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630091, Hosocubupck, Kpacuwiii npocn., 67, Poccus

Jns mo3HenepMCeKO-cpeHeTpracoBoro paspesa KysHenkoro OacceliHa, pacmoIOKEHHOTO B CEBEPHOI
yacTu Anrae-CassHCKOH CKJIa4aToi 00JIacTH, XapaKTepHO Pa3BUTHE IIACTOBBIX Tell 6a3aybTOB. BhIsBICHO, UTO
OHU TIPEJICTABJICHBl CUJUIAMH € BO3pacToM B 250—248 miH. jeT. Marmaruueckue Tesla CI0XKEHbI CPEIHEBbI-
COKOTHUTAHHCTBIMU TOJICUTOBBIMH Oa3aibTaMu, oborameHHbIME Nb u La, Onu3KuMu 10 COCTaBY K paHHETPH-
ACOBBIM 0a3ajbTaM ChIBEPMHHCKON CBHUTHI CHOMPCKHX TPamioB, YpeHroiickoro pudra 3amnagHo-CrOupckoro
OacceifHa 1 TpracoBbIM Oazamsram CeBepo-MoHronbckoir pugToBoii cucteMsl. [lmomoBas npupona 6a3aib-
TOB 0OOCHOBBIBAETCSI COUETAHHEM OTPHIATETIbHBIX aHOManuid Mo Nb Ha MyIbTHKOMIIOHEHTHBIX JHarpamMmax
((Nb/La),,, = 0.34—0.48) u BHICOKMM COAEPKAHMEM JIETKHX PEIKO3eMeNbHbIX snemeHToB (La,=90—115,
(La/Sm), = 2.4—2.6). Huskue 10 ymepeHHbIX cTenenu auddepenunanuu tsxensix P30 ((Gd/Yb), = 1.4—1.7)
Hpe/IIoIaraloT MaHTHIHHBIH HCTOYHUK 0a3ajIbTOBBIX PAaCIIaBOB Ha YpoBHE HINuHeNeBoil ¢aunu. CocTaB 1 BO3-
pacT U3yueHHBIX MarmMaTudeckux nopoj Kysbacca noareepikaaeT BbICKa3aHHOE paHee MPE/NOI0KEHHE O TeHe-
THYECKOH U CTPYKTYPHOH HX CBA3M C MACCOBBIMU MEPMOTPHACOBBIMH TPANMOBBIMU M3MHAHUAME CHOMPCKOTO
CYIepILTIOMa, TIMK KOTOPOTO MPHUXOMICS Ha mepuox 252—248 MiH seT. Pe3kas cMeHa MOIIHOCTH | (harraib-
Hasl H3MEHUUBOCTH II03IHENIEPMCKO-CpeTHETPHAcOBBIX mopox KysHerkoro 6acceifHa cBUICTENBCTBYET 00 MX
(OpPMHPOBAHHUH B CTPYKTYPE PacTIKEHHsI, BEPOSTHO, B €ANHOM I'€OIMHAMHIECKOH 00CTaHOBKE C PU(TOTCHHBI-
mu cTpykrypamu FOxxHoro Ypana, CeBepHoit Monronuu u ¢pyHnamenra 3anaaHo-Cubupckoro 6acceiina.

baszanemoswiii mazmamusm, Cubupckuii cynepniiom, epanuya nepmo—mpuac, Ar-Ar oamuposanue,
PeoKoaIeMeHmHubILl COCMag 6azanvmos

PERMO-TRIASSIC PLUME MAGMATISM IN THE KUZNETSK BASIN (Central Asia):
GEOLOGY, GEOCHRONOLOGY, GEOCHEMISTRY, AND GEODYNAMIC CONSEQUENCES

M.M. Buslov, I.Yu. Safonova, G.S. Fedoseev, M. Reichow, C. Davies, and G.A. Babin

The Kuznetsk Basin is located in the northern part of the Altai-Sayan Folded Area (ASFA), southwestern
Siberia. Its Late Permian-Middle Triassic section includes basaltic stratum-like bodies, sills, formed at 250—
248 Ma. The basalts are medium- and high-Ti tholeiites enriched in Nb and La. Compositionally they are close
to the Early Triassic basalts of the Syverminskaya Formation in the Siberian flood basalt large igneous province
and of the Urengoi Rift in the West Siberian Basin and to the Triassic basalts of the North Mongolian rift system.
The basalts probably formed in relation to mantle plume activity: They are enriched in light rare-earth elements
(LREE; La = 90—115, (La/Sm),, = 2.4—2.6) but relatively depleted in Nb (Nb/La),, = 0.34—0.48). Low to me-
dium differentiation of heavy rare-earth elements (HREE; (Gd/Yb),, = 1.4—1.7) suggests a spinel facies mantle
source for basaltic melts. Our obtained data on the composition and age of the Kuznetsk basalts supports the
previous idea of their genetic and structural links with the Permian-Triassic continental flood basalts of the Sibe-
rian Platform (Siberian Traps) possibly related to the action of the Siberian Superplume peaked at 252—248 Ma.
The abruptly changing thickness of the Kuznetsk Late Permian-Middle Triassic units suggests their formation
within an extensional structure similar to the exposed rifts of southern Ural and northern Mongolia and buried
rifts of the West Siberian Basin.

Basaltic magmatism, Siberian superplume, Permian-Triassic boundary, Ar-Ar dating, trace-element
composition of basalts

BBEJEHUE

Kysnenkuii 6acceitn (Kysbacc) pacnonoxkeH B ceBepo-3anaiHoi yactu Anrtae-CassHCKOW CKiIaq4aTton 00-
JIACTH M OTJCNICH OT KPYITHEHIIero B MUpe Me3030icKkoro HedrerazoHocHoro 3anaaHo-Cubupckoro dacceitHa
HEBBICOKUMM IOJHATHIMMU, CIIOKEHHBIMM Iajneo3oiickumu cTpykrypamu KonbiBanb-Tomckoit u Cananpcekoit
ckimaguateix cucrteM (puc. 1). C Boctoka KysHenkmii OacceifH orpaHddYeH I03THEKAHO30MCKUMH TOPHBIMH
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Puc. 1. Cxema mnposiBieHHMs TO3/1He- 42° 54° 66° 78°  90°  102° 114°  126° B.n.
NepMCcKO(?)-TpuacoBpix  0a3aJIbTOB / ’

Cubupckoro miwoMa U Me3030HCKHX n-o8 _Taimbip
BYJIKAHOT€HHO-0CA/I0YHBIX 00pa3oBa- -
HMii  MoHroubcko-3a0aiikaabCcKoro
nosica.
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NN
N

AN

72°
c.u.

] — KOMIUIEKC KOHTHHEHTAJbHBIX CTPYKTYD;
2 — xoHTypbl Cubupckoit mnarpopmsl; 3, 4 —
HO3JHETICPMCKO-TPHACOBBIC 0a3UTHl (0a3aibTsl,
JIOJIEPUTHI, TaOOP0): 3 — BBIXOAIINE HA MTOBEP-
XHOCTb, 4 — IOrpeOeHHbIe; 5 — PacHoIOKEeHUE

Marmarudeckux nopoz Kysb6acca. 64°

Cubunpckas
nnargopma

xpebramu KysHenkoro Anaray, ¢ rora —
T'opnoii lllopuw, CIIOXKEHHBIMH NTPEUMY-
IIECTBCHHO ITaJICO30UCKUMH ITOPOAAMHU
(puc. 2).

B crpoennn Kysuerkoro 6acceid-
Ha JOMHHHUPYET MO3IHENaNe030HicKas
KOHTHHEHTAJbHAS YIIICHOCHAs Mojacca
C BO3pPAacTOM OT CEPITyXOBCKOTO BEKa 10
rno3aHei nepmu. B nienTpanbHOM yactu 1
OacceiiHa OHa COIIACHO MEPEKPBLIBACT £ ;
HOJCTUIIAIONINE TEPPUTEHHO-KapOOHAT- 03. banxaliges ~1 \\

3 PP Ny 3 Mo N

Hble (haluy BU3EHCKOro Bo3pacTa, a Ha f g Hr?.anK o 3aBamkanse
nepudepun, ¢ pasMbIBOM U [IEPEPHIBOM o= é l »
r N

B 0CAJIKOHAKOIUICHHH, MOJIACCA TIOICTH- i
JAeTCS IPEUMYIIICCTBEHHO KapOOHATHBI-

MU 00pa30BaHISIMU C BO3PACTOM OT Bep- L : Wl Bl [O]s

XHETO JICBOHA JI0 CEPITyXOBCKOTO BEKA.

Mes3o30lickre OTIOKEHUS 00pa3yIoT CEpPHI0 BIAJIMH, HAJIOKEHHBIX Ha mopokl Ky3Herkoro OacceitHa, u
BKJTIOYAIOT TPHACOBBIE W IOPCKHUE CTPYKTYPHO-BEIICCTBEHHBIC KOMIUIEKCHI. FOpcKue OTIOKEHNS HICHTU(DHIIN-
PYIOTCS Kak yrieHOcHas Monacca. OHM OTJCNCHBI OT HIYKE- U BBIIICICKAIINX 00pa30BaHUH MPOJOIKUTEIBHBI-
MU TIepephIBAMU B OCAIKOHAKOIUICHUH M CTPYKTYPHBIMH HecornacusMu. FOpckue ocaiouHbIe TOPOJIbI CIIararoT
Hoponunckyto, Llentpansno-Kysoacckyto (UycoButuHckas u bynraparnckas mynbsisl) u [Tonobaccko-TyTysic-
ckyto (Tytysicckas u IlogoGacckast Mysb/ibl) BIQAUHBL, a TAK)KE HECKOJIBKO 00JIee MEJTKUX BIAIUH (CM. pHC. 2).

[To nannbiM [Kyprurewes u ap., 2008; JlaBpenos u ap., 2008a,0], Tpuac nmpeacrasieH TparmnoBOl Tpaxu-
6azanpToBoii (hopmarerd CaaThIMAKOBCKOH MaIeOBYIKAHUIECKON CTPYKTYpPhL. TpHAacOBBIC OTIOKEHHUS C TIepe-
pPBIBAMH B OCAJIKOHAKOIUICHUU (KOPBI BEIBETPHUBAHMS) MEPEKPHIBAIOT IMOJCTUIIAIONINE YIIICHOCHBIC OTIIOKCHUS
MO3THETO T1aJIc030s1 B ICHTPAIBHOM M BOCTOUHOI yacTsx KysHerkoro 6acceifHa u BMecTe ¢ IOpCKOil Mollaccoi
YYaCTBYIOT B CTPOCHUH ByHraparckoil MymbIbl.

[posiBnenns 6azuToBoro Marmari3ma B Ky3Herkom OacceifHe M, Kak ero 9acTo Ha3bIBAIOT, TPAIITIOBON
¢dopmarnmu Kysoacca [Ycos, 1937; Kyronun, 1963] pacronioxkeHbl MKy apeaiaMu pa3BuTHs TparmoB Cuonp-
ckoii TaTGopmbl, cHOPMUPOBAHHBIMH Ha T'paHUIC NMEPMH—TpHUAca B KOPOTKH TEpuoJ]] BpeMeHH 252—
248 M= net [ AnbMmyxamenoB u ap., 1999a,6; Buslov et al., 2007; Reichow et al., 2009], u ByJkaHOT€HHO-0OCa-
JIOYHBIMHU 00pa30BaHUSAME MOHTOJIBCKO-3a0aliKaIbCKOM MarmaTnyeckoit odnactu [ Apmontok u ap., 1999, 2002;
SApmontok, KoBanenko, 2003; Bopon1os u ap., 2007] Mme3030iickoro Bo3pacta (cM. puc. 1).

Marmaruueckue mnopoab! Kysbacca OOBIYHO COMOCTABISIIOTCS € IMO3JHENEPMCKO-PAHHETPHACOBBIMU
Tparnmamu, IUPOKO PacHpoCTpaHEeHHBIMU B ¢yHAaMeHTe 3amnagHo-CuOupckod miuThl U dexiie Cubupckoit
wiatdopmel [AnepmMyxamenoB u p., 1998, 1999a; Mensenes u ap., 2003; Reichow et al., 2005]. CoBmecTHO OHE
dopmupyrot Bocrouno-CHOUpCKyo TPaNoByYIO IPOBUHIINIO (CHOMPCKUE IIaT00a3a 6Tl B aHIIIOS3BIYHOMN JTH-
teparype) [Denopenko u np., 1984; Zolotukhin, AI’'mukhamedov, 1988; Hawkesworth et al., 1995; Fedorenko
et al., 1996; Venkatesan et al., 1997; Bacunbe u nip., 2008], kotopasi cautaercs: pe3yJabratoM mnpossieHust Cu-
oupckoro cynepruttoma [Jlooperos, 1997, 2005].

B pa6ote M. Peituoy ¢ coaropamu [Reichow et al., 2009] Ha ocHOBaHMH BBICOKOTOUHBIX “OAr/3?Ar n3o-
TOITHBIX JATUPOBOK OBLJI IOTIOJIHUTEIILHO 000CHOBAH JIOCTAaTOYHO KOPOTKHUit eproxn (250 + 2 mutH Jsiet) Gopmu-
POBaHMS BHYTPHKOHTHHEHTAIBHBIX IUTFOMOBBIX 0a3UTOB Ha OTPOMHOM TeppuTOpHH Ypaia, BocTouHoit u 3anan-
Hoit Cubupwm, B ToM umcie Kysbacca. Tem He MeHee TeOlIOTHUECKHE M TC€OXPOHOIOTHUCCKUE JAHHBIC TI0
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Puc. 2. 'eonornuyeckas cxema Kysdacca ¢ nposiBjieHusimu 6a3a,1bTOBOI0 MarmaTusma.

1 — ueTBEpPTUYHbIE PEUHbIE OTIOKEHMs; 2 — HUKHEMETIOBble—IIaJIEOreHOBBIE OTIIOXKEHNUS; 3, 4 — IOpCKas yIIeHOCHas Mojacca: 3 —
HIDKHECpEIHEIopcKas, 4 — HIKHEIOpCKast; 5, 6 — MO3[HEeNepMCKO?-CpeIHEeTpHAcoBbIe 00pa30BaHus: 5 — HepacuwIeHEHHbIE TyQoreH-
HO-0CaJI0YHBIE U MarMaruueckue, 6 — Ty(hOreHHO-0CaJouHble; 7/ — INepMCKas YIIICHOCHas Mojacca; § — HU)KHEBEpXHEKapOOHOBbBIE
YIICHOCHBIE OTIIOXKEHNS; 9 — Ianie030icKue 0caJoqHO-MeTaMOP(OreHHbIe U MarMaTuieckue 00pa3oBaHus (KeMOpHii—paHHUI KapOoH);
10 — cwIIBI CaNTHIMAKOBCKOTO KOMIUIEKCA, // — CUJUIBI U IaliKU CBIPKAIIEBCKOTO KOMIUIEKca; /2 — HaJaBUTH; /3 — NPEeUMYIIECTBEHHO
casuru. Yec — Yycosutunckas, bp — Bynrapanckas n Tt — TyTyscckas MysbabL.

MIPOSIBIICHUSIM TUTFOMOBOTO MarmarusMa Ha FOxxHoM Ypaie, BBIOTHSIOMUX ceputo rpadeHoB [ TyxukoBa, Kyp-
6exexoBa, 1973; lBanos, 1974], cBUAETENBCTBYIOT O HIMPOKOM HPOSIBIECHUH PaHHECPEAHETPUACOBBIX JIAB, CHII-
70B, Ty(oB U Ty(h(UTOB 6a3aILTOBOTO COCTABA.

OnHuM 13 Haubonee JUCKYCCHOHHBIX BOIIPOCOB B Marmaruueckoii reonoruu KysHenkoro 6acceiina siBms-
eTcs mpupoja 0a3albTOBbIX Tl — CyOByJIKaHMYecKas (CHIIOBasl) WM ByJAKaHUYECKasl (MOKPOBHAsI, MOTOKO-
Basi). B cBsA3M ¢ 3TUM 0COOYI0 Ba’KHOCTb UMEET BBICOKOTOUHOE ONpE/EIEHUE UX BO3pacTa U, KaKk CIeJCTBUE,
OLICHKA TPOJIODKUTEIIBHOCTH MarMaru3mMa. HakoHen, BaKHO BBIACHHTH, U3 KaKOTO/KaKMX THIIOB MaHTHHHBIX
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HCTOYHUKOB BBIMJIABIISUIMCH 0a3aJbTOBbIE MarMbl M €CTh JIM CBA3b MEXKJy HUMH U THIIAMU MaHTHHHBIX Marm,
c(hopMUpPOBABIINX IEPMOTPHACOBBIE TpaIIbl Ypana, Boctounoit u 3anagnoit Cubupu n Me3030ickue (penmy-
IIECTBCHHO TPUACOBBIC) BYIIKAHOT€HHO-0CAI0YHEIC 00pa3oBaHisi MOHIONbCKO-3a0aiikambCKoil 00IacTH.

Lenbto paboThI sIBIsETCS 00CYXkKIEHUE HOBBIX T€OXPOHOJOTHYECKUX U FEOXMMHUYECKHUX JTaHHBIX 110 KY3-
0accKum Tparram. B crarne 0OXapaKTEpHU30BaHbl B3aUMOOTHOMICHUSA MarMaTU4€CKUX W OCaJOYHBLIX IOPOA B
JUTOCTPATUTPaUUCCKOM paspese, JaHbl eTajdbHas XapaKTePUCTHKAa HEKOTOPHIX Hambojee MOCTYIMHBIX IS
M3yUYeHUs] MarMaTHYECKUX TeJl U 0COOCHHOCTH MX B3aUMOOTHOIIEHHH ¢ BMEIIAIONIMMHU TopoaaMu. Pacecmotpe-
HBI HOBBIE JaHHbIC O Bo3pacte (‘CAr/3°Ar w30TONMs) M TE€OXMMHUH IOJICPUTOB U 0a3aIbTOB CAITHIMAKOBCKOTO
rxoMmIutekca (Kapakanckuii u Keipraiickuit kapbepsbl, KepH CKBaXKHHBI BOIM3HM Hoc. OCMHOBKA) M KOMarMaTH4YHbIX
uM radopouioB ChIpKalIeBCKOro CUjlia, PaclojoKEeHHOro B OCHOBaHUU pa3pesa KysHerkoro OacceiiHa cpeau
BEPXHEMAIC030MCKUX MMopoa. B 3aBepmennn paboTsl 00CYKIArOTCS MOMOKEHNE TPAHUIIB TIEPMU M TpHaca B
cTparurpadudaeckoM pazpese Kysbacca, dammanbaas npupona 6a3aabTOBBIX Tel (ByIKaHHUECKAsl WIIH CyOBYII-
KaHW4ecKas), BO3pacT M CBs3b MarMatu3dma ¢ CHOMPCKUM CyHepIUIIOMOM, NpoOJIeMbl KPUCTaNIM3allHOHHON
JuddepeHuanuy 1 KOpOBOH KOHTAMHHAINN, CTEIICHN MAaHTHHHOTO TJIABJICHUS M TUITHI MAHTUIHBIX HUCTOYHU-
KOB 0a3aJbTOBBIX paciuiaBoB. OOCyKeHa TakKe BO3MOXKHAsL TeHETHUECKast U CTPYKTypHAas CBA3b NPOSBICHUS
MO3IHENIEPMOTPHACOBOTO TUTFOMOBOT0 MarmMaTu3ma B Kysbacce, FOxxnom Ypane, CeBepHoii Monronuu u ¢ynna-
MeHTe 3anaqHo-CUOUPCKOil MITUTHI.

I'EOJIOI'MYECKOE INOJOXXEHHUE BA3AJIBTOBBIX TEJI

OCOOEHHOCTH TEOIIOTHUECKOTO CTpoeHHs M crparurpadun KysHenkoro 6acceifHa XOpoOIIO H3y4YeHHI B
MPOIIecCe TEOJOTNIECKOT0 KapTHPOBAHMS, TEMAaTHICCKUX MCCICIOBAHNHN U AKCILTyaTallMOHHBIX pador [['eoro-
rus..., 1967, 1969; Cennep3on u np., 1971; boromazos u ap., 1996; BepOunxkas , 1996; Buslov et al., 2007,
Kypruremes u ap., 2008; JlaBpenos u np., 2008a,60]. Kparkoe 06o0mmenue npuBonutcs Hike. OCHOBaHKE CTpa-
turpaduaeckoro paspeza Kyzbacca cOCTaBIsIOT cpeaHEICBOHCKO-HIKHEKApOOHOBEIC KapOOHATHO-TEPPHUTCH-
Hble menbdosble daunu. [To nepudepun Gacceiina oHM 6€3 BUANMOIO HECOIACHS TTIEPEKPHIBAIOTCS YIIICHOCHON
MoJIaccoBoii (popmarueii BepxHero kapOoHa, MOIITHOCTh KOTopoit tocturaet 7000—8000 M (Tabm. 1, cMm. puc. 2).
B nenrpansHoit wactu Kysbacca, B paiione byHrapamnckoil MysibIpl Ha YIIIEHOCHBIX OTIOKEHHSIX COTIIACHO, HO
TaKKe C IEPePHIBOM B 0CaIKOHAKOIIICHHUH, 3JI€Tal0T BYJIKaHOT€HHO-0Ca/I04Hble 00pa3oBaHus aOMHCKOI ceprn
T, ,, BMemalomieil MarMaTudecKkue nopojibl Tpanmnosoii popmanun Kyszbacca (puc. 3). AGuHckas cepust u yrie-
HOCHBIC OTJIOXKEHISI C IIEPEPLIBOM M CTPYKTYPHBIM HECOITIACHEM IEPEKPHIBAIOTCS IOPCKOH YIIIEHOCHOW MoJIac-
coii (cm. puc. 2).

Tabnuna 1. Crparurpaguyeckas cxema Ky3Henkoro 6acceiina no 1aHHpIM
[Pemrenus..., 1982; JlaBpenos u ap., 2008a,0; Kypruremes u ap., 2008]
Ilepuon Cepust Iloncepus, cBura MomnocTb, M [TonoxxeHne 6a3anbTOBBIX TEI
Men Hennnckas cpura (K,—Pnn) 150
Hnekckas ceura (K;il) 500
Opa Tapba- | Tepciokckas cBuTa (J, ,tr) 200—450
ranckas, | OcunoBckas csuta (J0s) 0—450
I, Abamesckas csuTa (J,ab) 75—270
Pacnancxkas cura (J;rs) 180—460
Tpuac Abunc- | SImunckas ceura (T,iam) 100—700%*
kas, T, , | Cocuoscrkas cauta (T, ,s8) 200—625 CCC T T T
I
Mansuesckas cura (T, ml) 170—1000* |
Tlepmb Konpuy- | EpynakoBckas noacepus (P,er) 930—2130 |
THHCKA, | Ppunckas moncepus (P,il) 1250—2530
P, 10 370—650
Kysnenkas noacepus (P,kz) 180—1100 |
Bama- | Bepxue6amaxonckas nogcepust (P bly) 580—1160 I ——
XOHCKasl, 1o 170
Kap6on C—P | HikueGanaxonckas noncepus (C,—P,bl)) 300—1000
Octporckas noacepus (C3os) 200—600

I[Mpumeuanne. Cepblif NPIMOYTOIBEHHUK C BEPTHKAIBHOH MITPUXOBKOW — MpeJIoiaraeMasi rpaHuIa IMepMu—TpHaca ¢
Y4YETOM HOBBIX JaHHBIX MO BO3pacTy 0a3ajbTOBBIX CHJUIOB, YEPHBIC MPSMOYTOJIBHUKH — HOJIOKEHHE 0a3aIbTOBBIX CHILIOB (1 —
CripkameBckuii, 2 — KapakaHckuii) B paspese.

* Bruttoyast m1acToBble 0a3aibThl.
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Puc. 3. I'eostoruveckasi cxema ByHFapal’lCKOﬁ MYJb/AbI U MOJOKCHUE U3YYCHHBIX 06pa3u03 0a3aJ1bTOB.

1 — deTBepTUYHBIC AJUIIOBUAJBHBIEC OTIOXKEHUS; 2 — IOpCKas YIICHOCHAs MOJAcca: a — HIDKHEIOPCKas, 6 — HIDKHECPEIHCIOPCKasi;
3 — BEpXHENEepMCKO?-CPEAHETPUACOBbIC TY(DOr€HHO-0CaJOuHbIe 00pa30BaHUsl AOUHCKON cepuH; 4 — HepacuIeHEHHbIC PAaHHECPEAHETPHU-
ACOBBIC MArMaTHYCCKUE H Ty(QOreHHO-0CaJOYHbIe 00pa30BaHus; 5 — IepMCKas YITIEHOCHAs MOJIacca; 6 — PaHHEICBOHCKHUE BYJIKAHOICH-
HO-0CaJI0uHbIe 00pa30BaHusl; 7 — PaHHEOPJOBUKCKHE BYJIKAHOTCHHO-0CaI04HbIe 00pa30BaHus; § — paHHENane030iCKNil aKKPEIHOHHBIN
KOMIUIEKC (O(HOIHUTBI, aJEO00KEaHNUECKHE OCTPOBA, OJIMCTOCTPOMBI); 9 — IO3HENEPMCKO?-paHHETPUACOBBIC CHILIBI, /() — mpeumy-
LIECTBEHHO CABUIH; /] — TOoukM 0TOOpa npod 1 3HaYeHUst abCOMOTHOrO Bo3pacTa (MiH jaet): 1 — 22 (kapbep Kapakanckwuit); 2 — S4.1
(xapwep Ilnanepnsiit); 3 — K-04-5-5, S15.2 (xapwep Keipraiickuii); 4 — Kp-13, FGS-8 (paiion n. OcunoBka); 5 — K-04-3-4/2 , S10.1
(yrec babuii Kamens); 6 — 28 (oOHaxeHue B ycTbe pyd. borumit).

Crparotun aOWHCKON Cepuu, MPEICTABICHHONW YepeIOBaHHEM OCaI0UHBIX M Ty(POreHHO-0CaI0YHbIX T10-
pox, HaxoauTcs Ha p. ToMb B paiione yreca baduit Kamens (cm. puc. 3). MakcumanbHas MOITHOCTh CEPUU Ha-
OmrofaeTcs B CeBEpO-BOCTOUHON YaCTH BIIAUHBI, TI¢ OHA 0 AaHHBIM OypeHus gocturaet 2000 m. K rory u 3a-
najgy MOIIHOCTh ee yMmeHblnaercs 10 700—800 M Ha pacCTOSIHUU B HECKOJBKO AECATKOB KWJIOMETpoB. B
COCTaBE CEpUHU IIUPOKO PA3BUTHI TY(HONECUAHUKU U Ty(HhOaTEBPOIUTHI, MEHEE XapAKTEPHBI MEIIOBbIE TY(H(UTHI,
Ty(bl, MEeCUaHUKH, AleBPOIUTHI U KOHIIoMeparsl. CojepaaHue MUPOKIACTUYECKOr0 Marepuana B MOpOoAax
yOBIBaCT CHU3Y BBEpPX B pa3pe3ax H B IOr0-3allaJHOM HAIMPABICHUU IO JIATEPAIH OT CEBEPO-BOCTOUHON YacTH
Bynraparickoit MyabIel. AOHHCKast Cepusl pacuIeHeHa Ha MAaNIBIIEBCKYIO, COCHOBCKYIO M SIMHHCKYIO CBUTHI (CM.
Tabm. 1).

Maabuesckas ceuta (T,ml) npencrapnena HkHeH ocano4Hol 1 BepxHel Ty()oreHHO-0Cag04HOM Hay-
Kamu. HmKHSI — clokeHa 3eIeHOBaTO-CePhIMU TEPPUTESHHBIME TIOPOJAMH C TIPOCIOSIMH KOHITIOMEPaToB, (hop-
MHUPYIOIIMMH JIMH3000pa3HbIe T MaxeopyCIOBBIX OTIOKEHIH MOIIHOCTEIO 10 20 M. B mpaBom 6opty p. Tomb
BBIIIIC TIO TeUEHHIO OT yTeca babuii KameHs MabIieBCKas CBUTA 3ajeracT Ha BEPXHEIEPMCKUX YIIICHOCHBIX OTJIO-
JKeHUsIX 0€3 BHJIMMOTO HECOmTacHsl. YCIOBHAs IPaHHIIA IPOBOIUTCS HA PACCTOSHUHM 4—5 M OT caMOro BEPXHEro
YTOJILHOTO TIIacTa. BepxHsis mauka HanOouiee MOJIHO oXapaKTepu30BaHa M0 JaHHBIM OypeHHUs B CEBEPO-BOCTOU-
HOM OopTy ByHraparckoii MynbJibl, e UMeeT MOIIHOCTH 10 300—500 M, BHIKITMHUBASACH B FOT0-3aMalHOM Ha-
npasieHUH. OHa COCTOUT U3 OTAENBHBIX Ty(DONECUaHUKOBBIX IJIACTOB, KOTOPBIMU pa3JiesIeHbl CeMb 0a3aIbTo-
BBIX TEJl pa3HOIl MOIIHOCTU — OT HEPBBIX METPOB JI0 HECKOIBKHX JIECITKOB METPOB (MAKCUMaJbHAS MOLIHOCTb
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6a3zanbroBoro Tena cocrarugeT 103 M). MOIHOCTh OTIAOKEHUI MaJIbIIEBCKOIl CBUTHI B CEBEpHOM O0OpTy byHra-
parickoii Mynbabl koneonetcs B peaenax 400—1000 M, B roxxHOM — 320—400 M. MakcuMasbHast MOIIHOCTb
CBUTHI BhIsIBIIEHA B Oacceiine p. byHrapan B 4 KM OT ycThs, I/Ie€ OTMEUAIOTCS TaK)Ke ¥ BBICOKUE 3HAYCHHS TOJIA
cuitel TshkectH [JlaBpeHoB u ap., 2008a,0]. PanHEeTpHacoBbIif BO3pacT TY(POreHHO-0CaT0YHO CBUTHI 000CHOBAH
HaXOIKaMH OCTAaTKOB HACEKOMBIX, PACTEHHIA, OCTPAKOJ M CIIOPOBOTO KOMILIIEKCA.

CocHoBckas cuta (T, ,88) HauMHAeTCA U 3aKaHYUBAETCS Ty(DOTeHHO-0Ca104UHBIMY IIAUKaMH 1 XapaKTe-
pHU3yeTCsl pPUTMHUYHEBIM CTpoeHHeM. B pa3ubix paspe3ax HacuuThiBaeTcs ot 10 10 16 puTMOB, B Ka)KIOM U3 KOTO-
PBIX YEPEAYIOTCS CJIOM MECTPOIBETHBIX TEPPUTEHHBIX W OCAJO0YHBIX ITOPOX C IEONNTH3UPOBAHHBIMHU TY(aMH.
MomHoCcTb citoeB u3MeHsieTcs ot 1 o 10 M, penko 1o 20—50 M. [To MuHEpatoro-rerporpapuueckoMy COCTaBy
MOPOJIbl AHAIOTUYHBI TY(PaM MaJIbIIEBCKOI CBUTHI. B Ty(OreHHBIX MOpoaax 4acTo BCTPEUaeTCsi CKOPITyIOBaTO-
ctepuueckasi OTACIBHOCTh U IIMPOKO PACTIPOCTPAHECHBI L[CONUTHI, 3aMEINAroIue OOJOMKH BYIKAaHUYECKOTO
cTeKIa 1 0a3albHBbINA IIeMeHT. B cTpaToTunuyeckom paspese (ceBepHee yreca baduit KameHb) MOITHOCTH CBUTHI
cocTraBisieT 675 M; K 3alajly U Ha CEBep OHa Pe3Ko yMeHbInaeTcs. OTIoKEHUs cofepkaT ocTaTku (UIopsl U (a-
YHBI, KOMILJIEKC CIIOpP HMYKHETO TpHUaca U MEePEeXOJHON 30HbI OT HUKHETO K CpeAHEMY TpHAcy.

Smunckas cuta (T,;,,) umeer momuocTs B npenenax 100—700 M ¢ MakCHMasbHBIM 3HaYCHHEM B
paitone yreca babuit Kamenp u ceBepo-BocTouHOl yacTu byHraparckoii Bmagunsl. OHa moapasiensercs Ha
TyhoreHHy0 (MOMIHOCTHIO 10 200 M) U BBIIIETCIKANLYIO TEPPUTCHHYIO ITAuKH, 3aBEPIIAIOIINE pa3pe3 TPHACO-
BEIX omokeHni Ky36acca. CBuTa OTIIMUACTCS SPKO BBHIPAKEHHOH ITECTPOIBETHOCTHIO, O0JIee 3aMEeTHBIM ydac-
THEM TPyO00OIOMOYHEIX ITOPOJ, TOHMKEHHBIM COZIEpKaHNEM TTHPOKIACTHKY M IPOAYKTOB €€ [EONUTH3anui. B
I0T0-3aI1aTHOM HaIlpaBICHUH CBHUTA PE3KO BBHIKIMHHUBAETCS, TAaK )K€ KaK M COCHOBCKas. K HIDKHeEH madxe 1mo
p. Tomb B ro’)kHOM OOpTY ByHraparckoi MyibIbl IPUYPOUYESHBI J[BA TOKPOBA 0a3aJIbTOB MOIITHOCTHIO OKOJIO 20 M,
pa3eneHHbIX MAIOMOIIHBIM (10 1.5 M) nmpocnoeM TydoaneBponnToB. OOmIast MOIHOCT MAYKX KOJIEOIETCS OT
4.5 no 60 M u nuuIb o mpasomy 6opTty p. Huk. Tepews nocturaer 200 M 3a c4eT yBeIMYCHNS MOIITHOCTH 0a3alib-
TOBBIX TelI. Bo3pacT CBUTHI OIpeAemsieTCs] Kak CPeHETPHACOBBIH MO MONOKEHUIO B pa3pese.

AOUWHCKas cepus C IEPEepbIBOM M PErHOHAIBHBIM HECOITIACHEM MEPEKPBIBACTCS OTIOKEHUSIMH TapOaraH-
cKkoii cepuu (J,_,) MomHocTbIO 10 1500 M. ITocnenuss caokeHa YepeayoLUMICs KOHITIOMepaTaMu, NeECYaH -
KaMU, aJIeBPOJIUTAMU, CJIararolliie MHOTOUHCIICHHBIE M1aJe0PyCIIOBbIE TeNla U YIIUCTHIMU aprUITUTaMU, [1acTa-
MU KaMCHHBIX W OypbIX yried. OTIOKEHHS XapaKTepU3YIOTCS (alualbHOW H3MEHUYHMBOCTHIO M COICpIKAT
OOMITBHBIC OCTATKH (DayHbI, (LIIOPHI M MATMHOJIOTHYSCKUE KOMIUICKCHI HIDKHEH U CPeIHEH FOpHI.

dopmupoBaHue FOPCKUX OTIOkKeHNH Ky306acca mporcxoamio B eIHHON maneoreorpaduieckoit 00CTaHoB-
Ke ¢ FOpCKUMH OTIOKeHUs MU KaHcko-AuuHckoro 6acceitHa. OHa npencTaBiisiia COO0H OOMUPHBIN MPETOPHBIH
poruod, B KOTOPBIN aJUTFOBHATILHBIN MaTepHall OCTABIISUIICS C FOTO-BOCTOKA, ¢ MOHT010-OX0TCKOT0 OoporeHa [Le
Heron et al., 2008]. bazansroBblie Tena B npenenax Kyzbacca oOHapykeHBI Ha JIByX CTpaTHrpauyecKux ypoB-
Hiax: 1) cpean BepXHEKapOOHOBBIX M HIDKHETIEPMCKUX OTJIIOKCHHN B BHJC JOJCPUT-TAOOPOBBIX CHILIOB (CM.
Tabmn. 1); 2) cpeau Ty(hOreHHO-0CaI0uHbIX OTIOKEHUH MaIbLIEBCKON M AIMUHCKON CBUT T , B BUJIE HECKOJIBKUX
0a3aIbTOBBIX Tel, (paruanbHas IPUPOA HOCIECAHUX AUCKYTUPYETCSL.

HwxHuii ypoBeHb MpecTaBiieH (CM. puc. 2) CUILIaMH U Jaiikamu rabopo, rabopoaoiaepuToB, 10JIEPUTOB
Y MOHIIOIMOPUTOB CHIPKAILLIEBCKOTO KOMIUIEKCA, UX MHTPY3UBHAsI IPUPO/A HE BI3bIBAeT coMHeHus [KyTonuH,
1963]. Cumubl 3Toro komiuiekca (CripkaiieBckuid, Maiizacckuii 1 MakapbeBCKUI) PacioIOKeHbI K F0r0-BOCTO-
Ky OT byHrapanckoif Myiib/IbI U IPOCIICKUBAIOTCS Ha IECATKH KIJIOMETPOB IT0 MPOCTHPAHUIO (CM. puc. 2). Mo-
HocTH ux nocturaroT 100—130 m. B acconmanum ¢ HUMH yCTaHOBJIEHBI KPYTOTIAIAI0IINE TalKH CeBEpO-3araji-
HOTO TIpoCTHpaHWs. Ha KOHTakTe ¢ WHTPY3WSIMH BMEIIAIOIINE ITOPOABI YIUIOTHEHBI, CEPHINTH3MPOBAHEI,
OMOTHUTH3aIMPOBAHBI U AMHUIOTH3UPOBaHEL. Ha reororndecknx KapTrax BHIHA CIOKHAs (opMa CHIIOB corvac-
Hasl ¢ TIPOCTHPAHUEM BMEIIAIOIINX TTO3AHEKapOOHOBO-TIEPMCKIX OTIIOKEHHUH (CM. pHC. 2).

Bepxumit ypoBeHb IpeiCTaBiICH IUIACTOBRIMH TelIaMH 0a3ajbTOB M THAJIONOJICPHTOB CANTHIMAKOBCKOTO
xomruiekca [Fedoseev, 2004]. Onn oOHa)karoTCsl MOBCEMECTHO O oOpamiieHnI0 byHraparckoii BmaauHs! (CM.
puc. 2, 3), 06pa3yroT XOpOIIO BEIPaKCHHBIE B penbede TPAabl U PACIONAraloTcs CPEeaH OTIOKCHNN MaJbIeBC-
KO U IMUHCKOH CBUT. Tena ciaboanCIONUpOBaHbI, UX BUAUMAS MOITHOCTh MEHSETCS OT MEPBBIX JACCATKOB JI0
coTeH MeTpoB. HukHee 6a3ansToBOE TEN0, Ha3BaHHOE HaMU KapakaHCKUM CHJUIOM, IPUYPOYEHO K OCHOBAHHIO
ManbLeBckoit cBuThl T,ml n BckpbiTo B Kapakanckom, Ilnanepnom u Ksipraiickom kapbepax, rie 1 ObUI0 H3yde-
HO Hauboee aeTtanbHo (Tabm. 2, cM. puc. 3). Kpome toro, BOmu3u noc. OCMHOBKA MO KEPHY CKBayKUHBI UCCIIE-
JIOBAHO IIACTOBOE TENIO 0a3aJbTOB, IPUPOIA U CTPATUTPa(UIECKOE ITOJI0KEHIE KOTOPOTO HE BIIOJIHE SICHEIL.

Kapakanckuii kappep HAXOIUTCS B 5 KM K C€Bepy OT OJHOMMEHHOTO TIOCEIIKa, Ha TIIABCHCTBYIOIICH MMOKa
BepmnHe Kapakanckoro xpedta v B 1.5 KM Ha ceBepo-3armaji oT kapbepa [LnanepHsiii (cM. puc. 3). OH BCKpbIBa-
eT UEHTPATBHYIO U HIDKHIOIO YacTH 0a3aJbTOBOTO TeJa, BUAMMAs MOIIHOCTE ITOCIIETHETO COCTABISIET HE MCHEE
50 m. IIpeobagaroT MacCUBHEIEC OJIEPHUTHI, KOTOPBIE TIPH MPHOIIHKEHUN K MOAOIIBE TIOCTETICHHO TTEPEXOIST B
AQHAME3WTHI ¥ TUIIMYHBIE 0a3ab6Tel. MecTaMu MoCIeIHIe TPHOOPETaloT MUHAAJICKAMCHHYIO TEKCTYPY H IIapo-
00pa3HyI0 OTACIBHOCTh. DTH MPU3HAKH B COYCTAHUN CO CTOJIIOYATHIM CTPOCHUEM BIIOJIHE MOTYT CITy>KHTh OCHO-
BaHMEM JUI OTHECEHUs 0a3ayibToB K 3P dy3uBHEIM (anusam. [HIupokuM pacmpocTpaHEeHHEM B Kapbepe TaKKe
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TaGnuna 2. YAr/¥Ar 1aTHPOBKH U reoXuMHYecKas uzydeHHocTh MadutoB Ky3uenkoro 6acceiina
T'eoxpononoru- | [eoxumuueckue
Koopnunatst .
Ne Ne oGpasiza I'eorpaguueckoe Tun | Bmemaromas | Marmatudeckue | 4eCKHil BO3pacT, JIaHHbIC
wo | 0P MOJIOKEHUE HOPOJIBI TOJNIIA Tena MIIH JIeT,
C.IL B MaTepHan 1103 P3
1 27 54°21" | 087°07" |YcTbe pyd. berumit Joneput [ManbueBckas | CanTbIMaKOBCKOE H.x. H.x.
2 28 54°40" | 087°10" |2 KM HUXKE YCThs » centa, Tyml |nnacroobpaskoe » + »
pyy. borunit TEJIO0, IIEHTP.
4acTh
3 22 54°15' |087°06" |Kapakanckuii kapbep | bazanst » Kapaxkanckuit » + »
cw (3anaaHas
4acTh)
4 Kp-25 | 54°24" | 086°52" ([1nanepHslii kapbep » » » 250.3+0.7, H.n.
5 S4.1 TUIaruoKI1a3 4 4
6 | K-04-34/1 | 54°22' [087°32" |Vrec baouii Kamenn, » » Kapakanckuii H.n. + H.xo.
7 | K-04-34/2 p. Toms, 11 kM HuXKE » CHJLI » + »
noc. Ycre-Hapeik (BocTouHasK
8 S10.1 » 4acTh) » + +
9 K-04-55 | 54°15' |087°06" |KbIpraiickuii kapbep » » Keipraiickoe » + H.n.
10 S15.2 » IUIACTOBOE TEJIO » + +
11 FGS-8 54°19" | 087°25" |2 kM 10)KHEe » » OCHHOBCKOE 250.7+£ 0.6, H.n. H.n.
noc. OcuHOBKa, IIACTOBOE TEJIO TUIaruoKI1a3
12 Kp-13 BBICOTA C OTMETKOM Hoo 4
P 441 m (obpa3zen u3 ” A ”
KepHa)
13 FGS-1 | 53°34' |087°47" |Jles.6eper p. Mpaccy, | ['a066po |banaxonckas |CeipkaiieBcKuit 252.2+0.5, » H.n.
noc. Tarapka cepus, CHILIT onoTuT
__p2
14| FGS-5 |53°39'|088°01' |Kpacuoropckuii y  |Casbl—P2bL 2523406, | » »
Kapbep ouoTUT

I[Ipumeuanne. Ar-Ar Bo3pacTsl 00pa3IoB MOIy4YeHB! B MaccadyCeTCKOM HHCTHTYTe TexHoioruil [Reichow et al., 2009].
10D — moponooOpasyromuye 31eMeHThl, PO — peakue 31eMeHThl, BKIoYas peakue 3emian; H.o. — HeT TaHHBIX.

MIOJTB3YIOTCSI 30HBI MOIITHOCTBIO JIO TIEPBBIX METPOB, HACHIIICHHBIC MIHJATHHAMY OIlalia, XallleIoHa U KBapIia.
OpnHako Kapbep He BCKPBIBACT HU BEPXHETO, HU HIDKHETO KOHTAKTOB, TOTOMY PEIICHUE BOIIPOca 00 HHTPY3HUB-
HOU wiH 3P Qy3UBHON pUpoe 6a3aIbTOB OCTACTCS OTKPHITHIM.

B Ilimaneprom kapwepe (800 M Ha ceBepo-BocTOK 0T KapakaHCKOTO MO MPOCTHPAHUIO TOJIIIH BIOJIb OCE-
BOM YacTH OIHOMMEHHOTO Xpe0Ta) MOKHO HaONroaTh HIDKHUE KOHTAaKT 0a3ajbTOBOTO IUIACTOBOTO Tena. B
CTEHKE MPOTSHKEHHOCTHIO 15 M 1 BBICOTOM 3—4 M OTYETIMBO MPOCIEKNUBACTCS CPABHUTEIILHO POBHAS TTOBEPX-
HOCTh KOHTaKTa (puc. 4, a). XapakTepHOW 0COOCHHOCTHIO 0a3aJIbTOB B IPUKOHTAKTOBOM YaCTH SIBISCTCS MPaK-
TUYCCKHU MMOJIHOC OTCYTCTBUE MUHAAJICKAMCHHBIX TCKCTYP U BUAUMBIX IIPU3HAKOB Ira300TACJICHU. BMCH_[aI-OH_lI/Ie
MOopoAbl HE HECYT NPU3HAKOB BBICOKOTEMIICPATYPHOI'O BO3HeﬁCTBHH CO CTOPOHBI 6aSaJ'II>TOB, TUIIXYHOT'O JJIsA
UHTPY3UBHBIX Tell. C APYTroil CTOPOHBI, HET TaKXKe U CJIEOB JMHAMUKH [IEPEMEIICHHUS paciljiaBa, CBOWCTBEHHBIX
JIABOBBIM ITOTOKAM.

B Keipraiickom kapbepe, pacrioyioKeHHOM B 15 KM Ha 10ro-BocTok ot Ilnanepnoro (cM. puc. 3), BCKpBITO
IUIACTOBOE TEIIO0 MOIIHOCTBIO OKOMIO 15—20 M. OHO sBJIsIETCS, 110 BCeH BHIMMOCTH, 9acThio Kapakanckoro. B
JAHHOM Kaphepe WHTPY3UBHASI TPpUpoaa 6a3abToOB MPOSBISIETCS ¢ HANOOIBIIEH yOeTUTeTbHOCTRIO, YTO MTO3BO-
JSIET B TabHEHIIIeM BOCIIONB30BaThCSl TEPMUHOM CHIDT. BMeInaroruie mopobl mpeAcTaBIeHbl Pa3HOIBETHRIMH
MeCYaHNKAMH, aJIEBPOJINTAMU U JINH3aMH KOHITIOMEpATOB. B 3amagHBIX CTEHKaX Kaphepa OOHaKEH BEpXHUI
KOHTaKT 0a3aJbTOBOTO TeJIa, BEIIIIE KOTOPOTO HAa BCEM MPOTSLKEHHUH TPOCIIEKUBACTCS MaJIOMOIIIHBIN CIIOH cepo-
I[BETHBIX AJIEBPOTIECYAHUKOB C KapOOHATHO-TIIMHUCTHIM [IEeMEHTOM. KOHTaKTOBast HOBEPXHOCTh XapaKTepH3yeT-
Cs MHOTOUHMCIICHHBIMHU BBICTYIIaMHU 0a3alIbTOB B COUYCTAHHUH C «KapMaHaMW» alleBPOTICCUaHUKOB (CM. puc. 4, 0).
O,Z[HaKO BerHI/Iﬁ KOHTAaKT 3TOT'0 CJIOSA CPABHUTCIIBHO pOBHLIﬁ, YTO MO3BOJIACT TOBOPUTH O TIOBCEMECTHOM II€PE-
TEeKaHUHM KapOoHAT-aJeBpONUT-IIECYAaHUKOBOTO MaTepuaia. Pe3koe n3MeHeHHne MOIIHOCTH CJI0sS alieBporecya-
HUKOB TIPOMCXOUT O] TOPU30HTOM KPAaCHOBATO-CEPbhIX MIECUaHMKOB, KOTOPBIN MOYTH HE 1e(hOPMUPOBAH: OH HE
MEHSIET CBOCH MOIIIHOCTH H JIUIIb MECTaMH OCJIOKHEH MEJIKHMU CIIBUTAMH U CKJIaIKaMH BOJOUCHHUs. Brrerne-
JKalllie CJIOM UMEIOT B OCHOBHOM MOHOKJIMHAJIbHOE 3ajieraHue. bazaiabThl He OKa3bIBalOT 3aMETHOTO TEMJIOBOTO
BO3IICHCTBUS Ha TIACTU(UINPOBAHHBIC TIECYAHUKN HU B BEPXHEM, HU B HIDKHEM JK30KOHTaKTax; He HaOmona-
eTCs U TOYCePHUX JdacK. MUHIaIeKaMeHHBIC TEKCTYPHI B 0a3aibraX MPaKTHICCKH OTCYTCTBYIOT.
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Puc. 4. ®oTorpadpuu KOHTAKTOB MJIACTOBBIX
Tell.

a — umxkHui KoHTakT Kapakanckoro cuia (kapbep [lna-
HepHbIi): / —06a3anbThl, 2 — Tadka MepecIanBaoIINXCs
MECTPOLBETHBIX MMECYAHHKOB U aJICBPOJIHUTOB; 6 — BEpPX-
Huit kontakt Keipraiickoro tena (kapbep Koipraiickmuii):
1 — KpacHOLBETHBIH CPEIHE3epPHUCTHIH NecYaHuk, 2 —
Cepblii alIeBpONeCYaHuK ¢ KapOOHATHO-IJIMHUCTHIM LIEMEH-
TOM, 3 — 0a3ajbThL.

B npaBobepexnbe p. ToMb MarMaTuieckue
MOPOIBI OOHAXKAIOTCSI B yTECE, M3BECTHOM Kak
babuit Kamens. OcoOeHHOCTRIO 0a3abTOB SIB-
JsieTcsl Kompyarasi OTIeNbHOCTh. [lagenue Bme-
HIAIOIINX TIOPOJ ceBepHoe 1o yriiom 20—25°.
Hu BepxHero, HU HIKHETO KOHTAKTOB B €CTECT-
BEHHBIX OOHaXEHUSX He HaOmromaercs. B He-
CKOJILKAX METpax OT MPEANoIaraeMoro HIKHE-
ro KOHTaKTa OOHAaXKAeTCs TOJINA YINICHOCHBIX
MECYAHUKOB, OTHOCSIIUXCS yXKE K YIJICHOCHBIM
OTJIOXKEHUSM epyHAKOBCKOM moacepuu Pyer (cm.
Taom. 1).

J7151 Te0XPOHOIOTUYECKUX H TEOXUMUIEC-
KHX HCCJIEOBaHUN OBLTH OTOOpaHBI OOpa3IIbI
Kapakanckoro cmina u3 kapsepoB [Inaneprsrii n
Keipraiickuii, a Takkxe 0azanpThl yreca baOwuii
Kamenb (cm. puc. 3). Kpome Ttoro, wmsydaics
KEpH CKBaXHHBI, IPOOypeHHOH y TIoc. OCHHOB-
Ka. B ceBepHoii yactu ByHraparckoii Mynbab1 006pa3isl 0a3aasToB 0TOOPaHbI U3 YCThS pyd. beranit (cm. puc. 3).
3a ee npenenamu natupoBal ChIPKANMICBCKUN CHILI, PACIIONOKEHHBIH HA HIDKHEM CTpaTurpaduIeckoM ypoBHE
Cpeay BepXHEenaleo30MCKUX mopo (CM. puc. 2).

HETPOI'PA®UA IIOPO/

[TnacToBble Tena CaaTHIMAKOBCKOTO KOMILIEKCA MPEACTABICHbI CKPBITO-, MEJIKO- U CPEJHE3EPHUCTHIMU
JoepuTaMu 1 0a3anbTaMy, COCTOSIIMU U3 IJIATHOKIa3a, MOHOKIMHHOTO MTUPOKCEHA M CTEKIa. B meHTpas-
HBIX 9aCTSIX TEJI OTMEYAIOTCSI OTHOCHTENIFHO 00Jiee KPyIHbIE BKPAIUICHHUKY ITUPOKCEHA C BKIFOUCHUSIMHE JEHCT
TUTaTHOKIIa3a M MEPEeXObl K MOWKMIOO(UTOBEIM CTPYKTypaM. BOMU3M KOHTAaKTOB, HAIPOTHB, yBEIHIHBACTCS
KOJIMYIECTBO CTEKJIA, ¥ TOPOIBI MPHOOPETAIOT MIIOTAKCUTOBYIO U THATMHOBYIO CTPYKTYPHBI, IIPHOJIKAsICH K TH-
arononepuraM u 0a3anbraM. MUKpOCKOIMMYECKIEe MUHIAINHBI TIPEICTABICHBI CpepHICCKIM U HHTEPCepTallb-
HBIM THITaMH, 3aIOJTHAIOTCS arperaroM, MMEIONIM paJiajibHOe WM 30HAJIBHOE CTPOeHUE. B HEeKOTOPBIX 3H-
JTIOKOHTAKTOBBIX Y9acTKaX OTMEYAIOTCs JIMHEHHO BBITAHYTHIE 000COONCHMS MHUHIAIMH pa3MepoM 1—2 cm,
BBITIOJIHEHHBIX XaJIIIEZIOHOM, KBapleM U neonutamu. Hanbonee kpymnusie u3 Hux (10 15—20 cM B nonepedHu-
Ke) BCTpeueHbI B JieBoOepexbe p. ToMb (BbIlIe TOC. AJKEHAapOBO). AKLECCOPHbIE MHHEPAIIbl TIPECTaBICHBI
TOHKOJIUCIIEPCHBIM MarHeTUTOM, PeXKe WIBMEHUTOM W PYTHUJIOM, BTOPHYHBIE — abOUTOM, KapOOHATOM, DITH-
JIOT-IIOM3UTOM, JICHKOKCEHOM M IICOJMTaMHU. B CKPBITOKPUCTAIIMYECKUX PA3HOCTSAX MHKPOJHMTHI M MEJKHE
BKpAIUICHHUKH OCHOBHOTO TUIArMOKJIa3a U 3epeH MOHOKIMHHOTO nmupokceHa (110 30 %) morpyKeHsl B CTEKIIO,
KOTOPOE YaCTUYIHO WJIN ITOJTHOCTHIO 3aMEIICHO MagaroHuToM. OTIHYUTEFHOI 0COOCHHOCTBIO TOJICPUTOB SIBIISI-
©TCsI HU3Kasl CTETICHb PACKPHCTAILIM3ALNI 1 MOHOTOHHBIN OOJHK.

BazansTer KapakaHCKoTo CHILTAa COCTOSIT IPEHMMYIIIECTBEHHO U3 YEPHBIX TIarHONOPPHUPOBBIX, pexe au-
POBBIX Pa3HOBHIHOCTECH. DHIOKOHTAKTOBBIC 30HBI CJIOKCHBI CTEKJIOBATHIMHU ITOPOAaMH ¢ 00MIEHBIMH (110 50 %)
MUHTaIuHaMH (5—20 MM B AnaMeTpe), BEITOITHEHHBIMH XJIOPHTOM, IIEOJTUTOM, KaTBIIUTOM, OMAJIOM, XaJIIe0-
HOM U KBapIieM. BHyTpenHue yacTy cuiuia 6ojiee pacKpHCTAITM30BaHbI, XapaKTEPU3YIOTCS ITMPOKHM Pa3BHTH-
€M MHKPOJIOJIEPUTOBBIX ¥ TIOMKHIIOO(HUTOBBIX CTPYKTYP. BKparuieHHHKH MpecTaBIeHbl OCHOBHBIM IIArHOKIIa-
30M, NMKOHUTOM u aBrutoM (o 25—30 %), pexxe — UHTEHCHBHO HpeoOpa30BaHHBIM OIMBHUHOM.
CnabousmenenHoe npo3paunoe crekiio (10—15 %), nmeroriee KOPUUHEBYIO, C CEPBIM OTTEHKOM, OKPACKY, CO-
JICPKUT JISHCTBI TUIaruoKIIa3a, MUKPOIUTHI IIMPOKCEHa, MIBMEHUTA U THTAHOMarHeTHTa.

Tyds! 1 TyGPUTEI COCTOAT U3 aJTEBPUTOBBIX, PEKE IICAMMHUTOBBIX 00J10MKOB [JIaBpeHoB u ap., 2008a,6],
MIPE/ICTaBICHHBIX 0a3aJIbTOBBIM CTEKIIOM, IIArHOKIa30M, KaJUEBBIM IOJIEBBIM IIIIATOM, KBapIieM, THPOKCEHOM,
ruapocionaMi. L{eMeHT — TOpOoBBIii, XJIOPUT-LIEONHUT-KaIbIUTOBOTO COCTABA.
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METO/Ibl TEOXUMHWYECKHUX U TEOXPOHOJIOTMYECKUX UCCJIETOBAHUMI

J1s reOXMMHUYECKOTO M TeOXPOHOIOTHYECKOT0 N3yUeHHs 00pasiibl OO OB OTOOpaHbl U3 HAUMEHEee
Je(hOPMHUPOBAHHBIX U U3MEHEHHBIX TeJl ¢ MUHUMAJIbHBIM KOJTMYECTBOM MTPOKUIKOB U MUHJQJIWH. J{J1s1 reoXuMu-
YEeCKOTo aHaju3a o0paslibl HCTUPAIUCh B araTroBoi MenbHulle Tema. Ananusel 6a3anstoB (00p. S4.1, S10.1,
S15.2) nonyuensl B Yausepcutere Jleituectepa, BenukoOpuranus (tadun. 3). Konuenrpauuu nopoaoodpasyro-
MIAX U PEIKUX IEMCHTOB OMPEACIIUINCH METOIOM peHTreHodryopecienTHoro ananms3a (XRF) Ha crexax u
MPECCOBAHHBIX MOPOIIKOBEIX TabneTkax coorBeTcTBeHHO. AHanm3 XRF mposomwmiics mo meronuke [Harvey et
al., 1996] Ha nucnepCHOHHO-BOIHOBOM Macc-criekTpoMerpe Philips PW 1400 ¢ Hanpsbkenuem 3 kBT Ha aHoze
PEHTTeHOBCKOM TpyOKkw. J[ist oBbImeHws TouHOCTH eMeHThl Ba, Rb, Nb, Ni, V, Y u Zr aHaim3upoBajiuch ¢
UCTIONF30BAaHUEM JITMHHBIX BPEMEHHBIX MHTEPBAIOB CUYETA, YTO IMO3BONMIO CHU3UTH MpPEAeT OOHApYKEHHUS
(Ba—4,Rb—0.5,Nb—0.4,Ni— 0.8, V—1,Y — 0.5, Zr — 0.5 r/T) 10 cpaBHEHHUIO ¢ OOBIYHO MpoLeIy-
pO¥i ¥ MOBBICUTh TOYHOCTH onpeneicHus 10 1 % u Boimie. KannbpoBka nMpoBoIMIach ¢ UCTIONB30BAHUEM MEXK-
nyHaponHbix ctangaptoB BCR-1, BHVO-1, W-2. Penko3emenbHble 351eMEHTHI MPEABAPUTENBHO KOHIIEHTPUPO-

Tabnuna 3. Coaep:xanue riaBHbIX (Mac.%) U peakux (I/T) 3J1eMeHTOB
B 0asanbTax Ky3Henkoro 6acceiina, 3anagnoii u Bocrounoii Cudupu

KommoneHnt S10.1 S4.1 S15.2 3CB-1 3CB -2 3CBb -2 CrIB B Han
SiO, 53.22 54.29 54.30 48.32 51.66 49.44 52.58 50.63 52.03
TiO, 1.79 1.76 1.82 1.25 1.28 1.26 1.71 2.75 0.99
ALO, 14.34 14.63 14.75 15.33 15.30 15.47 15.67 15.21 15.99
Fe,O; 12.27 12.27 12.29 12.87 11.36 11.93 10.91 13.85 10.40
MgO 3.82 3.78 4.04 6.66 5.46 6.41 6.34 3.93 6.48
CaO 7.96 7.48 7.56 10.13 6.66 6.23 7.79 6.94 10.41
Na,O 3.88 3.74 4.12 2.92 3.19 3.99 3.37 3.47 2.32
K,0 0.89 1.71 0.97 0.55 2.01 1.77 1.22 2.07 1.11
P,O4 0.53 0.53 0.54 0.16 0.48 0.33 0.26 0.93 0.12
MnO 0.24 0.24 0.25 0.20 0.18 0.17 0.15 0.21 0.16
JERA 1.32 1.13 1.19 2.74 3.29 3.80 H.o. H.o. H.o.
Cymma 100.3 101.6 101.8 101.1 100.9 100.8 » » »
Mgt 39.7 39.5 41.0 52.3 50.4 53.2 56.6 38.7 58.2
Euw/Eu* 0.9 0.9 0.9 0.86 0.85 0.90 0.98 0.83 0.84
Ba 607.2 652.3 711.2 375 1236 1174 440 945 467
Nb 15.5 14.2 16.0 5.3 8.8 9.3 16.41 33.28 9.68
Rb 28.9 47.9 23.3 10.6 35.9 27.8 29.65 43.24 31.06
Sr 519.0 537.8 528.6 353 768 878 377 429 275
Y 48.3 49.2 48.8 32.1 39.9 393 20.6 27.2 49.18
Zr 240.9 245.5 244.9 91.8 171.1 159.1 200 351 125
La 333 33.0 33.0 13.0 25.8 223 23.1 49.0 16.5
Ce 74.4 76.4 74.2 20.0 56.2 51.6 50.2 108.6 35.6
Pr 8.5 8.6 8.3 2.7 7.2 5.9 5.8 11.7 3.9
Nd 39.8 40.4 39.1 12.0 335 252 25.5 54.0 17.3
Sm 7.9 8.1 8.0 3.4 7.4 6.3 5.7 11.1 3.9
Eu 2.1 22 22 1.1 2.0 1.8 1.8 3.0 1.1
Gd 7.1 7.0 7.1 4.5 6.4 5.8 5.4 10.3 4.0
Dy 6.5 6.7 6.7 5.0 6.2 6.2 49 8.8 4.0
Er 3.8 39 39 32 3.9 3.3 2.6 4.6 2.4
Yb 4.2 4.2 4.0 33 3.7 3.6 0.4 0.7 0.4
Lu 0.4 0.4 0.4 0.5 0.6 0.6 2.4 4.3 2.3
Nb/Zr 0.06 0.06 0.07 0.06 0.05 0.06 0.08 0.09 0.08
Ti/Zx 44.4 43.0 44.5 81.6 44.8 47.6 51.3 47.1 47.6

[Mpumeuanne. S10.1, S4.1 u S15.2 — Gazansrer Ky3neukoro 6acceitna; 3Ch-1, 3Cb-2 u 3Cb-3 — 3amagno-Cudupcko-
ro Gacceiina; CoiB, 1B, Hang — Bocrounast Cubupb win cuOUpCcKue Tparibl (CpeJHue N3 aHAIN30B, IPUBEACHHBIX B [Reichow et
al., 2005]). H.o. — ne onpezeneno. Mg# = (MgO/40)/(FeO/72 + Mg0O/40)-100, npunumas FeO = 0.85 Fe,O, Ornomenus Eu/Eu*
paccuuTansl o Meroxy [Taylor, McLennan, 1985].
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BaJIMCh B MOHHOOOMEHHBIX KOJIOHKAX. 3aTeM IOJIy4YeHHbIE PaCTBOPHI aHATTU3UPOBAIKCH HA ONTUKO-IMUCCHOHHOM
CIEKTPOMETpE Ha MHIYKTUBHO cBsA3aHHOM miazme JY-Ultima-2. OcTalibHble FeOXUMUYECKHE TaHHbIe, BKIIOUEH-
HBIE B 00padotky (00p. K-04-34/1, K-04-34/2, Kp-13, 22, 28), Obutn monmy4deHsl B ITHCTUTYTE Ie€ONIOTHH ¥ MIHE-
pamorrm CO PAH, r. HoBocubupck. Conmep:kaHusi mMOpomoo0pa3yIonX 3JIEMEHTOB ONPEACISUIUCh METOIOM
XRF na anmapare Hayurnputop mo 'OCTy 41-08-212-82 Munreo CCCP. CrannapTHble OTKIIOHEHHSI — B TIpe-
nernax S5 %, cymma— 100 = 1 %. Penkue snemenTs! u P30 ananm3upoBagnch METOAOM HEHTPOHHO-aKTHBAIIOH-
Horo aHanm3a (INAA). O6mydeHre 00pa3ioB MPOBOAMIOCH Ha SIIEPHOM peakTope TOMCKOTro MOJTUTEXHUIESCKOTO
YHHUBEPCUTETA HHTETPAIbHBIM MOTOKOM 107 HefTpoHOB/CcM2. 3aMephl OBUTH CHIEIaHbl HA TaMMa-CIIEKTPOMETPE
B JIBa dTAla ¢ MepUoIaMu OXJIAKICHHs B 1 Hexemnto u 3 MecsIa.

IF'EOXUMHNYECKAS XAPAKTEPUCTHUKA BA3AJIBTOB

Hamu u3y4eH neTpoXuMHUYecKuii 1 TeOXUMHUYECKHI cocTaB 0a3ainbsToB U rabopo-noneputoB Ky3Herkoro
Oaccelina (cM. puc. 3; Tabum. 2). B Tabn. 3 moka3aHbl TOJIBKO MOJIHBIE TEOXUMHUYECKUE TaHHbIE (TTOPOI000pasyto-
e, peKko3eMesbHbIE U PEIKUe dJIEMEHTHI) Ui Tpex obpasnos (S4.1, S10.1, S15.2) Kapakanckoro cuiia.
[Topoabl XapakTepu3yIOTCsl OTHOCUTEIBHON CTA0MIBHOCThIO XMMUYECKOTO COCTaBa U MPUHAJIekKAT CyOIIe10y-
HBIM KaJIUCBO-HATPHEBBIM U BBICOKOHATPHEBBIM HH3KOTIMHO3EMHCTHIM 0a3aibTaM TOJEHTOBOM cepun [Kyto-
muH, 1963; Kpyk u 1p., 1999]. B uenom nns Kyz6acckux 6a3anbToB TUITMYHBI CPEIHUE COACPKAHUSA TUTAHA U
MOBBITIICHHBIE (hocdopa u 1ienouei (cM. Taom. 3).
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Puc. 5. CooTHolieHHsI MOPOT00OPA3YIOIIUX H PEIKHX IJIEMEHTOB OTHOCUTeaIbHO MgO miisi Ky30acCKHUX
0a3a/1bTOB MO CPaBHEHUIO ¢ 0a3aabTamMu BocTOUHO-cuOupckux TpannoB (BCT) u 3anagno-Cudupckoro
bacceiina (3CB), no [Reichow et al., 2005], CeBepo-MoHronabckoii Marmatudeckoii odiactu (CMMO), no
[AApmoJtiok u ap., 1999, 2002].

[—7 — 6a3anbrer: [ — Ky3Herkoro 6acceiina, o 1aHHbIM aBTOpOB, 2 — Ky3Henkoro 6acceiina, o [Kpyk u ap., 1999], 3—5 — BocTouHo-
CHOMPCKHUX TPAIIOB: 3 — ChIBEPIMHCKas, 4 — WBAKUHCKAsI, 5 — HaJACKANHCKask CBUTHI; 6 — Ypenroiickoro pudra 3CB; 7 — Tpuacosbie
CMMO.
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Puc. 6. 'paduxn coornomennii Zr—Nb (a) mu Zr—Ti (6) 1 Ky36acckux 6a3aJbTOB N0 CPABHEHHIO €O
cnekTpamMu 0a3aiabToBbIX TpanmoB 3anagnoii 1 Bocrounoii Cubupu, Kuiay’a, okeaHuveckoe 1jiato
(OJP), N-MORSB u ITapans, no [Reichow et al., 2005].

VYei. 0603H. CM. Ha puC. 5, TTOSICHEHUS CM. B TEKCTE.

CocraB 0a3ajbTOB paCCMOTPEH Ha pUC. 5S—8, TJIe /U1l CPAaBHEHHS TAK)Ke MIOKa3aHbl TOUKH CPEIIHUX COCTa-
BOB CJICTYFOIIIMX PETHOHOB MEpMb-TprUacoBoro Mmarmarusma: 1) 3amagHo-Cubupckoro 6acceiina: oopasis 3Ch-
1, 3CB-2, 3CB-3 u3 Ypenroiickoro pudra — cpeqHue 110 CKBAKUHHBIM 00pasiiaM U3 sipaifHepCcKoi, TarpUHCKOM
U CaeMTarcKoil CBHT COOTBETCTBEHHO; 2) Hopunbckoro paspesa cuOUpCKUX TPANMOB (CBUTHI: HBAaKHHCKAS —
UB, nanexnuuckas — Hap, ceiBepmunckas — CoiB [Reichow et al., 2005]; 3) Ky3snerkoro 6acceiina — BbIco-
kotuTanucTelie 6a3ansThl K-53Mm, K-531 [Kpyk u ap., 1999]; 4) Bocrounoit yactu (Bocrounas Monromnus u 3a-
Oaiikanbe) MoHToIbCKO-3a0aliKaIbCKOI 30HBI MarMaTi3Ma — 06a3anbTel 00p. BM-3a6 [Spmontok, KoBanenko,
2003]; 5) zamagnoit yactu (CeBepo-MOHIONBCKON 30HBI PUPTOBOI CHCTEMBI) MOHTOIBCKO-3a0aiKaIbCKOIM
30HBI MarMatuzmMa— cpeaaetutanucteie (CM-1) u BbicokoTuTanucThie (CM-2) 6a3anbThl [SpMoiok U ap.,
1999].

Pa3bpoc comeprkannii OCHOBHBIX IIETPOTCHHBIX 3JIEMCHTOB, IEPECUNTAHHBIX HA CyXOil OCTAaTOK, HEOOIb-
moi: MgO = 3.4—5.2, (Fe,054,) = 11—13 mac.%, Mg# = 35—45. Kys0acckue 6a3aibThl MEHEE MAarHE3HAIb-
HBI, YeM HX «CHOMPCKHE» aHaJOTH, NMOAPOOHO ONMMCAHHBIE B paboTax [AnbMyxamenoB u np., 1998, 1999a;
Reichow et al., 2005]. Conep:xanue TiO, Bapbu-
pyer or 1.45 no 1.81 mac.%, a P,O5 ot 0.47 no
0.74 mac.% (cm. puc. 5). Konuenrpamusa SiO,
MmenseTcs or 51.2 1o 53.6 mac.%, a AL,O, nocra-
TOYHO HOCTOSIHEH JUIsl BceX 00pa3loB — OKOJIO
14 mac.%, T.e. HUXKE, YeM cpeHee /sl 0a3aib-
toB 3anaanoit Cubupu (17 mac.%). Kyzbacckue
0a3aJIbThl IOCTATOYHO AU PEepEHIIMPOBAHBI, UTO
MIOATBEPKIACTCS HAJIWYHEM  OTPHIATEIBHBIX
TPEHIOB IIpU POCTe MarHesuanapHocTd 1o Si0,,

1000

Mopopa/XoHgpwut

Puc. 7. HopmMupoBaHHbI€ 110 XOHJPUTY CIIEKT-
1 pel P3D ky30acckux 6a3ajabToB (cepoe moJe)
T T T T T T T T T T T T T 1

La Ce (Pr) Nd (Pm)Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 1O CPABHEHHIO CO CeKTpaMu 0a3aibTOB
¢ynaamenta 3anagHo-Cudupckoro 0Oacceii-

o—Cbe o8 [—=~a—Hag | |3CB-1f |3CB-2  ya u Bocrounoii Cudupu, no [Reichow et al.,
F~+—3ce-3 Fo—ks3-m [e—k53-r 2005].
E BM-3a6 E CM-1 ECM-Z TTOSICH. CM. B TEKCTE.
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THBHOH MaHTHH MYJITHKOMIOHEHTHBIE THA-
rpaMmmbl JJs Ky30acckux 0a3ajabToB (cepoe
1oJie) U APYruX PerdoHOB TPAIIIOBOI0 MAar-
MaTH3Ma.

Puc. 8. HopmupoBaHHble 110 cOCTaBy NPpUMU- 1000-‘
| |

HopmupoBounsie 3HaueHust B3athl U3 [McDonough, Sun,
1995].
IosicH. cM. B TekcTe.

Mopoga/lpum. maHTuA

TiO,, Fe,0, n Zr. Ilo cpaBHeHHIO ¢ Tpannamu
JIPyTUX PalOHOB OHM XapaKTepH3yIOTcs Oonee
BBICOKUMH cofepskanusamu Si0,, cpeanumu Ti0O,,
Fe,0,, P,O,, La, Nb, Zr u nonmxenneivu Al,O,, !
B I[EJIOM TI0 OOJIBIIMHCTBY KOMIIOHEHTOB OJTH3KH

(HO He waeHTHYHBI!) 6a3anbTam CeBepo-MOHTOIBCKON MarMaTHUeCKorW 00JIacTH U YPEHTOHCKOTo pudTta (CM.
puc. 5).

[pu cHwxennn MgO utst Ky30acckux 06a3anbToB HaOmomaercs TpeHn mo Nb (14—17 r/T), Ho He o Y
(41—50 1/1) (cMm. puc. 5). OtHomenne Nb/Zr = 0.05—0.07 HeMHOTrO BBIIIE, YeM TakoBoe JiIs 3amnaaHoi Cuou-
P ¥ OKeaHWYeCKHUX Imaro0azaisToB (cM. Tabm. 3, puc. 6, a) [Mahoney et al., 1993; Reichow et al., 2005]. Ha
rpaduke Zr—NDb oHM monanaroT B nose 6a3ansToB [lapansr (cM. puc. 6, a). Ha rpaduxe Zr—Ti (cMm. puc. 6, 6)
TOYKH COCTABOB Ky30acCKMX 0a3anbTOB JI0XKarcs psiaoM ¢ nuHuel Ti/Zr = 51, otnomenue Ti/Zr Bapsupyet ot 42
Jo0 51, T.e. HUxe, yeM y Ga3ansToB IlapaHbl 1 HaJEKAUHCKOM cBUTHI BocTounoit Cubupu. D10 mpennonaraet
pa3Hble MAaHTHIHbIE HCTOYHUKH, pa3Hble CTENIEHW YaCTUYHOIO TUIABJICHHUS U, BO3MOXKHO, O0JIbIIee KOTUYECTBO
TUTAHOMarHeTuTa B pacmiiase. [1o 3TUM COOTHOILIEHUSAM Ky30acckue 6a3anbTbl OMM3KH K 6a3anbTaM ChIBEpMUH-
CKOI CBUTHI CHOMPCKUX TPAIIIOB, XOTsI OHK MEHEE MarHe3ualibHbI, 1 MOHTOIIbCKO-3a0aikaIbCKO MarMaTudiec-
koii obactu [Spmoitok, Koanenko, 2003; Reichow et al., 2005].

CIieKTpbl PeIKO3eMENbHBIX JIEMEHTOB (CM. puC. 7) s CyOImenouHbix 0a3ansToB Kyszbacca OnHM3KH K
CBIBEPMHHCKOMY MarMaTH4eCcKOMY THITYy 0a3aJIbTOB M K HEKOTOphIM 0a3anbTaM Boctounoii u CeBepHoit MoHTO-
nuu 1 3abaiikanpsi: OHM 00OTralleHbl JIETKUMH PEAKUMHU 3eMJIAMH OTHOCHTENbHO XoHApuTa ((La/Sm), = 2.4—
2.5) u xapakTepusytorca ciadonuddepennnposanHbIMu TsokeabIMU P30 ((Sm/Yb), = 2.3—1.9). Huskue Benu-
giHbl Eu/Eu* = 0.68—0.71 cBumeTeNnbecTBYIOT 0 (paKIIMOHUPOBAHNY TUIATHOKIIAa3a U3 paciuiaBa (cMm. Taom. 3;
puc. 6). Cpennee 0 Huzkoro otHomenue (Gd/Yb), =1.4—2.0 B ky306acckux 0OasanbTax M APYyrHX pPerdoHax
JIOITyCKaeT MAaHTUHHBINH HCTOUYHUK IJIABJICHUS HA YPOBHE IIMTUHEICBOH (armu.

Ha My7IbTUKOMIOHEHTHBIX CIEKTPAaX, HOPMUPOBAHHBIX K MpUMHUTUBHON MaHTHU (PM), mo [McDonough,
Sun, 1995], 6onpmMHCTBO cocTaBoB 6a3anbToB Ky3Herkoro 6acceifHa U APYrux perioHOB XapaKTEPU3yHOTCS
nosbilieHHbIMU conepkanusimu LILE (Ba, Rb u K) otHocutensno Henonsuxubsix HFSE (Zr, Ti, Y), oTpuua-
TeNpHBIME aHOMaIHsIMU 110 Nb, Ti u Sr (cM. puc. 8).

T T T T T T T T T T 1
Ba Rb K Nb La Ce Sr Nd P Sm Zr T Y

I'EOXPOHOJIOI'UsA

ITepsoie “°Ar/3? Ar n30TONHBIE JaTHPOBaHKS BO3pacTa 0a3aibTOBOro Marmarusma B Kysuerikom Gacceiine
obuH caenanbl Ha anmaparype MI'™M CO PAH no amdubonam n3 mopoj ChIpKameBCKOro CHlIa M IMOKa3ain
3HadeHus 246.2 £ 1.4 u 249.0 £ 1.8 mutn stet [Fedoseev, 2004 ], orr ¢ ydeToM OIMIMOKK OYEHb OIM3KHU K IPaHUIIC
nepMu 1 Tpraca. HoBble reoXpOHOIOrHYeCKHEe JaHHbIC MTOTYUYCHBI 110 TUIArHOKIa3y u OMoTUTY B Maccauycerc-
KOM MHCTUTYTe TexHosnoruii [Reichow et al., 2009] (puc. 9, cm. tadmn. 2). [lonoxeHue Touek oTdopa oOpas3ios
MIpUBENICHO Ha pHc. 3. «MuHepansHbIe» Bo3pacTa oopasios S4.1 (Kapakanckuii cumr), FGS-8 (OcunoBckoe
teno) , FGS-1 u FGS-5 (CelpkameBckuii CH/UT) YCTAaHOBICHBI HA YPOBHE CAMbIX BEPXOB MO3AHEH mepMu:
250.3+0.7,250.7+0.6,252.2 + 0.5 u 252.3 + 0.6 MJIH JIET COOTBETCTBEHHO.

JUCKYCCHUs

OHO¥ M3 BaXKHEHIIIHMX JIO CHX ITOP OHO3HAYHO HEPEHICHHBIX MPOOJIEM MEPMOTPUACOBOIO MarMaTh3Ma B
Kysbacce siBisieTcst ero nmpupoja: ByJKaHHYeCKas W/Wii CyOByIKaHHdYeckas. Ha TpyTHOCTh pa3indust JaBOBBIX
MTOTOKOB M CHJUIOB YKa3bIBaJIM MHOTHE Hccienoarenu [Jlyunikuii, 1960; Cobdones, 1986], omHako Ha MpaKTHKE
9Ta IWJIeMMa MPAKTUICCKU BCETIa pemanach B moiib3y 3G dy3uBoB. DT0 MOIIIO OBITH CBSI3aHO C TEM, YTO CTCK-
JIOBaThIe CTPYKTYPBI, MHHJIAJICKAMEHHBIE TEKCTYPBI, aCCOLHUAIMS ¢ TYPOTeHHBIMU TIOPOJaMH, OTCYTCTBHE JIO-
YEepHUX JIaeK, CTOIOUATAast OTIEIBHOCTD U APYTUE IPU3HAKH JIOJITOE BPEMS CYMTAIUCH OIPEISIISTFOITUMHI HIMEHHO
JUTSL BYJIKAHUYECKHX, & He CyOBYIKaHWYeCKUX mopoa [Mewnsiinos, 1962; Raymond, Murchison, 1988; Boulter,
1993; Kpacnos, ®enocees, 2000].
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Puc. 9. Pesyabrarsl “Ar/*Ar natupoBanus 6a3ansToB U 1ad6po Kysnenxoro 6acceiina, nmogydeHHble B
MaccauyceTckoM HHCTUTYTe TexHosoruii [Reichow et al., 2009].

B GonbIIMHCTBE CTEHOK M3YYCHHBIX HAMU KapbepPOB BCKPHITHI MPEUMYIIICCTBEHHO HU)KHHE KOHTAKTHI Oa-
3UTOBBIX Tel. X 0COOCHHOCTBIO SIBIISETCS YCTOWYMBAs MapauIeIbHOCTh CIOUCTOCTH TOACTHIIAIONINX TOPO
(cm. puc. 4, a). ITO MOCTOSHCTBO HAOMIOAAETCS BO MHOTHX OOHAKEHUSX, HAXOASIIUXCS APYT OT Apyra Ha pac-
CTOSTHUM HECKOJIbKUX KHJIOMETPOB. Takasi yCcTOWYMBOCTh B3aHMOOTHOIIEHUH MOXKET ObITh HCTOJIKOBaHA CKOpee
B [10JIb3Y «TOPSIYET0», @ HE «XOJIIOIHOr0» KOHTakTa. KpoMe aToro, 6a3ansraM CBOMCTBEHHO MPAKTUUECKH ITOJIHOE
OTCYTCTBHE IPUKOHTAKTOBBIX IIYCTOT U MUHJIAJIMH U HAaJHMYUE Ha HEKOTOPOM yAaJIeHMH OT KOHTaKTOBOH MOBEp-
XHOCTH MaJIOMOIITHBIX OJIOKOB CIIOMCTHIX TOPOJI, aHAJIOTMYHBIX IO COCTaBY IMOPOAaM YK30KOHTaKTa. OTCYTCTBHUE
Iy3BIPUCTOCTH U HEHApPYILEHHbIE AJIEMEHTHI 3ajeraHus MpeArnoaraloT OrpaHUYeHHOEe MPUCYTCTBUE I'a30BOM
(ha3el B MarMe 1 OTHOCHUTEIBHO CIIOKOIHOE MBIDKCHUE PacIlIaBa.

Brrmie otmMedanock, 9To BEpXHHE KOHTAKTHI 0a3anbT-IoepuTOBBIX Tel B Ky30acce moxo oOHa)KeHBI: B
€CTECTBECHHBIX OOHAKCHNUSX, B TOM YHCJIC H TT0 PeKaM, OHH OOBITHO 3aKPBITHI PRIXJIBIMHU OTIOKEHISIMU. M3yden-
HBII HaMU KOHTAKT B KeIpraiickom kapbepe (cM. puc. 4, ) XapaKTepH3yeTcsi MHOTOUHCIICHHBIMU BBICTYIAMH H
BaJIMKaMu 0a3aJbTOB B COYCTAHUH C «KapMaHAMW» U B3AYTHIMHU B IOTPAHUIHOM «Oy(hepHOM» cIIoe alleBporec-
YaHWKa. 3HAYUTENIbHbIE KOIeOaHUI MOIIHOCTH OrpaHU4HOTO ciios (0—1.5 M) yKka3bIBaroT Ha IiepeTeKanue Kap-
OOHaT-aJIeBpPOJIUT-NIECUAHUKOBOTO Marepuaia BO BpeMs BHeApeHHs paciuiaBa. [1ouTH mojsHOe BBIKIMHHUBAHUE
9TOTO CJI0S1 MOXKET OBbITh BBI3BAHO MOCHENYIOIIMMHU TEKTOHUYECKUMU TOJIBUKKAMH, IPUXOASIIUMH YXKe TOocie
KPHUCTAILTH3ALUK PacIuiaBa. ba3anbThl HE OKa3bIBAIOT 3aMETHOTO TEILIOBOTO BO3IACUCTBHS Ha IUIACTH(UIIHPO-
BaHHbIE TECYAHUKH, HET TAK)KE U IOYEPHUX JaeK. B 3Tol CBA3M MOXKHO NPENNOI0KUTh, YTO MO100HBIE TPUKOH-
TaKTOBBIC MAaKPOCTPYKTYPHI 00s3aHBI CBOMM IIPOUCXOKACHIECM HATOPHOMY TECUCHUIO MarMbl, COIIPOBOXKIABIIIC-
Mycsl Ha MOCICTHUX CTAAUIX (HOPMHPOBAHUS CHIUIA MAJOAMILIUTYIHBIMH THU3BIOHKTHBHBIMU HAPYIICHHUSIMH,
3aTparuBarOIIIMH Kak 0a3abThl, TAK U BMEIIAIOINE TOMIIH. BeposiTHO, 9TO 00BEMBI MarMbl U €¢ TeMIleparypa
OBUTH HEOCTATOYHBIMH IS OTPBIBA OT OCHOBHOTO TENa, B pe3yiasrare ObutH chopMHUpOBaHEI OyropyaTsie TO-
BEPXHOCTH BEPXHETO KOHTAKTa CHJIIA.

Hanunuue 1ByX B3aMHO NapajlIebHBIX IIACTOBBIX TeJ (CM. pHC. 3), TpacCUpPYIOMUX KOHTYpbI byHrapan-
CKOM BIIQJIMHBI HA BBIIEP’)KAHHOM PACCTOSHUM OT HUKHEW TPAaHUIIBI MAJIIIEBCKON CBUTHI, TOBOPUT B TIOJIB3Y UX
cuiioBoi mpupoisl. Kpome Toro, monepur-6a3ansroBoe TeI0 B CeBEpO-3ama Hon yacTi byHrapanckoi BrauHbl
pa3BauBaeTCsl, YTO TAKXKE CBUIETEIBCTBYET B MOJIb3Y €r0 MHTPY3UBHON IPUPOJIBL.

Ho nipu 5TOM Hesb3s OTpULAaTh, YTO HUHTEHCUBHOCTH TEIJIOBOTO BO3ACHCTBUS Ky30aCCKHX CHUILJIOB HA BMeE-
LIAIOLIUE MTOPOJbI SBISETCS MUHUMAJIBHOW M HE COOTBETCTBYET TOM, KOTOpask OOBIYHO OKUAAETCS JJIsl MarMbl
OCHOBHOTO cocTaBa. [10 Bcell BEpOSTHOCTH, 3TO ACUCTBUTEIHFHO PEAKOE SBICHHE AJISI MATOTITYOHMHHBIX U Majo-
MomrHbIX criuioB [Kpacho, ®@emocees, 2000]. Ha manHOe 00CTOATETHCTBO YKa3bIBAIM MHOTHE UCCIIEIOBATEIN
Ky3bacca, 9T0 11 MOCITYKIII0 B CBOE BPEMSI PEIIAIOIINM apTYMEHTOM B ITOJTB3Y BYIKaHNUECKOTO TIPOUCXOKICHHS
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6azanbToB [HeitOypr, 1940]. OnHako qaneko He BCe e0sIOTH M3HAYalbHO C 3TUM ObuTH coriacHbl. CripaBesiu-
BOCTHU pajil OTMETHM, 4TO B 3(h(y3uBHOI npupose 6a3ansToB B paszpese badbero Kamus ycomuuics M.A. Ycos
[1935], a B pa3pese mo p. Cp. Tepcs — B.A. Xaxuos [1935]. [Tozxe A.M. Ky3emun [1969] npencraBun Mozeib
¢dbopmuposanus Tpannos Ky3bacca kak HHTpY3UBHbIX Tell. [1o ero npeacraBieHusmM, Ha MeCTe IPEeAoiaraeéMo-
TO paHee BYIKaHHYECKOTO ovara (pOpMUPOBAJICS JIAKKOJIHUT C HECKOJHKIMH TUIACTOBBIMU CAaTSIUIMTaMU. 3amMe-
THM, 9TO yKa3aHHBIC BBIIIC HCCICIOBATEIHN B Ka9eCTBE OMHOTO M3 PEMIAIONINX apIyMEHTOB B IIONB3y CHJLIOB
CUUTAIN OTCYTCTBHE B BEPXHEH KOHTAKTOBOW 30HE IJIACTOBBIX TEJI KOPOK SK30TCHHOTO H3MEHEHUSI.

BHyTpenHee cTpoeHne U MOPOIHBIA COCTaB IMO3IHETIepMCcKOro KapakaHCKOro criia CalnThIMaKOBCKOTO
KOMIIJICKCA CBUACTENBCTBYIOT O BHEPESHUN MarMbl Ha ITyOMHAX B IEPBBIC COTHH METPOB, BOSMOYKHO, B TIOPOIHI,
o0oramieHHbIe BOIOH, YTO IPUBEJIO K OBICTPOMY OCTBIBAHMIO M 3aKajke mox AasieHueM. Iloponst CripkarieBc-
KOTO CHIITa — rab0po-10JIepUTHl U MOHLIOJHOPUTHI — HMEIOT TAaKKe ITO3HETIEPMCKHUIT BO3PACT U 110 FEOXHMU-
YECKUM JJAHHBIM SIBJISIIOTCS] KOMarMaTaMu CHJLIOB CaJITHIMAKOBCKOTO KOMITJIEKCA, HO UX CTAaHOBJIEHHUE CPETU Bep-
XHEKapOOHOBO-HIKHETIEPMCKHIX OTIOKCHUIN NPUYPOUCHO K NTyOMHAM B HECKOJIBKO KHJIOMETPOB.

[Iupokoe pa3BuTHE B COCTaBE aOMHCKOW cepuH Ty(OB MO3BOJISET MPeIoararb HaTM4re MajeoByJIKaHHU-
YEeCKOH MOCTPOUKH, YTO COTNIACYETCs C FE0JIOro-reo(pu3nIeCKUMHU TaHHBIMU, TIPEACTABICHHBIMU B OTYETaX Mpo-
W3BOJICTBEHHBIX IeOJIOTHYEeCKUX opraHu3auuii [JlaBpeHoB u ap., 2008a,6]. [lpeamnonaraeMplii LEHTpP BYyJKaHa
(buKcupyeTcs rpaBUTAIIMOHHON aHOMATHEl U MAaKCUMaJIbHOW MOIITHOCTHIO (J10 2000 M) cepHuu B CEBEpHOM YacTH
ByHraparickoil BaauHbL, T7I¢ BEIIBICHO CEMb IUIACTOBBIX 0a3aJbTOBBIX Tel ¢ MOIIHOCTERIO 10 103 M. ITo mepe
YHAJICHUS OT MPEATIOIaracMoro BYIKaHHUCCKOTO IIEHTpa HAaOMomaeTesl pe3koe YMEHBIICHHE MOIITHOCTH Ty(o-
TeHHO-0CAI0YHBIX TOJII, BIUIOTH 10 MOJHOTO WX BBHIKJIMHMBAaHWA. B roxHOH 1 ceBepHOi yacTsax KysHenkoro
OacceifHa IOPCKHE TOJIIH yXKE MEePEKPHIBAIOT MIEPMCKUE OTIAMKEHHS, YTO CBHICTEILCTBYET B TIOJIB3Y BYJIKAHU-
YEeCKOU TIOCTPOWKH, a He MPOTSHKEHHOTO 1ato. B cocTaBe 00;10MOYHOTO MaTepraia IOPCKUX TePPUTSHHBIX TO-
poz oOHapyXKeHbI IPOAYKTHI paspyuieHus 0a3anstoB [KyronuH, 1963; JlaBpeHos u np., 2008a,0], HCTOUHHKOM
KOTOPBIX MOT CITY’KUTh NAJICOBYJIKAH.

J1st abUHCKO cepuu CBOMCTBEHHA CMEHa Ipy0000I0MOUHOTO aJIITIOBUATIBHOTO OCaIKOHAKOIIJICHUS B HU-
3ax paspesa (MajblIeBCKasl CBUTA) Uepe3 HAKOIJICHUE 0AaCCEHHOBBIX Ty(OreHHO-0CaJ0YHBIX TOJII ¢ KapOoHaT-
HBIM [[EMEHTOM (MAJIBIICBCKAsi U COCHOBCKAs CBHUTHI) 0 (hOPMHPOBAHUS IPYyOOOOIOMOYHBIX aJUTIOBUAIBHBIX
o0pa3oBaHUil B BEpXHEH yacTh pazpes3a (IMUHCKas CBUTA). Pe3kasi cMeHa MOIITHOCTH U (alraibHas H3MEHYHU-
BOCTBH a0MHCKOI CepHH CBUICTEILCTBYET 0 Mporudannu Ky3Henkoro 6acceiina B Tprace, Hauaio KOTOporo (huk-
CHUpYeTCs MPOSIBIICHUEM ITO3THETIEPMCKOTO TUTIOMOBOTO MarMaTu3Ma. BeposTHo, OacceifH B Tpuace pa3BHBajICS
KaK CTPYKTypa PacTsDKCHUS B €IUHOM TeOIMHAMHYCCKON 00CTaHOBKE ¢ PH(TOreHHBIME CTPYKTypaMu (yHma-
MeHTa 3armagHo-CHOUpCKOTo 0cagodHoro 6acceiiHa (cM. puc. 1).

Takum 00pa3oM, IPUBEACHHBIC B CTAThE TEOIOTHUCCKHUE, TUTOJIOTHICCKHE, CTpAaTUrpagpuIecKue, reoxpo-
HOJIOTHYECKHE, IETPOIOTO-TCOXUMHUYECKIE TaHHbIC JOITYCKAIOT MPUHAIICKHOCTD YaCTH 0a3aIbTOBBIX TET Cpe-
Ji aOMHCKON CepUr K MHTPY3MBHBIM 00pa3oBaHUsM (CHIUTaM) M Haludue Ha Tepputopun Kysdacca maneoByin-
KaHMUYECKOM MOCTPOHKH. [l OKOHYATEIBHOTO PELICHUS 3THX IPo0IeM He00X0AuMo 0ojIee AeTaNbHOE H3YUCHUE
KEpHa CKBaXWH Ty()OreHHO-0CaJOUHBIX ITOPOA aONHCKON CEpUH U PACTIONOKEHHBIX B HUX IUIACTOBBIX TEN B Ce-
BepHO# yactu byHraparnckoil Bnaguasl. Oco0oe BHUMaHKUE JO0JKHO OBITh yAETIeHO KOHTAKTaM U MOIIHOCTAM
MarMaTH4YecKuX Tell, UX T€OXPOHOIOTNYECKOMY JAaTHPOBAHUIO.

UHTEPINPETALMSA TEOXUMHNYECKUX JAHHBIX

C TOYKM 3peHHS XUMHUYECKOTO COCTaBa B Mpeaplaynux padorax [Kyronun, 1963; Kpyk u np., 1999] ot-
MedeHo, uTo 6a3ansThl Ky30acca XapakTepu3yIoTcs IepeXOJHBIMH PAa3HOCTSIMH OT TOJICUTOBOU K CyOIIIEIIOYHOIM
cepun. Cpein HUX BBIJIENAIOTCS ONUBHH-HOPMaTHBHBIE ToneuTsl (Si0, = 48—49.5 mac.%, 5—8 % onusuHa) u
B OOJILLIIOM KOJIMYECTBE KBapl-HOpMaTHBHbIE ToneuTsl (Si0, = 51.3—53.5 mac.%, 2—11 % kBapua). CxoaHslie
CBOMCTBa UMEIOT TPHUACOBbIe 0a3anbThl YpeHroiickoro pudra gynnamenra 3anagHo-Cudbupckoro dacceliHa u
CeBepo-Monronbsckoii pugToBoit cuctemsl. [1o oTHomeHnto ke k 0azansTaM Cubupckoi miaTGopmMsl OHU OT-
JIUYAIOTCS MTOBBIIICHHBIM CONEP)KaHUEeM KpeMHeseMa, ¢ocdopa, menoueii u Kene3ucTocTd [AnbMyxamMe0B |
Ip., 1998, 1999a; Kpyk u ap., 1999]. Ha puc. 5, 6 BeLaenstoTcs ABe rpynibl Ky30acCcKux 0a3alibToB, pa3inyaro-
muecs B IepByo ouepens cogepxkanueM TiO,, Fe,O,, La u Nb. MsI npeanonaraem, 4ro 60ojiee HU3KOTHTaHUC-
Tas rpynna, XxapakTepusyromasics 6ojee Hu3kuMu koHueHTpauuamu Fe,O,, La u Nb, Mora GbITh KOHTAMUHH-
pOBaHa MarepuaioM KOHTHHEHTAIBHOU KOPBL. B MONB3y 3TOTO MPEIImonoKeH st TOBOPSIT U B CPeTHEM Oolee
BEICOKHE comepkaHus Th B mopomax AToil TpymIiel M0 CpaBHEHHIO ¢ BEICOKOTUTAHUCTBIMH PAa3HOCTSIMH (CM.
tabi. 3) [Puchtel et al., 1997; Kpyk u np., 1999].

MynIBTHKOMITOHEHTHBIE HArpaMMBbl, HOPMUPOBAHHBIC TIO TPUMHUTHBHON MaHTHH, UMEIOT OTPHUIIATEILHBIC
anomaymu 1o Nb, Ti u Sr. [Tockonbky KOHTHHEHTaJIbHAS Kopa B 1esioM obenHera Nb u Ti [McDonough, Sun,
1995], To aHOMaJMM 1O STHM ABYM 3JIEMEHTaM MOTYT OBITh CBS3aHBI C KOpOBOH koHTamuHarmeil. C apyroif
CTOPOHBI, UX MOIJIO BBI3BATh OTJCIICHHE TUTAHOMATHETHTA MPH TUIABICHUHU B YCIOBHSX BBICOKOH JIETYYECTH
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KHCJIOPOAIA, TAaK KaK 3TOT MUHEpAT ABjsieTcs: coBMecTUMBIM ¢ Nb 1 Ti. IlocnenHee MeHee BEPOSITHO, ITOCKOIBKY
cozneprkanus Ti HAMHOTO BbIIIIe, YeM B 0a3aIbTax CyOIIeTI0uHON U U3BECTKOBO-IIEIOYHON CEPUil OCTPOBHBIX AYT
[®ponoBa, Bypukosa, 1997], popmupyrommxcs npu BICOKOH JieTydecTu kuciopoza. [locneanss odecrneunBa-
eTCs IUIABJICHUEM IIOTPYKAIOIICHCS OKCaHWYEeCKOW KOPBI, COIEpIKamiell BOMOHACHIIICHHBIE MUHEPANBI (CM.
puc. 5, 8, Tabum. 3). [IpuanHol xxe anoMauii Mo St, CKopee BCETo, SBIsAeTCs (PpaKInOHNPOBAHUE TIATHOKIIa3a H3
pacruraBa B IpoMeKyTouHOH Kamepe. [Iporecchl BTOpHYHBIX W3MEHEHHH — KaK (paKTop HU3KUX COAEpKaHUH St
— MCHEe BEpOATHHI, TaK KakK Ky30acckne 0a3aabThl OTHOCHTENBEHO CBEXHE M MMEIOT Oosiee HU3KUE 3HAYCHUS
.. (<2 mac.%) mo cpaBHenuto ¢ 6azansramu 3Ch (4—5 mac.%). KontamnHanms 6a3aibTOBEIMH MarMaMu
Marepuana KOHTHHEHTAIEHON KOPBI BIIOJTHE TOMTyCTHMA M3-3a COYCTaHUsI MUHIMYMOB TI0 Nb, BBICOKHX 3Haue-
Huil (La/Sm), = 2.45, Th/Ta=5.3—6.5, Th/Ce = 0.6 u Th=4.4—11 (cm. puc. 7, 8, Tadu. 3) [Arndt, Jenner,
1986; Puchtel et al., 1997].

[Mony4yeHHbIe HOBBIE JaHHbIE 110 COAEPYKAHHIO INIABHBIX U PEIKHX AJIEMEHTOB YKa3bIBalOT Ha OJIM30CTh
cocraBoB 0a3ansToB Ky3Henkoro 6acceiina k miuarobaszanbraM (Hu3koe coaepskanne MgO, oTpUliaTeNIbHbIC aHO-
manuu Nb u Ti Ha MyJIBTHKOMIOHCHTHON JUarpamMMe), aHaJOrMYHbIM CPETHETUTAHUCTBIM 0a3aibTaM ChIBEp-
MHUHCKOH TPYIITBI CHOMPCKUX TPAIIIOB, PACIIONOKEHHBIX B cpefHeil yacTu Hopuisckoro pa3pesa u 6a3ainsram
VYpenroiickoro pudra 3anagnoit Cubupu u CeBepo-MOHIonbCkoi pu(TOBON CHCTEMBI.

BO3PACT MAI'MATHU3MA U MNOJIO)KEHUE I'PAHUILIBI TEPMH U TPUACA
B KY3HELIKOM BACCEWHE

[Noxydennpie HaMu 1 paHee OIMyONMKOBaHHBIC JaHHBIC ITOKA3BIBAIOT, UTO Marmarm3M B Kysbacce mpo-
SBUJICS. B BEPXHEH MEpMHU—CpPEIHEM Tpuace W OOyCIIOBICH BO3ACHCTBHEM MaHTHHHOTO IuroMa. CpaBHEHHE
BO3pacTa U F€OXMMUYECKOTO COCTaBa Ky30acCKUX 0a3ajbToB, JOJEPUTOB U TrabOpO MO3BOISET MPEIIOIOKNTS,
YTO MPOSBICHUSI MA()UTOBOTO MarMaTu3Ma CBsI3aHbI C TIOOATBLHBIMU COOBITUAMHU Ha pyOeke MEepMHU U TpUaca,
oxBatuBIIMMHU BocTounyto u 3anaanyio Cubups, KOxusiii u Honspaenit Ypan, TaiiMelp, Monronuro u 3abaiika-
abe. BONBIIMHCTBO HCCenoBaTeNnei MPU3HAIOT, YTO EPMOTPHUACOBBIN 3Tan Marmaruzma Ha CuOHpCKOi miar-
(opMe ObLT KpyHMHEHIINM COOBITHEM KOHTHHEHTAIBLHOIO 0a3aJbTOBOIO MarMaTu3Ma 3a BCIO HCTOPUIO 3eMily,
KOTOPO€ U SBUJIOCH MIPUYUHON PE3KUX KIMMATHUECKUX U3MEHEHUN B 3TOM PErHOHE U CBSI3aHHBIM C HUMU Mac-
COBBIM BeIMUpaHueM 0uoThI [Erwin, 1994; Wignall, 2001].

[Nepen obcykaeHIEM TTONYYCHHBIX [C€OXPOHOJIOTHYCCKUX TAaHHBIX HEOOXOOMMO PacCMOTPETh 3HAUCHUE
BO3pacTa rpaHuIlbl IepMu U Tpraca. Ha MexmyHapoHol cTpaturpaduueckoi mkaie, yTBepKaeHHOH Mex1y-
HApOIHBIM CTpaTUTpauIecKuM KOMHTETOM, 3Ta TPaHHUIIA TTOKa3aHa Ha ypoBHE 251.0 £ 0.4 MITH JIeT Ha OCHOBE
nanabiX U-Pb natupoBanus iupkoHOB U3 cioeB 25 u 28 melnanckoro crparoruna [Gradstein et al., 2004]. B to
)K€ BpeMsi MHOTMH aBTOPaMHU OTMEYAIMCh PACXOXKJICHUS MEXTy JaTHpoBKaMu, nonydeHHbIME U-Pb u Ar-Ar
METO/IaMH UIsi OTHUX M TeX ke cioeB [Reichow et al., 2009]. B nanHoii pabore paccMmarpuBarorcst 4°Ar/3°Ar
BO3PACTBI, ¥ TIO3TOMY MBI Oy/IeM CPaBHUBATH UX C JAHHBIMU I10 CJI0SIM 25 1 28 MEHIIaHCKOTO CTPATOTHUIIA, MOTY-
yeHHBIM Takxke “°Ar/3°Ar meTofgoM. B cooTBeTCTBIH ¢ OCIIEAHUMH HanOoIee TOUHBIMU JAHHBIMU Ar-AT U30TO-
UM TPaHMIA TIEPMU U TpUaca HaxoxuTcs Ha ypoBHe 249.25 + 0.14 muH net, o [Reichow et al., 2009] unu
249.83 £ 0.15 mnH set, o [Renne et al., 1995]. Cpeanee 3HaueHHE M3 3TUX JBYX IATHPOBOK COCTABIISECT
249.54 4+ 0.14 muH ner.

Jls 6a3ansToB KapakaHCKOro cuiia, 3ajeraroliero B HIKHEH 4acTh aOMHCKOM cepuu, yCTaHOBJIEH BO3-
pact 250.3 £ 0.7 MITH JIeT, YTO COOTBETCTBYET CaMbIM BepXaM MEPMH, €CIH HCXOmuTh U3 “Ar/3Ar rpanuiis
nepmu—rtpuaca B 249.25 + 0.14 mua net. KpoMe TOro, MBI TIOIDKHBI YUUTHIBATh, YTO BO3PACT CHUJUIA B JIFOOOM
CIlydae MOJIOXKE, YeM BO3PAcT BMEIIAIOIINX ero 0cankoB. OCHOBaHNE aOWHCKOW CEPHH IPOBOIMUTCS IPUMEPHO B
250—300 M Hmxke cwia. [TomydeHHbIE TeOXPOHOJIOTHUECKHE JJaHHBIC U CTPYKTYpHOE TOJOKEeHHe 0a3aibToB
Kapakanckoro cuiia CBUIETEIBCTBYIOT O TOM, YTO I'paHMIA IepMHU 1 Tpuaca B Kys3HerkoMm OacceifHe MOXeT
MIPOXOUTH B BEPXHEH YaCTH MaJIbIIEBCKOW CBHTHI, BBIIIE MO pa3pe3y OT MOJIOKEeHHs criuta (cM. Tadm. 1). Jlns
3TOTO HOTPEOYIOTCS JOMOTHUTEIBHBIE TEOXPOHOTOTHIECKIE HCCIICTOBAHMS.

CTPYKTYPHOE MOJIOKEHUE U BO3PACTHBIE AHAJIOT'H IIJIIOMOBOI'O
MATMATHU3MA KY3HELIKOI'O BACCEMHA HA I0JKHOM YPAJIE
M MOHI'OJIbCKO-3ABAMKAJIBCKON PUGTOBOM 30HBI

PaccmotpenHsbie B ctathe cuiuibl Ky3bacca o u30TomHoMy Bo3pacty (252—248 MIlH J1eT) COOTBETCTBY-
10T Cubupckum Tpanmnam u 6a3ansram pudToBbIX cucteM (pyHnamenrta 3anagHo-Cudbupckoro Oacceitna (mosn-
HsIsl IepMb—pPaHHUN TpHac). BepXHsist gacTh pa3pe3a aOMHCKOH CepUH, BKITIOYAIOIIAS MTUPOKIACTUICCKUE TOPO-
IIB1 ¥ psiz 6a3aIBTOBBIX TEIl, COTIIACYETCS ¢ BO3PACTOM CPETHETPHACOBOTO BYJIKaHN3MA PH(PTOTEHHBIX CTPYKTYP
Oxnoro Ypana [Tyxukosa, KypoexekoBa, 1973; Msanos, 1974] u CeBepnoit Monronuu [Spmontok u ap.,
1999, 2002; SApmomtox, KoBanenko, 2003; Boponmos u ap., 2007].
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[To3nHEenepMcKo-cpeTHEeTPUAcoBble MarMaTHueckre oopaszoBanus FOxHoro Ypana, Tak e kak u Kysoac-
ca, pacrookeHsl 1o oOpamiieHHI0 BocTouno-CrOnpckoi TparmoBoil MPOBUHIMH U JIOKAJIM3YIOTCS BOJIM3H 1 HA
poobkeHnn puToBBIX CTPYKTYp PyHAamMenTa 3amanno-Cudbupckoro 6acceitna (cm. puc. 1). B Uensionnckom
rpabene [TyxuxoBa, Kypoexekosa, 1973; lBanos, 1974] TpanmoBblii MarmMaTtusM BbIPA3uiCcs B MHOTOKPaTHBIX
0a3aJIbTOBBIX M3MUSHUIX TPELIMHHOIO JIMHEHHOTO THIA B HA3€MHO-KOHTHHEHTAIbHBIX YCIOBHUIX C MOTYMHEH-
HBIM TPOSIBJICHUEM CHIJLUIOB, TYQOB U TypduroB. MomHOCTs 2 dy3HBHO-0CATOTHON TONIIN B IEHTPATHHOM
yacTu rpadena gocturaet 1000 M, B 3amaJHOM 1 BOCTOYHOM HAIPABICHUSX OHA YMEHbIAETCs. ToIa pactiono-
’KEHa B OCHOBAHUU I103HETPUACOBOI0 YIJIEHOCHOTO 0OCaJl0ouyHOro paspesa. Ee Bo3zpacT onpezeneH Kak paHHe-
CPEIHETPHACOBBII 110 OOIIMPHBIM HAXOIKAM MAJTHHOIOTHIECKUX KOMIUIEKCOB U (IIopsl. ['eoxpoHomornueckue
nmarupoBku [Reichow et al., 2009] 6a3anbToBbIX Ten u3 ckB. YensOuHckas-7, oToOpaHHBIX Ha r1yOnHax 254.0 u
696.4 M cOCTaBJISIFOT COOTBETCTBEHHO 243.3 + 0.6 1 242.1 & 0.6 MJIH JIET, 4YTO MOXET COIJIacoBaThCsl C OMOCTpa-
TUrpadUvIeCKUMHU TAHHBIMU B TOM CJIy4ae, eClii BEpXHee TeJO SBISETCS TOTOKOM, a HIKHEE — CHIIIOM JTH00
o0a Tena SBISIOTCA cuulaMu. B moboM cityuae, reonoro-ouocrparurpaduueckiue U re0XpoHOIOTHUECKUE JaH-
Hele 1o KOxxHOMY Ypaity yKa3pIBalOT Ha aKTUBHOE MPOSBIICHUE IIJIIOMOBOT0 0a3aJIbTOBOr0 MarmMaTuiMa B IepHoj
paHHErO—CpEeAHEro Tpuaca.

Panne-cpenHeTpuacoBoMy BO3pacTy COOTBETCTBYET M 4acTh IMPOSBICHUH ME3030MCKOro BYJIKaHU3Ma
Monronbcko-3abaiikanbckoil pudToBOi 30HHI [SpMoriok u ap., 1999, 2002; Spmomiok, KoBanenko, 2003; Bo-
poutoB u np., 2007], kotopast mpoTsirnBaercss Ha pacctosiaue cBbime 2000 kM ot npearopuit MOHTOIBCKOTO
Auras Ha 3amane 10 BuTEMCKOro mrockoropbs Ha BOCTOKe (cM. puc. 1). B ee cocraBe BBIAemsieTcs: cucreMa
BITaJINH, TPAOCHOB U Pa3IeIIMIOMINX MX MOJHATHI U TOPCTOB. DTH CTPYKTYPHI B 3HAYUTEIHLHON Mepe dpoarpoBa-
HBI, TIOOTOMY KOHTYPBI 30HBI IIPOBOIATCS 10 PACIPOCTPAHEHHUIO Pa3BUTHIX B HEW MarMaTHYECKHX 0Opa3oBa-
1312078

B Cesepnoit Monromnuu [Spmodrox u ap., 2002; Boponuos u ap., 2007] BeinenseTcs psia BIaauH (MyIb1),
BBITIOJIHEHHBIX PAaHHEME3030MCKIUMH 0CaI04HO-BYJIKAHOTEHHBIMH ToJaMu. Hanbosnee kpymnHas u3 Hux (Op-
XOHCKas BraanHa) umeet pazmepsl 150 Ha 120 kv 1 61m3ka o pasmepam k byHraparickoii Bnagune Kysuerkoro
Oaccelina. B ee cTpoeHnn BBIACTSIOTCS HIDKHSASA (a030rcKasi ) U BepXHss (Morojckas) Toimu. HuwkHss Tosnma
CJIO)KE€Ha KOHIVIOMepaTaMu, MeCYaHuKaMHU U aJeBPOJUTAMHU, COAEpX AIUMHU (IIOpy CPEAHENO3IHETPUACOBBIX
pacteHuil. BepxHsist — cBsizaHa ¢ HIDKHEH (halaIbHBIMU IEPEXOIaMH H XapaKTePH3yeTcs MpeoOalaHieM ByII-
KaHOT€HHBIX IIOPOJI OCHOBHOT'O U CpeliHero coctaBoB. Cpenn HUX peolinagatoT Tpaxuanae3noa3aibTsl (TUpOK-
CEHOBBIC M MUPOKCEH-TUIATHOKIIA30BBIC TOP(QHUPHTEI), PEIKO BCTPEUAIOTCS 0a3aibThl, B €AMHUYHBIX CITydasx —
MOTOKU TPaXHWAHIC3UTOB M TPAXHUTOB. B YPTHIHrOMBCKOM rpabeHe MOITHOCTD 3(Qy3UBHO-0CATOTHON TONIIH
nocruraer 2500 M. B ee coctaBe MecTaMu 0TMEUAIOTCS TOPU3OHTHI IAPOBLIX JIAB C FMAJIOKJIACTUTOBBIM 1IEMEH-
TOM, CBUJIETEILCTBYIOIIMM O I10JBOJHBIX yCI0BUAX. OHU YepenyIOTCs B pa3pe3e ¢ TOPU30HTaMU KPAaCHBIX ario-
MEpAaToB U MOPHUCTHIX JaB cybaspanbHbIX (anuii. B bar-1{eHrenbckoii Bmaguae pazmepoM 15 x 30 KM pa3BHUTHI
HCKJTFOUYUTENLHO BYJKAaHOTCHHBIC TIOPObI (JIABbI, PEAKO TY(bI TUIArMOKIA30BhIX M MUPOKCEH-TUIArHOKIa30BbhIX
op(pUPHUTOB), MOIIHOCTh KOTOPHIX focTuraeT 1200 m. B BepxHexaHyiickoii BmaguHe pa3BUTO MOJIE BYyIKAHUTOB
pasmepom 30 x 30 kM. JIaBbl ¥ Ty(bI 3a5€raroT Ha paHHEME3030MCKOM KOpe BEIBETPUBAHMS U TIO COCTABY COOT-
BETCTBYIOT MO3IHETPHACOBBIM TIopojam bar-1lenrenbckoit Bnajunsl [Kapra..., 1989].

T'EOJUHAMMUMKA IMPOABJIIEHUS IINIIOMOBOT'O MATMATHU3MA
KY3HEIIKOT'O BACCEVHA Y CONPEJEJBHBIX TEPPUTOPHIA

[IpuBeneHHBIE B CTaThe IEONOTHUYCCKHIE, TEOXPOHOIOTHICCKUE H T€OXHMMUYCCKUE TAHHBIC CBUICTEIIBC-
TBYIOT, UTO TIPOSIBIICHHS TTO3IHEIIEPMCKO-CPETHETPHACOBOTO IUTFOMOBOTO MarMarn3ma Kysbacca mponcxonuino
10 aHAJIOTHX ¢ (OPMUPOBAHIEM TPHUACOBBIX AP Py3UBHO-0caM0UHEIX Toum KOxuoro Ypana u CeBepHoit MoH-
TOJIMHM M MOTYT COBMECTHO XapaKTEePHU30BaTh MarMaTu3M 30H pacTsvkeHHs. HaMmeTunack Bo3pacTHAs MHUTPAITHS
TUTIOMOBOTO MarMaTi3Ma ¢ ceBepa Ha 0T OT HO3HEIepMCKOTO—paHHETpHacoBoro B pynmamente 3amagno-Cu-
Oupckoro OacceifHa depe3 mo3IHenepMcKo-cpeiHeTpruacoBbiii Ha FOxxHoM Ypaine u Kysbacce 1o TpuacoBoro B
Momromno-3abaikanbckoit 001acTi. DTy 3aKOHOMEPHOCTh MOJKHO 00BSICHUTD NMposiBIcHHEM CHONPCKOTOo IITIoMa
HaJ MUTpHUpYIOIEH Ha ceBep EBpasueil u nmposiBIieHHEM MarmMaru3Ma B 30HaX PacTsKEHUS, COMPSHKEHHBIX CO
casuramu [Allen et al., 2006]. Takue kpynHOMacIITaOHbIE CIABUTH IMPOKO MPOSBUIIMCH B TIEPMU—TpHACE B
ckiaayaroii odnactu Mexay Bocrouno-EBponeiickum 1 CHOMPCKUM KOHTUHEHTAMU KaK pe3ysbTaT uX Mo3/IHe-
naneo3oiickoii kosusuu [Hetzel, Glodny, 2002; bBycnos u ap., 2003; Laurent-Charvet et al., 2003; Buslov et al.,
2004; dobpemnos, bycnos, 2007].

BbIBOJbI

I'eonornueckue u crparurpaduieckie JaHHBIE 10 0CAT0YHOMY BBITIOIHEHUIO, TEOXHMHYECKHE H T€0XPO-
HOJIOTHYECKHE JJAHHBIE II0 MarMaTHIeckuM rnopoaam Kysnenkoro 6acceifHa CBUAETEIBCTBYIOT, UTO 34€Ch B Ie-
puos 252—248 MITH JIeT MPOsSBUINCH 0a3UTOBBIE CUILIBI M JJANKH, a 110 BceMy paspesy abuHckoil cepuu P,7—T)
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IIMPOKO Pa3BUTHI BYJIKAHOKJIACTUYCCKHUE U BYJIKAHOTCHHO-0CAJIOYHbIC MTOPOJIBI, a TAK)KE TUIACTOBBIC Tena Oa-
3aJIETOB HEOIPECICHHOIO TCHE3UCA.

bazanpTel mpecTaBieHbl CPeJHEBBICOKOTUTAHUCTBIMU TOJICUTOBBIMU Pa3HOBHIHOCTSIMU, OOOTAIICHHBI-
mu Nb u La, OMH3KUMH IO COCTaBY K paHHETPHACOBBIM 0a3aIbTaM CHIBEPMHHCKOM CBUTHI CHOUPCKUX TPATIIIOB,
VYpenroiickoro pudra 3amagHo-Cudupckoro 6acceitHa u TpracoBbiM Oa3amsraMm CeBepo-MoHTOIbCKON pruTO-
BOI cucTeMBl. X 00pa3oBaHne CBSI3aHO C IUTFOMOBBIMU IIPOILIECCAMU, YTO 00OOCHOBBIBACTCS COYCTAHHEM OTpPHU-
LaTeNbHBIX aHOMaui 1o Nb Ha MyIIBTHKOMIOHEHTHbIX auarpammax ((Nb/La),,, = 0.34—0.48) u BbIcoKuX co-
JiepKaHuil Ierkux pesikozeMenbHbIX aemenToB (La, = 90—115, (La/Sm), = 2.4—2.6). Huskue 10 ymepeHHbIX
crenenu auddepenunaiyu Tsxensx P30 ((Gd/Yb), = 1.4—1.7) npeanonaraloT MaHTUHHbIH HCTOYHUK Oa3aiib-
TOBBIX PacIlIaBOB HA YPOBHE INTHHEIECBOH (arnu.

CocTaB 1 BO3pacT U3y4YCHHBIX MOPOJI MOATBEPIKAACT BBICKA3aHHOE PAHEE MPEINONIOKCHUE O TeHETUIeC-
KOW M CTPYKTYPHOH CBSI3U Ky30aCCKHX TPaIIoB ¢ MaCCOBBIMHU MEPMOTPHUACOBBIMH TPAIMOBBIMU M3JUSHUSAMHU
Cubupcxkoro cynepminoma. Peskas cMeHa MOIIHOCTH U (aluagbHasi U3MEHUYHMBOCTh abUHCKOH cepun P,?—T,
CBUJICTEIbCTBYET O ¢ (POPMHUPOBAHUH B PAMKaX MaJCOBYJIKAHUICCKON TOCTPOUKHU, BEPOSITHO, B AMHON TCO/INU-
HaMHUYeCcKol 00CTaHOBKe ¢ pudroreHHbIME cTpyKTypamu FOxHoro Ypana, CeBepHoit Monromuu u GpyHIamMeHTa
3amanno-Cubupckoro 6acceiiHa.

ABTOpHI BEIPAXKAIOT TITyOOKYIO MPH3HATEIBHOCTD PEICH3CHTaM 32 KOHCTPYKTHBHBIC 3aMEUaHUS H MOJIe3-
HBIC JIICKYCCHH, KOTOPBIE TTO3BOJIMIIN 3HAYUTEIBHO YITYUIIUTh KA9€CTBO PYKOITICH, a TAaKXKe HCKPEHHIOIO OJ1aro-
JApHOCTH Mpodheccopy M. AieHy 3a COBMECTHBIC ToJIeBbIe paboThl B Ky30acckom Oacceiine.

Pabora Brimonnena npu noanepxkke HI-65804.2010.5 u POOU (rpant08-05-00301).
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