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MHKPOOAYHA EAfIEHA H CAPMATA H3
EyiHOTHHA E-1 H E-2 (OKOJIHHA EEOrPATfIA)

0«
JLynKa M. PyHflHha* h Came M. MHTpoBHha*

y pany je npHKasana MMKpo(jjayiia ((jiopaMHiincjicpe n ocrpaKojie) SaneHCKor h capMaTCKor KaTa
H3 6ymoTHHa B-1 h B-2. MjieiiTH<t)HKOnail0 je yKynHO 26 4)opaMHHH<JiepcKHX n 45 ocTpaKo;icKHx
Bpcra. EaaeHCKH KaT je npeflCTaBJbeH SnocTpaTHrpa<|)ckom 3ohom Ammonia beccarii. CapMaTCKH KaT je
noflejbeH Ha TpH 30He; 30Hy KpynHHX Elphidium-a, 30Hy Elphidium haueiinum h 30Hy Poiosononion
granosum. Ochm 6HOCTpaTHrpa<})CKHx paiimjiaH>aBan>a, H3Be,iene cy ojipetjene najieoreorpa®JCKe h
najieoeKonouiKe peKOHCTpyKUHje.

Kjby™ e peiH: MHKpo(J)ayHa, Gajien, capMaT, 6HocrpaTHrpacJ)Hja, najieoreorpac{)H ja, najieoeK OJiorH ja
YBOa

Y floJiHHH EaheBa“Ke peKe, ko” cejia EaheBaij, 3a noTpeSe XHflporeo-
jioihkhx Hcipa>KHBaiba irasejjeiie cy 6yuioTHHe B-1 h B-2 (cji. 1). Tom npHJIHKOM
OTKpHBeHH cy ccjihmchth GajjeHCKOi' h capMaTCKor KaTa. KopnmheHe cy MeTOjje
je3rpoBaH>a y3opaKa h MeTOfle HcnHpaiia. MHKpocJjocHjraa acoi;Hjai;Hja npHKa-
3aHa je 36npno a He 3a CBaKy npo6y nojejpna'iHO. Ha 0CHOBy Tora, H3BejjeiiH cy
ojjpe”eiiH 6HocipaTHi pacj)CKH, najieoreorpacJjcKH h nalieoeKOJiouiKH 3aKJby’iHir

HCTOPHJAT HCL PA/KHBAILA

y okojihhh Beorpal/ja 6ajjencKe h capMaTCKe ccjiHMeHTC npoyHaBajiH cy
6pojHH ayTopn, KaKO ca noBpuiHHCKHX H3jjanaKa TaKO h H3 ncripa>KHHX 6ymo-
THHa. Tom iiphjihkom aHajiH3HpaHe cy cripaTHrpai|)CKe h 6HOCTpaTHrpa4)CKe Ka-
paKTepHCTHKe Ha OCHOBy MaKpo h MHKpoc|)ayHe. HapoMHTO cy 3HaTajiiH pajjoBH vy
KojHMa ce Bpme jjeTajbiia 6H<)CTpaTHrpa(})CKa 30HHpaiba 6ajjeHCKHx h capMaT-
ckhx Hacjiara Ha 0CHOBy MHKpocpayiie cj)opaMHHHc{)epa h oc'ipaKojja (ToM Hh-

* Miicthtvt 3a pernoHaliHy reojiornjy h najieoHTOJiorHjy Py;iapcKo-reolJioniKor (J)aKy:rreTa,
YHHBep3HTeTay Beorpany, KaMeHHMKa 6, Eeorpaji.



-1Joqo, 1953; 1Joijo-ToMHh, 1958; IleTpoBHh, 1962, 1970, 1971, 1985, 1987;

Cji. 1.1%eorpacticKka CKHua HCTpa*HBaHor TepeHa h jioKannje HCTpa*HHx 6yuioTHHa.
Fig. 1. Physical setting of the study aiea and exploratory borehole sites.

1Jouo-ToMHh, 1973; Cnajnh n 1Joijo-ToMHh, 1973; KpcTHh, 1977, 1978,
1989; IleTpoBHh n IllyMap, 1990; MHTpoBHh n PyHj;Hh, 1991; KpcTHh n
MHTpoBHh, 1993). 36or cBor reorpa(J)CKor nojio)Kaja, HcnHTHBaHe 6yuioTHHe



Mory ce Be3aTH h 3a Koliy6apcKH 6aceH. H3 Tor pa3Jiora cy 3aHHMItHBH h pajjo-
bh, Kojn ce o*Hoce Ha HOMeHyTe CTpaTHrpacJjcKe HHBoe, a o#Hoce ce Ha mnpe
npocTope Koliy6apcKor 6aceHa (rarnh, 1967, 1968, 1973/74, 1974, 1990; Cna-
jnh h flp., 1986; lleTpoBHh h flp., 1987; rieTpoBHh h MhtpobhH, 1990).
y pa*oBHMa Cnajnh h “p. (1986) h lleTpoBHh h flp. (1987) noMHH>y ce h
6ymoTHHe B-1 h B-2, ajiH HHcy fleTajbHO 6HOCTpaTHrpad)CKH o6pal)eHe.

CTPATHrPAOCKH IIPHKA3

Y 6ymoTHHH B-1 TBopeBHHe Ga/tencKoi' KaTa yTBpt)ene cy Ha ;jy6HHH
93,00-55,00 m. Obh cejjHMeiiTH jieace npeKO iopi*eKpe;inor najieopejbeclja, a y
iiojjhiih j;on,ocapMaTCKHX Hacjiara. Bajjen je npejjcTaBJheii jianopoBHTO-necKO-
bhthm Kpe'iii>ai;HMa h nem'iapHMa (cji. 2). y obhm cejjHMeimiMa iiai)ena je
MaKpo(t)ayna MeKymaija: Pecten sp., Venus sp., Arca sp., Cardium sp., Hydrobia sp.;
h 6pno3oa (ojjpejjéa CTeBaHOBHh I11.). 3ajejjHHNa MHKpocj)ayiie npejjcTaBJBena je
c}x)paMHHHc}iepaMa: Ammonia beccarii (Linne), A. tepida (Cushman), A. inflata
(Seguenza), Elphidium crispum (Linne), El. macellum (Fichtel & Moll), EL
rugosum (d'Orbigny), El. flexosum (d'Orbigny), El aculeatum (d'Orhigny), EL
obtusum (d'Orbigny), El cf. reginum (d'Orbigny), Borelis mello (Fichtel &
Moll), B. rotella (d'Orbigny), Dendritina haueri (Linne), Peneroplis planatus
(Fichtel & Moll), Quinquelocuiina akneriana d'Orhigny, Porosononion granosum
(d'Orbigny), Astigerinata planorbis (d'Orbigny), Globulina gibba d'Orbigny,
Pararotalia cf. stellata (Reuss), Discorbis obtusum (d'Orbigny), Dendritina sp.,
Peneroplis sp., Spirolina sp., Quinqueloculina sp., Triloculina sp., Textularia sp.;
ocTpaKcjjiaMa: Bairdia subdeltoidea (Miinster), Bairdia sp., Cytherella sp., Senesia
cinctella (Reuss), Senesia sp., Tenedocythere sulcatopunctata (Reuss), Phlycteno-
phora sp., P. cf. farkasi (Zalanyi), Urocythereis kostelensis (Reuss), U. seminulum
(Seguenza), Aurila haueri (Reuss), A. cicatricosa (Reuss), Aurila sp., Eocythero-
pteron inflatum Schneider, Pokornyiella deformis (Reuss), Cytheridea cf. arcuata
liricek, C. cf. zahorica liricek, Cytheretta punctata Brestenska, Cytheretta sp.,
Parakrithe crystallina (Reuss), Parakrithe sp., Xestoleberis sp., Callistocythere canali-
culata (Reuss). HojejjHiia'ino ce Hajia3e h iipejjcraBHHHH OTOJiHTa: Gadus sp.,
Symbolophorus sp., Gobius sp. i Clupea sp..

Cej(HMeHTH capMaTCKor KaTa OTKpHBeHH cy Ha jjy6Hnn 50,00-5,00 m. y Jia-
je 6ora'ra cjjopaMHiincj*epcka MHKpocpayna: Elphidium hauerinum (d'Orbigny), EL
macellum (Fichtel & Moll), El. flexosum (d'Orbigny), El. aculeatum (d'Orbi-
gny), ElL fichtelianum (d'Orbigny), EI obtusum (d'Orbigny), EI. advenum
(Cushman), El. cf. reginum (d'Orbigny), ElL cf. minutum (Reuss), Porosononion
granosum (d'Orbigny), Florilus bogdanowiczi (Voloshinova), Dendritina hauerii
(Linne), Borelis mello (Fichtel & Moll), Ammonia beccarii (Linne), A. cf. tepida
(Cushman), A. cf. inflata (Seguenza), Fursenkoina acuta (d'Orbigny), Nonion sp.,
Quinqueloculina sp., Triloculina sp. Cjj ocTpaKOjja npncyTHH cy cjiejjehn o6jini;n:
Aurila notata (Reuss), A. cf. notata (Reuss), A. merita (Zalanyi), Hemicytheria



lorcntheyi sarmatica Jiricek, //. omphalodes (Reuss), Loxoconcha cf. fragilis (Stan-
cheva), L. kochi (Mehes), Heterocythereis mehesi (Zalanyi), Leptocythere tenuis
(Reuss), Xestoleberis glaberescense (Reuss), X. sera (Zalanyi), Bythocypris sp.,
Cytheridea hungarica (Zalanyi), Cyamocytheridea leptostigma leptostigma (Reuss),
Cyprideis ? sp., Senesia vadaszi (Zalanyi). PeTKO ce cpehy npejiCTaBHHHii OTOJiHTa
THna Gobius telleri Schubert, Gobius sp. 1., Gobius sp. 2., h Prolebias sp.

Cji. 2. YnopeflHH jiHTOCTpa™rpad)CKii npoc})HIiH Herpa>KHHX 6yuio THHa.
Fig. 2. Comparative lithostratigraphic sections of boreholes.

Yy 6yuiOTHHH B-2 y 7ojihiih EaheBaHKe peKe, JianopoBHTH KpeHH>ai;H h
Kpe™HjaHH 6ajiena (cji. 2) VTBp”eiin cy Ha jiyonHH 68,00-62,00 m. KoiiKopjjanTHO
npeKO TBopeBHHa 6aj;eHa, Kao h y 6ymoTHHH B -1, Jie>Ke Kpentt.aHH jjoiter capMa-
Ta. H3 obhx ceflHMeHaTa ojtpe”eHa je 4>opaMHHH4>epcKa MHKpocJ)ayna npejicTaB-
JbeHa BpcTaMa: Ammonia beccarii (Linne), A. inflata (Seguenza), Elphidium
crispum (Linne), El. macellum (Fichtel & Moll), El. aculeatum (d'Orbigny), EL
flexosum (d'Orbigny), El cf. haurinum (d'Orbigny), Borelis mello (Fichtel &
Moll), B. rotella (d'Orbigny), Quinqueloculina akneriana d'Orbigny, Dendritina
haueri (Linne), Spirolina austriaca d'Orbigny, Porosononion granosum (d'Orbi-
gny), Florilus bogdanowiczi (Voloshinova), Globulina gibba d'Orbigny, Dendri-
tina sp., Quinqueloculina sp., Triloculina sp., Nodobaculariella sp. Oji ocipaKojia ojj-



petjeiiH cy: Cytherella sp., Loxoconcha punctatella (Reuss), Leptocythere cf. tenuis
(Reuss), Quadricythere sp., Aurila haueri (Reuss), Tenedocythere sulcatopunctata
(Reuss), Pokornyiella deformis (Reuss), Xestoleberis sp..

Y HHTepBa:iy 62,00-4,50 m najiaie ce JianopijH h JianopoBHTH Kpe'iiLaijH 30-
H.er capMaTa (cji. 2). 3ajejpnma cjjopaMHimcjjepa npej(CTaBJbena je BpcTaMa:
Elphidium hauerinum (d'Orbigny), El. macellum (Fichtel & Moll), El flexosum
(d'Orbigny), El. aculeatum (d'Orbigny), El. fichtelianum (d'Orbigny), EIl. obtu-
sum (d'Orbigny), ELl. cf. reginum (d'Orbigny), El cf. advenum (Cushman), Poro-
sononion granosum (d'Orbigny), Florilus bogdanowiczi (Voloshinova), Ammonia
ex. gr. beccarii (Linn¢), A. tepida (Cushman), Quinqueloculina sp. h Triloculina sp.
OcrpaKOjje cy Gpojne h pejiaTHBHO pa3HOBpciie: Heterocythereis mehesi (Zalanyi),
Leptocythere sp. 1., Leptocythere sp. 2., Xestoleberis cf. glaberescense (Reuss),
Miocyprideis ? sp., Senesia vadaszi (Zalanyi), Loxoconcha porosa (Mehes), Aurila
cf. notata (Reuss), Aurila merita (Zalanyi).

BHOCTPATHrPAOCKA 30HHPAIbA

Ha 0GBy Hanpen yTBpl)eHor h oSpa”eHor c})ocHJiHor MaTepnjadia, cejpi-
MeHTH fiajiencKor h capMaTCKor KaTa y npoyiiaBaHHM 6ymoTHHaMa, noflejbeHH cy
y 4 6HO30He. y OKBHpy 6a/jencKor KaTa HSjjBojena je 301la Ammonia beccarii
(Papp et al., 1978), a y capMaTy 30Ha KpynHHX Elphidium-a, 30Ha Elphidium
haucrinum n 3011a Porosononion granosum (Papp et al.,1974).

3 0 1a Ammonia bcccarii

Y 6ynioTHiiH B-1 cej"HMeHTH ropiber flejia 6ajjeHa OTKpHBeHH cy 1la ay6HHH
87,00-50,00 m. H3 JianopoBHTO—hecKOBHTHX Kpe'iitakKa h nemnapa oflpe~ena je
cji. 1). Y iboj je Haj3acTynjbeHHja 30HCKa BpcTa Ammonia beccarii, y aconHjamijii
ca ejic}iH/uiyMHMa (Elphidium crispum, El. macellum, EI. flexosum, EIl. rugosum, EI.
aculeatum, EI. fichtelianum, EI. obtusum, El. cf. reginum), 3BTHM 6opejiHCHMa
(Borelis melo, B. rotella), KByHKBejiOKyjiHHaMa (Quingeloculina akneriana, Qu. sp.),
Dendritina sp.), neHeponjiHCHMa (Peneroplis planatus, Peneroplis sp.) h aMOHHaMa
(Ammonia tepida, A. inHata). lloje/(Miia'iHO ce jaBJbajy o6jihhh: Globulina gibba,
Astigerinata planorbis, Discorbis obtusum, Pararotalia cf. stellata, Spirolina sp. Ha
jiy6)HiiaMa 65,00-60,00 m BpcTe Borelis melo, cy Henrro 6pojHHje or o6jiHKa
Ammonia beccarii. Y noMeHyTOM HHTepBajiy ocrpaKOjie cy flocra 6pojHe h pa3HO-
Bpcne h He 6h ce Morao pehii /(a HeKa BpcTa jiOMHiiiipa. HnakK, BHme o” ocTajinx
cpehy ce iipej;cTaBHHHH aypiuia (Aurila haueri, A. cicatricosa). 3ana*a ce Behe
npHcycTBO cjiopMii ca nyHKTHpaHOM h jakOM JbymTypoM ( Tenedocythere, Aurila,
Urocythereis) Hero o6jiHKa ca rjiaTKOM noBpmHHOM (Parakrithe sp.)

Y 6ymoTHHH E -2 JianopoBHTH Kpe'iibann h Kpe'iibaiiH 30He Ammonia becca-
rii yTBp”eHH cy Ha j(yénnn 68,00-62,00 m. Y aconnjannjn oBe 30He (Ta6. 2, cji. 1)



TaKo”e cy Haj6pojHnjn ofuinnn 30HCKe BpcTe Ammonia beccarii. ripaTeha 4>opa-
MHHHcJ)epcKa MHKpoc})ayiia je ripejfCTaiiJLena BpcTaMa: Elphidium crispum, EL
macellum, El. flexosum, El. aculeatum El. cf. hauerinum, Borelis melo, B. rotela,
Ammonia cf. inflata, Quinqueioculina cf. akneriana, Quinqueiocuiina sp., Dendritina
haueri, Floriius bogdanowiczi, Porosononion cf. granosum, Spirolina austriaca, Globu-
lina gibba, Triloculina sp., Nodobaculariella sp. Oji ocrpaKojna, oBjje cy BHrne 3a-
CTynJoeHe BpcTe Aurila haueri, Pokornyiella deformis i Tenedocythere sulcato-
punctata.
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Cji. 3. llpHKa3 j(HcrpH6ynnje 6a;ieHCKC 3aje;(HHne (})opaMHHH4)epa (A) h ocrpaKojia (B).
Fig. 3. Distribution of Badenian communities of Foraminifera (A) and Ostracoda (B).

3 o h a Kpvininv Elphidiuni-a

BymoTHHa B-1 je OTKpHJia JianopoBHTe KpenitaKe ca npocjiojnHMa neimia-
pa OBe 30He Ha j*Shhh 50,00-35,00 m. Y acoi;Hjai;HjH OBe 30iie (Ta6. 1, cji. 2) cy
naj'iac'itiijijciinjn cjkJihjihvmh iipejjc'raBJi.enn BpcTaMa: Elphidium aculeatum, EL
fichtelianum, EIl. flexosum, EI. macellm, El. obtusum, EIl. hauerinum, EIl. advenum, EI.
cf. reginum, El. cf. minutum, 3aTHM Porosononion granosum, Ammonia tepida, A. cf.
inflata, Florilus bogdanowiczi, Quinqueloculina sp., Nonion sp.

EymoTHHa E-2 npouilia je Kpo3 JianopoBHTe KpenibaKe Ha fly6HHH
62,00-47,00 m, Kojh y 6HOCTpaTHrparjjcKOM CMHCliy ojiroBapjy 30HH KpynHHX
Elphidium-'A. 'Y MHKporjjocHJiiioj aconnjanHjH (Ta6. 2, cji. 2), h OBjje cy
Haj3acTyiidbeHHjH cjiikjnjjhvmn: Elphidium aculeatum, El. fichtelianum, El. flexosum,
El. obtusum, El. macellum, El. hauerinum, El. c¢f. advenum, Porosononion granosum,
Ammonia beccarii, A. tepida, Borelis melo, Quinqueloculina cf. akneriana, Quingelo-
culina sp., Triloculina sp. Kojj ocrpaKOQjja jjoMiiiinpajy iipejiCTaBimnii jiOKCOKOHxa
h aypHJia (Loxoconcha porosa, Aurila cf. notata, Heterocythereis mehesi) jjok cy
3Ha'iajHiije npncvTiin h KcecTOJie6epHCH (Xestoleberis tumida, X. glaberescense).



3 o ii a Elphidium hauerinum

3oHa Elphidim hauerinum, y 6ymoTHHH B-1 yTBpt)ena je y chbhm jianopniiMa
h JianopoBHTHM KpeHH.a"HMa ca jjyénHe 35,00-15,00 m. Y HaBeneHOM HHTepBajiy
TaKO”e flOMHHiipa 30HCKa BpcTa Elphidium hauerinum (Ta6é. 1, cji. 3), y 3ajej(imu;H
ca jipvi'HM egjic))HflHyMHMa: Elphidium macellum, El. aculeatum, El. Fichtelianum , EL
cf. advenum. Y OBoj acoijnjannjH jaBJf,ajy ce h Bpjio peTKO BpcTe Porosononion
granosum, Dendritina haueri, Borelis melo, Ammonia beccarii, Florilus bogdanowiczi,
Dendritina sp., Quinqueloculina sp. Triloculina sp. Ojj ocrpaKOjia, j(OMHimpajy npejj-
craBHHim aypHJia, JJOKCOKOHxa h KcecTOJie6epnca (Aurila merita, A. cf. notata,
Loxoconcha kochi, L. fragilis, Xestoleberis glaberescense).

BymoTHHa E-2 nponuia je Kpo3 Jianopn;e h JianopoBHTe KpenibaKe 30He
Elphidium hauerinum Ha jjy6imH 47,00-25,00 m. Y sajejjiiHHH c~opaMHHHcJiepa OBe
30He (Ta6. 2, cji. 3), HajépojHHje cy HHjiHBHjjye 30HCKe BpcTe Elphidium hauerinum,
jjok cy Elphidium macellum, El. aculeatum, El. fichtelianum, EI. obtusum, Poroso-
nonion granosum h Ammonia beccarii, A. cf. tepida, A. cf. inflata, Florilus bogda-
nowiczi, 3HaTHO pelje. OcipaKojje cy 3acrynjheHe ca jej(HOJIHTHOM 3ajejjHHijoM y
Kojoj jjOMHimpajy iipejjcTaBHHHH pojja aypnjia (Aurila cf. notata, A. sp.) h KcecTO-
Jie6epnc (Xestoleberis cf. glaberescense).

3 0 h a Porosononion granosum

3ona Porosononion granosum y 6ymoTHHH B-1 KOHCTaTOBaHa je Yy chbhm
JianopAHMa Ha jjy6HHH 15,00-5,00 m. Y 3ajej*HHiui OBe 30He (Ta6. 1, cji. 4), no
3acTynjbeHOCTH jjoMimnpa 30HCKa BpcTa Porosononion granosum, y acoijnjauHjH ca
pa3HOBpciiHM elicjjHj;nyMHMa: Elphidium macellum, El. aculeatum, El. Fichtelianum,
El. hauerinum h Ha Kpajy peTKHM KBHHKBejioKyjiHHaMa (Quinqueloculina akneriana,
Quinqueloculina sp.). Kojj ocTpaKOjja, CKopo j;a je jejumo npncyTHa BpcTa Aurila
notata ajiH ce iionerjje peTKO cpenie h Hemicytheria lorentheyi sarmatica.

CejjHMeiiTH 30He Porosononion granosum, y 6ymoTHHH B-2 (Ta6. 2, cji. 4)
najia3e ce na jjy6niiH 25,00-4,50 m. Y jiH'rojiomKOM noilJiejjy niiipal)eiia je 0jj
Jianopai;a, JianopoBHTHX KpeniiaKa n JianopoBHTHX rjiHHa. Y MHKpo4)ayHHCTH-
‘ikom norjiejjy OKapaKTepncana je jjOMHiiairmomhy 30HCKe BpcTe Porosononion
granosum. IlpaTehe cflopaMHHHc)epe cy Bpjio pence: Elphidium macellum, EL
aculeatum, El. cf. fichtelianum. Ojj ocipaKOjja, Kojn cy jjocra peTKH, npHcyTim cy
nojejjHHa~iHH o6jihhh BpcTe Aurila notata.

NAJIEOrEOI PAOCKH H nAJIEOEKOJIOffIKH 3AKJLYy*mH

llpocTop Ha KOMe cy H3Bejjene 6ymoTHHe B-1 h B-2, y 6ajiencKkOM h
capMaTCKOM BeKy noKpHBalio je nJiHTKO Mope jy*Hor o6ofla IlaHOHCKor 6aceHa
(AnljejikOBHh, 1989). Y jihtojioiukom norlJiejjy, cejjHMeiiTH cy HsrpaljeiiH
yrjiiaBHOM ofl KpenibaKa h JianopoBHTO—necKkOBHTHX Kpe'iibaKa, kojh yKa3yjy Ha
nOCT0jaHOCT najieoreorpacJ)CKHX npHJiHKa y 0BOj o6jiacTH. Ochm MHKpoc})ayiie,
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Cji. 4. llpogeHTyajiHa 3acTyiiji,eHocr BaKHHHX 4>0paMHHH(J)epa capMaTa y HonHTHBaHHM 6yuio THHalVEa:
a) 30Ha KpynHHX lilphidjum a;6) 30Ha Elphidium hauerinum, n) 30Ha Porosononion granosum.

Fig. 4. Percent incidences of major Sarmatian Foraminifera in examined boreholes: (a) Large Elphidium
Zone; (b) Elphidium haueiinum Zone; (c) Porosononion granosum Zone.
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Cji. 5. llpoL(eHTyajiHa 3acTynji>eHOCT OCTpaKOna capMaTa y HcnHTHBaHHM 6ymoTHHaMa.
Fig. 5. Percent incidence of Saimatian Ostracoda in examined boreholes.



iiatpeiia 6oraxa 3ajejiinina MCKvmana h 6pH030a (npnM. n. CTeBaHOBHh) ynyhyje
Ha iuiHTKy, MopcKy cpejiniiy iioroflHV 3a cj)opMiipan>e 6noxepMa. Illto ce THiie
mhkpocJ)ochjihhx acoimjaipija, OHe ce 6htho pa3JiHKyjy, h ochobhh cy KpnTepnjyM
3a H3;iBajaii,e 0Ba ;(Ba c'ipaTHipacjicKa o;;ejLKa.

3aje;jiran;a c})opaMHiiiic})epa ropn>er 6a;iena oflJiHKyje ce 6pojHHM iipe;icraB-
HHi"HMa po;ia Ammoniay acoirajanHjn ca ejicf)H;inyMHMa, 6opejiHCHCMa h jieimpH-
THHaMa (cji. 3A). lleHeponJiHCH h KBHHKBejiOKyjiHHe ce jaBJbajy y HeuiTo Man>oj
MepH, flOK cy caMO iiOjejjHiia'iHO npHcynra: Porosononion, Globuiina, Astigerinata h
H>HBaJiH cy MeflHTepan, HH30-nar(HcJ)HHKy h ATJiaHTCKy npoBHHnnjy (finpoB -
cKHj B. J. h CaTaHOBCKaja 3. H., 1970). riejiauiKH 06jiHt(H HHcy Ha’eHH.
06jihkom h BejiHiHHOM HCTH'y ce ejicl)HflHyMH (Elphidium crispum, El. flexosum,
Ei. rugosum, EIl. aculeatum h jip), 6opejiHCH (Borelis melo), ;ien;ipHrrHiie (Dendritina
haueri) h neHeponjiHCH (Peneroplis planatus). IlpejiCTaBiraiiH obhx pojioiia HacTa-
ibHBajiH cy njiHTKe ji;ejioBe Mopa, Bpjio noKpeTHe h 6ncTpe BOjje, HopMajiHor hjih
noBehaHor cjiHHHTeTa (35-50%0), ca BepoBaTHOM TeMnepaTypoM oj( 25-30°C
(rar hh, 1982). OBaKBa cpefliina je 6oraTa xeMHjcKHM pacTBopHMa, hito je ;iajio
~NocTa MaTcpnjajia 3a rpa”™y JoyniTypa. JLyruType cy yrjiaBHOM jjo6po o'iyBane ca
Bpjio jacHOM h 6oraTOM opiiaMeiiTHKOM. Y aconnjanHjn je npHMerao npncycTBO
nHpHracaHHX Jbynnypa, Koje yKa3yjy na noBpeMene npoMeHe >khbothhx ycjioBa.

y 3ajeflHHi;H cJ)opaMHiincJ)epa capMaTCKor BeKa flOJia3H ~o 3HaiiajHHX npoMe-
Ha, ycjie;; onrarer najja canHHHTeTa Ha innpcM npoc'ropy IlaHOHCKor 6acena
(AHhejiKOBHh, 1989). lloce6HO o6ejiexje upHJiH'rao je;(iiojiH'raoj aconHjannjH
Kpo3 n;eo capMaTCKH BeK, ;;aje Mct)yco6ira ojjiioc pojjoiia Elphidium h Porosononion
(cji. 4). llpcjjeraBHHHH poj(a Elphidium cy ce no CBoj iipnJinnn HajjiaKiue npHJia-
rojpjiH HOBOiiacTaliHM npoMeHaMa, jep ce jaBJbajy y HajBeheM 6pojy HHfIHBHflya n
BpcTa. llo'ictkom BQOJiHHa , y ycjioBHMa HeuiTO H3MeH>enor cajiHHHTeTa (25-20%0
- Hudackova & Kovac, 1993) npHcyTHH cy “ocTa KpynHH o6jihhh ejic))HflHyMa
(Elphidium flexosum, EIl. acuieatum h flp.). Kojn ce o;JiHKyjy MapKaiiTHOM JbyniTy-
poM h 60raTOM opHaMeHTHKOM. Ca flajoHM najiOM cajiHHHTeTa (20%0 - Hudacko-
va & Kovag, 1993) obh 06jihhh ycTynajy CBoje MecTO CHTHHHM cJ)opMaMa Elphi-
dium hauerinum n El. macellum. KpajeM BQJiHHa ;iojia3H 30 3iia'iajiiHX npoMeHa y
3ajcj;HHHH, KaKO y KBaHTHTaTHBHOM TaKO H KBaJIHTaTHBHOM CMHCJiy. Pojj Poroso-
nonion npey3HMa npHMaT y oflnoey Ha cBe flpyre o6jihkc. JLyuiTypa je cHTHa, “0-
6po o'iynaHa ca BeoMa nojejiHocTaBJF.eiioM opHaMeHTHKOM h npeflCTaBJba nocjie-
;umy npHJiar ol)aiiaii>a noBonacTajiHM ycjioBHMa.

OcTpaKO"a

npn Kpajy 6afleiicKor BeKa, er3HCTOBagjio je njiHTKo, cy6TponcKO Mope Koje
je HaceJbaBalia 6oraTa ocTpaKo;;cKa 3aje;iirana. Ha to HaM yKa3yjy mhoth pojiobh
Kojn cy npaBH kocmohojihth (Cnestocythere, Xestoleberis, Loxoconcha, ...) KojH cy



>KHBEejiii He caMO na npocTopy llapaTeTHca, Beh h y MejjHTepaHCKOM Mopy, v i;eH-
‘rpajraoj JIHAnjH h ceBepnoM ErnnTy (Szczechura & AbdElshafy, 1988). Y 6a-
jiencKoj 0CTpaKOfICKOj opHKT()neno3H, jiOMHHHpajy npeucTaBHHHH Aurila, Pokorny-
iella, Senesia, Bairdia, Loxoconcha, Tenedocythere... Kojn HMajy cna>KHy, opnaMen-
THcaHy JbyuiTypy Koja naM roBopn o ‘rHiiH'iiioj MopcKoj cpcjiHHH ca HopMajiHHM
cajiHHHTeTOM (cji. 3E). Bpjio je KapaKTepncTHHHO GoraTCTBO nonyjiai;Hja, a Ha-
cy jyBeHHJine d>opMe maiLe 3acTynJbeHe. CaliyBaHOCT jbyuiType (kanka) je BeoMa
j;06pa, noce6HO koj; opH3MeHTHcaHHX 06jiHKa. PeTKO ce Hajia3e KOMnlieTHe Jby-
urrype, BehHHOM cy KamjH pa3j(BojeiiH. 360r Tora ce MO*e npeTnocTaBHTH no-
CTojaihe TpaHcnopTa Maibiix pa3Mepa. Siia'iajno je npncycTBO HeKHX pojioi;a (Cy-
prideis ?, Cyamocytheridea) Kojh HaM roBope o BHiue ocjialjenoj bojih ojiiiocho o
6jih3hhh o6ajie. CeM Tora, snanajno je h nojaBJbiiBaihe pojja Parakrithe Kojii HaM
yKa3yje j;a cy obh npocTopn KOMyHHiiHpajiH h ca jjy6jbHM j*ejiOBHMa Tora Mopa.

reiiepajiHo rjiejjaHO, ropu.o6ajieiiCKa ocrpaKojjcKa 3ajeflHHii;a HCHBgjia je y
ycnoBHMa BeoMa Tonjie KJiHMe. Mope je 6hjio hjihtko, Bojia 6ncTpa, 'incTa h 60-
raTa KHceoHHKOM h TaKBa cpcjiiuia je 6iuia iiorojina 3a pa3Boj BejiHKor 6poja
ocmrpaKoj(CKHX BpcTa Koje cy rpajuuie thiiiuihv JiHTOpajiHO-HepHTCKy 6)Honeno3y
(PyHjjHh, 1992).

IloHeTKOM capMaTCKor BeKa, ycjiejj npoMeHe najieoeKOJiouiKHX ycjioBa, jio-
uijio je h jio 6hthhx H3Mena y norjiejiv cacTaBa 0CTpaKO0jjCKiix acoHiijanHja. HaKO
cy ce Beh npn Kpajy 6aj(eiia nojaBHJiH iickh 06jihhh (Miocyprideis, Cyprideis, Cya-
mocytheridea) Kao HiijiHKaTopn 6yjiyhnx npoMeHa >khbotiihx ycjiOBa, miaK cy pa-
3JiHKe ouiTpe. To ce npe CBera ohhoch Ha 0flcycTBO npaBHX MopcKHX o06jiHKa (He-
Ke Aurila, Bairdia, Tenedocythere, Parakrithe, Cnestocythere...). C jipyre CTpane, npn-
hhx, njiHTKiix cpejiHHa (Cytheridea, Heterocythereis, Leptocythere, Miocyprideis,
Bythocypris). Kao jjoMHiiaiiTiic f})opMC, jaBJbajy ce 6pojne BpcTe Koje cy ycnejie jja
ce npHJiarojie najiy caliHHHTeTa (Aurila, Loxoconcha, Xestoleberis...). /(pyra 3Ha-
'lajna oco6HHa capMaTCKe 0CTpaKO0jjCKe OpHKTOii,eH03e jecTe iipiiJiH’iiia jejmo-
jihhhoct nonyjiauHja. Y cbhm npo6aMa HajépojnnjH cy npejjcTaBHHI"H TpH rope
ilaBejiena pojja (cji. 5). OcTajiH, H3y3eB jjoiieKJie Hemicytheria h Leptocythere,
HMajy MaibH 3iia'iaj. CreneH o'iyBanocTH jbyuiType je iih>kh y ojinocy Ha 6ajien-
ckh BeK a iiocjiej;Hi;a je H3McibeiiHX *hbothhx ycjioBa. HaHMe, ycjiej; naj;a cajiH-
HHTeTa, jioiujio je ;io ocnpoMamciba xcMiijcKor pacrBopa H3 Kora cy oc'ipaKojic
y3HMajie Kap6oHaT 3a H3rpajui.y JbyuiType Te ey OHe cajia Mau>e MacHBHe h
opHaMeHTHcaHe. 360r Tora cy h Maibe OTnopHe Ha CBe BpcTe yiiHii,aja, TaKO j;a cy
y c})ochjihom CTan.y cjiabnje ca'iyBane. MnaK, 60jbe cy o'iVBami o6jihi;h ca peTH-
KyjiaTHOM JbyuiTypoM (Hemicytheria, Leptocythere...) Hero ohh ca raaTKOM (Xesto-
leberis, Bythocypris...). C thm y Be3H, HaMehe ce h nHTaibe kojihkh je 6ho
TpaHcnopT hjih cy y nHTau.y caMO Maiba Tajiacaiba iipn jiny Tor jielia 6aceHa? Ho,
h nopejj Tora, Ha OCHOBY npeTXO0j;HO H3HeTHX HHibeHHi;a, MO»:eMO npeTnocraBHTH
jja je nocMaTpaHa opnKTOnenosa er3HCTOBajia y hjihtkom 3ajiHBy Kojn je KOMyHH-
u;Hpao ca OTBopeHHM MopeM, y KOMe ce pa3BHJia cnei;Hc[)HHHa 3ajej;HHi;a npnjiaro-
reHa Ha npoMeHe »chbothhx ycjiOBa.
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BADENIAN AND SARMATIAN MICROFAUNA FROM BOREHOLES
B-1 AND B-2, BELGRADE AREA

by
Ljupko Rundi¢ and SaSa Mitrovié

Badenian and Sarmatian microfauna (foraminifers and ostracodes) from boreholes B-1 and B-2 is
presented. A total of 26 foraminiferal and 45 ostracod species have been identified. Badenian stage is
represented by the biostratigraphic zone Ammonia beccarii. Saimatian is divided into three zones: Zone
of large Elphidium, Elphidium haueiinum Zone and Porosononion granosum Zone. Besides bio-
stratigraphic division, some paleogeographical and paleoecological reconstruction have also been made.

Key words: Microfauna, Badenian, Saimatian, biostratigraphy, paleogeography, paleoecology.
INTRODUCTION

Holes B-1 and B-2 were drilled at Bacevac village in the Bacevacka Reka val-
ley for hydrogeological exploration. Sediments of Badenian and Sarmatian stages were
identified. The methods used were coring and washing out. The microfossil associa-
tion found is presented summarily, not singly for each analysed sample. It was used
to draw relative conclusions on biostratigraphy, paleogeography and paleoecology.

INVESTIGATION HISTORY

Badenian and Sarmatian sediments in Belgrade area have been studied by many
geologists both on surface outcrops and in exploratory holes. The identified macro-
and micro-fauna were used to study stratigraphy and biostratigraphy. Particularly sig-
nificant published contributions are those in which microfauna of foraminifers and
ostracodes was used in relative biostratigraphic zonal division of Badenian and Sarma-
tian deposits (Tomi¢-Dzodzo, 1953; DzZodzo-Tomic¢, 1958; Petrovic¢, 1962,
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1970, 1971, 1985, 1987; DZodZo-Tomié, 1973; Spaji¢ & DZodZo-Tomic,
1973; Krsti¢, 1977, 1978, 1989; Petrovi¢ & Sumar, 1990; Mitrovi¢ &
Rundi¢, 1991; Krsti¢ & Mitrovié, 1993). In respect of their physical setting, the
examined drill-holes are associated with the Kolubara Basin. Contributions of particu-
lar interest are those describing the mentioned stratigraphic levels, wvhich refer to the
general Kolubara Basin (Gagi¢, 1967, 1968, 1973/74, 1990; Spaji¢ et al., 1986;
Petrovi¢ et al., 1987; Petrovi¢ & Mitrovi¢, 1990). Spaji¢ et al. (1986) and
Petrovi¢ et al. (1987) mention holes B-1 and B-2 but do not give detailed bio-
stratigraphic data.

STRATIGRAPHY

Badenian formations in B-1 are found at depths from 93 m to 55 m overlying
the Upper Cretaceous paleorelief at the base of Lower Sarmatian deposits. Badenian is
represented by marl-sandy limestones and sandstones (Fig. 2) and contain molluscan
macrofauna: Pecten sp., Venus sp., Arca sp., Cardium sp., Hydrobia sp.; and Bryozoa
(identification by P. Stevanovi¢). Microfaunal association is represented by fo-
raminifers:  Ammonia beccarii (Linne), A. tepida (Cushman), A. inflata
(Seguenza), Elphidium crispum (Linne), El. macellum (Fichtel & Moll), EL
rugosum (d’Orbigny), El flexosum (d’Orbigny), El. aculeatum (d’Orbigny), El
obtusum (d’Orbigny), El cf. reginum (d’Orbigny), Borelis melo (Fichtel &
Moll), B. rotella (d’Orbigny), Dendritina haueri (Linne), Peneroplis planatus
(Fichtel & Moll), Quinqueloculina akneriana d ’Orbigny, Porosononion granosum
(d’Orbigny), Astigerinata planorbis (d’Orbigny), Globulina gibba d’Orbigny,
Pararotalia cf. stellata (Reuss), Discorbis obtusum (d’Orbigny), Dendritina sp., Pc-
neroplis sp., Spirolina sp., Quinqueloculina sp., Triloculina sp., Textularia sp.; ostra-
codes: Bairdia subdeltoidea (Miinster), Bairdia sp., Cytherella sp., Senesia cinctella
(Reuss), Senesia sp., Tenedocythere sulcatopunctata (Reuss), Phlyctenophora cf. far-
kasi (Zalanyi), Phlyctenophora sp., Urocythereis kostelensis (Reuss), U. seminulum
(Seguenza), Aurila haueri (Reuss), A. cicatricosa (Reuss), Aurila sp., Eocytherop-
teron inflatum Schneider, Pokornyiella deformis (Reuss), Cytheridea cf. arcuata
Jiricek, C. cf. zahorica Jiricek, Cytheretta punctata Brestenska, Cytheretta sp.,
Parakrithe crystallina (Reuss), Parakrithe sp., Xestoleberis sp., Callistocythere ea-
naliculata (Reuss). Otoliths are found as single specimen of: Gadus sp., Symbolopho-
rus sp., Gobius sp., and Clupea sp.

Sarmatian sediments are found at the depth of 50-5 m. Marlstones and marly
limestones interbedded with sandstones (Fig. 2) contain abundant foraminiferal micro-
fauna: Elphidium hauerinum (d’Orbigny), El. macellum (Fichtel & Moll), EL
flexosum (d’Orbigny), El. aculeatum (d’Orbigny), El. fichtelianum (d’Orbigny),
El. obtusum (d’Orbigny), El. advenum (Cushman), El. cf. reginum (d’Orbigny),
El. cf. minutum (Reuss), Porosononion granosum (d’Orbigny), Florilus bog-
danoiviczi (Voloshinova), Dendritina haueri (Linne), Borelis melo (Fichtel &
Moll), Ammonia beccarii (Linne), A. cf. tepida (Cushman), A. cf. inflata
(Seguenza), Fursenkoina acuta (d’Orbigny), Nonion sp., Quinqueloculina sp.,



Triloculina sp. The identified ostracodes are: Aurila notata (Reuss), A. cf. notata
(Reuss), A. merita (Zalanyi), Hemicytheria lorentheyi sarmatica Jiréek, H. ompha-
lodes (Reuss), Loxoconcha cf. fragilis (Stancheva), L. kochi (Mehes), Hetero-
cythereis mehesi (Zalanyi), Leptocythere tenuis (Reuss), Xestoleberis glaberescense
(Reuss), X. sera (Zalanyi), Bythocypris sp., Cytheridea hungarica (Zalanyi), Cya-
mocytheridea leptostigma leptistigma (Reuss), Cyprideis ? sp., Senesia vadaszi
(Zalanyi). There are few otoliths: Gobius telleri Schubert, Gobius sp. 1, Gobius sp.
2, and Proelebias sp.

Badenian marly limestones and limestones (Fig. 2) in B-2, drilled in the
Bacevacka Reka, lie in depth interval 68-62 m. Conformable over Badenian forma-
tions, like in B -1, are Lower Sarmatian limestones. The identified foraminiferal mi-
crofauna from these sediments are the species: Ammonia beccarii (Linne), A. inflata
(Seguenza), Elphidium crispum (Linne), El. macellum (Fichtel & Moll), El. acu-
leatum (d’Orbigny), El flexosum (d’Orbigny), El. cf. hauerinum (d’Orbigny),
Borelis melo (Fichtel & Moll), B. rotella (d’Orbigny), Quinqueloculina akneriana
d’Orbigny, Dendritina haueri (Linne), Spirolina austriaca d’Orbigny, Porosono-
nion granosum (d’Orbigny), Florilus bogdanowiczi (Voloshinova), Globulina
gibba d’Orbigny, Dendritina sp., Quinqueloculina sp., Triloculina sp., Nodobaculari-
ella sp. The identified ostracodes are: Cytherella sp., Loxoconcha punctatella (Reuss),
Leptocythere cf. tenuis (Reuss), Quadricythere sp., Aurila haueri (Reuss), Tenedo-
cythere sulcatopunctata (Reuss), Pokornyiella deformis (Reuss), Xestoleberis sp.

Interval 62-4.5 m consists of marlstones and marly limestones of the Lower
Sarmatian (Fig. 2). The foraminiferal community includes: Elphidium hauerinum
(d’Orbigny), El. macellum (Fichtel & Moll), EIl. flexosum (d’Orbigny), EL
aculeatum (d’Orbigny), El fichtelianum (d’Orbigny), El. obtusum (d’Orbigny),
El. cf. reginum (d’Orbigny), Florilus bogdanowiczi (Voloshinova), Ammonia ex
gr. beccarii (Linne), A. tepida (Cushman), Quinqueloculina sp. and Triloculina sp.
Ostracodes are numerous and relatively diverse: Heterocytheris mehesi (Zalanyi),
Loxoconcha sp. 1, Leptocythere sp. 2, Xestoleberis cf. glaberescense (Reuss), Mio-
cyprideis ? sp., Senesia vadaszi (Zalanyi), Loxoconcha porosa (Mehes), Aurila cf.
notata (Reuss), Aurila merita (Zalanyi).

BIOSTRATIGRAPffIC ZONES

The identified and analysed above fossil material was used in dividing Badenian
and Sarmatian sediments from the studied boreholes into four biozones: Ammonia
beccarii Zone in Badenian (Papp et al., 1978), and large Elphidium, Elphidium hau-
erinum and Porosononion granosum Zones in Sarmatian stages (Papp et al., 1974).

Ammonia beccarii Zone

Upper Badenian sediments in B-1 lie between 87 m and 50 m. An abundant
and diverse community of foraminifers from marl-sandy limestones was identified
(Pl. 1, Fig. 1), with the highest zonal species Ammonia beccarii, in association with



Elphidium (Elphidium crispum, El. macellum, El. flexosum, EIl. rugosum, Ei. aculea-
tum, El. fichtelianum, El. obtusum, El. cf. reginum), Borelis (Borelis melo, B. rotella),
Quinqueloculina  (Quinqueloculina akneriana, Quinqueloculina sp.), Porosononion
(Porosononion cf. granosum), Dendritina (Dendritina haueri, Dendritina sp.), Penero-
plis (Peneroplis planatus, Peneroplis sp.), and Ammonia (Ammonia tepida, A. inflata).
Single species are: Globulina gibba, Astigerinata planorbis, Discorbis obtusum, Pararo-
talia cf. stellata, Spirolina sp. In the interval 65-60 m, Borelis melo is more numerous
than Ammonia beccarii. Ostracodes in this interval are quite abundant and diverse
wvithout dominance of any species. Nevertheless, Aurila (Aurila haueri, A. cicatricosa)
are commoner than others. More abundant are forms with punctate and strong shells
(Tenedocythere, Aurila, Urocythereis) than those with smooth carapaces (Parakrithe
sp.).

Marly limestones and limestones af Ammonia beccarii Zone are found at the
depth from 68 m to 62 m in B-2. Prevailing in the association of the Zone (PI. 2,
Fig. 1) is also zonal species Ammonia beccarii. The associated foraminiferal micro-
fauna is represented by the species: Elphidium crispum, El. macellum, El. flexosum,
El. aculeatum, EIl. cf. hauerinum, Borelis melo, B. rotela, Ammonia cf. inflata, Quin-
queloculina cf. akneriana, Quinqueloculina sp., Dendritina haueri, Florilus bog-
danowiczi, Porosononion cf. granosum, Spirolina austriaca, Globulina gibba,
Triliculina sp., Nodobacuriella sp. Ostracodes are mainly represented by Aurila haueri,
Pokornyiella deformis and Tenedocythere sulcatopunctata.

Large Elphidium Zone

Hole B-1 is drilled through marly limestones with sandstone interbeds from 50
m to 35 m. The association of this zone (Pl. 1, Fig. 2) includes the highest Elphidium
represented by the species: Elphidium aculeatum, El. fichtelianum, El. flexosum, ELl.
macellum, El. obtusum, El. hauerinum, El. advenium, El. cf. reginum, El. cf. minu-
tum, then Porosononion granosum, Ammonia tepida, A. cf. inflata, Florilus bog-
danowiczi, Quinqueloculina sp., Nonion sp.

B-2 penetrated marly limestones from 62 m to 47 m, which biostratigraphically
correspond to large Elphidium Zone. The highest incidence in the microfossil associa-
tion (Pl. 2, Fig. 2) is again that of Elphidium. Elphidium aeuleatum, El. fichtelianum,
El. flexosum, El. obtusum, El. macellum, El. hauerinum, El. cf. advenum, Porosono-
nion granosum, Ammonia beccarii, A. tepida, Borelis melo, Quinqueloculina cf. ak-
neriana, Quinqueloculina sp., Triloculina sp. The dominant ostracodes are Loxoconcha
and Aurila (Loxoconcha porosa, Aurila cf. notata, Heterocythereis mehesi) and among
Xestoleberis, Xestoleberis tumida and X. glaberescense.

Elphidium hauerinum Zone

The Elphidium hauerinum Zone is identified in the depth interval 35-15 m of
B—4, in gray marlstones and marly limestones. The zonal species is dominant in this
interval (Pl. 1, Fig. 3), associated with other Elphidium species: Elphidium macellum,



El. aculeatum, El. fichtelianum, El. cf. advenum, and very few Porosononion grano-
sum, Dendritina haueri, Borelis melo, Ammonia beccarii, Florilus bogdanowiczi, Den-
dritina sp., Quinqueloculina sp., Triloculina sp. Dominant ostracodes are Aurila, Loxo-
concha and Xestoleberis (Aurila merita, A. cf. notata, Loxoconcha kochi, L. fragilis,
Xestoleberis glaberescense).

Hole B-2 penetrated marlstone and marly limestones of the Elphidium hauer-
inum Zone in interval 47-25 m. Foraminiferal association of the Zone (Pl. 2, Fig. 3)
includes zonal species far the highest over Elphidium macellum, El. aculeatum, EI.
fichtelianum, El. obtusum, Porosononion granosum and Ammonia beccarii, A. cf.
tepida, A. cf. inflata, Florilus bogdanowiczi. Ostracodes are represented by a mono-
tonus community dominated by Aurila (Aurila cf. notata, Aurila sp.) and Xestoleberis
(Xestoleberis cf. glaberescense).

Porosononion granosum Zone

The Zone is identified in B-1 in gray marlstones of the depth of 15-5 m. The
highest incidence in the community of the Zone (Pl. 1, Fig. 4) has the zonal species,
associated with different Elphidium species: Elphidium macellum, El. aculeatum, El.
fichtelianum, EI. hauerinum, and few Quinqueloculina (Quingueloculina akneriana,
Quinqueloculina sp.). The almost only contained ostracod species is Aurila notata and
very rare Hemicytheria lorentheyi sarmatica.

Sediments of the Porosononion granosum Zone in B-2 (Pl. 2, Fig. 4) lie at
depth of 25-4.5 m. These ae limestones and marly clays. Th microfaunal community
is dominated by zonal species, Porosononion granosum. The associated foraminifera
are few: Elphidium macellum, El. aculeatum, El. cf. fichtelianum. Ostracods, also few,
include single forms of Aurila notata.

PALEOGEOGRAPHIC AND PALEOECOLOGICAL CONCLUSIONS

The terrain where holes B-1 and B-2 were drilled was covered in the Badenian
and the Sarmatian with a shallow sea on the southem margin of the Pannonian Basin
(Andjelkovi¢, 1989). The sediments dominantly consists of limestones and
marl-sandy limestones, which indicate the consistence in paleogeographic situation.
Besides microfauna, the abundant community of molluscs and bryozoans (note by P.
Stevanovic€) also suggest shallow marine environment, suitable for bioherm formation.
Microfossil association are widely different and are main criteria for separation of the
two divisions.

Foraminifera

The Upper Badenian community of foraminifers is abounding in Ammonia asso-
ciated with Elphidium, Borelis, and Dendritina (Fig. 3A). Peneroplis and Quinguelocu-
lina are slightly lower in incidence, and singly represented are: Porosononion, Globu-
lina, Asterigerinata etc. All these genera are cosmopolitan, because they inhabited the



Paratethys, Mediterranean, Indo-Pacific and Atlantic provinces (Didkovdkiy & Sa-
tanovskaia, 1970). Pelagic forms have not been found. Notable in shape and size
are Elphidium (Elphidium crispum, El. flexosum, EIl. rugosum, EIl. aculeatum, etc),
Borelis (Borelis melo), Dendritina (Dendritina haueri), and Peneroplis (Peneroplis pla-
natus). These genera populated shallow sea areas, where water was clear and much
agitated, of normal or increased salinity (35%0 to 50%0) of the likely water tempera-
ture of 25° to 30°C (Gagi¢, 1982). This environment was rich in chemical solutions,
providing abundant material for building tests. Tests are generally well preserved and
distinctly and well omamented. The association includes pyritised tests, which indicate
occasional change in life conditions.

A general drop in salinity in the Pannonian Basin (Andjelkovi¢, 1989) intro-
duced significant changes in the foraminiferal community of the Sarmatian. A specific
character was given to the rather monotonous association through the Sarmatian by
the relationship of Elphidium and Porosononion genera (Fig. 4). Elphidium forms
seem to have early adapted to the changed environment, as their incidence is highest
in individuals and species. In the early Volhynian, under slightly changed salinity
(25%0 to 20%o0, Hudackova & Kovac, 1993) quite large elphidium forms
(Elphidium flexosum, El. aculatum and others) are presents, characterized by con-
spicuously large and highly omamented tests. With further decline in salinty (20%o0,
Hudatkova & Kovac, 1993), these forms were replaced by smaller forms of El-
phidium hauermum and El. macellum. The late Volhynian was marked by significant
transformations in the community, both quantitative and qualitative. Porosononion
gained the dominance over all other forms. Their tests are small, well preserved,
showing simpler omamentation, resulting from the adaptation to generally prevailing
conditions of the time.

Ostracoda

A shallow, subtropical sea existed in the late Badenian, populated by an abun-
dance of ostracodes. This is indicated by many real cosmopolitan genera
(Cnestocythere, Xestoleberis, Loxoconcha, etc.), wich existed in the Paratethys, and
also in Mediterranean Sea, central Libya and northem Egypt (Szczechura &
Abd-Elshafy, 1988). Badenian ostracod orictocenosis was dominated by Aurila,
Pokornyiella, Senesia, Bairdia, Loxoconcha and Tenedocythere, which had strong, or-
namented carapaces indicating typical marine environment of normal salinity (Fig.
3B). The population is typically diverse. The fossil specimens found are dominantly
adults over the less present juvenile forms. Carapaces (valves) are well preserved, par-
ticularly the omamented ones. Few complete carapaces have been found, mostly sepa-
rate valves, which suggest the likely short transport. Notable is the presence of some
genera, only in single specimens (Cyprideistl, Cyamocytheridea) which indicate more
refreshened woter near the coast. Also significant is the occurrence of Parakrithe
which indicates the communication with deep sea.

Generally scrutinized, Upper Badenian ostracod community existed in warm cli-



matic conditions. The sea was shallow, water clear, transparent and rich in oxygen,
suitable for development of many ostracod species than formed a typical litto-
ral-neritic biocenosis (Rundi¢, 1992).

A change in paleoecological conditions in the early Sarmatian led to variations in
the composition of ostracod associations. Although some forms (Miocyprideis, Cyp-
rideis, Cyamocytheridea) appeared at the end of the Badenian as an indication of the
future change in life conditions, the differences were great. This primarily refers to
the lack of real marine forms (some Aurila, Bairdia, Tenedocythere, Parakrithe, Cne-
stocythere, etc.). On the other hand, there is the presence of entirely new community
members, which are typical inhabitants of freshened, shallow environments
(Cytheridea, Heterocythereis, Leptocythere, Miocycyprideis, Bythocypris). Dominant
forms are numerous species that adapted to the decreased salinity (Aurila, Loxocon-
cha, Xestoleberis, etc.). Another important character of Sarmatian ostracod orictoceno-
sis is the high uniformity of the population. Most abundant in all samples are repre-
sentatives of the above three genera (Fig. 5). Others, excluding Hemicytheria and
Leptocythere, are less important. Carapace preservation is not so good as in Badenian
deposits, as a result of altered life conditions. Lower salinity caused chemical dilution
of water from which ostracod supplied carbonate for their shells, so that they were
less massive and omamented. It made them less resistent to all sorts of effects, and
consequently less preserved in fossil state. On the whole, forms with reticulate cara-
pace Hemicytheria, Leptocythere, and the like) are better preserved than those
smooth-shelled (Xestoleberis, Bythocypris, etc.). In this connection, the question is
what was the transport, or was it only small agitation at the bottom of the basin?
Without knowing the answer to this question, the above stated facts indicate the exis-
tence of the studied orictocenosis in a shallow gulf which communicated with open
sea, where a specific community developed, adapted to the changed life conditions.
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TABJIA | PLATE

JIHTOCTpaTHrpa4)CKH CTy6 6yuioTHHe B -1 ca H3fIBojeiiHV 6 HO30HaMa.
Lithostratigraphic column of B-1 and separated biozones.

. (Fig.) 1. 3oHa Ammonia beccaiii (Ammonia beccaiii Zone) (87,00-50,00)

. (Fig.) 2. 3oHa KpynHHX Elphidium-a (Laige Elphidium Zone) (50,00-35,00)

. (Fig.) 3. 3oHa Elphidium hauerinum {Elphidium haueiinum Zone) (35,00-15,00)

. (Fig.) 4. 3oHa Porosononion granosum (Poiosononion granosum Zone) (15,00-5,00)

<oto: B. PaayjiOBHh, yBejimaH>e x16 (Photos by V. Radulovi¢; magn. x 16).

TABJIA 1l PLATE

Jlhtocwrpathrpacj)ckh CTy6 6yuioTHHe B -2 ca H3fIBojetiHM 6 HO30HaMa.
Lithostratigraphic column of B-2 and separated biozones.

. (Fig.) 1. 3oHa Ammonia beccaiii(Ammonia beccarii Zone) (68,00-62,00)

. (Fig.) 2. 3oHa KpynHHx Elphidium-a (Large Elphidium Zone) (62,00-47,00)

. (Fig.) 3. 3oHa Elphidium haueiinum (Elphidium haueiinum Zone) (47,00-25,00)

. (Fig.) 4. 3oHa Porosononion granosum (Porosononion granosum Zone) (25,00-4,50)

<>QTo: B. PanyJioBHh, yBejimaH.e x16 (Photos by V. Radulovi¢; magn. X 16).
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