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POCDOPUTHI BATCKO-KAMCKOI'O MECTOPOXKIIEHUSA:

IMAJTEOT'EOT'PAOMYECKHE PEKOHCTPYKIINN

B. A. IIarpos, B. 1. Cupotus, I. B. Boiinexosckuii, A. B. ZKa6un

Boponexccrkuti 2ocyoapcmeertbil yHugepcumem

Lienibio TaHHON paboOTHI ABMIgETCA U3YYeHUE BelIeCTBEHHOIO ¥ MUKPOJIEMEHTHOTO cocTana hoc-
hOpPUTOB KejiBaKoBOTO TUlla BATcKo-KaMcKoro MecTopoxaeHus, MPOBeAEHUE PEKOHCTPYKILHN
baMaNbHBIX U KIMMATHYECKHX YCIOBUN UX obpasopadusd. Pocdarcobpaszosanue B npenenax Bsar-
cxo-KaMCKOM AHTEXIM3bI B TEUSHME BATAHXMHCKOrO BeKa MPOUCXOIUI0 B 00CTAHOBKE SIIUKOHTH-
HEHTATHbHOTO MEJIKOBOIHO-MOPCKOro 6accefiHa ¢ TOKaTbHEIMY YINMYOIeHUAME THA B YCJIOBHSX CEMY -

apuIHOro-CCeMUIyMHUIHOTO KilMMadTa.

Barcko-Kamckoe Mectopoxaenue Ghochopu-
ToB npuypoueHo K Komu-IlepMauxomy rorpebeH-
HOMY CBOAY KPUCTAJIMYECKOTO PyHAaMeHTa BsaT-
cx0-KaMCKO#l aHTEKIU3b M TEPPUTOPUANBHO
PaCTIONIOXKEHO B MEXKAYPeUbe BEPXOBLER peK BaTkn
1 Kamel ceBepo-BocTOuHee . Barku [5, 27]. @oc-
¢aTHbIE XKeJTBAKH 3aJIeTAI0T B CIUIOHTHOM, JOBOJIb-
HO OZHOOOPAa3HOM MO COCTABY BaJIaHXHHCKOM
¢$oCchHOpUTOHOCHOM ClToe MOIHOCThIO 0,5-1,9 M.
[oactunaercst cnoit CepbIMHU U3BECTKOBUCTHIMU
TJMHAMM ¢ TIDOCTIOSMHU MEpreficli BepXHEeTHTOHC-
KOTO BO3pacTa, NepeKpbiBaeTCsd YCPHBIMMA HUXKHE-
MENOBBIMU MNMHAMU (puc. 1). B ocHOBaHu# Npo-
JYKTUBHOM cepyy 3ajieraeT 6a3aibHbli, OyXeBHIH
WIM «ayUEeUTOBLIH» CHOH, IIPEACTABICHHBIN SIpaMu
Oyxy¥l, aMMOHMTOR, OEIEMHUTOB, MECTaMH CLEe-
MEHTHUPOBAHHBIX B IIUMTY MotiHecTso 0,1—0,9 M.
ITpOMBIILIEHHBIM «KENBAYHBIMY» CJ0W COCTOUT U3
11epoXoBaThiX PochaTHBIX KEJIBAKOB OBaJIbHOU
¢dopmsl pazmepom a0 0,25 M B TTOTIEPEYHUKE, 10T
PY?KEHHBIX B MEJIKO3EPHUCThIE KBAPII-IJIayKOHUTO-
BhI€ MECKH. B CBOIO Ouepelb OH TIOAPA3e/saeTCd Ha
2—3 NpOAYKTHBHLIX MPOCIIOs, MEXIY KOTOPBIMU
3aJIETAIOT NECKH ¥ aJIeBPUTHL. B COCTaBe XEBaKOB
MPUCYTCTBYET Macca GochaTU3MPOBAHHBIX OCTAT-
KOB (hopaMUuHUDEDP, PaOMONADUM, CITUKYI I'YOOK,
(bparMeHTOB JAPEBECUHBI, CYMMAapHO COCTaBJISIO-
umx 10 60—70 % obbwema ropoasl {12]. Comepxa-
nue PO, B xenBakax 16—31 % [5, 17, 27].

JJABOPATOPHAS BA3A

OrnpeneneHue MUKPOSTIEMEHTOB (B TOM YHCIIE
1 PeAKO3eMENbHbBIX IEMEHTOB) ITPOBOIMIIOCH Me-
TOLOM MAacC-CIIEKTPOMETPUM C UHIYKTUBHO CBSI-

© Hlartpos B. A., Cupotun B. U., Botiuexoscxnii I. B.,
Kabun A. B., 2006
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3anHO#t wasmoit (ICP-MS: Induktively Coupled
Plasma Mass Spectrometry) B oTaesie Hay4HO-TIpO-
U3BOACTBEHHAIX aHANMUTHYECKNX paboT IMI' PO Ha
nipudope Elan 6100 DRC (ELAN 6100 DRC, Soft-
ware Kit, May 2000, PerkinElver SCIEX instru-
ment). CyTb METOIA 3aKII0YaeTC B MOHHU3AIIUHU
pPacTBOPA WM a3p030J1a IIPOOBI B AprOHOBOM I11a3-
M€ C MOCSAYICIIMM pa3fe/icHeM UOHOR B Mace-
AHATU3aTOPE U JETEKTUPOBAHMEM CUT'HANA, CO3Ia-
BAEMOTO MOHAMH C OTIPEASIICHHBIM OTHOIICHMEM
Macca/3apsan (m/z). JlocTouHCTBaMHU METOIa SIBJIS -
10TCA BBICOYAMIIAS YYBCTBHUTEILHOCTh, BO3MOX-
HOCTb TIPOBENCHNSA MHOTO2/IEMEHTHOTO aHali3a,
BBICOKAS TIPOU3BOUATEIBHOCTD, GONBILION JTMHEH-
HBII AMAana3’oH U3MepIeMbixX KOHLIEHTpauuil (1o
9—10 TOPSOKOB BEIMYMHLI).

BckpriTue 06pa3uos Maccoi 40—60 Mr ocy-
LIECTBIUIOCH IYTeM CIUIABJIEHKS MX C 5-TH Kpat-
HbIM KOJIMYECTBOM MeTabopara JIMTUS B aTMocge-
pe aproHa ripy 1000 C° B CTeK/I0YT/IEpOIHBIX TUTJISX.
MeToauka onpeneneHuss o6eCcriedyuBaeT MMOJHOE
pas3ioxeHne GONMbUIMHCTBA MHHEPAIORB, COIepXKa-
HIMXCH B TOPHBIX TTIOPOJaX, BKIIOYAask IUPKOH, MO-
HaluT 1 ap. KanuGpoBKa YyBCTBUTEIBHOCTH NMPH-
0opa MPOBOAUTCS C MTOMOILbLIO CTAHIAPTHHIX pac-
TBODOB, BKJIIOYAIUUX BCE aHAJM3UPYEMbIE B
nipobax arueMeHTHI. I KOHTPOJIS KaYecTBa U3Me-
PeHMit M y4eTa apeticha YyBCTBUTETbHOCTH ITpHbopa
AHATIM3BI ITPOO YePEeIYIOTCS ¢ TAKOBBIMY MOHHUTODA,
B KAYeCTBE KOTOPOTO IIPUMEHAETCS CTaHJAPTHBIH
obpaselr 6asaiera BCR-2 (reosiorudeckast cuyxoa
CIHIA). TIpenenst obHapyxenus (I10) sanemeHTOB
COCTABISIOT OT 1—15 MI/T IJIsT TSDKEJIEIX M CPelHUX
TIO Macce 3J1eMEHTOB (YpaH, TOpHH, DEAKKE 3EMIIH
M Ip.) ¢ Bo3pacTanueM 1m0 20— 50 Mr/T ISt JIeTKuX
as1eMedToB (Oepuaiui ¥ Ap.). ToYHOCTh aHaIM3a
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Puc. ] PazMeuieHne OCHOBHEIX MeCTOpOXAcHU N HhocdOpUTOB XKeTBaKOBOI'C THIIa B eBpOIIeiicKoi yacT Poccrnu
(A), anTonoro-crpaturpadpuyecknit paspes hochopuTHoM cepun Barcko-Kamcekoro mectopoxaenus (b) [5]. Ye-
JIOBHBIE 0003HAYEHHUS: 1 — MECTOPOXIEHHUS FKCIUTyaTHpyeMble U IIOATOTAaBIMBAEMBIE K SKCIUTYaTallnH (), Npouue
(6); 2 — necoK KBapieBhIi, MeCTaMK CHEeMEHTUPOBAHHEIH; 3 — xeiBakyl (ocdopuTa B KBapLIEBO-IJIayKOHHUTCBOM
necke; 4 — TAWHA;, 5 — TBIGH Mepress. Iludpamu Ha Kapte ¢Bo3HadeHs! MecTopoxaeHus: 1 — Eropbesckoe,
2 — Cepepcxoe, 3 — Barcko-Kamcekoe, 4 — Yunucaiickoe 4 Apyrue MecTOPOXICHUS AKTIOBHHCKOro Gaccelita,
5 — [TonnuHckoe, 6 — Coxckoe, 7 — Iloabyxckoe, 8§ — Cnoboncko-KoTtopeiikoe, 9 — Hlurpopckoe u npyrie
mMecTopoxaecHus Kypckoit obmactu, 10 — KameinHcekoe, 11 — Mapycunckoe, 12 — KutemeMckoe, 13 — Jop-

KOBCKOE

coctapnsieT 3— 10 % Ans KoHLEeHTpali 37eMEeHTOB
Gonsie 20—50 I10.

Penpe3eHTaTUBHOCTD MONYYSHHBIX T€OXUMU-
YeCKUX aHaJIM30B METOLZOM MacC-CIIEKTPOMETPUM
¢ UHIAYKTUBHO cBsi3aHHOH riiaszmoi (ICP-MS)
TIOATBEPXI2ETCA CITU3KMMMU COMCPKAHMSMU PEIKVX
3eMeJib, ONYOTMKOBAHHBIMKA B MHOTOYMCIIEHHOMH
TUTEPATYpe, Kacarollencsa OLHOBO3PACTHEIX 00pa-
30BaHMU, U3YYEHHBIX B ITpedeax BOpPOHEXCKOHU
AHTEKJIM3LI M APYTUX PETHOHOB [9, 22, 23].

OrpeneneHnie BEIIECTBEHHOTO COCTABA TI0POX
MMPOBEAECHO € NOMOLUBIO PEHTTEHOCTPYKTYPHOTO
aHausa B aboparopuu BI'Y (ycranoska ZIPOH-2;
aHanuTHK — A. B. XKaodun).

PE3YJIBTATbI BEHIECTBEHHOTO
N TEOXUMUYECKOI'O UI3YUYEHNA

Wayiennsie docdaTHbIe XelBaky OTHOCITCA K
¢1ab0 NEeCYaHUCTOMY TUITY C COAEPXKAHUEM 000~
MOYHOr0 Matepuaia oT 15—50 % [27]. Pocdopur
Pa3HO3EPHUCTBIN: MEJIKO-CpeHe~KPYITHO3EPHHUC-
ThIH; CBETIO-KOPUYHEBOTO LBETA, ¢ OeCriopsanoy-
HOU TeXCTYpoi, claboTpeliiHOBAThINA,

BECTHHK BT'Y, CEPHA I'EQJIOTHA, 2006, Ne 1

®ocdhaTHOE BeHIECTBO (FUAPOKCUIATIATUT)
AJICBOTO LBETA (B NAPa/UICILHOM CBETe) CIaracT
1IEMEHT, cocTaBsteT npuMepHo 50 % nopope!. [pu
MUMKPOCKOTIMYUECKOM M3YYEHUM BBIAENSACTCH TPH
THIIa UEMEHTA: 0a3ayibHBIA, TOPOBBIN, KpycTH()U-
KallMOHHbINA. basanbHbI LIeMEHT ABJSETCS Ipe-
obnagaronmm (30 % oT Bcero lieMeHTa), HepaBHO-
MEPHO PacIIpelene MO Ioaay Huidga ¢ BRI~
YEHUSIMH €IIMTHUYHBIX O0TTUTOB KOHUEHTPHMYECKOTO
CTPOEHMS, U3OTPOITHBIH (B CKPELIEHHbBIX HUKOJISIX),
TIEPBUYHDIH, CTYCTKOBOTO TUIIA. [10pOBBIH LIEMEHT
(15 % ot BCcero 1eMeHTa), U30TPONHBIHN, IpaHU1Ib
ero ¢ 6a3aibHBIM LIEMEHTOM HeveTKue. Kpyctrdu-
KaIlMOHHBIN LieMeHT (5 % OT BCcero LieMeHTa), BTO-
PUYHLIM, BepOATHO, Oojee TIO3XHUN IO BpeMeHH!
00pa30BaHMsI, YEM TTOPOBBIN, KPUCTAUINYECKNH,
TIpEACTaBIAET COOOH KPUCTAJLUIBI allaTiTa, pacTy-
11e IePIeHINKYISIPHO TICBEDXHOCTH 3€PEH Iia-
YKOHHTA,

BTopad no/loBrUHA NOPOAKI CAOXKEHA TIAayKOHU -
TOM (45 %), HeBOIbIIMM KOouuecTBOM KBapua (5 %
OT OOJIOMOYHOM 4acTH), eAMHUYHBIMU 3€pHAMHU
T10JIEBBIX IITIATOB U XanuenoHa. Iraykonum tipen-
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CTaBJIeH U30JIMPOBAHHBIMHU 3€pHAMH OKPYTTIOHU U
OYKOBUIHOM (GOPMEI XKeITO-0yporo U 3e1eHOBa-
TOro 1BeTa. PasMep 3epeH KoJeOIeTCsI B DOMBIUMX
npenenax: 0,1—1,0 MM B monepeuHuxe. bombiras
JacThb 3€peH pa3duTa TpeIIMHAMMU pa3TUiHON OpU-
EHTUPOBKHY. MIMEET XxapakTepHbIe ONITHYESCKHE Xa-
PaKTEPUCTHKY: B CKPELLEHHBIX HUKOJIX HE 1ora-
CaeT, T.K. MMEeT arperaTHoe CTPOEHHUe, LBETA UH-
TepdepeHiIMy Beicokue. Keapuy NpeCTaBIeH U30-
METPUYHBIMHA 36pHAMU YTJIOBATOM U YITIOBATO-0Ka-
TaHHOU dopMbl OeCUBETHBIMU, YUCTHIMU, OHU
HEPABHOMEPHO pacIipeae/IeHbl O TUTOI AW ULTH -
¢a, pacroarasick U30JHMPOBAHHO APYT OT Apyra. B
LeJIOM 3¢pHa KBaplla MeHbIIE ITIAYKOHHUTA, AMEIOT
pasmep ot 0,08 1o 0,1 MM B nnoniepeynuxe. OHU He
TPEIUMHOBATHI, HE KOPPOAUPOBaHbI, HE Pa3npod-
JieHsl. B CKpeleHHBIX HUKOMSIX XapaKTEPU3YIOTCS
6enoi nHTepPEepeHUMOHHON OKPaCKOi, B OTAe-
JIbHBIX 3€pHax UMeIOT OJTIOKOBOE NoracaHue, HU3-
Ku¥ penbed. Ilosesble wmnamvi NpEACTaBIEHB, B
OCHOBHOM, IIJTAlMOKJIa3aMHM C XapaKTepHbIM 1101~
CUHTETHYECKIM ABOMHUKOBAHUEM. 3€pHa CO Cpel-
HuM pasmepom 0,12 MM 4MCTBIE, HE KOPPOAUPO-
BaHHEIE. Xaauedon BCTpEUaeTCs B BrAE PEAKHX 3¢-
peH pa3sMepoM, pasMepom , 15 MM B moTIEpeyHMKe,
YHUCTbIH, OECLBETHBIN, C BOJIHACTBIM NTOTACAHUEM.
3epHa xaiuenoHa ob6pacTaloT KPYCTUDUKAUMOH-
HBIM LIEMEHTOM, IIPeACTaBIeHHBIM KBapLieM BTOPOH
reHepaluH.

[1o Bcett mopoe HEpaBHOMEDPHO paclipeleeHbl

TOYKH U ITATHA HETIPaBWILHOM (OPMBI OpraHuyec-
KOTO BEILIECTBA YEPHOTO 1IBETA, IIPUYPOUEHHBIE K
LUEMEHTUPYIOLIEMY BElLECTBY. FIHOTAa opraHuyec-
KO€ BELLIECTBO CaracT Bech LIEeMeHT. '

PeHnTrenocTpykTypHBIZ aHanu3 GochHopUTOB
TIOKA3bIBAET: BENIECTBEHHBIN CocTaB hocdaTHOro
BEILIECTBAa — TMAPOKCIIATIATUT, COASPXKAHME KBap~
ua He 6osee 10—15 %, B HEOOMBLIMX KOTMYECTBAX
(nepBele %) MPUCYTCTBYIOT ITOJIBITOPCKHUT, TUIIC,”
CHIOABI. )

ConepxaHus O0JbITMHCTBA MUKPOIIEMEHTOB
B ¢ochoputax OJU3KM K KIapKy (Tadm. 1), pu
MOBBILICHHBIX COepXanusax Sr. Pacripeneienue
PEenKUX 3eMeNb (pUcC. 2.) XapaKTepU3yeTC IOIOTIM
CIIEKTPOM, HE3HAYUTENbHBIM TE(DULIATOM TSIKEbIX
JIAHTAaHOMIOB, ¢J1a00 BRIPAXEHHOW TIOIOXUTENb-
HOM eBponueBou anoManuei. i docdopuros
XapaKTepHbI BuIcoKHe 3HaueHus Z(REE+Y), cpea-
Hee 793,0 r/T; cpennee Eu/Eu” — 0,74 (Taba. 2), 4To
HECKOMbKO BHIIE CPEIHET0 3HAYEHMS ATIA 0Caf04-
HbBIX TToponaax ¢paneposod (Eu/Eu* = 0,61-0,72)
[2]. Bapuauun 3navenuit La/Yb, La/Sm, Ce/Sm,
Yb/Sm, Y/Sm B LiesioM He3HayMTeIbHbIE, IPU He-
CKOJIbKO 60ee Bhicokux Y/Sm. Cpemtee Ce/Ce” —
1,36; Eu/Sm — 0,24, XCe/XY uaMmeHsgeTCH B TIpe-
nenax 2,57—4,02, cpennee 3,1.

OBCYXKIEHWE PE3YJ/IBTATOB

Bricokume 3HaYEeHKA CYMMBI peIKUX 3eMeNh (0T
400 go 600 r/1) [6] xapakTepunl mis docdhopuToB

Tabmuua 1
Codepucanue muxposnemenmos (2/m) 6 ghocpopumax Bamcko-Kamckozo mecmoposcoerus
No ipoOri 1/1 2/1 2/2 3/1 4/1 5/1 5/2
Be 5,95 3,67 1,32 3,3 6,65 2,39 2,68
Ti 1093,7 1685,1 527,7 1144,5 1219,6 777,0 1056,0
\ 71,5 58,0 27,7 52,6 97,8 60,1 478
. Cr 81,8 53,9 17,4 43,1 93,0 40,0 38,8
[ Mn 576,1 531,5 5178 831,6 621,6 921,9 524,6
Co 37,0 29,2 9,08 24,5 46,1 61,1 20,8
Ni 32,7 18,8 8,0 21,9 32,2 34,0 14,3
Cu 304 1610 24,4 34,0 62,5 61,2 47,6
Zn 83,5 122,2 45,8 84,3 118,2 128,1 63,5
Ga 13,9 7,4 2,1 7,1 17,0 4,8 52
Rb 2142 1487 36,2 99,2 253,3 100,3 103,9
Sr 1404,1 1461,5 1627,1 1828,2 1265,2 -1765,1 1658,4
Zr 58,4 74,3 17,6 53,3 66,3 40,8 49,4
[ Nb 9,9 16,3 5,3 14,4 17,1 6,4 11,8
Mo 3,33 4,33 3,5 5,1 3,8 6,5 43
Cs 1,7 1,6 0,4 1,04 1,98 1,1 1,1
Ba 770,1 2344 91,4 243.6 21,4 170,8 175,0
Hf 1,23 1,36 0,37 1.1 1.8 0,7 1,1
Ta 0,62 0,46 0,3 0,45 0,52 0,2 0,37
Th 18,4 20,8 5.0 18.5 31,5 10,75 14,3
U 30,2 17,1 10,6 33,5 17,1 41,4 18,3
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Tabnuua 2
Codepucarnue REE (2/m) u eeoxumumeckue Kodgpduuuenmeo:
é gocopumax Bamcko- Kamciozo mecmoponcoenus
Ne 11pobbi 1/1 2/1 2/2 3/1 4/1 5/1 5/2 |
La 195,9 92,6 16,3 188,0 252.,6 84,2 62,4 |
Ce 477,6 198,4 38,9 413,3 649.6 158.9 1289 1
Pr 49.0 19,8 3,67 41,2 64,5 15,4 | 13,0
Nd 1890 76,5 14,3 166,0 2525 59.8 513
Sm 38,4 14,7 2,85 31,7 51,9 11,2 10,1
Eu 9,13 3,6 0,67 8,0 12,5 2,8 2,4
Gd 37,2 14,3 26 33,6 48.2 11,5 9,7
Tb 4,9 1,96 0,36 4,5 6,5 1,6 1,3
Dy 26,2 10,96 1,99 24,8 35,1 | 9,2 7,5
Ho 4,9 2,2 0,38 4,9 6,6 | 1,9 1,48
Er 12,0 5,8 0,95 12.3 16,2 ! 5,1 3,86
Tm 1,64 0,79 0,14 1,7 2,16 0,73 0,53
Yb 9,0 4,7 | 0,82 9,5 12,1 4,43 3,11
Lu 1,3 0,69 | 0,12 1,36 1,66 0,69 0,45
\ Y | 197,7 98,6 | 18,1 210,5 258,4 94,3 69,0
| X(REE+Y) | 12538 5456 | 1027 11514 1670,6 461,7 365,0
I ] . Cpeanee Z(REE+Y) — 793,0 ]
i La/Yb 21,8 1 19,7 ] 205 ] 19,8 [ 2009 | 19,0 [ 201
[ Cpeanee La/Yb —20,3
™ Eu/Eu 073 [ 075 | 074 | 075 0,75 075 | 073
\ Cpensee Eu/Eu’ — 0,74
Ce/Ce’ 1,27 ] 1,2 [ 1,29 [ 119 | 1,32 [ 2,09 | 1,16
Cpennee Ce/Ce’ —1,36 ]
2Ce/zY 325 | 29 | 402 | 2,8 332 | 257 [ 277 |
Cpepnee ZCe/XY —3,1
Ta/Sm 5] [ 6.3 589 1 593 [ 487 1 752 | 6.8
Cpennee La/Sm —5,97
Ce/Sm 12,44 | 13,5 1 1365 | 13,04 1252 | 142 [ 12,8
. Cpennee Ce/Sm —13,2
Yb/Sm 0,23 ' 032 | 029 | 030 | 023 ] 04 | 0,31
Cpennee Yb/Sm —0,3
Y/Sm 5,18 \ 671 T 635 | 6,64 [ 4,98 | 8,42 I 6,8
Cpennee Y/Sm — 6,44 1
[ Eu/Sm 024 | 024 | 024 | 025 | 024 | 0.2 [ 0,4
| Cpentee Eu/Sm —0,24
100
. —k
10 —a— 2/
—0—2/2
—a— 3//1
—e—4/1
1 —e—5//1
—o—5/12

0,1

la Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y

Puc. 2. Pacnipesefienuie peakux 3eMenb B hocdoputax BaIaXXMHCKOTO sipyca BaTcKo-KaMckoro MecTopoxaeHUS
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MEPUKOHTHHETANbHBIX MOPCKHX OacCeHOB, PaHee
OTHOCHUMBIX K TEOCMHKINHATBHbIM. BhICOKME Cpen-
nue Z(REE+Y) nna ¢ocdopuros Barcko-Kam-
CKOTO MECTODOXIECHUS CBSI34HbBI, B IIEPBYIO OYe-
pellb, C BRICOKHUM COHEePXKaBVeM OPTaHUKHU, BEICTY-
napueil copbeHTOM peaKMX 3eMeNTb U3 MOPCKOMH
Bonbt. [loaTBepKIEHEM COPOLIMOHHOTO XapaKTe-~
pa pacrpefe/ieHus PeIKUX 3eMelb B GochopUTax
ABNISieTCA OTCYTCTBUE aKLECCOPHBIX MHHEPAIOB,
XapaKTePU3YIOILUXCS BBICOKUMHU KOHIICHTPALIASIMH
DENKUX 3eMENDL, TIPUBOIASILINX K YBETUYSHUIO CPEI -
HUX COAEPKaHMI JJAHTAHOMIOB B ITOPOAAX, «yTs-
JKEJIEHWIO» CTIEKTPOB pacnpeneieHus [14, 20].

Hns aiByx ipob npoBeaeHO HCCIeIOBAHUE Pa3-
JVYMHA MUKDPO3LAEMEHTHOIO COCTaBa BHEUIHUX U
BHYTPEHHUX YacTel KoHKpenwmtii. OQop 2/1, 5/1 —
BHYTPEHHHUE 4YacTu; 2/2, 5/2 — sBdHeuinwne. lns
BHYTPEHHUX YacTel xapakrepHrl $oJjiee BBICOKUE
3HadeHus L(REE+Y) (1abn. 2), yTo 0GYCI0BAECHO
yMeHbLUEHHEM COPOLIMOHHON CITOCOOHOCTH Opra-
HUKM Ha BHELIIHUX YACTSIX KOHKpeumit. Bee ocTans-
Hble TeOXUMHUYECKHE KOMDPHLUMEHTH ONU3KHU,
TaKke OJM3KHME CIIEKTPhI UMEIOT U rpaduKU pac-
nipeaeneHud (pyc. 2), 94To ITOATBEPXIALT COpOLU-
OHHOE M3BJEUYEHUE PENKHUX 3EMENE M3 MOPCKOU
BOJbI, TIPUBOAAILEE TONBKO K UAMEHEHUIO COLED-
JXAHUS JAaHTAHOUIOB B KOHKPELIMY, 2 HE K U3MeHe-
HWIO UX OTHOLIEHUS.

Ha muarpamme LREE—MREE~(HREEx10)
1151 GocOPUTOB MECTOPOXIEHNs (pUC. 3) HabJIO-
laeTcs TIOTHBINW POl TOYEK, MOATBEPXIAIOLIUA
fimskue QalnaibHble YCIOBHUS UX 00pa30oBaHud.
bmuzoctes K Bepwune (HREEx10) npennonaraer
MEJIKOBOIHO-MODPCKME OTHOCUTEIBHO TIIyOOKOBOI~
Hble hallnanbHbie YCIOBUS UX CEIMMEHTALIMH [24,
25]. lanHO€ NIPEATIONOXEHNE XOPOILIO COINIACyeT-
cs M co cpenHuMHU 3HayeHusiMH La/Sm, Ce/Sm,
Yb/Sm, Y/Sm, 6im3kuMu K 1IeabPOBBIM BOZAM:
La/Sm (5,2), Ce/Sm (13,0), Yb/Sm (0,4), Y/Sm
(7,7) [1].

Cpennue 3Hauenua Ce/Ce* nna dochoputon
(1,36) COOTBETCTBYIOT OKPAMHHOKOHTUHEHTAb-
HbIM ob6ctaHoBKaM (0,9—1,3) ceaqumenTanuu [6,
13]. Cpenuuie Eu/Sm (0,24) xapaktepusyroT C1abyio
NPOHUIIAEMOCTH KOPBI HA MOMEHT CYILIECTBOBAHUA
najeobacceliHa BaJaHXUHCKOro Bexa. CpexHue
2Ce/ZY=3,1 COOTBETCTBYIOT IPaHUYHON BEJIHYMHE
MEXIY OTIOKEHUAMM TYMHUIHBIX ¥ apUIHBIX 00-
CTaHOBOK, paBHoii 3 [ 13}, uTo onipeaeseT nepexon-
HBIE CEMUTYMUIHbIE -CEMUAPUIHBIE KIIMMATHIECKHE
YCHIOBHSl OCAAKO00pA30BaHUS B BATAHXMHCKOM
BEKE.

Ha anarpamme Mn-Ba (puc. 4) [27] docdhopu-
THI MECTOPOXICHMS TTOMNATAIOT B ICJIST 5-6-8, OTBe-
Ya¥OUME YCIIOBHSIM CEAMMEHTALIMM TIeCYaHO-aIeB-
pUTOBBIX (Nojie 5), IIMHUCTBIX nopod (rmose 6),
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VAVAVAVAVAVAVAVAVAVAN

100% LREE

50

100% (HREE+Y)x10

Puc. 3. PacrioioxeHue GUIYPaTHBHLIX ToYeK GochOpHTOB MecTopoxaeHus Ha nuarpamMme LREE—-MREE—

(HREEx10)
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Puc. 4. Pactionoxenue GurypaTupHeIx ToueK dpocdopu-
TOB MECTOPOXAEHUS Ha frarpamme Mn—Ba [28]

TeppUreHHbIX ITYOOKOBOIHBIX OTIOXEHMIH (T1071¢ 8),
B LIEJIOM TIPEATIONAraeT MEJIKOBOIHbIE IIETb(hOBbIE
YCIOBHUS CEOIMMEHTALIN C JIOKATIbHBIMHA yriyone-
HUSIMH JHA.

s yToYHeHus THNA JIUTOIeHE3a M3YUEHHBIX
(GocOpUTOB PACCMOTPEHBI TPEYTONBHLIE JAATPAM-
Mbl B KoopauHartax La-(Nd+Sm)—(Y+Dy) u La-
(Ce+Nd+Sm)—(Y+Dy) 10, 11, 16] (puc. 5), pas-
paboTaHHbIEe aBTOPAMU [JIs OIPEHEIEHMS KIMa-
THYECKUX YCIOBMH 0Opa3oBaHus IITayKOHUTOB.
Tonoxenue GUIypaTHBHBIX TOYEK (ochOpUTOB HA
JyarpamMmax ornpeaeyseT CeMHUApHUIHbIE~CEMUTY-
MUIHBIE YCIIOBHS 0Gpa3oBaHuisg MeIoBBIX Pocdo-
PUTOB, YUTO COTIACYeTCs 1 C NaHHBIMU PEHTICHOC-
TPYKTYPHOTI'O aHAIM3a (IpUMeCh IOJIBIFOPCKUTA U
rurica). IloaTBepxaenyvieM MHAWKATUBHOCTH JTHa-
rpaMM mJis GocHOpUTOB ABISIOTCS TUIOTHBIE POU
TOYEK, IIPH 3TOM (DUTYPATUBHBIE TOYKY IIPAKTUYEC-
KU He BBIXOIAT 3a TPaHULIBI TI0JIeH, OTPAaHHUYMNBAIO-
WYX o0NacTH ONpeAeIeHHbBIX KIWMATOB.

MHpnxaluroHHbIe BO3MOXHOCTU (HOCHOPUTOR
o6ycIToBIeHB! HacienoBatreM GocdaTHOTo Belec-
TBa XUMHUYECKOTO COCTaBa MPUIOHHBIX BOL, NPU
9TOM, ITO MEPE Pa3BUTHS KOHKPELIMNA, TTPOUCXOIAT
M3MEHEHHE COfepXaHus PEAKMX 3eMENb, HO CTIeK-
TPBI PACITPELEICHHS U TEOXUMUIECKUE OTHOLLEHU A
NpakTH4yecku He Menstored [1, 3,4, 5, 8,9, 23, 26,
27]. 3HayuTenbHbIE pazMephl SAEP ITO3BOJIIOT
KOHKpeUHrsaM pochOPHTOB AIUTENBHO CYIIECTBO-
BaTh B VCAOBUSIX U3MEHYMBOH Cpebl, HECTH WH-
popmalinio 00 YCIOBHAX UX 006pa30OBaHUs, yCpel-
HEHHYIO 3a 00JbHION ITPOMEXYTOK BPEMEHU.
BriocnenctBun, MOTYMHSASACH 3aKOHY I'paBUTAIIMU
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Puc. 5. Pacnonoxenue GUIrypatuBHbIX ToUeK Gochopu-
TOB MecTOpOXJeHUs Ha auarpammax La—(Nd-+Sm)—
(Y+Dy), La—(Ce+Nd+Sm)—(Y+Dy) [10, 11, 16]

U BO3JIEVICTBHUIO HOBBIX TIOPUMH TOCTYTIAKLIETO Ha
JTHG O0CalOYyHOTO MaTepHana, KOHKPELUMH OIlycKa-
IOTCS HAXE TEOXUMHUYECKHA aKTUBHOTO CJIOs, JaTb-
Helmas cynbOa onpenensieTcs YCIOBHIMHU 3aX0p0-
Henus. DocdaTHbIe MUHEPAIBI, KaK OoJlee yeTOM-
YUBble 0OpAa30BaHUS B 30HE Tuiiepredesa [19],
MeHee ITOJBePXKEHEBI BTOPHYHBIM M3MEHEHHUIM, B
T0 Xe BpeM4 dochaTHOe BEIECTBO, ARIAIONIEECS
TIpeKPacHBIM COPOEHTOM, CITOCOOHO KOHLEHTPH-
pPOBaTh PSII MUKDPOIASMEHTOB, OTPaXXKaTh U3MEHEe-~
HUE QPUINKO-XUMUUYECKUX YCIIOBUM CPEIbI OCATKO-
obpasopanusi [1, 3, 11].

Ha ocHoBaHnum xapakrtepa paclipeeieHus
MUKPOAIEMEHTOB pallHaNbHBIE VCIIOBUS 00pa3o-
BaHUA GocHOPUTOB BATAHXHMHCKOIO BeKa OIlpe-
IEJISIOTCA KaK MEJIKOBOIHO-MOPCKHME, BO3MOXHO
TIPUYPOYEHHBIE K TOKATPHBIM YTYOICHUAM OHA B
00CTaHOBKE 3MMKOHTUHEHTAABHOTO MOPCKOTO
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B. A Hlampos, B. H. Cupomun, I. B. Boiiuexosckui, A. B. Xabun

paccerina. KinuMaruyeckue ycioBUS OTIPELeNOT-
Csl KAK CEeMUAPUIHBIC-CEMHTYMUIHBIC.

[pepnonoxenne o0 TAKWX YCIIOBUSIX 00pa30Ba-
Husg GocGOPUTOR COrJAcyeTcsd ¢ PSAHLOM paHee
[IPOBENIEHHBIX NccaegoBanui [7, 15, 18, 29, 30, 31],
NIPEANONAraOIIUX apUAR3aLIAI0 KIMMAaTa B MENOo~
BOI1 TIepHoaI Ha TeppuUTOopruu BocTouno-Espomneii-
CKOM ITATHOPMBI. ABTOPAMH HOIYEPKUBACTCS, YTO
Haubosee MPOTUBOPEYUBhIC TTATCOKIIMMATUIECKHE
PEKOHCTPYKLMM Ha I'PpaHULE PAHHETO-IO3IHETO
Mesia M OCODEHHO MUIS TO3AHEr0 MEJTa, OCIOXHSIO-
Livecs GakTopoM pa3BUTHS DBCTATUYECKOMN TpaHC-
rpeccuu rrodasbHoro Maciutada. floaTeepxaeHu-
eM M3MEHEHMS KIIUMaTa B MEJTy BJIAeTCs CoBnane-
Hue snox dbocdaroodpaszoBaHus CO CMEHON Cyb-
TPOITUYMECKOTO KJIMMATA Ha apUIHLIA, ITYCTBIHHbIA
[21].
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