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03142, npocn. akad. llaanadina, 34, Kuie, Ykpaina

> Kuiscoxuii Hayionanvhuii ynicepcumem imeni Tapaca Illesuenka,
Haesuanvno-nayxosuii incmumym «Incmumym eeonoeii»,
03022, 8ya. Bacuavkiscoka, 90 m. Kuie, Yxpaina

3po0JieHo cripoly y3araJbHUTH IeOXiMivHi JaHi 100 KoHIeHTpalii Nb i Ta y HafimommpeHilmx Turnax MarMaTuyHuX Mopiz
Vxpaincbkoro mmta (YII). Y rpanitoinax HopManbHOTo psiiy i Oi1bIIOCTI CyOTy>KHUX pi3HOBUIIB KoHUEeHTpallist Nb i Ta Bu3Ha-
YyeHa Ha piBHi BepXHbOKOPOBMX 3HAUEHb i HIKYA MPUIHATOTO KIApKY IS KUCIUX Topia. ¥ Oinbin qudepeHuiioBaHux rpaHi-
Tax Ipynu panakiBi KOHLIEHTpaLlii J0CSATaloTh KIAapKOBKX, a00 i epeBUILYIOTH iX (10 35 ppm). [ BucoKoanbepeHLiiioBaH1X
JIyXKHUX 1 Ty>KHOTOJILOBOLLTIATOBUX IPAHITIB (Mep:KaHChKUX, KaM’ THOMOTUILCHKUX, PYCHKOMOISTHCBKIX) BJACTUBI BUCOKi KOH-
ueHrpattii Nb (o 800, 120 i 370 ppm BinmoinHo). CeperHi OpoI HOPMATBHOTO PSTY € HaTipIIe TeoXiMiYHO TOCTiKEHUMHI
i XapaKTepu3yoThesl HU3bKOI0 KoHIeHTpaltieio Nb, Ta. ITpaktuuHo yci rabpoinu HopmaibsHoro psiny VI, a Takox Metamop-
(bizoBaHi OCHOBHI MOPOIM i3 3eIEHOKAMSHUX CTPYKTYP MaloTh Ay:Ke HU3bKY KOHLeHTpalio Nb (i Ta) (1Ba i Oinblie mopsiaku)
TOPIBHSIHO 3 YaCTO LIMTOBAaHUM Y JliTepaTypi 3HaueHHAMU Kiapky O.I1. Bunorpanosa s ocHoBHuX mopia (20 ppm Nb i 0,48
ppm Ta). Ha oMy (oHi 0CHOBHi MOpOAM aHOPTO3UT-panakiBirpaHiTHUX IUTYTOHIB MalOTh MifBUIIEHY KOHIIeHTpariio Nbi Ta,
TIPOTE i B HUX PiBEHb KOHIIEHTPALLii LI1X €IEMEHTIB Pilko a0o0 i He TOocsTrae 3HaUeHb, TUTTOBUX IS CYOTYKHUX i TY>KHUX 0a3aJIbTiB
KOHTMHEHTATbHUX pU(TIB. ¥ pi3HMX 3a ckiaamom JyxHux noponax Y1II croctepiraetbest perioHanbHa HEOMHOPIAHICTh Y PO3-
noximi Nb i Ta: B [1pra3oB’i 11i mopoau xapakTepu3yloThcsl TATIOBUMM BUCOKMMU KOHUEHTPALSIMM, TOJ SIK Y 3aXiIHiil yacTUHi
VIII BMicT 11X eleMeHTiB BKpail HU3bKMii. BUCOKMM BMICTOM 1IMX €IEMEHTIB BUPi3HSIOThCS i KiMOepitiTH i3 [1pruazoBchKoro i
Kiposorpaacekoro paiioHiB YIII. ABTopu HaBOASATH AesKi MipKyBaHHSI Ta MPUITYLIEHHS MPO 3aJ1eXHICTh TeOXiMiMiUHMX 0C00-
JIMBOCTEl TOKEMOPiCHKMX MAarMaTUYHUX MOpiJ YKpaiHCHKOTO ILUTA Bil TeOAMHAMIYHUX YMOB iX ()OpMYyBaHHSI.

Karouoei caosa: pinkicHi eneMeHTH, Hi00il, TaHTal, MarMaTU4Hi MOPOAU, YKPAiHCbKUI LIUT.

Beryn. Hio6ilt i TaHTaT € HAMOLBII iHAUKATUB-
HOIO TapoI0 PiIKICHUX HECYMICHUX €JI€MEHTIB,
SIKi, SIK BBaXkKa€ OaraTo AOCIiTHUKIB,, YYTJIUBO
pearyloTb Ha yMOBHU TeHepalili MarMaTUYHMX
po3IuUiaBiB (MiHEepaJIbHUI CKjaa cyOocTpary, iH-
TEHCUBHICTb IIaBiAeHHsI, PT-yMOBU reHepalil
po3IIaBy) Ta CIocoou iX nudepeHialii (Kpuc-
TanizauiiiHe pakiioHyBaHHSs, JiKBallis). 3ria-
HO 3 eKCIIePUMEHTAIbHUMU TOCITIIKEHHSIMHU, B
CIIIKaTHUX CUCTEMaX 3a YMOB HU3bKOTO Ta M0-
MIipHOTrO TUCKY Lii eJIeMEHTHU MalOTh TE€HIEHIIilO
KOHIIEHTPYBAaTUCh y OLIbII MeJIaHOKPAaTOBUX

(6a3MTOBMX) JTiKBaTaX MOPIBHIHO 3 JIESKOKpa-
TOBUMU (TPaxiTOBUMMU, (DOHOJITOBUMHU, TPAHIT-
Humu) [59]. BonHouac y mpolieci KpucTaiiza-
LiAHOTO (PpaKiiOHYBaHHSI KOHLIEHTpALlisl LIUX
€JIEMEHTIB 3POCTAa€ B KiHIIEBUX (3AJUIIKOBUX,
JIEHKOKpaTOBNX) nudepeHIliaTax.

CKIagHIIUM € PO3MOMAiN LIUX eJIEMEHTIB Y
CUJIIKaTHO-KapOOHAaTHUX cucTeMax (KapOoHa-
TUTOBI KoMILJIekcH). BimoMo, 1110 3apomaKeHHs
KapOOHATUTOBOTO PO3IJIABY Y BEPXHHOMAHTIli-
HUX YMOBaX CYHPOBOIXYEThCA 30arauycHHSIM
Ha HFSE, LREE ta LILE [50]. Iloganbiia x
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JugepeHLialisls TakuX CYTTEBO KapOOHATHUX
abo cuJIiKaTHO-KapOOHATHUX PO3IIaBiB MOXe
COPUUYUHSITU CYTTEBE (PpaKLIiOHYBAHHSI PiaKic-
HUX €JIEeMEHTIB, 3aJIeKHO Bill YMOB i MeXaHi3mMy
JudepeHuianii posmniaasiB. CTOCOBHO YMOB AV~
(bepeH1ialLlil BKa3yeThCs, 110 XapaKTep PO3Io-
ainy Nb i Ta B cutikaTHO-KapOOHATHUX CUCTE-
MaxX 3HAYHOIO MipOI0 3aJIeXKUTh Bil TUCKY [44],
a takox Bwmicty Bogm [58]. Lllomo MexaHi3My
KpucTalizailii, TO HaliMOBIipHIIIMMMU JIJISI TAaKO-
TO TUITY PO3IUIaBiB BBaXalOTh KpUCTali3alliiiHy
audepeHLiaLito i gikBauiiiHi mpouecu (abo ix
KoMOiHalli10), 1110 TAKOX 3YMOBJIIOE Pi3Hi TPEH-
I HAKOIWYEHHS eJIeMEHTiB, ocoonmBo HFSE
i REE. KapboHATUTOBI pO3IJIaBy i3 3aJUIIKO-
BUX MOPLiil po3IiaBy, 3a aHAJOTI€EIO i3 3aJUI-
KOBUMM pO3IJIaBaMU Y CUJIIKaTHUX CUCTEMaXx,
IO KPUCTAJIi3yIOThCSI 3a MEXaHi3MOM KpHCTa-
JizaniifHoi gudepeHiianii, 30araqyoTbcs He-
CYMICHUMM eJIeMeHTaMM-JIoMilllKaMu. Ae 3a
IIMPOKOTO PO3BUTKY JIKBAL[IHHUX IPOILIECIB Y
CUJIIKATHO-KapOOHATHUX CHUCTEeMax OiJIbIIiCTh
MikpoeneMeHTiB (ocobmmBo HFSE) KOHIIEH-
TPYIOThCS MIEPEBAXKHO Yy CUJIIKATHOMY PO3ILIaBi
[52, 57, 60].

Kpim Toro, koHueHTpauiss Nb i Ta (pazom 3
Ti) € iHAMKaTOPOM reoaMHaMiYHUX 0OCTAHOBOK
dopmyBaHHsT (pudTOTreHe3, CYOMyKIIisl) OIHO-
TUITHUX PO3IUIaBiB (MiKPUTiB, 0a3aibTiB, Tpa-
XiaHJE3UTiB, TpaxiTiB, aHIE3UTiB, JIAMIIPOITIB)
[28, 56]. [TraTtdopmHi pudToreHHi mopoau xa-
PaKTePU3YIOThCS ITIBUILEHUM a00 I BUCOKUM
BMmictoM Nb i Ta (a Takox Ti), Tomi K B momi0-
HUX (OMHOTUITHUX) CYOAYKIiHHUX (Y T. 4. OCT-
POBONYXXHMX) MOpOJax HasBHi HeraTUBHi reoxi-
MiYyHi aHOMaJTil LIMX €JIEMEHTIB.

Bigomo mnipo pi3He KoHuLeHTpyBaHHsI Nb i Ta
3aJ1€XKHO Bif JIy>KHOCTI i KUCJIOTHOCTI pO3ILJaBiB.
VY nepeBaxHilt GibIIOCTI JYKHUX TTOPin popmy-
I0ThCSl BJIaCHE HiOOi€BI POAOBMINA, TOMIi SIK HiO-
Oili-TaHTaJI0BI a00 CYTTEBO TAHTAJIOBI BJIACTUBI
TPaHITHUM IIETMAaTUTaM ILTIOMa3UTOBOTO THITY.

3pemrTolo, BCi 3HAYHI i Beuki pomosuiia Nb
i Ta Tak 4u iHaKIlIe TeHETUYHO MOB’SI3aHi 3 BU-
cokomudepeHIIMOBAaHUMM JIY>KHUMHM ITOpOoIa-
MU (HedEeiHOBI CiEHITH Ta TOB’SI3aHi 3 HUMU
JIYKHi TIerMaTuTH ), KapOOHATUTAMMU i Ty>KHUMU
MeTacoMaTUTaMM (aJIbOITUTaMM), 11O iX CYIPO-
BOJIKYIOTb, 00 3K TY>KHUMM Ta piAKicCHOMeTaJje-
BUMM TpaHiTaMU YU TPaHITHUMU IIErMaTUTAMMU.

ITpote reoximMiuHi Ta METPOJOTiYHI JOCTiIKEH-
Hs Pi3HOMaHITHUX TIOpid YKpalHChKOro IIUTa

(V1) noxazanu, IO PO3MOILA i KOHIIEHTpa-
nig Nb i Ta B HUX € 1lIe CKJIagHIIIMMU i HE 3aB-
KW Y3TOIKYIOThCS (2 4acTO € HE3pO3yMIIMMU i
He3’sICOBAaHMMM ) 3 3a3HAYEHNMU BUIIIE HiOM ycTa-
JIEHUMU TIOJIOXKEHHSIMU TIPO T€OXiMiuHi 3aKOHO-
MipHOCTI pO3MOIiTY LIUX €JI€MEHTIB Y PUPO/Ii.

MeTta po06oTH. Y3arajbHeHHS OIyOIiKOBaHUX,
a TaKOX OTPUMAaHMX OCTaHHIMM POKaMMu aBTO-
paMu, TeoXiMIYHMX JaHUX 110J0 KOHLEHTpalil
Nb i Ta B MarmatuuHux nopogax Y1 3 meroro
nepenIsiay AesIKMX METPOJIOTiYHUX BUCHOBKIB i
MipKyBaHb CTOCOBHO YMOB TeHepallii, KpucTa-
Ji3auii Ta KOHLEHTPYBAaHHS LUX €JIEMEHTIB Yy
Ppi3HUX 3a CKJIaJOM MOpoaax.

Metomu npocaimkenb. [lepeBaxkHo 1ie y3a-
TaTbHEHHS aHAJIITUYHUX JaHUX i3 JTITepaTypHUX
JKepesl 1 pe3yJIbTaTiB aBTOPChKUX JOCTiIKEHb.
[IpuHarigHO 3ayBaskMO, 110 pe3yJIBTaTh OCTaH-
HiX TeOoXiMiUHMX JOCJiIXeHb BMKOHaHI mepe-
BaxkHO MeTonoM ICP MS (y ceptudikoBaHUX Jia-
oopatopisix Kananu, Ecrtonii, Pocii), Toai 5K B
norepeaHix MmyoJiKallisix HaliuacTillle HaBeaeH1
KOHIIeHTpallii mepeBaxkHo Nb i TiTbKM 9aCTKOBO
Ta. OcranHiii, yuepe3 Mi3epHi KOHIIEHTpallii, He
(ikcye criekTpajabHUI i HEHaniiiHO BU3HAYa€
XiMiYHMI aHaJTi3 (Yepe3 T. 3B. TAHTAJIOBI MYKH).

Knapku i konuentpyBannsi Nb i Ta B marma-
Taynux nopoaax YIII. /panimoiou. PizHomaHiT-
Hi IpaHITOIAM HOPMAJbHOIO i CYOIY>XKHOTO psi-
NiB (BKJIIOYAIOYM iXHi TMermMaToigHi pi3HOBUIM,
MerMaTuTU Ta arvliTW, YapHOKIiTOIAM, a TaKoX
TPaHITO-THENCU Ta MITMAaTUTHU) € Halmommpe-
HilIMMKU MarMaTudHUMU nopoaamu YIII, cepen
SIKMX PO3MIIIYIOTBCS B MIAIIOPSIAKOBAHOMY 00’€-
Mi iHIIi MarMaTu4Hi (YJIbTPAOCHOBHI, OCHOBHI,
cepeHi) Ta MetaMopdiuHi (rmapameramMopiuHi)
nopoau (cilaHLi, KBAapUUTU, NIMHO3EMUCTI THE-
cn, Kampiudipu Tomo). Hesnaune mommmpeH-
HsI MalOTb TaKOX JYXKHi IPaHIiTU Ta iXHi JailKOBi
aHayiorn (rpopyautn). IeoximMiuHi OCOOJMBOCTI
LIMX TpaHiToiAiB Ta KoHLeHTpauii Nb i yacTko-
Bo Ta HaBeleHO B KiJIbKOoX MoHOrpadisix [16, 17,
35] ta mucepTauiitnux poootax [30, 42]. 3rigHo 3
OITyOJTiIKOBAaHMMM B 3rajiaHiii Ta iHIIIii JiTepaTypi
JTAaHUMU, BCi 0€3 BUHSATKY IPaHiTU HOPMaJIbHOTO
psiIy i 3HaUHa YyacTrHA a0 MepeBakHa OiIbIIICTb
CyOIyXXHMX TPaHiTiB XapaKTEepU3YIOThCS AOBOJL
HU3bKOIO KOHLIeHTpaLieo Nb 4—7 ppm (piaiie
11—15), Tomi sx Ta He mepeBulilye 1 ppm, 110
Y3rOIKYEThCS i3 CEPeAHBbOIO0 KOHIIEHTpAIli€lo
(8 ppm Nb i 0,7 ppm Ta) 1yx eeMeHTiB y KOHTH-
HEHTabHIl Kopi [54]. JIvire B AesIKNX CyOIry:K-
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HUX pi3HOBUIAX TPaHiTiB BMICT Nb HaOIMKAETh-
cs1 o kiapka 3a O.I1. Bunorpamosum (1962) —
20 ppm Nb, a0o memo mepeBUIye Horo (Tadiu-
). Hampukman, y KopocTeHChbKMX TpaHiTax
dikcyerbest 20—37 Nbi 1,1—2,1 ppm Ta [30, 42].
Tomy, iiMOBipHO, KJTapKoBi 3Ha4eHHs (~20 ppm
Nb) po3paxoByBanucs sIK CepeaHE s BCiX KUC-
JIMX MarMaTUYHUX TIOpif, BKJIIOYAIOUM JTIY>KHi
TPaHiTH Ta iXHi e(py3MBHI aHAJIOTH.

Takwuit a6o i Hykuuii BMicT Nb (0,5—8 ppm)
i Ta (<0,1—2,0 ppm) xapakTepHU 1JIs1 YapHO-
kiroigiB YII. Ilpu 1boMy KOHLEHTpaLlisl LUX
eJIeMEHTIiB BHIIA B OiJbll MeJaHOKPAaTOBUX
YapHOKITOIJaX i KCEHOJiTaX KpUCTaJOCAaHLIiB y
Hux (8,24 Nb i 1,7 Ta), 1o nosicHioBaa0Cs BiJl-
CYTHICTIO T€HETUYHOTO 3B’S3KY YapHOKITOIiB
rpaHiTHOTrO CKJady i KpuctanocaaHuis [13].

Husbkuit BmicT Nb i Ta cioctepiraerbes SIK y
CYTTEBO TJIariokyia3oBux (TuiariorpaHitoinax),
TaK i B TBOMOJIOBOIIIATOBUX I'paHiTaX TUITY KU~
TOMUPCHKUX Ta KipOBOIrpaachbKuX (Tadbauis) [42].

Cxoxe Ha Te, 1110 B MexXax Y11l kirapKoBi KOH-
neHTtpaiii Nb B rpaHiToigax, BKJIFOYaloun i iXHi
JIYXHi pi3HOBUIM, 3HAYHO HIXKYi 3a 20 ppm —
Ha piBHi cepeHbOI KOHIIEHTpAIlil y BEpXHiil Kopi
[54]. Xoua B JIy>KHUX i JIy>KHOII0JIbOBOIIITATOBUX
(TuIy KaMm’ STHOMOTMJIBCHKUX, PYCHKOIIOJISTH-
CBbKUX, JII3HWKIBCBKMX) TpaHiTax i TpopyauTax
BMmict Nb Moxe gocsratu 200—500 ppm, a Ta,
3a MOOAMHOKUMU BU3HAYEHHSIMU, HE TEpeBU-
mye 10 ppm (pigko 3ramyerbes 0,01 % Ta) (Ta6-
JIMIIST), TIpOTe He3HAUHE MOIIMPEHHS MacHUBiB
TaKUX TPaHiTiB He MOXKe 3HAYHO MiIBUIINATH (10
20 ppm) kiapk Nb g kuciaux nmopin YIII.

Ax 3ragaHo Bulle, BMIicT Ta B mepeBaxHil
OiBLIOCTI TPaHITOIAIB, TeoxiMiyHa XapakTe-
pUCTHKA SIKMX BHKJIAIeHA Yy IIUTOBAHUX BUILE
nyoJtikalisix, 3okpema [ 16], He Bu3HavyeHuit. o
TOTO 3K, JIiTepaTypHi JaHi CBigyaTh MPO 3HAYHI
po30ixkHOCTI (abo I cymepewiuBi AaHi) 11010
KoHueHTpalii Nb i Ta B omHuX i TUX camux (of-
HOMMEHHMX) rpaHiTax. Hanpukian, B aHa10J1b-
CBbKMX I'paHiTax, 3a JaHuMH | 16], cepenHiii BMicT
Nb cranoButh 12 ppm (Ta He BU3HAUYEHO), TOAI
SIK B iHIIIMX poOOTax [3] 1151 LIMX TPaHiTiB BKa3aHi
3HaueHHs Nb 7,71 Ta 1,15 ppm, a [35] HaBeaeHO
me By — 36—98 ppm Nb, 2—9 ppm Ta. Taki
cami, abo Byl KoHueHTpauii Nbi Ta (46—114 i
1,2—9,0 ppm, BiAnoBigHO), 3a naHUMU [35], Ha-
BEIEHO i ISl CAITUMAHCHKUX TPaHITiB, a 3TiaHO
3 [16] y umx rpanitax cepensiii BMicT Nb craHo-
BuTh 30 ppm (iHTepBan KoauBaHnb 0—50 ppm).

Cxozxe, 1110 OCTAaHHE 3HAUYEHHSI € IMOBIPHIIIIUM,
BPaXOBYIOUH i Te, 1110 B LIMX IPaHiTaX MpoaHalli-
30BaHO TaKi xapakTepHi Nb-Ta-BMicHi MiHepanu
gk cen (883 ppm Nb i 208 ppm Ta) Ta inbMeHiT
(997 ppm Nb i 295 ppm Ta). Ik moxa3zyooTb po3-
paxyHku 6anaHcy Nb i Ta, Buxoasuu 3i ckiamgy
Ta KiJIbKOCTI LIUX MiHepaJliB, IX HEAOCTAaTHbO JJISI
TIOCITHEHHS TaKoro Brcokoro BMmicty Nbi Ta B
canTUYaHCBhKUX (i, OUEeBUIHO, aHATOJbCHKUX)
rpaHiTax 3a BiICYTHOCTi B LIMX MOpOAaX iHIINX
MiHepalliB-KOHLIEHTPATOPiB.

Ili po30ixKHOCTI, SIK BKa3aHO BUILIE, CBiIYaThb
PO HEHAilHICTh 0araTboX pe3yabIaTiB Io-
MepeaHiX aHATITUIHNX BHU3HAuYeHb BMicTy Nb i
Ta B Ginbiocti nopix YIL. 3xauni ado i Beau-
Ki po30iKHOCTI 11010 KOHIIeHTpallii Nb € B mo-
PiBHIOBaHUX MOHOTrpagdisix i 10A0 iHILIUX TUIIiB
TPaHITIB (HaNpUKJIad, iCKPUHCBHKI TpaHiTM — 3
i 20 ppm Nb BinnosimHo, rpaHiTh panakisi Ko-
pocteHcbkoro i KopcyHb-HoBoMupropoacbkoro
IUTYTOHIB — Bix 5 10 52 ppm Nb). binblie Toro,
MOPiBHSIHHSI pe3y/IbTaTiB aHai3iB i3 pi3HUX MOpPia
(TpaHiTH, MOHIIOHITH, JIy>KHi TTIOPOI), BUKOHA-
Hux MmetogaMu XRFi ICP MS, nae 3mory BUSIBU-
TU ICTOTHY pi3HULIIO (B 2—3, iHKOJU B 4 pa3u) 3a
KoHI1eHTpalieo Nb. ITpu 11boMy yacrTillie crocre-
piraeTbes 3HUXKEHHSI BMicTy Nb 3a ganuMu XRF,
X0Ya TPaTISUINCh i 3BOPOTHI CITiBBiIHOIIECHHS (B
ropoaax 3 HU3bKOIO KOHLIeHTpalieo Nb).

ITpuiiHsaTo BBaxkaTH, 1110 3a BiACYTHOCTI Bj1ac-
HUX MiHEepaiB rOJIOBHUMH KOHIICHTpaTOpaMu
Nb i Ta B rpanitoigax € cpeH, pyTWJ Ta iJibMe-
HiT, YaCTKOBO 1Ii €JIEMEHTU BXOASAThb 10 CKJIALy
demiuyHux MiHepaiiB (0ioTuTH, aMpidoan).

BoaHouac roioBHumu MiHepanamu Nb i Ta
B JIY)KHUX Ta JIy>KHOIIOJIbOBOIIIIATOBUX TpaHi-
Tax € MiHepaju TPy KOJyMOITy-TaHTaIITy Ta
MipOXJIOpY, piAlle TParISioThCs eIMHIT i Nb-
pytu. JIpyropssiHUMU MiHepaJlaMu 3 TTiIBUILIe-
HYM BMIiCTOM LIMX €JIEMEHTIB MOXYThb OYTU C(peH
Ta inbMeHIT. TlepeBaxkHO 1Ie CYTTEBO HiOOI€BI
Pi3HOBUIM LIMX MiHepalliB, Xoua B MiHepajax
rpyNu MipoxJaopy 3 NeP>KaHCHKUX IT'PAHITIB BMICT
Ta,0, moxe nocsratu 15—20 %, a B Komym-
6itax — g0 10 % [7], B KonymbGiTax i3 rpaHiTiB
KaM’SHOMOTMJIBCBKOTO KOMIUIEKCY — 10 32 %
Ta,O.. Pa3zom 3 iHIIMMU NETPOXiMIYHMMU Ta Mi-
HepaJoTiYHUMHU OCOOJIMBOCTIMHU, TaKa 3aKOHO-
MIpHICTb 11100 HaKoNU4eHHs Ta i 3MeHILeHHS
Nb/Ta BimHOIIIEHHS y 3raJlaHUX IMOPOAAX Yy3ro-
JKYIOTBCS 31 3MEHIIIEHHSIM IIbOTO BiIHOIIEH-
HS i3 3pOCTaHHSIM CTYIeHs (ppakiioHyBaHHS
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oedopcutu (Ol- Phl Ca-Dol-kapboHaTuTH)
Kap6oHatut xuibHuit XnidoaapiBCbKoro

anbBikiTh (Ol-Px- Phl Ca-kapboHatutn)
Kap’epy

cboBiTH (Px- Phl Ca-kap6oHaTuTi)
Kim6epnitu KipoBorpaacbkoro paiioHy

Kap6onatut xkunbHUT OKTIOPCHKOTO
Kim6epunitu [1pua3oB’s

Kap6onaTtutu YepHiriBcbKOro MacuBy:
MacuBy

Anb0iTUT YepHIiriBCbKOro MacuBy
Anp0iTuT JIMUTPIiBCHKUI Kap’ep

82
83
84
85
86
87
88

Ilpumimka: ipoyepK — AaHi BiICyTHI a00 He HABOASATHLCS Yy JIiTepaTypHUX IXKepeiax.

TUTIOMA3UTOBMX TPaHiTiB i pionitiB [53]. AK Ha-
CJIiIOK, 3aJIUIIKOBI MOPLil HAOLIbII AU epeH-
LifioBaHMX 1 HU3BKOTEMIIEPAaTypHMX pO3ILIa-
BiB, npeacTtasieHi Li-F-rpanitamu i3 HU3bKOIO
JIYXKHiCTIO, MOXYTh HakonuuyBaTtH Ta i Nb 1o ix
PiBHSI HACUYEHHS, 3a0€3MeUyI0Yr YMOBU KPUC-
Tajizalii MiHepaliB-KOHLIEHTpaToOpiB  0e3mo-
CepelHbO i3 CIIIIKATHOTO po3ILIaBy. VIMOBipHO,
110 1Iei epeKT MOoXKe ITiICUTIOBATUCS i Ha eTarli
MOCTMarMaTUYHUX MePETBOPEHD Y BUCOKO- 200
cepeaHbOTEMIIEPaTYPHUX YMOBAX, 3a SKUX ITi-
BUIIYETbCSI MOOuIbHICTE Nb y dumoigHiil ¢asi
nopiBHsHO i3 Ta [ 1, 49].

BucokoraHTaoBi MiHepaau BUSIBIEHO TaKOXK
y MerMaTuTax i arnorpaHiTOITHMX MeTacoMaTH-
tax InonsiHo-Tawwuuekoi ginsguku [10]: oo
76 % Ta,O, B TanTaniti i Tanioniti Ta 49 % Ta,O;
B MikpodiTi. Cyasun 3 acoliallii mopogoyTBO-
PprOBaJIbHUX MiHEpaJliB Ta HASIBHOCTI CUJIIMAHITY,
rpaHaTy Ta MyCKOBITY, pyIOHOCHi arlorpaHiTOIIHi
METaCOMAaTMUTH Ta JIiTiEBi MErMaTUTU MOXKHA PO3-
[JISIIATH SIK BUCOTJIMHO3EMMUCTHUI (TUTFOMAa3UTO-
BUIA) TUII MOPIJl, UIST IKMX OUTBII XapaKTepHUM
€ migsuieHunii BMicT Ta BimHocHO Nb (B JiTie-
BUX IerMatutax CTaHKYBaTChKOTO POIOBUILA —
Ta,0, — 0,015, a Nb,O, — 0,02 % [10]). Beaxa-
[0Th, IO IUIIOMA3UTOBI MOpoau (OPMYIOThCS
3a YMOB ITiIBUILIEHOI KUCJIOTHOCTI, 1€ TaKOX
crpusie ¢ppakuioHyBaHHIo Nb i Ta 3i 3HUKEHHSIM
Nb/Ta. BucokoraHTanoBi KOJyMOiTh XapakTepHi
i 17151 anbOiT-MiKPOKJTIHOBUX IPAHITIB (KBaJIbMi-
TiB, 3a O.B. 3iHueHKOM 3i crriBaBTOpamu) JIyriH-
cbkoro macuBy [19]. docuth Bucokuii BMicT Ta
BimHOcHO Nb (6,1 i1 46,1 ppm BiINnoBiTHO) BUSIB-
JIEHO i B MiKpOKJIiH-aJ1b0iToBUX IpaHiTax Kopoc-
TeHCbKOro TIyToHy (cc. IpaHiTHe, AHnpiiBKa)
[30]. IlermaTtuTH T. 3B. QJILOITOBOTO TUITY 3 JOBO-
J1i BUcokuM BMicToM Ta (200—655 ppm) 3ragaHo
B Ilpna3oB’i, LieHTpabHill i MiBHIYHO-3aXigHii
yactrHax Y1II, a Takox y rpeiizeHax, TOOTO IJIu-
HO3eMUCTUX Mmopoaax (62—762 ppm Ta) [35].

VY armaiToBux rpatirax (rpopyaudTax) HasiBHi
TiIbBKA HU3BKOTAHTAJOBI HioOaTH (BUSBICHO
emHiT Ta Nb-pyTin) [46]. B mermaturax 1oBo-
Jivacto TpamisaoThes i Nb-Ta-miHepanu, mpote
reoximisg Nb i Ta y nux mopoaax BUBYEHA HeIO-
CTaTHBO. K BiZOMO, BUAIISIOTH T. 3B. KEpaMiu-
Hi (0e3pymHi) Ta pigKicHOMeTaeBi TerMaTUTH.
Cxoxe Ha Te, 1110 piIKicCHOMeTalIeBi MerMaTuTu
TEHETUYHO MOB’S3aHi 3i Creliali3oBaHUMU Ha
Nb i Ta rpaniTamu. BucioBieHO NpuUMyLLIeHHS
[35] i mpo 3B’SI30K MPUA30BCHKUX TETMaTHUTIB

ISSN 2224-6487. Geohim. rudoutvorenna. 2020. Iss. 41

19



C.I. Kpuedix, O.B. /lyouna

i3 cCaITUYAaHCHKUMU TpaHiTaMU, B SIKMX TaKOXK
dikcyerbed nigpuineHuit BMicT Nb i Ta.

Kpim Toro, cymguu i3 HebGaraTbox aHalli3iB
ICP MS nesgxux merMaTUTiB Ta aIUITIB, B LIUX
nopoaax BmicT Nb i Ta Mozke OyTH 3HAYHO HUXK-
yuM (ab0 BKpail HU3bKKMM) 32 BMICT Y BMICHUX
noponax. Hampukiian, merMaToimHUiA TpaHiT,
1o nepeTuHae eHaepoOit (M. [aiiBopon, [1o0yx-
KST) XapaKTepU3yETLCSI HIDKIMM BMIiCTOM (ppm)
Nb (2,6) i Ta (0,1) mopiBHsIHO 3 eHaepOiTaMu
i yapHokitamu Nb (2,7—7,2) i Ta (0,2—0,4).
IIe Huxyuit BMict Nb (0,5) i Ta (0,1) B amni-
Ti IbOTO paifoHy, a TakoxX B ariti (Nb—1,0,
Ta—0,1) 3 miBHiYHO-3aximHOI yacTmHu YI1II
(mani C.M. Lumbana). Y Takux aritax TaKox
nyxe HU3bKUM BMicT Zr i REE, TOOTO TOJIOBHUX
eJIeMEHTiB-JOMiIlIOK TPaHiTiB.

VYkpait nn3sknit BMict Nb (1 ppm) 3adikco-
BaHO i1 B XWJIbHUX TpaHiTax KopocTeHChKOTro
iyToHy [16]. B ocTaHHiif poOOTi HaBeIeHO Ta-
KOX iHII pe3yJbTaTh aHali3yBaHHS aIlIiTiB i3
HU3BKUM BMicTOM Nb.

Hiopumu ma andezumu. TeoxiMist INX TTOPia Y
mexax Y1, ocobmmuBo crocoBHo Nb i Ta, no-
ClliIXeHa HeJdOCTaTHBLO: OyIb-SIKi JOCTOBipHi
JTlaHi 3 1bOrO MUTAHHS B OITyOJIIKOBaHIi JliTe-
patypi BiacyTHi. o Toro >, TUIOBI AiOPUTHU B
VIII noiwupeHi oOMexXeHO 1 XapaKTepHi JIUlle
IJIT NBOX KOMIUIEKCIB — OOITOYHEHCHKOTo i
OCHMILIBKOIO, TaKOX 3MiHeHi (ci1abo mMeTamMop-
¢i30BaHi) aHAE3UTH 3ralaHO B 3eJIeHOKaM’ STHUX
crpykrypax Cepennporo Ilpunninpos’s. B VI
JIeLIO0 TOLIMPEHIIIUMU € Pi3HOBUAU CEpPeaHiX
MOPiJ MiABUIIEHOI JYXHOCTI TUITYy KBaplOBUX
MOHIIOHITIB, 30KpeMa iXHiX OpTOIMiPOKCEHOBUX
pi3HOBMIB (YKpPAiHiTiB), a TaKOX TrpaHOAIOpU-
TH, SKi acOLiIOIOTh 3 MariorpaHiramu (cepen
TOHAJIIT-TPOHIBEMITOBUX TPAHITIB).

AHIE3UTHU I iXHI iHTpY3UBHI aHAJIOTH (IiopU-
TH), K BiZIOMO — XapaKTepHi mopoau ¢aHepo-
30MCBhKMX CKJIQIUacTHUX o0OjacTeil i OCTpiBHUX
NyT, OKpalH KOHTHUHEHTIB, A¢ BOHU (POpPMYBa-
JMch y npoleci cyonykiii. B Ykpaini Taki mopo-
v HasBHI B Kprmy i, B He3HaUHUX MaciuTabdax, y
30Hi 3uneHyBaHHs Y11 3i ckimamyactum {oHb6a-
coM (y JiTepaTypi Liei peTioH TaKOX Ha3UBalOTh
niBaeHHo-3axinHuM Jlonbacom [29]). Teoximiu-
Hi XapaKTepUCTUKU TTOpQipOBUX MiKPOITiOPUTIB
(aHasoriB aHAE3UTIB) LILOTO PailoHy HaBeJEHi B
po6ori [36]. 3rinHO 3 OCTAaHHBLOIO, TIOPUTH Xa-
PAKTEPU3YIOThCS HU3LKUM BMicToM Nb (6,8—
7,3 ppm)iTa (0,3—0,4 ppm), BTacTUBIM THUTIO-

BUM aHae3utaMm (abo Tpoxu BuiuM). LlikaBo,
10 3a TONepeaHIMU TaHUMU [6] HaBOAMIKCS
SIBHO 3aBUILIeHiI KoHLeHTpalii Nb (40 ppm) mist
aHIe3UTiB (aHIE3UT-TpaxiaHAEe3UTOBUI KOMII-
JIEKC) LILOTO paiioHy.

MOoXJIMBO TaK caMO HEHaliHHUMU € Pe3yJib-
TaTy OiMBLIOCTI FeOXiMiUHMX AOCIiIXEHb Hi0-
puTiB Ta anae3uTiB Y1 nonepeaHix nocaigHu-
KiB, MpoTe MOAIOHI HU3bKi KOHLeHTpalil Nb
(5—8 ppm) HaBenEeHO 1151 AIOPUTIB O0ITOYHEH-
CBKOTI'O i OCHUIIBKOIO KOMILIEKCIB [16].

Cienimu ma MOHUOHIMU NWIIE Y MiAMOPsII-
KOBaHii KinbkocTi nmouupeHi B Mexax YIII i
XapaKTepHi IS Mi3HIIMX (IIPOTEPO30HCHKIX)
BEJIMKUX iHTpYy3uBHMX MacuBiB — IliBmeHHO-
Kanpununibkomy, KopcyHb-HoBoMmupropoach-
KoMy i KopocTeHChbKOMY MIyTOHax (B OCTaH-
HbOMY B HE3HAUHMX MaciTadax), a TaKoX
YTBOPIOIOTh HEBENMKi iHTpy3uBu (ScTpyberns-
Kuii, BenTukoBUCKiBCbKUIA), AKi, IMOBIpHO, re-
HETUYHO i MPOCTOPOBO TMOB’sI3aHi 3 HA3BAHUMU
aHOPTO3UT-panakiBirpaHiTHUMU TTyTOHAMU.

OxpeMO BapTO PO3MISTHYTH JIYXKHi Ci€HITH,
sIKi BXOJISITh IO CKJIaay IMPOTEPO30MCHKMX JTyXK-
HUX MacuBiB — YepHiriBcbKoro kapooHaTu-
ToBOro, OKTI06pchbKoro i MajaoTepcsHChKOro
rabpo-ci€HiTOBUX. Y HUX Ci€HITU MpeAcTaBiCHI
JIy>KHOITOJIbOBOIINATOBUMU  (TilIepCOJIbBYCHM -
MU ab0 CyOCOJIBBYCHUMM) 3 JY>KHUMU (heMid-
HUMM MiHepaJlaMU, 5IKi, SIK BJIaCTUBO IJIsI 11bO-
ro TUMY MOPiJ Ta BPaXOBYIOUU IXHIO TEHETUYHY
MPUHAJEXHICTh A0 JY>KHUX KOMILIEKCiB, TAKOX
XapaKTepU3YyKThCS MiABUILEHOO, 3pilKa BUCO-
Ko10, KoH1eHTpauielo Nb i Ta (tadbauus). Teo-
XiMiuHi 0COOJIMBOCTI CiEHITIB YKa3aHUX MacHUBiB
pO3IJIsIHYTO B poboTax [14, 15, 45]. ¥V 6imonanb-
HUX acolliallisix rabpo-ci€eHiTOBUX MacHUBiB Cie-
HITU XapaKTepU3YIOThCS IiABUILEHUMU, POTE
He BUCOKMMU, KoHIeHTpaligsmMu Nb i Ta, mo-
PIBHSIHO i3 OibII paHHIMWU OCHOBHUMM ITOPO-
namu. ITigBuineHi KoHueHTpauii Nb (174 ppm)
i Ta (11 ppm) QIiKCYIOTbCS y ITETMATOITHOMY
cieHiti B ManorepcssHcbKoMy MacuBi. [TogioHa
3aKOHOMIpHICTh y KoHILeHTpalii Nb crocte-
piraetbes i B UepHiriBCbKkoMy MacHBi, Ci€HITH
SIKOTO MicTTh 15—65 ppm Nb (inkonu o 120),
JIVTIIe B HOPAMAKITi 3 BUCOKIM BMiCTOM C(peHy
(B moponi 4,49 % TiO,) xonuenTpauis Nb i Ta
CyTTEBO 3pocTae (548 i 67 ppm BiAIIOBIIHO).

Ha BigMiHy BilI Ci€HITIB i3 pO3IISTHYTUX BUILIE
MAacCUBiB, CIEHITU, MOB’sI3aHi 3 aHOPTO3UT-paria-
KiBirpaHiITHUMM IUIyTOHAMM, a TAKOX MOJiOHUM
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go Hux IliBgeHHO-KanbynIbKUM MacHBOM,
TpeJCTaBIeHI TMEePEeBaXXHO IBOIOJbOBOIIIATO-
BUMM (KaJTiIIMNaT + OJirOKJIa3) 3 BUCOKO3aJli3UC-
™MMA (QEeMIYHUMM MiHepaJlaMi Pi3HOBUIAMM.
MeHII MOIMPEHUMU € JTY>KHOITOJIbOBOILITATOBI
(TirepcoNbBYCHI) CiEHITH i3 BHCOKO3aTi3UCTHU-
MU ¢peMiyHUMU MiHepaniamu (AcTpyOelbkuil i
BenukoBucKiBCbKUIT MacuBU, A30BCHKE POJIO-
BUIIE) i TiAbKK B ScTpyOeribkoMy MacuBi 4ac-
TUHA CIiEHITIB (T. 3B. LIEHTPaJIbHE SIIPO) € TUITOBO
JIY>KHUMU (3 puOeKiTOM Ta eripuHoM). Bci pizHo-
BUAY LIMX CIEHITIB XapaKTepU3yIOThCS TTiABUILIE-
HUM a00 BucokuM BMicToM Nb i Ta (Tabmuirst)
13 TEHJEHLIIEI0 JO 3pOCTaHHS IX KOHLIEHTpallil B
JIY>KHOTIOJIHOBOIIITATOBUX i IyXKHMX CiEHITaX IMO-
PIBHSIHO 3 ABOIMOJIbOBOIINATOBUMMU. HaiiBuimii
Bmict Nb (>600 ppm) i Ta (19 ppm) BusiBicHO
B cieHiTax JcTpydenbkoro Macusy. o KMIbHUX
CIEHITIB SICTPYOELILKOTO TUMY MM BiIHOCUMO 1
nepro3utu CymaHo-ITepxxaHCbKO1 30HU 3 BU-
cokuM BMmicToM Nb (135—330) i Ta (§—20 ppm)
[35]. BomHOYac He 30BCiM 3pO3yMiIMM BUSIBUB-
cs noBouti HM3bKUA BMicT Nb (42—75 ppm) i Ta
(2—5 ppm) y IBOIOJLOBOIIMATOBUX Ci€HiTaX
ITiBneHHO- KajbunI1IbKOro MacHuBY i JIY>KHOIO-
JIbOBOILIMATOBUX PYAHUX Ci€HiTaX A30BCHKOTO
pomoBuiINa (TaOJIUIIS), SIKE 3aJISITAE CEPe ABOIIO-
JILOBOLLIIATOBUX Ci€HITiB LILOrO MacuBy. IpyH-
TYIOUMCh Ha €KCIepUMEHTaJbHUX AaHux [51],
BUJIAETHCS IMOBIPHUM, 110 IHTEHCUBHE (PpaKili-
OHYBaHHS JJIbMEHITY i TUTAHOMATHETUTY Ha paH-
HiX CTaisIX MOIJIO BUKJIMKATH ACTIIETALIiIO CiEHI-
ToBUX po3ruiaBiB Ha Nb i Ta. Menmmmii BMicT Nb
i Ta B cienitax IliBmeHHO- KabuMIbKOro MacuBy
i A30BCHKOT0O pOJOBMIIIA TTOPIBHSIHO 3 CiEHITAMU
SAcTpyOelibkoro MacuBy, y3roIKy€eThCs i 3i 3Ha-
Ximkamu Hio6aTiB ((peprycoHiIT) B OCTAaHHIX Ta iX
BimcyTHicTIO (200 HEBUSBICHICTIO i Mi3epHOIO
KiIbKiCTIO HioOaTiB) B iHIIMX MOPiBHIOBAHUX
cienitax Ilpuazop’sa. Cxoxe, 1110, CyIsI4Yn 3 pe-
3yJIbTaTiB MOOAMHOKMX aHajli3iB, BMicT Nb aemio
3poctae (mo 500 ppm) B Mi3HIIIMX KBapLIOBUX
0iOTMTOBMX Ci€HITaxX i TpaHOCiEHITaX, sIKi Tepe-
KPUMBAIOTh PYIHi CIEHITH A30BCHKOTO POJOBUIILIA.
Helo migBuileHa (ajie HUXK4Ya, HiXK y Ci€HiTax)
koHneHTpauisg Nb (10—29 ppm) i Ta (1,2 ppm)
B MOHIIOHITaX y Ha3BaHUX JBOX aHOPTO3UT-
panaxkisirpaHiTHUX 11yToHax [30]. CTOCOBHO iH-
11X MPOSIBIB MAJIOMOIIMPEHNX CIEHITIB y MeXKax
VII (cepen MITUHCHKMX YapHOKITOIMIB, CIEHITH
c. Bepbku, bornaHiBchbkuii MacuB Ta HEBEJIMKUIA
IITOKOTOAIOHUI TIposiB aM(]iOOJIOBUX CiE€HITIB

Oinst ZKyOpoBUIILKOrO MacHBY TpaHiTiB) JOCTO-
BipHMX T€OXiMiYHMX OOCJiIKEeHb i3 BU3HAYEH-
HsiM BMicTy Nb i Ta aBTopamM HeBizoMo.

OcHogHi nopodu HOPpMANbHOO POY, AHOPMO3UM -
PanakisiepaHimuux naymotie ma eadpo-cicHimosux
Komnaexcig. Tabpoinu (rabpo) HOpMaJbHOTIO PSIAY
BXOJISTh 10 CKJIaay AudepeHLiioBaHuX (po3lia-
pOBaHMX) iHTPY3iit T. 3B. TaOPO-TIEPUIOTUTOBOI
(opmaliii, HeBeIMKi MacUBHU SIKMX TIOIIMPEHi B
TToOycxi, nepeBaxkHo B [0710BaHiBCHKil IIOBHi
30Hi, JOBOJIi TTOTYKHiil JleBn1agoBChKili Aailii Ta
B IIpuazoB’i, a TakOX YTBOPIOIOTh Jaiiku (ToJiei-
™) B IeHTpanbHiil vactuHi Y111 i Cepenabornpu-
JTHITPOBCHKOMY Ie00JI011i Ta y MiBHIYHO-3aXiTHili
yactuHi YIII. Ha >kanb, HaBeneHi y JiTepaTypi
reoxiMiyHi JaHi, 30KpeMa i BUBHaYeHHSI KOHLIEH-
tpauii Nb (Ta B3aram He BU3HAYaBCS) IPYHTY-
IOThCSI JIUIIIE Ha METOAAX CIIEKTPaIbHOIO aHaJIi3Yy,
Xoya i 1Ii pe3yJabTaTh BKa3yloTh Ha JyXKe HU3BKY
KoHueHTpalito Nb (He Oinbiie 1—2 ppm). ITo-
NiOHiI KOHLIEHTpaLii XapaKTepHi i 11s1 0a3aibTiB
Ta aM@iOOJITIB TpaHiT-3eIeHOKAM SIHUX CTPYK-
Typ Cepennaroro [IpunHinpos’s.

Oco0aUBUM TUIIOM OCHOBHUX TIOpiJ € rabpo
HOPMAaJIbHOTO PSIAy, SKi acoIliloloTh 3i 3ramy-
BaHMMM BUIIE OiOPUTAMU, KBApLIOBUMU iO-
puTaMK, MOHIOmiOpUTaMK (BAITHUCTO-JTyXKHA
cepist), i BXOOSTH IO CKJIaay OOiTOUYHEHCHKOTO
Ta OCHUIILKOTO KOMILJIEKCIB. SKII0 115t 06iTOU-
HEHCBHKOT0 KOMILIEKCY rabpo 4acTo HaBiTh He
3raayeThbesl (X Ha3MBaIOTh AIOPUTAMM), TO IJIs
radpo OCHUIIBKOTI'O KOMIUIEKCY OCTAaHHIM 9acoM
3’IBUJINCS Pe3yJIbTaTU TIPE3ULIHHNX aHalli3iB
[42]. 3rinHo 3 ocTanHiMU, BMicT Nb i Ta B rabpo
OCHUILIBKOTO KOMITJIEKCY Iy>Ke a00 BKpail HU3b-
kuii (2—3 ppm Nb; 0,1—0,2 ppm Ta) i 61u3b-
kuii 1o 3HaueHb N-MORB. T1opiBHIHO HU3b-
Ka KOHIIEHTpALlisl LIUX eJeMEHTIB (iKCYEThCS
(10 ppm Nb i 0,3 ppm Ta) i B aHami3i gioputy
(kap’ep cMT PokuTHe) 1pboro Komruiekcy. Ta-
KM ke HU3bKUii BMicT Nb HaBeaeHO B Jiopu-
TaxX i KBaploBuX gioputax (8 ppm) i rpanitax
(6 ppm) 0GITOYHEHCHKOTO KOMIUIEKCY [16].

HoBoni Hu3bkuii BMicT Nb (1—6, yacriie
3—4 ppm) i Ta 0,1—0,5 B 6azurax i madiTtax
MIPYTiBChKO-KaMEHCHKOT0 KOMILIEKCY, SIKi BBa-
JKalOoTh aHAJIOTAaMU HiKeJIeHOCHUX TOJIeITiB [42].

3-TOMiX iHIINUX TabpO LIMX KOMILJIEKCIB BUpI3-
HSIIOTBCS TIEPEaYCiM 3a TAKUMU TEeTPOJIOTiYHUMU
Ta reoXiMiYHMMU OCOOJMBOCTIMMU: (PEMiuHi Mi-
Hepaau IpeacTaBiceHi auiie amdiodonom (mep-
BMHHA a00 BTOPMHHA pOroBa 0OMaHKa), B IKOMY
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IHKOJIM € peJIiKTU KJIiHOIMiIPOKCEeHY (OCHULIbKUI
KOMILJIEKC); HE3HAUYHa KiJIbKiCTb pyIHUX MiHe-
paJiiB; HU3bKUI BMICT TUTaHY, a 3 TATAHOBUX Mi-
HepaJiB yacrimie (ikcyeTbes cheH; XxapakTepHa
HasSBHICTb iHTEPCTHULIIHHOTO KBaply (0COOIMBO
B OCHMIIBKOMY Kowmiuiekci). ToOTo acorriartist
(rabpo, oiopuT) € XapaKTepHOIO IJIs CKjIaadac-
THX obOylacTeil (30HM CyOMyKIIii, OCTpiBHi Iyru,
OKpaiHM KOHTWUHEHTIB), IS SKUX BJIACTHBI He-
ratuBHi aHomadii Ti i Nb. € mincTtaBu BBaxa-
TH, 1O MPAKTUYHO y BCiX rabpoimax HOpMasb-
Horo paay YII konueHtpauiss Nb (i Ta) myxe
HU3bKAa — Ha JIBa i OUIblIE MOPSAKUA HUXKYA 3a
3HaueHHs Kiapky 3a O.I1. BunorpagmoBuMm st
ocHoBHUX Mopia (20 Nb i 0,48 ppm Ta). Lle x
crhpaBeIJIBO i IJ1s MepeBaKHO1 OiabLIoCTi (a00
# BCiX) rpaHiTiB HOPMaJIbHOTO i CyOy>KHOTO Psi-
niB YIII, 51K 116 BKa3aHO BHUIIIE.

HetanbHilne pocaigxeHo radpoigu Kopoc-
TeHcbKoro Ta KopcyHb- HoBoMUpropoacekoro
aHOPTO3UT-parnakiBirpaHiTHUX TUTyTOHiB Ta ITiB-
IeHHO- KaabuniibKoro MacuBy, a TAKOX JTaiiKOBI
nopoau (TOJIEITOBOTO Ta CYOIy>KHOTO XapaKTe-
py) KipoBorpaacwskoro paiioHy [8], 110 3yMOB-
JIEHO HacamIiepea MPpUypoUeHiCcTIO 10 rabpoiiB
Ha3BaHUX MAacCHBiB aNaTUT-iTbMEHITOBUX pO-
JIOBUILL i pyaonposiBiB, 0co0a1Bo B KopocTeH-
CbKOMY ILTYTOHi.

Ta6poinu (rabpoHOPUTH, TaOPO, TPOKTOJIITH)
KopocteHncbkoro i Kopcyns-HoBomupropos-
CbKOTO TIJTYTOHIB BiIpi3HSIIOTHCS Bifl iHIIMX KO-
POTKO PO3INISIHYTUX BUIIIE iHTPY3UBHUX OCHOB-
Hux nopig YIII BUCOKOIO 3aj1i3UCTICTIO TIOpin i
MiHepaJiB, MiABUILIEHUM a00 BUCOKUM BMiCTOM
TiiP, aixHi pyaHi pi3HOBUIY YacTillle HajeXaTh
1o cyosayxxHoro psay (3 Ti-BMicHUMU KJTiHOITi-
pOKCEeHaMM 1 3a BiICYTHOCTI OpPTOIIipOKCEHY).
BunsaTtkoMm € nuie pyaHi (3 BUCOKMM BMiCTOM
iIbMEHITY i 0e3 TUTaHOMAarHeTUTy) Tadpoigu
Hocauiscbkoro pogosuiia (Kopcynb-HoBo-
MUPropoAchbkMid MIyToH) i ITleHu3eBUILIbKOTO
pynornposiBy (KopocTeHChKMA MTYyTOH), SIKi Ha-
JIeXaTh 10 TaOpOHOPUTIB (31 3HAYHOIO TIepeBa-
TOl0 OPTO- HaJl KJliHoMipoKceHoM). Lli pymHi rad-
poinu € nocuth AudepeHIiioBaHUMHU (BUCOKA
3aJ1i3UCTICTh) i 3 BUCOKMM BMicTOM Ti Ta 10CUTb
HeomgHOpimHOI0 KoHIeHTpallieo Nb i Ta.

VY naiikoBux nopogax KopocreHCbKOro miyro-
Hy KoHLeHTpalis Nb i Ta KoamBaeTbes B Mexax
10—42 i 0,6—2,2 ppm BignosigHo [42], 10 Mo-
JIIOHO MO KOHLEHTpALIil IUX €JIEMEHTIB Y pyldo-
HocHMX (iJTBMEHIT, amaturt) radbpoimax. Tak, y

cybomykHux raopoigax JlaBUIKiBCbKOTO MacH-
By BMicT Nb cranoButh 13—31 ppm (Ta He BU-
3Havyaau), a B NOAiOHMX Mopoaax (TPOKTOJiTax,
radbpo-tpokroiitax) CTpeMUTOpOACHEKOTO POMIO-
Buma — 15—21 ppm Nbi 1,0—1,1 ppm Ta. I'lo-
Ji0Ha KOHLIEHTpaLis ux eaemMeHTiB (16—24 Nb
i 0,9—1,2 ppm Ta) 3adikcoBaHa B ABOX Ipobdax
3ami3ucTuX radpoimiB (KasaHCKITiB) Bomomap-
cekoro poposuma  (IliBmerHO- KambunibKmi
MacuB) Ta BUcokotutanucromy (11 % TiO,) yib-
tpamaditi TuriBcbkoro Macusy (26 Nb i 1,7 Ta
ppm) [42]. ITigBuiiena (11—16 ppm) KOHIIEH-
tpauiss Nb BusHayeHa B pynHux (4,66—7,53 %
TiO,) oniBiHOBMX Menarabpo i3 kap’epy (Ne 6—2)
c. Ipanithe [30]. Lle Buili 3HaueHHs BMicTy Nb
i Ta 3acdpikcoBaHO B pynHux radpoigax Hocauis-
cbKoro pogosuiia i IleHn3eBULIKOro pyaonposi-
BY. X0ua B iTbMEHITi (K TOJIOBHOMY KOHIIEHTpA-
Topi Nb) i3 HocauiBcbKoro pogoBuiia 3a JaHUMU
MiKpO30HAOBUX AOC/iIKeHb Nb yacTiiiie He (ik-
CYEThCS, a00 B MOOAUMHOKMX BUITaAKaX JOCSTa€e
e 0,076 % Nb,O; [23]. Y moniGnmx pyaHux
rabpoinax @emopiBchbKoro pomoBuia BMicT Nb
(2—16 ppm) i Ta (0,2—0,7 ppm) BUSIBUBCS 3Ha-
YHO HIXKYMM 200 HE3BUYHO HU3BKUM (TaOIMULIS).
JloBoJli HM3bKAa KOHLIEHTpALisd LIUX eJIeMEHTIB
(dikcyeTbes i B cyOIyKHUX radpoimax 3Bi3maib-
Banicekoi gaiiku (10 Nb i 0,6 ppm Ta) [42].

Y pynnux rabpoigax KopocTeHCHKOro TiIyTo-
Hy B™icT Nb i Ta 3arajioMm BUILIMA, HixX Y 6a3uTax
HOPMAJILHOTO PSIAy, ajie BiH piIKo gocsrae abo
i He Jocsrae piBHS KOHLEHTpallil LIMX eJIeMEH-
TiB y TUIOBUX CYOJIY>KHUX 1 Jy>KHUX OazajbTax
KOHTUHEHTaIbHUX pudTiB (63 ppm Nb) [48].

He 30BciM 3po3yMmiia BilCyTHICTb YiTKOI ITO3M-
TUBHOI Kopesiii Mix BMictoM TiO, i Nb (Ta) y
LYX PYAHUX rabpoinax, siK 11¢ BAIaCTUBO OiJIbILIOC-
Ti 30arayeHUX TUTAHOM Oa3aJIbTiB Ta JAKKOBUX
nopia miBHiYHO-3axigHoi yactuHu YIII (pucy-
HOK). MOXHa MPUITYCTUTH, 11O 1I€ 3yMOBJICHO, 3
OIHOro OOKY, CTATUCTUYHO HU3BKOK KiJIbKIiCTIO
Bu3HaueHb Nb y LiMX mopojax, a 3 iHIIOro, —
HU3BKUM BMicToM Nb B inbMeHiTax (TOJOBHUX
KOHIIeHTpaTopax Nb) 3 11X pyTHUX radpoiniB. Sk
3a3HayeHO BUIllE, Hi B Oaratux iibMeHiTOM rao-
poinax (rabpoHOPUTH), Hi iIbMEHITax i3 HUX JIe-
TaJILHO He TOCIimKeHo KoHIeHTparlito Nb i Ta.

OnucaHa 3aJ€XHICTb YiTKO ITOMITHA 3a II0-
PiBHSIHHSI TOJIEITOBUX i CyOTy>KHUX (30arayeHux
TUTaHOM) AalikoBux 0a3uTiB KipoBorpaacbkoro
paitony. HaiikoBi mopoau (10JIepUTH) TOJIEITOBOI
cepil IbOro palioHy XapaKTepU3yIOThCsSI HU3bKUM
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BmictoM Nb (5—7) i Ta (0,5—0,7 ppm), a cy6-
JIy>KHi Tabpoiay (iX TaKOX Ha3UBaIOTh YJIbTpaMa-
ditamu, nammnpodipaMu TUITy KAMOTOHITIB) Ma-
IOTh Yy KiJIbKa pa3iB Bullly KoHLeHTpawito Nb (37)
iTa (2,4—2,6 ppm) [8] (Tabauist). B imx naiiko-
BUX IIOPOIAX YiTKO MPOSIBJIEHA IO3UTUBHA KOpE-
Jiauist mixk BMictoM Ti i Nb (pucyHok). LlikaBo,
110 cyOJIy>KHi radpoigu (3 TUTaHABIiTOM, OJIiBi-
HOM, 0iIOTUTOM) XapaKTepU3YyIOThCs, KPiM BUCO-
Koro Bmicty tutany (3,5—6,0 % TiO,), 3HauHO
BUILMM TIOPiBHSHO 3 ToJjieitamu BMicTom MgO
(13—17 %) i KO (ocranHiii nepepaxae Haji
Na,0). To6T0, 3 01HOTO GOKY, CYOIYXHi TOPOAM
€ HiOM MeHII audepeHLiioBaHNMU (TIPUMITUB-
HIilIMMM), BUXOASYM 3 BUCOKOro BMicty MgO, a
3 IPyroro, — MaroTh 3HAYHO BUILi KOHLEHTpALlil
Ti, Nb, REE Hix ToJsieiTu. SIK BBaxKae nepeBakHa
OLJIBLLICTh TETPOJIOriB, TaKi CyOJy>KHI 30araueHi
HECyMiCHMMM eleMeHTaMu mopoau (ixHi po3-
IJIaBM) YTBOPUWJIMCS 3HAYHO IJIMOIIE i 32 yMOB
HIDKYOTO TTApLiaIbHOTO IJIaBJICHHS MAHTIiTHOTO
cyocTpaty (IOpiBHSHO 3 TUIOBUMU TOJIEITAMU).
[MigumennMm BMicToM Nb i Ta xapakrtepu-
3YIOTbCS Malike BCi maiiku Ta egy3uBHi TO-
poay OCHOBHOIO Ta HOPMaJIbHOTO CKJaay B
ITpua3oB’i, sKi HajexaTh 10 JIyXKHOro abo cyo-
JIy>KHOTO psiny [9, 38] 3a BUHSTKOM aHJE3UTIB Ta
JioputiB 30HU 3wieHyBaHHs YIII 3i cknamyac-
™M JlonbacoM. Cxoxe Ha Te, 110 B [Ipnaszon’i
TOJICITOBUI BYJKaHi3M He TIPOSIBUBCS 30BCIM
[9], Tomi sk Ha 3aximHOMy cxuii YIII i Ha Bo-
JIMHI pi3KO mepeBaxkalThb 0a3aJbTU TOJEITOBOI
cepii 3 HU3bKkNM BMicToM Nb i Ta (prCcyHOK).
TonmoBHuM Nb-BMicCHUM MiHEpaJloM B OCHOB-
HUX Ta YJABTPAOCHOBHMX IOPOAAX CYOJY>KHOTO i
JIY>)KHOTO DPSIIIB € iJIbMEHIT, 4aCTKOBO ceH. Xi-
MiYHUI cKJ1am JIBMEHITIB 3 BU3HaueHHIM Nb i Ta
HaBeJICHO B TTOTIepeIHIX IMyOTiKallissx aBTopis [21,
34]. 3rinHo 3 UMMM JaHUMM, KOHLIeHTpauis Nb i
Ta B iTbMeHITax 3aJIEXKUTh Bill JIY>KHOCTI TIOPi i
JlocsITa€ HAaMBUILIMX 3HaYeHb Y KapOoHaTUTax (10
0,6 % Nbi0,1 % Ta) Ta HedeniHOBUX cieHITaX (10
0,7% Nb, 0,04 % Ta). Y inbMeHiTax i3 radbpoinis
BMICT LIMX €JIEMEHTIB 3HAYHO HIKUMI i pigKo J10-
carae 500 ppm Nb i 26 ppm Ta (Tabauiis).
Jyxcui nopodu i kapbonamumu. B Mmexkax
VIII OiNbLIiCTh JYKHUX TIOPiJl TParsiEThCS Y
3B’SI3KYy i3 JY>KHO-YJIBTPAOCHOBHUMM i rabpo-
cieHiToBUMM KoMmIuiekcamu. Ha TtemnepimHiii
Yyac caMe B LIMX TOPoJaxX HaMOBHillle JOCITiaKe-
Ho reoximito Nb i Ta, mozasik i3 kapOoHaTUTAMU
noB’s13aHi HalOimbI pogoBuiia Nb CBiTy.

30

o
25/ o
=
Q.
Q.
’ZD“
o 1
o 2
o 3
o 4
4 5
a
40 O
&
304 o
é o
o 201 o A o 9
Z A A A 8 e
& & <1
0+ o
e st L
o A A 3
o SR | , |
0 i 2 3 4
TiO,, wt.%
0

3anexuicTb KoHuenTpauii Nb i TiO, : @ — Ga3aibru, BUCOKOTH-
TaHMCTI gojeputH Ta mikputu Bonuni (1 — [pyTiBcbKuit MacuB,
2 — Kam’sHcbkuii MacuB, 3 — paiiku Tomamiropona, 4 — Oa-
3a1IbTU i fonepuTu BonuHi); 6 — OCHOBHMX MOpPOAax MiBHIYHO-
3axigHoi (1 — bykuHcbkuit MacuB, 2 — maiiku KopocteHchKoro
wyToHy, 3 — OcHullbko-MiKaIeBULbKUI BYTKaHIYHUIA TTOSIC)
vyactunu Y11 [42]

Y 6iMopanbHMX acolliallisix rabpo-CcieHiTOBUX
KomruiekciB ITpra3oB’s cyOIyKHi i JIy>XKHi pi3-
HOBUIM OCHOBHMX IIOPill XapaKTepHU3YIOThCS
MOPIBHIHO HU3BKUMM KOHIEHTpalisMu Nb
(16—47 ppm) i Ta (1,5—2,7 ppm) (Tabauis),
Xoya IIi 3HaAYEeHHSI € CYTTEBO BUIIUMU, HiX Yy
HOpMaJbHUX (TOJEITOBUX) Oa3ajbrax i HaBiTh
nepeBuInyoTh Kiapk 3a O.I1. BunorpamoBum.
VY nmyxXHUX TIopojax HacTynmHUX a3 (MajliHbi-
Tax, IoBiTax, (olisgitax, MapiyroJjirax, armai-
ToBUX (hoHoiTax) BMicT Nb i Ta 3pocrae (Tad-
svis). Taka 3aKOHOMIPHICTb 10 HAKOTUYEHHS
HEKOTepeHTHHUX eJIEMEHTIB y Ti3HiX i 3aJIUILIKO-
BUX MarMaTMYHUX AuepeHIiaTax y3roakKy€eTh-
cs i3 MEeTPOJOTIYHUMU JOCTiMKEHHIMU, TTif-
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KPIIUTEeHUMU €KCIIepUMEHTaTbHUMM JTaHUMU
i CBiTUUTH TPO Te, L0 TOJOBHUM IPOLECOM Yy
¢dopMyBaHHI JYXHUX cepiii Oyna ¢pakuiiiHa
KpucTajizallisi MIepBUHHOI MarMu.

AHomanbHo 30inHeHuMu Ha HFSE (ki REFE)
BUSIBUJIUCS SIK TaOpo, TaK i cieHiTH MayioTepcsiH-
cbKoro macuBy (4,4 ppm Nbi 0,3 ppm Ta). ITpu-
ITyCKaJIoCs, 110 TaKy AeIUIETOBAaHICTh Ha 3rafgaHi
€JIEMEHTU MOXHA TMOSICHUTU AECLIO BiAMiHHU-
MU TeOJMHAMIYHUMU OOCTAaHOBKAMU TeHepallil
JIY>)KHUX i OCHOBHUX MOPi i IPUYPOUYEHICTh 1IbO-
ro macuBy 10 OpixoBo-ITaBnorpaacbkoi IOBHOL
30HM. OCTaHHIO, SIK BiIOMO, PO3IJISIHAIOTH SIK
JPEBHili aHAJIOT CyYyaCcHUX CyOmyKLiiHUX 0OCTa-
HOBOK [33, 40].

HudepeHliialiist Jy>)KHMX pO3IUIaBiB SK Yy
JIYy>KHO-YJIBTPAOCHOBHUX, TaK i rabpo-Ci€HITOBUX
MacWBaX CITPUYNHSE CYTTEBE 3pocTtaHHsd HFSE B
HedemHOBUX CieHiTaX, KaApOOHATUTAX i TeHETNY-
HO TOB’SI3aHUX 3 HUMU arnoeHiTOBUX aJIbOiTH-
Tax. Pe3ynbraTtv reoxiMiyHUX TOCTiIKEeHb pilIKic-
HUX €JIEMEHTIB y KapOOHATUTAX i Ty>KHUX TOpoAaxX
VIII HaBegeHO B OaraThoX MyOJTiKaLlisIX, 30KpemMa
IBox MOoHorpadisx [12, 41, 33], ToMy TyT 0OMeKM-
MOCS JIMIIIE 3raJKoro Mpo AesiKi creuudidi ocod-
JmBoOCTi oo reoximii Nb i Ta B iux nmopogax. ¥
OLIBIIOCTI JIy>)KHUX MOPia i KapOoHATUTIB Nb CyT-
TEBO NnepeBaxkae Hajl Ta i BBaXKaeThCS, 110 3 HUMU
MopoAaMH TIOB’sI3aHi BJlacHe Hi00i€Bi poJOBUIIIA.
Lle cripaBenMBO, HanpuKIaL, a1 Ma3ypiBCcbKO-
ro pomoBuiia B OkTsa6pcbkoMy macuBbi. OmHak
3HAYHA YaCTWHA KapOOHATHUTIB (BJIACHE ChOBITH)
YepHiriBCbKOro MacuBY XapaKTepU3YIOThCS 10-
BOJIi HM3bKUM 3HAYEHHSIM BiTHOIIEHHsIM Nb/
Ta (Tabauiist). Taki X CiBBiIHOILIEHHS LIUX €Jie-
MEHTIB (hiKCYIOThCS B AEIKUX Mpodax HedeiHO-
BMX Ci€HITIB (KaHAIMTIB) i aaTUT-MAarHETUTOBUX
¢ockoputiB 1boro macusy (tabnmis). Kpim
TOro, BKJIIOUEHHS-KYMYJISITU YJIBTpa0asuTiB y
KapboHaTtuTax YepHiriBChkoro MacuBy, CUITiKaT-
Hi MiHepau SIKUX iIeHTUYHi MiHepajaM KapOo-
HATHTIB, XapaKTepHU3YIOThCS TAKUMH, a00 I BU-
mmMK KoHueHTpauismMu Nb (330—3017 ppm) i
Ta (3,3 ppm). 3a XiMiYHUM CKJIaAOM Ta HAOOPOM
€JIEMEHTIB-IOMIIIIOK ~HaWOLIbII  MarHes3iajbHi
PI3HOBUIM LMX YJAbTpada3uTiB MOAIOHI 10 KiM-
OepITiTiB. 3a3HaYMMO, 110 BMCOKA KOHIIEHTpALLisT
Nb (1600—3000 ppm) i Ta (84 ppm) xapakTepHa
i s anodeHiTOBUX albOITUTIB YepHiriBchbKoro
KapOOHATUTOBOTO MacuBy [22, 24], a TaKOX TO-
NiOHY 10 HUX aJIbOITUTIB JIMUTPIiBCHKOTO Kap’epy
ta 6asiku Tynikosa (0,3 % Nb) [32,47]. OcranHim

yacoM 3’SIBNISIIOThCS OaHi [31] mpo mMmigBUILEHY
KoHueHTpaliito Nb (1o 100—135 ppm) B ypaHo-
HocHMX anbbiTuTax KipoBorpaachbkoro paiiony.
Ha Hainy gymky, 1i anbOiTUTH oAiOHI 3a TeHe31-
COM Ta JESIKUMU IeOXiMiYHUMU O0COOIMBOCTSIMU
o anwoituTiB [1pnazon’s. Tak, B anmogeHiToBUX
anp0iTuTaX, 9K i KapboHaTuTax, YepHiriBchbKo-
ro MacuBy (DiKCyeTbCs AOBOJII BUCOKMIA BMicT U
(>100 ppm) i BiH HaituacTime epeBaxkae Hax Th
(U > Th), 1o, MMOBipHO, CIIOPiTHIOE 1X 3 ypaHO-
HOCHUMM aibbiTuTamu [22].

AHOMAaJTbHO HU3bKMMU BUSBUINCS KOHIICH-
Tpauii Nb i Ta B 1y>KHO-YJABTPAOCHOBHUX MTOPO-
Jax (IKYITipaHTITH, MEJIBTeUTITH) MiBHIYHO-3a-
ximHoi yactuHu Y1 (HeBenuki iHTpy3ii — lo-
ponHuibKa, [liymyaHceka, bossipkiBebka, [V0-
KiBcbKa). HU3bKi, SIK AJ19 TaKOro TUITY JY>KHUX
MOPiJ, KOHLEHTpALlil LIMX eJIEMEHTIB (PiKCYIOTh-
¢4 i B my>kaux nopogax [Tooyxoks (ITpockypis-
CbKHI1 Ta AHTOHIBCbKMI MacuBM) (TaONMLIS).
3arajoMm xe 3po0JieHO BUCHOBOK, 1110 MacuBaM
JIy>KHO-YJILTPAOCHOBHUX ITOPiJl, pO3TalllOBAaHUM
y 3axigHit (3axigHime Kpuopizbko-KpemeH-
YyIbKOi IOBHOT 30HM) yacTuHi YL, moBcion-
HO BJIaCTMBa HM3bKa KoHLieHTpaList HFSE [26].

Crin 3ragaTu il mpo Te, 110 iHIIi Topoau (Tpa-
HIiTOIAM BiKOM > 2 MJIpA pp.) LbOrO pailoHy Ta-
KOX XapaKTepu3yHTbCs HU3BKUM BMicTOM Nb
i Ta. LlikaBo, 1m0 HaBiTh (PaHEPO30ICHKi (pU-
deiicbki?) cyomykHi radbpo-aiada3u (10AEpUTH)
3 TigBUIIEHUM abo BUcOKUM BMmicToM TiO, i
P,O, BosuHi TakoX MaroTh HU3bKUHA, K JUIS Ta-
Koro Ty ropin, Bmict Nb (19—26) i Ta (1,0—
2,1 ppm). MoXIMBUM BUHSITKOM 3 1Ii€i perio-
HaJIbHOI Te0XiMiuHOi 0COOJIMBOCTI € JYKHi TO-
ponu (rpanitu, cieHitn) CymaHo-IlTepxkaHCbKOi
30HU, KOPOTKO PO3MISTHYTI Bulle. Bik ux mopin
CTaHOBUTH OJM3BKO 1,8 MJIpA pp., TOOTO BOHU
Moo nmpuHaiiMHi Ha 150—200 MiH pp. 3a
iHIIi, 30KpeMa JY>KHO-YJIbTPAOCHOBHI MOPOIU
3axigHoi yactunu YI1II.

Tonosanmu Mminepamamu Nb i Ta B KopoTt-
KO PO3IVISIHYTUX JIYXXHMX IOpoAax € MiHepaiu
IpyIu mipoxJjiopy, KoayMoit, ¢peprycoHit-(Ce),
deprycoHiT-(Y), onucaHi B crieliaJbHO MPUCBSI-
YeHiil uboMy MUTaHHIO cTarTi [27]. HasgBHICTb
MipOXJIOpPiB (TaTUYETOJIITIB) 3 BUCOKMM BMIiCTOM
Ta y3romxyerbcsl 3i 3ragjaHUMM BUILE TeOXi-
MiYHUMU OCOOJUBOCTSIMU (MiABUILIEHUIA BMiCT
Ta) cboBiTIB i HedeliHOBUX CieHiTiB YepHiriB-
CbKOIO MAacCHBY, a B MEJbTEHUTIT-SIKYyIlipaHTiTax
HiBHiYHO-3axigHOro paiioHy YII[ rojsoBHUM
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Teoximisa Nb i Ta B MarMaTuynux nopoaax YKpaincbKoro mura

MiHepasoM-KOHLIeHTpaTopoM Nb €, iIMOBipHO,
nepoBchKiT [37].

Kimbepaimu. 1li 3aranoM piakicHi mopoau
(0co6a1BO B YKpaiHi) MaloTh BaxKIMBE 3HAYECHHST
JIJIsI pO3KPUTTS MeTH 11i€l ctarTi. CripaBa B TOMY,
1110 Ha TenepillIHiil yac ue Haibarariui Ha Nb i
Ta rmubunHI nopoau. BoueBuab Mano XTo CyM-
HIBA€THCS B NIMOMHHOMY (I1iIKOPOBOMY) X MO-
XOmXKeHHi. PazoMm i3 TUM, 1Ii yIbTPaOCHOBHI MO-
poay CWIbHO 30arayeHi TaKUMU HECYMiCHUMU
eneMmeHTaMu, sik Nb, Ta, REE, Zr, Str, 4aCTKOBO
ThiU, aTakox Tii P, ToOTO B HUX MOEAHYIOTh-
Csl TeOXiMiuHi pUCH SIK YJABTPAOCHOBHUX, TaK i
JyxkHux mopin. Y kimoepiitax KipoBorpaacbko-
ro pariony BmicT Nb carae 385, a Ta — 20 ppm
(Haituactimre Nb 200—300, a Ta — 7—15 ppm)
[20]. Takuit camuit ym Aelo HUXKYM BMicT Nb
(122—219) i Ta (4,3—10,6 ppm) B KimMbepiTax
Cxinnoro I1pua3on’s [43]. ToO6TO B KiMOepiTax
3 uux aBox perioHiB YIII konuentpatis Nbi Ta
Taka >k ad0 HaBiTb JEIlO0 BUIA, HiXK Y TUITOBUX
JIy>KHUX TToponax (oiisgitax) OKTIOPCHKOro Ta
ITokpoBo-KupiiBcbkoro MacuBiB (He KaXydu
BXE MPO MOPOAU OiTBIIOCTI JIYXKHUX KOMIIEK-
ciB VIII). Takuii camuii, abo 1e BUILLIMIA BMiCT
Nb (monan 400 ppm) dikcyeTbes y KiMbepatiTax
3aximHoi ABctpadii [11].

Xoua neTporeHeTu4YHi MexaHi3MU1 TaKoro iH-
TeHCUBHOro 30arayeHHs Ha Nb i Ta (ta # iHmi
HEeCYMiCHi eJIeMEHTH) OCTaTOYHO He 3’SICOBaHi,
OpoTe Ha3BaHi PiAKiCHI HECYMICHi eJIeMeHTHU
MaloTh, SIK i BMIiCHiI KiMOepJiTOBi po3IiaBu,
TUOUHHY Tipupondy. AK MOXJIUBI MoIedi Ta-
KOro 30arayeHHs B JIiTepaTypi 3alpOroHOBa-
Hi MaHTIAHUI MeTacomMaTo3 Ta yKpall HU3bKe
napliajabHe IUIaBJIeHHSI MaHTIHOro cyoCcTpary,
SIKi He € mpeJMeToOM OOroBOpPEHHSs B 11iil cTaT-
Ti. Jemo moaioHUMU 10 KiMOepJIiTiB € aiMa30-
HOCHI JJTaMIIpoiTu (ABTpaJtii Ta iHIIIKX PErioHiB),
MPOTE B HUX 3HAYHO HIKYa KOHIIeHTpallist Nb i
Ta, a Zr — Buimii [11]. Takux aaMa30HOCHUX
JIaMTIPOITiB B YKpaiHi He BusaBiIeHo. Coig 1e
3ragaTtu KiMOepiitu Tpyokm MamxkaBaH (Ma-
mkaBaHita) B IHail [39], sKi € aIMa30HOCHUMU
i BucokotutanuctuMu (3 Nb i Ta) mopogamu.
Kpim Toro, B mesakux KapOOHATUTOBUX KOMII-
Jiekcax banTiiicbkoro 1yTa HasiBHi Taki yJibTpa-
OCHOBHI TTOPOJIN SIK OJIiBIHITU 3 TIEPOBCHKITOM,
110 XapaKTepU3YIOThCs MOAIOHUMHU 10 KiMOep-
JIITiB TEOXiMIYHUMU OCOOJIUBOCTSIMU (BUCOKUIA
Bumict Cr, Nii Nb omHO9acHO). Buiie 3ragaHo i
MOIi0OHi 32 TeOXiMIYHUMU OCOOTMBOCTIMMU (PJ10-

TOTIITOBI OMiBIHITU (KyMYJISITUBHI BKJIIOUEHHS B
KapboHatuTax) YepHiriBCbKOro Macuny.
OOroBopeHHs1 pe3yJbTATIB Ta JesKi meTpore-
HETHYHI BUCHOBKH. Buxonsuy 3 HU3bKOIO BMicC-
Ty Nb i Ta B mepeBaxkHili OLIBLIOCTI TPaHITOIAIB
HOPMAJILHOTO i CyOIy>KHOTO psiy B Mexkax YIII,
MOXHa BBaXKaTH, 11O Li TOPOAU HE MOXYTb OyTU
PyAOTeHEePYBAIBHUMM [UISI YTBOPEHHST POIOBUIIIL
pinkicHnx MetaiiB. JIuiie BucoKoauepeHIIiio-
BaHi rpaHiti (A-TuIly) ado iXHi JIy>KHi aHaJIOTu
MOXYTh CTAHOBUTHU MOTEHLIIHHNI eKOHOMIUHUIA
iHTepeC B acreKTi BUSIBJICHHSI POJOBUILL piaKic-
HUX eJiIeMeHTiB. IMOBipHO, 1110 BUCOKUII CTYITiHb
nucdepeHLiallii TaKuxX I'paHiTOITHUX PO3ILIaBiB,
K 1 iXHs1 BUCOKA (hJII0iAOHACUYEHICTh, MOXYTh
CIIPUYMHSATH HarpoMaKeHHSI PiIKiCHUX eJle-
MEHTIB 10 MPOMUCIIOBOTO PiBHS Y 3aKIIOYHUX
nopuisx. He BuKimoyeHo, xo4a 11e TMTaHHS I10-
TpeOy€e peTeNIbHILLIMX JOCTiIXKEHb 1 HAQyKOBUX J10-
KagziB, 1110 3apOMKEHHS TAKUX IPAHITOITHUX MarMm
BinOyBasiocsl He B pe3yJIbTaTi IUIaBJIEHHSI KOpPO-
BOTO MaTepiaiy, 110 CIpaBeIJIUBO IJIs1 OiIBIIOCTI
rpaniToiniB Y1, a gk pe3ynsrar nudepeHiiarii
BEJIMKMX iHTPY3MBIB, MOAIOHUX 10 aHOPTO3UT-
panaxiBirpaHiTHMX TIyToHiB. Came 3B’S30K i3
BEJIMKMMM 00’eMaMy MarMaTUYHUX PO3IJIABiB i
1X, iIMOBIpHO, OCHOBHIIIMI BUXiAHWIA CKJ1a/ i TpU-
Bajla €BOJIIOLISI MOXYTh OyTU TTOSICHEHHSIM I10-
YaTKOBO TiaBUIeHOI KoHLeHTpauii Nb i Ta, gk i
3HAYHOI 1X aKyMYyJIsiLii Ha 3aBeplIaIbHUX eTarax
nudepenuianii. KpiMm Toro, Taki rpaHiTH acolito-
I0Th 3 Ci€EHITaMM a00 MOHLIOHIT-CiEHITAMHU, SIKi,
HaiMOBIpHillle, € MOXiTHUMU 0a3UTOBUX Marm
(ti cami KopocreHncrkuii, Kopcynb-HoBomupro-
poacekuii mryronu Ta IliBpeHHo-Kanbunubkuit
MacuB). Tak, Hanpukian, BMictT Tutany (=1,0 %
TiO,) B eripuHoBux rpopyaurax CxigHoro
IIpuazop’sa y [24] mosicHeHO iXHIM TeHEeTUYHUM
3B’SI3KOM i3 BUCOKOTUTAHUCTUMU 0a3aJbTOBUMU
MarMaMH, XapaKTepHUMU JIJIST IILOTO PalioHy.
ITinBuineHa koHueHTtpauis Nb i Ta B piakicHO-
MeTaJIeBUX TpaHiTax JIy>KHOTO (armairoBoro) abo
IUTIOMA3UTOBOIO TUIIB, 10 SIKMX HajieXaTb Iep-
JKaHCbKi, KaM’STHOMOTWJIbCHKi, PYCHKOIMOJISIH-
CBbKi Ta AesiKi XWibHi TpaHiTu KopocTeHchKoro
TUTYTOHY, 0OYMOBJIEHA TIEPIIT 32 BCE BUCOKOIO IU-
(pepeHLii0BaHICTIO TPAHITOIAHUX PO3ILIABIB, i3
SIKUX BOHM KpucTajizyBaiucs. CaMe 3HaYHa JTu-
(hepeH1LIIilOBaHICTh PO3IUIABY i aKyMYJIsLisl He-
KOTEPEHTHUX €JIEMEHTIB Y 3aJIMIIIKOBUX TTOPILiSIX
€ BU3HAYaJbHUM (PaKTOPOM KOHIICHTPYBaHHSI
Nb i Ta, Tomi gk BrmB iroinHOI a3y Ha X Te-
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pepo3Moia, 3rigHO i3 HU3bKUMU 3HAYECHHSIMU
Koe(illieHTIB po3noniay ¢Join / TpaHiTOiqHMI
po31IaB, Ma€ He3HAUYHWH BIUmB [49]. [Turanasg
MOXOJIKEHHS pPiIKiCHOMETaIeBUX TPaHiTiB, OCO-
OJIMBO armaiToBOTO TUITY, Ta TTOB’I3aHUX i3 HUMU
MEerMaTUTIB 3aJIUIIAEThCS He 3’sicoBaHUM. Cxo-
>K€ Ha Te, 1110 BOHM TaK 4YM iHaKIle MOB’sI3aHi 3
OCHOBHMMH ITOPOIAMMU.

Xoua pigkicHOMeTajeBi TpaHITU 3TaJaHuX
MAacMBiB paHillle Ha3uBaJIu arorpaHiTaMu, iMo-
BipHICTb IXHOTO MOXO/>KEHHS SIK TPOAYKTiB 3a-
MilLIEHHSI «3BUYaiHUX» TPAHITIB € HE3HAUHOIO.
[Ipu mpOoMy poJIb MOCTMAarMaTUYHUX IIPOLIECIiB
Ta iXHE MEepBUHHE 3HAUYEHHsS y pyldoreHeparii
3a pO3KpHUCTalli3allii TaKMX TPaHITOITHUX Ma-
CHUBIiB BOYEBHU/b € MEPEOIIIHEHOIO i Ma€ Miamno-
psIIKOBaHE 3HAYE€HHsI, TOOTO BOHU HE MOXYTb
CYTTEBO BIUIMBATH Ha KOHLIEHTPYBaHHS Ta Mi-
rpawito Nb i Ta. [lo 3k cTocyeThcs TTOIIMpPEHi-
mux rpaditoifiB VI, To akyMynsiiis pigkicHUX
eJIeMEHTIB 0 piBHS HACUYEHHS i MOSIBU Bjac-
HUX MiHepaliB-KOHLUEHTPATOPiB BilOYBAEThCS
JIIIIE B ITi3HIIIWX MErMaTUTOBUX AUdepeHIlia-
Tax, e 3’ IBISEThCI HE3HAYHA KiIbKICTh Hio0a-
TiB. BjacHe Taki merMaTUTH HE € POAOBUILIAMU
Nb i Ta. BoHu MoXyTh e OyTH IKepeaaMHu,
3 SIKUX JedKi Hio0aTu (repeBaXkHO KOJyMOIT-
TaHTAJIITOBOI cepii, pixme TamiomT, Nb-pyTnn)
MOTPAIUISIIOTh Y KOMILIEKCHI po3cunuina. Ile-
peBaxkHa OiNbIIICTh rpaHiTHUX merMaTuTiB Y111
€ T. 3B. KEpaMiuHUMMU, TOOTO OE3PYAHUMU LIOAO0
Nb i Ta. Hagitb nermatutu KopocTeHCHKOTO
IUIYTOHY, B IKOMY I'paHITU I'pyIuy parakiBi Ma-
10Th migBuieHuit Bmict Nb i Ta, He TiposiBiIsI-
I0Th BUpPaXXeHOI MeTaJOreHiuHOoi creliati3alii
Ha Nb i Ta. 3aranom ke B rpanitax YIII BMicT
Nb i Ta mxunii 3a kimapk 3a O.I1. Bunorpa-
moBuM (20 ppm Nb). OkpiM TIepBUHHOI KOH-
neHtpaliii Nb i Ta B rpaHiToinHUX po3IliaBax,
BaxkJIMBe 3HAYEHHS IJIS1 KOHLIEHTPYBaHHS LIUX
eJIeMEHTIB TaKOX MaloTh i CKJIaJ MAarMaTUYHOTO
po31L1aBy, CTYIiHb i PT-mtapamatepu nudepeH-
miaii, ckian ¢ooinis Ta ix pH [1, 53].

ITopiBHSIHHS XiMiUHUX OCOOJIMBOCTEH TIpaHi-
toimiB YII i my>kHuX 1mopin KapOOHATUTOBOTO
Ta rabpo-Ci€HITOBOro KOMILIEKCiB, a 0COOJUBO
KiMOepJ1iTiB, i BpaXoBYIOUM BMICT Y LIUX IOPOAAX
Nb i Ta, mae 3Mory CTBepIKyBaTH, 1110 YTBOPEH-
HSI KOPiHHUX POJOBUIIL IIUX €JIEMEHTIB MOXe
OyTH MOB’I3aHUM MPAKTUYHO MOBHICTIO i3 TJIH-
OMHHMMHU IHTPY3UBHUMH TIOPOJAMM Ta TeHe-
TUYHO CTHIOPiTHEHNMU 3 HUMU METaCOMaTUTaMU

(anmoenitoBumu ansdiTuramu). TooTo Nb i Ta
kopiHHUX pomoBull YII[ Mae rmuOuHHE TXKe-
peJio, SK i BMicHUX nopin. Sk 3a3Ha4YeHO BHUIIIE,
rpaHIiTOIAM HOPMAaJbHOIO i HaBITh CYyOJIy>KHOIO
pSAiB 3 HU3BKMM TMepBMHHUMM BMicToM Nb i Ta
He MOXYTb, Ha HaIlly AYMKY, YTBOPUTH PYIOHOC-
Hi (IIOA0 LMX €JIeMEHTIB) Hi pimKicHOMeTaseBi
rpaHiTU, Hi METAaCOMAaTUTW TUIY aJbOITUTIB,
rpefi3eHiB ab0 iHIIMX ITOLIOHUX TTOpif (3 BUCO-
KMM BMIiCTOM BKa3aHUX eJIeMEeHTIB). SIKiIo Taki
METaCOMAaTUTH TPOSIBISIIOTLCSI, TO BOHU, Hali-
IMOBipHillle, MOB’sI3aHi 3 T. 3B. CHeLiali30BaHUMU
(nepBuHHO 30araueHnuMU Ha Nb i Ta) mopogamu,
30KpeMa i pigKicCHOMeTajleBUMU IpaHiTaMu.
Pazom 3 TuM, He 3aBXIM JIyXKHi TTOpOIU
30aravyeHi Ha Nb i Ta: q1y>XHO-YJIBTPaOCHOBHI
nopoAau (SIKyIipaHTiTH, iHOJIT-MEAbTEeUriTH)
niBHiIYHO-3axigHoi yactuHu YIII xapakrepu-
3YIOThCSI BKpaii HU3bKUM BMIiCTOM (SIK IIJIS Ta-
koro tuny nopig) Nb i Ta. BucnosnoBanocs
JIBi TOYKM 30py 1100 I[bOTO, MOXHA CKa3aTu,
(¢eHOMEHATBbHOTO $BHILA. 3TiIHO 3 OJHOKI 3
HUX, TTiJ1 9ac (POpPMYBAHHS LIMX TIOPiI BasKJIM-
BY pOJIb BifirpaBajiu CyOAyKUiiiHI siBUlIA abo
iHIII TIPOSIBM CTMCHEHHS 3eMHOI Kopu (JIiTOC-
depn) [26]. 3rinHo 3 iHILIOO, IKY BUCJIOBIIOBAB
C.M. umbaj, roJoBHOX MNPUUYMHOK TaKOTO
30iJHEHHSI Ha HECYMICHi eJIeMEeHTU JIy>KHO-
YIBTPAOCHOBHUX PO3IIJIaBiB Oyjia BiICYTHIiCTb
MaHTIiAHOIrO MeTacoMaTo3y MaHTiliHOro cyo0-
CTpaty, 3 SIKOrO T€HEepYBaJIMCh PO3IUIABU LIUX
nopia. MoxJuBo, yMOBaMU CTUCHEHHS 36MHO1
KopM (BKITIOUAOYM CYOAYKILif0, OOAYKIIif0) 3y-
MoBJieHU i Hu3bKuit BMicT Nb i Ta B rpaniTax
KUTOMUPCHKOTO Ta OCHUIIBKOTO KOMILIEKCIB,
o 3ayBaxyBaB JI.B. IllymnsiHcbkuii [42]. Bpa-
XOBYIOUH, 11O TPAHITU OUCTPiIBCbKOIO TUITY SIK
HEBEJIMKiI MacuMBM a0 IITOKOMOMiIOHI Tija 3a-
JISITAlOTh Cepell CKIaa4acTUX Mopif (mepeBakHoO
0CaJoBMX), iIMOBiIpHO, IO TeHepallid Marma-
TUYHOTO PO3ILIABY Bil0yBajliCh Y TEKTOHIUHMX
00CTaHOBKaX CTUCHEHHS 36MHOI KOpH, aHaJlI0-
riYHUX CydacHUM cyOoayKuiiHuMm. Tak, Hanpu-
knan, €.b. [TieBackkuii MpuItyckas, 110 TIJIario-
rpanitoinu [1prazoBcekoro ta CepeTHbONPUI-
HIiMPOBCHKOIO re00JI0KiB € apXeCbKUMM «aHa-
JIoTaMM» aHAE3UTIiB, XapaKTepHUX IJIs1 (haHepo-
30MChKUX CYONYKILIMHUX 0OCTAaHOBOK. Y OmHil
i3 myOJiKaliii BUCIOBJICHO TMPUIYILIEHHS PO
Te, 1O MiBHiYHO-3aXxigHa yactuHa YIII 3aHy-
proBasiacs B MiBACHHO-CXiTHOMY HaMpPsIMKY TTij
bysbko-ITpunHicTpoBcbKy mauty [55]. Mox-
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JIMBO, LIMM 3yMOBJIeHO HU3bKUI BMicT Nb, Ta i WA 10 HeomHopigHoro po3noainy Nb i Ta B

Ti B 1y>XXHO-yJIBTPAaOCHOBHUX ITOpoAax 3axiTHO- marmMatuyHux nopoaax. IIpore ronoBHuMm ak-

ro i byspko-/IHicTpoBCchKOTO paitoHiB YIII. TOpoM (pOpMyBaHHSI POIOBUIL] Ta PYAOIPOSIBIB
Otxe, B nokem6pii YL mornu icHyBaTH pi3- LUX €JIEMEHTIB CJIiJl BBAXKaTU X HaJIXOMAXKEHHS 3

HOMaHITHi reoAMHaMIYHi PeKUMMU, SIKi TTPU3BO- MarMamu ITMOMHHOTO 3apOIKEHHS.
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GEOCHEMISTRY OF NB AND TA IN MAGMATIC ROCKS OF THE UKRAINIAN SHIELD

It was made an attempt to generalize geochemical data of Nb and Ta concentration in the most common igneous rocks of the
Ukrainian Shield (USh). In the majority of widely distributed rocks of the USh (normal and subalkaline granitoids) the Nb
and Ta concentration are similar to upper crust but lower the accepted Clark value for acidic rocks. In the more differentiated
rapakivi granites concentrations of these elements reach or exceed the Clark’s concentrations (up to 35 ppm). Only highly
differentiated alkaline rocks and alkaline feldspar granites (Perga, Kamiani mogyly, Ruska Poliana massifs) have high Nb
concentrations (up to 800, 120 and 370 ppm, respectively). Medium rocks of the normal range are the least geochemically
studied and typically are characterized low Nb and Ta concentrations. Almost all gabbroids as well as their metamorphosed
analogues in the greenstone structures, are characterized by very low Nb (and Ta) concentration (two or more orders of
magnitude) compared with Clark’s values for basic rocks (20 ppm Nb and 0.48 ppm Ta) according to A.P. Vinogradov. Against
this background, increased of Nb and Ta concentration is observed in the main rocks of anorthosite-rapakivi-granite plutons.
Howover even in these rocks concentration of these elements rarely reach or does not achieve the values which are typical
for subalkaline and alkaline basalts of continental rifts. The regional heterogeneity in Nb and Ta distribution is observed in
alkaline rocks of different composition: in the Azov Sea region these rocks are characterized by high concentrations, while
in the western part of the USh the content of these elements is extremely low. The increased concentration of these elements
is also revealed in kimberlites from the Azov Sea region and the Kyrovohrad megablock of the USh. The authors give some
considerations and assumptions about the dependence on geochemical features of the Precambrian igneous rocks of the USh
from the geodynamic conditions of their formation.
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