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BBEJEHUWE

OO0111en3BECTHO, YTO BOJIOLMS JIIOOOIO TTOABUXK-
HOTO Mosica He OTPaHUYMBACTCS TOJIBKO COOBITUSIMU
COOCTBEHHO TEKTOreHe3a, MPUBOISIINMHA K O0bEM-
HBIM TEKTOHO-T€PMaJIbHBIM IIPEOOpPa30BaAHUSIM JIM-
ToC(hepHBIX MacC, NX IePEMELICHUSIM U f1e(POpMaIu-
sIM, HapylIaIOIIMM T'PaBUTAlIMOHHOE paBHOBECHUE B
cucteMe. C y4eToM BSI3KOCTH TeoMaTepuraia BOCCTa-
HOBJICHHE paBHOBECHsI HauyMHAaeTCs, KaK IIPaBUIIO,
CO 3HAYUTEIbHBIM OTPHIBOM BO BPEMEHU OT COOBITUIA
texToreHes3a (30—40 MiIH J1eT) ¥ BBIpaxkaeTcs B pea-
JIM3alIMM IIPOIIECCOB OPOreHe3a U CIACIYIONINX 3a HU -
MU OPOSIBJICHUSIMU KOJIJIaIICa PACTSDKEHUSI, KOTOPHIS
MHOTJA CBSI3BIBAIOT C 3aK/IIOUYMTEIbHBIMU CTaIUSIMU
nukia Buncona [1]. Takas mociaenoBaTelIbHOCTb CO-
OBITHI1, OTYETIIMBO paco3HaBaeMasi B OTHOCUTEIbHO
MOJIONBIX (Me3030i1-KaitHO3011) aKTUBHBIX 00JIACTSIX,
HEe IIPOCTO BOCCTAaHABJIMBAETCSI B HOKEMOPHIMCKMX
MOABMIKHBIX 30HAX, OCOOEHHO C MOJUATAITHBIMU
ClLIeHapUSIMU pa3BUTUSL. TeM He MeHee, IIPU OIpee-
JIEHHBIX METOINYECKNX IMOAX0AAX C UCIIOJIb30BaHUEM
Pa3HOOOPA3HOTO AHATUTUYECKOIO MHCTPYMEHTApUSI,
MOXHO ITONBITAaThCSI BBISIBUTb U OTACIUTH APYT OT
JIpyra 3JI€MEHThI CTPYKTYPhI BCEX TPEX IBOIOLINOH-
HBIX CTaauii APeBHMX MOABWKHBIX ITOSICOB. B ympo-
IIEHHON (DOPMYJTMPOBKE 3TO MOXHO OBLIO OB 000-
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3HAYUTh CJIEAYIONICIH ITOCIIeIOBATEIbHOCThIO BOIIPO-
COB: YTO IIPOUCXOIMUT B TOABUKHOM IIOSICE MOCJTE
3aBepIICHNUST OCHOBHBIX TEKTOHO-TEPMAJIbHBIX CO-
OBITUIT TeKTOreHe3a?; KaKie CTPYKTYPbhl XapaKTEePHBI
IIJIs OPOTE€HHOTO 3Tana U KakKue JJIsl TOCTOPOTeHHBIX
COOBITUIA?; KAKOBBI KPUTEPUU VX OTAEJIEHUS APYT OT
Ipyra U OT CTPYKTYpP 3IMOXU TEKTOTeHe3a?; KAKOBbI
BpeMeHHbIe pyOeXXy M MHTEPBaIbl OEHCTBUS 3TUX
3TaIoB?; KAKOBBI YPOBHU INIYOUHHOCTU ITPOSBIEHUS
COOTBETCTBYIOIINX COOBITHI?; KAaKOBa MX CBSI3b C
IpoleccaMu 3KCryMaluy NyOMHHOIO KOPOBOIO Be-
1ecTBa?; KaKOBBI CKOPOCTH IMPOLIECCOB IKCTyMaI[U1
Ha pa3HbIX BPEMEHHBIX OTPE3KaX 3BOJIIOLINN?

N3JIOXKEHUE
DOAKTHUYECKOI'O MATEPHAIJIA

IleneHanpaBjieHHble  HaTYpHO-aHAIUTUYECKUE
KUCCIEA0BAHUS B 3TOM HaIllpaBJIieHUXW MPOBOAMUINCH
Hamu B nipenenax CaBo-JIagoXcKoif MOABUKHON 30-
HbI cBekokapesausa (puc. 1 a) B majeonporepo3oii-
CKOM 30HaJIbHO-MeTaMOp(PrU30BaHHOM (OT 3€JI€HO-
CJTAaHIIEBOI O TPaHYJIUTOBOM (hallumn) TeppUTreHHO-
BYJIKAHOT€HHO-0CaJ0YHOM JIaJIOKCKOM KOMILIEKCe
(puc. 1 6). OTcueTHBIM 623MCOM IIJIsI XapaKTepUCTUKI
BCEll 3BOJIIOLIMOHHON IOCIEAOBATEILHOCTU CJTy>KaT
CBEIEHUSI IO BpeEMEeHU, MOP(hOCTPYKTYPHBIM TUTIaM,
rnapareHe3am M IJTyOMHHOCTH TMPOSIBJIEHNUSI OCHOBHBIX
nedopMallMOHHO-METaMOP(UYECKUX COOBITUIA CBe-
ko(eHHckoro TektoreHesa (1.89—1.80 muH set) [2].
Ha ocHoBe Halllnx cOOCTBEHHBIX TaHHBIX 11O TEPMO-
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Puc. 1. a — Cxema reonorndeckoro crpoeHust CBeKoKapeIbCKOI ITOABMXKHOM obactu:  — apxeit, 2 — majeonporepo3oii, 3 —
KOMILIEKC SITYJIUsl, 4 — TPAaHUTOUIbI MAJIEONPOTEPO30MCKOro BO3pacTa, 5 — rpaHUThI parlakuBK, 6 — KPYITHEHIIIe pa3ioMBbl.
DM — llenrpansHo-Dunnsaackuii maccub. K — Kapenbckuit MaccuB. [TyHKTUPHBIM IPSIMOYTOJIBHUKOM BBIIEJIEH PalioH
ucciaenoBanuii. 6 — KoHuenryainbHast Moneiab ctpoeHust CaBo-Jlagokckoii 30HbI: / — TpaHUTO-THEMCH apxes; 2—6 — Tia-
JICONPOTEPO30ICKIUI JTaTOXKCKMI KOMILIEKC: MeTaba3UThl COPTaBAILCKOM cepuu (2), MeTaricaMMUThI, MeTaMOp(dr30BaHHbIE
B IMania30He 3eJIeHOCIaHIIeBO-aM(bUO0IMTOBOM (haruit; 4—5 — 06pa3oBaHUsI, U3MEHEHHBIE B 30HE yJIbTameTamopdusma (4)
U B yCJIOBUSIX TpaHyIUTOBOM (haumm (5); 6 — MarmaTuieckue Teja; 7 — u3orpaasl MeraMopdusma ¢ UHIAEKCOM TeMIlepaTyphl;
& — KpynHeiiime TeKTOHNYeCKUe TpaHulibl; 9 — pa3pbiBHbIC HapylleHus; /0 — HalpaBlIeHWe TEKTOHUYECKOTO TPaHCIIopTa.
Byksbl B kpyxxkax: K — Kapenbckuit MaccuB, M — 30Ha MeliepcKoro HaaBura, pasiesisiiolasi KOMITJIEKChI Kapeua U CBEKO-

denHUm.

GapoMeTpud MUHEpPaIbHO-(A30BLIX PABHOBECUIl
MeTareanToB [3] 1 ¢ y9eTOM reoTepMHIIecKoro rpa-
IueHTa B 42—43°/KM, XapaKTEpHOTO IJisl METaMOp-
dusMa aHOAIY3UT-CHJUIMMAHUTOBOTO THIIA, HaMU
OBLIO BBISIBJICHO, UTO pa3pbIBHO-CKJIATYaThIe CTPYK-
TYpbI paHHel craguu nedopmaiuii (D1) B 30He 3eie-
HOCJIAHLIEBOTO MeTamMopdu3Ma, MPUMBIKAIOIIEH ¢
[oro-3amnaja K rpanuie Kapenbckoro MmaccuBa, ¢op-
MUPOBAJINCh B MHTEpBajie yOouH B 7—8 kM. lanee K
FOro-3amnajay B 30Hax IIPOSIBJICHUS SIIMA0T-aM(pr00-
JIUTOBOM M aM(PUOOIMTOBOM (pannii, rme HAYMHAIOT
MPOSIBJIITECS MPOLIECChl TPAaHUTU3ALIMU CyOCTparTa,
MPOUCXOIUT ITOCTEIIEHHOE YBEINUEHUE YPOBHS TITy-
OMHHOCTU BIUIOTH no0 14—15 kM. Ha ruromanu xe
MPOSIBJICHUSI TPAHYJUTOBOTO MeTaMop(dur3Ma, OXBa-
THIBAKOIIENl OCEBYIO YaCTh MOIBMXKHON 30HBI (30HA
Jlamora-Paaxe), rme TeMnepaTypbl HOTHUMAIUCh IO
800—850°C mnpu gasieHUH B 7—8 KOap, nedopmariu-
OHHO-MeTaMOp(PUYECKUE COOBITUSI TPOUCXOIVIN
yke Ha nryouHax 25—30 kM (kpuBag I Ha puc. 6).

Ilo 3aBeplIeHNM OCHOBHBIX TEKTOHUYECKUX CO-
OBITHI1 CBEKO(PEHHCKOTO TEKTOIreHe3a B BUAE PErMo-
HAJIBHO TPOSIBJIECHHBIX CKJIAYaThIX CTPYKTYP CyOMe-
PUAMOHAJIBHOTO IIPOCTUPpaHus BTopoii craguu (D2)
JIedopMaly 1 CHHXpOHHBIMU ITPOLIECCAMHU YIbTpa-
MeTamopdusMa (Ijisi HUX HAMU ITOJyYeHBI JaTUPOB-
K1 okojo 1830 miH et [4]), HAJIOXEHHBIMU Ha I10-
KPOBHO-HAaJIBUTOBBIiT aHcaMOJIb ctanuu D1, co 3Ha-
YUTEILHBIM BPEMEHHBLIM 3amo3JaHueM ITOpSaKa
35 MJIH JIeT, HadaJloCh MPOSIBJICHUE MTPOIIECCOB OPO-

JOOKJIAIBI POCCUMCKOM AKATEMUU HAYK. HAVKU O 3EMJIE

reHesa. DTo BbIPA3UJIOCh B IIIMPOKOM (MO BCei II0-
manu [1prranoxos), HO B IMCKPETHO-JTOKAIN30BaH-
HOM Dpa3BUTUU IIPOIIECCOB HU3KOTEMIIEPATypPHOTO
nuadTopesa (XJIOpUTHU3alusl OMOTUTA U Pa3IokKeHe
TOJIEBBIX IIITIATOB), HAJOXKEHHBIX Ha BCE TTOPOIO00-
pasymolie MUHepaaTbHO-(ha30BbIe aCCOIIMAIIIM Pa3-
HBIX 30H perMoHaJibHOro MeTamopdusma. duadrto-
pe3 ¢ mpu3HaKaMU TUIPOTEPMATBHOM ITPUPOIHI TIPO-
SBUJIC BMECTe C JIOKUIBHBIM KaTakKjia3oM U
paccnaHiieBaHueM nopon (puc. 2 a, B, T), IpeuMylie-
cTBeHHO 110 HarpasieHnio CB—H03, 1 ckiraguateiMmn
nedopMalMsIMU  c1ab0i MHTEHCUBHOCTHM TOM Ke
opueHTUpoBKHU (D3). BrineneHHbIe 3epHa IMPKOHOB
W3 PacCIIaHIIOBAHHBIX B 3TO BpeMs XKWJIBHBIX TIIa-
TMOTPAHUTOB PaHHEKMHEMATUYECKOTO 3Tara IoKa-
3aJIU B pslie caydyaeB HaJIM4uUe siAep U MPepbIBUCTHIX
000JI0UeK, II03TOMY OIIpelnesiecHe WX HN30TOITHO-
T€OXMMUYECKNX XapaKTePUCTUK  OCYIIECTBISIIOCH
Ha noHHOM Mukpo3oHae SHRIMP-II (BCETEU,
C.-IletepOypr) [4]. [Ipn aTOM 3HaYEHUSI BO3PACTOB
sAep OKa3aIMCh OJIM3KU BBIIIEYTIOMSIHYTHIM TaTHPOB-
kaM orana D1 (1865 £ 13, CKBO = 0.469; 1869 £ 9.5,
CKBO = 0.545; 1869 + 9.1, CKBO = 0.548). Buem-
HHUE 3aMyTHEHHBIE 000JIOUKH, CPE3ar0IINe OCIIUIIIS-
TOPHYIO 30HAJILHOCTb SJep, a Takke IsITHa MeTa-
MUKTHBIX U3MEHEHW, UMEIOT, KaK MBI TIpeaIoara-
eM, THIPOTEPMAIbHYIO IIpUpoay [5] 1 7aroT BO3pacThl
B auana3oHe 1795—1755 muH net (puc. 2 6).
CucreMaTYeCKOe WM3MEPEHHE COCTABOB HAaJIO-
JKEHHBIX XJIOPUTOB (puC. 2 B) MO BCeMy palfOHY UC-
2023
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Puc. 2. Ipoiieccrl HasioxkeHHOTo AnadTOope3a B BUIE NMCKPETHBIX 30H pacCllaHLEBaHUSI ¥ XJIOPUTU3ALIMU TTOPOJT JIATOKCKOM
Ccepuu: Ha a — paccliaHieBaHue (0ejible MyHKTUPHBIE JIMHUM) MUKPOKJINH-TUIarnoKi1a3oBbiX (Mi-Pl) rpanuToB atana aedop-
manuii D1 (kpacHoi TMHUElN MoKa3aHa rpaHU1Ia 30HbI pacC/IaHLIeBaHKs) ¢ yKa3aHMEM BO3PAacTOB KPUCTAJLIOB IIMPKOHA U3 30-
HbI pacciiaHueBaHus — 1864—1876 mutH JjieT B simpax v 1762—1774 MJIH JIET BO BHEIIHUX 000JI0YKAaX; Ha 6 — KPUCTALIbI LIUPKOHA
U3 3TUX XK€ TPAaHUTOB C Bo3pacTtaMu 1846—1868 MJIH JIeT B siapax v 3Tara oporeHe3a Bo BHEIIHMX 0001oukax (1767—1772 MutH 11.);
B — 30HBI XJIOPUTU3AIUM THelica B mndax; T — TpellrHa OTpbIBa B KaTakiasurtax (bk) caonucroro raeiica (Ci), 3armoiHeH-

Hasl XJIOpUT-MUKPOKJIMHOBBIM arperatoM (Chl + Mi).

cJie0OBaHUl B MOpPOJaxX pa3HOro YpPOBHSI MeTaMOp-
¢du3zmMa u npruMeHeHue XJIOPUTOBBIX TEOTEPMOMETPOB
[6—8] mokaszanu (Tabut. 1 1 puc. 3), YTO UCXOMHBIE ITO-
ponbl cyocTpara, paHee HaxOOWBIIMECS Ha pa3HbIX
nIyOMHax, B 3TOT BpEMEHHOH Tepuo OKa3ajiuch Ha
GJIM3KOM YypOBHe myouHHoCcTH (KpuBas 11 Ha puc. 6),
KOTOPBIN OBbLT OLIEHEH C Y4eTOM YIIOMSIHYTOTO Teo-
TepPMUUYECKOTO rpaareHTa B nuana3zoHe 7—8 km. He-
KOTOpPBIE 3aMETHBIE BapUalIMU KacaloTCsl TOJIbKO OCe-
BOIi 30HbI JIamora-Paaxe ¢ IIMPOKUM pa3BUTHEM T10-
PO TPaHYJIMTOBOIO YpOBHSI MeTamMop(du3mMa — Tam
TeMIIEpaTypbl MO XJIOPUTAM OKa3aJIMCh B 1I€JIOM Ha
COTHIO TpanycoB HUXke (0koj0 270°C), 4To COOTBET-
CTBYeT IIyOuHaM nopsnka 5 kM. IlocneqHee ykasbi-
BaeT Ha TO, YTO B 3TO BpeM$ MPOU30IILIa MOJIHAs UH-
Bepcusl TIporubda, B KOTOPOM HaKaIIuBaJIUCh OTJIO-
JKEHMS JIAOXCKOTO KoMILIeKca. Takxke HEeCKOJbKO
OoJiee HU3KOTEMIIepaTypHBbIE XJIOPUTHI 3a(pUKCUPO-
BaHbl BHYTPU U BOKPYT KYIOJOBUIHBIX BBICTYIOB
dyHImamMeHTa.

I'oBops 0 mporieccax, CONPOBOXIAIOIINX OPOTEeHES,
MOMUMO XJIOPUTU3ALMU, O KOTOPOIl OLCHUBAIUCH
TeMITepaTypPHbIil peXX1IM U YPOBEHb IITYOMHHOCTH ITPO-
SIBIICHUSI, BAXKHO OTMETUTD U IPyIUe, He MEHee 3HAYM-
TeJIbHBIE IIPeoOpa30BaHUs MEeTaMOP(UIECKOTO CyO-

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAYKHU O 3EMIJIE

cTpara. D10, IIpekAe BCETo, KacaeTcsl IIPOLIECCOB U/~
patauMy = peTporpagHoOil cTaguy MeTamopdusMa
(muacdTopes), OXBaThIBAIOIIMX MOPOAHYIO MAaTPULLY U
OOBIYHO TIPUBOISIIINX K ITOJIOXUTEILHBIM OOBEM-
HBIM 3P deKTaM pa3yIUIOTHSIOIIETO Xapakrepa. To4-
HO TaKXKe MPOABUXKEHNE ITOPOJI K IOBEPXHOCTU AOJIK-
HO COITPOBOXKIATHCST AEKOMITPECCUOHHBIMU SIBJICHUSI -
MU, BBIPaXKEHHBIMU B IIOSIBIIEHHMU CHCTEM TPEIIUH,
3aMOJHSIOLIMXCS TIepepacIipeie/isieMblM B XOIE Nie-
dopmanum MaTepuajaoM, KaK 3TO MBI HaOJIogacM B
KaTtaknasuTax (puc. 2 I'). DTo Morio ycuimuBaTh I10-
JIOKUTENbHBI OOBEeMHBIN 3(M(EeKT HAIOKECHHBIX
npeobpa3oBaHUA 1 BHOCUTH CBOIO JICHITY B BO3IbIMA-
HHE 0OBEMOB.

Ecnu ygectb, 4TO yITOMSIHYTBIE IIPOLIECCHI XJIOPU-
TU3aLMKU OMOTUTA TIPOUCXOISIT MPEUMYIIECTBEHHO C
OTpULIATEJIbHBIM 00BbEMHBIM 3¢(h(HEKTOM, TO MOXHO
MIpeICcTaBUTh, YTO B COBOKYIIHOCTU C “pa3pbIXJIsSIiO-
UMK~ peakKIusIMHA TUIpaTallui, CyMMapHbIe 00b-
eMHbIe 3P eKTh Mpeodpa3oBaHUil TTOPOTHOTO CY0-
cTpaTa OT MeCTa K MECTy MOT'YT ObITh BeCbMa U3MEH-
YMBBI, YTO €CTECTBEHHBIM OOpa30oM MOBIMSIET Ha
BEJIUUYMHBI BEPTUKAIBHBIX TIepeMellIeHUI 0JI0KOB BO
BpeMsI OporeHesa, yCUJIMBasi 6JI0KOBYIO IEIMMOCTb U
nddepeHIMPOBAHHOCTD ITOIBMKEK.

Ne 2
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Ta6muna 1. YcpenHeHHBIC OLICHKU TeMITepaTyp I10 XJIOPUTOBBIM TepPMOMETPaM IS pa3HbIX 30H MeTamopdu3Ma CeBep-
Horo Ilpunamoxbs

(qncggz\ipom 3oHa MmeTaMopduzMa Mﬁt‘:;gl;t(ts(’:) Hillier, Velde 7(°C) Jowett T(°C)
JIB-2068 (14) 3esieHOCIaHLIeBasI 323 322 354
JIB-2068-1 (16) 306 308 317
JIB-13 (11) 338 336 363
JIB-14 (17) 356 376 388
JIB-62 (7) 351 369 383
JIB-1911 (22) 333 356 373
JIB-1355 (17) 343 348 372
JIB-1355-3 (12) 346 355 377
JIB-1940-8 (5) 338 340 364
JIB-1800-1 (10) 349 368 386
JIB-2131 (5) BnunoT- 339 344 366
JIB-1931 (9) amudonTOBAsT 359 387 397
JIB-66 (5) 361 395 401
JIB-52-1 (4) 356 379 391
JIB-52-2 (3) 351 366 384
JIB-2138 (6) 332 332 357
JIB-1547 (11) 353 376 390
JIB-1547-3A (20) 344 358 378
JIB-1547-4 (12) 357 383 395
JIB-1776-3 (14) 343 361 377
JIB-1246 (11) 364 393 404
JIB-1762-6 (11) 307 273 319
JIB-1804 (3) AmdubonuToBast 218 155 176
JIB-2191-3A (44) 262 268 241
JIB-1835 (14) 329 324 356
JIB-1835-3 (9) 345 368 384
JIB-1768-1 (13) 347 366 383
JIB-1768-1 (19) 344 355 377
JIB-1643-3 (2) 336 351 372
JIB-1586-1 (8) 272 287 269
JIB-1586-4 (10) 313 275 327
JIB-1539A (17) 275 293 266
JIB-1722 (13) 328 320 355
JIB-1722 (10) 308 279 327
JIB-1100B (8) I'panynuroBas 256 261 233
JIB-2140-2 (15) 199 180 207
JIB-1365 (21) 272 190 263

O nocienymolieil, MOCTOPOIeHHOM 3BOJIOLIMM  HaMMU BbIsIBIeHHBIX B [Ipunamoxbe [2] Bo Bcex 30Hax
CaBo-JlamoXXcKoil TTOIBMKHOM 30HBI MOKHO CYOINTh  MeTamopdm3Ma — 3eJeHOCTIaHIIeBOM, aM(PUOOIMTO-
MCXO/s U3 aHa/IM3a TeHe31Ca, COCTaBa M TeMnepaTyp-  Boii u rpanyauToBoii (puc. 4). IICT — nHbeKIIMOH-
HBIX OLICHOK YpOBHEW (HOpMUPOBAHUS CHUCTEMBI  HO-XKWJIbHBIC 00pa3oBaHUs ahaHUTOBOIO CTEKJIOMO-
nceBaotaxuauToBeix (ITCT) mpoXxunkoB, BOoepBble ITOOHOIO MaTepuasa, F’eHEeTUUECKM CBSI3aHHBIE C pa3-

JOOKJIAIBI POCCUMCKOM AKAJTEMUU HAYK. HAVKU O 3EMJIE  Tom 511 Ne2 2023
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Puc. 3. YcpenHeHHbIe TeMITepaTypbl 3Tara oporeHe3a o XJ0puTOBbIM TepMOMeTpaM (Oesibie poMObI) B Mpeesiax JIaJoXKCKOTro
KOMILIeKca. besbie Kpy>KK1U — TOYKU HaXOI0K HAJIOXKEHHBIX XJIOpUTOB. PO30Bast 3a/iMBKa — BBICTYIbI apXeMCKOTO OCHOBAHUS
opaHXeBasi — TpaHUTHI-panakuBu CaiMuHcKoro MmaccuBa. Gr — n3orpaja rpaHara, Stav — uzorpanaa craBpoiura, Sill+Musk —
CWIIMMaHUT-MYCKOBUTOBas u3orpana, Sill-Ort — cuyuiMMaHUT-0pTOKIa30Bast u3orpana, Hyp — usorpaaa runepcrena. M3o-
rpapl U MapaMeTpbl PETMOHATBHOTO MeTaMopdu3Ma JIAMOXCKOTO KOMIUIEKCa TaHbl 1o padoTe [9].

JIOMHBIMM 30HAaMH CEACMOI€HHOM MpPUPOIbl U C
npoireccaMu (PUKIIMOHHOTO IUIABICHUS IIPU BBICO-
KOCKOPOCTHBIX TMHaMHU4ecKux noapikkax [10]. ITo-
JIEBOM CTPYKTYPHO-KMHEMATUYECKUI aHajiu3 MeCT

nokanuzauuu ITCT nokaszan ux npenMyIieCTBEHHYIO
HPUYPOUYESHHOCTH K pa3pbIBaM COPOCOBOTO VT CIBU-
ro-cOpOCOBOTO XapakTepa, ¢ aMIUIMTYIaMU CMelle-
Hud 10 1.5—1.7 M, yKa3pIBaloIIMHX Ha ITOPOIMBIINE
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Puc. 4. CxeMa ToyeK onpoOOBaHUsI MCEBAOTAXWIUTOB Ha (hoHEe MeTaMOp(UUECKO 30HAIBHOCTU U CTPYKTYPHI JIAJOXKCKOTO
KoMmIuiekca. I — rpaHuTo-THeuchl apxes B KapenbckoM maccuBe (K) 1 B KyImOJIOBUIHBIX BRICTYNAX (dyHIaMeHTa; 2 — JIad0X-
CKUit KoMrIutekc; 3 — CaIMUHCKUI MaCCUB IPaHUTOB-panakuBu; 4—& — n3orpaasl MeTamMmopdu3Ma: rpaHaTa, CTaBpOJIUTa, CHJI-
JIMMaHUTA-MyCKOBUTA, CUJUIMMAaHUTA-OPTOK/Ia3a; TUIEPCTeHa COOTBETCTBEHHO; 9 — KpyInHeiile pa3ioMbl U Meiiepckuit
Hansur (M); 10 — paznomsl ¢ BeisiBaeHHBIMU [1CT; /1 — touku natupoBanus [1CT; /2 — rocymapcTBeHHasI rpaHMLIA.

X BBICOKOMAarHWUTYIHBIE CEHCMUYECKUE COOBITHS
(M ~17.5).

O0uIMe CIOAUCTBIX MUKPOJIUTOB, KPUCTALIU30-
BaBmuxcs u3 pacmiasa [1ICT (6MOTUT, MILINT), U UX
000TaIIeHHOCTh KAJIMEM TTO3BOJIMIIN OIICHUTD 3HaUe-
Hus ux “°Ar/*Ar-sospacra [11]. 3aduxcupoBaHHBIE
BO3pACTHBIE CIIEKTPbl TIPM BEeChbMa BapUaTUBHBIX
Ca/K-oTHollleHUsIX, CBSI3aHHBIX, MPEAOJIOXUTE b-
HO, C TIPUCYTCTBUEM B CTEKJIE OOJIOMKOB ABYX ITOJIE-
BBIX IIITIATOB, IMOKA3aJIM JOCTATOYHO BBIAEPXKaHHBIE
1aTo, KOTOPbIe XapaKTepU3YIOT BeCbMa BBICOKYIO
JIOJIIO BhIIEJIeHHOTo aproHa (6onee 60%). I1pu sToM
nonydeHHble natupoBku IICT u3 Tpex pa3sHBIX 30H
MmeTamopduizmMa (GUKCUPYIOT TPU Pa3IMYHBIX BO3-
pacTHBIX pyOeXka TpenMYIIeCTBEHHO pH(eiicKoro
nepuona: 1595—1588 + 14.3 MJIH 1eT B rpaHyJIMTOBOM
30He, 1310 & 7.8 MJIH J1eT B 30He aM(UOOIUTOBOM (ha-
i 1 1418 + 9.4 B 30He 3eJIEHOCIIAHIIEBOTO MeETa-
MopduzmMa. DT Bo3pacTa, ¢ OOHOI CTOPOHBI, COIIa-
cyrores ¢ mudpamu “°Ar/*Ar-pospacra IICT B FOx-
Hoii ®unnsHaun (1583 £ 5 mutH stet) [12], a ¢ Apyroii,
BIIMCHIBAIOTCI B MHTepBan 1.64—1.53 Mupn jert, 3a-
IaHHBIA TIpeneAbHBIMU pyOeskaMi (POPMHUPOBAHUS
KpPYIHENIINX B perMOHE MAacCUBOB parakvuBu BbI-
6oprckoro (1640 £ 5; 1630 £ 5 mutH net) u CaaMuH-
ckoro (1547 £ 1—1529 £ 0.6 MiH 71.), Ybe BHEAPEHUE
TPAAULIMOHHO CBSI3BIBAIOT C HAYaJIOM HOBOTO, BHYT-
PUILIATHOTO 3Talla pa3BUTHS OPOT€HOB M MPOSIBIIC-
HHMEM TIOCTKOJIM3MOHHOTO pacTszkenus [13]. [Ba

JOKJIAIBI POCCUMCKOM AKAJTEMUU HAYK. HAYKU O 3EMIJIE

, Tcrust =
2 W/M =0.3(0.16)
| T = 850°C (1000°C)

T, 198-255°C

crust ~

(370-425°C)

(1 _W/M) Tmelt

Puc. 5. Ilpumep oueHku temnepatypbl cpeabl (7 q)
dopmupoBanusi I1ICT mo reorepmomerpy O’Hara [14]
IUUISI OMHOM U3 TOYEK 30HBI TPAHYJIMTOBOTO MeTaMop(du3-
ma. CrneBa — Mukpogdoto cyocrpara [1CT, mjisg KoTroporo
noacuuTaHo cootHoleHue (W/M) nonu coxpaHUBILIUX-
cs1 06JIOMKOB (Oesibie (hparMeHThI) K JTOJIE PACTUIAaBHOTO
MmaTpukca (4depHblii ¢doH). TemriepaTypa IUIaBICHUS
(T er) B3siTa U1t MyckoBuTa (850°C) 1 st Havana rnjas-
sieHus marvokiasa (1000°C). KpacHbiM mipugToM 1mo-
Ka3aHbl pe3yJibTaTbl pacuera TeMIiepaTypbl BMelLIaoIIei
cpenbl 11 1ByX BapuaHToB W/M u nist 1ByX 7t

Tom 511 Ne2 2023
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Puc. 6. O60611eHHas Mozenb pa3Butust CaBo-JlamoxcKoil moaBuzkHOM 30HbI [1pri1agoxbs mocie 3aBeplieHUst OCHOBHBIX TEK-
TOHO-TEPMaJIbHBIX COOBITUI CBeKO(PEeHHCKOTO TekToreHe3a. Kpuble Hall GJ10K-IUarpaMMoii CTPYKTYPhl perMOHa OTpaXxaroT
Bapuallly IapaMeTpOB TEMIIEPATYPbl M ITTYOMHHOCTH MPOSIBJIEHMSI ITPOLIECCOB Ha 3aBepIlalonx cTaausx: I — cBekoeHHCKo-
To TeKToreHe3a (1o JaHHBIM TepMOOapOMETPUM 30HAJILHOTO MeTaMmopdu3Ma — cepbiit hoH), I1 — oporeHesa (o XJIopuToOBOMY
reorepMoMeTpy — 3eseHblit poH) u I11 — mocroporeHHoro Kosutanca pactsxkeHus (o [ICT-reorepmomeTpy — XKenTblii hoH).
Gr — u3orpana rpaHata, Stav — M3orpaaa CTaBpoJIuTa, Sillt — CUJUIMMaHUT-MYCKOBUTOBAsI U30TPaja, sintt = CUJUIUMaHUT-0P-
ToKJ1a3oBas uzorpana, Hyp — nzorpana runiepcreHa. bykssl B kpykkax: K — Kapenbckuit MaccuB, M — 30Ha Meliepckoro Ha-
JIBUTa, pa3lesiioliasl KOMIUIEKCHI Kapeaua u cBekodeHHua. 3Be310i 0003HaueHO UMITAKTHOE COObITUE AHUCHSIPBU.

IPYyruX BpeMEHHEIX pyoexa ¢opmupoBaHus I1ICT
MOTYT OTpaXaTh YCWUJIEHWE OTON Xe TEeHICHIINMH,
MpUBEAIIe B JajbHeieM K GOpMUPOBaHUIO B pe-
TMOHe CTPYKTYyphl Jlamoxcko-Ilamickoit rpaGeH-
CUHKINHAIM [ 14], ¢ mocaemoBaTeTbHBIM 3aITOJTHEHU -
€M OTJIOKEHUSIMU TeJleMapKCKoro komruiekca (1.52—
1.48 mupn 71eT), IIPUO3EPCKOl M CAJIMUHCKOII CBWUT,
BHenpeHrieM Bamaamckoro cuna (1.46—1.45 mnpm ner),
a Takxe 0oJjiee MOJIOIBIMU OCaaKaMU TIMTHOM cTa-
T,

C TeM, 4TOOBI OLICHUTh TeMITepaTypHbIe YCIOBUS
1 ypoBHU TiyomHHOCTH dopmupoBanHus IICT, Mbl
WCMOJb30BAIM BMITUPUYECKUN TeoTepMOMETp s
IICT K. O’Xapa [15], yunuTbIBaromInii COOTHOIICHNUE
TeMITIepaTyp IIaBIeHUS OTAETbHBIX MUHEPANIOB 7.,
OTHOCHUTENILHBIX J0JIei paciulaBa M HepacIllaBJIeH-
HBIX 00JIoMKOB (W/M) m TeMmepaTypbl OKpyKalo-
et cpenst T, (puc. 5).

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAYKHU O 3EMIJIE

ITpu noacuere TemrepaTyp B KOHKPETHbBIX 00pa3-
11axX U3 pa3HbIX 30H MeTaMopdu3Ma ObLIN YITECHBI Ba-
puanuy KoJIMyecTBa 00JJOMKOB B CTEKJIE IS pa3HbIX
nosnoc IICT u pasnuuHbie mapamMeTpbl TeMIIepaTyp
miaBieHus cion (850°C) u rarnokiaazon (1200°C).
st moclienHUX Oblla MNpUHSITa TeMmIepaTypa B
1000°C ¢ yyeToM MX YaCTUYHOTO IUIaBJieHUsT (MO~
TUIaBJIEHUsI), KOTOpasi BO BHEIIHUX, MEXaHWYeCKU
HapyHIeHHBIX 000JI0YKax OOJOMKOB, CYIIECTBEHHO
cHukaered [10]. Pesynbrarsl pacyeToB 7, 1151 BCEX
U3MEpPEHHBIX TOUEK AaHbl B Ta0JI. 2, 1€ MOXHO BU-
JIeTh JUara3oHbl BapuallMil TeMmepaTryp OKpyxkaro-
1IeTo cyocTparta, CBSI3aHHBIX C pa3jindyueM TeMIlepa-
Typ TUJIaBJIeHUS CJIO1 U ruiarnokiaszoB. Ha ocHoBa-
HUU CPETHUX TEMITepATyp CPEAbl ISl KaXKION TOUKHU
MOXHO CYAUTb O MPUOJU3UTEIbHBIX YPOBHSX IJTy-
ounHocTu hpopmupoBaHus [ICT B pa3HbIX 30HaX Me-
TaMopdur3Ma J1a1oKCKoro komiuiekca (kpuas 111 Ha
puc. 6).

Ne 2
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Tabmuna 2. Pe3ynbTaThl pacyeTta TemMIiepaTyp BMEIIAIINX
nopoxn npu ¢opmuposanuu INCT

Ne Toukm Ter’C W/M Terust°C
JIB-1355 1000 0.28 643
0.54 312
850 0.28 535
0.54 243
JIB-1940 1000 0.45 427
0.67 147
850 0.45 345
0.67 98
JIB-1690 1000 0.25 682
850 0.25 569
1000 0.67 147
850 0.67 98
1000 0.49 376
850 0.49 300
JIB-1744 1000 0.43 453
850 0.43 367
1000 0.54 313
850 0.54 244
1000 0.12 847
850 0.12 715
JIB-1100 1000 0.19 758
850 0.19 636
1000 0.43 453
850 0.43 367
1000 0.59 249
850 0.59 187

3aBepIIamIIM COOBITHEM B Pa3BUTUM 3TOTO pe-
I'MOHa, MPOM3OLIEAIIMM B Havyaje TUIMTHOTO 3Taria
spomonnn PeHHOCKAHIWM, MOXHO CYHATATh WM-
MaKTHOE BO3MEMCTBHE HA TTOPOIBI JTATOXKCKOTO KOM-
IieKca B pailoHe COBpeMeHHOro o3epa boibiioe
SHUCBIPBH, HEMTOCPEACTBEHHO K IOTY OT TPaHUIIBI
Kapenbckoro maccuBa. OKpyriioe odepTaHUe o3epa
1 HaJIMYue B OEpEeroBbIX OOHAXKEHUSIX U HA OCTPOBax
€ro IEHTPAJTLHOM YaCTH TaK HA3bIBAEMBIX TATAMHUTOB —
OCTEKJICHHBIX OpeKYMEeBUIHBIX OOpa3oBaHWil IO
CJIaHIIaM JIAZOXCKOTO KOMILIEKCA, CBUIETEIbCTBYIOT
0 TaKOM COOBITHHU B TO BpeMsI, KOTJa paccMaTpuBae-
Mble HaMHM MeTaMOphHIeCKrUe PasHOCTH YPOBHS
AMUA0T-aM(bUOOIUTOBOH hallK yKe ObLIN BbIBEIE-
HBI Ha TTOBEPXHOCTHBIN 3pO3MOHHBIN cpe3. DTa cTa-
IS DaTUpoBaHa noaydyeHHbIMU “°Ar/3°Ar-Bospacra-
MU TaraMuToB B 698 + 22 murH set [16].

00600111281 MOTydeHHbIE HAMU OILIEHKUW IO YPOB-
HSIM TTyOMHHOCTH TIpeoOpa3oBaHUid TTOPOI JIam0X-
CKOTO KOMIIJIEKCa Ha pa3HBIX dTarax ero dBOJIOINHN

JOKJIAIBI POCCUMCKOM AKAJTEMUU HAYK. HAYKU O 3EMIJIE

OT BpeMeHM (DOPMUPOBAHUS OCATKOB B HaJaje Ia-
Jneornporepo3os (2120—1910 MiH JieT), yepe3 TeKTo-
HO-TepMaJibHble  CcOObITUSI TeKToreHe3a (1890—
1800 miH niet) u oporeHesa (1795—1700 muH 1eT), 10
3aBepIIeHUsT COOBITUI IMOCTOPOTEHHOIO KoJjarca
pactsikeHust (1310 MuTH JIeT) U BbIBEACHUS TTOPOJ Ha
SPO3NOHHYIO MTOBEPXHOCTH (0K0JI0 700 MIIH JEeT), X
NI HAIIIMHOCTY MOKHO TIPENCTaBUTh B BUIE He-
MPEPHIBHOI KPUBOI B KOOpAMHATAaX “TIIyOMHA—Bpe-
ms” (puc. 7).

Ee xoHburypauus, ¢ omHO CTOPOHBI, OTpaxKaeT
JIOCTaTOYHO XapaKTEPHBII ITyTh SBOJIOLIMNY MHOTHX
MOJUCTAAUIHO Pa3BUBAIOIIMXCS KOMILJIEKCOB, OIU-
CaHHBIM B TEPMUHAX KOHLIEMUH, TaK Ha3bIBAEMOM,
“Mo-ito TekToHuku” [17], xapakTepu3sylolieii BO3-
BPaTHO-IIOCTYIIaTEIbHBINI ITyTh ITePEMEIECHUS IIOPO.
no Beptukaiau. C Apyroii CTOpOHEI, OHA ITO3BOJISICT
OpUOIU3UTEILHO OLEHUTH CKOPOCTH TEKTOHUYE-
CKOI1 BKCryMaluy ITyOMHHOIO BEIIeCTBa Ha OTIE/Ib-
HBIX OTpE3Kax 9BOIIOLMY NOABVXKHBIX 30H U MOSICOB.
I1pu 5TOM MOXHO OTMETUTD, YTO IIOJIyYeHHBIE HAMU
Iara3oHbl CKOPOCTEil BHIBEACHMSI K IOBEPXHOCTU
DIYOMHHBIX IPOAYKTOB TEKTOHO-TEPMAaJIbHOM 3BO-
mouuu cBekokapemun (0.2—0.3 MMm/rom Ha cTaguu
TeKToreHesa u 3—4 MM/Troa Ha CTaauM OpOreHe3a B
0OCEBOIi 30HE MOsICa) COITOCTABUMBI C TEMU, YTO MOy~
yensl D. Whitney u ap. [17] nj1s oToenbHBIX CTaguii
Me30-KaiiHo30IicKoii 3Bomonu LlenTpanbHo-AHa-
TouiicKoi nmoaBuxkHoit 30HbI (0T 0.8—1.0 Ha paHHet
craguu g0 1.5—2.5 MM/ron Ha 3aKJIIOUMTENIbHOM CTa-
MU 3KCTyMAaIlin).

3AKJIFOYEHHME

CoenmHeHNE BCeX MPEICTABIICHHBIX BhIIIEC (hak-
TUYECKUX JaHHBIX TTO3BOJISIET 0oJiee MOJTHO U 3pUMO
IpeacTaBUTh 3BOJMIOLUIO cBeKoKapenun Caso-Jla-
JIOXXCKOM TTOJABMXKHOM 30HBI ITOCJIE 3aBEPILICHUS OC-
HOBHBIX TEKTOHO-TEPMAaJIbHBIX COOBITUI CBEKO-
(heHHCKOIo TeKTOreHe3a 1 C TOM VI MHOI CTEIeHBIO
apryMeHTaluy OTBETUTh Ha ITOCTABJIIEHHBIE B CAMOM
Hayajie CTaTbM BOMpPOCHI. ITOCTTEKTOreHHbIE COOBI-
THsI, CBSI3aHHBIE C BOCCTAHOBJIEHMEM I'PDaBUTAIIOH-
HOro paBHOBECHSsI, HAPYIIEHHOIO IIPOIeCCaMM TEK-
TOreHe3a, B paccMaTpuBaeMOM pervoHe Hadajuch
(1790—1795 miH neT) nNpubAU3UTEIbHO Yepe3 35—
40 MIH JIET TIOCJIE TIPOSIBICHUSI PETrMOHAIILHOMN
ckiagyatoctu (~1830 MJTH JIeT), COTIPSKEHHOM ¢ TTH-
KOBOiI1 cTammeil mpoileccoB rpaHutusauun. OHU
NpPUBEIN K MPEUMYIIECTBEHHO OJIOKOBBIM IIE€peMe-
LLIEHUSIM B XpYIKO-TUIACTUYHOM pexKrMe (OporeHes)
pasHoOnTyOMHHBIX (5—7 — 25—30 kM) mMetamopdo-
TeHHBIX O0pa30BaHMI ITAJICONPOTEPO30sI, BMECTE C
MOACTUJIAIOIINM UX apXecKuM (yHAaMEHTOM, Ha
OpUOIU3UTEIILHO €OWHEIM ypOBE€Hb INIyOMHHOCTU
BepxHel Kopsl, opsaka 4—8 kM. [1pu 3ToM B oceBoit
YacTU MOABUKHOM 30HbI IIPOU30IILIA TTOJIHASI MHBEP-
cusl IIepBUYHOIO Mporuba, B KOTOPOM OTJIarajuCh
MeTaTeppUreHHbIe OcaakKu cBekokapeaua. IIpomecc
Ne 2
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Puc. 7. KpuBas usmeHeHus1 BO BpeMeHU ITyOUH, Ha KO-
TOPBIX IPOUCXOIWIIU IPEeOOpa30BaHMSI TOPOJ JTAT0XKCKO -
ro KOMIUIeKca B XOJIe TOJIMCTaAUMHON DBOJIIOIUU OT CO-
OBITUIT TEKTOreHe3a A0 BbIBEACHUS] UX Ha 3PO3MOHHYIO
MOBEPXHOCTH (1aHa [UIsi oceBoii 30HbI CaBo-JlagoxcKoro
nosica). 1| — HaKOIUIEHUEe OCaIKOB JIAMOXCKOM cepuu; 2 —
NposiBieHrne Meramopgursma rpaHyIMToBol aunu; 3 —
oporeHe3s; 4 — 3anoxeHue INamicko-Jlamoxckoit rpabeH-
CUHKJIMHAJIA; 5 — UMITAKTHOE COObITHE SIHUCHSIPBU.

BBIBOJIa IIIYOMHHBIX OOpa30BaHWI K ITOBEPXHOCTH
(PKcrymanmsi) OpoIOJDKIJICS Ha 3Tare IpOSBICHUS
IMMOCTOPOTEHHOro KoJjuarca pacTsekeHus (1590—
1300 MJIH JIeT), OTMEUYEHHOTIO CTAHOBJICHUEM B PErHv-
OHE MAacCHBOB pamnakuBU, (OPMUPOBAHUEM CHUCTEM
Pa3JIOMHBIX MICEBAOTAXUJIUTOB U 3JIOXKEHUEM KPYII-
Hoit pudrorenHoi Ilamcko-Jlagoxckoit rpabeH-
cuHkJMHau. K pyoexy okoso 770 MJIH JIeT BCe pac-
cMaTpuBaeMble 00pa3oBaHUS CBeKO(pEeHHM YK€ Ha-
XOJWJIMCh HAa 9PO3MOHHON MOBEPXHOCTU, OTMEUECH-
HOI MMITaKTHBIMUA OOpa30BaHUSIMU B paiioHe acT-
pob6aembl AHuCHsIpBU. [TocTpoeHHAss HA OCHOBAaHUU
OLIEHOK TIJTyOMHHOCTU IIPOSIBJIEHUSI Pa3HOATAIIHbIX
CTPYKTYPHO-BEIIECTBEHHBIX IIpeOOpa3oBaHUI IIO-
POl JIaI0KCKOTO KOMILJIEKCA KpUBasi B CUCTEME KO-
OpIMHAT “TIIYOMHHOCTh—BpEMSs”, MO3BOJIMIIAa pac-
CMOTPETH OMMUCAHHYIO TEKTOHO-TEPMAJIbHYIO 9BOJIIO-
ouio B cBeTe KoHuernuuu “HMo-iio TeKTOHuKHu”,
OoTpaxkalollleil HeOTHOKpaTHhIE BO3BPAaTHO-IOCTYIA-
TeJIbHbIE TepeMeIleHUs 110 BepTUKaIU OJIOKOB I10-
POI ¥ OLEHUTH CKOPOCTH 3KCTYMAIIUM Ha OTAEIbHBIX
BpEMEHHBIX OTpe3Kax. Bce mpuBeneHHbIC HaHHBIE
OTpaXaioT M SBJISIIOTCS CJACOCTBUEM IIPOSBIICHUS
JIeJICTBOBABILIMX IIPU 3TOM Pa3HbIX MEXaHU3MOB BBI-
BEJIEHUS K ITOBEPXHOCTH IITyOMHHBIX 00pa30BaHMIT —
MOKPOBHO-HAIBUTOBBLIE CTPYKTYPHI pPexXMMa TpaHC-
npeccur (AuMBepreHTHas “IIBETKOBasi” CTPYyKTypa
Bcel 30HBI), anddepeHIInaIbHble BEePTUKAIBLHO-
OJTOKOBBIE TIEpEMEIEHMS 3Tarna oporeHe3a, 4acTu4-
HO CBSI3aHHBICE C OOBEMHBIMU W3MEHEHUSIMHU IIPU

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAYKHU O 3EMIJIE

CUHXPOHHOM auadTopese IOpold, MOCTOPOTEHHEIE
MPOLIECCHI KOJIIAICa PaCTSIKeHUS U COTIPSIKEHHOTO C
HUM COPOCOBOIO Pa3spbIBOOOPA30BAHMSI.

NCTOYHUK ®PMMHAHCUPOBAHUSA

Pa6ota BrIITOIHEHA B paMKax rocy1apCTBEHHOIO 3a1a-
Hus UD3 PAH.
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POST-TECTOGENIC EVENTS AND EXHUMATION PROCESSES
IN SVEKOKARELIDES OF THE LADOGA REGION

Corresponding Member of the RAS Yu. A. Morozov**, M. A. Matveev*,
A. I. Smulskaya“®, and A. L. Kulakovsky“

4Schmidt Institute of Physics of the Earth Russian Academy of Sciences, Moscow, Russian Federation
#E-mail: frost@ifz.ru

Elements of the structure of the Svecokarelian pericratonic zone of the Karelian Massif (SE Fennoscandia),
formed after the main events of the Svekofennian tectogenesis, have been identified and characterized. Dated
age intervals of the orogenic stage and post-orogenic extensional collapse manifestation, determined the
depth levels of the corresponding structures and visualized the scheme of differentiated exhumation of the
deep complexes of the post-Proterozoic Savo-Ladoga movable zone. Approximate estimations of exhuma-
tion rates of deep material at certain stages of the Precambrian evolution of this zone are given.

Keywords: Fennoscandian Shield, Karelian massif, Svecokarelides, Ladoga complex, tectogenesis, orogene-

sis, extensional collapse, exhumation rates, Yo-Yo tectonics
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