XMAPOreonornJA CPBMJE CA OKOJIMHOM

Kao Gasa 3a xugporeonolwky pejoHusaunjy Cpbuwje ycBojeHa je reoTeKToHcKa nogena. MagBojeHe XuOporeornowke LenvHe MapKkvpaHe cy
oapefeHUM TMNOM MNKU TUNOBMMa BOAOHOCHMX cpeavHa. Tako cy y Mopdonowkv pawdnaweHum pervoduma (OvHapuaw, Kapnarto-GankaHcku
NyK) rmaeBHe BOOOHOCHE CpedvHe NpeacTaBlbeHe mMacama KapcTUWKOBAHMX Kpedwaka, Bappapcka 3oHa CKOpO WCKIbYYMBO CTeHama ca
NyKOTMHCKOM nopoaHowhy, a mnage genpecuje (MadoHcku v Jakujcku GaceH, penpecuje yHyTap Cpncko-mMakegoHCKe Mace) - anyBujanHum
TBOpPEBUHaMa W HEOTEHUM je3epCKUM CeAUMEHTUMA, Tj. BOAOHOCHWM XOPU3OHTUMA ca MHTeprpaHynapHoM noposHoLuhy.

NAHOHCKW BACEH 4unHu reomoponoLuKM M XMAPOreonoLwkuy jacHo MapaxeHy LUenvHy Ha ceeepy, 3anykweHy Aebenum Hacnarama TepuujapHe 1
KBapTapHe ctapocTi. Y nakeTy Tepuwjapa wagsajajy ce Asa gena: (1) 4O H W, NPEACTABILEH CTEHAMA MWUOLEHA W CTapuwjer nnvoueHa, yHyTap
KOjMX W3AallHy BOAOHOCHY CPeAvHY NpencTaerbajy NajToBayki W capMaTtcKu KpeyhsauW, ca BUCOKOMWMHEpanw3oBaHUM TepManHuMm sBoaama; (2)
ropt 1, Ca 3Ha4ajHUM cagpKajem nponycHUX MIMOLEHCKUX U NNEUCTOLEHCKMX NECKOBA W LUIbYHKOBA, Y KOjuma je (hopmMMpaHO BULLE apTeckux
xopw3oHata. Meljy pacnpocTpateHnM KBapTapHUM ceflMMEeHTMMa XMOPOreoriowku cy HajaHavajHuje anysujanHe TeopesuHe [lyHaea, Case u
Tuce.

OWHAPWOW cy warpaheHn npeTexHo of TeKTOHCKM owwTeheHnx W Kpallkum npouecom 3axsaheHuxX Me3030jCKuX Kpeywaka. Ta Lmpom ceeTa
nosHara obnacT Kpaca ce XMApOoreornoLLKX U reoMopdonoLLKM Y MHOTOME pa3anukyje of cyceaHux obnactu. Kpetatse nogseMHux Boga ofBuja ce
KpO3 CMCTEME KpaLUKUX KaHana W NyKOTWHA, a NpaKieHe NPEeKo CHadKHWX KpaLUKkWxX Bpena.

BAPOAPCKA 30HA ce ognukyje cupoMalITBOM Yy NoasemMHUM Bogama. Mako Beoma pasHOBPCHE, CTEHE OBOT M3Y3ETHO CNOXKEHOr re0TeKTOHCKOr
nojaca npeTexHo npunaaajy cnabonponycHUM Ao NPakTUYHO HENPOMNYCHUM cpeanHama.

CPMNCKO-MAKEQOHCKA MACA vma penaTMBHO jefHOCTaBaH XWAPOreonowku cknon. Ha ceeBepHO] MONOBWMHWM nojaca NOAWHY NPOMYCHMX
XOpW30HaTa YMHe KpUCTanacTu LWKPUIbLM, a BOAOHOCHE CpeauHe Cy NpeacTaerbeHe NeckosiMMa MUo-nnuoLeHa v rpybo3pHMM HaHocom Benuke
Mopage. 3a pa3nuky o ceBepHe NMONOBWHE MNojaca, LUKPWIbaBM CTEHCKM KOMMNNEKCH, BeOMa CMPOMALLHKM MUTKAM NOA3EMHUM BOAama, YuHe
rnaBHUHY TepeHa Ha jyry. Taksu TepeHn ognukyjy ce, meflytum, yyectanownhy nojasro1MBarba TepPMOMUHEPANHUX Boaa.

OcHosHo xupporeonowko obenexje KAPMATO-BANKAHWOA pajy mace jypckux M KpeoHuxX Kpeuwaka. Kpedwauu cy BeoMa ucnyuanu u
KapcTUdWKoBaHW, Na NpeacTasrbajy M3pasuTo NponycHy cpeauHy. Y wuma cy opmupaHe pasbujeHe U3naHu, Koje ce npasHe npeko BpojHux
nasopa. MagaHum nogaeMHuX Boaa cy Be3aHW 3a KoHTakTe oapefieHe kpedrbayke Mace ca 6nuckom Bapujepom.

OAKWUJCKW BACEH je oueu4eH nnaHuHckum macusuMa Kapnato-GankaHckor nyka. YHyTap genpecwje nponycHowhy ce wsaeajajy Ase cpeavHe -
NNUOLIEHCKX NECKOBW U CapMaTCKi KpeMH-aL.

HYDROGEOLOGY OF SERBIAAND ADJOINING REGIONS

The basis adopted for hydrogeological regionalization of Serbia is the geotectonic division. The separated hydrogeological units are marked by a
specific type or types of water-bearing media.Thus, prevalent water-bearing media in morphologicaly separated regions (Dinarides, Carpatho-
Balkanic arc) are masses of karstified limestones; in the Vardar Zone, almost only rocks of fracture porosity; and in young depressions
(Pannonian and Dacian Basins, depressions within the Serbian-Macedonian Massif), alluvial formations and Neogene lacustrine sediments, i.e.
water-bearing horizons of intergranular porosity.

The PANNONIAN BASIN is a nothern units of clearly defined geomorphology and hydrogeology, filled with thick Tertiary and Quaternary deposits.
Tertiary deposits consists of: (1) the lower part, with Miocene and Lower Pliocene rocks including abundant aquifers of Lajtovac and Sarmatian
limestones containing highly mineralized thermal waters; and (2) the upper part, with a large portion of permeable Pliocene and Pleistocene
sands and gravels including a number of artesian horizons. The most significant among the widespread Quaternary sediments are alluvial
deposits of the Danube, Sava and Tisa rivers.

The DINARIDES consist dominantly of crushed and karstified Mesozoic limestones. This worldwide known karst region greatly differs in
hydrogeology and geomorphology from the neighbouring regions. Ground water flows through system of karst channels and fractures and is
dicharged by strong resurgence.

The VARDAR ZONE is characterized by the poverty in ground water. Although varied, rocks of this extremly complex geotectonic zone are mainly
poorly permeable to virtually impermeable.

The SERBIAN-MACEDONIAN MASSIF has a relatively simple hydrogeologic pattern. Permeable horizons in the northern half of the zone are
underlain by crystalline schists, and water-bearing media are represented by Mio-Pliocene sands and coarse grained alluvial deposits of the
Velika Morava. Unlike to northern half, the southern part of the zone is built-up dominantly of schistose rock complexes, deficient in potable
ground water, but abounding in occurrences of thermomineral waters.

The basic hydrogeologic character is given to the CARPATHO-BALKANIDES by masses of Jurassic and Cretaceous limestones. These
limestones are heavily fractured and karstified, forming a very permeable medium of diffuse flows drained by numerous springs. Ground water
outcrops are related to contacts of limestone and adjoining barriers.

The DACIAN BASIN is bordered by massif of the Carpatho-Balkanic arc. In the basin interior, two media are distinguished: Pliocene sands and
Sarmatian limestones.

KAPTA KBANUTETA WU YTPOXXEHOCTW BOOA

KapTta canpxu npukas eulle BaxHujux enemeHara 3a BoaHe noteHuwjane Teputopuje Cpbuje ca okonuHom. To cy: a) npoTulaju MepoaaBHUX
Manux Boaa u knace sarafjeHOCTH NOBPLUMHCKUX TOKOBA; 6) npocTupake anyeujanHux BOAOHOCHUX XOPU30HATa AUPEKTHO YrPOXeHWX of, Bulle
unu marbe 3arafjeHunx, NOBPLUMHCKWUX TOKOBA; Li) pacnpocTparkere OTKpUBEHOr kpaca, ca MoryhumM avpexkTHuM 3arafjusarsem nofseMHux Boaa ca
nNoBpLUKHE; A) nonoxaj akymynauuja 3a sofocHaboeBare M HUXOBUX CMWBHUX Mofpydja, 3awTUREHUX 3aKOHOM; €) BaXKHWjU WHAOYCTPUjCKU
o6jexTu - n3sopwm 3arafewa Boaa. MNpUMeTHO je fa je yrpoXeHOCT BOAHOT NOTEHUMjana Benvka u Aa ce Hamehy ceeobyxeartHe n 0bumHe Mepe 3a
HMXOBY 3aALUTUTY.

WATER QUALITY AND DAMAGE AND THREAT MAP

The map shows major parameters of the water availability in Serbia and adjoining regions. These are: (a) discharges of critical low flows and
surface flow pollution classes; (b) extent of alluvial aquifersdirectly threatened by more or less polluted surface flows; (c) extent of exposed karst;
and possible direct ground water pollution from the surface; (d) water supply reservoirs and their drainage areas, legaly protected; (e) major
industries - sources of water pollution. The potential pollution of water resources is notable, calling comprehensive and veluminous protection
measures.

Translated by: D. Mijovic-Pilic

CXEME TUNCKUX BOOOHOCHWUX CPEOUHA
TYPICAL WATER-BEARING MEDIA

WHTeprpaHynapHa anysujanHa cpeguHa
Intergranular alluvial medium

Komnnekc cegumeHaTa HeoreHa
Complex of Neogene deposits
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[MykoTuHCKa cpeauHa
Fractured medium
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KapcTtHa cpeavHa
Karstic medium
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OOBPOMNPOMNYCHE CTEHE
WELL PERMEABLE ROCKS

AnyewjanHu ceguMeHTH - MHTeprpaHynapHa Nopo3HocT
Alluvial deposits - intergranular porosity

Kpedrsaum - NyKOTWHCKO-Kpallka nopo3HocT
Limestones - fracture-karstic porosity

CPEOHENPOMNYCHE CTEHE
PERMEABLE ROCKS

Heorene jesepcke Hacnare (KOMNNEKC NECKOBA W IMKUHA) - MHTEpPrpaHynapHa
NOPO3HOCT
MNeogene lake deposits (complex of sands and clays) - intergranular porosity

CNABOMPOMNYCHE CTEHE
POORLY PERMEABLE ROCKS

TepuwjapHe jeaepcke Hacnare (rMWHe, NECKOBW, MWHUKM, Nanopum...)
WHTeprpaHynapHa 1 NyKOTMHCKa Nopo3HOCT

Tertiary lake deposits (clays, sands, slates, marls...)

- intergranular and fracture porosity

Kpeursauu, nanopum, koHrmomeparu, pehe A0NOMUTH - NYKOTUHCKO-KpaLUKa
NOpO3HOCT

Limes_ttones. marls, conglomerates, less commonly dolomites - fracture-karstic
porosity

CTEHE CA NOKAJITHUM BOAOHOCHUM CPEAMHAMA
ROCKS WITH LOCAL WATER-BEARING MEDIA

IMPERMEAB

o 1 10100 >100

CepneHTMHUTK - NYKOTUHCKa NOPO3HOCT
Serpentinites - fracture porosity

Mel4apu - NYKOTUHCKA NOPO3HOCT

.| Sandstones - fracture porosity

AwjaBas - poxHadka opmaumja - NyKOTWHCKa NOPO3HOCT
Diabase - chert formation - fracture porosity

HEMPOMYCHE CTEHE

LE ROCKS

KpucTanacTu WKpUIbLK, rHajceBn
Crystalline schists, gneisses

Marmatcke cTeHe

1 Magmatic rocks

| Bopa ynotpebrsuea 3a nuhe HakoH jeaHOCTaBHOr TPETMaHa
Water usable for drinking after simple treatment

Bopa ynotpeGrouea 3a nuhe HakoH OenNWMWYHOT TpeTMaHa

12 \Water usable for drinking after partial treatment

b Bopa ynotpebrsuea 3a nuhe HaKkoH cnoXeHor TpeTMaHa
Water usable for drinking after complex treatment

Boga norogHa 3a HaBoAHaBake
I . bassiopt s
Water suitable for irrigation

Ynotpeba eoge Bpno orpaHuyeHa
Very limited use for water

KNACE YITPOXEHOCTW BOOOTOKA
CLASSES OF STREAM ENDANGERNESS

MpoTuuajn mepogaeHux Manux (HMCKWX) Boga mi/s
Standard small (low) water flow m¥/s

BogoTok ca ynpaerbaHum pesxumom
Stream with directed regime

MpaHuua anyeunjanHe pasHu
Alluvial plain limit
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| MNosplwmHa noa kpacom
7| Karst area

Nec
Loess

I'IeLuqai)a
Sand plain

CnuBHO Noapyyje NoBpLUWHCKE akymynauuje,
3aKoHOM 3aliTuheHo

Surface reservoir catchment area, protected by law

Xugpownsoxunca - usonujecta

(M3onuHKja NnoBnaTe OCHOBHOM BOAOHOCHON XOPU3oHTA)
Water - table contour lines - isopiestic lines _
(isolines of the primary water-bearing horizont hanging wall)

leHepanHu CMep KpeTaka NoAseMHux Boaa
General groundwater flow direction

Yrephexa eeaa noHopa v Bpena
Defined subsurface connection

BopogenHuua C - cnue LipHor mopa
J - cnue JagpaHckor mopa
E - cnue Erejckor mopa
Drainage divide C - Black sea watershed
J - Adriatic sea watershed
E - Aegean sea watershed

PejoH ca apTeckum NPUMTUCKOM NOA3EMHWX BOAA
Area with artesian pressure of groundwater

3ona BovaTtHe BOgeE
Zone of brackish water

WMaeop, MyHumanHe nagawwocty 100 - 1000 Ifs
Spring, minimal yield 100 - 1000 I/s

N3Bop, MMHUManNHe uanawHocTk > 1000 Ifs
Spring, minimal yield > 1000 /s

MuHepanHu wasop, eehe uanalwHoCTH
Mineral spring, high yield

Moo
Pono?

MNehuHa, jama
Cave, jama

Bpyrea; Go4aTHn Waeop (oka) .
Vrilja (subsea spring); brackish spring

%yﬁoxa cyBaprecka BywoTuHa
eep subartesian borehole

%yﬁoua apTtecka BywoTuHa
eep artesian borehole

MoepwwHcka akymynaumja sanpemuHe < 50 mun. m?
Surface reservoir, volume < 50 mil. m?

MoBpLunHcKa akymynauuja sanpemuHe > 50 mun. m?
Surface reservoir, volume > 50 mil. m?

3arafjueay (MHOYCTPUjCKU, KOMYHANHK W 4p.)
Polluter (industrial, communal, etc.)

KAPTA KBAJIUTETA U YTPOXEHOCTU BOOA
WATER QUALITY AND DAMAGE THREAT MAP

XUOPOTEOJIOLWIKA KAPTA
HYDROGEOLOGICAL MAP

Oneara TonoHUMa fara je y3 reosiowKy KapTy.

The overlay with topographic names is enclosed with the geological map




