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0606LeHbl  pe3yNbTaThl FEOXPOHOSIONMYECKUX WUCCNef0BaHU HEKOTOPLIX MOPOAO-
obpasyloLlwmx MUHepanoB, NoJjiydeHHble ¢ ucnonb3osaHuem U-Pb (Pb-Pb) 1 Sm-Nd
M30TOlMHbIX CUCTEM MUHepanoB. O6bekTaMn U30TOMHOIO UccenoBaHns Gbin NOpPo-
[oobpasyiolme MMHepasbl U3 THENCOB U METaUHTPY3MBHLIX nopof Benomopckoro un
CBekodeHHCKOro noasmxHeIX Nosicos eHHockaHAMHABCKOro wuta. ns aHanvsa Bbl-
6paHbl M30TOMHbIE [AaHHbIE TOJILKO MO MOPOA006pPa3YoLWLMM MUHEPAaM, NMOCKOJbKY
OHW YaLle No3BOAFIOT NMPAMO CBA3aTb NOJIy4EHHOE 3Ha4YeHMe Bo3pacTa C MUHEpPaso- U
nopofo06pasyoLLmmM npoLeccom. [lenaetcs BbIBOA, O BbICOKOM YyBCTBUTENIbHOCTU N30~
TOMHbIX CUCTEM aJIIOMOCUJIKATHBLIX MUHEPAJIOB K HAJINYMIO KCEHOMOP®HbLIX has n nsme-
HEHWIO N30TOMHO-FE0XMMMYECKMX MapaMeTPOB cpeabl M1HepanoobpasoBaHus. Mpuyn-
Ha gucnepcuu B pacnpeaeneHm n3oTtonos Pb MoxeT 6bITb ABOAKONM: N3-3a BKIIOYEHUI
KaKnX-TO MUHepasbHbiX ¢as, 6oratbix pagnoreHHsbIM CBUHLLOM, UK 13-3a HEOQHOPO4-
HOro pacnpenesieHns N30TonoB CBUHLA NMPU Nepekpuctanmsaumm MmmHepana. B nep-
BOM C/ly4yae BO3pacT no nonndasHbiM coctaBamMm OyAeT MMETb FreoIorM4eCcKnin CMbICH,
€CNIN KceHoreHHas ¢asa(bl) 1 MMHepan-xo3sunH Oblnn KOreHeTUYHbI, @ BO BTOPOM — OT-
paxaTtb N30TOMNHO-re0XMMUYECKME NapaMeTpbl cpeabl MMHepanoobpa3oBaHMs BO Bpe-
Msi NepeypaBHOBELUNBAHNSA M30TOMHOM CUCTEMbI, KOTOpasi 0ObIYHO CBsi3aHa C MOJIHOM
WJIN HEMOJIHOM NepekpucTanamdaunen 3epeH MmuHepana. lNpegnaraeTcsa NCnosib3oBaTb
M30TOIMHYI0 reTEPOreHHOCTb NOPOoA006Pa3yoLLMX MUHEPANOB B KAYECTBE MHAMKATOPa
HaNIOXEHHbIX COOLITUI N BbISIBNEHUS NATEHTHLIX MUHEPaNoobpasyoLmx cobbiTui. Ta-
KOW noaxon, no3sosini BbIIBUTb MO KMaHUTaM YYNMMHCKUX THENCOB B BenomMopckom nosce
rnoka HenseecTHoe cobbiTne 1,1-1,3 mnpa net Hasag, B npeaenax POCCUNCKOKN YacTun
CBeKOdEHHCKOro nosica no AatMpoBaHMIO rpaHata 13 rHencos U MUrMaTUTOB — MeTa-
Mopoduyeckoe cobbiTne okono 1,75 mnpa net Hasag.

Kniouyesble cnoBa: Pb-Pb; Sm-Nd; BbilLenayrBaHue; antoMoCUINKaThl; aTUPOBaHue
Ona yntnposaHuna: banteibaes L. K., lOpyeHko A. B., CaBaTteHkoB B. M., PussaHo-
Ba H. L I30TONHbIN OTKAMK HA NaTeHTHble reonormyeckrue npoueccobl B benomopckom
n CeBekodpeHHCKOM NoaBUXHbIX nosicax // Tpyabl Kapenbckoro Hay4yHoro ueHtpa PAH.
2026. N2 2. C. 101-105. doi: 10.17076/ge02173

duHaHcupoBaHue. NiccnenosaHme BbIMOHEHO 3a CYET CpeacTB rpaHTa Poccuiicko-

ro Hay4yHoro ¢oHga N2 25-27-00117.

101

Tpyabl Kapenbckoro Hay4Horo ueHTpa Poccuiickoii akagemum Hayk. 2026. N2 2



Sh. K. Baltybaev*, A. V. Yurchenko, V. M. Savatenkov, N. G. Rizvanova.
ISOTOPE RESPONSE TO LATENT GEOLOGICAL PROCESSES IN THE
BELOMORIAN AND SVECOFENNIAN MOBILE BELTS

Institute of Precambrian Geology and Geochronology, Russian Academy of Sciences
(2 Nab. Makarova, 199034 St. Petersburg, Russia), *shauket®mail.ru

This paper summarizes the results of geochronological studies of selected rock-forming
minerals obtained using U-Pb (Pb-Pb) and Sm-Nd isotope systems. The objects of the
isotope study were rock-forming minerals from gneisses and metaintrusive rocks of the
Belomorian and Svecofennian mobile belts of the Fennoscandian Shield. Only isotope
data for rock-forming minerals were selected for the analysis, as these rocks more often
allow linking the age estimate directly to the mineral- and rock-forming process. It is con-
cluded that the isotope systems of the aluminosilicate minerals are highly sensitive to the
presence of xenomorphic phases and changes in the isotope-geochemical parameters
of the mineral-forming environment. There are two possible causes of variance in the
Pb isotope distribution: the inclusion of certain mineral phases rich in radiogenic lead or
the non-uniform distribution of lead isotopes during recrystallization of the mineral. In the
first case, the age based on polyphase compositions will be geologically meaningful if the
xenogenic phase(s) and the host mineral were cogenetic. In the second case, it will reflect
the isotopic-geochemical parameters of the mineral-forming environment during isotopic
re-equilibration, which is usually associated with complete or incomplete recrystallization
of mineral grains. We suggest using the isotopic heterogeneity of rock-forming minerals
as an indicator of superimposed events and to identify latent mineral-forming events. This
approach has made it possible to identify a previously unknown event of 1.1-1.3 Ga BP
based on kyanites from Chupa gneisses in the Belomorian Belt, and a metamorphic event
of approximately 1.75 Ga BP based on dating of garnet from gneisses and migmatites
within the Russian part of the Svecofennian Belt.
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B reoXpoHOIOrMnM 3HOOrEeHHbIX reos1Iorn4ecknx NnOCTeneHHoO NpuBOOUT K TOMY, YTO BCe oonblue "

cobbITUIA  K/lOYeBYD poJib urpaeTt U235:238-Th2%2.
Pb206.207 130TONHAA cucTemMa MUHepasnoB (LMpPKO-
Ha, MOHaUMWTA, TUTAHUTA U T. [.), MOCKOJIbKY OLEHKU
BO3pacTa, NnoJly4eHHble Ha OCHOBE 3TUX N30TOMOB,
yalle BCero OTBEYaloT BPEMEHU KpucTanamsauum
MuHepasnoB. B psage cnyyaes, korga MUHEpPasbl HE
MCMNbITANN  3aMETHbIX MOCTKPUCTAIN3ALMOHHBIX
VM3MEHEHUI, NMpUeMsIEMbIE Pe3yNibTaTbl MOXHO MO-
JNly4nTb NPU OLIEHKE BO3pacTa ¢ nomolubio Sm-Nd,
Rb-Sr, K-Ar n pspa Opyrux U30TOMHbLIX CUCTEM.
Kputepuem geneHunst BO3pacTHbIX JAHHbBIX HA «XO-
poLve» N «Mnoxme» 0BbIYHO BbICTYNAET COOTBET-
CTBME MU30TOMHOrO BO3pacTta nopoabl ero OTHOCU-
TeNbHOMY BO3pPacTy, KOTOpbIA YyCTaHaBIMBAETCS
MO reosIOrM4ECKUM COOTHOLLEHUSM U APYIMM He-
3aBMCMMbIM Ja@HHbIM (N0 OOLMM NpencTaBieHun-
SIM O TEKTOHWYECKUX CODOLITUSIX B PErMOHE, MeX-
pervoHasnbHbIM Koppenauusam mn T. n.). Ho Takon
BO MHOIOM CnpaBenmBbIA Noaxod npu otbope
«XOPOLUMX»  FEOXPOHONOrMYECKNUX  Pe3ynbTaToB
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B6onbLue NyOnMKYIOTCS TOJIbKO NIErKO MHTEPNpeTu-
pyemMble OaHHble, 6e3 MPOKOro obcyXaeHus no-
JIYHEHHbIX 3HAYEHUI «TMJIOXMX» BO3PACTOB. A BMeCTe
C TEM HaKanIMBAKOLMIACS C rogaMu reoxpoHoso-
rMYecKnin MaTepman no onpeneneHHbIM PermoHam
NO3BOJISIET YBUAETb HEKOTOPYID MOBTOPSEMOCTb
«MOXNX» 3HAYEHUI BO3PACTOB, YTO MOBTOPHO 3a-
CTaBASIET NCKATb UCTUHHYIO MPUYNHY UX NOSBIEHNS,
BEPOATHO, HE CBA3AHHYIO C KAKUMN-TO UHCTPYMEH-
TaNbHbIMY (QHANIUTUYECKMMU UM METOOUNYECKVIMMN)
NOrpeLIHOCTAMN N30TOMHOIO JAaTUPOBAHUA.
Llenbio gaHHOro coobuieHna asngetTca 0600-
LWeHVe 1 06CyXaeHne HEKOTOPLIX «MIOXUX» reo-
XPOHOJIOMMYECKMNX OAHHbIX, MOJIyYEHHbIX ABTOP-
CKMM KOJIIEKTMBOM 32 NOCNeaHme rogpl Npu nayye-
HUN apxXenCKux U NpoTepO30MCKMX MOpOoa Kpymn-
HbIX CTPYKTYp dPeHHockaHamn — benomopckoro u
CBeKOdEHHCKOrO MOABMXHBIX MOSICOB, KOTOPbIE
Janee B TEKCTE XapakTepuayloTcs no reorpadu-
yeckon npuesaA3ke Kk benomopbio n CeBepHOMY
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Mpunapoxbto cOoTBETCTBEHHO. OCHOBHOM akLEHT
CTaBUTCH Ha FeOXPOHONOrM4eckme aaHHbIe, Nosy-
YeHHble ¢ ncnonb3oBaHmem U-Pb (Pb-Pb) n Sm-
Nd M30TOMHLIX CUCTEM MMUHEPANoB, MOCKOJIbKY
OCHOBHas 3aa4a — yBa3aTb OCOOEHHOCTU 3BOJIIO-
LN N30TOMHbIX CUCTEM, Bbl3BaHHbIE KPUCTaNIN-
3aumen unm nepekpuctTanansaumen MMHepasnos,
a He nepeypaBHOBELUMBAHMEM M3OTOMOB MNpuU
OCThiBaHUM Nopofa. B paboTte ncnonb3osancsa me-
TOQ4, CTyneH4yaToro Bbiwenadmsanums [Frei, Kamber,
1995] MmHepanoB anga aHannsa N30ToNMHOro cocrta-
Ba CBUHLA B cepun BbILLEenokoB (LS-Pb-Pb). Ons
aHanm3a BbIOpaHbl M30TOMHbIE OAHHbIE TOJIBKO
no NopoaoobpasylLWmMM MrUHEpPanam, NOCKOJbKY
OHMU YalLLle NO3BONSIOT NPAMO CBA3aTb NOJy4EHHOE
3Ha4YeHne Bo3pacTa C MMHepano- u nopogoobpa-
3ylowmm npoueccom. MHeiMn cnosamu, Nopoao-
obpasyolime MuHepanbl MO NEeTPOSIOrM4Yeckom
MHPOPMATUBHOCTU MNPEBOCXOAAT aKLEeCCOpPHbIE

MUHEpPasbl, XOTS MOTYT CUJIbHO YCTyMNaTb NOCNEA-
HUM MO BO3MOXHOCTWU aHaNUTUYECKOro namepe-
HUS COAEPXaHNs N30TOMOB N3-3a 0ObIYHO HU3KOMA
NX KOHUEHTpauum. MeToguyeckre BONpoCkl Npo-
BEOEHMS BbILLENAYMBAHNSA MUHEPAsIOB PacCMO-
TpeHbl B paboTe [JleBueHKoB 1 ap., 2009].

Ecnu obpaTtuThCa K N30TOMHLIM COCTaBaM He-
KOTOpPbIX FPaHaTOB U3 MeTaba3nToB 1 MeTanenm-
ToB Benomopbsa (puc. 1), To BpocaeTca B rnasa
HEeOQHOPOOHOCTL pacnpefeneHns nsotonos Pb
B 3epHax rpaHaTa, Kkotopas 0OHapy>XnBaeTcs npu
CENEKTUBHOM  CTYMNEHYaTOM  BbILLENAYNBAHUN.
MpuynHa Takon pgucnepcuu B pacnpegeneHnuv
n3otonos Pb MOXeT vMeTb OBOSIKYIO MPUpPOAy:
a) n3-3a NPUCYTCTBUS BKITIOYEHUIN KAKUX-TO MUHE-
panbHbix das, 6oraTbiXx PaANOreHHbIM CBUHLIOM;
0) n3-3a JOMEHHOro CTPOEHUS 3EPEH U, COOTBET-
CTBEHHO, HEOAHOPOAHOr0 pacnpeaeneHns n3oTo-
NOB CBUHLLA NMPW NepeKpucTanim3aumm MmHepana.
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Puc. 1. PacnpeneneHune nsotonos Pb B 3epHax rpaHata n3 metarabbpo 1 rHecos paroHa noc. Yyna benomopbs no
[aHHbIM CENEKTMBHOIO CTYMEHYATOro BhillenaynBaHms. B BepxHeM psay: a) pacnpefesnieHne CBMHLUA U ero n3oTornos
B pasHbIX aHaNM3upyeMbix Gpakumusax rpaHaTa: B BbilLenokax, 0603Ha4eHHbIX Ha ocu X 6ykBow L, B Bane 3epeH (W)
n octatke (R) nocne pactBopeHus 3epeH, 6) amarpamma 208/204pPp-206/204Ph ¢ NONSIMM UBOTOMHbLIX OTHOLLIEHUIA MO-
HauMTa N UMPKOHA, a Takke aHaIn3npyeMoro MMHepana, B) ABYX- UM MHOFOTOYEYHbIE M30XPOHbI B KOOpAVHATax
207/204p -206/204Ph B HMXHEM psay — aHaNornMyHble AMarpamMmmbl, HO A1 rpaHaTa U3 rMMHO3eMUCTOro rHeinca

Fig. 1. Distribution of Pb isotopes in garnet grains from metagabbro and gneisses in the Chupa settlement area of the
White Sea region according to selective step leaching data. In the upper row: a) distribution of lead and its isotopes
in different analyzed fractions of garnet: in leaches designated on the X-axis with the letter L, in the bulk of grains (W)
and the residue (R) after dissolution of grains, 6) diagram 208/204pp-206/204ph with fields of isotope ratios of mona-
zite and zircon, as well as the analyzed mineral, B) two- or multi-point isochrones in coordinates 207/204Pp-206/204ppy
In the lower row — similar diagrams, but for garnet from Al-rich gneiss
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B nepBomM cnyyae 1U30TOMHbLIA BO3paCT, NONy-
YeHHbIN Mo nonmdasHbiM cocTaBaMm, OyaeT UMETb
«re0JIONTMYECKUA  CMbICA», €CNU  KCeHOoreHHasd
daza(bl) U MMHEPAN-X03§IMH OblIN KOr€HETUYHBI.
Bo BTOpOM cnyyae M30TOMHbLIM BO3PacCT ckopee
OyneT xapakTepu3oBaTb BpeMs MNepekpucTamin-
3aunu 3epeH M oTpaxaTb U30TOMHO-reoxnumuye-
CkMe napameTpbl Cpeapl MuUHepanoobpa3oBaHus
B MOMEHT rMepeypaBHOBELLNBAHNA WN3OTOMHOMN
CUCTEMBI.

MN3ydeHune Pb-Pb-cuctembl B antomocunukarax
(aHpanysuTta v cunmMaHmTa n3 rierncor Cesep-
Horo lMpunagoXbsl, KNAHUTA U3 YYNUHCKNX THEWN-
coB benomopbs) Takxe BbIABASET HEOOHOPOOHOE
pacnpegeneHne U3oTOMNOB CBUHLA B 3epHax aTux
anomocunukaTtoB (puc. 2). K Takomy pacnpepe-
JIEHVIO M30TOMOB B CEJIEKTUBHO PACTBOPEHHbLIX
3epHax M3y4eHHbIX MUHEPAsIOB, BEPOSATHO, Takxe
npuMeHnMa nHTeprnpeTaumns OaHHbIX, NPUBEOAEH-
Has BblLLEe ON4 rpaHaTa.

Mpn Sm-Nd-mn3yyeHnn rpaHatoB CeBepHOro
Mpunanoxbs, NpensapuTeNibHO MOABEPIHYTHIX Bbl-
Lena4YnMBaHnIio B CEPHOIM KMCNOTe OAs yaaneHus
BO3MOXHbIX BKJIIOYEHN POCPATOB, ObINN MOMYHEHDI
M30XPOHHbIE BO3PACTbI, KOTOPbLIE COBMNA/IV C PE3YJb-
Tatamun LS-Pb-Pb-patnposanus atoro muHepana
(puc. 3). Ckopee Bcero, Takoe COBMageHne Bo3pa-
CTOB rpaHara, NoJly4eHHbIX ABYMSI HE3ABUCUMbIMU
MeToAaMU AaTUPOBAHUS, HE SIBMSIETCA CITyYaNHbIM.
MoxHO npepnonaratb, 4TO 60fee MONoOAOM BO3-
pacT rpaHata (no cpaBHeHuio ¢ U-Pb-Bo3pacTtom
MOHauMTa M3 9TnX NPob) oTpakaeT OAMH U3 aTa-
MOB NepPeKpUCTaIIN3aUMmn 3TOro MMHepana.

BbiBOAbI

PaccMoTpeHHble npumMepesbl NMPUMEHEHNSA
LS-Pb-Pb Sm-Nd mnsotonHoro aHannsa nopoao-
obpaszyolmx MMHepanoB (rpaHaTa, KnaHmta, Cui-
NIMMaAHUTA, aH,u,anysvlTa) NMOKa3blBalOT BbICOKYIO
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Puc. 2. PacnpepeneHne nsotonos Pb B 3epHax antoMOCUAINKATOB: KMaHUTa (BepXHUI psag), cuniMmManuTa (CpeaHuit
paa), anganysuta (HUXHWI pag). NokasaHsl gnarpaMmmbl C OCSIMKU, aHaNOrMYHbIMU MPUBEAEHHBIM Ha puc. 1

Fig. 2. Distribution of Pb isotopes in aluminosilicate grains: kyanite (top row), sillimanite (middle row), andalusite
(bottom row). The diagrams are shown with axes similar to those in Fig. 1
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YyBCTBUTESIbHOCTb U30OTOMHbLIX CUCTEM 3TUX MUHE-
panoB Kak K Ha/im4mio KCeHOMOpP®HbIX $as, Tak u
K N3BMEHEHMIO N30TOMHO-reOXMMNYECKUX napamMme-
TPOB Cpeabl MUHEPanoobpa3oBaHus.
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|
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Puc. 3. CpaBHeHMe pe3ynbTaToB AaTUPOBaHNA rpaHaTa
¢ U-Pb-pgatupoBaHuem MmoHauumta 13 nopog CeBepHoro
Mpunapoxes:

1 - o6pazey B02-79, rpaHatcopepxawmii MeTarpaHuT,
2 — o006p. B00-29, rpaHaTcogepxaliuii MeTarpaHoauopwuT,
3 - 06p. B00-31, rpaHaT-KOPANEPUT-CUNTTUMAHNTOBbLIN FHENC
Fig. 3. Comparison of garnet dating results with U-Pb
dating of monazite from the rocks of the Northern
Ladoga area:

1 - sample B02-79, garnet-bearing metagranite, 2 — sample
B00-29, garnet-bearing metagranodiorite, 3 — sample B00-31,
garnet-cordierite-sillimanite gneiss

M3oTonHas reteporeHHOCTb nopoaoobpasyto-
LLMX MUHEepPasioB, Bbi3BaHHAA Nepekpuctasindaumn-
en 3€epeH NMpun HamoXeHHbIX TEKTOHO-TePMaJlbHbIX U
dnonaHbIX NpoLeccax, MoOXeT ObITb MCNONb30BaHa
B Ka4eCTBe NMHOMKaTopa HaJIOXKEHHbIX COObITUIA.

CoenageHne Sm-Nd, Pb-Pb nsotonHoro sBospa-
cTa rpaHaTa 13 nopo rpaHyMToBOro Komriekca
CesepHoro lMpunanoxbs, BO3MOXHO, CBUAOETENb-
CTBYET O MoKa elle He OCBELLLEHHOM B iuTepartype
nocT- UM MNo3OHEeCBEeKO(pEeHHCKOM 3JTane meTa-
Mopdunama nopoga.
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