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XNOPOTEONOIMNIA - HYIMKOCEOLWLOTE

YTNUAJ AYBOKE UWMPKYNAUWNMIE XNAONNX KAPCITHUX HOOA
Y CrNOJAWLUKBUM guHapuagnma Ha rycTtTuHy
TEPECTPMNYHOI TOMJIOTHOI TOKA

oA
Muxanna Munusojesuha*

Ha nogpyujy Cnomawmunx [unHapuja KOHCTaToBaHa je pernoHanHa reotepmajiHa aHomanuja ca Beoma
HUCKUM BpeAHOCTMMA TyCTMHe TOMNOTHOr Toka, 15-30 T\Y /T2 (M unusojesunh, 1992). MpocTpaHCTBO 0Be
aHoManuje ce noknana ca NPOCTPaHCTBOM KapCTHUX TepeHa, Koje n3Hocu oko 20 000 knl'. OBU TepeHn cauunke-
HW cy off KapboHATHMX Hacnara Me3030jcKe cTapocTh fie6/buHe 6-8 KT. KOje Cy MHTEH3UBHO KapCTU(UKOBaHe
[0 fybuHe of OKO 5 KT. Y TOKY reonolKor BpemMeHa KapcTugumkaunja je speHa y geset asa (MIMoyano-
Vic, 1964/65). Ycnen ay60Ke LMpKynauunje MeTeopckux, OAHOCHO MOA3eMHUX BOAa, Lieo KapCcTHU TepeH Crno-
bawbunx AuHapuaa je oxnaheH. Mpouec KapcTudukalmje je peleHTaH of naneoreHa y LesomMm 0BOM MOAPYY]jY.
a HapoumnTo Yy 3aamwmx 2 000 roguHa ycnef CMamera BeretaluoHor nokpmusaya. 36or csera tora, fio cafa u3me-
peHe BpeHOCTN IyCTUHe TePecTPUUYHOr TOMNJOTHOr TOKa [0 Ay6uHe of 5K T Y Kap60OHAaTHOM KOMMNEKCY mMe30-
30jCKe CTapoCTW He OfroBapajy CTBapHUM BpefHOCTUMA U3 fy6/bux fenosa 3eM/buHe Kope. OHe Tpeba fJa ce
Hanase MCMoA 30He LMpKynauuje nog3eMHUX BoAa y KapboHaTHOM KOMMEKCY. Tj. Y HeroBoj NoAno3u rae Hema
aKTMBHe LMpKynaunje, na HU KOHBEKLMje TON/I0TE Koja M3a3nBa NOMeHyTYy reotepmanHy aHomanujy (M LU yo-
jeyjc, 1993). MNMpema MOLENCKAM MWCNUTMBabUMa Ha reoTepManHOM MoZeny 3eM/buHe Kope Cnosballibunx
[vHapnpa, peanHe BPeAHOCTU IYCTUHe TepecTPUYHOr TOMNOTHON TOKa y 06as3n ceaumeHaTta Tpeba fa M3Hoce
40-50T\Y /T2

KJByune peuu: reoTepmasiHA TOMNOTHW TOK, reoTepmasHa aHOManumja, KapcT, KOHBeKUuja, xnafHe nof3emMHe
BOJe, TepMasniHe Boge, Cnospalimbun JuHapuan.

YBO/

l'yCTMHA TepecTPMYHOr WU FeoTePManHOr TOMJIOTHOr TOKa je jefaH of rNnaBHUX
napamertapa 3a carfiefaBame UAM pasymeBame Hekafalltber, cajawmer u 6yayher pas-
BOja Hale nnaHete. Hajsehn f[eo mepewa, OLHOCHO ofpefuBarba rycTuHe TOMIOTHOT
TOKa BpLWMU ce y ByLIOTUHaMa, Koje Cy NANTKE Y 0JHOCY Ha Aeb/bMHY 3eM/bUHE KOpe v n-
Tocgepe, Mako UM je aybuHa Hajuewhe 1-5 kT. OcMaTpara rycTMHe TOMIOTHOr TOKa Y
Beoma Ay6okum byLlioTuHamMa, y Hemaukoj ny Pycuju (nonyoctpso Kona), cy uHgmumpa-
na 3HayajHe pas3NunKe y HEroBMM BPefHOCTMMA Ha fybuHama of nap Kuiomertapa y of-

*Pypnapcko-reonolwkun hakynteT YHusepsuTtetay beorpagy, hywuHa 7,11 000 Beorpag.



HOCY Ha HEKonMKO nyTa Behe gybuHe. YCcTBapu, Mocne nspage 1 Mepewa y 0Bako aybo-
KUM Oyl oTMHama, 4nja je ayouHa seha og 10 Kw, yTBpheHe cy NpoMeHe rycTuHe Tepec-
TPUYHOT TONMOTHOT TOKAa Y BEPTUKA/IHOj PaBHW.

Hajuewhe kopuwheHe 6ywoTUHe 3a ofpehuBarbe rycTrHe TepecTpUUHOr TOMOT-
HOr TOKa cy penatnsHo Ayb6oke (1-3 KT). Takse u jow Ay6/be OYLIOTUHE CYy HajNoXe b-
Huje 3a ogpehuBare BpeHOCTM OBOT napameTpa. Ha OCHOBY wUX Cy u3paheHe CKopo cBe
Kap re v aTnacu rycTuHe TePecTPUUYHOr TOMAOTHOT TOKa. MefyTuM, Yy HEKUM Of HbUX cy
PErncTPOBaHE anu HUCY YecTO MpUKa3aHe W OUCKYTOBaHe MPOMEHe FyCTWHe TOMAOTHOr
TOKa Yy BepTMKanHOj paBHW, Tj. HWje YBeK BpLUEHA KPUTMYKA aHanm3a pesynrara HOBUX
Meperba U penHTepnpeTaumja cTapux nogataka.

Ha npomeHe rycTuHe TONAOTHOT TOKA Y BEPTUKANHO] PABHU YTUUY NPOMEHE KVME,
XUAPOreonowKe, HEOTEKTOHCKE, CTPYKTYPHE U Apyre KapakTepuctuke tepeHa. Of wbux
CYy XMpOreosioLlKe Haj3HavajHuje.

YTnuaj XMaporeonowKnx KapakTepucTuka TepeHa, O4HOCHO MNOjefuHUX NUTONOLL-
KUX YNiaHOBa H IUTOCTPaTUrpaiCKUX jeAMHMULA Ha reoTepManHo TOMNIOTHO NoJbe je Behu
WwTo je Beha fybuHa, 6p3vHa 1 BpemMe LMpKynaunje cnobogHnx noa3eMHMX Boga. Y TOM
npouecy nofs3emMHe BOfAe, HacTale Of XNafHUX aTMOCKEPCKUX W MOBPLUMHCKUX BOAa,
XNnafe TepeH M NCTOBPEMEHO Ce MOCTENEHO 3arpe.ajy, a 3aTUM Ha APYroM MecTy, Mame
WM BULLE 3arpejaHe MCTUYY Ha NoBplWw 3emsbe. Ha Taj HauMH Nog3eMHe BOAe MpeHoOCce
OFPOMHE KONUYMHE reoTepMasiHe TON0TE W3 jefHOT Aena 3eM/biHE KOpe Y ApYru, Kako y
nnaHy, Tako 1 no Ay6uHW. Taj MPeHoC ce BPLUIM KOHBEKLUMjOM NpM 4Yemy ce CTBapajy
aHoManuje ryctMHe TONAOTHOT TOKa.

AHOManuje ryctuHe TOMNAOTHOr TOKAa YMjuU Cy TNaBHW Y3POK XMAPOreosioliKe Ka-
paKTepUCTUKe repeHa Hajnakie ce opMupajy y KapcTHUM TepeHuMa. JefHa of HbuX ce
Hanasn Ha nogpyujy Cnosbawbux AnHapuaa, OAHOCHO Y TepeHUMa SUHAPCKOr X0n0Kap-
cta. OHa vMa pervoHanHW KapakTep u npyxa ce of Wctpe, npeko fluke, Janmauuje,
XepuerosuHe ujyxHe LipHe ope fgo 3anagHe AnbaHuje (cn. 1). KapakTepuiwe ce Beoma
WNUCKUM BPEeAHOCTMMA FYCTUHE TOMIOTHOT TOKA, KOje Cy 2-3 nyTa HUXe 0f NPOCeYHUX 3a
KOHTMHeHTanHW feo Espone. OBy aHomanujy je npsu onucao Munusojesuh (1992,
1993). Y oBOM pagy ce faje objallkere keHor Moryher nopekna.

TOMNOTHO MNOJLE CMNO/bAWLBLUNX ANHAPUAOA

MpBa KapTa rycTuHe TepecTpMYHOr, Tj. reoTepManHOr TONJ0THOr Toka Cnosball-
wUx OuHapuga (cn. 1), Ha KOjoj je yoUeHO NpUCYCTBO NOMeHYyTe aHOManuje, nspaheHa je
Vckony uspage npBe KapTe rycTMHe TOMIOTHOT ToKa 6uswe C®PJ of cTpaHe Kaywk
g( al (1987). MNog reoTepMasHUM TONIOTHUM TOKOM Tpeba nmogpasymeBaTu YNCTY KOW-
LYKTMBHY KOMIMOHEHTY KOja [0CMneBa U3 3eM/bMHE YHYTPALHOCTU Y TOPHU Ae0 3eM/bUHE
KOpe, OAHOCHO Yy "ceflMMeHTHM cnoj". 3a m3pafdy KapTe KopuwheHu cy pe3yntaTu Tem-
nepaTtypHMUX Mepera Yy n3abpaHum fy60kuM 6ylwoTumama, yKynHo 138 Ha KonHy un 14y
JagpaHckom mopy.

Of, UX0BOT YKYHHOT 6poja 55 6ywoTuHa cy bune gy6sree og 3 KT, oK je 37 6ywo-
TuHa 6uno nauhe og 1 kT. Cse O6yWOTUHE Ha nogpyyjy Cnosawwux AuHapuia 6une cy
Oy6rbe of 1 KT, O4HOCHO CBe OHe Cy U3BefeHe KPo3 Me3030jCKM KapboHaTHM, BEOMaA Kap-
CTU(MKOBAHM KOMMEKC K gocnene Ay60Ko Mcnog HMBOa Mopa, Hajay6sbe 1 1o, 0Ko, 5 K.

Ha nogpydjy Cnomawbux AuHapuia BPpefHOCTU rYCTUHE TEPECTPUYHOT TOMIOTHOT
ToKa cy mawe of 40 T\Y /T2 Hajsehum genom 20-30 T\Y /T2 a MECTUMUYHO Make U 0f



20 T\\-7T72 OBakBe BpefHOCTU Ce CMaTpajy aHOManHO HUCKUM, jep je npoceyHa BpeAHOCT
3a KOHTUHeHTanHW feo Espone oko 60 TLU /T2 Hucke BpefHOCTM rycTUHE TOMAOTHOT
Toka of 40-60 T\\7 T2cy KapakTepucTMyHe 3a CTabuiHe AenoBe 3eM/bUHE Kope, Tj. 3a
WITUTOBE W NaaT@opMe, TaKo Aa nocmaTrpaHo 1 ca OBOr acrekTta, HaBefeHe BPefHOCTU Y
CnomalmwumM AuHapuarmMa orpaHuyaBajy n3pasuto aHoManHo nogpyje.
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Cn. 1. KapTa reoTeKTOHCKUX jefuMHuUUa Teputopuje npetxogHe Jyrocnasuje (OruMece, 1980). flerenpa: 1
Cpncko-makefoHCcKa Maca; 2. Kapnato-6ankanmau; 3. Mesujcka nnatgopma; 4. Cnosmatuty JuHapuau;

5. YHyTpawwu AuHapuau; 6. Annu; 7. MaHoHCKM 6aceH; 8. JagpaHcKu 6aceH; 9. 30Ha HeoreHe MarmaTcke
aKTusauuje.

Pr§. 1. Map o5 8eolecl:otc w/b T ex Yn808layla (OrmMc, 1980). Pe§encl: 1. 8erhlan-Maceclotan Mas-
8T, 2. Carpa/bo-Babcarwle6; 3. Meaan WaKorT; 4. Ounler OtarMek; 5. 1nner OtarMe6; 6. Alp6; 7. Pa-
nnotan Baan; 8. A/balic BasT; 9. 2one oJ Keo”ene Ta§tallc aclyallon.

FeoTepmanHa aHomanumja Cnosawbux JuHapnga npocTupe ce, Kao LWTO je HaBeje-
HO, o WcTpe, npeko Janmauuje, XepuerosuHe, jy>kHe LipHe ope, ceBepHe AnbaHuje u
Kpajrber 3anagHor gena MakeaoHuje 4o ceBepHe rpaHuue 3anagHe puke, OAHOCHO HEHO
npocTpaHcTBo je Behe of 20 000 kT2 360r Tora oBa aHomanuja MMa Be/IMKWU 3Hayaj Koju
npeBasnnasn keHe rpaHuLe u Tpaxu objallmwere weHor moryher y3poka ga 6m ce us-
6erne HeTayHe reoTepMmasHe 1 Apyre nHTeprnpeTaunje heHNxX nogaraka.



FEOM'EPMAJIHV MOJEN CMOJ/bAWUKBLNX ANHAPUAOA
N IAOPAHCKOI BACEHA

KpeTarme NOA3EMHUX BOAA Y 3eM/bUHOj KOPU je BaXkaH (PU3UYKM HPOLEC, HE CaMo Y
XWAPOreonolWKoM, Beh 1y reoTEPMaIHOM CMUCITY, jep Ce y TOKY Hera BpLu peguctpu-
6yumja Tonnote. 360r Tora A4onasu A0 NPOMeHa BPeAHOCTW reoTepManHor TemnepaTyp-
HOT Nnosba Koje ca BpefHOCTUMA TOMNMOTHe MPOBOA/LMBOCTU CTEHA AeMHULY BPefHOCTM
reoTepMasiHor TOMIOTHOT MO/ba, Tj. BPEAHOCTU FYCTVHE TOMMOTHON TOKA. TakaB Cnyuvaj
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Cn. 2. KomnjyTepckn nspaheHa KapTa rycTuHe TepecTpMUHOr TOMOTHOI TOKa TepuTopuje npetxogHe CPPJ
Ha OCHOBY opuruHanHux kapata Kaywk el al. (1987) n MW yojeylc (1989). NereHpga: 1. N3onuHuje
rycTUHe reoTepManHor TONAOTHOr Toka (TAY/w ); 2. Jlokalumje Ha KojumMa je ogpeheHa BpeJHOCT rycTuHe
reoTepManHor Toka.

pt8. 2. Cotpuler pro(luce<l Tap ol Lle heal Jloly clewWy Jor ex YuSoblayla haaec! on onSwal Tap3 hy
Kaywk el al (1987) axl MW yojeylc (1989). "e”enlJ: kolne6 o!' 1he heal Jloly clensky
(T\"/72); 2. The localle6 on \yHch Jbe yalue ol heal Jlo\y genaly ha3 heen pelerTTeg.

je y TepeHuma nsrpaheHMm o BeoMa BOLOMPONYCTHUX CTEHA, HAPOUUTO U3PaXKEH Y OHUM
of y60KOo KapcTU(UKOBaHUX febennx Hacnara Kpeywaka u fonomuta. OBakBO CTame
ce cpehe y nHTepnpeTtaunjama reotepmorpaMa u3 6y oTUHA Y BUOY HUXOBUX KapakTe-
PUCTUYHUX 06MIMKa UM [efioBa Ha OCHOBY KOjUX Ce /1aK0 NPenosHajy eekTn KpeTawa
nofseMHe Boge. [eoTepmorpamm unm fiefoBM reoTepmMorpama Koju TakBo CTame ofpaxa-
Bajy Ce He KopucTe 3a ofpefuBake rycTmHe TOMOTHOT ToKa. O63MpoM fAa je Ha nogpyudjy



Cnospawkbmnx AnHapuga penatuHo manu 6poj gy60kmx OywOoTUHaA, Nako cy n3byLueHe y
KapCTHOM TepeHY 3a Kojer ce Noy3AaHo 3Ha Ja je BeoMa BOAONPOMNyCTaH, OHe Cy KOpULL-
heHe 3a M3pagy onucaHe KapTe rycTuUHe TOMJIOTHOr TOKa 3aTO WTO Apyrux 6ywoTuHa ca
TeMMepaTypHO MepofaBHUM YCNOBUMa Huje 6uno.

XonokapcT y Cnosmawkwbnum AuHapmamMa uMa npocTpaHcTeo of oko 20 000 kT2 IMo
nojasama KapcTudgukaumnje oH je 0aBHO MO3HAT Y CBETY U CMAaTpa Ce 3a KnacuyaH pasBoj
KapcTa. Y Be3u ca TeMaTUKOM OBOT paja 3HauajHa je herosa esonyuuja u jybuHa. Y Tom
nornegy Hajbomme objawwerwe gaje pag MTMoyanoyJca (1964/65) "EumporeHeTcka u
OpOreHeTCKa AnHammka y npoctopy Cnosbawmwmnx AuHapuga v npobaeMn naneokapctu-
(hvKaumje v reonoLlKe eBoNlyunje xonokapcra™. Y weMy je npukasaHa n3BaHpefHa aHa-
Nn3a 1 CUHTe3a pesynTaTta CBUX JOTajalltbnX Te0JIOWKNX, XMAPOreonowWwKnx, naieoreo-
rpadckmx u gpyrux pesyntara Ha npoctopy Cnosmawmwux AuHapuga. N3mehy octanor,
3Hayaj OBOr pafa je My TOMe LITO Aaje NPUKa3 reonoWKOr Mofena TepeHa Koju omory-
hyje NpuxBaT/bUBO O6jallkere HaCTaHKa MOMEHYTE peLeHTHEe reoTepmasiHe, YCTBapw
XugporeotepMasHe aHoManuje Crnosawbux AuHapuia.

Mo MlloVanoVicu (1964/65) rnaBHe reHeTCKe KapakKTepuCTUKe AUHAPCKOr XOso-
KapcTa cy cnegehe:

1. IMHapCcKM X0/1I0KapCT hOPMUPAH je Yy TeHeTCKM CNOXEHOM U AUCKOHTUHYMPAHOM
npouecy KapcTugukawmje 1 cacToju ce, ka0 KOMMAEKCHU Fe0n0WKN U reoMOP(ONOLLKN
(heHOMeH, 07 KOMOWHaLMje peLeHTHOT U CcTpaTUrpa)CKy pasnmunTnx naseokapcTesa;

2. KapcTugukaymja y Hekum nogpydjuma noyena je seh y cpefilbeM Tpujacy. Y MHo-
ruMm o6nacTvma, oHa je y Me3030uKy Gu/ia akTUBHA Y BULUE HaBpaTa (CnpaToBu KapcTesa)
a'y HEKMM NpOCTOpMMA HEMPEKUAHO je y [ejCTBY jOL Of Kpaja roptbe Kpeae;

3. Ha ocHoBY f0Ka3a 0 naneokapcTu(uKaLuju n3gBojeHo je AeBeT BPEMEHCKUX reo-
NnowkKMxX (hasa KapcTudukaymje: a) y cpefwem Tpujacy, 6) nsmehy cpefmer U ropwer
Tpujaca, B) y ropweM Tpujacy, ) vy jypu, L) y A0HO0j Kpeau, h) y ropwoj kpeau, e) 3a
BpeMe flapaMujcKUX ernuporeHeTCKNX M OPOreHETCKUX MOKPeTa, X) 3a Bpeme craponu-
PUHEjCKUX 1 MUPUHEJCKMUX NOKPeTa, U 3) 3a BPEMe CaBCKe U OCTanux ¢asa.

3 ropwe aHanmse MUMoyanoyjca (1964/65) Moxe ce 3aK/by4YUTU [a je CKOpPO LEO
KapboHaTHU KOMMAEeKC Me3030jcke cTapocTu y Cnosbawmwnm AuHapugumva, umnja ce aeb-
/bHa Npouekyje Ha 6-8 KT, 610 BeEOMA Ayro M3M0XEH MPOLEeCy KapcTuukaunje v ga je
360r Tora KapcTUPMKOBaH CKOPO A0 CBOje BOAOHENPONYyCTHe noanore.

[unHapcku X0/10KapceT, KOju je NO3HAT No noj3eMHOM 60raTcTBY KBa/IUTETHUX Xnaf-
HUX KapCTHUX U3[aHCKWUX BOAA, MOXE Ce CXBATUTW U Kao jeflaH BE/IMKN OTBOPEHMW HUCKO-
TemnepatypHuU XuporeotepManHu KOHBeKTMBHM cuctem (MJlyojeyjc, 1989). Ha 1o
yKasyjy rnojaBe HUCKOTEMNEPATYPHUX TePMOMWUHepanHUX BOAA KapaKTePUCTUUYHOT Xe-
MMJCKOT cacTaBa 1 TemnepaType 18-25 °C ayx jagpaHcke ob6ane, xnagHa KapcTHa Bpena
M pe3ynTatu TeMNepaTtypHUX Mepewa y AyO00KUM HaTHUM OyLIOTMHAMA Y HEeroBUM Mo-
jefuMHVUM fenoBmMMma. Hberosu rnaBHu enemMeHTH Cy NpuKasaHu Ha cn. 3.

KoHBeKLMja y OBUM CUCTEMUMA je MPUHYAHA Tako [a Ce KapaKTepulle BUCOKUM Bpes-
HOCTUMa XUApaynnyKnx rpafujeHara u nputucaka, Koju cy npoy3poKoBaHu, yriasHom, 360r
n3pasnTe Tonorpafcke BUCUHE pesbedha Y NOAPYYjy MpuxpambuBarba pesepsoapa XnagHom
BOZOM. Y nOjefMHUM [JenoBuMMa pe3epBoapa Cy pasvyuTe BpefHOCTM Temmnepatype,
reoTepMasHor rpagvjeHTa, rycTuHe TOM/I0THOT TOKA U Npasaua KpeTawa Boge (cn. 3).

TONAOTHM TOK, KOju gocnesa y Ay60KO KapCTU(MKOBAHM ME3030jCKM KapbOoHaTHM
Komnnekc Cnosawmwux OuHapnga, noTUYe U3 werose NoAnore of BOLOHENPONyCTHUX
naneo3ojckux cteHa. O63UpoM Ha [eb/bUHY 3eM/bUHE KOpe NMpeTnocTaBs/ba ce ja je yjea-



X
T

(10
wT

(Mevg JUVDKIV) (GaIMXYVMO "33.LCT0)
HIOVY UIMOHVITVE NTNAVHUT  NHMYLUOLD

1<



HayeHUX WU KOHCTAHTHUX BPefHOCTW, OAHOCHO Aa MpeAcTaB/ba YUCTY KOHAYKIUBHY KOM-
MOHEHTY (Cjj) KOja MOTMYe U3 KOpe U ropker omoTava.

BpefHOCTN NpUMapHMX nnm 6asanHuUX BPefHOCTU TYCTUHE TOMAOTHOr TOKa Y MOA-pydjy
Crnomawmwnx AuHapuga v JagpaHckor 6GaceHa MOry ce carnefatu Ha OCHOBY reo-
TepManHor mojena 3em/bMHe Kope y osum nogpydjuma (Munusojesuh, 1992, 1993).
OBaj mofen, nopef ocTanux, yK/bydyje reofiolky Mogen v Mofen npou3BOAHe paguo-
reHe, Tj. reoTepMasiHe TONAOTe Y 3eM/bUHOj KOPU U TOPHEM OMOTady Ha Nnogpydjy npet-
xogHe C®PJ. Mpema ToM mofeny Ha nogpyydjy Cnomawmwnx AuHapuga nebsuHa “cegmn-
MeHTHor cnoja" je 5-13 kT (Ora8a$eylc €] al, 1990), "rpaHuTHOr cnoja" og 9-15 kT a
"6asanTHOr cnoja" of 16-25 KT. 3a 0Be U TONJIOTHO-(PU3NYKe reoTepMasiHe napameTpe
n3 Ttabene 1 pobuja ce fa MUHUMaSHa BPeAHOCT FYyCTUHE TepecTPUUYHOr WAU reoTep-
MasHOr TOMJIOTHOT TOKa, KOju Ce CcTBapa Yy 3eM/bMHOj KOpWM Ha nogpyyjy Cnosbawikbux
OvHapupa, Tj. HpMMapHa Uy YMcTa KOHAYKTUBHA KOMNoHeHTa (¢[,) n3Hocu 40-50 TN1Y /12

Tabena 1. OCHOBHM NapameTpu reoTepManHor Mofena 3eM/bUHe Kope Ha nogpydjy Cnosmawbux AuHapuga
(Munusojesunh, 1992,1993)
Table 1. Baac paraweler8 o! /be Ear/b'6 crus! Seo/bennal woclel lor /be Owder 13rancle8
(MWyojeylc, 1992, 1993)

PauynckH Ndm3aunukm "cnoj" 'f'onsoTHa NPoBOA/LUBOET Mpoun3sBogra pajT« eHe Tonore
Calcnla(ccl amc! phy.ujcal layer6 T1llennal eonclvc(Iy T KacWodJendc heal” ®nwra(loH
(a0 "
"CeaVMeHTHM cnoj”
"6eclATenC layer" 12-2,6 03-10
"l"paHUTHM cnoj"
"Oranle layer” 27 24
"BasanTHu cnoj"
) 24 01- 05

"Babah layer"
MOPEKJ/TIO TEOTEPMA/THE AHOMAJTNJE

XonokapcT Cnopawknx AuHapuja je Beoma crneumguyaH Xugporeosowkn (eHo-
MeH, MO3HaT, npe cBera, Mo 6e3BO4HOCTM MOBPLIN TepeHa WM No 60raTcTBy MOA3EMHOM
BOJOM. Hberoee Xxumporeoniolike KapaKTEPUCTUKe Cy Ayro W AeTa/bHO WUCTpaxuBaHe
CKOPO Ha Le/IOM HeroBoM MPOCTPAHCTBY, & Hapo4MTo y npuobanHom geny 360r BOAO-
cHabgeBara nujahom BoLOM.

Cn. 3. Cxema xmgporeotepmanHor cuctema Cnosmallbux AuHapuga v JagpaHckor 6aceHa (A-nogpyuje
KOHBEKTUBHOT xNafewa, B-nofpyyje KOHBEKTUBHOT 3arpesama). J/lereHga:1l. cTeHCKe Mace ca PYHKUM-
JOM XWUApOreosioWwKOr KOMeKTopa; 2. CTeHCKe Mace ca (DYHKLMjOM XWAPOreonowkor nsonatopa; 3. at-
mocepcke Bofe; 4. nytajyhe xnafiHe nof3eMHe Boje; 5. U3BOP XNafHUX BOAA; 6. M3BOP TepMasHUX BOAA;
7. npasal, KpeTamwa XMafHWX W3[aHCKUX BOAa; 8. mpasal, KpeTarwa TepMasHWUX M3[aHCKUX BoAa; 9. u30-
Tepma; 10. npasaL, M BeNMYMHA KOHAYKTUBHOI TEPECTPMYHOr TONMOTHOr TOKa; 11. npasay W BennyuHa
KOHBEKTWUBHOT TOMJIOTHOT TOKa; 12. noApyyje XnagHux u3gaHckux soga; 13. nogpyuyje TepMaiHuUX U3faH-
CKVIX BOJA.

ptj> 2. Hy/bo8eo/bertal 8ybletr o! Ouler Otange6 anc! AcMalic Ba6Tt (A- Conyecllye coolT§ area,
B Conyec"ye healjn8 area). .eencl: 1 perteahle rock6; 2. TrperteaMe rockb; 3. ahno6phenc
waler; 4. 6h'ay Srouncl \yaler; 5. coM 6pnn§; 6. /bertal 6pnn§; 7. /beclon o! colp 8rovnc!\yaler Toye-
TenCo6; 8. (Mrechon ol" ToarT “roungwa™er Toyetenl6; 9. 160/bert; 10. c/beckon anc! Ta§timncle o! con-
cluclree hea! Moly; 11. cWreckon anc! Ta8Tlmcle o! conyeellye hea! Mow; 12. area o! coM 8rouncllyaler;
13. area o! paart anc! ho[ 3srounc!\yaler.



XungporeotepManHe KapakTepucTuke xosiokapcta Cnosbawbnx [uHapmpa HHcy
M3yyaBaHe Ha HauMH ¥ ca AeTa/bHOWhy, Kao LWTO je TO BPLUEHO Ca XWMAPOreoNoLWKNM
KapakTepucTMKama, Mako je fyX npuobanHor gena NpncyTHO BULLE XMAPOreoTepManHmX
nojaea TepManHuUX Boja TemnepaType 18-23 °C. 'naBHM Yy3pOK TakBOr OfHOCa npema
XNAporeoTepMasHMUM KapakTepucThkama AMHAPCKOr XO/0KapcTa je WTO HUje CXBaTaHo
[a nof3eMHe Bofe, 360r CBOje Be/MKe cneynguryHe TONA0TeE MU MOOGUIHOCTY, Koja je Haj-
Beha 6all y KapCTHUM TepeHMMa, lako M jako AethopMuLly TONNOTHO MNoJbe A0 Ay6uHe
UMpKynaumje, Tj. Y HajropwbnX HEKOMKO KMIOMeTapa 3eM/bUHe KOpe.

Y xonokapcTy Cnosmaluwnx JuHapuaa KpeTakwe noA3eMHUX BOA FEHEpanHo ce Bp-
wu y asa npasua (cn. 3): 1) Xopu3oHTaNHO 0f 30He NpuxparuBara, Koja novnmbe of rpa-
HULEe ca YHyTpawwum JuHapuanma, 4O NpuobanHOr gena v fasbe Ucnop JagpaHckor
6aceHa, a fie/IMMUYHO YHYTap Hera u'y cynpoTHOM CMepy, Tj. npema 06anu, n 2) BepTUKanHo,
HaZlone y 30HW MHTEH3MBHE MH(UNTpaumje, U Harope y 30HU UCTMLamba TepManHuX Boga y
npuobanHoMm feny, Tj. Ha NPOCeYHOM pacTojarwy 0f 0KO 50 KLU 0f, 30He npuxparuBarba. 3601
TOra ce KOHBEKTVMBHU MPEHOC reoTepmanHe TONAOTE BPLUM Y XOPU3OHTATHOM U Y BepTUKan-
HOM Mpasuy. [pyrum peunma, YucT KOHAYKTUBHW WUAW NPUMAPHWU TOMAOTHU TOK (g) Koju
[ocneBa y XWApPOreoTepManHW pes3epBoap [eNn Ce Ha [Be KOHBEKTMBHE KOMIMOHEHTE,
XOPU30HTaHY U BEPTUK&/IHY, Ka0 M HA KOHAYKTUBHY BEPTUKANHY KOMMOHEHTY (cn. 3).

KOHBEKTUBHW NPEHOC TOMNJ/IOTE Y XOPU30HTATHOM MpaBLy Kao jefHOLUMEH3NOHATHY
mogen onucanu cy Je(el (1982) mCertak & JeTel (1985) cnepnehom jegHauyvHOM:

Mc-l’\zTKpcyf\ ﬂ-I-+,c|'.—A’(T-T,): 0
ax ax a

rge je h- pebrmuHa XMAporeosnowKor KoekTopa Kpo3 Kojer ce kpehe Boga, T=T(x)~ Temne-
paTypa y KONEeKTOpPY Ha pacTojarmby X Off 30He NpuxpamuBama, p- rycTuHa Bojge, C- Creuu-
thruHa Tonnota Bofe, V- Oarcy-esa 6p3vHa, Ar rycTvHa TOMJOTHOr TOKA KOju U3 BOLOHe-
nponycTHe Nogasore 4ocnesa y KONekTop (KOHAYKTUBHW MPUMapHK TONAOTHM Tok), A- Ton-
JI0THa MPOBO//LMBOCT CTEHCKE Mace KOMeKTopa, J1- TOMnoTHa NPOBOL/bLUBOCT CTEHCKe Mace
M3Hag KonekTopa, a-4y6uHa fo Konektopa u 'I'- Temnepatypa nospLUn TepeHa.

PewaBatem ropwe jefHaunHe 3a noyeTHe ycnose T=TOHa X=0 u T KOHa4yHO Ha X=°°
[obujajy ce penauuje u3 Kojux ce BUAM Aa UMpKynauuja Boje Yy KONeKTopy Mpoy3pokyje fe-
thopmMannje TemnepaTypHOr Mosba Koje pacTy ca yaasbaBakem 0f Nofpydja Npuxparnsama.

360r geopmaymja Temnepatype Merwa ce "noAMOBPLUMHCKM TONAOTHNU TOK" (L), Tj.
TOMNOTHU TOK W3HAJ KOMIeKTOpa, KOju Ce pasfiMkyje of npumapHor uau 6asanHor Ton-
NOTHOT TOKa (gJ 3a M3HOC TOMJ/IOTE NpeHeTe KpeTaweM BOAE Y XOPU3OHTaNHOM MpasLy
JYX KOJleKTOpa.

JacHo je fa xupgpaynuuke KapakTepucTuKe KOMEKTOpa KOHTPOMWLWY MPEHOC TOomM/o-
Te. Mo Certak & Je(el (1985) ako je Oarcy-eBa 6p3nHa (YX) y KONEKTOpY Mawa 0f
1x10“8T/8 Taja je npeHoC TOMJOTe KOHAYKTWMBAH, OQHOCHO YTWUAj KpeTawa MoA3emMHe
BOAE Ha TOMMOTHM TOK je 3aHemap/buB. 3a 6p3vHe pega 10“6 T/x mpeHoc TonnoTe je
MOTMyHO KOHBEKTMBaH, Tako fa ce "MoAMoBPLUIMHCKO TOMJOTHO nosbe” npu Behum 6p3u-
Hama o 10~6T/$ fpacTMUHO Mera Ha pacTojawy 50 KT 1 BULLE Of 30HE Xpatera, Kao
WTOo je cnyyaj y Cnosbawwbnm AuHapuauva. Y Besu ca OBUM 6p3vHama Tpeba nopgpasy-
MeBaTu Bp3nHE Y CTaNHOj U3LAHCKOj 30HW KOMIEKTOpa WM XUAPOreoTepManHor pesepso-



apa, a He (PHKTMBHe 6p3uHe y KapCTy oapefheHe 60jereM, Tj. y NOBPEMEHO] M3[aHCKO]
NN HaLM3[aHCKO] 30HW.

KoHBeKLMjoM TONNOTE Yy BepTUKaNHOM npasLuy, Tj. paBHu 6asunm cy ce 3TNh &
ChapTan (1983,1985). bbuxoB Mojen je 610 ABOSUMEH3NOHANAH, AY>XWHE 40 KT 1 gy6bu-
He 5 KT, ca NPUMapPHUM KOHAYKTUBHUM 1K 6a3annum TONAOTHUM TOKOM of 60 T\\'Tn' u
ca BMCMHCKOM pa3nMKoM u3Mefly mofpyuja npuxparmusama U npaxmwema-uctuuamwa of
1 000 T. OBM napameTpu Cy BeoOMa 6/IMCKM OMWTMM MapameTpuma reoTepmasHoOr Mojena
Cnosbavnbux AuHapuga (cn. 3). TnaBHWM pe3ynTaTu HUXOBUX MOAENCKUX MpopayvyHa cy
cnepehw:

- ca nosehawem Ay6uHe [0 BOLOHeNPOMNYCTHe Mo4J/0re pe3epsoapa WaM Konekropa
noeehaBajy ce e(heKTU KOHBEKLU]E;

- eheKTU KOHBeKUWje pacTy ca noeehaweM NPoONycHOCTU, Aeb/bUHe U AybuHe pe-
3epBoapa;

- Yy NOpo3HUM cTeHama u npu Behem 6pojy KonekTopa, Tj. Kaj je HoBehaHa aHW30-
Tponuja NPoONyCcHOCTM e(heKTN KOHBEKTUBHOI NpPeHoca TOMN/0TE Ce CMakbyjy;

- YWCT KOHAYKTWMBHW MPEHOC TOM/I0Te je 3a BPeAHOCTU MPOMYCHOCTWM Mawe 0f

5x10-171 2(1x10“5T 2=1 TllcJarcy).

W3 ropwunx pesyntata 6TUh & Chaptan (1985) Bugm ce fa gobujeHn pesyntatu
CacBMM 0AroBapajy XuaporeonoWwKOM 1 reoTepMasHom mogeny Cnosbawwux AuHapuaa.

Linpkynayumja Boge Kpo3 pesepBoap XuaporeotepmanHor cuctemMa Cnomallwbnx Au-
Hapuja je HajsehuM [enoMm ycroB/beHa pasiMKoM u3mMely HaZMOPCKe BWUCWMHe nogpydja
WHpUATPpaLmje xnagHMX BOa W MOApyYja UCTULAka BOAe M3 CUCTEMA. Y XuaporeoTep-
ManHomMm cuctemy Cnospawwbux AuHapupa Ta pasnmka msHocu suwe of 1 500 T makcu-
MasiHO, mpoceyHo of 800-1 000 1. C 063Mpom Ha TemnepaTypHYy pasfivky usmely uH-
(hMNTPMpPaHNX XNagHUX 1 TePManHUX BOAA, 3HAYajHy ynory nMa u nputucak Koju HacTaje
ycnef pasnuka rycTuHa Boja BoAeHUxX cTy60Ba y nogpyyjumMa ca pa3imynutum reotepmarn-
HUM rpagujeHTMMa. Havme, cTanHo 3arpesare LOBOAM [0 Wupewa daynaa n cMarbera
beroBe ryctuHe. 3arpejaHu qnyung ce auxe-kpehe kKa ropwem feny pesepsoapa, a
rywhu, xnagHuju geo haymaa ce cnywTa Ha gpyrom MecTy y pesepsoapy (cn. 3).

Ha nogpyujy AMHApCKOr KapcTa yTuuaj xnagHux Boja Ce BPLUMO 3aBUCHO 0f Mono-
)aja BOLOHeNnponycTHNX NasieOLEHCKNX N e0LEHCKNX PANLWHUX Bapujepa, CBe 4O MOpPCKe
obane, na u gasbe npema Mopy, O4HOCHO ucnog mopa. 360r Tora, Kao u 360r Bennke ay-
6vHe KapcTudukaunje ycneq cnajarba naneo n peleHTHOr Kapcerta, nofapyyje KOHBEKTUB-
Hor xnahewa y xonokapcTy CnosbawHux AuHapuga je Beoma gy6b0Ko U HajsepoBaTHUje
ce noknana ca fe6/bUHOM KapboHaTHOT KOMMNJEKCa, KOju je, MPakTUYHO, KapcTU(PUKOBaH
[0 CBOje BOJOHenponycTHe nogsore. To ce BUAM HA OCHOBY BpefHOCTM TemnepaTypa
N3MEPEHUX Y OYBOKUM UCTPaXKHMM HapTHMM OylLIOTUHAMa Ha Kouwuy y noapydjy rge je
HajBeha pe6/bMHa Me3030jCKOr CeAMMEHTHOr KOMMekca W rge je uajseha pebrbuHa
3eM/bMHe Kope. Haume, ca cTaTUCTMUYKKM A06GMjeHOr NpOCeYHOr TeMnepaTypHOr Aujarpa-
Ma 13 6yLOoTUHA Ha nofpyyjy Crnomawwux AuHapuga (cn. 4) Buam ce Aa je OH KOHKaBaH
WTO je AoKa3 Ay6oke n 6p3e MHDUATPaLMje XnagHNUX MeTeOpPCKMX Bofda, 6p3e uMpKyna-
uuje xnagHux Noa3eMHUX BOLA, OGHOCHO KOHBEKTWUBHOTI Xnafewa TepeHa. To ce BAAW U
Ha OCHOBY pe3ynTaTa Mepera TemnepaType y A4y60kum 6ylioTMHama y Xonokapcty Lip-
He Tope (Munueojesuh n bypuh, 1987), a HapounTo Yy [0 cafa Hajay6/boj OYLLIOTUHU
TJK-1 y 0BOM MoApyYjy KO Y NUUKba, Ynja je nokKaluja Ha KOMHY Y HerocpeLHoj 6an3nHu
MOpCKe 0b6ane, 1y Kojoj Cy Bpe4HOCTM MPOCEYHOr reoTepmanHor rpagujeHta 0,0094 °C/1
unm 0,94 °C/100 T.



KpeTate BoAe Yy KONEKTOPY, OAHOCHO pe3epBOapy XHAPOreoTepMasHOr CUCTEMA,
HaBWlLe MpeMa MOBPLUM TePeHa jaB/ba Cce Y NoApyYjuMa ca MasioM HagMOPCKOM BUCKHOM
y OAHOCY Ha BWCUHY Mojpyuja NpuUxparvBarba. Y 0BOM Cayyajy TO je mpuoGanHu [eo
Cnomaltbnx AuHapuaa 1 JaapaHckor 6aceHa rae Npeko pe3epBoapa /ieXe BOLOHENpo-
MycTHe Hac/are TepuujapHe 1 KBapTapHe CTAaPoOCTU. Y HeMyY Cy XMApayInyKu rpagujeHTu
HICKM a TOMJIOTHU TOK MOBULWIEH WM BUCOK. [pyrvm peunma, Bofa Koja ce UHpUATpmpa
[OBOAM [0 CMateta TeMMepaTypHOr rpajujeHTa, a Bofja Koja Ce Ha [pyroj CTpaHu
pesepBoapa Kpehe Harope, 0ffHOCHO MUTpUpa HaBuLLe JoBOAM 40 NoBehata Temnepatyp-
HOT rpagvjeHTa. YTuuaj xnahjewa y KapcTHUM TepeHuMa je BeoMa Ay60K U BpLIM ce [0
Hajay6/be Tauke [0 KOje ce BPLUM LMpKynauuja u3faHcKux Bofa. XnafHa Bofa ce Crnopo
3arpeBa Tako /a je teHO KpeTawe npaheHo NpoAyXeHUM yTuuajem xnahewa (cn. 3).

Temnepatypa (“C) Temnepatypa (“C)
(eTperallres (°C) letperalures (°C)

0 10 20 30 40 50

Cnosalwmn AuHapnan JafpaHckun 6aceH
Owler Owan/b3 A<lma(1C Bast

Cn. 4. CTaTUCTUYKWN Cpefbn reoTepmorpaMn fobujeHn u3 pesyntata TemnepaTtypHux mepewa y 20 gy60kmx
bywoTHa Ha nogpyyjy Cnomawmwnx OuHapuga v 22 6ywOoTUHe Ha nogpyudjy JagpaHckor 6aceHa
(Kaywk e( al, 1992).

pt>> 4. 8(a(1811cal ayera™e Seo(herto§ranr hasec! on leTpera(ure 10$6 'rot 20 horehole6 ol Ou(er brarMe6
anJ 22 horehole6 of AcMahc BaBT (Kaywk e( al., 1992).

Y npnaor xugporeonowKWM y3pouuMa OnmcaHe aHOManuje uge U umwbeHuua fa
rycruHa reoTepmanHor TONA0THOT TOKa pacTe o4 npuobanHor gena npema cpefulimbem
Jeny mopa ynopefo ca nopactom Aeb/bMHe TepuujapHUX WM KBapTapHUX ceammeHata
ucnog rera, Lok ce fe6/brHa 3eM/bUHE KOpe CMatbyje Yy UCTOM npasly. Y TakBuUM [eno-
BMMa JafipaHcKor 6aceHa, Kao LITO je noapydje jyxxHor JagpaHa (cn. 1), geb/buHa, npe-
reXKHo rMMHOBUTUX CeflMMeHaTa TepuujapHe u KBapTapHe ctapoctu je fo 10 kT. Bucoke
BPeAHOCTM FyCTMHE TOMJOTHOr TOKa Yy TOM NOApyYjy jefHUM fenom cy nocneguua "=>lat
kehn§ ellecl-a Tux cegnmeHarta Koju cy 4o6pu BOLO M TEPMO M30M1aTOPU. Y CPeAHeM U
CeBepHOM JafipaHy Taj edhekaT OACYCTBYje MUK je BeOMa Manu, jep je Ae6/buHa MOPCKUX
ceAMMeHaTa mana, WAM Cy OHW MeCKOBMTOr cacTaBa, Tako fJa Ce MNPOAY>XEHW YTuuaj
KpeTatba NOA3EMHUX XNafHWUX KapCTHMX Boga (cn. 3) oceha Ha BeIMKOM pacTojaky Of
ob6ane (cn. 2). bera nojayasa u fejCcTBO BeNMKe Mace X/iafHe MOPCKe BOAE, KOja Ce WH-



thuntpupa y naneopesbed MOPCKOT fHa 0f KapCTUNKOBAHNX KapbOHATHUX ME3030jCKMX
CTeHa.

3AK/bYHAK

Ha nogpyujy Cnosawiwux AuHapuga npucyTHa je NpocTpaHa reoTepmanHa aHoma-
nnja, Koja ce 0A/IMKyje BeoMa HACKUM BpeAHOCTUMA reoTepManHuX rpagujeHara u rycru-
He TOMJIOTHOT TOKa. POoCTPaHCTBO aHOMasmje ce noknana ca NPoCTPaHCTBOM XOJ0Kap-
CTa y BeoMa febenum kapboHaTHUMM Hacnarama Me3030jcke ctapocTu. O63uMpom pga ce
KUX0BA KapCTU(UKaLunja BpwIKMaa ca MaiuM NpeknanmMa, noYves Of cpefdmwer Tpujaca, T0
je xnahere uenor kapboHaTHOr KOMMJ/IeKca 6110 MHTEH3UBHO U BeOMa Ay60Ko (6-8 KT),
CBe [10 BOAOHeNponycTHe nognore. Npema ToMe, y3poK xnaherwa, Tj. y3pOK aHOManuje je
ay60oka 1 gyroTpajHa uupKynauuja xnagHux nofseMHux Boga. [NpumapHa wnm 6asanHa,
yucta KOHAYKTMBHA KOMIMOHEHTa ryCTMHE TOMJIOTHOTr TOKa Yy MoAnosn kap6oHaTHor
KoMmmiekca uma BpefHocT 40-50 TWI/w2 Y nogpydyjy aHomanuje OHa He focnesa [0
MOBPLUM TepeHa HeyMareHa, Kako je TO C/y4aj y TepeHMMa 0f BOLOHENPONYCTHUX CTeHa,
Beh ce 3HauyajHO cmamyje 360r UMpKynauuje xnafHUX BOAA WU KOHBEKUWje TonsoTe 3a
20-30 T\Y /T2 Tj. TONMKa je BPeLHOCT KOHBEKTUBHE KOMMOHEHTE TOMNNOTHOr TOKa. 360r
TOra U3MepeHe BPeAHOCTU ryCTUHE "MOANOBPLUMHCKOTN TOMMOTHOT TOKa" y KopuwheHUM
OylwoTHaMma M3BeAEeHUM Y MOAPYYjY XO/0KApCTa, KOje MHauye HWUCY [OCnene Yy HeroBy
BOLOHENpPOMyCTHY MNOA/OrYy, NPefcTaB/bajy CaMO WHAWKATOP OrpOMHOI KOHBEKTUBHOT
npeHoca TonaoTe. 3aTO Ce OHE He MOTy KOPUCTUTM 3a MU3pagy reotepmasHux Mopena
3eM/bUHe Kope Ha nogpyyjy Cnosbawbux AuHapuaa pagy npopayyHa TemnepaTypHor
noma n aebrbuHe nutocdepe. MepogaBHe BpefHOCTU TYyCTUHe TOMAOTHOr TOKa KOju
oflpaxkaBa CTate Kope u nutocdepe Tpeba Ha nogpydjy Cnosmaluwbux JuHapuga fa ce
Mepe y MoAn031 Me3030jCKMX KapboHaTHUX Hacnara.
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XHfIPOrEOJIOrHJA - hydrogeologie

THE INFLUENCE OF DEEP COLD KARST WATER FLOW IN THE
OUTER DINARIDES ON TERRESTRIAL HEAT FLOW DENSITY

by
Mihailo Milivojevic*

A regional geothermal anomaly of very low heat flow densities, 15-30 mW/m!, is detected in the

Outer Dinarides (Milivojevic, 1992). Its extent is coincident with the karstland of about 20.000 km2 sur-
face area. The karstland is made up of Mesozoic carbonate rocks 6-8 km thick, which are heavily karstified
to a depth of 5 km. Karstification evolved through the geologic time in nine stages (Milovanovic,
1964/65). Deep percolation of meteoric and flow of ground water have cooled the entire karstland of the
Outer Dinarides. Karstification is a Recent process in the region, from the Paleogene, and more intensive in
the last two thousand years since the depletion of the vegetation cover. Consequently, the measured densities
of the terrestrial heat flow to the depth of 5 km in the Mesozoic carbonate complex are inconsistent with
the actual densities deep in the Earth's crust. These densities should prevail beaneath the ground water flow
in the carbonate rock complex, i.e. in the bedrock which is lacking effective water flow and heat convection
causing the mentioned geothermal anomaly (Milivojevic, 1993). Actual densities of the terrestrial heat
flow in the bedrock of deposits should be 40-50 mW/m2 according to tests on a geothermal model of the
Outer Dinarides crust segment.

Key words: geothermal heat flow, geothermal anomaly, karst, convection, cold ground water, thermal water,
Outer Dinarides.

INTRODUCTION

Density of the terrestrial or geothermal heat flow is one of principal parameters for
interpretation and understanding of the past, present and future evolution of our planet.
Most of the measurements, or determinations of the heat flow density are taken in bore-
holes, which are shallow, only 1-5 km, compared with the crustal or lithospheric thick-
ness. Observations of heat flow density in very deep boreholes, in Germany and in Rus-
sia (Kola peninsula), indicate significant variations in its values at depths from a few to
several times greater depths. Actually, variations in terrestrial heat flow density, measured
in completed boreholes deeper than 10 km, have been established in the vertical plane.

*Univeristy of Belgrade, Faculty of Mining and Geology, Djusina 7, 11000 Belgrade.



Boreholes commonly used to measure the terrestrial heat flow density are relatively
deep (1-3 km). These and even deeper boreholes are preferred for determination of this
parameter, and have been used in preparation of almost all maps and atlases of terrestrial
heat flow densities. However, some of the maps have the heat flow density variations in
vertical plane registered but not described and discussed, that is, new measurements and
interpretation of old data are not always critically analysed.

Variations of heat flow density in vertical plane are caused by changes in climate,
hydrogeology, neotectonics, structure, and other regional characters, of which hydrogeolo-
gic influence is the most important.

The influence of the hydrogeologic character of a region, or of individual lithologic
member or lithostratigraphic unit on the geothermal temperature field increases with the
depth, velocity and period of unconfined ground water flow. In the process, ground wa-
ter. formed of cold atmospheric and surface waters, cools the ground and at the same
time gradually warms up, and then more or less heated, emerges elsewhere on earth sur-
face. Thus, ground water transfers enormous amounts of geothermal heat from one seg-
ment of the crust to another, both in plan and in depth. The mechanism of transfer is
convection and the resulting effect is anomalies in the heat flow density.

Anomalies in heat flow density, mainly caused by regional hydrogeology, are com-
monest in karstland. One of anomalies is detected in the Outer Dinarides, in the Dinaric
holokarst. It is a regional anomaly, which extends from Istria, through Lika, Dalmatia,
Herzegovina, and southern Montenegro to western Albania (Fig. 1), characterized by very
low heat flow densities, even 2-3 times lower than the average for continental Europe.
The anomaly is first described by Milivojevic (1992, 1993). In this work, its likely
origin will be explained.

TEMPERATURE FIELD OF THE OUTER DINARIDES

The first map of terrestrial, or geothermal, heat flow densities for the Outer Dinarides
(Fig. 1), which shows the mentioned anomaly, was prepared under the first map of heat flow
densities of ex Yugoslavia by Ravnik et al. (1987). The term geothermal heat flow should
be interpreted as the purely conductive component ascending from the earth interior to the
upper shell of the crust, or the "sedimentary layer". The data used in mapping are tempera-
ture logs from selected deep drill holes, a total of 138 on land and 14 in the Adriatic Sea.

Fifty-five of these holes are deeper than 3 km, and thirty-seven shallower than 1 km.
All holes in the Outer Dinarides are more than 1 km deep, drilled in highly karstified
Mesozoic carbonate rock complex deep below the sea level, the deepest down to 5 km.

Densities of the terrestrial heat flow in the Outer Dinarides are lower than 40 mW/m2,
mostly 20-30 mW/m2 and locally below 20 mW/m2 These values are believed anomalously
low, because the average for continental Europe is about 60 mW/m2. Low densities of heat
flow between 40 and 60 mW/m2 are characteristic of stable segments of the crust, schields
and platforms; from this aspect, the mentioned densities in the Outer Dinarides indicate a
highly anomalous region.

The geothermal anomaly of the Outer Dinarides extends, as mentioned, from Istria,
through Dalmatia, Herzegovina, southern Montenegro, northern Albania, and extreme



west of Macedonia to the northrn border of Greece, covering a surface area of more than
20.000 km2. Its significance’ therefore exceeds its boundaries and calls for explanation of
its likely cause in order to avoid wrong geothermal and other interpretations of relevant
data.

GEOTHERMAL MODEL OF THE OUTER DINARIDES
AND THE ADRIATIC BASIN

Movement of ground water in the Earth's crust is an important physical process, not
only in the hydrogeological, but also in the geothermal terms, because it involves the re-
distribution of heat. Consequently, geothermal temperature field varies and its values and
those of the heat conductivity of rocks define the geothermal temperature field, or the
density of heat flow. This applies to terrains built up of highly permeable rocks, particu-
larly those of deeply karstified thick deposits of limestones and dolomites. This situation
is found in interpretations of temperature logs which show characteristic shapes or secti-
ons easily recognized as effects of ground water movement. Temperature logs or parts
thereof which express such a situation are not used to determine the density of heat flow.
For the Outer Dinarides, where a small number of deep holes were drilled in karstland
positively recognized as highly permeable, temperature logs were used in mapping the
heat flow densities, because other drill holes with temperature controlling conditions were
not available.

Holokarst of the Outer Dinarides has a surface area of about 20.000 km2 It has
long been known for its characteristic topographic features and taken for the karst type
locality. Its evolution and depth are relevant for the considered subject. The best expla-
nation in this respect is given by Milovanovic (1964/65) in "Epeirogenetic and Oroge-
netic Dynamics within the Outer Dinarides and Problems of Paleokarstification and Geo-
logic Evolution of Holokarst". It is an excellent analysis and synthesis of all the available
geological, hydrogeological, paleogeographic and other data for the Outer Dinarides. The
importance of this work is, among others, in its presentation of a geological model which
offers an acceptable explanation of the origin of the mentioned Recent geothermal, hy-
drogeothermal. anomaly of the Outer Dinarides.

Principal genetic characteristics of the Dinaric holokarst, according to Milovanovic
(1964/65) are the following:

1. Dinaric holokarst was formed through a complex and discontinuous process of
karstification, and consists, as a complex geologic and geomorphologic phenomenon, of a
combination of recent and stratigraphically varied paleokarsts.

2. In some areas, karstification began as early as the Middle Triassic. It was repeat-
edly active in many areas during the Mesozoic (karst levels), and in others has been
continuous from the late Upper Cretaceous.

3. On the basis of the paleokarstification evidence, nine time-geologic phases of
karstification are distinguished: (a) in Middle Triassic, (b) between Middle and Upper
Triassic, (c) in Upper Triassic, (d) in Jurassic, (e) in Lower Cretaceous, (f) in Upper Cre-
taceous, (g) during Laramian epeirogeny and orogeny, (h) during Old Pyrenean and Pyre-
nean orogeny, and (i) during Savian and other phases.



An inference from the above analysis (Milovanovic, 1964/65) is that almost the
entire Mesozoic rock complex of the Outer Dinarides, of 6-8 km estimated thickness,
was long exposed to karstification processes and consequently karstified to the imperme-
able bedrock.

Dinaric holokarst, known for the abundance of good cold ground water, can be in-
terpreted as a large open low-temperature hydrogeothermal convective system (Milivo-
jevic, 1989). This is indicated by occurrences of low-temperature thermomineral water
of characteristic chemical composition and temperature of 18-25°C along the Adriatic
coast, cold karst springs, and temperatures measured in some intervals of deep oil wells.
The main components of the system are shown in Fig. 3.

Convection is forced, characterized by high hydraulic gradients and pressures, mostly
controlled by high topographic features in the area of cold water recharge. Individual
parts of the reservoir vary in temperature, geothermal gradient, heat flow density, and
water flow direction (Fig. 2).

The heat flow, which penetrates deep into the karstified Mesozoic carbonate com-
plex of the Outer Dinarides. ascends from the impermeable Paleozoic bedrock. In relation
to the crust thickness, the heat flow is presumably uniform and constant, a purely con-
ductive component (qi) originating from the crust and outer mantle.

The primary or basal densities of heat flow in the Outer Dinarides and the Adriatic
basin can be learned from a geothermal model of the given Earth's crust segment (Mili-
vojevic, 1992, 1993). The model includes a geological and a model of radiogenic, or
geothermal, heat generation in the crust and the outer mantle for the territory of ex
Yugoslavia. In the Outer Dinarides, according to the model, shell thicknesses are: "sedi-
mentary layer" 5-13 km (Dragasevic et al., 1990), "granitic layer" 9-15 km, and "ba-
saltic layer" 16-25 km. For these and the physical heat parameters in Table 1, the obtai-
ned lowest terrestrial, or geothermal, heat flow density generated in the crust of the
Outer Dinarides, or primary or purely conductive component (qf), is 40-50 mW/m2

ORIGIN OF GEOTHERMAL ANOMALY

Holokarst of the Outer Dinarides is a particular hydrogeologic phenomenon, known
primarily for waterless surface and abundant ground water. Its hydrogeology has been
long and thoroughly explored almost all over its extent, particularly by the coast, in
search for drinking water.

The hydrogeothermal character of the Outer Dinaridic holokarst was not studied in
the manner and detail as its hydrogeology, though a number of thermal .springs of
18-23°C water temperatures emerge along the coast. The main reason for this attitude
was the unawareness that ground water, owing to high specific temperature and mobility,
which are the highest in karst areas, easily and strongly deform the temperature field to
the circulation depth, the uppermost few kilometres of the crust.

In the holokarst of the Outer Dinarides, ground water flows into two main directions
(Fig. 3): (i) horizontally, from the recharge area which extends from the Inner Dinarides
to the coast and further under the Adriatic basin, and partly within it and in the opposite
direction to the coast, and (2) vertically, downward in the intensive infiltration zone, and



upward in the zone of thermal water discharge along the coast, at an average distance of
50 km from the recharge zone. Hence both horizontal and vertical convective transfers of
geothermal heat. Stated differently, purely conductive or primary heat flow (q) reaching
the hydrothermal reservoir branches into two convective components, horizontal and ver-
tical, and a conductive vertical component (Fig. 3).

The convective horizontal heat transfer as one-dimensional model is described by
Jetel (1982) and Cermak & Jetel (1985) by the equation:

XbAr-bpevx® - +qi-*(T-T1)=0
dx ax a

where b is thickness of the aquifer, T=T(x) is temperature in the aquifer at distance x from
the zone of recharge, p is water density, c is specific heat of water, Vx is Darcy's velocity, g
is heat flow density which reaches aquifer from impermeable bedrock (conductive primary
heat flow), X is heat conductivity of reservoir rocks, \ is heat conductivity of rocks over-
lying reservoir, a is depth of aquifer, and Ts is temperature at the surface.

Solution of the above equation, for initial conditions T=TO at x=0 and T final at
x—°°, gives relations which demonstrate that water flow in the reservoir causes temperatu-
re field deformations which grow with the distance from the recharge area.

Temperature deformations change "the subsurface heat flow" (q), or the heat flow
over the reservoir, which differs from the primary or basal heat flow (q) for the amount
of heat transferred by horizontal water flow along the aquifer.

Hydraulic characteristics of the water-bearing rocks control the heat transfer. Accor-
ding to Cermak & Jetel (1985), if Darcy's velocity (vX) in the aquifer is leas than
IXIO 8 m/s, the heat transfer is conductive, i.e. the influence of ground water movement
on the heat flow is negligent. For velocities of 10 6 m/s order, heat transfer is completely
convective; at velocities higher than 10~6 m/s, the "subsurface temperature field" drasti-
cally changes at a distance of 50 km or more from the recharge zone, as in the case of
the Outer Dinarides. These velocities are those prevailing in the permanent saturation
zone of the aquifer or the hydrothermal reservoir, not any fictitious velocities in karst
determined by water tagging, that is in intermittent saturation zone or above it.

Vertical heat convection was studied by Smith & Chapman (1983, 1985). Their
model is two-dimensional, 40 km long and 5 km deep, with the primary conductive or
basal heat flow of 60 mW/m2 and 1000 metres level distance between the areas of
recharge and discharge. These parameters are similar with the general parameters of the
Outer Dinarides geothermal model (Fig. 3). Principal results of their model calculations
are the following:

- convection effects increase with the depth to the impermeable bedrock of the res-
ervoir;

- convection effects increase with the permeability, thickness and depth of the res-
ervoir;

- in porous rocks and in a number of reservoirs, where anisotropic permeability is
increased, the effects of convective transfer are smaller;



- purely conductive heat transfer is for permeability values less than 5X10 I m2
(Ix10“B m2 - 1 millidarcy).

The above results of Smith & Chapman (1985) are consistent with the hydro-
geological and geothermal model of the Outer Dinarides.

Circulation of water through the reservoir of the Outer Dinarides hydrogeothermal
system is largely controlled by the altitudinal difference between the cold water infiltrati-
on and the discharge areas. This difference exceeds 1500 metres at the most, being be-
tween 800 and 1000 metres on average. As a result of temperature difference between
the infiltrated cold and thermal waters, the pressure resulting from different densities in
water columns in areas of different geothermal gradients, is an important factor. Continu-
ous heating leads to fluid expansion and its lower density. The heated fluid ascends to-
ward the upper part of the reservoir, and denser, colder fluid descends in another part of
the reservoir (Fig. 3).

fn the Dinaric karst, the influence of coid water was controlled by the position of
impermeable Paleocene and Eocene flysch barriers, as far as the coast and under the sea.
In consequence, and owing to the great depth of karstification resulting from combined
paleo and recent karsts, the zone of convective cooling in the Outer Dinaridic karst is
very deep and most likely coincident with the thickness of the carbonate rock complex
which is karstified virtually down to its impermeable bedrock. An evidence of this are
the temperatures measured in deep oil test wells in the area where Mesozoic sedimentary
complex and the crust are the thickest. The statistical log-based average temperature dia-
gram for the Outer Dinarides (Fig. 4) shows that the zone of convective cooling is con-
cave, which proves deep and fast infiltration of cold meteoric water, rapid flow of cold
water and thereby convective cooling. This is also indicated by temperatures measured in
deep wells drilled in holokarst of Montenegro (Milivojevic & Buric, 1987), particu-
larly in the deepest well UK-1 near the sea at Ulcinj where average geothermal gradient
was 0.0094 °C/m or 0.94 °C/100 m.

Ground water is ascending towards the surface in areas of low altitudes in relation
to the recharge zones. In this case, il is coastal part of the Outer Dinarides and the Adri-
atic basin where the reservoir is overlain by impermeable Tertiary and Quaternary sedi-
mentary rocks. Hydraulic gradients are there low and heat flow increased or high. In
other words, infiltrated water reduces temperature gradient, and water ascending in the
other part of the reservoir ieads to the rise in temperature gradient. The cooling effect in
karstland is very deep, to the deepest point of ground water circulation. Cold water is
slowly heated, and its flow has a long cooling effect (Fig. 3).

An additional support to the hydrogeological causes of the described anomaly is ad-
duced by the fact that density of the geothermal heat flow increases seaward from the
coast parallel with the increasing thickness of Tertiary and Quaternary deposits under it
and the decreasing thickness of the crust. South Adriatic is such a region (Fig. 1) where
the thickness of dominantly Tertiary and Quaternary argillaceous rocks is almost 10 km.
High heat flow densities in the south Adriatic is partly result of the blancketing effect of
sedimentary rocks which are good heat and water barriers. This effect is lacking or is
very low in mid- and north-Adriatic, because the thickness of marine deposits is small,
or they are sandy, so that the prolonged effect of cold karst ground water flow (Fig. 3)



is felt far from the coast (Fig. 2). The effect is strengthened by the large mass of cold
sea water which is infiltrating into the sea floor of karstified Mesozoic carbonate rocks.

CONCLUSION

A large geothermal anomaly is present in the Outer Dinarides, characterized by very
low geothermal gradients and heat flow densities. The extent of the anomaly is coinci-
dent with the holokarst in the thick Mesozoic carbonate rocks. As a result of continuous
karstification from the Middle Triassic, with short breaks, the cooling of the entire car-
bonate complex has been intensive and very deep (6-8 km) down to the impermeable
bedrock. Consequently, the cause of cooling, or of the anomaly, is the deep and long cir-
culation of cold ground water. The primary or basal, purely conductive component of the
heat flow density in the bedrock has a value of 40-50 mW/m2 In the region of the
anomaly, it does not reach the subsurface unreduced, as it does in terrains of imperme-
able rocks, but is significantly reduced as a result of cold water circulation and heat con-
vection by 20-30 mW/m2, the value of the heat flow convective component. The densi-
ties of the "subsurface heat flow", measured in holes drilled in holokarst but not reaching
the impermeable bedrock, are therefore only an indication of the enormous convection
heat transfer. This is the reason why these values cannot be used in geothermal models
of Earth's crust in the Outer Dinarides for calculation of the temperature field and the
lithospheric thickness. Effective heat flow density which expresses the state of Ihe crust
and the lithosphere in the region of the Outer Dinarides should be measured in the bed-
rock of Mesozoic carbonate rocks.

Translated by D. Mijovic-Pilic
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