
sified, sublittoral mollusc as-
sociation embedded into grey
silt: Congeria czjzeki, Lymno-
cardium sp., Paradacna
sp., “Pontalmyra” otiophora, 
and planorbid gastropods
(CSILLAG et al 2008).

L i t h o s t r a t i g r a p h y:
Somló Formation,

Age: 9.6–8.7 Ma
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Text-figure 5. Floristic compo-
sition of locality Alcsút 
a) Platanus leucophylla, b)
Liquidambar europaea, c) Alnus
gaudini, d) Salix varians, e)
Quercus kubinyii, f) Fagus
haidingeri

During the terminal phase of the geological mapping pro-
gram in the Vértes Mts, several Pannonian outcrops were meas-
ured and sampled in the vicinity of Alcsútdoboz by field geolo-
gists of the Geological Institute of Hungary (MÁFI) in 2006.
Construction of a house in the village exposed the Kálla and
Somló Formations. The fossiliferous layers were discovered and
the first collection of plant remains was conducted by geologists
of the MÁFI, Gábor Csillag, Zoltán Lantos, and Ildikó Selmeczi.
Later Lilla Hably collected plant fossils in the locality; her collec-
tion is stored in the Hungarian Natural History Museum. This
monograph is first to document the Alcsútdoboz flora in detail.

The exposed section starts with the white, occasionally peb-
bly sand of the Kálla Formation, which is overlain by a thin, red
coloured sand layer preserving the valves of Lymnocardium vari-
ocostatum and L. sp. These layers are capped by a 2m thick clay-
marl yielding a rich fossil plant assemblage. Molluscs are rare in
this layer: apart from shell fragments, a single specimen of the
pioneer genus Dreissenomya was found. The claymarl was thus
probably deposited under oxygen-depleted conditions. The over-
lying reddish sand layers preserved many shells of the littoral
dreissenid Dreissena auricularis. The uppermost, nearly half
metre thick layer of the outcrop, however, contained a more diver-



Flora:
Liquidambar europaea A. BRAUN

Platanus leucophylla (UNGER) KNOBLOCH

Fagus haidingeri KOVÁTS emend. KNOBLOCH

Quercus kubinyii (KOVÁTS ex ETTINGSHAUSEN) BERGER

Alnus gaudini (HEER) KNOBLOCH & KVAČEK

Salix varians GÖPPERT

Typical and characteristic riparian type vegetation can be outlined based on the relatively few specimens. Some of the
most characteristic species of the riparian vegetation, Liquidambar europaea and Platanus leucophylla are accompanied by
an alder, Alnus gaudini and by the most common willow species of the Pannonian, Salix varians. However, some species,
e.g. Fagus haidingeri and Quercus kubinyii, occur that are rare elements in the Late Miocene floras of the Pannonian Basin
indicating the presence of mesophytic forests adjacent to lowland vegetation. 

Aranyosgadány

Although the collection of the Hungarian Natural History Museum contains only one leaf impression from
Aranyosgadány, this specimen is included into the monograph because of its floristic importance. 

The exact site where the fossil was found, as well as the name of the collector, remains unknown. Recent field studies
indicate that Pannonian silt layers, outcropping from below Pleistocene loess in the vicinity, often contain poorly preserved
plant remains and molluscs (Sebe, personal communication 2013). 

Lithostrat igraphy:  ?Somló Formation.
Age: 7–6 Ma.

Flora:
Quercus kubinyii (KOVÁTS ex ETTINGSHAUSEN) BERGER

The occurrence of Q. kubinyii suggests the presence of mesophytic vegetation.

Balatonszentgyörgy

The claypit of the Balatonszentgyörgy brickyard is located 1.5 km south of the village centre, next to the monument
“Csillagvár” (a fortified 19-century country house). Fossil plants were collected here at two distinct times and from two
distinct embedding rocks. First Pálfalvy collected plant fossils and published them in a preliminary report (PÁLFALVY

1975). The very well-preserved leaf remains were found in hard, strongly cemented marl concretions. Pálfalvy’s collec-
tion is stored by the Hungarian Geological and Geophysical Institute. Ernő HORVÁTH also collected from the same layer
for the Savaria Museum at Szombathely, but his material remained unpublished. 

Recent visits to the claypit showed that the old outcrop had significantly changed, and that the layers with concre-
tions from which Pálfalvy and Horváth collected are not accessible any more. The present-day outcrop is located a few
hundred metres away from the old claypit, and the exposed layers are in a stratigraphically slightly higher position than
in the old outcrop. Plant remains from the soft, sandy and silty clay layers were collected by Lilla Hably and co-workers.
The fossil specimens of the new pit, housed by the Hungarian Natural History Museum, are first published in this mono-
graph.

The old Balatonszentgyörgy outcrop and its fossil molluscs were described by BARTHA & SOÓS (1955) and BARTHA

(1977). These studies clearly revealed the cyclic nature of the exposed sequence: a lower freshwater-terrestrial interval
(which included the plant-bearing concretions) was followed by brackish layers, which in turn were overlain by a sec-
ond freshwater-terrestrial unit. The present-day outcrop displays several such cycles, with 1–3m individual thickness.
A complete cycle begins with marls, silts (with brackish fauna), followed by sands, and overlain by abundant organic-
rich clays (with paludal fauna). Intercalations of medium- to fine-grained, cross-stratified sands with erosional base up
to a thickness of 0.5–2m are common. The coarsening-upward cycles are interpreted as deltaic parasequences, deposit-
ed in interdistributary bays on the upper delta plain. The cross-bedded sand layers are of fluvial origin (SZTANÓ &
MAGYAR 2007). 

The cyclic architecture of the sediments suggests that the significant differences between the two Balaton-
szentgyörgy floras can be attributed to high-frequency changes in the sedimentary environment rather than to a long-
term environmental trend.  

Lithostrat igraphy:  Tihany Formation.
Age: 8.0–7.5 Ma.
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Salix varians GÖPPERT

Salix sp. 1.
Salix sp. fruit capsule
Dicotylophyllum jungii KNOBLOCH & KVAČEK

Monocotyledonae gen. et sp. 1.
Monocotyledonae gen. et sp. 
The assemblage collected from the area

which is accessible since 2007 younger flora is
dominated by Glyptostrobus europaeus. Os-
munda parschlugiana occurs also frequently
in this assemblage, however, Pronephrium
stiriacum, Alnus, “Magnolia” szakmanycsabae
and Vitis szakmanygyorgyi are rare elements.
Interestingly, Byttneriophyllum tiliifolium is
missing from this, otherwise typical swamp
assemblage which was also recorded in
Dozmat and numerous additional localities. The unexpected lack of Byttneriophyllum still awaits an explanation because
floras of this characteristic type usually share Byttneriophyllum tiliifolium occurring even with extremely high number
of leaves. The floristic composition suggests a typical swamp habitat, with the lack of aquatic elements. 

Old sites yielded fossils in higher diversity (older flora) than the younger sites. Leaves of Acer jurenakii, Myrica ligni-
tum, Dicotylophyllum jungii and Salix varians, etc. were collected here, but, Glyptostrobus is common in these layers simi-
larly to the other sites. 

There are rare elements shared by the lower and upper assemblages, i.e. “Magnolia” szakmanycsabae and Vitis szak-
mánygyorgyi, which are new species described by the current study. The older flora suggests swamp habitat, as well, but the
area seems to have been flooded occasionally, therefore species of more mesophytic character accompanied to the swamp
assemblage. The upper, younger flora seems to have flourished in deeper areas flooded probably permanently and swamp
habitats were more extended. 
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Text-figure 6. Floristic composition of locality Balatonszentgyörgy, younger
flora a) Osmunda parschlugiana, b) Pronephrium stiriacum, c) Vitis szak-
manygyorgyi, d) “Magnolia” szakmanycsabae, e) Glyptostrobus europaeus,
f) Alnus menzelii

Flora:
New si te  (younger  f lora)
Equisetum sp.
Pronephrium stiriacum (UNGER) KNOBLOCH &

KVAČEK

Osmunda parschlugiana (UNGER) ANDREÁNSZKY

Glyptostrobus europaeus (BRONGNIART) UNGER

“Magnolia” szakmanycsabae sp. nov.
Alnus menzelii RANIECKA-BOBROWSKA

Alnus gaudini (HEER) KNOBLOCH & KVAČEK

Alnus julianiformis (STERNBERG) KVAČEK et HOLÝ

Alnus sp.
Vitis szakmanygyorgyi sp. nov.
Monocotyledonae gen. et sp. 

Old s i te  (older  f lora)
Glyptostrobus europaeus (BRONGNIART) UNGER

„Magnolia” szakmanycsabae sp. nov.
Alnus sp.
Myrica lignitum (UNGER) SAPORTA

Cercidiphyllum crenatum (UNGER) BROWN

Acer jurenakii STUR

Acer sp. fructus
Vitis szakmanygyorgyi sp. nov.
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Text-figure 7. Floristic composition of locality Balatonszentgyörgy (older flora) a) Myrica lignitum, b) Vitis szakmanygyor-
gyi, c) Salix sp. 1. and  Salix sp. fruit capsule, d) Dicotylophyllum jungii, e) Vitis szakmanygyorgyi, f) Acer jurenakii, g)
Glyptostrobus europaeus, h) Myrica lignitum, i) “Magnolia” szakmanycsabae, j) Glyptostrobus europaeus



Bükkábrány

Occurrences of plant fossils from the large open-air lignite mine of Bükkábrány have been published ever since mining
operations started in 1985 (LÁSZLÓ 1989, 1992; WÓJCICKI & BAJZÁTH 1997). The discovery of a “standing forest” of 16
stumps, 4 to 6m high, on top of the main lignite seam hit the headlines in 2007 (KÁZMÉR 2008, 2011; ERDEI et al 2009;
CSÁSZÁR et al. 2009, ERDEI & MAGYARI 2011). 

The Bükkalja lignite-bearing sequence is exposed along the southern foothills of the Mátra and Bükk Mountains in
northern Hungary, and extends far to the south in the subsurface with a structural dip of 1–2°. The present-day Bükkábrány
pit is 2 km long and 1.5 km wide, and the top of the main lignite seam is at 60m depth below the surface. The exposed
sequence comprises a few parasequences, each consisting of silt in the bottom, then fine-grained sand, and lignite or lignitic
clay in the top. The Upper Miocene is unconformably overlain by Plio–Pleistocene pebbly sand (FISCHER 2009). 

Lithostrat igraphy: Bükkalja Formation.
Age: 7.5–6.7 Ma.

Flora:
Ginkgo adiantoides (UNGER) HEER

Glyptostrobus europaeus (BRONGNIART) UNGER

Glyptostroboxylon sp.
Taxodioxylon germanicum (GREGUSS) VAN DER BURGH

Ceratophyllum dubium (LUDWIG) KIRCHHEIMER

Alnus menzelii RANIECKA-BOBROWSKA

Alnus sp.
Alnus sp. cones
Alnus sp. male catkins
Betulaceae gen. et sp.
Pterocarya sp.
Ulmus sp.
Zelkova zelkovifolia (UNGER) BŮžEK & KOTLABA

Trapa praehungarica WÓJCICKI et BAJZÁTH

Byttneriophyllum tiliifolium (A. BRAUN) KNOBLOCH & KVAČEK

Stratiotes sp.
Potamogeton sp.
Carex sp. 
The flora includes elements of aquatic (open water) habitats and swamp forests. Bükkábrány indicates typical Late Miocene

wetland vegetation characterized by low diversity.

Cserszegtomaj

Győző Cseh, a private collector found a fossil plant in the quarry of Cserszegtomaj in the 1980s. Lilla Hably and her col-
leagues organized field trips to the locality between 2009–2011, but by that time operation had been stopped in the quarry
and there was no trace of any plant remains. 

The Cserszegtomaj, Hévíz, and Karmacs outcrops all expose the same carbonate-cemented sandstone ridge that stands
out in 4 km length along the western margin of the Keszthely Mts between Hévíz in the south and Karmacs in the north. The
sandstone is “tabular”, i.e. thinly bedded or laminated. It often shows cross-bedding and ripple marks (BUDAI et al. 1999).
Moulds and prints of littoral bivalve shells, such as Lymnocardium, Congeria and Dreissenomya, are quite common.

Lithostrat igraphy:  Somló Formations.
Age: 9.6–8.7 Ma.

Flora:
Tilia sp.?
A reconstruction of the flora and vegetation is not available since a single fossil plant remain (Tilia sp.?) was recorded

from this locality.

Diszel-Hajagos

From the silt and sand layers overlying the quartz sand of the Kálla Formation at Diszel, a single leaf specimen and a
small mollusc fauna was collected by Imre Magyar. The fauna included Lymnocardium cf. variocostatum, Caladacna stein-
dachneri, Paradacna sp., Melanopsis sp., Lymnocardium sp., and belongs to the L. ponticum Zone (CSILLAG et al. 2010). 
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Lithostrat igraphy: Somló Formation.
Age: 9.6–8.7 Ma.

Flora:
Platanus leucophylla (UNGER) KNOBLOCH

The single plant remain collected at this locality confirms that Platanus leucophylla was widespread during the
Pannonian in the Transdanubian region. Another locality at Karmacs situated close to Diszel yielded a flora, which is dom-
inated by P. leucophylla. 

Diszel - Kula Hill 

The abandoned sand quarry in Diszel - Kula Hill, yielded goethite pseudomorphs of pine cones and wood fragments.
The medium grained, strongly leached, white or light yellow pure quartz sand often contains pebbles of quartz and
quartzite. The sand belongs to a few dozen metres thick sand body that once lined the embayment of Lake Pannon in the
south-western part of the Transdanubian Range (TÓTH et al. 2010).  It was derived from small gravelly deltas that prograded
into Lake Pannon at the margins of the range (SZTANÓ 1995, SZTANÓ et al. 2010), and its deposition took place in wave-dom-
inated shoreface environment (BABINSZKI et al. 2003). 

Lithostrat igraphy:  Kálla Gravel Formation.
Age: ca 10 Ma.

Flora:
Pinus sp.
Several pine cones were collected from the locality. Pine cones were also encountered in Mindszentkálla, which is locat-

ed in the same region, in Balaton Uplands. However, type of preservation are different in these two localities. Due to tapho-
nomic constraints other taxa were not preserved, therefore a detailed flora and vegetation reconstruction is not available.
Nevertheless, the presence of a pine forest is indicated.

Dozmat

Thousands of plant remains were collected in the 1960s by Ernő Horváth in the surroundings of the small village of
Dozmat. The collection is kept in the Savaria Museum, Szombathely, and was investigated by HABLY & KOVAR-EDER

(1997). The latter authors made an attempt to find the original outcrop(s) where Horváth collected, but in the lack of any use-
ful description of the locality, they failed. The entire administrative area of Dozmat, as well as that of Sé, however, lies with-
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Text-figure 8. Floristic composition of locality Dozmat a) Alnus cecropiifolia, b) Osmunda parschlugiana, c) Glyptostrobus europaeus,
d) Byttneriophyllum tiliifolium



in the NE–SW striking zone where the south-east-dipping lignitiferous Torony sequence subcrops under a thin Quaternary
blanket (JASKÓ 1975). Therefore, the fossils undoubtedly came from, and characteristic of, the 100–120m thick lignite-bear-
ing Torony sequence. The sequence consists of several 4–20m thick, coarsening upward sedimentary cycles (parase-
quences). 

The total thickness of the lignite and the sand within the sequence is 15 and 25 metres, respectively; most of the sequence
consists of clay and silt (JASKÓ 1981). Both the molluscs (JASKÓ 1981) and the palynomorphs (DRAXLER et al. 1997) indicate
freshwater depositional environments.  

Lithostrat igraphy: Torony Lignite Formation.
Age: 7.3–6.7 Ma

Flora:
Osmunda parschlugiana (UNGER) ANDREÁNSZKY

Glyptostrobus europaeus (BRONGNIART) UNGER

Alnus cecropiifolia (ETTINGSHAUSEN) BERGER

Alnus gaudini (HEER) KNOBLOCH & KVAČEK

Alnus sp. cones
Alnus sp. male catkins
Byttneriophyllum tiliifolium (A. BRAUN) KNOBLOCH & KVAČEK

Banisteriaecarpum giganteum (GÖPPERT) KRÄUSEL

The fossil assemblage from Dozmat is one of the most characteristic examples of the flora and vegetation in swamps of the
Pannonian Basin. The assemblage is dominated by three taxa, and only few other taxa are accompanying as proved by thousands
of specimens. The association comprising Glyptostrobus europaeus, Byttneriophyllum tiliifolium and Alnus cecropiifolia, is one
of the most characteristic and dominant associations of swamp habitats during the Late Miocene. Leaves of Alnus gaudini and
Osmunda parschlugiana occur with extremely low number of specimens (HABLY & KOVAR-EDER 1996).

Felsőtárkány

Felsőtárkány has been well-known for a long time as a palaeobotanical locality. First SÜMEGHY (1924) mentioned plant
remains from the vicinity of the village. Later Andreánszky and his students collected and published a rich flora from
Felsőtárkány (KUBÁT & BUBIK 1955, CZIFFERY & SZILÁGYI 1956, ANDREÁNSZKY & CZIFFERY, SZILÁGYI in ANDREÁNSZKY

1959). Recently ERDEI & HÍR (2002) summarized the geology and stratigraphy of the plant bearing sediments and recon-
structed the vegetation and climate.

In the Felsőtárkány area, Sarmatian sandstone with brackish marine molluscs is overlain by rhyolite tuff, which in turn is
capped by a fluvial-paludal series (HÍR 2007).  One of the best outcrops of the latter, Güdör-kert, displays the following 4m
thick sequence (from bottom to top): reworked rhyolite tuff, hard sand, grey clay with freshwater mollusc shells and verte-
brate remains, sand, lignite, laminated clay with plant remnants, sand, green clay with freshwater mollusc shells and verte-
brate remains (HÍR 2010). The plant-bearing laminate was probably deposited under oxygene-depleted conditions. 

Lithostrat igraphic assignement of the sequence is equivocal.
Age: ca. 11.5 Ma.

Flora:
Pronephrium stiriacum (UNGER) KNOBLOCH & KVAČEK

Osmunda parschlugiana (UNGER) ANDREÁNSZKY

Glyptostrobus europaeus (BRONGNIART) UNGER

Magnolia sp. 
Quercus sp. fructus
Quercus pontica miocenica KUBÁT

Alnus menzelii RANIECKA-BOBROWSKA

Alnus sp. male catkins
Ulmus braunii HEER

Cercidiphyllum crenatum (UNGER) BROWN

Cercidiphyllum sp. fructus
Acer tricuspidatum BRONN

Acer sp. fructus
Salix varians GÖPPERT

Byttneriophyllum tiliifolium (A. BRAUN) KNOBLOCH & KVAČEK

Musophyllum tárkányense BUBIK

Monocotyledonae gen et sp. 
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Felsőtárkány has been well-known for a long time as a palaeobotanical locality. First SÜMEGHY (1924) mentioned plant
remains from the vicinity of the village. Later Andreánszky and his students collected and published a rich flora from
Felsőtárkány (KUBÁT & BUBIK 1955, CZIFFERY & SZILÁGYI 1956, ANDREÁNSZKY & CZIFFERY, SZILÁGYI in ANDREÁNSZKY

1959). Recently ERDEI & HÍR (2002) summarized the geology and stratigraphy of the plant bearing sediments and recon-
structed the vegetation and climate.

This assemblage shows the highest diversity among the sites discussed in this monograph. This maybe due to the fact
that sediments preserving the flora of Felsőtárkány were presumably formed during the Sarmatian/Pannonian boundary,
thus, this flora is the oldest one among floras discussed here. The most important elements of the Pannonian floras charac-
terizing swamps, i.e. Glyptostrobus europaeus, Byttneriophyllum tiliifolium, Alnus menzelii, and other accompanying ele-
ments, i.e. ferns, Pronephrium stiriacum, Osmunda parschlugiana, were all recorded here. At the same time numerous
additional taxa, i.e. Acer tricuspidatum, Cercidiphyllum crenatum, Ulmus braunii, Quercus pontica miocenica and
Musophyllum tárkányense were recorded here, as well. This is the oldest record of the swamp flora and vegetation that dis-
played already the floristic composition characteristic throughout the Pannonian. 

However, the flora is still relatively species-rich and comprises additional swamp and aquatic taxa that were either pres-
ent exclusively in this flora and disappeared in younger floras, or were recorded from floras of the Early Pannonian, e.g.
Cercidiphyllum from Rudabánya.

Gyöngyös

In the old collection of the Hungarian Natural History Museum, a single leaf specimen labelled “Gyöngyös -
Silbermann Mine” was found. Several mines exploited lignite from the Bükkalja sequence in the area of Gyöngyös; this
shaft produced lignite between 1919 and 1925 (SZABÓ et al. 2004).  

Lithostrat igraphy: Bükkalja Formation.
Age: 7.5–6.7 Ma.

Flora:
Platanus leucophylla (UNGER) KNOBLOCH

The remain suggests that a riparian forest dominated by Platanus leucophylla must have been present, which accompa-
nied the predominantly swamp vegetation. This is the sole occurrence of the species in Northern Hungary. 

Győr-Sashegy

A relatively large collection of plant fossils from Győr-Sashegy is deposited in the Savaria Museum, Szombathely.
Plant remains were collected by Ernő Horváth several decades ago, unfortunately without any detailed information on the
exact location. The flora is first published in this monograph.

Sashegy is located in the south-eastern part of the town of Győr. Pleistocene gravel was mined here, and the underlying
fluvial Pannonian layers were exposed in the bottom of a gravel pit (Kordos, personal communication 2013). The plant fos-
sils most probably came from these Upper Miocene beds.

Lithostrat igraphy:  Zagyva Formation.
Age: 7.5–7.0 Ma.

Flora:
Liquidambar europaea A. BRAUN

Platanus leucophylla (UNGER) KNOBLOCH

Ulmus carpinoides GÖPPERT emend. MENZEL

Cercidiphyllum crenatum (UNGER) BROWN

Acer subcampestre GÖPPERT

Acer sp. fructus
Vitis sp.
Monocotyledonae gen. et sp.
The locality yielded a flora typical of riparian habitats during the Pannonian. The fossil assemblage is well-preserved

and comprises high number of specimens, however, indicates a relatively low diversity with the dominance of species char-
acteristic of the riparian vegetation type, e.g. Liquidambar europaea, Platanus leucophylla, Ulmus carpinoides. Additional
species occur only rarely, e.g. Acer subcampestre, Cercidiphyllum crenatum, and Vitis sp.
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¬Text-figure 9. Floristic composition of locality Felsőtárkány a) Quercus sp. fructus, b) Acer tricuspidatum, c) Cercidiphyllum sp. fruc-
tus. d) Pronephrium stiriacum, e) Quercus pontica miocenica, f) Alnus menzelii, g) Quercus pontica miocenica, h) Cercidiphyllum crena-
tum i) Musophyllum tárkányense, j) Osmunda parschlugiana, k) Byttneriophyllum tiliifolium, l) Salix varians 
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Text-figure 10. Floristic composition of locality Győr-Sashegy a) Platanus leucophylla, b) Acer subcampestre, c)
Liquidambar europaea, d) Acer sp. fructus, e) Vitis sp., f) Ulmus carpinoides



Hatvan

The brickyard claypit of Hatvan is located NE of the town. RÁSKY (in GAÁL 1943) published the photographs of Fagus
sp. and Betula brongniarti from the outcrop. Poorly preserved plant remains, kept in the Savaria Museum of Szombathely,
were collected by Ernő Horváth in Hatvan, most probably also from the sandy-clayey sediments of the brickyard. In spite of
its poor preservation, the flora provides good additional information about the “non-lignite” floras of Northeast Hungary.
The flora is first published in this monograph.

The sketchy profile of the brickyard outcrop was published by VIGH (1939), GAÁL (1943), and more recently by BERNOR

et al. (2003b). The outcrop consists of clay, sand, and sandstone layers, some of them with fossils of freshwater molluscs.
The plant remains, as well as the mammal bones, were yielded by grey clay, overlain by cross-bedded sandstone. The whole
sequence was interpreted to have been deposited in floodplain and freshwater, shallow lacustrine environments. The cross-
bedded sand indicates either fluvial or beach setting (BERNOR et al. 2003b). 

Lithostrat igraphy: Bükkalja Formation.
Age: 7.5–6.7 Ma.

Flora:
Alnus sp. 
Ulmus sp. 
The poorly preserved leaf remains corroborate that wetland vegetation occupied extensive areas in the northern part of

the basin. The absence of Glyptostrobus fossils suggests that the vegetation represented by this assemblage did not belong
strictly to swamp forests.

Hévíz 

This specimen comes from a 4 km long and 1 km wide, north–south trending sandstone ridge that follows the western
margin of the Keszthely Mts, and includes the fossiliferous localities of Cserszegtomaj and Karmacs as well (BUDAI et al.
1999). 

In the old collections of the Bakony Museum at Zirc, one specimen collected by Béla Dornyay from the Pannonian layers
of Hévízszentandrás was found (currently the village belongs to the town of Hévíz).  

Lithostrat igraphy:  Somló Formation.
Age: 9.6–8.7 Ma.

Flora:
Platanus leucophylla (UNGER) KNOBLOCH

Together with specimens from Diszel and Karmacs, this occurrence shows the wide distribution area of P. leucophylla
during the Pannonian.

Hosszúpereszteg

Hundreds of plant specimens were collected by Ernő Horváth from the locality Hosszúpereszteg in the early 1970s.
The specimens, although undetermined, are inventoried and stored in the Savaria Museum, Szombathely. The flora is
first published in this monograph. 

Although the plant bearing sediment is sandy and oxidized, and the leaf remains are thus poorly preserved, impressions
of fruits are preserved in much higher number here than in other localities. 

The outcrop displays cross-bedded fluvial sand with fossils of freshwater and terrestrial molluscs and large land mam-
mals, such as Deinotherium and Hipparion (KRETZOI 1982).

Lithostrat igraphy:  Zagyva Formation.
Age: 7.5–7.0 Ma.

Flora:
Liquidambar europaea A. BRAUN

Platanus leucophylla (UNGER) KNOBLOCH

Platanus sp. fruit
Quercus kubinyii (KOVÁTS ex ETTINGSHAUSEN) BERGER

Quercus sp.
Quercus sp. fructus
Alnus sp.
Ulmus carpinoides GÖPPERT emend. MENZEL

Ulmus braunii HEER
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Acer subcampestre GÖPPERT

Salix varians GÖPPER

The flora from Hosszúpereszteg is a unique assemblage documenting the mesophytic forest vegetation. Several leaf
and fruit remains belonging to the genus Quercus suggest that this area must have been a refuge of the mesophytic veg-
etation. On the other hand, members of the riparian vegetation typical of the Pannonian were also found, i.e.
Liquidambar europaea, Platanus leucophylla, Ulmus carpinoides, and some other accessory elements.

Iharosberény 

The borehole Iharosberény–I was drilled with continuous coring by the Geological Institute of Hungary in 1987. The
well penetrated the Upper Miocene between 24 and 1377m (SACCHI & MÜLLER 2004). Leaf remains from the cores down to
606.9m were collected by Áron Jámbor. 

The stratigraphy of the Iharosberény borehole with sedimentological, cycle stratigraphic, and magnetostratigraphic
interpretations was published in several papers (LANTOS et al. 1992; JUHÁSZ et al. 1996, 1997, 1999; SACCHI et al. 1998, 1999,
MAGYAR et al. 1999b, SPROVIERI et al. 2003, SACCHI & MÜLLER 2004).

The fossil plant bearing interval displays a characteristic cyclicity with 5–12m thick genetic units, showing aggradation-
al stacking patterns. These sediments are interpreted to have been deposited in delta plain environment (JUHÁSZ et al. 1996,
1997, 1999).

Lithostrat igraphy: Újfalu Formation.
Age: 7.3–6.5 Ma.

Flora:
Osmunda parschlugiana (UNGER) ANDREÁNSZKY

Glyptostrobus europaeus (BRONGNIART) UNGER

cf. Alnus cecropiifolia (ETTINGSHAUSEN) BERGER

Alnus sp.
cf. Myrica lignitum (UNGER) SAPORTA

Salix varians GÖPPERT

Byttneriophyllum tiliifolium (A. BRAUN) KNOBLOCH & KVAČEK

Monocotyledonae gen. et sp.
The flora of Iharosberény comprises elements of a swamp vegetation characteristic of the Pannonian in the

Transdanubian region. Dominant elements, e.g. Glyptostrobus, Alnus, Byttneriophyllum and Osmunda, are shared by
Dozmat, and only few additional taxa that are all confined to wetland vegetation types, appear in this flora. The flora was
first published by HABLY (1992c).

Karmacs

In an abandoned quarry near Karmacs, Gábor Csillag had discovered plant remains and later Lilla Hably collected some
fossils. Relatively few fossil specimens were found in the grey, coarse-grained, compacted sandstone that forms a ridge
between Hévíz and Karmacs (for more information see locality Cserszegtomaj). Fossils are generally poorly preserved but
preservation seems to be taxon-dependent (see chapter “Taphonomy”). The flora is first published here.

Lithostrat igraphy:  Somló Formation.
Age: 9.6–8.7 Ma

Flora:
Platanus leucophylla (UNGER) KNOBLOCH

Alnus sp.
cf. Myrica lignitum (UNGER) SAPORTA

Ulmus braunii HEER

Populus populina (BRONGNIART) KNOBLOCH

Monocotyledonae gen. et sp.
The flora of Karmacs, and other assemblages (Diszel-Hajagos, Hévíz) from the northern region of the Balaton indicate

riparian vegetation cover dominated by Platanus leucophylla and Ulmus braunii. The considerably few records of Populus
populina, which is a rare element in the Hungarian Pannonian, were documented from this locality and Sé. This species is
assumed to be a member of the riparian vegetation. Poorly preserved, uncertain remains of Myrica suggest that swamp habi-
tats probably also existed in the close vicinity of the site.
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Kerecsend 

Several leaf fossils were collected in the 1960s from an old clay pit near the village of Kerecsend in Northern Hungary,
within the Mátra–Bükkalja lignite area. This collection is reposited in the Mátra Museum in Gyöngyös, and in the Savaria
Museum in Szombathely. The relatively well-preserved leaf impressions were embedded in yellow clay. The flora was part-
ly published by ANDREÁNSZKY (1952).

Unfortunately, the locality is not accessible any more, because the clay pit was filled up.
Lithostrat igraphy: Bükkalja Formation.
Age: 7.5–6.7 Ma.

Flora:
Pteridophyta gen. et sp. 
Ginkgo adiantoides (UNGER) HEER
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Text-figure 11. Floristic composition of locality Karmacs a) cf. Myrica lignitum, b) Ulmus braunii, c)
Platanus leucophylla, d) Platanus leucophylla



Glyptostrobus europaeus (BRONGNIART) UNGER

Alnus cecropiifolia (ETTINGSHAUSEN) BERGER

Alnus sp.
Salix varians GÖPPERT

Byttneriophyllum tiliifolium (A. BRAUN) KNOBLOCH & KVAČEK

Monocotyledonae gen. et sp.
The fossil assemblage from Kerecsend located in Northern Hungary, close to the Mátra–Bükkalja lignite area, repre-

sents wetland vegetation typical of the Pannonian. Characteristic elements of this flora, Glyptostrobus europaeus, Alnus
cecropiifolia and Byttneriophyllum tiliifolium are shared by other floras, e.g. Dozmat and Iharosberény in the
Transdanubian region. In addition to the dominant and most characteristic elements there are some other taxa that were
common during the Late Miocene. The presence of Ginkgo adiantoides is noteworthy. The occurrence of Ginkgo fossils
(Bükkábrány, Kerecsend, Rózsaszentmárton, Rudabánya, Visonta) suggests that its distribution must have been restricted to
Northern Hungary during the Late Miocene of the Pannonian Basin.

Mindszentkálla

A small flora, consisting of impressions of pine cones and leaves, and a mollusc fauna with moulds of large, thick-
shelled molluscs (Congeria pancici, Lymnocardium cf. schedelianum, Lymnocardium sp., Unio atavus, Melanopsis cf.
fossilis) were found and saved by the workers of a sandstone quarry at Mindszentkálla in the north-western margin of the
Kál Basin during the mid-1980s (MAGYAR 1988). The hard, tightly cemented, pebbly sandstone was originally deposited
in wave-reworked sandy beaches and sand bars, and belongs to the same rock body as the sand of Diszel - Kula Hill out-
crop (TÓTH et al. 2010). The sand in Mindszentkálla and in other localities of the Kál Basin, however, was silicified in
irregular and discontinuous zones and lenses. Cementation was controlled by the groundwater table, and took place most
probably in the Early Pleistocene (RUSZKICZAY-RÜDIGER et al. 2011, ANDRÁS 2012). Subsequent erosion of these ground-
water silcretes led to the formation of the wind-blown “stone fields”, a specific geomorphological feature of the Kál
Basin.

Lithostrat igraphy: Kálla Gravel Formation.
Age: ca. 10 Ma.

Flora:
Picea sp.
Pinus sp.
Leguminosae gen. et sp.
Monocotyledonae gen. et sp.
The assemblage is dominated by cones assigned to Pinus and Picea. These fossils show relation in part with the

modern maritime pine, Pinus pinaster widespread in the western, south-western Mediterranean region, and in part with
Pinus heldreichii growing today in the subalpine mountains of the Balkans and southern Italy, at an altitude of
1800–2400m.

Pécs-Danitzpuszta

The locality has been known as a textbook example of significant intra-Pannonian tectonic movements along the South
Mecsek Line since the 1950s (VADÁSZ 1953, CSONTOS et al. 2002). In the outcrop, strongly tilted (almost vertical) white and
grey marls are overlain by limonitic sand layers of changing tilt, probably with an unconformity representing significant hia-
tus. Whereas the sand is well-known about its reworked marine vertebrate fossils (KAZÁR et al. 2007, KONRÁD et al. 2010),
the fossils of the marl, including the plant remnants, are much less known. 

The marl was deposited in the sublittoral zone of Lake Pannon. The determination of its abundant mollusc fauna is in
progress.  

Lithostrat igraphy: ?Endrőd Formation.
Age: 10.5 Ma.

Flora:
Myrica lignitum (UNGER) SAPORTA

The specimens discussed in this volume were collected recently by Krisztina Sebe. All the leaves, even fragmentary
ones, are assigned to Myrica lignitum, which indicate the prevalence of swamp habitats.
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Pécs, Nagyárpád

Nagyárpád, once an independent village south of Pécs, was a classic locality of Lake Pannon molluscs: 10 new bivalve
species were described from here in the second half of the 19th century (HÖRNES 1859–1867, FUCHS 1873, LŐRENTHEY 1894).
The present-day outcrop is a 30m long and 14m high sand pit at the southern end of the village. The exposed sediments range
from fine-grained sand to fine-grained silt, and represent the littoral to sublittoral environments of Lake Pannon (SZÓNOKY

et al. 1999). A laminated level in a medium-grained silt layer (Layer 7 in SZÓNOKY et al. 1999) yielded deciduous leaf rem-
nants. These laminites were deposited in a restricted, oxygene-depleted environment, without benthic fauna and biotuba-
tion.

Lithostrat igraphy: ?Somló Formation.
Age: 7–6 Ma.

Flora:
Fagus haidingeri KOVÁTS emend. KNOBLOCH

Quercus sp.
Carpinus betulus L. fossilis
Acer cf. tricuspidatum Bronn
Salix varians GÖPPERT

Populus populina (BRONGNIART) KNOBLOCH

Although, this is a small flora comprising poorly preserved fossils from the Mecsek Mts, it is significant owing to the
high number of specimens assigned to Fagus haidingieri, as well as the presence of Quercus. Fruits of Carpinus were
recorded exclusively from this locality. The presence of these three genera indicates that this area served as a refugium of
the mesophytic flora elements during the Pannonian. Moreover, it confirms that “inselbergs” of this region played signifi-
cant role in the survival of the mesophitic flora during greatest expansions of Lake Pannon. Riparian elements, like Salix
and Populus rarely occurred.

Rózsaszentmárton (Petőfi Mine) 

A high number of plant remains were collected from the waste-heap of the mine, and deposited in the Mátra
Museum, the Hungarian Geological Institute, and the Eötvös Loránd University. The latter collection was later donated
to the Hungarian Natural History Museum. The flora of Rózsaszentmárton was studied and published by PÁLFALVY

(1952, 1965c, 1981) and VÖRÖS (1955). Because these publications are often poorly documented with lists of taxa but
without inventory numbers and illustrations, the entire Rózsaszentmárton material is reinvestigated in the present
study.

One of the largest underground lignite mines cut into the Bükkalja sequence in the southern foothills of the Mátra
Mountains was operated near Rózsaszentmárton, between 1917 and 1968 (SZABÓ et al. 2004). 

The stratigraphy and structure of the Bükkalja sequence in the area was described in detail by VIGH (1939). In
Rózsaszentmárton, the lignite seams are separated by bluish grey or greenish grey clay and sandy clay layers. The mollusc
fauna is dominated by freshwater and terrestrial forms, but brackish cardiids (Lymnocardium, Plagiodacna, Pontalmyra,
Prosodacnomya) also occur in some layers mainly towards the south and east, where there is more sand in the sequence
(PÁLFALVY 1952, VIGH 1939). 

Lithostrat igraphy:  Bükkalja Formation.
Age: 7.5–6.7 Ma.

Flora:
Equisetum sp.
Ginkgo adiantoides (UNGER) HEER

Glyptostrobus europaeus (BRONGNIART) UNGER

Pinus sp.
cf. Fagus haidingeri KOVÁTS emend. KNOBLOCH

Alnus sp.
Engelhardia macroptera (BRONGNIART) UNGER

Ulmus braunii HEER

Ulmus sp.
Ulmus sp. fructus
Ulmaceae gen et sp. 
Trapa pannonica sp. nov.
Trapa rozsaszentmartoni sp. nov.
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Acer vindobonensis (ETTINGSHAUSEN) BERGER

Acer tricuspidatum BRONN

Salix varians GÖPPERT

Byttneriophyllum tiliifolium (A. BRAUN) KNOBLOCH & KVAČEK

Potamogeton martinianus SITAR

Monocotyledonae gen. et sp.
A high number of plant remains were collected from the waste-heap of the mine, and deposited in the Mátra

Museum, the Hungarian Geological Institute, and the Eötvös Loránd University. The latter collection was later donated
to the Hungarian Natural History Museum. The flora of Rózsaszentmárton was studied and published by PÁLFALVY

(1952, 1965c, 1981) and VÖRÖS (1955). Because these publications are often poorly documented with lists of taxa but
without inventory numbers and illustrations, the entire Rózsaszentmárton material is reinvestigated in the present
study.

The typical swamp forest vegetation is clearly represented by Glyptostrobus europaeus, Byttneriophyllum tiliifolium,
Alnus sp., and other swamp elements, e.g. Equisetum sp. Remains of Salix, Ulmus and Acer tricuspidatum were also
encountered, which were putatively elements of swamp or deep riparian forests. Aquatic vegetation is indicated by fruits
and leaves of Trapa and fossils of Potamogeton. Ginkgo is a rare accessory element, but it appears in several Pannonian
assemblages in Northern Hungary. Engelhardia macroptera is assumed as a relict species in the Pannonian floras, with a
sole occurrence in the flora of Rózsaszentmárton. Evaluated as a thermophilous element, its presence confirms a warm
temperate climate during the Pannonian. Another important element is Fagus, however, its occurrence in the assemblage
is doubtful, and still awaits confirmation due to poor preservation. Fagus is a mesophytic element, and it is better repre-
sented in the Sarmatian record. Its survival through the Pannonian is indicated by the single, well-preserved and docu-
mented record from Alcsút.

Rudabánya

Rudabánya is one of the most important Eurasian localities of the early phase of hominization (BERNOR et al. 2003a).
The flora of the outcrops was collected and published by Pálfalvy (NAGY & PÁLFALVY 1961; KRETZOI et al. 1976; PÁLFALVY

1980, 1981). These publications, however, generally contained pure taxonomic lists and lacked additional documentation,
such as inventory numbers and photographs. The collection was therefore revisited and results of the revision are presented
here.

At the time of deposition of the fossiliferous layers, the Borsod Basin was an embayment of Lake Pannon where the alter-
nation of terrestrial environments and lacustrine floodings led to the formation of extensive swamps and bogs (KORDOS

1982). The Pannonian sequence in Rudabánya starts with a 3–4m thick basal detritus (sideritic clay with gravel layers) blan-
keting the uneven surface of the Lower and Middle Triassic basement. The overlying 8–10m thick, clayey-sandy series con-
tains 8 lignite seams (KRETZOI et al. 1976; KORDOS 1982). 

Most of the fossils were found in the upper black mud layers and the underlying grey and black clays. The clays contain
black; organic-rich intercalations accumulated under low-energy depositional conditions, such as those prevailing in a
calm, shallow lake (ERDEI et al 2011). KRETZOI et al. (1976) observed that the clay layer yielding the richest plant material
completely lacked fossils of bivalves and non-pulmonate aquatic snails, and ostracods and fish remains were extremely rare.
They concluded that the depositional environment was a stagnant, oxygen-poor water body, the bottom of which was cov-
ered by decaying organic mud. The fossils found in these sediments tend to be fairly complete. Remains of animals were
deposited shortly after death under low-energy conditions, probably close to the water’s edge. Occasionally large tree
trunks and other plant parts, accompanied by disarticulated bones and isolated teeth, were washed into the site with consid-
erable energy, which is typical of seasonal flooding. 

Lithostrat igraphy:  Edelény Formation.
Age: 10 Ma.

Flora:
Osmunda parschlugiana (UNGER) ANDREÁNSZKY

Ginkgo adiantoides (UNGER) HEER

Glyptostrobus europaeus (BRONGNIART) UNGER

Daphnogene sp.
Alnus menzelii RANIECKA-BOBROWSKA

Alnus GAUDINi (HEER) KNOBLOCH & KVAČEK

Alnus sp. male catkins
Carpinus grandis UNGER emend. HEER

Ulmus sp.
Zelkova zelkovifolia (UNGER) BŮžEK & KOTLABA
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Cercidiphyllum crenatum (UNGER) BROWN

Cercidiphyllum sp. fructus
Trapa silesiaca GÖPPERT

Acer subcampestre GÖPPERT

Acer vindobonensis (ETTINGSHAUSEN) BERGER

Acer sp. fructus
Mastixia amygdalaeformis (SCHLOTHEIM) KIRCHHEIMER

Salix varians GÖPPERT

Byttneriophyllum tiliifolium (A. BRAUN) KNOBLOCH & KVAČEK

Banisteriaecarpum giganteum (GÖPPERT) KRÄUSEL

Nyssa disseminata (LUDWIG) KIRCHHEIMER

Stratiotes tuberculatus C. & E. M. REID

Potamogeton martinianus SITAR

The flora of Rudabánya shows numerous common elements and it is quite similar to several other Pannonian floras.
The swamp assemblage characteristic of the Pannonian vegetation, with Glyptostrobus europaeus, Alnus div. sp., and
Byttneriophyllum tiliifolium, is well-represented. This assemblage comprises Osmunda parschlugiana and Banisteriae-
carpum giganteum, which latter is considerably rare in the Hungarian floras. In spite of this, it is described as character-
istic element of Pannonian floras (see Systematic descriptions), and its occurrence is always accompanied by leaves of
Byttneriophyllum. Aquatic associations are represented by Trapa heerii, Stratiotes tuberculatus and Potamogeton mar-
tinianus. Ginkgo, Salix, Ulmus, Cercidiphyllum and Acer represent wetland vegetation. Most of them are frequent ele-
ments in the Pannonian floras, with two exceptions, Ginkgo, the area of which is limited to Northern Hungary, and
Cercidiphyllum, which shows mass occurrence in Rudabánya. Another flora, similarly dominated by Cercidiphyllum, is
Felsőtárkány, which confirms that this species was characteristic of early Pannonian floras. It is noteworthy that elements
of “Late mastixioid floras” were recorded, as well. Species of Daphnogene and Mastixia appear in the flora as relicts
(HABLY & ERDEI submitted). The youngest occurrence of the genus Daphnogene inside the Pannonian Basin is recorded
from this flora. Moreover, the sole occurrence of Mastixia in the Pannonian Basin has been proved here. Zelkova zelkovi-
folia was also recorded in Rudabánya, though, with just a single specimen. This indicates that Zelkova must have survived
in refuges of the Pannonian Basin, nevertheless, a higher occurrence of Zelkova was proved from marginal areas of the
basin.

Sé

Near the small village of Sé, Ernő Horváth collected numerous plant remains, which are stored in the Savaria Museum,
Szombathely. The leaf impressions are preserved in yellow clay, with well observable details of leaf morphology. The flora
was partly published by HORVÁTH (1971–72). Sé is located immediately next to Torony and Dozmat, in a zone where the
Torony lignite-bearing sequence is exposed under a thin Quaternary cover. For more details see the description at Dozmat.  

Lithostrat igraphy: Torony Lignite Formation.
Age:  7.3–6.7 Ma.

Flora:
Pronephrium stiriacum (UNGER) KNOBLOCH & KVAČEK

Osmunda parschlugiana (UNGER) ANDREÁNSZKY

Glyptostrobus europaeus (BRONGNIART) UNGER

Liquidambar europaea A. BRAUN

Platanus leucophylla (UNGER) KNOBLOCH

Quercus kubinyii (KOVÁTS ex ETTINGSHAUSEN) BERGER

Myrica lignitum (UNGER) SAPORTA

Alnus menzelii RANIECKA-BOBROWSKA

Salix varians GÖPPERT

Populus populina (BRONGNIART) KNOBLOCH

Monocotyledonae gen. et sp.
The flora of Sé represents various plant assemblages. The characteristic swamp association was documented with

Pronephrium stiriacum, Osmunda parschlugiana, Glyptostrobus europaeus, Myrica lignitum and Alnus menzelii, however,
it is noteworthy, that Byttneriophyllum tiliifolium was not recorded. The flora of Balatonszentgyörgy shows similar charac-
ter and both localities contain Myrica lignitum. This may suggest that Myrica and Byttneriophyllum were accompanying
elements during the Pannonian. Another association with Liquidambar europaea and Platanus leucophylla suggests ripari-
an vegetation characteristic of the Pannonian. Populus and Salix were potential members of this association. The occurrence
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of Quercus kubinyii indicates the presence of mesophytic forest vegetation; however, it must have played a subordinate role
in vegetation cover.

Sótony 

A large material of fossil leaves was collected and partly published from Sótony by Ernő Horváth (HORVÁTH 1958, 1961,
1963).

Lithostrat igraphy: Zagyva Formation.
Age: 7.5–7.0 Ma.

Flora:
Salix varians GÖPPERT

Monocotyledonae gen. et sp.
Despite the size of the collection, the flora seems to be highly monotonous, and dominated by remains of Salix.

HORVÁTH (1963) distinguished various species of Salix, and mentioned a few other taxa, but due to poor preservation of
leaves these data cannot be confirmed. The assemblage indicates a riparian type of vegetation of low diversity.

Tihany-Fehérpart

The locality is situated close to the shore of Lake Balaton, 1600m to the south–south-east of the Tihany harbour. Plant
remains were found for the first time by MÜLLER & SZÓNOKY (1988, 1989), later HABLY (1992a) collected fossils from the
outcrop.

The Fehérpart outcrop is probably the most thoroughly examined Pannonian outcrop in Hungary. The history of its cen-
tury-old study was recently summarized by SZTANÓ et al. (2013). 

The almost vertical, 30m high wall consists of fine sand and silt layers, building several-metres-thick sedimentary
cycles. A complete cycle starts with layers deposited in agitated water, at about the depth of the wave base, usually with a rel-
atively diverse lacustrine fauna. The overlying layers reflect deposition in increasingly shallow water, and display a coarsen-
ing-upward pattern. The cycle is closed by marsh sediments, organic-rich, dark-coloured layers with purely freshwater,
paludal fauna. These cycles correspond to lacustrine parasequences, formed on the delta front or in inter-distributary bays to
delta-plain swamps and distributary channels, under the combined influence of high-frequency lake-level changes of a few
metres amplitude, intense sediment supply, and small-scale changes in the patchy environment (SZTANÓ et al. 2013).

Li thostrat igraphy:  Tihany Formation.
Age: 8.3–8.0 Ma.

Flora:
Liquidambar europaea A. BRAUN

Platanus leucophylla (UNGER) KNOBLOCH

Alnus ducalis GAUDIN emend. KNOBLOCH

Alnus gaudini (HEER) KNOBLOCH & KVAČEK

Alnus sp.
Juglans acuminata A. BRAUN ex UNGER

Ulmus braunii HEER

Acer jurenakii STUR

Salix varians GÖPPERT

Smilax weberi WESSEL in WESSEL & WEBER

Monocotyledonae gen. et sp.
The flora of Tihany represents the characteristic riparian vegetation type of the Pannonian. Major elements of this

assemblage are Liquidambar europaea, and Platanus leucophylla, and other taxa join this “core-assemblage”. Taxa indicat-
ing swamp habitats were not recorded. Alnus ducalis, a characteristic element of the flora, occurs in several European floras
(see in Systematic part); however, among the Pannonian floras of Hungary it was recorded exclusively from Tihany.
Similarly, another noteworthy element, Smilax weberi was described only from Tihany. It is a thermophilous element, and
presumably possessed a liana growth habit, which indicates the presence of the liana level in the vegetation structure. The
flora was first published by HABLY (1992a).

Tiszapalkonya

The borehole Tiszapalkonya–I is one of the dozen stratigraphic test borehole drilled with continuous coring by the
Geological Institute of Hungary in the 1980’s. Leaf remains from the cores between 1487–1970m were collected by Áron
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Text-figure 12. Floristic composition of locality Tihany a) Alnus gaudini, b) Smilax weberi, c) Liquidambar
europaea, d) Platanus leucophylla, e) Juglans acuminata, f) Acer jurenakii, g) Salix varians, h) Alnus ducalis



Jámbor. Although the plant fossils are poorly preserved with only a few identifiable specimen, the flora is clearly dominated
by the most characteristic elements of the Pannonian.

The stratigraphic column of the borehole Tiszapalkonya–I with sedimentological, cycle stratigraphic, and magne-
tostratigraphic interpretations was published in several papers (JUHÁSZ et al. 1996, 1997, 1999; ELSTON et al. 1990, 1994;
POGÁCSÁS et al. 1988, 1989, 1994; LANTOS et al. 1992). The lower part of the inerval (1970–1600m) is dominated by marly
silt with thin sand intercalations, and is interpreted to have been deposited in a low-angle basin slope (“lower aggradational
unit” in JUHÁSZ et al. 1996, 1997). The upper part (1600–1487m), however, contains much more sand in coarsening-upward
cycles, and thin lignite seams. This part was deposited on the shelf, in deltaic environments (“progradational unit” in JUHÁSZ

et al. 1996, 1997).
Lithostrat igraphy:  Algyő Formation (1970–1600m), Újfalu Formation (1600–1487m).
Age: 10.5–9.5 Ma

Flora:
Glyptostrobus europaeus (BRONGNIART) UNGER

Nymphaeaceae gen. et sp.
Alnus cf. cecropiifolia (ETTINGSHAUSEN) BERGER

Alnus sp.
Ulmus braunii HEER

Acer subcampestre GÖPPERT

Acer tricuspidatum BRONN

Salix varians GÖPPERT

Byttneriophyllum tiliifolium (A. BRAUN) KNOBLOCH & KVAČEK

Monocotyledonae gen. et sp.
The typical swamp assemblage with Glyptostrobus europaeus, Alnus cf. cecropiifolia, Alnus sp., and Byttneriophyllum

tiliifolium is well represented, and elements indicating the riparian vegetation, i.e. Ulmus braunii, Salix varians and Acer
also appear. The presence of aquatic habitats is assumed, as well, based on the occurrence of fossils belonging to the
Nymphaeaceae family. Composition of the flora supports the fact that swamp forests were widespread the in north-eastern
part of Hungary.

Visonta

The Visonta opencast mine is lying in the area of four settlements, Detk, Ludas, Karácsond and Halmajugra. The out-
crop exposes several parasequences of the Bükkalja sequence (SZOKOLAI 1982). Exploitation of the three major lignite
seams began in 1964. Clayey layers below Seam II yielded leaf remains, whereas clayey layers above the same seam yielded
leaves, fruits, and seeds, as well as a palynoflora (ERDEI et al 2011). Plant fossils have been collected since the 1960s, and
were published by PÁLFALVY & RÁKOSI (1979), LÁSZLÓ (1989), and BŮžEK & LÁSZLÓ (1992). Mainly fruit and seed flora was
collected and published, leaf remains only rarely came to light. In situ stumps similar to those discovered at Bükkábrány in
2007 (ERDEI et al. 2009) were also exposed in the opencast mine of Visonta (PÁLFALVY & RÁKOSI 1979), and were deter-
mined as Sequoioxylon gypsaceum (GOEPPERT) GREGUSS.

L i t h o s t ra t i g ra p h y:  Bükkalja Formation.
Age: 7.5–6.7 Ma

Flora:
Selaginella sp.
Equisetum sp.
Pronephrium stiriacum (UNGER) KNOBLOCH & KVAČEK

Osmunda parschlugiana (UNGER) ANDREÁNSZKY

Salvinia cf. intermedis NIKITIN ex DOROFEEV

Ginkgo adiantoides (UNGER) HEER

Glyptostrobus europaeus (BRONGNIART) UNGER

Taxodioxylon gypsaceum (GÖPPERT) KRÄUSEL

Pinus sp.
Tsuga sp.
Picea sp.
Abies sp.
Liriodendron sp.
Ranunculus sp.
Nymphaea szaferi KNOBLOCH

Nuphar palfalvyi BŮžEK & LÁSZLÓ
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Pseudoeuryale cf. dravertii DOROFEEV

Ceratophyllum dubium (LUDWIG) KIRCHHEIMER

Lycopus cf. europaeus L.
Decodon gibbosus (E. M. REID) E. M. REID

Actinidia faveolata C. & E. M. REID

Oenanthe sp.
Fagus decurrens C. & E. M. REID

Quercus sp.
cf. Prunus sp.
Alnus sp.
Alnus sp. cones
Carpinus sp. ex gr. betulus L.
Pterocarya sp.
Ilex sp. 
Cornus cf. gorbunovii DOROFEEV

Nyssa disseminata (Ludwig) KIRCHHEIMER

Sambucus pulchella C. & E. M. REID

Meliosma cf. wetteraviensis (LUDWIG) MAI

Caldesia cf. cylindrica (E. M. REID) DOROFEEV

Stratiotes tuberculatus C. & E. M. REID

Potamogeton sp. div. 
Spirematospermum wetzleri (HEER) CHANDLER

Carex sp. 
Hartziella miocenica SAFER

Salix varians GÖPPERT

Salix sp. bud.
Byttneriophyllum tiliifolium (A. BRAUN) KNOBLOCH & KVAČEK

Monocotyledonae gen. et sp.
A relatively diverse set of plant taxa were proved from this locality according to the fruit and seed assemblage (LÁSZLÓ

1989, BŮžEK & LÁSZLÓ 1992). Based on few leaf remains, the majority of taxa indicate the presence of aquatic habitats, i.e.
Salvinia, Nymphaea, Nuphar, Ceratophyllum, Caldesia, Stratiotes, Potamogeton, etc. However, swamp forest is also repre-
sented mainly by Glyptostrobus europaeus, Alnus sp. and Salix sp. Pterocarya, Ginkgo and several other species must have
been growing close to the lake. Fagus, Pinus, Picea and Abies formed forest vegetation at higher levels.
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