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HaBepeHO pe3yAbTaTH IAA€OMArHiTHUX AOCAIA’KEHb 4ePBOHOKOAIPHUX HUKHBOAEBOHCHKUX
BiaKnaaiB IMoaiang (miBAeHHMM 3axip YKpainu, 6aceiH p. AHicTep), 110 CKAQAQIOTh AHICTPOBCHKY
cepiro. KpiM B's13K01 BUAIAEHO ABI KOMIIOHEHTH IIPUPOAHOI 3aAUITKOBOI HaMarHiueHocTi. [Tepima
Mae IiBAEHHO-TIIBACHHO-3aXiAHe CXUAEHHS | HeraTUBHe HaXUAEHHS, BUAIA€HA MaliKe B yCiX 3pas-
KaX y plaria3oHi Ae6A0Kyrounx TemnepaTyp Bia 150—200 a0 530—630 °C. BianoBiaHwMi it mareo-
MarsitHui moaroc (47 °S, 351,5°E) Gausbkutt A0 nepmMcbkoro parmenTta TIIMIT aas Baatuku /
CrabiabHol €Bponu. HocissMu nepitoi KOMIIOHEHTH € HOBOYTBOPEHI MarHiTHI MiHepaAu (BTOPHUH-
HUH ayTUTeHHUM IeMaTHT), 3 SKMMU II0B'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 CXUACHHS i ITIO3UTHUBHE HaXUAeHHS. BiaTToBiAHII i1 maAeOMarHiTHUM o-
Aroc (2,3°S, 338,4°E) TsKie A0 HUKHBOASBOHCHEKOTO (hparmMenTa TIIMIT. Ll KoMIIOHEHTa 3yMOB-
A€eHa HasABHICTIO AETPUTOBUX 3€peH reMaTUTy. € BaroMi IiaCTaBU BBaJKaTH 3a3HayeHy HaMarHige-
HICTb IEPBUHHOIO, 1110 BiAOUBA€e HAIIPAMOK A€BOHCBHKOTO 110AS. HOBI pe3yabTaTut AOOPE Y3ropAXKYy-
IOThCS 3 paHillle OTPUMaHUMU Y AOCAIAKYBAHOMY PaMOHi TaAeOMarHiTHUMU HalIpSIMKaMM 3 4ep-
BOHO- 1 CIDOKOAIPHUX BiAKAQAAX HUKHBOI'O A€BOHA.

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

AeoMarHeTn3M, MarHiTHI BAAQCTUBOCTI.

Brepenmue. B nepaBHENH paboTe rpymis! aBTO-
poB [Torsvik et al., 2012] OviAu TepecMOTPEHBI
reoAMHaAMIYECKIEe MOAEAN HEKOTOPKIX OAOKOB 3eM-
HO KOPHI, IOCTPOEHHBIe Ha OCHOBE ITaA€OMarHuT-
HBIX AQHHBIX. B psiae cAydaeB pe3yAbTaThl Cyllle-
CTBEHHO OTAMYAIOTCS OT AQHHBIX, IPEACTAaBACHHBIX
B OoAee paHHUX paboTrax (cM., Hanpumep, [Tors-
vik, Smethurst, 1999]). CyiiecTBeHHbIE N3MEHEHUs
OBIAM BHECEHEL B CPEAHEIIaACO30UCKUU CETMEHT
KPUBOU TPAEKTOPUHU KA KyIIEeUCs MUATPALUU 110~
atocoB (TKMIT, APWP) aas bBartuku. Heob6xoau-
MO OTMETHUTE, UTO 3TOT Y4aCTOK KPHUBOU IIOCTPOEH
Ha OCHOBe HeDOABIIIOTO KOAWYECTBa HaAEKHBIX
IIaAeOMarHUTHBIX OIIpeAeAeHUuN U TpeOyeT Npu-
BA€UYEHHS HOBBIX AQHHBIX. OCOOEHHO MaAo oIIpe-
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AEAEHUM UMeeTCs AAST AeBOHCKOU 1 KapOOHOBOM
vactu TKMII, puc. 1. 3pech naaeOMarHuTHEIE I10-
AIOCHI TIOAYY€EHBI II0 pe3yAbTaTaM u3 bpuranckux
ocTpoBOB 1 CKaHAWHABUH, a TAKKe IT0 AEBOHCKUM
otroxkeHuaM [Topoaun [Torsvik et al., 2012]. He-
CKOABKO AyUYllle CUTyallusl C CUAYPUMCKUM (ppar-
MEHTOM, IPOCTPOEHHBIM II0 Pe3yAbTaTaM YeThIpex
onpepenrennii us lllotaauauy, yeTeipex Arg CKaH-
AUHaBCKOTO IIOAYOCTPOBA U ABYX A [Topoaun.
[IpeacTaBAaeHHBIE HA pUC. 1 TaA€OMAarHUTHBIE [O-
AIOCHI pacloaAararoTcsa OAU3KO APYT K APYTY, 00-
pasys cBoero poaa “obaaka'.

Manoe KoAm4ecTBO AMO0 BOBCE OTCYTCTBUE Ha-
AESKHBIX [TAA€OMarHUTHBIX OIIPEAEAEeHUM U3 MHO-
rux obaactert Bocrouno-EBpomnerickoi maaTdop-
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Mbl (BEIT) BHOCUT HEOAHO3HAUHOCTh B MOAEAD
Apetida BEIT B maareosoe. AASI TOAYYEHHUS HOBBIX
TTAAEOMAarHUTHBIX AQHHBIX OBIAH MCCAEAOBAHEI OIIOp-
HbIe pa3pe3bl KPaCHOIIBETHBIX OTAOKEHUN HIXK-
Hero AeBoHa [Topoanm (toro-3amnapHas YKpauHa).
OHU A@BHO IIPMBAEKAIOT BHUMaHMe Pa3HbIX HC-
CAEAOBATEAEH, IIOCKOABKY XOPOIIIO OOHaKEHEI, UMe-
IOT HapAE KHbBIe CTpaTurpadryeckye NpuBSI3KY, Xa-
PaKTepU3YyIOTCs OOMAMEM UCKOIaeMOU (DAOPHI U
(hayHEL, IPaKTUUYECKYU He 3aTPOHYTHI IIPOIleccaMy
MeTaMop@uU3Ma 1, KaK II0Ka3bIBaIOT PE3YABTAThI
TIPEABIAYIITIX UCCAEAOBAHUM, IBASIOTCS IIaaeoMar-

HUTHO-UHPOpMaTUBHEIMHU [Smethurst, Khramov,
1992; AyonuHa u Ap., 2007]. KpoMe TOTO, BOIIPOC
O IIPOUCXO’KAEHUHU eCTeCTBEHHOU OCTAaTOYHOM Ha-
MarHU4YeHHOCTHU KpacHOIBeTOB (old red) siBAgeT-
Csl IPEAMETOM MHOTOAETHUX AUCKYCCHUH (CM., Ha-
npumep, MoHorpaduio [Butler, 1992]).

Ha ceropugurnmuii AeHb KCIIOAB30BaHUE COBPE-
MEHHOU BBICOKOUYBCTBUTEABHOM N3MEPUTEABHONU
anmnapaTyphl B KOMIIAEKCe C IpUMeHeHNueM MeTO-
AOB 3AEKTPOHHOU MUKPOCKOIIMY AQET BO3MOYKHOCTD
0oree 0O0CHOBAHHO BBIAEAATH IIEPBUYHYIO OCTa-
TOYHYIO HAMarHN4eHHOCTh, TEM CaMbIM ITOBBIIIAs
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Puc. 1. Cuaypurickue, AeBOHCKUE, KapOOHOBBIE U IIePMCKHUE IIOAIOCHI, OlleHMBaeMble KakK HamboAee Ha-
AE’KHBIe, M OAVH U3 BapuaHToB TpaekTopuu TKMII (myHKTUpHas AuHUusA) A Baatuku / CrabuabHoi EB-
pousl coraacHo [Torsvik et al., 2012]. Bo3pacT MOAIOCOB IPUBEAEH B MAH AeT Ha3ap. POMOBI — cUAypHUH-
CKHe IIOAIOCH], TIoAyUYeHHBIe aBTopaMu [Jelenska et al., 2005; [Toasuenko u Ap., 2014]. KBaappaT — AeBOH-
CKHU IIOAIOC, IIOAYYeHHBIN aBTOpaMu [BaxmyToB m Ap., 2012].
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HaAAE>KHOCTD TAaA€OMAarHUTHBIX AQHHBIX, NCIIOAD-
3yeMBIX IIPU FeOAMHAMUYeCKUX PEKOHCTPYKIUIX.
PaHee aBTOpamMu AQHHOM CTaThU IIPOBOAUAMCE I1a-
AEeOMarHUTHBIE NCCAEAOBAHUS CUAYPUNCKUX [Je-
lenska et al., 2005; TToasiuernKo u Ap., 2014] u ce-
POILIBETHBIX HU)KHEAeBOHCKUX | BaxmyToB u Ap.,
2012] toaw ITopoanu. OOGBEKTOM MCCAEAOBAHUMN
HACTOMAIe! pabOoTHI IBAIIOTCA KPACHOLBETHEIE OT-
AO’KeHHUS HIDKHero AeBOoHa [TopoAnH, KOTOpEIE Ha-
paIIuBaloT MCCAEAOBAHHLIN paHee pa3pes BepX-
HECHUAYPUNCKUX U HIDKHEAEBOHCKUX CEPOIBETOB.

I'eonrorus m 00BbEKTHI NCCAEAOBaHUMN. [la-
Aeo3o0McKuM paspes [Topoann ABASETCS KPYITHBIM
IIMKAOM MOPCKOTO CeANMeHTOreHe3a, Ha4anAo Ko-
TOPOI'0 MOJKHO CBS3aTh C OPAOBUK-CUAYPUUCKOU
TpaHCrpeccuel, a KOHell — C yCTAHOBA€HUEM KOH-
THHEHTAABHBIX YCAOBUY OCAAKOHAKOIIAEHUS B HIK-
HeM AeBOHe. BepXHul 3TaK IpeACTaBAEH OTAOKe-
HUSIMU MeAa (CeHOMaH) 1 HeoTreHa (TOPTOH U cap-
MmaT) [Hukudoposa, [Tpepreuenckuii, 1968].

Paspes Hu>xHero pAeBoHa [lopoann cocTouT U3
ABYX CEPHUI: TUBEPCKOU U AHECTPOBCKOU. [lepBas
SIBASIETCSI IPOAOAKEHUEM CUAYPUMCKOTO [TUKAA
O0CaAKOHAKOIIAEHUS U IIPEACTaBAeHA N3BECTHSIKA-
MU ¥ @pPTUAAWUTAMH, BTOPasl — Pe3yAbTaTOM yCTa-
HOBAEHUSI KOHTMHEHTAABHOI'O PeKMMa OCaAKOHa-
KOIIAEHUS B YCAOBUSX aPUAHOTO KAMMaTa. AHeCT-
POBCKas cepus IIOAPa3AEAsieTCs Ha YeThIpe CBU-
TBI: yCTEUKOBCKasI, XMEAEBCKasl, CTPBIICKAst I CMEPK-
AeBCKasl. YCAOBUS CeANMEHTAIU OCaAKOB AHECT-
POBCKOM CepUU XapaKTePHBI A CTPYKTYPHI IIPEA-
TOPHOM BIAAUHEL U IIPEACTaBAEHBI YepeAOBaHU-
€M KpaCHOLBETHBIX aPTUAANTOB 1 ITeCUaHUKOB MOITT-
HOCTEIO A0 1100 M B ABBOBCKOM AAEO30MCKOM IIPO-
rube [LereapHiok u Ap., 1983].

ABTOpaMu HacTO4IleN CTaTbU NCCAEAOBaAACh
KpacHOIBeTHasA PopMalus YyCTEUKOBCKOMU CBUTHI
(AHEeCTpOBCKas 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) (H)KHASA 1 BepXHSIS 4aCTh
YCTEUYKOBCKOU CBUTBI COOTBETCTBEHHO). OTAOKEHIA
IIpeACTaBAEHBI IlepecAauBaHueM KPacHO-0yphIX
IIeCYaHUKOB U aA€BPOapPTUAAUTOB, 00IIas MOIII-
HOCTB pa3pe3oB nopspka 50 M (puc. 2). OtHoCH-
TEABHO TeOAOTUYECKOU IIKAABI YCTEUYKOBCKAs CBU-
Ta COIIOCTABASIETCS C BEpPXHEU Y4aCThbiO0 /AOXKOBCKO-
ro gapyca (Lochkovian) ¢ xpoHOAOTHUECKOU OIleH-
KO Bo3pacTa 0KoAO 412 MAH AeT Hazap, [Gradstein
et al., 2012].

ITareomarauTHbIEe HCCAEAOBaHUS. Bonpoc
O IIPUTOAHOCTH OCAAOUYHBIX TTOpoa [Topoaun ans
IOAY4YEeHHUS HapAe KHBIX ITaA€OMarHUTHBIX OlpeAe-
A€HUM BeCbMa HEIIPOCTOM. BELITTOAHEHE 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 BeAWUWHBI OCTaTOYHOW HaMarHMYeHHOCTHU Ce-
POLBETHBIX ITOPOA [TOAOATIN HACTOABKO MaAbI, YTO
BO3HUKAIOT TPYAHOCTH AaKe IIPU U3MEePEeHUsIX Ha
BBICOKOUYyBCTBUTEABHOM SQUID-MarauTOoMeTpe. Cu-
Tyalysl C KPaCHOIIBETHBIMU ITOPOAAMY 3HAUUTEAD-
HO Ay4Ille, BEAMUMHBI HAMArHUYeHHOCTH 00pa3IioB
Ha IIOPSIAOK BHIIIIE M IIPOOAEM C HaAEKHBIM BEIAE-
AeHHeM MH(POPMAaTUBHOIO 'CUTHaAA" B IIpoIecce
MarHUTHOM YHUCTKM He BO3HUKAeT.

OO0pasIbl A TAA€OMArHUTHBIX UCCACAOBAHUMN
OBIAK OTOOPAHBI Ha ABYX OOHakeHusx (Vsane-3o-
AoTOe U HEIDKOB), IepeKphIBAIOIINX APYT ApyTa
B HIDKHeN / BepXHel 4aCTH, TeM CaMbIM obecTie-
4u1Bas IOAHBIY pa3pe3 YCTEeYKOBCKOM CBUTHL. Bee-
ro OBIAO OTOOPAHO 96 OPUEHTHUPOBAHHEIX IITY(OB
1 30 OpHeHTHPOBAaHHBIX KEPHOB, MarHUTHBIM UM-
CTKaM OBIAM IIOABEPTHYTEI 223 oOpa3sia. Aadbopa-
TOPHBIE U3MEPEeHUs BEIITOAHSIANCH Ha anmapary-
pe NHucTtuTyTa reodpusuku [Toabckor AkapeMun
HayK (UT'® I'TAH, Bapiiasa) u lactuTyTa reodu-
3ukn HAH Ykpawnus: (UT'O HAHY). EcrecTBenHas
ocraToyHass HamaraHnueHHOCTh (EOH, NRM) oOpa3s-
1I0B M3MepSIAach Ha KpUOT€HHOM MarHuToMeTpe
2G SQUID DC (mpousBopcTBo CIIIA) c iprcTaBKOM
MAST pa3MarHNIMBaHUS IIepeMeHHBIM MarHUTHBIM
nioneM (UT'® ITAH), a Takke Ha CTMH-MarHUTOMET-
pe JR-6 (UT® HAHY). Arst TeMIiepaTypHOM 9MCT-
KM B 00enx Aa00paTopusixX NCIIOAB30BAAUCH DKPa-
HupoBaHHBIe TTeurt MMLTD (mpou3BoacTBO Bean-
KoOpuTanusd). I MarHuTOMeTphI, U IIeUYKU IIOMe-
IIeHbl B HeMarHuTHbIe KoMHaTel MMLEFC. M3me-
peHre MarHuTHOM BOCIIPUUMUYUBOCTU (MB) BBI-
NoAHSIAOCH Ha KamnmnameTpe KLY -2 u MFK-1 npu
KOMHATHOM TeMIlepaType NOCAe Ka*KAOU CTyIIeHU
TEPMOMArHUTHOW YMCTKU AAS MOHUTOPUHTA MUHE-
parornuecKrux uM3MeHeHu! B 00pasnax BMIIpoIiec-
ce HarpeBoB. [lapamMeTphl aHU30TPOITUY MarHUT-
HOM BOCTIPUUMYUBOCTHU (AMB) BEIUUCASIAUCH U aHa-
AM3UPOBaAUCH 110 ITporpammamM ANISO [Jelinek, 1977]
u Anisoft 4.2. Pe3yAbTaThl pa3MarHA41MBaHUs aHa-
AWU3UPOBAANICH METOAOM I'AABHBIX KOMIIOHEHT [Kir-
schvink, 1980] c ucnoab3oBaHNeM I1aKeTa IPOT-
pamm PDA [Levandovsky et al., 1997] 1 Remasoft 3.0
[Chadima, Hrouda, 2006].

Cpepnrnie Beanmunibl EOH 1 BeanunHa MB Haxo-
MSITCSI COOTBETCTBEHHO B AMariazoHe ot 1 A0 10 MA/M
moT 50-107% 20 170- 10~ % ep. CU. Ha puc. 2 mipea-
CTaBAEHO M3MeHeHMe MarHUTHBIX IIapaMeTPOB BAOAD
paspesa. Mix aHaAn3 TTOKa3bIBAET, UTO U3MEHEeHUS
5TUX BEAWUYUH 3aBHUCAT OT PPAKIIUOHHOT'O COCTa-
Ba — pa3Mepa U IPOIeHTHOTO COOTHOIIIEHNS Tie-
AUTOBOU (TAMHUCTOM) XU OOAOMOYHOM COCTABASIIO-
mux B mopoae. Beanuunst EOH 1 MB B o6pa3iiax

TIeogpusuueckutll xyprnaar Ne 1, T. 37, 2015



IMTANEOMATHHUTHBIE U TIETPOMATHUTHBIE HCCAEAOBAHUA ...

Faspes Hupron

Puc. 2. TTareoOMarHUTHBIE XapaKTEPUCTUKU HMCCAEAOBAHHBIX Pa3pe3oB HUKHero AeBoHa [lopaoauu. Lludpwl co
CTpeAKaMu — HOMepa U MO3UIUU B F€OAOTHYECKOM paspese OTOOPaHHBIX 006paslioB; HOMEpP CAOS B COOTBET-
crBum ¢ [Hukudoposa, [IpepTeuenckuti, 1968].

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

PazmarauunBaHre TMAOTHOM KOAAEKITNY Tiepe-  TepstoT He 6oaee 10 % EOH, a BeKTOp ocTaTOUHOM
MEeHHBIM MarHUTHBIM TIOAEM, KaK ¥ OJKMAQAOCH AAST  HaMarHMYeHHOCTU ITPAKTUYECKU He U3MeHseT Iep-
KPaCHOIIBETOB, 0Ka3aA0Ch He 3(pPeKTUBHEIM —  BOHAUYaAbHOTO HallpaBA€HUs. Pa3zMarHuuuBaHue
00pa3Iibl XapaKTePU3YIOTCS IIOBLIIIIEHHON MarHUT-  CcepHuel II0OCAeAOBaTeABHBIX HarpeBOB (TeMIlepa-
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Puc. 3. IlpuMepHl CcTylleHYaTOro pa3MarHU4WBaHUS 0Opa3lloB KpacHOUBeTOB [1opoAMU IepeMeHHBIM MarHuT-
HBIM IIOAEM (@) M TeMIepaTypoM, Ha KOTOPBLIX BEIAEAsieTCST TOABKO HT-kommnoneHrta (0), a Takxe HT- u BT-
KOMIIOHEHTHI HaMarHW4eHHOCTU (B—e). [IpuBeAeHBl cTepeorpaMMEl (IIOABIe / 3aAMTHIE KPYTH — IIPOEKIIUHN
BEeKTOPOB Ha BEPXHIOIO / HUJKHIOIO IOAycdepy), HOpMUPOBaHHBle KpUBLle pa3MaranuuBanusg EOH, usmene-
Hue MB npu HarpeBax (6—r), AMarpaMMbl 3UMAEPBEAbAA (3QAUTEIE / IIOABIe KPYI'HM — IIPOEKIIUM Ha TOPU30H-
TaAbHYIO / BEPTHKAABHYIO IINOCKOCTB) U IPUMEPHI BHIAGACHUS Ha HUX KOMIIOHEHT HaMarHWYeHHOCTH (ITyHK-
TUPHBIEe AMHUU Ha Auarpammax (I, e)).
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TypHAas YUCTKAa) [IOKa3aA0, YTO 4aCTb OOPa3Ii0B IOA-
HOCTBIO pa3MarHUYMBAETCS IIPU TeMIlepaTypax
590—610 °C (pmuc. 3, 6). OpAHAKO B HEKOTOPBIX 00-
pasiiax mpu 3ToM ocTtaeTcs oT 10 oo 30 % nepBuyY-
uott EOH, a moAaHOe pa3MarHn4rnBaHUe AOCTUTA-
eTcst Ipu TeMreparypax 680—690 °C (puc. 3, B—e).
TemnepaTypHOe CTylleHYaTOe pa3MarHu4nBa-
HUe OBIAO IPUMEHEHO A BCEU KOAeKIuH. B pe-
3yABTaTe, IOMUMO BSI3KOU (Aa0OPATOPHOM) KOMIIO-
HEHTHl HaMarHUYEeHHOCTH, BBIAEASIEMOU IIPU 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 (cMm. puc. 3, B—e). OHa BrIpe-
ASIeTCSI IO HECKOABKUM CTYIIEHSIM Ha IIPSAMOAMHEN-
HBIX YY4aCTKaX AUarpaMM 3UMAEPBEABAQ, UAET B
HAYaA0 KOOPAMHAT (puc. 3, 7—e), U AaAee MBI IIpH-
HUMaeM ee KaK XapaKTepPUCTUYECKYI0 KOMIIOHEH-
Ty HamarandeHHocTy (ChRM). B HeKOTOPEIX 00 -
pasnax (cMm. puc. 3, 6, B) IpU TeMIlepaType BhIIIE
450—500 °C 3nauenust MB pe3Ko BO3PACTAiOT, YTO
yKa3bIBaeT Ha MUHEpaArOTHuecKre N3MeHeHUs], HO
IIPY 3TOM BO3pacTaHVe BEeAMYMHBI OCTATOYHOU Ha-
MarHM4eHHOCTH He HaOAIOAQeTCH.
HanpaBaenus HT-KOMIIOHEHTHI XapaKTepU3y-
FOTCSI IOTO-FOTO-3allaAHBIM CKAOHEHUEM U OTPUIIa-
TEeABLHBIM HaKAOHEHUEM, B TO BpeMs KaK HallpaB-
AeHNd BT-KOMIIOHEHTHI — I0T0-3allaAHBIM CKAOHEe-
HIEM U IIOAOKUTEABHBIM HaKAOHeHUeM. PaHee aB-
TOpPAMM AQHHOM CTaThU OBIAYM TOAYYEHBI aHAAOTHY-

%

HbIe Pe3YABTATHI II0 CEPOIBETHLIM OTAOKEHUSIM
TuBepCcKoU cepuu Ha [Topoanu [ baxMyToB U Ap.,
2012]. Ha puc. 4 npuBeAeHBI BHIAEAEHHBIE TIaneo-
MarHUTHbBIEe HallpaBA€HMS UCCAEAOBAHHBIX 0Opas-
110B. CTaTUCTUYECKHE ITapaMeTPhI AAST HallpaBAe-
HUU, IOAYYEHHBIX A AHECTPOBCKOM (KpacHOIIBe-
ThI) ¥ TUBEPCKOM (CEPOITBETHI) CEPUM HUKHETO Ae-
BoHa [Topoamu puBepeHE! B TaOA. 1. IloryueHHEBIE
HalpaBAEHUS AN PA3HBIX CEPUM CTaTUCTUYECKH
3HAYNMO He Pa3ANYalOTCs, XOTs ObIAU ITOAYIEHBI
Ha (parimarbHO Pa3HBIX OCAAOUYHBIX TOAIAX.
Anaani AMB KpaCHOIIBETOB AHECTPOBCKOM Cce-
pHUU YKa3bIBaeT Ha IIpeoOAapaHue B OOABIIEN Yac-
TH 0OPA3II0B THUIIMYHO "OCAAOUHBIX ' CTPYKTYP (PHC. ).
IMocaepnne moryT hOpMHPOBATHCA KaK IIPU OCAIK-
AEHUM MEAKOTO TEPPUTeHHOTO MaTepraAg, Tak U
IIPU IIOCAECAYIOLEN AMTA(DUKALIUNA U YIIAOTHEHUN
ocapka. CpepHee HallpaBA€HYTE MUHUMAABHBIX OCEH
aaruticonpoB AMB (K = 346,2°/ 89,4°) GAM3KO K Bep-
TUKaABHOMY. CTelleHb aHU30TPONNY (mapamerp P)
HU3Kas U He mmpeBbItiaeT 1,05, a mapameTpsl L u F
YKa3bIBAIOT Ha MAOCKOCTHOU Tull AMB. Hamnpas-
A€eHUs MAaKCUMAABHBIX Ocell aaauticonaa AMB crpyrm-
NIMPOBAHBI B CEBEPO-CEBEPO-3alaAHOM—IOT0-F0T0-
BOCTOYHOM HAIIPaBAEHUSIX, UTO YKa3bhIBaeT Ha BO3-
MO>KHO€ BAUSTHHE KaKOTro-A100 BHEITHero haKTo-
pa, HallpuMep YMepPeHHBIX TeYeHNUM IIPU OCa’kKAe-
HUM TEPPUTE€HHOTO MaTepraisa. Takou XapakTep
pactnpeaenenus ocett AMB AAST KDaCHOIIBETOB SB-
ASIETCSI @PTYMEHTOM B IIOAB3Y IIPEOOAAAAHUSA B IIO-
poAe CeAUMEeHTAallMOHHOM HaMarHM4eHHOCTH, XO-
TS OAHO3HAQYHO 3TO YTBEPIKAATH HEAB3S (CM. Ha-
npuMep, [Butler, 1992; Kodama, 2012]).

180

#= 30, D= 355.1% 5= @0,6°, o= 174, D= 2T, f= 107, m= 40, D= 2307, Fe gy,
&= 8.7, Rgs w “},ﬁ" &= E'Eq gy = ],'I-h k=8 tigs = ?-ﬁ"
4t i "

Puc. 4. Crepeorpacguueckre MpOeKIUU BHIAEAEHHBIX ITaA€OMarHUTHBIX HallpaBA€HUM Ha oOpaslax HUXKHeAe-
BOHCKUX KPACHOIIBETOB U CPeAHMEe CTaTUCTUUYeCKUe ITapaMeTphl (cM. TabA. 1): a — HH3KOCTabUAbHAs (BSI3Kas)
KOMIIOHEHTa HaMarHW4eHHOCTH; 6 — OTHOCUTEABHO HU3KOTeMIlepaTypHas CTaOHWAbHas KOMIIOHEHTa HaMarHu-
yeHHOCTU (HT); B — OTHOCUTEABHO BBICOKOTeMIIepaTypHas CTaOWAbHAs KOMIIOHeHTa HamMarHuueHHocTu (BT).
IToABle (3aAMTEIE) KPYTM — IPOEKIIMM BEKTOPOB Ha BEPXHIOIO (HMJKHIOIO) IOAycdepy.
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Puc. 5. Pacupepenrenue ocell SAAMIICOMAOB aHM30TPONIMK MArHUTHOM BocnpuuMunsocTy (K, Ko u K3 — coorBert-
CTBEHHO HAllpaBAeHUS MaKCUMAaAbHOM, CPeAHeM U MUHUMAABHOU ocel (a)); AMarpaMMBbl CTelleHU aHU30TPOIIUU
MarHUTHOM BOCHPUUMYHUBOCTH P = K / K5 OTHOCMTEABHO MAarHMTHOM BoCcIpuUMYHBOCTH K, (0); pacupeaereHne
OTHOILIEHUM TAABHEIX ocel saauncoupoB AMB na puarpamme A. OaunnHa, L=K, /K, F=K,/ K5 (B).

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

HaMarHM4YeHHOCTU HU)KHEAEBOHCKUX KPaCHOIBETOB (AHECTPOBCKasl CEpus, YyCTeu-
KOBCKasi CBUTa) M CepolBeToB (TuBepcKas cepusi [baxmyToB u Ap., 2012]) IToporun

Kowmmo- Coputst " D, 1, Olgs, k Plat Plong
HEHTBL P rpaa rpap, Tpaa (°N) (°E)
BT Kpacrongeter 49 2337 | 430 7.6 8 -23 | 3384
AHECTPOBCKOM cepuu
C Tusepckas cepus 14 244 37 14,8 8 0 329
HT Kpacronperst 174 | 2027 | -192 1,4 56 —47 | 3515
AHECTPOBCKOM cepuu
B TuBepckasi cepus 38 211 -22 4,2 32 —45 340

Ilpumeuanue: n — KOAWYECTBO HE3@BUCUMO OPUEHTHPOBAHHEIX 00PA3IloB, HA KOTOPBIX BEIAGAEHBI KOMIIO-
HEeHTE! HaMarHW4eHHOCTH, D /[ — CKAOHeHHe / HAaKAOHEHUe CPeAHHX ITaA€OMAarHUTHLIX HAlPABACHUM, Olgs —
pPapryc Kpyra A0Bepus Ipu 95 % BEPOSITHOCTH AAS CDEAHErO HallpaBAeHUS, k — KYUYHOCTh paclpepeAeHUs
BeKTOpOB, Plat/Plong — mupoTa / AOATOTa MaAeOMarHUuTHOIO ITOAIOCA (B IPaAycax).
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ITeTpoMarHauTHBIE NCCAEAOBAHUSI C IIEABIO
OllpeAeAeHNSI MarHUTHBIX MUHEePaAOB — HOCHUTe-
Aert EOH — nnpoBOAMAMCE Ha anmaparype IIaAreo-
MarauTHou Aabopatopuu VT'® ITAH. Beimoans-
AMCBH @HAAU3EI 110 OIIPEAEAEHUIO CIIEKTpa AeOAO-
KUpyromux Temmeparyp (1), Temmneparyp Kropu
(Tc), mapaMeTpoB IeTAM TUCTePEe3KCa, apaMeT-
POB KPHBBIX N30TEPMHUUECKOM OCTaTOYHOM HaMar-
"HudyeHHocTu (IRM) u rpearbHOM OCTaTOYHOM Ha-
MarandeHHOCTH (ARM). TakyKe aHaAM3UPOBAAUCH
KpHUBBIE 3aBUCUMOCTU MB OT TeMIepaTypsl B AHa-
na3oHax oT — 196 °C A0 KOMHATHOM TeMIepary-
PBI (HU3KOTEMIIEPATYPHEBIE 3KCIIEPUMEHTHI) U OT
KOMHATHOM TeMItepatypst A0 700 °C (BEICOKOTEM-
repaTypHBIE 3KCIIEPUMEHTHI). AAST HEKOTOPBIX 00-
pasIioB OBIAYM IIOAYYEHBI KpUBBIE TEPMOPA3MarHu-
YMBAHMSI HaBeAeHHOM 110 TpeM ocsiM IRM [Lowrie,
1990]. OH BBIIOAHIACS AASL OIIPEAEAEHUS MUHe-
PanOB, XapaKTEPU3YIOIINXCSA CXOAHBIMU ITapaMeT-
paMu MarHUTHOM JKeCTKOCTH, HO MMEIOIIHUX pa3-
Hble Ty, TIpU HaBepeHUH B oOpasiie IRM 1o Tpem
TIEPIIEHAUKYASIPHBIM OCSIM COOTBETCTBEHHO B I10-
Aax 3,3; 1,51 0,15 Ta m mocaepyroIleM CTylleHYa-
TOM TepMOpPa3MarHu4MBaHUH.

Anst onipepenenust T C TIEABIO UAGHTADUKA-
LMY MaTHUTHBIX MUHEPAAOB BBIIIOAHIAOCH HeTIpe-
PBIBHOE TeMIIepaTypHOe pa3MarHudmuBaHue o0pas-
110B B 3KpaHe A0 700 °C mocae HaBEAEHHOM U30-
TepMHUYECKON OCTAaTOYHOM HAaMarHW4eHHOCTH Ha-
ceienud (SIRM) B moae 9 TA. AAd KOHTPOAS MU-
HEpParOTMUeCKUX U3MeHEeHUM BBIITOAHSIACS IIOBTOP-
HBIN IIUKA HarpeBOB.

OKCIIepUMEHTEHI 110 OIlpepeAeHUIo ToueK Kro-
pu (T) MarHUTHBIX MUHEPAAOB BLITIOAHSIAUCH Ha
kannamerpe KLY-3S ¢ nmpucTtaBKol AAsT HarpeBa
00pa31oB. AHAAM3UPOBAANICE KPUBBIE N3MEHEHMS
MB B 3aBUCUMOCTH OT TEMIIEPATYPLI, IIOAYYEHHBIE
IIpY HEeIIpepLIBHOM HarpeBaHUU 00pasIlioB OT KOM-
HaTHOU TeMuepaTypst A0 700 °C ¢ mOCAEAYIOIIUM
OXAKAEHUEM.

Pe3yabTaThl HU3KOTEMIIEPATYPHBIX 3KCIIepU-
MEHTOB AAS OIIPEAEAEHUs IPUCYTCTBUSL B TIOPO-
AaxX MarHeTUTa M reMaTUTa 10 TeMIiepaTypaM ga-
30BBIX [IEPEXOAOB (COOTBeTCTBeHHO MopuHa u Bep-
BesI) AT UCCAEAYEMBIX 00Pa3IloB OKa3aAUCh He-
UH(AOPMATUBHBIMUA.

MarsuTHas )KeCTKOCTb ¥ AOMEHHOE COCTOSTHUE
MAarHWTHBIX MUHEPAAOB OLIeHUBAAMCH II0 IIapaMeT-
paM IeTAU rucTepesnca: HaMarHM4eHHOCTDb Ha-
CBIIIIEHNS U OCTaTOYHAasd HaMarHM4eHHOCTh HaChl-
menus (Mg M, ), KOSPUUTUBHAS U OCTATOYHAS
KOSPUMUTHUBHASA CUABL (H, u H ). [lapaMeTpe! met-
AU TUCTEPE3UCa, B TOM YUCAE TTOCAe HaBeAEHUs
Ha oOpasnax IRM u ARM, usmepsaaucs Ha BUOPO-
marHuToMeTrpax VSM (Molspin, mpou3BoacTBO Be-
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AMKOOpuTanus) u MicroMag (mpoussoacTso CIIIA).

MukpoaHaAUTHYECKHE NCCAEAOBAHUSI MUHe-
PanroB JKeae3a B 00pa3iiax IPOBOAUAUCEH Ha I'eo-
AOrmYeCcKOM (hbaKkyAbTeTe BapliaBcKoOro yHuBepCH-
TeTa METOAAMU SIAEKTPOHHO-MUKPO30HAOBOTO aHa-
AM3a Ha AAMHHOBOAHOBOM AUCIIEPCUOHHOM CIIEKT-
poMetpe (Cameca SX 10) 1 CKaHUPYIOILIEM 3AEKT-
POHHOM MUKPOCKOTIE C 3HEPTOAUCIIEPCUOHHBIM
criekrpomMeTpoM EDS (JEOL JSM-6380LA), Ans mieT-
porpadu4ecKoro onmcaHus NCIIOAb30BAACS OIITU-
yecKkur Mmukpockor Nikon.

OnpepeAreHUe MarHUTHBIX MUHEPAaAOB —
HOCHTEAeH eCTeCTBeHHOM OCTAaTOYHOM HaMar-
HUYEHHOCTH. Pe3yAbTaTEl CTyIIEHYaTOIO TEMIIe-
paTypHOIo pa3MarHMUYMBaHUs YKa3bIBAIOT Ha ABE
komnoHeHThl EOH B o6pa3siiax (cM. puc. 3). Ilep-
Basg HT-KOMIIOHEHTA BHIAEASIETCS IIOUTHU BO BCEX
obpa3siiax, BHOCUT OCHOBHOU BKAap B EOH u xa-
pakTepusyetcs T5 B OCHOBHOM OKOAO 600 °C (puc. 6,
a, B), Bropasi BT-KOMIIOHEHTa — TOABKO B OTAEAb-
HBIX 00pa3nax Ha XBOCTaX KPUBHIX pa3MarHuyu-
BaHMS B AMalia3oHe AeOAOKMPYIOIINX TeMIepaTyp
590—690 °C. TemmepaTrypa AeOAOKHMPOBAHUSI OKO-
A0 690 °C yKka3bIBaeT Ha reMaTUT (Kak Hauboree
BEPOSTHBIM MAarHUTHBIY MUHEPAA B KPACHOIIBETAX).
TemmepaTypa AebroKHpoBanHus 0koAo 600 °C, pu
KOTOpOU BhIAeAdeTca HT-KoMIIOHeHTa, He CTOAD
OueBUAHAS A nHTepnpeTanuu. OHa XapakTep-
Ha AT HeCTEXHMOMETPUYECKOIO MarHeTHTa, CAerka
OKHUCAEHHOTO0 A0 MarreMuTa. OAHAKO KpaHSs JKeCT-
KocTb EOH K pa3aMarHM4MBaHUIO ITepeMeHHbIM Mar-
HUTHBIM IIOAEM (CM. PHUC. 3, a) UCKAIOYAeT MarHe-
TUT U MarreMuT. TakuM oOpa3oM, BOIIPOC, KaKou
MarHUTHBIM HOCUTEAD 9TOM KOMIIOHEHTEI ¥ €T0 PO~
UCXOKAEHUE, IBASIETCSI KAIOUEBBIM.

TepMoMarHuTHBIM aHaAU3 00Pa3IloB C HAaBEAEH-
HOM SIRM yKasbiBaeT Ha T, XapaKTePHBIE AAS Te-
MaTtuTa. [IpucyTcTBUe APYTUX MarHUTHBIX MUHe-
PanoB, B TOM 4ucAe ¢ Ty BOAn3u 600 °C, He 0OHa-
py>RuBaeTtcs (CM. puc. 6, 6, r), a Harpes p0 700 °C
He IIPUBOAUT K IIpeoOpa30BaHUI0 MarHUTHBIX MU-
HEepPaAOB (CM. KpUBLIE IIOBTOPHBIX HATPEBOB).

AAsT oTIpepAeAeHNs TUIIOB MarHUTHBIX MUHepa-
AOB, SIBASIIOIIUXCSI OCHOBHBIMM HocuTeAsmu EOH,
OBIAU M3YYeHHI 3aBUCUMOCTU n3MeHeHHs MB oT
TemnepaTypsl K, (T) B mipollecce HarpeBa u OX-
AKAEHHI 00pa31oB. Pe3yAbTaThl T03BOASIOT BhI-
AEAUTDH ABA TUIIA KPUBLIX: 1) BodpacTanue K, OKO-
A0 600 °C, T(- =640+ 650 °C, mposiBA€HHE HOBO-
00pa30BaHHBIX MAaTHUTHBIX (Da3 Ha KPUBOMU OCTHI-
BaHwus oOpasiia (cM. puc. 7, a); 2) Bospacranue K,
0koA0 530 °C, T =580 °C, npu 0XAaKACHUH Ha-
OAIOAQIOTCS ABa TTMKA — OCTPOKOHEUHBIN ITpu 530—
500 °C u 6oAee MIUPOKUM IIPU TeMIlepaTypax OT
450 p0 350°C (pwuc. 8, 6). [IpusHaky reMaTUTa Ha
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Puc. 6. [lpuMepsl TeMIepaTypHOTO pa3MarHWYMBAHUS 0Opa3IloB KPAaCHOIBETOB: HOpMUpoBaHHOW NRM B
Ipoliecce CTYHNEHYaTOro pa3MarHUYMBAHUA (d, B); OCTQTOYHOM HaMarHMYEHHOCTH HachlmeHus (SIRM) B

mpollecce HeNPephIBHOTO HarpeBa (! — mepBBIM Harpes, 2 — BTOpOU Harpes) (0, r).

KPHUBBIX OTCYTCTBYIOT, YTO MOJKET OBITbH OOYCAOB-  MArHUTHO-’KECTKOIO MUHepaAa (puc. 8, a). Hase-
AE€HO BOCCTaHOBUTEABLHBIMHU IIPOIleccaMU IpU Ha-  AeHHas B moae 3,3 Ta IRM TepsieT TOABKO OKOAO
rpeBax u IpeoOpa3oBaHUuU reMaTuTa B MarHeTUuT. 20 % Ipu pa3MarHUYMBAaHUU IIePEeMEeHHBIM Mar-

Kpuseie IRM He AOCTUTAIOT HACHIMIEHWSI B HUTHBIM IIoAeM A0 140 MmTa (puc. 8, 6). ABa oOpa3s-
moAgax A0 3,5 TaA, 4To yKa3bIBaeT Ha IPUCYTCTBUE  I1a OBIAM HaMarHu4eHHI B ToAe A0 9 TA, HO U 3pecCh
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Puc. 7. iaMeHeHUe MarHUTHOW BOCIPUMMYUBOCTH OOpa3IlloB KPaCHOIIBETOB B IIpPOIiecce HeNpPephIBHOTO
HarpeBa U OXAAKACHUSI.
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Puc. 8. Kpussle Hachlmenus IRM (a); KpuBble pa3MarHUYMBaHMUA IIepeMEHHBIM MarHUTHBIM moaeM (60): NRM
(uepuble TpeyroabHUKH), IRM HaBepeHHOU B noae 3,3 Ta (uepHble Kpyru), ARM (Geanle kpyru), IRM HaBepeH-
HoM B noae 0,1 Ta (Geable TPEYrOABHUKHU); B — IIPUMEP CPaBHEHUSI HOPMAaAM30BaHHOMN KpuBOoU IRM u KpuBon
pasmaranuuBanusg IRM, Touka nepeceuenus Huxke 0,5, r — mpuMep aHaAu3a MIPOU3BOAHOM KpuBoiM IRM mo

meTopuke [Kruiver et al., 2001].

IRM He AOCTHUTAQ HACHIIEHUA. DTU PE3YABTATHI
COTAQCYIOTCS C IIOAYUEeHHBIMU paHee AQHHBIMU O
Ype3BbIUaHO BEICOKOU cTabuabHOCTH EOH K BO3-
MAEVCTBUIO ITepeMEeHHOTO MAarHUTHOTO IIOASL. Pe3yab-
TaTel IO HaBepeHUIO IRM u mocaepyromemMy ee
pasMarHUYUBaHUIO IeEpeMEeHHBIM MarHUTHBIM I10-
AeM yKa3blBaeT Ha COOTHOIIIEHNe KPUBBIX, XapakK-
TEepHOEe AAS MHOTOAOMEHHOTO MarHeTUTq, T. €. Ha
BO3MOJKHOE IIPUCYTCTBUE He3HAUUTEABHOTO KO-
AHMYEeCTBa MarHUTHO-MSTKOTO MMHepaAa [Symons,
Cioppa, 2002] (puc. 8, 0, B). KpuBble HaCcHIIIIeHUSA
IRM OBIAU TPOAHAAU3HUPOBAHEI IO MeTopuKe [Ro-
bertson, France, 1994; Kruiver et al., 2001], koTo-
pas TO3BOASIET pa3AnYaTh MarHUTHBIE MUHEPAAHI,
XapaKTepU3yIolecs pa3Hol KO3PIUTUBHOCTHIO,
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TI0 @aHAAM3Y KPUBOY HAMAarHM4MBAaHU 00pas1ia I1o-
CTOSTHHBIM MarHuTHBIM ToAeM (CLG-anaaus 1o [Kru-
iver et al., 2001]). Pe3yabTaTel yKa3bIBAIOT Ha ABA
(MHOTAQ TPM) MAaKCHMyMa CIIEKTPA MAarHUTHOU JKeCT-
KOCTH (puc. 8, r). BTaba. 2 mpuBeAeHbBI YMCAOBBIE
XapaKTePUCTUKU COOTBETCTBYIOIIMX [TapaMeTPOB.

[MeTAu rucTepesrca 00pa3oB UMEIOT XapakK-
TepHYIO (hopMy “OCHHOU Taauu' (wasp-waist sha-
pe, puc. 9, a, 6) 1 yKa3bIBalOT Ha BEICOKYIO Mar-
HUTHYIO JKECTKOCTbD. [ lapaMeTpHhI TeTAU AAST HEKO-
TOPBIX 00pPa3oB IIpuUBeAeHbl B TabA. 3. Ha Aua-
rpamMme Asst — Aanaomna [Day et al., 1977, Dun-
lop, 2002] cooTHOmeHnne tapamMmeTpoB M, /M n
H_./H_monapaeT B 0OAACTh, XapaKTEPHYIO AAST OA-
HopOMeHHEIX (OA) u cynepnapaMarHuTHEIX (CIT)
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Taoawumnga 2. [Tapamerpsl KpuBbIX HacbilleHNsT IRM B COOTBETCTBUHM C METOAUKOM
no [Kruiver et al., 2001]

MakcuManb-
Homep HOE TIOAE Bi/o DP,
obpa3sna HACHIIEHN, SIRMr. c. log (MTA) / (MTh) log, MTa Bi/2 + DP, 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

IMpumeuanue: SIRMp  — OTHOCUTEABHBLIN BKAAA KOMIIOHEHT B CyMMapHbIi curtaa IRM; B, — moae,
IIpY KOTOPOM KOMIIOHEHTa IpruoOpeTaeT IOAOBUHY CBOel BeAMYUHHEI HacklIeHus SIRM; DP — nmapametp auc-
nepcuy; B, 5+ DP — amnanason nmoas By, ¢ aucnepcuent DP.

3epeH (puc. 9, B). 9Ta 00AaCTb OTAUYAETCA OT APY-
TUX TeM, 9YTO 3QUaCTYIO ACCOIIUUPYETC C IIlepeMar-
HUYMBaHNEM KapOOHATOB BCAEACTBHUE 00Opa30Ba-
HUS ayTUreHHOro Marserura [Jackson, Swanson-
Hysell, 2012]. Takum o6pa3oM, ITapaMeTphl I'1c-
Tepe3rca IIOKa3bIBaloT, YTO B HAIIIMX 00pa3liax Ao
MUHUPYIOT MarHUTHBIE HOCUTEAN, UMEOIIe CXOA:
Hble XapaKTePUCTUKU C CyleplapaMarHuTHLIMU
U CTaOUABHBIMY OAHOAOMEHHBIMU 3epHaMU Iepe-
MarHU4YeHHBIX KapOOHATOB.

Pesyavrats! Tecta Aoypu [Lowrie, 1990], koTo-
PBIM BBIIIOAHSIACSI AASI KOMIIOHEHT TPEeX OPTOro-
HaABHBIX ocelt IRM, mokasany, 4To OCHOBHAA 4aCThb
HaMarHU4YeHHOCTHU npuobdpeTtaeTcs B moAe 1,5 Ta
u cocTtaBAageT oKoAo 80—90 % cymmapHoU IRM.
I'Mpu Huskux (0,15 Ta) u BeIcOKUX (3,3 TA) moaax
BeanunHBI [IRM HamHOro HroKe (puc. 10). A KoM-
TMOHEHTHI Y, HaBepAeHHOU B noAe 1,5 Ta, xapak-

TEPHBI TaKHe ke AeOAOKUPYIOINe TeMIIepaTyphl,
Kak 1 pad KommoHeHT EOH, KoTopbie ObIAU BhIAE-
A€eHBI B IIPOIlecce CTyIIeH4aToro TepMopa3MarHu-
yuBaHwus: 530—580 1 650—680 °C. B To ke Bpe-
MsI AAST ABYX APYTUX KOMIIOHEHT (HaBeAeHHBIE B
noaax 0,15 u 3,3 Ta) OAoKUpYIOIIHE TeMIIEPATY-
PBI AeXKaT B Auanaszone 660—680 °C.
[MTeTporpaduueckue U MUKPOAHAAUTUYECKUE
HUCCAEAOBAHMS C NCIIOAB30BaHUEM CKaHUPYIOIel
9AEKTPOHHOU MUKpocKomu (SEM), AAMHHOBOAHO-
BOU AMCITEPCUOHHOM crieKTpockonuu (WDS —wa-
velength-dispersive spectroscopy) u anaausa pud-
paknuu peHTreHOBCKUX Ayuel (XRD — x-ray dif-
fraction) TO3BOAMIAM BEIAEAUTE B KpaCHOIIBETAX IIITh
reHepanuii reMatuTa (puc. 11): 1) AeTpUTOBBIE 3€p-
Ha MepBUYHOTO reMaTUTa CO CPOCTKaMU UAbBME -
HUTA (HMAU UABMEHUT-TeMaTUTOBOe ITpopacTaHue
Tuna "tiger striped", pasmep 3epeH OT HECKOABKHX

Taoawunga 3. MaruuTHble TapaMeTpPbI METAM THCTepe3uca AAS oOpa3inoB
HU)KHEAEBOHCKNX KpacHouseToB ITopoaun

HOMep Hc, Hcr, MS, Mrs.

My I M H. /H
o6pasia MTA MTA MKAM2/KT MKAM 2/KT rs/ Ms er! 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 (GOPMBL "OCHHOU TaAuu'" (a); OHA JKe IOCAEe YAAA€HUS IIapaMarHuT-
Horo addekra (0); coorHoueHne napamerpos M, /M wu H,. / H. (Anarpamma Apsi—AaHaomna) (B). 3epHa:
OA, — opHOopOMeHHBIE, MA — MHOropOoMeHHBIe, CIT — cynepnapaMarHuTHEIE.

20 100 MKM); 2) 3epHa MapTUTa (IICEBAOMOPGO3bI
reMaTHuTa 10 MAarHEeTUTY); 3) KPUCTAABL 3€ PKAABHO-
To reMaTHTa B 3epHax xaopuTta (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 pesyabTaTaM mar€OMarHUT-
HBIX UCCACAOBAHUU KPACHOIIBETHBIX OTAOKEHUN
HIUDKHETO AeBOHa ITopoAnM (YCTEeUKOBCKast CBUTA
AHECTPOBCKOM cepnm) Oe3 yueTa BA3KOHN (HHU3KO-
CTaOUABHOM) BBIAEASIOTCS ABe KOMIOHeHTh EOH.
VIx HanpaBAeHUSA OAU3KU K PaHee BEIAGACHHBIM
HAIMPaBAEHUSAM II0 CEePOIBETHBIM IOPOAAM B 3TOM
JKe palioHe, KOTOPbIe OTHOCITCS K TUBEPCKOU Ce-
PHU HIDKHETO AeBOHA, IIOACTUAAQIOIEN AHECTPOB-
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cKyto cepuio [BaxmyToB u Ap., 2012]. [TlepBast Kom-
noHeHTa (HT) uMeeT 10oro-toro-3amnapHoe CKAOHe-
HMe U OTPUIlaTeAbHOe HakhOHeHue. COOTBETCTBY-
0L €M TAaACOMArHUTHBIM [IOAIOC OAM3O0K K IIEpM-
ckomy pparmenTy TKMIT pana Bartuku/ CTabunb-
"ot EBponsl, puc. 12 [Torsvik et al., 2012]. Bos-
MO>KHO, (QOPMHUPOBaHUE 3TOU KOMIIOHEHTHI CBsI3a-
HO C IIEpPMCKUM IIepeMarHUYnBaHueM, KOTOpoe IITH-
POKO pacupocTpaHeHo B npeaerax BEIT u mosce-
MEeCTHO BBIAEATETCS B IOPOAAX CPeAHEro M paH-
Hero naneo3od. PacyeT 1o BTOpPOY KOMIIOHEHTe
(BT), BIAEGAIEMOM ITPU OOAEE BBICOKUX TEMIIepa-
Typax M MMelollle! I0ro-3allapAHoe CKAOHeHNe 1
TIOAOKUTEABHOE HAKAOHEHNe, YKa3bIBaeT Ha ITI0AO-
SKeHVe ITaAeOMarHUTHOTO TIOAIOCA, OAM3KOE K Ae-
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HamaramsenAocTs [Kanubp,, A
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Puc. 10. IlpuMep TepMopa3MarHU4YuBaHUs HaBepAeHHOU IRM 1o TpeM OpTOroHaABHBIM OocaM Z, Y
n X B moAsgx coorBercTBeHHO 3,3; 1,5 1 0,15 TAa.

BOoHCKOMY cerMeHTy TKMII, 1 uHTepupeTupyeT-
CsI KaK AeBOHCKUU ITaA€OMarHUTHBIN TTOATOC. OA-
HaKO BOIIPOC, C KAKUMU MarHUTHBIMU MUHepaAa-
MU MOJKeT OBITh CBs3aHa 3Ta KomnoHeHTta 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>KeT OBITE ITO-
TEHIJHAABHBIM HOCUTEAEM CeAMMEHTAIlMOHHOM /
IOCTCEAUMEHTAITMOHHOM HaMarHundyeHHOCTH (DRM/
/PDRM) (puc. 11, 6). Takue 3epHa-CpoCTKU o6pa-
3yIOTCS B XOA€ BEICOKOTEMIIePaTypPHBIX IIpoliec-
COB B U3BepP>KeHHBIX IIOPOAAX U AdAee MOTYT Iie-
peoTAaraTbCsa B OCAAOUHBIX OaccerHax, (hopMUpYys
CTaOMABHYIO IIEPBUYHYIO KOMIIOHEHTY HaMarHu-
YEeHHOCTHU IIOPOA,.

[MpucyrcTBUE B 0capkax 3epeH MapTUTa CBU-
AETEABCTBYET O IIPOolleccaX OKUCAEHHUS IIepBUY-
HBIX 3epeH MarHeTuTa. JTU 3epHa TakkKe COAep-
>KaT BKAIOUEHUS (IAaCTUHKY) UABMEHUTA, BO3HUK-
1Iye B pe3yAbTaTe OKMCAEHUS IlepPBOHaYaAbHBIX
3epeH TUTaHOMar"erura (cM. puc. 11, B—g). Ho
nerporpadguieckue NCCAEAOBAHUA He AQIOT MH-
dopMaItiu OTHOCUTEALHO BPEMEHU ITPOIIeCCOB Map-
TUTH3AUH, I03TOMY OOHapy KeHHe 3epeH Map-
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TUTA ellle He IBASIeTCS AOKa3aTeALCTBOM TOT'O, UTO
OHU He IIpeTeplieAr U3MeHeHUHN II0CAe OCaKAEe-
Hug. OHM MOTAU KaK IlepeoTAaraThcs, Tak 1 oopa-
30BBIBATHCS B IIPOIleCCe IOCTCEAVMEHTAIlIOHHO-
IO OKHCAEHUS AeTPUTOBHIX 3epeH [Van Houten,
1968]. 3epHa 3epKaAbHOTO reMaTUTa, HaXOAAIIN-
ecs1 B 00p0O3AaX CIIAMHOCTU 3€peH XAOPUTA, TakK-
>Ke MOTYT OBITb IPOAYKTAMU OKUCAEHUS JKeAe30-
HeCYIIUX CUAVKATOB, T. €. IPOAYKTOM BTOPUYHBIX
npo1eccos (cM. puc. 11, B). CocTosiHHe TeKCTYPBI
YacTO yKa3bIBaeT Ha IIOCA€AOBATEABHOCTE Peak-
1IN, KOTOPHEIE SIBASIIOTCSI PE3YABTAaTOM OKUCAEHMST
in situ [Walker et al., 1981]. WDS-aHaAmu3 ITOKa3bl-
BAET, YTO XAOPUT SIBASIETCSI IIPOAYKTOM U3MeHEeHMs
OHOTHTA.

MUKPOKPUCTAAMIIECKIN TeMATHUT (CM. pUC. 11, k)
U YABTPAAUCIIEPCHBIM FeMaTUTOBBIM IMTMEHT (CM.
puc. 11, 3) OAHO3HAUHO SBASIOTCS ayTUT€HHBIMU
MHUHeparaMU. B KpacHOIIBeTaxX OHU CAAraroT Ile-
MeHT Me>XAY 3epHaMU KBaplia, IOAeBOTO IIIaTa,
MYCKOBHUTA U XAOpHUTa (cM. puc. 11, a). TekcTyp-
HBIe OTHOIIEHUS UHOTAQ ITIO3BOASIOT OIIPEAEAUTH
IIOCAEAOBATEABHOCTD PeaKIA, (DOPMUPYIOLLMX ITAT-
MEHT, OAHAKO CKOPOCTHU 3TUX PeakI[Uuil HeAOCTa-
TOYHO M3BECTHHI, UTOOBI CAEAATh KaKHe-Au0O BhI-
BOABI O BpeMeHU (DOPMUPOBaHUSA TUTMEHTa.

Ka>kpas 13 BEIIIEYIIOMAHYTHIX (DOPM reMaThTa
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Puc. 11. Munepansl >xeareza — Hocutearn EOH B HmskHepeBoHcKUX KpacHo1nBeTax [Topoaun: a — BSE (back-scatte-
red electron detector) n3oOpaskeHne KpacHOIIBETHOrO IecyaHUKa; Q — kBapl, F — moaeBoi mmar, M — MycKo-
But, Ch — xnropwut, TiH — Tutanorematut, | — uapmenut; 6 — BSE — m3o0pa’keHne AeTpUTOBOTO 3epHa HNepBUY-
HOTO TeMaTUTa C TEMHBIMU IIDOCAOSIMH HWABMEHHTa (TUIPOBO-TIOAOcaToe “tiger striped” HMABMEHUT-reMaTHUTOBOE
npopacTanue); B—xn — BSE — n3006pa’keHnst KpUCTAAOB 3€PKAABHOTO reMaTHTa B IOCT-OMOTUT XAOPUTOBBIX ar-
perarax; e — BSE — u3obpakeHue 3epHa MapTuTa; )X — SEM — m300paskeHHe reKCaroHaAbHBIX 3epeH ayTUreH-
Horo reMatura; 3 — SEM — mn300pa’keHUe CpallleHHBIX arperaToB 3epeH reMaTUTa TUIIA 'IIBETHOM KalTyCThI'.
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Puc. 12. PedepenTtrnasa nareosorickas KpuBasg TKMIT aaa Baatukm / CtadbuabHol EBpomner [Torsvik et al., 2012];
nudpaMu yKa3aH BO3pacT (MAH AeT Ha3ap). HoBele onpepereHUsT TaaeOMArHUTHBIX IIOAIOCOB (C OBaAaMU AOBe-
pUs Ogs) A HUKHEAEBOHCKUX KPACHOIBETOB ITOAOAMY IIPEeACTaBAECHEL 3Be3paMU. AT HUDKHEAeBOHCKUX Cepo-
1IBETOB (POMOBI) M BEPXHECUAYPUUCKUX CEPOIIBETOB (KBAAPATHI) IOAOKEHUE IIOAIOCOB IIPUBEAEHO Mo [Jelenska et
al., 2005; baxmyToB U Ap., 2012], MapKupoOBKa IIpUBeAeHa B COOTBETCTBHU € TabA. 1 u padoTtoii [Jelenska et al., 2005].

IIpeBhIIIaeT CylleplapaMarHUTHBIN TOPOT reMaTH-
Ta U, CAeAOBATEABHO, MOJKET BHECTU CBOM BKAAA B
OCTAQTOYHYIO HaMarHM4eHHOCTh. AeOAOKUPYIOIIe
TeMnepaTypsl 660—680 °C MOTYT GBITH CBSI3aHEI
C 3epHAMU 3ePKaABHOI'O AUOO AETPUTOBOIO IeMa-
TUTQ, KOTOpble HauOOAee IIOAXOAST B KaHAUAAQTEL
HOCHUTeAeH AeBOHCKOM KoMmmioHeHTHI EOH. Ana-
IIa30H AeOAOKUPYIOIX TeMneparyp 580—650 °C,
BEPOSITHO, 00yCAOBAEH MEAKO3E€PHUCTBIM 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.

IMepBoIlt — B 06pa3siiax KPacHOIIBETOB BHIAE-
AerHass ChRM-koMIioHeHTa HaMarHUIeHHOCTH SIB-
ASIETCS IEPBUYHOM. B ITOAB3Y 3TOTO CBUAETEABCT-
BYIOT CAeAyloIIye apryMeHThl. OHa OblAa IIOAY -
JeHa Ha pa3HBIX TOPOAAX (AAeBPOapTUAAUTAX U
IecuyaHUKaXx) ¥ XOPOIIIO COTAACyeTCs C paHee IIo-

TIeogpusuueckutll xyprnaar Ne 1, T. 37, 2015



IMTANEOMATHHUTHBIE U TIETPOMATHUTHBIE HCCAEAOBAHUA ...

AYUYEHHBIMHU HAIIPaBAEHUSM II0 CEePOIIBETHBIM OT-
AOJKEHUSIM (TAMHUCTBIE U3BECTHSIKY ) TUBEPCKOM
cepuu HIDKHero AeBoHa [ Topoanu [ BaxmyTos 1 Ap.,
2012], KOoTOpHBIe IO COCTaBy CyIIeCTBEHHO OTAU-
YaIOTCS OT KPACHOIIBETOB AHECTPOBCKOU CEPUMU.
HocuTreassmu ChRM-KOMITOHEHTBI B 3TUX ITOPOAAX
SABASIIOTCSI pa3Hble MarHUTHBIE MUHEPAABL: B TH-
BEPCKOM CepUM — MarHeTUT, @ B AHECTPOBCKOM
— reMaTuT. [ laaeOMarHUTHBIN ITIOATOC, COOTBETCT-
BYIOIIUY 3TOMY HaIlpaBAEHMIO, OAN30K K HUJKHe-
AeBoHCcKoMy dparmenTy TKMIT aaa Baatuku /
Crabuasuo Espornnt [Torsvik et al., 2012]. Hacro-
AIIAEe PEe3YABTATEI COTAACYIOTCS C AQHHBIMH 110 Ha-
IIPaBA€HUIO BEICOKOCTAOUABHOM KOMIIOHEHTEI Ha-
MarHugeHHOCTH (D=249,4°; 1=38,8°; 0.95="7,3°), 1mo-
AYYEeHHOU IO HJKHEAEBOHCKMM KPAaCHOIIBETaM U3
9TOro Xe patioHa [Smethurst, Khramov, 1992].

Kak y>xe oTMedarocs, npoucxokpeHrne EOH
KPaCHOIIBETOB SIBAIETCS IIPEAMETOM MHOTOAETHUX
AUCKyccui. HeKoTopble HCCAEAOBATEAU YTBEPIK-
AAQIOT, UYTO TeMaTuT siBAsieTcsd HocuteaeM DRM u,
TaKUM 00pa3oM, B KpacHoLBeTax POpMUPYeTCH (K
coxpaHseTcs) IepBUYHadg HaMarHW4eHHOCTh [Ta-
uxe et al., 1980; Steiner, 1983]. B pa6ote [Butler,
1992] Tak>Ke yKa3bIBaeTCsl, YTO B HEKOTOPBIX Kpac-
HOIIBEeTaX 3epHa 3epKaAbHOTO TeMaTUTa IBASIIOT-
ca Hocuteaasmu DRM (PDRM). Apyrue nccaepoBa-
TeAU IIOAQTaloT, UYTO XMMMYeCcKasl OCTaTOuYHas Ha-
Maran4eHHOCTBb (CRM) B KpacHOIIBeTax 00yCAOB-
A€Ha reMaTUTOM, KOTOPBIA 00pa3yeTcs B IIPOoLiec-
Ce pHareHe3a, YTO SIBASIETCS AOMUHUPYIOIIUM Me-
XaHu3MoM oOpa3zoBaHud BropuuHoit EOH (cM., Ha-
npumep, [Roy, Park, 1972]).

B opHOM 13 HepAaBHIX 000011Iat0IMX paboT [Ko-
dama, 2012] yka3bIBaeTcs, YTO HAMarHUYeHHOCTh
KPaCHOI[BETOB MOYKeT ObITh KaK OPHUEeHTAI[MOHHOU
TIPUPOABI, TaK U (POPMUPOBATHCS Ha PAaHHUX CTa-
Ausax puareHesa. CeropHss MUKpOaHAaAUTHUYECKUE
WCCAEAOBAHUS TTIO3BOASIIOT AMATHOCTHUPOBATE MEA-
Kyie 0OAOMOYHBIE 3epHa reMaTHTa C AAMEeAIMU UAL-
MeHHuTa. MarHuTHEIE CBOMCTBA TAKMX 3€PEH OIM-
ceIBatoTcs B pabore [McEnroe et al., 2005], u co-
AeprKalliye UX MOPOABI XapaKTepU3yIOTC Ypes-
BBIYAMHOM MAarHUTHOMW >KECTKOCTBIO I BLICOKOM CTa-
OUABHOCTBIO K BO3AEMCTBHUIO IePEeMEeHHOTO Mar-
HUTHOTO IOASL. Takoe MoBepAeHNe XapaKTepPHO AAS
HAIIIMX KPAaCHOIIBETOB YCTEUKOBCKOM CBUTHI. B TO
>Ke BpeMd 3epPKaAbHBIN FreMaTUT MOKeT OBITh ITPO-
AYKTOM BTOPUYHBIX U3MEHEHUN Ha PaHHEN CTapAUU
AuareHesa M B 3TOM CAydae MOJKeT CTaTh HOCUTe-
AeM “panren” CRM, koTopas 1o BpeMeHu (popMU-
POBaHUS TaK)Ke OTHOCUTCS K AeBOHY. Takue BHI-
BOABI KOCBEHHO IIOATBEPIKAQIOTCS pe3yAbTaTaMM
a"annza AMB, KOTOpBIe YKa3bIBaIOT Ha OCAAOUHYIO
CTPYKTYPY SAAUIICOMAA AMB ¢ MUHIMaABHBIMY OCS-
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MU, IIePIIEHAUKYASIPHBIMU K IIAOCKOCTH HAIIAACTO-
BaHUA. OTHOCUTEABHO BO3MOYKHOH " OIIMOKY Ha-
KAOHEHUS' HET OCHOBAHWU BBOAUTBH COOTBETCTBY-
Iole nonpasku. K ToMy JKe BBeAeHHe KOPPeK-
1MUY B COOTBETCTBUU C peKoMeHparuaMu [Torsvik
et al., 2012] He yAydIlIaeT MECTOPACIIOAOKEHHUS Ha-
1mero “A€BOHCKOTO" TIOAIOCA OTHOCUTEABHO COOT-
BETCTBYIOIIIEro I10 Bo3pacTy cerMenTa TKMIT.
BTopoii aciekT — MOAHOCTBIO lIepeMarHu4eH-
Hble TTOPOALL. Ha ceropHsAmaNM AeHb IpoOAeMa
TmepeMarHnINBaHUs TOPHBIX TIOPOA SBASIETCS KAIO-
4eBOU AAS ITAA€OMAarHeTu3Ma. AN AyUIIero MoHU-
MaHH!4 MeXaHHU3Ma ¥ IPUYKNH IlepeMarin4MBaHUus
Ba’KHO KOMIINEKCHOE U3yUYeHUe IIPOLEeCcCOB I'eo-
AMHaAMHUYECKOM, TeOXMMUUYECKON U reoTepManb-
HOU 5BOAIOIINN U3yyaeMoro perroHa [Van der Voo,
Torsvik, 2012]. 3yuas ocapku [TopoAnH, aBTOPEL
BIINOTHYIO CTOAKHYAUCH C 3TOH ITpoOAeMoii. Bce
HUCCAEAOBaHHBIE CTpATUTpaduIecKiie KOMIINEKCHI
OBIAM IlepeMarHu4eHHl B IepMU, Ha UTO YKa3bIBa-
IOT ITIePMCKHUE MTOAIOCH], IOAYYEeHHBIE Ha Pa3ANY-
HBIX II0 YCAOBHSIM (DOPMUPOBAHUS U (hallIaAbHO-
My COCTaBy F'OPHBIX ITopoaax [Jelenska et al., 2005;
baxmyToB u Ap., 2012; ITorgueHKO U Ap., 2014].
B cepo1iBeTHBIX N3BECTHAKAX U ITeCYaHUKAX CH-
AYPHUMICKOTO U HUJKHEAEBOHCKOTI'O BO3pacTa Hamar-
HUYEHHOCTB OblAa COOPMUPOBAHA 3a CYEeT 3epeH
Mar"HeTHUTa, B 00pa3ilax B OCHOBHOM BEIAEASIETCS
OAHa KOMIIOHEHTa HaMarHM4eHHOCTU IePMCKOI'0
HanpaBAeHUs. TOABKO B OTAEABHBIX OOpa3siiax Obl-
Aa BeipeAeHa “AeBoHcKasg' ChR-KOMITOHEHTa, 4To
00YCAOBAEHO COXPAHHOCTEIO 3epeH AeTPUTOBOI'O
MarHeTHUTa, C KOTOPBIMU CBSI3aHO (DOPMHUPOBaHUE
DRM (PDRM). 3aeCh MOKHO TOBOPHUTB O ABYX (MAU
OoAee) TeHeTUYEeCKUX TUIIaX MarHeTUTa, OTBeYa-
IOITMX 3@ Pa3Hble KOMIIOHEHThI HAMarHM4eHHOCTH.
B KpacHOIIBETHBIX OTAOKEHMSIX AHECTPOBCKOM
cepur AeBOHCKME HAlIPABAEHUS BHIASASIOTCS IIPU
HamboAee BBICOKUX TeMIIepaTypax, B TO BPeMs Kak
IIepMCKOe HallpaBAeHUe (IIlepeMarHiuyuBaHue) —
B Aualia3oHe OOoAee HU3KUX TeMIlepaTyp. Kpuc-
TAABI @yTUTE€HHOI'O FeMaTUTa (pa3MepoM 1—2 MKMm)
MIPUCYTCTBYIOT B IOPOAE B BUAE IIleMeHTa, BHOCAT
OCHOBHOM BKAaA B SIRM (cm. puc. 6) c AeOAOKUDPY-
OIIIeN TeMrepaTypoi okoao 680 °C. B To ke Bpe-
Mf TeMIlepaTypHoe pa3maranuuBanue EOH on-
PeAeAsieT CIeKTp OAOKUPYIOUIUX TeMIIepaTyp B Ala-
nasone 530—630 °C u BOAusu T remarura. Pe-
3YABTATHI TeCTa AOypPU TaK’Ke YKa3bIBAIOT Ha ABa
AMAIa3oHa OAOKUPYIOLIUX TeMIIEPATYpP (CM. PUC.
10), a kpuBHble HackhIeHnd IRM — Ha IpPUCYTCT-
BUe€ ABYX (MHOTAQ TPeX) KOMIIOHEHT OCTaTOYHOM Ha-
MarHUYeHHOCTHU, KOTOPhIE CBSI3aHbI C PA3HBIMU 11O
KOAPIUTUBHOCTU MUHEpPaAaMu (CM. puc. 8, r).
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Hecmotpst Ha To, uTo T HT-KOMIOHEHTEI (0KO-
A0 600 °C) 6An3Ka K T MarHeTUTa, BEICOKAs KO-
9PIUTUBHOCTDH UCKAIOYAET MarHeTUT UAM Marre-
MuT. Toraa HauboAee TOAXOAAIINIM KaHAMAATOM SIB-
ASIeTCSI BTOPUYHBIN MEAKOAVCIIEPCHBIY TeMaTUT,
IIPHCYTCTBYIOUINY B IOPOAE B BUAE IIMT'MEHTA (Kpac-
HOTO IIBETA).

Kpome npucyTcTBHUSA B KPACHOIIBETaX HECKOAE-
KUX TeHeTUYeCKUX (DOPM reMaTuTa C pa3AnyHbI-
MM OAOKHMPYIOIIUMU TeMIIEPATypPaMK, aHAANS KPU-
BBIX HaBepAeHHOU B oOpasnax IRM u ee mocaepy-
IOIIero pa3MarHuYuBaHUs [lepeMeHHBIM MarHuT-
HBIM IIOAEM (CM. PHUC. 8) yKa3bIBaeT Ha IPUCYTCT-
BHe HEOOABIIIOTO KOAMYECTBA MarHUTHO-MATKOTO
MMHepaAa. ITO MOKET ObITh HEMACHTU(DUIINPOBAH-
HBIM OKCHA >Keae3a B U3MeHEHHBIX 3epHax XAO-
puTa, GOPMUPYIOLUIUNCS IIPA BTOPUYHBIX IIpOIlec-
Cax B KPACHOIIBETaX, U C HUM MOJKeT OBITb CBS-
3aHa HauMeHee CTaOMABHAs KOMIIOHEHTa HaMar-
HUYEHHOCTH, He UMelollas 3HaUeHUS AN HAIlIUX
IIaA€OMarHUTHBIX IIOCTPOEHU.

B pesyabraTe, MCXOAS UX ITIOAYYEHHBIX AGHHBIX,
MEeXaHM3M 0Opa30BaHUSA HAMArHUYEHHOCTH B Kpac-
HOIIBETAX MOJKHO IIPEACTABUTH CAEAYIOIINM 00pa-
30M. [Tpu nocTynAeHHuU B BOAOEM MEAKUX TEPPHU-
TreHHBIX 3epeH reMatuta popmuposarac DRM /
PDRM — nnepBrYHas OCTaTOYHAs HAMAarHU4EHHOCTD
KpacHOIIBETOB. Aaaee B IIpOIecce AMTOreHe3a IIpo-
HCXOAMAA MapTUTH3AINS U OCa’KAEHME JKeAe3UC-
TOTO LleMeHTa MeXXAy 3epHamu. [Tpu aTOM HOBO-
00pa30BaHHbBIE MaTHUTHbIE MUHEPAABI SIBASIOTCS
HOCUTEASIMY BTOPUYHOM ""paHHeN XUMUIeCKON Ha-
maranuenHoctu (CRM), copmupoBasiienics He-
HaMHOro nnospaee DRM /PDRM (B reorornueckom
MaciTadbe BpeMeHU ) U (DUKCUPYIOIIEN TaKOe JKe
IIaAeOMarHUTHOe HallpaBAeHHe, KaK U IepBUYHasa
OCTaTOYHad HaMarHW4eHHOCTD (OTMETHM, 9TO 3AeCh
ABTOPBI He KaCaloTCs BOIIPOCa BO3MOKHOM "OImo-
KU HakAOHeHUA" B DRM). AaabHelIue nponec-
cbl hopMupoBanusa “1mo3pHer” CRM mMorau mpo-
AOAKATBCS AOCTATOYHO AAUTEABHOE BpeMd. OHU
PEryAuPOBAAUCH BAUSTHUEM OKMUCASIONIUX (DAIOH-
AoB 1 HaamureM Fed ', uTo mprBOAMAO K TPOAOA-
SKUTEABHOMY (DOPMUPOBAHMIO BTOPUYHBIX MEAKIX
3epeH remMaTuTa. B TeueH1e nepMu permoH, Bepo-
SITHO, OBIA IIOABEPTHYT IIOCT-BAPUCIUNCKOMY BO3-
AEUCTBUIO (DAIOUAOB, YTO YCKOPHUAO (hOpMUPOBaA-
HIEe MEAKO3epPHUCTOTO reMaTuTa U YABTPATOHKO-
IO IUI'MEHTQ, U B 3TO Ke BpeMs Ha4aAuCh (An0O
AKTUBU3UPOBAANCE) IIPOLIECCHI XAOPUTH3ALIAYN OUO-
TuTa. B pe3yabraTe NOSBUANCE HOBOOOPA30BaHHBIE
MarHUTHBIE MUHEPaAbl, B YaCTHOCTH 3€PKAAbHBIN
TeMaTUT BHYTPH XAOPUTOBBIX 3€PeH, C KOTOPHIM CBsI-
3aHa BTopuuHas, "mo3pHsgs"” CRM.
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Takast MOCAeAOBATEABHOCTD IIPOIIECCOB IIepe-
MarHUYWBAHUS COTAACYeTCsI C TEPMAAbHOM UCTO-
puelr HI>KHeITaAe030MCcKuX ropoa, [Topoanu, onm-
ceIBaeMoii B [Srodon et al., 2013]. Ha ocHOBe paH-
HBIX II0 AU(DPAKIIUKM PEHTTEHOBCKUX Ayuelt, K-Ar
AATUPOBaHMS, TPEKOBOTO aHaAMu3a anatuTta (AFT)
U IIPOLIEHTHOT'O COAEP KAaHUSA CMEKTUTA B CHUCTEe-
Me "MAAUT-CMEKTHT' aBTOpHI paboT! [Srodon et al.,
2013] IpUIIAY K BEIBOAY, YTO CUAYPUUCKUE U HIDK-
HEeAEeBOHCKHE OTAOKeHUs [TopoANY IIpH 3aX0po-
HEHUHU ITIOABEPTaAUCH AareHe3y C MaKCUMaAbHBI-
mu Temnepatrypamu A0 200 °C (6BIAM TOAHSITEL C
rayonnbr 5—10 kM Mexxay 300 1 100 MAH AeT Ha-
3aA B IPEATIOAOKEHUH O BO3MOKHEIM AMalla30He
reoTepManbHBIX TpapneHToB oT 40 Ao 20 °C/xrm).

[Tponecchl AmareHe3a AeBOHCKUX U KapOOHO-
BBIX OCAAOYHBIX TOAILL [TOAOAMH, TIOAOTO HOTPY-
>xaromuxcd mop Kapnatel, ObIAM CcBg3aHBI ¢ 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-
HBIM K-Ar MeTopa) oTHOCHTCA K 300 MAH AeT Ha-
3ap [Srodon et al., 2013], 9To XOPOIIO COrAacyeT-
Csl C IOAOYKEHUEM IIOAI0Ca, PACCYUTAHHOTO IO Ha-
npaBAaeHnio HT-KoMIIOHEHTH!, BOAM3U DparMeH-
Ta TKMIT atoro ke Bo3pacTta (cMm. puc. 12).

Hauwnnasg c mo3aHel nepMu paccMaTpuBaeMas
TEPPUTOPUS IIOABEPraraCh BAUSHUIO TAYOMHHBIX
IIPOIeCCOB TEKTOHOMarMaT4eCKOU akKTUBU3AlUN.
[TponcxoAUAU AOKAaAbHBIE MarMaTUueCKHe BHEA-
peHuUs B HU>KHIOIO U CPEAHIOIO YaCTh KOPEI C 00-
pa3oBaHueM MarMaTU4eCKuX KYIIOAOB Ha TAyOu-
Hax mopsaka 5—10 KM, Hap, KOTOPBIMU pacIioAa-
TaAUCh TUAPOTEPMaAbHEIE cUcTeMEI [['opArieHKO
u Ap., 2012]. AkTuBHU3anys (GAIOUAHBIX IIPOIIeCCOB
CIIOCOOCTBOBAAA TEPMAALHOMY U XUMUTUECKOMY IIpe-
00pa3oBaHUIO OCAAOUYHBIX TOAILL 1, KAK Pe3YABTAT,
00pa30BaHUIO BTOPUYHBIX MUHEPAAOB JKeAae3a —
HocuTeaelrt EOH, ¢ koTophIMU CBSI3aHa BTOPUYHAS,
"TIlepMcKas’ KOMIIOHEHTa HAMarHU4eHHOCTH.

Be1BOABL. 1. [To pe3yabTaTaM ITaA€OMarHUTHBIX
UCCAEAOBAHUU KPACHOIIBETHBIX OTAOKEHUM HUK-
Hero AeBoHa [Topoaun (AHeCTpOBCKas cepud, yc-
TEYKOBCKAasl CBUTA) IIOMUMO BA3KOM (COBPEMEHHOH,
Aa00PaTOPHOM) BHIAGASTIOTCS ABe KOMITOHeHThI EOH.
[TepBag, HT-KoMIIOHEHTa, BEIAEASIETCS B AUAIa3o-
He Temnepatyp ot 150—200 a0 530—630 °C, ume-
€T I0T0-I0T0-3allapAHOe CKAOHEHUEe U OTPHULIATEAD-
HOe HakAnOHeHUe. [TaaeOMarHUTHBIN [TOAIOC, PaC-
CUUTAHHBIU II0 CPEAHEMY HAIIPaBAEHUIO 3TOM KOM-
moHeHTHI (47 °S/351,5°E), nomapaeTt Ha epMCKU
cermeHT TKMIT pana Baatuku / CtabuabHoM EBpo-
sl [Torsvik et al., 2012]. Bropasg BT-koMmmioHeHTa
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BBIAEASIETCS TPU 60Aee BEICOKUX TeMIlepaTypax B
AmarasoHe oT 590—610 Ao 690°C, umeert roro-3a-
TIaAHOE CKAOHEHUE U IIOAOKUTEABHOE HaKAOHEHUE,
SIBASETCS] XapaKTepPUCTUYeCKON KOMIIOHEHTOM OC-
TATOYHOU HAMarHUYE€HHOCTHU, PACCUMTAHHBIN 110
Hel ITaAeOMarHuTHBIN moAtoc (2,3 ©S/338,4 °E) Ts-
roTeeT K AeBOHCKOMY cerMeHTy TKMIL

2. 3a popMupoBaHTe 00eMX KOMIIOHEHT HaMar-
HUUYEHHOCTU OTBeYaeT reMaTUT Pa3HoTO reHe3u-
ca. XapaKTepucTU4ecKast KOMIIOHEHTa HaMarHu-
yeHHOCTH (ChRM) uMHTepnpeTupyeTcs Kak Iep-
BHUYHAsI, Ha UTO YKa3bIBaeT CAeAYIOlee: a) ee HO-
CUTEAEM SIBASIOTCS aAMOTUTEeHHBIE 3epHa reMaTh-
Ta, U TOTAQ IPUPOAA HAMAarHMYeHHOCTU CEAUMEH-
TarmoHHas (DRM); 6) o mocrepHEM KOCBEHHO CBU-
METEABCTBYET Pe3yAbTaThl aHaan3a AMB, Tunmg-
HOM AAST 0CAAOYHBIX CTPYKTYP; B) HE UCKAIOYAET-
cs1 popMUrpoBaHUe "paHHeN" XUMUYEeCKOM Hamar-
HWYEHHOCTH, KOTOPasl Tak)Ke OTpa’kaeT HallpaBAe-
HUe "AeBOHCKOI0" IIOAd, T. €. BpeMs ee POPMHUPO-
BaHUs (B TEOAOTUYECKOM MacIirTabe) CHHXPOHHO
DRM; r) ee HaIpaBAEHUE COBIIAAAET C HUJKHEAE-
BOHCKMMH ITOAIOCAMHU ITAaA€030MCKOTO CerMeHTa
TKMIT anst Baatuku / CtabuabHOM EBpONIEL.

3. HammpaBaenune ChRM B KpacHOIIBeETaX XOpPO-
III0 COTAQCYeTCsI C paHee IIOAyYEHHBIMU B 3TOM pPa-
MOHe TaAeOMarHUTHLIMU HalTPaBAEHUSIMU TI0 HYDK-
HeAeBOHCKHM KpacHouseTaM [Smethurst, Khramov,
1992] 1 110 CEpPOLBETHBIM OTAOKEHUSIM THBEPCKOMU
cepum HUXKHero AeBoHa | baxmyTos u Ap., 2012].
[MTocaepHVIE CYIIIECTBEHHO OTAMYAIOTCSA OT KPACHO-
IIBETOB AHECTPOBCKOU CEpPUU KaK I10 (haruarbHO-
My COCTaBY, TaK M 10 MAarHUTHBEIM MUHepanraM. Ho-
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baaroapapHocTbh. PaboTa BEIIOAHEHA B paMKax
YkpauHCcKo-TIoABCKOTO IPOEKTa O HAyYHOM COTPYA:
HUYeCcTBe MeXAy HarnoHaapHOM AKapeMuel Ha-
YK YKpauHbl 4 [ToAbCKOM AKapeMuel HayK.

C rAyOoKuM IpUCcKOpOHUeM cooOlIIaeM, 9YTo BO
BpeMs 3aBeplIeHns AQHHOU pabOoTEl OT HacC Oe3-
BpeMeHHO yiea AeoHup MBaHoBuY KoHCcTaHTH-
HEHKO — M3BECTHBIU I'eOAOT, cTpaTurpad u na-
AEOHTOAOT, HEIIPEB30OMAECHHBIN 3HATOK OIIOPHOT'O
pa3pesa BeHA — MaAe030MCKUX OTAOKeHuM Cpea:
Hero AHecTpa. OH BHEC HEOLIEHUMBIU BKAAGA B reo-
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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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