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BA-SR-P-TI-TR-ITIOJIEBOIIITATOBOE CBIPBE 3JIMCEHBAAPCKOI'O
IEJOYHOI'O KOMIIJIEKCA (KAPEJIUS): TEOXUMUSA 1 MUHEPAJIOT'USA
PEAKO3EMEJIBHBIX 2JIEMEHTOB

[IpuBOAATCSA NaHHBIC MO IKOHOMHUECKOW OlEHKE KOMILJIEKCHOrO Ba-Sr-P-Ti-TR-moseBomnaToBoro coipbs
OnucenBaapckoro nuddepeHIMPOBAaHHOTO IIEJIOYHOTO KOMILJIEKCAa B CEBepo-3amajHoM [Ipuiamoxbe
(Kapenus), conepkaHuio U paclpeiesicHII0 B opoaax peakodeMenbHbIx 3neMeHToB (REE) n ux mune-
panbHbIM acconuanusiM. OHU NpeACTaBICHb MOHALUTOM, OpTUTOM, TR-3muaorom, TR-anatutom u TuTa-
HHATOM, OACTHE3WTOM, Mapu3uTOM, JaHTaHUTOM, Ca-Sr-Ce-kapOoHaToM. B HE3HAUNTENFHOM KOJTUYECTBE

REE BcTpeuaroTcsi B HIUPKOHE M TPOUMUX CHITUKATaX.

KunroueBsie cioBa: penko3zemenbHble sneMeHTH 1 REE-MuHepansr (MoHanuT, opTHT, 6acTHE3UT), TR-comepkamue MUHEpaIBI

(amaTuT, TUTAHWUT), MIEJTOYHON KOMILIEKC, DnucenBaapa, Kapenus

3JIMCEHBAAPCKHH IEJOYHOI
JUO®EPEHIIMPOBAHHBIN KOMILIEKC
CEBEPO-3AIIATHOT'O MPUJIAJIOMKbSI

OnuceHBaapckuii menao4Hor  auddepeHunpo-
BaHHBIM KOMILJIEKC ceBepo-3amagHoro [Ipunanoxps
¢ Bo3pacTtoM ~1,775 mnpna net [2] BKIIOYAET UHT-
py3uBHbIe Tena KaiiBomsku, PaliBuMsaku u 6osee
MeJKHe WHTPY3uH (okoso 12), oOpa3zyromime mac-
CHIBBI CJIOKHOTO CTpOeHMS Ha tuiomann ~100 kw2,
UHTpy3un uMEIOT IITOKOOOPa3HYI0, OBaJIbHYIO
¢dopmy 1 nuPPepeHIMPOBAHHOE KONBLEBOE CTPO-
enne [3]. KoMmmiekc o0bequHsICT TUTabHCcCaabHEIC,
IUATPEMOBBIE U TaWKOBBIE Tela, CHOPMUPOBABIIH-
ecsl B pe3yibrare AByX (pa3 marmarusma — UHTPY-
3UBHOW ynbTpamMaduT-MaQuTOBOI W HKCILIO3HB-
HOH (unu guaTpemoBoi) cueHuToBou. Lllemounbie
nopoas! AuphepeHUupPOBaHbl OT YJIBTPAOCHOBHBIX
JI0O OCHOBHBIX M CpeHUX. B muaTpeMoBbIX (amusax
MIPUCYTCTBYIOT MHOTOYHCJICHHBIE OOIIOMKH TIy-
OWMHHBIX TIOpox Oojnee paHHHX ¢a3, KCCHOJHTHI,
METaKpUCTAJIIIBI U HOAYJIH KJIMHOIUPOKCEHa, (IIo-
ronuta-o0MoTuTa u anarura pazmepom 1-10 cm. Ilo-
POIBI HEOCHIIIEHBI KPEMHE3EMOM, HMEIOT BBICOKOE
conepxxanue K,O (Na,O/K, O = 0,34-0,84), P,O,
(0,43-0,5 %), SrO (0.45-2,3 %), BaO (0,23-2 %),
F (0,12-1,5 %) [3]. TunomophHBEIMEH MHHEpaTaMHU
STUX IMIENOYHBIX TOPOX SBISIOTCS KaJIHEBBIE IO-
JeBble mmnaTel ¢ Mukponeptutamu (ot 20—45 no
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80 %), comepkamue Sr, Ba, Na, KIWHOIIHPOKCEH,
aMm(uboy, OHMOTHT-(GIOTONHUT, TUTAHUT, AIlATHT,
REE-muHepansl. B cBs3u ¢ 3TUM caMM NOPOJBI
paccMaTpuBaIOTCA KaK MCTOYHHK TOJIEBOIINMATOBO-
ro ceipbs ¢ P, Ti, REE.

P. A. Xa30BwIM i1 MaccuBOB PatiBumsaku u Kaii-
BOMSIKM OBUTH PacCYMTAaHBI NMPOTHO3HBIE PECYPCHI
KOMIUIEKCHOTO OpYAEHEHHsS (IIOpOX C TOJIE3HBIMHU
KOMITOHCHTaMH), 2 B HEM alaTUTOBOTO, PEIKO3e-
MEJTBHO-TUTAHUTOBOIO M Sr-Ba-mosnesomimnaTtoBoro
ChIpbst (cM. Tabnuity). Conepxanue P O koneGnet-
csa u cocrasisier 0,43-10,5 % (cpennee 2,5-5 %),
SrO 0,45-2,2 %, BaO 0,23-2,0 %, F 0,12-1,5 %,
cpenusas cymma REE — 0,2-0,5 %, B xoHIeHTpa-
Tax U MOHO(paKIMIX amaTUTa ¥ THTAHUTA yCTa-
HOBJICHBI HauboJiee BbicOkue coxuepkanus Ce, La,
Nd, Y. [Iporaosusie pecypchbl KOMILUIEKCHOTO ChIPhS
(cM. Tabnuily) oneHUBaKOTCA B 6—7,5 MIPI T PyIbL:
P 0,200-250 mMaH T (IpW CpeIHEM COIAEPKAHMU
P,0,3,5 %), Tutanuta 240-300 MitH T (1pU cpenHEM
colepKaHUM TUTaHUTa B ropoje 4 %), Sr-Ba-mosne-
BOILIIATOBOTO ChIPbs 2 MIIPA T (B TEHCOEpruTax — 10
12 mupna 1). Pecypcsl REE onenuBatorcst B 15 miiH
T (mpu cpennem conepkanuu cymmsl REE 0,25 %).

3AJTAYU U METOJIMKA PABOTBI

REE B nocnegnue rogpl Halllld LWIMPOKOE MPU-
MEHEHHE B Pa3WYHBIX OTPACIAX MPOMBIIIJICHHO-



JI. B. Kynemesuu, A. B. [Imutpuesa, P. A. Xa3oB

[IporHo3HBIe pecypch U COAEpXKAaHUE NMOJE3HB X KOMINOHEHTOB B Nopoaax,

pyrlax m oborameHHB X KOHOEeHTpaTtax [3]

Chipbe Pecypch P,0,% REE % SrO % BaO % Fsp % TiO, %
P P, (mnpn 1) P, (MuH T) (MJTH T) (MJH T) (MJH T) (M1H T) (MJH T)
KommnekcHoe cpippe 3.5
(18m0rHTE) 6-7,5 (200.250) 0,25 (15) 1,0 (60) 1 (60) 30-35 (2000) 1,5 (90)
ATIaTUTOBBIH
KOHIICHTpAT 0,5-0,6 38-40 (200) 1(5) 1,5 (7,5)
Knm-koHneHTpar 2,0 1-3 (50) 2-6 (50) 99 (2000)
KonnenTpar 0,15-0,2
REE-turanura (m0 0,3) 15@2.2-3) 36 (50-70)

CTH ¥ HOBBIX TexHoJorusx. Hanmbonee kpymHbe ux
MECTOPOXKJICHHUS JIOKAIU3YIOTCS MPEHNMYIIEeCTBEH-
HO Ha APEBHHUX KPUCTAJUTMYECKHUX LIUTAX B IIEI0Y-
HBIX MaccHBaXx, IOATOMY H3yU€HHUE IIETOYHBIX 10-
POl U METACOMAaTUTOB UMEET BakHOE 3HaueHue [1].
B 3amaum HacTosIIel pabOTH BXOAHIIO YCTAHOBIIE-
HHE MUHEPAJIOB-KOHLIEHTPATOPOB U PACIPEICICHHE
pPENKO3eMEeIbHBIX 3JEMEHTOB B TOPOAAX M pPyAax
MaccuBoB PaitBumsiku u KaitBomsiku DnuceHBaap-
CKOT'0 KOMIIJIEKCa.

Wzyuenue pynnoii (REE-conepxkamieit anaturo-
BOH M THTAHUTOBOW) MUHEPAIIU3AINY U MIEIOYHBIX
MOpOJ INPOBOJAUIIOCH C HCIOJIB30BAHUEM METOOB
xummudeckoro u RFA. Conep:xanne REE B moponax,
KOHIIGHTpaTax M pyJax MPOBOAUIIOCH paHee B Jia-
6oparopun [THUI'PU (r. Mocksa). CoBpemeHHOE
nsyueHue REE ocymiecTBIsIIOCH C UCIIONb30BAHU-
eM [CP-MS-anann3a, napareHe3sucoB 1 MUHEPAJIOB
REE B annumdax Ha 3MeKTPOHHOM CKaHUPYIOIIEM
mukpockorie VEGA 11 LSH ¢ Mukpoanaiauzaropom
INCA Energy-350 B Muctutyte reonorun KapHII
PAH (r. Ilerpo3aBosck).

Pacnipenesienne peako3eMeJIbHBIX 3JIeMeH-
ToB. [l0 MaHHBIM COBPEMEHHBIX MNPELE3UOHHBIX
ICP-MS-uccnenoBanuil yCTaHOBJIEHO, YTO MOPOABI
n pynsl (REE-amatut-TuTaHWTOBBIE) TITYyOMHHOMN
U IUaTpeMOBOH (haluii UMEIOT MOIOOHBIE CIIEKTPBI
pacupenenenus REE u coxpepxar npenmyIecTBeH-
Ho 3nemeHThl La-Ce-rpynnsl (B cymme 0,15-1,1 %,

B cpenHeM ~3916 ppm, puc. 1a). MemaHOKpaToBEIe
MTOPOJIbI (HEBOWTHI, MEJIAHO- W ME30KPAaTOBBIE JIa-
JOTHTHI) TIyOMHHBIX (anuii ¥ KCEeHOMUTHI Oomee
oboramensl REE OTHOCHTENBHO JEHKOKPATOBBIX,
a Tak)ke AuaTpeMoBbIX Ganuil. B 6onee nelikokpa-
TOBBIX TMOPOAAaX C MUKPOKIMHOM M CHEHHUTaxX Ha-
omronaercs Eu muanmywm (puc. 10).

Cymmapaoe comepxanne REE B amarutoBBIX
KOHIIGHTpaTaX W3 METakKpuCTOB W HOAYJEH, IO
P. A. Xa3oBy, moxeTr mocturats 1,3 % (cpemnee
0,7 %), B TutanutoBbix — 0,8—1,07 %.

MusnepaJgbi-koHuenTpaTopsl REE. B mienou-
HBIX IIOPO/IaX MacCHBa (JT1aI0TOJINTAX) YCTAHOBJIEHBI
cooctBennbrie REE-munepans: — ¢pocdarsl, cunmka-
ThI, KapOoHaThl (puc. 2), a Takxke TR-conepkamue
amaTHUT, TATAHUT U SMUJOT.

Monayum 00bI9HO 00pa3yeT OTICNBHEIE, Ooee
KpYITHBIE 3epHa, UX CKOILICHUS, a B allaTUTE — MH-
KkpoBkJtodeHus (pasmepom ot 60—-200 Mxm a0 3-5
MKM). OH nemeHTupyetcst optutoM. Opmum (ania-
Hum) 0OBIYHO 00pa3yeT MENOYKH 3epeH (pa3zMepoM
oT 1 mo 80 MKM) U KaliMbl BOKpPYT HOAyJell ama-
TUTa U KPUCTAJIJIOB TUTAHUTA, BBIACISACTCS B HUX
B MUKpoTpemmuHKax (puc. 20). Pexxe BcTpewaroTcs
0ojiee KpyITHBIE XOPOIIO OTPaHEHHBIE KPUCTAJLIBI
W 30HANBHBIC aJIIAHUTHI-IR-5nudomst (puc. 2B).
KpynHblif anmatuT KCEHOMUTOB M HOLYJNEH OOBIYHO
ObIBaeT «HachlleH» U okalimieHn REE-munepana-
mu (10—15 % ot maccel rHe3x anaruta). Ha ctaguu
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Puc. 1. Pacnipenenenue peko3eMeNbHBIX 3JIEMEHTOB B ITOPOAax DIMCEHBAaPCKOro KOMILIeKca (HopMupoBanue mo xouapury Cl):
a — HeBOMTBI, MEJIAHOJIAIOTUTHI (B TOM YHCJIE C AIATUTOM M THTAHHUTOM);
0 — CHCHUTHI U JICUKOKPATOBBIC MUKPOKJIMH-OUOTUT-aM(PHOOIOBBIC JIaIOTUTHI
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Puc. 2. MuHepanpHbIe aCCOLMAINY IEIIOYHBIX TIOPOJ] DNHUCEHBaapcKoro komIutekca: a) Homynu anatura (CBETIIO-CepBbIi)
¢ BkItoueHnAMHu TR-MuHepanos; 6) Anatut (TeMHO-CepbIii), OpTUT (cephlid), MOHAHT (OelbIii); B) MoHanuT (OEmbIii) B anaTuTe,
TR-3nua0T (cepslii) ¢ kaiiMmoit 6actHe3uTa (sp. 3); T) Monauut (0enbiif), Sr-6apurt (sp. 2), anaTUT (TEeMHO-CEPBIii);
1) Sr-Ce-La-kapOonar (06emnbrii, 30HanbHEIN); €) Zr-La-Ce-tutanut (sp. 1); ) 3oHaneHbIi Ce-anatut (cepsiit) u Sr-Oapur (Oe-
neiit); 3) Lenectun (6enbie TOUukK) B anatute (cephiit); u) Llenectun (6enbie TOYKU) B amaTUTE

0oJjiee TO3HEr0 HU3KOTEMIIEPaTypPHOro Mpeodpa-
30BaHUSl TOPOJ, COIMPOBOXKIAIOLIErocs 06pa3o-
BaHHEM XJIOPUTA, KaJIbLUTA, WHOTNA CYIb(HUIOB,
o0pa3yloTcs peAKue MHUHEpadbl — JAHMAHUM,
bacmuesum u napuzum, a Takxe 0onee peakue Ca-
Sr-Ce-kapbonamul, OHH BCTPEUYAIOTCSI C XJIOPUTOM,
cyabduaamu, Sr-0apuToMm, IEICCTUHOM (pHC. 2T, 1).
bacrae3uT nnorna 3ameniaet opTuT U TR-3MuA0THL

Anamumpl BCceX BBLICISEMBIX TEHEPAIMH OT-
HOCATCS K (DTOPUCTHIM (HE3HAYUTEIBHO COJNIEPIKAT
Cl 0,2-0,4 %). ComepxaHue araTUTa COCTaBIISIET
5-15 % B mopoxax u 10 90 % B KpyIMHBIX KpHCTA-
JlaX, HOAYJIAPHBIX CTSKCHUAX WM THE3AAX — IIpU-
POIHBIX KOHIEHTpaTax (puc. 2a, 6). OH comepXuT
TOHKOJUCIICPCHBIC BKJIIOYCHHS MOHAIUTA, Ielie-
CTHHA-CTPOHIIMOOApPHUTA M CaM SIBJISIETCS KOHIICH-
tpatopoM REE. Kpucrannel anatura 30HaIbHOTO

cTpoeHHus: ¢ u3oMophHBIMU BKIOoueHUsIMH REE
HUMEIOT LIEHTpaJIbHbIE 00Jiee BHICOKOIIEPHEBBIE Spa
(Ce ~1,3-1,5 %) u Oonee CBETIO-CEPYIO0 OKPaCKy
(puc. 2x). Conepxanue St, ©30MOP(HO BXOZsIIE-
r0 B allaTUT, cocTaBjseT okono 1,2—1,6 %. Amatur
C MHMKpPO- M HaHOBKJIIOYEHHUSMU — BPOCTKaMU Sr-
MHHEpaJoB (puC. 23, M) COIEPKUT Topa3no Oonee
BBICOKYIO KOHIIeHTpaiuto Sr. CreayeT OTMETHUTb,
9TO Sr BXOAMT Takxe B Ba-comeprkamiue mojeBble
LINAThl, HE3HAYNUTEIBHO B MUHEPAJbl [PYIIIbI SIH-
JoTa 1 00pas3yeT coOCTBEHHBIE O0Jiee HU3KOTEMIIe-
paTypHble MUHEPAJIbI — YeAeCmuH, CMpoHyuodapum
(4—6 % Sr), yerecmobapum nu Ca-Sr-Ce-xapbonam
(anyunum).

B ynBTpaoCHOBHBIX M OCHOBHBIX Pa3HOCTSIX I10-
pox (HeBoMTaxX W JAJOTUTAX, UCTIONB3YIOTCS MECT-
Hble Ha3BaHud, 1o P. A. Xa30By) oObIYHBI CpacTa-
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HUS TUTAaHWUTA, WIBMCHHMTA U amarturta. lumanum
npeo0iialaeT B OCHOBHEIX PAa3HOBUIHOCTSX MOPOT
(B mamorutax ~4—5 %). OH BBIIEIAETCS CaMOCTO-
ATENbHO, B CPOCTKAX C alaTUTOM (B pyJdax W THe-
3/1ax), KIIBMEHUTOM M PEKe MarHETUTOM. THTaHUT,
KaK U amnaTuT, ObIBae€T OKaWMIIEH OPTUTOM. YCTa-
HOBJICHBI IIEpUEBBIC, a Takxke uHorma Th u Zr-co-
JIepIKaIe TUTAHUTHI (IIUPKOHOIUT, pHc. 2¢). B 60-
Jiee KPYIMHBIX KPUCTAJIaX THTaHUTA HAOIIOJAeTCs
30HAJIBHOCTD: B IEHTPAIBHBIX YaCTAX 3€pEH COIEP-
xanne REE yBemmuuBaetrcs mo 2,83 %. Lupxon
U pexe Oaoddenuum BCTPEUYAIOTCS B HEOONBIINX
Y aKI[ECCOPHBIX KOIMYECTBAX MOYTH BO BCEX THIAX
MOpOJ, HO Yalle B JIGHKOKPATOBBIX C MEPTUTOBBI-
Mu Ba-Sr-nonessiMu mmnatamu. L{UpKOH cogep:kut
npumecu Ca, Hf, pexxe TR (o 4,6 % Ce). bagnenn-
UT UHOTJA 00pa3yeT UTOThUaThIe KPUCTAJIIBI B Cpa-
CTaHUU C OPTUTOM.

BBIBO/bI

brnarogaps MHUKpPO30HAOBBIM HUCCIEAOBAHUSAM
YCTaHOBJIEH LIUPOKUW CIEKTP MHUHEPAJIOB, COAEP-
JKAIINX PEAKO3EMENbHbIE 3JIEMEHTHI, U HU30MOpQ-
HBIC 3aMelIeHUsl B anaTute U TuTaHure. CpenHee

COJIEpXKaHUE PEIKO3EMENBHBIX AJIEMEHTOB B JaJ0-
rutax coctaBiusgeT 0,39 %, 6olee BEICOKHME KOHLIEHT-
pauu (1-1,3 %) xapakTepHbI 1151 METAHOKPATOBBIX
MOpOA U TIYyOMHHBIX KCEHOJHMTOB, COIAEPKALIUX
anatut U TuTaHuT. REE-MHUHEpalbl TATOTEIOT Mpe-
UMYIIECTBEHHO K PYIHBIM CKOIUICHHSIM amaTuTa
Y TUTaHUTA, TO3TOMY KOHIIEHTPATHI 3TUX MUHEpPA-
JIOB BIIOJIHE ONpPAaBJAaHHO MOTYT PaccMaTpHUBaThCs
KaK OCHOBHOE CBIPbE Ha PEIKO3EMENbHBIE DIIEMEH-
THI (TabI. 1).

3AKJIIOYEHUE

C y4eToM KOMIIJIEKCHOTO XapaKTepa IMOJIE3HbIX
KOMITOHEHTOB U O0JIBIIOro 00beMa mopos IIMUCeH-
BaapcKHUi KoMIuiekc emie ¢ 90-X rogoB MpoOILIOro
CTOJIeTHsI OBLI BBIJICJICH 1J151 OCBOCHHSI KAK ITEPCIIeK-
TUBHBIM Ha Ba-Sr-monesommnartoBoe ceipse ¢ Ti, P
u TR [3]. bnaronaps pa3BUTHIO HOBBIX TEXHOJIOTHIA
rmepepaboTKH W BO3POCIIUM TOTPEOHOCTSIM B pe/l-
KO3EMEIIbHBIX JIEMEHTaX KPYIHbIE [IeTOYHBIE YIIb-
TpaocHOBHBIC MaccuBHl PaitBumMsiku u KaliBoMsiku
OnuceHBaapcKoro KOMILJIEKCa CTAHOBSTCSA elle 00-
Jiee MHBECTUIIMOHHO MTPUBJICKATEIBHBIMU IS KOM-
IJIEKCHOTO OCBOEHUSI.
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BA-SR-P-TI-TR-FELDSPAR RAW MATERIALS OF ELESENVAARA ALKALINE COMPLEX,
KARELIA: GEOCHEMISTRY AND MINERALOGY OF RARE-EARTH ELEMENTS

The data obtained by the economic evaluation of the complex Ba-Sr-P-Ti-TR-feldspar raw materials of Elisenvaara differentiated
alkaline complex, located in the northwestern area of Lake Ladoga, Karelia, the concentrations and distribution of REE in the
rocks and their mineral assemblages are reported. They are represented by monazite, orthite, TR-epidote, TR-apatite and titanite,
bastnaesite, parisite, lanthanite, and Ca-Sr-Ce-carbonate. REE occur in small quantities in zircon and other silicates.

Key words: rare-earth elements and REE-minerals (monazite, orthite, bastnaesite), TR-bearing minerals (apatite, titanite), alkaline

complex, Elisenvaara, Karelia
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