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-IPHJIOT 32 NMPeEJeOH0-CKOJIOMIKY AHAIN3Y-

W3Boa: CiuB je MpOCTOPHO U (YHKIIMOHATHO, jaCHO Ae(HHHUCAHA U PEeJIEBAHTHA XUAPOJIOIIKA, TeoMOPdOIIONIKa 1
€KOJIOIIKA TpeJeoHa LieJMHA. 3aTo OH Hajyemihe MpeacTaB/ba OCHOBHY T€ONPOCTOPHY jEAMHHUIYY T'€HEepHcamba,
npahema U mpoydyaBama MHOTOOPOJHHX (PU3HUKO-TeOrpadCcKUX U reo-eKONOMIKUX I0jaBa U mporeca. JeaHa of
Haj3HAaYajHUjUX KOMIIOHEHTH IeONPOCTOPa HAa HUBOY CIIMBA MaHU(ECTYje ce Kpo3 CTame U KBAIUTET MOBPLINHCKHX
Bozia. C Tora OM MpHXBaTarmbe CHCTEMCKOT IPUCTYIIA y NPOydYaBamby MHHEpAIM3alyje MOBPIIMHCKUX BOJA MOTIIO-
MOIJIO y6Jbe pasyMeBame IPOLEca y CI0KEHOM CHCTEMCKOM OKDYKEHY Kakas je ciauB. Kao monurox takse Bpcre
HCTPaXMBAYKOT NIPUCTYIA CIUB Bucounne onadpaH je n3 HekonMko pasnora. Hajpuimm crnenuduyHn oTHIAjH Ha
npoctopy ucroyne CpOuje, XeTeporeH reosIomKH cacTaB TePeHa, CKOPO MOTIIYHO OJICYCTBO yTHIIAja aHTPOIIOTE€HOT
(akTopa Ha cTame XKUBOTHE CpeIuHe, Kao U IOCTOjale BOJHE aKyMyianuje 3aBoj omoryhmmo je carnenaBame
BPEIHOCTH DPACTBOPCHUX MHHEPAIHHX MaTepHja IMOBPIIMHCKAX BOJA Kao IPEICOHO-EKOJONIKE KOMIIOHEHTE
reomnpocTopa.

KbyyHe peum: pacTBOpeHe MHHEpalHe MaTepHje, NOBPIIMHCKE BOJE, CICUU(GUYHHM OTHLAjH, Te0JIoTHja,
exonoryja, Bucouna, Mcrouna Cpbuja.

YBoa

VY reorpad)ckoj JIUTEpaTypH 4E€CTO CE€ MCTHYY CTABOBHU Jla C€ MCTPAKUBAKE BOJIE HE
MOX€ M3J[BOJUTH M3 CHHTE3HHX HCTpaknBama reorpad)cke cpeiuHe, Iej3axa U yKyITHe
exosoruje npocropa (Pakuhesuh T., 1961; I'opckuit H.H., 1962; 3epemcku M., 1964; Jla3a-
pesuli P., 1965, PubanoBuh J., 1968; Mwmuauuh M., 2004, 2009. Mwimaunh M.
Josanosuh b., 2008. u npyru). YHHBep3aJHa MOKPETIFUBOCT BOJC, OCUM KBAaHTUTATHBHE
JVIMEH3Mje KpyXKemha M KBAIUTATHBHUX Ipolleca HeHOr npeunirhaBama, Haj3HaYajHUJH je
areHc Mop¢oreHese, OJHOCHO PEMOJIENIOBaba MOBPIINHCKE U ITO3€MHE MOpdoIIorHje mpo-
ctopa. [Tantuh H, (1984) oBakaB ytuiiaj Bome (MEXaHUIKH M XEMH]CKH), Y TOKY T€OJOIIKOT
BpeMeHa, yBakaBa 3a ominydyjyhm dakrop Ttpanchopmanmje ,Jmma“ 3emsbe. CiamB je
OCHOBHA MPOCTOPHA jEIMHUIA, MTOCIEANIA U Y3POK, AEI0Bamka OBUX CIOKEHHX Mpoleca, a
MUHepann3alija TOBPIIMHCKIX BOJA HAjCTaTHHUja W HAjTpajHUja KOMIIOHEHTa — (HaKkTop U
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MOAM(HUKATOp HEroBor (GopMHpama — YCHOCTaBJbalkbha HHUKAI JOCTHXKHE PaBHOTEKE
(exBHIIMOpHjyMa) CIIHBA.

Mako koMIIOHEHTa HEeXHBE MPUpoAe Boaa (He padyHajyhu GU3MUKH M XEMHU]jCKU Be-
3aHy BOZY), 3aXBajbyjyliil CBOjUM CBOjCTBHMA (TIOKPETIHUBOCT, PACTBOP U PacTBapad), Mpes-
CTaBJba MHTETPAaTUBHH (HAKTOP CIIMBA, Tej3axa U ekocucTeMa. OHa HENPEKUIHUM KPETamheM
y CIIHMBY TOBE3Yje M OJip>KaBa aOMOTHYKE U OMOTUYKE, IIPUPOIHE U IPYIITBEHE KOMIOHEHTE
cucreMa. 3ampaBo, CIIMB HHMje CaMO CHCTEM 3a NpOU3BOIBY Boxe Beh um Qusnuku u
XEMHjCKH IUKIIYC TPOTOKA BOJIE KPO3 HeroBe (hM3MUKE, OMOJIONIKE W COIMjalHE CHCTEME.
Tako ce, MCTOBpEMEHO yTHMYE W Ha KpeTame, KBAINTET W JUCTPUOYLH)y ,,IU1aBe” BOJE
(TIOBPIIIMHCKE ¥ TIOJ3EMHE) U ,,3€JICHE", OJIHOCHO BOJIe Y OMOC(EpPHO] KOMIIOHEHTH CIIUBA —
kpehe ce y cBUM paBHMMa, Nla M BEPTHKAIHO HaBHIIE (TpaHCIMpanuja). 3aro
KBAaHTHTATUBHH M KBaJWTAaTHBHH IT0Ka3aTeJbH CTamkba BOJE y CIMBY IPE/ICTABIbAjy PE3ysTar
KOHCTEJIallUje CIIOKEHOI CUCTEMCKOT OKPY)KeHa CHIOICHHX M er30reHHX, abHOTHYKUX H
OMOTHYKHX, NPUPOIHUX M IPYIITBEHUX I10jaBa M mpoueca. Y TOM CMHUCITy MUHEpalu3anyja
MOBPIIMHCKAX BOJA TPEICTaBJba HAjpealHUjU W HajpelpPe3cHTaTUBHUjH II0Ka3aTesh
IPEICOHO-CKOJIOIIKE aHAJIM3€ M CTama EKOCHCTeMa KOJU er3UCTHpa y CIUBY U HETOBOM
TeONPOCTOPHOM OKPYKEHY.

CiauB Kao MpeeoHo0-eKOJIOIIKA jeTHHULA

CnuB je Hajuemhie, MPOCTOPHO M (PYHKIIMOHAIIHO, jacHO Je(dUHICAHA M PEIICBAHTHA
XHUJPOJIOIIKA, TreoMOp(oJIOIKa M eKOJIONIKa IIPeAeOHa ILeNHHAa. 3aTO OH IIpe]CTaBlba
OCHOBHY TEOIPOCTOPHY jEIMHMIly TeHepHcama, npahema W NpoydaBama MHOTOOPOjHHX
(u3nuKo-reorpa)CKux, reo-eKOJOMIKUX U JPYTHX 1ojaBa u npoueca. CBojuM MopdocTpyk-
Typama, BHCHHCKOM palIwiambeHomhy  MOp(OCKyINTypaMa TpeacTaBba (GaxTop w(iim)
MOIU(PUKATOP MHOTOOPOJHHX TPHPOJHUX H COLHO-SKOHOMCKHX O0eleKja TeompocTopa.
3aro, 6e3 003upa KOINKO je CIUB ,,M3Pa3UTO BEIHK * H(JIN) ,,A3PA3UTO MAIK‘ OH je Ipe CBera
,»A3PA3UTO CIIOKEH — aHW30TPOIIaH M HEMOHOBHJBMB, Ca HEMEPJbHBO BEIMKHM OpojeM
MOTEHIMjalTHIX TNPOMEHUBUX W Mely3aBUCHHX. 3a CIMB Kao TEPUTOPHjaHH IOJIHIOH
ncTpaxuBama 3anaxy ce Jopanosuh C. I, ocauBay peanne reomopdoioruje, 1 Mapkosuh
'B. J. Peunu cnuBoBu cy 3a Mapkosuh b. J., (1988) umeasHu moauroHd 3a CHCTEMATCKO
HNPOCTOPHO-CHHTETUYKO TIpoy4yaBame pesbeda, OJHOCHO cloxeHe  MopdoreHercke,
T€OTEKTOHCKE, MAaJEOKIIMMATCKE, TEOXPOHOJIOIIKE U JIpyTe mpobieme.

VY mpocTopHHM oricepBalMjama eKoJIOTHje, CJIMBOBH Cy — 3a PENIaTUBHO KpaTak Bpe-
MEHCKHU NIEPHOJI — OJ1 jeTHOT Y O0MJbY (DYHKIMOHAIHHX ITOjMOBA MTOCTAIN HajTIPUCYTHU]JH MO-
JIeT 32 UcTpaxknBame ekocucteMa (Bormann & Likens, 1979). Takole, mocranu cy u Hajmipe-
MIOPYWHHBHja TEPUTOPHjaIHA jeWHHIA 32 YIpaBJbarbeé BOAHUM PECYpPCHMa M IUIaHHPAE
npocTopa. EBponicka xonsenmuja (1992) o 3amrtut u kopumrhemy Mel)yHapogHUX BOJEHUX
TokoBa W MehyHapomaux jesepa (ECPUTW) pedHm ciaMB eKCIUIMIIUTHO Yy3UMa 3a
JEIMHCTBEHY eKOJIOMKY jeanHuIy (mpema: Jagerskog A., and Phillips D., 2006).

CiuB 1 MHHepaJHM3anKja NOBPIIMHCKUX BOJA

CiuB je moyla3HM NOJIMTOH IeHepucama U npahema (IpoydyaBama) MUHEpAIN3allje
TOBPIIMHCKUX BOJA. EBonyqua N JUHaMHKa CJIMBa, I1a U Ml/IHepaﬂl/ISaL[I/Ija TMOBPHIMHCKUX
BOJ1a, 3aBUCH O] €BOJIYILIMj€ U KOCBOJIYIIH]€ IeHUX AOMOTUUKUX U OMOTHYKHX, TPUPOIHHUX U
AQHTPONOTEHUX KOMOITHEHTH, OJHOCHO O oJp>KaBama Beher Opoja KpXKHX paBHOTEXa ca
CepHjoM CJIOKeHnX mporteca m3Mmehy mux. Kapakrep mojaBa u AWHAMUKY Tpolieca Y HeMy
JIETEPMHUHUILY MHOTOOpOjHE YHYyTpalllkhe, ald M II0jeUHE EKCTepHE KOMIIOHEHTE
CJIEMEHTaPHOT OKPYKEkha CHAOICHOT ¥ €r30I'€HOT TIOpeKJIa.
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300r onmre MPUCYTHOCTH, KOHTHHYHPAHOCTH U KyMYJaTHBHOT e(eKTa y MpocTopy
NpOoy4yaBambe MHHEpaJIM3alije MOBPIIMHCKHX BOJA j€ jeAHO OJ LEHTPAIHUX INUTamba
caBpeMeHe  reomopdosoruje M reoekomorwje.  Kapakrepume ra  u3pasur
WHTEPAUCIUIUINHAPHA KapakTep W morpeda cBe AyOJpMX Be3a ca ONIITOM TEOPHjOM
cucrema. VHTEepIUCUUIIMHAPHOCT MCTPaXKMBaba MPEBa3niia3d WHTErpalyjy YWbeHULA U
Wjeja U OTBapa MNEpPCIEeKTUBY HOBOI HAauyMHA HJCHTH(UKOBama, JeUHHCAba, aHAIU3E,
MHTEpIIPETalije U PEeaTHOT TyMauyema MHHEepalu3alllje MOBPUIMHCKMX BOJA M HHUXOBOT
Y3POYHO-TIOCIEMYHOr JIONPUHOCA YKYITHHM TIIPOIlECMMa Y CIWBY. 3allpaBo, OBaKBa
UCTpaXHBama OTBapajy HH3 HOBHX NHTama IMEpUeNniije W METOAOJOUIKOT HIH
€MHUCTEMHUOJIOIIKOT KapaKkTepa cazHajHor nporeca. OBJie ce pe cBera MMa y BUAY jOII YBeK
HEJOBOJPHO jaCHO OHTOJIOIIKO HPBEHCTBO O0jekaTa M OHTOJNOIIKA moapeheHocT mporeca
KOJI CJIO)KCHUX MEXaHW3aMa KOjH yTHYy Ha MUHEpalM3alHjy HOBPIIMHCKHX Bona. Takobe,
TIepLenIja MHUHEpaIn3alnrje MOBPIIMHCKAX BOAA Kao CIOKEHE IOjaBHE KOMIIOHEHTE
TeonmpocTopa IO3WTHBHO yAajkaBa reorpadujy, MoceOHO TeoMopdoJoTHjy, Of
TPaIUIMOHATHUX METOJa MAHMPEKTHOT TIOCMaTpama H TNPUONIDKaBa je aHaJIHTHYKO]
kBaHTUHUKanMju, Beh myro mpuxsahenoj y ¢usuim u XeMmuju. 3ampaBo, THOCEOJOILIKH
CMHCa0 Ha3HA4YaHOT IpobJeMa je HEKOJIHMKO JeleHHja Y LEeHTPY HaXme HOBe Oeorpaicke
KBAaHTUTATHBHE I'eOMOP(OJIOMIKE MIKONE, ald je HEroBa emuCTEMUOJIONIKa OCHOBA KpO3
cepujy pamoBa (Maunojmosuh I1., 1992, 1993,2002; J[Iparuhesuhi C., 2002, 2007;
Hparuhesuh C., Manojnosuh I1., Mycrapuh C. 2003; Mycrapuh C. 2006) ynanpehena
Kako y CMHCIy CHCTEMCKOI IIpHCTyNa, Tako M Opoja yK/BUYEHHUX M MOZEIOBaHUX
Bapujabiau. YIpaBo je NPUXBATaKkE CUCTEMCKOT NPHUCTYIA (3HATHA MHTEIPATHBHA U XCYpPH-
cTH4YKa MOTryhHOCT) y mpoy4aBamy MHHEpaiH3alyje MOBPUIMHCKMX BOJa ITOTIOMOIJIO
Iy0Jbe pa3yMeBame OBHX MPOLIEca y CII0KEHOM CHCTEMCKOM OKPYXKEHY KaKaB je CIIHB.

CnuB Bucounie Kao MOJNWTOH 32 OBY BPCTY HCTpaKMBamba OHa0paH je M3 BHILE
pasnora. Kako je BpeZHOCT MHHepanu3alyje BOAa MOJA JUPEKTHUM YTHUIAjeM BOIHOCTH
CITBA W IIETPOJIOLIKO JIUTOJOIIKOT KOMIUICKCa, OBaj CIUB CE MOKa3ao Kao MHTEPECAHTaH,
mpe cBera 300T Hajeuwux cneyuguynux omuyaja Ha TpocTopy wuctouHe CpOuje
(Mamnojnosuh I1., XKXuskosuh H., 1997; Myctaduh C., 2006). Xemepoeen ceonowiku cacmas
TepeHa OMOTyhWo je MPOCTOpHO caryiefaBame IUCTPUOYIMje MHHEpam3andje Bojaa ca
acreKTa pa3jIM4uTUX TUnoBa creHa. C npyre cTpaHe, HHTEpaKIUjoM (H3UYKO-TeorpadCKux
KapaKTepUCTHKa OPJCKO-TUIAHUHCKHUX MPOCTOpa M AyrotpajHor edekra GapujepHocTH Mely-
JpPKaBHE TPaHMIE MMOTPAaHUYHU TUIAaHUHCKH, TpocTop Mcroune CpOuje oumKyje mporec 10-
MHUHAHTHE CTarHaiyje U Je3UHTerpalnje HaceoOOMHCKOT, MOMYJIallMOHOT ¥ IIPUBPETHOT I1¢j-
3axa (Mumuaunh M., 2009; Mycraduh C., 2007). VcroBpemeHO, OBakBH yCJIOBH Cy Ha
Haj3HAa4YajHUjeM Jeily IUIAaHMHCKAX MPOCTOpa, IpoliecuMa JMHAMHYKE XOMEOCTase,
oMoryhmnu mporpaaanyjy cramba OCHOBHHX NPHPOJHUX €IeMEHaTa KMBOTHE cpenuHe. OBO
ce HapOYMTO MOBOJEHO OZIPasHiIO Ha CTame BOIHUX pecypca, Ia ce 3aTO OBaj Ae0 IUIAHWH-
CKOT TIpOCTOpa ¥ amoctpodupa kao 6a3a CBeXKUX BOAHHX pecypca. Y TOM CMHUCIY ymuyaj
ammpononpecuje Ha OUHAMUKY U Kealumem 600d je céedeH Ha npuxeammugy mepy. CiuB
Bucounne npencraBiba W3BOPUINTE MOBPIIMHCKUX Boda mpeor panra (BOC, 1996; IITPC,
1996), ipu uemy je yHyTap mwera Ha Bucouni 1989. ronune dpopmupana 6udyHKIHOHATHA
(BomocHabeBame U HABOAWABALE) akymyrayuja ,,3asoj” (F=584 km?, V=170x10° m’). 3a
peanu3anyjy nnujbeBa palMoHANIHE W (PYHKIHMOHAIIHE EKCIIoaTalyje M3BOPHUIITa MOBPIIHH-
CKUX BOJA KJbYYHH 00jEKTH Cy yIpaBO BOAHE aKyMyJaIldje, jep IpeACTaBibajy CIOHY H3Me-
hy cucTemMa NOBPIIMHCKHMX HM3BOpHIITA M CHCTeMa BOAOCHaOIeBama. V3 Tor pasnora
JeTepMUHALMja yTHIAja HPUPOAHHX (aKkTopa >KUBOTHE CPEAWHE HA YCIIOCTABIHAME
€KOJIOIIKE PaBHOTEXKE jeJaH je O MPHOpPUTETa NMPUINKOM aHanm3e MelhycoOHuX yThIiaja
KOjU TIOCTOje Ha peNaniju akyMyjalndja — JKHBOTHA CpeIWHA CIMBAa. A jegHa Ol THX
NPUPOAHUX KOMIIOHEHTH OIJIefa C€ KPO3 KBAIUTET, OJHOCHO BPEOHOCT MUHEpAIIU3ALIM]je
noBpuIMHCKUX Boja (Jbemesuh M., 1998).
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MeTonoJ10THja HCTPAKUBAHA

Ilomamm xopumhernn y w3paad oOBOr pajxa mpey3eTn cy u3 6asze Jlabopartopwmje
¢usnuke reorpaduje [eorpadckor dakynrera y beorpamy. V aBameceTroroiuiimeM
neproy UCTpakiBama ooyxBahena cy 102 ciuBa, npu yemy je Gpu3nUKO-XeMHjcKa aHaIu3a
y30paka Tekyhux Boja, Takohe, BpIIICHa y TIOMEHYTO] JJaOOpaTOpHju. YHYTap CBaKOT y30pKa
Hamm3upaHo je 12 mapamerapa. Kako cy cBu y3opuu OWIM MOJABPTHYTH HCTHM
MeronoJomkuM noctynuuMa (Manojmosuh I1., 1992, Manojnosuh II., 'aBpunosuh Jb.,
JKuskoruhi H., 1994), cTBopeHa je coimgHa OCHOBA 3a pEallHO caryieJlaBambe CBHUX
peNeBaHTHHX TTapamMeTapa KOji yTHYy Ha XeMH3aM BOJIa.

Jocanamma HCTpaKMBamba Cy IOKa3ala Ja je yKyllHa MHHepalu3alija U HeHa
CTPYKTypa y BEJIMKO] MEpH JIeTepMHHKCAHA yTHLajeM [Ba (akTopa: cneyughuunoe omuyaja
" nemponowro-mumonouikoe komniexca (Manojmosuh I1., 1990, 1998).

[Mocrymak onpehuBama KONWYMHE OTHIIAjHE BOAE, Tj, HEHE TpaHchopMmarmje y
cnenn()UIHN OTHUIIA] CACTOjH Y TOME JIa c€ jeINHIYHA 10Jha JUPEPEHINPA]y IpeMa OTHIIA]Y,
a mpeko mnpeonaljyjyhier JuTONOMIKOT THMA M KoiuuuHe nagaBuHa (Manojnosuh I1. u
JKuskosuh H., 1997). U3nBajameM YeTUpH TPYIC JUTOIOIIKO-XHUAPOJIOIIKHX THIIOBA U
CTaBJbatbeM Yy OAHOC Koe(hUlMjeHTa OTHI@ja W MajaBuHa jgodujeHe cy oxpeleHe
MaTeMaThike 3aBHCHOCTH. OBako (GOpMHpaHH HYMEPHYKH MOJCITH NPHUMEHEHH CYy 3a
onpehuBame Koe(HIHMjeHTa OTHIAja CBAKOT jeAMHIYHOr Moba (Bemmunue | km?), a motom
ce MPEeKO BUCHHE OTHUIIaja Y HAPEAHOM KOpaKy yTBphyje U BPeIHOCT CIelu(pUIHOT OTHIaja
(Mycragwuh C., 2007).

VYTulaj NeTpoNoIIKOr KOMIUIEKCA Ha YKYNHY MHHEpalu3alHjy BOAC H HCHY
CTPYKTYypY VTBpheH je cienehuM aHATUTHYKUM MOCTYNKOM. CXOIHO TEOJOMKHM
KapaKTepUCTUKaMa CJIHMBa, CBH THIIOBU CTEHA CBPCTaHHU Cy Y 5 METPOJIOIIKO-THTOIOMIKHUX
KOMIUIEKCa: HEOT'€HH CeIMMEHTH, IIKPUIBLY, KPEUhaly, JOJIOMUTHYHN KPSUhald U (IIHLL
Crnenehn kopak mozpasymeBao je aeuHIcame 0aroBapajyhnx MareMaTHIKO-CTaTHCTHYKAX
MOJIeJla 32 CBaKkd W3JBOjEHH NETPOJIONIKH Komiuiekc. Kao HajOosbnm Mojen mokaszana ce
JBOCTPYKa JIOTapUTaMCKa perpecHja ca CHeUU(PUYHMM OTHI@juMa Kao HE3aBUCHO
MIPOMEHJBHBOM M KOHLIEHTpAI[FjaMa MaKpO-jOHa Kao 3aBUCHO MPOMEHJbUBUM BPEJHOCTUMA
(Manojnosuh I1., 1998).

CeeoOyxBaTHa o00Opaja TojaTaka, Tj. CBHX pEJIEBaHTHUX Iapamerapa KoOju Ccy
YKJBY4YECHH y CaM MOJEN, 3acHOBaHa je Ha kopuihemy ['VIC opujeHTHCAHOT IPOrpaMCKOr
maketa Geomedia 5.2 (Intergraf).

Tum crena u CHeIIPI(l)I/I‘lHPI OTI/IIIajI/I Ka0 1€TCPMUHAHTE
Mm{epa.mmaunje MOBPIIUHCKHX BOJAa

[To3HaBame yKylHE MUHepali3alldje MOBPIIMHCKUX BOJA je[aH je Ol KJbYYHHX
(akTopa cariiefaBamba HHTCH3UTETa XEMHjCKOT pacTBaparma CTeHa U cequMeHara. Kakas he
OHMTH XEMHjCKHU CacTaB BOJA 3aBUCH OJ1 yCJIOBa CPEeIUHE Y K0joj ce (opMHUpajy, OTHOCHO OJf
KOpEJIaTUBHOT JejcTBa (pu3muKo-reorpackux (pakTopa AaTor MpoCTOpa, ajkd U EHUXOBOT
untensureta (Campbell S., et al. 2002; Beylich A., et al, 2004; Dixon J., Thorn C., 2005;
Anderson S.P., 2005; Porder S., et al. 2007; Vuai S.A.H., Tokuyama A., 2007; Desir G.,
Marin C., 2007). C 003UpoM Ha CJIOKEHOCT MHTEPAaKTHBHOT JIjCTBAa CBHX OJAPEIHUIITHUX
(akTopa KOju yTHYy Ha XEMH3aM BOJa, y OBOM pajy akleHaT fie OMTH CTaB/bCH Ha JBE
OJIpe/IMIIIHE KOMITOHEHTE: JIEjCTBO JINTOJIONIKE KOMITIOHEHTE (THIIa CTEHA) M BOJHOCT CIIMBA
(crerupuIHUX OTHIAj).

3Hauaj Jumonowike KOMNOHeHme Orjela ce y TOMe IITO je OHa, MOJA OCTAIUM
CIIMYHUM YCIIOBUMa IMPUPOIHE CPEIMHE, OXHOCHO Ipoleca KOjU €€ Y HOj OIUrpaBajy,
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jeOIMHH TPOMEHJBMB (PAKTOp y CIMBY KOjU MOXKe CTBOpUTH Tmocrtojehe pasmuke wmely
PAacTBOPEHNM MUHEPAIHHM MaTepHjama.

Pesynratn npukazanu y tabenu 1. mokasyjy aa je Hajseha MuHepannu3anyja TeKyhux
BOJa y cinuBY Bucumne npucytHa y HeoreHuM ceamMmeHTnMa. OBa YMEbEHMIA yKasyje na
pacTBapame CTeHa HUje JOMHHAHTaH ITPOLIEC CaMo y KpeUmballiMa, Kako ce Jyro y Hay4HUM
kpyrosuma cmarpaio (Corbell J., 1959), Beh ma y nmpupoau mocToje cTeHe ¥ MUHEpaIU KOjU
cy nmaneko pacteopsbuBHju (Manojmosuh I1, 1998). Bone koje apeHupajy oBe TepeHe UMajy
3,8 myta Behy ykynHy MUHepaau3anujy oJl OHUX KOje IOTHYY Ca KPHUCTAJIACTHX IIKPHIballa
n 1,6 myra Behy y ogHOCY Ha BpeHOCT MUHEpaln3alyje Bojia Kpeumhayknx TepeHa. Ha Ty
YUILCHULYy YyKa3yje W OWIaHC joHa YHyTap H3/BOjEHUX IE€TPOJIOMIKO-THTOIOIIKIX
KOMIUIEKca. Y OKBHPY YKYITHE Mace PacTBOPCHUX MUHEPAIHHX MaTepHuja ca CBHX THIIOBA
cTeHa joMuHHpajy jonu Ca’’, Koju Cy y BHMCOKOj MO3MTMBHOj KOpeJalMju ca joHHMa
xuapokapOoHata. MelyTim, cpemma konnenTpammja jona Ca’’ y HeoreuM cemmmenTHMA
Beha je y oIHOCY Ha HeHY BPEIHOCT KOJ Kpeumaka, yak je Beha u y QuuumHuM creHama,
HEro y JOJIOMUTHYHUM KpeumanmMa. KapakTepucTHYHO je ¥ TO LITO je y CTPYKTYPH YKYIIHE
MUHepaNn3aluje KOHIEHTpamuja jona Mg”' y HEOreHHM CeHMEHTHMA CKOPO MCTA Kao M
KOJl JIOJIOMUTHYHUX Kpeumaka. M3pa3uro mpucycTtBo cyidara, Kao M joHa HaTpujyma u
KaJlujyMa, yKasyjy Ja Cy Y HEOreHHM CEAMMEHTHMa IOCTOjaJId TaKBH IaJCOKIMMAaTCKH
YCIIOBM KOjU Cy OMOTYhwin Tanoxeme MHHapana udja je Op3uHa pacTBapama, Kao H
PpacTBOPJBUBOCT 3HATHO Beha HEro Koz Kpeumaka.

Ta6ena 1. Ilonaepucane BpeIHOCTH MO/IeJIOBAHMX KOHUEHTPALMja MAKPOjOHA U PACTBOPEHUX
MHHEpPaJHHX MaTepuja (mg/l) Mo U31BOjEeHUM METPOITOLIKO-THTOJOIIKHM KOMILIEKCHMA.

Tun crena | F q | Ca¥ | Mg®” [ Na* | K' [ HCOy | CI | SO/ | SiO, | PMM
1 16 | 73 [ 936 | 254 | 143 [ 156 | 366.0 | 11.0 | 747 | 8.6 | 426.6

2 48 | 210 [ 189 | 100 | 23 [ 38 | 1132 | 24 | 50 | 142 | 1133

3 86 [ 165 | 80.1 | 64 | 90 [ 50 | 2907 | 119 [ 30 | 59 | 2668

4 145 | 176 | 418 [ 251 | 66 | 58 | 2753 | 55 | 2.9 | 10.1 | 2363

5 157 [ 162 | 495 [ 123 [ 104 [ 99 [ 1962 [ 85 [ 305 | 10.0 [ 229.6

Cp. 167 | 534 | 157 | 85 | 74 | 2443 | 79 [ 159 | 94 | 2407

Jlerenna: F - noBpimsa u3ziBojeHor crenckor kominekca (km?), g- cnenuduunn oturaj (1/s/km?);
Tunosu cTeHa: - HEOTeHH CEJUMEHTH, 2- MIKPUIBIM, 3 — KpeUbaly, 4 — JOJIOMUTUYHH KPEUHhall,
5 — mm; PMM — pactBopene MuHepanHe Matepuje (mg/l)

Hacynpor BozaMa HEOTeHHMX CeAMMEHATa, MUHEpAIU3L{ja BOJa KOje MOTHYY ca
KPUCTAIACTUX IIKPHJballa M3PA3uUTO je HHUCKa. Pasnor je nmojak. OBaj METPOJIOIIKU
KOMIUIEKC MHa4e je KapaKTepUCTHUYaH 110 BEOMa HUCKMM BPEJHOCTUMA MHUHEpaJIHM3allije
(Manojmosuh I1.,1998). C mpyre ctpaHe, 3a pa3iuKy OJ APYTHX THIIOBA CTCHA, CTCHCKHU
KOMIUIEKC KPHUCTAJIaCHHUX IIKpUJballa y CIMBY Bucouuiie He 3axBaTa BHCHHCKE 30HE HIKE
on 900 m HagMmopcke BucuHe. Ha mpocTopy Ha KOMe Cy OHM 3aCTyIUb€HH (OPMHUpPAHH CY
HajBUIIM CHenu(UYHA OTHI@jH y CIMBY (CpeAma IOHJepUCcaHa BPEIHOCT Cenn(pUIHOT
otumaja m3Hocu 20,3 1/s/km?). TheHMM HIKMM BPEIHOCTHMA JONMPHHOCH M KOE(HIHjeHT
OTHIIaja KOjH Ha OBUM TepeHHMa u3Hocu 66,6 % (Mycraduh C., 2007). Behu xoepunnjent
OTHIIaja 3HAYM OpiKe OTHIaFE BOJIE, IIa CAMUM THUM U BeHy Behy Op3uHy (rirpanuje Kpo3
3eMJBUIIITE U CTEHE. Y TOM CITydajy KOHTAKT CTEHE U BOJE je Kpahw, IITO 3a MOCIeANIly HMa
(hopMupame HIKUX MUHEpaIH3allja.

I'enepanHo, ymuyaj cneyuguunux omuyaja Ha GopMupame YKyIHe MUHEepalIn3auyje
BoJa Tmoka3yje Tabena 2. He3zaBHUCHO 0/ 3aCTYIUbEHOCTH METPOJIOLIKMX KOMILIEKCAa ca
nosehameM crennUUHUX OTHUIAja CMambyjy C€ BPEJHOCTH YKYITHE MHHepalu3aluje 3a
CKOpO JBa MyTa, IITO 3HAYM Ja j¢ MUHEpalM3alyja BOJC Y CIMBY IOJ jaKUM YTHIIAjeM
ETOBE BOJJHOCTH.
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Ta6ena 2. MoaesoBane koHuenTpauuje PMM y pynkumju cnenupuyHux oTunaja

q 1 2 3 4 5 PMM
5-10 426.6 2913 [ 262.1 | 250.6 | 357.5
10-15 1195 | 2784 | 250.0 | 240.0 | 2493
15-20 1155 | 263.6 | 2349 | 2245 | 2350
20-25 112.0 | 2538 | 2247 | 215.0 | 209.2
25-30 109.9 2172 [207.6 | 1945

Jlerenna: q- criermduany otuiaj (I/s/km?); 1- HeoreHu ceMMEHTH, 2- IKPHIBIHM, 3 — KPeUrballd,
4 — MOJOMUTHYHH Kpeumaly, 5 — duuur, PMM — pactBopene MuHepante Marepuje (mg/l)

Kako cy BpenHocty crienuduiHUX OTHIA] Y AMPEKTHO] (QyHKIM HaJMOpPCKE BUCHHE,
a TIPeKo \He W TeMIlepaType, OAHOCHO €BAIlOTpAaHCIIMpAaldje, OHA CE€ MCIOJhaBa Kao IPYTH,
mocpenHu, pakTop cMamema MuHepanu3andje. OBa 3aKOHUTOCT yOdeHa je KaKo 3a CIHB Y
LIEJIMHY, TaKO U 32 BUCHHCKY TUCTPHOYIHjy BPETHOCTH KOHIICHTAPIIHja MaKpoeJIeMeHaTa U
YKyIIHE MHUHEpaln3alije CBAaKOT HM3[IBOjEHOT IMETPOJIONIKOT KomIulekca. Hamme, mpoctopu
ca HIKUM HAJMOPCKHM BHCHHAMa IIPHMajy pEJIATHBHO Mamky KOJIWYHHY IIaJaBUHA,
TeMIepaType Ba3ayxa W TJa Cy BHIIE, MPOIEC E€BANOTPAHCIHMPAIHMje j€ M3PAKCHUJU IITO
KyMyJIaTUBHO ¥Ma 3a MOCJIEAWIy Mame BpeJHOCTH crnenuduyHor orunaja. Cee TO
yclioBJbaBa moehany MUHEpaIU3aljy Bojie 0e3 0031pa KOjU je THIT CTCHA WM CeIUMeHaTa
Ha TOM IIPOCTOPY 3aCTYILJbEH.

[lo3HaBame KBaHTHTATHMBHUX BPEIHOCTH yTHIaja MOMEHYTHX (akTopa Ha CyBHU
ocTatrak, Kao W MpOIEHTyaJHor ydemha MakpoejeMmeTrara y CTPYKTYpH CYBOT OCTaTKa,
omMoryheHo je carienaBame HeroBe MpocTopHe nucTpudymmje (tadena 3).

PenatnBHO BHCOKE KOHIIEHTpanuje MojeANHIX MaKpoelieMeHaTa KapaKTepHCTHIHNX
3a BOJIe KOje JIpeHUpajy HEOI'eHEe CEeANMEHTE, UIaKk OMTHO HE yTUYy Ha YKYIHE BPEIHOCTH
KoHIeHTpanrja PMM Bofa MOBPIIMHCKUX TOKOBA KOjU TPABUTHPAjy Ka 3aBOjCKOM je3epy.
Paznor je Taj mTO OBaj CTEHCKM KOMIUIEKC 3axBaTa camo 3,5% on yKyIlHE IOBpIINHE
HCTPaKUBAHOT CIIMBA, U MIPOCTHPE ce Kao YCKU I0jac Ay>K JOITHHCKOT JHA peKe.

Ta6ena 3. Moje/10BaHe KOHIIeHTapuuje MmakpojoHa u PMM no ciuBoBumMa

CanBoBu Ca’ | Mr** | Na" | K fgg | ar | so,* | sio, | PMM
3

KpuBononcka pexka | 68.2 13.2 | 10.1 | 8.5 268.6 | 10.0 24.5 8.1 | 2773

KameHnuka peka 46.6 | 142 74 | 6.8 215.0 6.8 15.3 9.8 | 214.9

Pocomauka peka 50.6 15.0 7.6 | 6.7 233.8 7.3 14.1 9.5 | 228.1

JemoBuuka peka 49.0 15.9 84 | 74 231.4 7.4 16.1 9.2 | 229.5
JlojkiHavKa peka 502 | 15.1 | 103 | 9.8 218.3 8.6 26.8 | 10.5 | 241.0
bencka peka 419 | 252 6.6 | 59 276.2 5.5 29 | 102 | 2372
locrymika peka 43.1 | 21.7 73 | 6.7 252.7 6.1 9.4 9.9 | 2312
berncka peka 424 | 252 6.8 | 6.0 276.8 5.6 3.5 ] 102 | 239.0
Komnpusmruna 60.0 15.8 89 1 6.9 271.9 9.0 10.0 8.9 | 256.1

JobmjeHe  KOHIEHTpandje MakKpo-joHa W CyBOT OCTaTka, JeUHICaHE
MaTeMaTHYKAM MOJENIOM IPEACTAaBILCHOT Y MOTJIaBJbY O METOAOJOTUjH paja, HacTaie Cy
y3ajaMHAM  YTHIdjeM  JINTOJOMIKO-TIETPOJIOIIKOT  KOMIUIEKCa W OAroBapajyhmx
crienUYHUX OTHIIaja HACTAJIMX CaZejCTBOM HAJMOPCKE BHCHHE, KOJMYMHE ITaJaBHHA U
THUIIA CTeHa. Tako ce yTHIlaj KIMMe, ca acleKTa MaJlaBuHa, He MOXKe II0CMAaTpaTH HE3aBHCHO
O]l BUCHHE OTHIIaja, a YTHIAj CTCHCKHUX KOMILUICKCA HE MOXKE DPAa3IBOJUTH OJf HHUXOBOT
canejctBa ca crneuuuyHUM oTunajuMma. [Ipu ToMe cacTaB M pacTBOPJBUBOCT CTEHCKE
OJTOTe KOjOM ce JpeHHpajy atMocepcKke Boje, Kao U MpocedHa JyKUHa KOHTAaKTa CTEHE
U Boze uMma ourydyjyhy ynory Ha ¢opmupame ykynHe munepanuzanmje (Hall F.R., 1970;
Manojlovic P., 1992; Ryu J., et al., 2008; Zhao J. et al, 2009, Khayat S. et al, 2009). Ha to
HajOoJbe yKazyje rmojaMm crenuduyHe Op3uHe OTHIAja (KOJIHMKO je CEKyHIM ITOTpeOHO aa ou
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1 1 Bome orekao ca 1 km®) koju oGjammaBa 89% BapHjaGHIHOCTH CyBOT OCTAaTKa
(Manojmosuh II., 1992). Ca reomMopdOIOmKO-XHUAPOIOMKOr aclekTa TO 3Haud Ja y
IPUPOAHMM YCJIOBHMA IyXKHM KOHTAaKTOM CTeHE W BoJe Joia3u a0 noBehama meHe
MUHapaJn3alje, OJHOCHO Y CIy4ajy KpaTKOTpPajHOT 3aapiKaBama BOJE YHYTap CTCHCKHUX
Maca, HhEeHa MHHepanu3anvja he OWTH HWKa W BY he YMHUTH OpKe pPacTBOPJHUBH
MHUHEpaH.

3akbyuak

[Tokazano ce na je cauB Bucouwmile, nako MPOCTOPHO PENATHBHO MalH, CaapKajHO
BHIIIE HETO CJIOKEH TMOJIMIOH 33 Pean3alyjy MOCTaB/bEHOT 3a/1aTKa. 3aTo 0Baj paj, ¢ 003u-
POM Ha OJICYCTBO CIIHYHHX, MMa KaKO aHAIUTHYKH, TAKO M TEOPHjCKU JOMPUHOC — MOJCTHU-
1aj reuHUCAY CBEOOYXBATHOT, KOST3UCTEHTHOT M BaIUAHOT HAYyYHO-JIOTHMYKOT CHCTEMa
MOy3/IaHe aHANM3e Y3POUYHO-MOCICUYHAX BE3a HAa peNallijH CIO0KEHHX TCOSKOJOIIKUAX
KapaKTEpUCTHKA CIIMBa M XeMH3Ma MOBPIIMHCKUX Boja. Takole, mokasano ce u jaa ucrpa-
JKHBaIb€ OBAKO KOHIMIUPAHE TeMe, Y 3Ha4ajHOM 00MMY, IOApa3yMeBa aHATUTUYKH U CHH-
TE3HH MPUCTYI Y MPOYyYaBamy PelIeBaHTHUX (H3HUYKO-Teorpadcekux (aOMOTHYKKX) [0jaBa U
mpolieca y CIuBY.

C 1pyre crpaHe, OBakO KOHIMIHUpPaH TPHUCTYNl WMMa W aIUIMKaTUBaH 3HAYaj.
Opmabpanu MOJIENT MOXKE J1a ITOCIYXKH Kao jelHa 0] He3a00MIa3HUX KOMIIOHCHTH pelllaBamba
CJIO’KEHE TPOOJIEMATHKE y OKBHPY €KOJIOIIKH ONpBaJlaHe BAJIOPU3ALUj€ U 3aLITUTE KUBOTHE
cpeanHe, MEAMIUHCKE reorpaduje, Kao M paIMYUTHX acleKara IUlaHWpama rpocropa. Y
TOM CMHCIIy, KpO3 CEpHjy TEMaTCKMX KapaTa Kao Jela CHUCTEMaTCKOI M HMHTETPaHOT
HCTpaKMBama MPOCTOpa, oMOTryheHo je carieqaBame OBOT CIOXKEHOT ITpolieca Kpo3 BHIIE
MapaJieIHUX MEPIENInja, a TO CY: BU3yean3alija, KOHKPEeTH3alija U KBaHTH(UKaIHja.

Jlutepatypa

Anderson, S.P, (2005). Glaciers show direct linkage betwwen erosion rate and chemical weathering fluks.
Geomorphology 67: 147-157

Beylich A, Kolstrup E, Thyrsted T, Linde N, Pedersen L, Dynesius L (2004) Chemical denudation in arctic-alpine
Latnjavagge (Swedish Lapland) in relation to regolith as assessed by radio magnetotelluric-geophysical
profiles. Geomorphology 57: 303-319

Bormann, D.B, Likens, G.E. (1979): Pattern and Process in a Forested Ecosystem. New York: Springer-Verlag.

Campbell S.W., Dixon J.C., Thorn C.E., Darmody R.G. (2002). Chemical denudation rates in Karkevagge,
Swedish Lapland. Geografska Annaler 84 A (3-4): 179-185

Corbel, J. (1959). Erosion en terrain calcaire. Ann. Geogr., 68

Desir G, Marin C, (2007) Factors controlling the erosion rates in a semi-arid zone (Bardenas Reales, NE Spain).
Catena 71: 31-40

Dixon J.C, Thorn C (2005) Chemical weathering and landscape development in mid-latitude alpine environments.
Geomorphology 67: 127-145

Jparuhesuh, C. (2002). bunanc Hanoca y cnuBy Kony6ape. I'eorpadcku daxynrer beorpan

Jparuhesuh, C. (2007). lomuHaHTHY epo3uBHH Ipolecy y cauBy Komy6ape. I'eorpadeku daxynrer beorpan

JNparuhesuh, C., Manojnosuh, I1. u Mycraduh, C. (2003). [Tpuiior onpehuBamy HHTEH3UTETa XEMHjCKE €pO3Hje
3anaane Cpbwuje. [nacnux Cpnckoe eeoepagpckoe opywmea 83 (1), 7-14

Future environments in Britain (1984) Future Water, Series Editor Bryan Waiter, Cassell, London.

Gorski N. N, (1965) Voda cudo prirode, Vuk Karadzi¢, Beograd.

Hall F.R (1970) Dissolved solids-discharge relazionships: I Mixing models. Water Resources Research 6.

http://hdr.undp.org/en/media/HDR_2006_Chapter_6.pdf., UNDP

Jagerskog A., and Phillips D., (2006): Human Development Report - Managing Trans-boundary Waters for Human
Development,

Khayat S, Moller P, Geyer S, Marei A, Siebert C, Hilo FA (2009) Hydrochemical variation in the springs water
betwwen Jerusalem-Ramallah Mountains and Jericho Fault, Palestine. Environ. Geol, 57: 1739-1751

Jlazapesuh, P, (1965) Bononpuspena u reorpaduja, I racnux CI/1, cB. 45, 6p. 2.

JbemeBuh, M. (1998). Ananuza mel)ycoOHUX yTHIIaja BOAHUX aKyMYyJIalfja v )KUBOTHE CPEIMHE U JeTepMHUHALIN]a



148

Masnojnosuh, IT (1998). Ipuponuu ¢on munepanuzauuje tekyhux soga Cpbuje. 360pHux padosa, I'eorpadcku
¢axynrer YHuBep3uteta y beorpany, Cs. 68, 27-40

Manojnosuh, I1. (1990). Neki aspekti hemijske erozije u slivu Sikolske reke. Itacnux Cpnckoe ceocpaghcroe
opywmsa, cB. 70 (2), 35-42

ManojnoBuh, II. (1992). Xemujcka epo3uja Kao reoMOp(OJIOMIKH IPOLEC — TEOPHjCKH, AHAIUTHYKH U
METONOJIOMKH actekT. [IpuponHo-maTeMaTHuky axynrety, reorpadeku dakynrer, beorpan

Masnojnosuh, I1. (1993). Peuna eposuja y ropmwem aeiny ciausa Lipuune. Iacnux Cpnckoe eeoepaghckoe opywmea,
cB. 73 (1), 3-14

Masnojnouh, II. (2002). Wurensurer xemujcke eposuje y cnuBy Humase. [achux Cpnckoe eeoepaghckoe
opywmsa, cB. 82 (1), 3-8

Masnojnosuh, I1. u Xuskosuh, H. (1997). Kapra cnennduyaux otunaja y Cpouju. 36opHuk padosa, I'eorpadcku
¢axynrer YuuBep3urera y beorpany, Cs. 67, 15-25

Mamnojnosuh I1., 'aBpunosuh Jb. u XXuskosuh H. (1994). Metononomike 0CHOBE POy4YaBamba XEMHjCIIe epo3uje. .
360puuk padosa, I'eorpadeku dakynter YHusepsutera y beorpany, Cs. 44, 9-14

Mapxkosuh B. J., (1988): Tlotpebe mporpecuBHuje reomopdonoruje u reorpaduje. 36opHux padosa, K. 40,
CAHY I'1 J. LiBujuh, beorpan.

Mununuuh M, JoBanoBuh b., (2008) Pecypc ceedxce 6ode kao Oemepmunanma bOe3bednocmu u Keaiumema

Jrcugomme cpedure, be30eTHOCT y mocMoziepHOM amOujeHTy, 300pHuK panosa (2), LIECHA B, beorpan, ctp.300-

326.

Mununuuh A. M, (2009). W3Bopuiura noBpmmHcKkux Boga CpOuje — eKoJonKka orpaHiyea U peBUTaIn3aIM]ja
HaceJba, YHHBep3uTeT y beorpany I'eorpadcku dakynrer, beorpan, crp. 1-281.

Mumnrunh A. M, (2004) Exonomcko-reorpadcka ¥ eKOJIOIIKAa MOJIapH3alyja IpocTopa Kao (GakTop HOBHX
(YHKIMOHAIIHUX OfIHOCAa Mel)y mpocTopHUM LenuHama, [ iacuuk Cpnckoe eeoepaghckoz opyumea, 86(2), 157-
164.

Mycragpuh, C. (2006). IIpocropra muctpubynuja otunaja y cimuBy Temmrune. /achux Cpnckoe eeocpaghckoe
opywmsa, 86 (2), 45-52

Mycrapuh, C. (2007). Hekn acmekTu aHTPOIOTE€HOr YTHIIaja Ha HHTEH3HTET ESPO3HBHHX IIpoOIleca y CIHBY
Temurruue. [ iachux Cpnckoe 2eoepaghckoe opywmea, 87 (1), 23-30

Mycraduh, C. (2007). Epo3uja y cnuBy Temmruiie. beorpaa: I'eorpadcku dakynrer, MarucTapcku pa.

IManTuh H, (1984) IIpupoxna u doBek, 360pHuk, Yosex u npupooa, 6p. 51, Fanepuja CAHY, Beorpan.

Porder S, Hilley G.E, Chadwick O.A (2007) Chemical weathering, mass loss, and dust inputs across a climate by
time matrix in the Hawaiian Islanda. EPSL 258: 414-427

Rakicevi¢ T, (1961) Znacaj geografske sredine u hidroloskim proucavanjima, VI zbornik geograta FNRJ, Ljublja-
na.

Ridanovi¢, J. (1968) Geografski aspekti proucavanja voda, Zbornik na VIII kongres na geografite od SFRJ, Skopje.

Ryu J.S, Lee K.S, Chang H.W, Shin H. S. (2008). Chemical weathering carbonates and silicates in the Han River
basin, South Korea. Chemical Geology, 247: 66-80

Vuai S.A.H, Tokuyama A, (2007) Solute generation nad CO, consumption during silicate weathering under
subtropical, humid climate, northern Okinawa Island, Japan. Chemical Geology 236:199-216

Zhao J., Wang C., Jin Y., Sun G., Xiao J. (2009). Seasonal variation in nature and chemical compositions of spring
water in Cuihua Mountain, Shaanxi province, central China. Environ. Geol, 57: 1753-1760

3epemcku, M. (1964) Viora antporioreHor (akropa y 3alliTHTH KJIM3HOT 3eMJBHINTA Y A0JUHU Bucounue, 36opHux
paoosa, . 19, ' ,,Joau Lpujuh®, beorpan.

30HE yTHLaja. 360pHuK padosa, I'eorpadcku paxynrer YHusepsutera y beorpany, Cs. XLVIIL, 61-74

**% (1996). Booonpuspeona ocrosa Penyonuke Cpouje. beorpan: Ucturyt 3a Boponpuspeny “Japocinas YepHu”,

Haupr
**%(1996). Ilpocmopru nnan Penybnuxe Cpouje. Perryonuka Cpouja. beorpan: Ciy:xOeHu T1acHUK



149

Kapra 1. Konuentpanuje Ca>* jona (mg/l).
Map 1. Concentrations Ca*" ions (mg/l).
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Kapra 2. Konuentpanuje Mg ** jona (mg/l).
Map 2. Concentrations Mg ions (mg/I).
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Kapra 3. Konnenrpauuje Na* jona (mg/l).
Map 3. Concentrations Na*ions (mg/l).
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Kapra 4. Konuentpanuje K * jona (mg/l).
Map 4. Concentrations K" ions (mg/1).
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Kapra 5. Konuentpauuje HCOj; jona (mg/l).
Map 5. Concentrations HCO;™ ions (mg/l).
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Kapra 6. Konuenrpauuje Cl- jona (mg/l).
Map 6. Concentrations Cl “ions (mg/l).
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Kapra 7. Kounentpamuje SO,” jona (mg/l).
Map 7. Concentrations SO, ions (mg/I).
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Kapra 8. Konnenrpanuje SiO, jona (mg/l).
Map 8. Concentrations SiO, ions (mg/l).
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Kapra 9. KonuenTpanuja yKynHux pacTBOPEHHOX MUHepaJHux marepuja (mg/l).
Map 9. Concentrations TDS (mg/l).
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MINERALIZATION OF THE SURFACE WATERS
IN THE VISOCICA DRAINAGE BASIN
-supplement for the landscape-ecologic analysis-

Abstract: The drainage basin is spatially and functionally clearly dcfined and relevant hydrologic, gcomorphologic
and ccologic landscape totality. Thercfore, it mostly represents basic geo-spatial unit of gencration, monitoring, and
studying numcrous physical-gcographical and geo-ccologic occurrences and processcs. One of the most important
components of geo-space, on the level of basin, is manifested through the statc and quality of surface waters. So,
the acceptance of systcmatic approach in studying mincralization of the surface waters would contribute to the
deeper understanding of the process in complex systematic surroundings which drainage basin represents. The
Visoéica Drainage Basin was chosen as proving ground of this kind of the rescarch approach for several reasons.
The highest specific runoff on the territory of Eastcrn Serbia, heterogencous geologic structure of terrain, almost
complete absence of the influcnce of the anthropogenic factor on the state of the cnvironment, as well as the
cxistence of water accumulation cnabled perception of the valucs of dissolved mincral substances of surface waters
as landscape-ccologic component of geo-space.

Key words: dissolved mineral substances, surface waters, specific runoffs, geology, ccology, the Visoéica River,
Eastern Scrbia.

Introduction

The standpoints that the water research cannot be singled out from synthesized
researches of geographic environment, landscape and total space ecology are often
emphasized in geographic literature (Milojevi¢ B.Z., 1950; Sretenovi¢ Lj.,1955; Rakiéevié
T., 1961; Gorskij N.N., 1962; Zeremski M., 1964; Lazarevi¢ R., 1965; Ridanovi¢ J., 1968,
Milinéi¢c M., 2004, 2009 and others). Universal water movement, apart from quantitative
dimension of circulation and qualitative process of its purification, is the most important
agent of morphogenesis, i.e. remodeling of surface and ground morphology of space. This
water influence (mechanical and chemical) in geologic time, Panti¢ N, (1984) considers as
decisive factor of transformation of the Earth’s “face”. The drainage basin is a basic spatial
unit, ¢...sequence and cause of the action of these complex processes while mineralization
of the surface waters is the steadiest and the most durable component —factor and modifier
of its formation-establishing never attaining equilibrium of the drainage basin.

Although it is a component of the non-living nature, water (not including physically
and chemically bound water), thanks to its features (movement, solution and solvent),
presents integrated factor of drainage basin, landscape and ecosystem. With its constant
movement in the drainage basin, water connects and maintains abiotic and biotic, natural
and social components of the system. In fact, drainage basin is not just a system for water
production, but also physical and chemical cycle of water flow through its physical,
biological and social systems. In this way it simultaneously influences movement, quality
and distribution of “blue” water ( surface and ground water ) and “green”, that is water in
bio-sphere component of drainage basin- moving in all planes, even vertically upward
(transpiration). Therefore, quantitative and qualitative indicators of water state in drainage
basin represent the result of constellation of complex systematic surroundings of endogenic
and exogenic, abiotic and biotic, natural and social occurrences and processes. In that sense,
mineralization of surface waters represents the most realistic and the most representative
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indicator of landscape-ecologic analysis and state of ecosystem which exists in drainage
basin and its geo-spatial surroundings.
A drainage basin as landscape-ecologic unit

A drainage basin is spatially and functionally clearly defined and relevant
hydrologic, geomorphologic and ecologic landscape totality. Therefore, it mostly represents
basic geo-spatial unit of generation, monitoring and research of numerous physical-
geographical, geo-ecologic and other occurrences and processes. With its morphostructure,
height dissection and morphosculptures it represents factor and (or) modifier of numerous
natural and social-economic features of geo-space. Therefore, no matter how much drainage
basin is “extremely large” and (or) “extremely small” it is above all “extremely complex”-
anisotropic and unique, with immeasurably large number of potential variables and mutually
dependable variables. Jovanovi¢ S.P, the founder of real geomorphology, and Markovi¢ B J.
support the idea of drainage basin as proving ground of research. For Markovi¢ D.J. | (1988)
drainage basins are ideal proving grounds for systematic spatial-synthetic study of relief,
that is complex morphogenetic, geotectonic, palaeo-climatologic, geo-chronologic and other
1ssues.

In spatial observations of ecology, from one in abundance of functional concepts, the
drainage basins became, for relatively short period, mostly used model for ecosystem
research (Bormann & Likens, 1979). Also, they became the most recommendable territorial
unit for water resource management and space planning. The European Convention (1992) on
Protection and Use of Transboundary Watercourses and International Lakes (ECPUTW)
explicitly regards river drainage basin as unique ecologic unit (according to: Jagerskog A.,
and Phillips D., 2006).

Drainage basin and mineralization of surface waters

A drainage basin is starting proving ground of generation and monitoring (studying)
of mineralization of surface waters. The evolution and dynamics of drainage basin, and even
mineralization of surface waters, depend on evolution and co-evolution of its abiotic and
biotic, natural and anthropogenic components, i.e. maintenance of large number of weak
equilibriums with series of complex processes among them. The character of occurrences
and dynamic of processes in it are determined with numerous interior, but also with some
exterior components of elemental surroundings of endogenic and exogenic origin.

Studying of mineralization of surface waters is one of the central questions of
modermn geomorphology and geo-ecology because of its general presence, continuvily and
cumulative effect in space. It characterizes expressed inter-disciplinary nature and need for
deeper connections with general system theory. Inter-disciplinary research exceeds
integration of facts and ideas and opens perspective of new method of identification,
definition, analysis, interpretation and genuine clarification of mineralization of surface
waters and their cause- and- effect contribution to all processes in drainage basin. Actually,
such researches open series of new questions of perception and methodological or
epistemological character of cognitive process. Here, in particular, still insufficiently
comprehensible ontological priority of objects and ontological subordination of processes in
complex mechanism which influence mineralization of surface waters are taken into
consideration. Also, perception of mineralization of surface waters as complex occurring
component of geo-space in positive way distance geography, especially geomorphology,
from traditional methods of direct observation and it brings it closer to analytic
quantification, which has been for a long time accepted in physics and chemistry. In fact,
gnoseologic sense of the indicated problem has been in the centre of attention of new
Belgrade Quantitative Geomorphologic School for several decades, but its epistemological
base is through series of studies (Manojlovi¢ P., 1992; Dragicevi¢ S., 2002, 2007;
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Dragiéevi¢ S., Manojlovié¢ P., Mustafi¢ S.2003; Mustafi¢ S. 2006) improved in both senses:
in terms of systematic approach, and in number of included and modeled variables. Exactly
this acceptance of systematic approach (considerable integrative and heuristic possibility) in
the study of mineralization of surface waters facilitated deeper understanding of these
processes in complex systematic surroundings which drainage basin represents.

VisocCica Drainage Basin as proving ground for this type of research is chosen for
several reasons. As the value of mineralization 1s under direct influence of the water
quantity of the drainage basin and petrologic- lithologic complex, drainage basin has
become interesting because of the highest specific runoffs on the territory of Eastern Serbia
(Manojlovi¢ P., Zivkovié¢ N., 1997; Mustafi¢ S., 2006). Heterogeneous geologic structure of
terrain enabled spatial perception of distribution of water mineralization from the aspect of
different rock types. On the other hand, border mountainous regions of Eastern Serbia with
the interaction of physical-geographical characteristics of hilly-mountainous regions and
long-lasting effect of international boundary barrier are characterized with the process of
dominant stagnation and disintegration of settlement, population and economic landscape (
Milin¢i¢ M., 2009; Mustafi¢ S., 2007). Simultaneously, these conditions, with the processes
of dynamic homoeostasis, enabled progradation of the state of the basic natural elements of
the environment in the most important part of mountainous region. It especially favourably
reflected on the state of water resources, and therefore this part of mountainous region is
emphasized as a base of fresh water resources. In that sense, the influence of
anthropopression on the dynamic and quality of waters is brought down to acceptable
measure.

The VisoCica Drainage Basin represents spring part of surface waters of the first
class (Water Management Master Plan of the Republic of Serbia, 1996; Physical Plan of the
Republic of Serbia,1996) on whose inner part was formed bifunctional ( water supply and
irrigation)  “Zavoj” accumulation (F=584 km’ V=170x10° m’). Exactly water
accumulations are key objects for the realization of the objectives of rational and functional
exploitation of surface water spring parts- since they represent connection between the
system of surface spring parts and the system of water supply. Consequently, the
determination of the influences of natural environmental factors on the establishment of
ecologic equilibrium is one of the priorities in the analysis of mutual influences that exist on
the relation: accumulation-drainage basin environment. And one of those natural
components 1s shown through quality, or more exactly, the value of surface water
mineralization (LjeSevi¢ M., 1998).

Research methodology

The data used in this paper are taken from the base of the Laboratory for Physical
Geography of the Geographical Faculty in Belgrade. In a twenty -year- period of research
102 drainage basins were included. Also, physical-chemical analysis of samples of running
water was carried out in the aforementioned laboratory. Twelve parameters were analyzed
inside each of sample. And, as all samples were subjected to the same methodological
procedures (Manojlovi¢ P., 1992, Manojlovi¢ P., Gavrilovi¢ Lj., Zivkovié N., 1994), it
created strong foundation for rational perception of all relevant parameters which influence
water chemism.

Previous researches showed that total mineralization and its structure are at large
extent determined by the influence of two factors: specific runoffs and petrologic-lithologic
complex (Manojlovié P., 1990, 1998).

The procedure of determination of water runoff quantity, i.e. its transformation in
specific runoff lies in the fact that unit fields are differentiated according to the runoff over
prevailing lithologic type and rainfall quantity (Manojlovi¢ P. and Zivkovi¢ N., 1997). Some
mathematic dependencies were received by singling out four groups of lithologic-hydrologic
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types and putting them into the relation of coefficient of runoff and rainfall. Numeric models
formed in such way were applied for determination of runoff coefficient of each unit field
(size of 1 km® ), and then in the next step, through runoff height, the value of specific runoff
is also determined (Mustafi¢ S., 2007).

The influence of petrologic complex on the total water mineralization and its
structure is determined by the following analytic procedure. In accordance with geologic
characteristics of the drainage basin, all rock types are classified in 5 petrologic-lithologic
complexes: Neogene sediments, schist, limestone, dolomite limestone and flysch. The next
step meant defining of certain mathematic- statistic models for each singled out petrologic
complex. Double logarithm regression with specific runoffs as undependable variable values
and concentration of macroions as dependable variable values appeared as the best model
(Manojlovi¢ P., 1998).

Universal data processing, 1.e. all relevant parameters which are included in the
model itself, is based on the use of GIS oriented program package- Geomedia 5.2
(Intergraf).

Rock types and specific runoffs as determinants of surface water mineralization

The knowledge of total surface water mineralization is one of the key factors of
perception of intensity of chemical dissolution of rocks and sediments. Chemical structure
of water depends on the environmental conditions in which they are formed or more exactly
on correlative action of physical-geographical factors of the given region and their intensity
as well. (Campbell S., et al. 2002; Beylich A., et al, 2004; Dixon J., Thorn C., 2005;
Anderson S.P., 2005; Porder S., et al. 2007; Vuai S.A.H., Tokuyama A., 2007; Desir G.,
Marin C., 2007). Considering the complexity of interactive action of all destination factors
which influence water chemism, the emphasis in this paper will be given to two destination
components: the activity of lithologic component (rock type) and water quantity of the
drainage basin ( specific runoff).

The importance of /ithologic component is shown in the fact that it is the only factor
in the drainage basin different from others which can create existing differences among the
dissolved mineral substances under other similar environmental conditions, or more exactly
the processes that happen in it.

The shown results in the table 1 indicate that the highest mineralization of running
waters in the Viso¢ica Drainage Basin is present in the Neogene sediments. This fact
indicates that dissolving of rocks is not only dominant process in limestone, as it was
considered for a long time in scientific circles, (Corbell J., 1959), but that there are rocks
and minerals in nature which are far more soluble (ManojlovicP., 1998). Waters that drain
these terrains have 3.8 times higher total mineralization than those that originate from
crystalline schist and 1.6 times higher than the values of water mineralization of limestone
terrains. lon balance inside the singled out petrologic-lithologic complexes also point to this
fact. In the total mass of dissolved mineral substances from all rock types Ca>" ions
dominate, which are in high, positive correlation with hydro-carbonate ions. However, the
average concentration of Ca®’ ions in Neogene sediments is higher than its value in
limestone, and it is even higher in flysch rocks than in dolomite limestone. It is also typical
that in the structure of total mineralization the concentration of Mg®" ions in Neogene
sediments is almost the same as in dolomite limestone. Distinct presence of sulfate, as well
as sodium and potassium ions point to the fact that there were such palaeo-climatologic
conditions in Neogene sediments which enabled deposition of minerals whose dissolution
velocity, as well as solubility is significantly higher than in limestone.

Contrary to the waters of Neogene sediments, mineralization of the waters which
originate from crystalline schist is extremely low. The reason for this is two-fold. This
petrologic complex is generally typical for its very low values of mineralization
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(Manojlovi¢P., 1998). On the other hand, contrary to other rock types, rock complex of
crystalline schist in the VisoCica Drainage Basin does not reach height zones lower than
900m of altitude. The highest specific runoffs are formed in the drainage basin (the average
ponderable value of specific runoff is 20,3 I/s/km?) where crystalline schist are present.
Coefficient of runoff also contributes to its lower values, which is on these terrains 66.6 %
(Mustafi¢ S.. 2007). Higher coefficient of runoff means faster water runoff, and therefore
higher filtration velocity through soil and rocks. The contact between rock and water is
shorter in that case and it results in formation of lower mineralization.

Table 1. Ponderable values of modeled concentrations of macroions and dissolved mineral substances
(mg/l) per singled out petrologic-lithologic complexes .

Rock type | F q Ca® [ Mg¥ | Na* | K& | HCOy [ CI' | 8O/ | SiO, | TDS
1 16 | 73 | 936 | 254 | 143 [ 156 | 3660 | 11.0 | 747 | 8.6 | 426.6
2 48 [ 210 189 [ 100 | 23 [ 38 [ 1132 [ 24 [ 50 | 142 [ 1133
3 86 [ 1651801 | 64 [ 90 [ 50 [ 2907 [ 119 ] 30 59 [ 26638
4 145 1176 | 418 [ 251 | 66 | 58 | 2753 [ 55 | 29 [ 101 | 2363
5 157 | 162 [ 495 | 123 [ 104 [ 99 | 1962 | 85 [ 305 | 100 | 229.6
Average 167 ] 534 | 157 | 85 | 7.4 | 2443 [ 79 [ 159 | 94 | 2407

Legend: F — arca of singled out rock complexces (km?), g- specific runoffs (I/s/km?);
Rock type: 1- Ncogene scdiments, 2- schist , 3 — limestone , 4 —dolomite limestone, 5 — flysch; TDS total
dissolved solids (mg/l)

In general, the influence of specific runoffs on the formation of total water
mineralization is shown in the table 2. With the increase of specific runoffs, the value of
total mineralization decreases almost twice as much, independently from the presence of
petrologic complexes, which means that water mineralization in the drainage basin is under
strong influence of its water quantity.

Table 2. Modeled concentrations of TDS in the function of specific runoffs

q 1 2 3 4 s ] Tps
5-10 | 426.6 2913 | 262.1 | 2506 | 357.5
10-15 119.5 | 278.4 | 250.0 | 240.0 | 2493
15-20 1155 | 263.6 | 2349 | 224.5 | 235.0
20-25 112.0 | 253.8 | 224.7 | 215.0 | 209.2
25-30 109.9 217.2 | 2076 | 1945

Legend: g- specific runoffs (I/s/km”); 1- Neogene sediments, 2- schist, 3 — limestone, 4 ~ dolomite limestone, 5 —
flysch; TZ L total dissolved solids (mg/1)

As the values of specific runoffs are in the direct function of altitude, and through it,
temperature as well, or more exactly evapotranspiration; it appears as the second, indirect
factor of the decrease of mineralization. This rule has been noticed for both the drainage
basin in general and for height distribution of values of macroelement concentration and
total mineralization of each singled out petrologic complex. Namely, the regions with lower
altitude receive relatively lower quantity of rainfall, air and ground temperatures are higher,
and the process of evapotranspiration is more distinctive, which cumulative result in lower
values of specific runoffs. All of these conditions increased water mineralization no matter
which type of rocks or sediments is present in that region.

The knowledge of quantitative values of the influences of the aforementioned factors
on the total dissolved solids, as well as participation of macroelements, in percents, in the
structure of the total dissolved solids, enabled perception of its spatial distribution (table 3).

However, relatively high concentrations of certain macroelements, typical for waters
which drain Neogene sediments, do not have important influence on total values of DMS
concentrations of the waters of surface flow which gravitate towards the Lake Zavojsko




160

jezero. The reason for it is that this rock complex includes only 3.5 % of total area of the
researched drainage basin, and it stretches as narrow zone by valley river floor.

Table 3. Modeled concentrations of ions and TDS (mg/l) per singled out drainage basins

Drainage basins Ca” [ Mg¥ | Na” | K" | HCO;, | CI | S0,* | Si0, | TDS
The Krivodolska River 68.2 13.2 | 10.1 | 85 268.6 | 10.0 24.5 8.1 12773
The Kamenicka River 46.6 14.2 74 | 638 215.0 6.8 153 9.8 | 2149
The Rosomacka River 50.6 15.0 76 | 6.7 233.8 73 14.1 9.5 | 228.1
The Jelovicka River 49.0 15.9 84 | 74 231.4 7.4 16.1 9.2 | 229.5
The Dojkinacka River 50.2 151 1103198 218.3 8.6 268 | 10.5 | 241.0
The Belska River 419 252 6.6 159 276.2 5.5 29 | 102 | 2372
The Gostuska River 43.1 21.7 73 |67 252.7 6.1 9.4 9.9 | 231.2
The Belska River 424 252 6.8 | 6.0 276.8 5.6 3.5 102 | 239.0
The Koprivstica 60.0 15.8 89 |69 271.9 9.0 10.0 8.9 | 256.1

Received concentrations of macroions and the total dissolved solids, defined with
mathematic mode] presented in the chapter on the research methodology, were created by
mutual influence of lithologic-petrologic complex and appropriate specific runoffs formed
from the cooperative action of altitude, rainfall quantity and rock type. That is why the
climatologic influence, from the rainfall aspect, cannot be observed separately from the
runoff height, and the influence of rock complexes cannot be separated from their
cooperative action with specific runoffs. Besides, the structure and solubility of rock surface
with which atmospheric waters are drained, as well as the average length of contact between
rock and water has decisive role in forming total mineralization (Hall F.R., 1970;
Manojlovic P., 1992; Ryu J., et al., 2008; Zhao J. et al, 2009, Khayat S. et al, 2009). The
concept of specific velocity of runoff ( the number of seconds needed for 1 1 of water to run
off from 1 km2 ) which explains 89% of variability of the total dissolved solids (Manojlovié
P., 1992). From the geomorphologic-hydrologic aspect it means that longer contact of rock
and water in natural conditions causes the increase of its mineralization. In other words, in
the case of short-term preservation of water inside rock masses its mineralization will be
lower and it will contain minerals which dissolve faster.

Conclusion

It appeared that the Viso¢ica Drainage Basin, although spatially relatively small, in
terms of contents is more than complex proving ground for realization of set task. That is
why this paper, considering the absence of similar, has both analytical and theoretic
contribution —the stimulus for defining universal, coexistent and valid scientific-logical
system of reliable analysis of cause- and- effect relationships on the relation of complex
characteristics of geo-ecologic characteristics of drainage basin and chemism of surface
walers. Also, it appeared that researches of topic conceived in such way, at great extent,
means analytic and synthetic approach in studying relevant physical-geographical (abiotic)
occurrences and processes in the drainage basin.

On the other hand, the approach conceived in such way has applicable importance
as well. The chosen model can be used as one of the unavoidable components of solving
complex problems in the scope of ecologically justified valorization and environmental
protection, medical geography, as well as different aspects of space planning. In the sense of
that, through series of thematic maps as part of systematic and integral space research, the
perception of this complex process was enabled through several parallel perceptions, and
they are: visualization, concretization and quantification.
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