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MpenctaeneHbl pe3ynbratel 3D YMCNEHHOrO TEPMOMEXAHMYECKOrO MOAENMPOBAHUS
npoeccoB GopMUPOBaHUSA OKEMOPUNCKOro rpaHUTOMAHOro NMocoNbHEHCKOro Maccu-
Ba, pacnofioXeHHOro B npeaenax AHrapo-KaHckoro 6noka KOxHo-EHMcenckoro kpsixa.
leonornyeckne n reoxpoHonorundyeckue pavHble (U-Pb un “°Ar/*Ar) cBunpetenbcTByloT
0 NOAMXPOHHOW NpUpoAe MaccuBa, BKAKYaoLwWwen kak apesHue (~1,8 mnpa nert) rpa-
HUTOMAbI, Tak U 6onee monoaeble (~500 MSH NeT) CyOLIENOYHbIE FPAHUTBLI U CUEHUTHI.
Ha ocHOBe aHanm3a CTpyKTYPHO-re0normieckmx N reoXMMnM4ecknx 0Co6eHHOCTEN Bbiae-
JIeHbl ABa OCHOBHbIX 3Tana passuTusa maccuea. NepBbili 3Tan ces3aH ¢ GOpPMMPOBAHUEM
ABTOXTOHHbIX FPAHUTONAOB 3a CYET AMCCUNMATUBHOIO HarpeBa B YCIOBUSIX MHTEHCUBHbIX
cAaBuroebix gedpopmaumin B NoconbHeEHCKO-Ky3eeBCKOM TEKTOHMYECKOM 30HEe. Mogenu-
pOBaHMe NoKasaso, YTO NPy CKOPOCTU CABUra HE MEHEE 2 CM/IOf, 1 Ha rNybunHax CBbille
35 kM anccunaums aHeprumn gedopmaumm Moria NPMBECTU K TOKaSIbHOMY MAaBAeHNIo
KOPOBOro BelecTBa, obecrneynBas obpasoBaHNe rpaHUTHbLIX pacnnasoB. BTopoii atan
XapakTepusyeTcs BHEAPEHNEM BbICOKOTEMMEPATYPHBLIX MarmM CybLLLENOYHOrO COCTaRa,
DNs reHepauumn Kotopbix Tpebosanuck Temnepatypsl Beile 800 °C, HeLOCTUXUMbIE NpU
anccunatneHom Harpese. OCHOBHbIM MCTOYHUKOM Tenaa, BEPOATHO, MOCAYXUIN MaH-
TUNHBbIE Marmbl, BHeAPEHHbIE Npu aHgepnnenTuHre. Takum obpasom, popmmpoBaHme
MoconbHEHCKOro MaccrBa 06bACHAETCS KOMOMHALLMEN KOPOBbIX NPOLECCoB, 06yCnoB-
NEHHbIX BA3KMMU AedopMaumsamMu, 1 MaHTUIAHOrO TEMJIOBOro BO3AENCTBUSA, YTO NOA-
YepKMBaEeT MHOMOMPUYNHHBIA XapakTep rpaHNTOMAHOrO MarMaTtMamMa B KOJIM3MOHHbIX
nosicax.
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This paper presents the results of 3D numerical thermomechanical modeling of for-
mation processes of the Precambrian Posolnenskiy granitoid massif located within the
Angara-Kansk block of the South Yenisey Ridge. Geological and geochronological data
(U-Pb and #°Ar/*°Ar) indicate the polychronous nature of the massif, including both
ancient (~1.8 Ga) granitoids and younger (~500 Ma) subalkaline granites and syenites.
Based on an analysis of structural-geological and geochemical features, two main
stages have been identified in the massif’s evolution. The first stage is associated with
the formation of autochthonous granitoids due to dissipative heating under shear de-
formation conditions in the Posolnenskiy-Kuzeevskiy tectonic zone. Modeling showed
that at shear rates of at least 2 cm/yr and at depths greater than 35 km, the energy dis-
sipation could have led to localized melting of crustal material, facilitating the formation
of granitic melts. The second stage is characterized by the intrusion of high-tempera-
ture subalkaline magmas, the generation of which requires temperatures above 800 °C,
unattainable through dissipative heating. Consequently, the likely primary heat source
was mantle magmas injected during underplating. Thus, the formation of the Posol-
nenskiy Massif is explained by a combination of crustal processes driven by viscous
deformations and mantle thermal influence, emphasizing the multifactorial nature of
granitoid magmatism in collisional belts.
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B HeMHOro4mMcneHHblx WCCNeoBaHUAX POan
TennoBblaeneHns npu gedopmaumsax U TpeHun
B MPUPOAOHbLIX CUCTEMAxX BOMPOC 006 WUCTOYHUKE
Tenna B COABUMOBbIX 30HAX M KOJUIM3UOHHbLIX OPO-
reHax 4aCTO OCTaeTCsd AMCKYCCUOHHbIM [HY1KOB 1
ap., 1988; Polyansky et al., 2021 n ccbinkn B HEN].
Pesynbtatel MOAENVMPOBAHNSA B CPABHEHUU C Freo-
JIOrM4ecKMMn AaHHbIMN O CTeneHn Mmetamopdus-
Ma n macwrtabe pedopmaunii NpueHncerickon
pervoHanbHoM casuroeor 3oHbl CeBepo-EHuncen-
CKOro Kpsixa nokasanu, 4To ans GopMupoBaHmd
MeTaMopPPUIYECKUX KOMMIEKCOB OUCCUNATUBHbIN
HarpeB SIBASICA TEMNIOBbIM UCTOYHMKOM, OLHAKO
YCNOBUS MAaBEHUS METaNeInToB B BEPXHEN Kope
He pocTturanuce [Polyansky et al., 2021].

MpupoaHbIM 06BLEKTOM, B KOTOPOM Npenmno-
naraeTcs poJib NPOLLECCOB BSA3KO-AMCCUNATUB-
HOrO HarpeBa BMJOTb OO0 MfaBfieHUs, SABNSETCH

lMoconbHeHCcko-Ky3eeBCckasi TekToHMYeckasi 30Ha
AHrapo-KaHckoro 6noka KOxHo-EHucerckoro kps-
xa. OanH U3 rpaHNTONAHbLIX MAaCCUBOB STOW 30HbI —
[MoconbHEHCKNI — PacnofioXeH B CEBEPHOM 4acTu
FOxHO-EHMCENCcKoro kpsxa cpeam metamopodu-
YeCKUX TOJIL, eHUCENCKOro kommnnekca (puc. 1).
Mnowanp BbIxO4a MacCMBa Ha OHEBHYIO MOBEPX-
HOCTb cocTaBnseT okono 120 kB. kM. Bmelaiolime
nopoabl NPeACTaBAEHbl ABYCMNIOAAHBIMY FTHECaMM
NCaeBCKOW TONLLY C NpOocaoaMm amdurubonnToB.
MmetoTca cnenylolme BO3pacTHbIe AaTUPOBKU
nopona, OTHOCALWMXCS K [10CONbHEHCKOMY MacCUBY
1N COCTaBNALWVX ero komnnekcos: 1) ampunbon-
OMOTUTOBLIN NOPPUPOBNACTUYECKMIA THENCOorpa-
HUT 1789,8 = 8,9 mnH n. (umpkoH, SHRIMP-II),
2) n3 TOro xe ob6bpasua 544,2 = 7,6 MAH .
(amdunbon, Ar-Ar) n 5445 £ 1,3 mnH n. (bnoTuT,
Ar-Ar) [Popov et al., 2020]; 3) cybOLwieno4yHown
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rpaHmnt A-tvna 511 £ 9 MmaH n. (umpkoH, U-Pb) n
485,6 + 4,6 mnH net (6uotut, Ar—Ar) [Vernikovskaya
et al., 2004]. Pasnuune B Bo3pacte bonee 1 mnpa
NIeT N KOHTPACTHLIMA COCTaB MOPOA, Pa3HbIX KOM-
NaeKCoB MNO3BOJISET FOBOPUTbL O CaMOCTOSTENb-
HbIX 3Tanax GOopPMUPOBaHNSA CTPYKTYpPbl Maccuea
M paccMaTpmBaTb €ro Kak MOJSIMXPOHHLIN [Popov
et al., 2020]. Ncxoos 13 CTPYKTYpPHO-reonormye-
CKUX U FEOXUMUNYECKNX PA3NNYMA, NMPUYUHBI Mar-
MooOpa3oBaHUS Ha pasHblX 3Tanax, 04YeBUOHO,
NPUHUMNNANBHO OTINYANMUCh.

B paHHOW paboTe Hamu BbINOJIHEHO MOAEeNn-
pOBaHME pas3HbIX MEXaHU3MOB, OTBEYaloLWMX 3a
CaMoCTosiITeNbHbIE CTaaun Pas3BuTUs MNOCONbHEH-
ckoro maccwmea. PaccmatpuBanucb gBa mexa-
HM3Ma GOpPMUPOBaAHUS rpaHnTonaoB: (1) 3a cuer

OMCCUMNATUBHOIO TEMIOBLIAENEHUS MPU TPEHUU
B npouecce gedopmMauuin B Ppeosiorm4eckn Heoa-
HOPOOHOW COBUIOBOM 30HE BA3KO-M1aCTUYECKOro
TeyeHns n 61aCTOMUNIOHUTU3AUMN; (2) MeXaHN3M
nnaBfieHNUs KOPOBOro BeLlecTBa MO, BO3LENCT-
BMEM BbICOKOTEMMNEPATYPHON MAHTUMNHOW Mar-
Mbl, BHeOpuBLLeNCcs B 06/1acTb OCHOBAHUS KOpbl
(aHpoepnnenTuHra).

PesynbtaTtel MOZenuMpoBaHuUSA Tennosblaerne-
HMA Npu TpeHun B npouecce gedopmauuini no-
KasbliBalOT (pMC. 2), 4TO B Clly4ae AuccunaTui-
HOrO HarpesaHWs nnaBfleHNE MO0 MPOUCXO-
OUTb TOJIbKO HA CaMbIX MYOUHHBIX YPOBHSIX KOPbI
fonee 35 KM 1 NpU BbICOKMX CKOPOCTSAX CABMUra
(He meHee 2 cm/ron). Kak cnenyet ns mogenu-
pOBaHUS, HarpeB Jlokann3oBaH B 0651acTn KOpbl,
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Puc. 1. CTpoeHme MNoconbHEHCKOro MaccmBa No AaHHbIM KapTbl [[oCcyaapCTBEH-
Has..., 2002]. NMoka3saHbl To4kK 0TOOpa 06pa3LoB

Fig. 1. Structure of the Posolnensky massif derived from the map [State...,

2002], with the sampling points
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roe nopofdbl NMOoABEP>XeHbl HAMOOJbLUMM BA3KMM
,u,eq)opmau,vmm n noaaepXxmBaloTCd BbICOKNE
HanpsbkeHnda. [na cTrauyyMoHapHOro COCTOSIHUSA
NMpU CKOPOCTM CABMra 2 CM/rof Harpes 3a cyeT
auceunauym Tenna coctaBnaet He meHee 200-
220 °C.

40 Kkm

40 kM

Takum 06pa3oM, MOXHO paccmaTpuBaTb [lo-
COJIbHEHCKMN MaccuB KakK nonudasHblii, B pas-
BUTUM KOTOPOro BblAENSETCS [Ba 3nu3oja:
(1) sTan ¢GoOpMUPOBAHUSA ABTOXTOHHbLIX FPaHU-
TOMOOB 3a CYeT MexaHm3Ma AOUCCUNaTUBHOrO
Harpeea npu CAOBUrOBbIX Aedopmaumax un (2)
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Puc. 2. Pesynbratbl 3D-MoaennpoBaHns ¢ y4eTOM MNaBfeHns U BA3KOCTHOW gmccumnaumm B COBUIOBOM
30He WwnpmrHoi 40 KM npu TPEXCNOMHOW CTPYKTYpe Kopsbl. lNMokadaH pa3pes nonepek 30Hbl casura. MNpasas
1 NeBas rpaHmubl MOAENMN NEPEMELLLAIOTCHA CO CKOPOCTbIO 2 CM/rof, B MPOTMBOMNOJIOXHbIX HANpaBfeHNsaX: a
— TemnepaTypa C y4eTOM OMCCUMNATUBHOIO Harpesa; 6 — CKOPOCTb AedopmMaLunn; B — npupalleHme Temne-

paTypbl; r — pacrnpeneneHme Ba3KocTn

Fig. 2. Results of 3D modeling with consideration of melting and viscous dissipation within a 40-km wide
shear zone with a three-layer crustal structure. A cross-section across the shear zone is shown. The right
and left model boundaries move at a rate of 2 cm/year in opposite directions: a — temperature with account
for dissipative heating; 6 — strain rate; B — temperature increment; r — viscosity distribution

WHTPY3MBHOE BHeapeHue 6onee BblICOKOTEMIe-
paTypHbIX a3, K KOTOPbIM NpUHaANexar MarmMol
CMEHNTOBOro 1 cybLLLEeNIo4YHOro cocTaea, NpuUcyT-
cTBylOWME B HEOOMNBLLUOM KOJIMYECTBE B COCTaBe
lMoconbHeHCckoro maccuea. na ¢popmMmpoBaHud
CMEeHNTOBLIX Marm TpeboBanacb Temnepartypa
6onee 800 °C [MonaHckuin n ap., 2017] - cyle-

CTBEHHO BbIlLIE, YeM AOoCTUranacb Npu auccuna-
TUBHOM Harpese. [oaTomy npegnonaraem, 4To
npu GOpPMUPOBAHUN 3TUX NMOPOL, B KayecTBe A0-
NOMHUTENbHOro TEenjoBOro MCTOYHMKA reHepa-
UMM CUEHUTOBOW MarMbl OCHOBHYIO PO/b Urpanu
MarMaTuyeckme WUCTOYHUKU Tenna MaHTUNHOro
NPOUCXOXOEHUS.
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