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rEOXEMHICKO-MHHEPAJIOIUKE KAPAKTEPHCTHKE
JIECA rOPH>Er 3BEMYHA

on

AraMa flaHTHha*

Jlec h jiecHH ceflHMeHTH cy uiHpoKO pacnpocTpaH>eHe KBaprapHe cliopMannje y 1laHOHCKoj HH3HjH
h H>HOM 060j[y, aJiH HMa Majio noAaraKa o h.hxobhm MHHepajiouiKHM h reoxeMHjcKHM KapaKTepncTH-
KaMa. Pa;i npHKa3yje pe3yjiTaTe upoyiiaBaH>a jeflHor 0a 3HagajHHX jioKajiHTeTa pa3BHha Jieca Ha J3
060jiy 1laHOHCKe HH3Hje - jiecHor njiaToa | opiber 3eMyHa. ripoy>ien je yKynHO 31 y30paK (26 y3opaKa
Jieca, 4 [io['peoeiiHX 3CMali>a h 1 ;iecoH;[ne rjiHHe, H3 11 6ymoTHHa) H3 bhhihx HHBoa jiecHe cepnje. y
cacraBy Jieca 3acTynjbeHH cy KBapii, KaJiUHT (TparoBH jjo 16%), hojiomht, <J)ejiflcnaTH (njiarHOKJiacn),
XjiopHT h MOHTMopHjoHHT. Il|)oy'ienn cy xeMHjcKH cacTaB Jieca (9 y30paKa) HnorpeSeHe 3eMJte (1 y30-
paK) h cajip>KajH MHKpoejieMeHaTa y cbhm ripov'iaBaiiHM y3opiiHMa. Ha ocHOByY BapHjai[HOHHXx jjHjarpa-
Ma ojjroBapajyhHX KOMnOHeHTH pa3MaTpaHH cy reoxeMHjcKH ripouecH Be3aHH 3a 06pa30BaH.e h nocr-
reHeTCKe npoMeHe Jieene cepHje.
K.i,ygHe peni: jiec, norpe6eHe 3eMJbe, l'opitH 3eMyH, llaHOHCKH 6aceH, MHirepajioiHja, xeMHjcKH

cacraB, MHKpoeneMeHTH, reoxeMHja, BapHjaijJHOHH jinjarpaMH,

YBOa

JTec h jiecHH ce/iHMeimi cy jeflna oji HajpacnpocTpaH>eHHjHX KBapTapiiHX
reojiouiKHX cjiopMannja y cpejiihoj Ebpoiih. Ko/i nac cy iunpoKO 3acTynjbeiiii y
[laHOHCKoj HH3njh a meccthmhhho cy pa3BHjeHH h jy>KHo o CaBe h Jl,yHaBa. Me-
lyTHM, h nopeji OBaKO 3HagajHor pa3BHha OBe 4>0pMaHHje, Majio je nojiaTaKa o
HeHHVI MHHepaJiouiKHM h reoxeMHjcKHM KapaKTepHCTHKaMa.

Y uinpeM noHpynjy Beorpajia Jiecna 4)opMaiiHja je “06po pa3BHjeHa na npo-
cTopHMa 3eMyHa h Be*aHHje, Ha Koja ce CBe BHiue uiHpn yp6aHO je3rpo rpajia, a
jiecHH njiaTO ropiter 3eMyna je h jej;aH 0j; 3HanajHHX JioKajiHTeTa pa3BHha Jieca
na jy»CHOM 060jiy 1laHOHCKe iiH3Hje. Ha JiecnoM iuiaToy ropiier 3eMyHa H3Bene-

Ka TepeHa 3a H3i paj(H>y srpajia h HHjiycTpHjcKHX o6jeKaTa (npojeKTOBao h bojjho
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“KocoBonpojeKT”, pyKonojiHJian Mh*. Ojira McakOBnh) 06HMimja ncrpa>KHa 6y-
rneita. Jlecirn MaTepnjajiH H3 6yuiOTHHa iioHBpmyTH cy, y3 reoTexnnMKa, h ojjpe-
~AeHHM MHHepalioiiiKHM h reoxeMnjcKHM HCTpa>KHBaH>HWVR (D angic¢, 1986).

OBaj paji npHKa3yje MHiiepajiomKO-reoxeMHjcKe KapaKTepHCTHKC jieca Jiec-
iior iuiaToa Topiter 3eMyna, “o”njeHe jjonyibeHHM h KOMiiJieTimjHM npoyHaBa-
ibHMa MaTepnjalJia H3 iipo(f)HJia HC'ipa»:HHX 6yinoTHHa.

OCIIOBHH TEOJIOffIKH nO/JAHH

IljiaTo ropiter 3eMyHa ce Hajia3H Ha TepHTopnjH rpajja Beorpafla, h to Ha
flejiy Kojn npnnajja riaHOHCKoj HH3Hjn. CMeniTeH H3Met)y CaBe h flynaBa, npe;;-
CTaBJba KpajiBH jy>KHH, o60jjhh, fleo riaHOHCKor neorenor 6acena (cji. 1).
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Cji. 1. Feorpac"cKH h reoTeKTOHCKH nojioscaj npoyMaBaHor nonpyMja.
Fig. 1. Geographic and geotectonic position of the studied area.

y iunpeM noj™pyqjy Eeorpajja, Koje o6yxBaTa h nJiaTO Topiter 3eMyna, 3a-
CTynJbeHe cy reojiomKe (flopMannje Me3030jcKe, neoreHe h KBap'rapHe CTapocTH.
FeojioniKe (})()pManiije Me3030jcKe CTapocTH ce nojaBJbyjy jy>Kiio oji CaBe h /ly-
HaBa h yrjiaBHOM cy Be3aHe 3a myMajiHjcKy me3030jcko—cepneHTHHCKY rpejjy, ko-
jy H'irpa™yjy y3 cepneHTHHHTe h TpnjacKH, jypcKH h Kpejiiin cejiHMCHTH. CeBepno



or CaBe n J lyHaiia OBe 4)opMan,Hje Cy OTKpHBeHe ~ S hhckhm 6ymeii>eM, hciiojj
HeoreHHX ce;iHMena+a IlaHOHCKor 6aceHa (Sajkovié, 1990).

HeoreH je npe;jcraBIbCH ce/HiMcirniHM cJjopMai~njaMa /icnoiioBaiiHM ca npe-
KH~AHMa ofl 6yp~Hrajia-xejiBeTa j*o ropiter nJiHOi"eHa, Kao h MarMaTCKHM cTena-
Ma (rapHojjHopii'rii, jiann'ni, aiijienn’H) MHoneiicKe cTapocTH (llaHTHh, 1987).
PopibH MHOu;eH ce nojaBJbyje na mnpoKOM npocTopy, npejiCTaBJben cej(HMeiiTHMa
capMaTa h naHOHa, pa3BHjeHHM y cjihhhhm (flaHHjaMa (raHHe, Jiariopn, KpenibanH,
iiecKOBH). Iljihohcii ce He nojaBJbyje Ha y>KCM nojjpyTjy Beorpajja, ajiH je 3Ha-
‘iajno pa3BHjeH h Ka jyry (cejjnMciiTH noHTa, mccthmh'iho ca yrjbeM, y nojipy'ijH-
Ma nocaBO—TaMHaBCKOM h rpo'iaiicKo-CMej~epeBCKOM) h ceBepHO oji CaBe h J.(y-
HaBa ("najiyfl[HHCKH cjiojeBH", je3epcKe Hacjiare MJiatjnx ojjeJbaKa iuiHoi”eiia). Ce-
BepHO ofl CaBe h J(ynaBa hjihoh,hhckh cejiHMeirrn cy niHpoKO pacnpocTpaibeHH
Hcnoj” Jieca. Ha y>KeM nojjpyiijy rpaj;a Eeorpajja na cejjHMeHTHMa nanoHa otkph-
BeHe cy 4>ocHJiHe (njracireHCKe) Kope pacnaj™aiba (Dangi¢, 1985-86; Dangic¢ i
Ocokolji¢, 1992).

KBapTap je iipejicraBJbcn iuicHCTOneHCKHM h xojiohciickhm ccjjHMeirrHMa,
Kojn yKa3yjy Ha nepnrjiaHHjaJdiHe ycjioBe (JIhmhtphjebhh h naBJioBHh,
1987). JlpibH nJieHCTOieii Hiije iioy3j~aiio yTBp})CH, a MorlJie 6h jja My npHnaflajy
iieKe caBCKe h j*ynaBCKe Tepace; cpeflibH njieHCToijen je iipejjcTaBJben mnpe
pacnpocTpaibenoM cepnjoM peHHO-je3epcKHX KjiacTHHHHX cej*HMeiiaTa. TopibH
njieHCTon,eH je npejicTaBJbeii eojicKHM cejHiMeirniMa - aKBaTH'iiiHM JiecHOHjniHM
ce”HMeHTHMa h jiecoM. AKBaTH'iHH cejtHMeirni cy Majior pacnpocTpaibeiba, jiokc
hciioh Jieca, a H3rpai)yjy hx aneBpHTH, hcckobhth h niJbyHKOBHTH alJieBpHTH h
rjiHiie.

Jlecna cJ)opMai*Hja je HiHpoKO pacnpocTpaibeHa y naiiOHCKOM 6aceiiy, a jje-
jiom je pa3BHjeHa h jy*H o oj; CaBe h JlyHaBa. 06pa30BaHa je Kao nepnrjiaijHjajiHa
eojicKa TBopeBHiia h npeflCTaBJbena je JiecoM h 6apcKHM JiecoM (Maibe pa-
cnocTpaibeH). J(eo oBe c})opManiije je 6ho h jejjHHCTBeii 6eorpafICKO-3eMyn-
cko—peMCKH JiecHH nJiaTO. JlecHe nacjiare cy j;e6jbinie jjo 20 m, 3acTynjbeHO je
BHiue JiecHHX xopii30iiaTa (8) pa3jjBojeimx TaiiKHM npocjiojnHMa norpeéene
3eMJbe (TaMHHje 60je); Ha no;(py'ijy 3eMyHa yrBpi)Ciio je 5 JiecHHX X0pH30HaTa, a
jy*no ofl CaBe h J],yHaBa 2-3, H3y3eTiio h 4 (JlacKapeB, 1962; JJHMHTpHjeBHh
h naBJioBHh, 1987).

MATEPHJAJI H METOJJH IIPOYilABAH.A

JlecHa cj)opMairHja Jiecnor iuiaToa Topiber 3eMyHa npoyHeiia je npeKo Marre-
pnjajia H3 11 HCTpa>KHHX 6yiuoTHHa, Kojn cy iipejicTaBJbajui y3opKe Jieca, norpe-
6eHe 3eMJbe (c})ochjihh npojjyKTH noBpuiHHCKor pacnaj~aiba Jieca) h JiecoHflHe
rjiHiie. npoyHeno je 26 y3opaKa Jieca, 4 y3opKa norpe6eHe 3eMJbe h jeflaH y3opaK
jiecoH fliie rjiHHe, jjaKJie yKynno 31 y3opakK.

y oKBHpy Jia6opaTopHjcKHx HCTpa”HBaiba npoy'ieHe cy cJ)H3H'iKe, MHHepa-
jiomKe h reoxeMHjcKe kapaKmrcpiicthkc obhx MaTepnjajia. y MHHepajioniKHM hc-
Tpa~cHBaibHMa npHMeibeHe cy MHKpocKonnja (6HHOKyjiap), peHjjreHCKe h Tep-
MHHKe aHajiH3e h KajiHHMeTpnja. y peiijH'encKoj nnc*paKnnonoj aHajiH3H npn-



MeH>eH je mctoj( j(HjarpaMa npaxa. JinjarpaMH cy j(o6iijcini Ha j(ncj)pakto me rapy
Philips PW-1050/25 ca reHepaTopoM PW-1730, KopHiuheHH cy CuKa 3paTien>e,
rpacJjHTHH MOHOXxpOMaTOp h 6p3Hiia CKaHHpaH>a 29=2°/mhh. AnajiH3HpaiiH cy
KOMHJieTHH y3opnn h pasjiH'iH're cjjpaKipije, a 3a jjeTepMHiianHjy M HHepajia rjiHHa
KopHiuheHH cy h opjeHTHcaHH npenapaTH h oj(roBapajyha TpeTHpau>a (ca eTH-
JieH-rJIHKOJIOM H TepMHMKa).

y reoeVHAEM HoadBH ML Mtk oy dHIHKATHR anajiH 3a,
cneKTpoxeMHjcKa aHaliH3a (eMHCHOHa ciieKTporpac})Hja) h ojipel)HBaii>e "a6pa3HB-
hhx" pH HEh.

EMHCHOHO0-cneKTpOrparj)CKOM aHajiH30M je ojipetjHBan ca/(p>Kaj MHKpoejie-
MenaTa. CneKTporpaMH cy ciiHMaiiH Ha BHCOKOflHcnep3HOM cneKTporpac})y ca
yKpurreHOM j*ncnep3HjoM CTE-1 (CCCP), a npo6e cy no6yl)HBaHe y njia3MH
jejuiocMepnor jiyKa y KOHTpolincaHoj aii'Mocc{)epH (Ar+02). HejioKvnna npenns-
hoct h TaHHOCT MeTojia (KOHTpojiHcaHe npeKO Ge Kao yHyTpamu>er cranjiapjia h
reoxeMHjcKHX pefj)epcirniHx cTanjjapjja) cy H3HocHJie £12%.

3a ojjpe})HBaH>e "a6pa3HBHHx" pH h Eh y3opnn cy npHirpeMaiiH 3acHheu>eM
cnpameHor Ma'repnjajia bojiom, npeKO TpaKe c})Hjrrep iiannpa, y eKCHK3Topy,
tokom 24 caTa.

PE3yJITATH
OH3HHKC KapaKTCpHCTHKe

y3opnn jieca, norpe6eHe 3eMJbe h Jieconjuie rjiHHe pa3JiHKyjy ce y H3BecHoj
MepH N0 CBOjHM 4)H3HIIKHM KapaKTepncTHKaMa.

y3opnH Jieca HMajy KapaK TepncTHKe THiiH'iiior Konnenor Jieca. E0ja hm Ba-
pnpa oj( cBeTJio>KyhKacTe jjo >KyhKacroMpKe. OjuuiKyjy ce c[)hhom nopo3Houihy,
ajiH ce nojaBJbyjy h iuynjbHHe, yrjiaBHOM neiiacTor o06jiHKa, mccthmhhho h ca
ocTaijHMa 6HJbHor MaTepnjajia. y hckhm y3opu,HMa cy 3acTynjbeHe h Kap6oHaTHe
(ocymeH Ha co6Hoj TeMnepaTypn) je 3iiagajne 'iBpcTohe. y3opn;H norpe6eHe 3eM-
jbe cy >KyronpBeHKacTe j(o MpKonpBene 60je h MaH> nopo3HH, Kao h Jieconjjna
rjiHHa, Koja je CBeTlJio>KyhKacTe 60je.

Miiiicpa.iornja

MHKpocKoncKH (no” 6HiioKyjiapoM) je npoyxeno 5 o”a6paiiHX y3opaKa Jieca
(ca cajjp>KajeM CaCO03y oncery oji 4-16% ). AHajiH3HpaHa je necKOBHTa cj)paKHiija
y3opaKa (>0,1 mm). y cbhm y3opniiMa yTBpt)eiiH cy: KBapn, Kajnurr, cJjejiflcnaT h
JIHCKyi!CKH MHiiepajiH (MycKOBHT, alJiTepncan 6hotht).

Peii/irencKOM jjHc})pakHHonoM anajiH30M iipoy'ieiiH cy HHTerpajniH MaTepnja-
jih h cj)pakHHje <2 (jmy3opaKa Jsieca (5 y3opaKa), norpe6eHe 3emibe (2) h jiccohji-
ne rjiiHHe (1) (cji. 2-4).

Yy pen;;reHCKHM jpijarpaMHMa HHTerpajiHor Ma'repnjajia (cji. 2) noy3;iano cy
yTBpi)eHH cjiejjehn MHHepalin: KBapu, KajiuHT, “ojiomht, cJ)ejiflcnaT (aji6HT,
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Cji. 2. llpo(})HJiH 6ymoTHHa ca nojio*ajHMa npoy<iaBaimx y3opaKa, jiecHH rmaTO lopibcr 3eMyHa,
JioKaJiHTeT TopiiH 3eMyH. Y3opi(H: O - jiec; f, - jiecHa rjiHHa; m - norpe6eHa 3eMJba.

Fig. 2. Bore hole section with position of the studied samples, the Gomji Zemun loess plateou, Gomji
Zemun locality. Samples: O - loess; E - loessal clay; m - buried soil.

Cji. 3. ,n,HjarpaMH penjircncKe aHtjipaKHHje npaxa y3opaKa Jieca. Pope y3opaK H3 6ymoTHHe T3-1, ca
jiypHHe 2,8-3,0 m. ~OlJie- y3opaK H3 6yuiOTHHe T3-9, jiy6HHa 1,1-1,4 m. Q= KBapij; C= KajnjHT;
Fig. 3. X-ray powder diffraction pattem of loess samples. Upper- sample from the bore hole GZI,
depth 2,8-3,0 m; Lower- sample from lhe bore hole GZ9, depth 1,1-1,4 m. Q= Quartz; C=
calcite;
D= dolomite; F= feldspar.



aHopTHT), aMc}DH60ji, hjiht, xjiopHT. AHajiH3e cppaknnja <2 p.m Kao h paajiH'iHTa
TpcTHpaiia yKa3yjy h Ha Moryhe npncycTBO CMeKTHTa (MOHTMopnjoHHTa) h
xajioj3HTa.
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Cji. 4. J*HjarpaMH pen/ireHCKc aHcjjpaKHHje npaxa rJiHHOBHTe tfipaknHje (<2 pm) y3opaKa jieca:
opjeHTHcaHH npenapaTH, HeTpeTHpaHH h TpeTHpaHH ca tjihkojiom (I’J|). lope y3opaK H3
6yuioTHHe T3-9, ca ay6HHe 1,1-1,4 m; J],0Jie - y3opaKH3 6yuiOTHHe T 3-12, jiy6HHa 1,5-1,8 m.

Fig. 4. X-ray powder diffraction pattem of clay fraction, oriented samples, untreated and treated with
ethylen glycol. Upper- sample from the bore hole GZ-9, depth 1,1-1,4 m; Lower- sample from
the bore hole GZ-12, depth 1,5-1,8 m

Keapu,. Y cobhm y3opi;HMa je jej(an ojj Haj3acTynjbeHHjnx MHHepalia, KakO Yy
necKOBHToj TaKo h y cJiHimjHM (npamHHacToj h rjiHHOBHTO]J) rlipaKHHjn jieca, a
3HaHajHOje 3acTynjbeH h Y Jieconjinoj ijihhh h norpe6eHoj 3eMJbH. Y necKOBHTOoj
([ipaKimjn 3acTynjbeHH cy (J>parMeHTH KBapna pa3JiH'iHTiix jiHMeii3Hja, 06jiHKa h
60ja.



Kap6oHaCuu. PeHflrenckom aHajiH30M cy y cbhm npoyTaBaHHM y3opHHMa Jie-
ca ii()y3j(aiio neTepMHHHcaiiH Kajiiurr h j~ojiomht, h to Y BapHja6iuiiiHM cajjpjKajn-
Ma; KajnuiT je 3HaTHO 3acTynJbeHHja cjja3a. Cajjpacaj KajnpTa je ojipe~en Kaji-
i“HMeTpnjcKOM aHajiH30M Y cbhm y3opniiMa - jiecy, norpe6eHoj 3eMJbH h jiccohji-
Hoj rjiHHH (Ta6ejia 1). Y Jiecy (26 y3opaKa), kajinirr je 3acTynJbeH y cajip>KajiiMa
0j( TparoBa j0 16%. 3acTynjbeHe cy 3iiaiiajHe BapnjaHH je cajjp>Kaja KajiHHTa KaKO
Y BepTHKajiHOM npaBny (iipo(j)iuin 6yuioTHHa) TaKO h y xO0pH30HajiHOM: uanp.,
once3H cajip>Kaja KajiHHTa 3a 6yuioTHHy F3-2B (5 y3opaKa) cy TparoBH-3,37%, a
3a 6yuioTHHy F3-9 (4 y3opKa) 2,77 - 16,01%. Y norpe6eHoj 3eMJbH (4 y3opKa)
KajiHHT ce nojaBJbyje ofl TparoBa jjo 3,30%, a y y3opKy JieconjjHe rJiHHe npncyTaH
je y TparoBHMa.

Ta6ejia 1. CajipjKaj KaJiUHTa (CaCO3MHHepa.ua) y y3opuHMa lJieca, jiecoHjnie rliHHe h norpe6eHe
3eMJbe ropiter SeM”na.l

Table 1. Content of calcite (CaC03minerals) in loess, loessal clay, and buried soil samples from the
Gomji Zemun from loess complex.'

MaTepnjaji h 6ymoTHHa Y3opaKa % KajiLjHTa
No. Materials and bore holes Samples Calcite
Jlec (Loess):
1-2 Gz- 1 2 4,12-4,21
35 GzZ- 1A 3 0,84-471
6 GZ- 2A 1 7,37
7-11 Gz- 2B 5 tr.2-377
12 GZ- 5 1 1,45
13-15 GzZ- 6 3 1,46-4,21
16 Gz-7 1 7,39
17-20 GZ- 9 4 2,77-16,01
21 Gz- 11 1 5,79
22-25 Gz- 12 4 6,74-10,1
26 GZ- 13 1 2,64
JlecoHjiHa rjiHHa (Loessal clay):
27 GZ- 2A 1 0,67
ITorpe6eHa 3eMJha (Buried soil):
28 GzZ- 6 1 tr.
29 GZ- 9 1 4,86
30 Gz- 11 1 4,21
31 GZ- 12 1 3,30
1-31  Cobh y3opiiH (All samples) 31 tr.-16,01

1 - KaliiiHMeTpHjcKa aHajiH3a (Calcimetric analysis)
2- TparoBH (Traces).

<Pejidcuaiuu. 11oy3j(aHO cy jjeTepMHHHcaiiH penj(reiickOM aH3JiH30M npeKO
Beher 6poja pecjjjiekCHja, Koje yKa3yjy jja ce pafiH o njiarHOKJiacHMa (HjjeiiTH-
¢j)HKOB3HH aHOpTHT H aJI6HT).

AM(puboA. MjieiiTHcjiHKOBaii je npek 0 hckojihko rjiaBHHX pecpjieKcnja Majior
HHTeH3HTeTay y3opnHMa jieca - 3acTynJbeH je y MajiHM cajipacajHMa.

Munepajtu ZAuna. PeHTreHCKOM aHaJiH30M, Y jpijarpaMHMa npaxa HHTerpaji-



hhx y3opaKa h rjiHHOBHTe cppaKimje (y3 ojjroBapajyha TpeTHpaita) noy3flano cy
jjeTepMHHHcaHH hjiht h xnopHT; 3acTynjteHH cy y pa3JiH'iHTHM nponopnnjaMa h
npeflcraBJi>ajy rJiaBHe MHHepajie rjiHHOBHTe c~paKiinje. /l,HjarpaMH npaxa ijihiio-
BHTe cfjpaKnnje hckhx y3opaKa (nocjie 'ipeTH'ipaita ca eTHJieHrjiHKOJioM) yKa3yjy
Ha Moryhe npncycTBO h MajiHx KOJiHHHHa MOHTMopnjoHHTa hjih HeKor HHTep-
cTpaTHcJ)HKOBaHOr (mixed-layer) MHHepana; y HeKHM y3opL(HMa je Moryhe h npn-
cycTBO xajioj3HTa. 3a noy3Aane ojjpejjbe obhx MHHepajia neonxojiiia cy jjajta
HCTpaSKHBaH>a.

leoxeMHja

Y OKBHpy reoxeMHjcKHX npoyHaBaiia anajiH3HpaHH cy MaKpoxeMHjcKH ca-
cTaB (cajjp>Kaj rjiaBHHX eJieMeHaTa) h cajjp*aj MHKpoejieMeHaTa h oj~peljeHH cy
"a6pa3HBHH"” pH h Eh y3opaKa Jieca, JiecoHjiHe raHHe h norpe6eHe 3eMJbe.

XeMujcKu caciuae (znaeHu eAeMeniuu)

llpoyHeH je xeMHjcKH cacTaB 9 y3opaKa Jieca h jejjHor y3opKa norpe6eHe
3eMJbe (Tab6ejie 2 h 3).

Ta6ejia 2. XeMHjcKH cacraB (y %) jieca Fopibcr 3eMyHa (9 y3opaKa).
Table 2. Chemical composition (in %) of loess from the Gomji Zemun (9 samples)

Oncer (Range) X +s
Si02 38,26 - 58,64 47,23 7,15
Tio2 0,09 - 0,13 0,11 0,01
ain3 632 - 21,01 13,88 4,65
Fe2 3 335 - 485 435 0,44
MnO 0,19 - 0,26 0125 0,02
MgO 4,55 - 9,24 6,99 141
Ca0 15,02 - 21,08 17,10 2,04
Na2 0,90 - 1,22 1,04 0,11
k2 136 - 2,06 1,57 0,21
pb5 X “o 0,17 0,11
co?2 037 - 7,04 2,51 1,94
h2+ 1,63 - 6,93 3,77 1,42
11,0 0,63 - 134 1,04 0,22

X = ApHTMeTHMKa cpejtHHa (Aritmetic mean)
s = CraHHapHHa neBHjannja (Standard deviation)

Jlec h norpe6eHa 3eMJba cy, reHepajiHO y3eB, BeoMa cjiHHHor xeMHjcKor
cacTaBa. KapaKTepHiuy hx jjoMHHaiiTHa 3acTynjbeHocT Si02, CaO h Al20 3, 3Ha-
najHa 3acTynjbeHOCT MgO, Fe2 3, C02h K20, Kao h hh*h cajjp>KajH Ti02, MnO,
Na20, K2 h P20s.

Y cbhm y3opn;HMa jieca jiOMHiiaiiTHO 3acTynJbeHa KOMnoHeHTa je SiOZ
nojaBJbyje ce Yy oncery cajjp»:aja ojj oko 38.3-58.6%, a cpejpbH cajjp>Kaj je
47.23+17.15% (apHTMCTHHKa cpejuma + cwaHj(apj(iia jjeBHjaijHja). Yy BehHHH y30-



paKa /ipyra KOMHOHeHTa no 3aciynjbeHOCTH je CaO: nojaBJbyje ce y oncery oko
15.0-21.1%, cpe/(H,H canp>Kaj je 17.10+12.04%. Tpehy KOMnOHeHTy no 3acTynjbe-
hocth, Al2 3, KapaKTepHuiy, y 0fl[HOcy Ha CaO, innpn oncer ca”pacaja (6.3-21.0%)
h hh>kh cpe/(ii>H cal/(p>Kaj (13.88+4.65%). Callp>Kaj MgO je y cbhm y3opniiMa
3HanajaH, y oncery je 4.6-9.2%, a cpe/pbH ca”p”caj je 6.99+11.41%. Ca/*p~caj
Fe20 3je y cbhm y3opnHMa MaibH y ojiiiocy Ha MgO h KapaKTepmiie ce yckHM
onceroM napnjannja (3.4-4.9%) nh cpe/in>HM ca//p>KajeM 4.35+£10.44%.

Tabejia 3. CpcjuijH xeMHjcKH cacraB Jieca h iiorpeGeHC 3eMJbe lopH>er 3eMyHa (y %).
Table 3. Average cheraical composition of loess and buried soil samples from the Gomji Zemun (in 29.

Jlec Ilorpc6ena 3eMJba Jlec+ ITorpe6. 3eMJba
(Loess) (Buried soil) (Loess+Buried soil)
n1 9 1 10
Si02 47,23 43,45 46,85
Tio2 0,11 0,11 0,11
ai2o 3 13,88 17,11 14,20
Ne2A3 415 4,68 4.49
MnO 0,25 0,25 0,25
MgO 6,99 6,88 6,98
CaO 17,10 17,96 17,18
Na20 1,04 0,95 1,03
k 20 157 1,40 1,55
»20= 0,17 0,92 0,25
Cco02 2,51 1,85 2,44
h2o+ 3,77 4,28 3,89
H,0 1,04 1,00 1,04

1 = Bpoj y3opaKa (Number of samples)

CapacajH Ti02 h MnO cy H3pa3HTO hhckh h ca yckHM once3HMa BapHjannja.
Cpe/jH>H ca/jp>KajH cy: Ti02 je 0.11+0.01%, MnO 0.25 +0.02%. Ca/jp>KajH ajiK aji-
hhx MeTajia cy hhckh, ajiH je K2 y cbhm y3opiuiMa 3acTynjbeHHja KOMnoHeHTa.
Oncer cal/;pscaja K20 je 1.4-2.1%, a cpeljiba Bpe/jHocT je 1.57+0.21%; ca/jp>KajH
H2 “cy y oncery 0.9-1.2%, cpe/jibH ca/jp*aj je 1.04+0.11%.

Caflp”cajn C02h H20 +cy cjihhiih: C02y oncery 0.4-7.0%, a cpel/jibH ca/jp>Kaj
je 2.51+1.94 %, H2 +y oncery 1.6-6.9%, ca cpe/jibHM ca”p>KajeM 3.77+1.42%.

Ca”pacaj P2 5je y cbhm y3opniiMa H3pa3HTO HH3aK - o// TparoBa /io 0.35%, a
cpel/jiba Bpe/;HOCT 0.17+0.11%. Cal/(p»caj H2 je TaKot)e HH3aK, y oncery 0.6-1.3%,
ca cpe/pbOM BpeflHomhy 1.04%.

Y norpeSeHoj 3eMJbH (Tabejia 3) ca”™p”*cajn CKopo cbhx KOMnoHeHTH, H3y3eB
P20 5 cy y oncery Bapnjannja ca/ip>Kajay jiecy. Ca/ip>Kaj P2 5je 0.92 %, 3a oko 2.6
nyTa Behn o/j HajBHiue Bpe//nocni y Jiecy. Ca”pacajn BehHHe KOMnoHeHTH cy
BeoMa 6jincknh cpeflibHM Bpe/jHOCTHMa y Jiecy (cpenibH Jiec). y oflHocy na cpembH
Jiec, canp”cajn Si02 (43.5%) nh C02 (1.9%) cy iihxkh, a ca™p>KajH A120 3 (17.1%),



Fe2 3 (4.7%) n CaO (18.0%) h H2D + (4.3%) cy bhhih. CpeflitH cacTaB cbhx 10
y3opaKa (ra6ejia 3) npaKTH'ino oflroBapa cacTaBy cpe/(n.er jieca - najsHa'iajiiHja
cy H3BecHa noBehan,a cajjp>Kaja ajiyMHHHje h cpoccjiopa.

MuKpoejieMeHiuu

npoyHaBaibe cajjp>Kaja MHKpoejieMeHaTa o6yxBaTHJio je Jiec, Jieconjuiy ijih-
Hy h norpe6eHy 3cmjbv. AHajiH3HpaH je yKynHO 31 y3opaK: 26 y3opaKa Jieca, 4
ysopKa norpeéene 3eMJbe h 1 y3opaK JieconjjHe rJiHHe; aHajiH3HpaHa je TaKol>e h
rjiHHOBHTa (|jpaKnnja jejjnor y3opKa Jieca (Ta6ejie 4-6).

Y aHajiH3HpaHHM y3opnHMa cy jiereKTOBaim cajip>Kajn Ag, B, Ba, Be, Co, Cr,
Cu, Ga, La, Mn, Ni, Pb, Sc, Sr, V, Y, Znn Zr.

Y cbhm y3opi(HMa Jieca jjeTekTOBaHH cy: Ba, Cr, Cu, Ga, Mn, Ni, Sc, Sr, V n
Zr (Ta6ejia 4). OcTajiH ejieMeHTH CY jjeTeKTOBaHH Y pa3JiHHHTOM 6pojy y3opaKa:
By22, LanhYy1l7, CohBy 16,Zny 9h Ag h Bey no 2 y3opKa. Y cajjp>KajHMa
Jio npeko 1000 ppm 3acTynJbeHH cy Mn h Sr, j(o 1000 ppm Ba, jjo 500 ppm Zr, jjo
200 ppm B, Cr, Ni n V, j;o 100 ppm La, Y h Zn, j™o 50 ppm CO, CU, Ga, Pb n Sc, h
jjo 5 ppm Ag n Be.

Mn, Sr h Ba cy Haj3acTynjbeHHjH MHKpoejieMeHTH. Caj?p*aj MaHraHa je y
oncery 320-2050 ppm, a cpejjiba Bpejjnocr je 1255+482 ppm (apirrMCTH'iKa
cpejjima + cTanjjapjiiia jieBHjannja). Cl/ipoHnnjyM KapaKTepHiiiy oncer 215-1500
ppm h cpejiiBa Bpej*nocT 576+349 ppm, a 6apnjyM oncer 230-1000 ppm h cpejjiba
BpejjnocT 591+£192 ppm.

Zr, B, Y, La, Sc, Ga, Be. - Cajjp>Kaj HHpKOHHjyMa je y oncery 90-420 ppm, a
cpejjiba BpeJHOCT 191+90 ppm. y oj;Hocy ha Zr, 60p je 3acTynjben y hh>khm ca-
jip>KajHMa (oncer <8-110 ppm, cpejnta BpejjnocT 50£28 ppm), a inpnjyM (oncer
<6-72 ppm, cpejjita BpejjnocT 33+19 ppm) h JiaHTaH (oncer <10-80 ppm cpejiiba
BpejiiiocT 35+24 ppm) Y joru hh>khm h cjihhhhm cajip>KajHMa. Cajjp>Kajn cKan/iH-
jyMa (oncer 6-36 ppm, cpej(ii,a Bpejinocr 16£8 ppm) h rajmjyMa (oncer 6-21 ppm,
cpejjiba npejuiocT 13+15 ppm) cy 2-3 nyra Man.n y ojinocy Ha Y h La. Cajjp>Kaj
6epHJinjyMa je H3pa3HTO HH3aK - <1-1,5 ppm, cpej(ii,a BpejjnocT <1.2 ppm.

Cr, V, Ni, Co.- Cajip™aj xpoMa je Y oncery 70-175 ppm, a cpejjibH cajjp>Kaj
119427 ppm. Y ojjiiocv Ha Cr, cajip>Kaj BaHajinjyMa je iih>xnh (oncer 39-155, cpejj-
H>a BpejHiocr 9727 ppm), cajip>Kaj HHKJia 3HaTHO iihh (oncer 37-120, cpejiii.H
cajipacaj 5926 ppm), a cajip>Kaj Ko6ajiTa (oncer <3-22 ppm, cpejjn,H cajjp=>Kaj
1145 ppm) H3pa3HTO HH>KIL.

Cu, Zn, Pb, Ag. - LJhhk (j7eTeKTOBaH y 7 y3opaKa) je 3acTynjbeH y cajipaca-
jHMa <30-70 ppm (cpejjii,H cajip>Kaj <31+19 ppm). Ojiobo h 6aKap cy 3acTynjbeHH
y hh>khm h Me{jyco6iio cjih’ihhm cajip>KajnMa: 6aKap y oncery 6-23 ppm h ca
cpeflibHM cajjp>KajeM 13+4 ppm, ojiobo (jjeTeKTOBaHO y 16 y3opaKa) y caj*p~cajHMa
<4-28 ppm, ca cpejjn.iiM cajjp>KajeM 11+>7 ppm. Cpe6po (jieTektobaho caMO y 2
y3opKa) je 3acTynJbeHO y cajjp>KajnMa jjo <1-3 ppm (cpejin,a BpejinocT <1 ppm).

Y niui,y yTBp}jHBan,a iia‘inna nojaBJbHBaiba MHKpoejieMeHaTa Yy Jiecy aHaJin-



3HpaHa je 3a jejian y3opaK ceM KOMnjieTHor MaTcpnjajia h rJiHHOBHTa c~paKiinja
(4d)paKHHja <2 m(J., y3opaK 1 H3 6ymoTHHe T3-1).

TaSejia 4. Canp*aj MHKpoeJieMeHaTa y 26
y3opaKa Jieca Topiier 3eMyHa (y

Ta6ejia 5. CajtpjKaj MHKpoejieMeHaTa y 4
y3opKa norpe6eHe 3eMJbe H3 JiecHe

mg/kg=ppm) cepnje lopiber 3eMyna (y
Table 4. Trace element content in 26 loess mg/kg=ppm).

samples from the Gomji Zemun (in Table 5. Trace element content in 4

mg/kg=ppm) samples of burial soil from the loess

complex of Gomji Zemun (in

n! Oncer X +5 n' Oncer X +s
(Range)2 (Range)2

Ag 2 <1-3 <1 Ag <1 <1
5 22 <8 - 110 50 192 B 4 25-60 47 17
lia 26 230 - 1000 591 192 15 4 300 - 760 458 161
Bc 2 <1- 15 <1,2 Bc 1 <1-13 <1,2
Co 16 <3 - 22 n 5 Co 2 <3-20 1 7
Cr 26 70 - 175 119 27 Cr 4 110 - 150 134 13
Cu 26 6-23 13 5 Cu 4 11 - 19 15
Ga 26 6-21 13 4 Ga 4 11-17 14 3
La 17 <10 - 80 35 24 La 2 <10 - 47 21 19
Mn 26 320 - 2050 1255 482 Mn 4 760 - 1900 1330 635
Ni 26 37 - 120 59 26 Ni 4 37 - 100 69 28
Pb 16 <4 - 28 11 7.1 Pb 3 <4 - 17 12 6
Sc 26 6-36 16 8 Sc 4 8-21 15 6
Sr 26 215 - 1500 576 349 Sr 4 280 - 810 552 292
\Y 26 39 - 155 97 27 \Y 4 60-110 83 21
Y 17 <6 - 72 33 19 Y 2 <6 - 37 16 16
Zn 7 <30 - 70 31 19 Zn 2 <30 - 88 52 37
Zr 26 90 - 420 191 90 Zr 4 170 - 325 236 74

1- Bpoj y3opaKa y KojHMa je ejieMeHT jje-
TeKTOBaH, y ocrajiHMa je hciioji rpaHH-
ue seTeKitHje. (Number of samples in

1- Bpoj y3opaKa y KojHMa je ejieMeHT jte-
TeKTOBaH, y ocrajiHMa je hciio;i rpaiinne
jieTeKgHje. (Number of samples in that

that element was detected, in others is
under detection limit).

2- Hcnos rpaHHite aeTeKijHje y cbhm y3op-
UHMa. (Bellow detection limit in all
samples: Bi, Mo, Nb, Sn, W).

element was detected, in others is under
detection limit).

2- Hcnoji rpaiiHne jicTeKrjnjc y cbhm y3op-

HHVa (Bellow detection limit in all
samples: Bi, Mo, Nb, Sn, W).

FjiHiioBHTa rjipaKHnja je Y ojihocv na KOMnJieTaH Marepnjaji y3opKa 3iia‘iajno
o6oraheHa ca hhhkom (c})aKTop o6oraheH>a >5,5), 6opoM (2.2), CTpoiinHjyMOM
(1.7) h ne3iiaTiio ca 6aKpoM (1.1). C jjpyre cTpaHe, OBa c})paKHnja je ne3HaTHo
ocnpoMameHa ca ojiobom (0.9), HeuiTO sna'iajnnje ca hhkjiom, cKa»jiHjyMOM,
6apnjyMOM h HTpnjyMOM (0.6-07), 3iiaHajiio ca xpomom, BaiiajiHjyMmoM, MaHranoM
h rajinjyMOM (0.4) h H3pa3HTO ca hhhkom (0.3).

Cajip>KajH MHKpoejieMeHaTa y 4 y3opKa norpe6eHe 3eMJIbe npHKa3aHH cy Ha
Ta6ejiH 5. Y cbhm y3opHHMa CY jjeTekTOBaHH B, Ba, Cr, Cu, Ga, Mn, Ni, Sc, Sr, V



h Zr,y 3 y3opxa Pb, y no 2 y3opica Co, La, Y h Zn, a y caMO jejpioM y3opKy Be.
JMOMHHaHTHO 3acTynJbeim MHKpoejieMeHTH cy, Kao h y Jiecy, ManraH, CTpoH-

HHjyM h 6apHjyM.Y ojjnocy Ha Jiec, cpejpi,H caflpacaj MaHraHa (1330+£636 ppm) je

BiiLUH, CTpoimnjyMa (552+292 ppm) CKopo hcth a 6apnjyMa (458161 ppm) iih>kh.

Tabejia 6. CpenftH ca,ip>KajH MHKpoejieMeHaTa y Jiecy, jiecoHjinoj tjihhh h norpedeHoj 3eMJtH y JiecHOj
cepnjH lopFber 3eMyHa (y mg/kg=ppm).

Table 6. Average trace element content of loess, loessal clay, and burial soil of the Gomji Zemun loess
complex (in ing/kg=ppm).

Jlec JlecoHjtHa rJiHHa riorpe6ena 3eMiba
(Loess) (Loessal clay) (Buried soil)

n1 26 1 4
Ag <1 <1 <1
B 50 66 47
Ba 591 1000 458
Be u u U
Co n 5 n
Cr 119 125 134
Cu 13 19 15
Ga 13 10 14
La 35 <10 21
Mn 1255 2100 1330
Ni 59 105 69
Pb n <4 12
Sc 16 20 15
Sr 576 480 552
Y, 97 100 83
Y 33 43 23
Zn 31 <30 52
Zr 191 330 236

1- Bpoj y3opaKa (Number of samples). Hcno;i rpannne jieTCKHHje y cbhm
vsopaHMa (Bellow detection limit in all samples): Bi, Mo, Nb, Sn, W.

y o”Hocy Ha cpeflfte caflp>Kaje y Jiecy, cajjp>KajH xpoMa (134£13 ppm) h hh-
Klia (69+28 ppm) cy HeuiTO bhiuh, Ko6ajiTa (11+7 ppm) hcth, a Baiia/injvMa (83121
ppm) HeuiTO hh* h; cpejjibH ca”pacajn 6opa (47+£17 ppm), CKanjinjvMa (15+6 ppm),
rajinjyMa (14+3 ppm) h 6epnjinjyMa (<1.2 ppm) cy cKopo hcth, HHpKoiinjyMa
(23174 ppm) bhiuh a HTpnjyMa (2111 ppm) hhxch.

Caflpacaj MHKpoejieMeHaTa y y3opKy JiecoHjine rJiHHe npHKa3aH je Ha Ta6ejiH
6.y ojjnocy Ha cpejiibe cajjp»caje y jiecy h norpe6eHoj 3eMJbH, H3pa3HTO cy noBH-
rneiiH (cJiakKTop 2) cajip>KajH 6apnjyMa (1000 ppm), MaHraHa (2100 ppm) h miKJia
(105 ppm), a 3iiaTajno cy noBHineHH h cajjp>Kajn nnpKonnjyMa (330 ppm) h htph-
jyMa (43 ppm); c jjpyre cTpaHe, sna'iajno je hh»ch caMO caj*pacaj Ko6ajiTa (5 ppm).

CKopo cbh MHKpoejieMeHTH HMajy cjih'ihc cajjp>Kaje Kao Y Jiecy, €a v>khm
oncesHMa Bapnjai;Hja, H3y3eB nmika h cpe6pa: uhhk je 3acTynjbeH h y neinTO
bhiuhm ca,np>KajHMa (jjo 88 ppm) a cpe6po HHje jje'reK'roBaiio hh y jejjHOM y30pKy.



PedoKC uoiuem”uja/i (Eh) upH

"A6pa3HBHH" pejiokc HOTennHjaji (Eh) h pH ojjpe~eim cy 3a cBe y3opKe
jieca, Jieconjjiie rjiHHe h norpeéeHax 3eMalba. BpejjnocTH pH h Eh cy cjihmhc 3a
cBe MaTepiijaJie h noKa3yjy pejiaTHBHO Majie Bapnjan,nje BpejuiocTii (Ta6ejia 7).
Ta6ejia 7. Bpe/uiocrH "a6pa3HBHHx" pH h Eh y3opaKa Jieca, jiccohjhic rjiHHe h norpe6eHe 3eMJi>e jiecHe

cepnje l'opn>er SeM*iia.1
Table 7. "Abrasive" pH and Eh for loess, loessal clay, and buried soil samples from the Gomji Zemun

loess comple”.1

No. MaTepnjaji h 6ymoTHHa Y3opaKa pH Eh
(Materials and bore holes) (Samples) (mV)
Jlec (Loess): 0
1-2 Gz- 1 2 8,02-8,11 402-420
3-5 GZ- 1A 3 7,61-8,25 410-420
6 GZ- 2A 1 797 438
7-11 GZ- 2B 5 7,76-8,17 389-426
12 Gz- 5 1 8,01 446
13-15 GZ- 6 3 7,62-8,24 406-424
16 Gz-17 1 8,24 421
17-20 GZ- 9 4 7,68-8,07 410-438
21 Gz- 1 1 8,16 416
22-25 Gz- 12 4 7,93-8,28 419-424
26 Gz- 13 1 8,02 418
JlecoHflHa rJiHHa
(Loessal clay:
27 GZ- 2A 1 7,48 464
llorpe6eHa 3eMii>a
(Buried soil):
28 GZ- 6 1 7,58 426
29 GZ- 9 1 8,00 417
30 Gz- 1 1 8,23 418
31 Gz- 12 1 8,16 420
1-31  Cbhy3opiiH (All saraples) 31 7,61-828 389-464

"A6pa3HBHo" pll 3a cbc y3opKe Hajia3e ce y oncery 7,48-8,28. Y3opKe Jieca
KapaKTepniue oncer BpejjHocTH 7,61-8,28, ca pealiTHBiio m~jihm pa3JiHKaMa H3-
Meby iipocjiiuia 6ymoTHHa. Ilorpe6eHe 3emMjbe ce KapaKTepHiuy cjihhhhm oncerom
BpeflHocTH: 7,58-8,23 a Jieconjina rjiHHa HVa Hajini>Ky BpejiHOCT pH - 7,48.

"A6pa3HBHo" Eh cbhx y3opaKa je y oncery 0,389-0,464 V. Y3opKe Jieca Ka-
paKTepnme oncer BpejpocTH 0,389-0,446 V, ca jjocTa cjihmhhm once3HMa Bpejj-
hocth no iipocdindiiiMa 6yiuorHHa. llorpe6eHe 3eMJbe ce oj(jniKyjy HeniTo Yy>KiiM
onceroM BpejiHOCTH - 0,417-0,426 V, a JiecoHfliia raHHa HMa iiajBHUie Eh, 0,464 V.

"HCKyCHJA H 3AKJbyHAK
JlecHH njiaTO Topiber 3eMyHa, CMeniTen Y iunpeM nojjp~Hj* Eeorpajja, H3Me-

hy CaBe h /~iiana, 'ihiih jy=KHH 0603 BejiHKe JiecHe cJjopMannje riaHOHCKe HH3Hje.
y nojjpyHjy Topiber 3eMyHa H3Be~eHa cy MHHepajiouiKa h reoxeMHjcKa npoyna-



BaH.a bhuihx HHBoa Jieciior njiaToa, jjo fly6Hiie oj( 10-aK m, kojh npejiCTaBJbajy
HajjH:sj(aHCKy 30Hy KanHJiapHor 3acHheH.a. Y npoyTaBaHOM jjejiy jiecHe cepnje
nopejj jieca 3acTynjbeHH cy h norpe6eHa 3eMJba h Jieconjjiia rjiHHa, Kao mnpa-
JiecHe TBopeBHHe (xopH30HTH). ripoy'iaBaiba cy H3BejjeHa Ha npocjiHJiiiMa 11 6y-
moTHHa (ca 1-5 y3opaKa no 6ymoTHHH, y3eTHx ca palijiH'iHTiix j;y6nna) h o6yxBa-
THJia cy 31 y3opaK, 0j* nera 21 y3opaK Jieca, 4 norpe6eHe 3eMJbe h jejjHa Jieconjpia
rjiHHa.

MHHepajioniKa npoy'raBaiba noKa3yjy jja ce ropibH jjeo jiecHe cepnje jiecHor
njiaToa Topiber 3eMyHa, j"e6jbHiie 10-aK m, oflJiHKyje pejiaTHBiio m”jihm Bapnja-
i"njaMa cacTaBa. Haj3acTynjbeHHja MHHepajiHa (J)a3a Jieca je KBapij, a y3 H>era
3acTynjbeHH cy h KajmHT, jjojiomht, c”ejij*cnaT (nJiarHOKJiacn), 3MJdh6oji, hjiht,
XjiopHT, a Moryhe je jjaje cnopajiH'ino 3acTynjbeHa h Majia KOJin'inna MoirrMopn-
joHHTa h/hjih HHTepcTpaTH(J)HKOBaHOr (mixed-layer) MHHepajia.

Hajsna'iajnnje cy BapHjan,Hje cajip>Kaja KajiijHTa - y hckiim y3opnHMa Kaji-
ipiT je 3acTynjbeH y TparoBHMa, a MaKCHMajiaH cajjp>Kaj je 16%. Jleconjjna rjinna
noBehaibeM caflp*aja rjiHHOBHTe c|)paKi;Hje oahocho MHiiepajia rjiHHa; y norpe6e-
Hoj 3eMJbH 3acTynjbeHH cy 3iia'iajnnje h okciiximpokchjjh rBO>Kl)a. BapnjanHOHH
HHjarpaMH 3a npocJ)HlJie 6ymoTHHa na cji. 6-8 noKa3yjy pa3JingHTe TeHjjeHi nje
npoMeHe caj~pacaja KajiiiH'ra y BepTHKajiHOM npaBi(y. MnaK, reHepajiHO y3eB,
3acTynjbeHa je renjjennHja H3BecHor o6oraheiba KajmHTa y HajBHiueM jjejiy npo-
(J)HJia h 3HanajHo onaj*aibe iberoBor caj*pacajay norpe6eHoj 3eMJbH.

reoxeMHjcKa npoy'iaBaiba noKa3yjy jja jiecHy cepnjy KapaKTepHiny ojjpe-
f>ene BapHjau,Hje cajtp>Kaja h raaBHHX xeMHjciaix KOMnoHeHTH h MHKpoejieMeHaTa
Kao h pejjoKC noreimnjajia (Eh) h pH. Koji rjiaBHHX xeMHjcKnx KOMnoHeiiTH, Haj-
Behe Bapnjai™Hje caj*p>Kaja noKa3yjy Si02, A120 3h CaO, ihto je Be3aHO 3a Bapnja-
HHje cajjp>Kaja npe CBera Kiiapija, MHHepajia rJiHHa h KajiijHTa. Caj™pacajn cbhx
KOMnoHeHTH y norpe6eHoj 3eMJbH ce Hajia3e Y once3HMa Bapnjannja y jiecy,
H3y3eB P20 5, 'iHjn cajjp>Kaj je sna'iajno bhihh. MnaK, aKO ce ynopejiii cacTaB no-
rpe6eH e 3eMJbe ca cpejribHM jiecoM (Taéejia 3), yo'iaiia ce noBehaibe cajip>Kaja y
norpe6eHoj 3eMJbH h ajiyMHHHje Kao h CMaibeibe cajjp>Kaja CHJiHijHje h C02, uito
yKa3yje Ha npon;ece noBpuiHHCKor pacnhajjaiba.

onceroM BapnjanHja (Ta6ejie 4-6). MnakK, yo'iaBajy ce HeKe 3iia'iajiic TeiijfeHHHje.
npBa je jja cy y 0jjHOcy Ha nec cajip>Kajn MHKpoejieMeHaTa y norpe6eHHM 3eM-
jbaMa BeoMa cjihhhh (rjiaBiie pa3JiHKe HeuiTO noBHUieii ca”pacaj MaHraHa h hh>kh
cajjpscaj 6apnjyMa), a Jieconj*Ha rjiHHa noka3yje HeKe 3HanajHe pa3JiHKe (H3pa-
3HTO noBHiueHH caj(p>Kajn 6apnjyMa, MaHraHa h HHKJia h iih>kh cajip>Kaj Ko6ajiTa).
,Llj)yra je Be3aHa 3a BapnjaijHOHe jjnjarpaMe MHKpoejieMeHaTa y npocJ)HJiHMa
6yiuoTHHa (cji. 6) - Ha obhm jpijarpaMHMa yoHaBa ce H3BecHa TenjjeHijHja o60-
raheiba MHKpoejieMeHaTa Ka 6a3H npocj)HJia, ojjhocho TeHjjeHHHja u>HXOBe MHrpa-
Hiije h o6oraheiba 0;jo3ro naiiH>Ke. OBa TeHjjennnja je npaheHa h ojjroBapajvhiiM
npoMenaMa pH h Eh y npoc|)HJiy (cji. 5-6). 06oraheibe MHKpoejieMenaTa vy
hidkhm jjejioBHMa npocj)HJia yOHeHO je h y npocj)HJiHMa Kapcirax 6o0KCHTa (M aksi-



movi¢ i Dangi¢, 1984) n KopaMa pacna~aita (Dangi¢ i Ocokolji¢, 1992),
AaKJie, Be3ano je 3a npoijece noBpuiHHCKor pacnajjaita.

s H o] m___PH
6 SAMPLE p 1Pl

400 *50 mVKh

0 10%

Cji. 5. \LI,HjarpaMH BapnjaijHja ca;jp*aja KajujHTa h bpc/ihocth pH h Eh y npo(jmjiHMa 6yinoTHHa T3-6
(jieBo) h T3-9 (necHo).

Fig. 5. Diagrams shovving vaiiations of calcite content and pH and Eh in the sections of the bore holes
GZ-6 (left) and GZ-9 (right).
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Cji. 6. /ijijarpaMH BapHjaijHja cajip>Kaja KajiiiH'ra h MHKpoejieMeHaTa h Bpe;mocTH pH h Eh y npoc})Hliy
6ymoTHHe T3-12.

Fig. 6. Diagrams shovving variations of calcite and microelement eontents and pH and Eh in the sections
of the bore holes GZ-12.

Pe3yjiTaTH reoxeMiijcKO—MHHepajioniKHX npoyHaBaH>a jiecHe cepHje JiecHor
njiaToa ropH>er 3eMyHa oMoryhaBajy h pa3MaTpaH>e npoSjieMa nopeKJia h reHe3e
norpe6eHHX 3eMajta y jicchhm cepnjaMa, o neMy nocToje KOHTpOBep3Ha cxBa-
eraiha: ;ia npejiCTaBJi>ajy caMO pe3H/(HVM noBpiiiHHCKor pacnajjailLa jieca, HacTao y



HHTepBajiHMa npoMeHe KliHMe, hjih nax jja je MaBbH hjih Behn neo MaTepnjajia
flOHeT ca CTpaHe (Daniels et al. 1960; Ebens and Connor, 1980). Hauia
HCTpa>KHBaH>a yKa3yjy #a je norpe6eHa 3eMJba y JiecHoj cepnjn ropiter 3eMyHa
HacTajia noBpuiHHCKHM pacna”~aiteM Jieca (Ha MecTy), a fla je xopH30HT Jiecon/uie
TJiHHe 06pa30BaH ycjiej( npoMeHe He caMO ycJioBa flenoHOBaiba Beh h cacTaBa
MaTepnjalia npHHomeHor Ha MecTO 06pa30Baiba JiecHe cepnje.
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GEOCHEMICAL AND MINERALOGICAL PROPERTIES
OF LOESS AT GORNJI ZEMUN

by

Adam Dangic

Loess and loessal sediments are widespiead Quatemary foimations in the Pannonian plain and on
its margin, but few information is available about their mineralogical and geochemical properties. This
work is presenting the study results for a significant locality of loess development on the SW margin of
Pannonian plain - the loess plateau of Gomji Zemun. A total of 31 samples (26 of loess, 4 of buried
soil, and 1 of loessal clay, from 11 boreholes) from several loess levels were analysed. The composition
of loess includes quartz, calcite (traces to 16%), dolomite, feldspars (plagioclases), and monmoriUonite.
Chemical composition of loess (9 samples) and buried soil (1 sample) and microelement contents in all
the studied samples were analysed. Variation diagrams for respective constituents were used to study
geochemical piocesses that led to the foimation and postgenetic changes in the loess series.

Key words: Loess, buried soil, Gomji Zemun, Pannonian Basin, mineialogy, chemical composition, mi-
croelements, geochemistry, variation diagrams.

INTRODUCTION

Loess and loessal sediments are one of the mo3t widespread Quatemary geologi-
cal formations in central Europe. In Yugoslavia, these formations have a large distri-
bution in the Pannonnian plain and local development south of the Sava and Danube
Rivers. Hovvever, published information about their mineralogical and geochemical
properties are scarce.

In the broader area of the town of Belgrade, the loess formation is well deve-
loped in Zemun and BeZanija, where the town eentre is expending, and the loess pla-
teau of Gomji Zemun is one of significant loess localities on the southem Pannonian
margin. The loess plateau of Gomji Zemun was the last few years an exploratory
drilling site for the geological-engineering study for construetion of houses and plant
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buildings (designed and supervised by Kosovoproject, Projeet Engineer Olga Isa-
kovi¢). Apart from the engineering study, loess materials from boreholes were ex-
amined for mineral and chemical composition and geochemical properties (Dangi¢,
1986).

This work is presenting mineralogical and geochemical properties of loess from
the Gomji Zemun loess piateau, based also on the additional data from boreholes.

BASIC GEOLOGICAL DATA

The plateau of Gomji Zemun is situated in Belgrade township, in its part which
belongs to the Pannonian plain. Located between the Sava and Danube Rivers, it is an
area of the extreme southem, marginal part of the Neogene Pannonian Basin (Fig. 1).

Geological formations in the broader town area, including the Gomji Zemun pla-
teau, are of Mesozoic, Neogene and Quatemary ages. Mesozoic formations are deve-
loped south of the Sava and the Danube, dominantiy associated with the Shumadian
Mesozoic serpentine ridge composed by serpentine and Triassic, Jurassic and .Creta-
ceous sediments. Similar formations were discovered by drilling, north of the Sava
and Danube Rivers, under Neogene sediments of the Pannonian Basin (Sajkovic,
1990).

The Neogene is represented by sedimentary formations deposited with some
breaks from the Burdigalian-Helvetian to the Upper Pliocene, and magmatic rocks
(granodiorites, dacites, andesites) of Miocene age (Panti¢, 1987). Upper Miocene
formations are extensive, represented by Sarmatian and Pannonian sediments, deve-
loped in similar facies (clays, marls, limestones, sands). Pliocene deposits are lacking
in Belgrade, but are significant to the south (Pontian sediments, locally with coal, in
Posavina-Tamnava and Grocka-Smederevo areas) and north of the Sava and the Da-
nube (paludine beds, lacustrine deposits of upper Pliocene division). North of these
two rivers, Pliocene sediments are widespreaded under loess. In Belgrade proper, fos-
sil (Pliocene) weathering crusts lie over Pannonian sediments (Dangi¢, 1985-86;
Dangi¢ and Ocokolji¢, 1992).

Quatemary formations are represented by Pleistocene and Holocene deposits,
which indicate periglacial conditions (Dimitrijevi¢ and Pavlovié¢, 1987). Lower
Pleistocene has not been ascertained and could include some Savian and Danubian
terraces. The Middle Pliocene is represented by a quite widespread series of flu-
vial-lacustrine clastic sediments. Upper Pleistocene is represented by eolian sediments:
aquatic loessal deposits and loess. Aquatic sediments have not a significant distribu-
tion, lie under loess, and consist of siltstones, sandy and gravelly siltstones, and clays.

The loessal formation is widespread in the Pannonian Basin, and partly deve-
loped south of the Sava and Danube Rivers as well. It developed south as periglacial
eolian formation represented by a loess and marsh loess (less extensive). A part of
this formation was the united Belgrade-Zemun-Srem loessal plateau. The loess
deposits are less than 20 m thick, forming eight horizons separated by thin (darker)
interbeds of buried soil; in Zemun area, five loess horizons have been recognized, and
two or three or locally four occur south of the Sava and Danube Rivers (Laskarev,



1962; Dimitrijevi¢ and Pavlovié, 1987).
MATERIALS AND METHODS

For the study of Gornji Zemun loess plateau, material was analysed from 11 ex-
ploratory holes, which consisted of 31 samples of loess (26), buried soil (fossil pro-
ducts of loess weathering, 4), and loessal clays (1).

Laboratory examinations covered physical, mineralogical and geochemical
properties of the materials. Mineralogical study consisted of microscopy (binocular),
X-ray and thermal analyses and calcimetry. The method of X-ray powder diffraction
analysis was performed using diffractometer Philips PW-1050/25 with generator
PW-1730, CuKa radiation, graphite monochromator, at scanning velocity of
20=2°/min. Integral samples and various fractions were analysed, and oriented samples
and respective (ethylen glycol and thermal) treatments were used for clay mineral
identifications.

For geochemical studies, silicate analysis, spectrochemical analysis (emissin spec-
trography), and establishing abrasion pH and Eh were made.

In microelement emission spectrography was used. Spectrograms were produced
by a high-dispersion spectrograph STE-1 (USSR) with cross-dispersion, and samples
were excited in d.c. arc, in a controlled atmosphere (Ar+02). The total precision and
accuracy of the method (controlled by Ge as the intemal standard and geochemical
reference standards) was within +12%.

For "abrasion” pH and Eh determinations, specimens were prepared by suspen-
sion of pulverized material in water, through a filter paper band, in the exsiccator,
during 24 hours.

RESULTS
Physical Properties

Samples of loess, buried soil and loessal clay differ to same extent in physical
properties.

The loes samples examined have typical land loess properties, are light yellowish
to yellowish-brown in colour, fine porous, often traversed by tubes, locally with plant
remains. Some samples include carbonate concretions (loess dolls) up to n x cm in
size. When dry (dried at room temperature), its strength is significant.

The buried soil samples are yellow reddish to brown red in colour, less porous;
the loessal clay is similary less porous, only light yellowish in colour.

Mineralogy

Microscopically (under binocular), five selected loess samples (with CaCO03 be-
tween 4% and 6%) were studied. The sand fraction (>0.1 mm) of the sample was



analyzed. The minerals identified in all samples quartz, calcite, feldspar, and miea
group minerals (muscovite, altered biotite).

The X-ray diffraetion analysis was used to study integral materials and <2 (im
fraction specimens of loess (5), buried soil (2), and loessal clay (1). Some of the ob-
tained diagrams are presented in Figs 3 and 4.

In the X-ray diagrams of the integral material (Fig. 3) the following minerals
were identified: quartz, calcite, dolomite, feldspar (albite, anorthite), amphibole, illite,
chlorite. The <2 jlm fraction analysis and various treatments indicate the possible
presence of smectite (montmorillonite) and hallosyte (Fig. 4).

Quartz. One of the most abundant minerals in all samples, both sand and finer
(silt and clay) loess fractions, and a significant mineral in loessal clay and buried soil.
Quartz fragments in sand fraction vary in size and colour.

Carbonates. Variable amounts of calcite and dolomite are identified by X-ray
analysis in all the examined loess samples; ealcite being prevailing. The percent of
calcite was established by calcimetric analysis in all samples of loess, buried soil and
clay (Tab. 1). It is contained in loess (26 specimens) from trace to 16%. Calcite con-
tent significantly varies both vertieally (hole sections) and horizontally: for example,
calcite ranges for borehole GZ-2B (5 samples) are from traces to 3.37% and for
borehole GZ-9 (4 samples) from 2.77% to 16.01%. In buried soil (4 samples), calcite
content is from traces to 3.30%, and in loessal clay sample it is detected in traces.

Feldspars are identified by X-ray analysis in a number reflections which indi-
cated plagioclases (identified anorthite and albite).

Amphibole is detected by several main reflections of low intensity in loess sam-
ples; its contents in all samples is low.

Clay mincrals. X-ray analysis idendfied, in powder pattems of integral samples
and clay fraction (with respective treatment), illite and chlorite. They are essential
minerals of the clay fraction and apper in various proportions. Clay fraetion powder
pattems of some samples (after being treated with ethylene glycol) indicate the possi-
ble presence also of small amounts of montmorillonite or some other mixed-layer
mineral; some samples may contain hallosyte. For a more reliable identification of
these minerals a further study is necessary.

Geochemistry

The geochemical study included analyses of chemical composition (macro-
element) and microelements contents, and determination of "abrasion” pH and Eh for
loess, loessal clay and buried soil samples.

Chemical composition (macroelements)

The chemical composition was studied on nine loess and one buried soil samples

(Tabs 2 and 3).
Generally, loess and buried soil have similar chemical compositions, characte-



rised by prevailing Si02, CaO and A12 3, significant MgO, Fe20 3, C02 and K2, and
lower Ti02, MnO, Na20, K20 and P20 5 contents.

The dominant component in all loess samples is Si02: it varies from about
38.3% to 58.6%, the average percent being 47.23+17.15% (arithmetical mean + stan-
dards deviation). The second highest in most of the samples is CaO: its range is
about 15.0-21.1% or average 17.10+12.04%. The third highest is A120 3, in a wider
range (6.3-21.0%) and lower average (13,88+4.65%). MgO is significant in all sam-
ples, from 4.6% to 9.2% or 6.99+11.41% on average. Fe20 3 is lower than MnO in all
samples (3.4-4.9%) or 4.35+10.44% on average.

Ti02 and MnO contents are extremely low and within narrow variation ranges.
The average contents are: Ti02 0.11+£0.01%, MnO 0.25+0.02%. Alkali metal contents
are low, and K2 is more abundand in all samples: K2 1.4-2.1%, average
1.57£0.21%; H20~ is contained by 0.9-1.2%, or average 1.04+0.11%.

Contents of C02 and H20 + are similar: C02 0.4-7.0%, average 2.51+1.94%;
H2 +- 1.6-6.9%, average 3.77+1.42%.

Content of P20s is very low, from traces to 0.35% or average 0.17+0.11%, in
all samples.

Almost all components of buried soil (tab. 3), excluding P20 5, vary within the
range similar to those of loess. The percent of P20 5 is 0.92%, about 2.6 times higher
than the highest in loess. Most constituents approximate average percents of those in
loess (average loess). Compared with average loess, Si02 (43.5%) and C02 (1.9%) are
lower, and A120 3 (17.1%), Fe20 3 (4.7%) and CaO (18.0%) and H2 + (4.3%) are
higher. Average compositions of all ten samples (Tab. 3) cirtually correspond to that
of the average loess, the most important being somewhat increased alumina and phos-
phorus.

Microelements

Microelements were studied in loess, loessal clay and buried soil on 31 samples:
26 of loess, 4 of buried soil, and 1 of loessal clay. Also clay fraction of a loess sam-
ple was analysed (Tabs 4-6).

The elements detected in the analysed samples are: Ag, B, Ba, Be, Co, Cr, Cu,
Ga, La, Mn, Ni, Pb, Sc, Sr, V., Y, Zn, Zr.

The elements detected in all loess samples are: Ba, Cr, Cu, Ga, Mn, Ni, Sc, Sr,
V and Zr (Tab. 4). Other elements were detected in different number of samples: B in
22, La and Y in 17, Co and B in 16, Zn in 9, and Ag and Be in 2 each. In concen-
trations over 1000 ppm were Mn and Sr, below 1000 ppm Ba, to 500 ppm Zr, to
200 ppm B, Cr, Ni and V, to 100 pam La, Y and Zn, to 50 ppm Co, Cu, Ga, Pb and
Sc, and to 5 ppm Ag and Be.

Mn, Sr and Ba are the prevailing microelements. Manganese is contained within
the range 320-2050 ppm, average content 1255+482 ppm (arithmetical mean + stan-
dard deviation). Strontium varies within 215-1500 ppm, or 576+349 ppm on average,



and barium within 230-1000 ppm or 591+192 ppm on average.

Zr, B, Y, La, Sc, Ga, Be. Zirconium concentrations vary from 90 ppm to 420
ppm, average 191+90 ppm. Compared with Zr, boron is lower (<8 to 110 ppm, mean
value 50+£28 ppm), yttrium (range <6-72 ppm, mean value 33+19 ppm), and lantha-
num (range <10-80 ppm, mean value 35+24 ppm) in even lower or similar concen-
trations. The concentrations of scandium (range 6-36 ppm, average 16+8 ppm) and
gallium (range 6-21 ppm, average 13+15 ppm) are 2-3 times lower than those of Y
and La. Beryllium is very low, <1-1.5 ppm, mean value <1.3 ppm.

Cr, V, Ni, Co. Chrome is contained by 70-175 ppm, or 119427 ppm on ave-
rage. vanadium is lower (39-155 ppm, average 59+26 ppm), and cobalt the lowest
(<3-22 ppm, average 11+5 ppm).

Cu, Zn, P, Ag. Zinc (detected in 7 samples) is contained by <30-70 ppm
(average concentration <31+19 ppm). Lead and copper are lower and found in similar
concentrations: copper 6-23 ppm, or 13+4 ppm on average, and lead (detected in 16
samples) <4-28 ppm, or 11+7 ppm on average. Silver (detected only in 2 samples) is
contained by <1-3 ppm (average <1 ppm).

In order to establish the mode of microelement occurrences in loess, clay frac-
tion (<2 fim) of one sample from GZ-1 was additionally analysed.

The clay fraction, in relation to complete material of the sample, is enriched in
zinc (enrichment factor >5.5), boron (2.2), strontium (1.7), and slightly copper (1.1),
but impoverished in lead (0.9), more in nickel, scandium, barium and yttrium
(0.06-0.7), significantly in chrome, vanadium, manganese and gallium (0.4), and
much in zinc (0.3).

The microelement contents in 4 samples of buried soil are given in Tab. 5. The
elements detected in all samples are B, Ba, Cr, Cu, Ga, Mn, Ni, Sc, Sr, V, and Zr, in
3 samples Pb, in 2 samples Co, La, Y, and Zn, and in one sample Be.

Like in loess, the dominant microelements are manganese, strontium and barium.
Compared with loess, manganese concentration (1330+636 ppm) is higher, strontium
(552+292 ppm) almost equal, and barium (4581161 ppm) lower.

Compared with the mean concentrations in loess, chrome (134+13 ppm) and
nickel (69+28 ppm) are slightly higher, cobalt (11+7 ppm) equal, and vanadium
(8321 ppm) somewhat lower; mean concentrations of boron (47+£17 ppm), scandium
(15+6 ppm), gallium (14+3 ppm), and beryllium (<1.2 ppm) are almost equal, zirco-
nium (231+74 ppm) higher, and yttrium (21+11 ppm) lower.

The concentrations of microelements in loessal clay sample are given in Tab. 6.
In relation to mean concentrations in loess and buried soil, much increased (factor 2)
are those of barium (1000 ppm), manganese (2100 ppm), and nickel (105 ppm), sig-
nificantly higher zirconium (330 ppm) and yttrium (43 ppm); much lower is only co-
balt (5 ppm).

Concentrations of almost all microelements are similar to those in loess, only in
narrower variation ranges, excluding zinc and silver: zinc is slightly higher (to 88



ppm) and silver is undetected in any sample.
Redox potential (Eh) and pH

The "abrasion" redox potential (Eh) and pH are established tbr all samples of
loess, loessal clay and buried soil. The values of pH and Eh are similar for all the
materials, and their variations are relatively small (Tab. 7).

"Abrasion™ pH for all samples is vvithin the range 7.48-8.28. For loess samples
it is 7.61-8.28, relatively little differing betvveen boreholes. Buried soils vary within
similar limits: 7.58-8.23, and loessal clay has the lowest pH value of 7.48.

Abrasion Eh of all samples is within 0.389-0.464 V. Loess' samples have Eh
values of 0.389-0.446 V, with quite similar ranges between the boreholes. Buried
soils have Eh values in a narrower range (0.417-0.426 V), and loessal clay has the
highest Eh of 0.464 V.

DISCUSSION AND CONCLUSION

The loess plateau of Gomji Zemun, in the broader Belgrade area, situated be-
tween the Sava and Danube Rivers, is a part of the southem margin of a large loess
lormation of the Pannonian plain. Upper levels of the loess plateau in Gomji Zemun,
to a depth of some ten metres, forming the capillary fringe, were subject of minera-
logical and geochemical studies. The examined part of the loess series, apart from
loess, includes buried soil and loessal clay as intraloess formations (horizons). The
assay covered 11 borehole sections (1-5 samples per hole, gathered from different
depth), or a total of 31 samples: 21 of loess, 4 of buried soil and one of loessal clay.

By mineralogical study it has been found that the upper part of the loess series
in the Gomji Zemun loess plateau, some 10 m thick, is quite uniform in composition.
The prevailing mineral phase in loess is quartz, associated with calcite, dolomite, feld-
spar (plagioclases), amphibole, illite, chlorite, and possibly sporadic and low mon-
morillonite and/or mixed-layer mineral.

Calcite content variations are significant: from traces to the highest 16%. Loessal
clay and buried soil are basically similar to loess in composition, and contain in-
creased content of clay fraction (clay minerals); buried soil has significant concentra-
tion of iron oxyhydroxide. The variation diagrams for borehole sections in Figs 6-8
show different trends in calcite concentrations in vertical direction. Generally, there is
a certain calcite enrichment trend uppermost in the sections, and its significant impo-
verishment in buried soil.

Geochemical studies indicate for the loess series certain variations in both macro
chemical components and microelements, and in redox potential (Eh) and pH. For
macro chemical components, variations are the highest in Si02, A1203 and CaO,
which is associated with the variations in the amounts primarily of quartz, clay mine-
rals and calcite. Contents of all components in buried soil vary within the variation
ranges for loess, excluding P20 5-which is much higher. However, if compared with
the composition of average loess (Tab. 3), buried soil has increased alumina and



reduced silica and C02contents, which indicates weathering processes.

Microelements in the loess series also vary within significant ranges (Tabs 4-6)
revealing certain trends. One is that, compared with loess, microelements in buried
soils are contained in similar rates (major differences are slightly increased manganese
and lower barium contents), and loessal clay shows some significant differences
(much increased barium, manganese, nickel, and lower cobalt contents). The other is
associated with the variation diagrams of microelements in borehole sections (Fig. 6),
which show certain microelement enrichment trend at the section base, i.e. their mi-
gration and downward enrichment. This trend is associated with respective changes in
pH and Eh in the section (Figs 5-6). The microelement enrichment in lower parts of
the section has been noted in karst bauxite sections (Maksimovi¢ and Dangic,
1984) and in weathering crusts (Dangi¢ and Ocoklji¢, 1992), both associated with
weathering processes.

The results of geochemical and mineralogical studies of the loess series in Gomji
Zemun loess plateau allow the approach to the problem of origin and genesis of bu-
ried soils in loess series, on which the opinions are controversial: that they are only
the residuum of loess weathering, formed in climatic change intervals, or that a
smaller or greater portion of the material was brought from another site (Daniels et
al., 1960; Ebens and Connor, 1980). Our investigations indicate that the buried
soil in the loess series of Gomji Zemun was a product of loess weathering (in situ),
and that the loessal clay horizon resulted from changes in the depositional conditions
and the composition of yielded material in the place of loess series formation.
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