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Caxerak: Kao nocnenuia 4ecTux CMeHa IIallMjaJHUX M MHTEpriaudjaiHux (asa Ha miaHuHama JlypmMuTop u
XKujoBo nomasu 10 CMeHa TUIALMjalHOr M KpAaIIKOr Iporeca. IlpemopennpameM riarujanHe Mopdomoruje
(IMpPKOBH U BaJIOBH) H3rpalyje ce caBpeMeHH Kpallku pejbed) y KoMe JOMHHHpAjy yBaie. Pasinnunra BennduHa U
00JIMK yBajia MOCJIEUIA je PA3IMYUTOCTH IJIAlUjaTHuX OOJIMKA KOjU cy UM nperxonunu. Tpajambe U UHTEH3UTET
KpAILKOT' IIpoLeca, KOjuMa Cy HaKaJallibH IIIAlHjadHy OOJIMIN MPEMOJEIHPAHN y KpaIlKe, OAPEIIIN Cy CTeNeH
pa3HjeHOCTH yBaJa M HM3rPajiby TPH EBOJNYTHBHA THIIA BHCOKOIUIAHMHCKHMX YyBajla: INIAlUjalHe, IJalHjalHo-
KpAIlKe H IJIalijanHo-(IiyBHjaiHe yBae.

KibyuHe peun: BUCOKOIUIAHUHCKE yBase, Kpac, riauujauuja, JJypmurop, XKujoso, Lpna 'opa
YBoa

Kpamikn pesbed BHCOKMX IUIaHMHA je IOJ MUPEKTHHM YTHLAjeM CaBpeMEHE
BHCOKOIUTAHMHCKE, alIicke KiuMe. IbuxoBa m3rpaigma BpIIM C€ MOA YTHLAjeM HHCKUX
temneparypa (Sinjur 1., 2006) u cHera Koju yMHOTOME YCIIOBJhaBa HACTAaHaK M Pa3BOj
cnenuuIHUX MUKpokpamkux obmuka (Knez M., u mp., 2010). 3aTto ce kpamku peped
BHUCOKHMX IUIAaHMHA MOP(QOJIOIIKK pPa3IuKyje OJI Kpaca IUIAHHHCKOI 0001a M HIKHX
mpocTopa. CeM YTHIId] CaBPEMEHHX T'eOMOPQOIIOIIKHX IMPoIleca, Ha CTBAPAlkE M Pa3Boj
CaBPEMEHOTI" KPAIIKOT pesbedha 3HaUajaH YTHI] UMAJIH Cy M MPOIECH KOjU Cy C€ OJBUjaIN Y
Ockoj WM 1ajboj reoMopdoionkoj mponutoctd. Ha BHCOKHMM IUIaHMHaAMa caBpeMEHOM
KpAIlKOM TMPOIECY MPETXOIUO je DMianujaHd. W 0K je MIanujaqHu MPOIEC H3Prajfo
OCHOBHE KOHTYpE MOBPIIMHCKUX 00JHKa, Koje fie KaCHUje KpallKu MpoIec NPeMOIeTHpaTh
U TIPEUHAYUTH Y CaBPEMEHE Kpallke OOJIMKE, CIEeJICOreHETCKH MPOLECH Cy Ce OIBHjald H
TokoM rnanujanHux (aza (Lauritzen S., 2006). Mehyrtum, nyrorpajHu W HHTEH3WBAHH
[IalyjalHd MPOLEC MOXE JCTUMHYHO WM TMOTIYHO YHHIUTHTH TPETXOAHY KpaIlKy
Mopdororujy, kako mMoBpmHHCKY Tako W momsemHy (Klimchouk A., m gp., 2006).
[pumep Mopdomomke pa3HOMMKOCTH HMOBPIIMHCKHX KPAIIKHX OOJHMKa - yBaja Ha JABEMa
reorpaCKu OMUCKUM TUTAaHWHAMa, a KOja je TOCIEANIa PA3IMIUTOT yTUIaja TMPEKPALTKOT
rIIAlMjaIHOT TIpoleca W rianujanHe mopdosoruje koja je y Toj ¢asu usrpaljeHa, cy
rianuHe Jlypmurop u XKujoBo.

Toxom kBaprapa Ha IulanuHama [lypmutop u JKHjoBO ONAsmio je [0 4YecTHX
CMEHa IJalujaTHuX ¥ uHTeprianyjanrHux ¢asza. OBe dase cy pa3nuuuTo Tpajasie, ajld yBeK
JOBOJbHO AOYTO aa 6I/I TPCHYTHU JOMUHAHTHU FeOMOp(bOJ'IOH_IKI/I mnmpouec Morao M3MEHHUTHU
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MOP(hOJIOTH]Y CTBOPEHY Y MPETXOAHO] (a3u M M3rpamguTH MOP(OJIOTH]y KapaKTECPUCTUIHY
3a jaru reomopdosoriku nporec. [Tociaenma rianujana Gasa Ha OBUM IJIaHWHAMa OWIa je
OJT CHAKHUM YTHIIAjeM MPETXOHE Kpalike (ase, MITo je uMaJIo 3a mociieauity hopMupame
kpamkor tuna rnamujanuje (bByposuh I1., 2009; Ierposuh A., 2009). ITo nosnauemy
JIeJHUKA [0Ja3d A0 CMeHe TreoMOop(hOIOmIKHX Tmpoueca. Y 3aBUCHOCTH O AYXKHHE H
WHTEH3UTETA TPajarba KPaIIKoT Mpolleca U MPEeMOIeIHpama IalijaTHuX 00JIMKa y KpaIlke,
Ha OBHM IUTaHWHAMa M3rpal)eHn Cy MOJUTeHETCKH U MOTMMOPQOHN 0OIIHIH.

Ieorpadcku mosoxkaj MCTpPa:KMBaHOT MPOCTOPA

ITnanune Jlypmutop u JKujoBo Hamaze ce y jyroszamagHoMm jeny baikaHckor
nonyoctpsa (Ck. 1). [lypmurop je y ceBepHOM Jieiy, a KujoBo y jyroucrounom jeiy LipHe
T'ope. dypmurop mnpumajga MCTOYHOM JAelly IJIaHUHCKOr cucrema Jlunapupa. Y mupem
CMHUCITy NIpUIIafa cIMBY peke JlpuHe, a y yKeM IpeacTaBiba pa3Bohe usmely pexa Tape n
IMuse. IlnannHa XKujoBo Hanasu ce y rpaHMYHO] 30HM IUTaHMCKOT cuctema [Ipoxieruja.
IIpencrasiba paspohe usmelhy Jagpanckor (peke Llujera u Mana pujeka) u LlpHoMopckor
cnuBa (peke Tapa u JIum).

Ck. 1 — I'eorpadcxu nonoxaj niaanuaa Jypmurop u Kujoso

Aypmurop

[Tnanuny dypMutop okpyxKyjy BUCOKe Kpamike noBpinu (ox 1400 g0 1600 m H.B.).
Mopddonomika rparuna JypMuropa npeIcTaB/beHa je JIMHIjOM KOHTAKTa TUIAHWHE U BHCOKE
Kpalllke MOBPILIK. JETUHO ce y CeBEpHOM JieNy IIaHuHe rpanuia ciycta 10 1100 m u.8., 10
6acena Cymmuxor jezepa. Hajsumm nenosu mianunae (bo6otoB kyk 2522 m H.B.) BHIIH CY
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ox moBpi 3a 900 go 1100 m. OBako neduHucaHa wiaHuHa JJypMUTOp MMa MOBPIIKAHY O
123 km? (Djurovié P., 2009).

Jdypmurop Mma jpocra jeaHocTaBaH jurojomku cactaB (Mupkosuh M., 1983).
Haj3actynsseHnje cy kapOoHaTHe CTEHE pa3IMUUTOr cacTaBa U crapoct. Kiractudne creHe
ce MaxoM CHOpaAWYHO jaBbajy. Haj3acTynsbeHuje kapOOHATHE CTEHE Cy Kpeumalu, a y
Mam0j MEpH jaBijbajy ce M jgosoMuTd. Kpeumarm cy Hajuenthe MacMBHM W OaHKOBHTH,
TpHjacke u KpexHe crapocTi. [ToceOHO MecTo y KapOOHATHOM KOMITIECKY CTEHA 3ay3UMajy
KPEIHO-TIAJICOTEHN CEIMMEHTH, T3B. AYPMHUTOPCKH ¢umml. To Cy CIOjeBHTH IIECKOBUTH
Kpeumally, JTallOPOBUTH KpeUmaly, Jaropuy, OaHKOBHUTE U CIIOjeBUTE Kpedmadke Opede H
rerrgapu. Y TypMHTOPCKOM (PIUITY IPEOBIanaBajy pa3iuduTe BpcTe KapOoHaTa W OUTHO
Ce HE Pa3NIMKyjy OX APYTHX CTeHa KapOOHTHOT KoMmIiUiekca. KiacTudHe cTeHe Cy Tpujacke
CTapoCTH M MPEACTaBJbEHE Cy KBAPLHHUM MEIIYapuMa, IMECKOBUTHM KpeumanumMa u ci1. Ha
wianuan JlypMuTOp Cy Mayio pacrnpoctpameHn. OBOM KOMILIECKY MPHIIAAajy W aHIAC3HTH,
cpembe Tpujacke crapoctu. JaBibajy ce ucnon Llpsene rpene, kox baphor jesepa u bocaue
¥ 3ay3uMajy Mam1 rpoctop (Zivaljevié M., u ap., 1989).

Ha manunn JlypmuTop u3zaBajajy ce ABe TEKTOHCKe jequHuie. Kydka TekToHCKa
jenuHuIa 3ay3uma jyrosamamHu neo twianuHe (IIpyram, Bjerpena Opma, doOpu 1o,
Cemnena rpena, Croxuna, Pyxwuna, Jlojanuk, Bosp), nmok JlypMHTOpCKa TEKTOHCKa
jeaMHHMIA 3ay3uMa OCTaIM Jeo IutanuHe. Jly’k Kpasbymrn PaHucaBe ca ceBepoOMCTOKa
JIOLIJIO je 70 pPeBEepCHOr Kperama JlypMHUTOpCKE TEKTOHCKE jeIUHUIE IPEKO CeauMeHaTa
Kyuxe TekToHcKe jeqmunne (Zivaljevic M., u zp., 1989).

Ha Jlypmutopy cy youeHH TparoBW IBE TIallfjamnuje: cTapHje, jaue u wmiale,
cmabuje. 3a Bpeme crapuje (aze rmanmjandje mpoctop ypMuTopa je CKOpo YHTaB OO
nokpuBeH seaoM (Djurovié P., 2009). Camo nojeaunu rpebeHN U BPXOBH HHUCY OMIIA TIOJ
neneHnM nokpuBadeM. Ha ceBepnoj crpanu dypmurtopa nmpocrop uzHaa 1600 m H.B. 6HO je
I0J] CTAJTHUM CHEXXHHMM NOKpuBadeM. Vicrounn obponmnu IllTyoma cy Beh on Bucuue on
1700 m H.B. yna3uiu y 30Hy Beuutor cHera. Oko LlpHor Je3epa cHexkHa rpHUIA je Omia OKO
1600 m H.B. McTa BUCHHA CHEXHE TpaHMIE 3aJp)KaBa Ceé M Ha HCTOYHMM IaJHHaMa
llmemena. Ha jyry ce cHexHa rpaHuna 3HatHO crmyiuTta. Hamasu ce jyxxHo on bossa n
Jlojanuka, y ropmem aeny nonuHe KomapHwuie, Ha BUcHH ox oko 1400 m H.B. 3amanHa
rpanuna je Hwke lllkpka y xamony Cymmue, Ha BHcHH of oko 1500 m H.B. Paznmka y
BHCHHU CHEXHE TPaHUIIe Ha JY’)KHO] U CEBEPHO] CTPaHM IUIAHHHE TTOCIIEIUIA j& H3JI0KESHOCTH
IUIAaHWHE BIaXHUM Macama. OHe Cy yBEK Joia3wie W3 jy)KHOT W jyro3amaHor IpaBla.
Brnaxne mace mpenase mpeko jyxHuX naauHa Jlypmurtopa, M3iIydyjy ce, T€ Ce CEBEpHH
JICNIOBY TIJIaHUHE Hala3Wie y KHIIHO] CeHIH. 3aTo J100Mjajy PEeNaTHBHO Mamy KOJHMYHHY
MalaBiHA y OJHOCY Ha jyxHy. To je nMaio 3a mocieauIy oBako "oOpHyTy" BHCHHY CHEXHE
rpannne (byposuh I1., 1996a).

CHexxHa TpaHmma TokoM Miae Qasze Triandjaruje MMOCTENeHO IoKasyje TPeHI
nosehama Bucune. [lypMHTOp ce BHIE HEe Haja3u y OKBHpY jeIHE KOHTHHYyHpaHe CHEXKHE
rpanune, Beh ce Ha BWO0j (OPMHUPAjy BHIIE OJBOJEHHUX LEIUHA. Y CEBEPHOM JIENy, OKO
IITyorra, Hama3uo ce MPOCTOP IOJ KPHUO-HUBAIMOHUM YTHIIAjeM, KOjU je OO OJBOjeH O
HeHTpaiHor jena ranuHe. CHexxHa rpanuna Ha lItyory Hanasuia ce Ha jy)KHOj CTPHH Ha
oko 2100 m H.B., ceBepo3anaHoj Ha oko 1950 m H.B., Ha CEBEPHO] CE€ CIyCTaja y KambOH
Tape, nok je Ha ceBepoucroyHoj Omma Ha 1800 m H.B. Llenrpannm meo lypmuropa
Ipe/cTaBibao je HajBehu mpocTop Ha KoMe ce o/BHMjao rianujasHu mporec. Ha ceBepHoj
CTpaHU CHEXHa I'paHuIa je uiuia cesepHo o Buapune (2037 m H.B.) 1 Ouia je HAa BUCHHH
ox oko 1700 m u.B., y JlokBumama je Omma Ha oko 2000 m H.B, IOK je Ha MCTOYHUM
nagnHama [llsemena O6mma Ha 1800 mo 1900 m H.B. Jy)kHe maguHe KapaKTepHINE T0CTa
BHCOKA CHE)XHa TpaHmIa koja ce kpehe ox 2050 m H.B. xox Bjerpenux 6paa mo 2100 m H.B.
ucnox [pyrama. ¥ Hlkpkama je nznocmia o 1900 m H.B. (ceBepre ctpane [Ipyrama), 1o
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2000 m u.B. (jyrozamague crtpane Coe u I[Dmanunwmie). Jy>kKHO O UCHTpaSHOT [eiia
Jdypmuropa Hanaszuo ce npoctop "Beuuror cuera" u To Ha CemieHoj rpenu (2050 m H.B. Ha
jyxHuM ctpana u 1950 m H.B.Ha ceBepHMM cTpaHama) u Ha bosby u Jlojanuky.

Ha ocHoBy Temmpeatype Ba3yxa U KOJIWYHHE MalaBUHA MOXKE CE YTBPANUTH yTHIIA]
caBpeMEHe KJIMMe Ha KpalllKu Mpolec W Kpamky Mopdonorujy dypmuropa. Cynoauny
TUIAaHWHE KapaKTepHIle XJajHa IUIAHWHCKAa KJIMMa, jep YeTHPH Mecela TOJAWIILE UMajy
HETaTHBHY CPEe/-e MECEUHY TEMIIEpaTypy Ba3ayxa. Y TOM Jielly IUIAHHHE CPeliha TOANIIa
TeMIeparypa Basayxa 3a mepuon 1958-1993. msnocu 4,5 °C. 3a oBaj mpoCTOp TUIAHHUHE
KapaKTEePUCTUYHO j€ Jla Cpeba TOUIIkha TEMIIepaTypa Ba3ayxa o noderka 60-Tux roauHa
MoKa3yje TpeHn omafama (y OJHOCY Ha MEJOKyIaH IOCMaTpaHH Mepuon), Aa OM Kpajem
CellaMJIECETHX JIOCTHIJIA HAJHIKY BpeaHOCT. OJ MOYeTKa OCaMIECeTHX TOMHA 3allO0uumbe
TPEHJ M3Pa3uTOr MOpACTa CPEIHE TOMUIIBE TEMIEpaType Ba3lyxa. Y BHIIMM JIEIOBUMA
Hypmuropa (mmpoctop oko 2000 m H.B.) OpOj Mecel ca Cpehe HEraTHBHOM TeMIICPaTypoM
CTaTUCTHYKHU paceTe, Te ce HHXO0Ba OpOj U3jeHaYaBa ca MECelMa KOju MMajy MO3UTHUBHE
temreparype. CaMo HEITO Maylo W3HAJ HajBUINUX BpXxoBa IuanuHe (oko 2700 M H.B.)
CTaTUCTUYKU CE OYeKyje HeraTHBHa Cpelba TOIUIIba TeMIeparypa Bazayxa. JlokanmHu
YCJIOBH, JMCELMPAHOCT pesbeda, Mpasall npyxkKamba KalOHCKUX J0JIMHA U TpebeHa y 0HOCY
Ha IpaBal] KpeTama BJIQKHHUX Ba3IylNIHUX Maca ojpel)yjy KONIMYMHY NaJaBHHA M HETOB
NpOoCTOpHU pazMernTaj. ['oxumma KonnunHa nagasuHa kpehe ce ox 1400 1o 1600 mm y
000HMM JIeNIOBUMa TUIAaHKHE, Ia cBe 70 2600 mm y HajBUIINUM JEJOBUMA (CTAaTUCTUYKN).
He mnoctoje m3pa3uTo BIaKHM, HU W3PAa3UTO CyBH INEPHUOAM y TOIWHH, Maja IOjEANHH
3UMCKH Mecenu mMajy W a0 50% Bumie magaBuHA HEro HekW JeTkd. CeM HajHIDKUX,
000HMX, NeNoBa y KOjUMa C€ BHINE IaJaBHHA H3IyY9d y MECEnMMa ca IO3UTHBHOM
TEMIIEpaTypoM, Ha OCTAJIUM BHCHHaMa je oOpHYT ciydaj. Ha Bucunama npexo 2000 m H.B.
caMo ce 1/5 majaBMHa M3Iy4d y BEreTaTHBHOM IepUOARY (Cpelme MecedyHa TeMIeparypa
Bazayxa Bumia ox 7 °C). Foauinmba KoMunHa najaBuna ce 'y nepuony 1958-1993. konebana
y pactiony ox +10, no -10% (byposuhi I1., 1996a).

Caspemena kpawika mopgonoeuja /[ypmumopa

Bucoxonnanuacke yBaie (Ck. 2) npencTaBibajy NOIUTCHETCKE eIEMEHTE KPAIIKOT
pesbeda. Y 3aBHCHOCTH OIl CTEIECHA M OJHOCA YTHUIIaja CaBPEMEHHX KPUO-HUBAIIHOHUX,
KOJIyBHjaIHMX M KPAaIIKUX Ipoleca TpaHchopMalja IIEHCTOIEHCKUX HUPKOBA U IEI0Ba
BaJIOBa y CaBpEMEHE KpaIllke yBaje WIUIa je cropHje miu Opxke. 300r Tora ce y pessedy
JdypmuTopa Hanase TpH €BOJyTHBHO-TEHETCKA TUITA BUCOKOIUIAHUCHKUX yBaa: IJalyjasiHe
yBaJie, MIalUjaiHO-Kpalllke yBaje u riandjaiHo-¢iaysujaite ysaie (Tao. 1)

I'nayujanue ysane nanase ce Ha Hajsehum BucuHaMa. OBe yBaJie Hajla3e ce y 30HU
HajBehier yTuIaja Kpuo-HUBAIllMOHUX U KOJIyBHjAJIHUX IPOIIeca, a KPAIIKH je MPe/ICTaB/beH
rJI00aJTHAM ITPOIIECOM XEMHJCKOT pacTBapma Kpeumaka. CeM ozapeheHHX MHUKPOKpAIIKUX
o0iuKa M [e30praHU30BAaHOr IMOHMpamba BOJEC Yy IbHMA, OBaj TUI yBaja 3aApaxao je
MopdoIorijy u3 nperxonaHe ¢ase pazBoja (IJanujanHe), ca KapakTepuCTUYHOM BehoM wiu
MamoM OTBOpeHomhy y HajHWKeM Jely HeKajalmer Iupka. Kpamka mopdonoruja je
3aCTyIUbEHA CaMO ca MHUKPO OOJHMIMMAa W TO KaMEHHWIaMa Koje ce CIOpaJAWvHO Hajlase Ha
Behum OmoxoBuka. Illkpame ce jaBipajy camo Ha BehWM TOIMM KpEeUmadykKAM INIOYaMA.
[ToBpIIMHCKUX TOKOBa HEMa, 2 HEMa HU TParoBa BHXOBOT IIOCTOjamba.

TI'nayujanno-kpawke yeane (Por. 1) Hamase ce Ha HIDKMM BHCHHAMA, WIA Ha
HCTUM BHCHHaMa Kao NPETXOJHE, aly Ha ,,TOIUIMjUM"* eKCIIO3HIMjaMa Of IPETXOIHOT THIIA.
Kpro-HuBaMoHN M KOJYBHjaJIHM IPOLeC ry0e MOMHHAHTHOCT Y OAHOCY HA Kpamkd. Y
wUMa ce (HOpPMHUPaAjy OCHOBHH XHIPOJIOIIKA M MOP(QOIOUIKH €IeMEeHTH Kpaca (Bpraue u
noHopu). 300r myXer Iepuoia JAejioBama KpallKkor Ipoleca [0 [JHY OBHX YyBala,
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HeKaJallbUX LHUPKOBa, JI0Ja3M JO CTBapama Bprauya, mkpana, kamenuia (Dyposuh II.,
19966) 1 moBpeMeHHX TOKOBA ca MOHOpUMa, jamama u niehurama. OcHOBHA pasiuka usmelhy
OBOT M IPETXOJHOT THIA yBajla je y XHIpPOJOMKMM ocobuHama. [lo aHy yBana mocroje
nepuoauYHd TOKOBH. OBM BOJOTOIM HACTajy OTHAameM CHEXaHHKa. [locie HEeKoIMKo
JleceTHHa MeTapa ToKa OHM Hajuemhie MOHUPY y Ha JHY yBalle, IPH YyeMy Moske johu 1o
kpaher yje3epaBama. KosyBujanHu 1 Kpuo-HUBAIIMOHU IIPOLIECH CY 3HATHO ClIaOWju HEro y
MIPETXOJHOM THITy yBaJa.

®@or. 1 - JIokBHIIE — [VIAIHjATHO-KPAIIKA YBajaa Ha lypMuTtopy

Tnauujanno-paysujanne ysane npencraBabajy Tpehn eBONyTHBHU CTaaujyM Yy
pa3Bojy BHCOKOIUIAHMHCKMX YyBana. OHe ce jaBjbajy Ha 3HAaTHO MambHUM BHCHHAMa y
nopehewmy ca mperxonHa jaBa tuna. OBie ce jaB/ba U 3HAuajHA Pa3jiuKa y INPEKPAILIKOj
eBoiynMju. JIok cy mpeTxoiHa JBa THUIAa HacTana TpaHc(opManujoM IUICHCTOLECHUX
[MPKOBa, OBaj THIl yBala je HAacTao TpaHC(OpMamWjoM JeI0Ba HEKAJAIIHET BaJloBa.
[ToBnauemeM neTHUKA N0 AHY BayloBa (OPMHUPAjy C€ PEUYHHM TOKOBH KOjH ACTHMHYHO WIIH
MOTIYHO OJHOCE NENyBHjalTHH M eIyBHjIHN Matepujai. [IoBpIIMHCKM TOKOBH, Kajia ce 3a
TO CTEKHY YCIIOBH, IIOHYPY W IIOCTeIeHO ce (opMupa ciena monuHa. Kako cy oBo jako
IUIATKE JIOJIMHE TO CE Pajud O BPJIO MIIAAOM mpoiecy. MHOre riaiujanHo-(GiyBujamHe
yBaJle, WM BUXOBH JICJIOBU IPECTaBIbajy OaceHe caBpeMEHHX je3epa, OHOCHO OBE yBaje
Cy CTaJHO IUIaB/beHEe. KpHO-HMBaLMOHM MHpOLECH MMajy MarpHHajaH 3Ha4aj, a Kpallku
MIPOILIEC je Y 3Ha4ajHOj MEpU M3rPajJno Kpaliky MOpPQOJIOTHjy U CHeUU(PUIHY HUPKYJIALN]Y
Boge (OpojHe BpTaue, Bpena W MOHOPH, NEPHOJUYHM U CTAJIHH TOKOBM, CTalHa H
TIEPUOMYHA TIJIaBJbEHOCT).
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Uvale/Uvalas

¢ &

Qﬁ GK

Ck. 2 — BucokomiannHcke yBaJjie Ha JlypMuTopy
(G - rnannjanue, GK — rnanujanno-kpamke u GF — rmanujanno-daysujaane)
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Tab. 1 - Mopdomerpujcke kapkTepucTuke yaia Ha lypmuropy (G — riaauujanne, GK —
rnanujanHo-kpamke H GF — rinanujanno-guaysujanne)

Number Hasus/ Bucuna y m .B./ Jyxuuna 'y m/ MIupuna y m/ MoBpumna y km?/ Tun
on map Name Highs in m a.s.l. Long in m Width in m Area in km® yBaJje/
1 Valoviti do (centralni) 2020 750 650 0.30 G
2 Gornja Ali$nica 2040 700 450 0.23 G
3 Zeleni vir 2030 600 250 0.14 G
4 Velika Kalica 2050 1050 200 0.11 G
5 Ledeni do 2050 700 300 0.17 G
6 Kobilji do 2070 400 200 0.13 G
7 Mali lomni do 1920 550 300 0.13 G
8 Veliki lomni do 2020 550 400 0.11 G
9 Velika Rutulja 1940 400 400 0.12 G
10 Duboki do 2090 550 300 0.11 G
11 Prutaski do 2000 550 350 0.13 G
12 Valoviti do (severni) 2050 500 300 0.11 G
13 Rape 2040 500 500 0.17 G
14 Velika korita 2080 600 250 0.10 G
15 Lokvice 1700 1500 400 0.48 GK
16 Donja Alisnica 1950 750 250 0.13 GK
17 Mededi do 1900 550 150 0.13 GK
18 Boljegov do 1940 550 300 0.15 GK
19 Surutka 2050 700 300 0.18 GK
20 Mlecni do 1930 900 300 0.28 GK
21 Urdeni do 1730 650 300 0.16 GK
22 Valoviti do (juzni) 2100 350 3000 0.08 GK
23 Dusko valje 2050 800 450 0.24 GK
24 Vodeni do 1610 650 300 0.17 GK
25 Todorov do 1820 750 500 0.17 GF
26 Dobri do 1650 3350 1500 2.93 GF
27 Uvala Valovitog jezera 1700 1000 350 0.28 GF
28 Poscéenska dolina 1600 1850 750 0.99 GF
29 Mleéni do 1890 1000 500 0.45 GF
30 Uvala po§éenskog jezera 1500 1000 500 0.38 GF
31 Uvala Crnog jezera 1420 1250 750 0.75 GF
32 Crepulj poljana 1700 600 500 0.18 GF
33 Uvala Zminjeg jezera 1500 500 400 0.14 GF
34 Uvala Jablan jezera 1790 550 250 0.12 GF
35 Dolovi 1750 1500 450 0.46 GF
36 Skrke 1700 1700 500 0.26 GF
Kujoo

[Tnannna JKnjoBo M MOBpHIM KOje je OKPYXYjy je QyOOKHMM KambOHHMa jacHO
OIIBOjeHa Of OKOJHWX IulaHWHA. BrucwHa moBpmm je oko 1400 m H.B. PemaTmBHa BHcHHA
n3Mmel)y moBpIM U HajBUIIMX JenoBa IUTaHuHe n3Hocu oko 700 m, umajyhm y Buny ma cy
HajBumM BpxoBu mannHe Cypayn (2184 m H.B.) u XKujoBo (2131 m H.B.), IOK je pocedHa
penatiBHa BucHHA 0ko 500 m. [ToBpumiHa mmannie je 75 km?.

Y JIUTOJIOIIKOM CacTaBy IUIaHUHE AOMHHHUPA]y KpEUmhallk U JOJIOMHTH ME3030jCKe
crapoctu (Poki¢ u np., 1968). CemumenT ropmoTpHjacke CTapoCTH ¢y BENMHOM TOTOMUTH
W JIOJIOMUTHUYHU Kpeumanu. [lojeauHu NenoBU IUIaHWHE Cy W3rpal)eHu HMCKIbYYHMBO Of1
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JIOJIOMHTA OBE CTapoCcTH. Y ocTaiuM, MiahuM, ceaMMEeHTHMa TPEOBIIaiaBajy OaHKOBUTH M
cnpyanu kpeuwbaiy (Poki¢ u np., 1968). HajceBeprHUju 1e/10BH IJIaHUHE [TPUNIAIA]y 30HA
JAypmuropckor® ¢dumima. OH je oBlle cacTaBJbeH Of Kpeumauke Opede. Ox Hajmiahux,
KBapTapHUX, ceAMMeHaTa HajBehe MpoCTpaHCTBO 3ay3nMa MOPEHCKM Marepujajl, 4yHje ce
aKyMyJanuje Hanasze BehHHOM Ha KOHTAKTY IJIAHMHE Ca TOBPIIUMA.

VY TEeKTOHCKOM TOIJeqy IMpoydaBaHa TEPUTOpHja CE CacTOju W3 TPH 3aceOHe
jeMHUIIE, U TO: jeAMHHUIIE ITYPMHUTOPCKOT (UIMIIA, KyYKe KpaJbyIUTH M CTapOLPHOTOPCKE
jemuamte. ['panuma m3mely mypmuropckor (imima ¥ Kydke KpajbyIITH HUje neduHICcaHa
JAaCHUM pacelom, IOLITO ce OHH y (uniy Temko pacno3Hajy. HakoH MacTpuxTa qOIUIO je
J0 HaBJa4yemha Kydke KpajbyIITH LITO j€ MPOY3POKOBAIO TAHICHIMjaJHW MOTHCAK Ha
¢iinIEe TepeHe U cTBapame Habopa, MPETEXHO IOJIETNINX U 3arikbypeHnx. Kyuka kpabymr
je ucmpecernana MHOTOOPOJHUM paceauMa. TeKTOHCKA TpaHHIla CTapOIPHOTOPCKE jeTMHUIIC
M KydKe KpaJbylITH MOXKE Ce€ MPATUTH Ha 1eJI0j AYKMHH IMPOYy4aBaHOI TepeHa. Y OBOj
JEAMHHIM, KOja je 3aCTyIJbeHa CaMO Y jy)KHOM JIey NMpOy4aBaHOI TepeHa, HUCY 3araXeHH
3HavajHuju paceau. Marpalhena je oj TBopeBUHA ropme jype, nome u ropmwe kpeae (hokuh
u 1p., 1968).

Ha nnanuan JXKujoBo cy ycraHoBibeHM TparoBu nBe rianujaunuje (Ilerposuh,
2007, 2009). Crapuja riamnujaigja je Ovia MHTCH3UBHHjA U JICIHUIU CY MPEKPUBAIH TOTOBO
1esy IUIaHKHY, a Yak 1 noBpil. CaMo Cy HajBUIIK BPXOBH BHPHJIM WU3HAJ JICTHUYKE Mace.
VY crapujoj dazu rianujanmje aenHUIM ¢y ce crymTand 10 1200 m H.B. Bucuna cHexHe
rpanune ce kperama usMehy 1400 m 1500 m w.B. (Iletposmh, 2009.). Jlemuuum cy
MIPEKPUBAIIM U BHIIE AeoBe moBpimd. Y Miual)oj ¢as3u rianujaje JIeTHAIH ce 3aapKaBajy
Mo IHY CTapHjuxX IIMPKOBa, Ha YHjuM oOomgmMa ce (opMupajy HOBH, Malld CEKyHIapHU
nukoBH. TokoM OBe TIianujanHe ¢ase JISIHWIOM ca JHA CTapuX IHMPKOBAa HE3HATHO CY
CHJIa3WJIM Ha OKOJIHE TTOBPILIH.

Caspemena kpawka mopgonocuja Kujosa

Y caBpemenoMm pesbedy JKujoBa pasnukyjy ce TpU €BOJYTHBHA THIIA
BucokorutannHckux yBana (Ck. 3). Mehyrum, muxoBe ce MOp(OJIOIIKE KapaKTePHCTHKE
pasiuKyjy ycieln Crnequ(UYHOCTH IUIEUCTOLEHOT MperjaudjaaHor pejbeda W THHA
rIarpjanyje koju je 6uo 3actyrbeH Ha XKujopy (Tao. 2).

Inayujanne ysane wa JKujoBy uMHE HEKAJalllbU CEKYHIApHH LUPKOBH
¢dopmupanu Tokom Mmiahe ¢aze rmanmjanuje. OBe yBajie ce Haiase MO 000Ay BEIHKUX
IUpKOBAa Koju cy wu3rpajeHn TokoM crapuje ¢ase rianujanuje. CeM Kpamkor H
KOJIYBHjQJIHH TIPOLIEC MMa 3Ha4yajHy YJIOTY y CTBapamy HBHXOBOI caBpeMeHor m3rieaa. On
Kpamknx o0JHKa 3acTyIUBCHE Cy HIKpare mirpaljeHe Ha cTpaHama OJIOKOBa oOypBaHHU ca
OKOJIHHX TpeOeHa.

I'nayujanno-kpauike yeane cy Hajehu n HajOPOjUHUJU TIOJUTCHETCKU E€JIEMEHT
kpamkor pesbeda XKujoBa (dDot. 2). Pazjor 3a OBO Cy WIMPOKM M IUIUTKH LUPKOBH
(dbopMupaHu TOKOM DJalyjanyja. Ycjen Majle BHCHHCKE pasiuke usMmel)y nupkoBa u
MOBPIIM Ka KOjOj Cy Ce KpeTallH, JIJHUIM HUCY MPEeBHIIE U31yOMIH LUPKOBE, HErO Cy MX
BUILIE MPOIIUPHIN. Y MOCTINIAIMjATHOM IIEPHOJy IO JTHY HEKaJalllkUX LUpPKOoBa uirpahen
je Behn Opoj Bprada. Takole, oBae ce Hana3u M BENMKU OpOj MyTOHMPAHHUX CTEHA KOje je Yy
MOCTIIIAIM] AJTHOM NIEpHOy MOIU(HUKOBAO KpPAIIKH IPOIIEC M Ha lhbUMa U3rpajio IIKpamnape.
V rianmjanHo-KpalikuM yBajgama Ha JKujoBy Hema Tparosa MOBPIIHHCKHX TOKOBa. [ JaBHa
pasnuka m3Mel)y OBOT THIA yBalla M MPETXOTHOT je y MOCTojamy Beher Opoja Kpamrkux
oOnmKa (BpTaya, IKparna, KAMCHHIIA).
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Ck. 3 — BucokomiannHcke yBaJjie Ha dKujoBy
anne, GK — rinanujanno-kpauke u GF — rinanujaano-guyBujanne)

(G — raanuj
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@or. 2 - I'TanujanHo-kpamka ysana Ha ’KujoBy

Tnauujanno-gaysujanne ysane ce Ha JKujoBy jaBibajy y HEKaJallkbUM BaJOBHAMA.
Hajuspazuruje cy bykymmpcka, PukaBauka u Panelika yBama. YV mpBe &Be MOBPIIMHCKU
TOKOBH C€ 3aBpIIaBajy y NCTOMMEHUM je3epuMa, JIOK ce 1o obony Panehke yBane jaBipajy
KpAaIlIKi U3BOPH, O] KOjUX ce He POPMHUPA]y pEYHU TOKOBH.

Tab. 2 — MopdomeTpujcke kapakTepucTuke yaaa Ha JKujoBy(G — rinanujanse, GK — rianmjanno-kpamke
U GF — rinaunujanno-guysujanue)

Number Hasus/ Bucuna m H.B./ Jyauna m/ upuna m/ ToBpmmna km?/ Tun
on map Name Highs in m a.s.l. Long m Width m Area in km® yBaJe/
1 Zijovo (I) 1970 450 350 0,09 G
Zijovo (II) 1850 350 280 0,05 G
3 Zijovo (IIT) 1900 850 200 0,16 G
4 Sila 1750 1600 600 0,8 G
5 Dobrodolska (I) 1875 650 450 0,2 G
6 Dobrodolska (II) 1855 650 450 0,21 G
7 Jezerce 1695 850 850 0,6 G
8 Surdup 1765 550 1250 1,2 GK
9 Gladista 1700 1000 1800 2,07 GK
10 Trepetljikov do 1400 2400 450 1,5 GK
11 Zijovo 1690 1500 100 1,62 GK
12 Dobrodolska 1575 1800 1400 32 GK
13 Berovacka 1680 1550 900 2,1 GK
14 Beljeva rupa 1800 400 350 0,3 GK
15 Studenica 1640 900 700 0,5 GK
16 Prijun 1820 800 450 0,33 GK
17 Kunora 1600 5000 3500 14 GK
18 Krisitor 1675 2150 2050 4 GK
19 Rikavac 1313 4300 4500 11 GK
20 Velji do 1050 3000 350 1,3 GF
21 Bukumirska 1400 2800 1000 2,2 GF
22 Radecka 1200 1800 1600 5,8 GF
duckycuja

Hdypmurop u XKujoso cy reorpadcku Gimcke mraHuae. Mel)yTiM, ocroje n3BecHe
pasiiuKe Koje Cy y MpOLUIOCTH JI0BEJE 0 APYradrjer pa3Boja IIalHjalHUX O0NMKa, a IITo
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j€ MMaJsio MpecynaH yTuiiaj Ha MOPQOJIOIIKY Pa3HOIMKOCT CaBPEMEHHUX BUCOKOIUTAHUCHKHX
yBajna. [locroju BHIIe 3HaYajHUX pasiuka. JypMHUTOp MMa HEWITO CEBEPHUjHU IOJI0XKA] H
But je oxa JKujora 3a oko 300 m. 360r Tora cy Temneparype Ha JlypMuTOopy Omiie Hike U
y IpOIIJIOCTH, a U JaHac. Jypmurop ce u3Haja okoysHuX noBpiu uzgmwke 3a 200 go 400 m
Buie Hero JKujoBo, WITO je YCIOBUIO OpiKe KpeTame JICAHHKA Ha OBOj IUTAHMHH HEro Ha
XKujory. C npyre crpane, omm3uHa u Beha oTBopeHOCT Ka Mopy yruuana je aa JKujoBo
npuMa Belly KOJIMYMHY NaJaBUHA M J1a ce Ha ’eMy GopMupa MohiHa JIeIHIYKa Maca.

CMeHa TalMjaHAX W UHTEPrIIALWjadHuX (a3a je Ha OBHM IUIAHMHAMa TOKOM
KBapTapa JOBOJMJIA je JO NPOMEHa JOMHUHAHTHHX I'eOMOpP(OIONIKHX Ipolieca Kojuma je
mirpahuBaH pesbed TOKOM TuX (paza. YTHIaju cy OMIM TOTUKO CHAXHH 1A je TMPEeTXOIHHU
Kpalllki TpoIlec yTHUIA0 Ha (GOpMHpame KpallKoT THIIA TIalujandje, Kao INTO je U
TIAIjaldjalHd  TPoLeC yTHIA0 Ha  (OopMHpame TJIANHOKPAlIKUX Oo0mmka —
BUCOKOIUTAHMHCKe yBajie. [nanujannu npouec Ha Jypmuropy u JKujoBy onBujao ce y
okBUpy aABe (aze. Y mpBoj (pasd roTOBO YHTaB MPOCTOP IIAHWHA OWO je MPEKPUBEH
neanunMa. Y apyroj, miaahoj dasu, oOuM Tiandjanuje ce CMamyje U JICIHHUIN OICTa]y Y
UPKOBAMAa W BaJlOBMMa M3rpaljeHMM y mpeTxoaHOj TianujanHo] dasu. Mopddomomike
pasiuKe KoJ IMalyjaiHux o0ynKa (IMPKOBH U BAJIOBH) KOjU CYy HACTAJH y TIOCIEIH0] ha3u
rmanujanyje Ha IulaHuHama Jlypmurtop u JKujoBo, MMaie Cy TpecylaH 3Hayaj 3a
MOP(OJIOMKY Pa3HOBPCHOCT yBajla Ha OBUM IUIAaHMHAMa. YTHUIAj KapOOHATHE IMOIUIOTe
JI0BEO je 10 (opMuparma Kpamkor Tuna manujanyje. [loBpim koje okpyxyjy ode miaHnHe
yTHIOATe cy Ha Op3WHy Kperama JenHuka. 30or Behe BHcHHCKe pa3nuke wm3Mmely
TUIAHUHCKUX BPXOBA M NMOBPIIM HA JlypMupy Jienuuim usrpaljyjy ny0ipe HUPKOBE U BaJOBE,
ami Mamux nopmmHa. Ha JKujoBy je BUCHMHCKA pasnnka u3Mel)y HajBHIIMX JeioBa
IUVIAaHUHE ¥ OKOJIHUX IIOBPIIM Mama. M3 Tor pasnora Ha OBOj IUTAHMHH €po3Hja JICAHHKA
HHUje ycMepeHa Ka mpoayOspuBamy 007uKa, Beh Ka BUXOBOM IPOIINPUBaY. 300T Tora ce
jaBJba MOPQOIIOIIKa pa3InKa KO/ TAalrjaTHAX 00IrKa Ha OBUM IUTaHHHAMa: Ha J[ypMuTopy
Cy OHHM MamuX IuMeH3uja, aau Behe nyOuHe, mok cy Ha JKujoBy Behux nmumeHnsuja, anu
MamuX AyOWHA. Y CaBpEMEHOM IEepHOAY pa3Boja Kpallkor pesbeda yBajge HaACTajy
NpeMOJIeIMpakbeM TJalfjajJaHuX o0Juka (UMPKOBH M BaloBH). IbHUXOBH OCHOBHH
MOpPQOJIOIKY MapaMeTpu (IykKvHa, IIMpUHAa W 1yOuHa) Beh cy onpehenn y mperxomHoj
mianyjananoj ¢asu pasBoja pesbeda. CTemeH Kpaiike pa3BHjeHOCTH yBana ojnpeheH je
JY’KMHOM Tpajarba ¥ MHTEH3UTETa KPAIIKOT Mpoleca KOjH je Y BEJIMKOj MEpH KOHTPOJIHCAH
WHTCH3UTETOM CaBPEMEHHMX KpPHO-HHBAllMOHMX W KOJYBHjIAaHMX mpoueca. Ha HajHWKeM
CTENEHY KPalIKOT pa3Boja Halla3e ce INAlMjaliHe yBalle, 3aTHM IJIalHjaTHO-KpaIlKe, 10K CY
rJanyjanHo-QIyBUjaliHe yBaje NOXXHBese HajBehy TpaHcopManujy oJ IUICHCTOLECHCKUX
TJIAIHjalTHAX O0JIMKA Ka CaBPEeMEHUM KpaIlIKiM yBajlama.

3akpydak

Bucokormnanuncke yBane Ha Jlypmutopy u XKujoBy Hactaie cy npeMoeInpemheM
rIIaIyjagHux o0JinKa (IIMPKOBH M BAJIOBH) KOjU Cy w3rpaljeHu y MPETXOIHOj, IIIaIUjaliHoOj,
¢dasu pa3Boja pesbeda. 300r pazIMYMTOr WHTCH3WTETA TJIANMjATTHOT MPOIEca HAa OBUM
IUTAHKHAMA CYy TOKOM MiaidjajiHe (a3e CTBOPEHH IMPKOBH U BaJOBU Koje ce MelycoOHO
6utHO p3nMKyjy. Ha Jypmutopy cy AyOOKM M Manux moBpHIMHA, NOK cy Ha JKujoBy
MIMPOKH, anu Manux ayoumHa. OBe MopdoIomKe pa3ivke UMajie Cy NMpecylaH 3Haudaj y
n3rpajmbju caBeMeHe Kpamike Mmopdoinoruje. /[luMesnje yBada oOJpeAno je TNPETXOIHH
TIIAIMjATHE TIPOLIEC, JIOK j€ CTEeMeH KPallKe pa3BHjeHOCTH oApeheH OMHOCOM CaBpeMEHOT
KPAIIKOT TPOIIEC, C je[HEe CTpaHe U KPHO-HUBALMOHHU]UX M KOYBHjJIaHUX MpOIeca, C Apyre
ctpane. Ha oBHMM mjiaHWHamMa MOCTOje TPU €BOJYTHBHA THUMA YBajla: TIAllUjalHE,
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TJIAIHjalTHO-Kpallike W TalujaaHoo-GuyBujanHe. HajMamu CTeneH Kpaiike pa3BHjeHOCTH
UMajy rianyjaiie, a HajBehu IJ1alyjajHo-Kpallke yBaje.
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Abstract: The alternation of glacial and karst processes as the consequence of frequent changes of glacial and
interglacial phases could be recognized at the mountains Durmitor and Zijovo. Re-modeling of glacial morphology
(cirques and trough valleys) carved currently karst topography with domination of uvalas. Their size and shape vary
considerably as the consequence of differences within the preexisting glacial forms. Duration and intensity of
kartification, which re-modeled former glacial forms into karst landforms, determine the degree of uvalas
development and formation of three distinct evolution types of high-mountainous uvalas: glacial, glacial-karst and
glaciofluvial.

K ey words: high-mountainous uvalas, glaciations, Durmitor, Zijovo, Montenegro
Introduction

Karst relief is at high mountains under the direct influence off currently, high-
mountainous climate. Its development is under the influence of low temperatures (Sinjur L.,
2006) and snow, which significantly enable the development and evolution of specific
micro-karst forms (Knez M., et al., 2010). Therefore, karst relief on high mountainous is
differing morphologically from karst formed at slopes or at lower altitudes. Additionally, the
development and evolution of currently karst topography is significantly affected by events
stirred in closer or further geomorphologycal past, not only by recent geomorphologycal
processes. At high mountains glacial events preceded recent karst processes. While glacial
processes shaped the essential contours of surface forms which will be re-modeled through
later, karst processes and turned into recent karst forms, speleogenetical processes already
took part during glacial phases (Lauritzen S., 2006). However, long-lasting and intensive
glacial processes could partly or completely destroy previous karst surface topography as
well as subsurface morphology (Klimchouk A., et al., 2006). Almost the classic example of
morphologically diverse surface karst forms — uvalas, as the consequence of different
influence of preexisting glacial processes and topography, is present at two mountains on
similar latitudes, Durmitor and Zijovo.

At these mountains glacial and interglacial phases alternated frequently during
Quaternary. Although these phases lasted variably, they always were enough long to permit
ephemeral and dominant geomorphologycal process to change the already formed
morphology during previous phase and to shape a new, characteristic one. Last glacial
phase on these mountains were under the great influence of previous karst phase and
resulted in formation of karst glaciation’s type (Byposuh I1., 2009; ITerposuh A., 2009).
Geomorphologycal processes took part after retreat of glaciers. In response of duration and
intensity of karst action and re-modeling of glacial into karst forms, on these mountains
were developed polygenetic and polymorphic forms.

*e-mail: godjura@eunet.rs
The paper contains the research results of the project No146010 supported by the Ministry of Science and
Technological Development of the Republic of Serbia
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Geographic position of theinvestigated area

Mountains Durmitor and Zijovo are in the south-western part of the Balkan
Peninsula (Fig.1). Durmitor is on the north, Zijovo on the south-east of Montenegro.
Durmitor is in eastern part of the Dinaridic mountain range. In a broad sense it belongs to
drainage system of the Drina River, and in narrower represents the divergence of the Tara
and Piva rivers. Zijovo Mt. is in bordering area of mountain range Prokletije. It is on the
divergence of Adriatic (rivers Cijevna and Mala rijeka) and Black sea fluvial system (rivers
Tara and Lim).

Fig. 1 — Geographic position of the mountains Dumitor and Zijovo
Durmitor

Durmitor is surrounded with highly elevated karst surfaces (from 1400 to 1600 m
above sea level). Their contact-line is actually the morphological boundary of the mountain
with these karts surfaces. Only on its northern part is border descending to approximately
1100 m above sea level, till Susicko jezero basin. The highest points of mountain (Bobotov
kuk 2522 m) are from 900 to 1100 m above the karst surfaces. Such defined mountain
Durmitor is covering the area of 123 xm* (Djurovi¢ P., 2009).

Durmitor has simple lithological composition in general (Mupkosuh M., 1983).
Calcareous rocks, variable in their age and composition are the most abundant, while clastic
rocks occur sporadically. Limestone is the most widespread calcareous rocks, whereas
dolomites are subordinated. Limestones are mostly massive and banked, Triassic and
Cretaceous in age. Special role in calcareous complex occupy Cretaceous-Paleogene
sediments, so-called Durmitor flysch, represented with bedded sandy limestone, marly
limestone, marlstone, banked and bedded limestone breccia and sandstone. Various
calcareous rocks are prevailing in Durmitor flysch and do not differ essentially from the
other calcareous rocks. Clastic rocks are Triassic in age and include quartz sandstone, sandy
limestone etc. They are of limited distribution at Durmitor. Andesites of Middle Triassic
age are also exposed within this complex, beneath Crvena greda, near Barno jezero and
Bosaca, commoly occupying smaller area (Zivaljevié M., u 1p., 1989).

Two tectonic units could be distringuished on Durmitor. The south-western part of
the mountain occupies Kucka unit (Prutas, Vjetrena brda, Dobri do, Sedlena greda, Stozina,
Ruzica, Lojanik, Bolj), while the Durmitor tectonic unit occupies the rest of the mountain.
Past reverse movement along the Ranisava scale brought the Durmitor tectonic unit over
sedimentary rocks in Ku¢ka unit (Zivaljevié M., et al., 1989).

Signs of two glacial actions were noted on Durmitor: older, stronger and younger,
weaker. During the older phase, almost the whole area of Durmitor was covered with ice
remaining only distinct ridges and peaks free of ice (Djurovi¢ P., 2009). The north Durmitor
side, i.e. the area over 1600 m above sea level, was permanently covered with snow. Eastern
slopes of Stuoce were yet from around 1700 m in the zone of eternal snow. The snow
boundary was at height of about 1600 m around Crno jezero as well as on the eastern slopes
of Sljemen. In turn, the snow boundary on south greatly descended southern of Bolj and
Lojanik including the upper parts of Komarnica valley, approaching approximately at an
elevation of about 1400 m. Western boundary below Skrk in Sugica canyon is at elevation of
about 1500 m. Pronounced differences in elevation of snow boundary on the eastern and
western mountainsides is the consequence of mountain subjection to masses of moist air
coming without interruption from south and southwest. As moisture masses cross over
southern slopes of Durmitor they precipitate, leaving the northern mountainous parts in rain
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shadow. These areas receive relatively lesser amount of precipitation than do southern,
causing the "inverse" elevation of the snow boundary (Bypogsuh I1., 1996a).

In younger glacial phase, the snow boundary tended to rise upward gradually.
Durmitor is not within the one, continual snow boundary any more, hence a few, clearly
distinguished units could be developed. The area in its northern part, around Stuoce, was
under the influence of cryogenic-nivation processes and divided from the central
mountainous part. The snow boundary was in Stuoce, on the south, at about 2100 m, on the
north-west at about 1950 m, on the north it descended into the Tara canyon, while on
southeast it was at about 1800 m. Central part of the Durmitor mountain represented the
broadest area where glacial processes took part. The snow boundary on its northern side was
trailed north from Vidrica (2037 m) at height of about 1700 m, at 2000 m in Lokvice and
between 1800 to 1900 m on the eastern slopes of Sljemen. On the southern slopes is
characteristic relatively high-elevated snow boundary, ranging from 2050 m at Vjetrena
brda to 2100 m below Prutas. In Skrke it was positioned from 1900 m (northern sides of
Pruta$), to 2000 m (southwestern parts of Soa and Planinica). Southward from the central
part of Durmitor, on Sedlena greda (2050 m at southern slopes and at 1950 m at northern),
Bolj and Lojanik was the area of "eternal snow".

The influence of recent climate on karst processes and on karst topography at
Durmitor could be deduced according to the air temperature and the amount of precipitation.
As the mountain base is subjected to cold, mountainous climate approximately four months
annually, the average monthly air temperature is negative. The average annual air
temperature, measured in period 1958-1993 is about 4,5°C in this part of the mountain. It
should be underlined that the average annual air temperature in this area since earliest 60s
tends to decrease (in respect to completely observed period), reaching minimum at the end
of 70s. Since the beginning of 80’s, the average annual air temperature tends to increase
rapidly. In higher parts of Durmitor (at height of about 2000 m above sea level) number of
months with average negative temperatures statistically increase, approaching almost equal
value with the number of months with positive temperatures. Negative annual average air
temperatures could be statistically expected only above the highest mountain peaks (at about
2700 m). Local conditions, dissected relief, the extension of canyon valleys and ridges
related to course of moist air masses, determine the amount of precipitation and its aerial re-
distribution. The annual amount of precipitation is ranging from 1400 to1600 mm at the
mountain edges to 2600 mm at the highest elevations (statistically). There are no yearly
neither extremely wet, nor extremely dry months, although some winter months receive
almost 50% more precipitation than some summer months. Excluding the lowest, bordering
parts that receive more precipitation during months with positive temperature, at other
elevation is situation opposite. At heights above 2000 m above sea level, only 1/5 of
precipitation falls down during vegetation period (average monthly temperature of the air
rises for 7 °C). The annual amount of precipitation fluctuated during the period 1958-1993 is
ranging from +10, to -10% (Byposuhi I1., 1996a).

Recent karst topography on the Durmitor Mt.

High-mountainous uvalas represent polygenetic elements of karst topography (Fig.
2). The transformation velocity of the Pleistocene cirques and part of uvalas into recent karst
uvalas depended from the rate and ratio between recent cryo-nivation, coluvial and karst
processes. Therefore, on Durmitor the three evolution-genetically types of high-
mountainous uvalas are exposed: glacial, glacial-karst and glaciofluvial (Tablel)

Glacial uvalas are exposed at the highest elevations, in the zone with the greatest
influence of cryogenic-nivation and coluvial processes, while the karst action is represented
with global chemical dissolution of limestones. Excluding distinct micro-karst forms and
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irregular sinking of water within them, this type of uvalas preserve morphology attained in
previous evolution (glacial) phase, which are typically more or less opened in the lowest
level of the former cirque. Karst topography is only represented with micro-forms, i.e. with
kamenice (solution pans) that sporadically occur at larger blocks. Karrens were developed
only at larger, bare limestone exposures. Surface waters are missing along with signs of
their existence.

Glacial-karst uvalas (Photo 1) develop at lower altitudes or at the same heights as
the above described, but on "warmer" places. Cryo-nivation and coluvial processes are less
important in response to karst processes. Among them, the main hydrologic and
morphological karst elements (sinkholes and ponors) used to develop. Enduring influence of
karst process at uvalas floor, i.e. former cirques floors, enable development of sinkholes,
karrens, kamenice (Byposwuh I1., 19966) and ephemeral river flows with ponors, karst shafts
and caves. The essential difference between this and previous type of uvalas is in their
hydrologic features. Temporary river flows, derived through melting of snowpatch, occur at
uvalas floors. These flows commonly sink after few tens of meters at the floor, causing the
development of short-lived lakes. Coluvial and cryo-nivation processes are of noticeably
less intensity than within glacial uvalas.

Photo 1. L okvice — glacial-kar st uvala on Dur mitor

Glaciofluvial uvalasrepresent the third evolution type of high-mountainous uvalas.
They are exposed at profoundly lower elevations compared with the previous two.
Pronounced difference in prior-karst evolution is also notable. Actually, previous two types
derived through transformation of Pleistocene cirques or parts of former valleys. During
glacier retreat along the valley bottom, occur river flows which partly or completely remove
deluvial or eluvial material. Attaining proper conditions, surface flows sink and gradually
form blind valleys. As these valleys are very shallow, this process is referred as very young.
Many glaciofluvial uvalas or their parts, represent basins of recent lakes, actually these
valleys are continuously flooded. Cryo-nivation processes are of insignificant importance,
while karst action built significantly karst morphology and specific water circulation
(numerous sinkholes, emergances and ponors, periodical and permanent flows, continual
and sporadically flooding).

Fig. 2 — High-mountainous uvalas on Durmitor
Tab. 1—-Morpho-metric features of uvalas on Durmitor

Zijovo

Mountain Zijovo including surrounding till plains is clearly separated with deep canyons
from the adjacent mountains. The elevation of the plain is about 1400 m above sea level.
Relative height difference between the plain and the highest peaks on the mountain is about
700 m, taking into consideration that the highest peaks are Surdup (2184 m) and Zijovo
(2131 m), while the average relative height is about 500 m. Mountain covers about 75 km®.

Concerning lithology the most abundant are Mesozoic limestones and dolomites
(bokic et al., 1968). Upper Triassic sediments mostly correspond to dolomites and dolomitic
limestone. Distinct parts of the mountain are exclusively built of dolomites of this age. In
other parts of the mountain, within the younger sediments, banked and reef limestone
prevails (Poki¢ et al., 1968). Northernmost parts of the mountain consider to the "Durmitor"
flysch zone and are represented with limestone breccias. The most widespread younger,
Quaternary sediments is moraine material, whose accumulation mostly occurs at the entire
contact of the plain and the mountain.

Investigated area concerning tectonic comprises three distinct units: the Durmitor
flysch unit, Kucka scale and Starocrnogorska unit. The boundary between the first two is not
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defined with remarkable fault, as faults are hardly recognizable within the flysch. Kucka
scale was after Maastrichtian thrusted causing tangential forces on flysch terrains and
folding, mostly recumbent and tilted. Kucka scale is intersected with numerous faults.
Tectonic boundary between the Starocrnogorska unit and the Kucka scale could be followed
along its whole length in the investigated area. In this unit, which is exposed only in the
southern part of the investigated area, noteworthy faults were not observed. This unit
comprises Upper Jurassic and Lower and Upper Cretaceous products (Boxuh et al., 1968).
At the mountain Zijovo were identified signs of two glacial actions (ITerposuh,
2007, 2009). The older was more intensive enabling glaciers to cover almost the whole
mountain, even the plain remaining only the highest peaks free of ice. During this, older
phase, glaciers used to descend even to 1200 m altitude. The height of snow boundary was
between 1400 and 1500 m (ITerposuh, 2009.). The glaciers used to cover even the upper
parts of the plains. During younger phase, glaciers were kept at bottoms of older cirques,
allowing creation of new, secondary cirques along their fringes. In this glacial phase the
glaciers were slightly advanced down from the old cirque bottoms on the adjacent plains.

Recent karst topography on the Zijovo Mt.

In recent relief of Zijovo the three evolution types of high-mountainous uvalas
could be distinguished (Fig. 3). However, their morphological characteristics may vary
enormously due to specific features of Pleistocene prior-glacial relief and due to the type of
glaciation that took part on this mountain (table 2).

Glacial uvalas on Zijovo are represented with former secondary cirques formed
during younger glacial phase. Uvalas are exposed at the edges of large cirques derived in
older glaciation’s phase. Significant role in their recent shape creation had the both, karst
processes and the coluvial. Among the karst forms occur karrens formed on sides of blocks
avalanched from the surrounding hills.

Glacial-karst uvalas are the largest and the most abundant polygenetic elements in
karst relief of Zijovo (Photo 2). The reason for this is the existence of wide and shallow
cirques formed during glaciations. As the consequence of negligible height differences
between cirques and plains over which the glaciers used to move, the glaciers did not carve
deep cirques, just widened them. Numerous sinkholes were created at bottoms of former
cirques in postglacial period including that the abundance Roche moutonée, derived during
karst processes were turned into karrenfields. In glacial-karst uvalas on Zijovo signs of
surface flows are missing. The main difference between this type of uvalas and the previous,
glacial uvalas is in abundance of various karst forms (sinkholes, karrens, kamenice).

Fig. 3 —High-mountainous uvalas on Zij ovo
Photo 2 — Dobri do - glacial-kar st uvala on Zijovo

Glaciofluvial uvalas on Zijovo occur inside the former valleys. The most
remarkable are Bukumirska, Rikavacka and Radecka valley. Within the first two, surface
waters are ending in the same-named lakes, while along fringes of the Radecka valley occur
karst wells (emergances) unable to evolve into river flows.

Tab. 2 - Morpho-metric features of uvalas on Zijovo
Discussion

Durmitor and Zijovo are geographically close mountains. However, the existence
of distinct differences in the development degree of different glacial forms in the past is of
outstanding importance for morphological diversity in recent high-mountainous uvalas.
There are few chief differences. Durmitor is northern and higher mountain than Zijovo
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almost for 300 m. Therefore, the temperatures on Durmitor were lower in the past, as well as
are today. Durmitor is rising above the adjacent plains from 200 to 400 m more than Zijovo
does, what resulted in faster motion of glaciers than on Zijovo. On the other side, as closer
and more opened to the sea the mountain Zijovo has experienced heavier precipitation
enabling the thick glaciers mass formation.

The alternation of glacial and interglacial phases on these mountains during
Quaternary brought to change in dominant geomorphologycal processes that sculptured their
relief during these phases. Their influence was so powerful that the preexisting karst process
enormously had controlled the formation of karst glaciation’s type. On the same way the
glacial processes had strong impact on formation of glacial-karst forms — high mountainous
uvalas. Underwent glacial action on Durmitor and Zijovo comprised two phases. During the
first one, almost the whole mountains were covered with ice. During the second, younger
phase, the extent of glaciations decreased and the glaciers remained in cirques and valleys
created in previous glacial phase. Morphological differences between glacial forms (cirques
and valleys) derived during the last phase on Durmitor and Zijovo were of crucial
importance for morphological diversity of uvalas on them. The role of calcareous bedrock
leads to a birth of karst glaciations type. Plains that surrounded both mountains were
responsible for velocity of the glaciers motion. Due to pronounced elevation differences
between mountain peaks and plains on Durmitor with respect to that value on Zijovo,
glaciers used to carve deeper cirques and valleys, but in lesser extent. On Zijovo is the
height difference between the highest peaks and surrounding plains lesser. As the
consequence, on this mountain glacial erosion rather led to deepening than to enlargement.
Therefore, different morphology within the glacial forms occurs on these mountains: glacial
forms on Durmitor are of smaller dimensions but deeper, while on Zijovo are broader, but
not so deep. Recently, the karst relief develops through re-modeling of glacial forms
(cirques and trough valleys). Their main morphological parameters (length, width and
depth) were already determined during the preexisting glacial phase. The degree of karst
development of uvalas and their perfection of shape was dominated with the lasting time
and intensity of karst process which in turn, was greatly controlled by intensity of recent
coluvial and cryo-nivation processes. The lowest degree of development display glacial
uvalas, followed with glacial-karst, whereas glaciofluvial uvalas underwent the biggest
transformation from the Pleistocene glacial forms into the recent karst uvalas.

Conclusion

The high-mountainous uvalas on Durmitor and Zijovo derived through re-modeling
of glacial forms (cirques and trough valleys) that have been developed during the previous,
glacial phase of landform creation. As the consequence of significant differences in the
intensity of glacial processes, on these mountains were formed noticeably different cirques
and trough valleys. These forms are deep and of less extension on the mountain Durmitor,
while on Zijovo are wider and shallower. These morphological differences had the crucial
role in creation of recent karst morphology. Dimensions of uvalas were determined with the
preexisting glacial process, while the degree of karst development was controlled with the
rate of recent karst processes at one side, cryo-nivation and coluvial processes on the other.
The three evolution stages (types) of uvalas could be distinguished on these mountains:
glacial, glacial-karst and glaciofluvial. Glacial uvalas display the lowest degree of karst
development, whereas glacial-karst uvalas are of the highest degree.
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