
The Upper Miocene sedimentary sequence of Hungary, and that of the entire Pannonian Basin, was deposited in Lake
Pannon and in adjacent deltaic, fluvial, and — subordinately — terrestrial environments. The lake’s basin is a Neogene
extensional feature located in the Central European segment of the convergence zone between the European and African
plates. The basin experienced a highly complex deformation history (HORVÁTH et al. 2006). Extension, starting in the Early
Miocene and culminating in the Middle Miocene, was heterogeneous and created irregular basement morphology.
Thinning of the lithosphere caused subsidence starting from the late Middle Miocene or early Late Miocene. This latter
process affected almost the entire area between the Alps, Carpathians, and Dinarides, and led to the formation of the geo-
graphically uniform and hydrographically closed Pannonian Basin. 

During the Early and Middle Miocene the basin was part of the Central Paratethys, with repeatedly opening and closing
aquatic connections towards the Mediterranean and the Eastern Paratethys (POPOV et al. 2004). Marine gateways, however,
eventually closed by the Late Miocene (TER BORGH et al. 2013). The enclosed brackish water body of the Pannonian Basin is
designated Lake Pannon. It existed with continuously changing shoreline and surface area from the beginning of the Late
Miocene until ca. the beginning of the Late Pliocene (MAGYAR et al. 1999). 

Sedimentation in Lake Pannon took place in several hundred metres deep water in the basin proper and in its slopes, and
in a few tens of metre deep water in the shelfal region (SZTANÓ et al. 2013a). River deltas, prograding across the extended
shelf of Lake Pannon, created a variety of shallow water environments (SZTANÓ et al. 2013b). The plant remnants discussed
in this monograph were buried into the sediments in shallow water, near-shore parts of the lake, in the shoreface or in the
shallow sublittoral zone, in interdistributary bays, lagoons, ponds of the delta plain, or in fluvial channels and floodplains.
Where reducing conditions prevailed, the plant material was effectively preserved.

Subsidence anomalies at about the Miocene–Pliocene boundary mark the onset of structural inversion of the Pannonian
Basin: basin centres continued to subside whereas basin flanks suffered uplift and erosion (HORVÁTH & CLOETINGH 1996,
FODOR et al. 1999, MAGYAR & SZTANÓ 2008). Erosion of the Late Miocene to Quaternary fluvial and terrestrial blanket led
to the exhumation of the shallow lacustrine and deltaic deposits along the basin margins; most of the plant fossils described
in this volume were collected in such outcrops.

According to the “official” stratigraphic nomenclature of the Central Paratethys, the Upper Miocene – Pliocene is subdi-
vided into 4 stages: Pannonian (Late Miocene), Pontian (latest Miocene – earliest Pliocene), Dacian (Early Pliocene), and
Romanian (Late Pliocene). The stratotypes of the Pontian, Dacian, and Romanian stages are located in the Euxinian and
Dacian basins, which were at least intermittently connected to each other and possibly even to the Mediterranean during the
late Neogen. Lake Pannon, however, apparently remained a separate water body, thus identification and correlation of the
Pontian, Dacian, and Romanian stages in the Pannonian Basin is very difficult if not impossible at the moment. These
regional stages are mistakenly identified with outstanding, but not isochronous, lithostratigraphical boundaries in several
countries of the Pannonian Basin. For instance, the shelf break (the clinoform topset-foreset rollover) is correlated with the
Lower Pontian/Upper Pontian boundary in Slovenia, Croatia, and Serbia, and with the Pontian/Dacian boundary in
Romania. Age difference along this lithological boundary across the entire Pannonian Basin, however, may amount to 6 mil-
lion years (MAGYAR et al. 2013). 

Recognizing the so far unresolvable difficulties of correlation of the Pontian, Dacian, and Romanian stages into the
Pannonian Basin, Hungarian stratigraphers rather use the term “Pannonian” in the wide sense, encompassing the Upper
Miocene and the Pliocene. This “Pannonian sensu lato” thus represents 9 million years, from 11.6 to 2.6 Ma (CSÁSZÁR ed.
1997). Although the Miocene/Pliocene (Messinian/Zanclean) boundary is also difficult to identify in the sedimentary fill of
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the Pannonian Basin, the present study is focussing on the Late Miocene palaeobotanical record, and does not include mate-
rials whose Pliocene age is convincingly proved (e.g. HABLY & KVAČEK 1997). 

Palaeogeography

Distribution of the Late Miocene palaeobotanical sites plotted on the digital terrain model of Hungary (Figure 1) may
seem to suggest that plant remnants were buried and preserved in the present-day basin margins, along the interface of the
lacustrine and terrestrial environments. This impression, however, is misleading. The shoreline of Lake Pannon was not
confined to, and did not even necessarily followed, the present-day basin margins. The actual shoreline frequently changed

its position, shifting either basinward or landward across the shelf as a function of the relative lake-level. Mapping of the
palaeo-shoreline would therefore be a futile attempt. The shelf break, striking more or less parallel with the shoreline in a
more basinward position, however, was a more permanent and much slower moving palaeomorphological feature. Maps of
the shelf break for successive time slices reveal the process of gradual filling of the basin during the Late Miocene and Early
Pliocene (Figure 1; MAGYAR et al. 2013). 

Apparently, the most important agent of the shelf advance was the sediment dispersal system of the palaeo-Danube. This
river started to discharge into Lake Pannon at about 11–10 million years ago (NEHYBA & ROETZEL 2004, HARZHAUSER et al.
2011). The first, north-east–south-west trending shelf margin was built about 10 million years ago in the Kisalföld/Danube sub-
basin, and during the subsequent 6 million years it prograded ca. 400 km to the SE, levelling much of the structurally complex
Pannonian Basin. A less powerful, still significant dispersal system worked in the north-eastern part of the Pannonian Basin,
with a NW–SE striking shelf margin (palaeo-Tisza system). Minor sediment supply systems existed in the southern and eastern
margins of the basin (these are mostly located beyond the political borders of Hungary; MAGYAR et al. 2013). 

As a consequence of these processes, shallow-water, near-shore, or fluvial deposits with a potential of plant fossil con-
tent can be found almost everywhere in the basin; they are either accessible along the modern basin margins as a result of
late-stage tectonic inversion (see the surface outcrops in this study), or they are exposed by drilling in locations away from
the modern basin margins. 
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Text-figure 1. Location of the Late Miocene palaeobotanical sites in Hungary
Black lines indicate the consecutive positions of Lake Pannon shelf break (approximate ages in million years, arrows indicate dip of the slope). The shelf
break marked the boundary between the shallow-water environments with significant potential of plant fossilization and preservation and the deep water
environments where plants were usually buried as transported fragments



Sedimentary environments and lithostratigraphy

Sedimentation in and around Lake Pannon took place in various environments. In the deep basin, lacustrine marls (Endrőd
Formation, JUHÁSZ in CSÁSZÁR ed. 1997) and turbidite-bearing series (Szolnok Formation, JUHÁSZ et al. in CSÁSZÁR ed. 1997)
were deposited. The redeposited sandstone layers of the latter often contain abundant plant fossils, typically small fragments
not suitable for macrobotanical studies. The basin slope (shelf margin slope) trapped mainly fine-grained sediments (Algyő
Formation, GAJDOS et al. in CSÁSZÁR ed. 1997), because sand was usually gravitationally transported to the toe of slope and fur-
ther, towards the basin plain (SZTANÓ et al. 2013a). The upper slope sediments may exceptionally contain well-preserved
palaeobotanical findings (see borehole Tiszapalkonya–I below the shelf edge, 1600–1970m).

Most of the investigated plant fossils were recovered from shelf deposits. The shelf deposits usually display a cyclic
architecture: 30–50m thick coarsening upward units follow each other, representing individual delta progradations. Each
unit consists of offshore shales, sandy deltaic lobes with distributary channel fills, crevasse splays, and huminitic clays or
lignite seams deposited in interdistributary marshes (SZTANÓ et al. 2013b). These shelf deposits are comprehensively called
Újfalu Formation (NÉMETH et al. in CSÁSZÁR ed. 1997), but, for the time being, “local” names (Edelény, Somló, Tihany,
Bükkalja, Torony Fms) are also in formal use. 

The Edelény Variegated Clay Formation (JÁMBOR in CSÁSZÁR ed. 1997) is interpreted as a delta plain deposit in northern
Hungary, with frequent alternation of grey and variegated clay, calcareous silt, huminitic clay, even lignite seams. Of the
palaeobotanical localities discussed in this study, Rudabánya belongs to this formation.

The Somló Formation (JÁMBOR in CSÁSZÁR ed. 1997) represents sublittoral deltaic sediments, deposited in a few tens of
metre deep water, often with intercalations of littoral sand layers (SZTANÓ et al. 2013b). Lithologically it consists of grey clay marl
and silt, laminated silt, and fine- to small-grained sand or sandstone. Macrobotanical localities in this formation include Alcsút,
Diszel-Hajagos, Cserszegtomaj, Hévíz, and Karmacs. Aranyosgadány and Pécs-Nagyárpád may also belong here.

The Tihany Formation (JÁMBOR in CSÁSZÁR ed. 1997) was deposited mostly in interdistributary bays (SZTANÓ et al.
2013b). It consists of silt – fine sand – huminitic clay cycles, reflecting relative lake level changes of a few metres amplitude.
The floras of Balatonszentgyörgy and Tihany-Fehérpart were collected from this formation. 

The Bükkalja Lignite Formation (GAJDOS & PAP in CSÁSZÁR ed. 1997) comprises sedimentary cycles similar to those of
the Tihany Formation, but its lignite seams can be as thick as 10–15 metres. The formation was and is being exposed in sev-
eral underground and opencast lignite mines along the southern foot of the Bükk and Mátra Mts in northern Hungary.
Palaeobotanical sites in this formation include Bükkábrány, Gyöngyös, Kerecsend, Rózsaszentmárton, and Visonta.  

The Torony Lignite Formation (JÁMBOR in CSÁSZÁR ed. 1997) is very similar to the Bükkalja Formation, but its lignite seams
are thinner. This formation was described from western Hungary. Of the palaeobotanical sites, Dozmat and Sé belong here.

Two thick borehole records in this study, Tiszapalkonya–I (1487–1600m) and Iharosberény–I (23–607m) can be
assigned to the undifferentiated Újfalu Formation. (A proper hierarchical ranking of these lithostratigraphic units, so that
the Újfalu Fm would include the other units as members, was suggested recently by SZTANÓ et al. 2013b). 

Apart from the large, prograding shelf/slope systems, sedimentation also took place in more confined environments, such as
along rocky shores and in small Gilbert-type deltas supplied from local sources (Békés Conglomerate Formation, Kálla Gravel
Formation). Interestingly, these coarse-grained deposits occasionally preserved remarkable plant fossils. The Kálla Gravel
Formation (Jámbor in Császár ed. 1997) is considered to have been deposited in Gilbert-type deltas and in adjacent wave-affect-
ed sandy shoals during a transgressive event along the margins of the Transdanubian Range (CSILLAG et al. 2010, SZTANÓ et al.
2010, TÓTH et al. 2010). It consists of gravel, pebbly sand, clean quartz sand and sandstone, all formed in Lake Pannon. The plant
fossils of Diszel - Kula Hill and Mindszentkálla were collected from the same shoreface sand/sandstone body.

In areas protected from direct sediment influx either by large distance from the sources or by relative elevation, con-
densed sedimentation took place and calcareous marls and marls were deposited (Tótkomlós Member of Endrőd
Formation). The white and grey marls of the Pécs, Danitzpuszta locality are tentatively assigned here. 

The prograding deltas gradually gave way to fluvial and freshwater lacustrine sedimentation in the Pannonian plains. In the
alluvial plain, sandy channel fills, variegated floodplain clays, and organic-rich pond and marsh clays, sometimes with lignite
seams and palaeosols were deposited (Zagyva Formation, JUHÁSZ et al. in CSÁSZÁR ed. 1997). These layers, especially if formed
under reducing conditions, may also contain well-preserved plant remnants (Győr-Sashegy, Hosszúpereszteg, Sótony).  

Longer or shorter intervals of terrestrial sedimentation may have occurred almost any time and everywhere along the
actual basin margins. The Felsőtárkány plant locality represents such a terrestrial environment. The lithostratigraphic
assignment of the Felsőtárkány layers is equivocal.  

Chronostratigraphy and geochronology 

In this chapter we discuss the stratigraphic position of the Late Miocene plant localities and fossiliferous sequences, and
infer their age. Where the plant-bearing layers were deposited in shallow lacustrine environment, we rely on the littoral or
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sublittoral mollusc biozonation of the Pannonian stage (MAGYAR et al. 1999b, MAGYAR & GEARY 2012). Where the fossilif-
erous layers are fluvial or terrestrial in origin, the accompanying mammal fauna and its assignement into the European
mammal zones (MN zones) provides useful stratigraphic information. Two boreholes (Tiszapalkonya and Iharosberény)
and one surface outcrop (Tihany-Fehérpart) were magnetostratigraphically investigated (LANTOS et al. 1992, ELSTON et al.
1994, SZTANÓ et al. 2013b). Seismic stratigraphy was extensively used to establish stratigraphic correlation between the
plant-bearing localities (sequences) and distant biostratigraphic or magnetostratigraphic key data (Figure 2).

The oldest flora discussed in this monograph was unearthed from terrestrial deposits at Felsőtárkány. Both the underly-
ing and overlying layers contained microvertebrates and land and freshwater snails. The mollusc fauna, as a whole, seems to
indicate Middle Miocene (Sarmatian) age. The great majority of the vertebrates belong to MN 7–8 zone, which spans the
Middle/Upper Miocene (Sarmatian/Pannonian) boundary (11.6 Ma), but Microtocricetus (from the overlying layer) is con-
sidered a Vallesian (MN9, 11.1–9.7 Ma) hamster (HÍR et al. 2001, HÍR 2010). Here we suppose that the Felsőtárkány flora
flourished through the Sarmatian/Pannonian boundary, and has an estimated age of about 11.5 Ma.

The marls of Pécs, Danitzpuszta contain a sublittoral mollusc fauna, including the cockle Lymnocardium schedelianum.
The layers thus belong to the L. schedelianum zone, and their age is ca. 10.5 Ma.

An almost 500m thick (1487–1970m) cored interval from the Tiszapalkonya borehole yielded plant fossils. According to
magnetostratigraphic correlations in this well by ELSTON et al. (1994), the top of the fossiliferous interval corresponds to the
middle part of C4Ar, whereas the bottom of the interval falls within C5n. This interpretation is consistent with the occur-
rence of molluscs indicating the Lymnocardium ponticum Zone at 1444m (KORPÁSNÉ HÓDI 1991). The age of the plant fos-
sil bearing interval is thus estimated to be 10.5–9.5 Ma. 

Fossils of littoral molluscs from the Kálla Formation at Mindszentkálla indicate the upper part of the Lymnocardium
conjungens Zone. The age of the Mindszentkálla and Diszel - Kula Hill plant remnants are thus estimated to be about 10 Ma
or slightly more (MAGYAR 1988, CSILLAG et al. 2010). 

In the lack of brackish molluscs, the age of the Rudabánya locality can be best assessed by the biochronologic interpreta-
tion of the diverse vertebrate fauna. This fauna includes both archaic Middle Miocene and younger Late Miocene forms.
Based on the presence of advanced rodents and ungulates (Hippotherium), the locality is estimated to have an age of late
MN9, i.e. around 10 Ma (KORDOS & BEGUN 2002; BERNOR et al. 2003a).  

The rich littoral to sublittoral mollusc fauna of the Somló Formation indicates that this formation, at least in the vicnity
of the Transdanubian Range, belongs to the Lymnocardium ponticum Zone (SZILAJ et al. 1999). Of the localities discussed
in this study, Alcsút and Diszel-Hajagos yielded typical fauna of this zone. The sandstone body containing plant remains in
Cserszegtomaj, Hévíz and Karmacs can also be correlated with the L. ponticum Zone. The age of these five localities is thus
between 9.6 and 8.7 Ma.   
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Text-figure 2.Stratigraphic position and estimated age of the Late Miocene palaeobotanical localities in
Hungary. C: Congeria, G: Galeacysta, L: Lymnocardium, M: Mecsekia, P: Prosodacnomya, Pt: Pontiadinium,
S: Spiniferites



The Tihany-Fehérpart outcrop yielded a rich mollusc fauna, typical of the Lymnocardium decorum Zone, and is overlain
by volcanics dated 7.92 (ref) or 7.96 (ref) Ma. Mammal remains indicate the MN11 Zone (KORDOS 1989, MÉSZÁROS 2008).
The magnetic polarity record of the Tihany-Fehérpart section includes a change from reverse (lowermost 2 metres) to nor-
mal (much of the profile, 20m) polarity. This polarity change can be most probably correlated to either the beginning of
C4n.2n (8.1 Ma), or that of C4r.1n (8.3 Ma; SZTANÓ et al. 2013b). The age of the outcrop is thus estimated to be 8.3–8.0 Ma.

The mollusc fauna of the Balatonszentgyörgy outcrop belongs to the Prosodacnomya carbonifera Zone, thus the age of
the locality is estimated to be 8.0–7.5 Ma. 

A number of plant fossil localities described in this study, such as Bükkábrány, Gyöngyös, Kerecsend,
Rózsaszentmárton, Visonta, and Hatvan, belong to the “Bükkalja sequence”. The informal term “Bükkalja sequence” is
used in this study for a lignite-bearing stratigraphic unit in the northern Pannonian Basin, bounded at the base by a promi-
nent flooding surface indicating a northward backstepping of the shelf break of Lake Pannon, and at the top by a significant
regional unconformity between the Upper Miocene and the Pliocene (JUHÁSZ et al. 1996; MAGYAR & SZTANÓ 2008). (The
“Bükkalja sequence” more or less corresponds to the transgressive and highstand systems tracts of sequence Pa–3 in
VAKARCS et al. (1994) and JUHÁSZ et al. [2007]). The most complete representation of the sequence is the 266–484m interval
of the continuously cored Tiszapalkonya borehole (ELSTON et al. 1990). Palaeontological data from the Tiszapalkonya bore-
hole by KORPÁSNÉ HÓDI (1991) indicate the presence of the Lymnocardium decorum Zone up to 892m; the “Bükkalja
sequence” (484–266m) does not contain brackish molluscs in this borehole. In other boreholes located in more basinward
position, however, the seismically identified flooding surface at the base of the „Bükkalja sequence” correlates with the
Prosodacnomya dainellii Zone (e.g. Hajdúszovát–1 well). Mammal remains from the “Bükkalja sequence” are considered
Late Turolian (MN12, MN13) in age. The best-studied mammal record from the sequence is that of Hatvan (GAÁL 1943),
where the bones and the plant remnants were collected from the same layer. The age of the mammal fauna is considered
either MN12 as in BERNOR et al. (2003b), or MN12–13 (KORDOS, pers. comm. 2013). Magnetostratigraphic correlations in
the Tiszapalkonya borehole suggest that the “Bükkalja sequence” corresponds to chrons C3B (7.5 to 7.1) and C3Ar (7.1 to
6.7), displaying dominantly reverse magnetic polarity (ELSTON et al. 1994). This is consistent with polarity measurements
on surface samples in the two largest outcrops of the sequnce: MÁRTON (in KRETZOI et al. 1982) measured mostly reverse
polarity in a series of samples from the Visonta open-cast lignite mine, and the single sample analyzed from the Bükkábrány
lignite pit also displayed reverse polarity (BABINSZKI 2007, pers. comm.). Therefore, the age of the “Bükkalja sequence” is
probably within the interval of 7.5 to 6.7 Ma.

Pannonian plant fossils were recovered from cores of the Iharosberény borehole between 24 and 607m. According to an
unpublished report by M. KORPÁS-HÓDI, Prosodacnomya sp. occurred at 766m and Prosodacnomya cf. dainellii at 730m.
Magnetostratigraphic interpretations by LANTOS et al. (1992) and SACCHI & MÜLLER (2004) correlated the 23–607m inter-
val with chrons C3Ar to C4n2n, suggesting an age of 7.8–6.5 Ma. This correlation, however, implies slightly older ages for
the first appearance of Prosodacnomya (and of P. dainellii in particular) than indicated in Figure 2 (justified by stratigraph-
ic data elsewhere; see SZTANÓ et al. 2013b). Therefore, we suggest a modification of this interpretation, implying somewhat
younger age, ca. 7.3 Ma, for the base of the fossil plant bearing interval in the Iharosberény well.

The two localities lying within the Torony lignite area in western Hungary, Dozmat and Sé, expose part of a 100 m thick
lignite-bearing sedimentary sequence (“Torony sequence”; JASKÓ 1964, 1975; DRAXLER et al. 1997; HABLY & KOVAR-EDER

1997). No age-diagnostic brackish molluscs or terrestrial mammals are known from these outcrops. The sequence dips to
the SE, however, and some 5km SE of the outcrops, it is possible to establish a seismic correlation between the lignite
sequence and the Iharosberény borehole profile. The bottom of the lignite sequence is in ca. 140m higher position than the
700m deep seismic horizon in the Iharosberény borehole (the latter representing the Prosodacnomya dainellii Zone). As a
consequnce, the Torony sequence has an age very similar to that of the “Bükkalja sequence”, ca. 7.3–6.7 Ma.   

Plant fossil localities representing the Upper Miocene fluvial facies, such as Győr-Sashegy, Hosszúpereszteg, and
Sótony, are difficult to date. They all expose the same (a few hundred m thick) stratigraphic interval, which is bracketed
between the 700 m deep seismic horizon in the Iharosberény borehole (Prosodacnomya dainellii zone, less than 7.5 Ma) and
the latest Miocene – earliest Pliocene volcanoes of the Little Hungarian Plain Volcanic Field (e.g. 4.8 Ma at Sitke, Hercseg-
hegy, 6km NE of Sótony, or 5.5 Ma at Ság-hegy, 12km E of Sótony). Neighbouring large mammal localities, such as
Bérbaltavár 10km to the SW of Hosszúpereszteg, or Pannonhalma 15km to the SE of Győr-Sashegy, are assigned to MN12
by KAISER & BERNOR (2006) and by GASPARIK (2001), respectively. Large mammals from the Hosszúpereszteg outcrop indi-
cate Turolian (MN11 to MN13) age (KRETZOI 1982). Therefore, the age of the three localities is most probably 7.5–7.0 Ma,
but somewhat older and younger ages (between 8 and 6 Ma) cannot be excluded either.

The Pécs-Nagyárpád locality yielded abundant mollusc fauna, including Lymnocardium arpadense, a species charac-
teristic of the littoral Prosodacnomya vutskitsi Zone (SZÓNOKY et al. 1999). The exact locality of the Aranyosgadány macro-
botanical material is not known. The Pannonian layers that are exposed under Quaternary loess in the vicinity of the village
(KONRÁD & SEBE 2010), however, most probably stratigraphically correspond to, or at least not very different from, the silty
and sandy sequence that is exposed a few kms to the east at Nagyárpád. Consequently, Nagyárpád and Aranyosgadány are
probably the youngest localities discussed in this monograph with an age of ca. 7–6 Ma.
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