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Caxxerak: TOKOM BHINCTOAWIIBMX TEPEHCKHX HCTpaxknBamba Ha Tymmwkaunu (1160 M), HHECKOj Kpedmadkoj
IUIaHUHU y ucTouHoj CpOuju, 3amaxkeHe Cy 3apaBHH, IUPKHE YJIOKe U Jpyre IojaBe M OONMIM y HAajBUIINM
JIEJIOBUMa TUIAHWHE YHje T'CHETCKO IMOPeKJIo HUje Omio mo3Hato. KomruiekcHOM aHaiu3oM oBe Mopdoloruje,
ociamajyhu ce Ha gocrturHyha caBpemeHe reomopdoiioruje, AOIUI0 Ce A0 3aKJbydyKa Ja IOMEHYTE 3apaBHU
OZr0OBapajy PeMKTHOM [IEPUIIIALIAjaTHOM, OHOCHO KPHOAILIAHAIIMOHOM pesbedy, LITO Ce M3BOAH U3 YHECHULIE 1a
je TynmxHHIa TOKOM HOCIEeIHEr MIALHjalHOT MAKCHMyMa Orila CBOJHM HajBUILINM JIEJIOBHMA Y 110jacy IUTAHHHCKE
nepurianujaase cpeauHe. O63upoM Ja je oBa MOp(OIIOruja KOHCTATOBAaHA HA jEJJHOj HUCKO] IUIAHWHHU LIMJb OBOT
paza 6¥0 je 1a ce M3HeTa MPETIOCTaBKa JOKaXe M 0Baj IPOOIIEM pa3periH.

KibyuHe peun: peniKkTHa, KpHoalulaHaluja, nepurnanyjaniau pesbed, Tymmwkauna, uctrouna Cpouja.
YBoa

TynwxHHIA je HUCKA, MEPHIMjaHCKU M3Iy)KCHa Kpeumadka IUIaHHHA y OKBHDY
Kapnaro-6ankaHnckor mraHuHCKOr cucrteMa ucrouHe CpOuje. OBa mIaHMHA c€ OUIHKYje
alCOIyTHO IOMHHAHTHOM KpPEUHa4KOM JINTOJIOIIKOM OCHOBOM H CIIOKEHOM CTPYKTYpPHOM
rpaljoMm on Koje ce moceOHO M3ABaja 3amagHU CTPYKTYpHH OJCeK Ha TyHIKHHYKO]
JCIIOKAlMjH, Ka0 U BUIIE MambHX Pa3JOMHUX CTPYKTypa M €pO3MOHUX OOJIMKA y OKBUPY
LEHTPAIHE W HajBUIIE MOBPIIH, KA0 U MaJAWHCKA, Y OCHOBH PaceJHO - TEKTOHCKA TOBPII Yy
OKBUpY HcTOuHe majuHe ruianuae (3epemckd M., 1994). V oBuM OKBHpHMa OCHOBHE
MoOpQoOJIONIKE IeJIMHE IUIAaHWHE Cy IIOMEHYTH BEJIMKH CTPYKTYpHH OJICEK Ha 3allajHoj
najuau (Ha nojequHuM nenoBuMa W g0 500 m p.B.), moBpmr Bucuae 1000-1100 m y
LHEHTPAIHUM JIeJIOBUMa IUIAaHWHE M IIOJIOXKHMTA HCTOYHA MaJWMHA INpeMa AoiuHH beror
Tumoka. Ha oBuUM ocHOBama pa3BHjeHA je KapaKTEpHCTHYHA CTPYKTypHa acHMeETpHja
TUTAaHWHE 110 IONPEYHOM TPaBIly 3HayajHa 3a HaCTAHaK er3oreHe MopgoIoruje.

TymmkHANA je paHWje TeOoJIOMKH M TeOMOPQOJIOMIKH J0CTa HCTpaXKMBaHA, ajld
CBaKaKo HajIENIOBUTH]Y CTYAU]Yy pesbeda oBe mianune aao je M. 3epemcku 1994. ronune. Y
pesynTaTEMa  OBHX  HCTPaXKHBama, IMOCEOHO  TeoMOpPQOJIOMIKAM,  3aCTyMJBEHOCT
MepUrIajaiHor pejbedpa Ha jelHOj TaKo HHUCKOj IUIAHMHM KakBa je TymwkHuna, He
OMHI€ C€, OCHM IITO C€ TMOoJoXKaj] jamMe TymmwKkHWYKa JIeNeHHLIa KOPHCTH 3a
PEKOHCTPYKIHMjy BHCHHE IUIencToleHe nepmadpocre y Kapnaro-GaakaHCKHM IUIaHHHaMa
ucroude Cp6uje (Munuh Y., 1968). Hamum uctpakuamuma u3 1998-2000. rogune Ha
TymokHAM ce 1O NpBM NYyT U3/Baja MaJeOHMBALMOHA MOpP(OJIOTrHja PEIUKTHOT
€BOJIYTHBHOI' KOHTEKCTa, YAME C€ Y OKBHPY €r30I'€HOT I'€HETCKOT KOMILIEKCa H3/Baja W
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nepurnarnujanan pesbed (NeSi¢ D., 2003). Hosujum ncrpaxkusamuma u3 2009-2010. roanue
MIOHOBJREHA Cy WCTPaXHBalkba Ha OBOj] PEIUKTHO] MOPGOJOTHjH Y IIMJbY ITOHOBHOT
pemaBama HBEHE T'€HETCKE OCHOBE M THIOJOTHje, OJHOCHO pellaBama mnpobiiema moryhe
3aCTYIJbEHOCTH PEIHMKTHE KpPHOAIUIaHAMOHE, OJHOCHO KPUOHMBALMOHE MOpdoioruje Ha
TynuxaULINA.

Ha oBuM ocHOBaMa IUb OBOT paja je pellaBame MpobiieMa 3acTyNJbEHOCTH, Ipe
CBera, KpHOarIaHaIIMOHOT, OJIHOCHO Yy OCHOBHM KPHOHMBAIMOHOT pesbeda Ha TymkHHIM,
mro he OWTHM y4YHEHEHO KpO3 KOMIUIEKCHY MOP(OTEHETCKY aHalu3y ImoiuMopduje
n3aBojeHe MopQoJoTHje 3a KOjy Ce MpEeTIIOCTaBiba IEpUTIIalUjaHO MOPEKIIo, a Ipema
pesyniTaTiMa TepeHCKUX UCTPaKHUBabha M CaBPEMEHHM Ca3HambHMa O 0BOj IIPOOJIeMaTHIIH.

Onmre OAJITUKE HajBI/lI]Jl/IX aeJioBa Tynmmmue

Kao mTo je mperxogHo pedeHo, TymwkHHMIA je HUCKa Kpedmbayka IUIaHMHA ca
OJHOCHMa acHUMeTpHje Ha IIONPEYHOM NPO(GHIy W BHCOKOM IOBPIIM y LEHTPATHOM
najeumeM neny Bucude 1000-1100 m (3epemcku M., 1994). Csojy HajBehy BHCHHY OBa
IUIaHuHA JocTike Ha Jlenennukom u ['moroBaukom Bpxy, ucroBetrHe Bucuue 1160 m. OBu
BPXOBU Cy HajBUIIM JEJOBU [Bajy MOP(OJOIIKMX LETUHA OJf KOjUX C€ IpBa MOXKe
n3IBOjUTH Kao nenuHa [Ipexor kamena u JleneHune, OK ce apyra LelHHA H3]Baja Kao
I'noroBuna. ¥ okBUpYy OBOI' HajBHLIEr Jelia IUIAHMHE MOXKE ce M3IBOjUTH W Tpeha nenuHa
kao JlacoBauku kameH (1131 M) ca HHM30M IUIAHWHCKHMX BPXOBAa HA 3alaHOM BEIHKOM
CTPYKTYPHOM OjiceKy IuianuHe. CBH OBU HAajBUILH JICIOBU IUIAHUHE U3AMKY Ca LIEHTPAITHE
rianuHcke noBpmn BucuHe 1000-1100 m. OBa moBpil, Kao IEHTpaJiHA M HajBHIIA
Mopdonomka mendHa TyHMWKHHIE Ha 3amaay je IMOJACEYCHAa BEIUKUM CTPYKTYPHHM
oncexoM mo mipasiy Jlenenwukor Bpxa (1160 m) u JlacoBaukor kamena (1131 m), nok je y
UCTOYHO JHCEHUpaHa IUIMTKMM CTPYKTYpHUM YAOJIHMHAMa M KPYIHHM €PO3HOHHM
MOCOpHMa HajJeoKpaca Kao mro cy ['norosuna ca ['moroeaukum Bpxom (1160 m), onHOocHO
mMocopom hophesor Bpxa (1037 m) (3epemcku M., 1994) 1 MamHM KpeUmbadYKUM TIIaBHIIaMA
Ha JKapkosom 6pay (1060 m) u Tpu Gymapa (AntmHO 6pmo) (1035 m). V oxHocy Ha
ommcaHe JIeJIOBe IUIaHWHE jenuHo je menuHa [Ipekor kameHa - Jlemenwuiie Ha jyTy H3BECHO
MOP(]OJIOLIKH M3/IBOjeHa U Ca LIEHTPAJIHUM JIeJIOBUMA IUIaHMHE [0BE3aHa HU30M BpXOBa Ha
MMOMEHYTOM CTPYKTYPHOM OJICEKY, OJAHOCHO jEIHOM IMPOCTpaHOM ckpariheHoM Bucehiom
JIOJIMHOM TIPEKO Koje ce HazoBesyje Dopher Bpx u XKapkoso Opo.

VY KOHTEKCTy Maie BHCHHE TyMDKHHIE TpeOa MOMEHYTH Ja Ha MpoQuiy, JOJUHA
Benor Tumoka Ha Bpbouukom mocty (171 m) —'morosauku Bpx (1160 m), oBa raHiHA HMa
BucuHy onx 989 m, omHocHO Ha 3amamy Ha npodmiry ymhe MaHacTHpCcKOr HOTOKA Y
Mutposcky peky (360 m) — JlacoBauku kameH (1131 m), BucuHa mnaHuHe U3HOCH 771 m,
IITO je y TPaHMYHMM OKBHPHMA 33 M3J[Bajarse IUTaHWHA IpeMa Kputepujymy ox 700 m p.B.
peMa CBOME HEIOCPEAHOM OKpYKeHY. YKOIHKO C€ YCIOBHO IPHXBaTH IOBpIIMHA
wiaanae ox 97,7 kmz, Taja Je0 IUIaHWHE WK neHTpanHe nospimu u3Haz 1000 m H.B.
3axBaTa MOBpIIKMHY of 6,64 km? wmu 6,8 % mnoBpHIMHE ITUIAHWUHE, OIHOCHO N0 IUIAHMHE
n3nax 1100 m H.8. 3axBara cBera 1,36 km? mto unnu camo 1,4 % noBpIiIuHE TUTAHUHE.

3axBaspyjyhu momenyToj acumerpuju TymmKHUIE TOJIOKHUTH]E MTaJUHE UCTOYHO OJ1
BEJIMKOT CTPYKTYPHOT OJICeKa, ajli U Ha 000aHOM jeiy Bucoke nospum 1000-1100 m umajy
eKCIIO3UIIMje ca MalnuM ydelnhieM 3amajHux MajdHa, MITO je, Topen Apyrux (akropa,
YCIIOBHJIO M OpHjEHTALHjy er3oreHe Mopdoioruje, moceOHO H3IBOjCHE MEPHUTIIAIINjaTHE
Mopdosorije, Ka ceBepy, CeBeposamnany, ceBepoucToky u wuctoky (Tab. 1). Osa
MopoIoryja je mpencTaB/beHa ca MOjeJHHAYHIM [TPUMEpUMa KpHoaIlaHAIIMOHUX 3apaBHU
Ha NaJrHaMa WA CTPYKTYPHUM 3apaBHUMA M II0jeJHHAYHUM WM IPYIHCAHUM PacIIOpeIoM
OUPKHUX WIH aM(QUTeaTpalHUX YJIOKa, BEPOBATHO KPHOHUBALOHE TI'CHETCKE OCHOBE.
[ToceGHO M3/BOjeHEe KpHOAIUIaHAIMOHE 3apaBHU OJUIMKY]Y C€ CJIOMKEHOM IOJIMMOP(hUjOM U
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MOJIMTEHEe30M, ITO he OMTH pasMOTPEeHO Ha CBaKOM MNpuMepy mojeauHadHo. OBme Tpeba
MOMEHYTH M KOPO3HOHHM JETPUTHYHH KpPEYhaukKd KpII KOjU je TpaHcopMHUCaHH
KPHOKJIACTHYHH KPII M KOjU 3aXBaTa BEJIMKE IOBPIIMHE HAjBHUIINX /EJIOBA IUIAHWHE U jeIHO
je Ol OCHOBHHX OOeNeXja MPHUPOAHOT Iej3axka, Kao M MOPQOJIOIIKE HM3MEHE KPallKor
pesbedha MO yTHIAjeM KOMIUIEKCa IECpPUTJIalUjalHuX MpoIieca, Kao IITO je acuMeTpHja
BpTaya, U3BECHE 3apaBHU Ha 000AMMa BPTaya U JIPYTo.

Cuauka. 1 Ipersienna Tonorpageka kapra Tymmxkuuue, pasmepa 1:50 000
(u3name BojHoreorpadckor HHCTUTYTA).

IIperxonne HanmoMmeHe

TOKOM MOMEHYTHX BHIICTOJMIIPUX TEPCHCKUX HCTPAXKUBAKA y HAJBHIIEM JCITY
TymwkHuUIE, 3aMaXeH je pejbed Koju Mo CBOjoj MOPQOJIOTHjH HE OAroBapa HUJCIHOM
TCHETCKOM THMy pejbeda KOHCTATOBAHOM Ha OBOj IUIAHWHHM, OCHM  PaHHUjHX
MpeeTMMUHAPHUX pe3yNTaTa Ja je oBaj pesbed) HuBamoHor renerckor nmopekiaa (Nesi¢ D.,
2003). O6numwm oBor pesbedha YMETHYTH Cy Y MOP(HOJIOIIKA €HIOTEHO-Er30reH! KOHTEKCT
[UTAaHWHE Y BUYy MambUX [MUPKHUX 3aPABHU WM 3aPABHU HEMPABUIHOT OOJIHKA MU TUTUTKUAX
ynybsbema koje je najormmruje J. Iujuh (1903) u3nsojuo kao ymoke. HoBuja ncrpaxuBama
TIOKazyjy /a 0Baj pesbed HajBepOBaTHHUje OArOBapa PeNUKTHO] KPHOAIIIaHAMOHO], OJJHOCHO
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TIEPUTIIAII]aJTHOj MOP(OJIOTHjH 3a YHje Cy MPABWIHO PElIaBame T'CHETCKE TUIOJOTHjE U
Mop(oreHese HyKHE H3BECHE HAIIOMEHE.

He ymaszehm y nerasbHHje TeOpHjCKe KaJIKylalje, KpHOAIUIAHAIIMOHHW WA
KPHOHHMBAIlMOHN pejbed) y CYIITHHH HMajy HMCTH TEHETCKH KOHTEKCT, HAjoIILITH]je
KPHOHHBAIM]jy, CAMO IITO Ce KOJ KPUOAIIAHALM]¢ HAMNIAIIABA YPaBHUBAE pesbeda Hin
CTBapam€ 3apaBHU Ha MajJMHaMa, JIOK ce KOJ KPHOHMBAIMOHE MOP()OJIOTHje BUIIE MUCIIH Ha
TCHETCKU KOHTEKCT OBOT pesbeda.

Jlakne, Ha OCHOBY M3HETOr, IIOJIa3M Ce€ OJ MPETXOJHE MpPETIIOCTaBKe Ja je
ucrpaxusaHa Mopdostorrja Ha Tymy>KHHIIN KpHOATIAHAIIMOHOT, OTHOCHO KPHOHHUBAIIOHOT
TEHETCKOT IIOpeKJIa, a CaMUM THME W IepurjalyjajiHe TeHEeTCKe OCHOBe, ITo he ce
JOKa3MBaTH AHAIMTHYKHM IPHKa30M OBe MOpP(OJIOrHje Ha OCHOBaMa IPETXOJHO H3HETE
XHIOTEe3e OClamajyin ce Ha KBaJHTATHBHE OJJIMKE OBe MOpQONOTHje, HEHY
MophOoMeTpHjy, TOJI0XKA] ¥ pesbedy, MaJeoreHeTCKH KOHTEKCT U TEOPHjCKEe OCHOBE Be3aHe
3a OBY IpOOJIeMaTHKYy.

MertonoJiornja TepeHCKoOr pajga

VY ucrpaxkupamy pasmatpane mopdosoruje TymmwKHUIE MPUMEHEH je MOCTyIaK
KJIaCUYHOT TeoMOP(OJIOIKOT PEKOTHOCIMpama jep nocrojehie MeToie NajbUHCKE JIETEKIH]e
Ha OBOM IpuMepy HucCy jaaie pesynrare. OBo 3Hauu Aa Ha mocrojehuM Tomorpapckum
Kaprama InpeMeTHa MopQoJIorHja yoIIlTe HHUje PerncTpoBaHa, a Ha aepo(OoTOCHHUMIIMMA
oBa Mopdooryja ce He 3amaxa 300r Hajuemrhe MOKPHUBEHOCTH BHCOKOM BeTeTalMjoM. Y
TOM CMHCITy OWJIO jeé HEONXOJHO HerocpeaHo (Gpu3nyku oOuMhy CBakW 1eo IUTaHWHE M3HAJ
Bucure ox 1000 m. IToceOHO cBaku OOJMK M 3apaBaH Cy MEPEHH Ca MEPHOM TPaKOM IO
o0o1y ca y3uMameM eleMeHara Iy>KHHe, a3uMyTa U HaruoOa, paan oapehuBama mperni3Hor
o0JIMKa 3apaBHH M E-ErOBE MOBPIIMHE, OZHOCHO BPIICHO je Mepeme MaJHHX YIJIOBAa H
Iy>KHHE y CPEOUIIHUM JeJIOBHMA 3apaBHU M YJIOKa paigd ojapehuBama HUXOBOI Haruoa,
mupuHe W OyxuHe. Ha mojenmHMMm oOiMumMMa BpLIeHa Cy COHJ@KHA OTKONABama Y
MIEI0JIOIIKOM CJIO0jy paadl yTBphHBama OAJIFKA OBOT €JIeMEHTa UCTpakuBaHE MOP(QOJIOTH]E.
Jloumpame obnuka BpiieHo je cranaapaHuM GPS ypehajem mpenu3HOCTH 70 HEKOJIUKO
MeTapa.

H3aBojeHe KpHoaniaHALIMOHE 3apaBHU

Ilpema Hamem  cxBaramy, pesbed KOjU  HajUpUONMIKHHUjEe  OAroBapa
KpHOAIIaHalMOHO] MOP(QOJIOTHjH MPEACTaBJbEH je IMOjeAMHAYHMM 3apaBHUMAa Ha
NOJIOKUTHjUM TaauHama JbymkoBe koce W IIpekor kameHa, OJHOCHO HENOCPEIHO Ha
3apaBEBEHOM TeMeHy Mocopa [moroBaukor Bpxa (1160 m). KoncraroBana je u jemHa
3apaBaH Ha ceBepHOj mamuHu [Ipekor kameHa y OKBHPY I0jaBe pa3Boja ,CTENECHHYACTOT
pempeda”. IloceOHO 3amaskeHe Cy MW HW3BECHE CTPYKTYpPHE 3apaBHU CIICIIU(PUIHUX
KpHOAIUIAHAMOHNX M HUBAMOHMX YCIIOBa T'€He3e, Ka0 W W3BECHE 3apaBHU y JelpecHjama
CTPYKTYpHHX YIOJIMHA BHCOKE IIOBPIIM KOje MOXIAa HMajy IICeyIOreHeTcKe
KpHoariaHanuone omimke (Ta6. 1).

Ha ceBepnoj nonoxuroj namuuu JbynkoBe koce, Harmba 9°, yceueHa je IUTUTKa
3apaBaH y BHJy HEIPaBHJIHOT 3aceKa Ha MaJuHU ca 000JJ0M O]l MaTHUYHE KPEeUhauKe CTEHE
WM KPYIHUX KPeUhayKuxX OJIOKOBA, YHja ce peslaTHBHA BUCHUHA y 3aBUCHOCTHU O/ T10JI0XKaja
3aceka IMpema NajJuHu rocrerneHo ysehaa, mo Hajehe BucuHe mpema 3ainely oOnuka,

2 Lo .

OBO Tpeba CXBaTHTH YCJIOBHO jep je mpolieM Mopdorerese o0iika Ha nagnHaMa y IepUriIalijaJHiM YCIOBUMA
CpeanHe U3Y3€THO CIIOKEH M Tope]| BEIMKOr Opoja pajoBa u3 oBe npolbieMarrke Huje paspelieH 1o kpaja (French
H. M., 2007). O oBome he OuTH pedn y CHHTE3HHM pa3MaTpamuMa.
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OJJHOCHO ITIOTIIyHE OTBOPEHOCTH OOJMKa mpema HaruOy maauHe. Ha oBUM ocHOBama Ha
CEBEPHOj eKCIIO3WIMjU TaAuHe, TIe ce Haja3u OBa 3apaBaH, OHa MMa OTBOPEHOCT WU
opHjeHTaljy ka ceBepy. M3Hoc oBe orBopenoctu je 70 M, omHocHO 76 m, mrto je
MaKCHUMaJlHa INWpHHA 3apaBHU. Y MaJuHy 3apaBaH je ycedeHa Ha myxuHH on /0 m, ca
n3HOCOM AyOuHe ycedeHoctH koju je on 0,5 mo 6-7 m. M3noc Harmba ycedeHor nena
3apaBHH je 10 3° 0K je Kpeumauku 000z ctpmuju Harnb6a 20-40°. 3apaBaH je mOKpHBeHa
MEIOJIOIKAM CJI0jeM y KOME je HW3BpPIICHO jeIHO COHAWpame mo ayoune ox 50 cm.
OTBOpeHH MEONIONIKA MPO(UI TOKa3a0 je Oa 3eMJBHIITE Ha 3apaBHH HajBEepOBATHHjE
oAroeapa cMeheM 3eMIBHIITY Ha KPEUHbaKy, 3pejioM €BOJYTHBHOM THUIY 3€MJBHINTA, IITO
MOke Ja OyJe MOCPEHH MOKa3aTesb CTAPOCTH M3/BOjeHOr oOnuka. Jla qHO 3apaBHH HHje
NPABHJIHO YPAaBKCHO IMOKA3yjy NEJOBH 3apaBHU OJf MAaTHYHOT KpEUmaka Ha IOBPILMHH,
obpaljennx cyOKyTaHOM KOPO3HjOM, OJTHOCHO JIEJIOBU ca 3eMJBHIITHUM cJIojeM nebsprHe 10 1
MeTpa. YKyITHa [OBPIIMHA 3apaBHi H3HOCH 4164,2 m?.

Tabena 1. Cnucak HCTPAKMBAHUX KPHOAIUIAHAIIMOHUX 3apaBHH Ha TYNMHKHUIM ca MOAaMMAa 0 MOJI0KAjY,
€KCMO3HIMjH, TeHEeTCKOj OCHOBH ¥ MOP(GOMETPHjH OBHUX 00/ IMKA.

Mono:xkaj H.B. Tenerckn | Excmosmmmja | Opjentanmja | mmpuna | aysuHa | moBpHIMHA
ym THI 00.1MKa ym ym y m?
JbynkoBa 1020 KpHo N N 76 70 4164,2
Koca 3apaBaH
T'norosauxku | 1158 KpHO E E 87 61 3862,3
BpX 3apaBaH
TIpexu 1108 KpHO E NE 69 78 3908,2
KameH 1 3apaBaH
TIpexn 1100 KpHO N N
KaMeH 2 3apaBaH
Bophes Bpx | 1025 | 3arBopeHa N - 50 48 1765,4
KpHO
3apaBaH
JlacoBauku | 1112 | crpykrypHa - NwW 79-82 227 11321,3
KaMeH 1 KpHO
HHBaLlOHA
3apaBaH
JlacoBauku | 1115 | crpykrypHa - N 35 30 1043,5
KaMeH 2 KpHO
HMBAIMOHA
3apaBaH
Jlacosauku | 1125 | crpykrypHa - - 40 70 2500 (~)
KaMeH 3 KpHO
3apaBaH
PaBne 935 | crpykrypHa - NW 168 111 11355,6
KpHO
HHBALMOHA
3apaBaH
Bpecrak 1030 Ticey10 - E 37 62 1825,4
3apaBaH

Cnuaaux MOp(QOIOIIKAX O/UTHKA je U 3apaBaH Ha MCTOYHO] ManuHu [Ipexor kameHa
(1148 m), opmjeHTalHMje WM OTBOPEHOCTH Ka ceBepomcToky. OBIE je HacTana 3apaBaH
MOJYKPY’KHE OCHOBE ycedeHa Yy MOJOXKUTYy namuHy ca uznocom ox 0-0,5 m mo 5-6 m,
onHocHo mmpuHe 69 M u ayxune 70 m. Ha oBOj 3apaBHM MUMITPECHOHHMpPA MPABHIHOCT
yBehiama BucHHE Kpeumadykor 0601a (0-6 M) koju Ha MOjeTUHHM IeIOBMMA UMa U OJUTHKE
OJICeKa ca KPYIMHAM OJIOKOBHMA. 3apaBaH je HICaIHO ypaBHh-CHA ca H3HOCOM Haruba o 29,
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JIOK 10 TIPABILy OTBOPEHOCTH TPENIa3d Y TOTOBO BEPTHKAIHH KPEUadKd OJICEK BUCHHE 5-7
M. Ha OCHOBY CEeKyHIApHHX HCKOIA MO 3apaBHU U OBJIC je BEPOBATHO 3aCTYIJbEHO cMele
3eMJBHINTE Ha KpeumaKy. OBa 3apaBan uMa mospumiay ox 3908,2 m? (Ta6. 1).

(9 ) I

Kpunoanaananuona
sapasan 1108 m n.B.

\
P

g

TV penej
1148

Cuauka 3. leo kpuoaniananuoHe 3apaBuu Ha nagunu [pexor kameHa
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Haj6ossu mpumep mojaBe KpuoamaHandje Ha TyNMMKHHWIN KOHCTAaTOBaH je Ha
npocTpaHoM TemeHy I['moroaukor Bpxa (1160 m), jemsHor ox aBa HajBWIIA BpXa OBE
manuee. OBe je CeBepHO OJ HEMOCpeHEe KOTe BpXa HacTaja M3Iy)KeHa IOJIyKpy)KHa
3apaBaH Ha WCTOYHO] €KCIIO3UIMjH, OAHOCHO OpPHjEHTALlHj€ WM OTBOPEHOCTH Ka HCTOKY.
Tako je Mo OBUM OJHOCHMa W3HOC INIUPUHE 3apaBHU 87 M, JAOK je Jy)KHHA yCEUEHOCTH Y
TeMe IIAHMHCKOT BpXa cBera 61 M, ca yKyIHOM TOBPIIHHOM 3apaBHH o7 3862,3 m?. Ha
IUTAHUHCKOM TeMeHy mupuHe 75-80 M OBOJMKK HM3HOC alllaHaldje CKOPO je 3apaBHHO
CEBEPHHU IO BpXa ca 3a0CTaJIMM HEeypaBHBCHUM JeioM mmpuHe ox 15 no 20 m (Cux. 4). Ha
OBHM OCHOBaMa M3HOC 3aCE€UEHOCTH MJIM BUCHHE, HA OBOM NPUMEPY YIJIaBHOM BEPTHUKAIHOT
Kpeumadkor o0osa m3Hocu 2-7 M. ClIMYHO Kao KoJ 3apaBHU Ha JbYIIKOBOj KOCH U OBJIE je
JIe0 MOBPIIMHE YPaBH-CHOT Jielia IIOKPHBaH MATHYHHM KpEeumhakoM oOpal)eHuM cyOKyTaHOM
KOpPO3HjOM, JIOK je Ha Behoj MOBPIIMHYU 3€MJBHIIHYU MTOKPHBAY. Y HEMY je OTBOPEHA COHZA
nyoure 77 CM 10 Kpeurmadke CTEHCKE OCHOBE ca pasBojeM kapakrtepuctnuHor A-(B)-C
mpoduna cmeher 3emspMITa Ha KpedmaKy. 3apaBaH Ha [JI0TOBadukoM BpPXY je TOTOBO
W7eaTHO ypaBmheHa Ha HajeheM nermy 6e3 MKkakBOT M3HOCA HArwmoa.

>~

Cuauka 4. KpuoamjiaHauuoHa 3apaBaH Ha 3apaBlbeHOM TeMeHy IsioroBaukor Bpxa Ha 1157 m u.B.

Ha ceBepHoj-ceBeporcTounoj maaunu [Ipekor kamena (1148 m) koHcTaToBaHa je
M3BECHA 3apaBaH Ha K0jOj HUCY BpIICHA JeTajbHUja MopdomeTpujcka Mepema. OBa 3apaBaH
j€ JIeo M3BECHOT CTeneHnJacTor pejbeda. [logHo 3apaBHU je BEPTUKATHH KPEUHadKH OJICEK
Bucure 10 M koju je gao mpoctpanor ampureaTpa, Koju moJ, HaruooM, HEKOJIUKO JAeCeTHHA
MeTapa HrDKe Ipeia3y y oIl jeaaH oacek BucuHe 5 m. OBo je jeuHu 10 caJ KOHCTaTOBaHU
npuMep CTeleHHYacTor pejbedpa Ha IJIAHWHM ca OJCelMa HajBepOBATHHjE EPO3UBHE
TEHETCKE OCHOBE.
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ToKOM TEpeHCKHX HCTpakWBama MOCEOHO je 3amakeHa W jeqHa rpyna 3apaBHU
cneuduane mMopdorenercke ocHoBe. OBO Cy yINIaBHOM MpOCTpaHe MOpP(HOCTPYKTypHE
3apaBHH, MOCEOHO 3acTylubeHe Ha JlacoBaukoM KaMeHy Ilie Cy 3alakeHa TpH OBaKBa
o0nMKa M Kao M jemaH Ha TOMOHMMY PaBHe, jeanHu OOJHMK W3 Tpyle KpHOAIUIAaHAIIMOHHUX
3apaBuu ucnog 1000 m u.B. [lopex npuMapHe CTPYKTYpHE 3apaBE-EHOCTH 33 OBE OOJIHMKE
Moryhe KpHoarulaHallMOHO, a BEpPOBATHO W HHUBAIMOHO YpPaBIHHMBaIKbE CEKYHAAPHOT je
kapaktepa. Hanme, To cy yriaBHOM jayrauke 3apaBHH, KapaKTepHCTHYHE OpHjeHTaluje Ka
CeBepy W ceBepo3amany, Koje ce 3aBpiiaBajy aM(pHUTeaTpaTHUM KPEUmhauykuM O000IMa,
pasnuuute BucuHe. OBO je OCeOHO 3alakeHo Ha 3apaBHU Ha PaBHMUMA M jelHO] Ayradkoj
3apaBHU Ha JlacoBaukom kameny (Ta6.1). [Ipyre nBe 3apaBHH OBUX OfjIHKa Ha JlacoBaukom
KaMEHy OCHM KapaKTepUCTHYHE OpHjeHTallyje Ka CEeBepy OMINKYjy ce ca ICITUMHYHO
3aTBOPEHHM yIyOJbeHMMa 3apaBHM, OJf KOJjUX j€ 3apaBaH jyXXHO OJ HAajBHIIET BpXa
Jlacoaukor kamena (1131 m) penaTHBHO TIMTKA ca KpeumbaukuM 06010M Bucuae 0,5-1 m.

Teopujcka 0OCHOBa reHe3e OBUX 3apaBHU PENATHBHO je jeaHocTtaBHA. OBO cy o0Oiwmn
TeHEepaJIHO OPHjEeHTHCAaHH Ka CeBEepy M ceBepo3amajay, M3rjiela 10 MpaBly JOMHHAHTHHX
BETpOBa y XjamHujeM aeny roguae. OBH BETpOBH HaHOce Behie CHeXHe Haciare Ha jy>KHH
0001 3apaBHH ca 3Ha4ajHUM yTulajeM HuBanuje. OBO je MOCeOHO 3aMaXKeHO TOKOM 3UMCKE
nocete 3apaBuu PaBHe, mTo je u panuje momumano (NeSi¢ D., 2003; 2009). IIpernocraBka
j€ Ja KOHTHHYHMTET OBOT T€HETCKOI MEXaHU3Ma, oceOHO TOKOM (asa 3axialema, JoBOIH
JO IIupema OBHX O0O0JMKa, NPUMapHO MO TNpaBly JOMHUHAHTHOT CEBEPHOT WM
CeBepo3araHor BeTpa.

Ha oBom Mecty Tpeba MOMEHYTH M JICIMMHYHO 3aTBOPEHY 3apaBaH Ha CEBEPHO]
naguau Bopheror Bpxa (1037 m). OBo je aTumuyHa JICTUMHYHO 3aTBOpEHA 3apaBaH 0e3
KapaKTEpUCTUYHE OpHjEeHTAllMje, OAHOCHO OTBOPEHOCTH OOJMKa, MPEJCTaB/beHAa PaBHUM
yayOJbemeM Ha TONIOKWTO] manuHu, npeyrnka 48-50 m, omHocHo moBpmmHe 1765,4 m?
(Ta6. 1). Msrnena nma je 3a HaCTaHAK OBOT OOJIMKA 3HAYAjaH M M3BECHU KPCUMHAUKH OJICEKa
BucuHe 3-5 M Ha 3amazHOM 000/y, KOjU MpeMa KOTH BpXa MpeNia3u y CTPMO yIyOsbere
JIy)KHWHE BHIIEe aeceTnHa MeTapa. OBakBe CIIMYHE, ACIMMHYHO 3aTBOPEHE 3apaBHH Yy
JocalallllbUM HCTPaKMBAabUMa 3alakeHe Cy HermocpeqHo koja Hajeumer Bpxa Cyse
wianune, Tpema (1808 m) u jeana y ucrounom meny [osemor Bpxa (1413 m) Ha Buminuay.
3a oBakBe 3apaBHM IPETIIOCTABJbEHA j€ CII0)KEHA MOJMI'CHETCKa KPUOHUBALMOHA, OJJHOCHO
KpHoariaHauona renercka ocHosa (Herwmh J1., 2009).

W3BecHa IMTKa 3apaBaH KOHCTAaTOBaHA je Ha JHY CTPYKTYpHE YIOJNUHE jyXKHOT
noxHoxja [morosune — ['morosaukor Bpxa (1160 m) na Tomonumy Bpecrak. 3a oBaj 00imK
HUje CUTYpHO Ja TpHUMaga KPHOAIUIAHAIIMOHO] MOP(MOIOTHjH, Mala CBOJUM H3TICIOM U
monoxajem nojceha Ha oBy Mopdonornjy. OBa IIHTKa 3apaBaH OpjEHTHCAHA j€ Ka UCTOKY
0 JleNia TAe ce JHO YIOJIMHE CIyIITa IpeMa jeMHO] YBajlM Ha IUIAHMHHU BHUILIE H3BOpA
Mlomyp (3epemcku M., 1994). TIpencraBibeHa je IUTMTKOM 3apaBHU IMOJOKHUTOT 0060714,
mmpuae 37 M, gyxunHe 62 M, oxHocHo mospimHe 1825, 4 m? (Ta6.1). M3aBojena je kao
nicey10 KproaruiaHaluoHa 3apaBad. CJM4HE jOII IPOCTpaHuje 3apaBHU 3aCTYIUbEHE Cy MO
IHy cTpykrtypHe ynonuHe usmel)y JKapkoor Opma w BopheBor Bpxa, anmum oBae HHCY
pasmarpaHe Kao KpruoaruiaHapiona MmopgoJoryja.

Ha oBoM mecTy Tpeba NOMEHYTH M jeAHYy clenupuyHy KpHOaIulaHAIMOHY 3apaBaH
KOHCTaTOBaHy Ha jyXHO] maauHU [noroBaukor Bpxa Ha oko 1145 m. OBpe je Ha
IUTAHWHCKO] TIAJIMHU TIPOIIECOM KpHoarliaHallije HacTana 3apaBaH npednuka 20-30 m koja
je Tonpana y3 HACKH Kpeumadku ofcek BucuHe 1,5-3 mu myxwune 50 m. OBaj ozcek je
TIOKPUBEH OJIOKOBUMA M JPOOWHOM H IIpYy’Ka ce MpaBLEM CeBep — jyTr M0 Haruby maauHe, a
OCTaBJba YTHCaK MOP(OJIOIIKE LEJIHHEe 3HAYajHO MAE3UHTECIPHCaHe KPHOHHBALIMOHHM
nporecoM. Jlakie, Ha OBOM IpHMepy, BEpPOBaTHO KPHOAIUIAHALMHUM IIOMEpPameM OfCEeKa
JOIILIO je IO HacTaHKa MeJie 3apaBHU Ha IaIHHH.
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KpuonuBanuone yjaoke

KpuoHuBauyone yioke Cy IMPKHE WIHM IMOJYKpY)KHE Malle 3apaBHU yCEYCHE Ha
CTpaHama Kpe4mauKuX MajuHa ca oTBOpeHolihy npema HaruOy namuna. Ha TymmwxHuim
oBH 00MIM ce cpehy mojeMHavYHO WK Y IpylamMa Ha MaJHaMa HajBHIIHX MOP(OJIOIIKIX
uenuHa rianuHe (I'morosuia, JlacoBauku kames, [Ipeku kameH — JlemeHumna), wim Kao
MOYETHH [IEJIOBU HEKaJallkbuX (IyBHO-HUBALMOHUX IUTUTKHUX ,,JIOJMHACTHX CHCTeMa“
HaCTaJIMX JIMHU]JCKOM €pPO3HjOM OTOIIJBEHE CHEXKHUIIE y ITOJHOXK]Y HOMEHYTHUX y3BHIICHA.
3a oBe 00mKe Moxe ce pehn aa mpencTaBibajy MOpGOIIOIIKY MOjaBy Ha IUITAHWHH KOja ce
OJUIMKYj€ M3Pa3uTOM IOIMMOP(HjOM, Ha TIOjeTMHAM IpUMEpHMa M IIOJIMTCHE30M, Koja je
Kao TaKBa BpJIO yOeIJBHMB ITOKa3aTesb 3HA4Yaja MANCOTEePHUIIIAIIjaTHIX yCcIoBa 3a HacTaHAaK
pebeda mnanumne wusznax  BucuHe of 1000 m. Tlomaszehu ox oBor y mnpukasy oBe
Mop¢oJoTije HYXHO je W3HETH HEKOJMKO OIMITHX 3ala)xama KOHCTAaTOBAaHUX TOKOM
TEPEHCKHUX UCTPAKUBAIHA.

VYoke Kao ceKyHIapHU OOJIHIM 3allaXeHe Cy KOJ 3apaBHH Ha [ JIoroBaukoMm BpXy
U 3apaBHM Ha majnuHHU [Ipexor kamena. Ha o0a mpumepa To Cy IUIMUTKE NOJIYKPYXKHE H
OTBOpEHE JeNpecHje ca W3PaKEHHMM KOHKABHO MpPEU3ayOJbeHUM JHOM H OJHOCHOM
HerocpeHe Be3aHOCTH 3a MOMEHYTe 3apaBHH HMCHOJ BUXoBOrI HuMBoa 1-2 m. IToceOHO cy
3aHUMJbUBE YJIOKE Ha CTPMHjUM MaJWHAMa KOje OJroBapajy LUMPKHUM HJIH MOJYKPYKHUM
3apaBHUMa, OJHOCHO ynyOsbemuMa npeunnka 20-50 m. Ha nojenunnm mpumMepnuma oBH
o0yuiM Cy ca paBHUM JTHOM, IITO j€ IOKa3aTesb 0JHOca KpHoaruiaHaiuje. OBakBe THUIICKE
YJIOKE ca PaBHUM JTHOM KOHCTATOBAHE Cy Y CEBEPHOM JIeJy IJIaHUHE, HETTOCPEJHO UCTOYHO
on onceka JlacoBaukor kameHa Ha bBakapHoMm ryBHy. OBme cy 3acTyIUbCHE JBE YIIOKE
HenocpenHo jenHa ao apyre mmpuae 10-20 m u gyxune 25-40 m. Ha jyroucrodnoj maguHu
HajBuiier Bpxa JlacoBaukor kamena (1131 m) u y ceBeporcTouHOM jeiy ['ToroBadukor Bpxa
(1160 m) oBakBe yJIOKe MMajy CTEIICHUYACTH PACIIOPEI.

Ha jegnoj oTBOpeHOj, IMPKHOj yIIONX HA CEBEPOMCTOYHO] maguan JKapkoBor Opra
3amaXXeH je OJHOC KOHKaBHE NpPem3AyOJpeHOCTH IHA Iempecuje 3a 1 M ca H3BECHUM
CEeKyHIapHUM OOYHHMM BPTa4acTHUM yayOJbemeM, Takohe ayoune 1o 1 m. OBo mokasyje na
yJIOKa BOJHM TOPEKIIO O] HEKe BpTaue Ha MaJMHHU Koja je KPHOHUBAIHUM IMPOLIECOM TOTOBO
MOTIYHO MOP(QOJIOMIKN H3MEHEHa M NpeoOJMKOBaHA. 3allTo Ha OBOM IpUMEpY HHje
00pa30BaHO HOPMAJIHO BpTavacTo ynyOJbeme Moxe caMo jaa ce Haraha y cMmucioy
3aTBOPEHOCTH OJIBOJJHMX KaHajla BpTaye, AyroTPajHOT 3ajp)KaBamba CHera Ha JTHY YJIOKEe W
JIpyToO.

Hupkue wnu am¢uTearpaiHe yJoKe Kao IMOYETHH JICNIOBH HEKaJallbHUX IIHTKUX
(hITyBHO-HUBAIMOHMX CHCTEMa WM YJIOKa HAa CHEe)KHHYKUM ITOTOLMMA, ITOCEOHO JIETIO CY
m3pakeHe Ha CTPYKTYpPHO] 3apaBHH y jy>kHOM aeny m3mely JKapkosor m AntmHOoTr Opna
(Tpn OyHapa) Wi Ha €PO3MBHO-CTPYKTYPHO] BpJO MPOCTPAHO] 3apaBHHU KOJI jame
Jlemenuue” (ceBepHO on JlemeHHYKOr BpXa), IA€ LEO MPEAeO 3apaBHH OAroBapa
nmpocTpaHoM amureaTpasHOM npomupewy, y okBupy BucuHe 1060-1080 m, ca xora
3aI0YMIbE CyBa JIOJIMHA Y TOJMHCKOM cucteMy JKipena npema cery Koxxespy.

OcTanu nepurjauujajinu o0JUIU U NMojaBe
3a ocraine mepurianyjaIHe MojaBe y M3BECHOM CMUCTY U 00NuKe Ha TYMKHUIN

Moxe ce pehin 1a MMajy CeKyHAapHH KapakTep y OKBHPY IIpe CBera MOBPIIMHCKOT KPALIKOT
pespeda, anm na BenwkuM yuemtheM y pesbedy MpeacTaBibajy MOceOHO obenexje Imej3axa

3 Ha oBoj 3apaBHu Koz jame JlefieHue TPaHIIHOHATHO CBAKE TOMMHE 2. Maja O[pykaBa ce HApOIHH cadop.
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Kao IOKa3aTeJb 3Hauaja HEKAJAllkhe Iajieo TEpHIIIaliijalHe cpeluHe Ha IuiaHuHu. OBe
IojaBe Ccy IIpe cBera W3 JOMEHa MonuMopdHje Ha BprayaMa, add ¥ MAacOBHOT
pacnpocTpamemha MOBPUIMHCKOT ACTPUTHYHOT M KOPO3HOHOI KpIIa 3a KOjH CMO paHuje
W3HENH CTaB JIa OJIroBapa TPAaHC(HOPMHCAHOM NAJICO KPHOKIACTHYHOM KpIITY.

[Momumopduja Ha BpTauaMa orjieja Ce y aCHMETPHUJU OBUX OOJIMKA Ca CTPMHUjUM
CEBEpHO EKCIIOHMPAaHUM CTpaHama OBHUX Jlerpecuja y pesbedy, HacTaluM Kao IOClenula
JyXKer 3a/ipJKaBara CHEra, MITO Cy OJHOCH KapaKTepHCTHYHH M 33 PELEHTHE penanmje.
IToceOHO oOmHOCHM OBaKBE acUMETpHje MOTY HMaTH U CTPYKTypHa oOenexja, MTO je
3anakeHo y mpezeny bakapHor ryBHa ko jame JoBaHOBaykM mporacT. 3alaXXeHU Cy H
OJIHOCH acHMETpHje Kao IOCIeIula 1I0JIoKaja BpTadya Ha Harnbuma ca CTpMHjOM CTPaHOM
y3 MaJuHy U MOJOXHUTHjOM CTPaHOM IpeMa HaruOy maauHe, moceOHo y mpexeny IIpekor
kameHa wiu Ha Cranoj Oapu y okBupy JlacoBaukor kameHa. 3a OBaj IOTOEBH BHUJ
acuMeTpuje Moryh je W 3Hauaj KpUOHMBAIH]e Y KOHTEKCTY MOPQOJIOIIKOT MPEeoOIHMKOBamka
IUTUTKUX BPTada y UPKHE, OJHOCHO MOIYKPY)KHE 3apaBHU.

Ha oBom mecty Tpeba NMOMEHYTH W JABe cHeqM(UYHE 3apaBHH ca BpTadyama
3aIla)KEHUM TOKOM TEPEHCKHX MCTPaKMBama. JelHa ce Hala3W Ha CeBEPOMCTOYHO] IaIHHH
Jlacosaukor kamena (1131 m) rae je HacTana mpocTpaHa, BEpOBATHO CTPYKTYpHA 3apaBaH y
YpjeM jy>)KHOM JIelly je acMMeTpUYHa BpTaya ca OJHOCMMAa acHMETpHje IpemMa HaruOy
najuHe. Jom 3aHMMJBHMBHjA je 3apaBaH ca aCUMETPHYHOM BPTAuOM y jYTOMCTOYHOM JIEITy
Antunor Opma (1035 m), rme oBa Bpraya y Buay amMmdureatpa YCCYCHOT Y MaIUHY
KpeumhadKe TJIaBHIIE MTPEela3y y Majlo HarHyTy 3apaBaH jyroMCTOYHOT MpaBlia MpysKamba.

JeTpuTrdHr ¥ KOPO3HOHH KPII Cy 3aUCTa MAacoBHA II0jaBa Ha IUIAHWHU KOja je
W3BECHO MAacCKHpaHa BEreTalMjoM WM aHTPOIOICHHM YTHLAjeM ca YUIINeHeM OBHX
Haciara 1 o0pa3oBama Xpia U cyxoMehrHa, ITO je paHHje YUEBEHO paJy CTBaparma JIMBaIa
3a KocHa0y W HCHamry. 3a I0jaBy OBHX HAacjlara OCHOBAaHO C€ IPEIOCTaBJba Ja BOJE
MIOPEKJIO O] KPUOKIIACTUYHHX Hacliara.

Ha kpajy oBor ozespka Tpeba IOMEHYTH Ja jé W3BECHE HAIlOMEHE O 3Ha4ajy
HUBaIMje Ha monuMopdujy U acUMeTpHujy BpTadya Ha IlaHuHama ucroune CpbOuje mao J.
eujuh (1895). On 0BHX MOYETHHX HAMOMEHA HHCY BpIIECHA 3HAYAjHHja MCTPAXUBAWmA Y
OBOM IIpaBLly.

Juckycuja n3HeTux pe3yarara

Iomazehu ox oOcHOBHOr IMJba paja y CMHUCIy pellaBamba mnpodieMa
3aCTYMJCHOCTH KPHOAIUIAHAIIMOHOT pesbea Ha TIUIAHUHM TYNMOKHULHK, OJHOCHO Of
MPETXOAHE TPETIIOCTABKE Ja je HaBEICHH pesbe] pEeNuKTHE NepUTriandjalHe TeHETCKE
OCHOBE U THITOJIOTH]j€, HY>KHO je OBO U TOKa3aTH WX O0ap JOoHEeKIe 00jacHUTH.

OcCHOBHa IPETIIOCTaBKa TEePHUIIIAIlHjalIHe TEHETCKE OCHOBE OMMCAHOT pesbeda je ma
CYy HajBHIIU JIEJIOBH IUIAHMHE TOKOM Heke (ha3ze HOBHjE TEOJIOIIKE HCTOPHje MPOILIH KPo3
NepUOJ pa3Boja IUIAHWHCKE MEepUIialifjajHe CpeArHe KaJa je HACTaHAaK MepUrIIaldjaTHoOT
WK KpHoOAaIIaHaIMOHOT pesbeda 6uo moryh. Kao npyru mnu noceban npobiem Hamehe ce
MUTakbe HAYMHA WK TPOIIEC HACTAHKA W3JBOjJCHUX 3apaBHH, [IMPKHUX YJIOKA, ald W T0jaBa
acHMeTpHje Ha MOBPIIMHCKO] KPaIKOj MOP(OIOTHjU WK pa3Boja ASTPUTUUHOT KOPOZHOHOT
KpIIia.

VY nokasuBamy 3acTYIJBEHOCTH Najeo IUIAHWHCKE IIepHIilalijalHe CpeJuHe Ha
jemHOj Tako HUCKO] IUIaHMHHU KakBa je Tymmxkauna (1160 m) moxe ce mohu om oxHOca
Kopenanuje, aHaioruje u yropehuBama, ociamajyhn ce Ha TEOPHjCKM KOHIENT Ja je
pCLECHTHA BHCHHA IUIAaHHHCKE MEpHIJalMjalHe CpeIMHE Ha IUIaHMHAMa balKaHCKor
noxyoctpBa oko 1000 m penarusae Bucune. OBO MOTOWmE Tpeba CXBAaTUTH yCIOBHO jep OBa
BUCHHa MOke OuTH u Beha y ycrmoBuMa 3axiaherma M MambHX KOMMYMHA HagaBuHA. Kao
HajOospH perep 3a onpehuBame BUCHHE TUIAHMHCKE TEPUTIIALjalHe CPEIUHE jecTe BUCHHA
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TOpH-C¢ CHEXKHE TPaHUIIe, KOja jé TOPHH I'PAaHHYHU OKBUD OBE CPEIHHE, Ka0 U TOHU OKBHD
OBE CpeIMHE Topma LIyMCKa TpaHuia. Ha OBMM ocHOBaMa pPELEHTHH OIHOC BHCHHA
IUVIAaHUHCKE IIepUITIalMjaliHe CPEAMHE jé Y OKBHUpPY BHCHHE TOpHE LIyMCKE IpaHHIE Ha
miannHama bankarckor momyoctpsa ox 1900-2300 m (Benuj C. u ap., 2008) u Teopujckor
W3HOCA BUCHHE ropme cHexHe rpanuiie o 2900-3300 m u.B. OBo 3Hauu aa ce TymmwkHUIA
PEIICHTHO Hala3d HHUCKO Y OKBHPY LIYMCKOT TI0jaca, HajBHINUM JCTIOBAMA Y BUCHHCKOM
mojacy OykBe.

HoBujum uctpaxuBamiMa Ha [IpokneTHjama yTBpljeHa je BHCHHA TOPHE CHEXKHE
TpaHUlle y TOCIeNmbeM TIialujarHoM Makcumymy fiencronena (LGM — Last Glacid
Maximum) ox 1750 m u.B. (Milivojevi¢c M. et all., 2008), wrto je MCTOBETHO paHHjUM
pe3yinTaTEMa O BHCHHHM IUICHCTOLICHE CHEXXHE IpaHHLe yoruTe 3a ruianuHe CpOuje ox
1700-1800 m (I"aBpunosuh /1., 1976). 3a Lllap nnaHuHy BUCHHA TOPHE CHE)XHE TPAHULIE Y
MOCIEAEM TJaljaTHoM Makcumymy wusHocu 1950-2150 m, y 3aBucHOCTH 0f
excriorupanoct maguae (Kuhlemann J. et al., 2009). TTonmasehin ox jeqHOCTaBHE aHAIOTHjE
WM Kopenanuje m3HeTnx MuHMManHuX (1700 M) u makcumanaux (2150 m) BpemHocTH
TOpH¢ CHEXXHE TIpaHUIE M MPETNocTaBke Ja je TymwKHHIA y TOpHEM HIM KacHOM
IUICHCTOLIEHY MMajla CIMYHY BHCHHY JaHAIIK0j, 8 IPeMa PELICHTHOM BHCHHCKOM OJHOCY
IUTaHUHCKe Tnepurianujaane cpenune of 1000 m, BUcHMHA ToOpme LIYMCKE TpaHUIEe Ha
TyIIKHAIK Y TIaIHjaTHOM MakcuMyMy mencronera (LGM) moria je 6utu y mojacy 700-
1150 m u.8. /la je oBa BHcHHA Omia Hibka mokasyjy mogamu A. M. Klien (1953) (u3 Segota
T., 1976) rme cy y KIMMATCKOM ONTHMYMY TOPEbEr IUICHCTOICHA, AaKie MOCICIHhEeM
rnanujanHoM makcumymy (LGM), mamaBuHE 3a LEHTpPaJHH M HUCTOYHM Jeo banmkaHckor
noiyoctpBa m3Hocwine 20 — 40 % panammuX NajgaBWHA, JIOK CE NPOLEHE O IMPOCEYHO
HIDKUM CpeJlibe TOIUIIBAM TeMIlepaTypama Bastyxa 3a oBaj neo EBpomne kpehy 3a 57 °C,
oarocHo 10-12 °C 3a cpemsy Espory (banrakos I'., Kontea M., 1995; Segota T., 1976). V
OBOM CITy4ajy BHCHHA T€ IUICHCTOLICHE IIEPUTIIALINjaIHe CPEANHE MOTJIA je OUTH U HEKOJIHUKO
cToTiHa Metapa Beha ox manamme BucuHe o 1000 M, 0MHOCHO MOTJIA je CE CITYIITaTH 0
700 M H.B, 112 ¥ HIKE HAIITA YKa3y]y U PaHHjU Pe3yJITaTH UCTPAXKHUBAKHA OBE MPOOIEMATHKE
y Kapnaro-6ankancknm miannaama ncroane Cpouje? (Gavrilovi¢ D., 1970). OBo nokasyje
Ja ce ca BEJIUKOM CUrypHourhy Mo:ke MPHUXBATHTH 3aCTYIUbEHOCT Majie0 MJIAHHHCKE
nepurjanujaide cpeanne Ha TynuKHMIM, a peMa U3HETUM PE3yJITaTUMa Y PeaTHBHHM
OKBHpHMa TMOCIEIBEr IialujaJHor MakcuMyma rueucroneHa (LGM — Last Glacia
Maximum). OBo neauMuYHO OTBPYYjy U pe3yiraTu ca TepeHa Iie ce IMPeAMETHA PEIUKTHA
Mopdomoruja ca Tymmkauie He cpehe mcnon Bucmae ox 1000 M, omHOCHO 3amaxka ce
KOHIICHTPHCAHOCT OBe MOp(QoJoTHja Ha HajBUIle MOPQOJOIIKE IeIuHe IUIaHWHE,
I'moroBuity, JlacoBauku xameH u [Ipeku xameH — JleneHuiry, Kako je TO KapaKTEePUCTUIHO
3a HajBWIIE [IEJIOBE IUIAaHWHA KOje yia3e y BHCHHCKH II0jac IDIAHWHCKE TEepHUTIalijaTHe
cpenuae. Jlamm je moryhe Ha TymmKHHIM TpPaKUTH MOP(QOJIOMIKE TPAaroBe MOTOEHHX
IUICUCTOICHUX 3axyaljerba y OKBHpMMa crapujer W Mialjer apujaca TO IpeBa3miasu
MoryhHOCTH U OOMM CIPOBEACHHX TEPEHCKHX HCTPAKMBamba, Kao M pes3ynarara moryhnx
KOpEeJIalIMOHUX aHaJIN3a.

VYKOJAMKO ce TpuXBaTH Jla pa3MaTpaHa KpHoallaHallMoHa Mopdooruja ca
TynuxHHIE BOIY TCHETCKO MOPEKIIO O] MOCTEABET TIAIMjaTHOT MAKCHMYMa IUICHCTOIICHA

4 Msnera aHAJOrHWja M KOpelaldja yKasyje Ha 3HATHE pasliMKe pe3ylTata y BHCHHU TOPHE CHEXKHE TIpaHHLe
nocieamwer mwiencrorenor makcumyma (LGM) kao Ha npumepy npocTopHo Giuckux mianuHa [Ipokieruja u [ap
miannne (Milivojevi¢é M. et al., 2008; Kuhlemann J. et all., 2009). Kako onza oBe pesyirare NPUXBATUTH Kao
OCHOB 3a Kopenaiujy? 3a Haia pasMarpama CyLITHHA mpobiieMa je 1a ce y ycioBHMa 3axjalema IIHpUHA
nojaca IUIaHMHCKE Nepurianujaine cpeaune nosehasa npema unresurery Tor 3axiaalema. [lopen u3HeTHx
OJJHOCA HENOy3[aHe Kopejaluje OBO je CYIITHHAa M OCHOB 3a H3[Bajabe Majeo MepHrialijalHe CPeAuHE Ha
HUCKHMM IUIaHHHaMa KakBa je n TymmkHULa.
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TO 3HAYW Ja je meHa crapoct oko 20.000-23.000 roguua (Kuhlemann J. et al., 2009)5.
M3Becran mokasaTesb CTAapOCTH OIMCAHWX 3apaBHH Cy M IIEHOJIOIIKA CBOjCTBA IOJIOTE
3apaBHHU ca 3acTylubeHomhy cMeher 3emibuInTa Ha KpedmanumMa. Y ycIoBHMa XOJOLEHOT
pa3Boja IIyMCKOT BHCHHCKOT I0jaca Ha HAjBUIIUM JejoBHMa TYNIDKHHUIIE HAa PaBHUM
JIeJIOBMMA KpHOAMalaHAIIMOHUX 3apaBHH (OpMHUpaH je neO/bU 3eMIBUINHH XOPU3OHT
OJIMaKJIOT €BOJYTHBHOTI Pa3Boja.

Ha ocHoBy u3HeTor, ako ¢y Ha TYNIKHHIM MTOCTOjalii YCIOBH 3a MOCTOjarbe Maieo
TepUrIalyjajlHe cpeluHe, Kao mocebaH mpoOiem ce Hamehe ofjammerme M TyMaueme
reHese MopdoJormje Koja je HW3ABOjeHa Kao KpUOAIUIaHAIMOHA, MOCEOHO 3apaBHU Ha
JbynkoBoj kocH, I'moroBaukom Bpxy u Ilpekom kameHy, Koje Cy W Owiie WHUIMjaTHE 3a
MOKPETake IUTaka NpodIeMa 3aCTYIIbEHOCTH OBOT pesbeda Ha TymKHHUIH.

VY Mopdonoruju OBUX 3apaBHH jaCHO C€ H3IBaja IIOJOXUTH HJIA BEPTUKAIHU
Kpeumauky 0001 y BHIY Malor OjceKa H3rpal)eHOr o] KOMIIAKTHE CTEHE WM KpPYITHHX
Kpeumadyknx OyiokoBa. OBakBoj MOPQOJOTHjH jEOUHO OJTrOBapajy KpHOarUlaHAIIMOHE
3apaBHHM OITHCAHE M3 XJIQMHUX mpejena nepurnanujamae cpequae (Nelson F., 1989; Czudek
T., 1995 u apyru). J{akie oBze J0Ia3uMO [0 MOYETHE IPETIOCTABKE, OJHOCHO [OCTABKE 1a
j€ OBO KpHOAIUIaHALMOHH, & CAMUM THUM U NEPUTTIalUjaliHUA pesbed, ITO ce MPEHOCH U Ha
ocraity onucany Mop(oJIorujy U rnojase.

PemaTUBHO jeJIHOCTABHO HACTAHAK OBHX 3apaBHH ce oOjalimaBa KOHIEITOM
KpHOAaIlIaHAlKje, OJHOCHO YHA3a[HOT [OMepama IMaJnHa IOJ YTHIAjeM KOMIUIEeKCca
nepurianyjaiHux mnpoieca (Mpas, HuBaIMja, conudUIyKiyja U JApyro) KOju ce OJHOCE Ha
epo3ujy W TpaHCmopT Marepujana 3axBaheHuM oBuM mpouecoM. OBaj Mopen reHese Cy
paspammiu Pycku reonosu bou C. U. u Kpacuos U. 1. (1943) u y caBpeMeHOj JIUTEpaTypH
ce MOMHEE Ka0 PYCKHM IHMKIMYHE MOJEN HACTaHKa KpuoariaHauoHux tepaca (French H.
M., 2007). Ha mpumepy TymwkHHUIle HHUCY (GOpMHpaHe KpHOalDlaHaIl[MOHEe Tepace Beh
NOjeHaYHe 3apaBHH, YCJIOBa M OJHOCA YpaBmHBama pejbeda KapaKTepPUCTHYHOT 32
HepHTIIALHjTHEe CPEUHE.

Ha oBom wmecry mnHehemo ce pnerasbHHje OaBUTH mpoOieMOM — HacTaHKa
KpHOAIUIaHAMOHMUX 3apaBHU WM Tepaca KOjH HHje pEIIeH HH Ha HHUBOY CBETCKe
reoMop(OJIOTHj€ OCUM HEKOJHKO KOHIIeTaTa WIM MOjeia TeHe3e Ol KOjUX CMO MU jemaH
noMmeHyau. YumeHuIa je na ce BehrHa ayTopuTeTa CBETCKEe reoMopdoioruje ciaxy OKO
3aCTYIUBEHOCTH Kpuoarutanaione mopgdoioruje (Czudek T., 1995; French H. M., 2007 u
JPYTH) Maja Cy HepeleHu npobaeMu Op3iHe HACTAHKA OBUX O0JHKa, H3/1Bajarba FeHETCKHUX
nporeca, GpU3HIKO-reorpad)CKor KOHTEKCTa HACTaHKa OBUX OOJIMKA Y CMHUCITY 1a ce cpehy u
W3BaH PCICHTHE MEpUrNAlldjaHe CPeIHHE M IPYro. YIpaBo OBO IMOTOHE je ChOydaj Ha
HanreM npumMepy. Jlakie, H3BOjHIn CMO KPUOIUIAHAMOHE 3apaBHU y IYMCKOM BUCHHCKOM
1ojacy W3BaH CaBpeMeHe nepurianujanHe cpeauHe. OBaj mpoOneM ce jeIHOCTaBHO
o0jarimaBa CBOjCTBOM peluKTHOCTH. OBO 3HAYW Ja Cy M3IBOjeHE 3apaBHH, alldi M OCTaia
MopdosorHja y BHOY LUMPKHHUX yJOKa, acCHMETpHja Ha BpTayamMa M JNETPUTHYHM KpII Ha
TyNKHATM peeKTHE TEHETCKE OCHOBE MOCIEber ranujantor Makcumyma (LGM — Last
Glacia Maximum), kako ce W jequHO MOKe 00jaCHHTH 3aCTYILUBEHOCT OBOT pesbeda Ha
IUTAaHUHH.

3aBpuiHa pasMaTpama

3Havaj UCTpaKMBama PENMKTHE KpHoariaHauuone Mopdoinoruje Ha TymmkHUIM
ornena ce y yTBphUBamy JOBUX TPaHUYHAX OKBUpA 3aCTyIJBEHOCTH IUIAHWHCKE

5 Ipema crparurpaduju MOCIeIHUX IUICHCTOLCHHX IUIauujaiuja kojy je nsneo Kuhlemann J. et al. (2009) 3a
npezneo lllap mianuHe W3BeJeHe MpeMa pasiMYMTHM Kopelanujama 3a nojequsue dase (sanp. LGM Bard, 1999;
crapuju dpujac Cacho et al., 2002 u t.).
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HepUIIalHjalHe CPeJUHE y LEHTPAJIHOM Jielly bajkaHCKOr moiyocTpBa TOKOM HOCIEIEEr
raenujanaor makcumyma (LGM). Tpema uctpaxuBamuma ca TYNMKHWIE OBA BHCHHA je
6wra curypuo wucnog 1000 M H.B. J0KiIe HAE BUCHHA KOHCTATOBAaHE pEJIUKTHE
nepurienyjaine Mopdororuje. OBo naje 3a mMpaBo Ja 0By MOpQONIOTHjy Tpeda TPaXUTH U
Ha JIpyruM miianuHama Kapnarto-0ankaHcKor riaHuHCKOT cucteMa uctoune Cpouje, mro je
YIJIaBHOM TMOTBPHEHO BUILIETOJMIILUM HCTPAXKHBAKBMMa Y OBUM IUIaHWHAMAa YUME Ce ca
JOKaNHUX OKBUpa TymmKHUIIE OBM pe3yiTaTH LIMPEe Ha PETHOHAIHE OKBUPE IIOMEHYTOT
TUTAHUHCKOT cucTema oBor aena Cpowuje.

Wznpajame kpuoariananrone Mopdosnoruje Ha TyMIKHHUIM 3Ha4YajHO j€ y CMHCIY
IEHE 3aCTYIUbEHOCTH Ha banmkanckoM noiyoctpBy, onHocHO CpOujH, Te 1ocal Mo HalluM
casHamMMa HUje u3aBajaHa. OO3MpPOM Ja je OBO PENMKTHA MOpQOJIOTHja HEH 3Hadaj y
CMHCITy peliaBama mpobiiemMe leHe MOp(OoTreHese je MalH, ajll H3/1Bajambe 0BE MOpQOoIIoruje
Jaje OCHOBY 3a IIMPY PETHOHAIHY DPEKOHCTPYKLHjy IUTAHMHCKUX BHCHHCKUX IIOjaceBe
TOKOM IIOTOR-ET TJIALMjaJTHOI MakCMMyMa, a Ha THM OCHOBaMa M Moryhe majeokimMmarcke
PEKOHCTPYKIIH]j€ U APYTO.

Ha kpajy mocraBba ce OCHOBHO MHUTAaC AaJIH j€ HAIIMM PAIOM paspelicH mpodieM
3aCTYIUBEHOCTH KpUOAIUIaHAIOHe MOP(OJIOTHje Ha jeJHO] TAKO HUCKOj IUIAaHHHU KaKBa je
Tymmwxuauna. [lo Hamem cy0jeKTMBHOM MHIUBEHY OBaj MpolJieM je pasperieH ca
pelaTMBHO YBPCTUM JIOKa3uMa Jia je y T[OCJeOmheM IJIallijaJHOM MaKCUMyMy
MepUriayjagHa cperHa Ouia Ha OBOj IUIAHWHU U YUEHCHHUIE Jla Ce MO0 MOP(OJOTHjH U
MopdoreHe3u onucanu pesbed ca TymKHHIE HE MOXe Apyradydje o0jaCHUTH OCHUM ca
MEePUTIALjaTHOM TE€HETCKOM OCHOBOM. IIpeMa KOpenalMOHHUM OJHOCHMA HACTaHAK
nepurnanyjaitae mMopgoiuoruje Ha TyNmwKHUIM HajONIITHjE C€ Be3yje 3a IOCIEIBH
rnanujanan MakcumyM (LGM) kacHOr WM TOpEEr IUICUCTOLCHA. YTHIE] MOTOHUX
IUICHCTOLICHUX 3aXjaljera y OKBHUpHMa cTapujer U Miialjer npujaca BEpOBaTHO je OCTaBHO
Tpara Ha IPeAMETHOj MOP(OIIOTHjH, MaJa ce Ha OBOM HUBOY UCTPAKMBAYKOT ITOCTYIKA OBO
HE MOXXE MOY3J]aHO H3/IBOjHTH.
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Abstract: During several-year long research on Tupiznica (1160 m), a low limestone mountain in eastern Serbia,
some terraces, cirque niches and other occurrences and forms in the highest parts of mountain with unfamiliar
genetic origin have been registered. Using the complex analysis of this morphology, and relying on the
achievements of contemporary geomorphology, we have come to conclusion that the aforementioned terraces
resemble relict periglacial, or, cryoplanation relief, which has been taken from the fact that Tupiznica was in its
Last Glacial Maximum with its highest parts in the zone of mountainous periglacial environment. Considering the
fact that this morphology is registered on a low mountain, the aim of this paper is to prove the given assumption
and solve this problem.

Key words: relict, cryoplanation, periglacial relief, TupiZnica, Eastern Serbia,

Introduction

Tupiznica is a low limestone mountain, extended in meridian in the scope of
Carpathian-Balkan mountainous system of Eastern Serbia. This mountain is characterized
with absolute predominance of limestone lithologic base and complex structure. In this
structure particularly stand out western structural escarpment on TupizZnica dislocation,
smaller fault structures and erosive forms in the scope of the central and the highest plateau,
as well as dloping, fault-tectonic plateau in the scope of eastern slope of the mountain
(Zeremski M., 1994). The basic morphological structure of the mountain is composed of the
aforementioned big structural escarpment on western slope ( in some parts up to 500m of
relevant height), a plateau 1000-1100m high in central part of the mountain and less
inclined eastern slope towards the valley of the Beli Timok River. Characteristic structural
asymmetry of the mountain on the cross section was developed on this base, important for
the formation of exogenic morphology.

There were a lot of geological and geomorphological researches on TupiZnicain the
past. However, M. Zeremski certainly made the most completed study of the relief of this
mountain in 1994. In the results of these researches, particularly geomorphologic, there was
no word about the presence of periglacial relief on such a low mountain like Tupiznica,
apart from the fact that the location of the pit TupiZni¢ka ledenica was used for
reconstruction of the height of Pleistocene permafrost in Carpatho-Balkan Mountains of
Eastern Serbia. (Mili¢ C., 1968). Our researches in the period 1998-2000 for the first time
singled out palaeo-nivational morphology of relict evolutional context on TupizZnica, and
therefore in the scope of exogenic genetic complex, periglacial relief as well (Nesi¢ D.,
2003). The researches on this relict morphology have been repeated in recent studies 2009-
2010 aiming at solving its genetic base and typology again, or, solving the problem of
possible presence of relict cryoplanation, in other words, cryonivation morphology on
Tupiznica.

Therefore, the primary aim of this paper is solving the problem of the presence of
cryoplanation, or cryonivation relief on TupiZnica, which will be done through complex
morphogenetic analysis of polymorph of the selected morphology for which it is supposed

" E-mail: : nesic@zzps.rs
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to have periglacial origin according to the results of field researches and the latest
knowledge on this problem.

General characteristics of the highest part of Tupiznica

As it has adready been mentioned TupiZnica is a low limestone mountain with
asymmetry on a cross section profile and high plateau in central highest part 1000-1100 m
high (Zeremski M., 1994). The highest elevations of this mountain are Ledenic¢ki vrh and
Glogovacki vrh with the same height-1160m. These peaks are the highest parts of two
morphologic structures, one is Preki kamena and Ledenice, and the other one is Glogovica
The third one- Lasovacki kamen (1131m) also stands out in this highest part of the mountain
with aline of mountainous peaks on big western structural escarpment of the mountain. All
of these highest parts of the mountain rise from the central plateau 1000-1100m high. This
plateau, as the central and highest morphological structure of Tupiznica, is cut on the west
with big structural escarpment along the direction of Ledenic¢ki vrh ( 1160m ) and Lasovacki
kamen (1131m), while in the eastern part it is dissected with shallow structural depressions
and large erosive hums of paleokarst such as Glogovica with Glogovi¢ki vrh ( 1160m), or
hum Pordev vrh ( 1037m) ( Zeremski M., 1994) and smaller limestone elevations on
Zarkovo brdo (1060m) and Tri bunara ( hill Antino brdo) (1035m).

In comparison to the described parts of the mountain, the only structure which
certainly morphologically stands out is Preki kamen-L edenice on the south, connected to the
central parts of the mountain with aline of peaks on the mentioned structural escarpment, or
in other words, with a huge karst hanging valley after which DPordev vrh and Zarkovo brdo
succeed.

It is noteworthy to mention, in the context of small height of Tupiznica, that this
mountain is 989m high on the profile of the valey of the Beli Timok at Vrbi¢ki most
(171m) — Glogovacki vrh (1160, or on the west on the profile of the mouth of stream
Manastirski potok and the Mitrovska River (360m) — Lasovacki kamen (1131m) it is 771m
high which isin the limits of criterion for regarding eminence of 700m of relative height as
mountains in relation to their close surroundings. If the mountain surface of 97,7 km? is
conditionally accepted, then the part of the mountain or central plateau above 1000m of
dtitude covers the area of 6,64 km® or 6,8 % of the mountain area, or, the part of the
mountain above 1000m of altitude covers only 1,36 km? which is only 1,4 % of the
mountain area.

Thanks to the aforementioned asymmetry of TupizZnica, less inclined sopes of
mountain on the east of big structural escarpment, but also on the rim of high plateau 1000-
1100m, have exposition with low participation of western slopes, which, together with other
factors, conditioned the orientation of exogenic morphology, especially singled out
periglacial morphology, towards north, north-west, north-east and east (Table 1). This
morphology is represented with single examples of cryoplanation terraces on the slopes or
structural terraces and separate or grouped organization of cirque and amphitheatre niches,
probably of cryonivation genetic base. Specially singled out cryoplanation terraces are
characterized with complex polymorph and polygenesis, which will be studied on each
example individually. Corrosive detritus karst should also be mentioned here, which is
transformed cryoclastic karst and it covers large areas of the highest parts of the mountain
and it is one of the basic characteristics of natural landscape, as well as morphological
transformations of karst relief under the influence of complex periglacial process such as
asymmetry of dolines, some terraces on the edges of dolines and other.

Figure. 1 Clear topographic map of Tupiznica, 1:50 000 scale of the map, (the publication of Military-
Geography Institute).
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Preliminary notes

During the aforementioned several-year long field researches on the highest part of
Tupiznica, relief which does not resemble any genetic type of relief according to its
morphology has been registered on this mountain, apart from earlier preliminary results
which indicated that this relief is of nivation genetic origin (NeSi¢ D., 2003). The forms of
thisrelief are put into morphologic endogenic-exogenic context of the mountain in the shape
of smaller cirque terraces or terraces with irregular shape or shallow recesses which J.
Cviji¢( 1903) generally singled out as niches . Recent researches have shown that this relief
most probably resembles relict cryoplanation or periglacial morphology and some notes
must be made for exact solving of genetic typology and morphogenesis.

Without detailed theoretic calculation, cryoplanation and cryonivation relief have
basically the same genetic context, mostly cryonivation®, only in cryoplanation relief the
emphasis is on the flattening or forming of terraces on slopes, while in cryonivation
morphology is on the genetic context of thisrelief.

Therefore, based on the aforementioned, we will start from the previous assumption
that the researched morphology on Tupiznica is of cryoplanation, that is cryonivation
genetic origin and therefore of periglacial base as well. This will be proved with analytic
review of this morphology based on the aforementioned hypothesis, relying on qualitative
characteristics of this morphology: its morphometry, location in relief, paleogenetic context
and theoretic base connected to this problem.

M ethodology of field work

In the research of the studied morphology of TupiZnica, the approach of classic
geomorphologic recognizing was applied due to the fact that existing methods of remote
detection did not give any results on this example. This means that subject morphology was
not registered at all on the current topographic maps and it is not visible on aerial
photographs, mostly due to high vegetation. Therefore, it was necessary to have close
observation of each part of the mountain above 1000m of height. Each form and terrace was
measured with measuring tape on the rim, taking the elements of length, azimuth and
inclination in order to define precise shape of terrace and its surface, in other words,
measuring of decline angles and length in central parts of terraces and niches in order to
establish their inclination, width and length. Sondage excavation in pedologic layer was
performed on some forms in order to establish the characteristics of this element of the
researched morphology. Location of these forms was established using standard GPS device
with precision of several meters.

Singled out cryoplanation terraces

According to our belief, the relief which mostly resembles cryoplanation
morphology is represented with single terraces on less inclined slopes of Ljupkova kosa and
Preki kamen, or close to flattened top of hum Glogovacki peak (1160m). Also, one terrace
was noticed on northern slope of Preki kamen in the scope of the development of “stepped
relief”. Some structural terraces of specific cryoplanation and nivation conditions of genesis

® This should be considered conditionally since the problem of morphogenesis of the forms on slopes in periglacial
conditions of environment is extremely complex and, apart from large number of studies on this problem, it has not
been completely solved (French H. M., 2007). Thiswill be considered in synthesic studies.
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were particularly noticed, as well as some terraces in depressions of structural valleys of
high plateau which may have pseudo genetic cryoplanation characteristics (Table 1).

On the northern, less inclined slope Ljupkova kosa with inclination of 9°, a shallow
terrace is cut with the shape of uneven cut on the slope bounded by original limestone rock
or large limestone blocks, relative height of which gradually increases depending on the
position of cut towards the slope, to the highest point towards hinterland of the form or total
orientation of the form towards the inclination of the slope. According to this, on northern
exposition of the slope, where this terrace is located, it is opened or oriented towards north.
The amount of this orientation is 70 m, or 76 m, which is maximal width of the terrace. The
terrace is cut into the slope with the length of 70 m and the amount of the depth of cut part
in the range 0, 5 to 6-7 m. The amount of inclination of the cut part of the terrace is up to 39,
while the limestone rim is steeper with inclination of 20-40°. The terrace is covered with
pedologic layer in which one sondage excavation was performed to the depth of 50 cm.
Open pedologic profile showed that the soil on the terrace most probably corresponds to
light brown sail in limestone, mature evolution type of soil which can be indirect indicator
of the age of the singled out form. Parts of the original limestone on the surface of terrace
processed with subcutan corrosion, or parts with soil layer 1m thick, show that the bottom of
the terrace is not evenly flattened. The total area of the terrace is 4164,2 m?.

Table 1. A list of researched cryplanation terraces on Tupiznica with the data on location, exposition, genetic
base and mor phometry of these forms.

Location | Altitude Genetictype | Exposition Form Width | Length Plateau
in orientation in in in m?
meters meters | meters

Ljupkova 1020 Cryo terrace N N 76 70 4164,2

kosa
Glogovacki 1158 Cryo terrace E E 87 61 3862,3
vrh
Preki 1108 Cryo terrace E NE 69 78 3908,2
kamen 1
Preki 1100 Cryo terrace N N
kamen 2
Dbordev vrh 1025 Closed cryo N - 50 48 1765,4
terrace
Lasovacki 1112 Structural - NW 79-82 227 11321,3
kamenl cryonivation
terrace

Lasovacki 1115 Structural - N 35 30 1043,5

kamen 2 cryonivation

terrace

Lasovacki 1125 Structural - - 40 70 2500 (~)

kamen 3 cryo terrace

Ravne 935 Structural - NW 168 111 11355,6
cryonivation
terrace
Brestak 1030 Pseudo - E 37 62 1825,4
terrace
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A terrace on eastern slope of Preki kamen (1148 m) has similar morphologic
characteristics, oriented or open towards northeast. Also, another terrace was formed here
with semicircular base cut into less inclined slope in the range 0-0, 5 m to 5-6 m, or width of
69 m and length of 70 m. Steady increase of the height of limestone rim (0-6 m) is
impressive for this terrace, which on some parts has characteristics of escarpment with large
blocks. The terrace isideally flattened with the inclination gradient up to 2°, while according
to the orientation it almost passes into vertical limestone escarpment 5-7 m high. According
to the secondary excavations on the terrace, light brown soil in limestone is also present
here. This terrace has the area of 3908, 2 m? (Table 1).

Figure 2. Crioplanation terrace on the slope Preki kamen

Figure 3. A part of cryoplanation terrace on the slope Preki kamen

The best example of the cryoplanation occurrence on Tupiznica was registered on
the spacious top of Glogovacki vrh (1160m), one of the two highest peaks of this mountain.
On the north of elevation point, an extended semicircular terrace was formed on eastern
exposition, or oriented or open towards east. So, according to these relations, the amount of
terrace width is 87 m, while the length of the cut into the top of the mountain peak isonly 61
m, with total terrace area of 3862, 3 m?. On the mountain top 75-80 m wide, such amount of
planation almost flattened northern part of the peak with remaining uneven part 15 to 20 m
wide (figure 4). On the basis of this, the amount of the cut or elevation, on this example of
mainly vertical limestone rim, is 2-7m. Similar to the terraces on Ljupkova kosa, a part of
the flattened area is aso covered here with origina limestone, processed by subkutan
corrosion, while on the larger area it is covered with soil. A probe 77 cm deep was opened
in it down to limestone rock base with the development of characteristic A-(B)-C profile of
light brown soil on limestone. The terrace on Glogovacki vrh is amost ideally flattened in
most of the area, without any amount of inclination.

Figure 4. Cryoplanation terrace on the flattened top of Glogovaéki vrh at 1157m of altitude

On north-northeastern slope Preki kamen (1148m), one terrace was registered on
which detailed morphometric measurements were not done. This terrace is a part of stepped
relief. At the bottom of the terrace there is a vertical limestone escarpment 10m high which
isapart of spacious amphitheatre and which under inclination, several tens of meters lower,
passes into one more escarpment 5m high. This is the only registered example of stepped
relief on the mountain with escarpments of most probably erosive genetic base. A group of
terraces with specific morphogenetic base was especially noticed during the field researches.
These are mostly spacious morpho-structural terraces particularly present on Lesovacki
kamen where three such forms were registered as well as one on toponym of Ravna, the
only form from the group of cryoplanation terraces below 1000m of altitude. Beside primary
structural flatness, possible cryoplanation and probably nivation flatness is of the secondary
character for these forms. Namely, these are mainly long terraces, characteristic orientation
towards north and northwest, which end with amphitheatre limestone rims of different
height. This was particularly registered on terraces on Ravna and one long terrace on
Lasovacki kamen (Table 1). Apart from characteristic orientation towards north, other two
terraces with these characteristics are also distinguished on Lesovacki kamen with partly
closed recesses of terraces, out of which the terrace on the south of Lasovatki kamen
(1131m) is relatively shallow with limestone rim O, 5-1m high. Theoretic base of the genesis
of this terrace is relatively simple. These forms are generally oriented towards north and
north-west, apparently along the direction of dominant winds in colder parts of ayear. These
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winds bring large quantity of snowdrift on southern rim of terrace with significant influence
of nivation. This was particularly noticed during winter visit to Ravne, which has already
been mentioned earlier (NeSi¢ D., 2003; 2009). It is assumed that the continuity of this
genetic mechanism, particularly during the phases of cold spell, causes spreading of these
forms primary aong the direction of dominant north or north-west wind.

Additionally, partly closed terrace on the north slope of bordev vrh (1037m) is
worth mentioning. This is atypical, partly closed terrace without characteristic orientation,
or openness of form, presented with flat recess on less inclined slope, with the diameter of
48-50m, or 1765,4 m’ of area (Table 1). It seems that one limestone escarpment 3-5m high
on western rim is also significant for the creation of this form, which passes into steep
recess, several tens of meters long, towards the elevation point of the peak. In recent
researches, such similar, partly closed terraces have been noticed close to the highest peak
of Mt.Suva planina, Trem (1808m) and one in the eastern part of Golemi vrh (1413m) on
Vidli¢. For these terraces, complex polygenetic cryonivation or cryoplanation genetic baseis
supposed (NeSi¢ D., 2009).

A shallow terrace was registered on the bottom of structural depression of southern
foothill of Glogovica-Glogovagki vrh (1160m) and on toponym Brestak. It is not certain
whether this form belongs to cryoplanation morphology; athough with its appearance and
position it looks like it. This shallow terrace is oriented towards east from the part where the
bottom of the depression descends to the only valley on the mountain above the well Sopur (
Zeremski M., 1994). It is presented with shallow terrace of less inclined rim 37m wide, 62m
long, or with the area of 1825, 4 m? (Table 1). It is classified as pseudo-cryoplanation
terrace. Similar, but even more spacious terraces are present at the bottom of structural
depression between Zarkovo brdo and Pordev vrh. Still, they are not studied here as
cryoplanation morphology. .

Also, it is noteworthy to mention one specific cryoplantion terrace registered on
southern slope of Glogovacki vrh at about 1145m. Here, on the mountain slope, a terrace,
20-30m in diameter, located by low limestone escarpment 1, 5-3m high and 50m long, was
created with the process of cryoplanation. This escarpment is covered with blocks and
debris and it stretches in the direction of north-south along the inclination of slope, giving
the impression of morphologic structure significantly disintegrated with cryonivation
process. Therefore, on this example, it came to the formation of small terrace on the slope,
probably caused by cryoplanation movement of escarpment.

Cryonivation niches

Cryonivation niches are cirque or semicircular small terraces cut into the sides of
limestone slopes with openness towards the inclination of slope. On Tupiznica, these forms
can be seen separately or in groups on slopes of the highest morphologic structures of the
mountain ( Glogovica, Lasovacki kamen, Preki kamen-Ledenica), or as initial parts of
former fluvio-nivation shallow “valley systems’ , created by linear erosion of melt watersin
the foothill of the mentioned elevations. It can be said for these forms that they represent
morphologic occurrence on the mountain, characterized with extreme polymorph and, on
some examples, even with polygenesis. Therefore, this is a very convincing indicator of the
significance of paleo-periglacial conditions for the formation of relief of the mountain
higher than 1000m. From this standpoint, in the review of this morphology, it is necessary to
state several general observations noticed during the field researches.

Niches, as secondary forms, are noticed at the terrace on Glogovacki vrh and the
terrace on the slope Preki kamen. On both examples these are shallow semicircular and open
depressions with extremely concave bottom and relation of close connection to the
aforementioned terraces 1-2m below their level. Niches on steeper slopes which correspond
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to cirque or semicircular terraces, or recesses 20-50m in diameter, are particularly
interesting. In some examples these forms are with flattened bottom, which is the indicator
of the process of cryoplanation. These standard niches with flattened bottom were registered
in northern part of the mountain, eastward of escarpment Lasovacki kamen on Bakarno
guvno. Two niches, close to each other, are present here with the width of 10-20m and
length of 25-40m. These niches have stepped distribution on southeastern slope of the
highest peak Lasovacki kamen (1131m) and in northeastern part of Glogovatki vrh
(1260m).

On an open, cirque niche on the south-eastern slope of Zarkovo brdo, concavity of
the bottom of depression for 1m, with certain secondary lateral recess of doline with the
depth of 1m as well, was registered. This indicates that the niche origins from a doline on
the slope which is almost completely morphologically modified and transformed by
cryonivation process. We can only guess why normal doline recess was not created on this
example, in terms of closeness of drainage channels of doline, long perseverance of snow on
the bottom of niche and other things.

Cirque or amphitheatre niches as initial parts of former shallow fluvio-nivation
systems or niches on snow streams are particularly nicely expressed on the structural terrace
in southern part between Zarkovo and Antino brdo ( Tri bunara), or on a very big, erosive-
structural terrace near pit Ledenice ’ (on the north of Ledenicki vrh). The whole area of this
terrace corresponds to huge amphitheatre enlargement in the scope of 1060-1080m of height
from which dry valley beginsin the valley system of Zdrela towards village KoZelj.

Other perglacial formsand occurrences

For other periglacial occurrences and, in certain sense, forms on TupiZnica, can be
said to have secondary character in the scope of the primary karst relief. Also, with their
participation in relief they represent special feature of landscape as an indicator of
significance of former paleo -periglacial environment on the mountain. These occurrences
are primary in the domain of polymorphism on dolines but also from enormous distribution
of surface detritus and corrosion karst which, as we have previously stated, matches
transformed paleo-cryoclastic karst.Polymorphism on dolines is manifested in the
asymmetry of these forms with steeper northwardly exposed sides of these depressions in
relief, created as a consequence of long perseverance of snow, which are characteristics of
recent relations as well. Particularly relations of this asymmetry can have structural features
as well, which was noticed in the area of Bakarno guvno at pit Jovanovacka propast. Also,
the relations of asymmetry were noticed as the consequence of position of dolines on the
inclinations with steeper side along the slope and less inclined side towards the inclination
of dope, especialy in the area of Preki kamen or on Slana bara in the scope of Lasovacki
kamen. For this last type of the asymmetry, the significance of cryonivation is possible in
the context of morphologic transformation of shallow dolines into cirque ones, or
semicircular terraces.

Two specific terraces with dolines registered during field researches should also be
mentioned here. One is located on north-eastern slope of Lasovacki kamen (1131m) where
spacious, probably structural terrace was created. In southern part of this terrace is
asymmetric doline with relations of asymmetry towards the inclination of slope. The terrace
with asymmetric doline in south-eastern part of Antino brdo (1035m) is even more
interesting. This doline, in the form of amphitheatre which is cut into the slope of limestone
elevation, transformsinto slightly inclined terrace of south-eastern direction.

"Folk fair istraditionally held on this terrace at the pit Ledenica each year on 2nd May.
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Detritus and corrosion karst are really massive occurrence on mountain which is
obviousdy masked with vegetation or anthropogenic influences such as cleaning the
deposits, forming heaps and stone walls which used to be done for making meadows for
haymaking and pasture. It is justifiably assumed that these deposits were created due to the
cryoclastic deposits.

At the end of this chapter it should be mentioned that Jovan Cviji¢ (1895) noted the
significance of nivation on polimorphism and asymmetry of dolines on the mountains of
Eastern Serbia. Apart from these initial notes, there have not been any important researches.

The discussion on the given results

Starting from the basic aim of this paper in terms of solving the problem of
presence of cryoplanation relief on mountain TupiZnica, or on previous assumption that the
stated relief is of relict periglacia genetic base and typology, it is necessary to prove this or
explain it at some extent.

The basic assumption of periglacial genetic base of the described relief is that the
highest parts of this mountain, during some phase of recent geologic history, passed through
the period of the development of mountainous periglacial environment, when the creation of
periglacial or cryoplanation relief was possible. The question of the method or process of
genesis of the singled out terraces, cirque niches, as well as the occurrence of asymmetry on
surface karst morphology or development of detritus corrosion karst, is imposed as the
second or special problem.

Proving the presence of paleo-mountaionous periglacial environment on such alow
mountain as TupiZznica ( 1160m), we can start from the correlation, analogy and
comparison, relying on theoretic concept that recent height of mountainous periglacial
environment on the mountains of Balkan peninsula is about 1000m of relative height. The
latter one should be conditionally accepted since this height can be bigger under the
conditions of cold spell and smaller quantity of precipitation. The best marker for
establishing the height of mountainous periglacial environment is the elevation of upper
snow line which is upper boundary of this environment, and upper forest line as lower
boundary of this environment. On the basis of these, recent relations of the heights of
mountainous periglacial environment are in the scope of the elevation of upper forest line on
the mountains of Balkan Peninsula in the range 1900-2300 m (Belij S. et a., 2008) and
theoretic amount of the elevation of upper snow line in the range 2900-3300 m of altitude.
This means that Tupiznicais recently situated low in the scope of forest zone, mostly in the
beech elevation zone.

Recent researches on Prokletije Mountain have established the elevation of upper
snow line in the Last Glacial Maximum of Pleistocene (LGM — Last Glacial Maximum) of
1750 m of altitude (Milivojevi¢ M. et al., 2008), which is the same as earlier results on the
elevation of Pleistocene snow line generally for the mountains of Serbia, in the range 1700-
1800 m (Gavrilovi¢ D., 1976).Upper snow line elevation for Mt. Sar in the Last Glacia
Maximum is 1950-2150 m, depending on the exposition of slope (Kuhlemann J. et all.,
2009). Starting from simple analogy or correlation of the given minimal (1700 m) and
maximal (2150 m) values of upper snow line and the assumption that Tupiznica had similar
height in Upper or Late Pleistocene as today, and according to recent height relation of
mountainous periglacia environment of 1000m, the elevation of upper forest line on
Tupiznicain the Glacial Maximum of Pleistocene (LGM) could be in the range 700-1150 m
of altitude. The data given by A. M. Klien (1953) (from Segota T., 1976) have indicated that
this height was lower where in climate optimum of Upper Pleistocene, consequently the
Last Glacia Maximum (LGM), precipitation for central and eastern part of Bakan
Peninsula was 20 — 40 % of today’s precipitation, while the estimations on average low



67

annual air temperatures for this part of Europe move for 5-7 °C, or 10-12 °C for central
Europe (Batakov G., Konteva M., 1995; Segota T., 1976). In this case the height of that
Pleistocene periglacial environment could be several meters bigger than today’s height of
1000m, or it could descend to 700m of altitude or even lower, which earlier results of
researches of this problem in Carpathian-Balkan Mountains of Eastern Serbia® aso
indicated (Gavrilovi¢ D., 1970). This shows that the presence of paleo- mountainous
periglacial environment on TupiZnica can be accepted with large certainty, and
according to the given results, in relative scope of the Last Glacial Maximum of Pleistocene
(LGM — Last Glacia Maximum). This is partly confirmed with field researches where
subject relict morphology from TupiZnica was not seen below 1000m and concentration of
this morphology was noticed on the highest morphologic structures of the mountain:
Glogovica, Lasovacki kamen and Preki kamen-Ledenica, since this is characteristic for the
highest parts of mountains which enter the elevation zone of mountainous periglacial
environment. The possibility to find morphologic traces of last Pleistocene cold spells on
Tupiznica in the scope of Older and Younger Dryas surpasses the potential and scope of
carried out field researches, as well as the results of possible correlation analysis.

If it is accepted that studied cryoplanation morphology from TupiZnica origins from
the Last Glacial Maximum of Pleistocene, it means that it is 20.000-23.000 of years old
(Kuhlemann J. et all., 2009)°. Certain indicators of age of the described terraces are also
pedologic characteristics of the base of terraces with the presence of light brown soil on
limestone. In the conditions of Holocene development of forest elevation zone on the
highest parts of TupiZnica on flattened parts of cryoplanation terraces, a thick layer of soil
horizon of progressed evolution development was formed.

According to the aforementioned, if there were conditions on Tupiznica for the
existence of paleo-periglacial environment, a special problem is the explanation and
clarification of the morphology genesis which is singled out as cryoplanation, particularly
the terraces on Ljupkova kosa, Glogovacki vrh and Preki kamen which were initia for
studying the problem of the presence of thisrelief on TupizZnica.

In the morphology of this terrace, less inclined or vertical limestone rim clearly
stands out in the shape of a small escarpment built of compact rock or large limestone
blocks. This morphology only corresponds to cryoplanation terraces described in cold
regions of periglacial environment (Nelson F., 1989; Czudek T., 1995 et a.). Therefore, we
have come here to the initial assumption, or hypothesis, that this is cryoplanation and
therefore periglacial relief, which also refers to other described morphology and
occurrences.

Relatively simple genesis of these terraces is explained with the concept of
cryoplantion, or backward movement of slopes under the influence of complex periglacial
processes (frost, nivation, solifluction and other) which refer to erosion and transport of
materials covered with this process. This method of genesis was worked out by Russian
geologists Bo¢ S. |. and Krasnov |.I. (1943) and in modern literature it is mentioned as
Russian Cyclic Model of Genesis of Cryoplanation Terraces (French H. M., 2007).
Cryoplanation terraces were not formed on the example of TupiZnica, but only separate

8 Given analogy and correlation indicate significant differences of the results in the elevation of upper snow line of
the Last Pleistocene Maximum (LGM) as on the example of spaceously close mountains Prokletije and Sar
(Milivojevi¢ M. et al., 2008; Kuhlemann J. et all., 2009). How can we then accept these results as a base for the
correlation? For our study the essence of the problem is the fact that in the conditions of cold spell the width of
zone of mountainous periglacial environment increases towards the intensity of that cold spell. Beside given
relations of unreliable correlation, thisis the essence and base for singling out paleoperiglacial environment on low
mountains such as TupizZnica.

® Accordi ng to the stratigraphy of the Last Pleistocene Glacial which Kuhlemann J. et all. (2009) presented for the

region of Mt Sar, derived according to different correlations for some phases (for example. LGM Bard, 1999;
Older Dryas Cacho et all., 2002 etc.).
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terraces with conditions and relations of flattening of relief, characteristic for periglacia
environment.

We will not study here in details the problem of genesis of cryoplanation terraces,
which is not even solved on the level of global geomorphology apart from several concepts
or genesis models, out of which we mentioned one. It is afact that the mgjority of authors of
global geomorphology agree on the presence of cryoplanation morphology (Czudek T.,
1995; French H. M., 2007 et dl), although the problems of the pace of genesis of these
forms, singling out of genetic processes, physical-geographic context of the genesis of these
forms, have remained unsolved in the sense that they are seen even out of recent periglacial
environment and similar. Exactly the latter fact is the case of our example. Accordingly, we
have singled out cryoplanation terraces in forest elevation zone, out of contemporary
periglacial environment. This problem is easily explained with the relict characteristics. This
means that the singled out terraces and other morphology in the forms of cirque niches, as
well as the asymmetry on dolines and detritus karst on TupiZnica are of relict genetic base of
the Last Glacial Maximum (LGM — Last Glacial Maximum), which is the only explanation
of the presence of thisrelief on the mountain.

Conclusion

The importance of the research of relict cryoplanation morphology on TupiZnicais
manifested in establishing of lower boundaries of the presence of mountainous periglacial
environment in central part of Balkan Peninsula during the Last Glacial (LGM). According
to the researches from TupiZnica this height was certainly below 1000m of altitude, whichis
the height of registered relict periglacial morphology. This gives us the right to search for
this morphology on other mountains of Carpathian-Balkan mountainous system of Eastern
Serbia as well, which has been mostly confirmed with several-year long researches in these
mountains. Therefore, these results move from local to regional scope of the aforementioned
mountainous system of this part of Serbia.

Singling out of cryoplanation morphology on TupizZnica is important in terms of its
presence on Balkan Peninsula, or Serbia, which has not been previously done according to
our knowledge. Considering the fact that this is relict morphology, its importance in terms
of solving the problems of its morphogenesis is small, but singling out of this morphology
provides the base for wider regional reconstruction of mountainous elevation zones during
the Last Glacial Maximum, and on these bases, even possible pal eo-climate reconstructions
etc.

To sum up, the basic question is if our paper has solved the problem of the presence
of cryoplanation morphology on such a low mountain as Tupiznica. According to out
subjective opinion, this problem is solved with relatively firm proofs that in the Last Glacial
Maximum, periglacial environment was present on this mountain and facts that, according
to its morphology and morphogenesis, the described relief cannot be explained otherwise
than with periglacial genetic base. According to the correlation, the genesis of periglacial
morphology on Tupiznicais mostly connected to the Last Glacial Maximum (LGM) of Late
or Upper Pleistocene. The influence of cold spells of last Pleistocene, in the scope of Older
and Y ounger Dryas, most certainly left some trace on the subject morphology, although this
cannot be with certainty stated on thislevel of the research procedure.
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