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INTRODUCTION

In this paper we are presenting a combined paleomagnetic and magnetic susceptibility
anisotropy study carried out on 133 independently oriented samples collected from 11 geographically
distributed localities (Fig. 1). The samples were drilled and oriented in situ from clay rich lake
sediments of pre-Late Badenian and Pannonian-Pontian age and from Early-Mid Badenian marine
clay. The principal aims were to find out if the area studied was involved in large scale displacement
during or after the time covered by the samples and if the sediments were affected by ductile
deformation during young tectonic movements.

METHODS

The samples were cut into standard-size specimens and the natural remanent magnetization of
each sample was measured. This was followed by magnetic susceptibility anisotropy measurements,
then stepwise demagnetization of sister specimens of selected samples, one with alternating field, the
other with thermal method (accompanied by the monitoring of the magnetic susceptibility) till the
magnetic signal was lost. Thermal demagnetization provided better results, thus this method was
employed for the rest of the samples. The demagnetization curves were analyzed for linear segments
(Kirschvink 1980) and the segments were subjected to statistical evaluation on locality level (Fisher
1953). Overall-mean paleomagnetic directions were computed from the in situ locality mean
directions as well as from those after tilt corrections in order to find out if the magnetizations were
obtained in the horizontal position of the strata or after tilting. In some cases, the anisotropy of the
magnetic susceptibility was re-measured after certain thermal demagnetization steps. Magnetic
mineralogy experiments included the stepwise isothermal magnetization (IRM) of selected specimens
and the stepwise thermal demagnetization of the 3-component IRM (Lowrie 1990).

RESULTS AND DISCUSSION

The laboratory paleomagnetic analysis provided well-defined demagnetization curves, with
typically single component natural remanence (NRM) for seven localities. The NRM signal decayed at
an early stage of thermal demagnetization (275-350°C), and the susceptibility started to increase
dramatically in the range of 320-400°C. This behaviour is typical for magnetic iron sulphides.
Localities 2 and 4 are exceptions, with stable susceptibility and NRM signal up to 475 or 575°C,
indicating that the carrier of the NRM is magnetite. The specimens from the remaining four exhibited
unstable behaviour, thus were disregarded from further evaluation.

The localities with stable paleomagnetic signal provided statistically well-defined locality
mean directions. On tilt corrections, the scatter of the locality mean directions significantly increased
for the coeval localities as well as for the whole population of Miocene localities. The overall-mean
direction is practically the same before and after tilt corrections, but the statistical test proves that the
sediments obtained NRM in the already tilted positions. In other words, we have to conclude that the
magnetizations of the studied sediments are younger than the stratigraphic ages. This is so, despite of
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the mixed polarity of the data on which the overall mean is based (five localities of normal and two of
reversed polarity) and the positive reversal test, both before and after tilt corrections.

Nevertheless, the overall-mean direction is valuable for tectonic interpretation and suggests that the
study area did not rotate significantly in the Pliocene or later, as the most probable time of the tilting
was Pliocene.

The magnetic anisotropy measurements provided information about the magnetic fabrics of
the studied rocks. As typical for sediments, the degree of magnetic anisotropy was low, the magnetic
fabric dominated by magnetic foliation, parallel to the bedding plane, due to compaction. Magnetic
lineation, which can be due to water flow or deformation was observed for localities 1a, 4, 5, 6, and
7b, but it is difficult to say which of the previously mentioned mechanism is responsible for it.
However, it is possible that the magnetic lineation for locality 7b is due to deformation, for it is
aligned with the E-W tectonic line detected in the area. A notable exception to the above characterized
magnetic fabric was locality 3, with dominant lineation, perpendicular to the bedding plane. As we
suspected that the inverse fabric was due to the presence of the paramagnetic siderite, the magnetic
anisotropy was measured immediately at the start of the increase of the susceptibility (beginning of the
decomposition of an iron mineral), and at 500°C. At the start of the decomposition the fabric of some
of the specimens became normal sedimentary, and at the higher temperature, all specimens lost their
inverse fabric. This experiment provided us with information about an iron mineral which is important
from the viewpoint of the environment of depositon, but is not possible to identify with the standard
magnetic mineralogy experiments. The reason is that siderite is not a ferromagnetic, but a
paramagnetic mineral, unable to carry paleomagnetic signal, yet may decompose to iron oxides,
producing secondary magnetization.
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YBOJI

VY oBOM paay cy mpeicTaB/beHa KOMOWHOBAaHA MAJEOMATHETCKA HCTPAXKUBAka M Mepermha
aHU30TPOIHj€ MAarHEeTCKE CYCIENTHOMIHOCTH, 00aBJheHa Ha 133 He3aBHCHO OpHjeHTHCaHa je3rpa ca
11 reorpadcku mupoko pacnopehenux gokamurera (cia. 1). Y3opuu je3epckux ceauMeHaTta 0oratux
[JIMHOM TIpe-JI0Eke¢ 0aJIeHCKE CTApOCTH M MAaHOH-TIOHTCKE CTAPOCTH M MOPCKHUX TJIMHA CTapH]je-CPEImhe
OaleHCKe CTapOCTH Cy M30yIIeHH B opHjeHTHCcany "in situ". OCHOBHU IINJb HCTPaKUBamba je OO 1a ce
casHa Jla JIM je MPOoyYaBaHO MOJApydYje Omimo 3axBalieHO M3MEIITAkEM BEIMKUX pa3Mepa TOKOM HIIH
Mocie BpEeMEHCKOr mepuoja oOyxBaheHor crapomthy y3opaka ¥ Jga JU je MiIajga IUIacTHYHA
nedopmaryja TokoM Miaaljux TEKTOHCKUX TIOKpeTa yTHIANa Ha UCTIUTHBAHE CEIUMEHTE.

METOJE

Jesrpa cy ucedeHa Ha y30pKe CTaHAApIHUX AUMEH3H]ja ¥ IPUPOAHA peMaHEHTHA
maraeruzanyja (I[IPM) je usmepena Ha cBakoM y30pKy. [IoToM je m3mMepeHa aHU30TPOIIHja MarHETCKe
CYCIIENTHOMITHOCTH, a 3aTUM Cy "cecTpe" y30pIH MOABPTHYTH KOpak o KOpaK JeMarHeTH3aIlnjy,
jenaH neMarHeTu3alyju y HAN3MCHUYHOM MarHeTHOM MOJbY a IPYTH TepMallHoj JeMarHetusanuju (y3
npaheme MarHeTCKe CyCLEeNTUOMIHOCTH) IOK C€ MarHETCKH CUTHAI HUje u3ryouno. Tepmanna
JeMarHeTH3aIdja je gama 00Jbe pe3yrare, Te je 0Ba MeTo/Ia MPUMEHEHA Ha TIPEOCTalIe Y30PKE.
OO0pana nujarpama qemMarseTu3anuje je u3BpiueHa JnHeapaom ananuzoM (Kirschvink, 1980) a
JOOMjeH! CerMEHTH Cy HOABPTHYTH CTaTUCTUYKO] aHAIN3u Ha HUBOY JokanuTera (Fisher, 1953). Kako
Ou cazHaJM [ja JIM Cy U3IBOjeHE MarHeTH3allHje HAcTaje Y BpeMe JOK je ClI0j OMo XOPH30OHTANaH WK
HaKoH youpama. ONIITH Cpeaby MajJeoOMarHeTCKH MPaBIK Cy u3padyHaTH u3 "in situ" cpeamer
npaBla HAa HUBOY JIOKAJIUTETa Kao U U3 paBala Mociie IpIMEHe KOPEeKLHUje 32 TeKTOHUKY. Y
MOjEANHUM CIIy4ajeBUMa, aHW30TPOIIHja MAarHETCKE CYCLENTHOMIHOCTH je TIOHOBO MEPEHA IOCIie
onpeheHnx Kopaka TepMajiHe JeMaraeTu3anmje. 3a oapehuBame MarHeTHIHUX MUHEpaJia TPUMCHCHH
Cy EKCTIIEpHUMEHTH CTHLIAkha H30TepMalHe peManeHTHe MarHetu3anuje (MPM) kopak no xopak Ha
n3abpaHuM y30pLIMa Kao U KOPaK Mo KOpak TepMajiHa AeMarHeTusanuja Tpo-koMnonenTne MPM
(Lowrie, 1990).

PE3VJITATU 1 AUCKYCUIJA

Jlaboparopujcka nmajeoMarHeTcka UCTpaKMBamba Ha cellaM JIOKaJIuTeTa Cy Aajia o00po
neduHUCaHEe KpUBE AeMarHeTu3amuje, Ha KojuMa ce yodaBa camo jeaHa komnHeHnTta [IPM. Curnan
[1PM je omnao y paHoj ¢a3u Tepmanne aemarterusanuje (275-300°C), 10k je CyCcuenTUOHUIHOCT
noyesa Harjo jaa pacte y omncery ox 320-400°C. OBakBo NoHaIIamke je TUITMYHO 32 MAarHETHYHE
reoxhe cyndune. Jlokanureru 2 u 4 cy u3y3eTak ca CTaOMITHOM CYCHENTUOMIHOMINY U CUTHAIOM
ITPM mo 475 nmu 575°C, ykasyjyhu na je Hocuorr [IIPM maraetur. Y3opmu ca octajia YeTHPH
JIOKaJIUTETa Cy TIOKa3ana HecTaOMITHO MaJIeOMarHeTCKO TIOHAIIAake Te Cy 300T Tora 010a4eHn U3 1ajbe
eBaiyargje.
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(Ci. 1) YapourheHa reosonika kapra CpoOuje ca JoOKalTUTeTHMAa MaJIeOMarHeTCKOT y30pKOBamba.
Jlerenna: 1: mozpyHje pacrpocTpamema naHoHa u jesepa [lapareruc, 2: MHTPaHOHTAHCKHU je3epcku OaceHu, 3:
Ipe MHOLICHCKE TBOPEBHHE, 4: JTOKAJIUTETH [1aJeOMarHeTCKOT y30pKOBaba

(Fig. 1) Simplified geological map of Serbia with paleomagnetic sampling localities. Legend: 1:
distribution area of Pannon and lake Paratethys, 2: inter-mountain lake basins, 3: pre-Miocene formations, 4:
paleomagnetic sampling localities

JlokanureTn ca CTaOWIIHIM TTaJeOMarHeTCKUM CHTHAJIOM CY JTJT CTaTHCTHYKH J0OPO
neuHKUCaH Cpeby TpaBall Ha HUBOY JokanuTeTa. [lociie mpruMeHe KOpeKIHje 3a Clioj, pa3uiaKemhe
CpelmbHX MpaBala Ha HUBOY JIOKAJIMTETa je 3HAaTHO MoBehaHo 3a JIOKAIUTETE UCTE CTAPOCTH Kao U 3a
ey TIOITyJIallljy MHOLICHCKUX JIoKaiauTeTa. OMIITH CPEeabH MPaBall je MPaKTHYHO UCTH TIPe U MOCIIe
MOTIPABKH 33 TEKTOHHKY, aJJH CTATUCTUYKH TECT CUTYPHOCTH TIOKa3yje Jia Cy CeIMMEHTH cTekiu [1PM
HaKoH yOupama. [Ipyrum peunma, MOKeMo a 3aKJbyYUMO J1a je MarHeTu3aiuja mpoyyaBaHux
cequMeHata muiaha on1 bUXoBe cTpaTurpadceke crapocTt, 6e3 0031pa Ha MEIIOBUTH HOJIAPUTET
MmoJlaTaka Ha KOjMa ce 3aCHHBA OIIITH CPEIHH MpaBall (MeT JOKAJIUTETA Ce OJUTHKYje HOPMAITHIM a
JIBa ca PEBEPCHUM IOJAPUTETOM) U TMIO3UTUBAH TECTa PEBEP3Hje, KAKO MPE TAKO U MOCIIE KOPEKIIHje 3a
cioj. M31Bojenu onmiTy cpe/ismby Mpasail je 3HayajaH 32 TSKTOHCKY UHTEPIIPETAIH]y jep yKa3yje na
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MpOoydYaBaHO MOJPYYje HUje 3HA4ajHO POTHUPAJIO Y IUTHOLIEHY WIIH KacHUje a HajBepOBaTHHje BpeMe
yOuparma je OUIo IIHOICH.

Mepeme aHU30TPOITHje MarHETCKE CYCIICNITUOMITHOCTH je MPYKUIO HHPOpMAIUjy o
MarHeTCKOM CKJIOMyY Mpoy4aBaHux cTeHa. CTenmeH MarHeTCKe aHU30TPOINHje je Hu3ak (IITo je
KapaKTepUCTUIHO 332 CETUMEHTHE CTCHE), @ MArHETCKUM CKJIOTIOM JOMHHHpA MarHeTcka ¢oivjaryja
napaJieliHa paBHH CJIOjEBHTOCTH Kao MOCTeTUIa KOMITakiije. Marnercka JMHea#ja Koja je youeHa
KoJ nokanmuTera la, 4, 5, 6 1 70 Moxe OUTH MOCIIEANIIA BOJCHOT TOKA WK JAedopmMalinje, Majia je
Temrko pehu Koju je o/1 OBUX MeXaHHW3aMa OJTrOBOPAaH 3a IeH HacTaHak. CKJIOHH CMO CTaBy Ja je
MarHeTcka JITHealdja Ko JoKanuTeT 70 mocnenuna aedopmarmje, jep je KoJloHeapHa ca TEKTOHCKUM
JMHEAaMEHTOM NpyKama -3 youeHuM y ucnuTuBaHoj oonacTtu. 3HayajaH U3y3eTak je OMo JTOKaIUTeT
3, ca IOMMHAHTHOM JIMHEANWjOM HOPMATHOM Ha paBaH CII0jeBUTOCTH. [10IITO CMO TPEAMOCTABIIIH a
j€ MHBEp3aH CKJION MOK/Ia OCJIEANIIA MPUCYCTBA TApaMarHETHYHOT CHICPHUTA, MAarHETCKA
aHM30TPOIKja je U3MepeHa y TPEHYTKY KaJa je MarHeTcKa CyCUeNTHOMITHOCT [ovalia 1a pacte
(nmoyerak pacmagama reoxhesuror MuHepana) U Ha 500°C. Ha modeTky pacnanama, MarHETKH CKITOTI
MOje/IMHUX y30paKa MOCTa0 je OYCKMBAHA 32 CEAUMEHTE JIOK CY Ha BUIIUM TEMIIepaTypaMa CBH
y30pIH M3ryOmIn nHBep3HH cKion. OBaj eKCIEpUMEHT HaM je Jao uHpopManujy o rBoxheBurom
MUHEpaTy 3Ha4ajHOM Ca CTAaHOBUIIITA CPEUHE JICTIOHOBAMa, a Kojer Huje 0o Moryhe
UICHTH()UKOBATH CTAHAAPIHUM EKCIICPUMEHTHMA 3a ofipeliiBambe MarHeTHUHUX MUHEpania. Pasmor
OBOME JIGKH Y YHEEHUIIM Ja CHIEPUT HUje pepomMarHeTndaH Hero napaMarHeTHiaH MUHepal,
Hecroco0aH J1a HOCH MajleOMarHeTCKU CUTHaJ, KOjH TEK paclaameM Yy TBOKNe OKCHA MPOU3BOAH
CEKYHJIapHY MarHeTH3aIIH]y .
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