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IHAHOHCKA HU3UJA KAO MOP®OCTPYKTYPHA JEJJUHUIIA CPBUAJE
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JIPArOJbYB IIITPBALL', MUIOBAH MUJIMBOJEBUER'

'r eocpaghcku uncmumym ,,Josan Leujuh* CAHY, Bype Jaxwuha 9/3, Beozpao, Cpouja

Caxerak: Jludpepenunjanuja usmely nojmosa ,Ilanonckn 6acen™ u ,IlaHOHCKa HU3Mja“ HHje AOBOJBHO jacHa y
reorpad)CKoj JIuTepaTypH. Y paay ce pa3Marpa TEOpHjcKa OCHOBA I0jMa HU3Mje Y TeoMOP(]OIIOruju, Kao U jeaH o1
KBAHTHTATHBHUX METOJA 3a oipeluBame MpOCTHpama HHU3MjA, KPO3 H3padyyHaBambe KOC(UIHjEHTA XPalaBOCTH
pesbeda y3 momoh aururanHor mojena BHCHHA. J[OIyHy KBaHTHUTaTHMBHOM METOJY IPE/CTaBba KBAJINTaTHBHA
aHasm3a, Kpo3 ofpehuBarmbe TOMUHAHTHHX TeOMOP(OIIOMIKUX IIPOLECa U PaCIPOCTHPAbEe KBAPTAPHUX CEANMEHATA.
[oBpumiaa Ha oBaj Haums nedunncane IlaHoncke Hu3mje Ha mpocTopy Pemy6muke CpGuje m3mocu 24.448 knr’,
mro yiHU 27,5% yKyIHe ApkaBHe Teputopuje. Pajx naje nperies reoTeKTOHCKe CTPYKType U eBonyiuje Cucrema
TlanoHckor OaceHa, ca HarackoMm Ha npoctop CpOuje, Kao U xpoHosorujy [laHOHCKEe celMMEHTalMoHe 001acTh
Cpbuje of nomer MuoIeHa 10 JaHac. Y IUby oOpasnoxema craryca [laHoHCKe HH3Hje Ka0 MOP(OCTPYKTypHE
jenuuune CpOuje, pasMOTpeHE Cy TEOPHjCKEe OCHOBE MojMa MOP(GOCTPYKTYpe, NMPUHIUIK JehUHNCAbA HBUXOBOT
MPOCTOPHOT 00yXBaTa, T€ OHOC MPEMa I10jMY T'€OJIOIIKE CTPYKTYPE.

Kibyune peum: IlaHoHcku OaceH, ITaHoHCka HH3Hja, reoMopdoiioruja, KOS(hHIHUjEHT XpamnaBoCTH pesbeda,
MopdocTpyKTypa

YBoa

VY nmomahoj reorpadckoj mutepatypu decto ce cycpehy mspasu Ilanoncku OaceH u

[Tanoncka mm3mja. OmpenHuna ,,TAHOHCKKA BOIHM TMOPEKIO O Ha3WBa aHTHYKE DPHUMCKE
npoBuHImje [laHOHH]je, KOja je mocTojana y okBupy PumMckor napersa y nepuony ox I mo IV
Beka. [IpoBuHIMja je oOyxBarama obiact 3amagHo ox Toka JlyHaBa, ceBepHO ox Toka Case,
no beukor u llrajepckor GaceHa Ha ceBepy M 3amaay. Y TEOJIOIIKY JIUTEPaTypy OBa
OJIpe/IHUIIA je yBeJeHa y Ipyroj mojsoBuHu 19. Beka, kana je Roth von Telegd (Roth, 1879;
Roth von Telegd, 1879) y crpaturpaduju nepunucao nocrojame [TaHoHCKOT KaTa.
Janac, TayaH nmpocTopHU 00yxBaT reorpadcekux enuHa [lanoncku 6acen w/wim [laHoHCKa
HU3Mja HUje yHuBep3asHo npuxBaheH. Hajuemha tymauema moryhe je cBpcratu y naBe
Tpylle: ayTopH KOjU 3a jyXHy I'paHMIly OaceHa/Hu3uje cMaTpajy TokoBe Case u [lyHaBa
(amp. Marovi¢ et al., 2002; Siimegi et al., 2011), Te ayTopu Koju 3a jyKy (TOpmbY BUCHHCKY)
rpaHully HHM3Wje y3umajy oapeheny wnzoxwumncy, Hajuemthe ox 150 wmm 200 m  (amp.
Mapxkosuh, 1970).

OcuMm mpobiieMa MPOCTOpPHOT oO0yxBara, y IJUTepaTypu OOWYHO HEMa jacHO
nepuHECaHe pasnuke w3Melhy mojMoBa ,.0aceHa” U ,Hm3HWje’, Beh ce I0jaBIbYjy
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HAaU3MEHUYHO W HEJOCIEeTHO. Y OBOM paay ce IojaM ,,0aceH’ KOPHUCTH Y CTPYKTypHO-
TeOJIOMKOM KOHTEKCTY (3a TPOCTOp ca JOMHHAHTHHM CITyIITameM OJOKOBa), Te ¥y
naneoreorpad)ckom, Tj. CEAMMEHTOIOIIKOM KOHTEKCTY (BOACHA CpeirHa y K0joj ce OJBHja
TaJIOKEHE CeNUMEHaTa). Y calJalllbeM PEerHOHAIHO-TreorpackoM M IeoMOp(OIIOLIKOM
KOHTEKCTY y Paay KOPUCTUMO TEPMHUH ,,HU3H]a"".

O03upoM aa je Wb OBOT paga OOpa3IoKUTH CTaryc IlaHOHCKE HH3HjE Kao
MopdocTpykTypHe jenunuie CpOuje, HAaBOAUMO YKPaTKO M OCHOBHE TEOPHjCKE MOCTAaBKE
nojMa Mopgoctpykrype. Ilpema nedpunnimju I'epacumosa (1946, nurtupano y: Baker 2007,
Demek et al, 2007, 2009, wutm), MoppOCTpyKType Cy pesbedHE IeIMHE HacTaie
KOMOMHAIMjOM TEKTOHCKE aKTUBHOCTH M €r30T€HHX Tporieca. [IpemMa BEIMUUHM, pa3IninuTe
MOp(hOCTPYKTYype CTOje Y XHjepapXHjcKOM OJHOCY, OJ Mera-MopQpocTpykTypa (0oOmmmu
BUJUBMBH Yy KOHTHHEHTAIHHUM pa3Mepama) OO0 MHKpPO-MOpP(OCTpYKTypa (Ha Ipumep,
MmojeMHaYHN XOpCT, WM peYHa JOoNWHA pas3BHjeHa MOy pacema; Baker 2007).
MopodocTpykTypHa aHaimM3a OTKpHBa KOMIUIEKCHY WHTEpakijy u3Mmely myroTrpajHuX
SH/IOTEHNX Tpolleca W TpoIeca KOju ce onaBhjajy Ha Tomorpadcekoj mospmuHE (Goudie,
2003).

Iojam Huzmje

3Haueme MojMa HU3Mje CMaTpa ce OJAaBHO IIO3HATUM. JelaH Ol 1MOjMOBa KOjH ce
4ecTo yHOTpeOJbaBa 3a HU3U]Yy Mambe MOBPIIMHE je pashuya. Y Tabenu 1. mate cy
JepuHMIMje HU3Wje W paBHUIE KOje Ce Hajla3e y CpICKO] YHOSHWYKOj JHTEepaTypH
(yubennmmma reomopdororuje, ¢usuuke reorpaduje, reorpadckuM pEUHHIMMA, HTI).
AHan30M NPHIOKEHUX Marepujajia He MOXE C€ 3aKJbYYHTH KOM MOP(OTreHETCKOM THITY
MIPUIaAajy HU3Wje OOHOCHO paBHHIC. TadHHje, TOHYy)eHH campikaju BUIIE yKa3yjy Ja ce
MOjMOBH HH3HWja ¥ PaBHHIA KOPHUCTE Y KOHTEKCTY aTpHOyTa OZHOCHO OIMCaBama 0COOMHA
MOCMaTPaHOT pesbeda.

Tab6ena 1: lepuHunuje nojMoBa HU3Mja M PABHULIA Y CPIICKOj JIUTEPATYPH.

nojam JAepuuunHja ayTop
MIPOCTPaHU 3aPaBH-CHU MM HE3HATHO
3aTtajacaHu JICJIOBU KOIIHA, YHja je
HOBPIINHA 00MYHO Oaro HarHyTa y
JEJIHOM IIpaBIy.

PaBHUYAPCKH J€0 KOITHA 3HAYajHOT
HU3UIA / HU3UHA MPOCTUPaba, CMEIITEH Ha HAIMOPCKO] Macruno (2001)
pucuHH 10 200 m.

00K pesbeda 3eMIbHHE TOBPIINHE KOjH
PABHMIIA / PABHUHA ce KapakTepHIllIe MaIuM HaruomuMa u Macruio (2001)
HE3HAaTHUM KoJeOamiMa BUCHHA.
HPOCTPAHHU U YPaBH-CHH JICTIOBU 3eMIbHHE

PABHULIE Pakuhesuh (1991)

HU3UIA MOBPIIHMHE, Ca MAJIUM BUCHHCKUM Amnbhenuh (1990)
pasiuKaMa.
PABHHIIA Mame Hu3Mje y pesbedy 3eMibHHE Anbemh (1990)
HOBpIIHHE.
[POCTPAHH M YPAaBE-CHH JICJIOBH 3eMIbHHE
HU3UIA MOBPILIHHE, KOjU € OJUIHKY]y MaJIUM Ierposuh (1977)

ATICOJIYTHHUM U PEJIATUBHUM BHCHHaMa.

Mame Husmje y pesbedy 3emibnHe

PABHULIE je y pesedy Ierposuh (1977)
TIOBpUIMHE.

CTPYKTypHa IIOBPII, KOjy Tpaje

XOPH30HTAJIHHU CIIOjEBH.

PABHUILIA Mapkosuh u cap. (2003)
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VY nutepartypu Ha €HTJIIECKOM jE3WKy, W3pa3 plain, KOju HajIpHOIIKHHjE OATOBapa
TEPMUHY HU3Ujd, KOPUCTH C€ HajBHILE Yy TOIOHMMHUjH, KA0 U Y PETHOHAIHUM CErMEHTHMa
reoHayka. Ha xanocr, y yubeHunuMa, CTpyqYHIM peYHHIMMA M CHIUKJIONEIHjaMa, IojaM je
HeoBoJbHO Jeduuucan. Behuna nedunnimja je ommcHOr kapakrepa, 0e3 enemMeHara
reHese: ,,IPOCTpaHa MOBPIIMHA 3apaBH-EHOT WK 0J1aro 3aTajlacaHor pesbeda, Hajuenrhe Ha
MaJIUM HagMOpckuM BucuHama™ (Moore, 1972); ,,Bennka HMOBpIIMHA PaBHOT WM T'OTOBO
paeHor pesbeda (The Columbia Enc., 2007), ,,peaTHBHO 3apaBEHEH IPOCTOP HA 3eMJBHHO)]
MOBPIIMHMA Ca MaJlUM HaruOmMa W MaioMm auceknujom™ (Britannica Enc., 2008). Y
NOjeIMHAYHUM HayYHUM paJioBUMa, ayTOPH YECTO 3a00miase paMarpama HU3Mja Kao Mera-
obnuka pesbeda, yepencpelhyjyhu ce Ha apyre, Mmame o0nuke y okBupy Huzmja (Guzzetti et
al., 1997; Panin et al., 1999). HaBenene nedunnnuje n Tymadema yriaaBHOM Ce OCIamajy Ha
¢msuorpadcki  MpUCTYMN, OOK Cy HPHMEPH KBAHTUTATHBHOI MNPHUCTYIa BEOMa PETKH.
[MosutuBan wm3yserak je Hammond (1954), xoju yBOIM KBAaHTHUTATUBHY aHAIM3Y II0
JeIVHUIN TIOBpIIMHE, HarjamaBajyhul Ja CHTHOpa3MEpHO IpEeNCTaBJbame pebeda Mopa
NPBEHCTBEHO Ja HarjlaCu nogpuiuHe, a HE TojenuHadHe obOimke. IIpema oBoM ayTopy,
npoctopu Koju umajy npeko 80% 3apaBmeHOr pesbeda ca BEPTHKAIHOM Pa3IMKOM MambOM
on 33 m npexacrasbajy Huzmje. [Ipuctyn Hammonda 6uo je 3auerak reomophoMeTprjcKux
aHaJM3a, U y OKBHPY HUX, [OjMa XpamnaBocTH pesbeda (BUCHMHCKHX Pa3iMKa Y jeJUHUIIA
NOBPIIMHE), KOjU Ccy KacHuje paszpaljuBamu 1 Hobson, 1972; Perko, 2001; Hrvatin & Perko,
2009, uta.

W3 mpenxonHe aHanu3e NeUHUIMja MOXKE CEe 3aK/by4uTH Jaa y Hajeehem Opojy
cilydajeBa HH3Mje Kao 00JMK pesbeda HUCY MOP(POTrEHETCKH JAECTEPMHUHHCAHE, Tj. U30CTajy
OJIpEJIHUIIC O YCIIOBUMa HacTaHKa. V3a KBAaHTHTATHBHUX KapaKTEPUCTHKA HHU3Hja CTOjE U
oJpeheHe KBanuMTaTUBHE KapakrepucTuke, mro morBphyje m Hammond (1954, ctp. 35),
CTaBOM JIa je ,,KBAHTUTATHBHA aHAJIM3a allaT a He caMa ceOH b,

Axo y neduHHCame HU3Uje YKIbBYYHMO OapeM OKBHPHY I'€HETCKY Ha3HaKy, MOKEMO
CMaTpaTH Ja je HA3Hja 3apaBmbeHa Tormorpadcka moBpIirHA rje je GopMHUpamke YCIOBIBECHO
TeOTEeKTOHCKHMM IPOLECHMa M aKyMyJIallijoM CeIMMeHaTa, ca METapCKUM JCHUBeJaljamMa
€r30r€HOT ITOpeKJIa.

Ipocrupame IManoncke Husnje y Cpouju

Y mwmpy noOujama ersaktHe M OOJEeKTHBHE IPOCTOpHE neduHUIMje oOyxBara
Manoncke mmsuje y CpGuju, ayropu Calié et al. (2012) npumeHHIH cy MeTOx
reomopdomerpujcke aHaimuze (kopumhemeM mporpamckor makera Idrisi Andes™), vy
KOMOMHAIMjH Ca KBAJUTATHBHOM TeOMOP(OJIOMIKOM aHAIM30M M aHAIU30M MPOCTHPAha
MIOj€ANHMX TEOJIOMKUX GopManyja.

VY okBHpY reoMOpP(OMETPHjCKEe aHAIW3e, OCHOBHH MOAAIM 32 JUTHTATHU MOZEN
BHCHHA TepeHa nodujeHn cy m3 6aze SRTM ca pesomynmjom ox 90 m. TagHOCT OBHIX
momataka 3a Teputopujy CpOmje amammupanmu cy Camapuumh m Mmnerkosuh (2010),
YTBPIUBIIK [1a OATOBAPAjy AUTHTAIHAM MOJEIMMAa BHCHHA MOOHjEHHM IWUTHTAINA3AIIN]OM
M30XUIICH ca Tonorpadckux kapara y pasmepu 1:50.000, wto je 3amoBosbaBajyha TauHOCT y
npoy4aBarby Makpo obOmuka pesbeda. 3a morpebe reomopdomerpujckor yTBphHBama
npoctupama [anoncke mmsuje (Cali¢ et al., 2012), pesonyuuja SRTM nonartaka cMameHa
je ca 90 m Ha 200 m. Y oBako JOOHjCHOM IUTHUTAIHOM MOJEIy BHCHHA ypaljeHo je
npoctopHo ¢untpupame. ['puane henuje rpynucane cy y kBagpaTHe Ipo30ope BeTHYHHE 5 X
5 henuja, pagu payyHarma MPOCCYHE HAJIMOPCKE BHCHHE YHyTap mpo3opa. 3a cBaky henujy
M3padyHara je pa3inKa mbeHe BUCHHE Y OJHOCY Ha MPOCEYHY BUCHHY y OKBHPY Mpo30pa, a
neHTpaiHoj henmuju mpo3opa noesbeHa je CTaHaapIHa JIeBUjallija BUCHHCKIX Pa3lIuKa CBUX
25 henwmja y npozopy. I[IpomynirameM mpo3opa Kpo3 JUTHUTATHU MOZET BHCHHA, 33 CBaKy
henmujy y Mozeny m3padyHaTa je cTaHAapIHa IEBHjalHja, KOja OCIMKaBa E-CH BUCHHCKHU
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oJHOC TpeMa helHjamMa M3 HEMOCPEIHOI MPOCTOPHOr OKpyXKewa. BpemHocT cranmapiaHe
JIeBHjallMje O3HaYCHA je Kao Koe(HUIIMjeHT XpanaBocTu pesbeda.

Y uwmy yrBphuBama rpanuie IlaHoHcke HU3Mje, reoMopdoOMETpHjcKa aHau3a
YIOTIYEkEHA je KBAJMTATHBHUM aHaIM3aMa aKTUBHUX TeoMOp(OJIOMKHX mpoueca (u
pe3yntupajyhux o0inMka) W mpocTHpama Treosomkux (opmarmja. YTBpheHo je ma ce
aKyMyJIaTUBHH oOnuiy (uiyBujanHor pesbeda (alyBHjaHE paBHH) M COJCKOT pesbeda
(meuruape) jaBsbajy y obnactuma ca koeduiigjeHToM xpamnaBoctd oa 0 10 5. 3a vcTH pacnoH
Koe(HIIjeHaTa KapaKTEPUCTHYHO je MPOCTUPAhe MCK/bYYHBO KBapTAPHUX CelUMEHATa Ha
tororpadckoj mospmmHKn (CaBe3Hu reosomku 3aBoj, 1970), mro je y ckimamy ca
npouecuMa (QiyBUjaliHE M e€oJicke akyMmyjanuje. KoMOMHanujoM HaBeaeHHX METOoxa
yTBphEeHo je 1a ce MpOCTOpH ca KoepHIjeHTUMa XpanaBocTr o 0 10 5 MOry cMaTpaTH 3a
MIPOCTOpE HU3UJCKOT pesbeda, Tj. y OBOM ciydajy 3a mpocrop IlaHoHcke Husmje. Kapra
Koe(HIMjeHaTa XpamaBoCTH peJbeda y 30HH jykHe rpanune Ilanoncke Hmsmuje y Cpouju
nmata je Ha ciuy 1. C 003upoM Aa je y aHamu3u KOPHUIINEHO jeAMHUYHO IOJhE TUMEH3H)a
200 x 200 m, rpaHWMIa HHU3HjEe TPOCTOPHO TIPEACTaBJba Mojac. Y CHTHO] pa3MepH, ycien
MaJlor HUBOA JeTaJbHOCTH, TPAHUIIA C& MOXKE YCIIOBHO CMATPATH JIMHH]OM.

|
220

JyHa rp
MaHoHCKe Hu3nje CPBUIA

KoedmumjeHt
XpanagocTH

|

Cauka 1. Kapra xoedpuumjenara xpanapoctu pesbeda y cepepuom aeay Cpouje

[MoBpuiHa Ha oBaj HauuH neduHucaHe [laHOHCKe HU3Mje Ha MpocTopy PemyOnuke
Cp6uje usHocu 24.448 km®, mro unau 27,5% yKyIHe apskaBHe Teputoprje. OBaj mpocTop
oMeljeH je mpupoHOM M aIMHUHUCTPATHBHOM (ip>kaBHOM) rpaHuiioM. Ca UCTOUYHE, CeBEpHE
W 3alajHe CTpaHe, TepUTOpHWjaiHa uenuHa [laHOHCKa HU3Mja oMeheHa je Hp>KaBHOM
rparuniom CpbOuje mpema Pymynuju, Mahapckoj, XpBarckoj u bocHn m XepleroBuHH.
[Ipema jyry, kao u oko ®pymke rope u Bpuraukux mimannHa, rpannna [laHoHCKe HU3Mje
UMa KapakTep IpHUpOJHE TpaHHIEe, Koja je aeHUHHCAaHA IIOCPEJICTBOM KOC(HIM]eHTa
XpamaBocTH pesbeda. YKyNHa AyKHHA NPUPOJHE TpaHune usHocu 844,8 km. YV cmepy
3alajJ-UCTOK, jy)KHa TpaHWIA HHU3Wje TONa3d OJ JApKaBHE TpaHule ca bBocHOM
XeprerosuHoM 3axBatajyhu momu Tok Jpure cBe mo Jlosmmie Ha jyry. ['panmma maree
HacTaBJba Iy 3allaJHOT U ceBepHOr oboxa [lonepune ma 6u ce xox Hacesba [IpoBa Besana
3a Tok Cage. [Torom oOyxBaTa nomu Tok Korybape u 1ajee HacTaBiba y MPaBIly HCTOKA IyK
tokoBa CaBe u JlyHaBa, ca MamuUM oicTynamuMma, cBe 10 CmenepeBa. [lajbe Ka HCTOKY,
rpanuia o0yxBaTa Jiolme TokoBe Bennke Mopage (cexe y3Boano o Jlanoa) u Munase (10
Hacespa Pamanain), na Ou ce xoj Hacesba Pam Besana 3a apkaBHy rpanuiy CpOuje npema
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Pymynuju. Hagmopcka BucuHa Tomorpadcke nmoBpmuHe ce kpehe y mHTEpBaiy on 68,5 m
1o 155,0 m HagMopcke BUCHHE, Y TIpoceky 83,5 m.

Mame mnospumHe ca koeduuujeHTOM XpamaBoctd 0-5, yrJIaBHOM JHHEapHOT
KapakTepa, jaBjbajy ce W BaH JAe()UHHCAHMX TpaHWIa Hu3Wje. To cy amyBHWjagHEe paBHU
MambHX PEYHHX TOKOBA, KOje CE Hajla3e y 30Hama aucerpaHor pesbeda. IlocTojame oBUX
3apaBH-EHHUX MOBPIIMHA j€ WCKJBYYMBH PE3YJTAaT €r30reHOr Impoleca, 0e3 CTPYKTypHHX
NpEe/INCIIO3NIINja PETHOHAIHOT KapakTepa, T€ y TOM CMHUCIY He oJronapa AehUHHIM]H
Hu3mje. VcTo Baku M 3a MojaBe KBapTapHHUX CeIMMeEHara BaH rpanuna Husmje. Ca npyre
CTpaHe, HaKo je CTapocCT IIJbyHaKa M NMECKOBUTHUX TJIMHA Y J0mkeM ToKy Komybape o3HaueHna
Kao rumo-kBaprapHa (Pununosuh u cap., 1976), BUXOB M0JI0Ka] Ha JIMTO-CTpaTurpadckom
cTyOy, Kao 1 HeZlaBHE 3BaHNYHE KOPEKIIHje TeOXPOHOJIOIIKe cKkajie kBapTapa (Gibbard et al.,
2010) ykasyjy BHIlIEe Ha KBapTapHYy (ZOHEIUICHCTOLCHCKY) HETO Ha HEOreHy (IIMOLEHCKY)
CTapoCT.

®pymka ['opa, koja je TeKTOHCKM M3OUTHYT OJ0K Bapmapcke 30HE (X0OpcT), Kao U
Bpmrauke miannHe (M3aurHYT 010K CpIIcKO-MaKeIOHCKE Mace) U3BOjEHH Cy W3 IMpocTopa
HU3HUjE U IPEACTaBIbajy 3aceOHE MO3UTHBHE MOP(OCTPYKTYpE.

Ha mnpocropy /[lenuOnarcke memrdape BpeIZHOCTH KoedHIMjeHaTa XpalaBOCTH
npenase 5, 300r mojaBe THIHUYHOTI AMHCKOT pesbeda. OO3MpoM Ha YHMILEHUIY Ja je
XpamaBoCcT Yy OBOM Clly4yajy WCKJbYYMBA IIOCJIEIHIa €r30reHor mporeca (eoJcka
aKyMyJalgja), TOK Cy CTPYKTYpHE W mayieoreorpad)cke OUIMKE jeJHAKE Ka0 y OKOJIHUHU
nenr4ape, Taj mpocTop ce TpeTHpa Kao cactaBHU Jieo [laHOHCKe HU3Hje.

[Tanoncka Husmja Ha Tepuropuju CpOuje IpeacTaBiba jeAMHCTBEHY MOP(OIIOMIKY
nenuHy ca Bemmkom yrapckom HusujoM (Andenpom - Alféld; Great Hungarian Plain).
Mosxe ce MpeTocTaBuTH Jia Cy aAMUHHUCTPATHBHE OKOJIHOCTH y3pPOK LITO OBa J[Ba MPOCTOPA
HUKaJ HACY HOCHJIA jeIMHCTBEHH TOIIOHHM, HaKO CE HBHXOBa reoMOP(OIIOIIKA ETOBUTOCT
He MOke ocriopuTh. Ha reoMopdosIomKy eIOBUTOCT OBOT MPOCTOPa YKA3HBAO je Ipe BHIIE
on 100 roxuna mahapcku reorpad Cholnoky (1910), marnamasajyhu na he ,,onpehuBame
jy’XKHe TpaHuUIle HU3Wje OuTH 3amaTak kojiera u3 Cpouje* (Cholnoky, 1910, ctp. 420).

o
121 28

200 m

. B >200m

MpupogHa rpaHuua
MaHoucke HU3mnje y Cpbujun

Camnka 2. Pazauyurte nHTepniperanmje jyxHe rpanune Ianoncke Husuje y Cpouju (pexe Capa u Jlynas,
u3oxunca ox 200 m, Te 1uHUja 1o0HjeHa reoMOpGOMETPHjCKOM M reoMop(}hoI0IKOM aHAIM30M)
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Cauka 3. Tepuropujajano npoctupamwe [lanoncke Husuje y Cpouju.

IpoctopHom anamu3oMm IlaHOHCKe HH3Wje, TMOpEH XOMOreHe MOpP(OIOLIKe
CTPYKTYpe, MOXE C€ YBHUACTH M XeTepOreHa OHOTeOICHONOUIKA, aHTPOIOIONIKA U eTHO—
KyJITypHa cTpyKTypa. To je yrunano Ha ¢popMupame ABe JOMUHAHTHE TPYyTIe Y AehUHUCADY
jyxHe rpanuie [TaHoHCKe HU3Mje (cnuKa 2). JenHa rpyma ayTopa 3a jy)KHy TpaHHIly cMaTpa
tokoBe Case u JlynaBa (Haas et al., 2001; Marovi¢ et al., 2002; Stimegi et al., 2011). OBu
XuAporpadcku 00jeKTH Cy TOKOM JBa MIJICHHjyMa IIPEACTaBIbajId 30Hy €THUYKE, KYJITypHE,
MOJIUTHYKE U COLIMOSKOHOMCKE AMBEPreHIHje, LITO je 3a MOCIEeIHUIly UMalo ypacTame Te
JUHUje Y KYJITypHH mejcax. Jpyry rpymy 4uMHE ayTopu KOju cMaTpajy Aa ce rpaHHIa
[Tanoncke Husmje mpocrupe jyxuHo ox Case m JlyHaBa. MehyTum, oHM WM He HaBoJe
kputepujyme pasrpannuema (Cholnoky, 1910, Poxuh u IMaBnoBuh, 1994) nnm y3umajy
nzoxurncy on 150 ogxocro 200 m H.B. kao peneBaHTaH kputepujym (Mapkosuh, 1970).
Mapxkosuh (1970) HaBomu ,,rpanuna usmelhy Husmje u oboxa IlaHoHCKOr OGaceHa Ha OKO
150 m HazMOpCKe BHCHHE j€ OpHMjEHTAlOHA, jep Y OKBHPY HHM3Hj€ MMa 3HAaTHO BHILET
3emspHmITa 01 150 m, kao mTo Ha 000Xy MMa TepeHa ca MamkOM OJl O3HaYeHE BHCHHE.
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OBakBO cariefaBambe IpaHUIE MOMVIO OM ce TYMayuTH Kao MOCJIeIUNa PEerHOHAIHO-
reorpagckor, a He reoMOPQOIOIIKOT MPHUCTYTIA.

I'eoTexToHCKa cTpyKTYypa [laHOHCKe HU3Hje

Llenuna [TaHOHCKOr OaceHa, y CTPYKTYPHO-T€OJIOIIKOM KOHTEKCTY, CACTOJH Ce€ O]
BHUIIC jeNUHULA - TepaHa, KOjH YHWHE IOIOrY KacHHje HCTATOXKCHHM CEIUMEHTHHM
cepujama. CeBepo3zamnaaHo ox 13B. Cpenme-Mahapcke pacente 30ue (MHSZ) Hanasu ce 610K
ALCAPA (cnoxeHnna 3a ANICKO-KapHaTCKO-IIAHOHCKU OJIOK), a jyrouctodHo Omox Twuca-
Haxuja (Dombradi et al., 2010) (cimka 4, uHCET). Y jY’KHOM H jJYTONCTOYHOM JIeNTy ¥ cacTaB
ynase u Bapaapcka 3oHa u Cpricko-makenoHcka mMaca (Jlumurpujesuh, 1992).
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Ciuka 4. CTpykTypHo-reonomke neanne Cpouje, npema Jumurpujesuhy (1992). Uncer: CTpykTypHO-
reoJjiomke jequnune Cucrema ITaHoHCKOT GaceHa U OKOJIMHE, Ca MPOCTHPAHEM HEOT€HUX CeTUMeHATa
(cacTaB/beHO NpemMa noaanuma ayropa: Haas et al., 2001; Royden & Horvath, 1988; Fodor et al., 1999;

Dombardi et al., 2010; Dimitrijevi¢, 1992)
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[Touer TEKTOHCKOT CIyIITama (TOmEHAa) BEIWKHX CerMeHaTa OBHX OJIOKOBa M
¢bopmupama OaceHa y OKBUpY AJIIICKE OpOTeHe 30HE Be3aHa Cy 3a JombU MuoleH. Konusuja
JagpaHcke MHKpO-IUIOYE M €BPOICKOI KOHTHHEHTa H3a3Bajia je (opMHUpame 3alydHOr
6acena (back-arc basin; Bada et al., 1999), 3a koju cy cBOjCTBeHE CHJIe EKCTEH3Hje, Te
cnymrame OyokoBa. [lnnoneH M KBapTap KapakTepHIly ce poTanujoMm JaxpaHcke MHUKPO-
wioue (0OpHYTO 01 cMepa KasasbKe Ha caTy), IITO M3a3uBa KOMIIPECH]y U AudepeHInjaiHe
BEPTUKAJIHE MMOKpETe, T€ TaKO JOJATHO YCIOXHaBa TEKTOHCKH CKJION OBOT mpoctopa. M3
Tor paziora Royden et al. (1983) yBozxe nojam Cuctem [TanoHckor OaceHa, KOju ce 0J1 TaJa
YeCcTO KOPUCTH y JINTEPATYpPH Y KOHTEKCTY HarjalaBamka KOMIUIEKCHE TeOTEeKTOHCKe Trpal)e
naHoHcke o6Onactu. Ilojenmun nenoBu Cucrema I[laHOHCKOT OaceHa Cy joul OJ JIOHET
MHOLICHAa OMJIM W3JI0KEHH KOHCTAHTHOM TEKTOHCKOM CIYIUTamy W AaHAC CYy HCIYHhCHH
nebenmuM crojeBuMa cequmeHata (Bada et al., 2000). Jeman ox TakBuxX mpocTopa je U
Kpajlbll jYTOMCTOYHHU Nleo OaceHa, KOju ce Hamasu Ha Teputopuju Cpbuje. Y momiosn
cenrMeHaTa Ha OBOM IPOCTOpPY Haja3e ce TPH CTPYKTypHe jemuHmIe: Onok Tuca-llakwmja,
Bapmapcka 30na u Cpricko-mMakenoHcka mMaca. CeBepHu g1e0 CpIricko-MaKkeIOHCKe Mace Oro
je HM3JI0XKEeH MHUOLEHHM mokperuma ekcrensuje (Psilovikos, 1984), u Tako mocrao meo
ITanonckor OaceHa.

Cnymrenn 61okoBu CpIricko-MaKkeJOHCKE Mace MPEKPUBEHH Cy CEIUMEHTUMA, JOK je
XOCT Bpmraukux mulaHWHa HCH HAjCEBEPHUJH M3/aHaK Ha TOBpHIMHHU. HajceBepHuju
u3ganak Bapmapcke 3one je xopct ®pymike rope. JIpaBcku poB, Koju oxBaja Bapmapcky
30y ox Onoka Tuca-/lakuja (Prelogovi¢ et al., 1997) Huje MOpQOJIOIIKK BHIJBUB Ha
npocropy IlaHoHCKe HU3Hje y CpOuju (Bykammuosuh, 1973).

AHanm30M TIpHpOJHE TpaHMIe HU3Mje yBuha ce meHa 3HaTHa paszyhenocrt. OBaj
ToKa3aresb ykaszyje aa ocuM [laHOHCKOr OaceHa, Kao JOMHMHAHTHE TEOJIOIIKE CTPYKTYpE,
Tpeba yKa3aTH M Ha 3Hayaj IOjeIMHHX TEOJOMIKHX CYOCTPYKTypa - POBOBA, XOPCTOBA H
nenpecrja. Ha mpocToprMa poBoBa W JieTpecHja pa3BHjEH je TUIICKH HU3HjCKU pesbed.
Mopascku poB, kao W poBoBH Miase u KomyOape HompHHENIHM Cy NpPOCTHpamy HU3HjE
jyxuo o Case u [lynaa. CaBcku poB (mo3Hat u kao Cpemcko-CrnaBoHckH poB; Marovié et
al., 2007) m MauBaHCKH POB MPOIIMPYjy TPaHUIy HU3Wje MpeMa 3amaay U jyroszamamy. Y
pepedy I[lanoHcke Hu3Wje neTekroBaHe cy KpmemeBcka, AmmOyHapcka, Utebejcka u
JyxHo-0auka nenpecuja (MenkoBuh u cap., 2003; 3epemcku, 1990). Mopdonoruja oBux
Jeripecyja HHje yTHlalna Ha TpaHWIly HH3Wje, Beh caMO Ha pEeXUM MOJ3EMHUX U
MOBPIIMHCKUX BO/A, KOJH j€ YCIIOBJbEH JIOKAJTHOM TonorpadujoM. 3a pa3iiuky oj poBOBa M
JIeTIpecHja, XOpPCTOBH HapylIaBajy XoMoreHocT Mopdoctpykrype [laHoHCKe HU3Hje, Te Tako
xopctoBu Dpylike rope Ha 3anajay U Bpiiaukux niaHWHa Ha UCTOKY HUCY H-CHU CAaCTaBHH
JIETIOBH.

IManeoreorpadgcka eBonyuuja npocropa [laHoHncke HU3Hje

Ceercko Mope Ternc, koje je TOKOM MeE3030MKa pa3[Bajajio JBa KOHTHHEHTA
Jlaypasujy u 'oHgBaHy, yciiea HHTEH3UBHE TEKTOHCKE aKTUBHOCTH Pacliayio ce Ha /IBa JIea.
W3 panmjer Ternca craBpajy ce aBe Mopcke obmactu: [lapaternc m Mennutepan. Tokom
CBOT 1nocTojama [lapareruc je Buiie myTa OMO MOBE3aH MOpEy3HMa ca CBETCKUM MopeM. Y
UM (a3ama Ha IojeTuHUM AesoBuMa [lapareTuca qoma3uio je 10 maja CaTuHUTEeTA.
Hajcrapuja ¢aza Ilaparernca oOyxBara nomH MHOICH, TOK Miahja oOyxBaTa cpemmu
MuolneH (0ameH u capmat). TokoMm cpefmer MuollieHa Ha Teputopuju CpOuje akBaTtopuja
[TapaTetnca omnmukoBaja ce MOpckoM (0anmeH) M OpakWyHOM (capMmar) CpeAnHOM U
MOMYJIapHO je MMEeHOBaHa Kao ,,[lanoHCcKo Mope”.
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Camuka 5. ITaneoreorpadceka esosryuuja Ilanonckor jesepa (mpema: Magyar et al., 1999)
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JemmacTBeHa MOpcka akBaropuja [lapatermca mocrojana je MPUOMIDKHO 1O Kpaja
capMmara, Kajaa ce m3nusameM Auma, Kapmara, bankaanga n Aunapuna Iapatetnc nena Ha
3amagan, Cpemnmmsu u HMcrounm Ilapaternc. 3amamuum Ilapatetnc oOyxBata ajimcky
CeIMMEHTAIlMOHy o00JacT, kKoja ce Haymaszwia 3amagHo of Mcrounmx Amma. Cpenumsu
[Maparernc oOyxBarao je beukm, Illtajepcku, ITanoncku w TpaHcunBaHujcku OaceH |
NPBEHCTBEHO c€ Haia3no yHyTap BeHaua Kapnara m VcrouHux Anma u ceBepHO of
Huuapuna (cnuka 5). MUcrounn [Tapareruc je 00yxBarao ceTMMEHTAIIOHE 001aCH HCTOYHO
on Kapmara; lakujcku, Lpromopcku, Kactimjcku n Apasncku 6acen (Miiller et al., 1999).

Ha mpocropy Cp6wuje yTBpheHo je mpucycTBO NaHOHCKE M AAKUjCKE CEANMEHTAINOHE
obnactu. 3amamHo ox Kaprnarcko-0ankaHCKOT KOIHA MPOCTUPANIN Cy CE jy)KHH JICIOBH
MIAaHOHCKE CeAMMEHTannoHe obsactu. Y ceBepHUM aenoBuMma CpOuje akBaropuja je Ouia
jEIMHCTBEHA, JOK CY Yy jY)KHHM OOOIHHMM JENOBHMA OWHJIM 3aCTyIJbCHH ITOBPEMEHO
noBe3aHu jesepcku O6acenn (Andjelkovié, 1991).

VYHyTap cenuMmerauunone 3oHe Cpemummer [laparernca, ycnex 3amymaBamba H
TEKTOHCKHX TIIOKpETa, I0OYEeKOM TOPHEr MHOICHA (ITaHOHCKOT KaTa), (opMHpalio ce
[Tanoucko jesepo (11,6 mmn. rox.)(Rundi¢ et al. 2011). Jesepo Huje UMaIO jeIUHCTBEH
OBaJIHM OONMK, Beh je BHIE JUYMIO Ha OAaceHCKHM KOMIUIEKC jesepa. Y HekuM (azama
pa3Boja moctojana je Be3a ca beukum u TpancunBanujckuM Oacenuma (Kazmér, 1990;
Miiller et al., 1999; Magyar et al. 1999, Harzhauser & Mandic, 2008).

VY paHujoj JMTEpaTypud Ha CPIICKOM je3HWKy, 1oja HasuBoM ,Ilanoncko wmope”
MOJIpa3yMeBao ce BPEMEHCKU OKBHP OJ1 II0YETKa MHOLIEHA JI0 Kpaja MOHTHjCKOT Karta (HIIp.
Stevanovi¢, 1959, 1977, 1978). MelyTum, HOBHju MOAAIM YKa3yjy Aa je MOPCKAa H MOPCKO-
OpaknyHa cpenuHa Owia KapakTepucTH4Ha 3a [lapateTc cpeamer MuoneHa (6aieH u
capmar). Jlomomuoniencku IlapateTMc y OBOM cily4ajy ONHUCYje c€ Kao HajcTapHju
IMaparetunc. 300r yTBpheHe KacmuOpakwdHEe CpeAWHE W eHAeMH3Ma (ayHe Ha IMPOCTOPY
Cpbuje, ucrpaBao 6u Omno kopummheme HazuBa [laHoHCKO jesepo (Lake Pannon) (HHp.
Rundi¢ et al., 2011), a ve ,,Mope”.

[lpBeHcTBEeHO 300T 3amymaBama CEIMMEHTHMa K3 I[paBla ceBepo3amaja,
CEBEPONCTOKA W 3amaja IouuIo je 1o perpecuje obame [laHOHCKOT je3epa mocie IMOHTA,
moyeTkoM IutrorieHa (Stevanovié, 1959, 1978).

ITouetkom mamoriena (oko 4,5 mui. rox. mpema Magyar et al.,, 1999; Popov et al.,
2006) y HajayOseum genoBuMa [laHoHCKe cemMMeEHTalMoOHe obOiactd (GopMupano ce
cratkoBonHo Ilamymuncko jesepo'. Ilamymmucko jesepo je npu Hajehem passuhy
obyxBatano Behu meo mpocropa CrnaBonmje n Bojomune, a ume je moOWino mo crapom
HA3WBY CIATKOBOIHOT IyXa Paludina (camammu Ha3uB je Viviparus). Ha ocHOBY eBomymnje
Viviparus-a maJeoHTOIO3U Cy YTBPIWIN TpH TiaBHE ¢armje pa3Boja [lamynuHckor jesepa,
koju ce HasuBajy [lamyamuckum cnojeBuma (Neumayr & Paul, 1875). Hecranax
[MamyauucKor je3epa Besyje ce 3a Jomu miencroneH. Hakon Hectanka IlamymuHcKor jesepa
CTBOPHJIM Cy C€ YCJIOBH 3a (OpPMHpame WHHUIMAJIHOr pesbeda [laHOHCKE HH3HjE U
JUHAMUYHHU]e pa3Buhie mpaTokosa (Tadena 2).

Passuhem peunux cucrema mnparokoBa, npereua [lyHaBa, Tuce, Tamuma u Case,
cTBapajy ce jaebene Haciare QuyBHjaHUX cexuMmeHara. Ha npyruM mectuma no u3paxkaja
JI0Ja3d  €oJICKa CelMMEHTaluja, T[0J] YTHLAjeM JOMHHAaHTHUX CeBepo3amagHuX |
JYTOMCTOYHUX BETpPOBa, KOja 3alymaBa M HEKa MouBapaHa MojpydYja M MeaHzpe.
[InencToneHcKa KIMMa YCIOBWIA je CTBapame JECHHX Cepuja y BHAY 3apaBHU Ha
HeIUIaBJbeHUM mozapydjuMa [laHoHcke Husuje. CaBpeMeHa MOP(OIOMIKO-XUIPOIONIKA
obernexja GopMupaHa Cy TOKOM XOJIOLeHA. [locieamy eBONYTHBHH CTaIdjyM O3HA4aBajy

! IIpema ayropuma u3 Aycrpuje (ump. Harzhauser & Mandic, 2008), mocTojao je BpeMEHCKH IMCKOHTHHYHTET
u3mely Ilanonckor m IlamyauHckor jesepa (komHeHa (asa), 10k ayTopu u3 Mabapcke 3actymajy riiequiiTe
MOCTOjalba KOHTHMHYUTETA BOJICHE CpPeAnHe, ITO 3Hauu 1a je [lamyauHcko jezepo penukt [TaHoHCKOT jesepa (HIIp.
Magyar et al., 1999).
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MEIIMOpPATUBHU PaJOBH, MOYEBIIN O Kpaja 18. Beka, mpBeHCTBEHO Ha moiapydyjy banara u
bauke. OBuM 3axBaTnMa 3Ha4ajaHO je U3MEHEH PEKUM MOI3EMHHUX U MOBPIIMHCKHX BOJA a

THME U KapakTep CpeauHe.

Ta6ena 2. Xponosioruja Ilanoncke ceanmentanuone odaactu Cpouje

naseoreorpagexa THII CpeJinHe npeosiaalhyjyhu cexumenTn crpaturpaguja Crapoct
06.1aCT pen p MM p pagu) (Ma)
Kaaprap 2.0 10
IlaHoHcKa HU3Mja KOITHEHA €OJICKU U PEYHU CEMMEHTH (0e3 HajcTapujer nena na.Hac
JIOBET KBapTapa)
jesepcko .
. J€3epCKH CeIMMEHTH Cpe/ibH IIHOLIEH J10 ~4.5 10 ~
Iamyauncko jezepo (cmaTkoBoHA) — .
(maJTy IMHCKH CJI0jEBH) Jiena I0er KBaprapa 2.0
KOITHEHa
jesepcko
. . TOPHY MUOLIEH ~11.6 1o
ITanoHcko jesepo (xacrimOpaxuaHa) — J€3epCKH CETMMEHTH .
(yxspydyjyhu u moHT) ~4.5
KOITHEeHa
[aparetuc MOpPCKa U MOPCKO— CpeAY MUOLIEH ~16.3 no
. MOPCKH CEeUMECHTH
,, [lanoncko mope OpakuyHa (OazieH U capmar) ~11.6
KOITHEHO-je3epcka (1 KOHTHHEHTAJIHO — j€3ePCKU ~23 o
[Tapartetuc jesepexa ( Jjesep Jlowmu MuoneH A
MOpCKa) CEIMMEHTH ~16.3

INanoHcka HU3Hja Ka0 MOP(OCTPYKTypa

Ono mTo je 3ajemHuuko 3a BehmHy ayrtopa u3 CpoOwmje (3epemckm, 1973,1991;
Mumuh, 1976; Mapkosuh, 1970) je na [laHOHCKY HU3HMjy HE MOKUBJBABaj)y KaO CTPYKTYPY
KOja MMa XoMoreHy Mopdosorujy, Beh mnpuberaBajy HBEHO] TOMH3allMjH, carienaBajyhu
caMO WHIWBHIYyaJHE CYO-T€OCTPYKType, Tj. TEOTEKTOHCKE CTPYKType HIDKEr pena (HIp.
nemnpecuje u poBoBe). 3epemcku (1973) oBaj mpocTop cariiefjaBa Kao TPUIATCPATHY
MOP(QOJIONIKY CTPYKTYpY CacTaBjbeHY OJ ,,aKyMyJaTUBHE HU3Uje MelyIIaHuHCKUX
Oacena”, ,,aKyMyJIaTHBHE HH3HjCKE PaBHUIIE” U ,,aKyMYJIaTHBHE PaBHUIIE Mel)yIIaHHHCKUX
noronuHa” (3epemck, 1973; Munuh, 1976). Jlocinenna npuMeHa oBOT IPHHIUIA BHIU CE U
kon ['eomopdonomke (MopdocTpykrypre) kapte Cpouje (3epemcku, 1990), rne je uctu
ayTop mpezncraBuo mnpoctop llaHOHCKe HHM3HMje Kao ,,KOHIJIOMepaT” JerpecHja, pOBOBa,
MIOTOJIMHA, UT/.

Hauunn netepmuHmcama rpanuna MOp(hOCTPYKTypa MOTY Ce TIOJICNIUTH Y IBE TPyTIe:

- MopdocTpykrype cy Tomorpad)cKu U3pa3 reoNOMKUX CTPYKTypa U TPAHHLE UM Ce
MOKJIaIajy;

- MopdocTpykType Cy NOMHUHAHTHO HPEAUCIOHUPAHE TEONIOMIKHM CTPYKTypama,
QK YjeIHO UMajy M CBOjCTBEHY MOP(OIIONIKY WHIUBHIYAIHOCT, Koja uM ojpelyje
rpaHuIle, Tj. 0OUM IPOCTUpAbHA.

[TpBa rpyma noapasymeBa Jia TPaHHUIIE Pa3IMUUTHX TEOJOUIKUX CTPYKTypa HUMajy
oxroBapajyhu ozxpa3 Ha Tonorpadckoj nopmuHA. OBakBO pa3MHILIbAkE HAa3UMO KOJ
3epemckor (1991, 16) xoju m3mehy ocramor kaxe na ,,MOpOCTPYKType MpPEACTaBIbajy
TEKTOHCKEe OOJMKE TO 3Ha4M Jia ce IHXOBa MojaBa y pejbedy Tpeba na mokiama ca
oaroBapajyhuM KapakTepoM U paclpoCTpamemheM TeoNomKHX —¢opMmanuja“. Mnak,
CHUTyalldja Ja ce TpaHuLe MOP(OCTPYKTypa U TCONOLIKHX CTPYKTypa MOKiamnajy je Moryha
anu He W ycnossbaBajyha. OBaj NpUHIMI ce cTOra HE MOXKE TPETHPATH Kao MpaBwiio, Beh
caMo Kao jeZlaH OJf CITyJajeBa.

Jpyra rpymna ykJbydyje U IpuMepe y KojuMa rpaHuiie MOp(oCTpyKType MOTy OUTH
HIMPE WK y>KE OJf TPAHUIIA TCOJIOIIKHX CTPYKTYpa KOje Cy je IPEAMCIIOHNPAJIC, YKOJIUKO je
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Mop(hoCTpyKTypa Kao IeTTMHA HHINBHIyaIrcaHa OJIBHjabeM Ofpel)eHIX reoMOopOIOMIKIX
npoueca. OBo TyMademe je KOHIUIHUPAHO Ha IPHMapHO MOP(OIOMIKOM NPHHIIMILY.

TIpumep OBAaKBOT HPHCTYIA HANA3uMo Kkox Mindr et al. (2011), a y pamy Calié et al.
(2012) oBaxBo cxBatame MOPHOCTPYKTYpe NMPUMEHEHO je Ha mpumepy llaHoHCKe Hu3Hje.
ITomeHyTH ayTOpH y MPBHU IUIAH CTaBJbajy OOJIMK pesbeda KOjHU je TMOCICAMIIA TCOJIOIIKE
CTPYKTYpE, & HE CaMy T'€OJIOIIKY CTPYKTYPY.

HpeMa KBAHTUTATUBHUM M KBaJIUTATUBHUM IIOKa3aTCJbUMa IMpPHUKa3aHUM O[] CTPpaHE
Cali¢ et al. (2012), ka0 u y oBoM pany, IIaHOHCKA HH3Mja Ka0 LENHMHA NPEICTABIHA
jeanHCcTBEeHY MOP(OCTPYKTYpHY jenmHuIly y okBupy CpOuje. Tauan mpocTopHH 0oOyxBat
oBe MopdocTpykType jyxkuo ox Case u JlyHaBa onpel)eH je HCTHUM MoKa3aTesbuMa KOju Cy
NPUCYTHH U CEBEPHO OJ] TOKOBA OBHX PEKa.

200m

[TaHOHCKa HM3MKja
(MopdocTpyKTypa)

100m |
MopaBckwn poB
(reonowka cTpysTypa)
Om |
.m

CPNCKO-MAKEJOHCKA MACA

5km 15 km 20 km 25 km
ayTOXTOHa | HeoreHwu KBapTapHun
nopgnora cCeAnMeHTKn cCeguMeHTH

Cauxka 6. Cxematcku npopua Mopapckor poBa
(nedpuHa cenumenata npema: Kyp6amuja, 1982; uutupano y: Marovi¢ et al., 2007)

Hako je mojam MopdocTpyKType HEOABOJUB Ol TOjMa TEOIJIOIIKE CTPYKType, 300T
jacHOT TEHETCKOT OJIHOCA, MU(EpEHIIHjanHjy n3Mel)y OBHX IMOjMOBA M FEUXOBOT TIPOCTHPAmka
Moryhe je o0jacauTH Ha IpuMepy MopaBcKor poBa (cirka 6). YHyTap TeoJIomKe CTPYKType
MopaBckor poBa HCTAJIOXEHH Cy CEAMMEHTH Ha KOjUMa Ce pas3BHja HU3HM]CKH pesbed, Te
300T TOTa HHU3HjCKU MPOCTOP YHYTap MoOpaBCKOT poBa MpeICTaBiba IETUHY Ca CEBEPHUjUM
HHU3UjCKUM MPOCcTopoM, unHehu feo [Tanoncke Husmje y Cpouju.

Paznuka u3mel)y mpoctopHor oOyxBara reonomike crpykrype (Cucrem IlaHoHCKOT
6acena) u Mmopdoctpykrype (ITaHoHCKa HU3HWja) MpHKa3aHa je ¥ Ha ciauuu 7. [Ipeko oBor
IpyUMepa ce yKasyje M Ha HEOIXOJHE pa3iuke y Kopuuihemy nojMosa ,,0aceH™ u ,,HU3Mja".
[ojam ,,6aceH omnpaBaaHoO je KOPHCTUTH Y CTPYKTYPHO-TEOJIOMIKOM U Tajieoreorpadckom
(ceaMMEHTOJIOKOM) KOHTEKCTY, JIOK je y CTyAWjama peleHTHe reoMopdoioruje u
reorpad)cke pernoHanu3alyje MPUKIaIHIjH 110jaM ,,Hu3uja’.
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S N
| [TAHOHCKMW B ACEH (naneoreorpadckn KOHTEKCT, ceMMeHTaumja)
MMAHOHCKA HU3WIA
(mopdonoruja) [MAHOHCKA HHU3MIA (mopdonoruja)
750m Dpywka ropa
| & (xopcT)
500m .l 539mme.
i
! Tuca-
BAPAoAPCKA 30HA i
i OAKulA
1
0km 150 km)|
al CUCTEM TMAHOHCKOT BACEHA (TeKTOHCKM KOHTEKCT, cnywTare) a
nognora HeoreHmu
(ayTOXTOH) COAVIMENTH KBapTapHW cenuMeHTn

Cauka 7. CxemaTcku npoduii 6aceHa u Hu3mje:
TePMHH ,,0aCeH Be3aH je 32 TEKTOHUKY U CeIMMEHTAlH]y, a TEePMHUH ,,HU3Hja“ 32 reomopdoaomke ocodnHe

3axBaJIHOCT

Aytopu 3axBaspyjy npod. ap Jbynky Pynauhy ca Pymapcko-reonomkor ¢akynrera
VYuuBep3urera y beorpany, Ha KOpUCHUM cyrecTHjaMa IPUINKOM U3pajie paja.
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PANNONIAN PLAIN AS A MORPHOSTRUCTURAL UNIT OF SERBIA
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Abstract: Differentiation between the terms “Pannonian Basin” and “Pannonian Plain” is not clear enough in
geographical literature. The paper discusses the usage of the term “plain” in geomorphology, as well as the usage of
a quantitative method for plain delineation, through calculation of relief roughness coefficient (using a digital
elevation model). Qualitative analysis, which includes the definition of dominant geomorphological processes and
the distribution of Quaternary sediments, is an addition to the quantitative analysis. In the Republic of Serbia, the
area of the Pannonian plain defined in this way is 24,448 km?, which is 27.5% of the total territory of the country.
The paper gives the overview of the geotectonic structure and evolution of the Pannonian Basin System, with
special stress on the territory of Serbia, as well as the chronology of the Pannonian sedimentation area in Serbia
from the Lower Miocene till present. In order to explain the status of the Pannonian plain as one of the
morphostructural units of Serbia, the theoretical basics of morphostructures are discussed, as well as the principles
of their spatial definition and the relation to the notion of a geological structure.

Key words: Pannonian Basin, Pannonian Plain, geomorphology, relief roughness coefficient, morphostructure

Introduction

The terms Pannonian Basin and Pannonian Plain are often used in Serbian
geographical literature. The attribute “Pannonian” originated from the name of the Roman
province Pannonia, which existed within the Roman Empire from the 1 to the 4™ century.
The province encompassed the area west of the course of the Danube River, north of the
course of the Sava River, to the Vienna and Styria Basins in the north and west. The
attribute was introduced to geological literature in the second half of the 19" century, when
Roth von Telegd (Roth, 1879; Roth von Telegd, 1879) defined the Pannonian stage in
stratigraphy.

Presently, the exact spatial delimitation of geographical units Pannonian Basin and/or
Pannonian Plain is not unanimously accepted. Two groups may be distinguished among the
usual definitions: the authors who consider the courses of the Sava and the Danube as the
southern borders of the Pannonian Basin/Plain (e.g. Marovi¢ et al., 2002; Siimegi et al.,
2011), and those who take an altitude contour line (mostly 150 m or 200 m) for the southern
border of the plain (e.g. Markovi¢, 1970).

Apart from the problem of the spatial extension, the literature mostly does not offer a
clear distinction between the notions of “basin” and “plain”, and their usage is inconsistent.
In the present paper, the term “basin” is used in structural-geological context (for the area
with the dominant tectonic subsidence), as well as in paleogeographical - sedimentological
context (aquatic environment with sedimentation process). As for the present regional-
geographical and geomorphological context, we use the term “plain”.

As the aim of this paper is to justify the status of the Pannonian Plain as one of the
morphostructural units of Serbia, it is necessary to mention briefly the theoretical
background of morphostructures. According to the introductory definition given by
Gerasimov (1946, cited in Baker 2007, Demek et al., 2007, 2009, etc), morphostructures are
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relief units formed by a combination of tectonic activity and exogeneous (surface)
processes. The morphostructures are in hierarchical relation by size, starting from mega-
morphostructures (forms visible at continental scale) to micro-morphostructures (e.g. a
single horst, or a river valley developed along a fault; Baker 2007). Morphostructural
analysis reveals a complex interaction between long-term endogeneous processes and the
processes taking place on the topographical surface (Goudie, 2003).

The term “plain”

The meaning of the term “plain” is considered to be generally well-known. One of
the terms which is often used for a smaller plain in Serbian language is “ravnica” (levelled
surface). Table 1 gives the definitions of these two terms in Serbian textbook references
(textbooks in geomorphology, physical geography, geographical dictionaries, etc). The
analysis shows that the morphogenetical context of these terms is not clear enough. The
offered definitions mostly refer to descriptions and physionomical attributes of relief.

Table 1: Definitions of the terms “plain” and “levelled surface” in Serbian literature.

Term Definition Author
vast flat or slightly undulating parts of land,
LEVELLED SURFACE (RAVNICA) | whose surface is mildly inclined in one Rakicéevi¢ (1991)
direction
PLAIN vast levelled part of land, with the Mastilo (2001)

elevations up to 200 m

surface relief form characterised by small

LEVELLED SURFACE (RAVNICA S . R
SURFACE ( c4) inclinations and slight elevation differences

Mastilo (2001)

vast and levelled parts of Earth surface,

PLAIN with small elevation differences Andjeli¢ (1990)
LEVELLED SURFACE (R4VNIC4) | small plains in Earth surface relief Andjeli¢ (1990)
vast and levelled parts of Earth surface,
PLAIN with small elevations and small relative Petrovi¢ (1977)
heights
LEVELLED SURFACE (R4VNIC4) | small plains in Earth surface relief Petrovi¢ (1977)

structurally levelled surface, built of

LEVELLED SURFACE (RAVNICA) horizontal strata

Markovié et al. (2003)

English language literature uses the term plain mostly in toponymes, as well as in
regional segments of geo-sciences. Unfortunately, in textbooks, thematic dictionaries and
encyclopedias, the term is insufficiently defined. Most definitions are of descriptive
character, without genetic elements: “an extensive area of level or gently undulating land,
usually of low altitude” (Moore, 1972), “large area of level or nearly level land” (The
Columbia Enc., 2007), “relatively level area of the Earth's surface that exhibits gentle slopes
and small local relief” (Britannica Enc., 2008). In particular papers, the authors often avoid
defining plains as relief mega-forms, concentrating on other, smaller forms within plains
(Guzzetti et al.,, 1997; Panin et al.,, 1999). The cited definitions are mostly related to
physiographical approach, while the examples of quantitative approach are relatively rare. A
positive exception is the work of Hammond (1954), who introduces the quantitative analysis
per surface unit, stressing that small-scale representation of relief should be based on areas,
not individual features. This author claims that the areas which have more than 80% of flat
relief, with less than 33 m dissection, are plains. The approach of Hammond was a
beginning of geomorphometrical analyses, and within them, of a notion of relief roughness
(dissection per area unit), which was later studied by Hobson, 1972; Perko, 2001; Hrvatin &
Perko, 2009, etc.

The above analysis of definitions leads us to the conclusion that in the largest number
of cases the plains are not morphogenetically explained - there are no details about the
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genetic conditions. However, quantitative characteristics are followed by qualitative
characteristics, which is also stated by Hammond (1954, p. 35): “quantitative analysis is a
tool, and not an end in itself”.

If we include at least a rough genetic segment into a definition, we can say that a
plain is a flat topographical surface, formation of which was conditioned by geotectonic
processes and sediment accumulation, with metric-scale dissection of exogeneous origin.

Spatial extent of the Pannonian Plain in Serbia

In order to get an exact and objective spatial definition of the extent of the Pannonian
Plain in Serbia, Cali¢ et al. (2012) applied the method of geomorphometrical analysis (by
using the software package Idrisi Andes™), combined with qualitative geomorphological
analysis, as well as the analysis of the extent of particular geological formations.

Within the geomorphometric analysis, the data source for the digital elevation model
was the SRTM base, with resolution of 90 m. The accuracy of these data for the territory of
Serbia was analysed by Samardzi¢ and Milenkovi¢ (2010), who determined that SRTM
obtained models correspond to the models obtained by digitizing of contours from 1:50,000
topographical maps. This is an acceptable accuracy for the study of macro-scale relief
forms. For the purpose of geomorphometrical determination of the Pannonian Plain extent in
Serbia (Cali¢ et al., 2012), the SRTM was resampled from 90 m to 200 m. The obtained
elevation model was subject to filtration, and 5 x 5 cells were gathered into moving
windows in order to calculate an average elevation within each window. The difference
between a cell elevation and an average elevation within its window was calculated for each
cell. The standard deviation of elevation differences of all cells within each window was
assigned to the central cell of that window. The standard deviation calculated for each cell
reflects its elevational relation towards the cells in its immediate surroundings. The value of
standard deviation is marked as the relief roughness coefficient.

In order to determine the border of the Pannonian Plain, geomorphometrical analysis
was complemented with qualitative analyses of active geomorphological processes (with
related forms), and of geological formations distribution. Aggradational forms of fluvial
relief (alluvial plains) and aeolian relief (sand sheets) occur in the areas where the roughness
coefficients range between 0 and 5. In the same range of roughness coefficients, only
Quaternary sediments are distributed on topographic surface (Savezni geoloski zavod,
1970), which is in accordance with the processes of fluvial and aeolian accumulation. By
combination of all indicated methods, it was determined that the areas with roughness
coefficients between 0 and 5 can be considered as the areas of plains (in this case, the
Pannonian Plain). Figure 1 shows the map of relief roughness coefficients in the zone of the
southern border of the Pannonian Plain in Serbia. As the cell dimensions were 200 x 200 m,
the border cannot be considered a line (in a spatial sense), but only a belt.

Figure 1. The map of relief roughness coefficients in the northern part of Serbia

The are of the Pannonian Plain in Serbia, defined in this way, is 24,448 km?, which is
27.5% of the total territory of the country. This unit is delineated by natural and
administrative borders. Serbian part of the Pannonian plain stretches from the borders with
Romania, Hungary, Croatia and Bosnia and Herzegovina, towards the south, where it is
defined through relief roughness coefficients. In the direction from the west to the east, the
southern border of the plain starts from the state border with Bosnia and Herzegovina,
encompassing the lower course of the Drina River, to the town of Loznica in the south. The
natural border continues along the western and northern rim of the Pocerina region, and near
the village Provo it connects to the course of the Sava River. Then it encompasses the lower
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course of the Kolubara River, continuing towards the east along the courses of the Sava and
the Danube. With some exceptions, it follows these rivers to the town of Smederevo. Further
to the east, the border includes the lower courses of the Velika Morava River (upstream to
the town of Lapovo) and the Mlava River (upstream to the village of RaSanac), ending at the
border with Romania close to the village of Ram. The elevations in the plain range from
68.5 to 155 m (average: 83.5 m).

Smaller areas (mostly linear) with roughness coefficient 0-5 occur even out of the
defined area of the plain. These are alluvial plains of smaller rivers, situated in the zones of
dissected relief. The existence of these flat areas is the result of exogeneous processes alone,
without structural predispositions of regional character, therefore they do not fit into the
definition of the plain. On the other hand, although the age of pebbles and sandy clays in the
lower course of the Kolubara River is defined as Plio-Quaternary on the official geological
map (Filipovi¢ et al., 1976), their position on the lithostratigraphical column, as well as the
recent corrections of the Quaternary geological scale (Gibbard et al., 2010) point more to
Quaternary (Lower Pleistocene) than to the Neogene (Pliocene) age.

Mt.Fruska Gora, which is a tectonically uplifted block of the Vardar zone (horst), as
well as Mt.VrSacke Planine (uplifted block of the Serbian-Macedonian Massif) do not
belong to te area of the plain, and represent separate positive morphostructures.

In the area of the sand sheet Deliblatska Pescara, the roughness coefficients exceed 5,
due to the typical dune relief. As the roughness is in this case the consequence of the surface
process alone (aeolian accumulation), without tectonic uplift dissection, and the structural
and paleogeographical characteristics are equal as in the surroundings of the sand sheet, this
area is treated as the integral part of the Pannonian Plain.

Part of the Pannonian Plain on the territory of Serbia is an integral morphological unit
with the Great Hungarian Plain (Alf6ld). We suppose that the administrative circumstances
throughout history are the cause that these two areas never had a common toponyme,
although their geomorphological unity is perfectly clear. More than 100 years ago,
Hungarian geographer Cholnoky (1910) indicated that these areas are geomorphologically
integrated, stating that “the definition of the southern border of the plain will be the task of
Serbian colleague-geographers” (Cholnoky, 1910, p. 420).

Figure 2. Various interpretations of the southern border of the Pannonian Plain in Serbia
(the Sava and the Danube Rivers, 200 m contour, and the line defined through geomorphometrical and
geomorphological analysis)

Figure 3. Spatial extent of the Pannonian Plain in Serbia

Spatial analysis of the Pannonian Plain, apart from homogeneous morphological
structure, reveals also heterogeneous biogeocenological, anthropological and ethno-cultural
structure. These characteristics influenced the differentiation of two dominant groups in the
southern border definition (Fig. 2). Authors of one group consider that the courses of the
Sava and the Danube are the southern border of the plain (Haas et al., 2001; Marovi¢ et al.,
2002; Stimegi et al., 2011). These hydrographical objects have been the zone of ethnic,
cultural, political and socio-economical divergence during almost two millenia, which
resulted in incorporating of this line into the “cultural landscape”. The second group of
authors consider that the border of the Pannonian Plain lies more to the south than the Sava
and the Danube, but either do not indicate the criteria for delineation (Cholnoky, 1910,
Rodi¢ and Pavlovi¢, 1994), or they take the contour line of 150 or 200 m elevation as a
criterion (Markovi¢, 1970). Markovi¢ (1970) states that “the border between the plain and
the rim of the Pannonian Basin is approximate, because within the plain there are areas of
considerably higher land than 150 m, while the rim hosts the segments with smaller



67

elevation”. Such an explanation is the consequence of regional-geographical rather than
geomorphological approach.

Geotectonic structure of the Pannonian Plain

The Pannonian Basin, in structural-geological context, consists of several units -
terranes, which are the basement to the subsequently deposited sediment series. To the
north-west of the Mid-Hungarian Shear Zone (MHSZ) there is the ALCAPA block
(acronyme for Alpine-Carpathian-Pannonian block), and to the east there is the Tisza-Dacia
block (Dombradi et al., 2010) (Fig. 4, inset). In the southern and south-eastern part, the
Vardar Zone and the Serbian-Macedonian Massif are also parts of the basement of the
Pannonian Basin (Dimitrijevi¢, 1992).

Figure 4. Structural-geological units of Serbia, after Dimitrijevi¢ (1992). Inset: Structural-geological units of
the Pannonian Basin System and its surroundings, with distribution of Neogene sediments (compiled after
the data by: Haas et al., 2001; Royden & Horvath, 1988; Fodor et al., 1999; Dombardi et al., 2010;
Dimitrijevié, 1992)

Tectonic subsidence of large segments of these blocks, and formation of the basin
within the Alpine orogenic zone, began in the Lower Miocene. Collision of the Adria micro-
plate and the European continent led to the formation of the back-arc basin (Bada et al.,
1999), characterised by extension and subsidence. Pliocene and Quaternary are marked by
the rotation of the Adria micro-plate (counter-clockwise), leading to compression and
differential vertical movements, complicating the tectonic pattern of this area. Therefore,
Royden et al. (1983) introduce the notion of the Pannonian Basin System, which has been
widely used in subsequent literature, stressing the complexity of geotectonic composition of
the Pannonian area. Some parts of the Pannonian Basin System were subject to constant
subsidence all the time since the Lower Miocene, and today are filled with thick sequences
of sediments (Bada et al., 2006). One of such areas is the most south-eastern part of the
basin, situated on the present territory of Serbia. Three tectonic units are the basement of
this part: the Tisza-Dacia block, the Vardar Zone, and the Serbian-Macedonian Massif.
Northern part of the Serbian-Macedonian Massif was subject to Miocene extension, which
made it a part of the Pannonian Basin System.

Subsided blocks of the Serbian-Macedonian Massif are covered with sediments,
while the horst of Mt.Vrs$acke Planine is its northernmost outcrop. Northernmost outcrop of
the Vardar Zone is the horst of Mt.Fruska Gora. The Drava through, which divides the
Vardar Zone from the Tisza-Dacia block (Prelogovi¢ et al., 1997) is not morphologically
visible in the area of the Pannonian Plain in Serbia (Vukasinovi¢, 1973).

Natural border of the plain is highly indented, due to the existence of geological sub-
structures — throughs, horsts and depressions. In throughs and depressions, the relief typical
of plains is developed. The Morava through, as well as the throughs of the Mlava and
Kolubara, contributed to the extension of the plain south of the Sava and the Danube. The
Sava through (known also as the Srem-Slavonia through; Marovi¢ et al., 2007) and Macva
through extend the plain towards the west and south-west. Several smaller depressions are
detected within the Pannonian plain (Menkovi¢ et al., 2003; Zeremski, 1990). Morphology
of these depressions did not influence the border of the plain, but only the regime of
groundwaters and surface waters. As opposed to throughs and depressions, horsts interrupt
the homogenity of the Pannonian Plain and are not its integral parts.
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Paleogeographical evolution of the area of the Pannonian Plain

The Tethys Ocean, which divided two continents (Laurasia and Gondwana) during
the Mesozoic, was afterwards split into two parts due to intensive tectonic activity. Two
marine realms were formed: Paratethys and Mediterranean. During its existence, the
Paratethys was linked to other marine realms on several occasions. During these phases,
particular parts of the Paratethys faced salinity drops.

The oldest phase of the Paratethys includes the Lower Miocene, while the youngest
includes the Middle Miocene (Badenian and Sarmatian). During the Middle Miocene, the
Paratethys on the present territory of Serbia was characterised by marine (Badenian) and
brackish (Sarmatian) realm, and was popularly called the “Pannonian Sea”.

Figure S. Paleogeographical evolution of the Lake Pannon (after Magyar et al., 1999)

Paratethys existed as a single marine aquatory approximately till the end of the
Sarmatian, when the uplift of the Alps, Carpathians, Balkan and Dinarides divided it to
Western, Central and Eastern Paratethys. The Western Paratethys encompassed the Alpine
sedimentation domain, which was situated to the west from the Eastern Alps. The Central
Paratethys included the Vienna Basin, Styrian Basin, Pannonian Basin and Transylvanian
Basin, within the mountain ranges of the Carpathians and Eastern Alps, north of the
Dinarides (Fig. 5). The Eastern Paratethys included sedimentation domains to the east of the
Carpathians - Dacian Basin, Black Sea Basin, Caspian Basin and Aral Basin (Miiller et al.,
1999).

The presence of the Pannonian and Dacian sedimentation domains is detected on the
present territory of Serbia. To the west of the Carpathian-Balkan land, there were southern
parts of the Pannonian sedimentation domain. In the northern parts of Serbia, the aquatory
was integral, while the southern parts were characterised by occasionally linked lakes
(Andjelkovié, 1991).

Within the sedimentation zone of the Central Paratethys, due to sediment infill and
tectonic movements, the Lake Pannon was formed at the beginning of the Upper Miocene
(Pannonian stage; 11.6 Ma) (Rundi¢ et al. 2011). The lake did not have a uniform oval
shape, but resembled a complex of lakes. During several phases, it was linked to the Vienna
Basin and Transylvanian Basin (Kazmér, 1990; Miiller et al., 1999; Magyar et al. 1999,
Harzhauser & Mandic, 2008).

In former literature published in Serbian language, the term “Pannonian Sea” stands
for the time frame from the beginning of the Miocene to the end of the Pontian stage (e.g.
Stevanovi¢, 1959, 1977, 1978). However, the new data indicate that the marine and marine-
brackish realms were characteristic for the Paratethys of the Middle Miocene (Badenian and
Sarmatian). Lower Miocene Paratethys was in this case considered as the oldest Paratethys.
Considering the caspibrackish realm and endemic fauna on the studied territory, it would be
appropriate to use the term Lake Pannon (e.g. Rundi¢ et al., 2011), and not “Pannonian
Sea”.

Primarily due to the sediment infill from the north-western, north-eastern and western
directions, the Lake Pannon was subject to regression after the Pontian and at the beginning
of the Pliocene (Stevanovi¢, 1959, 1978).

At the beginning of the Pliocene (approx. 4.5 Ma, according to Magyar et al., 1999;
Popov et al., 2006), the freshwater Paludina Lake was formed in the deepest parts of the
Pannonian sedimentation domain®. Paludina Lake, in its maximal extent, covered the largest

3 According to Austrian authors (e.g. Harzhauser & Mandic, 2008), there was a temporal gap between the Lake
Pannon and Paludina Lake, while Hungarian authors claim the continuity of aquatic realm, meaning that the
Paludina Lake is the relict of the Lake Pannon (e.g. Magyar et al., 1999).
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parts of Slavonia and Vojvodina, and was named after the old name of freshwater gastropod
Paludina (present name is Viviparus). The evolution of Viviparus enabled the
paleontologists to detect three main facies of Paludina Lake development - the Paludina
beds (Neumayr & Paul, 1875). Disappearance of the Paludina Lake took place in the Lower
Pleistocene. After that, the initial relief of the Pannonian Plain was formed, with dynamic
development of paleo-rivers.

Further development of paleo-river systems of the ancient Danube, Tisa, Tami$§ and
Sava led to deposition of thick fluvial sediments. Aeolian sedimentation took place at
several locations, influenced by north-western and south-eastern winds, filling some swamp
areas and meanders. Pleistocene climate led to the development of loess series on non-
inundated surfaces of the Pannonian Plain. The present morphological and hydrological
characteristics were formed during the Holocene. The last evolutionary stadium is marked
by water regulation works, starting from the end of the 18" century, mainly in the regions of
Banat and Backa. These regulations have considerably changed the regime of groundwaters
and surface waters.

Table 2. Chronology of the Pannonian sedimentation domain in Serbia

Paleogeographical Sedimentation . . .
realm environment Dominant type of sediments Stratigraphy Age (Ma)
Quaternary 2010
Pannonian Plain terrestrial Aeolian and fluvial sediments (without a part of the )
present
Lower Quaternary)
. lacustrine lacustrine sediments Mlddle- and Upper ~4.5 to
Paludina Lake (freshwater) — - Pliocene, partly Lower
. (Paludina beds) ~2.0
terrestrial Quaternary
lacustrine :
Lake Pannon (caspibrackish) — lacustrine sediments .UppeT Mlocer_le ~11.6 to
. (including Pontian) ~4.5
terrestrial
Paratethys marine and . . Middle Mlocene ~16.3 to
] . . . marine sediments (Badenian and
,, Pannonian Sea marine-brackish . ~11.6
Sarmatian)
terrestrial-lacustrine terrestrial-lacustrine . ~23to
Paratethys . . Lower Miocene
(and marine) sediments ~16.3

Pannonian Plain as a morphostructure

Most authors from Serbia do not consider the Pannonian Plain as a morphostructure
with homogeneous morphology (Zeremski, 1973, 1991; Mili¢, 1976; Markovi¢, 1970).
Instead, they opt for its segmentation, observing only individual sub-structures (geotectonic
structures of lower order, like depressions and trenches). Zeremski (1973) considered this
area as a tri-lateral morphological structure composed of “accumulation plain of inter-
mountain basins”, “accumulation flat plain” and “accumulation plain of inter-mountain
depressions” (Zeremski, 1973; Mili¢, 1976). This principle was followed also in
Geomorphological (morphostructural) map of Serbia (Zeremski, 1990), where the same
author depicted the area of the Pannonian Plain as a kind of “conglomerate” of depressions,
trenches, etc.
The ways to determine the borders of morphostructures can be divided into two
groups:
- Morphostructures are the topographical print of geological structures, and their
borders perfectly overlap;
- Morphostructures are dominantly guided by geological structures, but also have an
internal morphological individuality, which defines their spatial extent (borders).
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The first group considers that the borders of various geological structures are outlined
on topographical surface. For example, Zeremski (1991, 16) states that “the
morphostructures are tectonic forms, meaning that their reflection in relief overlaps with the
character and extent of geological formations”. This situation is possible, but it is not the
only option. Thus, this principle cannot be regarded as a rule, but only as one of the cases.

The second group includes the examples in which the borders of a morphostructure
may be wider or narrower than the borders of geological structures that guided their
formation, provided that the morphostructure 1is characterised by particular
geomorphological processes. This interpretation is based primarily on morphological
principle.

An example of such approach is found at Minar et al. (2011), while the paper of
Cali¢ et al. (2012) applies it to the case of the Pannonian Plain. These authors stress the
relief form which is a consequence of a geological structure, but not the geological structure
itself.

According to quantitative and qualitative indicators shown by Cali¢ et al. (2012), as
well as in the present paper, the Pannonian Plain (integrally) represents one
morphostructural unit within Serbia. The exact spatial extent of this morphostructure south
of the Sava and the Danube is defined by the same features (forms) present to the north of
these rivers.

Figure 6. Schematic profile of the Morava trench
(sediment thickness after Kurbalija, 1982; cited by Marovié et al., 2007)

Although the notion of morphostructure is essentially linked to the notion of
geological structure, due to perfectly clear genetic relation, the differentiation between these
notions and their spatial extent can be illustrated on the example of the Morava trench (Fig.
6). Within the geological structure of the Morava trench, there are deposited sediments on
which typical plain-like relief is developed. Therefore, the flat area within the Morava
trench is linked to the northern area of the plain, being a part of the Pannonian Plain in
Serbia.

The difference between the spatial extent of geological structure (Pannonian Basin
System) and morphostructure (Pannonian Plain) is shown in Fig. 7. This example shows the
differences in usage of the terms “basin” and “plain”. The term “basin” suits best for
structural-geologic and paleogeographic (sedimentologic) context, while in the studies of
recent geomorphology and geographic regionalization, it is more appropriate to use the term
“plain”.

Figure 7. Schematic profile of basin and plain: the term “basin” is related to tectonics and sedimentation,
and the term “plain” for geomorphological characteristics.
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