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BEJIMMIP JOBAHOBIWHh

CTPATUTPA®CKO-TEKTOHCKE KAPAKTEPUCTHUKE
MAYBAHCKOI' BACEHA

H3Boa: Y paxy je u3BplICHAa aHANIN3a CTPATUrPaCKO-TEKTOHCKHX KapakTepucTHka GaceHa MauBe Ha OCHOBY
rnojaTaka Koju cy HOOHjeHH JTyOOKHM HCTpaKHHM OymiemeM paljeHuM 3a morpebe NpojeKTa XUIPOre0TepMaTHHX
HCTpaXUBaba y LIWJbY YTBphHBama pe3epBu reorepmante eHepruje Mause. CpoBeeHO je HCTPaKHBAE YHjU je
uwb 6uo yrBphuBame oJHOCA M3Mel)y Tepuujapa u HberoBe Tpujacke mojuiore (JIAIUHCKH M KapHHjCKU KaT) MpU
4yeMy je 100ujeHa JocTa peaHa CiMKa 0 U3rjey najieopesbeda (Imoiora TepuujapHux CeJUMeHaTa).

Kibyune peum: cTpaTurpako-TEKTOHCKE KapaKTEPUCTHKE, mnaneopesbed, Gacem Mause, MCTPaKHO Oylieme,
TepiHMjap, Tpujac.

I'eorpadcke n reoMopoonmke KapaKTepucTUKe

Tepuroprja Mause npunana jy:xHom o6ozay [laHoHckor OaceHa koju ce Haiasu
u3mel)y maanuHCKuX BeHara Llepa u ®pymike rope. To je yriaBHOM HH3HjCKH Iojac ca
HAJIMOPCKOM BHCHHOM 07 75 10 100 m. Mamu 1o TepeHa Ha jyry YMHHU 0JIaro 3aTajiacaHo
nodphe ca HaxMopckoM BrcuHOM o7 100 o 135 m. OBaj npoctop rpannun ce ca Cpemom
Ha ceBepy U ceBepo-ucToKy, CemOepujom Ha 3anajy, mianuHoM Llep Ha jyry u [Tonepunom
Ha jyro-UCTOKY.

MauBa npe/cTaBba MOJBONPHBPEAHNA PErHOH moBpuinHe oko 800 km® koju ce
Hanaszn 80 km 3amagHO on beorpama. Mopdonomkn mocMaTpaHo, MOAPYYje UCTPaKUBamka
YUHHA PaBHUYAPCKH, OAHOCHO HHU3HjCKH Tojac MauBe Tlie JOMHHUPA]y pedHe gonuHe Jpune
u Case (I'puuh, M., 1989). [lnnamuuka €BoIyIiMja OBHX peKa ca BUXOBUM IPUTOKaMa je
Jlana caBpEMEHOM peJbedy OCHOBHE MOP(QOJIOMIKE M XHIPOTEOJIONIKE KapaKTEPHCTHKE ca
IIPOCTpaHUM TepacHUM paBHUMa (3epeMcku, M., 1984) (ciuka 1).

IMpema I'puuh, M., I'puuh, Jb., (2002), MauBa je n00OpO HMHIMBUAyaJIH30BaHA
reomopotolnka nenuHa. MMa o0nuK Jierne3acte akyMyJaTHBHE paBHUIIE, U3Mel)y caBcKOr
ayka u Jomer Toka JlpuHe. To je CTpyKTypHa, OJHOCHO aKyMyJlaTHBHa 3apaBaH,
MakporuiaBuHa peke Jpune. Mialjom epo3ujom 1 pa3BUTKOM PELIEHTHUX CIIMBOBa MauBa ce
TpaHcdopmucana y epo3uBHY (QIyBHO-AEHyAalMOHy noBpml. HajHiwku neo Mause cy
npocTtpaHe anysujanHe paBHH CaBe u J[puHe U BUXOBHX JIECHUX NPHUTOKa. To cy MOUBapHH
1 BOJIOIUIaBHU TEPEHHU KOjU Cy OMIIM IUIABJBEHH NMPHUIMKOM CBAKOT TOBOIHA U 110 KOjUMa CY
peke pasBujane cBoje Meannpe ([pumh, M., 1999). Peka [lpumHa je TOKOM T€OJIOIIKE
MPOIUIOCTH MEMala TOK Yy HHU3HMjCKOM pETHOHy MauBe 0 MCTOKa Ka 3amamy Tae je

* mp UBana lapesuh, acuctent, Yuusepsuter y beorpany — leorpadeku pakynrer, Ctyaentcku tpr 3/3, Beorpa.
1np Bexumup JosanoBuh, penosuu npodecop, Yuusepsuter y beorpany — I'eorpadeku paxynrer, CTyneHTCKI

tpr 3/3, beorpaz.

Pan mpencraBipa pesynTaTe HCTpaXHBama y OKBHPY npojekarta 146005 xoje ¢puHaHCHpa MHUHHCTapCTBO HAyKe U

TEXHOJIOLIKOT pa3Boja Pemy0nuke Cpouje.
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(dopmupana mpocTpaHy TepacHy paBaH. Tok peke CaBe WMa IHpEKTaH YTHIA] Ha
JIpEHUpame U IUIABJbEHE alyBHjaJIHE PaBHH, 3aTUM Ha MOTXPAmbHBAKE MambUX TOKOBA H
M3/IaHU KOjH C€ TOKOM MaKCHMAaJIHOT BOJIOCTaja Hajla3e UCIIOJ HMBOA PEKe.

’{I} Yag

o 0 20 40 60km

Cauxa 1. 'eorpadcxu noso:xaj 6acena Mause
I'eonomku cacraB 6acena MauBe

IToppyuyje MauBe mnpencraBjba y TEOJOLMIKOM IOTJIENy IPOCTPaHy HAeIpecHjy
WCIYH-eHY HEOTCHHM M KBapTapHUM CEAMMEHTHMa KOja Ce Hala3W Ha KpajleM jY)KHOM
obony IlanoHckor Oacena. O reosomkoj rpalju ce MOXe TOBOPUTH CaMO Ha OCHOBY
nojiataka 1O KOjUX C€ JOIUIO IUIMTKUM W JyOOKHM HCTPOKHHM OylIemeM U
XHUJPOTEOJIONIKIM UCTPAKHUM OYIICHEM.

Ilaneozoux?

Hajcrapuje TBOpeBHHE Cy INpeICTaB/bEHE METalelrdapuMa M MeETaaleBpOJIUTHMA
Koju cy HaOymrenu y Oymornau BZ-2 na nyounu ox 306-1335 m, 3a koje ce cmarpa z1a cy
naneo3ojcke crapoctd (cmuka 2). Hacramm cy TepmomeramMopdu3MOM Iemrdapa H
aJeBpOJIUTAa YCJIEJA BeOMa jake TIeoTepMallHe AaKTHBHOCTH W3a3BaHE HWHTPYIOBABEM
TPaHUTOWIHE MarmMe y HeoreHy. JIMTONOIIKKM cacTaB M Ha4uH II0jaBJbUBAaKka OBHX
TBOPEBUHA yKa3yje Ha YHGECHUITY Ja C€ paad O (PIHUIIHOj CEpHjU CTBApaHO] Y CPEAWHU T
ce BpIImia TypOUINTCKA CeIUMEHTAITH]a.

Me3zozoux

Tepuropuja 6acena MauBe je mOKpUBeHa alyBHjaIHUM ceaumentuma J{pune u Case
MakcuMmaiHe aeospuHe no 160 m (rpyma ayropa, 1980) umja je moamHa NpeacTaBJbeHA
HEOTCHUM CeMMEHTHMa. TO je pasjor IITO je JUTOJOIIKH CcacTaB majacopesbeda Ouo
Herno3HaT cBe 70 1981. roaube kana je uzpalheHa mpea UCTpakHA OYIIOTHHA Y IIEHTPATHOM
neny Mause (DB-1 Jlybsee) ca kojoMm ce ynuio y MOAJOTy HEOTEHHX CeJMMEHaTa Koja je
m3rpalleHa on KapcTH(UKOBAaHMX CPEIHOTPHjacKUX Kpeumaka (MwunumBojeuh, M.,
Maptunosuh, M., 2000).
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Hajommkn wm3manmm manmeopesbepa HEOreHHMX cenuMeHaTta MauBe ce Hanasze Ha
jyxxHOM 00ony OaceHa Ha moxapyyjy ruanuHe Llep u Hemaneko ox rpanga Ilabua rue cy
OTKPUBECHH M3JAHIIN TPUjaCKUX KapOOHATHHUX CTEHA.

.Mutposuna
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Cuanka 2. Jlokauuje ucrpakuux 0ymoruna y 6aceny Mause

CeaMMeHTH Me3030jCKE CTAapOCTH OTKPUBEHU Cy HMCTPaXHHM OyIIeHheM Ha BHIIE
nokanutera. [IpeacraBibeHn Cy TBOpEBUHaMa JIaJUHCKOT M KapPHU]CKOT KaTa KOjH CY Y OBOM
pany oOjenmumeHH Kao jeJaH CeIUMEHTHHM KoMIulekc. To cy Tpujacke KapOoOHaTHe
TBOpEBHHE M3rpaljeHe o1 Kpeumaka 1 J10JI0MHTA.

HoBujuM TeoJOmKNM U XUJIPOTEONIOIKUM HUCTPAXHUBAbUMa TPUjacKH KapOOHATHH
CeIMMEHTH OTKPUBEHHU Cy OyIIEHEeM HCTPaKHHX OYIIOTHHA Y JOKaIHOCTHMA cena JlyOwe,
Boratnh m Benoruh. OBa KoHCTaTamuja ykasyje Ha MOTYhHOCT IIHpEr pacmpoCTpamerma
TPUjacKUX TBOpPEBMHA Ha TNoapy4jy Maue. Tpeba HamoOMeHyTH Ja Cy OBE CTEHE
Haj3HAYajHUje y BE3U ca Te0TepMallHOM MoTeHIwjanHomhy oBor tepeHa (Mapturnosuh, M.,
Munusojesuh, M., 2005).

Y oymotuan DB-1 y [ly0spy momiora HeoreHuX ceauMeHara ce Hajasu Ha 207,5 m
TJie je TIpeCcTaB/beHa KapcTH(PUKOBAHUM KpeUumaluMa Cpe/iber Tpujaca (JIaJMHCKH Kar). Y
ucTpaxHo-excrioaraironom oyHapy IEDB-1 kapctudukoBanu Kpeumaiy ropmoTpujacke
cTapoctd (KapHHjCKH KaT) Cy OTKpHUBeHHM Ha ayouuu ox 216-300 m, a ox 300-330 m cy
HaOyIIeHU CpeNmbOTPUjacku Kpeumaly. OBM MAaCUBHM U OAHKOBUTH TaMHO CHBH KpEUHballH
(OnocmapuTH) cajpxe peIaTUBHO Oorary 3ajeIHUIly MUKpodIope, MUKpodayHEe U OJIOMKE
MpeKpUCTaIHCATNX exuHonepMara (MunuBojesuh, M. u np., 1990).

VY o6ymoruau xon banpa BB-1, Ha ceBepHoj nepudepuju boratnha, Ha nyonHu on
412-470 m yTBpheHH Cy CeIMMEHTH TOPHOTPHjacKe CTAPOCTH MPEACTABIbEHH 3arINHCHUM
KpeumhalmMa, JI0K Cy JOJIOMUTH UCTe CTapocTH HalOymienu y Oymoruau BBe-1 y Benoruhy
Ha ryounan ox 310-450 m.
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Tpujacku cequMeHTH ¢y yTBpheHu u y 6ymotuau BB-2 y boratuhy Ha ny6mam on
610 m. To cy Oenn, KOMIIAKTHH KpEeUHhalld Ydja je CTApOCT IMPEANOCTaBJbEHA, jep HHje
Morya OuTn GayHHCTHYKU JOKa3aHa ycie HerocTaTKa (pocuia.

Kenozoux

YV 0KBHPY KEHO30jCKHMX TBOPEBHUHA H3BOJCHH CY MPEANOCTABJHEHH ICIIYapH COICHA
KOjU TPAHCTPECHUBHO HAJICXKY MPEKO CTAPH]je MOAJIOre U KaCIHOPAaKUIHU CEIUMEHTHU MTaHOHA
MPEKO KOJHX JISKE je3ePCKU TUTHOLICHCKH CEMMEHTH.

Taneozen

[Ipema pesynraTnmMa MCTPaXHOT XHUIPOTEONOIIKOr OyIIema HajcTaphje TBOPEBHHE
KEHO30MKa MpHNaJiajy eoyery Koju je nokazaH y Merkosuhy (Oymornaa BMe-1) rae cy Ha
nyouan on 500-630 m nHaOymieHM cmabo Be3aHW NHPUTHCAHN KPYITHO3PHHU IEIT4aph |
TIECKOBH €OLICHA.

Y oymotuan BZ-1 y boratuhy Ha nyO6mam ox 295 m ce ymmwio y mOIOTy OX
CUTHO3PHMX CHBHMX KOMIIAaKTHHX IelIyapa.

INomeHyTH memryapu cy IpenrocTaBIbEHE COLEHCKE CTapoCTH, jep ce H3BPIICHUM
[AJCOHTOJIOIIKUM aHajiW3aMa Jo0Ka3ajlo Ja He cagpke (ayHHCTHUYKe [oKase. 300r
JIMCKOPAAHTHOT OJHOCA TpeMa IMOJUHM U TIOBJIATH, OBH CEAWMEHTH Cy CadyBaHU CaMo y
BeoMa yCKMM Inpoctopuma. To HaBoOu Ha 3aKkJbydyak Jla Cy HACTaIM Y TEKTOHCKUM
JieripecujaMa  OrpaHUueHOr IPOCTPAHCTBA, HM3Y3€THO DPEAYKUHOHOI KapakTepa, Ha INTa
ynyhyje nprcycTBo nupuTa 1 0ACYCTBO (POCHIHOT MaTepHjaja.

MarmaTtcke cTeHe

Kucene wmarmarcke cTeHE TPaHHUTOMIHOT cacTaBa Cy OTKPUBEHE HCTPaKHUM
OymemeM y Oymotuan BZ-2 y cemam naTepBana noueBnn ox 287 m. buxosa crapocrt je
onpehena K/Ar MetoioM 1 n3HOCH 35 MUIIMOHA TFOMHA.

Heoeen

KacninbpakuyHy CeIMMEHTH NAHOHCKEe CTapOCTH Ha MCTPAXKUBAHOM IOJPYYjy UMajy
BEJIIMKO paclpocTpameme. [IpencraBbeHH Cy NUbYHKOBUMA, II€CKOBUMa, TJIMHAMA,
KOHIJIOMEpaTHMa ¥ JIaIlOpOBUTHM cenuMeHTHMa. Hajuemrhe snexe TpaHCIpECHBHO IPEKO
TBOpPEBHHA TpHjaca, pele mpeKxo eoreHCKUX TBOPEBHHA.

Kog moxamurera Jlyosee, OymoruHama D-1 u DB-1 xoHcTaToBaHM Cy Y MHTEPBAIY
ox 170-200 m. Ha cesepnoj mepudepuju boraruha, 6ymorunom BB-1 cy HaOymiene
TJIMHOBHUTO-TIECKOBUTO-IIJBYHKOBUTE Hacjare Ao ayomne ox 412 m. Ha umctounom nmery
TepeHa, kox JokanmureTa benotuh, Oymorinrom BBe-1 koHCcTaTOBaHE Cy Haciare maHoHa y
jesrpuma wmHTepBana ox 207-310 m, mok cy y Merkosuhy, OymormaoM BMe-1 ucre
TBOpeBUHE yTBpheHe Ha ayounu on 105-495 m.

TBopeBUHE nauoyena cy HacTale y IOIpy4YjUMa Koja Cy TOHyJa M 3aIlymaBaHa
PEYHUM U KOIIHEHUM ceauMmeHTHMa. OBa ceIMEHTHA cepHja je OyIlemeM KOHCTaTOBaHa y
Oaceny MauBe Ha BHIIIE JIOKAJIMTETA II€ AOCTIDKE Ne0spbuHy 10 200 m.

Keapmap

KBaprapHe TBOpeBHWHE IOKPHBAjy II€JI0 HCIHTUBAHO Nojapydje. [eOspmHa oBUX
Hacllara y mojeJJHHAM OYIIOTHHAMA JJOCTIIKE M IMTPEKO CTOTHHAK METapa.

Ha ocHoBy nogataka JOOUjeHUX XHIPOTCOTIONIKUM UCTPAKHUM OVIICHEM Y OKBHPY
OBOT TIOTJIaBJba je ypal)eH MPOTHO3HH T'€ONIOMIKHA MPOQIIT IEHTPATHOT 1ena OaceHa (cimka
3).
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Canka 3. KapakTepucTHiaH perHoHAIHH Te0JOLIKH MpeceK TepeHAa MOAPYyYja HCTPAKHBAIbA

Jlerenaa:

(1-kBapTapHH CeAHMMEHTH; 2-IUIHOLICHCKH CeJMMEHTH; 3-ce/lUMEHTH NAHOHA; 4-TPAHUTOUHE CTeHe; S5-
€OLICHCKH CeJIHMMEHTH; 6-Kpeuymald W J0JOMHTH KapHHjCKOI KaTa; 7-KpemalM JAIUHCKOr Karta; 8-
JoH-eTpHjacKe KapOoOHaTHe cTeHe; 9-MeTamemldapd M MeTaajleBPOJIHMTH MpPeANocTaB/beHe Iajie030jcke
crapoctu; 10-HopManHa rpanuna; 11-guckopaaHTHa rpanuna; 12-pacen; 13-m3BegeHa ay6oka HcTpaKHA
OymoruHa)
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CTpYKTYPHO-TEKTOHCKE KapaKTepUCTHKE

MauBancku GaceH ca aclleKTa TeopHje TEKTOHHKE IUIoYa MPHUIAAa KpajmeM
CEBEpHOM JieTy TepaHa Jamapckor 6J0Ka KOjH je JOKOBaH y KOMITO3UTHH TepaH Bapmapcke
30He TokoM ropme kpene (Kapamara, C., u ap., 1996-97) (cnuka 4).

TekToHCKE CTPYKType-IyOMHCKM paszjIoMH M TEKTOHCKH MEJIAaH)KH Ha [y>KHO]
MTOJIOBMHHU JaJapcke TEKTOHOCTPATUTPa(CKe jEIMHUIE jaCHO Cy TCOJIOIIKA HU3PAXKCHE U
3HATHUM JEJIOM JOCTYyITHE JAUPEKTHHM TEPeHCKUM ocMarpamuma. MelyTum, Ha ceBepHOj
TIOJIOBUHM OBE jEAMHHIE TPaHUYHM PaA3IOMH M CTPYKTYpe Cy TIIOKpUBEHH Jie0enum
HEOreHHM Hacjarama, ra ce o0 ’buMa MOKe TOBOPUTH CaMo Ha OCHOBY pe3yJiTara JyOHHCKUX
HCTpaXHUX Oymema. Tako OymioTwHE ca akBU(eprMa TPHjacKUX Kpedmaka IPHIanajy
Jagapckom Tepany, a OymoruHe ca oduonuTHMa, ceBepHo o Case Bapmapckoj 30HH
(®umumnosuh, U., 2005).
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Cauka 4. Kapta Tepana Jagapckor 6;10ka y 0KBHPY KOMNO3UTHUX Tepana Cpouje

Jlerenaa:

(MII-Mesujcka naargopma; KTKB-komno3utan tepan Kapnaro-6ankanuaa; CMKT-Cpnicko-Makea0HCKH
komno3uTHH TepaH; KTB3-komno3utuu tepan Bapaapcke 3one; TJB-repan Jagapckor 6soka; T/AU-Tepan
Jpuna-UBawuna; TJAOII-Tepan nuHapckor odpuonnrcekor nojaca; UBAT-nucrouno 60caHcKo-1ypMUTOPCKH
Tepan; JIXKT-/laiMaTHHCKO-XepLeroBa4yKH KOMIO3UTHH TePaH)
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Tepan Jagapckor Gnoka je OKpy>XKeH KOMIO3WTHHM TepaHOM Bapnapcke 30He Koja
IIPe/ICTaBba OCTaTaK HeKaJalllber Bapaapckor okeaHa KOjH je €r3uCTOBa0 OJl MOYEeTKa
IaJieo30MKa J10 Topme jype (ropme kpene). Haume, 3atBapame ucrounor aena Bappapckor
OKeaHa ce OJJUIpalio TOKOM TOPH-E jype, JOK je HEeroB 3amajHu 10jac 3aTBOPEH Y TOpPHO)j
kpeau (Robertson, A., u ap., 2008; Munosanosuh, ., u ap., 1995).

MauBaHcku OaceH NpUIaja KpajlbUM jy)KHHM JenoBuMma llaHoHCKe nempecuje.
IIpema Maposuh, M., u ap., (2002), [TaHoHCKH OaceH je HAacTao MPOLECHMa CYOMYKIHje U
konm3uje nurocdepe EBporcke 1uoye wcmoji  (parmMeHaTa KOHTHHEHTAJHE KOpe
yayTpammsux Kapnara. Mctu ayropu cy MUNUbema Ja ce Tomeme [laHoHckor OaceHa
omurpaio y nase aze. Tokom mpBe dasze y oTHaHry, Kapnary ¥ OafeHy je JOLUIO IO
pudTOoBama yciesn ekcTeH3uje imTtocdepe, AOK je Apyra Qasza Koja je modena y KacHOM
CpeameM MHOLEHY W Jajbeé Kpo3 IUIMOLEH, OKapakTeprcaHa Kao mocT pudrtHa ¢asza ca
CTa0MjIM TOWEHHEM MPOY3POKOBAHUM CIIa0JheHheM TepMaTHUX aHoManHja. Kao mocmeania
mudepeHIMjalHiX TOWBEHka JOoJNa3d 10 Hagupama Bonxa Ilapareruca y JnenpecuoHe
npoctope. Beh Tama moumme oOpa3oBame OCHOBHUX M BehMX HEOTEKTOHCKHX CTPYKTypa
yija he ce eBojylMja HACTABUTH KPO3 TOPH-M MHOICH, na cBe A0 nanac (Maposuh, M.,
Kuexesuh, C., 1985).

JleGspuHa 3eMibHHE Kope OaceHa MadBe je peiaTHBHO 100po Mmo3HaTa 3axBasbyjyhu
pe3yiTaTuMa M3BeAeHHX reou3nMukux ucrpaxuBawa (Credanosuh, /., 1989). Hajmama
nebspbuHa w3HOocH 25-26 km, ox uera je rpaHuTHU cioj naeOspune 17 km. Pesynratm
J00MjeHH U3pafoM ITyOOKHX UCTPaKHUX OYIIOTHHA YKa3yjy Ha YHHCHUILY Jia CY BPEIHOCTH
TEPECTPUYHOT TOIUIOTHOI TOKA Ha MOAPY4Yjy MauBe Beoma BenMKe. [ JTaBHU Y3pOK TakBOT
CTama je Maja 1e0JbiHa 3eMJBHHE KOpe, PUCYCTBO 1e0€I0T TPAHUTCKOT CJI0ja U PETaTHBHO
mutag Marmarusam Ha noapyyjy Lepa (ITepuh, M., Muusojesuh, M., 1979-1980).

Ha ocHoBy ypalene kapre maneopesbeda Tprujaca 6aceHa Mause no0OujeHa je peanHa
CJIMKA O M3TJIEly MOJJIOTe TePIUjapHUX CeANMEHaTa (CIrKa 5).
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Cunka 5. Kapra TpoquMeH3H0OHATHOTI IPUKa3a najeope/beda Tpujaca 6acena Mauge
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Caunka 6. XuncoHoMeTpujcka kapTa najeopesbeda 0acena Mause
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Cauka 7. TpoauMeH3HoHATHH NPHKA3 Najeopebeda Tpujaca 6acena Mause
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Jobujena cnmka maneopesbeda yKazyje Ha H3IOUTHYTY XOPCTOBCKY CTPYKTYPY Y
LEHTPAJIHOM Jlelly MCTPaKMBAHOT MOJpYYja M3AY)KEHY y IpaBIly ceBepo3arlall-jyroMCcTOK
HAcTaly BEPOBAaTHO yCJIEA yTHUCKUBamba Mamber MHTPY3uBa. MHTEpecaHTHO je HallOMEHYTH
Ja cy cBe OymoTMHe w3BeneHe Ha Jokamutetuma Jlyoree, boratmh u  benorwmh
TEPMOMHHEPAIHO MPOIYKTUBHE, IIPH YEMY je 3arpeBarmbe TPUjacKOT XHAPOre0oTepMalTHOT
pe3epBoapa HHIYKOBAHO YTUCHYTUM T'PAaHUTOUJHUM UHTPY3UBOM.

Ha ocHoBy mo0OujeHor mpukasa mnaneopejbeda Mmoryhe je H3IBOJUTH [IBE Mambe
nayeonenpecuje y yokanmurery boratuh u benotuh. JyxHu Onok OaceHa je pelaTHBHO
W3JAWTHYT Y TMpaBIly HCTOK-3alla] Kao MOCIeAnIla HEOTEKTOHCKMX KpeTama. [IpeBojHa
nozpy4ja usMel)y M3AMTHYTMX M CIYHITEHMX J€JIOBa Cy IO NPaBHIY, HEOTEKTOHCKH
HajaKTHBHHjE 30HE W MapKupaHe cy pasnomuma. Hamme, Hajpehu meo Mause mpecemajy
pacenrn npyxama M-3 (Maposuh, M., DBoxosuh, U., 1989). Peu je o pernoHamHnM
JTUCITOKanrjaMa Koje Cy mapajiellHe ca jy>kKHUM oOomom I[laHoHcKor OaceHa y umjeM Cy
Kpeupamy W ydecTBoBaie. HajBepoBaTHHje Cy TO cTapwje PYNTYpHE CTPYKType Koje cy
TOKOM HEOTEKTOHCKOT CTaJHjyMa peaKTUBHpPaHE.

3akibyyak

[Monmpydje 6acena Mause npunana jy>xaoMm o6oxy [TaHoHCKOT GaceHa. Y TeoIomKoM
HoIJIefly TpeAcTaBjba MPOCTPaHy IENpecHjy HCIYHheHy HEOreHUM M KBapTapHHM
CeIMMEHTHMa, Tla Ce O TEOJIOIIKOj rpaji MoXKe TOBOPHUTH CaMO Ha OCHOBY Iojaraka Jio
KOJHX C€ JIONLIO TyOOKUM UCTPAXKHUM OYIICHEM.

YTBpheHo je da Cy HajcTapHje TBOPEBHHE NPEACTAB/bEHE MeTamenyapuma |
METaaJICBPOJIMTUMA IPENOCTaBbEHE MaJIe030jCKe CTapocTH. [Ipeko WBHX AMCKOPAAHTHO
HaJle)Xy KapOOHAaTHE TBOPEBMHE CpeNmer Tpujaca (JJaIMHCKH KaT) M TOpHEr Tpujaca
(xapHMjCKM KaT) KOjU MMajy BEJIMKY XHMIPOI'€OTepMalHy MOTEHLHjadHOCT. M3aBojeHe cy
MaJeoreHe KHUcelie MarMarcKe CTeHE TPaHUTOMIHOT cacTaBa KoOje IHPEKTHO 3arpeBajy
TPHUjaCKH XUAPOTCOTEPMATHU pe3epBoap. Y OKBHUPY KCHO30jCKHX TBOPEBHHA OIMHCAHU CY
MPEANIOCTaBJbCHN MEIYapy €OLECHA KOjU TPAHCTPECHBHO HAJEKY MPEKO CTapHje MOIIore U
KacrMOpaKUYHU CeIUMEHTH NTAHOHA IPEKO KOjHX JISXKE je3ePCKU IUTMOLICHCKH CEIUMEHTH.

MauBaHckn OaceH ca acmekTa TeopHje TEKTOHHWKE IDIoYa TpHUMaga KpajmbeM
CEBEPHOM JIejTy TepaHa Jamapckor 0J0Ka KOjU je JOKOBaH y KOMITO3UTHH TepaH Bapaapcke
30HE TOKOM TOpH-E Kpeae.

[MocebHa maxmwa y paay je nmocBehena yTephuBamy omHoca u3mely TepiiyjapHUX
TBOpEBMHA M TMOJUHCKE CEpHje KOjy YMHE CpEeNmOTpPHjacKH (JTaJMHCKH Kar) W
TOPHOTPUjacky (KapHHUjCKU KaT) KapOOHAaTHH CEAMMEHTH. AHaJIM30M KapTe najieopesbeda
TpHjaca yTBpheHa je U3IUTHyTa XOPCTOBCKA CTPYKTYpa Y MEHTPATHOM JETY MCTPaKHBAHOT
nojpyYja U3IyKeHa y IpaBIly CeBepO3amnaji-jyroucToK, HacTana BEpOBATHO Kao MOCIEANIa
YTUCKHBaKba Mamer HHTPY3HBA.

Hajsehu neo Mause npecenajy pacenu npyxama V-3 koju cy kao cTapuje pynrypHe
CTPYKTYpE TOKOM HEOTEKTOHCKOT CTa/IijyMa peaKTHBUPAHE.
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STRATIGRAPHIC-STRUCTURAL CHARACTERISTICS OF MACVA BASIN

Abstract: The analysis of stratigraphic-structural features of Macva basin had been conducted in this paper on the
basis of data obtained with deep exploratory boring performed for the needs of hydrogeothermal research project
for the purpose of identifying the reserves of geothermal energy of Macva. The research has been carried out with
the aim of finding out the relation between the Tertiary and its Triassic bedrock (Ladinian and Carnian stages) in
which process the considerable realistic image of paleorelief (the bedrock of Tertiary deposits) was obtained.

Key words: stratigraphical-tectonic features, paleorelief, Macva basin, exploratory boring, Tertiary, Triassic.

Geographical and geomorphological characteristics

Macva belongs to southern margin of Pannonian basin located between the Cer and
Fruska Gora Mountains. It is mostly the plain belt (75-100 m height above sea-level).
Smaller part of the area in the south is of slightly agitated hills (100-135 m height above sea-
level).

The terrain is northward and north-eastward marked with Srem, westward with
Semberija, southward with Cer Mountain and Pocerina in south-east.

Maéva represents the agriculture region of about 800 km* located 80 km west from
Belgrade. Morphologically, the studied area is related to plain or lowlands belt of Macva
where Drina and Sava Rivers are dominated (Gr¢i¢, M., 1989). Dynamic evolution of these
rivers with its tributaries gave the basic morphological and hydrogeological features with
spacious terrace planes of modern relief (Zeremski, M., 1984) (Fig. 1).

According to (Gr¢i¢, M., Grci¢, Lj., 2002), Macva is well individualized
geomorphological entity. It is a fan-shaped alluvial plane between the Sava River arc and
Lower Drina River. It represents the structural, and/or accumulative and macro flood plane
of Drina River. Recent erosion and modern watersheds development transformed Macva
into the erosive river-denudation plane. The Lowest Macva is of spacious alluvial planes of
the rivers of Sava and Drina and its right tributaries. Those are the swampy and flooded
terrains being overflowed during the each inundation with river’s meandering development
(Greie, M., 1999).

During the geological time Drina River has changed its flow in Macva lowlands from
east to west and formed the spacious terrace plane. Sava River flow has a direct influence in
draining and inundation of alluvial plane and fuelling of minor flows and aquifers that are
below river level during the maximum water level.

* MLS. Ivana Carevi¢, assistant lecturer, University of Belgrade-Faculty of Geography, Studentski Trg 3/3, Belgrade.
Ph.D. Velimir Jovanovi¢, full-time professor, University of Belgrade—Faculty of Geography, Studentski Trg 3/3,
Belgrade.

This work was supported by the Ministry of Science and Technological Development of the Republic of Serbia,
Project No.146005.
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Figure 1. Location of the studied area
Geological framework

The area of the Macva basin belongs to the southern part of Pannonian basin. From a
geological point of view it represents the spacious depression filled with Neogene and
Quaternary deposits, that is why the geological setting can be represented only within the
data obtained with shallow and deep exploratory boring and hydrogeological exploratory
boring.

Paleozoic ?

The oldest deposits are represented by meta sandstones and meta siltstones bored in a
drill hole BZ-2 at depths from 306 m to 1335 m for which it is considered the Paleozoic age
(Fig. 2). They originated by thermo-metamorphism of sandstones and siltstones due to the
very strong geothermal activity caused by granitoid magma intrusion during Neogene. Their
composition and setting suggest the flysch series formed in the environment of turbidite
character.

Mesozoic

The area of Macva basin is covered by alluvial sediments of Drina and Sava Rivers
with maximum depth up to 160 m (Group of authors, 1980) underlain the Neogene deposits.
The paleorelief of Neogene sediments in Macva was discovered only in 1981, when the first
geothermal well was drilled (DB-1 Dublje) that cored the bedrock of Neogene sediments. At
the well site, the paleorelief is composed of karstified Middle Triassic limestones
(Milivojevié, M., Martinovié¢, M., 2000).

The nearest outcrops of Neogene deposits paleorelief are on the southern margin of
the basin at the area of Cer Mountain not far off the city of Sabac where Triassic carbonate
rocks are exposed.
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Figure 2. Location of drilling holes in Macva basin

Sediments of Mesozoic age are determined with exploratory boring in a number of
localities. They are represented with deposits of Ladinian and Carnian stages considered as
one sedimentary complex in this work. These are Triassic carbonate deposits made of
limestones and dolomites.

The latest geological and hydrogeological investigations determined the Triassic
carbonate sediments in drill holes in localities of the villages of Dublje, Bogati¢ and Belotié,
considering the fact of wider distribution of Triassic sediments in Macva area. It must be
mentioned the great geothermal potentiality of these rocks in this area (Martinovié¢, M.,
Milivojevié, M., 2005).

In Dublje borehole DB-1 Neogene bedrock is at depth of 207,5 m and is represented
by karstified limestones of Middle Triassic age (Ladinian stage). In exploratory well IEDB-
1 karstified Late Triassic limestones of Carnian stage are cored in interval from 216 m to
300 m, while the cored interval 300-330 m consisted of Middle Triassic limestones. These
massive and bedded dark grey limestones (biosparites) contain the relatively rich association
of microflora, microfauna and fragments of recrystalized echinodermates (Milivojevi¢, M.,
et al 1990).

In the northern periphery of Bogati¢, in drill hole BB-1 at Bair, in the depth interval
from 412 m to 470 m sediments of Late Triassic age are determined and are represented by
clayey limestones, while the dolomites of the same age are cored in borehole BBe-1 in
Beloti¢ in the depth interval from 310 m to 450 m.

Triassic sediments are determined also in drill hole BB-2 in Bogati¢ in the depth of
610 m. These are the white, compact limestones of suggested age; it was not possible to
determine the relative age of the sediments due to the lack of faunal material.

Cenozoic

Within the Cenozoic deposits sandstones of suggested Eocene relative age are
detached unconformably overlain the older bedrock and caspibrackish Pannonian sediments
underlain by lacustrine Pliocene sediments.
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Figure 3. Geological section predicted of the studied area
Legend:

1. Quaternary sediments; 2. Pliocene sediments; 3. Pannonian sediments; 4. Granitoide rocks; 5. Eocene
sediments; 6. Limestones and dolomites of Carnian stage; 7. Limestones of Ladinian stage; 8. Early Triassic
carbonate rocks; 9. Meta sandstones and meta siltstones of suggested Paleozoic age; 10. Normal geological
boundary; 11. Disconformable geological boundary; 12. Fault; 13. Deep exploratory boring.



135

Paleogene

According to the results of exploratory boring the oldest Cenozoic deposits are of
Eocene age; in Metkovi¢ (drill hole BMe-1) in depth interval 500-630 m are drilled poorly
consolidated pyrite coarse-grained sandstones and sands of Eocene age.

In borehole BZ-1 in Bogati¢ at depth interval of 295 m is cored the bedrock of close-
grained grey compact sandstones.

The mentioned sandstones are of suggested Eocene age, because there are not
paleontological evidences for dating these formations. These sediments are preserved only
in highly narrow areas and are unconformably overlain and underlain. Thus it can be
concluded that they originated in limited tectonic depressions of extremely reducing
conditions due to the pyrite and lack of fossil materials.

Igneous rocks
The acid igneous rocks of granitoid composition are revealed with exploratory boring

in drill hole BZ-2 in seven intervals from depth of 287 m. Their relative age is 35 Ma dated
by K/Ar method.

Neogene

Caspibrackish sediments of Pannonian age have the great distribution in the studied
area. They are represented with gravels, sands, clays, conglomerates and marly sediments.
They mostly unconformably overlain Triassic deposits, rarely Eocene deposits.

Next to Dublje in boreholes D-1 and DB-1 they are cored at depth interval from 170
m to 200 m. In the northern periphery of Bogati¢, drill hole BB-1 cored the clayey-sandy-
gravely deposits up to depth of 412 m. Eastward, in the Beloti¢ locality, drill hole BBe-1
cored the Pannonian deposits in depth interval from 207 m to 310 m, while in Metkovi¢, the
same formation is determined in depth interval from 105 m to 495 m.

Pliocene formations were formed in the sinking areas deposited with fluvial and
terrestrial sediments. This sedimentary series is drilled in a number of localities in Macva
basin with a thickness of about 200 m.

Quaternary

Quaternary formations cover the entire area. The thickness of these deposits in some
boreholes is more then one hundred meters.

By virtue of data obtained by hydrogeological exploratory boring, predicted
geological profile of the central part of the basin is done (Fig. 3).

Structural-tectonic characteristics

Macva basin from the aspect of “plate tectonic” theory embrace the further north
parts of Jadar block terrane. The docking time of the Jadar block with the Vardar zone took
place during the Late Cretaceous (Karamata, S., et al 1996-97) (Fig. 4).

Tectonic structures - deep seated faults and tectonic melanges — are geologically well
marked and exposed for direct observation in the southern half of the Jadar tectono-
stratigraphic unit. Unlike these, the boundary faults are covered by thick Neogene deposits
in the northern half of the unit, as inferred from drilling data. Thus, the drilled Triassic
limestone aquifers belong to the Jadar terrane, and the drilled ophiolite, north of the Sava, to
the Vardar Zone (Filipovié, 1., 2005).

The Jadar block terrane is surrounded by the Vardar zone composite terrane that
represents the remnant of the ancient Vardar ocean, existing at least from the beginning of
the Paleozoic to the Late Jurassic, respectively Late Cretaceous. Namely, the closing of the
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Figure 4. Jadar block terrane within the Composite terranes of Serbia
Legend:
MP-Moesian plate; CBCT-Composite terrane of Carpatho-Balkanides; SMCT-Serbian-Macedonian
composite terrane; VZCT-Vardar zone composite terrane; JBT-Jadar block terrane; DIT-Drina-Ivanjica
terrane; DOBT-Dinaric Ophiolite Belt terrane; EBDT-East Bosnian-Durmitor terrane; DHCT-Dalmatian-
Herzegovinian composite terrane.

eastern parts of the Vardar ocean was in Late Jurassic, but the western branch was closed in
Late Cretaceous (Robertson, A., et al 2008; Milovanovié, D., et al 1995).

Macva basin embraces the further southern parts of the Pannonian depression.
According to (Marovi¢, M., et al 2002), Pannonian Basin originated during the process of
subduction and collision of the European lithosphere below continental fragments of the
Inner Carpathians. The same authors are also of the opinion that the subsidence within the
Pannonian Basin went through two phases. During the first phase, starting from the
Ottnanghian and continuing through the Karpatian and the Badenian (rift phase), subsidence
was mostly the result of the crustal (and lithospheric) extension; the second phase that
started in the upper part of the Middle Miocene and continued into the Pliocene (postrift
phase) is characterised by slower subsidence induced by the lowering of the thermal
anomalies. As a consequence of differential subsidence, depressions were overflowed with
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Paratethys waters. By that time the basic and greater neotectonic structures began to form
evolving through the Upper Miocene up-to-date (Marovi¢, M., Knezevi¢, S., 1985).

The Earth crust thickness of the Macva basin is relatively well known due to the
results of geophysical investigations (Stefanovi¢, D., 1989). The lowest thickness is 25-26
km of which the granite layer is 17 km thick. The results obtained by deep exploratory
boring suggest the very high rates of terrestrial heat flow. The main cause of such condition
is a low Earth’s crust thickness, the presence of thick granite layer and relatively young
magmatism in the Cer area (Peri¢, M., Milivojevié, M., 1979-1980).

By virtue of paleorelief map of the Triassic in the basin of Macva, the realistic image
of Tertiary sediments bedrock is obtained (Fig. 5).

Paleorelief image points out the uplifted horst like structure in the central part of the
studied area that extends in the northwest-southeast direction; it originated, probably, as a
consequence of smaller pluton intrusion. It is interestingly to mention that all the boreholes
drilled in the areas of Dublje, Bogati¢ and Beloti¢ are thermo-mineral productive, while the
heating of Triassic hydrogeothermal reservoir is induced by intruded granitoide pluton.

On the basis of paleorelief image it is possible to detach two smaller paleo
depressions in the localities of Bogati¢ and Beloti¢. The southern block of the basin is
relatively uplifted and extends east-westward as a consequence of neotectonic activity. The
pass areas between uplifted and downthrown blocks are by the rules the most active
neotectonic zones and are marked by faults. Namely, for the most part, the Macva basin is
intersected by discontinuities in E-W direction (Marovi¢, M., Djokovié, 1., 1989). These are
regional dislocations analogous to southern margin of Pannonian basin in which formation
they took place. Those are probably the older rupture structures being reactivated during the
neotectonic phase.
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Figure 5. Block-diagram of Triassic paleorelief in the basin of Macva
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Fifure 6. Map of paleorelief hypsometry of Macva basin
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Figure 7. Surface outline of Triassic paleorelif of Ma¢va basin
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Conclusion

The area of the Macva basin belongs to the southern part of Pannonian basin. From a
geological point of view it represents the spacious depression filled with Neogene and
Quaternary deposits, that is why the geological setting can be represented only within the
data obtained with shallow and deep exploratory boring and hydrogeological exploratory
boring.

It is determined that the oldest deposits are represented by meta sandstones and meta
siltstones of suggested Paleozoic age. They are unconformably overlain by carbonate
formations of Middle Triassic (Ladinian stage) and Late Triassic (Carnian stage) that are of
great hydrogeothermal potenciality.

Paleogene acid igneous rocks of granitoide composition directly heat the Triassic
hydrogeothermal reservoir. Within the Cainozoic formations the suggested Eocene
sandstones are described discordantly overlain the older base and Pannonian brackish
deposits overlain with lacustrine Pliocene sediments.

The basin of Maéva from the aspect of plate tectonic theory belongs to the further
northern part of Jadar block terrane that is being docked to the composite terrane of Vardar
zone during the Upper Cretaceous.

The special attention in this paper is dedicated in identifying the relation between the
Tertiary formations and its bedrock made of Middle Triassic (Ladinian stage) and Upper
Triassic (Carnian stage) carbonate deposits. By the analysis of paleorelief map of Triassic it
is determined the uplifted horst structure in the central part of the investigated area with
NW-SE strike, formed probably as a consequence of smaller pluton intrusion.

For the most part, the Macva basin is intersected by discontinuities in E-W direction
as older rupture structures being reactivated during the neotectonic stage.
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