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[loknapbT npefcTaBs pe3ynTaTuTe OT WU3CNEeABaHUsATa Ha (PU3NKO-XMMUYHIUTE CBOWCTBA HA MOL3EMHUTE BOAM OT KApPCTOB BOLOHOCEH XOPU3OHT (hOpMUPaHU Cpeq
kap6oHaTHM CkanHu komnnekcy B Macuea Ha CyBa nnaHuHa. Moa3eMHUTE BOAY B TO3W BOAOHOCEH XOPU3OHT Ca APEHUPaHI Npe3 MOLLHM KapCTOBW U3BOPH, KOWTO ce
nosiBABaT Ha CKMOHOBETe Ha MacyBa. Lo ce oTHacs o reonorusTa, U3ydeHaTa obnacT ce OTnMYaBa ChC COXHA FeOMNoXKa CTPYKTYpa W CIIOXHMU TEKTOHCKU BPb3KH,

KOUTO npeaonpenenAat CbOTBETHUTE XUOPOreonoxKu CBOWCTBA Ha TepeHa.

BBLBEAEHME

Cysa lMnaHWHa npuHagneXu KbM MAAHUHCKUS palioH Ha
tokHa Cwbpbus. C BucounHa Hag 1800 m Hag MopckoTo
PaBHWLLE, TS € eAHa OT HaN-BUCOKUTE MaHWHM B TO3W PaiioH.
XapakTepusupa ce HasbbeH pened, oTnMyaBalw, ce C
€PO3MOHHM MpoLieck, KOUTO ca OOYCMOBEHM OT TEONOXKKNTE

0cobeHOCTM Ha paiioHa. 3aobukoneHa e oT 3annaHeHckuTe 1
KopuTHiyko-BaByLWHWYKATE — Jenpecun, N0 KOMTO — Tekar
KoputHua n JnyHuua. BucoumHute Ha Tesn Aenpecuu
Bapupat mexay 400 1 500 m Hag mopckoTo paBHuLle. OcBeH
TOBa Ca MpOKapaHW TPYAHO W HAKOMKO NOKanHM MbTuwa B
Cyga lNnaHuHa.

Queypa 1. Medsax om Cysa nnaHuHa

OCHOBHM reonoXKO-TEKTOHCKU CBOWCTBA Ha TepeHa
PaitoHbT Ha CyBa nnaHuHa Ce OTMMYaBa CbC CrOXHA
reonoXka CTPYKTYpPa M CNIOXHM TEKTOHCKM Bpb3ku. CkamHuTe
komnnekcu oT [laneo3ost ce onpedensiT kaTo Han-ctapaTa
nutocTpaturpadicka eguHuua. TS e NpeacTaBeHa OT cepus
LUMACTL, KOHIMIOMepaTu, NSCbYHMLM, Anabasu, aneBponuTi U

4l

wwuctn. CkanHuaT komnnekc oT Me3o3os e npeacTaBeH OT
Tpuac, KOpa u Kpepa. Hait-npeobnagaeawm ca KpegHute
ceanmMeHTU. Te ce CbCTOST OT CKanHW KOMMIEKCH, U3rpafeHu
OT BapoBMLUM W AOMOMUTA, a CbWO M OT nnw peamua,
uarpageHa OT KOHIMOMEepaTW, MACBYHALUM W aneBponuTy
HOpckuTe CeaMMEHTN Ca ManKo MO-LIMPOKO PasnpoCTpaHeHU
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ot Tpuackute, 0cobeHo B palioHa Ha [BaTa aHTWKNMHana Ha
Cysa nnaHuHa. Te ca MpeACTaBeHW OT  XETEpOreHHU
KNacTUYHM CeauMeHTV W kapboHaTHU ceaumeHTn. Tpuackute
CEAMMEHTU 3aemaT Mariko MPOCTPaHCTBO M Ca OTKPUTU CaMo
KaTo KpWna Ha aHTUKNWHANMTe Ha nnaHuHata. Te ca
NpeLCTaBeH OT KOHIMOMEPATH, MNSICbYHMLM U BapoBULN.
CknoHoBeTe Ha MacuBa ca u3rpageHun oT HeoreHcku nnactose
kato ManeoueHcku, MuoueHckn W MMNMOLEHCKM CEOUMEHTH.
3annanueckata u Koputo-BabywwHckata pgenpecum ca
W3rpafieHn OT TEe3W KOMMIEKCH, KOUTO CbAbpxKaT MAChbUN,
[MWHK, YaKbnW, MEPrenu, KOHrmomepatu 1 nacbyHuumM. [o
OTHOLLEHME Ha TEKTOHWKATA, MaclBBT CE OT/INYaBA C CIIOXHU
TEKTOHCK/ B3aWMOBPB3KW, KOUTO Ce XxapakTtepusupar C
MHOXECTBO OrbBaHWs B pasfMYHM MOCOKM Ha mmacTa.
JoMuHupallata cTpykTypHa hopMma € aHTUKNWHanata, Kosto
ce NPOMEHs OT CEBEPOU3TOK Ha trou3ToK. [bmkuHaTta U no
octa e 30 km. Ts e Hal-gbRraTa aHTUKNKUHANa B W3TOYHA
Copbus. Heinata kopa € wusrpageHa oT copmauum ot
Maneosos fo CpenHa tOpa, gokato kpunata i ca uarpageHu
oT copmaumm ot lopHa KOpa u [onHa Kpega. Cnopen
reoTEKTOHMKaTa, panoHbT Ha CyBa NnaHuHa MpUHALNIEXU
rmaBHo KbM KapnaTo-bamkaHckata pefuua M YaCTUYHO KbM
Popon, T.e. CpbOcko-MakefoHCKMs MacuB, wW3rpageH ot
TTMHECTM LUMCTU.

Xnaporeonoxku cBOMCTBa Ha paloHa

OcHoBHus ckaneH komnnekc Ha Cyea lNnaHuHa e uarpageH
oT kapboHaTeH komnnekc ¢ KOpcka u KpegHa Bb3pacT, KOWTo €
FMaBHO TEXHOMOXKM yBpeaeH. OT rmeaHa Touka Ha peHupaHqe

W aKyMmynupaHe Ha Nofg3eMHWTe BOOM TOA € [JOCTa BaXeH
komnnekc. Toi e obxBaHaT OT AbnOOKM npouecu Ha
kapcTuduKaLus, KOMTO Ce OTpassBaT Ha pasTBapsHe Ha
NykHaTUHHaTa nopo3HOCT, dopmupaHa B TaX. Takasa
WHTEH3MBHO pasBuUTa CMCTEMa Ha MOPO3HOCT MO3BOJISBA
(hopMMpPaHETO Ha efjHa MOLLHA KapCTOBa BOAOHOCEH XOPU3OHT
CbC 3HAYMTEMNHO KOMMYECTBO MOA3EMHW Boau. 3anacute Ha
TE3N BOAM Ca (DYHKUMS OT XWUOPOMOXKUTE YCIOBUS, KOWUTO
BNMSAST Ha TEXHUS PEXMM Ha u3TudaHe. Cnopen faHHUTe OT
fruskata MeTpONOrMyHa CTaHUWS CpefHUTE yTasBaHus 3a
cpedeH nepuop 3a To3u panoH ca okono 850 mm. Banexwte
Ce MpocMyKBaT Mpas usrnata MOBLPXHOCT Ha MacvBa, KOWTO
NpeacTaBnsBa €4Ha XUAPOreosnoxka CTPYKTypa, ocurypssalla
[06pu ycnosus 3a BogeH 0bMeH. o To3n HaumH ce dhopmupar
AVHAMUYHM 3anack, YUSTO WHTEH3MBHOCT Ha OTTWYaHE Hail-
ronsiMa npes nponeTTa u eceHta. llosiBata Ha M3BOpUTE CE
CBbP3BA C HAM-HUCKUTE EPO3MOHHW YacTW Ha TepeHa W Te
M3NM3aT B KOHTAKTa MeXOy BOAONPOMYCKNMBMS KapcT U
BOZOHENPOMNYCKNMBAMTE HEKAPCKOBM CKamnHU Komnnekcu. B
TO3X CnyyaW, TOW Ce OTHAcs KbM (PRMLL KOMMAEKCHT OT
Maneoso u HeoreH, KbaeTo ca npefonpeaeneHu ot
CBLOTBETHUTE CTPYKTYPHWU ENTEMEHTH, MbPBO OT MYKHATUHM, MO
KOMTO Ce M3BBPLUBA OTTUYEHETO HA MOL3EMHUTE BOAM (Gur.2).
[peHaxbT Ha kapctoBus MacwB CyBa nnaHWHa Cb3aasa
ussopute  Mokpa, [uBnsHa wn Jlobepags.  TexHus
cpeaHoroauiueH cpeneH aedut e okono 0.4-0.9 m¥s. Cropen
BMOA Ha W3TMYaHe Te ca OT OTNMBHMKOB Tun. Korato ce
pewasa npobnembT C rPagckoTo BOZJOCHAOAsBaHe Te3u
M3BOPU Ca OT CbLUECTBEHO 3HAYEHME.

Queypa 2. Xudpozeonoxku mMooen Ha palioHa

®U3NKOXMMUYHM CBOWMCTBA HAa BOAUTE OT KapCTOBUTE
M3BOPU U TEXHUTE PEXUMM

W3cneagannsTa Ha OU3MKOXUMWYHUTE CBOWCTBA Ha BOAWTE
OT KapCTOBMTE M3BOAW Ca HanpaBeHu 3a uasopute Mokpa,
OuensHa u Jliobepaps. CymapHute pesyntat 3a efHa
XWaoporeonoxka  roguMHa  ca  nokasaHu  Ha  nony-
noraputMuyHaTa auarpama (cpur.3). Cnopen CbabpxaHUeTo
Ha aHoHM 1 KaTioHW (Tabn.1), aHannavpaHuTe BOaM OT TE3N
u3Bopu npuHagnexar koM BogHus Tin HCO;Ca, koWTo
OTroBapsl Ha BeYe HanpaBeHusi 13BOf, Ye Te ce hopmupat B
kapboHaTeH ckaneH komnnekc (cur.4) TemnepaTypHUsT UM
PEXMM € HecTabuneH u ce Ob/KM Ha CE30HHUTE MPOMEHM.
CpepHata roguiiHa Temnepatypa Ha BogaTta e okono 11,4-
15,2°C npu Temnepatypa Ha Bb3gyxa 11-17,5°C. Teaw
TeMnepaTypHM CTOWHOCTW MOKa3BaT HanuuneTo Ha no-
AbNOOKN NOBBPXHOCTHU BOAOHOCHU CIIOEBE BbB BOAOHOCHUS

XOPU3OHT B unn  no-6aseH

BOI00OMEH.

rpaHuuMTe Ha no-Gbp3us

Cnopeq cbabpxaHueTo Ha PH oHu, koiTo ca 7,3-7.4,
BOAMTE OT aHanuaupaHuTe U3BOPU UMAT HeyTpaneH xapakrep.
Wamepenute E.C. ca 385-404 s/cm, gokato Eh e 452-487 mV.
Cbobpkanueto Ha pasteopeH O, e 8,4-1,2 mg/l. Cnopen
CTeneHTa Ha TBbPAOCT, kKosATo € 12,6-15 dH, Te npuHagnexar
KbM MHOrO TBbpANUTe Bogm (cnopeq Knyt). OTHocHO ppyrute
€NEMEHTH, TEXKNTe MeTann ca NPOCNEeAeHH, HO ca OTKPUTM
camo Cu n Zn. CbObpxaHUeTO Ha OpraHMYHUTE CbCTABKN €
PErvCTPMUPaHO KaTo HE3HAYMTENTHW KOHLEHTpauuu, KOeto €
XapaKTepHo 3a MHoro begHuTe Boau. HanpaBeHuTe aHanmam n
NPOCNEeEHNs: XMMUYEH PEXUM Ha CMIOMEHATUTE M3BOPU SICHO
nokasga, Ye BOAMTE OT Te3n KapCToBM U3BOPU MoraT Aa bvaar
13NON3BaHN 3a BoLOCHabasBaHe Ha HaceneHneTo B cenuiiara

FOONUIHNK Ha MurHo-eeonoxkus yHugepcumem “Ce. Msan Purncku”, mom 46 (2003), caumnk |, FEOTIOMMA Y TEOOUIUKA

72



TOBa TBbpAEHHKE.

OT TO3M paitoH. Te MoraT Cbllo Aa GbaaT GyTunupaHn kato
HaTypanHu kaMeHH Boau. TsixHaTa ekonoXka cpeaa [okassa

?
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Queypa 3. Mony-nozapummuyHa cxema Ha XudpoXUMUYHUMe aHanu3u Ha kapcmosume u3gopu Mokpa, JuensHa u Mlobepads

Tabnuua 1. CbgbpkaHue Ha aHMOHUTE W KaTHOoHUTE B kapcToBuTe u3sopu (mg/l)
Spring HCO; Cl SO, Ca Mg K Na
Mokra 335.3 5.2 10.7 90.5 7.0 0.7 3.2
Divljana 291.0 35 8.4 85.0 5.3 0.7 1.2
Ljuberadja 337.3 53 12.8 914 8.3 0.7 5.2

Queypa 4. CkanHusm komnnexc Cysa lnaHuHa

13BOON
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KapcTtoBusT BOZOHOCEH XOPW30HT OT Macvea CyBa nnaHuHa
MpescTaBnsBa akymynaTtop Ha MOAMNOYBEHUTE BOAM, YWMTO
3anacu MHTEH3MBHO Ce MPOMeHAT. ToW ce u3npa3sa 4pes
M3BOPU U KNaZeHUM, KOMTO Ca OT JOnHaTa YacT Ha MacuBa.
E,ELHOFOLWILIJHOTO npoy4yesaHe Ha Ka4YeCTBOTO Ha BoOAUTE OT
n3bpaHuTe U3BOPM [OKA3a, Ye KaYeCTBOTO Ha TEXHWUTE BOAM €
MHOTO MOAXOAALLO 33 U3NON3BaHE OT XopaTa, KOeTO Ce bk
Ha ekonornyecky besonacHata cpega.

NNTEPATYPA

[Mpenopwyaxa 3a nybnukysaHe om
kamedpa “Xudpoeeonoaus u UHxeHepHa aeonoeus”, [TIO

Milojevic, N. 1967. Geological — hydrogeological properties of
the karst springs in eastern Serbia. - Excursion guide, VIII
Congress KBGB, Belgrade.

Vujisic, T., Navala M., Kalenic M., Andjelkovic U., Krstic B.,
Rakic B.: 1980. Basic gaologic chart interpreter. -
Magazine Bela Palanka, Belgrade.

Stojadinovic, D., J. P. Faillat: 1991. An contribution to the study
of geologic-hydrogeologic features of aquifers in eastern
Serbia. Geologic annals of Balkan peninsula. Belgrade.

Institute for the development of water resources “Jaroslav
Cerni” - Documentation fund material, Belgrade 2003.

FOONUIHNK Ha MurHo-eeonoxkus yHugepcumem “Ce. Msan Purncku”, mom 46 (2003), caumnk |, FEOTIOMMA Y TEOOUIUKA

74



HYDRO CHEMICAL REGIME OF THE KARST SPRINGS ON THE MOUNT SUVA PLANINA IN EAST

SERBIA

D. Stojadinovic

Institut for the Development of Water Resources
"Jaroslav Cerni"
P.0.Box 33-54
11000 Beograd

ABSTRACT

D. Isakovic

Federal Agency for Maintenance
and Development of Inland Waterways
Francuska 9
11000 Beograd

The paper presents the results of the research of physical-chemical properties of groundwater from karst aquifer formed within the carbonate rock complex of the
massif Suva Planina. Groundwater from this aquifer is drained through powerful karst springs that appear on the hillsides of the massif. With regard to geology,
researched area distinguishes with compound geological fabric and compound tectonic relations that predisposed certain hydrogeological properties of the terrain.

Key words: massif, karst, aquifer, chemism

INTRODUCTION

Suva Planina belongs to mountainous area of southern
Serbia. With the altitude over 1800 m.a.s.l., it is one of the
highest mountains in this area. It is characterized with
indented relief, distinguished erosion processes that are
conditioned by geological feature of the terrain. It is
surrounded by Zaplanje's and Koritnicko-Babusnica's
depressions along which flow the Koritnica and the Luznica.
The altitudes of these depressions range between 400 and
500 m.a.s.l. Apart from some local roads Suva Planina is
hardly passable (figure 1).

Figure 1. The landscape of Suva Planina

Basic Geologic-Tectonic Properties of the Terrain

The area of Suva Planina distinguishes with compound
geological fabric and compound tectonic relations. Rock
complex from Paleozoic distinguishes as the oldest litho-
stratigraphic unit. It is represented by the series of schists,
conglomerate, sandstone, diabase, sillstone, and chales.
Rock complex from Mesozoic is represented by Triassic,
Jurassic, and Cretaceous. The most prevailing are

75

Cretaceous sediments. They consist of rock complex made of
limestone, and dolomite as well as of flysch series made of
conglomerate, sandstone, and sillstone. Jurassic sediments
are much more spread than Triassic ones, especially in the
region of both anticlines of Suva Planina. They are
represented by heterogeneous clastics sediments and
carbonate sediments. Triassic sediments occupy little space
and are discovered only on the wings of anticlines of the
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mountain. They are represented by conglomerate, sandstone
and limestone. Hillsides of the massif are made of Neogenic
strata such as Paleocene, Miocene and Pliocene sediments.
Zaplanje’s and Korito-Babusnica's depressions are made of
this complex, which consists of send, clay, pebble, marl,
conglomerate and sandstone. With regard to the tectonics, the
massif distinguishes with compound tectonic relationships that
are characterized with numerous faults of different directions
of ranging. The dominant structural form is the anticline that
ranges from northeast towards southeast. Its length along the
axis amounts 30 km. All the same, it is one of the longest
anticlines in eastern Serbia. Its core is made of formations
from Paleozoic of middle Jurassic, while its wings are made of
formations from upper Jurassic and lower Cretaceous.
Overall, it is deformed by longitudinal and lateral faults.
Regarding geotectonics, the area of Suva Planina belongs
mostly to Carpathian-Balkan range and partly to Rodop i.e.
Serbian-Macedonian mass made of crystal schist.

Hydrogeological Properties of the Terrain

Basic rock complex of Suva Planina is made of carbonate
complex of Jurassic and Cretaceous ages, which is mostly
tectonically damaged. All the same, from the aspect of
drainage and accumulation of groundwaters, it is the most
significant complex. It is taken by deep processes of
karstification resulting in the dissolution fracture porosity
formed within. Such intensively developed system of porosity
enables forming of one powerful karst aquifer with significant
amounts of groundwaters. The resources of these waters are
in function of hydrological agency, which affects the regime of
their effluence. According to the data from the nearest
meteorological station, middle term average precipitation for
this area amounts 850 mm. Precipitations infiltrate over the
whole surface of the massif, whic hrepresents one open
hydrogeological structure providing good conditions for water
exchange. In this way are formed dynamic reserves whose
intensities of effluence are the greatest in spring and autumn.
The occurrences of springs are bound to the lowest erosion
parts of the terrain and they appear on the contact of water
permeable karst and water impermeable nonkarst rock
complexes. In this case, it applies to flisch complex from
Paleozoic or Neogene that are predisposed by certain
structural elements, first by faults along which appeared
effluence of the ground flow (figure 2). The strongest drainage
of the karst massif of Suva Planina generates through the
springs Mokra, Divljana and Ljuberadja. Their middle term
average discharge amounts 0.4 — 0.9 m*s. With regard to the
way of emerging, they are of spillway type. When solving the
problem of municipal water supply these springs are of
extraordinary significance.
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Figure 2. Hydrogeological model of the area

Physical — Chemical Properties of the Waters from
Karst Springs and Their Regime

Researches of physical- chemical properties of the waters
from karst springs were carried out at the springs Mokra,
Divljana and Ljuberadja. Their sum results during one
hydrogeological year are shown in semi-logarithm diagram
(figure 3). According to the content of anions and cations
(table 1), analyzed waters from these springs belong to HCO;-
Ca type of water which refers to already presented conclusion
that they are formed in carbonate rock complex (figure 4).
Their temperature regime is unstable and is liable to seasonal
changes. Average annual temperature of the water amounts
11.4 — 15.2°C at the air temperature of 11 — 17.5°C. Such a
temperature ratio points out the existence of deeper shallow
waterbearing layers of the aquifer within the frames of faster
and weaker water exchange.

According to the content of Ph ions which amounts 7.3 -
7.4, the waters from analyzed springs are of neutral character.
Evaluated E.C. is 385 — 404 s/cm, while Eh is 452 — 487 mV.
The content of dissolved O, is 8.4 — 10.2 mg/l. According to
the degree of hardness, which amounts 12.6 — 15 dH, these
waters belong to very hard waters (after Klut). As for other
chemical elements, heavy metals were followed and only Cu
and Zn were registered in traces. The content of organic
ingredients was registered in negligible concentration, which
characterizes very pure waters. Carried out analyzes and
followed chemical regime of mentioned springs clearly point
out that waters from these karst springs can be utilized for
municipal water supply of population and settlements that
gravitate in this area. All the same, they can be bottled as
natural stone waters. Their ecological environment proved
such a statement.
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Figure 3. Semi-logarithmic diagram of hydrochemical analyses of karst springs: Mokra, Divijana and Ljuberadja

Table 1. The content of the anions and cations in karst springs (mg/l)

Spring HCO;, Cl SO, Ca Mg K Na
Mokra 335.3 5.2 10.7 90.5 7.0 0.7 32
Divljana 291.0 3.5 8.4 85.0 5.3 0.7 1.2
Ljuberadja 337.3 5.3 12.8 914 8.3 0.7 52

Figure 4. The rock complex of Suva Planina

FOONUIHNK Ha MurHo-eeonoxkus yHugepcumem “Ce. Msan Purncku”, mom 46 (2003), caumnk |, FEOTIOMMA Y TEOOUIUKA




CONCLUSION

Karst aquifers of the massif Suva Planina represent an
accumulation of groundwaters whose reserves incessantly
recharge. It empties through springs and wells that exist at the
bottom of the Massif. One-year research of the quality of
chosen springs proved that the quality of their waters was very
suitable for human’s utilization, which is contributed by
ecologically saved environment.
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