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Abstract: The tectonic and paleogeographic evolution of the Ural-Mongol belt between the cratons of Baltica, Siberia, and
Tarim is the key to the formation of the Eurasian supercontinent during Paleozoic time, but the views on this complicated
process remain very disparate and sometimes controversial. Three volcanic formations of the Middle Silurian, Lower-to-
Middle Devonian and Middle Devonian age from the southwestern boundary of the Chingiz Range (NE Kazakhstan) yields
what are interpreted as primary paleomagnetic directions that help clarify the evolution of the belt. A single-polarity charac-
teristic component in mid-Silurian andesites yields a positive intraformational conglomerate test, whereas dual-polarity pre-
folding components are isolated from the two Devonian collections. These new data were evaluated together with previously
published paleomagnetic results from Paleozoic rocks in the Chingiz Range, and allow us to establish with confidence the
hemisphere in which the area was located at a given time. We conclude that NE Kazakhstan was steadily moving northward
crossing the equator in Silurian time. These new paleomagnetic data from the Chingiz range also agree with and reinforce the
hypothesis that the strongly curved volcanic belts of Kazakhstan underwent oroclinal bending between Middle Devonian and
Late Carboniferous time. A comparison of the Chingiz paleolatitudes with those of Siberia shows similarities between the
northward motion and rotational history of the Chingiz unit and those of Siberia, which imposes important constraints on the
evolving paleogeography of the Ural-Mongol belt.
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Awnnortarms: TekToHMUecKast 3BOMIOLUS Y pano-MoHI0MbCKOro noABKHOro mnosica (YMII) MHOrHe fecsaTuneTus siBIseTcs
MpefIMETOM HCCJIe/J0BaHHsI OTPOMHOTO KOWYecTBa aBTOpPoB. OfIHAKO, HECMOTPSI Ha BCe yCHUIIHS, TEKTOHHMUYeCKHe PeKOHCT-
PYKLMM pa3HbIX aBTOPOB Pa3/MYarOTCs CaMbIM PaiMKalbHbIM 00pa3oM, a BO MHOI'OM SIB/ISIFOTCS B3aMMOMCK/TFOUAIOLMMU.
OJvH 13 criocoboB MPOSICHUTE CUTYALMIO — TOJIYYHUTh [10C/Ie[J0BaTeNbHOCTH Pa3HOBO3PACTHBIX MaJIleOMarHUTHBIX OMpejere-
HUI ¥ Ha MX OCHOBe OLIeHUTb KHHEeMAaTHKYy K/IHoueBbIX cTpyKTyp ¥ MII. I1pu naneoMarHUTHBIX UCC/Ie[OBAaHUSIX Cpe/HeTIaneo-
30MCKUX BY/JIKaHUTOB UMHIM3CKOM Tase00CTPOBHOM AyTM Ha ceBepo-BocTOKe KasaxcraHa B aHje3uTax CepeAHHBbI CHIypa
Obl1a BbIle/IeHa MepBUYHas KOMITIOHEHTa HaMarHUUeHHOCTH, UTO TO/TBEPK/JAeTCs MOJIOXKUTE/TbHBIM TECTOM Tafek [Jisk BHyT-
prdOpMaLIMOHHOTO KOHIJIoMepaTta. B [IByX cpe[He/eBOHCKMX 00BEKTaX Takxe Oblia BbiJie/ieHa TIePBHUYHAs HaMarHUYeH-
HOCTb, [/Is1 KOTOPOM TeCT CK/IaJKU U TeCcT 0bpalieHus MooKuTe/bHbl. OObeJMHUB BCe MMEIOLINECs AaHHbIe 110 3TOMY pe-
THOHY, MBI TTOTyYM/TH TIOC/Ie/{0BaTe/IbHOCTh T1a/leOMarHUTHBIX OIpeJie/ieHHH B MHTepBajle C Mo3/Hero keMOpus Jj0 No3jHei
TepMH, UTO TMO3BOJIM/IO YBePeHHO OMpejie/IUTh, B KaKOM MOJIyllapiy Haxofunack UnHrusckas naneopayra. CrenaH BHIBOJ,
YTO 3Ta CTPYKTypa YCTOMUMBO CMelljajiach K CeBepy U Nepeceksia 5KBaTop B cuiype. ViMetoljyiecst jaHHbIe Tak >Ke yBepeHHO
YKa3bIBalOT Ha BTOPUUHYIO NMPUPO/Y M3ruba By/JIKaHWYECKUX 10sicoB KasaxcraHa, MMeOIIUX M0oJAKOBOOOpa3Hble OuepTaHHsl.
CpaBHeHVe 3THX JJaHHbIX C KPUBOM KaxKylLelcst MUrpaLiy nomoca CUOUPCKOi 11aTtgopMbl 1103B0OJISET TOBOPUTH O TOM, UTO
0OJIbILIYI0 YacTh Nane030s1 YMHTH3CKas Maneoyra ABUraaach CorjacoBaHHo ¢ CuOUpCKol miathopMor, UTo HaK/Ia/bIBaeT

JKeCTKHe OrpaHuueHust Ha 3BoJiroLuio Y MII.

Kntouesble cnoea: Ypano-MoHrosnbckuii nosic, Kasaxcras, UuHrysckasi ocTpoBHasi iyra, CpeJHUM Nase030i, najseomarHe-
TH3M, OPOK/IMHa/NbHOe n3rubanue, KuHeMatika Cubupu u Bantuu.

1. BBEJIEHUE

Ypano-MoHronbckui cknaguateiii nosic (YMII), pac-
MOJIOXKEeHHBIH Mexny Boctouno-Erponetickum, Cubup-
ckuM, Tapumckum u CeBepo-Kurtaiickum KpaToOHamH, siB-
JISIeTCs OJHOW M3 CaMbIX MPOTSDKEHHBIX U CJI0XKHOIIOCTPO-
€HHBIX MOOW/IbHBIX 30H 3em/d. PasfuuHble yacTH Tosica
COBCEM He TIOXOKM TI0 CBOMM CTPYKTYPHO-MODP(QO/0-
rU4eckuM ocobeHHOCTSM. 3amnafHblii cermeHT YMII — 3T0
Ypanbckasi JIMHeHHasi TOKPOBHO-CK/Iafuarasi 00/1acTb, Ko-
TOpasi mpoTsaruBaercsa 6osee uem Ha 2000 kM (puc. 1) u B
KOTOpOW pa3BUTHI y3KHe TPOTSDKEHHbIE CHCTEMBI CMSTBIX
B CKI3JKU W pacuellyeHHbIX TEeKTOHWYECKHX TOKDPOBOB.
Cpefy KOMIUIEKCOB IOPOJ, C/lararoiiux Y paabCKylo II0-
KPOBHO-CKJ/Ta/luaTyto 0071aCTh, BBIIESAIOTCS Pa3HOBO3pa-
CTHBIE Ta/Ie030CKUe OCTPOBOJY KHbIE BYJIKAHWTHI, (-
IIIeBble CEPUM 3aJlyTOBBIX U TMpPeJIyTOBBIX 0acCelHOB U
0(HOMUTOBBIE KOMILJIEKCHI.

BocTouHee K 3TOMY MOsiCy OTHOCATCSI puelickue, ca-
JaupcKye, KajeJOHCKHe M HEeKOTOpble BapHCLIMMCKHUE CO-
opyxkenusi Ka3zaxcrana, Antas, CasgsH u Oosblieli yactu
Monromuu (puc. 1). CTpyKTypa LieHTpajabHOM YacTH rosica
MMeeT MO3aWyHbIi XapakTep. 37eCh pa3BUThl KOPOTKHE
CK/Ja/[yaTble 30HBI C HEBBIZIEPXKAHHBIMU, YaCTO B3aUMHO
TeprieHAUKY/IIPHBIMUA TIpocTrpanusiMu. 11Iupoko pacripo-
CTpaHeHb! TOPLIOBbIE COU/IeHEHUs 10 KPYIHbIM pasjioMam
Y KpyIHOMacITabHble ¢[BUrH. B 3Toi yacTu rosica 06b14-
HBbIM SIBJISIETCSI TEKTOHUUYECKOe COBMeIleHne J0KeMOpuii-
CKHX CHaIMuecKuX MaCCHUBOB, MepeKpbIThIX KPEeMHHCTO-
TepPUreHHO-KapOOHAaTHBIMU YeXJlaMH, C T1a/e030iCKUMHU

OCTPOBOAYXHBIMU BYJIKAHUUECKUMH CepysiMH, IIUIIeBbI-
MU TOJIIIAMH W aKKPEeLIMOHHBIMU KoMruiekcamu. Ha rore
Ypano-MOHro/IbCKOro 110siCa OCHOBHBIMU 3/1eMEHTaMHU $IB-
JITIOTCST JIMHEMHbIe TIOKPOBHO-CK/Ia[iyaThle COOPYIKeHUs,
caMmble KpyTIHbIE W3 KOTOPBIX — BapucLuiickue Typkecra-
Ho-Anaiickasg u [>KyHrapo-HO>KHOMOHro/bCcKas cKnajyda-
ThIe CUCTEMBI.

Kazaxcras, BeposiTHO, HauboJsiee CI0>KHOTIOCTPOEHHAs
yacth YMII, rae mMo3anuHbili XapakTep paHHeIase030i-
CKOW CTPYKTYPBI HanboJiee BoipakeH. Cpeau paHHeraneo-
30McKkux 00pa3oBaHMii ITMUPOKO PACIpPOCTPAHEHBI OCTPO-
BO/IY>KHble KOMILIEKChI, TIpefcTaB/ieHHble AuddepeHLIU-
POBaHHBIMU BYJIKAHUUECKUMU CEepPUSIMH, aKKpeLMOHHbIe
KOMITEKCBI, TIpe/ICTaB/IeHHbIe OJIMCTOCTPOMOBBIMU U
KPEMHUCTO-Ty(OreHHBIMU TOJIIIAMHU, a TaKKe KOMIUIEKChI
MIPe/IAYTOBBIX U 33/1yrOBbIX OacCceiHOB — (IvILIeBbIe U Tie-
CTPOLIBETHBIE TEPPUTEHHO-KapOOHATHBIE TOJIIIN.

B cpenHe-nio3Henaneo30McKol cTpykType Kasaxcrana
orpefesIIOIIUMU SIB/SIOTCS BYJIKAHOIUTYyTOHUUeCKUe Tosi-
ca Kasaxcranckoro mnosca [boz2daHos, 1965], HecoracHO
repeKphIBalolie 0osiee ipeBHUE CTPYKTYPhI U UMEFOII[He
B miaHe ¢opmy TogkoBbl (puc. 2). [To3gHee B cpefHe-
no3gHemnaneo3oiickoM Kasaxcranckom mosice ObLM Bbifie-
JIeHbl T03[JHeCUTYPUHCKO-CpeHeleBOHCKUIM Kazaxckui
MOSIC W TIO3/IHeIasie030Mckuil  banmxai-Unuiickuii  mosic.
Pa3Butre mepBOro U3 HUX HauWHAaETCs C CepeMHbI JI/TaH-
JIOBepH U TIPOJIOJDKAETCS /10 KOHI[a CpeJHEero JeBOHa
[[leecmsapes, 1999], u KoHTHHEeHTa/NbHbIE AnbdepeHIUpo-
BaHHble ByJIKaHUUeCKHe CepUr 3TOr0 BO3pacTa Hecorsac-
HO TIepeKpbIBalOT paHHelaneo30McKre KOMIUIeKChl. K
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Puc. 1. CxemMa TeKTOHHUECKOTO CTPOeHHs1 Ypano-MOHI0/IBCKOTO MOABIKHOTO Tosica (yrpoljeHHbIM BapuaHT Figure 21.18 u3 [Sengdr, Natal'in,
1996]). TIpsiMOYTrO/IbBHUKOM TTOKa3aH paiioH UMHru3ckou Ayru. TosicToil myHKTHpHOW JiMHKeH nokasaHa KokueraB-CeBepoTsHbIIAHBCKas 061acTb
corzacHo [Levashova et al., 2007]. 3Be3m0uKoii 1oKa3aH paiioH B TyBe, rjie ObU1 OMyYeH MO3JHECUTYPHICKUI — paHHeeBOHCKHUI Majle0MarHuT-

HBIN pe3ynbTaT [Bachtadse et al., 2000].

Fig. 1. Generalized tectonic map of the Ural-Mongol mobile belt and major surrounding units (modified from Figure 21.18 from [Sengér and Na-
tal'in, 1996]). The rectangle outlines the Chingiz block. The thick dashed line denotes the boundaries of the Kokchetav-North Tien Shan domain
(KNTD) as defined by [Levashova et al., 2007]. The star denotes the location of the field area (Tuva) where the Late Silurian — Early Devonian pa-

leomagnetic result was obtained [Bachtadse et al., 2000].

IOT0-BOCTOKY, B Tipefenax I>xyHrapo-banxaiiickoit ckimaj-
yaToi 00s1acTH, ByJKaHWUYECKWEe CEepUM 3aMeljaloTCs Tep-
pUreHHbIMU (JTUIIEBLIMA TOJILIAMU TIPEeJAYTOBBIX MPOTU-
00B 1 KOMIIEKCAaMH aKKPEL[MIOHHOW TIPU3MBbI, a BO BHeEII-
HUX YacTsX T0sica IPOMCXOJUT HaKOTJIeHUe KPaCHOLIBET-
HBIX TEPPUTeHHBIX MOJIACCOBBIX TOML] [/Jeemspes, 1999;
Tesenes, 2001].

[To3gHemnaneo3otickuii  banxarm-nuiickuii 1iosic  cme-
IleH I0 OTHOLIEHWIO K CpeJHerane030iCKOMYy TIOsCYy B
IOT0-BOCTOYHOM HaripaesieHnd (puc. 2). KameHHOyTOmb-
Hble U paHHerepMckue auddepeHLIPOBaHHBIE BYIKaHU-
YyecKre Cepuy MepeKphIBatoT 6osiee [peBHUe TPe/AyTOBbIe
Y aKKpeL[MOHHbIe KOMILIEKCHI. [IpeiyroBeie KOMILIEKCH
KaMeHHOYTOJIbHOTO BO3pacTa IIpeJCTaB/ieHbl Ty(HOTreHHbI-
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MU T10POJIaM{ U TJIMHUCTO-KPeMHUCTbIM (yviieM. B Thi-
JIOBBIX YaCTSIX Tosica TIPOMCXOJWIO HaKOIUIeHHWEe MesKO-
BO/IHBIX MODCKHX KapOOHAaTHBIX, TeppUreHHO-KapOoHaT-
HBIX U YIVIEHOCHBIX TOJIII, @ B Cpe/iHeM KapboHe — mepMu
— MeCTPOLIBETHBIX TePPUT'eHHBIX 0Ca/KOB.
Omny06MKOBaHHbIE MOJIeNId TEKTOHWYECKOH 3BOJIIOLUU
YMII B maneo3oe mopa)karoT pa3HooOpasueM. EcThb rpyri-
rna Mojiefnel, i KOTOpoW 0a30BBIM SIBJISIETCS MPe/CTaB-
JieHWe O CyLeCcTBOBaHUM B BeHjle — paHHeM Taneo3oe [la-
JIe0a3naTCKOro OKeaHa, B KOTOPOM /JIBUrajloCb MHOKECTBO
MUKDPOKOHTHHEHTOB, M30JMPOBAaHHBIX JIPYT OT /Ipyra OKe-
aHWYEeCKVMH W 33/[yrOBBIMUA OacceliHaMu W OCTPOBHBIMU
nyramu. ['naBHasi posiib B (OpPMUPOBaHUM CKJIaAuyaTOro
Tosica OTBOZAMTCS TIPOLIeCCaM OTKDBITUS U 3aKPBITHS OKea-
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Puc. 2. CxemaTHuecKas reosioruyeckast Kapra KaszaxcraHa, ynpoliieHHbIH BapuaHT KapTel u3 [Degtyarev, 2003]; BO — 6o1iieKy/bcKasi TeKTOHAUeCKast
30Ha. OCHOBHBIE Pa3/IOMbI [TOKa3aHbl TOJICTHIMH CIUIOLIHBIMH JIMHUSAMH. 3Be3/I0YKaMH MOKa3aHbl palioHbl 0rpoboBaHus, 0003HAYEHHbIE TaK XKe, KakK
B TeKcTe. KpacHoii IITPUXOBKO# B paiioHe xpe6ta UnHri3 0603HaueH paiioH pa3BUTHSI BTOPHYHON HaMarHUUEHHOCTH 0OpaTHOM TIOJISIPHOCTH C KpY-

TBIM HaKJIOHeHHeM (0OBSICHEHUs JaHBI B TEKCTe).

Fig. 2. Schematic geological map of Kazakhstan (simplified after [Degtyarev, 2003]). BO — Boshekul tectonic zone. Main faults are shown as thick
solid lines. Stars show the study areas labeled as in the text. The red opaque pattern south of the Chingiz ridge region shows the area wherein secon-
dary reverse overprint magnetization with steep inclination is developed (explanations are given in the text).

OKeaHWYeCKHMX U 3aJyTrOBbIX OaCcCelHOB U, KaK CJIe/CTBHE,
MHOTO3TaIlHbIM KOJUTU3USIM MHKDOKOHTHHEHTOB U OCT-
poBHBIX ayr. CornacHo pabotam [Typmanudse u Op.,
1991; Moccakoseckuli u dp., 1993; /Judenko u Op., 1994;
Kypenkoe u 0p., 2002], B opyioBuKe — cuaype Oosblias
YyacTh 3TUX O/IOKOB Jo/pKHA Obina mpuyanuth K Cubup-
CKOM miaTdopMme, 00pa3yss KOMMO3WTHBIM CHOHUPCKO-
Kazaxcranckuii kontrHeHT. CornacHo [Kheraskova et al.,

2003; Filippova et al., 2001], 3ti 6/JI0KU JO/KHBI ObLIN
CTONKHYTBCS MeX[y cO00M, 00pa3ys Ka3axcTaHCKUM KOH-
THUHEHT, KOTOPBIN 3aTeM JIBUTAJICS HE3aBUCHUMO OT APYTHX
TI/TAT.

OTnunTeNbHON YepTOW [PYroi Ipynnsl Moferneld sB-
JISIeTCS TIPE/ITIOJIO’KEHNEe O TOM, UTO B BEeH/Ie — DaHHEM Tia-
Jieo3oe Mexxay EBponerickoit 1 CubupckKoi miatdopMamMu
CyLeCTBOBA/IA MPOTSDKeHHBIE BYJIKAHUYECKHe AYTH, KOTO-
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pble 3aTeM MpeTepriesid CAOXHble Aedopmaiuu [Sengdr,
Natal’in, 1996; Yakubchuk et al., 2001, 2002; Ilyukos,
2000]. Tak, B ocHOBy Mojenu [Sengdr, Natal’in, 1996]
TI0JIO’KEHO JIOTYIIleHHe O TOM, UTO B BeHJle — PaHHEM TIla-
Jlen30e CyllecTBOBajsia OrpoMHasi ocTpoBHasi Kurmyakckasi
Jlyra, ABWKEHHEe KOTOPOH COrJIacOBaHO C KHWHEMaTUKOH
Bocrouno-EBponetickoii mnardopmsl (Baarun) u Cubupu.
C KOHIJa OpJi0BUKA CTPYKTypa 3TOM CHUCTEMBI YCIOXHSeT-
€S 3a CUeT TIPUWIeHeHWs K Ayre OOIIMPHBIX aKKpPeL[OH-
HBIX KOMILUIEKCOB U TIPOZOJBHOTO COBMEIIeHUs OT/IeNTb-
HBIX CErMeHTOB Ayru. B kapboHe chopMUpoBanachk CTPyK-
Typa, KOTOPYIO MOXHO OTOXJeCTBIATb C KasaxcTaHCKUM
KoHTHHeHTOM. B Mopenu [Yakubchuk et al., 2001, 2002]
TIpe/ITIoJIaraeTcsi COCYIIeCTBOBAaHWE [IBYX TapajliesIbHbIX
OCTPOBHBIX AyT, a B Mozensx [ITyukoe, 2000; Stampfli,
Borel, 2002] paHHenaneo30iCKHe OCTPOBHBIE YT UMEIOT
JTOBOJIBHO CJIOXKHYI0 KOH(UTrypaluo, a Mporecc ux 3iile-
JIOHMPOBAHUSI He SIB/ISeTCS B HUX CTO/b Ba)KHBbIM, KaK Y
[Seng6r, Natal’in, 1996]. Camo cylijeCTBOBaHUE CTO/b
Pa/IMKaabHO pa3/IMUaroUXCcsl MOJieied TOBODUT O TOM,
YTO Ha CeroJHSIIHUMN JeHb HeM3BeCTHbl OCHOBHbIE UePThI
pa3BuTHs Ypano-MoOHI0/IbCKOTO T0sica, a CJiefloBaTe/IbHO,
Y HallM TIpeJCTaBjieHus1 0 Tporecce (OPMUPOBAHUS CY-
TepKOHTHHeHTa EBpasuu B jydilieM cioydyae BecbMa IpU-
OJTM3UTETLHBIL.

Mkl rosiaraeM, YTO TakKasi CHATYyalds B 3HaUMTE/IbHOU
CTereHy BO3HMKAeT M3-32 MaJIOUMC/IEHHOCTH U 3a4acTyro
MaJiol HaJ|eXXHOCTU TaJIeOMarHUTHBIX J@HHBIX TI0 Y paso-
MoHro/bCKOMY TIOABYKHOMY Tiosicy. Ecv Obl o Kitroue-
BBIM CTPYKTypaM 3TOrO Iosica YJaJoCh TMOAYYUTb OTBe-
Yalollie COBPEMEHHBbIM TpeOOBAHUSAM TaJleOMarHUTHBIE
JlaHHbIe OTpefie/ieHs], a Jydyille — JOCTaTOYHO [IMHHBIE
BpeMeHHbIe UX T10C/Ie/[0BaTebHOCTU (PSiZbl), 3TO Aano Obl
BO3MO>KHOCTb Ha/l0KUTh OU€Hb >KeCTKHe OrpaHWYeHHsl Ha
MOZie/Td TeKTOHMUeCKOW 3BOJIIOLMK Y Pajio-MOHT0/TbCKOTO
nosica. TToka Takast pabota B TOW WM UHOM CTeTleHH BbI-
TM0JIHEHA TOJIBKO TIO0 JBYM KPYMHBIM TeKTOHUUECKHUM e/iu-
Huam YMIL.

Ha 3amage — roro-3amajie LileHTpaabHOW 4acTU Y paso-
MoOHronbCKoro MOJBWKHOTO Tosica B KanefoHuax Ka-
3axcTraHa Bblfenserca KpymnHas KokueraB-CeBepOTsiHb-
maHbckas obmacte (KCTII) (puc. 1). JIono3mHeopj0BUK-
ckre KoMIuieKchl npezcrasaensl B KCTII penvikramu fo-
KeMOpHICKUX MHUKPOKOHTHHEHTOB, 0acceiiHOB C OKeaHU-
YeCKOM KOpPOW W paslMYHbBIMU OCTPOBOAYXHBIMU KOM-
rjekcaMd. B KoHIle OpJoBUKa TOCTe KOJJIM3UM MHUKPO-
KOHTUHEHTOB U ocTpoBHbIX Ayr KCTII npeBparuiachk B
KPYMHBIA GJIOK KOHTMHEHTAa/JbHOW KODbI, KOTOPYH Kak
eIHOe 1]e/loe UMEeeT CMBIC/ BBIJENSATh C 3TOr0 BpPeMeHU
[Degtyarev, 2003]. iMeHHO TOTZia pa3/iuyHble 30HBI ITOU
obslacti ObUTH TIPOPBaHBI KPYITHBIMU MacCCHBAMH T03/He-
OPZAOBUKCKUX T'DAaHUTOUJOB (KPBIKKYAYKCKHUM, 3epeHINH-
CKWll KomruieKchl Ha ceBepe KasaxcTaHa, cycaMbIpCKuit
komrviekc Ha CeBepHoMm TsHb-IllaHe); B JanbHeiilieM
3HaunTenbHass yactb KCTIIT 6Gbia mepekphiTa FOXKHBIMH
BeTBsiMU Kazaxckoro u Banxaiu-Mnuiickoro ByIKaHOTLTY-
TOHUYeCKuX TosicoB (puc. 2). B mpegenax KCTHI 6vi10
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MOJTyueHO [IeBATh TaJleOMarHUTHBIX OTpefie/ieHu B UH-
TepBaJie C MO3/HET0 OPJOBUKA I10 TMO3/HI00 mepMb. Cpas-
HeHue naneoMarHuTHbBIX AaHHbIX 1o KCTIII ¢ kprBoii Ka-
Kyleiics Murpaluu Tmositoca bantuum mokasano, uto B
3TOM WMHTepBaJie IIMUPOTHBIE TlepeMeleHus: 00oux 6710K0B
JOCTaTOUHO COTJIaCOBaHHbI. OTOT (AKT HaKIaJblBaeT
BeCbMa >KeCTKHe OTPaHUuYeHUsI Ha MO/Ie/T TeKTOHUYeCKOH
sBositoliu YMII B 1iejioM M ero 3arafgHoi, ypanbCKoH,
YacTv B 0COOEHHOCTH.

Eme ozHa kpymnHas TekTOHMYecKas eavHuna YMII,
UuHrusckasi Tajie00CTpOBHasi [yra, TiepeKphIBaeTcsi ce-
BepPHOI BETBBbIO BYJIKAHOITyTOHUUECKHX TOSICOB (pUC. 2).
YuHrM3ckasi OCTpOBHas fAyra Oblla aKTHBHA CO CpeJHero
KeMOpusi 1o paHHui cunyp [Jeemspes, 1999]. Panee B
3TOM paiioHe OBIJIO TIOMyYEeHO TISITh MajleOMarHUTHLIX OTl-
penenenuii [Levashova et al., 2003a, b; Collins et al.,
2003] v ObLI0O OTMEUEHO CXO/ICTBO MeXAy HabI0/IeHHbI-
MU TIa/Ie0LIMPOTaMU Y TIepeCUUTaHHOW [Jis 3TOr0 paiioHa
KPHUBOM KaKyleicss Myurparuu mnomoca CUOMpPCKOU 1iat-
¢dopmel [Collins et al., 2003]. beuio BICKa3aHO MpenIo-
JIO)KeHWe O BO3MOXKHOM COTJIaCOBAaHHOCTH [JIBMXKeHust UnH-
rM3cKoM maneoayru v Cubupckoit maardopmbl. OmHAKO
Ha TOT MOMEHT JJaHHBIX /I/II CKOJIbKO-HUOY/Ib 000CHOBaH-
HBIX YTBEPXK/AEHUM ObIJIO HEJIOCTaTOUHO, UTO MOJUePKUBA-
JIOCh CAMUMU aBTOpPaMH.

B Hacrosiimeii pabote MblI Mpe/ICTaB/IsIeM HOBBIE T1ajie0-
MarHATHBIE OTpe/ie/ieHuss TI0 CpeHeCWIyPUUCKAM |
CcpeJHe/IeBOHCKMM KOMILIeKcaM W3 paidioHa UMHru3ckoit
naneoAyru. KoMnussiiusi Bcex UMeIOLUXCS 10 3TOHN Ma-
JieofiyTe TajeOMarHUTHBIX JAHHBIX TI03BOJISIET COCTaBUTh
MOCJIeI0BaTe/IbHOCT U3 JEBSTU TlaJleOMarHUTHBIX OIpe-
JeeHnl BO BpEMEHHOM WHTepBasie C T03/Hero KemOpus
T10 TIO3/JHIOIO TTePMb.

2. 'EOJIOTUYECKAS IMO3ULAA OITPOBOBAHHBIX PA3SPE3OB

B ceBepo-BocTouHOl yactu KasaxcraHa c ceBepo-
3amaZia Ha ro-BocTok nouty Ha 1500 kM npoTsAruBaeTcs
Boiekynb-UuHrusckass 1ajaeo0CTPOBOAYKHasg CUCTeMa
(puc. 2). B Heli BbigenstoTcs borekynbckuit u YuH-
TU3CKWAN CerMeHThI, KOTOpble, HECMOTPSI Ha pa3iuuus B
CTPOEHWM, COCTaBe W BO3pacTe KOMILIEKCOB, TO-BUAU-
MOMY, SIBASIIOTCS YacTSMWA HeKOr[a eJUHON CTPYKTYpBI.
Bolleky/ibCKUil  CerMeHT C/I0KeH KeMOpHUICKO-paHHe-
cunypuiickumy i depeHIIMPOBaHHBIMUA  BYJTKAHUUECKU-
MU CepusiMM, CpeJHeBepXHEeOpPJOBUKCKUMU aKKpeL[MOH-
HbIMA KOMIIJIEKCAMU M CPeSHEeO0pO0BUKCKO-paHHECHUTY-
puiickumu ¢UrIIIeBbIMU Komriekcamu. Komruiekcsl UnH-
TM3CKOTO CerMeHTa TPOTSATUBAIOTCS C CeBepo-3arajia Ha
I0r0-BOCTOK 6Gosiee uem Ha 600 KM ¥ BK/IIOUAlOT KeMOpPHii-
CKO-paHHeCHU/TypPUICKHMe ByJIKAHUYECKHe CEepUH, CpefiHe-
BEePXHEOPJOBHUKCKHME aKKpelLIMOHHble KOMILIEKChl U Cpeji-
HEOPJOBUKCKO-paHHECUTYpHUIiCKUe (/MileBble KOMILIEK-
col (puc. 2). UAHTU3CKUM CerMeHT MMeeT NPUMEpPHO CUM-
MEeTpUYHOEe CTPOeHHe: B ero IeHTPaJbHOW YacTH pacIipo-
CTpaHeHbl MPEUMYIIIeCTBEHHO OCTPOBOAYKHbIe BYJIKaHU-
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Yyeckue CepuM, a B IOro-3aragHodl U CeBepO-BOCTOUYHOMN
npeo01aZiatoT akKKpeIMOHHbIE U (QIUIIOUAHBIE KOMILIEKChHI
[deemspes, 1999].

B LenTpanbHo-UMHIM3CKOM 30HE BBIJENSIOTCS KeM-
OpHIICKO-HIKHEOD/JOBUKCKHE OCTPOBOJY>KHBIE BYJIKaHU-
YyecKrde W TeppUreHHO-Ty(OreHHbIe CKJIOHOBbIE KOMILIEK-
Chbl, KOTOpbIe HECOTJIAaCHO TiepeKphIBaloTCs crnaboaudbe-
PEHI[UPOBaHHOW aHJie3uba3asbTOBOM TOMIIEH CcpeaHe-
BepXHEOp/IOBUKCKOTo Bo3pacra. Oro-3amagHee pacripo-
CTpaHeHbI A0JUIaH/IeHAICKie aKKPelMOHHbIe KOMITTeKChl. U
OHU, U ByJKaHUTHI LleHTpanbHO-UHWHTU3CKON 30HBI Tiepe-
KPBIBAIOTCS JIJTAHZAENHT0-KapaJOKCKUMH  KapOOHaTHO-Tep-
pUreHHbIMU W (PJIMLIOMAHBIMA ToJLamMu. [anee K rOro-
3arajy AocpeHeKapaZloKCKe aKKpPeIIMOHHbIE KOMIUIEKChI
HEeCOIJIaCHO TIepeKphIBalOTCSl CpelHeBepXHEeOPI0BUKCKHU-
MU TEepPUreHHbIMH W BYJIKAHOTEHHBIMH KOMILJIEKCAMHU.
Crepytorriast K HOro-3arajy 30Ha CJIO’KeHa [J0Cpe/IHeopZo-
BUKCKUMM aKKPEI[MOHHBIMHA KOMILJIeKCaMH, KOTOpble Tie-
peKpbIBatOTCsl pUGOBBIMU H3BECTHSKAMU BEPXHEro Opfo-
BUKA, TEPPUTeHHBIMH U TepPUreHHO-BYJIKaHOT€HHBIMHU
TOJIIIIaMA HIWKHEro — CpeJHero JjjlaH/l0oBepyd — BeHJIOKa.
OcTpoBOjy)KHbIEe KOMIUIEKCHI TIpe[CTaBleHbl JlaBaMH U
TyhamMy aHZE3UTOBOro M 0a3ajbTOBOTO COCTaBa C TIPO-
C/IOSIMU TEePPUTeHHBIX TIopof. B cTpoeHwnu camoii 3amaj-
HOM 30HBI yYacTBYIOT ¢parMeHTbl HIKHe-, CpelHe- U
BepXHEKeMOPHICKIX, HIKHe- U CPeJJHeOPJOBUKCKUX 0Oa-
3a7IbTOBBIX U KPEMHUCTO-0a3a/bTOBBIX, a TaKXKe HIDKHE-
CpeJHeOPIOBUKCKHUX KDEMHUCThIX Toumiy [/Jeemspes,
1999].

W3 BhIlllen3nokeHHOTo criefyeT, YTo YWHTHU3CKasi OCT-
POBO/[y)KHasi CUCTeMa Oblla aKTHBHA CO CPEJIHETO KeM-
Opusi IO paHHUI CUTYD BKIHOUHTENBHO, TO CTh OKOJIO CTa
MUJIJTIOHOB JIeT. AKKpeLIMOHHbIe KOMII/IeKChI, ChopMUpO-
BaBILWeCs B KeMOpUM — paHHeM OpZOBUKe, MO0 He CO-
XPaHWIUCh, MO0 HUKOT/IA He CyI[eCTBOBAJIH, TaK UTO [IJisi
3TOTO WHTepBajia BpEMeHU Helb3sl OTpe/le/IuTh Harpasiie-
HUe cyOayKuuu mof UWHTH3CKYH0 OCTpPOBHYyHO Ayry. K
ro-3anazly ot LleHTpasbHO-UMHTHU3CKOM 30HBI LIMPOKO
pacrpocTpaHeHbl akKKpelMOHHbIe KOMILIEKChI, chopMUpo-
BaBIIMeCsi C apeHWra Mo HWwkHUM cuinyp. C ceBepo-
BOCTOKA Ha [OT0-3ama/l aKKpelMOHHbie KOMIUIEKCHI |
CK/IOHOBBIE OTJIO’KEHUSI 3aMeTHO OMOJaKUBaroTcsi. B Tom
JKe HarpaB/IeHWM HauvHasi CO CpeJHero OpAOBHKA IPOMC-
XO/IUT OMOJIO’KEeHHE BYJIKAHUYECKUX Ha/ICyOyKLIMOHHBIX
KOMIUTeKCOB [/Jeemspes, 1999].

Io Bcelt BMAMMOCTH, HAUMHas C JIZTAHBUPHA BYJIKaHU-
yecKud GpoHT YMHIM3CKOW OCTPOBHOM AYTH TOCTerleHHO
MUTPUPOBA Ha I0ro-3amnaj. B KaxoM BpeMeHHOM HHTep-
BaJsie repe/i GPOHTOM AYT'Y HAaKAIJTMBA/IMCh aKKPELIMOHHbIE
Y CKJIOHOBBIE KOMIUIEKChI, KOTOpbIe 3aTeM IepeKphIBa/ICh
Ooslee MOJIOABLIMH OCTPOBO/YKHBIMHU BYJIKAHUUECKUMHU
cepusimi. Bce 310 Bpemsi cyOaykuusi mof, UWHIH3CKYTO
OCTPOBHYIO [IyTYy IIl/Ia C FOr0-3arajia (B COBpeMeHHOW CHC-
TeMe KoopzauHar). K KoHIy paHHero cumypa cyOayKuus
ros; UMHTH3CKYI0 OCTPOBHYIO YTy TpeKpalljaeTcs, 3aTy-
XaeT BYJIKAHU3M M TIePeCcTaroT HaKallIuBaTbCsl aKKpeLy-
OHHbIe KOMTIIIeKCHI [Jeemspes, 1999].

B meBoHe pa3HOBO3pacTHble KOMILIEKChl UMHIHM3CKOM
rajeolyr’d 4acTUYHO TiepeKphIBalOTCS BYyJIKAHUTaMM Ce-
BepHOU BeTBM Ka3axCKOro BYJIKAHMUECKOTO TIOsica, TIPU-
YyeM TIPOCTUPaHUS 3TUX CTPYKTYD TIOUTH TapasuieibHbI
(puc. 2). Bynkanunueckasi akTUBHOCTh B Kazaxckom rmosice
3[1ecb MPOAOJKAIach C CcepeiiHbl JJOKXOBCKOTO spyca [0
>kuBeta [II]ezoneea u dp., 1993], a mposiBieHus TI03HEe-
BOHCKOI'0 BYyJIKAHM3Ma OueHb peJKu. ByskaHWueckasi ak-
TUBHOCTb BO300HOBHW/IaCh B BU3elCKOe BPeMsi U MPOJOJ-
JKalach 0 KOHIA riepmu. KoMruiekchl To3/Herane030im-
ckoro banxam-Unuiickoro By/JKaHMUECKOTO TIosica B ca-
MOt FOT0-BOCTOUHOM YacTh UMHIM3CKON OCTPOBO/Y>KHOM
CHCTeMBbI TIepeKpPbIBAIOT U CTPYKTYPbl UUHTU3CKOU AYyTH, U
KoMmrieKchl Ka3zaxckoro mnosica (puc. 2).

MHorouuc/ieHHble YTI0Bble HeCOoryiacusi (GUKCUPYHOTCS
B pa3pe3ax UMHrM3CKoii naneoyry U ceBepHoii BeTBU Ka-
3axckoro u banmxaum-Mnuickoro By/TKaHMUECKUX TIOSICOB.
BusiiMo, pervoH ObLT 3aTPOHYT HECKOJBLKUMH 3TariaMu
nedopmMaliuii, KOTOpble IPOUCXOWIN B TIOC/epaHHeCHUIy-
PUICKOe U TOC/e)KUBETCKOe BpeMsi, B BU3e U B TO3JHel
nepmu [Jeemspes, Psazanyes, 1993]. Maciirabel pa3sHbIX
3TanoB JedopMaliuii CUILHO BapbUPYIOTCS B TIpejenax
pervoHa.

Hamu 6bUTH M3yUeHbl CpeIHECUTYPUNCKUE BYJTKAHUTHI
UMHIU3CKOM IyTH U Cpe/iHe[ieBOHCKYEe BYJIKAHUTHI CEBEp-
HOU BeTBM Kasaxckoro By/JKaHWUUYECKOTO Tosica, TepeKphl-
BalOIIlero KOMILIeKChl YUHTHM3CKOW AYTH Ha ABYX y4acTKax
(puc. 2).

Yuactok AY (48.0° c.mi., 80.7 ° B.A.). B ropax Kapa-
KyHreil Obu1 OrpoboBaH MOHOK/JIMHAIBLHBIA paspes, CJIo-
JKeHHBIM aHJe3WTaMd BepXHed YacTHh [JOHEeHXKalIbCKOU
cBUTHL. HWDKHSS UacTh CBUTHI TIpeJCTaB/ieHa KPaCcHOLIBET-
HBbIMHU TleCYaHUKaMH U ajieBPOJIUTaMU C MPOCI0SMH KpeM-
HUCTBIX TY(OB, B CpefHel UYacCTW TMOSIBSIOTCS TPOCION
W3BECTHSKOB, a B BepXHeH MPUCYTCTBYIOT Oa3aibThl U aH-
Je3uThbl. Bo3pacT cpefjHeli yacTy CBUTHI 10 Opaxvomnofam,
KOopaj/ulaM W TpafToJUTaM OIpeZessieTcsl Kak T03JHUN
BEH/IOK — paHHUW nayanoB [Tekmonuka Ka3zaxcmana,
1982]. BeposTHO, BYJIKAHUTBHI BePXHEH UaCTU CBUTHI UMe-
10T BeHJIOKCKWI Bo3pacT. Hamu Obiio onpobosano 13 mo-
TOKOB aHZIe3UTOB W Tadyka KPaCHOI[BETHBIX ajleBPOJIUTOB.
B aByx mipocnosix BHYTprUGOPMAIIMOHHBIX KOHTJIOMEPaToB
6610 0TOOpaHO 20 rajiek aHie3uToB.

Yuyactok KU (48.3°c.m1., 78.3°B.4.). B Ilpeguunrusbe
JlaraHia/TMHCKas: CBUTA >KUBETCKOTO BO3pacTa OrpaHUYeHa
B TO/IOIIBE M KPOBJIe TOBEPXHOCTSIMU pa3MbiBa. BHH3y
OHa TipeZicTaB/ieHa Oa3anbTamu, aHAe3n0a3aabTaMu U Ava-
0a3amu, a BbIllle — MeCTPOLIBETHLIMU TeCYaHUKaMu, Ty§o-
recuaHuKamu, TyaMu U jaBamH, MPeNMYIeCTBeHHO aH-
Je3uToBoro cocraBa. OOWIbHbIE OCTaTKKA Ha3eMHOU (io-
pBl TI0 BCeMy pa3pe3y OIMpejessioT BO3PacT OT/IOXKeHWH
[Texmonuka Ka3zaxcmaHa, 1982]. TlajeomMarHuTHbIE [aH-
Hble TI0 HebOJBIIOMYy (HECKOJBKO TIOTOKOB) MOHOKI/IH-
Ha/lbHOMY 0OHa)KeHWIO [jaraH/|aIMHCKON CBUTHI ObUIH pa-
Hee TipuBeZieHbl B pabote [Levashova et al., 2003a, b]. B
TOM JKe paiioHe MbI orpo6oBanu erje 13 MOTOKOB 6a3asb-
TOB C pa3/IMYHbIMH 3a/IeTaHUSIMUA U3 HYD)KHEH YacTH CBUTHI.
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3. METO/IbI JABOPATOPHBIX MCCJIEJJOBAHMI

B oOHaxxeHUsIX BpY4YHYIO OTOMpAINCh MTY(]BI, OPUCH-
TUPOBAaHHBIE TOPHBIM KOMITACOM, U3 KOTOPBIX BBITHIIMBA-
nuchk Kyouku peopom 20 mm. OtbOop Bencs mo caiftam,
MIpUYEM B Ka4eCTBE caliTa pacCMaTpUBAICS JIMOO JIABOBBIN
MOTOK, JIN0O Tadka OCaJ0YHBIX MOPOJ MOUIHOCTHIO He-
CKOJIbKO MeTpoB. KosieKiiuu u3ydanauch B MajieoMarHUT-
HbIX laboparopusix ['TH PAH B MockBe 1 MUUMraHcko-
ro yHuBepcuteTa B AHH ApGope. Bce obpa3ijp! Ob1m1 Toz-
BeprHyThI cTyreH4YaTomy (o 20 11aroB) TeMriepaTypHOMY
pa3mMarHuumMBaHuio BIioThk 10 680 °C. B MockBe pa3mar-
HUYMBAaHME TPOBOZAWIOCH B CaMO/Ie/IbHOM TeUM C JBYX-
CJIOMHBIM TIEPMAaJUIOEBBIM 3KPAaHOM C OCTaTOYHBIM I10JIEM
okosio 10 HT. HamarHvuyeHHOCTh M3MepsilaCb Ha CIIMH-
marHutoMmerpe JR-4 ¢ yposHem myma 0.05 MA/M, niome-
IIIeHHOM B KoJibIla ['e/IbMrosiblia, 4To YMEHBIIWIO BIIUSI-
HUieé MarHUTHOTO TI0Jisi 3eM/IM B HECKOJIBKO JIeCSITKOB pas.
B Auna Apbope cTyrneHYartasi TEpMOUYHCTKA TTPOBOJU/IACH B
reun mMapkud Analytical Services TD-48, a HamarHuueH-
HOCTb M3Mepsijlach Ha KpuoreHHOM MarHutometpe 2G En-
terprises. U reub, 1 MarHUTOMETp OBLLTH ITOMEIEHBI B He-
MarHUTHYIO KOMHATYy.

Pe3y/ibTaThl TIPOTPEBOB ObIIM TIPE/ICTaB/IeHBI B BU/IE
OpTOTOHAMBHBIX Auarpamm [Zijderveld, 1967]. [ns ompe-
Jle/ieHYs] HaTpaB/ieHU KOMITOHEHT HaMarHUUeHHOCTH WC-
T0JIb30Ba/IUCh JIMHEHHBbIE YUYaCTKU TPAeKTOPHUM, BKIIIO-
yalllle He MeHee TpeX TI0C/e[oBaTebHbIX HarpeBOB
[Kirschvink, 1980]. [auHple 1Mo oOpa3ljaM W3 KaXK[Oro
caiiTa OCpe[IHSI/IUCh, U TIOJTyueHHbIE TAaKUM 00pa3oM cpeji-
HUe BeKTOpa I0 caiiTaM HCTIO/Ib30Ba/IUCh /JIsl BEIUKMCTIEHUS
CpeJHero HaripaB/ieHUs1 Bcell Tonuy. B Tex calitax, rjae He
y/IaBajIoCh TIOJTHOCTBIO Pa3fie/IUTh KOMITOHEHThI HaMarHu-
YeHHOCTH, [Ijis BBIUKMC/EHUs Cpe/IHer0 HaTpaB/ieHUus I10
caiitaM O0BeIVHSIMCH HAIlPaB/IeHUS] KOMITIOHEHT U KPYTH
nepemaruuuuBanus [McFadden, McElhinny, 1988]. B He-
KOTOPBIX caiiTax BOOOINe He y/anoch BBIIEIUTL BBICOKO-
TeMIiepaTypHyI0 KOMIIOHEHTY B UMCTOM BU/le, a MOTy4eH-
Hble TIpM pa3MarHAUMBAHWUM KPYTU IepeMarHUUHMBaHUS
TepPeCceKaroTCs o/ OCTPhIMU YT/IaMH, UTO He TT03BOJISET
YBEPEHHO OIpe/le/IUTh TOUKY WX TiepeceueHusi. B Takmx
Cyyvasx BBIUMC/ISUICS CPeNHUN KPYT IepeMarHHUUHUBaHUs
I/ caiiTa, a jajee /i BBIUMCJEHUs OOIIero cpegHero
HaTpaBJIeHus /151 KOJJIEKI[UY TIPUMEHSIICS TOT Ke TIO/IXO/,
[McFadden, McElhinny, 1988], HO y>Xe K COBOKYIHOCTH
CpeJHMX I10 CaliTaM BEKTOPOB W KPYIOB IepeMarHUuMBa-
Hus. TIpu 06paboTKe JaHHBIX WCTOIb30BaI0Ch MPOrPaMM-
Hoe obecrieuernie C.B. IlTunyHoBa, JK.-I1. Konbe [Cogné,
2003] u P. OHKuHa.

4. PE3YJIbTATHI
4.1. BYJIKAHUTEI «CPETHETO» CUIYPA (YUACTOK AY)
[MTouty Bo Bcex obpasijaX TEMHO-CEPBIX aH/[€3UTOB, TI0-

crie ynanenus rpu temneparypax 200-250 °C HebobIoi
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M0 BeJIMUMHE HU3KOTeMIIePaTyPHOM KOMITOHEHThI Hamar-
HUUEHHOCTH, BblJlefisieTCsl MpsIMOJIMHeHHasi, crajatoiias B
Hayaj0 KOOpJMHAT XapaKTepuCThYecKass KOMIIOHEHTa Ha-
maranueHHoctu (ChRM) (puc. 3, a, ¢). Hanpotus, B Kup-
MUYHO-KPaCHBIX aHZe3UTax HU3KoTeMIlepaTypHas KOMIIO-
HeHTa pe3Ko Tpeo0siafiaeT U COXPaHSIeTCsl O HECKOIbKO
Oosiee BBICOKUX TeMIepaTyp, OJJHAKO BO MHOTHX 00Opas3iiax
ChRM Bce xe yganock BblenuTh (puc. 3, b). Bo Bcex
catitax HaripaBieHuss ChRM Xopollio CrpynnupoBaHbl, U
CcpeJHee HarpaB/ieHHe HaMarHUYeHHOCTH I10 BCEW KOJI-
JIEKI[UU OIIpeje/IsieTCsl C XOpolied TOYHOCThIo (Tabs. 1).
Ecmm cyauth mo G/IOKMPYIOLIMM TeMIlepaTypam, HOCUTe-
jeM ChRM MoeT ObITh KaK MarHeTUT, TaK U T'eMaTuT,
MpUYeM HarpaB/ieHUs] «MarHETUTOBON» U «TeMaTUTOBOM»
KOMITOHEHT COBIajjatoT (puc. 3, a, c).

3asieranusi B oripoOOBaHHOM pa3pe3e MEHSIIOTCS MaJio,
U XOTS MaKCHMaJlbHasi CXOJUMOCTh [JaHHBIX JOCTHUTAeTCs
npu 100 % pacrpsiMieHust C/10eB, TeCT CK/IaJKU He JaeT
CTaTUCTUYECKH 3HAUMMOr0 pe3ysbTara (tabsn. 1, puc. 4, q,
b).

B 13 u3 20 oToOpaHHBIX rajiek XapaKTepUCTUKW pas-
MarHA4YMBaHUsl Takue ke, KaK BO BMeLIAIIUX MOpoZax
(puc. 3, d). B ocraBmuxcs ceMu obpasliax ecTb CpeJHe-
TeMriepaTypHasi KOMIIOHEHTa ¥ BBICOKOTEeMIlepaTypHasi
KOMIIOHEeHTa, Crajatomas B Hauano koopguHat (ChRM)
(puc. 3, e). Ins ChRM wu3 Bcex 20 rasek HOpMaau30BaH-
HBI BEeKTOp-pe3y/bTaHT paBeH 0.165, UTo MHOTO MeHbIiIe
kputnueckoro 3HaueHuss 0.358 [Mardia, 1972]. Takum
00pa3om, TecT rajek, BBIOJHEHHBIN 10 BHYTpHUGOpMaLi-
OHHBIM KOHTJIOMeparam, SIBSeTCsl MOJIOKUTETbHBIM (pHUC.
4, c), a ChRM B ByJIKaHUTaX «CpeJHEero» CUIypa MOXHO
[IOCTaTOYHO YBepeHHO CUMTAaTh MePBUUHOMU.

4.2. JKUBETCKWUE BA3AJIETHI (OFBEKT KU)

B ueTbipex W3 TpUHAUATH OMPOOOBAaHHBLIX CAUTOB He
yAanoch BBIZAENUTb CTabW/IBHOW KOMIIOHEHTBl HaMarHW-
YeHHOCTH. B OCTaBIMXCS [eBATH HU3KOTeMIlepaTypHas
KOMIIOHEeHTa HaMarHUYeHHOCTH, HarlpaBJieHHast 110 COBpe-
MEeHHOMY MO0JIt0, yjanseTcs rnpu temneparype 200-250°,
rocjie 4ero B OOJBINIMHCTBE 0Opa3l[0B MOXKHO BBIIEJIUTh
elrle /Be cocTapssirolux. KomrioHeHTa A BbifiesisieTcsl B
TemnepaTypHoM uHTepBane oT 200-250° go 500-530°. B
HEKOTOpBIX 00pasliax 3TO eJWHCTBEHHasi KOMIIOHEHTa,
KOTOPYIO yJaeTcsi BeigeauTb (puc. 5, a, b). B ocTtanbHbIx
obpa3sijax Ha BBICOKHUX TEMIIEPaTypax YZAAeTcs BbIENIUThH
elle OfIHy KOMIIOHEeHTY B, uTo X0pol10 BUJHO Ha OPTOro-
Ha/lbHBIX Juarpammax (puc. 5, ¢, d) U crepeorpammax
(puc. 5, b). OpgHako He BO Bcex 00pasiiax KOMIIOHEHThI A
U B yzaercsi mo/sHOCTBIO pa3fenuThb, Jake ecld Ha OpPTO-
TOHA/LHOM JuarpaMme BBIJEJISIIOTCS ABa TPSIMOIMHEHMHBIX
oTpeska. Hampumep, aHOManbHOe HarpaBjieHUe cCpefiHe-
TeMIepaTypHOi KOMMOHeHThl B oOpa3sie m9202 (puc. 5,
d), BeposiTHO, OOBSICHSIETCS TIEPEKPLITHEM CITEKTPOB 0J10-
KUPYIOIIUX TemIiepaTyp KomiioHeHT A 1 B (A&B Ha puc.
5, ¢, d). Tem He MeHee cpe/iHKMe HallpaB/IeHUsI 00eUx KOM-
TOHEHT TI0 CaiTaM WM CPefHHe TI0 caiiTaM KpPYTH Tiepe-
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Puc. 3. TIpumeps! fuarpamMm 3uiiepeesnbia A/t CUTyPUMCKIX Mopof o6bekTa AY B ApeBHeH crcTeMe KOOPZWHAT: a—C — aHJ,e3UTOBble MOTOKY; d, e
— rajbKi 13 BHYTPU(OPMALOHHBIX KOHIJIOMEpPAaToB. 3a/JUThIMK (He3aUThIMM) CUMBO/IAaMU 0003HaueHbI NPOEKIIMM Ha TOPU30HTA/IbHYIO (BepTH-
KasIbHY0) T10cKocTh. TemmepaTypsl B rpagycax Llenbcusi, BeMuMHa HaMarHUUeHHOCTH B MA/m. [I/1s1 Har/IssAHOCTH, Hava/lbHble TOUKH Ha HEKOTO-
PBIX iMarpamMMax OITyIL{eHBl.

Fig. 3. Representative thermal demagnetization plots of the Silurian rocks from locality AY, in stratigraphic coordinates: a—c — andesite flows; d, e —
cobbles from an intraformational conglomerate. Full (open) circles represent vector endpoints projected onto the horizontal (vertical) plane. Tem-

perature steps are in Celsius degrees. Magnetization intensities are in mA/m. For clarity, NRM points are omitted from some plots.

Tab6uanuia 1. HanpaereHus XxapakTepUCTUUIECKOM KOMIIOHEHTEI B CUIYPHHCKUX 0pPoJax obbekta AY

Table 1.Directions of characteristic component in the Silurian rocks from locality AY

S N/N() COBpeMeHHaﬂ CHUCTEMA KOOpAUHAT HPCBHM CHUCTEMA KOOpAUHAT

A D° TI° k (X95° D° I° k 0L95°
M9066 717 124/20 153.4 293 149.9 11.5 18 14.9
N3801 717 124/20 168.6 352 161.7 20.0 50 8.6
M9073 6/5 135/45 198.2 61.8 163.6 28.2 25 16.1
M9079 12/7 135/45 206.9 49.9 176.9 23.6 41 9.6
MI111 6/6 135/45 192.8 21.1 187.5 -5.6 40 10.8
M9117 7/7 135/45 182.1 31.8 173.6 -2.1 285 3.6
N3808 6/6 134/39 184.0 60.8 158.6 23.0 75 7.8
N3814 6/6 134/39 184.5 55.2 162.2 18.6 151 5.5
N3820 6/6 135/45 186.5 55.5 163.1 19.4 38 11.0
N3826 7/7 135/45 179.8 35.9 169.8 0.5 194 43
N3833 6/6 135/45 204.2 384 184.0 14.0 123 6.1
N3839 717 135/45 175.7 423 163.9 4.6 139 5.1
MEAN (12/12) 183.7 44.1 22 9.5 168.0 13.2 28 8.4

ITpuMeuyaHHue. S—Homepa Touek onpoboBanusi; N/Nj — unciio o6pasioB (caldToB), 0TOOPaHHBIX B KaXKJOM CaliTe/MCIO/Ib30BaHHbIX J/Is aHa-
nv3a; A — cpeiHUI 1O caiiTy a3uMyT nafeHus/yron nageHusi; D — ckinoHeHue; I — Hak/oHeHHe; k — KyUHOCTB; ags — paguyc Kpyra jgoBepus [Fisher,
1953].

N o te. S — sampling sites; N/Ny — the number of samples (sites) studied/accepted; A — site-mean azimuth of dip/dip angle; D — declination;
I —inclination; k — concentration parameter; ags, — radius of confidence circle [Fisher, 1953].
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Puc. 4. CtepeorpaMma CpeJHUX HarlpaBjeHUH HaMarHW4eHHOCTH MO CaliTaM [Jyisi CUIyPUMCKUX BYJ/IKaHUTOB 00bekTa AY. Kpy>kKaMu MoKa3aHbl
CpejjHMe HalpaB/ieH!si HAMarHUUeHHOCTH T10 caiiTaM C Kpyramu JjoBepysi (TOHK{e JIMHUM) B COBpeMeHHOH (a) v AipeBHel (b) cucTeMax KOOpAMHAT.
OG611iee cpeiHee MOKA3aHO 3BE3/I0UKOM, ero Kpyr [JOBepHsl — TOJICTOM JIMHUEH; ¢ — HarpaB/ieHHsl BHICOKOTEMIIEPATYPHON KOMIIOHEHThI HAMarHUUeH-
HOCTHY, TIOTyUeHHBIe JJIsl TajleK U3 BHY TPH(OPMaIIOHHBIX KOHIJIOMepaToB. 3auThle (He3a/luThle) KPY>KKHU 1 CIVIONIHbIEe (TTyHKTHUPHbIE) TMHUN CIIPO-

eKTHPOBaHbI Ha HIWKHIOKO (BEPXHIOI0) 1oty cdepy.

Fig. 4. Stereoplots of site-mean directions (dots) of the high-temperature component with associated confidence circles (thin lines) in the Silurian
volcanic rocks from locality AY, (a) in situ (IS) and (b) after tilt correction (TC). The star with the associated confidence circle (thick line) shows the
overall mean directions of the characteristic remanence; ¢ — HTC directions are obtained for cobbles from an intraformational conglomerate. Filled
(open) symbols and solid (dashed) lines are projected onto the lower (upper) hemisphere.

MarHuuuBaHus (pUc. 5, e) ompeziessitoTCs C JOCTaTOYHOMN
TOYHOCTBIO (Tabs1. 2). Mbl 00beAVHUIN TIOJTyYeHHbIe JaH-
HbI€ C JaHHBIMHU TIO TIATH CalTaM U3 TeX >Ke Mopo/, Onyo-
NMKOBaHHKIe B pabote [Levashova et al., 2003al.

Komnonenta A XOpowio CrpynnupoBaHa B COBPeMEH-
HOM cucTeMe KOOpJMHAT, a I0C/e IepeBofia B [PeBHIOK
CHUCTeMYy ee KyYHOCTb YMeHbIIIaeTcst B TpU pasa (Tabi. 2,
puc. 6, a, b), To ecTb KOMIIOHeHTa A SIBISIETCS ITOCJ/IeCK-
napyaroii. CpefiHYe HarpaB/IeHUs 110 caiiTaM U Tiepeceue-
HUsl KpPYroB IlepeMarHuuMBaHNsl KOMIIOHeHTbl B dopmu-
DYIOT Ha CTepeorpamme /Be MPUOIM3WUTEBHO AHTHIIO-
JanbHble rpymmsl (puc. 6, ¢, d). KakeTcst IOTHUHBIM CUM-
TaTb, YTO 3TU JBe TIPYINbl COOTBETCTBYIOT HaMarHU-
YEeHHOCTU [BYX MOJIAPHOCTEN, CpefiHUe HarpaB/eHusl KO-
TOPBIX pa3muyaroTcs Ha 11.7°£13.8°, To ectb TecT obOpa-
II[eHUs TI0JI0KUTeMbHBIA. CpefiHMe HarlpaBeHUs T10 Caii-
TaM Jydllle CrpyNIHMPOBaHbl B JpEeBHEN CUCTeMe KOOpAU-
HaT, OJJHAKO TeCT CKJIaJKW CTaTUCTUUeCKH 3HaYMMOTO pe-
3y/ibTara He fAaer. Mbl cuuTaeM, UYTO KOMIIOHEHTY B ¢
JIOCTaTOYHOMW CTereHbl0 YBEPEeHHOCTH MOYKHO pacCMaTpH-
BaTh KakK MePBUYHYI0 KOMITIOHEHTY HaMarHWYeHHOCTH.
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4.3. TIAJITEOMATHUTHBIE JJAHHBIE 110 PAVIOHY
YMHTU3CKOM TTAJIEOAYTHU

C Hauana 1990-x rozoB ory0/JMKOBAaHO HECKOJIBKO Tia-
JIEOMarHUTHBIX Pe3yJIbTAaTOB /ISl Ta/Ie030HCKUX KOMILIEK-
coB UMHTH3CKOM Majie0fyry U TePeKpPhLIBAIOIIUX ee BYJI-
KaHUYeCKHX MosicoB (TabJ1. 3).

B BepxHekemOpuiickux aHze3utax (CL) u HIKHeOpo-
BUKCKUX (apeHUrckux) KpacHougeTax (OE) u3 uieHTpasb-
HOU uacTy YWHTH3CKOM TManeoAyry Bblje/IeHbl 0CKIa ua-
Tble U TPEATO0J/IOKUTENBHO TepBUYHblE KOMIIOHEHThbI Ha-
MaraunueHHoctu [Collins et al., 2003].

B 30-40 kM K toro-3amazgy ot o6bektoB CL 1 OFE 0butn
W3ydeHbl HIWKHECWTypuiickue ByJKaHuUThl (SI), mepBuu-
HOCTb BBICOKOTEMITEPATYPHOM KOMITOHEHTHI B KOTOPBIX
TOJITBEPXK/IEHA TeCTOM 0O0pallieHus,, TeCTOM CKIaZKH W
TeCTOM TajieK W3 BHYTPU(OPMALIMOHHBIX KOHTJIOMEPAaTOB
[Levashova et al., 2003al.

B BepxHecunypuiickux KpacHouBetax (G2) BbigeseHa
TIPe/ITI0JIOKUTENTBHO APeBHss HaMarHU4eHHOCTb, HO 3TOT
pe3ynbTaT Oa3upyetcss Bcero Ha 12 obpasliax ¥ He TMOJ-
TBEPXKJEH TIo/eBbIMUA TecTamu [Grishin et al., 1997].
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Puc. 5. a—d — npescTaBuTeNbHBIE JUarpaMMbl 3uii/iepBenb/ia U CTepeorpaMMbl U3MePeHHbIX HalpaB/leHid HaMarHMYeHHOCTH U Bblfle/IeHHBIX KOM-
TIOHEHT B >KUBETCKMX By/KaHMTax yuactka KU B crparurpaduueckux koopzuHatax. Ha JuarpamMmax BblJie/leHHblEe KOMITIOHEHTH! (TOJICTBIE ITyHK-
THPHBIE JIMHUM) 0003HaueHbl Kak B TeKCTe. 3Be3704KaMy 0003HaueHbl HallpaB/leHHs BblZle/IeHHbIX KOMIIOHEHT C COOTBETCTBYIOLMMH KpPyraMmu Jo-
Bepus (TOHKHUe JIMHUK); e — TPUMep Ompe/ie/ieH|si CPeJIHero Kpyra rnepeMarHiuuBaHust [jisi caiTa (TosiCcTast KpacHasi JIMHuUs) 110 Cy6rapasuiesibHbIM
KpyraM INepeMarH{4MBaHuUs OTZeNbHBIX 00pa3LoB (TOHKMe cuHUe JUHKUM). OcTanbHble 0603HaueHus JJis JuarpaMM ¥ CTepeorpamMM Kak Ha pUCYH-
Kax 3 ¥ 4 COOTBETCTBEHHO.

Fig. 5. a—d — representative thermal demagnetization plots and stereonets of vector end-points and isolated components in the Givetian volcanics
from locality KU in stratigraphic coordinates. Thick dashed lines denote isolated components labeled as in the text; A and B stand for linear seg-
ments, where component isolation was not achieved because of overlapping unblocking spectra. Stars in stereonets are the best estimates of the (A or
B) component directions with associated confidence circles (thin lines); e — an example of the computation of the mean remagnetization circle (thick
red line) from several near-parallel sample remagnetization trajectories (thin blue lines). Other notation for the orthogonal plots and stereonets as in
Figures 3 and 4, respectively.
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Puc. 6. CpeaHue 1o caiiTaM HarnpaB/eHWs] HAMarHUYeHHOCTH U KPYTH IepeMarHiuMBaHusl (KpacHble JTMHUM) B )KUBETCKHUX ByJIKaHWTaxX 00bekTa KU
s (a, b) — cpegHeTeMIIepaTypHOUM KOMIIOHeHTHI A; (¢, d) — AJis1 BHICOKOTeMITepaTypHOi KOMIIOHeHTHI B B (a, ¢) coBpemenHoi (IS) u (b, e) apeBHeit
(TC) cucremax koopavHat. CpefjHre BeKTopa 1o caiiram u3 [Levashova et al., 2003a] v 3Toit paboTsl TIOKa3aHbI TPEYTOMLHIKAMH U KPY’KKaMH CO-
OTBETCTBEHHO C Kpyramu ZioBepus (ToHKHe TuHUK). OcTanbHble 0603HaYeHHUs Kak Ha puc. 4.

Fig. 6. Site-mean directions and site-mean remagnetization circles (red lines) in the Givetian volcanics of locality KU for intermediate-temperature
component A (a, b) and high-temperature component B (c, d) in situ (a, c) and after tilt correction (b, e). Triangles and circles show results from
[Levashova et al., 2003a] and this study, respectively, with associated confidence circles (thin lines). Other notation as in Figure 4.

Omny6nuKoBaHHBIE B 3TOM >ke pabore ganHble (G1) mo
Cpe/iHe/IeBOHCKMM ByJsiKaHMTaM Kaszaxckoro rosica Takxke
GasupyroTcs Ha [eBITH obOpasliax M He I0JTBepiK/eHbI
nosieBbIMM TecTaMu (Tabs. 3). Mbl He CTaqM UCK/IHOUaTh
3TW JlaHHbIe U3 PaCCMOTPEHHS], HO C/IeflyeT YUUThIBATh UX
HEBBICOKYH0 HaJle)KHOCTb.

[TepBUUHOCTb HaMarHWUeHHOCTH B CpefiHe/leBOHCKHX
ByJiKaHuTax Apyroro yudactka (KN&DG) moarBepykaeHa
TECTOM CKJIaJIKU U TecToM obOpaijenus [Levashova et al.,
2009].

O6bekt KN m3yuasics panee B.C. ByptmaHom c coaB-
Topamu [1998]. Pe3ysbTaT NOATBEPKEH TECTOM CK/IaJKU
u TecTtoM obpaujeHusi. Hac, ofHako, ob6ecKypakuna TOT
¢axT, yTo, M3yuasi Te Ke CaMble TIOPOJbI, MbI MOJTYUYUTH
COBEPLLEHHO Jpyroe HarpaB/ieHHe BbICOKOTEMITePaTyPHOM
KOMITIOHEeHTbI HaMarHuueHHoCTd [Levashova et al., 2009].
Bonee ToOro, HampaBieHWe, TIIpuBeZileHHOe B pabore
[Burtman et al., 1998], ctaTUCTUUECKA HEOT/IUUMMO OT
HarpaBJieHUs] BTOPUYHOM CpeJJHEeTeMIIepaTypPHOU KOMIIO-
HeHTbl HaMarHMYeHHOCTH Kak B By/KaHUTax o0bekTa KN,
TakK U B [pyrux o0bekTax UWHIM3CKOW maneofyru (Iof-
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pobHee O pervoHaJbHOM IepeMarHWUMBAHUK HIKe). B
KOHEUHOM UTOTe Mbl PellIiIN BO3/ep>KaTbCsl OT UCTIO0b30-
BaHUS JIaHHBIX U3 paboThl [Burtman et al., 1998].

Pe3ynbTaThl MO ABYM pa3pe3aM BepPXHENEepMCKUX BYJI-
KaHUTOB banxam-Mnuickoro mosica mOATBEP>KJeHbI Tec-
toMm cknagku (PA u PB, Tabn. 3) [Levashova et al.,
20036].

4.4, BTOPUYHAS HAMATHUYEHHOCTh

BropuuHasi KOMITOHEHTa HAMarHUUE€HHOCTH BBIJIJISeT-
cs1 Ha psjle 00beKToB UMHIM3CKOW MaieoJyry Ha MpoTs-
>kenuu ripuMmepHo 300 kM (cM. puc. 2). [Tocneckiaguaras
KOMIIOHEHTa HAMarHUUEHHOCTH A W3 >XMBETCKUX BYJIKa-
HuToB 00bekTa KU crarucTyeckd HeoT/MuWMa OT IIO-
CrlecK/afiuaToll KOMIIOHEHTHI B HIDKHECUJIYPHUMCKUX BYJI-
KaHurax obwekra SI [Levashova et al., 2003a] u CUHCK-
jaguaToii KomrnoHeHThl 00bekTa KN&DG [Levashova et
al., 2009]. BriosiHe JIOTMUHO TMPEATIONOXKUTb, UTO Iiepe-
MarHM4vBaHue TIPOU30III0 BO BCEM paiioHe MpPHUMEepHO
omHoBpeMeHHO. OfHaKO BO3pacT TepeMarHUYMBaHUS He



Geodynamics & Tectonophysics 2011 Volume 2 Issue 3 Pages 266-288 doi:10.5800/GT-2011-2-3-0046

Tabnuina 2.HanpasieHus NajeOMarHATHBIX KOMIIOHEHT B KUBETCKUX By/IKaHHUTax o6bexkra KU

Table 2. Directions of paleomagnetic components in the Givetian volcanics from locality KU

S N/Np CoBpeMeHHasl cucTeMa KOOp/IMHAT [peBHsIsI cvcTemMa KOOpAMHAT

A Do Io k 0t95° Do Io k 0{‘950
CpegHeTeMriepaTypHas KOMIIOHEeHTa A
M9198 7/4 63/48 261.2 -72.5 249.0 -25.2 183 6.8
M9205 6/5 62/41 269.7 —72.2 251.7 -32.8 29 15.6
M9211 6/6 62/41 294.6 -78.1 254.6 -41.0 135 6.0
M9217* 6/6 269/16 276.5 -25.7 278.1 —-41.5 11 21.2
M9223 6/4 54/38 219.1 -59.7 226.0 -22.4 19 21.8
N3858 717 9/22 246.3 -70.7 217.2 -53.9 102 6.0
N3865 6/6 9/22 238.0 -55.3 224.3 -38.5 84 7.7
N3871 6/6 9/22 234.6 —-67.2 2139 -48.9 24 13.9
N3883* 6/6 269/16 143.9 —-47.1 132.9 -36.6 32 11.9
D7 7/6 85/20 278.0 -79.9 269.5 —60.1 44 10.2
D8 7/3 85/20 269.6 —-67.6 267.6 -47.6 47 18.1
D9 7/6 85/20 235.6 —66.2 247.9 -47.7 22 14.8
D10 6/6 85/20 232.2 -73.8 249.6 -55.3 15 17.8
D11 7/6 85/20 262.7 -72.4 263.9 -52.4 16 17.2
Mean (18/12) 243.5 -70.8 65 5.4 238.7 -45.3 20 9.9
BricokoTremiiepaTypHasi KOMIIOHeHTa B
m9198 717 63/48 187.3 33.5 145.0 46.0 37 11.5
M9205-GC 6/4 62/41 107.8 -20.5 130.5 —43.8 7.1
M9211-GC 6/4 62/41 99.2- 14.5 116.5 —44.1 29.2
N3865-GC 6/4 9/22 230.9 -49.3 219.7 -31.4 8.7
N3871-GC 6/3 9/22 96.5 -17.8 103.5 -17.5 25.9
N3877 6/6 9/22 163.6 25.3 171.6 28.5 33 12.7
D7 7/4 85/20 0.7 -43.8 341.0 —-44.4 12 27.1
D8 7/6 85/20 6.0 -53.1 338.3 -54.3 53 9.9
D9 717 85/20 18.1 -40.5 359.7 —47.4 63 7.9
D11 7/5 85/20 26.2 -38.3 9.5 -48.1 217 5.4
Mean (18/10) 183.9 38.4 34 8.5 167.0 44.3 41 7.8

I1 puMeuyaHUe. #— ABa caiiTa ¢ aHOMaJIbHbIMHU HaripaBJ/IeHUsAAMH, HE BK/IFOUEHHBIMU B pacueT CpeJJHero sHaueHusd KOMIIOHEHTbL A. KprI/IBOM
TOKa3aHbl pe3y/bTaThl, I'/le BMeCTO CK/JIOHeHHWs U HaK/IOHeHHA CpeJHero HaripaB/e€HUs JaHbl KOOPAWHATBI HOpMa/ll K CpeIHUM TI10 calitam Kpyram
repeMarHuurMBaHus U ombka ee oripenejieHus. OcrasbHbIe TIOSICHeHMS Kak K Tabur. 1.

N ot e. #— two anomalous sites excluded from computation of the component A overall mean. The entries in italics denote the directions of normals

to site-mean remagnetization circles and their confidence circles. Other notation as in Table 1.

BriosiHe siceH. I1oCKOMbKY BTOpHUYHash HaMarHUUEHHOCThb
Be3fle UMeeT OOpaTHYIO MOJSPHOCTb, MOKHO TIPeJTIOJo-
JKUTb, YTO IlepeMarHUuMBaHye MPOM30LLI0 BO BPeMs Cy-
nepxpoHa obpartHo# nossipHoct Kuama (BepxHuii KapOooH
— O0sbInas yactb mepmu, okoso 315-265 muH net). C
JIDyrodl CTOpOHBI, CpefiHee HaK/IOHeHHWe BTOPWUYHOM Ha-
MarHuueHHocTH —70.5°+4.2° npumMepHo Ha 20° Kpyue, yem
HaK/IOHeHUe B BepXHelepMCKuX Oa3anbrax 00bekToB PA 1
PB (-49°+4°) (tabn. 3). Buaumo, BTOpUYHAs HaMarHW-
YEeHHOCTb [JO/DKHA CYLL|eCTBEHHO OT/IMYaThCs II0 BO3PacTy
OT HAMarHU4eHHOCTH BepXHerepMCcKUX 6a3anbToB.
[MocnenepMcKie UHTPY3UH U3BECTHBI B Pa3HBIX UaCTAX
Kasaxcrana [BekocaHos u 0p., 2000]. IlpumepHo B 200 kM
K CeBepy OT Halllero paiioHa pabOT pacrosioykKeHbl UHTPY-
3UM CeMeNTayCCKOro KOMILIEKCa, BO3pacT KOTOPBIX CO-
craBnsieT 248.2+0.5 mH net (“’Ar/*°Ar MeTog o caHuu-
Hy) [Lyons et al., 2002]. TlaneoMarHuTHBIN 10JTOC (IIUPO-
ta @ = 56° c.u., gonrora A=139° B.A., paguyc Kpyra Jo-
Bepusi A95 = 8°) ans 3Toro Komruiekca [Lyons et al., 2002]

HEOT/MUUM OT cpefHero mosoca (®=50° c.am., A=134°
B.J., A95=4°) nns BTOPUYHON KOMITOHEHTHI palioHa UnH-
I'M3a, a Takke 0/M30K K mosmocy Aas CHUOUPCKUX TparmoB
(Tabs. 4). Bo3HHKaeT HEKOTOPOe MPOTHUBOPeUre: ceMeiTa-
YCCKUM TIOJIIOC 3aMETHO MOJIOXKe OKOHYaHUs CyIlepxpoHa
Kuama (~265 mnH net [Opdyke, Channel, 1996]), u eciu
IiepeMarHduyiBaHue OJHOBO3PacCTHO C CeMelTayCCKUM
KOMII/IEKCOM, He BIIOJIHE TIOHSATHO, TOYeMy BTOPUYHAst
HaMarHMUYeHHOCTb B padioHe UMHTH3a BCIOJy HUMeeT 00-
paTHYO MOJISIPHOCTh — BeJlb B TpHUAace CMeHb! I0/ISIPHOCTH
reOMarHUTHOTO 10/l TIPOMCXOAMIM JIOCTaTOYHO YacTo
[Opdyke, Channel, 1996].

HecMoTpsi Ha HEKOTOPYIO HESICHOCTH C BO3DPAcTOM Iie-
peMarHuuMBaHUsl, U3 COBMAJEeHUsl HalpaB/ieHUl BTOpUY-
HOM HaMarHWYeHHOCTH BO BCeX M3yUeHHBIX pa3pes3ax pai-
OHa MOXHO CJieJlaTb BBIBOJ, — TOC/Ie TepeMarHUUMBaHUs
paiioH He TO/IBeprascs 3aMeTHbIM AedopMallusM; B 4acT-
HOCTH, 371eCh He ObIJI0 O/10KOBBIX BpallleHHH, XapaKTepHbIX
JJ1s1 TIPUC/IBUTOBBIX ZiehopMariuid.
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Tab6anuna 3.CBojHble MaJIEOMarHATHEIE Pe3YJ/ILTATHI 110 MajIe030HCKHM ITOPO/jaM CceBepo-BocToka KaszaxcraHa

Table 3.Summary of the Paleozoic paleomagnetic data from NE Kazakhstan

OB Age N PFT D° I° k Olos° Plat ° Ref
PA P, (260) (8) F 84.9 50.2 107 4.8 +31+4 1
PB P, (260) ®) F 57.0 47.9 216 34 +30+3 1
TO C3(~300)  (20) FR 51.5 40.0 66 43 +23+3 2
KU D, (388) (10) FR 167.0 443 41 7.8 +26+6 oP
B1* D;,(402)  40(?) FR 52 41 12 6.4 +24+7 3
Gl D;,(402)  9(1) NT 168 48 25 9.3 +29+12 4
KN&DG D;,(402)  (18) FR 147.7 60.2 20 8.0 +4119 7
G2 S, (420) 12(2) NT 144 11 - 13 +6+7 4
AY S1(425) (12) C 168.0 13.2 28 8.4 +7+4 oP
SI S, (433) (12) FCR 216.5 2.8 12 13.3 ~1+4 5
OE™ 0,(480) (1) F 146.3 231 10 14.8 1244 6
CL Cm;(495)  (8) F 109.1 -35.2 33 9.8 ~196 6

IIpuMeuaHu e. #— UCKIIOUEH U3 paCCMOTpeHwUst (MMOAPOOHOCTH B TEKCTE); ## — BBITSIHYTOE pacIipefie/ieHye CPeJHAX HallpaBJ/IeHUH 1Mo caiiTam
JleJlaeT HeTOYHBIM BBIUMC/IEHHe CpeJjHero cKioHeHns1. OB — Ha3BaHUsST 00BEKTOB Kak B TeKcTe. Age — Bo3pact: Cmj — MO3JHUA KeMOpHii; ocTalbHbIe
0003HaueHsI CTaHJAPTHBIE; BO3pacT B MIJITMOHAX JIeT AaH 110 [A geologic time scale..., 2004]; N — uncio 06pa3LoB (CaifToB), UCMONMb30BaHHBIX IS
Bbluncsiennit; PFT — nmonokuresbHble TosieBble TecThl: F — cknagku, R — obpamgenust, C — koHrnomepatos, NT — HeT Tectos; Plat — maneoumpora.
Bce masieoMarHWTHbIe pe3y/bTaThl MPUBEIEHbI KaK HAlpaB/eHWsl MpPSMOM MOMAPHOCTA B JApeBHel cucteme koopauHat. Ref — cceiiku: 1 —
[Levashova et al., 2003b]; 2 — [Abrajevitch et al., 2008]; 3 — [Bypmman u 0p., 1998]; 4 — [I'puwun u dp., 1997]; 5 — [Levashova et al., 2003a]; 6 —
[Collins et al., 2003]; 7 — [Levashova et al., 2009]; OP — 3ta pabota. OcTa/ibHbIe MOSICHEHMsT KakK K Tab1. 1.

N o t e. # — excluded from analysis (see text for detail). ## — banana-type distribution of the site-means renders the object-mean declination impre-
cise. OB — objects labeled as in the text. Age: Cmj — Late Cambrian; the other notation is standard; ages in Ma are after [A geologic time scale...,
2004]. N, the number of samples (sites) used; PFT — positive field tests: F — fold, R — reversal, C — conglomerate, NT — no tests. Plat — paleolatitude.
All paleomagnetic data are presented as normal polarity directions in stratigraphic coordinates. Ref — references: 1 — [Levashova et al., 2003b]; 2 —
[Abrajevitch et al., 2008]; 3 — [BypmmaH u 0p., 1998]; 4 — [I'puwuH u 0p., 19971; 5 — [Levashova et al., 2003a]; 6 — [Collins et al., 2003]; 7 — [Le-

vashova et al., 2009]; TP, this paper. Other notation as in Table 1.

5. I/IHTEPI'[PETA]_[I/IH 1 JUCKyCccusa
5.1. BEIBOP IIOJITPHOCTA HAMATHUYEHHOCTH

Onsi pationa YuHrM3cKoW Taneofyryd Oblia TosydeHa
MOC/Iel0BaTe/IbHOCTh T1a/IOMarHUTHBIX OTpefie/iIeHnHd ¢
BO3PACTOM OT TIO3/{HEr0 KeMOpUs /10 To3/Hel epMu (CM.
tabn. 3). ObparHas MOJSPHOCTL TO3/IHETIEPMCKOTO pe-
3y/bTaTa OJHO3HauHa, U MO)XHO COBEpLUEHHO YBepeHHO
yTBep>K/JaTb, UYTO B MO3[HEH MepMU pPalloH MUCCae0BaHUN
HaxOAWICS B CPeAHUX IIMPOTAaX CEBEPHOTO TOJyILapHs.
[laneomarHuTHbIe oOTpefiefeHHss MO KaMeHHOYTOJbHBIM
KomryiekcaM UMHTM3CKOM TasieoAyry TOMyYdTb He yja-
JI0Ch, HO eCThb JIaHHBbIe TI0 BepXHEKaMeHHOYTOJIbHBIM TI0-
pojaM banxam-Vinuiickoro ByJsikaHuueckoro rosica (TO B
tabn. 3) [Abrajevitch et al., 2008]. 3nech Bbige/eHa Ha-
MarHW4eHHOCTh TIPSIMOW TIOJISIPHOCTA C CeBEPO-BOCTOU-
HBIMU CKJIOHEHUSIMH, TaK K€ OJHO3HAa4yHO yKa3bIBarollas
Ha pacrioyio)keHre perroHa B CyOTpPONUYeCKUX MIMPOTax
CeBepHOTo moyiiapusi. Ecim cuuTath, 9YTO HampaB/IeHus C
TI0JIO>KUTE/IbHBIMUA HaK/IOHEHUSIMU B BepXHe- U CpefiHe/ie-
BOHCKUX TIOPOZIaX UMEIOT MPSIMYI0 TOJISIPHOCTB, TO TI0 Ha-
K/IOHEHHIO OHM 0oJiee WM MeHee COBMAZAIOT C TIO3/IHera-
JIe030MCKUMH, HO TIOBEPHYTHI OTHOCUTE/NLHO HUX TIpU-
mepHo Ha 100° 1o yacoBoii cTpeske (cm. Tabm. 3). B mosz-
HeM U CpeJiHeM [ieBOHe, KaK U B [T03JjHeM I1ase030e, paiioH
WCC/IeIOBAHUEN JO/DKeH ObUT HAaXOJWTLCS B CPEAHUX IIU-
poTax CeBepPHOTo MOyIIapusi, HO B BepXHeM JieBOHE —
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HIWDKHEM KapOOHe MMesl MeCTO Pa3BOpPOT BCEro pervoHa
npuMepHo Ha 100° mo yacoBoii ctpenke. [Ipyroii BeIOOp
TOJISPHOCTU  3aCTaBJIsSIeT TIpejIioiarat, YTo B TIO3JHEM
JleBOHe — paHHeM KapboHe (T.e. 3a 45 MJIH JieT) palioH Tie-
pemectusicst Ha 60° TOJIBKO MO LIMPOTeE, a Takasi CKOPOCThb
JBIDKEHWH He KaKeTCs MpaB/o1o[00HOM.

Cunypuiickie pe3y/bTaThl M0 CK/IOHEHHIO He OT/IhYa-
IOTCS OT JIeBOHCKHX, 3a UCK/IOUeHreM pe3ynbrata SI (cm.
Tabs. 3), TAe, 0 BCEH BUIMMOCTH, TIPOU3OIIIES /JOMOTHU-
TesbHBIM MOBOPOT B pe3yJ/ibTaTe MPUCABUIOBLIX Aedopma-
L[ B0/ Pa3/IOMOB, OIPAaHUYMBAIOIINX CTPYKTYpPbl UKMH-
rusa c wro-socroka [Levashova et al., 2003]. Bce cuny-
pUiiCKMe HaK/IOHEHUs] 3HAUWTE/JbHO I0JI0XKe, YeM JeBOH-
ckue (cM. Tabs. 3); ciemoBaTenbHO, B cuilype YWHTH3CKast
rajieo/iyra Jo/bKHa Oblla HaXOUThCSI B CEBEPHBIX MPHUIK-
BaTOpHa/IbHBIX 1IMPOTaxX. Eciau B cunmype paiioH Haxoui-
Csl B MPUIKBaTOPUA/IbHBIX IIMPOTaX CEeBepHOro IOJylla-
pUsi, 3HAUUT, B MO3JHEM CUIype — PaHHeM /IeBOHEe OH I10-
CTEMeHHO CMeNIa/cs Ha ceBep, 0e3 CyIIeCTBEHHBIX MOBO-
pPOTOB. BBIOOD TIPOTHBOMOJIOKHOMN TOJISIPHOCTH [I7IST CHITY-
PUICKKX [JaHHBIX 3acTaB/sieT MpeAIoJaraTb, YTO PailoH,
[IBUTAsICh Ha ceBep, ellle U noBepHyJcs Ha 180° 3a Bpems
MeHbllle 10 MJTH JIeT, YTO BBITJISIAUT JIOCTaTOYHO Herpas-
JIOTI0I00HO.

BbI00Op MOMSIPHOCTY [1/1s1 paHHEINane030MCKUX JaHHBIX
(cM. Tabm. 3) He CTO/L OffHO3HAUeH. EC/M Mpe/ronoKuTh,
YTO KeMOpHIICKVe 1 OpJOBUKCKHE HarpaB/ieHus — 3TO Ha-
TIpaB/ieHus1 TIPSIMOM TIOJISIPHOCTH, TO B PaHHEM Ilaneo30e
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YuHrusckas naneoyra HaxoJuaach B 10)KHOM TIOyIIapUH
Y B TeyeHHe BCero Iajseo30s TMOCTeNleHHO CMelllaiach Ha
ceBep, UTO COIJIaCyeTcsi ¢ KWHeMaTWKoi Bantuu u Cubu-
pu. Ecmu ke paHHeraneo30iiCcKue HarpaBjieHHsI WMeIOT
00paTHYIO MOJISIPHOCTB, TO B KEMODUM — Hauaje OpAOBUKA
YuHr13cKas rnajeofyra /J0/DKHa Oblla HaXOAWUTHCSA B Ce-
BEPHOM TIO/YIIIApUU U ABUTaThCS Ha 0T, a T/le-TO BO BTO-
poli TIOJIOBHMHE Op/JIOBUKAa OHa pa3BepHynach Ha 180° u ¢
cuiypa y)e JBUTanacb Ha ceBep. Takoii pa3BopoT Bceil
CTPYKTYPBI U W3MeHeHHe HallpaB/IeHUsl ee ABVDKEHWsS Ha
MIPOTUBOTIONIOKHOE TpebyeT OOJBIIOr0 KOMWYecTBa [10-
TIOJIHUTEJIbHBIX TIPEeJTION0KEeHU U JOMyIeHUd U HUKaK
He TIOAKpeIUIsieTCd TeOoJ0rMYecKUMHM [JaHHbIMU. Takum
00pa3oM, XOTs BTOpOM CIleHapuii KUHeMaTUKu YWHTHU3-
CKOM TManeoAyru Hesb3s HWCKAUWTb U3 PacCMOTPEeHUs
TIOTHOCTBIO, TIEPBBIN BCe JKe Ka)keTcst ropaszio bosiee mpas-
JIOTI0/TOOHBIM.

5.2. AHAJIN3 CKJIOHEHM ¥ IOBOPOTOB

Kazaxckuit u banxai-Vinuiickuii By/KaHUUYecKue T1osi-
ca (cM. puC. 2) UMEIOT CHWIBHO M30THYTYIO, MOJKOBOOD-
pasHyr Gopmy, U BO BCeM UHTepBasie OT M03/IHero Cuiypa
[0 paHHel TiepMH BYJIKAHU3M 37ieCh UMeJT HafCyOAyKIM-
onnyto nipupoay [Kypuaeos, 1994; Teeenes, 2001]. Tloa-
KOoBoOOpa3Hasi popMa 3THX BYJIKAHUYECKUX TOSICOB TIPU-
BJIeKasia BHUMaHHe MHOTUX reoJyioroB. HekoTopble aBTOPHI
cuutam 3Ty ¢Gopmy mepBUYHOM (Harpumep [3aiiyes,
1984; Kypuasos, 2001]), npyrue CBsi3bIBa/Ii ee C Pa3HOTO
pozia lehopMalusiIMU — OPOK/IMHA/ILHBIM U3rMbaHreM WiIn
KPYITHOMacCIITaOHBIMU CMeILeHUsIMU TI0 CABUTaM (Haripu-
Mep [Zonenshain et al., 1990; Sengér, Natal’in, 1996; Te-
eenes, 2001)).

[lepBasi mormbITKa MPOBEPUTH TUIIOTE3y O BTOPUUHOM
M3rnbaHny BY/JKaHAYeCKHUX TIOSICOB C TIOMOIIBIO Taneo-
MarHWTHBIX JaHHBIX OblTa mpegnpussTa [1.B. I'puinHbM
¢ coaBTopamu [1997]. OHU TipeACTaBUIN JaHHBIE TI0 He-
CKOJIbKUM CWJIYPUICKUM U [IeBOHCKUM pa3pe3aMm Kazax-
CKOTO TIOSICA U TIPUIIUIA K BBIBOJY, UTO CeBepHasi U I0yKHasi
BeTBU Kaszaxckoro mosica B pe3yJibTaTe OpPOK/IMHAILHOTO
n3rnbaHusl TIOBEPHY/INCEH APYT OTHOCHUTEIBHO JIpyra Ipu-
MepHO Ha 90°. K coxxaneHuto, 5TU BbIBOJbI OCHOBAHbI Ha
TajIleOMarHUTHBIX JAHHBIX, TOYYeHHBIX 10 KpakHe Ma-
JIeHbKWM KOJUIEKLUSIM, U €/1a00 MOATBep K 1eHbI TI0IeBBIMU
TecTaMH.

[Mo3mHee OBLTM TIOAYYEeHbI HOBbIE [MajleOMarHUTHBIE
JlaHHble TI0 PAHHEOPZOBUKCKUM U DPaHHeCUTyPUNCKAM
kKomrutekcam YuHrusckoit nmaneogyru [Colins et al., 2003;
Levashova et al., 2003a], KOTopble CPaBHWIM C JaHHbIMA
rno mno3gHeMmy opzoBuky CeBepHoro TsHb-lllans [Baz-
henov et al., 2003]. Beln caesad BLIBOA O TOM, UTO IOXKHAsi
BeTBb BY/IKAHMUECKMX TIOSICOB MMeeT ceiuac TMpOCTUpa-
HUe, O/M3Koe K U3HAYaTbHOMY, TOT/Ia KaK CeBepHasi BETBb
MOC/Ie CPeJJHErO JIeBOHA MTOBEpHY/IaCh PUOIM3UTENLHO Ha
180°. Ortot BbIBOA 6a3vpoBasCs Ha JAHHBIX M0 CTPYKTY-
pam, TepeKpPBITHIM KOMITIEKCaMH BYJIKAaHUUECKUX TT0SICOB,
a He TI0 TIOPOZIAM CaMUX TI0SICOB, a IMOTOMY SIBJISITICSL CYTY-

00 Tpe/IBapUTETbHBIM.

HoBble naneomMarHuTHble [aHHble I10 OKHON BeTBU
Kazaxckoro u banxawm-Wnuiickoro By/JKaHWUUYECKUX TMOs-
COB TI03BOJIWJIM TIPOAHAIM3MPOBaTh TPOOIEMY 3aHOBO
[Van der Voo et al., 2006]. bbino ycraHOBAeHO, UTO B
M03/Hel 1epMu — paHHeM Me3030e B H)KHOW BeTBH TPO-
VICXOZIW/N BpallleH!s] OTHOCUTE/ILHO MeJIKUX OJI0KOB TIpO-
THB YacOBOM cTpesiku Ha yron 50-90°. D1y BpallleHus BbI-
3BaHbl TEM, UTO M3yuyeHHble paiioHbl NONajaoT B 06/1acTh
pacripefie/ieHHbIX CABUTOB, 3aXBaThIBAIOIYIO OOJIBIIYIO
yacTh TsHb-111aHs 1 npueraroiye peruoHsl [Bazhenov et
al., 1999]. Panee, B mepuofi MeXAy CpeJHUM [I€BOHOM U
T03/{Hell TIepMbl0, CeBepHasi BeTBb BYJIKAHUYECKUX T0SICOB
pasBepHyJach NprMepHO Ha 180° OTHOCUTENILHO 10)KHOU B
pe3y/bTaTe OPOKJIMHAIBLHOTO U3ri0aHus BCel CUCTEeMBI.

OpHako mocjaeJHUN BBIBOZ, OCTaBasics €1abooboCHO-
BaHHBIM M3-3a MaJIOT0 YKC/Ia CpejHeraae030WCKUX a-
JIEOMarHUTHBIX JAHHBIX U3 KO’KHOW U cpefiHeli BeTBel meT-
. HoBble pe3ysbTaThl MO /IeBOHY O)KHOW BeTBU ObLIU
nonyueHsl B pabote [Abrajevitch et al., 20071, u Tam xe
NIPOBe/IeH aHa/lu3 BCeX JIaHHbIX M0 CH/IypUICKUM, 1€BOH-
CKUM U NePMCKUM I10poJiaM BYJ/IKaHWYeCKHX I0scoB. Tak
KaK B T03/]Hell TepMy — paHHEM Me3030€ B FO)KHOUW BeTBU
TIeT/I TTPOU30LIUTN TTOBOPOTHI OTHOCHUTE/TBHO MEJIKMX 0J10-
KOB TIPOTMB uacoBoii cTpeniku Ha yron 50-90° [Van der
Voo et al., 2006], B cunypuiickue U ZIeBOHCKHE pe3yJbTa-
TBl M3 3TOM YacTH TeTnd ObLIM BHECeHbI TOMpaBKH 3a
T03/jHelepMCKre BpalljeHusl. JTa Ipoliefypa [03B0oJIM/Ia
OLIeHUTb IIOBOPOTHI, IIPOMCXOJUBIINE B JIONO3ZJHeIepM-
ckoe Bpemsi. VicripaBrieHHbIe CKIOHEHUsI B I0)KHOU BeTBU
ByJIKAHMUECKUX II0SICOB B 1leJIOM CMOTPSIT Ha ceBep, a
CK/IOHEHUS] B CUJTYDUMCKMX U JIEBOHCKHX TOpPOJiaX CeBep-
HOU BeTBU — Ha 1or (puc. 7). I3 mosydeHHOro pacrpefe-
JIEHWSI CKJIOHEHWM [0CTaTOUYHO OYEBHHO, UTO IepBOHa-
yanbHO Kasaxckuil ByJKaHWYeCKUM TIOSC WMen TOUTH
TMIPSIMOJIMHEHbIe OUepTaHusI.

B Hameii paboTe mpe/cTaB/ieHbl HOBbIE [JaHHBIE TI0 CH-
JIYPUICKUM Y JIeBOHCKMM KOMIUIeKcaM patioHa UuHTrH3-
CKOM Ia/leoflyry, TO eCTh 10 CeBepHOI BeTBU ByJ/IKaHHYe-
CKUX TO0sICOB. BBUIO MOKa3aHo, UTO IO BCeMY paliOHy HC-
C/1eZloBaHUM HampaB/IeHUs TlepeMarHiYiBaHusI COBIAZaloT
MexZly coboM, a TakKe COIJIaCylOTCSl C TIepMCKO-TpHaco-
BbIMM 3TaJIOHHBIMUA HampaByieHusiMuA [yt Cubupu. Oue-
BH/IHO, B 9TOM paiioHe He MPOMCXOJW/IO0 CKOJIBKO-HUOY/b
3HaUWTe/IbHbIX 110C/IeNIepPMCKUX T0BOpoToB. CriefioBarerb-
HO, CKJIOHEHWs], T0/IyuyeHHble II0 CUIYPUNMCKUM U [IeBOH-
CKUM mopoziaM UWHIH3a, OTpPa)karoT [OMO3HerepMCcKue
nedopmaryu. Bce nosyueHHble HanpaBieHUs] OpUEHTHPO-
BaHbl Ha for (Tabs. 3), UTO TIOATBEPKAAET TOCTPOEHUs!
[Abrajevitch et al., 2007].

5.3. AHAJIM3 HAKJIOHEHWI U TTAJIEOILIMPOT

st UMHTHU3CKOM TasieoiyTy Oblia MoJiyueHa rmocsie/o-
BaTeJIbHOCTb U3 JEBATH Ia/leOMarHUTHBIX OIpeJe1eHui
[JIs1 IHTepBajia BDeMeHU C T03JjHero KeMOpHsi 10 T037-
HIOIO TIepMb (cM. Tabs. 3). 3To JjaeT BO3MOXHOCThL CpaB-
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4 LE

l

Puc. 7. Cxema [|eBOHCKOM By/IKaHHUECKO#H MeT/iv (cepoe; yrpoleHHbIH puc. 2). CTpenkamMu 0603HaueHbl HArpaB/ieHKs TEPBUYHON HaMarHU4eHHO-
CTU B CWIYPUHCKUX U JeBOHCKMX 1opofax Ka3zaxckoro By/JKaHW4ecKoro rosica. I1oka3aHbI TOJIBKO Pe3yJ/IbTaThl, TIOTyUYeHHbIe [TPU TI0JTHOM pa3Mar-
HUYVMBaHUU KOJUIEKL[MH, C MPUMeHeHHeM KOMITOHEHTHOTO aHaJIi3a, U TO/TBep K/AeHHbIe TIO/IeBBIMU TeCTaMH. 3Be3/J0YKU — pe3y/bTaThl U3 3TOU pa-
60TbI, 0603HauUEHHBIE TaK XXe, Kak B TekcTe. KBajpaTuku — pe3ysbTathl u3 Apyrux pabotr: KN+DG [Levashova et al., 2009]; SI [Levashova et al.
2003al; AX [Alexyutin et al., 2005]; AB [Abrajevitch et al., 2007]; LE [Levashova et al., 2007]. IlociefHue fBa pe3y/bTaTa CKOPPeKTHPOBAHBI 3a
MOoCJIeniepMCKIe OBOPOTHI, Kak Ipe/isioxkeHo B pabote [Abrajevitch et al., 2007].

Fig. 7. Schematic outline of the Devonian volcanic belt (gray; simplified from Figure 2) with the Silurian and Devonian paleomagnetic declinations
(arrows). Only the results are shown that are based on full demagnetization and confirmed by positive field tests. Stars show the results from this
study labeled as in the text. Squares — published data are from: KN+DG [Levashova et al., 2009]; SI [Levashova et al., 2003a]; AX [Alexyutin et al.,
2005]; AB [Abrajevitch et al., 2007]; LE [Levashova et al., 2007]. The last two results are corrected for the Late Paleozoic rotations as described in
[Abrajevitch et al., 2007].

HUBAaTh ABWXeHUss UMHTU3CKOUM Taieofyrv ¥ 00pamiIsito-
mux Ypano-MoHronsckuii nosic Tapumckoit, Cubupckoi
u BocrouHo-EBponeiickoii mnardopMm myTem TiepecueTa
KPUBBIX Kaxyllekcss murpauyu nomoca (KKMIT) stux
n1athopM B MOC/e0BaTe/IbHOCTA 3TaJOHHBIX Ma/Ie0IIn-
POT U CKJIOHEHWM [/1s paiioHa uccnefoBanuii (48.5 °c.i.,
78.5° B.A1.). Takoii repecueT moka3bIBaeT, Ha KaKoH IITHPO-
Te HaxoAunach Obl UMHrM3CKasi Jyra B KaXKIbld MOMEHT
BpeMeHH, ec/ii ObI OHa Bcer/ia Oblsla HEMmoJBI)KHA OTHOCH-
TeNbHO TOM Wid WHOM ruiaTdhopmMbl. CpaBHEHHE OXKHZae-
MBIX Ta/IEOIIMPOT U HabMIOJeHHBIX 3HaueHui (cM. Tabu.
3) 103BOJIsIeT OLIEHNUTh MacIuTad TepeMerieH|id 3Toi IyTH
OTHOCUTETBHO KaXKI0M M1aT(opmbl.

K coxanenuto, o Tapumy Ha CerofHAIIHUNA [JeHb
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CJIMIIKOM Maji0 TIaJleOMarHUTHBIX JIaHHBIX, W, Ha Hall
B3IJISi/l, TIOCTPOUTE CKOJIb-HUOYZb 060cHOBaHHYt0 KKMIT
Henb3si. [ BanTtuy 3aBUCMMOCTH 3Ta/IOHHBIX Ta/eOl -
pPOT OT BpeMeHH, TMOJyuYeHHbIe pa3HbIMK aBTOpamMu [Van
der Voo, 1993; Smethurst et al., 1998al], B 11e10M cornia-
cytorcs (puc. 8, a). Pa3muust ke UaCTUYHO ONpe/ensitoTCs
WICTI0/Ib30BaHKEM PasHbIX MaTeMaTU4YeCKUX MeTOZOB IpU
MOCTPOEHUU KPHUBBIX, @ YaCTUYHO — CeJieKL[iel pe3yJibTa-
TOB, KAUeCTBO KOTOPBIX M0-Pa3HOMY OLIeHMBAlIOCh pa3HbI-
MM HcciefioBaTenssMu. [1py MMeroleMcsi KOJIMuecTBe I1a-
JIEOMarHUTHBIX TIOJIFOCOB TI0 BanTuu Hesb3st OTAATh SIBHO-
TO TIpeJIIouTeH|s] HU OZIHOW W3 KPHBBIX. [Iyif cpesjHero —
TI03/JHEeTO T1ane030si Hab/II0/JeHHbIe T1aeoIPOThl XOPOLIO0
COTJIaCyIOTC C OXXWJAeMbIMU, I1€pPeCUMTaHHbIMU U3
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Puc. 8. CpaBHeHHe 5Ta/lOHHBIX MaseolIMpPOT, MOMyUYeHHbIX MepecyeToM TajeOMarHUTHBIX MOJIOCOB pasHbIX KPaTOHOB [JIs1 paiioHa McclefjoBaHUI
(48.5°N, 78.5°E), 1 Hab/I0/|eHHBIX a/Ie0UpoT paiioHna YUHru3cko Ayru (cM. Tabs. 3) B 3aBUCMMOCTH OT BPEMEHH: d — 3TaJIOHHbIe 3HaueHHsl T0-
JlyueHbI TIepecueToM JJBYX BapUaHTOB KPHUBOM MHUrpaluu nosoca bantuu. 3Be3foukamu ¢ oBanamu JJOBepys IOKa3aHbl HabJIr0JeHHbIe [1aJ1eoIupo-
ThI [y1s1 YMHIM3CKOM IyrH, 0603HaueHHbIe KaK B TEKCTe U B Tabi1. 3; b — cpaBHEHHe 3TallOHHBIX MaeoLINPOT, TI0JyUeHHbIX TIEPeCYeTOM Pa3HbIX KpH-
BbIX Murpanuu nostoca Crbupu. KpacHeiMu (cepbiMH) 3HaukaMu Ha KpuBoi CT2 o6o3HaueHb! 060CHOBaHHbIE JJAHHBIMU (MHTEPIIOIMPOBAHHBIE)
WHTepBasbl. [ CUTypUIICKO-IIepMCKOr0 BpEMEeHH TakKe IOKa3aHbl Na/IeOIIMpPOThI /i1l OTJe/bHbIX MaeOMarHUTHBIX Pe3y/bTaToB (POMOMKM) C
JIOBEpPUTEe/IbHBIMY MHTepBa/laMy (BepTHKa/IbHbIE TyHKTUPHbIE JIMHUM); HyMepaLys pe3y/bTaToB JaHa B Tabs. 4; ¢ — cpaBHeHHe HabJIIOJleHHBIX Ma-
JeonpoT (puc. 8, a) ¢ 3TaJIOHHBIMH 3HaYeHHSIMH, T10/TyUeHHbIMH TI€PECUETOM eIMHUUHBIX [Ta/Ie0OMarHUTHBIX 1ostocoB Cubupu (Tabi. 4); paHHena-
JIe030HCKUe JaHHble MoKa3aHbl TPeyrolbHUKaMHU (J/151 Har/IsfHOCTH, 6e3 MHTepBasioB 0BepHsl), a bosiee MOJIO/ble JaHHBIE — POMOUKAMH C /JOBEpH-
TeJIbHBIMU UHTepBaiaMy (BepTHKa/IbHble TyHKTUPHbIE TMHUN).

Fig. 8. Plots of paleolatitude versus age for the observed paleolatitudes for the Chingiz area (Table 3) and the reference values; the latter are recalcu-
lated from paleomagnetic poles for different cratons to a common point at 48.5°N, 78.5°E: a — comparison of the observed data and the reference
paleolatitudes extrapolated from two APWP’s for Baltica. The observed data are plotted as stars with shaded 95 % confidence limits with labels as in
the text and Table 3; b — comparison of the paleolatitudes extrapolated from different versions of the Siberian APWP. Red (gray) symbols on the
CT?2 plot denote the data-based (interpolated) intervals. For the Silurian-Permian time, unit values with confidence limits are also shown as diamonds
with error bars (thick dashed lines) and labeled as in Table 4; ¢ — comparison of the observed paleolatitudes (Fig. 8, a) with the reference values re-
calculated from the Siberian unit poles (Table 4); triangles are for the Early Paleozoic data (for clarity, without error bars); the younger data are
shown as diamonds with error bars (thick dashed lines).
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KKMII bantuu, HO HU3KWE paHHerane030hCKre Majeo-
mUpoThl UMHIU3CKOH Maneofyry pesKo OTIUYAlOTCs OT
O’KHJJaeMbIX BBICOKUX IOKHBIX I1a/1e0lMpoT. MOXHO ro-
BOPUTH O TOM, YTO B TO3ZJHEM KeMOpHU — Op/IOBHKe Ta-
JleoZlyra pacriosiarajaach 3aMeTHO ceBepHee bantuu U [BU-
rajacb Ha CeBep ropas3J0 MejjeHHee, yeM I1aTdopma.
HauuHasi ¢ cunypa ABwkeHue UUHIM3CKOM TIaneofyry
ObLI0 OOJIee MM MEHee COIVIACOBAHO C JBIDKeHueM bai-
TUU.

KKMII Cubupu orpesesieHa 3HaUMTeBbHO XyXKe. Bce
BepcHy KpHUBOM, ory6simkoBaHHble 0 2007 T., A cpef-
HEro W BepXHEero I1aje030s1 OCHOBAaHbI Ha YCTapeBIIMX
JlaHHBIX, TIOJIYUeHHBIX TPU HEIOJHOM pa3MarHWYMBaHUU
obpa3rioB u 6e3 KoMroHeHTHoOro aHanmu3a. Korzga JI. Kokc
u T. Topceuk [Cocks, Torsvik, 2007] paccuuTbiBamu HO-
Byto Bepcuro KKMIT Cubupu, OHU WCKIIOUWINA BCE 3TH
JlJaHHbIe U3 paCCMOTPEeHHUSI.

[MosiBNeHre HOBOTO TOJIFOCA 1O paHHENIepPMCKUM Jai-
KaM [Pisarevsky et al., 2006] He TONBKO He yJIYUILUIO CH-
Tyal|o, HO IaKe C03/]a/i0 HOBBIe TIPOOIeMBI. ITO TIepBLIN
pe3yJibTar, TOJyueHHBIH 10 XOPOIIO /JAaTUPOBAaHHBIM TI0-
poZiaM TpH TIOJTHOM pa3MarHUUWBaHUK 00PAa3IioB U C TPU-
MeHeHHeM KOMIIOHEeHTHOro aHanm3a. OHaKo 3TOT TOJIFOC
nomMetaer Cubupckyto miaarthopmy [aneko Ha ceBep, B
T0JIOYKeHHe, HECOBMECTHUMOe C JIFOOBIMU TIpe/iCTaB/IeHUsI-
mu o cdopmupoBanuu EBpasum [Cocks, Torsvik, 2007].
AHOMaILHOCTh PAaHHEIePMCKOTO TIOMHCAa MOXKET 00BsiC-
HATHCS HECKOJIbKUMH TPUYMHAMU. Bo-TiepBbIX, aBTOPbI
CMOTJIA U3yYWTh TOJIBKO TISITh [laeK, UTO 3aBe/[OMO HeJ0C-
TaTOYHO [I7Is1 OCpe/IHEeHUsT BeKOBBIX BapHalliii MarHUTHOTO
noJis. Bosiee Toro, Aaiiku 6wl 0TOOpaHbl B BaKaibCKoH
pudTOBOI 30HE U BIOJHE MOTYT OBITh HAK/JIOHEHBI, a B
3TOM C/Ty4ae HarpaB/ieHHs] UX HAMarHUUeHHOCTH He COOT-
BeTCTBYIOT HUKaKOMY [peBHEMY MarHUTHOMY To/it0. EcTb
TOJIBKO O/fHA BO3MOKHOCTh OLIEHHTH JOCTOBEPHOCTD CIIOp-
HOTO TIOJIFOCAa — TIOTYYUTh HOBBIE JJaHHBIE TI0 OZHOBO3pa-
ctHeIM TIopoziam. IToka ke JI. Kokc u T. TopcBuk [Cocks,
Torsvik, 2007] OblIM BBIHYXK[EHbI [aTh JiBa BaphaHTa
KKMII Cubupu — BK/ItoUaromuii momoc [Pisarevsky et al.,
2006] n ne Bxkmouaromuii ero (CT1 u CT2, puc. 8, b).
Hawm Bapuant CT2, paccuvTtaHHbIi Oe3 ydyeTa paHHerepM-
CKOTO TIOJTFOCA, Ka)KeTCsl TpeAriouTuTeibHee. B urore HO-
Bast kpuBas [Cocks, Torsvik, 2007] BKIo4YaeT JOCTaTOYHO
MHOTOUHC/IEHHbIE U JOCTAaTOYHO Ha/le)KHble JAHHBLIE I10
paHHeMy Ta/ie03010, OJUH eJUHCTBEHHBIN TOJIFOC [/ Tpa-
HUIBI JeBoHAa W Kapbona [Kravchinsky et al., 2002] u
MepPMCKO-TPHACOBBIE TIOMIOCA T0 CUOWPCKUM Tpariram
(Tabun. 4).

Wrak, kpusasi [Cocks, Torsvik, 2007] pnsi iocieopzo-
BUKCKOTO BpeMeHW 0a3upyeTcsl Ha KpailHe MajioM uuciie
pe3ynbTaTtoB (puc. 8, b). B Takol cuTyaljuu HCII0/Ib30Ba-
Hue crinaiH-QyHkuui anas pacuera KKMIT moxeT co3pa-
BaTh UCKYCCTBEHHbIE YKCTPEMYMBbI HAa Te€X yuaCTKaX KpHU-
BOH, rie JaHHBIX MajIo WK HeT BooOie. UToObI H30€)KaTh
3TOM TMPOOJIEMBI, MBI PEIIUIN CPABHMBATh Ka3aXCTaHCKHUe
JIaHHble He ToJBKO ¢ KpuBoi CT2 [Cocks, Torsvik, 20071,
HO Y C eAUHWYHBIMHU ro/rocamu 1o Cubupckow mniaardop-
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Me, [epecUdTaHHbIMY B MajeolUpoThl. Mcrionb30BaHHbIe
To/r0Cca NpuBe/ieHsb! B Tabs1. 4 ¥ 1oKasaHsl Ha puc. 8, c.
Yke mocsie omyOsimkoBaHus Kpueoi [Cocks, Torsvik,
2007] TOoSIBU/IMCh HOBBIE Pe3y/bTaThbl TI0 HKKHECHTYPUii-
ckuM otnoxenusMm [Illayuano, Ilasepman, 2006], B KOTO-
PBIX BbIlefleHbl CpeJHeTeMIlepaTypHasi BTOpWYHas (#5,
Tabn. 4) W BBICOKOTEMIlepaTypHasi, IPeATIOI0KUTETbHO
TiepBUYHAsi, KOMIIOHEHTbI HAMarHH4eHHOCTH (#6, Tab. 4).
BospacT BTOpHYHONM HaMarHUUeHHOCTH aBTOPBI OLieHHBa-
0T KaK IO3[HeCWIYPUWCKUN — paHHeleBOHCKuM. VHTe-
pecHo, UTO HOBBbIM paHHECU/IyPUUCKUIN TIOMIOC OuUeHb
CUIBHO OT/IMYaeTCsl OT paHee onybmvkoBaHHoro [Torsvik
et al., 1995] opgHoBO3pacTHOrO ToMtoca (#7, Tabs. 4). Yuu-
ThIBasi, UTO MOIIOC #7 TOJydeH BCEro To JIeBATH 0bpa3s-
1laM, MbI MPeATNIOYUIN UCKITFOYUTD €T0 U3 paCCMOTPEHHSI.

He umes nocTaTouyHOTO KOMYecTBa mosirocoB st Cu-
OUpCcKOM TIaThOPMBI, MbI TIOTLITAIMCH TPUBJIEUD JOTIO0JI-
HUTe/IbHbIE WCTOYHUKK WH(opMaruu. ITo BepxHeCHIy-
PUNCKUM — HIDKHE/I[EBOHCKUM KpacHoiBeTaM TyBbl ObLT
ory0/IMKOBaH  [OCTAaTOYHO  HAJeXHBIA  pe3y/bTaT
[Bachtadse et al., 2000]. Xots TyBa U SIB/II€TCS YaCTBIO
Ypano-MOHTr0/IbCKOr0 MOABHWKHOTO T105ICa, OHA, COTJIaCHO
CYLIEeCTBYIOLIUM T'e0JIOTUUECKUM TIpPeJCTaBIeHUsIM, TIPU-
yieHnnack K CUOMpPCKOH maTdopme He To3Hee Op/JoBH-
Ka [Moccakoseckuli u Op., 1993; Dobretsov et al., 1995].
IMTpucaBrroBbie GIOKOBBIE BpalljeHUs ObLTH BO3MOJKHBI B
TyBe ¥ B MOC/IEOPAOBUKCKOE BpeMs, U pabota [Bachtadse
et al., 2000] sTo oJTBep>KJaeT, HO CYLIeCTBEHHBIX Iepe-
MeitjeHnid TyBbI 0THOCHTETBEHO CUbUpH yKe He ObT0. MBI
COUM BO3MOJKHBIM HCII0/Ib30BaTh pe3ynbTar [Bachtadse
et al., 2000] st IpUOMM3UTETEHOTO PacueTa OXKUZaeMOoi
TaieorpoThl YUHIU3CKOM Ta/ie0/lyTy B KOHIle CUIypa —
Hauasie /eBOHa.

OnucaHHbIi MacCUB OKM/JaeMbIX I1a/JeOLIMPOT MBI
CpaBHU/IM C HAOMIOJeHHBIMU AAaHHBIMH A1 UMHrusckoi
naneonyru (puc. 8, B). HabmoaeHHble KeMOpuiickue, op-
JIOBUKCKVE W CUIypUICKHUe TajeollupoThl COBMAJAKT C
OJHOBO3pPacTHbIMU OXXKH[aeMbIMU 3HaueHussMU. Ilaneomu-
pOTa, TepecurTaHHas U3 TO3JHEeCHUITyPHUICKOTO — paHHe-
JleBOHCKoOro pesynbraTa 1o Tyse [Bachtadse et al., 2000],
Tak ’ke HeIlJIOXO COIJIaCyeTCsl C IpeJCTaB/eHHbIM B 3TOH
paboTe pe3y/nbTaToOM Mo XuBeTCKUM 6asanbtam (KU). Oa-
HaKO J/Isi BCero MHTepBaja C Hayajga fAeBOHA [0 KOHLA
nepmy 1o Cubupu ecTb TOJMBKO OZWH I103/HeeBOHCKUI—
paHHekapOoHOBBIN Totoc [Kravchinsky et al., 2002] u
[J1s1 5TOr0 MHTepBasia BpeMeHH CpaBHeHUe JBWKeHUN CH-
Oupu U ipyrux 6710KOB OCTaeTcsi KpaliHe CIeKy/ISITUBHBIM.

TeM He MeHee COBMaZieHHe OKHJAeMbIX CHOWPCKUX
Ta/IeOLIMPOT C TaJeoUIMPOTaMu, HabJIOIeHHBIMA B paii-
oHe YMHIM3CKOW OCTPOBHOM IyTH, BPSJ JIA MOXKHO CUECThb
cnydaiiibiM. C IocTaTOYHO OOMBIION CTeTieHbI0 YBepeH-
HOCTH MOXXHO TIpPeJII0/I0XKUTb, UTO, MO KpaiiHell Mepe C
TI03/IHEeTO0 KeMOpUsi TI0 paHHWH [IeBOH, [BM)KeHHe YWHIu3-
CKOW TManeo[yru ObIJI0 COT/IacoBaHoO C /iBWkeHuem CHOUp-
cKkoii mnatdopmbl. B 1o3zHel TepMu UX Ta/ieolIUpOTh
CHOBa COBMAaJal0T. BeulM /M TiepemelleHHs] 3THX [BYX
O/7I0KOB B3aMMOCBS13aHbI B [|eBOHE — I€DMH, B HACTOsIIee
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Tabuanuna 4.Tlaneo3oiickie najeoMarHUTHEIE nomtoca A1 Cubupu

Table 4.The Paleozoic paleomagnetic poles for Siberia

N Bospact [Tosroc Cchlka

ST NU ®° A° Ags® Plat
1% P,-T, 251 57.2 151.1 4.0 47.5 Pavlov et al., 2007
2" P, 275 50.5 121.4 16.7 62.5 Pisarevsky et al., 2006
3 Ds-Cy 354 11.1 149.7 8.9 20.7 Kravchinsky et al., 2002
4 S,-D; 410 -12 102 3 26 Bachtadse et al., 2000
58 S,-D, ~400 -5.5 98.6 4.9 33.2 [anuno u ap., 2007
6 S; 433 -19.0 128.0 4.6 9.4 [anuno u ap., 2007
7 0;as-S; 439 3.1 118.1 14.8 334 Torsvik et al., 1995
8 03as-S; 444 -13.9 124.1 5.9 15.7 Gallet, Pavlov, 1996
9 Ogzas 450 =21 109 12.8 15.3 Torsvik et al., 1995
10 O3 453 -31.6 140.5 6.9 -7.3 Pavlov et al., 2003
11 0,ld 463 -24.1 152.4 3.3 -7.9 Pavlov et al., 2008
12 O,ld 463 -22.7 157.6 2.8 -10.0 Gallet, Pavlov, 1996
13% 0, 464 -27.6 124.8 4.0 3.4 Tosifidi et al., 1999
14 0, 468 -32 139 2.2 -6.9 Torsvik et al., 1995
15 O,lv 469 -35.2 153.2 3.6 -16.8 Pavlov et al., 2003
16 O,lv 469 -30.9 152.7 2.8 -13.3 Pavlov, Gallet, 1998
17 O,v 469 -29.8 156.6 3.1 -14.7 Gallet, Pavlov, 1996
18 Ojar 478 -36.4 158.2 6.5 -20.4 Pavlov et al., 2003
19 Ojar 478 -33.9 151.7 1.9 -15.0 Gallet, Pavlov, 1996
20 O; 480 —42.2 128.1 5.8 -10.7 Surkis et al., 1999
21 Oqtr 483 -35.2 127.2 4.1 -4.3 Pavlov, Gallet, 1998
22 Oqtr 483 -40.3 137.5 6.9 -13.0 Gallet, Pavlov, 1996
23 Cmjy 495 -36.1 130.7 2.6 -6.5 Pavlov, Gallet, 1998
24 Cms 495 -37.0 138.4 4.8 -10.7 Gallet et Pavlov, 1996
25 Cmy, 501 -37.7 124.0 4.5 -5.2 Rodionov et al., 1998
26 Cm, 507 -41.9 135.8 2.3 -13.5 Pavlov, Gallet, 2001
27 Cm, 507 -43.7 140.5 2.6 -17 Gallet et al., 2003
28 Cmy, 507 -36.4 139.6 4.0 -10.8 Pisarevsky et al., 1997

IIpumeuaHu e. #— cpeguuii nomoc no Cubupckum tpanmam (nosntoc NSP4 u3 [Pavlov et al., 2007]); ## — uckiroueH u3 aHamu3a (mogpobHo-
CTU B TEKCTe); § — MOJIOC TlepeMarHiYrBaHusl, BO3PacT KOTOPOTO Orpe/iesieH Kak Mo3JHeCHTypUICKU — paHHeAeBOHCKuUi [IIIayuaio u Op., 2007];
88 — 10 HampaB/ieHHsIM NPSIMOK U 00paTHOM MoMsApHOCTH, Nosy4yeHHbIM [losifidi et al., 1999] no cpejHeOpPJOBUKCKUM IOPOJAM, Mbl PACCUUTATN
enyHbIN rostroc, a JI. Kokc u T. Topceuk [Cocks, Torsvik, 2007] paccunTtay Momoca MPSIMOU 1 00paTHOM MOJIIPHOCTH T10 oTAenbHOCTH; ST — cTpa-
TUrpadryecKrit Bo3pact rnopo/, (KOMIIOHEHT) /IaH TakK ke, KaK Y aBTOPOB COOTBeTCTBYHOIIMX pabot. O6o3Hauenus: Cm, — cpeguHuii Kembpuii; Cmg —
TI03JJHUH KeMOPpHii; SIPyChI: tr — TPeMaZOKCKUH, ar — apeHUr CKui, v — niaHBupHCKYH, 1d - nnangednckui, as — amruiackuid. NU — abcomoTHBINA BO3-
pact zaH 1o [A geologic time scale, 2004]. ® — upoTa ¥ /A — JOJITOTa CeBepHOrO TI00Ca; Ags — PaZilycC Kpyra JoBepust. Plat, maneomrpoTra Touku
¢ KoopguHaTtamu 48.5° c.u1., 78.5°B.11., B KOTOPYIO [lepecurThbIBaIMCh BCe MOJIH0CA.

N o t e. # — Mean pole for Siberian traps (pole NSP4 from [Pavlov et al., 2007]). ## Excluded from analysis (see text for detail); § — The overprint
pole of the Late Silurian-Early Devonian age [IIIayuato u dp., 2007]; 88 — We combined normal and reverse data on the Ordovician rocks from
[losifidi et al., 1999], while two poles for each polarity separately were computed by [Cocks, Torsvik, 2007]; ST — stratigraphic age of rocks (com-
ponents) is as in the cited paper. Ages: Cm, — Middle Cambrian; Cm; — Late Cambrian; stages: tr — Tremadocian, ar — Arenigian, v — Llanvirnian, 1d
- Llandeilian, as — Ashgilian. NU — age in Ma after [A geologic time scale, 2004]. ® — latitude, and A — longitude of the northern pole. Ags — radius
of confidence circle. Plat, paleolatitude of the common point at 48.5°N, 78.5°E, which all poles were recalculated to.

BpeMsd I10 T1a/IEOMdI'HUTHBIM [dHHBIM YCTaHOBUTH HEBO3-
MO>KHO.

5.4. CPABHEHUE ITIOJTYUYEHHBIX JAHHBIX C CYIIECTBYIOIMMI
IMTAJTEOT'EOI'PA®UYECKNMMU PEKOHCTPYKLIMAMU

YuHrU3cKas najaeo/yra pacrosoykeHa Oosiee ueM B ThbI-
csue KunometpoB oT Cubupckoli matdopmer. VI pasge-
JsleT Lie/blid psifi OPOTreHHBIX CHUCTeM pasHOro Bo3pacTa —
No3jHernaneo3okckass VpTel-3aiicaHcKas 30Ha, Kase[o-
Hugel Anrtas, Kysnenkoro Anatay, CasH u Tysel. Heyau-
BUTE/IbHO, YTO B OOJBIIMHCTBE OIMyO/JMKOBaHHBIX I1ajseo-
reorpayyeckix pPEKOHCTPYKLWN HUKAKOW CBSI3U MeXAY

YuHrusckod naneogyro 1 CHOMpPCKOM miaTdopmoi He
TMpeJiroJiaraeTcs, o KpaliHel Mepe B paHHeM Ianeo30e.

B mopensx [Moccakosckuil u Op., 1993; Zludenko u
op., 1994; Kypenkos u dp., 2002] MHOTOUHCIEHHbIE MUK-
POKOHTHHEHTHI, W30/IMPOBAHHBIE [IPYT OT Apyra OKeaHU-
YeCKMMH U 33JlyrOBbIMU OacceliHaMU M OCTPOBHBIMH Iy-
ramu, B cuype rnpuuieHstoTcs K CuObUpckoi tatdopme,
o0pa3ys KomMrno3utHeli CubUpCcKo-Ka3zaxcTaHCKUN KOHTH-
HeHT. B mopensx [Kheraskova et al., 2003; Filippova et
al., 2001] B cunype 6Gosiblilast yacTb 3THX OJIOKOB CTa/IKU-
BaroTcsl, oOpa3ys Ka3zaxcTaHCKMII KOHTHMHEHT, KOTODBIH
3aTeM JBUTaeTCsl He3aBUCHUMO OT JApPYyrux rmt. CorjacHO
[Moccaxosackuli u dp., 1993; Judenko u dp., 1994; KypeH-
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PerxoHCTpyKIMU Ha cepeuHy cuinypa (~425 MIH JieT)

Cornacho [Sengor, Natal'in, 1996] CornacHo [Levashova et al., 2009]

30°.115: - -~ Y - oo
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Puc. 9. CpaBHeHue B3auMHoro nosoxxenust bantuu, Cubupy, KCTII 1 UUHrU3cKol naneoyry B cepeiMHe CUIIypa: d — YIpOLieHHasi peKOHCTPYK-
s 1o [Sengdr, Natal'in, 1996]; b — kak npegyioxkeHo B [Levashova et al., 2009], Cubupb nokasaHa B COOTBETCTBHM C HOBBIM MosttocoM [LLIayuano u
dp., 2007] k 3anagy ot Bantuu; ¢ — anbTepHaTUBHAs PeKOHCTPYKLMsS ¢ CHOUPBIO K BOCTOKY OT Bantuu. Bce CTPyKTypbI PacIionoXKeHbI TaK, Kak OHU
MOTI/IM HAXOUThCS 10 OPOK/IMHANBHOrO M3rnbanus KasaxcTaHCKOro By/IKaHUUECKOTo Tosica (CM. TeKCT).

Fig. 9. Relationship between Baltica, Siberia, the KNTD and Chingiz paleoarc in the mid-Silurian time: a — reconstruction simplified after [Sengor,

Natal'in, 1996]; b — as suggested in [Levashova et al., 2009], Siberia is located in accord with the new Silurian pole of [IIIayuaio u dp., 2007] to the
west of Baltica; ¢ — a permissible alternative reconstruction with Siberia to the east of Baltica. All units are positioned, as they had to be before oro-
clinal bending of the Kazakh volcanic belt (see text for detail).
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K08 u 0p., 2002] UnHrmsckas fyra repeMeliaeTcsi OTHOCH-
TesibHO CuOUpcKol miaTdopMbl B paHHeM Tianeo3oe, a
cornacHo [Kheraskova et al., 2003; Filippova et al., 2001]
OTHOCUTe/bHbIe TIepeMelleHNs TIPOZO/DKAIOTCS 10 Cpef-
Hero KapOoHa. OueBHJHO, UTO TOC/IEIOBATENLHOCTE TIa-
JIEOMarHWUTHBIX ONpeJe/ieHni, TMO/yYeHHbIX B paiioHe
YUMHTM3CKOU Taie0/IyTH, TUIOXO COTIAaCyeTCs C ITUMHU MO-
JleJIsIMU.

B mopenu [Sengdér, Natal’in, 1996] mipernosaraeTcs,
YTO B BeHJie — PaHHEM TI1ajie030e CyIeCTBOBajia OTPOMHas
Kunuakckast ocTpoBHas Ayra, KoTopas coefvHsia banturo
1 Cubups. EcTecTBeHHO, Takasi MOJiesTb TIPeATIoiaraeT He-
KOTOPYIO CTeleHb COrJIaCOBaHHOCTH B JBIWKEHWM IaT-
¢opm u paznuunHbix yacted Kumuakckoil gyru. [Tonyyen-
Hele 10 KokueTtaB-CeBepo-TsHbIIAHECKON 0b0sacTu [Le-
vashova et al., 2007] u 1o paiioHy UMHIM3CKOM MaieoAyry
(aTa paborta) mocse[0BaTEILHOCTH MaJ€OMarHUTHBIX Ofl-
peiesieHHH B 11eJIOM COTJIACYHOTCS C 3TON MOJe/bI0.

O3HauaeT /M 3TO, YTO JaHHas MoZeyb BepHa? Ilo Ha-
IIIeMy MHEHUIO, HeT. XOTs Mbl U He coOUpaeMcs /IeTabHO
00CyX/jaTb IOCTOMHCTBA U HEJOCTAaTKU 3TOU MOJEIH, HO
XOTUM OTMETHTB, UTO AJIsl TOTO, UYT0OBI Mexkay Cubupbio u
BanTtueii Mor cymectBoBaTh XaHTbI-MaHCUCKUN OKeaH U
Kuruakckasi qyra, ¢ BeHja 0 KoHIa jAeBoHa CuOUphb
JoJpKHa HaxoguThbest npumepHo Ha 2000 kM ceBepHee bas-
tiu (puc. 9, a). OgHaKO COraacHO TOCTeJHUM BEepCUSIM
KKMII Cubupu u Bantuu, 3T0 yC/I0BUE BBITIOIHSIETCS HE
Bcerja. Tak, B KeMOpuu — opoBuKe baaTust Jo/DkHaA Ie-
peMeIaThCs Ha CeBep C ropasfio 6osblliell CKOPOCTHIO,
yeM Cubupb (Kak TP 3TOM MOXKET CyIecTBOBaTh Kwuri-
yakckas ayra?), a B cunype Cubupn u Bantus B TeueHue
KaKOTO-TO TIPOMEXYTKa BPeMeHU [O/DKHBI ObUTH Haxo-
IUTHCST PUOM3UTETLHO Ha 0ffHOH 1MpoTe (puc. 9, b, ¢).

Takum o6pa3om, Moc/e0BaTeIbLHOCTA TaeOMarHUT-
HBIX OIpe/ie/ieHUd TI0 pasHbIM CTPyKTypam KasaxcraHa
JIUIIb OTYaCTH COOTBETCTBYIOT Mofenu [Sengdr, Natal’in,
1996], a anis1 psifja UHTEpPBaIOB BpEMeHH TIPOCTO € MPOTH-
Bopeuar. [Toka UTO MBI He MOXXEM TIPeJIOKUTH CEPHI0
raseoreorpauueckKux PeKOHCTPYKLIMH, KOTOpPbIe yUWThI-
Ba/ii ObI He TOJIBKO reoJIOTMYeCKyr0 MH(pOPMAIMIO, HO U
TOJ/TyueHHbIe 3a IOC/IeHUE TO/bI ITajleOMarHUTHBIE JaH-
Hble. Ha cerofiHsILIHMM 1eHb MO>KHO TOBKO C(hopMynnpo-
BaTh PsiJ YCJIOBUM, KOTOPble HEOOXOJUMO YUMTBIBATh TIPU
CO3/laHUM TaKUX PeKOHCTPYKLUM.

1. [IlIupotHele mepeMeleHus KokuertaB-CeBepo-
TaHbIIAHECKOW 00/acTi Ypano-MOHTO/BLCKOTO Tosica U
Bantuu 0/mKHBI OBITH CXOXKMMHU 110 KpaliHeld Mepe C Bepx-
Hero op/loBUKa o KoHila iepmu [Levashova et al., 2007].

2. Takoe ke mopobue OBIDKeHHUH UMHIM3CKOM OCT-
poBHOU ayru u CuOMpH MMeo MeCTo 10 KpakiHel Mepe C
MO3/IHEr0 KeMOpHsI 10 paHHUM ZIeBOH (3Ta paboTa).

3. TloakoBooOpasHbiii Ka3zaxCkuii By/JIKaHUUECKUN
TMOSIC TIePBOHAYA/ILHO OBIT MOUTH MPSIMOJTUHEHHBIM U UMeJT
ceBepo-3araiHoe npocTupanue [Abrajevich et al., 2007].

4. Cubupb u bantus JO/DKHBI PacrosaraTbCsi B COOT-
BETCTBUU C COBpeMeHHbIMU BepcusiMu KKMIT.

BeimonHenve ycnoBuss 1 He 00si3aTeslbHO O3HadaeT

npuHazyiexxHocTs KCTHI u Bantun K ofHOM IuTe, Tak
’Ke KakK BBITIOJITHEHWe YCIOBHs 2 He 00si3aTe/lbHO 03HAyaeT
MIPYHA/IEXKHOCTb K OfHOM mute Cubupu 1 UMHru3sckoi
nyri. Ho anist Toro, utoObl UMHTH3CKas /iyra /IBUTAIach
coryiacoaHHo ¢ CHOUPBIO Ha TIPOTSDKeHHH TipuMepHo 100
MJIH JIET, My HUMU He /JOJDKHO OBbITh /I0JITOXKMBYILIX
[VBEPreHTHbIX U KOHBEpPreHTHBIX TpaHHll, W, Cje/0oBa-
Te/ILHO, /Iyra He JIO/DKHA ObUIa W3MEHSITh CBOE pacriojio-
JKEHWe OTHOCUTE/NbHO Iu1aTdopMbl Oosee uem Ha 500-
1000 xm. IIpubmu3uTeNBHO TakWe ke YCIOBUS OJDKHBI
BBINOMHATBCA  Aas1 bantum u  KokuetaB-CeBepo-TsHb-
[IaHBCKOM 00/1acTy.

YuuTbIBasg W3/10)KeHHbIE YC/IOBHS, MBI IIOMBITAIUChH
OUeHb CXEMAaTHUUYHO W300pa3suTh B3aWMMHOE PACIOJIOXKEHHUEe
Bantin, Cubupy, KokueraB-CeBepo-TsHBIIAHbCKOH 00-
JlacTi U YMHTU3CKOW OCTPOBHOM /IyTH B CepefuHe CUIypa
(puc. 9, b, ¢). Cubups u bantus pacronokeHsl Ha 6113-
KUX TMpoTax, a KokuetaB-CeBepo-TsHbIIaHbCKasi 006-
Jactb U YMHrM3CKasg OCTpPOBHasi Ayra pacriojioKeHbl Ha
TIPOTHBOITOJIOKHBIX KOHIIAaX HEKOeH Y/JTMHeHHOW CTPYK-
TYphl, HA KOTOPOW B [leBOHE A0/KeH Oyner chopmupo-
BaTbCsl Kasaxckuil By/KaHWYeCKUd mosic. B mpomexyTok
BpeMeHW MeXK/ly CepeJuHOlN JieBOHAa U KOHLIOM KapOoHa
3Ta CTPYKTypa Z0/KHA Oblla U30THYTHCA /10 HBIHEIIHeH,
neTieobpasHoii popmbl. Ho, Kak xopoio BUAHO (pHC. 9,
b, c¢), nMetomuecs: naseoMarHMTHbIE JAHHBIE TI03BOJISIIOT
nomectuts CHOWPH K 3amazy ot bantuu (puc. 9, b) wm K
BOCTOKY OT Hee (puc. 9, ¢), TakuM 00pa3oM MPHUBOJS K CO-
BepILEHHO Pa3HbIM MO0 «CBOMM IOC/IeACTBUSAM» PEKOHCT-
pykuusim. EcTe 0BOZABI B 107163y 1H000T0 M3 BapUAHTOB,
€CTb W JIOBO/IbI TIPOTUB; Mbl B HACTOSII[UH MOMEHT BLIOOD
caenaTtb He MoxkeM. CrieiyeT Tak’Ke OTMETUTh, UTO MOXKHO
B LIMPOKUX Mpejiesiax U3MEeHSTb PAaCCTOSTHUE MeXy IBYMS
KpaTOHaMH, TIPOCTO CMeIasi UX TI0 IIUPOTe, UTO, B CBOIO
ouepejb, MPUBOAWUT K pasHbIM cCaefCTBUsM. s ofHO-
3HAUHOTO JKe PelleHus TPo0JIeMbl MO-TIPEXKHEMY OCTPO He
XBaTaeT Ma/leOMarHUTHBIX [JaHHBIX U 10 KpaTOHaM, U TIO
CTpPYKTypaM Y pano-MOHI0/1bCKOrO Iosica.

6. 3AK/TFOUEHUE

B mpepenax UWHIM3CKOW TEKTOHWYECKOH CHCTEMBI B
Cerepo-Boctounom Ka3zaxctaHe 6GbI7I0 TIPOBEJIEHO Tasieo-
MarHUTHOe MCC/e/j0BaHue CUIYPUMCKUX W Cpe/jHe/leBOH-
CKUX TIOpOJ. BBUIM BbIE/IeHBI BBICOKOTEMIIEpaTypHbIe,
TIPeJNIOJIOKUTE/ILHO TepBUYHBbIe, KOMIIOHEHTHI HaMarHW-
YeHHOCTU U CpeJjHeTeMIlepaTypHble, BTOPUYHBIE, KOMIIO-
HeHTBI. Harpas/ieHe BTOPUUHBIX KOMIIOHEHT COBIafiaeT C
HarpaB/eHleM, TepecudTaHHbIM JJIsl palioHa HCCiefoBa-
HHUI U3 MepPMCKO-TPHUACOBBIX MomocoB Cubupn u bantuu.
JTO rOBOPUT O TOM, UTO B paiioHe UuHrusa B nocsemnepm-
CKOe BpeMsi He ObLI0 KPYIHOMACIITaOHbIX MPUCIBUTOBBIX
OIOKOBBIX BpallleHUH.

[lepBuuHbIe CUTYpHUICKHE U /IeBOHCKUE HarlpaBeHus!
CMOTPSAT Ha 10T, TO eCTb B IO3[HEM [eBOHe — CpefHeM
KapOoHe palioOH MOBEepHY/CA Ha OOJBIIONW yTO0J, OKOJO
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180° uTo XOpOLIO COrjacyercs ¢ MOZENbH) OPOK/IMHA/b-
Horo w3rubanus Kazaxckoro ByJ/KaHMUYECKOTO —Tosica
[Abrajevich et al., 2007].

AnHanu3 Bcex TMaJleOMarHUTHBIX JIaHHBIX, OMYOJIUKO-
BaHHBIX M0 pailoHy YMHIU3CKOW OCTPOBHOM AyTH, TIO3BO-
JIUJT COCTaBUTh TOC/e[0BAaTebHOCTh W3 JEBATH Tajeo-
MarHUTHBIX OTIpeZie/IeHHH, C BO3pacTaMH, U3MEeHSIOIINMU-
Cs C TI03/IHETO KeMOpHst o mo3jHer mepmu. HabsmozeH-
Hble JaHHbIEe XOPOLLIO COTJIACYHOTCS C OXKWJAeMbIMM 3Ha-
YEHUSIMM, TIePECUMTAHHBIMU U3 T0/M0CcoB  CHUOUpCKOH
ratdopmbl. Mbl caeniany BBIBOJ, UTO ABWKeHUe UMHTH3-
CKOW OCTPOBHOH /yr¥ ObLIO COTJIACOBAHO C JABWKEHHEM
Cubupckoii miaTdopmbl B TepUo[, C MO3JHero Kemopusi,
T0 KpaiiHell Mepe, [0 MO3JHero J1eBOHa.
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