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Abstract
Article history: Upper Miocene to Pliocene (Pannonian) sediments of the Pannonian Basin System accumula-
Manuscript received April 27, 2020 WHG LQ WKH EUDFNLVK /DNH 3DQQRQ DREBWZKHAXYLDO OB HGHHL V\V
Revised manuscript accepted August 24, 2020 graphic subdivision has been problematic for a long time due to the laterally prograding archi-
Available online October 26, 2020 WHFWXUH RI WKH EDVLQ (00 DQG WO KLQW R WIWHDDIONUIDEEH B HAF

neighbouring countries. We correlated the lithostratigraphic units of the Lake Pannon deposits
between Hungary and Croatia in the Drava Basin, using lithological, sedimentological and pa-
laeontological data from boreholes and outcrops, and seismic correlation. The Croatica and Med-
YHGVNL EUHJ IRUPDWLRQV LQ &URDWR DLRRUXHNSRQERWRBRUWLKHQ®D
to deep water, open lacustrine, calcareous to argillaceous marls. The AndraSevec fm. in Croatia
FRUUHVSRQGY WR WKH 6]JROQRN DQG $O0OVAL QR\R IL\QD-QGM R Q HFR Q R GVV
of turbidite systems and of clay marls deposited on the shelf-break slope. The Nova GradiSka
fm. in Croatia is an equivalent of the Ujfalu Fm. in Hungary, built up of a variety of lithologies, in-
cluding sand, silt, clay and huminitic clay, deposited in deltaic environments. The Pluska fm. in
Croatia corresponds to the Zagyva Fm. in Hungary, consisting of variegated clays, silts, sands
DQG OLJQLWHV GHSRVLWHG LQ DOO&RDD U H QDA RYHICD O/ BIQE L UBQ
layers are assigned to the Kélla and Békés Fms. and the Sveti Matej member of the Croatica fm.
Coarse-grained intercalations within the deep-water marls belong to the Dorozsma Member of
WKH (QGU G )P LQ +XQJDU\ DQG WR WKH G\DVIX @ WPHIP EH U R | &W R
Sediment transport and lateral accretion of the shelf edge in the Drava Basin took place from
the N, NW, and W, to the S, SE, and E, respectively. According to the biostratigraphic and chro-
nostratigraphic analyses, the oldest shelf-break slopes in the Mura Basin are more than 8 Ma
old, whereas the youngest ones in the southeasternmost part of the Drava Basin may be Plio-

Keywords: stratigraphy, correlation, upper cene in age (younger than 5.3 Ma). Thus, the 180 km long and at least 700 m deep Drava Basin
Miocene, Pannonian, Drava Basin ZDV WUDQVIRUPHG LQWR D AXYLDO SODLQ GXUERQMKH ODVW
1. INTRODUCTION 277 5%$',92-(9,0 6=7%$11 HW DO- [

The majority of upper Miocene to Pliocene (Pannonian in thY LGHUDEOH IXUWKHU ZRUN LV QHHBHG W
Central Paratethyan regional stratigraphic terminology, see HIgPPlicable to the entire Pannonian Basin System.

GEN et al., 2012) sediments of the Pannonian Basin System ,Q WKH SDVW GHFDGHV WKHUH KDYH EI
DFFXPXODWHG LQ WKH EUDFNLVK /W ¢praehaing fhe Mapene sodiments HCraatieoanti Hupgary
VIVWHPV 7KH\ FDQ UHDFK D WKLFNQHS8Y7RlI RWHDO NP D Q@ UGB A VO W O
WKH WLPH LQWHUYDO EHWZHHQ ab-Q &9{D.29Q0VSLWH7RHWXHH® NRUEWWLY LV ZH(
WLDO YROXPH WKHLU VWUDWLJUDBKOB/YXNERKNIVIRY KDV EKR ¢ BUREG HDMOMHC
for a long time, mostly as a result of the laterally progradingaW KDW WKH RWKHUZLVH OLWKRORJLFDOO
FKLWHFWXUH RI WKH EDVLQ (00 OWLRIPHY DSSHODIr<4¥Bb WKH VWUDWLYHDSKLW \F
*($5< ORUHRYHU WKH VXEGLYLVLRD HXQDNH\ IXQWQBY XAGWYV ZLWK VIQFKUR
PHQWY HYROYHG LQGHSHQGHQWO\ L@ WWKHKHI WDHPLHKREWRNK B L XK HF R X G WQW HX Q J D
ZLWKLQ WKH 3DQQRQLDQ %D VLY bDhWY SratigtaPhwandR oot édation kiHUpPe Midcen — Pliocene
JUDSKLF XQLWY DUH FRQWLQXRXO DG UKWG ERAE QWL DD RRYQGION LKHWVRDWLDQ +XQJ
cant progress in cross-boundary correlation of the stratigrapluiorrelate the lithostratigraphic scheme of Lake Pannon deposits
VFKHPHY KDV EHHQ DFKLHYHG LQ VRIEHWIZHWQY RXQIMHUEDQIR &HURDW,D LQ WKF
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basin in the SW part of the Pannonian Basin System. The fabtQG LQ FRQWUDVW ZLWK FRQWLQXRXV VH
WKDW WKH 'UDYD %DVLQ FRYHUV D/WIUWIBHRHEDQE® SRS RNH. RD ROMXIBSWLQJI RQH |
EXWLRQ DUHD RI /IDNH 3DQQRQ GH SR WéieMibc@ne; thiss Eheit suzcEs§oB comtiins\sedinténtad B

upper Miocene key sections are located in this region adds sgeHORZ ZLWKLQ DQG DERYH WKH /DNH 3DQ((
FLDO LPSRUWDQFH WR WKH DUHD +#29BHIZH*BSFHVHQW WEH , ERANWBODWHGG6(
VFKHPH WKH GH¢{QLWLRQV RI WKHHVWWDWLJUB®SKIF KQLWY KDUPRRLVSISHE OLR!
WZHHQ WKH WZR FRXQWULHV DQG SHRYNGQGRZY QL® DMCGHERUNHBE RPDH+H[DE@B®A Q +XQJDU
of the typical appearance of the units. Using seismic correlatidtdRVW SUREDEO\ /DNH 3DQQRQ VHGLPHQW\
DQG ELRVWUDWLJUDSKLF GDWLQJ QURKRWUIWDI@IFH 2[00 UDLFFRMRBWD D IQQ) W RIDD H \ \
DQG PROOXVFV ZH RuHU WHPSRUDO 0% B&EWV6WR8WKH GHESRBRVHW DROQ RI WKBIHV

JLYHQ XQLWYV WKLV DUHD ZDV ARRGHG DV ZHOO IRU DW C
Miocene.

2. GEOLOGICAL SETTING ,Q WKH PDUJLQDO DUHDV VXUURXQGLQJ

7KH 'UDYD %DVLQ )LJ IRUPHG DV DWIHV XROQV DRFFIURWOW K 1P 6GGE@BWLDQ 3DQQRQ

RFHQH HIWHQVLRQ 35(/2*29,0 HW DO LQ WK$HEBMH SR/ IDMWDW R VPDDIXV XEQEDV
OHVR]RLF EDVHPHQW WKH EDVLQ LV (GEBHGHOWHIREHUNRKHRXEDQRIVRDER G GHQXC
VHGLPHQWYV +259E7+ HW DO , Q PRVOHRB! 8RN VE BBVIWUP DWGDLAWVQYHUVLRQ H
surroundings the syn-rift succession began in the Eggenburgia® 59E7+ HW DO 720/-(129,0 &621726
RU 2WWQDQJLDQ ZLWK WHUUHVWUQDDW RXE LW KOHD'Q® YD FeDWMW Q LIQMV FH@DL W K AVH
WKH ORZHU OLRFHQH DQG FRQWLQXHGE QWW K PV QRWHEG HRI/UL RNYMWH QQZ MKKI ID X Q
PLGGOH OLRFHQH ERWK LQWHUFDODWHWBDZEWKXDYRD¥DQVFV 58R6/ AV 0\ S\UFS9E7 +

FODVWLFV +E025 &+,.E1 / 8yakiz RaWorDdBposits of the study area accumulated during the
6%$)7,0 HW DO 1$*<0$526< +EBRWW ULIW SKDVH RI EDVLQ HYROXWLRQ
0%/9,0 &9(7.29,0 3%9(/,0 .29%y,0 HW DO %$/E=6 HW DO SEWHU WE

,Q WKH DUHD RI WKH QRUW KZMRK/HV DYDY B R DYW DYBOLEDVLQ LOQYHUNRLRQ VW
sin, the oldest Cenozoic rocks are of Oligocene age and marikey DOO\ ZLWK WKH VWLOO RQJRLIQQOODF X V\

sedimentation persisted during the early and middle Miocen®V LYH WRGD\ 720/-(129,0 &621726 &621
8SSHU OLRFHQH + 4XDWHUQDU\ GHSRBDIOWV RI VHBEEUD& (Do DVLQHLAWWREMHW DO
D WKLFNQHVV RI PRUH WKDQ NP )LJ 7KH\ DFFXPXODWHG LQ WKH

brackish Lake Pannon, the related marshes, and in the Pliocn&/ETHODS
WR PRGHUQ AXYLDO VI\VWHP IRO ORZL1}d liiNdfolly, ddithehtology and fossils of the target deposits

Upper Miocene sediments crop out in the mountains borde HUH LQYHVWLIJDWHG LQ WKH ¢HOG DQG L
LQJ WKH 'UDYD %DVLQ LQ .DOQLN %dedDte Jeritify) and DabrldNe Lrl@p$iratigrapid andbibsrati
North Croatia on the southern and in the Mecsek Mts. on thetUDSKLF XQLWYV RYHU WKH HQWLUH 'UDYD ¢
QRUWKHUQ VLGH )LJ 7KHVH PR XKQW Y HQWHUWBIUH VHBWL R Q VADR/H RN W VHIOXCF W H G
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Figure 1. The Drava Basin and its surroundings, with the depth of upper Miocene - Pliocene lacustrine and uvial sediments. Base Pannonian surface-from HOR
VATH et al. (2012). EDB: Eastern Drava Basin; Mosl.: Moslava ka gora; PG: Po eSka gora; SRB: Republic of Serbia; WDB: Western Drava Basin.
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Figure 2. Informal upper Miocene and Pliocene units and lithostratigraphic schemes used for subsurface rocks in the Eastern and Western Drava Basin and in the
Mura Basin in Croatia. The concept behind these schemes does not distinguish between bio- and lithostratigraphy and geochronology, therefore it is recommend
ed that they are abandoned.

LQJ D[LV RI WKH EDVLQ )LJ TKOWVHFWEZRQ FRCPOHEDWVEWKHG R ZHKAROKSH U ¢
/HJUDG /HJ - 6HYHURYFL 6HY OAMGL @ D (DG RAYKOHRU H XVEIRHN P& U R BIW HFRY U DQIC
) ' 3pWHUKLGD 3KLGD 7THUH N R) BRROMWREBQ D HOV DWWULEXWHG WR WKH FM/RZHU
JHO , =DOiIWD =DO '"UDYLFDX'UMQ@WKNQRZOPKIOMBIQ GUU5 KRPERLGHD EGGVY U

6MHpPH 6M DQG FURVVHV WKH 'UDYSs §HYHIR QW GDWK HUGWRSBI\WWD @ HORQD KLV G
JDULDQ VWDWH ERXQGDU\ VHYHU D O ciit fhat Ve spRialal @ mpsralRiQribitiBn sihioluigcshshighly H U
SUR¢{OH )LJ IRXU 1 6 GLUHFWHG FIHOWWWELHW RQ W K DAHE YWRK W RH GHSRV LW
DQG NP UHVSHFWLYHO\ ZHUH D@BR FRPSLOWGKHWARUH LW KDV VLQFH
.H\ ZHOOV ,KDURVEHUpPQ\ ,K , 9MiWiU3RQWNDQtYWDJIJHItRULIJLQDOO\ GH¢{QHG LC
6 9t] 6 3RWRQ\ DQG 'RQMD %XNRVYLGDZDW HWDURQHRXHH FRUUHODWHB LQV
FRQQHFWHG LQWR WKH QHWZRUN DMK IHRX J&$W'Kéd VIRV VOHF W LR Q VI H Y WIKR @ R QU V
DQG ELRVWUDWLJUDSKLF GDWD |URP YWHHLQH& ZR DWW VDZ HHME R E MDA @HIGQ I BR® UR
ZHOO ORJV DQG ZHOO UHSRUWYV DQEWKHY¥HHZWY R RUWRMHF WG HRW R WK RUH OLV
PLF QHWZRUN 7LPH GHSWK IXQFWLR@MHRBUL&NAO WHG RUVRKH WMOWZHHHL HRJIH
WDNHQ IURP WKH GDWDEDVHV RI 02/ QB 568G IDOIRQROIBERWMIBYHAD WY ¢
ELRVWUDWLJUDSKLF GDWD IUBW 0® WRNVWAKIXMWDQFHYV ZB ik FRWEWHIPHG ODWHU E
VHLVPLF QHWZRUN YLD VHLVPLF FRUWKNQBWMRRQVXEVXUIDFH VHGLPHQWY DQG L

GDWD )LJ ,Q WKLV VIVWHP WK8 @ KWXF
4. LITHOSTRATIGRAPHIC SCHEMES IN CROATIA WKH FKURQRVWUDWLIUDSKLF PHDQLQJ L
AND HUNGARY HTXLYDOHQWYVY RI VXE VWDJHV IQHIOHF

In Croatia three main lithostratigraphic schemes are inuse tod®K DUDFWHU RI WKH XQLWV ,Q DGGUMILHRTDW
for upper Miocene deposits of the northern and eastern partf DPHV H[LVW IRU FRQF XU UH QWK M EIDNV Q
the country. 7KLV VAIVWHP KDV ORQJ EHHQ XVHGH. Q WK
(DUOLHU VWXGLHV GLYLGHG WHBH OXWRRV WLURDW L QU\DRS KALKKHV fEHRBW ILIRU W K'H

HM%DQDWLFDY W$ELFKLY DQG p5KRP-ERHGRD (E%W GYHU MWL @H VEROHREHVQAK G& 021
SRVLWYV ZHUH GHVFULEHG DV EHORRJLWR WK W IDHRUBDPXQGWQR EGHGZHENQHVVHYV
$7,%1 *(2/2*,&%/ 6859(< 3,.,-% %$6&¥\VWHP KDV EHHQ FUHDWHG LQ WKGJSDVW
yLJ 7KLY GLYLVLRQ LQWURGXHOOGWHGE WRWRDFEQVWMUXFWLRQERLWKH *
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Rl &URDWLD 1HZ OLWKRVWUDWIHYOBERUR IQLYY RRW DWW W\K/K ISR BUYH@N PDUJL
and named according to the International Stratigraphic Guid®E61e +1', 7KH SDVW WZR GHFDGHYV K
0853+< 6%$/9%'25 7KH QDPHV RI WKHWN XQLWAFRHGL]LQJ WKDW H[FHBW IRU !
resent the recommendation of the National Committee for Srt¢QGU G DQG .iOOD )PV LQGLFDWHQJ WU
tigraphy and are used on recently published geological maps 06=7$11 HW DO DOO RWKHUWGWERVL\
WKH 5HSXEOLF RI &URDWLD PDS VKHBWWY ORQ IWKHREGIN YR Q KP WDHIRD HIBHSED VL (
/-$. HW DO D E +$/%0,0 HW BDWLRQHXKEADMPHU PXGVWRQHY WXUELGHWH V\\
of lithostratigraphic units for the territory of Croatia is currentyDQ G GHOWDLF WR AXYLDO VXFFHWVLRQV F
in progress. Within this process, the names of certain Pannonier=7$17 HW DO D E &6,/11%* 6 -
OLWKRVWUDWLJUDSKLF XQLWYV WHU RKR0EEH 6), rehardlels/\bikihkly pedddniviodofibphit) pobition, i.e.
EHHQ DGRSWHG WR WKH 'UDYD %DWVL@XaD\HEG LRQ GM KIS EDRAALLED UQAW-NMUKRMARK RU H
and related depositional setting. SUHVHQW KLOOV 7KH IRUPDWLRQ@DERMAK ZL\
JRU XSSHU OLRFHQH DQG 30LRFHQHRUBRBIZPHIQWN YHRRIGRW HREQDRM WKH GHSRVLW
VXUIDFH WKH VFKHPH FRQWDLQVRWL E\OWW K RO/RAQUDWH.U B DBKUW FDXOQUWYVURIVVLRQ |
PDWLRQ UDQN GHVFULEHG LQ GHWDRIQU BMARWV.RISYQRFDO YDULDWLRQV LQ V
/-$. HW DO D E .29%y,0 3 $i8n( descriptions accepted by the Stratigraphic Commission of
+$/$0,0 HW DO )LJ ,Q DGGLWDRY+XRFDOOYBUHLYXBOLVKHG LQ &6E6=E5
WLF VHGLPHQWY DUH FODVVL{HGDUWYR GLUHUHQW XQLWYV LQ GLUHUHQW S
of the stratigraphic column. The surface distribution of these fo#.1. Lithostratigraphic units

PDWLRQV ZDV RXWOLQHG E\ PDSSLQJ ALUWIOH HWW RYOMNRRIPV RY MR WK ILABDFH D
DQG WKH OHGYHGQLFD OWV LQ 1: &URPMHLIU PR/ IDO RQOWKO W2 R K WKHIE QY KDW IF
PDUJLQ RI WKH 6DYD %DVLQ LQ WKH 3R &hapNQ JR VDLW VR VHRE WHOMHERW Buw 'uDY|
oOwv LQ WKH HDVWHUQ &URDWLDQ-UHIJHRWGR!I RW ¥RQ bl L GHROIRN k AP IOUPEDR® Q G D |
ping of the mentioned deposits has not yet been carried outin {figc biozones. Consequently, in our opinion a correlated
.UQGLMD 3DSXN DQG %LORJRUD O0WV |ithoBtratiy¥aptit seh¥mP fd/ the dpefMBdelé H Pliddehe la
prospecting and recording of detailed geological sections, all thex VW ULQH WR AXYLDO VXFFHVVLRQOVKRXO
DERYH IRUPDWLRQV KDYH EHHQ LGHQW laadkedinfendiégitd H dAd/ddiPeéporiitiyseismic — characteri-
.29%y,0 3%9(/,0 VWLFV RI WKH GHSRVLWYV +H WKHR \ZW BDMAL |
6LPLODUO\ WR &URDWLD YDULRXVJVUWERWLYERARHFFRUWHOIDWGEIIGYEIDRZHHQ ¢
SHG IRU LQGLYLGXDO EDVLQV DQG Dnau\He shBriddsdriptibridf i@uhidst QV XVHG WR HJ
LVW LQ +XQJDU\ DV ZHOO 7KH VWDWQGDUGLVDWLRQ RI WKH V\VWHP EHJD
ZLWK WKH ZRUN RI -8+E6= ZKR SURISHRAFEGa®NIHQHUDO JH
netically based scheme for all sedimentary basins of HungalgD QG JUDYHOO\ VDQG DQG JUDYHWKW\SL
7KLV EHFDPH ZLGHO\ DFFHSWHG D-QGDEK® G\CRQ WL P Q D GRD Q@G KIDPLSRR QWWEYR | O LW
WLRQ EXW EDVLQ VHGLPHQWYV ZHWH VWL ®7 31U HMWBIG VHS DR HOA DWRP WKR,V

Figure 3. Correlation of the upper Miocene — Pliocene lithostratigraphic units in Croatia and Hungary. Preferred formation names are capitalized, abandoned or
local names are in plain format. Age limits of the formations come from biostratigraphy discussed below. Note that the chart follows the axial sediment transport
routes, either in deep basin centres or above sublacustrine highs. Marginal areas, which contain more locally-derived clastics and several unconformities, cannot
be illustrated in the same gure.
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Figure 4. Kélla Formation. A) Tectonically tilted coarse, gravelly sands in the Pécs-Danitzpuszta sand pit; B) limonitic sand with mollusc molds andLiynprints (
nocardiumin the centre), Cserdi, W Mecsek Mts.

the basement highs that emerged as islands from the lake. Cé#.2. Békés Conglomerate Formation, Sveti Matej member of
VHTXHQWO\ LW LV PRUH DEXQG DQWCPD@RM@IMAAIKRH PDUIJLQV RI WKH 'U
%DVLQ ,WV PDWHULDO ZDV RPUWKHGEHER cladids b @nyl@metatesavid breccias — occur in the region
dation of the immediate background, and accumulated on theQ WZR PDLQ IRUPV DW WKH EDVH7RHWKH
shoreface or on small locally fed deltas. Its thickness ranges frohkH GLPHQW LV VLPLODU LQ ERWK BDMHY JU
D IHZ PHWUHVY WR D IHZ WHQV RI PHWUWKH®HWHRIUMNLQR XD G RYRE LIROGEINQY B B UM
URFNV LW VRPHWLPHV FRQWDLQV-YHRDWEHEUDRUN DQE SWEEHY Y HY DDRH0% L Q WHKUH
WHEUDWH IRVVLOV UHGHSRVLWHG-IURPWRZHRQ 2DWEB O 51§ BRVEH QHHIREHORZ RU
WLRQV RU HYHQ IURP OHVR]RLF URFNV 7KHY%GYHWL60BWHW POPEHU RI WKH &UR
,Q PRVW SODFHV LW LV D WUBQ\WRWHYF LRIHX@HRB RV L &/L DA RY\H JEDDOMHHWD G H ¢
WKH /DNH 3DQQRQ VXFFHVVLRQ XQS5BR I IRUPEE®LDRY HBEBNVQUQRM ANYLDO HQY
URFNV WKXV LWV DJH GHSHQGV RQ WHH PHVWPHHR/I WRREBN @IQ GWWRFHUWROLQ E\
FDWLRQV DURXQG WKH OHFVHN 0OWV RZKRHUH&VRG WRFQ WP L Q 5X WS IQMY BRH/BRKBHG \QNL €
ODNH ZDV KLJK LW RYHUOLHV RU¥KRVHNAD GVDJARXVUDPFD VB G IDPHR WUILQ UHSUHYV
RXW TXLFNO\ DZD\ IURP WKH PRXQW IMKZV DR} 3D DHDHRK Y VKWL BRRGHERVQW YV S
DW D ODWHU VWDJH LW LQWHU ¢, QDB XK QLMK RWHLAD DV VR, HGODVOREW KKK HY D QL
JRUPDWLRQ HJ %8'$, HW DO MKKL P RAAXW KO B XQRWRHWKBHHQ UHFRUGH!
formation contains littoral forms of dreissenids, cardiids, and 7KH %pNpV &RQJORPHUDWH )L3 % F
SURVREUDQFK VQDLOV EXW WKH ©FAMNDNHE SN FOLHAVX ¥ RIS RWL DR DIFVAIR\Q D Q
GHSHQGVY RQ WKH DJH RI WKH JLYHQ RAFKKBEDBRBPUHRK¥ PDUGYYI WKH (QGU G
HW DO 7KH EHVW H[SRVXUHWMDWRKH 6RFENMNW MKH WO MDVQNE FRADVWYV FD(
Rl 3pFV 'DQLW]Sohydri&/ panclOMKgulacaprae LV HLWKHU PLVVLQJ RU LV LGHQWL®ADO W
C. partschj Lymnocardium schedelianum6 (% ( HW D O is typically unfossiliferous, its thickness ranges from 1-2 m to
3pFVYiUDG DQG +l0ohperiaijdatodital fumi a P 7KH ZDYH UHZRUNHG JUDYHOYV LQGL
cici, L. cf. proximum ,Protoplagiodacnasp., Phyllocardum ODQGV WKHUHIRUH WKH XQLWORFKXWUD Q
planum %8'$, HW DO D @&hgérialtiaicG L VHIGLRHQWY RYHUOLH ROGHU URFMNW XQFF
gularis, Lymnocardium ferrugineunh. pelzelnj L. schmidtjiL. DQG LQ WKH VRXWKHUQ IRUHODQG RI WK
szabojProsodacnomya dainelli )RU WKH ORFDW L BaReRdniVHigh'sH ThePh¢ € Wutcrops are in the Monyordd and
LRQHG LQ WKH WH[W SOHDVH UHIHU R §XRSOHPHQW. HV

Figure 5. Conglomerates overlying the pre-Pannonian sediments or the basement. A) Gravels of the Sveti Matej member in erosional contact with underlying lami
nated marls of Sarmatian Dolje formation (Sveti Matej, Medvednica Mts.) B) Békés Conglomerate in the southern foreland of the Mecsek Mts. (Monyoréd quarry).
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Figure 6. A-C: Endr d Fm./Croatica and Medvedski breg fms. A) Thin-bedded limestones and calcareous marls with clay interbeds in the lower part of the unit
(Pécs-Danitzpuszta sand pit, Mecsek Mts.; image width 2 m); B) Thin-bedded limestones of the Croatica fm. (NaSice quarry, Krndija Mts.); C) Massive calcareous marls
in the upper part of Medvedski breg fm. (NaSice quarry). D-F: Andrasevec fm./Szolnok and Algy Fms. D) Thin- to medium-bedded graded, laminated turbidites
alternate with siltstones at Mirti/HruSevec; E) A graded, structureless to planar and cross-laminated turbidite bed at the lower part of Petnja outcrop; F) Sandstone
with imbricated rip-up mud clasts (well TP-1, 2564-2565 m)

(QGU G JRUPDWLRQ &URDWLFD D Q\K BIHZHVAWE VRN LWEKUHH JDIQXEBW VR FWDQ EH ZKL!
The carbonate-dominated unit at the bottom of the Lake PannGfODFN LQ WKH GHHS EDVLQ LQWHULRUV 0$*<!
VXFFHVVLRQ LV WUHDWHG DV RQH IR WPLW VRUX\LRLHKQRYIDRRXODEY DRI W2ZRWR) EH D
Croatia. White and grey, thin-bedded limestones and calcareo9g 7 7KH XSSHU SDUW FRPSU-LVLQJ F
PDUOV FRPSRVH WKH ORZHU SDUW-RIMKWKHEBLWYV IWR B RRDHGNEY & 0FEKW Q WHKH *UH
LVK WKLFN EHGGHG WR PDVVLYHDF DDF DUKHR XVJ POOHUDIWVH OV RESHG WKEIHVW -8
PDUOV DQG VLOW\ PDUOV )LJ DY RPHEMWRPBWWRO V F GRS VERELQV 7KH (QGU
highs, thin (<1 m thick) clastic intercalations (marl, clay, sandan@ URDWLFD DQG OHGYHGVNL EUHJ IPV LQ
JUDYHO RFFXU LQ WKH ORZHU SR URNtReir MhiléegidalzanpDsitidh ROC\strRtigriapbiv positiow, ake fur
QHVV UDQJHV IURP D IHZ WHQV Rl PHWWKHHULR P BT XILY DO QW DRA WK H XSSHU SDL
PLQ WKH FHQWUH RI WKH 'UDYD %D@LQULD&BYFLHOE ZBQG WRKWRIRZHU SDUW RI WK
+XQJDU\ WKH FDOFDUHRXV PDUO ZAWMDFaOE FRLQEWRID W kb BPRBGWMIQMVIDOSRYR )P
WKH ORZHU SDUW RI WKH (QGU G )P RV WHKBEDUDQMHRY BLV )\ WKH/DYWRRRO§E LQ V
Member in the Great Hungarian Plain and as the Belezna Mb.@/9,0  &9(7.29,0 7KH XQLW LV FRQIRUPD
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ODLQ E\ WKH 6]ROQRN $QGUDAHYHF )Fhe ds@acttkasseBbladgsScahid bfackig§h\shiddies deyig:V
RU E\ WKH $0J\ $QGUDA&AHYHF )PV RdaypreflE&aniiziraigy WKULIOHWEKDH ABBROVWUHR XV QD
highs. sociation is rich in the endemic spedigslithus semenenland

7KH IRUPDWLRQ FRQWDLQV DQ LP@RVpAEIGKRAS, MXZSY\WWRUDO S U RIihe palyne ™
GDO PROOXVF IDXQD ZLWK XVXDCo®\ VORYOQFRIOHODFH® HR UFRQ WIXLFX @R/ G L Q RMIH H C
geria banatica, “Dreissenomya’ digitifera“Pontalmyra’  prasinophyte alghlecsekia ultima % $.5 $y JUHVKZD
otiophora Y D URaRaéna VSHFLHV DQG GHH®rZigagrepeserdr®ewielisVSS KDYH DOVR EHHQ
pulmonate molluscs, such as planorbi@gréulug and lym LQ WKLV IRUPDWLRQ .29%y,0 HWHP@LQV I
naeids (e.gvelutinopsisndulotheca, Valenciennius DV Z H O@jutic grasses).
a rich ostracodDVVHPEODJH -8+E6= 0$*<$3KH GHSRVLWLRQDO HQYLURQPHQW RI
.29%y,0 9%6,/,(9 HW DO 0DJ\DBUHWHG DWW WOUHVVHG ORZ DDOWQEG\WWK

/ILWWRUDO IRVVLOV RFFXU LY®! WHBEDHS RUMWWYH® L QWY EHGY $ G9%y,0 HW D

WKHUPRSKLORXV PDFURARUD ZDV UHFBYBUMMWHQRADIOHD\WHRQNN OW R QERO OB &/ W
WKH XSSHUPRVW SDUW RI WKH IRU P DWKIDRN\Q WHPBRU D&\ FUHDWHG GHHRSHU Z|
7KH JHQHUDO WUHQG RI WKH XQLW | UR®LFDUIFPR @MW HL G R/ PLUBIV M/GH @&/ RV RIDWDH A H F
silt-dominated rocks has been attributed primarily to the inecrea¥ HTXHQFH RI UHJUHVVLRQ DW WKH HQG R
ing amount of clastic input into the lake transported by the dist&@ O 7KH DUJXPHQWY LQ IDYREQLR W
$OSLQH &DUSDWKLDQ IHHGHU V\VWHRVRYDUR BOKLQYRY RH @W H D) FOXK M KNBKWH D E
1 DQG 1: 7KH ORZHU ERXQGDU\ RI WKH3 OROUPPWELRED ARLQGLGPHYDHMWEHKDH ZKLFK
WKH 6DUPDWLDQ 3DQQRQLDQ ERXQGDW VKQOCEDRZA QVWHW R F SQWXGBPRXEZHOO
VHGLPHQWDWLRQ DFURVV WKH PKIGIHFHANWOMDMW M/ RHRFHHOHH DR K QRG U D XD Q/R & KX M/JHH |
EHFRPHV LQFUHDVLQJO\ XQFRQIRUPWBWHRR QK JWIS¥¥/\RX QJIHY6NZD\HWLDO
I[URP WKH EDVLQ FHQWUHV 7KHL R WEBED $/RELRIIRR@QHRL GHKPWRLLKRDBVLFD DR OX\LQ
IRUPDWLRQ ZLWKLQ W ggihifedtBsWalid4shD VLWYLDWY WKHBLPHQWY RI WKH 6YHWL ODWHM
QRADJHOODWEH |®®H$y HW DO DEDWHPHQW URFNV RU FRQIRUPDEO\ RYHU

7KH W\SH ORFDOLWLHV LQ &URDW LIVDLDQHGW RRV.RW W DQIWK KN .B2QG 9U.RSHHTI HW
VHFWLRQV &URDWLFD IP DQG WKH VWVHIBHYE®AWND BHEDWH¥MO\RK DO ERZ ZDWH
IP LQ WKH 1: SDUW RI WKH 6DYD %DVLQ7RH W\SH VDR SEX R WRE OHOIDO- ARUD
YHGQLFD OWYV .29%y,0 HW DO HYHD FRQ$SRIWHQ EH REVHUYHG L@WYLWK!
3%$9(/,0 $W SUHVHQW WKH PRVW DOZDNW HIG\E D MALN & WIXQJ DNFKIHRHF D HE LIDDW ¢
FXUUHQFHYVY DUH WKH 1DALFH TXD U UfdbsdR §ssiviniblaje@GRpp et plédeM @ RiEhof thB Pahénidn
.UQGLMD OWV .29%y,0 HW DO DWD Q® WLKH 63 VRWH'D QLAVESDIOHHY ZKHUH WKH 6LC
VDQG SLW LQ WKH OHFVHN OWV 6 (% (aty Wchafacterized by continuous sedimentation. It indicates a

. . VSHFL{F HQYLURQPHQW ZKLFK ZDV REY
Croatica formation HDUOLHVW 3DQQRQLDQ EXW GLG WQHRG OD
7KH ORZHU ZHOO EHGGHG KDUGN EDUHafseNa Yeédts dilnfokt. Thereford, Wigkdsemblage can be used
RI WKH (QGU G )P RFFXUULQJ LQ WKHV L LEQ IRW WRJI DEAPLVIHUIRDH @\ BKinBdoddiuM” X SR Q
distinguished as the Croatica fm. in Croatia. Most commonly fraeponticum=RQH .253E6 +I', Radix tloHKtida
UHVWV FRQIRUPDEO\ RYHU VXE GION R R PrRodpiidim RlivaiaBr&dmis H SyRavilb¥\bhibepgdididsc
DOOXYLDO VHGLPHQWYV ZKLFK XQF-RQ]RQHD@@SQR/Y_FQUOMCMMHMQWQIQD\QM7
PHQW URFNV )LJ $ 7KH XQLW LV L GQWilge HG E\DIWGéeMa(uHﬁT%J/Sﬂﬁmerhbsbentorii
ZKLWH FDOFDUHRXYV PDUO RU OLPHWWARRItLsQ RGH o 9 L5lsy w HBVHG RRHUH H\
their lithological features, thin-layered limestones of the Croatig@ecsekia ultimand ‘Lymnocardiurh praeponticum] RQHV KDYH
IP LQ WKH PDUJLQDO SDUWYV RI WRRHDEPWrR CERHE ROHERIOW G UHRIRWHHS zDw
WKH RYHUO\LQJ PDVVLYH PDUOV RI WkiA$@HEWHEB/ NL EWthy I1B=(ZKL O =(*
WKHVH GLUHUHQFHV DUH QRW FOHD URIy, théFakhitied Yitymna&dad/ ntl PlakdHbidde Hre@ibhtindted R
WKH EDVLQ ZKHUH WKH FDOFDUHRXVERQjLG)\)\/V\,RQLUQ@PWQ{@VR{QHMLW\QRRJLDFUDWQ)\[D L
RYHUO\LQJ 6DUPDWLDQ GHSRVLWV- D RH WRWYUYHHSOWWHIGZMD WOLQYE W It R WH U H
VHQW VRXUFH URFNV 7526.27 y25%,0 HBWERBQ 0$*<$BKH &URE5< HW DO (YH
DWLFD IP LV WKH HTXLYDOHQW RDWWHWWSMQEVMMVQLEMWWARN
JRUD )P .ULAHYFL OE LQ WKH :'% DRRieRliu/&KHFXROBB YFRRIAH V®PSOHV IURP W]
WKH ("% W LV QRW HTXLYDOHQW WRHYXH YW RPHQWYH K P Fid V KH-QIKB WH DN B OR1S
(QGU G )P EXW FDQ EH FRUUHODW Higeghghidat fér khdsK ahiWays. P, the driinaMatsi& bf Wis

/DWHUDOO\ DQG XSZDUGV LW JUD GiX Bdaigst Pakhiniah YeckifdMoBsil\BisembiageWdmiinRa piiziie.
OHGYHGVNL EUHJ IP ,W LV ZLGHO\ GUWWULEXWHG LQ WKH PDUJLQDO S

of depressions in the southern part of the Pannonian Basin SyR UR]VPD 0DUO OHPEHU RI WKH (QGU G )R
tem. member of the Medvedski breg formation

7KH ¢UVW GHVFULSWLRQ RI WKLV XQQAW KB GH.E LVOK MW Q R P IE BABMPHIRQ W LDIQV W
IRUPDWLRQ" *25-$129,0 .5%30%(5*(5 DQG PDUBDERQWDLQ FODVWLML@WHILFLC
GUHZ DWWHQWLRQ WR LWV SHFXCOOLMRhaAROaEhereroslon Qf the énfre@aht biosks. Qliedr larg classi
nate snails (e.dRadix croatica, Gyraulus praeponticus, G-du ¢ HG XQGHU WKH QDPH %DpXQ PE ZLWKLQ
biug and small cardiidée.g.“Lymnocardium” praeponticujm  VNL EUHJ IPV LQ &URDWLD DQG DV WKH
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Figure 8. Composite seismic re ection pro les 2 and 4 from the margin to the centre of the Drava Basin and their interpretation. For pro le locations see Fig. 1. For
legend see Fig. 7.

(QGU G )P LQ +XQJDU\ 7KH GHHS ZIMWHUURAKH SRRQQYRR QB ODEXKD WBH ORZHU SDUW RI
of these conglomerates and sandstones by turbidity currents dd YHU\ ¢ QH WR PHGLXP JUDLQHG VDQGVYV
GHEULV ARZV LV XQDPELJXRXVO\ VKRVWRQWKHLWVHG)LPHEWDVUKLUBKQHY YV RI Wt
in the form of graded beds, complete and incomplete Bouma-seURP D IHZ FP WR VHYHUDO PHWUHV 7KLQ
TXHQFHV DQG ZLGHVSUHDG SHEEO\ PX@WWRQRWHoddsW Kk VLOWVWRQHV D IHZ F
/,36 %e5&=, HW DO 6=7%11 HiRjckhess of thgsanctstcwel@ﬁds increases, the frequency and

GHHS SDUWV RI WKH 6( 'UDYD %DVLQ‘h\%@%%%Oﬁﬁﬁtb”ﬂlﬁiftﬁdﬁﬁﬁﬁﬁg%%“ﬂbd\?vﬁ 5% sgngstone

7DV LGHOWL/HG LO ZHOOV H J 6MHBEHGY FRPPRQOY VKRZ VHGLPHQWDU\ VWU
QWLe¢ Q PERVY ODPLQDWLRQ FRQYROXWLRQ DQG

6]ROQRN DQG $0J\ )RUPDWLRQV $0G UDEHQRHVYRRPORIER¥U 7KLFN EHGV DKRIZXV XD (

'HHS ZDWHU VDQGVWRQHV DQG \ixaHvHhPh O W bV b, ﬂ&FWW@%%EMPRWK&LFS\‘HV
IP LQ &URDWLD .29%Y,0 298, 0 URQH TR YO WHU%%XVKTFZNL
VDPH GHSRVLWV DUH DVVLJQHG WR h@gﬁﬁﬁg é‘ﬁ@% RGN e hmirablvily

Hungary, representing basin-centered turbidite systems s nd SUCCesSIon. L&, in th er part of the turbidite
VORSH VKDOHV WRJHWKHU ZLWKVWH}PIWV 8 »—%\é’)ﬁgngL? ﬁV\/IYLW RHGEHG
VSHFWLYHO\ %eb5&=, -8+E6= succe@sﬂn@ﬂeré‘é WMis

& lobe mar |ns of deep lacustrine tur
E 7KHVH GHHS ZDWHU IRUPDWHLRLQLVGEWQ,I UWRRESY R QLAWY EN ENGGHG

(QGU G OHGYHGVNL EUHJ )P DQG WKHYRUH 6'?1%'FR\JULR/P#@\DWW@1DOREH D[LW DQG
E\ WKH OMIDOX 1RYD *UDGLAND )P F&H\ D@H YWKHFRDHYWRIL RIHWH) L WEW XL/ P |
HTXLYDOHQWYV RI WKH PLGGOH DQG)RSSHU GPUWY RWWKHOXDEDLW XWIMGDQG KDG Et
DQG .ORAWDU ,YDQLU )P LQ WIGHX:SH B QW KHKH @LREWYHOFLFODVWLF VHGLPH
SDUWV RI 9LQNRYFL )P LQ WKH ("% RI $OSLQH SURYHQDQFH .29%y,0 *5,=(/-
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,Q WKH 'UDYD %DVLQ LW LV GLVFXOW WRQGE VLN XRNV KN WHHEPMLY EHWKLQ WKH ¢
tre and the slope-related turbidite systems, i.e. to determine tReRPSDQ\LQJ IRVVLO FRPPXQLWLHWLQGLF
ERXQGDU\ EHWZHHQ WKH 6]ROQRN D Q& SFOVL W)IRRIADONH R @ VU RQ FPHD@W
GHSUHVVLRQV RI WKH 3DQQRQLDQH%DVIZX §\WWISR WYHBWG ZWHY FHWIR BELG LW
SRVLWHG DW VHYHUDO WHQV RU HYHQQPRWIHaWKRR 1P NPURZB\SIRRRGVBW WKH V
IHHGLQJ VORSH ZKHUH WKH VRXUFH PDJJFRQJWEHH-HJBRWI'DQQMH/@@W@WG'@H'GJ@LPFD oV
WKH VLQN DUHDV E\ WKH URXJK UHOFLMWBWW BHIGARIREH U W RA7$AE UDaH Y

HW DO D E ,Q FROWUDVWWWRWRRYARSH WX EHEYWE J\FD owv U6SHFWI
WKH $0J\ )RUPDWLRQ DFFXPXODWHB z;Eth Q\,ﬂ GAy \%Q_@Flﬂl-ﬁ_lvw NO WKH 1 OHGYF
IURP WKH VORSH FI 6=7$11 HW DO O\ y Q\P HU D H@.ﬁ@lp?@ Au SDUW RIW
PRUH VHQVLWLYH WR LQWHUDFWL(ER(Q\.(NR |_Zd5||{7f F t/é/\h @/ W@Lt@’
VHGLPHQWDWLRQ UDWHV ZKLFK GHWHUP4 @R W {MQ/%R’W BQ SIEIBRE Dy ¢
WLRQ UDWHV RI WKH VKHOI EUHDNUVO\ﬁ_S HG,Qd/\I,\)(RHVVLkQ'YPR%B Gﬁ_%w—b H3 3$9 (
the source of turbidites can be traced back to a distance of 1p‘q$\/ 1R RXWFURS\B]HRIO\QRM WA S L
NP VHH WKH 3 0G4leKdydtalelRQ4FRUL]RQ L L\} J V RI D OH\
. DV PRVW RI WKH V\VWHP ZDV QRW BXbQF ﬂj;; ﬁ( ORISENE U H
ARRU WRSRJUDSK\ DW OHDVW QRWKH D | X Pi
IRUH WKH VDQG VKDOH UDWLR RW dll-lIHRS QBV\PI-"

OREHV PLIJKW KDYH EHHQ FRQWURUVIWELES W#&lb‘N&h&@r@ﬁo@é%@a&%@fh’r%ﬁﬂdﬁ/

DGGLWLRQ WR IUHH DXWRF\FOLFJ@I fj.l nd
WZHHQ WKH DIRUHPHQWLRQHG SURF ? %‘\/ ’gl @ % %’ W(g%\%H
6HLVPLFDOO\ WKH 6]ROQRN )P LV WR gﬁ FQA_( OHHQLQ

moderate amplitude, moderate to high continuity seismic facie

,Q WKH ORZHU SDUW UHAHFWLRQW R (é&%_lgBS;? YD M ‘éngF}‘
RQ WKH UHAHFWLRQV WKLFN (Q4iG i eformat|on
$0J\ )P LV VHLVPLFDOO\ VLPLODRQF l-ﬁj‘@"b

s ructures are common e s nds are struc urally and mineralo-

occur.

7KH XSSHU SDUW Rl WKH $0J\ )P L A \éiﬂn)fgn\]’ Rl
FOD\ PDUO ZLWK UDUH DQG WKL@XG@n | Icr | ntlnocas ly plane

stones can be structureless or laminated, chaotic beds and sI

IROGV DUH FRPPRG K TKLV SDUW & %IQIPF#/&I(J()b))smal-\BSW\(lRl;:%alﬁscL%Q WK D WHD Q G\

responds to the inclined part of the clinoforms. The shelf- doccasmnal | petbles ebris and mud
FDQ XVXDOO\ EH LGHQWL(HG uchmw v‘%LhRﬁfEf G VAWKV PD\
DQG ZKHUH GLSSLQJ UHAHFWRUV &ﬁé 6@9% ??D Q‘%UHO\
RQHV 7KH GLS RI WKH FOLQRIRUPWH JU o

ERWWRPVHWY EXW VHYHUDO GRZRIO ?@{%0 }Wi@ X%\ﬁéH Xva RAvv ©

slope. The height of the clinoforms can be used to estimate p
DHR ZDWHU GHSWK 32*E&6BES 5e9e6F—DWHG %8RG LPRHPL OO FRQWDLQ OWBILFV F

DO ZKLFK FRXOG UHDFK QDDW%QN]KHQIHHQ)L{/\P&IQW?Q WRHLHIDWHG VHGI

'UDYD %RYHSH HW DO XQGHU UHYLHZ RUJDQLF ULFK VDQGV VLOWYV

The thickness of deposits related to the turbidite systemsd;l,aracterIStIC of the upper part of the cycles and are frere

a P DW 3pWHUKLGD EXW H[FHHGVq“e”t'IEB“LE’%p'%'ﬁ@ﬁftsc?f-f'i-‘i’é"ﬁ‘\?‘\/\?”s“3 Upiags ata from
WKH EDVLQ ZHOOV 73 DQG )HOV UKID V DQGpVHLVPLF HFWNRQV LQC
GLUHFWO\ WR WKH WRH RI VORSH 2& K-l QRYYRIEqU AKX WI 1k "URYD %DVL
$ D P WKLFN VXFFHVVLRQ RI W@H RFVHREH Wi W 8 i/ OLH7\}<H XQHW FRQ
conformably on Badenian limestones. The thickness of the m $QGUDaHYHF )P ,Q WKH +UYDWVNR ]I
QRWRQRXV PXGVWRQHV XSSHU SDUW RIL¥H LV H%QRBWH"’E‘L’S’VW DP ZKL(
KLJKV FDQ EH DV OLWWOH DV P LIQO/‘Z[?(\UCQ-V VORAWPHEQYD &HURLN 1P .29$y,0
the central part of the basin. 1RYD *UDGLaND IP LWQWKRI DSS

7KH 6]JROQRN $0J\ DQG $QGUDaHM*&H)FYU@ﬁ\R/RLHB\)PFRL@NVBEB )% DQG WKH 9t
SURIXQGDO PR O Gxngdfiallanafda, ‘Dteitfséno The formation contains a littoral- subhttoral mollusc fauna
mya’ digitifera, Paradacna abichi, P. lenzi, “Pontalmyra’ Z L Wdtgeria rhomboidea, C. balatonica, C. triangularis,
otiophora, Valenciennius reusaiccompanied by sublittoral spe Dreissena auricularis, Lymnocardium majeri, L. diprosopum, L.
cies includingC. czjzeki, C. zagrabiensig, croaticaandLym  arpadense, L. hungaricum, L. rogenhoferi, Phyllocardium pla
nocardium majeri LQ WKH XS SHUPRVW ngmPgrgdacra pkrygigyHp UP@p¥acngmgagscies, etc.,
$QGUDAHY H F. IRieesDatbd BDevhblagenplocypris DV ZHOQ RVWUDFRG D \HuhRrE i3 Hadriowda
reticulata, Candona (Caspiolla) lobat&;. (Pontoniella) paracu  andCandonaCamptocypriplobata .29$y, 7TKH GL
minata, smoothHemicytheria marginataCyprideis H[ J Unocyst assemblage is dominatedrbpagidinium globosunta-
macrostigmaCy. obesaand nodose forms of the gerDgpri-  leacysta etrusgaPyxidinopsis psilataSpiniferites virgulaefor
deisGRPLQDWH ZKLOH WKH GLQRF\VW mi¥avtIpiBi@besHrediapnvd. \PWsV RA yP B WQ O\O
endemic forms, such &s bentorii “coniunctus’S. virgulaefor VHGLPHQWYV RI WKH XQLW ZHUH IGRFSROM. W H
mis S. paradoxus, S. balcani¢& validus HWF 7KH -YHD ®/G& ADQO WKIH HDVWHUQ SDUW RI WKH 'UD®
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Figure 9. Ujfalu Fm./Nova Gradika fm. A) Sand with convolute bedding, silt, huminitic clay and lignite near Mu na Reka (Bilogora Hills, Croatia); B) Medium-grained
cross-strati ed sand to silt layers and channel forms west of the Mecsek Mts. (Mozsgé sand pit).

HDUOLHVW 30LRFHQH EDVHG RQ MHKHUZHILM W R3DEXKMPLE G RILORORWD R/ R WO
OLRFHQH 30LRFHQH ERXQGDU\ )LJ XVXDOO\ H[SRVHG DW VRPH GLVWDQFH IU
7KH IRUPDWLRQ ZDV GHSRVLWHG DD/ BBHOMRIO\N GRD WMLIRGQVDIOQ G HDAMWE DHO R B IBR. QWF D |
LQWR WKH EUDFNLVK /DNH 3DQQRQ &=7$1IHWBO<$5 7KH OR]VJy )LJ B DQG -
6=7%$11 HW DO D ZKLFK ZHUH VW URGIO \HWBEHQFHDBGVH ®Y H[KLEEWDRRG F
PHQW LQSXW IURP WKH 1: 7KH VLOW YV \WRQ B ¥ DXBL W K it KB W$iER QLAYKE FNVVZ HNJ\i U

GHSRVLWHG RQ WKH SURGHOWD WR WK®IGOR ZiHit)G&H O WER B R QW @ RYML B 'K PDWLRQ
ZDV GHSRVLWHG RQ PRXWK EDUV 1Q WKH XSSHU GHOWD IURQW HQYLURQ

PHQW 6DQG GHSRVLWLRQ RQ WKH PR.ReXbla Eddridivh, 2B i DWH G WR SUR

ORQJHG IUHTXHQW ARRGV XQGHULKXAUE F@LRDOWHFRRQR YW ERRIVD GWRIUQDWLG
mal bar sands continued distally and laterally to distal bar Si"ﬁFFDVLR DOO\ IHZ WHQV RI PHW XISV WK

DuUHFWHG E\ VWURQJ ELRWXUEDWLGQZ|§68% \pgupgﬁggﬁ,lwwuy@gvd)g_'z

lateral shifting of the distributary channels and related moumas thick successmns ofS|It cla
EDUV UHVXOWHG LQ WKH YHWWIGFBQ WYDI—BH

and os |b| @teorhummmc
PRXWK EDU GHSRVLWYV .29%y,0 HW D KH F PHQWUKLJKV
JUDLQHG VHGLPHQWYV VDQGV JUDVYH I B\PVHC
Rl WKH FRDUVHQLQJ XSZDUG XQLWV I% P
Nﬁ/ le

EUDFNLVK LOQWHUGLVWULEXWDW) ELIDI-\i\V %

ZDWHU PDUVKHV DQG SRQGV LQ D GHG HG F
08%<$5 B+EG= 29$9.0 HW DG Q HV 7KRXJK RXWF XVXDOO\ HISRVF

7KH 1RYD *UDGLAND IRUPDWLRQ LY bFﬁL{;PBW\P@@ \H(F'f/\ﬁ_ Be RI'VQH JL
FDWHG QHDU WKH WRZQ RI 1RYD *UDGBARB L&F BV wH UG €0 D§HELD $F38WwW
IURP 60DYRQLD WKH W\SH ORFDOLW LHW @QJH LQ W& L WO R NR 1D IR M GHFN
JLRQ +XP =DERPNL DQG 6HOQLFD VHH@AN O\ ipigerentcal derressipr, g Heabdgehole
OW ODOXQMH VHFWLRQ 7KH PRWW UHBUHVHQWDW L&UHR D WU FUHQ REKR G UYDW
UHQFH LQ WKH 'UDYD %DVLQ LV LQ WKH EEDEARRDDQEG VRBEESNQOPLQ VHGLPHQWYV
6RPH VPDOO RFFXUUHQFHVY DUH BOXRN®HWHF.®¥$¢,0Q WKH QRUWKHUQ

Figure 10.Pluska fm. A) Erosional contact between well sorted ne-grained sands of the Nova GradiSka fm. and the overlying poorly sorted gravels, sands and silts
of the Pluska fm. Pluska, Hrvatsko zagorje. B) Bioturbated, pedogenetically altered sandy silt of the Pluska fm. Dubravica, Hrvatsko zagorije.
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Figure 11. Seismic geomorphology shows a set of minor and major meandering linear elements on time slices extracted from attened variance attribute 3D da
ta, at a depth of approximately 650 m. These are interpreted as uvial channels on the alluvial plain building up the Zagyva/Pluska Fm.

7KH IRUPDWLRQ FRQIRUPDEO\ RYHUD{\HYQUGH & IKPHH UHN RQW IK HR O B IDROWKVHE O\ YR (
1RYD *UDGLAND )P LQ WKH EDVL@QFARWWDD YOG LEGIFRODWULRQEKDRM. EHHQ RQJR
PDUJLQDO DUHDV )LJV ‘H G RWERHXSR D \BHOWLR FrRVH. © J&ID\NR B WIRHP ORZHUPRV W
IRUPDWLRQ ZKLFK ZRXOG DOORZ XV MW KR & Q WRDIRY M H PR RRW EH A FOXGHG

deposits. Based on the interpreted seismic sections of this study, -92/233

WKH IRUPDWLRQ VWDUWHG WR DFFX QO H F )LJ
EDVLQDO DUHDV LW LV GLVFXOW WR%‘E@%W%M%EEAE&%QDO VHGLPHQW
I[URP WKHLU 4XDWHUQDU\ FRXQWHUSDUWM HADIHD'QBDWIBY7$ 11

7KH ODWWHU DWWDLQ D WKLFNQWY 8LERRYSH 00 FPWHR VWKHDARUWESK\ RI
HUQ PDUJLQDO SDUW RI WKH "'UDYD %MWWWHE J ¢ERWKIKRQK Al WHIGAHY . zDV 1L U»
.2/26=E5 HW DO .52/233 VR WXHV7$DQ EH BEBQA. W KDV EHHQ FRQWLQXR
WKLFNHU LQ WKH EDVLQ FHQWUH TERZBURY PN IEQNH QVAKHILE DBARFR=(17$,
IRUPLW\ VHSDUDWHY WKH =DJ\YD XF B2RRDIMKH5301LR 4XDWHUQIYUWWHP ZDV DSSC
FHVVLRQ ZKLOH DW WKH PDUJLQV WRKWH. DRZPW W L\RRP HVPRIGIHIFIPW QR KXY, & XHNV D (
to pre-Quaternary denudation. The dating of the Plio-Quaternary ~ % $.58%y %$.5%y HW DO
AXYLDO VXFFHVVLRQ DQG WKXV WkH XSS$KH 6B FAPIHD @D WK HRQHR QURUIPQ W H U
LW\ LV XQFHUWDLQ EDVHG RQ PDGDHARQW EERX QBIDEKH V DI R IV &R N MENYBMAVAKRIU;, U
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Table 1.First (lowest) recorded occurrences of the dino agellate speciale DW P GHSWK LQ VKHOI GHSRWQANYV 7K
acysta etruscand Spiniferites cruciformiis the Drava Basin boreholes. WL ;HG DW DERXW NP WR WKH 6( DORQJ
Galeacysta etrusca

Well Core or cutting Two-Way-Time (ms) Measured Depth (m) 5.2. Molluscs

Dra-1 cutting 1680 2005 ,Q WKH OLWWRUDO GHSRVLWYV RIQDHNH 3C

F1D core 1565 1942 JRQHV RU UDWKHU OLQHDJH JRQHY 2ZHUF

Potony-1 outing 2065 2780 VXEVHTXHQW QHZ PRUSKRORJLHV ZLWKLC

Sevl cutting 1330 1550 HYROXWLRQDU\ OL Qirindthrtitikn2dauednd U WV .
- H Q G V Prasvd&cnomya vodopiciOh//(5 0$*<$5

Viz-S-1* core 1570 2174

ting data from Viz-S-1, Viz-S-2, Viz-D-1, and Her-D-1 wells, which lie on th 0$7<$5 HW DO 08*<$5 *($5<
*represen INg data rrom Viz-o-1, Viz-5>-2, VIz-D-1, ani er-D-1 wells, wnicn lie on H
o SeiSTie fo ector 7KH ERXQ G D U\ LyhnacZrdithQuasokuindProso

dacnomya carbonifera RQHY GH¢{QHG E\ WKH ¢ UV\V
the genu®rosodacnomya FRXOG EH FOHDUO\ LGHQWL
SUR{OHV LQ WKH %XGDID DUHDKZH\WPM G LI

Spiniferites cruciformis

Well Core or cutting Two-Way-Time (ms) Measured Depth (m) HU Q PRVW WLS RI 6HFWLR Q ) LJ EDVH
Dra-1 cutting 1232 1310 %$51$%E6 675%$86= RQ WKH.®RFFXUUL
Potony-1 cutting 1714 2065 corumandProsodacnomyaL Q WKLYV UHJLRQ 7KLV GDW
Sev-1 cutting 1210 1370 SOHWHG ZLWK VFDWWHUHG XGSXEROVYMRHAS R

WKHVH IRUPV LQ K\GURFDUERQ H[SORUD\
VLGH RI WKH 'UDYD %DVLQ %DVHGWQ WK
phologies (species). There is consensus that the oldest Pannoign R |RQH ERXQGDU\ RQ VHLVPLF SRR HV
deposits are characterized®yiniferites pannonicusDQG  ZKIpWHVKRZQ LQ )LJIV DQG 7KLV VHLVPLF
present, by the prasinophyecsekia ultima ZKLFK DOZRFARFYHU\ VOLIKWO\ ROGHU GaieBe@staV KH R (
FXUV LPPHGLDWHO\ DERYH WKH 6D URfU4LDQ WKE LFRHVOROM 72Z4HOOUVW DS
pearances oSpiniferites oblongusnd Pontiadinium pecs 7KH SURIXQGDO GHSRVLWYV RI /DNH 3D
varadenseare both suitable for marking subsequent biozonge olderCongeria banaticazone, characterized I§y. banatica
ERXQGDULHV 7KH IROORZLQJ VLJQIH BQ@GWYBHD R X LPQ MEKHHU @ LRI RW KREHIMER O X W L |
FRUG LV EHQFKPDUNHG ZLWK WKH PR PivadhcRihdsisaRRiheYbudgeitta/sseidiByd HiR)itier Q
RI VHYHUDO |BpinFeéritey/bemdtii DodiunctyS. vat  zone, characterized by digitifera andValenciennius 0 $
idus,S. balcanicusandS. paradoxus ,Q WKLV LQWHUY<6 HWWIKHU RQH $*<$5 *($5< yLJ
(S.validus %$.5%$y HW DO S. p®&doMdRS.co 'UDYD %DVLQ ERWK ELR]JRQHV DMORSHHV
niunctusandS. validus 6h7 6=(17$, .5,=0%$1,0 KRZHYHU EHORQJDddRifgheK HRYRK @ YHW $ZKH
LQ /8y,0 HW DO S.pamdoxieX vaktbisS. th  LQ WKH 'UDYD %DVLQ )LJV
anyensis 6h7 6=(17%, ELR]JRQHV DUH GLVWLQJXLVKHG
7KH ¢ UVW D SGdeBeysia@trudcerarks the base ofa6 GEOCHRONOLOGY
QHZ ELR]JRQH DQG WKH VXE \3piniftted WOgnumeansiosdate the thickruppar Neogene succession of the
cruciformisis considered to be the youngest biostratigraphicU DYD %DVLQ DUH VHYHUHO\ ORW L WHIGS K2U |

PDUNHU LQ WKH VHGLPHQWDU\VXFFH\E\RL |U/lD|'N\4—|§ "%@%‘@ HOLDEO\ G
HW DO YLJ DUOLHVW UHWHszAh LZYDHY RU HW K |

. H X VL
'UDI}%R;DJHOODWH GDWD ZHUH FROOI—FLE 5\% %@9%%
sDVLQ )LJ 'KHQ GHSLFWH Q" c§ R Q\
VHLVPLF SUR,OHV LW LV IRXQG WHRDW % o
5

UHODWLYHO\ WKLQ D IHZ WHQV RIKP /$ DYV
ZHUH GHSRVLWHG LQ GHHS ZDWHQJ R7kHL
VHLVPLF UHAHFWRUV EHWZHHQ Q\NK‘HFgHée g)[a/mg@l-bgd:agg}{dﬂqg\gﬁ H HUPLQHG
WKH FRUUHODWLRQ DQG RI WKH WQPHM RVYRY DHET
JUHDWHU WKDQ WKH WKLFNQHVV RJ U'-I:Q/@L'—JYU—|55§( E'QR(]IR WngW Fﬁf\}: Q FF
rences ofGaleacysta etruscandSpiniferites cruciformis KR Z 0$*<$5 HW DO Gallebcys$a eRusca

HYHU FDQ EH FRUUHODWHG EHWZHHQK\M'@HOZFJ'@JOE/H?I@HVHSV%Z{R/NéH lREdda€ W W)\ |
UHFRYHUHG IURP RQO\ D IHZ K\GURFD%&%QQ@B%@@UDWBLQ%Q ZHOQOOWKRIXIK WKH \
EOH EXW WKH\ ZHUH FRPPRQO\ GLVFRNHNH R ERXVUKDQ QRZH W ERY HHORAHMG XH W
IURP DURXQG WKH 9LOOIQ\ +LOOV 6hHUBBDW7/SQYLURQPHQWDO UHTXLUHPHQW
&RUUHODWLRQV VKRZ WKDW WKBHEHHSBHKW RFRYWYDULHY RS KW EdkErdeBa@d U\ EH
LQ LQGLYLGXDO ZHOOV DUH QRW W R Higalak) Dkeistendiiyal tighifdra@ R\YW HOIH SQ MWK WU R | X ¢
¢UVW DSSHDUDQFH GDWH )$' RI WKHRY HY$SH BYWOQHR QRZBY WHOWDWKYHO\ GDW!|
stratigraphically deepest occurrencezofetrusca ZDV UHF RIWG B G 0$*<$5 *($5< YLJ ,Q
LQ WKH GHHS ZDWHU GHSRVLWYV Rl WEB VRV RVXKLVZHRXQ MDA\ U X VWK XWRUQ WK
WKLV RFFXUUHQFH DSSURD F iGHetrug¢dk H LEFHHWSAR /& HQU HMOKAH 8l RUHDN VORSH LV OR!
7KH FRUUHVSRQGLQJ VKHOIl HGJH DER*M5WHKW DORSH LV ORFDWHG VRPH

NP WR WKH 1: RI WKH ZHOO DORQJ RXU 68@GWREALWIRDHDDO FKOIRYRORBILFDO WLH
est occurrence @. cruciformis KRZHYHU ZDV IRXQWGLLQ LZHOQWHYQFRQIRUPLW\ WKDRNHYHREV
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Figure 12. Dino agellates from wells in the Drava Basin.

1 Spiniferites pannonicu®ravica-1 well, 2880-2885 mSpiniferites oblongu®ravica-1, 2840-2845 mPntiadinium pecsvaradensBravica-1, 2820-2825 m,
4 Spiniferites bentorii coniunctu3ravica-1, 2800-2805 m 3piniferites balcani¢dravica-1, 2695-2700 mSpiniferites validu®ravica-1, 2190-2195 mGalea
cysta etrusgaDravica-1, 1300-1310 mSiniferites cruciformiBravica-1, 1300-1310 mSiniferites oblongusegrad-1J, 2076—2081 m, $Piniferites balcanica
Legrad-1J, 1659-1665 m, Sbiniferites bentorii coniunctusegrad-1J, 1659-1665 m, $piniferites validud.egrad-1J, interval 1659-1665 m, 3@iniferites pan
nonicus Potony-1, 3260 m, 18piniferites oblongu®otony-1, 3204 m, IBontiadinium pecsvaradensiotony-1, 3174 m, 18piniferites bentorii coniunc{uotony-1,
3040 m, 17Galeacysta etrusc#®otony-1, 2780 m, 18chomosphaera andalusiensBeverovci-1, 2750-2760 m, Galeacysta etrusc&everovci-1, 480-490 m,
20 Spiniferites cruciformiSeverovci-1, 920-930 m, 3piniferites oblonguZalata-K-1, 2540 m, Pdntiadinium pecsvaradensi&lata-K-1, 2500 m, P®ntiadinium
inequicornutum Zalata-K-1, 2460 m, Mhpagidinium globosumZalata-K-1, 1980 m, Zaleacysta etruscZalata-K-1, 1640 m.
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Figure 13.“Dreissenomya’ digitifera and Valenciennius reussi from the Viz-S-1 well, 2060 m MD. The sample is from the bottom part of the Algy Formation (see
Fig. 8), which belongs here to the Galeacysta etrusca biozone. The presently 500 m thickness of the Algy clinoforms in this part of the basin indicates that these
benthic animals lived in the profundal zone of Lake Pannon, at a water depth of 700-900 m (for clinoform decompactions see BALAZS et al., 2018).

VXFFHVVLRQ Rl WKH 'UDYD %DVLQ LG LWW KR O XUKMH %@ PDQ LQH RBRLUFBHEWKDQ 0D ROG
9%.$5&6 6$&&+, HW DO - VORSHN 50O RPRI@Piadotideabimyds Ideated in the nort
IRUPLW\ ORRNV YHU\ VLPLODU WR DKHYRARPW B/MRUBHRIHRKK DISKY.B DADMLQ EF
FRQQHFWHG ZLWK DQRWKHU XQFRQIRGHFY WL QR WKHWLHGD & B EMMAHHWDEFEHO OV
sion of the central Pannonian Basin System (,Greagdltian  The youngest clinoforms detected in the southeasternmost part
30DLQ" ZKHUH LW ZDV PDIJQHWRN@ URWWKWHD'IDIYADBOVGO@QWHEB \RKXWIHU WKDQ W
DQG OD 0%$*<$5 6=7%$1I D QREocend LRcbnfbnfyHtNus they might be Pliocene in age.
WKHUHLQ $V WKH YHUWHEUDWH IDXQD ZDV OLRFHQH EHORZ DQG 30LR
FHQH DERYH WKH XQFRQIRUPLW\ LQ VERNDWDEDERIEMIKROHY LWV EDVLQZDUG
FRQIRUPLW\ ZDV FRQVLGHUHG WR- URKXYH®\UER BN VFARQAGE MRRWWHZ OWRLQ WKH
FHQH 30LRFHQH ERXQGDU\ 0D 0 $*crdatian birate$al project , Stratigraphy and correlation of Upper
' ZH WHQWDWLYHO\ DFFHSW W K L VQDEH/ibBdad—Kplidtefdisedimefls Kibhy thé R fdafrdn-Hungarian bor
WUDFHG DFURVV PXFK Rl WKH 'UDYWWDYUQ ZleWELQ WKH VKH®IQEHSRYLDOVR V
ZKHUHDV LQ WKH HDVWHUQPRVW BOLLW BI1IWKH EDXMIID UWDKU REWH R QKM YKV H L
HGJH DQG FRQWLQXHV LQ WKH GHHS ZDWHGQRVYORMIAOV2VEH SURMHFRMHVEU R [
DWLDQ 6FLHQFH )XQGDWLRQ XQGHU WKH
7. CONCLUSIONS E\ WKH %RO\DL 3' IHOORZVKLS RI WKH +X¢
7KH VHGLPHQWDU\ LQ¢{¢OO RI WKH "UBPPH¥DRIQ. & V& RR P SIROAMHH RW MRKHRI VRPH
same suite of sedimentary units both on the Hungarian and Cle\ WKH +LJKHU (GXFDWLRQ ,QVWLWXWLRC
atian sides, similarly to other parts of the Pannonian Basin Sy KH OLQLVWU\ RI +XPDQ &DSDFLWILHV LQ
WHP ORFDO WUDQVJUHVVLYH FRDMWVARBOADRMWAKN DNGRWRE PHODRHUWFIBQRJIEBDPPH
PHQW KLJKV RSHQ WR GHHS ZDWHURGDWERQHRXW KMHDWEDVG HR X IE UG HVWYNH R |
sandstones, slope mudstones, and sand to clay sequences depisUH DQG GDWD XVDJH SHUPLVVLRQ DVV
LWHG LQ GHOWD SODLQ DQG DOOXH ER ¢ GYHORQ PHGWIL FKHW H\XRILWR GR O\  (
ZHOO FRUUHODWHG DFURVV WKH EDV&OQDIWYV IRU 3K' UHVHDUFK 04 LQWHUFR
7KH FRPSDULVRQ RI WKH YDULRXYV JREMHEQLWW KIQQKEKAQUBREROHNLDIWHKG 7KH I
VHLVPLF SUR{OHV HYLGHQFHG WKDWDW KBHO VRRU ¥ B 9V RQWHERGX 8 G D Q WHHW IRYY H U C
WLPH WUDQVJUHVVLYH LQ WKH 'XGYIDEX%Q VYD QL VQPIHOAEXON WFE MWK HRXQWDWLRQ
regions of the Pannonian Basin System. incorporated into this article. MOL Hungarian Oil and Gas Plc.
$W SUHVHQW GLQRADJHOODWHBPE LRY® LS WQRG YD K NHR) ED W \GPE F DWWRHIYFN QR
WLJUDSK\ DUH WKH RQO\ WRROV S\R. VKRG WR &MH\GE- FRUFRRY WRIBHKIRIDHGD WL
FDOO\ FRUUHODWH WKH GHHS ZDKHQ T S(RMLHIPO HR WR QWWD-EX WDRQ @ R ‘H C
SORWWLQJ WKH ¢UVW ORZHVWYV RRMDRBUHQ PG N Q PRIRQ\CREXY WHHEHFHU IR
LQVW WKH VHLVPLF GDWDEDVH KRZHYHUZVWZKHEKPH\H B W@ HEPW WRYHIVG WIAHH @ C
tigations from scattered drill cores and cuttings can easiliofai
LGHQWLI\ WKH (UVW DSSHDUDQFH W RW-¥X®-\JE® Q\ VWUDWLIJUDSKLF PDUNH
species, therefore special attention is required for the ietarpr ,
. . o %$',&6 % 9(7 6RXUFH URFNV DQG SHWUROHXP
tion of biozone boundaries in such boreholes. SDUW RI WKH 3DQQRQLDQ %DVLQ 7KH SRWHQWLDO IF
$FFRUGLQJ WR WKH LQWHUSUHWH GuVGHiLDWR BRWQRDWXPR WRORIV H G LtP HE@QW M ¥
WUDQVSRUW GLUHFWLRQV LQ WK HQ®BWo% &\ %#HF%%WM%D%@?WWW EE[%E{MRLW)EGV |
' WR ( 6HLVPLF FRUUHODWLRQ RI- WKH%\% Q& %
SHDUDQFH GDWXP R PrgtdHcrinysio ol J H Q epub..c“émmatj%%%a Lo &V??e%owwqé &UQEEHWL/DDJL*E
side the study area suggests that the oldest clinoform surfaces in =bJUHE
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%$.58y . 3DOLQRORAND NDUDNWHUL]DFLMD QB$A@/RJID VUHESGOMHJI L JR BQMBW I LORFRHFGIMMXVKHUPRSKLOR!
JRIDSDGQRJ GLM H O DPaIpQI&yQJf teRwideiddrtd GoperMiocene QLW]SXV]WD OHFVHN OWV +XQJDU\ 1HXHV -DKUEXFK I
GHSRVLWYV IURP WKH VRXWK ZHVW HUIQQ SOWRDWR D @/ KH VBB GQRQERIQ %DVLQMJISD

(QJOLVK 6XPPDU\@ * 8QSXEO 3K'7KHVLV 8QLYHYMW\ RI =RJYHE 3$d(/,0 ' $9%1,0 5 ),/-$. 5 a3$5,&$%

%$.58y . OLGGOH DQG 8SSHU OLRFHQH SDO\QRORS\ GUBP VEESy \IRXW K Z$YWHUQ %$1$. $ &51.2 -
SDUWV RI WKH 3DQQRQLDQ EDVLQ * -RDQQHD *HRORV QiR K@ BPRORQMIR QB YWD 5HSXEOLNH +UYEDWVNH P Mt
%$.56y . .2&+ * 65(0%& - OLGGOH DQG /DWH OVRFHER GRI\RIRDRDIS RI WKH 5HSXEOLF-RICOERDWLD
FDO ELR]JRQDWLRQ RI WKH VRXWK ZHVWHUQ SDUW RW &B Q@& UD &URIDUI/DIWDHWHHR O R U RDAOL BX 8 ¥YHR ORRSDOWPHQV
&URDWLFD + GRL *& +E025 * 'DV OLR]IQ GHV |VWOLFKHQ OHFVHN *HELUJF
%$/E=6 $ 0%$7(1&2 / 0%$*<$5 , +259E7+ ) &/2(7,1*+ @ORJILFDO ,QVWLWXWH RI +XQJDU\ S
7KH OLQN EHWZHHQ WHFWRQLFV DQG VHGLPHQWPWARRQLQ EPFN DUF EBVE QY QHZ BH@HWISFGFRQ *5 =(/- $
VWUDLQWYV IURP WKH DQDO\VLV RI WKH 3DQQRQLD Q@ DY LQo#26REWRQLEE*<$5, & GBRUMBIQDWLRQGR| 4.
7& 7HUWLDU\ VHGLPHQWYV RI 'UDYD YDOOH\ DW 6HOO\H 6
%$/E=6 $ 0$*<$5 , 0$7(1&2 / 6=7%$11 2 7 .e6 /| +2%PEBURDWLDQ *HRORJLFDO &RQJUHVV B6LEHQLN
) ORUSKRORJ\ RI D ODUJH SDOHR ODNH $QDOM.ID\) RHRRRIDF WD R U-YH W Kt DULIRE +
FHQH 4XDWHUQDU\ 3DQQRQLDQ %DVLQ #* *OREDQ’pk@ﬁ ?OD%\@'P_L%\ &KD@ﬁﬂ'$0 - %(8 $* %2<(6 $) &2
GRL M JORSODFKD 5% .5,-%*60$1 : 2%** -* 3//(5 :( :,/621 '6 7Kt
%$/2*+ .  leO(7+ . (YLGHQFH IRU WKH 1HRJHQHIVRIAOH BOXPRIGLOWY DFH$ 67(,1 ) 0 2% -* 6&+0,7=
RQWLQHQWDO YROFDQLVP LQ :HVWHUQ +XQJDU\ . $t JHBFKURRIR ORRDR U MK HL PLKBID OB DO VHYLHU +
9ROFDQLF &RPSOH[ £ *HRORJLFD &DUSDWKLFD +
%$51$%E6 . 675$86= / $ GpOQ\XIDWTERRH QWrblg SPRQQRQLY%P > 6=3), E1 3 7$5, * E'E0$ &/2(7+,1
nonian in SW Transdanubia+ Q +XQJDULDQ@ * )|[OGWDQL .[]O|Q\ JRUPDWLRQ DQG GHIRUPDWLRQ RI WKH- 3DQQRQLI
%e5&=, |, BUHOLPLQDU\ VHGLPHQWRORJLFDO LQYWHWWID\WWRARQORG DWLBI RIHQ H (GHSUHWKRE(1621 5 $ HC
LQ WKH *UHDW +XQJDULDQ 30DLQ * ,Q 52<'(1 /+ VSRHEHA+\QDHGM THRIORIJLFDO 6RFLHW\ /RQGRQ Ol
3DQQRQLDQ %DVLQ $$3* OHPRLU + *6/ 0(0
%e5&=, , 3+,//,36 5/ BURFHVV DQG GHSRVAMWHRRDOQ HEPBLUROQRBEWY ZLWKIZQ 7 *HRWKHUPDO
Neogene deltaic-lacustrine sediments, Pannonian Basin, Southeast Hungary—Geo  VHVVPHQW RI WKH 'UDYD %DVLQ ,'5HVHDUFK .IW 3XE
SK\VLFDO 7UDQVDFWLRQV + KWWSV VHFFR HX VLWHV GHIDXOW ¢(OHV GLIJLWDOBO
%e5&=, , '$1. 9 *$-'26 , 3$3 6 5e9eb6= , 6=(17*<YRXUFH$SVVHVVPHQWRIWKH'UDYD%DVLQ SGI
9g/*<, |/ $EODJHUXQJIHQ GHU .XQViJ BWXIH28PQRQLHY ¥ VWdbsiDXy GHY . 252.18, % 717+ 7 :i58

*URVVHQ 8QJDULVFKHQ 7LHIHEHQH = ,Q -E0%25 E % HG ORJILVFK
29 JHRORJLF H¥ROXWLRQ

ULVLHUXQJ GHU $EODJHUXQJHQ GHU .XQViJ 6WXIH LQBQIDLR r1 SRI0P @Y R MG HXRBRIYEDQ QWHUSUHWDW
*HRORJLFDO ,QVWLWXWH + 17

%8'$, 6 6(%( . 1$*< * 08$*<$5 , 6=7%11 2 (51 QWHUSODE\BUDW LJUDIVNL L WHNWRQVNL VQRADM 30LR

VHGLPHQW VXSSO\ DQG ODNH OHYHO FKDQJIHV RQ WK FRY IR B & + QW HY MM RO FPW YRR W uap Y QR:
high in the Late Miocene Lake Pannon (Mecsek Mts., Hungary) — International - G yapyQRJ JHRORéN RJ PX]HMD +

"RXUQDO RI (DUWK 6FLHQFHV * GRL 8+Eé/= *< PSDULV 8 RI WKH VHGLPHQWDU\ VHTXt
[

&+, E1 * 'LH .IQR]JRLVFKHQ $EODJHUXQJHQ GHV Z@BWQ(W@QQV@ME\%% gH%HVLQ +XQJIDU\  )|OGWD

$QQDOV Rl WKH *HRORJLFDO ,QVWLWXWH RI +XQ%D T o % DURUV]IJL OHRIP IPDHIO\P H

6 =
&6E6=E5 * HG %DVLF OLWRVWUDWLJUDSKLF X(Rllp‘é’]\’epﬂp@ﬂﬂﬂB%\\l*OMﬁﬁsﬁﬂbﬁ&ﬂm@a}{ﬁﬁrﬁworm@ons
WXWH RI +XQ‘]_.DU\ %XGDSHVW S of Neogene deep basinsinHungany. Q +XQJDULDQ@ + ,Q %e5&=, ,
&6,//8x * 6=7$1l 2 D 8SSHU OLRFHQH £ ,Q .(S&GOEHES WEI\DURUVIIJ NpS] GPpQ\HLQHN UpWHJIWDQD
%8'$, 7 &6,//$* * 6(/0(&=, , 6=7$1l 2 GXU'DFH?@JWB)%HSR/' R +XQ Gbdlby@al Iis8tutd ¥ Hungary, Budapest,
+XQJDU\ ([SODQDWRU\ QRWHV WR WKH *HRORJLFDO RDS RI + DU\ *HR
ORJLFDO DQG *HRSK\VLFDO ,QVWLWXWH RI +XQJ|§5’JE %XGDSBI%/ i 5HYLHZ DQG FRUUHODWLRQ RI W
&6,/1$* * 6=7$11 2 E OLRFHQH+3OLRFHQH t.Q (r'fbﬁghﬁrpé I|thof%1C|e§‘|a§Id molluscblofamesmtheGreatPIaln eastern Hungary.—
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Supplement 1. Location of outcrops mentioned in the text.



