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yAK 56.574.6:552.1:549.08(497.11-11) OpiirHHajiHH Hay'iHH paji

NAJIEOEKOJIOIUKE H MHHEPAJIOIUKE METOfIE
nPH PEKOHCTPYKUHJH )KHBOTHHX yCJIOBA Yy
HAfIEHCKOM BEKyYy TOJiynUA (HCTOMHA CPBHJA)

of

ropfaHe JoBaHOBHh* h 3opnije TomhH*

lloKvmaj peoncT] ie * hbotiihx yenoBa ynopeaHHM KopHuihefteM najieoeKOjrouike h MHHepgjioiiike
VETojie H3Bpuleiije Ha cefIHVEHTHWVA 6aflencKe crapocTH y Fo.nynuy.

KbWWHe pein FaliyCeH 6aneH. nalieoeKOJiornja, TatjjOHOVHa, rpaHyjioViETpnjcKa aHaUHBa
yeoa

Y pajtv je npHKa3aH npocl)HJi 6aneHCKIiix ce;jHMe[ia'ia, ko/( c'ra/inona y Fojiyimy, h
HiBpmeHa je najieoeicojiomKa n TafJjoiioMCKa anajiH3a cf>ayue caKVHJbciie H3 naBe/ieHiix
cejiHMeHaTa. Ynopejio ca HaBej*eiioM aHaji030M ypal)eHa je h MHHepajiomKa (rpaHyjio-
MeipiijcKa) anajiH3a 3a cJjochjiohochc cnojeBe (1, 2, 3, 4). Ha OCHOBy pe3yjiTaTa Kojn cy
ra, Kao n o nopeKJiy MaTepnjajia. 3a cjiojeBe y KojHMa HHje Hai)en rfjociuiHH Marepnjaji
(cjiojeBH 5 ii 6) iinje paljeHa MHiiepalioiuKa aHajiH3a. MaTepnjaji ce HyBa y jienoy FlpH-
pojin,a'iKor My3eja y Beorpajiy.

iipiciiejipahhjhx ikii’Alkhhah.a

BajiencKa cj>ayna OKOjiime I'ojivuija 6iiJia je npejiMeT iiCTpajKkHBaita BHme ayTopa.
HeliOKvnna npoyiaBait>a upejicTaBJhena cy yrjiaBHOM caMO ciincKkOBHMa 6pojHe h pasHO-
Bpcne cljayne.

llpBe iiojiaTKe o 6a/icHCKoj c|)ayiin rojiynna Hajia3iiMO y pajioBHMa X ajiaba'ia
(1887) ii >KyjoBiiha (1893) (03 MHKHHHHha, 1932). IlaBJioBiih (1903, 1922) H3 jiokb-
JiHTera BojHJioBO h MejiOBe o06jaBJi,yje nperjieji BeoMa pa3HOBpcne cfiavne (6iiBajiBHje,
racTponojie, CKaclionojje, exHHHjie, airro3oe, 3y6e pnfia).

M Hkiin'ih h (1932) onncyje 6ajtencke cejiHMeHTe OKOjiime Fojivima. llopeji cnuc-
Ka caKyiijbciie h ojipct)ene cfjavne hshoch jiBa npocjjiuia (npocfiHJi y Cjiaj(HiiniiMa h npo-

*npnpojjiba'iKM My3ej, foeromeBa 51, Beorpan.



cfjiui na nvi'V 3a Bapin). Cnajnh (1974) jiajc c'rpa’inrpafjicKH npiiKa3 MiioucHa Bpami-
“eBa ca Ta6ejiapHHM nperJie"oM pacnpocTpaH>eita 6ajieHCKe 4>ayne. M3j(Baja TpH npo-
¢Hlia (>Kvto Bpno-ycnyrr I, ycnyr 1, npocfiHJi Ha JieBoj cTpaHH TyMaHCKe peKe y Bojn-
jioBy). MHTpoBHh-rieTpoBHh h Anl)ejiKOBHh (1988) H3Hoce onniTe najieoeKO-
nara h ct)ayne, npeMa ayTopiiMa, yKa3yjy na njiHTKy bojjv, BHCOKy TeMnepa'iypy h Hop-
MaliaH cajiHHHTEeT.

EpeMiija h llaBJioBHh (1988) H3Hoce caMO onuiTe KapaKTepncTHKe 6paHHHeB-
cKor 3alJiHBa BeliHKOMopaBCKor 6acena. llpeMa ayTopHMa, cejiiiMen'rannja y sanajuioM
jiejiy oBor 6acena orno'iejia je joui y jjoibeM 6aj(eHy h ojjBiijajia ce ynopeflo ca cnvni-
TaiheM MopcKor juia, jiok je hctohhh jjeo noKpHBeH bojiom TeK y ropn»eM 6ajieiiy (3011a
ca Ammonia bcccari 1 Elphidium crispum). JoBanoBHh (1992) jiaje najieoeKOJiomKy 1
Ta())onoMCKy analiH3y cJjocnjioHociior cjioja 113 6ajiencKiix cejiHMciia'ia >Kyror Bpera
koji roJiynua H3 Hctohhc Cpé6nje.

rEOJiouiKH npo®H.n ko,ictalihoha y io.iiyimy

Hpocjiiui iiojj iia3HBOM "MejioBe" najia3H ce nopejj caMor ct)yj|6ajicKor Hrpajinurra
y Fojiyimy. FpatjeBHHCKHM paflOBHMa OBaj npocjMJi je y TOKy 1992. rojuine JiejniMii‘ino
‘iapvuieii. Ha yj(aJhenocrn 20 m oji H,era, riopeji caMor ny'ra Beorpafl-Fojiv*an, or-
KpiiBeii je Mau.ii npocjuui (cji. 1).

S J

Cji. L llpo(J)nji fia;ienckHX ceuHMenaTa koji craimoHa y Fojivmiv. 1 rjiHHe, 2. neckOBH (mccthmh*iho jihmohhth-
cami). 3.CHTiio"ipnn 6 jieflo>KyTH necKOBH. 4 .jihmOHHTHcaHH necKOBH h neumapn. 5.KonrjioMepa r. 6 . Kisap-
TapHHCeHHMeHTH

F{> 1 Prolile of Badenian sediments at ttie plaving field at Golubac. 1 clays, 2. sands (paitlv liiuonitic), 3. fiue-
-graiued pale yellow satids, 4. liiuonitic sands and sandstones, 5. conglomerate, 6. Quatemaiy sediments

nus) incrassata (Dub). (3 npiiMepKa), Nassa schonii (Hoernes et Auinger) (5 npiiMepa-
Ka), Potamidcs sp. (60 npiiMepaKa), Cerithiopsis sp. (8 npiiMepaKa), Hydrobia sp. (2 npiiMcp-
Ka), Ammonia ex gr. bcccarii Linnc. Kecstolchcris glaberescense (Reuss) (2 npiiMcpKa),
Bythocypris ? sp. (3 iipHMepKa), Loxoconcha sp. (1 npriMepaK), Hemyciprideis dacica (1 npiiMepak)



0Oioj 2 (cji. 1) [ipe/icTanJbcn je necKOBHMa ciiBe 60je, Majio JIHMOHHTHcamiM ca pe r-
kom ())ayiioM MOliycaKa: Miltha sp. (1 npiiMepaK), Potamides bidentatus (Defrance) (2
upiiMepKa), Clithon pictus (Ferussac) (1 npiiMepaK), Nassa schonii (Hoernes) (2 npn-
MepKa), Potamides sp. (10 iipiiMepaKa). ([)ayna je iipeTe>Kiio flo6po o'iyBana H3y3eB npn-
MepaKa BpcTe Potamides bidentatus (Defrance).

Cjioj 3 je H3rpa”eH oji CHTHO3pHHX necKOBa 6jieflo»cyTe 60je ca 6p0)HOM <t>ayHOM
MOJiycaKa n cf)opaMHHHr})epa: Anomia costata Brocc. (2 ,no6po onvBana npiiMepKa), Os-
traea digitalina du Bois (3 jfofipo o'ivisana npiiMepKa), Ostraea sp. (6 jiofipo o'iyBaimx
npiiMepaKa), Pecten (Flabellipecten) besseri Andrzejowski (4 jio6po o'iyidaiia iipiiMep-
Ka), Miltha (Megaxinus) incrassata (du Bois) (3 /leJiiiMHiIHO oniTeheHa npiiMepKa),
Glycimeris pilosus Linne (j(Ba oiiiTeheHa npiiMepKa), Glycimeris obtusatus (Partschi) (2
j(o6po oHVBana npHMepKa), Corbula (Variocorbula) carinata Dujardini (11 jio6po o'iy-
BaHiix h 3 Majio onrrehena iipiiMepKa), Aloidis gibba (Olivi) (16 jio6po o'ivhaimx npH-
(11 jio6po OMyBannx npHMepaKa h 4 j(ejinMii'ino oniTehena npiiMepKa), Nuculana (Sa-
cella) fragilis (Chemnitzi) (1 jioopo oTiyBaH npiiMepaK), Nucula (Nucula) nitidosa Win-
j(O6po o'iyBana npHMepKa), Conus fuscocingulatus Brong (1 jio6po o'ivisan npnMepaK),
Oxystele patula orientalis Cossmann et Peyrot (4 j(o6po o'ivBana npHMepKa), Narona
(Calcarata) calcarata (Brocchi) (1 ourreheH npiiMepaK) Ancilla glandiformis Lamarck
(3 j~o6po o'iviiaila n 3 ouiTeheHa npHMepKa), Turitella erronea Cossmann (10 jio6po
0'iVBaHHx npHMepaKa), a oji c*opaMHiiiicfiepa Ammonia ex gr. beccarii Linne.

Cjioj 4 je npejic raBJi.en jiiiMOHHTHcaHHM necKOBHMa h neiii‘iapiiMa >KyTOMpKe 60je
ca peTKHM (jiparMcnTiiMa MOjiycaKa (iinjieTepMi[Ha6ji).

O ochjihh MaTepnjaji Hiije Haijen.

143Hafl KOHTJiOMepa'ra jie>Ke KBapTapHH cejNiMCHTH (cjioj 6). YKyima j[c6jbmia

6ajtencKHX cejtiiMeHaTa, Ha obom npoc})HJiy, h3hoch oko 2 m.

HA.IIEOEKO.IIOIHKA H TAOOHOMCKA AIIAJIM3A

rionrro ce nojejiHiiH cjiojeBii Ha obom npocjiHJiv pa3JiHKyjy KaKO no CBjiiM jiiitojioiu-
Jiounca h TacfionoMCKa anajiH3a 6nhe paiMa'ipane iiojejniiia‘iiio 3a CBaKH cjioj.

3a cf)ocnj[onociic cjiojeBe (1,2, 3, 4) ypal)eHa je h rpanyjioMeTpHjcKa aHalJiii3a Ha 0CHOBy
Koje cv VTBpheim: npoueHTyajiiio v'ieiirhe iiojejimiiix cjjpaKiuija (necaK, npax h rjuma), cpeji-
n»a BCJiH'imia 3pHa, KoecjiHHiijeHT copiTipanocTH h KoerfiHiiHjeHT acHMeipn'mocni.

HajieoeKOJiouiKe u ra>0iioMCKe ojjjinke (Jayne

Cjioj 1. N0 cbom CHCTeMaTCKOM cacTaBy t})ayna H3 oboi' cjioja iipimajia noTKJiacaMa
4)opaMHHHCcj)epa (Ammonia) h ocrpaKojia (Xestoleberis, Bythocypn's, Loxoconcha. Hemi-
cypride$) h KliacaMa 6iiBajiBHa (Miltha) h racTponojja (Nassa, Chlithon. Potamides, Ceri-
thiopsis. Hydrobia).



y ojjuocv Ha nojuiorv Kojv HacTan>yje, cfiavna iipmiajia npeTe>KHo eiiiicliayHH h to
/lo 1 cm.

llpeMa HcxpaHH Haj3acTynJbeHHjn cy xep6HBopn ( Cerithium. Potamides, Hydrobia),
33THM c])ivi rparopn (Miltha) h KapHHBope (Nassa).

llpeMa ochobhhm (flakTopnMa >KHBOTiie cpc/(ime (TeMnepaTypa, caliHHHTe r, /iy6n-
MiipHy cpciiimv ca npoMeHJbHBHM cajiimiiTCTOM n TeMnepaTypoM.

Halia3aK cflayne Koja iio/ihoch Ko0Jie6aH>e cajiHHirreTa h TeMnepaType 3a BpeMe
HacTaiiKa cjioja 1, MO>Ke yKa3aTH na nocTojaite MaH> peKe Koja ce Ha obom Mecry
yjiHBajia y 6a/ieHCKO Mope.

Oioj 1 ce Mo>Ke cBpcTarn y BeoMa cjiocnjioiiocne. Ha noBpimiHH o/i caMo 1/2 m2
caKViiJbeno je npeKO CTOTHHy npiiMepaKa. Oayna je /io6po o'iyBaiia. 3ana>KeHa cy caMO
Mama oiHTchcn.a Mcxami'iKor KapaKTepa (iicTpBeHOCT HH>Ker CTeneiia). OmTehene cy
caMO 60/iJbe h rpaHyjie neKOJiiiKO nepirra. llpejioMH Kojn nocToje HacTajiH cy yrjiaBHOM
nocjie cjiocnJiH'iaimje. nojc/imin iipiiMepnn BeoMa iie>Kmix Jbymrypa BpcTe Miltha (Me-
gaxinus) inkrassata Deshayesi naljemi cy cacTaBlbeHHX KanaKa ca /io6po oiiyBamiM
6paBHHM anapaTOM. llInje iipiiMeheno cop'iiipaibe hhth 6iijio0 KakBa opjeHTannja Ma're-
pnjajia Kojh 6ii Morjin yKa3aTH na iberoB jiv>kii rpaHcnopT. rpaHyjioMeTpHjcKa anajnoa
H3 OBOr cjioja, TaKotje yKa3yje na Bpjio Jiomy cop'rapanocT Ma'repnjajia (Koec|mnnjenT
COpTlipaHOCTH S0=2,18 H KOCfflimnjeHT aClIMeTpilMIIOCTH Sk=0,61).

C;i«j 2. OayHa oBor cjioja no cbom cHCTeMaTCKOM h eKcuiomKOM cacTaBV cjui'ma je
cfiavmi 113 cjioja 1, ajiH je jioc'ra om'reheHa. (Jjijihkc cfiavne yKa3yjy n jiajhc Ha noc'rojaibe
peKe na obom Mec'iv 3a BpeMe HacTaHKa cjioja 2. Mel)yTiiM, omTeheita Koja cv 3a-
ilasceiia Mory viivthth na 3aKlby'iaK jja je MaTepnjaji npeTpneo Kpahn TpaHcnopT. Morv
ce H'ijiBojirrH jtBe rpyne oniTeheiba: a) ncrpBenocT (epo3Hja Jbyirrrype) - ripBH c'reneH
ncTpBeHocTH i’jje je jloniJio jio HC'ipBeHOCTH rpanyjia koji HeKHX npiiMepaKa Bpcre Pota-
mides bidentatus Defrance, Potamides sp. 6) npejioMH - aneKCH h rpoTlia HeKiix npn-
jieo Kaiika. CiiTHHje cjiopMe ca Hem'ro jie6jboM ji.vmrvpoM cy yi JiaBHOM jio6po o'ivnaiic
(Nassa schonii (Hoernes). Clithon pictus (Ferussac)).

AHajiii3a cejmMeiiaTa H3 OBor cjioja je noKa3ajia ji()6py cop'rapaHocT MaTepnjajia.
KoecfniimjeiiT copTHpaHocTH So=1,73 a Kaoccfiiinnjcirr aciiMeTpii'moc'rii Sk=0,61, nrro

Grioj 3. IlpeMa CHCTeMaTCKOM caci'aBy, cjrayHa Koja je iial*eHa y obom cjiojv mo>kc
ce cBpcTaTH v Tpn rpyne: a) Bivalvia: Anomia, Ostraea. Pecten. Miltha, Glycimcris, Cor-
buia. AJoidis. Cardium. Anadara, Nuculana, Arcopsis; 6) Gastropoda: Turritella, Conus.
Oxystele. Narona. Ancilhr, u;) Foraminifera: Borelis. Ammonia.

llpeMa JiiiTepaTvpmiM iiojianiiMa na obom mcctv 3a6ejie>KeHH cy h Hajiacn,n Kopajia

a) eimcf)ayHy

6) BaiHJiHH 6eHroc (Behima 6iiBajiBHja, racTpoiiojrn, neKH cfiopaMimnrfiepii)

U) ceciiJiHii 6eH’roc (Ostraea, Anomia, Kopajm)

;i) ciitiocf)ayiia (HeKe Bpcire Natica h Anadara)

e) [icktoh (HeKH neKTenn, ajKyjie)



FlpeMa na’iHHV Hcxpane iiaj'3ac'iyi[jben[ijn cy cfiiurrpart)pn (BehnHa niKOJbaKa).
Bpojiin cy i'ai«)()e h npeflCTaBHHHH jicrpirinnopa (Turritella) Kao h KapHHBope (Conus,
Nassa, Polinices).

Y ojiiiocv Ha cajiHHHTeT cjiavna je npc'ioKiio iipcjic'raiiJbena CTeHoxaJiHHCKIiiM op-
railH3MHMa (Conus, Anadara, Tum'teJJa). OcTau,n ajKyjia h Kopajia, TaKoi)e, noTBpt)yjy jja
cajiHHHTeT iioji,e oflroBapa cajiHHHTeTy HopMajiHor Mopa (30-40 %o0). npejiCTaBHHiiii
6pojiinx opraHH3aMa Kojn >KHBe y TonjiHM BOjiaMa Kao luto cy mckviiihh (Conus. 7urri-
tella. Polinices, Glycimeris) Kao h KOJioHiijaJiHii KopajiH yKa3yjy Jia je TeMneparypa Bojje
3a BpeMe HacTaHKa 0BOr cjioja ojiroBapajia TeMnepaTypH TponcKiix ho cymponcKHX Mopa
(i7eha oji 20 °C). Illto ce rii'ie jivfiimc MopcKe bojic Mo*e ce saKJbVHii'ni i(a cy y iboj yr-
jiaBHOM >i<HBeliH 06jihu(h Kojn HacTaH.yjy KaKO njiHTKe TaKO h j(v6jbe f.ojic (0;i 10-100 m)
(Anadara. Conus, Polynices, Turritella, Nuculana). Ilopej( ii.hx koHCTarobaha je n 6pojiia
cjiavna neKTeHa, ocrpeja Kojn cy CTaHOBHHii,H hjihtkhx Bojia, na ce MO>Ke H3BecTH 3aKJby-
uaK jla jry6ni(a Bojje iinje npejia3HJia 40-50 m. EpojHa h pa3HOBpcna cjiavna raKohe
rOBOpH H o BeOMa nOBOJbHOM XHflpOJ(HHaMH’IKOM 1l raCHOM pe>KHMy, 3a HHjH OlICTaHaK je
nompe6Ha Bojja ca jjocTa KiiceoHiiKa.

| paiiVJioMe ipiijcKa aHajiH3a cejiHMcna'ra H3 cjioja 3 yKa3yje Ha Bpjio cjia6y copnipa-
hoct MaTepnjajia. Koecjniniijeii r copnipaHocni h3hoch so=2,0, a KoerjiinuiieiiT acHMeTpii'i-
hocth Sk=0,64 Uito '.iia'in jia je Morao /(ohii r(o caMO M ajior ipaHcnopTa MaTepnjajia.

Upoy'iaBaibe ojjjuika cjiavne nh ce/iHMCiiaTa je noKa3ajio ;ia je HciiHTHBaiia opHKTO-
i(eno3a ayToxTOHor KapaKrepa.

Koje Hiije 6hjio Moryhe iijiein'iic|)iiKOBaTii. Oiirrcherba ce Mory CBpcTaTH y:

a) cjipai MeiiTapiioc'r (H3JiOMJbeHOCT jbyuiTypmi,a)

6) HCTpBeHOCT (eposnja npejixoj(iio nojioMJbeHHX Jbyirriypima)

rpaiiyjioMeipHjcKa aHajiH3a cej*HMeHaTa je noKa3ajia jja je MaTepnjali Bpjio flo6po
copTiipaii, rj. j(ouilio je jio iberoBor jly>Kei' rpaHcnopTa.

Kocc|)iiniijeiiT copTHpaHOCTH So0=1,27, a Kocc()nnHjeri'r acHMeTpHHHOCTH Sk=0,88.

CTeneir h Bpcra ouiTeheHOCTH cj)OCHJimrx ocTaTaKa Kao h aHalJiH3a cejiHMenaTa yKa-
3yjy flaje j(ouuio jly>Ker TpaHcnopTa MaTepnjajia.

| paiiv.ioMeTpnjcKa ana.nna

Cjioj I. ripeMa rpanyjioMeTpnjcKoj aHajiH3ii cjioj 1 Hsrpa”en je oj( 11,05 % cj"paK-
UHje ca bcjihhhhom 3pna BehoM o0j( 0,1 mm n 31,15 % cjipaKiiiHje ca bcjin"hhom 3pHa H3-
Mehy 0,1-0,06 mm, iiito ojjroBapa cj)paKi(HjH necKa ca yKynHHM yHemheM oj( 42,21 %.
OpaKU,nja npaxa thhh 45,72 % a cjipaKiuija rjiHHe ynecTByje ca 12,06 % Ma'repnjajia. Ha
OCHOByY 3acTynjbeHocTH KOMnoHeHaTa necKa, npaxa h rJiHHe cjioj 1 ojironapa ijinhobii-
TO-necKkOBHTOM npaxy (Konta, 1969).

llpeMa KpHBH ipaHyjioMeTpiijcKe analiH3e (cji. 2) cpej(H>a Beliii'iHiia 3pHa h3hoch
0,050 rnm, Koecj3Hi(HjeHT copTHpaHocni S0=2,18 a Koccj*nuHjeirr aciiMC'ipii'iHocTH Sk=0,61.

y y3opKy npeoBlJiahyjy KpynHiija 3pna 0j( 0,05 mm.



3pHay % Te>KHfe MaH>e o/i D (value iu % weight smaller thau D)

1 s s 0 ? R o I Ri o,

v o
>cioo

o
%
*
[
o0

g
Le

>
N

»

=24
o® vy

Ow

°© 0 w0 & ©° ° 4 Qo (O . & Qs 0

ipHay % Te>KHHe Behnx ofl D (value in % vveight larger than D)

200

100
80

60

40

30

20

0.8
0.6

0.4
0.3

0.2

0.1
0.08
0.06

0.01
0.008

0.006

0.004

0.003

0.002

0.001
0.0008

0.0006

0.0004

0.0003

0.0002

4

oc

ff

el

(N
I

or



ripeMa MHKpocKemcKOM npoyiiaBan>y MHHepajioniKa aHajiH3a (Ta6ejia 2) noKa3ajia je jia
cy Haj3acTynjbemijH Miincpajiii: Knapn 61,60 %, cj)ejijicnar 19,55 %, KaojiHHjrr 11,92 %,
MOHIMOpHOHHT 2,11 %, MyCKOBHT 1,10 %, XJIOpHT 1,03 %, JHVOHHT 0,78 % H akU,eCOpHH
MHHepajm 0,60 %. Oji aKnecopiinx Miraepalia jaBJbajy ce xopiiG)j[CHjia, u;HpKOH, crjieu, rpaHaT,

TaSelia 1. FpaHyjioMeTpHjcKe aHaliH3e cjiojeBa 1,2, 3h 4 (y %).
Table 1. Granulometric analyses of the layers 1, 2, 3 and 4 (in %).

BejiHiHHa (JipaKiinje (mm) cjioj 1 cjioj 2 cjioj 3 cjioj 4
Fraction value (mm) layer 1 layer 2 layer 3 layer 4
+0,1 11,05 41,56 8,55 76.41

0,1-0,06 31,15 28,27 34,75 8,71
0,06-0,005 45,72 24,08 47,59 1128

-0,005 12,06 6,25 9,09 3,58

TaGejia 2. MHHepajiomKa aHajiH3a cjiojeBa 1 h 2.
Table 2. Mineralogical analysis of the layers 1 and 2.

MHiiepaJiHH cacTaB necak ripax rjiHHa cjioj1 necak npax WiHHa  clloj 2
(Mineral composition) (sand)  (silt) (day) (laver 1) (sand) (silt)  (clay) (laver 2)

4221% 4572 1206 99,85% 69,83 2408 628 99.99

KBapLi (qyuartz) 3393 2743 024 61,60 62,84 16.85  0.62 80.31
(JiejijicnaT (feldspar) 6.75 13.80 / 20.55 3,98 4.79 / 8.77
MycKOBHT (muscovite) 0,50 036 024 1.10 1,04 028 0,06 1.38
xjiopHT (chlorite) 021 0,13 0,72 1.03 0,34 019 0,05 0.58
KapfioHaTH (carbonate) 008  Tp. / 0,08 0,13 0,04 / 0.17
jihmohht (limonite) 0,33 0,45 / 0.78 0.55 024 / 0.79
rjiayKOHHT (glauconite) 0.04 0.04 / 0.08 0,34 0,19 / 0.53
KaojiHHHT (kaolinite) / 228 9,64 11.92 / 0.84 5.33 6.17
MOHTMOPHOHHT (montmoiillonite) /091 120 211 / 043 018 06l
aicuecopHH mhh. (accessory mineral) 033 027 / 0.60 055 019 0.7

KBapn Kao Haj3acTynjbeiiHjH MHHepaji, jaBJba ce y cy6yrjiacniM 3piiHMa, ca jakHM no-
JiapH3ai;HOHHM 60jaMa, a npncyTaH je h KBapu Kojn ce y3jjy*HO noTaMH>yje. Ilojejinna 3pHa
KBapna cajip>Ke HHKJiy3Hje unpkKOHa h MCTajiH'iiior MHHepalJia. Oko 30% KBapnHiix 3pHa je
3a06jbeiiHM ii H3VeH>eHHM 3piiHMa. ri0 iipaiiniiMa HeiibHBOCTH jacHo ce vo'-iaBa nojaBa npe I-
Bapaiba f()ejijicnaTa y KaojiHHHT ihto noTBpt)yje MHHepajiouiKa aHajiraa f|])paknnje npaxa h
rinme y Kojoj cy 3acTynjbeHH KaojiHHHT, mohtmophohht, MeinaHH cjiojeBii nsrpabeiin oji
KaQUIHHHTa 1l MOHTMOpilOHHTa, XJIOpHT, MyCKOBHT H KBapl(.

Ciioj 2. llpeMa rpanylioMeripiijcKoj anajinsn cjioj 2 (Ta6ejia 1) H3rpai)eii je oj] 41,36 %
0,01 mm ii 0,006 mm nrro, ojiroBapa necKOBHToj r[)paKuiijn ca yKynHHM V'iemhcM oji 69,83 %
cjioja 2. OpaKiinja npaxa 3acTynjbena je ca 24,08 % a cf>paiaj,Hja rinnie y»iecTByje ca 6,25 %
MaTepnjajia cjioja 2. Ha ocHoBy KBaHTHTaTHBHor vicinha cfipaKunja necka, npaxa n raHHe,
cjioj 2, (Konta, 1969) ojuoiiapa riHHOBHTO—ApaimcacTOM necicy. Ha 0CHOBy KpHBe rpaiiyjio-
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HHjeHT acHMC'ipH’mocTH Sk=0,61. Ha OCHOBy obhx KocffjiiHHieiia'ra mo>kc ce 3aKJbywra ,ia je
Ma'repnjaji no6po cop'rapan (M iiller, 1964) h npeoBlJial)yjy KpynHHja 3pHa o” 0,09 mm.
llpeMa CM flnjarpaMy (Passega, 1964) MaTepnjali cjioja 2 ojjroBapa TpancnopTy Mare-
pnjajia ymi(f)OpMHOM cycneH3HjoM.

llpeMa MiiKpocKoncKOM npoygaBaH,y MHHepajiouiKa aHaliH3a (Ta6ejia 2) noKa3yje
jja cy y cjiojy 2 3acTynjbeHii KBapn, ca 80,31 %, cjjejijicnaT 8,77 % , KaojiHHHT 6,17 %, jihc-
Kyn 1,38, jihmohht 0,79 %, aKH,ecopiiH MiinepajiH 0,74 %, mohtmophohht 0,61 %, xjio-
pHT 0,58 %, rjiayKOHHT 0,53 % h Kap6oHaT 0,17 % . ()/[ aKii;ecopHHX M iniepajia jaBlJi.ajv
ce rpaHaT, TypMajiim, xop6jieiifla, hhpkoh, a y cjipaKHHjn ncnoj® 0,005 mm KaojiHHHT h
mohtmophohht iiope/j caMOCTajnior jaBJbaita H3rpa”yjy h MemoBHTe cjiojeBe y KojiiMa
Ce HaH3MeHHIIHO CMeH>yjy KaOJIHHHT h mohtmophohiit.

KBapi®, Kao Haj3acTynjbeHiijH MHiiepali, jaBJba ce y cy6yrjiacTHM jjo cy63ao6jbeiniM
3piiiiMa. IlpncvTiia cy jicjihmh'iiio KopojroBana h JiiiMOHHTHcaHa 3pna Kao h 3pHa ca
jaKHM iiojiapnsaiiHHHM 6o0jaMa h 6ncmpa ca iiHKJiy3iijaMa HHpKOHa. OejijicnaT je jipvm
Mimepaji ho 3acTynjubeHOCTH h ca Majio OHyBaHHM cjiopMaMa. rjojejiHHa 3pna cy H3Me-
H>eHa: KaojiHHHTHcaHa h JIHMOHHTHcaHa.

Cjioj 2 ce pa3JiHKyje oji cjioja 1 no 3acTynjheHOCTH cjjpaKHiija necKa, npaxa 1l iJiime, a
iipeMa KBajiHTaTHBHOM v'icnihv MHHepajiHHX BpcTa pa3JiHKe cy 3aHeMapjbHBe. BnTiinja pas-
JiHKa je caMO y cop rapaHocTH Marepnjalia h KBaHTHTaTHBHOM v'Jem hv rjiHHe y cjiojy 2.

C.i»j 3. llpeM a iiaBejjeiioj aHaliH3ii cjioj 3 (Ta6ejia 1) irirpa~eii je oji 8,55 % clip;u Me-
HaTa ca bcjih'ihiiom 3pHa H3iiaji 0,1 mm h 34,75% cjipaiMenaTa ca bcjihhhhom 3pHa H3Mel)y
0,1 mm h 0,06 mm ihto ojiroi‘.apa cjipaKiinjh necKa Koja ygecTByje y cjiojy ca 43,31 % . (t>paK-
Hiija npaxa je 3acTynjbeHa ca 47,59 % a cjipaKiuija rjiiHHe ca 9,09 % MaTepnjalia cjioja 3.

llpeMa KBaHTHTaTHBHoj 3acTynjbeHOCTH cfipaKiuija necKa, npaxa ii rlJiHHe cjioj 3
ojjroBapa rjiiHHOBHTO—necKOBHTOM npaxy (Ta6ejia 3).

TaOejia 3. MHHepajioniKa aHaliH3a cjioja 3 h 4.
Table 3. Mineralogical anaiysis of the layers 3 and 4.

MimepaliHH cacraB necak npax rjiHHa  cjioj 1  necak npax r.HHHa c.noj 2
(Mineral composition) (sand) (silt) (day)  (laver 1) (sand) (silt) (day) (layei- 2)
4331% 47,59 9,09 99,99% 85,12 1128 3,58 99,99
KBapu (quaitz) 32,69 29,50 0,45 62,64 76,60 7,89 0,34 84.83
tjjedincnaT (feldspar) 8.27 13.80 22,07 4.42 2.61 / 7,03
MycKOBHT (niuscovite) 0,64 0,47 0,27 1,38 1.02 0.11 0,07 1.20
xjiopHT (chlorite) 0,34 0,38 0,09 0,81 0,42 0.03 0.01 0.46
KapfioHaTH (carhonate) 0,12 / / 0,12 0,08 0.01 / 0,09
jihmohht (limonite) 0,64 0,61 0,07 1,32 1.70 0.30 0.17 2.17
rjiayKOHHT (glauconite) 0.21 023 0.02 0.46 0,17 0,03 / 0.20
KaojniHHT (kaolinite) / 1,90 7,44 9,34 / 0.16 2,86 3.02
Moin'MopHOHHT (niontmorillonite) / 0,47 0,72 1,19 / 0,05 0,11 0.16
aKueropHHMHH. (accesoiy mineral) 0,34 0,19 / 0,53 0,68 0,06 / 0,74

KoecfiHHHjeHT copTiipaHOCTH S0=2,0 into yKa3yje Ha cjia6y copTHpaHOCT (Miiller, 1964) a
ona na KpaTKy jiy>KHHy TpaHcnopTa MaTepnjajia. KoecJljnunjeiiT aciiMc'ipii'HiocTH Sk=0,64
noTBpl)yje jia npeoBlial)yjy KpynHHja 3pHay ojihocv Ha cpejni>y BejiH'iiinv 3pHa.









IlpeMa MHHepalioniKoj anajiH3H (Tadejia 3) 62,64 % npejicTaBJba KBapij, 22,07 %
cjiedijicnaT, 9,34 % KaojiHHHT, 1,38 % JIHCKyH h to MycKOBHT, jihmohht je 3acTynjben ca
1,38 %, MOHTMopnoHHT 1,19 %, rjiayKOHHT 0,46 % h aKuecopHH MHHepaliH Ca 0,53 %.

M aTepnjali cjioja 3 npeMa KBaHTHTaTHBHOM ygem hy MHHepajia cjrn'ian je cjiojy 1.

Cjioj 4. ripeMa ipaHViioMcipHjcKoj aHaliH3H (Ta6elia 1) cjioj 4 H3ipai)eH je ofl 76,41 %
cfipaKiuije ca BeliH'iiluioM spna iniiaji 0,1 mni h 8,71 % ca BejiH'iHHOM 3pHa H3Mel)y 0,1 mm h

Ha OCHOBy KpHBe rpaHyjioMeTpnjcKe aHaliroe (cji. 5) cpejjiba Bejiii'iniia 3pna H3-
hoch 0,150 mm, Koe([)iiHiijeHr’copTHpaHOCTH So= 1,27 1uto noKa3yje j(a je MaTcpiijali Ha
rpaHHHH Bpjio flo6pe h no6pe copTHpaHOCTH (M iiller, 1964). Koec})HitHjeHT acHMeTpnje
Sk=0,88 yKa3yje na npeoBlial)yjy Kpynnnja 3pna y ojiHocy Ha cpejjiby BejiiiHHHy 3pna.
llpeMa CM JinjarpaMV (Passega, 1964) MaTepnjaji je TpancnopTOBan yun4)opMiioM cyc-
lieH3HjoM.

llpeMa MHKpocKoncKOM npoygaBaiby MHHepajioniKa aHaliH3a (Ta6ejia 4) noKa3yje
jia je cjioj 4 H3rpal)eH oji KBapma 84,83 %, c})ejiAcnaTa 7,03 %, KaojniHHTa 3,02, jihmo-
iiHTa 2,17 %, jiHCKyHa 1,20 %, aKnecopiinx MHHepajia 0,74 % xjiopHTa 0,46 %, niayKO-
HHTa 0,20 %, MOHTMopiioiiHTa 0,16 % ii Kap6oHaTa y TparoBHMa.Kao Haj3acTynjbeHHjH
Mimepaji jaBJba ce KBapn ‘inja cy noHeKa 3pua KopoflOBaHa a BehiiHa hx je jihmohh-
THcaHa. KBapn je npeMa 06juiKy spHa cy6yraacT, a 3pHa (“eji*cnaTa cy BHiue 3ao6jbena,
H3MeibeHa nero y iipeiixojiiniM cjiojeBHMa.

3AK.IbyHAK

I Ipo([)HJi koji cTajuiona BeoMa ce pa3JiHKyje no ojuniKaMa c[iaync h ccjuiMenaTa oji jipv-
nix iipo(j)HJia Kojn cy o6pal)ciiu paHHjHM HCTpa>KHBaibHMa. Ha h.cmv je 3ana>i<cha 6p3a
cMeHa cejiHMcnaTa Kojn cy H3ipaj(HJiH 6 pa3Jiii'iHTiix cjiojeBa. | [ajrjoibii cjioj (cjioj 1) cajip>Kii
(j)ayHH H3 npoc[)HJia koji X<viwror Bpera (JoBaHOBHh, 1992), na ce MO>Ke npeTnocTaBHTH
jja cy HacTajiH y cjihhhhm ycjioBHMa (ymha peKa). Ha”eHa c})ayHa noj*Hocn Bapnpaibe
calJiHHHTeTa n TeMnepaType.

Y cjiojy 2, 3a pa3JiHKy oji cjioja 1, HeMa MHKpoc})ayHe (})opaMHHHc})epa h ocTpaKOj"a.
<t>ayHa MeKymaua je 3acTynjbeHa o6jiHu,HMa Kojn maKol)e Mory >KHBemi y cpejuniH npo-
MeHJbHBor cajuiHHTeTa h TeMnepaType, Ha OCHOBYy 'iera ce Moace H3BecTH 3aKli>yiaK o
nocTojaH>y yiuha peKe h 3a BpeMe HacTaHKa OBor cjioja. J],06pa coprapaHocT MaTepu-
cejiHMeHaTa. 143 obhx pa3Jiora HajBepoBaTHHje HHje Ha”eHa MHKpo(})ayiia. nocjie (})op-
Miipau.a cjioja 2 jioiiijio je jio najjnpaiba Mopa y Kojem je >KHiiClia thiih'iho MapuHCKa
(J)ayua rponcKor h cymponcKor KapaKTepa Kaj(a je HacTao cjioj 3. Oochjiith MaTepnjaji
je jjo6po oTyBaH, a copTHpaHOCT cejiHMeHaTa cjia6a.

3a BpeMe HacTaHKa cjioja 4 jioiiuio je j(0 oiuiHhaBaiba Mopa h KpeTau.a Mamepiijalia jiv>k
o6alicKe juuiHje urro iioTBpl)yjy noBehaH Koec})Hu;HjeHT copnipaHOCTH cejuiMcna'ra n BaeoMa
Jiorne o'ivBaHa c})ayHa. Ha H3y3eTHO iuiiiTKy cpejuuiv yKa3yje h noBehan npou;eHaT jihmo-
HHTa. npo(})HJi ce 3aBpuiaBa HeBe3aHHM jio nojiyBe3aHHM KOHrlioMepaTHMa 6e3 (})ayHe (cjioj
5) npeKo Koje jiokc KBapTapiiH cejuiMirrn (cjioj 6). AHajiH3Hpajyhri h ynopel)yjyhH npo(})HJi



koji cTajinoHa ca npocJjnnoM >KyXor'6pera Mo*e ce pehii jia je Ha obom ji;ejiy TepeHa o6ajicKa
jitiHHja 6iuia npoMeHJbHBa iirro je ycjioBiuio 6p3y cMeHy pa iJiHMiirnx cliojeBa.

Ta6ena 4. 1lpHKa3 tfiayHe H3 npo<J)HJia cra®HOH.
Table 4. Survey of the fauna from the profile Playing Field.

Bp. Ha3HB BpcTe cnoj 1 cjioj 2 c.noj 3

No. (Species) (layer 1) (layer 2) (layer 3)
1 Miltha (Megaxinus) incrassata (Dub.) X X
2 Miltha sp. X
3 Anomia costata Brocc. X
4 Ostrea digitalina Dubois X
5  Ostrea sp. X
6  Pecten (Flabellipecten) besseri Andrzejovvski X
H  Glycimeris pilosus Linne
8 Glycimeris Obtusatus (Partshi) X
9  Corbula (Varocolbula) carinata D ujardini X
10  Aloidis gibba (O livi) X
1 Cardium sp. X
12 Anadara diluvii Lamarck X
13 Nuculana (Sacella) fragilis (Chemntz) X
14 Arcopsis (Arcopsis) lactea (Linne) X
15 Nucula (Nucula) nitidosa W inckworth X
16 Conus fusconcingulatus Brong X
17 Oxystele patula orientalis Cossmann et Peyrot X
18  Narona (Calcarata) calcarata Brocchi X
19  Ancilla glandiformis Lamarck X
20  Turitella erronea Cossmann X
21 Nassa schonni (Hoernes) X X

22 Clithon pictus (Ferussac) X X

23 Potamides bidentatus (D efrance) X

24  Potarnides sp. X X

25  Ceripthiopsis sp. X

26 Hydrobia sp. X

27 Ammonia ex gr. beccarii Linne X X
28  Xestoleberis glaberescense (Reuss) X

29  Hemicyprideis dacica Hejas X

30 Bythociparis ? sp. X

31  Loxoconcha sp. X

Ha ocHoBy napaMeTapa rpaHyjioMeTpHjcKe aHajiH3e Mory ce vo’iiith cjihthoctii h
pa3liiike H3Me y cjiojeBa 1,2, 3, 4 y MHHepajiHOM cacTaBy, HaHHHy h jiy*HHii TpaHcnopnra
M a'iepnjajia, Kao h H>eroBoj copTiipaHOCTH. MaKCHMajiHa BCJiHhina 3pHa je Tpancnop-
TOBaHa koji cbiix cjiojeBa yiinc|)opMiioM cycneH3HjoM, cthm ihto cjiojeBH 1 h 3 yKa3yjy na
Kpahn TpaHcnopT MaTepiijalia, a npeMa CTeneHy copTHpaHOCTH cjiojeBH 2 h 4 HMajy jio6-
py h Bpjio jio6py copTHpaHOCT. KOo/i cbhx cjiojeBa npeoBJia®yjy KpynHHja 3pHa y ojihocv
na MennjaHy. Y cliojeBHMa, npeMa aHajiH3H, iraje nojia3HJio jjo npoMeHe y TOKy cej*HMeH-
Tannje hhth je 6hjio npHHoca MaTepnjajia jipvniM areHCHMa. MHHepajiHH cacTaB je KBa-



JiHTaTHBHo hcth. Caflp*aj jihmohhth y cjiojy 5 yKa3yje Ha Heuiro noBehane okch.'imiui-

FpaHyjioMeTpHjcKa anajiiria je yKa3alia Ha HCTe ycjiOBe cpejunie, Ha Koje je yKa3ajia
n rliociiJiHa <t>ayHa.

()jijinke cjiavne n cejjHMeiiata oMoryhHJie cy ncnHTHBaibe KapaKTepa opiiKTone-
H03e. OpHKTOii,eHO03a je ayroxTOHOr KapaKTepa y cjiojeBHMa 1 h 3, jiok je y cjiojeBHMa 2
h 4 jiouidio j(o Kpaher TpaHcnopTa MaTepnjajia.
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PALEOECOLOGICAL AND MINERALOGICAL METHODS
IN LIVING CONDITIONS RECONSTRUCTION IN BADENIAN AGE
AT GOLUBAC (EASTERN SERBIA)

by
Gordana Jovanovié* and Zorica Tomic”

A reconstruction of living conditions in Badenian sediments at the village of Golubac has been at-
tempted by a concurrent use of paleoecological and mineralogical methods.

Key wvords: Golubac, Badenian, paleoecology, taphonomy, granulometric analysis.
INTRODUCTION

The paper offers a survey of a proftle of Badenian sediments at the playing field at
Golubac and paleoecological and taphonomical analysis of the fauna collected from these
sediments. Concurrently vvith the aforesaid analysis, a mineralogical (granulometric) analy-
sis of fossiliferous layers (1, 2, 3, 4) has been performed. From the results obtained, the
mineral composition. transport agent and distance, as well as the origin of material have
been inferred. The layers vvhere no fossil materials had been found (layers 5 and 6) have
not been analysed mineralogically. The material is kept in the Natural History Museum
repositorv.

A SURVEY OF PREVIOUS INVESTIGATIONS

The Badenian fauna of Golubac and its neighbourhood has been investigated by a number
of authors. The results of these studies were cliiefly lists of numerous and diverse fauna.

The first data on the Badenian fauna of Golubac can be found in llalavC (1887)
and Zujovié (1893. in Mikingié. 1932). Pavlovié (1903. 1922) published a survey of
a markedly varied fauna (bivalves. gastropods, scaphopods, echinids, anthozoas. reef teeth)
for the sites ol' Vojilovo and Melove.

Natural History Museum, Njego3eva 51, Belgrade.



MikinCi¢ (1932) described Badenian sediments of the neighbourhood of Golubac.
In addition to the list of the fauna collected and determined. he presented a survey of two
profiles (the profile at Sladinci and the proftle on the road to Bari€). Spaji¢ (1974) of-
fered a stratigraphic survey of BraniCevo Miocene accompanied by a tabular representa-
lion of Badenian fauna distribution. Ile described three profiles (Zuto Brdo-alongside the
road 1 alongside the road Il. and a profile on the left bank of the Turmanska Reka river
at Vojilovo). Mitrovi¢-Petrovi¢c and Andjelkovi¢ (1988) noted the general paleo-
ecological features of Badenian sediments of the Bay of BraniCevo. The sediments and
fauna characteristics. in the opinion of the authors, indicated shallow water, high tempera-
ture. and normal salinity.

Eremija and Pavlovi¢ (1988) in The Paleogeographic Characteristic of the Velika
Morava Basin Marine Regions presented only the general features of the Bay of Brani-
Cevo in lhe Velika Morava basin. According to the authors, sedimentation in the vvestem
parl of the basin began in the Lower Badenian and coincided wvith the sinking of the
sea-floor. wvhile the eastem part was submerged only in the Upper Badenian (the zone
with Ammonia beccari and Elphidium crispum). Jovanovi¢ (1992) made a palcoecolo-
gical and taphonomic analysis of a fossiliferous layer from Badenian sediments of Zuti
Breg at Golubac in Eastem Serbia.

GEOLOGICAL PROFILE AT THE PLAYING FIELI) AT GOLUBAC

The proftle enlilled "Melove" is contiguous with the football playground at Golubac.
During the construction works ol' 1992, the profile partly fell in. At a distance of 20 m lirom
the profile. on Ihe very road Belgrade-Golubac, a smaller proftle has been discovered (Fig. 2).

The profile begins with a layer of loam with a well-preserved fauna of molluscs, fora-
minifers, and ostracods Chiiton pictus (Ferussac) (50 specimens®. Miltha (Megaxinus) in-
crassata (Dub). (3 specimens), Nassa schonii (Hoernes et Auinger) (5 specimens), Po-
tamides sp. (60 specimens), Cerithiopsis sp. (8 specimens), Hydrobia sp. (2 specimens), Am-
monia ex gr. beccarii Linne, Xestoleberis glaberescense (Reuss) (2 specimens), Bythocyp-
ris ? sp. (3 specimens). Loxoconcha sp. (1 specimen), Hemycipiideis dacica (1 specimen)

The profile 2 (Fig 1) is comprised of sands grey in colour, slightlv limonitized, wvith
sparse mollusc fauna: Miltha sp. (1 specimen), Potamides bidentatus (Defrance) (2 spe-
cimens), Chilton pictus (Ferussac) (1 specimen), Nassa schonii (Hoernes) (2 speci-
mens). Potamides sp. (10 specimens). The fauna is generally well-preserved, except for
the specimens of the species Potamides bidentatus (Defrance).

The layer 3 contains ftne-grained sands of pale yellow colour, with a rich fauna of
molluscs and foraminifers: Anomia costata Brocc. (2 well-preserved specimens), Ostraea
digitalina du Bois (3 vvell-preserved specimens), Ostraea sp. (6 well-preserved speci-
mens), Pecten (Flabellipecten) besseri Andrzejowski (4 well-preserved specimens),
Mitha (Megaxinus) incrassata (du Bois) (3 partly damaged specimens), Glycimeris pilo-
sus Linne (2 damaged specimens), Glycimeris obtusatus (Partschi) (2 well-preserved
specimens), Corbula (Variocorbula) carinata Dujardini (11 well-preserved and 3 slightly
damaged specimens), Aloidis gibba (Olivi) (16 well-preserved specimens), Cardium sp.



(4 partly damaged specimens), Anadara diluvii Lamarck (11 well-preserved specimens
and 4 partly damaged specimens), Nuculana (Sacella) fragilis (Chemnitzi) (1 well-pre-»
served specimen), Nucula (Nucuia) nitidosa Winnckworth (1 partly damaged specimen),
Arcopsis (Arcopsis) lactea (Linne) (2 well-preserved specimens), Conus fuscocingulatus
Brong (1 well-preserved specimen), Oxystele patula orientalis Cossmann et Peyrot
(4 well-preserved specimens), Narona (Calcarata) calcarata (Brocchi) (1 damaged speci-
men) Ancilla glandiformis Lamarck (3 well-preserved and 3 damaged specimens). Turi-
tella erronea Cossmann (10 well-preserved specimens), and of foraminifers Ammonia
ex gr. beccariiLinne.

The layer 4 consists of limonitized sands and sandstones tawny in colour with scant
mollusc fragments (indeterminable).

The layer 5 is comprised of conglomerates, the size of whose clasts measures as
much as 10 cm. No fossil material has been found.

Overlying the conglomerate are Quatemary sediments (layer 6). The total thickness
of Badenian sediments in this proflle is about 2 m.

PALEOECOLOGICAL ANI) TAPHONOMICAL ANALYSIS

The layers in the profile differ both in lithological features and in the characteristics
of fauna collected. hence paleoecological and taphonomical analysis will be given separa-
tely for each layer.

For the fossiliferous layers (1, 2. 3. 4) a granulometric analysis has also been perfomied.
and served as a basis for determining the percental content of ceitain fractions (sand. silt, and
clay), the mean grain size, the coefficient of sorting. and the coefflcient of asymmetry.

Paleoecological and Taphonomic Characteristics of the Fauna

Layer 1. The fauna from this layer, with regard to its systematic composition. be-
longs to the subclasses of foraminifers (Ammonia) and ostracods (Xestoleberis, Bytho-
cypris, Loxoconcha, Hemicyprides) and to the classes of bivalves (Miltha) and gastropods
(Nassa, Chlithon, Potamides, Cerithiopsis, Hydrobia).

In view of the substrate it inhabits, the fauna chiefly belongs to epifauna. morc spe-
cifically to vagile benthos, although certain hydrobia representatives may burrow in the
substrate even up to 1 cm.

In respect of the eating habits, the most numerous are herbivores (Cerithium. Pota-
midcs, Hydrobia). followed by the filter-feeders (Miltha), and camivores (Nassa).

As regards the basic environment characteristics (temperature, salinity, depth. water
movements). the total fossil material indicates a shallow and comparatively undisturbed
environment with vacillating salinity and temperature.

The occurrence of fauna tolerant to variations in salinity and temperature while the layer 1 was
being fomied suggests the existence of a smaller river emptying at that site into the Badenian Sea.

The layer 1 may be described as being exceedingly fossiliferous. Over a hundred
specimcns have been collected in an area of only 1/2 m2 . The fauna is well preserved



and only minor. mechanical damages (low-degree abrasions) have been noted. Merely the
spines and granules ol' several cerites have been damaged. The existing fissures occurred
mainly after the fossilisation. Some very soft tests of the species Miltha (Megaxinus) ink-
rassata Deshayesi have been found wvith their valves closed and wvith vvell-preserved
hinge. Neither sorting nor any orientation of the material indicating a long transport have
been observed. Granulometric analysis of the layer also suggests very poor material sorl-
ing (the coefficient of sorting S0=2.18 and the coeflicient of asymmetry Sk=0.61).

Layer 2. The fauna from this layer resembles the fauna of the layer 1 in the sys-
tematic and ecological composition, but is very damaged. The fauna characteristics con-
tinue to point to the presence of a river at that site vvhile the layer 2 wvas being created.
Hovvever. the damages observed may imply that the material undervvent a brief transporl.
The damages fall into two groups: a) abrasions (test erosion) - abrasion of the first de-
gree in eertain specimens of the species Potamides bidentatus Defrance, Potamides sp.
where granulas have been vvom off; b) fissures - apices and apertures in certain gastro-
pod specimens have been partly damaged, while in the genus Miltha sp. only a fragment
of lhe valve remains. The smaller forms with somewhat Ihicker test have been generallv
well preserved (Nassa schonii (Hoernes), Chilton pietus (Ferussac)).

An analysis of the sediment from this layer has established Ihal the material is wvell
sorted. The coefficient of sorting So=1.73 and the coefficient of asymmetry Sk=0,61 de-
note that material had been transported by uniform suspension (Passega. 1964).

Layer 3. With respect to its systematic composition. the fauna discovered in this
laver may be classed into three groups: a) Bivalvia: Annomia, Ostraea, Pecten. Miltha.
Glycimeris. Corbula. Aloidis, Cardium, Anadara, Nuculana, Arcopsis; b) Gastropoda: Tur-
ritella. Conus. Oxystele, Narona, Ancilla-, ¢) Foraminifera: Borelis, Ammonia.

Records of corals and sharks for this site can be found in lilerature (MikincCi¢,
1932). In view of the substrate it inhabits, the fauna is classified as follows:

a) epifauna

b) vagile benthos ( most bivalves, gastropods. certain foraminifers)

c) sessile benthos (Ostraea, Ammonia. corals)

d) endofauna (certain Natica and Anadara species)

e) nekton (certain pectens. sharks)

In view ol' the eating habits, the filter-feeders (most shells) are prevalent. The detritivore
representatives (Turritella) and carnivores (Conus, Nassa, PoiiniceS) are also numerous.

As regards salinity, lhc launa is comprised chiefiy of stenohaline organisms (Conus.
Anadara. Turritella). The remains ol' sharks and corals further confirm that salinity corre-
sponded to that of a normal sea vvater (30-40 w%o). The presence of numerous organisms
wvhich inhabit vvarm vvaters. such as molluscs (Conus, Turritella. Polinices, Glycimeris)
and colonial corals indicale that wvhile this layer was being formed the vvater temperature
was similar lo that of lropical lo subtropical seas (greater than 20°C). Regarding the
sea-water depth. there occurred mainly the forms (Anadara. Conus, Polynices, Turritella.
Nucu/ana) wvhich irihabit both shallow and deep vvaters (from 10 to 100 m). Furthermore,
a profuse fauna of pectens. ostraeas, the inhabitants of shallovv waters has been observed.



from which the conclusion can be drawn that the water depth did not exceed 40-50 m.
The rich and varied fauna also implies a very favourable hydrodynamic and gas regime,
which requires water abounding in oxygen.

A granulometric analysis of the sediments from the layer 3 indicates a very poor
sorting of the material. The coefficient of sorting is S0=2,0; the coefficient of asymmetry
Sk=0.64, wvhich denotes that material underwent only a brief transportation.

From the examination of fauna and sediment features it can be concluded that the
oryctocenosis studied is autochthonous in character.

Layer 4. Of the fossil material, only unidentifiable mollusc fragments have been
found in the layer 4. The damages may be classified as:

a) fragmentariness (shell fissures)

b) abrasion (erosion of previously broken tests)

A granulometric analysis of sediments has shown that the material is very well sor-
ted. i.e. that it underwent a long transportation.

fhe coefficient of sorting is So=1,27, the coefficient of asymmetry Sk=0.88.

The degree and the type of damage of fossil remains, as well as the sediment ana-
lysis. suggest a long history of material transport.

Granulometric Analvsis

Layer 1. According to the granulometric analysis, the layer 1 contains 11,05 percent
of the fraction with the grain sizes exceeding 0,1 mm and 31,15 percent of the fraction
with the grain sizes ranging from 0,1 to 0,06 mm. which form the sand fraction whose
total content is 42,21 percent. The silt fraction represents 45,72 percent. while the clay
fraction comprises 12.06 percent of the material. Inferringfrom sand, silt and clay con-
tents, the layer 1 belongs to clayey-sandy silt (Konta, 1969).

The granulometric analysis curve (Fig. 2) shows the mean grain size as 0,050 mm, the coef-
ficient of soiting S0=2,18, and the coeflicient of asymmetry Sk=0,61. The coefficients denote tliat the
miiterial is vety poorly soited (Miiller, 1964), which in tum indicates a brief material transpoit and
negative skevvness, i.e. that grains larger than 0,05 mm are prevalent in the sample.

Mineralogical analysis by means of microscopic examination (Tab. 2) has shovvn that
the most abundant minerals are the following: quartz 61,60 %, feldspar 19.55 %, kaolinite
11.92 %. montmorillonite 2.11 %, muscovite 1,10 %, chlorite 1,03 %, limonite 0,78 %,
and accessory minerals 0,60 %. Of the accessory minerals, there occur homblende, zircon.
sphene, gamet, a few metallic minerals.

Quartz, the most prevalent mineral. occurs in subangular grains, with intense polari-
sation colours. wvhile the quartz which darkens vertically is also present. Certain quartz
grains contain inclusions of zircon and metallic mineral. Around 30 percent of quartz
grains is limonitized and corroded. Feldspar. being less resistant than quartz.occurs in
more rounded and altered grains. Along the fissility lines. the metamorphosis of feldspar
into kaolinite is clearly seen, which is established by a mineralogical analysis of a frac-
tion of silt and clay containing kaolinite, montmorillonite, mixed layers formed of kaolini-
te and montmorillonite, chlorite, muscovite, and quartz.



Layer 2. A granulometric analysis has shown that the layer 2 (Tab. 1) contains
41.36 percent ol' the fraction wvith the grain sizes over 0.1 mm and 28,27 percent of the
fraction wvith the grain sizes ranging from 0,1 to 0,06 mni, which form the sand fraction
comprising 69.83 percent of the layer 2. The silt fraction forms 24.08 percent, and the
clay fraction 6.25 percent of the malerial. From sand, silt, and clay contents the layer 2
may be described as clayey-silty sand (Konta, 1969). The granulometric analysis curve
(Fig 3) indicates the mean grain size of 0,09 mm and clearly shows a unimodal frag-
ment- size distribution. The coefficient of sorting is So=I1,73, and the coefficient of
asymmetry Sk=0.61. The coefficients indicate that the material is well sorted (Miiller.
1964) and that the grains greater than 0,09 mm prevail. According to CM diagram
(Passega. 1964) the material of the layer 2 is one transported by uniform suspension.

A mineralogical analysis by means of microscopic examination (Tab. 2) has showvn tliat the
most prevalent minerals in the layer 2 are the following: quartz 80,31 %, feldspar 8,77 %, kaolinite
6.17 %. mica 1.38. limonite 0.79 %, accessoiy minerals 0,74 %, montmorillonite 0.61 %, chlorite
0.58 %. glauconite 0,53 %, iind carbonate 0,17 %. Of the accessoiy minerals. there occur gamet..
lounnalinc. homblende. zircon. and in the fraction bellow 0,(X)5 mm kaolinite and montmorillonite in
addition to their individual occurrence, lomi mixed layers altemating one witli another.

Quartz. the most abundant mineral, occurs in grains subangular to subrounded. Partly cor-
roded and limonitized grains are also present, and so are the grains with intense polarisation
colours and the transparent ones with zircon inclusions. Feldspar. the second most abundant
mineral. occurs in little preserved Ibnns. Some grains are altered: kaolinized and limonitized.

The layer 2 differs from the layer 1 in the content of sand, silt. and, clay fractions.
but the differences in mineral composition are negligible. The material sorting and the
clay content in the layer 2 are the only more significant dissimilarities.

Layer 3. The analysis has established that the layer 3 (Tab. 1) consists of 8,55 per-
cent Iragments with the grains sizes above 0,1 mm and 34,75 percent fragments wvith the
grain sizes ranging from 0,1 mm to 0,06 mm, wvhich constitute the sand fraction repre-
senting 43,31 percent of the layer. The silt and clay fractions represent 47,59 and 9,09
percent of the material respectively.

From the sand. silt. and clay fractions content, it can be inferred that the layer 3
belongs to clayey-sandy silt (Tab. 3).

According to the curve of the granulometric analysis (Fig. 4) the mean grain size
measures 0.05 mm and the coefficient of sorting So0=2,0 which indicates poor sorting
(Miiller. 1964). This in tum points to a brief history of material transport. The coeflicient of
asymmetry Sk=0,64 confirms that coarser grains prevail over the medium-sized grains.

Mineralogical analysis (lI'ab. 3) shows that quartz fomis 62,64 %, feldspar 22,07 %. kao-
linite 9,34 %, mica, more precisely muscovite 1,38 %, limonite 1,38 %, montmorillonite 1.19
%, glauconite 0.46 %, and accessor}' minerals 0,53 %.

The material of the layer 3 resembles that of the layer 1 in mineral content.

l.aver 4. According to the granulometric analysis (Tab. 1) the layer 4 comprises
76.41 percent of the fraction wvith the grain sizes greater than 0.1 mm and 8,71 percent ol
the fraction wvith the grain sizes ranging from 0.1 mm to 0,06 mm, wvhich constitute the



sand fraction whose total content is 85,12 percent of the layer 3. The silt fraction and the
clay fraction form respectively 11,28 and 3,58 percent of the layer 4. With regard to the
aforesaid fraction content, the material may be described as clayey-silty sand.

The curve of the granulometric analysis (Fig. 5) shows the mean grain size as 0,150 mm,
and the coefficient of sorting So=1,27 indicating that the material borders on being well to
well sorted (Miiller, 1964). The coefficient of asymmetry Sk=0,88 points to a prevalence
of eoarser grains over the medium-sized grains. According to CM diagram (Passega,
1964) the material had been transported by means of uniform suspension.

A mineralogical analysis by means of microscopic examination (Tab. 4) has shown
(hat the layer 4 contains: quartz 84.83 %, feldspar 7,03 %, kaolinite 3,02 %, limonite
2,17 %, mica 1,20 %, accessory minerals 0,74 % chlorite 0,46 %, glauconite 0,20 %,
montmorillonite 0,16 %, and carbonate in traces.

The most prevalent mineral is quartz, some of whose grains are corroded, while
most are limonitized. Quartz grains are subangular, while feldspar grains are more
rounded and altered than in the previous layers.

CONCLUSION

The profile at the playing field differs noticeably from other, previously investigated
profiles in fauna and sediment characteristics. It shows a rapid succession of sediments
which form six different layers. The lowest layer (layer 1) resembles the profile at Zuti
Breg (Jovanovi¢, 1992) in the systematic and paleoecological features of its fauna.
which suggest that lhey had been formed under similar conditions (river mouths). The
fauna recorded is tolerant to salinity and temperature variations.

The layer 2, unlike layer 1 contains no microfauna of foraminifers and ostracods.
The mollusc fauna is represented by the forms eapable of living in an environment of
variable salinity and temperalure, from wvhich a presence of a river mouth during the for-
mation of this layer can be inferred. Good material sorting and damages of fossil remains
indicate a brief sediment transport. This probably accounts for the absence of microfauna.
When the layer 2 had been formed, a sea inhabited by a typical marine fauna tropical and
subtropical in character surged in. The layer 3 was being fomied at thattime. The fossil
material is well-preserved, and the sediment sorting poor.

While (he layer 4 was being created, the level of the sea fell and there occurred
material movement along the shoreline, which is validated by the increased coeflicient of
sediment sorting and very poorly preserved fauna. A markedly shallovv environment is
also indicated by the increased limonite percent. The profde ends in unconsolidated to
semi-consolidated conglomerates containing no fauna (layer 5) overlain by Quatemary
sediments (layer 6). From an analysis and comparison of the profde at the playing field
with that at Zuti Breg it may be inferred that the shoreline inthat area waschangeable
which effected a rapid succession of different layers.

Granulometric analysis parameters aid in distinguishing similarities and dissimilarities
betvveen the layers 1, 2, 3. 4 in mineral composition, agent and distance of material
transport. and sorting. In all \ayers, tlie maxirmim-sized grains \verc tiansported by uni-



form suspension. Hovvever, the layers 1 and 3 indicate a brief material transport. and in
respect of the degree of sorting the layers 2 and 4 are well and very well sorted. In all
layers the coarser grains are prevalent over the median grains. The analysis has shown no
alterations in the layers during sedimentation. nor any material accumulation through other
agents. Mineral composition is qualitatively the same. The limonite content in the layer 5
implies somewhat more conspicuous oxidative conditions of depositional setting in a shai-
low marine environment.

Granulometric analysis and fossil fauna have pointed to the same environment conditions.

The features of fauna and sediment have permitted the character of oryctocenosis to
be investigated. Oryctocenosis is autochthonous in character in the layers 1 and 3, while
in the layers 2 and 4 there occurred a brief material transportation.
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