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UPPER MIOCENE FOSSIL PLANTS FROM THE OUTCROP
OF STARE BYSTRE (WESTERN CARPATHIANS, POLAND)

Goérnomioceriskie rosliny kopalne z odkrywki w Starym Bystrym
(Zachodnie Karpaty)
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ABSTRACT. An outcrop on the Bystry Stream in the Orawa-Nowy Targ Basin shows a Neogene
complex of sedimentary rocks (conglomerates, clays, sandy and sandy clayey deposits), in which an
intercalation of pyroclastic deposits with plant remains was found. These deposits were dated by ura-
nium-track method at 8.7 £ 0.6 million years BP. The fossil remains are preserved in the form of leaf
and shoot impressions, representing 12 taxa of trees, shrubs and herbs, belonging to the genera Acer,
Alnus, Cornus, Cyperacites, Equisetum, Fagus, Pterocarya, Platanus, Populus, Salix and Zelkova.

These are leaves impressions of deciduous trees growing in mesophilous forests of this area during
the Upper Miocene (Pannonian-Pontian boundary).

KEY WORDS: Leaf flora, Orawa-Nowy Targ Basin, pyroclastic deposits, uranium-track method, Pannonian-Pontian
boundary

INTRODUCTION

The site of the fossil flora at Stare Bystre (Fig. 1) is situated in the Oravian part of
the Orawa-Nowy Targ Basin. The present-day floor of the basin lies between 580 and
800 m. a.s.l. It is covered by loamy-gravel freshwater deposits of the Neogene, with lig-
nite horizons preserved in places. The Neogene deposits are overlain by Quaternary gla-
ciofluvial sediments of the West-Tatran glaciers (Klimaszewski 1988).

The Neogene deposits in the Orawa-Nowy Targ Basin have been arousing great in-
terest of geologists and palaeontologists for a long time now and the presence of lignites
and fossil plant remains (fruits, seeds, leaves and sporomorphs) has induced them to
undertake multidirectional studies and attempts to determine the age of the deposits
more exactly (e.g. Foetterle 1851, Raciborski 1892, Halicki 1930, Szafer 1950, 1952,
Urbaniak 1960, F.aricucka-Srodoniowa 1965, Oszast & Stuchlik 1977, Birkenmajer
1954, 1958).

One of the most interesting exposures of the Neogene in Podhale is located in the
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Fig. 1. Location sketch of Domafiski Wierch (after Birkenmajer 1958, somewhat amended). | - outcrops of Ne-
ogene; 2 — Neogene in shallow bedding; 3 — outcrop of the Branisko series at Stare Bystre; 4 — outcrop of the
Podhale Flysch at the contact with the Neogene; 5 — locality of the outcrop®with the leaf flora

region of the village of Stare Bystre™: it includes both a thick series of the alluvial cone
of Domariski Wierch (Birkenmajer 1954) and the underlying pyroclastic deposits of
Stare Bystre (Sikora & Wieser 1974). Within the compass of the whole series there are
both conglomerates and sandy-clayey materials, separated by a layer of tuffs and tuffits
with well-preserved leaf impressions and with vegetal detritus (Sikora & Wieser op. cit.).

A DESCRIPTION OF THE SEDIMENTARY SERIES
WITH A TUFF-TUFFIT COMPLEX

The exposure of deposits on the Bystry Stream near the village of Stare Bystre in
conjunction with the borings at Domariski Wierch made it possible to reconstruct a se-
dimentological series about 500 m in vertical thickness (Sikora & Wieser 1974).

At the bottom the Neogene formations, dipping to the north-west, contact directly
with Podhale flysch. Conglomerates (c. 20 m thick) appear lowest and are overlain by

* The exposure is located nearer the village Mietustwo (comp. Sikora & Wieser 1974) but accepted name for the
locality with radiomertric dated piroclastic deposits is Stare Bystre (Wieser 1985).
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calcium-free clays and sands (c. 80 m), diagonally stratified in places. The next element
is a layer of pyroclastic deposits. The tuff-tuffit horizon, which appears in the bank of
the Bystry Stream is 1-2 m in thickness (Sikora & Wieser 1974). According to these
authors, the tuffs and tuffits of Stare Bystre were deposited during the great volcanic
eruptions of rhyolite phase III (Sarmatian) in nearby Slovakia, having a source in erup-
tions in the region of Kremickie Pohorze on the Horn.

A complex of heavily weathered conglomerates (c. 70 m thick) overlies the pyroclas-
tic deposits and itself is, in turn, covered by strongly calcareous clays and sands c.
350 m thick. The thick series of the alluvial cone of Domarski Wierch lies on those
clays and sands as a stratigraphic cover.

The pyroclastic deposits from Stare Bystre were dated by Charles Naeser of the U.S.
Geological Survey in Denver using the uranium-track method (Wieser 1985) at 8.7 +£ 0.6
million years BP. In accordance with the chronology of the Neogene (Glazek & Szyn-
kiewicz 1987) this places them in the uppermost part of the Upper Miocene and corre-
sponds to the Pannonian-Pontian boundary. That age has therefore been assumed for the
deposits with plant impressions.

MATERIAL AND METHODS

In the tuffs of Stare Bystre leaf remains were first found by Dr W. Sikora. The specimens described
in the present paper were collected by W. Sikora, T. Wieser and E. Zastawniak in 1973 from the ex-
posures of pyroclastic deposits in the region of the Bystry Stream. From among the samples taken for
pollen analysis and examined by Assist. Prof. J. Oszast in 1973 (Oszast 1973b), only one from blue
clays comprising vegetal detritus from the sub-tuffit complex of clays and sands, had a relatively well
preserved pollen spectrum. This spectrum indicates the Neogene age of the deposits.

Leaves have been preserved in tuffits exclusively as impressions, devoid of any traces of vegetale
tissues. The impressions are rarely present whole, more frequently as fragments of leaves, vegetale
detritus is also visible. The colour of the specimens agrees most often with that of the rock (cream-
grey); there are also some dark-brown specimens. The degree to which the venation of leaves is prin-
ted varies: there are some specimens in which the tertiary veins can be made out, but there are others
in which only the main vein can be noticed and with difficulty at that.

The specimens from Stare Bystre are housed in the Palacobotanical Museum of the W. Szafer Insti-
tute of Botany, Polish Academy of Sciences in Cracow (KRAM-P), Nos 136/1-32.

The drawings were made from under a Carl Zeiss stereoscopic microscope and a drawing appara-
tus. Each drawing is supplied with a scale of 1 c¢m.

The terminology followed in the descriptions is those proposed by Hickey (1973).

SYSTEMATIC PART
Pterophytina
Polypodiaceae gen. et sp. indet.

PL 3 fig. 5

Material. KRAM-P 136/28; | fragmentary leaf impression.
Description. Fragmentary compound unpaired frond, 2 ¢cm long and 1.2 cm wide.
Fragments of 3—4 linear-lanceolate leaflets, broken off at ends, are disposed on both
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sides. The lower leaflets are 0.8 cm long and 0.3-0.4 cm wide; their measurements de-
crease towards the top. The margin of the top leaflet is entire, the leaflet is bent and its
apex acute. Only the traces of the primary veins are preserved.

Note. The fragmentary leaf described above from its impression belongs most prob-
ably to the family Polypodiaceae, which supposition is supported by its shape and in
particular by the shape of the top leaflet (cf. Ettingshausen 1865).

Remains of ferns from the family Polypodiaceae have been found from the Oli-

gocene throughout the Pliocene deposits both in Europe (e.g. Kolakovskii 1964) and in
Asia (e.g. Huzioka 1972) and North America (e.g. Graham 1965).
Occurrence in the fossil floras of Poland. Leaf impressions of various taxa from the
family Polypodiaceae are known from: Lower Miocene — Turéw (Czeczott 1961, Juch-
niewicz 1975), Middle Miocene — Dobrzyn (Kownas 1956), Miocene — Zielona Géra
and ChroSlice (Krausel 1920).

Sphaenophytina

Equisetaceae
Equisetum parlatorii (Heer) Schimper
PL. 1 fig. 6, Fig. 2: 6

1855. Physagenia parlatorii Heer, Heer p. 109, pl. 42, figs 2-17
1870-1872. Equisetum parlatorii (Heer) Schimper, Shimper p. 261
Material. KRAM-P 136/1; fragment of a rhizome with root tubers.
Description. A fragment of a rhizome with root tubers. It is a segment, 3.4 cm long
and 0.4 cm in diameter, marked with distinct parallel grooves; three spindle-shaped
tubers, measuring 1.9 x 0.4-0.5 cm, go off from the rhizome at the internode. They are
radialy arranged and at the top of one of them a fourth tuber is visible, placed linearly.
A short fragment of a horsetail stem or rhizome occurs beside the rhizome with tubers.
Note. The parallel grooves distinctly seen on the rhizome, the presence of the inter-
node and the characteristically arranged root tubers point at the genus Equisetum. The
position of the rhizome and tubers in the deposit suggests their occurrence in situ.

Fossil remains of horsetails are known from the Neogene of Europe as Equisetum
parlatorii (Heer) Schimper (e.g. Unger 1860, Andrednszky 1959, Ilinskaya 1968, Zas-
tawniak 1972, Shvareva 1983, Kovar-Eder & Krainer 1990).
Occurrence in the fossil floras of Poland. Pliocene — Domarnski Wierch (Zastaw-
niak 1972).

Angiospermae — Dicotyledones

Betulaceae
Alnus cecropiaefolia (Ett.) Berger
Pl. 2 figs 2, 2a, Fig. 2: 9

1851. Artocarpidium cecropiaefolium Ett., Ettingshausen p. 15, pl. 2, figs 3-4
1955 Alnus cecropiaefolia (Ett.) Berger, Berger p. 87, textfig. 30
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Material. KRAM-P 136/5; 1 leaf impression.
Description. Leaf round, 6.3 cm long and 5.9 cm wide. Apex probably acute, leaf
base damaged. A small fragment of the petiole is visible. Leaf margin dentate, teeth fine,
1 mm high and 1-1.5 mm across at base, margins of teeth straight or somewhat convex.
The partly damaged midrib seems to be curved. The lateral veins, numbering 11 pairs,
alternately arranged, do not differ much in thickness from the midrib. The average dis-
tance between them is constant: 0.6 cm. Only at the leaf-base they run close to each
other at an interval of 1 mm. The angle formed by the midrib and lateral vein is 40-45°.
Venation simple craspedodromous. The lateral veins are uniformly curved upwards
over their whole length, the degree of curvature increasing from the leaf-base towards
the top. The lateral veins, especially the lowest ones, give off 1-4 branches. The vena-
tion of tertiary order is very distinct, of the percurrent type; straight, oblique veins run
at an average distance of 1 mm (10-12 tertiary-order veins per one-centimetre length of
the lateral vein). They form an angle of about 110° with the midrib. Close to the leaf
margin the tertiaries give off short branchlets which end in the teeth.
Note. The shape of the leaf and the features of its venation allow to include of the leaf
impression under study in the species Alnus cecropiaefolia (Ett.) Berger, known from
the Upper Miocene and Pliocene of Europe (Berger 1955, Knobloch 1969 etc.). This
species is comparable to the modern Central American species Alnus priglei Fern. (Kno-
bloch 1969). The Asiatic species Alnus barbata C. A. Mey. also has leaves similar in
shape.
Occurrence in the fossil floras of Poland. Middle Miocene — Chodziez (= Alnus
kefersteinii Goepp., Zabtocki 1924), Stare Gliwice, Stawiany (Zastawniak 1980). Upper
Miocene — Belchatéw (Stuchlik et al. 1990). Miocene — Stara Jamka (Zastawniak 1980).
Pliocene — Domariski Wierch (Zastawniak 1972).

Fagaceae
Fagus haidingeri Kovits sensu Knobloch
Pl I figs 1-3, Fig. 2. 1-5

1856. Fagus haidingeri Kov., Kovits p. 24, pl. 4, figs 6,7

1969. Fagus haidingeri Kovits sensu Knobloch, Knobloch fig. 184; pl. 36, figs 2-8, 10-11; pl. 37,
figs 1-11; pl. 38, figs 211 )

1980. Fagus orientalis Lipsky foss. Palibin, Zastawniak fig. 5: 5-10; pl. 1, fig. 8

Material. KRAM-P 136/2, 9, 11, 13/LIl, 19, 23, 25, 26, 27; 9 impressions of whole

leaves and fragments.

Description. Leaves elliptic or elliptic-ovate in shape, symmetrical, with acute apex

and cuneate base. The specimens are 4.7-5 cm long and 1.8-2.2 cm wide. The leaf mar-

gins are serrate, the teeth being slightly bent upwards, about 0.1 cm height and 0.1-

0.2 cm wide at the base. The upper margins of the teeth are generally concave, the lower

ones straight or somewhat convex. Leaf venation pseudocraspedodromous; midrib

straight, of medium thickness. Lateral veins straight, 8—10 pairs in number, close to the

very margin of the leaf-blade slightly curved upwards; they arise from the midrib at an

angle of 40-55° (70° at the base). The lateral veins do not reach the leaf margin.

N ote. The leaf remains are characteristic of the genus Fagus. They have been included

in the species Fagus haidingeri Kov. sensu Knobloch for their elliptic-ovate shape,
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acute apex and the typical position of teeth. The specimens described most resemble the
leaves of Fagus haidingeri Kovits from the Pannonian of Moravia (Knobloch 1969) and
Fagus orientalis Lipsky foss. Palibin from the Sarmatian of Holy Cross Mts. (Zastaw-
niak 1980).

There are, besides, four leaf fragments (Fig. 2: 3) varying in size, with characteristic
venation. Probably, they belong to the same beech species.
Occurrence in the fossil floras of Poland. Middle Miocene — Mtyny (Zastawniak
1972), Upper Miocene — Belchatéw (= Fagus silesiaca, Walther et Zastawniak 1991),
Pliocene — Domarnski Wierch (Zastawniak 1972).

Juglandaceae
Pterocarya paradisiaca (Ung.) llinskava
Pl. 2 fig. I, Fig. 2. 7

1849. Prunus paradisiaca Ung., Unger p. 7, pl. 14, fig. 22

1962. Pterocarya paradisiaca (Ung.) llinskaya, Ilinskaya p. 104

Material. KRAM-P 136/6; | impression of a leaflet fragment.

Description. A part of an oblong leaflet, without the apex, 2.6 cm long and 1.5 cm
wide. Leaflet margin serrate, teeth 0.5-1 mm high and about 2 mm wide at base; their
upper and lower margins are straight. On the average there are 5 teeth per 1 cm of the
blade margin.

Venation semicraspedodromous. The midrib is straight, of medium thickness. The
lateral veins distinctly thinner than the midrib, arise from it alternately at angles of
60-70°. They are curved upwards, at first weakly and regularly; by the margin of leaf
the endings of these veins form together characteristic broad loops, which give off bran-
ches to the teeth. The intersecondary veins are present, short and not very distinct. The
tertiary veins straight or slightly curved, run 1 mm apart (weakly percurrent). The angle
between the midrib and tertiaries is about 150°.
Note. On the basis of the characteristic venation of second and third order and shape
of the leaflet margins the specimen under study has been placed in the genus Ptero-
carya. The leaflets of this genus differ from the leaflets of Carya in their semicraspedo-
dromous venation. The only fossil leaves species of this genus, Pterocarya paradisiaca
(Ung.) Ilinskaya, occurs commonly from the Oligocene to the Pliocene at many lo-
calities all over Europe (Ilinskaya 1962, 1964, Knobloch 1969, Knobloch & Velitzelos
1987, Palamarev & Petkova 1987).

The determination of Prerocarya castaneifolia (Goepp.) Schiecht. from Turéw

Fig. 2. 1-5 — Fagus haidingeri Kovits sensu Knobloch: 1 - specimen KRAM-P 136/2, 2 — specimen KRAM-P
136/25 & 136/26, 3 — specimen KRAM-P 136/11, 4 — specimen KRAM-P 136/9, 5 — specimen KRAM-P 136/13;
6 — Equisetum parlatorii (Heer) Schimper — specimen KRAM-P 136/1; 7 — Pterocarya paradisiaca (Ung.) llinskaya
- specimen KRAM-P 136/6; 8 — Populus sp. — specimen KRAM-P 136/7; 9 — Alnus cecropiaefolia (Ett.) Berger
- specimen KRAM-P 136/5; 10 — Cornus sp. — specimen KRAM-P 136/17; 11 — Platanus leucophylla (Ung.) Kno-
bloch ~ specimen KRAM-P 136/3; 12-15 — Acer quercifolium (Goepp.) Kovar-Eder: 12 — specimen KRAM-P
136/9b, 13 — specimen KRAM-P 136/9a, 14 — specimen KRAM-P 136/16, 15 — specimen KRAM-P 136/3; 16-17
- Salix sp. div.: 16 — specimen KRAM-P 136/14, 17 — specimen KRAM-P 136/12a; 18-21 — Zelkova zelkovaefolia
(Ung.) Bi¥k et Kotlaba: 18 — specimen KRAM-P 136/4, 19 — specimen KRAM-P 136/8, 20 — specimen KRAM-P
136/28, 21 - specimen KRAM-P 136/29. Scale 1 cm
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(Czeczott & Skirgielto 1961) is questionable. The venation of the leaf from Osieczow,
described under the same name by Raniecka-Bobrowska (1962) does not correspond
with the leaflets of the genus Prerocarya.

Occurrence in the fossil floras of Poland. Middle Miocene — Mtyny (Zastawniak
1980), Upper Miocene — Betchatéw (Stuchlik et all. 1990), Pliocene — Domaiiski
Wierch (Zastawniak 1972).

Salicaceae
Salix sp. div.
Pl. | fig. 5, Fig. 2: 16, 17

Material. KRAM-P 136/12ai 12b, 14; 2 fragmentary leaf impressions. One with twin
impressions.

Description. Leaves narrow oblong in shape, probably with a cuneate base and at-
tenuate apex, 0.8 cm wide. The margins of both leaves are damaged. Venation campto-
dromous, midrib of medium thickness. The lateral veins go off the midrib alternately at
intervals of 0.3-0.8 cm, they curve upwards at an angle of 30-50°, which increases to-
wards the leaf apex. The veins of third order are random reticulate.

N ote. The lanceolate shape of the leaf and the arrangement of the lateral veins indicate
the genus Salix. The state of preservation does not allow the exact specific determina-
tion of the specimens under discussion.

Occurrence in the fossil floras of Poland. Salix is common in the Neogene fossil
floras of Poland.

Populus sp.
Pl. 3 fig. 1, Fig. 2: 8

Material. KRAM-P 136/7; 1 impression of fragmentary leaf.

Description. A leaf fragment with characteristically serrate margins has been
preserved. Teeth 0.1 cm high and 0.2 cm wide at base, rounded at top; upper margins of
teeth concave, the lower ones convex. On the average 5 teeth fall to 1 cm of the blade
margin.

Venation camptodromous. A short fragment of midrib is preserved. The lateral veins
are connected by polygonal loops, which give off branches entering the teeth and ending
at their tips or at the boundary between two teeth. The tertiaries are lightly bent and they
link the lateral veins at intervals of 0.2-0.3 cm. They are weakly percurrent and oblique.
Note. The characteristically shaped margin of the leaf and the features of the second-
order venation permit the identification of the fragment as a part of a leaf of Populus.
Occurrence in fossil floras of Poland. Populus is common in the Neogene fossil
floras of Poland.

Ulmaceae
Zelkova zelkovaefolia (Ung.) BuZek et Kotlaba
PI. | fig. 4, Pl. 3 figs 3-4, Fig. 2: 18-21

1841, Ulmus zelkovaefolia Ung., Unger p. 94, pl. 24, figs 9-12; tabl. 26, fig. 7
1963. Zelkova zelkovaefolia (Ung.) BiZek et Kotlaba, Kotlaba p. 59, pl. 3, figs 7, 8
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Material. KRAM-P 136/4, 8, 28, 29, 30; 4 impressions of whole and fragmentary
‘ leaves, one with twin impressions.
Description. Leaves 2.5-6.3 cm in length and 1.2-2.5 cm in width, elliptic-ovate,
with an acute apex and an asymmetrical cordate base. Petiole 0.9 cm long. Leaf margins
simple serrate, teeth 0.1-0.3(0.4) cm high and max. 0.8 cm wide at base. Upper and
lower margins of teeth acuminate.

Venation simple craspedodromous. Midrib generally straight and relatively thick.
Lateral veins of medium thickness, 8—11 pairs in number, attached alternately to the
midrib, 0.2-1 cm apart, at an angle of 40—50° in the middle part of the leaf. Intersecond-
ary veins rare. Tertiaries poorly seen, probably orthogonal reticulate/weak percurrent,
the angle of the tertiaries with the midrib approximates 135°.

Note. The specimens described have venation and serrate margins characteristic of the
genus Zelkova. They have been included in the species Zelkova zelkovaefolia (Ung.)
BiZek et Kotlaba. The leaves known as Zelkova praelonga (Ung.) Berger belong prob-
ably to the species Zelkova zelkovaefolia (Ung.) Buzek et Kotlaba, for the only dif-
ference between them — in the shape of the apex (acuminate in Zelkova praelonga
(Ung.) Berger) — seems to be too low a rank if we take into consideration the environ-
mental variation of tree leaves.

Occurrence in the fossil floras of Poland. Middle Miocene — Mlyny (Zastawniak
1980), Upper Miocene — Betchatéw (Stuchlik et al. 1990), Pliocene — Domariski Wierch
(Zastawniak 1972). The other localities see Zastawniak (1972).

Platanaceae
Platanus leucophylla (Ung.) Knobloch
Pl. 3 fig. 7, Fig. 2: 11

1850. Populus leucophylla Unger, Unger p. 417
1971. Platanus leucophylla (Ung.) Knobloch, Knobloch p. 264

Material. KRAM-P 136/3; impression of leaf fragment.

Description. The extant fragment, 3.8 cm long and 2.1 cm wide, is a leaflet, prob-
ably the middle one of a leaf. The apex is acuminate. The leaflet margin shows two
teeth, 0.3 cm in height and 0.4 cm in width at the base. The upper margins of the teeth
are straight, the lower ones convex. The lateral veins leave the midrib of the leaflet at
40-45°,0.3—1.2 cm apart; Their distinctly increased density is visible near the top of the
leaflet. The veins of third order, straight or curved, form distinct transverse anastomoses
between the veins of second order. The percurrent tertiary veins divide the leaflet blade
into numerous elongate, regular rectangles.

N ote. The leaflet fragment preserved appeared sufficiently characteristic to be referred
to the species Platanus leucophylla (Ung.) Knobloch.

Occurrence in the fossil floras of Poland. Middle Miocene — Stawiany (Zastawniak
1980), Upper Miocene — Belchatéw (Stuchlik et al. 1990). The other localities see Zas-
tawniak (1972). The leaves of Platanus platanifolia (Ett.) Knobloch from the Pliocene
of Domanski Wierch do not belong to this genus (Zastawniak, oral information).
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Cornaceae
Cornus sp.
Pl. 3 fig. 2, Fig. 2: 10

Material. KRAM-P 136/17; 1 leaf impression.

Description. Leaf fragment, 3.8 cm long and 2.1 cm wide. The shape of the leaf
probably elliptic, venation eucamptodromous. Midrib straight, thick, lateral veins di-
verging from it at about 40° and at intervals of 1.5 cm. They are strongly arcuately bent,
uniformly over their whole length.

Note. The specimen described has been acknowledged to be an impression of a leaf of
Cornus on the basis of its characteristic eucamptodromous venation and the arrange-
ment of the lateral veins. A leaf impression of similar morphological traits was found in
the flora of Domariski Wierch and described as Cornus cf. mas L. (Zastawniak 1972).
The leaves of cornels are infrequently found in fossil floras of the Tertiary of Europe
(Palamarev 1964, Andrednszky 1959). The leaves described as Cornus biichii Heer from
Dobrzyri (Kownas 1956) call for verification.

Occurrence in the fossil floras of Poland. Pliocene — Domanski Wierch (Zastaw-
niak 1972).

Aceraceae
Acer quercifolium (Goepp.) Kovar-Eder
Pl. 3 fig. 6, Fig. 2: 12-15

1855. Rhus quercifolia Goepp., Goeppert p. 37, pl. 25, figs 6-9

1855. Rhus aegopodifolia Goepp., Goeppert p. 37, pl. 25, fig. 10

1959. Monopleurophyllum hungaricum Andrednszky, Andrednszky p. 168, fig. 201, pl. 48, fig. 6,
pl. 50, fig. 2, pl. 52, fig. 7, pl. 53, figs 3, 4, pl. 65, fig. 2, pl. 66, fig. 3

1963. Monopleurophyllum quercifolium (Goepp.) Kotlaba, Kotlaba p. 63, pl. 5, figs 4, 5

1965. Acer aegopodifolium (Goepp.) Baikovskaya, Shvareva p. 953

1988. Acer quercifolium (Goepp.) comb. nov., Kovar-Eder p. 51, pl. 6, figs 14-16

Material. KRAM-P 136/3, 9 i 9b, 16; 3 impressions of fragmentary leaves, one with

twin impressions.

Description. Impressions of fragmentary leaflets of compound leaves, 3.7—4.1 cm

long and 1.2-2.7 cm wide. One of the leaflets is distinctly asymmetrical. Leaflet base

cuneate or lightly rounded. Petiole short, 0.2 cm. Large teeth, 0.1-0.3 cm high and

0.4-0.6 cm wide at base are present on the leaf margin. Venation imperfect actinodro-

mous. The main vein, rather thick, ramifies above the base. The lateral veins diverge al-

ternately from the primary vein at an angle of 40-60°, 0.3-0.7 cm apart. The lateral

veins curve upwards approximately uniformly over their whole length and their endings

enter the leaflets, reaching the margin of the leaflet blade. The intersecondary veins are

not numerous and generally short. A random reticulate pattern characterisies the net-

work of tertiary veins and the venation of higher orders is relatively random.

Note. The specimens are parts of compound leaves of the fossil species Acer quercifo-

lium (Goepp.) Kovar-Eder, which is suggested by the venation pattern and characteristic

on the leaf teeth’s. Remains of this type, known also under the names of Monopleuro-

phyllum quercifolium (Goepp.) Kotlaba, Monopleurophyllum hungaricum Andrednszky,

Rhus quercifolium Goepp. and Acer aegopodifolium (Goepp.) Baikovskaya, most re-
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semble the present-day species Acer griseum (Franch.) Pax, growing in Central China
(Ilinskaya 1968).

It should be mentioned, that the Cretaceous floras of Alaska, Sakhalin and Siberia

contain leaf taxon named Acer quercifolium (Hollick) Baikovskaya (Takhtajan. et al.
1963) (= Rulac quercifolium Hollick, (Hollick 1930). However, this name in this case is
invalid (comp. Greuter 1988, art. 64).
Occurrence in the fossil floras of Poland. Middle Miocene — Mtyny (= Monopleu-
rophyllum quercifolium (Goepp.) Kotlaba; Zastawniak 1980); Upper Miocene — So$nica
(= Rhus quercifolia Goepp., R. aegopodifolia Goepp.; Goeppert 1855), Belchatéw (=
Monopleurophyllum quercifolium (Goepp.) Kotlaba; Stuchlik et al. (1990).

Dicotyledones incertae sedis
? Salix
Fig. 3: 1, 3

Material. KRAM-P 136/13, 15; 2 impression of leaf fragments.

Description. Small fragments of leaves with camptodromous venation. Lateral
veins approximately uniformly bent towards the top, arise oppositely from the primary
vein at angles of 60-70°; their ends join together, forming loops.

Note. The shape of leaves and the character of venation probably indicate the genus
Salix.

Fig. 3. 1, 3 — 7 Salix: 1 — specimen KRAM-P 136/13a, 3 —specimen KRAM-P 136/15; 2 — Ribes vel Rubus — spe-
cimen KRAM-P136/13b; 4-5 — Dicotyledones gen. et sp. indet.: 4 — specimen KRAM-P 136/31, 5 — specimen
KRAM-P 136/18; 6 — Cyperacites sp. div. - specimen KRAM-P 136/32; 7 — Monocotyledones gen. et sp. indet. —
specimen KRAM-P 136/31. Scale 1 cm

Ribes vel Rubus
Fig. 3: 2
Material. KRAM-P 136/13; 1 impression of leaf fragment.
Description. A small fragment of the base of a leaf blade has survived; it is 2 cm
long and 1.3 cm wide. Base margin serrate, marginal teeth varying in size, 0.1 cm high
and 0.15-0.2 cm across at base, bent upwards. Fragments of the tertiary veins are
visible, their arrangement being conformable to the percurrent retroflexed type.
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Note. The shape of the base, the serrate leaf margin and third order veins resembles
those in the leaves of the contemporary genera Ribes and Rubus.

Dicotyledones gen. et sp. indet.
Fig. 3: 4-5

Material. KRAM-P 136/9, 18, 20, 21, 22, 23, 25, 31; several impressions of leaf frag-
ments.

Note. Small leaf fragments with the preserved venation typical of dicotyledonous
plants, not allowing a closer determination.

Angiospermae - Monocotyledones

Cyperaceae
Cyperacites sp. div.
Fig. 3: 6

Material. KRAM-P 136/32; 4 impressions of fragmentary leaves.

Description. Fragments of linear leaves of monocotyledonous plants, 2-2.5 cm long
and 0.25-0.6 cm wide. Venation parallelodromous, veins extend 0.2-0.4 cm apart. The
specimens show a characteristic bend of the leaves in the shape of the letter M.

Note. The features of these specimens are characteristic of the leaves of Cyperacites
(cf. Zastawniak 1972, fig. 4d).

Monocotyledones gen. et sp. indet.
Fig. 3: 7

Material. KRAM-P 136/31; 1 leaf fragment.
Description. A fragment of a linear leaf with parallelodromous venation.

GENERAL CHARACTERISTICS OF MATERITAL

In the material under study 41 specimens have been determined and assigned to 11
genera and 11 families of vascular plants. Several poorly preserved small fragments of
leaves have a questionable systematic position. With the exception of two genera all the
remaining ones belong to angiosperous plants. The lack of macrofossils of gymnos-
perms is probably accidental here, because in a palynological sample taken from the ad-
Joining layers of neighbouring site of Domariski Wierch (Oszast 1973a) they are repre-
sented by rather numerous pollen grains of various conifers (Abies, Glyptostrobus,
Picea, Pinus, Sequoia, Tsuga, Taxodiaceae-Cupressaceae). It may well be that conife-
rous forest grew somewhat farther from the place of sedimentation, while beechwood
may have surrounded it directly, which is suggested by the most abundant remains of
the fossil leaves of Fagus haidingeri Kov. sensu Knobloch in the whole taphocoenosis.

Another type of woodland occurring in this area is perhaps riverside carr covering
the banks of the stream and its flood plains, with Alnus cecropiaefolia (Ett.) Berger, Pte-
rocarya paradisiaca (Ung.) Ilinskaya, Populus sp., Zelkova zelkovaefolia (Ung.) Blizek
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et Kotlaba, Platanus leucophylla (Ung.) Knobloch and Acer quercifolium (Goepp.)
Kovar-Eder. Shrubs of Cornus and Ribes/Rubus grew in the undergrowth of that forest,
whereas horsetails and ferns from the family Polypodiaceae were present in wetter
places. The occurrence of horsetail in this material is particularly interesting; its dispo-
sition in sediments indicates that it certainly grew in situ.

AGE OF PLANT REMAINS FROM STARE BYSTRE AND THEIR COMPARISON WITH THE
FLORA OF DOMANSKI WIERCH RISING IN ITS CLOSE VICINITY

The date of 8.7 £ 0.6 million years BP., obtained by the track method for the deposits
with leaf impressions at Stare Bystre (Wieser 1985) unambiguously determines the age
of the plant remains found there. It points at the Pannonian/Pontian boundary, according
to the chronostratigraphic division accepted for the Upper Tertiary and Lower Quater-
nary karst deposits in Poland by Gtlazek and Szynkiewicz (1987). In the stratigraphic
table published by Gregor, Knobloch, Schélz and Unger (1992) in the space of the Cen-
tral Paratethys this date lies in the upper part of the Pannonian. Irrespective of the dif-
ferences between the opinions on the stratigraphic range of particular stages of the Cen-
tral Paratethys, the plant remains from Stare Bystre undoubtedly represent the vegeta-
tion of the uppermost part of the Upper Miocene. It is besides the one of the few lo-
calities of the Neogene flora in Poland with its age so accurately and explicitly deter-
mined.

The date of 8.7 £ 0.6 million years BP. obtained for the remains from Stare Bystre
indirectly confirms the younger age of the overlying series of deposits of the alluvial
cone of Domariski Wierch, determined on the basis of palynological studies (Oszast
1970, 1973a) and the leaf flora (Zastawniak 1972). A comparison of the taxonomic com-
position of the taphocoenoses from Stare Bystre and Domariski Wierch by itself pro-
vides no data as to the stratigraphic position in relation to each other. All the plant gen-
era found at Stare Bystre were also identified in the flora of Domariski Wierch, whereas
many genera occurring in the flora of Domariski Wierch are lacking at Stare Bystre; no
conclusion can be drawn from this fact at that, if we keep in mind the numbers of spe-
cimens in the two taphocoenoses being compared (41 specimens from Stare Bystre
(Tab. 1) and 389 specimens of the flora from Domariski Wierch (Zastawniak 1972,
Tab. 3).

Despite the considerably poorer representation of plant taxa in the flora of Stare By-
stre in both floras under comparison the same types of plant communities found their
reflection, that is, beech wood and riverside carr with plants of wood undergrowth. In
both taphocoenoses macrofossils of coniferous plants are lacking.

Both above-mentioned types of woodland communities played an important role in
the plant cover of the Neogene of the Orawa-Nowy Targ Basin, which has already been
proved on the basis of palynological studfes before (Oszast & Stuchlik 1977). In the
Upper Miocene woods with a high proportion of Alnus, Platanus, Populus, Pterocarya,
Salix and Liquidambar occupied flat or slightly wavy areas on mineral soils with a high
ground-water table. On the other hand, on the slopes surrounding the Basin, woodland
communities developed at that time, with dominant Fagaceae, Juglandaceae, Magnolia-
ceae with the genera Carpinus and Tilia. Birches, pines and hemlocks also grew in them
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Table 1. Plant remains found in outcrop near Stare Bystre

Name of taxon Number of remains
Polypodiaceae
Polypodiaceae gen. indet. 1
Equisetaceae
Equisetum parlatorii (Heer) Schimper 1
Betulaceae

Alnus cecropiaefolia (Ett.) Berger 1
Fagaceae
Fagus haidingeri Kov. sensu Knobloch 9

Juglandaceae
Pterocarya paradisiaca (Ung.) llinskaya 1

Salicaceae
Salix sp. div. 2
Populus sp. I
Ulmaceae
Zelkova zelkovaefolia (Ung.) BaZxk et Kotlaba 4
Platanaceae

Platanus leucophylla (Ung.) Knobloch I

Cormnaceae
Cornus sp. 1
Aceraceae
Acer guercifolium (Goepp.) Kovar-Eder 3
Dicotyledones incertae sedis
? Salix 2
Ribes vel Rubus I
Dicotyledones gen. et sp. indet. 8
Cyperaceae
Cyperacites sp. div. 4
Monocotyledones gen. et sp. indet. 1
Total 41

and in places were accompanied by more thermophilous woods and thickets with a high
proportion of oak (Oszast & Stuchlik op. cit.). In wet places and on fertile soils Parrotia
grew in the undergrowth of forests; it is very abundantly represented in flora of Do-
mariski Wierch.

PRESENT-DAY EQUIVALENTS OF THE TAPHOCOENOSIS
OF STARE BYSTRE

In search of the present-day equivalents for the Upper Miocene fossil flora of Stare
Bystre, special attention was given to the here found genera Zelkova, Pterocarya and
Platanus. Nowadays they occur in the warmer regions of Europe, Asia and North
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America. Their presence, especially of Zelkova and Pterocarya, and the occurrence of
such genera as Alnus or Fagus indicate that the Upper Miocene woodland covering the
slopes of the present Orava-Nowy Targ Basin may have been then similar to the modern
forest of the moderately warm zone occurring on the southern slopes of the Caucasus
and in the Talysh Lowland and in the Colchis Lowland. The characteristic features of
the plant cover of these regions have been presented by Podbielkowski (1987). How-
ever, because of a small number of taxa found at Stare Bystre, the determination of the
close affinity of the woodland of Stare Bystre in the Upper Miocene with the corre-
sponding types of the present-day forest communities is not possible and the foregoing
inference is only to a certain degree probable.
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PLATES

Plate 1
Fagus Haidingeri Kovits sensu Knobloch
1. Specimen KRAM-P 136/2
2. Specimen KRAM-P 136/9
Specimen KRAM-P 136/11
Zelkova zelkovaefolia (Ung.) Blzek et Kotlaba

4. Specimen KRAM-P 136/8

Salix sp. div.
S. Specimen KRAM-P 136/12a

Equisetum parlatorii (Heer) Schimper

6. Specimen KRAM-P 136/1

Incertae sedis
7. Specimen KRAM-P 136/10

1-7 — phot. A. Pachonski
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G. Worobiec
Acta Palaeobot. 34 (1)
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Plate 2

Pterocarya paradisiaca (Ung.) Ilinskaya
Specimen KRAM-P 136/6
Alnus cecropiaefolia (Ett.) Berger
Specimen KRAM-P 136/5

Enlargement of the leaf fragment

1-2a — phot. A. Pachoriski
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G. Worobiec
Acta Palaeobot. 34 (1)



Plate 3

Populus sp.
Specimen KRAM-P 136/7
Cornus sp.
Specimen KRAM-P 136/17
Zelkova zelkovaefolia (Ung.) Blizek et Kotlaba
Specimen KRAM-P 136/28
Specimen KRAM-P 136/4
Polypodiaceae, gen. et sp. indet.
Specimen KRAM-P 136/28
Acer quercifolium (Goepp.) Kovar-Eder
Specimen KRAM-P 136/3
Platanus leucophylla (Ung.) Knobloch
Specimen KRAM-P 136/3

1-7 — phot. A. Pachoriski
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G. Worobiec

Acta Palaecobot. 34 (1)





