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Annomauus. I1pyBesieHbI pe3y/IbTaThl IaJIeOMarHUTHBIX 1 IeTPOMAarHUTHBIX MCCIeOBaHMII [BYX BepPXHEIOPCKIX
ocafioyHbIX paspe3os Pycckoit mmuter: [Tounnku (Hikeropopckas o6macts) u [Iyéposckoe (pectiy6mka Mopposus).
IToponpl M3y4eHHBIX Pa3pe30B JeMOHCTPUPYIOT I1a/I€OMAaTHUTHYIO 3aIIJCh XOPOILETro KauecTBa, YTO O3BO/INJIO IIPOBe-
CTVM KOMITIOHEHTHBII aHa/IM3 ¥ BBIYVMCTIUTD CPeHNe ITa/leOMarHU THbIE HaIlpaB/IeHN A XapaKTepUCTIIeCKO KOMITOHEHThI
HaMaTrHMYEeHHOCTH. Pe3ynbTaThl KOMIIOHEHTHOTO aHa/IN3a, HeTPOMATHUTHBIX MCCIEIOBAHNIT I MUKPOCKOIYECKOTO
U3y4eHMs IOPOJ, CBUAETENbCTBYIOT O BTOPUYHOI IIPMPOJie XapaKTePUCTUIECKO KOMIIOHEHThl HaMarHM4YeHHOCTH,
CBA3AHHYIO C 3aMelleHneM HpaMOOMIHOrO NMMPUTA MATHETUTOM Ha STalle MO3/JHETO AMareHe3a, YTO MCK/II0YaeT BO3-
MO>KHOCTD IOCTPOEHM KOTIOHKM MarHUTHOJ MOIAPHOCTU U3yYeHHbBIX Pa3pe3oB.

Kntouesvie cnosa: 1opckast cucrema, Pycckast Iinra, eTpoMarHeTi3M, MeTAXPOHHOE IlepeMarHnunBaHme, Gppam-
OOU/IHBII TVPUT

Hns yumuposanus: Jlaovieuna JLA., @emucosa A.M. IlaieoMarHe T3M BEPXHEIOPCKIX IIOPOJ LIEHTPaIbHON YacTH
Pycckoit mntst: paspesst [Tounnkn u Jlybposckoe // Bectr. Mock. yu-Ta. Cep. 4. Teomorust. 2025. Ne 6. C. 132-146.

PALEOMAGNETISM OF UPPER JURASSIC ROCKS OF THE CENTRAL PART
OF THE RUSSIAN PLATE: POCHINKI AND DUBROVSKOYE SECTIONS

Liubov A. Ladyginalg, Anna M. Fetisova®

Lomonosov Moscow State University; Schmidt Institute of Physics of the Earth RAS; Geological Institute RAS, Moscow, Russia;
ladurfin@gmail.com™

* Lomonosov Moscow State University; Schmidt Institute of Physics of the Earth RAS, Moscow, Russia; anna-fetis@ya.ru

Abstract. The article presents the results of paleomagnetic and petromagnetic studies of two Upper Jurassic sedi-
mentary sections of the Russian Plate: Pochinki (Nizhny Novgorod Region) and Dubrovskoye (Republic of Mordovia).
The rocks of the studied sections demonstrate a good quality paleomagnetic record, which made it possible to carry out
a component analysis and calculate the average paleomagnetic directions of the characteristic component of magne-
tization. The results of the component analysis, petromagnetic researches and microscopic study of the rocks confirm
the secondary nature of the characteristic component of magnetization associated with the replacement of framboid
pyrite by magnetite at the stage of late diagenesis, which excludes the possibility of constructing a column of magnetic

polarity of the studied sections.
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BBepenne. Maruuroctparurpaduyieckie nccuemro-
BaHNA IOPCKUX OTIIOXKEHUI eBpoIeiickoit yactu Poccun
HPEJICTAB/ISIIOT OCOODIN MHTEPEC B CBS3U C IIPO6IeMOoit
HaJIeKHON KOPPEALUYU TeTUYeCKUX (HU3KOIIMPOTHBIX)
1 6opeanbHBIX (CpefiHe- U BBICOKOIIMPOTHBIX) pa3pe3oB
aToro Bo3pacra. [IpumeHeHune 6noctparurpaduaeckoro
MeTOJa I PeUIeHN: 3aJjad MEeXPErrMOHaIbHOM KOP-
persuuy B 9TOM CTpaTUrpaduueckoM MHTEepBae BO
MHOTUX C/Ty4asdX 3aTPySHEHO M3-3a BBICOKOI CTENEeHN
NpOBMHIMAMM3MA (ayH U, COOTBETCTBEHHO, OTPaHU-
YEHHOTO reorpaduyeckoro pacnpoCTpaHEeHMsS PyKO-
BopALIMX GopM. B aT0I1 CBSI3M BecbMa MepCIieKTMBHBIM
BUIUTCS MICTIO/Ib30BaHMe MATHUTOCTPATUTPadUIecKOro
METOJIa, KOTOPBII ABJIAETCs He3aBUCYMbBIM MHCTPYMEH-

TOM KOPPE/IALNY OCAZOYHDIX TOJIII, IPMHAIIEKAINX
pasHbIM maneobmoreorpaduyeckum obmactsam. Ha-
JIYMe JeTaqbHO pa3pabOTaHHOI IIKaIbl MAaTHUTHOI
HO/IAPHOCTY A1 Iopckoro BpeMenn [Gradstein, et al.,
2020] ompepensgeT NPUMHIVINANIBHYI0 BO3MOXXHOCTD
KOppe/ALMY C Hell KOJJOHOK MarHUTHOM IO/IAPHOCTH,
HOTY4eHHBIX JIsI KOHKPETHBIX pa3pe3o0B.

CaefieHNA 0 TajleOMarHeT3Me I0PCKIX OT/IOKEeHMIA
Pycckoit mnTsl pparMeHTapHbl, OHY U3y4deHbl B Hyok-
HeM 1 CpenHeM [loBO/mKbe U COIpeNe/IbHBIX pailoHaX
[Ty>xmkos, 2004; T'y>xukoB u mp., 1999, 2010; [Isr06a
u gp., 2017; Manukus u gp., 2020; MonocToBcKuit,
Epemun, 2008; MonocroBckuii u fip., 2004; ITnmenos,
2008; ITnmeHoB u f1p., 2009; Poros u ap., 2009; Kiselev,
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Puc. 1. MectopacnonoxeHye paspe3oB Ha ¢pparMeHTe reoJIornIecKoil KapThl LeHTPaIbHOI YacTu Bocrouno-EBpomnerickoit mnar¢opmpl
1o [TocymapcTBenHast..., 2018] ¢ ymporgeHusamm Tonorpadudeckoil 0CHOBBI

et al., 2013]. Ba)xHO OTMETHUTD, YTO B IEPEUNCICHHBIX
yO/IMKALVAX JAHHbIE O MATHUTHOI HO/IIPHOCTY IOPOJ,
IOPCKOTO BO3pacTa HepefKo IOy4eHbl 0 obpasiam
KepHa CKB@KIH, YTO OTPUIATENTbHO CKa3bIBAaeTCA Ha
HaJIe©)XHOCTY MATHUTOCTPATUTpapIIeCKIX UCCTIei0Ba-
Huit. [TpakTiyecKy Hen3ydeHHbBIMU OCTAIOTCA I0PCKIe
paspe3bl ceBepHbIX (pecry6nuka Komu) 1 ieHTpanbHbIX
(MockoBckast, Bragumupckas, Koctpomckas ob6macti)
peruonoB Poccyn. Takum 06pas3oM, majeoMarHUTHbIE
UCCTIeIOBAaHNA HOBBIX Pa3pe3oB IOPCKUX OCATOYHBIX
tomu Pycckoit mauTel BocTouno-EBponerickori mat-
¢$opMBI, BBIIIOTTHEHHbIE Ha COBPEMEHHOM MeETO/IYe-
CKOM ypOBHe, SIBJISIIOTCSI aKTYa/JbHBIMU U TTO3BOJIAT
CYILIeCTBEHHO HPOJBUHYTHCSA B PEIIEHUU IPOOIeMbl
6opeaTbHO-TETIYECKOI KOPPEIALNN M YTOYHEHNIO
COOTBETCTBYIOLIEro MHTepBana OOIelt MarHUTOCTpa-
TUTPadUIeCcKOl IIKaJIbL.

[l TOZTyYeHsI HOBBIX ITaJIEOMarHUTHBIX JAHHBIX
II0 BEPXHEIOPCKOMY MHTEPBATy LIEHTPAJIbHON 9acTI
Pycckoit mmnTbl HaMy ObUIM MCCIeOBAHBI IBa paspe-
3a. Paspes Jly6posckoe (pecybmmka Mopprosus) Obin
o6napyxeH A.II. Vnnomurossim (ITTH PAH) B 2018 1.
[A.ILl. Minnonutos, ycTHOe coobuenne]; paspes Ilo-
uynHKY (Huxeropopckas 06actp) BriepBble yIOMSIHY T

B pabote [Mémnep, 1975]. KommnekcHoe nccinegoBaHue
yKa3aHHBIX Pa3pe30B C IeJIbI0 YTOYHEHUA CTPOCHMS
BEYKYCCKOJI CBUTBI B TUIIOBOJ MECTHOCTM OBLIO IIPO-
BefieHo 1107, pykoBoacTBoM M.A. Porosa (I'IH PAH).
[TogpobHOe onumcaHye 060UX pa3pesoB, a TAKKe Ipef-
BapUTe/TbHbIE Pe3y/IbTaThl MX OMOCTpaTUTpadUIecKoro
pacuiieHeHUsI U CBEleHUsI O PacCIpPOCTPaHEHUN B HUX
TOJIOBOHOTUX M JIBYCTBOPYATBIX MOJUTIOCKOB HeJJaBHO
Opm ony6MKoBaHbl B paborte [Poros u ap., 2025];
B HACTOSIIL[EM MCCIIEOBAHNI MbI IPUJIEP)KIBAeMCsI CXe-
MBI pacWIeHEeHNs pa3pe3oB, IPUBOANMON B YKa3aHHO
BBIIlIE CTAThe.

Jna Hafe>)XHOTO MCIIONb30BAHUSA PE3y/NIbTATOB
MAarHUTOCTPATUTPapUUeCcKUX UCCIeOBaHNI He00X0-
AVIMBIM YC/IOBYEM ABJIAETCSA 00OCHOBaHNME BO3pacTa
KOMIIOHEHT eCTeCTBEHHOI OCTAaTOYHOI HaMarHWYeH-
Hoctu (EOH). B manHoit paboTe mpencTaBieHbl pe-
3y/IbTATHI I1ajJIe0- U IEeTPOMATHUTHBIX VICC/IEJOBAHNIT
BEPXHEIOPCKUX MOPOJ, MOPCKOTO TeHe3MUCa, UMEIOIINX
okchOp/-KUMEPUIKCKIIT BO3PACT, @ TAaKXKe MPUBO-
ISITCS CBeTIeHMsI O BpeMeH BOSHUKHOBEHVSI M TPUPOJie
XapaKTepUCTUIECKON KOMIIOHEHTbI HAMarHMYeHHOCTH.

O6bexThl MccnegoBanmit. Paspes [lounnkn
(54,688540°N, 44,893221°E) pacmono)eH Ha IPaBOM
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Puc. 2. ®ororpaduu paspesos Ilounuku (a) u [Iybposckoe (6)

6epery pekn ITomanagka B 2,3 KM K I0T0-BOCTOKY OT
cena [Tounnku Hykeropopckoit obnmactu (puc. 1; 2, a).
MHorouncneHHble HaXO[[KM aMMOHUTOB JalOT BO3-
MO>KHOCTb HaJIe)KHO 000CHOBAaTh BO3PACT M3Y4YEHHOTO
cTparurpaduyeckoro nHTepsana. Husbl paspesa, oT-
HOCsIMecs K CpefHeMY Ke/UIOBeI0, He OblIi onpo6o-
BaHbBI B [TaJ/IECOMATHUTHOM OTHOIIEHUN M3-3a IUIOXO
obHaxeHHOCTHU. bosee BbicOKMe yacTu paspesa (co
cnos 11) orHocATca K 30Ham Alternoides, Serratum
u Regulare-Rozenkrantzi, u mpencrapsior co6oit Bepx-
HeoKCc(OpACKMit MHTEPBal BEYKYCCKOI CBUTHI [Poros
W 1p., 2025]; MMeHHO OHY 1 OBLIM OIIPOOOBAHBI /IS ITPO-
BeJleHMA T1a/IeOMarHUTHBIX UCC/IeOBaHNIL. MOIHOCTD
onpo6OBaHHOTO MHTepBana coctaBuaa 9 M. Paspes
CTIOKEH B OCHOBHOM CEpbIMU 1 O€XeBbIMU ITIMHAMIU,
MAaCCYBHBIMIY U METIKOOCKOJIbYATBIMIA, C IIPOCTIOEM Mep-
reisd B HypKHel yactu (cmoit 11), ¢ MHOTOYMC/IEHHBIMU
ropusoHTaMu ¢GpocaTHO-KapOOHATHBIX KOHKPELMIL.
3ajleranue MOpoJ TOPU30OHTANIbHOE.

Paspes Jly6poBckoe (54,656356°N, 45,415156°E)
pacronoxeH Ha mpaBoM 6epery pexu Viccepa B 630 M
K ceBepo-3amany ot fepeBHu [lyoposckoe (Vukamos-
CKUII paitoH, pecny6nmmuka Mopposus) (puc. 1; 2, 6).
[TocnenoBaTeIbHOCTD 30H U OMOTOPM3OHTOB B pas-
pese oIpefeneHa 10 aMMOHMTAM: HYDKHAS, BEpPXHe-
okcdoppcKkas 4acTh, OTHOCUTCA K 30HaM Serratum
u Regulare-Rozenkrantzi, fanee BCKpbIBalOTCsI 30HBI
Bayeli 1 Cymodoce HyXHero KuMepuypKa, a TAK)Ke HI3bI
3oHbI Mutabilis BepxHero kuMepuma, OTHOCSIINECS
K BEYKYCCKOJ ¥ HOBMKOBCKOJI cBUTaM [Poros u fip.,
2025]. O6urast MOIHOCTD pa3pesa cocTapset 12 m. O6-
PasLibl LA ITa/IEOMarHUTHOTO U3YYeHVS OTOMPAIICD 13

Ka)X0ro c10s1. Onpo6oBaHHbIE TOPOAbI ITPEICTABICHB
TOPU3OHTAIBHO 3aJIETAIOIUMY OEeXEeBBIMI U CephIMU
IJIMHAaMU, B PAa3HON CTeIeHM OMOTYpOMpPOBaHHBIMIMA,
¢ 60/IBIINM KOTMYEeCTBOM TOPU3OHTOB (POCHPOPUTOBBIX
u pocdaTrHO-KapOOHATHBIX KOHKPELMIL.

OmnonsHeBble MpOIECChl, YacTO BAMAIOLINE Ha pe-
3y/IbTAThI IIa/IEOMAaTHUTHBIX ONpefe/IeHNI 110 I0PCKIM
OTJIOKEHUAM [Fy>KMKOB, 2004; ITumenos, 2008] B pas-
pesax ITounnku u JlybpoBckoe HaMM He OTMEYEHBI.
ITopoppl 3ajeratoT B HOpMaIbHO CTpaTurpaduieckon
MIOCTIe0BATeIbHOCTY, TOPU3OHTAILHO U IIPOC/IEXNBA-
I0TCSA BIOJIb CKJIOHA HA JIeCATKI-COTHU METPOB.

Meropuka uccnegoBanuit. OT60p MmasreoMarHuTHOM
KOJUIEKIIMY TIPOM3BOAMIICA U3 eCTeCTBEHHBIX OOHaXKe-
HUI, ITY(}BI OPUEHTUPOBAINCH TOPHBIM KOMITACOM 10
crangaptHoit metonuke [[laneomarauronorus, 1982].
ITockonbKy OpOAbI B 0OHaKEHMSX OBUIN BIIQXKHBIMIA,
9TOOBI M30€XaTh UX PACTPECKMBAHYISA PV BHICBIXAHUM,
cpasy nocie orbopa MmWTYyPbl OKYHAIUCh B FOPAYNI
napaduH. 3aTeM 13 HUX Ha KAMHEPEe3HOM CTaHKe ObLIN
BBIIIVJIEHBI 00pasIbl Kyoudeckol popmsl ¢ pebpoM 2 cMm
JISA JanbHeMmmx usmepenuii. VI3 paspesa Ilounnku
6b11 0TO6paH 61 Ty (82 MaseoMarHUTHHIX 06pasia),
u3 paspesa Jlyoposckoe — 170 mrydos (289 obpas-
nos). ITompaBka Ha MeCTHOe MarHUTHOe CK/IOHEHMe
BBOAMIach cormacHo mogenu IGRF-14: ona cocTaBmia
12,8° n 12,9° mna paspesos Ilounnku u JJybpoBckoe
COOTBETCTBEHHO.

JTabopaTopHbIe McciefoBaHus MajeOMarHuTHON
KOJ/UIeKLMM IpoBoAnInuch B Jlaboparopun ImaBHOrO
reoMaTrHUTHOTO MojA U nerpomarHetusma Md3 PAH
(r. Mocksa) Ha o60opynoBanvy LIKIT (LleHTp KOMIeKTUB-
Horo nonb3oBanns) VO3 PAH [Veselovskiy, et al., 2022]
¥ BKJIIOYA/IV B ce0s1 M3MepeHe aHN30TPOIINY MarHnT-
Hoit BocnpunmunBoct (AMB), HOpMMUpOBaHHOI Ha
Maccy obpasiia MarHUTHOI Bocnpunmunsoctu (MB),
TeMIIepaTypHOI 3aBYICMMOCTY MarHUTHOI BOCIIPUIIM-
YYBOCTH, U3MEPEHNe TapaMeTPOB IIeTe/Ib TUCTePe3Ica,
a TakyKe IIPOBefleHNe MAaTHUTHBIX YJICTOK TEMIIEPATypoil
U IIepeMEHHBIM MaTHUTHBIM IojieM. [I19 yTouHeHus
COCTaBa MarHUTHBIX MUHEPAJIOB /I Hanbosiee mpefiCcTa-
BUTE/IbHBIX 00Pa31[0B OBbUIN BBIIIOTHEHBI MICCIIEIOBAHMA
Ha CKaHMPYIOIeM 37IeKTPOHHOM MUKpockore (COM).

AHU30TpONNA MAaTHUTHONM BOCIHPUMMYMBOCTU
U TeMIlepaTypHas 3aBUCUMOCTb MB msmepsanuch Ha
kanmabpumxe MFK1-FA ¢ npucraskoit CS-3 (AGICO,
Yexns) B MarHuTHOM 11071e 200 mmm 300 A/M B BO3-
OYIIHOI cpefle. MakcuManbHas TemMIepaTypa Harpesa
cocrasyana 700 °C, ckopocth HarpeBa — 13 °C/MuH.
Amnanus pesynbraroB usMepenus AMB npoussopuics
C IOMOIIBIO IIPOrpaMMHOT0 obecrieyenus Anisoft 4.2,
a aHa/jKu3 TeMIlepaTypHOU 3aBucuMocTu MB — B nipo-
rpamme Cureval8. ViccrenoBaHie KOSpUUTHBHBIX ITapa-
METPOB BBIIIOJTHATIOCH C TIOMOIIIbI0 BUOPOMAarHUTOMeTpa
(VSM) PMC MicroMag 3900 (Lake Shore, CIIIA).

VIsmepeHme ecTeCTBEHHON OCTAaTOYHON HaMmar-
HuvyenHoctu (EOH) n pasmarumumBaHme o6pasios
IepeMeHHbIM MAaTHUTHBIM I10/IeM HPOBOAUINCDH Ha
kpuorenHoM marautoMerpe SQUID (2G Enterprises,
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Puc. 3. Paspes IIounMHKM: @ — BeMYMHA YAETbHON MarHUTHON BOCHPUMMYUBOCTY, 6 — Be/IMYMHA YIE/IbHOI €CTeCTBEHHOI OCTATOYHON

HaAMarHM4€HHOCTU, 8 — CKJIOHCHIE XapaKTepMCTM‘{GCKOﬁ KOMITOHEHTBI HAMAarHM4Y€HHOCTU, ¢ — HAK/IOHCHE XapaKTepI/ICTI/I‘-IeCKOﬁ KOMIIO-

HEHTBI HAMaTHIYeHHOCTIL. 3e/IeHbIM ITI0Ka3aHbl COBPeMeHHbIe 3HaUeH IS CKTIOHEHNs VI HAK/IOHEeHsI. YCTIOBHbIe 0603HadeHus 110 [Poros u fp.,
2025]: 1 — rnuHa, 2 — Meprenb, 3 — 6norypbanyn, 4 — CTpoOMaTonuTsl, 5 — ocdarHo-kapOoHATHBIE KOHKpernn, 6 — docdopuroBas
rajIbKa, 7 — >Ke/Ie3JCThIe OOMUTDI, 8§ — I'a/IbKMU Y BaJIyHbI OOJIMTOBBIX Mepreyieli CpeHero Keosest, 9 — KpyIHbIe paKOBMHBI aMMOHUTOB.
IIBeT Ha KOJIOHKE COOTBETCTBYET €CTECTBEHHOMY LIBETY IIOPOZBI B 1Iypde

CIIA) c mpucTaBKO¥ /151 aBTOMATIYECKON Oaun 00-
pasuoB. Bbu1o BpINOIHEHO 19 Iar0B pa3sMarHMYMBaHuA,
MaKCHMaJIbHas aMIUIMTY/A IepeMEeHHOTO IO/ COCTa-
Buna 90 mTi1. TemneparypHas MarHUTHas YMCTKA BbI-
MOMHANIACh B HeMarHUTHoI meun MMTD48 (Magnetic
Measurements, AHIINA): MaKCMMa/IbHAs TeMIepaTypa
HarpeBa cocTasuna 590 °C, mar HarpeBa COCTaBJIAN
ot 50 go 10°C. O6paboTKa pe3yn1bTaTOB MarHUTHBIX
YMCTOK ITPOBOAM/IACH TPV OMOLIY [IPOTPAMMHOTO 06e-
cieuenust PMGSC [Enkin, 1994] u PMTools [Edpemos,
Becenosckmit, 2023]. [Ins BeIfjeNieHUsT HalpaBIeHMI
XapaKTepUCTUYeCKOI KOMIIOHEHThI HAMarHMYeHHOCTH
(ChRM) 6b11 ipOBefieH KOMIIOHEHTHBIIT aHA/IN3 METO-
mgom rmaBHbIX KommioHeHT (PCA) [Kirschvink, 1980].
Taxoke, I pasfeneHns CIeKTPOB OTOKMPYIOIINX
TeMIIepaTyp BbICOKO- 11 HUSKOKOIPLUTUBHBIX MIHEPa-
JIOB, Ha ceMM 06pasiiax ObUI IPOBEEH TEPMOMArHNT-
HBIT aHanmu3 o Metopuke [Lowrie, 1990]. O6pasist
HAMarHN4/Ba/IICD B TPeX B3aVIMHO ITePIIeHAVKY/IIPHBIX
Hampas/eHysax: B nose 0,12 T mo ocn X, 0,40 Tn — mo
ocn Y, 1,20 Tn — mo ocu Z na npubope ASC IM-100
Impulse Magnetizer (CIIIA). 3aTem mnst ZaHHBIX 06-
Pas1ioB Obl/Ia BHIIIO/THEHA [TOLIATOBasi MATHUTHAS YMCTKA
temnepaTtypoit ot 100 1o 600 °C B HeMaTHUTHO €Y.

HVccnemoBannsi MOpQONIOTUU 1 MUHEPATIBHOTO CO-
CTaBa MWIOTHOM TPYNIIbI 00pa3loB Ha MUKPOYPOBHE
MIPOBOAVIINCH C MOMOLIbIO CKaHVPYIOIIErO 37eKTPOH-
Horo mukpockorna TESCAN MIRA IV LMS (Yexus)
¢ 9[1C-perexropom Oxford X-Max 80.

Ilerpomarnetnsm. Paspes Ilouunxu. YoenbHas
MarHuTHasi BOCOPUUMYUBOCTb 00pa3iioB mame-
HiAeTcA B mpepenax or 0,42 x 1077 m’/kr, eg. CU mo
1,03x 1077 m’/xkr, eq. Cl, cpenHee 3HaYeHNME COCTaB-
nset 0,74 x 1077 m°/xT, en. Cl. BenmnunHa ypenbHOI
€CTECTBEHHOJI OCTAaTOYHOJ HAaMarHMYE€HHOCTHU Ba-
pbupyet ot 0,02x10°° A-M*/xr 10 4,41 x 107 A-m*/kr
cpenree — 0,40 x 10~* A-m?/xr. DaxTop Kénnrcbeprepa
TAaK)Ke MEHAETCA B 3HAYUTENbHbIX nTpefenax ot 0,003 mo
0,617, npu cpepnem 3Hadenun 0,066, 4TO XapaKTepHO
IS OCaIOYHBIX TOPHBIX Hopof [[y>xnkoB u ap., 1999].

B pacnpenenenuu MB 1o paspesy Habmogaercs
oIpefieleHHasA GUK/INYHOCTb: CHU3Y BBEPX OHa PacTeT
B 20-0J1 MavyKe, 3aTeM YMEHbBIIAETCSA B BEPXHEN 4acTu
22-011 1 HM3ax 23-€1, I0C/Ie CHOBA PacTeT M YMEHbIla-
eTcsl B BepxHell yactu 23-it mauku (puc. 3). [Iuku 3na-
yeHnit EOH 4ame Bcero mpuypo4eHsl K HOBBIIIEHHBIM
3Ha4eHMAM MB, ofHako Ha yposHe ofHoro cnosi EOH
CIIBHO M3MeH4MBa (pIC. 3), U O-BUANMOMY, ee N3Me-
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Puc. 4. Paspes lly6p013c1<oe: a — Be/IMYMHA Y/Ie/IbHOI MaTHUTHOM BOCIPUMMYMBOCTH, 6 — BeMYMHA YAEIbHOI €CTeCTBEHHO OCTaTOYHOM
HaMarHM4YeHHOCTH, 6 — CKJIOHEHMe XapaKTepUCTUYeCKO) KOMIIOHEHTbl HAMAarHUYEHHOCTH, 2 — HaK/IOHEHMe XapaKTepUCTIYeCKO KOM-
[OHEHTHI HAMAarHNYEeHHOCT. 3e/IEHbIM [TOKa3aHbl COBPEMEHHbIE 3HAYEHMsI CKTIOHEH VST Y HAKTIOHEeHVs1. YCITOBHBIE 0003HAYEHMsI CM. PUC. 3

HEHMA He CBA3aHbI C IUTONIOTMYECKON M3MEHUMBOCTDIO
opoj, paspesa.

Paspes JIy6posckoe. 3HaueHNs y[eNbHON Mar-
HUTHOI BOCHPUMMYMBOCTY KONEOMIOTCA B Ipefienax
ot 0,12 % 107”7 MS/KI‘, eq. CU mo 1,58 x 107 ™ /KT, ef.
CH, co cpepHuM, 6MM3KMM B TaKOBOMY B paspese
ITounmuxkm — 0,75 % 1077 MS/KI‘, en. CVI. YoenbHas ecte-
CTBEHHAsl OCTAaTOYHAs HaMarHMYEeHHOCTb MEHAEeTCs
ot 0,02 % 107 A-m¥/xr mo 4,70 x 107° A~M2/1<r, cpenHee
3HaueHMe cocrtannsgeT 0,22 X 107° A~M2/KI‘. B BepxHeit
vacTy paspesa (15-19-s maukn) sHavenuss EOH sHaun-
TE€JIbHO BbIIIIE, YeM B IOACTMIAIONNX C/IOAX, M MMEOT
6onpummit pasmax. MuHMManbHOe 3HayeHMe Qakropa
KéHMrc6eprepa pasHO 0,004, MmakcumanbHOoe — 0,295,
cpegHee — 0,035.

3aKoHOMepHOCTHU pacipefeneHnsas MB BoipaskeHbI
3HAUNTENIbHO XY)Ke, YeM B paspese Ilounmnku, ogHako
B MHTEpBaJIe OT IOJOLIBDI 2-0J1 MaYKK N0 KPOBIMU 5-011
TaK)Ke OTMeYaeTCs IUIABHBIN POCT, a 3aTeM TaKoe e
I1aBHOe yMeHblIeHre MB (puc. 4).

ITaneomarneTrnsm. IlaneomMarauTHasA 3amuUCh
B 00pasliax, pa3MarHNYEHHBIX [IepEeMEHHBIM II0JIEM,
xopouero kadectsa. Ha gmarpammax 3uiigepsenbia
BBIJIENIAIOTCSA, IPEUMYILeCTBEHHO, [JB€é KOMIIOHEHTBI
HaMaTHMYEHHOCTH, OffHAa U3 KOTOPBIX MMeeT BA3KYIO
IPUPOJY Y PaspylLIaeTCA IPU aMIIUTY e pasMarHU4M-

Barollero noss okono 2—-12 mTn (puc. 5). bonee Bbicoko-
KOSPIMTUBHASA KOMIIOHEHTA pa3pyIIaeTcs B IIMPOKOM
IVana3oHe pasMarHudyBaroiero mosas ot 40 go 90 M.
Opnako B HeKoTOpbIX 06pasuax npu 90 mTn EOH pas-
pyuraercsa meHee 4eM Ha 50 %.

B npouecce HarpeBa B BO3[yIIHOII Cpefie B 06pasiax
IpPOUCXOAAT MUHepaJornyeckue npeobpasoBaHmus,
IIO9TOMY I1aJIleOMarHUTHAs 3aIUCh OOJBIINHCTBA 00-
pasLoB, NOBEPTHYTHIX TEMIIEPATYPHON MAaTHUTHOM
YMCTKe, 00/IajlaeT IIOXMM Ka4eCTBOM M Pe3y/IbTaThl
TeMIIepaTyPHOTO pa3MarHMYMBaHMA MPAKTUYECKU He
IIPUTOJHBI /171 KOMIIOHEHTHOTo aHanu3a. [TonHoe pas-
pYyIlIeHMe OCTaTOYHOJ HaMarHMYeHHOCT! OTMeYaeTcs
npu temrepatype 300-400 °C mys 6onblieit yacTut 06-
pasros (puc. 5).

I1s1 83 % 06pasioB 13 paspesa [TourHKM BO3MOXKHO
yBepeHHOe BblflelieHlie XapaKTepUCTUUeCKON KOM-
noHeHThl HamarHudeHHoct (ChRM) u Brrumcienue
ee HampasyeHus, npu 3ToM MAD (median absolute
deviation — cpegHee abCONMIOTHOE OTK/IOHEHME) He
npesbiraet 9,1°, ay 80 % o6pasios — 5,3°. B mogasiis-
folteM 607bInHCTBe 06pasioB ChRM umeet npsmyio
HOJIAPHOCTD, OBHAKO B 13 % 06pasIioB ee HAK/IOHEHNe
noHMKeHo (8 o6pasuos, 1<25°) unn oTpuiaTenbHO
(2 obpasma). Pactipenenenne nanpasnennit ChRM
XapaKTepusyeTcs JJOBOIbHO OOIpIINM pasbpocom
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Puc. 5. CrepeorpamMMbl, KpyBble Pa3MarHIMYMBAH
U iMarpaMMbl 3uiifiepBenb/a, UITI0CTPUPYIOIne
Imporecc CTynquame YUCTOK IIEPEMEHHDIM Mar-
HUTHBIM IT07IeM 1 TeMIepatypoii. [eorpadmryeckas
(coBpeMeHHas1) cucTeMa KOOPAMHAT
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Puc. 6. CTepeomnpoeKLuy eAMHNYHBIX HAIPaBIeHNIT XapaKTepUCTIIeCKOlt KOMIOHeHThI HaMmarandeHHocTy (ChRM) 06pasiios us paspe-
308 Ilounnku (a) n JybpoBckoe (6) B reorpaduueckoii cucTeMe KOOPAUHAT. YCIOBHBIE 0003HaueHNs: 1 — cpepHee Hampastenne ChRM
C KpyroM 95 %-ro KoBepus; 2, 3 — HPOeKLM efUHNYHBIX BeKTopoB ChRM Ha HIDKHIO (2) 1 BepxHIOKO (3) monycdepsy; 4 — cOBpeMeHHOe
HaIIpaB/IeHIe MaTHUTHOTO II0IA, 5 — CpefiHee HallpaB/IeHe Habonee KyaHoit koMoHeHTsl EOH, ommpeseieHHOI MeTOIOM GOTBIINX KPYTOB

(puc. 6, a), HOITOMY I BBIYUCTIEHNS CPEJHETO I1ajIe0-
MAarHUTHOTO HaIlpaB/IeHNs ObLI MCIIONTb30BaH KPUTEPUIA
orceuenus («cutoff angle») 45°. CpenHee maeoMaranT-
HOe HaIpaBJ/IeHNe, BBIYMCTIEHHOE C YYeTOM BBIIIEyKa-
3aHHBIX OrpaHMYeHUIt, cocTaBngeT N=59, D=340,8°,
[1=63,5°, K=5,5°, MAD =8,7° (puc. 6, a).

B paspese [JybpoBckoe ChRM yBepeHHO BbIfiess-
eTcs1 y 88 % 00pasIoB, Ipu 3TOM TOJBKO y 5% U3 HUX

MAD 6onee 10°. IToumxkennsie (I <25°) n oTpuiiatens-
Hble HaK/JIOHEHNA XapaKTepUCTUIECKON KOMIIOHEHTHI
CBOVICTBeHHBI Iy 11 06pasnos. s uckmodeHns us
pacmpereneHns eqMHNYHbIX HanpasaeHuiit ChRM na-
IIpaBJIeHNII-ay T/IaliepOB, ObUIO IPUMEHEHO OTCeYeHIe
(«cutoft angle») 45°. CpenHee majleOMarHuTHOE HaIlpaB-
nennie ChRM cocrasnser: N=209, D=356,2°,1=71,9°,
K=8,6, MAD =3,5° (puc. 6, 6).
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Puc. 7. TleT/u ructepesuca nocje yfajeHus apa- 1 AuaMarHuTHOTO BKIagoB (a-6) u guarpamma 1o (e) [Day, et al., 1977]. Ms — Hamarau-
YEHHOCTDb HACBIIICHNA, Mrs — OCTAaTOYHas HAMAarHM4YE€HHOCTDb HACBIIICHNA, HC — KOBPLU/ITI/IBH&H cniIa, HCI' — OCTaTO4YHasa KOSpLU/IT]/[BHaH
cnna, SD — ogHOomoMeHHbIe YacTuilbl, PSD — riceBoogHOmOMeHHbIE YacTuIlbl, MD — MHOTrOOMeHHbIE YaCTUIbI

Takum 06pa3om, B 060uX paspe3ax HEBO3MOXKHO
JIOCTOBEPHO BBIJICJINTh 30HBI OOPATHOI MONTAPHOCTH,
TaK KaK 00pasIibl C OTPULIATEIbHBIMA (M/IV TIOHVKEH-
HBIMJ) HaK/JIOHEHVAMM CIOPAANYecKy PacCesHbl IO
paspesy 1 He MOTYT ObITb OO'beIVIHEeHbI B MHTEPBAJIbL.
PaccunraHHBIe CpeJlHUe ITaJIleOMarHUTHbIE HAIpaBlie-
HISA, C YYETOM JOBEPUTETbHBIX NHTEPBAJIOB, B L[eJIOM
OMM3KYM TaHHBIM, IIOJTYYEHHBIM paHee IS 3TOTrO
untepBana Bpemenu [Torsvik, et al., 2012; IInmeHoB,
2008], XO0TA OTAMYAIOTCA HECKONIBKO 60Jiee BBICOKMMU
Hak/IoHeHUAMY. OITHOBPEMEHHO C 3TUM OHM O/IM3KM
K COBPEMEHHOMY HAaIlpaBJIeHNI0 MarHUTHOTO IOJIA
B MecTax omnpob6osanus (D/I=12,8°/71,5°) (puc. 3; 4).
brnuskoe pacronoxeHue CpefHero HalpaBIeHNs Xa-
PaKTepUCTUYIECKOI KOMIIOHEHTbI HAMarHNYeHHOCTH,
BEKTOpPA COBPEMEHHOTO T'€OMAarHUTHOIO IOMA U 06-
JIACTY IlepeceyeHys OOMBIINX KPYToB (p1C. 6) CITYy>KUT
yKa3aH}eM Ha TO, YTO MCC/IeOBAHHbIE IOPOABI HECYT
BTOPUYHYIO KOMIIOHEHTY HAMarHMYeHHOCTH, KOTOpas,
BO3MOJKHO, BO3HMK/IA B COBpeMeHHYI0 a1oxy. Ilo cy-
I[eCTBYIOIIMM Ha JAaHHBII MOMEHT IpefiCTaB/ICHUAM,
HO3/IHEOKCHOPACKOMY-I03/JHEKUMEPUKCKOMY UH-
TepBay COOTBETCTBYIOT MarHUTHBIE XpOHBI M30-M24
U JUIA Hero XapaKTepHa BBICOKAas YacTOTA MHBEPCUIL
MarautHoro nons [Gradstein, et al., 2020], yTo Takxe

CITY>KUT KOCBEHHDIM IOAITBeP>KJeHIEeM IIPEe/III0/I0KEeHNA
o BropuyHoit npupoe ChRM B nopopax msy4eHHBIX
paspesos.

Kospuyumuenvie napamempuot. Ha necsatu o6pasmax
Ha BUOpOMarHutToMeTpe ObUIM M3MepeHbI NeT/IN Mar-
HUTHOTO TUCTepesyca Ipy KOMHATHON TeMIlepaType,
a TaK)Ke CHATbI KpMBble HOPMaIbHOTO HaMarHM4MBa-
HuA. Koppekuys Ha BeIM4MHY [1apa- U I1aMarHUTHOTO
BK/IaJja IpOBefieHa Ha BemnmunHy fo 70 % OT IOMHOro
3HAYeHNs MarHMTHOTO IO/ HACIIeH.

I[Tepern6 nerens B paitoHe 100-200 mTn orBeuaer
Ha/IM4uio B 06pasije HU3KOKOIPLUTUBHOTO MIHepa-
J1a, BO3MOXXHO, MarHeTuTa. B o6macTy HUSKUX Io7et
HEKOTOpBbIe IeT/IN CKaThl, a B 60/iee BBICOKUX IIO-
nAX — pacummpensl (puc. 7, a). Takas koHpuUrypaums
(«wasp-waisted») cBUmeTeNbCTBYET O HPUCYTCTBUA
B 06pasiie MOMANCIEPCHBIX MATHUTHBIX YaCTHUL] Y/ VI
HV3KO- U BBICOKOKO3PIIVITUBHBIX MIHepasioB [Roberts,
etal.,, 1995]. ITeTu rucrepesnca 3Tux 06pas1ioB 3aKpbl-
BAIOTCA IIpU 60J/Iee BHICOKOM 3HAYEHUN TIOJISI — OKOJIO
700 MTr1. B npyrux o6pasiax neT/iv MMeI0T HOPMaJIbHYIO
KoHpurypanuio «potbellied», Takue nmetnm sakpbiBa-
fotcs B noax 100-200 mTn (puc. 7, 6, 8). OTHOIIeHMe
Mrs/Ms gocratoudo Huskoe — ot 0,007 go 0,09, co
cpennum 3HauenueM 0,06. CormacHo guarpamme s
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Puc. 8. AHM30TpONNsI MarHUTHON BocipunmunBoctyt (AMB): a — cTepeorpaMmbl ¢ pactipeenennem oceit snnumconga AMB (K1 — paH-
Has 0cb, K2 — mpomesxyTounas ocb, K3 — KOpoTKas ocb), 6 — 3aBUCMMOCTb 3Ha4eHMIT MATHUTHOI BocrpuymunBocTy (Km) oT cTenenn
annsorponuu (Pj), 6 — 3aBucumocts napamerpa popmsr (T) ot crenenn annsorponun (Pj)

(puc. 7, ¢) B GONBIINHCTBE MCCIEJOBAHHBIX 00pas3IoB
MarHuTHbIE 3epHa IMEIOT IICeBRoofHOoMeHHYI0 (PSD)
CTPYKTYPpY.

AHusomponus MazHUMHOL 60CHPUUMHUEOCHUL.
O6pasoBaHye aHU30TPONNY MATHUTHOI BOCIIPUUMYN-
BOCTM SIBJISIETCSI Pe3Y/IbTaTOM IIPOL[ECCOB, B Pe3y/IbTaTe
KOTOPBIX IPOVCXOUT OPMEHTUPOBAaHME MAarHUTHBIX
4acTUI], TaKye KaK YCIOBMS OCAaZKOHAKOIJIeHMS,
HOCTCeVIMEHTAL[MIOHHBIE NIPOLIeCCHI, Majle0TeYeH N,
naneosetpsl u fip. [Tarling, Hrouda, 1993]. Vicrions-
3oBaHue AMB 111 peKOHCTPyKIY PakTOPOB Cpembl

06pa3oBaHMs OCa/Ka VI ero IpeoOpa3oBaHMit JaBHO
U YCIIEUTHO MCIOJIb3yeTCA B TOM 4YMCIe JiIA IOPCKUX
oTnoxeHni [baraesa, I'y>xukos, 2014; I'yxukos u gp.,
2010; u mp.].

AHU3OTpONMNA MAaTHUTHON BOCIHPUMMYMBOCTU
U3MepeHa y BceX 00paslioB, paclpesesieHye oceil a-
nuncousioB AMB paccMmaTpuBaeTcs B reorpadudeckoit
cucreMe KOOPAMHAT.

B 6onpimmHCcTBe 06pasiioB u3 paspe3on [lounHkn
u [lybpoBckoe paciipesenienue oceit ammnconsa AMB
COOTBETCTBYET yC/IOBUAM OCAaJKOHAKOIUIEHUA B CIIO-
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Prc. 9. TemnepaTypHas 3aBICHMOCTb MATHUTHOI BOCIPUMMYMBOCTI IIPY HarpeBe (KpacHas KpUBas) 1 OxXIaxkaeHny (CUH:AA KpyBast) (a—6)
Y KpUBBIE CTYNIEHYaTOrO TePMOMAarHITHOTO aHA/IN3a [0 3aBUCHMOCTY MarHUTHON BOCIPMMMYMBOCTY OT TeMIIEPATyPBI (2): COOTBETCTBME
TEeMIIepaTyp CTYNEeHYaThIX HArPEBOB 11 OX/TAXK/E€HMI U IIBETOB KPMBBIX ITOKa3aHbI HA PUCYHKe

KOITHOI rupipoguHamMmudeckon o6cranoske [Tarling,
Hrouda, 1993]: xopoTkue ocu (K3) cybBepTuKanbHbl,
a pmHHbIe (K1) n mpomexyTtounsie (K2) ocn pacnona-
raloTcs CyOropu3oHTaNbHO (puc. 8, a). ITo XOpoIIo co-
I71aCyeTCsi C TUIIOM COXPaHHOCTY OKaMEHEeNIOCTell B 13-
yIeHHBIX pa3pesax: KaK IIPaBUIIO, 3[1eCh IPUCYTCTBYIOT
1[eJIble PAaKOBMHbBI MOJITIOCKOB, XOPOIIIO COXPAHSIOTCS
BBIPOCTBHI Ha pakoBMHax. B paspese ITounmHkm Taxke
IPUCYTCTBYeT IPyIIa 00pasIjoB, B KOTOPbIX KOPOTKeE
OCH MMeIOT Hu3Kue HakmoHeHus (20-30°) u ceBepo-3a-
IaiHble CKJIOHEHNS, B HUX IPOMEXXY TOYHbIE I UIHHBIE
OCH pacIipefie/ieHbl IPUMEPHO BJJO/Tb AYTH OGOJBIIOTO
kpyra (puc. 8, a). B mogasnamomeM 60/1bIINHCTBE 00-
pasuos smmncons; AMB nMeer ynnomennyo dopmy
(T>0) (puc. 8, ), mpu 3TOM 006pA3LBI C YATNHEHHOII
dopmoit amInIICcoN A UMEIT KaK HOPMAJIbHYI0 Mar-
HUTHYIO TEKCTYPY, TaK U BXOMSAT B IPYIIy 00pasIjoB
C ceBepoO-3amaHbIMI CKIIOHEHMSIMU KOPOTKOI OCH
awmmnconga AMB. Crenens annsorpornnn (Pj) He mpe-
BbImaet 2,7 % (puc. 8, 6).

B paspese JlybpoBckoe rpymmna To4ek C IMOBbIIIEH-
HBIM 3HaYeHreM MB oTBevaeT o6pasiam ¢ HanbobIIIe
Maccoli (Ha HeCKOJIbKO I'paMM OO0JIbIlIe CpefiHero 3Have-
HUSI MacChl), IPU HOPMUPOBAHUY OHM He BBIJETSIIOTCS
cpeny ocTanbHBIX Touek (puc. 4). Taxoke BbImensercs
rpymnna oO6pasnoB C OTPULIATETbHBIM MU OMM3KUM
K Hy/II0 TapaMeTpoM ¢opmel T, T.e. ¢ y/IMHEHHBIM 371-
munconpoM AMB. B rakux o6pasuax ocu AMB nmMeror
HECKOJIDKO HO€ pacIipefie/ieHIe: KOPOTKIe OCK TaKoKe
CyOrOpU30HTA/IbHBI, IPOMEXYTOUHBIE OCK IPYIIINPY-
I0TCSL B IOXKHBIX ¥ I0TO-3aIIa/HBIX pyMOax C BBICOKUM
HaKJIOHEHNEM, a JIVHHBIE OCY IMEIOT OUIIONIApHOe pac-
IIpefie/ieHNie B CeBEPO-3aIaJHBIX I BOCTOUHBIX pyMbax
(puc. 8, a).

Tepmoxkannamempus. Ilpu nsydeHnn temmnepa-
TYPHOII 3aBMCHMMOCTY MarHUTHOI BOCIPUMMYNBOCTI
OBbUIV TIO/Ty4eHBl JAHHbIE O MArHUTHOJ MVMHEpPaIorun
nopop. [Ina Hanboee IpeACcTaBUTETbHBIX 00pa3IioB
KOJUIeKIIVM B BO3JYIIHOI cpefie ObII IIPOBefieH OfMH
HarpeB fo 700°C c nocnegyomuM oxaaxjeHneM. Bee
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Puc. 10. Pesynbrarsl Tecta Jlaypu s 06pasijoB u3 paspesos Ilo-
ynHKY 1 Jly6poBcKoe

HO/Ty4eHHBIe KPVBbIe He0OpaTMBbIe, TPV OX/TXKEHUN
MPOUCXOUT 3HAYUTENbHBIT pocT MB (B 5-16 pas). s
OO/BIIMHCTBA 00PA3I0B XapaKTepHa IafIKask KPUBast
HarpeBa (puc. 9, 8), mu6o ¢ HebonpuM pocToM MB
npu temmneparype 480-500°C (puc. 9, g, 6), a 3aTeM ee

ymenbmenuem okono 580 °C. Ilocrennee coueranne, 1Mo-
BUJIVIMOMY, AABJIIETCS OTPaXKEeHVEeM PeaKIny BOCCTAHOB-
JIeHMsI BHYTPY KOTOBI, IO3TOMY ZOTIOTTHUTEIBHO ObIIN
IpOBe/IeHbl CTyIeHYaTble HaTrpeBbl OJHOTO 06pasia
(puc. 9, 2). Obpaser; CTyneHYaTO HATPEBAICS B BO3IyXe
no temmnepatyp 300, 400, 480, 450, 580, 610, 630 °C. IIpn
HarpeBe 10 400°C KpuBBbIe OCTAIOTCS 0OPATUMBIMU,
YTO CBUZIETE/IBCTBYET 06 OTCYTCTBUM KaKUX-T1M60 Mu-
Hepasornieckux mnpeobpaszosannit, MB mocrenenHo
HajaeT B IpoIlecce HarpeBa, 1 pPacTeT IPY OX/IKICHVI.
I[Ipu HarpeBe 1o 6ojiee BBICOKMX TeMIlepaTyp KpuBas
OXJTaK/JIeHMSI HaXOAWUTCSA BbIIIe KPMBOJ Harpesa, HO
poct MB mpy oxakgeHuy 3Ha4MTE/IbHO HIDKE, 4eM
IIpU HeIlpephIBHBIX Harpesax. IIpy aToM yMeHbIIeHVe
MB npn HarpeBe orMedaeTcs pu TeMmuneparype Kiopu
MarHeTUTa, BO3MOXKHO, C HU3KVM COJlep>KaHVeM TUTa-
Ha, 0ko710 550 °C. Takum 06pa3oM, MaTHETUT SIBIISIETCS
eIVHCTBEHHbIM MAarHUTHBIM MIUHEPA/IoOM, OIlpefernse-
MBIM TepMOKAIIIaMeTPUYECKIIM METO/IOM.

Tecm J/laypu. Tect Jlaypu [Lowrie, 1990] moxka-
3aj Hammune B obpasue Ne 12 u3 paspesa IlounHku
MarHUTOMATKOTO MIUHepaja ¢ HU3KOJ TeMIlepaTypoit
ne6mokupoBanusa okoso 300 °C (puc. 10, a), BeposTHO,
Mmarremuta. Kpome toro, B o6pasije npucyrcryer 60-
Jiee BBICOKOKOIPUMTUBHBIN MIHEPaJI C TeMIIepaTypoit
nebmokupoBanus okono 570°C. OTMeTM, 4YTO B 9TOM
o6paslie meT/1A MarHUTHOTO TYUCTepe3uca MMeeT KOH-
¢urypanuio «wasp-waisted» (puc. 7, a), 4T0 Takxe
yKasbIBaeT Ha IPUCYTCTBUE B COCTaBe HU3KO- U BBICO-
KOKO3PILUTHUBHBIX (a3.

B ocranpHBIX MCCIETOBaHHBIX 00pasIiax BbICOKO-,
CpenHe- ¥ HUSKOKOSPIUTHUBHBIE (pas3bl BeAYT cebs cXO0-
XKVM 00pa3oM, MOCTEIIeHHO pa3MarHNYMBasCh 10 HY/IA
npu 590-600°C, He MoKasbIBasg HUKAKUX 3HAYMMBIX
criazio mmpu 6osee HU3KMX TeMneparypax (puc. 10, 6, 8).
B aTux o6pasijax, Ho-BUMMOMY, IPUCYTCTBYET TOIBKO
OiVH eppOMArHUTHBIN MUHEpPal — MarHETHUT.

Muxpockonuueckue uccnedoéanus. Viccnenoanue
HOPOJ C TIOMOIIBI0O CKAaHMPYIOUIETO 37TeKTPOHHOTO
MIUKPOCKOIIa ITOKa3bIBaeT, YTO BO BCEX M3YYEeHHBIX
obpasnax B 60/MbIIOM KOMNYECTBE IMPUCYTCTBYET
¢$bpaMOONHBI MPUT, B 3HAUNTEIBHON CTENIeHN VN
IIOTHOCTBIO 3aMeIlleHHBIN OKMC/IaMM JKenme3a (MarHe-
TUT WIN TeMaTuT). Tak Kak B M3y4YeHHBIX oOpaslax
MarHUTOMMHEPAJIOTNYeCKUMM MeTofjaMy (CM. BbIIle)
AMATHOCTYUPYETCS MarHeTUT, MBI CUMTAEM, YTO IUPUT
3aMelaeTcsl MIMEHHO MarHeTUTOM, a He TeMaTUTOM.
Kpucramnel nmupura pasmepom oT 2 10 5 MKM MMEIOT
MO0 MPaBUIbHYI0 OKTAaSApUYecKyo, m16o mpubnm-
KeHHYI0 K cepudeckoit popmy (puc. 11, 6), game
OHU 00BEeANHAIOTCA B cepysl pazmepoM 10-30 MKM
(puc. 11, a—e), oHM B CBOIO OYepenb MHOIA GOpPMUPYIOT
CKOIUTIEHUS U [[eTOYKY cKorutenuit (puc. 11, a). Otme-
TYIM, YTO 4acTO chepyIIbl pacosaraloTcsl Ha paKoBMHAX
¢dopammundep (puc. 11, 0). Hanbonee tunmynoe crpo-
eHe ppaMOOMIOB IPEICTABIEHO Ha puc. 11, 6: CTeHKN
KPMCTAJUIOB BBIITO/THEHBI MaTHETUTOM (cepast OKpacka),
IeHTpajIbHas 4acTh MO0 ImycTasi, mM60 COCTOUT U3
mepBUYHOTO TUpuTa (pKo-6emass okpacka). CocTaBsl
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Prc. 11. CkaHupyomias s7IeKTpOHHasA MUKPOCKOINA: N300 paskeHNA 06pasiioB B PeKVIMe 00paTHO-O0TPaXKeHHbIX 9/1eKTPOHOB (BSE). Mag —

marHetut, TiMag — TutaHoMarHeTut, Py — mmpur

3epeH, OCpeSHEHHbIe 110 HECKOIBKUM OIIpeJie/IeHNAM,
cnepyromue: Fe — 46-47%, S — 53-54% B nupure;
Fe — 60,5-66 %, xucnopon, — 27-33 % B MarHeTure
¢ npumecssmu Maprana (0,15-0,6 %), amomuaust (0,3—
0,6 %), umuka (0,6-1 %), Hukens (0,4-2 %). 3HaUUTENTLHO
pesxe (HECKOTIBKO 3epeH B OHOM 0bOpasiie) B 06pasiax
IPUCYTCTBYIOT OTAe/IbHBIE 3epHa TUTAaHOMAarHeTUTa
yIIMHEeHHOT popMbl pazMepoMm 10-12 MxMm (puc. 11, 6),
€ro COCTaB TaK)Xe OIpefeneH: xene3o — 18-32 %,
tuTal — 29-36 %, kucnopon — 34-49 %, c npumecp0
Maprasna o 3 %.

O6cyxpenne pe3ynpraToB. [1o cpeHnM mameomar-
HUTHBIM HaIIpaBIeHMAM, IIOTY4YE€HHBIM J/Isl pa3pe3oB
Hy6posckoe n ITounHkm, 66N pacCYNTAHBI KOOP/VHA-
TBI BUPTYa/IbHBIX T€OMAarHUTHBIX Nomocos (BITI). Vx
CpaBHEHUe C IOJTy4eHHBIMI paHee JAaHHBIMU Y TPAeKTO-
puel KaXKyelicsa MUTrpanuy IaieoMarHMTHOTO ITO/TI0ca
EBpormbl B MHTEpBaje OT MO3THETPMACOBOTO BpeMeH!
[0 COBpeMeHHOCTH MPUBeeHO B Tabmuile 1 Ha puc. 12.
Cront oTMeTNTD, uTO faHHble 0 BITI, momy4yeHHBIX 11O
oKchop/-KUMEPUPKCKIM OTIOKeHMUAM Pycckoit m-
TBI, KpaifHe MaJIOYJIC/IEHHBI, B TOM YNCJIe 110 IPUYIHe
TOTO, YTO KaYeCTBO JJAHHBIX MO IOPCKUM OTIOXXEHMAM
3a4acTyI0 He YHOBJIeTBOPsET COBPeMEHHBIM Tpebo-
BAaHMAM K Ka4eCTBY ¥ HafIeO>KHOCTY I1aJIeOMarHUTHBIX
[aHHBIX (HAIpUMep, OTCYTCTBYIOT IPENIOCBUIKY IS
IIPOBeJIeHNA ITOJIEBBIX ITa/IeOMAarHUTHBIX TecToB) [[yrxu-
KOB, 2004]. Hanbonee 6m13kme o BO3pacTy MOMIOCH,

paccumranHble Aya paspesos Vopa u Topopuum [I1n-
MeHOB, 2008] xapaKTepu3yoTCs ZOBOITBHO OO/IBIINMYI
IOBepUTENbHBIMU MHTepBamamu (puc. 12).

Kax Bupno Ha puc. 12, norydennsie Hamu BI'TI nexxar
Ha 3HAYMTE/IbHOM YZIaJIeHUY OT IOPCKUX IIO/TI0COB, a II0-
JIIOC, pPacCYMTAHHBIN 71 paspesa [lounHky, cTatimaeckn
OT/IMYAETCS OT COBPEMEHHOTO IIOIO>KEHNA TeOMarHuT-
HOT0 IIOJTI0CA. B cBOIO 04epenb, pasmnyns ¢ OI0caMi,
HOTyYeHHBIMU 110 paspesaM [opopuim, MOryT ObITH
CBSI3aHBI C IIVPOKO PAa3BUTBHIMU B TOM paifOHE OIOJI3-
HEBBIMU IIPOLIeCCaMI, YTO OTMEYACTCS ¥ aBTOPOM STUX
onpenenennit [[Tumenos, 2008].

Ha ckopocTb OKMC/IeHNs NUPNUTA OKa3bIBaeT BIIM-
sTHMe MHOXKeCTBO (akTOpoB: TeMiiepatypa, pH cpenst
U COiepyKaHus KUCTIOPOJIA, KeJle3a U APYTUX CYIbPUI0B
[Williamson, Rimstidt, 1994; Chandra, Gerson, 2010;
Anekcees, 2022]. OgHako B IPMPORHBIX YCTIOBUAX 9TU
¢dakTopsl Oosee pasHOOOpa3HBI: HALIpUMep, NMPUCYT-
CTBUE >Ke/Ie300KUC/IAINNX 6aKTepnil 3HAaYNTEeTbHO
YCKOpsIeT OKJC/IeHVe IPUTA, TeM He MeHee MHOTHe 1C-
cnemosanns [Nicholson, et al., 1990; Scharer, et al., 1991;
Nordstrom, et al., 2015] oka3bIBaIOT, YTO CKOPOCTh
peaxyy MaKkCuMasIbHa B IIepBble HeCATKI CYTOK, a 3a-
TeM OCTaeTCs IIPUMEPHO IIOCTOSHHON Ha IPOTSKeHNN
BCETO 9KCIepuMeHTa. To ecTb MBI MOXKeM IIPeAIIoso-
XKUTb, 4TO OKUCTIeHNe (U, TAKUM 00pa3oM, lepeMaruu-
YJBaHNe) M3Y4eHHBIX HaMV ITOPOJ, IPOM3OLIIO IOYTHI
MTHOBEHHO B MacCIITabe reo/Iorn4ecKoro BpeMeH!.
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Puc. 12. CpaBHeHe TajieOMarHUTHBIX TIOMII0COB, MOTyYeHHbIX 110 BEPXHEIOPCKUM OTIOKEHUAM PyccKoit IINTbI, C KPMBOM KaXKyILeics Mu-
rparnu najeoMarHUTHOro momoca Bocrouno-Espomneiickoit mnargopmsl [Besse, Courtillot, 2002] (drcmamm oka3aHbl BO3PACThI IOTIOCOB)

Tabnuya
IIaneomMarHuTHBIE XapaKTEPUCTUKI BEPXHEIOPCKUX OTI0KeHMI Pycckoii mauThl
Paspes (Bospacr) N | D() | I(°) |ae(°) | Plat(°) | Plong (°) CchlziKa
Topopumin-1 (BepXHMIT KUMEPUIIK) 10 12 60 14 74,6 191,6
Topopuiy-2 (BepXHMIT KUMEPUK — CPEeIHssA BO/Ta) 9 22 55 11 66,0 179,5
ITumenos, 2008
Topopnin-3 (BepXHMIT KIMEPUJK) 17 49 18 63,0 194,1
Vopa (HykHMit — BepxHMiT OKCHOPH) 5 365 52 21 63,0 170,0
[Tounuky (BepxHMit oKchopxn) 59 | 340,8 | 63,5 7,5 74,4 284,8
. . aTa pabora

Jly6poBckoe (BepxHMit OKCHOPH — BEPXHMIT KIMEPUIK) 209 | 356,2 | 71,9 2,7 86,9 2,5

. . . MoI0CTOBCKMIA,
Cpenunit nomoc s Ceepo-EBpasmitckoit Tl 150 MIH et 9,4 69 131 Xpamos, 1997
ITontoc ast EBpomnsr 150 MyH et 6,6 75,0 159,9 | Besse, Courtillot,
IMomoc gna Esponsl 160 MiiH n1eT 5,0 72,5 144,0 [2002

ITpumeuanus: N — Komu4ecTBo 06pasIioB, II0 KOTOPBIM PacCYMTAHO CPefiHee ITaJleOMarHuTHOe Harpasienne; D, I, a95 — xapaKkTepyucTuku
pacnpenenenus Ouinepa: CKIOHEHMe, HAK/IOHEHME U pafiuyc Kpyra 95 %-ro goBepus cooTBeTCcTBeHHO; Plat, Plong — mmmpora u gonrora

IIaJICOMAarHTHOTO ITO/II0CA.

IToMuMoO mpUCYTCTBUA KUCAOPOAA UIMU APYTUX
OKICIUTENIeN /7 MpeBpalleHys NUpUTa B MaTHeTUT
HeoOXO/VIMO OIIpefielIeHHOe TepMIYecKoe BO3JIeiICTBHE:
B 9KCTIepMMEHTaX CTPYKTypHbIe M3MeHeH I HAU/HAOT-
ca npu TeMieparype oxono 450 °C, a mpu 600-700°C
MUPUT IOTHOCTBIO MEPEXOAUT B TeMaTUT yepe3 IMpo-
MeXYTO4YHYyI0 ¢asdy — marHetut [I'3orsaH, Yanrypus,
2010]. Opnaxo B pabore [Brothers, et al., 1996] mokasa-
HO, YTO Ha TIO3/IHell CTauy AyareHe3a B IPUCYyTCTBUN
OpraHNYecK! CBA3AHHOTO Fe’*, Huskom HapLyaIbHOM
IOaB/lIeHUM KUCIOpOda M He3HAuMTelTbHOM Harpese
(60°C), OKMCIUTETPHO-BOCCTAHOBUTE/IbHBIN TTEePEXOJ
OCTaHaB/IMBAaeTCSA Ha MarHeTUTe NP OTPaHMYEHHON
nopucroctu. [lepBoe 1 mocneHee ycnoBys eCTECTBEHHO
BO3HMKAIOT B OOTATBIX OpraHMYECKMM BelleCTBOM
[JIMHUCTBIX OCaJKaX, y>Ke YIJIOTHEHHBIX Ha I03/Hell
craguy puaredesa [JIOHrBUHEHKO, Oprnosa, 1987]. IIpn
9TOM OKa3bIBAIOTCH He0OA3aTe/IbHBIMI OKUCIUTE/IbHASL
Cpefia 1 BbICOKas TeMIlepaTypa Harpesa.

OpmHako IINTeNbHOCTh CTAafiuM JyareHe3a O4YeHb
Heollpefie/ieHHa, OHa MOXKeT MPOJO/DKAaTbCA OT ThICAY
IO MUJIIMOHOB JieT [JIOHTBUHEHKO, Oprosa, 1987],

MI0O3TOMY YCTaHOBUTb BpeMs IepeMaTHUUYMBaHUA He
HpeaCcTaBnsgeTcss BO3SMOXHBIM. Takum obpasom, xa-
paKkTepyucTMyecKas KOMIIOHEHTa Haubojiee BEpOSITHO
IpefiCTaB/IsieT COO0I MEeTaXpOHHYI0 KOMIIOHEHTY XU-
MIYeCKOIl IPUPOJbl Heollpe/ie/IeHHOTO BO3pacTa.
IIpumepnl epeMarHM4MBaHUs OCafOYHBIX MOPOL,
MeXaHN3M KOTOpOro Obl1 661 Mogo6eH HabmogaeMomMy
B M3Y4YEHHBIX pa3pe3ax, M3BeCTHBI, IPeNMYILeCTBEHHO,
B TeKTOHMYECK) aKTVBHBIX palioHax — [MManasax u Amn-
nanayax [Suk, et al., 1990, 1993; Huang, et al., 2015;
Yu, et al., 2022 u ap.] Wi B pajioHax, MOABEPTHYTHIX
BO3JIeVICTBIIO MarMaTndecKux ¢ronsos [[Iasmos u ap.,
2022]. ABTOpaMu IepeuncIeHHbIX UCCIeOBAaHNIT T10-
Ka3aHo, YTO XMMIUYeCKoe peobpasoBaHye HOPOf, Ipu-
BeJilllee K YaCTUYHON M/ TIOJIHOV IOTepe NePBUYHON
IIaJIeOMarHUTHO 3aI1MCH, CBSI3aHO € ITIOMTHOI Ipopa-
60TKOI1 B IIpoliecce OpOreHe3a Wiy MarMaTi3Ma, a Bo3-
pacT nepeMarHu4MBaHUs OTPaHNYMBAETCA BO3PACTOM
CK/Ia[J4aTOCTH VM BpeMeHeM NPOsB/IeHNA MarMaTi3Ma
B perroHe. OHAKO YIIOMMHAHVIS IOJOOHOTO MeXaHM3Ma
IepeMarHuMBaHuA MOPOJ, OCAJOYHOTO YeXJ/a TeKTO-
HUYECKY CTaOMIbHBIX YYaCTKOB JAPEBHUX IUIATPOpM
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BV OT 00/1acTell MarMaTN4ecKol aKTMBHOCTY HAMU
B IIyO/IMKAIVIAX He BCTPEYEHBI.

3aknroueHne. [IpoBeieHHbIe MCCIEJOBAHUS TIO-
3BO/IM/IM BIIE€PBbl€ TONYYUTh NETPOMArHUTHbBIE M TIa-
JIeOMarHUTHBIE XapaKTePUCTUKN OKCPOP/-KIMePUIK-
CKUX OT/IOKeHMiT pa3pe3os [lounmnku n [lybpoBckoe.
Ha ocHOBe MOTy4YeHHBIX JaHHBIX YCTAaHOBIEHO, YTO
XapaKTepUCTNYecKas KOMIIOHEHTa HaMaTrHUYeHHOCTU
MMeeT XMMIYECKYIO IPUPOAY U €€ HOCUTENIEM ABJIAET-
CsI MarHEeTUT, 00Pa30BaHHBIN B Pe3y/bTaTe OKMC/ICHNS
¢dbpambonHOTrO MMPNUTA HA STAIle TIO3/THETO AMareHe3a.
BupryanbHble TeOMarHUTHbBIE TIOTIOCH], BBIYVMICTIEHHbIE
IJ1A CpeHUX HaIlpaB/IeHNI XapaKTePUCTUYECKIX KOM-
IIOHEHT HaMarHMYeHHOCTH M3Y4YeHHBIX 0Ca/JOUYHBIX I10-
POfi, He 0OHAPYXXVMBAIOT CXOACTBA C IIaJIEOMarHUTHBIMUI
nomocamu Bocrouno-EBpomneiickoit mmatopMel ms
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