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YK 550.836(497.11-13) OpnrHHajiHii HayiiHH paji

XHJIPOrEOTEPMAJIHH CHCTEM
KyPIliyMJIHICKE BAIbE (CPEHJA)

°A

M nxajjia CHMiiha*, MHxaHJia MHJiHBojeBiiha ,
Mnhe MapTHiioBiiha h lleTpa llaniiha

X«jiporeoTepMajiHH chctem KypmyMlJiHjcKe BaH>e Halia3H ce y jy*"HOM nejiy Cp6nje Ha hbhhh HajBeher
HeoreHor najreoByjiKaHCKor aHme3HTCKor KOMnlieKca Ha BajiKaHcKOM nojiyocrpBy. Y obom KoMnjreKcy npn-
cyTHe cy ~eTHpn BeliHKe najieoByjikaHCKe Kajinepe. npe*iHHK HajBehe oji h>hx je oko 30 km. noffjiory 0BOr
BejiHKor naneoByjik aHa HHHe MeTaMop(})He cTeHe NONEIr KOMnjieKca CpncKO-MaKejiOHCKe Mace. TepMa,nHe BOfte
KypmyMJiHjcKe Baite cy XHjipoKap6oHaTHo-HaTpHjyMCKor THna, ca bhcokhm cajip>KajeM Si02h CO02 raca.
FeoTepMaliHa Hcrpa»tHBaH.a no'iejia Cy 1974. roa- Caaamita TeMnepaTypa TepMajiHHX Bojia Koje ce npne H3
6ymeHHX 6yHapa je 68 °C. 'Ip0rHO03Ha MaKCHMajiHa TeMnepaTypa TepMaliHHX Bojja y npHMapHOM pe3epBoapy.
Ha 0CHOBy X HjipOre0TepMOMeTapa, npoijeH3yje ce Ha 110-140 C. IlpeM a H30TOncKOM cacTaBy TepMa.THe Bojie cy
MeTeopcKor nopeKJia N npe HCTm;aH.a ce Memajy ca XjiajiHHM BojiaMa t}>peaTCKe h3johh y aliyBHOHy EaK>cKe
peKe. TeoTepMajiHa eHeprnja H3 TepMajiHHX Bojja KopHCTH ce 3a 6aliHeoJiomKe CBpxe h 3arpeBaite BejiHKor
xoTejicKor KOMnjieKca npeK o H3MeH.HBava TonjioTe,

Kjbyuie pe>ra: reorepMajiHa eHepmja, XHjiporeoTepMajiHH cncreM, TepMOMHHepaliHH H3Bop, xnnporeorepM OMeTap.
KopHmheite reoTepMajiHe eHepraje

YBOa

KypniyMJiHjcKa 6aH>a ce Hajia3H y jv>KHOM ;iejiy Cpfnije (cji. 1a), vjiajr.ena oko 8 km
JY)KHO ojt rpajia KypmyMJfflje (cji. 16), ojihociio Ha hcto'iliom oGojiv  KonaomriKor
njiaHHHCKor MaciiBa. OBaj nJiaHHHCKH MacHB je no /iy>Kiinn (150 km) h HajiMopcKoj bhch-
hii (2100 m), HajBehn, He caMO y Cpfinjii, Hero h y ii;eHTpaJiHOM jicjiv BajiKaHCKor nojiy-
OCTpBa.

1IpHpO~HH H3BOpH TepM3JIHHX BOj(a y KypiliyMJIHjckOj fialhll cy 0JiaBHO no3HaTii H
BeoMa cy aTpaKTHBHH 360r 6jiH3HHe Hau;HOHalJiHOr napKa "KonaoHHK". Y iteHOj oko-
jihhh iieMa HHKaKBHX iiH/ivcTpiijcKHN HOCTpojciha, TaKO /ia je to nol/ipv'ije iie'jara’*ciie
iipnpoflc HajBHiuer panra.

Y obom pa/iv npHKa3yjy ce pe3yjiTaTH reoTepMajiHHX HCTpa>Kiip,an.a noBpmHHCKHX
h ho/i3cmhhx Maiiiic[)ecTaniija TepMalJiHHX no/ia y KypmyMJiHjcKoj 6aii,n. Ta HCTpaacH-
i’an.a cy sano'iejia jom 1957. ioahiic, ajiH HHcy BpmeHa y KOHTHHyHTeTy, Beh ca /iv>khm

PyjjapcKO-reojiomKH (J)aKyjiTeT YHHBep3HTeTa y Beorpajjy, '‘BymnHa 7, Beorpaji.
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hjih KpahHM iipeKHjiHMa. HajSojbH pe3yjiTaTH cy jioGiijeini HOBHjHM HCTpa>KHBaii>iiMa, 03
1987-1989. rojjHHe. 3 axBadi.yjyhH HHMa y KypmyMJiHjcKoj 6aH,H je H3rpa~eH bcjihkh,
Mojjepan MC/iHHHIICKO-TvpHCTH'iKii neHTap-xoTeji y KOMe ce TepMajiHe Bojie KopncTC y
6ajineoTepaneyTCKe h peKpeaTHBHe cBpxe, Kao h 3a ibci'obo rpejaite.

rE0.JIOLUKH CACTAB IIIHPE OKO.HHHE KyPIliyMJIHICKE BAIbE

XHjip()reoTepMaldiiiii CHCTeM KypmyMJiHjcKe 6aii,e najia3H ce y npejia3Hoj 301111
H3Mehy jiBe HajBehe reoTeKTOHCKe jejiiiiinne BajiKaHCKor nojiyocTpBa: /liiiiapHjin h
CpncKO-MaKejjoncKa Maca (CM M) (cji. la). Ta TeKTOHCKa 30Ha no3HaTa je y cpncKoj
reojiouiKoj jiHTepaTypn Kao "BapnapcKa 30Ha”. OHa ce npy)«a 0jj Eeorpajja Ha ceBepy,
na j*o CKonjba h jom jjajbe Ka jyry. "Bapj~apcKa 3011la" npej~cTaBJba iioj*pyHje HeKaj;aiu-
H>e cy6jiVKHHje JInnapn/ia iiojj Cplicko- MaKej(oHCKy Macy, Koja je 6iiJia aKTHBHa y rop-
H>0j jypn h noneTKOM j~oite Kpejje (J"HMHTpnjeBnh, 1974.).

HajcTapnje cTeHe y okojihhh KypmyMJiHjcKe 6an,e (cji. 16) cy npeKam6épnjvmckc cTapo-
cth h iipnnaj(ajy jjoibcm KOMiuieKcy KpHCTajiacTHX iiiKpiui,ana CpiicKO-MaKejjoncKe Mace.
To cy iieKajianni.H eyreocHHKJiHHaJiHH ncaMHTCKH h neJiHTCKH cejiiiMeiiTH ca h3jihbhm3 6a-
3hhhhx CTeHa MeTaMopcjjHcaHH jjo ipanaT-aM(f)H60jiHTCKe (j)amijc: rHajceBH, JienTHHOJIHTH,
MHKalHHCTH, aM(J)H60JIHTH 1l KBapHHTH.

KpncTajiacTH KOMnjieKc CMM je o0jj Me3030jcKOr KOMnJieKca "Bapj(apcKe 30He"
oj(Bojen MepjrapcKOM, JiOHrHTyj(HHajiHOM, jincjioKaniijoM (cji. 16 h Ih;). CTeHe ropn,o-
jypcKe h jioiBOKpejjiie cTapocTH 3anaj(iio oj( oBe jiHCJioKaijnje iipnnajiajv ijeinpajiiioM
BapjiapcKOM Tpory (cji. 16). Y ropH,oj jypn,y TOKy cy6jiyKnnje oKeaHCKe Kope jimiapcKe
iuio‘ie iioji KOHTHHeHTaJiHy Kopy CM M, y BapjjapcKOM Tpory je CTBopeHa jiHja6a3-po>K-
HaTiKa c})opMaii,Hja (J”"PO) oj; 0jiHCTOCTpoMCKor MejiaH»:a. OcHOBy MejiaHaca HHHe ajieB-
Pojihth y Koje cy 3apoH,eHH KOMajjH h 6jiokobh CHJIH()HKOBaiiHX Kpciu.aKa, rpayBaKa,
po>Kiiana h jjnja6a3a. HpeKO J.JPO, y 6HBineM Tpory Jieace jiOH>()KpejiHH cejiHMeirni (cji.
16). Ohh HMajy HajBehe npOCTpaHCTBO. YHyTap h,hx H3j(B()jeiio je neT jej(iiiiHna: 6a3adi-
He 6pcie, MHKpoKonrJioMepaTii‘iiio-apeiiHTCKH, aJieBpOJIHTCKO-Kpe'in,a'iKH, apeiiHT-
CKO-ajieBpojiHTCKH h apeHHTCKO—BanHOBHTH naKeT h MaprHHajiHa jejimiHna ca ojihcto-
CTpOMCKOM H Kpe'lH.a'IKO-KJlaCTH'IIIOM (J)ail,HjoM (K 1>2).

ropibOKpejjHH (K 23) cejuiMeiiTH npejicTaBJheiiH cy c”jihihom. CTeHe TepnHjapne
cTapocTH npejiCTaBJbene cy oJiHronciicKHM h MiioiiencKHM cejiHMeHTHMa, h ByjikaHCKHM
CTeHaMa. ByjiKaHCKe CTeHe npnnajiajy Jleii,KOM aHjje3BHTCKOM KOMnjieKcy. OBaj KOMn-
JieKC npej(cTaBJi,a ocTaTKe orpoMHor najieocTpaTO-ByjiKaHa, y KOMe cy 06pa30BaHe rpn
BeJiHKe Kaji~epe. ByjiKaHCKa aKTHBHOCT Tpajajia je 03 ropiter ojiHror(eHa na jjo KBap-
Tapa. CBe to BpeMe BpmeHH cy h3Jihbh anjje3HTCKiix jiaBa, npaheHH bcjiiikom kojih'ih-
hom nHpoKJiacTHTa. Y HajMJia”oj cj)a3H ByjiKaHCKe aKTHBHOCTH yHyTap Kajijjepa, 6njia je
HHTeH3HBHa XHjipoTcpMajiHa aKTHBHOCT y Kojoj cy Kao noce6an (f)eiioMen cTBopene
"KBapniio-6pe'iacTe™ 30He j(y>Kime h jio 12 kni ca KBapn;oM, KadlinejionoM, ciijiepirroM,
xeMaTHTOM h cyjic|)Hj?HMa Pb, Zn, Cu h Fe.

aOCANAUIIBH PE3y.lITATH HCTPA>KHBA1BA
reoTepMajiHH H3BopH y KypmyMJiHjcKoj 6aH,ii 6hjih cy no3H3TH h KopnmheHH vy

Cpej”"H,eM BeKy. CaBpeMeHH pa3Boj 6aH,e noHHH,e 1930. rojpme. Me~yTHM, npBa HCTpa-
scHBaita noHHH>y TeK 1957. rojpHe.
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Cji. 1. reorpa(})CKH h re0TeKTOHCKH nojioacaj (A); TeojiomKa KapTa iunpe okojihhc (B); reojiouiKa KapTa y*e
oKoliHHe KypiuyMJiHjcKe 6afte (U,). (1-KpHCTalJiacTH uiKpHJbijH; 2-A nc)hbojihth; 3-"Hja6a3H (J3);
4—0O Jhojihtckh MejiaH* (J3); 5-llapa(J)jiHiu geHTpajiHor BapjiapcKor Tpora (Ki); 6-Kap6oHaTHo-
—apeHHTCKa h MaprHHajiHa jejiHHHua; 7-Typ6HffHTCKa (JjaiiHja (K2 ); 8-ByjiKaHCKO-cejiHMeHTHa cepnja
(013); 9-1IHpoKJiacTHTH; 10-AHjie3HTH; H-1l]JjbyHaK h necaK (Pl); 12-AnyBHOH; 13-XH(ip0TepMajiHO
H3Men.eHH rHajceBH; 14-30Ha gn<})y3Hor HCTHgaH>a TepMajiHHx Boga; 15-HeKajiauiH>H TepManHH H3Bop).

Fig. 1. Geographic and Geotectonic map (A); Regional geological map (B); Geologic map of the KurSum-
lijska Banja (C). (1-Crystalline schists; 2-Amphibolites; 3-Diabase (J3); 4-Ophiolitic melange (J3);
4-Paraflysch (Kj); 6-Carbonate-arenitic and marginal units; 7-Turbidity facies (K23); 8-Volca-
nogenic-sedimentary series (013); 9-Pyroclastics; 10-Andesite; 11-Gravel, sand (Pl); 12-Alluvium;
13-Paleothermal springs; 14-Thermal water diffuse discharge zone; 15-Thermal spring)
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TeoTcpMajiHe nojaBe

TepMaldiHe bo/(c ca C02h H2S racoBHMa HCTHHajie cy KonneinpHcaiio y bhjiv Tep-
MaJIHHX H3BOpa H fIH(fly3HO y pe’IHO KOpHTO BalBCKC peke. TepMaJIHH H3BOpH cy ce
Hajia3Hjm Ha /(eciioj CTpaHH ajiyBHjajiHe paBHH (cji. 1u). riocTojajia cy /iua TepMadiHa
H3Bopa, "1"h "2" (cji. 2) ca TeMnepaTypoM oko 47 °C, yKynne H3/(aiiiHocTH 0,5 kg/s h ca
calip>KajeM 0,55 gr/kg cJiofx)/pior C02 (Nenadovi¢, 1936). Ms/tanniocT o6a H3Bopa ce
CMaibHJia 1974. ro/(Hiie nocjie H3pal/(e 6yiuoTHHa B-1 h B-2, a npecyuiHJiH cy 1987.
ro/iHHe nocjie H3pa~e 6ynapa MEBKB-1.

Cji. 2. llojioacaj Hcrpa>KiiHX 6yuioraHa, CKCnji()aTanHOHHX 6yHapa h HCKa;iauni>HX H3Bopa TepMajiHHX Boga Yy
KypuiyMJiHjcKoj 6aH>H (1. HeKa;iauin,H H3BopH; 2. HcrpaacHa 6ymoTHHa; 3. cKciuioaTanHonn 6yHap).

Fig 2. Location of boieholes, production wells, and paleo themial springs at KuiSumlijska Banja (1. Paleospring;
2. Exploratoiy borehole; 3. Production well).

Mc rimaihc TepMajiHHX EO/ia y pe'iiio KopHTO BaiBCKC peKe ce BpniHJio y je/jnoj 30-
hh /iy>KHHe oko 100 m, TaKO /ia je TeMnepaTypa pe'ine bo/(c y JicTiheM nepno/(y H3HO-
CHlia 33 °C. TeMnepaTypa TepMajme bo/ic y 30HH flHcJjy3Hor HC-raiiaH>a y pciHOM KopHTy
H3Ha/i HHBoa pe'iiic Bolje je H3HOCHJia o/( 30-62 °C. Y to BpeMe TeMnepaTypa TepMajiHHX
no//a'y ajiyBHjaliHOM HaHocy Ban,cKe peKe H3HocHJia je ofl 45-55 °C Ha /jy(HiiH 0/12-3 m

(Nenadovié, 1936).

Hh3boljho ofl 30He ca nojaBaMa HCTHii;aii>a TepMajiHHX Bolja, po 1974. ror/Hiie, ca
flecne cTpaHe aliyBHjajiHe paBHH KOHCTaTOBaHe cy /ibc nojaBe XH//poTepMajnio ajire-
pncaHHX niajceiia, Tj. /(bc iiajieoxHflporeoTepMajiHe nojaBe (najieo H3Bop) Ha KojiiMa ce
iieKa/i BpmHJio HCTHnan>e TepMajiHHX BO/ia.
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TepMajrae anoMa.mjc

ripBa reoTepMalJiHa HCTpa»CHBaiba y KypinyMJiiijcKoj SaibH H3BeneHa cy 1957. ro-
jprae. Ta”a cy H3BpmeHa Mepeiba TeMnepaType y ajiyBHjajiHOM Hanocy BaibCKe peKe Ha
jlvOnhiih ojj 1,5 m h yTBpi)eHo npncycTBO TeMnepaTypHe aiioMajmje (M ladenovié, 1957).
06jihk OBe aHOMalinje je noKa3ao jja TepMaliHe BOj"e HCTHHy H3 "pacejjHe 30He" y peHHH
HaHoc h Kpo3 H>era ce iipoGiijajv Jio HOBpmHHe Tepena h pcMiior KopiiTa (cji. 3).

BKB-i BKB-2 B-4 BKB-1

Cji. 3 . reojiouikH npo<})HH TepeHa KypmyMJiHjcKe 6aH>e ( - npeKaM6pHjyMCKH rHajceBH; 2 . jtnjas a3-po>KHaMKa
(HopMaiiHja: RiIHHHH h po>kHagH ca HHKJiy3HjaMa Kpe~H.aKa (J3); 3. 3Hjas a3 (J3); 4. neumapH, jianopijH h
KpetHtauH (Kt 2); 5. jaKO anTepncaH aH"e3HT (Ng); 6. ajiyBHjoH) -

Fig. 3. Geological crossection at KurSumlijska Banja (1. Precambrian gneisses; 2. Diabase-chert formation;
3. Diabase; 4. Sandstone, marlstone and limestone; 5. Andesite; 6. Alluvion)

HcTpa>Kne 6yuioTHiie

llpBe HCTpaxHe 6ymoTHHe Y KypmyMnnjcKoj 6an>ii H36ymeHe cy 1963. rojniiie. H36y-
40 m y FHajceBHMa. Obhm 6ymoTHiiaMa je KOHCTaTOBaHO jia miipHHa 30He ji[i(})y3Hoi nc’rn-
paiba y pe‘inn HaHoc h3hoch oko 100 m (Veseli¢, 1963). TeMnepaTypa TepMaliHiix nojia
npn caMOH3JiHBy H3 HeKiix 0~ obhx 6ymoTHHa H3iiocHJia je oji 16-53° C.

JejianaecT rojimia nocjie npBHX 6ymeiba HacTaBJbeHa cy ncripa>KiiBaii,a Ca jiy6j[,nM
6ymoTHHaMa. Y TOKy 1974. rojiniie H36ymeHO0 je 5 iicTpa>KiiHX 6ymoTHHa: B -1, B-2,
B-3, B-4 h B-5 (cji. 2). HajnJinha 6ymoTiina 6njia je B-2 h HMaJia je ny6HHy 0jj 75,7 m,
a Hajj*y6jba je 6nJia 6ymoTima B-3 ca jjysHHOM 0" 219,6 m (Veseli¢, 1975). H 3pajjoM
obhx 6ymoTHHa je jjOKa3aHO jja ce HCTHii;aibe TepMaJiHHX nojia y ajiyBHjajiHH HaHoc BpmH
H3 iberoBe noj(jiore 03 cTena Kpejine cTapocTH h H3 XHiipoTepMajiiio BeoMa H3MeibeHe
cpejin.e KHcejie ByjikaHCKe CTeHe (Cji. 3. h 4.). HajBehe Kouiii'iHiie caMonsjiiiBa TepMadJi-
hhx Bojia jio6iijeHe cy H3 6ymoTHHa B-1 h B-2 y yKyimoj kojihhiihh oji 12,7 kg/'s ca
TeMnepaTypoM 0jj 61 °C, ojtiiocho 62 °C. nocjie H3pajie 6ymorHHe B-2 H3Bop "1" ca
jiecne cTpaHe ajiyBHjajiHe paBHH (Cji. 2), ’inia je TeMnepaTypa 6hjui 39,7 °C, je npecy-
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uiho. Flocjie H3pa/(e obhx 6ymoTHHa eKcnjioaTannja je no'icjia ca 6yuioTHHaMa B-1 h
B-2 h BpuiHJio ce flo 1985. roflHHe, y kojihhhhh of/i 12 kg/s ca T=62-64 °C. ApTecKH
npHTHcaK je h3HQcho 1,2 bar-a.

al -60 -

Oi. 4. ;JHCTpH6yuHja TeMnepaType y TepeHy KypuiyMJiHjcKe 6aH>e npe no'ieTKa eKcn;ioaTaunje TepMaliHHX
Bo™a (1974.) (1. rHajc; 2. creHe aHja6a3-po*na'iKe cljopMaiinje; 3. ;jHja6a3H, 4. neuiiapH. jianopiiH h Kpci-
Pbaim; 5. an"eSHT aliTepncaH h BeoMa nopo3aH; 6. ajiyBHjoH; 7, npaBau KpeTaaa TepMajiHHX bojui; 8. H3o-
TepMe)

Fig. 4. Temperature distribution in KurSumlijska Banja area before the thermal water production (1974),
(1, 2, 3, 4,5 and 6 same as Fig. 3; 7. Thermal water flow direction; 8. isotherms)

riouiTO KOjiHHHHa TepMaJiHe BOfle H3 6yuioTHiia B-1 h B-2 HHje 6njia floBOJbHa 3a
pa/i hobof 6ajiHeoTepaneyTCKor iieHTpa h xoTejia, to je 1985. roflHHe H3pal)eH lipBH
HCTpa)KHO0eKcnjioaTaHHOHH 6yHap MEB-2 nopeji 6yuioTHHe B-2 j(y6iiHe 70 m (Cub-
rakovié¢, 1986). CaMOH3JiHB H3 itera K3hocho je 8 kg/s. TecrapaifceM oBor 6yHapa
KOHCTaTOBaHO je jja ce nyMnaiteM MO*e eKciuioaTHcaTH 18 Kg/s TepMajiHe Bofle ca T=64 °C
npn cHH>KeH>y HHBoa Bojje y 6yHapy oji 28 M. MetjVvTHM, Y TOKy npBe rojiHHe TaKBe eKc-
iuioaTaiinje jiouuio je jjo nocTeneHor onajjaiba HsjiainiiocTH TaKO j<a je nocjie 12 mccchh oHa
H3HOCHIJia 10 kg/s. HCTOBpeMeno ce Bpunuio h cMaii>en,e TeMnepaType TepMajiHe Bojje Tako
Jiaje OHa najia Ha 15-20 °C. 360r Tora je 3arpeBau>e xoTejia nocTajio HeH3BecHO.

HcTpa>KHBau>a ca hobom KOHU,eniiHjOM nonejia cy 1987. rojpHe (Peri¢ i dr.,
1987). Y TOKy thx ncipa>KHBaii>a inpatjene cy 4 HCTpa>KHe 6yuioTHHe: BKB-1, BKB-2,
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EKE-3 h EKE-4, h jeflan eKciuioaTaipioHH 6yHap MEEKE-1 /ivfiHiie 180 m nopeji hc-
Tpaxciie symoTHHe EKE-2 (cji. 2). M'ipajiOM obhx 6ymoTHHa jjecfinHiican je reojionnai npo-
chui TepeHa (cji. 4). floKa”ano je ;ia ce TpaH3HT TepMaJiHiix Bojja jio aJiyBHjajmor HaHoca
BpiiiH Kpo3 BeoMa nopo3Hy >Kimy aimcsirra (cji. 3). Y TOKy 6ymeH>a y anjiesn'iv cy perncipo-
BaHe KaBepne h iy 6nnii nciuiaKke. Ha 0CHO By KapoTa>KHHX MepeH>a KOHCTaTOBaHO je jia npo-
cc'iHa nOpO3HOCT ajiTepHcaHHX anjie3ii'ra H3HOCH 15-20%. M3 6yHapa HEEKE-1 Beh 5
i'ojniHa ce npnn TepMajiHa Bojia nyMnoM Ha raaBH 6yHapa ca BepTHKajiHOM ocobhhom y kojih-
hhhh oji 20 kg/s, ca TeMnepaTypoM oji 68 °C h ciiii>KeH,eM HHBoay 6yHapy oji 19 m.

Xnjiporeo repMajiHC ajiTepaunje

Y CBHM 1iSBejieilHM HCTpa*HHM 6ymOTHHaMa KOHCTaTOBaHH cy XHJipOTepMaJlHH all-
TepaHHOHH MHHepaliH. Y 6ymoTHHaMa C-3 h C-5 npncvTiia cy naroMHJiaBan.a nnpiria y
rjiHHH Ha j(v6hhh oji 8,0 m, o/ihocho 7,2 m. Y 6ymoTHHH E-1 vy aliyBHjaJiHHM cejiH-
MeHTHMa Ha Jiyénnn 0ji 3-37,2 m npncyTiie cy nojaBe MapKacHTa h KBapnHe >KHHe, 0ji
60.0- 69,7 m y KpejimiM cejiiiMeirniMa KBapnne >Kime, h y raajceBHMa y HHTepBajiy oji
90.0- 95,4 m KBapnHe »cnne, h xajiKomipHT y HHTepBajiy oji 120,0- 123,0 m. KBapime
*HHe cy KOHCTaTOBaHe y 6ymoraiiH E-2 y KpejiiiHM ccjjHMenTiiMa y HHTepBajiy oji
E-3 y HHTepBajiy oji 71,0- 88,8 m npncyTHe cy KBapHHe >KHiie. Y 6ymoTHHH EKE-2 y
HHTepBaldiy jjy6Hiie oj( 112,0-172,0 m Kpejinii cc/[HMeirni cy hhtch3hbho nHpiiTHcaHH.
riopen obhx rjiaBHHX Mimepadia KOHCTaTOBaHO je npncycTBO 6apHTa, KajiHHTa, MapKa-
cHTa, JIHMOHHTa h onajia. Ilapo'iiiTo cy KapaKTepnc'rn'iiie Kiiapnnc >hhc, jep cy BeoMa
nopo3He h KaBepHO3He.

llpnpofliio cTaibc TonlJie h \Jiaflne injaiin h
VTiinaj npHJiHBa \jiajinn\ eojia na eKtiuioaTauiijv

npnpofliio TeMnepaTypHO iiojbc y nojipv'ijv KypmyMjmjcKe 6aH>e nocTojaldio je ;io
1963. rojjHHe, ij. jio H3pajie hjihtkhx 6ymoTHHa Jiy6ime 3,5- 6,0 m. YKynHa H3jiamHocT
caMOH3JiHBa H3 obhx 6ymoTHHa H3HOCHJia je 6 kg/s. To je jiobcjio jio cMaii>cii>a Kojin'iniie
TepMaJiHHX Bona y alJiyBHOHy EamcKe peKe. JI,OKa3 3a to je onajiaifce TeMnepaType
TepMajiHHX H3Bopa "1 " H "2" (cji.2.) y nepnojiy oji 1963. flo 1974. rojiHHe ca 47.3 °C Ha
39,7 °C. llocjie epynHHje TepMajme Bojie H3 6ymoTHiie E -2, Koja je H36ymeHa 1974.
rojiHiie, H3jiamHocT TepMalJiHHX H3Bopa "1" h "2" ce 6htho CMaihiuia. To siia'in jia je
360r flynjio Behe H3jiamHOCTH hobhx 6ymoTHHa (E -1 h E -2) y o/iHocy Ha npe'ncojme
6ymoTHHe, flouuio no cHH»:eH>a HHBoa TepMalJiHHX Bofla y aJiyBHjaJiHOM HaHocy, a ca
THMe h j(o npoMeHe TeMnepaTypHor iiojba y H>eMy. PeKOHCTpyKHHja Tajiamiber cmran,a
Jliicrpnéyunje TeMnepaType y TepeHy jiaTa je Ha cjihhh 4.

Ilocjie H3pajie eKcnjioaTaHHOHor 6yHapa HEE-2 1985. rojiHHe noHOBO ce jiynjiH-
pajy KOJiHHHHe TepMajiHHX Bojia Koje ce iipne y ojiHocy Ha npersojiHH nepnoji. HajBe-
poBaTHHje ca obhm 6yHapoM je 6njia 3axBaheHa cBa KOJiHHHHa TepMajme Bojie Koja je
HCTHHaldia H3 anj(e3BHTCKe »ciine y alJiyBHOii. To je jiobcjio jio noBeheiia yTHHaja xjiajiHHX
Bojia y aJiyBHOHYy, rjie cy paHHje 6HJie iipiicyTiie TepMajiHe boj(c TaKO jia cy iipecyiiiiuin
TepMajiHH H3BopH "1" n "2 " HocJie 2 rojiHHe eKcnjioaTaHHje TeMnepaTypa Bojiey 6yHa-
py HEE-2 H3HocHJiaje 0ji 15-20 °C.

H3pajiOM 6yHapa HEEKE-1 npece’ieH h>hxob TpaH3HT Kpo3 an/iesHTCKV >Kiiny na Behoj
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/iyénnn. 360r Tora BeoMa Majia KQJiHHHHa TepMalJiHe BOfle HCTH'ie H3 H.e y ajiyBHOH.
Caj[auiii,e craite jincTpnéynnje TeMnepaType y Tepeny jjara je Ha cjihhh 5. W'i 6yHapa
MEBKB-1 ce npaKTH'iiU) neiipeKHj(iio oji 1987. rojimic npim 20 kg/s TepMajiHe Bojie ca
TeMiiepai”™poM ojj 68 °C.

BKB-3 BKB-; BKB-2 B-i BKB-1

Cji. 5. Cajiainihc craiLc jHcrpnfivmijc TeMnepaType y TepeHy KypuiyM;iHjcKe 6aihe (jiereHaa Kao Ha cn. 3 h 4).
Fig. 5. Present temperature distribution at KurSumlijska Banja (Legend as Fig. 3, 4)

lloihto je joui Heno3HaT jihtojioihkh cacTaB h Jiyémia pe3epBoapa xnjiporeoTcp-
MajiHor CHCTeMa KypiuyMJiHjcKe 6an>e, to je joui Heno3HaTo nopeKJio reoTepMaliHor
cDjivHjia. Y tom norjiej(y oBjje ce npHKa3yjy HeKe ocHOBHe xnnoTe3e, Ha ocnoBy xeMHj-
OKHX H H3oTonCcKHX HCIIHTHBall.a KOje Tpe6a npOHIHpHTH 6yjiyhlIM CIIHIHHM HCnHTHBa-
H-HVEa

Pa3yjiTaTH xcmhjckhx aHajiH3a TepMaJiHHX Bojia h HeTepMajiHHX Bojia KypmyMJiHj-
cKe 6aH>e npHKa3aHH cy y Tab6ejiH 1.

CBe HenHTHBaHe nojaBe TepMajiHHX Bojta HMajy bhcok cajip»caj HC03, Na, Mg, F, B,
Li h Si02 h BHCOKy MHiiepajiinaii,Hjy. HacynpoT H>HMa HeTepMajiHe Tj. xjiaj(iie Bojie y
ajiyBHOHy Baircke peKe (isan 30He HCTHH,aH>a TepMaJiHHX Boj(a) HMajy 3-4 nyTa MaH>y
MHiiepajiH3aunjy, a cajjp>Kaj ocTajinx KOMnoHeHTH je HopMajiaH 3a iiojiscm hc Bojie y ajiy-
BHjaJiHHM KOJieKTOpHMa. Ms npHK33aHHX nojiaTaKa y bojih H3 HeKHX 6ymoTHHa 3anaxajy
Boj(a y aJiyBHOHy Ban.cKe peKe. Oj( cbhx npHKa3aHHX aHaliH3a mh cmo HHTepnpeTHpajiH
jiiojtaTKe xeMHjcKor cacTaBa TepMaldiHe bojic H3 6yHapa HEBKB-1, 3aTo mro 3a 6 rojjii-
Ha H>eroBe np0H3BOflH>e HHje 6hjio npoMeHa H3jjamHocTH @ j~oihjio je h jio nopacTa TeM-
nepaType.
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PaBHOTOKa Mimepajia TepMa;uiH\ Bojja

~y*HHa nyTa kojhm ce TepMalJiHe bo/(c Kpehy ojt Heno3HaTor noxipyija npHxpaH>H-
Bau>a pe3epBoapa, h Kpo3 Heno3HaTH pe3epBoap flo 30iie HCTHu,au>a Yy KypuiyMJiHjcKoj
6an>H je cnrypHO BelJiHKa. TaKotje je h BpeMe Tor KpeiaH.a jiyro Tj. oho h3hoch BHiue oji
20.000 roj(Hiia. ilpn TOMe ce Bpuie cjumene xeMiijcKe peaKijHje H3Meljy Bojie h BeoMa
pa3JiHHHTHX Mimepajia. 360r Tora CTeneH 3acHheu>a mo>kc cjiy>KHTH 3a nponenv paB-
HOTOKHOI’ cTaita 3a CBaKH MHHepaji Ha pasjiH'iiriHM TeMiicpa'rypaMa. Ha 0CHOBy h>hxo-
bhx KapaKTepHCTHHHHX jjnjai paMa log(Q/K)=f(T) rjie je Q H3pa'jynaTa joHCKa aKTHBHOCT
poreoTepMajiHe TeMiiepaType Ha KojHMa nojcjimiH MHHepaliii Kojn ce KopiicTe Kao
XHJip0re0TepMOMeTpH jioc'rn>Ky JiHimjy paBHOTOKc. 3a OBa H3pa'iynaBai{,a KopnmheH je
WATCH nporpaM (Arnorsson et al., 1982). no obom nporpaMy H3palyHaBaH>e paB-
noTe*Hor cTaita MO>Ke ce H3BpiuiiTH 3a 31 MHHepaji. M h cmo npHKa3ajiH caMO KpHBe 3a
19 MHHepaldia jja 6h jinjarpaMH 6hjih jacimjH (cji. 6). npopanyii paBHOTOKe MHHepajia ca
bojiom H3BpuiHJiH cmo Ha 5 TeMnepaTypa: H3MepeHa TeMnepaTypa y 6ynapy HEBKB-1,
cpaHViiaTe TeMnepaType 3a Kajin,ejioH h KBapu, Kao h Na/K h Na-K-Ca TeMiiepaType.

Ca juijarpaMa (cji. 6) ce bhjui jja 8 MHHepajia jlocTH>Ky Sl=log(Q/K)=0 y pacnoHy
TeMnepaType o0ji 100-116 °C rjje je h paBiioTOKHO craii,c Kajinejjona ca TonjioM bojiom
(116 °C), a Tpn Mimepajia jiocTHacy SI=0 y pacnoHy TeMnepaType 0ji 135-145 °C, rjie je h
paBHOTe>KHO cTaH>e KBapija (142 °C). Obo yKa3yje jia KaliiiejioH BepoBaTHO KOHTpojiiuue
paBHOTOKYV r})jiyHj(-cHJiHHHjyM jihokchji y pe3epBoapy. H3 TepMaliHe Bojie ce ojyia>KC
iinpiiT, NNPOTHH h MapKacHT. llpopa'iyiiH no nporpaMy WATCH Ha H3MepeHoj TeMnepa-
TypH yKa3yjy Ha cynepcaTypaHHjy obhx MHHepajia (cji. 6) iuto ce cjia>Ke ca H3MepeHHM
OKCHJIO-pej(yKHHOHHM CT3H>eM BQIIC H BHCOKHM C3J(p>KajeM paCTBOpeilHX CVJicjlHlla
(Eh=-200 mV; H25=2.12 mg/kg). Ha ocnoBy H30TOncKOr cacTaBa cyMiiopa y cyJKj)aTV H3
Bojje ifceroBo nopeKJio je iic6norciio.

H30TOIICKI! CaCTaB

Bojia xjiajiHor H3Bopa y ajiyBHjajiHHM cejjiiMeiiTHMa Bau>CKe peKe y KypmyMJinj-
cKoj Baii.n je H30TOncKH cjui'iiia najiaBHiiaMa. Cajipacaj KiiceoHHKa-18 h jieyTepnjvMa
obhx Bojja je Ha JiHiinjH MeTeopcKHX Bojja (Craig, 1961). TepMajma Bojia H3 6ymoTHHe
B-2 y cenTeM6py 1986. rojunie ce no H30TONcKOM cacTaBy snaTiio pa3JiHKOBajia o/i H30TOn-
CKor cacTaBa JioKajiHe xjia/iHe bo/ic y ajiyBHOHy BamcKe peKe (TaGejia 1). Tal/ia y repMajmoj
bo/ih HHje 6hjio TpHHHjyMa ( H). ro/nmy ,nana KacHHje, ycjieji Memaii>a TepMajiHe Bol/ie ca
xjiajjnoM bojjom, cajjp>Kaj TpiiHHjyMa y TepMajmoj bo/in je HBHOCHO 4.5 +/- 1.6 T.U. ay xjia/i-
Hoj bo/jh 23.1 +/- 1.7 T.U.

TepMadiHe bo/jc HMajy Majin ca/ip>Kaj 14C, caMO 4.5 +/- 0.5 (% mod), mTo HH/iHHHpa
jia cy BeoMa cTape. Cajipacaj H30TOna 13C y cjio6ojihom C02o0/i -5.21 (% nj],B), yKa3yje
npeMa Fournier (1981) h Blavoux et al. (1982) na meroBO MarMaTCKO nopeKJio.

r eoTepMOMeTpH

XHflpoxeMHjcKH reoTepMOMeipH ce HiiTeioHBiio KopncTe 3a OHeny TeMnepaTypHHX
KapaKTepncTHKa pe3epBoapa. Mh cmo xnjipoxeMHjcKe reoTepMOMeTpe npHMeHHJiH Ha
Bojiy H3 6yHapa HEBKB-1 (Ta6ejia 1), 3aTO iuto cy n,ena TeMnepaTypa h xeMHjcKH
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cacTaB CTafinJinn. Pe3yjiTaTH iipopa‘iyiia no Si02re0TepMOMeTpy h KaTjoHCKHM reoTep-
MOMeTpHMa cy npHKa3aiiH y TaSelJiH 2. HaKo je caflp*aj MarHe3HjyMa y bohh BejiHKH,
KopeKii,Hja Na-K-Ca reoTepMOMeTpa ce iinje Moraa H3BpuiHTH, jep je R>50. Obo yKa-
3yje jia ce TepMajiHe Bo/je o6orahyjy MarHe3HjyMOM nenocpe/uio npe ncTiiuan,a ycjieji
Mcmaita ca XJiajiiiHM BO/iaMa H3 cTeHa j(nja6a3-po>Kiia'iKe c~opMannje, Koje cy 6oraTe
MarHe3HjyMOM.

Tabejia 1. XeMHjcKH cacraB TepMajiHHX Bo.ia y KvpmvM.'iHjcKoj EaH H
Table 1. Chemical composition of thermal waters in KurSumlijska Banja.

llojaBa  JaTlyM Mhh. Canp>Kaj (Content) mg/kg
(H3BopKmSyHap) (roa.) T mglkg
Occurence Date (cc)y TDS Li Na K Ca Mg F Cl so4 HCOj SiO, HS B
(spring or well) (year) mg'kg

S1 1963 49 1938 - 740 52 29 - 42 44 209 50 14 -
S-8 1963 24 1230 - 465 2429 - 22 43 1323 - 56 -
S-10 1963 16 1020 - 184 68 22 - 6 21 679 20 0 -
S-1l 1963 53 2038 - 801 28 36 - 34 31 2254 72 11
H3BOP N°-|
(Spring N°-I) 1974 - 1824 - 683 30 49 - 28 14 2074 . - -
1982 397 2041 275 7134 46 30 33 37 35 20 2135 80 0.07 122
H3Bop N°-2
(Spring N°-2) 1975 51 1869 1.96 741 30 33 40 3B 22 2050 90 0.30 -
1982 514 2153 2.86 753 4 26 35 36 43 18 2226 100 Oo 143
B-1/74 1975 61 1917 122 749 24 49 45 3% 10 2135 100 02 -
B-2/74 1974 62 2665 213 713 34 26 33 20 28 14 2135 120 0.87 150
1981 622 2279 30 814 4 20 37 32 36 5 2403 100 0.75 171
1987 622 1876 23 614 40 30 37 41 25 10 1891 8 - 140
B-3/74 1975 48 2087 25 804 30 30 40 3B 5 2196 100 0.2
B-4/74 1975 53 1861 20 745 26 30 40 3B 5 2074 100 03 -
BKB-2/85 1985 66 2140 3.0 859 22 35 39 39 26 2357 120 0.75 144
BKB-2/87 1988 - 1810 - 683 40 37 - 39 3 2011 - 09 -
1987 50.7 2605 2.02 588 154 28 402 28 177 30 1800 725 - 85
IEBKB-1 1994 66 1725 - 621 3% 3% 365 20 25 5 1805 110 2.12 120
XjiaflHH H3BOp
(Cold Spring) 1987 11 500 0.04 152 12 74 244 022 142 28 329 123 . 07

H3panyHaTe TeMnepaType H3flaHCKHX BOjia npeKO reoTepMOMeTapa cy: a) Si02
(KajmejioH 116°C, Arnorsson (1975); KBapH 142°C, Fournier (1977), 6) Na-K (133°C,
Truesdell (1976); 162°C, Tonani (1980); 143°C, Arnorsson (1983); 172°C, Fournier
(1983); 160 °C, Nieva and Nieva (1987); 190°C, Gigenbach (1988); K-Mg (26 °C,
Gigenbach (1988); K-Li 106°C, Kharaka and Mariner (1988); Na-Li 92°C, Fouillac
and Michard (1981); Na-K-Ca 168°C, Fournier and Truesdell (1973).

CBe cpa”HaTe reoTepMOMeTapcKe TeMiiepaType cy Behe 0ji H3Mepene TeMiiepa-
Type TepMalJiHHX Bojia ¥ 6yHapy HEBKB-1 (T>68°C). IlomTo je HHTepBaji reoTepMO-
MeTapcKHX TeMnepaTypa (86-190°C) uinpoK, to cmo 3a ojipe~HBaii,e nporH03He mhhh-
MaliHe Moryhe TeMnepaType y pe3epBoapy Kopiic'rnjin KpHBe paBHOTe>Ke nojejpiHHX mh-
Hepajia 3a Bojiy H3 6ynapa HEBKB-1 (cji. 6). Mo>Ke ce 3aKJbyHHTH jia je KajmenoiicKH
reoTepMOMeTap najpeajiiinjn h Jia TeMnepaTypa Yy pe3epBoapy no ii,cmv H3HOCH 116°C.
KaTjoHCKH reoTepMOMeTpn: Na/K, Na-K-Ca h K/Li jiajy BepoBaTiio MaKCHMajuie
Moryhe TeMiiepaType Y Hajj;y6jbeM jiejiy pe3epBoapa, 0j; 135-190°C. HajBehy BpejiHocT
j:aje Na/K reoTepMOMeTap (Gigenbach, 1988). HajHH*y Na/K TeMiiepaTypy jjaje reo-



XnflporeoTepMajJHH cncreM KypmyMJinjcKe Batbe 535

TepMOMeTap Truesdell (1977) nh OHa je cjiH "Ha re0TepMOMeTapcKO0j TeMnepaTypH KBap-
Ha (142°C). OcTalJiH KaTjoHCKH reoTepMOMe'ipn ;rajy /iyiuio Maibe Bpej/iiocmi TeMiiepa-
Type, TaKo cy y obom cjiyHajy HepeajiiiH. Moxe ce saKJb"HHTH jja je TeMnepaTypa
TepMajiHHX Bo™ay pe3epBoapy HajBepoBaTimje 0o~ 116-142°C.

SE oz

80 100 120 140 160 T(°C)

15
10
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-10
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Cji. 6. KpHBe paBHOTOKe MHHepalia 3a Bojie H3 6yHapa HEBKE-1.
ad- AayliapHja; anh- Ahxhhpht; Mg-chl- Mg-XjiopHT; Ca-m- Ca-MOHMOpHOHHT; Na-m- Na-MOHMO-
pnoHHT; ph- riHpoTHT; al- Aji6ht; ca- KalJiUHT; fl- <I)JiyopHT; K-m- K-mohtmophohht; mu- MycKOBHT;
mr- MapKacHT; sil. am- CnjiHL(Hja aMop<J)Ha; ch- KaiigeHOH; M g-m- Mohtmophohht; q- KBapp; goe- Te-
tht; zo- 3ohcht; mi- Mhupokjihh; aH- AHaliiiHM.

Fig. 6. Mineral equilibrium curves for water from well IEBKB-1.
ad- Adularia; anh- Anhydrite; Mg-chl- Mg-Chlorite; Ca-m- Ca-Montmor.; Na-m- Na-Montmor.;
ph- Pyrrhotite; al- Albite; ca- Calcite; fl- Fluorite; K-m- K-montmor.; mu- Muscovite; mr- Mar-
casite; sil. am- Sil-amorph.; ch- Chalcedony; Mg-m- Montmor.; q- Quartz; goe- Goethite; zo- Zoisite;
mi- Microcline; an~ Analcime.

KoimeiiTpaiiHja cnJinnnjvMa je Beha 03 o'ieKHBaiie 3a 3acnhen>c cHJiHii,HjyMCKHM
MHHepaJiHMa (ochm 3a aMopcJ)Hy CHJiHH,Hjy) Ha TeMnepaTypn y30pK0Ban.a h cyrepHiue
paBHOTe>Ky Ha bhuihm TeMnepaTypaMa, jiyf>Ji>e y pe3epBoapy.

M3paliyHaBaH>a Ha 0CHOBy MOfleJia M euiaiba 6a3HpaHa Ha 3aciiheH>y Kajme~oHa yKa-

3yjy Ha cpejjH>y TeMnepaTypy 03 185 °C.



536 M. CHMHh, M. Mn.'iHBojeBnh. M. MapTHHOBHh h n. riannh
3AKJIbYHAK

JlaHaniHjHM reoTepMaJiHHM Hcrpa>KHBaH>HMa yTBpt)eno je fla ce KpeTaite TepMaldi-
hhx Bojia BpniH Kpo3 anflIC'iHTCKH flajK. OBaj /jajK npeflcTaBJba caMo rpaH3HTHy 30Hy
KpeTan»a TepMajiHHX BOfla o/i Heno3HaTor pe3epBoapa /(o aliyBHOHa BaibCKe peKe.
KojiH'iHiia TepMajiHHX Bo/;a, Koje ce Kpehy Kpo3 an/iesHTCKii /iajk h3hoch 0/i 20-25 kg/s.
TeMnepaTypa TepMalJiHHX BOfla y pe3epBoapy npeMa KaTjoHCKHM h Si02-re0TepMO-
MeTpHMa je HajBepoBaTHHje o/i 110-140 °C. Pe3epBoap HajBepoBaTHHje npe//CTaBJbajy
KBapHHTH h cHjrac}}HKOBaHH MepMepH floiBci® KOMnjieKca CpiicKO-MaKe/ioiicKe Mace y
iio/ipy'ijy Kadiflepe JleHKor aii/iesirrcKor ByjiKanorenor KOMnJieKca HeoreHe cTapocra.
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THE HYDROGEOTHERMAL SYSTEM
OF THE KURSUMLIJSKA BANJA (SERBIA)

by
Mihajlo Simi¢ , Mihailo Milivojevi¢ |,
Mica Martinovi¢ and Petar Papic

The Hydrogeothermal system of the KurSumlijska Banja is located at the southem part of Serbia on
the edge of the greatest neogene paleovolcanic andesite complex in the Balkan peninsula. Four great pa-
leovolcanic calderas are present in this complex. The diameter of the greatest caldera is approximately 30
km. Metamorphic rocks of the lower complex of the Serbian—Macedonian Massif are in the bedrock of
the caldera. Thermal waters of the KurSumlijska Banja are of the hydrocarbonate-sodium type, rich in
Si02 and C02 gas. The geothermal investigations started in 1974. The present temperature of thermal wa-
ter from the well is 68 °C. On basis of hydrogeothermometry the expected reservoir temperature is
110-140 °C. Themial waters are utilized in balneologica] purposes and space heating by heat exchanger.

Key words: geothermal energy, hydrogeothermal system, thermomineral spring, hydrogeothermometar,
utilization of geothemial energy.

INTRODUCTION

KurSumlijska Banja is situated in the south of Serbia (Fig. la). some 8 km south of
the town of KurSumlija (Fig. Ib), on the eastem margin of the Kopaonik mountain. This
mountain massif is the largest in Serbia. with length of 150 km and altitude 2100 m.

Natural thermal springs of KurSumlijska Banja have long been known and are attrac-
tive for being near the Kopaonik National Park. Without any industry in its proximity.
this is an area of unpolluted natural enviroment. The results of explorations for surfaee
and underground thermal water manifestations in KurSumlijska Banja are presented in this
paper. The explorations began in 1957, but were discontinuous, with longer or shorter
breaks. The best results were obtained in the last exploration interval, 1987-1989. Based
on the discovered sources, a large, modem medical and resort centre, a hotel was built in
KurSumlijska Banja where thermal water is used for balneotherapeutic and recrealional
purposes. and for space heating.

University of Belgrade, Faculty of Mining and Geology, Djusina 7, Belgrade.
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REGIONAL GEOLOGIC SETTING

The hydrogeothermal system of KurSumlijska Banja is developed in the transitional
zone between the two largest geotectonie units of Balkan peninsula: the Dinarides and the
Serbian-Maeedonian Massif (SMM) (Fig. 1a). This tectonic zone is referred to in the na-
tional geologic literature as the Vardar zone. It is extending from Belgrade in the north to
Skoplje and further southward. The Vardar zone is the subduction area of the Dinarides
under the Serbian-Macedonian Massif vvhich was aetive in the Upper Jurassic and the
early Lower Cretaceous.

The oldest rocks in KurSumlijska Banja environs (Fig. Ib) are Precambrian, the
lower crystalline schist complex of the Serbian-Macedonian Massif. These were eugeo-
synclinal psammitic and pelitic sediments with basic roek flows metamorphosed to the
gamet-amphibolite facies: gneisses, leptynolites, micaceous sehists, amphibolites, quartz-
ites, migmatites and pegmatites.

The crystalline core of SMM is separated from the Vardar zone Mesozoik complex
by the longitudinal Merdar dislocation (Figs. Ib and Ic). Upper Jurassic and Lower Cre-
taceous rocks west of the dislocation belong to the central Vardar trough (Fig. Ib). In the
I'pper Jurassic, during the subduction of the Dinarid oceanic crust plate under the conti-
nental SMM plate, a diabase-chert formation (DCF) formed from olistostrome melange in
the Vardar trough. The melange groundmass consists of siltstones emplacing blocks of
silicifled limestones, graywackes, cherts, and diabases. DCF in the old trough is overlain
with Lower Cretaceous sediments (Fig. Ib) which have the largest extent and are divided
into five units: basal breccias, microconglomerate-arenite, silty limestones, arenaceous
siltstone. and arenaceous limestones sets of strata, and a 3marginal unit with olistostrome
and limestone-clastic facies (KI;2). Upper Cretaceous (K2) sediments are represented by
flysch. Tertiary rocks are represented by Oligocene and Miocene sediments, and volcanic
rocks. The latter are part of the Lece andesite complex, which is the remnant of a very
large paleostratavolcano, in which three big calderas have formed. The volcanic activity
lasted from the Upper Oligocene to the Quatemary, with ejection of andesite lava and
large amounts of pyroclastics. A marked hydrothermal activity occurred in the latest phase
of the volcanic activity in calderas, resulting specifically in “quartz-breccia” zones up to
12 km long. which contain quartz, chalcedony, siderite, hematite, PbS, ZnS, CuS and
FeS.

EXPLORATION

Geothemial springs of KurSumlijska Banja were known and used in the Middle Age. A
modem development of tlie spa began in 1930, whereas the explorations started only in 1957.

Cicothermal Surface Manifestations

Thermal water with C02 and H2S gases was discharged in concentration springflows
or diffused flows into the Banjska Reka bed. Themial springs were located on the right
side of the alluvial plain (Fig. 1C). There were two springs, "1" and "2" (Fig. 2) of about
47 °C water temperature, total flow rate 0.5 kg/s, and free C02 content of 0.55 g/kg
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(Nenadovi¢, 1936). The flow rates of both springs decreased in 1974 when two boreholes
were drilled, B-1 and B-2, and dried up in 1987 when well IEBKB-1 was completed.

Thermal water flow into Banjska Reka along a zone 100 m long and heated the
river water to 33 °C in summer time. Thermal water temperature in the diffuse discharge
zone above the river level was 30° to 62 °C. The thermal water temperature measured in
the alluvial deposil of the Banjska Reka was 45-55 °C at the depth of 2-3 m
(Nenadovié, 1936).

Downstream of the thermal discharge zone, on the right side of the alluvial plain.
two occurrences were noted of altered gneisses, or two paleo hydrogeothermal occurren-
ces (paleosprings), Fig. lc.

Thermal Anomaly

Initial geothermal exploration in KurSumlijska Banja dates back to 1957, when tem-
perature was measured 1.5 m deep in the Banjska Reka alluvial deposit and a temperature
anomaly was detected (Mladenovi¢. 1957). The shape of the anomaly indicated Ilhe
thermal water flow from a fault zone into the alluvial deposit and tlirough it upvvard to
the surface and to the river bed (Fig. 4).

Exploratory Wells

Exploratory lioles were first drilled in KurSumlijska Banja in 1963. There were ten shal-
low holes from 3.5 m to 6.0 m deep in the alluvion and one 40 m deep in gneisses. These
holes indicated the width of the diffuse discharge zone into the alluvial deposit about 100 m
long. Water temperature in some of these flowing wells was between 16° and 53 °C.

The exploration was resumed in deeper boreholes eleven years later. Five test wells:
B-I, B-2, B-3, B-4, B-5 (Fig. 2) were drilled in 1974. Tlie shallowest well, B-2, was
75.7 m deep, and the deepest, B-3, was 219.6 m (Veseli¢, 1975). Drilling data proved
that thermal water was flowing into the alluvial deposit from the underlying Cretaceous rocks
and from the hydrothermally much altered medium acid volcanic rock (Figs. 3 and 4). The
highest flow rates of a total of 12.7 kg/s were at B-1 and B-2, and respective water tempera-
tures were 61° and 62 °C. Spring "1" on the right side of the alluvial plain (Fig. 2), with vvater
temperature of 39.7 °C, dried up when B-2 was developed. Upon the completion of drilling.
wells B-1 and B-2 were used until 1985 at a rate of 12 kg/s, and the wellhead water tempe-
rature was 62-64 °C. The dynamic wellhead pressure was 1.2 bars.

As the thermal water production from B-1 and B-2 was inadequate for the new balneo-
logical centre and the hotel, an exploratory production well, IEB-2 was drilled, 70 m deep.
near B-2 in 1985 (Cubrakovié¢, 1986). The flowing well produced water at 8 kg/s. A
well test indicated the prospective production of 18 kg/s of themial water of 64 °C with a
drawdown of 28 m. Hovvever, the yield decreased in the first year to fO kg/s. The water
temperature also decreased to 15-20 °C, inadequate for the space heating purpose.

A new exploratory scheme wvas put in operation in 1987 (Peri¢ et al., 1987). Four
exploratory holes were drilled: BKB-1, BKB-2, BKB-3 and BKB-4, and a production
well IEBKB-1. 180 m deep. near hole BKB-2 (Fig. 2). The drilling data defmed the lo-
cal geology (Fig. 3) and indicated that thermal water flow to alluvial deposit through a
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highly porous andesite vein (Fig. 4). While drilling through andesite, cavems were pene-
trated and mud loss registrated. According to well logs, the average porosity of altered
andesites was 15-20 %. Well IEBKB-1 has been pumped five years by a wellhead line
shaft pump at a rate of 20 kg/s. the drawdown was 19 m and water temperature 68 °C.

Hydrothermal Altcrations

Hydrothermally altered minerals were found in each borehole.

Pyrite accumulations in clay were 8.0 m and 7.2 m deep in boreholes S-3 and S-5,
respectively. Marcasite and quartz veins were penetrated at depths from 3 m to 37.2 m,
quartz veins in Cretaceous sediments from 60 m to 69.7 m and in gneisses from 90 m to
95.4 m. and chalcopyrite from 120 m to 123 m in hole B -I. Quartz veins vvere found in
B-2 in Cretaceous sediment from 36.8 to 50 m. and pyritisation in alluvial deposits to a
depth of 32 m. Quartz veins in  B-3 were penetrated from 71 m to88.8 m. Cretaceous
sediments from 112 m to 172 m in BKB-2 were highly pyritised.

Besides these minerals, there were occurrences of baryte, calcite, marcasite, limonite,
and opal. Typical were quartz and chalcedony veins for their porosity and cavemosity.

EFFECTS OF COLD-WATER RECILVRGE ON PRODLCTION

A natura! temperature field existed in KurSumlijska Banja area until 1963, when
shallovv (3.5 to 6 m) holes were drilled. The total flow rate was 6 kg/s vvhich reduced the
amount of thermal water in the Banjska Reka alluvion. An evidence of this was the redu-
ced thermal water temperature from 47.3 to 39.7 °C in springs "1" and "2" (Fig. 2) in the
period from 1963 to 1974. The flows from springs "1" and "2" drastically reduced after
the thermal water eruption from B-2, drilled in 1974. This means that the double higher
yields of new holes (B-l and B -2) than the older ones caused a lowering of thermal wa-
ter level in the alluvial deposit and, consequently, a change in its temperature field. A re-
construction of the temperature crossection is given in Fig.3.

The completion of production well 1IEB-2 in 1985 doubled the thermal water produc-
tion, as compared wvith the precceding period. The new well probably abstracted all of the
thermal wvvater flowing from the andesite vein into the alluvion. A new production and
spreading of the drawdovvn eone indices bigger reacharge of cold water in the alluvion,
and stoped reacharging of thermal springs "1" and "2". Two years later, water temperature
in IEB-2 was between 15 and 20 °C.

The Banjska Reka alluvion is at present vitually devoid of thermal water, because
well IEBKB-1 traversed its transit flow through the andesite vein at a greater depth.
leaving only a small flow into the alluvion. The present state of temperature distribution
in the field is shown in Fig. 5. Well IEBKB-1 almost continuously since 1987 produced
thermal water of 68 °C temperature at a rate of 20 kg/s.

CHEMICAL COMPOSITION OF THERMAL WATER

The origin of the geothermal fluid is not knovvn, because the lithology and the reser-
voir depth of KurSumlijska Banja hydrogeothermal system are unknovvn. Some basic hy-
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potheses are considered, based on chemical and isotopic data which should be comple-
mented by new similar investigations.

Chemical Data

Chemical data for thermal and eold waters of KurSumlijska Banja are given in ‘'lah. 1.
Each of the analysed thermal water occurrences has high contents of HC03, Na, Mg. F. B. Li.
Si02 and are highly mineralized. Unlike themial water, cold water in the Banjska Reke alluvi-
on (excluding the themial water discharge zone) has 3 or 4 times lower mineralization. and
other components nomial for ground waters in alluvial aquifers. The given data show that wa-
ter from some boreholes ehanges with lhe time as a result of lhermal and cold water mixing in
the Banjska Reka alluvion. The interpretation of chemical composilion is given for water from
IEBKB-1, because its yield has not ehanged and its water temperature increased during the
six-years production.

Mineral Equilibria in Geothermal VVaters

The paths that thermal water travels from the unknown recharge area tlnough the
unknown reservoir to the discharge area at KurSumlijska Banja is certainly long. The
travel time is also long, more than 20,000 years, and chemical reactions between water
and various minerals are complex. Saturation rates can be used in the assessment of the
states of equilibrium for each mineral at different temperatures. Respective typical dia-
grams log(Q/K)=f(T), where Q is calculated ionic activity and K equilibrium constant.
can be used in determining the acceptable and the most likely hvdrogeothemial temperatu-
res at which individual minerals, used as geothermometers, equilibrate. For these compu-
tations, WATCH programme was applied (Arnorsson et al., 1982). which allowed
computations of the equilibria for 31 minerals. For the cleamess of diagrams, curves are
given for 19 minerals (Fig. 6). Mineral equilibrium with water has been calculated at five
temperatures: measured downwell temperature in IEBKB-1, calculated temperatures for
chalcedony and quartz. and Na-K and Na-K-Ca temperatures.

Diagrams (Fig. 6) show that eight minerals attain Sl=log(Q/K)=0 witMn temperature
range from 100° to 122 °C, where chalcedony is in equilibrium with thermal water (116 °C),
and three minerals reaeh SI=0 at temperatures from 135° to 145 °C, where quartz is in equilib-
rium (142 °C), whieh indieates the likely chalcedony eontrol of fluid-silica dioxide equilibrium
in the reservoir. Precipitates from thermal water are pyrite, pyrrotite, and marcasite. The com-
putations after WATCH programme with measured temperatures indicate the supersaturation of
the given minerals especially pyrite (Fig. 6) which is consistent with the measured wat.er re-
dox level and the high amount of dissolved sulphides (pH=6.82; Eh=-200 mV; H25=2.12
mg/kg).

Isotopic Composition
Cold spring water (Sept. 1987) from the Banjska Reka alluvial sediment at KurSumlijska

Banja is similar in isotopes to rainwater (T=Il °C; dH=-74 %o SMOW,; d19 =-10.65 %o
SMOW). In September 1986. themial wvater from borehole B-2 (T=63°C; d‘H=-78 %c



542 M. Simi¢, M. Milivojevi¢, M. Martinovi¢ and P. Papi¢

SMOW: dIsO=-10.44 %o SMOW; d3="Dead Water") significantly differred in isotopic
composition from local cold water in the Banjska Reka alluvion; it did not contain tritium
fH). One year later (Sept. 1987), respective tritium content in thermal water was 4.5 T.U. and
in cold water from the Banjska reka alluvion 23.1 T.U.

Thermal waters (Sept. 1986) have a low 14C content, only 4.5 (% mod), which indi-
cates their old age (> 20.000 y.). Isotope 13 content of -5.21 (%0 PDB) in free C02 is
indicative, according to Foumier (1981) and Blavoux et al. (1982), of its magmatic origin.
The sulphur isotopic composition in sulphate from thermal water suggests its nonbiogenic
origin (#4S/325=21.960).

Geothermometers

Hydrochemical geothermometers are extensively used to estimates the reservoir tem-
perature. We applied hydrochemical geothermometers to water from well IEBKB-1 (Tab.
1) because its temperature and chemical composilion were stable. Calculation results by
geothemiometers are: a) Si02 (chalcedone 116 °C, Arnorsson (1975); Quartz 142 °C,
Fournier (1977). b) Na-K (133 °C. Truesdell (1976); 162 °C. Tonani (1980); 143 °C.
Arnorsson (1983); 172 °C. Fournier (1983); 160 °C, Nieva (1987); 190 °C. Gigen-
bach (1988); K-Mg (26 °C, Gigenbach (1988); K-Li 106 °C. Kharaka and Mari-
ner (1988); Na-Li 92 °C, Fouillac and Michard (1981); Na-K-Ca 168 °C, Four-
nier and Truesdell (1973).

All calculated geothermometers are higher than the thermal water temperatures
measured (T>68 °C) in well IEBKB-1. The quartz temperature (142 °C) is close to the
Na-K temperatures (133-143 °C) (Truesdall, 1976; Arnorsson, 1983). For predicting
the mininium possible reservoir temperature we used some mineral equilibrium curves (Fig. 6).

The good convergence (Na-Li temperature 106 °C), Kharaka and Mariner (1988)
and temperature with eight minerals equilibrating in a temperature range of 100-122 °C,
obtained from the log (Q/K) diagram indicates that the thermal water is in equilibrium
with chalcedony (Fig. 6). On the other hand, the fact that the IEBKB-1 water plots in
the area of immature waters on the Na-K-Mg triangular diagram Gigenbach (1988),
shows that most of the themial waters derive from shallow cold water. So, the other
cation geothermometers cannot be used for this water sample.

Other cation geothermometers: Na-K (Tonani, 1980; Fournier, 1983; Nieva,
1987) and Na-K-Ca (Fournier and Truesdell, 1977) probably give the maximum tem-
peratures in the reservoir from 160° to 172 °C. Correction of Na-K-Ca geothermometer was
not possible, although Mg was high in the water (R>50) (Fournier and Potter. 1979).
This indicated an Mg-enrichment of thermal water before the discharge, caused by mix-
ing with cold water from diabase-chert formation rich in magnesium.

Silica mixing calculations (Truesdell & Fournier, 1977) based on chalcedony satu-
ration indicate an average temperature of 185-193 °C. The estimate temperature of 185 °C is
consistent with the Na-K temperatures after Gigenbach (1988) geothermometer.

However, the temperature of 116 °C possibly represents the minimum deep tempera-
ture in lhe hydrothermal system, because the Na-K and Na-K-Ca temperatures, vvhich
are less sensitive to mixing with cold water then silica temperatures, are higher than the
silica temperatures.
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CONCLUSION

The geothermal investigation to date indicates that thermal water flows through an
andesite dyke, which is only a transitional zone of water movement from the unknown
reservoir to the Banjska Reka alluvion. The thermal water flow rate through the andesite
dyke is 20-25 kg/s. Water temperature in the reservoir, according to cation and Si02 geo-
thermometers, is quite possible between 110° and 140 °C. Reservoir rocks seem to be
quartzites and silicified marbles of the lower Serbian-Macedonian Massif complex in lhe
caldera domain of Lece Neogene andesite volcanogenic complex.
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