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Caixerak: EBomynuja maneogonmube I'ajuHa Miaka oJf IpeKkpamike IO caBpeMeHe (a3e OTKpHBAa CIIOXKEHOCT
nporneca TpaHchopManyje JONMHA y Kpacy M HacTaHak (IyBHO-KpamIkux ysanma. Hacramak pedune mpewxe u
cTBapame J0NUHE ["ajiHa MilaKka Be3aH je 3a CyKLecHBHO nonaderme [TonTnckor mopa. IlpeBara kparikor nporeca
Haj (uryBujanHEM IoBoAM 10 TpaHchopmanuje ¢uryBujane mopdornoruje y kpamky. CremeH TpaHchopmarimje
3aBHCH OJ] OJJHOCAa MHTE3UTETa OBa JiBa CyNpOCTaBJbeHa nporeca. Kapctndukanmja 3axsara cBe JEIOBE JTOJINHE
I'ajuna miaka koju cy usrpalieHn y kpeumanuma. Pedna Kkoputa cy roToBO y HOTIIYHOCTH IPEOOIIMKOBAaHA U LYK
BHX ce (opMupajy Bprade. Y AeNOBHMA MOJNMHA Ca 3HAYAJHUJUM JIMTOJIOIIKAM Pa3jIMKaMa, CIIOXKCHHjHM
TEKTOHCKUM OJHOCHMA M Pa3INYUTOM IpeKpamKoM (iryBrjarHoM MOPGOIOrHjoM KpallkuM IpouecoM u3rpabyjy
ce Behin oOmmim pesbeda — yane. M3 nprkasaHor HaYWHA HACTAHKA M €BOJYIHjE yBala MPOUCTHYE a CY OHE jaCHO
MOPQOJIOIIKY U T€HETCKN HHIMBHIYAIMCAaHN KPAIIKH OOJIHIM, YUME Ce HETHpajy MOje/iHa caBpEeMCHa CXBaTamba
KOja HCKJbYYyjy ¥ TEPMHH U OOJIHK yBaje Kao KPalIKoT eJIeMEeHTa pesbeda.

Kibyune peun: yBaia, noiauHe y kpacy, Kydaj
YBoa

[Touerak nctpaxuBama yBana Ha Kydajy natupa jomr mpe Bume on 120 roguna u
Be3aH je 3a mpBe pamoBe y Cpbuju m3 obmactu kapcronoruje (L[Bmjuh J., 1893).
KommutekcHIM reoMOp¢OIIOMKIM UCTpakuBambuMa cpequHoM 20-0r BeKa, Koje Cy CPIICKH
reorpau peaaH30Badd KpO3 MpOydYaBare PEYHHX CIMBOBA, JaT j¢ 3Ha4YajaH YBHUI Y
Mopdosomky esonynujy Kydaja u kpamkux o0jimka pesbeda Ha memy (Ilaynxosuh B.,
1953; Mapkosuhi J., 1953; 1954; Ilerporuh /1., 1954;1970). [lojequrn uCTpaKuBauu Cy ce
noceOHO OaBWIIM T€HE30M Kpaca M KpalikoMm xuaporpadujoM Ha oBoj manuau (I[lerposuh
., 1963; 1964; 1965; 1981; 1989).

VYBane cy ynyOspema y Kpacy pasjiiuuTa 1o MopQoJyioruju u HauuHy MOCTaHKa O]l
BpTaua M nperexxHo Behmx ammensuja on wux. Ha Kyuwajy ce yBane BehuHOM jaBibajy y
najeoloIMHaMa WM y JOJMHaMa jOIl YBeK aKTHBHUX IOHOpHHIA. Y IallcofonHaMa,
HaKOH TIpeBare KpamIkor Tporeca HaJ (UIyBHjaIHHM, HAacTajy HOBH, KpAallKH, OOIWIH
pemeda. IlocraBjpa ce mUTame Jda M je 3a HacTaHAK W MOpPQOJIOTHjy YyBaia
npeoBnanaBajyhn ¢axrop TekroHcku ckion (hammh J., 2011) wimm mocroju M yTHIA]
mpekpamkor pejbeda. [lpeamer uctpaxmBama OBOT paja jecte nepuHUCcamke (hakTopa KOju
yruuy Ha (GopMupame yBana yHyTap AoJiMHa y Kpacy. [laneomonmua ['ajuna miaka je
ofabpaHa 3a HUCTPa)XHUBAHH IIPOCTOP jep Cy y O] IPENCTaB/bEHE CBE KapaKTepPUCTHYHE
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OIUTHKE JTONIMHA Y Kpacy meHTpanHor fena Kydaja. Takohe, ieHa eBONyIHja O IpEKpaIIKe
J0 caBpeMeHe (ha3e OTKpHBA CIOXKEHOCT Ipoueca TpaHchopManuje NOJIHMHA Yy Kpacy H
HacTaHak (UIyBHO-KpalIKKUX yBaja.

INocnenmux roguHa ce TEPMUH yBaja, Kao M TeHe3a OOJIMKa KOjH OH O3HauaBa,
noBoau y nutame (Gostincar P., 2009). ['eHe3a yBaiie je mpBOOUTHO BE3UBaHA 33 CPACTAHE
BpTaya, OJHOCHO, CBPCTaBaHa je y TpeiasHu OoOJMK m3Mel)y BpTaua M KpaIIKHX M0Jha
(Ipwjuh J., 1900). OBakBO TyMademe c€ Oyro 3aJpXkKaj0 Yy PErHOHAIHOj CTPYYHO]
murepatrypu (IaBpmioBuh [I., 1974). Mehyrtum, nurame ONpaBAaHOCTH TEHETCKE
MMOBE3aHOCTH BpTada, yBajia M KpalIKUX IoJka HEPETKO je moctaBibano (Poljak, J., 1951).
Haxon Hanymtama teopuje o mel)ycoOHoj Be3n usmely oBa Tpu oOnumka Kpamkor pesbeda
TEPMHUH yBaja ce y CBETCKOj jureparypu cBe pehe xopuctu (Lowe D.J. & Waltham T.,
1995). Kao antepHaTHBHU TEpMHHHU KOpHCTE ce ,karst depressions® (kpamke aerpecuje) u
,.karst hollows* (kpamka yay0spema), any Cy OHH IPEBHUIIIE MIMPOKOT 3HAYeHa U YCIIe ] Tora
4YecTo J0Jda3M A0 HejacHohe Ha Koje ce KOHKPEeTHO yayOseeme y Kpacy muciu. HemaBHU
MOKYIIIaj peneduHICamka MojMa yBana neduHue jenan med reaercku Tum (hamuh J., 2009)
ald OCTald THIIOBH yBaja OCTajy Oe3 jacHHje NePHUHHUIM]Ee M KOHKPETHOI TEPMHHA.
Pazjammee HacTaHKa W €BOJYIMjE yBaja y JOJIMHAMa y Kpacy IOMOIJO OM jacHUjeM
neduHCcamby MojMa yBalia ¥ lbUXOBOj THUIIOJNIOTH]H.

Ionoxaj m KapaKTepUCTHKE UCTPAKUBAHOT TepeHa

[Mnanuna Kywaj mpunana xpajmem jyxsHoMm neny Kapmarckor smyka. Hajseha je
rurannHa Kapnarto-bankanuna y Cp6uju ca nyxuHom oko 34 km u mmpuHom Behom ox 30
km. OHa uMa KapakTep BHCOpPaBHHU ca KoOje C€ Y3IMKy Mamu BpXOBH. HajBumm o muX je
Bemmka Tpecra ca 1284 m H.B., koju ce uzamke oko 300-500 m n3Hag BHCOpaBHHU.

Ha Bucopasau Ky4aja je panuje Onna pa3BujeHa rycra xuaporpadcka Mpexa, Koja
j€ ycmen KacHMjUX TEKTOHCKMX M KpAaIIKWX MpOIeca CBEJCHA HA HEKOJIMKO KpaTKHX
MIEPUOJICKH aKTHBHUX IMOHOPCKUX TOKOBa. Peunm cucrem ['ajune Miake, Koju je M3rpaano
JaHAIIKE MajIeo 0InHe, 01O je Ieo HeKagammbe xuaporpadceke mpexe. Cactojao ce o 1Ba
Beha Toka, ['ajuHe miake kao rimaBHOT, TopoBumITa Kao HajBehe MPUTOKE W HEKOIUKO
MamHX NpuToKa. J(oJIMHE OBUX HEKaJalIUX TOKOBA Cy JJAHAC KPAILIKOM €PO3UjOM M3Y3ETHO
npeuHadyeHe. Y KpajibeM Y3BOJHOM Jeny [ ajuHe Miake joul YBEK IOCTOjU aKTUBHA
MOHOPHHUIIA KcTonMeHor HasuBa. Hasus Toposwumira (y mmpeM cMHCIy) ce Y OBOM pany
KOPHCTH 3a JAOIHMHY y Kpacy KOjy je HauMHUJIA JleCHa IIPUTOKA ToKa 'ajune miake. Y yxkeMm
cmucity TonoHMM TopoBHIITa je HapOJHM HAa3WB 3a YyBaly HacTally y TOpHEM ey
HeKaJlalmber Toka TopoBuITa.

EBouynuja naneogonune I'ajuna miaka

ToxoBu ['ajuHa miraka n TopoBuINTa, KOjU Cy M3TPaliiid UCTOMMEHE JOJIMHE Y
Kpacy, Mpumafgami ¢y y (iayBujanHo] (a3um MCTOM PEYHOM CHCTEMY. Y3eBHIH y 003up
YHGECHUITY J1a Cy OB TOKOBH OWIIM MPHONMKHO HCTe AyxuHe (0ko 6 km), kao u ma meo
JoiuHe ['ajuHa Mitaka joun yBeK MMa XUAPOJIOIKY (DYHKIH]Y MOXKE Ce MPETIIOCTABUTH JIa je
ToK TopoBomITa MpencTaB/hao NPUTOKY TOKY 1'ajuHa miaka. JonmmHe Koje Cy MHHUIHMjaTHO
HacTaJle epO3UBHUM PaJOM OBHX TOKOBA MPOILIE Cy Kpo3 TPH €BOIyTUBHE (ase. Y najbeM
TeKCTy oBe (haze hie OuTH NpencTaB/beHe XPOHOIOUIKHM PEIOM.

Ipexpawxka ¢nysujarna ¢asza

Peuna mpexa y nienTpaiHoMm seny Kydaja pasBujana ce 1o Hekajga jeJMHCTBEHO)]
Kyuajckoj moBpim koja ce mpyskana Ha npeko 40 km nmyxwune (ITerposuh /., 1989). ¥
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jyxkaOM neny Kywajcke moBpmm ycekao ce TOk PamoBaHCke peke ca mpuTokama. Jlomy
epo3uoHy 0a3y 4YMTaBe MOBPILIM YUHHO j€ ,,HUBO jEJHOI MapHUHCKO-j€3€PCKOr CTamba Y
cpenmeM ey cimBa LlpHor tmmoka (CympakoBauko-mapbanoBauku Oacen)* (IlerpoBuh
., 1989). 3a BpeMe mocTojama OBe €po3nOHE 0a3e HHUBO Kpallke M3JaHH je OHMO BeoMma
BHCOK IITO je OMOryhniio HacTaHak MpeKpalikuX HOPMaJIHUX pedHHX TOKoBa 1o Kydajckoj
IIOBPIIN.

Tok T'ajuna miaka ca TopoBHITEM MPEACTaBIbAO je IECHY NMPUTOKY PamoBaHCke
peke. OH je, 3ajeIHO ca TOKOBUMa KOjU cy Tekiu Kpo3 ['apuny maguny, TypuHy naauny u
bene Bome, marpaamo neHymanunoHo-(ayBujanHy mospin bene Bome om 860-970 m H.B.
(Ietposuh 1., 1970). OBa moBpi ce NPOCTUPE Ha HOBPLIMHK 01 0Ko 130 km®.

Ca jyrozamagamx mamuHa 3ereHor Bpxa (956 m H.B.), CacTaBJBCHHX Of
KOHTJIOMepaTa | Tenrdapa 1eBoHcke crapocti (Becemmuaoruh M. u np., 1964), crrymrano ce
HEKOJIMKO KpPaTKHUX TOKOBA KOJU Cy M3Trpal)uBasii M3BOPHIIHY YENCHKY TOKa [ ajuHa muaka.
[IpaBann mpykama HajCeBEpHHUjer M Hajy)KHUjer TOKa YCJIOBJbEH je pacenoM (kapra 1).
HenocpenHo mpe crmajama OBM H3BOPHIIHHE TOKOBH Cy YIA3WIH Yy jypcke OaHKOBUTE U
MacuBHe Kpeumake (Becenunouh M. u ap., 1964). Hakon muxoBor cnajama na a0 ymrha
TopoBumra ["ajuHa mMiaka je mpumaia jeqHy AECHY W JeBy NpUTOKy. JlecHa mputoka ce
cnymrana ca ucrounux naauHa KompuBHor Opaa (1068 m H.B.) M HbeHa JONMHA, Kao U
cpeauIImy eo noiuHe ['ajuHa Miaka, IpeIMCIIOHNpaHa je paceioM MEPHIMjaHCKOT IpaBIia
npyxama (kapra 1). JleBy mpurtoky je mpercraBibao Kparak Tok y Jlomuwmhy koju ce
cnymtao Hu3 jyxHe naauHe [Ipocunanor kamena (938 m H.B.).

Homuua TopoBumiTa je ycedeHa HAa KOHTAKTy HM3Mel)y GaHKOBHTHX M MacHBHHX
Kpeumaka jypcke crapoctd (J5°) M MacHBHHX M GAaHKOBHTHX KPEUmakKa KpEIHE CTApOCTH
(K;"™) (Becemmuosuh M. u ap., 1964). UzBopuiny uenenky Toposuiura u3rpaljuBaio je
HEKOJINKO KPaTKUX, 3pakacTto pacmopehernx Tokoma (kapta 1). [o ymha y I'ajuny mmaky
HEKaJlalll;eM TOKY je MPUTHILA0 ca IECHE CTpaHe TOK byunHa.

Ywhe T'ajune mnake y PangoBancky peky ce y oBOj ¢a3u eBoiyluje HOJIUHE
HaJla3miIo Ha oko 820 m H.B.

Dnysuo-kpawika gasa

Hanammsy m3rnen Kydajcke nmoBpiiy u noBpin bene Bojie, ka0 BEHOT cacTaBHOT
Jena, yKasyje Ha TEKTOHCKE Ipollece eMUPOreHOr u3au3ama M 3acBolhaBama. OBH
TEKTOHCKH MPOLIECH BPINEHH Cy IYX ,,3JI0TCKOr™ pacema CBe [0 ,,IyKOBCKOT* paceja
(ITerxkoBuh K., 1935). EnuporeHo 3acBoljaBame je HajBepOBaTHHjE€ H3BPIICHO CPEIHHOM
capmata (JIykouh M., 1938).

[Mouerak m3mm3ama u 3acBolaBama moBpmHM berme Bome omoryhmo je myOiee
ycename PamoBaHCKe peke, a THME M CIYIITAIhe Kpallke HM3JaHU W jayarme KPalikor
npoueca. Tana Hactyma ¢uiyBHO-KpallKa €BOJyTHBHA (a3a M Jajba H3rpajma JOJIHHA
pe3yTar je 6opoe u3mely (ryBHjaHOT M KPaIIKOT Tpoleca.

HanpenoBameM Kpalike epo3dje U HpPOUIMPHBAKEM MYKOTHHA y KpPEUmhaKy
omoryheno je Behe u ay0Osbe moHHMpame Boje U3 TokoBa [ajune miake u Toposuiura. Y
CpelheM ISy BHXOBUX JOJHMHA M0jaBJbyjy C€ CTAIHU MOHOPH mpuoamkHO Ha 800 m H.B.
(ck. 1) Boma koja moHHMpEe KpaTKO IMyTyje IMOA3CEMHO W IIOHOBO C€ IMOjaBJbyje Yy
HajHU3BOJHHJUM JIJIOBUMa JonuHe. MecTo wu30Hjama ITOJ3€MHOI TOKa Yy JOJHHH
TopoBumTa NPEeANCIIOHNPAHO je paceoM MPHOIKHO MEPHIMjaHCKOT IpaBla INpyKamba
(xapta 1). Ycarnamapame naja peyHUX TOKOBA BPIIM CE€ IpeMa TPEHYTHO] BUCHHU JHA
PanoBancke peke koja je m3Hocmima 750 m H.B. Yciem Tora, 0 MecCTa IOHOpPA, AOJIHUHE
0uBajy mpenHaueHe y ciene gonune. Hu3BoaHo o1 moHOpa octajy kpatke Bucehe monmue.
HajHu3BoMHMjH AENTOBH HEKAJAIIBHX TOKOBA, HAKOH KPAUIKMX H3BOpA, HACTABIhAjy ca
ycelambeM HOpMaTHUX J0JINHA.
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C oO3mpom Ha TOo ma cy [ajuHe MIlake alOTeHW TOK, Clena JOJIMHA KOjy OH
narpalyje MopGoJomKy je u3paxkeHuja oj ciierne JonnHe TOPOBUIITA KOjy CTBapa peuyHH
TOK MaJIOT MPOTHUIIAja U YHja Ce BOJa I'yOM y BEJIMKOM OpOjy MYKOTHHA IO JOJIMHCKOM JIHY.
Kpatkn pedHm TOKOBM KOjU HacTajy HakoH Hu30HMjarba mMoHOpHMIA [ajuHe Mmiake u
Toposuiira ynuBajy ce y PagoBaHcky peky y oBoj (asu eBonynuje va 750 m H.B.

Kpawa ¢haza

Hame ycename PagoBancke peke omoryhaBa Op30 moHHpame BOJE Ma JOJIHHOM
TopoBuiTa BHIlle HE Te4e MOBPIIMHCKHA TOK. YCJEA TOra OHa BPEMEHOM IMOMPHUMa OOIHK
cyBe ckpamhene ponune (ck. 1). [leo monune o kpamkor n3Bopa 1o ymha y ['ajuny mnaky,
ryou xuaporpadeky GpyHKuMjy n nocraje cysa Buceha nonmuna. To je yjenHo TpeHyTaK Kajia
y TopoBumrnma Kpamika epo3uja 0JHOCH TpUMaT Hal (IyBHjaHOM, KOja Y TMOTIYHOCTH
TpecTaje ca JIejCTBOM.

HakoH mnpecraHka enMporeHor H3Ou3ama M 3acBohaBama Kywajcke mnoBpim
Hactyna (pa3a TEKTOHCKOT MHpOBama, Kaja je PajoBancka peka ycekia cBoj mox Ha 540-470
m H.B. (ITerpoBuh [I., 1970). Usrpaama oBor ¢uyBHjalHOT IMOJA YjeqHO NpElNCcTaBba
noverak Tpehe eBoyTuBHE (hase Ha noBpiu bene Boze, kpaike dase.

. 5 / Tge > /

o 1000 2000 3000 4000 5000 8000 m

Radovanska reka

Ckuna | - Y3nyxuu npodunu nonuHa y xpacy Toposumira (rope) u I'ajuna miaka (none) y cse tpu (I, 1L, IIT)
eBOJTyTHBHE (aze
VBane: (a) ['ajuna miaka; (6) Cpenuuima yBaia; () Jlomuunh; (1) TopoBumra u (e) Mana ysana

Kpamku mporec npeyseo je JOMHHaHTHY yJory Ha HajBehem nemy nospmu bene
BOJIC, OCUM y CEBEpOMCTOYHOM JIeiTy, M3BOpHUINTY [ ajune miake. Ycename PajoBaHcke peke
U JlaJbe CHI)KaBamke Kpalllke M3ZaHu OMOTyhmiio je paHuje MOHUpame Bone ['ajuHe miake,
ma ce oTBapa HOBH, y3BOIMHHWjH moHOp. [leo noimHe m3Mel)y HOBOT M cTapor moHOpa
1OCTaje, CXOHO M3BOjSHIM THUIIOBHMA IoNUHA y Kpacy Ha Kyuajy (ITerpouh M., 1965),
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cyBa cnemna gonuHa (ck. 1). Kpamku u3Bop y momem Toky [ajuHe miake octaje 6e3 Boae
TaKo Ja IpecTaje Jajbe ycelame y OBaj JIeo IOJIMHe U OHa nocTtaje cyBa. Hekanamme yuihe
l'ajune mnake ocrtaje Ha 745 m H.B. M mocraje Bucehe y ofHOCY Ha HOBO(OpMHpaHY
KJIMCypacTy noiuHy PamoBaHcke peke.

[Mepuoanunu Tok y Jlomunhy koju je mpuruiiao ['ajuHoj Milaku ca JieBe CTpaHe
ONCTaje ¥ Ha MeECTy HeKaJamimber ymha BpeMeHOM wuirpahyje myb6oko ¢iryBHO-Kkpariko
yayOJbembe.

VYBane y naneogonunu I'ajuna miiaka

[TpBoOuTHM wW3riien nonuHe [ajuHa Miaka ¥ JIOJMHE HeHe Hajehe mpuTOKe
TopoBuIITa 3HATHO je¢ NPEHHAYEH JCjCTBOM Kpalllke epo3uje. YHyTap OBHX JOJMHA
m3rpaljeHa cy ceKkyHaapHa yayOspema Behmx M Mamux nuMeHsmja. Mama yayOlbema cy
BpTade. OHe cy HajOpOjHHjH TOBPIIMHCKHU KPAIIKH €PO3UBHU 00NHIH Y pesbedy. [yboke cy
y mpoceky 10-15 m, mectumuaro u 1o 30 m. Ilopen mojequHaYHUX BpTaya BENUKH Opoj je
MeljycoOHO cpaciux (CI0KEHHX) BpTada y aBOrybe W Tporybe, ca HHCKOM IIpEUarom
n3Mely BUX WIH TOTOBO 0€3 mhe.

OcuM BpTaua y JI0JMHAMa Ce jaBJbajy yBaie, yayOsbea 3HaTHO Behe MOBpIIMHE 01
Bpraua (kapra 1). To cy nmonurenercke yBane (Ilerposuh /., 1970) Hacrane caznejcTBOM
KpaIIKor, TEKTOHCKOT U (JIyBHjaJIHOT Tpoleca.

[ospumHcky je Hajseha ysama Toposumre (0,8 km?), Hactama Ha Mecry
HEeKaJalllkhe N3BOPUILHE YeJICHKE HCTOMMEHOT ToKa (kapta 1). biaro je usnyxeHa y npabiy
npyXKamba TJIaBHE JOJMHE, alli U Y MPaBIy CBUX JOJIMHA HEKaJaIlbUX KPaTKUX CacTaBHHIIA.
Iben o0muk ykasyje Ha TO Jia, TOpel CTPYKTYPHO-TEKTOHCKHX OIHOCA y YBAJlM, Ha HCH
HACTaHAaK M M3TJIe] yTUIa] IMa U IpeKpamika ¢irysujaaaa Mopgororuja. J{Ho yBane je 25 m
HIDKE O] HeKaJalllibeT JHA JoIHuHe (CK. 1) 1 Mo \meMy ce Hajla3u Ha AECEeTHHE NOjeIMHAYHIX
U CJIOXKEHHX BpTaya.

VY cyBoj mosnmuu TOpOBHIITA HAJIA3K CE jOII je[IHA yBaJla 3HATHO MabUX TUMEH3H]ja
(0,07 km?) Ha mecTy Hekanamme Bucehe nomHe n3Mely kpamkor u3Bopa u ymha y Fajuny
miaky (ck. 1). Pacen koju mponasu 3amagHuM 00OJOM yBaje YCIOBHO j€ IOBOJbHE
TEKTOHCKE OJTHOCE 3a MPOIIUPUBA-E U MPOAYOIbHBa-E OBOT Jiena gosmHe (kapTa 1). YBaia
je M3my’KeHa y TpaBlly Npykama fosiuHe. J[Ho yBane je 25 m HuKe o] JHA CyBe JIOJIMHE,
YPaBHBEHO je ¥ HATHYTO Ka UCTOKY.

VY nonman [NajuHa Mitaka mocToju TpH yBaje mpUOMKHO wcte noBpmuHe (0,2
km?). TIpBa yBaja je KpalIKiuM IPOLECOM HPOILIMPEHa CiIena JONMHA aToreHor Toka I ajune
miake (ck. 1). YBana [ajunHa milaka ce mpya Kako JyK JIOJMHE IJIaBHE peKe Tako U Y3
JIeJIOBE JOJIMHA KPAaTKUX CacTaBHHMIIA. 300T Tora je TOTOBO KpyKHOT obimka (kapta 1). Tok
CEeBEpHE cacTaBHUIIE JaHAC ITOHUPE Ha KOHTAKTY Ca KpedmhaluMa Y Majoj CIIeNoj JOIUHH, a
OCTaTaK HEroBe JOJHMHE MMa u3rie] cyBe Bucehe monuue. JlonMHa jy)KHE cacTaBHUIIC je
n3rpaljeHa y 1lenMHU y KpeumalMa 11a je cyBa u ckparthena. /o yBaine je nmpocedno 30 m
HIDKE OJI Mpeyare Koja je onBaja Ol CyBE IOJUHE M TMPEKPUBEHO j& aKyMyJaTHBHUM
marepujasioM. [ToHop moroka ["ajuHe Mitake Hanas3u ce Ha KpajkbeM 3amany JOJIMHE, HCTIOA
40 m BHCOKOT KpaIIKor ojiceka (ci. 1).
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t Hajdu('ﬁ(i kladenac
~ .

Legenda/Legend
Uvala

r~_ Paleodolina/
Paleovalley

~——- Rased/Fault

Kapra 1 — VYBane y naneononunu ['ajuna mnaka: 1 — TopoBuiura; 2 — ['ajuna miaka; 3 — Cpeauiuma yBana; 4 —
Jlomunh u 5 — Mana yBana
(J5*~ 6anxoBuTH 1 MacuBHY Kpeumakiy; K;'*? - MacuBHUX 1 6aHKOBUTHX Kpeumaka; D — KOHTIIOMepaTH i
remyapu)

Cuauka 1. YBaaa IN'ajuna miiaka

Cpenuiima yBajia je jako M3QyKeHa y npaBlly npyxama gonuse (1 km) u Hacrana
je Ha ueny cyBe cierne noiune (kapra 1). OBaj €0 T0JIMHE rajiHa MiIaka MPeIUCIIOHUPaH je
paceioM, ma ycieq TOKa TEKTOHMKAa HWrpa BakKHY YIOTY My H3Tpalbu  yBale.
[Ipony6spuBameM M MPOIIMPHBAHLEM Yeila CyBE CIIETIe IOJIMHE HAcTala je yBaja YHje ce JHO
HaJla3d Ha 773 m H.B., OJJHOCHO, ok0 50 m HIDKe oJ THA mpBOOUTHE nonuHe. Ha mHy yBane
MIOCTOj1 HEKOJIMKO BpPTaya M jaCHO Ce youaBa HeKaJ[alllbH TTOHOP.
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Y HH3BOAHOM Aeny majeomonuHe ['ajuHe Mitake, Ha MecTy ymrha notoka Jlomuuh
Hana3u ce yBana Jlomuwnh msrpaliena cazejctBom kpaiike u (aysujanne eposuje. [ToTok
Jlomuuh jomr yBek nepHoANYHO MOHUPE y €IYBHjyMy Ha JTHY OBOT yayOsbema, Koje je 50 m
HUXKE O] HeKQTAITbET THA TOJINHE (CITuKa 2).

Cauka 2. YBana Jlomunh

Jduckycuja

Uctpaxyjyhu kpac Kyuaja y nepuony oxn 1889. mo 1891. romune J. L{Bujuh je
IpUMeTO yayOsbema y Kpacy BehiMX AMMEH3Hja O BpTaya M Ha3Bao MX ,,yTJIOJeriuie’
(Iemjuh J., 1893). OBaj kpamku epo3uBHE 00IHK he KacHHMje neduHUCATH Kao ,yBane™ u
cepcrahe ux y npenasuu oonuk nu3Mel)y Bpraua u xpamkux nossa (Lsujuh J., 1900; 1960).

TepMuH kpawxa yeara y CPICKO] HAyld Ayro OCTaje IMOI jaKUM YTHIIdjeM
[IBujuhieBor MunLbeHa, Tako Ja ce OHa Yy ,,CPIICKOj KPaIIKo] TEPMUHOJIOTHjH " AeduHuUIIe
Kao ,,Behe 3aTBOpeHO yayOJbeme y Kpacy MpedYHHKa OJ HEKOJIHMKO CTOTHHA Merapa jio 1-2
km. INpexacraBiba mpenasHu o0NMK u3Mel)y BpTaue W Kpamikor nosea. 3a pasiMKy Ol 10Jba,
JIHO yBaJle HHje PaBHO. YBajie MOTY HACTAaTH CPacTameM BPTaya, CEICKTHBHOM EPO3HjOM
BOJIOHETIPONYCTHBUX TAapTHja Yy KPEmadko] MacH, CKpamhaBambeM pEYHUX [OJIMHA |
TeKTOHCKMM pacenameM™ (I"'aBpurnosuh /1., 1974).

I'enercky moBe3aHOCT M3Mely BpTaya, yBaja M KpalIKUX H0Jba TOjEIMHH ayTOPH
HAITyIITajy jOII CPEAWHOM MPOLLIOr BeKa, HCTHYyhH Ba)KHOCT TEKTOHHMKE Yy TCHE3HW yBaja
(Poljak J., 1951). Toxom mpyre momoBuHe 20-or Beka BehmHa HaydHHKA ce MPHIOPYXKYje
OBAaKBOM MHILbEHY. YCIEA Tora TEPMHH ,,yBala‘“ TOJIAKO OWBa 3aIll0CTaB/bEH y CBETCKO]
Hayiu. Y ,Peunuky kpaca m mnehmna“ (Lowe D. & Waltham T., 1995) ysana je
nedhuHNCAaHa Kao ,,CIOXKEHa 3aTBOPEHa Jelpecuja; AaHaCc PeTKO KOpHIIheH TepMUH
Xpgarcko, Cpricko, Byropckor mopekia. TepMuH omnucyje 0OJUK KOjH MPeICTaBiba IPYyTd
KOpaK y TPOCTENEHOM Ipoliecy 00pa3oBamba KpaIKOT 10Jka, Y KOME Ce IMPEernocTaBba Jaa
Bpraue cpactajy y yBaie. OBaj MexaHW3aM HHje BHIIe NpuxBaheH u TepMUH yBaia je
MIPECTao Aa c€ KOPUCTU .

VYBane cy jom neduHHMcaHe M Kao ,,IOBPUIMHCKE Jerpecuje y Kpacy Behe on
BpTaya, ca HEpaBHUM JTHOM, Koje OOMYHO HUCY IUIaBJbeHe HUTH KyiaruBucane* (Gams I.,
2004). MHoru ucTpaxuBaun, n3bderaBajyhu TepMruH yBaia, KOPUCTE ANTCPHATHBHE HA3HUBE
3a UCTU OOJHK LITO JOBOJM 10 TEPMHUHOJIOIIKE HecarjacHOCTH. TepMuH ,,Kpalika KoTama“
(xpamko ynyOspeme) ce y TI0jeAMHNM PaJloBUMa KOPHUCTH Kao 3aMeHa TepMHHA yBala, IITO
ce obOpasmaxe THME Aa je OHa ,,00MMK y pebedy AedhuHUCAH MOPQOIOMKH i HE H
renercku (Gostincar P., 2009).

[Mocnenwux TOIMHA W3BpUICHA Cy HCTPaXKHBamba CHOPOBEICHA Y LHJBY
penedunucama 3Hauema tepmuHa yBana (hamuh J., 2009; 2011). Pesynraru yka3syjy Ha
HEOAP>KUBOCT TeHEeTCKe Be3e m3Mmel)y BpTada, yBaja M KpalIKHX MOJba YCIIEA Pa3indyuTor
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MIOPEKJIa U pa3Boja BpTava u yBaina. JIok ce Bprade o0pa3yjy IO IejCTBOM jaKe BEepTHKAITHE
eposuje y jenHoj tauku (Illymrrepuunh, 2006), yBane HacTtajy Ay pa3OujeHe 30He, jelHE O
TPU pa3jiOMHE 30HE KOjy KapaKTepHIle CHCTEeM XaoTHYHO pacmopeheHHX pacena Koju
pa3namMajy cTeHy Ha OiokoBe pa3dnuuutux BenmdwmHa (hammh, 2011). Takohe, pa3Boj yBama
BE3aH je 3a JIMHEapHO M MOBPIIMHCKO €pOJIOBamke Kpeumaka, IITO JOBOJHM JO HacTaHKa
paznuuute Mopdolsiorrje ol Bprada. YBayue Cy ,.BelMKe (y KHIOMETapCKUM pa3Mmepama)
3aTBOPEHE JieNpecuje y Kpacy HEMpaBUIIHOT M U3AY>KEHOT MOBPIIMHCKOT OOJIHMKa, HAacTaje
ycien yop3aHe KOpo3uje Ty IIIaBHUX TeKTOHCKHX pazoujeHux 3oHa™ (hamuh, 2011).

OgaxBa jAedHHHUIM]ja yBala, UCKJBYYMBO Be3aHa Kpalllka ynyOsberma HacTaja ImoJ
JIOMUHAHTHUM YTHIIajeM TeKTOHHKE, OCTaBJba 0e3 UMEHA ocTalla yayOsbemha y Kpacy Koja He
OJroBapajy y MOTIYHOCTH TOM HAauyMHY HACTaHKa. YBajie HacTaje YHyTap IpYyrux
€pO3MOHMX 00NMKa (HIp. OJIMHE WIM IUPKOBH) HUCY HM3J/IBOjEHE Kao MocedaH TUN yBaja,
jep ux He Tpeba pa3aBajatu mo MecTy Hactanka (hamumh, 2009). MehytuMm, He noBoaehu y
MMUTakbe BAKHOCT TEKTOHHMKE Yy TPOIECY HACTaHKY yBaja, oHe ce MeljyCOOHO pasiuKyjy
MOP(OJIOMIKK Y 3aBHCHOCTH OJ CpO3UBHHUX arcHaca KOjU Cy CaJIejCTBOBAIHN y HHHXOBO]
u3rpagmpu. MopdoIIoKy pasHOIMKOCT yBasla, Ka0 M HBUXOBY THUIOJOrH3anujy, Moryhe je
nponahu y pagoBuma Beher Opoja ayTopa. YBaje HacTane yHyTap CyBHX IOJIMHA WIH Y
MpeoOIMKOBaHUM CJICTIMM JIOJIMHAMAa H3/[BOjeHe Cy Yy mocebaH Tl (IIyBHOKpAIIKUX
yayOJbema ToJ| Ha3uBOM ,,qoiuHacte yBane™ (Boumh, 2009). ¥V 3aBHCHOCTH O]l Ha4WHA
HacTaHKa HEKW ayTopu W3/ABajajy Tpu Tuma ypana: (1) yBame Hacrajie O YTHLAjeM
TEeKTOHMKe; (2) yBane QuyBHjaHOr mopekia; W (3) yBaje Hacraie cpacTameM BpTaya
(Cocean & Petrescu, 1989). ¥V ,Enunknonenuju nehnHa™ Hanaze ce Takohe Tpu Tuma
TIOJIMTEHETCKUX ynyOsbema y Kpacy (Koja ayTop He Ha3uBa HeJIBOCMHCIEHO yBanama): (1)
TeKTo-Kpaka; (2) ¢uryBuo-kapuika; u (3) rmamuo-kpmka (Caypo, 2012). Ilocinenmu tun
ynyOJbera y Kpacy, Kao TJIalHO-Kpallke YyBale TI0jaBjbyje Cce€ W Yy IOjeIUHUM
rIanuoomknM pagosuma (bByposuh u ap., 2010).

YBase Koja ce IOjaBibyjy y HajeomoinuHu [ajuHe Miake ca TopoBHIITEM HE
OJroBapajy YNCTHM TEKTO-KPAIIKHM yBalaMa, IITO C& MOXKE 3aKJbYYHTH Ha OCHOBY H3HETE
eBonmynuje pesbeda y cnuBy. Hactanak cBUX OBHX ynyOJpera WHHLHPAH j€ MPETXOTHOM
npekpamkoM ¢uryBujarHoM Mopdonorujom. Came TOIMHE, Ka0 U BUXOB IIpaBall MPIKama,
ycioBjbeHe ¢y TekToHCKuM (["ajuna mitaka) u ctpykrypauM (Toposuinra) pacemom. [Jaxie,
yay0OJbema Koja Cy HacTaja YHyTap JOJHHA MOTY Ja ce Ae(hHHHUINY Kao (IIyBH-KpaIIKe
yBajie. YBasie y J0oaMHM TOpOBHINTa Hactale Cy NpeHHAayaBameM CyBE JOJIMHE. YBaje
HacTalle y 1oJuHU ['ajuHa Miiaka HacTaje Ccy IpeoOIMKOBambEM CIerie JOJINHE, y3 HAllOMEHY
Jla je cpelullmba yBajla HacTana npoayOspaBameM W IpOIIMpHBameM cyBe Bucehe crene
JIOJIMHE.

W3 mperxoaHe AMCKycHje clequ Jla TEPMUH yBasla KOjU Ce Be3yje MCKJbYYHMBO 32
o0ymKke HacTaie MO JOMHHAHTHHM YTHIIajeM TEKTOHHWKE TpeOa NMpOIIMPUTH M Ha KpallKa
yayOJbema HacTalla y Ca/iejCTBY TEKTOHHUKE M (PIyBHjaHOT, OJHOCHO, TJIAIHjaJTHOT
nporeca.

3akbydak

VYenen HamymiTamba HUKIMYHOT KOIETTa HACTAaHKAa KPYMHUX €PO3UBHUX OOJHKA Y
Kpacy TepMHH yBajia TyOM Ha 3HA4ajy W W3Ja3d U3 ynorpede y HaydHHM pa3Marpamuma
kpaca. HenaBuu mokymaju peraedHHHCama OBOT TEPMUHA W BE3WBalba HACTAHKA yBaja
HCK/bYYHBO 3a TEKTOHCKH YTHIQ] OCTaBMJIM CY HM3BeCTaH Opoj yayOsbema y Kpacy 0Oe3
onrosapajyher nmena.

AHaNM30M €BONYIHMje HEKUX Of yAyOJbema y Kpacy Kyuaja, koja ce jaBibajy y
nonuHama ['ajune minake W TOPOBHINTA, YCTAHOBJBEHO j€ JIa HA FHbUXOB HACTAHAK M U3TIIE]
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BaXKHY yJory mMa (piyBro-Kkpamku mnporec. OBa yayOsbema ce MOPQOIOIIKH Pa3INKY]jy O
YHUCTUX TEKTO-KPAIIKUX yBaja I1a UX TpeOa U3ABOjUTH Yy 3acebaH, (IyBHO-KPALIKH, THIL

Penedunncamem TepMHHA yBaja jacHO je O/BOjeH MOCTaHAK M Pa3BOj yBaia Of
IpyTUX Kpamkux epo3nonnx obmmka (hamuh, 2009; 2011). Axo ce mpUXBaTH NPOIIUPEHE
Kopuinhiema OBOI' TEPMHUHA M Ha OOJMKE KOjU Cy HACcTalld y CaJCjCTBY TEKTOHUKE U
(ryBHjaNHOT W TIIAIMjATHOT TpoLieca, He MOCTOjU BHUILE MpenpeKa a ce TePMUH yBaja He
BpaTH y ynoTrpeOy ¥ MOTHCHE KOpUINhemhe pa3sInyUTHX alITePHATUBHUX TEPMUHA.
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THE GENESIS AND EVOLUTION OF UVALAS IN GAJINA MLAKA
PALEOVALLEY ON THE KUCAJ MOUNTAINS

ALEKSANDAR S. PETROVIC" , RATOMIR VESELINOVIC

'The University in Belgrade — Faculty of Geography, 3/3 Studentski trg Street, 11000 Belgrade

Abstract: The evolution of Gajina mlaka paleovalley from pre-karstic to current phase reveals the complexity of
process of transformation of valleys in karst and formation of fluviokarst uvalas. The creation of river network and
formation of the valley of Gajina mlaka are related to successive withdrawal of the Pontiac Sea. Predominance of
karstic process over fluvial causes the transformation of fluvial morphology into karstic. The degree of
transformation depends on relationship of the intensity between these two opposed processes. Karstification covers
all parts of Gajina mlaka valley which are built in karst. Riverbeds are almost completely transformed and dolines
are formed along them. In the parts of valleys with more significant lithologic differences, more complex tectonic
relationships and different pre-karstic fluvial morphology, larger forms of relief are created by karstic process and
they are called uvalas. According to the presented method of genesis and evolution of uvalas it can be concluded
that they are clearly morphologically and genetically individualized karst landforms, which negates some
contemporary opinions that exclude both the term and form uvala as karstic element of relief.

Key words: Uvala, valleys in karst, the Ku¢aj Mountains
Introduction

Studying uvalas on the Kucaj Mountains began more than 120 years ago and it was
connected to the first papers in Serbia in the field of karstology (Cviji¢ J., 1893). Complex
geomorphologic researches in the middle of 20™ century, which Serbian geographers realized
through studying river basins, gave significant insight into morphologic evolution of the Kucaj
Mountains and karst forms of relief on it (Paunkovi¢ B., 1953; Markovic J., 1953; 1954; Petrovié¢
D., 1954; 1970). Some researchers studied particularly the genesis of karst and karst hydrography
on this mountain (Petrovi¢ D., 1963; 1964; 1965; 1981; 1989).

Uvalas are depressions in karst of different morphology and genesis from dolines and
mostly larger size than dolines. Uvalas on the Kuc¢aj Mountains mainly occur in paleovalleys or
in the valleys of still active underground rivers. In paleovalleys, after predominance of karst
process over fluvial, new karst forms of relief have been created. Therefore, a question arises
whether tectonic framework is the predominant factor in genesis and morphology of uvalas
(Cali¢ J. 2011) or there is also the influence of prekarst relief. The object of research of this paper
is defining the factors which influence the formation of uvalas inside the valleys in karst.
Paleovalley of Gajina mlaka is selected for the research site because all characteristic features of
valleys in karst of central part of the Kuc¢aj Mountains are presented there. Also, its evolution
from pre-karstic to the current phase reveals the complexity of process of transformation of
valleys in karst and formation of fluviokarst uvalas.

In recent years the term uvala as well as the genesis of the form that it denotes have
been questioned  (Gostincar P., 2009). The genesis of uvala was primary connected to
coalescence of dolines, that is, it was classified into transient form between doline and karst polje
(Cviji¢ J., 1900). This explanation has remained for a long time in regional technical literature
(Gavrilovi¢ D., 1974). However, the question of justification of genetic connection between
doline, uvala and karst polje has often been made (Poljak, J., 1951). After rejecting the theory
about mutual connection between these three karst forms of relief, the term uvala has been less
often used in world literature (Lowe D.J. & Waltham T., 1995). As alternative, the terms ,karst
depressions “and ,,karst hollows* have been used, but their meaning is too general and therefore
leads to vague understanding to which karst depression it refers. Recent attempts to redefine the

* E-mail: apetrovic@gef.bg.ac.rs
The paper contains the research results of the project Nol177023 supported by the Ministry of Education and
Science of the Republic of Serbia
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term uvala define one of its genetic type (Cali¢ J., 2009) but other types of uvala remain without
clear definition and concrete term. Explanation of the genesis and evolution of uvalas in the
valleys in karst would help to more clearly define the notion uvala as well as their typology.

Location and characteristics of the researched terrain

The Kucaj Mountains belong to the south part of the Carpathian arc. They are the
highest mountains of Carpatho-Balkanides in Serbia with the length of 34 km and the width
larger than 30 km. They have a character of a plateau from which smaller peaks raise. The
highest peak of all is Velika Tresta with 1284m of altitude, elevating some 300-500m above the
plateau.

Kucaj plateau used to have well developed hydrographic network which, due to the
later tectonic and karst processes, has reduced to several short periodically active underground
water courses. The river system of Gajina Mlaka, which formed current paleovalleys, used to be
a part of former hydrographic network. It consisted of two larger watercourses, the Gajina mlake
as the main watercourse, the Toroviste as the largest tributary and several smaller tributaries. The
valleys of these former courses are extremely changed today by karst erosion. In the upstream
part of the Gajina mlaka there is still active underground river of the same name. The term
Torovista (in a broad sense) is used in this paper for the valley in karst which was formed by
right tributary of the Gajina mlaka. In a narrow sense toponym Toroviste is a popular name for
uvala formed in the upper part of the former watercourse Toroviste.

Evolution of Gajina mlaka paleovalley

The watercourses of Gajina mlaka and Toroviste, which formed the valleys in karst
with the same names, belonged to the same river system in the fluvial phase. Considering the fact
that these courses were approximately the same length (around 6 km,) as well as the fact that a
part of Gajina mlaka valley still has hydrologic function, it can be assumed that the watercourse
of Torovista was a tributary of Gajina mlaka watercourse. The valleys which were initially
formed by erosive process of these watercourses went through three phases of evolution. In the
following part of this paper these phases will be represented in chronological order.

Pre-karst fluvial phase

The river network in the central part of Kucaj developed along once unique area of
Kucaj plateau that expanded over 40km of length (Petrovi¢ D., 1989). The river course of the
Radovanska River with its tributaries cut into the south part of Kucaj plateau. Lower erosive base
of the whole plateau presented “a level of one marine-lake state in the middle part of the Crni
Timok basin (Sumrakovacko-Sarbanovacki basin)” (Petrovi¢ D., 1989). At the time of the
existence of this erosive base the level of karst aquifer was very high which enabled the
formation of pre-karst normal river courses along Kucaj plateau.

The watercourse of Gajina mlaka with ToroviSte represented the right tributary of the
Radovanska River. Together with the watercourses which flew through Garina padina, Turina
padina and Bele vode, the watercourse of Gajina mlaka created denudation —fluvial plateau Bele
vode at 860-970 m of altitude (Petrovi¢ D., 1970). This plateau spreads over the area of about
130 km”.

Several short courses descended from south-western slopes of Zeleni vrh (956 m of
altitude.), made of conglomerates and sands of Devonian age (Veselinovi¢ M. Et al, 1964), and
made the source of the Gajina mlaka watercourse. The direction of the extreme north and the
extreme south watercourse is conditioned by a fault (map 1). Just before they connected, these
two spring courses entered Jurassic bank and massive limestone (Veselinovi¢ M. Et al., 1964).
From the place of their connection to the mouth of the Toroviste, the Gajina mlaka received one
right and one left tributary. The right tributary descended from eastern slopes of Koprivno brdo
(1068 m of altitude ) and its valley as well as the middle part of Gajina mlaka valley are
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predisposed by a fault of meridian direction ( map 1). The left tributary represented a short water
course in Lom¢i¢ which descended down the south slope of Prosipani kamen (938 m of altitude).

ToroviSte valley is cut at the contact between bank and massive limestone of Jurassic
age (J;') and massive and bank limestone of Cretaceous age (K;' ) (Veselinovi¢ M. et al, 1964).
The source of the TovariSte watercourse was made by several short, radial watercourses (mapl).
The Bucina watercourse flew into the previous course from the right side until it emptied in to
the Gajina mlaka.

The Gajina mlaka emptied into the Radovanska River at about 820m of altitude in this
phase of evolution of valley.

Fluvio-karst phase

The current appearance of Kucaj plateau and the plateau of Bela voda as its composing
part indicates tectonic processes of epeirogenic uplifting and folding. These tectonic processes
were performed along “zlotski” fault up to “lukovski” fault (Petkovi¢ K., 1935). Epeirogenic
folding was most probably done in the middle of Sarmat period (Lukovi¢ M., 1938).

The beginning of uplifting and folding of Bele vode plateau enabled deeper
undercutting of the Radovanska River , and therefore descending of karst aquifer and increasing
of karst process. Then, proceeds fluvio-karst evolution phase, and further formation of valleys is
the result of the battle between fluvial and karst processes.

The progression of karst erosion and widening of fissures in limestone enabled larger
and deeper sinking of water from the watercourses of Gajina mlaka and Toroviste. In the middle
part of their valleys constant ponors (swallow holes) occur at around 800m of altitude (draft 1).
The water that sinks flows underground for a short time and appears again in the downstream
parts of the valley. The place where the underground watercourse comes out in the valley of
Trgoviste is predisposed by a fault of approximately meridian direction (mapl). Ballancing the
fall of river courses is done according to the height of floor of the Radovanska River which was
at that time 750 m of altitude. As a result of this, until the place of ponor (swallow hole), valleys
have been transformed into blind valleys. Downstream from ponor (swallow hole) remain short
hanging valleys. The extreme downstream parts of the previous watercourses, after the karst
springs, continue to cut regular valleys.

Considering the fact that the watercourse of Gajina mlaka is an allogenic water course,
the blind valley that it makes is morphologically more expressed than the blind valley of
ToroviSte which is formed by a river course of low discharge and with water disappearing into
large number of fissures on the bottom of valley. Short river courses, formed after coming out of
the underground waters of Gajina mlaka and ToroviSte, empty into the Radovanska River at 750
m of altitude in this phase of evolution.

Karstic phase

Further undercutting of the Radovanska River enables fast sinking of water so there is
no surface watercourse flowing along Tovariste valley. Therefore, in time it changes its form into
dry karst valley (figure 1). The part of the valley from karst spring until it empties into the Gajina
mlaka loses hydrographic function and it becomes dry hanging doline. At the same time, that is
the moment when karst erosion takes predominance over fluvial which completely stops.

After the epeirogenic uplifting and folding of Kucaj plateau, there is a phase without
tectonic movement when the Radovanska River cuts its floor at 540-470 m of altitude (Petrovi¢
D., 1970). The formation of this fluvial floor is simultaneously the beginning of the third phase
of evolution at Bele vode plateau, the karst phase.

Draft 1. Longitudinal profile of valleys in karst Toroviste (up) and Gajina mlaka (down) in
all thre (I, I1, IIT) phases of evolution
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Uvalas: (a) Gajina mlaka; (b)central uvala; (c¢) Lomcié¢; (d) Toroviste and (e) Mala uvala

Karst process has taken over a dominant role at the main part of Bele vode plateau,
apart from north-eastern part at the spring of the Gajina mlaka. Undercutting of the Radovanska
River and further descending of karst aquifer enabled earlier sinking of water of the Gajina
mlaka. So new, more upstream ponor (swallow hole) has opened. The part of valley between new
and old ponor (swallow hole) becomes, as the singled out types of valley in karst on Kucaj
(Petrovi¢ D., 1965), a dry blind doline (draft 1). The karst spring in the down watercourse of the
Gajina mlaka remains without water so further cutting into this part of the valley finishes and it
becomes dry. Former mouth of the Gajina mlaka remains at 745m of altitude and it becomes
hanging in comparison to the newly formed gorge-like valley of the Radovanska River.

Periodic course in Lom¢i¢ which flew into the Gajina mlaka from the left side has
remained and at the place of former mouth has formed, in time, a deep fluvio-karst depression.

Uvalas in paleovalley of Gajina mlaka

The primary appearance of Gajina mlaka valley and the valley of its largest tributary
Toroviste have considerably changed under the activity of karst erosion. The secondary
depressions of larger and smaller size are formed inside these valleys. Smaller depressions are
dolines. They are the most numerous surface karst erosive landforms in relief. They are 10-15m
deep, sometimes up to 30m. Apart from single dolines, there are a lot of coalesced (complex)
dolines in double-dolines and triple-dolines with low wall between them or almost without it.

Apart from dolines, uvalas also occur in valleys- depressions of considerably larger
surface than dolines (map 1). These are polygenetic uvalas (Petrovi¢ D., 1970) formed by
coactivity of karst, tectonic and fluvial processes.

The largest uvala according to its area is Toroviste (0, 8 km?), formed at the place of
former source of the Toroviste watercourse (map1). It is slightly elongated in the direction of the
main valley, but also in the direction of all valleys of former short tributaries. Its shape indicates
that, beside structural-tectonic relationships in uvala, pre-karst fluvial morphology also has the
influence on its genesis and appearance. The bottom of uvala is 25 m lower than the former
bottom of valley (draft 1) and there are tens of single and complex dolines.

In dry valley of ToroviSte there is one more uvala of considerably smaller size (0, 07
km?) at the place of former hanging valley, between karst spring and mouth into the Gajina
mlaka (draft 1). The fault which goes along west rim of uvala has conditioned favourable
tectonic relationships for widening and deepening of this part of valley (mapl). The uvala is
elongated in the direction of the valley. The bottom of uvala is 25 m lower than the bottom of
dry valleys; it is smooth and slanted towards east.

Map 1. Uvalas in paleovalley of Gajina mlaka: 1 — ToroviSta; 2 — Gajina mlaka; 3 — Central
uvala; 4 — Lom¢i¢ and 5 —Mala uvala

J 33 - bank and massive limestone; K11+z - massive and bank limestone; D — conglomerate
and sandstone)

There are three uvalas of approximately same size (0,2 km®) in Gajina mlaka valley.
The first uvala is by karst process extended blind valley of allogenic watercourse of the Gajina
mlaka (draft 1). Gajina mlaka uvala stretches along the valley of the main river and along the
parts of valleys of short tributaries. For that reason it has almost circular shape (map 1). The
watercourse of north tributary today sinks at the contact with limestone in small blind valley, and
the rest of its valley looks like dry hanging valley. The valley of south tributary is completely
built in limestone so it is dry and karstic. The bottom of uvala is approximately 30 m lower than
the wall which divides it from dry valley and it is covered with accumulative material. Ponor (the
swallow hole) of the stream Gajina mlaka is located on the west of the valley, under 40m high
karst escarpment (figure 1).
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Figure 1. Uvala of Gajina mlaka

The central uvala is extremely elongated in the direction of the valley (1km) and it was
formed at the head of dry blind valley (map 1). This part of the valley of Gajina mlaka is
predisposed by fault, so tectonics has important role in the formation of uvala as well. Deepening
and widening of the head of dry blind valley formed an uvala with the bottom at 773m of altitude
or, about 50 m lower than the bottom of the former valley. There are several dolines at the
bottom of uvala and former ponor (swallow hole) is clearly visible.

In the downstream part of Gajina mlaka paleovalley, at the place of mouth of the
Lomci¢ stream, there is an uvala Lomc¢i¢ formed by coactivity of karst and fluvial erosion. The
Lomci¢ stream still goes periodically underground in alluvium at the bottom of this depression
which is 50 m lower than former valley bottom (figure 2).

Figure 2. Lomci¢ uvala
Discussion

Studying karst of Kucaj mountain in the period 1889-1891, J. Cviji¢ noticed some
depressions in karst of larger size than dolines and called them “utloleglice” ( Cviji¢ J., 1893).
This karst erosive form would be later defined as * uvalas” and classifies as a transient form
between dolines and karst poljes( Cviji¢ J., 1900;1960).

The term karst uvala in Serbian science has remained for a long time under the strong
influence of the opinion of Cviji¢, so it is defined in “Serbian karst terminology” as “larger
closed depression in karst of several hundred meters up to 1-2 km in diameter. It represents
transient form between uvala and karst polje. Contrary to polje, the floor of uvala is not smooth.
Uvalas can be formed by coalescence of dolines, selective erosion of impermeable sections in
limestone mass, karstification of river valleys and tectonic faulting”. ( Gavrilovi¢ D., 1974).

Some authors rejected the genetic connection between dolines, uvalas and karst poljes
even in the middle of the previous century, emphasizing the importance of tectonic processes in
the genesis of uvalas (Poljak J., 1951). During the second half of the 20" century the majority of
scientists accepted this opinion. Therefore, the term “uvala” has gradually become neglected in
world science. In “A Dictionary of Karst and Caves” (Lowe D. & Waltham T., 1995) uvala is
defined as “complex closed depression; today rarely used term of Croatian, Serbian, Bulgarian
origin. The term describes a form which represents the second step in three-step- process of
formation of karst polje, in which it is assumed that dolines coalesce into uvalas. This
mechanism is no longer accepted and the term uvala is not used anymore.”

Uvalas are also defined as “surface depressions in karst, larger than dolines with uneven
floor which are not usually flooded nor cultivated (Gams 1., 2004). Lot of researchers, avoiding
the term uvala, use alternative names for the same form, which results in terminological
disagreement. The term “karst depression” is used in some papers as a replacement for the term
uvala, which is explained by the fact that it is “a form in relief defined morphologically but not
genetically” (Gostincar P., 2009).

In recent years some studies have been carried out with the aim of redefining the
meaning of the term uvala (Cali¢ J., 2009; 2011). The results indicate that genetic connection
between dolines, uvalas and karst poljes cannot be accepted because of different origin and
development of dolines and uvalas. While dolines are formed by the action of strong vertical
erosion in one point (Susterdi¢, 2006), uvalas are formed along broken zone, one of three types of
fractured zones characterized by a system of chaotically organized faults which break a rock on
blocks of different sizes (Cali¢, 2011). Also, the development of uvalas is connected to linear and
surface eroding of limestone which causes different morphology than the one of dolines. Uvalas
are “large (in kilometer sizes) closed depressions in karst of irregular and elongated surface form,
created by accelerated corrosion along the main tectonic broken zones” ( Cali¢, 2011).

This definition of uvalas, exclusively connected to karst depressions formed by
dominant influence of tectonics, leaves other karst depressions which do not completely
correspond to this type of formation without name. Uvalas created inside other erosive forms
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(e.g. valleys and cirques) are not singled out as special type of uvalas because they should not be
divided according to the place of formation (Cali¢, 2009). However, without questioning the role
of tectonics in the process of formation of uvalas, they morphologically differ among themselves
depending on erosive agents that cooperated in their formation. Morphological diversity among
uvalas as well as their typologization is possible to find in the papers of numerous authors. The
uvalas created inside dry valleys or in transformed blind valleys are singled out into special type
of fluviokarst depressions under the name” valley —like dolines” ( Boci¢, 2009). Depending on
the genesis, some authors single out three types of uvalas: (1) uvalas formed under the influence
of tectonics; (2) uvalas of fluvial origin; and (3) uvalas formed by coalescing of dolines (Cocean
& Petrescu, 1989). In the “Encyclopedia of Caves “there are also three types of polygenic
depressions in karst (which the author does not explicitly name uvalas) : (1) tectonic-karst; (2)
fluviokarst; and (3) glaciokarst (Sauro, 2012). The last type of karst depressions such as
glaciokarst uvalas also appear in some papers on glaciology (Purovi¢ et al., 2010).

Uvalas that occur in Gajina mlaka paleovalley with Toroviste are not clear tectonic-
karst uvalas, which can be concluded on the basis of the given relief evolution in the basin. The
formation of all of these depressions was initiated with the previous pre-karst fluvial
morphology. The valleys themselves, as well as their direction are conditioned with tectonic
(Gajina mlaka) and structural (Toroviste) fault. Hence, the depressions that were created inside
the valleys can be defined as fluvial-karst uvalas. Uvalas in the valley of ToroviSte were formed
by transformation of dry valley. Uvalas in the valley of Gajina mlaka were formed by
transformation of dry valley, except for the uvala in the central part which was formed by
deepening and widening of dry, blind hanging valley.

From the aforementioned discussion it can be concluded that the term uvala, which is
only connected to the forms created under the dominant influence of tectonics, should also be
used for karst depressions formed in coactivity of tectonics and fluvial, that is, glacial process.

Conclusion

Rejecting the cyclic concept of formation of large erosive landforms in karst, the term
uvala has lost its significance and is no longer used in scientific discussions on karst. Recent
attempts of redefining this term and connecting the genesis of uvalas exclusively to tectonic
influence have left a number of karst depressions without appropriate name.

Analyzing the evolution of some of the depressions in karst on Kucaj, that occur in the
valleys of Gajina mlaka and Toroviste, it has been determined that fluvio-karst process has
important role in their genesis and appearance. These depressions morphologically differ from
clear tectonic-karst uvalas so they should be singled out in separate, fluvio-karst type.

Redefining the term uvala, the genesis and development of uvalas have been clearly
separated from other karst erosive forms (Cali¢, 2009; 2011). If expanding the use of this term to
the forms created in coactivity of tectonics, fluvial and glacial processes is accepted, there will be
no obstacles to return the term uvala in use and abandon the use of different alternative terms.
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