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Casxerak: VY 3anannoj CpOuju, Ha HCTOYHUM OOpOHLIMMA IUTaHWHE JaJOBHUK, Haja3u ce kapcTHH uiato Llynrype
koju je mopummHe oko 4.5 km’. OBaj m1aTo y OJHOCY Ha OKONHH TEpeH MpeTcTaBkba 3a 15 10 30 M
XHIICOMETPH)CKH BHIITy MOP(HOJIONIKY jeanHuity. JIuTonomky je nsrpaljeH o Kpedmaka CpeJBOTpHjacKe CTapoCTh
KOjHU Cy BeoMa TeKTOHCKH omrteheHH W KapcThdukoBanu. Ha kapcTHOM Iu1aToy (opMmupaHu cy OpojHH
XHJPOTEOJIOMIKA U reoMOp(OJIOIIKH 00jJeKTH KOjU IONPHHOCE aTPAKTHBHOCTU TEOJMBEP3UTETa OBOI' MACHBHOT
kpaja. TepeH 0Ko KapcTHOT u1aToa u3rpaljeH je yriaBHOM o nepugotura. Ha riato He oTHYe, and U He OTHYE HU
jelaH IOBPIIMHCKH BOJOTOK. M3iydeHe armocdepcke NajaBUHE PacXolyjy ce Ha eBallOTPAaHCIUPALMjy M Ha
undunrpauyjy. [paxmweme GpopMupaHe KapcTHO-ITYKOTUHCKE U3IaHK C€ BPIIM NpeKo 18 cTanHux M3BOpa Koju ce
Hajase 1mo 000y KapcTHOT IUIaTOa, Y 30HM TEKTOHCKOI KOHTAaKTa Kpedmaka M Iepuaotuta. Ha ocHOBY MepeHnx
BPEIHOCTH 3a NaJaBHHE U U3JANIHOCT 18 M3BOpa, U3BPIIEHO je OMIAHCHPAmE BOJA 32 KapCTHO-IIYKOTHHCKH THII
M3JIaHU KOjH je (OopMHUpaHa y CPeABOTPUjaCKUM Kpeumanuma miaroa [lynrype.

KJ'Ly‘lHe pe4uu: KapCTHHU IJIATO, XCMI/IjCKa epo3uja; XUAPOJIOMIKHU 6I/IJ'[aHC; €pO3UOHU O6JH/[I_II/I; HYMEPUIKU MOIECIT.
YBoa

VY ckiony peanusaluje MpojeKTa MpeJIUMUHAPHOT carjefaBama NPUPOAHUX pecypca
(MuHEpanmHEe CHpPOBHUHE, BOJE, 3€MJBHINTE, BETeTalrja M JIPyro) Ha TEPUTOPHjU OIIITHHA
[Ipujennosse, HoBa Bapom n Cjennna y 3amagHoj CpOuju, U3BPIICHO je PEKOTHOCUIHPAHE
TepeHa y nepuoay 2002-2005. rogaune. Y OpACKO-TUIAHMHCKAM MOIPYYjUMa OBHX OMIITHHA
3axBaJbyjyhu Manoj ryCTHHHM HaceJheHOCTH U BeoMa ciaboj udpacTpykrypHoj ypehenocru
LEJIOT TI0ZIpYyYja, OuyBaHe Cy OpOjHE aTpaKTHBHE aMOUjCHTAIHE IICTIHHE.

Jeman on MHTepecaHTHHX JOKanuTeTa je KapetHu mwiaro Llymype, Koju ce Haga3u Ha
HCTOYHUM TaJMHAMa IUTaHWHE JaJoBHHK. 300T 3aCTYIUBEHUX T'E€ONOUIKHX CHEH()UIHOCTH
Ha OBOM pEJaTHBHO MAallOM MPOCTOpPY, CIpOBeIeHa Cy ojapeljeHa reoJomka,
XHAPOTEONIONIKa, FeoMOP(HOIIOIIKA, CIIEICOIOIIKA U IPYTa HCTPAKHUBAmbA.

VY npeaMeTHOM paiy, MPUKa3aH je pe3ysTaT IpopadyHa BOAHOI OHiIaHCa 3a KapCTHH
wiaro [ymype. [loOujeHu pesynTaTh Cy y CarjaCHOCTH ca pesyiTaTHMa Jpyrux
CIPOBEJCHHUX I'€OJIOIIKIX HCTPAXKUBADA.
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Iloapyuje ucrpakuBama

Kapcran mnaro Ilyurype je mospumse oko 4.5 km®. TIpercrasspa 3a oko 15 10 30 m
XHUIICOMETPHjCKH BHIILy MOP(OJIOIIKY LIeINHY, Y OJHOCY Ha OKOJHM TepeH. Hamasu ce y
jyrozamanHoMm jxeny PenyOmuke CpOuje Ha oxo 15 kM 3amagno ox Bapomuue CjeHua,
OJTHOCHO Ha UCTOYHHUM OOpOHIMMA uTaHuHe JanoBHuK. HajBuim BpX miiaHuHe JaTOBHUK je
Karynuh ca korom 1734 m. OBa mianvHa npunasa rpynu JluHapckux mianvuHa. lbero Ouno
nMa cMmep npyxama ox Ilpujernossa Ha ceBepozanany, npema CjeHunn Ha jyrouctok. Cu
BOJIOTOLM MpHNaajy ciauBy peke Jluma oqaocHo peke [pune u tume LpHor mopa.

[upe okpyxeme kapcTHor miato Llymrype je miaHHHCKO, ca KOTaMa TepeHa 0] OKO
1200 mo mpeko 1650 m. Kimma je ymMepeHO KOHTHHEHTATHA ca OJUTHKaMa TUIAHMHCKE KITUME
1 HHU30M creruduyHoCTH camor jokanuTera. [IpocedHa BUIIEroquIImba CyMmMa IafaBHHA
m3HOCcH 742 mm. [ogumrmu Xox KOJMMYMHE MaJaBHHA IOKasyje Oa je Mecell ca Hajaehom
MIPOCEYHOM KOJIMYMHOM T1a/IaBUHA jYII, a ca HajMamkOM jaHyap, MapT U Gebpyap.

Kote moBpmmHe TepeHa Ha camoM 1iatoy cy ox 1350 mo 1395 m. Ilpyxa ce ox
Jlazuha kpma (1395 m um) Ha 3anany, no I'paboBauke pexe Ha jyroucroky (Cnwmka 1).
[NoBpuirHa TepeHa Iaroa je MOKPUBEHa CJI0jeM XYMHUHH3HPAHOT 3eMJBUINTA MECTUMUYHO
neospuae u npeko 0.5 m. O6pacTao je OyjHOM JIMBaACKOM U IIYMCKOM BererariijoM (oko 50
% moBpIIMHE 3axBaTajy uryme). Ha rmatoy He mocroje ctaMOeHH, MHIYCTPHjCKH, ITyTHH Kao
HU OHMJIO KOjU IPpYTH HHPPACTPYKTYPHH 00jeKTH.

Marepujai u Meroge

Merton pasa Ha peaqu3aldju UCTPaKMBamba OJIBUja0 C€ 10 IIeMU KaOMHET-TepeH-
kabuner. [IpBo je u3BpHIeHa aHAM3a aBHO(OTOCHUMAKa 3a 11e0 UcTpaxkHu npoctop Takole,
W3BPIICHO j€ NPHUKYIUbAKkE W aHAIM3a MyOJIMKOBAaHMX pPajoBa M JOCTYIHE (HOHIOBCKE
nokymeHTanuje. [lpubaBibeHe Cy NajgaBUHE 3a KHIIOMEPHE CTaHHWIIE HajOJiKe KapCTHOM
mwiaroy Uymrype, 3a mepuox 1946-2005. rogunaa. Ha ocHOBY majbHHCKE ETEKIIHj€ U3BPIIIE-
HO je onpehuBame nenoBa TepeHa 3a IETaJbHO TEPEHCKO T'EONIOIKO M XHIPOTEOJIOIIKO
KapTHPambe.

TepeHcka WCTpakuBamba Treosiolmlke rpalje, XUIPOTeoNoIKUX YyciaoBa, Ipoleca
epo3uje u reoMopdOIONIKKX 00JIMKA HA 0Ja0paHUM JIOKAIMTETUMA M3BEACHA CY METOI0M
JIETaJbHOT KapTHpama. 3a TeoNIOIIKe, XHIPOTeOoJIOIKe, €pO3uoHe W reoMmopdoomnke
o0jeKTe, CIIPOBECHO j¢ CHUMame U ojpehiBame BUXOBUX €lIeMEHATa MEpPEeHhUMa Koja Cy
o0aBJbeHa JUPEKTHO Ha TepeHy. CHUMame KOOpJIUHATa U KOTe KapaKTEPUCTUYHUX Tadyaka
aHamm3upanux objekara BpuieHo je ['TIC ypehajem. Kao ocHoBa 3a 3anmcuBame onaxarma,
KopuiheHe cy opuruHaiHe Tonorpadcke noasore pasmepe 1:25.000. Ananuza npukymsbe-
HUX TOJlaTaka M3BpIIeHa je y KkaOmHery. CrpoBeneHa je KiacupuKandja W IIPHKA3
aHAM3UPAHNX TEOJIOMIKUX, XUAPOTEOIOMKHX U TeoMOpoIomKuX objekara. Ypalerne cy
TeMaTcKe KapTe Kao M KaracTap XUAPOTeoJIOMKNX, TeOMOP(HOIONIKHX 1 epO3HOHUX I0jaBa
u 007HKa.

3a u3padyHaBame MPOCTOPHE €BANIOTPAHCIINPALINje KOPUITNEH j€ HyMEPUIKH MOJENT
pa3BujeH Ha MmojgynapHoM npuctyny (Hukomnuh, 2004). Mozen caapxu Mojyle eHepre-
TCKUX, IUHAMHYKUX U yTHLaja (usuonoruje Omibaka, y3 IapaMeTapu3aiujy yTHLAja
TE€OJIOUIKE TOAJIOre TepeHa. YTHIAj IeoIOKe MOoJJIore MapaMeTpucaH je Ha HauuH KOjH
3axXTeBa XUIPOTEOJIOIIKNA PUCTYIT METOJIOJIOTHjU MCTPAKUBAka TePEeHa. YTYLaju acpoau-
HAaMUYKOT OTIIOpa, Kao M TMOBPIIMHCKOT OTIOpa OWJPHHMX BpPCTa, MapaMEeTPUCAaHU Cy Ha
cnenuduyan HauyH. [ToBpIIMHCKK OTIIOp OMJBHMX BPCTa CUMYJIMpPA KOHTPOIY TOKA BOJICHE
nape u3 nuiha OMJbKe MPEeKo JTOCTYIHUX Iapamerapa y Ipakcu. AepoAMHAMUYKN OTIIOP je
n3padyHaBaH y QyHKUMjH Op3uHE BETpa U XparaBoCTH aKTHBHE ITOBPIIUHE.
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MonynapHo oapeljeHr apaMeTpy HHTETPUCAHK CYy KPO3 OCHOBHY jeIHAYNHY MoJeia
KOja yKJbydyje YTHIQ] CBHX peJEBaHTHHX (akTopa Ha TPOLEC EBalOTPAHCHHPALIH]je:
Haj3HAYajHUje SHEPTeTCKE M aepoJHaMHUUKe (paKTope, TEONIOMKE MOAJIOTe M YTHIla] OUJbHOT
nokpuBaya. Ilopen ocranor, Mmogen ykibydyje arncoprunjy CyHdeBe eHeprije Koja akTHBHO)]
NMOBPIIMHU 00e30ehyje naTeHTHy TOIJIOTY HchapaBarba, 3aTUM MEXaHW3aM TPaHCIopTa
BOJICHE Tape ca MOBPIIMHE HCIapaBama, Kao U Jpyre napaMeTpe KOju PeryJuily eBanoTpa-
Henupanujy. Mojien KOpUCTH OCHOBHY jelHauMHy Ha 0a3d KOMOMHOBAHOT IPUCTYIA, ca
MOJalMa KOj! ce CTaHJapHO Mepe U KOjU Cy yoOHUYajeHo JOCTYIIHH.

JlomeHn Monena neduHHCAH je y OAHOCY Ha IOBPIIMHY MOCMAaTPaHOT HCTPaKHOT
noapydyja. EBarorpancnupaija je pauyHara y Taukama Mpexe ca XOpU30HTAJIHOM pPe30Iry-
nujoM opeheHOM Tako Ja elieMEHTapHa MOBPIIMHA JOBOJEHO TAYHO PEHPE3CHTYje XOMO-
reHo nojpyyje. Pesonynuja Mozena, ca npoctopHuM KopakoM k=dx=dy=100 m, o6e36elyje
JOBOJbHY TAQYHOCT HM3PAadyHATHX BPETHOCTH HMHTErPAJHOT MCHapaBama BOJE U aHyJIHpa
XETePOTreHOCT TepeHa, KaKko y IOIJIeAy TeOJIONIKHX YCIOBa TaKO M Yy HOIVIEAYy 3acTyIUbe-
HOCTH IIYMCKHUX €KOCHCTEMA.

[IpBu KOpak y U3paay HyMEpHUYKOr MOAENA je MOAPa3syMeBao aKypupame NoTpeOHe
0a3e mojaraka M3 JOMEHa aHaJIM3e Ha 0a3u IPUA CHUCTeMa. 3a CBaKO jeIUMHUYHO II0JbE
noepurae 100x100 m, axxypupanu cy oarosapajyhu nopaiu (Temmeparypa Basayxa, HaroH
BOJICHE T1ape, Op3WHa BETpa, Ba3AyIIHU MPUTHCAK, aj0ej0 aKTUBHE MOBPLIMHE, aepOaMHA-
MHYKH OTIOP ¥ MOBPIIUHCKH OTIOP OMJBHOT MMOKpHBaYa M IPYTH) KOjU CY Y BUIY MaTpPUIIE
uckopuitheHn 3a NpopauyH y Mojeny. YJa3sHM TNojand J00ujeHH cy MepemuMa Ha
Tororpad)ckoj KapTH, Kao U CTaHAAPIHUM (PU3HUKUM MEPEHEM METCOPOJIONIKHIX ITapaMeTa-
pa Ha MeTeopoiomkoj craHunu. Kaprorpadcku mnapamerpu oxapeheHH Cy Ha OCHOBY
Tororpadckux kapara pasmepa 1:25 000. 3a cBako mosse 100x100 m m3 nomena mojena
kopuiihieHe Cy KOOpANHATE AOHET JICBOT yIila, MAKCUMAJIHa, MUHUMAJIHA H CPeIihba HaIMO-
pCKa BHCHHA TepeHa, Harub M IIyMOBHTOCT HCTOT.

VYpahena je u TuHaAMHUUYKA aHaIW3a IMafaBUHA KOja, OPEI OCTAJIOT, YKIbYdyje YTHIA]
oporpad)CcKMX W IHHAMHYKHX YCIOBa Ha magaBuHe. CBakoM eJIEMEHTapHOM IIOJbY
npuapykeHa je onromapajyha BpemHOCT mMagaBHHA JOOWMjeHA HYMEPHYKOM aHAJIH30M.
JluraMuuka aHanmm3a MajgaBuHa ypaleHa je moMohy TpOAMMEH3MOHATHOT HEXHIPOCTa-
tnukor Hymepuukor mojena FITNAH (Frenzen et al. 1987). YV moneny je Ha cuenupuvan
HAuMH PEUICHO MPEeCTaBbamke YTHIaja oporpaduje Ha MeTeoposoluke napamerpe (Frenzen
et al. 1987; Nikoli¢, 2002). IIpopauyH cyMme MagaBHHA HANpPaBJ/bCH je MpPeMa HA3HAYCHO]
METOJIOJTHjH.

Pe3yaTaTn ncrpaxkuBama
Teonowika epala mepena ucmpasicusanoz noopyuja

I'eonomika rpaha M TEKTOHCKHM CKIJION KapcTHOr Iuiatoa lllymype m merose mmpe
OKOJIMHE, BEOMa Cy CIOXEHH. Y TEKTOHCKOM IIOIVIEAy OBa TEPUTOpHja IpHIaa JIMMCKO]
TEKTOHCKOj jelIMHHIM KOjy Kapakrtepuine Behu Opoj paceiHHX CTPYKTypa pasinduTor
npaBua npyxama (Zivaljevi¢ et al. 1984). Jlutonomkw, y rpalu TepeHa IIMpe 30HE
HCTPaKHOT TOPYyYja YIECTBY]y CEIUMEHTHE, MarMaTcKke M MeTaMOp(HEe CTeHE, TeOJIOIIKe
CTapOCTH Ol ME€3030HKa JI0 KBapTapa.

[eoNOIKY HajcTapuje CTeHe Cy Kpedmal H AOTOMUTH cpemmer tprjaca (T,') ox
kojux je wmarpahen mmaro [lymype (Cimkxa 1). OBH CETUMEHTH TPEICTABIHEHH CY
CJIOjeBHTHM JOJOMHUTHYHUM KpEUmhalliMa, CHBUM M PYMEHKACTUM JIAIIOPOBUTHM Kpedmba-
[IMa ca CJI0jeBUMa LIPBEHHUX JIAOPOBUTUX M OpedacTux Kpedmaka. IbuxoBa nebsbuHa je
npexo 200 m (Zivaljevi¢ et al. 1984). TexToHcaku cy BeoMa omreheHH U KapcTH(GUKOBAHH.
Ca cTeHCKMM MacaMa Koje ce Haslase y FbUXOBOM HEIOCPETHOM OKPYKEHY Y TEKTOHCKOM CY
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KOHTaKTy. IIpencraBipajy XHAPOTEONOMIKH KOJEKTOp y KojeM je (opMupaH KapcTHO-
IIYKOTHHCKH THIIA M3JaHH.

IMnato Ulymyp ca cBux cTpaHa OKpYXeH je Aujaba3-poyKHa4KoM (OpMAaIMjoM jypcke
crapoctd (J,3) OCHMM IIpeMa jyroucTOKy, IIe je y BHIY jelHe yCKe 30He CIIOjeH ca
kpeumarma ['wbese wianunae (1471 m um). [Ipema Mojcunosuhy et an. (1978), nujadas-
poxHauka Qopmaluja KOHKOPAAHTHO JISKH NPEKO CPelNmho TPUjackuX Kpeumaka. Kao
MocjaeIuila BeoMa HW3paKeHE paaujalHe TEKTOHUKE, nujaba3-poskHauka (opmaimja je
JOBEJICHA y WCTH WJIM HIDKH XUIICOMETPHjCKH HHBO Y OJHOCY Ha TpPHjacKe KpEUmake
(Zivaljevi¢ et al. 1984). ¥V rpahu mujaba3-poxHauke Gopmalije y4ecTByjy CeIMMEHTHE U
Marmatcke crene. Ol CEAMMEHTHHX CTEeHa 3aCTYIUbCHH CY IMElIYapy, aJeBpUTH, JamopI,
POKHALM, TIMHIM U JIATIOPOBUTH Kpeuwbal. OJ MarMaTcKHX CTeHa y cacTaB (opMaiuje
yIasze MepuoTUTH, TaOpOBH, TUjadasn, CIMINTH U Malle Mace rpaHoauopura (Mojsilovié et
al. 1978). [lmjaba3u ce jaBspajy Kao Mamu mpoboju y aujada3-poskHadkoj hopManuju.
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Camnka 1. 'eostomka kapra kaperHor miaroa llymype (npema OcHoBHOj reosiomkoj kapru 1:100 000
auct bujeno Home y )Kusamesuh er an. 1982, u nonymeno)

Jlerenpa: 1 amyBuoH; 2 nujaba3-porkHauka opManyja ca IpeTeKHO Janopruma; 3 aujabdas-poxkHauka popmanuja
ca IpeTexHo Iemdapuma; 4 nujaba3-poxkHadyka GpopManyja ca MPeTeKHO POXKHALUMA; 5 TYHUTH; 6 Kpedmany U
JOJIOMUTHYHU Kpeumanu;, 7 radpo amdubonutu; 8 nmjabasu; 9 reosnomka rpaHuua: yTrBpheHa, MOKpHBeHa,
MOCTYIHU npena3; 10 TeKkToHcKo-ep3noHa rpanuna: yrephena, mokpusena; 11 gemno xpapymry; 12 pacen: yrBphen,
MMOKPHBEH, (hOTOreoIOMIKH ocMarpaH; 13 Bogorok; 14 cranHu u3sop; 15 noBpemenu uzBop; 16 kantupan uzsop; 17
noHop; 18 nehuna; 19 numresuHa.
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On ceprieHTHHUCAHUX XapIOypruTa M3rpajjeH je TepeH jyrou3amnagHo off IUIaToa.
CeprieHTHHHCAHH XapIOypruTH MpeacTaBibajy aeo O3peHCKOor MepuA0TUTCKOT MacuBa. [1o
06oay MacuBa nHajuenthe cy ymkpuiberu (Mojsilovié et al. 1978). I'eonomku Hajmiahu cy
CeMMMEHTH KBapTapHe crapocT. [IpeicraBibeHH Cy [elyBUjaTHUIM M CHIAPCKUM
TBOpeBrHaMa. llena mMoOBpIIMHA TUIATOA MOKPUBEHA j€ NEIYBHjyMOM INTO je omoryhmnio
pa3Boj OyjHE ¥ pa3HOBPCHE BEreTallrje.

AHanu3a pynTypHOT CKJIONA W3BpIICHA j¢é HAa PETMOHAIHOM HUBOY. PermoHaiHu
PYITYpPHH CKIIOI PEKOHCTPYHCAH j€ JeTaJbHOM aHAJIM30M CaTeIMTCKUX CHUMAaKa y pa3Mepu
1:100 000 u 1:50 000. Caumame je BprueHo w3 catenuta Jlanacar 7 ETM+ u3 opOure
BucuHe 0Kk0 910 kM, myTamwa 187, pex 29. AHanTU30M CaTETUTCKUX CHUMAaKa PEKOHCTPYUCaH
j€ MoJoXkaj pa3iOMHUX 30HA M PErHMOHAIHUX pacela ca BUXOBHM mparehum pynrypama.
HeoTtekroHcka aKTMBHOCT TepeHa je pEKOHCTpyHCaHa METOJOM  KBAaHTHTATHBHE
reoMopdoJomKe aHaigm3e. Y BEIMKOM Opojy CiIydajeBa HEOTEKTOHCKH aKTHBHE 30HE Ce
mokuTamnajy ca Beh moctojehnm crapujum pasnomuma. /[y OBHX pa3iIoMHHX 30HA W pacena
JI0JIa3WJI0 je 10 HOBHUX, IPABHTAIMOHUX TIOKpPETa, CHYIITakha M W3AMU3amha I0jeIUHUX
omokoBa. Kapcruu raro Hlymrype npumaga 070Ky ca MO3UTHBHAM BPEIHOCTUMA CHEPrHje
pesbeda. PenatuBHO M3aM3amke TIIATOA Y OHOCY Ha OKOJIHU T€PeH, OMOTyhuiio je y OKBUpY
era MHTE3UBHUjU TPOLIEC epo3Hje.

Epo3uonu npouec u popmMupanm o0 1uuu

KapcrHa epo3mja 3acTymsbeHa je Ha LEJIOM I1aToy. XEMH]CKO pacTBapame U
MEXaHWYKO pa3aparme KapOOHATHHX CTEHA IPEIMCIIOHUPAHO jé TEKTOHCKOM Hciynanonthy
Kpeumaka. Pa3BHjeHM Cy KapCTHM MOBPIIMHCKH (IIKpare, yBajie, Bpraue, IIOHOPH, 30HE
MOHWpamka) W TOA3CMHH oOmuIiy (Kpammku KaHamw, jame W mnehune). YTBpheHo je
HeMoJyiapame Ioa3eMe (XUIPOreosIomKe) U MOBPIIMHCKE (Tomorpacke) BOIOICITHHUIIC
(Huxwuh, 2003).

TexkTOHCKH TUCKOHTHHYHUTETH NPEICTaBIbajy HA MOBPLIIMHK TepeHa MecTa HHpuiITpa-
[Mje aTMOC(EPCKUX BOJA, a y ITOA3eMJbY MeCTa IPUBIIIETOBAHOT MpaBIla (GpuiaTpamnuje Boja.
Bpraue cy npeunnka u go 50 m, nyoune no 20 M. Beoma je mmmpecuBan Bemnku monop,
nyoune oxo 30 M, nmpeunuka oko 20 M (Cnuka 2), koju je GopMupaH y 30HU pacena u
HaJla3u ce MpUOJIMKHO y HEHTPAIHOM Jelly IUIaToa.

Ha cBojoBuMa M 3ujoBMMa KpaTKMX NEhMHCKMX KaHala M TOTKaluHa, 4ecTe Cy
KaBepHEe TMpe4YHuKa oJ Jecerak caHtumerapa jgo 0.5 m. Mehyrum, BehnHa kaBepHH M
MYKOTHHCKHX CHCTEMa 3HATHO je 3alyheHa JCITyBHjalHUM MaTepHjaioM KOjU je BOAOM
TPaHCIIOPTOBAaH, JIOHET, Ca TIOBPIINHE TEPEHA.

[ToBpmMHCKO OTHIIaK€ BOJA Ca IUIATOA HE IOCTOjH A Ha Hera M He JIOTHYE HU
jenaH MOBPIIMHCKH BOJIOTOK, OJHOCHO HEMa aJloreHHX peka. ATMocdepcke Boje Koje ce
U3Iyde, PacXodyjy ce Ha eBalOTPaHCIHPANHjy W HHPHITparyjy. Y 000THOj 30HH ILIATOA,
IIy’K KOHTaKTa XUTICOMETPHjCKH BUIINX Kpeumadka U HIKE Arjaba3-poxHadke (hopmarmje,
(hopmupanu cy O6pojau cumapu. Ha nenoBuma TepeHa Iie Cy BepTUKAIH KPSUHAUYKH OCEIN
U CTpMe IafuHe, O] JIejCTBOM I'PaBUTAlMje JOJIa3H 10 OTKHAAma (parMeHaTa Kpedmaxa
pasiIMYnTe BEIMUYHMHE, IbUXOBOI KOTPJbalha U aKyMyJHpama y MOJHOXK]Y maauHe. Cunapu
MacKHpajy NpIMapHa MECTa HCTULAba U3JaHCKHUX BOAA.

JlpeHnpame KapCTHO-TyKOTHHCKE HW3JaHM BUINM ce Npeko 18 crajgHuxX u3BOpa.
HW3Bopu cy pacniopeleru y 304 0002 I1aToa, Ha KOHTaKTy CPEJEHOTPUjacKOr Kpeumhaka ca
njaba3-poxHaukoM (opManujoM jypcke crapoctd. [IpucyTHH Cy W NMOBpPEMEHH W3BOPH
KOjH Cy BeoMa KpaTKo aKTMBHHM TOKOM IepHoja MOBOba. KapcTuhrKoBaHN M TEKTOHCKH
omreheHN CpelbOTPUjacK Kpeumally Cy ca XHIPOTEOJIONKOM (YyHKIHjOM XHIIPOTeOIIo-
IIKOT CIIPOBOJHUKA M XHAPOTEOJIOMIKOT KOJEKTOpa, a TBOPEBUHE JaWjada3-poXKHAUKe
(hopmanmje ca GyHKIHjOM XHAPOTEONIOIIKE Oapujepe.
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Ha ocHOBY pesynraTa XHApPOXEMHjCKHX HCHHUTHBama y30paka Bojxa ca 18 m3Bopa,
KOHCTaTOBAaHO je Jla CBU MPHIIAAJy XUAPOKapOOHATHO-KAJIMjCKOj TPYMH BoJa 4Hja je
muHepaiuzaiuje oko 250 mg/l, pH Bpeanoctu 7.1 no 7.5. [IpeTxoaHO ykasyje Ha T€HETCKY
BE3y BOJA H3BOpA, Ca KpeumaluMma. MepemeM KOIMYMHE HCTHLAama BOJa Ha CTaJHUM
n3BOpHMa YTBpheH je OoJHOC MHMHHMMalHE W MaKCHMalHE H3JAIIHOCTH Y PacloHy Of
Qmin/Qmax=1:2.4. OBakaB OJHOC HE MPEJACTaBJba THUIHYHY OCI[HJIAIM]Y H3JAIIHOCTH 32
W3BOPE M3 KapCTH(PUKOBAHUX KpEUmbaKa.

Canka 2. Beauku noHop Ha kapectHoM nmiiaroy Ilymype
Buaanc noazeMHux Bojaa kaperHor nmiaroa Hlymype

3a notpebde OmnaHcupama Bojia KopuiiheHu cy pe3yJTaTi aHajiu3e reojolke rpahe Tepena,
XHUJJPOTEONIONIKMX CBOjCTBA CTEHAa, 3aTUM T'eOMOP(OJIOIIKE KapaKTePUCTHKE, (H3MIKO-
reorpa)CKu M KIMMATCKU YCJIOBU M KapaKTep BEreTEMOHOr MOKpHBayu TepPeHa Iu1aToa. 3a
aHaJIM3y MaJiaBUHA Cy Kao YJa3He BPEeIHOCTH KopuinheHe cepHje M3MEpEeHHX BpPEIHOCTH
MECEYHHMX CyMma MajaBuHa y nepuoay 1946-2005. roguHe Ha METEOPOJIOUIKAM CTaHUIIaMa
u3 foMeHa mozena. Ha mpocropy kapcrHor muiatoa Lllymrype nobujena je cpeqmba roauimba
cyma nanasuHa ox (P) 742 mm, 1j. Ha cBakM KBaJpaTHU METAp IJIaTOA MPOCEYaH TOJIUIIbLH
MIPHUXOJ] BOJE O MaJaBHHA je 742 L/m>. IIpocedna Meceuyna pacrioziena majiaBiHa aTa je Ha
CIIAIN 3.

1 2 3 4 5 6 7 8 9 10 11 12 months

Ciuka 3. XucTorpam npoceyHux MeceqHHX cyMa MagaBHHA 3a nepuoa 1946-2005. r. na nuaroy Ilymype.
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PerucrpoBame H3IaNIHOCTH M3BOPA BPIICHO j€ Y HOBHjeM MIEpUOTy, 3HATHO Kpahem y
OJIHOCY Ha Mepema MaJaBHHa. 3aTO je M3JAIIHOCT CBUX M3BOpa Mo 0001y IIaToa, 3a UCTH
nepuox (1946-2005), onpeliena meromoM BogHOr OuiaHca. 3a ojapeluBame HcrapaBarba
Boje KopummheH je HyMepWdkd mozen epamorpaHcruparyje (Huxomuh, 2004). Vnazau
mojaly cy J00HMjeHH Ha OCHOBY Mepema Ha CHHONTHYKO] METCOPOJIOINKOj CTaHUIU
"Cjenuna" koja je Hajperpe3CHTATHBHHUja 3a UCTPAKMBAHO MOAPYYje (HaIMOpPCKa BHUCHHA
MeTeopoutomke cranure: 1180 MaM).

Bepudukanuja npopadyHa BIIeHa je aHAIM30M IpPEHUpPama KapCTHO-ITYKOTHHCKOT
TUIIa W3JIaHU Ha OCHOBY Mepema M3JAIlHOCTH Ha 18 m3Bopa mo oboay miaroa. 3a cBe
M3BOpE Ha TEPEeHy Cy M3MEpEHe HHXOBE KOOPAMHATE, IPOBEPaBaHa je U3JAIIHOCT UCTUX Y
pasnuyuTEM NoOUMa roauHe (Y CyIIHUM M KHIIHKM €MH30JaMa) U U3BPLICHE CYy XEMHjCKe
aHaJIM3a BOJA.

Hemro Bumm creneH eBamnotpancnupanyje ca miaroa Llymype y onHocy Ha Heke
Jpyre KapcTHE TepeHe YCIIOBIbaBajy: TEOIMIIKE U XHIPOTeONONIKe KapaKTepUCTHKE IJIaToa,
TepeH obOpactao BereranujoM (oko 50 % moBpmMHE 3axBaTajy HIyme), Mopdoiomke
KapakTepucThke (Majd Harud TepeHa) M KIMMATCKe KapaKTePUCTHKE (M3pakKeHH
JMHAMHUYKH edekTH). AHanmu3a rmokasyje za je 3a 3 Mecena, y XJIaJHHjo] TI0JIOBUHH TOJIMHE,
npocedHo uctuname u3Bopa (Qgeq) 21.4 L/s, mok je y mpeocranux 9 meceiy MpoCEeYHO
uctHame (Qgeq) 42.2 L/s. OqHOC  Qpmin/Qumax, MPOCEUHO 32 1e0 nepuo, je 1: 2.4. Ilpoceuno
MUHHMAJTHAO UCTHIAKE U3HOCH (Qpin) 21.3 L/s, a MakcumanHo (Qugy) 5S1.1 L/s. [Ipoceuna
TOJUIIA U3JATHOCT cBUX m3Bopa u3HocH (Q) 37 Jl/c. Jla Ou To Owio ymopenwBo ca
naJlaBuHaMa HalpaBJbeH je eKBUBAJICHTAaH NPOPAavYyH BHCHHE "OTHIAja MON3EMHUX Boma" y
MM. 3a yKymHH TpocedaH uctunaj on 37 L/s moOuja ce eKkBHBaleHT BHCHHE OTHIIA]ja,
npocedHo ca miaroa Lymrype, 259.3 mm (Tabela 1). To 3Haum ma ox yKyNmHUX MaJaBHHA
MPOCEYHO HCHapH OKO 65 %, a 0cTaje Ha pacrojaramy Kao paciUIOKUB PECypC MOJI3EMHUX
Boza, 35 % o mpocevHO M3MydIEeHUX MaJaBUHA.

Ta6ena 1. OxHoc NpoceYHNX roAMIIBLUX NAJAaBHHA, €BIOTPAHCIIUPaLHje
M U3aIHOCTH u3Bopa 3a miarto ymype (1946-2005)

. . "OTHIa] TOA3EMHUX
Toapydje IloBpuHa ITanaBune EBanorpancnupanuja sona"
HUCTPaXKUBHA Surface area Rainfall Evapotranspiration Graun dwc)j ter runoff
Study area (km?) (mm) (mm) (mm) -
Kaperit nato 45 742 4827 2593
Hlymrype

Pacniopen u xonnurHa atMocdepckux naaaBuHa TokoM roauHe (Cinuka 3) je TakaB
Jla JIeo NaJaBrHa KOjU ce HHQHUITPHUPA, BPUIM NPUXPAabUBaE KAPCTHO-ITYKOTHHCKE U31aHH
TOKOM Iene roaumHe. MeljycoOHa NOBE3aHOCT AMCOIYLHMOHO-IIYKOTMHCKHX CHUCTEMa H
BEIMYMHA XWApAYJIMYKOr rpaaujeHTta omoryhaBajy (QHITPallMOHO KpeTame BoJa
WHQUITPUPAHUX ca TOBpIIMHE TepeHa. MelhyTumM, 300T 3amyHBEHOCTH KaBEpHH W
MYKOTHHCKHX CHCTeMa JECTYBHjATHUM MAaTEpHUjajoM, OBaj XHUAPOTCOJIOMIKN KOJIEKTOp je ca
U3PAXEHOM peTapIalioHoM criocobHonthy. KiiMarcke kapakTepHCTHKE M peTapAaluoHa
CIOCOOHOCT CTEHCKE Mace Cy eJIEMEHTH KOju oMoryhaBajy TOKOM ILielie TOIHMHE JTO03UpPaHO
HCTHIAake IOJ3EMHUX BOJAa MpPEKO CcTalmHuX u3Bopa. Ha oBaj 3axipydak ymyhyje u
pellaTMBHO Majla OCUWJIAlMja WM3JAIIHOCTH H3BOpa TOKOM roxwHe. Takohe, peamHa je
NpeNnocTaBKa J1a 3aCTYIUBEHH IMOBPLIMHCKU M IIOJ3€MHHM KapCTHH OOJHLM Cy (DOCHIIHH,
OJIHOCHO, TPEJICTaBJbajy IOCICAUIy PaHHJUX TEOJIOMIKHX, TEKTOHCKHX, KIMMATCKUX U
npyrux gorahama.
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3akibydak

Kapcrau mnato Ulyriype mpencraBiba 3aHUMIBUBY T'€OJIOLIKY, XHAPOTEOJIOIIKY,
aMOMjeHTANIHY U eKOJIOIIKK ouyBaHy lenuHy. CrenuduyHocT OBOT JOKAIUTETa MOCIeUIa
je meroe reofolinke rpalje, TEKTOHCKUX OJHOCA, XHIPOTEOJONIKHX YCIOBa, KIMMATCKUX
OpIIKKa, MOpP(OIOTHje TepeHa, BereTalnoHOT MOKpHUBAaYa W BOJAHE €po3Hje, KOju Cy ca
CBOjUM THUIIHYHUM KapaKTEPUCTHKAMAa 3aCTYIIJbEHH Ha OBOM, PEIATHBHO MajOM, TPOCTOPY.

Pesynrartu Gunanca Boma 3a kapctau mnaro Llymype ykasyjy Ha peTapaanudoHy
CIOCOOHOCT CPEeNbOTPUjACKUX KPEUmbaka y JaTUM KIMMAaTCKUM YCIOBHMa. Pacmopen u
HHTE3UTEeT aTMOc(hepCcKuX MajaBHHA oMoryhaBa CTaqHO aJMMEHTHPAEke MOI3EMHHX BOJA
mro omoryhaBa OOHaB/batbe M OJPIKABAE [TUHAMHYKHX PE3CPBH IMOA3EMHHX BOJA Y
KapCTHO-ITyKOTHHCKO)] U3JaHU. 3axBaspyjyhu peTapaanmoHoj CHOCOOHOCTH
CPeAmOTPUjACKUX Kpeurhbaka, JOMUHAHTHO 300T JCIUMHYHE 3allyHhEHOCTH JICITyBHjaTHUM
MaTepHjaioM KaBepHU U MyKOTHHA, OCTBAPYje Ce AO3UPAHO UCTUIAME MOJ3EMHUX BOJA M3
KapCTHO-MTyKOTHHCKOT THMA U3AaHu. VI3BOpU MPEKO KOjUX C€ BPINU MPAXKIHCHE KapCTHO-
MYKOTHHCKE M3[JaHU Hajla3e Ce Y 30HH TEKTOHCKOT KOHTaKTa CPEARmOTPHUjaCKHX KpeUmaKa 1
njabasz-poxkHauke (opmaruje. [IpopauyH BogHOr OuiiaHca 3a MPOCTOpP KApCTHOT ILIATOA
yurype, MOTBPAMO je peaaHOCT PEruCTPOBAHOT OJHOCA MHHUMAJIHE W MaKCHMAllHe
M3/IAITHOCT U3BOPA.

CrpoBejicHO OwuiaHcupame Boja KopuiihemeM ojromapajyher Momena ca
3a10BoJbaBajyhoM Taunomhy oMoryhuio je neduHucame BpeJHOCTH 32 "OTHIA] MTOI3EMHIX
BojJa" W eBaNoOTpaHCIUpalyje, 3a kapetHu mwiato [lymrype.
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Abstract: The karst plateau of Susure, about 4.5 km® in surface area, is situated on the Jadovnik eastern offset,
western Serbia. The plateau is a morphologic unit higher 15 m to 30 m than the surrounding terrain. The unit
consists of crushed and karstified Middle Triassic limestones. Numerous hydrogeological and geomorphologic
features of the plateau are attractive for visitors in this economically underdeveloped country. Rocks building up
the surrounding terrain are largely peridotites. Surface streams flow neither into nor off the plateau. Atmospheric
precipitations discharge to evapotanspiration and filtration underground. More than eighteen constant springs at the
limestone/peridotite tectonic contact drain fracture aquifers on the karst plateau border. Measured precipitations
and springflows were the input and output data for accounting water budget of an aquifer of Middle Triassic
limestones in the Susure plateau.

Keywords: limestone plateau, chemical erosion, hydraulic budget, erosion features, numerical model.
Introduction

A 2000-2005 reconnaissance of Prijepolje, Nova Varos and Sjenica town territories,
western Serbia, was part of a project of exploration in natural resources (mineral ore, water,
soil, vegetation and others). Mountainous areas of the three municipalities have few
scattered settlements and underdeveloped infrastructures, but preserved many attractive
scenic features.

One of interesting areas is the Susure karst plateau on an eastern offset of Jadovnik.
Specific geological features in such a small area were reason for geological,
hydrogeological, geomorphological, speleological and other investigations.

This work presents results of a water budget accounting for the Susure karst plateau,
which are consistent with the geological findings.

Study area

The karst plateau of Susure, an area of around 4.5 km?, is a morphologic feature that
rises 15 m to 30 m above the surrounding terrain. It is situated some 15 km west of Sjenica
on an eastern offset of Jadovnik. The highest peak of Jadovnik is Katunié, 1734 m. Jadovnik
belongs to the group of Dinaric Mountains. Its ridge is extending northwest of Prijepolje to
Sjenica in the southeast. All mountain streams drain into the Lim, to the Drina and empty
into the Black Sea.

Mountainous region of the Susure plateau varies in altitude from around 1200 m to
over 1650 m. The climate is moderate continental, characterized by mountainous weather
and many local specific conditions. The average perennial amount of precipitation is 742
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mm. Annual amounts of precipitation indicate July as the rainiest month, and lowest
amounts in January, March and February.

The plateau surface elevations vary between 1350 m and 1395 m, sloping from
Lazi¢a Krs (1395 m) in the west to the Grabovacka stream in the southeast (Fig. 1). Top soil
over the plateau is locally deeper than 0.5 m on which grows meadow and forest (almost 50
% trees) vegetation. There are no houses, industrial works, roads or any other infrastructure.

Material and methods

Our research was both internal and external and covered first interpretation of aerial
photographs of the study area and compilation of published data and available unpublished
records. The obtained precipitation data for the period 1946-2005 were from a rain-gauging
station nearest to Susure plateau. We prospected an area selected for detailed geological and
hydrogeological mapping using remote sensing.

Detailed mapping yielded field information on geology, hydrogeology,
geomorphology and erosion in selected locations. Coordinates and heights of characteristic
sites were measured using GPS device. Observations were noted and plotted on original
topographic maps at scale 1:25,000. The interpretation of collected information was an
internal research work, which included classification and presentation of geological,
hydrogeological and geomorphological data, and resulted in preparation of thematic maps
and a cadastre of hydrogeological, geomorphological and erosion features and occurrences.

Calculation of the spatial evapotranspiration used a numerical model developed on
modular approach (Nikoli¢ 2004). The model consists of energy, dynamic and plant
physiology effect modules, with parameterization of the influence. The method of
parameterization was the one that required hydrogeological approach to the methods of field
prospecting. Parameterization of influences from aerodynamic resistance and from
superficial resistance of plant species were specific procedures. For example, superficial
resistance of plant species simulates the control of vapour flow from plant leaves by means
of the parameters available in practice. Aerodynamic resistance calculation is related to
varied velocity and roughness of the active surface.

Modularly determined parameters are integrated in the basic model equation, which
includes influences of all relevant factors on the process of evapotranspiration: major energy
and aerodynamic factors, geologic basement and plant cover. Moreover, the model includes
absorption of solar energy that provides latent heat of evaporation on the active surface, then
a mechanism of vapour transportation from the evaporation surface, and other parameters
controlling the evapotranspiration. The model uses the basic equation developed from a
combined approach, with the usually available data of standard measurements.

Domain of the model is defined with respect to the given research area.
Evapotranspiration is calculated in points of a network with the horizontal resolution
determined so that the elementary area represents sufficiently accurately a homogeneous
area. The model resolution for areal step k = dx = dy = 100 m assures adequate precision of
the calculated integral water evaporation and annulates terrain heterogeneity in local
geology and in the incidence of forest ecosystems.

First step in developing the numerical model was updating the database necessary for
a grid-system analysis. For each area of 100 m x 100 m, the updating included air
temperature, vapour pressure, wind velocity, atmospheric pressure, active surface albedo,
aerodynamic resistance and superficial resistance of plant cover, which were used as a
matrix in the model calculations. The input data measured values from the topographic map
or standard physical measurements of the meteorological parameters from climatological
stations. Cartographic parameters were from topographic maps at scale 1:25,000. Lower left
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corner coordinates, maximum, minimum and mean land elevations, slope and forest
coverage were used for each field 100 m x 100 m.

A dynamic analysis of precipitations included inter alia the influence of orography
and dynamic factors on precipitations. A proportional value of precipitation, obtained by
numerical analysis, was added to each elementary field. For dynamic analysis of
precipitations, the three-dimensional no hydrostatic numerical model FITNAH (Frenzen et
al. 1987) was used. The model had a specific solution for representing the influence of
orography on meteorological parameters (Frenzen et al. 1987; Nikoli¢ 2002). Calculation of
the amount of precipitation followed the same methodology.

Resarch results
Geology of the study area

Geological setting and deformation fabric of the Susure karst plateau and its area
wider is complex. The area is part of the Lim tectonic unit characterized by a number of
faults in different strike directions (Zivaljevié et al. 1984). Lithologic constituents of the
wider study area are sedimentary, igneous and metamorphic rocks ranging in geologic age
from the Mesozoic to the Quaternary.

The oldest rocks are Middle Triassic (T,') limestones and dolomites that build up the
Susure plateau (Fig. 1). Sedimentary rocks are stratified dolomitic limestones, grey or
reddish marly limestones with layers of red marly brecciated limestone, in a thickness
exceeding 200 m (Zivaljevi¢ et al. 1984). These crushed and karstified rocks have a tectonic
contact with the adjacent rock masses, forming a karst-fracture type of aquifer.

Fig. 1. Geological Mapvof Susure karst plateau (after Base Geological Map at Scale 1:100.000
Sheet Bijelo Polje, in: Zivaljevi¢ et al. 1982; and revised).

Legend: 1 alluvium; 2 diabase-chert formation with dominant marlstone; 3 diabase-chert formation with dominant
sandstone; 4 diabase-chert formation with dominant chert; 5 dunite; 6 limestone and dolomitic limestone; 7 gabbro
amphibole; 8 diabasite; 9 geological boundary: identified, inferred, gradual passing; 10 tectonic/erosion boundary:
observed, inferred; 11 nappe front; 12 fault: identified, inferred, photogeologically observed; 13 watercourse; 14
constant spring; 15 intermittent spring; 16 tapped spring; 17 swallow hole; 18 cave; 19 bog.

A Jurassic (J,3) diabase-chert formation surrounds the Susure plateau on three sides.
A narrow area in the southeast links the plateau with limestones of Giljeva mountain (1471
m). Mojsilovi¢ et al. (1978) describe the diabase-chert formation as conformable over
Middle Triassic limestones. Radial tectonic movements displaced the diabase-chert
formation level with or lower than Triassic limestones (Zivaljevi¢ et al. 1984). The
formation contains sedimentary and magmatic rocks. Sedmentary rocks are sandstone,
siltstone, marlstone, chert, claystone and marly limestone, and magmatic constituents are
peridotite, gabbro, diabase, spilite and small masses of granodiorite (Mojsilovi¢ et al. 1978).
Diabase occurs as minor intrusions in the diabase-chert formation

Serpentinized harzburgite that builds up the terrain southwest of the plateau is part of
the Ozren peridotite massif. It is schistose on the edge of the massif (Mojsilovi¢ et al. 1978).

The newest rocks are of the Quaternary age. These are diluvial and slide debris all
over the plateau on which grow diverse plant species.

Detail analysis of satellite images at scales 1:100,000 and 1:50,000 and their
interpretation led to reconstruction pf the regional structural pattern. Photographs from
Landsat 7 ETM, taken from orbit height about 910 km, track 187, strip 29, were interpreted
geologically for reconstruction of fault zones, regional fault and secondary ruptures. The
method of reconstruction applied for the neotectonic events was the quantitative
geomorphologic analysis. Active neotectonic zones, manifested in newer gravitational
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sliding and block uplifting, are coincident with the preexisting faults. The karst plateau of
Susure belongs to a block of positive potential energy of relief. Higher than the surrounding
terrain, the plateau has been more exposed to erosion.

Erosion processes and resulting features

Karst erosion is in progress all over the plateau. Chemical decomposition and
physical disintegration of carbonate rocks related to limestone fracturing have produced
surface (karren, uvala, swallet, swallow hole, sinkhole nest) and subsurface (stream
conduits, caverns and caves) karst features. The subsurface (geological) and surface
(topographic) watersheds are not coincident (Niki¢ 2003).

Tectonic discontinuities allow infiltration of atmospheric precipitations from the
ground surface and are preferential routes of groundwater flow. Swallets are karstic
depressions of less than 50 m in diameter, less than 20 m deep. Veliki Ponor is a
conspicuous karst feature, 30 m deep hole of about 20 m in diameter (Fig. 2), formed in a
fault zone near the plateau centre.

Short cave passages may have caverns in ceilings and walls of dozen centimeters to
half a metre in diameter. Most of the caverns, however, are filled with diluvial material
carried from the surface and deposited by water.

There is no surface flow on the plateau, because there is not any allogenic stream.
Atmospheric precipitations empty through evapotranspiration and underground infiltration.
Numerous talus heaps have formed at the base of the higher limestone over the lower-lying
diabase-chert formation on the plateau border. Rock fragments of varied sizes break off the
steep limestone cliffs by the force of gravity, roll down and deposit at the base of the slope.
Old scree conceals places of the primary groundwater discharge.

Groundwater drains through eighteen perennial springs, all at the contact of Triassic
limestone and Jurassic diabase-chert formation on the border of the plateau. There are also
intermittent springs only during high flow episodes. Karstified and crushed Middle Triassic
limestone functions as an aquifer and rocks of the diabase-chert formation as a groundwater
barrier.

Chemical analyses of water samples from the eighteen springs indicated the same
group of hydrocarbonate-calcium water with a mineral rate of about 250 mg/L, pH from 7.1
to 7.5, an evidence of the same derivation from limestone. Ratios of minimum to maximum
measured spring flows (Qmin/Qmax) were within the range from 1 to 2.4.

Fig. 2. Veliki Ponor in the Susure karst plateau.

Groundwater balance for Susure plateau

Information used in accounting the groundwater budget was geological character,
hydrogeological properties of rocks, geomorphologic features, physical geographic and
climate situations, and kind of vegetation on the plateau. The input data for precipitations
were series of monthly amounts for period 1946-2005 taken at meteorological stations
within the model perimeter. The obtained mean annual amount of precipitation (P) is 742
mm, or 742 L/m? average annual rainfall upon each square metre of the plateau. Figure 3
gives average monthly distribution of rainfall amounts and frequency.

Springflow records are available for a much shorter period than the precipitation. To
cover the same study period (1946-2005) for spring flows, we used the water balance
method. A numerical model of evapotranspiration (Nikoli¢ 2004) served to determine the
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evaporation. The input data are measurements from the Sjenica synoptic meteorological
station, which is representative (altitude 1180 m) of the study area.

Verification of the estimate of groundwater drainage is based on the interpretation of
springflow measurements in all eighteen springs on the plateau border. Available data on
each spring were its measured coordinates, outflows in dry and wet episodes of the year and
chemical analyses of water.

Somewhat higher evapotranspiration on the Susure plateau than in similar karst areas
results from the geological and hydrogeological character of the plateau, vegetation (50 %
forest), morphology (low slope) and climate (marked dynamic effects). Average spring
discharge (Qmn) is 21.4 L/s in the three cold months of the year, and 42.2 L/s in the other
nine months. The Qmin/Qmax average ratio for the whole period was 1:2.4, or Qmin 21.3
L/s and Qmax 51.1 L/s. Average annual yield (Q) of all springs is 37 L/s. For comparison
with the occurred precipitations, an equivalent "groundwater runoff depth" was calculated in
mm. The equivalent average runoff discharge from the Susure plateau was 259.3 mm for the
total overall discharge of 37 L/s (Tab. 1). This is to say that about 65 % of rainfall
evaporates and 35 % of the average atmospheric discharge is the available groundwater
resource.

Fig. 3. Histogram of average monthly amounts and frequency of precipitation
over Susure plateau for period 1946-2005.

Distribution of the rainfall amount and frequency over the year (Fig. 3) is such that
infiltration continuously recharges the fracture aquifer. Communicating dissolution-fracture
systems and steep hydraulic gradients allow infiltration of water from the ground surface.
However, caverns and fractures are filled with diluvial materials that slow water flow. The
prevailing climate and retarded groundwater flow through rocks are controlling the
continuous moderate discharge at springs. The relatively small fluctuation rage of spring
flows during the year leads to the same inference. In addition, a reasonable assumption is
that the surface and subsurface karst features were fossil forms inherited from the preceding
geological, tectonic, climatic or other events.

Table 1. Relationships of average annual amounts of precipitation, evapotransporation and springflow
for the Susure plateau (1946-2005).

Conclusion

The karst plateau of Susure is an interesting geological, hydrogeological,
environmental and ecologically preserved feature. Its distinction has results from the
geological fabric, tectonic relationship, hydrogeologic pattern, climatic circumstances,
morphology, vegetation and erosion in this, relatively small, area.

Water balance for the Susure plateau indicates a retardation capacity of Triassic
limestone in the prevailing climate. Distribution of the atmospheric discharge amounts and
frequency allows continuous groundwater alimentation and consequent recharge and
maintenance of the groundwater dynamic reserve. Owing to the retardation capacity of
Middle Triassic limestone, resulting mainly from the partly filled caverns and fractures with
diluvial materials, groundwater drains at a moderate rate from the karst-fractured rocks.
Springs draining the aquifer are located at the contact of Middle Triassic limestone and a
diabase-chert formation. A hydrologic balance for the Susure karst plateau confirmed the
established ratio of the minimum and maximum spring flows.

Water budget accounting on a relevant model allowed a satisfactory estimate of the
"groundwater runoff" and evapotranspiration for the Susure plateau.
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