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MOryTiHOCT KOMIIJIEKCHE HHTEPnPETAE(HJE 
EHOCTPATHrPAOCKHX,MArHETOCTPATHrPAOCKHX, 

CEH3MOCTPATHrPAOCKHX H CEflHMEHTOJIOIIIKHX 
n P O yHABAH>A nJIHOHEHCKHX CI 'IM VIEH ATA y CEBEPHOM EAHATy

o«

M ajieHe rBypauiHH0BHh-raBpHJi0BHh*, X ejbK a KHpHHa**, 
J ^ p a ro jb y 6 a  CTecJiaHOBHha , Ha^eac^e TarHh 

h M H Jiopajja  ^HM HTpHjeBHha

36 o r  cnei^HtJjmHOCTH pa3BHha c})ayHe y  pejiaTHBHO o rp aH m eH O M  aK BaTm H OM  n o R p y i jy  IlaH O H CK or 
6 a c e H a  Ha n p o c T o p y  c e B e p H o r BaHaTa, H a p .en y  T poM elje  Jy ro c jia B H je , PyM yH H je h  M a tja p c K e , KOMnneKCHa h h -  
T e p n p e T a i(H ja  j e  OTe>KaHa 36or o rp aH m eH H X  M 0ryhH0CTH  K opejiai^H je c a  pe3yjiT aT H M a n poyqaB aH > a uiHpHX 
n p o c T o p a  h  rJio6aJiH H X  crpaTHrpacf>cKHX n o j? e jia . K oM njieK CH a caB peM eH a n p o y q a B a H .a  3HaHajHO ffonpH H O ce n a  
c e  M H ore o n  t h x  T e n iK o h a  M o ry  yMaH>HTH. EK cnepH M eH TajiH O  j e  HcruiTaHO j e 3 r p o  ny>KHHe o k o  50 M eT a p a . C b h  
pe3 y jiT aT H , k o jh  cy  M orjiH  6 h t h  aHaJiH3HpaHH npHMeHOM M eT ojie  (t> ypn jeoB e TpaHC(})opM aiiH je H npHMeHOM M e- 

T o jje  cjjHJiTpHpaHja (A y T 0 K 0 p e jia i(H je , Walshov h  Hanningov (J jn jiT ep ) c y  npoyneHH h  H3BpmeHa j e  CHHTeTmKa 
a H a j n m .  P e3 y n T aT H  npyxajy M o ry h H o c r  KOMnjieKCHe H H T epnpeT aiiH je  h b k o  c y  H3BejjeHH H cnH TH B aiieM  M ajie  
jiy»CHHe j e 3 r p a ,  a  3 a  a y x e  H H TepBaJie KopnmheHH npHMepijH c a  cHTa.

K j t y ™ c  pe>ra: IlaHOHCKH 6 a c e H , Jy ro c jia B H ja , B aH aT , M arH eT O crpaT H rpacJiH ja, crpaT H rpac} )H ja , ceH3M OCTpa- 
TH ipac})H ja, ceA H M eH TO Jiornja, reoc})H3HHKH h h ^ k t h b h h  K apoT aac , cJmOTpnpaH*3 * K o p e jia ip i ja , H HTep- 
n p eT a i(H ja .

Spiritus moves HHTeH3HBHHX a h CHCTeMaTCKHX HcnHTHBaita ce^HMeiiaTa naHOH- 
cKor 6aceHa je 6njia nepcneKTHBHOCT npoHajiaaceita JiejKHiiiTa yrJi>0B0jj0HHKa. H h tch - 
3HBHa HcnHTHBaH>a peajiHO cy 3anoTieTa cpe^HHOM XX BeKa. npB a KOMepHiijajiHa jie-
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>KHniTa Hac|)Te h raca npoiiajjena cy Ha caMOM noncTKV jipvre nojioBHHe XX BeKa, Kaiia 
je Ha npBOM MecTy 3axBaji,yjyhH npHMeHH rpaBiiMe'rpiijcKnx MeTO/ia HcinrrnBaiha npo- 
naljeno h npBO Jie>KHurre nacjrre h raca: BeJiHKa rpejia h JepMeHOBii,H (Aksin, 1967). 
Tokom iiapei!HHX 50 ro/inna iiacTaBJBena cy ooiiMiia HCHCTeMaTCKa iiciiHTimaiba Koja cy 
iionpniiejia /ja je caMO Ha npocTopy jyrocjioBencKor jiejia IlaHOHCKor 6acena 0TKpHBeH0 
BHHie 03 CTOTHHy Jie>KHHITa yrJBOBOflOIIHKa Ofl KojHX ce HeKOJIHKO (KHKHH^a, MoKpHH, 
BejieČHT) y6pajajy y Beha Jie>KHHiTa yrJbOBOj(HHKa Ha KOHTHiieHTajiHOM Aejiy EBpone. 
Ilocjieflibe TaKBO Jie>KHiine je Typnja-ceBep na KOMe je 1994. ro/jHne h 'jano'icTa pe- 
flOBiia np0H3B03H>a.

U,ejioKynHH npocTop jyrocjioBeHCKor jjejia IlaHOHCKor 6acena reocjjH3H'iKii je hc- 
nHTaH npHMeHOM MC'rojja: 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, vKJbV'ivjvhii pecjjjieKTHBiia ceH3MHHKa ncnHTHBaiba BHCOKe pe30- 
Jiyn;Hje. Ha H3a6paHHM JioKajiHTeTHMa HSBejieiia cy h Tpoj(HMeii3HOiia pecjjjieKTHBiia 
ceH3MHHKa HCnHTHBaiba.

CBe 6ymoTHHe ncnHTaHe cy npHMeHOM MCTOija icocjjHSHTKor Kaporra>Ka. C'pejiHiioM 
90 'nis i’ojjiiiia XX BeKa riauo'ieTa cy h ncnHTHBaiba HajcaBpeMeimjHM jiHriiTajiiiiiM ana- 
parvpaMa 3a reoc|)H3HHKa KapoTa>KHa acnHTHBaiba, yKJbynyjyhn h npHMeHy " jiHii-Me'r- 
pa” 3a Mepeiba ejieMenaTa iipv>KaiLa h naji;a cjiojeBa h jipyrnx jjHCKOHTiiiivirrc’ra.

IlpHJiHKOM 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;HJbHa jearpoBaiia.

BoraTCTBO ii;ejioKynHor reojiomKor h reocJjiiSH'-iKor Ma'repnjajia oMoryhHJio je jja 
ce cno3Ha cacTaB h CTapocT cejHiMeHaTa, H,HXOBa rpaha h Mel)yco6HH ojihoch. Pajm thx 
n,HJbeBa BpmeHa cy ojiroBapajvha ceji;HMeHTOJiomKa, najieoHTOJiomKa, MHHepajiomKa, 
6iiocTpaTiirpacjjcKa h jipvra iipoy>iaBaii,a. I lejioKvnna reojiomKa jjoKVMeirrannja npyaca 
ocnoBy jia ce Moace kophcthth h 3a eKcnepHMeHTajma H cn H T H B aib a  npHMeHOM hobhx 
Me'rojja h nocTynaKa, a THMe je CTBopena h MoryhnocT 3a peHHTepnpeTaii;Hjy.

P a3Boj Mcrojia MariieTOCTpaTHrpacjjCKiix ncnHTHBaiba npy>KHo je  MoryhHocT jia ee 
oji;roBapajyha MeTojioJiornja npHMeHH Ha jejmoj oji nc'rpa>Kiiiix 6ymoTHHa. 3 a  Ty cBpxy 
H3a6paHa je 6ymoTHHa koji cejia 06HJiHheBO (0 6 jic -1 ) , ceiieposanajjHO oj( KnKHHjie 
(cji. 1) rjje ce Hajia3H jejnio oji HajBehnx Jioiciiiirra yrjbOBOjiiniKa y JyrocJiaBHjii. H a 
;iy6nnn 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 iicrrpa>KHe 6ymoTHHe 0 6 jic -1 , je 
h ceH3MHHKH npiic})HJi 4880. Kojn je  KopnmheH noce6HO y npou;ecy inrrepiipc'rannjc 
H3Bej^eHHX KOMnjieKCHHX r e 0 J i0 m K 0 -re 0 c j)H 3 H H K H X  npovHanarba.

CejiiiMeiiTOJioiiiKii h ceii3M0CTpariu pa(j)CKii mojjcji cesepHor EaHaTa

Ceĵ HMeHTHH KOMHJieKc ceBepoHCTOHHOT BanaTa je BeoMa KOMnJieKcaH. 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 cejjHMeHa_ra cMa-
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Cji. 1. KapTa ca noJioacajeM HCTpajKHe 6yuiOTHHe 06HJiHheBO 1 ( 0 6 jic- 1 )  h pet})JieKTHBHor ceH3MH>iKor 
npotftHJia 4880,

Fig. 1. Map showing location of the wild-cat Obilićevo 1 (Obls-1) and reflection seismic line 4880.

Cji. 2. KapTa jiy6HHa (km) no 6a3e HeoreHa ceBepHor BaHaTa (K irin  at a l l ., 1991). 
Fig. 2. Map o f depths (km) to Neogene base in north Banat. (K irin  at a ll . ,  1991).
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H > y je  n / ( y h M  n p e M a  j y r y  ( A k s i n ,  1 9 6 7 ) . J e / j H a  o j j  r j i a B H a x  o j u i H K a  j e  j j a  c e  j a B J t a  H e K o -  

j i h k o  B H c n j a  ( c e B e p H o  S a H K a ,  K H K H i m a - M o K p n i i - C c r c j i H H ) ,  K a o  h  n e K O J i i iK O  T p o r o B a  

( C p n c K a  L l p i h a ,  h  B a H a T C K H  T p o r )  j j e j i o M  n p H K a 3 a H H  H a  c j i .  2 .

C a B p e M e H O  c x B a T a ib e  p a 'iB i ih a  neoreHHX c e jjH M e n a T a  ( D i m i t r i j e v i ć  &  D i m i t r i -  

j e v i ć ,  y  p a j j v  K i r i n a ,  1 9 9 1 , C T p . 8 1 )  T r n i O B e  c e j j H M e n a T a ,  n p e M a  y c j iO B H M a  c e j j i i M e n -  

T a i j H j e ,  K a p a K T e p  c e H 3 M H H K H X  p e c j i jieKTHBHHX x o p H 3 0 H a T a  C B p c T a B a  y  T p n  K a T e r o p n j e ,  

h  t o :

c e K B e H i i ; a  -  A: r p a i i H i j e  p e c J i J i e K T O B a n > a  K o j e  H M a jy  K O M H Jie K C H e  ( f i o p M e ,  a  o j j r o B a -  

p a j y  c e j j H M e i i T H M a  n p e —h o h t h c k h m  j j o  j j o i l c  h o h t h c k h m ;

c e K B e i i i j a  -  B: r p a i m i j e  p e c j u i e K T O B a i i a  K o j e  c e  j a B J t a j y  y H y T a p  h o h t h c k h x  c e j j n -  

MeHaTa;
ceKBeHii;a IJ,: rpaHHii;e p ecJ iJ ieK T O B aih a  K o j e  c y  c y 6 x o p H 3 0 H T a j i H e  jjo  x o p H 3 0 H T a J i H e ,  

a  H a J i a 3 e  c e  y H y T a p  n o c T —h o h t h c k h x  c e j j i i M e n a T a  jjo  x o j io i i ; e H C K H X  T B o p e B H H a .

H a  j j e j i y  B peM eH C K e c e K ijH je  n p o cJ)H Jia  4 8 8 0 . pecjjJieKTHBHHX c e i i 3 MHTiKHX HcnHTH- 

B a i t a  ( c j i .  3 )  n p H K a 3 aH  j e  n o j io a c a j  H C T p a a c H e  6 y m o T H H e  h  B e p o B a T a H  n o j io a c a j  r p a H H n ; e  

MHOijeH-njiHOHeH (K irin i dr., 1991.).

Obls-l

22 27' 32 37 12 17 52 57 62 67 72 km

C ji. 3. nonojKaj 6ym oT H H e OSjic-1 h  je3rpoBaHor H H T epB ajia Ha ceH3MOCTpaTHrpaiJ)CKOM npoc})HJiy 4880. 
Fig. 3. Location of Obls-1 and cored interval at the seismostratigraphic cross-section 4880.

B p 3 H H a  j j e n o n o B a i K a  c e j j H M e n a ' r a  t o k o m  p a 3 j j o 6 j i > a  M H O n e i i - i u i H O i j e i i  H H je  n p e T -  

x o j jh o  npov'iaBana. PajjH n p o j e K T O B a i L a  n o j i o a c a j a  H H T e p B a j i a  K ojn  6 h  T p e 6 a j io  j e 3 r p o -  

B a T H ,  K a o  h  p a j j H  o jip e ijH B a n .a  jjy>KHHe K opH CH or je3rpa c e j j i i M c n a T a  K o je  6 h  6 h j i o  C B p -



M oryh H ocT  KOMimeKCHe H H T e p n p e T a ip ije 401

ca cx o flH O  iipoy-'iaB aT H , 6 h j io  j e  n o ' ip c 6 n o  n o s n a B a ib c  6p 3H H e C T B a p a ita  ce/iH M C iiaT a. Y  
1 7  C B pxy K opncTH JiH  c m o  c e  eK 3eM njiapH H M  paflOM  m a i’i i e rr o c rrp a i'H rp a c{jck h x  i ip o v n a B a -  

H .a ( P o g a s c a s ,  1 9 8 7 )  o j (r o B a p a jy h n x  c e jj iiM e n a 'ra  Ha n p o c T o p y  IlaHOHCKe HH3Hje y  M a -  

^ a p c K o j. I I p e M a  n p o y H a B a iB iiM a  P o g a s c a s - a  t o k o m  p a 3j jo 6 ji>a MH0 D ;eH -njiH 0 u;eH j je 6 jb ii-  

n a  cejjH M eH aT a j e  p a c j ia  oj( 0 .5  jjo  4  m /1000 r’ojjH iia . M h  c m o  npeT n ocT aB H JiH  jia  6 h , 0 6 - 

3H poM  n a  y c j io B e  y  IIa p a T e T H c y , 6p3H H a cejiH M eiiTO Baii>a M o rjia  6 h t h  oji 0.2 j p  0 .4  m /1000  

r o jp r a a . M o r y h n o c T H  c y  ji0 3 B 0 J b a B a jie  jja  c e  M oace j e s r p o B a r a  H H TepB aji o j i o k o  5 0  M e- 

T a p a , a  jja  c e  j e 3 r p o B a i t e  3 a n o H H e Ha j^y6 HHH oj^ 1 6 7 5 . M eT pa.

IIp o rp a M O M  c y  6 iu ia  n p ejjB iiljeH a  h  KOMnjieKCHa reo(|)H 3H H K a K a p o -r a » :iia  h c h h t h -  

B a it a .  I I o c e 6 aH H a rjia ca K  j e  j ja i ’ h h j^ k th b h h m  KapoTa»CHHM h ch h th b a H > H M a , o 'ie K y jy h H  

j^a c e  p e3 y jiT a T H  t h x  KapoTa>KHHX H ciiH i’H B a iia  M o ry  k o p h c t h t h  h  3 a  K op ejian ;H jy  c a  
p e3yjiT aT H M a M arneTOCTpaTHrpa(|)CKHX HciiHTHBaii>a.

3 a  6H O C T pa 'i’Hi pa(})CKa HcnHTHBaH>a K o p H iu h e H  j e  h  M a ie p H ja ji c a  CH Ta, a  j e 3 r p a  c y  

K o p n m h e H a  3 a  K O M njieK C H a H C H H TH B aita: 6 H O C T p a i’H rpa(} )C K a, c e jp i .M e H 'ro jio i i iK a , j i h t o -  

j io u iK a , n a jiH H O J io n iK a , a  n o c e 6 H O  3 a  M a rH eT 0 C T p aT H i pa(})C K a n p o y 'ia B a n > a .

TexiiHKa ria.rreoMai nercKHs HcnHTHBaH.a

Tokom 6ymeH>a je 3 r p o B a H a  c y  6 H H T epB ajia. J e3 rp o B a H > e j e  H 3B pm eH O  KepH-anapa- 
tom j;yarHHe 9  M eT a p a . Jl,o6HjeHO je yKynHO 5 0  MeTapa je3rpa, aJiH cy HeKH HHTepBaJiH 
H 3ry6ji>eH H . H a  npo(j)HJiy, (cji. 5 )  HHTepBajiH ca ko}hx H H je ao6Hjeno je3rpo osna'ieHH c y  

" TaHKacTo" KaKO 6h ce yKa3ajio jja  H3 thx j je n o B a  H H cy H anpaBJbeH H  npHMepipi 3 a  

MarHeT0CTpaTHrpa(})CKa h  jjpyra HcnHTHBaH>a. J e 3 r p a  cy BeoMa n aacjbH B o opHjeimicaHa 
ĵ yac z-oce, TaKO jja j e  6hjio M o r y h e  (})opMHpaTH pejiaTHBHO K o in H iiy n p a H o  j e 3 r p o  

Hj^eHTHHHo opnjeHTHcaHO. JĴ jiobh je3rpa c y  cnajaHH Ha rpaH H ii,aM a npejioMa j e 3 r p a  Ka- 
ko 6h ce o6e'-s6ejjnjia KOHTHHya jm o c T . TaKaB npHCTyn o 6 e 3 6 e j j n o  je jja  je y n p o ii;e c y  Me- 
peita 6hjio Moryhe ojip c jiiiT H  h pejiaTHBHy BpejjnocT j(eKJiHHaii,Hje, Koja je 6 iu ia  ojj 3Ha- 
najHe K op n cT H  npH HHTepnpeTaii;HjH. np H M epii;H  3a najieoMaraeTCKa HcnHTHaH>a H 3Ba- 

tjeHH cy 6ymeH>eM jjejia je3rapa. BymeH>e je H 3Bpm eH O  ynpaBHO Ha p aB aH  cjiojeBHTocTH. 
npHBHj^HH na^oBH cjiojeBa HHcy 6hjih Behn ojj jjBa cTeneHa, mTO je 6iuia noce6Ha 
uoi’ojjhoct. IIpH M epii;H  cy HanpaBJbeHH Ha CBaKHx 2 5  c m . YKynaH 6 p o j  y n o T p e 6 jbHBHX 

n p H M ep a K a  6ho je 3 2 0 . ,11,a  6 h  ce cnpc'iujio r y 6 jbeH >e B JiaacH O cra h canyBajia KOMnaK- 
thoct np H M ep aK a hchhthbaiiHX cejjHMeuaTa n p iiM ep n H  c y  n oT an aH H  y  norojiaii (})jivhjj. 
3 6 o r  TepMooceTJLHBOCTH, c})o p M n p a iie  TaHKe cKpaMe, n p iiM e p n n  HHcy moi’jih 6hth h 
TepMOj^eMarHeTHcaHH, Beh cy caMO jjeMarHe'mcanii y HaHSMeiiH'iHOM n o jb y .

A najnoa najieoMarueTCKHX HcuHTHBau>a

ripH M epii,H  c y  CHCTeMaTCKH ncnHTHBaHH y  naJieoM arH eTCK HM  J ia 6 o p a T o p n ja M a  y  

B yj^ H M n em iH  ( M a ^ a p c K a )  h  B paiH C JiaB H  (C jio B a 'iK a ) . H 3 B p in e H a  c y  M e p e i t a  n p H p o ^ H e  

peM aH eH T H e M arH eTH 3an;H je h  H>eHe CTa6HJiHOCTH y  HaH3MeHHTHOM n o jb y ,  K a o  h  H>HXOBa 

H 30T p0nH 0C T . CaMo c y  npH M epijH  H3 H H T epB ajia 1675-1678 n o K a 3 a jin  aH H 30T p0nH 0C T , 

ĵ o k  c y  c b h  f lp y r n  noK a3aJiH  b h c o k  cT e n e H  x0M 0reH 0C T H . M H iie p a j io iu K a  n cn H T H B aib a  h 

TepM aJiH a aH ajiH 3a n o K a 3 a jia  j e  j^a c y  n p iiM ep n H  H jjeH T ii'm o r  c a c T a B a , a  f la  j e  HocHJian; 

M arH eT H 3au;nje iicT op ojjH H  MHHepaJi K ojn  HHje n o c e 6 H O  HjjeiiTH(})HKOBaiL n p o n ;e c o M
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Cji. 4. neTpojiouiKa KJiacncj)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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fleM arH eT H 3au,H je H iije  y o ii e n a  3H an ajH a BHCK03Ha h  ceK yH ^ ap H a M a n ic T iis a m ija .  /IcMar- 
u c T ir ia n n j a  y  rraii3MeHH'iHOM n o jb y  B p m eH a  j e  3 0  HHTeH3HTeTa n o jL a  o n  6 ,3  A /m .

Ha ocnoBy n p n p o jjH e  p c M a H e ir r a e  M aiT ierr H 3 a n n je  ^ o p M iip a n e  c y  ' ie /n ip n  r p y n e  

( cji. 4 )  h  t o :

rpyna M -  peBepcHe nojiapHOCTH y  HHTepBaJiy 1 6 7 5  -  1 6 8 2  m ,

r p y n a  N -  H op M ajrae noJiapnocTH y  HHTepBajiy 1 6 8 3  -  1 6 9 2  m ,

rpyna P -  npoMeHJBHBor HOJiapHTeTa y  HHTepBajiy 1 6 9 3  -  1 7 1 0  m ,

rpyna Q -  peBepcnor nojiapHTeTa y  HHTepBajiy 1 7 1 1  -  1 7 2 5  m .

y o'iJBHBa je (cji. 4  h 5 )  H3pa3HTa K0 p e j ia 6 njiH 0 CT HHTeH3HTeTa peManeHTHe MarHe- 
TH3a^Hje h  JiHTOJioiHje, oflHOCHO ycjiO B a ceiiHMeiri’OBaiBa. Fjihhc h necKOBHTe tjihhc 
HM ajy 1 0  ho 2 0  nyTa B e h n  HHTeH3HTeT peMaHeHTHe MarHeni3aHHje, H e r o  ihto je to  
c j iy n a j  ca iiennapiiMa h aJieBpoJiHTCKHM neiH H apH M a. Y  CKJiafly ca n eT p o jio n iK H M  CBoj- 

cTBHMa je 11 H3pa3HTa KopejianHja ca cneiincJin'iiiOM ejieKTpHHHOM o T n o p H o m h y  H3Mepe- 
HOM HHJjyKTHBHHM KapOT3)KOM.

Y o ' i e n a  K o p e j ia iu ija  e.jieK TpH TH e o t h o p h o c t h  h  HHTeH3HTeTa p eM a H eH T iie  M arH e- 

TH3an;Hje HHHii;Hpajia j e  K opejian;H jy T e jiBe BejiHHHHe. IIp H M en ,e iiH  c y  c jioaceH H  a n a j in -  

t h h k h  i i o c t v i i h h  (Haningenov cJ)HJiTep, Welshov cJ)HJiTep, K p o c K o p e j ia n n ja )  h  jiOKar? a n a  j e  

BejiH K a K o p e J ia ijn ja  anajiH 3H paiiH X  napaMeTapa. I J o c T o jn  p e a j iH a  M0 r y h H 0 CT j(a raK an  

n o c T y n a K  6 y j(c  npH M CiheH  Ha 3HaTHO B eh eM  H irrep B a jiv  6 y m o T H H e, KojH Mo>Ke n o c j iy -  
s c h t h  3 a  K o p e j ia i in jv  c a  KJiHMaTCKHM n p oM eH aM a ycJioB JbeiiH M  nojaB O M  J ie j ie i in x  3 0 6 a.

Y  TOKy r ip o n e c a  napH H jaJiH e ru eM ariieT H 3an ,H je y  HaH3MeHHHHOM n o jb y  iip iiM e p n n  

H3 H H T epB ajia  M, N h  P n o K a3ajiH  c y  s iia H a jn v  cTaSnjiH O CT peMaHein'ire M a rn eT H sa iiH je  h  

HHcy npoM eH H JiH  C Bojy nojiapH O CT. M c I j v t h m ,  c b h  ripH M epnH  H3 H H T epB ajia  Q  H iija  j e  

nprrpojTHa peM aH eH T H a M arHeTH3aii;Hja 6 HJia H opM ajiH a, npoM eH H Jin  c y  M arn cT H 3an H jy  h  

H>HXOBa CTa6 n jiH a peM aH eH T H a M arH eTH 3aii,H ja j e  y  n e jiH im  p e B e p c H a  ( c j i .  5 ) .

OTiOM A ONHTIO 
FIELD 

MARKKR ?

1 POUVRlTf BKFORS: AEB

2 POIJlRnT AFTBR AFD

■  N O R M A l. PO LA R ITV  

O  R H V E K SE D  PO I,A K JTY

■  UN'SAMPIJB INTERVAL

INDUC.TIV [XXI RU M ANEJvCE L O O  INC.I.IN 'A T[OX [XXI

Cji. 5. f l n j a r p a M K  H H jryK T H B iio r K ap o T a > K a , H H TeH3 H T eT a  p e M aH e H T H e  M a rH e T H 3 a i iH je ,  H H K JiH H aiiH je h  H H T e p B a a a  
n o n a p H T e T a  n p e  h  n o c n e  H e M a rH e T H 3 a iiH je .

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

K o p e j ia n n j a  jm ja r p a M a  H iijjvK TH Biior K a p o T a * a ,  HHTeH3HTeTa peM aH eH T H e M arrie-  
TH3an,Hje h  HHKjniHaitHje cT a 6 H J in o r  j ie j ia  M a r iieT H sa iiH je  j e  H M npecH BH a.
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Cji. 6. CTpaTHrpacjjcKa nopsejia H e o re H a  npeMa HaBejjeHHM ayTopHMa. 
Fig. 6. Stratigraphic time tables of Neogene by the quoted authors.
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KoMnJieKCHa HHTepnpeTaHiija

O chobhh npo6jieMH KOMHJieKCHe HHTepnpeTai];Hje H3iie/jennx HCHHTHBaH>a npoH3H- 
jia3HJiH cy H3 TemKoha Be3aHiix 3a pa3JiHHHro pa3BHhe iipoy'iaBai!nx ;ieji(jBa IlapaT e- 
Tiica ca KojHMa ce Moraa BpmHTH Kopenaipija. OcHOBiie TemKohe cy ce ja B J ia n e  h npii 
KopHmheH>y CTpaTiir pa({)CKHx cKana h pejieBairniiK MarneT0CTpaTH0rpae|5CKHX npoyqa- 
Bama. IIpo6jieMH cy nacTajin 36or pa3BHha c|)ayHe H3 6aceHa ca BeoMa orpaiiH'ienoM 
chojbhom K0MyHHKaii;Hj0M. E[03HaT0 je BHrne c jp a rrHipacjjcKHX no/jejia (HeKe o^ h,hx 
p;aTe na cji. 6), Koje pa3JiHHHTO jjec|)HHHmy CTapocT noje/iHHHx rpainm a h BpeMe T pajaaa  
KaTOBa. TaKO, Ha npHMep, sa  pa3flo6jte noHTa iipcTiiocTaiui>a ce BpeMe Tpajama o/j 0,5 
jio 3 MHJiHOHa rojjHHa, a Taj ce HHTepBaJi, npeMa pasjiiHiHTiiM ayTopHMa (cji. 6), CMeurra 
y BpeMeHCKH HHTepBaJi o/i 2 jjo 9 MHJiHOHa ro/jiina. IIpH HHrepnperrannjH KopnmheHa je 
KJiacHc})HKamija (G a g ić , 1988) Koja je  h npHKa3aHa y kojiohh 5 Ha cji.6. H a 6a3H jierraji>- 
hhx ripoyriaBau>a npo6a caKynji>eHHX ca CHTa, aJiH ocjian>ajyhii ce npBeHCTBeHO Ha npoy- 
'iai5aii>e ijejioKvrnioi', K0HTHHyHpair0r 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 jjom er noHTa.

CeH3MocTpaTHrpac})CKH npocJ)HJi 4880. ( c j i .  3) je  KopnmheH ripn npojeKTOBaH>y i ic -  

TpajKHe 6ymoTHHe 06j i c - 1. O'icKHBajio ce jja y jjomciiv H3a6paHor HHTepBajia /iy6iriie 
6yjje h  rpaiiHii;a MHonen-njiHoiieii KaKO je Ha c j ih i j h  3, h  osHa'ieiio.

npeTnocTaBJi>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. npeM a 
TOMe Harna MarHeTOCTpaTHrpa(})CKa Kopejiaii;Hja y nope^eH>y ca CHCTeMaTCKHM MarHe- 
TOCTpaTHrpac|)ckhm npoyHaBaH>HMa je3rapa H3 6ymoTHHa y Ma^apcKoj (P o g a sc a s , 
1987), Hnje jjobojlho  noy3ji;aHa. ,0,Ba ojj MarHeTOCTpaTHrpac})CKH jjeTepMHiiiicaiia HHTep- 
Bajia cy HenoTnyHa (HHTepBajiH M a Q), jjok cy /jpyra jjna (N h P) pejiaTHBHO KpaTKH. 
n o jj  npeTnocTaBJbeiioM 6p3HiiOM KOHCTaHTHe cejiHMeirraijHje HHTepBaji N Morao je 
riacTaTH y pa3jjo6ji,y ojj 25.000 /jo 50.000 ro/iinia, jjok 6h HHTepBaji B Morao 6 h th  
c})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, 
h c to  TaKO, jja HHTepBaji B, Kojii je  jjeieKTOBan Ha HHTepBany jjy6nne 1683-1693, npejj- 
cTaBJba Moryhy eKCKyp3Hjy MarHeTCKor nojba. TaKBa eKCKyp3Hja Moraa 6h 6 h th  H3y- 
3e rao  siia 'iajan  xpoiiocTpaTiirpac})CKH, Tj. ManieTOCTparrnrpac})CKH MapKep Kojn 6h 6ho 
pejieBaHTan 3a noy3jjaHy Kopejiaijnjv npoc})HJia Ha npocTopy ceBepHor BaHaTa.

M irrepiiperraijHja aHanH3HpaHHX nciiirniBaiLa yKa3yje jja je  Mei)yco6na Kopejiaijnja 
jjocTynHHX pe3yjiTaTa BeoMa /jo6pa, naKo je H3Be/jeiia na HHTepBajiy ojj caMO 50 MeTapa, 
Kojn je  cjjopMHpaH y pejiaraBiio KparaoM BpeMeHCKOM iiepno/jv. CncTema’rcKiiM cBe- 
CTpaH H M  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- 
-c^aijnja h re o —eneKTpHHHHx c|)ai];Hja.



Feoji. aH. BaJiK. noji. 
Ann. Geol. Penins. Balk. 59 397-412

B eorpas, seiieMSap 1995 
Belgrade, Decembre 1995

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

HHJKEEbEPCKA TEOJIOrHJA, XH,n;POrEOJIOrHJA, CEH3MOJIOFHJA 
GEOLOGIE APPLIQUEE, HYDROGEOLOGIE, SEISMOLOGIE

COMPLEX INTERPRETATION OF BIOSTRATIGRAPfflCAL, 
MAGNETOSTRATIGRAPfflCAL, SEISMOSTRATIGRAPHICAL AND 

SEDIMENTOLOGICAL STUDIES OF PLIOCENE SEDIMENTS IN
NORTHERN BANAT

by
* V- * *

M ilena D ju rašinov ić-G avrilov id  , Zeljko K irin ,
*** ****

D ragoljub Stefanovid , N adežda Gagid 
and M ilorad D im itrijevid

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—core 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 Obilićevo (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 D im itrijev ić  & 
D im itrijev ić  (in: K irin , 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 a l., 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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CompIex 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 (Gagić, 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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