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The flora of Sopron-Piusz puszta (W Hungary) excavated from layers of the upper part of Sarmatian
was studied. The flora has provided dispersed cuticles, some seeds and cones, namely, taxa of Taxo-
diaceae, Pinaceae, Lauraceae, Buxaceae, Magnoliaceae, Rutaceae, Juglandaceae, Loranthaceae. Due
to its limited number of specimens and allochthonous mode of fossilization, the flora is not suitable
for detailed palaeoecological and palaeoclimatological reconstructions of the strict area, however, it
has some important implications. Systematic results are discussed from taphonomical, palaeoeco-
logical and palaeoclimatological points of view.
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INTRODUCTION

In 1994 layers containing plant fossils of younger Sarmatian age came up dur-
ing the excavation of the gravel quarry of Sopron-Piusz puszta (Western Hungary)
(Fig. 1). lvancsics Jend, the chief geologist of the Transdanubian Group of the
Geological Survey, called our attention to the presence of the flora. The study of
the site began much earlier (in 1996) and some results were published in Hungar-
ian (ERDEI 1996). The presented study completes these results with new findings
and aims to assess its palaeoecological and palaeoclimatological implications.

The site with its coalified material is a unique one, since, other Sarmatian lo-
calities from Hungary are characterised by mostly imprints without any organic
matter. It should also be mentioned that Sarmatian sites are situated mostly in
northeastern Hungary, whereas, in the western part of the country only Véarpalota
and Sopron-Piusz puszta are known.

The site is situated in the Sopron-Kismarton basin filled with Neogene sedi-
ments. The gravel quarry is located near the eastern margin of the basin about 600
m to the west of the K6hida-fault zone (rosta 1993).
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Geological setting

The geological setting is discussed on the basis of RosTa (1993) and Fobor
etal. (1989). The oldest formations of the region are Palaeozoic crystalline rocks
forming the basement of the basin (Fig. 2). The overlying rocks above a great un-
conformity are of Neogene since Mesozoic and Palaeogene sequences are missing.
The deposition of Neogene sediments started in the Early Miocene. At the begin-
ning of the Badenian subsidence of the region had begun but its was lower than that
of sedimentation (Badenian Clay, Lajta Limestone), thus, filling up of the region
took place. The K6hida-fault zone was formed, as early as the end of the Badenian.
The subsidence started again during the Sarmatian and resulted in a sedimentation
similar to that of the Badenian. It was during the middle part of the Sarmatian when
uplift of the frame of the Sopron-Kismarton basin started. Sand and gravel charac-
terised the Upper Sarmatian deposits and finally the stage ended with a regression.
During the Early Pannonian due to the repeated subsidence of the basin lacustrine
sediments of great thickness were deposited. In the middle part of the Pannonian
the area became subaerially exposed and Pleistocene sedimentation was character-
ised by sandy and clayey loess and gravel.

rosTA (1993) recognised a Gilbert-type delta in the Miocene of the region
(Fig. 3). In the 30 m thick sequence she has identified 7 facies based on penologi-
cal, sedimentological and palaeontological characteristics (Fig. 4). The sequence
represents two cycles of a Gilbert-type delta having the second one incomplete.
The "A" facies of the prodelta is constructed of mainly unsorted sandy gravel
interfingered by laminated coaly clay streaks of 1-10 cm thickness. These layers
consist the plant debris being likely to have originated from the delta plain repre-
sented by "D" and "E" facies. "B" and "C" facies are identified as the deltafront.
"F" facies is a new deltafront covered discordantly with open water sediments
("G" facies). According to molluscs, ostracods and foraminifers the "A"-"E" fa-
cies are of Sarmatian (Late Sarmatian) age. In facies "F" the appearance of Lower
Pannonian ostracods is recorded.

Fig. 1. Geographical position of the site.



MATERIAL AND METHODS

In addition to the coalified plant debris representing mostly the fossil material
of the site there are few macroscopically recognisable remains, namely, some
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Fig. 2. Stratigraphie column of the Sopron-Kismarton basin (after FODOR el ai. 1989).



cones and seeds. Due to the mode of preservation mainly "cuticuladispersae" ob-
servations of the coalified organic debris that remained after washing out of the
sediments were carried out.

Fig. 3. Palaeogcographical reconstruction of the eastern margin of the Sopron-Kismarton basin in the
"Upper" Sarmatian. The sedimentation took place in Gilbert-type delta in the northern part and in
steep coastal environment in the south (after ROSTA 1993).
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Fig. 4. Stratigraphie column of the Piusz puszta quarry representing a Gilbert-typedelta. Facies" A"
means the prodelta, the facies "B" and " C" are considered as the deltafront, the delta plainis charac-
terized by the facies "D" and "E", overlain by the new deltafront (facies "F"). The uppermost facies
"G" was deposited in off-shore environment. 1.facies name, 2. grain size, m=mud, clay, s=silt, sa=
sand, gr = gravel, 3. ostracod, 4. gastropod, 5. bivalve, 6. foraminifer, 7. plant debris, 8. imbrication,
9. through cross-stratification, 10. planar cross-stratification, |l.foresets, 12. slide, 13. rip-up clasts,
14. trace fossils, 15. channel (after ROSTA 1993).



Small amounts of plant debris after having been washed out were placed in ce. HF
for aday or more ifit was required. Then fragments were treated due to poor pres-
ervation with HNO3 (cc. or sometimes diluted solution) instead of Schultze's solu-
tion and then with a 5% solution of KOH. Finally they were mounted in glycerine.

By the morphological descriptions DILCHER's (1974) and ELSIK's (1983) ter-
minology was followed.

SYSTEMATIC PART

MYCOPHYTA (Ascomycetes)
Trichothyriaceae

Trichothyrites sp.
(Fig. 5)

1978 Trichothyrites sp.; ELSIK, p. 336, Text-fig. 3. L.
Material: BP 99.511.1.

Description: The stroma attached to a dispersed cuticle is radially constructed
with ostiolum in the centre. Its diameter is 180 urn. Hyphae and spores were not
found. The cuticle is rather degraded. Because of the absence of stomata its closer
affinities cannot be defined.

Discussion: Fossil remains of the Trichothyrites genus represent a new taxon
in our Sarmatian floras. Fossil remains of the genus are known from deposits rang-
ing from Eocene to Pleistocene (ELSIK 1978). Trichothyrites fruiting bodies often
occur on Buxus pliocenica Sap. et Mar. leaves coming from the Pliocene flora of
Gerce (W Hungary).

Most recent species of the family are tropical and parasitic on the stroma or
mycelium of other microscopic epiphyllous fungi (BANHEGYI etal. 1985).

GYMNOSPERMATOPHYTA
Taxodiaceae
Taxodiaceae gen. et sp. 1

Material: BP 99.496.1.

Description: Cuticle is of medium thickness. Cells are isodiametric, only
marginal cells seem to be a hit elongated. Length of cells is 43.7-87.5 urn, width is



Figs 5-9. - 5 = Trichothyrites sp. fruiting body, BP 99.511.1. (scae bar = 10 urn), - 6 =
Gymnospermae gen. et sp. indet., BP 99.500.1. (scale bar = 50 urn). - 7 = the same, (scale bar = 50
urn). - 8 = Taxodiaceae gen. & . 2. cuticle with stomata, BP 99.499.1. (scae bar = 50 urn). - 9=
Taxodiaceae gen. et sp. 2. cuticle with stomata, BP 99.497.1. (scale bar = 50 urn).



22.5-37.5 |jm. Anticlinal cell walls are strongly thickened. Stomata are randomly
arranged and their shape is more circular than that of the other specimens. The
guard cells and stomatal pores with their 48-53 urn and 18.75-37.5 urn length are
considerably large. Type of stomata is cyclocytic with one subsidiary cell on one
pole and two subsidiaries on the other. Guard cells are sunken. Outer stomatal
ledge is strongly thickened and sometimes weakly developed T-shaped thicken-
ings are noticeable.

Taxodiaceae gen. et sp. 2
(Figs 8-9)

Material: BP 99.497.1 ; BP 99.498.1 ; BP 99.499.1.

Description: Fragments of cuticles are of medium thickness. Due to poor
preservation the anticlinal cell walls are hardly observable. Stomata are more elon-
gated and their arrangement seems to be more regular than that of the specimen
No. BP 99.496.1 of Taxodiaceae gen. et sp. 1, but not parallel. The length of guard
cells (outer stomatal ledge) is47-52 urn, their width is 31.3-37.5 um. The length of
stomatal pores in specimens No. BP 99.497.1 and BP 99.499.1 are 12.5-21.3 urn
and 20-25 urn, respectively. The latter one seems to have larger stomatal pores,
however, it should be taken into consideration that the latter fragment must have
been strongly compressed, since the stomata are also narrower and more elon-
gated. Type of stomata is cyclocytic with sunken guard cells. Well developed,
T-shaped thickenings are striking.

Discussion: Stomata of Taxodium dubium (Sternb.) Heer described from the
Pliocene flora of Ruszéw by HUMMEL (1983, p. 15, PI. 2, Figs 1-6) are well com-
parable. According to the description made by HUMMEL, leaves are
amphistomatic, orientation of stomata is variable but generally their longitudinal
axis is not parallel with that of the leaf. Type of stomata is amphi- or
monocyclocytic. Stomata are sunken and the outer stomatal ledge forms a thick-
ened annulus on the surface of the epidermis. T-shaped thickenings are often de-
veloped but not generally present (HUMMEL's opinion is that the presence of
T-shaped thickenings depends also on the degree of maceration). FERGUSON
(1971) described some Taxodium remains (PI. 2, Figs E-F) from the Miocene flora
of Kreuzau and remarked that species of Taxodiaceae provide very similar charac-
teristic features of the cuticle, however, that of Taxodium and Glyptostrobus are
distinguishable. Stomata of Glyptostrobus are mostly arranged parallel to the lon-
gitudinal axis of the leaf, but those of Taxodium are either aligned transversely to
the length of the leaf or orientated in various directions. Unfortunately, the cuticle



fragments discussed here are too small to define the exact arrangement and posi-
tion of stomata.

Gymnospermae gen. et sp. indet.
(Figs 6-7)

Material: BP 99.500.1.

Description: The cuticle is of medium thickness and constructed of
isodiametric cells the length and width of which are 16.3-33.8 urn and 15-25 urn,
respectively. Anticlinal walls are straight, uniformly thickened and sometimes
weakly rounded. The construction of the one and only stoma (and the remains of
two others at the margin of the cuticle) which is much bigger than the epidermal
cells proves its gymnospermous affinities. Presumably, the arrangement of
stomata is parallel with the longitudinal axis of epidermal cells. Type of stomata
must have been cyclocytic with 6 subsidiary cells surrounding the 50 urn long
stomatal pore. Subsidiaries are smaller than epidermal cells. Unfortunately, guard
cells have fallen out during fossilization or preparation.

ANGIOSPERMATOPHYTA
Magnoliaceae

Magnolia liblarensis (Krdusel et Weyland 1959) Kvacek 1979
(Figs 16-17)

1959 Papilionaceophyllum liblarense Kriusel et Weyland; KRAUSEL and WEYLAND, p. 11 1,
Tal". 24, Figs 37-41; Tat". 25, Figs 42-47; Tat. 26, Fig. 48, Abb. 10-11.

1979 Magnolia liblarensis (Krausel et Weyland) Kvacek; KVACEK, p. 172, PI. 37, Figs 2-5.

Material: BP 99.501.1.

Description: A thin cuticle with isodiametric cells. Anticlinal cell walls are
hardly to be seen, but epidermal cells seem to be pentagonal or hexagonal and the
weakly thickened cell walls are presumably undulating. The arrangement of the
heavily compressed stomata is random. The length and width of a relatively better
preserved stoma is 25 urn and 22.5 urn, respectively. Stoma type appears to be
anomocytic (however, in fact it is paracytic, see in KVACEK 1979). There are nu-
merous, considerably thickened, round shaped formations to be recognised on the
cuticle which represent simple hair bases (modified hair base cells are not observ-
able). Unfortunately, there is no hair remained. A secretory body together with the
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Figs 10-15. - 10 = Laurophyllum sp. cuticle with stomata, BP 99.504.1. (scale bar = 50 urn). - 11 =
The same (scale bar = 50 urn). - 12 = Laurophyllum pseudoprinceps Weyland et Kiipper cuticle with
stomata, BP 99.503.1. (scale bar =50 urn). - 13 = The same (scale bar = 50 urn).-14 = Laurophyllum
pseudoprinceps Weyland et Kiipper cuticle with stomata, BP 99.502.1. (scale bar = 50 urn). - 15=

The same (scale bar = 50 urn).



hair basssbeing characteristic of the species well correspondsto the presumed a-
finity. Its diameter is62.5 urn and the drop itself is an amorphous one without any
crystalline or regular structure.

Discussion: KVACEK (1979) hes described the species from the European
Tertiary with the remarks that subepidermal secretory bodies and hair bases are
very typical of the species. Earlier the gpecies had been described &5
Papilionaceophyllum liblarense by KRAUSEL and WEYLAND (1959). The species
is characteristic of the Upper Miocene and Pliocene. Among others, it has dso
been recorded from Pannonian and L ower Pliocene deposits of Romania and from
Miocenelignits of Rhineland, Lausitz. Itispossible that ssedsdescribed by MAI &
Magnolia lignita represent the same species (KVACEK 1979).

Lauraceae

Laurophyllum pseudoprinceps Weyland et Kilpper 1963
(Figs 12-15)

1963 Laurophyllum pseudoprinceps Weyland et Kilpper; WEYLAND and KILPPER, p. 100, PI.
23, Figs 14-19, Text.-fig. 6.

1976 Laurophyllum pseudoprinceps Wey land et Kilpper; KNOBLOCH and KVACEK, p. 51, Taf.
26, Figs 5-8.

1988 Laurophyllum pseudoprinceps Weyland et Kilpper; KVACEK, p. 348, PL 2, Fig. 5.

Material: BP 99.502.1; BP 99.503.!.

Description: Cuticle fragments of medium thickness with several stomata.
The size of the isodiametric cells ranges between 20-50 um. Their arrangement is
pentagonal and hexagonal. The anticlinal cell walls are weakly undulating and
thickened. Therandomly arranged stomata are 25-32 urnlong and 20-25 urn wide.
Type of somata is paracytic, or brachyparacytic. Subsidiary cells are of similar
dze & epidermal cells. Length of stomatal pore is 6-10 urn. The outer stomatal
ledge is considerably thickened.

Discussion: Characteristic features of the species are wide stomata of
paracytic type with thickened outer stomatal edge and the type of epidermal cell
wall thickenings. According to KVACEK (1988) the type of stomata is in fact
amphibrachyparacytic. There are severa records of the species, e. g. from the Bo-
hemian Miocene (KNOBLOCH and KVACEK 1976), from Austria(KOVAR-EDER
1982) and from Germany (MAI and WALTHER 1978).

Since the shgpe of ssomata of L. pseudoprinceps is similar to that of Ocotea
Aubl. species, it is often assigned, as a possibility, to the fruits of that genus
(BUZEK et al. 1996).



Laurophyllum sp.
(Figs 10-11)

Material: BP 99.504.1.

Description: A cuticle fragment of medium thickness. Length and width of
the isodiametric cells are 28-50 urn and 17-32 urn, respectively. Their arrange-
ment is pentagonal, sometimes hexagonal. Anticlinal cell walls are straight and
heavily thickened. The randomly arranged stomata are 25-31 urn long and 13-15
urn wide, respectively. Stomatal pore is mostly of 10 um. Type of stomata seems to
be paracytic.

Loranthaceae
Viscophyllum sp.
(Figs 14-16)

Material: BP 99.498.1; BP 99.505.1.

Description (BP 99.498.1): A relatively thick cuticle with isodiametric cells.
The arrangement of the 22.5-43.8 urn long and 15-31.3 urn wide cells is pentago-
nal. The anticlinal walls are straight and heavily thickened. There is only one
stoma preserved of considerably great size, its length and width are 50 urn and 25
um, respectively. Its type seems to be paracytic.

Description (BP 99.505.1 ): Relatively thick cuticle with isodiametric cells the
length and width of which show greater values than the previous one, 50-87.5 um
and 31.3-50 um. Their arrangement is pentagonal or hexagonal. Anticlinal cell
walls are straight and uniformly thickened. The randomly orientated stomata
(guard cells) are 37.5-50 urn long and 18-19 urn wide, respectively. Length and
width mesaured together with the subsidiary cells are 56-62.5 urn and 35-44 urn,
respectively. Length of stomatal pore ranges between 20-27.5 um. Type of
stomata is paracytic, however, in several cases it appears to be peri- or desmocytic.

Discussion: Based on the structure of the epidermis and the dimensions of
stomata it is assigned surely to Loranthaceae (Viscum). Several Viscum remains
are known from the literature. First of all Viscum morlotii (Ung.) Knobloch et
Kvacek (KNOBLOCH and KVACEK 1976, p. 67, Taf. 33, Figs 4-11) is to be men-
tioned from the Bohemian Miocene, and from the floras of Wiesa, Turow, Diiren,
Kreuzau.



Buxaceae
Buxus pliocenica Saporta et Marion 1876
(Figs 23-24)

1982 Buxus pliocenica Saporta et Marion; KVACEK et al., p. 383, Pl. 4, Figs 1™4.
1997 Buxus pliocenica Saporta et Marion; HABLY and KVACEK, p. 46, PI. 33, Fig. 173.
Material: BP 99.506.1 ; BP 99.507.1.

Figs 16-20. - 16 = Magnolia liblarensis (Kréusel et Weyland) Kvacek cuticle with stomata, charac-
teristic hair bases and a secretory body, BP 99.501.1. (scale bar = 50 urn). -17 = The same (scale bar
= 50 urn). - 1 8 = Viscophyllum sp. cuticle with stomata, BP 99.505.1. (scale bar =50 urn), -19 =The
same (scale bar =50 urn). - 20 = Viscophyllum sp. cuticle with a stoma, BP 99.498.1. (scale bar = 50 urn).



Description (BP 99.506.1): The cuticle is of medium thickness with presum-
ably isodiametric anticlinal walls. Their arrangement seamsto be pentagonal. An-
ticlinal cell walls are straight and weakly thickened. Stomata are randomly ar-

Figs 21-26. - 21 = Weickersdorfs dubia Peterscuticle with astoma, BP 99.508.1. (scalebar = 50 um).
- 22 =The same (scalebar = 50 urn).- 23 = Buxus pliocenica Saportaet Marion cuticle with stomata,
BP 99.507.1. (scalebar = 50 urn). - 24 = Buxus pliocenica Sgporta et Marion cuticle with stomata, BP
99.506.1. (scale bar =50 urn). - 25 = Dicotylophyllum sp. 1. cuticle with stomata, BP 99.509.1. (scale
bar = 50 urn). - 26 = Dicotylophyllum sp. indet. cuticle, BP 99.510.1. (scale bar = 50 urn).



ranged. Length and width of somata are 28.8-37.5 urn and 20-28.8 urn, respec-
tively. Stomatal pore is 125 um long. Type of stomata ssemsto be anomocytic.
The outer stomatal ledge is heavily thickened.

Description (BP 99.507.1): Thin cuticle with isodiametric cells. The hardly
recognizable anticlinal cell walls are straight and thickened. The length and width
of the randomly orientated stomata are 22.5-25 urn and 15-18.8 urn, respectively.
Their smaller size may be attributed to its strongly compressed state. Length of
stomatal pore ranges between 6.3-12.5 urn. Type of stomata cannot be accurately
defined due to preservation.

Discussion: According to KVACEK et al. (1982) stomata seem to be
anomocytic, however, sincethe lateral subsidiary cells are sunken, they should be
defined as cryptolaterocytic.

In Hungary, Buxus pliocenica fossils (with cuticles) were described from the
Pliocene alginite flora of Gerce, as the one and only evergreen eement of the
Mixed Mesophytic Forest (FISCHER and HABLY 1991). In Eurasia, Buxus leaf fos-
sils are known from Tertiary and Quaternary deposits, first of all from Central and
Eastern Europe (Stare Gliwice, Moravska Nova Ves, KVACEK et al. 1982;
Willershausen, STRAUS 1969), Turkey, Georgia and from Kazakhstan. Based on
fossils from Tertiary deposits, two main European lineage are distinguishable
(KVACEK et al. 1982). The more primitive and extinct lineage is that of Buxus
egeriana Kvacek, Blzek e Holy. The second one, Buxus pliocenica Sap. e Mar.,
characterised by smaller leaves, comes from younger sediments, from the Middle
and Upper Miocene.

Considering the ecological requirements of Buxus, most speciesfavour rather
open aress with at least 800 mm annual mean precipitation, but they are well
adapted to a seasond climate. Exceptionally, they enter semiarid to arid regions
(KVACEK etal. 1982).

L auraceae, ?Helobiae
Wackersdorfia dubia Peters 1963
(Figs 21-22)

1963 Wackersdorfia dubia Peters, PETERS, p. 9, Taf. 2, Figs 10-14.
Material: BP 99.508.1.

Description: A thick cuticle with presumably isodiametric cells. Anticlinal
cell walls, if observable, are straight and heavily thickened. Some stomata are rec-
ognizable, but their type cannot be identified. Length and width of the randomly



Figs27-33. - 27 =Toddalia sp. seed, BP 99.512.1. (scalebar = 1 mm). - 28=Magnolia sp. seed, BP
99.515.1. (scdle bar = 1 mm). - 29 = Pterocarya limburgensis C. & E. M. Reid fragment of
endocarpium, BP 99.514.1. (scale bar = 1 mm). - 30 = The same (scale bar = 1 mm). - 31 = Pinus
salinarum (Partsch) Zablocki cone, BP 99.516.1. (scalebar = 1 cm). - 32=Pinus salinarum (Partsch)
Zablocki cone scale, BP99.516.1. (scalebar = 0.5 cm). - 33 = |Picea p. cone, BP99.525.1. (scae
bar =1 cm).



arranged stomata are 15-17.5 um and 7.5-15 urn, respectively. Outer stomatal
ledges are thickened.

Discussion: It was described from Miocene brown coal deposits (Wackers-
dorf) by PETERS (1963). It was assigned with a question mark to Helobiae. How-
ever, JAHNICHEN (manuscript) identified it as the cuticle of the exocarp of Ocotea
rhenana Menzel and, moreover, he did not exclude the possible affinity with the
recent Ocotea foetens Benth. et Hook. (Canary Islands).

Dicotylophyllum sp. 1
(Fig. 25)

Material: BP 99.509.1.

Description: The cuticle is of medium thickness with 15-25 urn long and
10-18.8 um wide isodiametric cells. Their arrangement is pentagonal and hexago-
nal. Anticlinal cell walls are straight and the surface of the cuticle is wrinkled.
Stomata are randomly orientated. Length and width of stomata are 15-27.5 urnand
18.8-22.5 um, respectively. Stomatal pores are closed and very narrow with a
length of about 10 um. The type of the subsidiary cells around the guard cells can-
not be accurately defined.

Discussion: The wrinkled surface of the cuticle recalls the cuticle of
Ilipophyllum thomsoni Kréusel et Weyland (KRAUSEL and WEYLAND 1959, Taf.
28, Fig. 71 ; Taf. 29, Figs 72-75), assigned to the family Sapotaceae.

Dicotylophyllum sp. indet.
(Fig. 26)

Material: BP99.510.1.

Description: The cuticle is thin with isodiametric cells arranged hexagonally
and polygonally. Anticlinal cell walls are thin and weakly undulate. Cuticle is
poorly preserved and stomata may have fallen out during fossilization or prepara-
tion.

Discussion: The structure of the cuticle recalls the family Lauraceae.



CONES AND SEEDS

GYMNOSPERMATOPHYTA
Pinacese
Pinus salinarum (Partsch 1847) Zablocki 1928
(Figs 31-32)

1928 Pinus salinarum (Partsch) Zablocki; ZABLOCKI, p. 184, Taf. 7, Figs 1-4.
1986 Pinus salinarum (Partsch) Zablocki; MAT, p. 580, Taf. 45, Figs 3-5, Abb. 2.
Material: BP99.516.1; BP 99.517.1; BP 99.518.1; BP 99.519.1; BP 99.520.1.

Description: Severa poorly preserved conesamong which only one specimen
shows the characteristic asymmetric shape of the species. The length and width of
the conesare 4.5-6.5 cm and 3-3.5 cm, respectively. Their shepeisovate and their
apex is slightly rounded. The cone scales are 0.8-1 cm long and 1-1.5 cm wide.
The apophysis is strongly flattened and seems to be hexagonal, sometimes qua
drangular. Umbo is small, round and mucronate. Mucro is small and round.

Discussion: The species belonging to Diploxylon Koehne Sect. Halepensis
Loudon represents a new taxon in the Hungarian fossil floras. Similar fossils are
known from severd European Middle Miocene floras (Wieliczka, Stare Gliwice,
Goljany).

Pinus halepensis Mill, sarves well as a modern equivaent of the fossil spe-
cies. ItisaWestern Mediterranean element occurringin Spain, North Africa, and
Asia Minor a €elevations lower than 750 m above the sea level (MAl 1986).

Pceasp.
(Fig. 33)

Material: BP99.521.1; BP99.522.1; BP99.523.1; BP99.524.1; BP99.525.1; BP99.526.1; BP
99.527.1; BP 99.528.1; BP 99.529.1; BP 99.530.1.

Description: Unfortunately, a more exact identification of the rather poorly
preserved conesisimpossible. Their length and width range between 4-6 cm, and
2-2.5 cm, respectively. Shape of the cones is ovate. The heavily damaged cone
scaes are striped and their margin ssemsto be entire.

Discussion: The first occurrence of the Picea A. Dietr. genus in Central Eu-
rope is recorded from the Lower Oligocéne and later during the Upper Miocene
and Pliocene itsremains appear more and more frequently. The occurrence of this
genus generally suggests an equalised and cooler climate (MAl and WALTHER
1988). The species belonging to this genus are evergreen and occur in forests of



cooler or higher regions of the temperate and subtropical areas of the Northern
Hemisphere. Species of southerly distribution require relatively humid climate,
whereas, the northern species are quite resistant even at higher rates of
continentality. Nearly half of its species are known from West- and Middle China
(KRUSSMANN 1960).

ANGIOSPERMATOPHYTA
Magnoliaceae
Magnolia sp. (M. cor Ludwig?)
(Fig. 28)

Material: BP99.515.1.

Description: The length and width of the somewhat heart-shaped seed is 5
mm and 7 mm, respectively. The chalaza region is convex with clearly observable
heteropyle and condylus. Testa is smooth.

It shows great similarity to M. cor Ludwig (MAI 1975, p. 564, Taf. 33, Figs
1-7).

Discussion: Fossil seeds of Magnolia are frequently found members of fossil
floras. Magnolia cor Ludwig has been described from several Pliocene and Pleis-
tocene floras as well, however, it represents a new member of the Hungarian fossil
floras. As modern equivalents, first of all Magnolia stellata (Sieb, et Zucc.)
Maxim. andM. salicifolia Maxim, are mentioned (MAI 1975). Both species occur
in the mixed mesophilous forests of Middle China and Japan (MAI 1975).

Juglandaceae
Pterocarya limburgensis C. et E. M. Reid 1915
(Figs 29-30)

1915 Pterocarya limburgensis C. et E. M. Reid; REID and REID, p. 73, Taf. 4, Figs 15-21.

1997 Pterocarya limburgensis C. et E. M. Reid; MAland PALAMAREV, p. 486, Taf. 1, Fig. §;
Taf. 2, Figs 6, 8.

Material: BP 99.514.1.

Description: A small fragment of an endocarpium which is 3mm long and 2.5
mm wide. Some ribs are clearly observable.

Discussion: The species is also known from the Pannonian lignite flora of
Blkkabrany (LAszL 06 1989). In addition, the species was described from numer-
ous European fossil floras, among others from the Pliocene floras of Swalmen,



Bmnssum and Tegelen and from the Miocene floras of Stare Gliwice, Baldevo and
Bascha (MAI 1995). M Al and PALAMAREV (1997) mention a Chinese species,
Pterocarya hupehensis Skan as apossible modern equivalent of the fossil one.

Rutacese
Toddalia sp. (T. Imaii Gregor)
(Fig. 27)

Material: BP99.512.1.

Description: The seed is kidney-shaped, its length is4 mm with aheight of 2
mm and abreadth of 1.2 mm. Hylum and chalaza regions are clearly observable.

Discussion: The kidney-shaped seed may represent the small-sized group of
Toddalia ssedsthe members of which are T. maii Gregor, T. maerkeri Gregor and
T. excavata (Chandler) Gregor occurring frequently inthe Miocene of Central Eu-
rope (GREGOR 1984). The European occurrence of the genuswith its 8 fossil spe-
ciesranges from the Upper Eoceneto the Lower Pliocene (MA1 and PALAMAREV
1997). Thisisthefirst (and only) record of the genus from Hungarian fossil floras.

T. asiatica (L.) Lam. is mentioned generally as a modern equivalent of the
fossil species. The monotypic Toddalia Jussieu genus, regarded as an indicator of
warm and humid climate, isamember of evergreen and mixed mesophilous forests
in Southwestern Africa, Madagascar, Mauritius, India, the Himalayas, Sumatra,
Java, Borneo, the Philippines, Taiwan, Southern Jgpan and in the southeastern re-
gions of China (GREGOR 1979).

DISCUSSION

Although the flora presented from Sopron-Piusz puszta, due to its limited
number of specimens and allochthonous mode of fossilization, is not suitable for
detailed palaeoecological and palaeoclimatological reconstructions of the strict
areq, it has someimportant implications. Since the flora hes been fossilized in delta
plain sediments and its material must have been deposited from agreat catchment
areq, it may point to some of the diversity of the vegetation surrounding theriver
bank. According to GASTALDO et al. (1989) delta plain sediments and deposits of
rivers with extensive catchment area may provide a good picture about the diver-
sity of the former vegetation. However, in the case of Sopron-Piusz pusztaan accu-
rate palaeoecological evauation ishindered first of all by the small number of fos-
sil remains.



The heavily fragmented leaves and poorly preserved seeds suggest long trans-
portation routes. Cones are relatively well preserved which may be attributed to
shorter transport or rather to their more resistant woody structure concerning the
processes of fossilization and transport.

Gymnosperms (47.2%) and angiosperms (50.9%) are represented with nearly
the same proportions, however, this may be a distorted picture due to the resistant
structure of gymnosperm cuticles. With these remarks in mind some palaeoeco-
logical and palaeoclimatological implications of the flora are concluded as fol-
lows.

Leaf fragments, seeds and cones from Sopron-Piusz puszta represent several
vegetation types which thrived even at a great distance from each other. The occur-
rence of some taxa refers to certain vegetation types. The presence of taxodiaceous
plants and Pterocarya may suggest a swampy or riparian vegetation. Lauraceous
taxa, Toddalia and Magnolia presumably contributed to the formation of mixed
mesophilous forests. Pinus salinarum based on its Mediterranean affinities, refers
to a forest appearing in relatively dry conditions compared to the forest types men-
tioned above. Buxus pliocenica suggests rather mesophilous conditions, that is to
say, it is more likely to have turned up in a mixed, but at least partly open,
mesophilous forest. The stroma of Trichothyrites refers to humid, subtropical con-
ditions (PHADTARE 1989).

From a palaeoclimatological point of view it is important to emphasize the
occurrence of a thermophilous element, namely Toddalia, from the "Late"
Sarmatian (or more precisely, the upper part of Sarmatian) Sopron flora. The
palaeoclimatological implications of the flora are in agreement with the results of
the palaeoclimatological reconstruction of other Hungarian Sarmatian floras
(ERDEI 1999). The Sarmatian floras of Erd6bénye (Kévagé-oldal, Barnaméj,
Ligetmajor), Téllya and Fels6tarkany from the northeastern part of Hungary sug-
gest awarm temperate climate with 13-15 °C mean annual temperature and at least
800-1000 mm mean annual precipitation. The flora of Sopron corresponds well
with these results. More or less similar climatic values must have been characteris-
tic of the palaeoflora in both regions.

* ok f
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