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TFEOMOP®OJIOIIKO ITPOYYABAIGE BUTPA
HA JIOKAJIMTETY BUT'PEHU ITIOTOK (JJOWBA BEJIA PEKA)

U3Boa: burapeHe akymyiaimje y DoauHH BurpeHor motoka MOpQOreHETCKH Cy ClIokKeHe. Belnky BaxHOCT 3a
nojaBy Ourpa, kao u kox Behmne npyrux akymynamuja y Mcermunoj CpOuju, mma OJNM3MHA KpaIikor Bpeda.
INocrojame Kackaga y Kiucypu burpesor moroka omoryhmiio je mpBOOMTHHM HacTaHak BOJOMaaHOr Ourpa. Hakon
nperpahuBama Kiucype nounme $aza akymynanuje 6apujepHor ourpa. TpeHyTHO je akTyenHa epo3uBHa (asza ma
je, HekaJia jeIMHCTBeHa aKyMyJIallfja, ojJieJbeHa y BHIle MambuX. MoryhHocT 3amrure, yciaen 6ian3uHe 3amtuhene
KarTaxe, ¥ JIenora OUrpeHnx Bogonasa ykasyjy Ha IMOTeHIHMjall 32 TYPHCTHYKY eKCILIOATALM]y OBOT JIOKAIUTETA.

Kibyune peun: 6urap, Moziesi akyMmyJanuje Ourpa, 3amrura 6urpa, loma bena Peka, Microuna Cpouja

YBoa

Burap (eng. tufa) je, no nedpunnmju xojy cy npemioxunu Pedley u Ford, mponykr
TaJIOXKeHa KallijyM-KapOoHaTa y yclIoBHMa XJIaJHOBOJHOT pexuma (O1u3y amOujeHTanHe
TemnepaType) noz OuonomkuM w/win pusmako-xemuckuM ytumajem (Pedley, H.M. 1990;
Ford, D.G. and Pedley, H.M. 1996; Pedley, H.M. et al., 2003). 13 came nedpunuiuje 6urpa
YOUBHBO je HeClarame 10 MHTaky HpecyqHOr (akTopa KOjU YTHYE Ha TallOKEHe
KaJmjyM-kapOoHara. [leo aytopa cmarpa ma 0e3 OMOJOMIKOT yTHIIaja HEMa HU obapama
KaJIjyM-KapOoHaTa u3 \uMe mpe3acuheHe Boje, OJMHOCHO, HACTaHKa OMTpEeHMX Haclara.
Hpyra rpyna aytopa cTBapame OUrpa mpunucyje Gu3nIKo-xeMnjCKAM MPOIECHMA.

Jlocanamimba uCTpakMBamba reHede Ourpa y CBeTy M KOI Hac JAajy pa3inyuTe
pesyaraTe y 3aBUCHOCTH O]l MECTa HEerOBOI HacTaHka. ['onyOuh cmartpa ma Tajoxeme,
MopGoJIOTHjy U AWjareHe3y Ourpa tpeba mocMaTpaTH y KOHTEKCTY (aykryupajyhe BomeHe
nospuree (I'omy6uh, C. 1969). Buccino Harnamasa BakHYy yJory OWibaka y W3rpalibu
ocHoBe Ourpenux Hacnara (Buccino, G. et al. 1978). Ordonez u Garcia, npoy4asajyhu
HacJyare ourpa y nentpannoj lllnanuju, npuMemyjy caBpeMEeHU CEIUMEHTOJIONIKHA KOHIICTIT
(Ordonez, S and Garcia, M.A. 1983).

Pedley je, Ha OCHOBY OINCEXHHUX HCTPaXHBakha M YBHIA Y CBETCKY JHTEPaTypy,
MOKYIIIA0 Ja Aa KiIacu(uKaiyjy Ourpa koja Om moMupmiia pasjiqauTe CTaBoBe. Y3uMajyhn y
003up Hampen HaBeICHAa MUILBEHA, Kao M MUIIJbeHka ayTopa u3 CesepHe Amepuke Pedley
j€ YCTaHOBHO TET MOJelia OKPYXema y KOjuMa JI0JIa3d 10 TaJIoKemha OWrpeHuX Haciara
pasmmuntux Kapaktepuctuka (Pedley, H.M. 1990). To cy:

- MoOIen KpallKHX Bpesla, KoJI Kora OHWIpeHe Hacjiare HacTajy oaMax WiId Y
HETNOCPeHOj OIM3MHN KPAIIKUX Bpena,

' mMp Amnexcampap Ilerpommh, acuctent npumpaBHHK, YuuBep3uTeT y Beorpamy - [eorpadckm daxynrer,
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- KackKaJHH MOJEl, TJie e OUrap TaJoXu Ha Kackajama M BOJOMAJAnMa,

- (QuyBujamHM MOJEJ, KOjU oOjallli-aBa HaCTAaHAK OWUrpa Ha IHY IUIMTKUX PEKa WK
u3a 6apujepa (tun [IuTBHYKHX je3epa),

- je3epcku Mojien, 3a Ourap HacTao y jesepuma u

- MOYBApHHU MOJIEJN, 3a Ourap HacTao y MOYBApHUM HpeenMa.

C 003upoM Ha TO Ja ce KOMOMHOBAaWmEeM IpBa TPH Mojelia MOXXe 00jaCHUTH HACTaHAK
OWUTpeHHX Hacjara y JOJMHH BHTpeHor motoka MoTpeOHO je 0 WUMa pehin HemTo BuIe.
Bapujepran ¢uryBmjanman Mozaen je HajOoJbe TPOYYeH Ha moapydjy [LmuTBHUKHX je3epa
(Srdo¢, D. i dr. 1985). PesynraTé BHIIETOOUINIBUX HUCTPaKMBamba yKazald Cy Ha TO [1a,
Iopel OCHOBHUX YCIJIOBa KoOje mpeacTaBibajy mpesacuhenoct Boge CaCO; u pH Boge m3Haq
8, OWoreHo3e Wrpajy NIpecyaHy YJOry y Tpolecy HacTaHka Ourpa Ha [lmMTBHYKIM
jesepuma. Henocrojame Makpo ¥ MHKpOOpraHu3aMa HCKJbydyje oOapame KajlujyM-
kapOoHara u3 Boje. JKuBa MaTepuja caunmbaBa HyKIEyC KpHUCTaja Kajiiura u oMmoryhasa
HErOBO ariioMepupame, OTHOCHO HacTaHak Ourpa. Jlakie, Ha MecTuMa y BOJOTOKY Koja cy,
pelMo, obpacia MaxOBHHOM J0Ja3d O HHTCH3MBHHjET CTBapama OWUTpa M H3IH3arbha
Gapujepe. Boma ce mpeko Te Oapujepe pa3nMBa M aKyMyJupa jOII BHIIE KalIlH]jyM-
kapOoHaTa, Te ce Haciare Ourpa nomaTHo moBehasajy.

IMopex wucnUTHMBama BpHICHHMX HA NPHUPOIHHM BOAOTOLMMA TeHe3a Ourpa
NpOoyYaBaHa je U eKCIePUMEHTAHO Y 1Ja00pAaTOPHjCKUM YCIIOBUMA. 3HAYAJHO UCTPAKHBAEHE
cupoBenu cy capamHui JlaGopatopuje 3a TeoXeMHjcKa HCTpaknBammba KuHecke
akagemuje Hayka (Chen, J. et al., 2004). Pesynratn BUXOBUX HCTpakWBama MOKa3yjy 1a, 3a
pa3imKy ox Ourpa Hactajor Ha OapujepaMa y TOKy, OMOIICHO3e HeMajy 3HaYajHH]y yIIOTY Y
HACTaHKy BoJOmaaHor Ourpa. I'eHesy Ourpa objaimimaBajy Kao pe3yiraT TypOyJICHIIHje
Bone. Bona ce kpehe mpeko kackazia W ojceka y BOJOTOKY M TOM MPWIMKOM JI0JIa3H IO
3apo0shaBarba Basdyxa YHyTap BOIC M CTBapama “‘peHomena Oene Bome” (Chanson, H.
1995). OBakaB “aeparuoHu edekar” je BaxkaH 3a oOapame KalujyMm-kapOoHarta. Jlaske,
ycien Benuke Op3vHE KpeTama BOJe NMPEeKO KacKala CMamyje ce HeH HPUTUCAK, CXOIHO
bepuynujeom edekry. Hmxu npurncak, mno XeHpujeBOM 3akoHy, omoryhasa
neracu¢ukanujy Bone, onHocHo, otmymTame CO,. Ha kpajy, Boga ce ymapajyhu o crene
pacmpckaBa y CHTHE KarubhIle, mTo oMmoryhaBa nmasey neracudukanmjy. ['yomrak CO,
Hampea NOMEHYTUM MeToJama, a THMe M o0apame KajlujyM-KapOoHaTa M3 BOJE, JieceT
nyrta je Behe ox ryourka CO, abcopboBanor ox crpane airu (Chen, J. et al., 2004).

ITo Moxemy kpamkux Bpena Ourap ce akymyinpa HETIOCPETHO Ha MecTy M30mjama
Bozie Ha Tomorpadcky moBpmuHy win Hemto Hm3BogHHje (Pedley, H.M. 1990). Hacnare
Ourpa uMajy Jemnesact usrie] y riady. [Ipo¢un um je KIMHACT, ca HajTalkbUM JINIOM OJH3y
U3BOpa M JAe0/bMM Jajbe on mera. OBaj TUN OUTPeHHX aKyMmyJalfja HajCIUYHHjH je
Haciarama Ourpa koje cy 1991. romuHe wucTpakuBaau capamnuiy Jlaboparopuje 3a
@uznuky reorpadujy Ieorpadckor ¢axynrera y bBeorpamy. Behuna Ourpenmx
aKyMyJanuja Koje je mpoyuaBao [aBpuiioBuh nmpunanga oBoM tuiy. Akymynainuje Tymane,
bemn u3Bopau, byk u Bennko Bpeno HacTajy oamax HCIOZA Bpelia H JICTIE3acTO Ce IIHpe
(T"aBpunosuh, /1. 1992). Y npusior pacipocTpamkeHOCTH OBOT THITA OUTPEeHHUX Hacjiara uiae u
3aKJby4ak Ja ce obapame Kannujym-kapoonara y Mcrounoj CpOuju nemaBa HENOCPEIHO
HAKOH n30Hjama OMTOTBOPHE BOJE HA TOMOTrpadCKy MOBPIIMHY (Ha xykuHH ox 150 mo 1200
MeTapa), IITO je y CYNpPOTHOCTH ca aKyMyjamnujom Owmrpa Ha IlnuTBHYkMM je3zepuma
(Manojnmosuh, II. 1996). Takohe, oBoM THITy mpumanajy W OWTpeHE aKyMylauje Ha
nokanureruma Oyulypu, lllymeha u 3anon y Pakobapckom 6aceny (ITerposuh, A. 2005).
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I'eorpadcku moJ10Kaj U reoJoNIKe KAPAKTEPUCTHKE UCTPAKUBAHOT MOAPYYja

Ceno Jloma bema Peka nanasu ce mcrouHo on bopa (kapra 1). CmemteHo je y
nomeM neny cinuBa PaBHe peke, mputoke beme peke, m3mely BpxoBa ['omor kpmia Ha
ceBepo3anany U ProTHHCKOr KaMeHa Ha jyroucToKy. PaBHOj penu y ceny, ca JeHe CTpaHe,
nputnie burpern morox. OH mpeTcTaBiba HU3BOIHH ACO MepHoANYHOT Toka Cypaym umja
ce, MECTUMHIYHO KIUCYypacTa, MOJMHA Tpyxka ox moxHoxkja [omor kpma mo Home beme
Peke. Kama ce Cypaymy nmpuksby4n BoJia U3 Bpeicke MehinHe Ha HeroBoj IecHOj 00an HOBA
TOK HOCH Ha3WB bUTpeHN MOTOK.
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Kapra 1. T'eorpadxu mosoxaj HcTpa:kuBaHor HOApyja

Bpeno burpenor noTtoka Hajasu ce Ha KOHTaKkTy u3Mely cTeHa jypcke W KpeaHe
cTapocTu. Jypcke CTEHe IpEeTCTaBJbeHE Cy CIIOJEBUTHM M OaHKOBUTUM KpeumaluMma H
JOJIOMUTHMA a KpeIHe arjioMepatuMa W Opedama ayruT-XOpHOJeHIe W XOopHOJeHOa
aanensuta (Autonujesuh, U. u np., 1976). Bperno je kanTupaHo cpeAMHOM MPONLIOT BEeKa, a
3a BOJIE KOje MCTUYY M3 Ihera YCTaHOBJBECHO je Mmopekio ca bopckor Crona u 'onor kpima.
Kamarurer Bpena uznocu m3mely 20 u 70 1/s (u3Bop napopmanuja je bopcku BooBox).

Y3BoAHO 01 Bpena, KIUCcypacT Aeo moroka Cypaym usrpal)eH je y TOmeKpeTHuM
CIIOjeBHTHM M OAaHKOBHTHM KpedmaryuMa. Hu3BomHO on mera, Kiucypactu aeo burpenor
MOTOKA YCEUYCH j€ y JYPCKUM CJIOJEBUTHM W OAHKOBHTHM KpEUHAIlUMa M JIOJIOMHUTHMA.
Hakon wu3nacka burpeHor mnortoka M3 KIMCype OWIpeHe Haciare cy HaTalloKeHe Ha
MUOIICHCKE TJIMHE, IECKOBE U menriape (kapra 2).

MopdomeTpujcke kapakTepucTuke Ourapa burpenor noroka

IIpBa akymynamuja Ourpa (axl) namasm ce 530 m HHM3BOAHO O Bpena, y
KIHMCypacToM jeiny ponuHe burpenor mortoka (kapra 2). Ha oBom mecty Ourap je
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Mperpaauo JOJIMHY Ha I1eJ10] HheHoj mmpruHd (12 m). Y3BOAHHU [e0 akyMyJaluje UCIYHhaBa
nperpaleHu geo jonvHE OMIpoM Ha JTYXHMHH o] oko 6 m. HusBogHo ce akymynaiuja
3aBpllaBa BEPTHKAJIHUM OJICEKOM MaKCUMaJHE BHUCHUHE 8 m y cpeaulmeM ey (ciuka 1,
akl). Hagmopcka BHCHHA TOpH-E UBHIE OJCceKa N3HOCH 295 m. BurpeHu moTok ce ycekao y
JIECHY CTpaHy aKyMyJjaiuje u ¢popmupao ciamn BUCHHE 5 m.

Ciuka 1. Akymynanuje 6urpa y noanau burpenor noroxa

Hpyra axymynammja Ourpa (ak2) cmemTena je 100 m HU3BOAHHWje O TIpBE
akymynamnuje (xkapra 2) Ha 285 m H.B. U oBa akymynanuja mperpaljyje ycKy KIHCypacTy
JnonuHy burpeHor moroka Ha mmpuHHU ox oko 10 m m myxuHM 07 OoKO 5 m. 3aBpimIaBa ce
HHU3BOJIHHM OZICEKOM 011 6 m. burpenu motok ce ycexao y akyMyJsanujy 1 ca ibe ce CIyIITa
y BUIy ciamna BucuHe 3 m (ciuka 1, ak2).

3a pasnuky ox mpBe nBe, Tpeha akymynanuja Ourpa (ak3) je mpencraBibeHa
IIMPOKOM 3apaBH-EHOM TepPacoM Ha JIECHOj HOJIMHCKOj CTpaHH burpenor noroka (kapta 2).
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bnaro je HarHyTa mpema TOKYy, Ka KOME C€ 3aBpiiaBa CTpMUM ojcekoMm (5 m p.B.).
Hanmopcka BucuHa oe ourpene tepace ce kpehe nzmely 290 u 280 m. [ToBpuirHa Ha K0joj
je moryhe younTn Gurpere Haciare usuocn 11.500 m’. Y 3anagy MBHIy akyMmymammje ce
yCceKao TOTOK KOjU MPHUTHYE ca JiIeCHe cTpaHe burpeHom nmoToky (cnuka 1, ak3).

Nerewpa/map legend

Knacrturu/clastites
Mecak n ruHa/Sandand clay
Kap6onatu/carbonates

Mecak u wreyHak/Sandand gravel

Burpena akymynauuja
tufa accumulation

MpernocraerbeHa BurpeHa akymynaumja
hypothetic tufa accumulation
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Kapra 2. I'eomopdosionka kapTa GUrpeHnX aKymyJanuja y 1oaunu burpenor noroka

VY wincypu burpesor notoka youJbMBH Cy ocTauu Hekajaa Behe akymysanuje. Ha
3UA0BHMA KIIUCYpe BHCE KOMaJIy OUrpa MpUWICTJbeHH Y3 Hhera, ca IMPOCeYHOM PETaTHBHOM
BUCHHOM OKo 8 m. HakoH u3naza u3 kiucype, Ha JIeBOj IOJIMHCKO] cTpanu, ucnoz 0,5 m
MAaJIMHCKOT aKyMyJIaTHBHOT MaTepujajia Haja3u ce cioj ourpa (ak4). OBa akymynaiyja
(xapTa 2) neTekToBaHa je Ha jeJIHOM OTBOPEHOM oMy Mope] MakaaaMCKOT MyTa, I0K ce
Ourap Mo)ke YOUHTH Ha jOII HEKOJIHMKO JOKaluja Ha cTpMuUM obanama burpenor moroka 50
m HU3BOJIHHU]E OJ1 OBE aKyMyJiallHje.

PexoHCTpyKIMja HACTAHKA OUTPeHe aKyMYyJlaluje

Burpena akymymnamnuja y HoimwHE BuUrpeHor moroka HajasM ce y epo3WBHOj (hazu.
IToTok ce ycekao y HeKagammpy akyMmMyilnanujy W Behmm gemom je epomosao. Om Hekana
JeOMHCTBEHE aKyMylalfje OCTaja Cy TPH jaCHO M3pa)KCHa Jefla M HEKOJHMKO JIOKalWja Ha
KOj1Ma je Ourap NOKpHBEH NMaJIMHCKUM U (IIyBHjATHUM MaTepHjaioM.

3a HacTaHak OWrpeHe akymyJiallMje BaKHY YyJOTYy MMa IOjaBa Bpelia Ha JECHO]
ctpanu noroka Cypuaym. ITonoxaj Bpena je HajBepoBaTHHje Be3aH ca YKpILIATAmHEM pacela,
0]l KOjuX ce Behn mpy»ka mpaBleM ceBepo3ara/i-jyrouCTOK a Mamkbu CEeBEPOMCTOK-jyro3arnas.
Bonma u3 Bpena nemocpeaHo yrtuue y Beh moctojehy kmumcypacty nmonmny Cypayma. C
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003upoM Ha To na je Cypayn NepHOAMYHH TOK, JIOK BOJA M3 Bpeja MCTHYE TOKOM Iieie
TOJIHEe, MEIIITAHU OBaj JICO TOKA HAKOH Bpella Ha3MBajy BUrpeHu moTok.

On Bpena 1o mpBe Kackajie y KIucypH, Ha oko 400 m Toka, OCHM IO JIHY MOTOKa
Huje O6mno Behnx akymysnamuja ourpa jep ce Boja kpehe Tokom mainor Haruba. Y KIuCypH
Burpenor moroka namaze ce nBe Behie kackane. Ha mrMa ce IMpBOOMTHO aKyMyiHpao
BononasHu Ourap. Kaja cy akymynanuje oBor BOJONaJHOT OWrpa Hapacie TOJIHMKO Ja Cy
nperpahjuBane unWraBy KIMCypy modena je (aza akymynamuje OapujepHOr Omrpa. Tako
CTaJIOXKEH OUrap MMa jaCHO YOUJBHBY CIIOJEBHTY CTPYKTYPY U Pa3iUKyje ce 01 BOAONAIHOT
Ompra umja je CTpyKTypa JyKOBHYacTa © OOWYHO caapku Belly KOTUYUHU
kapborudukoBaHor ¢uToreHor marepujaia (rpanuunne, aumhe uta.) (Pedley, HM. 1990;
Glover, C. and Robertson, A.F. 2003). Tanoxeme 6urpa je HalrpeoBaIo HU3BOIHO Ol OBUX
Kackaga Tako Ja ce, Ha Kpajy, OBa jeHHCTBEHa aKyMyJalmja mpoctupanra oko 500 m
HU3BOJHO OJI TIPBE Kackaje, ca MPOoceYyHOM IHMpUHOM oko 150 m (kapta 2). Haamopcka
BUCHHA OBE aKyMyJaluje uzHocuia je 290 m.

KoHuenT 3amruTe 1 0Ip:KHBOT Pa3Boja JOKAJIUTETA

burap, kao cnenuduyHa CETUMEHTHA CTEHa, y ceOM HOCH HWH(pOpMalHdje o
T€OJIOIIKMM, T€OMOPQOJIOMIKAM ¥ EKOJOIIKUM YCIOBHMa KOjH Cy BIAJaIN IPHINKOM
EroBOT Tanokema. CKyll OBHX yCJIOBA O] KOJUM CE TaJloXH Ourap oOM4YHO Cy CHHOHUM
3a  ‘“3mpaBy” kuBOTHY cpenuHy (Dbyposmh, II. 1998). Pekoncrpykmmojom
najgeorcoMop(oOIKIX,  MAJCOXHIAPOIOMIKMX W NaJICOKIMMATONOLIKHX  yCJIOBa
3aCTYIJCHUX NPUIMKOM HACTaHKa OWrpeHe aKyMyJjalMje MOXE Ce PELIUTH 3HaTaH Opoj
JIOKaJIHUX, PETHOHAIHUX, [1a ¥ KOHTHHEHTAJIHUX HAy4YHHUX mpoOiema. 3 cBUX oBHX pa3iora
Tpeba Ourap mocMaTpaT Kao 3HauajHy IPUPOAHY BPEIHOCT M PAIUTH HA FETOBO] 3aIITHTH.

['eHepaHU KOHIIEN 3aIITUTE OJHOCH C€ Ha OUyBame MMPUPOIHUX BPEIHOCTH OHIpa
u ¢popmu Ha wemy (I'aBpunosuh, /1. u Kopaues, H. 2008), kao 1 Ha HEroBoj BaJOpU3aLIH]jH.
Crame Ourpa y AoJMHM BUrpeHOr MOTOKa MOCHenuNa je MPUPOIHHX W aHTPOIOTEHHX
yrunaja. [lomro Ha mpUpojHE yTHIAje HEMaMO BEJIMKH YTHUIIAj Tpeba O0paTuTH Maxmy Ha
JIOIIE JIENIOBamkhe caMor 4oBeKka. Bpeno Ha necHoj obanu Cypayna je KanTupaHo CpeIuHOM
npouutor Beka. Behu neo Boje u3 Bpena ormue y bopcku BomoBoa, nok ce camo 20 1/s
MpOIyIITa NpeKo npenuBHULe. OapikaBambe OHOIOIKOT MUHUMYMa Ba)XKHO j€ 3a OICTaHaK
OUTpeHnX aKyMyJIaIyja.

C 003upoM Ha TO Ja je KanTHpPaHO BPEJO M AEO MOBPIIMHE OKO Hhera 3alTHheHo
3aKOHOM, Tpeba y3eTH y pa3MaTparme MOryHOCT MPOIIMpekha OBE 3alTUTE M HA HU3BOIHU
neo burpeHor moroka y koMme ce Hanaze ourpeHe akymynamnuje. Takohe, Tpeba HCKOPUCTHTH
YHIEHULY J1a Cy Kpo3 KIMCypy BurpeHor moroka ox Bpeia 10 cela M3BpIICHH paJoBH Ha
U3TPaaBH JIOKATHOT BOJOBOJA, TE CE HEroBa Tpaca MOYKe HCKOPUCTHTH 3a IeIIayKy CTasy.
IIpoxonHa memrayka cra3za JONpHHETa OM JOCTYMHOCTH OWTpeHHMX Bopomana oKy Beher
Opoja mocMaTpaua, jep Cy JAaHaC OBH JIOKAJIHUTETH JIOCTYIHU caMo aBaHTypuctiMa. OBUM Ou
ourpeHe akymysandje noouie GyHKIMjy eayKaluje U Mpe3eHTaIje UCKOHCKE MPHUPOIHE
amMOujeHTalTHE 1IeJIMHE, @ CaMO CEeJIO JOAATHY NMPUPOAHO-TYPUCTUYKY BPETHOCT.

3akbyyak

Pacripoctpameme npoydaBaHOr OHWrpa y Halloj 3€MJbHM, I1a CaMUM THM U Y
Uctounom CpOuju, mpukazao je Ha kapta Dyposuh (1998). burpene akymynamnmje y
JOJMHA BHUrpeHOr MOTOKa MpPEeACTaBibajy jemHy oA OpojBUX MarmbHX, HEHCTPaKCHHX,
nokamutera y Mcrounoj Cpb6uju. ['eomMopdonomkuM NpoydaBameM OBHX JIOKAIUTETa
nedunncahe ce BUXOBe MOPQOIOMKE W MOP(OTEeHETCKE KapaKTEPUCTHKE, il CE MOTY
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PEKOHCTpyHCATH W Taleo YCIOBH KOjH Cy BIagadd TOKOM HHXOBOT HacTaHka. CBe
Mpoy4yaBaHe aKyMyJiallije Y OBOM pajiy JeO Cy jeJIMHCTBCHE OMIpeHe aKyMmyJialuje, Koja je
HAaKHATHO €POJIOBaHA M CMameHA. 32 HACTAHAK OBEC aKyMyJallWje O] BEIHKE je BaXKHOCTH
OJM3MHA KPALIKOT Bpelia U MOCTOjabe Kackala y TOKy. KacHHju aHTpPOMOreHH 3aXxBaTH Ha
BpeIy caMo Cy I0javyaiy MPUPOIHO HEMOBOJPHE YCIIOBE 3a Iajbe aKyMyupame ourpa. Kako
O0M ce MaKCHMaJHO HCKOPHCTHO TOTEHLHjal MPEeOoCTaJuX Haciara Ourapa M MNPHPOIHA
JernoTa BOJONAJA HA IHbUMA, JIOKAIUTET Tpeba 3allTUTHTH W paJoBUMa MPHUBECTH
TYPUCTHIKO] (DYHKIIH]H.
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GEOMORPHOLOGIC STUDY OF TUFA ON THE LOCALITY
BIGRENI STREAM (DONJA BELA REKA)

Abstract: The tufa accumulations in the valley of Bigreni stream are morphogenetically complex. The great
importance for the occurrence of tufa, as in majority of other accumulations in Eastern Serbia, has the vicinity of
the karst spring. The presence of cascades in the gorge of Bigreni stream enabled primary formation of waterfall
tufa. After partitioning the gorge, the phase of the barrier tufa accumulation began. The erosive phase is currently
present and therefore, once unique accumulation has been divided into several smaller accumulations. The
possibility for protection because of the vicinity of the protected capped spring and the beauty of tufa waterfalls
indicate the potential for tourist exploitation of this locality.

Key words: tufa, models of tufa accumulation, protection of tufa, Donja Bela River, Eastern Serbia

Introduction

Tufa is, by definition suggested by Pedley and Ford, a sedimentary product of
calcium carbonate deposition in the conditions of coldwater regime (near ambient
temperature) under biological and/or physical-chemical influence (Pedley, H.M. 1990; Ford,
D.G. and Pedley, H.M. 1996; Pedley, H.M. et al., 2003). There is a notable discrepancy in
the definition itself concerning the question of the crucial factor which influences the
deposition of calcium carbonate. Some authors think that without biological influence there
would not be precipitation of calcium carbonate from the water supersaturated with calcium
carbonate, i.e. there would not be tufa deposits. The other group of authors thinks that tufa is
formed under the physical-chemical processes.

The recent researches of the tufa genesis in the world and in our country give
different results depending on the location of its formation. Golubic thinks that deposition,
morphology and diagenesis of tufa should be observed in the context of fluctuating water
surface (Golubic, S. 1969). Buccino emphasizes the important role of plants in forming the
foundation of tufa deposits (Buccino, G. 1978). Ordonez and Garcia, studying tufa deposits
in central Spain, have applied contemporary sedimentology concept.(Ordonez, S. and
Garcia, M.A. 1983).

Pedley tried, on the basis of the voluminous researches and the insight into the world
literature, to give the classification of tufa which would reconcile different attitudes. Taking
into consideration the aforementioned views, as well as the view of the authors from North
America, Pedley established five models of environments in which tufa deposition of
different characteristics occur. (Pedley, H.M. 1990). They are:

- Karst spring model, where tufa deposits are formed immediately or in the direct

vicinity of the karst springs,

- Cascade model, where tufa is deposited on the cascades and waterfalls,

- Fluvial model, which explains the formation of tufa on the bed of shallow rivers or

behind the barriers ( Plitvica Lakes Type)
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- Lake model for the tufa deposited in lakes and

- Marsh model for the tufa deposited in marsh areas

Considering the fact that with the combination of the first three models can be
explained the formation of tufa deposits in the valley of Bigreni stream it is necessary to say
something more about them. The barrier fluvial model is best studied on the area of Plitvica
Lakes (Srdo¢, D. et al., 1985). The result of several-year-long researches pointed to the fact
that, apart from the basic conditions which present water supersaturated with CaCO; and
water Ph above 8, the biocenoses play crucial role in the process of the tufa formation on
Plitvica Lakes. The absence of macro and microorganisms excludes precipitation of calcium
carbonate from water. Live matter composes the nucleus of calcite crystal and it enables its
agglomeration, i.e. the formation of tufa. Therefore, more intensive formation of tufa and
rising of barrier occur at some places of a water flow which are, for example overgrown
with moss. Water flows over that barrier and accumulates even more calcium carbonate, so
the tufa deposits additionally increase.

Apart from the researches carried out on the natural water flows, the tufa genesis
was studied experimentally in the laboratory conditions. The significant research was
carried out by cooperators of the Laboratory for Geochemical Researches of the Chinese
Academy of Science (Chen, J. et al., 2004). The results of their research show that, contrary
to the tufa formed on the barriers in the flow, biocenoses do not have so important role in
the formation of waterfall tufa. The tufa genesis they explain as the result of water
turbulence. Water moves over cascades and slopes of water flow and during that process air
is captivated inside the water and creates “the white water phenomenon”. (Chanson, H.
1995). Such “aeration effect” is important for precipitation of calcium carbonate.
Additionally, because of the high velocity of water over cascades its pressure decreases in
accordance with the Bernoulli's effect. Lower pressure, according to Henry's law, enables
degasification of water, that is outgassing of CO,. At the end water, hitting the rocks, burst
into tiny drops which enables further degasification. The loss of CO, by the above
mentioned methods and thus precipitation of calcium carbonate from water is ten times
larger than the loss of CO, absorbed by algae. (Chen, J. et al., 2004).

According to the karst spring model -tufa is accumulated directly at the place
where water emerges onto the topographic surface or slightly more downstream. (Pedley,
H.M. 1990). The tufa deposits are fan-like in the plane. Their profile is cuneiform with the
thinnest part near the river source and thicker part away from it. This type of tufa
accumulations is the most similar to the tufa deposits which were researched by cooperators
of the Laboratory for Physical Geography of the Faculty of Geography in Belgrade in 1991.
The majority of tufa accumulations which D. Gavrilovic studied belong to this type. The
accumulations of Tumane, Beli izvorac, Buk and Veliko vrelo are formed just below the
spring and they are spread in fan-like manner. (Gavrilovic, D. 1992).In favour of the
distribution of this type of tufa deposits also goes the conclusion that the precipitation of
calcium carbonate in Eastern Serbia occurs immediately after the emergence of the tufa
forming water onto the topographic surface (on the length of 150 to 200m), which is
contrary to the tufa accumulation on Plitvica Lakes (Manojlovic, P. 1996). Also, to this type
belong the tufa accumulations on the localities of Fundjuri, Sumeca and Zapod in the
Rakobarska Basin (Petrovic, A. 2005).

Geographic location and geologic characteristics of the researched area
Village Donja Bela Reka is situated eastward from town Bor (map 1). It is located

in the lower part of the drainage basin of the Ravna River, a tribituary of the Bela River,
between the peaks Goli Krs on the north-east to Rgotinski kamen on the south-east. Into the
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Ravna River in the village inflows Bigreni stream from the right side. It is a downstream
part of intermittent Surdup flow whose partly gorge-like valley spreads from the foot of Goli
krs to Donja Bela Reka. When the water from the spring cave joints Surdup on its right
bank, then this new stream is called Bigreni stream.

Mapl. Geographic location of the researched area

The spring of Bigreni stream is situated at the contact of the rocks of Jurassic and
Cretaceous age. The Jurassic rocks are presented with the laminated limestone and
dolomites and Cretaceous rocks with agglomerates and breccia augit-hornblende and
hornblende andensit. (Antonijevic, 1. et al., 1976). The spring water was capped in the
middle of the previous century, and it was established that the waters which outflow from it
originate from Borski Sto and Goli krs. The capacity of the spring water is between 20 and
70 /s (the source of information comes from the water supply system of Bor).

Upstream from the spring, the gorge-like part of the Surdup stream is formed in the
Lower Cretaceous laminated limestone. Downstream from it, the gorge-like part of Bigreni
stream is cut into Jurassic laminated limestone and dolomites. When Bigreni stream exits
the gorge, the tufa deposits are accumulated on Miocene clay, sands and sand-stones.(map
2).

Morphometric characteristics of the tufa in Bigreni Stream

The first accumulation of tufa (accl) is located 530 m downstream from the spring,
in the gorge-like part of the valley Bigreni Stream (map2). On this spot the tufa partitioned
the valley on its full length (12m). Upstream part of the accumulation fills the partitioned
part of the valley with tufa on the length of about 6m. Downstream the accumulation
finishes with vertical slope of the maximal 8 m height in the central part (picture 1, accl).
The altitude of the upper edge of the slope is 295m. Bigreni Stream is cut into the right side
of accumulation and has formed 5m high waterfall.

Picturel. The tufa accumulation in the valley of Bigreni stream

The second accumulation of tufa (acc2) is located 100m downstream from the first
accumulation (map2) on 285m of altitude. This accumulation also partitions narrow gorge-
like valley of Bigreni Stream on the width of 10m and 5m length.It finishes downstream
with 6m high section. Bigreni Stream is cut into the accumulation and it descends in the
form of 3m high waterfall (picturel, acc2).

Contrary to the first two, the third accumulation of tufa (acc3) is presented with a
wide leveled terrace on the right side of Bigreni Stream (map2). It is slightly inclined to the
flow, towards which finishes with steep section (Sm of relative height). The altitude of this
tufa terrace moves from 290m to 280 m. The area where it is possible to notice tufa deposits
has 11500 m®. A stream is cut into the west edge of the accumulation inflowing from the
right side of Bigreni stream (picture 1, acc3).

Map 2. Geomorphological map of tufa accumulations in the valley of Bigreni Stream

In the gorge of Bigreni Stream the remains of once big accumulation are
noticeable. On the walls of the gorge, parts of tufa are hanging attached to it with the
average relative height about 8m. A layer of tufa is located after the exit from the gorge on
the left valley side, 0.5 m below slope accumulative material (acc4). This accumulation
(map2) is registered on the one open profile next to the macadam road, while tufa can be
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seen on several more locations on the steep banks of Bigreni Stream, 50 m downstream
from this accumulation.

The reconstruction of the formation of tufa accumulation

The tufa accumulation in the valley of Bigreni Stream is in erosive phase. The
stream was cut into the former accumulation and mainly eroded. Three clearly expressed
parts and several locations on which tufas are covered with slope and fluvial materials have
remained out of once unique accumulation.

Significant role for the formation of tufa accumulation has the appearance of spring
on the right side of the stream Surdup. The location of spring is most probably connected to
the crossing of the faults where bigger spreads in the direction northwest-southeast and
smaller in the direction of northeast-southwest. Water from the spring directly inflows into
the already existing, gorge-like Surdup valley. Considering the fact that Surdup is
intermittent stream, while water from the spring outflows whole year, local people call this
part of the stream after the spring —Bigreni Stream.

From the spring to the first cascade in the gorge, on about 400m of flow, apart from
the stream bed, there has not been any bigger accumulation of tufa since the water moves
along the small inclination. In the gorge of Bigreni Stream there are two bigger cascades.
First, the waterfall tufa was accumulated on them. When the accumulations of the waterfall
tufa increased so much that they partitioned the whole gorge, the phase of barrier tufa
started. Such accumulated tufa has clearly noticeable stratified structure and it differs from
the waterfall tufa whose structure is curvy and usually contains high quantity of
carboniferous phytogenic material (branches, leaves, etc) (Pedley, HM. 1990; Glover, C.
and Robertson, A.F. 2003). The accumulation of tufa advanced downstream from these
cascades so that, at the end, this unique accumulation spread about 500m downstream from
the first cascade, with the average width about 150m (map2). The altitude of this
accumulation was 290m.

The concept of protection and maintaining development of the locality

A tufa, as a specific sediment rock carries in itself the information about geologic,
geomorphologic and ecologic conditions which ruled during its formation. The sum of these
conditions under which tufa accumulates is usually synonym for “healthy” environment
(Djurovic, P. 1998). The reconstruction of palacogeomorphologic, palacohydrologic and
palaeoclimatologic conditions which were present during the formation of tufa accumulation
can solve significant number of local, regional, and even continental scientific problems. For
these reasons tufa should be observed as important natural value and it should be worked on
its protection.

General concept of protection refers on the conservation of natural values of tufa
and the forms on it (Gavrilovic, D. and Kovacev, N. 2008), as well as on its valorization .
The tufa condition in the valley of Bigreni Stream is the consequence of natural and
anthropogenic influences. Since we do not have great power on the natural influences the
attention should be paid on the harmful activity of man. The spring on the right bank of
Surdup was capped in the middle of the last century. The most part of the spring outflows in
Bor water supply system, while only 20 1/s passes through the overflow pipe. Maintenance
of biological minimum is important for the existence of tufa accumulations.

Considering the fact that the capped spring and a part of the area around it is
protected with law, the possibility of expanding this protection to the downstream part of
Bigreni Stream,where tufa accumulations are located, should be considered. Additionally,
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since the works on the construction of the local water supply were carried out through the
gorge of Bigreni Stream from the spring to the village, its route can be used for the footpath.
Passable footpath would contribute to the accessibility of the tufa waterfalls to the eyes of
many observers since today these localities are accessible only to adventurers. With this, the
tufa accumulations would receive educational function and presentation of a very old natural
ambient totality, and the village itself additional natural-tourist value.

Conclusion

The distribution of the studied tufa in our country, and thus in Eastern Serbia was
shown on the map by Djurovic (1998). The tufa accumulation in the valley of Bigreni
Stream present one of the numerous smaller, unexplored localities in Eastern Serbia. With
the geomorphologic research of these localities their morphologic and morphogenetic
characteristics would be defined, and the palaco conditions which were present during their
formation can be reconstructed as well. All the researched accumulations in this paper are a
part of unique tufa accumulation, which was subsequently eroded and lessened. For the
formation of this accumulation of great importance are the vicinity of karst spring and the
presence of cascades in the flow. Later anthropogenic actions on the spring only intensified
naturally unfavorable conditions for further accumulation of tufa. In order to maximally use
the potential of the remaining tufa deposits and natural beauty of the waterfalls on them, the
locality should be protected and the tourist function should be given to the works.
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