OAKVIITET
bpoj 3axTeBa:

Hatym:

YHUBEP3UTET Y BEOI'PAY
BERY HAYYHUX OBJACTHU TEXHUYKHUX HAYKA

HPE/UIOT 3A U350P Y 3BAILE PEJOBHOI" TIPOPECOPA
(unaH 65. 3aKoHa 0 BUCOKOM 00pa30Bamy)

I-TIOJAIIX O KAHAUIATY INPEJJIOKEHOM 3A U3B0OP Y 3BAILE PEJJOBHOI'
MMPO®ECOPA

1. NUme, cpeame ume u npesume kanauaara : IETAP (Jocun) ITAIIUR

2. Vixa Hay4Ha obusacT 3a kojy ce HactaBHUK Oupa: XUIPOI'EOEKOJIOTI'NJA

3. Papnu ogHOC ca MyHUM MJIM HEIIYHUM PaJHUM BPEMEHOM: MYHUM

4. 1o oBor u360pa KaHIUIAT je OMO y 3Bamy: BaHPeIHOr npodecopa y Koje je mpBH myT u3adbpaH

03.03.2004 3a y:xxy Hay4Hy o0JacT 3amITHTAa MOA3eMHHX Boaa (moHoBo Omupan 03.07.2009.
roJMHe 32 YKy Hay4YHy oOsact KBajauTeT u 3amITuTa noa3eMHUX BOJA)

IT - OCHOBHHU INIOJALIIM O TOKY ITOCTYIIKA U3B0PA Y 3BAILE
1. atym ucteka u300pHOT Mepuojia 3a Koju je kanauaaT usabpan y 3same: 03.07.2014. roqune
2. latyM AOHOIIEHa OJUTYKE O paclUcCUBamby KOHKypca 3a u3oop: 24.06.2010. roa.
3. atym u MecTo o6jaBspuBama KoHKypca: 14.07.2010. roa. beorpan

4. 3Bame 3a KOje je paclucaH KOHKYpC: peadoBHH npodecop

III - IOJAIIM O KOMHUCHUJU 3A ITPUITPEMY U3BEILITAJA
N O U3BELITAJY

l. Ha3us opraHa u JaTyM MMEHOBaKbA KOMHCH]E: N360pHO Behe
Pynapcko-reosiomkor ¢axkynrera y beorpany, 24.06.2010. roxa.



2. CacraB Komucuje 3a npunpemy u3BeILTaja:

Nwme u pe3nmMe diana 3Bame VYxa Hay4dHa 00MacT Opraamzanyja y kKo0joj
j€ 3armocieH

1. ap Visan Maruh penoBEH mpod. Xunaporeoekosoruja | Pymapcko-reonomku
dakynreT y beorpany
2. np Becemun Jparummh penoBuu pod. | BogocHabnesame 1 | Pynapcko-reomonrku
MEHaIIMEHT ¢akynrer y beorpamy
MMOJI3€MHUX BOJAA
buoxemuja .
3.  ap Mupocnas Bpsuh penoBHU TIpod. Xemujcku (akynTer y
Beorpany

3. bpoj npujaB/peHNX KaHaUAaTa Ha KOHKYpC : 1 (jexan)
4. la nu je OWJI0 U3ABOjEHUX MUIJBEHA WIAHOBA KOMUCH]E: HUje OUJI0
5. Jlaty™m cTaBibama u3BeInTaja Ha yBUJ jaBHOCTH: 24.09.2010. ronune

6. Hauun (Mecto) o0jaBsbuBama n3BemTaja: budanorexka dakyarera, orjiacHe tadjae u cajrT
dakyJaTera

7. IlpuroBopu: HHje OMJI0 MPUTOBOPA

IV — JATYM YTBPBUBAKA TIPEJIOT'A Ol CTPAHE U3BOPHOI' BERA
OAKVIITETA: 21.10.2010. roa. U360pHo Behe Pynapcko-reosiomkor pakyJirera.

ITotBphyjem na je moctymak yTBphuBama mnpemsora 3a wu3bop xanmuaara np [lerpa
[Tariha y 3Bame pemoBHOT mpodecopa BOheH y CBeMy y CKiIaay ca oapendama 3akona, CratyTa

VYuusepsutera u CtaryTa (akynrera.

JNEKAH ®AKVIITETA

[Tpod. np Bnaguma [{BeTkoBuh
[Ipuno3su:

1. Omnyka u3bopHor Beha ¢pakyntera o yTBphuBamy
npejJiora 3a u300p y 3Bam-e;
2. Pedepar xomucuje o npujaB/LeHUM KaHIUIaTHMA
3a U300p y 3BamC;
3. CaxeTak u3BeIITaja KOMUCH]E O MPHjaB/bEHUM KaHIUIaTUMa
3a U300p y 3BamC;
4. Jloxa3 0 HEMmoCTOojamy MPABOCHAXKHE MIPECY/Ie O OKOJHOCTHMA U3 WI.62.CcT.4.
3aKkoHa;



CAXETAK
PE®EPATA KOMUCWUJE O NPUJABJILEHUM KAHOAUWOATUMA
3A U3BOP Y 3BAKE PEAOBHU NMPO®ECOP

| - O KOHKYPCY

Hasue cakynteta:Pypnapcko-reonowku cpakynreTt
Y>a Hay4Ha, OQHOCHO YMeTHU4YKa obnact: Xugporeoekonoruja
Bpoj kaHanpaTta Koju ce 6upajy: jeaaH
Bpoj npujaBrbeHux KaHamMaaTa: jeaaH
MmeHa npujaBrbeHUX KaHamMAaara:
1. Op MeTap Manuh

Il - O KAHOUOATUMA

1) - OcHoBHM BUorpaccku nogaum

- Ume v npe3ume: MeTtap J.Manuh

- latym un mecto pohewa: 01.06.1952

- YctaHoBa rge je 3anocrneH: Pyaapcko-reonowku dakynrer

- 3Bawe/pagHO MecTO: BaHpeaHu npodecop

- Hay4yHa, ogHOCHO yMmeTHM4YKa obnacT: eonoruja, xuaporeonoruja

2) - Ctpy4Ha 6uorpadmja, gunnome n 3Bama

OcHoBHe cTyauje:

- HasuB yctaHoBe: Xemunjcku cpakynrer

- MecTo u roauHa 3aBpweTKa: beorpag, 1978

Marucrtepujym:

- HasuB yctaHoBe:Pyaapcko-reonowku dpakynrteTt

- MecTto v roguHa 3aBpuweTtka: beorpaa, 1994

- ¥>ka Hay4Ha, OOHOCHO YMeTHM4Ka obnacT:xugporeonoruja

Ookropar:

- HasuB yctaHoBe:Pyaapcko-reonolwku dakynrteTt

- MecTto v roguHa onbpaHe:beorpag, 1999

- HacnoB puceptaumje:UHKpycTaumMoHe W arpecuBHe OCOOMHe

MUHepanHux Boga Cpbuje

- ¥>ka Hay4Ha, OOHOCHO YMeTHM4Ka obnacT:xugporeonoruja

Cneuumjanusauymja:

- YHuBep3uTeT YjeamweHux Hauuja, Ucnanpg, Xemunja TepmanHux cpnymaa
1991




Nocapalwisyu N360pU Y HacTaBHa U HayvyHa 3BaH-a:

1981 acUCTEHT NpUNPaBHUK
1994 acucreHT

1999 noueHT

2004 BaHpegHu npodhecop
2009 BaHpeaHu npodrecop




3) O6jas/meHu padosu

Ume u npesume: Op NMemap lNanuh

3eam-e y Koje ce 6upa: pedoeHU
npoghbecop

Yxa Hay4yHa, OOHOCHO
ymMemHu4ka obnacm 3a Kojy ce
6upa: Xudpozeoekosnozuja

Hay4yHe nyb6nukayuje

bpoj nybnukayuja y kojuma je
JjeduHu unu rpsu aymop

bpoj nybnukauuja y kojuma je
aymop, a Huje jeduHu unu npeu

npe nocnedme2 rnocne rnocnedwez | npe rnocrnedweez | nocre nocredmea
usbopa/peusbopa | usbopa/peusbopa | usbopa/peusbopa | usbopa/peusbopa

Pad y eodehem Hay4yHom Yaconucy mehyHapoOHO2 3HaYaja 2

objassrbeH y uenuHu

Pad y HayyHoMm yacornucy mehyHapoOHOe 3Hadaja objasrbeH y 2

UesiuHu

Pad y Hay4yHoM Yaconucy HayuoHasHo2 3Ha4dyaja objasrbeH y 11 8

UesnuHu

Pad y 36opHuUKy padosa ca mehyHapodHo2 Hay4HO2 CKyna 4 2 10 6

objassrbeH y uesnuHu

Pad y 36opHuUKy padosa ca HalyuoHasiHo2 Hay4Hoa cKyna 2 31 3

objassrbeH y uenuHu

Pad y 36opHuUKy padosa ca mehyHapodHo2 Hay4HO2 CKyna 3 9 2

objasrbeH camo y u3eody (ancmpakm), a He U y uesuHu

Pad y 36opHuUKy padosa ca HauyuoHasiHo2 Hay4Hoa cKyna 2 3 1

objasrbeH camo y u3gody (ancmpakm), a He U y yesuHu

HayuHna mMoHoz2pacbuja, unu roanaerbe y MoHozpadguju ca suwe | 3 2 2 3

aymopa

CmpydJHe nybnukauyuje

bpoj nybnukayuja y kojuma je
JjeduHu unu npsu aymop

bpoj nybrniukayuja y kojuma je
aymop, a Huje jeduHu unu npeu

rpe nocnedwea

rocre rnocnedre2

npe nocnedmea

rocre rocrnedwee

usbopa/peusbopa | usbopa/peusbopa | usbopa/peusbopa | usbopa/peusbopa
Pad y cmpydyHoMm Yaconucy unu Opy20j nepuoOuvHoj
nybnukayuju cmpy4YHo2 unu onwmez Kkapakmepa
YubeHuk, npakmukym, 36upka 3adamaka, unu rioenassbe y 1
nybnukayuju me epcme ca suwe aymopa
Ocmane cmpydHe nybrnukauuje (npojekmu, cogpmeep, dpyeo) 2

Mazucmpamypa, dokmopam




Hanomenra: 1. Hasecmu y kom yacorucy ca SCI, SSCI unu AHCI nniucme cy padosu objasrbeHu;

1. Kresi¢ N., Papié P., Specific chemical composition of karst ground water in the Ophiolite belt of the Inner Dinarides in Yugoslavia: A
case for covered karst, Environmental Geology and water sciences ., vol.15, No 2, p 131-135, 1990, Springer-Verlag New York, USA
P52(3)

2. Kresi¢ N., Papié¢ P., Golubovi¢ R., Elements of ground water protection in a karst environment, Environmental Geology and water
sciences., vol.20, No 3, p 157-164, 1992, Springer- Verlag, New York, USA P 52 (3)

00 uzbopa y 36are eanpeonoz npoghecopa:

Paooeu objaswvenu y godehum maljynapoonum uaconucuma:

1. Niki¢ Z., Kovacevic¢ J., Papi¢ P., Uranium in the groundwater of permo-triassic aquifers of the Visok region, Stara Planina, Eastern
Serbia, Water, Air and Soil Pollution, Springer Berlin, Germany, p 47-58, 2008 P 51 a (8)

2. Kovacevi¢ J., Niki¢ Z., Papi¢ P. 2009: Genetic model of uranium mineralization in the Permo-Triassic sedimentary rocks of the Stara
Planina Eastern Serbia. Journal: Sedimentary Geology. No 219. Publisher: Elsevier. Pp. 252-261. SCI lista.ISSN 0037-0738. Category:
Article. DOI 10.1016/j.sedgeo.2009.05.015. U 2008. god.: M21; IF = 1.737 (Rang casopisa prema petogodisnjem impakt faktoru 1.962).
P5lac(8)

Humupanocm: ykynno je nponaheno 13 uumama




4) - OuyeHa o pe3yntaTuma Hay4YHoOr, OA4HOCHO YMEeTHUYKOr
M UCTpaXuBayKkor paga

Kanaupat noceayje HayyHuM cTeneH [OKTOpa TEXHUYKMX Hayka -
reorniornja 3a Kojy ce 6upa, cnocobHOCT camMocTaniHOr Hay4Hor paga u
Hay4yHe pagoBe oGjaBrbeHe y Hay4YHMM Yaconocuma, Kako gomahum Tako
n mehyHapoaHum : ykynHo 114 HayyHux papoBa; 30 y HauMOHarHUM
yaconucuma; 42 Ha HauuoHanHuMm ckynosuma; 36 Ha mMehyHapoaHUM
KOHrpecuma, a 6 pagoBa Yy MehyHapoaHum 4Yaconucuma M
mMeljyHapoaHuM MoHorpadmjama. KaHgupatr wvma detnpu papga
objaBrbeHa y yaconucuma ca CLU nucre, y3 untupaHoct 13.

Y nepuoay on usbopa y 3Bake BaHpeaHor npodecopa objaBuo je 20
pagoBa, oa yera aBa paga y Bogehum meflyHapogHMm yaconMcuma, ABa
nornaeBrba __y MehyHapogHum _ MmoHorpadwmjama, u__ MoHorpadwumjy
HauuoHanHor 3Havaja.

Kangupar je yyecTtBOBao y peanusaumju npeko 150 npojekara, ctyamja n
enabopara u 13 npojekata koje je cpuHaHcupano MuHucTapcTBO 3a
HayKy M TEeXHONOWKN pa3Boj u MuHucTapcTBO 3a 3aWTUTY XUBOTHE
cpeauHe. Y4yecTBOBAO je y peanusauuju AoBa mehjyHapoaHa npojekra.

5) - OueHa pesynTtata y o6e3befuBawy Hay4yHO-HacTaBHOI nogmMnaTka

Kangupar je y nepuony oa nsbopa y 3Bake BaHpeagHor npocecopa 6mo
YriaH Komucuja:

UrnaH KOMUCH]je 32 MAarCTAPCKE TE3E ...ceeueunnnnnnnnnnnns 6
UnaH KoMucuje 3a AOKTOPCKe AucepTaumje............. 4
MeHTOPCTBO Ha AOKTOPCKOj ANCEPTALUMjW.......cuuueeee 1

Y4yecTBOBAaO je y KOMUCUjU 3a HOCTPUUKaLMjy AOKTOPCKe AucepTtauuje.

6) - OueHa o pesyntatumMma negaroLwikor paga

Op Metap MNManuh ce y gocapawwem pagy ca CTyAeHTUMA y HacTaBu
nokasao kKao gobap neparor, ca KOPeKTHUM OAHOCOM Mnpema Mnagum
konerama. Beoma o030MrbaH y cBakoMm norneny, CTyAeHTUMA,
aunnomMumma, nocrneguvnsioMmuMmMa U AOOKTOpaHTMMa npyxa nomoh y3
BEJINKO NNYHO 3anarame.

lNMpema pesyntatuma CTyAeHTCKOr BpegHOBaka HacTaBHUKa y nepuoay
2004-2010 roguHa KaHampaT je [OOMO BeoMa BUCOKY NMPOCEYHY OLEHY
4.82.




7) - OueHa o aHraxxoBaky y pa3Bojy HactaBe U ApYyrux
AenaTHOCTU BUCOKOLLKOJICKe yCTaHOBe

Y cBOoM pocapawtem paay y OKBUPY HacTaBe KaHAuAaaT je ycnewHo u ca
BeJIMKMM aHraxkopawem y4eCTBOBaAoO VY.

-OppxaBawy BeXOM M npegaBakba M3 npegmeta: Xuapoxemumja ca
MUHepanHum Bogama, Xuapoxemuja, MnHepanHe soae.

-NMocebHy akTMBHOCT KaHAMAAT je nokaszao on wusbopa y 3Bawe
BaHpeaHor npocecopa, Ha yBohelby HOBUX HaACTaBHMX MNporpama Ha
CBUM HUBOMMa cTyauja ns xugpoxemuje (bornowa 1 n 2).

-HoBu npeamMeTu No akpeaMTOBaHOM NporpamMy: npegaBaka U Bexbe us
npegmeTta: Xugpoxemuja 1, Xugpoxemuja 2, Xuaporeoxemumja, TepeHcka
HacTaBa U3 rpyne npeamera v ABa npegmMeTta Ha JOKTOPCKUMM cTyaujama.

-YKynHo je yyectBoBao y peanusaumju 117 aunnomMmckux papoBa, a y
nepuoay oa nocneakwer usdopa y 69 aunnomckux pagosa.

Il - 3AKIbYYHO MUUWIBbEHE U NPEAJTION KOMUCWUJE

* Kanampat ucnywaBa cBe ycnoBe npeaBuheHe 3aKOHOM O BUCOKOM
obpasoBawy PC: uma Hay4yHum cteneH dJokmopa Hayka, obnacTt
reosnorunja, uspaxeHy crnoco6HOCT 3a neAarowkKkn paa U HaydyHe pagoBe
KOju cy o6jaBfbeHU U CaoMWTEeHN Ha HauMOHaNHMM M MeRyHapoaHUM
cKkynoBuma u sogehnm mehlyHapoaHum yaconmcuma.

 Kangupat uma 17714 HayyHux papgoBa, a on Tora 36 papgoBa Ha
mejyHapogHMM  cKynoBuMa, wecTt pagoBa Yy MehyHapoaHum
yaconucuma u mehlyHapoaHum MoHorpacdmjama, a uyeTupu paga cy
obGjaBrbeHa y yaconucuma ca CLIA nucre, y3 untupaHoct 13.

Y nepuody 00 nocnedne2 uzbopa objasuo je 20 padosa, 00 yeza 2 y
eodehum mehyHapoOHUM Yaconucuma, 2 noanaesba y mehyHapoOHUM
MoOHozpaghujama, 10 padoea Ha _MehyHapoOHUM __cKynoeuma U
MOHo2paghujy HayuoHasIHo2 3Havaja.

* AKTUBHO je y4yecTBOBao y peanusaumju npeko 150 npojekama, ctyanja
n enabopara; 13 npojekama koje cy chmHaHcupana MuHucTapcTBO 3a
HayKy U TexHosnorujy, MMHMCTapCTBO 3a 3alUTUTY XXUBOTHE cpeAuHe U
ABa meljyHapoaHa npojekTa.




* Y TOKy CBOr HacTtaBHOI paga y4yecTBoBao je y peanusaumju 117
OUNNIOMCKMX paaoBa, a of npetxogHor usbopa y 69 AUNMOMCKUX
pagoBa, wecm mMa2ucmpamypa u 4Yemupu dokmopama. MeHmop je y
jedHoj dokmopckoj ducepmauuju. Op cTpaHe cTyAeHaTa HEroBo
aHraxoBawe y nepuoay 2004-2010 oueHeHO je BUCOKOM CpeaH>OM

oueHom 4.82.

* Y npeTXxoAHOM nepuoay KaHAUAAT je MICNOSbUO BEJNIMKY aHraXXoBaHOCT Y
yBohjelby HOBUX HACTaBHMUX MporpamMa y Hay4yHoj obnactm 3a Kojy ce
6upa: mpu npedmema y OKBUPY akageMCKUX cTyauja u dea npedmema y
OKBUPY GOKMOPCKuUx cmydaduja.

KangupaT ucnormsaBa cMucao M CnocobHOCT 3a HacTaBHU U Hay4HU papg
y AOMeHYy KBanurteTa noA3eMHuUX BoAa.

* Ha ocHoBy cBera usnoxeHor, Komucuja koHcrtatyje paa [Op [letap
Manunh, ncnywaBa cBe ycnoBe 3a usbop y 3Bawe pegoBHOr npodecopa
no o6jaBrbeHOM KOHKypcy. CxoaHO ToMe npegnaxemo N3bopHom Behy
Pypnapcko-reonowkor cpakynrteta YHuBepsuteta y beorpaagy pna ce [Op
MNMetap Manuh, y cknagy ca BaxehuMMm 3akOoHCKMUM oapenbama 3aKkoHa o
BUCOKOM obOpa3oBawy PC, nsabepe y 3Bawe pefoBHOr npocecopa 3a
YXXY HayyHy o6nact Xuaporeoekosoruja.

Beorpap, 22.09..2010.

YNAHOBU KOMUCWUJE:

NnOTNUCH




HACTABHO-HAYYHOM BERY
PYIJAPCKO-T'EOJIOIKOI' PAKYJITETA
YHUBEP3UTETA Y BEOI'PALY

Ha ocnoBy Omnyke W36opHor Beha Pymapcko-reonomkor dakynarera YHHUBEp3HUTETa Y
beorpany (6p. C9 17/2, 0124.06.2010. ronune) kojoMm je oapeheHa komucuja y cacTaBy:

1) Hp UBan Matuh, pea.npod., Pynapcko-reonomku ¢axynrer, beorpasn
2) Jp Becenun Jlparummh, pen.npod., Pynapcko-reonomku dakynrer, beorpan
3) Jp Mupocnas M. Bpsuh, pen.nipod., Xemujcku daxynrer, beorpan

3a mpunpeMmy pedepara o MpHjaBJbeHUM KaHIWJATUMa 1O 00jaB/bEHOM KOHKYpCY 3a
u300p jeAHOr HACTaBHUKA y 3Bame pelAoBHH mpodecop 3a YKy HaydyHy obriact
XuAporeoekosaoruja, KOMIUCHja IOAHOCH ciieaehu

PEDPEPAT

Ha pacniucanu KoHKypc, KOju je 00jaB/beH y orilacHUM HoBHHama Hanmonanne cimysxoe
3a 3anonubaBame ,Jllocnosu®, nana 14. jymu 2010 roauue, 3a pajHO MECTO PEJOBHOT
npodecopa 3a yxy HaydHy oOsacT XHUIpOreoeKoIortja, IpujaBuo ce jenad kanauaaT [p
[Terap Ilanuh, Banpenuu mpodecop Ha [lemapTmaHy 3a Xuaporeosorujy, Pynapcko-
reosiolikor ¢akynrera, YHuBep3urera y beorpamy. Komucuja je nanucana Pedepat y
3aKOHCKOM poky o 60 maHa oJ] UCTeKa poKa 3a MpHjaBJbUBabE KaHIUAaTa HA KOHKYpC
(29.jymu 2010 rogune).



A. BUOTPAD®CKHU IIOJALN

Hp Ilerap Ilanuh je pohen 01.06.1952 rogune y beorpamy, rie je 3aBpIIno OCHOBHY
mKkoy U ruMHaszujy. [lo HanmonanHoctu je CpOuH.

Crynuje Ha Ilpupomno-matematnukom Qakynrery (MHCTHTYT 3a XemMujy ¥ (GU3NUKY
xemujy) y beorpany je 3aBpimmo 1978 ronune, u cTekao Ha3uB AMIVIOMUPAHU XeMHUYaP.

[Tocne murmomupama je 3acHoBao pagHu onxHoc 1981 rommne Ha J[lemaprmany 3a
Xwuaporeonoryjy, Pynapcko-reonomkor ¢akyntera y beorpany, nzbopom y 3Bame
ACHCTEHTA MPUTIIPABHUKA 32 MpeaMeT XuapoxeMuja 1 MuHepaiHe BoJe.

VY toky 1991 ronune je Ha mo3uB YHHBep3uTeTa YjeIumEeHUX Hauuja Ha Mcianny,
KOPUCTHO CTUTICHAW]Y 3a cHeuMjaju3anmjy y oOmactu Xemuja TepMaTHHX (iayna.
HazuB cnenjanuzanuje je 6uo ,,Scaling and corrosion potential of selected geothermal
waters in Serbia”.

[Tocnenumnomcke ctynuje Ha Pynapcko-reonomkom dakynrtety y beorpany, Jlemaptman
3a xuuporeosnornjy, je 3aspumo 08.04.1994 roguHe 010paHOM MarucTapcke Te3e IMOJ
Ha3uBOM ,Murpanuja ¢ayopa y MuHepanHuMm Boaama CpOuje™, W CTEKao Ha3UB
MAarucTpa TeXHHYKHX HayKa (00JIaCT reosIorHja-Xuaporeoaorija).

HoxTopcky mmcepramujy je omopanmo 14.07.1999 rommne na Pymapcko-reosomkom
dakynrety y beorpany, mox wHasmBom ,JIHKpycTalmoHe u arpecMBHE OCOOHMHE
MuHepaiHux Boga CpOuje’, yume je CTeKao aKaJeMCKU Ha3HMB JAOKTOPA TeXHHYKHX
HayKa, 00,1aCT reojioruja.

b. HACTABHA JEJATHOCT

AxtuBHoct y HactaBu Jlp Iletpa Ilanuha tpaje ox 1981 ronuue T1j. kanga je u3abpan 3a
aCHCTEHTa MpHUIlpaBHUKA Ha Pynapcko-reonomkoMm dakynrteTy y beorpany. Bberos pan ca
CTYJIEHTHMA C€ BPIIU KPO3 OJp)KaBame MpeaBama U BeXXOU M3 HACTaBHUX MpeAMeTa Ha
OCHOBHUM aKaJE€MCKUM U JIOKTOPCKUM CTyaujama Ha JlemapTmaHy 3a XHUIpOTEOJIOTH]Y,
Pynapcko-reomnomkor ¢gakynrera, YHuBep3uteTa y beorpany.



Bb.1. AHraxoBame Ha npeAMeTHMa

OcHOBHE aKaZieMCKe CTyuje:
- Xwugpoxemuja 1 (mpenaBama u BexOe) 3+3
- Xwugapoxemwuja 2 (mpenaBama u BexOe) 3+2
- Xwuaporeoxemuja (IpeaaBama 1 BexoOe) 2+2
- Tepencka HacTaBa u3 rpyie npeamera 0+1

JlokTopcke cryauje:

- CroenmjanHa TOTJIaBJba W3 XUAPOTCOJIOIIKUX HCTPAKMBAakba M MEHAIMEHTa
MO/I3€MHUX BOJIa 6aceHa u AyOOKUX CTPYKTypa

- CrnenujanHa TOIJIaBJba M3 3aXBaTa U OAPKUBOT KOpPHUIIhekha MHHEPAIIHUX BOJA H
reoTepMOoJIoTHje

- Ilpojexar moKTOpCKe AucepTalyje

- HUcrpaxuBauka crynuja

- HayuHno-ucrtpaxuBauku paj

Ocum oBora, 0JIp;kaBao je mpeaaBama U BexOe u3 npeamera Xuapoxemuja, MunepaiHe
BojIe, BexxkOe n3 Ommre xemuje Ha Pymapcko-reonomkom ¢akynrery y beorpany, kao u
[TossonpuBpesHOM (hakynteTy y beorpany.

Hp Ilerap Ilanuh je jeman om ocHHWBaA4a W CTAJIHUX TpeaaBada Ha CEMHUHApPY ,,XeMHja
Bosa“, y McrpakuBaukoj cranuuy y IleTHuny.

Bb.2. O0jaB/benn yuoeHuuu u MoHOrpaguje

Koayrop je [IpakTukyma u3 Xuapoxemuje: Xuapoxemuja - MeToie XeMHjCKUX aHAJIH3a
MPUPOJIHUX BOJIA M XHIPOXEMH]CKHX UCTPAKUBAHA.

AyTop je MoHorpaduje HaITMOHAIHOT 3Ha4aja : MIHKpycTalnoHe U arpecuBHE OCOOWHE
MuHepaHux Bojaa Cpowuje.

B.3. lunjioMcku pagoBu
On u3bopa y HactaBHUYKO 3Bambe Jlp Iletap [lanwuh je yuecTBOBao kao 4jaH KOMHCH]a 32
onOpany 117 AMIJIOMCKMX paaoBa, a y TMEpHOAY OJ H300pa y 3Bamke BAHPEIHOT

npodecopa y 69 nuruioMckux pauosa, a 'y 14 je 6uo meHTOP.

b.3.1. MeHTOpPCTBO — IMILIOMCKH PagoBH, y nepuoay 2003-2010:

1. Puctuh M. BecHa 23.6.2003.
2. bomkosuh M. Jlana 7.7.2003.

3. Tanrtuh I1. dapuja 13.10.2003.
4. Acosuh C. [lparan 3.12.2004.
5. Koctuh P. Tujana 12.7.2005.



6. IlerpoBuh M. Tama 23.9.2005.

7. Dophesuh b. Jenena 16.12.2005.

8. lllectak M. Anekcanaap 27.9.2006.

9. Tomwuh B. bussana 28.11.2006.

10. Munenuh [I. Mapwuja 10.5.2007.

11. CrojkoBuh C. Jana 20.9.2007.

12. Paganosuh H. JoBana 17.12.2007.

13. 3npaskoBuh b. JoBan 21.10.2008.

14. benotuh M. Mapko 25.12.20009.

15. Mapkos Mapxko 2010

16. Tomoposuh Maja 2010 (3aBpirnu panm)
17. hyk Mapuna 2010 (3aBpiuHM pan)

b.3.2. YUnaHcTBO Y KOMUCHjaMa 32 0I0paHy IMILIOMCKHX pajoBa, y nepuoay 1999-

2010:

1. Munyrtunosuh J. [lyman 23.12.1999.
2. Munomesuh b. Harama 25.1.2000.
3. Mimanenosuh P. Tama 25.2.2000.
4. KmnukoBuh M. Munopan 11.7.2000.
5. Jumurpujesuh B. 3opura 18.7.2000.
6. Becenunosuh M. Urop 19.7.2000.
7. Hecnorosuh P. bpanka 20.7.2000.
8. T'anuh M. Brane 31.8.2000.
9. Muwunuh P. buspana 6.11.2000.
10. Paxuh C. laawnno 23.11.2000.
11. Besskouh C. 3opan 18.12.2000.
12. Muxajmosuh M. Mapuja 9.2.2001.
13. PanutoBuh M. Pajko 2.3.2001.
14. Aunpejesuh M. Hanexna 21.4.2001.
15. Byneruh M. [lanuna 15.5.2001.
16. Mapuh M. UBana 11.9.2001.
17. byxau M. [Iparan 8.10.2001.
18. Iloyo C. Muoapar 22.10.2001.
19. Llexuh M. Mupko 8.11.2001.
20. Hecnuauh 'B. Mupjana 26.12.2001.
21. PapojeBuh C. [Iparan 17.4.2002.
22. Jankos J. 3opan 26.4.2002.
23. Mimanenosuh M. Karapuna 8.5.2002.
24. ytuna H. Anexcanmap 13.5.2002.
25. Mapwunkosuh P. Bragucias 10.7.2002.
26. hoposuh M. Ilepumma 31.12.2002.
27. Boxkuh M. Bnanan 30.1.2003.
28. JIykuh J1. Bmagumup 20.3.2003.
29. Mukuh M. Mapko 17.4.2003.



30.
31.
32.
33.
34.
. ByjoBuh M. Pamojka
36.
37.
. CrankoBuh M. Jlparan
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
ol.
62.
63.
04.
65.
66.
67.
68.
69.
70.

35

38

71

Amnxkuh 3. Munan
Kpcmanosuh M. Hatama
Tuntop B. lanujena
Bacwuh JI. Huxomna
[TepoBuh P. Coma

Hosurosuh B. Anekcanmap
[Tumyesunh M. Hukomna

bepb6akos M. JoBan
Tomuh M. Cunumma
bapumuh I1. Bnagumup
Munuh XK. ['opan
Tomuh B. Munan

Wnuh 3. Maja
Munysosuh P. Cama
[Tantuh b. Pespa
Copajuh [I. Cranko
Huxonuh J[. Anekcanmap
Kmajuh B. XKemko
benosuh B. Mapuja
Cananypa J1. Musoi
JoBanosuh C. Mapwujana
ITaBnoscku M. Brago
Janxosuh /1. Iparosby6
Pagummh B. Bpanucnas
Ounmunosuh b. Jenena
bennh M. NBana
Hpankosuh I1. bpanko
3opuh M. Musom
JoBanosuh I1. Mapuna
bananyuh M. Huxona
Panuh JI. OnuBepa
Jlazuh M. Bpanumup
Matosuh M. Ilpenpar
Maraszunosuh M. Casa
3y6ar 1. Kespko

Crojanunosuh J[. Bnagumup

Bacuh C. Mutom
Bommakosuh P. Ana
Tpunkosuh M. Becna

. Jemaua K. Jlparana
72.
73.
74.
75.

Bpamem M. Ana
Munosuh b. Cama
Munuhepuh /. UBana
JIucunang M. Japko

17.4.2003.
24.4.2003.
24.4.2003.
8.5.2003.
23.6.2003.
15.7.2003.
7.10.2003.
27.11.2003.
26.1.2004.
8.4.2004.
21.5.2004
9.6.2004.
22.6.2004
18.6.2004.
5.7.2004.
7.7.2004.
23.11.2004.
28.12.2004.
28.1.2005.
2.2.2005.
11.3.2005.
1.6.2005.
9.6.2005.
5.7.2005.
11.7.2005.
15.7.2005.
29.9.2005.
13.10.2005.
19.10.2005.
24.10.2005.
31.10.2005.
31.10.2005.
17.2.2006.
17.3.2006.
10.5.2006.
13.6.2006.
22.6.2006.
3.7.2006.
13.7.2006.
29.9.2006.
26.12.2006.
7.2.2007.
21.2.2007.
23.2.2007.
15.3.2007.
4.4.2007.



76. Boxuh M. Mapuna 30.5.2007.
77. Jestuh M. NBana 4.7.2007.
78. Bacuh M. Jbusbana 12.7.2007.
79. CaBuh P. HeBena 6.9.2007.
80. Jepemuh JI. Anekcanipa 24.9.2007.
81. Munanosuh M. Harama 28.9.2007.
82. Casuh C. Mupocnas 1.10.2007.
83. ®onruh K. JoBana 28.11.2007.
84. XKusanosuh C. Cnahana 24.12.2007.
85. Tomamesuh C. Mununa 28.12.2007.
86. CrojanunoBuh C. Jlo6puBoje 30.6.2008.
87. Umek U. Jocun 4.9.2008.
88. Besbkosuh b. XKapko 19.9.2008.
89. BykoOparosuh M. HeBenka 16.4.2009.
90. 3apuh JI. Jenena 10.7.2009.
91. MunocasseeBuh 3. Mapuja 30.9.2009.
92. TanackoBuh M. Jenena 9.11.2009.
93. IIsetkoB M. CuHuiia 24.12.20009.
94. Pagynmosuh Mumnuia 2010.

95. Mapwuh Henan 2010.

96. llapueBnh Hukona 2010.

2010. (3aBpurHu pan)
2010. (3aBpurHu pan)
2010. (3aBpuIHu paj)
2010.

97. V3enan Pane

98. Mapkosuh Crpaxuma
99. Hemkosuh Jlejan
100. [ukuh bopuc

b.4. Marucrapcke Te3e
Marwucrapcke Te3e - 4iaH KOMUCH]a 3a 0JI0paHy:

1. Mapwuo Cranwuh, 25.02.2005., XuapoxeMujcka 30HATHOCT BOJIOHOCHUX Haciara

Cpema,

2. Topan Mapunkosuh, 14.09.2007., Xunporeoxemujcke KapakTEpPUCTUKE JICKHIITA
ypana llymanuje,

3. Tama IlerpoBuh, 02.07.2010., TepManHe Bojie TEPLUHUjEPHUX MarMaTura Jyro-
HUctoune CpbOuje

4. Henan Manosuh, XunporeotrepMaaHu CHCTEMH ceBepHe bauke,

. MBan DBoxkuh, [ToTeHujamHOCT 1 3aMITUTA pecypca MOA3EMHUX BOJIa TIOIpydja
nentpanuor Konaonuka,

6. Mupocnas Kpmnotuh, Xunporeonoruja Byiakanura Cpouje

W



B.5. lokTopcke qucepramnuje
JIoKTOpCcKe qucepTalyje — WiaH KOMUCH]ja 3a 010paHy:
1. [Hparan Kamyheposuh, 23.05.2008., IIpupoano npeunirhaBame n31aHu,
Muha Maprtunosuh, Xunporeorepmanuu cucreMm Cem6epuje, Mause u [locaBo-
TamuaBe ( y TOKY)
3. bpanko MwunaguHoBuh, XUIpOTreOCeKOIOMKH YCIOBH €KCIUIOATaINje KaMEHUX 1
MpKuXx yribeBa Cpowuje, (y TOKY)

JlokTopcka aucepralija — MEHTOop:

1. Topan MapunkoBuh, Xuaporeoygomku yciaoBu (opMupama yrJbOKUCEINX BOJa
Cpbuje (y TOKy)

b.6. HocTpudukanuje qunioma
Hoctpudukaruja 1okTOpcKe UTLIOME:

1. Harama Xyruh-Jlpaxymuh

B.7. Ouene cryneHara

Hp Tlerap Ilanuh ce y cBOM gocamamimeM pady ca CTyAEHTHMa TOKa3ao Kao nobap
MeIaror ca KOPEeKTHUM OJTHOCOM TpeMa MIIaJuM Kojierama. Beoma 030mibaH y CBaKkom
NOTJIey, CTYIEHTHMA, TUILIOMIIMMA, TOCTIEIUIUIOMIIUMA U IOKTOPAaHTHMAa MpYKa moMoh
Y3 BEJIMKO JIMYHO 3ajarame.

On wu3bopa y 3Bame BaHpeIHOr mnpodecopa 10 [JaHAC MpeMa pe3yJTaTHMa
CTYIeHTCKOI BpeaHoBama HacTtaBHuka Jlp Ilerap IMamuh je xo0mo oanuuny
npoceyHy oueny 4.82. (2004 xo 2010 roaune).

VY HactaBky je nar M3BemTaj o BpelHOBamwy IMEIarouIkor paja HacTaBHHKA pyIapcKo-
reoJIoIKor aKynTeTa y JeTmeM cemectpy 2006/7, kao u 3a 2009 u 2010. ronuny.



YHUBEP3UTET ¥ BEOI'PAAY
PYJAPCKO I'rEOJIOIIKH ®AKYJTET
HACTABHO HAYYHO BERE

INPEAMET: M3BEIITAJ O BPEJHOBABY IIEJAT'OLIIKOI' PAJIA
HACTABHUKA PYJAPCKO-T'EOJIOHIKOT ®AKYJTETA Y
JIETEbEM CEMECTPY 2006/7 IKOJICKE TOAUHE

Ha Pynmapcko reomomkom ¢akynrery YHuBep3uteTa y beorpamy, Ha Kpajy JieTHer
cemectpa mkosicke 2006/07 roguHe U3BPIICHO je aHKETHpamhe CTyJeHaTa Koju noxahajy
HACTaBy Y CKJaay ca BOJOICKOM JeKiIapalujoM, KOjOM je M3BPIICHO BpPEIHOBAME
TMIE/IarOIIKOT PaJia HACTABHUKA U Capa/IHUKA KOjU CYy YUYECTBOBAJIH Y OJp)KaBamby HACTABeE.

Ankety je opranmzoBasia Komucuja 3a opraHu3oBame U CHpOBOhEmE IMOCTYIKa
CTYACHTCKOT BpelHOBama Pymapcko reosomkor Qakynrera. AHKETy je peann3oBasia
Crynenrcka opranuzanuja daxynrera. [lomatke je obpammna Kommucuja dakynrera,
nznabpana ox ctpane HacraBno Hayunor Beha dakynrera.

Ha TIeonomkoM ofceKy je aHKeTa peajau3oBaHa y ckiaay ca IIpaBunHukoMm o
CTYJICHTCKOM BpEIHOBamYy IENaroiikor paja HacTaBHUKA YHHBep3uTeTa y beorpany,
JIOK je Ha PymapckoMm ojceky peann3oBaHa aHKETa KoOja ce cacrojajia U3 MeT o0JacTu
nutawa (1 — kypc, 2 — npegaBay, 3 — aCHCTEHT, 4 — JuTeparypa, 5 — MNpeasio3n 3a
noOosblame Kypca). M3 Tor pasznora Huje Moria Outu opmupana jeuHCTBEHA Tabena
OIICHA HACTaBHHMKA HETO CE€ OBaj M3BEIITaj CACTOjJU U3 TOCEOHOT MpuKasa 3a ['eonomku, a
moceOHoT 3a Pymapcku ojcex.

Ha T'eomomkom ojceky je amkernpaHo 22 HacTaBHUKa (mpodecopa, HaCTaBHUKA W
capaJiHHKa), KOju Cy OJp»aBaju HacTaBy u3 19 mpemmera Ha npBoj roawau [ eosomkor
0JIceKa, KOJH C€ pealn3yjy y CKiiaay ca bomomCcKkoM JeKiapariijom.

VY rtabenu | cy mpuka3zaHe MpOCeYHE OIICHEe HACTaBHUKA W3 MPEAMETa KOje Cy JApKaliu.
Hujanazon omena je oxm 2.59 mo 5.00, a mpoceyHa oreHa W3 CBHUX IIpeIMeTa Ha
I'eonomkom ojnceky je 4.27.

Tabena 1: Pesynratu eBanyaluje HacTaBHUKA [ €OJOIIKOT OJiceKa Y IPYrOM CEMCTPY
2006/2007 rogunae

PegHn HacTaBHuk, npegasay, npoceyHa
0poj Hasus npegmeta aCWUCTEHT, capagHuK oueHa

npoch Ap CnoboaaH

1 leogesuja Advmutpujesuh 2.59

2 EHrnecku 2 Op JIngnja Beko 3.70
Op Bnagumup Cumuh,

3 3alTuTa XMBOTHE cpeanHe OOUEHT 4.69

4 WcTopuja reonoruje npod Ap Henag Bawau 448
npoch Ap Murnow

5 MaTtematuka 2 Mwununyuh 3.50




PegHn HacTaBHuk, npegasay, npoce4Ha
Opoj Haswue npegmeTa aCUCTEHT, capagHukK oueHa
6 MaTtematuka 2 (Bexbe) [OparaH CtaHkoB 3.76
7 Mukpockonvpamne npod Op danuno babuy 4.85
8 MwuHepanoruja Op CyszaHa Epuh, goueHt 4.56

HacTtaHak n pa3Boj XuBor ceeTa Ha npocp. Ap BecHa
9 3eMrbun Advmutpujesuh 4.54
HacTaHak n pa3Boj XX1Bor cBeTa Ha Mp HeseHka hepuh,
10 3emsbM (BexOe) acuUCTeHT 4.96
11 HaupTHa reomeTpuja Op Mapuua Wapauy 4.33
12 OnwrTa reonoruja (ersogMHamuka) npocp Ap Jlyka Mewwnh 3.28
OnwrTa reonoruja (ersogMHamuka) Mp OpaxeHko HeHaguh,
13 (Bexbe) acUCTEHT 4.93
Mp BecHa Puctuh,
14 OnwrTa xngpornoruja acuCTEHT 4.80
15 OCHOBM NpUMeEHEe padyHapa npod Op Muxosun Jlorap 4.78
Mp 3opuua Jlazapesuh,
16 ManeoboTaHuka acucTeHT 4.56
npoch Ap BnagaH
17 MNManeo3oonorunja beckniMer-aka Pagynosuh 2.90
npod. Op Pagmuna
18 [Mpumen-eHa reomopdonorvja Masnosuh 4.69
npocp ip Aywan
19 PadyHapcTBO y Xxugporeonormju Monomyunh 4.71
20 Pduraunka 2 npoch Ap Oasopka py6op 4.56
npoch Jp Aywvua
21 Pusnyka xemmja By4unHuh 5.00
22 Xuagpoxemuja 1 Mpod Op MNetap Manuh 4.82




YIIUTHUK 3A BPEJHOBAIGE IIEJATOIIKOI' PAJJA HACTABHUKA
YHUBEP3UTETA Y BEOI'PA1Y

®dakyJITeT NONYHH-ABAa NPBH €0 YIHTHAKA, YMHOKABa Y JOBO/bHOM Op0jy NpHMepaKka H AHCTPUOYHPA CTYJeHTHMA Yy
TPEHYTKY BPE/IHOBA-A IPeKo ocode 3a/1y:KeHe 3a cipoBol)eme BpelHOBaha

®Paxyinret: PI'O
Crynujcku mporpam: XHUJIPOI'EOJIOTUJA

Hasus npenmera koju ce Bpeanyje: Xuapoxemuja 1
Jatym BpenHoBama: 17.06.2009.

[Ipe3ume 1 uMe HacTaBHUKA YHjH ce paj Bpeanyje: ap. Ilerap [lanuh ,Banpeanu npodecop

TBPJIE 5 4 3 2 1 He wory nia
OZITOBOPUM
HactaBHUK U3JaXe jJaCHO U Pa3yMJbUBO
17(80.95%) | 4(19.04%) 481
HacraBHuk wuznaxe TPETIICAHO W HUCTHYC
HajouTHmje 17(80.95%) | 3(14.29%) 1(4.76%) 485
HacraBHuk u3naxe oxrosapajyhum temMnom 14(66.66%) 7(33.33%) 466
TOKOM HacTaBe e 270, ’
HacraBHuk  pomasm  Ha wac  1oOpo
TIpHIpeMIbeH 19(90.48%) | 2(9.52%) 4.90
HacTtaBHuk napu HacTaBy y JAOTOBOPEHUM 16(76.19%) 4(19.04%) 1(4.76%) 480
TEPMUHUMA U 0€e3 Kalmema
Hacrapime  moxcmie  ykmywmsame M| sy 3g00y | 628.57%) | 3(14.29%) | 1(4.76%) 4.29

Y4ECTBOBAWC CTyJICHATA Yy HACTaBU

HacraBHuk Jaje kopucHe HHpOpManuje o
paxy crynaeHata (HakOH ceMHHapckux | 14(66.66%) 6(28.57%) 1(4.76%) 4.70
pajioBa, BeXOH, aKTHBHOCTH Ha 9acy...)

HacraBHuk  ogroBapa Ha  CTyHEHTCKa
MUTaka W BOAM padyyHa O cTyaeHTckuM | 17(80.95%) 4(19.04%) 4.81
KOMeHTapuMa

Jocananimse OleHe KO OBOT HACTaBHHKA Y
OKBUpY OBOI mpeiaMera oxarosapajy Mom | 15(71.43%) 3(14.29%) 1(4.76%) 1(4.76%) 1(4.76%) 4.60
MOKa3aHOM 3Hamy

4.71
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YIHUTHUK 3A BPEJHOBAIGE ITEJATOIIKOI' PAJJA HACTABHUKA
YHUBEP3UTETA Y BEOI'PA1Y

®dakyJITeT NONYHH-ABAa NPBH €0 YIHTHAKA, YMHOKABa Y JOBO/bHOM Op0jy NpHMepaKka H AHCTPUOYHPA CTYJeHTHMA Yy
TPEHYTKY BPeHOBamba NMPEKOo 0code 3a/1yKeHe 3a cnipoBoheme BpeiHOBamba

®Paxyinret: PI'O

Crymujcku mporpam: XUJIPOI'EOJIOTUJA

Ha3uB npenmera koju ce Bpeanyje: XuIporeoxemuja

Jatym BpenHoBama: 23.12.2009.

ITpe3nmMe u MMe HaCTaBHUKA YHjH ce paj BpeaHyje: ap. [lerap Ilamuh, Ban. mpod

He mory na

TBPABE 5 4 3 2 1
OJIrOBOPUM

HacraBauk H3Ha)l(ejaCHO " pasyMJbUBO

15(88.23%) 2(11.76%) 4.88
HacraBHUK H3112Ke TIperiaesHo U HCTHIEe
HajonTHIje 15(88.23%) 2(11.76%) 4.88
HacraBHuk  u3naxe  oarosapajyhum 16(94.12%) 1(5.88%) 494
TEMIIOM TOKOM HACTaBe
HacraBHuk gmona3su Ha dac J06po
HPHIPEMIbCH 15(88.23%) 2(11.76%) 4.88
HacraBHuk IpKU HACTaBy y
JIOTOBOPEHUM  TepMuHMMa u  0e3 | 15(88.23%) 2(11.76%) 4.88
Kallllbeha
HacraBHUK moACTHYE YKJbYYHBAamE U 15(88.23%) 2(11.76%) 488
y4eCTBOBamE CTyICHATA Y HACTABH
HacraBHuk naje KopucHe MH(popmanuje
0 pajy cTyleHara (HakoH ceMUHapckuX | 16(94.12%) 1(5.88%) 4.88
pajzoBa, B&)KOM, aKTUBHOCTH Ha 4acy...)
HacraBHUK oxroBapa Ha CTYACHTCKa
NHUTaka U BOAU pauyHa O cTyaeHTckuM | 15(88.23%) 2(11.76%) 4.94
KOMEHTapiuMa
Jlocananime oleHe KoJi OBOT HACTABHUKA
y OKBHUpDY OBOr mpeiaMera ojxrosapajy | 14(82.35%) 2(11.76%) 1(5.88%) 4.76
MOM MTOKa3aHOM 3Hamby

4.88
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YIIUTHUK 3A BPEJHOBAIGE IIEJATOIIKOI' PAJJA HACTABHUKA
YHUBEP3UTETA Y BEOI'PA1Y

®dakyJITeT NONYHH-ABAa NPBH €0 YIHTHAKA, YMHOKABa Y JOBO/bHOM Op0jy NpHMepaKka H AHCTPUOYHPA CTYJeHTHMA Yy
TPEHYTKY BPEHOBAMa NMPEKO 0cobe 3a/1y:KeHe 3a cipoBoheme BpeIHOBaba

®Paxyinret: PI'O

Crymujcku mporpam: XUJIPOI'EOJIOTUJA

HasuB npenmera koju ce Bpeanyje: Xunpoxemuja 2

Jatym BpenHoBama: 23.12.2009.

ITpe3nmMe u MMe HaCTaBHUKA YHjH ce paj BpeaHyje: ap. [lerap ITamuh, Ban. mpod

He mory na

TBPABE 5 4 3 2 1
0JITOBOPUM

HacraBauk H3Ha)l(ejaCHO " pasyMJbUBO

25(96.15%) 1(3.81%) 4.96
HacraBHUK H351ake IIPErIeHO U UCTHIE
HajouTHIje 24(92.30%) 2(7.69%) 4.92
HacraBHuk  u3naxe  oarosapajyhum 21(80.76%) 5(19.23%) 4581
TEMIIOM TOKOM HACTaBe
HacraBHuk gmonasu Ha dac Jo6po
HPHIPEMIbCH 25(96.15%) 1(3.81%) 4.96
HacraBHuk TIPKH HACTaBy y
JIOTOBOPEHUM  TepMHHMMa M 0e3 | 25(96.15%) 1(3.81%) 4.96
Kallllbeha
HacraBHUK ©oOACTHYE YKJbYUHBame U 15(57.69%) 10(38.46%) 1(3.81%) 454
y4eCTBOBamE CTy/ICHATA Y HACTABH
HacraBHuk naje kopucHe uH(popmanuje
0 pagmy cTyjeHara (HakoH ceMuHapckux | 19(73.07%) 6(23.07%) 1(3.81%) 4.76
pazoBa, Be&)KOM, akTUBHOCTH Ha 4acy...)
HacraBHuk ozxroeapa Ha CTyICGHTCKa
MHUTaka U BOAU padyHa o cTyiaeHTckuM | 21(80.76%) 5(19.23%) 4.81
KOMEHTapuMa
Jocananime oleHe KOJ oBOr
HACTaBHUKA y OKBHpY oOBOr mpeiamera | 22(84.61%) 3(11.53%) 1(3.81%) 4.81
OZrOBapajy MOM IOKA3aHOM 3Hamby

4.84
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YIIUTHUK 3A BPEJHOBAIGE IIEJATOIIKOI' PAJJA HACTABHUKA
YHUBEP3UTETA Y BEOI'PA1Y

®dakyJITeT NONYHH-ABAa NPBH €0 YIHTHAKA, YMHOKABa Y JOBO/bHOM Op0jy NpHMepaKka H AHCTPUOYHPA CTYJeHTHMA Yy
TPEHYTKY BPeHOBamba NMPEKOo 0code 3a/1yKeHe 3a cnipoBoheme BpeiHOBamba

®Paxyinret: PI'O
Crynujcku mporpam: XHUJIPOI'EOJIOTUJA
Hasus npenmera koju ce Bpeanyje: Xuapoxemuja 1

Jarym BpennoBama: 01.07.2010.
[Ipe3uMe u MMe HaCTaBHUKA YHju ce pan Bpeanyje: np. [lerap [Tanwmh, Banpeanu npodecop

He mory na

TBPIILE 5 4 3 2 1
OJIrOBOPHM

HacraBHUK H371a)Ke jacHO U pa3yMJbHBO

22(95.6%) 1(4.35%) 4.96
HacTaBHUK M3Jae IPEIJIEIHO U UCTHYEC
najontHmje 19(82.6%) 4(17.39%) 4.83
HactaBHuk  wm3naxe  oxroBapajyhum 18(73.3%) 4(17.39%) 482
TEMIIOM TOKOM HacTaBe
HactaBHuk Jjomasu Ha dYac 106po
HpHUIPEMIBLEH 22(95.65%) 1(4.35%) 4.96
HacraBHuk JPKH HACTaBy y
JOTOBOPEHUM  TepMuHMMa u  0e3 | 15(65.2%) 8(34.78%) 4.65
Kallliberba
HacTaBHUK MOACTHYE YKIbYYHBAKE H 15(65.2%) 7(30.4%) 1(4.35%) 461
YUYECTBOBAME CTY/ICHATA Y HACTABH
HacraBHUK naje KOpucHe MH(popmanuje
0 paay cryaeHara (HakoH cemuHapckux | 17(73.9%) 5(21.7%) 1(4.35%) 4.7
pajoBa, B&:KOH, aKTMBHOCTH Ha 4acy...)
HacraBHHK oOfroBapa Ha CTyJEHTCKA
MUTamka M BOJM padyHa o cryaeHTckuM | 13(56.5%) 9(39.13%) 1(4.35%) 4.52
KOMEHTapuMa
Jlocamanibe oreHe Ko/l OBOT HACTABHUKA
y OKBHpY OBOT mpeaMera ojnroapajy | 11(47.82%) 10(43.47%) 2(8.69%) 4.39
MOM IOKa3aHOM 3Hamy

4.72
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B. HAYYHA JEJATHOCT

Jp Ietap ITanuh cBojy Hay4Hy aKTUBHOCT 00aBJba Ha JlemapTMaHy 3a XHAPOIr€0JIOTH]Y
Pynapcko-reonomkor ¢akynrera y beorpany, y Jlaboparopuju 3a XUIpoxeMHjy, Yuju je
pykoBoaunan oa 1990 roaune 10 gaHac.

Toxom Bumeromummer HaydHor pana [p [lerap [Tammh je mybmukoBao 114 HayuyHuX
panoBa, yKkJbydyjyhu Marucrparypy, JOKTOpaT, NPaKTHKYM 3a BexOe W MoHorpadujy
HaIMOHAJIHOT 3Havaja.. O oBor O6poja 30 pazoBa y HaIMOHATHUM YaconucuMma, 42 pana
Ha HaIMOHAHUM CKymoBWMa, 36 pamoBa Ha MelyHapongHUM KOHTpecuMa U
cuMmnosmjymuma, u 6 pagoBa y wMehyHapomHum dacomucuMa (YeTHPH Ppaga 'y
yaconucuma ca CIHU aucre). [Ipema 6a3u nogaraka Science Citation Index u Web of
Science nponaleno je 13 nurara.

Y nepuoay oja u300pa y 3Bam€ BaHpeaHOr mnpodecopa o0jaBuo je MoHorpadujy
HAIIMOHAJIHOI 3Hayaja u 20 pajoBa, 0] _4Yera jJBa paaa v Bojaehum mehvHapoaHum
YyaconmucuMa, JBa INOIJIaB/ba vV MehyHapoauum MoHorpadujama, m 4 paga Ha
MehvyHApoaAHUM CKYIIOBHMA,

['maBHa 005aCT HAYYHOT M CTpY4YHOT MHTepecoBama u pana [p Ilerpa Ilanuha, ox 1981
roJIMHe, je XUAPOXEeMHja, OJHOCHO M3y4aBame XEMH)CKOI cacTaBa BOJAA Y NMPUPOIU U
YTHIIa] aHTPOIIOTEHUX YHMHWJIANA Ha KBAJTUTET Boja y mpupoau. OcuM oBora, 00JacTu
HAYYHOT pajia KaHAWJaTa Cy W XHIPOXEMHja MHHEPAIHUX BOJa, 3arah)eme MOoJI3eMHUX
BOJIa, XCMHJCKH AaCIEeKTH Yy TEOTePMATHUM HUCTPXKHBAkHHMa, KBAIUTET W 3allITHTa
MOJI3EMHUX BOJA U XUPOTE€OEKOJIOTH]a.

Vka o00nacT HEroBor Hay4yHOI paja Cy YCIOBH (opMHpama XEMHjCKOT cacTaBa
MHUHEpaTHUX BOJia M MHTpAlMja XEMH]CKHX eJIeMeHara y bUMa, Kao W MPOIECH
WHKpYyCTaIuje u koposuje xuaporeorepmanaux uyuna. p Ilerap [Tanuh je npakTuano
MMMOHUP KOJI HAC, Y M3y4yaBamy OBE BeoMa 3HauyajHE MPOOJIEMAaTHKE MPH €KCIUIOaTaIldju
XUIPOTEeOTEpMalIHE EHEPTH]E.

[Ipema mpobiemMaTHIM Koja je y HAyYHMM pajJoOBHMa TpETHpaHa, PaJOoBH CE MOTY
CBPCTaTH y HEKOJIMKO IpyIa.

1. IpBy rpyny 4yMHe paJoBH KOjH ce 0HOCEe Ha 00JacT XuapoxeMuje. 3Ha4aj OBHX
pazoBa je y ToOMe ITOo ce y BehwHH OJ1 ’HX Jajy CBE NMPUCYTHUJH YTHUIAJH aHTPOTIOTCHHIX
YyMHWIANa Ha (opMupame XeMHjCKOT cacTaBa MOJA3€MHHUX BOJa, Mpe CBEra HUTPATHUM
JOHMMa y KapCTHUM cCpeAuHaMa. Y HHhHMa C€ MHCUCTHpPAa HAa NPUMEHH CTaTUCTUYKUX
METO/Ia, KOpEJalMOHMX aHalu3a W cuMmynianuja. PamoBu cy o6jaB/bMBaHM Ha
Mel)yHapoITHUM CHMIIO3UjyMHuMa U KoHrpecuma y Pymynuju, Kunpy, Typckoj, Hlnanuju
u Kunu. YV oBy rpyny pazoBa ce MOTY YBPCTUTH U PaJlOBH KOjU C€ OJJHOCE HA NPUMEHY
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XHJIPOXEMHUJCKHX METO/Ia Y PYAHUYKO] XHIPOTEOJIOTHjU WM 3HAYa)y XHUAPOXEMH]CKUX
UCIIUTHBAKkA y W3y4aBawy M yTBPHUBAKY XUAPOXEMHU]CKE BEPTHUKAIHE 30HATHOCTU. Y
OBOj TPYIU pasoBa Tpeba M3IBOJUTU PAJOBE KOjU TPETHPA]y XUAPOTECOXEMH]Y ypaHa H
yVTHIIa] Ha KBAaJUTET IMOJ3EMHHUX BOJa : JBa paga y Boaehum wmehynapoanum
yaconucuma ca CIIU aucre: Water, Air and Soil Pollution u Sedimentary Geology.

2. lpyry rpyny pajaoBa 4uHe PajJioBU KOjU TpeTHpajy mpodjemMaruky 3arahema u
3alITHTE KBAJIMTETA MOA3eMHHUX BO/Ia, KAa0 U XuAporeoekosioruje. To cy pagoBu xoju
ce OJIHOCE Ha alyBUjalIHy CpeluHy, Kao M KapcT. llpumep cy ekcrecHa 3aralema
HATPH]jYM-XHJAPOKCUIOM, Kcwioiduma u (enomuma. OBU pamoBu cy jgo0ap mnpumep
KOpeJainje XuIPOXEMHUJCKUX, XUIPOTEOIOMKNX U Te0pU3NIKNX METOJ]a MOHUTOPUHTA
KBaJIUTETA MOJI3EMHUX BoJa. PamoBu cy 06jaB/beHH Ha Mel)yHapOTHIM CUMITO3UjyMHUMA Y
Hewmaukoj, Yemkoj, Ayctpuju u Enrneckoj. JIBa paga cy ofjaB/beHa y 4acomucy ca
CHLM smcre : Environmental Geology.

3. Tpehy rpymy pagoBa 4ynHe pajoBH KOjU TpeTHPAjy NMPolJeMaTHKY reoTepMaJiHe
eHepruje. Ha mnpakTHuHUM mpuMepuMa OPUMEHE XHUAPOTeOTEepMalHEe CHEepruje y
Kypmymnmjckoj 6amu, lebpuy u JynakoBuh bamu matu cy pesynratu o0jaBibeHH Ha
KOHTpecuMa U cuMmo3ujymuma y Kunu, Jamany u Mcnangy. JlokTtopcka nucepramnuja je
Takole y 0BOj rpymnu pagoBa : MHKpycTanloHe W arpeCHBHE 0COOMHE MHUHEPATTHUX BOJIA
Cpbuje.

4. YerBpry rpymny pagoBa YHHe pPaJ0BM KOjH ce OJHOCE HA HCTPAKUBaE
muHepadnux Boga CpOuje. OBU pagoBu TpeTUpajy MNpPOOJIEMATHKy TMPUMEHE
XHJIPOXEMHUJCKMX METOJla Ha TepeHy (XUAPOXEMHjcKa MPOCIEKIja), TPUMEHE
XHJIPOXEMHJCKHX METOJIa Y TeHETCKOj XUAPOXEMHUjH, U3ydaBamby MHUIPAINje XEMH)CKUX
elleMeHaTa y MHUHEpPAJIHUM BojaMa, 3araljely W 3allTUTH MHUHEpPAIHUX BOJA, KA0 U
yciioBe (opMupama MUHEPATHUX Boja. PalioBH cy mMpe3eHTOBaHM HA CUMIIO3HMjyMUMa H
KOHTpeCHMMa XHUApOreojiora , Kako KOJ Hac, Tako M y CBeTy. Marucrapcka Tesa
KaHJU/1aTa je U3 OBe rpyIe pazosa : Murpanuja dryopa y MuHepannuM Bogama CpoOuje.

5. Tlocnenmy, meTy Trpymy paaoBa NpeacTaB/bajy KOAyTOPCKH pajgoOBU U3

npodjemMaTHKe BOJOCHA0AeBamba, YIIIABHOM H3paJIOM JIOKATHUX H3BOPHUINTA HIMPOM
CpOuje, ca HarJackoM Ha 3Hayaj KBAJIUTETa MOA3EMHUX BOJA.

On ykynHo 114 nyb6auxoBanux pamoBa p Ilerap Ilanuh je y 30 pagoBa npsBu
ayTop, a 'y 84 paga xoayrop.
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B.1. O0jaB/beHn pagoBu — npe u300pa y 3Bame BaHpeIHOr npogecopa:

Ilorjaas/pba vV KIbHraMa u nperJeaau ywianmyu — P20:

IHoraas/be y MoHorpapuju (kareropuje P52) — P22:

1.

Papi¢ P., Scaling and corrosion potential of selected geothermal waters in
Serbia, United Nations University , 1-47,1991, Iceland P 22 (2)

Hornassbe y monorpapuju (kareropuje P61) — P23:

1.

Hanuh II., Murpamyja c¢unyopa y wuHepanHuMm Bogama CpOuje,
Mouorpaduja Boguu munepanau pecypcu autocdepe Cpouje, PIT'D, 308-
322, 1995, beorpan P 23 (1)

IManmuh II., Heka akTyenHa nuTama UCIUTHUBAEKA U KOHTPOJIE KBAIHUTETA
MOJI3eMHUX BO/a, MoHorpaduja BOJIHM MHHEpAHU PECypcH JUTOChepe
Cpbuje, PI'®, 214-227, 1995, beorpax P 23 (1)

Risti¢ V., Papi¢ P.,Golubovi¢ R.,Prohaska S., A correlation analysis and
simulation of  nitrates in  karst  Groundwater,monografija
Hydrogeol.research of Lythosphere in Serbia,RGF, 149-158,2000,
Beograd P 23 (1)

Simi¢ M., Milivojevi¢ M., Martinovi¢ M., Papi¢ P.,The hydrothermal
system of the KurSumlijska spa and its exploration,Monografija
Hydrogeol.research of Lythosphere in Serbia, RGF, 103,2000, Beograd P
23 (1)

O0jaB/Lenu paxosu Mmehyaapoasor 31agaja — P50:

Pan y waconucy meh)ynapoanor 3uauaja — P52:

1.

Kresi¢ N., Papi¢ P., Specific chemical composition of karst ground water
in the Ophiolite belt of the Inner Dinarides in Yugoslavia: A case for
covered karst, Environ.geology and water sciences,vol.XV,No 2, 131-
135, 1990, New York, USA P 52 (3) SCI

Kresi¢ N., Papi¢ P., Golubovi¢ R., Elements of ground water protection in
a karst environment, Environ.Geology and water sciences,vol.XX,No
3,157-164, Springer Verlag,1992, Washington, USA P 52 (3) SCI

Paj caonmmren Ha ckyny Mel)yHapoaHOT 3Ha4Yaja IITAMIAaH y neJduHu — P54:

1.

Filipovi¢ B., Vujasinovi¢ S., Mati¢ 1., Papi¢ P., Groundwater pollution by
xylene at example of water supplying area in alluvial deposites, [AH
Inter.Symp.,143-150, 1986, Karlovy Vary, CSSR P54 (1)

Kresi¢ N., Papi¢ P.,Golubovi¢ R., The influence of precipitation on the
quality of  karst groundwater in  the industrial  zones,
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10.

1.

12.

13.

14.

Internat.Sympos.Ground water Management,JAHS,No 188,153-159,
Benidrom, Spain P 54 (1)

Papi¢ P., Chemistry of ground waters from granite and granodiorite of the
Cer-Iverak mountains,Yugoslavia, Internat.Conf.on water resources, XII
Congress IAH,vol. XXI1,603-606, 1990, Swiss P 54 (1)

Papi¢ P., Kresi¢ N., Ultrabasic ground waters of the Zlatibor ultramafic
massif, Selected papers from 28. Internat.geol.Congress,vol. X1,570-578,
1990,Washington,USA P 54 (1)

MunuBojesuh M., Maptunosuh M., Ilanuh 1II., PakoueBuh
I1.,'eotepmanna  morennujamHoct  Komaonmmka  uw  moryhHocT
eKcIuToaTaimje TreoTepManiHe eHepruje,300pHUK  MeajyH.CaBeToBama
I'eonoruja u meranorenuja Komaonwuka,417-446, 1995, Konaonuk P 54
1)

boxosuh M., CreBanoBuh 3., Ilamuh II., Buonomku u Xxemujcku
WH/IUKATOPU €KCIIECHOT 3arajjema MHHepalmHuX Bojaa Kiucespak,
Cwm.ITananka, 36opauk menjyHap.Kondepenmuje 3amrura Boga 95, 283-
287, 1995, Tapa P 54 (1)

Stevanovi¢ Z., Dragisi¢c V., Papi¢ P., Jemcov I.,Hydrochemical
Characteristics of the Karst Groundwaters in Serbian Carpatho-
Balkanides, Karst water and environmental impacts,199-204,Balkema,
Roterdam, 1997, Netherlands P 54 (1)

Vujasinovi¢ S., Mati¢ 1., Lozaji¢ A., Papié¢ P., Hydrogeological problems
concerning the multipurpose wuse of Belgrades groundwater
resources, XX VIII Int.Cong.IAH, 347-351, 1997, Notingem,England P 54
ey

Papi¢ P., Pusi¢ M., Polom¢i¢ D., Chemistry of geothermal doublet in the
Panonian basin, MEGASTOCK 97, 805-809, 1997, Sapporo, Japan P 54
1)

Pusi¢ M., Papié¢ P., Polomci¢ D., Injection test of termal water in the
Panonian basin, MEGASTOCK 97,817-822, 1997, Sapporo, Japan P 54
1)

Papi¢ P., Risti¢ V., Golubovi¢ R., Influence of the physico-chemical
properties of rainfall on karst groundwater quality, Theoret.and Applied
karst.,vol.11/12,145-148, Banja Herkulana, 1998, Romania P 54 (1)

Risti¢ V., Papié¢ P., Golubovi¢,Prohaska S., Analysis and simulation of
nitrates in karst groundwater, Third Intern.Conf.geol. of eastern Mediren.,
58, 1998, Cyprus P 54 (1)

Miladinovi¢ B., Dragisi¢ V., Papi¢ P., Mileni¢ D., Hydrochemical
zonation of groundwater in some coal deposites of Eastern Serbia, XXIX
Congress of Ass.Hydrogeol, Procedings, 797-802, Bratislava, 1999,
Slovakia P54 (1)

Vujasinovi¢ S., Mati¢ 1., Lozaji¢ A., Dasi¢ M., Papié P., Hydrogeological
problems concerning the multipurpose use of Belgrades groundwater
resources,Groundwater in the Urban Environment,vol.21,263-266,
Balkema, Rorherdam,JAH XXVII Congress,1999, United Kingdom P 54

¢y
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O0jaB/LeHM paloBH HAITMOHAJHUT 3Hayaja — P60:

Pan y Bonehem yaconucy HanmoHAJHOT 3HavYaja — P61:

1.

2.

Manwuh I1., Kopo3noHu noTeHIMjall HEKUX M0jaBa TEPMaTHUX BOJA Y
Cpbuju, I'eon.Ananu bank.moin.,425-440, 1993, beorpan P 61 (2)

IManuh I1., MaKpycTaninoHN MOTEHITH]jall HEKUX 10jaBa TEPMAITHUX BOAA Y
Cp6wuju,I'eon. Ananu bank.moi.,377-391, 1993, beorpan P 61 (2)
Hparummh  B., Ilammh II., Munaguaosuh b., O renesu
TepMOMHHEpaIHUX Boja bpecroBauke Oame, Ananu bank.mon.,58/2,285-
301,1994, beorpan P 61 (2)

Cumuh M., Mwmuojeeuh M., Ilamuh II., Jlebunucame pexnma
ekcruioaTanuje OyHapa moMohy XHIPOTEOJIOMIKOT Mojeja W3/IaHH,
I'eon.an.bank.non.,59/2,441-455, 1995, beorpax P 61 (2)

Cumuh M., Mammh II., Konmh B., Bumouh M., HcrpaxuBame u
Kopuitheme XUaporeoTepMaliHe eHepruje Ha ONMUTHOM monurony Jleopir,
Amnanu bank.noin., 1998, beorpan P 61 (2)

Risti¢ V., Papié¢ P.,Prohaska S., Golubovi¢ R., Statistical analysis of
nitrate concentrations in precipitation and karst spring Petnica, near
Valjevo, Western Serbia, Geol.anali Balk.pol.,63,283-291,1999, Beograd
P61 (2)

Papn y yaconucy HanmoHa/IHOT 3Ha4aja — P62:

1.

Manuh I1., Murpanyja cununyjyma y H0oA3€MHAM BOJaMa U HeTOBH
OJTHOCH Cca JIpyT'M KOMITOHEHTaMa XE€MH]jCKOT cacTaBa Ha IpUMepHMa
tepmomuHepanaux Boga CP Cpouje, Becuuk 3aBoja 3a
reoi.reodus.uctpaxuBama, cepuja B,XVIII/XIX, 93-101, 1982/83,
Bbeorpan P 62 (1.5)

Kpemmh H., Mammh II., OcobGeHOCT XeMHjCKOT cacTaBa KapCTHHUX
MOJ3EMHUX BOJAa OQPHUOIUTCKOT Tojaca yHyTpammsux Junapuma CP
Cpb6uje, Becnuk 3aBoma 3a reon.reodus.mcTpakuBama, cepuja B,
XVII/XIX, 111-117,1982/83,beorpan P 62(1.5)

Manuh II., Murpanuja 6opa y moazeMHuM Bojaama, BecHuk 3aBoja 3a
reoji.reodus.uctpakuBama, serija B,XX, 109-116, 1984,beorpan P 62
(1.5)

IManuh I1., Byjacunosuh C., Murpaiyja ¢eHosna y noa3zeMHUM BoJama u
HBEroBa MHTEPAKIMja ca alyBUjaTHOM cpeinHOM, BecHuk 3aBoja 3a
reoji.reous.uctpaxkuBama, cepuja B, XXI1,25-33, 1985, beorpan P 62
(1.5)

Manwuh I1., Kpemwuh H., Ycnosu ¢popmupama xemMujckor cacraBa
MO/I3€MHUX BOJa Y CIMBY HOBOBapoluke buctpuue, Becuuk 3aBona 3a
reos.reous.uctpaxuBama,ceprja B, XXI,15-23,1985, beorpan P 62
(1.5)
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6.

10.

11.

12.

13.

Hanuh I1., Kpenmih H., 'ony6osuh P., Kucene kuiie u \uxoB yTuiaj Ha
KBJIMTET KpallKuX BoJa MEeTHUUYKOT Bpena koa BasseBa, CAHY, DCXIV,
95-105, 1991, beorpan P 62 (1.5)

Hparumuh B., Manmh II., MunamunoBuh b., Ilpunor mno3HaBamy
XEMHjCKMX KapaKTepHCTUKa TMOA3EMHHX BoAa HerorwHcke HH3Hje ca
noceOHMM OCBPTOM Ha caapxkaj HuTpata,300opHuk PI'®, 55-62, 1993,
Beorpan P 62 (1.5)

Towmwuh B., lokmanosuh I1., [lanuh II., Xuaporeosomke kKapaKTepUCTHKE
ny6okux HeoreHux akBudepa y 3ouu [lapahuna, 36opuuk PI'®,271-276,
1994, Beorpan P 62 (1.5)

Manuh II., Jlparmmwmh B., Xwuapoxemujcka 30HAIHOCT apTECKUX
xopu3onara [lakujckor Oacena ucroune CpoOuje, 36opuuk PI'®, 34,105-
113, 1995, beorpax P 62 (1.5)

[Manuh II., Kpynuh O., JestoBuh b., I'ene3a xemujckor cactapa
TepMoMuHepaHux Boga CeBepHor 0601a Konaonnukor macuBa, 300pHUK
PI'd, 34, 113-121, 1995, Beorpax P 62 (1.5)

IManuh II., Byjacunosuh C., Maruh U., Jloxxajuh A., Murpanunja Hekux
OPraHCKHX 3arajjuBaya y nopo3Hoj cpenunu, 36opuuk PI'®, Bon.35-
36,61-64,1997, beorpan P 62 (1.5)

Munaguaosuh b., Jlparummh B., IManmh TII., Muwunennh 1.,
XuapoxeMujcKka 30HATHOCT MOJ3EMHUX BOJIa Y HEKUM PYJIHHUIMMA YIjba
Hcroune Cpbuje, 36opuuk PI'D, Bon.37,45-54,1998, beorpan P 62 (1.5)
Papi¢ P., Risti¢ V., Golubovi¢ R., Pollution of karst groundwaters by
nitrate, Fac.Mining and geol.,65-74,1998 Beograd P 62 (1.5)

YBoaHo npeaaBame Ha CKyIly HAIIMOHAJTHOT 3Haqaja mTaMIIaHO y HEJIUHH —

Pé64:
1.

Kpenmh H., ITanuh I1., Kykypuh H., 3amrura Bona y kapcry, YBoaHo
npenaBame ACAK, 1992, P 64 (1.5)

Pajn caonimred Ha cKyny HAlIMOHAJIHOT 3Ha4Yaja INTaMIIaH y neJuHu — P65:

1.

CreBanoBuh 3., ®ununosuh b., Jlumurpujesuh H., [lanuh I1., Ycnosu
dbopmMupama 1 UCTUIIakha TepMaTHuX Boja buocke kon T.Yxkuna., IX
Cumn.xunapor.,297-304,1987, beorpan P 65 (0.5)

Humvutpujesuh H., Ianuh II., BunoBu XuapoxeMujCKUX HCTpaKuBamba
KO/ 3allTUTe MOJ3eMHHUX Bojaa ox 3arahuBama, [X Cumm.xuapor.,53-
59,1987, beorpax P 65 (0.5)

Hanuh II., Tomuh B., Jeman mpumep TepmanmHOr 3arajjema KapcTHE
m3pany, [l Cummn.zamrure kapera, ACAK, 125-126 1993, beorpan P 65
0.5)

Tomuh B., Ianuh II., Ilpmwior mo3HaBamYy XHUAPOTEOJIOMIKAX
KapaKTepUCTHUKa KapcTHE M3JaHM Ha Teputopuju rpaaa beorpanma, II
Cumrn.zamrure kapeta, 119-124 1993, beorpan P 65 (0.5)

Manuh I1., Iparumuh B., Munagunosuh b., TlojaBe yripokucenux Boaa
Boja y Kapnaro-6ankanuguma Hcroune Cpbuje u MOryhHOCT HHXOBOT
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10.

11.

12.

13.

14.

15.

16.

17.

18.

¢nammpama, Mexnjynapoana koHd. Ksamurer Boma, 300pHuK,143-147,
1993, Yauak P 65 (0.5)

Hparumuh B., ITanuh I1., Munagunosuh b., xunpoxemujcke
KapaKTepUCTHKE JIexKHITa MpKoT yriba Coko, Coko Oama, 300pHUK
panoBa X Jyr.CHMIL.XUIPOTEOJIOTH]e U UHXK.Teol.,51-55,1994, Kukunna P
65 (0.5)

Hparumuh B., Bpeuh M.M.,I1anuh I1., Bpeuh H.,Mukpokommnonente y
pyIHUYKUM Bofama Jexurra 6akpa Mcroune Cpbuje, Pynnnuka
reoJyioruja Ha packpuhy*CasetoBame™,337-344, 1996, beorpan P 65 (0.5)
[Tepuh J., Cumuh M., Ilanuh I1., Pe3ynTaTi Xuaporeoaomkux
uctpaxkupama y ['opmem LpauibeBy (Oceunna), 36opauk XI
Jyr.Cumn.xunporeos.unx.reoi., 413-421, 1996, byasa P 65 (0.5)
Hparumuh B., Ilanuh I1., Bpeuh M.M., Munaguaosuh b., ApceHncke
BoJie Llpuor Bpxa y Mcrounoj Cp6uju, 36opuuk X1
Cumn.xuaporeos.uHx.reod., 579-584,1996,byasa P 65 (0.5)

[Mymwh M., [Tanuh I1., TTonomunh /1., ONMUTHO HELEKTUPAHE TEPMAITHE
Bojzie y Oamu Jynakouh,XI JSHGIG,423-436,1996, byasa P 65 (0.5)
ByjacunoBuh C., Maruh U., Jloxajuh A., Byuxouh /., Ilanuh II.,
3amTuTHA yJOra TOBPUIMHCKHUX TIIMHOBUTHX CEIMMEHATa HA TIPUMEPY
ekcciecHor 3aramjera NaOH, 36opauk 3amrura Boma 97, 33-37, 1997
Comb6op P 65 (0.5)

Bejuh J., Mamypa B., O6paros [.,Ilanuh II., I'omumua M., CnacoBuh
A., MoryhHOoCT mpuMeHe cHCTeMa 3a PelUKIaXy OTIMAaJHUX BOJa MyTeM
aKkBaTU4YHHUX Omibaka, ['pamoBu Ha Boau, I1EIT,38-40,1997, beorpax P 65
0.5)

Byueruh H., [Jjoxuh U., Cumuh M., llanuh Il., YcnoBu u moryhHOCTH
kopuithema KapCTHUX HM3AAHCKHX BOJA Ha TepuUTOpHju ommTHHE bpyc,
100 roguna xuaporeonoruje y Jyrocnasuju, 181-187, 1997, beorpan P 65
0.5)

boxuh U., Byweruh H., Cumuh M., Ilanuh II., YcnoBu dopmupama
MUHEpPAJIHUX U TEPMOMHUHEpAIHUX Boja y okonuHU bpyca, 100 roauna
xuaporeonoruje y Jyrocnasuju, 203-210, 1997, beorpan P 65 (0.5)
Cumuh M., Munusojesuh M., Konuh B., Ilanuh II., BonocnabneBame
cranoBHuIITBa CpOMje ©3 KAPCTHHX TMOJ3EMHHUX aKyMyJaluja,
CasetoBame [loazemue Boae kao uzBopuiura, 133-143, 1997, beorpan P
65 (0.5)

Byuxosuh Jl., Jloxajuh A., Byjacunosuh C., Maruh W., lanmh II.,
l'eopu3nukn MOHUTOPUHI PEKYJITHBALMje 3E€MJBUINTA 3arajijeHor ca
NaOH, I Konrpec reodpusnuapa Jyrocnasuje, 409-416, 1998, Beorpan
P65 (0.5)

Cumuh M., Bywermh H., [ljoxmh 1., Manmuh II., Xwuagporeomomka
norenjannoct onmrtuHe bpyc, XIII Konrpec reonora Jyrocnasuje, 376-
394, Xepuer Hosu P 65 (0.5)

Cumuh M., CrpatujeB I'., Ilanuh II., Komuh B., Ankuh C., HUzeja o
TpajHOM pelerwy mpobiema BomocHeOneBama bama Jlyke u3rpagmom
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19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

U3BOPHILTA y BUAY KapCTHUX MoJ3eMHHMX akymynauuja, XIII Konrpec
reosiora Jyrocnaswuje,395-410,1998, Xepuer Hosu P 65 (0.5)

Cumuh M., Hjoxuh MW., [joxuh H., Manmh II., TIpupoxnna
TepMOMHUHepanHa  Boja [ 'pameBauka  peka-bpyc,30opuuk  XII
Jyr.cumn.unx.reon.xuaporeod., 351-360,1999, Hosu Cax P 65 (0.5)
Cumuh M., Ilanuh I1.,Jletuh I'., Aakuh C., Komuh B., Xungporeomnomka
UCTPAXXMBamka Pajid U3rPaambe JTOKATHUX M3BOPUIITA 32 BOJIOCHAOIEBAE
CTAaHOBHHUINTBAa ceockux mojpydja CpOuje KBaTUTETHUM MOJ3EMHUM
Bogama (Ha mpumepy Ilonepune), XIl Jyr.Cumm.o xwuuaporeoin., 361-
370,1999, Hosu Caz P 65 (0.5)

Cumuh M., Ilanmh I1.,Jletuh I'., Aakuh C., Komunh B., Xuaporeomnomka
UCTPaXXHBakha PaJid U3rPaIbe JTOKATHUX U3BOPUINTA 32 BOJIOCHAOICBAE
CTAaHOBHUINTBA CEOCKMX mojpydja CpOHuje KBATUTETHUM IOJ3EMHUM
Bogama (Ha mpumepy Ilouepune),XIl Jyr.Cumm.o xwuuaporeoin., 361-
370,1999, Hoeu Can P 65 (0.5)

Cumuh M., IManuh II., Kouuwh B., IMapnuh C., Wapeja o wm3rpaamu
m3popumTa "Kipyu" (MwuoHHMIA) 3a TpaBUTALMOHO BOJOCHA0/IEBamA
beorpama kBammrerHOM BojoMm 3a mmhe, CaBeroBame MeHaMEHT,
eKoJsioruja u crannapan,435-439, 2000, Apanhenosarr P 65 (0.5)

Cumuh M., Ilanuh II., Hyxosuh C., VYcmoBu wu wmoryhnoctu
BojlocHaOneBamba  KpajbeBa ~ M3rpafilbOM  KapCTHUX  MOJI3EMHHX
akymynanuja y ciuBy peke Mbap, CaBetoBame Bomnu pecypcu cimBa
B.Mopasge , 27-29, 2000, Kpymesar P 65 (0.5)

boxuh U., Mammh II., ITapauh C., Cumuh M., MoryhHocT TpajHOT
pelema BojocHabeBama oniTuHe Apanjjenosan, CaBeroBame BogHu
pecypcu B.Mopage, 19-22,2000, Kpymesarg P 65 (0.5)

boxuh H., Boxuh HN., MManuh II., Cumuh M., MoryhHoct pemiema
npobiemMa BoOJOCHeO/EeBama obOjekaTtaq y TYPUCTHIKOM KOMIUICKCY
*Cynuanu BpxoBu® Ha Komaonwmky, CaBeroBame Boguu pecypcu cnuBa
B.Mopage,23-26, 2000, Kpymesam P 65 (0.5)

Cumuh M., Manuh I1..u np..,Mneja o TpajHOM M KBaJIUTETHOM pEIUICHY
npoOiema BojgocHaOeBama TypucTUdkur nenrpa Komaonuk, XIII Cumn.
XUJIPOTeol. UHXK. reoit., 459-468,2002, Xepuer Hosu P 65 (0.5)

Cumuh M., Manuh I1., u 1p.,Kpurepujymu 3a n300p okaiuje H3BOPHIITA
U3JaHCKUX BoJa 3a (iammpame, XIII Cummn.xuaporeon.mux.reoi., 469-
472,2002, Xepuer Hosu P 65 (0.5)

Cumuh M., lManuh I1.,u ap., O nmotpebu 3a yckinahuBameM mporuca u3
pa3nuuuTHX 00JacTH TOKOM OCTBapWBama MpaBa Ha (uammpame BOjA,
XTI Cumn. xuaporeos. kK. reoi., 473-478,2002, Xepuer Horu P 65
0.5)

Cumuh M., anuh I1., u 1p., Pesyntatu Xuaporeosomkux CTpaKnBama
teputopuje ommtuHe bmane, XII Cummn.xugporeon.umx.reon., 479-
486,2002, Xepuer Hosu P 65 (0.5)

Cumuh M., Manuh II. u ap., YciaoBu u moryhHocTH BomocHabneBama
TypPUCTUYKHX KOMIUIekca 3natudop u Tapa Ha 6a3u nmomzemaunx Boaa, X111
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31.

32.

CuUMITI03UjyM XUAPOTEOJ. UHXK. reoi., 487-494,2002, Xepuer Hosu P 65
0.5)

Cumuh M., TManuh II., Hyxosuh C., Ilapmuh C., KapctHa Bpena
[Temrepcke BucopaBuu, C mnanuHoM y HoBH Bek, 249-255, 2002,
Komaonuxk P 65 (0.5)

Cumuh M., Ilanuh I1., Jletuh T'.,ITapnuh C., borarctBo mapka mpupoae
Brnacuna mmanunckum u3Bopuma, | Kondepenmuja C nnannHOM y HOBH
Bek, 257-265, 2002, Konaonux P 65 (0.5)

PanoBu 00jaB/Lenu v uzsoauma — P70:

Paj caonmren Ha ckyny Mel)yHapoaHor 3Ha4aja mramMmnan y ussoay — P72:

1.

2.

10.

1.

Micovi¢ L., Papi¢ P., Selective hydrogenation of alkil-aril azines, ESOC
I.,1* European Symp.org.chem., Keln, 1979, Germany P 72 (0.5)
Byueruh J..Bpeuh M.M.,PagoBanoBuh W., JljykanoBuh 3., Ilanuh
I1.,CaBuh 3.,McnutuBame ycioBa J1aboparopujcke GpepMeHTanuje nomohy
Mucor Miechei ASSS 16457 3a nobujame mukpoOHOr penmua, VIII
CageroBame xemuuapa, 3arpe6,1983, Xparcka P 72 (0.5)

. Papi¢ P., Vujasinovi¢ S., Mati¢ 1., Migration of certain organic pollutants

in alluvial porous media, Internat.Confer., 1-9,1987, Nancy, France P 72
0.5)

Stojadinovi¢ D., Papié¢ P., Qualitative characteristics of intercepted
springs in the surroundings of Belgrade, Internat.Sympos.,Ground water
Management,IAHS,No 188,160-163,1989, Benidrom, Spain P 72 (0.5)
Dimki¢ M., Vrvi¢ M.M., Papi¢ P., The study of degradation of high
concentrations of pollutants in water on the natural model, Second
Internat.ISEP Congress,23-26,1990, Vienna, Austria P 72 (0.5)

Papi¢ P., State-of-the Art of Geothermal investigations in Serbia, UN
University, report 3,1-9, Iceland P 72 (0.5)

Simi¢ M., Martinovi¢ M., Milivojevi¢ M., Papi¢ P., The hydrogeotermal
system of the KurSumlijska spa, Coll.of paper of XV Congress of
CBGA,1995, Athens, Greece P 72 (0.5)

Papi¢ P., Hydrochemistry of fluorine in mineral waters of Serbia,30™
Internat.Congressw of Geol.,289,1996, Beijing, China P 72 (0.5)

Simi¢ M., Papi¢ P., Anki¢ S., The hydrogeology of kurSumlijska spa: The
five hydrochemical groundwater types, 30" Internat.Congress of
Geol.,290, 1996, Beijing,China P 72 (0.5)

Simi¢ M., Slavkovi¢ T.,Pani¢ M., Papi¢ P., A new approach to water
resources in karstified limestones, 30" Internat.Congress of Geol.,320,
1996, Beijing, China P 72 (0.5)

Vuyjasinovi¢ S., Mati¢ 1., Vuckovi¢ D., Lozaji¢ A., Papi¢ P., An example
of geoelectrical methods application on NaOH contaminated soil,
Proceed.XXII General Ass.Europ.Geophys.Soc.,1997,Vienna, Austria P
72 (0.5)

22



12. Lozaji¢ A., Vuckovi¢ D., Vujasinovi¢ S., Mati¢ 1., Papi¢ P., Application

of resistivity methods at the NaOH spill site, 60" EAGE Confer., Laipzig,
4-52-4-53, 1998, Germany P 72 (0.5)

Paj caonmTeH HAa CKyny HAIIMOHAJIHOT 3HaYaja mramMnan y ussoay — P73:

1.

2.

Muhosuh U., ITanuh I1., Karanutnuka xunporennsanwmja aril-alkil azina,
Bull.Soc.Chim.,43,1978, beorpax P 73 (0.2)

Byjacunosuh C., IlTanuh I1., Matuh U., Heke ocobeHocTH 3araajuBama
alyBHjalIHE CpeIMHe U Noa3eMHUX Boja kcuinoiauma, XX VIII CaBeroBame
xemuuapa Cpbwuje, 3C-4, 1986, beorpax P 73 (0.2)

Hanuh I1., Byjacunosuh C., Matuh W., Heka uckycTBa y mpoydvanamy
UHTEpaKlije  alyBHjalHE  CTEHCKe Mace W (eHoma  Kao
3aragjuBaya, X X VIII CaBetoBame xemudapa Cpouje, 3C-3, 1986, beorpan
P 73 (0.2)

Hanuh II., CekynoBuh b., Xuapoxemujcku acrnektu Quammpama
M3JJAHCKUX BOJIAa — IPEIIKE, OTPAHNYCHA U MOPAITHH aCTeKTH, 3alMCHULIN
Cpm.reon.npymrsa,1-9,2001, Hosu Can P 73 (0.2)

bHoxuh U., Cumuh M., Ilanuh I1., ITapauh C., 3akoHcka perymnaruBa y
dmammpamy MIPUPOTHUX MUHEPATHUX BOJIA, 3anucHUIN
Cpn.reon.npymrsa, 10-16, 2001, Hosu Cag, P 73 (0.2)

JlokTopcke u marucrapcke reze — P80:

1.

2.

Manuh I1., Murpanuja duryopa y munepanaum Bonama Cpouje,
Marucrapcka te3a, PI'®,1-142, 1994, beorpan P 82 (3)

MManuh II., MakpycTanmyone W arpecMBHE OCOOMHE MHUHEPATHUX BOJIA
Cpbuje, Hoxropcka auceprauuja, PI'®, 200 ctp., 1999, beorpan P 81 (6)

OcTaJjie nyoJauKammje:

1.

Humutpujesuh H., ITanuh I1., Xunpoxemuja-Merosie XeMUjCKUX aHAIN3a
HPUPOJHUX BOJA M XUIPOXEMH]CKHX UCTPAKUBamba, MPAKTHKYM 3a BEKOe,
PT'®,1989, beorpan
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B.2. O0jaB/beHn pagoBu — nocjie u300pa y 3sambe BaHpeIHOI npodgecopa:

Havune kmbure u Monorpaduje — P13:

1. Hamuh II., 2010, MuKpycTanimone u arpecMBHE OCOOMHE MHHEPATHUX
Bona Cpouje, PI'®, n.225 , UCBH 978-86-7352-214-2, P 13 (5)

Ioraas/pba v KIbUraMa u nperJeaau yianmy — P20:

IIperaeann wianak y soawehem yaconucy — P21:

1. Niki¢ Z., Kovacevi¢ J., Papi¢ P., Uranium minerals of Bukulja mountain
controls on storage reseroir water, Uranium, mining and Hydrogeology,
book chapter in B. J., Merkel and A. Hasche-Berger, Springer Berlin,
Germany, p 645-652,2008 P 21 (4)

2. Stevanovi¢ Z., Papi¢ P., The origin of groundwater, Groundwater
management in large river basins, book chapter in Dimki¢ M., H.J.
Brauch, M.Kavanaugh, International Water Association, London, United
Kingdom, p 218-246, 2008 P 21 (4)

O0jaB/Lenu paxosu Mmehynapoasor 3Hagaja — P50:

Pan y Bogehem yaconucy meh)ynapoanor 3nauaja — P51-a:

1. Niki¢ Z., Kovacevi¢ J., Papi¢ P., Uranium in the groundwater of permo-
triassic aquifers of the Visok region, Stara Planina, Eastern Serbia, Water,
Air and Soil Pollution, Springer Berlin, Germany, p 47-58,2008 P 51 a
)

2. Kovacevi¢ J., Niki¢ Z., Papi¢ P. 2009: Genetic model of uranium
mineralization in the Permo-Triassic sedimentary rocks of the Stara
Planina Eastern Serbia. Journal: Sedimentary Geology. No 219.
Publisher: Elsevier. Pp. 252-261. SCI lista.ISSN 0037-0738. Category:
Article. DOI 10.1016/j.sedge0.2009.05.015. U 2008. god.: M21; IF =
1.737 (Rang Casopisa prema petogodisSnjem impakt faktoru 1.962). P 51 a

®)
Pajx caonmmTen Ha ckyny Mel)yHapoaHOr 3Ha4Yaja mraMmnaH y uejauHu — P54:

1. Kruni¢ O., Papié P.,Parli¢ S., Karst mineral waters of Serbia, IAH, 2005,
Belgrade,Water resources and environmental problems in karst P 54 (1)

2. Tripkovic V. Papic P., Hydrochemistry and balneology of karst mineral
waters in Serbia,Water resources and environmental problems in karst ,
IAH, 2005 P 54 (1)

3. Mileni¢ D., Papié P., Application of hydrochemical genetic coefficients in
groundwater origin determination (Visnjicka banja spa case study, Serbia),
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7™ Helenic hydrogeological conference Veluma, p.273-280, Athens,
Greece, 2005 P 54 (1)

Papi¢ P., Stojkovi¢ J., Natural processes controling fluoride contents in
groundwaters, XVIII Congress of the Carpathian-Balkan geological
Assotiation, p.435-438, Belgrade, 2006 P 54 (1)

M.Zlokolica-Mandi¢, P.Papié, T.Petrovic and J.Stojkovi¢, 2010:
Hydrochemistry of bottled mineral waters of Serbia, XXXVIII IAH
Congress,Krakow, 12-17.September 2010, Poland, 1779-1805, ISBN 978-
83-226-1979-0 (2-vol.set.+ CD) P 54 (1)

II.ITanuh, J.CrojxoBuh, 3.Hukuh wu M.Ayk, Exonomku acmnektu
Kopumhema TeoTepMamHuX Boja, 3. Mehynapogan Cumnosujym
Eneprercko pynapctso EP 2010, 8-11.centem6pa 2010, Amnatun, 2010 P
54 (1)

Beskoski V., Papi¢ P., Dragisi¢c V., Mati¢ V., Vrvi¢ M.M. Long term
studies on the impact of thionic bacteria on the global pollution of waters
with toxic ions, in Advanced materials research vol. 71-73, 2009, 105-109,
ISSN 1022-6680, P 54 (1)

Risti¢ Vakanjac V., Papi¢ P., Damnjanovi¢c V., R.Golubovi¢.,
Anthropogenic influence on ground water quality: A case of nitrate
pollution , International Conference Degraded areas and ecoremediation,
13-15.May 2010, 162-170, ISBN 978-86-86859-23-5. P 54 (1)

O0jaB/LeHy paloBH HAITMOHAJHUT 3Hayaja — P60:

Pajx caonuiTeH Ha CKyny HAIIMOHAJIHOT 3HAYAaja IITAMIAH Yy HeJuHu — P65:

1.

Manguh M., Hanuh II., [Ipunor no3HaBamwy KBaJIUTaTHBHUX CBOjCTaBa
noazeMHux Bojaa Bojsomune, 14. Konrpec reonmora Cp6uje u Lipue I'ope,
2005, Hosu Cag P 65 (0.5)

. Huxkuh 3., Hukomuh J., Pucrosuh M, IManuh II., 'eon.xonr.Cpowuje,

597-601, 2010, P 65 (0.5)

. Panenxosuh M., ITanwh II., Jokcuh J., Huxkuh 3. PammoaxtuBHOCT

MUHEpAJIHUX BoAa ca muper mnoapydja bykyme, XXV cumnosujym
HpyuTBa 3a 3amtuty on 3padewma Cpouje u Lpue 'ope, 360pHuk pagosa
Komnaonuk 2009, 53-56, ISBN 978-86-7306-112-2 P 65 (0.5)

AyTopcku Tadak JieKcHMKorpadcke oOpage HAYYHOr H3Jakba peYHMKA WU
eHIuKJIonenuje — P66:

1.

Mamuh II., CrojkoBuh, Xwunpoxemmjcka TepmuHoioruja, [eondC
Cp6uje,2009, PT'®, 1-30, beorpax P 66 (1)

2. Josuh B., Ilanuh II., I'eoxemujcka tepmunonoruja, ['eonlIC CpOuje,

2010, PI'®, 1-18, beorpax P 66 (1)
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PanoBu o0jaB/benn v uzsoauma — P70:

Panx caonmmren Ha ckyny Mel)yHapoaHOr 3Ha4aja mramMmnan y ussoay — P72:

1. Mileni¢ D., Papi¢ P., Ivankovi¢ B., Primena hidrohemijskih koeficijenata
u odredjivanju geneze podzemnih voda na primeru termomineralnih voda
MIVELA Veluée, Centralna Srbija, II Savetovanje geologa u BIH , Tesli¢,
BIH, 2006 P 72 (0.5)

2. Mileni¢ D., Papi¢ P., Milankovi¢ Dj., Environmental impact of sawmill
by products degradation groundwater quality case study, Western Serbia,
Groudwater and Ecosystems, Lisabon, Portugal, 276-277, 2007 P 72
0.5)

Pajx caonmuiTeH HA CKynmy HAIIMOHAJIHOT 3Ha4Yaja mraMnan y ussoay — P73:

1. Bemoruh M., CtojkoBuh J., lanuh II., I'eon.Koupec Cpbuje, 619, 2010,
P 73 (0.2)

B.3. PAJIOBM CA CII! JINCTE

PanoBu koju cy o0jaB/benn y yaconucuma mel)ynapoaunor snavaja (P 52, 3 6ona ) ca
CHLM smcre npe u3dopa y 3Bame BaHpeAHOT npodecopa:

1. Kresi¢ N., Papié¢ P., Specific chemical composition of karst ground water in the
Ophiolite belt of the Inner Dinarides in Yugoslavia: A case for covered karst,
Environmental Geology and water sciences,vol. XV, No 2, 131-135, 1990, Springer-
Verlag, New York, USA , P 52 (3) SCI

2. Kresi¢ N., Papié¢ P., Golubovi¢ R., Elements of ground water protection in a karst
environment, Environmental Geology and water sciences, vol.XX, No 3, 157-164,
Springer Verlag,1992, New York, USA , P 52 (3) SCI

PanoBu kxoju cy odjaBbenn v BOAERUM mehynapoaunm yaconucuma (P S1a, 8
001082 ) ca CIIH aucrte nmocjie n300pa v 3Bame BaHpeaHor npodecopa:

1. Niki¢ Z., Kovacevic¢ J., Papi¢ P. 2008: Uranium in the groundwater of Permo-Triassic
aquifers of the Visok region, Stara Planina, Eastern Serbia. Journal: Water Air Soil
Pollut. No 192, 1-4. july 2008. Publisher: SPRINGER. Pp. 47-58. SCI lista.

Keywords: clastic rock, hydrochemical anomaly, Stara Planina, uranium, Visok region.
ISSN 0049-6979 (print). ISSN 1573-2922 (on line). Category: Article. DOI
10.1007/s11270-008-9633-z.

IF = 1.398 (Rang Casopisa prema petogodiSnjem impakt faktoru 1.779). P 51a (8)
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2. Kovacevié J., Niki¢ Z., Papié P. 2009: Genetic model of uranium mineralization in the
Permo-Triassic sedimentary rocks of the Stara Planina Eastern Serbia. Journal:
Sedimentary Geology. No 219. Publisher: Elsevier. Pp. 252-261. SCI lista.

Keywords: uranium minerals, Permo-Triassic, sedimentary rocks, groundwater, Estern
Serbia.

ISSN 0037-0738. Category: Article. DOI 10.1016/j.sedgeo.2009.05.015.

- U 2008. god.: M21; IF = 1.737 (Rang casopisa prema petogodiSnjem impakt faktoru
1.962). P 51a (8)
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B.3.1. Hogauu 0 BOJAERUM mehynaponnum uyaconucuma (P Sla, 8 6oxosa ) ca
CIIH nucre:

TraZite Udaljeni pristup Mapa sajta Odjava

™
IP: 147.91.1.44, RCUB 4 ‘

Pocetak / SERVISI § JCR 7

Podaci o Casopisu

0037-0738
[ sedimentary Geolgy

SEDIMENT GECL

Rang £asopisa u Journal Citation Report-u za period 1981

oblast | impakk Fakkar

Geology EE

Rang £asopisa prema PETOGODISNIEM impakt Fakboru 2007-2009

a3

| v fae ]
oblast { impakk Fakkar 2,038
Geology a/40 ]

wrhunski medunarodni Easopis (M217; u svojoj disciplini je swrskan medu pryvih 30%
_ istaknuti medunarodni Casopis (M22}; u svojoj disciplini je svrskan izmedu pryvih 30% i 50%

medunarodni Easopis (M23); Ima IF ali nije svrstan izmedu pryvih 50% U svojoj disciplini

kako se ratuna impakk Faktor moZete pronadi na stranic

mozete pronadi na linku

je napravliena prema Pravilniku o postupku i nadinu vrednovania, i kvantitativnom iskazivaniu
naucnoistraZivackin rezultata istraZivaca, Sluzbeni glasnik RS, broj 38/2008 (Detaljnije informacije
moZete pronadi na

0Opis disciplina {na engleskom})

Geology covers resources that deal with the physical history of the Earth, the rack of which it is
composed, and the physical changes {nat the physics) that the Earth has undergone or is undergaing,
Resources in this category cover sedimentology, stratigraphy, hydrogeology, ore geclogy, struckural
geology, regional geology, and petrology. These resources are somewhat narrow in scope and are not
agiven ko the interdisciplinary study of the Earth Sciences,

istarstwa nauke Republike Srbij
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[T ao45-6979
Water Air and Soil Pollution
\WATER AIR SOIL POLL

T 20022005 | 2005 ] 2007 2008 ] [

oblast [ impakk Fakkor 0632 0772 0526 0553 1.058 1.258 1.205 1.224 1,398 1.676
Environmental Sciences 77127 B6[129  98/131 68/131 69134 Gl 06160 B4/163

Meteorology & Atmospheric
Sciences

Water Resources 28/53

31040 34043 36/46 3146 2045 2EM47 3048 3351 4/52

oblast fimpakk Faktor
Environmental Sciences

Metearology & Atmospheric
Sciences

Water Resources

wrhunski medunarodni Sasopis (M21); u svajoj disciplini je svrstan medu prvih 30%.

istaknuti medunarodni Casopis (M22); u swojoj discipling je svrstan zmedu pryih 309% i 50%
i medunarodni Easopis (M23); Ima IF ali nije svrstan izmedu prvib 50% u svojoj disciplini
kaka se racuna impakk Fakkor moZete pronadi na stranici
mozZete pronadi na linku

je napravljena prema Pravilniku o postupku i nadinu vrednovania, i kvantitativnom iskazivanju
nauénaistraZivackih rezultata istradivaa, SluZbeni glasnilk RS, braj 38/2008 {Detaljnije informacije
moZete pronadi na

Environmental Sciences covers resources concerning many aspects of the study of the environment,
among them environmental contamination and toxicology, environmental health, environmental
monitoring, environmental geology, and environmental management, This cakegory also includes soil
science and conservation, water resources research and engineeting and climate change.

Meteoralogy & Atmospheric Sciences covers those resources that deal with the atmosphere and its
phenomena, especialy weather and weather forecasting. Resources in this category are concerned
with the atmosphere's temperature, density, winds, clouds, precipitation and other characteristics, as
well as the structure and evolution of the atmasphere in terms of external influences and the basic laws
of physics, This category also includes resources dealing with climatology.

‘Waker Resources covers resources concerning a number of water-related topics, These include
desalination, ground water monitoring and remediation, hydrology, irrigation and drainage science and
technology, water quality, hydraulic engineering, ocean and coastal management, river research and
management, waterways and ports,
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03430105
Environmental Geology
T Na ENYIRON GECL

Rang £asopisa u Journal

oblast | impakk fakbar 0,427 0390 0461 0605 0530 0654 0610 0722 1026 1.078

Enwvironmental Sciences 98/127 105/129 108/131 96131 1117134 114/140 121/144 130160 113(163 122/180
Geolagy

Geosciences

Multidisciplinéry 870117 970117 95/122 88126 105/127 95/128 103(130 102137 92144 92/153
\Water Resources 32047 37/50 34/53  30/55 3755 39/57 39/ 42j59 3259 aTe

Rang ¢asopisa prema PETOGODISNIEM impakk Faktoru 2007-2009
| Jaor e [oom =

oblast | impakk Faktor 0.945 1.275 1.302
Environmental Sciences 113160 96/163 108/180
Geology

Geosciences, Multidisciplinary 94/137 7oi144 92/153
Water Resources 38/59 32159 3466

ENa wrhunski medunarodni Easopis (M21}; u svojoj disciplini je swrstan medu prvih 30%
istaknuti medunarodni Sasopis (M223; u svojoj disciplini je svrstan izmedu priih 30% i 50%
i medunarodni £asopis {M23); Ima IF ali nije svrstan izmedu pryvih 50% U svojoj disciplini
kaka se rafuna impakk Fakkor moZete pronadi na stranici
moZete pronadi na linku

je napravljena prema Pravilniku o postupku i nadinu vrednovania, i kvantitativnom iskazivanju
naucnoistraZivackih rezultata istraZivaca, Slufbeni alasnik RS, broj 38/2008 (Detalinije informacije
moZete pronadi na

Environmental Sciences covers resources concerning many aspects of the study of the environment,
among them environmental conkamination and toxicology, environmental health, environmental
monitaring, environmental gealogy, and environmental management. This category also includes sail
science and conservation, water resources research and engineering and climate change.

Geology covers resources that deal with the physical history of the Earth, the rack of which it is
composed, and the physical changes {nat the physics) that the Earth has undergone or is undergaing.
Resources in this category cover sedimentology, stratigraphy, hydrogeology, ore geclogy, structural
geology, regional geology, and petrology. These resources are somewhat narrow in scope and are nok
given to the interdisciplinary study of the Earth Sciences.

Geosciences, Multidisciplinary covers resources having a general or inkerdisciplinary approach to the
study of the Earth and other planets. Relevant topics include geology, geochemistry fgeophysics,
hydrolagy, paleontology, oceanography, meteoralogy, mineralogy, geography, and energy and Fuels,
Resources having a primary focus on geology, or geachemistry & geophysics are placed in their awn
cateqgories,

‘\Water Resources covers resources concerning a number af water-related kopics, These include
desalination, ground water monitoring and remediation, hydrology, irrigation and drainage science and
technology, water quality, hydraulic engineering, ocean and coastal management, river research and
management, waterways and parts,
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Abstract An clevated concentration of uranium in
the water of some springs in the Permo-Triassic
sedimentary rocks of the Visok region, south-eastern
slopes of the Stara Planina, eastern Serbia, is
interpreted based on geological, hydrogeological and
hydrochemical data. Uranium concentration in
groundwater was first examined whilst exploring for
uranium minerals as an energy resource. The purpose
of a later hydrogeological investigation was assess-
ment of a safe drinking water supply to a planned ski-
centre hotel. The maximum contaminant level for
uranium, recommended by the World Health Organi-
zation (WHO), is 15 pg/L. This work reviews and
interprets the naturally elevated uranium in springs
from the Permo-Triassic sediments of Visok, focusing
on geological, hydrogeological, hydrogeochemical
and other factors of uranium contamination. Uranium

Z. Nikic ()

Faculty of Forestry, University of Belgrade,
Kneza Viseslava 1,

11030 Belgrade, Serbia

e-mail: znikicf@yube.net

J. Kovacevic

Geological Institute of Serbia,
Rovinjska 12,

11000 Belgrade, Serbia

P. Papic

Faculty of Mining and Geology, University of Belgrade,
Djusina 7,

11000 Belgrade, Serbia

distribution in groundwater from Permo-Triassic
aquifers was studied by taking groundwater, spring
sediment and rock samples. The varied mobility of
uranium depends largely on lithology, which also
controls the chemistry of groundwater. The investiga-
tion results have shown that sulfate—calcium ground-
water is a suitable facilitator of uranium mobility with
a high migration coefficient of 0.77. Uranium
concentrations in this water were up to 41 pg/L, with
a Sa/Sr mass ratio of around 20, and a mineral content
of about 0.5 g/L. The hydrochemistry was cl
istically transitional Eh and pH neutral. Elevated
uranium in groundwater has been reported globally
and may be compared.

Keywords Clastic rock - Groundwater -
Hydrochemical anomaly - Stara Planina - Uranium -
Visok region

1 Introduction

In the mid-1960s an increased concentration of uranium
was found in the water of some springs in the south-
westermn slopes of the Stara Planina of the Visok region.
The area was intermittently explored geologically
because uranium is a strategic, energy-significant
material. The exploration up until 2005 gave abundant
information to explain inter alia the increased uranium
in the groundwater of Visok and clarified many
geological and hydrogeological uncertainties.
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The land configuration and the many annual
snowfall days at Stara Planina were considered as
conducive to investment in an exclusive winter sports
centre, The project necessitated a good drinking water
supply and groundwater was considered as a resource
for this. Water analyses of springs and wells in the
period from 2005 to 2006 indicated an elevated
uranium concentration in groundwater from some,
but not all, the sample sites.

Uranium is a radioactive, heavy metal element that
oceurs naturally in groundwater. In drinking water it
has been shown to be carcinogenic to humans.
Uranium concentrations above 15 pg/L, the level set
by the World Health Organization (WHO; 2004), are
considered as contaminating in groundwater. The U.S.
Environmental Protection Agency (EPA) recommen-
dation (U.S. EPA 2000) sets 30 pg/L as the maximum
contaminant level (MCL). Other institutions that
recommend a maximum uranium concentration are
Health Canada (20 pg/L) and Australian Drinking
Water Guidelines (20 ug/L; Kinze 2002).

The amount of uranium in groundwater and
surface water is highly variable. Durrance (1986)
gives the uranium content for uraniferous terrain as 1-
10 ppb in surface water, 1-150 ppb in groundwater
and 15-400 ppb in uranium mine water. Elevated
uranium in groundwater is reported in many places
across the planet, for example: Finland (Asikainen
1981), Canada (Betcher et al. 1988), U.5. New
Hampshire (Hollocher and Yuskaitis 1993), India
(Sinha et al. 1997), U.S. Texas (Kim 1999), Greece
(Zouridakis et al. 2002), U.S. Nevada (Seiler 2004),
U.S. Michigan (Sherman et al. 2007) and other states.

This work interprets the derivation and heteroge-
neous distribution of groundwater uranium sourced
from Permo-Triassic sedimentary rock of the Visok
region, eastern Serbia, and explains the naturally
elevated uranium in some of the water from the same
lithological unit. More detailed geological, hydro-
geological and ecotoxicological research is necessary
to identify geopath toxic el zones and
naturally elevated uranium in groundwater in order to
avoid interception of these waters and to define the
risk of their use in water supply.

Maximum uranium concentration levels for drink-
ing water differ between several state regulations
(USA, Canada, Australia) and the WHO. This is
confusing where the risk to health is concerned. It is
necessary that a single maximum contaminant level of
uranium or that of any other toxic element in drinking
water should be defined for global use. Uranium
ion in gl iwaters is elevated in many
regions of the world and comparisons can be made.

2 Study Area

The Stara Planina massif, a part of the Carpathian-
Balkan arc, lies in easternmost Serbia and western
Bulgaria. In Serbian territory it extends from the NW
town of Zajecar to Senokos in the SE (Fig. 1). The
highest point of the Stara Planina is the Midzor peak
(2,169 m), and there are many lesser heights greater
than 1,800 m above sea level (Kopren 1,935 m,
Srebma Glava 1,933 m, Vrazja Glava 1,934 m and
others).

Fig. 1 Geographical loca-
tion of the study arca.

Legend: Boxed part Study {D
area \
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Geological investigations were made over an area

The paper focuses on interpretation of the increased

of about 155 km® of the Stara Planina south-western
slopes in the Visok region. The country is character-
ized by mountainous topography at altitudes from 830
to nearly 2,000 m. The local mountain climate has
severe winters and short, relatively warm summers.
The average amount of precipitation is about 950 mm
per year, The Visocica River, with its right tributaries
the Dojkinacka, Rosomacka and Vodenicka that
emerge at the foot of Stara Planina ridge, gives the
country its hydrogeological character. The Visocica
drains into the Timok that flows into the Danube and
thence into the Black Sea.

The Visok region study area is sparsely populated.
The major communities are the Dojkinci, Jelovica,
Rosomac and Senokos villages that are all connected
by sealed road with Pirot, the administrative centre of
this part of Serbia. There are no industrial, tourist or
military structures. The local population is engaged
mostly in pastoral and, to a lesser extent, in
agricultural activity.

3 Materials and Methods

The original hypothesis underlying this paper was that
the elevated uranium in water of some springs in
Visok region was a result of the interaction between
groundwater and uraniferous Permo-Triassic sedimen-
tary rock in the basal part of the Dojkinci lithologic
member (Antonovic 1980). Because uranium is a
chemical element specific not only for its natural
radioactivity but also for its particular hydrochemical
behaviour, the data considered result from compre-
hensive exploration for it in the Visok region for
possible groundwater production and supply to the
planned ski-centre.

Uranium minerals in the Visok Permo-Triassic
rocks are characterized by a complex relationship to
a differing lithological host and non-uniform, discon-
tinuous and non-homogeneous mineral emplacement.
The morphology of the ore bodies is controlled by
lithological bers that are recognizable and iden-

and the chemical composition of g 4
ter in Permo-Triassic sedimentary rocks. The methods
used in uranium prospecting were geological and
hydrogeological mapping, chemical analysis of
groundwater, exploratory drilling, petrographical ex-
amination and other laboratory testing. The geology
and hydrogeology of the country were interpreted
from the available records, published work and the
exploration results.

The prospecting considered groundwater and mud-
dy sediment in springs and boreholes. Observations
were plotted on original maps at scale of 1:10,000.
The density of plots depended on the ber of
natural discharge groundwater springs and on explor-
atory boreholes with incorporated piezometers, This
method was used within a framework of radiometric
prospecting techniques, including gamma-ray radiom-
etry, geochemical detection of other elements, and
other conventional prospecting methods such as
applied geophysics, and remote sensing. A total of
60 spring and borehole point sources of water were
prospected in the Visok area and 40 more springs on
its border were investigated. The prospecting oper-
ations were concentrated around Dojkinci and Jelov-
ica as the most promising uranium-rich locations.

Radioactivity was measured by a scintillation
counter SCINTREX UA-3, and radon (Rn) and
radium (Ra) in water by a counter model RDU 200.
Both instruments are produced by EDA Instruments
Inc. of Canada. All measurements were performed
whilst strictly following the producer instructions.
Groundwater was analysed for U, Ra and Rn, as well
as for Ca, Mg, Na, K, i, Sr, for HCO;, 504 and Cl
anions, and gases CO3, O, and H,S. Furthermore the
hardness and electric conductivity of water and its pH
and oxidation-reduction potential (Eh) were also
determined. The amount of a sample for analysis
was usually 5 L. The container used was a polyeth-
ylene bottle conventionally cleaned. The bottle was
preliminarily rinsed with the same water as that 1o be
sampled. Each bottle was filled to the top leaving no
room for air. In considering radon the time of

tifiable only by experienced hers. U
occurrences with the mentioned characteristics need
detailed exploration with in many mine workings and
this was regrettably not executed.

The considered data were obtained from explora-
tion in the Stara Planina from the late 1980s to 2005,

pling was recorded in order to make the analysis
within its short radioactive half-life.
S of mud sedi usually a couple of
hundred grams each, were placed in plastic sacks. The
mud was analysed for U, Pb, Zn, Cu, Mo, V and §.
Representative solid rock types were sampled from

Q 1
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the sedimentary sequence on an open network (one
sample to each 3-5 km? or less) and from the drill
core for the analysis of U, Th, K and eRa for a general
picture of the bedrock background.

The water quality parameters were determined by
standard methods (Clesceri et al. 1995; U.S. EPA
1981, 1997). Metal concentrations were measured
using an atomic absorption spectrophotometer, Perki-
nElmer, Inc. (USA) model 5000, HGA 4000. The
experiments followed the instrument producer instruc-
tions (Beaty 1988). The chemical composition data
were classified and considered in lithological groups.

The resultant data allowed an interpretation of the
uranium occurrence in groundwater and gave infor-
mation for the assessment of the aquifer effect on the
chemical composition of spring water.

4 Results and Discussion
4.1 Geology of Visok Region

The oldest rock in the arca is quartz-albite-musco-
vite—chlorite schist of Riphean-Cambrian age (R,
Cm), intruded by granodiorite (5y) and granodiorite
porphyrite (6yn) associated with some sulfide miner-
alization principally seen as pyrite, chalcopyrite, or
ar pyrite. This rock complex forms a
wide belt more than 600 m thick in the Stara Planina
ridge (Andjelkovic et al. 1975). The erystalline schist
is transgressively overlaid by a continuously layered
complex of Permo-Triassic clastic sediments (Fig. 2).

Permo-Triassic sedimentary rocks form a continu-
ous narrow belt from the 1,760 m Mramor peak in the
NW, across Kopren to the SE and further to the
Serbian—Bulgarian border. These rocks consist of dark
red, green—pink or yellow sandstone, siltstone and
intraformational conglomerate, referred to in the
geological literature for their diverse colours as a
series of “variegated sandstones” (Andjelkovic et al.
1975). The rocks are arkosic in composition, which
indicates their dominant derivation from granite and
gneiss (Kovacevic 1997).

The lower, Kopren, and the upper, Dojkinci,
members are distinguished in the Permo-Triassic
sedimentary rock sequences of the Dojkinci and
Jelovica areas (Antonovic 1980). The Kopren mem-
ber (P, Ti,) consists largely of characteristically
cross-bedded, coarse, quartzose sandstone and red

@ springer

Fig. 2 Distribution of Permo-Triassic rocks in the Visok region
of Stara Planina (a) and hydrogeological model of the
formation of gr i hemical position (b). (S

base geological map at scale 1:100,000, Pirot Sheet, in
Andjelkovic et al. 1975; Nikic et al. 2002; Kovacevie 2006;
and p I infe ion). Legend: / Sand: marl, shale
and li N 2 | shale, li and dol

(T ), 3 limestone (T3); 4 Permo-Triassic rocks of Dojkinei
member (B Tp); 5 Permo-Triassic rocks of Kopren member
(P Tug) 6 granodiorite porphyrite (d4m); 7 gabbro (v);
& quartz-albite-muscovite-chlorite schist (R, Cm); 9 uranium
deposit; /0 uranium occurrence; // minor uranium mineral
aggregate; 12 geologic boundary: identified, gradual; 13
unconformity; /4 fault; /5 5 16 hydrogeologi
section line; /7 shallow groundwater filtration; /& deep
groundwater filtration; /9 atmospheric water percolation; 20
spring; 2/ uranium ore body; 22 borchole DB 69

conglomerate between 200 and 250 m thick, overlaid
by variegated sandstone of the Dojkinci member
(Antonovic 1980). The sequence of variegated sand-
stone in the Dojkinci member (P, T;p,) consists of
dark red and green-pink sandstone, siltstone and
intraformational conglomerate with a thickness of
120 to 200 m. At the base of the unit, a geochemical
barrier for uranium extends NW-SE up to 200 m
wide, between 5 and 25 m thick, which is the
uranium-bearing stratum (Gertik 1988), The principal
characteristic of this feature is an intensive permeation
of the sediments, expressed in its lithological compo-
sition, by granulation, colour, porosity and a presence
of organic matter, sulfides and uranium minerals.

A major factor in the geologic history that
mobilized uranium from the granitic rock, meta-
sandstone and schist of the central Stara Planina in
the N and NW of the Visok region was the supply of
mildly acid aqueous solutions that altered and leached
rocks (Antonovic 1980; Kovacevic 1997). The sol-
utions were also oxidizing, because they carried
oxygen that enhanced U*" oxidation and the forma-
tion of uranyl ions, which built up complexes such as
[UO2(CO3)2(H20),1*" or [UO(S04)x(H0),]?
(Romberger 1984). These were transported relatively
easily in solution. The oxidation-reduction condition
(Eh from 116 to 165 mV) and acidity (pH from 5.7 to
7.7) of the medium had an important part in this
hydrochemical cyele. Uranyl ion dissolve within a
wide range of Eh-pH values and build up highly
soluble carbonate complexes in an oxidizing, mildly
acid or alkaline medium (Jankovic 1981). Elements
such as U, Th, Mo and Cu in mineral detritus were
mechanically transported from the granite rocks,

34



Water Air Soil Pollut (2008) 192:47-58

51

95

85

4780 -

(]

w

@ springer

35



52

Water Air Soil Pollut (2008) 192:47-58

meta-sandstone and schist of central Stara Planina and
deposited in the Permo-Triassic sediments. The degree
of uranium transportation was not always the same,
but depended on the place and distance of the source
rocks and on the site of deposition (Antonovic 1980;
Kovacevic 1997; Nikic et al. 2005). This mechanism
of uranium mobilization and transportation, and the
duration of the process, allowed the sedimentary
intrusion of uranium minerals into suitable Permo-
Triassic sandstone deposits of the Dojkinci member
(Gentik 1989; Kovacevic 2006).

The Permo-Triassic rocks are overlaid by a Middle
Triassic (T,) characteristic sequence of pure, brecci-
ated limestone and dolomitic limestone, dolomite and
nodular limestone. The thickness of the complex is
about 250 m (Andjelkovic et al. 1975). Middle
Triassic limestone in the south and south-west of the
region is overlaid by Triassic-Jurassic (T, J) or
J ic (J) sedi y rocks repr 1 by sand-
stone, marl, shale and limestone from 50 to 230 m in
thickness (Andjelkovic et al. 1975).

All the above-mentioned sequences dip gently to
the SW at angles from 5° to 20°, seldom steeper.
Geological investigations in the Visok region have so
far identified the Dojkinci uranium deposit with
occurrences at Jelovica, Lokve, Rosomac and Seno-
kos (Fig. 2; Radosevic et al. 2002; Kovacevic 2006).

Uranium minerals found in the Visok Permo-
Triassic sediments are pitchblende and sooty pitch-
blende. Pitchblende, as a mixture of UO, + UD;, is
the principal uranium mineral. It is dispersed around
organic material, pyrite or chalcopyrite grains, or as
small aggregates in sandstone. It is also found in
micro fissures, some occurring across detrital grains,
The mineral is contained in grey sandstone where this
abounds in carbonized plant material. Carbonized

Tieraed

U0, + UO; mixture, commonly impregnates organic-
rich and sulfide-rich, silty sandstone containing primar-
ily chalcopyrite, pyrite and galena. Sooty pitchblende is
less common on siltstone bedding planes.

Lithological zoning is given in Table 1. The
sequence of Permo-Triassic sediments is provisionally
divided into three sectors. Relevant information is
given for the geochemical barrier and its overlying
and underlying seq gether with the
and thorium content. An elevated uranium concentra-
tion can be observed in the grey sandstone and
siltstone containing organic material, pyrite and other
reducing agents, in contrast to the red sediments
confining the mineralized rock.

4.2 Hydrogeology of the Visok Region

Groundwater in fractures within the Permo-Triassic
rocks is recharged by percolation of atmospheric and
surface waters and by groundwater from the overlying
Middle Triassic (T;) limestone (Fig. 2b). Through the
communicating systems of fractures, infiltrated waters
sink to both shallow and deep levels in the Permo-
Triassic rocks. Shallow groundwater moves relatively
rapidly and stays for a short time, which is reflected in
its chemical c ition. The interce ion be-
tween. fractures and bedding planes may result in
rapid flow and recharge of groundwater and result in
dilution of uranium concentrations (Burton et al.
2002). Deep groundwater moves slowly and resides
for a long time in contact with the uranium-bearing
rocks of the Dojkinci member, dissolving uranium
and forming uranium compounds that enrich the
water (Nikic et al. 2002; Kovacevic 2006). Tricca et
al. (2000) found from a mathematical model that
uranium concentrations should rise linearly with the

plant remains are commonly only partly mi i
whereas the remainder is almost or completely sterile.
Pitchblende is clearly relatively younger than com-
monly associated sulfides. Sooty pitchblende, also a

ground idence time. Deep groundwater feeds
the flowing well DB 69 at Dojkinci, which yields
0.25 L/s at an artesian pressure +2.0 m from a depth
of 200 m. The water temperature is 15°C.

Table 1 Vertical geochemical zoning of Permo-Triassic sediments by lithological variety and U and Th mineral content for the Visok

region

Geochemical zone Lithology n (samples)  Uppm)  Th(ppm) ThU
Overlayer Red fine-grained and silty sandstone 36 14 16 1.14
Geochemical barmier  Grey sandstone with organic material 62 450 15 0.03
Underlayer Red medium- and coarse-grained sandstone and silistone 18 3 12 4.00
Total 16
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Movement of groundwater through the communi-
cating fracture systems in the Permo-Triassic rocks (P,
Tioy P, Tiky) is essentially influenced by the distribu-
tion of water (mechanical) energy in the form of
potential energy. Because the recharge zone is higher
than the drainage zone, the uranium-enriched water
flows out through some springs only (Nikic 2003).
The locations of these springs depend on the fault and
fracture system pattern that conducts water from the
deep uranium-bearing rocks. Migration of uranium in
groundwater is varied and dominantly depends on the
lithology, which also controls the chemical composi-
tion of groundwater (Gertik 1989; Nikic et al. 2002).
The regions with a high redox potential and elevated
uranium in the rock are those at risk for elevated

1 in the ground (Kinze 2002).

Concentrations of radicactive elements in ground-
water of the greater Dojkinci-Jelovica area are U
from 0.1 to 40.9 pg/L, Ra from 0.036 to 0.29 Bq/L,
Rn from 0.52 to 63.2 Bq/L (Kovacevic 2006). Natural
dispersion and uranium and radium concentration
ranges in groundwaters of the Visok region indicated
0.68 pg/L as the mean uranium content in ground-
water, and increased uranium and radium in about
38% and about 34% of examined samples, respec-
tively. The amount of uranium in groundwater and
surface waters is highly variable.

4.3 Hydrochemical Characteristics of Visok Region
Groundwater

An important parameter for the hydrogeological
dispersion halo of radioactive elements is the hydro-
chemical type of water, because its chemistry may
explain the origin of hydrogeochemical lies of
uranium and its redistribution,

Hydrochemical examinations were made for 60
springs and wells in the Visok region. These were mostly
of groundwater from the Permo-Triassic rocks (n = 41)

Table 2 Average values of genetic coefficients for g

as the most prospective, then from Middle Triassic
limestone (n = 14) and a small number of samples from
Riphean—Cambrian schist (n = 5). The examinations
included the physical properties, macro and micro
constituents, gases and radioactivity (Kovacevic 2006).

The g | chemistry of g {water from the
Middle Triassic limestone (T,) was characterized by
prevalent calcium and a low mineral content of about
0.2 g/L (Table 2). The groundwater had a high genetic
coefficient rCa/tMg of 6 (r, %equ), charactenstic of
groundwater in limestone of the Visok region. The rNa/
Ca coefficient was about 0.03, and rHCO4/rS0, about
16. The ratio of Ca/Sr by mass exceeded 100. Strontium
was selected as an element increased in some of the
examined groundwater, such that the Ca/Sr proportion
was indicative of increased uranium in water.

Groundwater from schist (R, Cm) had a very low
mineral content of about 0.05 g/L and was hydro-
carbonate—sodium-—calcium in composition.

Groundwaters in shallow Permo-Triassic sedimen-
tary rocks was seen to be of two varieties. One kind of
water, containing about 0.2 g/L of minerals, had
dominant hydrocarbonate ions with sulfates second
highest of in its anionic composition. In the cationic
composition the greatest presence was of calcium ions
and the proportions of magnesium and sodium were
increased. The genetic coefficient rCa/rMg was low at
2.8, as also was rHCO;/rSO4 at around 13. The
increased rNa/rCa was about 0.15 and Ca/Sr about
100. The other kind of water with very low mineral
content (0.05 g/L) had a mixed anionic and cationic
composition.

The shallow groundwater indicates a direct
effect of atmospheric precipitation on the chemical
composition of groundwater in Permo-Triassic
sedimentary rocks, or on the shallow and rapid
flow of groundwater. Table 3 gives chemical com-
positions of groundwater from different lithological
members,

ical types (r, %equ) in the Visok region (n=60)

Type of water rCa/rMg riNarCa rHCO,/rS0, Ca/Sr Mineral content (g/L) Other elements
HCO:—Ca 51 0.03 16 =100 0.20
HCO;-Ca, Mg 28 0.15 13 =100 0.16
S0y, HCOy-Ca 26 0.25 0.50 20 0.55 Sr, U
S0,Ca 33 0.40 0.40 ~40 0.65 S U
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Table 3 Chemical composition of groundwater (v, %eequ) from various lithological members of the Visok region

Lithology Mineral content (g/L) HCO; S0} CI Ca®* Mg™ Na’ Chemical type of water
T, limestone 0.20 86 8 6 &3 15 2 HCO;-Ca
R, Cm schist 0.05 6l 15 23 39 17 44 HCO3-Na, Ca
P, T sediment 0.05 53 25 20 30 10 60 HCO;-Na, Ca
Shallow 0.16 80 12 8 T0 20 [1] HCOy-Ca, Mg
P, T sediment 0.55 13 (23 1 60 23 17 804, HCO-Ca
Deep 0.65 28 T0 2 68 18 14 504-Ca
The general chemical composition of ground from Permo-Triassic rocks. As shown in Table 1,

in the Visok region (n = 60) is graphically presented
in Figs. 3 and 4. The composite diagram in Fig, 3
shows the relationship of sodium and calcium ions (%
equ) for all examined water samples. It shows two

these waters are characterized by rCa/rMg 2.6, rNa/
rCa about 0.25, extremely low rHCO;/rSO; of about
0.5 and a low mass ratio Ca/Sr of only about 20. The
mineral content is higher than in the described

distinct chemical types of water: one with d
calcium ions and another with i | sodium ions.
There is also a transitional type with different
proportions of the two microelements.

The diagram in Fig. 4 presents the relationship of
sodium and mineral content in analysed water
samples. The diagram shows that low-mineral waters
(less than 100 mg/L) are of sodium cationic compo-
sition, and those of 100 mg/L or more are mostly of
calcium composition.

The hydrochemical data obtained indi waters
of specific chemical « ion that may be taken to
indicate a hydrochemical anomaly. These are sulfate—
caleium and sulfate—hydrocarbonate-calcium waters

hydrochemical water types, at about 0.5 g/L.

Figure 5 shows the relationship between calcium
and sulfate ion concentrations. Two fields are clearly
distinguished. One field is delincated by calcium at
20-80 mg/L and sulfate, to 20 mg/L concentrations.
These are hydrocarbonate—calcium waters. The other
type of water contains high concentrations of calcium
up to 120 mg/L and sulfate up to 345 mg/L. These
sulfate-hydrocarbonate—calcium and sulfate—calcium
waters also contain strontium (o 3 mg/L) and
uranium (to 40.9 pg/L). Stability indices, obtained
using computer program SOLMINEQ.GW (Perkins et
al. 1999) for this type of water, are —0.46 for
strontianite (SrC0O;), —1.20 for celestite (SrSO,),

Fig. 3 Composite diagram 100
of calcium and sodium (% ©
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—0.25 for quartz (8i0,), —0.80 for albite and +0.70 for Groundwater with increased uranium varying from
calcite. The values indicate the likely solubility of 0.3 to 6.8 pg/L flows from Permo-Triassic rocks of
these minerals in groundwater. the Dojkinci sedimentary member. The uranium
The chemical constituents of groundwater derive anomaly coefficient varies from 1.85 to 15.22, The
partly from dissolved calcium and less from atmo- Eh of water is within the transitional range of values
spheric water. The origin of sulfate is primarily from 130 to 135 mV, and has a pH from 7.1 to 7.5,
associated with the oxidation of sulfide minerals, indicating a neutral to mildly alkaline medium. In the
which builds up aggressive sulfuric acid that increases Jelovica area, several springs with elevated uranium
the dissolving capacity of groundwater (Jankovic from 1.9 to 40.9 pg/L discharge water from variegat-
1981). Waters percolating from the land surface ed Permo-Triassic rocks. The uranium anomaly
contain high concentrations of dissolved oxygen used coefficient for this water varies from 2.01 to 25.71,
in sulfide oxidation, The Eh of the water is between 125 and 135 mV and
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indicates a transitional Eh environment, and a pH
from 6.9 to 7.5 suggests a neutral to mildly alkaline
medium.

Elevated uranium, from 1.5 to 204 pg/L, or its
anomaly coefficient from 2.01 to 3.21, was found in
some springs deriving water from Riphean—Cambrian
chloritic schist north of Jelovica and Dojkinci. The Eh
was from 115 to 145 mV with a pH from 5.7 to 6.3,
indicating mildly acid water.

>The mobility of uranium in groundwater of the
Visok region depends on the chemical type of water,
which determined by the host lithology (variegated
sandstone, quartz conglomeratic sandstone, limestone,
crystalline schist or granite porphyrite). The relation-
ship of the uranium migration coefficient to the
chemical type of groundwater is given in Table 4.
For characterization of element mobility, the migra-
tion coefficient (K,) is used, which is the ratio of the
element x content in dry residue and an aquifer
(Perclman 1972):

Ko = my - 100
a-ny

where a is the sum of water-dissolved material (mg/L),
nty is the element concentration in water (mg/L) and n,
is the element content in rock (%).

The greater the value of K, the higher is the
element migration in the fluid. Influenced also by
external factors, the element mobility varies with the
condition of the medium containing it.

Under oxidizing condition, the element migration
is high if K,>0.5, which is the case with uranium in
sulfate—calcium water. The migration rate is medium
for K, between 0.5 and 0.1, which is the case with
sulfate-hydrocarbonate—calcium water. A low or very
low migration rate occurs at K,<0.1, which is the case
with hydrocarbonate—calcium and hydrocarbonate—
calcium-magnesium waters.

The coefficient of uranium migration in the hydro-
carbonate type of water from Middle Triassic lime-

stone varies from 0.012 to 0.448, or has an average of
0.145. Hydrocarbonate—calcium-magnesium water
derived from shallow Permo-Triassic sedimentary
rocks has a uranium migration coefficient from
0.013 to 0.101 with a mean of 0.061. This coefficient
is between 0.096 and 1.363 representing a mean of
0.33 for sulfate-hydrocarbonate—calcium water from
deep Permo-Triassic rocks (Dojkinci member), and a
high from 0.112 to 1.482, or a mean value of 0.769
for sulfate—calcium water,

5 Conclusion

The increased uranium concentration in some springs
of the Dojkinci-Jelovica area, Visok region of the
Stara Planina, results from the prevailing geological,
hydrogeological and hydrochemical conditions. Frac-
tures in the Permo-Triassic sedimentary rock surface
allow percolation of water and recharge of ground-
water. In moving along fractures the water is in
contact with uraniferous rocks occurring low in the
sequence of Permo-Triassic variegated sediments of
the Dojkinci member. Uranium migration varies
depending on the lithology that also controls the
chemical composition of the groundwater. Uranium
concentration in the groundwater of the Permo-
Triassic aquifer is greatest in the Dojkinci and
Jelovica locations in the explored area. The lithology
here is largely red quartzose conglomeratic varicgated
sandstone of the Dojkinei member. Groundwater in
this rock is neutral (pH about 7), with a transitional
oxidation-reduction potential, Eh about 130 mV,
suitable for the mobilization of uranium,

Twocl | types of groundwater are ¢ 2
within the Visok Permo-Triassic sedimentary rocks.
One is shallow, hydrocarbonate—calcium in composi-
tion, characterized by a low sulfate, a mineral solute rate
of about 0.2 /L and a very low uranium concentration.
The other type is deep, sulfate-hydrocarbonate-calcium

e PRI

Table 4 Relationship of the

uranium migration cocffi- Chemical type of water

Mean value of migration coefficient, K,  Migration rate (mobility)

cient and rate to the chemi-

0.145 (0.012-0.448) Low
0.061 (0.013-0.101) Very low
0.33 (0.096-1.363) Medium
0.77 (0.112-1.482) High

cal type of groundwater in HCO4-Ca

the Visok region HCO;-Ca, Mg
804, HCO3-Ca
S50,-Ca
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in composition, with a mineral solute rate about 0.5 g/l
and enhanced uranium up to 40.9 pg/L (MCL 15 pg/L,
WHO 2004).

Elevated e ations of i in ground-
waters have been found in various regions of the
world. The regulated or recommended maximum
uranium concentration in drinking water differs
between states (USA, Canada, Australia) and the
WHO and this is confusing when attempting 1o
identify the health hazard to consumers of such water.
There is the need to agree upon and set acceptable
global maximum uranium and other toxic element
levels in drinking water.

A Tedg This h work is part of Project
146021 (Geological and icological Investigations in
Identification of Geopathogenic Zones of Toxic Elements and
Natural Radioactivity in Drinking Water) funded by the Serbian
Ministry of Science and Envi Geological igati
in the Visok region was funded by the Ministry of Mineral and
Energy Resources of Serbia: it is one of various multidisciplin-
ary projects aimed at the di y of uranium mineral deposi
for energy production.

References

Andjelkovie, J., Krstic, B, Ciric, A., Martinovie, D., &
Bogdanovie, P. (1975). Base geological map at
1-100,000 Pirot Sheet and textual explanation. Belgrade:
Federal Geological Institute.

Antonovie, A. (1980). The Red Permian Sandstone Formation
in Yugoslavia and other countries. Proceedings: Sympo-
sium on regional geology and paleontology (pp- 347-356).
Belgrade, December.

Asikainen, M. (1981), State of disequilibrium between 238-U,
234-U, 226-Ra and 222-Rn in groundwater from bedrock.
Geochimica et Cosmochimica Acta, 435, 201-206.

Beaty, R. . (1988), Concepls, instrumentations and technigues in
atomic absorption spectrophotometry. Norwalk: PerkinElmer,
Ine.

Betcher, B. N., Gascoyne, M., & Brown, D. (1988). Uranium in

4 £ south M

Geriik, S. (1988), Factors controlling uranium mineralization in
Varicgated Sandstone of Stara Planina. Radovi Geoinsti-
tuta, 22, 3341,

Gertik, S. (1989). Sedi logical-geochemical ch
istics of variegated sandstone und factors controlling

i inerali Radovi Geoinstil 23, 19-26.

Hollocher, K., & Yuskaitis, A. (1 993), Chemical composition of
surface and high uranium well water, Lake Sunapee area,
New Hampshire. Northeastern Geology, 15, 159-169.

Jankavic, S, (1981). Mineral resources—origin of ore depaosits.
Belgrade: Faculty of Mining and Geology.

Kim, Y. (1999). The ions and distributions of U and
Th in Paleozoic aquifers sur Jing the Llano Uplift
area, central Texas: Application to the sources of Ra and
Rn in ground-water. Geasclences Journal, 4, 201-211.

Kinze, M. (2002). Dose limits and maximum concentration
limits (MCLs) for radionuclides—Implication on remedi-
ation of uranium mining and milling facilities in Saxony,
Germany. Paper presented at the Uranium in the Aquatic
Envi o ional Conf Uranium Mining
and Hydrogeology 111 and the International Mine Water

jation Symposium, Freiberg, b

Kovacevic, J. (1997). Uranium metallogeny in Permo-Triassic
sedimentary rocks of Stara Planina. M.Sc. thesis, Univer-
sity of Belgrade Faculty of Mining and Geology.

Kovacevic, J. (2006). Metallogeny of Stara Planina, Dissertation,
University of Belgrade Faculty of Mining and Geology.

Nikic, Z. (2003), Hydrogeological analysis of the low flows
formation and regionalization Belgrade: Zaduzbi
Andrejevic.

Nikic, Z., Kovacevie, J., & Radosevie, B, (2002). Uranium
confent in ground water in Stara Planina Triassic sedi-
ments. Paper presented at the Uranium in the Aquatic
Envi I ional Conf Uranium Mining
and Hydrogeology 111 and the Tnternational Mine Water
Association Symposium, Freiberg, Septemb

Nikic, Z., Kovacevic, J., & Radosevic, B, (2005). Changes in
the efflucnts from abandoned uranium mines near Kalna.
In J. B. Merkel & A. Hasche-Berger (Eds.), Uranium in
the Environment: Mining Impact and Consequences (pp.
765-772). Berlin: Springer.

Perelman, A. 1. (1972). Geachemistry of elements in the zone of
hypergenesis, Moskva: Nedra.

Perkins, E. H., & Gunter, W. D. (1999). SOLMINEQ.GW.
Alberta: Geoscience.

Radosevic, B., Kovacevic, I, & Jovie, V. (2002). Nawral
occurring uranium in Serbia and possible environmental
effect. Journal of Environmental Protection and Ecology.
3, 706-718.

Romberger, S. (1984). Transport and deposition of uranium in

&

£r o itoba, Canada. C
Journal of Earth Science, 25, 2089-2103.

Burton, W, C., Plummer, L. N, Busenberg, E., Lindsey, B.D.,
& Gburek, W. J. (2002). Influence of fracture anisotropy
on ground-water ages and chemistry, Valley and Ridge
Province, Pennsylvania. Ground Water, 40, 242-257.

Clescer, L. S., Greenberg, A. E., & Eaton, A. D. (1995). Stan-
dard methods for the examination of water & wastewaler
(19th ed.), Washingion: American Public Health Association.

Durrance, E. M. (1986). Radioactivity in gfa!agy—prinripieu
and applications. Chichester: Ellis Horwood.

ydroth | systems at temp up to 300°C. In De
Vivo, F. Ippolito, G. Capaldi, & P. R. Simpson (Eds.),
Geochemical implications: Uranium geochemisiry, miner-
alogy, geology, exploration and resources (pp. 12-17).
London: Institution of Mining and Metallurgy.

Seiler, R. L. (2004). Temporal changes in water quality at a
childhood leukemia cluster. Ground Water, 3, 446-455.

Sherman, H. M., Gierke, J. S., & Anderson, C. P. (2007).
Controls on spatial variability of uranium in sandstone
aquifers, Ground Water Monitoring & Remediation, 27,
106-118.

ﬂ Springer

41



58

Water Air Soil Pollut (2008) 192:47-58

Sinha, D. K., Shrivastava, P. K., Hansoti, S. K., & Sharma, P. K.
(1997). Uranium and radon concentration in ground water
of Deccan Trap country and environmental hazard in
Keolari-Nainpur area, Sconi-Mandla District, Madhya
Pradesh. Special Publication Series—Genlogical Survey
of India, 2, 115-121,

Tricca, A., Porcelli, D., & Wasserburg, G. J. (2000). Factors
controlling the ground water transport of U, Th, Ra and
Rn. Proceedings of the Indian National Academy of
Sciences, 109, 95-108.

LS. EPA (1981). Manual of ground-water quality li

U.S. EPA (1997). Methods and guid for the analysis of
water. Method 821/C-97-001. Virginia: National Technical
Information Service, Springfield,

U.S. EPA (2000). Technical fact sheet: Final rule for (non-
radon) radionuclides in drinking water, EPA 815-F-00-
013, hup://www.cpa.g fi hnicalfs
html.

World Health Organization (2004). Guidelines for drinking water
quality, 3rd ed, vol. 1, Recommendations. htp:/iwww.who.
int/water_: ion_health/dwq/GDWQ2004web.pdf.

Zouridakis, N., Ochsenkuhn, K. M., & Savidou, A. (2002),

det
rads/tec

procedures, Method 600/2-81-160. Virginia: National
Technical Infi Service, Springfield

4) springer

Determination of uranium and madon in potable water samples.
Jowrnal of Environmental Radioactivity, 61, 225-232,

AN 00 6000 0D ) 00 00 D1 06 9%



43



Sedimentary Geology 219 (2009) 252-261

c lists Direct

ilable at

Sedimentary Geology

journal homepage: www.elsevier.com/locate/sedgeo

Genetic model of uranium mineralization in the Permo-Triassic sedimentary rocks of
the Stara Planina eastern Serbia

Jovan Kovatevié *, Zoran Niki¢ ", Petar Papit ©

* Geological Instirute of Serbia, 11000 Belgrade, Rovinjska 12, Serbia
® Dep of Ecolagical Engis Faculty of Forestry University of Belgrade, 11030 Belgrade, Kneza ViZeslava 1, Serbia
< Faculty of Mining and Geology University of Belgrade, 11000 Belgrade, Bulina 7, Serbia

ARTICLE INFO ABSTRACT
Article history: One deposit and four occurrences of uranium minerals in the Permo-Triassic sedimentary rocks of the Stara
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Planina in eastern Serbia were ascertained using data from years of multidisciplinary geological research. The
minerals are the fissure-filling type, and were assigned to the exogenic minerali group, being mostly
epigene in nature. Relevant geological information was used to derive a genetic model of uranium
i ization in the Permo-Triassic sedimentary rocks of the Stara Planina. The model explains the

Received in revised form 12 May 2009
Accepted 15 May 2009

ﬁu] aihim miinezals formation of Permo-Triassic rocks and three stages of the complex process of U mineralization. The genetic
Permo-Triassic madel treats: (1) the primary sources of the (2) the mobility of uranium; and (3) accessory metals
Sedimentary rocks from the parent rocks to their depesition in host rocks and the postmineral change in ore bodies. A
Groundwater geochemical barrier zone was identified in the sedi y rocks that ¢ ium mineral ore. This
Eastern Serbia geochemical barrier area included crescent-shaped, flat-lens, or vein-like ore bodies. The U-containing
mineral described is comparable with those from the relatively common fissure-filling uranium minerals
found around the world.
© 2009 Elsevier B.V. All rights reserved.
1. Introduction

Uranium is an el that is naturally radioactive, which makes it
an energy-significant material, and the subject of geological exploration
and investigation into its geochemical behavior. Geological prospecting
in the Stara Planina in eastern Serbia has revealed several locations of
uranium minerals identified as being the fissure-filling type of deposit.

Approximately two thirds of urani inerals occur in sedi v
rocks (Nash et al, 1981). Economically significant uranium deposits
located around the world are of the fissure-filling type. and are
generally associated with different i eg., the i
deposits of the Colorado Plateau in the USA, and there are deposits
with similar genetic types in Africa, South America, Europe and
elsewhere (Prothero and Schwab, 1996). In Europe, uranium deposits
of the fissure-filling type are mostly in Permo-Triassic rocks, which form
a large part of the Carpatho-Balkan metallogenic province extending
from central Europe, across eastern Balkans to the Black Sea in Turkey.

Geological research in the Permo-Triassic rocks of eastern Serbia
forms a contribution to the general study of the Carpatho-Balkanides.
This mostly relates to ledge of the sedi flogical, lithofacial,
and metallogenetic character of “variegated sediments”, which
includes the geochemical barrier for uranium. These sediments were

* Corresponding author, Tel.: +381 11 3053 903; fax: +381 11 3545 485.
E-mail address: znikie@yubenet (Z. Nikic).

0037-D738/$ - see front matter © 2009 Elsevier BV, All rights reserved.
dob: 10,1016/ j.sed geo 2009.05.015

deposited mostly in either shallow marine (tidal and intertidal)
i or near-continental areas.

The exploration of uranium ore using modern exploration methods
has been conducted in Serbia for use as an energy-producing material.
However, with an adeq geological knowledge of the study
area, any methods applied could be meaningless and even misleading
regarding the location of any uranium deposits. We have studied the
Permo-Triassic rocks of the Stara Planina that have shown several
occurrences of uranium ores that could contain a deposit of uranium,

Previous exploration data were used to determine the time and area
fromwhere the primary material was derived, and the manner and place
in which the clastics were deposited, to understand the sedimentolo-
gical, metallogenetic, and other characteristics of the Stara Planina
Permo-Triassic rocks. The geochemical barrier in which the uranium
minerals are emplaced in the Stara Planina was also delineated.

The results of detailed geological exploration are pr d in the
first three sections of this paper. The first section provides general
information on, and the geological setting of the Stara Planina, with
particular reference to the Permo-Triassic sediments. The second
section describes the metallogeny of uranium in Permo-Triassic rocks
(the formation of the “variegated sediment”). The third section
describes a uranium mineralization model based on unified research
results for the Stara Planina. In general, it was found that each uranium
deposit in the sediments is specific, and similar deposits can be
correlated.
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Fig. 2. Geological map of the Stara Planina in the Serbian territory {Kovafevié, 2006, refined ). Legend: 1. = and clay ( 2, = Cong il
limestone, and dolomite (Jurassic and Cretaceous); 3, = Limestone and dolomite (Triassic); 4. = Clastics {Permo-Triassic); 5. = Red sandstone (Permian); 6. = Granodiorite
porphyry (Permian); 7. = Vol i rocks (C 8= igene rocks (G i ermian); 9. = Granitic rocks [Carboniferous); 10. = Gabbroid

rocks (Carboniferous); 11. = Diabase (Riphean-Cambrian); 12, = Greenstone, greenschist and metasedimentary rocks (Riphean-Cambrian); 13. = Fault: and 14. = River.
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2, Study area

The Stara Planina massif is situated in easternmost Serbia and
western Bulgaria (Fig. 1). In the Serbian part, the Stara Planina

from the town of Zajetar in the NW to beyond Senokos in the SE. The
highest peak is Midzor (2169 m), and other conspicuous peaks are Tri
Cuke (1937 m), Kopren (1935 m), Srebrna Glava (1933 m) and Vrazja
Glava (1934 m). There are several other peaks above 1900 m.

Table 2
Mean U and Th concentration in the Inovo Series [Gertik, 2003),
Type of rock n (no. of samples) U (ppm} Th (ppm)
Arkosic d 61 995 22
Schist 35 3.60 115
Meta conglomerate 14 440 155

7 200 80
Albitized microdiorite 5 12 18
Diabase 3 3 o

In the southeastern part of the Stara Planina is an exg of
Permo-Triassic clastics in an area of around 45 km? on the Serbian
side. Most of this area is 800 m above sea level. Its climate is
continental mountainous, with severe winters and short, relatively
warm summers, The average annual precipitation varies from 850 to
1150 mm. The area is drained by the Visofica river that joins the
Toplodolska river into the Temska and NiSava rivers, to the Velika
Morava river, into the Danube, and finally into the Black Sea.

The Stara Planina area is lightly inhabited, and is a sheep-herding and
maodest crop-raising region. The major settlements are Topli Dol,
Temska, Velika Lukanja, GostuZa, Dojkindi, Jelovica, and Senokos (Fig. 2).

3. Data and methodology

Geological data from different investigations carried out from the
middle of the 20th century to 2005 were considered to develop a
genetic model of the uranium mineralization in the Permo-Triassic
sedimentary rocks of the Stara Planina. Uranium has been the subject
of exploration throughout this long period, in several stages. The first
attempt was regional metallogenetic prospecting of the entire region.
Next, there was a preliminary assessment of many indicative areas.
The final investigation discovered three uranium deposits and 42
occurrences. An ore body and four occurrences were found in the area
containing the Permo-Triassic rocks,

Records and reports of previous geological investigations in
uranium are deposited in many of the Serbian government agencies
that funded the explorations, and in the files of geological companies
that carried out the fieldwork. Furthermore, there have been many
published references. Geological research by the present authors was
also very useful. While synthesizing the abundant information, the
authors clarified many geological conjectures, which helped indivi-
dualize the metallogenetic factors that have influenced the uranium
mineralization in the Permo-Triassic rocks. A geochemical barrier area
was identified in the Permo-Triassic rocks that surrounded the
uranium ore bodies. We derived a genem: model cunﬂstent wtlh the
current knowledge of the process mechani to expl
mineralization in the Stara Planina,

4. Results and discussion
4.1. Geology

The Stara Planina belongs to the tectonic unit of the Carpatho-
Balkanides, large parts of which are in Rumania and Bulgaria and a
smaller part in Serbia. The Stara Planina massif on the western border
of the Carpatho-Balkanides is the result of complex tectonic processes
that folded and faulted the region during the Baykalian orogeny, then
Caledonian and Variscan orogenies, and finally the Alpine orogeny
(Andelkovié, 1996). These tectonic events controlled the paleogeo-
graphic and structural evolution of the region, along with magmatic

Table 1
Mean concentrations of radioactive elements in the granite massifs of Janja and Ravno
Butje, Stara Planina (Gertik, 2003),

Granite massif n (no. of samples) U (ppm} Th (ppm}
Janja 146 641 2036
Ravno Bufje 87 4.04 16.95

processes. A part of the western Carpatho-Balkanides folded into a
large anticlinorium, referred to in the literature as the Stara Planina
anticline (Andelkovi¢ et al., 1975).

This anticline consists largely of Paleozoic and Mesozoic rocks
(Fig. 2). The oldest are a Riphean-Cambrian crystalline schist in
amphﬂmle facies, a green crystalline massif, and a gabbro-diabase

Acid Icanic and phic volcanic rocks form part
of the green crystalline massif and schists, whlch intruded gabbroid and
granitoid rocks during the Caledonian orogeny. Silurian and Devonian
sedimentary rocks are molasses and the igneous rocks are diabase,
kewtophyre and quartz keratophyre The carboniferous rocks consist of
lake deposits, volc y rocks, and granite near Ravno
Butje. Sedimentancn during the Permian formed a complex of clastic
deposits about 2000 m thick, which is intruded by granodiorite
porphyrite and quartz porphyrite (Krsti et al, 1974; Andelkovi et al.,
1975). The sedimentation conditions changed in the late Permian, from
an oxidizing to a reducing environment. The sequence of sandstone
deposited through the Upper Permian and Lower Triassic is character-
ized by frequent alternation of sediments that vary in grain size,
c ition, and color (Andelkovit et al, 1996). Deposits laid in the
deepenmg sedirnentarlon basm formed a “variegated sandstone series”
of ic specialization (Kovatevic, 1997). Because of the
high lithologic resemblance and lack of index data for more detailed
stratigraphic dating, the series was determined to be Permo-Triassic,
From the notably arkosic composition of the sandstone, Gertik (1989)
inferred its derivation was mainly from the surrounding granitic rocks,
The uranium minerals are contained lower down in the sequence of
Permo-Triassic in the grey sand and in the siltstone
with a higher proportion of organic material and sulfide (Gertik, 2003},
The sedimentation basin occurred even earlier in the Middle Triassic
when limestone began to deposit (Andelkovié et al., 1975). All
subsequent deposits in the region were limestones of Jurassic or
Cretaceous age. The Quaternary rocks are of marginal importance in the
context of this work, because their coverage is small in the region,

4.2, Uranium mineralization in the Permo-Triassic rocks

4.2.1. Sources of uranium

An economically viable concentration of uranium in sedimentary
rocks primarily depends on the abundance of its source (Romberger,
1984; Prothero and Schwab, 1996). The geological structure of the
Stara Planina, i.e, their metallogenic character, is a large and diverse
primary source of uranium that deposited in the Permo-Triassic rocks.
The parent rocks of the uranium are: (a) Janja granite; (b) Ravno Bugje
granite; (c) metasedimentary rocks of the Inovo Series; (d) schists
under the Permian and Permo-Triassic rocks; and (e) Permian
deposits (Fig. 2). Weathering of these rocks produced material that
had deposited in the sedimentation basin and formed the Permo-
Tnassu: rocks When the parenl rocks disintegrated, the uranium they
[ hering processes initiated the uranium
mobility that led to its introducuun into the Permo-Triassic sedimen-
tary rocks (Kovagevié, 1997; Nikic et al, 2002).

(a) The Janja granite covers an area of 30 km®. This complex of
rocks is mostly cc 1 of up to medi ined porphyritic rock,
monzonite type calc-alkalic biotite granite tending to grade into Na-

anitic and granodioritic, and granosyenitic facies (Kovagevié,
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1997). In the group of petrogenic minerals, the most important
minerals for uranium concentration are the feldspar and mica group
minerals. While the principal petrogi minerals c 1 low
uranium concentrations, this is in balance with the large extent of
these minerals. An appreciable amount of uranium in the granitic
rocks is associated with accessory zircon, sphene, monzonite, orthite,
apatite, and other minerals (Gertik, 2003). The Janja granite contains
minor amounts of radioactive accessory minerals, mostly zircon,
allanite, uraninite, and thorite.

Gertik (2003) reported the mean uranium concentration in the
Janja granite as 6.41 ppm (Table 1), and locally up to 20 ppm. Many
fractures in the granite contain uranium concentrations between 100
and 200 ppm, excluding the Mezdraja, Gabrovnica, and Srneti Do
uranium deposits, which have much higher concentrations.

Uranium dissolved in the Janja granite varies from 0.2 to 20 ppm, or
an average of 3.82 ppm (Gertik, 1988). Dissolved uranium comprises
60% of the total uranium concentration, which indicates its mobility in
the entire massil. Accessory radioactive minerals are certainly not the
source of this high percentage of dissolved uranium, because uranium

does not readily leach from these minerals, and the source is the
bseq! hyd mal supply of from parts of the massif.

Through rock weathering, most of the uranium changed under
oxidizing conditions into the polyvalent state, and this entered the
cold solution as uranyl ions. Uranium also was mobilized from
uranium deposits and occurrences in the petrogenic and other granite
minerals.

The Janja granite massif shows notable metallogenic uranium
specialization from the potential uranium criterion (uranium con-
centration in rocks, presence of uranium parent minerals, rate of
readily dissolved uranium, and presence of a chemical barrier). In this
complex of rocks, three uranium deposits have been determined:
Gabrovnica, Mezdraja, and Srnedi Do, and many occurrences have
been noted (Gertik, 2003; Kovacevit, 2006).

(b) The Ravno Buje Granite occupies an area of approx. 20 km”. The
commonest mineral present is biotite-amphibole granite, and there are
minor masses of microgranite, thin aplite, and a few pegmatite veins.

The mean value of the total uranium concentration and dissolved
uranium in the Ravno Buéje granite is 4.04 ppm (Table 1) and
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Table 3
Vertical geochemical zoning of Permo-Triassic sandstones and mean U and Th concentrations (Kovatevid, 1997).

i Type of rack n (no. of samples) U (ppm) Th (ppm) ThiU
Caprock Fine-grained and silty sandstone 36 14 16 114
Geochemical barrier (wide area) Grey or grey reddish sandstone 108 62 13 020
Geochemical barrier proper Crey sandstone and siltstone with organic material 62 450 15 0,03
Baserock Red medium- and coarse-grained sandstone and siltstone 18 3 12 A.00

3.08 ppm, respectively. The dissolved uranium amounts to 76% of the
total uranium concentration, which is a very high percentage (Gertik,
2003), and indicates a high degree of uranium leaching from this
granite, Given the extent of the granitoid massif (about 20 km?),
composition, and deep base level of erosion, surface weathering has
released relatively large amounts of uranium into agueous solution in
the form of its uranyl ion. It has been inferred from the absence of
valuable uranium minerals, the deep (400 m) base level of erosion,
and the high percentage of soluble uranium that the Ravno BuZje
granite was a less abundant source of uranium deposition in the
Permo-Triassic rocks than the granite of Janja (Kovatevit, 1997).

(c) The metasediments of the Inovo Series are metasandstone,
phyllite, and slate clay with cataclastic paleovolcanic rocks and their
tuffs in an area of around 28 km?, The mean concentrations in the
metasediments of the Inovo Series are 7 ppm of uranium and 22 ppm
of thorium (Kovatevi¢, 2006). The uranium mineral occurrences are
associated with a cataclastic, carbonatized, pyritized, and chloritized
zone of metamicroc atie arkosic d: which is abun-
dant in graphitic material (Table 2). Accessory molybdenum is also
high where the ium level is el d. The granites of the Stara
Planina have had much influence on the formation of the Inovo Series.

Metasediments of the Inovo Series that were crushed in tectonic
events, were prepared for weathering and water transport and
eventual deposition into younger basins, High uranium concentra-
tions, as much as 1000 ppm, and the uranium background in the Inovo
Series indicate these rocks as being the likely source of the uranium
depositions in the Permo-Triassic rocks.

(d) Crystalline schist occupies a large area of the southeastern
Stara Planina. This lies under Permian and Permo-Triassic rocks, and
emplaces minor intrusions of granodiorite and granodiorite porphyr-
ite (Krstié et al, 1974). The background uranium in the schist is
relatively low (2 ppm), but increases to 15 ppm around the intrusions.
Because the schist is widespread and has produced a large amount of
sediment in the region, the identified concentration of uranium in the
Permo-Triassic rocks must have derived from the crystalline schist.

() The likely sources of uranium minerals in the Permo-Triassic
rocks could have been the gnei phibolites, amphibole schist
with minor granodiorite porphyrite intrusions, and Permian sedi-
mentary rocks that had leached uranium.

4.2.2. Mobility of uranium

A major factor for uranium mobilization from the granitic rocks,
metasandstone, and schist of the Stara Planina was the supply of mildly
acid aqueous solution that altered and leached the rocks. The uranium
was dissolved in water producing sexivalent uranyl jons of the cationic
complex, U0,>*, or aqueous complexes, UD;0H™ and (UOz)3(0H)5™,
and negatively charged carbonate complexes, U03(C05),*~ and UO;
(€05)5", but it also produced fluoride, phosphate, and ions
(Romberger, 1984). The « v in solution d on more than
one factor (temperature, acidity (pH), redox potential (Eh), concentra-
tion of €O, and the presence of adsorbents or reducers).

Uranyl ions form from the dissolution of slightly soluble uranates
(uraninite or coffinite), which are the primary products of magmatic or
other rocks, or accessory (zirconium) or disseminated minerals. The
accessory zirconium Is, such as and zircon

are constituents of alkaline volcanites, granitic, and other rocks that have
built up the Stara Planina, and were the parent rocks of the uranium.

The anionic—cationic composition of water within the limits of the
Permo-Triassic rocks is predominantly hydrocarbonate-calcium,
second highest in hydrocarbonate-calcium-magnesium, and rarest
in sulfate—calcium (Nikié et al, 2008). The oxidation-reduction
potential (Eh=+ 116 to + 165 mV) and acidity (pH=5.7 to 7.7) has
greatly influenced the geochemical cycle (Langmuir, 1978).

Surface water supplied oxygen during the alteration of the primary
rocks (granite, metasediments, and schist) and this oxidized the
uranium. The solution would have been mildly acidic from the CO; that
formed carbonic acid, HzCO3, with water. The oxygen would have
oxidized sulfur from sulfide ions to sulfate ions, and then U** to U0,
In the presence of hydrocarbonate, the elevated CO; in the water would
have enhanced the solubility of the uranium minerals and helped to
leach uranium from adjacent rocks.

This means that under exogenic conditions, the tetravalent
uranium ion in an aqueous solution would have readily oxidized,
forming uranyl ions via the following reaction:

U™ 4+ 2H,0 = UDY" +4H" +2¢7

Under exogenic conditions, sexivalent uranium compounds (.g.,
fluoride, carbonate, and sulfate complexes) are soluble and mobile. In
aquifers, where geochemical conditions favor uranium mobility, the
uranium concentration in rocks and the mode of its occurrence control
the uranium concentration in the groundwater (Adler, 1974; Sherman
et al., 2007).

Detailed hydrogeochemical investigations in the areas of the
Permo-Triassic sediments have indicated a variation in the total
dissolved solids (TDS) in the water within the range 24 to 668 mg/L
The level of uranium was mostly elevated in the water samples with a
high TDS value (Niki¢ et al., 2008), as was the level of trace elements
(e.g. Mo, Sr, and P). The concentration of radioactive elements in the
water from the Permo-Triassic rocks varies within the following
ranges (Gertik, 1989): U from 0.1 to 52 pg/L; Ra from 0.036 to
0.294 Bq/L: and Rn from 0.52 to 63.2 Bq/L.

The mobility of uranium described above leads to the conclusion
that it was carried either in solution (as hydrocarbonate, carbonate, or
less likely, silicate) or in dispersed particles.

Transport of the elements (e.g., U, Th, Mo, and Cu) in the mineral
detritus was mechanical before their precipitation in the Permo-Triassic
rocks. The length of transportation to the place of deposition depended
on where the place of precipitation was, and how distant the parent
rocks were (Antonovit, 1980; KovaBevit, 1997; Nikic et al., 2005).

This long process of uranium mobility has resulted in the fissure-
filling uranium deposits under the favorable geochemical conditions
of the Stara Planina Permo-Triassic rocks.

4.2.3. Uranium deposition
The deposition of uranium was a staged process that evolved in the
following two modes at different times.

(1) Surface water deposition of mechanical detritus containing
uranium.
(2} Uranium precipitati from

intheg

ic zoning of ium and

metals in the Permo-Triassic sediments of the Stara Planina. Key: 1. = Red coarse-grained sandstone; 2. = Red siltstone; 3. = Grey

Fig. 4. Ep
sandstone and silistone (uraniferous environment); 4. = Uranium mineral; 5. = Mo mineral; 6. = Se mineral; and 7. = Groundwater flow direction.
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The first deposition (mode (1)) invol ing colloidal
evolved together with that of the Permo-Triassic sediments, The
presence of uranium in accessory constituents of some petrogenic
minerals, where the replacing cations were either in the mineral
structure or present as uraniferous inclusions, is negligible. Such
material mostly deposited in intermittently dry paleodepressions,
riparian areas, or oxbows. When submerged by surface, neutral, or
weakly alkaline water, the material changed in nature; the acidity
level became elevated; the oxidation-reduction potential dropped;
and the uranium began to precipitate with sediment deposition. This
concluded the first stage of uranium mineral formation, but deposi-
tion continued in the d ing of the basin. U, concentrations
in this type of deposition are usually negligible, and without economic
significance, because the uranium is widely scattered and its
concentration is low (Berning et al., 1976).

Natural colloids, including organic matter, iron hydroxides, and
clays, commonly adsorb uranyl ions from solution (Fig. 3).

The maximum uranium adsorption by iron hydroxide varies with pH
in the range pH=4-5 to 8-9, which is the range of the uranium ions’'
minimum solubility (Fig. 4). The relationship between the reduction in

ium and the simul idation of iron is as follows,

U0,(CO,);™ +2Fe™ 4 3,0 = U0, + 2Fe(OH), + 3C0,

The position of the geochemical barrier in the Permo-Triassic
sediments of the Stara Planina was located based on all the geological
data that had been collected and interpreted, It extends northwest to
southeast, where silt prevails over the sand constituent, which means
a higher proportion of the adsorbing clay minerals are present. The
zone of lithofacial variation is almost coincident with the zone of
elevated organic material and iron minerals (hematite and limonite).
Uranium precipitated from the ore-bearing solutions within the
extent of the favorable litho-geochemical barrier (Table 3). The

ium shows freq intermingling with sediment colors, or in
oxidizing and reducing environments, which indicates geochemical
contrasting. This area is also an environment that favors uranium
concentration: Le., it is a geochemical barrier. According to Miller et al,
(1984), reducing conditions at the oxidation-reduction barrier may be
created by the presence of hydrosulfide, or in the sediment zones that
are rich in organic matter or sulfide minerals (e.g., pyrite and
marcasite). A mineral solution would change in such an environment
(ie., littoral facies deposits with organic material, clay minerals,
limonite, and hematite). Interaction with rocks of the geochemical
barrier would change the water composition, increase its acidity,

reduce its oxidation-reduction potential, and initiate uranium
precipitation (Prothero and Schwab, 1996).

Uranium ore bodies in the Permo-Triassic rocks of the Stara Planina
are commonly complex crescent shaped, then plate lens-like, with few
fissure-filling veins (Fig. 5). They are variable in thickness, from 0.3 m
to 08 m, and are located in an area between 12,000 m® and
>25,000 m% The « i | is sooty pitchblend
but there are a few other varieties,

4.2.4, Uranium redistribution

The ratio of parent nuclide (***U) to daughter nuclide (226)
indicates the process of uranium leaching or further deposition in a
given environment. This constant ratio is known as the radioactive
equilibrium (Antonovié, 1990),

A radioactive equilibrium shift to Ra is indicated in the Dojkinci
uranium deposit area from radiometric data of drill core and exposed
rock samples, gamma log plots of the concentration of €U0, and
analysis of the ground and surface waters. This suggests uranium
leaching occurred over a larger area and redeposition occurred in
geachemically suitable environments (e.g., grey sandstone and
siltstone with organic material, clay, and iron minerals).

Within the extent of the geochemical barrier, the radioactive
equilibrium has shifted to uranium, which indicates it is a recent
deposition.

Given the character of the groundwater in the study area (hydro-
carbonate and carbonate type), some chemical processes have operated
towards subsequent leaching and mobility of radium. Any nonequilibrium
in the “**U:**Ra ratio need not necessarily indicate a supply of uranium or
leaching. Most of the collected radioactive equilibrium data indicates that
the Permo-Triassic rocks of the Stara Planina in the geochemical barrier
area are still filling their fissures with uranium minerals,

4.3. Uranium mineralization in the Permo-Triassic rocks model

In general, after being leached from its parent rocks or uraniferous
rocks, the uranium migrates and precipitates in the fissures of host rocks
(Romberger, 1984). Uranium mobility is a complex process, controlled
primarily by underground and surface waters into which uranium
precipitates after the environment changes from an oxidizing environ-
ment into a reducing environment in the terrains of marked geochemical
zoning, Uranium minerals derived in this way are epigenetic, but many of
such deposits show icoccurrences that are related directly to the

process of sedimentation, which gives them the combined character of
fissure-filling and sedimentary deposits.

LEGEND:

J: (57 B2 s

Fig. 5. Sketch of uranium ore bodies in the Permo-Triassic rocks of the Stara Planina: a) crescent-shaped; b) lens-like: and ¢} vein-like ore bodies, Legend: 1. = Red siltstone,
impermeable; 2, = Grey siltstone and fine-grained sandstone; 3. = Medium-grained sandstone; 4, = Grey sandstone with organic material; and 5, = Uranium mineral.
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Fig. 6. Model of uranium mineralization in the Permo-Triassic rocks of the Stara Planina, Legend: 1. = G i
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and dolomite (Jurassic and Cretaceous);

2, = Limestone and dokomite (Triassic); 3, = Clastics (Permo-Triassic); 4. = Red sediments (Permian); 5. = Coarse-grained Permian rocks; 6. = Granodiorite porphyrite (Permian):
7. = Metasandstone; 8, = Granite (Carboniferous); 9. = Gabbro rocks (Carboniferous); 10, = Greenstone, greenschist, and metasedimentary rocks (Riphean-Cambrian): 11. =

Uranium mineral in granite; 12, = Uranium mineral in Permo-Triassic rocks: 13. = G

flow direction; and 14. =

The formational history of the Stara Planina Permo-Triassic
sedimentary rocks, and of the uranium mobility in them, has evolved
in stages. In this example, the process includes:

- formation of a relatively large (paleo) depression;

- surface b of rocks (paleorelief degradation);

- transportation of materials and elements (paleotransport);

- concentration of uranium into economically valuable deposits: and
- current processes (mineral deposit disintegration).

This model of uranium mineralization in the Permo-Triassic rocks
of the Stara Planina explains the metallogenic environment and the
general character of the region where mineralization has evolved and
the factors controlling these processes.

Uranium mineralization in the Permo-Triassic rocks of the Stara
Planina has evolved through three or two phases, as follows:

- The first phase was the concentration of uranium during the
deposition of the Permo-Triassic sediments. The source of the
uranium was granites, gneisses, crystalline schists, and other rocks
of the paleotopography, as well as uranium deposits in these rocks.
Transport of uranium in mineral detritus, along with other
elements, and its deposition in the host rocks was via a mechanical
process. In general, its transportation from the source area was as
long as the transport of the other constituents that filled the
sedimentation basin. This tation length depended on the
distance between the uranium source area and the environment of
its precipitation. Thus, uranium and other elements were con-
centrated concurrently with the formation of the sedimentary
rocks, and then were redistributed during the diagenesis.

The second phase was the reconcentration of the uranium because
of infiltration processes. Atmospheric and underground waters
that moved through terrigeneous and rocks of the paleotopogra-

1

position of recent topography.

phy formed uranium compounds and transported them to where
the geochemical conditions favored U mobility or U enrichment.

- The third phase, sometimes lacking, consisted of uranium
transportation by hypergene solution along fractures and subse-
quent deposition in a suitabl i

Fig. 6 and Appendix A show a model of uranium mineralization in
the Permo-Triassic rocks of the Stara Planina.

5. Conclusions

Exploration of uranium d and occurrences in the Stara Planina
over the years has produced information that explains many geological
conjectures: the depositional system of clastics and metallogenic factors
that ¢ lled i inerali in the Permo-Triassic sedimen-
tary rocks. New interpretations contribute to our general knowledge of
the geology and metallogeny of the Carpatho-Balkanides.

The factors that controlled the fissure-filling uranium deposits and
occurrences in the Permo-Triassic sedimentary rocks of the Stara
Planina are: lithology, geotectonics, hydrogeology, hydrogeochemis-
try, and climate. With respect to the geological setting, morphology of
host rocks, mineral composition, and other relevant characteristics,
these uranium occurrences were assigned to the group of exogenic,
and dominantly epigenetic mineral emplac A

Some rocks (e.g, granites, metasediments, and schists) that built up
in the Stara Planina were the parent rocks of the uranium where it was
leached from, transported, and deposited in the Permo-Triassic rocks.
Uranium emplacement is closely related to the sedimentation and
geochemical properties of the host rocks. Uranium precipitated lower
down in the Permo-Triassic unit of medium- and fine-grained sandstones
and frag of grey sil and of ¢ 1 plants.

The largest emplacement of uranium formed along the lines of
lithofacies that show changes in color, a higher porosity, the presence
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of sulfides, and organic material. This is a zone in the Permo-Triassic
rocks that is approximately 150-200 m wide, which acts as a
lithogeochemical barrier and a controlling factor of uranium miner-
alization. Ore bodies found within this zone are crescent shaped, lens-
or vein-like and have various sizes.

Genetically, the uranium minerals in the Permo-Triassic rocks of
the Stara Planina are fissure-filling deposits, and are comparable with
similar deposits found across the world.
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Appendix A. Model of uranium ore formation in the Permo-Triassic
rocks of the Stara Planina

1 Primary sources of A, Acidic magmatic rock 1. Granite massif janja

uranium complexes (in order of 2. Granite massif Ravno
significance) Buije
3. Jelovica granodiorite
porphyrite
4. Minor granite massifs
B. Crystalline schist Srebrna Glava, jelovica
C. Metasediments Inovo Series
D, Permian sediments Stara Planina Permian
sediments
E Preexisting uranium Mezdreja, Gabrovnica,
minerals Smeti Do, Inovska reka
Mode of uranium A Petrogenic and accessory
occurrence in rocks or  minerals (e.g. feldspar, mica,
deposits of the Stara apatite, monzonite, allanite,
Planina and sphene)
B. Interstitial uranium:
uranite (uraninite and
Th-uraninite]; thorianite;
pitchblende; (secondary
pitchblende, friable material
of uranium oxide, hydroxide,
phosphate and silicate—
uranium soot); allanite,
and monazite
Il Mability of uranium A Parent rock weathering
and accessory metals  and U leaching
from primary sources B, Disintegration and
decomposition of primary
U minerals and U water
in solution
1 Uranium 1. Mobilizer A, Gravity
transportation B. Hydrostatic pressune
2. Transportation of ore A. Carbonate complexes as
constituents UO,(C0s )27~
B. Sulfate complexes as
U0:(504)2*~
C. Subordinate other
transportations
3. Cold (ore-bearing) A Anfon-cation
solutions, composition, composition (mg/L):
and concentration HCO'™ =91-262.3;
50§~ =3.0-28.0;
€~ =35-10.7;
Ca?* =4,0-1200;
Na* =06-295;
Mgt =06-73.2;
K* =03-3.6; and
NH{ =0.0-08
B. Trace elements (mg/L):
F=001-017;

Appendix A {continued)

4. Chemical type of water

5. Transportation distance
and solution mobility

1. Lithological

2. Lithofacial

3. Physical and chemical

1 Release of ore and
mineral i

2. U mineral concentration
rate in ore bodies (U30s)

3, Ore body morp

Br=0.02-0.15:
1=0,01-0.08; P=0.01-0.1:
Al=001-071: 5r=
0.00-2.78; Li=0.00-0.05;
Mn =0.00-0.03;
Zn=0.00-0.02;

Mo = 0.001-0.006;

Se = 0.001-0.004;

Si0; =2.0-24.0

C. Radioelements:
U=01-52 pg/L;
Ra=0.036-0.294 Bq/L;
Rn=0.52-632 Bq/L

D. Dissolved gases (mg/L):
C0;=2.1-264;

0y =446-123;
H:$=002-023

E. Mineral salts from 24.1
10 6678 mg/L

F. Water temperature
4-20°C

G.pH=57 0 7.7;
Eh=+115 to + 165 mV.
HCO,-Ca; HOO5-Ca-Mg;
HCO4-50,-Ca-Mg

A. Medium long to

solution over weathered
basin borderland

C. Cold solution infiltration
through porous and
crushed rocks

A Sedimentary products:
sandstone; siltstone;

and slate

A Littoral shallow-water
facies (deltas, oxbows),
grey and green sandstones,
and siltstone between
screening red argillaceous

o

A Oxidation-reduction
barrier

B. Adsorption barrier

A Adsorption on organkc
matter, clay minerals,
carbonate matrix, and Fe
minerals

B. Precipitation, change in
ER, pH, and chemical
compesition of the water
A Various concentration
rates. Mean U concentration
in six identified ore bodies
was 320 to 1000 ppm

A )

and size

4. Mineral paragenesis

5. Element associations
in ore bodies

crescent- and lens-like,
rarely veins

B. Size from 14,000 to
25,000 m?, thickness = 0.3
w0 1.5 m, average
thickness= 0.7 m. veins
very small

AU deposits with locally
appreciable sulfide
concentration

B. Ore minerals: pitchblende;

sooty Pitchblende; and

marcasite; and covellite
U, Th, Ra, Cu. Mo, Se, Pb. Ba,
Sr, Fe, TL Mn, and V
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Appendix A {continued)
VI Postmineral A. Mechanical E
changes in ore bodies disintegration by erosion
processes
{Jelovica and Lokve)
B, Redistribution of
valuable constituents
within the
geachemical barrier and
all the Permo-Triassic
sediments
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B.4. ”IHAEKC HUTUPAHOCTHU

Op MNeTap J. Manuh 27.03.2009
PIre, beorpap

U3PAOA BUBNTMOTPA®UJE ULUTUPAHUX PAOOBA N3 BA3E NMOOATAKA
Science Citation Index 1980-1995 u Web of Science 1996-2009. TOOUWUHE

YKYNHO LINTATA: 13

SCI-CD 1980-1995

1.KRESIC-N-1992-ENVIRON-GEOL-WATER-S-V20-P157

Record 1 of 2.

Authors: Felton-GK Currens-JC

Title: Peak Flow-Rate and Recession-Curve Characteristics of a Karst Spring in the
Inner Bluegrass, Central Kentucky

Full source: JOURNAL OF HYDROLOGY 1994, Vol 162, Iss 1-2, pp 99-118
Language: English

Record 2 of 2.

Authors: Mayer-AS Rabideau-AJ Mitchell-RJ Imhoff-PT Lowry-MI Miller-CT

Title: Groundwater Quality

Full source: WATER ENVIRONMENT RESEARCH 1993, Vol 65, Iss 4, pp 486-534
Language: English

2.KRESIC-N-1990-ENVIRON-GEOL-WATER-S-V15-P131

Record 1.

Authors: Lyons-WB Lent-RM Djukic-N Maletin-S Pujin-V Carey-AE

Title: Geochemistry of Surface Waters of Vojvodina, Yugoslavia

Full source: JOURNAL OF HYDROLOGY 1992, Vol 137, Iss 1-4, pp 33-55
Language: English

3.PAPIC-P-1986-28TH-SERB-C-CHEM-BEO

Record 1.

Authors: Filipovic-B Vujasinovic-S Matic-|

Title: Phenol Occurrences in Groundwater Resources of Serbia

Full source: WATER SCIENCE AND TECHNOLOGY 1991, Vol 24, Iss 11, pp 111-116
Language: English
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WEB OF SCIENCE 1996-2009

1.KRESIC N, 1992, ENVIRON GEOL WAT SCl, V20, P157.

Record 1

Author(s): Morales, T (Morales, Tomas); de Valderrama, IF (de Valderrama, Inigo Fdez);
Uriarte, JA (Uriarte, Jesus A.); Antiguedad, | (Antiguedad, Inaki); Olazar, M (Olazar,
Martin)

Title: Predicting travel times and transport characterization in karst conduits by analyzing
tracer-breakthrough curves

Source: JOURNAL OF HYDROLOGY, 334 (1-2): 183-198 FEB 20 2007

Record 2

Author(s): Tam, VT; De Smedt, F; Batelaan, O; Hung, LQ; Dassargues, A

Title: Study of cavernous underground conduits in Nam La (Northwest Vietnam) by an
integrative approach

Source: HYDROGEOLOGY JOURNAL, 13 (5-6): 675-689 OCT 2005

Record 3

Author(s): Vadillo, I; Andreo, B; Carrasco, F

Title: Groundwater contamination by landfill leachates in a karstic aquifer
Source: WATER AIR AND SOIL POLLUTION, 162 (1-4): 143-169 MAR 2005

Record 4

Author(s): Kilroy, G; Coxon, C

Title: Temporal variability of phosphorus fractions in Irish karst springs
Source: ENVIRONMENTAL GEOLOGY, 47 (3): 421-430 FEB 2005

Record 5

Author(s): Malard, F; Reygrobellet, JL; Winiarski, T

Title: Physico-chemical and biological dynamics of a sewage-polluted limestone aquifer
Source: INTERNATIONALE REVUE DER GESAMTEN HYDROBIOLOGIE, 82 (4): 507-
524 1997

Record 6

Author(s): MoralesJuberias, T; Olazar, M; Arandes, JM; Zafra, P; Antiguedad, |; Basauri,
F

Title: Application of a solute transport model under variable velocity conditions in a
conduit flow aquifer: Olalde karst system, Basque Country, Spain

Source: ENVIRONMENTAL GEOLOGY, 30 (3-4): 143-151 APR 1997
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2.STEVANOVIC Z, 1997, KARST WATERS ENV IMP, P199.
STEVANOVIC Z, 1997, KARST WATERS ENV IMP, P19.

Record 1

Author(s): Kalantari, N; Mohammadi, R; Pakzad, M; Afrasiabian, A

Editor(s): Seiler, KP; Wohnlich, S

Title: Groundwater tracing in the Poshte-Naz karstic area in northern Iran

Source: NEW APPROACHES CHARACTERIZING GROUNDWATER FLOW, VOLS 1
AND 2: 121-124 2001

Conference Title: 31st International-Association-of-Hydrogeologists Congress
Conference Date: SEP 10-14, 2001

Conference Location: MUNICH, GERMANY

Record 2

Author(s): Stevanovic, Z (Stevanovic, Zoran); Jemcov, | (Jemcov, Igor); Milanovic, S
(Milanovic, Sasa)

Title: Management of karst aquifers in Serbia for water supply

Source: ENVIRONMENTAL GEOLOGY, 51 (5): 743-748 JAN 2007

Conference Title: International Conference on Water Resource and Environmental
Problems in Karst

Conference Date: SEP 14-19, 2005

Conference Location: Belgrade, SERBIA

3.PAPIC P, 1991, SCALING CORROSION PO.

Record 1 of 1

Author(s): Tomaszewska, B (Tomaszewska, Barbara)

Title: The prognosis of scaling phenomena in geothermal system using the geochemical
modeling methods

Source: GOSPODARKA SUROWCAMI MINERALNYMI-MINERAL RESOURCES
MANAGEMENT, 24 (2): 399-407 Part 3 2008

IIpema 0a3u momaraka Science Citation Index u Web of Science mponalheno je 13
nuTara.

I'. YHEII'RE HA MEBYHAPOJHUM KOHI'PECUMA 1 CUMIIO3UJYMHUMA

Hp Ilerap Ilamuh je ca cBojuM HAyYHHMM paJOBMMa YYECTBOBAO Ha jgomMahuMm u
MHOCTPAaHHM HAy4YHHM CKYIIOBHMa, KOHTpeCHMa M CHMIIO3HWjyMHUMa, OJ KOjHX CYy
Haj3HayajHUju CBercku reonomku kKoHrpecu y CAJl m Kunu, CBeTCKH reoTepMaiHu
koHrpec y Oupenmu (Mranmja) u Canbopoy (Jaman), Konrpecu Mehynapoane
aconujauuje xuaporeosora y ®paniyckoj, ['pukoj, Hemaukoj, Iloprtyramy, Kumpy,
Pymynuju, Yemkoj , [Tosbckoj, Hlnanuju, LlBajiapckoj, Typckoj, Exnrneckoj, CioBaukoj
u Aycrpuju. Kao crunenmucra VYjemumenux Harmja KopucTHo je CTHUNEHOW)y Ha
Wcnanny, y okBupy cneunjaiusanuje u3 oonactu ,,Chemistry of Thermal Fluids*
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A. YYHEI'RE U PYKOBOBEILE ITPOJEKTUMA

Hp Ilerap Ilanuh je akTHBaH ydyecHMK y BehMHM HayyHMX W CTPYyYHHMX IIpojeKara U

CTyauja

KOju ce peanu3yjy Ha J[lemapTmaHy 3a XHIpOTEOJIOTH]y. YYECTBOBAO je Y

peaymm3anuju npeko 150 crpydyHmx mpojekara, cTyawja W emabopara, O]l KOjUX CY
HajBOXHUJU OHH MPOjeKTH KOjU Cy GUHAHCUPAHH O] CTpaHe MUHHUCTapCTBA 32 HAYKYy U
TEXHOJIOTHjy, MHHUCTAapCTBa 3a 3allITUTY JKUBOTHE CpeinHE, Kao M aBa MelyHapoaHa
MPOjeKTa :

W

NSk

10.

11

13.
14.

15.

Boanu munepasinu pecypeu autocgepe Cpouje 1992-1996 (MHT)

Boauu munepasinu pecypeu aurocgepe Cpouje 1996-2001 (MHT)

Crame, noreHuujana u moryhnocru kopumhema pecypca nmoa3zeMHux Bojaa
Ha TepuTopuju Penmydsiuke Cpomnje, 1999 (MHT)

HNuosanuonu npojexat 1U.5.0803, 1995/96 /MHT)

HNuoBanuonu npojexart 1U.5.1083, 1996/97 (MHT)

NuoBanuonn npojexar U.2.1794, 1997/98 /MHT)

HUcrpaxxkuBame, oOuleHA OJAPKMBOCTH M  MHTErpajHo kopuutheme
XHAPOTreoJIOIKHUX pecypca: eKOJI0IMKH, eKOHOMCKH M €eHepreTCKM 3Ha4aj 3a
oap:xuBHu pa3soj Cpouje, 2001-2005 (MHT)

BopocnadaeBame cranoBHumTBa CpOuje M3pagoM NOA3eMHHMX KApCTHHX
akymyJanmja, 2002 (M2KC) (PykoBoaniain)

. Scalling and Corrosion potential of mineral waters in Serbia, Iceland, 1991

(YH) (PyxoBoauJiai)
YTunaj BererauMoOHMX NOKpPUBaya Ha xuapoJsomku mukiayc y CpoOuju,
2004

. XugporeorepmMajiHa noreHuujaaHoct beorpana, 2005
12.

SUDEHSTRA, Mehynaponau mnpojekar ca Mabhapckom, 2007/2008
(International Project ERDF / INTERREG IIIA: ,,Sustainable development of
Hungarian — Serbian transboundary aquifer (SUDEHSTRA )“. University of
Belgrade, Faculty of Mining and Geology & Directorate for Environmental
Protection and Water Management of Lower Tisza District (Hungary).

3amTura noa3eMHMX BOAHUX pecypca Cpouje, 2006/2010 (MZKCIIII)
PagnoaktuBHoct moa3emHux Boaa CpoOwmje, 2008/2012 (MIKCIIID)
(PykoBoanjan)

Xuapoxemujcku atiaac noazemMHux Boga Cpowmje, 2010/2014 (MZKCIIID)
(PykoBoaniaan)
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B. YIAHCTBA Y YAPYXEIBUMA

Hp Herap INanwuh je unan:

1. MehynaponHor yapyxema xuaporeosora ( International Association of
Hydrogeologists )

2. Cprckor ['eonomkor apymrsa

3. HctpaxuBauke cranuiie [letnuia

E. OBJABJbLEHN HOBUHCKHU YIAHIIA U UHTEPBJYU

. ,HoBoctu“: Boxe, Benuko 6maro Cpouje, Jlonatak Boxe Cpouje, ctp.4-5, 09.08.2006.
. »Ipernen: dnammpaHa Boja je kBanuTeTHa, Jlonarak Boxe, ctp.5-8, jyru 2006

. ,JlimyctpoBana Ilonutuka“ : KakBy Boay nujemo?, ctp.16-18, 6p.2517,14.4.2007

. Pagno I'mac Cpbuje, @nammpane Boge Cpouje, 30 munyta EmMucuja Exonoruja, 2009

. BK teneBusuja: Melynapoanu nan Bosaa, uHtepsjy 10 MunyTa.

DN A~ W=

VY cBoMm nocanammem pany Jp [lerap Ilanuh je HaydHO] ¥ CTpY4YHO] JABHOCTH TIPYKHO
BUIIIE HOBMX HAy4YHHX MpWiIora w3 XHuIpoxeMuje U XHUAPOT€OeKOJOTHje, | FHHXOBE
npuMeHe y xuzaporeosoruju. To ce Haj00be MOKE BHJIETH W3 MPUKa3a BETOBUX HAYYHHX
panoBa. tberoB HajBehu mompuHOC mpencTaBsbajy pe3yiTaTd A0 KOjUX je J0IIao y CBOjOj
MarucTapckoj Te3u U JOKTOPCKOj nucepTauuju. Takolhe, kaHauaaT BeoMa yCIEIHO paan
Ha TOMyJapu3alyjyu JABe ONHCKe NMPHPOJHE HayKe, Te0JIoOTHje M XeMHuje, He caMmo Ha
Pynapcko-reonomkom ¢dakynrery, Beh u y HMctpaxkuBaukoj cranuim y [leTHunu, xao
jemaH o]l OCHMBAYa M MIpe/iaBad y peaau3alliju mporpama ,,XeMnja Bojaa‘.
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K. 3AK/bYYAK U ITPEJJIOT KOMUCHJE

Ha pacrniucanu koHKypc 3a u300p jegHor pemoBHOT mpodecopa 3a YKy HaydyHy 00JacT
Xwuzaporeoekosoruja Ha Pynapcko-reonomkom ¢dakyntery, YHuBep3utera y beorpany,
npujaBuo ce jemaH kangunat: p Ilerap Ilanuh, Banpemuu mpodecop nHa Pymapcko-
reosiomrkoM ¢axyntery y beorpany.

Komucuja je pazmoTpuiia moJHETy JOKYMEHTAlLW]y | 3aKibyunia faa kauauaar [p [lerap
[Tanuh nma:

- JlokTopat u3 Hay4He 00JIaCTH TE€0JIOTHja 3a KOjy ce Oupa;

- 114 HayyHHX paaoBa KOjU TPEACTaBJbajy MONPHHOC adupMaIvju W pa3Bojy
XUIPOXEMHje M 3allTUTe MOoJ3eMHUX Bojaa: 30 pagoBa y HalUMOHAIHUM
yaconucuma, 42 paja Ha HaIMOHAIHUM CKymnoBuMma, 36 pajgoBa Ha
MelyyHapoJTHUM KOHTrpecuma, 4 pajga y Mel)yHapoJJTHUM yaconucuma 1 2 1orJiaBba
y MehyHaponHuM MoHorpadujaMa (4eTupH pajga y MehyHapoJHUM 4Yacorucuma
ca CIIU nucte) u MmoHOTpadujy HAIIMOHAIHOT 3HAYaja.

-V nepuony ox uzdopa y 3Bame BaHpeIHOT Mpodecopa 06jaBuo je MoHOrpagujy
HAMOHAJHOr 3Hayaja u 20 pagoBa, on uera JABa paga y Boaehum
Mehynapoauum vacomucuma ca CIHHU aucre, paBa mnoriasba |y
MoHorpadujama mehyHapoanor 3nauyaja m 10 pagoBa Ha Mel)yHapoaHum
CKyNmoBHMA.

- AKTHBHO je y4ecTBOBao y peanu3ainuju 13 npojexkara MuHucTapcTBa 3a HayKy
U TEXHOJIOTH]y W MuHHCTapCcTBa 3a 3alITUTY >XMBOTHE CpeJUHE, Kao M JiBa
MelyHapo/iHa TIpojeKTa.

- VYuecTBOBao je y peanuzauuju 117 aunmaoMcKkux paaoBa, a o1 n3bopa y 3Bambe
BaHpenHOT Tpodecopa y 69 IUIIOMCKHX pajoBa, MECT MATHCTAPCKHX Te3a U
YeTHPH JAOKTOPATA; MCHTOD j€ Y jeZIHO] JOKTOPCKOj AUCEPTALUjH.

- OnpxaBa mpenaBama U BexkOe W3 YeTHPH HACTABHA IpPeIMeTa aKaIeMCKUX
CTyIHja U ABA TIPEJMETa y OKBUPY JOKTOPCKUX CTY/IH]a;

- IIpema pesynratuMa CTYJEHTCKOT BpEIHOBama y MEPUOAY O M300pa y 3Bame
BaHpEAHOT Tpodecopa OIEHEH j& OUTHIHOM IPOCEIHOM OTlecHOM 4.82.
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Ha ocHoBy Hampen umsHeror u Kpurepujyma 3a cruname 3Bakba HACTABHHMKA Ha
YHuBep3urery, KOMHCHja je 3aK/by4YHJIA Ja KaHIAUAAT y MOTIYHOCTH HMCIyHaBa
yciioBe 32 u300p y 3Bame peloBHOr mpogecopa, n npemiake HacraBHo-HayYHOM
Behy Pynapcko-reosnomxkor gakyiarera Yausep3utera y beorpany, na ce [Ap Ilerap
IManuh wu3abepe y 3Bame PEJOBHOI' IIPO®ECOPA 3a YKY HAYUHY
OBJACT XMWIAPOI'EOEKOJIOTUJA, Ha Pyaapcko-reosiomkoM (akyJrery,
Yuusep3urera y beorpany.

Beorpan, 22.09.2010.ronnne

YJIAHOBU KOMUCHUIJE:
1.
Jp UBan Martuh, pea.npod., Pynapcko-reosomku pakynarer,beorpan
2.
Ap Becesinn Iparnmuh, pea.npod.,Pynapcko-reonomxkn pakyarer, beorpan
3.

Jp Mupocnas M.Bpeuh, pex.npod., Xemujcku paxynarer, beorpan
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