YAK 551.25

OTpakeHnue MOCAEAOBAaTEABHOCTH T€OAMHaAMUYECKHX
IIPOI[ECCOB B T€OAOTHYECKOM CTpoeHnH ITo0yKbs

O. B. Ycernko, 2019

WNucturyr reodpusuku um. C.M. Cy66otuna HAH Ykpaunel, Kues, YKkpauHa

IToctynuaa 18 mapra 2019 r.

Bik chopMmamii, mo CKAQAQIOTh 'PAHYAITOBI OAOKM YKPAIHCBKOTO IIUTA, — IPEAMET
AUCKYCil. AAs 3'siCyBaHHS IEPBUHHOTO reHe3UCy i yMOB IlepeTBopeHHs nopip [Tooy»xxs
3aIIPOITIOHOBAHO BCTAHOBAEHHS ITepeliry TAMOMHHOIO IIPOIECY 3@ CKAQAOM MarMaTUYHUX
i XeMOTeHHO-0CaA0BUX MOPiA. BukopucTano onuc popmariiii i MOCAIAOBHICTE T€OAOTIUHUX
IIOAiM, 3aniponioHoBaHux B. M. BeniaikToBuM y 1986 p. [IpoTsiroM nepiopy, 1110 po310YaB-
Cs He Mi3Hile 2,5 MAPA POKiB ToMy i TpuBaB A0 2,0 MADA POKiB TOMY, BiAOYAUCS TPU TeK-
TOHO-MarMaTU4Hi IIUKAM, IKi MOJKHA 31CTaBUTU 3 PEKUMOM ''CKAaAdacTa oOAacTh'. Buko-
PHUCTAHHSA 3aTAaABHUX CXEM AQ€ 3MOI'y BCTAHOBUTH CKAAA I TeMIIepaTypu PO3MAABIB i (haro-
ipiB, 11O HAAXOAATH AO KOPU (TEPMOAUHAMIUHUM Pe>XUM), OIIIHUTU XapaKTep B3aEMOAIN
(MeTacoMaTU4Hi 3aMillleHHs, KpHUCTaAi3allisi, TAaBAeHHSI—PO3UYMHEeHHS TOII0) Mi*K TAUOUH-
HOIO PEUOBUHOIO (BIAOMOI'O CKAAAY i TeMIIepaTypH ) i peuOBUHOIO KOPU Ha BCTAHOBAEHIN
IAUOMHI (3@ BIAOMUX AITOCTAaTUYHOTO THUCKY i TeMIlepaTypH). Pesxum “ckaapdacTa oOAaCTh”
XapaKTepU3YIOTh MarMaTU4HI IOPOAH, 1110 YTBOPIOIOThCA Ha ranbuHax 220, 150, 100, 50 k.
IMipmapyBaHHS KOPU MAaHTIMHUMU (YABTPAOCHOBHMMU) PO3IIAAGBAMU i IOIIOBHEHHS I1apiB
IIAABAEHHS, BePXHA KPOMKA IKUX PO3MilyeThcs Ha TanouHax 50 i 20 kM, BipOyBaeTbCA
HeOAHOPAa3o0BoO, IO Iepepbadae YCKAAAHEHHs 0a30BOrO pesXuMy. BcTaHOBA€HO, IO Ha
[Mob6y>x>ki TeMIlepaTypa i THCK MeTaMOpP(IiYHUX [TepeTBOPEHb IIePEeBUIIIYBAAU HEOOXIAHI
YMOBH AASI YTBOPEHHS IIapy YaCTKOBOI'O MMAABA€HHS B KOpi. Ha cy4acHUM epo3iiiHui 3pi3
BUBEAEHUU PiBeHb PO3MIllleHHs acTeHoc(depy, B IKiM cHOPMYBAAUCS I'PAHITH, 1110 HaAe-
KaTh AO OepAUYIBCBKOTO KOMIIAEKCY. ITOCAIAOBHICTE 3aAsiTaHHA IIOPiA 3aMiHeHa IIOCAI-
AOBHICTIO iX BTOPTHEeHHS Ta 3aMillleHHsd. [IepBUHHO-0CaAOBI TOPOAU He 30eperaucs, a
3B'A30K MiX 3aAATaHHAM NOPIiA i IX BIKOM BipACYyTHIT.

Karo4oBi croBa: npoTepo3ol, MeTaMopdi3M, IpaHyAiTOBa 00AACTh, TAABAEHHS, MeTa-
COMAaTUYHI 3aMillleHHs, i30TOIIHNH BiK.
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BeepeHme. AucKyccus O TIOCAEAOBATEAD-
HOCTY MOABA€HUS U IEPBUYHOM TeHe3uce Me-
TaMOP(UUECKUX KOMIIAEKCOB I'PAHyAUTOBBIX
OAOKOB YKpauHckoro 1muTa (YIL) npoaoaka-
eTcs1 Oonee 40 aet. B pabore [['panyAuTOBas
..., 1985] mpeAcTaBAEHBI TPU Pa3AMYHLIE TEO-
AOTO-CTPYKTYpPHBIE cXeMbl cTpoeHud [100y-
>Kbsl, @ CTIOp 00 OTHOCUTEABLHOM BO3pacTe CTpa-
TUTrpadrIecKuX MOAPa3AEAeHUM TPOAOATKA-
eTcd A0 HacTodmero speMeHu. CyllecTByeT
AB€ TAaBHBIE TUIIOTe3Hl. [lepBas mpeanoaa-
raeT, 4YTO BYAKAQHOTEHHO-OCAAOUYHAs TOAIA
OblAa CMSITa B CKAAAKU U MeTaMOopur30Ba-
Ha [Aa3bKo U Ap., 1975; Aporyk, 1983; Kupu-
AtOK, 2015 u Ap.], @ TOCAEAOBATEABHOCTD 3a-
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A€TaHUs COOTBETCTBYET IOCAEAOBATEABHOC-
TU [OABAEHUS. DTa AOTHKA YCIEITHO 00bsIC-
HsAeT cTpoeHre CpepHeTPUAHETTPOBCKOTO Me-
rabaoka, aryaenko-KpruBoposKCKOM IOBHOM
30HBI ¥ APYTUX CTPYKTYpPHBEIX epuHul YIII,
B KOTOPBIX ITPOSIBAEH MeTaMOpP(U3M 3eAeHO-
craHneBoM u ampuboruToBo darmu. OA-
HAKO CAOJKHOE CTPOeHUe I'PaHyAUTOBBIX OAO-
KOB HEBO3MOKHO OOBICHUTE C TIOMOIITHIO 3TUX
IpeAcTaBAeHUH. "B rayboko MeTaMopdu3o-
BAHHBIX ¥ AUCAOLIMPOBAHHBIX TOAIIAX AOKEM-
Opu4 MOAHOCTBIO YTEPSHBI IPU3HAKU UX IIep-
BUYHOI'O T'€HEe3MCa, IpU "'CHATUU' MeTaMop-
dr3Ma 0AHOTO 3Taria 00HAPYKUBAETCSA APY-
rou MeTaMOpP(PUYECKU-MeTaCOMaTUUYeCKUM
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IlapareHe3uc, KOTOPOMY IIPEAIIECTBYeET Tpe-
TUM U T. A., @ IEePEKPUCTAAAU3AIINSA YaCTO
IIOAHOCTBIO YHHUUTOJKAET CAEABI IIPEAIIECT-
Byromux pepopmanuiit” [BenupukTos, 1986,
c.35]. ApyrumMmu CAOBaMHU, BMECTO IIOCAEAO-
BaTEABHOCTH HAIIAQCTOBaHMA HaOAIOAAeTCS
IIOCAEAOBATEABHOCTh BHEAPEHHUS, 3aMmelre-
HUS, & TPaHUIla MeKAY MeTaMop(u3MoM U
YaCTUYHBIM TAABAEHUEM IIPAKTUUECKU CTep-
Ta. AASI YCTAHOBAEHUS TeHEe3UcCa M OTHOCH-
TEeABHOTO BO3pacTa MOPOA, CAArarolinux rpa-
HYAUTOBEIe OAroKU Y11, HeoOXOAMA IPUH-
IIMIIMAABHO ApyTras Aoruka. MesXay cocea-
HUMU "TIAacTaMu’ TpeoOAaAaIOT TEKTOHUYEC-
KH€e U peaKIMOHHbIe KOHTAKTHI. [loaToMy BTO-
pasi rumoTe3a paccMaTpuBaeT MX KaK Mpo-
AYKT KPUCTaAAM3aIlNK PAacIAaBOB M MeTaco-
MaTHUUYeCKOTO BO3AEUCTBUSA (PAIOUAOB, @ UX
CTPYKTYPHO-TEKCTypPHBIE OCOOEHHOCTH — KakK
Pe3yAbTaT CyOTOPU30HTAABHBIX CTPECCOBBIX
Harpysok ['maTos, 2005; ExTuH 1 Ap., 2015;
Ycenko, 2015a; T'maTOB U Ap., 2018; [ToHOMA-
peHko u Ap., 2018 u aAp.].

PazAnums B TeopeTHuecKuX MpepCTaBAe-
HUSX OTPa’kaloTcsd B OlleHKe BO3pacTa CTpa-
TUrpauyeckux noapaspereHui [To0yxb4,
B YACTHOCTH IIOPOA, OTHOCUMEBIX K OyTCKOU
cepuu. CoraacHO IepBOY TUNIOTE3€, OHU AB-
ASIOTCSI apXercKuMu o0pa3oBaHusIMU [Aa3b-
KO U Ap., 1975; Kupunatoxk, 2015 u aAp.], Toraa
KaK BTOpasi IpeAlloAaraeT UX apxXeNcKo-Ta-
AEOTIPOTEPO30MCKUM BO3PACT, UTO IIOATBED-
SKAQETCS U TeOXPOHOAOTMUECKUMU AATUPOB-
kamu [[Llep6ak u Ap., 2005; [ToHOMapeHKO U
Ap., 2018; T'uutoB u Ap., 2018, u Ap.].

LleArb paboTBI — BOCCTAHOBAEHUE BEpPTU-
KaAbHOM (IIAFOMOBOM) COCTaBALIOUIEN aAeo-
reoAMHaMUUEeCKOTO MPoIlecca 0 TeOAOTHYeC-
KUM IIPOSIBAEHUSM, OIl€HKA PacIpeAeAeHUs
U IlepepaclipepereHUs TeMIlepaTyp U Bellle-
CTBa B CpeAHEU—HWJKHEW KOpe B TeYeHUe
nareonpoTtepos3os. Co3paHue o0IIe cXeMbl
Pa3BUTHS IO3BOAUT YCTAHOBUTDH I'€OAOTHUEC-
KIe IIPOIeCChl, CAEACTBUSI KOTOPBIX OTpake-
HBI B COBPEMEHHOM CTpoeHuu I1o0yKb4.

Onucanusa dopmalnuii 1 TOCAEAOBATEAD-
HOCTb I'€OAOTHUYECKUX COOBITUN IPUBEAEHEL
o pabote [BenmapukTos, 1986]. 'eonormnuec-
KHe AAHHBIE BCAEACTBHE OOBEKTUBHBIX ITPU-
YMH He UMeIOT TOUYHOCTU omnpepereHmus PT-
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YCAOBUM, U30TONIHBIX AQT Ka’KAOI'O COOBITHS,
IIOAYYaeMBIX B Pab0OTax IOCAEAHUX AeT (CM.,
HanipuMep, [[Tepuyk, 2002; Lobach-Zhuchen-
ko et al., 2014]). [TosToMy aBTOPOM UCIOAB-
3yeTcd MOHATHEe O 0a30BBIX reOANMHAMMUYEC-
KX pesKuMax (“crkaapdaTas ooaacte, "pudt”,
‘‘TpanmnoBagd NpoBUHIUA 1O paboTe [boraTy-
KOB 1 Ap., 2010]). DTo upearn3upoBaHHBIE
CXeMBbI, AT KOTOPBIX B II€PBOM IIPUOAMIKE-
HUU OIpeAEAeHBbl TepPMOAWHAMUYECKHE IIa-
pameTpsl [Ycenko, 2018]. Ecau n3BecTeH 06-
UM Pe’KUM, TO MOJKHO OIPEAEAUTH pa3Me-
1leHUe KPOBAM CAOS YaCTUYHOTO IIAABAEHUS
(rparuLEl AUTOC(hepa—acTterocgepa (AAl))
TIOA UCCAEAYEMOU TeppUTOpUEN Ha Ka*kKAOM
3Talle reopAMHaMuuYeckoro mpoiecca. Coro-
CTaBAE€HUeE TEIIAOBOM MoaeAr [['opaueHko, 2007]
U COOBITUY, IIPEAIOAATAEMBIX 0a30BBIMU Pe-
>KMMaMH4, pacCMOTPeHOo B paboTax [YceHKO,
2014, 2018].

I'To maenuto B. M. BeHUAUKTOBE, IPUPOA-
HBIe TeoAOTHYecKre (popMaliii B MOAMME-
TaMOpP(UUECKUX KOMIIAeKCaX — accolua-
IIUM TIOPOA, BO3HUKAIOIIWE IIPU ONIPEAEAEH-
HOM KOMOWHAIIMN TEKTOHUYECKOTO, reOXu-
MUYECKOTO ¥ TEPMOAVMHAMUYECKOI'O PEKUMOB
[BenuaukTos, 1986]. MicmoAb3oBaHue 00X
(6a30BBIX) CXEM IIO3BOASIET YCTAHOBUTH CO-
CTaB M TeMIepaTyphl PacIAaBOB U (DAIOU-
AOB, IIOCTYIIAIOIIUX B KOPY (TepMOAUHAMMU-
YeCKUU pe’KUM), U OIeHUTh XapaKTep B3au-
MOAEMCTBHUM (MeTacoOMaTU4eCKOe 3aMellleHue,
KPUCTaAM3allMs, [IAaBA€He—pPacTBOpeHue
W T. A.) MEXXAY TAYOMHHBIM BeIlleCTBOM (K3-
BECTHOI'O COCTaBa U TeMIlepaTyphl) U Bellle-
CTBOM KODEI Ha YCTAHOBAEHHOM I'AyOuHe (IIpu
HM3BECTHOM AMTOCTATUYECKOM AQBAEHUU U TEM-
neparype) [Ycerko, 2018].

TepMmuH "ckrapuaTasg oOAACTh” yHoOTpeO-
ASIeTCSI UCKAIOUUTEABHO AASI 0003HaYeHUs
IIOCA€AOBATEABHOCTH M3MEHEHUs PaCIIOAO-
xeHus AAD' B MAHTUU U HUKHEM 4aCTU KO-
pBL. B pAaHHOM cAydae ero ynorpeOAeHUe He
COBCEM YAQUHO, TAK KaK HUKAKUX CKAAAOK
[IEPBUYHO-OCAAOYHO-BYAKAHOTEHHOW TOAIIIY,
KaK ¥ CaMOM¥ TOAIIM, MBI BUAETH He MOJKEM.
Camble "NIOBEPXHOCTHEIE'" COOBITUA IIPOTe-
KaloT Ha YPOBHE pa3MellleHus II0pPoA, IPaHy-
AWTOBOM pariuy MeTaMop@u3Ma U odara IAaB-
AEHUS B KOpe€, T. €. Ha TAyOuHe 6oaee 20 KM.
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O.B. YCEHKO

C ucnoab3oBaHUEM Pe3yAbBTATOB I'e€OXU-
MUUYECKUX U MEeTPOAOTHMUYECKUX HCCAEAOBa-
HUM pellaeTcsd oOpaTHas reodpu3ndecKkas 3a-
pada AAA TaaeompolleccoB. ['eorormueckas
nH(popManusa pa3po3HEHH]a, IIO3TOMY IIPEA-
AaraeMasli MHTepIpeTanus AUCKYCCHOHHA.
AanHasa paboTa He SIBASIETCSI UCCAEAOBAHU-
eM cTtpaturpadum IToOy>Kesg, He IPEAIIOAa-
raeTcs pacCMOTpeHMe IeTPOAOTHUUYECKUX 3a-
AaY, HATIpUMeD, BHIICHEHVE TPUYUH Pa3HO-
oOpas3uga rpanutoupoB. Ha [ToOy>kbe mpep-
CTaBAEHBI TPAHUTHI Pa3HOTO BO3pacTa M CO-
CTaBa KaK MaAUHTeHHbIE (00pa30BaHHBIE BCAEA-
CTBHE MHOTOUMCAEHHBIX 3TallOB MeTacoMa-
TUYECKOT'O 3aMelleHus], YaCTUUHOTO IIAaBAE-
HUS M KPUCTAAAU3AIMU), TaK U UHTPY3UB-
HBIe. 3apavya paboOThl — BHIAEAUTH TAABHEIE
3Tanbl TPAHUTOOOPA30BaHUs, T. €. TAABHBIE
3TaNbl 00PAa30BaHUS CAOSI YaCTUUYHOTO IIAAB-
AEHUS B KOpPE, YTO IMTO3BOAUT IIPUBSI3aTh TEK-
TOHOMarMaTuuecKue IUKABI K U30TOITHBIM Ad-
TUPOBKAM.

3a IIpepeAraMy BO3MOJKHOCTEMN UCIOAB3Y-
€MOT'0 METOAA OCTAaeTCs U TEKTOHUYECKas CO-
cTaBAdgioniasag. Peub umaeT o co3paHUU O0IeH
MOAEAY, YUUTHIBAIOIIEN POAB BOCXOAMIIEN
BETBU KOHBEKTUBHBIX TEUEHUU (TIAIOMOBBIX
MPOIIECCOB) IPOTEPO30s1 B COBPEMEHHOM CTPO-
eHun [1oOy>kb4.

Bpemsa obpazoBanusg AuTocepHOU MaH-
THUU TOA KpaToHamMu 2,8—2,5 MApa AeT [Carl-
son et al., 2005; Griffin et al., 2014 u aAp.].
PyGex apxeli—I1poTepo30if — BpeMsA Hava-
Ad TIAIOMOBOM WIAM TIAMTOBOM TEKTOHUKU B
BUAe, OAU3KOM K coBpeMeHHOMY [Griffin et
al., 2014]. Oto npeanoraraeT IPaBOMOYHOCTh
COIIOCTaBAEHUd TAYOMHHOU YacTU IIpoliec-
COB TIAAEONIPOTEPO30d U (PaHepOo304.

ITepuoarpi paszsutnisi IT00y>Kbs 110 AQHHBIM
reoxpoHoaoruu. B padore [Aobau-’Kyuen-
KO U Ap., 2017 0] BeIpAeAsIeTCS PsA TAODAAD-
HBIX 3TallOB pa3BUTUSA KOPHI [ToOyKbd.

1. ®opMupoBaHre APEBHEUIITUX TTOPOA, B
uHTepBare 3,7—3,3 MAPA A€T, BKAIOUABIIIEE
HEOAHOKpATHOEe BHEAPEHME OCHOBHBIX pac-
IIAABOB U HECKOABKO 3TAIIOB I'PAHYAUTOBOTO
MeTaMopdus3Ma.

2. B kBapmuTax c. Komapo-AreKcaHAPOB-
Ka OOHapy>KeHBI TUPKOHEL, BO3PACT KOTOPHIX
3,115—2,915 mapp AeT [CTenaHiok U Ap.,
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2010]. B kBapruTax ooHa>keHud "beaas cka-
AQ" yCTAHOBAEHBI KAQCTOTe€HHBbIE [TUPKOHHI,
oOpazoBaHHEIe 3,25—3,15; 3,1—3,0; 2,8 MApA
AeT Hazap, [[ymasucbkuit, 2012]. Apxei-
CKHe AQTUPOBKU BCErAa MPUCYTCTBYIOT B DH-
AepOuTax raBOPOHCKOT0, AUTUHCKOTO U TIO-
Oy>KcKoro KoMnAeKkcoB [ILlepGak u ap., 2005;
Aobau-’KyueHko u aAp., 2017a]. Bpemsa npo-
SIBA€HUS I'PAHYAUTOBOTO MeTaMopdu3Ma —
2,8 MApA AeT [Lep6ak u ap., 2005; Aobau-
’Kyudenko u Ap., 20176]. EcTb u yAbTpaMa-
duThL, 0Opa3oBaHHBIE 2,8 MADA AeT Hazap, [Ao-
0au-’KyueHKO u Ap., 2017a]. DT AaTUPOB-
KM COBMAAAIOT C TAABHBIMM 3TamaMu ¢op-
MHUPOBaHUA I'PAaHUT-3€A€HOKAMEHHOU 00AaC-
T CpepHeNIpUAHETIPOBCKOTO MerabaoKa [LLep-
0ak u Ap., 2005 u ap.]. B 3anapHOM yacTu
VYIII 3eAeHOKaMeHHBIU 3Tall pa3BUTUS TOAb-
KO IIpeapnioraraeTrcs [Aobdad-’KydeHKo U Ap.,
20170].

3. B He3HAUUTEALHOM KOAMYECTBE AATU-
POBOK OTpa’keH MpoIleccC (4acThb Ipoliecca),
IIPOXOAVBIINM Ha TpaHUIle apxes U Mareo-
npoTepo3os (2,5 MApA AeT Hazap). PakT ero
IpOTeKaHus — IpeaMeT AucKyccuu. Cum-
TaeTCs, YTO OH IPOSIBAEH He3HAaUUTEABHO [/\o-
0au-’KyueHko u ap., 20170], ambo He mpo-
sBAeH BoBce [Bogdanova et al., 2016]. Oa-
HAKO ITUPKOHBI 3TOTO BO3PACTa yCTAHOBAE-
HBI ¥ B kBapuurtax [[ymagucskuit, 2012], u
B 3HAepOuTax NoOy>KCKoro koMmnekca [Ilep-
0ak u Ap., 2008].

4. MakCcUMaAbHBIM KOAMYECTBOM OIIpeAe-
AEHUN 0XapaKTepU30BaH re0pAMHaMUIeCKUHN
Ipoliecc, KOTOPHIM HauMHaeTcs He paHee 2,3
MADA AT Ha3ap HOsIBAeHUEeM yAbTpamMadu-
TOB. B 'OAOBaHEBCKOM IOBHOM 30He U Xa-
111eBaTO-3aBaAbeBCKOM OAOKE YCTAHOBAEHBI
EAVHUYHBIE AQTHPOBKU IIMPOKCEHOBLIX 1 OMO-
TUTOBBIX THENCOB (2,26, 2,23 MADPA AeT) U 2H-
AepOUTOB (2,26 MAPA AeT). MHOTOUNCAEHHEIE
AATUPOBKU ITUPKOHOB MarMaTU4eCKUX U Me-
TaMOp(PUUECKUX ITOPOA OTHOCSTCSA KO Bpe-
MmeHHu 2,08—1,9 MApA AeT Ha3ap (DUK BCTpe-
yaeMmocTtu 2,06—2,03, mMenpmmun — 1,95—
1,91 Mapp AeT) [Lepbak u Ap., 2008; IToHo-
MapeHKoO u Ap. 2018 u ap.].

B. M. BeHUAUKTOBBIM IO COBOKYITHOCTH
CTPYKTYPHO-BeIleCTBEHHBIX IIPU3HaKOB BEHI-
AEAEHBI YeThIpe TEKTOHOMarMaTuieCKUX 11K-
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Aa ['pamyaurtoBag ..., 1985]. Aast KaXkp0TO
YCTaHOBAEHA IIOCAEAOBATEABHOCTH IIPOSB-
A€HUSA TeOAOTHYECKHUX COOBITUMN, OTPa’kKeH-
HBIX B CTPOEHUU CpepAHe—HUKHEeN KOPHI,
a TaK’Ke IIOCAEACTBUSA HAAOXKEHUS METaco-
MaTU4YeCKMX TPOSIBAEHUU U AepopMalinil Kaxk-
AOTO OOAee MO3AHETro ITMKAA Ha Bce Ooaee
paunue. B pabote [Benupukros, 1986] HeT
TIPUBSI3KU K U30TOTHBIM AaTUpPoBKaM. OpHa-
KO AETAABHO OIIMCAHO Ka’kKAO€ COOBITHE, ero
TIPOSIBAEHUS B COCTaBe (pOPMAITUil U B OTAEAL-
HBIX MPHEPaAax (CM. IPUAOSKeHHeE). DTO O3~
BOASIET YCTAHOBUTH OTHOLIIEHUS PaHbllle/I03-
JKe MeKAY IIMKAAMU U BHYTPU Ka’KAOIO.

B aAaHHOM HCCAEAOBAaHUU PAaCCMOTPEHEBI
TeOAOTHUUECKUE MPOSIBAEHUSI TPEThEero ITUK-
Aa. OAHAKO B MEPBBIX TPeX ITUKAAX HAaOAIO-
DAETCs OAMHAKOBAas MOCAEAOBATEABHOCTD 00-
pa3oBaHug popMalnmii OAU3KOr0O COCTaBa, UTo
IIPEAIIOAATAeT M CXOAHOE NMPOTEKAaHUEe TAY-
OMHHOTO TIpoIlecca (CM. IPUAOKEHUE). YoKe
B pabote [BeHupAUKTOB, 1980] 4eTBEpTHIM ITUKA
ApOOUTCH ellle Ha YeThIpe, KaXXABIN U3 KOTO-
PBIX IPEACTaBAEH HEITOAHBIM HabopoM op-
Manu U (a3 ckrapuaTocTu. B HacTodien
CTaTbe OH He pacCcMaTpUBaeTCH.

CootHeceHmne UKAOB B. M. BeHUAUKTO-
Ba C IPUBEAEHHBIMU IepUOAAMHU Pa3BUTHUSI
[TobOy>xpsa Ga3upyeTcd Ha pspe cooOpake-
Hu. Bo3pacT rpaHuToB, 00 beAUHEHHBIX Ha-
3BaHUEM ''OepanueBCcKUe", cocTaBAsIeT OT 2,1
20 1,91 mapa Aet [ Uepb6ak u aAp., 2008].
B.M. BeHUAVKTOB pa3peAsdeT UX IO MOCAe-
AOBATEABHOCTH 00pPa30BaHUS U COCTABY: BHUH-
HULUTHEL 00pa30BaHbl BO BTOPOM IIUKAE, UYA-
HOBO-0epANUYEBCKUE TPAHUTHI — B TPETHEM,
a JKUTOMUPCKNE U KUPOBOTPAACKHE TPaHU-
ThI — B UeTBepTOM [BeHuaukTos, 1986]. Aa-
Aee CUHUTAeTCs, YTO BO3PaCT BUHHUITUTOB ~2, 1
MAPA A€T, YYAHOBO-O0epAUYEBCKUX 'PAHUTOB
~2,05 MApPA A€T, @ JKUTOMUPCKUX U KUPOBO-
rpapckux ~1,9 MApPA AeT. YKa3zaH NPUOAU-
3UTEABHBIU BO3PACT, COOTBETCTBYIOIIUN Bpe-
MEeHHU dTalla TPAaHUTU3AIUU B Ka’KAOM ITUK-
Ae. Ha camoMm pene Kakpasi pa3HOBUAHOCTD
MaAMHTeHHBIX TPaHUTOB 0Opa3oBaHa U Ipe-
obOpa3oBaHa B HECKOABKUX 3TallaX U BKAIO-
YaeT ITUPKOHBI Pa3HOTO BO3PAacCTa.

YeTBepThIN ITUKA HAUUHAETCS He TTO3AHEee
2,0 MApA AeT Haszap. OOpasyroTcsa rAMHO3e-
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MUCTHIM KBapuuT (c. Kanuranka). B pabore

[Teonroro-reopusuveckas ..., 2008] mopo6-

HBIY BO3PACT Ha3BaH U AASI YABTPaAOa3UTOB

KalnTaHCKOIO KoMIIAeKca. Bo3pacT 3BAu3u-

TOB (BBICOKOXXKEAE3UCTBIX I'PaHaT-IIUPOKCe-

HOBBIX KBAapIIUTOB) C. 3aBaAbe COCTABASIET

1,91 MapA AeT, MpaMopa — 2,0 MADA A€eT,

ABYTIMPOKCEHOBOTO KPUCTAAOCAQHIIA (AQMKa,

COCTaB KOTOPOM COOTBETCTBYET rabopo) —

1,92—1,96 Mapa AeT [Uepbak u Ap., 2008].
B KauecTBe AOIIOAHUTEABHBEIX apPT'YMEHTOB

B TIOAB3y OKOHYAHUS TPETheTo IIMKAa A0 2,0

MAPA A€T MOJKHO IIPUBECTH ellle psip CcooO-

paskenuri. Okoao 2,0 MApA AeT Ha3aah Ha BCeX

KpaTOHaX MUpa 3a(pUKCUPOBAHLI U3MEHEHUS:

— BellleCTBEHHOI'0 COCTaBa MAaHTUWHEIX pac-
IIAQBOB;

— IIPOTEeKaHUsl TEeKTOHUYEeCKUX IIPOIleCCOB
[BoratukoB u ap., 2010];

— COCTaBa XeMOTeHHO-OCAAOYHBIX (popMma-
OUH (IIOSABA€HHE KAAbIIU(PUPOB U HMOPOA
>KEeAe3UCTO-KPEMHUCTO-KapOOHATHOU pop-
Maluy, HIPOKOoe pa3BUTHe IpadUTOBLIX
caanien) [Condie, 2011].

Coraacuo B.M. Benupukrony, Ha [1oOy-
JKbe YTAEKHUCABIM W KaAbIJUEBBIM METaCOMa-
TO3 BIIEpBBEIE IIPOIBAEH HaKaHyHe 00pa3o-
BaHUSl YYAHOBO-OEPANUYEBCKUX I'PAaHUTOB B
TPEThEM IMKAE, & TTOIBAeHUEe MaYeK KaAbII-
(UPOB IIPOUCXOAUT B UETBEPTOM.

[MpuBsizKa TeKTOHOMarMaTU4eCKUX ITUK-
AOB K U30TOITHBEIM AQTUPOBKAM AVCKYCCUOH-
Ha. MIx MOTAO OBITH OOABIIIE UeM TPH, TaK Kak
apxelCcKue IOPOABl MOTAU OBITh IIOAHOCTBIO
nepepaboTaHbl B IOCAEAVIOMINUX ONUKAAX. "B
HEKOTOPHIX CAyYasX IepBUYHBIE IIOAUMETA-
Mop@uUeCcKUe U IOAUITUKANYEeCKHe PopMa-
UM IIOAHOCTBIO MCYE3aloT, & OOAUK 00pasy-
ro1ericst popManuu 00yCAOBAEH TAABHBEIM O0-
paszoM coctaBoM paronpaa [BernaukTos, 1986,
c.42]. HabAtopaeTcss COOTBETCTBUE MUHEPAAD-
HOTO M XWMHYECKOI'0 COCTaBa MeTaMopgu-
yecKux (popManui nepBoro IMKAa HUKHEU
(CIIacOBCKOM) CBUTE MHI'YAO-UHTYAEIIKOU Ce-
punu. Ho ¥ OTHOCUTEABHO BO3pacTa UHTYAO-
WHTYAEIKOM CepUH HeT OAHO3HAYHOIO MHEHWMS.

ConocTraBaeHNne COOBITHM, OTPa*kKeHHBIX
B reOAOTHYECKOM CTPOEHHUH, C pe3yAbTaTa-
MM OIlpeAeAeHUN U30TOIIHOro BO3pacTa Tpe-
OyIOT YyTOYHEHUS, IPUBACUEHUS AOIOAHU-
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TeALHOM reoxumudyeckod nagopmarum. Oa-
HAKO OCTaAbHBIE (IIOMMMO BO3pacTa) TEPMO-
AVMHaAMUUYeCKUe IlapaMeTpPhl TeOAOTUUYECKOT0
nmpoliecca He M3MeHATCH.
I'eopmHaMUYeCKue MPOLEeCChl, B KOTOPBIX
oOpa3oBaH KpUCTaAAnYecKui ¢pyHAaMEeHT
IToOyXbsi. AAST TIEPBBIX TPEX ITMKAOB AOC-
TATOYHO YBEPEHHO IIPOBOAWUTCS @HAAOTHSA C

TAYOMHHBIMY IIpolleccaMu (paHepo30sd, Ipo-
TeKaHHe KOTOPBIX MOKHO YCTAHOBUTH 10 CO-
CTaBy MarmMaTu4yeckux nopop [boratukos u
Ap., 2010; Ycenko, 2014, 2018].

B Taba.1 mpuBepeHO comocTaBAeHUE ha-
HEePO30MCKUX MarMaTuueCKUxX IIOpopA, IIO-
CAEAOBATEABHO NOSABASIOIIUXCS B Pe’KUME
"craapgaTasg obractes” (o paborte [Boratu-

Taoaumma 1. ConocraBAeHHe MMOCAEAOBATEABHOCTHU MOSIBAE€HHSI MarMaTHYeCKHNX
M 0CaAOYHBIX KOMIINEKCOB B pexuMe "cKaapydarass o0racTts paHepo3os” [boraTukos u
AP., 2010] 1 B TpeThbeM TEKTOHOMarMaTH4eCKoM I[HKAe IpoTepo3os (BepxHee ITooyKbe)

[BeuupukToB, 1986]

Pexxum «ckAapuaTasi 0OAACTD TekToHOMarMaTUYeCKUM ITUKA NAT,
danepo3oa» (TpeTuit nuKA, Bepxuee [ToOysxbe) KM
YABTPaOa3uTOBBIN KOMIIAEKC IToaBaenue gaek memaba3umoB 220
(paccroeHHBIE MaCCUBBI AABITUHOTUITHBIX
rurepOa3uToB)
ITepecaauBaromuecs yAbTpaMaUTE @Dopmayus NAAruorHelicoB, KBAPUUMOB, 150
U rab0pOo, BhIIIe IIepeKphITEe Tabopo KBAPUUMO-THEUCOB U (UAU) AéeNMUHUMOB C
u rab0poHopuTamMu. OcapOuHBIE IOPOALL | DPABHOMEDHOU CAQHUEBAMOCMAIO.
3TOM CTAAMU NIPEACTaBAEHEBI KBApIUTaMy, | 'paHaT-OMOTHUTOBEIE MAQTHOTHEMUCHL C ABYMs
YaCTO C IAATMOKAA30M reHepalysgMU rpaHaTa
[MTapaarenbHBIE AQUIKU TOAEUTOBOM cepuu | « Memamopgugbl» npeumyujecmBeHHO 100
(moaBOAAIIIMIE KAHAABI AQBOBBIX OCHOBHOI'0O COCMABA C PEeAUKMOBOU
U3AUSHUM). /A@BOBbBIE IIOTOKU U IIOKPOBHI | CAQHUEBAMOCMbIO.
NUAAOY AdB. [TepeKpeITH M3BEeCTHSKAMHY, | BUOTUT-runepcTeHOBBIE THEUCHI.
KPEMHUCTBIMU YTAUCTO-TAMHUCTBIMU KyMMUHITOHUT-IAQTUOKAQ30BBIE ITOPOABL
chraHIaMu, Oa3aAbTaMy, C PEAUKTOBBLIM TUIIEPCTEHOM (Aaiku rabO0po-
BYAKAQHOTE€HHBEIMHU ITIOPOAAMU CIIUAUT- Auaba3oB).
AMab0a30BON U CIIUAUT-AUAOA3- MaccuBHBIE U CAaHIIeBaThle aMPUOOAUTHI
KPEMHUCTOMN accoliualnmi
OOpa3oBaHUs IePexXOAHOTo 3Tala. AnoncupoBble TOPOABL U M3BECTKOBEIE 50
Psa MarmMaTuuecKux accoIUaliyi: KaAbIIU(UPEL, KOTOPEIE 0OPAa3yTCA B ABe
paHHAA 0a3anrbT-aHAE3UTOBas (50), CTAAMU: KAABIUEBOTO U YTAEKHUCAOTO
IAQTUOTPaHUT-IIAQTHOPHUOANTOBAS MeTacoMaTo3a.
(50—20) Panneoporernble noAocuamable NAQrUOMUIMAMUMbL 20
OporeHHasa CTapus IIpeACTaBAEHA CuHoOpoOrenHble rPAHOgUOPUMBL U TPAHUMbL 50
0a3anbT-aHAE3UT-PUOAUTOBOU U u murmamumal. O6pa3oBaHUE ITPOUCXOAUT
QHAE3UT-AQLUT-PUOAUTOBOM B ABe (pa3bl: 6a3m@UKAIUSA U IPaHUTU3AITUSA,
aCCOIMAITUSAMUA. CTPYKTYPHI THIIa 3PYNTHUBHAsA OpeKuus: u
XapakTepHbI OUMOAAABHEBIE PSIABI PEAUKTOBBIE TIAOCKOCTH
BYAKaQHUTOB OAACTOMUAOHUTU3AIIUN, PACTPECKUBAHS,
OpeKYNpOBaHUS
YyAHOBO-0EpAHIEBCKHE IPDAHHUTHI 20
CTpyKTypa yKa3blBaeT Kak Ha IlepeMellieHue
MaTepHaina, Tak U aBTOXTOHHOE
TTPOUCXOJKAEHUE
[Mo3pHeoporeHHast CTaAUS. ITosgrneoporenHnble cyujecmBeHHO 20
AHAE3UTOBAS, aHAE3UT-AQIUT-PUOAUTOBAS, | KAAUWNAMOBble IPAHUMBL, AASICKUTHI,
MOHITOHUT-TPaHOAMOPHUT-CUEHUTOBAS, NIerMaTUThl, KOHTPOAUPYEeMble HOBBIMU
AeUKOTPaHUT-aAaCKUTOBas PopMaIium pa3pbiBaMM ¥ 30HaMM pPacCAaHIIeBaHUS
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KOB U Ap., 2010]), c mpoTepo3orickuMu op-
MaIlUusIMU TPEThero IUKAa 1o paboTe [Benu-
AUKTOB, 1980]. B mmepBBIX ABYyX IJTMKAAX Ha-
OAIOAQETCST CXOAHAs TTOCAEAOBATEABHOCTH IO~
SIBA€HUS POPMAIINM, UTO IIPEATIOAATAET U CXOA-
HOe IIPOTeKaHue reOAUHaMUYeCKOTO IIPoIlec-
ca (CM. IpPUAOJKeHUE). B IepBEIX ABYX ITHK-
Aax O0OAee TIpeACTaBACHBI aM(PUOOAUTEL U Me-
Hee THeUCHl, OTCYTCTBYIOT KaAbIU(UPEL.

OAMHaKOBasI MOCAEAOBATEABHOCTE TOSIB-
AeHUs TTOpoA OAM3KOTO CcOCTaBa (pacHAaBhI
KOTOPBIX 0Opa30BaHbl Ha OAM3KUX TAyOU-
Hax, T. e. B OAu3Kux PT-ycAoBHUSX) B TeKTO-
HOMarMaTU4eCcKuX ITMKAAX IIaAeOonpoTepo-
305 U pekuMe 'cKaapuaTas o0AacTh' oTMe-
yeHa U B.M. BeHUAUKTOBEIM (KOTOPBIHN YIIOT-
pebasgeT TepMHUH "T€OCMHKAMHAABHBIU pe-
KUM'"). DTO TTIOATBEPKAAET TE3UC O CXOAHOM
NIPOTEKAHUU TAYOMHHBIX IIPOIECCOB IIPOTe-
po3osa u daneposzosa [Griffin et al., 2014].

CheAcTBUS TAYOMHHOTO IIponecca, mpo-
SIBA€HHBIE B T€OAOTHYECKOM U TEKTOHUYEC-
KOM CTpOeHMM. PesxuM " ckrapuaTass 06AacTh”
XapaKTepU3yIOT MarMaTuueCcKue MOPOAHL, 00-
pasyrolrecs Ha rayounax 220, 150, 100, 50 kM.
B daHepo3oe u3MeHeHUe T'AyOHWHEL IIPOKC-
xoAuT yeped 60 maH AeT. [TopweMm AAT BbI-
3BaH [OCTYIIA€HHEM BellleCTBa C I'AyOWHEBI
220—450 kM. Otamn, koraa AAI pa3MmernieHa
oA KOpPOM (IIOACAAMBaHUSA KOPHI), HE IO-
CAepAHUM (cM. TaOA. 1). ITopcramBaHUE KOPBI
MaHTUMHBIMU (YABTPAOCHOBHBEIMHU) PACIIAG-
BaMM U TTIOTIOAHEHUE CAOEB IAABAEHUS, BEPX-
HAS KPOMKa KOTOPBIX pa3MellleHa Ha TAyOu-
Hax 50 u 20 KM, TPOUCXOAUT HEOAHOKPATHO
[Ycenko, 2018].

ITpoTekaHue 3TOTO pekrMMa UMeeT XapakK-
TepHbIe O0IIWe CAEACTBUS, OTPa’KeHHbIE B
TeOAOTUUYECKOM CTPOEHUH.

1. CocmaB marmamuyeckux U XeMOT€eH-
HOU (3KCraAsiUUOHHOU ) Hacmu 0CAgoYHbIX No-
pPOg, NOCAegoBAMEAbHO NOABASIOUUXCA HA NO-
BepXHOCMU B peXuMe cKAaguamas o6AaCmb.

B cocTtaBe Topoa,, OTAEATIONIUXCA OT CAOSI
TIAABA€HUS, BEPXHAS KPOMKa KOTOPOTO pa3s-
MellleHa Ha rAyounHe 220 KM, IPeoOAaAQIOT
AEPLIOAUTEI (U3MeHeHHbIe YABTPaOa3UuThl) 1/
UAM KuMOepAuTHL. [1pu pasmemennn NAD Ha
150 KM TOABASIOTCSI KBAPIIUTHLI UAU TTOAEBO-
IITIATOBbIe KBAPIIUTHEL. DTO — TTOPOABI TTOA-

I'eogusuueckuti xypnar Ne 3, T. 41, 2019

HOCTBIO MAU YaCTUYHO OOpa3oBaHHBLIE TPU
pas3rpys3Ke TAYOUHHBIX OKUCA€HHBIX CUAUKAT-
HBIX (DAIOMAOB. ByAKaHOTE€HHEBIE TTIOPOABI 3TO-
ro 3Talla 4acToO OTCYTCTBYIOT AMOO IIPEACTaB-
AEHBI IUKPUTAMHU U 0a3aAbTaMU MaAOU MOIII-
HocTU. [TosiBA€HMEe 3HAaUUTEABHBIX 00HEMOB
0a3aAbTOB MPOUCXOAUT Ha 3Tane, Koraa AAI
HaxopuTca Ha TAyomHe 100 kM [Ycenko, 2014,
2018]. Ha muTax B OOABIINHCTBE CAy4aeB OHU
npeoOpa3oBaHbl B aM(PUOOAUTHI.

Ha sTane, korpa AAI' pa3mellieHa Ha TAy-
outHe 50 KM (OACAAUBAHUS KOPHI pacIliAa-
BOM, IOCTyIaoIuM ¢ rAyonHsl 200 kM u 60-
Aee), CHavaAa IOABASIOTCS OCHOBHBEIE (Tra0-
Opo, Anabassl), 4aCTO YABTPAOCHOBHEIE IIO-
POABL. B IIpUCYTCTBUU BOAHBIX (DAIOUAOB O0-
Pa3yIoTCsl paClAaBhl, U3 KOTOPHIX Ha IIOBEpPX-
HOCTU KPUCTAAU3YIOTCS IIOPOABL C BEICOKUM
CopepsKaHNMeM OCHOBHOTO ITAArMOKAa3a (Ho-
PUTHL, @aHOPTO3UTHI). XapaKTePHBI OMMOAAAD-
Hble popmManiuu. Heped ~5 MAH A€T HNOSABAS-
IOTCSI @HAE3UTHI U TPAHUTHI, TaK KaK BCAEA-
CTBHE IIPOTpPeBa U MPOHUKHOBEHUS paclAa-
BOB U (PAIOMAOB B KOPYy oOpa3yeTcs CAOM 4a-
CTAYHOTO IAABAEHMS Ha TAyOuHe 20—40 k.

2. Obpa3oBaHUe CAOS YACMUYHOIO NAQB-
AeHUusl B Kope.

[TpopyKTaMu 4aCTUYHOT'O IIAABAEHUS KO-
PBI ABASIFOTCS MarMaTH4eCKHe IOPOABI, CO-
CTaB KOTOPBIX COOTBETCTBYET I'PAHUTY, @ TaK-
Ke (PAIOMABI, KOTOpble BOAM3U ITOBEPXHOC-
TH Ipeobpa3yioTcs B THAPOTEPMAABHEBIE pa-
cTBOPHI. HenmepeMellleHHbIE (HIAaAUHTEHHBIE)
IPAHUTHEI PEACTABASIIOT CAOM YaCTHUIHOTO
TIAABA€HUS, BBIBEAECHHBIM Ha MOBEPXHOCTD.

B ncioab3yemMol MOAEAN pa3MelrieHre CAOST
YaCTUYHOTO MAABAEHMS B KOpe KOHTPOAUPY-
eTcsl TAyOMHOM paclpOCTPaHeHuUs II0POoA, aM-
duboantoBon danum (20—40 kM), TeMe-
paTypa COAMAYCAa KOTOPBIX B IPUCYTCTBUU
BoAbI cocTaBasieT 600 °C [Topaunenko, 2007].
[ThaBAaeHUE IPOUCXOAUT BCAEACTBHE KOHAYK-
TUBHOTO IIPOTPEBA TEIIAOM MAIOMA, HO B OOAB-
1Ied CTelleHU — B Pe3yAbTaTe IMOCTYIIACHUS
B KOPY MaHTHUUHBIX PACIIAGBOB U (PAIOHMAOB.
B KaykpAOM caydae CTapy IPaHUTHU3aITAN TIPEA:-
LIeCTByeT CTapusd Oazudukanuuy, T. €. CHa-
Jana B KOPY MOCTYyHAalOT OOAee OCHOBHEIE
pacmaaBbel, 0Opa3oBaHHLIE B MAHTHUH (CM. TpU-
roxenne) [BenuapukTos, 1986].
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INonaTHEe CAOM YaCTUYHOTO TIAABAEHUST —
reodusndeckoe. Haanume 3Toro caros onpe-
AENSETCS C IIOMOIIBI0 METOAOB, PUKCHUPYIO-
WX U3MeHeHre (PU3nYeCKUX CBOUCTB. Ero
(haKTHU4eCcKoe CTPOEHHME OTPaXeHO B ONHCA-
HUM IIpoliecca oO6pa3oBaHUsA OepANUEBCKUX
TPAHUTOB (CM. MPUAOKEHUE). B OOABIIUHCT-
Be CAY4aeB 3TO KPUCTAANYECKAs TOAIE, IIPO-
NUTaHHas pachAaBOM-(AIOUAOM, KOTOPLIN
IepeMelllaeTcs 10 IIPOHUITaeMBIM 30HaM. [ Tpo-
MCXOAWT YaCTUYHOE 3aMellleHre 6oaee paH-
HUX IIapareHe3MCOB U KPUCTAAAM3AIUA HO-
BOOOPa30BaHHLIX MUHEPAAOB. [1pu mocTosiH-
ctBe PT-ycAoBHUI XapakTep B3aUMOAENCTBUSA
ONIPEAEASIETCI COCTaBOM UCXOAHBIX IIOPOA U
MPOHUKAIOUMINX (PAIOUAOB, @ CTEeIleHb B3au-
MOAEMNCTBUS — UHTEHCUBHOCTHIO AedpopMa-
uuu [BenuapukTos, 1986].

CoraacHO IETPOXUMHUUECKUM HNCCAEAOBA-
HUSM, FPAQHUTU3aNN4 (YaCTUYHOE TINABAEHUE
aMduboanTa, TabOPO) IMPOTEKAET MIPU TEM-
mepatype 650 —750 °C u paBaenuu 0,5—
0,7 I'Tla npu y4acTUH BOAHOTO (PAIOUAQ, CO-
AepoKallero XAOPUA-UOHHI U earoun [[lep-
uyK, 1997]. B npucyrctBum “cyxux" Kapoo-
HaTHBIX (DAIOMAOB TEMIIEPATyPhL U AABACHUS,
HeOOXOAMMEIE AN TINABAEHUS, HAMHOTO BBI-
ure [ITepuyk, 2002]. B Kope KOABYECTBO BOA-
HBIX (PAIOMAOB YBEAMUYUBAETCS 3@ CUET IIAAB-
A€HUs MUHEPAAOB, COAEPIKAIINX CTPYKTYP-
HYIO BOAY — aM(uOOAOB, CAIOA U T. p,. CoOT-
BETCTBEHHO BO3PACTAeT M CTEIEeHb IIAABAE-
HUg. MaHTUUHBIU UCTOYHUK (PAIOMAA BO BCEX
CAy4YasgX IIPOSIBAEH B OOIIMX T€OXUMUYECKUX
XapaKTepUCTUKaX MAaHTUUHBIX U KOPOBBIX
pacnaaBoB [Yceuko, 2013]. M3oTomnHble Xa-
PaKTEPUCTHUKU TaK’Ke IMOATBEP KAAIOT MaH-
TUNHO-KOPOBBIN UCTOUHUK (PAIOUAOB [['ep4,
1990]. AKTUBHOCTBH BOAHBIX (DAIOMAOB C XAO-
POM OTIpeAeAsieT CKOPOCTb 0Opa30BaHMS CAOS
YaCTUYHOTO NTAABAEHHS B KOPE U COCTaB I'pa-
HUTHOrO pacnaasa [[lypros u ap., 2002], a
IIPUCYTCTBUE (PTOPUA-MOHOB — AAUTEABHOCTD
CYIIIeCTBOBAHMS OCTATOYHBIX OYaroB, COCTaB
MerMaTuToOB U Ap. [OHAOTeHHEBIe ..., 1991].

3. CaregcmBuA Cyw,eCMBOBAHUA O4Ard NAAB-
Aenusi B KoOpe.

MeTtamMop(usM (pernOHaABHBIN) IBAIETCI
CAEACTBHEM AAUTEABHOTO IIpollecca U o0yc-
AOBA€EH TOBBIIIIEHHEM PETMOHAaABHOTO IreoTep-
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MHUYECKOTO TpapuenTta Ao 35 °C/kwm [Topau-
enko, 2007]. I'lossBAeHUE MCTOUHMKA TEIlAa
B KOpP€ — CAOSI YaCTUYHOI'O IIAABAEHUS, TEM-
mepatypa kotoporo Ha 300—400 °C mpeBsbI-
maeT (POHOBYIO, IPUBOAUT K IPOTPEBY ee
BepxHel yacTu (BuIrie 20 kM). MeTtamopduam
IIPOSIBAEH IIOCAE IIOSIBA€HUSI O4ara IIAaBAe-
HUs, T.€. B OTpPe3Ke BpeMeHH, B TeueHue KO-
TOPOT'O TEIMAO CAOS TAABAEHUSI 0OecIiednBa-
eT MOAAEPIKaHre MaKCUMAaAbHOTO I'PaAVEHTa.

TemnepaTypsl MeTaMOp(UIECKUX TPe0b-
pa3oBaHUM IOPOA, YCTAHOBAEHHEIE HEMNO-
CPEeACTBEHHO B 00Opa3silaX, pacloAararoTCs
BAOAB IIPSIMOM, KOTOpPas COOTBETCTBYET I'pa-
AreHTy 35 °C/RM A0 TAyOuHBI 18 —20 KM
(pucyrOK). Ha rayoune 20 KM cpepHHE TeM-
IepaTyphl IPEBLIMIAIOT TEMIIEPATyPhl COAU-
Ayca mopoa ampuboanToBo danyu (600 °C).
3AECh AMATIa30H TeMIIepaTyp Ha OAHOM YPOB-
He cocTaBasieT 6oaee 250 °C, uTO OTparka-
eT pa3dpocC TeMIIepaTyp B ouare IIAABAEHUS.
Mo>keT OOBACHATHCSA IOCTYHAEHUEM M OC-
TBIBAHMEM BBEICOKOTEMIIEPATyPHOTr'O IAyOUH-
Horo pacnaasa. Ha rayouHax 6oaee ~20 kM
MeTaMop(r3M 3aMeHIeTCsI YaCTUYHBIM TIAaB-
A€HUEM.

Bo Bcex caydasx Hap CAOEM IAGBAEHUS
00pa3ytoTcs (PacKphIBAIOTCS) Pa3AOMBL U Tpe-
mrHEL [10 HUM BHEAPSIOTCS TPAaHUTHLIE Mar-

PT-ycAoBusI pernoHaabHOTO MeTaMopdu3Ma B KO-
pe YIII (1), pacupepereHUe TeMIepaTyp NPU THA-
poTepMaAbHOM aKTUBHOCTH (2), PT-ycaroBusa meta-
MOpP(UUECKUX U TUAPOTEPMAABHBIX MTpeobpaso-
BaHUU, YCTAHOBAEHHEBIE A\ MeTaMOP(MUUECKUX IO-
poa YIII (Touku 3) (mo pa6ore [['opauenko, 2007].
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MaTHUYeCKUe PacIlAaBhbl, IPOCAYUBAIOTCS BOA-
Hble (DAIOUABI U TUAPOTEpPMaAbHLIE PaCTBO-
pBl. Bropas (KOHBEKTUBHAS) COCTABASIONIA
reoTepMUUYECKOTO IPapAleHTa IPosIBAeHa AO-
KaAbHO M OOyCAOBA€EHA TEIIAOM, IIEPEHOCH-
MBIM pacliraBaMu U (PAIOMAAMU IIO IIPOHU-
1aeMbIM 30HaM (KpuBag 2). O0sa3aTeAbHO IIpo-
HCXOAUT MeTaCOMAaTU4YeCKOe 3aMellleHue T10-
POA, OKPY KAalOWUX IIyTU MUTPaUu (PAIOU-
20B. [I[peoOpa3oBaHue TeM MHTEHCUBHEE, YEM
OOABIIle TeMIIepaTyphl, AABAECHUS U, COOTBET-
CTBEHHO, TAyOWHA.

[TocKOABKY TeIlAOBasg aHOMaAUs CBg3aHa
C HapylleHueM CIAOLIHOCTU IIOPOA, KOTO-
poe BO3HUKAET IPYU TEKTOHNYECKUX HAIpPy3-
KaX, AABAEHUe, OolpeApeAsieMoe B oOpasiiax,
MOJKET He COOTBETCTBOBATH AUTOCTATHYEC-
KOMY (BKAIOYAET CTPECCOBYIO COCTABASIIOIITYIO,
T.e. He 00s13aTeABHO OTPA’kaeT 'AyOUHY I10-
rpy>keHus). BKaaa rOpr30HTAaABHOM COCTaB-
AdIOIIE MOXKeT OBITh CYIeCTBEHHBIM.

4. Kpucmaairu3ayusi MGHMUUHbIX pacnaa-
BOB U (pAIOUGOB B KOpe.

AAS AQHHOTO MCCAEAOBAHMS Ba>XHO, 4TO
Ha BCeX 3Talnax reOAMHaMUYeCKOTO IpoIlec-
Ca pacCIAaBhl ¥ (PAIOUABI OTAEASIIOTCS OT OYa-
ra NA@BAEHMS, KOTOPBIU MOJKET pa3MellaTh-
cs Ha rayomnax 220, 150, 100, 50 u 20 kM,
U IPOCAYUBAIOTCS BBEPX 10 IPOHUIIAEMEBIM
Pa3AOMHBIM 30HaM Pa3HOTO MacliTadba U rAy-
OuHBI 3ar0KeHUsA. Ha nmoBepxHocTu 00pasy-
€TCS BYAKQHOTE€HHO-XEMOTeHHO-OCAAO9YHAd
TOAIIla, 3aAeTaHue MOPoA B KOTOPOU oOIpe-
DAEAEHO TIOCAEAOBATEABHOCTBIO ITOSBAEHUS,
T. €. BO3pPacToM (HampuMep, Kak B KpUBOPOK-
CKOU HAM TETEPEBCKOU CEPUIX).

EcTecTBeHHO IIPEAIOAOKUTH, YTO Y9aCTh
pacunaBa U (PAIOMAQ KPUCTAAAM3YETCS He-
IIOCPEACTBEHHO B IIPOHUIIAEMBIX PA3AOMHBIX
30HaxX B HUJKHEU—CpeAHeN 9acTu KOpPHI. [1o-
AOOHBIM 00pPa3oM MOKeT MPOUCXOAUTH 00-
pa3oBaHMe KBapIIUTOB IIPU BHITAACHUM KpeM-
He3eMa U3 COCTaBa CUAMKATHO-BOAHOTO (PAIO-
npa. OOpa3oBaHMe KBAPIIUTOB PUBBIYHO CBS-
3BIBATh C IIOBEPXHOCTHOMN 3po3uel. TpypHO
NIPEACTABUTH UX HaAWUYME Ha YPOBHE pa3Me-
IIeHUA NIOpoA aM(UOOAUTOBON UAU IPDaHy-
anToBOM parmu. OAHaKO KBapIIUTHI U KBap-
IIUTO-THEWCHI, COIIOCTABUMEIE C IIOPOAAMHU
KOHAQAUTOBOU (POPMAIIUU AOKEMOPUNCKUX
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IIUTOB, 0OHAPY>KEeHEl B COCTaBe KCEHOAUTOB
HIWKHeU Kopbl FO>xHO-Imccapckom 30HbI TSHB-
[ITansa, HapsAAY C IPaHAT-IAATHOKAA30BBIMY,
OPTOMUPOKCEH-TIAATUOKAA30BBIMU, TUPOKCE-
HOBBIMHU CAQHIIAMU C OMOTUTOM, KOPYHAOM,
CUAAUMAHUTOM, IIMMHEABIO, KBaplleM U Ka-
AHEBBIM IIOAEBBIM IIIIIATOM (0Opa30BaHHBIMU
npu P=0,8+1TITlau T=900+ 950 °C), a
TaK)Ke dHAepOUTaMU M 4YapHOKUTaMu [AyT-
KOB U Ap., 2002].

5. Bo3pacm nopog Kopshl.

Pexxum “ckrapuaTasg oOAQCTh' IIPeAIoAad-
raeT 4aCTUUYHOE 3aMellleHue BellecTBa KO-
PBl ¥ MAHTUH, CYIIeCTBOBABIINX AO Hayvahra
nponecca. B uaTepBare 20—40 KM mpea-
CTaBA€HBI IIPOAYKTBHI BHEADPEHUs, MUTMAaTU-
3aI1M, YaCTUYHOI'O IINaBAEHUS, 3aMel]eHNs.
Hapsipy c boaee ApeBHUMHU yU4aCTKaMU U MU-
HepanraMu MOABATCA OOAee MOAOABIE, oOpa-
30BaHHBIE TP KPUCTAAAN3AIUN HOBBIX ITOP-
UM PacIAaBOB U (PAIOMAOB. [TOCKOABKY Ha
BCeX JTanax IIAaBA€HHEe OBIAO YaCTHUYHBIM,
TO B 3TOM YACTU KOPHI (B HaCTosdlllee Bpe-
MS BBIXOAAIIIEN Ha MOBEPXHOCTH) MOTYT IIPU-
CYTCTBOBATh IIUPKOHEI, BO3PAaCT KOTOPBIX OT-
pa’kaeT Bce TAODAAbHBIE 3TAllbl Pa3BUTUI KO-
pul [ToOy>KbA.

IToAMIMKANYHOCTD. Bce mepeunicAeHHBIE
COOBITHS U CAEACTBUS pe’KUMa ''CKAapdaTast
obracTh" Ha [ToOy>Kbe HEOAHOKPATHO HAAO-
JKeHBbl Ha pe3yAbTaT OOAee PaHHUX IIepHUO-
AOB (IIMKAOB) pPa3BUTH4, B KOTOPHEIX oOpa-
30BaH (He mo3pHee 3,8 MAPA AeT Has3ap) u
npeoOpa30BaH (B apxee U Mare0npoTepo30e)
KPUCTAAUYECKUN PyHAAMeHT. "KoMminaekc
dopMaIui CAEAYIOUIETO ITUKAA HAIIOMUHA-
eT MHOTO(DA3HBIN NAYTOH, BHEADUBIIIUNUCS B
AUCAOIIMPOBAHHYIO ¥ MeTaMOP(MU30BaHHYIO
pamy, TOABKO BMECTO TeHepalull pacliraBa
00pa3yloTcs pa3HOBO3PACTHLIE 30HEI Aedop-
MaUui—IIePEeKPUCTAANIZAINN, B KOTOPBIX
dOPMUPYIOTCS OCHOBHBIE W I'PAHUTU3UPO-
BaHHBIe TOPOoABL" [BenuaukTos, 1986]. I1po-
ABAEHUS CAEAVIOUIETO ITUKAA BhIpa’keHHbI Ha-
AOKeHueM Aedopmarliuii, OAACTOMUAOHUTHU-
3alUM U ITIepeKPUCTAAM3AUN Ha Bce pop-
Maluu IpeAbIAylero nukaa. B reororuuec-
KoM cTpoeHUuu [To0y’>KbsI COXpAaHUAUCH Me-
TaMoOp(UYeCcKre KOMIAEKCHI IIOCAEAHUX Ue-
ThIpEeX ITUKAOB, OAHAKO HaAWuMe IIMPKOHOB
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pa3HoTO BO3pacTa B IHAepOUTax U 4apHO-
KNTaX TIO3BOASIET INIPEAIloAaraTh M PSAA ap-
XeNCKUX DTAllOB Pa3BUTHUS (CM. BHIIIE).

MHO>KeCTBEHHOCTb TeKTOHOMarMaTuiec-
KUX ITUKAOB XapaKTepHa He TOABKO AAsT YL,
Tak, ocHOBHEBIE 3Talbl POPMUPOBAHUS HUK-
HeU KOPBHI IIeHTPAABHOM 4acTH SIKYyTCKOM aA-
Ma30HOCHOM NIPOBUHIINU, YCTAaHOBAEHHEIE
II0 U30TOIIHOMY BO3PAaCTy KCEHOAUTOB, CO-
craBagioT 3,8—3,5; 3,35—3,184; 2,95—2,38
MAPA AeT, a Bo3pacTHoM aTat 2,0—I1,78 MApA,
A€eT COOTBETCTBYET MeTaMOP(PU3MY, KOTOPHBIN
B HEKOTOPBIX CAyUYasIX COIIPOBOJKAAACS IIAAB-
AenueM [Belousova et al., 2010]. [To mHeHMIO
aBTOpOB paboTwl [ Ilankuit u aAp., 2005], B
9TU IEPUOABI TPOUCXOAUAO MHOTOCTAAUMHOE
IIOACAAUBaHME KOPHI O0Aee TTO3AHUMU YABT-
paba3uToOBLIMU paciiaaBamMu. [1poitecch, oT-
pa’keHHEBIE B ee COCTaBe, IBASIOTCS MPOAOA-
JKeHHeM 1 CAEACTBHEM MaHTUWHBIX COOBITHUM.
[TpoTekaHrue MaHTUMHOM YacTU IIpolecca
UKCUpyeTCcsl B BO3pacTe KCEHOAUTOB, BEHI-
HeceHHBIX ¢ TAyouH 70—200 kM. ManTusa Cu-
OupCcKOro KpaToHa oOpa3oBaHa 2,9—2,6 u
npeobpasoBaHa ~2,0 MAPA AeT Hazap, [lonov
et al., 2015].

PT-ycaoBusg “(yabTpa)MeTamopgpusma'
MOPOA KpuCTaAAmdecKoro pyHAameHTa Cpea-
Hero ITo0y>Xp4 u (pa30BO€E COCTOSIHUE Bellle-
CTBA IIPU COOTBETCTBYIOLIUX ITapaMeTpax.
O1leHKa TeMIepaTypbl MeTaMOpdu3Ma AAS
rPaHaT-TUIIEPCTEH-KOPAMEPUTOBOTO TTapare-
He3unca XallleBaTo-3aBarbeBCKOTO OA0Ka Cpea-
Hero [ToOyxbs coctaBaseT 750—850 °C mpu
paBaenuu 0,8—1,0 I'Tla [BenuaukTos, 1986].
I'lo muenuro N.B. lllep6akoBa, peaAbHBEIM yC-
AOBHSIM OOAee COOTBETCTBYIOT AaBAeHUe 0,7 [ Tla
pu ToM ke Temieparype [LLlep6akos, 2003].

TeMnepaTyphbl U AABAEHUS H3MEHSIANCH
BO BpeMeHHU U MPOCTPAHCTBE: OT IIUKAA K
IMKAY, OT y4aCTKa K y4acTKy. MeTacomMaTu-
YyecKue 3aMelleHNs] HEOAHOKPATHBI B KaXK-
AOM M3 TpeX IIMKAOB, @ Ka*KABLIY MapareHe-
31C 00pa30BaH NP Pa3ANYHBIX TEMIIEpPaTy-
pax u paBAeHUsAX. Hampumep, ieHTpasbHEBIE
YacTH 3epeH rpaHaTa U KOPAUEPHUTa B IIOPO-
AaX BTOPOTO ITMKAA HaXOAUAWCH B paBHOBe-
cuu pu 720—770 °C u 0,65—0,75 I'Tla. ITe-
pudepriecKkue 4aCTU 3epeH U MaTpPUIla OT-
paskaroT ABe a3kl IIpu TeMieparype 630—
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560 °C u paBaenmu 0,53—0,55 I'Tla u npu
580—605 °C u 0,48—0,5 I'Tla ['panyAuTO-
Bad ..., 1985]. PaBHOBecHe IIeHTPAABHBIX Ya-
CTel TPaHATOB C KOPAUEPUTOM U OMOTUTOM
B O€pAMUYEBCKHUX TPAHUTAX AOCTUTAETCS IIpU
660—670 °C u 0,49 'Tla [BenupukToB, 1986].

YacTtuuHoe nAaBAeHUE aM(PUOOAUTA, rabd-
6po mpoTekaeT mpu Temmeparype 650—750 °C
u paBrenuu 0,5—0,7 I'Tla B mpucyrcTBun
BOAHOTO (PAIOMAQ, COAEPIKAITETO XAOPHA-MOHEI
u meaoun [[lepuyk, 1997]. PT-ycaoBus me-
TamMop(u3Ma Mopoa, YCTaHOBAEHHEIE B Cpea-
HeM [ToOy>Kbe, IPEBHIIAIOT 3TH 3HAUEHUS.
Toraa:

— Ha COBPEMEHHEBIM 3PO3UOHHEIN CPe3 Bb-
BeA€H YPOBeHb pa3MellleHUs IIPoTepo-
30MCKHMX OYaroB IIAABAEHUS;

— IIepPBUYHO-OCAAOYHBIE IIOPOABL HE CO-
XPaHUAUCD;

— OTCYTCTBYeT CBSI3b MEJKAY 3aAeTaHWeM
IIOPOA, U UX BO3PACTOM.

TemmepaTypa COAMAYyCA ITOPOA TPaHYAU-
TOBOU (haruu MetamopdusMa (y>Ke MeTaMop-
(p130BaHHEIX K HaYaAy IIPOIlecca) U YAbTPa-
6asuros 1100 °C npu P=0,6 + 1,2 I'Tla, mo-
3TOMY OHM COXPAHSIOTCSI B BUAE CKHMAAUTOB.
[ToCKOABKY pacIpeAeAeHre TeMIepaTyp (U
AABAEHNI) HepaBHOMEpPHOe, CTelleHb 3aMe-
LIIeHUSI ¥ TIAQBAEHUS Pa3AMYHA U CBSI3aHa
C PacCTOAHUEM OT 30H, IPOHUIIAEMBIX AAS
BBICOKOTEMIIepPaTypPHEIX (aroupA0B. Ha oa-
HOM TOPU30HTAABHOU IIAOCKOCTU (OAHOM YPOB-
He) CTelleHb IIAABAE€HMS U 3aMelleHUs IIo-
POA AdKe OAMHAKOBOTO COCTaBa OyAeT pas-
AWYHA. Aake B OAHOM oOpa3slie MUHEPAABI
MOTYT 3aMeIaThCd YaCTU4YHO. B Ka>kpoM 00-
pasie MOYKeT IPUCYTCTBOBATH HECKOABKO
reHepalui OUPKOHA pPas3HOro BO3pacTa.

BbIBOABI. ANST BEIICHEHUS YCAOBUY, IPHA
KOTOPHIX IIPOMCXOAUAO OOpa3oBaHUe Kpu-
cTaarandeckoro pyHpamenta [1oOy>xbg, ObI-
AU HCIIOAB30BAHHEI IIPEACTABAEHUS O paciipe-
AEAeHUU TeMIlepaTyp U AABA€HUM IIPU IIPo-
TEKaHUU Ipolecca Mo cXeMe 'CcKaapdaras
obOnracTth" [Ycenko, 2018]. 3akoHOMepHOC-
TU pacIpepeAeHud BelecTBa U PT-ycaoBuit
Ha Ka)XKAOM 3Talle IIAIOMOBOTO IIpoljecca co-
IIOCTABAEHBI C OMMCAHUSIMU ITOCAEAOBATEAD-
HOCTU TEOAOTUYECKUX COOBITUY, IPUBEAEH-
HBEIMU B paboTte [BenuaukTos, 1986].
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INpuBsizka TeKTOHOMarMaTU4eCKUX ITUK-
AOB K M30TOIIHOMY BO3pPacTy HEOAHO3HAau-
Ha U TpeOyeT AQABHEMNIINX HMCCAEAOBAHUIM.
Ilpepnonaraercs, yTo PopMUpPOBaHUEe PYyH-
AaMeHTa Ha4aAOCh C MOMeHTa oOpa30oBaHUd
MMPOTOKOPHI 3,75 MAPA AeT Ha3ap. B paborte
paccMOTpeHbI COOBITHS, 3aBepIIUBIIIECS Pop-
MHPOBAHUEM YYAHOBO-OEpPANUYEBCKUX TPAHU-
TOB 2,06—2,03 MApPA AeT Hazaa.

B Teuenue nepruopa, HaUUHAIOUIETOCS HE
MMo3AHee 2,5 MAPA AeT Hazap, U IPOAOATKATO-
mierocs A0 2,0 MApPA A€T, TPOU3OIIAO TPHU
TEKTOHOMAarMaTUUYeCKUX ITUKAQ, KOTOPhIE MOXK-
HO COIIOCTaBUTH C PESKUMOM "'CKAaAdaTasd 00-
Aacte" [boratukos u aAp., 2010; Ycenko, 2018].
Ka>XABI 13 ITUKAOB IIPOSIBAEH B BellleCcTBe,
OTAEASIONIEMCS C PA3HBIX FAYOUH (oT 220 a0
20 KM), TEKTOHUYECKUX ABUKEHUSIX, 00pa3o-
BaHUM IPOHUIIAEMBIX 30H Pa3HOTO MacCIITa-
0a. MetaMmopduueckue mpeoObpa30BaHus 1I0-
poa [ToOy>XKbs TPOUCXOAUAY B YCAOBUSX I'Pa-
HYAUTOBOU (pariuy, TeMIepaTyphl ¥ AQBA€HUSI
KOTOPOY IIPEBBHIIIAIOT COAUAYC Oa3zanbTa B
IIPUCYTCTBUM BOAHBIX (PAIOWAOB.

Ha I'ToOGy>kbe B OOABIIIMHCTBE CAyYaeB CO-
OBITHS CAEAYIOIIETO [IUKAA IPAKTUYEeCKU [TOA-
HOCTBIO YHUYTOJKAIOT ITPOSIBAEHUS IIPEABIAY-
mux. MIx BoccTaHOBA€HUE BO3MOJKHO TOAB-
KO B OTAEABHBIX OOHa)XkeHusax. COraacHO pac-
IIPeAEASHUIO TeMIIePaTyp, 3aAaHHOMY pesKu-
MOM "cCKAapuaTadgd obaacTh', 3Ta KapTHHAa
BO3HUKHET B CAy4Yae, KOTAQ Ha IIOBEPXHOC-
TH OpeACTaBA€Ha 4YacTh ITpollecca, IIPOUC-
XOAUBIIIas Ha TAyOuHe O6oaee 20 KM (B caoe
YaCTUYHOTO ITAA@BAE€HUS ). HaCcTUUHOE ITAAB-
AeHUe U 3aMellleHue O0oAee paHHUX IIapa-
TreHe3UCOB MOBTOPSIETCS B HECKOABKUX TeK-
TOHOMArMaTU4YeCKUX IJUKAAX. BrIllle (A0 IAy-
ounbl 20 KM?) B Ka’KAOM IIMKAE AOASKHA ObI-
Ad 00pPa30BEIBATHCSA TEPBUYHO-BYAKQHOTEeH-
HO-OCAAOYHAs TOAIQ, MHTPYAUPOBAHHAS Mar-
MaTUYEeCKMMU paclinaBaMu. [Topoabl Goaee
TIO3AHUX ITUKAOB AOAKHBI HAACTPAUBATh Pas-
pe3, 3anerad Ha Ooaee paHHUX CO CTPYKTYP-
HBIM HecoraacueM. [TopoOHasg KapTUHA AAA
apxXeMCKUX TOPOA HaOAIOAQETCS B 3E€AEHO-
KaMeHHBIX CTPYKTypax CpeAHeNpHAHEIIPOB-
CKOTO MerabAOKa, MM TTAAEOTTPOTEPO3ONUCKUX
— B KpuBoposxcko-KpeMeHUyTrcKoil 30HeE.
OpaHako Ha I'loOy>Xbe 3Ta 4acTb OTCYTCTBY-
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€T, @ COBPeMEeHHBIN 3PO3UOHHBIN Cpe3 BHI-
BOAWUT Ha IIOBEPXHOCTb YPOBEHb pa3Melle-
HUS 04aroB YaCTUYHOI'O IIAABAEHUS IIePBBIX
TpexX TeKTOHOMarMaTU4eCKuX ITUKAOB. [lo-
3TOMY IIOCA€AOBATEABHOCTh HAKOIIAEHUS 3a-
MEHSETCS ITIOCAEAOBATEABHOCTBIO BHEAPEHN,
IIAABAEHUS, 3aMellleHUs.

YacTtruHOE 3aMellleHre II0OPOA HUKHEeN—
CpeAHeM KOPBI HOBBIMU IMOPIIUAMM PacIiAa-
BOB U (PAIOMAOB IIPOUCXOAUT HEOAHOKPAT-
HO. [ToCKOABKY CTeleHb B3aUMOAENCTBUS OTI-
peAenseTcs HHTEHCUBHOCTBIO AedpopMaliiy,
B HEKOTOPBIX CAyYadX COXPAHAIOTCI y4acT-
KU Pa3BUTUA NOAHUMeTaMopdudyeckux Gop-
MAallu¥ U CKUAAUTHL IOPOA OOAee PAHHUX ITUK-
AOB, @ TAK)Ke YYaCTKM Pa3BUTHUL IIOPOA, UMe-
o1mux 00Aee BBICOKHE TeMIlepaTyphl IIAaB-
AEHU, U Ad)Ke OTAEABHBIE MUHEPAARI (B TOM
4ynucae — IUPKOHEL). CoCTaB pacIAaBOB U
(PAIOMAOB Ka’KAOT'O ITUKAA MMEeT CBOU Ieo-
XUMHUYECKUe OCOOEHHOCTH, UTO ITIO3BOALET UX
Pa3AUYaTh.

ABmop Bblpakaem IAyOOKyIO NPU3HAMEAb-
Hocmb uA.-kopp. HAH Ykpaunbt, npog. O.b. ['un-
MOBY 30 MHOIOYUCAEHHble KOHCyAbmMauuu u
uHmMepec, NPOABAEHHBIU K gaHHOU pabome.
Bce xpumuueckue 3ameuaHusi ObLAU yUMEHbl
npu gopabomke cmamau.

IIpnroskeHue. Ha ocHOBe u3ydeHUs Ae-
dopMaruil u nepekpucraruianuii B.M. Be-
HUAUKTOBBIM OIIPEAEACHA B3aMOCBS3b CTPYK-
TYPHO-IIPOCTPAHCTBEHHBIX (TEKTOHUYECKUX
C IpUBAE€UYEHNUEM HArpy30K) M BellleCTBEH-
HBIX (0Opa30BaHMs U IIpeo0pa30BaHusd C IIpU-
BAEUEHNEM BeIlleCTBa) U3MeHeHUN [BeHnpnK-
TOB, 1986]. B mOAEBEIX yCAOBUSIX B MHOT'OKU-
AOMETPOBBIX OOHAKEHUAX N3y4EeHO 3aAera-
HUe TEOAOTHYeCKUX POpPMAIMM U TEKTOHU-
JecKue HapylleHUs. B mandax ycraHoBae-
Ha ITOCAEAOBATEABHOCTb APOOAEHUM U 3aMe-
IIeHUHM Ha YPOBHE OTAEABHBIX KPUCTAAAOB.
OTHU NUCCAEAOBAHUSA CAYKAT OCHOBOW AAS BEHI-
AEAeHUd TeKTOHOMarMaTUu4eCKUX IIUKAOB, B
K&KAOM U3 KOTOPBIX IIPOBA€HA OAU3Kasd I10-
CAEAOBATEABHOCTE ITOSIBA€HHSI KOMIIAEKCOB
CXOAHBIX TOPOA,, a3bl AebopMaIruii U MeTa-
coMaTuyecKue 3aMellleHud (Taba. 2). B Ta-
KOM IIMKAe OIMCAHO A0 IaTu a3 pedopMa-
IUA—KPUCTAAMM3ATNN. KasKABI CAEAYFOITIHIA
VKA IIPOSBAEH HAAOKEHHEM TeKTOHWYeC-
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KHMX Harpys3oK Ha BCe (QOpPMAIUM IIPEABIAY-
IIero IuKAa, oOpa3oBaHMEM MPOHUIIaEMBIX
CTPYKTYP Pa3HOro MacuiTtaba U IepeKpuc-
TarAnsanuer. C moMONIbIO aHAAUTHYECKUX
METOAOB YCTaHOBAEHEI FeOXUMUYeCKHe 0CO-
OEeHHOCTU NPOSIBAEHUS METACOMATHUUECKUX
U3MEeHEeHUU B KakKAOM dpa3e KakKAO0U Pop-
Manuy Ka>kKAOT'O ITUKAQ.

BellecTBeHHOEe HaNOAHEHWE, HAlpaBAe-
HUe TeKTOHWYEeCKUX HapyIIeHHM, a TaKKe
TEPMOAVMHAMUYECKUM PEKUM B Ka’KAOM ITHK-
Ae UHAMBUAYAABHBI, UTO OTpPa’kaeT 0COOeH-
HOCTM Pa3BUTHA 3€MHOM KOPHI. JTa o0Ias
3aKOHOMEPHOCTb AOKEMOPUS — IIPEAMET CO-
BPEeMeHHBIX UCCAepOBaHUY B pabotax [Bo-
raTukoB 1 Ap., 2010; Condie, 2011; YceHKo,
20156 u aAp.].

Hurnast | 1 Il oOHapy>KeHBI B PEAUKTOBBIX
OAOKaxX (y4acTKax) B IIOA€ PErMOHAABHOIO
AmadTopesa. 'eoxuMuyecKul pexum IUK-
Aad | xapakTepusyeTcsa BBICOKOM aKTHUBHOC-
Thi0 ocHoBauuM (Ca, Mg, Na), cBolicTBeHHOM
IIOPOAAM HOPMAABHOTO pspa. MeTtamopdu-
YecKue TTOPOABI TPEeACTaBAEHBI POrOBOOOMAaH-
KOBBIMU aM@PUOOAUTAMU U TUNEPCTEHOBLI-
MU THelCaMM, KOTOpHIe 3aMeIaloT KUCABIEe
U TAMHO3EMUCThIE TTOPOABI PaMEbl (apxeficKue?).
PanHeoporenHas rpaHUTH3AINA — IIAATHO-
IpaHUTU3AIUA, KOTOPYIO OTAUYAEeT IpUBHe-
CeHUe KpeMHe3eMa U HATpHUs IIpU BEIHECe-
HUM KaAbIUs, TOHUKEeHNe OCHOBHOCTH TIAQ-
I'MOKAQ3a U COKpallleHue IIOAS YCTOMYMBOC-
TH KAMHOIIMPOKCeHA. [ Ipy cMHOpOreHHOM rpa-
HUTH3AIMU IIPOUCXOAUT ellle OOAbIlIee pac-
KHCAEHHE TIOPOABI IIPU CYII[eCTBEHHOM IIPU-
BHOce Kaaus. HabOatopaeTcss mpeoOAapaHMe
TUIIepCTEHA CPeAN TEMHOIBETHBIX. O0S3aTeAE-
HO IIPUCYTCTBYIOT MarHeTUT U OMOTUT, XapaK-
TEPHO pPa3BUTHE T'paHaTa, HO 0e3 rpadura.

YcAOBUSA PETMOHAABHOTO MeTaMop(du3Ma:
T=780+880°CuP=0,6+0,7 I'Tla. Makcu-
MaAbHOe AaBAeHUe, coraacHo B.M. Beruauk-
TOBY, HaOAropaeTcd B ['aliBOpoH-3aBarbeB-
ckoM Oaoke (1—1,1 ITla).

Il mMKA ycTaHaBAMBAETCA IO 30HAM pac-
CAaHIIeBaHUSI MeTaMOpP(PUUECKUX HOPOA U
TPAHUTOB | ITMKAQ, KOHTPOAUPYIOMUM 00pa-
30BaHMEe MarHe3uaAbHOro rpaHara. OOpasy-
I0TCSI TPaUT-TPaHAT-OUOTUTOBLIE TTAATHO-
THENUCHI, KAMHOITUPOKCEHOBEIE, TUTIEPCTEHO-
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Bble, OMOTUT-TPaHaT-TUIIEPCTEHOBLIE, UHOT-
Ad ABYIIMPOKCEHOBBIE I'HEUCH], I'padUT-0U0-
TUTOBbIE-OAQCTOMUAOHUTHI, MEAGHOKPATOBBIE
OUOTUT-TPAHATOBBIE THEMCHI C MACCUBaMM CUH-
OpPOTeHHBIX TPAHUTOB U MO3AHEOPOTEeHHBIX
AASICKUTOB, COTAQCHBIMHU >XUAAMU II€TMaTO-
UAHBIX IpaHUTOB. LIIMpoKo pacmpocTpaHe-
HBI TPAHAT-TUNIEPCTEHOBLIE TPAHOAUOPUTHI
(BMHHUITUTHI) C KCEHOAUTAMHU CyOCTPATa, IOC-
AECKAAAUAThIE CeKyllUe >KMABl aAICKUTOB U
MerMaTOUAHBIX TpaHuToOB. QopMariuy CuH-
OPOTeHHBIX I'PAHUTOUAOB 0OPa3yIOTCS BCAEA;
cTBUe (pa3 0a3muuKamm (TAMHO3EMUCTOMN )
U TPAHUTHU3AIUU (KPEMHEKNUCAOTHBIM MeTa-
CoMaTo3).

3HauUUTEeAbHAsA 4aCcTh OOpa3oBaHuil |l nuk-
Ad ABASETCS TAYOOKO AMa(pTOPUPOBAHHBIMU
U CTPYKTypPHO-IepepabOTaHHBIMHU IIOPOAA-
Mu | 1IMKAA.

LlenTpanbHBIE UaCTU 3€peH rpaHaTa u Kop-
AvepuTa B nmopopax |l 1mmkAaa HaXOAUAUCH B
paBHOBecuu npu T=720+770°CuP=0,65+
+0,75 I'Tla. Ilepudepuueckue 4acTu 3epeH
U MaTpuila oTpaxkatoT ABe dasel T =630 +
+560 °C, P=0,53+0,55 I'Tla u T=580+605 °C,
P=4,8+50 ITla.

Ilo cpaBHEHMIO C IEPBBIM ITUKAOM ITOBBI-
IIIeHa >XEeAe3UCTOCTh IIOPOA U MUHEDPAAOB,
OAHAKO yMeHBIIIaeTCsd KOAMYeCTBO MarHeTu-
Ta U UABMEHUTQ, MOSIBASIETCS TPpadUT — AU-
arHoctudyeckui npusHak |l nykaa. Llupoko
pacmupocTpaHeHbl OoraThie KAAbIIMEM KAU-
HOIIMPOKCEHOBEIE THENCHL. boaee nmposaBae-
Ha pAuddepeHIuaImsa IopoA M0 TeOXUMU-
YeCKOMY pPeXUMy, KOTOPBIA OTpa’kaeT OcC-
AabAeHUe POAM CUABHBIX OCHOBAHUM MPU IIO-
BBIIIIEHUU POAU TAMHO3eMa. [ IporcXOAUT BhI-
TeCHeHHe MeTaba3uTOB M YaPHOKUTOB TAU-
HO3eMHUCTHIMU ITOPOAAMMU.

Il DurA XapakTepu3yeT CUABHAaA AUdde-
peHIManus 10 reoXuMudeckoMy peskumy. Op;
HU PariOHBI CAOKEHBI TAUHO3EMUCTLIMU Ce-
puaMHU, ApyTre — MeTaba3UT-AelITHHUTOBLI-
Mu. HabaropaeTcs elrle OOAbIllee Pa3zHOOO-
pasue MeTaMopduuecKux opMalinii: Haps-
Ay C OMOTUT-TUIIEPCTEHOBLIMU THelicaMu B
OTAEABHBIX PaliOHaX O00pa3yIoTCS MOITHBEIE
TeAd POroBOOOMAaHKOBO-ABYIHPOKCEHOBBIX
KPHUCTAAOCAQHIIEB U aM(PUOOAUTOB, BIEP-
BbIE TIOSABASIOTCS CKAPHOWABI M KaABLIM(PUPEL
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®opwmarnnu nukaa lll B 3oHE mporpeccus-
HOT'O Pa3BUTHUS OTAMYAIOTCSI OOAee HU3KUMU
PT-napameTpaMu no cpaBHEHUIO C IUKAOM II.

B onncanuu B.M. BeHUAuUKTOBA rpaHu-
mu3ayusa — He IPOCTO IIAABAEHHE U IIOCAe-
AYIOIIast KPUCTAAAU3AIUS PACIIAABa, & AAMH-
Has IleloYKa 3aMellleHuM, BKAIOYAIoIasi mo-
BTOPSIOIINECS IPOLECCH APOOAEHMS, TOCTYTI-
AE€HUS TOPUUM (PAIOMAOB-PACIIAABOB, Ilepe-
KPUCTAaAAU3AIIUH, OOpPa30BaHUs TPAHUTHBIX
PacnAaBOB, HOBLIX CTAaAUN APOOAEHUA U Iie-
pekpucTtasiuzanuu. Hanpumep, Ars gypHO-
BO-0€pAMUYEBCKUX 'PAHUTOB YCTAHOBAEHEI ABE
¢ra3bl CHHOPOTEHHOT'O I'PaHUTO00PAa30BaHUSA
[BenupukToB, 1986, c. 174].

1. Ctapusa ppoOreHUss u O0a3zu@UKaAIUU-
OAACTOMUAOHUTHU3AIIUNU U PACTPECKUBAHUS
C 3allIOAHEHUEM MTOAOCTeN CUHKUHeMaTu4ec-
KHM OMOTUTOM U rpaduToM. 3epHa IpaHaTa
U3 BUHHUIIUTOB (CMHOPOTeHHBIX TPAHUTOB Tpe-
ABIAVIIIErO ITUKAQ) Pa3AaMBIBAIOTCA U 3aMe-
IIQIOTCSI OMOTUTOM IO TTAOCKOCTSIM CKOABXKE-
HUus. M30BITOK >Keae3a 0CakpAaeTCsl B BUAE
Margerura. CTpyn OMOTHUTA IIPSIMO II0 IIPOC-
TUPAHUIO 3aMeNIal0TCsA IMOCTKUHeMaTuuec-
KUMHU 3epHaMU KOPAMEPUTA C BKAIOUEHUS-
MU OuoTuTa. KopanepuT Tak>Xe MOABepra-
eTcsd APOOAEHMIO, HO IIeMEeHTUPYeTCS yKe
HOBOU Moapu(UKaLel OUOTUTA C IIOCAEAY-
IOIIUM 3aMellleHneM aHAAAY3UTOM, MarHeTu-
TOM, MYCKOBUTOM, CIIECCAPTHUHOM (IPaHaTOM)
U KaABIIUTOM, MUKPOKAMHOM, KBapIleM.

2. Ha cTapuu rpaHUTU3AINM, COMIPI>KEH-
HOM C OAACTOMUAOHUTHU3AIIUEN U pPacTpec-
KUBaHMeM, oOpa3oBaHUeM CUHKUHeMaTudec-
KOTO KBaplla, MUPMeKHUTa U MOCTKUHEMaTHU-
YeCKMX aHTUINEePTUTa U MUKPOKAWHAE, Qop-
MUPYIOTCS OOAee NTepeKPUCTAaAU30BaHHEIE
U AeUKOKpaTOBhIe NOpOoAHL. [TosiBAsieTCs HO-
Bagd MoAM(UKaIUg rpaHaTa ¢ BKAIOUEHUSI-
MU 30HAaABHOTO IIUPKOHA, @ B HOBOM MOAU-
dukanuu OMOTUTA NPUCYTCTBYET LIUPKOH C
OATHUCTON OKpackol. Ha mo3aHeoporeHHOMU
CTaAuM IIMPKOH YacCTO 3aMellaeTcs MarHe-
TUTOM.

ApyruMu cAOBaMH, Ha IIEPBOM CTAAUU 3a-
(PUKCUPOBAHO MOCTYTIA€HUE OCHOBHBIX pac-
IIAABOB U (PAIOUAOB B KOPY, UTO MO3BOASIET
CBSI3aTh UX UCTOUHUK C MaHTHEM U TTOACAAU-
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BaHHEM KOpHBI. XapaKTepHO IIPUCYTCTBUE
rpacuTa B MAaHTUMHBIX IIPOU3BOAHLIX. Ha BTO-
PO# CTapAuU MeTacoMaTH4yecKue Impeodpaso-
BaHMA IIPOUCXOAAT IPU yYaCTUU TPAHUTHBIX
pacnnAaBoB, 0OPa30BAaHHBIX BCAEACTBUE B3au-
MOAEWCTBUS TAYOUHHBIX (PAIOMAOB C IIOPO-
AAMU KOPHI.

OTO OIIMCaHUE CBUAETEABCTBYET, U4TO (pop-
MHPOBaHNE U CYIIeCTBOBaHUE CAOS 4acTUU-
HOTO IIAAQBAEHUS B KOPEe — AAUTEABHBIN IIPO-
Ilecc, HAUUHAIOIIUNCA C BHEAPEHUS MaHTUU-
HBIX (DAIOMAOB M PACIAABOB IO Pas3aoMaM,
00BbeAUHSIONIMM KOPY U MaHTHIO. B Kope Ha-
OArOpaeTCs ApoOAeHUe Ha sSUeMKU MeHblIle-
ro pasMepa, 4aCTb M3 KOTOPHIX M3MeAbYaeT-
Csl BIAOTb AO 00pPa30BaHUSA MEAKOSUYEHUCTOU
MaTPHIIBL, COCTOSIIEN U3 Pa3ApPOOAEHHBIX MU-
HepaAbHBIX 3epeH. [TpoucxoauT oOpa3zoBaHme
pakTarbHOU CTPYKTYPHI, KOTOpas CylecT-
ByeT AO KPHUCTAAAM3AIUN O4yara IAABAEHUS.
AO OKOHYATEABHOU KPUCTAAAMBAIIUU OTAEAD-
Hble MUHepPaAbl IIpeTepleBaAd psip MeTaco-
MaTHU4YeCKUX 3aMellleHul, YTO OTPa3UAOCh Ha
cocTaBe opMaIuu B EAOM. DTO KOCBEHHBIM
00pa30M CBUAETEABCTBYET O BEICOKUX Peruo-
HAABHBIX TEMIIEPATYpPaXx U AABAEHUAX (COOT-
BETCTBYIOIIUX I'PAHYAUTOBOU (halluu MeTa-
Mopdu3Ma), B KOTOPEIX IPOTEKaAU 3TH IIPO-
IIeCCH], @ TakK’Xe yKa3bIBaeT Ha IIPOSIBAEHHE
IIOCTOSSTHHO BO30OHOBASIIOIINXCS TEKTOHNYEC-
KHUX HarpysoK, COIIPOBO’KAAIOIIUXCA oOpa-
30BaHHUEM IIPOHUII@EMBIX 30H Pa3HOTO Mac-
mTaba, IpUBHECEHNEM BEIIeCTBa, COCTaB KO-
TOPOI'O U3MEHSIACA B TeueHUe [IUKAA U OT OA-
HOTO IIUKAQ K Apyromy. [IpeoOpa3oBanus, Ko-
TOpBIe IPOUCXOAVAU B T€UEeHUE BCEro IUK-
Ad, YKe B CAeAVIOILIeM MOTAU OBITH IIOAHO-
CTBIO YHUYTO’KEHHI.

B pa6ore [BenupukTos, 1986] MmHOTOKpAT-
HO IIOAUYEPKUBAETCS OIIPEAEASIoNass POAb
TEKTOHUYECKON COCTABASIIOIIEH, TaK KaK IIPO-
HUKHOBEHHNE MeTaCOMAaTU3UPYIOMUX (QAFO-
UAOB CBSI3aHO C OOpa3oBaHUeM IIpOHUIlae-
MBIX 30H pPa3HOro Macmrada, a paz3HooOpa-
31e TTOPoA, OO0YCAOBAEHO B3aUMOAEUCTBHUEM
UCXOAHBIX TOPOA U METAaCOMaTHU3UPYIOIIUX
PacTBOPOB, CHHXPOHHEBIX (haze AepopMalinu.
O06aacTh MeTacoMaTo3a CBA3aHa C 30HAMU
Pa3AOMOB U TPeUJWH, 10 KOTOPBIM IIPOUCXO-
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OTPAKEHHE TIOCAEAOBATEABHOCTH TEOAMHAMWYECKHX IIPOLJECCOB ...

AUT IIOCTYIIA€HHE PACIAABOB M (PAIOMAOB,
a XUMHWUYECKUe PeaKIUN HAYT TOABKO TaM,
I'A€ HapyllleHa CIAOUIHOCTL IIOPOABL U €CTh
AOCTYII pacTBopaM. B pesyawpTaTe pasamnu-
HOTO CcOoYeTaHUsd 3TUX (PAKTOPOB B OAHUX
dopMaInsax COXPAHSAIOTCS PEAUKTHI IPEA-
IIECTBYIOUX popManuil (roAnMeTaMopdu-
YyecKHue AU NOAUITMKANYeCcKUe popMalinu),
B APYTHIX IIOAHOCTBIO MCUE3aI0T, @ 0OAUK (pop-
Maluy OOyCAOBAEH I'AGBHBIM 0Opa3oM COCTa-
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Reflection of sequence of geodynamic processes
in geological structure of the Bug area

O. V. Usenko, 2019

The age of formations composing granulite blocks of the Ukrainian shield is a pro-
blem for disputes. In order to ascertain the primary genesis and conditions of transduc-
tion of the Bug area rocks it is proposed to find out how was deep process realized ac-
cording to composition of magmatic and chemogenic-sedimentary rocks. Description of
formations was used and sequence of geological events, given in the paper [Venidic-
tov, 1986] for the Upper Bug area. During the period that began not later than 2.5 Ga
and lasted up to 2.0 Ga three tectono-magmatic cycles happened that can be compared
with a regime “folded area". Application of over-all schemes allows to ascertain compo-
sition and temperatures of melts and fluids supplied to the crust (thermodynamic regi-
me), and to appraise the character of interactions (metasomatic substitution, crystalliza-
tion, melting-dissolution etc.) between deep material (of the known composition and tem-
perature) and crust material at the ascertained depth (with known lithostatic pressure
and temperature). Regime “folded area" is characterized by magmatic rocks generated
at depths 220, 150, 100, 50 km. Underlaying of the crust by mantle (ultrabasic) melts and
replenishment of melting layers with their upper edge at depths 50 and 20 km, occurs
repeatedly, that assumes complication of basic regime. It has been determined that in
the Bug area temperatures and pressures of metamorphic transformations exceeded tho-
se ones needed for production of the layer of partial melting in the crust. To present-
day erosion section the level of asthenosphere position, where granites attached to the
berdychiv complex was drawn. Sequence of occurrence was replaced by the order of
incorporation and substitution. Primary sedimentary rocks were not preserved and the-
re is no relation between occurrence of rocks and their age.

Key words: Proterozoic, metamorphism, granulite area, melting, metasomatic substi-

tution, isotopic age.
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