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BepxHeMaickoe nogHaTHe (OXOTCKMM MaccuB):
reosornvyecKoe cTpoeHue, cocraB, BO3pacT,
TEeKTOHUYEecKas No3uLus

B. K. KysbMuH™

Bcepoccnickunin HayYHO-MCCNeaoBaTENbCKUN FeONOrnMYecKui
MHCTUTYT uM. A. . KapnuHckoro, CaHkT-lNeTepbypr, Poccus,
vkkuzmin@mail.ru®

AHHoTauumA. B BepxHemaickom nogHATAM OXOTCKOro MacCrBa BblAeneHbl 30apxei-
CKNA OPEeBHEMANCKUN, HEOAPXENCKNI BEPXHEMANCKNA 1 ManeonpoTepo30NCKNI
WCKPUHCKUI KOMMneKcbl. [na ApeBHEeMancKoro KOMMAEeKca MosyyeHbl S0ap-
xenckne n ragenckne Nd-mogenbHble gatnpoBku — 3,76, 3,77 n 3,99 mnpg net.
B rHeiicax B Appax LMPKOHa YCTaHOBNEHbl KOHKOPAAHTHAA rafelickasa faTvpoBKa
3949+ 11 mnH net 1 11 30apXencknx 4aTMPOBOK B MHTepBasie 3862-3757 MiH NeT.
BepxHemalcknii KOMNIEKC NpefcTaBieH NOpoAamy rpaHynnToBor 1 amounbonu-
ToBoW dauuii. Mo napameTpam Sm-Nd 130TOMHONM CUCTEMBI HUXHAA BO3pacTHasA
rpaHuua GopmMmMpoBaHNA MOPOJ KOMMIeKca oueHuBaetca B 3,0 mnpg net. Ana
LUMPKOHOB M3 THeNCcoB MojiyyeHa KOHKOPHAHTHas Heoapxelickas AaTUPOBKa —
2651,9+8,9 mnH net (U-Pb, SHRIMP-II). B KpaeBoi 3anagHom YacT NOAHATUA pac-
rosaraercs NCKPUHCKUIA KOMMIEKC, CIIOKEHHDBIV rpaHaT-0MOTUTOBBIMY U CUIIIIMA-
HUT-KOPANEPUT-OMOTUTOBBIMU CIlaHLLAMI C NaneonpoTePO30NCKAMU MOAENbHbIMMI
Bo3pacTtamu Tyg(DM) ot 2,28 fo 2,19 mnpg ner.

Upper Maya uplift (Okhotsk massif):
Geological structure, composition, age,
tectonic position

V. K. Kuzmin®

All-Russian Geological Research Institute of A. P. Karpinsky,
Saint Petersburg, Russia,
vkkuzmin@mail.ru®=

Abstract. The Upper Maya uplift of the Okhotsk massif contains the Eoarchean
Ancient Maya, Neoarchean Upper Maya, and Paleoproterozoic Iskra complexes.
For the Maya complex, the author obtained the Eoarchean and Hadean Nd-model
dating — 3.76, 3.77, and 3.99 Ga. In gneiss, zircon cores present the Hadean con-
cordant age as 3,949+ 11 Ma and 11 Eoarchean datings as 3,862-3,757 Ma. The Up-
per Maya complex has granulite and amphibolite facies rocks. As the Sm-Nd isotope
system suggests, the lower age boundary of the complex’s rock formation is 3.0 Ga.
Gneiss zircons have the Neoarchean concordance age of 2,651.9+8.9 Ma (U-Pb,
SHRIMP-II). The uplift’s western margin locates the Iskra complex of garnet-bio-
tite, sillimanite-cordierite-biotite schists with the Paleoproterozoic model ages
of Tng(DM) from 2.28 to 2.19 Ga.
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BBEAEHME

BepxHemainckoe nogHATAE pPacronoXeHo BAOMb
toro-3anagHoun rpaHuubl OXOTCKOro mMaccmBa v npega-
CTaBJIEHO YeTblpbMA BbICTYNamu rnybokomeTamop-
$130BaHHbIX MOPOA W FPaHUTOMAOB Cpean HemeTa-
MOP®U30BaAHHbIX OTNOXEHUN pudea u daHepo3os.
Mo cpaBHeHuto € Apyrmy NOAHATUAMN OXOTCKOro Mac-
cuBa — KyxTyncknm u KOposckum — BepxHemalrickoe
NOAHATME ABMAETCA HavMeHee M3ydyeHHbIM. Hanbonee
KPYMHbIN BepxHemackunin BbICTYN NnpedcTaBfieH TeKTO-
HUYECKUM B6JTOKOM KJTIMHOBUAHOM GpopMbl (22 X 120 Km),
KOTOPbIV NPOCNEeXNBaeTCA OT BepXoBbeB p. Mas Bgonb
ee neBobepexba Ha tor Ao p. AMarapaH, rae nepekpbi-
BAeTCA MesioBbIMU 3¢dy3rBamn YbMHCKOro nporunba
(puc. 1). Janee K tory Ha npoTsaxkeHun 180 Km 13-nog
3¢ dy3BOB BHOBb MOABNATCA HebonbluMe BbIXOAbI
MeTamopduyecknx nopop: WMHMKaHCKUn (6X17 Km)
B BEPXOBbSIX OAHOWMEHHOW peKkn, HanbaHgAaHcKuiA
(5%11 km) B mncrtokax p. CeBepHbll YN 1 AAHCKUN
(3% 18 km) B bacceriHe p. Angoma. CTpyKTypHO-reosnoru-
yeckas nosuLms, CXO4CTBO Nopog no cocTasy, Gaumam
MeTaMopdu3ma, CTEMEHU FPaHUTU3aLUK, XapaKTepy
ONCNoKaLuWi, a TakKe TeCHas napareHeTnyeckas CBA3b
C rpaHUTOMAamMn MaMCKOro KOMrekca no3BonAnm
paccMaTpurBaTb 3TV BbIXOAbl B KayecTBe dparmMeHToB
€[MHOr0 PaAHHE[OKEMOPUIACKOTO KPUCTANININYECKOrO
dyHpameHTa BepxHemalckoro nogHaTuA. Takum obpa-
30M, pa3obLyeHHble BbIXOAbl KpUCTanimyecknx obpa-
30BaHU NPOCEXMNBAIOTCA C CEBEPa Ha tor boree yem
Ha 300 Km, XOTA 1 C nepepbiBamMu.

PacnonoxeHne BepxHeMaiCKOro NogHATUA B aKTUB-
HOW 30HE COUNIEHEHUA KPYMHbIX PA3HOTUMHbIX U pas-
HOBO3PaCTHbIX TEKTOHUYECKUX CTPYKTYyp (BOCTOYHasA
oKpamHa Cubupckon nnatdopmbl, KOgomo-Marlickan
cKnaguaTo-rnbl6oBas o6nactb, KOHO-BepxoaHckui
CUHKNUHOPUN 1 bunakyaHckoe nogHATMeE Ha 3anage,
a Takxe OXOTCKUM MaccuB 1 YNbMHCKUA BYNKaHOreH
Ha BOCTOKE) BO MHOIOM OMPeAesnnio OCOOEHHOCTM
pa3BUTUA ero BHYTPeHHeN CTPYKTypbl (puc. 1). Ha npo-
TAXEHUUN BSINTENIHOIO BPEMEHU B 3TOWN 30HE aKTUBHO
NPOABNANNCL apXen-NpoTepo3onckme u puden-meso-
30MCKMe SHAOreHHble NPOoLeCcChl: MarMmaT3M OCHOBHO-
ro 1 KUC/IOro COCTaBa, MOJIMXPOHHbIA MeTamMopdusm
1N MeTacomMaTo3 pasnnmyHbixX ¢auunii, Ppa3HOBO3pPaACTHbIE
cKnagyatble gedopmaumm U paspbiBHble HapyLUEHMWs
Pa3fNYHON WHTEHCUBHOCTU. CTPYKTypHO-reonormye-
cKue, netporpado-reoxumMmnyeckmne u reoxpoHosNoru-
yeckue mnccnegosaHusa (K-Ar, Rb-Sr metogpbl), Bbinosn-
HeHHble B XOAe reosioroCbeMOYHbIX PaboT cpeaHe-
ro M KPynHOro MaclTaboB, a Takke TemMaTUYecKux
nccnepoBanHnin' -3, (AnekcaHapos n ap., 1986; pomos
n gp., 1978; ®epaman n gp. 1976; GepgmaH, 1978),
He MNpPVHeCIM OfHO3HAYHbIX, HEMNPOTMBOPEYNBbLIX
BbIBOJOB O re0fIorMyeckom CTPOeHUN, BeLLeCTBEHHOM
cocTaBe 1 Bo3pacTte nopog BepxHemanckoro nogHATMA
1 He NO3BONWIIN C HEOOXOAMMOW NMOSHOTON pacndpo-
BaTb ero reosiornyeckoe ctpoeHue. [lostomy n cerogHa
npeacTaBieHNA O reosiormyeckon NCTOpUN PasBUTUA
JaHHOro pernoHa BecbmMa MPOTMBOPEUUBLI, @ TEKTO-
HUYecKasa No3nuUmMA OCTAaeTCA He BbIACHEHHOW U ABNA-
eTcA npegmeTom Auckyccuun. B HactoAwen pabote
npuBeeHbl pe3ynbTaTbl KOMMIEKCHbIX NCCNefoBaHN
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MeTaMmopduueckmx obpasoBaHUIl BepxHemMackoro
BbICTyMa, BKJ/OYalOLWMe Hapsagy C TpaguLMOHHbIMM
COBPEMEHHblE MPELU3NOHHbIE METOAbl M3YyYeHus
BELLEeCTBEHHOIO COCTaBa — KOJIMYECTBEHHYIO OLIEHKY
PT-ycnosuin obpasosaHua nopog, Sm-Nd patupoBa-
HUe Mopo[, BCECTOPOHHEE M30TOMHO-TEOXNMUYECKoe
nccnepoBaHue umMpkoHa (U-Pb, SHRIMP-II).

MATEPWAJbl U METO[bI

OT6Op HEeU3MEHEHHbIX NPO6 NPOBOAUNICA BeCbMa
TWATENbHO, C WCMOSIb30BaHMEM MAKPOCKOMUYECKMX,
MUKPOCKOMUYECKUX N FEOXUMUYECKNX NCCIedOBaHNN,
MOCKOJIbKY Nopopfbl BepxHemanckoro nogHATUA 4acTo
B Pa3fIMYHON cTeneHn anadpToprpoBaHbl, B HAX OTMe-
yaloTca ApobneHve 1 rpaHynAuMa 3epeH nopogo-
obpasyowmx MuHepanos. CoepXaHna NeTPOreHHbIX
3NeMeHTOoB, a Takxe Ba, Cr, V onpegeneHbl B LleHTpanb-
Hol nabopatopun NHCTUTYTa KaprnmnMHCKOro peHTreHo-
cnekTpanbHbIM dnyopecueHTHbIM MeTogom (ARL-9800,
aHanutuk b. A. UumouweHko); Rb, Sr, Zr, Y, Pb, Nbo —
Ha npubope APD-6 (aHanutuk J1. A. MatBeeBa); Co, Ni,
Cr, Cy, V, Sc, La, Yb — meTtopom ICP-AES (Optima-4300,
aHanutuk 3. I. YepBaAKOBa); pefKo3eMesbHble 31eMeH-
Tl — metogom ICP-MS (ELAN-DRC-6100, aHanutmk
B. A. lWunwnos). AHann3 Sm-Nd mM30TONHOW CUCTEMDI
nopop BbIMOMHEH B VIHCTUTYTe reonornm n reoxpoHo-
noruv fokembpuma Poccniickon akagemmnn Hayk (aHanu-
TrK E. C. BoromonoB) Ha TepPMOVMOHN3aLNOHHOM [EeBS-
TUKONNIEKTOPHOM Macc-cnektpomeTpe TRITON B cTa-
TUYECKOM peXxrme Mo MeToAuKe, OMMCAaHHOW paHee
(Ky3bmuH 1 gp., 2009). OnpegeneHue coctaBa u U-Pb
BO3pacTa LMPKOHOB OCYLIECTBAANOCb Ha BTOPUYHO-
MoHHOM MUKpo3oHAae SHRIMP-II B LleHTpe 130TOMHbIX
nccnefoBaHun Bcepoccminckoro HayuyHo-mccnenoBa-
TENbCKOro reosiormyeckoro MHctutyta um. A.I. Kap-
nuHckoro (aHanutukn E. H. JlenexuHa, Tl. A. JlbBOB,
H. B. PoovoHOB) MO MHOFOKPATHO anpo6upOBaHHON
meToguke (Williams, 1998). [na Bbibopa ydyacTKoOB
(Touek) gaTMpoBaHWMA WCMOMb30BaNMChb OMTUYECKMEe
(B MpoxopasLluemM 1 OTPa*KEHHOM CBETE) U KaToAotOMU-
HeCLeHTHbIe N300paXkeHUs, OTpakatoLLvie BHYTPEHHIOW
CTPYKTYPY Y 30HaNIbHOCTb LMPKOHOB. MIHTEHCMBHOCTb
nepBOro Nyyka MONEKYIAPHOIO KMCIopoa COCTaBnANa
4 HA, pnameTp nAaTHa (KpaTepa) — He 6onee 30 MKM
npu rnybvHe 2 mkm. O6paboTKka MOMyYeHHbIX [aH-
HbIX OCYLLeCTBNANACh C NCMOIb30BaHMEM NPOrpaMmbl
SQUID*. M3oTonHble U-Pb oTHOLEHMA HOPMANN30BaHbI
Ha 3HayeHune 0,0668, cooTBeTCTBYIOLLEE CTaHAAPTHOMY
unpkoHy TEMORA c Bo3pactom 416,75 mnH net (Black

' feonornyeckas Kapta OXOTCKOro paoHa XabapoBCKOro Kpas Mac-
wraba 1:500 000. O6bACHMTENbHAA 3aNNCKa K reoNormyeckomn Kapte
macwTaba 1:500 000 OxoTckoro paioHa XabapoBcKoro Kpas (oTuet
no Teme 144). Xabaposck, 1975. 20 c.

2 KoHcTaHTHOBCKUiA A. A., Tpomos B. B. leonoruueckasn kapta CCCP
MacwTaba 1:200 000. Cepusi Maiickas. Jluct O-54-XIll. O6bacHUTeNb-
Has 3anucka. M., 1984. 98 c.

3 KoHcTaHTMHOBCKMI A. A., Tpomos B. B., Peirtnudrep A. C. [eono-
rmyeckaa kapta CCCP macwraba 1:200 000. Cepus Maiickas. Jiuct
0-54-XIX. O6bacHuTenbHas 3anucka. M., 1978. 83 c.

4Ludwig K. R. SQUID 1.00 — a user’s manual // Berkeley Geochro-
nology Center Special Publication. No. 2. Berkeley, USA : Berkeley
Geochronol. Center, 2000. 17 p.
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Puc. 1. CxemaTnuyeckasa reonormyeckas KapTa BerHEMaﬁCKOFO BbICTyna

1 — necku, cyrnnHkuy, ranednvikn (Q); 2 — KOHrIomepaThl, AauuThl, aHAE3UTbI, aHae31ba3anbThl,
Tydbbl cpefjHero 1 kucnoro coctasa (K); 3 — necyaHuKy, aneBpOAnTLI, FPaBenTbl, KOHroMepaTsl
(T3); 4 — necyaHvKK, aneBpoNUTLl, aPIUANNTLI, KOHFoMepaTsl (Co—P); 5 — W3BECTHAKM, aprnnTbl,
anesponuThl, necuanviku (Cy); 6 — UrHUMOPWTSI, IMNAPWTbI, AALMTbI, aHAE3UTbI, Tydbl, TYGOKOHrNOMe-
patbl (Ds); 7 — necyaHuky, aneBponuThl, 138ecTHAKM (O); 8 — M3BECTHAKM, LONOMUTbI, aprANUTI
(€); 9 — 6a3anbTbl, aHAE3MTOBbBIE NOPOVPUTLI, KBAPLEBBIE MOPGUPBI, KBAPUMWTHI, MECYaHUKM, KOH-
rnomepatsl (PR;); 10 — meTamopduueckne nopoabl: d — meTamopdryeckime cnaHLbl MCKPUHCKOTO
Komnnekca (PR;), b — rHencel, KpUCTanANYeckmne ClaHLbl, MUrMaTuTbl BEPXHEMANCKOro KOMIIeKca
(AR); 11 — rpaHOAMOPWTHI, FPAHWTHI, FPAHOCKEHNTSI, TpaHUT-NopdYPLl (YOK,); 12-16 — Malickuit
KOMMEKC MOHLIOrabopo-rpaHOCUEHNUT-TpaHNTHbIN (YOD3): 12 — Cy6LIeNoUHbIE FPaHUTLI, FPaHNUTbI,
NenKorpaHuTbl, 13 — rpaHOANOPUTLI, 14 — rPaHOCUEHUTH, 15 — KBapLEBble MOHLOHNUTLI, KBap-
LeBble ANOPWUTDI, 16 — MOHLIOHWTbI; 17 — rpaHOCKeHWTbI, rpaHnTbl (PRy); 18 — O1OTWTOBbIE rHE-
corpaHuThl (PRy); 19 — TeKTOHWMUYECKME HapyleHUa: a — AOCTOBEPHble, b — npennonaraemble;
20 — reonoruyeckre rpaHnubl; 21 — dasosble U GalmanbHble rPaHNLbl MaiCKOrO KOMMIEKCa;
22 — vecTa otbopa nNpob aAna onpenenenna sospacta: d — Sm-Nd, b — U-Pb, SHRIMP-II meTopbl.

Ha Bpe3ke 1 nokaszaHa reotekToHuYeckas no3numa: AL — AngaHckuin wmt, AMIT — AnpaHo-Mai-
ckui nporun6, tOMCO — tOpomo-Maiickan cknagdato-ribibosas obnacTs, OBC — tOxHo-BepxosH-
CKU cnHKNMHopuit, BMIT — BepxHemarnckoe nofHatue, YBIT — YnouHcKkni BynikaHoreH. Ha speske
2 nokasaHa 6110KoBan CTpyKTypa BepxHemaiickoro BbicTyna: C — CeBepHblit, Ll — LleHTpanbHbii,
tO — IOXHbI, @ TakKe PACMNONOXEHNE MaCCMBOB NO3AHEAEBOHCKMX MPDAHUTOWAOB: | — rpaHUTOn b
MaVCKOro KOMMMeKCa, 2 — FHEeNChl 1 KpUCTanamueckmne cnaHubl BepxHemackoro BbicTyna

Fig. 1. Schematic geological map of the Upper Maya uplift

1 — sand, loam, shingle (Q); 2 — conglomerates, dacite, andesite, andesibasalt, basic and felsic
tuffs (K); 3 — sandstone, siltstone, gravelite, conglomerates (Ts); 4 — sandstone, siltstone, argillite,
conglomerates (C,—P); 5 — limestone, argillite, siltstone, sandstone (C;); 6 — ignimbrite, liparite,
dacite, andesite, tuff, tuff conglomerates (D;); 7 — sandstone, siltstone, limestone (O); 8 — lime-
stone, dolomite, argillite (€,); 9 — basalt, andesitic porphyrite, quartz porphyry, quartzite, sandstone,
conglomerates (PR;); 10 — metamorphic rocks: a — metamorphic shales of the Iskra complex
(PRy), b —qgneiss, crystalline shale, migmatite of the Upper Maya complex (AR); 11 — granodio-
rite, granite, granosyenite, granite porphyry (y8K;); 12-16 — monzogabbro-granosyenite-granite
of the Maya complex (ydDs): 12 — subalkaline granite, granite, leucogranite, 13 — granodiorite,
14 — granosyenite, 15 — quartz monzonite, quartz diorite, 16 — monzonite; 17 — granosyenite,
granite (PR;); 18 — biotite gneiss-granite (PR;); 19 — tectonic disturbances: a — established,
b — inferred; 20 — geological boundaries; 21 — phase and facies boundaries of the Maya complex;
22 — sampling locations for dating: @ — Sm-Nd, b — U-Pb, SHRIMP-II methods.

Inset 1 displays the geotectonic position: ALLL — Aldan Shield, AMIMT — Aldan-Maya trough, FOMCO —
Yudomo-Maya fold-block area, OBC — South Verkhoyansk sinclinorium, BMINT — Upper Maya up-
lift, YBIM — Ulya volcanogen. Inset 2 demonstrates the block structure of the Upper Maya uplift:
C — Northern, L| — Central, 1O — Southern, as well as location of the Late Devonian granitoid
massifs: 7 — Maya complex granitoid, 2 — gneiss and crystalline shale of the Upper Maya uplift
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et al, 2003). KoppeKumna Ha OOGbIKHOBEHHbIN CBUHEL
npoBoAMiach No nsmepeHHomy 2%4Pb. B Tabnuue 1 Tek-
CTe NOrPeLwwHOCTV NHAMBMAYANbHbIX aHaIM30B NPUBO-
OATCA B UHTepBane 10, a KOHKOPHAAHTHbIX 3HAUYeHWN
BO3PacCTOB, PaCCUMTAHHbBIX MO HECKONbKUM aHanv3am
nMbo Mo NepeceyeHunto JIMHUK AUCKOPAUN C KOHKOP-
avel, — Ha ypoBHe 20. [TocTpoeHune rpadurKoB C KOH-
Kopaven BbIMOJHANOCh C UCMOMb30BaHMEM NPOrpammbl
ISOPLOT/EX".

TekmoHuyeckas no3uyus
BepxHematicko2o noOHAmMusA

Mpwn reonornyeckonm Cbemke CpefHero u Kpyn-
HOro MacwTaboB B 60-70-e rr. XX B. nccnegoBaTtenu
He COMHeBanucb B fJopudenckom Bo3pacte MeTamop-
burueckmnx TonLy BepxXHEMaNCKOro Kommnekca 1 accouu-
MPYOLWNUX C HAMW FPaHUTONAOB MaiCKOro KOMMeKca.
BepxHemalickoe noAHATME paccMaTprBanocb nnbo
Kak yacTb KyxTynckoro nogHATMA OXOTCKOro Maccusa
(BenbasikcoB u ap., 1976; NpuHbepr, 1968; l[pomos 1 ap.,
1978; Kapcakos 1 ap., 2005), nnu lOxHo-BepxosHcKoro
CUHKNVHOPWAZ, NMN6O Kak OTAeNMBLIMICA GNOK Kpu-
cTannunuyeckoro ¢yHaameHta MalimakaHo-batomrckoro
NOAHATNA BOCTOYHOM OKpanHbl AngaHckoro wuta (beap,
1965; ®epamaH n gp., 1976; ®epamat, 1978). Mpwu sToM
NMOpOoAbl CONOCTABAANNCH C Pa3IMYHbIMU MeTaMopduye-
ckumum cepuamm. Tak, ©. @. Benbasikcos 1 P. b. Ymut6aes
(1976) cpaBHMBanM BepXHEMANCKUN KOMMEKC C HUXKHE-
apXxercKon ManmavaHCKom cepuen KyxTynckoro nogHs-
T1A, a B. B. [pomos 1 gp. (1978) conocTaBnanm HUKHIO
Tonwy BepxHemaliCKoro nMOAHATUA C HAHHArMHCKOWN
CBUTOW, @ BEPXHIO — C AanbCMyaHcKon. OgHaKo wupo-
KO pacrnpocTpaHeHHOe MHeHWe O CXOACTBE COCTaBOB
1 BO3pacTa MeTaMopduuecknx nopog BepxHemarickoro
1 KyxTyncKoro nogHATMM 1 O NPUHaANeXXHoOCT BepxHe-
MaMCKOro NOAHATUA K KpUCTanimyeckomy byHaaMeHTy
OxO0TCKOro MaccnBa NOAAEPKMBANOCH He BCEMU 1cChe-
posatenamu. [Mpy MeXpernoHanbHbIX Koppenaumnsax
BepxHemarickoe MOAHATME COMOCTaBAANOCb U C ApY-
rmmn cTpyktypamu. A. A. beap (1965), U. M. ®epamaH
(1976, 1978) 1 M. B. MapTbIHIOK C COaBTOPaMn? COOTHO-
cavunn meTamopdurUecknii KoMmnnekc BepxHemanckoro
NMOAHATMA C HUKHENPOTEPO30NCKMM 06pa3oBaHUAMY
MaimakaHo-baToMCKOro nogHATUA 1 CYNTaNu €ro oTae-
NNBLUMMCA KpaeBblM BbICTyrnom dyHaameHTa Cnbrpckonm
nnatopmbl. Ha HEKOTOPbLIX reoIOrMYecknx n TeKTo-
HUYECKNX KapTax BepxHemalickoe nogHATME KpucCTan-
Nnnyeckmx nopop Boobule oTtcyTcTByeT, a b. M. Yukos
(1970) cunTaeT MeTamopdUTbI NOAHATMA MNOrPAHUYHON
30HOW CMATUA.

B HacTosLlee BpeMs GOBbLUMHCTBO UCC/iejoBaTeNnen
paccmaTprBaloT TEKTOHNYECKOE MONOXKeHMe, reHe3nc
1 BO3pacT BEPXHEMANCKOro KomnieKkca BepxHemarcko-
ro NOAHATUSA C NO3MLUN TEKTOHUKUN NTUTOCHEPHDBIX MIINT.
J1. 1. 3oHeHwWwariH ¢ coasTopamun (1990) n J1. M. NMapde-
HoB (1984) paccmaTpumBaloT BepxHemalnckoe nogHATME
CcoBMeCTHO C lOpoBCKMM 1 KyXTyMCKMM MOQHATUAMMU
(OXOTCKMIA 2K30TUYECKUIN TeppeiiH) Kak Yy»KepOoaHyio
CTPYKTYpY, KOTOpasa paHee Haxoaunacb B 3anagHomn
Actpanun vnu tOxHon Amepuke?, ncnbiTana 3Ha-
ynTesibHble nepemelleHna U npucoegmHmnace K Cu-
OGUPCKOMY KpaTOHy B paHHeMm meny. J1. M. HaTanos,

E. 1. Cypmunosa (1995) nonaratot, uto OXOTCKMUIA Mac-
CMB 4O MENIOBOrO BPEMEHN HUKOTrAA He NpuHagnean
K OKpavHe CMOMPCKOro KOHTMHEHTA U, BO3MOXKHO,
Kak 1 OMOMOHCKMIA, npogenan 3HauuTeNbHbIN MyTb,
npexge 4Yem CTONKHYTbCA C OFPOMHON MNOABOAHOM
paBHUHOM CMOUPCKOro KOHTMHeHTa. A. B. [pokonbes
c coaBTopamu (2003) npennonoXxunm, 4to MeTamop-
¢dunyeckme obpaszoBaHuA BepxHemalckoro nopHATUA
NpeacTaBnsioT COO0ON KOMMNIEKC MeTaMopdUueckoro
anpa, popmmpoBaHMe KOTOPOro CBA3AaHO C MNO3AHe-
[EeBOHCKUM pudtoreHesom B HOkHOM BepxosHbe,
NPOABNEHHbIM B Tbifly NMO34HENANE030NCKON OKpavH-
HO-KOHTVMHEHTaNIbHON MarMaTMyecKom gyru.

leonozuyeckoe cmpoeHue
BepxHematickoz2o ebicmyna

BHewHne orpaHnyeHna BepxHemanckoro BbiCTyna
UMeIoT pasfinyHyto mMopdoniorio 1 npupogy, ABns-
I0TCA MPenMyLLeCTBEHHO Pa3pPbIBHbIMU 1 OTYETIMBO
OUKCMPYIOTCA MNPOTAXKEHHBIMA 30HAMU  WNHTEHCUBHO
KaTaKnasnpoBaHHbIX, MUNTOHUTU3NPOBaHHbIX 1 Anad-
TOPVPOBaHHbIX NOPOA, KOTopble, BEPOATHO, popMuUpy-
I0TCA KaK 3a CYeT npeobpa3oBaHns MeTamopdryecKmx
06pa3oBaHU BEPXHEMANCKOrO KOMIMEKCa, TaK U ByN-
KaHOreHHO-TeppUreHHbIX Nopog GrnaKYaHCKOM cepum
N FpaHUTOMAOB HyAbIMUNCKOro kommiekca. C 3anaga
BbICTYN OrpaHnumnBaeT bunakyaHcKas 30Ha ry6UHHDBIX
pa3nomoB, Najawllaa Ha BOCTOK Moj meTamopduye-
CKve Tonwm nopg yrnammu ot 45 go 70-80°. lopu3oh-
TaslbHaA aMNAUTYAa CMELLEeHNA COCTaBNAET HECKONbKO
KWIOMETPOB, BepTuKanbHaa — oOT 2-3 g0 5-6 Km.
My6briHa norpykeHusi ¢yHOaMeHTa B 30HE COUsieHe-
Hua BepxHemarnckoro BbicTyrna m HOgomo-Marnckoro
nporvnba focturaet 6 KM, a ceBepHee yBennunBaeTca
oo 8 km (3enenyrvH un gp., 2021). BocTouHas rpaHuua
BepxHemalncKoro BbiCTyna Tak»Ke MMeeT TEKTOHNYECKYIO
npupoay, OfHAKO 3[AeCb KpucTannmyeckun ¢yHpaa-
MEHT CTyneHYaTO Norpy»KkaeTca nog nosioro nagawowme
Ha BOCTOK MasiomollHble (0,2-1,5 KM) no3aHefeBOHCKME
KUCIble BYNKaHUTbI MaTUINCKON CBUTbI Yexsia OXOTCKoro
MacCrBa, Me3030MCKNe BYNKaHOMeHHO-KOHTUHEHTaslb-
Hble Y NPUOPEKHO-MOPCKUE OTNIOKEHUA YNIbUHCKOrO
nporunba, KoTopble B €ro LieHTPanbHOM YaCTu CMEHAIOTCA
6onee MoLHbIMU (A0 3-4 KM) MOIOro AUCITOLMPOBAH-
HbIMW TEPPUreHHbIMW OTNOXKEHUAMN (3enenyruH 1 ap.,
2021). Taknum o6pazom, B CyOLUMPOTHOM HanpaBieHUN
BepxHemanckuii BbICTYN UMeET OTYETIINBO BblpaXKeHHOe
acMMMEeTPUYHOEe CTPOEHME: Ha 3anaje Kpuctannuue-
CKMe nopopbl KPYTO NOrpy»katoTca Ha ry6uHy 1o 10 Km,
a B BOCTOYHOM HanpaBieHUn HabnogaeTcs nocTeneH-
Hoe norpyxeHue ¢dyHJaMeHTa C MaKCMManbHOW riy-
61HON A0 3-4 KM VWb Ha 3HAYWTENIbHOM yAaneHum

" Ludwig K. R. Using Isoplot/Ex, Version 2.01: A geochronological
toolkit for Microsoft Excel // Berkeley Geochronology Center Special
Publication. No. 1a. Berkeley, USA : Berkeley Geochronol. Center,
1999. 47 p.

2 MaptbiHiok M. B., PaimoB C. A., KoHgpaTtbeBa B. A. O6bAcHWTENbHas
3anuncka K cxeme pacusieHeHnA 1 Koppenaunm MarmaT4yeckmx Kom-
nnekcoB XabapoBcKoro Kpas 1 AMypCKoi 06nactu (oTyeT no Teme
N2 330 3a 1987-1990 rr.). Xabaposck : MuHleo CCCP, 1990. 216 c.
3 Konecos E. B. MarHutoctpaturpadus naneosos CeBepo-Boctoka
Poccun : aBTOped. Anc. ... A-pa reon.-MmuHepan. Hayk. CM6., 2005. 42 c.
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ot Hero. C ceBepa BbICTYN OrpaHNYeH Pa3fioMOM ceBe-
po-3anagHoro NPOoCTUPaHNA, MPUYPOUYEHHbBIM K AOSINHE
p. Caxa, BOONb KOTOPOrO MHTEHCUBHO MUJIOHUTU3MPO-
BaHHble NMopofbl MeTaMOPGUUECKOrO KOMMIeKca KOH-
TaKTUPYIOT C TPMAC-IOPCKUMU OCAAO0UHbBIMUN OTIOXKEHNA-
MM yexsia OXOTCKOro MaccmBa. Ha tore Kpuctannmyeckume
obpazoBaHMsA BepxHemaickoro BbICTymna MOCTENEHHO
BbIKIMHMBAIOTCA; 3aeCb oTnoxeHua K0gomo-Maickoro
nporvba He TOMbKO COMPUKACAOTCA C YNbUHCKAMM
BY/IKAHUTaMW, HO 1 NMePEeKPbIBAOTCA MU,

CTpyKTypHbIZ nnaH meTamopduryecknx obpasosa-
HUM BepxHemalncKkoro BbICTyna C TPYAOM MnogfdaeTcs
pacwmndpoBKe, UYTO OTMeEYanu BCe UcCCnepoBaTenu,
NPOBOAMBLLME HA 3TON TEPPUTOPUN TFEONOrMYECKYIO
CbEMKY CpefHEro 1 KpynHoro Macwraba: E. . Meckos,
M. A. TapxoBa (AnekcaHgpos 1 ap., 1984), . M. ®epa-
MaH (1976, 1978), B. B. lpomoB (1978) n ap.'-3. [loctoBep-
HO YCTaHOBUTb XapaKTep 3aneraHusa n pacwundpoBaTtb
CTPYKTYpPY CNOXHOCK/aguaTbiX MeTaMopdryecKmx TonL
He npefcTaBAAeTCcA BO3MOXHbIM B CBA3W C KpanHen
PEOKOCTbIO KOPEHHbIX OOHaXXeHWI MOpPOoA, SBHbIM
npeobnafjaHveM >3M0BMANbHbIX pa3BaiioB M BecbMa
OAHOPOAHbIM COCTAaBOM BepPXHEMAMCKOro KOMIMeKca.
OfHaKo Ha reosiorMyecknx UM TEKTOHUYECKUX KapTax
1 CXeMaX, a Tak»Ke B 0O bACHUTENIbHbIX 3annckax K HUm? 3
(Anekcanapos 1 ap., 1986; pomos n ap., 1978; Oepa-
MaH, 1978) npoctupaHve meTamopduyeckux nopoa,
NpocneXKeHHOoe Mo 3M0BKasbHbIM pa3BanaM, MoKa3aHo
KaK ceBepo-BOCTOYHOE 1 CyOMepranoHanbHoe, CoBna-
Jawlouwee C yannHeHmem BepxHemarnckoro BbiCTyna
N KOHPOPMHOE TEKTOHMYECKUM rpaHuLaM MOAHATUA.
MNpoBefeHHble HamK feTaNbHble CTPYKTYPHO-Teonoru-
yeckue, MUHepanoro-netTporpaduyeckme MccienoBa-
HUA NOPOJA B CEBEPHON U LIEHTPaNbHOM YacTax Bepx-
Hemaiickoro BbicTyna ot p. Caxa o p. KyraHbga (6onee
70% BbICTyMa) MO3BONMAM YCTaHOBUTb HEOAHOPOS-
HOCTb €ro CTPOEHUA 1 BblAeNUTb B €ro npegenax Tpu
6noka — CeBepHblit, LieHTpanbHbIn 1 KOXHbIN (puc. 1).
B 3TMx 6GnoKax BbISBMEHbI CYLIECTBEHHbIE Pa3NYUS
B CTPYKTYPHOM MJlaHe, CTPOEHUM reonornyeckmnx pas-
pe30B, 0COBEHHOCTAX NPOABNEHNA B HUX MarmaTuamMa
1N MmeTamopdmamMa, a TakKe B BeLeCTBEHHOM COCTaBe
1 Bo3pacTe meTamopdrUecKnx TosLL,.

CTpyKTypHO-reofniornyeckme uncciefaoBaHUa nog-
TBEPAMNY KPAHIOK PeaKOCTb KOPEHHbIX OOHAXXEHWI
MeTamopduuecknx nopoa B npepenax BepxHemaricko-
ro Bbictyna (puc. 1), HO NO3BOANAW YCTAHOBUTb B HUX
LWUMPOTHOE, a He CybmepuanoHaNbHOE MPOCTMpPaHue
nopopn BepxHemanckoro kommnnekca (KysbmuH, 1991).
MoaToMy eanMHUYHbIE CKanbHble BbIxoAbl MeTamopdu-
YyecKux Nopos 3aCny>KMBaloT KPAaTKOro onucaHus.

B 6eperoBbix obpbiBax neBobepexbs p. Mas, oT
ycTbA pyd. opatac go pyud. Xotompax (LleHTpanb-
HbI ONIOK), Ha NPOTsKeHMM 3,5 KM HabnogalTcs
NpepbIBUCTbIE OOHaXXeHUs BGMOTUT-POroBOOOMaHKO-
BbIX MUFMaTUTOB U FHENCOB C BblAep»KaHHbIM LIMPOT-
HbIM MPOCTMPAHMEM MONOCYATOCTU, THENCOBUAHOCTH
N CNaHUeBaToCTW: a3uMyT nageHna 350-10°n 170-180°,
yron nageHus 50-80°. Ha BopopasgenbHom XxpebTe
pyubeB UTTax n TasTxax (LleHTpanbHbI 610K) B 610-
TUT-POroBOOOMAHKOBbBIX THelCax TakXe OTMeyaercs
Cy6bWMPOTHOE NPOCTUPAHME THENCOBUAHOCTA (a3umyT
nageHus 10-20° yron nageHuna 20-30°). B npnyctbeBoi
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yacTu neBobepexbsi p. Matn B 6eperoBbix 06HaXKeHW-
AX (KOXHbIN GNOK), CNIOMEHHbBIX POrOBOOOMAHKOBBIMM
CnaHuamu, rHecamm M MArMaTUTaMuy, Ha NPOTAXEHUN
250 M HabnopalTca 6nM3KMe SNEeMeHTbl 3aneraHusa:
asmmyT nageHua 340-10° 170-200° yron nageHuA
40-80°. B BepxoBbsix py4. JlaabbicTax (CeBepHbI 6/10K)
B FOpPHbIX BblpaboTKax (Mpomos u ap., 1978) Ha npoTs-
»eHun 200 M npocnexeHbl Tena rpaHaTCcoAep aLumx
OGUOTUT-POrOBOOOMAHKOBBIX THEVICOB U MOJIOCYATHIX
MarHeTUTOBbIX KBapUWTOB, UMeloLMe WWNPOTHOE Mpo-
CTYpaHue Npu KPyTbIX yrnax najeHusa Ha ceBep v Ior.
Bo Bcex M3yyeHHbIx OOHaxeHusAx CeepHoro, LleH-
TpanbHoro v KOXXHOro 610KOB KpUCTananyeckme cnaH-
Ubl, THENCbl M MUTMATUTbl CMATbI B WU3OKNUHASIbHblE
CKNagKM C pasMaxoM KpbinbeB B 1-3 M, Hepeako
ConpoBOXJaemble NIoMYaToCTblo. [nA 3TMX CKnagok
XapaKTepHbl KpyTO nafjaloLime oceBble MOBEPXHOCTU
M CyOLIMPOTHO OPUEHTUPOBAHHBIE LIAPHKPBI C YIIIOM
nageHms B 5-20°. CTunb CKNagyaTtocTy B 3TUX BroKax
BbliepXKaH, UTo MoATBepxaaetca GpparmeHTamm cKna-
LOK B KPYMHOIbIOOBbIX pa3Banax.

OpfHako B KpaliHel 3anagHou Yact KOxkHoro 6roka
B Y3KOW (2—4 KM) MepranOoHanbHOWM Nosioce, NPOCNeXun-
BatoLLernca oT p. Matu go p. Hyabimu, npoctupaHue nno-
CKOCTHbIX TEKCTYP 1 XapaKTep CKMNagyaToCT MEHATCA.
B npuyctbeBor yactu p. Hyapimm no npaBomy 6opTy
B CKaJIbHbIX OOHa)KeHUsIX HabMoaaeTcsa He CyownpoT-
HOe, a KOHPOpPMHOe K bunakyaHckomy rny6rHHOMY
pa3fnioMmy mMepuanMoHanbHoe MPOCTUPaAHNE MUSIOHUTO-
BbIX TEKCTYP MeTamopduToB nNpu KpyTbix (80-90°) yrnax
nageHunsa (OepgmaH, 1978). 3T U3MeHEeHUA CBA3aHbI
C MOLLHO MPOABMIEHHbIM ANCIOKALMOHHBIM MeTaMop-
¢dum3mom B 3anagHon yactu HOxHoro 6noKa, KoTopas
HenocpeaCcTBEHHO NPUMbIKaeT K bunakyaHckomy rny-
OGUHHOMY pa3noMmy, 1 ee MOXKHO paccmMaTpuBaTb B Kaue-
CTBE 30Hbl AVMHAMOMETaMOpPdUTOB, pPa3BMBalOLLENCS,
BO3MO>KHO, M0 NOPOoAaM naneonpoTepo3onckoro bmns-
KYaHCKOro KOMMeKCcoB, npunerawwmm K BepxHemaii-
CKOMy BbICTYNY C 3anafa. LleHTpanbHaa 1 BocToyHasA
yact HOHOro 6noka cnoXeHbl MO34HeAEeBOHCKUMY
MaCCVBHbIMM TPaHUTOMAAMM MaNCKOrO KOMMeKca
C KpynHbiMK (1X 1,8 KM 11 2 X 3 KM) KceHonutamm B 6ac-
cenHe pek Mapamgxun n TapblHHax (puc. 1), KoTopble
npencTaBfeHbl pa3Banamm 6MOTUT-POroBOOOMaHKOBbIX
M GUOTUTOBBLIX MMArVIOTHENCOB U THENCOB, OCHOBHbIX
KpuvcTannocnaHueB 1 ampunbonntos, CXOAHbIX C MOPO-
JaMn BepxHeMancKoro Komnnekca (3enenyrmH v gp.,
2021).

[To MHeHuIO MHOruMx wuccnegosatenen* (Bacb-
KnH, 2010; KapcakoB u pgp. 2005; JleeeHoa, 1998;

' feonornyeckas Kapta OXoTcKoro panioHa XabapoBCKOro Kpas Mac-
wraba 1:500 000. O6bACHUTENBHAA 3aMKCKa K FeONOrMyeckomn KapTe
MacwTaba 1:500 000 OxoTcKoro parioHa XabapoBcKoro Kpas (oTuet
no teme 144). Xabaposck, 1975. 20 c.

2 KoHctaHTMHOBCKMI A. A., TpomoB B. B. leonoruyeckas kapta CCCP
Macwrtaba 1:200 000. Cepua Maiickas. Jluct O-54-XIl. O6bAcHUTENb-
HaA 3anucka. M., 1984. 98 c.

3 KoHcTaHTUMHOBCKMI A. A., Tpomos B. B., PeitnuHrep A. C. Teono-
rmyeckas kapta CCCP macwraba 1:200 000. Cepusa Marickas. Jinct
0-54-XIX. O6bAcHUTeNbHas 3anucka. M., 1978. 83 c.

4 MaptbiHiok M. B, Pamos C. A., KoHgpatbeBa B. A. O6bsicHUTeNbHasA
3anmncKa K cxeme pacysieHeHuA 1 Koppenaumm MarmaTmyecknx Kom-
nnekcoB XabapoBCcKoro Kpas u AMypcKoi obnactu (oT4eT no Teme
N 330 3a 1987-1990 rr.). Xabaposck : MuHleo CCCP, 1990. 216 c.
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AH-KMH-WKH, 2003), BepXHEMANCKA KOMMEKC BeCbMa
ofHoobpa3eH Ha Bcel nnowaamn BepxHemanckoro nog-
HSATUA 1 CJTIOXKeH HeboraTbiM HAabopPOM MOPOA, KOTopble
paccMaTprBaloTCA Kak CTpatdULMpOBaHHble BYKa-
HOreHHO-TePPUreHHbIE OT/IOXKEHUA PaHHEro angaHuA
unu caxabopus, meTamop¢dusoBaHHble B PT-ycnoBumsx
amounbonnToBon daumm, HO COMOCTaBAATCA C pas-
HbIMW CTpaTUrpaduyeckummn noppasgeneHnamu. Tak,
B [anbHeBOCTOUHOW cepuiiHON nereHae (BacbKuH,
2010) BepxHEMaMCKUN KOMMJIEKC paccMaTpuBaeTCA
KaK NpaBoamarapaHcKas TosiLia No3aHero apxes, cnara-
oWan Kpuctananyecknin GpyHaameHT scero OXOTCKOro
MacCuBa; NGO B KauecTBe aHasora HWXHeNpoTepo-
30McKom(?) G6atomrckon cepuu (/leeeHoa, 1998); nubo
KaK HIKHeapxencknue HepacusreHeHHble obpa3oBa-
HUS (AH-KWH-WKH, 2003). B 60onbluMHCTBE pa3pe3oB
HabnogaeTca cybcornacHoe uyepepoBaHve npeobna-
JaloWKMX MIacToobpasHbiX Ten 6uoTuT-amdrbonoBbIxX
N GMOTUTOBbIX THENCOB, NEPEMEXKAOLLMXCA C PeaKNMUN
JIMH30BMAHbBIMU Tenamy aMpubOIMTOB, OCHOBHbIX KpU-
CTannoCnaHLEeB U MarHETUTOBbIX KBapLMTOB. MapKupy-
toLLMe FOPU30HTbI He OTMeYanncb. MoLWHOCTb BUANMO-
ro paspesa OLeHMBaeTCA UccefoBaTenaMn B 2-3 KM.

MwHepanoro-netporpadpuyeckme unccneqoBaHus
NMoKasasu, YTo BbleSIeHHble TEKTOHUYEeCKme 6/10KM pas-
NNYALOTCA He TONTbKO CTPYKTYPHbIM MIaHOM, HO U Belle-
CTBEHHbIM COCTaBOM. TakK, CeBepHbI OJIOK CJIOXEH
NJacToBbIMU N IMH3006Pa3HbIMK TeNaMu OUOTUTOBDIX,
61OTUT-POroBOOOMaHKOBBIX MNIArMOrHENCOB U THENCOB
(80-90%) MOLYHOCTbIO A0 AECATKOB M COTEH METPOB,
a TakXKe uepepylolUMUCA C HUMKU ambubonuTamm
n KpuctannocnaHuyamu (10-15%), Kotopble u ¢op-
MUPYIOT OCHOBHOI GOH BEpPXHEMAMCKOrO KOMIEeKca.
BcTpeuatoTca manomMoLyHble npocnoun 1 nnH3bl (1-2%)

10000

9000+
8000+
7000+
6000
5000+

[Naenexne, 6ap

4000
3000

2000 4
1000

400 500 600 700 800 900 1000 1100 1200 1300
Temnepatypa, °C

O6pasey 21T
1)3Tsc+12bQz+2Py+4Gr=12An+3Tr
2)3FeTs+12bQz+5Py+4Gr=3AIm+12An+3Tr
3)2AIm+4Gr+12bQz+5Tsc=2FeTs+3Tr+ 12 An
4) Alm +Tsc = FeTs + Py

Puc. 2. Pacyet paBHOBecuA B napareHesunce

Me30KpPaTOBbIX FPaHaT-OMOTUTOBbIX C/laHLIEB U THENCOB,
YNbTPAOCHOBHbIX KPUCTannocnaHues, ANOMCULOBbIX,
MarHeTUTOBbIX, FPaHATOBbIX 1 rPadUTOBbIX KBAaPLUTOB.
[Helcbl, amPubONUTBI U KPUCTaNIOCAaHLbl MUTMa-
TU3MPOBaHbl C Pa3BUTMEM MONOCYATbIX U TEHEBbIX
MUrMaTUTOB. LLUIMPOKO pa3BWTbl COrnacHble U CeKy-
LMe KUnbl NNarMorpaHUTOB, FPAHUTOB, NermMaTouos,
KBapL-nonesoLnaToBble 06ocobneHna. Ha Hebonb-
LUIMX yYacTKax OTMEeYaloTcA He nepepaboTaHHble MeTa-
Mop¢dOo-MeTacomaTUUIECKMM NpoLeccammn GparmeHTbl
(nonocbl, NMH3bI, 6N1I0KN) OAHOPOLHBIX MENKO-CpeaHe-
3€PHUCTbIX GBUOTUTOBbIX THENCOB, KOTOPbIE, BO3MOXKHO,
noaTBepPKAAlT NPUCYTCTBME B CTPYKType BepxHemali-
CKOTrO MOAHATUA AOMEHOB [PEBHENLINX KaTapXencKux
obpazoBaHuin 3emnm (KysbmuH n gp., 2018). Cpegu
MeTaMmopdUUecknx obpasoBaHUI BCTpeYaloTcs Mel-
Kune cybcornacHble Tena MHTPY3uBHbIX nopogd (1-5%):
NAarnorpaHnTbl, THENCOrPaHUTbI, yMEPEHHOLLEIOYHblE
NeKoKpaToBble TPaHUTbl C rpaHaToM K OMOTUTOM,
LPUCTENMUTDI, MUPOKCEHUTDI, Fabbpo-ambrbonnThI.
Ha ceBepo-BOCTOKe 6510Ka 3aKapTVPOBAHO TeNOo rHeu-
CMPOBaHHbIX FPaAHWUTOB MiowWaablo 6 KM2. [Ina Bcero
KOMM/eKca xapakTepHo npeobnajaHvie nopog BbiCO-
KoTemnepaTypHoln améubonutoBon dauun. MNMopogpi
C KPUTUYECKMMMN MUHepanbHbIMK MapareHesncamu
rpaHynutoBo ¢dauun B CeBepHoM Onoke He OO6Ha-
pY>eHbl, OJHAKO OTMeYanucCb OJINBKOBbIE U KOpUY-
HeBble poroBble 0OMaHKM, KpacHO-KopuyHeBble Ouo-
TUTbl C BbICOKMMW copeprkaHnamn wenoven, TiO,,
Al,O3, xapaKTepHble And Nopog rpaHynmMToBon Gauun.
KonuuectseHHas oueHka PT-ycnosui ob6pa3oBaHus
nopop BepxHemalickoro nogHATAA C UCMONb30BaHEM
MeToAoB pacyeTa paszosbix Anarpamm TWEEQU n npo-
rpamm THERMOCAL (puc. 2, a) ana KpucTaniocnaHues

[laBneHwue, 6ap
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T
Temnepatypa, °C

Obpasel 664

1) cEn = pEn

2)3Tr+5FeTs =5Tsc + 3 FeTr
3)5FePa+4Tr=4FeTr+5 Parg
4) 3 Parg +4 FeTs =4 Tsc + 3 FePa

a — rpaHaT-nnarnoknas-kKnoHonupokceH-amornoon (N 21r); b — nnarvoknaz-optonunpokceH-amdroon (N 661)

Fig. 2. Paragenesis equilibrium calculation

a — garnet-plagioclase-clonopyroxene-amphibole (no. 21r); b — plagioclase-orthopyroxene-amphibole (no. 664)
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1 nnarvorHencos CeBepHoro 6510ka (o6pasupl K-21r,
K-486) nokasana 3HaueHusa T =710 °C, P = 6 kb6ap. lpa-
HULbI MeXAY OTAENbHbIMY BMAAMM MOPOA COracHble,
pe3kue, pexe — nocTeneHHble. PacnpepeneHve meta-
Mopdurueckux nopop B npepenax CeepHoro 65oka
HeofHOpoAHO. TaK, Ha ceBepe 6roka npeobnafaT
6UOTMTOBbIE THENCHI, @ Ha tore — GUOTUT-POroBOO6-
MaHKOBble 1 GOTWTOBbIE NNarnorHercol. Menkue Tena
rab6po-am¢ounbonnToB, ynsTpamadrToB, yMEPEHHOLLE-
JIOYHbIX NTIeNKOrPaHNTOB, rPaHaT-OMOTUTOBbIX FTHENCOB,
rpaHaToBbIX U MarHETUTOBbIX KBapLUTOB OTMeYaoTCA
NnperMyLLecTBEHHO BAOMb CeBEpPO-3amnafHON rpaHuLbl
6noKa.

B LleHTpanbHOM 6noKe OCHOBHOWN ¢GOH BepxHe-
MaliCKOrO KOMMeKca NpefcTaBiieH TOW e accouua-
Lueln Nopog BblCOKOTeMMNepaTypHo amprbonmToBon
dauun, uto n B CeBepHom 6Gnoke. OpHako 37ecb
He OOHapy»KeHbl rab6po-amdprbONNTbI, YMEpPEHHOLLE-
NOYHble NeNKOrpaHnTbl, MarHETUTOBbIE Y FPaHATOBble
KBapLMTbl, HO MOABNATCA NOPOAbI C MUHEPASIbHBIMM
napareHesncamu rpaHynutoson daumm metamopdums-
Ma: OBYMUPOKCEH- U TUMNepCcTeH-POroBOOOMaHKOBbIE
KpuctannocnaHubl. OHU npefcTaBneHbl COrnacHbIMM
ManOMOLLHbIMWA MPOCAOAMY, JIMH3AMU W  MENKUMU
yyacTkamu nowagbio 100-300 mM? cpefyn CnoOLWHbIX
nonen rHeMcoB M MUIMaTUTOB BblCOKOTEMMNepaTyp-
Ho am¢ubonuToBOM auMM Ha 3anagHbIX OTpPOrax
r. MopaTac 1 cnaratot 3aecb 4o 6-8 % obuiero o6bema
meTamopdurueckmnx obpaszoBaHuUn. KonmuecTBeHHas
oueHka PT-ycrnoBuini obpa3oBaHua nopog BepxHemali-
CKOTrO MOAHATUSA C UCMONb30BaHNEM MeTOLOB pacyeTa
dazo.bix grnarpamm TWEEQU n nporpamm THERMOCAL
(puc. 2, b) pna ocHoBHbIX rpaHynuToB (06p. K-664)
nokasana T = 750-850 °C, P = 3,5-4 kbap.

LleHTpanbHasa n BocTouHadA yacty OxHoro 6noka
CNOXeHbl NO34HEAEBOHCKUMN MaCCUBHBIMU TPaHUTO-
naammn Malckoro Komnnekca. B 6acceiiHe pek Mapam-
K1 1 TapblHHaX (pyc. 1) B HUX 3aKNOYeHbl KpYMnHble
(1X1,8 KM 1 2X3 KM) KCEHONWUTbI, NPeACTaBEHHbIE
3/0BMANbHbIMK  Pa3BanaM 6GUOTUT-POroBOOOMAHKO-
BbIX Y BMOTUTOBbLIX NIArMOrHENCOB M rHECoB, OCHOB-
HbIX KPUCTannocnaHueB M amdubOIUTOB, CXOAHbIX
C NopoAamu BepXHeMalcKoro Kommnekca.

Ona 3anagHow uactm lOxHoro 6noka Ha yuacT-
Ke (2-3x24 Kkm) oT yctba p. Matm go pyu. bok
(puc. 1) yctaHoBMeHa Tona MeTamopdulyeckmx nopog,
pe3ko oTnuvarowanca ot metamopoutos CeBepHoro
n UeHTpanbHoro 650KoB. 34ecb pas3BUTbl Me30-Me-
NaHOKpaToBble OBUOTUTOBbIE, OMOTUT-POrOBOOOMAHKO-
Bble, POroBOOO6MaHKOBbIe, FPaHaT-POroBOOOMaHKOBbIE
cnaHubl 1 ampubonnTbl C TUMUYHBIMUA MUIOHUTO-
BOM 1 6nacTOMUNIOHUTOBON TeKcTypamu. Cpeamn Hux
HabnoaaloTcA NPOCION BbICOKOMMHO3EMUCTBIX KOP-
OVNEPUT-TPaHAT-OMOTUTOBBIX U CUINIMMAHUT-KOpAne-
pUT-6MOTUTOBBIX CNAHLEB W THEWNCOB, rpaHaT-fumo-
NCYAOBbLIX MArMOrHeCcoB, MarHETUTOBbIX KBapLUTOB.
MuiHepanbHble NapareHe3ncbl COOTBETCTBYIOT aMprbo-
nmMToBOM daLmm, oAHAKO nopodbl YacTo aAnadtopupo-
BaHbl B PT-ycnoBuAx anmaoT-aMmprubonmToBon n 3ene-
HocnaHueBol daunii. HecMoTpa Ha UHTEHCUBHO NPOAB-
NEHHble MUIOHUTM3aLUMIo, KaTaknas 1 auadpropes, MHO-
raa CkBO3b TOHKO3EPHUCTYIO MUNIOHUTOBYIO CTPYKTYpPY
NPOCBEUYMBAIOT PENUKTbI CPeAHE- N KPYNMHO3EPHUCTbIX
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MarmaTmyecKmnx CTPYKTyp 1 noponoobpasyoLmx MyuHe-
panoB. MeTamopouuyeckne obpasoBaHMA 3TON TONLLN
pacnpocTpaHeHbl TONbKO B KpalHen 3anagHom 4actu
cybmepuamoHanbHol nonockl KOxHoro 6noka Bepx-
HEeMaMCKOro BbICTYNa W paHee He BblAeNAnncb, Tak
KaK paccMaTpuBanuCb B COCTaBe BEPXHEMANCKOro
Komnnekca. CybMepranoHanbHbIA CTPYKTYPHbIN MNaH,
neTporpadpryecknini CoCTaB U MPOUCXOXKAEHNE MeTa-
MopdU1TOB B KOXKHOM GNIOKE OT/IMYAIOTCA OT TaKOBbIX
B CeBepHOM U LleHTpanbHOM 6510Kax, UTo Mo3BonsAeT
NCKNOUNTb MeTamopduryeckne obpasoBaHUs 3anagHom
yactuh KO>kHoro 6510Ka 13 BepXHEMAICKOrO KOMMJeKca
N BbIAENNTb UX KaK UCKPUHCKNA KOMMEKC.

MeTamopdurueckne o6pa3oBaHNA BEPXHEMANCKOIO
Komnnekca o6blyHO paccmaTtpuBatoTcs’' (BacbKuH,
2010; TpomoB n ap. 1978; KapcakoB u gp. 2005;
JlezeHoa, 1998; ®epamaH u gp., 1976; OepamaH, 1978)
KaK BYJIKAHOTEHHO-TEPPUTEHHbIE OTNOXeHUA ambu-
6onuToBON dauun, a cnaraowme 75-90% Komnnekca
rHenCbl OTHOCAT K MeTaoCajlkaM Ha OCHOBAHMM HAaXO0K
PeNNKTOBOI CIOUCTOCTN, MOBbILWEHHbIX COAEPKaHWUMN
HEKOTOPbIX TMaBHbIX Y MasblX 3IEMEHTOB, MHTepnpe-
Tauum mMopdonormm LMpKoHa Kak AeTputoBoro. VHan
TOUYKa 3peHus npeacTaBneHa B pabotax J1. U. Kpac-
Horo (KpacHbinn n gp., 1975, 1979), noguepKnBaBLLEro
LOMUHUPYIOLLYIO POJib MarMaTMYecKmx nopos OCHOB-
HOro COCTaBa WU CYMTABLUEro, YTO MeTamopduyecKui
KoMnieKc BepxHemanckoro BbiCTyna nepBoHayvasibHO
CNOXEH OCHOBHbIMM KpUCTassioCcnaHuamm 1 amou-
6onuTaMn C MPOCNIOAMU MUPOKCEH-aMbNOONOBbIX
CnaHueB, KoTopble OblI MHTEHCUBHO MUTMaTU3MPO-
BaHbl U TPAHUTU3NPOBAHbI A0 FHENCOB, MUIMaTUTOB
1 rPaHNTO-THENCOB.

Ona meTamopduuecknx obpasoBaHuii BepxHemMali-
CKOro KOMMJEKCA XapaKTepHbl MacCMBHas, ChaHue-
BaTaA M rHeNCOBMAHaA TEKCTYpbl, MeTamopduyeckas
N MUTMaTMTOBAas NMOJIOCYATOCTb, XOPOLUO BblpaXKeHHble
rpaHo6nacToBble CTPYKTYpbl; CTPYKTYPHO-TEKCTYp-
Hble MNPWU3HaKW MEePBUYHON CIIOUCTOCTUM OTCYTCTBY-
toT. OCHOBHble METPOXUMUYECKNE XapPaKTEPUCTUKN
rMaBHbIX TUMOB MOpPOA, chnaravwmx BepxHemanckun
BbICTYM, NpriBefeHbl B Tabs. 1. MpriMeHeHMe N3BECTHbIX
NeTPOXUMMNUYECKX METOOB pecTaBpauun reHeTunve-
ckon npupopbl npotonuta no A. H. Heenosy (1980)
nokasa’so, YTo Mo XMMUYECKOMY COCTaBY FHEeNCbl COOT-
BETCTBYIOT MarmaTUyeckMm Mopofam psga nvnapu-
TO-AaUMTbl-aHAE3UTO-JaUnTbl, a accouumnpytomecs
C HUMW OCHOBHbIE TPaAHYNUTbI N KpUCTanImyeckme
CnaHupl, cnarawowe npocsion W JUH3bl, — aHAae-
3uto-6a3anstam 1 6Gasanbtam. AHanm3 pacnpepene-
HUA GUrypaTrBHbIX TOYEK MeTaMopduyeckux nopon
Ha Pa3INYHbIX NETPOXMMMUYECKMX AMarpaMmax nokasbi-
BAET, UTO MeTaMOPPUTbI OCHOBHOTO U CpefHEe-KNCII0ro

! KoHcTaHTHOBCKMI A. A., pomoB B. B. feonornueckas kapta CCCP
mMacwTaba 1:200 000. Cepusa Maiickas. Jiuct O-54-XIIl. O6bAcHUTENb-
Hasa 3anucka. M., 1984. 98 c.

2 KoHcTaHTMHOBCKMI A. A., Tpomos B. B., Peiitnutrep A. C. leono-
rmyeckas kapta CCCP macwTtab6a 1:200 000. Cepusi Mawickas. Jluct
0-54-XIX. O6bsAcHUTeNbHaA 3anucka. M., 1978. 83 c.

3 MaptbiHiok M. B., Pamos C. A., KoHgpatbeBa B. A. O6bacHuTeNbHas
3anmncka K Cxeme pacufieHeHVA 1 KoppenaLmm MarMaTuyecknx Kom-
nnekcoB XabapoBcKoro Kpas u Amypckoli obnactu (oT4yeT no teme
N2 330 3a 1987-1990 rr.). Xabaposck : Munleo CCCP, 1990. 216 c.
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Tabnuuya 1
CopepaHuA NeTPOreHHbIX 3emMeHToB (Mac. %) B MeTamopduueckux nopopgax BepxHemaiickoro Bbictyna

Table 1. Concentrations of petrogenic elements (wt. %) in metamorphic rocks in the Upper Maya uplift

Kon 1 1.1 2 3 3.1 4 5 6 7 8 10 1 12

n 2 5 5 8 3 1 10 5 7 14 3 6 3
Si0, 484 | 4761 | 4889 | 49,12 | 60,54 | 61,28 | 6534 | 67,73 | 69,98 | 7518 | 52,43 | 64,22 | 66,74
Ti0, 028 | 093 | 08 | 087 | 078 | 0,71 0,6 039 | 031 005 | 098 | 046 | 0,06
Al,0, 6,1 10,78 | 14,83 | 13,94 | 16,47 | 16,97 | 16,23 16 15,22 | 13,59 | 13,3 | 1487 | 17,59

Fe,05 4,72 35 3,37 3,36 23 0,43 1,44 1,24 0,87 0,17 6,18 1,72 0,06
Fe0 4,46 742 9,23 8,64 39 3,55 34 2,14 2,18 1,12 6,65 4,16 1,24
MnO 0,15 0,2 0,22 0,25 0,08 0,15 0,06 0,04 0,03 0,03 0,25 0,12 0,02
Mg0 26,44 | 1551 6,62 7,67 2,97 3,48 1,67 1,22 1,05 0,17 6,79 2,99 0,47
(a0 5,34 8,03 10,96 9,86 533 6,31 3,98 2,96 2,07 0,79 717 4,23 1,02
Na,0 0,48 1,54 2,76 2,74 4,59 3,95 4,6 512 4,93 34 3,04 4,22 2,85
K;0 0,1 0,47 0,82 0,96 1 0,57 1,58 1,79 2,32 5,26 1,08 1,35 9,52
P,0s 0,06 0,12 0,04 0,06 0,25 0,59 0,16 0,12 0,07 0,01 0,09 0,07 0,03
nnn 4,24 3,83 1,46 2,4 1,43 2,17 0,95 1,1 0,97 0,42 1,61 1,27 0,57

CGymma | 100,7 99,9 100 99,9 99,6 100,2 100 99,9 100 100,2 99,6 99,7 100,3
Fe,05* 9,66 1,73 | 13,62 | 12,95 6,63 4,37 5,21 3,62 3,29 1,42 13,56 6,33 1,78
Fe0* 8,7 1056 | 12,27 | 11,67 597 3,9 4,69 3,26 2,96 1,28 12,21 571 13

Na +K 0,58 2,01 3,58 3,7 5,59 4,52 6,18 6,91 7,25 8,66 4,13 557 12,37
Na/K 297 3,84 3,36 3,43 5,51 6,93 312 3,04 3,46 0,72 3,34 3,36 0,3
al* 0,17 0,41 0,78 0,72 18 2,27 2,55 35 3,87 10,38 0,69 1,74 1

al 0,19 0,74 0,29 0,38 5,56 6,14 6,07 6,12 59 4,14 2 5,06 4,48
Ka 0,07 0,19 0,24 0,27 0,34 0,27 0,38 0,43 0,48 0,64 0,31 0,37 0,7

Kf 0,26 0,41 0,66 0,61 0,68 0,53 0,74 0,74 0,74 0,88 0,64 0,67 0,73

' 3588 | 27,36 | 20,07 | 20,54 9,96 8,17 71 4,98 44 1,51 20,59 9,33 1,83

Mpvmeuarne. Kog: 1T — amdrbonutbl marHesmnansHble, 1.1 — rabbpo-ampubonutel, 2 — rpaHynuntbl, 3 — amdndéonutsl, 3.1 — nna-
rmorHencol bu-Por mesokpatosble, 4 — nnarvorHencol [n, 5 — nnarvorHencsl bu-Por, 6 — nnarnorHencel by, 7 — rHencol bu, 8 —
nelKorpaH1TorHelicol, 10 — KceHonuTsl amorbonuTa, 11 — KCeHONMTHI NnarnorHeiica, 12 — KeapueBble CUEHWTbI; N — KONMYECTBO
aHanu3os, al* = ALOs/(Fe;03 + FeO + MgO), al = AlLO; — (Ca0 + Na,O + K;0), Ka = (Na,0 + K,0)/AlL,0s, Kf = (Fe,05 + FeO)/(Fe,05
+ FeO + MgO), f' = TiO, + Fe,O; + FeO + MgO

Note. Codes: 1 — magnesian amphibolite, 1.1 — gabbro-amphibolite, 2 — granulite, 3 — amphibolite, 3.1 — mesocratic bio-
tite-hornblende plagiogneiss, 4 — diopside plagiogness, 5 — biotite-hornblende plagiogneiss, 6 — biotite plagiogneiss, 7 — biotite
gneiss, 8 — leucogranite gneiss, 10 — amphibolite xenolith, 11 — plagiogneiss xenolith, 12 — quartz syenite; n — test numbers,
al* = A|203/(F9203 + FeO + MgO), al = A|203 — (CaO + NaZO + Kzo), Ka = (NaZO + KzO)/Ale3, Kf = (F6203 + FeO)/(Fe203 + FeO +
MgO), f' = TiO, + Fe,O; + FeO + MgO

COCTaBOB, CKOpee BCEro, He MpuHaanexaT K eauHon
MarMaTUYecKom cepuu, Tak Kak B MHTepBan Xxvmuye-
CKMX COCTaBOB, COOTBETCTBYHLMX MOMAM aHAE3UTOB
1 aHOae3nTo-6a3anbrToB, MOMafaloT Mvlb eQuHUYHbIE
TOYKM, MPUYEM OTUYETSIMBO TArOTEIOLIME COOTBETCTBEH-
HO K NoJisiM aHAEe3UTO-AaLUnTOB 1 6a3anbToB. Hanpumep,
Ha guarpamme a-b (Heenos, 1980) Bcs accoumauumsa
nopof BEPXHEMANCKOro KOMIMJIeKCa, KPOMe KBapLMTOB
1N MarHETUTOBbIX KBAPLUTOB, pacronaraowmnxca B none
CUNTMLMTOB U YNIbTPAaCUNLMTOB, HAXOAUTCA B Npeaenax
TPeHZda mMarmaTMyecKux NOpPoA, YTO CBUAETENbCTBYET,
BEPOSITHO, 06 WX MarMaTUUYeCKOM MPOUCXOXAEHUN

1 obpasyeT ABe AUCKPeTHble rpynnbl. OfHa 13 HUX,
npegcTaBneHHas POroBooOMaHKOBbIMK, OGUMOTUT-PO-
roBOOOMaHKOBbIMU 1 BMOTUTOBbLIMK FHelcamu, obpa-
3yeT HernpepbiBHbIA TPeH, 3aHVMasa MNons JauuToB,
NMNApUTO-AaLMTOB M YAaCTUYHO aHAEe3UTO-AALMTOB.
MNMonokeHne Touek Ha guarpamme a-b (puc. 3) ceupe-
TesIbCTBYET 006 YMEePEHHON MMHO3eMUCTOCTY THENCOB,
a [JIMHA BEKTOPOB W HAKJIOH BJIEBO-BHU3 yKa3blBaloT
Ha HeCKONbKO 6OJbluylo, MO CPaBHEHWIO C ambu-
60MTaMK, LWENOYHOCTb U KanmeBoCTb. B BepxHen
YyacTM MarmaTmyeckoro TpeHAa pacronaraercs BTO-
pas rpynna nopof, npeAcTaBieHHas OCHOBHbIMM
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[narpamma A. H. Heenosa
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Puc. 3. inarpamma a-b ana metamopouueckux nopog BepxHemaiickoro BbicTyna

HOMepa TOYEK B JiereHne K punc. 3 COOTBETCTBYIOT HOMEPaM KOAOB B NMPUMeYaHnn K Tabn. 1

McTourunk: no Heenosy (1980)

Fig. 3. Ab diagram for metamorphic rocks in the Upper Maya uplift
The dot numbers in the fig. 3 legend correspond to the code numbers in the Table 1 note

Source: from Neelov (1980)

rpaHynUTaMm 1 KpUCTassioc/iaHLuamu, KOTopble pac-
MONOXUNNCH B NOMAX 6a3anbToB U YacTUYHO GazaHu-
To-6a3anbToOB M aHAe3uTo-6a3anbToB. 1o NonoxeHuo
bUrypaTrBHBIX TOUYEK, @ TaKXKe MO AJIVHE U HaK/OHY
BEKTOPOB OHW OTHOCATCA K YMEPEHHOMTMHO3EeMUCTbIM
N YMEPEHHOLENOYHbIM, HaTPOBbIM U pexe Kanu-Ha-
TPOBbIM PA3HOBMAHOCTAM. HopmaTnBHble COCTaBbl
N pacnpepeneHve GUrypatmBHbIX ToUek MeTabaszanb-
TOB Ha Auarpamme KyHO MO3BONAKT pasfenutb nX
Ha [Be rpynnbl, OTBeYawLmne no CocTaBy TosleMTam
N LWenouyHbiM 6a3anbTam. [na nepBbiX XapaKTepeH
deHHepoBckuin TUN anddepeHLMaLn, BblpaXKeHHbIN
B YBENUYEHUN COAEepXKaHUA »efes3a npu ymeHblue-
HAW UM MOCTOAHCTBE KPEMHEKMCNIOTHOCTM, a [AnA
6a3anbToB LIEIOYHON cepun TUNMYeH BGOYySHOBCKUIA
TPEHA, BbIPAKEHHDLIN B YBEIMYEHUN KPEMHEKUCIOT-
HOCTW 1 LENOYHOCTM MpK abCONOTHOM YMEHbLLIEHWN
copepxanna MgO un FeO. Takum obpaszom, nccnenoBa-
HMe XMMNYEeCKOro CoCTaBa 1 HanpaBieHHOCTU audde-
peHumnauny NprYBOAUT K BbIBOAY O MPUHALNEXHOCTM
OCHOBHbIX MOPO[ BEPXHEMANCKOro KoMmniekca K ABym
TUMaM CUHXPOHHO (GOPMUPOBABLUMXCA Marmatuye-
CKMX Cepuii — TONIEUTOBOW U LENOYHO-6a3anbTOBON.
®urypaTrBHble TOUKM anACKUTOBbLIX MHENCOrpaHUTOB
pacrnonarailTca B CaMOW HUXKHEN 4acTh marmatmye-
CKOro TpeHaa Ha guarpamme a-b A. H. Heenosa, rge
3aHMMaloT MoJe NUMNaPUTOB 1 XapaKTepu3syrTca NoBbI-
LUEHHOW MMNHO3EMUCTOCTbIO, LLETOYHOCTHIO U BbICOKON
KanneBoCTbHO.

B TO Xe BpemMA MO XMMMUYECKOMY COCTaBy
METPOreHHbIX 3JIEMEHTOB TJIArMOTHENCbl U THENCHI
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BEPXHEMANCKOrO KOMMJIeKca MOryT OblTb COMocTaBiie-
Hbl He TOJIbKO C BYNIKaHWTaMu, HO U C MOpoJamMu TOHa-
NUT-TPOHAbEMUT-TPAHOANOPUTOBOW cepun. Tak, Ha Ana-
rpamme K-Na-Ca TOukm mx COCTaBOB pacrnonaraT-
CA napannesibHO TOHaNIUT-TPOHLbEMUTOBOMY TPEHAY.
Takum ob6pasom, pacnpefeneHne MeTPoreHHbIX 3Je-
MEHTOB YKa3blBaeT Ha MEPBUYHO MArMATUYECKYIO,
a He 0CaloUHY0 NpUPOAY NPOTONMTa FTHENCOB, OAHAKO
oTHeceHMe uxX K 3OPY3VMBHbIM WM MHTPY3MBHbIM
00pa3oBaHMAM OCTAeTCsl He BbIsICHEHHbIM. Bonpoc
O COOTBETCTBUM FHENCOB LUMPOKOMY psgy nopon —
OT FPaHUTOB [0 MPaHOAMOPUTOB, U aCCOLMMPYIOLLMNX
C HUMIW OCHOBHBbIX FPaHyNIMTOB 1 KPUCTANIOC/IaHLEB —
rab6po-guoprtam 1 rabbpo, BO3MOXHO, OyfeT pelueH
npu 6onee feTanbHbIX NccnefoBaHuAxX. MoxHoO npeg-
ronaratb, UTo BepxHeMalickoe NoAHATVE NPVHAANEXMNT
K CTPYKTypam 3eMHOI KOpbl, paHee He BbIXOAMBLINM
Ha [HEBHYIO NMOBEPXHOCTb. ITO O3HAYaeT, YTo y Nopos
BEPXHEMACKOTO KOMMJIEKCA HE OblI0 BO3MOXHOCTM
NPOWTY CTaAMIo NINTOreHe3a, 1 B ero COCTaBe, BEPOATHO,
OTCYTCTBYIOT MOPOAbl 0CaOYHOrO U BYJIKAHNYECKOro
reHesuca.

H3omonHas 2eoxumus u 2eoxpoHosioaus
mMemamopguyeckux obpasosaHuli
BepxHematickozo ebicmyna

[NepBble reoxpoHoNornyeckre NcciefoBaHna meTa-
MOpPOUUECKMX NOPOS BEPXHEMANCKOro KoMmiekca K-Ar
METOOM He YCTaHOBWUIIM B HUX apXeNCKNX AaTUPOBOK
1 nokasanu 6onbLlon pa3dbpoc pesynstatoB — oT 1,2
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0o 2,45 Mmnpd net ¢ MakcMmymom okorso 1,9 mnpg ner,
KOTOPbIA Teonorn WHTEPNPETMPOBaNM Kak BO3pacT
pernoHanbHOro metamopduama mnu Kak spemsa ¢dop-
MUWPOBaHUS NPOTONNTa KOMIIeKca. [1ns onpeaeneHns
BO3pacTa HWXKHEN rpaHuUbl BpemeHn ¢opmmpoBa-
HUA MeTaMopdUUecKnx KOMNnekcoB BepxHemanckoro
NoaHATMA U BblABNeHUsI Hanboriee ApPEBHUX Mopon
6bin npoBegeHbl SmM-Nd KM30TONHO-reoxrMmyecKme
NCCNeloBaHUA [eBATM NPoO BEPXHEMANCKOro KOM-
nnekca (6MOTUT-POroBoOOMAHKOBbLIX MJIAarMOrHenCcos,
6MOTUTOBBIX THencoB, amduboONnToB, rPaHyNMTOB)
N 4yeTbipex Npob CcrnaHUeB UCKPUHCKoN Tonwwy (bro-
TUTOBBIX, KOPANEPUT-OMOTUTOBLIX N aMdrOOOBbIX).
B meTamop¢uTax BepxXHEMAMCKOrO KOMMJeKca 3Ha-
yeHmA mopenbHoro Bo3pacTta Tyg(DM), paccumTaHHble
K gdennetupoBaHHol MaHTuu (DePaolo, 1988), pac-
nonaralTca B y3KOM BpeMeHHOM WHTepBasne ot 3,04
0o 2,95 mnpg net npu gyg(1950) = -12,3...-1,2. Jlnwb
B Tpex npobax MoslyyeHbl 0apxenickue 1 ragenckue
3HayeHuA MofenbHoro Bo3pacTta Tyg(DM) = 3,99-
3,76 Mnpa net npu &yy(1950) = -8,8...-23,4 (Tabn. 2).
DTW faHHbIe MO3BOAT NPUBNN3UTENIBHO ONpeaenTb
HVXKHIOK rpaHuLy BpemeHn GopMUpoBaHnaA AN WecTur

Npo6 BepxHEMAWNCKOro KOMMEeKCa Kak He ApeBHee
Me3oapxea. [na Tpex npob HWXHAA rpaHMLA oKasa-
nacb CyllecTBeHHO pApeBHee (3,76-3,99 mnpg nem),
YTO NO3BOJSIAET NpefnonaraTb NPUCYTCTBME B BEpPXHe-
MaliCKOM Komniekce 6Gonee ApeBHUX 06pa3oBaHWUI,
BO3MOKHO, 30apXeNCKOro 1 ragenckoro BO3pPacTa,
KOoTopble MOryT OblTb BblAefieHbl Kak [JpeBHemal-
CKUI Komnmekc. B 3anagHon uyactm KOxHoro 6no-
Ka Ansi KOpAVEPUT-OMOTUTOBBIX, MPAHAT-OMOTUTOBBIX
N amdprnbonoBbIX CraHLEB WCKPUMHCKOrO KOMMeKca
BENNYMHbI MofenbHoro Bo3pacta Tyg(DM), paccum-
TaHHble K gennetMpoBaHHon MaHTun (DePaolo, 1988),
BapbupyloT oT 2,28 go 2,19 mnpg net npu gyg(1950)
= +1,1...42,4. 3T0 onpepensaeT HWKHIOK BO3PACTHYIO
rpaHuly ero GOpMMpPOBaHMA Kak ManeonpoTepo3on-
CKyl0 — He gpeBHee 2,2 mnpg net. CybmepugnoHans-
HbIA CTPYKTYPHbIA MnaH, netporpaduyecknii cocTas,
npouvcxoxaeHne n Sm-Nd 130ToNHO-reoxnmmnyeckme
JaHHble MeTaMop¢dUTOB 3amagHon 4vactu HOXKHoro
6noka otnnuatotca ot CeBepHoro u LleHTpanbHoro
6/I0KOB, UTO MO3BONAET UCKIIOUUTb CNAaHLbl UCKPUH-
CKOrO KOMMeKca W3 apXenCcKoro BepxHEeMamcKoro
KOMIMEeKCa 1 BblAeNnTb NX Kak paHHEeNpPOTepPO30MCKNI

Ta6bnuuya 2
Pe3ynbratbl Sm—Nd ananusa metamopduueckux nopoa Bepxnemaiickoro Bbictyna
Table 2. Sm—Nd dating of metamorphic rocks in the Upper Maya uplift
Briok Mpo6a Mopoaa Sm Nd | smrend | g |20 | O e gs0)
WNckpuHcKnin Komnnekc
1 t0xHbIiA 5378 Cnaney [p-bu 6,146 | 38,45 | 0,0966 | 0,511464 5 2189 2,2
2 t0XHbIiA 1671 Cnanew, Cun-Kopa-bu 5,79 29,2 0,1029 | 0,511527 6 2227 1,8
3 F0XHbIiA 151p CnaHey Kopa-bu-Ks 8,806 | 51,13 0,1041 0,511506 5 2280 11
4 F0XHbIiA 119% | Am¢ubonut bu-Por 3en-Mn| 2,42 14,5 0,1136 | 0,511692 5 2215 2,4
BepxHemalicknit kKomnnekc
5 | UenTpanbHblii 333 [pavynut [u-Ou-Mn-Por | 2,869 | 11,99 0,1446 | 0,511777 4 3015 -3,8
6 (CeBepHblit 233 Amdu6onut Mn-Por 2,346 | 8,623 0,1645 | 0,512166 7 3037 -1,2
7 (CeBepHblit 13a Mnarunorxeiic bu-Por 3,939 | 30,55 0,0779 | 0,510487 6 2973 -12,3
8 | LleHTpanbHbiit 405 Mnaruorxeiic bu-Por 5643 | 40,47 0,0843 | 0,510597 4 2991 -1,7
9 HOKHblii 4628 K‘e”°“”gm"_’;zrr”°r”e“‘ 2,804 | 1504 | 01127 | 051115 9 3002 | -8,04
10 (CeBepHbIit 908 [Heic bu 0,467 | 3,414 0,0826 | 0,510598 6 2951 -11,3
[lpeBHemalicKIii Komnnekc
M CeBepHblii K30 [Heiic bu 5226 | 35716 | 0,0898 | 0,510071 10 3758 -23,4
12 | HOxHbiit 1776 K‘e”°’|gngZ“;‘_4r’l‘f16°"“T 1,155 | 5264 | 01326 | 051113 7 3768 | —13,4
13 | LleHTpanbHbiit 50n [panynut [u-Aun-Por-MNn 4,161 15,82 0,159 0,511707 4 3990 -8,8

Mpvimeuarmne. CokpallieHus: [p — rpaHart, bu — 6unoTtnT, Cun — cunnnmannT, Kopa — kopaneput, KB — kBapu, Por 3en — porosas
obmaHKa 3eneHas, n — nnarvoknas, M — runepcteH, n — avoncua

Note. Abbreviations: [p — garnet, bu — biotite, Cun — sillimanite, Kopg — cordierite, K8 — quartz, Por 3en — green hornblende,

Mn — plagioclase, ' — hypersthene, 1n — diopside
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Puc. 4. Tuctorpamma pacnpegenenusa U-Pb B uupKoHax ¢ guckopaaHTHOCTbIo OoT -1 go 5: N2 K30 rHeiic 6uoTuToBbIi (gpeB-

HEMaNCKNiN KOMIMJIeKC)

Fig. 4. U-Pb zircon distribution bar chart, discordance from -1 to 5: no. K30 biotite gneiss (Ancient Maya complex)

UCKPUHCKMI MeTaMmopduuecknin komnnekc. Cnepyet
OTMEeTUTb, YTo SM-Nd XapaKTepUCTUKM B KCEHONMMUTAX
MeTamopoutoB HOKHOro 6510Ka U MeTamopdrUecKnx
nopon CeBepHoro u LleHTpanbHoOro 650KoB 6/M3KN.
JTO NOATBEP)KAAET UX POACTBO C BEPXHEMANCKUM KOM-
NIeKCOM 1 CBUAETENbCTBYET O NPUCYTCTBUW NOJA NO34-
HeLEeBOHCKUMM TPAHUTOMAAMU MAWCKOTOo KOMIJleKca
apXelncKoro, a He paHHEeNPOTEPO30MCKOro KpucTamn-
yeckoro ¢pyHaameHTa.

Ona yTouHeHua BpemeHU ¢opMUpOBaHUA OpeB-
HeMalCKoro Kommiekca 6biin BblbpaHbl 6MOTUTOBbIE
rHencbl (N K30) n3 antoBManbHbIX pa3BasiioB B Bep-
XOBbAIX p. dcenaAx. [na HMX MONyyeHO S0apxenckoe
3HauyeHne MmogenbHoro Bo3pacTta Tyg(DM) 3758 mnH net
(Ky3bMuH 1 gp., 2018). 13 3Toin Nnpo6bl 6bio BblAeneHo
49 3epeH UMpKOHa NpenumyLLeCcTBEHHO NPr3MaTUYeCcKo-
ro rabuTyca c xapakTepHoW AnsA APeBHUX BbICOKOMETa-
MOP®M30BaHHbIX OPTOTHEMCOB CraXKeHHOCTbIO Bep-
LUMH 1 pebep KprcTannos. Bolgensitotca Tpy mopdorno-
rmyeckue rpynnbl LMPKOHOB: AIMHHONPU3MaTMYeCcKme
(76 %), kopoTKonpuramaTuyeckue (16 %) 1 WapoBUaHbIE
(8%). Mpeobnagatowas yacTb 3epeH UMeeT AByxdas-
HOe CTPOeHMe N COCTOUT U3 Aapa 1 obonouku. fAgpa
npeacTaBsieHbl KpUCTaaiamMmy NprU3MaTUYeckoro rabu-
Tyca C BblpaXKeHHOW rpyboi 1 TOHKOWM OCUUNATOPHON
30HANIbHOCTbIO, @ B OKAVMAAIOWMX NX TEMHbIX LWNPO-
Kux 0605104Kax 30HaNbHOCTb OTCYTCTBYET. Pe3ynbTathl
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U-Pb — SHRIMP-Il n3yuyeHus LupKoHOB NpefcTaBneHsbl
Ha avarpamme pacnpepeneHun?®’Pb/2Ph BospacTtos
(ouckopmaHTHOCTL OT -1 g0 5), rae BblgenAwTCcA ABa
rMaBHbIX BO3pPaCTHbIX MHTepBana (puc. 4). B camom
LPEeBHEM 30apXeiCKOM BO3PacTHOM MHTepBasne oTMe-
YaloTCA TONbKO [ANMHHOMNPU3MATUYECKME LIMPKOHDI,
npeacTaB/ieHHble Kak sgpamMu, Tak M 06osiouKamu.
[nAa HeusmeHeHHbIX Afep (BO3pacTHOW WHTepBan
3862+6-3757+9 MNH NleT) CBOWCTBEHHbI YyMepeH-
Hble copepkaHuna U (110-740 r/1, cpepgHee 468 r/T)
1 Bblcokoe oTHoweHue Th/U (0,12-0,65, cpepHee 0,46),
XapaKTepHble ANnA KpWUCTassioB MarMaTMyeckoro npo-
ncxoxaeHua. [ns obonouyek (Bo3pacTHOW WHTepBan
3777 +4-3731+16 MIH neT) OTMeYalTCAa CXoaHble
copepxaHua U (131-621 r/T1, cpeaHee 488 r/T) 1 HU3Koe
oTHoweHwne Th/U (0,03-0,12, cpegHee 0,09), uTo, BO3-
MOXXHO, COOTBETCTBYET BPEMEHM MPOABIEHNA PaHHe-
ro metamopousmMa. 3acnykuBaetT 0coboro BHYMaHUS
pe3ynbraT, NoSlyYeHHbIV MO AANHHONPU3MATAYECKOMY
30HanbHoMy 3epHy N2 9, B Ajpe KOTOPOro yCTaHOBJIEH
rafecCKumn KOHKOpAaHTHbIN Bo3pacT 3949+ 11 miH ner,
CpepHUIn KBagpaT B3BELUEHHbIX OTHOLWEHWI (fanee —
CKBO) 4,8 no Tpem usmepeHuam (puc. 4). OnnHHO-
npu3MaTMYecKnii rabuTyc aapa, HU3KOE COAepKaHue
U (87-130 r/1, cpegHee 106 r/T) n BblCOKOE OTHOLLE-
Hue Th/U (0,64-0,69, cpepHee 0,65) CBMAETENbCTBYIOT
0 €ro mMarmaTMyeckoM MpPOUCXOXKAeHWUW. B wmpokon
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MeTamopduuyeckon obonouke B 3epHe N2 9 ycTaHOB-
neHbl Hu3koe oTHoweHne Th/U (0,09), ymepeHHoe
cogepxanuie U (516 r/T) n cybKOHKOPAAHTHbIN BO3pacT
3777 £4 MnH neT. 3TU AaHHble NO3BONAOT Npeanonaratb
NposBfieHNe NepBOro MeTamopdunsaMa o4YeHb paHO —
B d0apxenckoe Bpems. B naneoapxenckom Bo3pacTHOM
MHTepBase OTMeYaTCA Kak ANMMHHOMNPU3MaTnyecKme,
Tak N KOpOoTKoMpu3amaTnyeckme umpkoHbl. [na agep,
cnaratownx wuHtepBan 3580+7-3504+18 MnH nerT,
CBOWCTBEHHbI yMepeHHble copepxaHua U (277-998
r/T, cpenHee 436 r/T) n HU3Koe oTHoweHue Th/U (0,04-
0,2, cpeagHee 0,13). B obonoukax, pacnonararLwmnxcs
B UHTepBane 3654+4-3538+7 MnH neT, OTMeYyaeTca
ymepeHHoe copepxaHue U (131-621 r/1, cpepHee
488 r/1) n HM13Koe oTHoweHwue Th/U (0,03-0,12, cpenHee
0,09). BoisBneHHble B 0605104Kax AaTUPOBKM B BO3pacT-
HbIX MHTepBanax 3429+ 6-3411+22,2720+9-2601+7,
2266+13 n 1928+ 13 MAH NneT, BEPOATHO, OTpakatoT
6osee nosaHve 3Tanbl MeTamopdrama.

[na onpefeneHna BpemeHn obpa3oBaHNA BepXHe-
Malickoro Komnnekca nposegeHbl U-Pb — SHRIMP-II
N30TOMHO-reOXPOHONOMNYECKNe NCCIe[oBaHMA No Lp-
KOHaM 13 OMOTUT-POroBOOOMaHKOBBIX MArnorHen-
coB (N2 16a) n kBapueBbix cneHuToB (N2 50H). MNMpoba
6NOTUT-POroBOOOMAHKOBbBIX MarnorHencos (N2 16a)
6blna oTobGpaHa W3  KPYMHOrNbIGOBbLIX 3JOBUASb-
HbIX Pa3BafioB MO JIeBOMYy GOPTY CpedHEero TeyeHust
pyu. dcenax. LmpKoHbl npeacTaBaeHbl Npo3payHbIMy
1 NOAYNpPO3PaYHbIM/ BULLHEBBIMU 1 CBET/I0-PO30BbIMU
cyongmomopdHbIMU KpUCTaniamMmy Mpr3MaTUYeCKoro
(48 %), anuHHONpPU3MaTUYeckoro (26 %), KopoTkonpu-
3MaTnyeckoro n annuncoupanbHoro (20%) n Tabnut-
yatoro (6%) ob6bnuka. [AnuHa Hambonee KpyrHbIX
ONVMHHOMPU3MATUYECKUX W TabnuTuaTbiX KpUCTannoB
pocturaet 500-600 MKM, KoadpduumeHT yanuHeHusa (Ky)
coctaBnset 2,1-3,0. [AnAa npmn3amaTUyecKnx 1 KOpPOTKO-
npr3MaTUYeCcKnx LMPKOHOB AnvHa BapbupyeT ot 200
8o 420 mkm, Ky — 1,4-1,9. [letanbHoe nsyyeHune uup-
KOHOB C WCMOJSIb30BAHUEM 3/TIEKTPOHHOIO MUKPOCKO-
na B NpPoOXogsaLlemM CBeTe U B KaTOZQOMOMUHECLEHLUN
(nanee — KJ1) nokasano, 4To 3epHa LMPKOHOB XapakK-
TEPU3YIOTCA TPEX-, ABYX- U 0AHOGMA3HbIM BHYTPEHHUM
CTPOEHMEM, YTO MO3BOMMUMO BbIAENUTb TPW FPYynMbl
MuHepana. | rpynna uMpKoHa npeacraBieHa TeMHO-Ce-
poimu B KJ1 cybrgrmomopdHbiMU NpuU3MaTUUYeCKUMM
(N2 3) n pnuHHonpuamatmyeckummn (N° 5) Kpuctanna-
MU C XapaKTEePHOWN TOHKOPUTMUYHOWN MarmaTUyecKkom
30HA/IbHOCTb1O, KOHGOPMHOW K BHELLHEN OrpaHKe 3ep-
Ha. VIHorga B LeHTpe KpucTania OTMeYatoTCA YepHble
B KJ1 MeTamMuUKTHbIe y4yacTK/ HemnpaBuibHOW GOpPMbl.
Ona yupkoHoB | rpynnbl (Tabn. 3, puc. 5, a) xapakTepHbl
OTHOCUTENBHO HU3KUe copeprkanma U (113-292 r/T,
cpegHee 201 r/T) n BbicOKMe oTHoweHuA Th/U (0,35-
1,88, cpepHee 0,7). U-Pb aHanun3 Ha SHRIMP-II noka3zan,
uTo CyOKOHKOpAaHTHble (D = 0T -1 go +2) 3HaueHus Bo3-
pacTa LMpPKOHOB | rpynnbl MO M30TOMHOMY OTHOLLEHWIO
207Pp/206Ply pacnonaraloTca B AuManasoHe oT 2686+9
00 2759+ 11 MnH neT, a cpeHeB3BeLleHHOoe 3HayeHne
OnA BOCbMU U3MepPeHUI cocTaBnAaeT 2732+ 21 MAH neT.
BepoATHO, 3T Afgpa NpeacTaBnsioT COOON KCeHOo-
reHHble KpucTansbl 13 6onee paHHUX WHTPY3UBHbIX
nopogd. Tabnutyatble (N2 9, 24), KopoTKonpu3maTHye-
ckme (N2 16) n annuncoupansHble (N2 22) Kpuctanbl

obpaszytort Il rpynny uupkoHoB — cBeTo-cepble B KJI,
OfHOPOAHbIE, CO C/1abo BbIPa’KEHHOW CEKTOpPUasbHOMN
UM PUTMUYECKON 30HaNbHOCTbIO. [NA HUX TUMUYHbI
Hu3kne copepxaHua U (16-91 r/1, cpeaHee 44 r/T)
N BblcokMe oTHoweHus Th/U (0,66-2,11, cpepHee
1,34). Mo pgaHHbiM U-Pb mnsotonHoro aHanusa gecAatun
unpkoHoB |l rpynnbl, Cy6KOHKOpAAHTHble 3HauyeHUus
BO3pacTa Mo N30TOMHOMY OTHOLIeHUo 2°7Pb/2%Pb Haxo-
0ATCA B MHTepBarne ot 2647+21 pno 2706 +48 mnH net.
MNpvBedeHHble XapaKTepUCTUKK LMPKOHOB Il rpynnbi
(pa3mep TabnuTyaTbix Kpuctanios o 600 MKM, BbICO-
koe Th/U oTHoweHue (cpegHee 1,34)) nosonAtoT
OTHECTU MX K TUMUYHBIM MarMaTUYeCKMM KpuCTaniam.
NanomopdHble Kpuctannbl | rpynnbl (TeMHble Aapa)
06bIYHO O6JNIEKAlOT LIMPOKME CBETNIO-CEPbIE KaWMbl
Bapbupytowen wmnpuHol (30-150 MKm), cnaratoowme
oT 40 pgo 70% nnowagn kKpuctanna (N2 6, 12), yacto
C HEACHbIMW KOHTypaMu CEKTOpPUanbHOW U puUTMrye-
CKOW 30HaNbHOCTK. Kaimbl Yacto KoHOpMHbI (N2 7),
pexe KoppoaupytoT agpa (N° 15); HabnogaeTca cpe-
3aHMe MarmaTMyeckon 30HaNIbHOCTU KOPPOAUPOBAH-
HbIMU KOHTYpamu agpa (N° 14), uto cBMAeTeNnbCTBYeT
O «PACcTBOpPeHUW» Aadpa nepepn HapacTaHWeM Kanmbl
M O NPEePbLIBMCTOM XapaKTepe pocTa LMpPKOHa Ha Mar-
MaTuyeckom craguun. o BHYTPEHHEMYy CTPOEHUIo
N reoxummyecknm xapaktepmuctnkam (U = 13-63 r/T,
B cpepgHem 37 r/1; Th/U = 0,9-1,34, B cpeaHem 1,19) Kai-
Mbl HE OTNMYATCA OT KpucTannos Il rpynnbl u moryT
ObITb OTHeceHbl K 3TOW e rpynne. Ha anarpamme
C KOHKOpavenm Bce 24 TOUKM M30TOMHOro COCTaBa
umpkoHoB |l rpynnbl o6pasyioT anckopauto (puc. 6, a),
BEpXHee rnepeceyeHne KOTOPOW C KOHKOpAuen oTee-
yaeT Bo3pacTy 2651,9+8,9 MnH net, a HMXHee nepe-
ceyeHMe COOTBETCTBYeT Bo3pacTy 426+410 mnH net
(CKBO = 0,74). Mo nepudepun kpuctannos | n I
rpynn HabniogatoTca ToHKME (5-15 MKM) HEe30HasbHble
¢dparmeHTapHble 000JIOUKU CBETNIO-CEPOro n 6enoro
uBeTa, otHocAwwmeca K Il rpynne unpkoHos (N2 17, 19).
OHwM 3aHMMalOT He 6onee 5-10% nnowann Kpuctanna,
KOTOpble xapakTepusytoTcsa HU3KuUm Th/U oTHowweHnem
(0,01-0,14, cpepHee 0,06). U-Pb un3oTonHbIN aHanu3
nokasasn, 4to cybkoHkopgaHTHble (D = 0-3) 3Hauye-
HMA BO3pacTa 060M0YEK MO M3OTOMHOMY OTHOLLEHUIO
207Pp/2%Ph pacnonaratlotcA B MHTepBane oT 1865+ 22
0o 2037 £46 mnH neT, a cpefHeB3BeLeHHOe 3HayeHne
OnA NATU n3MepeHuin coctasnaeT 1947 +£32 MIH neT.
O6pazoBaHne obonovek LmpkoHa lll rpynnbl, BEpoATHO,
CBA3aHO C NasieonpoTepo30MCKMMM NpoLeccamu peru-
OHanbHoro metamopdusma u rpaHuTM3aumn. Mpowc-
XOX[AeHMe LMPKOHOB 13 TOHKMX OTOPOYEK C BO3PacTOM
2,2-2,4 mnpg net, cKkopee BCero, CBA3aHO C 3axBa-
TOM 30HAOM 6ofiee ApeBHUX 30H LuMpKoHa. Cnepyet
OTMETUTb, YTO AuanasoH 2,2-2,4 Mnppg neTt cumTaeTca
BPEMEHHbIM MHTEPBaNOM FeO0IOrMYeCcKon WUCTOpPUKn
C MVHVMANIbHOW CKOPOCTbIO POCTa KOHTMHEHTANIbHOM
kopbl (Condie, 1998). Takum ob6pa3om, NpoBeaeH-
Hble reOXPOHONOrMYeckne nCCiefoBaHUA LMPKOHOB
13 BMOTUT-POroBOOOMaHKOBbIX MiarnorHencos (N2 16a)
YCTaHOBMWN HeOapXeNCKNin (2652 +9 mnH neTt) Bo3pacT
dbopmMupoBaHMA NPOTONIMTa BEPXHEMANCKOrO KOMIEK-
ca, naneonpoTepo30oncknii (1947 +32 MnH neT) Bo3pacT
MeTaMopdU3Ma, a TakKe BbISABUIM MHOIOYMCIIEHHbIE
Heoapxenckune (2739+21 MH NeT) KCEHOTeHHbIe Agpa
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Puc. 5. KatogontoMuHucLeHTHble n306paXkeHra 1 BO3pacT LMPKOHa 13 nopog BepxHemaiickoro BbicTyna

a — Ne 16a; b — N2 50H. OKpy»KHOCTAMM 0BO3HaUeHbl aHaNMTUUECKe KpaTepsbl, B UNCIUTENe — HOMEP aHanu13a, B 3HameHaTene —
207Pb/2%Ph Bo3pacT. D — AMCKOPAAHTHOCTL. [nameTp Kpatepa cocTasnseT 20-30 MKM

Fig. 5. Cathodoluminescence images and zircon age from the Upper Maya uplift rocks

a — no. 16a; b — no. 50H. The circles refer to analytical craters, the numerator displays the test number, the denominator shows
the 207Pb/?%Ph age. D — discordance. The crater diameter is 20-30 um
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Puc. 6. U-Pb gnarpammbl ¢ KOHKOpAuel Ana LMPKOHOB U3 NopoJ BepXHeMalickoro Komrekca

a — N2 16a, 6UOTUT-POroBOOOMAHKOBBIM MnarvorHenc; b — N2 50H, KBapLEeBbIn CUeHUT

Fig. 6. U-Pb concordia diagrams for zircons from the Upper Maya complex rocks
a — no. 163, biotite-hornblende plagiogness; b — no. 50H, quartz syenite

B UMpKOHax. bnmskuin pesynbrat (2615+11 maH net)
OblN1 NONyYeH Ans AecATU LLMPKOHOB OLHOW reHepauuy,
BblENEHHbIX U3 OMOTUT-POroBOOOMaHKOBbIX MHENCOB
BepxHemalckoro komnnekca, U-Pb metogom Ha moH-
HOM MUKpO3oHAe ob6paTHol reometpun SHRIMP-RG
B nabopartopun CraHdopackoro yHusepcuTeta ([po-
Kornbes u ap., 2003).

Ina onpepeneHns BoO3pacTa BepXHEW rpaHuLbl
bopMMpoBaHMA BepPXHEMAWNCKOrO KoMmyekca Obina
oTo6paHa npoba (N2 50H) 13 KOPEHHOTO BbIXOAa AaKN
KBapLeBbIX cMeHnTOB (LleHTpanbHbIf 650K, NeBbii 6opT
p. Mas) mowHOCTbIO A0 3 M, ceKyLuel rHencbl, ambu-
6ONUTbI, FPAHYNNTbI U COAEPKALLEN WX KCEHONUTDI.
LIMpKOHbI NpefcTaBneHbl TEMHO-KOPUYHEBBIMK, pes-
KO CO CBETNI0-PO30BbIMW AAPaMM, MONYNPO3PaYHbIMUK
MU MYTHbIMW, KPYMHbIMU CYyOUAMOMOPGHBIMU U KCe-
HOMOPQHBIMU KOPOTKO- 1 ASIMHHOMPU3MATUYECKUMU
Kpuctannamu. [nvHa umpkoHoB cocTaBnAeT ot 390
8o 700 mkm, Ky BapbupyeTt ot 1,45 go 2,83. [letanbHoe
N3yyeHue LMPKOHOB C UCMONb30BaHNEM SNIEKTPOHHOrO
MUKpocKomna B npoxogawem ceete n KJT nokasano,
YTO VX 3€PHA XapaKTepusytoTca Tpex-, ABYX- 1 ogHodas-
HbIM BHYTPEHHIM CTpoeHueMm (puc. 5). Mo mopdonoru-
YyecKUM Npmr3HaKam BblgeneHbl TPU rpynnbl LUPKOHOB.
MepBadA rpynna BK/OYAET UUPKOHbI YAJMHEHHO-NPW-
3maTuyeckoro obnuka (Ky 2,2-2,6) co crnaxxeHHbiMu
BepwmHamm KpuctannoB. OHM COCTOAT U3 ABYX-TpPex
¢as3, B KJ1 cBeTno-cepble, B NPOXOAALLEM CBETE C AAPOM
cBeTno-po3oBoro ugeta (N2 5, 6, 9). Bropasa rpynna
npeacTaBieHa KPYMHbIMKA TEMHO-CEPbIMU UAMOMOpPGh-
HblMK npuamaTmyeckummn (Ky 2,1-2,2) ogHodasHbIMK
KpucTtannamm uupkoHa (N2 2, 7, 8) co cnabo BblpakeH-
HOM PUTMUYHOW WM CEKTOPUANbHOWM 30HaNbHOCTbIO.
K TpeTbel rpynne OTHOCATCA LMPKOHbI KCEHOMOPGHOro
obnuka (Ky 1,7-1,8) c TeMHO-cepbIM AAPOM, 3aHUMal0-
wum 6onee 80-90% nnowaan Kpuctanna, U npepbl-
BMCTOI KaliMOW CBETNIO-CEPOro LBeTa no nepudepun
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(N 1,3,4). U-Pb wn3oTOnHO-reoxpoHonormyeckme
nccnefoBaHMa Ha WOHHOM MUKpo3oHge SHRIMP-II
NPOBOAUANCH ANA BCEX TPeX rpynn LUnpKoHa (9 3epeH,
17 n3MepeHunin) Kak B LEeHTpe, Tak 1 no nepudepun
KPWUCTannoB. YCTaHOBMIEHO, UTO AnA Afep UMPKOHOB
| rpynnbl (N2 6.1 1 5.1) XapakTepHbl yMepeHHble cofep-
»aHuma U (109 n 497 r/1), Bbicokne oTHoweHua Th/U
(0,68 1 0,65) 1 cybkoHKophaHTHble (D = 1-2) 3HayeHus
BO3pacTa MO W30TOMHOMY OTHoOLWeHUo 207Pb/205Pp,
cooTBeTcTBYOWMEe 3263+19 u 2782+9,3 mMAnH net.
Ina obonouek (N2 5.2 1 6.2), obnekarowmux agpa unp-
KOHa LUMPOKOWN TEMHO-CEPON MONOCON, YCTaHOBNEHbI
Hu3Kune oTHoweHus Th/U (0,13 1 0,12) n Heoapxenckme
M NaneonpoTepo30NcKme OLeHKN Bo3pacTta (2651+7
n 1916+ 14 mnH net) (tabn. 3). Ha guarpamme C KOH-
kopgvien 11 Toyek M30TOMHOro COoCTaBa LPKOHOB |l
n Il rpynn obpasytoT auckopauio (puc. 6, b), BepxHee
nepeceyeHne KOTOPOW C KOHKOpAMElN oTBevyaeT BO3-
pacty 1904+£17 MNH NeT, a HUXHee repeceyeHue,
BO/IN3M KOTOPOro pacrnosiaraloTcsl TOUKMU M3OTOMHOTO
coctaBa uupkoHos lll rpynnbl, cOOTBETCTBYET BO3pa-
cTy 205+33 mnH net (CKBO = 3,7). lNpumeyatensHo,
YTO ANA LMPKOHOB 3TOW rpynmbl B LEHTPe 3epeH ycTa-
HOBJIEeHbl fAaTMPOBKM B UHTepBane 1539-1909 mnH net
(B cpegHem 1702 MAIH neT) NP BbICOKOM COEePKaHUN
U (4975-2603 r/1, B cpegHem 3915 I/T) 1 HU3KOM OTHO-
weHumn Th/U (0,04-0,17, B cpepnHem 0,09), a ana nepw-
depumn 3epeH 297Pb/?%Ph BO3pacT HECKONbKO ApeB-
Hee — 1855-1916 mnH neT (B cpepgHem 1896 MnH neT),
cogepxaHne U cywectBeHHO Hmxe (184-1393 r/T,
B cpeaHem 563 r/1), a oTHoweHune Th/U Bbiwe (0,12-
0,47, B cpegHem 0,34). HecmoTpAa Ha HekoTopylo AnC-
nepcuio Touyek OTHOCUTENbHO oOnpefaensaemMon nUmu
NIMHUWN perpeccun, oByCNIOBNEHHYIO, BUAVMMO, Heop-
HOKpaTHbIM HapylleHnem U-Pb n3oTtonHow cuctembl
NpW HaNOXeHHbIX MeTaMopdUUeCKMX BO3AENCTBUSAX,
BO3pPacCTbl, MOMyYeHHble MO LMPKOHAM PasfInyHOro
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rabutyca u U3 pasnnyHbIX YacTel KpUCTannia, NpakTu-
Yeckn WMAEHTUYHbI B Mpefenax 3KCnepumeHTasnbHOM
ownobkuy. MNMprmeyaTenbHO, YTO TPEHA U3MEHYMBOCTU
CcoCTaBa UMPKOHOB B Mpefdenax 30HanbHOro 3epHa
(Ne 1, 2, 3, 4) coBnagaet c guckopamren. Heo- n naneo-
apxenckue agpa umpkoHos | rpynnbl (N2 5.1, 9.1, 6.1)
npeacTaBnaoT coboM KCeHOreHHble 3epHa 6onee paH-
HUX, CKOpee BCero, MHTPY3MBHbIX NOpoA. BepoaTHo,
OHW NpeTepnenu ABa 3Tana PernoHasbHOro MeTaMmop-
¢$13Mma, UTO HaLWO OTPaXkKeHue B 0b6pa3oBaHuK 060s10-
yek C Heoapxenckumun (N2 5.2) n maneonpoTtepo3omn-
ckumm (N2 6.2) Bo3pactamu. O6pa3oBaHvie LMpKOHOB Il
n lll rpynn ceasbiBaeTcA ¢ bopMmMpoOBaHEeM pacnsasa,
6/11M3KOro No cocTaBy K KBapLieBblM creHuTam. lNaneo-
NPOTEPO30MCKIME LMPKOHDI Il rpynnbl, coxpaHvBLInecs
Nno KpasMm 3epeH, oTpakaloT Bpems GpopMUpOoBaHUsA
JaeKk N MenKkux TeNl KBapLeBbIX CMEHUTOB, a BbICOKO-
YPaHOBbIE LIMPKOHbI 3TOW rpynnbl GUKCMPYIOT Bpems
nx NpeobpasoBaHMA B BepXHEM Tpuace. [NofnyyeHHble
JaHHble MO3BOMAT OLEHUTb BEPXHIOW BO3PaCTHYIO
rpaHvly GOpMMpPOBaHUA BEPXHEMANCKOrO KOMMeKca
Kak He monoxe 1,9 mnpg nert, 4To onpegenaeTca npo-
ABIEHNEeM rpaHUTHOro MarmaT3ma naneonpoTepo3om-
CKOro BO3pacTa.

3AKJTIOYEHUME

B pesynbrate npoBefeHHbIX MCCNeAoBaHMIN YyCTa-
HOBJNIEHO CJIOXHOE reosiormyeckoe CTpoeHne Bepx-
HeMalCKoro BblCTyna. HoBble AaHHble O BHYTPEHHEM
CTPOEHUK, BELLEeCTBEHHOM COCTaBe U BpemeHu obpa-
30BaHMA MeTaMopdUUeCKMX TOMLLY, ClaraloLmx paHHe-
LOKEMOPUNCKNI KpUcTannmyecknii dyHaameHT Bepx-
HeMalCKOro BbICTyna, NO3BOMAIOT BNepBble BblAeNUTb
B ero npepenax 30apXencKni gpeBHEeMANCKNiA, Heo-
APXeNCKNN BePXHEMANCKNIA 1N NaneonpoTepo30NCKUi
VNCKPUHCKNI KOMMIEKCbl.

[dpeBHEMaNCKNN KOMMEKC BblAeNeH HAa OCHOBAaHUM
MOMyYEHHbIX 20apXxencKkux 1 ragenckux Nd-mopenbHbIx
[aTUpOBOK (3,76, 3,77 n 3,99 mnppg net, npu gyq(1950)
= -8,8...-23,4) 13 rHelicoB, amprbONMTOB U rPaHyu-
TOB, NMPUYPOUYEHHbIX K MOMAM Pa3BMTUA NOpPOA Bepx-
Hemalckoro komnnekca. Pesynbratel U-Pb (SHRIMP)
reOXPOHOJNIOMMYECKNX WCCNeoBaHNA MOATBEP)KAAIOT
BbleNleHe APeBHEMANCKOrO KoMMeKca: B GUoTUTO-
BbIX FHelcax B Agpax UMPKOHOB C MarMaTU4yeCKUmm reo-
XUMUYECKMMM XapaKTEPUCTUKAMK YCTAaHOBJIEHbl KOH-
KOpAaHTHaA ragenckasa gatmposka 3949+ 11 mnH net
n 11 s30apxencknx BaTMpoBoK (3862-3757 mnH neT).
Kpome TOro, B HeoapXeMcKux CyOLLENOYHbIX FpaHu-
Tax BblAABMEHbl [Ba rafeniCKMxX LMPKOHA C KOHKOpP-
JaHTHbIMK 3HaueHuAMKU?’’Pb/?%Pb Bo3pacTa (3859+5
1 3862 + 6 MJTH JIeT) C MarmaTUYeCKUMM reoXMMnYecku-
MU XapaKTepucTUKamu.

BepxHemaicknii Komnnekc cnaraet 60nbLUyo YacTb
BepxHemarckoro nogHATMA. OH NpeacTaBiieH cknagya-
TbIMU TOMLWaMK CyOLIMPOTHOrO 3aneraHus — nnarvo-
rHercamu, rHencamu, rpaHynuTamy, amoubdonutTamu,
KpurcTannocnaHuamm, MeTaMopdr30BaHHbIMU B rpaHy-
nutoBo (T = 750-850 °C, P = 3,5-4 k6ap) 1 BbICOKOTEM-
nepatypHoi amduobonutoson (T = 710 °C, P = 6 kbap)
daumax. OopmMmpoBaHMe KOMMJIeKCa MPOUCXOANIO0

B Heoapxelckoe Bpems, uTo nopaTeepxkgatT U-Pb
(SHRIMP) reoxpoHonorunyeckune faHHble: BepxHee rnepe-
ceyeHve KOHKOpAUM QUCKopanen, NoCTPOEHHON no 24
M3MEpPEeHNAM LMPKOHOB M3 Hambonee pacnpocTtpa-
HEeHHbIX GUOTUT-POroBOOOMAHKOBbIX MarMorHelricos,
oTBeyvaeT Bo3pacty 2651,9+8,9 mnH ner, (CKBO = 0,74).
Sm-Nd 130TOMNHO-reoXxMmMmnYeckme nccnefoBaHnsa no-
poL BEpPXHEMANCKOro KOMMeKCa Takke cBuaeTenb-
CTBYIOT O MO3QHEapXenckom BpemeHn ¢opmmpoBa-
HUS NPOTONMTa MeTamopdUUecknx obpasoBaHUn —
He apeBHee 3,0 MApA NeT NpU oTpULUaTeNbHbIX 3HaYe-
HUAX €ng(1950) = -8,04...-12,3 ana rHencos un ot -1,2
no -3,8 ana rpaHynutoB 1 ambunbonnToB.

B kpaeBon 3anagHon yactu tOxHoOro 6noka pac-
nonaraeTca UCKPUHCKUA KOMMMEKC, ANnA KOTOPOro Xa-
paKkTepeH MepyANOHANbHBIN CTPYKTYPHBIN NnaH, npeu-
MyLLEeCTBEHHOE pa3BUTHE FPaHaT-OMOTUTOBBIX, CUIUMA-
HUT-KOPAMEPUT-OMOTUTOBBIX 1 OUOTUT-aMrOOTOBbIX
C/laHLEB, a TakXe MNaneonpoTepo30icKue 3HayeHus
MOAenbHOro Bo3pacTta Tyg(DM), Bapbupytowune ot 2,28
0o 2,19 mnppg net npu eyg(1950) = +1,1...+2,4.

MeTamopdurueckas nctopusi BepxHemanckoro Bbic-
Tyna, YCTaHOBNEHHasA MO He30HaNbHbiM 0b6onoUYKam
LUMPKOHOB ¢ oTHoLeHMeM Th/U meHbLue 0,25, obpamnsi-
IOWMM A4Pa, 3aKNoYaeTca B MHOrosTanHom (37774,
3731+16,3654+4,3538+7,3429+6,2720+9,2266+ 13,
1947 +32, 1904+ 17, 205 +33 mMfH neT) npeobpasosa-
HUWN apXeNCKUX 1 NPOTEPO30MNCKUX 06pa3oBaHuii B P-T
YCNOBUAX FPaHyNNTOBON U aMdrbONMTOBON dpaunii.

Taknum 06pa3om, Hanbonee JpPeBHMI 3Tan Pa3BUTKA
BepxHemalcKoro MOAHATMA XapaKTepusyeTcAa OvYeHb
paHHMUM — ragenckum (He nosgHee 4,0 mnpg net
Ha3al) — BpPEMEHEeM 3aNoXeHUA KOHTUHEHTaNbHOW
KOpPbI 1 ee aKTUBHOW TEKTOHNYECKOW »WN3HbIO B PaHHEM
M No3gHeM apxee W paHHeM npoTepo3oe. HecmoTpa
Ha HeJOCTaTOK CBeAEHMUIN O BO3pacTe reosiormyeckmx
COObITUI PaHHedOKEMOPUINCKOrO Mnepuroda, MOXHO
yTBepaTb, UTO B LieJIOM OH XapaKTepr30Banca Heof-
HOKPATHbIMY MPOSIBIEHUSIMU MOLLHbIX KOPOObpa3yto-
LUMX NPOLLECCOB, KOTOPbIE BblpaKkaancb B pa3pacTaHnm
HOBOW KOHTMHEHTaNbHOW KOpbl 1 B rNy6oKon nepepa-
60TKe ApeBHeNLLNX O6/IOKOB KOpbl. B pe3ynbTaTe K Haua-
ny nosfHero pokembpua BepxHemalckoe nopHATe
1 06WMpPHbIe TEPPUTOPUM PErMoHa Npuobpenn ycTon-
YMBOCTb 1 NepeLnu B nNiathopmMeHHOEe COCTOAHME.

CNMNCOK NCTOYHUKOB

Beap A. A. lOgomo-Maiicknin npornb 1 ero BOCTOYHOe
obpamneHne B BepXHEM MPOTEPO30€e U HUXKHEM naneosoe //
M3Bectna Akagemumn Hayk CCCP. Cep. reonornyeckas. 1965.
Ne 4. C. 71-85.

Benbpasakco ®. O., Ymut6aeB P. B. OcHOBHble uepTbl TEKTO-
HVKM 1 MeTannoreHnn OXOTCKOro CpeArHHOroO MaccuBa 1 ero
obpamneHnus // Cknagyatble cuctembl [anbHero BocTtoka /
nog pea. J1. M. NapdeHosa, C. M. TunbmaHa. BnagneocTok,
1976. C. 93-117.

leonornueckas kapta CCCP. Macwta6 1:1 000 000 (HoBas
cepuis). O6bAcCHUTENbHaA 3anucka. Jinct 0-(53), 54 — OxoTck /
nop peg. I. M. Anekcanpposa, I. C. laHewwnHa, W. K. 3anue-
Ba, K. b. MnbuHa, . H. WanowHukosa, 3. I. fikybacosa. J1. :
BCETEW, 1986. 126 c.

lpomos B. B., pomosa J1. 1., Pentnunrep A. C. Tocynap-
CTBeHHaA reonornyeckas Kapta CCCP macwraba 1:200 000.

49



B. K. KysbMuH / PernoHanbHas reonorus u metannorerms. 2026. T. 33, N° 1. C. 33-51

Cepust Maiickas. Jlnct O-54-Il. O6bscHUTeNbHasA 3anncka. M.,
1978. 80 c.

MpuH6epr I. A. fokembpuin OxoTckoro maccua. M. : Ha-
yKa, 1968. 187 c.

3enenyruH B. H., ObimoBuy B. A., JlonatuH b. I, Kupba-
HoBa B. B., CaytuerkoBa P. A., iBaHoBa B. B., Ky3bmuH B. K.,
bonpapeHko C. C., lOpueHko 1O. 10., OnanuxmHa E. C, MeTpa-
koB H. A., BaHoBa T. K., CynpyHeHko O. ., NpockypuH T. 0.
locypapcTBeHHas reonornyeckas kapta Poccuinckon Oepe-
paunn macwTtaba 1:1 000 000. TpeTbe nokoneHune. Cepus
HanbHeBocTouHasA. Jinct O-54 — OxoTtck. O6bsACHMTENbHAA
3anucka. CMM6. : BCETEX, 2021. 503 c.

3oHeHwaH J1. M., KyabmuH M. U, Hatanos J1. M. TekToHu®-
Ka nutocdepHbix naut Tepputopun CCCP. KH. 2. M. : Hegpa,
1990. 334 c.

Kapcakos J1. ., Yxao Y., Manbiwesa 0. ®., lopoko M. B.
TeKTOHWKa, ryOUHHOE CTPOEeHWe, MeTannoreHnsa obnactn
couneHeHna LleHTpanbHO-A3MaTCcKoro n TMXOOKeaHCKOro
MoscoB : OObACHNTENIbHAA 3anuncKka K TeKTOHMYECKON KapTe
mMacwTaba 1:1 500 000. BnagmsocTok [ ap.] : UTul 4BO PAH,
2005. 263 c.

KpacHbin J1. W., Pacckasos 0. M., HukutnH 0. U., Onb-
KoB B. B. MeTannoreHus 30Hbl couneHeHus Cnbmnpckom nnat-
dopmbl 1 OxoTCKO-YyKOTCKOro ByfikaHoreHHoro nosca // leo-
NnorvA pyaHbIX mectopoxaeHuin. 1979. T. 21, Ne 1. C. 6-22.

KpacHbin J1. U., Pacckasos 1O. 1. HoBbil pyaHbI paioH
B CeBepHom [lpuoxotbe // Pa3Beaka n oxpaHa Hefp. 1975.
Ne 12. C. 5-11.

Ky3bmuH B. K. Metamopdurueckme obpasoaHusa Bepx-
Hemalnckoro nogHATNA (OXOTCKUIM CpeauHHbIn maccuB) //
MeTtamopouyeckme komnnekcbl CeBepo-Boctoka CCCP, mx
PYLOHOCHOCTb U reosiornyeckoe KaptupoBaHuve / nod peg.
M. J1. TenbmaHa. Maragan : CBKHW, 1991. C. 21-30.

KysbmuH B. K., Mne6osuukuia B. A., PognoHos H. B., An-
ToHOB A. B., Boromonos E. C., Ceprees C. A. [naBHble 3Tanbl
dopmmpoBaHNA Naneoapxenckom Kopbl KyxTyncKoro BbICTy-
na OxoTtckoro maccuBa // Ctpaturpadus. lfeonornyeckas Kop-
penauuna. 2009. T. 17, N2 4. C. 3-22.

KysbmuH B. K., Jlenexuna E. H., boromonos E. C. lageiickune
N 30apXencKme LMpPKOoHbI (3,95-3,6 mnpg neT) n3 61oTUTOBbIX
rHericoB BepxHemarnckoro nogHaTua (OxoTckmin maccus) //
MeTopgbl 1 reonornyeckme pesynbtaTbl U3yYeHUsA N30TOMHbIX
reOXpPOHOMETPUYECKNX CUCTEM MUHEPASIOB 1 MOPOL : MaTe-
puansbl VIl Poc. kKoHd. M. : UTEM PAH, 2018. C. 172-174.

JlereHpa BepxosaHo-Konbimckon cepumn nuctos lfocypap-
CTBEHHOW reonornyeckoi kaptbl PO macwraba 1:1 000 000
(TpeTbe nokoneHue). O6bACHWTENbHAsA 3anucka / Nop pepn.
B. A. AAH-xnH-wnHa. AkyTck : YN PC (A) «AMNC3», 2003. 360 c.

Jlerenpa [lanbHeBOCTOUHOM cepum NNCTOB [OCyAapCTBEH-
HOW reonorunyeckon Kaptbl Poccuinckon Qepepaunm mac-
wraba 1:1 000 000 (TpeTbe nokoneHue). OGbACHNUTENbHASA
3anucka / nog peg. A. ©. BacbkuHa. Xabaposck, 2010.

JlereHpga OxoTckon cepumn nuctoB locygapcTBEHHON
reonormyeckon Kaptbl Poccuinckon ®egepaumm macwraba
1:200 000 (u3gaHue BTopoe). O6bACHMTENbHAA 3anncKa. Xa-
6apoBckK, 1998. 70 c.

Hatanos J1. M., Cypmunosa E. IN. Mo3nuna n npupopa
OxoTckoro maccmBa // OTeuectBeHHasA reosorma. 1995. Ne 2.
C. 49-53.

Heenos A. H. MeTpoxmumuueckaa Knaccudurkauma meta-
MOP®dU30BaHHbIX OCAAOYHbIX M ByNKaHUYecKux nopog. Jl.:
Hayka, JleHnHrp. ota-Hre, 1980. 100 c.

Map¢eHos J1. M. KOHTUHEHTaNbHble OKPanHbl U OCTPOB-
Hble ayrn me3so3ong CeBepo-Boctoka A3mmn. HoBocnbumpcek :
Hayka, Cn6. ota-Hue, 1984. 191 c.

Mpokonbes A. B, baxapes A. ., Topo X., Munnep 3. J1., Xo-
ypureH k. K., Qymutpy T. A. CpegHenaneo3oncKknin okpavH-
HO-KOHTMHEHTaJIbHbI MarMaT/i3M 1 Me30301CK1ne MeTaMop-
duueckme cobbiTa 30HbI couneHeHnsa CeBepo-A3mnaTckoro
KpaToHa 1 OxoTckoro TeppeiiHa // OTeuecTBeHHasA reonorus.
2003. N2 6. C. 57-63.

QepamaH . M. TocygapcTBeHHaa reosiornyeckas Kapta
CCCP macwraba 1:200 000. Cepus Maickas. Jinct O-54-VII.
O6bAcHUTeNbHaA 3anncka. M., 1972. 86 c.

50

®epaman W. M., FaBpunosa 3. C,, 3ue3ax P. M. lfeonorunue-
ckanA kapTta CCCP macwTaba 1:200 000. Cepus Marckas. Jiuct
0O-54-1. O6bAcHUTeNbHaA 3anncka. J1., 1976. 59 c.

Ynkos b. M. TekToHMKa OXOTCKOro CpefvHHOro Maccu-
Ba // TpyAbl MHCTUTYTa reonornn 1 reopusnku. Bein. 86. M. :
Hayka, 1970. 151 c.

Black L. P, Kamo S. L., Allen Ch. M., Aleinikoff J. N., Da-
vis D. W,, Korsch R. J., Foudoulis Ch. TEMORA 1: A new zircon
standard for Phanerozoic U-Pb geochronology // Chemical
Geology. 2003. Vol. 200, nos. 1-2. P. 155-170. https://doi.
org/10.1016/50009-2541(03)00165-7

Condie K. C. Episodic continental growth and superconti-
nents: A mantle avalanche connection? // Earth and Planetary
Science Letters. 1998. Vol. 163, nos. 1-4. P. 97-108.

DePaolo D. J. Neodymium isotope geochemistry: An in-
troduction. Heidelberg : Springer-Verlag, 1988. 187 p.

Williams I. S. U-Th-Pb geochronology by ion microprobe //
Reviews in Economic Geology :Vol. 7. Applications of microan-
alytical techniques to understanding mineralizing processes /
Eds. M. A. McKibben, W. C. Shanks Ill, W. I. Ridley. Littleton,
USA: Soc. of Econ. Geol., 1998. P. 1-35. https://doi.org/10.5382/
Rev.07.01

REFERENCES

Beer A. A. (1965). Yudomo-Maya trough and its eastern
adjacent areas in the Upper Proterozoic and Lower Paleozoic.
Izvestiya Akademii Nauk SSSR. Ser. Geologicheskaya, (4), 71-85.
(In Russ.).

Veldyaksov F. F., Umitbaev R. B. (1976). Main character-
istics of tectonics and metallogeny of the Okhotsk median
mass and its adjacent areas. In L. M. Parfenoy, S. M. Tilman
(Eds.), Far East fold belt (pp. 93-117). Vladivostok. (In Russ.).

Aleksandrov G. P, Ganeshin G. S., Zaytsev |. K., llyin K. B,,
Shaposhnikov G. N., Yakubasov E. G. (Eds.). (1986). Geological
map of the USSR. Scale of 1: 1,000,000 (new series). Explanatory
note. Sheet O-(53), 54 — Okhotsk. Leningrad: VSEGEI, 126 p.
(In Russ.).

Gromov V. V., Gromova L. I, Reytlinger A. S. (1978). State
Geological Map of the USSR, scale of 1:200,000. Maya series.
Sheet O-54-II. Explanatory note. Moscow, 80 p. (In Russ.).

Grinberg G. A. (1968). Precambrian Okhotsk massif. Mos-
cow: Nauka, 187 p. (In Russ.).

Zelepugin V. N., Dymovich V. A., Lopatin B. G., Kiryano-
va V. V,, Sautchenkova R. A,, lvanova V. V., Kuzmin V. K., Bond-
arenko S. S., Yurchenko Yu. Yu., Opalikhina E. S., Petrakov N. A.,
Ivanova T. K., Suprunenko O. I, Proskurin G. Yu. (2021). State
Geological Map of the Russian Federation, scale of 1:1,000,000.
Third generation. Far East series. Sheet O-54 — Okhotsk. Explan-
atory note. St. Petersburg: VSEGEI, 503 p. (In Russ.).

Zonenshayn L. P, Kuzmin M. |, Natapov L. M. (1990). Plate
tectonics of the USSR territory. Bk. 2. Moscow: Nedra, 334 p.
(In Russ.).

Karsakov L. P, Zhao Ch., Malysheva Yu. F,, Goroshko M. B.
(2005). Tectonics, deep structure and metallogeny of the Central
Asian-Pacific belts junction area: Explanatory note to the tectonic
map, scale of 1:1,500,000. Vladivostok [et al.]: ITiG FEB RAS,
263 p. (In Russ.).

Krasny L. I, Rasskazov Yu. P, Nikitin Yu. I, Olkov V. V.
(1979). Metallogeny of the junction sone of the Siberian
platform and Okhotsk-Chukotka volcanogenic belt. Geology
of Ore Deposits, 21(1), 6-22. (In Russ.).

Krasny L. I., Rasskazov Yu. P. (1975). New ore-bearing dis-
trict in the North Okhotsk Sea region. Prospect and Protection
of Mineral Resources, (12), 5-11. (In Russ.).

Kuzmin V. K. (1991). Metamorphic formations in the Upper
Maya uplift (Okhotsk median mass). In M. L. Gelman (Ed.),
Metamorphic complexes in North-East USSR, their ore poten-
tial, and geological mapping (pp. 21-30). Magadan: NEISRI.
(In Russ.).

Kuz’'min V. K., Glebovitskii V. A., Rodionov N. V., An-
tonov A. V., Bogomolov E. S., Sergeev S. A. (2009). Main


https://doi.org/10.1016/S0009-2541(03)00165-7
https://doi.org/10.1016/S0009-2541(03)00165-7
https://doi.org/10.5382/Rev.07.01
https://doi.org/10.5382/Rev.07.01

V. K. Kuzmin / Regional Geology and Metallogeny (2026) 33(1), 33-51

formation stages of the Paleoarchean crust in the Kukhtui Inlier
of the Okhotsk Massif. Stratigraphy and Geological Correlation,
17, 355-372. https://doi.org/10.1134/50869593809040017

Kuzmin V. K., Lepekhina E. N., Bogomolov E. S. (2018).
Hadean and Eoarchean zircons (3.95-3.6 Ga) from biotite
gneiss in the Upper Maya uplift (Okhotsk massif). In Methods
and geological findings of isotope geochronometry systems
of minerals and rocks (pp. 172-174) [VII Russ. conf.]. Moscow:
IGEM RAS. (In Russ.).

Yan-zhin-shin V. A. (Ed.). (2003). Verkhoyansk-Kolyma se-
ries sheet legend of the State Geological Map of the Russian
Federation, scale of 1: 1,000,000 (third generation). Explanatory
note. Yakutsk: Yakutsk Exploration Survey Company, 360 p.
(In Russ.).

Vaskin A. F. (Ed.). (2010). Far East series sheet legend
of the State Geological Map of the Russian Federation, scale
of 1: 1,000,000 (third generation). Explanatory note. Khabarovsk.
(In Russ.).

Okhotsk series sheet legend of the State Geological Map
of the Russian Federation, scale of 1:200,000 (second edition).
Explanatory note. (1998). Khabarovsk, 70 p. (In Russ.).

Natapov L. M., Surmilova E. P. (1995). Position and nature
of the Okhotsk massif. Otechestvennaya Geologiya, (2), 49-53.
(In Russ.).

Neelov A. N. (1980). Petrochemical classification of meta-
morphosed sedimentary and volcanic rocks. Leningrad: Nauka,
Leningrad branch, 100 p. (In Russ.).

Parfenov L. M. (1984). Continental margins and island arcs
of North-East Asia mesozoides. Novosibirsk: Nauka, Siberian
branch, 191 p. (In Russ.).

Prokopyev A. V., Bakharev A. G., Toro H., Miller E. L., Hou-
rigen G. K., Dumitru T. A. (2003). Mid-Paleozoic continental
margin magmatism and Mesozoic metamorphic events
of North Asian craton — Okhotsk terrain conjuction zone.
Otechestvennaya Geologiya, (6), 57-63. (In Russ.).

Ferdman I. M. (1972). State Geological Map of the USSR,
scale of 1:200,000. Maya series. Sheet O-54-VIl. Explanatory
note. Moscow, 86 p. (In Russ.).

Ferdman I. M., Gavrilova Z. S., Zivzakh R. M. (1976). Geo-
logical map of the USSR, scale of 1:200,000. Maya series. Sheet
0O-54-1. Explanatory note. Leningrad, 59 p. (In Russ.).

Chikov B. M. (1970). Tectonics of the Okhotsk median
mass. In Transactions of the Institute of Geology and Geophysics.
Vol. 86. Moscow: Nauka, 151 p. (In Russ.).

Black L. P, Kamo S. L., Allen Ch. M., Aleinikoff J. N., Da-
vis D. W,, Korsch R. J., Foudoulis Ch. (2003). TEMORA 1: A new
zircon standard for Phanerozoic U-Pb geochronology. Chemi-
cal Geology, 200(1-2), 155-170. https://doi.org/10.1016/S0009-
2541(03)00165-7

Condie K. C. (1998). Episodic continental growth and su-
percontinents: A mantle avalanche connection? Earth and
Planetary Science Letters, 163(1-4), 97-108.

DePaolo D. J. (1988). Neodymium isotope geochemistry:
An introduction. Heidelberg: Springer-Verlag, 187 p.

Williams 1. S. (1998). U-Th-Pb geochronology by ion micro-
probe. In Reviews in Economic Geology: Vol. 7. M. A. McKibben,
W. C. Shanks Ill, W. I. Ridley (Eds.), Applications of microanalytical
techniques to understanding mineralizing processes (pp. 1-35).
Littleton, USA: Soc. of Econ. Geol. https://doi.org/10.5382/
Rev.07.01

Bnapumunp KoHcrtaHtuHosu4 KysbMuH

Kanaupat reonoro-MmHepanormyecknx Hayk,
BeAyLMIN HayYHbI COTPYAHUK, OTAEN PernoHanbHOWN reonorum
1 nonesHbIX nckonaembix [lanbHero Boctoka

Bcepoccnincknin HayuyHo-nccnefoBaTesibCKUm reonornyeckmin
MHCTUTYT UM. A. T. KapnuHckoro, CaHkT-lNeTepbypr, Poccus

https://orcid.org/0000-0002-8887-652X
Scopus Author ID 7202936134

WoS ResearcherlD LZI-2656-2025
PUHLL SPIN-kog 8862-8236
vkkuzmin@mail.ru

Viadimir K. Kuzmin

PhD (Geology and Mineralogy),
Leading Researcher, Department of Regional Geology
and Mineral Resources of the Far East

All-Russian Geological Research Institute of A. P. Karpinsky,
Saint Petersburg, Russia

https://orcid.org/0000-0002-8887-652X
Scopus Author ID 7202936134

WoS ResearcherlID LZI-2656-2025

RSCI SPIN-code 8862-8236
vkkuzmin@mail.ru

KOHd)HVIKT WHTEepeCcoB: aBTOP 3aAB/iAeT o6 OTCYTCTBUN KOH(I)J'II/IKTa NHTEpEeCOoB.

Conflict of interest: the author declares no conflicts of interest.

Cratbs noctynuna B pefakuuio 22.12.2025
OpobpeHa nocne peueHsupoBaHua 17.02.2026
MpuHaTta Kk nybnnkauyun 24.03.2026

Submitted 22.12.2025
Approved after reviewing 17.02.2026
Accepted for publication 24.03.2026

51


https://doi.org/10.1134/S0869593809040017
https://doi.org/10.1016/S0009-2541(03)00165-7
https://doi.org/10.1016/S0009-2541(03)00165-7
https://doi.org/10.5382/Rev.07.01
https://doi.org/10.5382/Rev.07.01
https://orcid.org/0000-0002-8887-652X
mailto:vkkuzmin@mail.ru
https://orcid.org/0000-0002-8887-652X
mailto:vkkuzmin@mail.ru



