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Y AK 551.248.2:550.3(497.113) OpurnHanHM Hay4uHu paj

HEOTEKTOHCKA AKIMBHOCT CTPYKTYPE TYPUJA
(MAHOHCKW BACEH, BOJBOVHA)

04
CnobopaHa bojkoBuha*

Kapga nocroju Benunkun 6poj 6yLLI0THA HA ManoM NPOCropy, U3fBajakbeM KapakTepMCTUUHNX penepa Ha KapoTax-
HUM Aunjarpammuma u aHanusnparem wuma edHMCaHX CrpyKTYpHUX XOpnU3oHaTta, Moryhe je He caMO KBaNUTaTUBHO,
Beh 1 KBaHTUTATUBHO Npahere TEKTOHCKe aKTUBHOCTU. Haj60/bn pesynTaTi ce NOCTUXKY MHTErpaLmjomM KapoTaxHNX n
Cem3MMUKNX nojataka, y3 kopuiheme censmnukmnx nojaTtaka 3a nogpydja rae Hucy usbylueHe bylwiormie. Ha npumepy
HaTHe crpykType "Typuja" pasmaTtpa ce onucaHWHa4uH paga. HTepnonaumja 6yLOTMHCKUX NofjaTaka N KOHCTPYK-
UMja KapaTa crpatousoxuncu penephux xopusoHara u KapaTa tbUX0BUX pasnnka 06aB/beHa je NPUMEHOM KoMepLujan-
Hor nporpama "Cypdep-6". 3aTum Cy aHanM3VpaHn U MHTepNpeTUPaHu pesynTaTu.

KrbyTae peun: reodpuanyka kapotaxHa meperba (FTKM), KapoTaxHu penepu, HEOTEKTOHWKA. CTPYKTYPHU XOPU3OHTH,
pasnoMHe CrpyKType, cenamuka, Typuja, MaHoHCcKM 6aceH, BojsoauHa.

YBO[,

3a ucrpaxusare YribOBOJOHMKa Beoma je GUTHO MpoyvaBawe HacTaHKa W eBoJly-
uMje CTPYKTypa CegUMeHTHOr 6aceHa, ma camMMm TUM U gedmHucamwe Hajmaalmx TeKTOH-
CKMX HOKpeTa pagu npaheta yTuuaja, NOUTUBHUX WM HEraTUBHUX, Ha (hopMupare fe-
XUWTa U MUrpauujy yribosogoHmka. OcHOBY 3a npahere HEOTEKTOHUKE y MpoCTopy
[ajy cemsaMnukun nogaun Koju cy, MellyTum, orpaHuyeHe pesonyuuje u, 360r KOMMnekc-
HUX yTulaja Ha TanacHu ofA3unB opmaLmje, YeCTO BULLE3HAYHW. oy3[aHOCT UHTepnpe-
Tauuje yrnaBHOM 3aBUCK Of NPUMEHEHOT 3aKOHa 6p3MHa M TaYHOCTW HPEeTNoCraB/beHor
reosiolWKor mMofena. 3ato je HeonxofHa Kanubpauwuja CeM3MUKe U cemsmorpama pagu
WTo 60/be KOHBEP3Uje BpeMe-gy6uHa. Mpu Tome, noTpebHe MH(OpMaunje 3a npewus-
Hunje Kanubpaumje, Kopenaymje ca 6YLWIOTUHCKMM nojauuma u 60/be reonolko Mojesnu-
pate, fobujajy ce y GylloTUHAMA FreOPU3NYKUM KapOTaXXHUM Meperuma U BepTUKas-
HUM CEeM3MUYKUM NPOUANPatbEM.

Y KONUKO MOCroju Bennku 6poj 6yioTMHa Ha Manom npocrtopy, moryhe je kBanuTta-
TUBHO W KBAHTWUTAaTMBHO npaherwe HEOTEKTOHCKE aKTUBHOCTU M Ha 6a3n KapoTaXKHUX
nojaTtaka. Tafa ce H34Bajajy KapaKTepuCTUYHW KAPOTaXKHW penepu 1 aHanusmpajy Hu-
Ma gedmHMUCaHU CTPYKTYPUM XOPU30HTK. lMojaBa HOBMX 4/MaHOBA Y JIMTONOLIKOM CTy6y
OywoTnHa, y3 Behe nosehawe Aeb/bMHE CeaMMeHaTa, YriaBHOM O3HayaBa TOhee, a

"HNC-HA®TATACIH O.4. "Pypapcku pagosn”, HapogHor ¢poHTa 12,21 000 Hosun Cag.



Behe cMmakemwe Aeb/buHe, penaTUBHO M3au3awe CTpykType. Haj6ossm pesyntatum ce no-
CTUXKY MHTErpaynjoM KapoTaXXHUX W CEM3MUYKMX MogaTaka, y3 Kopuwherwe CEM3MNUYKNX
nofjaraka 3a nofpydja rae Hucy msbyweHe 6ywotuHe. Ha npumepy HaTHOr nosmba "Ty-
puja" pasmaTpa ce OMMCaHW Ha4YMH paja.

MPEMJIEA M'EOJIOWWKE MPABE

Ctpyktypa "Typwuja” npunaga cesepHoM feny JyxHobauke fenpecuje. MpeymsHu-
je, Hanasm ce y 30HM TpaHcbaHaTcko-6aukor pasnoma (Maposuh un gp., 1996), Tj. 30HK
oybuHckor pasnoma famn-XeTuH (BykawnHosuh, 1994).

O cTpykTypn "Typnja" u pagoBumMa Ha HaTHOM MO/bY MUCAHO je Y BULIE MNojean-
Ha4yHUX M3BELITaja O MEeTPOSOWKNM, NANeOHTONOWKNM, FeOXeMUJCKUM W APYTUM UCMK-
rMBawuma n mepewuma ca bywotuHa (Malfa”a6, 1988-1998), umja cuHTe3a je gata y
enabopatry (Kypb6anuja un gp., 1994a), a n y objaB/beHum pagoBuma xnuc, 1991;
Byuuh u gp., 1994; Kyp6anuja u gp., 1994h; MocHc, 1994; KHexesuh n Moguh,
1996; Masnosuh ugp., 1996).

Mpema KeTtenct (1993) KONeKTOp CTeHe FNaBHOI NeXHLWTa CTpyKType "Typuja
YMHe LeKamMeTapCcKu U MeTapcku 6/10KOBY LWKpU/bala, 3aTUM LeLumeTapckn parMeHTm
WKPH/bALa U KNacTu LWKpU/bala Be/IMYMHE 3pHA MecKa, KOju MeCTUMMYHO 3ajeflHO ca
Kap6OHaTHO-TNHOBUTUM WAWN CEPULMUTCKUM BE3MBOM UMHE MaTPUKC KPYMHOKNacTuy-
HUM Hacnarama. W npema Kronja (1989-1992), y nexuw Ty npeosnahyjy ognomuu my-
CKOBUT-X/IOPUT-anbuT-KBapL-rpaHaTCKmMx WKpumbaua. Pefu cy dhparMeHT MyCKOBUT-
-XNOPUT-6MOTUT-aNnbUT-KBapL-rpaHaTCKNX, aKTUHOAUT-eNnAO0T-rpaHaTCKux u 6uo-
TUT-aKTUHONUT-XNOPUT-aNnOUTCKUX WKPUbaLa.

ManobpojHe MUHepanoLwKe aHannse PTr audpaxkymjom maTpmukca 6peyva u KOHr1o0-
6peva XXymbepkosuh B. (Kyp6anuja v gp., 1994a n 1994h) ykasyjy fa maTpuKc,
nopeg NCaMUTCKUX KnacTa, cagpXu KapboHaTe u MuHepane rivHa. O63upom Ha manu
npoueHaT MaTpukca U 0A4CYCTBO (POCUIHOT MaTepujana y wemy, Huje Morfa fja ce ofpe-
Oy cTpaTurpad)cka NnpMnagHoCT Hacnara fexuLTa.

Mpema Oa8lc (1990-1994) n Kyp6anuja u gp. (1994a) cefMMeHTN OTHAHra yka-
3yjy Ha LpBeHO-3eMeHy "llapeHy" MONAcHy cepujy, a CeAMMEHTU Kapnarta Ha 3e/1eH0-CU-
BY MOSIaCHY cepujy. JINTONOLIKMW Cy NPefCTaB/beHU aneBpPOAMTMMA, Mewyapuma, MUKpOo-
-KOHrIoMepaTMMa U KOHrno-bpeyama. Y CEBEpHOM feny CTPYKTYpe Yy OTHaHry ce cpehy
6peue 1 KOHrnobpeye o mxpusbava.

Mpema Kyp6anuj a un gp., (1994a n 1994h) cegnmeHTn 6ageHa NpeacTaB/bEHN Cy aneB-
poJnnnma, nanopuumMa, Npoc/ojuMma Kpeyrbaka v nellvapa, 6pevama n KoHrnobpeyama y 6asu.

- lMaHOoH NeXxn TpaHCrpecnBHO M AUCKOPAAHTHO MPEKO MApUHCKUX cefuMMeHaTta ba-
[leHa y CEBEPHOM 1 CEBEPHOUCTOUYHOM [eNly CTPYKTYpe. Y LEeHTPasHOM, jyXXHOM U jyro-
3anagHoM [eny fiexun Mpeko cefnMeHaTa HeflOBO/bHO JeuHuUcaHe cTpaTurpadgumje. Pa-
3BMjeH je y KacnmbpaknmyHoj haumju Kojy YnuHe NMOAMMUKTHe Gpedve y 6asn (y CEBEPHOM
feny), MUKpUTUA, BUOMUKPUTK, TIUHOBUTK Kpeyraun 1 nanopum.

- [lowu NOHT je npefcTaB/beH €nabo NecKOBUTUM Nanopuvma y [LOHeM feny, U
nanopuMa ca npocsojumma newiyapa y ropwem feny.

- [optbM NOHT KapakTepuily nanopoBuTe, NECKOBUTE U YI/bEBUTE [NIUHE Y CMEHU-
Baky Ca MMMHOBUTMM W NanopoBUTUM MellvapumMa.

- TManyavHCKN 1 KBapTapHU CeAVMEHTU HUCY cTpaTurpadcku pasgsajaHu. MNpeacTtas-
/bEHU Cy NanopoBMTUM U NECKOBUTUM r/IMHaMa, MEecKoBMMa, cflabo Be3aHWM Mellyapmuma,
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YI/bEBUTUM TfIMHaMa, MpOC/ojuuMa yriba, raumMama, fIeCoM U XyMycoM Y MOBPLUMHCKOM XO-
PU30HTY.

MpBy geduHMUMjy Hacnara 6peya of WKpubala, Moryhux Konekropa yriboBoLOHM-
Ka, gao je N1r \c (1991). Mpunukom aHanm3e 3 CeM3MUUYKMX CEKLUMja U3[BOjUO UX je
Kao "XaoTU4HY KnacTuyHy dopmaunjy". Mo wberosoj MHTepnpeTaumnju naneoTok mare-
pujana je nwao cajyra Ha ceBep U CEBEPOUCTOK.

Mpema KeTenct (1993) KONekTop CTEHe rNaBHOr NexuwTa CTpykType "Typuja"
UMHE KpPaTKO TPaAHCMNOPTOBAHWM KaTaknasupaHu 6/10KOBM U ApobuHa of LKpu/baua, Kao U
Opeye 1 KoOHrnobpeye Of OA/IOMAKa LUKpPU/baLa Be3aHUX Ca NCaMUTCKUM JeTPUTYCOM U
Kap6OHaTHO-FIMHOBUTMM Be3MBOM. MeCTUMWYHO Ce MojaB/byjy M MeTabpeuye Koje cagpxe
(hparmeHTe KBapLHMX arperata u gengcnara NopeknoM of KaTakiasmpaHux rpaHuTonga.

M no vHTepnpeTaumnju kKapotaxHux aujarpama Orfoylca (1989-1998), nexuiwTe
YnHe ONOKOBM 0Of LIKpU/baua ca MPCAMHCKOM, U CefUMeHTHe CTeHe Of (parmeHaTa
WKpWU/baLa ca UHTeprpaHynapHoM noposHoLwhy.

Jenom ppyraunje rnefuwite of M3M0XeHOr Hanasu ce y mssewTajuma Kronja
(1989-1992). Mo HOj Cy KONEKTOP CTeHe HefOBO/bHO AeduHMCcaHe cTpaTurpadgumje HacTane
0f, ayTOXTOHMX KPUCTANACTUX LWKPWU/baLla NPeTBOPEeHMX Y TEKTOHCKE 1 pacefHe bGpeue.

Mpema MocHc (1994), u MunosaHosuhy [l., MEHTOPY HeEHOT AUMNIOMCKOr paja,
KOMEKTOP CTEHe Cy KpMCTanacTu LKPUbLUM, KOju cy 360r WHTEH3UBHOI TEKTOHCKOT
Lpo6/berwa (KaTtaknacTMYHOr MeTaMopu3ama) y MNojefuMHUM [efloBUMA MPETBOPEHU Y
TEKTOHCKe 6pedye v MUNOHUTe. KpuctanacTy WKPpUbLM CTPYKTYPe HacTaan cy MeTamo-
po3om 6asnyHMx ByfKaHWUTa (CTeHe 6e3 cepuumMTa) M HUXOBUX MUPOKNAcTa (CTeHe ca
cepuumnTom). CTeHe cy meTamopgucaHe y ycnosuma auumje 3eneHuMx LWKpubaua, Ha
TemnepaTypama mamehy 420 1 550 °C n nputncumma nsmehy 4 n 6 khara.

WcTo rneguwte 3actynajy KHexesuh u Moguh (1996). KHexesuh C. je of
cTpaHe "Hadrarac"-a yyectBoBana y nsbopy marepujana 3a gunaomcku pag Moguh
C., a vpernegana je jesrpa v ca gpyrmx 6ywotmHa (nocebHO paspagHux).

O moryhum maTU4yHUM cTeHama U HaTHO-reosIOWKOM MogZeny noma “Typuja-
-ceBep” nucanu cy u objasunB pag Kyp6anuja v gp. (19946). To je caxeTak u3 ena-
6opata Kyp6anuja u gp. (1994a).

Masnosuh u gp. (1996), fonywyjy reonowku mogen. Mana MOPO3HOCT KOMeK-
TOpa, KOoja je perucTpoBaHa KapoTaXXHHM 1 nabopaTtopujckum meTofama, objalkaBa ce
MaJioM CeKyHAapHOM nopo3Howhy TeKTOHCKMX 6pedva. [ame ce obpasnaxe Tesa 0 Tu-
NMUYHOM NPUPOAHO (PPaKTyprpaHOM KONEKTOPY, Ca OACYCTBOM WHTeprpaHynapHe nopos-
HOCTW BaH pacefHuMX 30Ha.

Ca rneguwTa reousmke U TEKTOHWKE, HajBulle nogataka fajy Byuuh un gp.
(1994), a Ha ocHOBY WHTepnpeTaumje 30 censmnmukux ncnutueawa. MehyTum, npoueHa
nepcreKTUBHOCTU HaPTHOr Mosba je YrnaBHOM 3aCHOBaHa Ha perucTpoBawy 6peya Of
WKpW/bala Benmke MOhHOCTHW, Y3 MpeTnocTaB/beHa [06pa KONEKTOPCKA CBOjCTBa, a Taj
YCNOB HUje Ha LLeIoM MoApYYjy UCMYHEH.

Y 0BOM pagy ce, kopuwherwem BenMKOTr 6poja 6ywoTuHckmx nogataka KM, ynot-
MyHeHUX CeM3IMMYKMM NojaumumMa 3a npocTop rae HUcy m3byllueHe GyLWOTUHe, NpuUKasyje
TeKTOHCKa eBonyumnja cTpykType "Typuja" n nokasyjy Heke pasfinke y OQHOCY Ha Npux-
BaheHa rneguuwiTa.



METOAONTIOIMMIA NCTPAXWVBAHA

Npaeja 3a npumesbeHy MeTOLONOTUjY UCTPaXXUBawa je HacTana novyetkom 1993. npu
3ajefHNUYKMM MOKyLWwajuma ca KemeHLM P. Ha ycnocTas/baky Kopenauunje usMmehy no-
fataka TKM 1 nuTonowKMX ca3Hawa ca jesrapa y cTeHama Hefo0BO/bHO AedmHucaHe
cTpaturpagumje (Hc). MowTo je y Hc geny 6uno Hemoryhe w3gBajakbe CTabUAHMX Ka-
pakTepucrmyHux penepa, a nogauun gunnora 3a npahemwe naga cnojesa cy y 34po6/beHnM
LWKpW/bLUMA HeynoTpeb/buBK, NPeocTano je npahewe cefMMeHTaunje y nainhum aenosu-
Ma, KpO3 NaHoH 1 JokwuM NoHT. Tada je npumeheHa WHTEH3UBHA TEKTOHCKA aKTUBHOCT Y
[OHeM MOHTY, Kafa 40/ia3n [0 Harnor opMupara naketa cefUMeHarta y jy>KHOM U jy-
rosanagHoMm pfeny, a M30CTaHKa, OAHOCHO CMatbewa Aeb/buHe Hacnara y LeHTpasHoM
feny cTpykType. MNMpema Tome, npahewbem CUHXPOHOCTU ceanMeHTaumje 1 aebrbuHe cro-
jeBa nsmehy ofgabpaHux KapakTepMCTUYHMX KapoTaXXHWX penepa, omoryhasa ce npahe-
e HEOTEKTOHCKE aKTMBHOCTU. V3N10XXeHW MpUHUMN paja Huje Heno3HaT, W NPYMEHOM
KabuHeTCKOr MeToja, y nojeauHumM obnmumma je npumerseH 3a npaherwe HEOTEKTOHCKE
akTuBHocTn (Mapkosuh u gp.. 1997).

OcHoBY 3a npahewe HEOTEKTOHCKe aKTMBHOCTU YuMHEe OYLOTMHCKM mojaum, npe
CBera KapoTaxkHu penepu ogpehusaHun Ha gujarpamvma F'KM (Ka lla»a.y, 1988-1998). ¥
Ty CBPXY CYy 3@ IMTONOLWKA pallyfiambasara npaheHe KpuBe CreyupuUHOr eneKTpuyHor
oTnopa topmauyumje (CEO) ayan MHAYKTMBHE W Ayan naTeponor metofde, KpvBe nopos-
HOCTV KOMMEH30BAHOI HeyTpOoHa, KapoTaxa rycTuMHe, UHAeKca (hOTOeNeKTpuyHe ar-
copnuuje 1 cnekTpa NpUpPoSHe y paguoakTUBHOCTU. 3a npahewe enacTUYHMX CBOjCTaBa
thopmMauunje, y3 peructpoBake MHTErpasHOr BPeMEHa 3a YCNOCTaB/bakbe Kopenauunje ca
pednekcmjama cemamorpama, kopuwheHa je 3By4Ha KapoTaxa. lNMogauun gunnaora cy Ko-
puwheHn 3a npahewe KpMBMHE BYLLIOTMHA, CTPYKTYPHOr Nafja Ccnojesa, ycnoBa CejMMeH-
Taumje u ogpehuBare 30Ha pacefa v AUCKopAaHuuja. JefaH npumep KopuwheHux auja-
rpama KM pgart je Ha cn. 1. Ha neBoj cTpaHu je npukasaH cnoxeHu gujarpam KM, a Ha
[ecHoj obpaheHwn gujarpam gunnora.

AHanusa y KpuBe nokasyje fa ce npu ynacky y Hacnare of WKpubaua perucrpyje
NnoBULLIEHA NPUPOJHA PafNOaKTUBHOCT, KOja HUje CeNleKTMBHA Ha KPUBOj YKyMHe paauo-
aKTUBHOCTW, ycnef noeehaHe akymynauuje ypaHa y 6a3u naHoHa. 3aTo ce KOpPUCTU Kpu-
Ba CMeKTpanora, U Ha OCHOBY jako noBehaHoOr cagpaja Kanujyma v Topujyma y cTeHa-
Ma, 30Ha ca LWKpu/bLMMa ce nako pasgsaja. MoTtepga ce Hanasw npahewem e Kpuse
(MHAeKca (hOTOENEKTPMYHE ancopnuuje NTMTOAEH3MTKH]a), jJep Npenackom n3 kapboHata y
Hacnare of WKpwW/bala BpesHoCT MNe onafa. Ynasak y fexuwte Ha oybuHu of 2 097 T
ofpefyje ce Npeko Kpusux cneunduyHor enektpuuHor otrnopa (CEO), cnekTtpanora,
rycTuHe v 6p3vHe NpocTMpaka 3By4HUX Tanaca y cTeHama.

[ame, nHrepsan of 2 087-2 097 T 6M mMorao fa npunaga KnactTuTuMa OTHaHra u
Kapnara, anm HeMa ManeoHTONOWKNX nogaTtaka. Ha 2 076-2 078 T ce Hanasn HOBO YyBe-
[leHn penep 4’. YouaBa ce Beha akymynaumja ypaHa, a cagpXaju kanvjyma n Topujyma cy
MarMW Yy OfHOCY Ha cajp)aje y CTeHama ca Wkpubumuma. Mnvhe ce Hanase ceguMeHTM
6a3e nMaHoHa TanoXeHu y KapboHaTHOj cpeAuHU. KapakTepulle uX Aa/be CMamere ca-
LpXaja kanvjyma u Topujyma, y3 MeCTUMUYHO nosehawe cafpxkaja ypaHa. lNosnarta 6ase
naHoHa Ha 2 038 T ogpehyje ce npeko y paanoaktueHocTn, CEO, n3paxeHe npomeHe
rycTuHe n 6p3vHe NpocTupama 3BYyYHMUX Tanaca.

3 obpaheHux nogaTtaka gunnora (cn. 1 fecHo) youyasa Ce yfiasak y Kiactute of
LUKpUI>aua Npeko pacyTux nagHux yrnoea. Y nexuwTty (gy6mwe og 2 097 T) je ucta cu-



Tyauuja, na cy nogaum gunnaora Heynotpe6/susmn. KopucHe nHgopmaunje ce mory gobu-
Tn npahewem navhux cnojesa. Tako ce y nHTepsany 2 055-2 070 T youyaBa HeTUNUYHa
npoMeHa Koja 6w morna ga ogrosapa pacefHoj 30HW. CTPYKTYpHM Harub of 4° Ka cese-
posanafy (asumyT usHocu 310°) AeduHuMLIe cajalltbe CTake npyxXawa Cnojesa [OHer
naHoHa ns nHtepsana 2 025-2 038 7.

Mpema n3HeTom, Ha anjarpamuma F'KM ogpehusaHu cy un npaheHu, 040340 Ha rope,
KapakKTepuCTUYHN KapoTaXKHW penepu noMohy Kojux ce y npocTopy AeuHULWY CTPYK-
TYPHU, OLHOCHO CTpaTUrpadckm Xopm3oHTU. CBaKun 04 U3JBOjeHUX CTPYKTYPHUX XOPU30-
HaTa NpefCcTaB/beH je MaTpULOM nojaraka Kojy YMHE X MY KOOpAMHaTe U KoTa ~Xopu-
30HTa y 6ylwoTuMHaMa. Pas3nuka [Be mMatpuue, Tj. pasnuka Mnosnoxaja fiBa CTPyKTypua
XOpU30HTa faje feb/bUHY CefiMeHaTa Ta/loKEHUX Y BPEMEHCKOM WHTepBany usmehy
HUX, Ha OCHOBY KOje je BpLUEHA PEKOHCTPYKLMja HEOTEKTOHCKE aKTUBHOCTMU.

Cn. 1. Aunjarpamu KM un obpapa gunnora 6ywoTuHe Tna-30 (Masnosuh u gp., 1996).
pj§. 1.CXYT /ba8rat8 anc! Lplo& proce66T§ o! Lle \yell Tn3-30 (PayloYlc el al., 1996).

3a nctpaxHe 6yloTrHe cy KopulliheHn nojaum 3a KapoTaxHe penepe ogpefeHn y
Cnyx6u 3a cTpaturpagunjy of ctpaHe reonora C. Makcumuyesa n M. Mujatosunha.
CTpaturpagcku penepu cy ofpefmsaHu Ha 6a3n neTponowkux oppesom KemeHuum P.,
Kpowa B. n>XXymbepkosuh B., naneoHTONOWKNX M INTONOWKMX npahewa maTepu-



jana n3 6ywotuHa Maruh H., nHTepnpeTtaumnje KapoTaxxHux aujarpama I'. Fp6osunha,
W, y Matbem 6pojy, nanmHonowkmx onvca . Aynunha.

MocTojehn 3BaHMYHM Nojauy O KapOTXKHMM penepuma UCTPaxXHMX ByLoTUHa cy
Ha KPUTUYHMM MeCcTuMa NpoBepaBaHy Kopuwhewem CBUX KAPOTaXHUX METOoAa, a 3aTum
JonywasaHu, Tj. caMocTanHo ofpehuBaHu 3a paspafHe 6ywoTuHe. Paau 6orber carnega-
Batba HEOTEKTOHMKE MNOTeHUMpaHa je NpuMMeHa TeKTOHCKM uHAuumpaHor penepa C y
[OHEM MOHTY, W YBEAEHW Cy HOBM pernepu y 6a3n NaHoHa My NaHOHy. 3a HbWX0BO Aedu-
Hucawe KopuwheHu cy, npe cBera, gujarpaMu Aunnora v cnekTpanora, a 3a ogpehusare
n gujarpamun CEO pgyan MHAYKTUBHe MeTOfe, FYCTMHE, Kao M 3ByYHE KapoTaxke, Ofrosa-
pajyhux 6ywoTtuHa. MNMpu ToMe cy of BeNnKOr 3Hadvaja 6unm nogaum Maruh H. Koja je Ha
OCHOBY MaTepujana ca CMTa, OCMM NaneoHTONOLKUX nofartaka, Aasana feTa/bHe onuce
nutonorunje cty6a 6ywoTnHe. Ha Taj HauMH je y NOTNYHOCTU ycnocTaB/beHa Kopenayuja
ca KapoTaXHUM fujarpaMmmma.

KoHcTpyucawe M30nnHMja penepHux Xopm3oHata U hUX0BUX pasfinka BPLUEHO je Ha
pauyHapy y nporpamy "Cypdep-6". 3a uHTepnonayujy nogataka kopuwheHa je Kpu-
FMHr MeTofa. Paaw carnefaBama HajKpynHWUjUX CTPYKTYpa BPLLEHO je M3paBHaBawe Mo-
BPLUIMHA pernepHMX XOpM30oHaTa, Kao M hbUXOBUX pasnnka. 3aTUM Cy NpesioMHe 30He Ha
KapTama feb/mbuHa (nogpy4ja Harnmx npoMeHa feb/bMHa) MHTepNpeTUpaHe Kao pasnom-
He CTPYKrype. 3a NpoBepy MonoXxaja pasfioMHUX CTPYKTypa KopulheHe cy KapTe pe-
MepHUX Xopu3oHaTa W nofauu gunsora (Harn6, asuMyT W MpeyHuMumn OYLIOTUHE, Kao U
n3payvyHaTu nagHu yrnosu cfojesa v CTPyKTypa).

3a 60/be carnefaBare LENOKYyNHOr npocTopa KopuwheHun cy nogaun 3, censmuke,
KOju cy NpeKo enacTUYHUX KapakTepucTuka opmaLmje n rycCTMHe noBe3nBaHuW ca Kapo-
TaXHUM nojauvma. Haumme, Ha cemsmorpammuma cy npoHanaxeHe pediekcuje Koje oaro-
Bapajy KapakTepucTUYHWM peneprma, U Ha OCHOBY NPeTNnoCTaB/beHMX 3aKOHa 6p3nHa u3
Hajonmxux bywoTnHa ofpefuBaHe cy Ay6rHe KapoTaxXHUX pernepa (KoTe r) y Aenosuma
rje jow Hucy 6une, Uau rae HUCY yonwTte nsbylleHe OyLIOTUHE.

[akne, aHanM30M MPOCTOPHMX MOJIOXaja n3abpaHnX CTPYKTYPHUX XOpU30oHaTa, Of-
HOCHO, HUXO0BUX pasnnka, omoryheHo je npahere HEOTEKTOHCKE eBoNyLuje 6aceHa.

MPNKAS3 PE3YJITATA N UNTEPTIPETALVIA
HEOTEKTOHCKE AKTVBHOCT A

Mo kpeupawy 6asa nofaTaka KOHCTpyucaHe cy W aHanusupaHe cnefgehe kapte
CTPYKTYPHUX XOpU30HaTa:
- Hcy noBnatu cTeHa HefloBO/bHO fedmHucaHe cTpaTurpadgumje (cn. 8),
- o'y 6asu naHoHa (cn. 13),
- bn y noBnaTtmn 6a3e naHoHa (cn. 12),
- plnp2y powem, n IV y roprbemM naHoHy,
- [3 Ha rpaHuuun fower U ropwer naHoHa (cn. 11),
- 1H Ha rpaHuMLM NnaHoHa 1 Jower noHTa (cn. 9),
- C Ha Kpajy npBe TEKTOHCKe (ha3e y foweM NoHTy (cn. 10),
-, LMy gowem NOHTY,
- J1' Ha rpaHMUn SOHEer 1 ropter noHTa,
- Tlc Ha rpaHuLUM ropHer NoHTa v nanynuHa,
- Ho - nospLlunHa TepeHa AaHac.
Ha cBMM KapTama CTPYKTYpPHUX XOpu30oHaTa KoTe rc.y fate y penatuBHUM fybuHa-
Ma payyHaTUM Of NOBpLUNHE TepeHa HaAMOopcKe BucuMHe 79-85 meTapa.



Mocne n3paBHaBawa MOBPLUMHA PEVEPHUX XOpPM30HATA pasMaTpaHa je HeOTEKTOH-
CKa aKTMNBHOCT Ha TepeHy nospnHe 5,53 x 3,37 = 18,6 KT2 Y pagy Cy npukasaHe v aHa-
Nu3npaHe KapTe camo 3a ctpaturpagcku geuHucaHe gpopmaunje. 360r 3axresa 3a no-
lITOBakbeM "TajHOCTM MojaTaka" M30CTaB/beHe Cy KOOPAMHATe TepeHa W Ha3ueu OyLuo-
TWHa, Na cy 06jallbera YorwTeHa 1 Marke npeLnsHa.

CTPYKTYpHU XOpU30HTK (cn. 8-13) nokasyjy cafallibn U3rnef v nosioxaj CTpykTy-
pa penepHux Xxopu3oHaTa. OHWM Hoce ojapeheHe WH(poOpMauuje O pasnomMumma, anu He
roBope NyHO O BPEMEHY HbUXOBOI akTUBUpamwa. 3aTo cy y pagy, pagu npeuusHujer ogpe-
fAuBarwa TEKTOHCKE aKTUBHOCTU, MPBO NPUKa3aHe W aHanu3upaHe KapTe pasnuka cycem-
HUX CTPYKTYPHUX XOpM30HaTa, T.j. KapTe rN1aBHUX CeKBEHLN.

KapTa geb/bmHe cegumeHata usMmely penepa Hc y nosnatu ctpaturpa)Cku Hego-
BO/LHO AeduHMCcaHe cepuje, 4O yBeAeHOr penepa 4 Yy 6asn naHoHa, MpukasaHa je Ha cn. 2.
CTpyKTypa je, NpakTU4HO, Y3 HEKe Mare U3y3eTKe, CBE BpPeMe 0f novetka GageHa fo na-
HOHa 6una opmMmupaHa u npefcrae/bana KOMHO, LOK je OKOMHM MpOCTOp, NOroToBO Ce-
BepHO Kpuno pacepa KO, ToHyo. Ctpyktypa Tyc (Typuja-ceBep) o4BojeHa je 0f CTPYK-
Type Tyn (Typuja-uctok) pacegom K1y 6ageHy, kafa je n UCTOUYHU [e0 CTPYKType To-
Hyo. Ca jyrosanafHe cTpaHe ce Moxe u3gsojutn paceq K2 C o63upom ga Hucy paheHa
ManeoHTO/IOW KA UCNUTUBAKA 33 JYXXHU W jyrosanagHu [eo CTPYKType, He3axBajHo je
npeasmhatn ctpaturpadujy. Mnak, npema oa3mvBy opmauunja Kog pasnnuyutux Kapo-
TaOKHUX MeTofa, MOXe Ce NPeTnocTaBuTy Ja MOXJa MocToju capmart W, 6afleH unu yak
CTapuju MuoueH, y jyrosanagHom feny. Ha cesepy ce, nopef MapkaHTHor pacega KO,
MOXe HacnyTuTtu pacef K3 Koju ce akTuBMpao Ha nodveTky 6a3e maHoHa U Koju he ce,
KacHuje, y OkeM NOHTY peakrueupaTtu. (Pagu pas3nnkKoBaka, pacefn Koju ce HajaBnyjy
LpTajy ce UcNpeknaaHum nnHMjama.)

Cn. 2. KapTa feb/buHe cegumenata usmehy penepa Hecu g’.
1:1a. 2. Map ol 8eclTen15' (hjcknexx he(\ycen Tarkerx N8 anc! cl.

Mpema KapTn geb/buHe cegumeHata 6a3e maHoHa Ha cn. 3, of penepa 4’ 40 penepa
bn (ycBojeHe nosnaTe 6a3e MaHoHa), MOpe Haaupe ca ceBepo3anafja W cesepa, Aa 6u
npennasnno v cagalimn n3aurHyTu feo nsmehy pacega K3 u K5. NpBo ce Tanoxe ceau-
MEHTW Y fleny ceBepHO of pacefa K3 (aKTMBMPaAHOr Ha MOYEeTKY 6a3e maHOHa), a 3aTUM U



jyxHnje, no pacegsa K5. HoBoysegeHu peuwep 4’ no Baxehoj ctpaturpaduju o3HayaBa
Kpaj MpBOr gena cegumeHTauuje y 6asvm naHoHa. Takohe, oH omoryhaBa usgBajakbe pa-
cefa K4 uvpasua 3-V1 (Mano u3Hajg cpeaviHe caja W3LMTHYTOr rNaBHOr fena) U pacefa
K5. PeHep 4’ je TuMnYaH, 1 Ha Behem 6pojy 6YLLIOTUHA Ce penaTUBHO f1ako Mpeno3Haje ca
[Aujarpama yKyrnHe npupofHe y pafMoakTUBHOCTU cnojesa, a U npomeHa CEO je kapak-
TepuctuyHa (cn. 1). MNpema Tome, 3a ofpehuBare cy yriaBHoOM A0BO/bLHU caMo Aujarpa-
MW gyan MHOYKTVBHE METOAe KOju ce ynpaBo kopucTe y Cnyxo6u 3a ctpaturpagujy.

CenumMeHTU 6ase NaHOHa feXxe AUCKOPAAHTHO Ha A0OH00afeHCKUM CeyMeHTUMA Y ce-
BEPHVM U CEBEPOMCTOUYHUM [EN0BUMA CTPYKTYpPe, LOK CY Y HajBULLEM feny CTPYKType Tycy
LVPEKTHOM KOHTaKTYy ca cTpaTurpadckm HefloBO/bHO fedhnHMcaHOM cepujoM. KnacTuyHa ce-
pvja 6a3e maHoHa MMTONOLIKK je NpeAcTaB/beHa 6bpevama, KOHr1o6peyama 1 KOHroMepartu-
Ma of (hparmMeHarTa pasnMUMTOr cacTasa Y NOPeKNa, pasnyunTe KpynHohe 3pHa 1 KapboHaT-
He Mace. Y cepuju ce 3anaxa npucycTBo 6uTymuja, OLHOCHO, OpraHcke MaTepuje foKasaHe U
MPEKO reoXeMMjCKUX UCMUTUBAKA Ha je3rpuMa bywoTnHa (Kypbanuja v gp., 1994a). Mo-
ryhe nmpucycTBo opraHcke martepuje Haj6o/be ce KOpenuile Npeko Aujarpama CrnekTpanora
(KpuBe ypaHa). OcTaje OTBOPEHO MUTawe, Mrra je y3pokosano Harno rnosehaPbe kapboHaTHe
KOMMOHEHTe Y NaHOHY ¥ NPUPOLHE PaAM0aKTUBHOCTM, HacTasle NPBEHCTBEHO YCNes akyMyna-
Lmje MOBMNHOT, NaKo PacTBOP/bMBOI YpaHa y OpraHckoj matepuju?

Cn. 3. KapTa geb/buHe cegumerata uamelly penepa g'v bn.
3. Map ol 6egTrenun’ {Mcknexk hellyeen Tarkers g' anc! Bp.

Mpema KapTn feb/bUHe cegnmMeHaTa y oweM naHoHy, usmehy penepa bn u g3 (cn.
4), TpaHcrpecuja n gasbe Hanpegyje ca ceBeposanafa W ceBepa Ha jyr. Ycnef UHTeH3UB-
HMjer Towewa, Aeb/brHa cegumeHaTta je Beha y cesepHoMm geny. Of pacega K5 gebrbuHa
ceflMMeHaTa Ce Harno cpasMepHO CMawyje, jep je CTPYKTypa us3fgurHyTta y npasuy jyra,
O[IHOCHO jyr-jyrosanaga, nof yrfiiom of oko 4°.

Mopep pacepa K5, Ha cn. 4 ce youaBajy v pacegn K6 n K7. AkTuBupamwe pacega Ké
je 6nmxe ofpeheHo KapoTaxHUM penepuma bn (noenata 6a3e naHoHa) u A2 (nosnata
XOpU30HTa A2-41). X0opu30oHT A2-41 je yjeaHaueHe nebbuHe (20-26 T), nako ce youasa,
M UMa pervoHanaH 3Hauaj, jep je perucTpoBaH Ha LUMpPeM NpocTopy, u y npeko 100 KT
yaa/beHUm bywioTuHama CesepHor n Cpepatber baHata (Kyp6anuja u gp., 1994a).



M y nowem naHoHy ce yo4aBajy noBpemeHa nosehata MpUpOAHE Y pagvoakTuUB-
HOCTW, Mak€er MHTEH3NTETA, HacTana of ypaHa, JOK y ropkhemM Aefly Hacniara Tora Hema.
To je 610 NOBOJ 3a UCTPaXXMBake Ha OCHOBY KOjer je yBefleH HOBW KapOTaXKHW penep A3,
W 3a pa3NnKy Of 3BaHWYHO YCBOjeHe cTpaTurpaguje NaHoH pasfBojeH Ha ropkwbun U oK.
Penep A3 ce mu3fBaja MPBEHCTBEHO Ha OCHOBY MoOjaTaka CMekTpasora u gunsaora, a u Ha
AmjarpaMmyMmMa ocTa/iMx KapoTaXKHMX MeTofa Ce yodaBa AMCKOpAaHuuja.

Cn. 4. KapTa feb/buHe cegmeHarta y OkbeM NaHOHY.
N§. 4. Map 0? aecUTer/b' (LLckne66 T 1.o\yer Pannoran.

Kopenuwyhun Ha KapoTaXHUM AujarpaMvMmMa IMTONOWKE onvce u3 “wnem" npoba
Ca81c (1990-1994) noTspheHO je MPaKTUYHO NOTMYHO Noknanawe y AyO6uUHU KapoTax-
HMX MU NeTPONOWKNX nojataka. lNpema Tome, yBoheweM Kapola>kHo? pellepa a3, u us-
[lBajakbeM Ha KapoTaXKHUM aujarpamuma, omoryheHa je kopenauuja u ca lNaneoHTOMO0LW-
KUM nojauuma, U jeflHOCTaBHMja MpoOBepa MNoCTOjaka ropwer naHoHa He camo Ha
cTpykllypu "Typuja™, seh wupe, Ha npocTopy BojsoanHe.

Mpema ogpenbama Ca8lc (1990-1994), ceamMeHTU U3Mehy KapoTaxHUX penepa A3
y noavHu v MH y nosnatu (cn. 5) npunagajy HUXeMm Jeny ropwer naHoHa. ¥ npobama
HabyleHOr mMaTepmjana ca cuTa eBUAEHTMpPaHM cy octaum Bpcta ATplocypT cl. nlra-
plex. ATplocypT ah3scwa u Canclona (HneocypT) nonrcllcuhlla n3 Huxer fena roprer
naHoHa. Of yBefleHOr penepa A3 Ha gujarpaMyMmMa Aunnora memwa ce najHu yrao cnojesa,
nafiHW yrnoBu cy XaoOTUYHU U pacTypeHu, a n3octajy 1 "uHjekuuje” ypaHa. JIMTONOLIKN
ce u3fBajajy pMHO NECKOBUTU Nanopuu.

M y roptbem NaHOHY Ce HacTaB/ba UHTEH3MBHWje TOWEHE CeBEPHOT aena (cn. 5), y3
npowmpere Ha jyr (Mano jy>xxHuje of pacega K7). TpaHcrpecuja fasbe Hanpegyje Ha jyr,
a MaHOHCKO Mope npenas/byje Leo npocTop.

KapTa geb/buHe cegnmeHaTa usmely penepa MH Ha rpaHWLY HAHOHA W AOHEr MOH-
Ta, U TEKTOHCKM uHAMumMpaHor penepa C 13 HUXer fena LOHer NoHTa, NpukasaHa je Ha
cn. 6. leo cTpykType nsmehy pacesa K3, K4 n K5, koju je y naHoHy ToHYO (cn. 3-5), y
[LOHEM MOHTY MoYnkbe fa Ce penaTUuBHO u3guXKe y 04HOCY Ha OKOMHM NpOCTOp.

Pacean K3, P4 n K5 cy ckopo BepTUKa/iHW, Y3POKOBAHW pajnjaiHOM TEKTOHUKOM.
[Ja ce pagu 0 n3gusamwy CTPYKTYpe Ha MOYeTKY LOHer NoHTa, foKa3u ce Mory Hahu aHa-
N30M CMHXPOHOCTU CeAMMeHTaumje cnojeBa, enacTMYHUX CBOjcTaBa (opmaluje, noja-



Taka gunnora uta. OCHOBHO je Aa CTPyKTypa TyC HMje HacTana camo ycref noKanHor
rpaBmTaumoHor pacegara (Kypb6anuja v gp., 1994a; Byunh v gp., 1994; Masnosuh n
op. 1996), Beh u ycnef n3gumsarba LeHTpPanHoOr fena, y3pokoBaHOr BepTUKaIHUM KpeTa-
HVMa Ha Mano LWNPEM MPOCTOpY.

Y cefMMeHTMMa NaHoHa nag navoueHckor pacega K5 nsHocu oko 79°, OK ce y ce-
AvMeHTMMa Mnaher navoueHa yrao cMmawyje go 75°. U To je pasnnka y o4HOCY Ha 3Ba-
HWYHO ycBOjeHa rneguwTa (Byunh u gp., 1994, ctpaHa 35, cn. 5) rae ce nAMOLEHCKM pa-
cen K5 nogsnayuun nog nagHuWM yriom of MakcumanHo 45°.

Cn. 5. KapTa ge6/buHe cegnmeHaTa ropwer naHoHa.
p18. 5. Map ol JecLitenlk' Aucknek6 ol Npper PannoTan.

Cn. 6. KapTa febmuHe cegumerata nsmely penepa My un C.
p18. 6. Map 05 6ecMTenl6’ Mnckneab helween Tarkerx Pn anc! 8.

Mocne UHTEH3VBHUX NO3UTUBHUX BEPTUKANHWX TEKTOHCKMX MOKpPeTa, MpUKasaHux
Ha KapTu geb/bnHe cegumeHaTa mnsmehy penepa MH u C (cn. 6) U Ha reonoOWKOM Mpo-
(hmuny Kpo3 npecek A-Al (cn. 7), yrnaBHOM HacTaje [ejCTBO rpaBUTaLMOHE TEKTOHUKE.
[Jarbe TOKOM [ower noHTa CTPYKTypa TOHe Ha jyrosanaf, a noToM Yy roptkemM MOHTY fA0-
nasu [l0 UHBep3mnje, Tj. TOHEHa Ha CEBEPOMCTOKY Y3 M3AM3ame Ha jyrosanagy. 3aTum, y
nasyauHCKUM C/I0jeBMMA U KBapTapy, HacTaje MHTEH3MBHO TOHEHE Ha jyr 6/10K0Ba jyXXHO 0f



pacega K5, a n3ausare y Kpajibem CEBEpHOM, a NOrOTOBO Y CafallbeM LeHTPaHOM [eny.
HopmanHo, cBe BpeMe Y akTUBMUM [enoBUMa CTPYKTYpe MOCTOje Marba MOBpeMeHa u3au-
3akba M CnyLlUTaka Kao pe3ynTaT MHTepakuuje 6/10koBa 1 cTabunnsaymje yHyTap CTPYKType.
360r orpaHuuyeHor npocTopa 3a OBe (pase Ce He MpWIaxy aHanusmpaHe kapTe AebrbuHe
cefMeHaTa, anu ce onMcaHo 4enom MoxXKe BUAETMW Ha crefehoj camup.

Cn. 7. Feonowkmn nponn Kpo3 npecek
A-Al.

Puj. 7. OeoloMjcal prolle LUrondd
seellon A-Al.

Ha cn. 7 je npukasaH reonowku npotun C-J 3a npecek A-Al o3HauyeH Ha cn. 8.
360r npernegHoOCTM Cy NpuKasaHW camMoO HajyousbUBLjM CTPYKTYPHWU XOpu3oHaTu. 3a

A

Al

Cn. 8. CTPYKTYpHU XOPU3OHT Hc.
8. 8lruclural honron N8.

(hopMHpawe faToTeka je kopuwheH nporpam "Cypdep-6", a 3a upTake nporpam Tpa-
thep-4". Ca cnuke ce 3anaxa CNUYHOCT TEKTOHCKe aKTUBHOCTM Y NaHOHY (penepu 4’ u
MH) n ropwem nNoHTY (penepu n' u INc) Kaga CeBEPHU L0 UHTEH3UBHHje TOHe Yy OfHOCY
Ha jy>XHW [e0. Y [OHEeM MOHTY (03Ha4YeHOM perepuma H 1 n'), Kao Uy NanyauHCKUM
cnojesuma u KBapTtapy (u3mehy penepa Nc u Ho) yrnaBHOM ce jaB/ba CYnpoTHO Kpe-
Tawe 6/10KoBa. Taja ce, OCUM HeraTMBHUX rpaBMTALMOHMX KpeTaka, Aellasajy v nosu-
TMBHa BepTUKa/Ha KpeTawa. A Kao pe3ynTaTt HajMnahe TeKTOHCKe aKTUBHOCTM, "cTapa”
CTPYKTypa Tyc ca cefjuMMeHTMMa HefeduHuUcaHe cTpaTurpauje npuMuna je cafallibu
n3rnef, 40K cy NaHOHCKW CeAVMEHTU NpemMa ceBepy hopMupanu HoBy, Behy CTPYKTYpy.



CTPYKTYpPHM XOPU3OHT NO NoBNaTu cTeHa Hc, 0f4HOCHO, NPUOAMXHO cajallimbu U3-
rnef nosfiate NeXxuLlTa, Nocfie CBUX TEKTOHCKMX forafaja, npukasaH je Ha cn. 8. Yo-
yaBa Ce U3AMIHYTW feo CTpyKType Tyc, pa3fBojeH Ha 6/0KkoBe ca Tpu pacega K3, K4 n
K5 npubnuxHor npasua 3-MN, n HeKONNKO pacefa npubnavxHor npasya C-J. Youasa ce
M BeJIMKa CAUYHOCT Ca CN. 6 U3 HVDKEr JOHer MOHTA, LWTO je N0rn4YHo, ¢ 063MpoM fa cy
KpeTaka 610KOBa CTeHa He[JOBO/bHO AeduHUCaHe cTpaTurpaduje y3pokosana npomMmeHy
n3rnega v nosoxaja Mnahux cegnmeHata y ToM fAeny CTPYKTYpe.

ByleeM v ucnMTMBamEM je3rpoBaHOr MaTepujana ogpeheHe cy BpCcTe WKpW/bala
y 6peyama, anu Huje morna fa ce ogpefn cTpaturpagcka npunagHocT 6peda. Mnak, 3a
Hc cepujy y nsgurHytom feny, usmehy pacega K3 n K5, moxe ce pehu ga je ctapuja of
OTHaHra, v fja je, no tanoxewy 6peya, CTPYKTypa morna fa ce popmupa Ha noyeTky
OTHaHra. Y TOKY je yCrnocTaB/bate pernepa y cTeHama HefeduHucaHe cTpaturpaguje, u
Ha OCHOBY NpenvMWHapHUX pesynTarta, y nosnatu cteHa Hc y jyxHom u J3 geny uma
cefnmeHata mnahux y ofHOCY Ha cefuMeHTe HC y Haju3LurHyTujem feny CTpykType.

3a pasmaTpare yTuuaja TEKTOHCKE aKTUBHOCTU Y MAUOLEHY U KBapTapy, BaXkaH je
CTPYKTYPHM XOPU3OHT penepa MH Ha rpaHuuy n3mehy ropwer naHoHa v LOHEr MnoHTa
(cn. 9). To je yjegHo v kapTa Aeb/bMHe cegumeHaTa TanoXeHNUX Of MOYeTKa AOHEr MOHTa
[0 faHac. YouaBajy ce paceau K5, K6 n K7 ca cn. 4, y3 6uTHy pasnuky. Haume, nocne
aKTUBMpawa U crnywTamwa cesepHUx kpuna pacega K5, K6 n K7 y naHoHy (cn. 4 n 5), u
n3gusama ceBepHor Kpuna pacefa K5 Ha moyeTky gower noHta (cn. 6), gonasu o To-
Kera jyKHUX Kpuna pacega K5, K6 n K7 (cn. 9).

Cn. 9. CTPYKTYPHU XOPU3OHT [H.
9. 8lwclural honron Pn.

Takohe, aHanM30M CTPYKTYpHOr xopu3oHTa MH (cn. 9) 1 cekBeHue ropwer naHoHa
(cn. 5) youaBa ce cnefehe: cegumeHTU n3mehy pacefa K5u K7, Koju cy Ha Kpajy ropwer
naHoHa 6man NpakTUYHO XOpWU30HTanHM (Nag of OKo 1-2 °Ha cesep), Nog AejCTBOM Haj-
mnahe TeKTOHMKE NPOMEHWUAM Cy Mpasal W cMep naga, v caga nafajy nog yrnom og 6 go
13°, anu y cmepy jyla, ogHocHo J-J3.

Cnepehe cnvke (10-13) npukasyjy npeoctane, y pagy KopuwheHe KapTe CrpyKtyp-
HUX xopu3oHata: C y HWXeM feny AOHEer NoHTa, 43 u3Mehy fOHEr 1 ropwer naHoHa, bn
y nosnarv (Ha Kpajy) 6ase maHoHa, 1 4’ ca noyeTka 6a3e naHoHa.



Cn. 10. CTPYKTYPHM XOPU3OHT C.
Kjj. 10. 81rue[ural honron 8.

Cn. 11. CTpYKTYpPHU XOPU3OHT A3.
P18. 11. 8lwclural honron (13.



Cn. 12. CTPYKTYPHU XOPU3OHT bn.
p18. 12. 8[ruclural honron Bp.

Cn. 13. CTPYKTYPHU XOPU3OHT 4 .
PJJ1. 13. 8[tclural honron cI.



3a npahere TEKTOHCKe aKTHBHOCTH Y MaHOHY U JOHEM MOHTY, U Ta4yHUje npoBepe
nonoxaja pasnoma, HajkopucHuju cy nogauu gunnora. MehyTum, ayTopy Hucy 6unm pgo-
CTYMHW CBU PacronoXxusu nofauu, jep je sehu feo uHTepHpeTtaumja kof Markoyjc \
Payloylc (1991-1994) cMelTeH Ha MarHeTHy TpaKy, apxXvuBupaH, U 3a MPaKkTUyHe Mo-
Tpebe HepocTynaH. 3aTo je MHTepnNpeTaLunja gata camo 3a yrfiaBHoOM noy3faHe nogaTke.

MpuKasaHe KapTe CTPYKTYPHUX XOPU30HATA M HUXOBUX PasfnKa Cy HajnpeunusHuje
y fenoBuMa ca Hajsehum 6pojem OGYLIOTUHCKUX nofataka. 3a 60/bU ONWTU HPUKA3, Y
30Hama 6e3 6yLIoTNHA cy ybaueHM nojaum ca censmmukmx cekuymja. C 063mMpomMm Ha manu
6poj nocefoBaHMX cekuuja ybayeHo je ceera 12 cumynmpaHnx 6yLoTMHa ca OAroBapajy-
hum penepuma. bo/bu pesyntatn 6u ce nocturnm nosehawem 6poja rayaka, a Hajobossu
penHTeprnpeTaLnjom Cem3MmnKe 1 KapoTaxe.

3AK/bYYAK

[aTwu cy HOBM nojauy 0 CNOXKEHOM KapakTepy CTpykType "Typuja" KopHherwem
KapoTaXKHMX penepa 3a NpuKasnBarbe TEKTOHCKE akTUBHOCTY lMpaheHa je eBonyumja CTPykK-
Type, 1 faT je npeumsHuju Meonowku mogen. MNMokasyje ce ga ocum pacefa KOy ceBepHOM
[leny cTpykType, noctoju 1 paceg K3, npasua 3-U, jyxHuje. Taj paces ce peakTusmpa Ha no-
YeTKy [OHEr NoHTa 1 6UTaH je 3a eBONYLMjY CTPYKTYPE U OKOHTYpaBame r1aBHOT NeXMLLTA.
Paceg je noTeBpheH npeko KapaTa feb/byHe ceAMMeHara, a v NpeKko 3aBoftbaBara GyLIoTrHA
y pacegHoj 3oHu. Takohe cy nageHTndurkosaHu n pacean K4. K6 n K7.

AHaNN30M HeOTEKTOHCKE aKTUBHOCTM MOKa3aHo je faje 3L THYTW 4eo CTPYyKLype
Tyc nsmehy pacesa K3u K5HajnpoaykTusHuju. To noTephyjy v nofauy o Npon3soabu.

PasymeBatbeM KapakTepa M yTuuaja HajMnahe TEKTOHUKE Ha opmupare nexuil-
Ta 11 MUrpaumnjy yriboBofoH1Ka, omoryhasa ce npvMeHa v Ha ApYyruM CTpyKTypama Cnvy-
HOT, Kao 1 pasnnymTor tuna.

JeTambHo ce aHanMsnMpa HEOTEKTOHCKA aKTUBHOCT npaherweM Aeb/bUHE CefUMeH-
aTa usmely nojeauHuX CTPYKTYPHUX XOpu3oHaTa. Y Ty CBPXY yBefieHW Cy HOBW CTpa-
Twl packn penepun: 4’y 6a3n naHoHa u A3 Ha rpaHuuu namehy gowel v opwel naHoHa.
3a 60/by aHanM3y HeoTeKTOHMKe KopuwheH je v penep Cy fOHEM MOHTY.

MpaheweM HEOTeKTOHNUKE omoryheHo je u npeunsHuje cTpaTwlpadcko passsaja-
we. MoTBpheHo je 3anaxamwe naneoHtonora H. Maruh o moryhem noctojawy jow jes-
HOr cTpaTurpagCckor ynaHa y oKkempy naHoHa - opwel” naHoHa.

3a hopmupare neXKuTa HajouTHUja cy No3TUBHA BEPTUKaNHA KpeTamwa. M3a-
3BaHa yHyTpawmwnm cunama us gybuHe 3emsbe, jaB/bajy ce y UMNY/ACMMA, €A UHTEH3UB-
HUM TEKTOHCKUM HOKpeTuMa. lMocne wux HacTynajy pase penaTMBHOI MUPOBaka U rpa-
BUTAUMOHE TEKTOHWKE, ca KpeTakbeM 6/10KOBa Y UCTOM NpasLy W CMepy, Y3 NMOBpemMeHe
Kpahe npomeHe cMepa NpUANKOM cTabunusaumje CTpYyKTypa.

Maneo pewed Huje cTaTuyaH U okowTao, Beh Tpnu cTwnHe npomeHe. lMocne
pasrpagwe Behe CTPyKType y [OHEM MUOLEHY U 6afieHy, n pasrpajhwa cTpyktype "Ty-
puja" y naHoHy, Ha NOYeTKYy AOHEer MOHTA No4Yuke (hopMuUparme Mawe CTPYKType, U
cafjawmer n3rnea "naneo” pesbeda, Koje Tpaje v gaHac.

naBHO ne>kuwTe HaTHOl no/wa "Typuja-ceBep” nounke ga ce hopmmpa y fo-
HeM MOHTY.

Mopa nejcTBOM Hajmnahe TEKTOHCKE aKTUBHOCTU CeIMMEHTU NaHOHA Ce U3LWXY Y ce-
BEPHOM feny, u hopmMupajy HoBy, Behy CTPYKTYpY.

Ctpykrypa "Typuja" 360r CBOje KOMMIEKCHOCTU 3axTeBa fasba MyATUAMCLUNAN-
HapHa ncTpaxusamwa.
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NEOTECTONIC ACTIVITY OF TURIJA STRUCTURE
(PANNONIAN BASIN, VOJVODINA)

by
Slobodan Bojkovic*

When there are many wells on a small area, it is possible to observe, qualitatively and quantitatively,
recent neotectonic activities, using well logging data. For this purpose, it is necessary to distinguish on well
logs characteristic markers that represent tectonic events and analyze structural horizons defined by them.
The best results are achieved by integrating well logging and seismic data. Seismic data are used in the ar-
eas without drilled wells. The described working method is applied on the Turija oil structure.

First, the well data were interpolated using the commercial program Surfer-6. After that, stratoiso-
hypse maps of marker horizons were constructed, as well as the maps of their differences to get thicknesses
of the sediments for sequences. Then, results were analyzed and interpreted.

Key words: well logging (WL), well logging marker, tectonics, structural horizon, fault structure, seismics,
Turija, Pannonian Basin, Vojvodina.

INTRODUCTION

The study of origin and evolution of sediment basin is very important for hydrocarbon
exploration, as well as the definition of the recent tectonic movements and observation of
their influences, either positive or negative, on reservoir forming and hydrocarbon migration.
Seismic data are the base for tectonic observation in an area, but they are of limited resoluti-
on and with many meanings, because of complex influences on the waves response of the
formation. For solving such problems and better time-depth conversion, it is necessary to
establish all the required calibration in seismic data acquisition, data processing and interpreta-
tion. For this purpose, the informations for precise calibration, correlation and better geologi-
cal modeling are obtained by geophysical well logging, as well as by vertical seismic profiling

When there are a lot of wells on a small area, it is possible to observe the effects
of recent neotectonic activity using well logging data. For that purpose, on well logs is
necessary to distinguish characteristic markers, which represent characteristic events, and
analyze structural horizons defined by them. The occurrence of a new depositional mem-
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bers in the lithologic column of the well, with significant thickness increase or thickness
reduction may mean relative downthrowing or uplifting, respectively. The best results are
given by integration of well logging and seismic data. Seismic data are used in the areas
without drilled wells. The described working method is applied on the Turija oil field.

REVIEW OF GEOLOGICAL STRUCTURE

The Turija structure belongs to the northern part of the South-Backa depression.
More precisely, it is located in the Transbanatic-Backa fault zone (Marovic et al.,
1996), i.e. in the deep Dalj-Hetin fault zone (Vukasinovic, 1994).

About the Turija structure and projects on the oil field, there are many separated re-
ports of petrologic, paleontological, geochemical and other exploration and well logging
(Naftagas, 1988-1998), the synthesis of which is given in report (Kurbalija et al.,
1994a) and in published articles (Dimic, 1991; Vucic et al.,, 1994; Kurbalija et al.,
1994b; Knezevic & Modic, 1996; Modic, 1994; Pavlovic et al. 1996).

According to Kemenci (1993), the main reservoir rocks of the Turija structure con-
sist of decameters and meters sized blocks of schist, smaller schist fragments and sand
grain sized schist. The latter, with carbonate-clayey and sericite cement forms at places
the matrix of the coarse clastic rocks. Fragments of muscovite-chlorite-albite-quartz-
-gamet schist prevail. Fragments of muscovite-chlorite-biotite-albite-quartz-gamet schist,
actinolite-epidote-garnet and biotite-actinolite-clorite-albite schist are rarer (Kronja,
1989-1992; Kemenci, 1993).

On the bases of several mineralogical analyses by Rtg diffraction method of breccia
and conglobreccia matrix, 7,umberkovic (Kurbalija et al., 1994a, 1994b) interprets
(hat besides psammitic clasts the matrix contains carbonate and clay minerals. Due to the
small volume of matrix material and absence of fossils in it, the chronostratigraphic
identification of reservoir rocks could not be made.

According to Gagic (1990-1994) and Kurbalija et al. (1994a), Ottnangian sedi-
ments are developed as red-green variegated molasse deposits, and the Karpatian sedi-
ments as green-gray molasse deposits. Lithologically, the sediments consist of silt, sand-
stone, microconglomerate and schist conglobreccia. In the northern part of the structure,
Ottnangian schist breccia and conglobreccia were found.

According to Kurbalija et al., (1994a, 1994b) the Badenian sediments are repre-
sented by siltstone, marlstone, laminated layers of carbonate and sandstone, breccia and
conglobreccia in the base.

Pannonian sediments lay transgressively and discordantly above the Badenian marine
sediments in the northern and northeastern parts of structure. In the central, southern and
southeastern parts they lay above stratigraphicaly insufficiently defined deposits. The Pan-
nonian exists in Caspibrackish facies made of polymict breccias in the basement (in the
northern part), micrite, biomicrite, clayey limestone and marlstone.

The Lower Pontian is represented with low sand content marlstone in the lower part,
and marl with laminated sandstone in the upper part.

The Upper Pontian is characteristic of marly, sandy and coaly clays in alternation
with clayey and marly sandstones.



The Paludinian beds and Quaternary sediments are not stratigraphically separated.
The deposits are marly and sandy clay, sand, poorly consolidated sandstone, coaly clay,
coal thinbeds, clay, loess and humus on the surface.

The first definition of breccia deposit of schist, as possible hydrocarbon collectors,
gave Dimic (1991). While analyzing 3D seismic section, Dimic separated this deposit
and named them as Chaotic Clastic Formation. According to his interpretation, paleo-
-flow of this breccia came from south to north and northeast.

According to Kemenci (1993) the reservoir rocks of main pool in the Turija
structure consist of short transported cataclized blocks and debris of schists, as well as of
breccia and conglobreccia of schist fragments cemented with psammitic detritus and car-
bonate-clayey cement. In places, metabreccias, which contain fragments of quartz and
feldspar from cataclized granitoide, can be found.

The well-log interpretation by Grbovic (1989-1998) confirms that the reservoir
rocks are represented by blocks of schist (with fracture porosity), and sediment rocks
with intergranular porosity.

A somewhat different view can be found in the reports of Kronja (1989-1992).
According to her, the reservoir rocks of insufficiently defined stratigraphy are made of
autochthonous schists changed into tectonic and fault breccias.

According to Modic (1994), and Milovanovie D., mentor of her graduated
project, the reservoir rocks are crystallized schist, which are, in some parts, changed in
tectonic breccias and mylonites, after intensive tectonic processes - cataclastic metamor-
phism. The crystallized schists of the structure appear by metamorphosis of alcali-volca-
noclastics (rocks without sericite) and their pyroclasts (rocks with sericite). The meta-
morphosis of the reservoir rocks into the green-schists facies occurred on temperatures
between 420-550° C and pressures between 400 to 600 MP.

Knezevic & Modic (1996) have the same point of view. Knezevic selected
washed samples from the Core Fund of Naftagas for graduate project of Modic and her-
self analyzed samples from some additional wells (particularly recovery wells).

Kurbalija et al. (1994b) have written and published a paper on possible source
rocks and on oil-geological model of Turija-North field. The paper is a project summary
Kurbalija et. al. (1994b).

Pavlovic et al. (1996), supplemented the geological model. The low reservoir po-
rosity (evaluated from well-logs and laboratory data) is explained by the poor porosity of
tectonic breccias. Next, they justify the thesis of naturally fractured reservoir rocks, with-
out intergranular porosity away from fault zone.

From the aspect of geophysics and tectonics, most data were given by Vucic et al.
(1994), on 3D seismic section interpretation base. However, evaluation of oil-field pro-
ductivity is mainly based on breccia of schist records, with prediction of good reservoir
features, but this condition is not valid on the whole space.

Using great number of well-log data, supplemented with seismic data for the space
without wells, tectonic evolution of the Turija structure is described. Some differences in
official points of view are given, too.



INVESTIGATION METHODOLOGY

The idea to apply this methodology of investigation arose in 1993 in mutual at-
tempts with Kemenci R. to establish the correlation between well-log data and litology
descriptions from washed samples in Ns (stratigraphically insufficiently defined formati-
ons). Because it was impossible to separate the stable characteristic markers in Ns series
and to use diplog data for structural dip tracing in the schist, it remained to follow the
younger sediments in the Pannonian and Lower Pontian stages.

Then, intensive tectonic activity in the Lower Pontian were noticed, with develop-
ment of new sediment members in southern and southwestern parts on one hand, and ab-
sence or deposits thinning in the central part of the structure. Accordingly, tracing syn-
chronicity of deposition and formation thicknesses among the selected characteristic well
logging markers, it is possible to recognize the effects of neotectonic activities. The de-
scribed work principle is not unknown and has been used as an office version for the
recognition of the neotectonic activity (Markovic et al., 1997).

Well data are the bases for neotectonic activity observation, particularly well-
-logging markers defined on well-logs (Naftagas, 1988-1998). To that purpose, for
litology determination the following geophisical well-log data were used: specific electri-
cal resistance (SER) of Dual Induction and Dual Laterolog methods, porosity of Compen-
sated Neutron Log, density and photo-electrical absorption index of Lithodensity, and
spectrum of natural radioactivity of Spectrolog. Compensated Borehole Acoustilog was
used for determination elastic property of formations, integral time registration and depth
correlation with seismic reflections. Diplog data were used for well inclination tracing,
structural dip determination, condition of sedimentation and zone faults and unconformi-
ties definition. One example of using WL diagrams is shown in Fig. 1 On the left side
is a composite WL diagram, and on the right is the calculated diplog.

Gamma-ray curve analyzes show that the schist has a higher intensity of y rays, but en-
tries in schist deposits are not selective on the total y ray curve because of increasing ura-
nium accumulation in the Pannonian base. For that reason, the spectrolog was used, and
where the potassium and thorium contents of the rocks highly increases, the schist zone can
be easyly separated. This is confirmed by the Pe log, because, with the transition from car-
bonate to schist deposits, the Pe value decreases. Reservoir cap rock entry on 2097 m is determi-
ned with specific electrical resistance (SER) curves, spectrolog, lithodensity and travel-time data.

Next, the interval of 2087-2097 m could belong to Ottnangian and Karpatian clas-
tics, but paleontological confirmation were not made. From 2076 to 2078 m a new
marker, d', is shown. Uranium accumulation is higher and potassium and thorium con-
tents are lower in relation to the contents of the schists. The shallower interval features
Pannonian-base sediments deposited in a carbonate environment. They are characteristic
of decrease in potassium and thorium contents, and sporadic increase of uranium content.
The rocks on top of the Pannonian base at 2038 m could be defined by distinct changes
of y radioactivity, SER data, density and travel time.

From diplog calculation and interpretation (right in Fig. 1), by scattered dip. the entry hi
schist clastics could be noticed. In the reservoir rocks (deeper than 2097 m) the observation are
similar and diplog data are unusable. Useful information can be received by tracing shallower



layers. So, in the 2055-2070 m interval, an untypical change can be noticed, that could be
interpreted as a fault zone. The structural dip of 4° on the northwest (310° of azimuth) define the
present state and position of the Lower Pannonian layers in the 2025-2038 m interval.

Accordingly, on well logs from bottom upwards are defined and followed the characteristic
WL markers, which in space denote structural and stratigraphic horizons. Each of separated
structural horizons is represented by data matrix with x and y coordinates, as well as z coordinate
(present depth of WL markers). The difference of two matrices, i.e. the difference of two
structural horizons give (he thickness of sediments deposited in time interval between marker
horizons, on the base of which the reconstruction of the neotectonic activity was done.

In the case of exploration wells, the WL markers determined in the Department of
Stratigraphy by geologists Maksimcev & Mijatovic (1988-1998), were used. The
stratigraphic markers are separated on the bases of petrologic determinations by Kemen-
ci R.. Kronja V. and 2,umberkovic' V., paleontological and litologic well material
examination by Gagic N., well-log interpretation by G. Grbovic. and. to some extent,
by palinologic description of I. Dulic.

Official data about WL markers from exploration wells are on critical and question-
able places checked by using all WL methods, and then supplemented by the author of
this paper for recovery wells. For better understanding of neotectonic activity, more im-
portance is attached to the event S in Lower Pontian, and new markers are introduced in
the Pannonian. They were defined by using diplog and spectrolog data. To identify them
on logs, dual induction SER data, lithodensity and sonic travel-time data from the wells
were used. Great importance has had Gagic N. remarks. She gave complete description
of litology in the wells, on the bases of cutting samples. In that way, complete depth
correlation is established between cutting samples and WL data.

Construction of isolines of the marker horizons and their differences was done by
Surfer-6 computer program. The Krigging method was used for data interpolation. For
better separation of main structures, smoothing of data and marker horizons and their dif-
ferences were made. Then, the braking zones (zones of sudden thickness change) on the
maps of differences are interpreted as a fault structure. For checking the place and posi-
tion of the faults, maps of marker horizon and diplog data (dip, azimuth and caliper data,
as well as calculated dip of layers and structure) were used.

For better understanding of the whole space, 3D seismic data were used. Correlation
with well-log data were done by using density and travel time (elastic characteristic of
formation) data. The reflections which correspond to characteristic markers were defined
on seismograms. On the bases of integral travel time to depth corelation for surrounding
wells, depth of logging markers (z coordinate) were defined in space without wells.

Thus, analyzing the position of structural horizons, i.e. their differences, it was pos-
sible to reconstruct the neotectonic evolution of basin.

REVIEW OF RESULT AND INTERPRETATION OF
NEOTECTONIC ACTIVITY

After data base creation, maps of the following structural horizons (events) were
constructed and analyzed.



- Ns - on top of stratigraphycally insufficiently defined rocks (Fig. 8),

- d' - within the Pannonian base (Fig. 13),

- Bp - on top of the Pannonian base (Fig. 12),

- d3 - on the boundary between Lower and Upper Pannonian (Fig.11),

- Pn - on the boundary between Pannonian and Lower Pontian(Fig. 9),

- S - in the early Lower Pontian, at the end of the first tectonic phase (Fig. 10),

- dl. d2 - within the Lower and IV within the Upper Pannonian,

- G. P, P and L - within the Lower Pontian,

- L' - on the boundary between Lower and Upper Pontian,

- Ps - on the boundary between Upper Pontian and Paludinian,

- No - present ground surface.

On all maps of structural horizons, z coordinates are given in relative depths calcu-
lated from ground surface (79-85 meters above sea level).

After smoothing of structural horizons, neotectonic activity was analyzed on the area of
553 X 3.37 = 18.6 km2 In the article are shown and analyzed only the maps of stratigra-
phically defined formations. For reason of confidentiality, the coordinates of area and names
of the wells are not given. The explanations are generalized and therefore not quite definite.

The structural horizons. Figures (8-13), give the present state and position of the
marker horisons on the Turija structure. They give some information of the faults, but do
not give information on the time of activation. For that purpose, for chronology determi-
nation of the tectonic events, maps of differences between adjacent horizons (sequences)
are shown and analyzed in the paper.

Figure 2 is a map of sequence determined by event Ns on top of the stratigraphica-
Ily insufficiently defined sediments and event dlin the Pannonian base. The structure ex-
isted as a continental feature at the onset of the Badenian and continued into the Panno-
nian. with some minor exceptions, while surrounding space, particularly the northern part
of the RO fault, subsided. The structure Tus was separated from the structure Tui by fault
R1 in the Badenian, when eastern part of structure was sinking. On the southwest, it is
possible to distinguish fault R2. Because the paleontologic investigation were not done for the
southern and southwestern parts of structure, the stratigraphy can only be assumed. According
to formation response in different well logging methods, in the southwestern part the existen-
ce of Sarmatian, Badenian or early Miocene sediments can be supposed. In the north, besides
the great fault RO. fault R3 can be recognized. The fault was activated at the beginning of
Pannonian base, and later in the Lower Pontian reactivated.

By the Pannonian base sequence defined with d’ and Bp events (Fig. 3). the sea in-
vaded the space from northwest and north, and finally flooded the present uplifted part
between faults R3 and R5. The sedimentation started in the northern part of fault R3
(activated at the beginning of Pannonian base) and then continued southward to fault R5.
According to official stratigraphy, the new event d' denoted the first part of sedimentation
in the Pannonian base. In addition, d' helps recognition of the W-E trending fault RA4.
and of fault R5. Event d' is typical, and in many wells is relatively easy recognized on
gamma-ray logs. Also, SER changing is characteristic (Fig. 1). Thus, for the determinati-
on of this marker, the dual induction and gamma ray logs which are normally used in
Department of Stratigraphy, are enough.



The Pannonian base deposits lay discordantly over the Lower Badenian sediments in
the northern and northeastern parts of the structure. In the central, uplifted part, they are
in direct contact with stratigraphically insufficiently defined formations. The clastic depo-
sits of the Panonian base are lithologically represented by breccia, conglobreccia and
conglomerate consisted of fragments of different composition and nature, different grain
size and carbonate content. In these formation the existence of bitumia was observed, i.e.
the organic matter proved by geochemical (pyrolisis) analysis on sample cores from wells
(Kurbalija et al., 1994a). The possible deposition of organic material is best correlated
with the uranium curve on the spectrolog. That remains an open question; what caused in
Pannonian sudden dominance of the carbonate component and natural radioactivity, main-
ly do to the deposition of mobile, easy soluble uranium in organic matter.

According to the map of sequence, between Bp and d3 events in Lower Pannonian
(Fig. 4), the Pannonian Sea transgressed from the northwest and north southward. Sedi-
ment thicknesses are greater in the northern part, due to intensive subsidence north of the
fault R5. South of fault R5 thickness is reduced because the southern and south-south-
western parts of structure incline at an angle of some four degrees.

Besides fault R5, faults R6 and R7 could also be separated in Fig. 4. Activation of
fault R6 is determined on well logs by marker Bp (at the top of Pannonian basement)
and d2 (top of d2-dl horizon). The thickness of horizon d2-dl ranges from 20-26 m.
This horizon of regional importance can be easily recognized. It is registered on 100 km.
distant wells in North and central Banat (Kurbalija et al., 1994a).

Also, in the Lower Pannnonian can be seen sudden, scattered increase of natural ra-
dioactivity caused by uranium accumulation, but of lower intensity than in Pannonian-
-base deposits. It was the reason for investigation resulted in the observation of a new
well logging marker, d3. It presents an event on the boundary of the Lower Pannonian
and Upper Pannonian. The Upper Pannonian was therefore introduced in difference to the
official view. Marker d3 is defined on the bases of spectrolog and diplog data, and on
other well logs.

Correlation of well log curves with lithological description from cutting samples by
Gagic (1990-1994) confirm practically full accordance of well logging and petrologic
data. Thus, by introducing and separating the new marker d3 on well logs, the correlation
with paleontological data is proved. In addition, it enabled simple checking of Upper
Pannonian existence not only on Turija structure, but on the broad area of Vojvodina.

According to Gagic (1990-1994) determination, the sediment sequence marked with
events d3 and Pn (Fig. 5) belongs to the early Upper Pannonian. In the cuttings Gagic found
Upper Pannonian fossils of species Amplocypris cf. simplex, Amplocypris abscissa and Can-
dona (Lineocypris) nonreticulata. From marker d3 on diplog, dip layers change their dip. The
dips are high, chaotic and in all directions. On the gamma ray logs, there are not accumu-
lations of uranium. Lithologically. line sandy marlstone can be seen.

In the Upper Pannonian, intensive sinking of the northern part continued (Fig. 5),
with transgression southward to fault R7. Then, the Pannonian Sea flooded the whole
area shown on map.

The map of sequence between events Pn (at Upper Pannonian and Lower Pontian
boundary), and tectonic marker S (from early Lower Pontian) is shown on Fig. 6. Part of the



structure defined by step faults R3, R4 and R5, which subsided in the Pannonian (Fig. 3-5),
began to rise relatively in relation to the surrounding area, from the Pontian on.

Faults R3. R4 and R5 in the Lower Pontian are almost vertical due to radial tec-
tonics. Analyzing synchronicity of sedimentation, elasticity and travel time of layers,
diplog data etc., it could be proved that uplifting of structure was dominant at the begin-
ning of Lower Pontian. It is very important that the Tus structure was not formed only
by the influence of local gravity faulting (Kurbalija et al., 1994a; Vucic et al., 1994,
and Pavlovic et al.. 1996). It was also affected by the rising of the central part due to
vertical movement on a broader area. The dip of the Pliocene fault R5 is approximately
79° in the Pannonian sediments and decreases to some 75° in younger Pliocene sedi-
ments. This is different in relation to official point of view (VMucic et al., 1994, page 35,
Fig. 5) where the Pliocene fault is shown with maximum dip of 45°.

After intensive positive vertical tectonic movements, partly shown in Fig. 6 (sequence
map defined with events Pn and S), and on the geological profile for slice A-Al (in Fig. 7),
the influence of gravity tectonics became dominant. In the Lower Pontian, the southwestern
side of the structure was sinking. Then, in the Upper Pontian the movement of the structural
blocks reversed, i.e. thay subsided in the southeast and rose in the southwest. Later, in the
Paludinian Beds and Quaternary, the blocks south of the R5 fault intensively subsided
southward, while those in the north and essentially in the present central part of the reservoir
were rising. Normally, all the time in the active part of the structure there was some up and
down movement as a result of block interaction and stabilization inside the structure. Because
of lack of space, the analyzed thickness maps are not included for all phases, but a part of
the described tectonic activities can be seen in Fig. 7.

This figure shows the geologic profile N-S for slice A-Al marked in Fig. 8. For
better view, only important structure horizons are shown. Surfer-6 program was used for
data base forming and Grafer® program for drawing. Fig. 7 indicates a similarity be-
tween the tectonic activity in the Pannonian (events d' and Pn) and in the Upper Pontian
(events L' and Ps) when the part nort of the R5 fault intensly subsided in relation to the
part south of this fault. In Lower Pontian (marked with events Pn and L") as well as in
Paludinian Beds and Quaternary (between events Ps and No) the movement of blocks
was generally reversed. At that time, except negative gravity movement, there are positi-
ve vertical movements. As result of recent tectonic activity, the "old" structure Tus of in-
sufficiently defined stratigraphy, changed its shape, and in the northern part caused the
forming of a new, bigger structure built of Pannonian deposits.

Fig. 8 shows the structural horizon on top of Ns sediments that is approximately the
present status of the reservoir cap rock, after the described tectonic events. The uplifted
part of structure Tus, separated into blocks by three approximately W-E striking faults.
R3, R4 and R5, and cut by a few faults of approximately direction N-S, can be noticed,
too. Great similarity with Fig. 6 from the early Lower Pontian is logical, because the
movements of blocks with older rocks of insufficiently defined stratigraphy changed the
shape and place of younger deposits in this part of the structure.

Well data and samples analyses showed the types of schist in the breccias, but no
chronostratigraphic determinations were possible. Yet, the Ns deposits in the uplifted
parts, between the R3 and R5 faults may be older than Ottnangian, and that after breccia



deposition the structure formed on beginning of the Ottnangian. Establishing of logging
markers in rocks of insufficiently defined stratigraphy is in progress. Based on prelimina-
ry results, in the southern and in southwestern parts of the topmost deposits lhere are
younger breccias than in highest parts of the structure.

For consideration of the influence of tectonic activities in the Pliocene and Quater-
nary. the Pn marker horizon at boundary between the Pannonian and Lower Pontian (Fig.
9) is very important. This is also a map of sediments thicknesses from the beginning of
Lower Pontian until Recent. Faults R5, R6 and R7 (Fig. 4) can also be seen, but they
exhibit an important difference. Namely, after the blocks north of the faults R5, R6 and
R7 (Figs. 4 and 5) subsided, and the block north of fault R5 was uplifted in early Lower
Pontian (Fig. 6), the blocks southern of faults R5. i.e. R6 and R7 (Fig. 9) subsided.

In addition, the analyses of the structural horizon Pn (Fig. 9) and the Upper Panno-
nian sequence (Fig. 5) showed the following. The deposits between faults R5 and R7
were nearly horizontal by the end of the Upper Pannonian (with dip of layers only 1°-2°
northward). After recent tectonic activity, deposits changed their dip and direction, and
the existing dip angle ranges from 6° to 13°, but its direction is to the south, i.e. S-W.

Figures 10 trough 13 shows the marker horizons which were also used to design the
shown thickness maps. These horizons are: S in early Lower Pannonian. d3 between the
Lower and Upper Pannonian. Bp on top of the Pannonian base, and d' on the beginning
of Pannonian base.

For tracing tectonic activity in the Pannonian and Lower Pontian. and for precise
checking of fault position, the diplog data are most useful. However, the author of this
paper could not use all diplog data, because a great part of diplog interpretation done by
Markovic & Pavlovic (1991-1994) is stored on magnetic tapes, archived, and un-
available for practical purposes. Thus, the interpretation was done only for part of the
structure covered by reliable data.

Maps of structural horizons and sequences are most precise in parts with great num-
ber of well data. For improved reliability in the zones without wells, seismic data were
used. Because of the restricted number of available seismic sections, only twelve simulat-
ed wells were taken into account. Better results can be achieved with more data taken
from seismic, and the best by reinterpretation of seismic and well-log data.

CONCLUSION

Owing to the usage of well logging markers for the reconstruction of tectonic activ-
ity, the new data on the complex character of the Turija structure, are given. The evolu-
tion of the structure is described, and more precise geological model is presented. The
paper shows that south of the RO fault there is another. W-E striking one. marked R3.
This faull was reactivated early in Lower Pontian, and is important for the development
of the Turija structure and the definition of the oil field. Fault R3 is proved on the
thickness maps, as well as by rapid water flooding and water producing in the wells near
fault. Faults R4. R6 and R7 are identified too.

By analyzing the neotectonic activity, it is shown that the uplifted part ofthe Tus struc-
ture between faults R3 and R5 is the most productive. This was proved by production data.



Once, the character and influence of recent tectonics on reservoir forming and oil
migration is understood, the application of the knowledge will be useful for better inter-
pretation of other structures in the Pannonian basin.

Neotectonic activity is analyzed in details using sequences defined by characteristic
events. For that purpose, new stratigraphic markers were defined: d' within the Pannonian
base and d3 between the Lower and Upper Pannonian. Marker S is used for better tecto-
nic analyzes.

By tracing the effects of neotectonic activity, precise stratigraphic determination be-
came possible. The paleontologic observation of N. Gagic about the possible existence
of a new stratigraphic member in the Pannonian - Upper Pannonian is confirmed.

In reservoir forming the most important factor are positive vertical movements.
Forced by interior of Earth, they appear in pulses, with intensive tectonic movements.
After that, the phases of relative mantle inactivity and gravity tectonics dominate, with
all blocks moving in the same direction, with sudden short changes in direction when
structure stabilization occure.

The paleoreliefis not static, it is subject of constant changes. In the particular case,
after the destruction of the biger structure in the Lower Miocene and Badenian and of
Turija structure in the Pannonian, the reverse process of paleorelief changes takes place
from the Lower Pontian to Recent.

The main reservoir of the Turija - North oil field started its development in the
Lower Pontian.

Affected by recent tectonic activity and paleorelief changes, the Pannonian sediments
were uplifted in the north, forming a new, bigger structure.

Because of the great complexity of the Turija structure, new multi-disciplinary
studies are necessary.

Translated by the author
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