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Casxerak: ['eomopdormnomka kapra bena Ilamanka mpencraBiba rpaQuuky IpUKa3 reoMOpgOIIOMIKHX OAHOCA Ha
IpPOCTOPY YOKBHpEHOM TomorpadckoM ocHoBoM jucta bena ITamanka 1:100 000. Kapra je myGmuxosana 2008.
roauHe y m3nawy CAHY u Onoopa 3a reonunamuky CAHY, u nipBa je neraspHa reoMoposiomka Kapra mramnasa
y Hac. Y pagy ce pa3marpa METOZOJIOrHja u3paje reoMopdoIomke KapTe, Caapxaj ¥ HauMH [pHKa3a [0/aTaKa,
reoJsiouika rpala TepeHa, FeHETCKU TUIIOBU pesbeda U OOIMIM YHYTap MOjeJUHHUX THIIOBA, KA0 U reoMOpQoIomKa
ucropuja pesbeda o] HEOreHa 10 AaHac.

Kibyune peun: ['eomopdouionika kapra, bena [lananka, reHeTCKH THIIOBH pebeda, reoMop(oIIolKa HCTOpHja.
YBoa

OcamzeceTnx TOAWHA TMPONIIOra BeKa, 3ajeJHHMYKOM akKIjoM reorpada
JyrocnaBuje, 3amodena je wu3paga JaeTajbHe reoMopdosolike Kapte JyrocimaBuje 1o
JUCTOBUMA TpHHHUYKe monene y pasmepu 1:100 000, kao jeAMHCTBEH NHpoOjeKaT 3a CBE
Tajalme penyonnke u mokpajune. OBaj npojekar ce y Cpouju ¢punancupa u3z Ponma 3a
HayuHa uctpaxupama CAHY.

I'eomopuomka kapra bena [lananka palena je mo YmyTcTBy 3a M3pajy JeTajbHe
reomoporoke kapre COPJ y pazmepu 1: 100 000 (I'pyna ayropa, 1985) caunmeHoM 1o
yriieny Ha MeljyHapo/He cTaHAapAe 3a u3paay reoMopdOJIOMKIX KapaTa cBeTa. Y MyTCTBOM
je perynmcaHo Jia ce u3paja | ITaMIlambe TeoMopoonIKe KapTe 00aBiba 10 JUCTOBHMA Ha
tororpadckoj ocrosu 1:100 000. Ilpuniun uspane reomopdoronike kapre je mMopdore-
HeTckd. theH campixkaj, mprkas mojaraka ¥ METOJ0JIOTHja H3paje CaapKaHu Cy y YIyTCTBY
Koje je 00aBe3HO 3a CBE ayTope.

T'eorpadcxu mperiien

Jlucr Bena IMamanka 3axBaTa mpocTop of oko 2.225 m?, m3mely 43°00'-43°30'
CI'll m 22°00'-22°30" UI'[] mo I'punmuy (Cn. 1). To je MPEeTeKHO IUIAHUHCKU pesbed
jyrouctoune CpOwuje ncnpeceran 1yookum noiuHama. Ctora cy BUCHHCKE pa3jiuKe 3HaTHE,
Hajuenrhe npeko 1000 m.

V pemedy ce BucunoM nocebno ncrnue Cysa mianuHa. OBa MPETEXKHO Kpeumhadka
IUIAaHWHA CE MpOCTHUpe Ha aykuHW o oko 40 km, on Humxe bame na C3 nmo peke
Jlyxuune va JU. Cactoju ce on kpamke moBpimu Bamosxja, mpoceune Bucune 1.400-1.500
m, U JIBa CTEGHOBHTA rpedcHa KOju ce 0/1Bajajy on moBpmm Banoxja ka C3, ogHocHO C, Te
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OTIKOJhaBajy ciuB LlpBeHe peke y BUAY MOTKOBHIE, Kako je To U Lpujuh (1912) 3amaszno. Ha
cTeHOBUTHM Tpebennma CyBe IUTaHMHE BUCHHOM JOMUHHpAjy BpxoBu Komos kameH (1523
m), Tpem (1810 m) u I'omamr (1388 m), a Ha kpamikoj moBpimu Banoxja I'onemo cTpaxumire
(1740 m), JIutrma (1683 m) u ['omem Bpx (1535 m).

Ca. 1. T'eorpadcxu noJiozkas aucra Bena Iananka.

Ha jyroszamany on Cyse mianuse cy baduuka ropa (1095 m) u Kpymesuna. Ose
IUTaHKHE, IpaBla npyxawma C3-JU, cmenrene cy nsmely nBe kornune, 3amnamcke Ha CU
neckoBauke Ha J3. Microuno ox CyBe miannHe BucuHOM ce uctuay LlmsuBoBauku Bpx (1256
m) u benapa (853 m, a cesepHo on Humase Cepspumike miaanae (1334 m) u Tpecubaba
(808 m).

VY oxBupy mucra bena [lamanka Hamaze ce MeljyIuiaHHHCKE KOTJIMHE Kao IITO CY:
Cepspumka, mmelhy Tpecmbabe u CBpJ/pMIIKMX IDIaHWHA, 3arurajbeka, u3Melhy Cyse
mwiaanHe babmuke rtope u Kpymesune, Koputamuka, m3melly CyBe IulaHmHE U
IIbuBoBuuKkor Bpxa, bemonananauka, y ponunu HwuinaBe, baOyimiHuuka, y AoiuHH
Jly>)xHulie ¥ [eJIOBH TOjeIMHUX KOTJIHHA (MUPOTCKE, HUILIKE M JeckoBauke). Hagmopcke
BHUCHHE JHA MOMeHyTuX KoTiauHa kpehe ce usmelyy 400 u S00 m, A0K Cy HAjHHIKH CIOBH
Tepena oko 200 m Be3aHu 3a anyBujasiHe paBHU Huase u Jyxxne Mopase.

Xuaporpadcka Mpexa je pelaTHBHO JOOpPO pa3BHjeHa, alld  CcaMo Y
HeKapOOHAaTHUM TepeHuMa. Y KapOOHAaTHHUM TEpeHHMa Cy pPEYHH TOKOBU CBEJICHHM Ha
MHUHHUMYM. 3a/ip>Kallil Cy C€ CaMo jauH, aJloTeHH PEYHU TOKOBH, JOK CY CJIIAOWjH IEITUMHUIHO
WY TIOTITYHO TPECYIIHIIH.

Ha mucry bena Ilamanka Humasa je HajBeha u 1mo MopdoJIOmIKOM YYHHKY
Haj3HavajHUja peka. OHa je Ha ayxuHU ox oko 50 km, ox LlpHOKIMINITA, HA HCTOKY IO Cela
ITpoceka, ogHocHO 1o Humike koTinHe, Ha 3amany, U3rpaguia KOMIIO3UTHY JOJIUHY TyOOKO
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yCeueHy y CTeHaMa Pa3HOBPCHOT JIMTOJIOIIKOT cacTaBa. MopQOJOMKN HajaTpaKTHBHUjU
BEH JOJMHCKH aeo je CmheBauka KiHCypa KamOHCKOT THIA, yCeueHa y KapOOHATCHUM
CTeHaMa KyHOBauke moBpmrd. Humasa npenupa Hajehm neo Tepena. 3ajelHO ca CBOjUM
nputokama, KopuTHuukoMm pekom, IlpBeHoM, KyTuHCKOM M JpyrMM MamUM pEYHUM
npuToKama, npumnazaa ciauBy JyxknHe Mopase. CeBepHo ox Humase Behm meo Tepena, ca
CBOjUM mpuTOKama japenupajy Cepspumkd W TproBuinkn TUMOK, KOjH HpUMAzajy CIUBY
Tumoxa.

JlonnHe MOMEHYyTHX pPEeYHHUX TOKOBA Cy, YIJIABHOM, ITPOXOJHE, T Cy HCKopHIheHe
3a pa3Boj caoOpahaja. I'maBHu caoOpahaj ce omBuja mommHoM HumiaBe. XKenmesHnuku u
JIpyMcku caoOpahiaj Koju mpona3u OBOM JOJIHHOM TOBe3yje Beha rpancka Hacesba (Hum-
bena IMananka-ITnpot-Anmurposrpan-Coduja). I[lopen oe riaBHe caobpahajunie, mocroje
W Mame 3HAYajHM IyTeBH, MaxoM ac(aiTHH, KOju MOBe3yjy OMmITHHCKAa M Beha ceocka
Hacesba.

Canp:kaj u npukas nojaraka

JeramHa reomopdoromka kapra bena IMananka caapxu mer OMTHHX KaTeropuja
rnojaraka, a To Cy: IOJalH O reoyiomkoj rpahu (JIMToNOrHja U CKIOI), MOP(OreHEeTCKH
nozar, Mopdorpadcki, MOPHOMETPUCKH U MOPHOXPOHOIOIIKH

3a rpaduuko mpencraBibame nojaraka kopuuthene cy 0Ooje, mpadype, yCIOBHH
3HAIM ¥ CJIOBHO-Opojuanu cumOonu. CBaka KaTeropuja mojaraka je mpukasaHa moce0OHOM
BPCTOM O3HaKe.

I'eonomika rpaha je npencraBjbeHa NOCeOHOM HIpadypoM; JIUTOIOIIKK cacTaB Oie1o-
cHBOM MIpadypoM, a eIeMEHTH CKJIONA LIPBEHUM, CTaHJaPHAM JIMHUjCKHM O3HaKaMa.

MopdoreHeTcku nonany, 0HOCHO TeHETCKH TUIIOBH pesbeda cy IpHKazaHu 0ojama.
CBaku TeHETCKH THIT peibeda je mpenctaBibeH moceOHOM Oojom (Cm. 2). Usyszerak je
HamNpaBJbEH KOJI aKyMYJAIIMOHUX OONHMKa MAAWHCKOT U (IIyBHjaHOT peJbeda, KOju cy
MIPUKa3aHA 3€JCHOM 00jOM HMaKo HE MPHIIAAajy MCTOM TeHeTcKoM Tuiry. Mopdorpadcku
MoJaIy, Cy MpPUKa3aHH YCIIOBHUM 3HAIMa y 0OjU CBOT T€HETCKOT THIIA peJbeda, U TO
jadrM MHTEH3UTETOM Off OCHOBHE 00je K0ja AeHuHHUIIIe TeHETCKH THII pesbeda.

MopdomeTpujckn momany cy HWCKa3aHU HW30XHIICAMa KOje CY MOCIYXHIe Kao
tomorpadcka momiora 3a reomopdosomky kapry. Pasmepa mopdorpadckux 3HaKOBa
takolhe yka3syje Ha enemeHTapHe MOpdomeTpujcke oHOCce. MOP(POMETPUjCKUM MOCTYIKOM
Cy, IpeMa HaruOy majuHa, U3BojeHe Kiace pesbeda. OHe cy mpukazaHe y 00ju TeHETCOT
TUMa pesbeda, anu pasIuIuTHM WHTEH3UTETOM, KOjU pacTe ca moBehameM Haruba maauHe
(Cn. 3). MopdoXpOoHOJIONIKH TTOAAIM Cy O3HAUEHH CIOBHO-OpOjYaHNM CHMOOJIMMA Y IPHO]
00ju mpema moctojehoj TeOXPOHOIOIIKO] CKAIH.

MeTooJioruja uspaae Kapre

[MpunmkoMm wm3panme nmerasbHe Treomopdonomke kapre bema IMamanka 1:100 000
NPUMEHEH je METOA KOMIUICKCHE, KBAJIUTATHBHE M KBAHTHTATHBHE TIe€OMOP(QOIIOLIKEe
a”ammse. Ilomamy o reoMOp(OJIOMKHM OJHOCHMA IPHKYIJBEHH CY KAaOMHETCKHM H
TEPEHCKUM HCTPAXKHUBABUMA.

Y mpBoj (a3u KaOWHETCKMX MCTpaKuBama O00aBJbEHA je JeTajbHa aHalIn3a
OcHoBHe Teosonke kapte 3a nuctoBe bena [lananka u Kmaxesar y pasmepu 1:100 000,
3aTHUM KBaJIUTaTUBHA W KBAHTUTATHMBHA aHaJIu3a TOHOFpa(bCKI/IX OCHOBa, aHaJiu3a
CaTeNNTCKUX CHHMMaka, JeTaJbHa CTEpEOCKOICKa aHajiM3a aepoCHHMaKa, Kao M aHalIu3a
JUTEPaTYPHUX T0JIaTaKa.

Hajpehu mocao y mpBoj (pa3m KaOMHETCKUX HCTpaKMBama O00aBJbeH je
CTEPEOCKOIICKOM aHAIIM30M aepoCHHMaKa. JleTalbHa CTEPEOCKOIICKa aHalHu3a aepOCHHMaKa
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omoryhuia je 6p30 ¥ Moy3AaHO NPUKYIIJbakhe MOAaTaKa U FBbHXOBO MPELUU3HO HAHOUICHE Ha
reoMop(oJIOIIKy KapTy..

Y (da3u TepecHKHMX HCTpaxkMBama 00aBJLCHE Cy IMPOBEpe M JONYHE IojaTaKa
HEMOCpeHUM OCMaTpameM I[ojaBa U OO0JIMKa Ha TepeHy. Y HeIoCTaTKy CpelcTaBa,
MehyTHM, TepeHcKa MCTpakuBama Cy CBEJeHAa Ha MHHHMMYM, CaMO Ha MECTa OJ KJbYYHOT
3HayYaja.

VY 3aBpmHOj (asu KaOMHETCKMX HWCTpaKMBama, HAa OCHOBY CBHX IOJaTaka,
MIPUKYJbEHUX KaOMHETCKMM M TEpEeHCKHM HCTpaknBambKMa, ypaleHa je KOHauHa Bep3uja
reomopdoronike kapre y pazmepu 1:50 000. AyTopcku opurnHamIu reoMopQoIoIIKe KapTe
Bena Ilananka cy, gakie, pahjenu y pasmepu 1:50 000. O yeTupu ayTopcKa OpUTHHAIIA, Y3
W3BECHE UCIIPABKE U JIOIYHE, j€ CauylibeHa jeANHCTBEHAa reoMOop(OJIOIIKa KapTa y pa3MepH
1:100 000.

KNACE PEMLEDA 1 2 3 4 5 6
HATWE Y CTEMEHUMA 0-2 2-5 5-12 12-32 32-55 > 55
EPO3NOHN  PEMED i | [ ] 20 Il
AKYMYNIALMOHN PERRED | | 1 ey e e
ONYBUO-KPALIKM  PE/LED =] :] - -
KPAWKW  PEMLE®D | | 1 -
NAMHWYKN  PEMLE® |_____] -

Ca. 3 Mopgorenesa u moppomerpuja
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Pannja ncrpaxkuBama

ITomamm o xapTupaHoM TepeHy Mory ce Hahu y OpojHHM pagoBHMa u3 00JIacTH
reojoruje, reomMopdornordje W APYTUX CPONHMX HAYYHHX JAWCHHUIDINHA. ['eosomrka
UCTpaXMBama Cy HajOpojHUja, 01 Kojux heMo moMeHyTH caMo Haj3HaudajHuja. [IpBe monaTke
o reostoruju CenuueBune, badbuuke rope u CyBe IUTaHHHE Halla3uMo y pagoBuMa Boue A.
(1836, 1840, 1870). Ox momahux reosora mo3uatu cy pagosu JKyjosuh J. (1889, 1893),
koju y OcHoBama 3a reonorujy CpOuje, u3meljy ocTajor muile u O TeOJIOTHjU 3ariama,
Cyge mnanune, benase u Jlyxuurie. Haj3sHauajHHje pamoBe 0 T€OJIOTHjU OBE 00JacTH 130 je
IerxoBuh K. (1930 a, 1930 6). CyBa [Inanuna no IlerkoBuhy je Bennka aHTHKIMHAIA
NIPeACTaBJbeHa BAICHIM]CKUX W OTPHUBCKMM Kpedmanuma ca ocoMm npyxkama C3-JU. YV
jesrpy aHTHKIMHAle, KOje je epo3njoM OTKpuBeHO y ciuBy Llpsene peke, IlerkoBuh je
KOHCTaTOBAO IaJIe030jCKe MIKPUIBLIE, IEPMCKe LPBEHE Nenrdape, IIMHUIE U KOHIJIOMepare.
HUctn aytop je mybimkoBao paj o crparurpaduju u TekroHnny bemase u LlpHor Bpxa.

VY Bpemeny ox 1966. no 1980. roguue rpyma ayropa u3 ['eo3aBoga CpbOuje je Ha
npocTopy ucra bena [Mamanka obaBmia IeTa/bHO IEONOIIKO KapTupame y pasmepu 1:100
000. Ypahena je OcHoBHa reosomika kapra 3a jquct Kmaxesa, koju je mramnan 1976. u
muct bena [lamanka, mramnan 1980. ronune. [lomeHyTe KapTe MOCITYXWIE Cy 3a H3pamy
T'€OJIOIIKE TIoJyToTe 3a reoMopdoiomnky kapty bena ITananka 1:100 000.

I'eomopdornomika mpoyyaBama uctoune CpOuje 3amouena cy kpajem 19. Beka.
IIpBe momatke o mehuHama u moa3eMHoj xuaporpaduju ucroune Cpouje nao je Lsujuh J.
(1895), xoju neraspHO omucyje noa3eMHu Tok CBpJbnKoj TrMOKa, a moMumbe 1 nehune, ox
Kojux je HajnoszHatuja IIpexoHomika.. Ha ctpanama CyBe miannHe u CBpIJBHIIKHX TIAaHUHA
L{Bujuh J. (1986) xoHcTaTyje OpojHE KpalIke U3BOpe Koje, HEKe O] X, JIETaJbHO OIUCY]e.

CyBy mnanuny je Lpujuh (1912) mogenmo Ha Tpu Hena: MOTKOBHYACTH TpedeH,
00nyk LlpBene pexe m moBpm Bamoxja. [ToceOHY maxmy IMOCBETHO je KPAIIKOj TMOBPIIH
Banoxja koja ce o MOTKOBHYACTOr rpeOcHa HactaBiba ka JU. Ilopm je HasBao 1o
BajioraMa 3a Koje Kaxe ,,J1a Cy CIHMYHe yBalama TUHApCKOT KapcTa'.

Ha Cygoj muranmau je Huxommh P. (1912) 3ama3uo u3BecHe o0nmke koju nozacehajy
Ha TJjandjajdHe, [a TPETIOoCTaBjba Ja j€ OBa IUIaHWHA ,y TJHanujagHo goba Omima
3arjedepena.

JlerasbHa npoyvaBama CBpJbHINKE KOoTHHE 00aBuo je boruhiesuh M. (1914). Ogaj
ayTop je a0 OCHOBHE MOP(OJIOIIKE KapaKTePUCTHKE KOTJIMHE M Ha OCHOBY Mopdoioruje
TepeHa, M3HOCH CBOjeé MHILBEHE O MOPQOJIOIIKO] eBONyuUju CBpIBHIIKE KOTIMHE |
Cepspukor Tumoxa.

[NonaTke o KpalIKMM M3BOpUMA M BpeJIMMa Hala3uMo y panoBuma [lerposuha J.
(1957, 1958). T'otoBoO cBe Kpamke n3Bope U Bpesa Ha CBpsbuInKuM IiannHaMa U CyBoj
[TnanuHYM je neTabHO ONMMCAa0, HAaBEO HUXOBE JIOKAIMTETE, W3IALIHOCT U KoJebame BOJE
TOKOM TOJIMHE.

Hparonene monatke o pesredy CyBe mmaHmHE, TOCEOHO O Kpacy, gao je Mummh Y.
(1962). ITo oBoM ayTopy 3HauajaH YTHIAj Ha Pa3BOj KPAIIKOT pesbeda MMama je TeoonKa
rpaha TepeHa (JIMTOJIOIIKK CacTaB M CKIIOI), 3aTHM KiIWMa, Xuaporpaduja, Bereraiuja u
MIEIOJIOIIKY MOKpUBad. Y3uMmajyhm y o03up yTuIaje cBUX MOMEHyTHX (akTopa, Mummh
3aKJpydyje Oa kpamku pejbed CyBe IIaHWHE MPEACTaBJba ,,KOHAYHH H3pa3 BEKOBHHX
TEKTOHCKHX TIpoleca U KIMMATCKUX IpoMeHa'.

IMonatke o llpHosbeBaukoj nehunn, nuparepuju Tproumkor Tumoka, o
ypBUHCKOM pesbedy y CBpIJBHIIKO] KOTIMHH, O NOHOpY W Bpeny CBpspumkor TuMoka
HasasuMo y OpojuuM pagoBuma Junuh J. (1964, 1967, 1979, 1980).

3HavajHe ToaTKe 0 MOP(OJIOIKNM U XUAPOJIOIIKUM KapakTeprcTika Tpecubdade
nmao je 3epemcku M. (2004). ITo oBom aytopy Tpecubaba je 3a Bpeme MHOIICHA Owiia
NpEKPUBEHA je3epOM y KOMe Cy ICMOHOBaHM CeJUMEHTH. PeuHa mpexa je ¢opmupana
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ToCTIe TOBJIAaYCHa je3epa, a pa3Boj KpamKor Imporeca U popMupame 00IHKa ,,3aII09es0 je&
TEK OHJIA KaJla Cy epOJJOBaHU CEIMMEHTH .

I'eonomxka rpaha

Pernonante mop¢oomnike KapakTepHCTHKE pesbeda, Ha mpoctopy jucta bena
[Mananka, yCIOBJbEHE Cy TEONIOMIKOM TpaljoM — JHTONOMIKAM CACTaBOM M TEKTOHCKUM
ckioriom (C. 4)

Jlumonowrxu cacmag

VY JIMTONOIIKOM CacTaBy KapTHPAaHOI TEPEHa YYECTBYjy Pa3sHOBPCHE CTEHE, OJ
HajcTapujux, MPOTEpPO30jcKuX Meramopdura 10 HajMiahux KBapTapHHUX TBOpPEBHHA. 3a
pa3Boj Mopdonomkux mpomeca W (Gopmupame oOnmka, Mehytum, HHje OWTHa
cTparurpadcka MPHIAJHOCT IOjeAMHHUX T'EOJIOIIKMX TBOPEBHHA, Beh HHXOB JIMTOJOIIKH
cacTaB, OJHOCHO (U3MYKO-MEXaHWIKAa W XEMHjCKa CBOjCTBa CTeHCKHX Maca. CTeHe cCy,
cTora, Kiacu(puKOBaHE IpeMa OTIOPHOCTH Ha epo3ujy. Ysumajyhu y o03up 0Baj
KpPUTEpUjyM H3[BOjeHe Cy cienehe mUTONOIIKE jemuHMIE: MEeTaMOp(UTH, MarMaTHTH,
KJIaCTUYHE CTeHe, KapOOHaTHE CTE€He WU IIOJYKOHCOJIMIOBAaHM M HEKOHCOIUAOBAHH
ceMMeHTH HeoreHa. HaBe3aHH ceMMMEHTH KBapTapa HECY rpauyku mpeacTaBbend. OHu
Cy TpHKa3aHA aKyMyJaTHBHHUM OOJMIIMMA KOjH CBOjOM T€HE30M JAC(QUHHILY BPCTY
Mmarepujaa.

Ll
CRTMEnNTH NMEDE
= Haoran: Neckons,
— - LN YHEOEN, TTTIANG,
Nanapags W ap.
KnacTiHe cTexse

“1,.| KapBonarse crene

5| o ‘!‘ Maruarer
L3 N Metamopdgmmi

Paceg

7.—

Penatvexo
B enyluTen Bnok

ke

Cn. 4. NpeanedHa 2eonowka kapma nucma bena Manaxka




Iox nojMom memamoppumu oOGyxBaheHe cy HajcTapHje CTEHE, MPOTEPO30jCcKe U
KaMOpHjyMcKe crapocTu. IIpeacTaBjbeHe Cy KpUCTaNacTHM IIKPUJBLMMA  CPIICKO-
MaKeIOHCKe Mace (aIOHT-XJIOPUT-MyCKOBUTCKUM, KBapLUTHMa H KBapL-CEPHIUTCKUM
mkpusbiiiMa). OBUM cTeHaMa Cy u3rpaljeHu jyrosamaanu aeiaoBu TepeHa, (CenuyeBwuiia,
babuna ropa u Kpymesuna). Meramopdutn oTkpuBeHH Ha magauHama Crape IUIaHHHE,
ucrouyHo on Tproeumkor TuMOKa, TpeACTaB/bEHH Cy THajceBUMa, amduOonuTUMa,
aM(UOOJICKUM U CEPULIMTCKIM IIKPHIBIIMA

VY OKBUpY Maemamuma W3BOjEHH Cy TPaHUTOMIH, TaOpOUIHE CTEHE M HEOTCHH
anne3uTu. ['paHuronay u rabpouHe cTeHe cy KoHcTaToBaHe Ha CTapoj IIaHUHH, HCTOYHO
on Tproeumkor Tumoka. HeoreHu aHOe3uTH ce jaBjbajy y BUIY MamHX Maca, Te CY
W3JIBOjeHU caMo y jyro3amnagHoMm aeiry CyBe ruiaHuHe, y atapy cena OcTaTtoBuile.

Knacmuune cmene, TpyOJbM M (QUHM KIACTUTH, 3aCTYIUBEHH CY CKOPO Y CBHM
TEOJIOMIKAM TepruojaMa, OJ IMajeo30WKa IO TeplHjapa.. 3HadajHO pa3Buhe KIIACTHYHHUX
CTCHA TAJIe030jCKe CTAPOCTH (ICBOH, KapOOH, MepM) HaJa3uMO y je3rpy CYBOIDIAHWHCKE
aHTHUKJIMHAJE, OJHOCHO Yy CIMBHOM IoApydjy LlpBeHe peke, rae AOMHHUpaj)y AEBOHCKU
¢ 1 nepMcku 1pBeHu neuryapy. JleBoHCKU (uIuil je OTKpUBEH U Ha benasu, a nepMcku
L[PBEHH MelIuapy Ha jyrosamnaaHoM 000y 3aIUIalCKOT HeoreHor OaceHa, Ha CBpPJHUIIKUM
riaHuHama ¥ Ctapoj IIaHuHH.

Me3030jcKe KIIACTUYHE CTEHE Cy IPEACTaBJbEHE KOHIJIOMEepaTHMa Ierrdapuma,
aneBposUTMa M TiMHIMMA. JyrozanmagHo on CyBe IUIaHWHE OTKPUBEH je THTOH-
BasleHMjcku (aum koju ce mpeko JlyxHuie HactaBsba ka JU. On anra 70 3akjbydHO ca
CCHOHOM 3aCTyIUbEHE Cy, YIJIABHOM, KIJIACTUYHHM CEIUMEHTH (KOHIJIOMEpAaTH, Ieuryap,
aneBponuT ¥ rmHIM). OBH CEIMMEHTH Cy OTKpHBEHH ceBepHO on Humase n benage,
olakje ce, y Ba mojaca mmpuHe 2-7 km, HactaBipajy ka C3, cBe mo KmaxeBna, oqHOCHO
THMOYKOT OaceHa..

Knactinunm ceanMeHTH maneoreHa cy passujeHr n3Mel)y CBpIBHIIKIINX IUTAaHUHA U
[Najemkor kameHa. [IpeacTaBbeHH Cy KOHITIOMepaTHMa, MelyapiMa 1 MIHHIEMA.

Kapbonamue cmene wumajy mmpoko mnpoctopHo passuhe. To cy, maxowm,
TOPHEJYPCKA U JOHBEKPEeOHH Kpedmal. [ opmejypcku Kpeumarnu wuirpaljyjy HajBuiie
nenoe Cyse [lmanune. Y atapy cena JlyniHrka oTKpuBeHa je jeaHa Beha Maca OaHKOBHUTHX
WM ci1abo cTpaTHPUKOBaHUX Kpeumaka Koja je YTBpheHa Kao HepalrdialkbeHW THTOH-
BaJICH]TUC.

Kpeumwanm gome kpeae wuMajy Belie pacrpocTpameme 0/ TOPHEjyPCKHX.
Kpeumany BIEHAMJCKOT M OTPHBCKOI Kara OTKPHBEHH Cy Ha KPHJIMMa CYBOIUIAHMHCKE
aHTUKNIMHAaJe. 3HaTHO Behe mpocTopHO pa3Buhe MMajy Kpeumany 6apeMCKOT U ariCKoT KaTa.
Onn marpalyjy ncroune magune CyBe muanuHe, benaBy, LlpHu BpX W IUIaHMHE KOje
OTIKOJbaBajy KOPUTHUUKO-0a0yIITHIYKY OaceH, a HacTaBJbajy ce M ceBepHo ox Humase, Ha
CepJspHIIKKM IIaHWHAMa, Tpecnbadm, JemoBuky u [lajermkoM kameHy.

Hexonconuoosane u norykoHconudogame ceOumMenme Heo2eHa HaNa3uMO Y
TEeKTOHCKHM JIeTIpecHjaMa, OJHOCHO HEOreHMM OaceHHMa, Kao IUTO Cy: CBPJBUILKH,
Oenonananayky, KOPUTHUYKO-OAOYIIHWYKH, 3aIIaCKH, JIECKOBAYKHM, HULIKH H Ap. Y
MIOMEHYTUM OaceHNMa Cy JeIOHOBAaHM pA3HOBPCHH CEAMMEHTH KOju ce MelhycoOHo
npociojaBajy. To Cy IEeCKOBH, NUBYHKOBH, IJIMHE, IIJBYHKOBHTO-IIECKOBUTE TIJIMHE,
JIAMopIH, JIATIOPOBUTE TJIMHE, MEIIYapy, KOHITIOMEPATH U JIPYTH, YIIIaBHOM, Clabo Be3aHH
CCIUMCHTH.

Texmoncku cxnon

Tepern Ha nmcty benma [lamanka oumKyje ce BeoMa CIIOKEHHM TEKTOHCKHM
CKJIOTIOM HITO je MOCIeAnIa paceiama 1 youpama y BHIIE OporeHux (aza. Y TEKTOHCKOM
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mornneny HajsehnMm nemom mpumana Kapnaro-OankannanMma, a caMo MamH, Kpajiu J3 1eo
JIMCTA, CPICKO-MAaKEIOHCKO] MacH.

CpricKo-MaKeIOHCKO] MacHu TpHUMajgajy KpucrajacTh ImKpuieiu CenndeHure,
babmuke rope u Kpymepmme. CrTeHe OBe TEKTOHCKE jEOUHHIIE CY WHTCH3MBHO
MeTramopducane, BUILIECTPYKO yOpaHe, pacejaHe M IMoJ yThiajeM Oo4YHOr motucka ca J3
HaBYYCHE Ha IEPMCKE I[PBEHE Meluape Koju mpumnanajy Kapnaro-6ankanuauma.

Kapmnato-6ankanuay cy oONMKOBaHM TOKOM alllICKe OporeHese, Kaja Cy y BHIIE
HaBpara (oporeHux (asza) U3BpIleHa yOupama, paceiama 1 HaBlauewma. [lox yTuiajemM oBux
TEKTOHCKHMX TIOKpeTa HacTaje Cy BeHauKe IUIaHMHE, YWjU je TeHEepaJH{ IpaBall NpyKamba
C3-JU. C 003upom /1a HEOTeHH CEIMMEHTH HHCY YOpaHu, IPETIIOCTaBba ce Aa je youpame
npecTajo KpajeM ropibe Kpeae.

[TouyeTkOM HEOreHa aKTHBUPAHHU CYy BEPTHKAHH TEKTOHCKH IMOKpeTH. BepTukanHa
pacenama cy UMasia 3a HOCICIHIy KOMaJamke CTapuX OPOTeHHX CTPYKTYpa M (GOpMHpame
HOBHX. M3mu3ameM NOjeqHHHUX JeJ0Ba TepeHa (OPMHUpaHH Cy XOPCTOBH, a CIYIITaHkEeM
POBOBH — KOTIIMHE y KOjUMa Cy TAIOKEHH je3epcku cequMeHTH. O00IHe IeT0Be XOPCTOBA U
KOTJIMHA, TI0 TPaBUITy, KOHTOPJIMIIY Pa3IOMHU Iy’ KOjUX je 00aBJHEHO H3HM3ambe, OIHOCHO
CHyIITame MojeuHX aenoBa TepeHa. OHM cy y pesbedy jacHO wu3paxkeHH. Ibuxos
npeosialjyjyhu npasary npyxama je C3-JU.

IIpuka3 reoMmop¢o10IKHX 0JHOCA

I'eoMopdoIonIKN 0JTHOCH KapTHPAaHOT TepeHa, Kao M Pa3B0oj €r30reHnx Imporeca u
(dopmupame 00JIMKa, YCIOBJbEHH Cy reosiomoM rpaljom TepeHa. TepeHCKHM CKIIOIIOM
YCIIOBJBEHO j€ IMOCTOjarbe Behnx MopdoCTpyKTypa, MOK je pa3iuydT JMTOJOIIKU CacTaB
UMao YTHIA] Ha MOPPOMETPHjCKE KapakTepucTuke Mopdonomknx jeauHuma. Hajmmahu
TEKTOHCKH ITOKpEeTH, 00yxBaheHN ONIITHM Ha3UBOM ,,HEOTEKTOHHKA', CBOjOM aKTHBHOUIhY
yTHU4y Ha HHTEH3UTET pa3Boja reoMop(oIOMKUX Iporieca.

Hajmmahp TEeKTOHCKM MOKpETH ca BEPTHKATHUM AM(EepeHIHjaTHUM KpeTameM
O5I0KOBa, MIMajy BENHKH YTHIA] Ha W3TIEH MaHaurmer pejbeda. [1omoxkaj HEOTEKTOHCKHUX
CTpyKTypa YTBpheH je Ha OCHOBY ojpa3a THX IIOKpeTa Ha MOP(OIIOTHjy TepeHa.
ChoymTameM IOjeIMHUX [eJ0Ba TepeHa HacTalle Cy TEKTOHCKE IOTOJIMHE — POBOBH, a
U3U3aHBEM XOPCTOBH.

Hajuspasutuje mopdosonike jenuHune, HacTaie CIyIITamkeM TepeHa, YUHe
HeoreHn OaceHW (KOTJMHE), Kao INTO Cy: 3aIUlaibCKy, OeNonanaHaykd, KOPUTHHYKO-
0a0yIIHIYKY, CBPJBUIIKK U JEJIOBU MUPOTCKOT, HUIIKOT U JeckoBaykor OaceHa. [lomenyTn
GaceHn cy, 3ampaBoO, TEKTOHCKM POBOBM OTPAaHMYCHU pacequMa IyX KOjUX je M3BPIICHO
CIyIITambe.

3a pa3nuKy 0o/ TeKTOHCKHX IOTOJIMHA — POBOBA, OKOJHE IUIAHWHE TPENCTaBIbajy
TEKTOHCKH W3OUTHYTe OJ0oKOBe — xopcroBe. CyBa IUIaHWHA j€ HAjU3pa3WUTHja TO3UTHBHA
Mopdosonka jenuHMIA. [IpeacraBiba TEKTOHCKH M3ANTHYT aHTHKIMHAJIHHU OJOK ca OCOM
Tomema Ka JU. OrpanndaBajy je paceau mpasia npyxama C3-JU, myx kojux je 00aBIBEHO
ucToBpeMeHo m3au3ame CyBe INIaHWHE M CIYIUTame OKOIHUX KOTJIHHA. JyTOMCTOYHO Of
CyBe mmanmHe Mopdoiomkn ce uctudy babmuka ropa m Kpymesuma koje, Taxobe,
MIPECTaBIbajy TEKTOHCKH M3AUTHYTE OJIOKOBE, OTpaHHYCHE pacennma mpasia npyxama C3-
JU.

Hcrouno ox Cyse muanuHe BUcHMHOM noMuHupajy LllmuBoBuuku Bpx u benasa, a
ceBepHo ox Humase Capsbuiike ruanuHe, Tpecn6abe u Ilajemkn xameH. CBpJbHIIKE
wiannHe u TpecubaOy mpecenajy OpojHu pacenu ca npeosialyjyhum mpasuem U-3, ox
KOjUX Cy HajU3pa3uTHjU NpeMa CBPJHUINKO] KoTiIMHHU. CTOora OBe IUIAaHWHE NPE/ICTaBIbajy
cllo)KeHe OJIOKOBE, cacTaBJbeHEe OJl BHIIEe cyOOJOKOBa ca pa3IMYUTHM HHTCH3HTETOM
KpeTama.
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3ajeqHruKka OCOOMHA CBUX IOMEHYTHX MOP(]ONOIIKHX jeJWHUIA (XOpCTOBa M
poBoBa) je creuuduyaH pa3Boj reoMop(OJIOMIKUX MPOIECa, YCIOBJHEH JIUTOJNOUIKUM
cacTaBOM TepeHa. Y TepeHHMa U3rpaljeHUM o HeKapOOHATHUX CTEHA, Y 3aBUCHOCTH OJ
JHUTOJIOLIKOT CacTaBa, pasBHjajy ce pa3NUuuTH nporecH. Ha monuHCKMM cTpaHama |
Op/ACKO-TUIAHMHACKKUM NaJMHaMa JIOMUHHPA]y JeTyBHjaIHU U MPOJIyBHjaIHU TPOLIECH, a Ha
TJIMHOBUTHM MajWHaMa KOJdyBHjalHHU (knusuiira). KapOoHaTHE cTEHE YCIIOBJbaBajy pasBoj
KPaLIKOT Tpoleca, KOjHU je MMao U MMa 3HayajaH yTulaj y GopMHpamy KpallkuX oOJIHKa U
Kpamkor pesbeda y nenuHd. JluTosomike pasiuke, yommite, uMaje Cy OWTaH yTHIIA] Ha
BPCTY M HMHTEH3HMTET pa3Boja reoMop(oJIOMKHX mpoueca. Ha JIUTONOIIKK XeTeporeHoM
TEpeHy, N3JI0KEHOM JISjCTBY MCTOT areHca, pa3BHjaiy Cy C€ pa3In4yuTH NPOLIECH U CTBapalH
Pa3IHMYUTH OOIHIIH.

VY mopodonoruju micra bena ITananka mocebHo ce nctuue nonmHa Humiase koja
mpecerna mneo TepeH, o ymha Temcke, Ha ucToky no Humke bame, Ha 3amagy. C 003upom
Ja je ycedeHa y CTeHaMa pa3IMyiTe OTHOPHOCTH Ha €pOo3Hjy, OOJHMKOBaja je BHIIE
JOJIMHCKUX TPOLIMpEha M CY)Xela W, Ha Ta] HA4YMH, M3rpajuiia KOMIIO3UTHY IOJIUHY.
Hajsehe monuucko mpommupeme Huimape je y OenoruiaHauykoj KOTJIMHH, a CYXKEHE Y
CuheBauko] KIHMCypH, ycedeHOj y KapOOHaTHMM cTeHama. Ha wu3pasuTo CcTpMHUM
CTEHOBHTHM cTpaHaMa CuheBauke KIHCype, KOje ce Ol JOJMHCKOT THA W3AWKY CTOTHHY U
BUILIE CTOTHHA METapa, JOMUHHUPA]y KOJIyBHjaJIHE MI0jaBe — CUITAPH M OJIPOHHU.

I'enercku TunoBu pesbeda

lenerckn TunoBM pesbeda AePUHHCAHM Cy IpeMa MpOLEcHMa KOjU Cy HUMaid
JOMHHAHTHU YYHMHaK y MopdosomkoM oOimkoBamy TepeHa. C 003upoM 1a je cTBapaH
YIAPYKEHUM JICjCTBOM EHJOT€HHX M €r30T€HHX CHJIAa, MOXE CE€ CMaTpaTH Ja je pesbed Ha
npoctopy sucra bexna [Taganka eHrOCHOT U €r30T€HOT MOpeKIa

Enoocenu pemwegh

Enpmorenu pesbed ce Be3yje 3a TEKTOHCKE W MarMarcke IOKpeTe, KOju Ce TOKOM
Te0JIOLIKE UCTOPH]je, Ca jayuM WIH CIaOWjuM MHTEH3UTETOM , HENPECTaHO OfBHjajy. OBUM
nokperuma cy (opmupanu KpynmHHju MOPGOCTPYKTYPHH OOJMIM, OJHOCHO OCHOBHE
KOHTYpE JJaHallliber pesbeda.

VY OKBUpY €HIOT€HOI pesbepa MPUKA3aHU Cy caMO OONUIIM BE3aHU 3a PAa3IOMHE
CTPYKpYpe, OJHOCHO OOJUIM TEKTOHOI€HOI pesbeda, a TO Cy: pacenu ypebedy jacHo
N3paXKaHH, 3aTHM XOPCTOBU — TEKTOHCKH M3AUTHYTH OnokoBu (CyBa manuHa, CBpJBHIIKE
ianuHe, Tpecubaba), pOBOBH — TEKTOHCKE HOTONMHE (3aIIamkcKa KOTJIMHA, KOPUTHUYKO-
6a0ymHNYKa, CBpJBMIIKA, OeyonanaHayka) M JIaKTacTa CKpeTama JIOJMHA Be3aHa,
HajBEepOBaTHH]E, 32 pacee.

Ezso0cenu pevegh

I'enercka knacudukaimja ersoreHor pesbeda M oOJiMKa 00aB/beHA je Mpema
MpoIriecuMa KOju Cy WMalld JIOMHHAHTY YJIOTY Y MOP(OJIOIIKOM OOIHKOBamY TepeHa, a TO
Cy: maauHCKH, (IIyBHO-ICHYIAuMOHHW,  (uyBujanHH,  (IIyBHO-KpAILIKH,  KpAIKH,
NaJICOJIMMHUYKU W HEHOCPEIHO I[ejCTBO YOBCKa I/I3}:[BOjeHO oJI Ha3MBOM AHTPOIIOTCHU
npotrec.

Obnuyu nadunckoe pesveda

OOnuIy MasMHCKOT pesbeda Cy TeHETCKH Be3aHH 3a JAETyBHjaTHH, ITPOJTyBHjaITHA U
KONyBHjaHH mpouec. HabpojaHu npouecy ce oaBujajy yIpyKEeHO Ha JOJHMHCKHM CTpaHama
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1 OpACKO-IUTAaHMHCKKMM NanuHaMa. Ha nmagnHama msrpalleHUM o7 TJIMHOBHTHX CelMMEHaTa
JOMUHHPAjy KOJIyBHjaJHE II0jaBe, JOK ce JeTyBHjaHO-IPOITYyBHjalIHU MIPOLEC HHTEH3UBHO
pa3Byja Ha MaguHaMa u3rpal)eHuM o1 HeKapOOHATHHUX CTEHA.

Y OKkBHpPY MagwHCKOT peJbeda H3ABOJEHH Cy PAa3sHOBPCHH CpPO3MOHH U
aKkymyjauuoHu ooOmunu. MelyTum, pasmepa kapre Huje oMoryhaBala HBHXOB TOTIYH
TIpUKa3.

I'pebenn cy mpukasaHu CKOpPO Ha CBMM IUIaHWHAMa, IJie roj je To Owmwio moryhe,
Pa3IMUUTH OOJHMIM BHUIIMX BPXOBa (OLITPH CTEHOBUTH, KYIIaCTH, 3a00JbHU M KYIIOJACTH),
Kao W 3HayajHUjU NpeBoju. EckaplMaHW WM CTEHOBHUTH OJICELH, ca II0jaBaMa TOYWIIa,
jaBJpajy ce y pyOHMM jaeoBHMa KapOOHATHUX MAacHBa, IJIe Ce KpeUmalll Harjio 3aBpllaBajy.
Hajuspasutuju cy y ceBepo3anaguom neny Cyse muianune, npema lLlpeeHoj Pemm wu
3aIUIabCKOj KOTJIMHM, Y 000AZHMM JenoBuMa CBPIJBHIIKMX IUTaHMHA, npema Humasu, Ha
JOOJIMHCKMM cTpaHama CuheBauke riucype W Ha JenoBuky. Mcmox CTEHOBHUTHX oJceKa,
jaBJpajy ce TOYMJA, a y TMOJWHHU aKyMyJalWOHH OOJHIN TaIuHCKOT peJbeda (chumapw,
OIIPOHM ¥ TIATUHCKH 3aCTOPH).

VY Tepenuma msrpaljeHUM o1 HEKapOOHATHHX CTE€HA pa3BHjEHE CY japyre, Koje Cy
KOHCTaTOBaHE y CBUM CIMBHHMM HOAPYYjHMa, IOCEOHO Y N3BOPHUIIHUM JEJI0BHMa OpICKO-
IUIAHUHCKUX PEYHMX TOKOBAa. 3a pa3lIuKy Ol japyra, ImojaBe OeluleHAca Cy caMo
MECTUMHYHO 3allaKeHe.

JlenyBujaaHO-NIpOyBUjaliHM 3acTOpH ce (opMHUpajy y TOJMHU MOBPIIMHA
WHTEH3UBHOT CIHPama U japyKema. 3alaXXeHu Cy y TOAWHH JTOJMHCKUX cTpaHa Huinase u
Tproeumxor Tumoka.

[TponyBujanHe nere3e Cy Be3aHe 3a IMOBpeMEHe JIMHUjCKe TokoBe. KoHcTaToBaHe
cy y nonuan Hummase, Hu3BogHo on CuheBauke kiaucype Uy qonuHu CBpsbuikor Tumoka.

Y OKBUpPY NagWHCKOT pejbea BEIHKO pacHpOCTPABCHE HMajy IIOBPIIHHE
NOJIOKHE KJIHM3aky (KIM3UINTA), YCIOBJHCHE JIMTOJOIIKIM CacTaBOM M HaruOOM MHajuHa.
3HauajHa KIM3UIITA HAJa3uMO y HEOTeHHM OaceHHUMa (3aIUTakbCKOM, KOPHTHYKO-
6a0ymrHIYKOM, OeronanaHadKkoM, CBPJEUINTKOM W HHIIKOM), Ha MagiHaMa u3rpal)eHuM o
TTIMHOBUTHUX M HEBE3aHUX (PaCTPECUTHX) CEIUMEHATA.

Obnuyu gnysuoodenydayuonoe peveda

OO0muuy  QuyBHOJEHYTAaIMOHOT  pesbeda pe3yiaraT cy YAPYXKEHOr JiejcTBa
¢uryBujanne eposuje u aeHynauuje. [lo YmyrcTBy 3a m3pagay AerasbHe reomMop(oJiomike
kapte COPJ y pasmepu 1:100 000 (I'pyna aytopa, 1985), y OKBUpPY OBOT T€HETCKOT THIIA
pesbeda Cy MpPUKA3aHW Pa3IMuUTH OONHIM JOJMMHA (KIHNCYpe, CMHUI€HETCKE JOJNUHE |
HopManHe ponuHe). MelyTum, Kako ce OBAe pagu O JMOJMHCKUM OONHIMMA, TIe
JIOMHUHAHTHY MOP(QOJIONIKY yJIOTY Y IbHXOBOM OOJIMKOBamy UMajy PeYHH TOKOBH, OHH C€ ca
ITyHO ONpaBama MOTY CBPCTAaTH y 00IHKe (IIyBHjaITHOT pesbeda.

Pa3Boj kmmcypa YCIOBJbEH je JIMTOJIOIIKAM CacTaBOM M  HEOTEKTOHCKUM
m3am3ameM TepeHa. Kimcype Kyruucke u Iycre peke popmupane cy y MmeramopduTtnma, a
cBe ocraine, CuheBauka u kiucype CBpspumkor u TproBumikor THMOKa, y KpedmaryuMa.
Hajnosnatnja je CuheBauka KiIMCypa KamOHCKOT THIIA, M3rpalleHa epo3HOHHMM [€jCTBOM
peke Humase. Oa xnmcypa je mo Hemmh /1. (2007) ,,actieHneHTHOT MPOOOjHAUYKOT THIA' .
[To nopamuma ucror ayropa, Ayrauka je 17 km. Y mojenuHuM IeioBHMa M3pa3HTO CTPME
cTeHoBuTe cTpaHe CuheBauke KIHUCype ¢e O] TOJUHCKOT JHA U3IKy U 10 500 m.

Enurenercke noiMHE Cy, Takohe, KIUCype, yceYeHe Kpo3 BHUIIM OPJACKU HIIH
TUIAHWHCKHM MAacHB, Y OJTHOCY Ha OKOJIHM HWXH peJbed. Mame 1ojaBe enureHeTCKUX J0JIMHa
3anakeHe cy y 3amiamy, y JOJMHaMa JIeCHUX NMpHuToka KyTHHCKE peke, y TOpHEM TOKY
MarunHcke peke, aecHe nputoke HwumaBe, M y nonmHM JecHe NpuTOoKe CBPIBHIIKOT
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Tumoxka. Enmrennjy npeacraBiba U JONMWHCKO cyxeme Humase, y3BomHo on bene [Tamanke,
ycedeHo y Kpeuwanuma benase.

Ha reomopdoromkoj kapTi Cy mpuKa3zaHe M Tako 3BaHE HOpPMaliHE JOJIMHE KOje
MOry OMTH CHMETpHYHE M acuMmeTpudHe. KoJ OBUX IOJMHA JOIMHCKO JHO CE CBOAM HA
koputo peke. Kopuracre nonutHe u qonvHe paBHOT qHA MMajy Behu peunn TokoBu; Humaga,
Jyxna Mopaga, Jlyxxuunna, CBpspuniky 1 Tproumiku THUMOK.

Obnuyu gnysujantoe pesveda

OO6auuy ryBHjaTHOT pesbedha Cy TeHETCKH BE3aHHM MCKJbYYHMBO 33 pEYHE TOKOBE

KOjH Cy HETIOCPEIHUM JIejCTBOM ()OMHpA Pa3HOBPCHE €PO3HOHE U aKyMyJIAIIMOHE O0JHKe
¢uryBujasiHOT pesbea. O epo3noHMX 00IMKa Ha reoMopdoIIONIKOj KapTH NPHKa3aHu Cy:
HaIyIITEHN MeEaHIap y alyBHOHY JyxHe MopaBe, YKJBCIITEHH MEaHIpPH y KIHCypama
Kyrtuncke peke, Cepspumkor Tmmoka m Okonmumke peke (mecHe HpuToke CBPIBHIIKOT
Tumoxka), moBehame, OJHOCHO CMamehe Harnda y3ayKHOT podria BOJOTOKA, MUpaTepuja
necHe nputoke JIyKHuIe U peuHe Tepace.
Peune Tepace, cy KOHCTaTOBaHE MPAaKTUYHO OKO CBUX BehMX pedHHX TOKOBa, oko Humase,
necHux mpurtoka JyxxHe Mopase, Jlyxuune, Cspspumkor u Tprosumkor Trumoxa.
CacraBibeHe Cy, yrJIaBHOM, O]l IJbYHKOBUTO-IIECKOBUTUX CeIMMeHara. JaBibajy ce y BHIY
UCTIPEKUIAHNX TEPACHHUX 3apaBHU, Ca jeJHE WU 00¢ CTpaHe PEYHOr TOKa. Pa3BujeHe cy y
JIBa HMBOA, HIDKU WM NpBa pedaH Tepaca, penaTtuBHe BUcuHe 5-10 m, ¥ BUIIM MM Japyra
peuHa Tepaca, peJaTUBHE BUCHHE Tpeko 20 m.

AxyMmynanroHu o0munu (uryBHjaHOT pesbeda Cy NMpPEeACTaBJbEHH aTyBHjaTHUM
paBHMMa, TUIABUHCKHM JIEIIe3aMa 1 TIeNIYaHuM CIpYyJOBUMA.

AnyBujanHe paBHH, n3rpal)eHe MpeTexHo O] IMJbYHKOBA U MECKOBA, H3JJBOjEHE CY,
oko Behmx peunux TokoBa. Hajsehe mpocropro passuhe, mupuae 100-2000 m mmajy oko
Humage u Jy>xne Mopase. Mame aqyBHjadHE paBHH, IIMPHHE HEKOJIHKO CTOTHHA METapa,
pas3Bujene cy oko Jlyxxuurne, Kytuncke pexe, Cpspummkor u Tprosumkor Trumoxka.

[TmaBuHCKE Nemese ce, Mo MpaBwWiIy, GopMupajy Ipu ymhiuMa MambuX IPUTOKA Y
Behu peunu Tok. Behn 6poj mmaBHHCKHX Jerne3a, XeKTOMETapCKUX TUMEH3H]ja, KOHCTaTOBAaH
je xox nputoka Humage u Cpspuikor Tumoka.

ITenryanu cnpynoBu, mumpuHe 100-200 m, 3anakeHd cy camo y KOpUTY JyxxHe
Mopage.

Obnuyu prysuo-kpaukoe pewedpa

O6muim  yBHO-Kpamkor pesbeda ce jaBibajy y KapOOHATHHM TEepeHHUMa TIJie
peuHe-Tekyhe Boje MMajy 3HadajaH yTHIQ] y MOPQOJONIKOM OOJHMKOBamYy Kpedmaka. Y
OKBHPY OBOT T€HETCKOT THMA peJbeda MpHUKa3aH! Cy Pa3sHOBPCHH €BEIYTHHU THIIOBH CYBHX
KpaIlIKuX [OJIMHA, ToBehame W CMameme Harmba y3QyXKHOT Mpodwiia Kpamike TOJIHE,
MIOHOPH U KPAIIKH N3BOPH — BpEJa.

CyBe Kpalike ZOJIMHE Cy KOHCTAaTOBaHE Ha CBMM KpalIKMM IoBpuinMa, Ha CyBoj
wianuHA, CBPJPUIIKMM IDIaHWHAMa, Tpecubabm, uta. Y 3aBUCHOCTH Off Haruba majanHa
pasBHjeHE Cy JIOJMHE ca BpTayama Mo JHYy WM jpoiuHe 0e3 Bprawa. IlpBu Tun nommHa ce
jaBJjba Ha KpalIKMM MOBPIIMHAMA Ca MaKCHMaJHUM HaruOoMm TepeHa ao 12°, a npyru Ha
BehuM HaruOuma. HbrxoBHUM moOBe3nBameM 100Mja ce MpeXka MajJicOTOKOBA Koja yKaszyje na
je KpamkoM mnpouecy nperxoano ¢uyBujanHu. To cy, Maxom, Kparke JOJNWHE, BaH
xuaporpadcke (QyHKIMje, Tpecaxiie HajBepoBaTHHjE, y MpBOj (asum Kpacudukamuje
Kkpeumaka. Crora cy muxoBa JHa u30ymieHa OpojHuM BpTadama. Mehy oBuM JonnHama cy
3anaxeHe Bucehe nonmHe, nosmHe ca Bucehum ymhem u cnene nonuue. Ha magnHama ca
BelinM HarmOuMa pa3BUjeHe Cy JIOJIMHE HOPMAJIHOT 00JIMKa, 6e3 BpTaya, ca KOHTHUHYHPAHUM
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HaruOOM Y3Iy>KHOT MOJMHHCKOT mpoduna. OBe AONWHE Cy Ce, CBaKaKO, IyXKEe OAyIHpae
KPALIKOM IIPOLIECY, jep ce KOJ HEKHX Of IbHX jaBbajy HOBPEMEHH TOKOBH.

VY ¢dayBuo-kpamky pesbed Cy CBpCTaHM MOHOPH M KpAalKH H3BOpH-Bpena. Ose
10jaBe Cy JIOLMpaHe, YIIaBHOM, Y KOHTAKTHUM JEJOBHMa KapOOHAaTHHX M HEKapOOHATHUX
cTeHa. Behin Opoj moBpeMeHO akTHBHUX IMOHOpa ce Haja3u Ha rpebeny Tpecubabe, a
KpallKK HW3BOpH-Bpeia y IUIAHMHCKUM [OJHOXKjUMa, Ha KOHTaKTy Kpedmaka ca
HEepacTBOPJBUBUM CTE€HaMa, WM NPH JHY AyOOKO ycedeHHMX JOJMHA. BpojHM Kpamiku
M3BOpH OOTaTH BOJIOM KOHCTaTOBaHU cy y oboxHuM nenosuma Cyse [Tnanune, CBpIbUIIKHX
TUIaHWHA U y oiuHe Huage.

Obauyu kpawkoe peweda

O6mumu  Kpamkor peijseda Cy Be3aHH HCKJBYYHBO 3a TepeHe u3rpaleHe
KapOOHAaTHUM cTeHaMa. HacTtaim cy KpallkuM MponecoM, OZHOCHO HEHMOCPEIHUM JIEjCTBOM
MOBIIMHCKUX U MOJ3EMHX BOJa Ha KapOOHATHE, XEMH]jCKH PACTBOPJEHBE CTEHE.

HajcutHuju NOBPIIMHCKYM OOJIMIM KpamKor pesbeda Cy MmKparne, IeHTUMETapCKUX
IO MeTapcKux OuMeHsuja. To Cy MaxoM, IyKOTHMHCKE IIKpame pa3BHjeHe caMo Ha
OTKPUBEHHMM ITOBPIIMHAMA KPEUhaKa.

HajTunuynauju oONUITM TOBPUIMHCKE Kpamike MOpQOJorHje NpPeACTaBIbEHH Cy
Bprauama. OHe Cy pa3BujeHe, yIIIaBHOM, Ha 3apaBEHEHUM JEIOBHMA Kpeumaka, 0K Cy Ha
najirHama 3HatHO pehe wiu nmotnyHo HemocTajy. HajOpojHHje cy Ha KpamikuMm HOBpIIAMa
Cyse manuHe, CBpJBHIIKMX IUTaHMHA, TpecnOade, [lajemkoM kameHy, JelnoBHKY M Ha
npocropy nsmely benaBe n 6a0ymHnuke KOTIMHE. Y TMOjEANHHUM JISIOBUMA TEpPEeHa BpTaye
cy BeoMa vecte (npexo 100 Ha 1 km), Te cy TakBe NMOBpIIMHE Kpeumaka MpHKa3aHe 0]
HA3WBOM ,,00THHaB Kpac”. Bprade OormmaHOTr Kpaca Cy XaOTHYHO pacyTe IO YUTaBOj
TIOBPIINHY, aJli j€ 3ala)XXeHO Ja ce HeKe OJ] IbHX jaBJbajy Y HH30BHMA, Iy)K pacela HiIH I0
JHY CyBHX JOJNMHA. BaH OOrHI-aBOr Kpaca cy NMpUKasaHe W MOjeIMHAYHe, TayHO JIOLHUPAHEe
BpTaye.

[Ipema mopdoomKkoM KpUTEPUjyMy DPa3BHjCHH Cy Pa3IHIUTH OONHIIM BpTaya.
(;rleBKacte, Bempacre, 37enacTe, TambHUpacTe U moapeheHo OyHapacTe Wik OKHACTE), a IpeMa
MopdorpadkoM oBaHe, y3aAyKHE U enurcacte. [IoMeHyTH OOJIHIM BpTaya Ce Pa3iuKyjy U
no nuMmeH3ujaMa. [IpedHuK UM je MeTapcKuX JI0 XeKTOMETAapCKUX JMMEH3Hja, a JyOuHa o
JEZHOT 10 IeceTak MeTapa.

Y okBHUpY Kpalikor pesbeda u3BojeHe Cy U yBaie, koje y Behuuu cinydajeBe umajy
MOJIUTEHETCKO o0esexkje. tbuxoB pa3Boj Be3aH je, YriIaBHOM, 3a CYBE KpalllKe JOJIMHE, KOje
Cy Yy TOjeJVHUM CBOJUM JEJIOBHMAa, MOJ YTHIQjeM KpamIKor TIpoleca, IMPOIINpeHe H
NpeoOIMKOBaHE Yy BUAY M3AYXKEUX KOPUTACKUX yIyOJbema, XEKTOMETAPCKHX H
KMJIOMETapCKUX TUMeH3Hja. J[Ha cy uM, 1o mpaBmity, n30ymieHa OpojHHM BpTadama.

[Nonurenercku, OMHOCHO (IyBHO-KpAIIKH THII yBaja ca BpradaMa IO JHY,
pa3BHjeH je TOTOBO Ha CBMUM KpamkuM moBpmmMa, Ha CyBoj mwiaHWHH, CBPJBUIIKAM
ranuHaMa, Tpecn6abu 1 Ha KpaIikoj IOBPIIH CEBEPOUCTOYHO 011 Oa0yIITHUIKE KOTIHHE.

Ha xpamikoj nospum CyBe IUIaHWHE pa3BHjeHH Cy CEeUU(UIHU OOJIUIM-BAIOTe,
KapakTepUCTUYHU M jeIMHCTBEHH 3a Kpac oBe mianuHe. Lpujuh J. (1912), xoju ux je nmpBu
3amasno, Kaxe: ,,Bajore cy cimuHe yBanama IMHApCKOT KapcTa. To ¢y Mame ayryJbacte u
yCKe yBaJie, [0 NpaBHIy paBHOT JHA, KOj€ je MOKPHBEHO terra rossom M IPYTUM e1yBHjyMOM
¥ M30YIIEHO MHOTHM aJIBUjaJIHUM BpTadama”, cTp. 96.

AKyMyJallMOHA OOJIUIIM KpamIkor pejbeda Cy MpeICcTaB/beHU Haciarama Ourpa
(kackanmama), HactanuM u3nyunBameM CaCO; U3 BOJCHHUX pacTBOpa, Hajuemrhe Ha MecTuMa
rae u30ujajy jaku Kpallku W3BOpH-Bpena. 3HavyajHUje [ojaBe Haciare OuMrpa Hajase ce Ha
jyrozanangoj crpanu Cyse mnanune, (ucnon Jlutune), kox Humke bame, nucrouno ox bemne
[Nananke, ¥ y CEBEpPOMCTOYHOM HOAHOXK]Y [lajenikor kameHa.
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VY Ttepenuma m3rpalleHEM on KapOOHATHHX CTEHAa pa3BUjEHH Cy W IOA3EMHHU
Kpauiku obnuim — jame u nehuxe. OBu 00suIM, Mel)yTHM, HICY JJOBOJbHO UCTPaXHUBAHH, 11a
ce MIPETHOCTaB/ba Ja MX MMa JAJKO BHIIE HEro IUTO Cy Ha reoMOp(OJIOIIKO] KapTH
MIPUKa3aHH.

Jame cy xoncratoBaHe camo Ha CyBOj IUIAaHMHHU, il HU O JEJHOj O EHX HE
MOCTOj€ MUCaHH MOAAIH..

Ha reomopdoIioIkoj kapTu je MpHKa3aHO HEKOJUKO mehvHa U TO ABE y JOJUHHU
Humasge, xox bene I[Nananke u y nmonHoxjy benase, jenna y xnmucypu JlyxHuie, HU3BOIHO
on baOymnmnme m Tpu Ha ceBepHuM namuHama Cepisbminkux mianuHa ([Ipexonomika,
IlpHosbeBauka m mnehuna Ha moHopy Cepsbuimikor Tumoka). Cepspuiike nehune cy
panatuBHO 100po mcrpaxene. IIpse monmarke o Ilpexonomkoj nehwnuu gao je Lujuh J.
(1895). OBa nehuna, ykynue ayxuHe 435 m, Hana3u ce Hepaneko of cena [Ipekonore. Y
pamoBuma Juaumh J. (1964, 1980), manasumo momatke o lLlpHospeBaukoj mehwHn u y
nehuaama Ha moHOpy M m3Bopy CBpsbnmickor Tumoxa. Ilpema momammma oBora ayrtopa,
[lpHospeBauka mehnHa ce Hala3d y CPEAMIIBEM ey CBPJBHINKE KOTIHHE, KOJ Ceia
IpHosbeBuiie. YKyIHa ayKuHa KaHaiga ose nehuue je 81 m. Ilehune Ha moHOpYy M Bpeiry
Cepspumkor TuMoka Haja3e ce y jYrOMCTOYHOM Jeily CBPJBUINKE KOTIHHE. JlyxunHa
noHopckor zena nehuue je 200 m, 10K je BPEJICKH €0 MO CTATHUM BOAOTOKOM.

Obuyu naneorumMHuuKoe peseda

OO0aMIM ManeoJMMHUYKOr pesbeda IpeACTaB/beHH Cy je3epCKUM Tepacama Hu
00aJICKUM JIMHHMjaMa, HAacTajJuM JIejCTBOM KOTJIMHCKHX je3epa, HajBepOBaTHHjE, TOKOM
HeoreHa. Ocrany je3epckMx Tepaca ca TparoBUMa OOAICKHMX JIMHHMja 3allaXeHH Cy Y
000qHMM feNoBMMa OerlomnanaHauyke, KOPUTHWYKE W IHPOTCKE KOTIMHE, Ha JAHAIIbO]
HA/IMOPCKO]j BHCHHH 011 0K0 500 m.

Boruhesuh J. (1914), HaBomm nma cy je3epcke Tepace pa3BHjeHE W Y CBPJBHUINKO]
KOTJIMHH, W TO y BHUIIE HHBOA. MelyTUM CTEpPEOCKOIICKOM aHaJM30M acpOCHHMakKa,
aHAJIN30M Te0JIONIKE KapTe U TOMOTrpadCKOr MaTepyjalia, FbeTOBH HABOAW HICY IMTOTBPhHEHU.

Aumponoecenu obnuyu

AnTponorenu oONMIM Cy BE3aHU 3a HEMOCPEAHO EjCTBO YOBEKA HA IMOBPIIUHU
3emibe. HoBeK CBOjOM sienaTHomIy, 00pasioM 3eMJBUIIITA, CEUYOM IIIyMa, N3rPaiboM ITyTeBa,
HACHIIa, KaHAJIa, MOCTOBa, OpaHa U JAPYrux oOjekara uMa 3HavajaH yTUIaj Ha MOPQOIOTH]jY
TepeHa, OJHOCHO ommM u3riien pesbeda. Ha reomopdoromkoj kaptu cy, Mmehyrtum
NIPUKA3aHM CcaMo TOjeJIMHY, 3HAYajHUjH aHTPOINOTeHW oOmuunu: ypbaHe cpenuHe, BOIO-
on0OpaMOEHN HAacWI, BeIITauka akyMyjanuja W MajlaHd TpaljeBHHCKOr MaTepujana —
KaMEHOJIOMH.

[Ton ypbanoM cpeamHOM ce moapa3yMeBajy Beha aaiMUHUCTpaTHBHA (OIIITHHCKA)
Hacespa, kao mTo cy: bema [lamanka, babymmuma, Cepseur, apn-Xan n Humka Bama.
Bomoonbpambenn Hacun je usrpahen camo Ha sieBoj ctpanu Jy:xkHe Mopase, BelITauka
akymanyja (jezepo) y Koputamuakoj peun, ko bene Ilananxke, a 18a Majaana rpaljeBUHCKOT
MaTepujana (kameHosoMa) y CuheBaukoj KIMCYpH, 00a y TpaJeIIHUYKOM JIEITy KIIUCYPeE.

I'eomopdoiomka ucropuja
I'eomopdoronika UCTOpUja KapTUPAHOT TEPeHAa MOXKE Ce NMPAaTUTH Of MOYeTKa

HCOIrCHa, KajJga Cy CTBOPCHE OCHOBHEC L[PTC AaHAIILET pen)e(ba, rna cBe 0 aaHac. [louetkom
HEOreHna, HauM€, aKTUBUPAHU CY BEPTHUKAJIHU TEKTOHCKH IIOKPETHU IITO je HMaJIO 3a
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MOCIIEIUILYy PAcCKOMaJaBame CTapHjuX, NPETepLUUjapHUX CTPYKTYpa M CTBapame HOBHX. 3a
OBaj MEPHOJ TEKTOHCKE aKTHBHOCTH Be3yje Ce HACTaHaK KOTJIMHA Kao LITO Cy CBPJBHIIKA,
OenomanaHadka, 3alUlambcka, O0alymHndka u 1p.. OBe KOTIMHE Cy IMTOYETKOM MHOIEHA
3amIaBibeHe TpaHcrpecujoM IlaHoHCKOT M Bramko-moHTHjCKOT MOpa Koja Cy Ipema jyry
3aj1a3uiia Jyo0oKo y KOITHO.

[Tocne ¢opmuparma OCHOBHHX KOHTYpa JaHalllkber pejbeda, er3oreHd mnporecu
UMajy CBe 3HavajHHjy Mop(oJomKy yiory. Ha komHeHMM NOBpILIMHAMa, y 3aBHCHOCH O]1
JIUTOJIONIKOT cacTaBa, OJ(BHjajy ce (uIyBHjaIHH, ()ITyBHOICHYAAIIMOHH, TAIMHCKH W KPALIKH
mporiec, a y 000HUM JeJIOBUMAa KOTIMHCKHX je3epa abpasuonu. Tpeba, mehytum, ucrahu
Ja je y TepeHMMa u3rpalleHHMM oJf KapOOHAaTHHMX CTEHA KpAIIKOM IPOLECY HPETXOAMO
¢bnyBujanHN ¥ (GIIyBHOACHYNALMOHK. BpojHE CyBe JONMHE HEKAJAIlbUX PEYHHUX TOKOBA,
JacHoO yKa3yjy Ha OBY UMEbEHHILY. 3a (UIyBHjIHU U (HIIyBHOJCHYAAIMOHM TIPOIIEC MOXKE Ce
Be3aTH HACTAaHAK KPaLIKHUX MMOBPIIX KOje ce, MO YTHIajeM HEOTeKTHHCKHX ITOKpeTa, JaHac
Halla3e y XHUIICOMETPHjCKH HajBUIIUM jaenoBuMa CyBe mannHe, CBPJBPUIIKHX IUIAHMHA,
Tpecubabe u mp.

VY TOKy HeoreHa, y TEKTOHCKUM KOTJIHHaMa (je3epckuM OaceHMMa) JETOHOBAHU Cy
Pa3HOBPCHH CEAUMEHTH (KOHITIOMEpaTH, IIJbYHKOBH, IIECKOBH, JIAIIOPILIH, IJIMHE) 1eObHHE U
JI0 HEKOJMKO CTOTHHAa MeTapa. KpajemM HeoreHa, yciel emnuporeHeor (HEOTEKTOHCKOT)
M3M3amka KOIHA, JOJIa3d JI0 MOCTYIHOT TIOBJIaueha KOTIMHCKHX je3epa IpemMa ceBepy, Ka
Braniko-nontijckom u I[laHoHCKOM Oaceny. Kpajem rummorieHa W MOYETKOM IUIEUCTOLIEHA
jesepa ce KOHAYHO IOBJIaUe, a 3a COOOM OCTaBJbajy CEIUMEHTE U je3epcke oOuke (Tepace u
obaine). Jesepckn oOnMIM Cy cadyyBaHHM CaMO MECTHMUYHO Y TparoBUMa, y OOOJHUM
JienoBuMa OeronanaHayke, KOpUTHUYKE M MHPOTCKe KoTiauHe. [locie moBiadyema jedepa Ha
HOBOHACTAJIOM KONHY ce (OopMHpa JIpeHaKHa Mpexka, Te (IIyBHjaJIHH IPOILEC Npey3uMa
ITIABHY YJIOTY Y MOP(]OJIOIKOM OOJIMKOBakY M HAIYIITEHHX je3epcKux OaceHa.

[Ipecynny yiory y GbopMupamy peuyHHX TOKOBa MMaJie Cy Pa3JIOMHE CTPYKType H
Mopdostorija nHALMjaIHoT pesbeda. Jysxaa Mopasa, Humasa, Kytuncka pexa, CBpspuIku
u TproBumkn THMOK NpemUCHOHHMpaHEe Cy PErHOHATHHM pPAa3IOMHHM CTPyKTypama.
BbuxoBo oTHIame je yCMepeHo y MpaBIly MOBJIAYEHa je3epa, Te mposazehn Kpo3 JOIMHCKA
Cy)Xera M KOTIMHCKA IPOIINPEHa Ipajie KOMIIO3UTHE JOIUHE.

Ca pasBojeM (uyBHjagHOI MpoIleca, Yy 3aBUCHOCTH O JINTOJIOMIKOI cacTaBa
TEpPEeHa, pa3BUjajy ce€ W JAPYrHM er30oreHH MpPOIECH, ACAYBHjalHH, IMPOJIYBH]jaTHH,
KOJIyBHjaJIHM M Kpallku. Y TepeHuMa u3rpajeHuM oJ1 HeKapOOHAaTHHX CTEHa JOMHHHUPAjY
JIeNTyBUjaJTHA, TPOJyBUjAIHM M KOJYBHjaJHU IPOLECH, a Yy KapOOHAaTHUM KpAaIlIKH.
Jluronomwky cactaB yTuue W Ha (OPMHUpPAIE PAIUUYUTHX THIIOBA JOJMHA — HOPMAJHE,
KINCYype W JOJMHE KambOHCKOr Tuma. OBe mociienme, ycke W JyOOKo ycedeHe y
KpeUmaluMa, OUIHKYKjy C€ HM3Pa3UTO CTPMHM CTEHOBUTHM CTpaHama ca KOJYBHjaJTHHM
nojaBama (oxpoHu W cumapu). Hajnoznarmja je CuheBauka wximcypa, acieJeHTHA
npobojauna HuimaBe, Hacrama — ycenameMm HuimaBe ca HCTOBPEMEHHM CIHTCHHM
U3/IM3alEeM KPeUurhaka ol HEOreHa JI0 JaHac.

VY toxy mopdoiomke eBoyBHje pejbeda, oA MoUYeTka HEOTeHa 0 JaHac, pa3Boj
reoMop(}oJIOIIKUX Tpoleca je KOHTPOJIUCAH KIMMATCKMM IPOMEHaMa M HEOTEKTOHCKUM
HOKpeTHMa

CwMmarpa ce /1a je y TOKy HeoreHa KiiuMa Omia TOIUIMja U BIaKHHja O/ JaHAIIkhe, TS
ce NPeTIOoCTaBba Jla Cy MOCTOjaly MOBOJBHU YCIIOBU 33 pa3Boj (IIyBHjaTHOI M KPAIIKOT
nporieca. Y IUICHCTOIICHY je, MeljyTuM, HacTymwio 3HadajHo 3axjiaheme. Y ycioBuma
XJIaJHUje, BEPOBATHO U CyBe KiuMe, (QUIyBHjaJIHH MPOIEC je OMO yCIOpEeH, MOCEOHO Y
TIIIUjATHUM  CTaJMjyMUMa TulenucTolieHa. Kpamku mporec je, takohe, 6mo ycmopeH. Y
INaldjalHIM CTaJijyMAMa IUIEUCTOLIEHa TJIaBHY YJIOTY Yy MOP(OJIOIIKOM OOJIHKOBAmY
pesbeda uMao je KpHO-HUBALMOHH TIPOIIEC, IejCTBO Mpasa U cHera. OBO ce MoceOHO OTHOCH
Ha XUIICOMETPHjCKU BUIIE IUIAHWHCKE JIeJI0Be TepeHa. [1o1 yTHIajeM HHCKHX TeMIieparypa
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MHTEH3UBHPAHO je Mpa3HO pa3apame CTeHa, HAN3MEHHYHO 3aMP3aBake M KPaBJbeHhEe TIa Ha
IUITAHUHCKUM IaJIMHAMa YCJIOBUJIO j€ pa3Boj cosudiyKanuje n APYrux IojaBa BE3aHHX 3a
JejcTBO Mpas3a u cHera. [ marmmjamam oOiMIy HUCY YTBphEHH, Ia ce MOXKe CMaTpaTH Ja Ha
KapTHpaHOM TepeHy Tiandjanuje Huje Omrno, mako Huxommh P. (1912), ma ocHOBy
,»,CYMJBUBUX TJICUEPCKUX Tparosa’ MpETIIOCTaBba . . .,Ja je CyBa IulaHWHA y TJIAIMjaTHO
noba 6uia 3ariedyepena’, cTp.298.

TakoM MJICHCTOLIEHOM HAU3MEHHYHO Cy CE€ CMEIbHBAIIH, TJIALMjAIHU CTaaUjyM ca
TOIUTHjUM MHTepriandjanHuM. OBe KIMMAaTCKe NPOMEHE HMaje Cy BeNHKH YTHIAj Ha
WHTEH3UTET pa3Boja M0jeANHMX Mpolieca, Ipe cBera (IIyBHjaTHOT ¥ KPAIIKOT

[ocne mnencToneHa noja3y 10 OTOIJbaBama. Er3oreHn mporecu ce oaBUjajy y
yCIOBMMa 3HATHO TOIUIMjE M BIQKHHjEe KIMME Y OJHOCY HAa KIMMY Y IJAlWjaJHUM
CTa/IMjyMHUMa TUICHCTOLICHA, T¢ ()ITyBHjaJIHU MPOLIEC MIPEy3UMa IIIABHY YJIOTY y OOJIMKOBAaKbY
pespeda, Kojy 3aaprkaBa 10 TaHac.

Tepen y okBupy mucra bena [lananka ce maHac Hanasu, yriIaBHOM, O] YTHIAjeM
YMEpPEHO-KOHTHHETAHE KiIMMe. [JlaBHE KapaKTepHUCTHUKE OBE KIMME Cy TOIUIa JieTa |
XJIaJHe 3UME Ca JOBOJBHUM M DPENAaTHBHO NPABWIMHM PpAaclOpEeAHOM IaJaBHHA TOKOM
roauHe. OIyBUjaIHU TIPOLIEC CE, CTOTA, Ca ja4iM HJIH ClIa0UjUM UHTEH3UTETOM, KOHCTAHTHO
OJIBHja, Ca MOjauaHOM €PO3HjOM Y BHIIHMM JEIOBHMAa TE€PEHA, OJHOCHO aKyMyJalljoM Y
HIDKHM..

JlaHanimby KIMMATCKU YCIIOBH CY MOTOJHHU M 3a pa3B0j KPAIKOI mpoiieca Koju ce,
ca U3BECHUM 3aCTOjUMa y TJIallMjajHUM CTaJHjyMHUMa IUIEHCTOLCHA, OJJBHja O/l HEOTeHa 110
naHac. Crora cy 3acTYIUbGHH CBH KapaKTCPUCTUYHM MOBPIIMHCKH M MOA3EMHH OOJHIHM
Kpamkor pesseda.

Hajmnal)a TekTOHCKa aKTHBHOCT HHje C€ 3ayCTaBUiIa y IUIHOLEHY. Tokom
IUICHCTOLICHA M KpPO3 XOJIOLCH, CBE JO JaHac, HEOTCKTOHCKH MOKPETH YCIOBJbABajy
BEPTHKAIIHA KpeTama OJIOKOBa ca MPOMEHJFMBUM HHTECH3HTETOM M 3HAKOM KpeTama, IITO je
UMAaJIO 32 MOCIENUIy TPOMEHE MHTCH3UTETa TeoMOp(OIOMKHX Tporieca. JJyOoko ycedeHe
JOJIMHE, KINCYpe, eNMUreHuje, YKJbEIITeHH MEaHIpH, peyHe Tepace, IUIaBHHCKE Jiere3e H
aITyBHUjaJTHU HAaHOCH, JTOKa3 cy KoJjebama epo3noHe 6as3e, 0MHOCHO HEOTEKTOHCKOT H3/IN3amba
WM CITyLITamba [0jeANHUX JIeJI0Ba TepeHa.

HeorexToHrka je mMaia ¥ MMa BEJIMKH YTHIQ] U Ha Pa3BOj KPAIIKOr Mpoiieca,
moceOHo y kapOoHatHuM TepeHuma CyBe 1uianuHe, benaBe, CBpJbHINKHX IUTAHUHA,
Tpecubabe, [Tajemkor kamena u Jenosuka koje ce U3IKy. [lon yTHIiajeM HEOTEKTOHCKOT
n3M3amka MHTEH3MBHpaHa je NyOMHCKa KpacudHKaiuja, Tako Ja Ccy KapOOHAaTHE CTEHe
Kpacu(puKOBaHE TOTOBO Yy LEJOCTH, CBE [0 BOAOHenpomycHe mnoaiore. Ilormyna
0e3Bo/IHHUIIA HA TOBIIMHU Kpeumaka M TOjaBe jaKMX KpalIKuX H3Bopa (Bpena) y HMOAWHH
KapOOHATHUX MAacHBa jaCHO yKa3yjy Ha OBY YHE-CHHILY.

BepTHKaHE HEOTEKTOHCKU IIOKPETH Ce, OJBHjajy OJ IOYeKa HeoreHa N0 JaHac,
M Cce TIOCTaBJhba MHUTAKE KONHWKH je W3HOC THX IMOKpera? AKo ce mMa y BUAY NeOJbHHA
HEOTCHUX CeIMMEHaTa, Koja y mojeJnHnM OaceHnMa mpemanryje 500 m, u 1aHallmke BUCHHE
OKOJIHHX IUIaHMHA, IPETIOCTaBba ce Aa je nmpexo 2000 m. Mehytum, 3a TagHO yTBphHUBame
OBe IIPETIOCTaBKe, IOTpeOHa Cy JeTaJbHa TeOoJIOmKa, TIeopHu3ndyka M Teolercka
HCTPAKUBAMbA.

Ha xpajy ce moxe 3akibyuutH Aa cy y ¢dopmupamy pesbeda, Ha nucty bena
ITananka, ydecTBOBaIu yApPY>KECHO €HIOI€HU U €r30I€HM Ipoliecu. EHoreHuM npouecuma
cy hopMupaHu KpyImHUjU, MODOCTPYKTYPHH O0IHIIN (XOPCTOBH U poBOBH). OBH OOJIHIIH CY,
y BEIUKOj MEPU €r3oreHo MpeoOJIMKOBaHHW, Ia je NPWIMKOM KapTupama Beha Maxma
noceeheHa Ha y4yMHaK €r3oreHux mnporneca. 3HayajaH yTHIA] y er30reHOM MOp(OJIOIIKOM
obnmKkoBamy pejbeda MMaaHM Cy MaJuHCKH, (GIIyBHOAEHYNAUMOHH, (IIyBHjaltHH, (IyBHO-
KpPAIIKH, KPAIIKK, JUMHHYKH, U aHTpororeHd. [1og yTHnajeM CBUX MOMEHYTHUM Mpolieca,
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SHIOTEHNX W er30TeHnX, (opMuUpaH je NaHAIIBH pejbed KOjH TPEelNCcTaBiba CIOKEH
reoMop(OJIOIIKY KOMIUIEKC TeHETCKHU PAa3IMYUTUX TUIIOBA pesbeda.
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Abstract: The Geomorphological Map Sheet Bela Palanka is a graphical representation of landforms in the area
covered by the Topographical Map Sheet Bela Palanka at scale 1:100,000. The map is published in 2008 by the
Serbian Academy of Sciences and Arts (SASA) and the SASA Geodynamics Board. It is the first detailed
geomorphological map edited in Serbia. This paper presents the methods used in preparing the geomorphological
map, the contents and the mode of data presentation, geologic structure, genetic types of landforms and the
subtypes, and the geomorphological history since the Neogene.
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Introduction

Collective action of Yugoslavian geologists in the eighties of the last century
initiated preparation of a detailed geomorphological map of Yugoslavia in map sheets at
scale 1:100,000 calculated from Greenwich. It was a unified project of then Federal
Republics and Autonomous Provinces. The project for Serbia has been financed from
the SASA Research Fund.

The Geomorphological Map Sheet Bela Palanka is prepared following the
Instructions for the Detailed Geomorphological Map of the SFRY on Scale 1:100,000
(Collective authorship, 1985) after the international standards for geomorphological
maps. The Instructions specify that geomorphological map sheets should be constructed
on topographical bases at scale 1:100,000. The geomorphological map is based on the
morphogenetic principle. The contents, presentation of information and method of
mapping are given in the Instructions for all map constructors.

Geography

The Map Sheet Bela Palanka covers an area of about 2225 m” between latitudes 43°00'
and 43°30' North and longitudes 22°00' and 22°30' East from Greenwich (Fig. 1). It is a
mountainous area of SE Serbia, intersected by deep valleys, with the altitude difference
exceeding thousand metres.

The highest landform structure is Suva Planina that extends over some 40 km
NW and SE from Niska Banja to the LuZnica River. The mountain consists of ValoZzje
limestone plateau of 1400-1500 m average height, and two rocky ridges that detach
from the ValoZje plateau to NW and N and U-shape surround the Crvena Reka
catchment, as noted by Cviji¢ (1912). The peaks of Suva Planina are Kolov Kamen
(1523 m), Trem (1810 m) and Golas (1388 m) and the limestone plateau heights
Golemo Straziste (1740 m), Litica (1683 m) and Golem Vrh (1535 m).

The mountains Babicka Gora (1095 m) and Krusevica, SW of Suva Planina,
extend NW and SE between two depressions, the Zaplanjska on NW and Leskovac on
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SW. The highest peaks are Sljivovacki Vrh (1256 m) and Belava (853 m) east of Suva
Planina and Svrljiske Planine (1334 m) and Tresibaba (808 m) north of the NiSava.

Intermontane depressions in the Map Sheet Bela Palanka are Svrljiska between
Tresibaba and Svrljiske Planine, Zaplanjska between Suva Planina, Babicka Gora and
Krusevica, Koritni¢ka between Suva Planina and Sljivovi¢ki Vrh, Belopalana¢ka in the
Nisava Valley, Babusni¢ka in the Luznica Valley and parts of some (Pirot, Ni§ and
Leskovac) depressions. Altitudes of the mentioned depression bottoms vary between
400 m and 500 m, and the lowest about 200 m, are the NiSava and Juzna Morava
alluvial plains.

The network of rivers is well developed only in non-carbonate rock terrains. In
areas of carbonate rocks, only major allogene streams have remained after the small
streams dried up.

Most important river for its morphologic effect is the Nisava, which cut east to
west 50 km long composite channel deep in varied rocks from Crnokliste to Preseka
village and to the Ni§ depression. The most attractive morphostructure of the Nisava is
the canyon-like Si¢evacka Gorge in carbonate rocks of Kunovac Plateau. This river and
its tributaries (Koritnicka, Crvena, Kutinska and some minor streams) drain most of the
area into the Juzna Morava. The terrain north of the Nisava is drained by the Svrljiski
Timok and the Trgoviski Timok into the Timok River.

Figure 1. Geographical location of the Sheet Bela Palanka.

The mentioned river valleys, the NiSava valley in particular, are used for
transport lines. Railway and road along this valley connect major towns (Nis-Bela
Palanka-Pirot-Dimitrovgrad-Sofia). There are also local, mainly sealed roads
connecting towns and large villages.

Contents and Presentation

The detailed geomorphological map Sheet Bela Palanka presents five basic groups of
information, viz. geology (lithology and structure), morphogeny, morphography,
morphometry and morphochronology.

For graphical representation of data, the use has been made of colours,
ornaments, provisional signs and letter/number symbols. Each group of information is
represented by a specific denotation.

Geological make up is represented by particular ornaments; lithology by light-
grey ornaments, structural elements by red, standard linear signs.

Morphologic information or genetic types of landforms are marked each by a
colour (Fig. 2). Exceptions are made for colluvial and fluvial depositional landforms,
which, although not of the same genetic type are shown in green colour. Morphographic
data are represented by provisional signs in colours of respective genetic types in the
tone darker than the genetic type colour.

Morphometric information is represented by contour lines of the topographic
base. The scale of morphometric signs also indicates elementary morphometric ratios.
Landform classes are designated morphomerically by slopes, and colours of respective
genetic types are toned darker with the increasing slope (Fig. 3).

Morphochronological information is represented by black letter/number
symbols of the standard geochronological scale.
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Methodology

For a detailed representation of geomorphology on the Map Sheet Bela Palanka at scale
1:100,000 complex, quantitative and qualitative geomorphologic interpretations are
used. Geomorphological information has been obtained by both internal and external
research.

The internal research included detailed interpretation of the Base Geological
Map, Sheets Bela Palanka and Knjazevac, at scale 1:100,000; quantitative and
qualitative interpretation of topographic bases, satellite imageries; and detailed
stereoscopy of aerial photographs.

The stereoscopy of aerial photographs took most of the initial internal research.
Detailed interpretation of stereoscopic aerial photographs facilitated rapid compilation
of reliable information and its accurate plotting on the geomorphological map.

The external research included checking the existing and adding new data from
the field observation. Because of the financial constraints, the field research was
reduced to the places of key importance.

The internal research was concluded with a final version of the
geomorphological map at scale 1:50,000 based on collected information and its
interpretation. Master copies of the Map Sheet Bela Palanka were prepared at scale
1:50,000. The four master copies were refined and unified into the Geomorphological
Map at scale 1:100,000.

Figure 1. Cut-out from the Geomorphological Map of Bela Palanka at scale 1:100,000.
Landform class
Slope in degrees
Erosion landforms
Deposition landforms
Fluvio-karstic configuration
Limnic configuration.

Figure 2. Morphogenesis and morphometry.

Previous Research

Mapping data for the given area are contained in many published works on
geology, geomorphology and some other scientific disciplines. Geological references
are numerous, of which only the most important will be mentioned. Geology of
Selicevica, Babicka Gora and Suva Planina are first mentioned by Boue (1836, 1840,
1870). J. Zujovi¢ (1889, 1893), Serbian geologist, refers in his Fundamental Geology of
Serbia to geology of Zaplanje, Suva Planina, Belava and LuZnica. More details about
the regional geology are given by K. Petkovi¢ (1930a, 1930b). According to Petkovic,
Suva Planina is a large anticline of Valanginian and Hauterivian limestones with the
axis in NW and SE directions. In its core, exposed by erosion in the Crvena Reka
catchment, Petkovi¢ recognized Paleozoic schists, Permian red sandstones, shales and
conglomerates. Petkovi¢ also published a work on stratigraphy and structural geology
of Belava and Crni Vrh.

A group of Serbian Geozavod geologists mapped in detail Bela Palanka area at
scale 1:100,000 between 1966 and 1980. A Base Geological Map Sheets Knjazevac and
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Bela Palanka were constructed and printed in 1976 and 1980, respectively. The two
maps were used for the present geomorphological map at the same scale.

Geomorphological research of eastern Serbia commenced in the late 19®
century. Cviji¢ (1895) published initial information about subsurface hydrography of
eastern Serbia including detailed description of the Svrljiski Timok underground course
and mentioned caves, the best known of which is PrekonoSka Cave. He found numerous
karst springs on Suva Planina and SvrljiSke Planine and described some of them in
detail (Cviji¢, 1986).

Cviji¢ (1912) described Suva Planina as composed of three parts: U-shaped
ridge, the Crvena Reka arc and Valozje plateau, and focused on the karst Valozje
plateau, which extends NE from the U-ridge. He named the plateau after the karst
valleys he found “resembling uvalas of the Dinaric karst”.

Nikoli¢ (1912) observed on Suva Planina some landforms that resemble glacial
features and assumed that the mountain “was glacierized in the glacial age”.

Bogicevi¢ (1914) researched in detail the Svrljig depression. He identified
major morphologic features of the depression and based on it the morphologic history
of the Svrljig depression and the Svrljiski Timok.

Information about karst and resurgence springs is published by Petrovi¢ (1957,
1958). He described each karst spring and resurgence on SvrljiSke Planine and Suva
Planina, its location, natural flow and flow variation over the year.

Invaluable information about the Suva Planina surface configuration, karstland
in particular, is given by Mili¢ (1962). He explains the karstland as greatly controlled
by geology (lithology and structure), climate, network of rivers, vegetation and soil
cover. In respect to the effects of all the mentioned factors, Miti¢ concludes that the
karstland of Suva Planina is “the final expression of the ages of tectonic events and
climatic changes”.

In many of his works Dini¢ (1964, 1967, 1979, 1980) refers to the
Crnoljevacka Cave, the Trgoviski Timok capturing stream, chasmy Svrljig depression,
swallow hole and resurgence of the Svrljiski Timok.

Zeremski (2004) gives important morphological and hydrogeological data for
Tresibaba, which, according to him, was covered by a depositional lake during the
Miocene. A network of streams formed after the lake retreat, and karstification and
landscape shaping “began after sedimentary rocks had been eroded”.

Geology

Regional surface configuration in the Bela Palanka map sheet area is controlled
by geological structure, precisely lithology and structural pattern (Fig. 4).

Lithology

Lithology of the area includes different rocks, from the oldest Proterozoic
metamorphic to the newest Quaternary rocks. For morphological and land sculpturing
processes, however, stratigraphy of geologic units is less important than lithology, or
the physical-mechanical and chemical properties of rock masses. Consequently, rocks
are classified by the resistance to erosion into the following lithologic units:
metamorphic rocks, igneous rocks, clastic rocks, carbonate rocks, and semiconsolidated
and unconsolidated rocks of the Neogene. Unconsolidated Quaternary deposits are not
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graphically represented, but are given as depositional features identified by the in of the
material.

The term 'metamorphic rocks' covers the oldest, Proterozoic and Cambrian
rocks, which are represented by crystalline schists (albite-chlorite-muscovite, quartzite
and quartz-sericite schists) of the Serbian-Macedonian Massif. These rocks build the
SW terrains (Selicevica, Babina Gora and Krusevica) and are exposed on Stara Planina
ranges, east of the Trgoviski Timok. Metamorphic rocks include gneisses, amphibolites,
amphibole and sericite schists.

Figure 4. General geological map sheet Bela Palanka.

1. Quaternary unconsolidated deposits. 2. Neogene sand, gravel, clay, marl, etc. 3. Clastic rocks. 4.
Carbonate rocks. 5. Igneous rocks. 6. Metamorphic rocks. 7. Fault. 8. Relative downthrow. 9. Front
of thrust.

Magmatites include granitic, gabbroid rocks and Neogene andesites. Granitic
and gabbroid rocks are uncovered east of the Trgoviski Timok on Stara Planina.
Neogene andesites occur in minor masses designated only at Ostatovica village on SW
Suva Planina.

Clastic rocks, coarse and fine clastics, are contained in almost all geological
periods, from the Paleozoic to the Tertiary. Appreciable development of Paleozoic
(Devonian, Carboniferous, Permian) clastics is recognized in the core of Suva Planina
anticline, or the Crvena Reka catchment, where Devonian flysch and Permian red
sandstone are prevailing. Devonian flysch is exposed also on Belava, and Permian red
sandstone on the SW margin of the Neogene Zaplanje basin, on SvrljiSke Planine and
on Stara Planina.

Mesozoic clastic rocks are represented by conglomerates, sandstones, siltstones
and claystones. Tithonian-Valanginian flysch exposed SW of Suva Planina extends to
Luznica and further SE. From the Aptian through the Senonian, clastic deposits
(conglomerates, sandstones, siltstones and claystones) are mostly exposed north of the
Nisava and Belava, wherefrom they form into two stretches 2-7 km wide NW-ward to
Knjazevac, and to the Timok basin.

Paleogene clastic rocks, composed of conglomerates, sandstones and
claystones, are developed between Svrljiske Planine and Pajeski Kamen.

Carbonate rocks, mostly Upper Jurassic and Lower Cretaceous limestones,
have a large distribution. Upper Jurassic limestones build up the highest peaks of Suva
Planina. A mass of thick or faint stratified limestones, designated as the unpartitioned
Tithonian-Valanginian, is exposed in the village of Dusnik.

Lower Cretaceous limestones are more widespread than Upper Jurassic
limestones. Valanginian and Hauterivian limestones are uncovered in the limbs of Suva
Planina anticline. Much more extensive limestones of the Barremian and Aptian stages
build eastern ranges of Suva Planina, Belava, Crmi Vrh and mountains surrounding the
Koritnik-Babusnica basin, and stretch north of the NiSava, on Svrljiske Planine,
Tresibaba, Jelovik and Pajeski Kamen.

Unconsolidated and moderately consolidated Neogene sediments occupy
structural depressions, or Neogene basins, such as: Svrljig, Bela Palanka, Koritnik-
Babusnica, Zaplanje, Leskovac, Ni§, and so on. The basins are filed in alternating layers
with sands, gravels, clays, gravelly-sandy clays, marls, marly clay, sandstones,
conglomerates and some other deposits, weakly cemented sediments.
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Tectonic Setting

Tectonic configuration of Bela Palanka area is a complex result of the recurring faulting
and folding through several orogenic phases. A larger part of the area belongs to the
Carpatho-Balkanides and only its SW to the Serbian-Macedonian Massif.

The smaller part that belongs to the Serbian-Macedonian Massif are crystalline
schists of Selicenica, Babicka Gora and Krusevica, all highly metamorphosed,
repeatedly folded, faulted and pushed from SW and thrust over Permian red sandstones
of the Carpatho-Balkanides.

The Carpatho-Balkanides were shaped during the Alpine orogeny, through
multiple orogenic events of folding, faulting and thrusting. In consequence, the tectonic
activity there formed mountain chain generally extending in NW and SE directions.
Folding ended presumably in the late Upper Cretaceous, because Neogene deposits are
unfolded.

Tectonic activity recurred by vertical faulting that broke the preexisting and
formed new orogenic structures in the early Neogene. The up-thrown sides formed
horsts and the down-throws formed troughs or depressions in which lake sediments
deposited. Horst and depression margins were controlled as a rule by faults the sides of
which were thrown up or down. The prevailing strike directions were NW and SE.

Surface configuration of the mapped area and the exogenic processes that
sculptured the landscape are related to the geological setting. Large morphostructures
are expression of the geologic structure, and varied lithology influenced morphometry
of the landforms. Recent tectonic events, generally named 'neotectonics', have
contributed to the intensity of geomorphologic processes.

Recent tectonic activities that involved differential vertical movements have
sculptured largely the present-day landscape. Positions of the neotectonic structures
were determined from the effect of these movements on the surface morphology.
Down-throws formed tectonic depressions or troughs, and up-throws formed horsts.

Major morphologic features are Neogene fault basins, such as Zaplanje, Bela
Palanka, Koritnik-Babusnica, Svrljig and parts of Pirot, Ni§ and Leskovac basins, which
actually are tectonic troughs bounded by faults.

In contrast do depressions, or troughs, the mountains surrounding them are up-
thrown blocks, or horsts. Suva Planina is most prominent positive morphologic unit in
the area. It is an up-thrown anticline block with the axis to SE, bounded by faults of
NW and SE strike directions along which Suva Planina was up- and the adjacent
depressions down-thrown. Other positive morphostructures, also up-thrusts bounded by
faults of the same strike directions, are Babicka Gora and KruSevica SE of Suva
Planina.

Mountains east of Suva Planina are Sljivovi¢ki Vrh and Belava, and north of
the NiSava are Svrljiske Planine and Tresibaba and Pajeski Kamen. The mountains
Svrljiske Planine and Tresibaba are intersected by many faults of dominantly E and N
trends, the largest in the direction to Svrljig depression. The mountains are
consequently complex blocks, each composed of a number of sub-blocks differentiated
by intensity of movement.

All the mentioned morphological units (horsts and troughs) have similar
morphologic histories related to the physical character of rocks. Where rocks are non-
carbonate, the process varied in relation to the rock composition. Deluvial and proluvial
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processes prevailed on the valley sides and mountain and range slopes, and colluvial
processes on clay-slopes. Carbonate rocks are susceptible to karstification, a process
that formed karst features and karstland in general. The kind and intensity of
geomorphologic processes generally were greatly related to the differential lithology. In
the terrain of heterogeneous rocks, exposed to the action of the same agent, various
processes evolved and different landforms were created.

A major feature in the configuration of Bela Palanka area is the Nisava valley
that traverses it from the Timok mouth east to NiSka Banja in the west. While cutting
the channel in rocks of different resistance to erosion, the river formed a composite
valley of varying width. The valley is widest in the Bela Palanka depression, and
narrowest in the Si¢evo Gorge cut in carbonate rocks. Colluvial deposits, talus and cliff
debris, form at the base of very steep, hundred metres high, rock walls of the Si¢evo
Gorge.

Genetic Types of Landforms

Genetic types of the landforms are classified on the processes dominant in the
morphologic sculpturing of land surface. The terrain of Bela Palanka was shaped by
combined actions of endogenic and exogenic forces.

Endogenic Landforms

Endogenic features are related to tectonic and magmatic movements, which
continuously evolve at lower or higher intensity through the geologic history. These
movements formed large morphostructures, the framework of the recent land
configuration.

This map shows only tectonic of the endogenic landforms associated with
fracturing, viz.: faults, visible on the surface; horsts, upthrown blocks (Suva Planina,
Svrljiske Planine, Tresibaba); troughs, tectonic depressions (Zaplanje, Koritnik-
Babusnica, Svrljig, Bela Palanka); and valley elbows likely associated with faults.

Exogenic Landforms

Genetic classification of exogenic landforms and features is based on the processes that
were dominant in the morphological sculpturing of the land surface. These are slope,
pluvial denudation, fluvial, fluvial karstic, karstic, paleodynamic processes and human
activities designated as artificial or man-made process.

Slope landforms result from deluvial, proluvial, colluvial erosional processes,
which evolve combined on valley-side, hill and mountain slopes. Dominantly colluvial
forms occur on slopes of clay deposits, and deluvial-proluvial processes are intensive on
the slopes of non-carbonate rocks.

A variety of erosion and deposition features of slope landforms were
designated, but could not be all represented because of the map scale constraints.

Ridges are mapped for all mountains, wherever possible, different high peaks
(pointed rugged, conical, rounded and domed), and major saddles. Escarpments or
cliffs, gully-eroded, are on the margin of carbonate rock massifs where limestone
abruptly ends, such as in NW Stara Planina mountain side to the Crvena Reka and
Zaplanje depression, in SvrljiSke Planine range to the NiSava, at the valley sides of
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Sicevo Gorge and on Jelovik. Debris piles at the base of cliffs over slope-wash, rock-
fall and outwash deposits.

Terrains of non-carbonate rocks are eroded by ravines in all catchments, more
frequently in the source areas of mountain streams. Unlike ravines, badlands are less
common occurrences.

Deluvial-proluvial aprons are formed at the foot of slopes exposed to intensive
sheet and gully washing. The aprons are observed at the base of the Nisava and
Trgoviski Timok valley sides.

Proluvial fans, produced by occasional linear streams, are observed in the
valleys of Nisava, downstream of Si¢evo Gorge, and of the Svrljiski Timok.

The distribution of lands susceptible to sliding is large, related to the lithology
and slope. Major landslides are located in Neogene (Zaplanje, Koritnik-Babusnica, Bela
Palanka, Svrljig and Nis) basins, on slopes of clay and loose sediments.

Fluvial denudation landforms are resultant of the combined action of fluvial
erosion and denudation. Following the Guidebook for Detailed Geomorphologic Map of
SFRY at scale 1:100,000 (Collective authorship, 1985), the represented landforms of
this genetic type are different-shaped valleys (gorges, superimposed valleys and
common valleys). All these valleys are formed dominantly by streams that may be
classified into the fluvial landforms.

Formation of gorges is related to lithologic composition and neotectonic up-
throws. The Kutinska Reka and Pusta Reka gorges are formed in metamorphic rocks,
and all other, Si¢evo and the Svrljiski Timok and Trgoviski Timok gorges were cut in
limestones. The best known Sicevo Gorge is canyon like, cut by the NiSava force of
erosion. It is described by D. Nesi¢ (2007) as an “ascending piercing type” of canyon,
17 km long. The gorge parts of the canyon have very steep walls up to 500 metres high.

Superimposed valleys, also gorges, are cut in higher mountain massif or ranges
that the rolling land. Minor occurrences of superposed valleys are observed in Zaplanje,
in the Kutinska River right tributary valleys, in the upper reaches of the Malcinska, a
right NiSava tributary, and in the valley of a Svrljiski Timok right tributary. A narrow
stretch of the NiSava valley upstream of Bela Palanka, cut in Belava limestones, also is
a superimposition.

The geomorphologic map shows the so-called normal valleys that may be
symmetrical or asymmetrical. In these valleys, the floor is reduced to a river channel.
Major rivers, Nisava, Juzna Morava, Luznica, Svrljiski Timok and Trgoviski Timok,
have trough-like or flat-floor valleys.

Fluvial landforms were formed directly only by recent stream action. The
features formed by erosion represented on the map are the abandoned meander in the
Juzna Morava alluvium, meander loops in gorges of the Kutinska, Svrljiski Timok and
Okoliska (right tributary to the Svrljiski Timok) rivers, slope change in the hydraulic
grade line, capture of a Luznica tributary, and stream terraces.

Stream terraces are present along all major water-courses: NiSava, Juzna
Morava right tributaries, Luznica, Svrljiski Timok and Trgoviski Timok, composed of
dissected terraces on one or both sides of the stream, developed at two levels, the lower
or first level 5-10 metres high, and the higher or second terrace, more than 20 metres
relative height.

Depositional features of the fluvial landforms are represented by flood plains,
alluvial fans and sand bars.

Flood plans are built dominantly of gravel and sand on either side of major
water-courses. Large, between 100 and 200 metres wide, are the Nisava and Juzna
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Morava flood plains. The streams LuZnica, Kutinska, Svrljiski Timok and Trgoviski
Timok have smaller flood plains.

Alluvial fans form as a rule at the mouths of minor tributaries. Large,
hectometric fans are formed in the Nisava and Svrljiski Timok tributaries. Sand bars,
from 100 to 200 metres wide, are formed only in the Juzna Morava channel.

Fluvial karst landforms are developed in carbonate-built terrains where streams
are an important factor in shaping limestone. These landforms are represented on the
map by dry karst depressions or dolines, variations in longitudinal slopes of dolines,
swallow holes and karst springs.

Dolines are designated in all karst plains, on Suva Planina, Svrljiske Planine,
Tresibaba, and so on. Dolines with or without sinkholes in the floor are developed
depending on the side slopes. The former dolines are in karst plains at the slopes lower
than 12° and the latter at steeper slopes. The network of paleostreams indicates that
karstification was preceded by fluvial erosion. The resulting karst features are short
dolines without hydraulic function, died up probably at the initial stage of limestone
karstification. This explains the number of sinkholes in the doline floors. Some of these
are hanging dolines, hanging stream valleys or blind valleys. Dolines on the steep
slopes are normal in shape, without sinkholes, of continuously sloping valley profile.
These valleys undoubtedly resisted karstification longer, as some of them have
occasional streams.

Swallow holes ad karst springs also are fluvial karst features, mostly located at
the contact of carbonate and non-carbonate rocks. Occasionally active swallow holes
are found on Tresibaba ridge, and karst springs at the contact of limestone and insoluble
rock in the piedmonts, or at the bottom of deep dolines. Numerous strong karst springs
are located in piedmonts of Suva Planina, Svrljiske Planine and in the NiSava valley.

Karst landforms are developed only in the terrains built of carbonate rocks,
formed through the process of karstification, or by direct action of surface and
subsurface waters upon carbonate, soluble rocks.

Small karst landforms are cm- to m-deep karrens, solutional furrows formed
only on exposed limestone surfaces.

Typical karst morphologic features are sinkholes or swallow holes, mostly on
flat limestone, few or none on slopes. Numerous sinkholes in karst plains are located on
Suva Planina, Svrljiske Planine, Tresibaba, Pajeski Kamen, Jelovik and between Belava
and BabusSnica depression. Their frequency is high (more than 100 per square
kilometer) in some areas, represented as 'cockpit karst'. Sinkholes are scattered all over
the 'cockpit' karstland; some occur in series along faults or in the floor of dry valleys.
Single sinkholes, outside the cockpit karstland, are also located on the map.

Sinkholes are found in different sizes and the shapes of funnel, bucket, bowl,
plate, and subordinately well or shaft by morphological criteria, and oval, elongated and
elliptic by morhographic criteria. The sinkhole diameter is metric to hectometric, and
depth one to ten metres.

There are also uvalas, polygenetic features associated mainly with dry karst
valleys, locally extended by karstification and transformed into some kind of elongated
trough-like depressions of hector- and kilometric dimensions, with numerous sinkholes
in the floors. This type of fluvial karst uvalas with sinkholes in the floor is developed in
each karstland, on Suva Planina, Svrljiske Planine, Tresibaba and east of Babusnica
depression. A particular shape of uvala (“valoga”) is unique karst feature developed on
Suva Planina, first observed and referred to by J. Cviji¢ (1912) as follows (translation):
“Valogas are similar with uvalas of the Dinaric karst. These are minor elongated,
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narrow uvalas, as a rule flat-bottomed, covered with terra rossa and other eluvia, with
many alluvial sinkholes.”

Depositional karst landforms are tufa cascades formed of CaCOj; precipitated
from aqueous solution, mostly around the mouths of strong calcareous springs.
Appreciable amounts of tufa are located SW on Suva Planina, (under the Cliff), near
Niska Banja, east of Bela Palanka and at the NE base of Pajeski Kamen.

Subsurface karst features, caverns and caves, formed in carbonate rocks, are yet
unexplored; their number is probably much greater than shown on the map.

Caverns are found only on Suva Planina, but there are no records about any of
them.

Caves represented on the geomorphological map are two in the Nisava valley,
near Bela Palanka and in the Belava piedmont, one in the LuZnica Gorge, downstream
of Babusnica and here (Prekonoge, Crnoljevica and at the Svrljiski Timok swallow
hole) in the Svrljiske Planine northern ranges. The caves in Svrljiske Planine have been
explored, from the first record on Prekonoge Cave by J. Cviji¢ (1895). This cave, in a
total length of 435 metres is located near Prekonoge village. Dini¢ (1964, 1980) gives
information about the Crnoljevica Cave and the caves at the swallow hole and the
source of the Svrljiski Timok. The Crnoljevica Cave, 81 metres long, is centrally
located in the Svrljig depression, near the village of Crnoljevica. The caves at the
swallow hole and the source of the Svrljiski Timok are SE in the Svrljig depression.
The length of the swallow hole part of the cave is 200 metres, and the spring part is
continuously conducting water.

Paleolimnic landforms are represented by lake terraces and shore lines, formed
by depression lakes, most likely during the Neogene. Terrace remains with shoreline
marks are observed ob the borders of the Bela Palanka, Koritnik and Pirot depressions
at the present-day altitude of about 500 metres.

Bogiéevi¢ (1914) mentions lake terraces at several levels in the Svrljig
depression, which are not confirmed by sterecoscopy of aerial photographs and
topographic data.

Artificial landforms are products of human activities on the land surface.
Farming, wood-cutting, construction of roads, embankments, canals, bridges, dams and
similar structures are changing the surface land configuration. The Geomorphological
Map, however, shows only some major man-made features, such as urbanized areas,
river embankments, artificial lakes and quarries.

An urbanized area may be an administration centre, such as Bela Palanka,
Babusnica, Svrljig, Gadzi-Han or Niska Banja. There is one embankment built on the
Juzna Morava left bank, an artificial lake in the Koritni¢ka River near Bela Palanka, and
two quarries both in Gradesnica part of the Si¢evo Gorge.

Geomorphologic History

Geomorphologic history of the mapped area may be traced from the beginning of the
Neogene, when the framework of the recent land configuration was formed, to the
present day. The vertical tectonic movements of the early Neogene broke the pre-
Tertiary structures and formed new ones, such as the Svrljig, Bela Palanka, Zaplanje,
Babusnica and some other depressions. Transgressions of the Pannonian and Valachian-
Pontian seas advanced southward deep over the land.

Morphologic factors of an increasing control within the formed framework
were exogenic processes: fluvial, fluvial denudation, slopewash and Kkarstification
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processes evolved on the land surface, and abrasion in the marginal depression lakes.
Note that on the lands built of carbonate rocks karstification was preceded by fluvial
and fluvial denudation processes, which is clearly indicated by numerous dry valleys
that once were river channels. Karst plains, which were un-thrown to high levels of
Suva Planina, Svrljiske Planine, Tresibaba, etc., are related to the fluvial and fluvial
denudation processes.

Sediments (conglomerates, gravels, sands and clays) deposited in tectonic
depressions (lake basins) during the Neogene are hundreds of metres thick. Epeirogenic
movements in the late Neogene raised land from which depression lakes gradually
shifted northward to the Valachian-Pontian and Pannonian Basins. The lakes eventually
retreated in the late Pliocene and early Pleistocene leaving behind lake deposits and lake
features (terraces and shores) that have been preserved locally in traces on borders of
the Bela Palanka, Koritnik and Pirot depressions. After the lakes had retreated, a
drainage network developed and fluvial processes became principal factors in the
morphologic shaping of the abandoned lake basins, as well.

Streams formed channels controlled primarily by faults and the initial surface
configuration. The rivers Juzna Morava, Nisava, Kutinska, Svrljiski Timok and
Trgoviski Timok followed the fault trends, all running in the direction of the lake
retreat, through narrow and expanded depressions forming composite valleys.

Other exogenic processes, deluvial, proluvial, colluvial and karstification,
developed with the advance of fluvial processes, depending on the lithologic make up.
The former three processes are dominant in non-carbonate, and Kkarstification in
carbonate-built terrains. The formation of different valleys (normal, canyons and
gorges) also depended on lithology. The canyon-like valleys are steep-walled, cut in
limestones with colluvial (rockfall and debris flow) deposits. The Sicevo Gorge was
formed by an antecedent break of the NiSava and epigenetic limestone rising from the
Neogene to the Recent.

The geomorphologic evolution from the early Neogene to the Recent has been
controlled by climate changes and neotectonic events.

Neogene climate is believed warmer and wetter than today, which implies
suitable conditions for fluvial processes and karstification. Pleistocene had such cooler
and probably drier climate, with the fluvial processes slower, particularly in the glacial
stages. Karstification also was slower. The factor dominant in shaping the land surface
during the Pleistocene glacial stages was the cryonival process. This is particularly true
of the high mountain areas. Low temperatures intensified congelifraction, alternate
freezing and thawing on mountain slopes, which resulted in solifluction and other
phenomena of frost and snow action. Glacial features have not been observed; they
possibly never formed in the map area, though R. Nikoli¢ (1912) based on
“questionable glacier trails” assumed “that Suva Planina was glacierized in the glacial
age”.

Glacial stages and warm interglacials repeatedly alternated during the
Pleistocene. These climate variations greatly affected the intensity of some processes,
fluviation and karstification in particular.

Exogenic processes, after the Pleistocene glacial stage, evolved in much
warmer climate, with the fluvial process principal in shaping the land surface to the
present day.

A large part of the Bela Palanka map sheet terrain is situated at present in the
zone of moderate continental climate, characterized by warm summers and cold
winters, with sufficient amount of precipitation fairly well distributed over the year. In
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result, fluvial processes are continuously evolving at a variable intensity causing
heavier erosion at high and deposition at low altitudes.

The prevailing climate favours karstification, which evolves, with some breaks
in the Pleistocene glacial intervals, since the Neogene resulting in the diversity of
surface and subsurface karst landforms.

Tectonic activity did not cease in the Pliocene. It continued through the
Pleistocene and Holocene into the Recent, expressed in vertical block movements,
different in intensity and sign, which have affected the intensity of geomorphologic
processes. Deep-cut valleys, gorges, superimpositions, meander loops, stream terraces,
alluvial fans and deposits are all evidences of changes in the base level, or the
neotectonic upthrows or downthrows.

Neotectonic events had and still have appreciable impact on the development
of karstification, particularly in the carbonate-built rising terrains of Suva Planina,
Belava, Svrljiske Planine, Tresibaba, Pajeski Kamen and Jelovik. Neotectonic positive
movements intensified deep karstification of carbonate rocks almost to the impermeable
base level. This is manifested in completely waterless limestone surface and the
occurrence of strong karst springs from under carbonate massifs.

Vertical neotectonic movements have evolved since the early Neogene, but
what were the amounts of the movements? The assumed up/down throws, with respect
to the Neogene thickness that exceeds 500 metres in some basins and to the height of
the surrounding mountains, total more than two thousand metres. A verification of the
assumption, however, would require detailed geological, geophysical and geodetic
researches.

It may be summarized in conclusion that the combined endogenic and exogenic
processes had part in the architecturing the surface configuration of the Bela Palanka
area. Endogenic processes formed large morphostructures (horsts and troughs) that
exogenic processed largely modified. Consequently, the effects of exogenic processes
were given more emphasis during the mapping. The factors of exogenic impact on the
land shaping were slopewash, fluvial denudation, fluvial, fluvial karst, karst, limnic,
periglacial and artificial processes. The recent land configuration, resulting from all the
mentioned endogenic and exogenic processes, is a geomorphological complex of
landforms different in origin.
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