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ABSTRACT. Fossil plant remains (mainly macroremains of leaves and sporomorphs) were investigated from two
boreholes of Ruja lignite deposit near Legnica, Lower Silesia, Poland. In the fossil plant assemblages there were
found 34 taxa belonging to the families Betulaceae, Blechnaceae, Cercidiphyllaceae, Cupressaceae, Fagaceae,
Hydrocharitaceae, Juglandaceae, Malvaceae, Myricaceae, Nyssaceae, Osmundaceae, Poaceae, Salicaceae, Sapin-
daceae, Ulmaceae, and Zingiberaceae. All assemblages are characterized by dominance of wetland vegetation
(swamp and riparian) elements. Floristic composition of all investigated horizons point to their Middle Miocene
(Badenian) age and suggest warm temperate climate conditions with mild winters.
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INTRODUCTION

In the course of palynological sampling of
the cores drilled in 1991 in the area of pros-
pect Ruja lignite deposit near Legnica (Lower
Silesia, Poland), abundant accumulations of
plant macroremains, compressions and impres-
sions of fossil leaves, have been found. These
represent several horizons of different depths.
Until now, only a preliminary report on plant
macroremains representing this locality were
published (Worobiec & Kasinski 2005).

Research was aimed at investigating palaeo-
floristics and palaeoecology of plant assem-
blages within each horizon based on plant
remains from the Komorniki 97/72 and 97/73
boreholes. This work documents biodiversity of
the Neogene flora and vegetation of the lignite
deposit “Ruja” near Legnica. On account of the
good state of preservation of plant fossils it was
possible to carry out an extensive study of leaf
macroremains from the boreholes, combined
with investigation on accompanying carpologi-
cal remains and palynological analysis.

The first author (Grzegorz Worobiec) has
investigated plant macroremains and edited
the manuscript, Elzbieta Worobiec performed
palynological analyses while Jacek Kasinski
described geological properties of the Ruja lig-
nite deposit.

GEOLOGY

The Ruja deposit, west of Wroctaw, Lower
Silesia, belongs to the Legnica-Scinawa lignite
resource complex, the largest lignite-bearing
area in Poland (Fig. 1). It is located in the south-
ernmost part of this complex. In the southern
part of the complex, the Neogene lignite-bear-
ing association occurs above early Palaeozoic
metamorphic rocks (micaceous phyllites and
shists and their thick weathering crust) of the
Fore-Sudetic Block (Kasinski & Piwocki 2005).
In the northern part it overlies Mesozoic sedi-
ments of the Fore-Sudetic Monocline. Basalt
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Fig. 1. Location of the Ruja lignite deposit in Poland

domes and tuphaceous deposits (Jaron et al.
1978, Saternus 1995) of Oligocene/Miocene age
(Birkenmajer 1967) frequently underlay the
lignite-bearing association.

The lignite-bearing association infills a wide-
spread system of tectonic depressions related
to the Late-Alpine post-Cretaceous tectonic
movements. In the southern part it is strongly
tectonically disturbed with W-E and N-S dis-
locations (Oberc & Dyjor 1969) which cut the
crystalline basement of the Ruja deposits into
some smaller tectonic blocks.

Thickness of the Neogene lignite-bearing
association fluctuates between 2 and 207 m
due to the morphology of sub-Cenozoic surface.
The thickness averages 90 m (Kasinski et al.
1995) and is the thickest in the central part of
the deposits, where both the examined cores
Komorniki 97/72 and Komorniki 97/73 (Fig. 2)
were bored. The lowermost part of the lignite-
bearing association is represented by the upper
part of the Rawicz Formation, Early Miocene
(i.e. the Spremberg Formation/Liibbenau Beds
in Germany), consisting of clayey-silty-sandy
sediments with clay and silt predomination,
sporadically with the addition of coal dust.
Small bodies of quartz sand/gravel are more
scarce. Also thin intercalations of white kao-
line clay with rich coalified plant detritus and
fine branches locally occur. In the examined
cores, sediments of the Rawicz Formation
probably occur only in the lowermost part of
the borehole 97/73.

The Scinawa Formation, Early Miocene/
Middle Miocene (i.e. the Brieske Formation
in Germany) represents the upper part of the

lignite-bearing association. In the lowermost
part, it includes a series of coaly clays, being
a sedimentary equivalent of the 3™ Scinawa
lignite seam (Wazynska 1995). This seam
occurs commonly in whole Lower Silesia, but it
is lacking within the Ruja Depression. A thin
bed of clayey/silty sediments, in some cases
with sand or plant detritus lies above. The 2
Lusatia lignite seam (Middle Miocene) builds
up the uppermost part of the Scinawa Forma-
tion profile. It is the homogenous lignite seam
in the central part of the Ruja Depression that
subdivides the area into three or more benches
heading towards the basin margins (Dylag
1995). This seam provides the major lignite
resources of the Ruja Deposit.

Silty and sandy sediments lying above,
more scarcely clayey ones, represent the
Pawlowice Formation of Middle Miocene age
(i.e. the Meuro Formation in Germany). This
formation includes coalified plant detritus, and
—in the uppermost part — some lignite benches
corresponding to the 2"d A Lubin lignite seam.
Above the 27 A Lubin seam, in the 97/72 bore-
hole, more than 8 m thick series of fine sand
occurs in the uppermost part of this formation.
Horizons with very rich leaf floras (also with
accumulations of fossil leaf litter) frequently
occur in the lower part of this series: most of
the plant remains horizons of the 97/72 bore-
hole (KRAM-P: 243/B, 243/C, 243/D, 243/E)
and of the 97/73 borehole (KRAM-P: 244/B,
244/C, 244/D) belong to the Pawlowice For-
mation. In both the examined boreholes, the
bottom surface of the Pawlowice Formation is
placed respectively at the depth of 117.2 and
about 119.0 m, while the top surface — at the
depth of 77.0 and 77.1 m; the 2" A Lubin seam
occurs at the depth of 104.5 — 104.6 and 108.6
—110.6 m, respectively.

The uppermost part of the lignite-bearing
association is represented by the Poznan For-
mation of the Middle Miocene/Early Pliocene
age (i.e. Rauno Formation in Germany). It is
developed in form of silts and clays, and in
some cases also silty sands. Thin lignite seam
(the 1%t Mid-Polish seam or its sedimentary
equivalent, Middle Miocene) occurs in the low-
ermost part of this formation. In both of the
examined boreholes, the bottom surface of the
Poznann Formation is placed at the depth of
77.0 and 77.1 m, while the top surface — at
the depth of 0.5 and 15.5 m; the 15t Mid-Polish
seam occurs only in the 97/72 borehole at the
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Fig. 2. Geological profiles of boreholes Komorniki 97/72 and Komorniki 97/73 with position of horizons with plant macrore-
mains and palynological samples



194

depth of 77.5-77.6 m. Two horizons with plant
macroremains from both boreholes (KRAM-P:
243/A and 244/A) lie in the lowermost part of
Poznan Formation in the horizon equivalent to
1st Mid-Polish seam.

Pleistocene and Holocene deposits cover
the Neogene lignite-bearing association with
rather thin cover, 0.5-39.0 m thick (15.1 m in
average). They are developed in the form of
fluviatile and fluvio-glacial deposits with silt
intercalations and tills.

Sedimentary development of the Ruja basin
was mostly related to some of the stages of
basin structural evolution. The lignite-bear-
ing association consists of a few sedimentary
megacycles: each began with sudden lowering
of the deposition surface affected with tectonic
paroxysm. Lower parts of the cycles devel-
oped in rather low-energy fluviatile conditions
(Jeczmyk et al. 1997) on a large alluvial fan that
dewatered northwards. Fine-grained sands
and silts originated mostly at this stage and
clayey/muddy sediments were deposited at the
same time within periodical lakes and oxbows.
The leaf flora horizons are mostly related to
these sedimentary environments. After gradu-
ally infilling of the depression growth of the
peat-forming plant assemblages — precursors
of lignite — started within the basin area. Flo-
ral overgrowth was interrupted with new tec-
tonic paroxysm. Three complete megacycles
were recorded within the sedimentary fill of
the Ruja basin: the first one related to sedi-
mentation of the Scinawa Formation, the sec-
ond — to the lower part of the Pawtowice For-
mation and the third one — to the upper part of
the Pawtowice Formation and lowermost part
of the Poznan Formation.

MATERIAL AND METHODS

The study material was collected in 1996 in the
course of palynological sampling of the cores from
boreholes Komorniki 97/72 and Komorniki 97/73
(boreholes from the Ruja lignite deposit) in the
Polish Geological Institute storehouse of borehole
cores in Stupeczka near Klodawa. From the bore-
hole core 97/72 material came from depths 78-79 m,
105-106 m, 106-108 m, 112-115 m, and 117 m while
in case of the core 97/73 from depths 77-78 m, 102—
105 m, 107-110 m, and 110-111 m. Specimens from
borehole 97/72 were marked as KRAM-P 243 (Tab. 1)
and specimens from borehole 97/73 were marked as
KRAM-P 244 (Tab. 2).

Core fragments with fossil plants were wrapped
in newspaper and packed in plastics bags. In the

laboratory specimens were additionally dried and
finally prepared. From leaf compressions small frag-
ments of carbonized leaf blades were taken for cuticular
analysis. All the examined fossil specimens are housed
at Wiadyslaw Szafer Institute of Botany Polish Acad-
emy of Sciences, Krak6w. The total number of speci-
mens from all taxa is greater than the total number
of fragments of cores with plant remains because on
some specimens (fragments of cores) several taxa were
preserved. In such cases a specimen number is accom-
panied by a Roman numeral. In total 280 fossil speci-
mens were investigated.

The state of preservation of the fossil leaves var-
ied from impressions to compressions In case of well
preserved compressions cuticular analysis was pos-
sible. For cuticular analysis leaf fragments were ini-
tially cleaned by immersion in 40% hydrofluoric acid
in a closed plastic container under fume hood for 24
hours. Then the HF acid was discarded, and the leaf
compression was several times rinsed with water until
it was neutralized. Compressions were macerated
for up to 3—4 hours (dependent on leaf taxa) using
a diluted solution of commercially available bleach
“Bielnar” (solution of NaClO, comp. Dilcher 1974). The
macerated epidermis was then embedded in glycerine
jelly preparation. Altogether 122 slides of leaf epider-
mis were made.

In a few horizons there have been found abun-
dant accumulations of coalified plant remains in the
form of fossil leaf litter (composed of humified shreds
of leaf blades and branches of coniferous plants). To
isolate determinable plant remains, portions of leaf
litter were rinsed in 1 % solution of Hy,O, (hydro-
gen peroxide). After a few minutes of maceration,
swollen mass of plant remains was moved into large
container, rinsed in tap water, and sieved several
times through plastic sieves to eliminate remaining
H,0, and clay particles. After washing, the mass of
plant remains was searched for determinable plant
remains with binocular microscope. Most of selected
remains were dried, macerated leaf cuticles (cuticu-
lae dispersae) were embedded in 42 glycerine jelly
preparation.

Drawings of leaves were made using a Carl Zeiss
stereomicroscope with camera lucida attachment.
Macrophotography of the fossil leaves was made using
a NIKON Coolpix 995 digital camera. Bright field,
dark field and phase contrast microphotography of the
fossil leaf epidermis were made using NIKON Eclipse
E400 microscope fitted with the NIKON Coolpix 995
digital camera.

Macromorphological descriptions of fossil leaves
were based on the nomenclature proposed by Hickey
(1979). Features of micromorphological structure were
interpreted on the basis of papers by Dilcher (1974)
and Wilkinson (1979). The method of measuring the
size of micromorphological structures depended on
their shape. In case of regular, round or broadly ellip-
tical structures, their diameter was measured, while
in quadrangular their length and width. Structures
with irregular or variable shape (mainly epidermal
cells) and rounded to elliptical stomata had their long-
est dimension measured (size).

For comparative purposes we used the herbar-
ium at Wiladystaw Szafer Institute of Botany Polish



Academy of Sciences, Krakéw (KRAM), reference her-
barium at the Department of Palaeobotany, and collec-
tions of epidermal preparations from fossil and recent
leaves kept at Wiadystaw Szafer Institute of Botany,
Krakéw, and the Museum of the Earth, Polish Acad-
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horizon with an exception of horizon 102-105 m from
the borehole Komorniki 97/73 (KRAM-P 244/B) from
which two samples were analysed. Material for pollen
analysis was prepared by a modification of Erdtman’s
acetolysis method using HF acid (Faegri & Iversen

emy of Sciences, Warszawa.
Ten samples from horizons with plant macrore-
mains were palynologically analysed, one from each

1975, Moore et al. 1991).

Table 1. Horizons with plant macroremains in borehole Komorniki 97/72

Depth
(m)

Horizon label

Number of
specimens

Fossil taxa

Number
of taxa

Presence
of fossil
leaf litter

78-79

KRAM-P 243/A

34

cf. Byttneriophyllum tiliifolium, Glyptostrobus euro-
paeus, Glyptostrobus vel Sequoia, Myrica lignitum,
Osmunda parschlugiana, Phragmites oehningensis,
Salix hausruckensis, S. varians, Salix sp. 1, Salix sp.,
Sequoia abietina, cf. Zingiberoideophyllum liblarense

12

105-106

KRAM-P 243/B

40

Acer tricuspidatum, Alnus julianiformis, A. menzelii,
Byttneriophyllum tiliifolium, Cyperacites sp., Dicoty-
ledones incertae sedis, Dicotylophyllum sp. 1, Glypto-
strobus europaeus, Glyptostrobus europaeus - cones,
Incertae sedis, cf. Myrica lignitum, Salix hausrucken-
sis, Salix sp., Woodwardia muensteriana

13

106-108

KRAM-P 243/C

22

Acer sp., Acer sp. ex gr Rubra, Cyperacites sp., Dicoty-
ledones incertae sedis, Dicotylophyllum sp. 1, Incertae
sedis, Phragmites oehningensis, Salix varians

112-115

KRAM-P 243/D

55

Acer sp., Acer tricuspidatum, Alnus menzelii, Byttne-
riophyllum tiliifolium, cf. ,Ficus” truncata, Ulmus sp.,
Cyperacites sp., Dicotyledones incertae sedis, Dicoty-
lophyllum sp. 4, Pterocarya paradisiaca, ,,Castanea”
kubinyii, Ulmus cf. ruszovensis, Ulmus sp.

13

117

KRAM-P 243/E

leaf litter

Glyptostrobus europaeus, Osmunda parschlugiana

Table 2. Horizons with plant macroremains in borehole Komorniki 97/73

Depth
(m)

Horizon label

Number of
specimens

Fossil taxa

Number
of taxa

Presence
of fossil
leaf litter

77-18

KRAM-P 244/A

1

Osmunda parschlugiana

1

102-105

KRAM-P 244/B

74

Acer tricuspidatum, Acer sp. ex gr Rubra, Acer sp.,
Alnus menzelii, cf. A. menzelii, Byttneriophyllum tilii-
folium, cf. Carpinus grandis, Dicotyledones incertae
sedis, cf. Ficus” truncata, Glyptostrobus europaeus,
G. europaeus - twig and cones, Incertae sedis, Myrica
lignitum, cf. M. lignitum, Phragmites oehningensis,
Populus populina, cf. Populus sp., Salix cf. kickto-
nit, S. hausruckensis, S. varians, Salix sp., Ulmus
pseudopyramidalis, Ulmus sp., Ulmus vel Zelkova,
Zelkova zelkovifolia

25

107-110

KRAM-P 244/C

44

Alnus menzelii, Byttneriophyllum tiliifolium, Cercidi-
phyllum (?) crenatum, Dicotyledones incertae sedis,
Dicotylophyllum sp. 2, Dicotylophyllum sp. 3, ,Ficus”
truncata, Glyptostrobus europaeus, G. europaeus —
twigs and cone, Hydrocharitaceae gen. indet., Nyssa
ornithobroma, Salix hausruckensis, Salix sp., Spire-
matospermum wetzleri, Ulmus sp., cf. Varipilicutis
liblarensis, Zingiberoideophyllum liblarense

17

110-111

KRAM-P 244/D

Byttneriophyllum tiliifolium, Byttneriophyllum tilii-
folium vel ,Ficus” truncata, Taxodium vel Sequoia
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10

Fig. 3. 1-2 — Osmunda parschlugiana (Unger) Andrednszky: 1 — specimen KRAM-P 244/A/1, 2 — specimen KRAM-P 243/A/9;
3 — Woodwardia muensteriana (Presl in Sternberg) Kriusel, specimen KRAM-P 243/B/18/111; 4 — cf. ,Ficus” truncata Heer
sensu Buzek, specimen KRAM-P 243/D/27; 5 — Sequoia abietina (Brongniart) Knobloch, specimen KRAM-P 243/A/27; 6 — Acer
tricuspidatum Bronn sensu Prochazka & Buzek, specimen KRAM-P 244/B/22/1; 7 — ,Ficus” truncata Heer sensu Buzek, speci-
men KRAM-P 244/C/8/1; 8 — Byttneriophyllum tiliifolium (A. Braun) Knobloch & Z. Kvacek, specimen KRAM-P 244/B/28/1; 9, 11
— Populus populina (Brongniart) Knobloch: 9 — specimen KRAM-P 244/B/6/I1, 11 — specimen KRAM-P 244/B/32; 10 — Alnus
menzelii Raniecka-Bobrowska, specimen KRAM-P 244/C/6. Scale bar — 1 cm



SYSTEMATIC PART

Osmundaceae L.

Osmunda L.

Osmunda parschlugiana (Unger)
Andreanszky

Fig. 3: 1, 2; PL. 1, fig. 1, PL. 8, figs 1, 2

1847 Pteris parschlugiana Unger, p. 122, pl. 36, fig. 6.

1959 Osmunda parschlugiana (Unger) Andreanszky,
p. 45, Fig. 2, pl. 7, fig. 4.

Material. KRAM-P 243: A/9, A/13, A/19/11,
A/22, E/leaf litter; KRAM-P 244: A/1.

Macromorphology. Fragments of pinnae
of fern fronds up to 4.0 cm long and 1.4-1.8 cm
wide, lorate or very narrow ovate. Leaflets
(pinnae) margin serrate, teeth very small,
tooth apex rounded, apical side of tooth short,
concave or acuminate, basal side of tooth long
and acuminate. Midvein considerably thick,
straight. Numerous lateral veins are dichoto-
mously forked and terminate in the sinuses
between teeth. Lateral veins arranged mostly
alternate, curve slightly downward, arising
from primary vein at intervals of 0.20-0.35 cm
at angles of 40-50°. Basal lateral veins mul-
tiply branched, remaining lateral veins first
branched near primary vein and second time
more distantly. Vein density at margin 12-25
per 1 cm.

Micromorphology. Epidermis composed
of irregular-shaped cells, 68.9-147.6 pm in
size. Anticlinal cell walls usually Q-undulate
and thick, only cells with trichomes have less
undulate walls. Stomata anomocytic, ellip-
tic, wide elliptic, occasionally rounded, 39.4—
59.0 um in size. Outer stomatal ledge aperture
wide spindle-shaped or elliptic, 24.5-35.0 um
long and 14.8-24.6 um wide. Indistinct polar
T-shaped cuticular thickness occasionally
visible. On the epidermis unicellular, simple
(unbranched) trichomes were found, numerous
in places, 110-170 um long with acute apical
side. Trichome bases elliptic-rounded, unicel-
lular, 17.2-23.4 in diameter.

Remarks. The specimens described were
assigned to Osmunda parschlugiana (Unger)
Andreanszky. Largeleaflets (pinnae) with finely
dentate margins are characteristic for this
species. The other fossil species, O. lignitum
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(Giebel) Stur, differs strongly in the pinnatifid
leaflets. Andreanszky (1959) placed Pteris par-
schlugiana Unger with the genus Osmunda.

Osmunda parschlugiana is considered to
have been a component of swampy vegetation
in the Neogene flora of Central Europe (Mai
1995).

Osmunda parschlugiana is very similar to
Osmunda regalis L., a component of the con-
temporary flora of Poland. This fern occurs
almost exclusively in areas with mild climate
marked with distinct oceanic features. In Poland
Osmunda regalis is found mainly in the north-
western part of the country, mostly in swamp
forests. In North America Osmunda regalis also
grows in swamp forests (Kearney 1901).

Occurrence in the fossil floras of
Poland. Early Miocene — Belchatéw (Woro-
biec 1995, 2003); Miocene — Chroslice (Krausel
1920), as Pteris parschlugiana Unger).

Blechnaceae (C. Presl) Copel.

Woodwardia Smith

Woodwardia muensteriana
(Presl in Sternberg) Kriusel

Fig. 3: 3

1838 Pecopteris muensteriana Presl in Sternberg,
p. 154, pl. 36, fig. 2.
1841 Woodwardia muensteriana F. Braun, p. 33.

1921 Woodwardia muensteriana (Presl in Sternberg)
Kriusel, pp. 366-369, pl. 11, figs 2, 6-8, pl. 12,
fig. 4.

Material. KRAM-P 243: B/18/I11, B/35/11.

Macromorphology. Fragments of fern
frond, once pinnatisect with pinnule 1.5-2.0 cm
long and 0.5-0.7 cm wide. Pinnule margin ser-
rate or serrate-crenate, teeth very poorly pre-
served. Leaf rachis 0.1-0.2 cm thick. Venation
dichotomous — reticulate with characteristic
areolae near midrib of pinnule. On the areole
on both sides of midrib are located elongate
sporangia, 1.3-1.7 mm long and 0.6-0.7 mm
wide. Pinnules lie at intervals of about 0.5 cm.
Midrib of pinnule form the angle of 60-70°
with rachis.

Remarks. Characteristic dichotomous — reti-
culate venation with areolae near midrib of
pinnule and pinnatisect frond show that the
specimens undoubtedly represent fossil fern of
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Woodwardia muensteriana (Presl in Sternberg)
Kriusel. Based upon the opinion of Kvacek
and Hurnik (2000) this species is conspecific
with W. roessneriana Unger.

In the Palaeogene and Neogene floras Wood-
wardia muensteriana constituted a component
of swamp vegetation. The leaves of this species
are most similar to those of the contemporary
W. virginica (L.) SM. that grows in Atlantic
North American swamps (Sakala 2000).

Occurrence in the fossil floras
of Poland. Middle Miocene — Dobrzyrh on
the Vistula river (Kownas 1956) and Miocene
— Chroslice (Krausel 1921) as Woodwardites
miinsterianus (Presl in Sternberg) F. Br.

Cupressaceae Rich. ex Bartling
Glyptostrobus Endl.

Glyptostrobus europaeus (Brongniart)
Unger
Pl 1, figs 3, 7, 8, Pl 8, figs 3-5

1833 Taxodium europaeum Brongniart, pp. 168-176,
pl. 3, pl. 12.

1850b Glyptostrobus europaeus (Brongniart) Unger,
pp. 434-435.

Material. KRAM-P 243: A/4, A/26/1, B/13,
B/21, B/23, E/leaf litter; KRAM-P 244: B/10/,
B/17/111, B/21, B/37/11, B/39/11, C/1/1, C/2/111,
C/4,C/5, C/7, C/9/1, C/12/11, C/19/11, C/23, B/5/1,
B/18, C/8/1V, C/15.

Macromorphology. Fragmentary shoots,
0.10-0.17 em wide (commonly 0.13-0.17 cm),
bearing dense, adjacent to axis scale-like
(cupressoid) needles, 0.17-0.37 cm long and
0.06-0.10 cm wide with commonly acute and
hardy ever rounded apex and decurrent base.
Occasionally needles are hook-shaped.

Micromorphology. Epidermal cells
almost always quadrangular, mostly elongate,
occasionally square, 17.2-78.7 um long and
7.4-24.6 um wide. Anticlinal cell walls thick,
straight, rounded, occasionally undulate (espe-
cially short cell walls). Cuticle thick, distinctly
granulate, possibly papillae or crystals visible
on cuticle (outside or inside cells). The hypo-
dermal cells quadrangular, frequently square,
14.8-66.4 pm long. Hypodermal cell walls
distinctly thinner than epidermal. Stomata

cyclocytic, surrounded by 4-6 subsidiary
cells, elliptic, frequently somewhat deformed,
41.8-66.4 um long and about 30-40 um wide.
Longer axes of stomata mainly oblique to mid-
vein, stomata arranged in stomatal bands of
variable length. Outer stomatal ledge aper-
ture distinctly cutinized, oblongate, 14.8—
29.5 um long and 2.5-7.4 (12.3) um wide. Polar
T-shaped cuticular thickness present, strongly
cutinized.

Remarks. Both the morphology of shoots
and the structure of stomata corresponds to
the fossil species Glyptostrobus europaeus
(Brongniart) Unger. Cupressoid type of
Sequoia abietina (Brongniart) Knobloch shoots
is macromorphologically similar to the taxon
under discussion, but differs in having consi-
derably longer epidermal cells.

Glyptostrobus europaeus along with Taxo-
dium Rich. was a dominant component of Neo-
gene swamp forests in Europe (Mai 1995).

Glyptostrobus pensilis (Staunton) K. Koch
is a contemporary counterpart of Glyptostro-
bus europaeus in southern China and Vietnam,
both being distributed along river banks, often
in swampy places, typically occupying small
areas (Henry & McIntyre 1926, Hiép & Vidal
1996).

Occurrence in the fossil floras of
Poland. Glyptostrobus europaeus is a com-
mon component of Neogene floras from Poland.
It has been reported from many localities in
Miocene floras (see Zalewska 1959, Zastaw-
niak et al. 1996) and from one locality of Early
Pliocene age (Ruszéw, Baranowska-Zarzycka
1988).

Glyptostrobus europaeus (Brongniart)
Unger — cones

Pl 1, figs 4,5

Material. KRAM-P 243: B/15, B/16, B/18/1,
B/30.

Description. Cones more or less obovoid,
strongly compressed, 1.4-1.6 cm long and up
to 1.2 cm wide. Cone scales elongated, with
triangular apex.

Remarks. Cones typical of Glyptostrobus
europaeus (Brongniart) Unger.



Glyptostrobus europaeus (Brongniart)
Unger vel Sequoia abietina (Brongniart)
Knobloch

Material. KRAM-P 243: A/3/1,

A/15.

A/B/T,

Remarks. Fragments of cupressoid, coni-
ferous shoots, without cuticular data. It does
not seem to be possible to distinguish shoots
of Glyptostrobus europaeus and Sequoia abie-
tina relying exclusively on the basis of their
morphology.

Sequoia Endl.

Sequoia abietina (Brongniart) Knobloch
Fig. 3: 5; PL. 1, fig. 6, PL. 8, fig. 6, PL 9, figs 1, 2

1822 Phyllites abietina Brongniart; Cuvier, p. 360, pl.
11, fig. 14.

1855 Sequoia langsdorfii (Brongniart) Heer, p. 54, pl.
20, fig. 2, pl. 21, fig. 4.

1964 Sequoia abietina (Brongniart) Knobloch, p. 601.

Material. KRAM-P 243: A/5/1, A/7, A/S,
A/10, A/11/11, A/12, A/14/T1, A/16, A/18, A/19/1,
A/23, A/25, A/217.

Macromorphology. Shoots dimorphous.
Taxodioid shoots bear flat, entire-margined
needles with distinctly marked midvein, up
to 1.6 cm long (only fragments of needles) and
0.13-0.28 cm (commonly 0.15-0.20 cm) wide,
apex mainly acute, base obtuse or cuneate and
decurrent. Needles arranged in one plane on
both sides of shoots. Cupressoid shoots bear
smaller entire-margined needles, up to 0.35 cm
long and 0.6-0.7 cm wide with acute apex and
decurrent base. On the top of shoots, apical
bud often preserved, up to 0.18 cm long.

Micromorphology. Features of epider-
mal cells of cupressoid and taxodioid shoots of
Sequoia from Ruja are similar. Cells of epider-
mis are almost always rectangular, often very
elongate, 73.8-250.0 um long and 9.8-22.1 um
wide. Cell walls thick or very thick, straight,
end walls usually rounded, frequently undu-
late. Cuticle very thick. Hypodermis consists of
rectangular cells, often square, 37.0-147.6 um
long and 17.2-49.2 pm wide. Cell walls of
hypodermis usually straight or rounded, occa-
sionally undulate, cell walls thin (considerably
thinner than epidermal cells). Stomata mono-
cyclocytic, elliptic to elliptic-elongated, 49.2—
71.3 pm long and 34.4-46.7 pm wide. Some
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differences between the above mentioned mor-
photypes could be found in the stomatal ori-
entation and network. Taxodioid shoots have
wide stomatal bands composed of several sto-
matal rows, longer axes of these stomata more
or less parallel to the midvein of needle. Sto-
matal bands of cupressoid type are arranged
in narrow bands, longer axes of stomata are
oblique to midvein. Outer stomatal ledge aper-
ture oblongate (sausage-like), 19.7-34.5 um
long and 2.5-7.4 ym wide surrounded by cuti-
cular crest. Polar T-shaped cuticular thicke-
ning always present, very distinct.

Remarks. Fragments of twigs represent
Sequoia abietina (Brongniart) Knobloch.
Detailed macromorphological shoot description
of S. abietina was included in the monograph
of the fossil flora from Gozdnica (Kvacek in:
Dyjor et al. 1992), where three morphological
types were distinguished: taxodioid, cryptome-
rioid and cupressoid. In the investigated mate-
rial only the taxodioid and cupressoid types
were found.

A distinction between the fossil taxodioid
shoots of Sequoia Endl. and macromorpho-
logically similar shoots of Taxodium Rich. is
the orientation of the longer axes of stomata.
They are perpendicular or slightly oblique to
the longer axis of a needle in Taxodium, while
in the taxodioid shoots of Sequoia abietina the
longer axes of stomata are parallel to the nee-
dle axis.

To distinguish the cupressoid shoots of
Sequoia abietina from the twigs of Glypto-
strobus europaeus (Brongniart) Unger, Sve-
shnikova (1963) considered the proportion of
length to width in the epidermal cells as a fea-
ture distinguishing shoots of Sequoia from
those of Glyptostrobus. In Sequoia cell length
exceeds its width as much as 7-12 times, while
in Glyptostrobus epidermal cell length is only
3—4 times greater than its width. Kovar-Eder
(1996) confirms the presence of such a differ-
ence in case of Sequoia abietina from Bilina
and Oberdorf. This difference is also noticea-
ble in S. abietina and Glyptostrobus europaeus
from Ruja.

Sequoia abietina occurs in Neogene deposits
from Central Europe, and is particularly abun-
dant in the middle part of Neogene (Dyjor et
al. 1992). It is accepted that this tree occurred
mostly in the last stage of the succession of the
coal-forming vegetation (raised bog, facies M,
Schneider 1992), where it typically occupied
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drier places. Fossil remains of Sequoia are
also found in alluvial sediments (Dyjor et al.
1992) therefore Kovar-Eder et al. (2001) con-
sidered it as a prevailing riparian element in
the Miocene flora of Oberdorf.

The fossil Sequoia abietina is compara-
ble to recent S. sempervirens (D. Don) Endl.
from western part of North America. This spe-
cies grows on the slopes of the Coastal Range
Mountains in California (Watson 1993).

Occurrence in the fossil floras of
Poland. Early Miocene — Turéw (Zalewska
1959) and Osieczéw (Raniecka-Bobrowska
1962) as Sequoia langsdorfii (Brongniart)
Heer; Middle Miocene — Rypin (Liaricucka-
Srodoniowa 1957, as S. langsdorfii), Belchatéw
(Stuchlik at al. 1990), Wieliczka (Lancucka-
Srodoniowa & Zastawniak 1997); Late Mio-
cene — Gozdnica (Dyjor et al. 1992), Betchatow
(Worobiec 2003).

Taxodium dubium (Sternberg) Heer vel
Sequoia abietina (Brongniart) Knobloch

PL 1, fig. 2

Material. KRAM-P 244: D/1/11, D/4/1.

Remarks. Specimens macromorphologically
similar both to Taxodium dubium and Sequoia
abietina. Cuticular detail are not preserved
hence identification remains uncertain.

Dicotyledones
Sapindaceae Jussieu

Acer L.

Acer tricuspidatum Bronn sensu Prochazka
& Buzek
Fig. 3: 6; PL 2, figs 1, 2, 5, PL. 9, figs 3, 4

1838 Acer tricuspidatum Bronn, p. 865, pl. 35, figs
10a, b.
1845 Acer trilobatum A. Braun, p. 172.

1975 Acer tricuspidatum Bronn sensu novo, Prochdzka
& Buzek, p. 24, Figs 2, 3, 4d, 5-13, pl. 22, figs
1-7, pl. 23, figs 1-6, pl. 24, figs 1-4.

Material. KRAM-P 243: B/17, B/28, B/29,
D/4/1, D/6, D/8/1, D/11/1, D/11/11; KRAM-P 244:
B/2, B/13, B/19/1, B/22/1.

Macromorphology. Leaves mostly trilo-
bate. Lobe apex attenuate or acute, leaf base
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cordate. Leaf margin simple serrate. Teeth rela-
tively large, upwardly curved (hooked). Apical
side of teeth acuminate or concave, basal side
acuminate, rarely straight, tooth apex rounded
or acute. Secondary veins or branches of them
terminate in teeth apex. Venation actinodro-
mous, perfect, basal, marginal. Primary vein
branched into 3-5-7 branches. Tertiary veins
branched, midway between secondary veins
forming a characteristic network of intercon-
nected veins. Higher order venation more or
less orthogonal reticulate. Areoles well develo-
ped, 0.2-0.4 mm in size.

Micromorphology. Adaxial epidermis
composed of isodiametric or slightly elongated
cells, often quadrangular, with mostly straight
walls, 19.7-56.6 um in size. Abaxial epidermis
composed of isodiametric or elongate cells, over
the veins strongly elongated, with straight or
rounded cell walls, 9.8-34.5 pm in size. Sur-
face of cuticle granular (probably due to pre-
sence of epicuticular wax). Leaves hypostoma-
tic. Stomata anomocytic (seemingly paracytic,
see Hummel 1983), elliptic, rarely rounded,
14.8-24.6 pm in size. Outer stomatal ledge
aperture rather distinct, and of characteristic
elliptic-rectangular shape, 12.3-19.7 um long
and 4.9-12.3 ym wide. On the abaxial epi-
dermis are found very numerous, unicellular,
simple trichomes, 41.8-115.6 pm long with
unicellular, elliptic-elongated trichome base,
9.8-14.8 um in size.

Remarks. The leaves are assigned to Acer
tricuspidatum Bronn sensu Prochazka & Buazek
on the basis of their morphology (trilobate lea-
ves with characteristically serrate margins)
and epidermal structure (the shape of stomata
and the presence of unicellular, simple tricho-
mes on the abaxial epidermis).

Acer tricuspidatum is classified within
sectio Rubra Pax (Walther 1972, Prochazka
& Buzek 1975) and is related to the contem-
porary species A. rubrum L. and A. saccha-
rinum L. (Hantke 1954, Kriusel & Weyland
1959). The epidermal morphology of extant
A. rubrum, A. saccharinum and A. hyrcanum
Frisch. & Mey are comparable with that of fos-
sil A. tricuspidatum (Walther 1972). According
to Kriausel and Weyland (1959) there are no
differences in epidermal structure between
A. tricuspidatum and A. rubrum.

Acer tricuspidatum is known from Cen-
tral Europe from the Middle Oligocene to the
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Pliocene. It was most frequently present dur-
ing the Miocene, when at the end of this epoch
it began to disappear in Central Europe, and
in the Pliocene it still remained in southern
Europe, e.g. in Bulgaria and Italy (Prochazka
& Buzek 1975). This species is considered to
constitute a component of swampy vegetation
in the Neogene of Central Europe (Walther
1972). Kovar-Eder et al. (2001) considered
A. tricuspidatum as a riparian element in the
Miocene flora of Oberdorf.

Occurrence in the fossil floras of
Poland. Early Miocene — Osieczéow (Raniec-
ka-Bobrowska 1962, as Acer trilobatum),
Betchatow (Worobiec 2003); Middle Miocene
— Kokoszyce (Meyer 1919, as Acer triloba-
tum), Dobrzyn on the Vistula River (Kownas
1956, as Acer sp. (Acer trilobatum)), Stare Gli-
wice (Szafer 1961, as Acer trilobatum), Mlyny
(Zastawniak 1980); Late Miocene — So$nica
(Krausel 1921, Walther & Zastawniak 2005);
and Miocene — Pierusza (Krédusel 1921) as Acer
trilobatum; Early Pliocene — Ruszéw (Hummel
1983), Nysa (Krajewska 2001).

Acer sp.
Fig. 6: 1; PL. 2, fig. 7

Material. KRAM-P 243: C/5/111, C/12/111
(counterpart to 243/C/5/1I1), D/24; KRAM-P
244: B/38.

Macromorphology. Entire-margined frag-
ments of leaves with actinodromous basal
venation. Primary vein branched into between
3 and 5 branches. The tertiary venation simi-
lar to genus Acer.

Remarks. The leaves described undoubtedly
belong to maple. Identification to species is
impossible due to the incompleteness of the
specimens.

Acer sp. ex gr. Rubra Pax
Pl 2, figs 3, 6

Material. KRAM-P 243: C/3/1, C/5/IV; KRAM-P
244: B/22/111.

Macromorphology. Maple samaras, 1.5—
2.2 cm long and 0.5-0.9 cm wide (in the widest
place). Samaras have distinct and dense vena-
tion. The seed impression appears elliptic/oblate,
0.6-0.9 cm long and about 0.4 cm wide.

Remarks. The fruits are maple samaras,
probably belong to single species. Their shape
suggests affinity with the samaras of recent
Acer rubrum L.

Betulaceae Gray
Alnus Miller

Alnus julianiformis (Sternberg) Z. Kvacek
& Holy

PL 9, fig. 5, PL 10, fig. 1

1823 Phyllites julianaeformis Sternberg, pp. 37, 39,
pl. 36, fig. 2.

1974 Alnus julianaeformis (Sternberg) Z. Kvacek
& Holy, p. 367, Fig. 1, pl. 1-3, pl. 4, fig. 1.

1998 Alnus julianiformis (Sternberg) Z. Kvacek
& Holy; Zastawniak & Walther, p. 100, Figs 5:
1-17, Figs 6: 1-4, pl. 7, figs 2-5, 7, 9-10, pl. 8,
figs 14, 8, 10.

Material. KRAM-P 243: B/14, B/32.

Macromorphology. Fragments of lea-
ves, up to 3.5 cm long and 2.7 cm wide. Leaf
base obtuse. Leaf margin simple serrate, teeth
small, apical sides of teeth very short, straight
or concave, basal sides long, straight, convex or
acuminate, tooth apex acute. Fine veins arise
from the secondary veins and branch with one
branch terminating in the tooth apex, and the
other terminating in the adjacent sinus. Vena-
tion craspedodromous, with exception of the
lowermost veins which are brochidodromous.
Primary vein straight, moderately thick.
Secondary veins arising from the primary vein
at intervals of about 0.5 cm near leaf base and
forming an angle of about 60° with it near the
leaf base. Secondaries curving upward, lowest
interconnected in loops. Tertiary venation
seems to be weakly percurrent.

Micromorphology. Adaxial epidermis
composed of isodiametric or slightly elonga-
ted cells, 12.3-29.5 um in size with straight,
rounded and fine undulate cell walls. Cuticle
granular (probably epicuticular wax). Abaxial
epidermis composed of more or less isodiame-
tric cells, 14.7-24.6 um in size. Leaves hypo-
stomatic. Stomata anomocytic, wide elliptic to
elliptic, distinctly variably-sized, 17.2—27.0 um
in size. Outer stomatal ledge aperture spindle-
shaped or wide spindle-shaped, 9.8-17.2 pum
long and 3.7-7.4 um wide. On the abaxial epi-
dermis and sometimes on adaxial epidermis



are found multicellular (mostly 4, up to 7 cells)
trichome bases, 18.5-27.0 um in size. Preser-
ved peltate glandular trichomes measured
49.0-60.0 um in diameter.

Remarks. These specimens, with their
distinctive serration, venation pattern and
epidermal structure, were assigned to Alnus
Julianiformis (Sternberg) Z. Kvacek & Holy.
Macromorphologically, the leaves of A. julia-
niformis are similar to A. gaudinii (Heer)
Knobloch & Z. Kvacek, but differ by having
simple craspedodromous venation, symmetric
leaf bases and less cutinised epidermis without
perpendicular cuticular striations around the
stomata (Knobloch & Kvacdek 1976, Zastaw-
niak & Walther 1998). Alnus julianiformis was
a common species in European Neogene floras
(see Hummel 1991), and probably was a com-
ponent of riparian and swamp forests. With
respect to morphology, the most similar con-
temporary species is A. japonica Sieb. & Zucc.
growing in Japan, China and in eastern Rus-
sia (Czeczott 1934). However, it differs from
A. julianiformis in its epidermal structure
(Kvacéek & Holy 1974, Hummel 1991). A. ¢ra-
beculosa Hand.-Mazz., growing in mixed meso-
phytic forests in the Yangtze Valley in China
(Wang 1961), has the epidermis most similar
to that of A. julianiformis (Hummel 1991).
However, it slightly differs in leaf morphology
having rounded or cordate asymmetric bases
and more numerous secondary veins.

Occurrence in the fossil floras of
Poland. Early Miocene — Betchatow (Woro-
biec 1995, 2003); Middle Miocene — Mityny
(Zastawniak 1980); Late Miocene — So$nica
(Knobloch 1971, Zastawniak & Walther 1998);
Early Pliocene — Ruszéw (Hummel 1991).

Alnus menzelii Raniecka-Bobrowska

Fig. 3: 10; P1. 2, fig. 8, PL. 3, fig. 1, PL 7, fig. 1, Pl. 10, figs
2,8, 4

1954 Alnus menzelii Raniecka-Bobrowska, p. 11, Fig.
4, Phot. 11-13.

Material KRAM-P243: B/20,D/13, KRAM-P
244: B/8/11, B/20/1, B/25/1, B/37/1, B/39/1II,
B/42/1, B/44 and B/45 (counterparts), C/6, C/8/
I1, ¢/10, C/11/11, C/13, C/16/11, C/18, C/20/11,
C/22/11, C/25 (counterpart to C/11).

Macromorphology. Leaves up to 7.5 cm
long and up to 6.5 cm wide, leaf base always
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cordate, often asymmetric. Leaf margin doubly
serrate, primary teeth large and so resemble
lobes, secondary teeth much more smaller. Api-
cal and basal sides of teeth acuminate or con-
vex, tooth apex acute or rounded (mostly apex
of secondary teeth). Secondaries terminate in
primary teeth, branches of secondaries termi-
nate in secondary teeth. Preserved petioles
up to 1.5 cm long, sometimes bent and thick.
Venation simple craspedodromous, at the leaf
base often brochidododromous. Primary vein
straight, sometimes curved, of moderate thick-
ness. Up to 13 preserved pairs of secondary
veins were found. First pair of secondary veins
form an angle of 90-110° with primary vein,
next pair 70-90°. In the middle part of leaf
blade this angle decreases to 40-60° (mostly
50-60°). Secondaries slightly curved upward,
arranged at intervals ranging from 0.15-0.20
cm near leaf base to 0.4-1.1 cm in the middle
part of leaf. Tertiary venation percurrent, for-
ming an angle of 135-155° with primary vein;
tertiary veins simple or forked, 5 to 7 (9) per
1 cm of the secondary vein length. Higher—
order venation orthogonal reticulate. Areoles
well developed, about 0.5 mm in size. Veinlets
branched.

Micromorphology. Adaxial epidermis
composed of isodiametric to elongate, variable
shaped cells, 9.8-34.4 um in size. Anticlinal
cell walls mainly straight. Cuticle of adaxial
epidermis usually (but not always) distinctly
striated. Cells of abaxial epidermis of variable
shape, 9.8-39.4 um in size, anticlinal cell walls
straight, rounded or characteristically undu-
late. Leaves hypostomatic. Stomata anomocy-
tic, elliptic, wide elliptic, occasionally rounded,
1627 pm in diameter. Outer stomatal ledge
aperture spindle-shaped or wide spindle-
shaped, distinctly cutinized and sharpened at
the poles, distinctly variably-sized, 7.4-22.1
um long and 2.5-9.8 pm wide. On the abaxial
epidermis, multicellular, mostly 4-, occasio-
nally 3- or 5- celled trichome bases were found.
Glandular, peltate trichome shield 49.2-61.5
um in diameter, trichome bases 19.7-32.0 um
in size.

Remarks. Alnus menzelii Raniecka-Bo-
browska is characterized by leaves always
having cordate and sometimes slightly asym-
metric bases, a doubly serrate leaf margin
and well-marked branches of lateral veins at
the leaf base. Macromorphologically, the leaf
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Fig.5.1—cf. Populus sp., specimen KRAM-P 244/B/3; 2 — Ulmus cf. ruszovensis Hummel, specimen KRAM-P 243/D/3/11; 3 — Salix
cf. kicktonii Weyland, specimen KRAM-P 244/B/8/1; 4 — Zelkova zelkovifolia (Unger) Buzek & Kotlaba, specimen KRAM-P
244/B/43; 5 — Pterocarya paradisiaca (Unger) Ilinskaya, specimen KRAM-P 243/D/3/111; 6, 7, 11 — Ulmus sp.: 6 — speci-
men KRAM-P 244/C/3/1, 7 — specimen KRAM-P 244/B/6/1, 11 — specimen KRAM-P 244/C/14; 8 — Ulmus pseudopyramida-
lis Z. Kvacek & Hably, specimen KRAM-P 244/B/22; 9-10 — ,Castanea” kubinyii Kovats ex Ettingshausen sensu Knobloch
& Z. Kvadek: 9 — specimen KRAM-P 243/D/22, 10 — specimen KRAM-P 243/D/9. Scale bar — 1 cm



remains match exactly to the description of
A. menzelii from the Miocene of Konin (Raniec-
ka-Bobrowska 1954).

Alnus menzelii has only been recorded from
few Neogene fossil floras though according to
Zastawniak and Walther (1998) this species
was rather common (see also Worobiec and
Szynkiewicz 2007). However, leaves of this
species could have been mistaken for those of
other fossil taxa representing the family Betu-
laceae where morphological similarities are
great, e.g. A. kefersteinii (Goeppert) Unger,
Betula brongniartii Ettingshausen, B. prisca
Ettingshausen (Zastawniak & Walther 1998)
or B. macrophylla Heer (Worobiec 2003).

Alnus menzelii was a typical component
of riparian and swampy forests (Zastawniak
& Walther 1998). According to Raniecka-Bo-
browska (1954) Alnus menzelii is the most
similar to two contemporary alder species:
A. serrulata (Ait.) Willd. from forests grow-
ing in the eastern part of North America and
A. subcordata C.A. Meyer from Asia Minor
(Transcaucasia, Iran).

Occurrence in the fossil floras of
Poland. Middle Miocene — Koronowo (as Cory-
lus mac quarri (Forbes) Heer, Menzel 1910,
Raniecka-Bobrowska 1954), Konin (Raniecka-
Bobrowska 1954); Late Miocene — Belchatow
(Stuchlik et al. 1990, Worobiec 2003), Gnojna
(Krajewska 1998), Soénica (Zastawniak
& Walther 1998); Late Miocene/Early Pliocene
— Belchatéw (Worobiec & Lesiak 1998), Early
Pliocene — Ruszéw (Hummel 1983).

Carpinus L.

cf. Carpinus grandis Unger emend. Heer
Fig. 4: 4; Pl. 2, fig. 4

1850aCarpinus grandis Unger, p. 408.

1852 Carpinus grandis Unger, p. 39, pl. 20, figs 4, 5.

1856 Carpinus grandis Unger; Heer, pl. 71, figs 19b,
c—e, pl. 72, figs 2-11, 14, 16, 17, 19, 20, 22-24,
pl. 73, figs 2—4.

Material. KRAM-P 244: B/19/11.

Macromorphology. Leaf fragment, 6.0 cm
long and 3.3 cm wide. Leaf'base probably slightly
cordate. Ten pairs of secondary veins, arranged
oppositely, depart the primary vein at intervals
of about 0.3 cm near leaf base and 0.6—0.9 cm in
the middle part of lamina. Lowermost secondary
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veins form an angle of about 65° with primary
vein and remaining veins about 45°. Lower-
most secondaries branched. Tertiary venation
percurrent. Tertiaries form an angle of ca. 120°
with the primary vein.

Remarks. Leaf fragment most probably
belongs to the species Carpinus grandis Unger
emend. Heer as indicated by the characteristic
venation pattern near the leaf base (comp.
Fig. 4: 4, in this paper with pl. 10, fig. 2a in
Worobiec and Szynkiewicz 2007). Leaves of
Carpinus are common in the Neogene of Cen-
tral Europe and are considered to be a compo-
nent of mesophytic vegetation (comp. Kovar-
Eder 2003).

Occurrence in the fossil floras
of Poland. Early Miocene — Rozewie (Heer
1869), Parowa (Kriusel 1920); Middle Miocene
— Kokoszyce, Stréza, (Reimann 1919), Chodziez
(Zabtocki 1924), Dobrzyn on the Vistula River
(Kownas 1956), Czernica (Raniecka-Bo-
browska 1957), Swoszowice (Ilinskaya 1964),
Stare Gliwice (Zastawniak 1980); Late Mio-
cene — Sos$nica (Goeppert 1855, Reimann 1919,
Lancucka-Srodoniowa et al. 1981, Zastawniak
& Walther 1998), Belchatéw (Stuchlik et al.
1990), Gnojna (Krajewska 1998); Miocene —
Brzeg Dolny, Chroslice, Domaradz, Trzebnica,
Wroéblin, Zielona Goéra, (Reimann 1919), Pie-
rusza (Krausel 1920); Pliocene — Domanski
Wierch (Zastawniak 1972).

Malvaceae Juss. (1789) nom. cons. sensu
APG II 2003

Byttneriophyllum Givulescu ex Knobloch
& Z. Kvacek

Byttneriophyllum tiliifolium (A. Braun)
Knobloch & Z. Kvacéek

Fig. 3: 8, Fig. 4: 1; PL. 3, figs 3-5, P1. 7, fig. 2, Pl. 10, figs 5,
6, PL. 11, figs 1-3

1845 Cordia tiliaefolia A. Braun, p. 170.

1856 Ficus tiliaefolia A. Braun, Heer, pp. 68-69, 108,
pl. 43, fig. 3(?), 6-8, 9(?), 10-11, 12(?), pl. 44, fig.
1-5.

1919 Biittneria aequalifolia (Goeppert) Fr. Meyer,
p- 174, pl. 17, figs 2-4, pl. 26, fig. 12.

1965 Byttneriophyllum tiliaefolium (A. Braun) Knob-
loch & Z. Kvacek, p. 128, pl. 1, figs 1-3, pl. 2, figs
1-2, pl. 3, fig. 2, pl. 4, figs 1-2, pl. 5, figs 1-6, pl.
6, figs 1-3.
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Material. KRAM-P 243: B/18/11, B/24, B/26,
B/27, B/33 (counterpart to B/26), B/35/1, D/14/
II, D/20, D/23, D/26, D/32, D/34 (counterpart
to D/26), D/36, D/38/1, D/39, D/41; KRAM-P
244: B/5/111, B/10/11, B/12/11, B/17/11, B/20/
IT, B/27, B/28/1, B/31, B/33, B/39/1, B/42/1I1,
C/16/1, C/20/1, D/2/1 and D/3/I (counterparts),
D/5, D/33, B/14/1, D/2, D/5.

Macromorphology. Fragments of entire-
margined leaves with attenuate apex and cor-
date, usually asymmetric base. Petiole pulvi-
nate. Venation actinodromous, basal. Primary
vein branched into between 6 and 9 branches.
Secondary veins curve upward, arranged at
wide intervals. Secondary veins and primary
vein branches interconnected in loops. Ter-
tiary venation regularly percurrent, about 3-8
(commonly 4-6) tertiary veins occur per 1 cm of
secondary vein length. Higher order venation
orthogonal reticulate. Areoles well developed,
small, 0.10-0.20 mm in size. Veinlets usually
absent, if present, simple.

Micromorphology. Adaxial epidermis
composed of isodiametric, occasionally slightly
elongated cells, 9.8-24.6 um in size. Anticlinal
cell walls predominantly straight, occasionally
rounded. In respect of cuticle ornamentation
two types of leaves were found: without cuti-
cle ornamentation and with dense, sometimes
hardly visible reticulate ornamentation. On
the adaxial epidermis glandular trichomes,
probably similar type to the clavate-like were
found. They are usually short (exceptionally up
to 37 um long), with unicellular, nearly roun-
ded, trichome base, 12.3-17.2 um in diameter.
Abaxial epidermis consists of variably-shaped,
frequently elongated cells, 9.8-22.1 um in size,
over the veins strongly elongated. Anticlinal
cell walls straight or rounded, occasionally
wide undulate. Leaves hypostomatic. Stomata
anomocytic, rounded to wide elliptic, variably-
sized, 12.3-24.6 um in size. Outer stomatal
ledge aperture usually spindle-shaped, occa-
sionally elliptic, variably-sized, 6.1-16.0 um
long and 2.5-7.4 um wide. Stomatal pore occa-
sionally visible. On the abaxial epidermis two
types of trichomes can be found. Usually most
numerous are stellate trichomes, composed of
6-8 arms, up to 110 um in diameter with irregu-
larly elliptic-oval trichome base, 13.5-29.5 um
in size. Density of stellate trichomes depends
of the leaf: from relatively seldom to very abun-
dant, forming dense cover. Glandular, clavate

trichomes, usually rare, composed of commonly
6, occasionally 5 to 9 cells, measure 22.1-41.8
um long and 14.7-22.0 um wide. One celled
base of clavate trichomes elliptic-rounded,
measure 9.8-14.7 um in diameter.

Remarks. The shape and the venation
of these leaves are characteristic of the
extinct taxon of Byttneriophyllum tiliifolium
(A. Braun) Knobloch & Z. Kvacek. The leaves
are entire-margined, suborbiculate to nearly
orbiculate in shape, often with a cordate,
asymmetric base, with actinodromous vena-
tion and a regular network of tertiary veins.
The abaxial epidermis of these leaves bear
both stellate, trichomes and simple, glandu-
lar, clavate trichomes. The leaves of another
fossil species Dombeyopsis lobata Unger are
similar to Byttneriophyllum tiliifolium. Howe-
ver, Dombeyopsis lobata has mostly lobate
leaves with a less dense and not so regular
network of tertiary veins and areoles approxi-
mately twice as large.

Byttneriophyllum tiliifolium was included
in the family Sterculiaceae (Givulescu 1979,
Sitar & Takac¢ 1993). However, according to
Knobloch and Kvaéek (1965) it may belong to
either the Sterculiaceae or the Tiliaceae, as
leaves with a similar morphology and epider-
mal structure occur in extant genera of these
two families. In the result of contemporary
taxonomic studies Tiliaceae and Sterculiaceae
as well as Bombacaceae and Malvaceae were
merged together into one single family, Mal-
vaceae Juss. nom. cons. (APG II 2003).

Byttneriophyllum tiliifolium has been rec-
ognized as a component of swampy vegetation
in the Neogene flora of Central Europe (Kno-
bloch & Kvaéek 1965), common in Central
Europe during the Middle and Late Miocene
(Zastawniak et al. 1996, Hably and Kovar-
Eder 1996). The species is known to have
occurred in coal-forming communities and has
been found in association with Glyptostrobus
europaeus (Brongniart) Unger and species of
the genera Acer, Alnus, Betula, Cercidiphyl-
lum, Osmunda, Populus, and Salix (Givulescu
1992, Mai 1995, Hably & Kovar-Eder 1996).

Occurrence in the fossil floras
of Poland. Early Miocene — Turéw (Cze-
czott 1967) as ,Ficus” tiliaefolia Heer; Middle
Miocene — Koronowo (Menzel 1910) as Ficus
tiliaefolia A. Br. sp.), Stréza (Krausel 1920) as
Biittneria aequalifolia (Goeppert) Fr. Meyer,



and Trzcianka (Raniecka-Bobrowska 1970),
Betchatéw (Stuchlik et al. 1990); Late Mio-
cene — Betchatéw (Worobiec 2003); Miocene —
Kunice Zarskie (Engelhardt 1877) and Rataje
(Menzel 1910) as Ficus tiliaefolia A. Br., and
Wotéw (Krausel 1919), Zielona Géra (Krausel
1920), Pierusza, Wichéw (Kridusel 1921) and
Smogorzowek, (Raniecka-Bobrowska 1970)
as Biittneria aequalifolia, and Nysa (Kra-
jewska 2001).

cf. Byttneriophyllum tiliifolium (A. Braun)
Knobloch & Z. Kvacek

Material. KRAM-P 243: A/20.

Remarks. Specimen similar to Byttnerio-
phyllum tiliifolium but too poorly preserved
for unambiguous identification.

wFicus” truncata Heer sensu Buzek
Fig. 3: 7; PL. 3, fig. 2, PL. 11, fig. 4

1859 Ficus truncata Heer, p. 183, pl. 152, fig. 15.

1971 ,Ficus” truncata Heer; Buzek, pp. 92-94, Fig.
15, pl. 46, figs 1-9, pl. 47, figs 1-8, pl. 48, figs
1-4.

Material. KRAM-P 244: C/8/1.

Macromorphology. Fragment of leaf,
poorly preserved. Venation actinodromous,
primary vein branched into 6 branches. Ter-
tiary venation weakly percurrent, about 2—4
tertiaries occur per 1 cm of the secondary vein
length.

Micromorphology. Adaxial epidermis
composed of isodiametric or slightly elonga-
ted cells, 19.7-36.9 um in size, over the veins
cells are more elongate. Anticlinal cell walls
wide undulate. Abaxial epidermis consists of
variable-shape cells, 24.6—46.7 pm across with
undulate anticlinal cell walls. Over the veins
cells strongly elongate, up to 56.6 um long.
Leaf hypostomatic. Stomata anomocytic, ellip-
tic, 16.0—-29.5 um in size, cell wall of guard
cells are often invisible. Outer stomatal ledge
aperture commonly spindle-shaped, occasio-
nally elliptic-elongate, strongly variably-sized,
7.4-19.7 uym long and 3.7-11.0 um wide. Some
of stomata (the largest) surrounded by cuti-
cular striations perpendicular to the stomatal
pore. On the abaxial epidermis two types of
trichomes were found. Most numerous were
stellate trichomes, composed of several arms,
with multicellular base of 22.1-36.9 pum in
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size. Glandular, clavate trichomes were occa-
sionally found and composed of usually 4 cells,
36.0—41.8 um long and 12.3-14.7 um wide with
unicellular base, 9.8-12.3 pym in diameter.

Remarks. The leaf fragment is the most
similar to ,Ficus” truncata Heer from Oehnin-
gen (Heer 1859). ,Ficus” truncata is macro-
morphologically similar to Byttneriophyllum
tilitfolium (A. Braun) Knobloch & Z. Kvacek
(Bazek 1971), differing from it in its venation
pattern of the third order. The first authors’
observations show that these taxa also differ
in their epidermal structure. ,Ficus” truncata
from Ruja has 4-celled glandular trichomes,
while similar trichomes of B. tiliifolium are
commonly 6—celled.

SFicus” truncata belongs to the family Mal-
vaceae Juss. nom. cons. sensu APG II 2003
which is evident from macro- and micromor-
phology of its leaves (Kvacek 2006). Recently
Kvacek (op. cit.) found abundant accumula-
tions of leaves of this taxon being associated
with fruits of Reevesia hurnikii Kvacek. It is
very probable that leaves of ,Ficus” truncata in
fact belong to the genus Reevesia, as leaves of
JFicus” truncata matches in their macromor-
phology some species of the genus Reevesia
from SE China (Kvacdek 2006).

Occurrence in the fossil floras of
Poland. Middle Miocene — Belchatow (Stuch-
lik et al. 1990, Worobiec 2003).

cf. ,,Ficus” truncata Heer sensu Buzek
Fig. 3: 4; PL 3, fig. 6

Material. KRAM-P 243: D/27; KRAM-P 244:
B/5/11.

Remarks. Specimens similar to ,Ficus” trun-
cata Heer sensu Buzek but too poorly preser-
ved for unambiguous identification.

Byttneriophyllum tiliifolium (A. Braun)
Knobloch & Z. Kvacek vel ,,Ficus” truncata
Heer sensu Buzek

Material. KRAM-P 244: D/1/1, D/4/11, D/3.

Remarks. Specimens similar both to Bytt-
neriophyllum tiliifolium (A. Braun) Knobloch
& 7. Kvaéek and , Ficus” truncata Heer sensu
Buzek but too poorly preserved for unambi-
guous identification.
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Cercidiphyllaceae Engler

Cercidiphyllum Siebold & Zuccarini

Cercidiphyllum (?) crenatum (Unger)
R. W. Brown emend. Z. Kvacek & Konzalova

Fig. 6: 2; PL 6, fig. 3, PL. 7, fig. 3, PI. 11, fig. 5b

1850aDombeyopsis crenata Unger, p. 448.

1935 Cercidiphyllum crenatum (Unger) R. W. Brown,
p- 575, pl. 68, figs 1, 6, 8-10.

1996 Cercidiphyllum crenatum (Unger) R. W. Brown
emend. Z. Kvacek et Konzalova, pp. 147-155, pl.
1, figs 14, pl. 2, figs 2-8, pl. 3, figs 3-7, pl. 4.

Material. KRAM-P 244: C/12/1.

Macromorphology. Leaf suborbicular,
ca. 5 cm long and 6.5 cm wide, base cordate.
Margin simple serrate or crenate. Apical and
basal sides of teeth convex, tooth apex roun-
ded, teeth about 0.3 cm long. Venation acti-
nodromous, perfect, basal, reticulate. Primary

N

vein branched into 9 branches, near leaf base
vein branches densely covered by tricho-
mes. Tertiary venation percurrent or weakly
percurrent. Higher order venation orthogonal
reticulate. Areoles imperfectly (?) developed,
very large, 1.5-2.0 mm in size. Veinlets multi-
ple branched.

Micromorphology. Adaxial epidermis
composed of isodiametric or slightly elonga-
ted cells, often quadrangular, with straight or
rounded walls, 27.0-44.3 um in size, over the
veins cells elongated and narrow.

Remarks. Suborbiculate leaf with serrate/
crenate margin and characteristic very large
areoles points to fossil Cercidiphyllum crena-
tum (Unger) R. W. Brown emend. Z. Kvacek
& Konzalova. The holotype of the species
described by Unger (1850a) was lost. Kvacek
and Konzalova (1996) on the basis of preserved
specimen from collection from the type locality
of Hoher Rhonen established a neotype and

Fig. 6. 1 - Acer sp., specimen KRAM-P 243/C/12/111; 2 — Cercidiphyllum (?) crenatum (Unger) R. W. Brown emend. Z. Kvaéek
& Konzalova, specimen KRAM-P 244/C/12/1; 3 — Dicotylophyllum sp. 4, specimen KRAM-P 243/D/40; 4 — Dicotylophyllum sp.
2, specimen KRAM-P 244/C/3/II; 5 — Dicotyledones indeterminatae, specimen KRAM-P 243/D/31. Scale bar — 1 cm



prepared an emended diagnosis of C. crena-
tum. Although comparison of Cercidiphyllum
from Ruja with the neotype diagnosis confirms
identification of the genus, some differences
were found. The leaf from Ruja has a dense
cover of trichomes on the basal part of primary
vein branches and more numerous branches of
primary vein (9) in comparison with the neo-
type of C. crenatum. It is possible that Cer-
cidiphyllum from Ruja could represent a new
species, but on the basis of one leaf creation of
a new taxon seems not to be reliable.

Cercidiphyllum crenatum was widely dis-
tributed in the Neogene in Europe (especially
in Miocene), in Asia and North America. It
is considered to be a component of the Neo-
gene fluviatile, moist lowland forest vegetation
(Kvaéek & Konzalova 1996, Kovar-Eder et al.
1998), possibly also of swampy communities
(Kvaéek & Konzalova 1996). Contemporary
C. japonicum, is the only extant descendant of
C. crenatum today growing in Japan and China
in moist valley mountainous forests (Kvacek
& Konzalova, op. cit.).

Occurrence in the fossil floras of
Poland. Early Miocene — Turéw; Middle Mio-
cene — Koronowo, Swoszowice; Miocene — Pie-
rusza, Smogorzéwek (see Hummel 1970, 1975).
More often were found remains of fruits descri-
bed as Cercidiphyllum helveticum Jihnichen,
Mai & Walther (Zastawniak et al. 1996).

Myricaceae Kunth
Mpyrica L.

Mpyrica lignitum (Unger) Saporta sensu lato
Fig. 4: 5; P1. 3, fig. 7, PL. 12, figs 1, 2

1847 Quercus lignitum Unger, p. 113, Pl. 31, figs
5-17.
1865 Mpyrica lignitum (Unger) Saporta, p. 102.

Material. KRAM-P 243: A/2; KRAM-P 244:
B/34/1.

Macromorphology. Fragmentary, elon-
gate leaves, up to 5.2 cm long and 1.5-1.9 cm
wide. Leaf base cuneate and decurrent. Only
entire-margined leaves were found. Petiole up
to 0.5 cm long. Venation brochidodromous. Pri-
mary vein straight, stout. Numerous thin secon-
dary veins run off primary vein at intervals of
0.4-0.8 cm and form an angle of 60-75° with it.
Secondaries curving upward and near the leaf
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margin, interconnecting in loops. Intersecon-
dary veins present, distinct. Tertiary venation
forming a composite network with the interse-
condary veins. Higher order venation random
reticulate.

Micromorphology. Adaxial epidermis
composed of isodiametric or elongated cells,
9.8-34.4 um in size. Anticlinal cell walls
straight, rounded, sometimes slightly undu-
late. Abaxial epidermis consists of irregular-
shaped, frequently elongated cells, 8.6-27.0 um
in size. Anticlinal cell walls rounded or undu-
late. Leaves hypostomatic. Stomata anomocy-
tic, rounded or widely elliptic, 12.3—24.6 um
in diameter. Outer stomatal ledge aperture
elliptic, wide elliptic or rounded, 6.1-12.3 um
in size. Stomatal pore occasionally visible. On
the abaxial epidermis numerous glandular,
entire margined peltate trichomes were found.
Two-celled (exceptionally 4-celled) trichome
base, irregularly-elliptic, 17.2-24.6 ym in size.
Trichome shield multicellular, composed of
radiately arranged cells, 68.9—88.6 um in dia-
meter. Inside a few trichomes were preserved
the remains of resinous secretion.

Remarks. Macro- and micromorphology of
leaf fragments is similar to Myrica lignitum
(Unger) Saporta sensu lato. Their shape, vena-
tion pattern, and epidermal peltate glandular
trichomes with two-celled bases represent cha-
racteristic features. It differs from Myrica joan-
nis Ettingshausen emend. Kovar-Eder in their
entire-margined leaves (Kovar-Eder 1996) and
from M. undulatissima Knobloch & Kvacek
in mostly rounded cell walls of abaxial epi-
dermis and rounded shields of peltate tricho-
mes (Knobloch & Kvaéek 1976). Untypical for
M. lignitum is the presence of only entire-mar-
gined leaves. It is probably due to scarcity of
the material (only two leaf fragments), but it
should not be excluded that discussed Myrica
leaves possibly represent some other species,
most probably that of M. integerrima Krausel
& Weyland.

Fossil leaves of Myrica are macromorpholo-
gically very similar to fossil leaflets of the genus
Engelhardia Lesch. ex Bl. (Juglandaceae). The
differences in leaves between this two genera
are asymmetrical shape of Engelhardia leaflets
that are mostly distinctly smaller than Myrica
leaves and the one-celled bases of peltate glan-
dular trichomes on the abaxial epidermis in
Engelhardia.
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Myrica lignitum is a common element of Neo-
gene fossil floras, an indicator of the presence
of swampy vegetation. In respect of morphology
the species resembles several representatives
of the genus Myrica from North America, east
Asia, or even tropical mountain forests from
Africa (Ilinskaya 1964, Knobloch 1969).

Occurrence in the fossil floras of
Poland. Early Miocene — Belchatéw (Woro-
biec 1995, Worobiec 2003); Middle Miocene —
?Dobrzyn on the Vistula River (Kownas 1956),
Swoszowice (Ilinskaya 1962, 1964); Late Mio-
cene — Belchatéw (Stuchlik et al. 1990, Wgjci-
cki & Zastawniak 1998, 2003, Worobiec 2003);
Early Pliocene — Ruszéw (Hummel 1983). In
the opinion of Knobloch and Kvadek (1976)
fossil leaves reported as Myrica pseudoligni-
tum Kréausel & Weyland from Stare Gliwice
by Szafer (1961) belong to Buxus pliocenica
Saporta. Leaves of Myrica from Dobrzyn on
the Vistula River (Kownas 1956) reported as
M. amissa Heer and M. studeri Heer most pro-
bably belong to M. lignitum.

cf. Myrica lignitum (Unger) Saporta
sensu lato

Pl 3, fig. 8

Material. KRAM-P 243: B/4 and B/9 (coun-
terparts); KRAM-P 244: B/26/I1.

Remarks. Fragments of leaves similar to
Myrica lignitum. Their poor state of preserva-
tion (no cuticular data) precludes unequivocal
assignment.

Salicaceae Mirbel
Populus L.

Populus populina (Brongniart) Knobloch
Fig. 3: 9, 11; PL. 6, fig. 2, PL. 12, figs 3, 4, PL. 13,

fig. 1
1822 Phyllites populina Brongniart, p. 237, pl. 14,
fig. 4.
1836 Populus latior A. Br.; A. Braun in Buckland,
p- 512.
1964 Populus populina (Brongniart) Knobloch,
p. 601.

Material. KRAM-P 244: B/6/11, B/15/1, B/32.

Macromorphology. Fragments of lea-
ves with acute or attenuate apex and simple

serrate margin. Teeth straight or hook-shaped,
variable spaced, apical side of tooth concave,
basal side of tooth straight, concave or acumi-
nate, tooth apex from rounded (near leaf base)
to acute or even attenuate (in the upper part of
leaf). Branches of secondary veins terminate in
secondary tooth apex. Venation semicraspedo-
dromous. Primary vein straight, stout. Secon-
dary veins run off primary vein at intervals of
1.4-2.0 cm and form an angle of about 40-60°
with it. Secondaries curved upward, strongly
branched. Intersecondary veins present. Ter-
tiary venation composite intersecondary or
weakly percurrent. Higher order venation ran-
dom reticulate.

Micromorphology. Adaxial epidermis
composed of isodiametric or slightly elon-
gated cells, 14.8-36.9 um in size. Anticlinal
cell walls predominantly straight. Over the
veins cuticle with epicuticular wax coating or
reticulate ornamentation. Abaxial epidermis
consists of irregular-shaped, isodiametric or
slightly elongated cells, 12.3—32.0 pm in size.
Anticlinal cell walls frequently bent, some-
times rounded or even straight. Leaves hypo-
stomatic. Stomata characteristically quadran-
gular (frequently rectangular), 19.7-44.2 um
in size. Stomata are surrounded by stout
striae. Outer stomatal ledge aperture from
narrow to wide spindle-shaped, occasionally
narrow elliptic, 7.4-22.1 um long and 3.7-
9.8 um wide, surrounded by perpendicular,
very stout and bent striae. On the abaxial
epidermis trichome bases, unicellular, irregu-
larly-elliptic, 7.4-12.3 um in size, surrounded
by 5—6 cells were found.

Remarks. Leaf margin with straight or
hook-shaped teeth with acute apex and stron-
gly cutinized and with cuticular ornamentation
abaxial epidermis of leaf are characteristic of
fossil poplar Populus populina (Brongniart)
Knobloch.

In the respect of macromorphological and
especially micromorphological features the
most similar extant species are two contem-
porary species from the section Leuce Duby,
Populus alba L. and Populus tremula L (Kno-
bloch & Kvacek 1976).

Occurrence in the fossil floras
of Poland. Middle Miocene — Kokoszyce
(as Populus latior A. Br., Meyer 1919), Swo-
szowice (as cf. Populus latior A. Br., Ilinskaya
1962, 1964), Ruszéw (Hummel 1983).



cf. Populus sp.
Fig. 5: 1; Pl. 6, fig. 1, P1. 13, figs 24

Material.  KRAM-P 244: B/3, B/7, B/12/1, B/16.

Macromorphology. Fragments of large
leaves of probably suborbiculate or very
wide ovate shape. Preserved fragments up to
9.3 cm long (presumably length of whole leaf
14-18 cm), and up to 7.5 cm wide (presumably
width of whole leaf about 14 cm). Leaf mar-
gin not preserved. Venation pinnate. Primary
vein straight, very stout (up to 0.2 cm wide!).
Secondary veins diverging from primary vein
at intervals of 1.7-3.5 cm and forming an
angle of about 50-60° with it. Secondaries
curve upward, produce numerous branches,
lowermost veins produce pectinal veins. Inter-
secondary veins present, usually numerous.
Tertiary venation composite intersecondary or
weakly percurrent, forming an angle of about
90-110° with primary vein. About 6 tertiaries
occur per 1 cm of the secondary vein length.
Higher order venation orthogonal reticulate.

Micromorphology. Poorly preserved rests
of adaxial (?) epidermis with cuticular reticu-
late ornamentation. Abaxial epidermis consists
of frequently quadrangular, occasionally poly-
gonal cells, 17.2-46.7 pm in size. Anticlinal
cell walls minute bent or undulate. Stomata
elliptic, narrow elliptic, occasionally wide ellip-
tic, 22.1-34.4 um in size. Outer stomatal ledge
aperture narrow spindle-shaped or spindle-
shaped, strongly cutinised, 17.2-29.5 um long
and 2.5-12.3 um wide. On the abaxial epider-
mis traces of structures resembling papillae
were found. On the fragment of undetermined
epidermal layer rosettes of crystalloids of epi-
cuticular wax were found.

Remarks. Fossil leaf fragments similar to
members of genus Populus, but too poorly pre-
served to be unambiguously assigned to a spe-
cific taxon. Populus balsamoides Goeppert
shows certain similarity to the discussed leaf
remains (Kovar-Eder, pers. comm.).

Salix L.

Salix hausruckensis Kovar-Eder
Fig. 4: 2, 3; Pl 4, figs 4, 6, P1. 13, figs 5-7, PL. 14, figs 1, 2
2001 Salix hausruckensis Kovar-Eder; Kovar-Eder

& Wojcicki, pp. 229-232, Fig. 3: 10; pl. 2, figs
1-10, pl. 5, figs 1-8, pl. 6, fig. 12.
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Material. KRAM-P 243: A/3/I, B/1 and
B/2 (counterparts), B/3/I, B/7 and B/8 (coun-
terparts), B/10, B/11, B/19, B/22, B/31, B/34;
KRAM-P 244: B/23, B/36, C/11/1, C/22/1, C/26.

Macromorphology. Fragments of most
probably coriaceous leaves, up to 7.7 cm long
(presumably length of whole leaf 10 cm), and
6 cm wide (presumably width of whole leaf up
to 8 cm). Leaf base cordate or slightly cordate,
asymmetric. Leaf margin simple serrate, api-
cal sides of teeth very short convex, basal sides
long, acuminate, convex. Tooth apex usually
rounded, occasionally acute. Secondary veins
branches terminate in sinuses between teeth,
this branches prolongate to the tooth apex.
Venation brochidodromous. Primary vein
more or less straight, rather stout (up to 0.10—
0.15 cm wide). Secondary veins, considerably
thinner than primary vein, run off primary
vein at intervals of 0.5-1.6 cm and form an
angle of about 55-80° (commonly 60-70°) with
it. Secondaries curve upward, near leaf margin
strongly, and run almost parallel to the leaf
margin, interconnected in loops. Intersecon-
dary veins almost always present, from few to
numerous, reach half of the distance from the
primary vein to leaf margin. Tertiary venation
near primary vein composite intersecondary,
towards leaf margin regularly percurrent, form
an angle of 90-110° (commonly 100-110°) with
primary vein. About 5 to 6 tertiaries occur per
1 cm of the secondary vein length. Higher order
venation random reticulate, marginal ultimate
venation most probably looped.

Micromorphology. Both epidermis stron-
gly cutinised. Adaxial epidermis composed of
isodiametric or slightly elongated cells, 8.6—
39.4 um in size. Anticlinal cell walls straight,
occasionally rounded. Cuticle sometimes with
striae ornamentation. Sometimes scarce layer
of granular epicuticular wax is visible. Abaxial
epidermis consists of isodiametric or slightly
elongated cells, 11.0-34.5 ym in size. Anticli-
nal cell walls straight, rounded, exceptionally
undulate. Almost always, often very abundant
layer of granular epicuticular wax is visible on
the cuticle of abaxial epidermis. Large stomata
surrounded by radial striae. Leaves hypostoma-
tic. Stomata predominantly brachyparacytic,
besides anomocytic, anisocytic and, especially
largest stomata, cyclocytic, narrow elliptic to
elliptic, sometimes nearly rounded, 12.3-29.5
(37.0) um in size. Outer stomatal ledge aperture
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from wide to narrow spindle-shaped, occasio-
nally elliptic, strongly cutinized and variably-
sized, (7.4) 8.6-25.8 (27.0) um long and 2.5-12.3
(14.8) um wide. On the abaxial epidermis, tri-
chome bases, unicellular, elliptic to rounded,
6.1-12.3 (14.8) um in size, surrounded by 4-8
cells were found. The trichomes on the abaxial
epidermis could be completely absent to rather
abundant (this case rather rare). On the ada-
xial epidermis the same type of trichomes were
found, but very rare.

Remarks. Broad-leaved members of genus
Salix are not very common in the Palaeogene
and Neogene of Europe. Leaves of willow from
Ruja match very well only with fossil Salix
hausruckensis Kovar-Eder recently described by
Kovar-Eder and W¢jcicki (2001) from the Late
Miocene flora from Hinterschlagen in Austria.
Besides its broad leaves, it has typical structure
of abaxial epidermis (stomata of mixed type:
brachyparacytic, besides anomocytic, anisocytic,
and cyclocytic). Due to lack of preserved petio-
les, presence of petiolar glands, characteristic of
Salix hausruckensis (Kovar-Eder & Wéjcicki op.
cit.) could not be confirmed.

Kovar-Eder and Wqjcicki (op. cit.) consid-
ered contemporary Florida Willow, Salix flori-
dana Chapman as the most similar to the fossil
S. hausruckensis. S. floridana is considered as
subtropical, prequaternary relic (Kovar-Eder
& Wojcicki 2001). Today it grows in swamps
and along rivers in the southern Georgia and
in the northern and central Florida occupying
only limited few disjunctive areas being there-
fore placed on the list of endangered plants of
USA (USDA, NRCS 2004).

Occurrence in the fossil floras of
Poland. To date this species have not been
reported from the Palaeogene and Neogene of
Poland.

Salix cf. kicktonii Weyland
Fig. 5: 3; PI. 4, fig. 8

? 1934 Salix kicktonii Weyland, p. 42, pl. 2, fig. 1.

Material. KRAM-P 244: B/8/I, B/34/11.

Macromorphology. Fragments of elonga-
ted leaves, up to 7.0 cm long, and 2.8 cm wide.
Leaf base cordate, asymmetric. Leaf margin on
the preserved fragments entire, uneven. Petiole
bent, about 1 ¢m long. Venation brochidodro-
mous. Primary vein straight, stout. Secondary

veins, considerably thinner than primary vein,
run off primary vein at intervals of 0.5-0.7 cm.
Secondaries curve upward, near leaf margin
strongly (almost parallel to the leaf margin),
interconnected in loops. Intersecondary veins
present, distinct, frequently numerous. Ter-
tiary venation near primary vein composite
intersecondary, towards leaf margin regularly
percurrent, form an angle of about 100-110°
with primary vein.

Remarks. The characteristic cordate leaf
base of the above described leaf allowed its
comparison to Salix kicktonii Weyland. Yet,
due to the poor state of preservation it could
not be unambiguously assigned to this particu-
lar species. The another species of willow with
cordate base, S. holzeri Kovar-Eder & Krainer
differs from leaf from Ruja in having simple
serrate leaf margin (Kovar-Eder & Krainer
1991). Salix kicktonii only rarely were reported
from Palaeogene and Neogene floras of Europe
and considered as riparian element (Kramer
1974 in: Belz & Mosbrugger 1994).

Occurrence in the fossil floras of
Poland. To date similar leaf remains have
not been reported from the Palaeogene and
Neogene of Poland.

Salix varians Goeppert sensu lato
Fig. 4: 6; Pl. 4, figs 3, 5, PL. 14, figs 3, 4

1855 Salix varians Goeppert, p. 26, pl. 19, figs 17, 18,
pl. 20, fig. 1.

Material. KRAM-P 243: A/6/1, A/17, A/24,
C/1, C/4/11, C/5/1, C/511, C/6, C/7, C/8, C/10,
C/12/1, C/12/11, C/14; KRAM-P 244: B/4, B/9/I,
B/14/11, B/17/1, B/35, B/40/1, B/41/1, B/42/11,
B/46.

Macromorphology. Fragments of oblon-
gate or lanceolate leaves, up to 7.8 cm long,
and 1.2-2.8 cm wide. Leaf base mostly obtuse,
sometimes decurrent. Leaves entire-margined
(in this case occasionally revolute), uneven,
undulate margin, or simple serrate. Apical
sides of teeth very short concave, basal sides
convex or acuminate. Tooth apex acute or
rounded. Secondary veins branches termi-
nate in sinuses between teeth. Petiole up to
1.3 cm long, bent. Venation brochidodromous.
Primary vein straight, rather stout, up to
0.13 cm wide. Secondary veins, considerably
thinner than primary vein, run off primary



vein at intervals of 0.3-1.5 ¢cm and form an
angle of about 40-80° (90°, commonly 60-70°)
with it, this angle decreases towards leaf apex.
Secondaries curving upward, near leaf margin
strongly (almost parallel to the leaf margin),
interconnected in loops. Intersecondary veins
present, frequently numerous, reach half of the
distance from the primary vein to leaf margin.
Tertiary venation near primary vein composite
intersecondary, towards leaf margin regularly
percurrent, forming angles of 100-110° (com-
monly 110°) with primary vein. Higher order
venation reticulate.

Micromorphology. Adaxial epidermis
composed of regular-shaped, isodiametric,
occasionally elongated cells, polygonal, excep-
tionally quadrangular, 7.4-22.1 (entire-mar-
gined leaves) and 14.8-29.5 (serrate leaves)
um in size. Anticlinal cell walls predominately
straight, occasionally rounded. Cuticle without
or with striae ornamentation, sometimes epi-
cuticular wax remnants were present. Abaxial
epidermis consists of isodiametric or elonga-
ted cells, less regular in shape than adaxial
epidermis, 9.8-27.0 pm in size. Anticlinal
cell walls straight or rounded. Layer of gra-
nular epicuticular wax is usually visible on
the cuticle of abaxial epidermis, occasionally
very abundant and thus making the outlines
of epidermal cells almost invisible. Leaves
hypostomatic. Stomata almost always brachy-
paracytic, exceptionally cyclocytic or anisocy-
tic (largest stomata), from narrow elliptic to
nearly rounded, 12.3-29.5 um in size. Outer
stomatal ledge aperture from narrow to wide
spindle-shaped, occasionally elliptic, strongly
cutinized and dual, strongly variably-sized,
6.1-22.1 pm long and 2.5-12.3 pm wide. On
the abaxial epidermis, trichome bases, unicel-
lular, elliptic to rounded, 4.9-9.8 um (entire-
margined leaves) and 9.8-17.2 um (in serrate
leaves) in size, surrounded by 5-10 cells were
found. On the adaxial epidermis the similar
type of trichomes were found.

Remarks. The macro- and micromorphology
of the leaf remains allowed their identification
as Salix varians Goeppert (Knobloch & Kvacek
1976, Mai & Walther 1978, Belz & Mosbrugger
1994, Kovar-Eder & Meller 2003). This willow
shows a considerable morphological variation
in leaves (Krajewska 1998) and in the present
author’s opinion it is very probable that in
fact Salix varians could constitute a collective
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species (sensu lato) of several taxa with similar
morphology. Clearly, the differences in epider-
mis micromorphology are visible (see above).

Salix varians is a common species in the
Palaeogene and Neogene floras of Europe from
the Oligocene to the Pliocene (Krajewska op.
cit.). It is usually compared with the extant
Eurasian species of S. fragilis L. and S. #ri-
andra L. Similar structure of epidermis is
reflected in the contemporary S. bonplandiana
H. B. K. from Central America (Buzek 1971,
Krajewska 1998).

Occurrence in the fossil floras
of Poland. Middle Miocene — Malczyce
(as Salicites dubius Goepp., Goeppert 1852,
Meyer 1919), Kokoszyce, Stréza (Krausel
1920), Dobrzyn on the Vistula River (Kownas
1956), Stare Gliwice (Szafer 1961); Late Mio-
cene — So$nica (as S. varians Goepp., S. wim-
meriana Goepp., S. arcuata Goepp., S. acutis-
sima Goepp., S. arguta Goepp., Goeppert 1855,
Meyer 1919), Betchatéw (Stuchlik et al. 1990),
Gnojna (Krajewska 1998); Miocene — Trzeb-
nica (Pax 1907), Ruprechtéw (Kriusel 1920),
Pierusza, Pogalewo Wielkie, Smogorzéwek
(Juhnke 1931).

Salix sp. 1
Pl 4, fig. 2, Pl. 14, figs 5, 6

Material. KRAM-P 243: A/5/11, A/11/1, A/14/1
(counterpart to A/5/1I).

Macromorphology. Leaf fragments, up
to 5.5 cm long and 2.6 cm wide. Leaf margin
simple serrate. Teeth 1.2-2.0 mm long and
0.3—-0.4 mm high. Apical side of teeth concave,
basal side convex or acuminate, rarely straight,
tooth apex rounded or acute. Secondary veins
or branches of them terminate in sinuses
between teeth. Venation brochidodromous.
Secondary veins curve upward, interconnected
in loops, arranged at intervals 0.3-0.6 cm and
form an angle of about 55° with primary vein.
Intersecondary veins present, weakly develo-
ped. Tertiary venation weakly percurrent or
composite intersecondary.

Micromorphology. Adaxial epidermis
composed of polygonal, frequently slightly elon-
gated cells, with mostly straight, occasionally
rounded cell walls, 19.7-49.2 um in size. Cuti-
cle softly and densely striated. Abaxial epider-
mis composed of irregular-shaped cells, over
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the veins frequently elongated, with straight
or rounded cell walls, 27.0-44.3 pm in size.
Surface of cuticle with characteristic reticulate
ornamentation. Leaves hypostomatic. Stomata
usually brachyparacytic, occasionally anomo-
cytic, elliptic, elongate elliptic, 14.8-33.0 um in
size. Stomata were often surrounded by striae
perpendicular to them. Outer stomatal ledge
aperture spindle-shaped or narrow spindle-
shaped, 9.8-22.1 um long and 2.5-7.4 (9.8) um
wide. On the abaxial epidermis occasionally
were found unicellular, trichome bases, about
17 ym in diameter, surrounded by a few cells.

Remarks. Leaf margin, leaf venation and
mainly paracytic stomata point to the genus
Salix L. Epidermal structure suggests that it
is possibly a new species of Salix but the poor
state of preservation of leaf macromorphology
in this case excluded any accurate compari-
son with fossil and contemporary taxa and the
erection of a new species.

Salix sp.

Material. KRAM-P 243: A/21,
KRAM-P 244: B/37/111, C/9/11.

B/3/111,

Remarks. Fragments of willow leaves. Their
poor state of preservation (no cuticular data)
precludes an unequivocal assignment to the
species level.

Juglandaceae Perleb
Pterocarya Kunth

Pterocarya paradisiaca (Unger) Ilinskaya
Fig. 5: 5; Pl. 4, fig. 7, Pl. 14, fig. 7, PL. 15, fig. 1

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

1897 Pterocarya castaneifolia (Goeppert) Schlechten-
dal, p. 22, pl. 5, figs 1-3b, pl. 6, figs 5-6.

1962 Pterocarya paradisiaca (Unger) Ilinskaya,
p- 104.

Material. KRAM-P 243: D/2/II1 and D/3/1I1
(counterparts).

Macromorphology. Almost completely
preserved one narrow ovate leaflet, 7.3 cm long
and 2.5 cm wide with attenuate apex. Leaflet
margin serrate, only one tooth preserved with
acute apex. Venation probably semicraspedo-
dromous. Primary vein straight of moderate
thickness. Secondary veins, preserved in 10
pairs, depart the primary vein at intervals

of about 0.4-0.5 cm near leaflet base and
0.8-1.1 cm in the middle part of lamina, form
an angle of 50° (near leaf base 60-70°) with
the primary vein. Secondary veins upwardly
curved and interconnected in loops. Only one
intersecondary vein was found. Higher order
venation reticulate.

Micromorphology. Adaxial epidermis
composed of isodiametric or especially over
the veins elongated cells, rather irregular,
12.3-36.9 um in size, with straight or rounded
anticlinal cell walls. Abaxial epidermis con-
sists of mainly elongated cells, 19.7-44.3 um in
size, with undulate anticlinal cell walls. Cuti-
cle apparently finely granulate. Leaflet hypos-
tomatic. Stomata anomocytic, elliptic to wide
elliptic, 19.7-41.8 um in size. Outer stomatal
ledge aperture elliptic, considerable cutinized
and distinctly variably-sized, 9.8-24.6 um long
and 7.4-14.8 um wide. On the abaxial epider-
mis scattered, glandular, peltate trichomes
with unicellular (exceptionally two-celled),
elliptic-rounded, strongly cutinised, 17.2-22.1
pm in diameter trichome bases were found.
Only one preserved trichome shield have about
110 pm in diameter.

Remarks. The pattern of venation and pel-
tate glandular trichomes with one-celled bases
points to species Pterocarya paradisiaca (Unger)
Ilinskaya. Carya serrifolia (Goeppert) Krausel
is macromorphologically similar to P. paradi-
siaca but differs in branched secondary veins
having craspedodromous endings (comp. Hum-
mel 1983, Manchester 1987). Leaflets of Ptero-
carya differ from those of another fossil genus
Cyclocarya Ilinskaya, in their widely distributed
teeth and the absence of looping at marginal
tertiary veins as well as from leaflets of genus
Platycarya in their semicraspedodromous vena-
tion (Manchester op. cit.).

Pterocarya paradisiaca is a frequent com-
ponent of riparian communities in the Pal-
aeogene and Neogene vegetation of Kurasia,
known from the Late Oligocene to the Late
Pliocene (Zastawniak et al. 1996).

The fossil species Pterocarya paradisiaca
is similar to the contemporary P. fraxinifo-
lia Spach (Ilinskaya 1968, Knobloch 1969),
distributed in the Euxine-Hyrcanian forests
of Anatolia, Transcaucasia and the southern
shores of the Caspian Sea (Hyrcanian region)
where it grows along river and stream valleys
in riparian forest (Boratyriski & Boratynska



1975, Akhani & Salimian 2003). It is a char-
acter-species of Pterocaryo-Alnetum glutinosae
riparian forests of the central Caspian coast
being frequently associated with Acer veluti-
num, Alnus glutinosa, Carpinus betulus,
Fraxinus excelsior, Parrotia persica, Zelkova
carpinifolia, and (Rastin 1983).

Occurrence in the fossil floras of
Poland. Early Miocene — Turéw (Czeczott
& Skirgietto 1961); Middle Miocene — Swoszo-
wice (Ilinskaya 1962), Stare Gliwice, Miyny,
Stawiany, (Zastawniak 1980); Late Miocene —
Sosnica (Meyer 1919) as Pterocarya castaneifo-
lia (Goeppert) Schlecht., and Betchatéw (Stuch-
lik et al. 1990, Wéjcicki & Zastawniak 1998,
2003, Worobiec 2003), Stare Bystre (Worobiec
1994); Miocene — Wotéw (Krausel 1920) as
Pterocarya castaneifolia; Pliocene — Domanski
Wierch (Zastawniak 1972).

Fagaceae Dumortier
(?) Castanea Miller
sCastanea” kubinyii Kovats ex Ettingshau-

sen sensu Knobloch & Z. Kvadéek
Fig. 5: 9, 10; PL. 5, fig. 3, PL 7, fig. 4, Pl. 15, fig. 2

1851 Castanea kubinyi Kovats, p. 178, nomen
nudum.

1852 Castanea kubinyi Kovats; Ettingshausen, p. 6,
pl. 1, fig. 12.

1976 Castanea kubinyi Kovats ex Ettingshausen;
Knobloch & Kvadek, pp. 35-38, Fig. 13, 14, pl.
16, figs 7-9, pl. 18, figs 1, 4-10, pl. 23, figs 4, 6,
8-11, pl. 31, fig. 7.

Material. KRAM-P 243: D/1, D/4/11, D/7,
D/8/11, D/9, D/10, D/12, D/15, D/16/1, D/16/11
(counterpart to D/15), D/19, D/21, D/22, D/29,
D/30/1, D/30/11, D/37, D/38/11, D/40/1.

Macromorphology. Fragments of lea-
ves, up to 9.5 cm long and 6.4 cm wide. Leaf
apex attenuate, occasionally acute, leaf base
obtuse, sometimes nearly rounded. Leaf mar-
gin regularly simple serrate, teeth moderate
or large, apical sides of teeth concave, basal
sides concave, occasionally acuminate, tooth
apex always acute, passing into a bristle
which constitutes a spinose tooth termination
reaching up to 0.1 cm long. Secondary veins
terminate in tooth apex passing into a bristle.
The longest preserved petiole is 0.8 cm long.
Venation generally simple craspedodromous,
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only at the leaf base lowermost pair of secon-
dary veins interconnected in loops. Primary
vein mostly straight or slightly curved, of
moderate thickness or thick. Up to 11 pairs
of secondary veins preserved, depart pri-
mary vein at intervals 0.6-1.4 cm and form
an angle of 35-60° with primary vein. Secon-
daries straight, rarely slightly curve upward,
lowest secondaries first curved downward
next upward and interconnected in loops. Ter-
tiary venation percurrent, forming an angle of
120-140° (commonly 130°) with primary vein,
5 to 8 occur per 1 cm of the secondary vein
length. Higher order venation orthogonal reti-
culate. Areoles well developed, 0.3—0.6 mm
(commonly 0.45-0.50 mm). Veinlets present,
frequently multiple branched.

Micromorphology. Adaxial epidermis
composed of mostly quadrangular, sometimes
polygonal, over the veins elongated cells, 17.2—
35.7 um in size. Anticlinal cell walls straight.
Abaxial epidermis consists of variably shaped,
frequently elongated cells, 17.2-36.9 um in
size. Anticlinal cell walls undulate, occasio-
nally strongly undulate. Leaves hypostomatic.
Stomata anomocytic, from elliptic to rounded,
18.5-27.0 pm (commonly 20-25 pm) in size.
Outer stomatal ledge aperture narrow elliptic-
oblongate, occasionally elliptic, exceptionally
spindle-shaped, 7.4-14.8 um long and 3.7—
6.2 um wide. Stomatal pore usually visible.

Remarks. The leaves have a leaf margins
and venation pattern characteristic of several
fossil species from the family Fagaceae such
as Castanea atavia Unger, C. gigas (Goeppert)
Ilinskaya, C. kubinyii Kovats ex Ettingshau-
sen, Quercus kubinyi (Kovats ex Ettingshau-
sen) Czeczott, and @. gigas Goeppert emend.
Walther & Zastawniak. Morphologically, they
are identical to . gigas. However, they differ
in their epidermal structure since Q. gigas has
numerous stellate trichomes in abaxial epider-
mis, whereas leaves from Ruja completely lack
them. This epidermal structure is typical for
leaves of ,,Castanea” kubinyii Kovats ex Ettings-
hausen sensu Knobloch & Z. Kvacek (Knobloch
& Kvacek 1976, Worobiec 2003). The authors
share the opinion of others that it is not pos-
sible to distinguish fossil leaves representing
the genera Quercus and Castanea solely on the
basis of either their morphology or anatomy
(Ferguson 1971, Knobloch & Kvacek 1976).
Hence for this reason, it is unclear whether the
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leaves of ,,Castanea” kubinyii belong to oak or
chestnut. Therefore the combination Quercus
kubinyi (Kovats ex Ettingshausen) Czeczott
proposed by Czeczottowa (1951) should not be
considered as a valid one.

Leaves of ,Castanea” kubinyii determined on
the basis of anatomical studies were reported
also from the Early Miocene of Wackersdorf
(Knobloch & Kvacek 1976) and western Czech
(Buzek et al. 1996), the Miocene of southern
Czech (Knobloch & Kvaéek 1996), the Pliocene
of Hungary (Hably & Kvacek 1997) and the
Late Miocene of Hinterschlagen in Austria
(Kovar-Eder & Wojcicki 2001). Fossil leaves
described by Ferguson (1971) from Kreuzau (as
form XIV, type Castanea atavia Unger), that
were assigned by Knobloch and Kvacek (1976)
to the species ,Castanea” kubinyii, represent
Quercus gigas (Worobiec 2003). The range of
occurrence of ,,Castanea” kubinyii in the Neo-
gene of Kurope was certainly much larger
because morphologically its leaves are identical
with those of the genera Castanea and Quer-
cus being therefore easily mistaken for other
fossil leaf species of the family Fagaceae.

Occurrence in the fossil floras of
Poland. Early Miocene of Betchatéw (Woro-
biec 1995, 2003).

Nyssaceae Dumortier
Nyssa Gronov. ex L.

Nyssa ornithobroma Unger
Pl 5, fig. 1

1861 Nyssa ornithobroma Unger, p. 16, pl. 8, figs
15-18.

Material. KRAM-P 244: C/27: 8 endocarps.

Macromorphology. Endocarps of elliptic-
ovate shape, 1.1-1.6 cm long and 0.5-0.8 cm
wide. Surface of endocarp impression shows
regular longitudinal parallel wrinkles.

Remarks. Characteristic shape of the endo-
carps indicates that these specimens belong
to Nyssa ornithobroma Unger. This taxon was
common in the Neogene of Central Europe. The
occurrence of Nyssa L. indicates the presence of
swamp vegetation (Worobiec 2003). Nyssa orni-
thobroma has no contemporary equivalent, sho-
wing only some similarity to N. sinensis Oliv.
and N. ogeche Marsch. (Mai & Gregor 1982).

Occurrence in the fossil floras of
Poland. Early Miocene — Belchatéow (Stuch-
lik et. al. 1990, Worobiec 1995, 2003); Miocene
— Zielona Goéra (Engelhardt 1892); Pliocene —
Belchatow (Wéjcicki & Zastawniak 1998).

Ulmaceae Mirbel

Ulmus L.

Ulmus pseudopyramidalis
7. Kvacéek & Hably

Fig. 5: 8; PL. 5, fig. 6

1991 Ulmus pseudopyramidalis Z. Kvacek & Hably,
p- 56, pl. 6, fig. 1.

Material. KRAM-P 244: B/22/11.

Macromorphology. Leaf 6.2 cm long and
3.3 cm wide with serrate margin. Teeth large.
Both apical and basal sides of teeth mostly
acuminate, occasionally convex. Tooth apex
acute. Secondary vein enter the nearest tooth
and terminate in tooth apex. Venation simple
craspedodromous. Primary vein straight, of
moderate thickness. Secondary veins preser-
ved in 12 pairs, run off primary vein at inter-
vals of 0.3-0.7 cm and form an angle of about
45-50° with it. Secondaries straight or slightly
curve upward, frequently dichotomous bran-
ched, some branches terminates in sinuses
between teeth. Tertiary venation apparently
weakly percurrent of Zelkova type.

Remarks. Serrate leaf margin is characte-
ristic of Ulmus pseudopyramidalis Z. Kvacek
& Hably. The leaves of this taxon are distinc-
tive for their "Zelkova”-like teeth, sometimes
equipped with an additional tooth (Hably
& Zastawniak 2001). When being compared to
rather similar Ulmus drepanodonta Grubov,
U. pseudopyramidalis differs in not having
additional lobes in the upper part of the leaf
(Hably & Zastawniak op. cit).

Occurrence in the fossil floras of
Poland. Leaf of Ulmus sp. described from
Miocene deposits of Nysa in Lower Silesia
(Krajewska 2001) most probably belongs to the
species U. pseudopyramidalis.

Ulmaus cf. ruszovensis Hummel
Fig. 5: 2; PL 5, fig. 4, PL. 15, fig. 3
? 1983 Ulmus ruszovensis Hummel, pp. 58-64, Fig.

24: 1-14, Fig. 25, pl. 36, figs 1-5a, pl. 37, figs
1-6a, pl. 38, figs 1-4a.



Material. KRAM-P 243: D/2/I1 and D/3/I1
(counterparts).

Macromorphology.Leaffragment, 6.1 cm
long and 2.6 cm wide with doubly serrate
margin. Teeth characteristically upwardly
curved. Both apical and basal sides of teeth
acuminate, tooth apex acute. Secondary vein
enter nearest tooth and terminate in tooth
apex. Venation simple craspedodromous. Pri-
mary vein straight, of moderate thickness.
Secondary veins, preserved in 11 pairs, run
off primary vein at intervals of 0.4-0.7 cm
and form an angle of about 50-60° with it.
Secondaries first straight next slightly curve
upward, frequently dichotomous branched,
numerous branches terminate in teeth. Ter-
tiary venation percurrent, forming with pri-
mary vein an angle of 150° near leaf base and
120° in the middle part of lamina, 9-10 ter-
tiaries occur per 1 cm of the secondary vein
length. Higher order venation more or less
orthogonal reticulate.

Micromorphology. Abaxial epidermis
composed of cells with rounded walls, about
9.8-17.2 um in size. Stomata anomocytic,
wide elliptic to rounded, 14.7-19.7 pm in size.
Outer stomatal ledge aperture elliptic or wide
elliptic, 6.1-9.8 um long and 2.5-3.7 pm wide.
Stomatal pore usually clearly visible. On the
abaxial epidermis were found two-celled, two-
segment, simple trichomes, 32 x 114 ym and
numerous unicellular, elliptic to rounded tri-
chome bases, 4.9-9.8 um in diameter.

Remarks. The leaf is rather badly preser-
ved. However, the characteristic structure of
the leaf margin and network of tertiary vena-
tion both suggest that the leaf fragment pro-
bably belongs to the species Ulmus ruszovensis
Hummel. According to Hummel (1983) fossil
leaves of this taxon are most closely related to
those of the contemporary U. scabra Mill.

Occurrence in the fossil floras of
Poland. Pliocene — Ruszéw (Hummel 1983).

Ulmaus sp.
Fig. 5: 6, 7, 11; PL. 5, figs 5, 7, Pl. 15, fig. 4, Pl. 16, fig. 1

Material. KRAM-P 243: D/14/1, D/18, D/25;
KRAM-P 244: B/6/1, B/15/11, B/29, C/3/1, C/14.

Macromorphology. Leaf fragments with
obtuse or cordate, asymmetric base. Leaf
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margin serrate. Teeth usually characteri-
stically upwardly curved. Both apical and
basal side of teeth mostly acuminate, occa-
sionally convex, tooth apex acute. Secon-
dary vein enter tooth and terminate in tooth
apex. Venation simple craspedodromous.
Primary vein straight, moderate thickness.
Dense secondary veins run off primary vein
at intervals of 0.3-0.9 (0.3-0.7) cm. Secon-
daries first straight, next slightly curved
upward, near leaf margin strongly curved,
frequently dichotomous branched. Tertiary
venation percurrent, forming with primary
vein an angle of 125-140°, 7-10 per 1 cm
of the secondary vein length. Areoles about
0.35-0.50 mm in size, veinlets present, usu-
ally multiple branched.

Micromorphology. Adaxial epidermis
composed of isodiametric and elongated cells,
over the veins elongated, (11.0) 22.0-54.1 pm
in size. Anticlinal cell walls predominately
straight, occasionally rounded. Abaxial epider-
mis composed of isodiametric and elongated
cells with straight and rounded anticlinal cell
walls. Stomata anomocytic, elliptic to roun-
ded, 20.9-32.0 um in diameter. Outer stomatal
ledge aperture distinct, uniformly and mode-
rate cutinized, elliptic or elliptic-oblong, 9.8—
17.2 pm long and 6.1-11.0 pym wide. On the
abaxial epidermis unicellular trichome bases,
7.4-10.0 pm in diameter were found.

Remarks. The characteristic tooth shape of
these leaf fragments allows to place them in
Ulmus L. Nonetheless, the condition of their
preservation does not allow more precise iden-
tification.

Zelkova Spach

Zelkova zelkovifolia (Unger)
Blzek & Kotlaba

Fig. 5: 4; PL. 5, fig. 2

1841 Ulmus zelkovaefolia Unger, pp. 94-95, pl. 24, fig
7 pro parte, figs 9-12, pl. 26, fig. 7.

1963 Zelkova zelkovaefolia (Unger) BuZek & Kotlaba;
Kotlaba, pp. 59-62, pl. 3, figs 7, 8.

Material. KRAM-P 244: B/43.

Macromorphology. Very small fragment
of one leaf with simply serrate margin. Teeth
large, 0.5-0.7 cm long and 0.10-0.15 cm high,
apical side of teeth short, acuminate, basal
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side convex or acuminate, tooth apex acute.
Secondary veins or their branches termi-
nate in tooth apex. Venation simple craspe-
dodromous. Secondary veins, slightly curved
upward, form an angle of about 40° with pri-
mary vein. Tertiary venation weakly percur-
rent.

Remarks. The specimen described has ser-
rate margins with "Zelkova”-like teeth, typical
for leaves belonging to Zelkova zelkovifolia
(Unger) Bluzek & Kotlaba. This species was
a component of the European Palaeogene and
Neogene riparian vegetation (comp. Kovar-
Eder 2003) known from the Oligocene to the
Plio-Pleistocene (Zastawniak et al. 1996).
Among 5 extant species of the genus Zelkova,
Zelkova carpinifolia (Pallas) K. Koch growing
in the Euxino-Hyrcanian forests in Eastern
Anatolia, Transcaucasia and the southern
shores of the Caspian Sea in Lenkoran, and
northern Iran (Kvavadze & Connor 2005) is
considered to be the most similar to the fossil
Zelkova zelkovifolia.

Occurrence in the fossil floras of
Poland. Middle Miocene — Mlyny (Zastaw-
niak 1980), Late Miocene — Belchatéw (Stuch-
lik et al. 1990, Worobiec & Florjan 1997), Stare
Bystre (Worobiec 1994), Late Miocene-Pliocene
— Witéw (Brud & Worobiec 2003), Pliocene —
Domanski Wierch (Zastawniak 1972). The
other localities see Zastawniak (1972).

Ulmus L. vel Zelkova Spach

Material. KRAM-P 244: B/40/11.

Macromorphology. Only one leaf frag-
ment with simple serrate margin has been
preserved. Teeth large, characteristically
upwardly curved. Both apical and basal sides
of teeth acuminate, tooth apex acute. Secon-
dary vein enter tooth and terminate in tooth
apex. Venation simple craspedodromous. Pri-
mary vein straight, of moderate thickness.
Secondary veins run off primary vein at
intervals of 0.7-0.8 cm and form an angle of
about 70° with it. Secondaries slightly curve
upward. Tertiary venation weakly percur-
rent.

Remarks. Simple serrate leaf margin and
large teeth both points to Ulmus and Zelkova.
Upwardly curved teeth are rather more typical
for Ulmus than for Zelkova.

Dicotyledones incertae sedis

Dicotylophyllum sp. 1
Pl 16, figs 2, 3

Material. KRAM-P 243: B/12, C/2/1.

Macromorphology. Two leaf fragments,
up to 5.0 cm. Secondary veins depart the pri-
mary vein at intervals of ca. 0.9-1.1 cm and
form an angle of about 45-55° with it. Interse-
condary veins present, weakly developed. Ter-
tiary venation weakly percurrent or composite
intersecondary.

Micromorphology. Adaxial epidermis
composed of irregular-shaped cells, 22.1-
56.6 um in size. Anticlinal cell walls rounded
or wide undulate. Cuticle granulate. Abaxial
epidermis consists of isodiametric or elonga-
ted cells, 12.3-24.6 um in size. Anticlinal cell
walls straight or rounded. Leaves hypostoma-
tic. Stomata anomocytic, occasionally brachy-
paracytic, wide elliptic to rounded, 13.5-19.7
um in size. Outer stomatal ledge aperture
wide elliptic to spindle-shaped, 6.1-14.8 um
long and 3.7-9.8 um wide. On the abaxial
epidermis, solitary, unbranched trichomes,
about 100 um in size with unicellular, roun-
ded to elliptic trichome bases (10—-12 pm in
size) were found.

Remarks. The leaf under discussion shows
certain similarity to leaves of the genus Acer.
The state of preservation precludes further
determination of its taxonomical position.

Dicotylophyllum sp. 2
Fig. 6: 4; PL. 5, fig. 8, Pl. 16, fig. 4

Material. KRAM-P 244: C/3/11.

Macromorphology. Leaf fragment, with
serrate margin. Apical side of teeth concave or
straight, basal side convex or straight, tooth
apex acute. Secondary veins terminate in tooth
apex. Venation actinodromous, marginal. Pri-
mary vein branched into 5 branches. Tertiary
venation percurrent. Higher order venation
reticulate. Areoles well developed.

Micromorphology. Adaxial epidermis
composed of isodiametric, occasionally elon-
gated cells, 22.1-56.6 um in size, over the
veins cell strongly elongated. Anticlinal cell
walls straight, sometimes fine-bent or fine-



undulate. Cuticle striate or undulate. Abaxial
epidermis consists of isodiametric or slightly
elongated cells, 14.8-34.4 um in size. Cuticle
seems to be rippled. Leaves hypostomatic.
Stomata cyclocytic and anomocytic, elliptic
to wide elliptic, 17.2-24.6 pm in size. Outer
stomatal ledge aperture spindle-shaped,
8.6-14.8 ym long and 3.7-7.4 pm wide. On
the abaxial epidermis, multicellular (about
4—celled) trichome bases were found, 19.7—
22.1 um in size. Peltate trichome shield about
55.0-60.0 um in diameter.

Remarks. The described leaf fragment is
preserved in such a poor state that its syste-
matic position is unknown.

Dicotylophyllum sp. 3
Pl 16, fig. 5

Material. KRAM-P 244: C/8/I11.

Macromorphology. Fragment of leaf of
unknown shape, 6.5 cm long and 2.5 cm wide.

Micromorphology. Abaxial epidermis
consists of cells with straight and thin anticli-
nal cell walls. Stomata elliptic, 17.2-27.0 um
in size. Outer stomatal ledge aperture spindle-
shaped, distinctly cutinised and often dual, on
the poles acuminate, 13.5-22.1 pm long and
4.9-7.4 um wide.

Remarks. The described leaf fragment has
been preserved in such a poor state that its
systematic position is unknown.

Dicotylophyllum sp. 4
Fig. 6: 3

Material. KRAM-P 243: D/40.

Macromorphology. Fragment of entire-
margined leaf, 4.5 cm long and 3.7 cm wide.
Venation brochidodromous. Primary vein
straight. Secondary veins run off primary vein
at intervals of about 1.1 cm and form an angle
of 60-70° with it. Secondaries evenly curved
upward and interconnected in loops. Inter-
secondary veins present, distinct. Tertiary
venation composite intersecondary or weakly
percurrent (in case of absence of intersecon-
dary veins).

Remarks. The described leaf fragment has
been preserved in such a poor state that its
systematic position is unknown.
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Dicotyledones indeterminatae
Fig. 6: 5; Pl. 6, fig. 4

Material. KRAM-P 243: B/6, C/4/1, D/17,
D/28/1, D/31; KRAM-P 244: B/24, B/28/11, B/30,
B/41/11, C/3/111, C/117.

Remarks. The described dicotyledonous leaf
fragments have been preserved in such a poor
state that determination of their systematic
position is completely impossible.

Monocotyledones
Poaceae (R. Brown) Barnhart
Phragmites Adanson

Phragmites oeningensis A. Braun
PL 6, fig. 6, PL. 7, fig. 5, Pl. 16, fig. 6

1851 Phragmites oeningensis A. Braun; Stizenberger,
p- 75.

1855 Phragmites oeningensis A. Braun; Heer, p. 64,
pl. 22, fig. 5, pl. 24, pl. 27, fig. 2b, pl. 29, fig. 3e.

Material. KRAM-P 243: A/1, C/13; KRAM-P
244: B/9/11, B/26/1, B/34/111.

Macromorphology. Fragments of linear
leaves, up to 7.4 cm long and 1.8-3.9 cm wide
(presumably width of whole leaf 3-5 ¢m). Vena-
tion parallelodromous. Midvein distinct. On
both sides of the midvein vein lie 10-14 less
distinct lateral veins spaced 1.2—2.3 mm apart,
between them lie 4 to 7 (most commonly 5 to
7) delicate, third order parallel veins, regularly
spaced 0.2-0.3 mm apart. Cross (transverse)
veins absent. The arrangement of parallel
veins in the leaves of Phragmites oeningensis
can be expressed by the formula AcBc (Hickey
and Peterson 1978).

Remarks. Parallel venation with a marked
midvein and without cross veins is characte-
ristic for the fossil species Phragmites oenin-
gensis A. Braun. It was common in the Palae-
ogene and Neogene of Europe. Cosmopolitan
Ph. communis Trin. is its recent equivalent
(Krajewska 1998).

Occurrence in the fossil floras of
Poland. Middle Miocene — Konin (Raniec-
ka-Bobrowska 1954), Dobrzyn on the Vistula
River (Kownas 1956), Swoszowice (Ilinskaya
1964), Stawiany (Zastawniak 1980); Late
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Miocene — Gnojna (Krajewska 1998); Miocene
— Kunice Zarskie (Engelhardt 1877), Zielona
Gora (Engelhardt 1887, 1892).

Zingiberaceae Martynov
Zingiberoideophyllum Kriusel & Weyland

Zingiberoideophyllum liblarense Kriusel
& Weyland

Pl 4, fig. 9, PL. 7, fig. 6, P1. 17, figs 2, 3

1954 Zingiberoideophyllum liblarense Krausel & Wey-
land, pp. 120, 121, pl. 23, figs 1-4.

Material. KRAM-P 244: C/1/II and C/2/1
(counterparts), C/21.

Macromorphology. Fragments of broad
and elongate leaves up 4 cm wide. Venation
parallelodromous. No midrib visible, more
or less uniform veins are spaced 0.2—-0.3 mm
apart. Very numerous cross (transverse) veins
connect adjacent parallel veins. The cross veins
are oriented mostly perpendicular to paral-
lel veins and form with them square or short
rectangular, variably-sized areoles. Numerous
black spots are visible on the compression of
leaf, most probably represent remnants of
secretory cells content.

Micromorphology. Adaxial epidermis
consist of irregular-rectangular, diversified cells:
cells parallel to the long axis of leaf are 16.0-52.0
um long and cells perpendicular to long axis of
leaf are 11.0-22.1 pm long. Anticlinal cell walls
rounded-undulate. Abaxial epidermis consist of
usually elongated, irregular-rectangular, diver-
sified cells: between stomatal bands cells are lon-
ger than inside stomatal bands. Arrangement of
cells more or less linear, size of cells 15.0-59.0
um. Anticlinal cell walls rounded or wide undu-
late. Leaves hypostomatic. Stomata arranged
in stomatal bands, parallel to the leaf venation,
composed of 3-5 rows of stomata between each
vein, commonly less than 10 stomata occur on
the area of each areole. Stomata tetracytic, wide
elliptic to rounded, 24.6-36.9 pm in diameter.
Longer axis of stomata frequently perpendicu-
lar to the axis of outer stomatal ledge (exceptio-
nally case of stomata) and to the leaf venation.
Outer stomatal ledge aperture spindle-shaped or
narrow spindle-shaped, thickened, strongly cuti-
nized, 17.2-24.6 um long and 4.9-12.3 um wide,
whole outer stomatal ledge is about 32.0-35.0 um

long. Sometimes outer stomatal ledge aperture is
surrounded by cuticular crest. Inside mesophyll
visible remnants of brown content of secretory
cells.

Remarks. Venation pattern and epidermal
structure of the specimens are characteristic
of the species Zingiberoideophyllum liblarense.
The leaves of this taxon are characterized by
tetracytic stomata and the presence of hypo-
dermis and secretory cells (Kridusel & Weyland
1954). Leaves of Zingiberoideophyllum libla-
rense in the Ruja deposits in the same horizon
are accompanied by seeds of Spirematosper-
mum wetzleri (Heer) Chandler from the family
Zingiberaceae. In the European Neogene floras
both species were frequently found together
(Knobloch & Kvaéek 1976, Gregor 1989 — Sch-
wandorf). It is very probable that in fact both
morphotaxa represent remains of the same
plant species.

Occurrence in the fossil floras of
Poland. Late Miocene — Belchatéw (Woro-
biec & Lesiak 1998). Other representatives
of the family Zingiberaceae were found in the
Middle Miocene deposits of Dobrzyn upon the
river Vistula (Kownas 1956, 1959).

cf. Zingiberoideophyllum liblarense
Kriusel & Weyland

Material. KRAM-P 243: A/26/11.

Remarks. Leaf fragment similar to Zingibe-
roideophyllum liblarense. The state of preser-
vation (no cuticular data) precludes unequivo-
cal assignment to this particular species.

Spirematospermum M. E. J. Chandler
ex F. Kirchheimer

Spirematospennum wetzleri
(Heer) Chandler

Pl 4, fig. 1

1859 Gardenia wetzleri Heer, p. 192, pl. 141, figs
81-103.

1925 Spirematospermum wetzleri Chandler, p. 17,
pl. 1, figs 8a—c.

Material. KRAM-P 244: C/28: 2 seeds.

Macromorphology. Seeds 0.6-0.7 cm long
and about 0.3 cm wide, characteristically irre-
gularly elongate in shape and irregularly wrin-
kled due to squeezing by neighbouring seeds



in fruit. Testa with dense oblique striation on
surface.

Remarks. This is an extinct palaeotropical
species, common in the Palaeogene and Neo-
gene deposits of the northern hemisphere (Friis
1988, Mai & Walther 1991). Fruits and seeds
of Spirematospermum wetzleri (Heer) Chand-
ler are found from the Eocene to the Pliocene
(in the Pliocene it is considered as a relic),
mainly in the Oligocene and Miocene deposits
(Zastawniak et al. 1996).

Spirematospennum is considered to be
a component of bottomland vegetation, as indi-
cated by its occurrence in lignites from Europe
and North America (Friis 1988). This fossil
species is in the opinion of Friedrich and Koch
(1970) related to the contemporary Indo-China
Cenolophon oxymitrum (Schumann) Holttum
from the family Zingiberaceae.

Occurrence in the fossil floras of Poland.
Middle Miocene — Nowogrod Bobrzanski (Krau-
sel 1920), Rypin (Lanicucka-Srodoniowa 1957),
Dobrzyn on the Vistula River (Kownas 1959),
Chyzne, Jablonka (Laricucka-Srodoniowa
1965); Late Miocene — Belchatow (Stuchlik
et al. 1990, Worobiec & Lesiak 1998); Late
Miocene-Pliocene — Witéw (Brud & Worobiec
2003).

Hydrocharitaceae Jussieu gen. indet.
Pl 7, fig. 7, PL. 17, fig. 4, Pl 18, figs 1-3

Material. KRAM-P 244: C/19/1, C/24/1, C/24/11.

Macromorphology. Very small fragments
of leaves with parallel venation. Cross (trans-
verse) veins connect adjacent parallel veins.
Leaf margin minute serrate with characteri-
stic prickles (see Ancibor 1979). Prickles spine-
shaped, bent and of variable size: 0.15-0.22;
0.23-0.28; 0.59 mm long and 0.12-0.2; 0.15—
0.22; 0.44 mm high, probably due to taxono-
mical differences (probably different taxa or
even genera). Prickles sometimes are present
outside margin, on the surface of leaves.

Micromorphology. Leaves without sto-
mata. Both sides of epidermis seem to be uni-
form. They consist of rectangular or polygonal,
sometimes more elongated cells, 64.0-158.0
and 191.0-345.0 um long. Anticlinal cell walls
almost straight, occasionally rounded. Longer
axis of cells frequently parallel, occasionally
perpendicular to the leaf venation.
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Remarks. These remains most probably
belong to the family Hydrocharitaceae as can
be inferred from the presence of prickle hairs
on leaf margins (Ancibor 1979, Kvacek 2003).
Most probably there are remains of two different
taxa (two species of the same genus?), but due
to scarcity of remains, the erection of new taxa
is not yet possible. They are representatives of
taxa with leaves completely submerged in water
as could be inferred from the complete absence
of stomata. The presence of prickles on leaves
excludes the genera Hydrocharis L. and Limno-
bium Rich. (Ancibor op. cit). The combination of
macro- and micromorphological features suggest
other genera Blyxa Noronha ex Thouars, Ottelia
Pers., Stratiotes L., and Vallisneria L.

Occurrence in the fossil floras of
Poland. Compressions of leaves of Stratiotes
were found in Konin (Raniecka-Bobrowska
1954) and Betchatéw (Stuchlik et al. 1990).

Monocotyledones incertae sedis

Cyperacites Schimper sensu Z. Kvacek
& Hurnik

Cyperacites sp.
Pl 7, fig. 8, P1. 17, fig. 1

1870-1872 Cyperacites Schimper, p. 415.

2000 Cyperacites Schimper sensu Z. Kvaéek & Hurnik,
p- 22, Fig. 3: 17, Fig. 5: 3, pl. 12, figs 4, 5.

Material. KRAM-P 243: B/3/I1, C/2/11, C/3/11,
C/11, D/4/111, D/28/11, D/35.

Macromorphology. Fragments of linear
leaves, up to 3.4 cm long and up to 1.5 cm wide,
entire-margined (in one specimen leaf margin
seems to be slightly revolute). Venation par-
allelodromous. Distinct primary midvein. On
both sides of the primary vein lie less distinct
lateral veins, spaced 0.3-0.5 (0.7) mm apart,
and about 0.1-0.2 mm thick. Cross (transverse)
veins connect adjacent parallel veins. The cross
veins are oriented perpendicular to them for-
ming elongated rectangles, 0.8—-2.5 mm (usually
1.0-1.6 mm) long. The arrangement of parallel
veins of these leaves can be expressed by the
formula Ab (Hickey & Peterson 1978).

Micromorphology. Small fragments of
delicate cuticle were obtained. They show dense
traces of probably silica bodies or papillae,
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14.7-17.2 ym in size, arranged transversely
to the long axis of epidermal cells. Surface of
cuticle granular.

Remarks. Kvaéek and Hurnik (2000) emplo-
yed the genus name Cyperacites Schimper in
broad sense as to include fossil monocots pre-
viously assigned to the species representing
genera Poacites Brongniart, Cyperites Lind-
ley & Hutton and Monocotylophyllum Reid
& Chandler (invalid name). In the opinion
of Kvadek and Hurnik (op. cit.) attempts of
previous researches to recognize among fos-
sil monocotyledons genera and species have
failed. However, macro- and micromorpholo-
gical (if possible) analysis of such leaves can
bring some information on monocot diversity.

Occurrence in the fossil floras
of Poland. Similar type of monocotyledon
remains (Cyperacites) were reported from the
Middle Miocene locality of Mtyny (Zastawniak
1980) and the Pliocene of Domanski Wierch
(Zastawniak 1972).

Varipilicutis Schneider

cf. Varipilicutis liblarensis (Kriusel
& Weyland) Schneider

Pl. 18, fig. 4

? 1954 Dioscoreophyllum  (Dioscorea?) liblarense
Kriusel & Weyland, Fig. 6, pl. 21, figs 5-7, pl.
22, figs 1-2.

? 1963 Dioscorea liblarensis (Kriusel & Weyland)
Peters, Fig. 4, non 5, pl. 5, figs 28, 29, non 30, 31.

? 1969 Varipilicutis liblarensis (Kriausel & Weyland)
Schneider, pl. 9, fig 1.

Material. KRAM-P 244: C/2/11.

Macromorphology. Fragment of very
poorly preserved leaf, ca. 4 cm long. Venation
parallelodromous. No midrib is visible preser-
ved, more or less uniform veins are spaced 1.0—
1.5 mm apart. Cross (transverse) veins con-
nect adjacent parallel veins. The cross veins
are oriented mostly oblique to them and form
rhomboidal, well developed, variably-sized
(0.15-0.40 mm) areole.

Micromorphology. Leaves generally
amphistomatic. Adaxial epidermis consist of
isodiametric and elongated, usually polygo-
nal cells, 24.6-83.6 (108) um in size. Over the
veins cells are strongly elongated and narrow.
Anticlinal cell walls almost always straight,

thick. Surface of cuticle bear ornamentation in
form of thick "folds". On the adaxial epidermis
hardly ever could be found paracytic stomata.
Abaxial epidermis consist of isodiametric or
elongated, usually polygonal cells, 46.7-73.8
um in size. Over the veins cells elongated.
Anticlinal cell walls almost always straight.
Surface of cuticle bear very distinct ornamen-
tation in form of filigree-tubercle or papillae.
Stomata paracytic, elliptic, 39.4-54.1 pm in
size. Stomata oriented — longer axis of sto-
mata parallel to the leaf venation. Surface of
subsidiary cells frequently shows less distinct
ornamentation than remaining cells of aba-
xial epidermis. Outer stomatal ledge aperture
regularly spindle-shaped, strongly cutinised,
29.5-39.4 um long and 9.8-17.2 uym wide.

Remarks. The leaf remains in question
resemble fossil leaves of Varipilicutis libla-
rensis (Krausel & Weyland) Schneider found
in Miocene lignite deposits from Nochten in
Lusatia, Germany (Schneider 2004). At first
this type of fossils were as ascribed to Dio-
scoreophyllum liblarense Kriausel & Weyland
(Krausel & Weyland 1954). Schneider (op. cit.)
discussed micromorphological features of Vari-
pilicutis liblarensis and rejected its inclusion
in the family Dioscoreaceae.

Occurrence in the fossil floras of
Poland. Leaf remains of this type have not
been reported from the Palaeogene and Neo-
gene of Poland. Poorly preserved fossil leaf cuti-
cle described as Dioscorea sp. from the Early
Miocene deposits of Turéw (Juchniewicz 1966)
differs markedly from Varipilicutis-like remains
from Ruja and is surely not related to them.

Incertae sedis
Pl 6, fig. 5

Material. KRAM-P 243: B/5, B/25; KRAM-P
244: B/1, B/11, B/25/11 (counterpart to B/11).

Remarks. Systematic position of these plant
remains is unknown.

RESULTS OF INVESTIGATIONS
ON PLANT MACROREMAINS

As the result of investigation of 280 speci-
mens of plant macroremains from the two
cores, 35 taxa from genera Acer, Alnus,



Byttneriophyllum, Carpinus, “Castanea”,
Cercidiphyllum, Cyperacites, Dicotylophyl-
lum, ,Ficus”, Glyptostrobus, Myrica, Nyssa,
Osmunda, Phragmites, Populus, Pterocarya,
Salix, Sequoia, Spirematospermum, Ulmus,
Varipilicutis, Woodwardia, Zelkova, and
Zingiberoideophyllum representing families
Betulaceae, Blechnaceae, Cercidiphyllaceae,
Cupressaceae, Fagaceae, Hydrocharitaceae,
Juglandaceae, Malvaceae, Myricaceae, Nys-
saceae, Osmundaceae, Poaceae, Salicaceae,
Sapindaceae, Ulmaceae, and Zingiberaceae
were found.

Taxonomic diversity of plant assemblages
from the cores is highly variable: from one taxon
in horizon 77-78 m (borehole 97/73) to 25 taxa in
underneath lying horizon 102-105 m represent-
ing the same borehole. Taxonomical composition
of plant assemblages found in the investigated
cores is presented in Tables 1 and 2.

Five new taxa to the Polish Palaeogene and
Neogene were reported. These include Salix
hausruckensis Kovar-Eder, Salix cf. kicktonii
Weyland, Salix sp. 1, Ulmus pseudopyrami-
dalis 7. Kvacek & Hably, and cf. Varipili-
cutis liblarensis (Krausel & Weyland) Schnei-
der. Detailed documentation (description and
illustration) of leaflet epidermis of Osmunda
parschlugiana (Unger) Andreanszky and leaf
remains of Hydrocharitaceae was completed.

TAPHONOMY

BIOSTRATINOMY

Plant macroremains (mainly leaves) were
preserved as dispersed in rock as well as in the
form of accumulated fossil leaf litter composed
of humified fragments of leaf blades, branches
of coniferous trees (almost exclusively twigs of
Glyptostrobus), and very rarely with the addi-
tion of diaspores. As it concerns fine-grained
structure of deposits with fossil plants (silts and
clays) it can be deduced that plant remains were
deposited in water reservoirs with stagnant or
slow-flowing water. Most probably these res-
ervoirs could have been represented by mean-
der cutoffs of meandering rivers (oxbow lakes)
or abandoned channels of braided rivers on
floodplains. Flood waters periodically delivered
detritic material together with immediately
buried plant macroremains that accumulated
on the reservoir bottom (tanatocoenoses) lead-
ing to their direct preservation by preventing
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extensive decay or complete decomposition. To
such sedimentary reservoirs dead plant mac-
roremains were transported by wind, or carried
by rainfall and flood waters. Tanatocoenoses
of macroremains were parautochtonous (comp.
Gastaldo et al. 1996), as confirmed by the domi-
nance of taxa characteristic of azonal vegeta-
tion (swamp and riparian). Mesophytic plant
remains are very scarce. It could indicate that
the floodplain in question was very flat and/
or very wide, and that the sedimentary reser-
voir was situated at a great distance from any
elevated and drier river terraces being typi-
cally covered with mesophytic vegetation. This
reasoning is also confirmed by palynological
investigations. Analysis of sporomorphs from
samples taken from horizons with plant mac-
roremains revealed low frequency of pollen
grains of mesophytic taxa with simultaneous
dominance of swamp and riparian elements
in pollen spectra. Occurrence of zygospores of
Zygnemataceae algae (Tab. 3) also points to the
presence of shallow, stagnant waters (van Geel
et al. 1989). Fossil leaf litter could result from
very rapid accumulation of dead plant parts
that represented either surrounding vegetation
close to such abandoned channels, or seasonal
leaf fall, or much rarer storm destructions of
trees leading to their subsequent transporta-
tion by rainfall or flood waters into sedimentary
reservoirs, and subsequent mass deposition on
the bottom.

FOSSIL DIAGENESIS

Plant macroremains are preserved mostly as
slightly carbonized (humified) specimens, leaves
partly as impressions (some of them as adpres-
sions with badly preserved remnants of carbon-
ized tissue). The blades are often fragmented
and deformed due to compaction and deforma-
tion of the deposits. The preservation state of
macroremains was generally very good and
in case of leaves and coniferous shoots it even
enabled isolation of fossil cuticles. However, in
some of fossil horizons, leaf compressions found
dispersed in sediment were poorly preserved. It
seems to suggest that degree of leaf decay in
this horizons was considerably high before their
burial in sediment or that after their burial leaf
remains were exposed to temporal access of oxy-
gen penetrating such deposits, especially in the
initial stages of diagenetic changes of taphocoe-
nosis resulting in formation of oryctocoenosis.
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Table 3. Results of palynological analysis of the samples from horizons with plant macroremains from boreholes Komorniki
97/72 (KRAM-P 243) and Komorniki 97/73 (KRAM-P 244). P - palaeotropical element: P1 — tropical, P2- subtropical; A - arc-
totertiary element: A1 — warm temperate, A2 — cool temperate

Labels of horizons with plant macroremains
Ele-
T < | < | o
axon ment | F | & g § % s | 3 % o@o %
DS T T T T O A A A~ T I A A !
NN NN N NN QN
1 | Baculatisporites sp., Rugulatisporites sp. (Osmunda) Al 10 | 2 1 2 1 1 5
1 | Laevigatosporites sp. sp. (Polypodiaceae/Davalliaceae) P/A 6 14 | 1 [232]392| 2 2 27
1 | Leiotriletes sp. (Schizaeaceae/Cyatheaceae) P 1
1 | Stereisporites sp. (Sphagnum) Al 2
2 | Abiespollenites sp. (Abies) A 2 1 1 4 1
2 | Inaperturopollenites sp. sp. (Taxodiaceae/Cupressaceae) Al 23 | 48 | 33 | 8 |100| 11 | 55 1 | 59 | 223
Keteleeriapollenites dubius (Chlonova) Stodkowska
2 . Al 1 2
(Keteleeria)
2 | Piceapollis sp. sp. (Picea) A 1 1 1 1 1 4
2 | Pinus haploxylon type/Cathayapollis sp. Al 5 6 5 15 | 12 | 5 3 1 17 | 65
2 | Pinuspollenites sp. Pinus sylvestris type A 10 | 25 | 15 | 16 | 30 | 4 9 3 | 37| 74
2 | Sciadopityspollenites sp. sp. (Sciadopitys) Al 1 1 2
2 | Sequoiapollenites sp. sp. (Sequoia/Cryptomeria?) Al 1 5 2 1 1 262
2 | Zonalapollenites sp. sp. (Tsuga) A 1 1 1 1 2
3 | Aceripollenites sp. (Acer) Al
3 | Alnipollenites verus Potonié ex Potonié (Alnus) Al 24 12 | 3 [104 19 | 1 8 | 39
Araliaceoipollenites edmundi (Potonié) Potonié ex
3 - - P2 5
Potonié (Araliaceae)
Araliaceoipollenites euphorii (Potonié) Potonié ex
3 - . P2 1 1
Potonié (Araliaceae)
3 | Arecipites sp. (Arecaceae) P2 1
Artemisiaepollenites sellularis Nagy (Asteraceae-
3 = Al 1
Artemisia)
3 | Betulaepollenites betuloides (Pflug) Nagy (Betula) Al 3 1 3 2 3 1
3 | Caprifoliipites sambucoides Nagy (Sambucus) Al 2
3 | Carpinipites carpinoides (Pflug) Nagy (Carpinus) Al 1 1 1
3 | Caryapollenites simplex (Potonié) Raatz (Carya) Al 1 2 6 4
Castaneoideaepollis oviformis (Potonié) Grabowska
3 . P2 1 5
(Castaneal/Castanopsis)
Castaneoideaepollis pusillus (Potonié) Grabowska (Cas-
3 ; P2 2 7
tanea/Castanopsis)
3 Celtlpollemtes verus (Raatz) Ziembinska-Tworzydlo Al 1 9 1 9 30
(Celtis)
3 Cercidiphyllites minimireticulatus (Trevisan) Al 4
Ziembinska-Tworzydlo (Cercidiphyllum)
Cornaceaepollis major (Stuchlik) Stuchlik (Cornaceae-
3 . P2 1
Cornoideae)
3 Cornaceaepollis satzveyensis (Pflug) Ziembiriska- P1 1
Tworzydlo (Cornaceae-Mastixioideae)
3 Diervillapollenites megaspinosus Doktorowicz-Hreb- A9 9
nicka (Diervilla/Weigela)
3 Engelhardtioipollenites punctatus (Potonié) Potonié ex P2 3
Potonié (Engelhardtia)
3 Ericipites ericius (Potonié) Potonié + E. callidus A 1 9
(Potonié) Krutzsch (Erica + Calluna)
Ericipites roboreus (Potonié) Krutzsch (Rhododendron/
3 A 1 5
Arbutus unedo)
3 Eucommioipollenites eucommius (Planderova) Al 1 1
Ziembinska-Tworzydlo (Eucommia)
3 | Faguspollenites verus Raatz ex Potonié (Fagus) A2 1 2 3
Ilexpollenites iliacus (Potonié) Thiergart ex Potonié
3| I margaritatus (Potonié) Raatz ex Potonié (Ilex) P2, P2 11 201
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Labels of horizons with plant macroremains

Ele-
T < |« o
axon mnt |35 S|SB (2(S|8(8/F5
<+ | | 2| ||| F]
N N N N N N N [a\] N N
3 | Liquidambarpollenites sp. (Liquidambar) Al 1 2
3 | Meliapollis sp. (Meliaceae) P1 1
3 | Myricipites sp. (Myrica) P2 4 3 1 2 4 1
3 | Nympheapollenites sp. (Nympheaceae) A2 1
3 | Nyssapollenites sp. (Nyssa) Al 1 1 211 9
3 Oleoidearumpollenites microreticulatus (Pflug & Thom- Al 1
son) Ziembiniska-Tworzydto (Oleaceae)
3 | Oleoidearumpollenites sp. 1 (Fraxinus) Al 1? 1
3 | Oleoidearumpollenites sp. 2 (Oleaceae) Al 1 1 1
3 | Platycaryapollenites sp. (Platycarya) P2 1? 1 4
3 | Potamogeton type A 1 2
3 Pterocaryapollenites stellatus (Potonié) Thiergart Al 1 1 1
(Pterocarya)
3 Quercoidites henrici (Potonié) Potonié, Thomson P2 15| 6
& Thiergart (Quercoideae)
3 | Quercoidites sp. (Quercus) Al 1? 2 3 4 1 10 | 14
3 | Rutaceae? type ? 1
3 | Salixipollenites sp. (Salix) A2 1 4 | 51 | 2 15 | 22 | 3 5
3 | Sparganiaceaepollenites sp. (Sparganium) A 1 1 9
3 Spinulaepollis arceuthobioides Krutzsch (Loran- Al 1
thaceae-Arceuthobium)
Tricolporopollenites quisqualis (Potonié) Krutzsch
3 P2 4
(Fabales)
Tricolporopollenites retiformis (Pflug & Thomson)
3 Al 1
Krutzsch
Tricolporopollenites exactus (Potonié) Grabowska
3 (Cyrillaceae/Clethraceae) P2 1 1 1 1 27| 2
3 | Tricolporopollenites fallax (Potonié) Krutzsch (Fabales) P2 1 1 10 1
3 Tricolporopollenites liblarensis (Thomson) Grabowska P2 17 | 5
(Fabales)
3 Tricolporopollenites marcodurensis Pflug & Thomson P1 3
(Vitaceae?-Parthenocissus?)
Tricolporopollenites pseudocingulum (Potonié) Thom-
3 son & Pflug (Fagaceae-Fagoideae) P2 1 3 4 1 219
3 | Tricolporopollenites type Rosaceae Al 1 1
3 | Tricolporopollenites type Rumex A 2
3 | Triporopollenites urticoides Nagy (Urtica) A 1
Ulmipollenites undulosus Wolff + Zelkovaepollenites
3 potoniei Nagy (Ulmus/Zelkova) A2, Al 2 1 1 3 3
3 | Vitispollenites sp. (Vitis) Al 1 1 1?
4 | Dinophlagellate cysts X 1
4 | Ovoidites sp. (Zygnemataceae) X 4 1
4 Sigmopollis pseudosetarius (Weyland & Pflug) Krut- X 4
zsch & Pacltova (Cyanophyta?, Chlorophyta?)
4 Sigmopollis punctatus Krutzsch & Pacltova (Cyano- X 9
phyta?, Chlorophyta?)
4 | Sigmopollis sp. (Cyanophyta?, Chlorophyta?) X 3
4 | Tetraporina sp. (Zygnemataceae) X 1
5 | Microthyriaceae indet. X 1
5 | Plochmopeltinites sp. (Microthyriaceae) X 2
6 | Varia X 2 1 1 3 2 2 7 7
SUM 87 | 133 | 147|306 | 674 | 59 | 102 | 11 | 637 | 569
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PALYNOLOGICAL CHARACTERISTICS
OF POLLEN SPECTRA FROM
HORIZONS WITH PLANT
MACROREMAINS

The state of preservation and frequency of
sporomorphs considerably varied in particular
samples, from 11 sporomorphs in two slides
representing horizon 106-108 m from bore-
hole core Komorniki 97/72 (KRAM-P 243/C)
to over 500 sporomorphs in slides represent-
ing horizons 105-106 m from borehole core
97/72 (KRAM-P 243/B), 117 m from borehole
core 97/72 (KRAM-P 243/E), and 110-111 m
from borehole core Komorniki 97/73 (KRAM-P
244/D). The best preserved sporomorphs
were found in horizons 117 m from bore-
hole core 97/72 (KRAM-P 243/E), 102-105 m
from borehole core 97/73 (KRAM-P 244/B),
and 110-111 m from borehole core 97/73
(KRAM-P 244/D). Besides pollen grains and
spores, freshwater plankton (algae, especially
zygospores of Zygnemataceae) and sporocarps
of Microthyriaceous fungi (probably from the
genus Plochmopeltinites) were found. Results
of palynological analyses of the samples, con-
cerning botanical affinity and attachment to
an appropriate palaeofloristic element, are
shown in Table 3.

On the basis of pollen spectra the following
plant communities are distinguished.

Azonal vegetation communities:

— Swamp forest (composed mainly of Taxo-
diaceae/Cupressaceae, including Glyptostrobus
and Taxodium, also Alnus, and Nyssa)

— Riparian forest (Salix, Alnus, Celtis,
Ulmus, Carya, and others)

— Bush swamp (Cyrillaceae, Clethraceae,
Ericaceae, Ilex, and others)

— Rush vegetation (Potamogeton, Sparga-
nium and Nymphaeaceae)

— Reeds and surrounding vegetation
(Poaceae, Rumex, Asteraceae and Urticaceae)

Zonal vegetation community:

— Mesophytic Forest (composed mainly of
deciduous trees Quercus, Castanea, Betula,
Fagus, and coniferous trees Picea, Abies, Tsuga
and others).

Geofloristic elements

The determined pollen taxa have been clas-
sified to the appropriate palaeofloristical ele-
ments mainly on the basis of the taxonomi-
cal revision of selected pollen and spores taxa

from Neogene deposits (Ziembinska-Tworzydio
et al. 1994) and other relevant publications
(Ziembinska-Tworzydto 1996, 1998). The fol-
lowing elements were distinguished: palaeo-
tropical (P): tropical (P1) and subtropical (P2),
as well as arctotertiary (A): warm temperate
(A1) and cool temperate (A2).

In the pollen spectra predominate repre-
sentatives of arctotertiary warm temperate
geofloristic element (Al, Tab. 3). The palaeo-
tropical element is mainly represented by sub-
tropical taxa (P2) such as Araliaceoipollenites
edmundi, A. euphorii, Arecipites sp., Castane-
oideaepollis oviformis, C. pusillus, Cornace-
aepollis major, Engelhardtioipollenites punc-
tatus, Ilexpollenites iliacus, 1. margaritatus,
Mpyricipites sp., Platycaryapollenites miocaeni-
cus, Quercoidites henrici, Tricolporopollenites
exactus, T. fallax, T. liblarensis, T. pseudocin-
gulum s.l., and T. quisqualis.

Tropical taxa (P1) are represented by Cor-
naceaepollis satzveyensis, Meliapollis sp. and
Tricolporopollenites marcodurensis. Broad-
spectrum palaeotropical element (P) is repre-
sented by Leiotriletes sp. The presence (i.e. the
proportion) of palaeotropical element is the
most distinct in samples from the lowermost
horizons with plant macroremains (horizons
117 m from borehole core 97/72 and 110-111 m
from borehole core 97/73).

Composition of pollen spectra along with
frequency of sporomorphs representing palaeo-
tropical element point to the Middle Miocene
(Badenian) age of samples and thereby to corre-
sponding horizons with plant macroremains.

These preliminary palynological investiga-
tions of boreholes Komorniki 97/72 and 97/73
will be completed in the future by comprehen-
sive investigation of the whole core samples.

PALAEOECOLOGICAL
CHARACTERISTICS OF THE HORIZONS
WITH PLANT MACROREMAINS

All horizons with plant macroremain
assemblages are characterized by almost abso-
lute dominance of floristic elements denoting
wetland vegetation, which is confirmed by the
results of palynological investigations. In the
assemblages from horizons 78-79 m (KRAM-P
243/A), 105-106 m (KRAM-P 243/B), 106-
108 m (KRAM-P 243/C), and 117 m (KRAM-P
243/E) from borehole Komorniki 97/72 and



horizons 77-78 m (KRAM-P 244/A), 107-110 m
(KRAM-P 244/C), and 110-111 m (KRAM-P
244/D) from borehole Komorniki 97/73 there
were found almost exclusively taxa typical for
wetland vegetation, especially those of swamp
associations. In the assemblage from a 107-
110 m depth of the borehole 97/73 there were
found macroremains of water plants with sub-
merged leaves belonging to the family Hydro-
charitaceae, typical of water reservoirs with
stagnant or slow-flowing water. Sediments
from this horizon were most probably deposited
in an oxbow lake. Only in horizons 112-115 m
(KRAM-P 243/D) from the borehole 97/72 and
102-105 m (KRAM-P 244/B) from the borehole
97/73 there were found (apart from wetland
taxa) macroremains of ,Castanea” kubinyii
and cf. Carpinus grandis, that are considered
to be representatives of mesophytic vegetation.
While ,Castanea” kubinyii from the borehole
97/72 is relatively abundant with 16 specimens
there, Carpinus grandis is represented only by
a single specimen. Despite the fact that paly-
nological spectra of the samples, taken from
all horizons with plant macroremains reveal
a continuous presence of mesophytic taxa, their
frequency is indeed very low or even virtually
never exceeding 5 grains per sample in case
of some taxa. Total number of pollen grains of
mesophytic taxa in the samples discussed did
not exceed 10% of total number of all sporo-
morphs found (usually is about 5%).

On the basis of investigations on plant
macroremains supplemented by the results of
palynological analyses, reconstruction of the
putative character of the local vegetation of
the Ruja lignite deposit was assembled. We
therefore assume, that the Ruja area was dom-
inated by wetland vegetation with swamp and
riparian forests. Swamp forests were composed
of Acer tricuspidatum, Alnus julianiformis,
A. menzelii, Byttneriophyllum tiliifolium, Cer-
cidiphyllum crenatum, Glyptostrobus euro-
paeus, Myrica lignitum, Nyssa ornithobroma,
Osmunda parschlugiana, Woodwardia muen-
steriana, Zingiberaceae (Spirematospermum
and Zingiberoideophyllum), representatives
of the Glyptostrobus-Alnus-Byttneriophyllum
association (Knobloch & Kvadek 1965, Givu-
lescu 1992, Mai 1995). Forests of this type
were present in Europe from the Upper Oli-
gocene to the Pliocene, mainly in the Mid-
dle and Late Miocene in the area surround-
ing Paratethys (Mai op. cit). The presence of
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Myrica lignitum indicates that a local bog
forest association could indeed have existed.
The accumulation of wood, which later formed
lignite seams, may have taken place in such
a bog forest. The results of palynological inves-
tigations also point to the presence of bush
swamp communities that were overgrown by
representatives of the families Clethraceae,
Cyrillaceae, and Ericaceae. Contemporary
plant communities that correspond to the
fossil associations recorded from Ruja occur
in the south-eastern part of North America,
mainly in the lowlands surrounding the Mis-
sissippi River, and on the south-eastern coast
of the Atlantic. A typical cypress dominates in
a swamp forest stand, occupying permanently
inundated places, being composed of only few
species, where Taxodium distichum (L.) Rich.,
Nyssa aquatica L. most often dominates, whilst
Planera constitutes only the admixture. In
localities with lower groundwater level, these
forest associations are characterized by higher
floristic diversity. In addition to Taxodium,
Nyssa and Planera there are trees from the
genera Acer, Carya, Fraxinus, Liquidambar,
Magnolia, Persea, Pinus, Quercus, and Ulmus,
accompanied by numerous shrubs (Cephalan-
tus, Cyrilla, Gordonia, Ilex, Swida) and vines
e.g. Vitis and Smilax (Knapp 1965, Kac 1975).
As a contemporary equivalent to the Neogene
bush swamp communities of Ruja the extant
so-called ”Pocosin” bush swamps from the
south-eastern part of North America may be
proposed. Pocosin is overgrown by acidophilous
trees, shrubs, and shrublets with xeromorphic
leaves represented by the genera Andromeda,
Chamaecyparis, Clethra, Cliftonia, Cyrilla,
Ilex, Magnolia, Myrica, Pieris, Pinus, Rham-
nus, and Vaccinium (Knapp 1965).

Water reservoir margins were overgrown
by reeds with Phragmites oehningensis and
Cyperacites sp. (? Sparganium) dominating
there, then being surrounded by waterside
vegetation with Asteraceae, Poaceae, Rumex,
and Urticaceae (traces of taxa characteristic
of the latter ones were found in palynological
samples). In the depths of water reservoirs
stems and leaves of plants from the family
Hydrocharitaceae were submerged. Palynolog-
ical analysis revealed presence of Potamoge-
ton and Nymphaeaceae, plants with floating
leaves, as well as of algae from the family Zyg-
nemataceae (probably belonging to the genera
Spirogyra and Zygnema).
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Slightly drier areas, formed probably on
mineral soils, that were inundated only peri-
odically, were covered with riparian forests,
which is indicated by the presence of such taxa
as Populus populina, Pterocarya paradisiaca,
Salix spp., Ulmus cf. ruszovensis, U. pseudopy-
ramidalis, and Zelkova zelkovifolia. In Europe
this type of forest occurred from the Middle Pal-
aeocene to the earliest Pleistocene (Mai 1995).
Similar riparian associations today exist in the
south-eastern part of North America, most often
occupying river valleys, river banks within the
range of episodic flooding (Knapp 1965, Barnes
1991) as well as in the Euxine-Hyrcanian area
(Anatolia, Colchis, Talysh, Iranian coast of
the Caspian Sea, Tutayuk 1975, Rastin 1983,
Akhani & Salimian 2003). The abundance of
leaf remains belonging to various species of
the genus Salix (S. hausruckensis, S. cf. kick-
tonii, S. varians, and Salix ssp.), especially in
horizon 102-105 m from borehole Komorniki
97/73 points to the presence of riparian willow
communities.

Higher elevated terrain with low ground-
water level, placed above the maximum level
of periodical flood inundation, was marked
with the presence of mesophytic forests. Due
to very poor representation of this group of
plants in macroremain assemblages of Ruja,
with only leaves of ,Castanea” kubinyii and
cf. Carpinus grandis being found, composition
of the zonal mesophytic vegetation of Ruja
was reconstructed mostly on the basis of the
results of palynological investigations. Mixed
mesophytic forests there were among the oth-
ers composed of angiosperms such as Betula,
Castanea, Fagus, Quercus and conifers like
Abies, Keteleeria, Tsuga. In the oldest horizons
with plant macroremains these associations
correspond to the Mixed Mesophytic Forest
sensu Mai (1995), which is indicated by a con-
siderable share of palaeotropical taxa in pol-
len spectra. In the present times similar mixed
mesophytic forests occur in central China,
mainly in the Yangtze River watershed (Wang
1961). In these forests there occur trees, shrubs
and lianas representing the following genera:
Acer, Alnus, Betula, Carpinus, Carya, Celtis,
Cercidiphyllum, Fagus, Fraxinus, Kalopanax,
Ligquidambar, Magnolia, Nyssa, Ostrya, Phel-
lodendron, Populus, Pterocarya, Quercus, Tilia,
and Ulmus, evergreen trees and shrubs of the
genera Castanopsis, Michelia, and Pasania,
and representatives of the family Lauraceae.

Mesophytic forests from younger horizons with
plant macroremains correspond to deciduous
broad-leaved forests (Kovar-Eder 2003) of the
association Quercus-Carpinus-Castanea asso-
ciation sensu Mai (1995). As their contem-
porary equivalent there could be considered
floristically rich mesophytic deciduous forests
from the eastern part of North America (Braun
1964, Knapp 1965, Barnes 1991).

RECONSTRUCTION
OF PALAEOCLIMATE

Almost all taxa of plant macroremains found
in the investigated sediment parts of the “Ruja”
lignite deposit represent the arctotertiary
geofloristic element (Engler 1882, Mai 1995).
Their contemporary counterparts are charac-
teristic of modern warm temperate ecosystems
in the northern hemisphere. Dominance of this
particular group of plants implies warm tem-
perate climate prevailing during the period of
formation of these macroremain assemblages.
Plant macroremains of palaeotropical element
of the family Zingiberaceae (genera Spirema-
tospermum and Zingiberoideophyllum) and
Glyptostrobus europaeus, as well as the pre-
sence of taxa represented mainly by subtropi-
cal taxa (P2) in the pollen spectra suggest
mild winters with the absolute minima stay-
ing above —5°C. Furthermore, the absence of
more thermophilous plants such as Lauraceae
or palms, combined with rarity of palaeotropi-
cal taxa among plant macroremains rule out
subtropical climate.

The palaeoclimate may have been compara-
ble to contemporary climate of the Talysh and
Colchis in Transcaucasia, where the Euxine-
Hyrcanian forests did exist. In this region are
growing Alnus subcordata C. A. Mey, similar
to the fossil species Alnus menzelii Raniecka-
Bobrowska, Pterocarya pterocarpa (Michaux)
Knuth, comparable to the fossil species Pte-
rocarya paradisiaca (Unger) Ilinskaya, and
Zelkova carpinifolia (Pall.) Dipp. related to
Zelkova zelkovifolia (Tutayuk 1975). The cli-
mate of this area is mild with mean annual
temperatures oscillating around +14°C and the
mean temperature of the coolest month being
+3°C (Tutayuk op cit.). Frosts rarely occur, and
annual precipitation is high (1250 mm). In the
same manner, the Neogene of Ruja may have
been similar to the climatic conditions of the



southeastern part of North America (the Mis-
sissippi River delta and the southeastern coast
of the Atlantic) where Acer rubrum var. drum-
mondii (Hook & Arnott) Sarg. occurs, relative
of the fossil species A. tricuspidatum. The
mean annual temperature of this area varies
between +16 and +19.8°C; the temperature of
the mean coolest month spans +5 and +15°C,
and high annual precipitation reaches up to
1200-1500 mm (Knapp 1965, Barnes 1991).

AGE OF THE HORIZONS WITH PLANT
REMAINS

Most of the horizons with plant macrore-
mains from the borehole Komorniki 97/72
(KRAM-P: 243/B, 243/C, 243/D) and of the
borehole Komorniki 97/73 (KRAM-P: 244/B,
244/C, 244/D) come from the Pawlowice For-
mation (the Middle Miocene) and two hori-
zons from both boreholes (KRAM-P: 243/A
and 244/A) lie in the lowermost part of the
Poznan Formation in the horizon equivalent
to 15t Mid-Polish seam (the Middle Miocene).
Considering this, from the geological point
of view, the age of all horizons with plant
remains should be estimated as the Middle
Miocene. This conclusion is in accordance
with results of our palaeobotanical investiga-
tions. Floristic composition of all levels with
plant macroremains is similar in respect of
the taxonomical composition (Tab. 1, 2) and
points to their Neogene age. Absence of fossil
leaves of Quercus rhenana (Kridusel & Wey-
land) Knobloch & Z. Kvacek, very character-
istic of the Central European Early Miocene
swamp vegetation and common among mac-
roremains of swamp associations of this period,
and absence of the members of the family
Lauraceae and palms (Arecaceae), make the
Early Miocene age of this part of the Neogene
sediments of the “Ruja” lignite deposit rather
unlikely. Domination of the deciduous, warm
temperate climate species, presence of taxa
absent or very rare in the Pliocene floras of
Poland (Byttneriophyllum tiliifolium, Glyp-
tostrobus europaeus, Zingiberoideophyllum
liblarense), and absence of taxa characteris-
tic of Central European Pliocene fossil floras,
closely related to or identical with recent spe-
cies (e.g. Quercus castaneifolia C.A. Mey. foss.
and Ulmus carpinifolia Gled. foss. in Willers-
hausen, Wilde et al. 1992) allow to exclude
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the Pliocene age and suggest the Middle or
Late Miocene age. Results of palynological
investigations specify this evaluation, and
point to the Middle Miocene (Badenian) age
of horizons with plant macroremains.

COMPARISON OF PLANT
MACROREMAIN ASSEMBLAGES WITH
OTHER NEOGENE LEAF FLORAS FROM
POLAND AND CENTRAL EUROPE

Assemblages of plant macroremains from
both boreholes from Ruja lignite deposit are
taxonomically similar to leaf floras found
in deposits that were formed in fluvial and
swamp environments generating lignite depo-
sits during the Neogene in Poland and Central
Europe. From the Neogene of Poland most simi-
lar macroremain assemblages to that of Ruja
are leaf floras from Middle Miocene of Dobrzyri
on Vistula River (Kownas 1956, 1959), and
especially Late Miocene leaf assemblages from
the Betchatéw Lignite Mine (Stuchlik et al.
1990, Worobiec & Lesiak 1998, Worobiec 2003,
Worobiec & Szynkiewicz 2007). Leaf flora from
Dobrzyn on the river Vistula has 11 taxa com-
mon with Ruja and Belchatéw Lignite Mine —
13 taxa (Tab. 4). Similarly as in Ruja in all the
above mentioned fossil floras macroremains of
swamp forests sensu Mai (1995) dominated,
mainly Glyptostrobus-Alnus-Byttneriophyllum
swamp association (Knobloch & Kvacek 1965,
Givulescu 1992) with characteristic taxa such
as Alnus menczelii, Byttneriophyllum tiliifo-
lium, Glyptostrobus europaeus, and Myrica.
Also in the Miocene flora from Nysa (Kra-
jewska 2001) and the Middle Miocene flora of
Konin (Raniecka-Bobrowska 1954) there were
found remains of Byttneriophyllum tiliifolium
leaves (Tab. 4). However, this last two floras
have only up to 3 taxa in common. The Middle
Miocene leaf flora from Stawiany and Mtyny
in the southern margin of Holy Cross Moun-
tains (Zastawniak 1980) is ecologically com-
pletely different (Tab. 4) and share with Ruja
only taxa typical for riparian communities (e.g.
Alnus julianiformis, Pterocarya paradisiaca,
Zelkova zelkovifolia).

Outside of Poland, macroremain assem-
blages with dominance of Glyptostrobus-Alnus-
Byttneriophyllum association are known from
numerous localities from Austria, Bulgaria,
Czech Republic, Germany, Hungary, Romania,
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Table. 4. The occurrence of fossil taxa of the Ruja lignite deposit in the selected leaf floras of the Neogene of Poland. (+) -

taxon given under another name

MIDDLE MIOCENE

LATE

MIOCENE MIOCENE

Taxon

TULA RIVER

DOBRZYN ON VIS-
(Kownas 1956, 1959)

KONIN
(Raniecka-Bobrowska

1954)
(Zastawniak 1980)
BELCHATOW
(Stuchlik et al. 1990,
Worobiec & Lesiak 1998,
Worobiec 2003, Worobie
& Szynkiewicz 2007)
NYSA
(Krajewska 2001)

STAWIANY, MLYNY

Osmunda parschlugiana
Woodwardia muensteriana
Glyptostrobus europaeus
Sequoia abietina

Acer tricuspidatum

Alnus julianiformis

Alnus menzelii
Byttneriophyllum tiliifolium
SFicus” truncata
Cercidiphyllum (?) crenatum
Myrica lignitum

Populus populina

Salix hausruckensis

Salix cf. kicktonii

Salix varians

Pterocarya paradisiaca
“Castanea” kubinyii

Nyssa ornithobroma

Ulmus pseudopyramidalis
Ulmus cf. ruszovensis
Zelkova zelkovifolia
Phragmites oeningensis
Zingiberoideophyllum liblarense
Spirematospennum wetzleri
Hydrocharitaceae leaves
Cyperacites

(+)
(+)

(+)

(+)

+ +

+ o+ 4+ o+

+ o+ 4+ o+

Slovakia, and Ukraine (Mai 1995). Rather
similar leaf assemblages (Tab. 5) were found
in Lower Miocene deposits of Wackersdorf
(Knobloch & Kvacdek 1976, 10 common taxa),
Middle Miocene of Precarpathians (Shvareva
1983, 9 common taxa) and the Late Miocene
of Molassezone of Austria (Kovar-Eder 1988,
9 common taxa). The Middle Miocene leaf flo-
ras from Kreuzau (Ferguson 1971) and Hinter-
schlagen (Kovar-Eder & Wgjcicki 2001) has
only 6 (Kreuzau) or 5 (Hinterschlagen) taxa in
common (Tab. 5), but only in flora of Hinter-
schlagen, besides Ruja, leaves of Salix haus-
ruckensis were found. The Late Miocene flora
from Mataschen (Kovar-Eder 2004) has only 3
taxa common with Ruja deposits but there was
found Zingiberoideophyllum liblarense, fossil
representative of the family Zingiberaceae,
typical for Glyptostrobus-Alnus-Byttneriophyl-
lum association.

CONCLUSIONS

As the result of investigation of 280 speci-
mens of plant macroremains from the two
cores of Ruja locality (Komorniki 97/72 and
Komorniki 97/73), 35 taxa from 24 genera
belonging to 16 families of pteridophyta, gym-
nosperms and angiosperms were identified.

Five new species were reported for the
Polish Neogene: Salix hausruckensis, Salix cf.
kicktonii Weyland, Salix sp. 1, Ulmus pseu-
dopyramidalis Z. Kvacek & Hably, and cf.
Varipilicutis liblarensis (Krdusel & Weyland)
Schneider.

Pollen spectra from samples taken from
all horizons with plant macroremains contain
a predominance of taxa representing azonal
vegetation communities (mostly swamp and
riparian forests and bush swamps). Sporo-
morphs representing zonal mespohytic forest
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Table. 5. The occurrence of fossil taxa of Ruja lignite deposit in the selected leaf floras of the Neogene of Central Europe.

(+) - taxon given under another name

EARLY
MIOCENE

MIDDLE MIOCENE

LATE MIOCENE

Taxon

WACKERSDORF
(Knobloch & Kvaéek
1976)

KREUZAU

(Ferguson 1971)

PRECARPATHIANS
(Shvareva 1983)
HINTERSCHLAGEN
(Kovar-Eder &
Wojcicki 2001)
MOLASSEZONE OF
AUSTRA
(Kovar-Eder 1988)
MATASCHEN
(Kovar-Eder 2004)

Osmunda parschlugiana
Woodwardia muensteriana
Glyptostrobus europaeus +
Sequoia abietina
Acer tricuspidatum
Alnus julianiformis +
Alnus menzelii
Byttneriophyllum tiliifolium
SFicus” truncata
Cercidiphyllum (?) crenatum
Myrica lignitum +
Populus populina +
Salix hausruckensis
Salix cf. kicktonii
Salix varians +
Pterocarya paradisiaca
“Castanea” kubinyii +
Nyssa ornithobroma
Ulmus pseudopyramidalis
Ulmus cf. ruszovensis
Zelkova zelkovifolia +
Phragmites oeningensis
Zingiberoideophyllum liblarense +
Spirematospennum wetzleri
Hydrocharitaceae
Cyperacites

+

+

(+)

+

+

(+) +

(+) +

+
+

vegetation are rare. Taxa belonging to arcto-
tertiary, warm temperate element (A1) prevail
in the pollen spectra. The presence of a palaeo-
tropical element, mainly represented by sub-
tropical taxa (P2) is the most distinct in sam-
ples from the lowermost horizons with plant
macroremains.

The Ruja area in the Middle Miocene was
dominated by wetland vegetation with swamp
and riparian forests. Swamp forest was com-
posed of Acer tricuspidatum, Alnus menzelii,
Byttneriophyllum tiliifolium, Cercidiphyllum
crenatum, Glyptostrobus europaeus, Myrica
lignitum, Nyssa ornithobroma, Osmunda
parschlugiana, Woodwardia muensteriana,
and Zingiberaceae (Spirematospermum and
Zingiberoideophyllum), representatives of the
association Glyptostrobus-Alnus-Byttnerio-
phyllum. Results of palynological investiga-
tions also point to the presence of the bush

swamp communities. Slightly drier areas prob-
ably on mineral soils only periodically flooded
were dominated by the riparian forests as indi-
cated by the presence of such taxa as Populus
populina, Pterocarya paradisiaca, Salix spp.,
Ulmus cf. ruszovensis, U. pseudopyramidalis,
and Zelkova zelkovifolia. Reservoir margins
were covered with reeds, i.e. Phragmites oeh-
ningensis and Cyperacites sp. (? Sparganium)
and surrounded by waterside vegetation with
Asteraceae, Poaceae, Rumex, and Urticaceae.
In the depths of reservoirs there were sub-
merged stems and leaves belonging to the
members of the family Hydrocharitaceae; on
the open surface there were floating leaves of
Potamogeton and Nymphaeaceae. Mesophytic
forests occupied higher elevated terrain.
Almost all fossil plant macroremain taxa
found in the investigated sediments of the
Ruja lignite deposit represent warm temperate
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arctotertiary element and indicate warm tem-
perate climate during the period when the dep-
osition of macroremain assemblages occurred.
The presence of plant macroremains denoting
palaeotropical element (Zingiberaceae) as well
as taxa reflecting subtropical palaeotropical ele-
ment (P2) in pollen spectra, points to mild win-
ters with absolute minimum temperatures not
falling below —5°C. Palaeoclimate at the time
of sedimentation of horizons with plant mac-
roremains of Ruja could be similar to the con-
temporary climate of the Talysh and Colchis in
Transcaucasia or south-eastern part of USA.

Geological position and floristic composition of
all investigated levels with plant macroremains
point to the Middle Miocene (Badenian) age.

Plant macroremains from both boreholes
of the Ruja lignite deposit suggest that in
the Middle Miocene there existed the area of
swamp forests sensu Mai (1995), in type of the
Glyptostrobus-Alnus-Byttneriophyllum swamp
association (Knobloch & Kvadek 1965, Givu-
lescu 1992) thriving upon fluvial and swamp
habitats, generating in effect lignite deposits
during the Neogene period in Central Europe.
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Plate 1

Osmunda parschlugiana (Unger) Andreanszky

la. Detached leaflets, specimen No. KRAM-P 244/A/1
1b. Enlargement of leaflet, specimen No. KRAM-P 244/A/1

Taxodium dubium (Sternberg) Heer vel Sequoia abietina (Brongniart) Knobloch

2. Twigs, specimen No. KRAM-P 244/D/1/11

Glyptostrobus europaeus (Brongniart) Unger

Twigs, specimen No. KRAM-P 244/B/18
Cone, specimen No. KRAM-P 243/B/15
Isolated cone, specimen No. KRAM-P 243/E
Isolated twigs, specimen No. KRAM-P 244/C
Twigs, specimen No. KRAM-P 243/A/26/1

I S

Sequoia abietina (Brongniart) Knobloch

6. Twig, specimen No. KRAM-P243/A/27

Scale bar — 1 cm
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Plate 2

Acer tricuspidatum Bronn sensu Prochazka & Buzek

1. Leaf, specimen No. KRAM-P 243/B/17
2. Leaf, specimen No. KRAM-P 244/B/2
5. Leaf, specimen No. KRAM-P 243/D/11/1

Acer sp. ex gr. Rubra Pax

3. Samara, specimen No. KRAM-P 243/C/5/IV
6. Samara, specimen No. KRAM-P 244/B/22/I11

cf. Carpinus grandis Unger emend. Heer

4. Leaf, specimen No. KRAM-P 244/B/19/11

Acer sp.

7. Leaf, specimen No. KRAM-P 243/C/12/111

Alnus menzelii Raniecka-Bobrowska

8. Leaf, specimen No. KRAM-P 244/C/6

Scale bar — 1 cm
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Plate 3

Alnus menzelii Raniecka-Bobrowska
1. Leaf, specimen No. KRAM-P 244/B/8/11
JFicus” truncata Heer sensu Buzek
2. Leaf fragment, specimen No. KRAM-P 244/C/8/1
Byttneriophyllum tiliifolium (A. Braun) Knobloch & Z. Kvacek

3. Leaf, specimen No. KRAM-P 243/D/41
4. Leaf fragment with detail of leaf margin venation, specimen No. KRAM-P 243/D/38/I
5. Leaf, specimen No. KRAM-P 243/B/18/11

cf. ,Ficus” truncata Heer sensu Buzek

6. Fragment of destroyed leaf, specimen No. KRAM-P 243/D/27

Myrica lignitum (Unger) Saporta sensu lato

7. Leaf, specimen No. KRAM-P 244/B/34/1

cf. Myrica lignitum (Unger) Saporta sensu lato

8. Leaf, specimen No. KRAM-P 244/B/26/11

Scale bar — 1 cm
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Plate 4

Spirematospennum wetzleri (Heer) Chandler
1. Seeds, specimen No. KRAM-P 244/C/28
Salix sp. 1
2. Leaf, specimen No. KRAM-P 243/A/11/1

Salix varians Goeppert sensu lato

3. Leaf, specimen No. KRAM-P 244/B/40/1
5. Leaf, specimen No. KRAM-P 243/C/1

Salix hausruckensis Kovar-Eder

4. Leaf, specimen No. KRAM-P 243/B/7
6. Detail of leaf margin, specimen No. KRAM-P 243/B/34

Pterocarya paradisiaca (Unger) Ilinskaya

7. Leaflet, specimen No. KRAM-P 243/D/3/I11

Salix cf. kicktonii Weyland

8. Leaf, specimen No. KRAM-P 244/B/34/11

Zingiberoideophyllum liblarense Krausel & Weyland

9. Fragment of leaf, specimen No. KRAM-P 244/C/21

Scale bar: 1 — 0.5 cm, 2-9 — 1 cm
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Plate 5

Nyssa ornithobroma Unger

1. Seeds, specimen No. KRAM-P 244/C/27
Zelkova zelkovifolia (Unger) Buzek & Kotlaba

2. Leaf fragment, specimen No. KRAM-P 244/B43
»Castanea” kubinyii Kovats ex Ettingshausen sensu Knobloch & Z. Kvadek
3. Leaf, specimen No. KRAM-P 243/D/8/11
Ulmus cf. ruszovensis Hummel
4. Leaf, specimen No. KRAM-P 243/D/3/11

Ulmus sp.

5. Leaf, specimen No. KRAM-P 244/B/6/1
7. Leaf, specimen No. KRAM-P 244/C/3/1

Ulmus pseudopyramidalis Z. Kvaéek & Hably

6. Leaf, specimen No. KRAM-P 244/B/22/11
Dicotylophyllum sp. 2

8. Leaf, specimen No. KRAM-P 244/C/3/11

Scale bar — 1 ecm
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Plate 6

cf. Populus sp.
1. Leaf, specimen No. KRAM-P 244/B/16
Populus populina (Brongniart) Knobloch
2. Leaf fragment with detail of leaf margin venation, specimen No. KRAM-P 244/B/6/I1
Cercidiphyllum (?) crenatum (Unger) R. W. Brown emend. Z. Kvacek & Konzalova

3a. Leaf, specimen No. KRAM-P 244/C/12/1
3b. Detail of leaf margin, specimen No. KRAM-P 244/C/12/1

Dicotyledones indeterminatae

4. Leaf, specimen No. KRAM-P 244/B/28/11
Incertae sedis

5. Specimen No. KRAM-P 244/B/25/11

Phragmites oeningensis A. Braun

6. Fragment of leaf, specimen No. KRAM-P 244/B/26/1

Scale bar — 1 ecm
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Plate 7

Alnus menzelii Raniecka-Bobrowska
1. Detail of higher order venation of leaf, specimen No. KRAM-P 244/C/20/11
Byttneriophyllum tiliifolium (A. Braun) Knobloch & Z. Kvacek
2. Detail of higher order venation of leaf, specimen No. KRAM-P 243/B/18/11
Cercidiphyllum (?) crenatum (Unger) R. W. Brown emend. Z. Kvacek & Konzalova
3. Detail of higher order venation of leaf, specimen No. KRAM-P 244/C/12/1
»Castanea” kubinyii Kovats ex Ettingshausen sensu Knobloch & Z. Kvacek

4. Detail of higher order venation of leaf, specimen No. KRAM-P 243/D/10
Phragmites oeningensis A. Braun

5. Detail of higher order venation of leaf, specimen No. KRAM-P 244/B/26/1
Zingiberoideophyllum liblarense Kriusel & Weyland
6. Detail of higher order venation of leaf, specimen No. KRAM-P 244/C/21
Hydrocharitaceae Jussieu gen. indet.
7. Detail of higher order venation of leaf, specimen No. KRAM-P 244/C/19/1

Cyperacites sp.

8. Detail of higher order venation of leaf, specimen No. KRAM-P 243/C/3/11

Scale bar — 1 mm
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Plate 8

Osmunda parschlugiana (Unger) Andreanszky

1. Epidermis with stomata, specimen No. KRAM-P 243/A/22
Trichomes on the epidermis, specimen No. KRAM-P 243/A/9

Glyptostrobus europaeus (Brongniart) Unger

3. Epidermis with stomata, specimen No. KRAM-P 243/A/26/1
4. Epidermis with stomata, visible considerably short epidermal cells, specimen No. KRAM-P 243/B/13
5. Epidermis with stomata, specimen No. KRAM-P 244/C/1/1

Sequoia abietina (Brongniart) Knobloch
6a. Epidermis composed of strongly elongated epidermal cells, specimen No. KRAM-P 243/A/5/1

6b. Epidermis with stomata arranged in parallel rows, specimen No. KRAM-P 243/A/5/1

6c. Hypodermal cells (short and rectangular with thin cell walls) and outlines of epidermal cells (elongated and
thick cell walls), specimen No. KRAM-P 243/A/5/1

Scale bar — 50 pm
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3a.
3b.
4a.
4b.

5a.
5b.

Plate 9

Sequoia abietina (Brongniart) Knobloch

Epidermis, stomata irregularly arranged, specimen No. KRAM-P 243/A/5/1
Detail of stomata structure, specimen No. KRAM-P 243/A/12

Acer tricuspidatum Bronn sensu Prochdzka & Buzek

Adaxial epidermis, specimen No. KRAM-P 243/D/11/11

Abaxial epidermis with stomata and trichomes, specimen No. KRAM-P 243/D/11/11
Abaxial epidermis with stomata and trichomes, specimen No. KRAM-P 243/D/11/1
Unicellular trichomes, specimen No. KRAM-P 243/D/11/1

Alnus julianiformis (Sternberg) Z. Kvacek & Holy

Adaxial epidermis, specimen No. KRAM-P 243/B/14
Abaxial epidermis with stomata, specimen No. KRAM-P 243/B/14

Scale bar — 50 pym
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la.
1b.

2a.
2b.

Plate 10

Alnus julianiformis (Sternberg) Z. Kvacek & Holy
Peltate glandular trichome on the abaxial epidermis, specimen No. KRAM-P 243/B/32
Four-celled base of peltate glandular trichome, specimen No. KRAM-P 243/B/32
Alnus menczelii Raniecka-Bobrowska
Adaxial epidermis with cuticular striations, specimen No. KRAM-P 243/B/20
Abaxial epidermis with stomata, specimen No. KRAM-P 243/B/20

Four-celled base of peltate glandular trichome, specimen No. KRAM-P 244/C/10
Multicellular solitary trichome, possibly structural element of domatium, specimen No. KRAM-P 244/C/18

Byttneriophyllum tiliifolium (A. Braun) Knobloch & Z. Kvaéek

Adaxial epidermis, specimen No. KRAM-P 244/C/16/1
Adaxial epidermis with cuticular ornamentation (reticulum), specimen No. KRAM-P 243/D/2/1

Scale bar — 50 pm
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Plate 11

Byttneriophyllum tiliifolium (A. Braun) Knobloch & Z. Kvadéek

1. Abaxial epidermis with stomata and dense cover of stellate trichomes, specimen No. KRAM-P 244/D/2/1
2a. Abaxial epidermis with stomata, specimen No. KRAM-P 244/C/16/1

2b. Glandular, clavate trichome, specimen No. KRAM-P 244/C/16/1

3. Stellate trichome (A) and glandular clavate trichomes (B), specimen No. KRAM-P 243/B/24

SFicus” truncata Heer sensu Buzek

4a. Four-celled glandular clavate trichomes, specimen No. KRAM-P 244/C/8/1
4b. Adaxial epidermis, specimen No. KRAM-P 244/C/8/1
4c. Abaxial epidermis with stomata and base of stellate trichome, specimen No. KRAM-P 244/C/8/1

Fungal fruiting body detached from the epidermis of Cercidiphyllum (?) crenatum (Unger) R. W. Brown
emend. Z. Kvacek & Konzalova

5a. Specimen No. KRAM-P 244/C/12/1

Cercidiphyllum (?) crenatum (Unger) R. W. Brown emend. Z. Kvacek & Konzalova

5b. Adaxial epidermis, specimen No. KRAM-P 244/C/12/1

Scale bar — 50 pm
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la.
1b.
lc.
1d.
2a.

2b.

Plate 12

Myrica lignitum (Unger) Saporta sensu lato

Adaxial epidermis, specimen No. KRAM-P 243/A/2

Abaxial epidermis with stomata and peltate glandular trichomes, specimen No. KRAM-P 243/A/2
Abaxial epidermis with stomata and peltate glandular trichomes, specimen No. KRAM-P 243/A/2
Two-celled (typical) base of peltate glandular trichome, specimen No. KRAM-P 243/A/2

Exceptionally rare (anomalous?) four-celled base of peltate glandular trichome, specimen No. KRAM-P 244/
B/34/1

Peltate trichome shield, inside visible (arrow) remains of resinous secretion, specimen No. KRAM-P 244/
B/34/1

Populus populina (Brongniart) Knobloch

Adaxial epidermis, specimen No. KRAM-P 244/B/6/11
Abaxial epidermis with stomata, specimen No. KRAM-P 244/B/15/1

Scale bar — 50 pm
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4a.
4b.

Scal

Plate 13

Populus populina (Brongniart) Knobloch
Abaxial epidermis with stomata and unicellular trichome base, specimen No. KRAM-P 244/B/32
cf. Populus sp.

Abaxial epidermis with stomata, specimen No. KRAM-P 244/B/3
Abaxial epidermis with stomata, specimen No. KRAM-P 244/B/7
Possibly adaxial epidermis with cuticular reticulate ornamentation, specimen No. KRAM-P 244/B/16

Epidermis with preserved rosettes of crystalloids of epicuticular wax (arrows), specimen No. KRAM-P 244/
B/16

Salix hausruckensis Kovar-Eder

Adaxial epidermis, specimen No. KRAM-P 243/B/3/1
Adaxial epidermis, specimen No. KRAM-P 244/B/36
Abaxial epidermis with stomata and isolated trichome bases, specimen No. KRAM-P 244/B/23

e bar — 50 pm
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3a.
3b.

Plate 14

Salix hausruckensis Kovar-Eder

Abaxial epidermis with different types of stomata: A — anomocytic, B - anisocytic C — brachyparacytic, speci-
men No. KRAM-P 244/B/36

Abaxial epidermis with stomata, preserved granules of epicuticular wax, specimen No. KRAM-P 243/B/3/I

Salix varians Goeppert sensu lato

Adaxial epidermis, specimen No. KRAM-P 244/B/17/1
Abaxial epidermis with stomata and unicellular trichome base, specimen No. KRAM-P 244/B/17/1
Adaxial epidermis with dense cuticular striations, specimen No. KRAM-P 243/A/24

Salix sp. 1

Adaxial epidermis over the vein, specimen No. KRAM-P 243/A/5/11
Abaxial epidermis with stomata and trichome base, specimen No. KRAM-P 243/A/11/1

Pterocarya paradisiaca (Unger) Ilinskaya

Adaxial epidermis, specimen No. KRAM-P 243/D/2/II1

Scale bar — 50 pm
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Plate 15

Pterocarya paradisiaca (Unger) Ilinskaya

la. Abaxial epidermis with stomata and unicellular trichome base, specimen No. KRAM-P 243/D/2/I11

1b. Peltate glandular trichome with unicellular trichome base detached from abaxial epidermis, No. KRAM-P
243/D/2/11

»Castanea” kubinyii Kovats ex Ettingshausen sensu Knobloch & Z. Kvadek

2a. Adaxial epidermis, specimen No. KRAM-P 243/D/30/1
2b. Abaxial epidermis with stomata, specimen No. KRAM-P 243/D/30/1
2c. Abaxial epidermis with stomata, specimen No. KRAM-P 243/D/30/1

Ulmus cf. ruszovensis Hummel

3a. Abaxial epidermis with stomata, specimen No. KRAM-P 243/D/2/11
3b. Abaxial epidermis with stomata and poorly visible trichomes (arrows), specimen No. KRAM-P 243/D/2/11

Ulmaus sp.

4. Abaxial epidermis with stomata, specimen No. KRAM-P 244/B/6/1

Scale bar — 50 pm
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Plate 16

Ulmus sp.
1. Abaxial epidermis with stomata, specimen No. KRAM-P 244/C/14
Dicotylophyllum sp. 1

2a. Adaxial epidermis, specimen No. KRAM-P 243/C/2/1
2b. Abaxial epidermis with stomata, specimen No. KRAM-P 243/C/2/1
3. Abaxial epidermis with stomata, specimen No. KRAM-P 243/B/12

Dicotylophyllum sp. 2

4a. Adaxial epidermis, specimen No. KRAM-P 244/C/3/11
4b. Abaxial epidermis with stomata, specimen No. KRAM-P 244/C/3/11

Dicotylophyllum sp. 3
5. Abaxial epidermis (?) with stomata, specimen No. KRAM-P 244/C/8/111
Phragmites oeningensis A. Braun

6. Epidermis, specimen No. KRAM-P 244/B/26/1

Scale bar — 50 pm
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Plate 17

Cyperacites sp.

1. Epidermis, visible dense traces of probably silica bodies or papillae, specimen No. KRAM-P 243/B/3/11

Zingiberoideophyllum liblarense Kriusel & Weyland

2. Detail of leaf venation, visible cross-veins and rests of content of secertory cells (dark) inside mesophyll,
specimen No. KRAM-P 244/C/2/1

3a. Adaxial epidermis, specimen No. KRAM-P 244/C/21
3b. Adaxial epidermis, specimen No. KRAM-P 244/C/21
3c. Abaxial epidermis with stomata, specimen No. KRAM-P 244/C/21
3d. Abaxial epidermis with stomata, specimen No. KRAM-P 244/C/21

Hydrocharitaceae Jussieu gen. indet.

4a. Detail of leaf margin with hook-shaped prickles, specimen No. KRAM-P 244/C/24/11
4b. Single hook-shaped prickle, specimen No. KRAM-P 244/C/24/11

Scale bar — 50 pm
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la.
1b.

3a.
3b.

4a.
4b.
4c.

Plate 18

Hydrocharitaceae Jussieu gen. indet.

Spine-shaped prickles on the leaf blade surface, specimen No. KRAM-P 244/C/19/1
Epidermal cells, specimen No. KRAM-P 244/C/19/1

Epidermal and mesophyll cells, specimen No. KRAM-P 244/C/24/11

Single hook-shaped prickle of another type, specimen No. KRAM-P 244/C/24/1
Epidermal cells of another type, specimen No. KRAM-P 244/C/24/1

cf. Varipilicutis liblarensis (Krdusel & Weyland) Schneider

Adaxial epidermis, specimen No. KRAM-P 244/C/2/11
Abaxial epidermis with stomata, specimen No. KRAM-P 244/C/2/11
Detail of stoma structure, specimen No. KRAM-P 244/C/2/11

Scale bar — 100 pm
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