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PaccMoTpeHbl 0COOEHHOCTH BEIIECTBEHHOTO COCTaBa POCCHIITHOTO (aJUTFOBUAIBHOTO) alloI0JIOMUTOBOTO
Hedpura p. Lluna B ButumckoM HepuToHOCHOM paitoHe. [ToyyeHbI mepBble JaHHbIE 0 MUHEPAJIbHOM
COCTaBe BHYTPEHHEI M BHELIIHEH YyacTeit aJuTIoBMaJIbHBIX rajieK aroaoJoMUTOBOro Hedpurta. PocchinHoii
HedpuT 001amaeT MpUOOPETEHHOI KaeMKOI MPOKpAaIIMBaHUS, €T0 arperaThl XapaKTePU3YIOTCS METKO-
3ePHUCTOCTBIO, CITYTAHHO-BOJIOKHUCTOM CTPYKTYPO, HEOOIBIITNM KOJMISCTBOM aKIIECCOPHBIX MUHE-
PAaJIoB Y MOBBIIIEHHBIM COIEepXXaHUeM Ieioueii. BeISIBICHB 0COOEHHOCTH XMMHYECKOTO COCTaBa KaeMOK
MPOKpAaIIMBaHUS, CDOPMUPOBAHHBIX B 9K30T€HHBIX YCIOBUSX: Pa3BUTHE B HUX THIPOKCUIOB MapraHiia
M XeJie3a IPUBOIUT K CYLIECTBEHHOMY YBEJIMYCHUIO KOHIIEHTpaluy Fe’" 1 moBBIIIeHHBIM COIepXXaHUsIM
Co u Ba. YcraHoBiieHa reHeTUYeCKasl CBSI3b POCCHIITHOTO He(pUTa ¢ KOPEHHBIM UICTOUHUKOM — HedpU-
toM KaBokTuHcKkoro MmecropoxacHust. CpaBHEHME KOPEHHOTO M POCCHIITHOTO alloI0JIOMUTOBOTO Hed-
p¥Ta ITO3BOJIMIIO BEIPaOOTATh MX TUATHOCTUYECKIE IIPU3HAKHU TSI IIPOBEICHUS SKCIIEPTHEIX OLICHOK.
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HedpuT — m10THBIN BI3KUI CKPBITOKPUCTAILIH -
YeCKUil ClyTaHHO-BOJOKHUCTHII arperaT MOHOKJTMH -
Horo aM@uob0j1a TPeMOJIUT-aKTUHOJIUTOBOIO Psiaa C
xumuueckoii popmynoii Ca,(Mg,Fe);[Si,0,],(OH),
KOTOPBII MCIOJIb3YeTCs MPEUMYIIECTBEHHO KakK Je-
KOPaTUBHO-IOAEI0UYHbII KaMeHb. MeCcTOpOXaeHUS
HeppuTa OTHOCITCS K JBYM SHIOT€HHBIM T'€0J0-
ro-MPOMBIIIJICHHBIM TUIAM: aroyjabkTpaMapuTo-
BOMY (aQrocCeprneHTUHUTOBbIE METaCOMATUTBI O(U-
OJIUTOB) M amokapOoHaTHOMY (amog0JOMUTOBBIC
TPEMOJIUT-KAJIbLMTOBbIE MarHE3MAIbHbIE CKAPHBI).
B Hacrostiee Bpemst okojio 85% 3armacoB KOpEHHOTO
Hedppura Poccum HaxomuTcsl Ha Tepputopumn Pec-
nyonvku bypsartus (puc. 1). MectopoxaeHuUs ano-
CEepNEeHTUHUTOBOTO HepuTa oTHOCATCS K BocTou-
Ho-CasgHckoMy U JIXXKUAWHCKOMY HE(PUTOHOCHBIM
paifoHaM, a MECTOPOXKAEHUS alTOKapOOHATHOTO He(-
puTa pacnogoxXeHbl B BUTUMCKOM He(pUTOHOCHOM
paiioHe Ha CeBepPO-BOCTOKE PECITYOIUKU.

Hapsimy ¢ KOpeHHBIMU MECTOPOXIECHUSIMU W3-
BECTHBI 3K30T€HHBIE (POCCHIITHBIE) MECTOPOXIE-
HUS HedpuTa, KOTOpbIe IPEACTABICHBI IJIbIOAMMU,
BaJlyHaMU, TaJjbKaMu Hedputa U (popMUPYIOT BTO-
PUYHBIE OPEOJIBI PACCESTHUSI OKOJIO KWJI WUIM B J0-
JINHAX ITOBEPXHOCTHBIX BOIOTOKOB, PacCEKarolInX
HedpuToHOCHBIE MaccuBbl [CyTypuH u ap., 2015].
B 1uetoM pocchIliHbIE MECTOPOXIEHUST 00JagaroT
CYILIECTBEHHBIMU IIPEUMYIIIECTBAMU, YTO AeJIaeT UX
BOCTpeOOBAaHHBIMHU IJISI TOPHOAZOOBIBAIOIIEIT MpPoO-
MBILIIEHHOCTU. OTO HErTy0OKOe 3ajieTaHue, HebOoIb-
IIIe MHBECTUIINY B TIOMCKOBO-Pa3BeOYHbBIC paOOTHI,
BO3MOXHOCTb OBICTPOTO BOBJIEUEHUSI B IKCILIyaTa-
11110 Y CYILIECTBEHHOE COKpAalIEHUE CPOKOB OKYyIlae-
MOCTH BJIOXEHHBIX cpencTB [ bopTHUKOB 1 n1p., 2024].

Bbnaromaps cBoeit crmiyTaHHO-BOJIOKHUCTOM CTPYK-
Type HedpuUT 00J1amaeT BBICOKOW MPOYHOCTBIO U
YCTOMYMBOCTBIO K pa3HbIM THUIIaM BbIBETpPHBaA-
HuUs. B mpouecce TpaHCIOPTUPOBKU OOJOMKOB OT
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MecTopoXaeHH sl all0CEPIIEHTHHUTOBOTO HepHuTa
MecTopoKIeHus aloJOJIOMHTOBOTO HedprTa Hupxre-O1m0MIHCKO® [opioGuuckoe
CepreeBckast xKuiIa
Bypomckoe XOUTHHCKOE
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Puc. 1. MecropoxneHust Hepputa Ha Tepputopun Pecniyonuku Bypsartust, pacrosokeHue MpeanojaraeMoro KOpeHHOTo
nctoyHrka (KaBoKTMHCKOE MECTOPOXKIEHUE) M MECTO OTOOpa 00pasioB pocchilmHoro Hedputa (p. Lumna).

KOPEHHOT0 UCTOYHMKA U IJUTEIbHOTO B3auMOIEii-
CTBUSI C 3K30T€HHBIMU (DaKkTOpaMU (BOOHBINA MOTOK,
aTMochepuInu, TeMIiepaTypHble KojiebaHus U ap.)
MPOUCXOIUT eCTECTBEHHOE 00JIaropakMBaHUE POC-
CBIITHOTO HedpuTa ¢ pa3pylieHUEeM HEYCTONYMBBIX
MUHEpaJIOB U COXpaHEHMEM KPEIKOro sapa BbICO-
Koro kadectBa. IIpu Bo3aeiicTBUM BTOPUYHBIX MTPO-
LIECCOB B OKaTaHHBIX 00JJOMKaX HedpuTa oOpasyeTcs
TakKe KaeMKa MpoKpallvBaHUsI, KOTopasl MpuaaeT
pPOCCBHIMHOMY HehpUTY NOIMOJHUTEIbHbIE AeKOpa-
TUBHBIE CBOMCTBA.

Haubonee n3BecTHbIE MECTOPOXIECHHUS arlon0J10-
MuUTOBOro Hegpura Haxongarcs B CeBepo-3anaaHoM
Kurtae. Tak, He()pUTOHOCHBI TTOSIC XOTaH, pacro-
JIokeHHbI B CHUHBUBSIH-YUTYPCKOM aBTOHOMHOM
paitoHe, OTpadaThIBAETCSl YK€ IIECTb ThICSTUYETECTUIA.
31ech pacrnoioXXeHO XOPOIIO M3y4YeHHOE KOPEHHOe
MmecTtopoxaeHue Hegputa Anamac [Liu et al., 2010;
Liu et al., 2011; Liu et al., 2015], a Tak>xe 3HAMEHUTbIE
MECTOPOXIEHMS pOCChIMHOro Heppura — FOpyHKal
u Kapaxkamr [Jing, Liu, 2022; Liu et al., 2016]. B mo-
CJIeIHME TOIbl TOSIBUINCH pabOThI, MOCBAILEHHbIE U3-
YUEHUIO pOoCcChITHOro HedpuTa [rHatoB, XsH, 2015;
Mustoe, 2024; Zhang, 2023, Zheng, 2019]. OnHako B
Hay4YHOI JuTeparype HeAOCTaTOUHO MH(pOPMALUU O
CTeNeHU BO3AEHCTBYS 9K30T€HHBIX YCI0BUI Ha (hop-
MUPOBaHHUE OTAEJIbHBIX YaCTel POCCHIITHOTO He(pUTa
(s.apa ¥ KaeMKU MPOKpalMBaHMS) U UX CBOMCTBAX.

PoccrirmHoit HedpuUT, CBSI3aHHBIII C KOpEH-
HBIM alomOJOMHUTOBEIM HEe(PHUTOM, IIPENCTABIISICT

JIUTOJIOTUA U TTIONE3HBIE UCKOITAEMBIE Ne 3

HauOOJIbIINIT MHTEpeC, T.K. KAeMKHU IIPOKpaIllnBa-
HUSI MOIITHOCTBIO 10 HECKOJIBKUX CAHTUMETPOB 00-
JlagaloT pa3HOOOpPa3HBIMU CTPYKTYpPaMU U IIBETOBOM
raMMO#, YTO 3HAYUTEILHO ITOBBIIIACT XYIOKECTBEH -
HO-IIeKOpaTUBHbBIE XapaKTEPUCTUKU MOAEIOIHOTO
kamHs. Hepputr ButuMckoro Haropbsl pazHoobpa-
3€H I10 OKpacKe. 31eCh BCTPeJaroTCcs He(PUTHI CBET-
JIOOKpallleHHBIe (Oenble, cepble, CBETIO-3¢eJIeHEIe),
pexe — TeMHO-3eJIeHbIe, KOpUYHEBhIE U YepHble. Bu-
TUMCKWI He(PUTOHOCHBIN paifOH M3BECTEH OCIBIM
He(PUTOM — caMOii LIEHHOI Pa3HOBUIHOCTHIO HE(D-
puta B KyaeType Kutas. benbiit HepuT ¢ OypbiMu,
KpacCHBIMU U YEPHBIMU KOPKaMU, KOTOPhIE CBSI3aHbI
C pa3BUTHEM THUAPOKCHUIOB Kejie3a M MapraHia 1o
TpeIIMHAM ¥ KpasM 0JI0OKOB, MCITOJIb3YeTCS IIJIsT Ka-
MEHHOI1 pe3bObl U YKpallleHus1 UHTepbepoB. C yue-
TOM aXXMOTaXKHOTO CITpOCa M CYIIECTBEHHO OoJee
BBICOKOI (B JIECITKM pa3) IIEHBI OTHOCUTEIIBHO KO-
PEeHHOro HedpuTa, ChIphe U U3NETUS U3 POCCHIITHOTO
HedpuTa OTHOCATCS K 0OBEKTaM MHBECTUPOBAHUS
[Kucnos, 2017].

B HacTosmmee BpeMsI B MUHEPaIOTO-T€OXUMU-
YEeCKOM OTHOIIEHMHU COCTaB KOPEHHOro (IepBUY-
HOro) He(dpuTa M3yuyeH 3HAYMTEJIBHO JIydllle, 4eM
POCCHITTHOM (BTOPUYHBIN) HePPUT. DTO Kacaercsd 1
poccheinmHoro Hedputa Pecriyonuku bypsTus, He-
CMOTpPS Ha oOHapyXeHWe BaJyHOB HedpwuTa elle B
1851 1. B ropHbIX pekax Boctrounoro CasitHa pycCKnM
nyterectBeHHUKOM I. M. IlepmMukunHbiM. [ToaToMy
npencTaBiieHHass paboTa BOCIIOJHSIET HEOOCTaTOK
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MHUHEPAJOro-reoXMMmuYeckoi nHGpopMalud B KC-
CJIeIOBAaHMM COCTaBa POCCHIITHOIO allOI0JIOMUTOBOIO
HedpuTa BUTUMCKOTO HArophsl, ¢ OLICHKOM CTEIIeHU
BIMSIHUSL 9K30T€HHBIX YCIOBUIA Ha (hopMHUpOBaHUE
KaeMKH ITPOKPAIIMBAHUS U BEIPAOOTKOM AUAarHOCTH -
YeCKUX ITPU3HAKOB POCCHIITHOTO HedpHUTa.

POCCHITTHBIE ITPOSBJIEHU S
BUTUMCKOTO HE®PUTOHOCHOTO
PAVMIOHA

I'eonornueckoe m3yyenue CpemHe-ButuMckoit
TOPHOII CTpaHbI HauaIo0Ch B cepenuHe XIX B. B CBSI3K
C TIOMICKaMH 30JI0Ta M M3BICKAHUEM ITyTeil cHabXe-
Hus npurckoB. Hedpur 3aech noiaroe Bpemsi ocTa-
BaJICSI HEM3BECTHBIM, HECMOTPSI HA MHOTOYMCJICHHBIE
HaXOIKM apXeoJIOTHYeCKUX apTedakToB U3 HedpuTa,
BKJIIOYAsl CBETJIBIA, B apXcOJOTMYECKUX MaMSTHU-
Kax BEpXHEro IajeojiuTa u Mojioxe B [IpuaHrapbe u
ITpubaiikanse [[epeBsiHko u ap., 2019].

Tonbko B 1944 1. FO.K. /I3eBaHOBCKUM B 24 KM OT
ycThs p. Kamap (rmpaBblii mputok p. Butum) B ypoun-
e Tormop oOHapyXeH BaayH (PUCTAIIKOBO-3€JIEHOTO
Hedpura pazmepoM 35x20x7 cM, a aABa roaa CIycTs
o nono6Hoit Haxonke coobmmia B.I1. CenuBaHoB B
HYDKHEM TedeHuu p. Lluna (JeBblil mpuToK p. BUTnum)
[Cononenko, 1959]. B 1975 . corpynuuk MHcTuTyTa
3emHoit kKopel CO AH CCCP M.U. IpynuHaun npu
MIPOBEICHNHN HAyIHO-HCCIEI0BATEILCKUX PaboOT B
cpenHeM TedeHUM p. Butum oOHapyXu B aJuTIOBUA
MHOT'OYHMCJIEHHBIE BaJyHbI 1 TaJIbK1 CBETI0-3€1€HO-
ro Hedputa. U yxe B 1976 I. skcnienunueii “baiika-
KBapucamonBeTsl” co3naHa IllamaHckas (mo3mHee
ButrmMckast) morckoBas apTusi, reojoraMmu KOTopoit
B 1976—1978 IT. OKOHTYpPEH OpEeOJ pacIpoCTpaHe-
HUS BaJIyHOB HedpuTa 1o pekam Butum, bamOyiika,
Iura 1 HayaThl MOUCKY KOPEHHBIX MECTOPOXIACHUI
HedpuTa Ha OCHOBE TaJIeYHO-BaJlyHHOTo Metona. Om-
HAaKo ITpU MTOMCKOBBIX paboTax He M3ydyallich 0COOEH-
HOCTH TeoMOPQOJIOTMYECKOTO CTPOeHUs OacceifHOB
PeK, 3aKOHOMEPHOCTH JIOKAJIM3AIUN 00JIOMOYHOTO
HedpuTa B aJUTIOBUAJIEHBIX OTJIOXKEHUSIX, HE TIPOBO-
JIWIAch OLIEHKAa PeCcypcoB POCCHITTHOTO HedpuTa. B
koH1e 1970-x — Hauvane 1980-x rr. mpu npoBeaeHUN
TMIOMCKOB OCYIIECTBIISAICA TOIYTHBINA cOOp raieu-
HO-BaJIyHHOTO MaTepuajia C IOBEPXHOCTU KOC peK
bypom, bamoyitka, Lnma, Butum [ Kokynun, 2024].
Hitxe npuBonuTcs KpaTKas XapaKTepUCTUKA TIPOSIB-
JICHUI POCCHITTHOTO He(pUTa.

Opeon pacipocTpaHeHUs HegpuTa 110 p. Butum
orpaHuyeH ¢ ceBepa MyiicKoil MeXTOpHOI Bagu-
HoIi OalikallbCKOIo THIIA, a ¢ ora — yctbeM p. Ka-
Jlap. MakcMManbHOU KOHLIEHTPALMU B aJUTIOBUAJIb-
HBIX OTJOXEHUSIX OOJIOMOYHBIM HEMPUT HOCTUTaeT

JIUTOJIOTUA U TTOJE3HBIE MCKOITAEMbBIE Ne3

COTHUKOBA u np.

B HIDKHEH yacTtu opeoJsia (HiKe ycThs p. bamOyiika)
¥ 0COOeHHO B paiioHe bonpiioit kockel. C ITOBEpXHO-
CTU TIOCIeAHEN coOpaHo OoJjiee 1 T BbICOUAlIIEro 1o
Ka4eCTBY MEJIKOBAJIYyHHOTO M TaJledHOro Hedpura.
Opeou pacipocTpaHeHust Hepputa 1o p. bamOyiika,
BKJIIOYAs 1 €€ MpaBblii IpUTOK p. BypoM, mpuypoueH
K OTJIOXKEHMSIM PEIHBIX KOC U, PparMeHTapHO, TeP-
PaCcOBBIM OTJIOXKEHMSIM, KOTOPbIE OOBIYHO 3aJIeTal0T
Ha CKaJIbHOM OCHOBaHUM. B mpuycTheBoii yacTu
p. bamOyiika Haxonku HedpuTa equHNIHBI | Koky-
HuH, 2024].

Opeon pacmpocTpaHeHHsI HedpuTa B OacceiiHe
p. Lluma nmeet 60see CI0KHOE CTPOCHUE U OTIINYA-
€TCsl TIPEePBIBUCTOCThIO. B HermocpencTBeHHOM 611~
30CTU OT KOPEHHOT0 UCTOYHMKA — KaBOKTMHCKOro
MECTOPOXICHMUS — OH YCTOMYMBO IIPOCIEKMUBACTCS
no p. KaBokra Ha paccrosiHue 30—35 KM 10 cyOm-
POTHOTO y4JacTka pycia. [lajgee Ha paccTosTHUU OoJjiee
100 kXM B aJTIOBUM BCTpEYalOTCsS eTWHUYHBIE Ha-
XOIKW BallyHOB M rajiek HeppuTa [ Koxkynun, 2024].
31ech OTMETUM, YTO BIiepBbie B OacceiiHe p. KaBok-
Ta CBETJIOOKpAIlIEeHHBII BalyH HepuTa 0OHapyKeH
B 1983 1. 10.C. BenpeBniM, a Mo3aHEE B PYCIOBBIX
omnoxeHusx peku B.M. Ctpyroseim u B.41. bense-
BBIM OKOHTYPEH OpeOJI PacIIpOCTpaHEHMST BAIyHOB
Hedpura [Tomb0eB u np., 2017]. HuxHee TeueHue
p. Lumna obnagaet cnoxHo# KoHdUrypaluein pycia
13-3a BBIXOIOB 0a3aJIbTOB; B PACIIOJ0XEHHOM 31€Ch
ypouuie BocbMepka Ha HUX TOHKUM ILIAIOM 3aJie-
raloT KOCOBBIE BaJIyHHO-TaJIeYHBIC OTIOXEHUS Hed-
pura. Kpome Toro, erMHUYHbBIE HaXOOKW BaJyHOB
HedpuTa OTMEUYeHBI B BepxHeM TeueHuu p. Llumna,
BhILIE KOpeHHOro BoiimakaHcKkoro nposiBieHus [ Ko-
KyHuH, 2024].

B npuyctbeBoit yactu p. Xoiita, Bnagaiolieii B
Butum, KoHLeHTpalLus HedpuTa B aTI0OBUATBHBIX
OTJIOXKEHUSIX TIpUypoUeHa K XOUTUHCKOM KOCE U CBSI-
3aHa C 0JIM3KOPACTIOI0KEHHBIM KOPEHHBIM UCTOUHM -
KOM — XOUTUHCKUM MeCTOpoXaeHueM. [Ipu oTKphI-
THU 3TOI KOChI Ha €e MOBEPXHOCTU ObLIO COOpaHO
0KoJ10 1 T BEICOKOKauecTBeHHOro HedpuTta. K HacTo-
S1IeMy BpeMeHU JJis1 ButTuMckoro He(ppuTOHOCHO-
ro paiioHa XOHWTHUHCKAasl pOCCHINTb — €IMHCTBEHHbI!
00BEeKT, U3yUYeHHbI 10 I1youHsbl 1.5 M KaHaBamMu. B
pe3yabTaTe BBISIBJIEHO YCTOMUYMBOE pacHpocCTpaHe-
HUe HedpuTa B TOJIIE aJUIIOBUS C COAEPXKaHUSIMU
Hedputa ot 0.4 1o 2.1 xr/m?, B cpenHem 1.2 kr/m?
[ Kokynum, 2024].

XapakTepHOif 0COOEHHOCTBIO POCCHIITHOTO Hed-
puTa SIBISETCS TOCTOSTHHOE TPUPOTHOE BO3OOHOBIIE -
HUE pecypcoB HE(PUTOHOCHOCTHU MOCJIE BECEHHETO
Jieoxona, naBofaka W JUBHEBbIX noxaeit. C yueTom
MOpGOJIOTUY 1 BO3pacTa HEKOTOPHIX PEYHBIX TOJIUH
B JaHHOM paifoHe, TIOMMMO COBPEMEHHEBIX POCCHITICH
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HedpuTa, MOTYT BCTPEUAThCS W MOTPeOEHHbBIE POC-
CHIIIH, KOTOPHIE ITOKA HE U3Yy4YaJIuCh.

B uenom amnoBranbHblid Hepput H6acceitta p. Bu-
TAM IIPEICTaBJIEH IIPEUMYIIECTBEHHO TajJbKaMu W
MenkuMu BastyHaMu BecoM oT 100—200 1 1o HecKob-
KMX JECITKOB KuiorpammoB. BanyHbel Becom 100 u
0oJiee KIMJIOTPaMMOB CUUTAIOTCSI KPYITHBIMU 1 BCTPE-
YaroTCcs KpaliHe peako. MaKcUMaIbHBIN 10 BeCy Ba-
nyH (oxoo 800 Kr) HalineH B BepXoBbsX p. baMmoOyiika
[KokyHnun, 2024].

B 1993 r. miaHoMepHbIE CIieIUaIn3UPOBAHHbIC
reoJIoropa3BenodHbIe PadOThI HAa CBETIOOKpAIICH-
HBI HepUT mpeKpaTuinch. B manmpHeiieM oHU
MPOBOAWINCH CHOPaAUYeCcKd HEeApPOIIob30BaTelIs-
MU TOJIBKO B TIpe/iesiax HEOOJbIINX YIYACTKOB HEMp.
K HacrosiieMy BpeMeHM MPOSIBICHUST POCCHITHOTO
aIroJ0JIOMUTOBOTO He(prTa He MUMEIOT OTIEIbHBIX
JIMLIEH3MATOB Ha MX IF€0JIOrMYeCKoe U3yUyeHue, X0Ts,
HaIllpuMep, 3HauuTeIbHbIe YyacTu pyciaa p. Lluma
BOIIUTM B JIMIIEH3WOHHBIE ydyacTKu “BolimMakaH” u
“bayHToBCcKMIii-1, -2” mig mobbiuum Hedputa. Pe-
CYPCBHI POCCHIITHOTO aIlloI0JIOMUTOBOIO HedpUTa He
OLICHUBAJIUCh.

PocchinHoii HepUT MUHTEHCUBHO HECAHKIIMOHM -
POBaHHO OTPabaThIBAETCSI C MCIIOJIb30BAHUEM TeEX-
HUKU (9PKCKaBaTOPHI, OYIbI03ephl), MOrpy:KeHUEM
BOJI0J1a30B B TUIPOKOCTIOMAX C aKBajJlaHTaMU U TTOCJIe-
JyIolIeil pydHoii pa30dopKoii KaMeHHOIoO MaTepuaa,
HECMOTPS Ha OTAETbHBIE PEIOBbIE MEPOIIPUSTUS CO
CTOPOHBI YIIpaBJIeHUS SKOHOMIUIECKOM 0€30IMacCHOCTHI
U ripoTuBonelicTBus Koppynuuu MB/I o Pecrry6nm-
ke bypatusg n Ynpasnenust @enaepaabHON CIy:KObI
Oe3omacHoctu 1o Pecriyonuke bypsatus. MHorna
TMIPUMEHSETCSI OTCEMBAHME MEJIKOTO MaTepuraa.

B oTimume OT POCCHITHOTO aIrog0JIOMUTOBOIO
HedpuTa, aloCeprneHTUHUTOBBII HeDPUT oOpasyeT
KpYITHBIE BaJIyHBI, paCIIoJIaraloliecs B peUHbIX J0-
JIMHAX B HETIOCPEICTBEHHOI OJIM30CTH OT KOPECHHBIX
MectopoxaeHuit Bocrouno-CasHckoro u JIXXKuanH-
CKOTO HE(D)PUTOHOCHBIX paitoHOB (cM. puc. 1), a Tak-
xke IMonsiproro Ypana [Kucnos u np., 2023a; Kislov
et al., 2023]. TToaToMy AJIs1 pocchineil anocepneHTr -
HUTOBOTO HepHTa pa3BedOUYHbIC 1 TOOBIYHBIC pado-
Thl B OCHOBHOM COBMEILIAIOTCS C pa3BEeAKOM U IKCII-
JyaTallieil KOpeHHOro MecTopoxaeHus. Mckioue-
Husa — bonmokutckoe 1 OHOTCKOE MECTOPOXKACHUS
POCCBIITHOTO arlOCEePIIEHTUHUTOBOTO HepHTa.

OBBEKT U METO/bI UCCIEJOBAHUM

B ButruMckoM He(pUTOHOCHOM pailoHe U3BECT-
HBI POCCHINTM He(dpuUTa JTETHUKOBO-ATIOBUATBHO-
TO ¥ aJUTIOBAAIBHOTO TIpoucxoxaeHust. K oObekTy

JIUTOJIOTUA U TTIONE3HBIE UCKOITAEMBIE Ne 3
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HACTOSIIIIEeTO UCCIeN0BaHMsI OTHOCSTCS HE(DPUTOBbIE
rajibku 13 ajumoBus p. Humna (cm. puc. 1), a ux npen-
1oJlaraeMbIM KOPEHHBIM NCTOYHUKOM sIBjIsieTcs Ka-
BOKTMHCKOE MECTOPOXIEeHHUE (PUC. 2), PACIONOKEH-
Hoe B 30 KM BbIIIIE 10 TeueHuIo p. KaBokTa — J1eBOro
nputoka p. lumna. KaBokTnHCKOE MecTopoXaeHue
HedpuTa — KpyIHeilnee MeCTOPOXICHUE aroao0-
JomuToBoro Hedpura Poccuiickoit Deaepauuu c
3anacamMu Hedputa-cbipua 4 648.58 T kareropuii
C,+C, (o cocrosiuto Ha 1 ssHBaps 2024 1.), U3 KO-
Tophix 1114.33 T mpuxonsTcs Ha COPTOBOM MOAEIOY -
HbBIN He(puT. MecTopoXXIeHNE BhIICISIETCS BEICOKUM
KayecTBOM He(dpuTa: MOBBIIIEHHONW OJOYHOCTHIO,
0eoif M CBETVIO-CalaTOBOM OKpacKoi, MHTEHCUB-
HOI IIPOCBEYMBAEMOCTBIO, KAEMKOM MpOKpalllrBa-
HuUg Oyporo (MeaoBOro) OTTEHKa, MO3BOSIOLINMU
BhIpe3aTh pa3HouBeTHbIe u3nenus [Kwucnos, 2024;
Kislov, 2024].

KaBOKTHMHCKOE MECTOPOXKIEHNE CBETIOOKpAIIIeH-
Horo HedpuTta passegaHo B 1984-1993 rr. B bacceii-
He BepxHero TteyeHus1 p. KaBokra B cocTaBe IOBYX
ydacTKoB: [Ipo3pauHblit 1 Measexuii (cM. puc. 2). B
2021 r. mocTaBieHBl Ha OanaHc 3amackl JleBooepex-
HOTro yJyacTka MecTopoxaeHus. Ha MecTopoxkaeHun
JIETAIbHO M3y4YeHbI BMEIIAIOIINE OPOIbI, UCCIIENO-
BaHbI BEIIECTBEHHBIN COCTaB 1 TEXHOJOTMUYECKHE Xa-
pakTepucTuku Hepputa. Paiton KaBokTHHCKOrO Mec-
TOPOXIEHUS CJ0XEH IpaHUTAMU, JIEUKOTpaHUTAMMU,
JUOPUTAMU TTO3AHENAIE030MCKOr0 BUTUMKAHCKOTO
KoMmIuiekca. B rpaHuTax BCTpeuyaroTcss KCeHOOIOKU
CJIOXXHOI (hOpMBbI, MpeaCTaBIeHHbIC MeTanecyaHuKa-
MM, KpUCTAJUIMICCKUMHU CJIaHIIaMU, aM(HUOOINTaMu,
JOJIOMUTOBBIMU MpamMopamu. CTerieHb MeTaMopu3-
Ma oTBevaeT aM(pUOOJIUTOBOM U ANUIOT-aM(bUOO0IU-
tToBoit parusam [[omboeB u ap., 2017; Kucnos, 2024;
Kislov, 2024].

ITponykTBHass MUHepaau3alus B BHUIE Kajlb-
LIUT-TPEMOJIMTOBBIX CKAPHOB C MOHOMMHEPATbHBIMU
obocobneHusaIMu HedpuTa pasBuTa 1o nepudepun
TeJ 10JIOMUTOBBIX MPAaMOPOB Ha KOHTAKTE C SMUA0-
TU3UPOBAHHBIMM am@uodoInuTamMu, oopasys Heppu-
TOBBIE 3aJIEXU C pa3ayBamMu, TIepeXXuMaMHu, arodu-
3aMM HE3HAYUTEIIbHBIX pa3MEPOB KpaliHE CIIOXXKHOM
mopdoisioruu. Hedput B 3ayexxax odpasyer rHesna,
JIMH3BI, IIPOCJION, IIPOXWIKM, 000COOJICHUS pas-
JIMYHOTO pazMepa. KanbLuT-TpeMOIUTOBbIE CKAapHbI
MPEACTABISIOT cOO0It Oebie, MaCCUBHbBIE, MOJ0CYa-
Thle WJIM IISITHUCTBIE, pacCIaHIIOBaHHBIE CKPBHITO-
KPUCTaJUIMYECKHUE TIOPObI, CIOXEHHBIE arperaTomM
TOHKO3€PHHUCTOTO, TOHKOJIYYUCTOTO KaJbIIUTa U BO-
JIOKHUCTOTO TpeMoJnTa. BropocTeneHHbIMU MUHE-
pajlaMM SIBJISIIOTCSI CEpIIEHTUH U pyaHble (1o 2%).
ITpoMbllIeHHBIE 3alIeXXKd He(dpUTa UMEIOT YETKUE
KOHTAaKTHl C KaJbIIUT-TPEMOJIUTOBBIMU CKapHAMMU,
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Puc. 2. l'eonorunyeckast kapra KaBoktuHckoro MecropoxaeHus (1o marepuanam OOO “3abaiikaibcKoe FOpHOPYIHOE Ipe/ -

npusaTUe” ¢ UBMEHEHUSIMU U JTOTIOJTHEHUSIMU ).

1 — coBpeMeHHbI€ AJTIOBUAIbHbIE OTIOKEHMSI: BAJIYHbI, TAJIEYHUKY, TIECKH, CYIJIMHKH, IJIMHBL; 2 — TaJlaIMHCKAsT TOIIIA (HIK-
HMI1 IPOTEPO30ii): THEHCHI U CITaHIIbI, aM(PUOOIUTHI, TPOCION MPaMOPOB, KBaPLIMTOB, METalleCYaHUKOB, CKApHBI; 3 — BUTUM-
KaHCKMI1 KOMILIEKC MHTpY3mii, [1-51 (ha3a: 1eiikokpaToBble, GUOTUTOBBIC TPAHUTHI; 4 — BATUMKAHCKUI KOMITJICKC MHTPY3HUIA,
I-51 haza: rpaHUTHI, TPAHOIUOPUTHI, TMOPUTHI, TPAHOCUEHMTHI, CHEHUTHI; 5 — aTapXaHCKUI KOMIUIEKC UHTPY3Uii: radopo,
rab6po-aMdGuOOIUTHI, TUOPUTHI, aM(PUOOIUTHI; 6 — MeTaleCYaHUKN MEJIKO3EPHUCTHIE, 3eJIEHOBATO-CepPhie, OT MACCUBHBIX
IO TIOJIOCYATBIX; 7 — MpaMOPbI JOJIOMUTOBBIC, KAJIBIIUT-I0JJOMUTOBEIC Oe/bIe; 8 — TpaHUTHI TOP(PUPOBUIHEIC, GUOTUTOBLIC,
OMOTUT-POTOBOOOMAHKOBEIE; 9 — mopuTHI; 10 — THelicoBUAHBIE TpaHUTHI; 11 — ambubomuTsl; 12 — rpanuTusanus; 13 — us-
BECTKOBBIE CKapHBI KaJIbIIUT-TPEMOJIMTOBOTO COCTaBa C 3ajiexxaMy HedpuTta (BHe Maciada); 14 — reosiormyecKue rpaHuIbL:
a — YCTaHOBJICHHBIE, 6 — MpeAIoiaraeMbie; 15 — TEKTOHUYECKUEe HapYIICHUS: @ — YCTAHOBJICHHEIE, 6 — TIpeIiojaracMele,
6 — 10[] YeTBEPTUYHBIMU OTIIOXKeHUsIMU; 16 — yyacTku KaBokTuHckoro mecropoxnerust: [Ipo3paunsiii (1), Mensexuii (2).

YacTo COMPOBOXIAIOTCS 3epKajaMM U 0opo3maMu
CKOJIBXEHUSI, TI0 KOTOPHIM Pa3BUBAETCS JUTMHHOBO-
JIOKHHCTBIN TpeMoIuT. KaBoKTHHCKOE MeCTOpOXKIe-
HUE MpPENCTaBIeHO MEJKMMHU TeJlaMU C pe3KO W3-
MEHYMBOI MOIIHOCTbHIO U BeChMa HepaBHOMEPHBIM
pacnpeneneHueM cbipbs [[om60eB u np., 2017; Kuc-
noB, 2024; Kislov, 2024].

OmHOMY M3 aBTOPOB CTAaThU /IS IIPOBEICHMS TeM-
MOJIOTMYECKOI 9KCIIEPTU3bI OBLUIN IIepeaaHbl 0KOJIO
300 ranek, cobOpaHHBIX IPU MPOBEACHUM T€0J0ropas-
BeNOYHBIX paboT 1o p. [umna. M3 Hux ObLIM BhIOpa-
Ho 30 rajex I gajbHeiIero AeTajJbHOIO MCCe-
noBaHMs1. OTOOp 00pa310B MPOBOAUIICS HA OCHOBE
BU3yaJIbHOIO M3ydyeHus. [IpuoputeT oTmaBajics 00-
pas3luaM C 4Y€TKO BBIPAXXECHHOM KaWMOM ITPOKpallun-
BaHMs, YKa3bIBAOIIIEC Ha Hannmune HepUTa B sIpe,
MeCTaMU BBICTYIAIOIIErO Ha BHELIHIOK MMOBEPXHOCTh
rajabku. Bce oToOpaHHbIe raabky pacnuieHbl B Ka-
3aHCKOM (pefepaJbHOM YHUBEpPCUTETe, a HauboJiee
KOHTpacCTHBIE 10 OKpacke siapa U KaeMKu 6 rajek
HCIIOJIb30BaHbI IJIs1 IIPOBENCHUS MUHEPAIOIO-T€0XH -
MHWYECKUX MCCeNoBaHuA. Aapa 0ToOpaHHBIX rajek
HedpuTa 0061a7al0T pa3HOil OKpackoii (0T 6eoii 10

JIUTOJIOTUA U TTOJE3HBIE MCKOITAEMbBIE Ne3

TEMHO-3€JIEHOI 1 YEPHOIi), KAeMKHU MPOKPAIINBa-
HUS Pa3IMYalOTCs 0 LIBETOBBIM XapaKTepUCTUKAM
M MOIIHOCTH. I'ajlbKU MpeuMYIIECTBEHHO SJUIMII-
COUIANIbHOM (DOPMEI, C pa3MepOM IMHHOU OCHU
60—100 MM, KopoTKO#1 — 38—75 MM (puc. 3).

MuHepasbHBI COCTaB HE(PUTOBBIX TaJIEK OIpe-
IOeJIsiICsl METOOOM pPEeHTITeHOBCKOI audpakimuu
Ha nopoiukoBoM audpakroMeTrpe PowDix600 B
“TatHUITNHedpT” TTAO “TatHedTh” (aHAIUTUK
B.P. Ilepmmnua). PeHTreHoBcKkme nudpakTorpaMMEbl
MOJIy4YeHbI OTAEIBHO IS SApa U IJI1 KaeMKU TIpo-
KpalurBaHUs He(pUTOBBIX TajieK. PacmmdppoBka
MOJIYYCHHBIX TU(GPAKTOTpaMM OCYIISCTBIISIACh B
nporpamme Almaz.

M3ydyeHrne XMMMYECKOro COCTaBa TrajiekK MpOoBO-
IWJIOCh OOHMM M3 aBTOPOB Ha aBTOSMMCCHOHHOM
CKaHUPYIOIIEM 3JIEKTPOHHOM MUKpockorne Merlin
Carl Zeiss (I'epmanusi) B KazaHckoM ¢enepaibHOM
yHHBepcuTeTe. MUKPOCKOII OCHAIIIEH CIEKTPOME-
TPOM BHepreTHueckoi aucnepcuu AZtec X-Max
(Oxford Instruments). Pa3peineHue criekTpoMeTpa
127 3B. CbheMKa NMOBEPXHOCTU IPOBOAMJIACH TPU
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Puc. 3. laibku asutoBUaabHoro Hedpura p. Lumna.
1—6 — HOMepa 00pas3LoB.

yckopsionieM HanpstkeHun 20 k3B, ameMeHTHBIN
aHaJIN3 TIPOBOIMIICS IIPH YCKOPSIIOIIEM HaIlPSLKEHUT
20 k3B u padouem otpeske 9 MM. C TTOMOIIIBIO CKa-
HUPYIOLIEH 2JIeKTPOHHON MUKPOCKOITNH TT0 TIPOhU-
JISIM TEOXMMMYECKOTO KapTUPOBAaHUS, OPUEHTUPO-
BaHHBIM OT Ka€MKM MPOKpaIIMBaHMS K LIEHTPY Tajlb-
KM, cyMMapHO T1oirydeHbI 27800 ToueK-omnpeneaeHni
XUMMYECKOTo cocTana 1o 9 merporeHHbIM (Si, O, Al,
Fe, Mg, Ca, Mn, K, Na) anemeHTam.

MuKkpoaeMeHTHbIN aHaau3 Ha 59 paccesHHBIX
u peako3eMenbHBIX (P3D) 371¢MEHTOB BHIIIOJHEH
meTtonoM ICP-MS pa3nenbHO i BHEIIHENH 1 BHY-
TpeHHel JacTeil rajek HepuTa Ha Macc-CIIeKTPO-
METpe ¢ MHAYKTUBHO cBs3aHHOM mia3dmMoit iCAP Qc
ThermoFisher Scientific (I'epmanust) B Kazanckom
denepampHoMm yHuBepcurere (aHamTukK K. P. MuH-
HebOaeB). IloaroroBka o0pasloB 3akiaoyanach B
MpeaBapUuTETLHOM PACTBOPEHUM B CMECU KUCJIOT C
HCIIOJIb30BaHUEM MUKPOBOJIHOBOM CHCTEMEBI pa3jio-
xxenus Mars 6 (CEM Corporation).

MareMatuyeckass oO0paboTKa pe3yJbTaTOB Ieo-
XUMMYECKUX MCCIEIOBAaHUM OCYIIECTBIsIach C
noMolplo nporpaMmmHoro mnakera STATISTICA c

JIUTOJIOTUA U TTIONE3HBIE UCKOITAEMBIE Ne 3
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3

10 MM

MCIOJIb30BaHUEM METONOB 0a30BOIi (cpemHee Co-
JIep>KaHue, MUHUMYM, MaKCUMYM, CTaHIaPTHOE OT-
KJIOHEHWUE) U MHOTOMEPHOM (KJIaCTEpPHBIM aHAIMU3)
CTaTUCTUKU.

PE3VJLTATbI UCCJIEJOBAHUN
N UX OBCYXIAEHUE

B MuHepaabHOM cocTaBe aJTIOBUAJIBHBIX TajeK
Hedputa p. Huma npeodaagaer TpemMonut (puc. 4).
Ero conepxanue B sape cocrasisier 82—89%, B ka-
eMKe TIpokpammBanust — 62—97% (ta6:x. 1). Bropo-
CTeTIEHHBIMHU (aKLIECCOPHLIMM) MUHEPAJIAMU B SIIpe
POCCBIITHOTO HepUTa ABJISIIOTCS XJIOPUT, TUOTICHII,
(orormT, aHTUTOPUT, a B KaeMKe IpPOKpaIlnBa-
HUS — XJIOPUT, IUOIICUM, (bJIOTOMUT, MarHeTur. I1o
CPaBHEHMIO C KOpeHHBIM HedpuToM KaBOKTHH-
CKOTO MECTOPOXIECHHS, B KOTOPOM BCTPEYAIOTCS
6onee 20 muHepanoB [Kucnos, 2024; Kislov, 2024],
pocchimHoit Hedput p. Lluma comepXuT Bcero ot 2
1o 5 MuHepanoB (cM. Tabu. 1). B Hedpute pacmnoJo-
JKEHHOTO 3HAYMTEJbHO BhbIIIE IO TeueHuIo p. [una
BoiimakaHCKOM MeCTOPOXIEHUU TaKxXKe OOHapyxKe-
HO 24 muHepana [KucnoB u np., 2024], HO OHO He
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1 MM

COTHHUKOBA u np.

1 MxMm

Puc. 4. Tpemonur B sinpe (1) 1 KaeMke nTpokpaiunBaHus (2) poccelnmHoro Hedputa. O6paserns 2.

Ta6mua 1. MuHepanbHBINM cocTaB rajiek Hedpurta, % (110 JaHHBIM peHTIeHO()a30BOro aHAIN3A)

Howmep Munepaibl
YacTb rajibKu
obpasua TPEMOJIUT | IUOIICUJ XJIOPUT (yroronuT | MArHETUT | AHTUTOPUT
1 K 91 8 1 — — —
A 89 5 3 3 — —
) K 97 — 3 — — —
! 82 7 2 2 — 7
3 K 62 36 1 - - -
A 86 9 2 2 — —
4 K 94 — 5 1 — —
Aa 85 9 3 3 - -
5 K 72 22 1 — 5 —
A 87 10 2 1 — —
6 K 93 3 2 2 — -
A 85 9 1 5 — —

IIpumeuanue. 3nech u ganee B Tabnuuax: K — kaeMka npokpaiiuubaHusi, S — saapo; npoyepk — He 0OHAPYXKEHO.

paccMaTpMBaeTCsl B KaueCTBE KOPEHHOI'O MUCTOYHUKA
M13-3a 00IBILIOro paccTosiHUS — 40 KM M0 IIpsSAMOit, 1
MHTEHCHUBHO MPOSIBICHHOIO OTaJIbKOBaHUS Hepu-
Ta. BO3MOXHO, Ipu JaTbHENIITNX UCCIICAOBAHUSIX 1
YBEJIMYEHUU BBIOOPKM 00pa3LioB KOJIMYECTBO OOHA-
PYKEHHBIX MUHEPAJIOB B HE(PUTOBBIX rajbKax MO-
JKeT BO3PacTU.

ConepxaHWsI OCHOBHBIX ITETPOTCHHBIX 3Je-
MEHTOB B sIipe Y B KaeMKe IMPOKpPAIIUBaHUS TajieK
Hedputa p. Luna cocrasistior (B Bec. %) COOTBET-
ctBeHHO: Si0, — 57.27—60.93 u 57.00—60.64; CaO —
13.36—17.16 u 13.19—-20.44, MgO — 22.34-25.33
n 20.37—24.64 (tab6n. 2). [NonyyeHHBIEe pe3yibTa-
ThI OJIU3KU K COACPKAHMSIM JAHHBIX KOMIIOHEHTOB
cranmapTHoro tpemosnrta (SiO, — 59.17%, CaO —
13.80%, MgO — 24.81%), uto moaTBepXmaeTcs u

JIUTOJIOTUA U TTOJE3HBIE MCKOITAEMbBIE Ne3

PEHTIeHO-(Pa30BbIM aHAJIM30M I10 POCCHIITHOMY Hed-
puty (cMm. Tab6md. 1).

MHoroMepHbIit KJIaCTepHBIN aHAIU3 YETKO BBI-
SIBWJI OOIIIME IS SIiApa U KaeMKHU 3 TPYIIIBL 3JIeMeH-
toB (Si — O; Ca — Mg; Al — Fe — Mn — K — Na), uto
MOATBEPXXIAeT JaHHbIE 0a30BOIt CTATUCTUKU (puC. 5)
U B LIEJIOM CBUJIETEJIbCTBYET O OJIM30CTH XUMMYE-
CKOIO COCTaBa SAep M KaeMOK IpPOKpalllMBaHUS B
rajgbkax Hepura. OTMETUM, YTO B KaeMKe ITpOoKpa-
IMMBaHUS 00pa3iia 3 BEIIENISIOTCS BCero 2 Kiractepa
snemeHToB (Si — Ca — Mgu Al — Fe — Mn — K —
Na), a kuciaopon ci1abo CBg3aH ¢ APYTUMU 3JIeMEH-
tamu. MckilloueHneM Takke sIBJIsieTcs1 oopaselr 6, B
KOTOpPOM KaeMKa CyllecTBeHHO (B 4—5 pa3) oben-
HEHa aJlOMUHHEM M KajJheM OTHOCUTEJIBbHO sapa
(cM. Tabr. 2). Bo3MOXHO, YTO BCE 3T OTKJIOHEHUS
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Ta6mua 2. CpegHnit XMMUYECKUIA COCTaB TaJIeK POCCHIITHOTO HedpuTa, Bec. %
Oopaszern 1 Oopaszerr 2 Oopaszen 3 Oopazen 4 Oo6paszen 5 Oo6pasern 6
KomrmoHeHT
A K Aa K Aa K a K A K A K
SiO, 60.54 | 60.64 | 60.21 | 60.27 | 59.40 | 57.00 | 60.93 | 60.28 | 60.46 | 58.58 | 57.27 | 59.71
Al, O, 0.48 0.46 0.39 0.47 0.35 0.62 0.40 0.45 0.41 0.41 2.41 0.60
FeO 0.73 0.79 0.60 0.77 0.29 0.42 0.31 0.94 0.63 0.65 0.33 0.29
MgO 22.89 | 23.00 | 23.52 | 23.42 | 22.34 | 20.37 | 24.53 | 24.64 | 25.33 | 22.94 | 23.50 | 23.71
CaO 14.93 | 14.60 | 14.71 | 14.58 | 17.16 | 20.44 | 13.36 | 13.19 | 12.71 | 16.93 | 14.62 | 15.09
Na,O 0.13 0.13 0.14 0.11 0.15 0.21 0.14 0.15 0.14 0.15 0.15 0.15
K,O 0.12 0.13 0.22 0.18 0.12 0.10 0.14 0.16 0.15 0.10 1.53 0.28
MnO 0.19 0.23 0.21 0.20 0.19 0.83 0.18 0.19 0.16 0.24 0.20 0.17
N 1800 1800 1600 1600 | 3500 | 3500 1800 1800 | 2800 | 2800 | 2400 | 2400
[Ipumeyanue. N — KOJIM4ECTBO OIPEAEIEHUIA.
Bec. %
100 1
2
10
1
0.1
0.01
SiO, AlLO FeO MgO Cao Na,O K,O MnO

Puc. 5. Pacripenenenue conep:kaHuii MeTpOreHHBIX 3JIeMEHTOB B simpe (1) 1 KaeMKe Ipo-
KpaliMBaHus (2) rajiek pocChIITHOTo He(puTa.

CBSI3aHbI C MTPOAOKUTEIbHBIM HAXOXIEHUEM rajekK
JaHHBIX 00pa3LI0B B 9K30T€HHOI cpene.

Kaemxka rmpokpammBaHust 00pa3yeTcst TpU HaXOX-
JeHUN 00JIOMOYHOro HedpuTa B ToNIIE ajuToBusl. Ee
MOIITHOCTh M COCTaB 3aBUCIT OT BpeMEHU HaXOXIIe-
HUS, COCTaBa BMEIIAOIINX OCAAKOB W B3aMMOJIEH-
CTByIOIIe ¢ HedpuTOM Bombl. B BomHOM ITOTOKE
KaeMKa TIpOKpaIlMBaHUS yIaJiIeTcsd MPU MeXaHW-
YeCKOM BO3AEHCTBUN TPAHCIIOPTUPYEMOTO PEUHBIM
IIOTOKOM MaTepuja Ha BHICTYIIAIOIINE (BBITYKIIbIC)
YaCcTU TaJbKW M MOXET COXPaHSIThCI B 3amaglHax
vy TpenHax. [1py moBTOpHOM MTOTIAgaHWN TaTbKU
B TOJILIY PEYHBIX OTIIOXEHUIA (POPMUPOBAHUE KAEM-
KU1 IpoKpalluBaHUsI BO3OOHOBIISIETCS YKE B IPYTUX
ycaoBusax. CIIOXHOCTD M pa3HOOOpas3ne 9K30TeHHBIX
TIPOLIECCOB U areHTOB (POPMUPOBAHNYT KAaeMKHU IIPO-
KpalllMBaHUS OIIpelelisieT ee CTPYKTYpY, COCTaB U
JIeKOpaTUBHBIE CBOMCTBA.

JIUTOJIOTUA U TTIONE3HBIE UCKOITAEMBIE Ne 3

B GosibIIMHCTBE TajieK coaepKaHue xkene3a U Map-
TaHIIa MTOBBITIIAETCS OT SApa K KaeMKe TTpOKpaIInBa-
HUS, 4TO, TTO-BUAMMOMY, CBSI3aHO C HOBOOOpa3oBa-
HUEM B TTOCJIeIHE TMAPOKCUIOB KeJie3a M MapraHia.
OT0 moaTBepXKAaeT JaHHbIE O CYILECTBEHHOM yBe-
JIMYEHUU COAEpKAHUS TPEXBAJIEHTHOTO XeJe3a Ipu
CTaOMITLHOM COJIEp>KaHUM IBYXBaJIEHTHOTO Kejie3a B
HedpuTax, MoABEPTIINXCS 9K30TeHHBIM MTpeodpas3o-
BaHusM [TomboeB u np., 2017].

ConepxaHue MUKPO3JEMEHTOB B POCCHIITHOM
Hedpute p. Lluna npencrasiaeHo B Taba. 3. AHaIu3
MOKa3aJl CTATUCTUYECKM 3HAYMMBIEC pa3IMuMsI CO-
JIepKaHUsSI PacCesTHHBIX MUKPORJIEMEHTOB B siIpe U
KaeMKe MpokKpaluBaHus. B gape KoHueHTpauuu
oonpmmHcTBa 35emeHTOoB (Ti, Cr, Rb, Sr, Y, Nb, Mo,
Sn, Cs, Dy, Ho, Er, Ta, Pb, U) 3ameTHO BblllIe, YeM B
KaeMKe IIPOKpaIIMBaHUsI, B KOTOPOIi TOBHIIIEHEI CO-
nepxxanus Tonbko Co n Ba — 371eMeHTOB, CBSI3aHHBIX
¢ TMIPOKCHUIAMU MapraHiia.
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COTHHUKOBA u np.

Taomuna 3. ConepkaHue paccesTHHBIX 3JieMeHTOB 1 P39 B pocceimHom Hedpute (ICP-MS), 1/

3 Oo6paszen 1 Oopaszer 2 Oopaszer 3 Oobpas3en 4 Oopaszer 5 Oo6pazser 6
Mg T k| s K P K P K | 9] kK | a1 | K
1 2 3 4 5 6 7 8 9 10 11 12 13
Li 2.58 0.81 1.22 1.71 6.26 9.73 1.51 0.81 6.08 9.38 6.57 | 2.77
Be 16.9 | 10.54 | 17.3 15.03 13.1 31.30 20.5 11.25 | 26.3 | 30.89 19.3 | 16.23
Sc 0.47 0.08 0.11 0.16 0.12 Haro. | 0.12 0.04 0.16 0.16 0.43 | 0.35
Ti 139 | 95.35 | 85.1 77.51 47.0 12.44 33.2 32.34 | 39.2 | 31.49 41.4 | 25.61
A% 279 | 23.01 | 8.79 10.27 5.31 14.85 8.77 7.69 8.85 | 10.37 13.9 | 9.59
Cr 10.2 370 | 4.32 3.83 18.4 8.60 5.86 3.39 12.2 | 10.28 6.17 4.98
Mn 627 1117 893 839.7 494 969.1 601 509.4 | 526 913.8 493 | 391.2
Co 1.78 3.08 0.56 0.80 0.76 1.27 0.76 1.44 1.20 3.44 1.51 0.99
Ni 30.6 | 1296 | 11.0 12.24 14.1 16.85 12.5 18.87 13.6 | 13.73 13.5 | 12.02
Cu 27.6 | 21.18 | 24.5 22.7 28.8 25.1 24.8 19.55 | 259 | 26.34 | 24.0 | 22.68
Zn 174. | 153.5 | 75.7 80.0 40.9 37.0 37.5 36.9 53.7 | 53.30 | 259 | 23.50
Ga 0.88 1.42 1.36 1.48 0.80 1.45 1.44 1.16 2.16 2.93 2.63 1.58
Ge 1.53 1.20 1.54 1.32 1.07 0.96 1.55 1.05 1.68 2.13 1.11 1.17
As 0.62 0.29 | 0.44 0.43 0.29 0.30 0.40 0.61 0.19 0.44 0.13 0.19
Se H.a1o. | 0.14 0.13 H.M.0. | H.M.0. | H.M.O. | H.M.0. | H.m.o. | 0.33 0.15 0.14 | H.mm.o.
Rb 5.86 2.69 13.8 14.10 2.41 1.75 9.86 8.86 15.1 3.54 264 | 10.74
Sr 8.99 | 4.26 8.95 7.75 7.12 4.01 14.4 10.39 | 4.17 4.41 8.56 | 3.99
Y 4.28 3.73 6.25 5.23 1.67 0.95 0.80 0.68 2.87 2.59 1.03 0.95
Zr 8.17 5.25 4.10 4.81 5.04 1.01 2.09 3.06 3.90 2.64 2.52 | 2.09
Nb 1.73 0.93 1.08 0.90 0.35 0.14 0.94 0.79 2.22 1.26 1.00 0.73
Mo 6.72 5.99 6.70 6.45 7.43 6.96 6.52 5.15 6.66 7.16 6.23 | 6.02
Cd 0.05 | 0.09 | 0.06 0.05 0.03 0.07 0.03 0.02 0.01 0.05 0.06 | 0.07
Sn 0.41 0.12 0.23 0.24 0.35 0.18 0.21 0.07 0.33 0.23 0.22 0.11
Sb 0.50 0.41 0.40 0.39 0.58 0.48 0.48 0.33 0.44 | 0.56 0.42 | 0.47
Cs 0.37 0.06 | 0.33 0.39 1.00 0.35 0.38 0.30 0.43 0.11 0.40 | 0.22
Ba 9.95 | 51.30 | 18.9 13.15 10.8 66.5 13.2 14.5 24.7 42.2 14.6 | 5.09
Hf 0.15 0.15 0.07 0.10 0.09 0.01 0.04 0.06 0.08 0.06 0.04 | 0.04
Ta 0.04 0.02 0.07 0.06 0.00 H.II.O. 0.02 0.02 0.12 0.07 | H.O1.0. | H.IT.O.
W 0.20 0.10 | Hmo.| 0.03 0.26 0.09 | naro. | Ho. | 0.02 | 0.04 0.07 | 0.27
T1 0.04 | 0.07 | 0.06 0.07 0.01 0.01 0.05 0.04 0.06 0.02 0.14 | 0.05
Pb 1.14 0.93 1.18 1.13 2.68 1.70 2.96 2.66 1.38 1.93 2.05 1.42
Th 0.21 0.44 | 0.05 0.05 0.09 0.03 0.14 0.29 0.22 0.17 0.01 0.04
8] 0.92 | 0.82 1.19 1.09 0.57 0.43 0.81 0.70 0.94 | 0.87 0.39 | 0.40
La 6.72 | 28.30 | 16.61 19.08 2.07 8.78 8.95 718 | 43.67 | 38.46 | 15.78 | 9.19
Ce 6.25 | 23.03 | 10.36 11.60 2.25 4.66 5.99 5.17 | 21.57 | 21.31 | 11.31 | 6.28
Pr 4.63 9.63 5.73 6.15 1.47 2.86 2.85 2.83 9.55 9.15 5.98 | 3.76
Nd 4.21 5.68 3.84 4.33 1.44 2.02 2.04 2.05 5.50 5.27 442 | 2.77
Sm 2.64 | 2.29 2.08 2.16 0.86 0.87 1.14 1.20 2.10 2.60 1.70 1.37
Eu 0.96 0.65 0.56 0.58 0.68 0.64 0.32 0.32 0.89 0.74 0.69 | 0.58
Gd 1.46 1.37 1.44 1.68 0.77 0.69 0.61 0.63 1.45 1.48 1.00 0.81
Tb 1.07 1.23 1.72 1.62 0.60 0.37 0.51 0.43 1.13 1.14 0.60 | 0.52
Dy 1.32 1.23 1.83 1.74 0.74 0.35 0.37 0.38 1.14 1.10 0.57 | 0.49
Ho 1.76 1.49 2.11 1.84 0.73 0.34 0.28 0.27 1.22 0.97 0.49 | 0.42
Er 2.46 2.16 1.83 1.63 0.70 0.33 0.32 0.33 1.35 1.18 0.53 | 0.38
Tm 2.84 | 3.03 1.34 1.02 0.52 0.32 0.23 0.32 1.44 1.15 0.45 | 0.29
Yb 3.15 3.51 1.07 0.87 0.47 0.25 0.33 0.34 1.61 1.23 0.40 | 0.37
Lu 0.26 | 0.35 0.07 0.09 0.04 0.03 0.03 0.04 0.16 0.12 0.04 | 0.04

HpI/IMe‘IaHI/I& H.I1.0. — HMKE MIpeacaa O6Hapy)KeHI/IH 2JIEMCHTA.

JIUTOJIOTUA U TTOJE3HBIE MCKOITAEMbBIE Ne3
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Puc. 6. Pacripenenenue P39 B simpe pocchlmHoro Hedpura.
HopMmuposano no xonaputry [McDonough, Sun, 1995].

Cmaiigep-nuarpamma P39 B o6pasnax pocchlIm-
HOTO He(pUTa UMEET OTUYETIMBO BhIpAKEHHBIM ITpa-
BOCTOPOHHMI1 HAKJIOH, YTO OOYCJIOBJICHO ITOBBIILIEH-
HBIM cofepxxaHueM nerkux P39 (puc. 6). HeGosbiras
oTpuniaTesabHasd Eu-aHomanusi, BOBMOXHO, YKa3bl-
BaeT Ha BOCCTAHOBUTEILHYIO cpeny (hOpMUPOBaHUSI
KOPEHHOI'0 MCTOYHMKA — Hedputa KaBoKTrHCKOTO
MECTOPOXICHMUS.

JUATHOCTUYECKUE KPUTEPUHN
KOPEHHOI'O 1 POCCBIITHOI'O
HED®PUTA BUTUMCKOTI'O HAT'OPbA

ATIOTOJIOMUTOBBIN HEPUT COAEPXKUT MEHBIIIE
JKejie3a, 4eM arnoCepIeHTUHUTOBBIN, T.K. ITOCHE-
HUII oOoraileH Kejae30M 3a CYET YIBTPAOCHOBHBIX
nopox. Tak, y mepBoro tuna He¢puTa 3HAUCHHE OT-
HomeHust Fe?*/(Mg+Fe*") cocraBnser menee 0.06,
TOIIa KakK y BTOpOro tuma — oObiuHO Gosee 0.06
[Sigin et al., 2012]. PocchinHol anomoJIOMUTOBBIM
Hedpur p. Luma xapakTepusyeTcs: 3SHAYCHUSIMU TaH-
Horo otHoureHus oT 0.016 o 0.039, uro yKa3biBaeT
Ha ero KOPEHHOM MCTOYHUK — amoIOJIOMMTOBBIN
Hepput. OTMETUM, YTO B TPEMOJIUTE OTHOIICHUE
Mg/(Mg+Fe**) cocraBnsger 0.9—1, a B akTUHOIM-
Te — 0.5—0.9. 1151 pOCCBHIITHOTO arnoaoJOMUTOBOTO
Hedpura p. luna 3nauenue Mg/(Mg+Fe?*) usme-
HseTcs B Hebospinx npeaenaax (0.96—0.98) u co-
OTBETCTBYET OCHOBHOMY MUHEpaly — TpeMOJIuTy. B
HedpuTe KaBOKTMHCKOTO MECTOPOXKASHUS COIepKa-
Hue (B Bec. %) FeO cocrasnger 0.75, MgO — 23.14

JIUTOJIOTUA U TTIONE3HBIE UCKOITAEMBIE Ne 3

[Cyrypun u np., 2015]; moclieqHue MCCAETOBAHUS
[Kucnos, 2024; Kislov, 2024 ] moka3anu ciaenyloiye
pesyabrathl (B Bec. %): FeO — 0.16—0.22, MgO —
24.98—25.77. B poccreitHoM Hedpure p. Luma co-
nepxanue FeO B smpe m3MmensieTcst (B Bec. %) B
mnamaszone 0.29—0.73, MgO — 22.34-25.33; B Ka-
eMKe IpOoKpalluBaHMs coaepxkaHue (B Bec. %)
FeO cocrapnser 0.29—0.94, MgO — 20.37—24.64
(cMm. Tabu. 2). Kak BUIHO, B pOCCBITHOM HedpuTe,
110 CPaBHEHMIO C KOPEHHBIM HE(PPUTOM, OBHILLIEHO
conepxanue FeO, a conepxanue MgO npubaunsu-
TEJTbHO OMMHAKOBOE.

leoxumuyeckue ucciaeqoBaHus MO3BOJIUIIU MIPO-
BECTU CPaBHEHUE KOPEHHOTO Y POCCHIITHOTO Hedpu-
TOB anoJ0JIOMUTOBOTO TUMa BUTHMCKOTO Haropsbs.
AHaIN3 XMMUYECKOTO COCTABA SIIEP a/UTIOBUATTbHOTO
HedpwuTa p. [{una u ero npeamnosaraeMoro KOpeHHo-
IO UCTOUHUKA — arofoJIoMUToBOTO Heputa KaBok-
TUHCKOro MectopoxaeHust [Kucios u ap., 20230]
rnokaszaji oOllue TeHIEHIUU B MOBEJEHUU MeTPO-
TEHHBIX 3JIEMEHTOB (pHUC. 7). DTO MOXET SBISITHCS
TOATBEPKIEHUEM UX TEHETUYECKOM CBS3M, a TaKXKe
Te31Ca O COOTBETCTBUU XMMUYECKOTO COCTaBa Hed-
puTa B SIAepHON (LIECHTPaJIbHOI) YacTU aJUTIOBUAIIb-
HBIX rajieK U B KOpeHHOM rcTouHuKe. [1o cpaBHEeHUIO
C KOPEHHBIM HE(PUTOM, siipa aJJIOBUATbHBIX Ta-
JieK o0oralleHbl ATIOMUHKUEM, KallieM 1 MapraHiieM
(cM. puc. 7). IIpu 3TOM MapraHiia Bo Bcex obpa3siax
POCCHIIMTHOTO He(pHUTA B AECATKU pa3 OOJIbIIIE, YEM B
KOpPEHHOM HedpuTe.
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Puc. 7. Xumunueckuii cocTas siiep pocchinmHoro Hedpura p. Luna (1) u KopeHHOro
Hedpura KaBokTHHCKOTO MecTopoxaeHus (2), n3 padotsl [[om6oes u ap., 2017].

BenuuuHbl conepxkaHuss MUKPO3JIEMEHTOB B pOC-
ceIlTHOM HedpuTte p. Llumna u kopeHHOM Hedpute Ka-
BOKTUHCKOTO MecTopoxneHus [ Kucios u ap., 20230]
OJIM3KM 1 XapaKTepU3yIOTCS OOLIMMU 3aKOHOMEPHO-
CTSIMU TIOBeZIeHUsI (puc. 8a), UTO SABISIETCS eIlle OMHUM
MOATBEPXACHUEM MX T€HEeTHMYecKoro poxacrna. Ilpu
3TOM B POCCHIITHOM He(pUTe IIOBHIIIEHO COIepKaHMe
Be, Ti, Cr, Rb, Y, Zr, Nb, Ba, Th, U, Cu, Zn, Sb, Ni,
Ge, Mo, a B kopeHHoM — Li, Sc, Sr, Cs, W, As, Cd, Pb,
Co, U u Pb. Panee ycranosneno [Liu Y. et al., 2011;
Siqgin et al., 2012], aro BenmumHbI comepxanns Cr, Ni,
Co B He(puTE MOXKXHO MCITOJTE30BATh JJIST BEISICHCHUS
reHesnca Hedpura. Tak, B arloceprneHTUHUTOBOM
Hedpure comepkaHue (B I/T) 3TUX SJIIEMEHTOB U3Me-
Hsretcd B ipenenax: Cr —900—2812, Ni — 958.7—1898,
Co — 42—-207; Torna KaK B ariOIOJOMHUTOBOM Hed-
puTe X KOHILEHTpallud Ha 1—2 mopsimka HIDKe: CO-
otBercTBeHHO 2—179, 0.05—471, 0.5—10 [Liu et al.,
2011; Siqin et al., 2012]. ITomoOHBII1 ke BLIBOI, CIIETY-
€T M3 TaHHBIX aTOMHO-3MUCCHOHHOTO CIIEKTPAIbHO-
ro aHajm3a KOPEHHOTIo aIllomoJIOMUTOBOIO HedpuTa
KaBOKTHMHCKOTO MeCTOPOXICHMSI, Ie COmepKaHNe
Cr nocturaer 9 r/1, Ni — 8—9.5 r/1, Co — 6—9.8 1/T,
a o gaHHbM Metona ICP-MS (B r/1): Cr — 2.4—15,
Ni — 6—11, Co — 4—6 [Kucnos u np., 20236]. B sape
pocchirtHoro Hedpura p. Llumna comepxurcs (B 1/1):
Cr — 4—18, Ni — 11-30 u Co — 0.5—1.8, a B KaeM-
Ke MpoKpalrBaHus cOOTBeTCTBeHHO 3—10, 12—18 u
0.7—3.4 (cM. Tab1. 3), UYTO COOTBETCTBYET COAEPKAHUIO
3TUX SJIEMEHTOB B aIllOI0JIOMUTOBOM He(pHTe KOpEeH-
HOTO MECTOPOXICHUSI.

Xapakrepuctuk P39 Takke MOIYT HCIIOJIB30-
BaTbCs KaK MHAMKATOP alloJ0JIOMUTOBOI IIPUPOIBI
Hedputa. PocchlmHON anogoJOMUTOBbIA HepUT
p. luma xapakrepmuayeTcss OTpUIIATEIIBHOM €BPO-
MMEeBOl aHOMalIMeil, IIPaBOCTOPOHHUM HAKJIOHOM
JuarpaMMbl pacrpeneaeHus 1 He3HAaYUTeIbHbIM CO-
nepxaHueMm P33. AnocepneHTMHUTOBBIN HEPPUT U3

JIUTOJIOTUA U TTOJE3HBIE MCKOITAEMbBIE Ne3

npoBuHuuu Llunxait, TaiiBaHb U MeCTOPOXIECHUS
Manac B CUHBIL3SH-YUTYPCKOM aBTOHOMHOM OKpY-
re KHP xapakTtepu3syeTcsi 3HaUUTEIbHO MOBBIIICH-
HBIM CyMMapHbIM coaepxkanrem P33 2200—3000 r/T,
U-o0pa3HbIM npoduiaeMm pacripeneneHuss P3D u
OTYETIIMBO BhIPAXECHHOM MOJIOXUTEIbHOM €BpOIIHE-
BOIf aHOMaJIMeE, 9TO OTpaXKaeT ero IMIPOMCXOXKICHUE
3a CYET yJABTPAOCHOBHBIX nopof [Siqin et al., 2014].
HuarpamMmsbl pacripenenerHust P39 mis poccoimHoro
Hedputa p. Llunma n xopennoro Heppura KaBok-
THUHCKOI'O MECTOPOXICHUSI MMEIOT OOIllee CXOICTBO
(cM. puc. 86). Cymma P33 B simpe pocchilHOro Hed-
puTa coctabiisgeT 3.48—28.67 r/T, B KaeMKe ITpOKpa-
muBaHus — 2.85—26.60 r/T, a B KOpeHHOM HedpuTe
Bcero 1.30—2.16 r/t. Takum 06pa3oM, POCCHIITHOM
HePUT OTIMYAETCS IOBHIIIEHHBIM COIEpPKaHUEM
P33 oTHOCUTENBHO KOPEHHOTO He(PpUTA, a TEHAEH-
LM pacrpeneacHus KpuBbIX P39 B ncciaemoBaHHBIX
rayibKax yKa3bIBaloT Ha allOd0JIOMUTOBOE IIPOMCXOXK-
JeHue HedpuTa.

B xome BEITIOJTHEHHBIX CCIEIOBAHNWI M aHAIM3a
MOJIYYCHHBIX PE3yJIbTaTOB BIEPBbIE YCTAHOBJICHBI
JUATHOCTUYECKME KPUTEPUU KOPEHHOTO M POCCHIII-
Horo HedpuTa ButMmckoro Haropbs (Tabum. 4). Jlns
KOpPEHHOI0 He(puTa XapaKTepHBI pa3HOOOpa3HBIC
CTPYKTYPHI arperatoB M IIUPOKWII HaboOp akiiec-
COPHBIX MUHepasioB. PocchIITHOI He(PUT, B CBOIO
ouepenb, obnagaeT MpUOOPETEHHOM KaeMKOM Ipo-
KpalllBaHMsI, MEJIKO3EPHUCTOCTHIO SIIpa M Xapak-
TEpU3YEeTCsl CITyTAHHO-BOJIOKHUCTOM CTPYKTYpOIii,
HEOOJIBIIIMM KOJMYECTBOM aKIIECCOPHBIX MMHEpa-
JIOB, TIOBBIIIICHHBIM COoAepXKaHMeM Iestoueii 1 P3D.
KaeMka mmpokpalimBaHMs OTINYACTCS CpeaHe3epHU-
CTOM CTPYKTYpOIi, B Heil IpUCYTCTBYIOT HOBOOOpa-
30BaHHbIE TUAPOKCHUILI MapraHlia 1 Xejiesa, Cylle-
CTBEHHO YBEIMUMBAETCS COIEpPXKAHIE TPEXBAIIEHTHO-
ro xene3a (Fe’*), kobanbra u 6apusi.
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Puc. 8. Cpennee conepxaHue paccestHHBIX 31eMeHTOB (a) 1 P33 (6) B pocchilTHOM ¥ KOpeHHOM Hedpute BUTUMCKOT0 Harophsi.
1 — simpo pocchinmHoro Hedpura p. Llumna; 2 — kaeMKa mpokpalurBaHus pocchilmHoro HedpuTa p. Lluna; 3 — KopeHHoit Hed-
put KaBoKTHHCKOTO MecTopoxXaeHus, u3 padotsl [Kucnos u ap., 2023].

SAKIIIOYEHUE

PocchimmHoit HeppUT OTHOCHUTCS K I0BETUPHO-TIO-
JIeJIOYHOMY CBIPBIO BhICOYaliliero kadectna. biaro-
JIapsi €CTeCTBEHHOMY OOOTrallleHHI0 B 9K30T€HHOM
cpene 00pa3oBaNCh AJUTIOBUATIbHEIE TAIBKY ITPAaKTH-
YeCKA MOHOMUHEPAJTBHOTO TPEMOJIMTOBOTO COCTaBa.
I1pu BogHO-JI€MHUKOBOM TpaHCIIOPTUPOBKE TaJIeK B
YeTBEPTUYHBIN NIEPUOI Y BO3IECHCTBUM 3K30T€HHBIX
MPOIECCOB B Mpeaenax ButuMckoro Haropbs, Hed-
PUT MoOIBEpraeTcsli UHTEHCUBHBIM HU3MEHEHUSIM C
oOpa3oBaHMEM KaeMKHU mpokpaiuuBaHusi. Heb6osb-
III0€ KOJMYECTBO aKIIECCOPHBIX MUHEPAIOB BMECTE
C MEJIKO3EepHHUCTOM CTPYKTYpPOil M pa3HOOOpazueM
OKpAacKH SIIpa, Pa3BUTOMN KaeMKOM IMPOKpaIIMBaHUS

JIUTOJIOTUA U TTIONE3HBIE UCKOITAEMBIE Ne 3

¢ IeHIpUTAMMU MapraHiia (OpMHUPYIOT BRICOKOXYHO-
KECTBEHHBIE 1 IEKOPATUBHBIE CBOMCTBA POCCHIITHOTO
HedpuTa ¢ 1IpoM I0BEJIMPHOro Kayecta. YeM 00J1b-
11Ie XeJie3a U MapraHiia B KOpeHHOM Hedpurte, TeM
0osiee MHTEHCHUBHO MPOSIBJIEHBI BTOPUUYHBIE MPeob-
pa3oBaHus Ha ero moBepxHocTU. CoaepKaHME Xene-
3a ¥ MapraHiia B OOJBIIMHCTBE 00pa3I0B BO3PACTaET
OT S7pa K KaeMKe MPOKpallUBaHUs, YTO CBSI3aHO C
o0pa3oBaHWEM THIPOKCUIIOB Kejle3a U MapraHila B
npolieccax OKUCICHUST B 9K30T€HHBIX YCIOBUSIX.

BHepBBIC IIPOBCACHHDBIC C IIOMOIIbIO BBICOKOTOY -
HBIX ME€TOJOB UCCJICAOBAHMA aJIJTIOBUAJIbHOTO HC(pr/I—
Ta p. HI/IHa Butumckoro Haropbsd IO3BOJINJIN CALCIATb
CJICAYIOIIIME OCHOBHBIC BHIBOIbI.
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COTHHUKOBA u np.

Taomuna 4. JlnarHocTMYecKre TPU3HAKK arlof0JIOMUTOBOTO HedpuTa ButuMckoro Haropbst

Hedpur
JuarHoctuueckue POCChITHOI
NpHU3HaKK KopenHoii
SAPO KaeMKa MpoKpalluBaHUsI
ImaBHBIE
TpeMoIuT, aKTUMHOJIUT, TUOTICUL, TpemonuT, gUOIICHA
MWHEpaJbl
=
= DopcTepuT, SMUIOT, TOTOMMUT,
e XpPOMMATrHETHT, TUTAHUT,
2 CKAIlOJINT, INPKOH, alTaTUT
o » [TMDKOH, ’ Xioput, GIOTOIHNT,
) AKIIECCOpHBIE KaJIbIUT, (DJIOTOTTUT, aHTUIPUT, XiopuT, GIOTOIHUT,
e i > > > i MarHeTur,
S MUHEePaJIbl 0apuT, TaJICHUT, MOJIMONCHUT, AHTUTOPUT
s rugpokcunsl Mn, Fe
MMUPUT, chanepur, (pIoopurT,
IIEENTUT, XJIOPUT, CEPIIEHTUH
U JIp.
®dubpobiacToBas,
o= MUKPOBOJIOKHUCTAS,
T2 CITyTaHHO-MHWKPOBOJOKHUCTAS,
=g CrpyKrypa CrryraHHO-BOJIOKHUCTas | CIIyTaHHO-BOJIOKHUCTASI
g = pagmaIbHO-JIydHCTasl,
z 2 reTeabyaTasi, peJIMKToOBas,
5 S rnceBgoMopdHas
TekcTypa CpenHesepHuUcTas Menko3epHucTtas CpenHe3epHUcCTas
Fe>* Fe?* Fe3*
DHIOTeHHOE
DHOOTeHHOEe 00OoTaIleHNE oboralieHue BK30reHHOE
MaKpo3/1eMEHTBI HIL T T oforaeHe
IIEJIOYHBIMU KOMITOHEHTaMU LIEJTOYHBIMU
1LIEeJIOYHBIMU
MpU MeTacoMaTo3e KOMITOHEHTaMU
KOMITOHEHTaMU
TpU MeTacoMaTo3e
’E Y P39 1.30-2.16 7/t Y P3D 2.85-28.67 r/T
§ % OO6uIMe TeHASHIIMU: OTpUIlaTeIbHast eBpOIMeBast aHOMAaJIMS,
E R MPaBOCTOPOHHMI HAaKJIOH KpUBBIX P30, yMepeHHOe oboraieHue JJeTKUMu
= P33, nonoruii npoduns pacnpeneneHus Tsxeasix P39
5 MUKpO3JIEMEHTBI o
o =2 IloBbilIeHHOE
~ = TToBbilIEHHOE
= SS—" comepxXaHHe [MoBemIcHHOE
=  Se. S pC cd Ti, Cr, Rb, Sr, Y, Nb, coiepxaHue
§ | Lh5e S s, As, Cd, 1" s’ Cs, Dy, Ho, E Co, Ba, M
g Pb. Co 0, dn, Ls, Dy, Ho, ET, 0, ba, n
2w ’ Ta, Pb, U
KnactepHbie .
r Hﬁbl Si— O; Ca — Mg;
by Al — Fe — Mn — K —Na
5JIEMEHTOB

1) ITonydeHsbl TMepBbIe JaHHBIE O MUHEPAJTbHOM
COCTaBE BHYTPEHHE! 1 BHEIIHEH YacTell alTIOBUAIb-
HBIX TaJIeK arloJ0JIOMUTOBOTO HepuTa. Menkosep-
HUCTOCTb MPEe00IaIaioIIero B UX COCTaBe TPEMOJINUTA
U HeOOJIbIIIOE KOJIUYECTBO aKLIECCOPHBIX MUHEPaJIOB
SIBJISIIOTCS. OCHOBHBIMM XapaKTEePHbIMU ITPU3HAKAMU
BBICOKOKAYe€CTBEHHOI'O POCCHIITHOIO HepuTa.

2) BuisiBIeHBI 0COOEHHOCTH XUMUYECKOTO COCTa-
Ba Ka€MOK MPOKpalIWBaHUS B HE(PPUTOBBIX TajIbKax
U YCTAHOBJIEHA Te€HETUYecKasl CBSI3b POCCHIMTHOTO
Hedputa ¢ KOpeHHbIM HedpuToM KaBOKTMHCKOrO
MECTOPOXACHUS. XUMUYECKHI COCTaB POCCHIITHOTO

JIUTOJIOTUA U TTOJE3HBIE MCKOITAEMbBIE Ne3

1 KOPEHHOTO He(puTa XapakTepusyeTcsl OJU3KUMU
BenuunHamu coaepxanus Cr, Ni, Co, OTHOTUITHBIMU
KpUBBIMU pactipeneneHus P39 ¢ HebobIIoi oTpu-
natenbHoit Eu-anomanueii.

3) BeipaboTaHbl AMaTHOCTUYECKUE MPU3HAKU JIJIsI
MOMCKOB U UASHTU(MUKALMU POCCHITHOrO HepuTa.

ITpobaema BAMSIHUS 3K30T€HHOM cpeabl HA 00-
pa3oBaHUE IEKOPAaTUBHEBIX pa3HOCTEil pOCCHIITHO-
ro HepUTOB TpeOyeT MPOAOLKEHUS NaTbHEHIINX
BBICOKOTOYHBIX MCCAECAOBAHUN IJIsI TOCTOBEPHOM
BKCIIEPTHOM OLIEHKU JAHHOTO BUAA IOBEIUPHO-IIO-
JEJIOYHOTO ChIPbSI.
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FIRST MINERALOGICAL AND GEOCHEMICAL DATA ON PLACER
NEPHRITE OF THE VITIM HIGHLANDS, REPUBLIC OF BURYATIA

V. F. Sotnikova" *, R. Kh. Sungatullin® **, E. V. Kislov? ***

! Kazan Federal University, Kremlyovskaya str., 18, Kazan, 420008 Russia
2 Dobretsov Geological Institute SB RAS, Sakhyanova str., 6a, Ulan-Ude, 670047 Russia
*e-mail: vasilina0917@gmail.com
**e-mail: Rafael Sungatullin@kpfu.ru

***e-mail: evg-kislov@ya.ru

The material composition of placer (alluvial) dolomite-related nephrite from the Tsipa River in the neph-
rite-bearing region of the Vitim Highlands has been examined. Initial data on the mineral composition of
both the inner and outer zones of alluvial dolomite-related nephrite pebbles have been obtained. Placer
nephrite is characterized by a developed staining rim, a small amount of accessory minerals, fine-grained
texture, randomly fibrous structure, and elevated alkali content. Chemical composition features of the
staining rim formed under exogenous conditions include the development of manganese and iron hydrox-
ides, with a significant increase in Fe** content and elevated levels of Co and Ba. A genetic relationship has
been established between the placer nephrite and its primary source, the nephrite from the Kavoktinskoe
deposit. A comparison between primary and placer dolomite-type nephrite has led to the identification of
diagnostic characteristics for conducting expert assessments.

Keywords: placer nephrite, pebble, staining rim, electron microscopy, X-ray diffraction, Vitim Highlands
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