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KJIM3UIITA Y KBAPTAPHUM CEJUMEHTHMA BEJIMIIE?

H3Boa:. Y pany je aHanM3MpaH 3Ha4aj KBAPTAPHHUX CEIMMEHATa KAo JIUTOJOLIKE CPEJMHE 3a Pa3BOj KIM3HIITA.
PerucrpoBana knu3uiTa Ha TepacHuM oxcermMa M6pa xox KpaseBa n Marapyiuke Oame Kao U y alyBHjaJIHO]
paBHu JyxxHe Mopase u benuie ykasyjy na alyBHjaJIHH CEIUMEHTH MOTY UMAaTH H CBOjCTBO KBAa3HUCTaTHYHE
tornorpadcke moBpmmHe. Crora je LWJb OBOra pajga jJa ce YTBpAE ojpeleHe JIMTOJIOLIKO-CTPYKTypHE U
MOP(OCKYINTypHE JETEPMHHAHTE pa3Boja KIM3HINTA y KBAapTApPHHUM CEAMMEHTHMA. AHAIM3MpaH je Ciy4aj
KJIM3UIITA Pa3BHjEHNX y alyBHjaHUM cequMeHTuMa benvne i meHe nputoke CIaTHHCKOT ITOTOKA.

Kn,ylme petm: KJIU3HUIITE, aJIyBPIJaJIHI/I CEAUMCHTH, pOBOBCKA KOpHUTa, CJIEMEHTApHA HETIOroaa, Eennua
YBoa

Amnanuza ogHoca n3Mely KiM3uIITa U KBapTapHUX CelMMEHaTa MOXE Ce O/IBUjaTh
y ABa mpaBia. [IpBu aHanM3Mpa KIU3MIITA KOja MOT'Y OUTH TCHETCKH (haKTOp KBapTapHHUX
cemuMmeHara. Haumme ceauMeHTH miiaBuHa (IIPOJSYBUjyM) MOTY BOJAMTH TOPEKIO OJ
KIM3uIITa (KOJYBUjATHUX CeMMEHaTa) Koje ce Haiase y3BOJHO o1 uctor. Kao mocnenuiia
OJIBUjaba OBOI  KOJYBHjAHOT Mpoleca Moe JONU [0 AENUMHYHOT WM MOTIYHOT
3acUliamka PeYHOr KopuTa. Epo3MOHM pal peyHOr TOKa WM mpe3aculieHa KIM3HA Maca
MO3HUIMOHMPAHA Y PEYHOM KOPHTY MOTY MHHUIMpPaTH MoBehale KOHIICHTpaluje
CYCIEH/IOBAHOT M BYY€HOI HaHOca. Y 30HHM TJ€ HArJIo Omaja KMHETHYKA €Hepruja pedHor
TOKa 10Jia3u 10 (opmupama oapeheHuX akyMyJaTHBHO MPOyBHjaHUX oOnmka. bpojHe
aHaJM3e W pe3ysiTaTe OBOI MpPUCTyNa Hamazumo y pamoBuma Keefer-a (1999), Korup-a
(2004, 2005), Komac u Zorn (2007, 2008).

Jpyru npaBan O mopa3yMeBao Ipe CBera aHaIn3y KBapTapHHUX CeJUMeHaTa Kao
JIUTOJIOMIKOT yCJIOBa 3a pa3BOj OBOT KOJIYBHjaJIHOT Ipolieca. Y JOCafalllbuM pajoBUMa
momahux aytopa (JIazapesuh, P. 2000, Iparuhesuh, C. 2007, 2008, Munomesuh, M.B. u
cap. 2006) mpuMeHOM MeToJa eIUMUHALMjE @ priori Cy alyBUjaJHH CEAUMEHTH Kao
JIMTONIONIKKA WIaH KBApPTApHUX CEJUMEHATa CIMMHHHCAHUH M3 OMJIO KaKBe Jajbe aHAIU3e
pa3Boja Kim3uiTa 300r oacycrBa oapeheHnx MoppoMeTpHjcKUX KapakTepucTHKa (Harnoa).
Jlpyru ux aHanu3upajy Kao JHUTOJOMIKY CTPYKTYpy KOja MMa YJIOTY H30J7aTopa OJHOCHO
,»TaAMIOH 30He” u3Mel)y HOXHMIE KIU3MINTA W PEYHOr TOKA YMME CE MpOIEC KIN3arba
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3aycraBipa (Mumomesuh, B. M. 2008, Crermmh, M. 1990). 3ajeqanukyn UMEHHUTEIh 332 OBa
JiBa MpUCTyrna Ouo OM Ja alyBHjaJlHU CEAMMEHTH MMajy CBOjCTBO CTaTHYHE JIUTOJIOIIKE
CTPYKTYpe.

PerucrpoBana xnm3umTa Ha TepacHUM ojacennma Mb6pa koxm KpameBa u
Marapymike 0ame Kao u 'y aidyBujaiHo] paBHu Jyxune Mopase (Jlazuh, M. 1991) u benune
(Munomeuh, M. B. 2008) ykasyjy ma anyBujalHH CEIUMEHTH MOTY MMaTH U CBOjCTBO
KBazuCcTaTH4YHE Tomorpadcke moBpuinHe. [nibp oBora panma je yTBphUBame JIHMTOJOIIKO-
CTPYKTYPHUX M MOP(OCKYINTYPHUX JIETEPMUHAHTH pPa3Boja KIM3WINTA y KBapTapHUM
cemMMeHTHMa. AmHaimm3upaheMo cCiydaj KIM3WINTa Pa3BHjEHHX Yy  alyBHjaJIHUM
cenumenTrMa bennne n meHe npuroke CIaTHHCKOM HOTOKY.

MeTonoJi0rHja HCTPAKUBAKHA

[IpBr KOpak NpH HCIUTHBAKY 3Ha4yaja KBApTApHHUX JIMTOJIOLIKHX CTPYKTypa Ha
pa3Boj ximsnmrTa Hamehe motpedy neduHHCAma METOIOJOMIKOT KOHIeNTa. WHIyKTHBHO
aHAJIUTUYKA OIEepallMOHATIM3alMja, CXOAHO TeHe3! M eBOJIYLMjU KJIM3MIITA, 3aCHUBA CE Ha
yIBphUBamy Kay3aJHOCTH M3Mel)y caBpeMeHHX BOZOTOKOBA, XHAPOTpadcKe Mpexke U OBOT
KOJIyBHjQJIHOT IIpolieca. Y TOM KOHTEKCTY y pamy ce aHaIU3upajy cienehe KapakTepHCTHKE:

e naneoreorpad)CKu yCIIOBH HacTaHKa XUAPOTpadcKe Mpexe;

e  eTarme pa3Boja U yOMHE epO3HOHHX yCelama;

®  OJIHOC OpH]jEHTALU]j€ JIUTOIOMKUX CTPYKTYypa IpeMa peuHOM KOPUTY;

e  MOp]OJIOMKNX aHOManWja (JOJIMHCKA acUMETpHja, pPOBOBCKA KOpPHTa,

JIaKTacTa M JIy4Ha CKpeTama BOJACHUX TOKOBA, UTI.).
Ja Ou ce cariepane MPEIXOJHO CIIOMEHYTE KapaKTEpHCTHKE, jedaH Ol MPBUX

KOpaka je TeoMOp(OJIOIIKO pPeKOrHoCIHpame TepeHa. Cam Tpomec ce cacToju y
NPUKYIUbalby OCHOBHUX IMOAATaKa in Sifu KOjH Cy HEONXOIHH 3a Jajbe yCMepaBambe
UCTPaXUBakha MEXaHNW3Ma Kiu3ama. [[pHKyIUbeHN Ioany NPEe3eHTOBAHH Cy Y BUILY CKUIIA
Ha KOjUMa Cy IpEACTABJbEHE JIUTOJIOIIKE, MOPQOJIONIKE, XHAPOTEONOMKEe M TEKTOHCKE
KapaKkTepUCTHKe TepeHa. WHcTpymeHTanmHe Merone KopumiheHe cy 3a NPUKYIUbambe
MMPOCTOPHUX KBAHTUTATUBHUX W KBAJIWTATUBHHUX IIOJaTakKa. HO3I/IHI/IOHI/IpaH>e n apC€ajHO
CHMMame KIM3uiTa peainzoBaHo je kopumthewem GPS mnpujemuuka Trimble Juno
(mponaranuje mo +£8 m). 3a oapehuBame ayOMHE POBOBCKMX KopuTa KopuiiheH je
nmassrHOMep Mapke Leica DISTO A5. Perbed 3a dusuukoreorpadeky kapry cnusa bemuie,
TCHEPHCaH je U3 JUTUTATHOT eneBaiuonor mozaena SRTM, ca pezonynujom ox 90 m.

Crynuja cayyaja

Pexa bemuna je nesa mpuroka Benmke Mopase, nyxune 42 km (OKuskosuh, H.
2008). CnuB je mosumnmoHUpaH u3Mel)y nBe mo3utwBHE MOpPGOCTPYKType: JarogmHCKOT
Hpuor Bpxa Ha ceBepy 1 oOpoHaka Jyxopa Ha jyroucToky. ['eHepaiHu mpaail majga ciinBa
je 3amag-ceBepoHucTok, rae ce benmma mopdomomku Besyje 3a [ OpHOBETMKOMOPABCKY
KOTJIMHY.

AcumeTprja peyHe MpeXe je jeqHa Ol MPENO3HATIFMBUX KapaKTePHCTHKA CIUBA
bemune (JoBanosuh, B. 1986). Kao mTo je MCTaKHYTO y NPETXOIHHM HCTPaKHBAaHUMa
(Munomesuh, M.B 2008, Munomesuh, M.B. u ap. 2008) y ciuBy benure noctoje 30He ca
NOje/IMHAYHOM M Ca CHCTEMCKOM I[0jaBOM KJIM3UINTA. 30HE Ca MOjeIMHAYHO Pa3BHjEHHM
KIIM3UILITHMA Cy IUIaHUHCKU o0on L{pHor Bpxa n amyBujanHa paBaH benuie n CrnaTnHCKOT
noroka. CucTeMcKa ImojaBa KJIM3UIITA KapaKTePUCTHYHA je 3a JIeIoBe ciuBa u3rpahene on
HEOTr€HHX CeIMMEHaTa.

LIymrosauko kauzuwime Haa3W ce HA JIECHO] CTPaHM allyBHjaliHe paBHM benune, y
Hacespy UlysekoBan nokanurer Joma Mana. Tokom mapra 2006. romune A0IUIO je 110



aKTUBUpama OBOT KIM3HWIITA. Y TPBOj (ha3u pa3Boja, KIU3UILTE Ce MPOCTUPAIO OO Tpyma
nokanHor myta IllysexoBam — IlanTtapoBan. Kako ce mporec kim3ama NEpMaHEHTHO
onsujao u TokoM 2007. m 2008. roauHe, AOLULIO je O Pa3Boja KIM3WIITA Y3 MaJUHY
(menancuBHO Kmu3miTe). [IOBPIIMHA HHUIMjATHOT KIM3MINTA H3HOCKHTA je 5.102,4 m?, ma
61 ce Tokom mposneha 2008. roxuHe mpommpria 3a foxatHux 2.025,3 m?. Bpsuna kperama
KITH3HE Mace® KpeTana ce y pacrnony ox 5 x 10°° m/h (y mpsoj ¢asu) 1o 5 x 10 m/h (2007,
2008. rox.), mro oBo kiau3umTe nAeduHHIIe Kao crop komyBujanan npouec (Cruden and
Varnes, 1996). Kao nocneanna xperama I1lysbKoBaduKOr KIM3MINTA JOLUIO j€ JIO pYLICHa
mm omrehema craMOeHNX M MPUBpeAHNX oOjekaTta y mrect pomahuHcraBa. KoHcraToBana
j€ TOTITyHa TeXHMYKa HEHCIPAaBHOCT Ha TpH cTamOeHa o0jexTa, Tako aa je rpaleBHHCKa
WHCHEKIHja 3a0paHuiia 1ajbe )KUBOTHE U MPUBPEIHE AKTHBHOCTU Y HCTUM.

Tab6esa 1. KapakTepucTuke peKOrHOCHMPAHUX KIN3UIITA

. PenaTtuBna Hospmuna 3anpemuHa
Kausumre Mo3unuja —) (mz) (mg) Ilocaeaune
X 7515858,48
LIVBKOBAUKO |y 4e63660 36 5,5 7.127 35.635 Yrpoweno 6
KJIM3UILTE nomahuHcTaBa.
7 153,6
KOIBHIITE X 7509756,86 v e
VY 4865358,25 3 262 655 HHHITeH
Kocnna 7,209 MOJECKH YT

Knusuwme Kocuya (cnuka 1) MO3UIMOHUPAHO je Ha JIEBO] CTPAHH alyBHjaIHE PaBHU
Crarunckor noToka y Hacesby Bpba (I'opmwa Bp6a). [Touerkom mapra 2006. rojuHe y poKy
oJ 2 yaca maca 3anpeMune 655 m” 3acyna je peuHo kopuro CinaruHckor notoka. [Ipoceuna
6p3MHa KpeTama OBe KIM3HE Mace M3Hocuma je 5 x 10 ™ m/h mro je cBojcTBO ymepeHo
op3ux xmm3umTa (Cruden and Varnes, 1996). Ilpouec oOHOBe kiM3ama HHje YTBpheH.
ITopen mperpaljuBama peuynor kopura kimsumre Kocuima mmano je 3a HOCIEAULY H
pasapabe JIOKATHOT MOJHCKOT MyTa.

TOBCKH YT 172,8°

local road
POBOBCKO
KOPHTO

| trench channel

K/M3HA MACA KOja je nperpajuia

| kopurto CnaTHHCKOr NOTOKA,
Tokom 2007.rojt. KopuTo je
p;\lll‘il[lllhcllo.

o 1 2 5m

ATYBH]JATTHH CCIMMEHTH
alluvial sediments

sliding mass that had dammed
the channel of Slatinski Potok
(subsequently removed in 2007)

cepumentn bennue
HEOTeHH KOMIIEKC
Belica sediments

(Neogene complex)

Camka 1. Knm3umre Kocnna. CJIaTHHCKHE OTOK

® Bps3uHa KpeTama KIM3HE Mace PeKOHCTPYHCAHA j¢ HA OCHOBY HCKa3a MEINTaHa KOjé je HaKaIOCT IOTOIa 0Ba

elleMeHTapHa Hemoroza. llepron ocMartpama OBOT KIM3MINTA 3amoder je ampuiaa 2006. a 3aBpuieH maja 2008.
TOJIMHE.
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IIpocTopHa AucTpuUOyIMja KBapTAPHUX
cequMeHara y cauBy besanne

KBapTaphu cequMenTH y cIHMBY benuiie npeacTaB/beHH Cy cileiehiuM TNTOreHeTCKIM
BpCcTama: MpOJIyBHjAIHUM M QJIyBHjaIHUM HAaHOCHUMA, CEIMMEHTHMa pEYyHHX Tepaca H
J€3epCKUM CeAMMEHTHMa. AJTyBUjaJlHU CEAUMEHTH PaclpOCTPAamCHU Cy y NOoNuHU benuie
(acumeTpuuna muctpudynuja), Illtumsancke peke, Jomanune, BosbeBaukor u JIo3oBuukor
nmoroka. JIMTOJNOIIKK, allyBHjaJlHE CEOUMEHTE CaunbaBajy HECOPTUPAHH IIJbYHKOBH,
MIECKOBH | meuT. J[eOJbrHA ayBUjaTHIX ceuMeHarta kpehe ce on 7 m y ponuuu benure
0 2 m y JojlMHaMa KeHUX NpuToka. Ha menoj teputopuju cinuBa bemuue amyBujanHu
CeIMMEHTH JIeKEe Yy IOBJATH HEOTCHHWX CeAMMeHaTta. Y JoJiMHaMa NpHTOoKa bemmme —
Jenm, CnatuHcKOM mTOTOKY, bemmaju (Jomn Mumesnh), Jomanunum, jaBba ce
MELIOBHUTH JINTOTCHETCKH THI CeIMMEHATa I/ie Cy alyBHjaJHH CEIMMEHTH HM3MELIaHHW ca
MpOTyBUjyMOM (CeqMMEHTH IutaBuHa). OBakBe adyBHjaIHO-TIPONYBHjallHE IIOjaBE Cy
JUCKOHTHHYHPAHOT TNPOCTHpama M Be3yjy ce caMO 3a 30HE IIe NPETXOTHO HaBeICHE
JOJIMHE TpuMajy Mane OyjudHe TokoBe. [lomoxka] mojenuHuX (pakiyja yHyTap OBOT
JIMTOJIOLIKOT KOMIUIEKCA je& XeTeporeH, ciabo CIoKEHOr U u3MelaHor cactasa (Jlasuh, M.
1991).

Cimka 2. AnryBujajina paBan Jejauue. AJTyBHjaJTHO-NPOJTYBHjaJIHH CeTHMEHTH.

Jesepcku cemMMEHTH KBapTapa HPOCTHPY Ce Iy MIUPOKUX pa3Boha u crnabo
BEPTUKAIIHO DPAlIWIACHUX TepeHa y chuBy benuiie. JIMUTONOIMIKKA Cy MPEACTaBIbEHH
XETEPOreHO CUTHO3PHHUM [0 KPYMHO3PHHUM NUJbYHKOBHMA KOJH CaJip)Ke MPOCIOjKe MecKa a
pebe meckoure m nubyHkoBuTe TmHE (Tymau 3a OI'K, muct Ilapahwun). Ctpykrype
jesepckux cemuMeHara cy Henopemehene, mpu 4yemy HaleKy AMCKOPAAHTHO HAa HEOTEHE
ceaumenTe (3epemckun, M. 1984). YV OBOM JHMTOJONIKOM KOMIUIEKCY HHUCY YTBpHEeHH
MOPQOJIONIKY HHIUKATOPH KOji OM YKa3HBaJld Ha Pa3Boj KOJIYBHjaJHOT MpoIieca.

Kmmsumre Kocuna je wmsrpaheno y amyBujannum ceaumeHtuma ClaTHHCKOT
1motoka. JINTONOIIKK OBM CEIUMEHTH Cy IPEACTaB/bEHH cIab0 CIOKEHHM MECKOBHMA,
MPOCIIOjIIIMa CHTHOI' HUbYHKAa M IIECKOBHTHM TIJIMHamMa OO3MpPOM Jia c€ €0 CIIHB
CraTMHCKOT TIOTOKAa IPOCTHpE Ha HEOTreHWM ,.ceauMeHTuma benmne®. Mohnoct
TyBHjTHUX CeIMMEHaTa y 30HM KiM3ama TepeHa n3HocH of 2,5 m g0 3 m. llysekoBauko
KIIM3HIITE je Takole pa3BHjeHO y alyBHjaJJHUM CEIMMEHTHMA C TOM pa3IMKOM Ja Cy Ha
OBOM JIOKAJIUTETy Y TIOTJIENy JIUTOJOTHje KOHCTATOBAaHM MONHHjU TIPOCIOjIN M KPYITHHU]H
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KoMmanu nubyHKa. Kako nese mputoke benmiie moHoce marepujan ca LlpHor Bpxa, Koju je
JIMTOJIOLIKH TPEACTaB/bEH KPUCTATIACTHM LIKPHIBLIMMA MOIOKHUM Paclafamy, IJbYHKOBH
Cy 3HaTHO 3arum-eHH. JeOJpbrHa amyBHjaTHUX CEAMMEHTa Y 30HM OBOI Kim3umTa Kpehe
0KO 5,4 m.

MopdockyJINTYPHHU e1eMEeHTH reHe3e KIM3UIITA Yy KBAPTAPHUM ceJUMeHTHMA

[Naneoreorpadcka ananusa moapasymena npaheme MopdoIomKe 1 MOPHOMETPHUjCKe
eBoJIyIHje pesbeda TOKOM Koje J0JIa3H 10 CYKIIECHBHUX KBAaHTUTATUBHUX ITPOMEHA YHMeE Ce
CTBapa MpEAYycJOB 3a pa3Boj Kim3umiTa. Kop cBakor peyHOr TOKa IIOCTOj€ TPU eTare
pasBoja. Jlamakua B. B. (1950: mmtupano y Poxwuh, Jb. 1996) ux je o3Haumo kao
UHCTPATHBHY, IEPCTPATUBHY U KOHCTPATHBHY €TaIly pa3Boja.

HUnempamuena ¢haza oaroBapa HM3BOPHMIIHMM JIENIOBHMAa BOJCHUX TOKOBa, TIIe
npeoBnal)yje HEOTEKTOHCKO H3H3athe M JOMHHAHTHA BEPTUKAIHA €PO3MBHA KOMIIOHCHTA.

Mopddomnomku, oBu obnumm pejseda Cy moiuHe ,,V’ mpoduina duja ocobnHa je nma
HEMajy pa3BUjEHO IOJMHCKO THO. EjeMeHTH OBe (ase KapaKTEPHCTUYHU CY 3a TOPIHE
TOKOBE npuToka benuue: Jomanuny, JIozosuuku u llITunibancku nNoToxk.

Ilepcmpamusna gpasa KapakKTepUCTHYHA j€ 32 IIPOIIMPEHE AEI0BE CPEIbUX U JOHBUX
TOKOBA peKa y3 UCTOBPEMEHY aKyMyJIallijy W €po3Hjy ca MOAjeIHAKO N3PAKEHOM U OOYHOM
U BEPTUKAIHOM €pO3MBHOM KOMIOHEHTOM. Mopdosomky oBe AOJMHE Yy MOMPEYHOM
npoduity mpeacTaBbeHe Cy OOPHYTHM TPAIe30M U ca Pa3BHUj€HUM JIOJHMHCKUM JHOM.

Koncmpamueny ¢asy xapaktepuiie aKyMyalyja pa3iniuTe MONHOCTH y IIUPOKUM
anyBHjaTHUM paBHMMa. OHa HacTaje NpH CIYIITamy JOJWHCKOT JHA W WU3U3alby PEYHOT
KOpHUTa, NPU YeMY je aKyMyJallMOHH LHKIYyC jenHe (as3e NMpeKprBeH HOBHUM Haciarama
apyre, y3 cranHo nosehame mohHoctH. 1o npaBuy oBa ¢asa je KapaKTepUCTHYHA 32 I0HE
TOKOBe peka. Mehytum y cnuBy benuiie HUCY KOHCTATOBAaHU €NIEMEHTH OBE (ase. Y JOmeM
TOKy, ox nuHuje Conapuc-Bypheso 6pmo (jyrozanaguu aeo rpaga Jaronune), bennna coje
KOpHTO ycena y amyBHjanHe ceauMeHTe Bemmke Mopase. [Iporiemena ne6spiHa aryBHOHA
Benmke Mopage y 0Boj 301 n3HocH 10 -14 m (JoOpuuuh, /1. 1978).

[lyspKoBayuKo KIM3UINTE W KiIM3uiuTe Kocuia, HO3MIHOHMpaHa Cy Y DOJHHAMa Koje
uMajy eJeMeHTe NepcTpaTuBHe (aze pa3Boja. Y MoYeTKy HACTaHKa U OBH JCJIOBH JIOJIMHA CY
umaine oOJMK ,,V JoJMHE Yy TONpPEYHOM IIpeceKy ajiu Ce Ca BPEMEHOM HMHTE3MTET
BEPTUKAJIHE €PO3UBHE KOMIIOHEHTE MEHao. 10 je yCIOBWIO Ipey3uMame Mmpumara OouHe
€pO3MBHE KOMITOHEHTE O]l BEPTUKAIHE, LITO je Pe3yJITHPAIO CTBAPAKEM allyBUjaJTHE paBHU
W JIOBEJIO JI0 YHa3aJHOI IoMepama JOJMHCKUX CTpaHa YMME Cy OBE JIOJHMHE Y MONPEYHOM
npoduiny 3amo6mie oOpHYT Tpare3Hu oOmmk. OBakaB MOP(OJOMIKM OOJIMK JaHAC MMajy
npurtoke bemune — CnatuHcku notok, BosseBauku mnotox u Jemuma. Ilopen osor
MopdoItonIKor 00JINKa, 3a IIepCTPaTHBHY (a3y je KapaKTepHUCTHYHA U TOJIMHCKA aCHMETpHja
Koja je yrBpheHa y nonmmau bemmme (Pmrymosmh, P. 1971, 3epemcku, M. 1984). Oma
MOp(OJIONTKa aHOMAJHja yCIOBJbEHA jé HEOTEKTOHCKHUM ITOKPETHUMa, KOjH Cy WHHIIHPAIH
m3nm3ame LpHor Bpxa. To je BpeMEHOM JOBENO 10 HCXeapaBama U OOYHOTI MOTHCKHBAA
koputa peke benune npema jyry, yuMme je y mOIpedHOM Npoduily oBa JONUHA 33700MiIa
acuMeTpuyaH m3ries. Jo 3acumama OBHX JOJIMHA alyBHjaJHUM MaTepHjajioM JIONUIO je
TOKOM IuteucrorieHa. [Ipema Mapkosuhy (1967) akymynatuBHe 3apaBHH y IlaHoHCKOM
OaceHy ¥ NEpUIIaHOHCKUM KpajeBuMa aatupajy u3 Bupma (BupM III). To je ctBopmiio mohue
HacJjare rnecka, IUbYHKa U TJIMHE Ydja ce nebsbrHa kpehe on 7 m y nonmuu benuue 1o 2 m
y JOJIMHaMa BEHUX NpUTOoKa Kao mrto cy llltunisancka peka, Jomanuiia, JIO30BUUKH NOTOK,
Crnarunacku n TabGopumku motok. Kako cMo mpenxonHo yTBpIwi aa je noiuHa bemuie
aCHMETPHYHA, 38 OYEKHBATH j€ J1a j€ paclpoCTPamkeHOCT ayBHjaIHE PaBHU jeTHOCTPaHa.

MelhyTuM eneMEeHTH OBOTI aKyMyJIAaTHBHOT O0OJMKa YTBpheHM Cy W Ha JECHOj
nonuHCckoj crpanu  bemmme mro je  3epemcku  (1984) 00pasnoxno cMHpHBamBEM
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HEOTEeKTOHCKHUX mpotieca. Ha cekropy m3meljy Hacespa IllanTaposan u [lysekoBar yTBpheHa
je u3pazura acuMmerpuja aiyBujaiHe paBHH benwuue. JleBa crpaHa anmyBujaiHe paBHH MMa
npoceuny mupuHy on 450 m, nok gecHa Ha Kojoj je mosunumonupano lllyspkoBauko
xmmsumre u3Hocn 140 m. M3BaH oBoOr cexkropa amyBHjanHa paBaH bemune je yrimaBHOM
CUMETpUYHA.

Mopdonomku WHAMKAaTOPH YTBphHEHH Yy alyBHjaJHO] PaBHU KOjU yKasyjy Ha
PELIEHTHY HEOTeKTOHCKY AaKTUBHOCT a THME M OXKHUBJbABA€ BEPTHUKAIHE EpPO3UBHE
KOMITOHEHTE Ha OBOM IIPOCTOPY Cy pogogcka peura kopuma (Purymosuh, P. 1986). Ose
epo3uBHE MoOpQoCKynnType y ciuuBy benuie mpencraBibeHe Cy yceluMa y allyBUOHY
nyouHe o 2 m 10 6,9 m y KojuMa TeKy pe4HH TOKOBH.

PoBoBcka kopuTa cy yTBpheHa y nonunama benuue, Lltumusancke peke, Jomanure,
Jlozosuuxor, CiatuHckor u Tabopckor noToka u Jenune (BUAK CIHUKY 4).

VY 0Boj eBonyTHBHO] (hazu ce Hama3W W N1eo nonmuHe bemwme myx duje ce AecHe
IOTMUHCKE cTpaHe mpocTtupe bemmukwn kmu3Hu mojac (Mwunomesuh, M.B. u ap. 2008). ¥
WHUIHjaTHO] (MHCTapTHBHO]) ()a3u y OBOM JIeITy NOJHMHE OWie Cy M3pakeHe W BepTHUKAIHA
KOMIIOHEHTa Kao IOCIe[MIa ycarialaBamba y3IyKHOI npoduia 1 004Ha Kao IOCIeauIa
m3nu3ama LlpHor Bpxa. To je pe3ynTHpanso acHMETPHYHUM OOJIMKOM AOJHMHE YHME Cy ce
CTEKJIe KBAaHTUTATHBHE NIPEIUCIIO3NIIHje (Haru0) 3a pa3poj KIM3UIITA YK CTPMHjE CTPaHe.

Kaxko je necna nonmHcka crpaHa benune omelena pacennma Ha ceBepy W Ha jyry, y
OBOj 30HH j€ JOIILIO 70 ociobahama MpuMapHOT HAMTOHA, IEKOMIIPECH]E U 3eMJbOTpeca, IIITO
j€ HMHHUIMPAIO pPa3BOj OBOI' KOJYBHjaJHOT Ipoleca W JOBEJIO 0 CTBapama benumdykor
kimu3Hor mojaca (Mmmomesuh, M.B. u nmp. 2008). Kako je Beh wmcrakHyTO, Y mO3HOM
IUICHCTOLICHY JIOJIa3M JI0 3acumama jJoiuHe benune (mepcrpatuBHa Gasa), YMMe cy ce
KJIM3HE HOXHIE bennykor KIM3HOT mojaca cTaduan30Balie U 3ayCTaBUiIe O/ aJber pa3Boja
OBOT Tporieca (cimka 5).

Kao mocnenuua peneHTHE TEKTOHCKE aKTUBHOCTH JIOLUIO je 10 W3AW3ama TepeHa,
IITO je Pe3yJNTHPAIO CIYIITAakheM PEYHOT KOPHTA Y OJHOCY Ha alyBHjalHy paBaH benwmne,
mpu 4demy je (OopMHpPaHO POBOBCKO KopuTo nybmue ox 4,5 mo 6,9 m. YV oapehenum
CEeKTOpHMa pOBOBCKa KOpHTa Cy TMpocekna anyBHjanaH HaHoc. Kao mociennma
npuiaro)aBama Tomorpadcke TMOBPIIMHE HOBOHACTAJIMM YCIOBHMA JIONUIO je [0
3anouynmbama npoueca kiusama tepera ([lyspkoBauko knusumre u Kocuia).

- [ - H:> H!
ANYBHJAAHN CeAUMEHTH
alluvial sediments Li> L2

Jona pa3Boja KAMIMMTA

landslide generation zone L

Heorenn ceanmentn

wceauMenTH beanne™ L

Belica sediments
(Neogene complex)

Cuimka 3. OHOC POBOBCKHX KOPUTA NPeMa JIMTOJIOIIKOj CTPYKTYpPH,
Y 3aBHCHOCTH 0] INHPHHE ATyBHjaIHe PABHH.
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Cauka 4. IlpocTopna nucTpudynuja poBOBCKUX KopuTa y cauBy bBeanne.
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Canka 5. [Ipogua Ily/bkoBayKkor KIM3HIITA.




AKo ce aHanm3mpajy mpouIn pedHOT KopuTa bemwmme y cexTopy rie cy ayouHe
poBoBa Behe oxg 5 m (cimmka 4), MOXXe ce KOHCTATOBATH Ja IO IpOCeHama alyBHjaJHOT
HaHOCAa HHje JI0IUI0 Y 30HU rie je u HajBeha qyOuHa poBoBckor kopura. Ha npoduny A—A
u3MepeHa je MakcuManHa aybmHa ox 6,9 m, gok je IlyJpKoBauKO KIIM3UINTE
MO3UIMOHUPAHO Y 30HM TJe je 1yOuHa xopura 5,3 m. OBuMe OU ce MOIJIO NPETHOCTABUTH
Jia TyOuHa POBOBCKOT KOPHTA caMa I0 CeOH HHje O] BEJIMKOT ICHETCKOT 3HaJaja.

XOpU30HTATHOM aHAJIM30M ajyBHjaJIHE paBHU y CcekTopy A—A; yrBphena je
CHMETpHYHA paBaH 3a pa3nuky o] [lly/bkoBauKor KIM3HIITA KOj€ j€ TIO3UIMOHNUPAHO Y 30HH
W3pa3nuTe alyBHjaJIHE acuMeTpHje. TUMe MOXKEMO IPETHOCTaBUTH (ciaMKa 3), 1a Cy y 30HH
YK€ CTpaHe paBHH alyBHjalHU CEAMMEHTH Mame JAeOJbUHEe, a THME M POBOBH KOjU OM
NPOCEKIIM OBE HaHOCE Mambe AyOuHe. Ha OCHOBY OBe orcepBanyje MOXKEMO MPETIOCTABUTH
Jla Cy mpecelamka anyBHjalHUX HaHOCA Y NOJIMHK beruie TMCKOHTHHYUpaHa IojaBa.

Ta6esa 2. lydonHa poBOBCKOT KopuTa y 1oannu beaune

Mpodua A-A B- B, B- B,
Jly6una (m) 6,9 53 5,6

Jenan ox paznora anysujanne acumerpuje y 30HH LllyJbKOBauKOT KIM3HUINTA j€ JIyYHO
ckperame benmue u3 npasua NW-SE ka SW-NE. To je nerepMuHHCaIO NOI0Ka] KIIM3UILITA
Ha KOHKAaBHO] CTpaHM oOaie, YhMMe je AOJAaTHO WHTEH3MBHPAH IIPOIEC ITOIKONABaba
anmyBujanHux cenumenara. Kako cmo Beh ucrakmm kox LllysbkoBaukor KiIM3uIITa yTBphEeHH
Cy €JIeMEHTH JICNMAlCUBHOT Kin3ama. OBaj MpoIec ce OIIefao HAJIpe y KIN3amy UBHIHNX
(I paza) a morom u oboxuux nenosa (Il daza) amyBujanHe paBHH ca MIPUMETHUM HOKUIHUM
KapakTepoM cMumama. Kinm3Ha paBaH (HeTepMUHICaHAa HEOTCHUM CEANMEHTHMA) je Todena
CYKIIECHBHO J1a C€ TIpeMeIlTa y HUBO HOBOGOopMHpaHOT 0a3uca, Koja je 1y0spa y OTHOCY Ha
npeaxoAHo crame. Ha MonudukoBame HHTE3UTETa OBOI IIpolleca YTHLAO je M YOBEK
U3rpajboM OpaHe y HUBOY peakTHBUpPAHOT Kiu3uiiTa. To je Hajupe u3asBaio (QIyKTyauujy
BEpTHKAJIHE €pO3MBHE KOMIIOHEHTE, KOja ce oryiefia y rnoBehiaHoM epOo3MBHOM KalaluTeTy
peke HU3BOJMHO OJf OpaHe WITO je W3a3Bajio IMpOayOJbMBamkEe peyHOr Kopura. ToKoM
JIeBEJICCETHX T'OIMHA YCIIEUIIO je pa3apame OpaHe IpHU YeMy je JIEBO KPHIJIO OBOT' 00jeKTa
OCTaJl0 ¥ TUME YCMEpHIIO MaTHIly PEYHOI TOKa Ha J0JaTHO OOYHO IOTKOMABabE JECHE
KoHKaBHe obOame. OBaj mpomec 10 maHac Huje canupad. Jlunamuka IlyspxoBauxor
KIIM3HIITa KOHTHHYUPAHO ce nparu ox MapTa 2006. ToauHe 10 JaHac U TOM HPHIIMKOM je
yTBp)eHO CYKIIECHBHO IIHPEHE OBOT KOJYBHjaHOT Ipoleca mpema ['opmoj Mamm (meo
Hacespa [llysproBma). ¥V OyayhHOCTH, AMHAMIKA OBOT KJIM3HUINTA hie 3aBUCUTH O KOTHYNHE
MIOKPEHYTE KIM3HE Mace Y HOXKHUIM MCIOA MTOBPIINHE BOJIE HA AHY bemnuie, u pacnonoxuse
KWHETUYKE CHEPrHje peuHe BoJie, CIIOCOOHE Ja ,,0uUCTH” THO O/ THX Maca.

Knmsumre Kocuna y anyBnony CrnaTHHCKOT HOTOKa MMAJIO je ClMuHy reHe3y. OBo
KIIM3HIITE Ca eJIEMEHTHMA ITapOKCH3Ma HACTaJo j€ Kao MOCIeIUNa IPOoCcelamka ayBHjaTHuX
cenuMeHara nebsbuHe 2,5-3 m y 4Mjoj MOJUHM Cy C€ HAIUIM HEOTCHH CCIUMCHTH Kao
xugpousonaropu (ciuka 1). Ox 2006. romuHe HUCY YTBPHEHH CIIEMCHTH PEaKTUBUpAhA
nporeca.

Juckycuja u 3aKkibyqyak

VY nodeTHMM (azamMa HCTpKMBamka KIM3WINTA, jeAaH O TNPBUX METOMOJIOUIKHX
KOpaka je mpuMeHa Meroja enumuHanuje (Jlazapesuh, P. 2000, [Iparuhesuh, C. 2007, 2008,
Munomesuh, M.B. u cap. 2006). PedepeHTHH KpUTEpUjyMH CITUMHHAIN]E Cy TECOJIOIIKE,
Mop¢oreHeTcke 1 MOPPOMETPHjCKE KapaKTePHCTHKE, Koje n3Mely ocTaior moapazymeBajy
U OJICYyCTBO OBOT' KOJYBHjAJIHOT Mpolieca y alyBHjaJJHUM paBHUMa. PesynraTw oBor pana
HaM yKa3yjy Jia a priori IpEMeHa OBOT METOa MOXKe OMTH HEOCHOBAHa.
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[yproBayko KIu3UIITe U Km3umTe Kocuia koja cy mo3UIMOHUpaHa y aTyBHjallHOj
paBHH y ojipeljeH0j MepH AUCKBATU(HKY]e IPUMEHY OBOT METO/A.

[TojaBa kIM3MINTa y alyBHjaTHUM CEIUMEHTUMA benuile neTepMuUHHACaHA je ca IBa
ycioBa:

- 10jaBOM POBOBCKHX KOpHUTa
- IPOCEYEHOM JIMTOJIOIIKOM CTPYKTYPOM KOja UMa XUAPOKOJIEKTOPCKO CBOjCTBO Y
OJTHOCY Ha CBOjY MOJIUHY.

Ha ocHoBy yTBpheHux reHeTckux (akTopa Kao NPOTHBKIM3HA Mepa MOXKeE ce
NPEnopyYuTd MeToJ T3B. nmonpeunux rpahesuna (Byuwhesuh, JI. 1995). OBaj meron ce
3aCHMBA Ha MOJM3aly OpaHE y peuyHOM KOpUTY y OBOM citydajy bemmue n 1o Ha 10 m
HHU3BOJHO O ocTaraka noctojehe Opane (cimmka 5). OBa monpeyna rpaheBuHa 6u Tpebao
Jla MHULMPA 3aCUIIabe y Y3BOAHO] 30HW PEYHOT KOPHTA I'/Ie I0JIa3H JI0 KIM3amka TepeHa.

JlemoHOBaHU HAaHOC KOjH OM c€ TOM NPHIMKOM aKyMyJiHpao MMao OW 3a muib Ja
m3gurHe koputo benmime m3Han HeoreHumx ceamMeHaTa (benmmukor kimm3HOT Tojaca), Kao
KIM3HE paBHH, W Ha Taj HauuH noxymnpe llyspkoBauko ximsumre. OBHM IOCTYNKOM OH ce
IpoIiec NeIallCHBHOT KIM3amka TepeHa 3aycrasuo y OyayhHocTH.



27

Jlurepatypa

Cruden, D.M. and Varnes, D.J. (1996). Landslide Types and Processes. In: Landslide: Investigation and Mitigation.
Transporattion Research Board. National Research Council. Special Report 247. National Academy Press,
Washington. Chap. 3, 36-75

Grupa autora (1979). Osnovna geoloska karta i tumac za list Lapovo. Beograd: Savezni geoloski zavod

Grupa autora (1981). Osnovna geoloska karta i tumac za list Paracin. Beograd: Savezni geoloski zavod

Keefer, D. K. (1999). Earthquake-induced landslides and their effects on alluvial fans. Journal of Sedimentary
Research, v. 69, no. 1, 84-104

Komac, B. and Zorn, M. (2007). Pobocni procesi in clovek. Ljubljana: Geografski institut Antona Melika ZRS
SAZU. Geografija Slovenije 15

Komac, B. and Zorn, M. (2008). Zemeljski plazovi v Sloveniji. Ljubljana: Geografski institut Antona Melika ZRS
SAZU. Georitem, 8.

Korup, O. (2005). Large landslides and their effect on sediment flux in South Westland, New Zealand. Earth
Surface Processes and Landforms 30, 305-323

Korup, O., McSaveney, M. J. and Davies, T. R.H. (2004): Sediment generation and delivery from large historic
landslides in the Southern Alps, New Zealand. Geomorphology 61, 189-207

Byuuhesuh, 1. (1995). Vpehewe 6yjuunux moxosa — npupyunux 3a 6yjuuape. Beorpax: pymrBo Oyjudapa
Jyrocnasuje

Hob6puuuh, [I. (1978). Anysujanuu cenmmentu. Y: Komaruna, M. [leonoeuja Cpbuje VIII-2-undicersepcka
2eonoeuja. Beorpan: 3aBoji 3a perHOHaHy I'eOJOTHjy U MajeoHTonorujy Pynapcko-reonomkor dakynrera,
cTp.6-13

Hparuhesuh, C. (2007). Jomurnanmuu eposustu npoyecu y caugy Konybape. beorpan: I'eorpadeku dakynrer

Jparuhesuh, C., Crenuh, M. u Kapuh, WU. (2008). IIpupoonu nomenyujaru u decpadupane nospuiune onuimune
Obpenosay. beorpaa: Jantap rpyna

3epemcku, M. (1984). JleBauko-Oennuka KOTIMHA. MOpPQOJIOMIKK Mperie] HEOTEKTOHCKUX Ipoueca. 360pHuk
paoosa I'eoepaghckoe uncmumyma ,,Josan Leujuh” CAHY, 36, 3-22.

JoBanoBuh, B. (1986). Bomuu pecypcu lllymanuje u ®HXOB 3HaYaj 3a BOAONPHUBPERY. 360pHux padosa
Teozpagpckoz uncmumyma ,,Josan Lleujuh” CAHY, 38, 83-106.

Jlamakus, B.B. (1950). O ounamuueckoj knacugpuxayuju peunux omaooicenuj. 3emnesen. T. (42), Mocksa.

Jlazapesuh, P. (2000). Knusuwma. Beorpan: pymrso Oyjudapa Jrocnasuje

Jlazuh, M. (1991). l'eonouike 3akonumocmu Hacmanka u pasgoja npoyeca Kiudxceroa Ha mepumopuju Cpoéuje (be3
noxpajuna). beorpan: Pynapcko reoyomku (pakynTer, Marucrapcka Te3a

Mapxkosuh, J.B. (1967). T'opmoBennkoMopaBcka KoTiHHA. ['eomopdornomika npomaTpama. 360pHUK padosa
Teozpagpckoz uncmumyma ,,Josan Lleujuh” CAHY, 21, 195-234.

Munormesuh, M.B. (2008). I'enesza, moougpuxamopu u nocieduye Kiusuwma Ha mepumopuju onuimute Ja2oouna.
Beorpan: ['eorpadcku pakynrer, Marucrapcka tesa

Munomesuh, M.B. 1 Munanosuh, A. (2008). Cen3smuzaM Kao reHeTcKH (akTop KIM3MIITa y ciauBy benmie.
I'nacnux Cpnckoe eeoepaghckoe opywmea, 88 (1), 43-52

Muowresuh, M.B., Munusojesuh, M. u hamuh, J. (2006). AkTHBHAa KIM3HIUTA HAa HPOCTOPY omuITHHE Jbur.
Inacnuk Cpnckoz eeoepaghckoe opywmea, 84 (1), 25-34.

Poxuh, Jb. (1996). I'ene3a xmm3umita Ha gecHoj obanmu Jynasa kox Hosor Caga. XI JyrocioBeHCKH CHMIIO3HjyM O
XHUAPOTEONOTHjH U HHXKCHEPCKOj TEOJIOTHjU, Kib. 2 HIDKemepcka reosioruja. Yp. Cynapuh Jl., Boxosuh, b.
Beorpan, ctp 215-229.

Purymosuh, P. (1971). Mitagu TekToHCKH nokpetH y ciuBy Jlyromupa u benuue. Inachux Cpnckoe ceoepagpckoe
opywmsa, 51 (2), 57-64.

Purymosuh, P. (1986). Epo3usno-aenynauuonu npouecu lllymanuje. PoBoBcka kopuTa — MHIMKATOPH CaBPEMEHUX
TEKTOHCKHUX TOKpeTa. 360pHux padosa I eocpagpckoe uncmumyma ,,Josan Leujuh” CAHY, 38, 7-30.

Crennhi, M. (1990). AHTpornoreHn yTunaju Ha MHTCH3MBHpPame YPBUHCKMX mporieca y Georpajckoj ITocaBuHu.
Exonoruja u reorpaduja y periaBamy npodinema XUBOTHE cpenune, [loceOHa m3nama, Ki. 69, Cpricko
reorpadcko apymrso, beorpaz.



28



29

UDC 911.2:551.053(23)(497.11)
MARKO V. MILOSEVIC'
JELENA CALIC
MILENA PANIC

LANDSLIDES IN QUATERNARY SEDIMENTS
OF THE BELICA RIVER

Abstract: The importance of Quaternary sediments as a lithological setting for landslide development is analysed
in the paper. Landslides on the terraces of the Ibar River, close to Kraljevo and Mataruska Banja, as well as in the
alluvial plain of the rivers Juzna Morava and Belica, show that alluvial sediments can have a characteristic of a
quasi-static topographical surface. The aim of this paper is to detect the lithological-structural and
morphosculptural determinants of landslide development in Quaternary sediments. The case study of landslides in
the alluvial sediments of the Belica River and its tributary Slatinski Potok is presented.

Key words: landslide, alluvial sediments, trench channel, natural hazards, Belica River
Introduction

The analysis of the relation between landslides and Quaternary sediments can be
carried out in two directions. The first approach is the analysis of landslides as a genetic
factor of Quaternary sediments lithologically presented with proluvium (alluvial fans). The
possible result of the development of this colluvial process is partial or complete sediment-
filling of the river channel. The erosive work of the river flow or super-saturation of sliding
mass positioned in the channel can initiate the increase in suspended load and bedload
concentration. In the zone where the kinetic energy of the river flow abruptly decreases,
some aggradational proluvial forms have developed. Numerous analyses and results of this
approach can be found in the studies of Keefer (1999), Korup (2004, 2005), Komac and
Zorn (2007, 2008).

The second approach would primarily assume the analysis of Quaternary sediments
as litologic conditions for the development of landslides. In the recent studies of Serbian
authors (Lazarevi¢, R. 2000; Dragicevi¢, S. 2007, 2008; Milosevi¢, M.V. et al. 20006),
applying the elimination method, the alluvial sediments, as a lithologic component of the
Quaternary sediments, were a priori eliminated from any analysis of landslide development
due to the absence of inclination. The others analyze them as a lithologic structure which
has an isolating role (a kind of a “tampon zone”) between the landslide foot and the river
flow, which stops the sliding process (Milosevi¢, V. M. 2008, Stepi¢, M. 1990). The
common denominator for these two approaches would be the fact that alluvial sediments
have characteristics of static lithologic structure.

The registered landslides on the terrace slopes of the Ibar River near Kraljevo and
the spa Mataruska Banja, as well as in the alluvial plain of the rivers Juzna Morava (Lazié,
M. 1991) and Belica (Milosevi¢, M.V. 2008), indicate that the alluvial sediments can have
characteristics of the quasi-static topographic surface. Therefore, the objective of this paper
is to establish certain lithologic-structural and morpho-sculptural determinants of landslide
development in Quaternary sediments. We will analyze the case of the landslides developed
in the alluvial sediments of the Belica River and its tributary, the stream Slatinski Potok.

! Marko V. Milosevié, Geographical Institute “Jovan Cviji¢” SASA, Pure Jaksi¢a 9/3, m.milosevic@gi.sanu.ac.rs
Jelena Cali¢, Geographical Institute “Jovan Cviji¢” SASA, Pure Jakgiéa 9/3
Milena Panié, Geographical Institute “Jovan Cviji¢” SASA, Pure Jaksica 9/3
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Methodology

The first step in studying the impact of Quaternary lithological structures on landslide
development imposes the need for defining the methodological concept. Inductive analytical
operationalization, in accordance with genesis and evolution of a landslide, is based on
establishing the causality between the present water flows, hydrographic network and the
sliding process. In this context, the following characteristics are analyzed in this paper:

Paleogeographic conditions of hydrographic network formation;

Phases of development and depth of erosional incision,

Relation of lithological structures to the orientation of river channels;
Morphologic anomalies (valley asymmetry, trench channels, sharp and
rounded bends of water flows, etc).

In order to elaborate the mentioned characteristics, the first step is to carry out the
geomorphological field prospection. The necessary information is collected in situ and
presented through a series of sketches showing lithological, morphological, hydrogeological
and tectonic characteristics of the studied area. Instrumental methods were applied in
collection of quantitative data. Precise positioning was carried out using the hand-held GPS
receiver Trimble Juno (propagation up to =8 m). Depths of trench channels have been
measured using the laser meter Leica Disto A5. Physio-geographic map of the Belica basin
(Fig. 4) has been generated using the SRTM DEM.

The case study

The Belica River is a 42 km long left tributary of the Velika Morava (Zivkovi¢ N.
2008). Its drainage basin is located between two positive morphostructures: Crni Vrh on the
north and Juhor on the southeast. The general direction of the drainage basin inclination is
west-northeast, where the Belica River feeds into the Velika Morava in the basin called
Gornjovelikomoravska Kotlina.

The asymmetry of the river network is one of the recognizable characteristics of the
Belica drainage basin (Jovanovi¢, V. 1986). As it was emphasized in the previous studies
(Milosevi¢ M.V. 2008, Milosevié, M.V et al. 2008), there are zones with individual and
systematic occurrence of landslides in the drainage basin of the Belica River. The zones
with individually developed landslides are the mountain rim of Crni vrh and alluvial plains
of the Belica River and the stream Slatinski Potok. Systematic occurrence of landslides is
characteristic for the parts of the drainage basin built in the Neogene sediments.

The Suljakovac landslide is located on the right side of the alluvial plain of the Belica
River, in Suljkovac settlement, Donja Mala locality. This landslide was activated in March
2006. In the first phase of development the landslide spread up to the local road Sljukovac-
Santarovac. As the process of sliding was permanently spreading even during the years 2007
and 2008, uphill landslide was developed (delapsive landslide). The area of the initial
landslide was 5.102,4 m%, and during the spring of 2008 it spread for additional 2.025,3 m?.
The velocity of the sliding mass® was in the range 5 x 10°° m/h (in the first phase) to 5 x 10~
¥ m/h (2007, 2008), which defines this landslide as slow colluvial process (Cruden and
Varnes, 1996). The movement of the Suljkovac landslide resulted in collapsing or damaging
of residential or economic facilities in six households. Total technical disorder on three

% The velocity of sliding was reconstructed on the basis of the statements of the local people who were regretfully
stricken by this natural disaster. The monitoring period of this landslide started in April 2006 and it was completed

in May 2008.



31

residential facilities was registered and civil engineering inspection has forbidden further
living and economic activities in them.

Table 1. Characteristics of the studied landslides

Landslide Position hl;egl]z::n(v:]) ‘(‘l;i;‘ V(()Il::;)ne Consequences
X 7515858,48 6 households
SULJKOVAC YV 4863669,86 5,5 7.127 35.635
7153.6 endangered
X 7509756,86 Destroyed local
KOSICA VY 4865358,25 3 262 655
7209 road

The Kosica landslide (Fig. 1) is located on the left side of alluvial plain of the stream
Slatinski Potok in Vrba settlement (Gornja Vrba). The volume of 785 m’ of mass filled the
river channel of the stream Slatinski Potok in the beginning of March 2006. The average
velocity of movement of this sliding mass was 5 x 10 ™ m/h, which is a characteristic of
moderately fast landslides (Cruden and Varnes, 1996). The process of restoration of sliding
was not detected. Apart from damming the river channel, the result of the Kosica landslide
was also the destruction of local field road.

Fig. 1. The Kosica landslide. The stream Slatinski Potok
Spatial distribution of Quaternary sediments in the Belica drainage basin

Quaternary sediments in the drainage basin of the Belica River are presented with the
following litho-genetic types: proluvial and alluvial deposits, sediments of river terraces and
lake sediments. Alluvial sediments are distributed in the valley of the Belica River
(asymmetric distribution), the river Stipljanska Reka, and the streams Voljevagki Potok and
Lozovicki Potok. Lithologically, alluvial sediments are composed of unsorted gravels, sands
and pelites. The thickness of sediments ranges from 7m in the Belica valley to 2 m in the
valleys of its tributaries. Alluvial sediments lie in the upper layer of the Neogene sediments
on the whole territory of the Belica drainage basin. Mixed litho-genetic type of sediments
where alluvial sediments are mixed with proluvial (alluvial fan deposits) occur in the valleys
of the Belica tributaries — the Jelica River, the stream Slatinski Potok, the Besnjaja River
(Donji  MiSevi¢), the Josanica River. These alluvial-proluvial occurrences are
discontinuously spread and they are connected only with the zones in which the above
mentioned valleys receive small torrential streams. The location of certain fractions inside
this litholigic complex is heterogeneous, with poorly sorted and mixed structure (Lazi¢, M.
1991).

Fig. 2. Alluvial plain of the Jelica River. Alluvial-proluvial sediments.

Quaternary lake sediments spread along wide watersheds and slightly vertically
dissected terrains in the Belica drainage basin. Lithologically, they are heterogeneous, with
fine-grained and coarse-grained gravels which contain thin layers of sand and more rarely
sandy and gravely clays. (Explanation of the Basic Geological Map, sheet Paracin). The
structure of lake sediments is undisturbed, and they discordantly lean on the Neogene
sediments (Zeremski, M. 1984). Morphological indicators which would point to the
development of the colluvial process are not detected in this lithologic complex.

The landslide Kosica was formed in alluvial sediments of the stream Slatinski
Potok. These sediments are lithologically represented with poorly sorted sands, thin layers
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of gravels and sandy clays considering the fact that the whole drainage basin of the stream
Slatinski Potok is spread on the Neogene “Belica sediments”. The thickness of alluvial
sediments in the zone of sliding is 2.5 m to 3 m. The Suljkovac landslide is also developed
in alluvial sediments, but the difference in terms of lithology is that thicker layers and
coarse-grained pieces of gravels are registered on this locality. As the left tributaries of the
Belica River bring the material from Crni Vrh, which is lithologically represented with
crystalline schists prone to decay, the gravels have considerable clay content. The depth of
alluvial sediments in the region of Kosica landslide is about 5.4 m.

Morpho-sculptural elements of landslide genesis in Quaternary sediments

Paleogeographic analysis includes monitoring of morphologic and morphometric
evolution of the relief, in which successive quantitative changes occur. This is one of the
conditions for landslide development. Each river flow has three phases of development.
Lamakin V.V. (1950; cited in Roki¢ Lj. 1996) marked them as instrative, perstrative and
constrative phase of development.

Instrative phase corresponds to the conditions in upper (spring) parts of water flows,
where neotectonic uplifting and dominant vertical erosive component prevail.

Morphologically, these relief forms are V-shaped valleys without developed valley
bottom as their primary characteristic. The elements of this phase characterize the upper
flows of the Belica tributaries: Josanica River, Lozovi¢ki Potok and Stipljanski Potok.

Perstrative phase is characteristic for the broadened parts of middle and lower river
flows, with simultaneous accumulation and erosion, and equally expressed lateral and
vertical erosive component. Morphologically, these valleys in their cross-profiles are
presented with inverse trapezoid and with developed valley bottom.

Constrative phase is characterized by more or less thick accumulation within
spacious alluvial plains. This occurrs due to valley bottom subsidence and river channel
rising (as a consequence of sediment deposition). The accumulation cycle of one phase is
covered by new deposits of the subsequent one, along with the permanent growth of
thickness. As a rule, this phase is characteristic for the lower river flows. However, in the
drainage basin of the Belica River none of the elements of this phase have been registered.
In lower river flow, from the line Solaris-Purdevo brdo (south-western part of the town
Jagodina), the Belica River cuts its channel into alluvial sediments of the Velika Morava.
The estimated thickness of the Velika Morava alluvium is 10-14 m in this zone (Dobriéic,
D. 1978).

The landslides Suljkovac and Kosica are located in the valleys which have elements
of perstrative phase of development. In the beginning of the formation, these parts of valleys
were also V-shaped in the cross-section, but in time the intensity of vertical erosive
component was changing. This conditioned the predominance of the lateral erosive
component over the vertical erosive component, which then resulted in formation of alluvial
plain and caused retreat of valley sides. As the result, the valleys obtained the form of
inverse trapezoid in the cross section. The tributaries of the Belica River (the streams
Slatinski Potok, Voljevacki Potok and the Jelica River) have such a form today. Apart from
this morphological form, perstrative phase is also characterized by valley asymmetry, which
is detected in the Belica valley (RSumovi¢, R. 1971, Zeremski, M. 1984). This morphologic
anomaly is conditioned by neotectonic movements, which initialized the uplifting of Crni
Vrh. It gradually brought to regional inclination and lateral migration of the Belica River
channel southward, which caused the asymmetric cross section. Infilling of these valleys
with alluvial material occurred during the Pleistocene. According to Markovi¢ (1967),
aggradational plains in the Pannonian basin and Peripannonian regions date from the
Wiirmian period (Wiirm III). This created thick deposits of sand, gravel and clay whose
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thickness ranges from 7 m in the Belica valley to 2 m in the valleys of its tributaries —
gtipljanska Reka, JoSanica, Lozovicki Potok, Slatinski Potok and Taboriski Potok. As we
previously established that the Belica valley is asymmetrical, it can be expected for the
distribution of alluvial plains to be one-sided.

However, the elements of the alluvial plain have also been detected on the right
valley side of the Belica, which Zeremski (1984) explained by a decline of the neotectonic
processes. Extreme asymmetry of the Belica alluvial plain was detected in the sector
between the settlements Santarovac and Suljkovac. The left side of the alluvial plain has
average width of 450 m, while the right side, where Suljkovac landslide is positioned, is 140
m wide. Outside of this sector, alluvial plain of the Belica is mostly symmetric.

Morphological indicators detected in the alluvial plain, which indicate the recent
neotectonic activity and restoring of the vertical erosive component in the region, are trench
river channels (RSumovi¢, R. 1986). These erosional morphosculptures in the drainage
basin of the Belica are incised in alluvium, with the depth range from 2 m to 6.9 m.

Trench channels have been detected in the valleys of the rivers Belica, Stipljanska
Reka, Josanica, Lozovicki Potok, Slatinski Potok and Taborski Potok (see Fig. 4).

A part of the Belica valley is also in this evolutional phase. Belica sliding zone
spreads in the right valley side (Milosevi¢, M. V et al. 2008). In the initial (instrative) phase,
in this part of the valley, both vertical and lateral components were expressed: vertical as a
consequence of harmonization of vertical profile and lateral as a consequence of Crni Vrh
uplifting. It resulted in asymmetric shape of the valley, which fulfilled the quantitative
predispositions (inclination) for the landslide development along steeper side.

As the right valley side is bordered with faults on north and south, primary pressure,
decompression and earthquakes took place in this zone, which initiated the landslide
development and caused the formation of Belica sliding zone (MiloSevi¢ M. V. et al. 2008).
As it was emphasized before, the sediment infilling of the Belica valley occurred in late
Pleistocene (perstrative phase). Thus, the landslide foots of Belica sliding zone became
stable and stopped the further development of this process (Fig. 4).

Recent tectonic activity resulted in regional uplift, which caused the further incision
of the river channel in relation to the Belica alluvial plain. Thus, a trench channel was
formed, with a depth range from 4.5 m to 6.9 m. In some sectors, the trench channels have
cut through the alluvial sediments. As the result of adaptation of topographic surface to the
new conditions, the sliding process has started (Suljkovac and Kosice landslides).

The analysis of the Belica River channel cross sections in the sector where trench
depths exceed 5Sm (Fig. 3), indicates that the complete through-cutting of alluvial deposits
did not occur in the zone where the trench is deepest. On the A—A, profile, maximal trench
depth of 6.9m was measured, and Suljkovac landslide is positioned in the zone where trench
channel depth is 5.3 m. It can be supposed that the depth of the trench channel itself is not of
particular genetic importance.

Fig. 3. Relation between trench channels and lithological structure, depending on width of the alluvial plain
Fig. 4. Spatial distribution of trench channels in the Belica basin
Fig. 5. Cross section of the Suljkovac landslide

The horizontal analysis of the alluvial plain in the sector A—A; showed a symmetrical
plane, contrary to the Suljkovac landslide which is positioned in the zone of extreme alluvial
asymmetry. Accordingly, it can be supposed (Fig. 5) that alluvial sediments in the zone of
narrower plain sides are thinner, and therefore, the trenches which cut these deposits are less
deep. We can suppose that through-cutting of the alluvial deposits in the Belica valley is a
discontinuous occurrence.
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Table 2. The depths of trench channels in the Belica valley

Profile A_A, B-B, B_B,
Depth (m) 6,9 53 5.6

One of the reasons of alluvial asymmetry in the zone of Suljkovac landslide is a sharp
bend of the Belica River from the direction NW-SE towards SW-NE. It determined the
location of the landslide on the concave side of the bank, which additionally intensified the
process of undercutting of alluvial sediments. As aforementioned, the elements of delapsive
sliding were detected at Suljkovac landslide. This process was reflected first in the sliding of
the edge parts (the 1 phase) and then peripheral parts (the 2™ phase) of the alluvial plain,
with noticeable foot character of sliding. Slide plane (determined by Neogene sediments)
started to move successively into the level of newly formed basis, which was deeper in
relation to the previous condition. Man also influenced modification of the intensity of this
process by constructing a dam in the level of reactivated landslide. This primarily caused the
fluctuation of vertical erosive component, which is reflected in increased erosive capacity of
the river downstream from the dam, causing the deepening of the river channel. The
destruction of the dam happened during the 1990s, but the left part of this object remained
and therefore directed the river mainstream to the additional undercutting of the right
concave bank. This process has not been repaired yet. The dynamics of Suljkovac landslide
has been continuously monitored since March 2006 till today, and during this period
successive spreading of this colluvial process towards the location Gornja Mala (a part of
the Suljkovac settlement) has been detected. In future, the dynamics of this landslide will
depend on the quantity of the moved sliding mass in the foot below the water surface on the
bottom of the Belica River and the available kinetic energy of the river water, capable to
“clean” the bottom of these masses.

The Kosica landslide in the alluvium of the stream Slatinski Potok had similar
genesis. This landslide with the elements of paroxysm was formed as a result of
undercutting of 2.5-3 m deep alluvial sediments. The underlying formation of Neogene
sediments acted as an aquiclude (Fig. 1). The elements of the process reactivation have not
been observed since 2006.

Discussion and conclusion

In the initial phases of a particular landslide research, one of the first methodological
steps is application of the elimination method (Lazarevi¢ R. 2000, Dragicevi¢, S. 2007,
2008, Milosevi¢, M.V. et al. 2006). The reference criteria of elimination are geological,
morphogenetic and morphometric characteristics, which mean, among other things, the
absence of colluvial process in alluvial plains. The results of this paper indicate that a priori
application of this method can be groundless.
The landslides Suljkovac and Kosica, which are positioned in the alluvial plain,
disqualify the application of this method in a certain degree.
The occurrence of landslides in alluvial sediments of the Belica River is determined
by two conditions:
- The occurrence of trench channels
- The average lithological structure which acts as hydro-collector in relation to its
underlying formation
According to the genetic factors, the method of so-called transversal constructions
can be proposed as a measure against sliding (Vucicevi¢, D. 1995). This method is based on
the construction of a dam in the river channel. In the case of the Belica River, the dam
should be positioned 10 m downstream from the remnants of the existing dam (Fig. 5). This
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transversal construction should initiate sedimentation in the river channel in the upstream
zone, where the sliding occurs.

Deposited sediments should be used for rising the Belica channel above the Neogene
sediments (Belica sliding zone), and in that way the sediments would support the Suljkovac
landslide. The process of delapsive sliding would be stopped in the future by this procedure.
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