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YBO/,

JNlexknwTa HadTe M raca nosba ,MOKPWMH” Ha OCHOBY AOCajalitbe Kopenauuje npeactassbajy
nojeauMHayHe cnojese newvapa. Kopenauuja je 6asmMpaHa Ha CAMYHOCTM OBAMKA reoPpU3UYKUX Kapo-
TaXKHUX KPUBUX, BYLWOTUHCKMM NogaLuma M XpoHocTpatTurpadckoj nogenu, He ysumajyhu y o63ump ae-
No3nUMOHE CpeaMHe Yy KOjUMa Cy HacTalu CNojeBM KOju cagpike yr/boBoAoOHMKe. OBaKaB npucTyn je,
360r HegocnegHOCTV Y M3BOPY MapKepa y UsfBajatby U Kopenaumju NexuLwTa Yr/bOBOAOHMKA, L0BEO A0
norpewHnx npoueHa pesepBu HadTe M raca, KOHOysMje y TyMayery XUAPOAMHAMMUKUX Mepera U
CMakberby HMBOA edMKaACHOCTU Yy MpoLecy ynpaB/batba NIEXKUWTMMAE. 3a PasMKy o4, NPUCTyNa Koju ce
npumersyje y ,,MHAYCTPUJCKOM® UCTpaXkuBakby, HOBM NPUCTYN Yy KOpenaumju nexuwrta HadTe u raca
nosba ,MOKpPUH", MpUKasaH je Kpo3 Kopenauujy ctpaturpadckux jeamHuua 6asmpaHy Ha MHTepnpeTa-
UMjM AENO3ULIMOHUX CPeaMHa U3BeaeHy Npema NPUHLMNMMA CEKBEHLMOHE cTpaturpaduje.

MATEPUIANN N METO/AE

PasnunkoBarbe Aen03MLMOHUX cpeanHa Ba3npaHo je Ha KBaAUTAaTUBHOj MHTEPNPETALLMUU KPUBUX
reopM3nYKOr KapoTaxKa M aHa/IM3M FeosIOLKNX NodaTaka M3 aeseT Aybokux bywoTtuHa: KM-117,17, 1, 2,
3,4,5 6 n 7 (chvka la u 16). MpUHUMNKN CEKBEHLMOHe cTpaTurpaduje NpUMereHu cy y aHaim3u
reoPusnYKNX 1 re0NOLWKUX NoAaTaKa, a Kopenaumja NexuiuTa Yr/bOBOAOHMKA NPMKa3aHa je Kpo3 UHTe-
rpaumjy geset BywoTnHA 1 jegHor cenammykor npoduna. Cemamuyku npodua je opujeHTUCaH NpasLEeM
3anaj-uUCTOK, Npeniasn NpPeKo CTpyKType , KuKMHaa-MoKpuH® n nosesyje nomeHyte 6ywoTuHe. PeKoH-
CTPYKUMjA OEMN0O3MLMOHMX CPeanHa M Kopenaumja autocTpaturpadpckux jeguHuua (camka la m 16)
n3BeAeHa je Ha OCHOBY aHanu3e 06/IMKa U KapaKTePUCTUKA KPUBUX KapoTaxKa NpupogHe rama paauo-
aKTMBHOCTM — GR (Gamma Ray Log) w cneumduyHor enekTpmuyHor otnopa - RT (Resistivity). JleBkactu
061mK Kpmee GR yKasyje Ha cHUWXKaBarbe HMBOA Boae y baceHy n nosehare eHepruje genosuumje WTo
00BOAM A0 peayKuMje cagprkaja Wwejna u noBehara cagpkaja necka y ciojy. 3soHacti 06aumk kpuse GR
npaTn TpeHA YyCUTHaBakba 3pHa HaBWLIE M YKasyje Ha CMakberbe HWMBOA eHepruje genosuuuje. Lu-
NMHAPUYHKM 061MK KpuBe GR nojaBsbyje ce Hacnpam €/o0jeBa NecKka Koju cy AeNOHOBaHWU Y CPEAUHN rae
ce penaTtuBHU HMBO Aeno3uLmje H1Mje Merao, a NPUHOC CEAMMEHTHOT MaTepujana 6Mo BEMNKM.

PE3YNTATU
Kako ce eKkcteHsuja MaHoOHCKoOr 6aceHa HUje oaurpana UCTOBPEMEHO Ha LLeJIOM NPOCTOPY, CUH-

pPUPTHOj dhasm Ha UCTPaKHOM MPOCTOPY OAroBapajy ceaMMeHTU Aoker u cpearer (bageHa n capmara)
MUOLEeHa ca M3y3eTKom genpecuje Cpncka Lprba rae je cuHpudtHa dasa HewTo mnaha n oarosapa
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nocnearem KaTy cpegrer mmoueHa — naHoHy (Matenco & Radivojevi¢, 2012). AuckopaaHumja y 6asu
HeoreHa npeacTaB/ba A0HY rPaHULY CUHPUPTHUX ceauMMeHaTa, 0K je ropkba rpaHuua, npema ceau-
MeHTUMa XeTuH popmauuje, NnpeacTaB/beHa NOBPWIMHOM MaKCMMaAHOr naasbera (maximum flooding
surface — MFS), cnnka 1a n 16. MNocTpndTHOj dasn Ha UCTParKHOM MPOCTOPY NpuNaaajy CeanMeHTU
MaHOHCKe, MOHTCKE, NMIMOLUEHCKE W KBapTapHe ctapoctu (Matenco & Radivojevié, 2012; Radivojevié,
2014). Ha ocHoBY MHTepnpeTauuje CEM3MMUKMX NoaaTaka PeKOHCTPyucaHa je TpajekTopuja uBULE LWen-
¢da, Ha OCHOBY Koje HUWje youyeH 3Ha4ajaH Naj, HMBOA BOAE Y je3epy, TaKo A3 cy NOCTPUDTHU CeANMEHTH
OENOHOBAHW Yy OKBUPY CUCTEMCKOr nojaca BMCOKOr HuBoa Boge (highstand systems tract — HST) wm
TPaHCrpecuBHOr CUCTEMCKOT nojaca (transgressive systems tract — TST), (IvaniSevi¢ & Radivojevié, 2018).
BWCOK NpMHOC CeaAMMEHTHOr MaTepujana TOKOM OBOT NMepuoaa LoBeo je A0 dopMupatba CeANUMEHTHE
CeKkBeHUe BeMKe aeb/buHe y OKBUPY Koje cy u3aBojeHn AyOOKOBOAHM je3epCKu, npenasHu (4enTHu) u
KonHeHu (daysujanHn) ceammeHTn. OBU CEAMMEHTU CY CIMYHO KAo Y cyceaHUM noapy4yjuma (Magyar et
al., 2004, Juhasz et al., 2007; Matenco & Radivojevi¢, 2012; Sztano et al., 2016,) noae/beHU Ha BuULle
dopmaunja XetuH, MajgaH, MoKkpuH, KuknHga v ManyauH (Ivanisevi¢ & Radivojevi¢, 2018 ).
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Cnuka 1. a) HTepnpeTMpaH cemsmuykn npodun ca amtoctpaturpadpckum jeanHuuama (bopmaumjama). 6) Kopenaymja kapo-
Ta¥KHUX MOJaTaKa y OKBUPY FOPHOMMOLEHCKMX GOpMaLMja Ha MpocTopy CTPYKType KMKMHAA-MOKPUH. YnopeAHU NpuKas
MHAOYCTpUjcKe Kopenaumje nexkmwTa A, D, E, F 1 G u HoBe Kopenauuje y okBupy Typbuamuta gHa 6aceHa MajgaH dopmaumije.
XpoHocTpaTurpadcke rpaHvue gate cy npema TPagMUMOHANHO] MHAYCTPMJCKO] MHTepnpeTaumnju. MoBplIMHA MaKCMManHor
nnasmberba (MFS), bopmaumoHa rpaHuua (FB), TpaHcrpecmsHa nosplumnHa (TS), cucTeMckM nojac Bucokor Husoa soae (HST),
TpaHCrpecuBHU cuctemcku nojac (TST), BPEMEHCKM TpaHCrpecusBHa ropa rpaHuua dopmaumje (TTFT), aenpecunja baHaTtcko
ApaHhenoso (BAD), genpecuja Cpncka Lptba (SCD) u cTpykTypa KuknHaa-MokpuH (KMH), (lvanisevi¢ & Radivojevic, 2018).
Figure 1. a) Interpreted seismic profile with lithostratigraphic units (formations). b) Well-log data correlation within Upper
Miocene formations in the area of the “Kikinda-Mokrin” high. Parallel presentation of the industrial correlation of A, D, E, F and
G reservoirs and the new correlation within the basin-bottom turbidites of the Majdan Formation. Chronostratigraphic
boundaries are given according to the traditional industrial interpretation. Maximum flooding surface (MFS), formation
boundary (FB), transgressive surface (TS), highstand systems tract (HST), transgressive systems tract (TST), time transgressive
formation top (TTFT), Banatsko Arandelovo depression (BAD), Srpska Crnja depression (SCD) and Kikinda-Mokrin high (KMH),
(Ivanisevi¢ & Radivojevi¢, 2018).

XeTuH dopmaumja — Nanopuy OTBOPEHOT je3epa Cy reHepasHO NpeacTaB/beHa AyO6OKOBOAHUM
je3epcknm ceguMeHTUMa, XeMuUnenawKnum 1 KapboHaTHUM nanopumma. Ha ucTpaxkHom npoctopy npea-
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CTaB/beHA je MMHOBUTUM NANoOPLMMa KOjU CYy AENOHOBAHW NPEKOo CUHPUOTHUX ceammeHaTta. MajaaH
dopmaumja — TypbmManTn aHa HaceHa cy NpeacTaB/beHM MHTEPKANAUMjama AyO6OKOBOAHMX TYPOUAUTCKUX
newyapa uweHTpa H6aceHa, rMUMHOM M nanopumma. TypbUANTCKM newwyvapu cy yBek AenOHOBaHW NpPeko
Nanopaua XeTnH dopmaumje, AOK MU3HAL HUX YBEK JiexKe CceguMMeHTM naguHe MokpuH dopmaumje.
MoKpuH dopmaLmja 4enoHOBaHA je Ha NaAMHU U Ha CKOPO LEesIOM UCTPaXKHOM NPOCTOpPY NpeacTaB/beHa
je nebenMm rnMHoBMTO NANOPOBUTUM CEAMMEHATMMA Ca PETKMM MHTEPKanalmMjama newdapa. Msysetak
npeAcTas/ba anuKaaHu geo cTpykType ,KMknHga-MoKkpuH” rge cy 4o6po passujeHn Typbuantn genoHo-
BaHW y 6asu naguHe. Mopra rpaHnLa oBe dopmMaumje je BpeMeHCKM TPaHCIPeCcuBHA M NpeacTaB/beHa
TpajekTopujom mBuue wenda (lvanisevic & Radivojevié, 2018). Kuknnga dopmaumja — daumje yena
aente, pnentHe n obancke paBHULE AOMMHAHTHO cy M3rpaheHe og newdapa ca MHTepKanauujama
aNeBpOINTA U TIMHE W NIOKAJIHMM NojaBama yr/ba. CegumeHTn KukmHaa dopmaumje LenoHOBaHU cy
NAUTKOBOLHOj CPeAMHMN U NPeno3Hajy ce No NporpajaunoHo-arpagaumMoHmm cepuyjama (cavka la u 16).
MNpeko cegumeHaTa KunkuHga dopmaumje nexu ManygmuH dopmaumja npeactas/beHa GayBujanHUM
ceaMmeHTMMma.

Xemunenawkun nanopum XeTuH dopmaumje cmaTpajy ce raBHUM MaTUYHUM CTEHAMA Y CPMCKOM
aeny MaHoHcKor baceHa (Radivojevic¢, 2014). Yr/boBOAOHULUM KOjU CY MPUCYTHU Y MELIYAPCKUM CNOjeBU-
Ma Ha NpocTopy CTPYKType ,KMKNMHOa-MOKpPUH® reHepucaHu cy y Xemunenawkum fanopumma XeTuH
dopmauumje Koja je aenoHoBaHa y genpecuju baHaTtcko ApaHhenoBo. Ha UCTpaXkKHOM NPOCTOPY CTPYKTY-
pe ,KuknHaa-MoKpuH” Typbnautckm newdvapu MajgaH dopmaumje npeactaB/bajy pesepBoap CTeHe
(lvanisevi¢ & Radivojevi¢, 2018).

NHAaycTpujcKa Kopenaunja nexuiuta Koja ce npumersyje y npakcu 6asupaHa je Ha CAMYHOCTU
06/11MKa KapoTarKHUX Kpusux (E-nor mapkepu), BYWOTUHCKMM Nogaumma U XpPOHOCTPATUrpadCcKoj no-
aenun, He ysumajyhmn y o63up genosmumoHe cpeauHe. Ha cavum 16 npukasaH je npuctyn Koju je
KopuwheH y ,MHAYCTPUjckoM” npenosHaBamy, U3gBajatby U Kopenauuju nexuwta A, D, E, F u G Kao
nojegMHAYHUX cnojeBa nelyapa Ha nosby ,MoKpuH“. HepgocnenHocT y usbopy mapKkepa, usggajary u
Kopenaumju nexuwTta yr/bOBOAOHMKA AOBENA je A0 MOrpeLHnX NpoLeHa pesepsn HadTe U raca U KOH-
dy3unje y Tymauery XMapoanHaAMUUKMX Meperba, LWTO je pe3ynTupano mare ePpUKacHUM ynpas/batbemM
NeXnwTuma. HoBom MHTEpnpeTaunjom KopesmcaHe cy amToctpaturpadcke jeamHuue (cavka l1a) un pe-
KOHCTpyMcaHe Aeno3uuUMOoHe cpeauHe, WTOo je yTULAAo M Ha bosbe cxBaTakbe enemeHara ,,yr/bOBO4O-
HUYHOT cucTema”. KomepumjanHe KONMYMHE YI/bOBOAOHMKA yTBPHEHE Cy Y TYPOUAUTCKMM newwyapmuma y
aenpecuju baHaTtcko ApaHhenoso 3anagHo oa CereguHckor paceaa (KM-117, 17, 1 u 2), AOK CYy UCTOYHO
ofi Hbera NPUCyTHe HeKoMepLKjanHe KoandmHe raca y bywotmnHama KM-3, 4 u 5 (camka 1a v 16). Nogaum
006ujeHN y npouecy UCNUTUBatba OYLIOTMHA M TOKOM pa3paje NexuwTa yKasyjy aa je CereanHcKu pa-
cen 610 genmnyHa bapujepa y npouecy murpaumje yr/boBoaoHuKa. Nopea nanopaua Koju pasasajajy
NeXUWTa y CNojeBMMa nellyapa, rMUHEe M fanopuM AenoHoBaHWM Ha naguHu (MoKpuH dopmauuja)
npeacTas/bajy perMoHanHe 3alWTUTHE CTeHe Ha Lenom noapydjy.

3AK/bYYHAK

Ha ocHOBY NpeTxoaHuX UcTpaXkneara 6asMpaHMm Ha NPUHLUNUMA ,MHAYCTPUjcKe” Kopenauuje,
NeXMLWTA Yyr/bOBOAOHUKA Nosba ,,MOKpUH® NnpeacTaB/bajy NojeanHadHe ciojese newyapa. Hosu npuctyn
je aHann3oM reonowWKNX U reodmsnUKMX nogataka No NPUHLMMNMMA CEKBEHUMOHe cTpaturpadumje, ca
aKLEHTOM Ha aeduHMCarbe Aen03MLMOHUX CpeamnHa, MOKA3ao Aa Ccy feXuwTa HadTe 1 raca passujeHa y
TypbugmuTMma MajaaH dopmaumje AenoHoBaHWM Ha AHY MaHOHCKOr jesepa. Yr/bOBOAOHMLM aKyMyu-
paHW y nexuniuTuma nosba ,,MOKpUH" reHepucaHun cy y Xxemunenawkum nanopumma XeTnuH dopmaumje
AenoHOBaHUM y aenpecunjn baHatcko ApaHhenoBo. 3aWTUTHe CTeHe NpeAcTaB/bajy MUMHOBUTO Nanopo-
BUTU ceanMmeHTU MOKpUH popmaumje.

MpumeHa npuctyna 6asmMpaHor Ha aHaAM3M AeNO3ULNMOHUX cpeauHa omoryhuna je mHoro 6osbu
YBUA, Y NPOCTOPHY AUCTPUOYLIMjY MaTUUYHMUX, pe3epBoap U 3alUITUTHUX CTEHA, WITO MOXKe Aa A0BOLE A0
MHOTo npeuuvsHuje NpoueHe pe3epBu Yr/bOBOAOHMKA. Takohe, oBakaB NMPUCTYN y WHTepnpeTauuju
reo/IOWKMX N reoPUsnYKMX nogaTtaka yTMYe Ha CMatbere CTeMeHa pM3MKa Y UCTPAXKUBakby, Kao M Ha
eduKacHuje nnaHMparbe paspaje U Nponssoarbe HadTe M raca us nexuLuTa.
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INTRODUCTION

Based on the correlation applied so far, oil and gas reservoirs of the “Mokrin” field represent
individual sandstone layers. The correlation is based on similarity in the shape of well-log curves, well
data and chronostratigraphic classification, disregarding depositional environments where hydrocarbon-
bearing layers occurred. Due to inconsistencies in the selection of markers in designation and correla-
tion of hydrocarbon reservoirs, this approach has led to incorrect assessments of oil and gas reserves,
confusion in the interpretation of hydrodynamic measurements and reduced efficiency in the process of
reservoir management. As opposed to the approach applied in industrial research, the new approach to
correlation of oil and gas reservoirs of the “Mokrin” field is presented through the correlation of strati-
graphic units based on the interpretation of depositional environments executed according to the
principles of sequence stratigraphy.

MATERIAL AND METHODS

Differentiation between depositional environments is based on the quantitative interpretation
of well-log curves and the analysis of geological data from nine wells: KM-117, 17, 1, 2, 3,4, 5, 6 and 7
(Figure 1a and 1b). The principles of sequence stratigraphy have been applied in the analysis of geophy-
sical and geological data, while the correlation of hydrocarbon reservoirs is presented through the
integration of nine wells and one seismic profile. The seismic profile is west-east oriented, crossing the
“Kikinda-Mokrin” high and connecting the above wells. Reconstruction of depositional environments
and correlation of lithostratigraphic units (Figure 1a and 1b) have been executed based on the analysis
of the shape and characteristics of curves of gamma ray (GR) and specific resistivity (RT) logs. Funnel
shape of the GR log points to the reduction in the basin water level and the increase in the level of
depositional energy, which leads to the reduction in the content of shale and increase in the content of
sand in the formation. Bell shape of the GR log follows the trend of grain tapering out upwards, pointing
to the reduction in the level of depositional energy. Cylindrical shape of the GR log occurs against sand
layers deposited in the environment where the relative deposition level has not changed, while the
sediment yield has been considerable.

RESULTS

Since the extension of the Pannonian Basin did not occur simultaneously across the whole area,
the syn-rift stage in the exploration area corresponds to the sediments of the Lower and Middle (Bade-
nian and Sarmatian) Miocene with the exception of the Srpska Crnja depression where the syn-rift stage
is somewhat younger corresponding to the last stage of the Middle Miocene - Pannonian (Matenco &
Radivojevi¢, 2012). Discordance at the Neogene base represents the lower boundary of syn-rift sedi-
ments, while the upper boundary, according to the Hetin formation sediments, is represented by the
maximum flooding surface (MFS), Figure 1a and 1b. The post-rift stage in the exploration area includes
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sediments of the Pannonian, Pontian, Pliocene and Quaternary age (Matenco & Radivojevi¢, 2012; Radi-
vojevi¢, 2014). Based on the interpretation of seismic data, the shelf-edge trajectory was reconstructed,
on the basis of which no significant drop in the lake water level was detected, so that post-rift sediments
are deposited within the highstand systems tract and the transgressive systems tract, (IvaniSevi¢ &
Radivojevié, 2018). High sediment yield over the period led to the formation of a very thick sedimentary
sequence where deep-water lake, intermediate (delta) and land (fluvial) sediments are distinguished.
Similar to the neighbouring areas (Magyar et al., 2004, Juhasz et al., 2007; Matenco & Radivojevi¢, 2012;
Sztano et al., 2016), these sediments are classified into several formations: Hetin, Majdan, Mokrin,
Kikinda and Paludina(lvanisevi¢ & Radivojevi¢, 2018).

Hetin Formation - open lake marls are generally represented by deep-water lake sediments,
hemipelagic and carbonate marls. In the exploration area, it is represented by clayey marls deposited
over syn-rift sediments. Majdan Formation - basin-bottom turbidites are represented by intercalations
of basin-centre deep-water turbidite sandstones, clay and marl. Turbidite sandstones are always depo-
sited over the Hetin Formation marls, while they are, in turn, always sealed by sediments of the Mokrin
Formation slope. Mokrin Formation is deposited on the slope, and almost across the entire exploration
area it is represented by thick clayey and marly sediments with rare sandstone intarcalations. The
exception is the apical part of the Kikinda-Mokrin high where well-developed turbidites are deposited at
the slope base. The upper boundary of the formation is time transgressive and represented by the shelf-
edge trajectory (lvanisevi¢ & Radivojevié¢, 2018). Kikinda Formation - facies of the delta front, delta and
shore plains are predominantly made of sandstones with siltstone and clay intercalations and local
occurrences of coal. Kikinda Formation sediments are deposited in shallow-water environments and are
recognized by progradation and aggradation series (Figure 1a and 1b). Kikinda Formation sediments are
sealed by the Paludina Formation represented by fluvial sediments.

Hemipelagic marls of the Hetin Formation are regarded as the main source rock in the Serbian
part of the Pannonian Basin (Radivojevié¢, 2014). Hydrocarbons present in the sandstone layers in the
area of the “Kikinda-Mokrin” high are generated in hemipelagic marls of the Hetin Formation which is
deposited in the Banatsko Arandelovo depression. In the exploration area of the “Kikinda-Mokrin” high,
turbidite sandstones of the Majdan Formation represent reservoir rocks (lvaniSevi¢ & Radivojevic,
2018).

Industrial correlation of reservoirs used in practice is based on similarity in the shape of wel logs
(E-log markers), well data and chronostratigraphic classification, disregarding depositional environ-
ments. Figure 1b represents the approach used in industrial identification, designation and correlation
of A, D, E, F and G reservoirs as individual sandstone layers in the “Mokrin” field. Inconsistencies in the
selection of markers, designation and correlation of hydrocarbon reservoirs have led to incorrect
assessments of oil and gas reserves and confusion in the interpretation of hydrodynamic measurements,
which resulted in lower efficiency in the process of reservoir management. The new interpretation
provides correlation of lithostratigraphic units (Figure 1a) and reconstruction of depositional environ-
ments, which also helps better understand the elements of the hydrocarbon system. Commercial quan-
tities of hydrocarbons have been established in turbidite sandstones in the Banatsko Arandelovo de-
pression, west of the Szeged fault (KM-117, 17, 1 and 2), while east of the Szeged fault, there are non-
commercial quantities of gas in the wells KM-3, 4 and 5 (Figure 1a and 1b). The data obtained in the
process of well testing and during reservoir engineering indicate that the Szeged fault was a partial
barrier in the process of hydrocarbon migration. In addition to marls which separate reservoirs in
sandstone layers, clays and marls deposited on the slope (Mokrin Formation) represent regional insu-
lator rocks across the whole area.

CONCLUSION
According to previous research based on the principles of “industrial” correlation, hydrocarbon
reservoirs of the “Mokrin” field represent individual sandstone layers. The new approach, using the

analysis of geological and geophysical data according to the principles of sequence stratigraphy, with the
focus on definition of depositional environments, has shown that oil and gas reservoirs are developed in
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turbidites of the Majdan Formation deposited at the bottom of the Pannonian Lake. Hydrocarbons
accumulated in the Mokrin field reservoirs are generated in hemipelagic marls of the Hetin Formation
deposited in the Banatsko Arandelovo depression. Clayey and marly sediments of the Mokrin Formation
represent seal rocks.

Implementation of the approach based on the analysis of depositional environments ensures a
much better insight into the spatial distribution of source, reservoir and seal rocks, which could results
in more correct assessment of hydrocarbon reserves. Furthermore, such an approach to interpretation
of geological and geophysical data contributes to risk reduction in exploration, and also to the more
efficient planning of reservoir development and production.
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