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HaBepeHO pe3yAbTaTH IAA€OMArHiTHUX AOCAIAKEHb 4ePBOHOKOAIPHUX HUKHBOAEBOHCHKUX
BiaKnaaiB INoaiang (miBAeHHUMM 3axip YKpainu, 6aceiH p. AHiCTep), 110 CKAAAQIOTh AHICTPOBCHKY
cepiro. KpiM B's13K01 BUAIAEHO ABi KOMIIOHEHTH IIPUPOAHOI 3aAUITKOBOI HaMarHiueHocTi. [Tepima
Mae IiBAEHHO-TIIBACHHO-3aXiAHe CXUAEHHS | HeraTUBHe HaXUAEHHs, BUAIAeHa MaliKe B yCiX 3pas-
KaX y plaria3oHi Ae6AOKyrounx TemnepaTyp Bia 150—200 a0 530—630 °C. BianoBiaHwMix it mareo-
MartitHui moatoc (47 °S, 351,5 °E) Gausbkuit A0 nepmMcbkoro parmenTta TIIMIT aas Baatuku /
CrabiabHOI €Bponu. HocissMu nepltoi KOMIIOHEHTH € HOBOYTBOPEHI MarHiTHI MiHepaAu (BTOPUH-
HUH ayTUTeHHUM IeMaTHT), 3 SKMMU IIOB'sg3aHe (popMyBaHHS "Mi3HBOI" XiMiuHOI HaMarHiueHOCTi.
ApPyTy KOMIIOHEHTY BUAIACHO ¥ A@SIKUX 3paskax y Alamasoni Bia 590—610 oo 680—690 °C, Bona
Ma€e MiBAGHHO-3aXiAHe CXUAEHHS i IIO3UTHBHE HaXUAeHH. BiaTToBiAHII i1 mareOMarHiTHUM o-
Afoc (2,3°S, 338,4°E) TsKie A0 HUKHBOAEBOHCEKOTO (hparmMenTa TIIMIT. Ll KoMIIOHEHTa 3yMOB-
A€eHa HasABHICTIO AETPUTOBUX 3€PeH reMaTUTy. € BaroMi IIiACTaBU BBaKaTHU 3a3HayeHy HaMarHiue-
HICTB IEPBUHHOIO, 1110 BiAOUBa€e HAIIPSAMOK A€BOHCBHKOTO 1OAS. HOBI pe3yabTaTut AOOPE Y3ropAKYy-
IOThCS 3 paHillle OTPUMaHUMU y AOCAIAKYBAHOMY PaMOHi TaAeOMarHiTHUMU HalIpSIMKaMU 3 uep-
BOHO- 1 CIDOKOAIPHUX BIAKAQAAX HUKHBOI'O A€BOHA.

KAarouoBi caroBa: AeBOH, TTiBAEHHO-3aXiAHa YaCTUHA YKpPAiHU, YePBOHOKOAIPHI BiAKAAAH, T1a-

AeoMarHeTn3M, MarHiTHI BAAQCTUBOCTI.

Brepenmue. B nepaBHEN paboTe rpyIiisl aBTO-
poB [Torsvik et al., 2012] OvIAU TepecMOTPEHBI
reoAMHaAMIYECKIEe MOAEAN HEKOTOPKIX OAOKOB 3eM-
HOM KOPHI, IOCTPOEHHbIe Ha OCHOBE ITaA€OMarHuT-
HBIX AQHHBIX. B psiae cAydaeB pe3yAbTaThl Cyllle-
CTBEHHO OTAMYAIOTCS OT AQHHBIX, IPEACTaBACHHBIX
B OoAee paHHUX paboTtax (cMm., Hanpumep, [Tors-
vik, Smethurst, 1999]). CyiiecTBeHHbIe N3MEeHEHUs
OBIAM BHECEHEI B CPEAHEIIaACO30UCKUU CETMEHT
KPUBOU TPAEKTOPUHU KA KyIIEeUCs MUATPALUU 110~
atocoB (TKMIT, APWP) aas Baatuku. Heob6xoau-
MO OTMETHUTE, UTO 3TOT Y4aCTOK KPHUBOU IIOCTPOEH
Ha OCHOBe HeDOABIIIOTO KOAWYECTBA HaAEKHBIX
IIaAeOMarHUTHBIX OIIpeAeAeHUuN U TpeOyeT Ipu-
BA€YEHHS HOBBIX AGHHBIX. OCOOEHHO MaAo oIIpe-
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AEAEHUM UMeeTCs AT AeBOHCKOUM 1 KapOOHOBOM
vactu TKMTI, puc. 1. 3pech naaeOMarHuTHEIE T10-
AIOCHI IIOAYY€EHBI II0 pe3yAbTaTaM u3 bpuranckux
ocTpoBOB 1 CKaHAWHABUH, a TAKKe IT0 AEBOHCKUM
otroxkeHuaM [Topoaun [Torsvik et al., 2012]. He-
CKOABKO AyUYllle CUTyallusl C CUAYPUNCKUM (ppar-
MEHTOM, IPOCTPOEHHBIM II0 Pe3yAbTaTaM YeThIpex
onpepenrennii us lllotraupauy, yeTeipex Ang CKaH-
AMHABCKOTO IIOAYOCTPOBA U ABYX A [Topoaun.
[IpeacTaBAaeHHBIE HA pUC. 1 TaA€OMarHUTHBIE MO-
AIOCHI pacloaAararoTcsa OAM3KO APYT K APYTY, 00-
pasys cBoero poaa “obaaka'.

Manoe KoAmyecTBO AMO0 BOBCE OTCYTCTBUE Ha-
AESKHBIX [TAA€OMAarHUTHBIX OIIPEAEAeHUM U3 MHO-
rux obaactert Bocrouno-EBpomnerickoi maaTdop-
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Mbl (BEIT) BHOCUT HEOAHO3HAUHOCTh B MOAEAD
Apetida BEIT B mareo3oe. AASI TOAYYEHHS HOBBIX
TTAAEOMAarHUTHBIX AQHHBIX OBIAH MCCAEAOBAHEI OLIOp-
HbIE pa3pe3bl KPaCHOIIBETHBIX OTAOKEHUN HIXK-
Hero AeBoHa [Topoanm (toro-3amnapHas YKpauHa).
OHU A@BHO IIPUBAEKAIOT BHUMaHMe Pa3HbIX UC-
CAepOBaTeAel, IOCKOABKY XOPOIIIO OOHaKeHB], Me-
IOT HapAe KHBIe CTpaTurpadryeckye MpuUBI3KY, Xa-
PaKTepU3YyIOTCS OOMAMEM NCKOIaeMOU (DAOPHI U
(hayHEL, IPaKTUUYECKYU He 3aTPOHYTHI IIPOIleccaMy
MeTaMop@uU3Ma 1, KaK II0Ka3bIBaIOT PE3YABTAThI
TIPEABIAYIITIX UCCAEAOBAHUM, SBASIOTCS IlaaeoMar-

HUTHO-UHPOpMaTUBHEIMHU [Smethurst, Khramov,
1992; AyonuHa u Ap., 2007]. KpoMe TOTO, BOIIPOC
O IIPOUCXO’KAEHUHN eCTeCTBEHHOU OCTAaTOYHOM Ha-
MarHU4eHHOCTHU KpacHOIBeTOB (old red) ssBAgeT-
Csl IPEAMETOM MHOTOAETHUX AUCKYCCHUU (CM., Ha-
npumep, MoHorpaduio [Butler, 1992]).

Ha ceropugurnmuii AeHb UCIIOAB30BaHUE COBPE-
MEHHOU BBICOKOUYYBCTBAUTEABHON N3MEPUTEABHON
anmnapaTyphl B KOMIIAEKCe C IpUMeHeHNueM MeTO-
AOB SAEKTPOHHOU MUKPOCKOIIMY AQET BO3MOYKHOCTD
0oree 060CHOBAHHO BBIAEAATH IIEPBUYHYIO OCTa-
TOYHYIO HAMarHM4eHHOCTh, TEM CaMbIM ITOBBIITIAs
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Puc. 1. Cuayputickue, AeBOHCKUE, KapOOHOBBIE M IIePMCKHUE IIOAIOCHI, OlleHMBaeMble KakK Hamboaee Ha-
AEJKHBIe, M OAVMH U3 BapuaHToB TpaekTopuu TKMII (myHKTUpHas AnHUusA) A Baatuku / CrabuabHoi EB-
pousl coraacHo [Torsvik et al., 2012]. Bo3pacT MOAIOCOB IPUBEAEH B MAH AeT Ha3ap. POMOBI — cUAypUH-
CKHe IIOAIOCH], TIoAyUYeHHBIe aBTopaMu [Jelenska et al., 2005; [Toasuenko u Ap., 2014]. KBaappaT — AeBOH-
CKHI IIOAIOC, IIOAYYeHHBIN aBTOpaMu [baxmyToB m Ap., 2012].

TI'eogpusuueckull xyprnaar Ne 1, T. 37, 2015



B. BAXMYTOB, M. EAEHCBKA, M. KAA3AAKO-XO®D®MOKAD, E. [IOAA9EHKO U AP.

HaAAE>KHOCTD TAA€OMATrHUTHBIX AQHHBIX, NCIIOAB-
3yeMBIX IIPU FeOAMHAMUYeCKUX PEKOHCTPYKIUSX.
PaHee aBTOpamMu AQHHOM CTaThU IIPOBOAUAMCE I1a-
AE€OMarHUTHBIE HCCAEAOBAHUS CUAYPUNCKUX [Je-
lenska et al., 2005; TToasiuernko u Ap., 2014] u ce-
POILIBETHBIX HU)KHEAEBOHCKUX | BaxmyToB u Ap.,
2012] toaw [Topoann. OOGBEKTOM MCCAEAOBAaHUMN
HACTOAIIer pabOoThI IBAIIOTCA KPACHOLBETHEIE OT-
AO’KeHHUS HIKHero AeBoHa [TopoAnH, KOTOpEIE Ha-
paIIuBaloT MCCAEAOBAHHLIN paHee pa3pes BepX-
HECHUAYPUNCKUX U HIDKHEAEBOHCKUX CEPOIIBETOB.

I'eonrorus m 00BbEKTHI NCCAEAOBaHUMN. [la-
Aeo30McKuM paspes [Topornn ABASETCS KPYITHBIM
IIMKAOM MOPCKOTO CeANMeHTOreHe3a, Ha4aAo Ko-
TOPOI'0 MOJKHO CBS13aTh C OPAOBUK-CUAYPUUCKOU
TpaHCrpeccuel, a KOHell — C yCTaAHOBA€HUEM KOH-
THUHEHTAABHBIX YCAOBUM OCAAKOHAKOIIAEHUS B HIK-
HeM AeBOHe. BepXHuUl 3TaK IpeACTaBAEH OTAOKE-
HUSIMU MeAa (CeHOMaH) 1 HeoTeHa (TOPTOH U cap-
MmaT) [Hukudoposa, [Tpepreuenckuii, 1968].

Paspes Hu>xHero pAeBoHa [lopoann cocTouT U3
ABYX CEPHUI: TUBEPCKOU U AHECTPOBCKOU. [lepBas
SABASIETCSI IPOAOAKEHNEM CUAYPUMCKOTO IIUKAA
0CaAKOHAKOIIAEHUS U IIPEACTaBAeHA N3BECTHSIKA-
MU ¥ @pPTUAAWUTAMH, BTOPasl — Pe3yAbTaTOM yCTa-
HOBAEHUSI KOHTMHEHTAABHOI'O PeK1Ma OCaAKOHa-
KOIIAEHUS B YCAOBUSX aPUAHOTO KAMMaTa. AHeCT-
POBCKas cepus IIOAPA3AEAsieTCs Ha YeThIpe CBU-
TBI: yCTEUKOBCKas!, XMEAEBCKasl, CTPBIIICKas U CMEPK-
AeBCKasi. YCAOBUS CepAMEHTAIU OCAAKOB AHECT-
POBCKOM CepUU XapaKTePHBI A CTPYKTYPHI IIPEA-
TOPHOM BIAAUHEL U IIPEACTaBAEHEI YepeAOBaHU-
€M KpaCHOIBETHBIX aPTUAANTOB 1 ITeCUaHUKOB MOITT-
HOCTEIO A0 1100 M B ABBOBCKOM AAE030MCKOM ITPO-
rube [LereapHiok u Ap., 1983].

ABTOpaMu HacTO4IeN CTaTbU NCCAEAOBarACh
KpacHOIBeTHasA PopMalus YyCTEUKOBCKOMU CBUTHI
(AHeCTpOBCKas cepusi) B ABYX pa3pesax BOAU3N
c¢. MiBane-3on0Toe (48° 43,2” N, 25° 37,8”E) u c. Huip-
KOB (48° 49’ N, 25° 36" E) (HM)KHASA 1 BepXHsIS 9aCTh
YCTEUKOBCKOM CBUTBI COOTBETCTBEHHO). OTAOKEH
IIpeACTaBAEHBI IlepecAauBaHueM KPacHO-0yphIX
IIeCYaHUKOB U aA€BPOApPTUAAUTOB, 0OIIas MOIII-
HOCTB pa3pe3oB nopspka 50 M (puc. 2). OtHoCH-
TEABHO Te€OAOTUYECKOU IIKAABI YCTEUYKOBCKAs CBU-
Ta COIIOCTABASIETCS C BEPXHEU Y4aCThbiO /AOXKOBCKO-
ro gapyca (Lochkovian) ¢ xpoHOAOTHUECKOU OIleH-
KO Bo3pacTa 0KoAO 412 MAH AeT Hazap, [Gradstein
et al., 2012].

ITareomarauTHbIEe HCCAEAOBaHUS. Bonpoc
O IPUTOAHOCTH OCAAOUYHBIX TTopoa [Topoaun ans
IOAYy4YEeHUS HapAe KHBIX ITaA€OMarHUTHBIX OlpeAe-
AEHUM BeCbMa HEIIPOCTOM. BHITTOAHEHE TOAEBBIX
TECTOB (CKAAQAKM, KOHTAOMEPATOB) B 3TOM palio-
He TpoOAeMaTUYHO BBUAY OTCYTCTBUSA (IO Kpau-
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HeU Mepe, aBTOpaMM OHU He HaWAEHBI) TOAXOAS -
LIUX AAS TECTOB TEOAOTHYECKUX 00BeKTOB. K ToMy
>Ke BeAWUUHBI OCTaTOYHOW HaMarHMYeHHOCTHU Ce-
POLBETHBIX ITOPOA [TOAOATIN HACTOABKO MaAbI, YTO
BO3HUKAIOT TPYAHOCTH A@Ke IIPU U3MEePEeHUsIX Ha
BBICOKOUyBCTBUTeABHOM SQUID-MarHuTOMeTpe. Cu-
Tyalysl C KPaCHOIIBETHBIMU ITOPOAAMY 3HAUUTEAD-
HO Ay4Ille, BEAMUMHBI HAMArHUYeHHOCTH 00pa3IioB
Ha IIOPSAOK BHIIIIE M IIPOOAEM C HaAEKHBIM BBIAE-
AeHHeM MH(POPMAaTUBHOIO "'CUTHaAA" B IIpoIecce
MarHUTHOM YHUCTKM He BO3HUKAeT.

OO0pa3Ibl AN TAA€OMArHUTHBIX UCCACAOBAHUMN
OBIAK OTOOPAHBI Ha AByX OOHakeHUsx (VBane-3o-
AoTOe U HEIDKOB), IepeKphIBAIOIINX APYT ApyTa
B HIDKHeM / BepXHel 4aCTH, TeM CaMbIM obecIie-
4u1Bas IOAHBIY pa3pe3 YCTEeYKOBCKOM CBUTHL. Bee-
ro OBIAO OTOOPAHO 96 OPUEHTHUPOBAHHEIX MITY(OB
1 30 OpreHTHPOBaHHBIX KEPHOB, MarHUTHBIM 4M-
CTKaM OBIAY IIOABEPTHYTEI 223 oOpa3sia. Aadopa-
TOPHBIE N3MEPEeHUs BEIITOAHSIANCH Ha alapary-
pe NHcTtuTyTa reodpusuku [Toabckon AkapeMun
HayK (UT'® I'TAH, Bapirasa) u lactutyTa reodpu-
3ukn HAH Ykpauus: (UT'O HAHY). EcrecTBenHas
ocTtaTouyHast HamaramueHHOCTL (EOH, NRM) o6pa3s-
1I0B M3MepPSIAaCh Ha KPUOT€HHOM MarHUTOMeTpe
2G SQUID DC (mpousBoacto CLIIA) ¢ mpucTaBKOM
MAST pa3MarHNYMBaHUS IIepeMeHHBIM MarHUTHBIM
roreM (UT'® TTAH), a Takke Ha CTUH-MarHUTOMET-
pe JR-6 (UT® HAHY). Arst TeMIiepaTypHOM 9MCT-
KM B 00enx Aa00paTopusixX UCIIOAB30BAAUCH DKPa-
HupoBaHHbIe TTeurt MMLTD (mpou3BoacTBO Bean-
KoOpuTanusd). I MarHuTOMeTphI, U IIeUYKU IIOMe-
eHbl B HeMarauTHele KoMmHaTel MMLFC. M3Mme-
peHre MarHuTHOM BOCIIPUUMUYUBOCTU (MB) BBI-
noAHsIAOCH Ha KanmnameTrpe KLY -2 u MFK-1 npu
KOMHATHOM TeMIlepaType NOCAe Ka*KAOU CTyIIeHU
TEPMOMArHUTHOW YMCTKU AAS MOHUTOPUHTA MUHE-
parornuecKux u3MeHeHu! B 00pasnax BMIIpoIiec-
ce HarpeBoB. [lapamMeTphl aHU30TPOIUY MarHUT-
HOM BOCTIPUUMYUBOCTHU (AMB) BEIUUCASIAUCH U aHa-
AmzupoBaauch 1o mporpammaM ANISO [Jelinek, 1977
u Anisoft 4.2. Pe3yabTaThl pa3MarHMUUBaHUS aHa-
AWU3UPOBAAVICH METOAOM I'AA@BHBIX KOMIIOHEHT [Kir-
schvink, 1980] c ucnoab3oBaHNeM ITaKeTa IPOT-
pamm PDA [Levandovsky et al., 1997] u Remasoft 3.0
[Chadima, Hrouda, 2006].

Cpepnrie Beamunibl EOH 1 BeanunHa MB Haxo-
MSTCSI COOTBETCTBEHHO B AMariaszoHe ot 1 A0 10 MA/M
moT 50-107% 20 170- 10~ % ep. CU. Ha puc. 2 mipea-
CTaBAEHO M3MeHeHMe MarHUTHBIX [IapaMeTPOB BAOAD
paspesa. MIx aHaAn3 TTOKa3bIBaeT, UTO U3MEHEeHUS
5TUX BEAWUYUH 3aBHUCAT OT PPAKIMOHHOT'O COCTa-
Ba — pa3Mepa U IPOIeHTHOTO COOTHOIIIEHNS Tie-
AUTOBOU (TAMHUCTOM) XU OOAOMOYHOM COCTABASIIO-
mux B mopoae. Beanuunst EOH 1 MB B o6pa3iiax
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Puc. 2. TTareOMarHUTHBIE XapaKTEPUCTUKU HMCCAEAOBAHHBIX Pa3pe3oB HUKHEro AeBoHa Ilopoamu. Lludpwl co
CTpeAKaMu — HOMepa U MO3UIUU B TeOAOTHYECKOM paspese OTOOPaHHBIX 06paslioB; HOMEpP CAOS B COOTBET-
crBum ¢ [Hukudoposa, [IpepTeuenckuti, 1968].

ApPTUAAUTOB U AAAEBPOAPTUAAUTOB BHINIIE, @ B IIec-  HOU “>RecTKocThio" (puc. 3, a). [1Ipu pazmarHuum-
YaHUKaX OHU HUXKE. BaHUU nepeMeHHBIM 1ToAeM A0 100—140 MmTA oHn

PazmarauuuBaHre MMAOTHOM KOANEKITNY Tiepe-  TepsitoT He 6oaee 10 % EOH, a BeKTOp ocTaTOUHOM
MEeHHBIM MarHUTHBIM TIOAEM, KaK ¥ OJKMAAAOCH AAST  HaMarHMYeHHOCTU ITPAKTUYECKU He N3MEeHSeT Iep-
KPaCHOIIBETOB, 0Ka3aA0Ch He 3(pPeKTUBHEIM —  BOHAUYaAbHOTO HallpaBA€HUs. Pa3zMarHuuuBaHue
00pa3Iibl XapaKTePU3YIOTCS IIOBLIIIIEHHON MarHUT-  CepHuel II0CAeAOBaTeAbBHBIX HarpeBOB (TeMIlepa-
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Puc. 3. IlpuMepHl CcTylleHYaTOro pa3MarHU4MBaHUSA 0Opa3lloB KpacHOUBeTOB [1opoAMU IepeMeHHBIM MarHuT-
HBIM IIOAEM (@) U TeMIepaTypol, Ha KOTOPBIX BEIAeAssieTcs TOAbKO HT-kommnonenTa (6), a Takke HT- u BT-
KOMITOHEeHThl HaMarHW4eHHOCTHU (B—e). [IpuBepeHBI cTepeorpaMMbl (IIOABle / 3aAWUTble KPYyTH — IIPOEKITUU
BEKTOPOB Ha BEPXHIOIO / HUJKHIOIO IOAyC(epy), HOpMUPOBaHHLIe KpuBLle pa3MaraumunBanus EOH, nsmene-
"ue MB npu HarpeBax (6—r), AuarpaMMBl 3UMAEPBEAbAA (3aAUTHIE / TIOABIE KPYTH — MPOEKIINY Ha TOPU30H-
TaAbHYIO / BEPTHUKAaABHYIO IIAOCKOCTB) U NPUMepHI BEIAGAEHUSI Ha HUX KOMIIOHEHT HaMarHMUYeHHOCTU (IyHK-
TUPHBIEe AMHUU Ha Auarpammax (I, e)).
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TypHAas YUCTKAa) IOKA3aA0, YTO 4aCTb OOPa3Ii0B IIOA-
HOCTBIO pa3MarHUYMBAETCS IIPU TeMIlepaTypax
590—610 °C (pmuc. 3, 6). OpAHAKO B HEKOTOPBIX 00-
pasiiax mpu 3ToM ocTtaeTcs oT 10 oo 30 % nepBuY-
uott EOH, a moAaHOe pa3MarHu4rMBaHUe AOCTUTA-
eTcst Ipu TeMreparypax 680—690 °C (puc. 3, B—e).
TemnepaTypHOe CTylleHYaTOe pa3MarHu4nBa-
HUe OBIAO IIPUMEHEHO A BCEU KOAeKIun. B pe-
3yABTaTe, IOMUMO BSI3KOU (A@0OPATOPHOM) KOMIIO-
HEHTHl HaMarHUYEeHHOCTH, BBIAEASIEMOU ITPU TeM-
neparypax Harpesa A0 200 °C, BEIAEASIETCST OT OA-
HOU AO ABYX CTaOMABHBIX KOMIIOHeHT EOH: iep-
Bast, OTHOCUTEABHO HU3KoTeMneparypHas (HT), B
AHara3oHe AeONOKUPYIOIIUX TeMIepaTyp oT 150—
200 a0 530—630 °C, 1 BTOpasi, OTHOCUTEABHO BhI-
cokoreMneparypHas (BT), B omanazose ot 590—
610 A0 680—690 °C (cm. puc. 3, B—e). OHa BhIpe-
ASIeTCSI IO HECKOABKUM CTYTIEHSIM Ha IIPSAMOAMHEN-
HBIX YY4aCTKaX AUarpaMM 3UMAEPBEABAQ, UAET B
HAYaA0 KOOPAMHAT (puc. 3, 7—e), U AaAee MBI IIpU-
HUMaeM ee KaK XapaKTepPUCTUYECKYI0 KOMIIOHEH-
Ty HamaraundeHHOCTH (ChRM ). B HEKOTOPEIX 06 -
pasnax (cMm. puc. 3, 6, B) IpU TeMIlepaType BhIIIe
450—500 °C 3navenust MB pe3ko BO3PACTAIOT, YTO
yKa3bIBaeT Ha MUHEparOTHuecKre N3MeHeHUs], HO
IIPY 3TOM BO3pacTaHNe BEeAMYMHBI OCTATOYHOU Ha-
MarHM4eHHOCTH He HaOAIOAQeTCH.
HanpaBaenus HT-KOMIIOHEHTHI XapaKTepU3y-
FOTCSI IOTO-FOTO-3alaAHBIM CKAOHEHUEM U OTPUIIa-
TEeABLHBIM HaKAOHEHHUEM, B TO BpeMs KaK HallpaB-
AeHNd BT-KOMIIOHEHTHI — I0T0-3allaAHBIM CKAOHEe-
HUEM U IIOAOKUTEABHBIM HaKAOHeHUeM. PaHee aB-
TOpPaMU AQHHOM CTaThbH OBIAYU TOAYyYEHbI @HAAOT Y-

A0

HbIe Pe3YABTATHI II0 CEPOIBETHBIM OTAOKEHUSIM
TuBepcKoU cepuu Ha [Topoanu [ baxMyToB U Ap.,
2012]. Ha puc. 4 mpuBeAeHBI BHIAEAeHHBIE TTane0-
MarHUTHbBIEe HallpaBA€HMS UCCAEAOBAHHBIX OOpas-
110B. CTaTUCTUYECKHE ITapaMeTPhI AAST HallpaBAe-
HUU, IOAYYEHHBIX A AHECTPOBCKOM (KpacHOIIBe-
ThI) ¥ TUBEPCKOM (CEPOITIBETHI) CEPUM HUKHETO Ae-
BoHa [Topoamu mpuBepeHE! B TaOA. 1. IToryueHHEBIE
HapaBAEHUS AN PA3HBIX CEPUM CTaTUCTUYECKH
3HAYNMO He Pa3AUYaIOTCs, XOTs ObIAU ITOAYIEHBI
Ha (parimarbHO Pa3HBIX OCAAOUYHBIX TOAIAX.
Anaani AMB KpaCHOIIBETOB AHECTPOBCKOM Cce-
pUU YKa3bIBaeT Ha IIpeoOAapaHue B OOABIIEN Yac-
TH 0OPA3II0B THUIIMYHO "OCAAOUHBIX ' CTPYKTYP (PHC. ).
INocaepnne moryT OpMHPOBATHCS KaK IIPU OCasK-
AEHUM MEAKOTO TEPPUTeHHOTO MaTepraAnd, Tak U
IIPU IIOCAECAYIOLEN AMTA(DUKALIUNA 1 YIIAOTHEHUN
ocapka. CpepHee HallpaBA€HTE MUHUMAABHBIX OCeH
aarumiconpoB AMB (K =346,2°/ 89,4°) GAM3KO K Bep-
TuKarbHOMY. CTelleHb aHM30TPOIINHU (mapameTp P)
HU3Kas U He mpeBbiiiaeT 1,05, a mapameTpsl Lu F
YKa3bIBAIOT Ha MAOCKOCTHOU Tull AMB. Hanpas-
A€eHUsI MAaKCUMAABHBIX OCel aaruticonaa AMB crpyr-
NIMPOBAHBI B CEBEPO-CEBEPO-3aIIaAHOM—IOT0-I0TO-
BOCTOYHOM HAIIPaBAEHUSIX, UTO YKa3bhIBAEeT Ha BO3-
MO>KHO€ BAUSTHHE KaKOTro-A100 BHEITHero haKTo-
pa, HallpuMep yMepPEeHHBIX TeYeHUH IIPU OCa’kAe-
HUM TEPPUTE€HHOTO MaTepraisa. Takoy XapakTep
pactpeaenenus ocett AMB AAST KDaCHOIIBETOB SIB-
ASIETCSI aPTYMEHTOM B ITOAB3Y IIPe0bAaAaHUS B IO
poAe CeAUMEeHTAallMOHHOM HaMarHM4eHHOCTH, XO-
TSI OAHO3HAUHO 3TO YTBEP>KAAQTH HEAB3s (CM. Ha-
npuMep, [Butler, 1992; Kodama, 2012]).

i

% s

f#=30 D= 355,17, = 86"
&= 8,7, Tegg L .ﬂ.u"

g= |74, D= MY, Fe-19.27
k= 58, ingy = 14"

% a %
mE 40, D= AT Fe 4T,
k= '1 g = ?-nl.

Puc. 4. Crepeorpacguueckre MpOeKIIUU BHIAEAEHHBIX ITaA€OMarHUTHBIX HallpaBA€HUM Ha oOpasljax HUXKHeAe-
BOHCKUX KPACHOIIBETOB U CPeAHMEe CTaTUCTUYeCKUe IlapaMeTphl (CM. TabA. 1): a — HM3KOCTabUAbHAs (BSI3Kas)
KOMIIOHEHTa HaMarHU4eHHOCTH; 6 — OTHOCUTEABHO HU3KOTeMIlepaTypHas CTaOHWAbHas KOMIIOHEHTa HaMarHu-
yeHHOCTU (HT); B — OTHOCUTEABHO BBICOKOTeMIIepaTypHas CTaOWAbHAsi KOMIIOHeHTa HamarHuueHHocTu (BT).
IToABle (3aAMTEIE) KPYTM — IIPOEKIIMM BEKTOPOB Ha BEPXHIOIO (HIJKHIOIO) IOAycdepy.
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Puc. 5. Pacupepenaenue ocell SAAMIICOMAOB aHM30TPONIMK MAarHUTHOM BocnpuuMunsocty (K, Ky u K3 — coorsert-
CTBEHHO HAIPaBAEHUSI MaKCHUMaABHOM, CpeAHEH M MHHUMAaABHOU OCel (a)); AuarpaMMBl CTEIIeHU aHU30TPOIINU
MarHuTHOM BocnpuumunbocTu P =K, /K3 oTHOCuTeARHO MarHuTHOM BocupuuMuusoctu K, (6); pacipeasereHne
OTHOIIEHUM TAABHEIX ocel saauncoupos AMB na auarpamme A. Oaunna, L =K, /K,y F=K, /K, (B).

Taoarmumnga 1. [TareoMarHUTHbIE HAallPpaBA€HUS U MOAIOCHI AASI KOMIIOHEHT

HaMarHU4YeHHOCTU HU)KHEAEBOHCKHMX KPACHOIBETOB (AHECTPOBCKAas cepus, yCTeu-
KOBCKasi CBUTa) M CepolBeToB (TuBepcKas cepusi [baxmyToB u Ap., 2012]) ITopoarun

Komro- Cepiist n D, I, Olgs, K Plat Plong
HEHTBL P rpaa rpap, Tpaa (°N) (°E)
BT Kpacrongerst 49 2337 | 43,0 7,6 8 -23 | 3384
AHECTPOBCKOM cepuu
C TuBepckas cepus 14 244 37 14,8 8 0 329
HT Kpacrongers 174 | 2027 | —19,2 1,4 56 —47 | 3515
AHECTPOBCKOM cepuu
B TuBepckast cepus 38 211 —-22 4,2 32 —45 340

Ipumeuanue: N — KOAUYECTBO HE3aBUCUMO OPUEHTUPOBAHHBIX 00PA3I[0B, Ha KOTOPHIX BHIAEAEHBI KOMITO-
HEeHTHI HaMarHu4eHHOCTH, D /| — ckaoHeHHe / HaKAOHEHHe CPeAHNX [aAeOMarHUTHBIX HalIPaBACHUH, Olgs —
papnyc Kpyra AOBepus npu 95 % BePOSITHOCTU AASL CPEAHETO HallpaBAeHUs, K — KyYHOCTb paclipepAeAeHUst
BeKTOpPOB, Plat/ Plong — mupora / AOATOTa TaA€OMarHUTHOTO ITOAIOCA (B IPaAycax).
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ITeTpoMarHauTHBIE NCCAEAOBAHUSI C IIEABIO
OllpeAeAeHNSI MarHUTHBIX MUHEePaAOB — HOCHUTe-
Aert EOH — npoBOAMAMCE Ha anmaparype IIaAreo-
MarauTHou Aabopatopuu VT'® TTAH. Beimoans-
AUCH @HAAU3HI IIO OIIPEAEAEHUIO CIIEKTPa AeOAO-
KUpyromux Temmeparyp (Ts), Temmeparyp Kropu
(Tc), mapaMeTpoB IMeTAM TUCTePEe3nca, TapaMeT-
POB KPHBBIX N30TEPMHUUECKOM OCTaTOYHOM HaMar-
"HudyeHHocTu (IRM) u npaearbHOM OCTaTOYHOM Ha-
MarandeHHoOCTH (ARM). Tak>Ke aHaAM3HUPOBAANCH
KpHUBBIE 3aBUCUMOCTU MB OT TeMIepaTypsl B AHa-
nasoHax oT —196 °C A0 KOMHATHOM TeMIepary-
PBI (HU3KOTEMIIEPATYPHEBIE 3KCIIEPUMEHTHI) U OT
KOMHATHOM TeMitepatypst A0 700 °C (BEICOKOTEM-
repaTypHBIE 3KCIIEPUMEHTHI). AAST HEKOTOPBIX 00-
pasIioB OBIAYM TIOAYYEHBI KPUBBIE TEPMOPA3MarHu-
YMBAHMS HaBepAeHHOM 1o TpeM ocsiM |RM [Lowrie,
1990]. OH BBIIOAHIACS AASL OIIPEAEAEHUS MUHe-
PanOB, XapaKTEPU3YIOIINXCSA CXOAHBIMU ITapaMeT-
paMu MarHUTHOM JKeCTKOCTH, HO MMEIOIIHUX pa3-
Hble Ty, Ipyu HaBepAeHUH B oOpasie IRM 1o Tpem
TIEPIIEHAUKYASIPHBIM OCSIM COOTBETCTBEHHO B I10-
Aax 3,3; 1,51 0,15 Ta u mocaepyrolieM CTylleHYa-
TOM TepMOpa3MarHu4nuBaHUH.

Anst onipepenenHust T € IEABIO HACHTU(DUKA-
LMY MaTHUTHBIX MUHEPAAOB BBIIIOAHIAOCH HelIpe-
PBIBHOE TeMIIepaTypHOe pa3MarHunymuBaHue o0pas-
110B B 3KpaHe A0 700 °C mocae HaBEAEHHOM U30-
TepPMHUYECKON OCTAaTOYHOM HAaMarHW4eHHOCTH Ha-
ceimenus (SIRM) B moae 9 TA. AAST KOHTPOASI MU-
HEPaAOTMYeCKUX U3MeHEeHUM BBITTOAHSIACS IIOBTOP-
HBIN IIUKA HarpeBOB.

OKCIIepUMEHTEHI 110 OIlpepeAeHUIo ToueK Kro-
pu (T) MAarHATHEIX MUHEPAAOB BEIIIOAHSIANCH Ha
kamnmameTrpe KLY -3S ¢ mpucTaBKoOM AAsT HarpeBa
00pa31oB. AHAA3UPOBAANICE KPUBBIE N3MEHEHMS
MB B 3aBUCUMOCTH OT TEMIIEPATYPLI, IIOAYYEHHBIE
IIpY HeIIpepLIBHOM HarpeBaHUU 00pasIioB OT KOM-
HaTHOU TeMuepaTypst A0 700 °C ¢ mOCAEAYIOIIUM
OXAKAEHUEM.

Pe3yAbTaThl HU3KOTEMIIEPATYPHBIX 3KCIIepU-
MEHTOB AASI OIIPEAEAEHUs IPUCYTCTBUS B IIOPO-
AaxX MarHeTWTa M reMaTUTa 10 TeMIepaTypaM ga-
30BBIX [IEPEXOAOB (COOTBeTCTBeHHO MopuHa u Bep-
BesI) AT UCCAEAYEMBIX 00Pa3IioB OKa3aAUCh He-
UH(AOPMATUBHBIMUA.

MarnuTHas )KeCTKOCTb ¥ AOMEHHOE COCTOSTHUE
MAarHWTHBIX MUHEPAAOB OLIeHUBAAMCH II0 IIapaMeT-
paM IeTAU rucTepesuca: HaMarHM4eHHOCTb Ha-
CBIIIIEHUS U OCTaTOYHasd HaMarHM4eHHOCTh HaChl-
menust (Mgu M, ), KOSPIUTUBHAS U OCTAaTOYHAs
KospuuTHBHAsA CUABL (H.mH, ). [TapameTper met-
AU TUCTEPE3UCa, B TOM YUCAE TTOCAe HaBeAeHUs
Ha o6pasnax IRM u ARM, n3mepsiauch Ha BUOPO-
marauromMerpax VSM (Molspin, mpou3sBoacTBO Be-
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AmkoOpuTanmst) u MicroMag (mpousBoactso CILITA).

MukpoaHaAUTHYECKHE NCCAEAOBAHUSI MUHe-
PanroB >Keae3a B 00pasiiax MPOBOAUAUCE Ha I'eo-
AOrm4eCcKOM (hbaKkyabTeTe BapliaBcKoOro yHUBEpPCH-
TeTa METOAAMU SIAEKTPOHHO-MUKPO30HAOBOTO aHa-
AM3a Ha AAMHHOBOAHOBOM AUCIIEPCUOHHOM CIIEKT-
pometpe (Cameca SX 10) 1 cKkaHUPYIOILIEM SAEKT-
POHHOM MUKPOCKOTIE C 3HEPTOAUCIIEPCUOHHBIM
cnektpomerpom EDS (JEOL JSM-6380LA), arst TeT-
porpadu4ecKoro olnmcaHus HCIIOAb30BAACS OIITU-
yecku# Mmukpockoir Nikon.

OnpepeAreHUe MarHUTHBIX MUHEPaAOB —
HOCHTEAeH eCTeCTBeHHOM OCTaTOYHOM HaMar-
HUYEHHOCTH. Pe3yAbTaTEl CTyIIEHYaTOIO TEMIIE-
paTypHOIo pa3MarHMUMBaHUs YKa3bIBAIOT Ha ABE
komnoHeHThl EOH B o6pa3siiax (cM. puc. 3). Ilep-
Basg HT-KOMIIOHEHTa BHIAEASIETCS IIOUTHU BO BCEX
obpa3siiax, BHOCUT OCHOBHOM BKAap B EOH u xa-
pakTepusyetcs Tg B ocHOBHOM 0KOAO 600 °C (puc. 6,
a, B), Bropasi BT-KOMIIOHEHTa — TOABKO B OTAEAB-
HBIX 00pa3nax Ha XBOCTaX KPUBBIX pa3MarHuyu-
BaHMS B AMalia30He AeOAOKMPYIOIINX TeMIepaTyp
590—690 °C. TemmepaTypa AeOAOKHUPOBAHUSI OKO-
A0 690 °C yKka3bIBaeT Ha reMaTUT (Kak Hauboree
BEPOSTHBIM MAarHUTHBIY MUHEPAA B KPACHOIIBETAX).
TemmepaTypa AeOr0KHpoBaHus 0KoA0 600 °C, pu
KOTOpOU BhIAeAsdeTca HT-KoMIIOHEHTa, He CTOAD
OueBUAHAs A nHTepnpeTaniuu. OHa XapakTep-
Ha AT HECTEXUOMETPUIECKOTO MarHeTHUTa, CAerKa
OKHUCAEHHOTO0 A0 MarreMuTa. OAHAKO KpaHAs JKeCT-
KocTb EOH K pa3aMarHM4MBaHUIO ITepeMeHHbIM Mar-
HUTHBIM IIOAEM (CM. PHUC. 3, a) UCKAIOYAeT MarHe-
TUT U MarreMuT. TakuM oOpa3oM, BOIIPOC, KaKou
MarHUTHBIM HOCUTEAb 9TOM KOMIIOHEHTEL ¥ €T0 PO~
UCXOKAEHUE, IBASIETCSI KAIOUEBBIM.

TepMoMarHuTHBIM aHaAU3 00Pa3IloB C HABEAEH-
no SIRM ykaswiBaeT Ha T, XapaKTepHBIE AAS Te-
MaTtuTa. [IpucyTcTBUe ADYTUX MarHUTHBIX MUHe-
PaArOB, B TOM YUCAE C T6 BOAu3u 600 °C, He 0OHa-
py>RuBaeTtcs (CM. puc. 6, 6, r), a Harpes po 700 °C
He IIPUBOAUT K IIpeoOpa30BaHUI0 MaTrHUTHBIX MU-
HEPaAOB (CM. KPUBBIE IIOBTOPHBIX HATPEBOB).

AAsT oTIpepeAeHNs TUTIOB MarHUTHBIX MUHepa-
AOB, SIBASIIOIIUXCSI OCHOBHBIMM HocuTeAsmu EOH,
OBIAU M3YYeHBI 3aBUCUMOCTU U3MeHeHUs MB ot
temmneparypke! K (T) B mponecce Harpesa u ox-
ABKAEHHI 00pa31oB. Pe3yAbTaTH TIO3BOASIOT BhI-
AEAUTDH ABA TUIIA KPUBLIX: 1) BodpacTanue K oKo-
A0 600 °C, T =640+ 650 °C, nposiBA€HHE HOBO-
00pa30BaHHBIX MAaTHUTHBIX (Da3 Ha KPUBOMU OCTHI-
BaHwus o0pasiia (cM. puc. 7, a); 2) Bospacranue K,
0koAO0 530 °C, T =580 °C, npu oXAaKACHUH Ha-
OAIOAQIOTCS ABa TTMKA — OCTPOKOHEUHBIN ITpu 530—
500 °C u 6oAee MIMPOKUM IIPU TeMIlepaTypax OT
450 p0 350°C (pwuc. 8, 6). [IpusHaky reMaTUTa Ha
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Puc. 6. [IpuMepsl TeMIlepaTypHOTO pa3MarHUYMBAHUSA 00Opa3l[oB KpacHOIBeTOB: HopMmupoBaHHoM NRM B
npoljecce CTYIE€HYATOrO pa3MarHUYMBaHUA (@, B); OCTAaTOYHOM HaMarHU4YeHHOCTH HachlmeHus (SIRM) B
mpollecce HeNPephIBHOTO HarpeBa (! — mepBBIM Harpes, 2 — BTOpPOU Harpes) (0, r).

KPHUBBIX OTCYTCTBYIOT, YTO MOJKET OBITbH OOYCAOB-  MArHUTHO-’KECTKOI'O MUHepaAa (puc. 8, a). Hase-
A€HO BOCCTaHOBUTEABLHBIMHU IIPOIleccaMU IpU Ha-  AeHHas B moae 3,3 Ta IRM TepsieT TOABKO OKOAO
rpeBax u npeoOpa3oBaHUU reMaTuTa B MarHeTUT. 20 % Ipu pa3MarHUYMBaHUU IIePEeMEHHBIM Mar-

Kpuseie IRM He AOCTUTAIOT HACHIMIEHUSI B HUTHBIM IToAeM A0 140 MmTa (puc. 8, 6). ABa oOpa3s-
noAsix A0 3,5 TA, 4TO yKa3bIBaeT Ha IPUCYTCTBUE  I1a OBIAM HaMarHW4YeHHI B ToAe A0 9 TA, HO U 3peCh
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Puc. 7. iaMeHeHNe MarHUTHOW BOCIPUMMYUBOCTH OOpa3lioB KPaCHOIIBETOB B IIPOIlecce HeNpPephIBHOTO
HarpeBa U OXAAKAECHUSI.

70 Ieogpusuueckutll xyprnaa Ne 1, T. 37, 2015



IMTANEOMATHHUTHBIE U TIETPOMATHUTHBIE HCCAEAOBAHUA ...

[i] Il}l]ﬂ -IDI]I EEDI] Bi[l} ufum 12000
i

Lz 5
1. =
g
(1 a

ﬁ 0,6
[—]
g 3
% o :
5 0,2 =]
Z =
-
-4
4, =

] 100 M, MTA

12

MNEM
1 ” r =t
I 33T
0.8 BM | Al
0,8
0,4
0,2
IHM (0,1 Tal
iy
IJ'I- T T T T T T T
LI 20 40 60 80 100 120 140 AL MmTa
i¥
| oo ee Hoxoaman gmnmae
| —— E¥MYARTHEHOA KpUBaR
U eeseee BRIACACHIIRNE CTIEN
Loy A, miTA 4000 mTa
r

Puc. 8. Kpusble Hachlmenud |IRM (a); kxpuBble pa3MarHM4YUBaHUA IIepPEMEHHBIM MarHUTHbIM noAeM (0): NRM
(uepHBle TpeyroabHHUKHU), |IRM HaBepenHOU B moae 3,3 Ta (uepHble KpyTu), ARM (6eanie kpyru), IRM HaBepen-
HOoH B noae 0,1 TA (Oeable TPEYTOABHUKHU); B — IpUMep CpaBHEHHS HOPMaAM30BaHHOU KpuBol |IRM u kpuBom
pasmaranuuBanusg |RM, Touka nmepeceuenus Huxke 0,5, r — mpuMep aHaAu3a IIPOU3BOAHOM KpuBoiM IRM mo

meTopuKke [Kruiver et al., 2001].

IRM He poCTHTAA HaCHIIEHUSI. DTHU Pe3yAbTaThI
COTAQCYIOTCS C IIOAYUYEeHHBIMU paHee AQHHBIMU O
Upe3BbIUaiHO BEICOKOU cTabuabHOCTH EOH K BO3-
AEMCTBUIO IlepeMeHHOr0 MarHUTHOTO ITOAS. Pe3yas-
TaThl 10 HaBepeHUIO |RM 1 mocaepyioniemMy ee
pasMarHUYUBaHUIO IeEpeMEeHHBIM MarHUTHBIM I10-
AeM yKa3bIBaeT Ha COOTHOIIeHHe KPUBLIX, Xapak-
TepHOE AAST MHOTOAOMEHHOTO MarHeTUTa, T. e. Ha
BO3MOJKHOE IIPUCYTCTBUE He3HAUYUTEeABHOTO KO-
AHMYEeCTBa MarHUTHO-MSTKOTO MMHepaAa [Symons,
Cioppa, 2002] (puc. 8, 6, B). KprBEle HacCHIIeHUI
IRM 6BIAM TPOaHAAM3UPOBAHEI IO MeTopuKe [Ro-
bertson, France, 1994; Kruiver et al., 2001], koTo-
pasi TO3BOASIET PA3AMYATH MAarHUTHBIE MUHEPAAHI,
XapaKTePU3YIOIIHUECsT Pa3HON KOIPITUTUBHOCTHIO,
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TI0 @HAAM3Y KPUBOY HAMAarHM4YMBAaHU 00pasiia I1o-
CTOSTHHBIM MarHUTHBIM 1oaeM (CLG-anaans o [Kru-
iver et al., 2001]). Pe3yAbTaTel yKa3bIBAIOT HA ABA
(MHOTAQ TPM) MAaKCHMyMa CIIEKTPA MAarHUTHOU JKeCT-
KOCTH (pHuc. 8, r). BTaba. 2 mpuBeAeHbBI YMCAOBBIE
XapaKTePHUCTUKU COOTBETCTBYIOIINX ITapaMeTPOB.

[MeTAu rucTepesrca 00pa3oB UMEIOT XapakK-
TepHYIO (hOopMy “OCHHOU Taauu" (wasp-waist sha-
pe, puc. 9, a, 6) 1 yKa3bIBalOT Ha BEICOKYIO Mar-
HUTHYIO JKECTKOCTbD. [ lapaMeTpHhI ITIEeTAU AAST HEKO-
TOPBIX 0OPa3IoB IIpUBeAeHbl B TabA. 3. Ha Aua-
rpamMe Asst — Aanaomna [Day et al., 1977, Dun-
lop, 2002] cooTHOmEHKe TapameTpos M /M u
He, /H ¢ TOTIAAAeT B OOAACTD, XaPAKTEPHYIO AAST OA-
HopoMeHHEIX (OA) u cynepnapaMarHuTHEIX (CIT)
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Taoawumnga 2. [TapaMeTpsl KpUBBIX HacbileHUsI |IRM B COOTBETCTBUHM C METOAUKOM
no [Kruiver et al., 2001]

Maxkcumanb-
Homep HOe TIoAe B/, DP, +
obpasia HAaCHIIeHUS, SIRMR.c. log (MTa) / (MTh) log, MTa Bi/> % DR MTa
Ta
0,078 1,673/ 47 0,400 19—118
1008 3.2 0,922 2,695/ 495 0,349 222—1107
966 39 0,277 2,569/ 371 0,745 67—2061
' 0,723 2,704/ 506 0,287 261—979
1006 10 0,103 1,643/ 44 0,442 16—122
0,897 2,848/ 705 0,467 240—2065
965 10 0,365 2,658/ 455 0,200 287—721
0,635 2,664/ 461 0,795 74—2877

Ipumeuanue: SIRM g - — OTHOCHUTEABHBIM BKAAA KOMIIOHEHT B CyMMAapHEIN curiaa |IRM; B, — moae,
IIPY KOTOPOM KOMIIOHEHTa IIPHoOpeTaeT IOAOBUHY CBOeH BeAndYrHbI HackIieHus SIRM; DP — napameTp auc-
nepcuy; By, + DP — auanazon noas By, c pucnepcueii DP.

3epeH (puc. 9, B). 9Ta 00AaCTb OTAUYAETCA OT APY-
TX TeM, 9YTO 3QUaCTYIO ACCOIIUUPYETC C IlepeMar-
HUYMBaHNEM KapOOHATOB BCAEACTBHE 0OpPa30Ba-
HUS ayTUreHHOro Maraerura [Jackson, Swanson-
Hysell, 2012]. Takum o6pa3oM, ITapaMeTphl I'1c-
Tepe3nca IIOKa3bIBaloT, YTO B HAIIIMX 00pa3liax Ao
MUHUPYIOT MarHUTHBIE HOCUTEAN, UMEIOIIe CXOA:
Hble XapaKTePUCTUKU C CyleplapaMarHuTHLIMU
U CTaOUABHBIMY OAHOAOMEHHBIMU 3epHaMU Iepe-
MarHU4YeHHBIX KapOOHATOB.

Pesyavrats! Tecta Aoypu [Lowrie, 1990], koTo-
PBIM BBIIOAHSIACSI AASI KOMIIOHEHT TPEeX OpPTOro-
HanbHBIX ocet IRM, mokazaay, 4To OCHOBHas YaCTh
HaMarHU4YeHHOCTHU npuobdpeTaeTcs B moAe 1,5 Ta
u cocTaBageT oKoAo 80—90 % cymmapHoU IRM.
I'Mpu Huskux (0,15 Ta) u BeIcOKUX (3,3 TA) moAax
BeanunHBI IRM HamHOro HrKe (puc. 10). Arsg KoM-
TMOHEHTHI Y, HaBepAeHHOoU B moAe 1,5 Ta, xapak-

TEPHBI TaKHe ke AeOAOKUPYIOIHe TeMIIepaTypHhl,
Kak 1 pAad KoMmnoHeHT EOH, KoTopbie ObIAM BhIAE-
A€eHBI B IIpPOIlecce CTyIIeH4aToro TepMopa3MarHu-
yuBaHus: 530—580 1 650—680 °C. B To xe Bpe-
MsI AAST ABYX APYTUX KOMIIOHEHT (HaBeAeHHBIE B
noaax 0,15 u 3,3 Ta) OAoOKUpYIOIIHe TeMIIEPaTy-
PBI AeXKaT B Auamnaszone 660—680 °C.
[NeTporpadrueckue 1 MUKPOAHAAUTUYECKUE
HUCCAEAOBAHMS C NCIIOAB30BaHUEM CKaHUPYIOIen
9AEKTPOHHOU MUKpocKomu (SEM), AAMHHOBOAHO-
BOU AMCITEPCUOHHOM crieKTpockomnuu (WDS —wa-
velength-dispersive spectroscopy) u anaausa pud-
paxkiuy peHTreHOBCKUX Aydel (XRD — X-ray dif-
fraction) TO3BOAMIAM BEIAGAWTE B KPACHOIIBETAX IIITh
reHepanui reMatuTa (puc. 11): 1) AeTpUTOBBIE 3ep-
Ha MepBUYHOTO reMaTUTa CO CPOCTKaMHU UAbBME -
HUTa (MAU UABMEHUT-TeMaTUTOBOe ITpopacTaHue
Tuna "tiger striped", pasmep 3epeH OT HECKOABKIX

Taoawunga 3. MaruuTHble TapaMeTpPbl METAM THCTepe3uca AAS oOpa3loB
HU)KHEAEBOHCKNX KpacHouBeToB ITopoaun

Howmep He, Her, Ms, Mrs,

M¢s/ M Her /H
o6pasia MTA MTA MKAM2/KT MKAM 2/KT rs/ Ms or / He
1008 50,5 450,5 7446 2567 0,345 8,9
1006 65,6 321,7 3029 1198 0,39 4,6
966 61,1 263 4605 1599 0,347 49
965 91,5 421 4072 1468 0,36 4,3
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Puc. 9. IlpuMepHl neTAU rucTepe3uca (POPMBL "OCHHOU TaAuu'" (a); OHA JKe IOCAEe YAAA€HUS IIapaMarHuT-
Horo achdekTa (6); cooTHOmeHUe mapameTrpoB M o/ Mg u H, / H. (aAnarpamma Assi—AanAoma) (B). 3epHa:
OA, — opHOopOMeHHBIe, MA — MHOropOMeHHBIe, CI1 — cynepnapaMarHuTHEIE.

20 100 MKM); 2) 3epHa MapTUTA (IICEBAOMOPGO3BI
reMaTHuTa I10 MAarHETUTY); 3) KPUCTAMBL 3€ DKAABHO-
To reMaTHhTa B 3epHax xaoputa (A0 10 MKM); 4) MUK-
POKPUCTAAAMYECKUM ayTUTE€HHBIN reMaTuT (pas-
Mep 1—2 MKM); 5) YABTPAAUCIIEPCHBIN IUTMEHT
(Tumna "mBeTHOM KanycThl" padMepoM ~ 100 HM).

Auckyccus. I'lo pesdyabraraM mar€OMarHUT-
HBIX UCCACAOBAHUU KPACHOIIBETHBIX OTAOKEHUN
HIUDKHETO AeBOHA ITopoAnM (YCTeUKOBCKas CBUATA
AHECTPOBCKOM cepnm) Oe3 yueTa BA3KOHN (HHU3KO-
CTaOUABHOM) BBIAEASIOTCS ABe KOMIIOHeHTh EOH.
Vix HannpaBAeHUSA OAU3KU K PaHEee BBIAGACHHBIM
HaAIMPaBAEHUAM II0 CEePOIIBETHBIM IIOPOAAM B 3TOM
JKe palioHe, KOTOpPble OTHOCATCS K TUBEPCKOU Ce-
PHU HIDKHETO ABOHA, IIOACTUAQIOIIEN AHECTPOB-
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cKy1o cepuio [BaxmyToB u Ap., 2012]. [TepBast kom-
noHeHTa (HT) uMeeT 10oro-1oro-3amnapHoe CKAOHe-
HHe U OTpullaTeAbHOe HakAOHeHUe. COOTBETCTBY-
IOIUN €M1 TAaACOMArHUTHBIN [IOAIOC OAM3O0K K IIEPM-
ckomy pparmenTy TKMIT pana Bartuku/ CTabunb-
"ot EBpomnsl, puc. 12 [Torsvik et al., 2012]. Bos-
MO>KHO, QOPMHPOBaHUE 3TOU KOMIIOHEHTHI CBI3a-
HO C IIEPMCKUM IIepeMarHUYiBaHueM, KOTOPoe IITH-
POKO pacupocTpaHeHo B nipeaerax BEIT u mosce-
MEeCTHO BBIAEATETCS B IOPOAAX CPeAHEero U paH-
Hero naneo3od. PacyeT 1o BTOpPOYW KOMIIOHEHTe
(BT), BIAEAIEMOM ITPU OOAEE BBICOKUX TEMIIepa-
Typax M MMelollle! I0ro-3allapAHoe CKAOHeHUe U
TIOAOKUTEABHOE HAKAOHEHNe, YKa3bIBaeT Ha ITOAO-
SKeHVe ITaAeOMarHUTHOTO TIOAIOCA, OAM3KOE K Ae-
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HamarmmenrocTs [(Kasndp,, ASw)

[} Lo 200 Ha

404 G0 600 T00 F i

Puc. 10. IlpuMep TepMopa3MarHu4YuBaHUs HaBepeHHOU |IRM mo TpeM oproroHanbHBIM ocaM Z, Y
n X B IOAsIX cooTBeTcTBeHHO 3,3; 1,5 1 0,15 TAa.

BOoHCKOMY cerMeHTy TKMII, u uHTepupeTUpyeT-
CsI KaK AeBOHCKUU TTaA€OMarHUTHBIN TTOAtOC. OA-
HaKO BOIIPOC, C KAKUMU MarHUTHBIMU MUHepaAa-
MU MOJKET OBITh CBs3aHa 3Ta KoMnoHeHnTa EOH,
OCTaeTCsl OTKPHITHIM.

ITo pe3yabraTam neTporpauiecKux UCCAEAO-
BaHUU B HAIIMX KPACHOIBETAX OBIAO BHIAEAEHO
IATH (popM 0Opa3oBaHMM reMaTuTa, CPeArd KOTO-
PBIX TOABKO I'eMaTHT CO CPOCTKAMU MABMEHUTa
(cTpykTypa Thna “tiger striped') Mo>XKeT OBITE ITO-
TEHIJHAABHBIM HOCUTEAEM CeAMMEHTAIlMOHHOM /
[IOCTCEAMMEHTAITMOHHON HaMaramaeHHocTy (DRM/
/PDRM) (puc. 11, 6). Takue 3epHa-CpOCTKYA 0Opa-
3yIOTCS B XOA€ BEICOKOTEMIIepaTypHBIX IIpoliec-
COB B U3BepP>KeHHBIX IIOPOAAX U AdAee MOTYT Iie-
peoTAaraThbCs B OCAAOUHBIX OaccerHax, (hOpMUPYI
CTaOMABHYIO IIEPBUYHYIO KOMIIOHEHTY HaMarHu-
YEeHHOCTHU IIOPOA,.

[MpucyrcTBUE B 0capkax 3epeH MapTUTa CBU-
AETEABCTBYET O IIpOolleccaX OKUCAEHHUS IIepBUY-
HBIX 3epeH MarHeTuTa. JTU 3epHa TakykKe COAep-
>KaT BKAIOUEHUS (IAaCTUHKY) UABMEHUTA, BO3HUK-
1Ie B pe3yAbTaTe OKMCAEHUS IlepBOHaYaAbHBIX
3epeH TUTaHOMar"erura (cM. puc. 11, B—g). Ho
nerporpadguueckue NCCAEAOBAHUSA He AQIOT MH-
dopMaItiu OTHOCUTEALHO BPEMEHU ITPOIIeCCOB Map-
TUTH3AUH, I03TOMY OOHapy KeHHe 3epeH Map-
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TUTA ellle He IBASIeTCS AOKa3aTeALCTBOM TOTO, UTO
OHU He IIpeTeplieAr U3MeHeHUHN II0CAe OCaKALe-
Hug. OHM MOTAU KaK IepeoTAaraThCs, Tak 1 oopa-
30BBIBATHCS B IIPOIleCCe TOCTCEANMEHTAIlIOHHO-
IO OKHCAEHUS AeTPUTOBHIX 3epeH [Van Houten,
1968]. 3epHa 3epKaAbHOTO reMaTUTa, HaXOAAIIN-
ecst B 00p0O3AaX CIIAMHOCTU 3€peH XAOPUTA, TakK-
>Ke MOTYT OBITh IPOAYKTAMU OKUCAEHUS JKeAe30-
HeCYIIUX CUAVKATOB, T. €. IPOAYKTOM BTOPUYHBIX
npo1eccos (cM. puc. 11, B). CocTossHHe TeKCTYPBI
YacTO yKa3bIBaeT Ha IIOCAeAOBATEABHOCTh Peak-
1IN, KOTOPHEIE SIBASIIOTCSI PE3YABTATOM OKUCAEHUST
in situ [Walker et al., 1981]. WDS-aHaAm3 TOKa3bI-
BAET, YTO XAOPHUT SIBASIETCSI IIPOAYKTOM U3MeHEeHUs
OHOTHTA.

MUKPOKPUCTAAMMIECKIN TeMATHUT (CM. pUC. 11, k)
U YABTPAAUCIIEPCHBIN FeMaTUTOBBIM IMTMEHT (CM.
puc. 11, 3) OAHO3HAUHO SBASIOTCS ayTUT€HHBIMU
MHUHeparaMU. B KpacHOIIBeTaxX OHUM CAAraroT Iie-
MeHT Me>XAY 3epHaMU KBaplia, IOAeBOTO IITAaTa,
MYCKOBHUTA U XAOpHUTa (cM. puc. 11, a). Tekctyp-
HBIe OTHOIIEHUS UHOTAQ TIO3BOASIOT OIIPEAEAUTH
IIOCAEAOBATEABHOCTD PEeaKIA, (DOPMUPYFOLLMX ITAT-
MEHT, OAHAKO CKOPOCTHU 3TUX PeakI[uii HepOCTa-
TOYHO M3BECTHHI, UTOOBI CAEAATh KaKHe-AN0O0 BhI-
BOABI O BpeMeHU (DOPMUPOBAHUSA TUTMEHTa.

Ka>kpas 13 BEIIIEYIIOMAHYTHIX (DOPM reMaThTa
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Puc. 11. Munepansl )kereda — Hocurean EOH B HUJKHEAEBOHCKUX KpacHOIBeTax [Topoann: a — BSE (back-scatte-
red electron detector) n3o6pa’keHre KpaCHOIIBETHOTO IecuaHuKa; Q — kBapi, F — moaesoit mmart, M — MycKo-
BuT, Ch — xnroput, TiH — Tturtanorematut, | — mabMenuT; 6 — BSE — uszobpaskeHune ACTPUTOBOTO 3epHA MTepPBUY-
HOTO TeMaTUTa C TEMHBIMU IIPOCAOSIMH HWABMEHMTa (TUIpPOBO-TIOAOcaToe “tiger striped”" WMABMEHUT-reMaTHUTOBOE
npopacranue); B—x — BSE — m300pa’keHNss KPUCTAAAOB 3€PKAABHOTO reMaTHUTa B MOCT-OMOTUT XAOPHUTOBBIX ar-
perarax; e — BSE — m3o6pakenue 3epHa MapTuTa; X — SEM — n306paskeHne reKcaroHaAbHBEIX 3€peH ayTHreH-
HOTO reMatuTa; 3 — SEM — m3o6pa’keHHe CpallleHHBIX arperaToB 3epeH reMaTHTa THIa 'I[BETHOM KallyCTHI".
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Puc. 12. PedepenTtrnasa nareosorickas KpuBasg TKMIT aaa Baatukm / CtaduabHol EBpomner [Torsvik et al., 2012];
nudpaMu yKasaH BO3pacT (MAH AeT Hasap). HoBble onpepenreHMsT Taan€OMArHUTHLIX ITOAIOCOB (C OBaraMU AOBe-
pUs Ogs) AT HUKHEAEBOHCKUX KPAaCHOIBETOB ITOAOAMY IIPpEeACTaBACHEL 3Be3paMU. AT HUDKHEAeBOHCKUX Cepo-
1IBETOB (POMOBI) M BEPXHECUAYPUUCKUX CEPOIIBETOB (KBAAPAThI) MOAOKEHHUE IIOAIOCOB IIPHBEAEHO Mo [Jelenska et
al., 2005; baxmyToB U Ap., 2012], MapKupOBKa IIpUBeAeHa B COOTBETCTBUU € TabA. 1 1 padoToit [Jelenska et al., 2005].

IIpeBHIIIaeT CylleplapaMarHUTHBIN TOPOT FeMaTu-
Ta U, CAeAOBATEABHO, MOJKET BHECTU CBOM BKAAA B
OCTAQTOYHYIO HaMarHU4eHHOCTh. AeOAOKUPYIOIIe
TeMnepaTypsl 660—680 °C MOTYT GHITH CBSI3aHEI
C 3epHaMU 3ePKaABHOI'O AMOO A@TPUTOBOIO IeMa-
TUTQ, KOTOpble HauOOAee IIOAXOAST B KaHAUAATEI
HOCHUTeAeH AeBOHCKOM KoMmmnioHeHTHI EOH. Ana-
Ia30H AeOAOKUPYIOIIX TeMmeparyp 580—650 °C,
BEPOSITHO, 00yCAOBAEH MEAKO3E€PHUCTHIM IUTMEHT-
HBIM I'eMaTHUTOM, KOTOPBIN MOJKET ObITh HOCUTEAEM
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BropuyHOM (HT) KOMIIOHEHTHI OCTaTOYHON HaMar-
HUYEHHOCTH.

[MoAyueHHBIE pe3YABTATHI MOKHO PaCCMaTpHU-
BaTb B CAEAYIOLIUX acleKTax.

IMepBEIlt — B 0Opa3siiax KPacHOIIBETOB BHIAE-
AerHasgs ChRM-koMIioHeHTa HaMarHU4eHHOCTH SIB-
ASIETCS IEPBUYHOM. B ITOAB3Y 3TOTO CBUAETEABCT-
BYIOT CAepyloIiye apryMeHThl. OHa OBbIAa IIOAY -
JeHa Ha pa3HBIX TOPOAAX (AAeBPOapTUAAUTAX U
IecuyaHUKax) ¥ XOPOIIIO COTAACyeTCs C paHee IIo-
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AYUYEHHBIMU HAIIPaBAEHUSM II0 CEPOIIBETHBIM OT-
AOKEHUSIM (TAMHUCTBIE U3BECTHSIKY ) TUBEPCKOM
cepuu HIKHero AeBoHa [Topoanu [ BaxmyToB u Ap.,
2012], KOoTOpHBIe IO COCTaBY CyIIeCTBEHHO OTAU-
YaroTCsI OT KPACHOIIBETOB AHECTPOBCKOM CEpUU.
HocuTreassmu ChRM-KOMITOHEHTBI B 3TUX ITOPOAAX
SABASIIOTCSI pa3Hble MarHUTHBbIE MUHEPAABL: B TH-
BEPCKOM CepUM — MarHeTUT, @ B AHECTPOBCKOM
— reMaTuT. [ laaeOMarHUTHBIN ITIOATOC, COOTBETCT-
BYIOIIUY 3TOMY HaIlpaBAEHMIO, OAN30K K HUJKHEe-
AeBoHckoMy dparmMenTy TKMII ara Baatuku /
CradbuavHo Esponet [Torsvik et al., 2012]. Hacro-
SIIITVIEe PE3YABTAThI COTAACYIOTCS C AQHHBIMU T10 Ha-
IIPaBA€HUIO BEICOKOCTAOUABHOM KOMIIOHEHTHI Ha-
MarargeHHOCTH (D=249,4°; 1=38,8°; 0195 =7,3°), 1I0-
AYYEeHHOU IO HJKHEAEBOHCKMM KPAaCHOIIBETaM U3
9TOro >Xe patioHa [Smethurst, Khramov, 1992].

Kak y>xe oTMedarocs, npoucxokpeHne EOH
KPaCHOIIBETOB SIBAIETCS IIPEAMETOM MHOTOAETHUX
AUCKyccuii. HeKoTopble HCCAEAOBATEAU YTBEPIK-
AAQIOT, UYTO reMaTUT siBAsieTcss HocureaeM DRM m,
TaKUM 00pa3oM, B KpacHoLBeTax POpMUPYeTCH (K
coxpaHseTcs) IepBUYHasg HaMarHU4eHHOCTh [Ta-
uxe et al., 1980; Steiner, 1983]. B pa6ote [Butler,
1992] Tak>Ke yKa3bIBaeTCsl, YTO B HEKOTOPBIX Kpac-
HOIIBEeTaX 3epHa 3epKaAbHOTO TeMaTUTa IBASIOT-
cst Hocuteasmu DRM (PDRM). Apyrue uccaepoBa-
TeAU IIOAQTaloT, UYTO XMMHYeCcKasl OCTaTOuHas Ha-
MaramdeHHocTh (CRM) B kpacHo1BeTax 06yCAOB-
A€Ha reMaTUTOM, KOTOPBIA 00pa3yeTcs B IIPoLiec-
Ce pHareHe3a, YTO SIBASIETCS AOMUHUPYIOIIUM Me-
XaHu3MoM oOpa3zoBaHud BropuuHol EOH (cM., Ha-
npumep, [Roy, Park, 1972]).

B opHOM 13 HepAaBHIX 000011Iat0NUX paboT [Ko-
dama, 2012] yka3bIBaeTcs, YTO HAMarHU4YeHHOCTh
KPaCHOIIBETOB MOYKeT ObITh KaK OPHUEeHTAIMOHHOU
TIPUPOABL, TaK M (pOPMUPOBATHLCS HAa PAaHHUX CTa-
Ausax puareHesa. CeropHss MUKpOaHAaAUTUYECKUE
UCCAEAOBAHMS TO3BOASIIOT AUATHOCTHUPOBATH MEA-
Kyie 0OAOMOYHEBIEe 3epHa reMaTHTa C AAMEeAIMU UADL-
MeHHuTa. MarHuTHbLIe CBOMCTBA TAKMX 3€pEeH OIM-
ceIBatoTcs B pabore [McEnroe et al., 2005], u co-
AeprKalliye UX MOPOABI XapaKTepPU3yIOTC Upe3-
BBIYAMHOM MAarHUTHOMW >KECTKOCTBIO I BEICOKOM CTa-
OUABHOCTBIO K BO3AEMCTBHIO IePEeMEeHHOTO Mar-
HUTHOTO TOASL. Takoe MoBepAeHNe XapaKTePHO AAS
HAIIIMX KPAaCHOIIBETOB YCTEUKOBCKOM CBUTHI. B TO
>Ke BpeMd 3epPKaAbHBIM reMaTUT MOKeT OBITh IIPO-
AYKTOM BTOPUYHBIX U3MEHEHUN Ha PaHHEN CTapAUN
AuareHesa M B 3TOM CAydae MOJKeT CTaTh HOCUTe-
AeM “pannent” CRM, koTopas o BpeMeHU (popMU-
POBaHUS TaK)Ke OTHOCUTCS K AeBOHY. Takue BHI-
BOABI KOCBEHHO IIOATBEPIKAQIOTCS pe3yAbTaTaMM
a"annza AMB, KOTOpBIe YKa3bIBalOT Ha OCAAOUHYIO
CTPYKTYPY dAAUIICOMAA AMB ¢ MUHIMaABHBIMY OCS-
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MU, IIePIIEHAUKYASIPHBIMY K IIAOCKOCTH HAIIAACTO-
BaHUA. OTHOCUTEABHO BO3MOYKHOH " OIIMOKY Ha-
KAOHEHU:'' HET OCHOBAHWU BBOAUTBH COOTBETCTBY-
Iole noupasku. K ToMy JKe BBeAeHHe KOppPeK-
1MUY B COOTBETCTBUU C peKoMeHAaruaMu [Torsvik
et al., 2012] He yAydIIIaeT MECTOPACIIOAOKEHUS Ha-
1mero “AeBOHCKOTO" TOAIOCA OTHOCUTEABHO COOT-
BETCTBYIOIIEro 10 Bo3pacTy cerMeHnTa TKMIT.
BTopoii aciekT — MOAHOCTBIO IepeMarHu4eH-
Hble TOPOALL. Ha ceropHsAmanm AeHb IpoOAeMa
repeMarHMUMBaHUs TOPHBIX IIOPOA, IBASIETCST KAIO-
4eBOU AAS TTAAeOMarHeTu3Ma. AA AyUIIero MOHU-
MaHU4 MeXaHU3Ma ¥ IPUYUH IlepeMarin4uBaHus
Ba’KHO KOMIIAEKCHO€ HM3yueHue IIPOI[eCcCOoB Ieo-
AMHaAMHUYECKOM, TeOXMMUUYECKON U reoTepManb-
HOU 5BOAIOIINY U3ydaeMoro perroHa [Van der Voo,
Torsvik, 2012]. 3yuas ocapku [Topoann, aBTOPEL
BIINOTHYIO CTOAKHYAHUCH C 3TOH ITpoOAaeMoii. Bece
HUCCAEAOBaHHBIE CTPATUTpadUIeCcKiie KOMIINEKCHI
ObIAU IlepeMarHu4eHbl B IIepMU, Ha YTO YKa3bIBa-
IOT IIEPMCKHE ITOAIOCH], IOAyYeHHBIE Ha Pa3ANY-
HBIX II0 YCAOBHSIM (DOPMUPOBAHUS 1 (PallIaAbHO-
My COCTaBy 'OPHBIX ITOpoAax [Jelenska et al., 2005;
baxmyToB u Ap., 2012; IToasueHKO U Ap., 2014].
B cepo1iBeTHBIX N3BECTHAKAX M ITeCYaHUKAX CH-
AYPHUNCKOTO U HU>KHEAEBOHCKOTO BO3pacTa Hamar-
HUYEHHOCTh OblAa COOPMUPOBAHA 3a CYET 3epeH
Mar"HeTHUTa, B 00pa3ilax B OCHOBHOM BEHIAEASIETCSI
OAHa KOMIIOHEHTa HaMarHM4eHHOCTU IepMCKOI'0O
HanpaBAeHUs. TOABKO B OTA€ABHBIX OOpa3siiax Obl-
Aa BeIAeAeHa "aeBoHcKas ChR-koMmmoneHTa, 4To
00yCAOBAEHO COXPAHHOCTBIO 3€PEH AETPUTOBOTO
MarHeTHUTa, C KOTOPBIMU CBSI3aHO (DOPMHUPOBaHUE
DRM (PDRM). 3pech MOKHO TOBOPUTE O ABYX (MAU
OoAee) TeHeTUYEeCKUX TUIIaX MarHeTUuTa, OTBeYa-
IOIMX 3@ pPa3Hble KOMIIOHEHThI HAMarHM4eHHOCTH.
B KxpacHOIIBETHBIX OTAOKEHMSIX AHECTPOBCKOM
cepuu AeBOHCKME HAIIPABAEHUS BHIASASIOTCS IIPU
HamboAee BEICOKUX TeMIIepaTypax, B TO BPeMs Kak
IIepMCKOe HallpaBAeHUe (IIlepeMarHiuyuBaHue) —
B AUalla3oHe OoAee HU3KUX TeMIlepaTyp. Kpuc-
TAABI @yTUTE€HHOI'O FeMaTUTa (pa3MepoM 1—2 MKMm)
IIPUCYTCTBYIOT B IOPOAE B BUAE IleMeHTa, BHOCAT
OCHOBHOM BKAaA B SIRM (cm. puic. 6) c oeOr0KUDPY-
oIIIeN TeMrepaTypoi okoao 680 °C. B To ke Bpe-
Mf TeMIlepaTypHoe pasMmaranuuBanue EOH on-
PpeAeAsieT CIeKTp OAOKUPYIOUINX TeMIIepaTyp B AWa-
nasoHne 530—630 °C u BOAusu T remarura. Pe-
3YABTATHI TeCTa AOypPU TaK’Ke YKa3bIBAIOT Ha ABa
AMAIa3oHa OAOKUPYIOLIUX TeMIIEPATyp (CM. PUC.
10), a kpuBHble HackwIeHud |RM — Ha npucyrcT-
BUe€ ABYX (MHOTAQ TPeX) KOMIIOHEHT OCTaTOYHOM Ha-
MarHUYeHHOCTHU, KOTOPhIE CBSI3aHbI C PA3HBIMU 11O
KOAPIUTUBHOCTU MUHEpPaAaMu (CM. puc. 8, r).

77



B. BAXMYTOB, M. EAEHCBKA, M. KAA3AAKO-XO®D®MOKAD, E. [IOAA9EHKO U AP.

Hecmotpst Ha To, uto Ty HI-KOMIOHEHTEI (0KO-
A0 600 °C) 6Amn3Ka K T MarHeTuTa, BBICOKAs KO-
9PIUTUBHOCTDH UCKAIOYAEeT MarHeTUT UAYM Marre-
MuT. Toraa HauboAee TOAXOAAIINIM KaHANMAATOM SIB-
ASIeTCSI BTOPUYHBIN MEAKOAVCIIEPCHBIY TeMaTUT,
IIPHCYTCTBYIOUINY B IOPOAE B BUAE IIMT'MEHTA (Kpac-
HOTO 1IBETA).

Kpome npucyTcTBHUSA B KPACHOIIBETaX HECKOAE-
KUX TeHeTUYeCKUX (DOPM reMaTuTa C pa3AndHbI-
MM OAOKUPYIOIIUMU TEMIIEPATyPaMK, aHAAN3 KPU-
BBIX HaBeAeHHOM B o6pasiiax IRM u ee mocaepy-
IOIIero pa3MarHuYuBaHUs [lepeMeHHBIM MarHuT-
HBIM IIOAEM (CM. PHUC. 8) yKa3bIBaeT Ha IPUCYTCT-
BHe HEOOABIIIOTO KOAMYECTBa MAarHUTHO-MSTKOTO
MMHepaAa. ITO MOKET ObITh HEMACHTU(DUIIMPOBAH-
HBIM OKCHA >Keae3a B U3MeHEHHBIX 3epHaxX XAO-
puTa, GOPMUPYIOLIUNCS IIPA BTOPUYHBIX IIPOIlec-
Cax B KpacHOIIBETaX, M C HUM MOJKeT OBITh CBSI-
3aHa HauMeHee CTabuAbHasl KOMIIOHEHTa Hamar-
HUYEHHOCTH, He UMelollasl 3HaUeHUS AN HaIlIUX
IIaA€OMarHUTHBIX ITIOCTPOEHUN.

B pesyabTaTe, MCXOAS UX ITIOAYYEHHBIX AQHHBIX,
MeXaHHU3M 00pa30BaHUs HAMarHM4eHHOCTH B Kpac-
HOIIBETAX MOJKHO IIPEACTABUTH CAEAYIOIINUM 00pa-
30M. [Tpu nocTynAeHHuU B BOAOEM MEAKHUX TEPPHU-
TeHHBIX 3epeH remMaTuTa popmupoBarack DRM /
PDRM — niepBrYHast OCTaTOYHAasi HAMarHMYeHHOCTD
KpacHOIIBETOB. Aaaee B IIpoIecce AMTOreHe3a IIpo-
HCXOAMAA MapTUTHU3AlMSI U OCa’KAEHME JKeAe3UC-
TOTO IleMeHTa Me>XAy 3epHamu. [1pu 3ToM HOBO-
00pa30BaHHbBIE MAaTHUTHBIE MUHEPAABI SIBASIOTCS
HOCUTEASIMY BTOPUYHOM ""paHHeN XUMUYeCKON Ha-
maramnuenHoctu (CRM), copmupoBasiienics He-
HamHOTO ITo3pHee DRM / PDRM (B reonrormyeckom
MaciTadbe BpeMeHH ) U (DUKCUPYIOIIEN TaKOe JKe
IIaAeOMarHUTHOe HallpaBAeHHe, KaK U IepBUYHasa
OCTaTOYHasd HaMarHWYeHHOCTD (OTMETHM, 9TO 3AeCh
ABTOPBI He KaCaroTCs BOIIPOCa BO3MOKHOM "OImo-
KU1 HakAOHeHUA" B DRM). AaabHelue npouec-
col hopMupoBanusa “1mo3pHer” CRM mMorau mpo-
AOAKATBCS AOCTATOYHO AAUTEABHOE BpeMd. OHU
PEryAupPOBAAUCH BAUSTHUEM OKMCASIONINX (DAIOU-
AOB 1 HaanureM Fed T+, uTo mMpUBOAMAO K TPOAOA-
SKUTEeABHOMY (DOPMUPOBAHMIO BTOPUYHBIX MEAKIX
3epeH remMaTuTa. B TeueH1e nepMu permoH, Bepo-
SITHO, OBIA IIOABEPTHYT IIOCT-BAPUCIUNCKOMY BO3-
AEUCTBUIO (DAIOUAOB, YTO YCKOPHUAO (hOpMUPOBaA-
HIEe MEAKO3epPHHUCTOTO reMaTuTa U YABTPATOHKO-
r'O IUT'MEHTQ, U B 3TO Ke BpeMs Ha4aAuCh (AnOO
AKTUBU3UPOBAANCH) IIPOLIECCHI XAOPUTU3ALIAY OHO-
TuTa. B pesyabraTe NOSBUANCE HOBOOOPA30BaHHBIE
MarHUTHBIE MUHEPAABI, B YaCTHOCTH 3€PKaAbHBIN
TeMaTUT BHYTPH XAOPUTOBBIX 3€PeH, C KOTOPBIM CBsI-
3aHa BTOpuYHasi, "mo3pHss" CRM.
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Takast MOCAeAOBATEABHOCTD IIPOIIECCOB IIepe-
MarHUYWBAHUS COTAACYeTCS C TEPMAAbHON UCTO-
pyelr HI>KHeITaAe030MCcKMX ropoa, [Topoanu, onm-
ceIBaeMoii B [Srodon et al., 2013]. Ha ocHOBe paH-
HBIX 110 AU PAKIIUYU PEHTTeHOBCKUX Aydelt, K-Ar
AATUPOBaHMS, TPEKOBOTO aHaAu3a anaturta (AFT)
U IIPOLIEHTHOT'O COAEP KAHUSA CMEKTUTA B CHCTe-
Me "MAAUT-CMEKTHT' aBTOpHI paboTs! [Srodon et al.,
2013] IpUILIAY K BEIBOAY, YTO CUAYPUMCKUE U HIDK-
HeAEeBOHCKUE OTAOKeHUs [TopoAnY IIpH 3aX0po-
HEHUHU ITIOABEPTaAUCH AlareHe3y C MaKCHMaAbHBI-
mu Temnepatrypamu A0 200 °C (6BIAU TOAHSTEL C
rayonnbr 5—10 kM Mexxay 300 u 100 MAH AeT Ha-
3aA B IPEATIOAOKEHUH O BO3MOKHEIM AMalla30He
reoTepManbHBIX TpapneHToB oT 40 Ao 20 °C/xrm).

[Tponecchl AmareHe3a AeBOHCKUX U KapbOOHO-
BBIX OCAAOYHBIX TOAILL [TOAOAMH, TIOAOTO HOTPY-
>xaromuxcd mop Kapnatel, ObIAM CBg3aHBI ¢ Ba-
PUCIUNCKUM OPOreHe30M U TEKTOHOTEPMAAbHBIM
COOBITHEM, MHUITUMPYIOIIVM IIOBLIIIIEHHE TeMIle-
PaTypbL U IPUTOK (PATOMAOB Ha COIIPEAEABHOU TEP-
PHUTOPUU BAOAB 30HHI Tericcelipe—TOpPHKBUCTA.
BospacT MakCMMaABHBIX ITAA€OTEMIIEPATYP (II0 AQH-
HbeIM K-Ar meTopa) oTHocUTCs K 300 MAH AeT Ha-
3ap [Srodon et al., 2013], 4To XOPOIIO COrAacyeT-
Csl C IOAOYKEHUEM IIOAI0Ca, PACCYMTAHHOIO IO Ha-
npaBAaeHnio HT-KoMIIOHEeHTEL, BOAU3U hparMeH-
Ta TKMIT atoro ke Bo3pacTta (cMm. puc. 12).

Hauwnnasa c mo3aHel mepMu paccMaTpuBaeMas
TEPPUTOPUS IIOABEPraraCh BAUSHUIO TAYOMHHBIX
IIPOIeCCOB TEKTOHOMarMaT4eCKOU akKTUBU3AlUN.
[TponcxoAUAN AOKAaAbHBIE MarMaTUueCcKre BHEA-
peHuUs B HU>KHIOIO U CPEAHIOIO YaCTh KOPEI C 00-
pa3oBaHMeM MarMaTU4eCKuX KYIIOAOB Ha TAyOu-
Hax mopsaka 5—10 KM, Hap KOTOPBIMU pPacIioAa-
TaAUCh TUAPOTEPMaAbHEIE cUCTeMEI [['OpArieHKO
u Ap., 2012]. AkTuBH3anys (OAIOUAHBIX IIPOIECCOB
CIIOCOOCTBOBAAA TEPMAABHOMY U XUMUYECKOMY IIpe-
00pa30BaHUIO OCAAOUYHBIX TOAILL 1, KAK PEe3YABTAT,
00pa30BaHUIO BTOPUYHBIX MUHEPAAOB JKeAae3a —
HocuTeaelrt EOH, ¢ KoTophIME CBSI3aHa BTOPUYHAS,
"TIepMCcKas’ KOMIIOHEHTa HAMarHU4YeHHOCTH.

Be1BOABL. 1. [To pe3yabTaTaM TaA€OMarHUTHBIX
UCCAEAOBAHUU KPACHOIIBETHBIX OTAOKEHUM HUK-
Hero AeBoHa [Topoaun (AHEeCTpPOBCKas cepud, yc-
TEYKOBCKAasl CBUTA) IIOMUMO BA3KOM (COBPEMEHHOH,
Aa00PaTOPHOM) BHIAGASTIOTCS ABe KOMITOHeHTh EOH.
[TepBag, HT-KoMIIOHEHTa, BEIAEASIETCS B AUAIa3o-
He Temnepatyp ot 150—200 ao 530—630 °C, ume-
€T I0T0-I0T0-3allapAHOe CKAOHEHWEe U OTPHULIATEAD-
HOe HakAOHeHUe. [TaaeOMarHUTHBIN [TOAIOC, Pac-
CUUTAHHBIY II0 CPEAHEMY HAIIPaBAEHUIO 3TOM KOM-
moHeHTHI (47 °S/351,5°E), monapaeT Ha IEPMCKUHI
cermeHT TKMIT paaa Baatuku / CtabuabHoM EBpo-
el [Torsvik et al., 2012]. Bropasg BT-komnioHeHTa
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BBIAEASIETCSI TPY 60Aee BBICOKUX TeMIlepaTypax B
AmarasoHe oT 590—610 Ao 690°C, umeert roro-3a-
TTaAHOE CKAOHEHUE U IIOAOKUTEABHOE HaKAOHEHHUE,
SIBASETCS XapaKTepUCTUYeCKON KOMIIOHEHTOM! OC-
TATOYHOU HAMarHUYE€HHOCTHU, PACCUMTAHHBIN 110
Hel ITaAeOMarHUTHBIN moAtoc (2,3 ©S/338,4 °E) Ts1-
roTeeT K AeBOHCKOMY cerMeHTy TKMIL

2. 3a popMupoBaHTe 00X KOMIIOHEHT HaMar-
HUUYEHHOCTU OTBeYaeT reMaTUT Pa3HoTo reHe3u-
ca. XapaKTepucTU4eckKast KOMIIOHEHTa HaMarHu-
yenHoctu (ChRM) mHTepmpeTupyercs Kak mep-
BHUYHAsI, Ha UTO YKa3bIBaeT CAeAYIOIee: a) ee HO-
CUTEAEM SIBASIOTCS aAMOTUTEeHHBIE 3epHa reMaTu-
Ta, U TOTAQ IPUPOAA HAMAarHMYeHHOCTU CEAUMEH-
tarnorHas (DRM); 6) o mocrepHEM KOCBEHHO CBU-
METEABCTBYET Pe3yAbTaThl aHaAn3a AMB, Tunmg-
HOM AAST 0CAAOYHBIX CTPYKTYP; B) HE UCKAIOUAET-
cs1 popMUpoBaHUe "paHHeN" XUMUYEeCKOM Hamar-
HWYEHHOCTH, KOTOPasl Tak)Ke OTpa’kaeT HallpaBAe-
HUe "AeBOHCKOI0" IIOAd, T. €. BpeMs1 ee POpPMUPO-
BaHUs (B TEOAOTMYECKOM MacIirTabe) CHHXPOHHO
DRM; r) ee HatpaBAeHUE COBIIaAAET C HUJKHEAE-
BOHCKMMH ITOAIOCAMU ITAaA€030MCKOTO CerMeHTa
TKMIT anst Baatuku / CtabuabHOM EBpONIEL.

3. HanmpaBaenue ChRM B KpacHoIBETaX XOpO-
III0 COTAACYeTCsI C paHee IIOAyYEHHBIMH B 3TOM pa-
MOHe TaAeOMarHUTHLIMU HalTPaBAEHUSIMU TI0 HIDK-
HeAeBOHCKHM KpacHolseTaM [Smethurst, Khramov,
1992] 1 110 CEpPOLBETHBIM OTAOKEHUSIM TUBEPCKOM
cepum HUXKHero AeBoHa | baxmyTos u Ap., 2012].
[MTocaepHVIE CYIIIECTBEHHO OTAMYAIOTCS OT KPACHO-
IIBETOB AHECTPOBCKOU CEpUU KaK I10 (harjuarbHO-
My COCTaBY, TaK M 10 MarHUTHBEIM MUHepanraM. Ho-
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baaroapapHocTbh. PaboTa BEIIOAHEHA B paMKax
YkpauHCcKo-TToABCKOTO IPOEKTa O HAyYHOM COTPYA:
HUYeCTBe MeXAy HarnoHarbHOM AKapeMuel Ha-
YK YKpauHbl 4 [ToAbCKOM AKapeMuel HayK.

C rAyOoKuM IpUCKOpOHUeM cooOlIiaeM, 9YTo BO
BpeMs 3aBeplIeHns AQHHOU pabOoTEl OT HacC Oe3-
BpeMeHHO yieA AeoHup VMBaHoBuY KoHCcTaHTH-
HEHKO — M3BECTHBIU I'eOAOT, cTpaTurpad u na-
AEOHTOAOT, HEIIPEB30OMAECHHBIN 3HATOK OIIOPHOT'O
pa3pesa BeHA — MaAe030MCKUX OTAOKeHuM Cpea:
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Paleomagnetic and rock magnetic study of Lower
Devonian red beds from Podolia, SW Ukraine:
remagnetization problems

© V. Bakhmutov, M. Jeleniska, M. Kqdzialko-Hofmokl,
I. Poliachenko, L. Konstantinenko, P. Ziotkowski, 2015

Paleomagnetic study of Lower Devonian sedimentary sequence in Podolia (SW Ukraine, along
the Dniester River) represented by red beds of Dniestrovskaya series were carried out. Two
components of NRM were revealed. First component recognized in almost all samples in diapa-
son of unblocking temperature of 150—200 to 530—630 °C has SSW declination and negative in-
clination. Pole positions calculated from these direction (47 °S, 351,5°E) lie in the Permian seg-
ment of APWP published by [Torsvik et al., 2012] for Baltica / Stable Europe. The best candidate
for magnetic carrier of Permian remagnetization is secondary authigenic, pure hematite crystals
residing in ferruginous cement of sandstones or in chlorite grains. In red beds the Permian com-
ponent of NRM is of chemical origin. The second component was isolated at the end of thermal
demagnetization path in diapason of unblocking temperature of 590—610 to 680—690 °C. It has
SW declination and positive inclination. Pole positions calculated from these direction (2,3 °S,
338,4 °E) lie close to Devonian segments of APWP. This component is characteristic of detritic
grains of hematite. There are several facts supporting the hypothesis that this component is pri-
mary magnetization which recorded Devonian paleofield. New results are consistent with pre-
viously obtained in the area of paleomagnetic directions of red beds [Smethurst, Khramov, 1992]
and gray-colored deposits of Lower Devonian.

Key words: devonian, southwestern Ukraine, red beds, paleomagnetic data, magnetic properties.
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