Tertiary macrofloras of the Bohemian Massif: a review
with correlations within Boreal and Central Europe
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Tertiary floras occurring in the Bohemian Massif based on plant macrofossils (leaves and carpological material) are re-
viewed. The sites are situated in various stratigraphical levels of the Cheb, Sokolov, Most, Zittau, Ceské Bud&jovice and
Tieboi basins, volcanic complexes of the Doupovské hory Mts and Ceské stfedohoii Mts, as well as in Tertiary fluvial
sedimentary relicts scattered near Plzen, Prague and elsewhere in the western part of the Czech Republic. The overview
focuses on floristic and phytostratigraphical characteristics of the defined lithostratigraphical units and their dating
within the Bohemian Massif and correlation with previously defined paleofloristic units (Floristic Assemblages i.e.,
“Florenkomplexe”) of Boreal and Central Europe. New palaeoclimatical datasets obtained using the leaf physiognomy
(CLAMP), co-existence (CA) and ecophysiological methodologies show vegetation and palacoclimatic evolution dur-
ing the Tertiary in the studied area. * Key words: Tertiary, macrofloras, Bohemian Massif, correlation, vegetation,
palaeoclimate, Europe.
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Tertiary freshwater and volcanogenic deposists of the
Bohemian Massif have been explored for a long time in
respect of palaeobotanical records. Yet, the treatments of
individual sites, areas or taxonomic groups are widely scat-
tered in the literature, partly not easily accessible or even
unpublished. The present account aims at reviewing all
known floras connected with various geological units in
Bohemia and serves as the first-hand documentation for a
new treatment of brown coal of the Czech Republic.

This overview of fossil macrofloras (Tables 4, 6, 9, 11
and 12) contains a complete summary of previously known
taxa recorded in the Cheb, Sokolov, Most, Zittau, Ceské
Budé&jovice and Tteboti basins, volcanic complexes of the
Doupovské hory and Ceské stfedohofi Mountains (Mts),
and in fluvial sedimentary relicts scattered in various parts
of the Bohemian Massif (see Fig. 1). The palaeobotanical
datasets are based only on the leaf and carpological mate-
rial (fruits and seeds). Indication of taxa frequency in
the tables has been avoided because the frequency of
macrofossils is highly misleading in comparison with the
real abundance of plant taxa in the ancient vegetation, hav-
ing been biased by taphonomical influences and selective
collection.

The authors are attempting to contribute to the dating
of the lithostratigraphical units of the Bohemian Massif
on the basis of relevant plant macrofossils (see Tables
1-3, 5,7, 8, 10). If plant assemblages of the studied sites
are rich enough, a correlation to the Floristic Assem-
blages (“Florenkomplexe”) of Boreal and Central Europe
established and defined mainly by Mai (1995) and Kvacek
& Walther (2001) has been attempted. Additionally, a brief
summary of climate and vegetation evolution during the
Tertiary of the Bohemian Massif has been given, based on
datasets of three different methodologies.

Material and methods

The fossil material studied is housed mainly in the palaeo-
botanical collections of the National Museum, Prague, the
Czech Geological Survey, Prague (also at its repository in
Luznd), Charles University in Prague, Institute of Geology
and Palaeontology, headquarters of the mines Bilina and
Nastup-TuSimice, Staatliche Naturhistorische Sammlun-
gen Dresden, Museum fiir Mineralogie und Geologie,
Dresden, Hungarian Natural History Museum, Budapest
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Figure 1. Distribution of the studied areas within the Bohemian Massif
(adapted from Kvacek et al. 2006b).

and various other institutions or private collections. Detai-
led information about the housing of the material studied is
mostly quoted in the monographs and studies that concern
respective local floras.

Palaeoclimatic reconstruction has been obtained using
the CLAMP (Climate Leaf Analysis Multivariate Program
—methodology explained in Wolfe & Spicer 1999), the CA
(Coexistence Approach — methodology explained in Mos-
brugger & Utescher 1997), and the Ecophysiological
method reconstructing atmospheric CO, concentrations in
the geological past on the basis of stomatal density (e.g.,
Burgh et al. 1993, Beerling 1999).

The list of abbreviations used in the text includes: MAT
(Mean Annual Temperature), WMMT (Warmest Month
Mean Temperature), CMMT (Coldest Month Mean Tem-
perature) and MAP (Mean Annual Precipitation); acronyms
used in the explanations of figures for repositories: NM —
National Museum, Prague, CGS - the Czech Geological
Survey, Prague, PRC — Charles University in Prague, Insti-

tute of Geology and Palaeontology, DB — headquarters of
the mine Bilina, MMG — Staatliche Naturhistorische Samm-
lungen, Museum fiir Mineralogie und Geologie, Dresden,
PB — Hungarian Natural History Museum, Budapest.

Floristic composition, phytostratigraphical
overview and correlation of the studied
areas

The Cheb Basin

The Cheb Basin (Figs 1, 5; Tables 1, 4), the westernmost area
of the Bohemian Tertiary, consists of several formations
(or levels), partly informally defined (Ambroz 1958, BuZzek et
al. 1982) spanning the time interval from the Eocene to Plio-
cene (BuZek et al. in Klominsky 1994). Besides the formally
defined Staré Sedlo (Late Eocene), Cypris (Early Miocene)
and Vildstejn (Pliocene) formations, the remaining units, i.e.
the Main Lignite Seam and the Lower Clayey-Sandy Forma-
tion with the Lower Lignite Seam, are informal.

The first plant macrofossils from the Cheb Basin were
described in the first half of the 19" century (Haidinger
1839). More important collections were obtained later
(e.g., locality Mokfina, former Krottensee; Engelhardt
1879) and particularly from the drilling research during the
seventies and the eighties of the 20™ century (BiiZek et al.
1982). Unfortunately, this plant material has been only
partly described in detail (BuZek et al. 1985, 1996; Knob-
loch et al. 1996).

The oldest plant material was obtained from the fill of a
maar lake near the village of Velky Luh (core 4359; see
Buzek et al. 1969, 1988; Kvacek et al. 1989). It contains
typical Early Palacogene elements, such as “Nothofagus”
stopesae, Hantsia pulchra, Manglietia hercynica, Ruta-
spermum rugosum and Carpolithes echinatus. The Late
Eocene Staré Sedlo Formation was documented in a small
area at Novy Kostel on the western border of the Cheb Ba-
sin by the markers Rhodomyrtophyllum reticulosum and
Laurophyllum syncarpifolium (Knobloch et al. 1996).

Figure 2. Important Late Eocene plant elements from the Sokolov Basin and the Ceské stiedohoii Mts. ® A — Eotrigonobalanus furcinervis (Rossm.)
Walther & Kvacek, leaf, locality Na Piskach, NM G 6690, scale bar 10 mm. * B — Eotrigonobalanus furcinervis (Rossm.) Walther & Kvacek ssp.
flagellinervis (Rossm.) Knobloch & Kvacek, leaf, locality Staré Sedlo, NM G 6692, scale bar 10 mm. * C — Majanthemophyllum basinerve (Rossm.)
Knobloch & Kvacek, leaf, locality Jehlicnd, NM G 6705, scale bar 5 mm. * D — Populus aff. leuce (Rossm.) Ung., leaf, locality Staré Sedlo, NM G 6632,
scale bar 5 mm. ¢ E — Steinhauera subglobosa C. Presl in Sternberg, infructescence, locality Cesk}’/ Chloumek, NM G 6681, scale bar 3 mm.
* F — Rhodomyrtophyllum reticulosum (Rossm.) Knobloch & Kvacek, leaf, locality Cesk)’/ Chloumek, NM G 6637, scale bar 10 mm. ¢ G — Platanus
neptuni (Ettingsh.) Buzek, Holy & Kvacek, leaf, locality Kuclin, coll. Vali¢ek, uncatalogued, scale bar 10 mm. ® H — Platanus neptuni (Ettingsh.) Buzek,
Holy & Kvacek, infructescence, locality Kuclin, BP 55. 2337.1, scale bar 5 mm. ¢ I — Raskya venusta (Ettingsh.) Manchester & Hably, fruit, locality
Ku¢lin, BD KUC 16, scale bar 3 mm. * J — Hooleya hermis E.M. Reid & Chandler, fruit, locality Kuclin, NM G 3724a, scale bar 5 mm. * K — Doliostrobus
taxiformis (Sternb.) Kvacek, cone scale impression with attached seed, locality Hlinna (core Uc-9), CGS Uc 9-13, scale bar 5 mm. * L — “Ficus” reussii
Ettinsgh., leaf, locality Kuc¢lin, BP 55.2408.1, scale bar 10 mm. M — “Acer” sotzkianum Ung., fruit, locality Kuclin, NM G 7893a, scale bar 5 mm. * N —
Doliostrobus taxiformis (Sternb.) Kvacek, foliage shoot, locality Kuclin, NM G 3724b, scale bar 5 mm. * O — Engelhardia macroptera (Brongn.) Ung.,

fruit, locality Kuclin, DB KUC 94, scale bar 5 mm.
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Table 1. Correlation of selected floras of the Cheb Basin with the Boreal
and Central European floristic assemblages sensu Mai & Walther (1991),
Mai (1995) and Kvacek & Walther (2001).

Chronostr. | Lithostratigraphy Selected Palaeoﬂorlstlc
macrofloras correlation
Nova
Nova Ves
. Vildstejn| Ves Mb.
Pliocene Ceyssac
Fm. Vonsov Hnévin
Mb.
. o Frant. Lazné-
Cypris Fm. Mokiina Kleinleipisch
Early Cheb, Eichelskopf-
Miocene Coal Seam Fm. FrantiSkovy Lazné | Wiesa
cores 4393, 4395 | Bilina-Brandis,
“ and BJ 1 Bitterfeld
ower
Clayey-Sandy” Seussen, maar Thierbach,
Late Fm. Plesna Linz-Krumvif
Oligocene
Odrava ?
?Early
Oligocene— | Staré Sedlo Fm. | Novy Kostel Hordle-Zeitz
Late Eocene
?Early—
Middle maar Velky Luh | Viessel-Selsey,
7Belleu-Sheppey
Eocene

The next higher lithostratigraphical unit, the “Lower
Clayey-Sandy” Formation, has been partly dated by Oligo-
cene elements occurring in its lowermost part (e.g., Eotri-
gonobalanus furcinervis ssp. haselbachensis in Franti$-
kovy Lazné, core BJ 1; Buzek er al. 1982). Assemblages of
Oligocene/Early Miocene age were found in the deposits
several tens of meters under the Main Coal Seam in the
Odrava part of the basin. This flora is characterized by
Quasisequoia couttsiae, Pinus subg. Strobus and Pseudo-
larix in an association of thermophilous elements, such as
Symplocos, Engelhardia, Cyclocarya, Meliosma, Calamus
etc. (Buzek et al. 1982).

A similar assemblage is known at Seussen in Germany
(Knobloch 1971) and in a maar fill at Plesna (core V 146;
Buzek et al. in Kvacek 1984). The flora of Seussen con-
tains important phytostratigraphical markers, Fagus saxo-
nica and Alnus rostaniana (A. nostratum in Knobloch
1971) known from the Late Oligocene and Oligocene/Mio-
cene boundary in Germany and France (Mai & Walther
1991). The flora of Plesnd is characterized by diversified
coniferous elements (Cunninghamia, Torreya, Taxus and
Pseudolarix) accompanied by a mass occurrence of an
Oligocene marker Laurophylum acutimontanum and other
thermophilous elements (Kvacek 1971, Buzek et al. in
Kvacek 1984). This level clearly corresponds to the Late
Oligocene (Egerian) Floristic Assemblage of Linz-Krum-
vit sensu Kvacek & Walther (2001) and/or Floristic As-
semblage of Thierbach sensu Mai & Walther (1991). Sedi-
ments closely underlying the Main Coal Seam at
Frantiskovy Lazn€ and Cheb (cores 4393, 4395 and BJ 1)
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contain assemblages that show an Early Miocene character
with Taxodium dubium, Pinus rigios, Comptonia, Liquid-
ambar, Myrica, Laurophyllum pseudoprinceps, Platanus
neptuni etc. (Bizek et al. 1982). This flora recalls in its
composition that of the HoleSice Member and of the lower-
most part of the Libkovice Member in the Most Basin. The
Lower Coal Seam has provided no evidence of plant
macrofossils. A mastixioid flora of FrantisSkovy Lazn¢ and
Cheb (Holy 1977b) comes from the deposits which are
probably equivalent to the Main Coal Seam (Coal Seam
Formation sensu Ambroz 1958) and after the recent revi-
sion it includes mainly Mastixia, Eomastixia and Tecto-
carya.

The floras from the upper clayey part of the Main Coal
Seam (erroneously called the “coal facies” of the Cypris
Claystone by Buzek et al. 1996) contain predominantly
Pinus, Glyptostrobus, Myrica, Alnus, Comptonia, Platanus
neptuni, and Laurophyllum rugatum in combination with
other thermophilous elements, but excluding Taxodium
(Buazek et al. 1996). The mentioned taxa suggest a direct
link to the relatively thermophilous Floristic Assemblage
of Frantiskovy Lazné-Kleinleipisch sensu Mai (1995). The
flora of the Cypris Formation sensu Reuss (1852) is also
thermophilous with a similar but richer floristic composi-
tion of Mastixia, Daphnogene, Ocotea hradekensis,
Laurus abchasica, Laurophyllum sp. div., Gordonia and
Platanus neptuni and newly appearing Quercus kubinyii
(Buazek et al. 1996). This flora is quite comparable with
similar Early Miocene floras (Ottnagian-Karpatian) from
Austria and Germany (Kovar-Eder ef al. 2001).

Sediments of the VildStejn Formation (Fig. 5), which
were deposited after a long hiatus, include absolutely dif-
ferent Pliocene floras (BuZek et al. 1985). The flora from
the older VonSov Member is characterized by the occur-
rence of Glyptostrobus, Pinus leitzii, Liriodendron, Ilex,
Ampelopsis ludwigii, deciduous oaks and many herbs of
Reuverian types. Similar florulas are known from fluvial
relicts of the Tachov Graben attached from the south to the
Cheb Basin (BuzZek et al. 1985), which are interpreted as
relating to River “F” sensu Pesek & Spudil (1986). On the
other hand, assemblages from the younger Nova Ves
Member are distinctly cool temperate, with Picea
omoricoides, Chamaecyparis, Vacciniaceae (including
Chamaedaphne, Oxycoccus), Menyanthes, Scheuchzeria
and other herbs probably suggesting the first (‘“Prae-
tiglian”) cooling event (BazZek er al. 1985).

The Sokolov Basin

The series of brown coal basins in the piedmont of the
Krusné hory Mts (“Erzgebirge”) continues northeastwards
into the Sokolov Basin (Figs 1, 2, 4; Tables 2, 4). The lit-
hostratigraphy of the Sokolov Basin has recently been revi-
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sed in detail and various local units and coal seams correla-
ted within the basin (Rojik 2004). The sequence starts with
the Staré Sedlo Formation, which was deposited indepen-
dently from the structures of the basin. In the basin fill three
partly coal-bearing formations are recognized: the Oligo-
cene/Early Miocene Nové Sedlo Formation and the Early
Miocene Sokolov and Cypris formations.

The first plant macrofossils from the Sokolov Basin
were described by Sternberg (1820-1838 from the locality
Putschirn, now Pocerny at Karlovy Vary, belonging to the
Nové Sedlo Fm.). Intense mining activities and drilling sur-
veys in the seventies and eighties of the 20™ century made it
possible to collect a huge quantity of new fossil material
(collected by C. Buzek, F. Holy, Z. Kvacek and E. Knob-
loch). This material has only been partially revised so far.

The flora of the Staré Sedlo Formation (Fig. 2) includes
phytostratigraphical markers such as Steinhauera subglo-
bosa, Rhodomyrtophyllum reticulosum, Gordonia saxo-
nica, Laurophyllum syncarpifolium in the association with
the predominant Eotrigonobalanus and Daphnogene (e.g.,
localities Staré Sedlo, Jehli¢na, Cesk}’l Chloumek, Erika
Mine; see Knobloch et al. 1996). Such a floristic composi-
tion shows clear connections to the Late Eocene Floristic
Assemblage Hordle-Zeitz sensu Mai (1995). No plant
macrofossils have been detected in the lower part of the
Nové Sedlo Formation, i.e. the Davidov Member. Only
poor plant occurrences have been recovered in the direct
roof of the Josef Coal Seam (the Josef Member). These
plant datasets (mainly from the Erika and Medard mines)
with Eotrigonobalanus, Alnus, Platanus neptuni, Stra-
tiotes neglectus and Taxodium have a distinct Oligocene
character (Buzek et al. 1988).

The overlying sediments (the Chodov Member) have
yielded enormous quantity of plant fossils. These deposits
contain a partly revised mastixioid flora of Pocerny-
Podlesi near Karlovy Vary that is characterised by occur-
rences of the Late Oligocene elements, such as Fagus
saxonica, Alnus rostaniana and newly reviewed Cathaya
sp., Mastixia venosa and Carya costata (Holy 1984,
Kvacek & Walther 2001). Quercus rhenana as an Early
Miocene element was also proved in the Chodov Member.
Seeds of aquatic Nymphaeaceae in the association with
Alnus rostaniana were recovered in the area of Hroznétin
(Buzek & Kvacek 1966).

The productive Sokolov Formation includes only an
unrevised mastixioid flora from the Gustav Mine near
Bukovany (Habartov Member). This carpological material
consists of Mastixia, Tectocarya, Symplocos sp. div.,
Meliosma cf. miesleri, Meliosma wetteraviensis, Magnolia
burseracea and Nyssa (Holy, unpublished manuscript) that
indicates an Early Miocene character and a possible corre-
lation with the Floristic Assemblage Eichelskopf-Wiesa
(Holy 1977b, Buzek et al. 1988). The flora of the Cypris
Formation (e.g., localities Kralovské Poric¢i, former

Table 2. Correlation of the selected floras of the Sokolov Basin with the
floristic assemblages of Boreal and Central Europe sensu Mai & Walther
(1991), Mai (1995) and Kvacek & Walther (2001).

Chronostr. | Lithostratigraphy Selected Palaeofloristic
macrofloras |correlation
Dukla, .
Cypris Fm. Medard Frant. Ldzné-
. Kleinleipisch
Mines
Antonin Mb.
Ea_rly Anezka Mb. 9
Miocene Sokolov .
Fm. Té&Sovice Mb.
Habartov Mb. | Gustav Mine El?hCISkopf'
Wiesa
Hroznétin ?Bitterfeld
Chodov Mb. | podlesi, Thierbach,
Nové Pocerny Linz-Krumvif
Oligocene Sedlo Fm.
9 R
Josef Mb. Erika .N?rche'lu
Florsheim
Davidov Mb. ?
?Early )
Oligocene— | Staré Sedlo Fm. Star_eVS?dlo, Hordle-Zeitz
Jehli¢na
Late Eocene

Konigswehrt, Dukla Mine at Habartov), which terminates
the basin fill in the Sokolov Basin is similar in its composi-
tion and stratigraphical position to the adjacent Cheb Basin
(Buzek et al. 1996).

The Doupovské hory Mts

The magmatic massif of the Doupovské hory Mts (Fig. 1;
Tables 3, 4) is wedged between the Sokolov and Most ba-
sins. Relatively infrequent macrofossils have been known
from there and have remained out of palaeobotanists’ at-
tention since the first records at Vale¢ (Presl in Sternberg
1820-1838) until now.

Knobloch et al. (1996) reported fragments of Sabal
lamanonis, Eotrigonobalanus and probably Rhodomyrto-
phyllum reticulosum as very poorly preserved, but charac-
teristic elements of the Late Eocene Staré Sedlo Formation
from the sandstones underlying the volcanites at the local-
ity Vale€. An extinct conifer Doliostrobus, which is an im-
portant marker related to the Eocene/Oligocene boundary
and to the Floristic Assemblage of Bembridge sensu Mai
(1995), is known from the lowermost limestone deposits
belonging to the Doupov volcanic complex (Buzek et al.
1968, 1987). Thin-bedded limestones and volcanoclastics
from the localities Vale¢, Dvérce and Vrbice belong to the
higher parts of the complex. These sediments have yielded
florulas of Oligocene character proved by occurrences of
conifers (Pinus ornata, Tetraclinis) and the Oligocene
markers of Eotrigonobalanus and Alnus rostaniana (Bl-
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Table 3. Correlation of the selected floras of the Doupovské hory Mts
with the floristic assemblages of Boreal and Central Europe sensu Mai
(1995) and Kvacek & Walther (1998).

Chronostratigraphy | Lithostr. Selected Palaeoﬂorlsﬂc
macrofloras correlation
Early Miocene
Late Oligocene Vrbice Thierbach
Volcanic | test pits ?Nerchau-Florsheim
complex of Dvérce, )
. Doupovské | Hammerunter- IS(elfhenqersdorf—
Early Oligocene hory Mts | wiesenthal undratice
Haselbach
. Valec Bembridge
?Early Oligocene— .
Late Eocene IS:tare Sedlo Hordle-Zeitz
m.

Zek et al. 1990b). Test pits and other sites on the periphery
of the Doupovské hory Mts yielded thermophilous floras
with predominant Daphnogene (C. Biizek, personal com-
munication). A similar relatively thermophilous flora from
Hammerunterwiesenthal in Saxony outside the Doupov
complex (Walther 1998) is radiometrically dated to the
Early Oligocene (Rupelian) and can be correlated with the
Floristic Assemblage of Seifhennersdorf-Kundratice sensu
Kvacek & Walther (1998).

The Most Basin

The Most Basin (Figs 1, 4; Tables 5, 6), which is better
known under an informal name “the North Bohemian
Browncoal Basin”, was a place of interest to palaeobota-
nists from the beginning of the palacobotanical research

(Sternberg 1820-1838, Brongniart 1828). An intensive ex-
ploration started after the 2" World War and continues till
today (Kvacek er al. 2004, Teodoridis & Kvacek 2006).
The lithostratigraphy has been widely discussed in the last
decades (see Doméaci 1977, Malkovsky 1987, Hurnik
2001). Three formations are generally recognized, i.e., the
Basal or Staré Sedlo Formation, the Oligocene Stiezov
Formation, and the Early Miocene Most Formation. The
latter represents coal-bearing basin fill and has been divi-
ded into four units: the Duchcov, HoleSice, Libkovice and
Lom members sensu Domaéci (1977). In the western part of
the basin the main seam (HoleSice Mb.) is split into three
partial seams and two iterseam sediments called informally
according to Prochazka (1954), the Lower, Middle and Up-
per Seam and Lower and Upper Interseam Beds (for the re-
view see Kvacek et al. 2004).

The floras, which should belong to the Staré Sedlo
Formation are not reliably documented in the Most Ba-
sin. Quartzites located southwards of Most contain leaf
fragments of Eotrigonobalanus furcinervis. Besides, an
important Eocene marker Steinhauera subglobosa was
found as a single impression on a quartzite boulder rede-
posited from the Krusné hory Mts near the locality Lom
(Buzek et al. 1987, Knobloch et al. 1996). Sediments of
the Stfezov Formation sensu Domaci (1977) contain
plant macrofossil assemblages related to the volcanic
complex of the Ceské stfedohoii Mts mentioned below.
These floras have not been worked out in detail but are
briefly mentioned by Kvacek & Buzek (1982). A
floristic association of Ostrya sensu Kvacek & BiuzZek
(1982) known from the core GU 111 near Locho¢ice has
an affinity with the Early Oligocene predominantly de-
ciduous broadleaved forest vegetation of Kundratice and
Bechlejovice from the Ceské stfedohoii Mts (Kvacek &
Walther 1998, 2004).

Figure 3. Important Oligocene plant elements from the Ceské stiedohofi Mts. ¢ A — Ailanthus prescheri Walther, leaflet, locality Suletice, MMG SuBe
484e, scale bar 10 mm. ® B — Engelhardia orsbergensis (Weber) Jahnichen, Mai & Walther, leaflet, locality Suletice, MMG SuBe 3e, scale bar 10 mm.
 C - Oleinites maii (Buzek, Holy & Kvacek) Sachse, leaf, locality Suletice, MMG SuBe 624a, scale bar 10 mm. * D — Calocedrus suleticensis (Brabenec)
Kvacek, foliage shoot, locality Suletice, NM G 4211, scale bar 5 mm. ¢ E — Carpinus mediomontana Mai, fruit bract, locality Suletice, MMG SuBe
778:1a, scale bar 5 mm. ¢ F — Palaeohosiea suleticensis Buzek & Kvacek, fruit, locality Suletice, NM G 7045, scale bar 5 mm. * G — Hydrangea
microcalyx Sieber, calyx, locality Suletice, NM G 5418, scale bar 5 mm. « H — Tetraclinis salicornioides (Ung.) Kvacek, twig with two female cones, lo-
cality Suletice, NM G 7535a, scale bar 5 mm. * I — Sloanea artocarpites (Ettingsh.) Kvacek & Hably, leaf, locality Suletice, NM G 7048a, scale bar
10 mm. * J — Acer palaeosaccharinum Stur, leaf, locality Bechlejovice, CGS MP 42, scale bar 10 mm. * K — Ostrya atlantidis Ung., leaf, locality
Bechlejovice, CGS 3580, scale bar 10 mm. * L — Ostrya atlantidis Ung., fruit bract, locality Bechlejovice, CGS uncatalogued, scale bar 10 mm.
* M — Cercidiphyllum crenatum (Ung.) R. Brown, fruits, locality Bechlejovice, CGS 9174, scale bar 5 mm. * N — Cercidiphyllum crenatum (Ung.) R. Brown,
leaf, locality Bechlejovice, CGS MP 33, scale bar 10 mm. * O — Mimosites haeringianus Ettingsh., compound leaf, locality Bechlejovice, NM G 7186,
scale bar 5 mm. * P — Ampelopsis hibschii Buzek, Kvacek & Walther, leaf, locality Bechlejovice, CGS Be 1007, scale bar 20 mm. * Q — Tilia gigantea
Ettingsh., leaf, locality Bechlejovice, NM G 7680, scale bar 50 mm. * R — Tilia brassicoides (Saporta) Kvacek & Walther, fruit bract, locality
Bechlejovice, NM G 7172, scale bar 10 mm. ¢ S — Rosa saxonica (Engelhardt) Kvacek & Walther, fruit, locality Bechlejovice, CGS uncatalogued, scale
bar 10 mm. ¢ T — Rosa lignitum Heer, leaflet, locality Bechlejovice, CGS uncatalogued, scale bar 10 mm. » U — Torreya bilinica Saporta & Marion, needle
leaf, locality Bechlejovice, NM G 2407, scale bar 10 mm. ¢ V — Crataegus pirskenbergensis (Knobloch) Kvacek & Walther, leaf, locality Bechlejovice,
CGS MP la, scale bar 10 mm. « W — Dicotylophyllum deichmuelleri Kvacek & Walther, leaf, locality Bechlejovice, CGS MP 29, scale bar 10 mm.
* X — Cyclocarya sp., compound leaf, locality Bechlejovice, CGS MP 46, scale bar 10 mm. * Y —Toxicodendron herthae (Ung.) Kvacek & Walther, leaf-
let, locality Bechlejovice, CGS MP 24, scale bar 10 mm.  Z — Ulmus fischeri Heer, leaf, locality Bechlejovice, CGS 3712, scale bar 10 mm. ¢ A* — Cornus
studeri Heer, leaf, locality Bechlejovice, CGS 3668, scale bar 10 mm. * B* — Diospyros sp., leaf, locality Bechlejovice, CGS MP 38, scale bar 10 mm.

388



Zlatko Kvacek & Vasilis Teodoridis * Tertiary macrofloras of the Bohemian Massif

389



Bulletin of Geosciences * Vol. 82, 4, 2007

Table 4. Summary of the floristic composition of the Cheb Basin, Sokolov Basin, the Doupovské hory Mts and of the locality Hammerunter-
wiesenthal (Germany). Abbreviations: C — cone, F — fruit, L — leaf, S — seed, Sp — spore, O — organs, A — Cheb Basin (ChB) & Sokolov Basin (SB),
B — Vildstejn Formation (ChB), C — Cypris Formation (ChB, SB), D — Coal Seam Formation (ChH), E — “Lower Clayey-Sandy” Formation (ChH),
F — Sokolov Formation (SB), G — Nové Sedlo Formation (SB), H — Staré Sedlo Formation (ChB, SB), I — Doupovské hory Mts, J] — Hammerunter-
wiesenthal (Saxony, Germany).

A A

Taxa OBCDEFGHIJ Taxa OBCDEFGHIJ
Abies sp. c * Daphnogene cinnamomifolia L, F *F wox
Acer angustilobum L * Daphnogene pseudopolymorpha L *
Acer integrilobum L F * *F Daphnogene polymorpha L *
Acer palaeosaccharinum L,F *F Decodon globosus S *
Acer tricuspidatum L ? * * Dicotylophyllum spiculatum L *
Actinodaphne pseudogermari L Diplopanax limnophilus F *
Ailanthus confucii F * Distylium fergusonii L *
Aldrovanda intermedia S * Doliostrobus taxiformis L,C ?
Aldrovanda sp. S * Dulichium vespiforme F
Alnus gaudinii L * ? Elaeocharis cf. ovata F
Alnus julianiformis L ? Elaeocharis sp. div. F
Alnus rostaniana L,F *F Elatine alsinastrum S
Alnus cf. rugosa L * Engelhardia haraldii L *
Ampelopsis ludwigi S * ? Engelhardia macroptera F *
Ampelopsis cf. rotundatoides S * Engelhardia orsbergensis L * * *
Andromeda polifolia L * Eomastixia saxonica F
Aracispermum compressum S * Eotrigonobalanus andreanszkyi ~ F *
Aracispermum johnstrupii S * Eotrigonobalanus furcinervis L * kK
Betula sp. L,F * Epipremnites ornatus S * ?
Brasenia cf. tanaitica S * Eurya stigmosa S * ?
Butomus sp. S * Fagus deucalionis F, S *S *
Buxus egeriana L,F * Fagus saxonica L,F *F *
Calamus daemonorhops T ? “Ficus” jynx L
Caldesia sp. F * Fraxinus bilinica L ? *
Carex nigra F * Glyptostrobus europaeus C, S * *S
Carex cf. rostrata F * Gordonia saxonica L *
Carex cf. szaferi F * Gordonia knauensis L *
Carpinus minor L,F *F Gordonia hradekensis L *
Carya costata F Halesia crassa F *
Carya rostrata F Hartziella cf. rosenkjaeri F *
Carya serrifolia L * Hydrangea microcalyx F
Carya ventricosa F Hypericum coriaceum S
Carya sp. L * Hypericum septestum S
Castaneophyllum venosum L Ilex sp. div. F *
Castanea sp. L * Juncus sp. S
Cathaya multiserialis L ? Juniperus cf. communis S
Caulinia tenuissima S * Keteleeria sp. C ?
Cedrelospermum stiriacum F * Larix sp. L
Celtis cf. lacunosa F * Laurophyllum acutimontanum L kK
Cercidiphyllum crenatum F, S * *S Laurophyllum ambrozii L *
Chamaecyparis cf. pisifera L * Laurophyllum markvarticense L * *
Cladiocarya chomutovensis F * Laurophyllum medimontanum L * *
Cladiocarya cf. lusatica F * Laurophyllum nechranicense L * *
Cladiocarya sp. F Laurophyllum pseudoprinceps L * * *
Cladiocarya trebovensis F * Laurophyllum rugatum L *
Cladium mariscus F * 2 Laurophyllum syncarpifolium L *
Comptonia difformis L * * Laurus abchasica L *
Comptonia srodoniowae F * Leguminosae gen. et sp. indet. L, F * *
Corylopsis sp. S * Leucothoé narbonensis F
Corylus avellana F * Limnocarpus longipetiolatus F *
Craigia bronnii F * Liquidambar europaea F * * *
Cyclocarya cf. sibirica F * Liriodendron sp. S
Cyclocarya nucifera F * Ludwigia cf. palustris S
Cyperus sp. F * Lycopus cf. europaeus F
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Taxa OB E Taxa (6] CDEFGHIJ
Lygodium gaudinii L, Sp Rhodomyrtophyllum tristanoides L *
Magnolia burseracea S ? Rosaceae (Cotoneaster / E
Magnolia kristinae L Crataegus)

Magnolia sp. L,S Rubus sp. F *

Mahonia sp. L Rubus cf. idaeus F

Majanthemophyllum basinerve L Rumohra recentior L *
Majanthemophyllum petiolatum L Sabal lamanonis L *
Mastixia amygdaliformis F Sabal raphifolia L * *
Mastixia cf. boveyana F Salix sp. div. L

Mastixia thomsonii |/ venosa F Salvinia cf. natans Sp

Matudaea praemenzelii L Salvinia reussii L

Meliosma cf. miesleri Salvinia sp. L *

Meliosma pliocenica F ? Sambucus pulchella S

Melisoma wetteraviensis Sambucus sp. S *

Menyanthes cf. trifoliata S * “Sapindus” falcifolius L ? ?

Mneme sp. S * Scheuchzeria palustris S

Myrica sp. L Schisandra moravica S *

Myrica lignitum L Schoenoplectus cf. lacuster F *
Mpyrica cf. minima F Sequoia abietina C

Myrica vindobonensis L Sloanea sp. L

Myriophyllum sp. F * Smilax sagittifera L *

Najas marina S * Smilax weberi L,S *S *
Nuphar sp. S * Sparganium noduliferum F

Nymphaea cf. alba S * Sparganium simplex F

Nymphaea szaferi S Spirematospermum wetzleri S

Nymphaeaceae gen. et sp. indet. S Sphenotheca incurva F *

Nyssa ornithobroma F Steinhauera subglobosa F *
Ocotea hradekensis L “Sterculia” labrusca L *
Ocotea rhenana F Stratiotes neglectus S

Osmunda sp. L Stratiotes sp. S *

Ostrya atlantidis L, F ?7F Symplocos lignitarum F *

Parthenocissus sp. S Symplocos ludwigii F *

Pasaniopsis trivialis L Symplocos minutula F *

Picea cf. echinata L * Swida buglowiana F *

Phoenicites salicifolius L Taxodium dubium S,L * *
Picea omoricoides L * Taxus sp. L

Pinus cf. thomasiana C Tectocarya elliptica F

Pinus ornata C Ternstroemia sequoioides S * *
Pinus sp. div. L,C * * Ternstroemites magdae L *
Pinus stroboides C Ternstroemites sokolovensis L *
Platanus cf. schimperi L Tetraclinis salicornioides L * * ok
Platanus neptuni L F * Teucrium tatianae F

Podocarpium podocarpum L,F Tilia sp. F *

Polygonum sp. F * Toddalia maii S *

Populus aff. leuce L Torreya sp. S

Potamogeton sp. div. F * Trigonobalanopsis exacantha F *

Potentilla cf. pliocenica F = Trigonobalanopsis rhamnoides L * * * ?
Potentilla cf. supina F * Typha cf. lipetskiana S

Pronephrium stiriacum L Ulmus fischeri L * Ok
Proserpinaca reticulata F * Ulmus sp. F * ?

Prunus sp. L,F Vaccinium oxycoccos L

Pterocarya sp. F “Viburnum”cf. atlanticum L * *

Quasisequoia couttsiae C Viburnum cf. dilatatum F

Quercus cf. drymeja L Viola sp. S

Quercus kubinyii L Vitaceae gen. et sp. indet. L *

Quercus cf. petraea L * Weigela szaferi S

Quercus rhenana L Zanthoxylon sp. S

Ranunculus (Batrachium) sp. F * Zanthoxylum cf ailanthiforme S *

Ranunculus flammula F * Zelkova zelkovifolia L, F * *F
Rhodomyrtophyllum reticulosum 1, Ziziphus paradisiaca L #
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Table 5. Correlation of the selected floras of the Most Basin with the
floristic assemblages of Boreal and Central Europe sensu Mai (1995).

* _ core Bz 372, ** — core GU 111

A different more thermophilous vegetation including
Engelhardia, Platanus neptuni (“maar” flora from the core
Bz 372, Bilina Mine) and Daphnogene (trachybasaltic tuff
from the Bilina Mine), and Palaeohosiea suleticensis in
the association with Quasisequoia couttsiae, Alnus, Ampe-
lopsis rotundatoides, Cornus, lodes, Parabaena europaea
and Sambucus colwellensis (core KV 15 near Kvitkov out-
side the basin see Holy 1963, Kvacek & Buzek 1995)
is correlated with Oligocene floras of the Ceské stfedohoii
Mts from Suletice and Holy Kluk (Kvacéek & Buzek 1995,
Radon et al. 2006). The lowermost part of the Most Forma-
tion, (the Duchcov Member), is palaeofloristically hetero-
geneous. The “limestone” flora from Tuchofice is charac-
terised by the association of Phoenix-Celtis lacunosa sensu
Kvacek & Biuzek (1982) and has distinct thermophilous
character. Also a flora from the core JZ 44 (Jezefi) is
thermophilous and includes Laurophyllum sp. div. associ-
ated with Pinus sp. and Alnus julianiformis.

An aquatic, halophilous association of Cladiocarya-
Limnocarpus is known from the sediments underlying the
Lower Seam Beds sensu Hurnik & Marek (1962) in the
Marianna Mine. Monotonous accumulations of leaves of
Quercus rhenana (the association of Quercus rhenana
sensu Kvacek & Blizek 1982) are typical of the deepest lev-
els of the Most Fm. in the central part of the basin (e.g.,
core Hk 203 near Hrdlovka).

Assemblages from the same stratigraphical position
in the western (Chomutov) part southward of Pétipsy (lo-

Chronostr. | Lithostratigraphy Selected Palanﬂ.OHSUC
macrofloras correlation
Lom Mb. E((:Illrln Jifetin, 9
Marianské Eichelskopf-
Radcice Wiesa
Libkovice Jezefd,
Mb. v
Prvl\il?ky, Bilina-Brandis
Early Bfejstanyi
Miocene Most Bilina Mine
Fm. Cermiky,
5 Holede¢
H‘;le“ce Bitterfeld
Mb. Pesvice,
Strupcice
Tuchorice,
Marianna Mine
ﬁ%cmov Thierbach
LaFe . Hlavacov
Oligocene
Kvitkov NfirChal,l_
?Late-Early . Florsheim
. Stfezov Fm.
Oligocene Bilina*, Seifhennersdorf-
Lochocice** | Kundratice
?Early
Oligocene— | Staré Sedlo Fm. Lom Hordle-Zeitz
Late Eocene

Figure 4. Important Early Miocene plant elements from the Most, Sokolov and Zittau basins. A — Alnus julianiformis (Sternb.) Kvacek & Holy, leaf,
locality Bilina, DB uncatalogued, scale bar 10 mm. ¢ B — Acer tricuspidatum Bronn, leaf, locality Bilina, DB uncatalogued, scale bar 10 mm. ¢ C — Alnus
gaudinii (Heer) Knobloch & Kvacek, leaf, locality Bilina, DB uncatalogued, scale bar 10 mm. * D — Berchemia multinervis (A. Braun) Heer, leaf, locality
Bilina, DB uncatalogued, scale bar 10 mm.  E — Berberis berberidifolia (Heer) Palamarev & Petkova, leaf, locality Bilina, DB uncatalogued, scale bar
10 mm. ¢ F — Azolla aff. ventricosa P. Nikitin sensu Dorofeev, megaspores (arrow), locality Bilina, CGS uncatalogued, scale bar 5 mm. * G — Chaneya
oeningensis (Unger) Teodoridis & Kvacek, fruit, locality Biestany, NM G 4403, scale bar 5 mm. ¢« H — Carya costata (Sternb.) Brongn., fruit, locality
Bilina, DB uncatalogued, scale bar 10 mm. * I — Engelhardia macroptera (Brongn.) Ung., fruit, locality Bilina, DB uncatalogued, scale bar 10 mm.
 J— Paliurus favonii Ung., fruit, locality Bilina, DB uncatalogued, scale bar 10 mm. K — Schenkiella credneri (Schenk) Woéjcicki & Kvacek, fruit, local-
ity Bilina, DB uncatalogued, scale bar 5 mm. * L — Pseudolarix schmidtgenii Kriusel, cone scale, locality Nesuchyn¢, PRC NN 50, scale bar 5 mm.
* M — Salvinia reussii Ettingsh., leaf, locality Bilina, DB uncatalogued, scale bar 10 mm. ¢ N — Quercus rhenana (Krdusel & Weyland) Knobloch &
Kvacek, leaf, locality Bilina, DB uncatalogued, scale bar 20 mm. ® O — Paliurus tiliaefolius (Ung.) BlZek, leaf, locality Bilina, DB uncatalogued, scale
bar 10 mm. * P — Populus populina (Brongn.) Knobloch, leaf, locality Bilina, DB uncatalogued, scale bar 10 mm. * Q — Comptonia difformis (Sternb.)
Berry, leaf, locality Bilina, DB uncatalogued, scale bar 10 mm. ¢ R — Fagus saxonica Kvacek & Walther, leaf, locality Pfivlaky, PRC PR 28, scale bar
10 mm. ¢ S — Fraxinus bilinica (Ung.) Kvacek & Hurnik, leaf, locality Bilina, DB uncatalogued, scale bar 10 mm. ¢ T — Eurya stigmosa (Ludwig) Mai,
seed, locality Kundratice (core KU 127, depth 75.0-76.0 m), NM G 8507, scale bar 330 um. * U — Laurophyllum saxonicum Litke, leaf, locality Bfestany,
NM G 4415, scale bar 10 mm. ¢ V — Podocarpium podocarpum (A. Braun) Herendeen, leaflet, locality Bilina, DB uncatalogued, scale bar 10 mm.
* W — Nyssa bilinica (Ung.) Kvacek, leaf, locality Bilina, DB uncatalogued, scale bar 20 mm. * X — Gordonia hradekensis (Kvacek & Buzek) Palamar. &
Bozukov, leaf, locality Dukla Mine, Habartov, CGS DK-38, scale bar 10 mm. ¢ Y — Ulmus pyramidalis Goepp., leaf, locality Bilina, DB uncatalogued,
scale bar 10 mm. * Z — “Parrotia” pristina (Ettingsh.) Stur sensu Buzek, leaf, locality Bilina, DB uncatalogued, scale bar 10 mm. ¢ A* — Zelkova
zelkovifolia (Ung.) BiZek & Kotlaba, leaf, locality Bilina, DB uncatalogued, scale bar 10 mm. * B* — Myrica lignitum (Ung.) Sap., leaf, locality Bilina,
DB uncatalogued, scale bar 10 mm. ¢ C* — Pinus urani (Ung.) Schimper, seed cone, locality Kundratice (core KU 114, depth 72-73 m), NM G 8513, scale
bar 10 mm. ¢« D* — Calamus daemonorops (Ung.) Chandler, thorn, locality Hradek u. N. (core Hr 42, depth 111.7 m), NM G7935, scale bar 2.5 mm.
* E* — Trigonobalanopsis exacantha (Mai) Kvacek & Walther, fruit, locality Hradek u. N. (core Hr 44, depth 109.0 m), NM G 8057,scale bar 2.5 mm.
o F* — Meliosma wetteraviensis (Ludwig) Mai, fruit, locality Hradek u. N. (core Hr 42, depth 87.3 m), NM G 7977, scale bar 2.5 mm. * G* — Mastixia
lusatica Mai, fruit, locality Kristina, Hradek u. N., NM G 2554, scale bar 5 mm. « H* — Tectocarya elliptica (Unger) Holy, fruit, locality Kristina, Hradek
u. N., NM G 4240, scale bar 5 mm. * I* — Retinomastixia schultei Kirchheimer, fruit, locality Kristina, Hradek u. N., NM G 4259 scale bar 5 mm.
* J* — Eomastixia saxonica (Menzel) Holy, fruit, locality Kristina, Hradek u. N., NM G 4175 scale bar 10 mm. * K* — Diplopanax limnophilus (Ung.)
Czaja, fruit, locality Kristina, Hradek u. N., NM G 4229, scale bar 5 mm.
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Table 6. Summary of the floristic composition of the Most Basin and the “Hlavacov Gravel and Sand”. Abbreviations: C — cone, F — fruit, L — leaf,
S —seed, Sp — spore, T — thorn, O — organs, A — Most Basin, B — Most Formation, C — “Hlavac¢ov Gravel and Sand”, D — Stfezov Formation, E — Duchcov
Member, F — HoleSice Member, G — Libkovice Member, H — Lom Member.

A A
Taxa (6] Taxa (0]
F G F G
Acer angustilobum L oox Fagus saxonica L *
Acer integerrimum L *oOK “Ficus” truncata L *
Acer pseudomonspessulanum L oK Fraxinus bilinica L *
Acer sp. div. F *oOK Fraxinus macroptera F *oOE
Acer tricuspidatum L * % Glyptostrobus europaeus G S, L *oK
Actinidia sp. S *oOK Gordonia hradekensis L *
Ailantus confucii F * Hemitrapa heissigii F
cf. Alnus sp. L * Hydrochariphyllum buzekii L *
Alnus gaudinii L * Chaneya oehningensis F w0k
Alnus julianiformis L oK Ilex sp. F *
Alnus kefersteinii F ¥ lodes sp. F
Alnus lusatica F * “Juglans” acuminata L *oOF
Alnus menzelii L ¥ “Juglans” dilatata F
Alnus sp. L * Koelreuteria reticulata F *oOK
Amelopsis rotundatoides S Laurocarpum sp. F *
Ampelopsis sp. S,L oK Laurophyllum nechranicense L *oOF
Asplenium sp. L * Laurophyllum pseudoprinceps L *oE
Azolla aff. nana Sp oK Laurophyllum pseudovillense L *oK
Azolla aff. rossica Sp *oOK Laurophyllum saxonicum L *
Azolla aff. ventricosa Sp oK Laurophyllum sp. div. L ® o
Berberis berberidifolia L *oK Laurus abchasica L *
Berchemia multinervis L *oOK Leguminosites tobischii L *oOF
Betula sp. L oK Lemna cestmirii L *
Blechnum dentatum L ¥ Lemnospermum pistiforme S *
Calamus daemonorops T ok Limnobiophyllum expansum L *
Carex sp. F *oOK Limnocarpus sp. S
Carpinus grandis L oK Liquidambar europaea L *oOF
Carya costata F * Lygodium gaudinii L *
Carya cf. serrifolia L oK cf. Magnolia sp. L *
Castanea atavia L Mahonia bilinica L o
Celtis japeti L * cf. Mastixia lusatica F *
Cercidiphyllum crenatum L *oOK Meliosma sp. F *
Cladiocarya sp. F oK Meliosma wetteraviensis F *
Cladium trilobatum F * Myrica ceriferiformis F *
Comptonia difformis L ¥ Myrica integerrima L *oOF
Comptonia goniocarpa F * Myrica lignitum L *
Comptonia longistyla F * Myrica sp. L woK
Cornus sp. div. F Myrica suppanii F *
Craigia bronnii F ¥ Myrica undulatissima L
Crategus sp. S oK Nyssa bilinica L *oOF
Cyclocarya cylocarpa F Nyssa gmelinii L
Daphnogene polymorpha L oK Nyssa ornithobroma F *oOF
Decodon gibbosus L *oOK Oleinites sp. L *
Dicotylophyllum sp. div. L * Osmunda parschlugiana L ®oE
Diospyros brachysepala L *oOK Ostrya atlantidis F,L *
Diversiphyllum aesculapi L ok Parabaena europaea S
Dombeyopsis lobata L oK Palaeohosiea suleticensis F
Dulichium sp. F * Paliurus favonii F *oOF
Elephantosotis dvorakii L * Paliurus tiliaefolius L *oOF
Engelhardia macroptera F * “Parrotia” pristina L woK
Engelhardia orsbergensis L * Phyllites sp. L *oOF
Epipremnites cristatus F * Pinus engelhardtii C w0k
Equisetum braunii L * Pinus ornata C *
Eurya stigmosa S * oK Pinus rigios L wok
Fagus deucalionis F * Pinus sp. L #
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Taxa

@)

Pinus urani
Pistia sp.
Platanus neptuni

Poaceae vel Cyperaceae gen. et
sp. indet.

Podocarpium podocarpum
Populus populina

Populus sp.

Populus zaddachii
Potamogeton wiesaensis
Potamogeton praenatans
Pronephrium stiriacum
Proserpinaca reticulata
Pseudolarix schmidtgenii
Pterocarya cf. limburgensis
Pungiphyllum cruciatum
Quasisequoia couttsiae
Quercus kubinyii

Quercus rhenana

Rhus pyrrhae

Rosa europaea

Rubus merianii

Sabal lamanonis

Salix haidingeri

Salix varians

Salvinia reussii

Sambucus colwellensis
“Sapindus” falcifolius
Selaginella sp.

Schenkiella credneri
Schisandra moravica
Smilacinites ungeri

Smilax weberi

Sparganium cf. camenzianum
Spirematospermum wetzleri
Stratiotes kaltennordheimensis
Stratiotes schaarschmidtii
Symplocos sp.

Symplocos volkeri
Taxodium dubium
Ternstroemia Sp.
Terstroemites sp. div.
Tetraclinis salicornioides
Thypha latissima

Tilia brabenecii

Toddalia maii
Toxicodendron sp.
Trachelospermophyllum sp.
Trigonobalanopsis exacantha
Trigonobalanopsis rhamnoides
Ulmus pyramidalis
Vaccinioides lusatica

Vitis stricta

Vitis teutonica

Woodwardia muensteriana
Zantoxylum sp.

Zelkova zelkovifolia
Zingiberoideophyllum liblarense
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cality Cermniky) contain phytostratigraphically unimpor-
tant elements, such as Taxodium dubium, Ulmus
pyramidalis, Liquidambar europaea (BuZek 1971) from
the underlying sediments of the Lower Seam Beds. Con-
trary to the floras of the Duchcov Member, those of the
higher HoleSice Member are distinctly richer and the char-
acter of the vegetation matches the coal facies (in the
Teplice and Chomutov areas) and the sandy delta facies
(in the Zatec and Bilina areas). Relatively infrequent car-
pological occurrences are known from the localities at
Pesvice, Otvice, Hosnice, VrSany, Jan Sverma Mine and
Strupéice. They belong to the Lower, Middle and Upper
Seam Beds sensu Prochazka (1954) and Hurnik & Marek
(1962). This coal facies is floristically characterised by the
predominance of the Taxodiaceae (today treated as Cu-
pressaceae s. l.); Glyptostrobus europaeus, Taxodium
dubium, Quasisequoia couttsiae, in the association with
frequent occurrences of Stratiotes kaltennordheimensis,
Spirematospermum wetzleri, Myrica sp. div., Calamus
daemonorhops, Salvinia sp. and Sparganium sp. div. (BG-
zek & Holy 1964, Btizek et al. 1971).

The floras from the Lower and Upper Interseam Beds
sensu Prochazka (1954) and Hurnik & Marek (1962) are
represented by richer plant fossil material including leaves.
The richest locality at Cermniky from the Upper Interseam
Beds is interesting because of a combination of coal-form-
ing (mainly represented by the association of Glypto-
strobus and of Nyssa-Taxodium sensu Kvacek & BuzZek
1982) and riparian elements (mainly represented by the as-
sociation of Parrotia-Ulmus pyramidalis sensu Kvacek &
Buzek 1982); Buzek (1971) and Teodoridis (2004). There-
fore, this flora can be compared well with marginal and/or
extrabasinal floras in the Zatec Delta from, e.g., Holede¢
(Brabenec 1904, Teodoridis 2002), Zahofi near Zatec
(Teodoridis 2003a), Vrsovice, Dobr¢ice and Skyftice (Ve-
lenovsky 1881, Hurnik & Kvacek 1999, Kvacek & Hurnik
2000). The floras of higher stratigraphical levels bound to
the delta facies of the Bilina Delta system (e.g., BuZek e al.
1990a, Sakala 2000, Kvacek et al. 2004) show a similar
floristic composition with a predominance of riparian ele-
ments, as listed above. However, unique aquatic ende-
mites, e.g., Elephantosotis dvorakii, Hydrochariphyllum
buzekii and Schenkiella credneri (Kvacek 2003, Wdjcicki
& Kvacek 2002) in the association with new or persisting
elements, e.g., Engelhardia, Blechnum, Tetraclinis, Sabal
and Platanus neptuni also occur there. An extinct
aquatic(?) plant Schenkiella credneri is an important
marker, which helps to recognize the boundary between
the Floristic Assemblages of Bitterfeld sensu Mai &
Walther (1991) and Bilina-Brandis sensu Mai (1995).

The lowermost part of the Libkovice Member is
floristically characterized by a well diversified flora of
the Bfestany Clay and carpological and leaf floras from
the micaceous facies of the Krusné hory Mts (Fig. 4;
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Teodoridis & Kvacek 2006). The flora of the Brestany
Clay (Ettingshausen 1866, 1868, 1869, Teodoridis & Kva-
¢ek 2006) is interesting in the mixture of basin elements
(Taxodiaceae, Cercidiphyllum, Nyssa, Craigia, Alnus
Jjulinaniformis, Quercus rhenana and Acer tricuspidatum)
and Mixed Mesophytic Forest elements (Pinus, Myrica
lignitum, Laurophyllum sp. div., Trigonobalanopsis)
bound to more acid biotopes on the basin periphery. This
flora is related to the association of Engelhardia-Taxodium
sensu Kvacek & Buzek (1982). New elements, such as
Symplocos sp. div., cf. Mastixia lusatica and Vaccinioides
lusatica, which correspond to the association of Comp-
tonia-Pinus sensu Kvacek & BuZek (1982), are known
from the floras of the micaceous facies, e.g., from the local-
ities Kundratice, Jezefi and Maridnské Radcice (Teodo-
ridis & Kvacek 2006). A “quartzite” flora of Cernovice at
Chomutov probably belongs to same stratigraphical level
(Buzek 1984, Hurnik 2001). Floristic datasets belonging to
the Libkovice Member are known also from the Zatec
Delta (localities Cermniky, Dolany, Sob&suky, Nechranice
and Pfivlaky; see Buzek 1971; Teodoridis 2004, 2006).
These floras contain common elements, e.g., Laurophyllum
sp. div., Comptonia difformis, Quercus rhenana and Ulmus
pyramidalis, Podocarpium podocarpum, Zelkova and Rosa
including re-appearing Fagus saxonica (Pfivlaky).

The floras from the sediments closely underlying the
Lom Coal Seam still within the Libkovice Member are
noteworthy for a distinct increase of thermophilous ele-
ments, e.g., Laurus abchasica, Gordonia hradekensis,
Cedrelospermum styriacum, Quercus kubinyii and Lygo-
dium and might indicate the Early Miocene Climate Opti-
mum (Teodoridis & Kvacek 2006). The floras of the Lom

Seam (lowermost part of the Lom Member) contain only
aquatic herbs, such as Salvinia, Azolla sp. div., Hemitrapa,
Decodon, Potamogeton, associated with woody elements,
(Quasisequoia, Glyptostrobus, Nyssa gmelinii) and Myrica
undulatissima (Teodoridis & Kvacek 2006).

The Ceské sttedohofi Mts

The oldest Tertiary sediments in this area belong to the Staré
Sedlo Formation (Knobloch et al. 1996). The magmatic com-
plex of the Ceské stfedohoii Mts (Figs 1-3; Tables 7, 8) has
recently been subdivided into four formations based on mag-
matic differentation and radiometric dating (Cajz 2000). Plant
macrofossils from the Ceské stiedohoii Mts occur in many
stratigraphical levels. The first plants were described by Stern-
berg (1820-1838) from the locality Zichov (as Phyllites trilo-
batus — today known as Acer tricuspidatum). In recent times
this area has again been a place of intensive palaecobotanical
investigations (Buzek er al. 1976; Kvacek & Walther 1995,
1998, 2004; Radori et al. 2006; Walther & Kvacek in press).

The flora of the Staré Sedlo Formation has been reliably
proved by the marker Steinhauera subglobosa from the vicin-
ity of Litoméfice at Zitenice and Skalice (Knobloch et al.
1996). Sediments of the lowermost part of the Ceské stie-
dohoii Mts volcanic complex (Kuclin, Mrtvy vrch, Kos-
tomlaty, Lbin, Hlinnd) appear according to the palaeofloristic
correlation to be a Late Eocene heterotopic facies of the Staré
Sedlo Fm. and include important markers Doliostrobus and
other Eocene elements, such as Raskya, Hooleya (Kvacek
2002). These sediments most probably represent an inde-
pendent but not yet defined lithostratigraphical unit.

Figure 5. Important Pliocene plant elements from the Vildstejn Formation of the Cheb Basin. ¢ A, B — Salvinia cf. natans (L.) All., megaspores, locality
Nova Hospoda (core V 2, depth 11.5-11.6 m), NM uncatalogued, scale bars 115 um. ¢ C — Chamaecyparis sp., seed, locality Nova Hospoda (core V 1,
depth 8.2 m), NM uncatalogued, scale bar 315 um. ¢ D, E — Chamaecyparis cf. pisifera Sieb. & Zucc., twig, locality Nova Ves (layer NV 9), NM uncata-
logued, scale bars 1 mm. * F — Chamaecyparis cf. pisifera Sieb. & Zucc., adaxial cuticle, locality Novéd Ves (layer NV 9), NM uncatalogued, scale bar
22.5 um. * G — Picea cf. echinata Miiller-Stoll, needle leaf, locality Doubrava (core HV 9, depth 38.7-38.8 m), NM uncatalogued, scale bar 5 mm.
e H— Picea cf. echinata Miiller-Stoll, adaxial cuticle, locality Doubrava (core HV 9, depth 38.7-38.8 m), NM uncatalogued, scale bar 22.5 um. * I— Picea
omorikoides C.A. Weber, needle leaf, locality Novéd Ves (layer HV 9), NM uncatalogued, scale bar 5 mm. ¢ J — Picea omorikoides C.A. Weber, adaxial
cuticle, locality Nova Ves (layer HV 9), NM uncatalogued, scale bar 22.5 um. ¢ K, L — Ranunculus flammula L., fruits, locality Nova Ves (core HV 4,
depth 23.7-23.8 m), NM uncatalogued, scale bars 230 pm. « M — Potentila cf. pliocenica E.M. Reid, fruit, locality Nova Ves (core HV 4, depth
34.3-34.4 m), NM uncatalogued, scale bar 255 um. * N — Potentila cf. supina L., fruit, locality Starost (core HV 7 depth 33.9-34.0 m), NM uncatalogued,
scale bar 255 um. * O — Hypericum coriaceum Nikitin ex Dorofeev, seed, locality Nova Ves (core HV 9, depth 44.0-44.4 m), NM uncatalogued, scale bar
140 um. ¢ P — Andromeda polifolia L., leaf, locality Nova Ves (layer HV 10), NM uncatalogued, scale bar 140 um. « Q — Andromeda polifolia L., adaxial
cuticle, locality Nova Ves (layer HV 10), NM uncatalogued, scale bar 22.5 pm. ¢ R — Vaccinium oxycoccos L., leaf, locality Nova Ves (layer HV 10), NM
uncatalogued, scale bar 3 mm. S — Chamedaphne calyculata (L.) Moench. leaf, locality Nova Ves (layer HV 10), NM uncatalogued, scale bar 3 mm.
T — Vaccinium oxycoccos L., adaxial cuticle, locality Nova Ves (layer HV 10), NM uncatalogued, scale bar 22.5 um. » U, V — Menyanthes cf. trifoliata L.,
seeds, locality Novd Ves, NM uncatalogued, scale bars 470 um. « W — Ampelopsis ludwigii (A. Braun) Dorofeev, fragmentary seed, locality Nova
Hospoda (core V1, depth 10.8 m), NM uncatalogued, scale bar 1 mm. * X — Teucrium tatianae Nikitin, fruit, locality Hnévin (core 55, depth 24.5-24.7 m),
NM uncatalogued, scale bar 255 um. ¢ Y, Z — Carex nigra (L.) Reichard, fruits, NM uncatalogued, locality Nova Ves, scale bars 255 um. *« A*, B* —
Sparganium noduliferum C. & E.M. Reid, endocarps, locality Hnévin (core V 55, depth 24.5-24.7 m), NM uncatalogued, scale bars 430 ym. « C*, D* —
Caulinia tenuissima (A. Braun ex Magn.) Tzvelev, fruits, locality Hnévin (core V 55 depth 24.5-24.7 m), NM uncatalogued, scale bars. « E* — Dulichium
vespiforme C. & E.M. Reid, fruit, locality Starost (core HV 7, depth 33.8-33.9 m), NM uncatalogued, 370 pum, ® F*, G* — Dulichium arundinaceum (L.)
Britt., fruits, locality Doubrava (vit HV 9, depth 44-44.4 m), NM uncatalogued, scale bars 470 um. [The authors regret lower quality of illustrations
which exceptionally arose due to the reproduction of photographs left by the late C. Baizek, whose original material was not available.]

396



Zlatko Kvacek & Vasilis Teodoridis * Tertiary macrofloras of the Bohemian Massif

397



Bulletin of Geosciences * Vol. 82, 4, 2007

Table 7. Correlation of the selected floras of the Ceské stfedohoti Mts
with the floristic assemblages of Boreal and Central Europe sensu Mai
(1995) and Kvacek & Walther (1998).

. Selected Palaeofloristic
Chronostr. Lithostr. macrofloras | correlation
Early Miocene | Dobrnd Fm. ?
Zichov
Late Oligocene | Decin Fm. Matry
Chlum
Jedlka Nerchau-
Florsheim
Markvartice
Holy Kluk
Suletice
. Hrazeny Seithennersdorf-
Early Oligocene Kundratice Kundratice
o Bechlejovice
Usti Fm. Vétruge Haselbach
Roudniky ?
Lbin
Kostomlaty .
Mirtvy vrch Bembridge
Late Eocene Kuélin
. Zitenice .
Staré Sedlo Fm. Skalice Hordle-Zeitz

Most other known floras are younger and belong to the
Usti Formation (Early Oligocene). According to the inva-
sion of deciduous Arctotertiary elements (Ostrya, Carpinus,
Carya, and Acer) that co-occur with persisting Lauraceae
and other thermophilous ‘“Palacosubtropical” elements (e.g.,
Engelhardia, Sloanea, Palaeohosiea), these floras are corre-
lated with the Floristic Assemblage of Seifthennersdorf-
Kundratice sensu Kvacek & Walther (1998). The same au-
thors (Kvacek & Walther 2001, 2003) tried to reconstruct
the evolution of environment and ecosystems in this area
from the Eocene/Oligocene boundary (localities Roudniky,
Vétruse and Bechlejovice) towards the Early Rupelian (lo-
calities Kundratice, Varnsdorf-Seifhennesdorf and Hraze-
ny) and to the Late Rupelian (localities Suletice, Holy Kluk
and/or Markvartice) based on a critical re-evaluation of the
mentioned floras and ichthyofaunas. These floras include
typical coniferous elements (Juniperus, Torreya bilinica,
Cephalotaxus parvifolia, Calocedrus suleticensis) in the
combination with thermophilous broad-leaved elements
(Platanus neptuni, “Acer” sotzkianum, Sloanea, Palaeo-
hosiea, Engelhardia, Laurophyllum acutimontanum etc.)
and additional deciduous elements, Alnus gaudinii, Acer pa-
laeosaccharinum, Acer angustilobum, Cercidiphyllum,
Carya, Betula, Ostrya, Carpinus, Craigia, Zelkova, Ulmus
fischeri (Kvacek & Walther 2001, 2003).

The floras of Zichov, Matry, Chlum and Jedlka belong
stratigraphically to the Dé¢in Formation and include new
elements such as Ulmus pyramidalis, Acer crenatifolium
and Betula brongniartii, and also Alnus rostaniana (only
Chlum and Jedlka; Radoii 2001, Soukupova 2004). No
plant macrofossils have been recovered from the Early
Miocene basalts and their equivalents of the Dobrna For-
mation, which terminates the sequence of magmatic units
in the Ceské stiedohofi Mts.
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The Hradek part of the Zittau Basin

The Zittau Basin (Figs 1, 4; Tables 8, 11) extends between
SE Saxony, SW Poland and N Bohemia. The lithostratig-
raphy is not settled across the basin (see Vicl & Cadek
1962, Hirsch er al. 1987). There is no palaecobotanical evi-
dence for the Staré Sedlo Formation in the Hradek part of
the Zittau Basin.

Two formations have been recognised there, the Lou-
Ceni Formation containing volcanites and the Basal Coal
Seam, and the Hradek Formation informally divided into
the Lower, Middle and Upper Coal Seams. Newly revised
floras of Varnsdorf in Bohemia and Seifhennersdorf in
Saxony (Walther & Kvacek in press) from the periphery of
the basin belong to the Floristic Assemblage Seithenners-
dorf-Kundratice sensu Kvacek & Walther (1998) and stra-
tigraphically correspond to the Louceit Formation.

The flora of Seifhennersdorf and the basal seam in the
Polish part of the basin are also dated by the Oligocene
microfossil marker Boehlensipollis hohlii (Krutzsch in Mai
& Walther 1978; Konzalova & Ziembinska-Tworzydto
1999, 2000). Carpological datasets obtained from the drill-
ing survey at Hradek n. N. and Uhelna are the only macro-
palaeofloristic data that characterise the Basal, Lower,
Middle and Upper Coal Seams s. /., including their closely
underlying and overlying deposits (Teodoridis 2003b). The
florula of the Basal Coal Seam contains common
phytostratigraphically unimportant elements, e.g., Glyp-
tostrobus, Myrica, Rubus sp. and Sparganium. This level
still belongs to the Loucenn Formation. The assemblages
of the Lower and Middle Coal Seams s. /. are represented
by numerous mainly swampy and riparian elements,
e.g., Glyptostrobus, Cupressospermum, Sequoia, Nyssa,
Symplocos sp. div., Rubus, Calamus daemonorhops, Spar-
ganium, Magnolia, Myrica sp., Alnus and Spiremato-
spermum intermixed with some mesophytic elements
(Distylium cf. uralense, Pterocarya limburgensis, Eurya
stigmosa, Vitis, Ampelopsis, Meliosma and Trigonoba-
lanopsis exacantha).

The flora of the Upper Coal Seam s. L is characterised
by a mass occurrence of thermophilous elements mainly of
the family Mastixiaceae (Mastixia lusatica, Tectocarya
elliptica, Diplopanax limnophilus). Additional thermo-
philous elements have been obtained from the opencast
mine Kristina, e.g., Eomastixia saxonica, Gordonia hra-
dekensis, Laurophyllum rugatum, Laurus abchasica,
Retinomastixia schultei and Zanthoxylum kristinae (Kva-
¢ek & Buzek 1966; Holy 1974, 1977a, b, 1978; Kvacek
1971; Teodoridis 2003b). These floras are correlated to the
Floristic Assemblage Eichelskopf-Wiesa sensu Mai
(1995). The upper level of the former opencast mine
Kristina (now closed and flooded) yielded a less thermo-
philous assemblage with additional deciduous elements in-
cluding Fagus (Holy 1978), which might correspond to
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Table 8. Correlation of the selected floras of the Hradek part of the
Zittau Basin with the floristic assemblages of Boreal and Central Europe
sensu Mai (1995).

Chronostr. | Lithostratigraphy Selected Palaeoﬂorlsnc
macrofloras | correlation
Middle Upper Coal . 9 Frant. Lazné-
Miocene Seam s. [. Kristina Kleinleipisch,
e Eichelskopf-Wiesa
Hrddek Middle Coal
Early Fm. Selamf l | cores 2 Bili i
Miocene S. L ? Bllma—Brandls,
Lower Coal Bitterfeld
cores
Seam s. [.
Early Louceri| Basal Coal Varnsdorf Seifhennersdorf-
Oligocene | Fm. Seam s. [. Kundratice

the Floristic Assemblage FrantiSkovy Lazné-Kleinleipisch
sensu Mai (1995) and Czaja (2003).

The exact correlation with other basins in the Ohte
Graben remains equivocal based on the plant macrofossils
available. However, floristic affinities between the floras
of the Upper Coal Seam s. [. of the Hradek Formation,
those of the Cypris Formation and of the uppermost part of
the Libkovice Member of the Most Formation are antici-
pated. The floristic correlation of the Lower and Middle
Coal Seams s. . of the Hradek Formation is so far unclear
due to poor floristic documentation. Links to the HoleSice
Member and the lower part of the Libkovice Member of the
Most Formation, i.e., to the Floristic Assemblages of
Bitterfeld and Bilina-Brandis are possible.

The sedimentary relicts of the Tertiary river
system from Central and Western Bohemia

Irregularly distributed relicts of the Tertiary river deposits in
Central and Western Bohemia (Figs 1, 4; Tables 6, 12) are
connected with a fluvial system of the River “C” including its
tributaries (A, A, Az, Dy, D) sensu Pesek & Spudil (1986).

The River “C” drained the mentioned area towards the
Most Basin and was connected through the “Hlavacov
Gravel and Sand” sensu Vané (1985) with the Zatec Delta
(Teodoridis 2004). The floras of the “Hlavacov Gravel and
Sand” are characterised by a predominance of riparian and
swampy elements, i.e., Betula, Alnus julianiformis, Liquid-
ambar, Parrotia, Ulmus, Fagus saxonica and Taxodiaceae
associated with accessory elements of the Mixed Meso-
phytic forests, e.g., Pseudolarix, Tilia, Acer integrilobum,
Mahonia (Némejc 1949, Teodoridis 2002). These floras
were correlated (Teodoridis 2002) to the Late Oligocene
flora of the Thierbach Formation in the Weisselster Basin
(Lotsch et al. 1994), i.e., the Floristic Assemblage
Thierbach sensu Mai & Walther (1991). This assumption
has been proved also by similar spectra of heavy minerals
(Suhr 2003).

Sediments of the “Hlavacov Gravel and Sand” are
comparable with the lower part of the Duchcov Member
of the Most Formation (Teodoridis 2004) based on sedi-
mentological data (Vané 1985) and palynological analy-
sis (Konzalova 1976). Besides the main sites of the belt at
Hlavacov and Nesuchyné, several isolated sedimentary
relicts, such as U Sv. Antonina, Na Sulavé (Némejc 1949,
Teodoridis 2001), Klinec (Kettner 1911, Prochazka 1916,
Némejc 1949, Teodoridis 2001) and U rucicek (Z4k et al.
2003) contain macrofloras of the same type. These floras
also belong to the River “C” and its tributaries and were
originally assigned to the Klinec phase (Miocene in age)
sensu Némejc (1949) except for the flora of the site U Sv.
Antonina. The latter contains leaves of beech (Fagus
saxonica, Teodoridis 2001), originally described as Fa-
gus sylvatica L. (Némejc 1949). On the basis of this sam-
ple Némejc (1949) defined the Zdiby phase (supposedly
Plio-Pleistocene in age), but this idea is incorrect in view
of the above revision (Teodoridis 2001). The other men-
tioned floras include common elements, e.g., Salvinia,
Taxodium. Glyptostrobus, Daphnogene, Ulmus, Salica-
ceae and Betulaceae.

The floras from the sedimentary relicts at Plzen recov-
ered at the localities of Ejpovice, KysSice, Dobfi¢, Horni
Bfiza (U tii kralt) and Bykovsky les were studied tenta-
tively by Hurnik & Knobloch (1966). Némejc ef al. (2003)
completely revised these floras including micropalacobo-
tanical analysis except for the floras of KySice and
Ejpovice (see Kvacek et al. 2006¢). The oldest macroflora
from Dobfi¢ can be assigned to the Oligocene because of
the presence of the Oligocene marker Laurophyllum acuti-
montanum associated with L. pseudoprinceps and Platanus
neptuni. There is no evidence of another important Pa-
lacogene marker Eotrigonobalanus. The florulas of Zru¢
and Zihlice are poorly characterised (Daphnogene, Liquid-
ambar, Engelhardia, Salix, Nyssa) and show an Early Mio-
cene character. On the contrary, the rich flora from Horni
Bfiza includes a mixture of rare thermophilous elements
(Chamaerops, Laurophyllum pseudovillense, Gordonia)
and deciduous woody elements (Ginkgo adiantoides, Pla-
tanus leucophylla, Quercus pseudocastanea etc.), which
suggests a Middle Miocene, probably Badenian age.

The Ceské Budé&jovice and Trebon Basins

A detailed geological survey of the Ceské Budg&jovice and
Ttebon basins (Fig. 1; Tables 10, 12) was started only after
the 2" World War (detailed in Malecha 1985, Huber
2003).

Most sedimentary rocks in these basins belong to the
Klikov Formation of the Late Cretaceous (Coniacian-San-
tonian) on the basis of the palacobotanical and
palynological data (Némejc 1956, Malecha e al. 1962,
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Table 9. Summary of the floristic composition from selected localities of the Ceské stiedohoii Mts. Abbreviations: C — cone, F — fruit, L — leaf, S — seed,
Sp - spore, O —organs, A — Selected localities from the volcanic complex of the Ceské stfedohofi Mts., B — Ku¢lin, C — Bechlejovice, D — Kundratice, E —

Suletice, Holy Kluk, F — Markvartice, G — Zichov, H — Hrazeny, I — Seithennersdorf (Saxony, Germany), J — Staré Sedlo Formation.

A

H

A

H

Taxa (6] 1 Taxa (6] 1
B E B C D E F G H

Acer angustilobum L * * ? 0* Eotrigonobalanus furcinervis L *
Acer dasycarpoides L * “Ficus” reussii L *
Acer engelhardtii L * Fraxinus sp. F *
Acer integrilobum L * * Hooleya hermis F *
Acer palaeosaccharinum L * * * K Hydrangea microcalyx F * * *
Acer pseudomonspessulanum L * llex castellii L *
Acer rueminianum L * Ilex tenuiputamenta N * *
“Acer” sotzkianum F * * Juglandaceae gen. et sp. indet. L * *
Acer tricuspidatum L * * Laurophyllum acutimontanum L * ? * 7 *
Acer trlicu?vpidatum var. L Laurophyllum markvarticense L *
crenatifolium Laurophyllum medimontanum L 7 % 7 %
Acrostichum lanzeanum L * Laurophyllum meuselii L *
Ailanthus prescheri L * * o Laurophyllum pseudoprinceps L 7 0% 7 kx99 %
Ailanthus sp. E * Leersia seifhennersdorfensis L, F *
Alnus gaudinii L * o Leguminosae gen. et sp. indet. L, F * * woEoE
Alnus kefersteinii F * oE Liriodendron haueri LF * * #OK
Alnus rostaniana L Magnolia burseracea S * ? ?
Ampelopsis hibschii L * * * “Magnolia” longipetiolata L *
Ampelopsis cf. ludwigii S Magnolia sp. div. L.S 9 % %= 9 9 %
Ampelopsis rotundata S ? ? * Mahonia pseudosimplex L * ?
Apocynophyllum neriifolium L * Majanthemophyllum basinerve L
Apocynospermum striatum S * * Matudaea menzelii L ? ? ?7 ?
Arecaceae gen. et sp. indet. L koo Meliosma miesleri F *
Blechnum dentatum L * Mimosites haeringianus L oo *
Betula brongniartii L * Nymphaeaceae gen. et sp. indet. L,S  *
Betula alnoides |dryadum L,F * ? *OF Nyssa disseminata F ? *
Callistemophyllum bilinicum L * Nyssa altenburgensis L *
Calocedrus suleticensis L,CS * Oleinites maii L oo *
Carpinus cordataeformis F * oK Osmunda lignitum L * ? *
Carpinus mediomontana F * * * Ostrya atlantidis L ook ko
Carpinus minor L * * o Palaeohosiea bilinica F *
Carya costata F ? Palaeohosiea suleticensis F * *
Carya serrifolia L ? * o Parthenocissus sp. S
Carya sp. L * * Pinus sp. div. L *
Cedrelospermum leptospermos F * Platanus schimperi L *
Cedrelospermum sp. L * Platanus neptuni LE * * % % % % &
Celtis bohemica L * * Polypodium radonii L * *
Celtis pirskenbergensis L * ok Populus zaddachii L % % % % %
Cephalotaxus parvifolia L ? * Potamogeton s
Cercidiphyllum crenatum F.L * * oo seifhennersdorfensis L.F
Comptonia difformis L ? * * Potamogeton sp. L, F * *
Cornus studeri L * * o Pungiphyllum cruciatum L kR
Craigia bronnii F * * o Pungiphyllum cf. waltheri L *
Crataegus pirkenbergensis L * * 7 Pronephrium stiriacum L * kK *
Cyclocarya sp. L * ? o Prunus langsdorfii F * *
Daphnogene cinnamomifolia L * * o Pyracantha kraeuselii L ?
Dicotylophyllum deichmuelleri L * * o Quasisequoia couttsiae L ?
Dicotylophyllum heerii L * * Quercus bavarica L ?
Dicotylophyllum ungeri L * Quercus aff. haraldii L
Diospyros brachysepala L. F * * Quercus lonchitis L *
Doliostrobus taxiformis L.C * Raskya venusta F *
Dombeyopsis lobata L * * * Rosa lignitum L ® % % k9  x  *
Dryophyllum cf. altenburgense L Rosa saxonica F * *
Dusembaya seifhennersdorfensis S ? * Rosaceae (Cotoneaster L % %
Engelhardia macroptera F * * K sp./Crataegus sp.)
Engelhardia orsbergensis L * * *oOF Rumohra recentior L *OK ?
Eotrigonobalanus andreanszkyii F Sabal raphifolia L ? *
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>

Taxa O I J

Salix sp. div. L

o
*
*

Salvinia sp.
Saportaspermum dieteri
Saportaspermum cf. occidentale
Saxifragites crenulatus
Schefflera dorofeevii
Sloanea artocarpites
Sloanea nimrodi

Sloanea sp.

Smilax weberi

Sparganium sp.
Spirematospermum wetzleri
Steinhauera subglobosa
“Sterculia”crassinervia

“Sterculia” labrusca

720 ol el s L 72 B > N el o M e B oL 72 N ol 77|
*
X
*
*
*
*

Stratiotes sp.

0
=
*
%

Taxodium dubium

~
*
2

Taxus engelhardtii

r
2]
*
*
*
*
*
*

Tetraclinis salicornioides

Tilia brassicoides

Tilia gigantea

Toddalia sp.

Torreya bilinica
Toxicodendron herthae
Trigonobalanopsis rhamnoides
Typha latissima

Ulmus fischeri

“Viburnum” cf. atlanticum

Vitis stricta

722 ol el o o o e o I e
)
*

Vitis teutonica

iy
los]
)
9

Zanthoxylon sp.

el
*
%
*
*
*

Zelkova zelkovifolia
Ziziphus ziziphoides

ol
*
%

Vachova 2007). The stratigraphical position of the next
unit, i.e. the Lipnice Formation, is unclear. Némejc (1962)
and Malkovsky (1995) estimated also a Late Cretaceous
age for this small relict. A xylotomic flora referred to as
coming probably from the Lipnice Formation (Prakash et
al. 1974) shows the paratropical character, which rules out
a correlation with the Staré Sedlo Formation originally
suggested by Hurnik & Knobloch (1966).

The remaining sedimentary fills of the Ceské
Budéjovice and Tteboii basins belong to the Neogene. Four
formations have been distinguished: Zliv, Mydlovary,
Domanin, and Ledenice. The macroflora of the Zliv For-
mation at locality Nové Reka consists of Quercus rhenana,
Dombeyopsis lobata, Acer tricuspidatum, Daphnogene
polymorpha, and some other elements also known from the
Lower Miocene in the Cheb, Sokolov and Most basins or
from the Bavarian Molasse (Knobloch & Kvacek 1996).
The Mydlovary Formation, e.g., localities Mydlovary,
Ledenice, Hlubok4 and Kamenny Ujezd, is characterised
by a thermophilous mastixioid flora with Mastixia amyg-
dalaeformis, Eomastixia, Trigonobalanopsis and Engel-
hardia orsbergensis with additional Ziziphus paradisiaca,
Ailanthus, Myrica lignitum and M. vindobonensis showing

Table 10. Correlation of the selected floras of the Ceské Bud&jovice and
Trebon basins with the floristic assemblage of Boreal and Central Europe
sensu Mai (1995).

Chronostr. |Lithostratigraphy Selected Palanﬂ.OHSUC
macrofloras correlation
Pliocene Ledenice Fm.
Domanin Fm.
4 Wieliczka-
Vrabce “Beds”. Dobrkovska .
Lhotka Viehhausen
Middle
Miocene Mydlovary,
Ledenice, Frant. Lazné-
Mydlovary Fm. Hluboka, Kleinleipisch
Kamenny Ujezd
Early . L Eichelskopf-Wiesa,
Miocene Zliv Fm. Novi Reka or Bilina-Brandis
Coniacian— |Lipnice Fm. Lipnice
Santonian | KJikov Fm. Klikov, Zahdji

affinities to the flora of FrantiSkovy Lazné (Cheb Basin;
Holy 1977b) and the Cypris Formation in general. How-
ever, in addition to the mastixioids, new ‘“younger”
Badenian elements Magnolia liblarensis, Smilax
sagittifera and Illipophyllum thomsonii appear for the first
time in the Bohemian Tertiary (Knobloch & Kvacek 1996)
and stress the Middle Miocene age of the Mydlovary For-
mation.

The next unit is the Domanin Formation, which depos-
ited after the fall of tektites (moldavites) in the Tfebon Ba-
sin. The stratigraphical position of various molda-
vites-bearing sediments varies and partly remains ques-
tionable (Sev¢ik et al. 2007). Bouska (1972) estimated a
Neogene to Early Quaternary age for these sediments. The
oldest moldavites-bearing unit called the Vrabce Beds
sensu Zebera (1967) can partly be interpreted as a lateral
equivalent of the lowest part of the Domanin Formation
(Bouska 1972). Sevéik et al. (2007) described a new
mastixioid florula from the Vrabce Beds (locality
Dobrkovska Lhotka near Trhové Sviny), which includes
Pinus hampeana, Carya globosa, Diplopanax limnophilus
and Eomastixia saxonica. This spectrum corresponds
to the Middle Badenian flora of Wieliczka near Krakéw,
Poland (Eancucka-Srodoniowa & Zastawniak 1997) and
to the Floristic Assemblage Kleinleipisch-Klettwitz sensu
Mai (1995). The preservation of in situ moldavites pre-
cludes a long time span between the rain of moldavites
(the Ries Event 14.5-15.0 Ma; Bouska & Konta 1987)
and their re-deposition into the Vrabce Beds. This is
in agreement with the age suggested by the palaeofloristic
correlation. Deposits of the Domanin Formation itself and
the much younger Ledenice Formation have yielded no ev-
idence of plant macrofossils. The latter mentioned forma-
tion has been dated to the Pliocene on the basis of
palynological data (Pacltova 1963) and diatoms (Rehdkova
1963).
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Table 11. Summary of the floristic composition of the Hradek part of the Zittau Basin. Abbreviations: BCS — Basal Coal Seam s. I., LCS — Lower Coal
Seam s. /., MCS —Middle Coal Seam s. ., UCS — Upper Coal Seam s. [., C — cone, F —fruit, L —leaf, S — seed, O — organs, A — Hradek part of the Zittau Ba-

sin, B — Loucen Formation, C — Hradek Formation.

A A
Taxa (6] B C Taxa (6] B C
BCS LCS MCS UCS BCS LCS MCS UCS

Acer tricuspidatum L * Myrica ceriferiformoides F * * * *
Alnus julianiformis L * Mpyrica pseudointegerrima L *
Alnus lusatica F * Nymphaeaceae gen. et sp. indet. S * *
Ampelopsis ludwigii S * * Nyssa ornithobroma F * * *
Ampelopsis rotundata S * Ocotea hradekensis L *
Calamus daemonorhops T * * * Ocotea rhenana F *
Cathaya multiserialis L * Potamogeton heinkei F *
Cinnamomum lusaticum F * Potamogeton nochtensis F * *
Cupressospermum saxonicum C * Potamogeton wiesaensis F * *
Daphnogene polymorpha L * Pronephrium stiriacum L *
Decodon gibbosus S * * Proserpinaca reticulata F * *
Diplopanax limnophilus F * Pterocarya limburgensis F * *
Distylium uralense S * * Quasisequoia couttsiae C 7% 7% *
Dulichium marginatum F * Quercus rhenana L *
Engelhardia orsbergensis L * Retinomastixia schultei F *
Eomastixia saxonica F * Rubus sp. div. F * * * *
Epipremnites ornatus S * Salix varians L *
Eurya stigmosa S * * * Sapium germanicum S *
Fagus decurrens F * Sequia abietina C * * 7*
Fagus menzelii L * Sparganium camenzianum F * * * *
Fraxinus bilinica L * Spirematospermum wetzleri S * *

Glyptostrobus europaeus C * * * * Symplociphyllum weylandii L *
Gordonia hradekensis L * Symplocos casparyi F * * *
Hypericum septestum S * Symplocos lignitarum F * *
Ilex saxonica S * Symplocos minutula F *
Ilex wiesaensis S * Symplocos pseudogregaria F *
Hllicium germanicum F * Symplocos schereri F *
Laurophyllum pseudoprinceps L * Tectocarya elliptica F *
Laurophyllum pseudovillense L * Ternstroemia chandlerae S *
Laurophyllum rugatum L * Tetraclinis salicornioides L *
Laurus abchasica L * Tetrastigma lobata S *
Leucothoé maii F * Tilia sp. F * *
Liquidambar europaea F * Toddalia mai S *
Magnolia burseracea S * * * Trema lusatica F *
Magnolia kristinae L * Trigonobalanopsis exacantha F * *
Mastixia lusatica F * Trigonobalanopsis rhamnoides L *
Meliosma wetteraviensis F * * * Tsuga schneideriana L *
Microdiptera parva S * Turpinia ettingshausenii S *
Microdiptera uralensis S * * Viscum morlotii L *
Mneme donata S * Vitis parasilvestris S *
Moyrica ceriferiformis F * * * Zanthoxylum kristinae S *

Palaeoclimatical signals of macrofloras
in the studied areas

New palaeoclimatic methodologies, i.e. CLAMP, CA and
Ecophysiological methods, help to estimate more objecti-
vely climatic evolution during the Tertiary (see “Material
and methods” above). These aproaches are based on a refi-
ned understanding of the fossil plant assemblages. An
Early Palaeogene climatic optimum from the Late Palaco-
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cene to Early Eocene in Europe shows almost a tropical
character. The MAT is expected to have attained 20-25 °C
based on palaeoclimatic analysis of the London Clay (Col-
linson 1983) and Belleu floras (Kvacek 2006). Kaolin de-
posits underlying the Staré Sedlo Formation in the area
of Karlovy Vary probably developed during this period.
A gradual decrease of MAT towards a subtropical humid
regime is typical of the Middle to Late Eocene time inter-
val.
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Table 12. Summary of the floristic composition of the selected localities in the fluvial sedimentary relicts from the vicinity of Plzeii and of the Ceské
Budgjovice and Tteboti basins. Abbreviations: By — locality Bykov, C — cone, F — fruit, L — leaf, S — seed, Sp — spore, O — organs,. A — Ceské Budg&jovice
and Trebon basins, B — Fluvial sedimentary relicts in the vicinity of Plzen, C — Zliv Formation, D — Mydlovary Formation, E — Vrabce Beds, F — Dobfic,

G — Zrug, H — Zichlice, I — Horni Bfiza.

A B A B

Taxa © C b EF G H I Taxa © ¢ b EF G H I
Acer integrilobum L * * Moyrica cestmiri F *
Acer tricuspidatum L * oK Moyrica lignitum L *
Ailanthus confucii F * Myrica vindobonensis L *
Alnus julianiformis L * Nerium sp. L *
Betula sp. L * Nymphaeaceae gen. et sp. indet S *
Buxus pliocaenica L * Nyssa bilinica L * *
Carpinus grandis L * Nyssa ornithobroma F *
Carpinus neilreichii F * * Ocotea hradekensis L *
Carya globosa F * Osmunda parschlugiana L *
Carya serrifolia L ? * “Parrotia” pristina L *
Chamaerops cf. humilis L * Pinus sp. L * *
Cedrelospermum sp. L ? Pinus sp. S * *
Celtis purkynei L * Pinus hampeana C *
Ceratophyllum dubium L * Pinus cf. urani C * *By
Comptonia oeningensis L * Platanus leucophylla L *
Daphnogene cinnamomifolia L * Platanus neptuni L *
Daphnogene polymorpha L 7% * Populus cf. balsamoides L *
Decodon gibbosus S Populus populina L * *
Dicotylophyllum dieteri L * Potamogeton schenkii F *
Diplopanax limnophilus F * Pronephrium stiriacum L ?
Dombeyopsis lobata L * “Punica” antiquorum F *
Dulichium marginatum F Quasisequoia couttsiae C *
Engelhardia orsbergensis L * * Quercus cf. drymeja L * *
Eomastixia saxonica F *oOF Quercus kubinyii L * *
Epipremnites ornatus S Quercus pseudocastanea L *
Eurya stigmosa S * Quercus rhenana L *
Fagus menzelii L * Rosa styriaca L ?
Ginkgo adiantoides L * Salix varians L * *ok
Glyptostrobus europaeus C, L * ? ?7 7 Salvinia cerebrata Sp *
Gordonia hradekensis L * “Sapindus” falcifolius L *
Lllipophyllum cf. thomsonii L * Smilax sagittifera L *
Keteleeria sp. L * Sparganium camenzianum F
Laurophyllum acutimontanum L * Spirematospermum wetzleri S *
Laurophyllum pseudoprinceps L * * Stratiotes kaltennordheimensis S *
Laurophyllum pseudovillense L * Symplocos (?) erwinii L *
Laurophyllum rugatum L * Symplocos lignitarum F *
Laurus abchasica L * Tectocarya elliptica F *
Leguminosae gen. et sp. indet. L * *oK Tilia longibracteata F * *
Liquidambar europaea FL ? * * Trigonobalanopsis rhamnoides L *
Majanthemophyllum petiolatum L * Tsuga schneideriana L ?
Majanthemophyllum plznense L * Ulmus plurinervia L *
Magnolia kristinae L Woodwardia muensteriana L *
Magnolia liblarensis L * Zelkova zelkovifolia L * *
Mastixia amygdalaeformis F * Ziziphus paradisiaca L ®

The CLAMP and CA datasets obtained from the floras
of the Staré Sedlo Formation show decreasing MAT (i.e.
21.3 °C for CLAMP and 15.7-23.9 °C for CA — Uhl et al.
2007) under still humid precipitation regime. Similar
palaeoclimatic proxies have been suggested for the Middle
to Late Eocene floras (e.g., Geiseltal in the Weisselster Ba-
sin, Germany — see in Mai 1995). The floras from the
Doupovské hory Mts (locality Vale¢) and from the Ceské
sttedohofi (localities Roudniky, Bechlejovice, Kundratice)

document a distinct decreasing of MAT at the Eocene/Oli-
gocene boundary, which corresponds to an enormous im-
migration of riparian deciduous broad-leaved elements
from Asia to Europe.

Kvacek & Walther (2004) published palaeoclimatic
proxies based on the CLAMP and CA analyses from the lo-
cality Bechlejovice, i.e. MAT = 16.4 £ 1.17 °C, CMMT =
8.4 + 1.88 °C and WMMT = 25.5 + 1.58 °C for CLAMP
and MAT = 15.3-16.6 °C, CMMT = 10.0-10.2 °C,
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WMMT = 24.3-27.0 °C and MAP = 979-1250 mm for
CA. These values correspond to the warm temperate zone.
The re-appearance of the thermophilous elements (e.g.,
palms) is connected with the warming trend, which began
in the Early Oligocene continuing through Oligocene (flo-
ras of Suletice, Holy Kluk, Markvartice, Veselicko and
Vernéfice) and culminating in a subtropical climate char-
acter in the Late Oligocene (Pocerny, Podlesi). Such clima-
tic conditions were optimal for the development of coal-
forming vegetation (coal seams in the Sokolov Basin and
Ceské stiedohoti Mts).

The beginning of the Early Miocene is characterized
by a slight cooling event and the re-appearence of humid
warm temperate climate. This change is proved by the
CLAMP datasets from the “Hlavacov Gravel and Sand”,
MAT = 8.7 °C (Teodoridis 2004). This short-lasting cli-
matic crisis was soon replaced by a gradual increase
of temperature during the Early Miocene, as revealed by
the CLAMP and CA datasets of Bfestany, i.e. MAT =
16.5 £ 1.17 °C, CMMT = 5.7 = 1.88 °C and WMMT =
27.2 £ 1.58 °C for CLAMP, and MAT = 16.5-17.0 °C,
CMMT =9.6-11.7 °C, WMMT = 26.4-26.8 °C and MAP =
1194-1281 mm for CA (Teodoridis et al. 2006). Also,
increase of atmospheric CO, concentration (Kuerschner
& Kvacek 2006) during the deposition of the Libkovice
Member of the Most Formation corroborates the Early
Miocene optimum (e.g., Teodoridis & Kvacek 2006,
Sakala 2007). This time period was optimal for expansion
of coal-forming vegetation in the areas of the Cheb,
Sokolov and Most basins.

The Early Miocene Climate optimum reached climate
parameters close to the recent subtropical climatic condi-
tions at the end of the Early Miocene and the beginning of
the Middle Miocene. The mastixioid floras are known from
the whole area of Central Europe, i.e. from the upper part of
the Sokolov and Cypris Formations, the upper part of
the Libkovice Member of the Most Formation, the Upper
Coal Seam s. /. of the Hraddek Formation and the Mydlovary
Formation in the Bohemian Massif. Subsequent climate de-
teriorations, cooling trends expressed in changes of vegeta-
tion can be traced in various places of Central Europe at dif-
ferent time intervals. Hence, these changes had diachronic
character (Kvacek et al. 2006a, Kovar-Eder ef al. in press)
gradually starting during the Middle Miocene. This event is
manifested by predominance of deciduous woody elements,
e.g., in the flora of Horni Bfiza (Némejc et al. 2003).

In addition, the floras of southern Moravia from the
Late Miocene (Kvacek et al. 2006a) or the Late Neogene
floras from Rhineland (Belz & Mosbrugger 1994) show
similar trends. The cooling culminated in the Late Pliocene
during to first “glacial” event and has been documented in
the flora of the Vildstejn Formation from the Cheb Basin
(Buzek et al. 1985). The older flora of the VonSov Member
(Early Pliocene) still shows aspects of a temperate climate.
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However, the overlying flora of the Nova Ves Member
bound to the “Nero” Clay indicates a cold temperate cli-
mate connected with the “Praetiglian” cooling event. The
coal-forming vegetation of Nova Ves corresponds to an
extant bog vegetation, as indicated by Picea omoricoides,
Pinus sylvestris, Vaccinium oxycoccos and Menyanthes cf.
trifoliata. It is climatically characterized by MAT =
8-12 °C (Buzek et al. 1985). A similar climatic character
of the Late Pliocene is also known from eastern Europe,
e.g., the flora of Dvorec near Dnieper (Velichkevich 1990).
The areas of western and southern Europe demonstrate less
severe cooling trends and a gradual transition to the Qua-
ternary due to the influences of an oceanic climatic regime
(Augusti et al. 20006).

The above mentioned climatic trends during the Tertiary
(summarised in Mosbrugger et al. 2005) correspond well to
the temperature changes based on geochemical analysis of
oxygen stable isotopes from deep-sea profiles (Shackleton
1984) and modern analyses of the mammalian tooth enam-
els from terrestrial environments (Zanazzi et al. 2007).
Causes of these oscillations are so far not well understood.
Former hypotheses tried to explain these changes as conse-
quences of global and palaeogeographical changes. Modern
ideas stress the influence of greenhouse effect in the
palaecoatmosphere (Pagani et al. 2005, Bowen 2007).
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