuskoTemnepaTtypHble nnonvatble KpucTanimyeckue
CnaHLpbl BbICOKWX AaBIIEHUIA CraratoT TEKTOHUYECKYHO YELLYIO B
OBeubeM nory. MNopoak! CrnoXeHbl OAHOPOAHBIMU KMaHUT (Gou-
OponuT)-rpaHaT-6MoTUT-KBapLEBbIMA  (XCTaBPONUT)  CrnaH-
Lamu. B toro-3anagHom HanpaereHnn OHa CMEHSIETCS THeN-
corpaHuTamu, nocrie KoTopbix oBbHaxalTcs nornesoLunar-

rpaHaT-CTaBpoONUT-CIOAMCTbIE cnaHupbl. B ceBepo-BocTOu-
HOM HanpaBrieHMM 4epes pasnom Yellys BbiCOkobapuye-
CKMX NMOPOJ CMEHSAETCA pacCrnaHuoBaHHbIM KOMMIEKCOM pe-
rMoHanbHO-MeTamMmopdr30BaHHbIX NOpPoS,.

CnaHubl UMEKT KPEMHUCTO-TMMHO3EMUCTLIA COCTaB:
Si02=78,24 — 77,96 mac. %, cnabo oboralleHbl Xenesom 1
UCTOLLIEHBI LWenodYamu. Mo cocTaBy OHM MOXOXU Ha MeTa-
MOpU30BaHHbIE OCaA0YHbIE NOpoabl, 06pa3oBaHHLIE pas-
MbIBOM KPEMHEKUCTIbIX FPAHUTOB U BYNKAHUTOB.

CTpykTypa nnomnyaTbiX CrnaHues nenugorpaHobnacTo-
Bas, TEKCTypa — napannenbHas crnaHuesaTas. [lopoga co-
cTonT U3 6UoTUTa U MYCKOBMTA, CPEAM KOTOPbIX BCTpe-
yalTcH OTAenbHbIe 3epHa rpaHara, anatuta, TypManvHa m
MoHauuTa (puc. 3).

M3 nopogbl BblgeneHbl 3epHa LIMPKOHa, KoTopble Bbinn
n3yyeHbl Ha MOHHOM MuKpo3oHae SHRIMP. Katogontomu-
HECLIEHTHbIE M300paXeHWsi LIMpKOHa NpUBEAEHb! HA pUCY-
HKe 4, a pe3ynbTaTbl U30TOMHOIO U3y4yeHus — B Tabnuue 1.
KoHkopaus, npegcraBneHHas Ha puc. 5, nokasbiBaeT OfHY
OCHOBHYH TOYKY — 453,4 MIH. neT (NO34AHMI OPAOBUK).

noc. Oseynit knioy
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Puc. 2. FTeonornyeckas kapTa y4yactka "PepgkosemMenbHbin-BocTok—1":
1-4 — rHencChbl, MUrMaTUTbI M KpUCTaNNMYeCKNe CnaHubl BbICOKOTEMNEPATYPHOW CTyneHn amcpubonutosor daummn Metamopcdusma
yMepeHHbIX AaBneHuni (1 — buoTut-nonesoLwnaT-rpaHaT-CUNNMMaHnT-KBapLeBbIE MUTMaTUTbI,

2 — nnarvoknas-opToknas-auoncuatkeaputamcunbontrpoccynapicdeHoBble KpUCTannmMyeckme cnanubl, 3 — MEXCroeBble MUrMaTUTbI
rPaHNTHOrO COCTaBa, 4 — 30HbI KaTaknasa o rHeficam u MurmaTuTam ¢ hopmmpoBaHnem dparMeHToB OT 6yAWH METPOBbLIX Pa3mMepoB 40
MWOHWUTOB N BNACTOMUINOHUTOB); 5-7 — KpUCTaNNUYECKne CrnaHLbl U rPaHUTO-THeNCbl BLICOKWX AaBneHui (5 — nonesoLunaT-kBapLy
ABYCNIOAAHbIeXrpaHaTkMaHuT nrnonyaTble KpucTannmyeckme crnaHupbl, 6 — ABycnoAsHbleirpaHaTEkMaHuT nrovyaTble rpaHUTO-rHEeNCHhI,
7 — nonesoLuNaT-kBapL-61MOTUT-CTaBPONUTOBLIE KPUCTaNNNYeckne craHubl); 8 — 30HbI kaTaknasa BnnoTb 40 (OUNOHNTOB,
MapkupytoLme pasnomel; 9 — Todku otbopa npob Ans BbiAeneHns LMpKoOHa U pe3ynbTaTbl ero 4aTUPOBaHUSi ypaH-CBUMHLIOBLIM METOAOM;
10 — pyyen OBeyui koY

Ta6nuya 1. Pe3yanaTbI U3y4eHnA U30TONHOro coctaBa U Bo3pacta LUMPKOHaA U3 crnaHueB

Spot  |% 2°Pb ppmU | ppm Th |%2Th/%U 2’3,’3';1 206pp/238Y Age | 27Pb/2%Pb Age | % Discordant
58.4.1 0,00 559 82 0,15 28,0 3669 40961 12
58.3.1 0,15 522 60 0,12 26,6 37119 35563 4
58.7.1 4,88 700 431 0,64 45,1 443:11 589260 33
58.1.2 0,80 734 872 1,23 45,5 446211 355£130 21
58.9.1 3,96 194 99 0,53 12,5 449:13 527410 18
58.1.1 0,54 479 447 0,96 29,9 449211 401110 11
58.6.1 0,74 521 281 0,56 32,6 450£11 323140 -28
58.5.1 0,18 771 553 0,74 48,6 456£11 50558 11
58.6.2 0,52 536 232 0,45 34,0 45711 432+110 5
58.8.1 6,82 1797 2506 1,44 124,0 464:11 573290 24
58.2.1 0,15 250 402 1,66 16,3 472211 392:92 7




ISSN 1728-2713

FEONOrIS. 2(77)/2017

~ 75 ~

Puc. 3. NeTtporpacdumyeckuin coctaB crnaHueB obpa3uoB Ne 2/2, 3/2, 4/2 (cneBa B 06bIYHOM CBeTe, cripaBa B NONAPU3OBAHHOM):
yBenuueHue *9, NuHenHbIN MacliTab ykaszaH B TEBOM Y1y HUXHEN NUHWK;
0603HaueHus: Ms — myckoBuT, Bi — 6uotut, Ap — anatut, Ga — rpaHart, Tu — TypmanuH, Mo — MoHauuT

Puc. 4. KatoqonioMMHeCLIEHTHbIE U306paXkeHUs LMPKOHa
13 cnaHues

data-point error ellipses are 2s

0,084
0,080
0,076 |

206,
238y 0,072 |

0,068 |

Concordia Age=453.4Ma

(1s, decay-const. errs included)

MSWD (of concordance)=0

Probability (of concordance)=0.7
1 1]

0,064 : :
0,2 0,4

0,8
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Puc. 5. Bo3pacT umpkoHa 13 crnaHueB

BbiBogbl M nepcnekTuBbI ganbHenMWwunx uccnepoBa-
HuUK. CnaHubl B NepBMYHOM 3arieraHum UMenm CocTaB apko3a
1 BaKku (IMWHMUCTOrO apko3a). B ceaMmeHToreHe3e OCHOBHbIM

nepeHOCYMKOM pedKuX 3eMerb BbICTYNatoT MMUHUCTbIE Lieno-
Yk MyHepanoB. Keapu, u akueccopun 4o6aBnaoT NULb He-
CKOMNMbKO MpOLEHTOB k 0blemy 6anaHcy. MNpoBuHUMEN pas-
MbIBa NpOTONUTa CAYXUNK nopoapl, boratele kBapLem n 6e-
OHble N3BepPXXeHHbIMWU MarMmaTudeckummn nopogamu. Codeta-
HVe NepeYmnCIeHHbIX NokasaTenel Takke yoeautensHo apry-
MEHTUPYET NPUYMHLI 6€QHOCTM CNaHLIEeB OTHOCUTENBHO pea-
KO3eMernbHOWM MUHepanusaumn.

[MaBHbIM HOCUTENEM PeaKO3EeMENbHOM MUHepanusaumm
SIBMSIETCS MOHALMT, KOTOPLIA NpeacTaBneH cBoboaHow da-
300 B MOpoAax ¥ MMHEpanoM-y3HUKOM B rpaHaTte. KpacHhbii 1
YepHbI rpaHaT, a Takke €ero MpPoOMEXYTOYHble LBETOBblE
hOpMbl, OAUHAKOBbLI MO COCTaBY MUHEPATIOB-Y3HUKOB: MOHa-
UWT, TUTAHO-TEMATUT, KCEHOTMM, TaHTarno-HMobaThbl U CroX-
Hble peaKo3emMernbHble hOPMbl B KpAaCHOM rpaHaTe, nosnHoTa
N3y4YEeHHOCTU KOTOPbIX AAneKo He ncyepnaHa.

paHaT npeacTaBneH B ABYX KOHTPACTHbIX hopMax: Kpa-
CHbI M PO30BbIA anbMaHOWH-CNIECCAPTUH C COAEpPXXaHUeM
nvpona He 6onee 5% v NUpanbCnMT C CoAepXXaHneM nupona
16-18%. NepBbIi ABNAETCS HU3KOTEMMNEPATypHOW MarmaTu-
Yeckon (POpPMON B rpaHUT-THENCax 1 HU3KoTeMnepaTypHOMH,
CYLLLECTBEHHO CcrieccapTyHOBOM hOpMON B CnaHuax, obpaso-
BaHHOW Ha CTaauun perpeccmMBHOro MmetTamopdgmamMa (anadto-
pe3a). Bropoi (4epHbin) rpaHaT ¢ 60nbLuoi Aonen yBepeH-
HOCTU ABNSAETCA AETPUTOBLIM, Ha YTO yKasbiBaeT obunve B
nopoAe oKaTaHHbIX 3epeH MUKPOTHENCOBOW CTPYKTYPbI U He-
COOTBETCTBME COCTaBa Mo MUPONY — FNaBHOMY MUHepasnb-
HOMY napapereHsucy criaHues [3].

BaxHbIM JOCTOMHCTBOM MUHEPANBHOIO ChIpbsi SBMSIETCA
nerkast oboraTMMocTb ncxogHoro matepmana. O6 aTom ceu-
[EeTeNbCTBYIOT TEXHONMOMMYECKUE UCTBbITaHWS, NPOBEAEHHbIE
rpaBUTaALMOHHBIM OGOralleHneM 1 MarHUTHOW cenapauuen
npyu M3MenbYeHUn UCXoaHon nopoabl Ao 1 MM. Bo3amoxHble
noTepy MMHeparoB, B BUAE CPOCTKOB B OTXOAHbIX XBOCTaXx,
He oueHuBanuck. MNMonyyYyeHHoe M3BNEeYeEHNEe NONE3HOrO KOM-
noHeHTa cocTaBumno 28%, YTO Ha JaHHOW CTaAuM MOXHO CHM-
TaTb yOOBNETBOPUTENbHBLIM. [py CMOMNb30BaHUN TaKnUX TEX-
HOIMOrMYeckNXx MPUMEMOB Kak BbilllenayvBaHve, droTauus,
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9MNeKTpoMarHWTHasa cenapauusi Mno3BonuT  JOCTUYb  ero
n3enedeHns B oobeme 50% n bonee. Bce 310 gaeT ocHoBa-
HVe cYMTaTh HOBbIV FTEHETUYECKUIA TUN PEAKO3EMENBHOTO MU-
HepanbHOro cbipbs Ha yyacTke "PeakosemenbHbin-BocTtok-1"
MpTLILICKOM 30HbI CMATMSA TakMM, 4YTO WMMEET pearibHbIN
NPOMBbILLIIEHHBIN UHTEPEC.
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Hapinwna no peakonerii 24.10.16

RARE EARTH MINERALIZATION OF HIGH-PRESSURE SHALES OF THE SITE "RARE-EARTH-EAST-1"
(IRTYSH AREA CRUMPLED ZONE)

Rare earth metals are in high demand in high-tech industries, so the study of their spatial distribution, mineralogy and commercial importance is
of the urgent task.

A whole new genetic type of rare earth raw materials was detected in Eastern Kazakhstan. In the study of metamorphic rocks Irtysh crumpled
zones of the garnet schists, the nucleus of each grain containing phosphate-garnet rare earths, were identified. They relate to cerium and the sodium
groups and the main carrier minerals monazite and xenotime contain up to 32% and 42% of cerium and yttrium, respectively. In fact, these rocks are
deposits, metamorphosed in the Ordovician period under high and ultra-high pressure. The aim is to explore the Irtysh crumpled zone and study new
genetic type of rare earth raw materials in Eastern Kazakhstan, study spatial age and genetic relations; assess its commercial value and development
prospects; develop and implement the technological scheme of commercialization of rare earth minerals.

The main carrier of the rare-earth mineralization is monazite, which is represented by the free phase in rocks and minerals in garnet-captive
mineral. Red and black garnet, as well as its intermediate color forms, identical in composition to captive minerals: monazite (main), titanium and
hematite, xenotime, tantalum-niobates (in gneiss-granites) and the complex not yet fully studied rare earth forms in red garnet are identified. Garnet
is available in two contrasting forms: red and pink spessartite (with not more than 5% of pyrope) and pyralspite (containing 16-18% of pyrope).
Technical tests of rare genetic material of a new type give grounds to consider it to be sufficiently promising for industrial development.

Keywords: facies, raw materials, samples, micro-inclusions, monazite, zircon, isotopic composition, age.
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PIOKO3EMEJIbHA MIHEPANI3ALIA BACOKOBAPUYHUX CJNTAHUIB ONAHKN "PIOKO3EMEJIbHA-CXIO-1"
(IPTULLCbKA 30HA 3MUHAHHA)

PiokicHi memanu i 3emni documb 3ampe6yeaHi y 8UCOKOMEXHOJI02iYHUX 2asTy3sIX MPOMUCIIO80CMi, MOMY 8U8YEHHSI IX MPOCMOopPOo8020 pPo3nodiny,
MiHepanozii, KoMepyiliHo20 3Ha4YeHHs1 € akmyaslbHUM 3a80aHHsIM. Y CxidHomy KasaxcmaHi eusienieHo abcosmromHo Hoeull 2eHemuy4HuUli mun pioKko3eme-
nbHOT cupoeuHu. lMpu eue4yeHHi MemamMopghiyHuXx Mopid IpmuwCLKOi 30HU 3MUHaHHS eusiefleHi 2paHamoei cnaHyi, 3 MpPUCymHicmro e si0pax KOXHO20
3epHa 2paHamy ¢hocghamie pidkicHux 3emesnib. BoHu eidHocsimbcsi Ao yepieeor Ui impiegoi 2pyn, 207108 HUMU MiHepanaMmu-HOCISIMU € MOHayum i KceHo-
mum, siki Micmaamb 8o 32% i 42% uepito U impito, eidnosioHo. Mo cymi yi nopodu siensroms coboro poscunu, MemamopeghizoeaHi 8 opdosiky 8 ymosax
8UCOKUX i ynbmpasucokux muckie. Mema po6omu nonsi2zana y eueyeHHi IpmuwcbKoi 30HU 3MUHaHHS1 | 00ciOXeHHi HO8020 2eHemuU4YHO20 mury pPioKo-
3emesibHOI cuposuHu 8 CxidHoMy Ka3axcmaHi; eue4eHHi lio2o npocmoposux, 8ikosux i 2eHemMu4HUX 38 'A3Kie; MpoesedeHHi MexHOo102i4HUX sunpobysaHb
0Ons1 pidko3eMesIbHOI CUPOBUHU 3 MEIMOI0 OUiHKU 1 KOMepYiliHO20 3Ha4YeHHs1 ma NepcrieKmue MPoMUCII08020 OCE80EHHS.

FonoeHum Hociem pidko3emenbHOI MiHepanisayii € MoHayum, sikuli npedcmassieHuli 8inbHO ¢ha3oro 8 nopodax i € MiHepanom-e'A3HeM y 2pa-
Hami. YepeoHuli i YopHuii 2paHam, a makox (i020 NPOMIXHI KOJlipHi ¢hopmu, € oOHaKosUMU 3a ck/ladoM MiHeparslie-8 'A3Hie, siki npedcmaeneHi MOHa-
yumom (205106HuULl), MUmMaHo-2eMamuImoM, KCEHOMUMOM, maHmaisno-Hio6amamu (e 2Helico-2paHimax) i cknadHUMU we He MOBHICMIO eU8YEHUMU
pioko3emenbHUMU ¢hopMmaMu 8 YepeOoHOMY epaHami. [paHam npedcmaesneHuli y d8ox KOHMpPAacmMHux ¢ghopmax: 4epeoHul i poxesuli anbMaHOUH-
cneccapmuH i3 emicmom nipony He 6inbwe 5% i nipanscnim i3 emicmom nipony 16-18%. lpoeedeHi mexHono2i4Hi sunpobyeaHHs1 pioko3emesibHOI
CUPOBUHU HOB020 2eHeMUYHO20 murny daromb nidcmasu e8axamu if J0cmamHbO MepcrneKmMuUeHoro OJIsi IPOMUCI/I08020 OCBOEHHSI.

Knroyoei cnoea: ¢payii, cuposuHa, npobu, MiKpOBK/ItOHYEeHHSI, MOHayum, YUPKOH, i3omornHul cknad, eik.



