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Palynological Correlation of the Neogene of
the Central Paratethys

Development of the theme*

In 1990 an initiative of the International Secretariat of the Geological
Institute of Hungary made it possible to develop common scientific plans for
the Geological Institutes of the countries participating in the Alps-Adriatic
programme. For this reason | presented to the Pentagonale a plan of collabo-
ration of the Central Paratethyan Neogene palynologists of Hungary, Austria,
Yugoslavia and Czechoslovakia. | requested the palynologists of these coun-
tries to collaborate, what they accepted. The responsible organisation notified
us through official channels about the acceptation of the project. Shortly
afterwards the Polish palynologists requested in official way to join this
working group.

The organiser of the Pentagonale informed me that we would not get any
financial support unless from our own institutes. In spite of this fact the con-
tacts between the palynologists were continuous, we used all possible occa-
sions for collaboration. The bilateral agreements of our institutes for the
exchange of scientists gave us the possibility to visit our colleagues almost
yearly and to discuss our results. In 1992 Eva Planderova organised a sympo-
sium in Bratislava, where the results of our research work were presented.
These lectures were printed in a volume by the Dionys Stdr Geological Insti-
tute, Bratislava. In this volume ajoint paper was published from the data of
our Neogene palynological research work (Planderova et al. 1993). In 1992 |
published a chapter in my monograph about this subject: “Comparisons made
between the Neogene palynoflora of Hungary and of the surrounding areas”
(Nagy 1992, p. 367-372).

These summaries have not given satisfactory display of all palynological
problems of the Central Paratethyan Neogene. In one hand they have not
contained the whole region of the Central Paratethys: e.g. Romania was not
participating in the above mentioned working group, on the other hand some
of the participants (in the volume) do not belong to this territory, e.g. Belo-
russia. | took advantage of the opportunity of the Hungarian Research Found
(OTKA) for continuing the work on the theme. | tried to summarise the large
amount of palynological data, and to discover the palaeobotanical coher-
ences. This work was justified by Hungary’ central position and my enor-
mous experience.

* | wish to thank Géza Hdmor (Budapest) and Miklds Kedves (Szeged) for critical comments on the manuscript.



The geological basis of this work was provided by the “Neogene Palaeo-
geographic Atlas of Central and Eastern Europe” (Hamor et al. 1988), and
the table of Géza Hamor (1995, 1997) “The evolutional, palaeogeographical
and facies model of the Pannonian Basin with lithostratigraphic units” (A
Pannon medence neogén fejlédéstorténeti, 6sfoldrajzi és faciesmodellje, li-
tosztratigréfiai egysegekkel. /Hamor Géza 1995/.)

Palynological results of the individual countries
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Fig. 1. Sketch map of the countries dealt with in the present paper



Croatia

The map sheet No. 1 of the palaeogeographical atlas edited by Hamor et
al. (1988) contains the extension of the Egerian stage, namely the final state
of the Egerian sea according to oral information by Géza Hamor. The Egerian
sea was extended from Northern Hungary, with the adjacent territory of
Southern Slovakia, continued in the Danube bend, over the Buda Mountains,
followed in SW direction with a passage crossing Transdanubia in the direc-
tion of Croatia to Slovenia. In Slovenia it is of little extension and terminates
in the line of Istria. The connection was uncertain with the Transylvanian Ba-
sin, marked on the map with a “?”. Only in the southern part of the Great
Hungarian Plain was there a contact area.

In Croatia Secerov has palynological data from the Egerian (Chronostrati-
graphie und Neostratotypen, Miozan der Centralen Paratethys, Band V.
Egerien, pp. 160-163, 165-166) from the localities of the facies stratotype
Krapina-Radoboj-Golubova (author S. Muldini-Mamuzic). The localities are
brown coal bearing sequences. Secerov found only a small quantity of
spores, only 5 taxa Gleicheniaceae, Osmundacidites quintus, Polypodiaceae,
and Gymnospennae taxa can be mentioned Finns haploxylon, P. sylvestris
and Taxodiaceae (coaly facies). The angiosperms have been found in higher
quantity: Engelhardtia, Momipites punctatus (Triatriopollenites coryphaeus)
are very characteristic of the Early and Middle Miocene. Fewer pollen grains
are present from Carya, Pterocarya, Alnus, Tilia, Tricolpopollenites liblaren-
sis, Tricolporopollenites cingulum, Cyrilla, Nyssapollenites contortus (krus-
chi), Monocolpopollenites iranquillus, Plicatopollis plicatus, Intratriporo-
pollenites magnificus. There is a good figure on p. 166 (Abb. 31) about the
extension of the Egerian beds in Croatia. On the same figure also the occur-
rence of the Badenian beds is indicated. On the map Hamor 1995 Hungary
has contact SW with Croatia. On the map No. 3, in the Karpatian - Early
Badenian time, the marine sedimentation of the Central Paratethys continued
from the Hungarian Central Basin to Croatian territory. There were also ter-
restrial areas. From one of these derived Krizmanic‘s (1995) palynological
data, from the locality Gorja Jelenska, as verified by freshwater algae:
Botryococcus braunii Kiitz., Zygnemataceae div. sp., and freshwater vegeta-
tion e.g. Nymphaeaceae pollen grains. According to the sporomorphs the lo-
cality belongs to the Mecsekisporites main zone (Nagy 1992, p. 363-364).
The author found in the material Rudolphisporis and also Bifacialisporites
badenensis, which can be used to distinguish the two range zones. After the
Hungarian experience the material is probably of Karpatian age.



More uncertain is the stratigraphic position of the locality Krabavsko
Polje Lika (Jurisic-Polsak, Krizmanic et Hajek-Tadesse 1993). The palyno-
morphs are rather characteristic of the Early Miocene, even if some of them
occur, with 1-2 exemplars in the Late Miocene, too, e.g. ZelkovaepolJenites
thiergarti, Magnoliaepollenites simplex, Plicatopollis plicatus, Engel-
hardtioidites microcoryphaeus, Platycaryapollenites miocaenicus, Momi-
pites punctatus, Myricipites rurensis. Explicitly tropical flora elements e.g.
Sapotaceae, Symp/ocaceae are lacking. From the spores Leiotriletes, Laevi-
gatosporites, Lycopodiumsporites are mentioned without species names and
without any quantitative data. These beds are considered to be of freshwater
facies, but no planktonic organisms are mentioned. The other fossils (ostra-
cods, molluscs) have also not solved the stratigraphical problems. The con-
clusion of the authors was that these beds are Miocene, withoutmore precise
detennination.

Late Pontian localities were examined by Spoljaric (1952). Xylotomical
work was complemented with palynology. To the xylotomy he made photos,
but the palynological part was illustrated with drawings only. In North Croa-
tia East from VaraZdin three localities were examined: Ivanec, Pesceno,
Pitomaca. They are coal bearing sequences, without stratigraphical data.
Congeria sp. is mentioned without species determination, obviously after the
opinion of the geologists. Croatia is in the S part of the Pannonian Basin, in
all probability we have to do with the bed “F”, after Adolf Papp, the Congeria
balatonica, C. neumayri zone. According to the author’s communication the
material was gathered from coaly clay, so the samples are from freshwater
facies. The drawings (pp. 179-180) are identified as Ovoidites ligneolus
(Polygonum? by the author). The coal with three seams and with little coal
streaks, corresponds to Hungarian equivalents at Pet6fi mine (Nagy 1958),
Torony and the neighbouring territories (Draxler, Nagy et al. 1997). 11
genera of conifers, 17 genera of deciduous trees and shrubs, 5 genera from
herbs, water plants and many fungi, moss spores have been determined.
Naturally the majority of the sporomorphs belong to the Taxodiaceae. Two
types of Sequoia, Taxodium and perhaps Glyptostrobus were found. Tilia oc-
curs in great quantity, but the other deciduous trees are present only in few
exemplars what is evident in a swamp forest. Between the ferns there are
some thermophilic forms such as Schizaeaceae, Gleicheniaceae and
Sporonites haardtii, too.

The results of the palynological investigations in Croatia are very similar
to those in Hungary, but unfortunately the palynological examinations are
missing for some stages of the Neogene.



Slovenia

Marina de Costa Gram carried out palynological research in Slovenia on
the Neogene - from Badenian till Pontian - and she sent me her manuscript
in 1993. The research area was - according her figure - partly near to SW
Transdanubia (Dankovci, Benica, Petisovci), partly in the Zagreb Basin (Glo-
boko), where | had studied also some materials, requested by the Geological
Institute of Ljubljana.

The borehole Dankovci cut Badenian, Sarmatian, Pannonian and Lower
Pontian beds. Only two samples of the Badenian part of the section contained
palynological material. There were chiefly marine planktonic organisms:
Micrhystridium sp., Hystrichosphaeridia sp., Leiosphaeridia sp., Acritarcha
and other Dinojlagellata, Chytroeisphaeridia sp. and some undeterminable
bisaccate conifers. The material of the Sarmatian samples indicated a brack-
ish water sea (with Hidasia). The swamp forest is verified with sporomorphs
of Taxodiaceae, Nyssa, Myrica, Myriophyllum, Typha, Polypodiaceae, Os-
mundaceae. The great number of pollen grains of Alnus, Ulmus, Zelkova,
Celtis, Quercus, Fagus, Juglans, Ostrya refer to riparian forest. Less abun-
dant are llex, Oleaceae, Caryophyllaceae, Gramineae, Vitaceae, Araliaceae
and only sporadically are present the pollen grains of Ginkgo, Sciadopitys,
Ephedra, Liquidambar, Magnolia, Arecipites, Punica, Eucommia, Artemisia,
Plantago, Sapotaceae, Umbelliferae. The mountains are marked by the great
number of the pollen grains of conifers: Pinus, Picea, Abies, Tsuga, Cédrus
and Podocarpus.

The swamp forest in the Pannonian was very similar to that of the Sarma-
tian, only the Osmunda are missing, - contrary to Hungary. The Nym-
phaeaceae refer to a quiet water surface. By the riverside lived Alnus, Ulmus,
Carya, Pterocaiya and others. In the deciduous forest Fagus, Quercus, Tilia,
Juglans, Betula, Liquidambar, Carpinus, Ostrya were dominant. Rare were
Acer, llex, Arecipites, Magnolia. The underwood was composed by Composi-
tae, Ericaceae, Poaceae, Chenopodiaceae. Between the conifers dominated
the Pinus haploxylon and Pinus sylvestris; less common were Picea, Abies,
Cédrus, Podocarpus. Compared to Sarmatian there are less marine algae. In
the lower part of the Pannonian there is more brackish-water plankton
(Hystrichosphaeridae, Pleurozonaria sp., Pixidiella sp., Hidasia sp.), and
also some freshwater algae {Spirogyra sp., Ovoidites ligneolus, Botryococcus
braunii).

For the upper part of the Pannonian - after M. Siit6 (1985) - were charac-
teristic the different varieties of Spiniferites bentori, Gonyaulax digitale,



Chytweisphaeridia cariacoensis, C. tuberosa, Thalassiphora balcanica, Mil-
lioudodinium foveolatum, M. punctatum, Impagidinium globosum, Pontad-
iniwn pecsvaradensis, DinoflageUata “prevalvate” stage, but also Spirogyra
sp. is present. This zone in Slovenia corresponds to the upper part of the
Spiniferites bentori zone in Hungary.

The Pontian flora of the examined 5 boreholes according to de Costa
Grum, composed the coal seams, therefore it is very uniform. The narrow
coal seams are present everywhere in the Pontian, but they are most impor-
tant in the Upper Pontian. The palynological data are from a swamp in the
Lower Pontian. The swamp forest was composed by Taxodiaceae, Nyssaceae
and Polypodiaceae, and the riverside mixed deciduous forest - according to
the author - by Pinus, Picea, Abies, Cédrus, Quercus, Fagus, Liquidambar,
Juglans, Engelhardtia, Tilia, Acer, Betula, Myrica, Myriophyllum, Carpinus,
Corylus, Ulmus, Zelkova, Carya, Pterocarya, llex, Oleaceae, Ericaceae,
Gramineae. There are also brack-water algae present: DinoflageUata,
Hystrichosphaeridae, Gonyaulax digitale, Impagidinium spongiosum, 1.
globosum, different varieties of Spiniferites bentori, S. validus, Chyt-
roeisphaeridia cariacoensis, C. hungarica, C. tuberosa, Millioudodinium
punctatum, (M. Suté 1990) and freshwater algae: Cooksonella circularis,
Spirogyra sp. and a few Botryococcus braunii.

In the uppermost part of the Pontian there are more and more freshwater
algae: Zygnemataceae, Spirogyra sp., Mougeotia sp., Cooksonella circularis,
Tasmanitaceae and Botryococcus braunii. The DinoflageUata and Hys-
trichosphaeridae are very rare. On the fringes of the swamp forest deciduous
plants were living: Myrica, Carya, Pterocarya, Engelhardtia, Betula, Alnus,
Carpinus, Fagus, Quercus, Castanea, Ulmus, Celtis, Liquidambar, Acer,
Tilia, and Arecipites. The underwood was composed by Polygonaceae, Com-
positae, Poaceae. On the hillside between the conifers the Pinus sylvestris
and P. haploxylon are dominant, besides also Picea, Abies, Tsuga, Cédrus,
Podocarpus pollen grains are present.

The brown coal is very rich in sporomorphs. The Taxodiaceae are domi-
nant, but there are typical thermophilic elements, too: Polypodiaceae, Nys-
saceae, Myricaceae, Engelhardtia, Magnolia, Arecaceae. The paleoflora is
very similar to those known from the other parts of the Pannonian Basin.
There are quantitative differences as local phenomena.

According to the opinion of the author there was no significant change in
the palaeoflora from the Sarmatian till the Pontian. The palynological com-
position was changed from sample to sample independently from the age.

10



The differences can be traced back to faciological changes which are the con-
sequences of palaeogeographic changes.

The planktonic organisms in the Badenian are of marine character. In the
Sarmatian, Pannonian, Lower Pontian they are brackish and less numerous.
In the Upper Pontian the numbers of the freshwater plankton organisms and
of the angiospenn pollen grains are increasing.

Pantic referred to the palynological data (Weyland, Pflug et Pantic 1958)
of a Slovenian locality. In the NW part of Slovenia, near to Austrian bound-
ary is located Velenje, considered to be Pannonian. The age of the locality is
probably Pontian, as the age was inferred by Planorbis, Paludina and Masto-
don arvemensis remains. The list of the flora corresponds to the Hungarian
one, but there are no quantitative data. The palaeovegetation divided into
swamp, riparian, deciduous and hillside forests contains also subtropical,
tropical elements. The taxa mentioned are: Sciadopitys, Tsuga, Taxodiam or
Glyptostrobus, Cyrilla, Araliaceae or Cornaceae, Nyssa, cf. Parthenocissus.

The Slovenian palynological data have been produced by using the Hun-
garian palynological literature (see the references of de Costa Grum) and by
personal connections with the Hungarian palynologists. The nearly identical
palaeogeographical and palaeoclimatological circumstances of the two terri-
tories brought about nearly identical palaeofloras, as it is visible from the
Slovenian palynological literature.

Yugoslavia - Bosnia

The part of the Pannonian Basin east from Croatia is Serbia, from where |
have no Miocene palynological data.

In Bosnia a paper by Pantic et al. (1966) refers to palynological data of the
Egerian stage. In the terrestrial, lacustrine Zenice-Sarajevo Basin the Koscan
Series is marked as Oligo-Miocene. From this locality 28 taxa have been
mentioned after the nomenclature of Thomson et Pflug (1953). Out of these |
identificated 24 with the Hungarian material. The tropical elements among
them are Monocolpopollenites tranquillus, Myricipites rurensis, Momipites
punctatus (coryphaeus), Tricolporopollenites henrici, T. microhenrici, T. cin-
gulum, Nyssapollenites contortus (kruschi), Cyrillaceaepollenites megaexac-
tus. These facts support that both areas were in the subtropical zone. In
Hungary, North of the Egerian holostratotype there was a mountain chain
(Ostrovski-Vepor, Gemerida), while South of it the Paratethys sea. They pro-



ducted climatic circumstances like the “Riviera” has today. This supposition
is supported also by Pantic (1986, p. 420, the upper part of Fig. 1).

In Northern Bosnia the coal seam of Ugljevik has been ranged to the Chat-
tian on the basis of both the macroflora and the finding of Anthracotherium
minus (Weyland, Pflug et Pantic 1958). According to Pantic the fossil pollen
grains correspond to the lowermost Miocene of the country (leaf prints from
Ravna Reka, Banovci). Tropical elements are, Engelhardtia, Symplocaceae,
Rhus, Cyrillaceae, cf. Parthenocissus, Nyssa, Sapotaceae, Pa/mae. (Qualita-
tive data are missing). The 33 taxa by Pantic were identifiable with the Hun-
garian’s (from the holostratotype of Egerian 212 taxa were determined, Nagy
1992).

These localities are Early Miocene, but have no contact with the Para-
tethys, because according to the Eggenburgian map No. 2 (Hamor et al.
1988), there was no sea on the Balkan Peninsula. These Early Miocene layers
represent a continental facies. The palaeovegetation with the climate has to
settle the simultaneity.

In the Zenice-Sarajevo Basin the following palynological data are from
the Zenice-Kakanj-Breza Series with coal seams (Pantic et al. 1966). The
lower sample of the section named by the authors Mi - could be Eggenbur-
gian. In this sample 21 taxa have been found. In the upper sample there were
30 taxa, this could be Ottnangian. Both of them contained Divisisporites sp.,
which after Thomson et Pflug (1953) occurs in Germany in the Wehmingen
(Paleocene). Both samples are from coal facies, therefore in both there were
also pollen grains of Taxodiaceae, Myrica, Nyssa and Cyrillaceae.

The next sample of the Zenice-Kakanj-Breza Series in the Zenice-Sara-
jevo Basin is marked as Mz, could be ?Karpatian-?Badenian, with 23 taxa. A
common taxon with the previous, Ottnangian sample unit is Laevigato-
sporites discordatus (after Thomson et Pflug (1953) which occurs in Ger-
many in the Lower Paleogene). In flungary it is represented in few exemplars
in the Neogene from the Egerian till the Lower Badenian. The appearence of
the Corylus in the Badenian coincides with the Hungarian data.

The upper part of “die obermiozane Kohlenvorkommen Serie” marked
with Ms (Pantic et al. 1966) differs both from the main coal seam and from
the Pliocene part of the section. It has yielded so few fossils that it was im-
possible to determine the age more precisely. In this sample there were 23
taxa, many Laevigatosporites haardtii, spores of Osmnda, Pinas sylvestris
and Alnus pollen. This area is not a part of the Central Paratethyan region
after the map No. 3 (Hamor et al. 1988). It could be in the vicinity of the sea
only in Badenian time, when the coal series could have developed.
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In Northern Montenegro at Plevja there is also a coal series (Weyland,
Pflug et Pantic 1958). Pantic studied the plant macrofossils of the hanging
wall. The finding of Chalicotherium grande supported the Middle Miocene
age of the locality. The palynological detennination resulted in 34 taxa.
Tropical elements were Symplocaceae, Araliaceae or Cornaceae, Nyssa, cf.
Parthenocissus, cf. Rhus, Palmae. Also Corylus occurs here. The age of the
locality could be Early Badenian.

Despotovac is in Eastern Serbia (at longitude of 21° cca 25’ East and lati-
tude of 44° North). According to the map No. 4 (Hamor et al. 1988) and also
Weyland, Pflug et Pantic (1959) in the section of this locality marine and
freshwater layers alternate. The section contains 4 clay horizons. Horizon I
B was examined palynologically. Its age is “Tortonian-Sarmatian”. The hang-
ing wall of the coal is greyish green sandy clay with macrofauna of
Cerithium, Ervilia and ostracods, the microfauna consists of Nonion, El-
phidium, Rotalia beccarii, Miliola. The macroflora has been collected from
the hanging wall. In the opinion of Pantic this is a typical Tortonian-Sarma-
tian vegetation. The number of exines is 25. The Taxodiaceae are Glyp-
tostrobus (macrofossil), Sequoia or Cryptomeria. Besides there are pollen
grains of Pinus, Picea, Abies, Engelhardtia, Juglans, Carya, Ulmus, cf. Zel-
kova, Corylus, Betula, cf. Rhus, Phellodendron, Nyssa, cf. Parthenocissus,
Araliaceae or Cornaceae, cf. Catalpa, Palmae e.g.

The youngest part of the Zenice-Sarajevo Basin, the lignite of Rakovice-
Kasindol has been ranged into Pliocene (Pantic et al. 1966), marked as Lower
Pliocene. Here were identified 30 taxa, many Osmunda, Sabal and conifers.
Typical of the facies is the massive presence of Taxodiaceae, and Tsuga,
Picea and other conifers. There are many pollen grains of Corylus, Betula,
Carpinus, Quercus. For the first time in the Zenice-Sarajevo basin appear
Fagus, Salix and Symplocos, Sapotaceae. The fact that in Hungary in a Pan-
nonian section (borehole Berhida 3) | found also the pollen grains of the last
two families, confirmed the opinion of Pantic that before the Pontian time the
boundary of the subtropical climate was located in Northern Hungary (Pan-
tic, 1990, p. 81 in Chronostratigraphie und Neostratotypen, Band VIII. Pon-
tién).

North of the Fruskagora, Beocin | examined Pannonian samples. Margit
Korpés Haodi brought 5 samples for palynological examination in 1981 (Sa-
kotinac, Beocin, Grgeteg, Arau Jankuli). The results were published (Nagy et
Planderova 1965, pp. 586-615, in Chronostratigraphie und Neostratotypen,
Band VII. Pannonian). The beds of Congeria banatica correspond to the
Spiniferites bentori zone. The palynoflora of these samples is the same as that
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of the Pannonian in Hungary. In later examination of the borehole Berhida 3,
Western Hungary, as | mentioned above, also pollen grains of Symplocaceae
and Sapotaceae have been found in the Pannonian of Hungary.

The biostratigraphical ranging of the coal basin of Kreka, including also
Tuzla originated from Stefanovic (Weyland, Pflug et Pantic 1958). Of the
four coal seams the lowest one is Lower Pontian, the main seam and the
hanging rock belong to the lower part of the Upper Pontian, the hanging coal
seams and overlying clay and sand beds represent the upper part of the Upper
Pontian. The macroflora of the main coal seam has already been examined by
Engelhardt (1901), those of the somewhat younger horizon by Pantic (1956).
These studies were completed by the authors with palynology. 38 taxa have
been determined: spores, conifers (Taxodiaceae, Sciadopitys, Cedrus), angio-
sperms (Nyssa, Cyridaceae, Araliaceae or Cornaceae, Symplocaceae, cf.
Engelhardtia, Palmae?).

The southern prolongation of the Pannonian Basin in Serbia was divided
in Pontian time into two parts: 1) the Southern area Backa, Banat and the area
South of the Sava line, and 2) the East of the Carpathian-Balkan Mountains,
and the Western part of the Dacian Basin the Eastern Serbian area. These
areas were subdivided into different parts on the basis of geography and
ecology (Pantic et Dulic 1993), after Pantic’s experiences from Okefenokee
and the Everglades (USA). The flora is identical with the Hungarian one.
Even quantitative differences are not concluded from the text. Very important
is the description of leaves of Taxodium distichum and T. distichum var. nu-
tans. The letter has two types of needles: “needles characteristic of Glyp-
tostrobus (scale-like), and needles of a more sizable variety of Taxodium
(longer needles, usually on sprouts at the trunk). This seems to indicate a past
close affinity between the two genera which are more individualized at pre-
sent” (Pantic 1990, p. 875, and Pantic et Dulic 1993, p. 185). These morpho-
logical observations are very important, because the research work on the
recent genera may throw light on the separation of the fossil genera.

Nikolic (1966/ treated palynologically the soft brown coal basin in
Kosovo, and considers it Pontian, supported with Prosodacna (Prosodacna)
cf. vutskitsi Brus. molluscs. He has described 58 sporomorphs and found
freshwater algae: Spirogyra sp. and Ovoidites ligneolus. Also Mougeotia was
present, after his figures.

In the Pontian volume Pantic (1990) published three papers. In these he
summasrised the whole palaeobotanical knowledge concerning the Balkan
Peninsula, and in particular Yugoslavia. His own research work has been
complemented with other macro- and micropalaeobotanical data (D. Mihaj-
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lovic and Vera Pantic). The first article deals with the palaeoclimate (pp.
80-85). On Fig. 3 is represented the subtropical climatic belt before and after
the Pontian (referring to Walter 1984, Vegetation und Klimazonen, Fig. 160).
In his opinion before the Pontian the area between the 48-49° latitudes of the
Central Paratethys belonged to the subtropical zone. After the Pontian this
climatic belt moved down the Balkan to the shore of the Adriatic sea and
through Macedonia and Bulgaria, to the Black Sea. In the same article Fig. 4,
(p. 84) he shows the migration of the coal formation during the Pannonian
and Pontian, respectively in the Middle Pliocene. The Vienna Basin, the Slo-
vak territory and perhaps the foreland of the Matra Mountain could be corre-
lated (Nagy 1958). Palynological data proved that the coal forming occurred
in the Early Pontian in Métra foreland in the lignite area of Torony and Bur-
genland (Draxler, Nagy et al. 1996). Identically with us, Pantic has the same
opinion: the coals were fonned in the Bakony, Métra, Biikk Mts in the same
“oscillating” period. Pantic speaks also about a Pontian lignite area of the
Mecsek Mountains after Sité (1989). The palaeoclimate was suitable in the
Mecsek area for a swamp forest (see the pollen spectrum of the borehole Hi-
das 53, 73.3-89.5 m in Nagy 1969, 1992). Pantic mentioned as the third pe-
riod of the Pontian the Portaferrian where he ranged Kostolac, Kolubara and
the localities of Kreka, South of the Pannonian lake, and finally the fourth
and youngest the Macedonian (Greece).

The second article (pp. 294-299) is a rewiev of the Pontian localities of
Yugoslavia, mostly on the basis of macrofloral relicts, and their ecological
types based on the knowledge of the Okefenokee swamp forest (USA).

The third article (pp. 870-889) contains an important pollen diagram (Fig.
79) of unknown geographical position, but displaying quantitative data. It
shows the dominancy of the conifers and the high quantity of the
Taxodicicecie. The numerous Nyssa pollen grains are conspicuous, equally
with the Taxodiaceae, in contrast to Hungary. The riparian forests were char-
acterised by Carya, Alnus, Betula, Salix, Laevigatosporites haardtii, the rims
of the swamp by Cyrilla, Myrica shrubs. This area was warmer than the Hun-
garian part of the basin, as indicated by the higher quantity of the Cyrilla and
Rhus pollen grains, which are very rare in the Pontian in Hungary.

Forming the picture of the palaeovegetation in Yugoslavia (Serbia, Mon-
tenegro), and Bosnia N. Pantic and his co-workers have played an important
role. The geography of this territory is very diversified, in consequence the
climate is diversified, too. On this relative large territory very few palaeobo-
tanical and even fewer palynological works have been published. The most
comprehensive work concerns the Zenice-Sarajevo basin, but the strati-
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graphical ranging was not determinative enough. During their work the re-
searchers always referred to the Hungarian results (Pantic, Nikolic). Pantic is
a geologist, but having worked on macroflora, he already had a considerable
botanical knowledge when he began to work with his wife also in palyno-
logy. He was very much impressed - just like me - by the visit to the Oke-
fenokee swamp forest (USA), which gave a good picture about the
circumstances of coal formation. He made very important morphological ob-
servations on the resemblances of Taxodium and Glyptostrobus. Macropa-
laeobotanists very often even in the Late Neogene admit the presence of
Glyptostrobus and deny the occurrence of Taxodium. During coalification the
degradation is so intensive that the morphologically similar pollen grains of
Taxodium and Glyptostrobus can hardly be distinguished. Therefore newly
the Taxodiaceaepollenites name is used. But for those scientists who had the
possibility to see one of the Taxodium swamp forests in SE USA, it is very
difficult to get rid from the Taxodium distichum and his variant species. It is a
pity that | could not see the single original biotope of the Glyptostrobus in
China. The Chinese referred to the nearness of Taiwan bat | could see only
Glyptostrobus trees planted in line along a canal in the garden of the Univer-
sity in Kanton.

The palaeofloras and palaeovegetations of Yugoslavia resemble to those
of Hungary. As | mentioned earlier, despite of the considerable latitudinal dif-
ferences between the Balkan peninsula and Hungary, the higher mountains
brought about similar climatic circumstances.

Albania

For the delimitation of the territory of the Central Paratethys from the
Tethyan region, | studied also the palynological literature of Albania. In
Muhameti’s paper (1990) there is a very short English summary and in the
Albanian text a pollen diagram. On the help with these I try to survey the
palynological situation in the Tortonian and Messinian. In the Tortonian no
data are shown, but in the Messinian there were many marine planktonic
organisms: Leptodinium, Hystrichokolpoma, Thalassiphora, Spiniferites
pachydermus, S. mirabilis etc. characterised the descendant of the Tethys.
The most part of the spores - compared with the list of spores the Messinian
monograph of Italy (Trevisan 1967) - seem to be redeposited. Along the
shore line there was Taxodium swamp forest and also mangrove marked by
pollen grains of Avicennia (Nagy 1990, 1991). The palaeovegetation was
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very rich. Among the temperate floral relicts there were present also tropical
and subtropical floral elements in great number: Engelhardtia, Platycarya,
Rhoiptelea, Magnolia, Sapotaceae, Symplocaceae, Meliaceae, Myrtaceae,
Palmae. There were also typical Mediterranean taxa: Cedrus, Zelkova, Quer-
cus coccifera type, Olea, Cistus. In the Late Miocene the Central Paratethyan
palaeoflora was similar to the Albanian in the high proportion of the pollen
grains of conifers and herbs. The spores of Laevigatosporites haardtii were
always present in high quantity. There were also xerophilic plants: Ephedra,
Chenopodiaceae-Amaranthaceae. The palaeoenvironment indicates a very
favourable climate of the sea shore. Some species of the palaeoflora claimed
warmer climate than it was in the other parts of the Balkan Peninsula. In the
other part of the peninsula there were high mountains and the valleys, terres-
trial basins were open to the North. The seashore of the former Tethys is indi-
cated by the great number of marine planktonic organisms.

Bulgaria

Based on the maps Nos 3. 4. 5. 6 (Hamor et al. 1988) there was no direct
contact between the sea of the Pannonian Basin and the Bulgarian territory.
Even on the map No. 3, when the Paratethys was the most extended no con-
nection is shown. On the map No. 5 there is a “?” in the area of Timok Basin.
On the No. 5 Sarmatian satellite map there is some approach by the Central
and Eastern Paratethys in the NW territory of Bulgaria. Since we are dealing
with the question of the connection of the fossil floras and vegetations, we
have looked also for the relations with Bulgaria.

Ivanov wrote in 1994 in a paper “Palynological zonation of Miocene sedi-
ments from North-West Bulgaria” that in the South-Eastern part of the Cen-
tral Paratethys Basin in Montana district, near to Slavotin village there was a
borehole C-I the material of which was palynologically investigated. The
section was marine Badenian (420-353.5 in) and Sarmatian (353.5-42.5 m).
The lithostratigraphical description of the area was made by Kojumdzieva et
Popov (1988). The author relied on the macrofloristical results of Petkova
(1977), Palamarev et Petkova (1987), Palamarev (1991). The author
separeted 4 pollen zones in the borehole: zone “A” is Badenian, zones “B”
and “C” are Volhynian, zone “D” is Volhynian-Bessarabian in age. The list of
the flora is: Pinus sylvestris type, P. haploxylon type, Abies-Keteleeria,
Picea, Cédrus, Tsuga, Sequoia, Taxodiaceae, Cupressaceae, cf. Podocarpus,
Alnus, Salix, Nyssa, Ulmus-Celtis, Platanus, Carya-Pterocarya, Engelhard-
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tia, Myrica, Rhus, Araliaceae, Arecaceae, cf. Pandanus, Sparganium, Pteri-
dophyta. The cf. Pandanus disappeared from the zone “C”. Sporadically ap-
peared the Taiwania sp., the Magnolia pyramidalis type, the Liquidambar cf.
formosana, Chloranthus sp., Eucommia ulmoides foss., Planera aquatica
type, Zeikova sp., Juglans sp., Platycarya sp., Bumelia lanuginosa type,
Reevesia sp., Symplocos sp., Staphylea sp., Oleaceae etc. Chloranthus was
present in Hungary also in the Badenian (Middle) and in the Sarmatian,
Platycarya has been found also in the Pannonian, but only in the borehole
Berhida 3.

Ivanov described (1994, Fitologia 47) from Slavotin 88 spores and pollen
taxa. These are not very different from the Hungarian data. Only the spores
are of more tropical character, what is not typical for the Late Miocene of
Hungary. In Slavotin were found a few exemplars of Anemia, Pteris,
Gleichenia, Dicksonia.

Petrov and Drazheva-Stamatova (1971, 1972, 1973) described pollen
grains of Cyclocaiya, Reevesia and Itea, SW from Sofia at Chukurovo in a
Middle Miocene (Helvetian-Tortonian) coal basin. In the Neogene of Hun-
gary till now I have found the pollen grains of Reevesia only.

Ivanov described (1995) from boreholes of NW Bulgaria four pollen grain
types and one subtype of Symplocos. Palamarev (1971, 1989) and Palamarev
et Petkova (1991) described the macroremains of Symplocos from the coal
basin of Chukurovo. These taxa lived in hygrophyton, mesophyton forests,
probably in Quercus-Magnolia forests, respectively in mixed palaeocommu-
nities (Palamarev 1991), together with Magnolia, Liriodendron, Quercus,
Fagus, Celtis, Castanea, Eucommia, Cornus, Carpinus, Parthenocissus, Pte-
ris, Lygodium etc. species. These are reminding of the Badenian flora of
Hungary.

Very important data are there in lvanov’s Theses (1995, in Bulgarian,/
about his palynological results concerning the Badenian, Sarmatian, Meotian
and Pontian stages. In the diagrams there are quantitative data. There are
borehole sections with the possibility to make geographical, geological corre-
lations, many data of molluscs, foraminifers, ostracods and lists of pa-
laeofloras. The flora indicates a wanner climate with many Cedrus, cf.
Podocarpus, Ginkgo, Osttya, Nyssa, Corylopsis, Celtis, fewer Magnolia, Al-
tingia, Symplocos, Reevesia, Pandanus, Eutya (Theaceae). Interesting is the
presence of Verrucatisporites tekeresensis in Bulgaria. Ivanov found in two
boreholes this species in Sannatian-Volhynian and Upper Meotian sections.
In Hungary there were found in Eggenburgian, Sarmatian, lower and Upper
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Pannonian-Pontian boreholes, and in the denominative borehole Te keres 1in
the Pleistocene, too (Nagy 1985).

Petrov and Drazheva-Stamatova (1974) found 21 taxa of sporomorphs
NW of Sofia in the Pontian Belobreg basin. The authors mentioned the gene-
ra Thalictrum, Eucommia, Apocynum, Periploca, Plcintago. In Hungary Peri-
ploca was found in very low number in the Sarmatian. It is also a very rare
taxon in Bulgaria, it was found only in younger stage than in Hungary in ac-
cordance with the latitude differences.

South of the Hungarian Pannonian Basin, on the Balkan Peninsula the for-
mer Yugoslavia and the adjacent Macedonia were chiefly terrestrial areas
during the Neogene. According to the palaeovegetation preserved in freshwa-
ter sediments, it was a transitional territory between the Central Paratethys
and Tethys area. It was very important to pay attention to the relevant litera-
ture in which we can state the slow change of the palaeoflora and with this
the possibility of making correlation.

The Neogene flora of Bulgaria refers to a slightly warmer climate as that
of Hungary. This isjustified by the more southern geographic situation. The
area was and is semicircular, bordered by the Balkan Mountains and the Rho-
dope, and open in the East to the Black Sea area. The vegetation has a very
favourable position there. Bulgaria belongs geologically to the Eastern Pa-
ratethys, but according to the palynological results is a part of the Central Pa-
ratethyan region.

Greece

From the Greek palynological investigations concerning the Central Pa-
ratethys the Upper Miocene-Pliocene terrestrial freshwater brown coal areas
are worth of discussion. There are situated in the NW part of the country,
belong to Macedonia and their center is Ptolemais. This area unites the
Paratethyan region with the Tethyan. This basin system is in Western Mace-
donia and extends in NNW-SSE direction, cca 120 kilometres from the Yu-
goslavian village Bitola (Monastiraki) to the Greek village Servia. This is a
graben system and with all probability it took its origin in the Miocene. It was
filled with more than 800 m thick, limnic and fluviatile young Tertiary and
Quaternary sediments (Kaouras 1989, p. 7). In these sediments in some
places there are very important coal seams, the palynologists deal with them.

In 1957 Weyland and Pflug wrote about macro- and microflora finds from
this area. They disposed of only two samples, but they made also palaeocli-
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matic conclusions. In 1958 Weyland, Pflug and Pantic worked at Vevi in the
Northern part of the coal basin. The spoil-bank of the upper coal seam con-
sists of lignite pieces (chiefly angiosperms), the lower one was very rich in
sporomorphs. From these 39 taxa were determined, without quantitative data.
The important forms were: Taxodium or Glyptostrobus, Sequoia or Crypto-
meria, Sciadopitys, Engelhardtia?, Zelkova, Symplocaceae, Rhus?, Aralia-
ceae or Cornaceae, Nyssa, Sapotaceae, Palmae?.

In 1960 Weyland et Pflug completed the work, with new material col-
lected by Mueller. They described 32 taxa from Ptolemais.

In 1983 Anne van de Weerd described in a monograph of the Western
Macedonian coal basin her sampling places. She illustrated the lithological
sections, with the numbers of the samples, and for the samples the per cent
values of the important taxa. The rare species are listed. She used the pa-
lynological zones of Benda (1971) from Turkey. In this work she gave ac-
count - very briefly - also about her palynological research on Crete. For
stratigraphical valuation she used the Tethyan nomenclature also for Mace-
donia (Serravallian, Tortonian, Messinian). According to her research work
there are no great floristical differences. The Upper Miocene beds are terres-
trial, the younger are marine, with Dinoflagellata. These belong to the
Tethyan region.

According of her stratigraphic evaluation (Weerd 1983, p. 7, Fig .2) in the
West Macedonian coal area the oldest is Vevi. The most of the coal layers
were formed in the Messinian and only their upper part is Pliocene. Weyland
et Pflug (1957) stated also, that Vevi is isolated from the other parts of the
coal basins. Weyland, Pflug et Pantic (1958, p. 76) wrote: * ... Braunkohle,
die schon ausserlich einen ganz anderen Charakter hat an die von Ptole-
mais”... The other localities: Vegora, Ptolemais, Prosilion are ranged by
Weerd into the Pliocene. Benda separated the Pannonian (Kizihisar-zone)
from the Pontian (Akpa-zone) with the decreasing ratio of the number of
Pinus sylvestris and P haploxylon. Weerd contradicted Benda because it is
not always possible to distiguish these two types of fossil pollen grains. My
opinion is the same. The greatest part of Weerd’s photo tables originated
from Ptolemais. On plate 11, the number 2,3, marked from Ptolemais mf and
4, from Ptolemais lower samples figured Tricolporopollenites sibiricum,
which is present in Hungary in few exemplars even in the Pliocene, too
(Nagy 1992, pp. 299-300, 377-374, Riate 11I4V). After Draxler (Draxler,
Nagy et al. 1997) it is no more present in the zone “F”. This is only of local
importance, because in the Eastern Mediterranean Rossignol-Strick (1973)
found this form in sediments of the uppermost Pliocene, respectively at the
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bottom of the Pleistocene. The origin of this taxon could be both of the south-
ern part of Greece and Turkey. Both countries are possible, since Weerd has
pictures from Greece as mentioned above and in Turkey they were also found
in Seytdmer brown coal material studied by Nurdan Yavuz’s.

loakim (1964) published palynological data from 4 boreholes of the
brown coal basin of Ptolemais. She established pollen zones of the sporo-
morphs marked with A, B, C, D, E. She made correlation between them and
parallelised them with Sue’s Western Mediterranean zones, and with the bo-
real zones correlated by Sue and Zagwijn. The climatic stratigraphical con-
clusion was that the material correlates with that of the Northern part of the
West Mediterranean, in the Tabianian; the greatest part of the series is
Plaisancian in age.

The Thesis of Georgios Kaouras (1989) deals with the same brown coal
area. The material was sampled from Kariochori. From the very thorough
geological description it is evident that the basin system of Ptolemais is encir-
cled both East and West by high mountains. The basins are separated from
each other by mountains. The central Ptolemais basin is 700 m above sea
level. It is bordered to the East by the Vermion Mountain (2061 m), to West
by the Askion and Siniatsiko Mountains (2140 m). The climatic effect of
these mountains surely were present in the vegetation of the Late Miocene -
Pliocene. The author made also very efficient coal petrological research in
the territory. The results of the palynological research were well figured and
evaluated in diagram. Kaouras compared his data with the zonations of Mid-
dle Europa, as well as with the sporomorph groups of Krutzsch (thermo-
philic, intermediary, arctotertiary, facies element). The conclusion is. “wir
haben hier vor uns héchstwahrscheinlich eine Unterpliozéne Mikroflora” (p.
138). That would mean the age is Pontian. The fundamental ecological cir-
cumstances were determined by the palaeogeography, a subtropical swamp
forest with Symplocos the absence of Sapotaceae, relatively high elevation,
bordered with high mountains, the oscillations indisponsable for coal forma-
tion.

The coal formation was very uniform due to the palaeovegetation in the
studied areas. The coal was originated from the woods of the swamp forests
trees in the Late Tertiary. These belong mainly to the family Taxodiaceae (in-
different whether they were Taxodium or Glyptostrobusl). Contributed to this
the woods of some other conifers and some angiosperm trees, too.

Weyland et Pflug (1961) made the palynological investigation of the
Megalopollis brown coal basin, farther south the in the Peloponesos area. In
this article the authors established floristical and also areal connections be-
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tween the Balkan Peninsula and Hungary, on the basis of the monograph by
Nagy 1958. It is true that this similarity was extended to the Pliocene of Ice-
land, too. (This agrees with my opinion about the similarity of the swamp
forests in the Neogene!). According to the opinion of the geologists of this
area (G. Marinos and J. Anastopoulos) only a little part of this territory is
Pliocene, most of the coal seams are Pleistocene. The soft brown coal of
freshwater origin contains very little lignite. Weyland and Pflug in this article
dealt with the vegetation without any quantitative data. They mentioned that
if we are going from the South to the North across the Balkan Peninsula there
are unambiguous changes in the vegetation: the number of the entomophilous
plants is decreasing, particularly the Myrtaceae, Compositae and Umbellif-
erae. Characteristic taxa are the Magnoliaceae, Nymphaeaceae, the mono-
cotyledones (Pahnae, Liliflorae), the anemophilic species of quercoid type,
as well as the Lauraceae and Oleaceae. Towards the North increases the
number of Betulaceae, Ulmaceae, Juglandaceae, further the castanoid, nys-
soid, tilioid pollen grains, the Ericaceae tetrades, conifers with air bladders,
Tsuga, conifers without air bladders Larix, Taxodium, Sequoia, spores of
Laevigatosporites haardtii, Pteris type, Osmundaceae. There are veiy few
pollen grains of freshwater plants, seeds and other plant remnants. The com-
parison could be done with the help of the “Riviera” factor: the mountain to
the North (Maétra, Hungary), protected the area from the unfavourable north-
ern climatic effects. The Greek North Macedonian area was protected from
the East and the West and partly also from the South in this case from the
wanner climatic influences. In spite of the number of the plants of warmer
character is higher then in the foreland of the Méatra Mountains (this is de-
scribed in more detail in Weyland et Pflug 1961, p. 116).

The palynological investigations in Greece are complementing the others
from the Balkan Peninsula. The investigations have been focused on the coal
basins in very different times. The result is that in consequence of generally
identical constituents there are many common features. The differences are
appropriately pointed out by Weyland and Pflug in their article on Mega-
lopollis (1961).

Romania
The sea of the Egerian holostratotype is connected with the Transylvanian

basin only with a on the map No. 1 (Hamor et al. 1988), however it had
indirect contact with the Szolnok flysh area. Palynological investigations of
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the Egerian layers have been made from two areas in the Transylvanian Ba-
sin. The coal territory of Petroseni, the palaeontological finds of the Zsil val-
ley became known very early. In the last century was printed Staub M. 1887:
Die aquitanische Flora des Zsilthales im Comitate Hunyad. - Jb.Kgl.Ung.
Geol. Anst. 7/6/:223-417. - Budapest, a monograph of the fossil macroflora.
Several papers were made on the macroflora of this territory by Givulescu
(1978, 1981, 1985). In 1986 Givulescu and Petrescu write a joint paper on
the macro- and microflora of the Zsil valley (Valea Jiului). Givulescu listed
68 macrofossils, Petrescu 80 palynomophs. From these last 67 taxa were
common with the Hungarian ones. Unquestionable is the floral identity with
the holostratotype of Egerian. This area on the map No. 1 of Hamor et al. is
marked as brackish. The identical and thermophilic elements are: dinoflagel-
lates, Osmundacidites primarius, Cibotiidites zonatus (Triiites multivailatus),
Cicathcosisporites chattensis, Polypodiaceoisporites gracillimus, Laevigato-
sporites maxoides, Podocarpidites libellus, Monocolpopollenites tranquillus,
Dicoipopollenites sp., Tricolporopollenites cingulum, T henrici, T. micro-
henrici, Myricipites rurensis, Momipites punctatus, Engelhardtioidites mi-
crocoryphaeus, Proteacidites sp., Sapotaceoidaepollenites obscurus, Nyssa-
pollenites contortus (kruschi), Cyrillaceaepol/enites sp., Intratriporopolle-
niies insculptus, Araliaceoipollenites edmundi, Reevesiapollis triangularis.

Near the holostratotype area in the North-Western part of Transylvania
there are many Egerian localities. The nearest are according to the pa-
lynological data (Petrescu et Nicorici 1987) of boreholes in the valley of Se-
bes Kords (Crisul Repede) in the Western part of VVad-Borod (Bardéd). The
mollusc fauna of this area is: Piranella plicata moldensis, P. plicata quin-
quenodosa, Terebralia bidentata fusiformis, Tympanotonus margaritaceus
grateloupi, Nassa dujardini, Anadara cf. moltensis, Ostrea fimbriata etc. The
authors indicate as the most characteristic taxa of the Egerian stage: Di-
colpopollenites kockeli, species of Pentapollenites, Intratriporopollenites
insculptus, Tricolporopollenites marcodurensis, Proteacidites egerensis.

The other Egerian locality is the kaolin mine of the gypsum factory of
Egeres also in the NW part of the Transylvanian Basin. Three articles deal
with this locality. The first (Petrescu, Barbu et Balla 1986) presented the stra-
tigraphical, tectonical description of three quarries held to be Upper Oligo-
cene in the Aghire§-Come?ti area. They indicated also the localities of the
macroflora. The second article (Petrescu, Givulescu et Barbu 1995) is the be-
ginning of the evaluation. On a generalised lithological section the three
macroflora localities are marked. Section “A” was named after the charac-
teristic fossil Acrostichium. The recent A. aureum is a tropical, subtropical
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mangrove fern. Section “B” was characterised by foliar prints of dicotyledon-
ous angiosperms. The Osmunda lignitum and Pronephrium stiriacum ferns
are characteristic of this level. The recent representatives are living in warm,
swampy, peaty areas. For section “C” the Taxodium dubium is characteristic,
representing - according to the authors - the subtropical swamps of Florida.
The Acrostichium lanzaesanum could be Eocene - to Early Oligocene in age,
the Taxodium dubium Late Oligocene, Chattian.

Out of the determined 30 spore species were present in the horizon “A”
the 3 Leiotriletes maxoides subspecies and the Polypodiaceoisporites marx-
heimensis. There are characteristic for a warm, wet environment. In horizon
“B” Osmunda is living also in swampy, peaty environment. In case of hori-
zon “C” the authors speak about “neogenisation”, i. e. decreasing tempera-
ture. For this horizon the Polypodiidites secundus and P. cerebriformis are
characteristic. The last holotype was in Eger in the “k” level, and in North
Hungary it found as far in Ottnangian and Karpatian (Nagy 1963, 1985).

Out of the determined 20 conifer species there were only a few in the hori-
zon “A”, has been a little more in the horizon “B”, and nearly all in the hori-
zon “C”. Taxodiaceae were particularly abundant.

The third article (Petrescu, Givulescu et Barbu 1997) gives account about
the angiosperms, too for the three horizons (A, B, C), respectively. Horizon C
is of Early Chattian age, i.e. Oligocene. Comparing the lists of the palyno-
flora with the Egerian the spores are in 90% identical, the conifers in 90.1%,
the angiosperms in 70%. By the spores it occurs that some species are in
Hungary in the Egerian, which Petrescu found only till the level “B”, the
same happened by the conifers. In the Hungarian material there are no Res-
tioniides, Aglaoreidia, Cupaneidites, Gothanipollis. There are no planktonic
organisms present in the list, which were very charactentic in this stage.

Petrescu (1971) wrote about an Eggenburgian locality, in Tihau district in
the Almayilui (Almas patak) valley, where earlier (1969) he made macro-
flora research. Re named on the basis of palynological investigations 30 taxa,
making probable the Eggenburgian stage with Polypodiidites favus, P. ali-
enus, Polypodiaceoipollenites gracidimus, Momipites punctatus, M. quietus
(levis), Engelhardtia sp., -Tricolpopollenites liblarensis, Cistacearumpolle-
nites marcodurensis, without any quantitative data.

Petrescu et Nicorici (1989) gave account of Eggenburgian-Ottnangian pa-
Iynological results of the Bozovici basin. This is near Caran8ebes-Mehadia
basin and the authors therefore belived that also this is Badenian. The Early
Miocene age was first suggested by a Brachyodus onoideus molar. The pa-
Iynological investigations also verified the Eggenburgian + Ottnangian de-
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posit in the Bozovici basin. In the borehole profile (90 m) 2 palynological
levels were distinguished. In both were included clay layers. In spite of them
only in 9 sample preserved fossil microflora. This allowed the differentiation
into two horizons: A and B. In the lower A horizon the next taxa proved the
Eggenburgian: Gleicheniidites microstellatus, Favoisporis trifavus, Polypo-
diaceoisporites cyclocingidatus, P. lusaticus, Microfoveolatosporis neogra-
nuloides, Cedripites oligocaenicus, Ephedripites E. treplinensis, E. D.
tertiarius, Plicatopollis plicatus, Momipites quietus, Proteacidites egerensis
and Pentapolienites sp. The B horizon characterizes the Ottnangian: Osmun-
dacidites primarius, Polypodiaceoisporites gracillimus, Monocolpopolleni-
tes tranquillus, Dicolpopollis kockeli and Diervillapollenites mega- spinosus.

The third Eggenburgian deposit was in Brad-Sacarimb basin (Hunyad)
(Petrescu et Fazecas 1989). The investigated borehole profile was 84 m. The
lowest three samples were Eggenburgian. The characteristic sporomophs
were: Osmundacidites primarius, Polypodiaceoisporites gracillimus, Perino-
monoletes spicatus, Cupressacites bockwitzensis, Tricolpopollenites liblaren-
sis, Momipites punctatus, Proteacidites egerensis, Cistacearumpoll’enites
marcodurensis, Porocolpopollenites vestibulum.

At the bottom of the second part of the borehole there were coals, like in
Northern Hungary where the Salgétarjan Browncoal Formation is in the
Lower Ottnangian. There are not too many pollen grains of Taxodiaceae,
only 3%, however were many swamp and water plants: Sparganiaceae-
pollenites sp., Myricipites rurensis, M. myricoides, Nyssapollenites kruschi,
Cyrillaceaepollenites magaexactus. To a riparian forest refer the Carya-
pollenites simplex, Pterocaryapalienites stellatus, Alnipollenites verus, Betu-
laepollenites betuloides. Signalling the age are the Polypodiaceoisporites
torosus, P. gracillimus, Dicolpopollis kockeli, Proteacidites egerensis. Myr-
taceidites myrtiformis was also present described by Simoncsics (1964) from
the Hungarian brown coal territory of Salgotarjan. At the end of the stage, a
climatical cooling occurred according to the authors (without pollendiagrams
we can not check this statement).

The last four samples of the borehole are Badenian. The topmost sample
of the profile is the richest. These samples are similar in pollen material to the
Caran”ebes area, where the Badenian age is proved by Orbulina suturalis.
The Badenian flora was very rich and there is a qualitative change in it (see in
Hungary the boreholes in the area of Szokolya /Nagy 1992/). Unfortunately
the authors have not signaled these spores which are characteristic of the
Middle Miocene (Mecsekisporites, Ricciaesporites). We do not know what is
hidden under the names Corrugatisporites sp., Polypodiaceoisporites sp.,
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and Verrucingulatisporites sp.? The high quantity of Cédrus is stressed
among the conifers. Characteristic are among the angiosperms the Myri-
cipites rurensis, Caryapollenites, Momipites punctatus, the quercoid pollen
grains, the Ulmaceae, Sapotaceae. Less abundant are Engelhcirdtioidites mic-
rocoryphaeus, Liquidambar, Nyssa, Fagus, Rhoipitespseudocingulum, Cyril-
laceae, Oleaceae, Platycaryapollenites miocaenicus, Cistacearumpollenites
marcodurensis, Alangiopollis barghoornianum.

The Karpatian stage is not represented in the Romanian palynological ma-
terial. This is probably due to the lithology, there are no evaluable spectra.
The NN5 Nannoplankton zone - referred by the Romanian authors - accord-
ing to Hungarian data belongs to the Karpatian and Lower Bademan. Be-
tween the Pannonian and Transylvanian Basins there was extensive contact
according to the map No. 3 in the Karpatian-Early Badenian, and according
to the map No. 4 in the Middle and Late Badenian (H&mor et al. 1988), too.

The section North of the Poiana Ruscd, in the Neogene Lapugiul Basin
belongs to the NN5 Nannoplankton zone and is Early Badenian (Petrescu,
Mészaros, Chira et Filipescu 1990). The sporomorphs are very well pre-
served. The ferns are 37%, the conifers 16%, the angiosperms 47%. The
dominant ferns are Cibotiides zonatus (Trilites multivallatus), Corrugatis-
porites (Trilites) corruvallatus and Polypodiidites (Verrucatosporites) favus.
Old elements are Leiotriletes maxoides, Gleicheniidites microstellatus, Cica-
tricosisporites mecsekensis. There are 23 fern species, while in Hungary 136
were described from the Karpatian and 165 from the Badenian (Nagy 1992).
The conifers are dominant and chiefly the group of Pinus (in Hungary from
the Badenian the conifers are dominant). The dominant angiospenns are
Engelhardtia, Tricolporopollenites cingulum, T. microhenrici, T henrici, Tri-
colpopollenites liblarensis, Caiyapollenites simplex, Betulaepollenites betu-
loides, Cyrillaceaepollenites magaexactus, the species of Myricipites,
Momipites punctatus, Intratriporopollenites instructus, I. insculptus, Ptero-
caryapollenites stellatus, Nyssapollenites kruschi, Sabalpollenites areolatus,
Monocolpopollenites sp. Also Platycaiyapollenites miocaenicus, Plicatopol-
lis plicatus, Olaxipollis mathesi, Porocolpopollenites vestibulum, Sapo-
taceoidaepollenites microrhombus etc. are present. The microfaua, molluscs
and coral fauna of the locality have also been described.

The salt layers of Ocna-Dej (Désakna) are verified also with palynological
investigations as Middle Badenian (Petrescu et MeseS8an 1993-1994). In the
palynoflora very few fern spores are mentioned, e.g. the Polypodiaceoi-
sporites gracillimus. Dominant is the Taxodiaceae family (indicating a not
too far sea) and the Pinaceae. The Abies and the Cédrus pollen grains are
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common. The angiosperm taxa are Alnus, Myrica, Carya, Pterocatya, Nyssa-
pollenites knischi, Cyrillaceaepollenites exactus, C. megaexcictus, Aralia-
ceoipollenites edmundi, further Momipites punctatus, Engelhardtia, Ulmi-
pollenites undulosus, Plicatopollis plicatus etc. Above the salt layers there is
a layer with Radiolaria. The climate is of warm temperate character. In the
Badenian volume (Chronostratigraphie und Neostratotypen. 1978, p. 50,
Abb. 10) there is a map about the position of the salt and gypsum formations
in the Carpathian Foredeep.

Petrescu, Mészéaros, Filupescu et Buda (1988) reported on the palynologi-
cal investigation of the Upper Badenian - Lower Sarmatian borehole Meresti
12 in Harghita district. The borehole was 326 m deep. From the base to 126
m the rocks are Upper Badenian, and the upper part is Sarmatian. Lithologi-
cal studies were also joined to the Nannoplankton, Foraminifera and pa-
lynological investigations. The Paratethyan connection is visible on the
satellite map of No. 4 (Hamor et al. 1988). The palynological results indicate
the impoverishment of the flora. The species number of the ferns is very low,
6. The conifers species make up 52% of the spectrum. This is resembling the
Hungarian value. Podocarpus is very rare, the number of Taxodiaceae is also
low. Pinaceae are dominant, Cédrus is common. Abies, Picea are well repre-
sented, Keteleeria, Tsuga only a little. The occurring angiosperms are Engel-
hardtia, Platycarya, Myrica, Cyrilla, Carya, Pterocarya, Zelkova, Betula,
Tricolporopollenites cingulum oviformis, T. cingulum pusillus etc. The ob-
served change in the flora could be influenced by the palaeogeographical
variations, the tectonical activity in Moldova, the elevation of new elements
of the Carpathians, closing of the connection between the Mediterranean and
Paratethys. (This opinion is contrary to that of Pantic, but it is possible be-
cause the sitution was not the same in the fairly closed Transylvanian Basin
and Pannonian Basin region more opened to the South.) The mean tempera-
ture decreased to 14-16 °C.

The Sarmatian of this borehole is divided in two parts. The lower part re-
minds more of the Upper Badenian, the quantity of the conifers is less (15%),
with Pinus dominancy. The Abies, Picea, Cédrus, Tsuga, Keteleeria are com-
mon. The composition of the angiosperms resembles the Badenian, only the
quantity of Tricolporopollenites microhenrici and the pollen grains of Caiya
are increased. The climate resembled to that of the Badenian. In the upper
part of the Sarmatian the quantity of the conifers were increasing (38%), and
the components are different. The value of the Taxodiaceae (Cupressaceae)
is 20%. The genus Pinus is dominant. The thennophilic elements of the an-
giospenns are more than in the lower part of the Sarmatian. This concerns
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Engelhardtia, Reevesia, Platycarya, Myrica, Palmae and out of the ferns the
Polypodiiditesfavus.

At Cluj-Napoca (Kolozsvar) palynological investigations were made on
Sarmatian Upper Volchynian “Iris” quarry marly-clay formations interbed-
ded in volcanic tuff (Mészéaros, Petrescu et Marza 1991). In the spore-pollen
spectra the Pinaceae are dominant (cca 65%), the Taxodiaceae represent only
5-8%. The other conifers are sporadical: Cédrus, Picea, Abies, Cathaya,
Tsuga. The angiosperms indicate a wet-marshy environment (Myrica, Alims,
Nyssa).

Definitive connnection existed between the Pannonian and Transylvanian
Basins during the Pannonian stage (Hamor et al. 1988) according to the map
No. 5 South of the Apuseni (Bihar) Mountains. The Pontian inland sea had
only uncertain connection, marked with “?” for both the Transylvanian and
Dacian Basins according to the map No. 6. The lower part of the borehole at
Oradea-East (Nagyvarad) is Pannonian, the upper part Pontian (Petrescu, Ni-
corici, Wanek et Blidaru 1979). The upper layers correspond to beds “D” and
“E” of the Vienna Basin, and the Congerian zone of the Hungarian Basin
(Congeria subglobosa, C. czjeki, Dreissena auricularis, Melanopsis vin-
dobonensis). From the Pannonian part of the borehole 33 palynomorph taxa
are listed, as well as Botryococcus alga and dinoflagellates. The conifers are
represented by 3 Tsuga species, Cédrus and Taxodiaceae, from the angio-
sperms Magnolia, Myrica, Cary>g, Lonicera are remarkable. The flora resem-
bles to the Hungarian, Yugoslavian (Bagka, Banat) and Slovakian (Danube
Basin) Pannonian floras.

The palynomorphs of the upper part of this borehole indicate the Pontian.
The two Stereisporites species are remarkable, because in Hungary they are
very characteristic in the Pannonian and Pontian. | have discribed from the
Pannonian 6, and from the Pontian 14 Stereisporites species. The taxon
number of the conifers is high enough, but there are no more pollen grains of
Tsuga and Cédrus. Sciadopitys and Podocarpidites nageiafomis occur; how-
ever, the last occurs in Hungary both in the Pannonian and the Pontian. The
pollen grains of Fagus are present in great number, like in Hungary, in par-
ticularly in the northern part of the country (Nagy 1992).

Along the East Carpathian range there are numerous small basins: through
these are running little rivers and brooks. From the North to the South the fol-
lowing have been investigated palynologically: In Maramures Chiusbaia
(Kisbénya) is an important macrofloral locality, treated by Givulescu. It was
also palynologically investigated by Givulescu et Diakoneasa (1985). This is
the so-called locality “H”. The ratio of conifers-angiosperms is equal
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(50-50%). In the lowest sample Picea represents 21.66%, in the next samples
their number decreased, this indicates aridity. Upwards in the section a Fa-
gaceae-Juglandaceae-Ulmaceae episode is supposed, the same occurred in
Northern Hungary (Nagy 1992). Later the conifers moved ahead opposite to
angiosperms, this indicates a cooling. Then the number of Picea was higher
again than that of the other conifers, but at this time the number of Carya and
Fagaceae mainly the Quercus increased. Finally the authors give account of
the increase of the number of the Picea and the angiosperms. According to
the authors - these data were available only due to the palynology. With the
help of the palynology it was possible to follow the climatical changes, to
state two warm and two cool phases. This climate is suitable for the Pan-
nonian G/F, for the Late Pontian s. str., that is Bosphorian.

In the Eastern Charpathians South of the eruptive Calimani Mountains
there is the Pliocene Borsec coaly Basin. Emil Pop treated this important pa-
laeobotanical locality in 1936. The marl layers are the hanging rocks of the
lignite in the Nyires valley. Pop referred to geologists, described the follow-
ing section: 1) basal conglomerate, 2) white sandstones, 3) blue clay with lig-
nite Dreissensia cf. mimsteri Brus. in the upper part, 4) clayey marl which is
blue the bottom, yellow at the top. Both contained plant fossiles, but the yel-
low marl contains more. The fossiliferous layers are in some places 14 m
thick. 5) the Pliocene layers are covered with soil. The geologist attributed
different ages to these layers, from Sarmatian till Dacian. The correction of
the age is possible with the coal; it is Late Dacian or Romanian. The diatoms,
Peridinium, Phragmites, Cyperus, Typha refer to freshwater. The altitude of
sea level is not primary - today it is 820 m -, because the Carpathians have
been uplifted 500, 1000 m, since the Pliocene. From the last century there
have been collected plant remains, e.g. Kantner (Hungarian Geological Insti-
tute), Koch; his material was determined by Staub, etc. The greatest collec-
tion has Pop with 1200 pieces. He made also palynological investigations and
could determine diatoms, Pteridinae, moss and Lycopodium spores, tissue of
conifers, the pollen grains of Gramineae, Typhaceae, Ericaceae, Tilia, Cory-
lus, as well as Tsuga and Picea.

The Borsec Basin was investigated by Petrescu, Nicorici, Atudorei, Har-
lav et Giosu (1987). On the marginal part, at the coal beds there were in Con-
geria coquina two determinable species: Congeria zahalkay Spalek and C. cf.
croatica Brusina. The greatest part of the coquina is made up by C. zahalkay.
This species occurs in Austria and Czechoslovakia near Pontian coal seams
in coquinas of the zone “F”. In Romania Marinescu found it in the Crivina
sector together with Congeria ungulacaprae, C. croatica, C. spatulata, Limno-
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cardium cf. apertum, Melanopsis fossilis foss., M. f. rugosa, M. impressa and
ostracods, Amplocypris ancissa, Candona truncata etc. also in Lower Pontian
(Odessian). Petrescu and his co-workers have investigated in many boreholes
the coal layers of Borsec and have distinguished the following units:

1) Lower Pontian. P - 1zone. Conglomerate and sandstone. Taxodiaceae
cca 10%, Pinaceae 15-20%, chiefly Pinus haploxylon and diploxylon, a few
Cathaya, Picea, Abies, Tsuga, Keteleeria, Cedrus. Dominant are the angio-
sperms (60-70%). The Monocotyledones are few, the Dicotylédones are
more numerous: Alnus, Carya, Tilia, Myrica, Fagus, Ulmus-Zelkova, Quer-
cus. Less are the Engelhardtia, Pterocarya, Carpinus, Betula, Castanea,
Liguidambar. Only sporadic are the Reevesia, Araliaceae, Symplocos, Che-
nopodiaceae, Ericaceae. For this zone the warm elemnts are characteristic:
Palmae, Reevesia, Symplocos, Engelhardtia. The part of this zone, marked P
- |b are the coal layers with wet and swamp elements: Alnus, Liquidambar,
Myrica, Nymphaea.

2) Pontian - Dacian. P - 2 zone. The lower part is bluish clayey marl, with
a bed of Congeria, therefore it is held for Pontian. The upper part is more
marly and yellowish, this may be Dacian. It is from these layers that Emil
Pop collected his material. In this zone are there many conifers. They are
chiefly Pinaceae (45-60%). The occurrence of Taxodiaceae is sporadic.
There are many leafy trees. The climate was cooling and more continental,
with plenty of microtherm conifers (P - 2 a-c).

3) Romanian. P - 3 zone. Sand, sandy clay. Part of the pollen material is
redeposited (5%). Most of the ferns are Laevigatosporites haardtii, but there
are also some Osmunda. The percentage of conifers is decreasing. The
number of angiosperms is very high (to 75%). There are again palms, Engel-
hardtia, Reevesia, Nymphaeaceae, Parthenocissus, Castanea, Acer etc. This
indicates that the climate was warmer than in the Dacian. The increasing
number of the Sparganiaceae and the presence of the Nymphaeaceae refer to
the shrinking of the lake, of its lukewarm and freshwater. The basalt volcan-
ism contributed to the warming. This happened probably in the second part
of the Romanian age.

A small intramontane basin in the Eastern Carpathians is the Baraolt
(Bardti) Basin (Petrescu, Buda et Boér 1988) similar to the Ciuc (Csiki) Ba-
sin and the Borsec (Borszéki) Basin. The Baraolt Basin belongs to the Tara
Birsei depression, was “formed as a result of the downthrows occurring in
this area during the tardy Attic orogenic stage in the Lower Pontian and the
subsequent dam-forming volcanic eruption” (L c. p. 6). In the Ciuk Basin
from the study of Miocene sediments they made the conclusion that this ba-
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sin was a gulf of the Transylvanian Basin, only isolated by the Pliocene vol-
canic eruption in the Harghita Mts. This phenomenon was indicated by fresh-
water molluscs, Sparganium and Typha pollen grains and Botryococcus and
Zygnemataceae algae. Between the Baraolt Basin and the Transylvanian Ba-
sin only a narrow passageway it supposed, as proved by the common mollusc
and ostracod genera, and by the endemicity of the most fauna assemblages.
In the Baraolt and Borsec Basin the characteristic fossils are comparable to
those in the Central Paratethys (Paradacna abichi, Congeria associations) the
presence of Congeria zahalkay and C. cf. croatica proves the connection of
these intramontane basins with the Pannonian Basin.

The lower part of the Baraolt Basin as shown by the investigated bore-
holes has two parts,

1) Productive Formation: this is Pontian. It has been subdivided into two
parts: A) Productive Subformation and B) Limnocardium Marl Subforma-
tion.

The upper part of the basin:

2) Ostracod Marl Formation (Dacian - Romanian). The hanging rocks are
of Pleistocene age.

1/A) The Productive Subformation: the flora consists of a few ferns (Poly-
podiaceae, monolete Laevigatosporites haardtii, and trilete forms, too) apart
from the mentioned freshwater algae. The conifers make up 3CM10%, domi-
nant were Pinaceae: Picea, Abies, Tsuga, Pinus, Cedrus, few numbers of
Keteleeria, Cathaya, Podocarpus, Taxodiaceae. The presence of Cycas is un-
certain. The angiosperms represent 45-60%, the Monocotyledones are rare,
and the Nymphaeaceae, too. There are many Alnus, from the Juglandaceae
family Carya and Pterocarya are common, less the Engelhardtia. Rather rare
are Aquifoliaceae, Araliaceae, Salicaceae, Sterculiaceae (Reevesia), Acer,
Ericaceae, Oleaceae, Asclepiadaceae (Manikinipollis). The temperate floral
elments are dominant, but the tropical elements represent still 8-10%.

1/B) In the Limnocardium Marl Fonnation the percentage of Coniferae is
somewhat increasing (40-45%). Most of them are Pinaceae, with Picea
dominancy. The number of the warm elements decreases among the angio-
sperms too, represented by the Myrica, Eucommia, Engelhardtia. Besides 67-
maceae there are Alnus (12-15%), Fagus (6-9%), Quercus, Carya, Ptero-
carya.

2) The lower part of the Ostracod Marl Formation resembles palynologi-
cally to the Limnocardium Marl Fonnation, the upper part to the Productive
Subfonnation, but the warm elements make up only 4-6%: Podocarpus,
Magnolia, Myrica, Engelhardtia, Eucommia, Araliaceae. Arecipites longi-
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colpus, A. butomoides, and Cycadopites are also mentioned, what the authors
hold improbable. This wanning of the climate may have occurred at the be-
ginning of the Romanian. The flora resembled to that of the eastern part of
the USA.

Very similar is the situation in the boreholes drilled in the Bra8ov-Tirlun-
geni area in the SE part of the Tara Birsei depression (Petrescu et Buda
1986). In these beds there are no biostratigraphicaly decisive fauna associa-
tions, therefore this area was correlated by means of lithology and with the
knowledge of palynological associations of other basins.

The lower horizon is Pontian brown-earthy coal with many seams. The
bottom of this horizon is conglomerate without any pollen grains. The fol-
lowing clay and coal beds are rich in Botryococcus colonies and Zygne-
mataceae-Ovoidites remnants, consequently the water was freshwater. The
coal formation has two distinct levels:

a) The first level was characterised by well preserved Cedrus pollen
grains up to 15%, subordinate (5-10%) are the pollen grains of Pinns, Abies,
Tsuga, Picea, sporadic the pollen grains of Podocarpus and Taxodiaceae.
The angiosperms exceeded 55%. They are represented by Myrica, Betula,
Carpinus, Quercus, Castanea, Fagas, Carya, Pterocarya, Tilia, Ulmus, Zel-
kova, Celtis, Eucommia, Umbelliferae, Chenopodiaceae, Palmae etc. The
fern spores were 5% (Laevigatosporites sp. only). There was also redeposi-
tion from the Mesozoic.

b) The second level is characterised by the abundance of Angiospermae.
There are very few Monocotyledones (1%), Gramineae, Typha, Palmae. The
Dicotyledones are 50%, dominant are the Alnus, Carya, Tilia, common are
Myrica, Carpinus, Quercus, Castanea, Fagus, Pterocarya, Ulmus+Zelkova,
Celtis, Nyssa, Compositae, and sporadic the Corylus, Hammamelidaceae,
Parthenocissus, Araliaceae, Ericaceae, Jussiaea etc. Single exemplars were
from Cupaneidites cf. eucalyptoides, Myrtaceidites cf. myrtiformis Sim. and
Reevesiapollis triangulus. The conifers make up 20-25%. The quantity of
Taxodiaceae pollen grains were higher 3%. The Pinaceae species differ from
those of the first level, Cedrus is relatively rare (3%). The ferns are nearly ex-
clusively Polypodiaceae (25%), their high quantity signals the humidity, the
swamp environment.

The middle, marly horizon is Dacian. This is the Picea bearing level. The
Coniferae make up 35%, among them Picea is 20%, the second is Pinus
10%, Tsuga, Abies, Cedrus 5%. This is a “pliocenization” phenomenon, and
the opinion of the authors is that the horizon is of Dacian age. The angio-
sperms (55%) are mainly Dicotyledones: Alnus, Ulmus-Zelkova, Celtis,
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Quercus, Carya, Betula, Myrica, Pterocarya, Castanea, Fagus, Tilia, Erica-
ceae, Lonicera, llex, Cruciferae, Chenopodiaceae.

The upper, argillo-arenaceous horizon (?Romanian) is sandy clay, then
sand. The parallelisation was made only with lithology after the sequence of
other intramontane basins. The overlying stony, sandy, limy sequence with
sandstone, may be Pleistocene.

South of the Carpathians, East of Tumuseverin, between Dedovita and
Negresti there is an outcrop Late Pontian=Bosphorian - Early Dacian=Getian
in age (Petrescu et Malan 1991-1992). For the Late Pontian are characteristic
the ferns 2%, the conifers 67%, the angiosperms 31%. Among the conifers
the Pinaceae are dominant in which the Cedrus is 29%. 10% of the angio-
sperms is Quercus. Forest zone developed in the rising mountains. Cedrus
was charcteristic in the Late Pontian, according to the authors this indicate
subalpin climate.

In the vegetation of the Early Dacian, above the coal layers in marly-
sandy-beds the value of the warm elements was higher, 12%, also ltea was
present. This pollen grain was until now not known in the Hungarian Neo-
gene, only in the Paleogene. In the geographically nearer Bulgaria it is pre-
sent in the Middle Miocene. In this part of Romania Itea is associated with
Myrica, Reevesia, Engelhardtia and presumably with Palmae, indicating in-
crease of temperature. The wanning was increased also by the Carpathians
located to the North. It is naturally that some floral elements are the same in
the palaeoflora in Northern Bulgaria.

In the quarry of Husnicioara (Mehedinti county, SW Romania) between
the Danube and the river Motru palynological investigation was done on the
Lower Dacian lignite bed IV (Petrescu et al. 1989). The proportion of the
fern spores is high enough (7-22%), most of them are Polypodiaceae Laevi-
gatosporites haardtii and Leiotriletes wolffi. Besides there are also Hydrospo-
ris levis, Verrucatosporites arctotertiarius and Osmunda. From the conifers
are always present the Taxodiaceae (2-12%), Sciadopitys and probably Glyp-
tostrohus (Inaperturopollenites hiatus), the Cupressaceae generally is 1-2%.
Pinaceae make up 30-40%, with the genera Pinus, Picea, Tsuga and Cedrus,
Cathaya. Abies and Cycadopites are rare. From the monocotyledonous
Angiospermae are present Arecipites, Monocolpopollenites, Typha and
Graminaea, from the dicotyledonous ones Carya 10-12%, Pterocarya
1-9%, Quercus 3-4.5%, Ulmaceae /UImus, Zelkova, rarely Celtisl 4-5%,
Compositae 2-5%, Fagus 3-4%. Rare are Carpinus, Betula, Salix, Nyssa,
Parthenocissus, Liquidambar, Tilia, Chenopodiaceae, Ericaceae, Myrica,
Corylus, Reevesia, Acer, Jussiea, a.0. have a sporadical occurrence, but they
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indicate the warmer climate. - In some samples there are numerous Alnus
and Nymphaeaceae.

About the palynological data of the lignite outcrop by Lupoaia (Gorj
county) gives account an article by Petreccu, Nica, Filipescu, Barbu, Chira,
Avram et Valaczkai (1989). The age of the locality is Late Dacian-Middle
Romanian. The Dacian sediments are sand, marly clays alternating with coal
seams. The territory was affected by the separation from the Pannonian Basin
and perhaps also from the Euxinic Basin. The Romanian sediments are flu-
vial, and fluvio-lacustrine in origin. They are often rich in detritus, swamp
sediments with many organic remains. The investigations concern mostly the
Romanian part of the outcrops. The major part of the ferns are Laevigato-
sporites haardtii; there is less Leiotriletes wolffi. Hydrosporis levis, Os-
munda, Echinosporis, Perinomonoletes pliocaenicus also occurred. In all
samples Pinaceae make up 21-41% with the species of Picea, Pinus, Tsuga,
Cathaya, Cedrus, Abies, Keteleeria, Taxodiaceae 1-4%. In those samples
which indicate warming the numbers of the pollen grains of Cathaya, Pinus
haploxylon, Cedrus, Abies are higher. The monocotyledonous angiosperms
are represented by Graminea, Typha, Sparganium, Arecipites, Monocolpo-
pollenites. The dicotyledonous angiosperms make up 42-50%.

The pollen grains of Myrica are very common in the Romanian period.
The Carya is dominant with 7-15%, Pterocarya is less, 3-5%. Engelhardtia
is also not redeposited. The pollen grains of Betula are more common in the
Romanian, than in.the Dacian. In some samples there are also many Carpinus
and Alnus, too. The quantity of the pollen grains of Quercus is constant
enough, the quantity of Fagus is varying, the greatest quantity being in the
uppermost sample. The Ulmus is common, the quantities of Zelkova and
Celtis are more than in the Dacian of Husnicioara. Salix, Liquidambar,
Eucommia, Tilia, Nyssa, Corylus, Urticaceae, Parthenocissus are rare,
Reevesia, Periploca, Symplocos, Engelhardtia, Momipites punctatus are only
sporadic. It can be stated that the climate got considerably wanner in the
Early Romanian.

Summarised: the Transylvanian Basin was connected with the Hungarian
Central Paratethys during the Neogene. The Rumanian scientists ranged into
the Late Oligocene the lower part of the Egerian. The characteristic Egerian
floral elements are present in these localities. In the other parts the floral ele-
ments characteristic of the Lower Miocene stages are present. The palyno-
logical inventigations are missing from the Karpatian stage probably due to
lithological reasons. The vegetation of the Middle and Late Miocene was
similar to that of the Central Paratethyan area, also in the dominancy of coni-
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fers. The most of the investigations concerned the Late Miocene. When we
are going towards the South among the conifers of the small basins we found
more and more Cedrus. This must be a consequence of Mediterranean influ-
ence. The amount of thermophilic floral elements was also increasing. This
phenomenon is more explicit in localities South of the Carpathians.

Moldova

The Podolian beds of the Early Badenian Moravian substage were pa-
lynologically investigated from 4 boreholes by Medjanik (1990). The pollen
grains of the trees and scrubs make up 54-80% of the spectra, the subscrubs
and herbs 18-46%, the spores 0-1.6%. The angiosperms are dominant with
70%. The tree-like plants are today also in similar quantities in warm temper-
ate and subtropical regions. The conifers represent 6-13%. The most com-
mon broad leaves families are Juglandaceae, Fagaceae, Betulaceae,
Tiliaceae, Ulmaceae, Salicaceae. Rarer are Liquidambar, Myrtaceae, Rhus,
Salix, Rhododendron, Eucommia, Nyssa, Acer, Cornus, Cotinus, Ericaceae.
The list of the flora is rich, trees and scrubs are 47, subscrubs and herbs 18,
(in generally names of genera), and 5 ferns: Ophioglossum sp., Pteridium sp.,
Polypodium sp., Polypodiaceae, Azolla sp. By the Coniferae there are in low
percentages the Cupressaceae, Taxaceae. The Taxodiaceae are only 0.7-1%.
Pinus haploxylon represents the maximum with 7-14%. Among the
Angiospermae are a few Engelhardtia, Carpinus, Fagus. The Chenopo-
diaceae are dominant (28-46%); Artemisia (11-29%), Poaceae (12-14%).
These data indicate the drying of the climate. That is typical of this area. In
low quanties are present Campanulaceae, Ranunculaceae, Lamiaceae, P/an-
taginaceae, Euphorbiaceae, Apiaceae, Brassicaceae, Fabaceae. The number
of the water plants is low (Typhaceae, Sparganiaceae), like the ferns (Poly-
podiaceae, massulae of Azolla). The vegetation indicates a subtropical, dry
climate.

In the SW part of Moldova in the volcanic formation of Vinovgradovska
district Medjanik (1985) made palynological investigations on a Pontian out-
crop. The section is divided into 8 lithological units: clay, silt with sand,
sandy clay with silt, limestone, sandstone, clay, coal and limestone. On the
basis of the palynological investigations a lower horizon with coal and an up-
per horizon are distingiushed. The lower horizon consists in 80-90% of pol-
len grains of trees. The tree pollen grains (60-87%) are Gymnospermae,
from these 48-65% are Taxodiaceae, from these 42-70% are Taxodium dis-
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tichum (L.) Rich. The Pinus pollen grains make up 7-9%, the Picea omorica,
Abies, Tsuga, Sequoia 1%. The pollen grains of broad leaves trees are mostly
Ulmus, Zelkova, fewer Fagus, Quercus, Castanea. Rare are the pollen grains
of Alnus, Corylus, Betula, Carpinus, Acer, Tilia, Fraxinus. The pollen grains
of the herbaceous plants are 2-13%: Chenopodiaceae, Poaceae, Asteraceae,
Brassicaceae etc. There are also some Typhaceae pollen and spores.

In the upper horizon the angiosperms prevailed with 86-94%, the percent-
age of gymnosperms is 5-7%, and the spores are 1-2%. From the angio-
sperm families are 18-18% the Ulmaceae, Juglandaceae. There are a few
pollen grains of water plants: Myriophyllum, Typhaceae. Very few conifers
occur: Pinus, Picea, Tsuga, Taxodiaceae, Cupressaceae. The ferns represent
only 1%: Adiantum, Salvinia, Lycopodiaceae.

The third Eopleistocene article is mentioned only as an illustration of a
really new vegetation type (Medjanik et Bukatsuk 1991). Here appeared a
new explicitly forest-steppe with xerophitic plants, marking the boundary of
the Central Paratethys.

The Badenian flora of Moldova is in its character Eastern Paratethyan
(Hamor et al. 1988, No. 3, Moldavian Platform) with a dryer climate. The
bottom of the Pontian stage with a few coal layers includes some pollen ma-
terial from a swamp forest. The riparian forest elements are very few and the
herbaceous plants are rather xerophytic. In the upper horizon the angio-
sperms are dominant, in contrast to the flora of the area of the Central Pa-

ratethys.

Ukraine

According to the map No. 1 (Hamor et al. 1988) the whole territory of the
NE Carpathians was covered by sea in the period of the Egerian. This is veri-
fied by the article of Andreyeva-Grigorovich et Gruzman (1994) by dino-
cysts, planktonic foraminifers and nannoplankton. Common species are in
the Egerian holostratotype locality, in the borehole Fo6t 1, and in the Krosno
Formation in flysch facies in the northern side of the NE Carpathians Deflan-
drea stellulata, D. phosphoritica, Cordosphaeridium cantharellum, Thalassi-
phora pelagica. On the base of figure No. 4 of the authors the Oligocene-
Miocene boundary is between the Lower and the Middle Krosno Subforma-
tions. The lower boundary of the Egerian stage is marked by the occurrence
of Turborotalia opima opima, the upper boundary by that of Globigerinoides
primordius. The Egerian volume of the “Chronostratigraphie und Neostrato-
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typen” does not deal with the Krosno layers (p. 30) for the reason “wird in
diesem Band die Charakteristik solcher Schichtengruppen und Formationen
nicht einbezogen, die zwar zeitlich mit Sicherheit in das Egerien gehoren,
jedoch keinen typischen oder stratigraphischen oder anderen Kriterien fir
eine Charakteristik dieser Stufe bieten. Solche sind einigen Flyschzonen in
der West- und Ostkarpaten (z.B. die Krosno-Schichten)”. Surveying the
references of the article, another reason seems to have been that the scientists
were not participating in the edition of this volume, although studying this
area earlier they had valuable results (1975).

From the palynological investigations of an Upper Badenian brown coal
section in the NE Carpathians (Vinogradovska /Nagyszo6llés/ district) wrote
Shchekina (1958). The pollen grains of conifers and angiosperms are present
in more or less equal quantities. The pollen grains of Pinus sylvestris are
dominant, in some part of the spectra with 50%. The maximum of Taxodium
is above 14%, the Cupressaceae 13%. There are Abies, Picea, Tsuga,
Sciadopitys, Podocarpus, too. Flere and there are in great number Myri-
caceae, 33-54%. The water plants are Typha, Sparganium, Alismataceae,
Nymphaeaceae, Hydrocharitaceae, Cyperaceae. In the riparian forest there
are Carya, Pterocaiya, Ainus, Betula, Salix, farther Ulmaceae, Platycarya,
Quercus, Fagus, Castanea, Liquidambar. A warmer climate is indicated by
Magnolia, Liriodendron, Sterculia, Rhamnaceae, Rhus, Sapindaceae, Dios-
pyros, Nyssa, Vitis. There are many fern spores Polypodiaceae, Dryopteris
thelypteris, Polypodium, Pteridium, Lygodium, Osmundaceae, Ophioglos-
sum, other Filicales and Equisetum. Altogether 87 sporomorphs are listed.
The work was complemented with investigation of diatoms. The author
writes aboute a “large flowing lake”. The richness of the flora is inconsistent
with the flora of the Pannonian basin. From the Early Badenian | have de-
scribed 400 taxa, from the Middle Badenian 103 taxa. In the Late Badenian
were 76 taxa and a transgression has been proved with marine planktonic or-
ganisms (Nagy 1992). The investigated material rather belongs to the Middle
Badenian.

About Middle Sarmatian palynological research gives account the article
of Syabryaj et Vodoryan (1975) from the NE Carpathian territory in the de-
pression of Cop (Csap)- Munkacevo (Munkacs). The profile consists of clay,
silt, tufa, lignite, sand. The age of the beds is verified by foraminifers, mol-
luscs (Cardium sp., Tapes sp., Mactra sp.) and ostracods. The nearshore situ-
ation is verified with palynological and diatomological investigations. Out of
the conifers some sort of Pinus (3-60%) were dominant, besides Abies,
Tsuga, Cédrus, Keteleeria, Larix, Taxodium, Sequoia, Cupressaceae, Podo-
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carpaceae, Ginkgo, Araucaria? or Agathis?. From the angiosperms there are
more Juglans, Carya, Pterocarya present, and less Engelhardtia, Platycary>a,
further Castanea, Quercus (to 15%), Fagus, Betula, Alnus, Carpinus, Cory-
lus, Ostrya, Acer, Tilia, Platanus. Thermophilic taxa are Nyssa, Moraceae,
Rosaceae, Oleaceae, Ericaceae, Celastraceae, Cornaceae, Elaeagnaceae.
Tropical plants are Araliaceae, Myrtaceae, Santalaceae, Symplocaceae,
Rhus, Magnoliaceae, Palmae. Water plants are Typhaceae, Sparganiaceae,
Hydrocharitaceae, Nymphaeaceae, Cyperaceae, Liliaceae, Ranunculacae,
Loheliaceae, Asteraceae, Plantaginaceae. Among the ferns the most com-
mon are Polypodiaceae (Polypodium, Onoclea) and the Osmundaceae. Only
few exemplars were from Gleicheniaceae?, Cyatheaceae?, Ophioglossum,
Lycopodium, Selaginella. 93 taxa are listed, from these 80 are similar to the
Hungarian, but the identification is difficult because no species determina-
tions have been made. In the Hungarian Sarmatian there were 174 taxa
(Nagy 1992, p. 160).

A complete Pannonian section was studied by Syabryaj (1975) in the
Solotvinian (Aknaszlatina) depression. The sediments are clay, sand, a few
lignite lenses. A few molluscs (Planorbis sp., Ancylis sp.) and some ostra-
cods are present from the lower and the upper Pannonian. According to pa-
lynological research, the section has 3 parts. The lower complex is
characterised by the great number of conifers (55-60%), the sorts of Pinus
are represented up to 40%, Picea to 3%, Taxodiaceae 10%, Tsuga - Podocar-
pus 2-2%. The percentage of angiosperms is 31-42%, out of this Juglan-
daceae make up 10%, from this Carya to 6%, Juglans, Pterocarya,
Platycarya, Engelhardtia are less. Besides these there are the pollen grains of
Quercus, Fagus, and more Castanea, Ulmaceae 7%, chiefly Ulmus, Zelkova
in low numbers, appear Liquidarnbar, Parrotia, Hammamelidaceae, Myri-
caceae, Tilia, Acer, too. Thermophilic taxa are Aralia, Rhus, Dyospyros to
4%. Spores were a few Polypodiaceae, Cyatheaceae (?), Osmundaceae.

In the middle complex the conifers represent 70-80%, of this the pollen
grains of Pinus are 35-40%, P. haploxylon is more to 28%, P diploxylon to
15%, Picea 11-12%, Abies to 3%, Tsuga to 4%, few Keteleeria, Podocarpus,
Cédrus, Ginkgo. From Taxodiaceae Taxodium and Glypostrobus are present.
The angiosperms are Juglandaceae Carya, Pterocarya, Juglans, Platycarya,
Engelhardtia, Ulmaceae Ulmus, Celtis, Zelkova, Fagaceae Quercus, Cas-
tanea. Corylus, Alnus to 3.5%, Tilia, Acer, Rosaceae, Caprifoliaceae, Myri-
caceae to 3% in the spectrum. The herbs are present in very small number,
some water plants are among them. The spores are represented by Polypo-
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diaceae, Osmundaceae, Lycopodium cf selago L., L. cf. clavatum L., and
Gleicheniaceae (?).

In the third complex in contrast to conifers the numbers of the pollen
grains of angiosperms are a little higher. Quercus is up to 5%, Fagus to 2%,
Juglandaceae to 6%, Ulmaceae to 5%. Beside Corylus, Betula, Myrica ap-
pears Salix. In the same period in Western Transdanubia plenty of Salix
macrofossiles was found by L. Rakosi (verbal information). There are also
pollen grains from Tilia to 1.5% what is very high value for this taxon.
Among the herbs there are many aquatic plants. From the spores are first to
be mentioned the Sphagnidae, a characteristic feature, because in this stage
there are many species of these in the whole Central Paratethyan area.

In the Vihorlat-Gutin Mountain the Ilintsa (llinai) deposit belongs to the
volcanic fomation containing also brown coal, lignite layers, with clay, sand
and tuffite. There are two palynological papers about it: Ribakova (1966) and
Syabryaj (1967). Both subdivided the section into two parts. The difference
is that Ribakova ranged the lower coal layers in the Middle, the upper coal
layers in the Upper Pliocene, while Syabryaj both units in the Upper Plio-
cene, in the Levantian. The question is only how is interpreted the age?
Probably the age of the layers could be Pontian. The angiosperms are domi-
nant (60-89%), the conifers are about 35%. The highest value has the Ul-
maceae up to 30%, Juglandaceae 10-12%, Quercus, Fagus 9-10%,
Liquidambar 2-3%. The evergreens are 2-2.5% represented by Myrtaceae,
Magnoliaceae, Aquifoliaceae. Further fern spores and pollen grains of water
plants and Taxodiaceae are present. Out of these Taxodium is 10%, Glyp-
tostrobus 3-8%.

The palynological articles dealing with Southern Ukraine, at the Black
Sea by no means concern the Central Paratethys area (Shekina 1977 on the
Crimean Peninsula Upper Pontian, Shekina 1977 Kerch Peninsula Kime-
rian). They describe the tipical xerophytic, steppe vegetation of the Russian
Plain.

Thats palaeofloras of Ukraine which belong to the Carpathian Basin natu-
rally resemble to the floras of the Central Paratethys. It is characteristic the
occurrence of Sphagnidae and Salix in the Pannonian and Pontian ages.

Slovakia

On the basis of the map No. 1 (Hamor et al. 1988) Southern Slovakia is a
part of the Northern Hungarian Paleogene Basin. The last monograph of E.
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Planderova (1990) summarized the results of the palynological investigations
in Slovakia from the Egerian till the Sarmatiam She began the description
with the Late Egerian, but in the Fig. 8 also the Early Egerian is represented.
The Early Egerian palynological investigations were made by P. Snopkova
(1975, 1988). Her report on the borehole DV-1, the examined samples are of
Late Oligocene character. There are also Deflandrea spinulosa and Polypo-
diaceoisporites gracillimus. The holotype of the latter was described from
the upper part the locality of the Egerian holostratotype (Nagy 1963). There
are Plicatopollis plicatus and all the tropical and subtropical elements, that
were charaterisic of the period. A conspicuous difference is the presence of
Cicatricosisporites dorogensis, instead of C. chattensisf. minor which oc-
curred in the holostratotype. Plicapollis pseudoexcelsus is also absent in the
holostratotype. From the Egerian part of the borehole FV-1 (Snopkova
1988), she was found Boehlensipollis cf. hohli W.Kr. which is an explicitly
Oligocene element. A mitigating circumstance is that “cf.” is written.
Snopkova figured on a diagram in the same work in the lowermost Egerian
all these taxa which are generally characterised that stage: Leiotriletes ned-
deni, Monocolpopollenites tranquillus, Tricolporopollenites cingulum, T. cin-
gulum oviformis, T. microhenrici, Momipites punctatus, Engelhardtioidites
microcoryphaeus, Tricolpopollenites liblarensis, Sapotaceoidaepollenites
sp., Myricipites rurensis, further Osmundacidites quintus, Lycopodiumspo-
rites sp., Cibotiidites zonatus (Trilites multivallatus), Cicatricosisporites
(dorogensis), Favoisporis sp. From the Gymnospermae are so far remarkable
the Cycadopites sp., Podocarpidites sp., from the Angiospermae the Myri-
cipites bituitus, Rhoipites pseudocingulum, Porocolpopollenites vestibulum.
Planderova named and illustrated the boreholes which were used for the
evaluation (1990, Fig. 1-2). In the Early Egerian she indicated the Boehlen-
sipollis sp., probably after Snopkova. Plicatopollis plicatus was only in the
Early Egerian in the Slovakian material, while in the holostrarotype in the
Late Egerian, like in Romania, too. Cicatricosisporites chattensis is the last
occurring in Hungary in the Late Egerian, but in the Slovak material it is pre-
sent only in the Early Egerian. Proteacidites egerensis is in the Hungarian lo-
calities from the Late Egerian, in Slovak material in the Early Egerian, too.
On Fig. 8 the lack of Engelhardtioidites microcoryphaeus is probably a draw-
ing mistake as it is a Paleogene species. The differences between the Slovak
and Hungarian material are limited, the parent plant of some species could
have appeared earlier or later also in closer areas, due to the different bio-

topes.
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Upper Egerian sections are known in Slovakia in three basins: along the
Ipele (Ipoly) river, in the basin of Lucenec (Losonc) and Rimavska kotlina
(Rimaszombat). According of the view of Planderova the upper part of the
Egerian is the same in Slovakia as in Hungary.

The author proposes stratigraphica! changes (p. 120). The Oligocene-Mio-
cene boundary between the Early and Late Egerian in my view is for many
causes impossible: Chattian-Aquitanian would be enough. At first if this
were possible the Egerian stage would not be necessary. The palynological
research shows that the Egerian stage support to itself. In the monograph in
1992 | determined many taxa for the charaterisation of the holostratotype lo-
cality. The planktonic organisms are e.g. Deflandrea spinulosa Alberti, D.
phosphoritica Eisenack, the spores Cicatricosisporites chattensis W.Kr.,
Gleicheniidites elegans Nagy, Dicolpopollenites calamoides Nagy. The
Lower and Upper Egerian are separated, the Upper Egerian being charac-
terised by the appearance of Pwteacidites egerensis Nagy, Favoisporis hun-
garicus Nagy, F. concavus Nagy, and numerous other sporomorphs (Nagy,
1992, p. 14, 19,362).

Pacltova published (1961) the results of the palynological investigation of
a borehole in the environs of Kosice (Kassa), Drinovec. The material is Up-
per Oligocene - Lower Miocene. Pacltova’s article (1963) gives account of
palynological investigation of the brown coal basin of Modry Karnen
(Kékkd), mentioning Deflandrea genus as indicative of the Upper Oligocene
age. In the same periodical there is a paper of Horak et Pacltova (1963),
where with Pacltova’s palynological investigation Chattian-Aquitanian sedi-
ments are proved SE from Béanska Bystrica (Besztercebanya). Similarly the
Chattian-Aquitanian question in Slovakia is the theme of an article by Pacl-
tova (1966). A borehole in the Ipele basin contains Upper Egerian material.
Based on this experience she has found in a borehole Upper Egerian material
in the Banska Bystrica basin. After the photoplates the plankton and the
sporomorphs are the same as in the holostratotype.

Finally about my palynological investigation in the Slovakian Rimaszom-
bat basin, in Csiz district (1978, 1980). The borehole material originated
from Dr. Maria Horvath (ELTE, Budapest). The 31 samples with corroded
material had been taken from micaceous sand and silt. In spite of these mate-
rials | found in them plankton and sporomorphs very typical for the Egerian.

In Planderova (1990) on the Fig. 15 shows that the Slovak scientists who
deal with the Neogene had many changes of view to attain the present stand-
point in the question of the Oligo-Miocene boundary (Vass 1964, 1976, Vass
et al. 1979, 1987, Szenes 1989).
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The Eggenburgian sea in Slovak territory was of very small extension
(map No. 2 in Hamor et al. 1988). Planderova after Gasparik (1979) men-
tioned 4 areas of the Eggenburgian sediments: NW, Middle, East and South
Slovakia. The species on the whole agree with the Hungarian ones. The ex-
tent and delimitation of the Eggenburgian stage from the Ottnangian are
problematics, but this is above all not a palaeobotanical problem. After L
Hably’s studies (1985, p. 127) in the rhyolite tuff there are prints of an Eg-
genburgian palaeoflora. The rhyolite tuff is the boundary between the Eggen-
burgian and Ottnagian stages. The palaeofloras of the two stages are not very
separable. The talks with Géza Hamor support my supposition that the rhy-
olite tuff, a conspicuous geological phenomenon, is very suitable for dividing
two geological units, because its absolute age is also established. An other
problem is that the brown coal of the Salgétarjan Formation would be ranged
by Planderova also in the Eggenburgian. In this way nearly the whole
Ottnangian would disappear. Planderovd compared her material with the
Ottnangian holostratotype material investigated by Hochuli’s, which indi-
cated a cooler climate. Evidently the palaeovegetation and palaeoclimate of
Ottnang Schanze (Hochuli 1979) of higher latitude and higher elevation
could not be identical with the vegetation and microclimate of a coal fonning
swamp forest.

The microflora of Slovakia essentially is the same as the Hungarian one,
although those spores are not mentioned which | have used to characterised
the Eggenburgian (Nagy 1992, p. 362-363).

Planderova (1971) in the Eggenburgian volume of the “Chronostrati-
graphie und Neostratotypen” presented the palynological data of the Slo-
vakian faciostratotype (the Eggenburgian part of borehole Sveperec No. 13
Pb-1, 5 samples). The material was compared with the Egerian and Ott-
nangian palynoflora of Slovakia. She believed that this flora was warmer
than the other two. Their descriptions and figures correspond to the Hunga-
rian Eggenburgian palaeoflora (there are Momipites quietus and Poiypodiis-
porites histiopteroides (she used an other name, but after the photos there are
present).

Pacltova (1978) investigated the brown coal of Handlova and mentioned
that its footwall is Eggenburgian.

The Ottnangian sea was of very small extension and brackish according to
the satellite map No. 2, Hamor et al. 1988. The Slovakian Ottnangian area is
small and connected with the Salgoétarjan territory. Planderova stated in the
monograph (1990) after Gasparik that the area consisted of not connected
pieces of basins. The flora of the lower Ottnangian contains many tropical,
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subtropical elements, suitable for coal fonning. Both the Hungarian and
Slovakian areas belong to the Salgoétarjan Browncoal Formation, naturally
the palaeofloras are the same. The Upper Ottnangian is characterised by
transgression that covered the swamp forest and the vegetation remained only
on the hights, including cooler floral elements. The vegetation type corre-
sponds to the palaeoflora of the holostratotype (Hochuli 1979). The cooling
of the climate appears also in the diagram plotted from Hungarian pa-
lynological data (Nagy 1990, 1992, 1993).

The palaeoflora indicates that a chronostratigraphical unit, the Early Mio-
cene is finished and a new one began, the Middle Miocene. This would sup-
port the superstage subdivision according to Géza Hamor (1995).

The Kaipatian stage related to Ottnangian was more extended and a
deeper sea is figured on the satellite map No. 3 (Hamor et al. 1988) not only
in Hungary but also in Slovakia. Planderova (1990) wrote about three Kaipa-
tian areas: the Carpathian Foredeep, the Southern- and Eastern Slovakian Ba-
sins. The palynological data are summarised in two parts, the lower
Karpatian with the upper Ottnangian and the upper Karpatian with the lower
Badenian. Properly the Karpatian stage disappears, although with the estab-
lishment of the Mecsekisporites main zone it is easy to separate the Lower
and Middle Miocene (Nagy 1992, p. 363 and Nagy 1993, p. 132). The Karpa-
tian sporomoiphs indicate the assemblage zones MF-4 and MF-5 (Plan-
derova 1978), according to the above mentioned divisions. On the Fig. 11
(Planderova 1990) depicted some sporomorphs: Platycaryapollenites mio-
caenicus, Engelhardtioidites microcoryphaeus, Sabalpollenites areolatus,
Tricolpopollenites liblarensis, Rhoipites pseudocingulum, Araliaceoipolle-
nites edmundi, Momipites punctatus, Sapotaceoidaepollenites sp., Porocol-
popollenites vestibulum, Tricolporopollenites henrici, T. microhenrici. Natu-
rally these species are all characteristic of the Kaipatian, but they are also
present in the Ottnangian and in the Badenian. They do not separate, rather
they unite the stages. Regretfully my monograph escaped her attention; the
manuscript was in her hand, among her references (1990) it is present with
the date 1989, with a hypothetical title.

The first volume of the “Chronostratigraphie und Neostratotypen” was the
Karpatian (1967). In it Planderova published her that-time palynological re-
sults (p. 289). The data are from Southern Slovakia (one borehole and two
outcrops). In the material there were many tropical elements e.g. Penta-
polienites sp. on the photos Taf. 7G 22-24 (marked as Tricolporopollenites
sp.). At the end of this volume there is a summary of the palaeontological ar-
ticles (p. 286-290), where also the name of Planderova appears. The last sen-
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tence is that the Karpatian is a new phase in the development of the fauna and
flora “ die man nicht mit dem Helvetien verbinden kann, dessen paléontolo-
gischer Charakter wiederum eng mit dem Burdigalien verknipft ist.” That
conclusion is possible perhaps from the zoological data, but not from the
botanical, palynological ones. In the Karpatian stage we have to do with a
warm palaeoflora of subtropical character, with peculiar, new floral elements
such as Mecsekisporites, Rudolphisporis, Phaeocerosporites transversus,
Ricciaesporites transdanubicus (Nagy 1992).

The Lower Badenian substage has relative small extension in Central,
Southern and Eastern Slovakia (map No. 3, Hamor et al. 1988). These territo-
ries where studied by Planderova (1990). As it was told Planderova assem-
bled the upper Ottnangian with the lower Karpatian in the MF zone 5; this is
cooler. The Late Karpatian - Early Badenian was warmer. There were no
swamp forests, howewer Schizaeaceae were common. There are many Platy-
caryapollenites miocaenicus, Engelhardtioidites microcoryphaeus, Sabal-
pollenites areolatus, Rhoipites pseudocingulum, Araliaceoipollenites edmun-
di, Momipites punctatus, the pollen grains of Sapotaceae, Symplocaceae. On
the basis of the Hungarian paleoflora the Karpatian and the lower part of the
Badenian are combined into the main zone of the Mecsekisporites (Nagy
1992). My remark to the climate: in my opinion the climate ought to be very
favourable because many new taxa appeared. The climate must not be tropi-
cal, rather subtropical, warm-temperate, even the species of the Mecsekis-
porites and Riccaesporites could be such species which required temperate
climate (Nagy 1985).

The Middle Badenian local climate of the brown coal forming swamp for-
ests naturally must have been warm. This is indicated also with the simulta-
neous activity of the volcanizm in the Carpathian Basin. This climate could
be subtropical; for the vegetation of the swamp forest this is convenient.

Planderova divided the Badenian stage in to two parts Lower and Upper
Badenian (1990, p. 13).

The peculiarity of the Middle Badenian in Eastern Slovakia are the salt
layers. They are characterised by a xerophytic flora (in this way she admitted
the Middle Badenian). On the map No. 4, Hamor et al. 1988 in Slovakia is
present the Middle Badenian sea.

A typical feature of the Late Badenian microflora is the impoverishment
also in Slovakia. The conifers are present in high number (the transgression
inundated the swamp forests therefore the vegetation of the higher areas are
present). This is the last appearance of some tropical elements in Slovakia
(Sapotaceae, Symplocaceae, Schizaeaceae, zone MF 6, Planderova 1978).
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The author supposed a rise in the temperature at the Late Badenian-Sar-
matian boundaiy, since brown coal was formed (Handlova-Novaky). There
are no more tropical elements in the flora, although she mentions
Cyatheaceae, tree ferns living in tropical subtropical zones. She assumes also
the presence of Nyssa, Aralia species, which are living at least in subtropical
regions. Slovakia is connected with the Hungarian basin, so there could not
be very great differences between them. The local and microclimate could
give surprises, however: if these species are present, the statement that in the
zone MF 7 there are no more tropical species is not true.

Pacltova (1958) made palynological investigations in the district of Hand-
lova in many places. The floral lists indicate Upper Miocene (Upper Tor-
tonian-Sarmatian). The coal formations are characterised by Taxodiaceae
pollen grains. The article of Pacltova (1961) presents her palynological in-
vestigations made in the surroundings of Kosice (Kassa). The age of borehole
Be 1is Tortonian-Sarmatian and contains many hygrophilic elements.

The article in the Badenian volume (1978, “Chronostratigraphie und
Neostratotypen”, Planderové, Nagy, Roman et Ticleanu) contain only flora
lists. The most important statement concerns the Late Badenian floral em-
poverishment in Slovakia, Hungary and Romania.

The Sarmatian brackish sea was present also in SW-SE Slovakia accord-
ing to the satellite map No. 5, Hamor et al. 1988. Planderova (1990) made,
Umbelliferae, Oenotheraceae, Chenopodiaceae palynological investigations
in the Danube Lowlands and in the Inner Carpathian basins. The charac-
teristic feature of the Lower Sarmatian (zone MF 8) is the increasing number
of the conifers: Picea, Abies, Tsuga, and especially the species Se-
quoiapollenites. To these joined the pollen grains of angiospenns: mainly
Oleoideanimpollenites chinensis, and Fagus, Quercus, Ulmus, Carya, Ptero-
catya, Carpinus, Ostrya, Cornaceae, Caryophyllwn. The rich assemblage
supposes warm climate favorable for the development of mixed deciduous
forests.

After Planderova (1990) in the upper part of the Sarmatian the conifers are
dominant: Pinuspollenites labdacus, Tsugaepollenites igniculus maximus,
Piceapollenites excelsa, the angiospenns Ulmipollenites undulosus, Betulae-
poUenites betuloides, Chenopodipollis midtiplex, Compositoipollenites
taraxacifolia, and other xerophytic plants (Compositae, Artemisia, Chenopo-
diaceae, Gramineae). There are spores too, Lycopodium, Osmunda. They
suppose wann temperate, dry climate.

The Pannonian sea or inland sea is only a small area in Slovakia (map No.
5, Hamor et al, 1988) extended from the Vienna basin to the Danube Low-
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land and SE Slovakia. This is presented in the work of Planderova (1972),
where there is a little sketch map with the investigated localities (p. 210).

The characteristic sediments of the Pannonian (Malvensian) beds in
Slovakia (Planderova 1972, p. 211) are the grey, green, limy clays, in some
places with macrofauna. With the lower part of the Early Pannonian the
Caspian-brackish formation came to an end and deposition of the freshwater
layers began. In the Pannonian the subtropical elements gradually decreased
in the flora. Abundant were the temperate elements: Betula, Almts, Quercus,
Fagus, the conifers: Pinus, Abies, Picea, Larix and the cryptogams: Polypo-
diaceae, Sphagnum, Osmunda. However, there are mentioned the Cya-
theaceae. These are tree ferns, so they could not live in this temperate
climate. In the monograph of 1990 already only once is mentioned the
Cyateaceae in connection with the Leiotriletes wolffi W.Kr. brevis W. Kr.
The statement that the pollen associations of the Pannonian, Pontian are
richer than those of the other parts of the Miocene is certainly erroneous.

She hold inseparable the Sarmatian from the lower part of the Pannonian.
In Hungary | separated them with pollen grains of very small number
(Tsugaepollenites helenensis, Manikinipollis). If they are not present in the
spectra it is very difficult indeed to draw a boundary. In Hungary we have the
plankton zones in the Pannonian after M. Siit6-Szentai. This brackish plank-
tonic organisms are absent in the Slovakian freshwater beds, while in Hun-
garian territory there are only very few sporomorphs in the Sarmatian in
reason of the lithology.

In the Pannonian volume (“Chronostratigraphie und Neostratotypen”
1985, p. 586-615) in the article of Nagy et Planderovd, Planderové indicated
the most typical and most important boreholes for the Slovakian Pannonian
in the environs of Nyitra. Planktonic organisms are very few, chiefly the
freshwater algae Spirogyra are present. Among the underwood of the mixed
deciduous and leafy forest there are many xerophytic elements such as Ephe-
dra, Hex. The low number of the pteridophytes is also indicated. The great
quantity of conifers indicate the nearness of mountains. In contrast to Hun-
gary some subtropical taxa are absent.

The Pontian according to the map No. 6 (Hamor et al. 1988) has nearly
the same extension in Slovakia as the Pannonian. According to Planderova
(1972) in its lower part there are coal bearing series, while in the upper part
there are variegated series.

The third unit is the Romanian (Levantian), according to the map No. 7
(Hamor et al. 1988). This occurs in the Danube basin, in the direction of the
Vah (Vag) valley and in SE Slovakia in lacustrine facies.
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The palynological studies indicate that in the Pontian more conspicuous is
the disappearance of the subtropical elements and the appearance of some
herbs in great quantity: Asteraceae, Rhamnaceae, Ericaceae, Liliaceae,
Gramineae. In Planderova’s opinion for the variegated series in the Pontian
and in the Romanian is characteristic the appearace in major quantity of the
Saiicaceae, Acer, Betula, Aims, further of many Elaeagnus species, Aster-
aceae, Gramineae.

In the Pontian volume of the “Chronosratigraphie und Neostratotypen”
(1990) Planderova et Papsikova wrote about the results of the palynological
investigation of some boreholes in the Danube Lowland. There are no Pon-
tian outcrops, therefore these boreholes where chosen as facio-stratotype.
The boreholes are characterized by coaly clays, with lignite seams. The
sporomorph list is the same as in Hungary: spores Polypodiaceae, Osmunda,
Lycopodium, Sphagnum, (the Cyatheaceae are mentioned!), conifers Taxo-
diaceae-Cnpressaceae, Tsuga, Sequioa, Cedrus, Sciadopitys, Pinns sylvestris
and haploxylon type, Abies, Keteleeria, Picea, further Ephedra, angiosperms
Ti/ia, Malvaceae, Carya, Pterocarya, Betula, Alnus, Corylus and different
sorts of Salix are common, besides Juglans, Liquidambar, Ilex, Ulmus, Ost-
lya, Carpinus, Quercus, Fagus, Rhus, Acer, Tricolporopollenites asper, T.
microhenrici, Tricolpopollenites liblarensis, Caryophyllaceae, Polygalaceae
and other pollen grains of herbs Chenopodiaceae, Lamiaceae, Asteraceae,
Ericaceae, Poaceae, Nymphaeaceae, Liliaceae. Many of the elements belong
to the temperate zone, but sporadically there are subtropical taxa, too: Engel-
hardtia, Myrica, Sciadopitys.

Pacltova (1961) wrote also about her palynological results SW of Kosice
(Kassa) at Baska village, from a Pliocene outcrop.

The Neogene flora of Slovakia can not be separated from the Hungarian
one of the Central Paratethys: it is a natural Northern complementary area.
The differences are not greater than those between the North and South in the
Hungarian territory. We have often the possibility to correlate our Hungarian
and Slovak data. Obviously the tropical and subtropical elements disappeared
somewhat earlier in Slovak territories, what is not only a consequence of the
latitudinal difference, but it is also connected with the geomorphological dif-
ferences. The greatest deviation is the appearence of evaporites in the Middle
Badenian of Eastern Slovakia. This is a geological phenomenon, but since in
the evaporite there are very few sporomorphs they cause no serious trouble in
the correlation. In the youngest Neogene formations in the consequence of
the lack of inland sea the brackish water planktonic organisms are absent in
Slovakia. The terrestrial vegetation of both territories is the same.
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Czech Republic

According to the Neogene palaeogeographical atlas of Hamor et al. 1988,
in the Czech Republic the Central Paratethys was extended only to the South-
ern part of Moravia in prolongation of the Vienna Basin. About this give
evidence the maps No. 1, 2, 3. The sea is the most extended on the last one.
The presence of the sea may be supposed even in the Karpatian stage (satel-
lite map of No. 3).

The results of the palynological investigations are examined for compar-
ing the palaeovegetation independently from the presence of the sea.

ZdraZlkova (1993) made palynological investigations on Eggenburgian,
Ottnangian, Karpatian borehole sections in Southern Moravia in the Carpa-
thian Foredeep belonging to the Central Paratethys. The pollen spectra con-
tained constant tropical-subtropical taxa: Lygodium, Sapotaceae, Palmae,
Araliaceae, Engelhardtia, temperate climate demanding taxa: Tsuga, Scia-
dopitys, Fagus, Betula. The humid elements are rare: Taxodiaceae, Polypo-
diaceae. There are numerous xerophytic plants: llex, Chenopodiaceae,
Ericaceae. In addition there are Quercus, Platanus, Buxaceae, common are
the Oleaceae, Pinaceae. Planktonic organisms are the Botryococcus, dino-
flagellates without projections, Stigmopollis laevigatoides Kr. et Pack, which
the authors assign to Cyanophyta. Pacltova (1982) found a similar associa-
tion in the Cheb basin, in the Cypris Formation. The Ottnangian-Karpatian
palynoassociation is different. The author observed no cooling in the
Ottnangian, in contrast to Hochuli. The number of the pollen grains of Sapo-
taceae is decreasing, but the presence of the Symplocaceae, Palmae, Ly-
godium is increasing. The “arctotertiary” elements are rare {Tsuga, Betula,
Fagus). On the top of the Ottnagian there are many hygrophilic plants
Taxodiaceae, Myrica, Nyssa, Alims, Polypodiacae. There are many Selagi-
nella spores. The Tasmanaceae cysts and DinoflagelJatae indicate transgres-
sion. In the higher samples the Taxodiaceae swamp forest appears. In the
boreholes there are two associations: the first is Myricipites megagranifer,
Laevigatosporites haardtii, L. discordatus, Alnus, the second is in great quan-
tity Poaceae and Palmae, Sparganiaceae, Botiyococcus, Ovoidites. In some
places (Nosislav, Medlov) in the upper part of the Karpatian the dinoflagel-
lates indicate marine influence. They are many “arctotertiary” elements:
Betula, Carpinus, Juglans, Tsuga. Sapotaceae pollen grains occur too, but
the saccate conifers are dominant. The spectrum is very similar to the South
Slovakian one.
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In Bohemia the localities of the palynological studies are out of territory
of the Central Paratethys. Pacltova (1958) made palynological investigations
in Southern Bohemia, on the Oligo-Miocene Mydlovary section. The lignite
mine by Mydlovary village has two coal seams (Pacltova 1960). The fresh-
water is proved by planktonic organisms (Pediastrum sp., Ovoidites sp.) and
with Azolla massuia, and Sparganium pollen grains, too. The association of
the sporomorphs verifies the age of the sediments iLeiotriletes adriennis ssp.
pseudomaximus, Corrugatisporites solidus, Osmundacidites quintus, Polypo-
diaceoisporites marxheimensis, Polypodiisporites alienus, Myricipites bitui-
tus, Engelhardtioidites microcoryphaeus, Momipites punctatus, Myricipites
megagranifer, the pollen grains of Symplocaceae, Sapotaceae, Pa/mae,
Cyrillaceae, Tricolporopollenites henrici, 1 microhenrici, the species of T.
cingulum, T. satzveyensis, Tricolpopollenites liblarensis. These taxa are pre-
sent in the holostratotype, too. This fact does not diminish the importance of
the typical species of the Egerian (Nagy 1963, 1979, 1992).

The Northern Bohemian Basin is located in NW Bohemia. The basement
of the Basin is limnic Paleogene. In the Miocene a productive brown coal for-
mation developed. In the area between the towns of Chomutov and Zatec
many scientists worked. The age of the basal sand and clay is surely Paleo-
gene, above the upper part of the volcanic series is possible the presence of
the Neogene. The lower Underlying Formation sandy-clay beds with the
lower coal seam are surely Miocene. On the following layers palynological
investigations were made by Konzalova (1976). There is a coal bearing for-
mation, with two coal seams with a dead rock in between and after that the
upper formation (Overlying Formation), again a dead rock and at last an up-
per coal seam. One part of the work was done in the western area
(Chomutov-Zatec), and the other on the volcanic series in the Eastern area
(at Most city). The lower formation is Miocene, from l.ate Aquitanian till
Early Burdigalian. Konzalova refers to numerous authors, who compared the
North Bohemian Basin with the Cheb and Sokolov Basins chiefly by means
of animal fossils. With these data however one can not separate the paly-
nological material in stages, because the formations are referred very rarely,
in most cases only the boreholes are named. Freshwater algae are Botryococ-
cus, Pediastrum. The ferns are Azolla, Salvinia, Osmundacidites prirnarius,
Schizaeaceae (Lygodium, Leiotriletes maxoides), Histiopteris sp., Polypo-
diaceoisporites sp. and Corrusporis sp. From the conifers are listed the most
important genera of Cupressacites and the Abietinae. She described one
Ephedra and 59 angiospenn taxa, from these 43 are common with the Hun-
garian Early and Middle Miocene. Characteristic taxa are in the Central Pa-
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ratethys area in the Early Miocene: Magnolia, Persicarioripollis meuseli,
Myricipites rurensis, M. megagranifer, Engelhardtioidites microcoryphaeus,
Momipites punctatus, Tricolporopollenites henrici, Araliaceoipollemtes ed-
mundi, Dicolpopollis kockeli. The most part of the further taxa are to be
found in the whole Neogene: freshwater alga and ferns, and other freshwater
plants. By the coal forming there are always present the Taxodiaceae family
and other swamp forest plants (Nyssa, Oenothera, Gramineae). The diffi-
culty of more precise ranging of the stage probably is also due to the lack of
other fossils, so the author tries to make a correlation with other areas sup-
posedly similar in age, e.g. the Cheb Basin. The research area is not far from
the former GDR localities, that is why naturally the author tries to make cor-
relisation with them. Mai (1967) made a zonation from his macroflora data
numbered with I-XI1I to the area of the GDR. Here and there he made com-
parison with the palynological data of W. Krutzsch. He referred to the results
of some German (Gothan, Krausel, Potonie, Kirchheimer) and Polish authors
(Szafer, Lancucka-Srodoniowa). He mentioned the better founded subdivi-
sion of the Paratethyan area, the stages, but evidently, he could do no correla-
tion with the data of the Paratethys.

In Western Bohemia the Cheb Basin is South of the former. Konzalova
(1981) made also there palynological investigations in the years of 1977,
1978. From the lower part of the investigated borehole (V-1) 180.2 m are
Tertiary. The upper section of the borehole is the Vildstejn Formation of
Pliocene - Pleistocene age, below them the Cypris Formation could be of
Karpatian-Ottnangian age (Fejfar 1977), and the Lower Miocene Main Coal
Seam overlying the Basal sandy-clay Formation is probably Paleogene. The
age of the coaly clay between the main coal seam and the Cypris claystone is
upper Ottnangian-Karpatian as indicated by its mammalian fauna.

In the area between Frantiskovy Lazne and the Odrava basin many bore-
holes were deepened which contained ichtyofauna. Some of them were in-
vestigated by Konzalova and Stuchlik (1983). The samples have rich
sporomorph spectra: a great number of pollen grains of Pinaceae and less of
the group Taxodiaceae-Cupressaceae, which increases towards the upper
part of the sequence. There are many aquatic and swamp plants (Alis-
mataceae, Butomus, Sparganium, Equisetum, Typha, Gramineae), as well as
Alnus, Ulmus. Characteristic angiosperms are in the entire borehole the
Carya, Engelhardtia and the Oleaceae-Caprifoliaceae group. The meso-
phytic mixed forest and humid habitats appear in the spectrum with Fraxinus,
Acer, Castanea, Quercus, Carpinus, Ostrya, Celtis, Fagus, Magnolia, Tilia,
Nyssa, Liquidambar. Several elements of the family Pinaceae and the genus
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Cunninghamia represented the conifers. The shrub level consisted of llex,
Rhus, Rosaceae (Crataegus, Prunus-type), Hammamelidaceae (Corylopsis-
type), Rutaceae vel Rubiaceae, Vitaceae, Rhamnaceae, Oleaceae-Caprifo-
liaceae, Sterculiaceae (Reevesia), Araliaceae. The semi-parasitic Lorantha-
ceae have also been found in the North-Bohemian Basin and in the Most
area. With special interest were followed the thermophilic elements because
although they are only a few in number, but they are characteristic for the
vegetation (Sapotaceae, Symplocaceae, Arecaceae, Schizaeaceae families),
and in the evergreen forest the llex, Reevesia, Buxus and Araliaceae, too.
Few pollen grains are present from ferns and herbs, only water plants, Cyper-
aceae, Gramineae were found and in the upper samples there were Botryo-
coccus colonies.

These spectra were compared with the spectrum of the main coal seam,
where there are more swamp plants (Myrica, Taxodiaceae-Cupressaceae)
and pollen grains characterised the warmer climate: Tricolporopollenites hen-
rici, Rhoipites pseudocigulum, Engelhardtia, Arecipites areolatus, Symplo-
caceae, Sapotaceae, Nyssa, Araliaceae-Cornaceae, etc. The Cypris clay
layers are impoverished in pollen grains, but the relative values of certain ele-
ments are rather high (Keteleeria, Pimis sp. div.). There are many Tilia, Fa-
gaceae, Pterocarya, Juglans, Chenopodiaceae and in general pollen types of
anemophilous plants.

The results of their research were compared with those of the palynologi-
cal investigation of the Mecsek Mountains (Nagy 1969), such as the clay
marl with fish-scales, and the “Schlier”, mentioning the most important lo-
calities: borehole Hidas 53, Kisret, Magyaregregy-Leanyko, Melegoldal,
boreholes Zengovarkony 59 and Komlo 120. It would be very interesting to
know the one-time exposition of the places. The Cheb basin is of much more
northern position, it could have been of southern exposition, while the locali-
ties in the Mecsek Mountains are in the northern part on the Mountains. This
could be also the cause of the similarity.

The Vildstejn Formation is the youngest in the Cheb basin. Stuchlik
(1982) studied palynologically three sections. He determined 127 taxa and
identified three vegetation units. In the lowest clay layer there was a broad
leaves Alnus-Sphagnum swamp forest with Pinus, or an Ericaceae, Sali-
caceae, Cyperaceae, Betulaceae and mesophytic forest with Pinus domi-
nancy, with Quercus, Tilia, Ulmus and Rosaceae. The botanical charac-
teristic of the second clay layer was a swamp forest with Alnus, Taxodiaceae-
Cupressaceae, mesophytic deciduous forest with great shrub stock (Rham-
naceae, Viburnum, Vitis, Rosaceae) and Tsuga. The third unit was an open
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swamp and marsh, with many herbs. The botanical associations equally con-
tain Tertiary and Quaternary elements. Since the spectrum contains such Ter-
tiary elements like Arceuthobium, Aralia, Corylopsis, Keteleeria, Liquid-
ambar, Myrtaceae, Nyssa, Osttya, Reevesia, Rhus, Sapotaceae, and the ratio
NAP/AP refer to Neogene the time of origin, indicating the end of the Plio-
cene with transitional character to the Pleistocene.

Pacltova (1963) published the results of the palynological investigations
made in the Treboh basin in Southern Bohemia. The stratigraphical subdivi-
sion of the area was made after the quantitative division of Reuver, Tegelen
and young Quartemary elements. The Reuver elements are: Sequoia (Cryp-
tomeria, Metasequoia), Taxodium (resp. Glyptostrobus), Sciadopitys, Nyssa,
Liquidambar, Cedrus, Zelkova. Tegelen elements are: Tsuga, Pimts haploxy-
lon, Phellodendron, Carya, Pterocarya and probably Juglans, Castanea,
Quaternary' elements are: Picea, Abies, Pinus sylvestris, Betula, Corylus, Ai-
nus, Carpinus, Quercus, Fagus, Salix, Ulmus, Tilia, llex. On this basis the
section of Lednice is ranged in the Reuver (similarly to the Pontian of Hun-
gary). The author mentioned coaly clay and “schwach durchkohlten Holz-
ern”. She wrote in the same article about the results obtained in the Cheb
Basin, too. The beds of Vonsov - Nova Ves range in Pretegelen-Tegelen
agree with the results of Szafer, Oszast, Zagwijn like Mizema II/l1l and
Kaprocz in the Polish Western Carpathians.

From the stratigraphic point of view the results of the palynology easier to
correlate in areas which were are in contact with the Paratethys, and more
difficult in case of the rest. The comparison in the latter case is made even
more difficult by the different geomorphological circumstances.

Austria

On the basis of Hamor 1995 it is evident that in the Early Miocene the Pa-
ratethys had a connection between the norther part of Hungary and Austria
through Middle Slovakia. The marine contact was established through the
Carpathian zone. A direct sea contact developed in the Karpatian stage and it
was the most extended in the Badenian. Before these stages the Paratethys
extended to the West as far as to Switzerland. The sea, however, was not fur-
ther extended to the West in Badenian time, only to the Vienna Basin.

From the territory of Austria there are not too many Neogene palynologi-
cal works. Klaus (1971) reports about the palynological investigation of
phosphoritized coprolites from the Egerian in Hinzenbach (,,linzer Phos-
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phorit Sande”). On the basis of the predominance of the pollen grains of
Tsuga, Carya and Firms sylvestris he thinks the material is nearer to the
Burdigalian than to the Oligocene, so we can identify it as Upper Egerian.
The list of the flora is: Hystrichosphaeridae fragments, Fungi, Pinus syl-
vestris, P. haploxylon, Picea, Tsuga cf diversifolia, Sciadopitys cf. verticil-
lata, cf. Sequoia, Cupressaceae, Taxaceae, Carya, Momipites punctatus,
Engelhardtia, Myricaceae, Quercus, Pollenites henrici, P. microhenrici,
Rhoipites pseudocingulum, Poll, cingulumfusus, Oleaceae, Poll, gertrudae,
Nyssa, llex, Sapotaceae, Ephedra, cf. Ericaceae, Sabal, Poll, emmaensis,
Polyatriopollenites vestibulum, Poll, fallax, Poll, marcodurensis, Poll, par-
mularius, Gramineae, Acer, Alnus, Zelkova, Betula.

In the article of Planderova, Klaus et Nagy (1975, “Chronostratigraphie
und Neostratotypen”, Egerien) there are two floral lists from Klaus, one is of
the schlier of Hinzenbach (the same see above) and the second of the section
of Klein Rust. In the first there are no spores, in the second there are. Cicatri-
cosisporites dorogensis is mentioned, which may be rather C. chattensis.
Among the conifers the Pinus haploxylon type is dominant, this refers to the
Early Egerian. Remarkable older elements are Engelhardtia, Tricolporo-
pollenites microhenrici, Myrica, Rhus and Poll, fallax.

Hochuli (1978) made palynological research in a very extended area
(from Switzerland to Hungary and from Southern Bavaria to Northern Tyrol)
and very great interval of time (from upper Eocene till Ottnangian). Naturally
he does not deal very much with sections, but one-two samples were investi-
gated in a locality. This was his diploma work. From the Austrian material |
chose four Miocene localities. The first one is Lower Egerian, an outcrop in
Unter Rudling (Oberosterreich), 3 samples. The material could be correlated
with the Puchener Series, consequently it is of Early Egerian age. The flora
according to the author’s opinion is rich in “arctotertiary” elements such as:
Sciadopitys serratus, Tsugaepollenites maximus, T. neogenicus, T. spinulo-
sus. The conifers more than 55% are Cupressacites insulipapillatus, 5.5%
Taxodiaceae, 4.5% Sequoiapollenites. Warm elements are only a few; among
conifers the Podocarpidites libellus, among the angiosperms Magnolia,
Intratriporopollenites instructus, Tricolporopollenites henrici (9.4%), Myri-
cipites rurensis, Engelhardtioidites microcoryphaeus, by the spores Foveo-
triletes crassifovearis, Polypodiisporites a/ienus. The phytoplankton agrees
mostly with the material of the Rupelian (Kiscellian) part in the Eger brick-
yard borehole. In the holostratotype in Hungary the number of these plank-
tonic organisms is deccreasing, because the shoreline was nearer, only there
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are more Pleurozonaria species. The Austrian areas are probably of open sea
facies.

The second locality is Hinzenbach near Eferding (Oberosterreich), which
the author identified with the upper part of the holostratotype and ranged in
the Neogene |1 created by himself. The lower part of the Neogene I, after his
figure (p. 4, Abb. 1) the base of the Egerian is identical with zone NN1, |
chose this locality. This locality was described by Klaus in 1971 and in the
Egerian volume in the article of Planderova, Klaus et Nagy in 1975. Hochuli
investigated 3 samples, only in two of them was material. The author drew
the conclusion that in the material occur mostly warm elements, and there-
fore it belongs to the Late Egerian, and accordingly to Neogene Il. The
planktonic material is similar to the former. From this Deflandrea spinulosa
is present only till the top of the holostratotype. In the same time in both of
the Egerian localities there is abundant phytoplankton, chiefly hystrichos-
phaeres, which are present in the holostratotype only as fragments. The
sporomorphs in Hinzenbach are: Cupressacites 60%, Sequoia+Taxodiaceae
cca 10%, a few Nyssa, Sparganiaceae (these are after Krutzsch “facies ele-
ments”), “thermophilic elements”: Leiotriletes maxoides maximns, Polypodi-
idites secundus, Podocarpidites nageiaformis, Myricipites rurensis (why is
this not a facies element?), Plicatopollis plicatus, Momipites punctatus,
Engelhardtioidites microcoryphaeus, Platycaryapollenites miocaenicus, Tri-
colporopollenites henrici, T. marcodurensis, Araliaceoipollenites and the
pollen grains of Sapotaceae.

As “intermediary elements” are mentioned the temperate climate Abies,
the rather mediterranean Cedripites, and Ephedripites, Betula, Carya, Ptero-
carya, Juglans. “Arcotertiary elements” are the Polypodiaceoisporites gra-
cillimus (in my opinion it is a warm element! (Nagy 1963), described from
the Upper Egerian and present only in the Lower Miocene, too), Picea,
Tsugaepollenites maximus, T. spinulosus, Sciadopityspollenites serratus, S.
quintus, Carpinus, Ulmus, Acer, Liquidambar, Fagus.

In the flora of the holostratotype in Hungary there are no significant dif-
ferences as would be in case of a great change in the climate between Early
and the Late Egerian. The most characteristic taxon in the flora is the Sapo-
taceae. This is present almost in equal quantities in both parts of the Egerian.
There are not too many, different fern species. Polypodiaceoisporites gracil-
limus is in Hochuli’s opinion an “arctotertiary element” - but it appears even
in the upper part of the lower Egerian, and is present in the upper part of the
Egerian, too. In both parts there are Pentapollenites species and Cyrilla.
There are more Tricolpopollenites liblarensis in the upper part, but from
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Rhus are more present in the lower part. It is possible that in our statement
there are mistakes (Planderova, Klaus et Nagy 1976), or Hochuli’s statement
IS not true, since his advisers knew better the palynological situation in the
Central Patatethys.

The third Austrian locality is the holostratotype of Eggenburgian Eggen-
burg, Brunnstuben Graben (Niederosterreich). In the rich flora the Momipites
punctatus and Engelhardtioidites microcoryphaeus are dominating. Accord-
ing to the author the Gramineae and Compositae are more numerous than
they were in the Egerian. The phytoplankton is the same, chiefly Hystrichos-
phaeridae. The spores are Foraminisporis granoverrucatus, Polypodiis-
porites alienus, Corrusporis chattensis, Laevigatosporites haardtii, the pol-
len grains: Piceapollenites alatus, Ahietinaepollenites microalatus, Pinus-
pollenites sp. (38%), Cupressacites insulipapillatus, Ericipites ericius, Al-
nipollenites verus, Chenopodipollis multiplex, llexpollenites iliacus, I. mar-
garitatus, Inaperturopollenites sp., Sequoiapollenites sp., Taxodiaceae-
pollenites sp., Dicolpopollis kockeli, Nyssapollenites kruschi (“facies ele-
ments”). Warm elements are Osmundacidites primarius, Leiotriletes maxo-
ides maximus, Trilites multivallatus-Cibotiides zonatus, Polypodiidites
favus, P. histiopteroides, Podocarpidites libellus, P. nageiaformis, Myri-
cipites rurensis, Plicatopollis plicatus, Engelhardtioidites microcoryphaeus,
Momipites punctatus (29.6%), P/atycaiyapollenites miocaenicus, Trico/poro-
pollenites henrici, Cyrillaceaepollenites exactus, Sapotaceoidaepollenites
sapotoides. “Intermediary elements” are: Abies, Betula, Carya, Juglans.
“Arctotertiary elements” are: Picea, Tsugaepollenites neogenicus, Polypo-
diaceoipollenites gracillimusU, Graminea, Slovakipollis hippophaeoides, Ul-
mipollenites undulosus, Liquidambarpollenites stigmosus.

The fourth locality is Ottnang (Oberosterreich). The holostratotype is
Ottnang-Schanze from where one schlier sample was investigated. The sam-
ple contains well preserved phytoplankton and sporomorphs. The chief char-
acteristic is the decrease of the tropical elements. The marine phytoplanton is
mostly Hystrichosphaeridae, some of these are in Hungary in the Rupelian
and the Egerian. The sporomorphs are labelled after Krutzsch (1967) as: “Fa-
cies elements”: Laevigatosporites haardtii, Piceapollenites alatus, Abietinae-
pollenites microalatus, Pinuspolienites sp. 72.4%, Ericipites baculatus,
Alnipollenites verus, Chenopodipollis multiplex, Ilexpollenites iliacus, I.
margaritatus, Sequoiapollenites sp., Taxodiaceaepollenites indet., Sparga-
niaceaepollenites fsp., Nyssapollenites kruschi. “Thermophilic elements”:
Leiotriletes wolffi, Cibotiidites zonatus, Polypodiiditesfavus, Podocarpidites
libellus, Myricipites rurensis, Momipites punctatus (15.1%), Platycary-
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apollenites miocaenicus, Tricolporopollenites henrici, Sapotaceoidaepol-
lenites sapotoides. “Intermediary elements”: Abiespollenites fsp., Cedripites
fsp., Ephedripites tertiarius, Betulaepollenites betuloides, Caryapollenites
simplex, Pterocaiyapollenites stellatus, Juglanspollenites maculosus.
“Arctotertiary elements” are: Neogenisporisfsp., Ricciaesporites sp., Perino-
monoletes spicatus, Sciadopityspollenites serratus, Graminidites sp., Slova-
kipollis hippophaeoides, Ulmipollenites undulosus, Liquidambarpo/lenites
stigmosus, Lonicerapollis cf. gallwitzi, Faguspollenites pseudocruciatus,
Compositae div. fsp.

In the Ottnangian of Hungary the number of temperate elements in paly-
noflora is increasing, but in the scrub level relatively many tropical ferns oc-
cur. We can well observe this in the Mecsek Mountains. In Northern Hungary
in connection with the palaeogeographical circumstances there were brown
coal forming swamp forests and swamps, which assured the wanner habitat
for the vegetation.

It is a pity that Hochuli in his work took over from Krutzsch (1967) the
climatical categories of Tertiary palynological elements, in which botanical,
climatological, ecological and geological ideas have been mixed.

By Geras (Niederosterreich) in Langau there is a brown coal seam, which
was studied palynologically by Obritzhauser-Toifl (1954). She refers for the
stratigraphical ranging to the palaeontological research of Zapfe, who with
Mastodon teeth rests verified the Burdigalian age of the brown coal. The
xylitic, soft brown coal contains freshwater algae, chiefly Zygnemataceae:
different morphological varieties of Ovoidites ligneolus (Spirogyra sp.,
Mougeotia sp. which - after the manuscript of Klaus thesis from Neufeld -
she marked with the Tetrapidites genus name). In the spectra - according to
the nomenclature of Klaus - the bladderless conifers are dominant. Further
the spectra contained all sporomorph taxa, which are present in the Hunga-
rian Eggenburgian localities. The spores are: Osmundacidites primarius, Ly-
godioisporites adriennis, Polypodiisporites favus, Laevigatosporites haard-
tii, the conifers: Pinus sp., Larix, Podocarpus, the angiospenns: few Alnus,
many Momipites punctatus (Pollenites coryphaeus), Cyrillaceaepollenites
exactus, C. megaexactus, Tricolporopollenites microhenrici, Tricolpopolle-
nites liblarensis, few Catya, Pterocary>a, Ulmus, many Engelhardtia,
Pollenites gertrudae, Rhus, llex (margaritatus, propinquus), Intratriporo-
pollenites instructus, Araliaceoipollenites edmundi, Porocolpopollenites tri-
angulus (Symplocaceae), Sapotaceoidaepollenites manifestus, Ericipites eri-
cius, E. roboreus, Compositae, Pollenites oculus noctis, Smilax, Typha.
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Klaus (1952) for comparison investigated two samples from Langau. He
confirmed the age of the locality with Spm. adriennis, which is according to
the opinion of Weyland Lygodium venusturn Sw.

Middle Miocene, Badenian clay was investigated by Zetter et Draxler
(1991). From Weingraben (Burgenland) freshwater clay 80 floral elements
were described. Limnic origin is indicated by the Botiyococcus (these are al-
ginite-like accummulations some places), and Pediastrum. They found fungi
and moss spores, Lycopodium, Osmunda, Lygodium, Polypodiaceae spores.
The numbers of conifers and the bisaccate pollen grains were considerable.
The few Taxodiaceae and Nyssa suggest the lack of swamp forest. The angio-
sperms were chiefly Fagaceae and Juglandaceae, this refers to riparian for-
est. The Oreomunnea is a Juglandaceae till now known as Momipites
punctatus, it is aboundant in the lower and middle parts of the section. This is
awarm element. After Willis (1966) the Oreomunnea genus with two species
is living in Mexico and Middle America, the authors therefore stressed the
American floral relationship. There were other tropical elements: Sapo-
taceae, Symplocaceae, Reevesia, Rhus pollen grains. The authors made some
cenological and climatological conclusions, promising a further and more de-
tailed study of the flora.

Tortonian - Sarmatian is the hypothetical age of material the layers with a
leaf flora at Wolkersdorf in the lower Lavanttal (East Karinthia), on the basis
of palynological investigations by Klaus (1955). In his opinion the Upper
Tortonian is inseparable from the Lower Sarmatian. The section contained
two kinds of fossilised material.

A) One part is in poor condition, most of them are conifers cca 32.5%
(11% Taxodiaceae, 17% Pinus haploxylon type), and there are Cary’a, Ptero-
carya, Liquidarnbar, Ulmus, Zelkova, Juglans, Engelhardtia, Alnus, Tilia,
Betula, Cotylus, Compositae. These are in his opinion allochthonous forms,
characterising the Sarmatian.

B) The other sporomorphs in very good codition are the Lygodioisporites
and Sapotaceae. These are more characteristic of the Lower Miocene, but
were present also in the Middle and the Upper Miocene. On the basis of
foraminifers and molluscs Beck-Managetta (1952) hold the Wolkersdorf beds
for Upper Miocene. Berger on the basis of plant macrofossils hold it beds for
Lower Miocene (Biittneria aequalifolia is numerous), but Klaus did not agree
because of the lack of epidermis examinations.

Klaus made his Thesis in 1950. It remained in manuscript, but many sci-
entists refer to it, Klaus himself, too. | used it also at first in my monograph in
1958; the material has the same age as the Petofi-banya brown coal beds, the
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Pannonian “F” after Adolph Papp. Klaus (1952) very shortly, compared the
Hausruck brown coal sections with his dissertation material from Neufeld
(Lajtaujfalu, Burgenland). He investigated 78 samples from the section. The
Finns labdacus minor type is dominant opposite to Pinus microalatus minor.
There are many conifers Picea, Abies, Tsuga, Sequoia (Cryptomeria), Taxo-
diaceae, Cupressaceae, Sciadopitys and many other Pinus types, angio-
sperms: Fagus, Nyssa, Liquidambar, Carya, Pterocarya, Castanea. The
Miocene index fossils are missing.

From the western Hausruck (Oberdsterreich) brown coal section Klaus in-
vestigated 23 samples. The age is the earliest Pliocene (Klaus 1952). He has
not investigated the Eastern part of the Hausruck area, but the age is Early
Pliocene verified by Hipparion gracile (Kaup) teeth.

In the jubilee volume of cooperation of the Hungarian - Austrian Geo-
logical Institutes there is an article about the results on the palynological in-
vestigations about the boundary Upper Pannonian, Pontian brown coal
sections (Draxler, Nagy et al. 1997). From Austrian side 3, from Hungarian 2
boreholes were compared. The data were fully in harmony.

In SE Burgenland at Badersdorf in coaly clay Zetter et Kéri (1989) found
fossil Nelumbo pollen grains. According to their determination the finding is
N. europea Kuprijanova et Tarasevic. They could not identify it with a recent
species and therefore it could not be used for climatological evaluation.

Kovar-Eder (1987) used not only the macroflora data, but took into atten-
tion the results of the palynological investigations, too for the evaluation of
the Pannonian vegetation and climate of the Central Paratethys. She com-
pared her own data with the results obtained in Romania, Hungary, Czeho-
slovakia, Poland and Western Germany. About the climate this is written:
“Although of Pannonian age, the climatic evaluation of the flora from the
Matra Mountains (Nagy 1958) may provide a good model for the slightly
older floras in the Pannonian Lake area. Nagy’s study is the only one that
considers the microclimates of the single habitats. The composition of the
flora does not differ principally from those of the Pannonian so that these re-
sults have at least some validity for the Pannonian.” Then she reported nu-
merical all my climate data. Then: “Perhaps the most critical element in these
interpretations is the possibility that while some microclimates may have ex-
perienced considerable frosts other may have been more or less frostfree.”
Later: “more attention should be paid to possible microclimatic differences
caused by topographical factors such as differences in elevation, extension of
mountains as well as distance from stream and river banks and the Pannonian
Lake. Nagy’s (1958) climate analysis of the flora from the Méatra Mountains
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clearly illustrates possible differences in microclimate in different habitats. It
offers interpretation of climatically favoured areas and climatic variation as-
sociated with elevation.” (Kovar-Eder 1987, pp.125-126).

The palynological data the Neogene of Austria apart from the geomor-
phological differences correspond to the Hungarian ones.

Poland

In the atlas of Hamor et al. (1988) on the maps Nos. 3-4 (Karpatian-Bade-
nian), it is marked that the Paratethys was extended to the South of Poland
only. The first Neogene palynological articles are written about these stages.
Oszczypko and Stuchlik (1970, 1972) demonstrated freshwater beds from the
uppermost part of the Karpatian (then Upper Helvetian), as well as brackish
and salt water layers from the Lower Badenian (then Lower Tortonian) in
Nowy S”cz Basin SE of Krakow. The authors with palynological analysis of
the freshwater layers determined 82 taxa. These were divided into 3 groups:
conifers, genera of the Miocene, and Quaternary taxa. In the first group, the
conifers, Pinus sylvestris prevailed, fewer were the Taxodiaceae, Cupres-
saceae, and only sporadically occurred Pinus haploxylon, Picea, Tsuga. The
second group were the Tertiary genera Castanea, Carya, Pterocary>a, Platy-
carya, Engelhardtia, Celtis, Myrica, llex, Nyssa. No old Tertiary elements
were present. The third group consisted of taxa occurring both in the Tertiary
and in the Quaternary. Apart from Alnus and Betula the other components of
mixed deciduous forest were of no greater significance. From the strati-
graphical point of view the freshwater sediments are underlying in the basin
brackish and marine sediments, which are the lowermost part of the Lower
Badenian, while the freshwater sediments are the upper part of the Karpatian.

Oszasfs article (1967) concerns the palynological investigation of the
sulphur deposit at Piaseczno near Tarnobrzeg. The opencast sulphur mine,
Tortonian limestones and sulphuriferous clays are overlain by Pleistocene
sediments. The analysis was made from 40 samples of Tortonian (Badenian)
sediments. Among the conifers the pollen grains of Taxodiaceae and Pinus
were dominant. There are a little more Picea than Abies, Tsuga, Sciadopitys.
Among the angiosperms the Ericaceae were dominant. To the vincinity of
the seashore refer the pollen grains of Chenopodiaceae and Plantago cf.
maritima. Farther from the sea the representatives of the deciduous forests
were Platanus, Ulmus, Corylopsis, Ailanthus, Acer, Styrax, Carya, Pteroca-
rya, on the hights there are Fagus, Zelkova, Carpinus, Eucommia, in dryer
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places Quercus, Celtis, Ostrya and Tilia, Salix, Liquidambar, Dyospyros,
Parrotia, Ligustrum, Sorbas, Crataegus, Buxus, llex, Punica, Smilax, Vitis,
Rhus. The flora reminds the author to the Transcaucasian flora, and the shrub
level (Punica, Nerium, Berberis, Rhamnus, Cassia) to the Mediterranean
macchia (but the latter is the result of forest cut-over!). The author believes
that the climate v/as warm temperate, in its character Mediterranean. This pa-
laeoflora was rich, but indicates a cooler climate than the Hungarian one.

A similarly Tortonian flora is in the brick-yard clay at Stare Glivice
(Oszast 1960). The investigated outcrop section was divided into three parts.
In all three conifers were dominant. The middle one was more humid, there
were more Taxodiaceae-Cupressaceae, the lower and upper part were dryer,
there were dominant the Sequoia pollen grains. There were warm elements,
though there were no more Symplocos and Sapotaceae pollen grains, similar
to the previous locality. As compared to the Hungarian Badenian in corre-
spondence with the latitudinal differences, Stachurska et Sadowska (1973, p.
162) hold the locality of Stare Glivice for Sarmatian and supposed that the
area was near the Paratethyan seashore. This is however impossible after the
maps Hamor et al. (1988), it could be only in the Late Badenian.

Oszast in a monograph (1973) refers to the palynological investigation of
the Domariski Wierch borehole on the highest point of the Western part of the
Nowy Targ Basin. She presented the results of the investigation and for stat-
ing the age refers to the other palynological results of the Nowy Targ Basin.
On the basis of lithological considerations out of the 306 samples only 77
were evaluable. The forest vegetation was dominant, mainly the conifers.
More numerous were the Picea, fewer the Tsuga, Sciadopitys, Taxodiaceae.
On the hill-side deciduous forest was found with Acer, Aescu/us, Carpinus,
Carya, Castanea, Fagus, Juglans, Quercus, Sorbas, Tilia, Ulmus. Under-
wood in shrub level were Cornus, Corylus, Rubus, Sambucus, Viburnum. By
the riverside were living Alnus (in some places 70%), Fraxinus, Salix, Ptero-
caiya, in the forests Polypodiaceae, Osrnunda. Herbs were Filipéndula,
Lysnnachia, and water plants Batrachium, Potamogetén, Sporganmm, xero-
phytic plants Artemisia, Centaurea jacea-type, Chenopodiaceae, Composi-
tae, Ephedra, Gramineae, Helianthemum, Hippophaé, Rumex acetosa, Sca-
biosa. Evergreen trees, shrubs and explicitly tropical plants were not present
The vegetation indicates a temperate humid climate. The stratigraphic posi-
tion of Domafiski Wierch according to Oszast is the youngest Pliocene. To
prove this she studied the palynological data of many localities in the Nowy
Targ Basin, taking into consideration also other palaeobotanical data (chiefly
those of Szafer and Zastawniak). These are:

60



Huba locality is in the Eastern part of the basin. The section is 8.6 m blue-
green clay alternating with sand. The fossil material was rich in Tertiary ele-
ments. Among them the conifers the Taxodiaceae-Cupressaceae (Taxodium,
Cryptomeria, Sequoia, Glyptostrobus) were dominant. Among the deciduous
plants there were Tertiary elements: Lyriodendron, Magnolia, Aesculus,
Carya, Celtis, Corylopsis, Engelhardtia, Eucommia, Nyssa, Ostrya, Platyca-
rya, Pterocarya, Rhus, Zelkova. Among the herbs the most common were the
Cyperaceae. The other water plants were Brasenia, Euryale, Nuphar, Trapa.

Kroscienko is on the river Dunajec, where 80 samples have been collected
from a 12 m brick-yard clay section. The sedimentation occurred in quiet cir-
cumstances, as evidenced by the water plants, especially of the high percent-
age of Nuphar. The palynological investigations supported the macrofloral
research of Szafer (Szafer 1946-47). The conifers were dominant, in particu-
lar the Picea, but also the Abies, Pinus, Sciadopitys, Tsuga. Near the reservoir
there was a mixed deciduous forest with Acer, Alnus, Betida, Carpinus,
Carya, Castanea, Celtis, Corylopsis, Corylus, Fraxinus, Ostrya, Pterocarya,
Salix, Tilia, Ulmus. In agreement with Szafer the climate was temperate,
cooler than at Huba. The age of the locality is Early Pliocene.

At Czamv Dunajec one borehole (1000 m) was drilled, many samples of
which were avoid of pollen grains. By the preliminary analysis of samples
with well-preserved sporomorphs leads to the assumption that the Czamy
Dunajec profile comprises two Neogene horizons: one younger Lower Plio-
cene and one older, Miocene. In the younger horizon the Picea was dominant
(cca 50%), and other conifers: Pinus sylvestris, P. haploxylon, the Taxo-
diaceae-Cupressaceae group, and in smaller amount Abies, Sciadopitys and
Tsuga. In the lower part the Picea was decreasing with the simultaneous in-
crease of the Pinus haploxylon type, and the Taxodiaceae-Cupressaceae
group, among the deciduous tree the Engelhardtia. In the upper segment only
the pollen grains of Alnus glutinosa-incana type occurred, whereas in the
lower horizon the pollen grains of the Alnus kefersteinii type were present.

To the question of the age: she compared the sporomorphs of the Tertiary,
Quaternary herbaceous plants and on these base she made diagrams about the
important sites of South Poland (Piaseczno, Stare Gliwice, Huba, Czamy Du-
najec, Kroscienko). She established that the boundary between Tertiary and
Quaternary did not coincide with the immediate disappearance of the Tertiary
elements. First disappeared the explicitly tropical elements, and only later the
more resistant ones. Some of these were present in the Pleistocene, too
{Tsuga, Sciadopitys, some Taxodiaceae/, and the quantity of the pollen grains
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of some of them was simultaneously increasing (Pinus sylvestris, Picea,
Abies, Alnus).

Finally she prepared the pollen diagram the locality of Mizema on the
base of palynological investigations and states in contras to Szafer that there
is no transition from the Pliocene to the Pleistocene, but the entire section
originated within one climatical period similarly to the uppermost part of the
locality Domanski Wierch.

Tran Dinh Nghia (1974) published in a monograph the palynological in-
vestigations on three localities in the Western part of Nowy Targ - Orava Ba-
sin. In the South there is the Chyzne profile, where in the lower part the
Taxodiaceae-Cupressaceae swamp forest was dominant, in the upper part
there was a riparian forest association of Alnus and shrubs. In the Lipnica
Mala profile the trees and shrubs were dominant, Taxodiaceae-Cupressaceae,
Taxodium, Pinus, Alnus, Osmunda, Polypodiaceae. Rarer occur Glyptostro-
bus, Betula, Cyperaceae, Gramineae, Sparganium, Engelhardtia, Catya,
Pterocarya, Ulmus, Celtis, Quercus, Larix, Tsuga, Picea. In this profile there
are Symplocos, Liquidambar, Corypha, too. In the Lipnica Wielka profile the
trees and scrubs were also dominated by Taxodiaceae-Cupressaceae, Taxo-
dium, Osmunda, Polypodiaceae, Ulmus, Quercus, Larix, Tsuga, opposite to
the herbaceous plants. The last two profiles agree with the lower part of
Chyzne profile. The upper part of the Chyzne profile, with Alnus riverside
forest was somewhat younger. The author compared his localities with the
other palynologically investigated Upper Miocene areas and concluded that
they are the same as the second climatic phase of Stare Glivice.

The article of Oszast et Stuchlik (“The Neogene vegetation of the Podhale
(West Capathians, Poland)” 1977) deals with the Polish part of the Nowy
Targ-Orava Basin. The investigated two deep boreholes are at Czamy Duna-
jec and Koniowka in the Dunajec river valley. Both of them have been built
up of fluvial sediments, mainly clay, with admixture of fine-medium and
coarse-grained sands, sometimes of gravel at some levels there are strata of
organic material, plant detritus, lignite and brown coal. The substratum is
formed by the Jurassic and Cretaceous rocks of the Pieniny Klippen Belt in
the southern part (Koniowka) and Flysch rocks of the Magura unit in the
central part (Czamy Dunajec). For the palynological investigations 1516
samples have been collected, from these only 285 contained enough sporo-
morphs to allow the calculation of percentage pollen spectra. The sporo-
morphs of the samples demonstrated the vegetation, at first swamp forest and
marshy areas. The Taxodiaceae-Cupressaceae-Nyssa forest were like those in
North America and Vietnam, they differ only by the presence of Taxodium or
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Glyptostrobus. To the swamp forest were joined shrub forests with Betula,
Myrica, Cyrilla association and herbs (Cyperaceae, Gramineae), and Cer-
cidiphyllum, Liquidambar, Decodon (Lythraceae). The recent Decodon ver-
tid llaturn composes shrub forest and grass associations in North America.
The riparian forests were made up by A jmis, PopuJdus, Salix, Platanus, Ptero-
carya, Liquidambar, the two last are absent from the upper part of the sec-
tions. On the dryer hill-side there were Fagaceae, Juglandaceae, Ericaceae,
Leguminosae, further Lyriodendron-Magnolia, Tilia, Betula, Pinus, Tsuga
species. The shrubs consist chiefly of Rhamnaceae, Rosaceae and there were
also Corylopsis, Fothergilla, llex, Parrotia. The latter has only one species
today, the Parrotiapérsica in Persia. In connection of the humidity were pre-
sent Rhamnus, Cornus, Diospyros, Elaeagnus, Araliaceae species, and as
bans Vitis and Parthenocissus. Water plants were few and the tropical plants
were absent, (some of them however are figure on the diagrams). The ferns
were cosmopolitan.

The authors used this long profile of Czamy Dunajec for the evaluation of
the vegetation and the other boreholes as auxiliary material. The lower part of
the Czamy Dunajec profile is Miocene, the upper one is Pliocene. In the pro-
file the following phases were stated as valuable for the whole Nowy Targ
Basin:

Phase I. The lower part of the Czamy Dunajec and Konidvka profiles be-
long here. It is characterised by Tertiary taxa. The dominant plant group is
Taxodiaceae-Cupressaceae, among the angiosperms Engelhardtia (in some
places are 20%), abundant were Cyperaceae, Osmundaceae, Polypodiaceae.
The climate was warm and humid. The age is Badenian (M4). This area is
comparable with the Slovakian Western Carpathians, the Nowy Sqcz Basin,
Podhale, Piaseczno.

Phase Il. The samples from Czamy Dunajec 848-565 m, one part of
Koniodvka, Lipnica Mala, Lipnica Wielka, Chyzne (Tran Dinh Nghia 1974),
Huba (Oszast 1973). It is characterised by great floristic diversity and abun-
dant Tertiary taxa. Dominant plant communities were the forests, mostly de-
ciduous trees and shrubs. The climate was warm temperate, similar to that in
phase I, but dryer. It corresponds to the Sarmatian (Ms).

Phase Ill. Comprises the Czamy Dunajec samples of the 565-478 m inter-
val, and one - not characteristic - part of the Koniéwka profile. It is an unsta-
ble plant community, with the appearance of new temperate climate plant
genera. Changes occur from horizon to horizon, in one the warm, in the other
the temperate elements are dominant. The appearance of Picea in great quan-
tity is very characteristic. It was present also till now, but only in very small
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amount or sporadically. Oscillation occurred in the flora and in the climate,
too and the climate became temperate. This Mio-Pliocene stage is the
Pannonian (MP). The authors cited Menke (1976), according to him in West-
ern Europe the upper boundary of the typical Miocene genera is here: Engel-
hardtia, Rhoipites pseudocingulum, Quercopollenites henrici, Q. micro-
henrici.

Phase IV. Comprises the top segments of the Czamy Dunajec profiles. In
the upper part the Quaternary genera prevail over the Tertiary ones and the
amount of herbaceous plants increases. Dominant are the conifers, Picea,
Pinus. Among the angiosperms the Alnus incana-glutinosa type is abundant.
The proportion of the Pteridophyta increased. The tropical elements are ab-
sent. The age of the phase is Early Pliocene, Pontian (Pi).

The establishment of these phases made possible the correlation with the
Central Paratethys region.

The Neogene stages in the Polish Western Carpathians are as follows:

Karpatian - Ms, characterised by Tertiary elements: Taxodiaceae-Cupres-
saceae, Castanopsis-Castanea, Celtis, Engelhardtia, Nyssa, Platycafya. The
“old” Tertiary elements Sapotaceae, Symplocaceae are absent. The Pinaceae
played no greater role in that time. The climate was warm-temperate, with
subtropical tendency, with high rainfall. Only one freshwater profile was de-
scribed from the Nowy S~cz Basin (Oszczypko et Stuchlik 1972).

Badenian —Ma4. The swamp forest (Taxodiaceae-Cupressaceae-Nyssa)
still played a significant role. Some thermophilous taxa disappeared gradu-
ally (Castanea, Castanopsis, Cyrilla, Platycarya), while Engelhardtia still
played an important role. The percentage of “arctotertiary” species increased
in the flora. Among the herbaceous plants occurred Cyperaceae and Pterido-
phyta. The climate was warm-temperate, fairly humid. The profiles of
Czarny Dunajec and Koniowka belong to this stage.

Sarmatian - Ms. The mesophytic deciduous forests dominated, which
were very rich in species. The percentage of “arctotertiary” genera increased.
The climate was still warm-temperate, but dryer than in the two previous
stages. They are several profiles in this area: Czarny Dunajec, Koniowka,
Huba, Lipnica Mala, Lipnica Wielka, Chyzne.

Pannonian - MP, the transitory zone between Miocene and Pliocene. In
this period occurred the greatest change in plant communities. The prcentage
of Tertiary elements decreased, giving place to those of the Quaternary. The
percentage of these two groups oscillated around 50%. Characteristic was the
rich appearence of the Picea, which formed a mountain floristic zone of
Picea forests. Herbaceous plants played a major role. The climate was tem-
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perate, but instable with alternating warmer oscillations, and relatively dry.
This stage was palynologically determined at Czamy Dunajec and Koni-
owka.

Pontian - Pi. This stage is characterised by Quaternary genera. In the
mountains the Picea and Finns forests, in the valleys Alnns incana-glutinosa
forests developed. Among the herbaceous plants Polypodiaceae, Cyper-
aceae, Gramineae predominated. The climate was temperate and rather dry.
The Pontian stage is known from Czamy Dunajec and Konidwka.

Dacian - P2. The conifers dominated, the main component was Picea,
with Pinus and some Tertiary genera as Sciadopitys and Tsuga. Among the
angiosperms the tenperate elements were significant, from the Tertiary re-
mained the Ptemcarya. The herbaceous plants were common with many»spe-
cies. The climate was temperate. This stage was investigated at Kroscienko
and Domariski Wierch.

Stuchlik in the volume of the Neogene Congress held in Athens (1979)
summarized the palaeobotanically founded chronostratigraphy of Southern
Poland belonging to the Central Paratethys. On the base of Ney et al. (1974)
the first Neogene transgression occurred in the Egerian. This entered from
the West through the Moravian Gate and covered only small areas on the
Sudetic foreland. According to Raniecka-Bobrowska only the macrofloristic
remains discovered in some tuff samples represent this period. The Eggen-
bugian transgression reached the limits of Poland only in the Late Eggenbur-
gian, advancing from the Ukraina to the Jaslo-Krosno depression. This
period has no palaeobotanical data. The transgression of Ottnangian pro-
duced, a narrow gulf only, to the West, passing through the Jaslo-Krosno de-
pression, the Nowy Sacz basin and reached probably the Nowy Targ region.
From this time there was no palaeobotanical investigation. - Further the
author presents the already known results of the palaeobotanical investiga-
tions from the Karpatian.

From the western Silesian part of the northern Paratethys Sadowska
(1989) provided significant information. In Opole district at the villages
Biala and Twardawa palynological investigations were made from two bore-
holes. The Tertiary sediments overlie the Cretaceous, in the western part of
the Carpathian Foredeep close to the margin of the Paczkbw-Kcdzierzyn gra-
ben which during the Miocene constituted an embayment of the Paratethys
sea. On a sketch map is represented the embayment with the two boreholes.
By means of the palynological investigation the boreholes could be identified
the Karpatian, Badenian and Sarmatian stages.
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The Karpatian Klodnica beds were characterised by the Paratethys sea-
shore swamp and wet forests with Taxodiaceae-Cupressaceae and Alnns. The
underwood was constituted chiefly by Polypodiaceae ferns. In the shore for-
est were living some Pinus species, Cupressus, Quercus, Olea, Engelhardtia,
the thermophilic Lygodium, Magnoliaceae, Meliaceae, Myrtaceae, Palmae,
Platycarya, Sapotaceae. In limited numbers occurred Castanea, Myrica,
Liquidambar, Pterocarya, Carpinus. The quantity of the warm elements is
limited (less than 1%, Araliaceae, Cyatheaceae-Schizaeaceae, Quercoidites
henrici, Sadowska 1986). In higher position, in dryer places there was mixed
deciduous forest with Engelhardtia, Quercus, Carya, Ulmus, Fagus, Tilia,
Acer, Castanea, Pinus, Picea, Abies, Sciadopitys, many shrubs such as Olea-
ceae, Rosaceae, Rhus, Caprifoliaceae, Leguminosae. The author assumes a
warm, Mediterranean-type of climate.

The vegetation was like in the whole northern part of the Paratethys area
in Poland. Contrary to the Polish Lowland there were swamp forests and
shrubby peat bogs, from which brown coal seams were to develop.

The marine strata of the Badenian stage (Skawina and Grabowiec beds)
were characterized by high abundance of conifer pollen grains. Pinus
sylvestris dominated over P. haploxylon type, Abies, Picea, Tsuga, Cedrus.
Taxodiaceae-Cupressaceae are of lesser importance than in Klodnica beds,
only Sequoia has a greater role. Among the deciduous trees and shrubs the
more numerous were: Quercus, Ulmus, Betula, Fagus, Rhus, Engelhardtia,
Carya, Pterocarya. In both section there were marine planktonic organisms,
mostly Hystrichosphaeridae. The herbs are not significant (ferns, grasses and
Chenopodiaceae). In the Badenian at the sea shore probably there was a
swamp forest with Taxodium and Alnus, but of smaller extension than in the
Polish Lowland.

The Sannatian Kcdzierzyn beds indicate rich forest communities. Impor-
tant were the swamp forests with Taxodium, Alnus, Nyssa, Liquidambar and
Salix. This forest lived in swampy habitats, which persisted after the regres-
sion the Paratethys sea at the beginning of the Sarmatian. The mesophylous,
deciduous forest was characteristic with Ulmus, Celtis, Quercus, Carya, Pte-
rocarya, Betula, Carpinus, Engelhardtia, Acer and others, accompanied by
Pinus, Picea, Abies, Tsuga, Sciadopitys, Sequoia and shrubs, on dryer terrain.
Celtis was very typical in the Sarmatian of SW Poland, it was present prob-
ably in pioneer forest on relatively dry terrain. It is typical that both types of
Pinus pollen have similar frequencies. This refers to the decreasing role of
the swampy species Pinus sylvestris. The amount of Miocene warm elements
was decreasing. At the same time the percentage of the “arctotertiary” ele-
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ments was increasing. In the climate a gradual cooling and may be some dry-
ing occurred.

In Silesian territory in the Stara Kuznia region within the K¢dzierzyn gra-
ben the sediments of two young Tertiary palaeogeographical provinces occur
in touch: the Paratethys Basin and the Central European Polish-German Fur-
row (Dyjor et Sadowska 1984). The borehole section of Stara Kuznia has
been subdivided into two sedimentary cycles: 1) an older series of marine de-
posits related to the Silesian part of the Carpathian Foredeep, and 2) a
younger series (Poznan Series) related to the Polish Lowland Basin.

1) The older series consists of grey non laminated clays with marine fauna
and plant debris, clay stones with sand lenses. These correspond to the
Grabowiec Beds. Further below there are Gypsiferous Beds, gypsiferous
clays with layers of coarse-crystalline gypsum. These are underlain by car-
bonatic claystone, which is thought to represent the Skawina Beds.

2) The younger series consists of continental deposits such as green, grey-
green, steel-grey clays, with some interbeds of coal clays and brown coal
seams. These correspond to the upper part of the “green clay horizon” of the
Poznan Series under the name “Kc¢dzierzyn Beds”. The Grabowiec Beds
have been palaeontologically dated as uppermost Badenian, as the overlying
clays of the Poznan Series (Kg¢dzierzyn Beds) have been considered as Sar-
matian.

In the Stara Kuznia section there is continuous sedimentation from the
marine Grabowiec Beds to the continental Poznan Series. Up to now in the
Silesian part of the Paratethys Basin, only one section has been known (Stare
Glivice) with a similar marine-continental-transition, but in this latter pa-
laeobotanical investigation was only on the continental sediments (Oszast
1960, Szafer 1961). The Stara Kuznia palynological profiles allowed the re-
construction of the distinct boundary of the two periods. In the pollen spectra
of the marine deposits the saccate pollen grains: Pinus sylvestris type, P
haploxylon type, Abies, Tsuga were dominant. Less common are Taxo-
diaceae-Cupressaceae, Picea, Sciadopitys, among the deciduous trees Quer-
cus, Fagus, Ulmus, Carya, Pterocarya, Betida. Significant warm-demanding
genera were Rhus, Engelhardtia, Quercoidites henrici, Myrica. Marine
planktonic organisms (Hystrichosphaeridae) are common in the underlying
Gypsiferous Beds, too. In these the palynological spectra are like in the
Grabowiec Beds. This suggests that both belong to the same stratigraphic
stage. In the upper continental Poznan Series (the Kg¢dzierzyn Beds) the sac-
cat conifers were reduced, there was a higher percentage of Taxodiaceae-
Cupressaceae. Increased were also the deciduous trees Alnus, Celtis. The
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warm-demanding elements were decreasing, some of them disappeared, to-
gether with the marine planktonic organisms. The differences could be due to
palaeoecological changes. The regression of the sea, the disappearence of the
warm elements and warm temperate climate characterized the Sarmatian.
With the help of the sections of Stara Kuznia and Stare Gliwice the correct
age of the Poznan Series and under the age of the underlying brown coal
could be established.

With this area the work with the correlation of the Paratethyan area could
be finished, but from the palaeobotanical, palynological point of view it is
necessary to look a little farther - just like in the South - also to the North

Dyjor and Sadowska summarized and presented already in 1977 their con-
ception about the age and the possibility of correlation of the Upper Miocene
brown coal seams in Western Poland. The brown coal seam Henryk lies on
the Muzakow Series and its hanging rock is the grey clay of the Poznan Se-
ries. The age is Late Miocene and is identical with that of the formations of
Western and Central Poland. The brown coal was palynologically studied in
31 localities. They plant associations are well known, and were very similar:
swamp forest including damp brushwood peats were dominant, in the dryer
places mixed deciduous forests. These two plant communities represented
the vegetation. There were more warm elements and less temperate elements.
The palaeogeographical circumstances produced only little differences.

In the NW part of the Caipathian Foredeep the brown coal and brown
coaly clay under the Poznan Series has other character, less warm elements
and many temperate elements are present, the climate was warm temperate.
These layers are the Kpdzierzyn Beds, the stage is Sannatian.

Dyjor et Sadowska in an article (1986) summarised the results of their re-
search on the correlation of the Late Miocene with the Silesian part of the
Caipathian Foredeep and the SW area of the Polish Lowland. For the pa-
Iynological correlation (Sadowska 1986) used the material of the marine
Badenian localities: Stara Kuznia, Stare Gliwice, Twardawa, Biala, Raciborz,
Glubczyce. The high numbers of the pollen grains of conifers are charac-
teristic, the Pinus sylvestris type is dominant over the P. hapioxylon type, be-
sides there are Abies, Picea, Cedrus, Tsuga. The Taxodiaceae-Cupressaceae
group is abundant, the Sciadopitys is subordinate. From the deciduous trees
Quercus, Ulmus, Fagus, Rhus, Engelhardtia, Carya, Pterocarya are com-
mon. In some sections there are Betula, Tilia, Carpinus, Castanea, Oleaceae,
Rosaceae. Herbs did not play a big role: Chenopodiaceae, Labiatae, Gra-
mineae. More numerous are the Polypodiaceae. There are many Hystrichos-
phaeridae and other marine planktonic organisms (in particular in the
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gypsum). For the Polish Lowland the marshy, wet environment is charac-
teristic. There are very few Alnus, Liquidambar, Myrica, and only veiy spo-
radically appear Cyrilla, llex, Nyssa. The termophilic taxa are common:
Araliaceae, Arceuthobium, Itea, Magnoliaceae, Meliaceae, Palmae, Platy-
carya, Reevesia, Rubiaceae, Rutaceae, Symplocos, Tricolpopollenites libla-
rensis, Cyatheaceae-Schizeaceae. The Upper Badenian sections presumed in
different distances the presence of the Paratethys sea, and a river flowing
into, with swamp forests and shrubby vegetation. The mixed but chiefly coni-
fer forests of the Upper Silesian Upland and the Eastern Silesian Mts are also
present in the pollen associations.

The Sarmatian localities at the Poznan Series (Kqdzierzyn Beds) in the
Silesian part of the Carpathian Foredeep where the author made the paly-
nological investigations are Biala, Twardawa, Stara Kuznia, Gluboczyce,
Raciborz, Rybnik, Kqdzierzyn, Paczkow. The water-shed area (Wroclaw,
Opole, Wrzoski) and the green clay horizon of the Poznan Series in the
Lower Silesian Lowland (Legnica), have also been studied. The pollen spec-
tra are very uniform with the dominance of Taxodiaceae-Cupressaceae and
Alnus. There are high quantities of Osmunda and Polypodiaceae. The con-
stituents of the deciduous forests are Quercus, Ulmus, Celtis, Fagus, Caiya,
Pterocaiya, Engelhardtia, Betula, Carpinus, Rhus, Liquidambar and in some
sections Salix, Nyssa. Pinus sylvestris and P. haploxylon are in equal propor-
tions, the quantity of other conifers is insignificant. The number of the warm
Miocene elements is low, a little more numerous are Rhus, Engelhardtia,
Myrica. Very sporadical are only in some section occur Araliaceae, Olea-
ceae, Palmae, Quercoidites henrici, Symplocos, Tricolpopollenites liblaren-
sis. The marine plankton is missing or only some exemplars can be found at
the bottom of the Sarmatian. The Early Sarmatian scenery is characterized by
plain wet forests after the regression in the Carpathian Foredeep. On the hill-
side lived mixed forests, with Celtis. This is a very typical Mediterranean
element (after Axelrod 1973). We meet these type of vegetation in the Sile-
sian part of the Carpathian Foredeep, in the neighbouring Metacarpathian
Ridge and on small uplifts within the basin of the Poznan Series in Lower
Silesia. The pollen spectra of the Poznan Series (Kydzierzyn Beds) of the
western Carpathian Foredeep, from the watershed area, from upper members
of the green clays horizon in the Polish Lowland are fairly analogous. We can
assume that these are of the same age and were deposited in the Early
Sarmatian.

More difficult is to compare the pollen spectra of marine deposits of the
Upper Badenian (Grabowiec Beds) with the Upper Tortonian profiles of con-
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tinental deposits in Lower Silesia (the brown coal seam “Henryk” (1 Lusatian
Series) and they overlying grey clay horizon of the Poznan Series). The pol-
len diagrams from the Polish Lowland are characterized by the dominance of
swamp and peat plants and a few saccate conifers, mostly Pinus. In both re-
gions the amounts of deciduous trees requiring temperate climate and ther-
mophilic Miocene taxa are similar. While in the Sarmatian Pinus sylvestris
and P. haploxylon were present in more or less equal quantities, in the marine
Badenian deposits and in the continental Tortonian deposits in the Polish
Lowland Pinus sylvestris is predominant. That means that two different
Pinus species were dominant in these two stages of the Miocene (Sadowska
1977).

Finally the authors stated that the marine Badenian sediments of the Sile-
sian part of the Carpathian Foredeep and the continental Upper Tortonian
sediments of Lower Silesia are of the same age. The brown coal seam “Hen-
ryk” (I Lusatian Series) and the grey clay horizon of the Poznan Series can be
correlated with the Grabowiec Beds of the Carpathian Foredeep as Upper
Badenian sediments. The floristic records of these two stages show only
slight differences, determined by decrease in thermophilic genera and by in-
crease of the number of “arctotertiary” taxa in the Badenian, as compared to
the Karpatian. After the Badenian the warm elements gradually disappeared
and appeared in greater number the temperate elements. In the Sarmatian in
SW Poland after the disappearence of the warm Miocene sea, and the forma-
tion of new mountain ridges in the Sudetes and Carpathians, the climate be-
came dryer and cooler.

In the Polish palynological literature there are many papers concerning
different areas of the Polish Miocene, but from the stratigraphical point of
view the most significant is the activity of Sadowska. She had succeeded
with Dyjor to connect the territory of SW Poland with the Paratethys region.
Their common work is summarised in a table in the paper of 1986, Fig. 2
This shows the correlation of the stratigraphical units of the Silesian parts of
the Carpathian Foredeep, the Meta Carpathian Ridge and the Polish Lowland
from the Karpatian till the end of the Pliocene. The other areas of Poland
have to be inserted by means of radiometric datation.

The palynological investigations on the Miocene of the Middle and North-
ern Polish areas till now depended mainly on the results of the German pa-
laeobotanists. The German palaeobotanical research achieved very signi-
ficant results in the last century (Gothan, Krausel etc.). In the environs of
Wroclaw Goeppert published palaeobotanical studies in 1855. The link of the
Polish scientists with the Gennans is quite natural since the Polish and Ger-
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man Lowlads have geological and also geographical connections. The com-
mon facies has a common insufficiency: in both territories there were no ma-
rine sedimentation and marine fauna which in the Paratethys area facilitated
the stratigraphic correlation.

The following areas do not belong to the Paratethyan territories, but we
are looking at what happened with the vegetation in the northern territories.

The article of Stachurska-Dyjor-Sadowska (1967) deals with the botanical
analysis of the Pliocene section at Ruszow West of Wroclaw. Sosnica is also
a Pliocene locality near Wroclaw. The above-mentioned three authors
(Stachurska-Sadowska-Dyjor 1973) reported on the results of the geological
and palynological investigations of the locality. Sosnica is an old macroflora
locality, already Goeppert considered it a Pliocene locality. It is typical
Poznan clay, but without underlying brown coal. The upper green glauconitic
clay and the variegated clay horizons were studied. In Sosnica the hanging
rock Gozdnica series contains no sporomorphs. The investigated Poznan se-
ries from the palynological point of view consist of two parts. The lower part
is very rich in conifers, the Firms sylvestris and haploxylon are dominant, the
others are not significant {Abies, Podocarpus, Picea, Sciadopitys, Tsuga and
the Taxodiaceae-Cupressaceae group). The deciduous trees are Alnus,
Betula, Carya, Pterocarya, Engelhardtia, Liquidambar, Ulmus, Quercus. In
the upper part there are less conifers and the deciduous trees are more numer-
ous: Carpinns, Fagus, Parrotia, Pterocarya, Quercus, Ulmus, Zelkova. Water
plants are Butomus, Potamogeton, Sparganium, Typha. Most of the plants are
Central European {Alnus, Betula, Carpinus, Fagus, Ulmus), fewer are from
Atlantic North America {Carya, Nyssa, Rhus, Taxodium), even less from
Eastern Asia {Cercidiphyllum, Engelhardtia), from the Mediterranean region
{Olea, Ostrya) and from the Caucasian region {Parrotia, Zelkova). These
plants which originated from the Tertiary also required temperate climate.
The tropical plants are missing. The plant community refers to Neogene e.g.
the big quantity of Pinus. Although the quantities of the two Pinus species
are equal, the other conifers are few, but the proportion of deciduous trees
and trees living today in Europe indicate Pliocene age. The authors compared
the flora of Sosnica with the SW Polish Neogene floras and on this basis
stated that its age is Early Pliocene.

From SW Poland the geological and palaeobotanical investigations based
on the Gozdnica region were summarised in 1992 (edited by E. Zastawniak).
In the Lower Silesian Lowland on the geomorphological margin of the
Lower Silesian Upland, between the villages Ruszow and Gozdnica numer-
ous sites contain fossil floras. In this area in Poznan and Gozdnica Series
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loam and kaolin clay have been exploited by the brick-clay industry. As are-
sult of prospective drilling and quarrying activity many Tertiary floras have
been exposed. The object of the investigations are the Muzakow Series, the
Henryk Brown Coal seam, the Poznan Series and the Gozdnica Series,

The uppermost part of the Muzakow Series was the object of the research.
This consists of silt with coal detritus, alternating are fine grained sand, sandy
silt with coal and mica (poorly preserved foraminifers, sponges spicules, in-
determinable fragments of molluscs, and in the palynological profiles marine
plankton were also found). The palynological investigation found in great
percentage conifers: Finns sylvestris, P. haploxylon, Taxodiaceae-Cupres-
saceae, many Sequoia, Abies, Picea, Tsuga, Sciadopitys; from the deciduous
trees the most numerous are the Quercus, Ulmus, Fagus, Betula, Almis,
Nyssa, Carya, Engelhardtia, Pterocarya. There are few shrubs, chiefly Myri-
ca, Rhus, Cyrillaceae-Clethraceae, Ericaceae, Rosaceae, herbs Polypo-
diaceae, Sphagnum, Osmunda, Gramineae. Wet medium is indicated by
Sparganium, dinoflagellates and other planktonic organisms.

The Henryk Brown Coal seam is characterised by two plant associations:
1) Shrub swamp with Rhus, Hex, Rosaceae, Cyrillaceae-Clethraceae, Cor-
naceae (Tricolporopollenites edmundi), Araliaceae, Myrica, Symplocos,
Leguminosae and high percentage of Quercoidites henrici. 2) Swamp forest
with Taxodium, Nyssa, Alnus. Pinus, Sequoia, Fagus, Quercus on the dryer
terrains only and in low percentages are present.

The Henryk Brown Coal seam and the overlying Grey Clay Horizon of
the Poznan Series can be correlated with the | Lusatian Series in the Polish
Lowland (Raniecka-Bobrowska 1970), and with the Grabowiec Beds in the
Silesian part of the Paratethys, the stage is Upper Badenian (Dyjor et
Sadowska 1985, Sadowska 1989, 1990). The top part of the Variegated Clay
Horizon in the Poznan Series is Upper Sarmatian, identical in age with the
Ktjdzierzyn seam (Dyjor et Sadowska 1977, 1984 etc.).

The sediments of the Gozdnica Series have been investigated at the Gozd-
nica-Stanislaw locality. The fossil flora has almost diy character. The mixed
deciduous forest consists of Pinus, Abies, Cedrus, Sequoia, Tsuga, Betula,
Fagus, Quercus and the underwood belongs to Rosaceae. The small swamp
is represented by Alnus, Liquidambai; Nyssa, llex, Myrica, Rhus, Tricolporo-
pollenites edmundi, and the little swamp forest by Taxodium, Nyssa, Alnus,
the shrub swamp by Myrica, Ericaceae, the forest with wet soil by Liquidam-
bar, Carya, Pterocarya, Alnus, Acer, Ulmus, Symplocos, Cercidiphyllum. The
parasite Arceuthobium lived on the conifers. The age of the outcrop is pos-
sibly Pannonian, considering the high percentage of Pinus sylvestris, the de-
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crising number of Taxodiaceae-Cupressaceae, and the small number of the
warm elements. The Sarmatian and Pannonian vegetation and climate are
very difficult to separate. For the Early Pannonian is very characteristic on
this territory the swamp forest with great number of Fagus. After the swamp
forest disappeared gradually, replaced by a Pinus, Sequoia, Tsuga, Fagus,
Quercus, Betula, Ulmus forest. The climate in the Paratethys region was
warmer than here, with many subtropical genera (Planderova 1972, 1978,
1991, Nagy 1990a,b).

Middle Pliocene or the latest Early Pliocene is the age of Ruszow locality.
In the swamp forest Ainus is dominant. The deciduous mesophylic forest is
characteristic, with conifers and lots of herbs, and very few thermophilic ele-
ments. The climate was temperate and warm temperate.

The youngest locality of the Gozdnica Series is Klodzko. Its age is Late
Pliocene (Jahn et al. 1984). The climate cooling is characteristic, the number
of the conifers was increasing, chiefly Picea. There were many herbs and lots
of Quaternary elements opposite to the Tertiary. Conifers are Pinus sylvestris,
Picea, Tsuga, Sciadopitys, deciduous trees Ainus, Fagus, Quercus, Ulmus,
Carya, Carpinus and here and there Aesculus. Shrubs were Caprifoliaceae,
Ericaceae, Leguminosae, Rosaceae, herbs Gramineae, Cyperaceae, Labia-
tae, Umbelliferae and water plants.

The continental Polish Lowland was first investigated by Raniecka-Bob-
rowska (1970). North of Wroclaw on the Polish Lowland also Ziembiriska-
Twozydlo (1974) made palynological studies. She investigated borehole
materials from many localities (Ustronie, Oszkovice, Nowa-Wies, Gier-
lachowo, Goltjbin Stary, Krosinko, Mosina, Slepuchowo etc.). The author
based her stratigraphical ranging on the palaeobotanical changes that fol-
lowed the cyclical changes of the climate. This method originated from East-
German scientists (Mai, Krutzsch, Majewski 1967). After the general
knowledge from the Oligocene till the Pleistocene a slow cooling was going
on. Mai with the cyclical change of “arctotertiary” and “palaeotropical” ele-
ments established 13 zones from the Upper Oligocene till the Upper Mio-
cene. The author tried to reconcile the Polish material with these zones. The
Upper Oligocene material (boreholes of Nowa Wies, Oczkowice) indicate re-
gressive brackish sediments with some Dynophyceae. Among the sporo-
morphs many are identical with the Hungarian Egerian materials. Beside the
conifers there are many Momipites punctatus, Sapotaceae, Quercoidites hen-
rici, Q. microhenrici, Tricolpopollenites liblarensis, Tricolporopollenites cin-
gulum (all the three sub-species), Leiotriletes maximus are the most
important. The author considers this locality for the Oligocene-Miocene
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boundary. This corresponds - according to the author’s opinion - to the Il
Phase (zone of Mai). The first phase is missing. In the Early Miocene - after
the author - there were 3 phases. In Phase Ill could have been many
“arctotertiary” elements and only sporadically “palaeotropical” elements.
The Polish material is not of this kind, there developed Miocene brown coals
with Taxodiaceae, Taxaceae, warm elements such as Sapotaceae, Symplo-
caceae, Oleaceae. The flora was poor. Upwards the flora becomes richer,
there were many Pterocarya, Caiya, Carpinus and lots of Osmunda. In great
numbers was present Alnus. Pacltova wrote also about an “invasion of Alnus™
in Southern Slovakia in the faunistically proved Chattian - Aquitanian. This
Alnus phenomenon is considered so important that in 1997 (Piwoczki et
Ziembiriska-Twozydlo) in their article the zone 1l is named Alnipollenites ve-
ins palynozone. On Fig. 1 it was correlated with the Paratethyan zones, with
the top of the Upper Egerian and nearly with the whole Eggenburgian. The
question arises, how is possible to create a zone with a “facies” element?
Namely already in 1974 she took over on her plates Krutzsch’s labelling of
plants from 1967!

In the Phase IV there is in all profiles brown coal with warm elements:,
Araliaceoipollenites edmundi, A. euphorii, Palmae, Sapotaceae, Cyrilla,
Quercoidites henrici etc. This agrees with Mai ‘s zone IV.

Phase V again does not agree with Mai’s zone, because according to Mai
the climate was cooling with dominancy of “arctotertiary” elements, but the
Polish material contains warm temperate elements: Podocarpaceae, Olea-
ceae, Araliaceoipollenites edmundi, Intratriporopollenites instructus. Apart
from the “intermediary” taxa of Carya, Pterocarya, Quercus, Betula, Os-
munda, are the pollen grains of Tsuga, Sciadopitys, Fagus, Carpinus, Cory-
lus, Ulmaceae are common.

Phases VI, VII, VIII belong to the Middle Miocene. Phase VI with lignite
and coaly clay layers is a warm period in agreement with Mai zones. Phase
VI is charaterised by Quercoidites henrici, Q. microhenrici, Rhoipites pseu-
docingulum, Araliaceoipollenites edmundi, Symplocos, Reevesia, Olaxipollis
matthesi. In Phase VII there is a gradual change in the pollen spectrum. The
warm elements are decreasing, along with the “facies” elements Taxodiaceae,
Cupressaceae, Taxaceae, Nyssa, llex, there are “intermediary” Caiya, Ptero-
carya, Juglans, Celtis. Phase VIII with Middle Miocene lignite seams agrees
Mai’s carpologial founds of subtropical character, and the coal seams
Lusatian Il. The Polish palynological data are corresponding: Quercoidites
henrici, Rhoipites pseudocingulum, Olaxipollis, Symplocos, Eucommia,
Reevesia.
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Phase 1X, according to the author, has not been worked out properly by
Mai. On the basis of Krutzsch’s unpublished data this phase is characterized
by a decrease of the warm elements and an increase of the “arctotertiary” ele-
ments. In the profile of Gierlachowo a great number of Sciadopitys pollen are
present. This phenomenon is well-known from the data of the German pa-
lynologists (Thiergart 1938, 1949, 1953, Thomson 1950, Thomson et Rein
1951, Rein 1951, von der Brelie 1968 (corresponding to the Lusatian layers |,
I1) and in Poland from those of Raniecka-Bobrowska 1970).

To the Upper Miocene belong the Phases X, XI, XII, XIII, XIV. Accord-
ing to Ciuk (1970) it includes the Adamow and Middle Polish Beds. In the
not very thick lignite seams there are very rich wann elements in the palyno-
flora. In the clay layers of the Lusatian coal seams are rich mastixia flora, the
age of which is identical with that of the coal of the Adamow Beds. The top
of the Adamow Beds consists of clay, coaly muds, these belong to Phase X
In Mai’s opinion in this mastixia flora percentage of the “arctotertiary” ele-
ments is higher than in the preceding warm phases. In the profile of Ger-
lachowo the temperate elements are: Quercus, Parthenocissns, Zelkova,
Celtis, Osmunda, Tsuga, Sciadopitys and Fagus, Carpinus, Ulmus, too. The
percentage of wann elements is very low. These are Quercoidites henrici,
Cyrillaceaepollenites, Palmae, Araliaceoipollenites edmundi, while Hedera,
Sapotaceae, Tilia, Eucommia, Reevesia, Itea are only sporadical. The last
two are in her opinion important for the verification of warm climate. They
indicate a very wann climate in Phase X. Phase XI and XII are the higher-
most layers of coal and clays present the greatest interpretative problem. In
the southern part of the territory in the Ustronie profile they are in conformity
with the Lusatian Seam I. With the temperate and “intennediary” elements
together are in great percentage warm elements: Araliaceoipollenites ed-
mundi, Rhoidites pseudocingulum, Symplocaceae, Eucommia. Mai identified
the Lusatian Seam | with climatic Phase XII and on the basis of macroflora
determined it as nearly subtropical, despite that in this phase there are 50 per-
cent “arctotertiary” elements. The Phase XIII of Lusatia as characterized by
Mai, the Lusatian Seam | is overlain by small brown coal and clays which
could be identified with the Middle Polish Beds (Ciuk 1970). In Lusatia
Phase XII1 is marked by an impoverishment of warm-liking elements, nearly
90% of the species are “arctic” and “intennediary” elements. The climate was
temperate, wet, with frosty winter (Mai 1967). On the territory of Great Po-
land the palynological investigations on the highermost coal layers indicate a
decrease of wann-liking elements. The pollen grains of Pinus, Alnus, Nyssa
are predominant, Sciadopitys, Betula, Ulmus are common. In some samples
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the sporomorphs of Taxaceae, Taxodiaceae and Polypodiaceae are present in
high numbers. Grabowska found the same in the Poznan area. The palyno-
logical results of the Great Poland area are fairly different from those of
Lusatian Seam I, and from the brown coal series | of the Ustronie borehole.
The brown coal layers of the environs of Poznan seem to be formed later than
those of Lusatia and may be synchronized with Mai’s phase XIII.

NE from Wroclaw in Konin area Kremp (1949) made palynological in-
vestigations on the brown coal section. The outcrop of the coal seam near
Morzyslaw contains some fine granular quartz sand. 50% of the sporomorphs
are conifers, but the greater part of the vegetation was deciduous, considering
that the entomophilous plants have smaller pollen output. As a new element
is mentioned Cedrus. He deals in detail with the bladderless conifers e.g.
with Cryptomeria. He stated that in the Pollenites cingulum group the
“rauche Form”, thefusus is present in higher number at the bottom of the coal
seam. The material was compared with the other German results and it was
established that the age of the Niederlausitz brown coal is Late Miocene. For
comparison with the data of Kremp serves the monograph of Mamczar and
Doktorowicz-Hrebniczka (1960). Mamczar investigated an outcrop 1.5 kilo-
metre from Kremp’s locality, and found out the identity with Kremp’s data.
Doktorowicz-lIrebnicka stated the same for the materials of 6 boreholes in
the Bydgoszcz and Poznan areas.

With the age of the brown coal of Konin - Turek region in Patnow deals
also the article of Sadowska et Giza (1991). The Middle Polish (Konin) Seam
belongs to the Middle Polish Beds, and has one coal seam. This overlies, 75
m fine grained sand quartz-micaceous silt, with coal-dust, called Adamow
Beds (Ciuk 1970). Above the coal seam occur the clays of the Poznan series
ranged to the Lower Poznan Beds (grey clay and silt often intercalated with
coal clays or lenses of brown coal with flora remains). These are overlain by
green and blue clays (Upper Poznan series) and variegated clays. In the geo-
logical publications it is generally accepted that the age of the coals of the
Konin region is Late Miocene. The authors presented the literature about the
Konin brown coal region, and their own palynological research. On the base
of the data of foraminifers dated the stage as Upper Tortonian. In relation to
the Paratethyan marine deposits, on the basis of geological and palynological
investigations, the age is Late Badenian (Dyjor 1986, Dyjor et Sadowska
1984, 1986a, b). The flora contains a lower amount of warm-liking taxa
{Rhus) and a higher percentage of moderate climate demanding trees. The
pollen diagrams of Patnow are concurrent with those of the Henryk seam.
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The fact is that the communities which formed the brown coal seam were
spread all over the broad Polish Lowland.

It seems to be the most important, that comes to light from the works of
Sadowska, to correlate the brown coals with each other, at least in the sub-
tropical, and warm temperate areas of the Upper Tertiary where the geologi-
cal and palaeoecological situation was suitable for brown coal formation. The
other Polish palynological works also contain palynological investigations on
brown coal. These territories do not belong to the Paratethys area, but are
connected with each other by the palaeovegetations and - chiefly through the
studies of Sadowska and her co-workers - we can make also stratigraphic
correlations.

Such a work is by Stuchlik, Szienkiewicz, Lancucka-Srodonowa, Zas-
tawniak (1990).

This monograph deals with the biggest opencast brown coal mine of Mid-
dle Europe: “Belchatow” in Middle Poland. The Belchatow tectonic graben
began to develop at the Oligocene-Miocene boundary, extending in East-
West direction, along the line of Kamierisk-Kleszczow (40 km long, 2.5 km
wide) filled with Tertiary and Quaternary sediments, the overage thickness of
which is 60 m, in some places 250 m. It is underlain by Jurassic and Creta-
ceous rocks.

More than 900 boreholes were drilled in the Belchatow area between
1960-1977. On this basis Raniecka-Bobrowska (1962) made the first pa-
Iynological investigations. After her figure in the main coal seam there are
two types of vegetation: the dry mesophytic facies with the prevalence of
Rhus, Engelhardtia, a small Cupuliferae (liblarensis) and henrici group, and
the swamp forest facies with Taxodiaceae-Cupressaceae. Seam Il is charac-
terized by small percentages of Rhus and the liblarensis group, and higher
proportion of Engelhardtia. The swamp forest facies as in the main seam.
Seam 1l represents a facies with prevalence of Pinus and NAP (Cyperaceae,
Gramineae) and high percentage of Engelhardtia. Seam 1 is a typical swamp
forest with Taxodium and Alnus.

Grabowska et al. (1964) distinguished five pollen assemblage zones: Zone
I. (lower part of the main brown coal seam) with Triatriopollenites co-
ryphaeus (Myrica, Engelhardtia), Taxodiaceae-Cupressaceae, Fagaceae
(Castanea), Palmae. Zone Il. Taxodiaceae-Cupressaceae, Myricaceae, Betu-
laceae, Tricolporopollenites pseudocingulum (Castanea), T.fallax (Legumi-
noseae), T. henrici. Zone Ill. Tricolporopollenites pseudocingulum, T.
liblarensis, T fallax. Zone IV. with predominance of Myricaceae. Zone V.
(upper part of the brown coal) predominance of Taxodiaceae-Cupressaceae,
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with Salix, Platanus, Myricaceae, Tricolporopollenites henrici and micro-
hencici.

The most complete evaluation was made by Ziembihska-Tworzydlo
(1966). Summarising her investigations up to 1966 we can say that the main
coal seam is Middle Miocene in age, the coal seam underlying the main seam
is Early Miocene, and the upper part, probably the seams Ill, II, | are Late
Miocene or Early Pliocene.

On the basis of the geological investigations of the outcrop at Belchatow
the synthetic geological (lithological) profile has been established. Since
1980 samples were sistematically collected by the authors. Altogether 25
profiles were sampled, and some were already examined palaeobotanically
and palynologically. The development of the vegetation is characterised first
by the change of the open landscape was to swamp forest and later to dry
habitat. The swamp forest is in all profiles more or less similar; Taxodiaceae-
Cupressaceae forest, Nyssa, Alnus and with other species. The drier habitats
are more differenciated. In some profiles 18 facies were distinguished, these
were subdivided into 6 cycles from the swamp forest to the dry habitat for-
ests. The oldest coal seam is known only in borehole, there the older ele-
ments are characteristic: Engelhardtia, Quercoidites henrici, Q. microhenrici,
older Myrica, Rhoidites pseudocingulum (Rhus or Anacardiaceae) and
palms. It has been compared with other Polish, Czech, Slovak territories and
the age of the oldest brown coal seam at Belchatow was determined as Eg-
genburgian. The uppermost part of the main brown coal seam and the seam
Il are characterized by Rhus, Engelhardtia and with high percentages of
Quercoidites henrici and microhenrici and other warm temperate elements.
Compared with other Polish and Czech results (Cheb basin) they are consid-
ered as Ottnangian. The age of these layers is also confirmed by radiometric
dating: according to the fission track method the age of the vulcanic tuffites is
18.1+1.7 Ma. The small mammal fauna of this layers is attributed to the MN
4 zone which is Ottnangian/Karpatian. In the upper part of the profile
measurement was made with the same method and it is dated to 16.2+1.3 Ma,
so the flora can be Karpatian. In this flora there are no more older elements
such as Quercus, Myrica but there are Rhus, Caprifoliaceae, Engelhardtia,
herbaceous Leguminosae and Graminea, Typha, Polypodiaceae. The profile
VI differs from the other profiles by its many *“arctotertiary” elements; the
warm temperate elements occur only sporadically. The main vegetation was a
temperate forest with the predominance of Pinus, Fraxinus, Ulmus, Alnus,
Fagus, Quercus, Carpinus and many herbaceous plants and a few Tertiary
elements: Carya, Pterocarya, llex, Liquidambar, Castanea, Taxodiaceae
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which determine the Neogene age of the flora. They are many similarities to
the flora of Ruszow and Sosnica (Stachurska et al. 1967, 1973).

A more northern part of Poland is dealt with in the monograph of
Kohlman-Adamska (1993). The palynological investigations were made
from three localities of the Wyrzysk region of NW Poland. The age of the lo-
calities are: Early Miocene (Rawicz Beds, Scinawa Beds), Middle Miocene
(Adamow Beds, Middle Polish Beds), Late Miocene (Poznan Beds). A total
of 258 taxa of sporomorphs from 69 genera have been identified. On 28
pages there is information about the botanical connections, the geographical
extension, the ecological characteristics. By the general characterisation of
the vegetation two great groups are distiguished: the mixed deciduous-coni-
ferous forest with dry, respectively moderately wet ground and the marsh
vegetation (swamp forest, shrubby peat swamp, sedge-swamp and aquatics).
In the author’s opinion this subdivision is very schematic, because many
sporomorphs were determined to genus level only and the species could live
in different environments. In her opinion in the forest vegetation the changes
of the tropical and subtropical floral elements play the most important part
during the Neogene. She characterized the vegetation types one by one:

In the mixed deciduous-coniferous forest (mixed mesophytic forest) of
the Wyrzysk region the deciduous trees are dominating, the evergreen plants
were very few. In higher levels at the moderatly wet places besides many
kinds of Finns dominated Sciadopitys, Sequoia, Tsuga, fewer Picea, Abies,
Cryptomeria, Cunninghamia, Podocarpus, Metasequoia, Keteleeria. To the-
se joined deciduous plants Coiylus, Carpinus, Acer, Tilia, Fagus, Zelkova,
Juglans, Quercus, Carya, Liriodendron, Castanea, Platycarya, Eucommia.
The number of the subtropical-tropical genera is very small, cca 15. These
are trees and shrubs: Engelhardtia, Reevesia, Corylopsis, Ilex, Magnolia, Itea
and some Sterculiaceae-Rutaceae, Symplocaceae, Palmae, Amaryllidaceae,
Araliaceae-Cornaceae, Anacardiaceae, Leguminosae.

In the riparian forest of the Wyrzysk area genera characteristic in the Mid-
dle Miocene are joined to these: Celtis, Ulmus, Pterocarya, Quercus, Alnus,
but Fraxinus, Liquidambar, Salix are present, too. Joined to these are creeper
plants such as Parthenocissus, Vitis, Cissus, Calystegia.

The swamp forest has two types in this area. In the Early and Middle Mio-
cene there is the typical Neogene Taxodiaceae-Cupressaceae swamp forest
(Taxodium, Glyptostrobus, Nyssa) and on the top of the Middle Miocene di-
rectly under the Poznan Beds is the other with the dominancy of Alnus and
Nyssa. The underwood in the swamp forest consists of Polypodiaceae, Os-
mundaceae, Cyperaceae, Gramineae, Typha and shrubs Salix, Betula and
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palms. The peat-swamp and aquatic plants accompanied other plant commu-
nities in the Wyrzysk region through all the Miocene. The shrubby peat-
swamp consists of two plant groups: Cyrillaceae-Clethraceae and Myri-
caceae; Sa/ix, Betula and Ericaceae are added to these. In the upper part of
the Middle Miocene the peat-swamps are characteristic with 50% Cyper-
aceae and 20% Gramineae. Few trees: Alnus, Ulmus, Salix and Sphagnum,
Gleicheniaceae, Lycopodium inundatum, L. cernuum are present. On the
water-edge and shallow water the Liliaceae-Jridaceae, Typha, Sparganium,
Potamogeton, Utricularia were present. The subtropical climate is indicated
by the Gleicheniaceae and Lycopodium cernuum. The character of the vege-
tation - in the author’s opinion - in NW Poland is dominantly the warm tem-
perate “arctotertiary” flora with few subtropical flora elements. The author in
the Wyrzysk region has distinguished 6 phases of the plant cover according
to the changes of the warm temperate climate (warming or cooling). Ziem-
bihska-Tworzidlo’s 14 phases are not applicable because of the more North-
ern position of this territory. The phases I-1V belong to the mixed meso-
phytic forests, but in these appears the swamp forest, too. Generally the
“arctotertiary” elements are dominating. Phase | is Early Miocene (Rawicz
Beds), Phase Il also (Scinawa Beds) where the “arctotertiary” and “palaeot-
ropical” elements are in balance, - that was the maximum warming of the cli-
mate. Phase Ill belongs to the Middle Miocene with thin layers of brown
coal. These are the so-called Adamow Beds and lower Middle Polish Beds.
The climate was damp and decidedly cooler than in the previous phase. In
phase 1V takes its origin the Middle Miocene coal seam (the upper Middle
Polish Beds). Phases V-VI represent riparian forests. The strongest climatic
cooling occurred in phase V. This phase is characterized by riparian forest of
Ulmus, Quercus, Alnus, accompanied by Celtis, Pterocarya. “Palaeotropical”
elements are Engelhardtia, Leguminosae, Tricolporopollenites pseudocingu-
lum, Palmae and relatively numerous of Sterculiaceae-Rutaceae. Conifers
are only Pinus and Sciadopitys. Phase VI is the latest phase of the Middle
Miocene, there was a climatic warming. This phase is characterised by Celtis,
Quercus, Ulmus, Pterocarya, shrubs Betula, Salix, creepers (Parthenocissus).
In dryer habitats there are Sciadopitys, Acer, llex. “Palaeotropical” elements
are Corylopsis, Araliaceae-Cornaceae, Palmae. One part of the upper Mid-
dle Polish Beds belongs to this phase.

Stuchlik’s monograph (1964) deals with the palynological investigation of
the Miocene deposits of Rypin (Eastern part of North Polish Lowland). The
author divided the sporomorphs into three climatical groups from the
Neogene of borehole Rypin II: 1) tropical, subtropical climate demanding:
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Psilotum, Lygodium, Mohria, Gleicheniaceae, Cyathea, Alsophila, Casta-
nopsis, Pasania, Engelhardtia, Gunnera, Meliaceae, Ptelea, Sapindus, Cyril-
laceae, Symplocos, Sapotaceae, Bignoniaceae, Vitex, Apocynaceae,
Restoniaceae, Corypha. 2) warm temperate climate demanding and transi-
tional to temperate: Osmunda daytoniana, O. bromeliifolia, Podocarpus,
Cedrus, Sciadopitys, Sequoia, Taxodiaceae, Glyptostrobus, Cryptomeria,
Taiwania, Cunninghamia, Callitris, Ephedra, Ostiya, Cotylus americana,
Myrica, Juglandaceae, Celtis, Eucommia ulmoides, Loranthaceae, Hamma-
melidaceae, Magnoliaceae, Lauraceae, Garcinia, Cassia, Gynometria, Ca-
ragana, Decodon, Nyssa, Myrtaceae, Rutaceae, Elaeagnaceae, Anacar-
diaceae, Hex, Staphylea, Vitis, Parthenocissus, Araliaceae, Styrax, Forsythia,
Rubiaceae, Diervilla, Tulipa, Dulichium. 3) the group of plants of temperate
with trnsition to a cold temperate climate: Osmunda regalis, Polypodiaceae,
Lycopodium, Pinus, Tsuga, Abies, Picea, Larix, Betula, Alnus, Carpinus, Co-
rylus, Fagus, Quercus, Salix, Ulmus, Polygonum, Chenopodiaceae, Caryo-
phyllaceae, Ranunculaceae, Cruciferae, Nymphaeaceae, Rosaceae, Lythra-
ceae, Oenotheraceae, Tilia, Acer, Umbelliferae, Cornus, Rhamnaceae, Eri-
caceae, Pirolaceae, Solanaceae, Labiatae, Plantago, Fraxinus, Viburnum,
Lonicera, Valerianaceae, Campanulaceae, Compositae, Butomus, Potamo-
geton, Liliaceae, Cyperaceae, Gramineae, Sparganium, Typha. - The author
is aware that since the taxa are not determined at species level changes are
possible in the dating. In my opinion also more caution would be necessary
in the ranging.

From the edaphic point of view 4 groups of plants were distinguished: 1)
Water, shore and peat plants: Lycopodium inundatum, Anthoceros, Sphag-
num, Nymphaeaceae, Lythraceae, Decodon, Myriophyllum, Halorrhagis,
Trapa, (Gramineae/, Potamogeton, Cyperaceae, Cladium, Dulichium, Spar-
ganium. Typha. 2) Plants of swamp forest: Taxodiaceae, Glyptostrobus, Al-
nus, Nyssa, (Rhus), (Vitis), (Parthenocissus), (Araliaceae). The taxonomic
units enumerated in brackets comprise species with various ecological
demands. 3) Plants of damp brushwoods: Myricaceae, Cyrillaceae, Cya-
theaceae, Engelhardtia, Liquidambar, Sapindaceae, Symplocaceae, Sapota-
ceae, Ericaceae. Osmunda, Betida, Salix, 4) Plants of forests and brush-
woods on dryer habitats: Lycopodium clavatum, L. annotinum, Polypodium,
Tsuga, Pinus, Sequoia, Cryptomeria, Ostrya, Betula, Carpinus, Corylus,
Quercus, Pasania, Castanea, Juglandaceae, Cassia, Caragena, llex, Cornus,
Rhododendron, Ulmus, Acer, Hippophae.

On the basis of pollen diagrams from the Rypin Il section the author dis-
tinguished 3 periods of the vegetations. Period I the lower part of the section
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has tropical, subtropical vegetation. This period belongs to the Late Oligo-
cene, Chattian. Period Il is characterized by subtropical vegetation, the cli-
mate was dryer than in the previous period. The period belongs to the
beginning of the Early Miocene, Aquitanian. Period Ill: the vegetation is
claimed to have been warm-temperate, temperate. This is the uppermost part
of the section, the age is Late Miocene.

Two papers deal with - a little different - palynological and stratigraphical
evaluation of SW, W and Northern Poland. Sadowska presented the opinion
about the stratigraphic position of the Polish Neogene floras at the Interna-
tional Symposium of Bratislava in 1992. Her paper was published in the vol-
ume of the symposium (1993, pp. 133-139), where in a table she sum-
marized the state of the palaeofloras. The units are represented according to
the Paratethys nomenclature. The lithological ranges of the two units are a)
the Carpathian Foredeep and Metacarpathian Ridge (after Alexandrowicz,
Alexandrowicz and Kleczkowski), b) the Polish Lowland Basin (after Dyjor,
Ciuk, Piwoczki). According to the palaeogeographical situation the fossil flo-
ras are represented also in two parts. She shows on a sketch the extension of
the Paratethys and the Poznan Series on Polish territories in the Neogene
with the localities of the investigated palaeofloras. Then on the basis of the
Polish literature she presented the changes of the flora from the Egerian till
the Pleistocene. From the description and from the above mentioned table
comes to light that she holds only the upper part of the Egerian stage for Mio-
cene, while the lower larger part for Oligocene. After her table in the Carpa-
thian Foredeep there are no Lower Miocene stratigraphical units, they are
represented only in the Polish Lowland. The ranges of the stratigraphical
units are also different from ours, because she closed the Lower Miocene
with the Karpatian, to the Middle Miocene belong the Badenian and Sarma-
tian and to the Upper Miocene the Pannonian and the Pontian. The subtropi-
cal flora of the Upper Egerian is in her opinion not of Miocene character
(with domination of TricolporopoUenites cingulumfusus and pusillus, T. hen-
cici, T microhenrici, Tricolpopollenites liblarensis). For this reason she did
not range the brown coal there occurring to the Early Miocene but to the Late
Oligocene and identified it with the 4th Lusatian series. (In the same volume,
in the article of Planderova and al. the Polish colleagues write about Egerian
section and floras in Poland!).

According to Sadowska the Eggenburgian and Ottnangian are represented
by the Zary Series and the lower part of the Silesian-Lusatian Series (Sci-
nawa Beds and Rawicz Beds). The palynoflora is known from the Scinawa
brown coal seam (3rd Lusatian series) and from Turoszow (Western Poland)

82



and from Lubstow, Belchatow (Middle and Northern Poland). To these lo-
calities she attributes at the beginning of the Miocene temperate elements like
Pinus, Taxodiaceae-Cupressaceae, Alnus, Carpinus, Fagus, Picea, Ulmus. It
is much cooler in comparison to the subtropical flora of the Late Oligocene. -
Howerer in my knowledge of the Taxodiaceae family when in case of the
coal bilding they are present in great mass, there must have been at least a
warm temperate climate. - During the Early Miocene the climate gradually
became warmer as shown by Engelhardtia, Myrica, Palmae, Tricolpopol-
lenites Ublarensis, T. retiformis, Tricolporopollenites henrici in great quanti-
ties.

The Karpatian is represented by floras of the Lusatian seam (2nd Lusatian
series) in the western and middle part of the Lowland and of some localities
in the Carpathian Foredeep. There were extensive swamp forests and bogs in
the Lowland with Taxodium, Nyssa, swampy species of Quercus, (Q, hen-
rici), Rhus, Liquidambar, Myrica, llex, Alnus, Cyrillaceae, Ericaceae,
Ara/iaceae, Sequoia, Engelhardtia, Symplocos. In the Paratethys region the
mixed deciduosus forest were more typical with Pinus, Engelhardtia, Carya,
Alnus, Quercus, Ulmus, Fagus, Tilia, Castanea, Rhus, Oleaceae, Rosaceae.
This difference was due to the Mediterranean type of climate during in the
Miocene in this part of Poland.

The Early Badenian vegetation in the Carpathian Foredeep in the Cracow
region is characterised by the dominance of deciduous trees over conifers and
a considerable amount of thermophilic taxa. In the Late Badenian in the Sile-
sian part of the Paratethys sea (K”dzierzyn region), the Nowy-Targ - Orawa
Basin and the northern part of the Paratethys the coniferous forests domi-
nated (Pinus, Abies, Picea, Cedrus, Tsuga). The deciduous trees were Quer-
cus, Ulmus, Fagus, Rhus, Engelhardtia, Carya, Pterocarya with shrubs and
herbaceous plants. On the Polish Lowland there were swamp forests and
peat-bogs of the Flenryk brown coal seam (1st Lusatian series). There were
Taxodium, Glyptostrobus, Nyssa, Alnus, Liquidambar, Pinus in the swamps
and Myrica, Rhus, Cyrillaceae-Clethraceae, Ericaceae, Cornaceae, Masti-
xiaceae, Rosaceae, Leguminosae in the bogs. In the driest forest Quercus,
Betula, Ulmus, Sequoia were growing.

At the beginning of the Early Sarmatian, after the withdrawal of the Pa-
ratethys sea from the Western Carpathian Foredeep, and the subsidence of the
Metacarpathian Ridge the separated basins became connected and the plant
communities became more similar. It is already possible to distinguish
geobotanical provinces in Poland.
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- In my opinion this is natural in a big country like Poland where the geo-
graphical circumstances are so very diversified. -

The Polish palynologists have results data the Sarmatian stage from many
localities in Poland. The most important community is the mixed mesophytic
forest with Quercus, Ulmus, Celtis, Fagus, Acer, Betula, Carpinus, Juglan-
daceae. The cypress-alder swamp forest covered only small areas. In the
Western Carpathians conifers prevailed over angiosperms. In the northern
part of the Central Paratethys the small-leaved Leguminosae-type plants
dominated. In Western Poland which belongs in the Sarmatian to the Western
European province, the forests contained high amounts of wet and warm ele-
ments, which have formed small brown coal seams or lenses (K~dzierzyn
seam).

The most difficult problem is - according to Sadowska - the evaluation of
the Upper Miocene. There are no marine sediments and only a few localities
in the Lowland, because the large and deep Poznan lake was situated in West-
ern and Middle Poland. For the Pannonian forest of the Nowy Targ - Orawa
Basin was characteristic that the quantity of the Tertiary elements of the
swamp forest decreased, the Picea and herbaceous plants increased. In West-
ern Poland there is a very important locality, Gozdnica near Zary, rich in pa-
laeobotanical elements, which probably belongs to the Pannonian. This forest
is rich in “arctotertiary” elements, but was also abundant in “palaeotropical”
elements (after Mai (1965) younger mastixioidean flora).

Pontian flora was investigated only from the Pieniny Mts. (Szafer,
Oszast). In the higher region of the Carpathians coniferous forest with Picea,
Tsuga, Abies, Pinus, in the lower part deciduous forest with holarctic ele-
ments dominated. The herbaceous plants were Cyperaceae, Gramineae,
Polypodiaceae. In the wet valleys Almis was common.

During the Early Pliocene in the Carpathian Foredeep in the mountains
there were conifers, in lower territories mixed forests, where the Quaternary
genera prevailed over the Tertiary ones. In the Western part of the Polish
Lowland the localities are rich in fossil floras (Sosnica, Gnojna). The de-
ciduous trees are Carpinus, Ulmus, Quercus, Fagus, Parrotia, Betula, Acer,
Engelhardtia, in the wet forest Alnus, Carya, Liquidambar, Pterocarya, Salix
and small amount of Taxodium, with bushes and herbs, mainly Gramineae. In
the upper part of the Early Pliocene (Ruszow) there were mesophylous de-
ciduous forests with Quercus, Betula, Fagus, Carpinus, Acer and Alnus on
the wet areas. The role of herbaceous plants was increasing.

The Late Pliocene flora is known from two localities: Mizema in Pieniny
Mts. and Klodzko in Sudety Mts. Coniferous forests dominated, with Picea,
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among the deciduous trees the most important were Acer, Carpinus, Fagus,
Quercus, Ulmns, Aescuhis, Carya, Pterocarya. In the Carpathians the forests
contained more dry elements than in Western Poland. The water basins were
overgrown with Alnus. Herbaceous plants were plentiful. Thermophilous,
typical Miocene taxa were rare (Sadowska 1993).

The lithological and palynological zonation of the Polish Lowland was es-
tablished by Piwoczki and Ziembinska-Tworzydlo (1997). Their stratigraphic
subdividision contains all the nomenclatures used in the Tethys, Paratethys
and North Sea areas. For the lithology they apply the patterns of Ciuk, Dyjor
and Piwoczki. It looks that between the opinion of the last two geologists
there are not so great differences. The authors try to make correlation be-
tween lithological and palynological results of the Polish Lowland and the
Paratethyan data, but their table demonstrated only that the two zonations are
parallel. On their table there is a general section and the palynological zona-
tion (I-X1V) after Ziembinska-Tworzydlo. This zonation is based on the
sporomorphs which are important for the author. Their names are arranged
after Mai in two geofloristical groups: “palaeotropical”” and “arctotertiary”.

In my opinion it is more useful to compare the fossil floras with the recent
ones because so we can draw conclusions about the origin of the floras, and
also palaeoclimatological ones.

Our knowledge about the Northern part of the Paratethys has been ex-
tended in great degree by the outstanding Polish scientists. From their re-
search work it is evident that the huge territory of Poland with the great
latitudinal differences is suitable also for vegetational differences. They were
smaller in the early Miocene in consequence of the fact that the ridges of the
Carpathians were not developed so far. After their uplift the warm elements
disappeared more quickly.

Turkey

Turkey is an important part of the Eastern Mediterranean region. In 1992 |
made a comparison between the Hungarian and the Turkish Neogene floras
on the basis of Benda (1971). On the tables of my monograph (Nagy 1992,
tables 17, 18, 19) | made comparison between the palaeoflora of Hungary
and the European countries and the Turkish palaeofloras, too. Benda’s opin-
ion was that the young Tertiary freshwater pollen flora of SW Turkey is com-
parable with the Vienna Basin on the base of Vertebrate fauna, but it by no
means can be correlated with the marine planktonic foraminiferal zones of
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the Tethys. (Later he made correlations in Benda et Meulenkamp 1972,
Benda 1973, Benda et al. 1977, Benda et Meulenkamp 1990).

In 1997 Nurdan Yavuz from Middle East Technical University, Ankara,
was my student with a Ph.D. scholarship. We worked on samples from a
brown coal section of Western Anatolia. The palynomorphs were in very bad
condition, (Benda referred to this already in 1971, p. 22) but it was possible
to draw some conclusions on the coal facies.

The coal seam originated from Kiitahya province, Seyitomer coal Basin,
Anatolia. The 66 samples were collected from a 45 m thick Middle-Upper
Miocene coal, marl, shale, mudstone sequence in an open-pit coal mine. In
the badly preserved material the conifers were dominant (47.4%), the most
part belonging to the Pinus genus, - from the structureless pollen grains it
was difficult to distinguish the Pinus sylvestris and haploxylon types. In some
cases | was only able to recognize the Cathaya or Cedrus types. 36% of the
conifers were Taxodiaceae', this refers to a swamp forest. From the angio-
sperms were relatively well recognisable the Carya, Pterocarya and Engel-
hardtia, they characterised the riparian forest with fewer Alnus, Betula,
Ulmus and very few Salix. From the Fagaceae the Quercus and Tricolporo-
pollenites cingulum oviformis were common. The swamp forest was marked
by Taxodiaceae and Nyssa, the bush swamp by Cyrilla, Myrica, Jussiae,
Caprifoliaceae, the open quiet water surface by Nymphaeaceae, Myriophyl-
lum, Trapa, Sparganium. The freshwater is indicated by the Zygnemataceae
family, wich was present nearly in all samples. Polypodiaceae (Laevigato-
sporites haardtii) occurred practically in all samples while Osmunda was
present only on the lower third part of the sequence. In the forest with dryer
ground were living the trees with quercoid pollen grains (Castaneaj and
Juglans, Carpinus, Tilia, Corylus, Ostrya, fewer Lonicera, Diervilla and her-
baceous plants. Around the basin on the mountains the conifers were domi-
nant. Warm tropical elements were present only in small numbers (Ara-
liaceae, Sapotaceae, some ferns). Subtropical, mediterraneous plants are
more numerous (Taxodiaceae, Cedrus, Podocarpus, Rhus, Oleoidearum-
pollenites). In this basin surrounded with mountains only warm temperate
vegetation could have existed.

We can state that there is very great similarity among the Neogene floras
of the Central Paratethys area and in particular in the coal facies. In the
swamp forest the chief constituent part is the Taxodiaceae family. The great
number of their pollen grains characterises the brown coal samples (Nagy,

1975),
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Evaluation

A palynological evaluation of the Neogene of the Central Paratethys was
published for the first time in the monograph of 1992 (Nagy). | cherished
with the idea of this comparison already many years ago. Besides the litera-
ture it was necessary also the personal contact with the scientists of the neigh-
bouring countries, so the exchange of reprints was easier and | could even
visit the most important localities.

The mentioned evaluation concerned at first also the Central Paratethys,
but there was no comprehesive work that would marked out the territory of
the Central Paratethys. Such a work is now the atlas of Hamor et al. (1988).
The territory of the Eastern Paratethys represents another floral area and this
huge area has not been studied properly. This monograph (Nagy 1992)
passed in western direction the boundary of the Central Paratethys because in
the German territory many good palaeobotanists have worked and their data
represented a good basis of comparison. This comparison was only a chapter
of the monograph. Later when the work was already printed many papers and
monographs were pubished by palynologists of the countries of the Central
Paratethys. This supported the necessity of a more thorough evaluation. That
time when the idea of the Pentagonale was raising up this gave the idea to
join it.

The collective work initiative of the Pentagonale terminated with the Bra-
tislava symposium in 1992. After the symposium due to Eva Planderova’s
tragic death, the edition of the proceedings was passed on to the Polish pa-
lynologists. From our common work there is a short paper in it, which - natu-
rally - does not deal with the whole territory of the Paratethys region.

Figure 2 summarizes my previous experience. On this basis the present
paper at first intends to make a correlation of the Neogene palynofloras of
the whole territory of the Central Paratethys and secondly, to compare the
flora elements comparing the vegetation types, which are in close connection
with the palaeoenvironments. The changes of the flora and vegetation are
very closely connected also with the climate. The palaeoclimate left lasting
traces in the palaeovegetation, therefore the comparison of the above-men-
tioned data, besides of establishing the micro- and local climates, makes it
possible to state the change of the climate zones, - if enough data are avail-
able.

The question of the EGERJAN stage, whether it belongs to the Oligocene
or to the Neogene, is a matter of dispute even today. In Hungary it is possible
to separate it from the other parts of the Miocene, but it can also be connected
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to them with the help of palynological data. The sequence of the holostrato-
type of the Egerian has been divided into two parts, without significant
change in the climate of the lower and upper substage (Nagy 1963, 1979,
1992). The extension of the Egerian sea was not too large (map No. 1 Hamor
et al. 1988). According to novel information (a lecture of A. David et L.
Fuk6h 1997. 11.19) the central part of the Egerian sea was connected with the
Northern Italian territory through Croatia and Slovenia. As far as the exten-
sion of the Egerian sea is concerned, they are not too numerous palynological
data.

e+ tropical

Fig. 2. Palynological and climatical zones in the Hungarian Neogene subtropical

—— = temperate
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In addition to the Hungarian data in Croatia Secerov (in the Egerian vol-
ume, 1975 listed data on the faciostratotype), in Bosnia Pantic (1958, 1966),
in Romania Petrescu (1986, 1987), Petrescu, Givulescu, Barbu (1995, 1997),
in Ukraine Andrejeva, Grigorovich, Gruzman (1994), in Slovakia Planderova
(1990), Snopkova (1988 and a manuscript from 1975), Pacltova (1961, 1963,
1966), in Austria Klaus (1971), Hochuli (1978) informed us about pa-
Iynological data of the Egerian. Being in relatively small areas, the pa-
laeofloras were fairly uniform. When the authors studied also the planktonic
material, this too was uniform enough. A great number belong to the form
group of Deflandrea spinulosa. There were less marine planktonic organisms
at the shoreline near the holostratotype, while more in Austria and Ukraine.
In the central part of the Egerian sea in Hungary (Eger, F6t), in Slovakia
(Ipoly, Losonc, Rimaszombat) the palaeoflora was the same, but they are
identical in localities of Austria and Transylvania, too. In the South in Bosnia
the palaeoflora is also very similar, the fern species are the same. This terri-
tory was near the shoreline of the Paratethys but on the continental margin.
The uniformity of the Egerian flora is indicated also by the fact that North of
the central area Pacltova (1958, 1960) and Konzalova (1976) wrote about the
same palaeoflora, as in the Western part of the Polish Lowland Ziembienska-
Tworzidlo (1974). This last flora in spite of its similarity with the other
Egerian floras and its many warm elements, differs by the absence some
characteristic taxa: the Gleicheniidites, Cicatricosisporites, Proteacidites
egerensis, Engelhardtioidites, Plicatopollis plicatus and among the conifers
the Podocarpidites. These absences can be explained by the more northern
location of the territory.

The geographical extension of the EGGENBURGIAN stage on the basis
of map No.2 (Hamor et al. 1988) in the central part is relatively small, it was
extended only in the North Central Mountains in Hungary and to the joined
territory in Southern Slovakia. This central part is only with “?” connected
with the Transylvanian Basin and had no contact with the territories of the
Carpathian Mountains and Alps, where the sea was more extended. With the
delimitation of the Eggenburgian stage there are also difficulties as it is evi-
dent from the literature. From the Eggenburgian literature | have used the fol-
lowing papers in Croatia Krizmanic (1993, Jurisic-Polsak, Krizmanic,
Hajek-Tadesse), in Bosnia Pantic et al. 1966, in Romania Petrescu 1971,
Petrescu et Nicorici 1989, Petrescu et Fazecas 1989, in Slovakia Pacltova
1958, Planderova 1971, 1990, in Moravia ZdraZilkova 1993, in Bohemia
Pacltova 1960, Konzalova 1976, in Austria Klaus 1952, Obritzhauser-Toif!
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1954, Hochuli 1978. This is completed with the data of the Polish Lowland
which are believed to be identical in age.

Comparing the list of the Hungarian Egerian and Eggenburgian floras,
there are only little, but characteristic differences between them. The plank-
tonic organisms could be very different in function of whether the area was
marine or terrestrial in origin.

In Bosnia in the Zenice - Sarajevo Basin was the sample investigated
from the coal seam of the Zenice - Kakanj series (Pantic et al. 1966), marked
by the authors as Mi, so it is supposed to be Eggenburgian. The list of the
flora is only a little different from the former, indicating an Egerian age.
(There were no Sphagnum spores, Osmunda was less numerous and there
were many Laevigatosporites haardtii).

In Romania, the Eggenburgian connection between the Transylvanian Ba-
sin and Pannonian Basin is perfectly evidenced by palaebotanical data. There
are Eggenburgian palynological data from three localities: Tihau (Alma$ului
Valley) (Petrescu 1971), the Bozovici Basin (Petrescu, Nicorici 1989), the
Brad - Séacarimb Basin (Petrescu, Fazecas 1989). The taxa listed by the
authors may belong to the Eggenburgian flora, but could be Egerian, too. In
these localities it is rather the lack of some characteristic taxa that hints at the
Eggenburgian e.g. the Cicatricosisporites, or the quantity of some elements
could refer to it.

The Eggenburgian palynoflora published from Slovakia (Planderova
1971, 1990) essentially agrees with the Hungarian one, what is a conse-
quence of the palaeogeographical situation. Pacltova (1958) hold the footwall
of the coal seam of Handlova as Burdigalian (Eggenburgian), but from the
corroded material she stated only that in that period the climate might have
been warmer (from the Sapotaceae pollen grains and Lygodium spores), than
it was in the top of the investigated boreholes in the Tortonian-Sarmatian.

In Moravia Eggenburgian borehole sequences were investigated by
ZdraZilkova (1993) from the Carpathian Foredeep. The deposits of the shore-
line are characterized by dinoflagellates and Botryococcus algae. Between
the sporomorphs there are always tropical-subtropical elements. The temper-
ate elements were sporadic. The aquatic plants were rare, the dry elements
are abundant. There are many Pinus and pollen grains of the Oleaceae
family.

The holostratotype of the Eggenburgian is in Austria. At Eggenburg pa-
Iynological investigation was made from the Brunnstuben-Graben outcrop
(lower part of the Gaudendorf beds) by Hochuli (1978). This is of more open
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marine facies, than the Hungarian localities, with numerous marine plank-
tonic taxa. Their palynoflora is like the Hungarian, with many Egerian taxa.

Klaus (1952), Obritzhauser-Toifl (1954) investigated the coal seam of
Langau. The age of the locality, beside the palynological investigations, was
verified with remains of Mastodon teeth as Burdigalian = Eggenburgian.

There is more uncertainty about the stratigraphical range of the territories
outside of the Paratethyan area. The palynological investigations (Konzalova
1976) in North Western Bohemia in the North Bohemian Basin have not pro-
duced reliable data. The so-called lower beds with the lower coal seam could
be from Late Aqutanian to Burdigalian in age. After the species names given
by Konzalova the Eggenburgien stage is possible (Lygodium, Leiotriletes
maxoides, Histiopteris, Magnolia, Pesicarioipollis meuseli, Myricipites ru-
rensis, Engelhardtioidites microcoryphaeus, Momipites punctatus, Tricolpo-
ropollenites henrici, Araliaceoipollenites edmundi, Dicolpopollenites koc-
keli).

There are no Eggenburgian palynological data from Southern Poland. In
this area which belongs to Central Paratethys there was a transgression to-
wards the end of the Eggenburgian (Stuchlik 1979).

Farther North, in the Polish Lowland the palynologists naturally have es-
tablished contact with the German scientists, because the two territories are
connected. But they wanted to correlate their data with the Paratethys area,
too, because this is stratigraphically better founded and the Southern part of
the country belongs to that area. The most important brown coal exploration
was done in the Polish Lowland, in the Belchatow area. The published pa-
lynological data are of the Lower Miocene from below the main coal seam
(Stuchlik et al. 1990). The characteristics of the oldest coal seam are Engel-
hardtia, Quecoidites henrici, Q. microhenrici, old Myrica, Rhoipites pseudo-
cingulum and palms. The authors stated that the age is Eggenburgian. The
tropical elements of the Paratethys region there have not been found; the pa-
lynological investigation indicates different flora assemblages in the Polish
Lowland and in the Paratethys region.

The OTTNANGIAN stage according to the sate'lite map No. 2 (Hamor et
al. 1988) represents small extension with brackish-water sea, in Northern
Hungary and Southern Slovakia. The two palaeofloras belong to the Sal-
gotarjan Browncoal Formation. Planderova (1990) held the poorly extended
Ottnangian of Slovakia for deposits of basins independent from one another.
The connection of these parts to the other parts of the Ottnangian area is very
uncertain. In Bosnia in the Zenice-Kakanj-Breza Series the Mi marked part
(Pantic et al. 1966) could be Ottnangian; the coal sequence has swamp forest
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elements (Taxodiaceae, Nyssa, Myrica, Cyrillaceae and many fern spores).
In Romania the second part of a 84 m deep borehole the Brad-Sacarimb Ba-
sin could be Ottnangian (Petrescu et Fazecas 1989). At the base of the se-
quence there was coal forming, with not too much Taxodiaceae, but a lot of
water and swamp plants. Myrtaceidites myrtiformis is also present, described
by Simoncsics (1964) from the brown coal of Salgétarjan. In Moravia
ZdraZilkova (1993) studied boreholes from Nosislav, with Ottnangian and
Karpatian sequences. In the upper part of the Ottnangian sequences she
found no climate cooling, in contrast to Hochuli. The number of Sapotaceae
pollen grains are decreasing, but the palms, Symplocaceae and the number of
the Lygodium spores are increasing. At the top of the stage the numbers of the
humid elements were higher, just as in the other parts of the Paratethys re-
gion, and the appearance of dinoflagellates indicates a transgression. In Aus-
tria one sample of the holostratotype Ottnang-Schanze was investigated
(Hochuli 1978). The most important is, according to the author, the decrease
in the number of tropical elements. The Sapotaceoidaepollenites sapotoides
were 2%. We can state that the Hungarian Ottnangian was wanner, in particu-
lar when we include to thennophilous taxa the subtropical species, too. In Po-
land it is being tried to find the connection in time with the Paratethys area. In
Belchatow radiometric determinations were made for some samples. Those
from the top of the main coal seam, and above the Ill seam were dated as
Ottnangian.

The Kaipatian volume was printed in the year 1967, so in the article of
Pantic et al. 1966 could not occur the tenn KARPATIAN. In Bosnia in the
Zenice-Kakanj-Breza Series next above sample, which the authors figured as
Mz, according to the pollen material is not Karpatian. In Romania the scien-
tists have not published data from the Karpatian, although on the satellite
map No. 3, between the central Hungarian Basin and the Transylvanian Basin
there was strong connection. The reason of this lack could be that the sedi-
ments were not suitable for the fossilisation of sporomorphs.

About Karpatian sporomorphs in Czehoslovakia Planderova reported in
the Kaipatian volume (1967). There is no contradiction between the list of
the palaeoflora and our present knowledge, and the presence of tropical ele-
ments can also be stated. Complemented with Planderova’s monograph
(1990), we get a suitable picture of the Kaipatian flora and vegetation in
Slovakia, which is the same as in Hungary. In Moravia the lower part of the
Karpatian is characterised by a wet flora (ZdraZilkova 1993). From the mi-
croplanktonic organisms she concluded to oscillation. She distinguished two
facies: 1) Myricaceoipollemtes aff. ex gr. megagranifer, Laevigatosporites
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haardtii, L. discordatus, Almts, Palmaé, Sparganiaceae and with freshwater
planktonic Ovoidites and Botryococcus. - This is the same as the Karpatian
stage in the Mecsek Mountains in Hungary. - 2) This facies is characterised
by Intratriporopollenites insculptus. Both facies are close to the Northern
Bohemian one. She supposed for the upper part of the Karpatian marine envi-
ronment, with many temperate elements, but also with Sapotaceae. This re-
minded the author of South Slovakia. - This is naturally the same in
Hungary. - Already out of the territory of the Paratethys is in Western Bohe-
mia the Cheb Basin where palynological investigations were made by Kon-
zalova (1981). The age of the Cypris clay and of the main coal seam - on the
basis of Mammalian fossils - is Ottnangian-Karpatian. The material of the
borehole between Frantiskovy Lazné and the Odrava Basin on the basis of
palynological research (Konzalova et Stuchlik 1983) is similar to the pa-
lynological spectrum of the Karpatian of the Mecsek Mountains in Southern
Transdanubia.

In SE Poland there are palynologically proved Karpatian freshwater sedi-
ments (Oszczypko et Stuchlik 1970, 1972), with few tropical elements.
Oszast et Stuchlik (1977) at first mentioned the Karpatian by the summaris-
ing the Neogene profile of the Polish West Carpathians. In the flora were
dominating the so-called Tertiary elements (Taxodiaceae-Cupressaceae, Cas-
tanopsis-Castanea, Celtis, Engelhardtia, Nyssa, Platycan’a/. Sapotaceae,
Symp/ocaceae were absent. Among the conifers the Pinaceae were domi-
nant. The tendency of the warm temperate climate has a subtropical charac-
ter, with much rain. About the palynoflora of the Silesian Paratethys area
wrote Sadowska (1989). The Klodnica beds represent the Karpatian stage.
The vegetation is characterized by a shoreline swamp forest. The number of
the tropical elements is small. The author supposes a Mediterranean climate.
The palaeovegetations of both Polish areas connected with the Paratethys
were very similar.

On the Polish Lowland the palynological investigations of the Belchatow
brown coal area (Stuchlik et al. 1990) with radiometric dating are suitable for
correlation with the Paratethys area. The examined profde of Belchatow with
micro mammals fauna proved to be Ottnangian-Karpatian. Radiometric dat-
ing performed in a part of this profde gave 16.2+1.3 Ma, that is Karpatian.
The standpoint of Sadowska (1993) is that the Polish Neogene floras at the
Western and Middle Polish Lowland and the Carpathian Foredeep corre-
spond to the second Lusatian series in the upper part of the Karpatian stage.

The occurrence of the BADENIAN stage in Croatia is verified by the map
No. 3 (Hamor et al. 1988). The palynoflora of the terrestrial locality Gérja
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Jelenska belongs to the Mecsekisporites main zone (Nagy 1992). In the
freshwater sediment Rudolphisporis and also Bifacialisporites occurred,
therefore the question is, whether the age is Karpatian or Early Badenian.

In Slovenia Marina de Costa Grum investigated Badenian samples in a
borehole at Dankovci. They were only some marine planktonic organisms in
and corroded bisaccate conifers.

In Bosnia the upper part of the Zenice-Sarajevo basin Pantié et al. (1966)
studied and marked the sample with Ms in the “die obermiozane Kohlenvork-
ommen Serie”. In this there were few fossils and it was not possible to range
it stratigraphically. It could be anything from Late Badenian till the top of the
Miocene. In Northern Montenegro the coal sample of the locality Plevlja af-
ter the palynological data could be Badenian (Weyland, Pflug et Pantic
1958), after Chalicoterium grande are Middle Miocene. In Eastern Serbia at
Despotovac 4 coal seams alternate with dead rocks. The sample marked Il B
was investigated palynologically (Weyland, Pflug et Pantic 1958). Their
hanging rock was investigated for macro- and microfauna and macroflora.
These are Tortonian-Sarmatian, so the coal seam might be Badenian.

The lithostratigraphic description of the boreholes of North Western Bul-
garia derived from Kojumdzieva et Popov. The palynological investigations
of the Badenian part of this boreholes were made by Ivanov (1994, 1995).
The flora is rich and in character warmer than the Hungarian, with many
tropical fern spores. SW of Sofia from a “Helvetian-Tortonian” coal basin
Petrov et Drazheva-Stamatova descibed tropical plants (1971, 1972, 1973).
On account of the southern geographical position of Bulgaria the character of
the flora is warmer than in Hungary.

The Transylvanian Basin after the maps No. 3, 4 (Hamor et al. 1988) was
in very close connection with the central part of the Paratethyan Basin. From
Lower Badenian the palynological investigation (Petrescu, Mészaros, Chira
et Filipescu 1990) at the locality of Poiana Rusca found a very rich assem-
blage of fern spores and a significant stock of conifers. Among the angio-
sperms there were many thermophilic elements, which are characteristic of
the lower part of the Badenian. The palynological research verified the Mid-
dle Badenian age of the salt layers at Ocna-Dej (Désakna) (Petrescu et
Mese8an (1993-94), with fewer fern spores than the former. The Taxo-
diaceae, the pollen grains of Nyssa, Myrica and Cyrilla indicate a wet area.
The riparian forest is also represented. About Late Badenian informs the
article of Petrescu, Mészaros, Filipescu et Buda (1988). The lower part of the
borehole drilled in Harghita district is Late Badenian, the upper part Early
Sarmatian. The flora is impoverished in the Late Badenian similarly to the
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central part of the Paratethys region, the number of the fern spores is small,
the conifers dominate the spectrum. Among the angiosperms there are in
small quantity warm elements.

The Moldavian Lower Badenian referred to by Medjanik (1990) palynol-
gically indicate that this territory was outside the Central Paratethys region.
According to the palynological investigations in the Podolian layers the
vegetation was explicitly dry. The dominating taxa belong to Chenopo-
diaceae, Artemisia and Poaceae. Water plants and ferns are very scarce.

From that part of the Ukraine which belongs to the Carpathian basin there
are Late Badenian palynological results (Shchekina 1958). The palaeobotani-
cal assemblage resembles rather to the coal facies of the Hungarian Lower
and Middle Badenian, with many fem spores and tropical elements.

The Badenian flora of Slovakia (Planderova 1990) is the same that the
Hungarian one due to the close geographical connection. The difference is
that in the Early Badenian a considerable number of new, mainly subtropical
taxa appear. In the Middle Badenian a specific feature is the evaporite forma-
tion with xerophytic plants in Eastern Slovakia. In the Late Badenian there
was an impoverishment of the flora connected with the transgression. It was
the last appearence of some characteristic tropical plants like Sapotaceae,
Symplocaceae and Schizaeaceae. At the Badenian-Sarmatian boundary there
were shoreline swamp forests, with coal forming (Pacltova 1958).

Although the holostratotype of Badenian is in Austria, till now there was
not too much palynological work done on this time unit. In Burgenland from
freshwater layers a significant tropical flora has been described by Draxler et
Zetter (1991). The swamp forest could be small, but there were many coni-
fers from the rising Alps.

In Southern Poland the Middle Badenian evaporite beds are of the same
age as the Slovakian ones. In the overlying gypsum marl layers there is an
opencast sulphur mine. On the basis of the palynological investigation the
flora has Transcaucasian character with Mediterranean climate (Oszast
1967). The flora indicates a cooler climate than in Hungary. According to
Oszast (1960) the material of the Upper Silesian brickyard outcrop in Stare
Glivice is Late Badenian (Tortonian). In this flora there were no more Sapo-
taceae and Symplocaceae just as in Slovakia. In the Nowy Targ - Orawa Ba-
sin palynological investigations found out (Tra Ding Nghia 1974, Oszast et
Stuchlik 1977) that some parts of the section are Badenian (Ma). Charac-
terising the Badenian flora they wrote that the Taxodiaceae - Cupressaceae
swamp forest were still significant, but the warm elements disappeared, only
Engelhardtia was present. The herbaceous plants were mostly Cyperaceae
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and Pteridophyta. The climate was warm temperate, humid. In the meantime
in the central part of the Paratethys Basin there were many thermophilic taxa,
the climate was subtropical. The palynological results concerning the Polish
Badenian indicate that the cooling effect of the high mountains prevailed.

According to the characterisation by Sadowska (1989) the Badenian flora
in the Silesian Paratethys was similar to that of the Polish Western Carpa-
thians. Along the seashore there were small swamp forests. Among the de-
ciduous trees there were Engelhardtia, Rhus, Carya, Pterocaiya, and the
herbaceous plants were pteridophyts, grasses and Chenopodiaceae.

Silesia is the point where the Upper Badenian (Grabowiec) grades with
continuosus sedimentation to the continental Sarmatian K”dzierzyn beds of
the Poznan Series (Dyjor 1986, Dyjor et Sadowska 1984). By means of this
connection the correlation of the Paratethys Region with the Boreal Region
can be established.

By the correlation of the Carpathian Foredeep and the SW Polish Basin
(Dyjor et Sadowska 1985) we can state that the marine Badenian sediments
of the Silesian Carpathian Foredeep and the continental Upper Tortonian se-
diments of the Lower Silesian are of the same age. The “Henryk” brown coal
layers (1st Lusatian Series) and the Gray Clay Series could be correlated with
the Grabowiec beds of the Carpathian Foredeep as Upper Badenian beds.

According to Sadowska (1993) in the Lower Badenian of the Carpathian
Foredeep for the palaeoflora the dominance of the deciduous trees was char-
acteristic, with many warm elements. The best knowledge about the Upper
Badenian is from the Silesian part of the Paratethys region, where the most
important were from the conifers Pirnis, Abies, Cedrus, Tsuga, and from the
deciduous trees Quercus, Ulmus, Fagus, Rhus, Engelhardtia, Carya, Ptero-
carya. That time on the Polish Lowland extended swamp forests existed as
well as the peat-bogs of the Henryk brown coal seam.

The sediments of the SARMATIAN stage according to the satellite map
No. 5 (Hamor et al. 1988) were present on the territory of the Central Pa-
ratethys in smaller extension, in brackish-water facies. In Slovenia according
to the palynological examination there were brackish planktonic organisms in
the Sarmatian samples. At the shoreline swamp forests might have existed.
Beside drier mesophytic forests with few warm elements and rich mountain
forests with conifers characterized the palaeoenvironment.

The lower part of boreholes drilled in NW Bulgaria is Badenian, while the
upper part Sarmatian, Volchinian or Bessarabian, respectively. In the list of
the palaeoflora there are more tropical - subtropical elements than in the
Hungarian one, in accordance with the latitudinal differences. In the Sarma-
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tian part of the boreholes some tropical elements were missing e.g. Pandanus
as compared to the Badenian. On the basis of the palaeogeographic maps, the
Bulgarian part of the sea was connected with the Eastern Paratethys, although
the vegetation can be identified with that of the Central Paratethys.

In the Transylvanian Basin, the lower part of a borehole drilled in Har-
gita district (Petrescu, Mészaros, Filipescu et Buda 1988) is Upper Bade-
nian, the upper part is Lower Sarmatian. The Lower Sarmatian part can be
divided in two parts. The lower part of the flora and also the climate is similar
to the Upper Badenian, but in the upper part there is a greater change. The
percentage of the conifers increased from 15% to 38%, out of that the
Taxodiaceae-Cupressaceae were 20%. Among the angiospenns there were
more warm elements than in the Lower Sarmatian. Another Sarmatian local-
ity is near to Cluj-Napoca (Kolozsvér), where besides Pinaceae dominance
there were a lot of humid elements (Mészaros, Petrescu et Marza 1991).

In the Ukraine, in the North - Eastern Carpathian area in the Chop
(Csap)-Mukachevo (Munkacs) depression the material subjected to pa-
Iynological investigation, and verified also with foraminifers and mollucs, is
considered as Sarmatian (Syabryaj et Vodoryan 1975). The mentioned tropi-
cal taxa are: Araliaceae, Myrtaceae, Santalaceae, Symplocaceae, Rhus, Mag-
noliaceae, Palmae, few Gleicheniaceae, Cyateaceae (?).

In Slovakia the Badenian - Sarmatian boundary coals and coal clays indi-
cate swamp forest (Pacltova 1958, Sitar, Planderova et Cieraa 1987). In the
Danube Lowland (Kis Alfold) and in the Inner Carpathian basins the pa-
lynological investigation (Planderova 1990) revealed a rich Sarmatian sporo-
morph association, of with wann climate, without tropical taxa. In the Late
Sannatian the conifers and many dry elements were dominant. The climate
was warm temperate and dry.

In Austria Klaus studied (1955) some samples from Karinthia, which he
considers Sannatian.

In Poland in the Nowy Targ - Orawa Basin the second phase was Sarma-
tian (Ms) (Oszast et Stuchlik 1977). There are many palynological papers on
this region. The Tertiary taxa were characteristic, the deciduous trees and
shrubs were dominant. The climate was wann temperate and dryer than the
Karpatian and Badenian.

In the Silesian part of the Paratethys Basin according to the palynological
results (Sadowska 1989) at the Sarmatian K”~dzierzyn beds after the trans-
gression of the sea a swampy area remained where Taxodium-Alnus swamp
forest was living. The mesophyl forest, rich in species was dominant. The
number of the tropical species were decreasing. The climate became gradu-

97



ally cooler and a little dryer. Besides the disappearance of the warm sea to the
transformation of the climate contributed the rising of the Sudetes and the
Carpathian ranges, too.

The Late Sarmatian age of the Poznan Series variegated clays was shown
by Dyjor et Sadowska (1986) and Sadowska (1989, 1990).

According to Sadowska (1990) the most characteristic type of the Early
Sarmatian flora was the mesophyl deciduous forest in the Western Carpa-
thians, in the Silesian part of the Carpathian Foredeep and on the Polish
Lowland. The Taxodiaceae-Alnus swamp forest was only moderately wide-
spread. Conifers dominated in the Western Carpathian. North of the Central
Paratethys area the angiosperms were present with many small leaves species
(Leguminosae-type). Western Poland in the Sarmatian belonged to the West
European flora province; its forests still contained high amounts of wet and
warm elements with small brown coal seams.

The PANNONIAN sea of reduced salinity was a little more extended, but
more isolated than the Sarmatian sea (map No. 5 in Hamor et al. 1988).
Therefore it may be called a lake or internal lake, too. From Croatia there are
no palynological data. The palynological data obtained from the boreholes
drilled in NW Slovenia (Weyland, Pflug et Pantic 1958), and near the Croa-
tian boundary in the Zagreb area (de Costa Grum 1993) are very similar to
the Hungarian ones. The Lower Pannonian vegetation in Slovenia was very
similar to the vegetation of the Mecsek Mountains. The planktonic organisms
were also the same in the two territories. The Slovenian Late Pannonian cor-
responds to the upper part of the Spiniferites bentori zone (M. Sit 1989).

In Bosnia in the Zenice - Sarajevo Basin the youngest formation is the
Rakovice - Kasindol lignite (Pantic et al. 1966) which the authors range to
the Lower Pliocene. The composition of the flora and the warm elements are
the same as in the Hungarian Neogene swamp forests. There are some pa-
lynological data North of the Fruskagora, from the Beocin marl, that indicate
the Spiniferites bentori zone.

The boreholes drilled in the North Western part of Bulgaria - according to
the Eastern Paratethys nomenclature - are Meotian. This corresponds to the
Pannonian (lvanov 1995), in the opinion of Steininger et Rogl (1984) to the
upper part of the Pannonian. In the material of these boreholes there are
hardly differences from the Hungarian Pannonian palaeofloras. There are
some tropical elements which have not been found in Hungary till now (Eu-
ryale, Corylopsis), but naturally there are also some Mediterranean taxa
which are not present e.g. Pistacia and there are some which are more nu-
merous (Cedrus, Zelkova). Ivanov indicates the beginning of a drier period
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from the end ofthe Bessarabian, or the first part of the Meotian, which would
be characteristic for the whole Balkan peninsula.

In Romania Pannonian palynoflora in the Transylvanian Basin of Oradea
(Nagyvarad) in the lower part of a borehole was found, confirmed with ostra-
cods (Petrescu, Nicorici, Wanek et Bildaru 1971). This palaeoflora is the

me both in planktonic organisms as in sporomorphs like the other Pan-
nonian palaeofloras published from Romania, Yugoslavia, Czechoslovakia
and Hungary.

In the Ukraine in the North - Eastern Carpathian area from the basin of
Aknaszlatina (Ignativska) a whole Pannonian section was studied by Syab-
ryaj (1975). She submitted the section to palynological, molluscs and ostra-
cods investigations. The palaeoflora was the same as in the Central part of the
Paratethys Basin.

In Slovakia the Pannonian lake occupied only a small area (Hamor et al.
1988). This is verified by the palynological research of Planderova (1972,
1990). The most typical is the Pannonian of the boreholes at Nitra (Nagy et
Planderova 1985). At the base of the Pannonian stage the brackish formation
comes to an end and afterwards there are only freshwater sediments, with
freshwater planktonic organisms. This territory is North of Hungary conse-
quently the number of the subtropical elements decreased faster and that of
the temperate species increased.

In Southern Poland in the Western Carpathian area and in the Nowy Targ
- Orawa basin in the valley of the river Dunajec on the basis of palynological
investigations on a number of sequences flora phases were established
(Oszast et Stuchlik 1977). The upper parts of the sections by Czamy Dunajec
and Koniéwka are considered as Pannonian (MP). In this time the climate
and vegetation oscillated, the instability was characteristic. There were tem-
perate elements, in one horizon the warm, in the other the temperate species
were dominant. In the mountains a great deal of Picea pollen grains occurred.
In Poland this is the boundary of the presence of typical genera considered by
the Polish scientists as Miocene. The climate was temperate, with warm os-
cillations and relatively dry.

The correlation of the Southern Polish area and Polish Lowland was pre-
sented in a table by Sadowska (1993), already with the nomenclature of the
Paratethys area. Nevertheless for the younger stages than the Pannonian she
showed the West European nomenclature, too. The palaeovegetation is
doubtless cooler climate demanding than in the Central Paratethys region.
Here could be drawn the boundary which separates the flora and the vegeta-
tion of the Paratethys area and the Northern territories. This boundary is not
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irrefutable, because there are very great changes in the nature, on the surface
of the Earth, by transgression and regression, by orogeny, differences in the
exposition of the mountains, which produce great changes in the flora also
today.

According to our present knowledge the PONTIAN stage is the highest
level of the Miocene. According to map No. 6 (Hamor et al. 1988) it is some-
what more extended than the Pannonian. The territory of Croatia is in close
connection with the central part of the basin. In Northern Croatia East of
VaraZdin there are coal-bearing sections, the macroflora of which was inves-
tigated by Spoljaric (1952), who studied the palynoflora, too. This place is
connected with the Hungarian localities not only by the freshwater organ-
isms, but also by the swamp vegetation, with a relatively high number of
Tilia pollen grains and warm demanding ferns.

The results of the palynological investigation confirm our supposition of a
connection between the Slovenian and the Hungarian basins. The upper part
of the boreholes discussed at the Pannonian belong to the Pontian (de Costa
Grum 1993). In these there are coal seams, which originaly were swamp for-
ests. In drier places there were deciduous forests. In the dead rock of the
boreholes freshwater algae were found. In North - Eastern Slovenia pa-
Iynological investigations were made by Weyland, Pflug et Pantic (1958)
Planorbis, Paludina and Mastodon arvemensis remains were also found indi-
cating also the Pontian age. The vegetation could be arranged to swamp, ri-
parian, deciduous, and hillside forests, with warm elements.

In North - Eastern Bosnia the biostratigraphic dating of the coal basin
originates from Stefanovic (Weyland, Pflug et Pantic 1958), who ranged the
four coal seams and their hanging rock in the Lower and in the Upper Pon-
tian, respectively. The plant macrofossils and the palynological investigations
supported this age.

In Serbia Pantic et Dulic (1993) divided the territory South of the Central
part of the Pannonian Basin in the Pontian into two parts: 1) Southern part of
the Pannonian Basin (Backa, Banat and the territory South of the Sava line),
2) Eastern Serbia, the Western part of the Dacian Basin East of the Carpa-
thian-Balkan Mountains.

The Kosovo brown coal basin was studied by Nikolic (1966). He de-
scribed the sporomorph assemblages characteristic for the Hungarian Pan-
nonian and freshwater planktonic organisms. The Late Pannonian is sup-
ported also by the mollusc fauna with Prosodacna cf. vutskitsi Bras.

It is worthy to be mentioned Pantic’s explanation in the Pontian volume
(1990) of climatic reasons of identities of lignite facies in the Balkan and in
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Hungary. His conclusion was based on the palynological investigations of the
lignite area by Ptolemais in Macedonia (Weyland, Pflug 1957). In these in-
vestigations also Pantic participated (Weyland, Pflug et Pantic 1958). The
lignites of Ptolemais were investigated by many scientists from numerous lo-
calities (loakim 1964, Weerd 1983, Kaouras 1989) with palynological
method. The vegetation was chiefly Taxodiaceae-Nyssa swamp forest with
many warm elements. The age of the lignite is given in different nomencla-
tures as Pontian, Plaisancian-Tabianian, Serravallian, Messinian or Pliocene.
These data also emphasize the consequences of the similarity in facies, and
how important the radiometric dating would be.

In some boreholes in North - Western Bulgaria there are Pontian layers,
too (Ilvanov 1995). There are no great differences between the palynological
diagrams of the Pontian and Pannonian. In the Pontian there are slightly more
cf. Podocarpus, Ginkgo, Hedera, Liquidambar, Juglans, Pistacia pollen
grains. About the palynological investigation of a Pontian locality NW from
Sofia inform us Petrov and Drazheva-Stamatova (1964).

In Romania there are numerous Pontian localities with palynological data.
The upper part of a borehole drilled at Oradea is Pontian (Petrescu, Nicorici,
Wanek et Bildaru 1978). The Sphagnum with many species and the increased
number of Fagus pollen grains are similar to the Hungarian data. In the range
of the Eastern Carpathians there are many small Pontian basins. In Mara-
mures is located Chiusbaia locality where famous plant macrofossil investi-
gations were made by Givulescu, but there were palynological investigations,
too (Givulescu et Diakoneasa 1985). At the bottom Picea was dominant, but
later its number decreased as the climate became drier and a deciduous tree
ensembles appeared; they suppose a Fagus era. The same phenomenon is ob-
served in Hungary in the Pontian. South of the Monts Célimani (Kelemen
Havasok) is the Pliocene Borsec (Borszéki) Basin. The first palaeobotanical
research was made by Emil Pop (1936). In his work the accent was on the
study of the macroflora, but he reported about many sporomorphs, too. That
time the age was uncertain, but this was solved in a later work (Petrescu, Ni-
corici, Atudorei, Harlav et Giosu 1987). They investigated in many boreholes
the coal bearing sections, complemented with the study of molluscs and di-
vided the sections in 3 parts. 1) Lower Pontian where the angiosperms were
dominant (60-70%), with many warm elements. The coaly layers with
swamp forest. 2) Pontian-Dacian. The lower part is blue clayey marl with a
coquina of Congeria (therefore they hold it for Pontian). The upper part is
marly and yellow, this is Dacian and it was on this that Emil Pop worked.
There are many conifers, mainly Pinaceae (45-60%). In the climate a cool-
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ing was going on. 3) Romanian. The number of conifers was decreasing, the
angiosperms were increasing (to 75%). On the basis of the palynoflora the
lake became a completely freshwater one, its extension smaller and the cli-
mate warmer.

The Baraolt Basin is a small intramontane basin, which was formed as a
result of the downthrow of this area during the late Attic orogenic phase in
the Early Pontian and the subsequent dam-forming volcanic eruptions
(Petrescu, Buda et Boer 1988). The investigated borehole has been divided
into two parts: 1) Pontian Productive Formation. At the base Paradacna
abichi occurs with congerias, therefore this part is considered to be Lower
Pontian. The vegetation differs from the Hungarian: the Taxodiaceae stock
was smaller, the swamp would have taken its origin from other water plants
and shrubs. After the volcano had closed the area from the brackish water, a
quiet freshwater lake developed with freshwater algae and Nymphaeaceae. In
the vegetation there were many warm elements, because of the southern posi-
tion and being protected by the surrounding mountains. There were As-
clepiadaceae (Manikinipollis), which were present in Hungary only in the
Sarmatian. Among the conifers Picea was dominant, probably in conse-
quence of the high mountains. Cedrus indicated the Mediterranean. In the
spectrum the angiosperms were dominant, they constituteded the swamp. In
the overlying Limnocadium marl the warm elements were decreasing, the
conifers incerasing. This part of the sequence may be Upper Pontian. 2)
Dacian-Romanian Ostracod Marl Formation. The vegetation is like that of
the Upper Pontian. Presumably in Romanian time there was a slight climati-
cal wanning, but were only 4-6% the wann elements (Arecipites, Podocar-
pidites, Magnolia, Myrica, Engelhardtia, Eucommia, Araliaceae).

The 4 boreholes drilled in the Bra8ov-Tirlungeni area East of Bra8ov have
similar palaeovegetation as the above mentioned (Petrescu et Buda 1986).
Above the bottom conglomerates there is the Pontian lower horizon with
brown coal (brown-earthy group) divided in two parts. For the lower part are
characteristic many Cedrus pollen grains, lots of angiosperms and a few fem
spores. In the second part there were many angiosperms but with taxa charac-
terising a wanner climate. Sporadically are present Araliaceae, Parthenocis-
sus, Cupaneidites cf. eucalyptoides, Myrtaceidites myrtiformis, Reevesia-
pollis triangulus. Among the conifers there are relatively few Cedrus pollen
grains. There are numerous fem spores, characteristic of a swamp. In the
middle marl level there are so many Picea pollen grains that it was named
“picea level” and referred to the Pliocene, Dacian. The overlying grey, ar-
gillo-arenaceous horizon is considered on the basis of lithology as belonging
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to the Romanian stage. At the top there is Quaternary: gravels, sands, block
boulders, limestone blocks and sandstones.

South of the Carpathians the Neogene palynological studies indicate noth-
ing older than Pontian. An outcrop East of Tumnseverin (Petrescu et Maian
1991-1992) in Upper Pontian beds the conifers are dominant (67%), charac-
terised by great number of Cédrus. Quercus makes up 10% of the angio-
sperms. Above the coal seams in the Lower Dacian marly sandy layers the
number of the warm elements was increasing (Itea, Myrica, Reevesia, Engel-
hardtia and palms). This basin is South of the Carpathians; it is protected
from northern climatical influences and its flora is similar to the palaeofloras
of North Eastern Bulgaria.

In SW Romania in the Husniciora area there is an outcrop with lignite lay-
ers. From one of them palynological investigation was made (Petrescu, Cer-
nita et al. 1989). The palaeoflora is very similar to that of the other Pontian
lignites. Another lignite locality is at Lupoaia (Gorj county) the age of which
is Dacian-Romanian. The palynological examinations were made mostly in
the Romanian stage. The rich palaeoflora indicates a considerable warming.

In South Western Moldova there is a Pontian outcrop which Medjanik di-
vided (1985) into two parts on the basis of the results of palynological inves-
tigations. The lower part is a coal unit, the upper part is made up by lime-
stone, silt, sand and clay. The lower level contains 88-90% of tree pollen
grains, 60-87% of these are gymnosperms, of this 48-65% Taxodiaceae pol-
len grains. The other pollen grains refer to broad leaf mesophyl forest. In the
upper level dominated (86-94%) the angiospenns, with explicitely xerophi-
lous character.

In the Ukraine the investigated locality is in the W-SW part of the lowland
of Chop (Csap), in the llinskaja beds. These consist of brown coal, lignite,
clay, sand and tuffite. Two palynologists investigated these layers. Ribakova
(1966) ranged the layers with two coal seams into the Middle, respectively
into the Upper Pliocene, while Syabryaj (1967) put both into the Upper Plio-
cene, into the Levantian. Angiosperms prevailed in the palaeoflora; this indi-
cates Late Pliocene, but the high number of the wann elements concludes to
Early Pliocene. This phenomenon might be also the consequence of the local
climate of a well-protected area.

According to Planderova (1972) in Slovakia the Pontian stage is divided
into two formations. The lower one is a coal series, the upper one a vari-
egated clay series. Above them are the Romanian, respectively the Levantian
layers. On the basis of the map No. 7 (Hamor et al. 1988) the Pontian was ex-
tended in Slovakia in the Danube Lowland, in direction of the Vah (Vag) val-
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ley, and in SE Slovakia with small extension, in lacustrine facies. In the Pon-
tian the disappearance of the subtropical elements and the spreading of the
herbaceous plants is very conspicuous (Planderova et Papsikova 1990). The
list of the palaeoflora is not different from the Hungarian.

In the Western part of Bohemia, in the Cheb Basin the youngest formation
is the Vildstejn Formation. By the palynological investigation (Stuchlik
1982) it was divided into three botanical units. The lowest was an Alnus -
Sphagnum swamp and mesophyl forest, the second Alnus-Taxodiaceae-Cu-
pressaceae swamp forest and mesophyl deciduous forest with big shrub
stock. The third one was an open swamp and marsh with many herbaceous
plants. Tertiary and Quaternary elements are equally present in the spectra
and the NAP/AP ratio refers also to the Neogene. The age of the Formation is
according to the author Pliocene, with transitional character to the Pleisto-
cene. In South Bohemia in the Tfebon basin Pacltova (1963) made pa-
lynological investigations and she ranged the section of Lednice into the
Reuverian. The spectra are very similar to those of the Pontian in Hungary.
The author ranged the sediments of Vonsov - Nova Ves in Cheb Basin into
the Pretegelen - Tegelen on the basis of the data of Szafer, Oszast, Zagwijn.

Klaus’ Thesis in manuscript deals with the Pontian flora of Neufeld (Aus-
tria). In a paper about the brown coal at flausruck he wrote briefly about the
Neufeld flora, too. The Hausruck flora was in his opinion also Pontian. In the
framework of the Hungarian-Austrian geological cooperation a paper was
prepared on some boreholes of the boundary area of the same brown coal for-
mation. The data were very similar in the Pontian “F” layers (after Adolph
Papp) /Draxler, Nagy et al. 1997/.

In Poland in the Western Carpathian area, in the valley of the Czarny Du-
najec river, Oszast and Stuchlik (1977) made palynological investigations.
From the phases of the floral changes which the authors established the IVth
is the Pontian. The top of the sequences of the locality of Czarny Dunajec and
Koniowka is considered as Pontian. In this the conifers were dominant and
from the angiosperms the Alnus incana - glutinosa type. There were no more
tropical elements. The sporomorphs indicate temperate climate. The last
mentioned Pontian localities are the profiles of Kroscienko and Domariski
Wierch which are considered as Dacian. The conifers were dominant. The
angiosperms referred also to temperate climate, among them there were a few
Pterocarya, too. The climate was temperate also here.

From the Jloristical point of view we can state with the help of the flora
determined by the palynological investigations and the vegetation recon-
structed from these that during the lower part of the Neogene the territories
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adjacent to the Paratethys were sufficiently uniform. In the Northern Polish
territories certain tropical elements are absent. The Central Paratethys area
kept the “central” character also in the Lower and Middle Neogene when the
ranges of the Alps and Carpathian Mountains were rising. The palaeovegeta-
tion was very similar to that of the Pannonian Basin in Croatia, Slovenia, Ser-
bia, Bosnia, Transylvanian Basin, North Eastern Carpathian area, Hungary,
Slovakia, South Moravia, Vienna Basin, and in the examined area of Styria.
In the Middle Miocene some tropical taxa are absent in South Poland even at
the shoreline of the Paratethys sea. South of the central part rather more
warm elements are to be found, in spite of the fact that on the high mountains
the highland vegetation was increasing, e.g. in Transylvania and in Bosnia.
The Late Miocene is charaterised by the fact that the water of the Paratethys
became brackish and the sea itself narrower. In the whole the vegetation of
the Miocene represents certain unity due to the presence of the swamp for-
ests. The swamp forests are composed mainly by the Taxodiaceae family and
contain more or less warm, respectively tropical elements. This is connected
with the location of the swamp forest, namely in which part of the subtropical
area they grew. Therefore the Hungarian brown coal territory is comparable
with the Greek or even with the Turkish brown coal territories. The vegeta-
tion boundary of the Paratethys area in the West is the Alps and Dinarides, in
the East the Carpathian Mountains and the East European dry vegetation; in
the South there is a gradual transition to the Mediterranean area in Greece,
while in the North the boundary is the Southern line of the Polish Lowland.

The palaeogeographical circumstances in the Early Miocene were still
not very varied in the Paratethyan territory, that is why the palaeofloras are so
similar. In the Middle Badenian in the time of the Laithaian orogenic cycle
the effect of the developed mountain systems already appeared in the pa-
laeofloras, palaesovegetation. In Southern Poland, at the end of the Karpatian
stage when the Paratethys sea was present, the character of the flora and
vegetation was subtropical, but some tropical species were missing, which in
the central area are very characteristic. On the other hand South of the Pan-
nonian Basin the Balkan area, due to the geographical position, with moun-
tains in the North and partly being open to the Eastern Paratethys have plenty
of warm flora elements in younger geological time.

The change in the palaeoflora and palaeovegetation is connected with the
changes of the palaeoclimate. During the whole Neogene the climate was not
tropical in the area of the Central Paratethys. According to the palynologists
working on the Neogene the general trend was in the climatic changes from
warm subtropical climate to temperate climate. On the basis of the palyno-
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logical data of the Lower Miocene the climate was more uniform before the
rise of the young mountain chains. There are many flora elements common
with the middle part of the Central Paratethys and the Northern areas, but the
Polish palynologists showed unambiguously that some “Paleogene” elements
are missing in their territory.

The Lower Miocene palynological data of Hungary are the same that
those in Austria and in Transylvania. It is an other question what kind of spe-
cies are considered by the author as tropical or subtropical or even as
“arctotertiary” elements (Hochuli 1978). In the case of the Transylvanian Ba-
sin the authors (Prtrescu, Givulescu, Barbu 1997) the ComeS§ti-Aghire$ pa-
laeoflora is totally identical with the Egerian holostratotype considered to be
Chattian. To settle this question is a duty of the geologist stratigraphers.

It is a pity that the palynology of the Lower Miocene in the territory South
of the Pannonian Basin has been studied only incompletely. The few data
from Northern Bosnia led to the conclusion that the palaeoflora is unambigu-
ously identical with that of the central territories and so the climatic identifi-
cation is possible.

The palaeoflora of the Middle Miocene was varied, because of the coal
formation on the West, and evaporite on the East. Just because of that it is
very difficult to determine their evolution in the time and to correlate the coal
seams. Namely, the coal formation is cosiderably connected with palaeo-
geographical factors, it is not entirely simultaneous. The peculiarity in the
Middle Miocene is that not so far from the humid coal fonnation, there are
dry circumstances, evaporite formation (in Slovakia, Poland, Romania).
There is a remarkable change in the flora and vegetation in the Middle Mio-
cene. The abundant new flora elements are more subtropical and belong to
the underwood. This phenomenon refers to the cooling of the climate. This is
supported by the fact that the vegetation is represented by many pollen grains
of the temperate forests. North of the central part in the Polish area a warm
temperate climate, South of them a warm subtropical climate was charac-
teristic.

In the Upper Miocene North of the central area the climate was temperate,
chiefly in consequence of the regression of the Paratethys, but also influ-
enced by the young high mountains. The climate of the central part was in the
Early Pontian subtropical in accordance with the opinion and figure of Pantic
(1990). Later, after the Pontian this character came to the end and the climate
was warm temperate to temperate. The Southern area, however, has pre-
served this character.
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EGERIAN

1-2. Pleumzonaria manumi (Kriv.-Hutter 1963) Rakosi 1973
3. Deflandrea spinulosa Cooks, et Eis. 1965

4. Cicatricosisporites lusaticus W. Kr. 1957

5-6. Favoisporis hungaricus Nagy 1983

7. Polypodiaceoisporites gracillimus Nagy 1963

8. Leiotriietes maxoides W. Kr. 1962 maxoides

9. Polypodiisporites alienus (R. Pot. 1931 ) Nagy 1973

10. Keteleeriaepollenites komloensis Nagy 1969

11-12. Pinuspollenites longus Nagy 1985

13. Ulmipollenites stillatus Nagy 1969

14. Plicatopollis plicatus (R. Pot.) W. Kr. 1962

15-16. Sapotaceoidaepollenites manifestus (R. Pot. 131) R. Pot. 1960 con-

tractus Vi. 1953
BADEMAN

1 Plankton ‘A~

2-3. Mecsekisporites cerebralis Nagy 1968
4-5. Bifacialisporites grandis Nagy 1985
6-7. Bifacialisporites medius Nagy 1969
8. Leiotriletes wolff: W. Kr. 1962 wolffi

9-10. Cedripites eocenicus Wodeh. 1933

11. Liquidambarpollenites orientaliformis Nagy 1969

12. Faguspollenites vivus Nagy 1969

13-14. Sapotaceoidaepollenites obscurus (Th. et Pflug 1953) Nagy 1969
15-16. Sapotaceoidaepollenites cf. microrhombus (Pf. 1953) Nagy 1969
17-18. Myricipites rurensis (Pf. et Th. 1953) Nagy 1963
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19. Avicennia sp.

20. Quercopollenites robur type

21. Armeria sp.

22. Caryapollenit.es simplex (R. Pot. 1931 ) Raatz 1937 simplex
23. Momipitespuncatus (R. Pot. 1931 ) Nagy 1969

24. Juglanspollenites maculosus (R. Pot. 1931) Nagy 1969

25-28. Tricolporopollenites sibiricum (Ludomirova 1974) Nagy 1992

29-30. Rutacearumpollenites komloensis Nagy 1969

31. Caprifoliipites andreanszkyi Nagy 1969

32. Piceapollenites, Zelkovaepollenites, Ulmipollenites, Rutacearumpolleni-
tes, Chenopodipollis

PONTIAN

1 Cooksonella circularis Nagy 1965
2-3. Botryococcus braunii Kutzg. 1849
4. Abiespollenites absolutus Thierg. 1937

5-6. Abiespollenites sivaki Nagy 1985

7. Stereisporites Stereisporites megastereis W. Kr. 1965

8. Tsugaepollenites igniculus (R. Pot. 1934) R. Pot. et Venitz 1934
9-10. Cedripites deodoraesimilis (Nagy 1969) Nagy 1985

11-12. Tsugaepollenites gracilis (W. Kr. 1971) Nagy 1985

13. Piceapollenites neogenicus Nagy 1969

14. Tsugaepollenites maximus (Raatz 1937) Nagy 1985

15-16. Intratriporopollenites cordataeformis (Wolff 1934) Mai 1961
17. Caiyapollenites simplex (R. Pot. 1931) Raatz 1937 simplex
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PLATES



Egerian: I-H. Photos from the Egerian holostratotype
All photos are magnified by 800x
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Badenian: I-H—HI. Early Badenian palynomorphs from Northern Hungary
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Pontian: I-H—HI. Pontian palynomorphs from Western Hungary
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