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MOryTiHOCT KOMIIJIEKCHE HHTEPNPETAE(HJE
EHOCTPATHrPAOCKHX,MArHETOCTPATHrPAOCKHX,
CEH3MOCTPATHrPAOCKHX H CEFIHMEHTOJIOINIKHX
nP OyHABAH>A nJIHOHEHCKHX CI 'IMVIEHATA
Y CEBEPHOM EAHATY

0«

MajieHe BypauiHHOBHh-raBpHJiOBHh*, XejbKa KHpHHa**,
Jrparojby6a CTecliaHOBHha , Ha”eac”e TarHh
h MHlJiopajja "HMHTpHjeBHha

360r cnei*HtJjmHOCTH pa3BHha c})ayHe y pejiaTHBHO orpaHmeHOM aKBaTmHOM noRpyijy llaHOHCKor
6aceHa Ha npocTopy ceBepHor BaHaTa, Ha p.eny TpoMelje JyrocjiaBHje, PyMyHHje h M atjapcKe, KOMnneKCHa hh-
TepnpeTai(Hja je OTe>KaHa 360r orpaHmeHHX MOryhHOCTH Kopejiai*Hje ca pe3yjiTaTHMa npoygaBaH>a uiHpHX
npocTopa h rlio6aliHHX crpaTHrpacf>cKHX noj?ejia. KoMnjieKCHa caBpeMeHa npoygaBaH.a 3HaHajHO ffonpHHOce na
ce MHore on thx TeniKoha Mory yMaH>HTH. EKcnepHMeHTajiHO je HcruiTaHO je3rpo ny>KHHe oko 50 MeTapa. Cbh
pe3yjiTaTH, kojh cy MorjiH 6hth aHaliH3HpaHH npHMeHOM MeTojie (t>ypnjeoBe TpaHC(})opMaiiHje H npHMeHOM Me-
Tojje cjjHIiTpHpaHja (AyTOK Opejiai(Hje, Walshov h Hanningov (3jnjiTep) cy npoyneHH h H3BpmeHa je CHHTeTmKa
aHajnm. Pe3ynTaTH npyxajy MoryhHocr KOMnjieKCHe HHTepnpeTaiiHje hbko cy H3BejjeHH HcnHTHBaiieM Majie
jiy»CHHe je3rpa, a 3a ayxe HHTepBalie KopnmheHH npHMepijH ca cHTa.

K jty™ ¢ pe>ra: llaHOHCKH 6aceH, JyrocjiaBHja, BaHaT, MarHeTOcrpaTHrpacliHja, crpaTHrpac})Hja, ceH3MOCTpa-
THipac})Hja, ceAHMeHTOJiornja, reoc})H3HHKH hh” kthbhh KapoTaac, ¢JmOTpnpaH*3* Kopejiaipija, HHTep-
npeTai(Hja.

Spiritus moves HHTeH3HBHHX a h CHCTeMaTCKHX HcnHTHBaita ceHMeiiaTa naHOH-
cKor 6aceHa je 6njia nepcneKTHBHOCT npoHajiaaceita JiejKHiiiTa yrJi>0B0jjOHHKa. Hhtch-

120-6615 Telford Ave.,, BURNABAY B. C. VSH Canada.
CyTjecKa 1, Hobh Cajj.
EyjieBap ABHOJA 116, Beorpafl.
JIp HBaHa Pn6apa 121, Beorpafl.
XaijH-MHJieHTHjeBa 82, BeorpaR.
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>KHniTa Hac|)Te h raca npoiiajjena cy Ha caMOM noncTKYV jipvre nojioBHHe XX BeKa, Kaiia
je Ha npBOM MecTy 3axBaji,yjyhH npHMeHH rpaBiiMe'rpiijcknx MeTOfia HcinrrnBaiha npo-
naljeno h npBO Jie>KHurre nacjrre h raca: BeliHKa rpejia h JepMeHOBIi,H (Aksin, 1967).
Tokom iiapei'HHX 50 ro/inna iiacTaBJBena cy ooiiMiia HCHCTeMRTCKa iiciiHTimaiba Koja cy
iionpniiejia /ja je caMO Ha npocTopy jyrocjioBencKor jiejia laHOHCKor 6acena 0TKpHBeHO
BHHie 03 CTOTHHy Jie>KHHITa yrJBOBOfOIIHKa Off KojHX ce HeKQIIHKO (KHKHH"a, MoKpHH,
BejieCHT) y6pajajy y Beha Jie>KHHiTa yrdbOBOj(HHKa Ha KOHTHiieHTjiHOM Agjiy EBpone.
llocjieflibe TaKBO Jie>KHiine je Typnja-ceBep na KOVe je 1994. ro/jHne h 'jano'icTa pe-
flOBiia npOH3B03H>a.

U,ejioKynHH npocTop jyrocjioBeHCKor jjejia 1laHOHCKor 6acena reocjjH3H'iKii je hc-
nHTaH npHVeHOM MCrrojja: rpaBHMeTpnjckhx, reoMarHeTCKHx (‘repec'rpn’iKe h aepoMar-
HeTCKe) h reoeneKTpHHHHX, a noce6HO pecjjjieKTiiBiiHM ceirjMiHIKHM MeTojiaMa. Y Ty
CBpxy npHMeibene cy HajcaBpeMeHHje MeTojie pe(}jjieKTiiiHiHX ceH3MH'iKiix HciiirniBaii.a
h oopajie nojiaTaKa, vKJoV'ivjvhii pecjjjieKTHBIia ceH3MHHKa ncnHTHBaiba BHOOKe pe30-
Jiyn;Hje. Ha H3a6paHHM JioKajiHTeTHMa HSBejieiia cy h Tpoj(HMeii3HOiia pecjjjieKTHBIia
ceH3MHHKa HCnHTHBaiba.

CBe 6ymoTHHe ncnHTaHe cy npHVeHOM MCTGjja icocjjHSHTKor Kapora>Ka. C'pejiHiioM

lIpHJIHKOM 6ynieiha HcTpa>kHHX 6ymoTHiia Bpuieiio je h je3rpoBaibe caiJiacHO npo-
jeKTHMa. Y TOKy 6ymeiba eKcnjioaTaii;HOHHX h paspajimre 6ymoTHHa nporpaMH jesrpo-
Baaa 6hjih cy cBejjeHii Ha ii;HlbHa jearpoBaiia.

BoraTCTBO ii;ejioKynHor reojiomKor h reocjiiSH-iKor Ma'repnjajia oMoryhHJio je jja
ce cno3Ha cacTaB h CTapocT cejHiMeHaTa, HHXOBa rpaha h Mel)yco6HH ojihoch. Pajm thx
n,HJbeBa BpmeHa cy ojiroBapajvha ceji;HMeHTOJiomKa, najiecoHTOJiomKa, MHHepajiomKa,
GiiocTpaTiirpacjjcKa h jipvra iipoy>iaBaii,a. 1lejioKvnna reojiomKa jjoKVMeirrannja npyaca
ocnoBy jia ce Moace kophcthth h 3a eKcnepHMeHTajma HenHTHBaiba nNpHMEHOM hobhx
Me'rojja h nocTynaKa, a THMVE je CTBopena h MoryhnocT 3a peHHTepnpeTaii;Hjy.

Pa3Boj Mcrojia MariieTOCTpaTHrpacjjCKiix ncnHTHBaiba npy>KHo je MoryhHocT jia ee
oji;roBapajyha MeTojioJiornja npHMeHH Ha jejmoj oji nc'rpa>Kiiiix 6ymoTHHa. 3a Ty cBpxy
H3a6paHa je 6ymoTHHa koji cejia 06HJiHheBO (06jic-1), ceiieposanajjHO oj( KnKHHjie
(cji. 1) rjje ce Hajia3H jejnio oji HajBehnx Jioiciiiirra yrjbOBOQjiiniKa y JyrocJiaBHjii. Ha
;iyénnn oji 1675. jjo 1725. Merpa, na Kojoj ce oneKHBajia rpaHHii;a njiHoiieiia h MHOii;eHa
H3BpmeHa cy jesrponaiba. Je3rpa ey Kopnmhena 3a KOMnjieKCHa reojiouiKa h MarHeTO-
CTpaTiirpacjjCKa HcnHTHBai-ba. Y iienocpejuioj 6jiii3hhh iicrpa>KHe 6ymoTHHe 06jic-1, je
h ceH3MHHKH npiic})HJi 4880. Kojn je KopnmheH noce6HO y npousecy inrrepiipc'rannjc
H3Bej"eHHX KOMnjieKCHHX re0Jiom K 0-re0cj)H3HHKH X npovHanarba.

CejiiiMeii TOJiaiiiKii h ceii3MOCT pariu pa(j)CKii mojjcji cesepHor EaHaTa
Cej"HMeHTHH KOIVHUieKe ceBepoHCTOHHOT BanaTa je BeoMa KOMnlieKcaH. Ha npoc-

Topy TpoMelje JvrocjiaBHja-PvMvniija-Ma™apcKa jjeGjbiina HeoreHHX cejiiiMena'ra 30-
cTH>Ke h 6 km. Ochobh3 kapaKTcpncthKa je jja ce j(e6jbHHa HeoreHHX cejjHMeHara cMa-
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Cji. 1. KapTa ca noJioacajeM HCTpajKHe 6yuiOTHHe 06HJiHheBO 1 (06 jic-1) h pet})JieKTHBHor ceH3MH>iKor
npotftHJia 4880,
Fig. 1. Map showing location of the wild-cat Obiliéevo 1 (Obls-1) and reflection seismic line 4880.

Cji. 2. KapTa jiy6HHa (km) no 6a3e HeoreHa ceBepHor BaHaTa (Kirin at all., 1991).
Fig. 2. Map of depths (km) to Neogene base in north Banat. (Kirin at all., 1991).
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H>yje n/(yhM npeM a jyry (A ksin, 1967). Je/jHa ojj rjiiaBHax ojuiHKa je jja ce jaBJta HeKo-
jihko BHcnja (ceBepHo SaHKa, KHKHima-MoKpnii-CcrcjiHH), Kao h neKOJiiiKO TporoBa
(CpncKa Llpiha, h BaHaTCKH Tpor) jjejioM npHKa3aHH Ha cji. 2.

CaBpeMeHO cxBaTaibe pa'iBiiha neoreHHX cejjHMenaTa (D im itrijevié & D imitri-
jevic¢, y pajjv Kirina, 1991, cTp. 81) TrniOBe cejjHMenaTa, npeM a ycjiOBHMa cejjiiM en-
TaijHje, KapaKTep ceH3IMHHKHX pecjijietKTHBHHX xopH30HaTa CBpcTaBay Tpn KaTeropnje,
h to:

ceKBeHiija - A: rpaiiH ije pecliJieKTOBan>a Koje HMajy KOMHJieKCHe (fiopMe, a ojjroBa-
pajy cejjHMeiiTHMa npe—hohthckhm jjo jjoilc hohthckhm;

ceKBeiiija - B: rpaimije pecjuieKTOBaiia Koje ce jaBJtajy yHyTap hohthckhx cejjn-
MeHaTa;

ceKBeHii;a 13,: rpaHHii;e pecliliek TOBaiha Koje cy cy6xopH30H TajiHe jjo xopH30H TaliHe,
a HalJia3e ce yHyTap nocT—hohthckhx cejjiiMenaTa jjo xojioii;eHCKHX TBopeBHHa.

Ha jjejiy BpeMeHCKe ceKijHje npocJ)HJia 4880. pecjjlieKTHBHHX ceii3MHTIKHX HcnHTH-
Baita (cji. 3) npHKa3aH je nojioacaj HCTpaacHe 6ymoTHHe h BepoBaTaH nojioacaj rpaHHn;e

MHQijeH-njiHOHeH (Kirin i dr., 1991.).

ols

2 r 2 ki 12 7 52 57 &2 67 72 km

Cji. 3. nonojKaj 6ymoTHHe OSjic-1 n je3rpoBaHor HHTepBajia Ha ceH3MOCTpaTHrpaiJ)CKOM npoc})HJiy 4880.
Fig. 3. Location of Obls-1 and cored interval at the seismostratigraphic cross-section 4880.

Bp3HHa jjenonoBaiKa cejjHMena'ra tokom pa3jjo6ji>a M HOnReii-iuiH Oijeii HHje npeT-
xojjho npov'iaBana. Pajo npojeKTOBaiLa nojioacaja HHTepBajia Kojn 6h Tpe6ajio je3rpo-
BaTH, Kao h pajjH ojipeijHBan.a jjy>KHHe KopHCHor je3rpa cejjiiM cnaTa Koje 6h 6hjio CBp-
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cacxoflHO iipoy-‘iaBaTH, 6hjio je no'ipcbno nosnaBaibc 6p3HHe CTBapaita ce/iHMCiiaTa. Y
17 CBpxy KopncTHJiH cmo ce eK3eMnjiapHHM paflOM mai’iierocrpai'Hrpac{jckhx iipovnaBa-
H.a (Pogascas, 1987) oj(roBapajyhnx cejjiiMena'ra Ha npocTopy llaHOHCKe HH3Hje y M a-
NapcKoj. IlpeMa npoyHaBaiBiiMa Pogascas-a tokom pa3jjo6ji>a MHOD;eH-njiHOu;eH jje6jbii-
na cejjHMeHaTa je pacjia 0j( 0.5 jjo 4 m/1000 rojjHiia. Mh cmo npeTnocTaBHJiH jia 6h, 06-
3HpoM na ycjioBe y llapaTeTHcy, 6p3HHa cejiHMeiiTOBaii>a Morjia 6hth 0ji0.2 jp 0.4 m/1000
rojpraa. MoryhnocTH cy ji03B0JbaBajie jja ce Moace jesrpoBara HHTepBaji oji oko 50 Me-
Tapa, a jjace je3rpoBaite 3anoHHe Ha j"y6 HHH oj» 1675. MeTpa.

IlporpaMOM cy 6iuia npejjBiiljeHa h KOMnjieKCHa reo(]J)JH3HHKa Kapo-ra»:iia hchhth-
Baita. Iloce6aH HarjiacaK je jjai’hhj~rkthbhhm KapoTa»CHHM hchhthbaH>HMa, o'ieKyjyhH
jha ce pe3yjiTaTH thx KapoTa>KHHX HciiHi’'HBaiia Mory kophcthth h 3a Kopejian;Hjy ca
pe3dyjiTaTHMa MarneTOCTpaTHrpa()CKHX HciiHTHBaii>a.

3a 6HOCTpa'iHi pa(})CKa HcnHTHBaH>a KopHiuheH je h MaiepHjaji ca CHTa, a je3rpa cy

jiouiKa, najiHHOJioniKa, a noce6HO 3a MarHeTOCTpaTHipa(})CKa npoy'iaBan>a.
TexiiHKa ria.rreoMai nercKHs HenHTHBaH.a

Tokom 6ymeH>a je3rpoBaHa cy 6 HHTepBajia. Je3rpoBaH>e je H3BpmeHO KepH-anapa-
tom j;yarHHe 9 MeTapa. JI,06HjeHO je yKynHO 50 MeTapa je3rpa, aliH cy HeKH HHTepBaJiH
H3ry6ji>eHH. H a npo(J)HJly, (i-5) HHTepBajiH ca ko}hx HHje ao6Hjeno je3rpo osna®ieHH cy
"TaHKacTo" KaKO 6h ce yKa3ajio jja H3 thx jjenoBa HHcy HanpaBJbeHH npHMepipi 3a
MarHeTOCTpaTHrpa(})CKa h jjpyra HcnHTHBaH>a. Je3rpa cy BeoMa naacjbHBo opHjeimicaHa
§Yyac z-oce, TaKO jjaje 6hjio Moryhe (})opMHpaTH pejiaTHBHO KoinHiiynpaHo je3rpo
Hj~eHTHHHo opnjeHTHcaHO. JJVjiobh je3rpa cy cnajaHH Ha rpaHHii,aMa npejioMa je3rpa Ka-
ko 6h ce dte"-stejjnjia KOHTHHyajmocT. TaKaB npHCTyn o6e36ejjno je jja je y npoii;ecy Me-
peita 6hjio Moryhe ojipcjiiiTH h pejiaTHBHy BpejjnocT j(eJiHhaii Hje, Koja je 6iuia ofj 3Ha-
najHe KopncTH npH HHTepnpeTaii;HJH. npHMepii;H 3a najieoMaraeTCKa HcnHTHaH>a H3Ba-
tjieHH cy 6ymeH>eM jjejia je3rapa. BymeH>e je H3BpmeHO ynpaBHO Ha paBaH cjiojeBHTOCTH.
npHBHj”HH na”oBH cjiojeBa HHcy 6hjih Behn ojj jjBa cTeneHa, mTO je 6iuia noce6Ha
uoi bjjhoct. IpHMepii;H cy HanpaBJbeHH Ha CBaKHx 25 c¢m. YKynaH 6poj ynoTpe6jbHBHX
npHMepaKa 6ho je 320. J1a 6h ce cnpc™iujio ry6jbeH>e BJiaacHOcra h canyBajia KOMnaK-
thoct npHMepaKa hchhthbaiiHX cejjHMeuaTa npiiMepnH cy noTanaHH y norojiaii (Djnij-
360r TepMooceTJLHBOCTH, c})opMnpaiie TaHKe cKpaMe, npiiMepnn HHcy moijih 6hth h
TepMOj”~eMarHeTHcaHH, Beh cy caMO jjeMarHe"mcanii y HaHSMeiiH" iHOM nojby.

Anajnoa najieoMarueTCKHX HcuHTHBau>a

ripHMepii,H cy CHCTeMaTCKH ncnHTHBaHH y nalJieoMarHeTCKHM Jia6opaTopnjaMa vy
Byj*"HMnemiH (Ma”apcKa) h BpaiHCJiaBH (CjioBa'iKa). H3BpineHa cy Mepeita npHpo~He
peMaHeHTHe MarHeTH3an;Hje h H>eHe CTa6HJIHOCTH y HaH3MeHHTHOM nojby, Kao h H>HXOBa
H30TponHOCT. CaMoO cy npHMepijH H3 HHTepBajia 1675-1678 nokKa3ajin aHH30TpONHOCT,
jok cy cbh flpyrn noKa3aJiH bhcok cTeneH xOMOreHOCTH. MHiiepajioiuKa ncnHTHBaiba h
TepMaldiHa aHajiH3a noKa3ajia je j*a cy npiiMepnH HjjeHTii'mor cacTaBa, a fla je HocHJian;
MarHeTH3au;nje iicTopojjHH MHHepali Kojn HHje noce6HO HjjeiiTH(})HKOBaiL npon;ecoM
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Cji. 4. neTpojiouiKa Kliacncj)HKaij(Hja flo6njeHHX je3rapa H j(HjarpaM HHKJiHHaipija craSHJiHe peMaHeHTHe
MarHeTH3at(Hje.
Fig. 4. Petrographic classification of cores, and inclination of stable remanent magnetisation.
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fleMarHeTH3au,Hje Hiije yoiiena 3HanajHa BHCKO03Ha h ceKyH”~apHa M anicTiisamija. /IcMar-
ucTiriannja y rraii3MeHH'IHOM nojby BpmeHa je 30 HHTeH3HTeTa nojLa on 6,3 A/m.

Ha ocnoBy npnpojjHe pcMaHeirrae MaiTierH3annje ~opMiipane cy ‘ie/nipn rpyne
(cji. 4) h to:

rpyna M - peBepcHe nojiapHOCTH y HHTepBaliy 1675 - 1682 m,
rpyna N - HopMajrae noJiapnocTH y HHTepBajiy 1683 - 1692 m,
rpyna P - npoMeHIBHBor HOJiapHTeTa y HHTepBajiy 1693 - 1710 m,
rpyna Q - peBepcnor nojiapHTeTa y HHTepBajiy 1711 - 1725 m.

y 0iJBHBa je (cji. 4+ h 5) H3pa3HTa kopejia6njinoct HHTeH3HTeTa peManeHTHe MarHe-
TH3a"Hje n JiHTQUioiHje, olHOCHO ycjiosa ceiiHMeiriOBaiBa. Fjihhc h necKOBHTe tjihhc
HMajy 10 ho 20 nyTa Behn HHTEH3HTET peMaHeHTHe MarHeni3aHHje, Hero ihto je to
cjiynaj ca iiennapiiMa h aJieBpodiHTCKHM neiHHapHMa. ¥ CKliafly ca neTpojionik HM cBoj-
CcTBHVA je 11 H3pa3HTa KopejianHja ca cneiinclin'iiiOM ejieKTpHHHOM o TnopHom hy H3Mepe-
HOM HHJjyKTHBHHMI KapOT3)KOM

Yo'iena Kopejiaiuija e.jieKTpHTHe othophocth h HHTeH3HTeTa peMaHeHTiie MarHe-
TH3an;Hje HHHii;Hpajia je Kopejian;Hjy Te jiBe BejiHHHHe. IlpHMen,eiiH cy cjioaceHH anajin-
thhkh iioctviihh (Haningenov cJ)HJiTep, Welshov cJ)HJiTep, KpocKopejiannja) h jiOKarana je
BejiHKa KopelJiaijnja anajiH3HpaiiHX napaMeTapa. 1JocTojn peajiHa MOryhHOCT j(a raKan
nocTynaK 6yj(c npHMCiheH Ha 3HaTHO BeheM HirrepBajiv 6ymoTHHe, KojH Mo>Ke nocjiy-
schth 3a Kopejiaiinjv ca KJIHMaTCKHM npoMeHaMa ycJioBJbeiiHM nojaBOM Jiejieiinx 306a.

Y TOKy riponeca napHHjaJiHe weMariieTH3an,Hje y HaH3MeHHHHOM nojby iipiiMepnn
H3 HHTepBajia M, N h P noka3ajiH cy siiaHajnv cTasSnjiHOCT peMaHein'ire MarneTHsaiiHje h
HHcy npoMeHHJiIH CBojy nojiapHOCT. Mcljvthm, cbh ripHMepnH H3 HHTepBajia Q Hiija je
nprrpojTHa peMaHeHTHa MarHeTH3aii;Hja 6HJia HopMajiHa, npoMeHHJin cy MarncTH3anHjy h
H>HXOBa CTa6bnjiHa peMaHeHTHa MarHeTH3aii,Hja je y nejiHim peBepcHa (cji. 5).

OIAVAONHTIO
ARLD
MRR?

1POUVRITf BKFORS: AEB

2POIJIRNT AFTBR AFD

L] NORMAIL POLARITV
o RHVEKSED POILAKJTY

[ ] UN'SAMPIJB INTERVAL

INDUC.TIV [XXI RUMANEJVCE LOO INC.LIN'AT[OX [XXI

Cji. 5. finjarpaM K HHjryK THBiior KapoTa>Ka, HHTeH3HTeTa peMaHeHTHe MarHeTH3aiiH je, HHKJiHHaiiHje h HH TepBaaa
nonapHTeTanpe h nocne HeMarHeTH3aiiH je.

Fig.5. Induction log, Intensity and Inclination of stable remanent magnetisation, and its polarity before and
after demagnetisation.

Kopejiannja jmjarpaMa HiijjyKTHBiior KapoTa*a, HHTeH3HTeTa peMaHeHTHe Marrie-
TH3an,Hje h HHKjniHaitHje cTa6HJinor jiejia MariieTHsaiiHje je HMnpecHBHa.
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A Mediterranean Pevzner Andreescu Gagic
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Cji. 6. CTpaTHrpacjjcKa nopsejia HeoreHa npeMa HaBejjeHHM ayTopHMa.
Fig. 6. Stratigraphic time tables of Neogene by the quoted authors.
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KoMnJieKCHa HHTepnpeTaHiija

Ochobhh npo6jieMH KOMHJieKCHe HHTepnpeTai];Hje H3iie/jennx HCHHTHBaH>a npoH3H-
jia3HJiH cy H3 TemKoha Be3aHiix 3a pa3JiHHHro pa3BHhe iipoy‘iaBailnx ;ieji(jBa llapaTe-
Tiica ca KojHMa ce Moraa BpmHTH Kopenaipija. OcHOBiie TemKohe cy ce jaBJiane h npii
KopHmheH>y CTpaTiir pa({)CKHX cKana h pejieBairniiK MarneTOCTpaTHOrpag|/5SCKHX npoyga-
Bama. llpo6jieMH cy nacTajin 360r pa3BHha c|)ayHe H3 6aceHa ca BeoMa orpaiiH'ienoM
chojbhom KOMyHHKaii;HjOM. E[03HaTO je BHrne cjparmHipacjjcKHX no/jejia (HeKe o” h,hx
p;aTe na cji. 6), Koje pa3JiHHHTO jjec|)HHHmy CTapocT noje/iHHHX rpainma h BpeMe Tpajaaa
KaTOBa. TaKO, Ha npHMep, sa pa3flo6jte noHTa iipcTiiocTaiui>a ce BpeMe Tpajama o/j 0,5
jio 3 MHJiIHOHa rojjHHa, a Taj ce HHTepBali, npeMa pasjiiHiHTiiM ayTopHMa (cji. 6), CMeurra
y BpeMeHCKH HHTepBali o/i 2 jjo 9 MHJIHOHa ro/jiina. llpH HHrepnperannjH KopnmheHa je
KlJiacHc})HKamija (Gagi¢, 1988) Koja je h npHKa3aHa y kojiohh 5 Ha cji.6. Ha 6a3H jierraji>-
hhx ripoyraBau>a npo6a caKynji>eHHX ca CHTa, alJiH ocjian>ajyhii ce npBeHCTBeHO Ha npoy-
‘fai5aii>e ijejioKvrnioi', KOHTHHyHpairOr je3rpo jjy>KHHe 50 MeTapa, ca HHTepBajia 1675-1725
h KopejiaHiijoM ca cvccjjiihm 6ymoTHiiaMa, HajBepoBaTHHje je jja cejjHMeHTH npoyraBa-
Hor HHTepBana npniiajjajv ropn.eM /jejiy jjomer noHTa.

CeH3MocTpaTHrpac})CKH npocd)HJi 4880. (cji. 3) je KopnmheH ripn npojeKTOBaH>y iic-
TpajKHe 6ymoTHHe O06jic. 1 O'icKHBajio ce jja y jjomciiv H3a6paHor HHTepBajia /iy6iriie
6yjje h rpaiiHii;a MHonen-njiHoiieii KaKO je Ha cjihijh 3, h osHa'ieiio.

npeTnocTaBli>ajyhH jja je 6p3HHa jicnoHOBaiba 6iiJia KOHCTaHraa h /ia Hiije 6hjio
HHKaKBor xnjaTyca, peajiHO ce MO>Ke 3aKJbyHHTH jja jjy>KHHa najieoMarHeTCKH HcnHTa-
Hor HHTepBajia ojjioBapa BpeMeHCKOM pa3jjo6ji>y ojj 0,1 jjo 0,15 MHJIHOHa ro/jmia. npeMa
TOMe Harna MarHeTOCTpaTHrpa(})CKa Kopejiaii;Hja y nope”eH>y ca CHCTeMaTCKHM MarHe-
TOCTpaTHrpac|)ckhm npoyHaBaH>HMa je3rapa H3 6ymoTHHa y Ma”apcKoj (Pogascas,
1987), Hnje jjobojlho noy3ji;aHa. ,0,Ba 0jj MarHeTOCTpaTHrpac})CKH jjeTepMHiiiicaiia HHTep-
Bajia cy HenoTnyHa (HHTepBajiH M a Q), jjok cy /jpyra jjna (N h P) pejiaTHBHO KpaTKH.
nojj npeTnocTaBJbeiioM 6p3HiiIOM KOHCTaHTHe cejiHMeirraijHje HHTepBaji N Morao je
riacTaTH y pa3jjo6ji,y 0jj 25.000 /jo 50.000 ro/iinia, jjok 6h HHTepBaji B Morao 6hth
c}h)opMHpaH tokom nepHojja ojj oko 50.000 jjo 100.000 rojjHiia. TaKBe jjy>Kinie HHTepBana
Morjie 6h o/jroBapaTii HeKOM ojj cy6pxoHe 4. xpona (Gilbert). Mo>Ke ce nperaocTaBHTH,
hcto TaKO, jja HHTepBaji B, Kaojii je jjeieKTOBan Ha HHTepBany jjyénne 1683-1693, npejj-
cTaBJba Moryhy eKCKyp3Hjy MarHeTCKor nojba. TaKBa eKCKyp3Hja Moraa 6h 6hth H3y-
3erao siia'iajan xpoiiocTpaTiirpac})CKH, Tj. ManieTOCTparnrpac})CKH MapKep Kojn 6h 6ho
pejieBaHTan 3a noy3jjaHy Kopejiaijnjv npoc})HJia Ha npocTopy ceBepHor BaHaTa.

MirrepiiperaijHja aHanH3HpaHHX nciiirniBaiLa yKa3yje jja je Mei)ycobna Kopejiaijnja
jjocTynHHX pe3yjiTaTa BeoMa /jo6pa, naKo je H3Be/jeiila na HHTepBajiy ojj caMO 50 MeTapa,
Kojn je cjjopMHpaH y pejiaraBiio KparaoM BpeMeHCKOM iiepno/jv. CncTematcKiiM cBe-
CTpaHHM iipoyTiaBari>HMa jejjiioi' jjyacer HHTepBajia 6hjih 6h CTBopeHH ycjioBH jja ce
iiova/jaiiHje MO>Ke BpmnTii Maniei'ocTpaTiirpacjjcKa, 6HOCTpararpa4)CKa, cejjHMeHTO-
JiomKa, ceH3MOCTpararpa4)CKa Kopejiaijnja, Kao h a/jeKBarao jjeTepMHHHcaBbe ceH3MO-
-cMaijnja h reo—eneKTpHHHHX cl)ai];Hja.



Feoji. aH. BalJiK. noji. 50 397-412 Beorpas, seiieMSap 1995
Ann. Geol. Penins. Balk. i Belgrade, Decembre 1995

UDC 55:550.3:551.7(497.113) Original scientific paper

HHIJKEEBEPCKA TEOJIOrHJA, XH,n;POreOJIOrHJA, CEH3MOJIOFHJA
GEOLOGIE APPLIQUEE, HYDROGEOLOGIE, SEISMOLOGIE

COMPLEX INTERPRETATION OF BIOSTRATIGRAPTfICAL,
MAGNETOSTRATIGRAPTffICAL, SEISMOSTRATIGRAPHICAL AND
SEDIMENTOLOGICAL STUDIES OF PLIOCENE SEDIMENTS IN
NORTHERN BANAT

by
* V **
Milena DjuraSinovi¢-Gayrilovid , Zeljko Kijrip
Dragoljub Stefanovid , Nadezda Gagid
and Milorad Dimitrijevid

Specific faunai development in a relatively limited area of the Pannonian Basin, transboundary area
of Yugoslavia, Romania and Hungary in northem Banat, is increasing the difficulty of an integrate inter-
pretation for the lack of correlation with large regions or global stratigraphic divisions. Multidisciplinary
modem studies greatly help in reducing the difficulty. Some fifty metres of a drill—eore was experimen-
tally examined. All results, which could be analysed by the Fourier transformation method and the filtering
method (Autocorrelation, Walsh and Hanning Filters), were studied and subject of a synthetic analysis.
The results allowed an complex interpretation, though the examined core length was small, and oversize
specimens from sieves were used for long intervals.
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Spiiitus moves for systematic investigation of the Pannonian Basin sediments was to
frnd hydrocarbon deposits. Geophysical and geological investigation had started in the
middle of the XX century. The first commercial oil and gas deposits were found close to
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villages Velika Greda (in 1949), and Jermenovci (in 1952) (Aksin, 1967). The gravity
method was used to determine a potential structure. The initial successes were followed
by 50 years long large-scale systematic exploration. The outcome of the methods applied
was that more than a hundred oil and gas deposits were found, some of which, such as
Velebit, Kikinda, Mokrin etc., are among major hydrocarbon deposits in the continental
Europe. The last oil deposit discovered is Turija-north, which started production during
1994.

Geophysical prospecting by gravity, geomagnetic (terrestrial and aeromagnetic), geoe-
lectrical methods were applied extensively. However, far more than all of the mentioned
methods reflection seismic have been applied. The whole Yugoslavian part of the Pan-
nonian Basin was thoroughly investigated during the past 50 years. Digital seismic
equipment were used for reflection seismic prospecting, and the technique of high resolu-
tion was applied accordingly. Some of selected areas were investigated by three-dimen-
sional reflection seismic. The data are processed by VAX 9000 computer, and DISCO
softer package is the program for standard processing.

The complex geophysical well-longing was performed at every hole drilled: wild-
-cats, exploration, and production wells. Modem digital equipment are used for well-log-
ging. including dip-meter to measure strike and dip of sediments and discontinuities. The
dip-meter has been used since mid-nineties.

Extensive core sampling of each of the wild-cats drilled was pre-programmed by a
program of drilling each hole. However, programs for core sampling of exploration and
production wells were oriented to take cores at specific intervals, and those were mainly
at the pay zones.

The geological and geophysical data obtained were used to identify relevant rock
properties, its petrology, petrophysics, age, struetural relationship ete. The data were used
for complex sedimentological, paleontological, mineralogical, biostratigraphical and other
investigations. The complete set of data, well documented, is available, and can also be
use for other experimental analyses applying new methods and techniques, as well as for
reinterpretation.

The magnetostratigraphic method applied only at single wild-cat (Obls-1) drilled
close to the village Obilicevo (Fig. 1) to the north-west of Kikinda town where one of
the largest oil & gas field of Yugoslavia is situated. According to the program it was in-
tended to core 54 m long interval from the depth 1675 m down, where it was expected
that the Pliocene-Miocene boundary could be. All core samples were used extensively for
complex geological and magnetostratigraphic investigation. The closest seismic line was
4880, not far from the wild-cat Obls-1, and the cross-section was very much useful for
interpretation and geological and geophysical correlation.

Sedimentological and Seismostratigraphic Model of the North Banat

Neogene sediments of northem Banat are very complex. Its thickness is about 6 km
close to the Yugoslavia-Romania-Hungary three-states border line. The total thickness of
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Neogene sediments decreases southward (Askin, 1967). The main morphological features
are several recognizable antiforms (North-Banat, Kikinda-Mokrin-Szeged), and several
troughs (Srpska Cmja nad Banat trough) partly shown in Fig. 2.

The most recent concept of the Neogen sediment complex by Dimitrijevi¢ &
Dimitrijevi¢ (in: Kirin, 1991, p. 81) distinguish three different sediment segments ac-
cording to the sedimentation environments, and their age, Those are:

A-sequence: Pre-Pontian to Lower Pontian sediments with diverse deposition over
highly differentiated palomorphology and synchronous folding; reflection boundaries have
complex shapes;

B-sequence: Pontian sediments with well defmed progradation series along the axial
part of the Banat trough; reflection boundaries are well recognizable;

C-sequence: Post-Pontian to Holocene sediments; reflection boundaries are subhori-
zontal to horizontal.

The position of the wild-cat Obls-1 drilled, and the most probable position of the
Miocene/Pliocene boundary (Kirin et al., 1991) are shown at the seismic time section
along the seismic line 4880.

Sedimentation rate during Miocene/Pliocene time was not determined earlier. How-
ever, to determinate the depth of interval which was to be cored, and to determine the
length of the interval for coring, it was necessary to assume a sedimentation rate. For that
purpose we used the data relevant to similar sediments in Hungary. For the very well
magnetostratigraphic investigated sediments (Pogascas, 1987) it was determined that the
sedimentation rate was 0.5 to 4 m per 1000 years. Having in mind conditions that pre-
vailed in the Paratethys we had assumed that the sedimentation rate should be 0.2 to 0.4
m/1000 years. It was possible to core an interval to core 54 m long, and therefore it was
decided to start coring at the depth 1675 and furhter down.

A very complex program of geophysical well-logging was anticipated for the
wild-cat drilled. A particular significance was attributed to the dual-induction log, since
it was intended to correlate the resistivities with intensities of remananent magnetization.

Rock samples from the sieves were used for biostratigraphic investigations, while the
core samples were used for all other investigations: biostratigraphic, sedimentological,
lithological, palynological, and of course for investigating remanent magnetization.

Paleomagnetic Techniques Applied

The hole was cored at six depth interval using 9 m long equipment for coring. The
total length of the cores was 50 m, since some intervals were lost through the process of
coring. The intervals that was did not get cores are dotted at the column (Fig. 5), and
therefore there are not data relevant for magnetostratigraphic interpretation. All core seg-
ments were carefully oriented along the z-axis to form a relatively continuous core with
identical orientation. Consequently, we had a virtual continuity of the whole interval that
was cored, except for the small missing parts. The procedure that was applied was essen-
tial for determining the paleodeclination, and was very much useful for interpretation.
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Laboratory samples for paleomagnetic measurements were obtained by diamond coring.
The drilling was perpendicular to the bedding. Apparent bed dips were no more than two
degrees, what was very convenient for the purpose. Samples were made at each 25 cm
intervals. The total number of useable sample was 320. To prevent drying, and preserve
their compactness, all specimens were submerged into a two component industrial resin.
Since the coating was thermosensitive the specimens could not be thermodemagnetizied,
and therefore demagnetizing by altemating field was applied.

Analysis of Paleomagnetic Measurements

The specimens were investigated in the paleomagnetic laboratories of Budapest
(Hungary), and Bratislava (Slovak). The natural remanent magnetization was measured,
and its stability was determinated by AC demagnetization. Only specimens from the in-
terval 1675-1678 were anisotropic, while all others were very much homogenous. Minera-
logical investigation and thermal analysis indicated their composition, and a single mag-
netic mineral was recognized but we did not identify the mineral. The demagnetization
did not reveal any significant viscous or secondary magnetization. The demagnetization
was applied in electromagnetic field up to 6,7 A/m.

According to the natural remanent magnetization investigated all specimens were
classified into four groups as follows:

group M: reverse polarity; interval 1675 to 1682 m,
group N: normal polarity; interval 1683 to 1692 m,
group P: mixed polarity; interval 1692 to 1710 m, and
group Q: reverse polarity; interval 1711 to 1725 m.

Very good correlation of the intensities of remanent magnetization and lithology, e.g.
deposition environment is obvious at Figs 4, and 5. Clay and sandy clay have 10 to 20
time higher intensities of remenent magnetization comparing to the sandstone or silty
sandstone. Petrological properties also closely correlate with resistivity measured with
dual induction log.

The recognized correlation of electrical resistivities and intensities of remanent mag-
netization was an inspiration to apply analytical methods. A complex analytical method
were applied. such as: Hanning filter, Walsh filter, and cross-correlation. The correlation
parameters determined were very high. It seems that the applied method could be applied
for much longer interval, and even to correlate the measured parameters with variation of
global climate, and ice age phenomena.

In the process of partial AC demagnetization the specimens from the intervals M, N,
and P had significant stability of remanent magnetization, and they did not change their
natural polarity. Only specimens from the interval Q, however, with the normal polarity
of natural remanent magnetization, did change the direction of natural magnetization, and
the stable remanent magnetization was reverse (Fig. 5).

The conclude: the correlation of resistivities measured by dual induction log, pa-
leoinclination and intensity of remanent magnetization is very impressive.
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Complex interpretation

The main problem for a eomplex interpretation of the investigated sediments was
due to the diffieulties related to the different evolution of the parts of Paratethys that we
wanted to eorrelated our data with. Similar problems are faces trying to correlate
stratigraphic time scales with relevant magnetostratigraphic scales. The problems are re-
lated to the differences of evolution of fauna inside of rather isolated aquatic realms with
very much restricted communication even to those near by. There are stratigraphic time
table, and some of them are illustrated in Fig. 6, as published by quoted authors. It can
be seen that some stratigraphic boundaries, as well as the time intervals of some of the
stages are different. As an examples, the assumed time of Pontian stage varies from 0.3
to 3 Ma. For our interpretation we have used the time in the column 6 (Gagi¢, 1988) at
Fig. 6. The age of the investigated sediments was determined by analyzing samples from
the sieves. However, the interpretation does rely upon the results of investigations of the
50 m long continuous core from the depth interval 1675-1725, and correlation with the
nearby boreholes drilled through the upper part of the Lower Pontian.

The sismostratigraphic profile 4880 (Fig. 3) was used for programming the drilling
of the wild-cat Obls-1. It was assumed that the Miocene/Pliocene boundary should be at
the determined depth interval shown in Fig. 3.

Assuming that the rate of sedimentation was constant, and that there were not any
hiatus, it was reasonable to assume that the sampled depth interval cortesponds to the
time span from 0.1 to 0.15 Ma. Consequently, our magnetostratigraphic correlation com-
pared to the systematic magnetostratigraphic investigations of cores from holes in
Hungray (Pogascas, 1987) is not quite reliable. Two intervals at the magneto-
stratigraphic scale (M and Q) are not complete, while the other two (N and P) are rela-
tively short. Assuming a constant sedimentation rate the interval N could had be depo-
sited through a period from 25.000 to 50.000 years, and the interval B during an interval
from 50.000 to 100.000 years. Such short time intervals would correspond to some of
subchron of the 4-th chron (Gilbert). It can be assumed that the interval B, from the
depth interval 1683-1693 corresponds to some Earth's magnetic field excursion. This ex-
cursion could be very significant as a chronostratigraphic, i.e. magnetostratigraphic marker
relevant for reliable correlation of cross-section in the northem Banat.

The interpretation of analytic data indicates very good correlation of the results, al-
though they rely upon a rather short 50 m depth interval, and sediments deposited in
rather short time period. More intensive investigation of much longer depth intervals
would provide far more reliable mangetostratigraphic, biostratigraphic, sedimentological,
and seismostratigraphic correlation, and adequately more reliable age determination, and
could be used to distinguish different seismic- and geoelectrical facies.

Tmnslated by the authors
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