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A mastixioid assemblage consisting of seed cones of Pinus hampeana and fruits of Carya globosa, Diplopanax
limnophilus and Eomastixia saxonica has been recovered in tektite-bearing deposits at Dobrkovská Lhotka near Trhové
Sviny on the southern periphery of the České Budějovice Basin, South Bohemia. Although its diversity is low, the as-
semblage is characteristic enough to be correlated with the Middle Miocene floras of the Central Paratethys area
(Wieliczka at Kraków – Middle Badenian) and with comparable floras in the Boreal Province (Kleinleipisch and
Klettwitz Floral Assemblages in Germany – Middle Miocene). The obtained data corroborate the Badenian age for the
Vrábče Member, the oldest tektite-bearing unit from where the fossils were collected (?the basal part of the Domanín
Formation) and prove a short time span between the rain of tektites (Ries event, 15–14.5 Ma) and the deposition of this
unit. • Key words: carpology, mastixioids, South Bohemia, Middle Miocene, Ries event.
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South Bohemia was intensively explored geologically after
the Second World War in respect of the extent and age of
continental deposits concentrated in the Třeboň and České
Budějovice basins and reaching across the state boundary
to Austria (for review see Malecha 1985, Huber 2003). On
the basis of palaeobotanical evidence, the greatest part of
the basins fill named the Klikov Formation was recognized
as a Late Cretaceous deposit (Němejc 1956, Pacltová 1961,
Malecha et al. 1962). The age of the succeeding Lipnice
Formation is so far uncertain, but perhaps is also Late Cre-
taceous (Němejc 1962, Malkovský 1995). The remaining
formations of Neogene age have been divided into the Zliv,
Mydlovary, Domanín and Ledenice formations (Fig. 1).

For more than two centuries, famous tektites, called
“moldavites”, created during the impact that created the
Ries crater in southeastern Germany, have been collected
in South Bohemia in gravels and sands assigned variously
to the Miocene, Pliocene, as well as the Quaternary surface
cover (Bouška 1972). In this account, new palaeobotanical
evidence is presented concerning the age of the basal
coarse-grained tektite-bearing deposit, the Vrábče Member
(or Beds) sensu Žebera (1967). In view of the limited distri-

bution of the fossiliferous horizon with the recovered plant
fossils, the age determination cannot be generalized for all
tektite-bearing deposits in South Bohemia, which accumu-
lated over a much longer period of time. Still, this discov-
ery offers new biostratigraphical data and correlation pos-
sibilities additional to the age determination obtained for
the tektites by radiometric dating.
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Attempts to fix the stratigraphical position of various
tektite-bearing sediments in South Bohemia have so far re-
lied on correlations with palaeontologically characterized
lithostratigraphical units, namely the Mydlovary, Domanín
and Ledenice formations. The time span of the tektite rain
has been estimated based on the radiometric dating of the
tektites as 15–14.5 Ma (Genter et al. 1967), which corres-
ponds well with the age of impact glasses from the Ries cra-
ter (Genter et al. 1969). The re-deposition of tektites then oc-
curred after this time in the Middle Miocene (Langhian)
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onto the peneplain of weathered crystalline rocks and previ-
ous basin deposits including the Mydlovary Formation,
from where the tektites have not been found. Tektites were
transported into matrix sediments from wider surroundings
stepwise together with clastic particles. This process occur-
red at different places at different time intervals. Some tekti-
tes were obviously reworked several times. Bouška (1972)
recognized four types of tektite-bearing deposits:

A. The oldest type (according to Bouška 1972, “Upper”
Miocene, i.e. the Middle Miocene in today’s time scale)
forms fills transported from a short distance into local depres-
sions (“strew-field” sites). The deposits are at a low degree se-
lected or not selected at all, clastic particles are angular, rarely
sub-angular; the clay component is montmorillonitic.

B. Younger deposits of Pliocene to Pleistocene age orig-
inated in the time interval, when the hydrographical commu-
nication with the Alpine-Carpathian system was interrupted
and South Bohemia was drained to the north. They consist of
fluvio-lacustrine sediments with grains sub-ovoid and ovoid
due to the length of transport. At places they contain
kaolinitic sands with sub-angular grains; the clay content is
kaolinitic or illitic. These gravels and sands are characteristi-
cally rusty in colour, probably due to admixtures of re-
worked soil, e.g., the Kroclov red soil (Žebera 1967). The
tektites present there are often pebble-shaped, once more
corroded and sharply sculptured and lustrous.

C. Quaternary not sorted slope loams and detritus con-
tain angular tektites not showing a long transport.

D. Alluvial Late Quaternary to Recent deposits of
streams yielding oval tektites with dull worn surface.

Žebera (1967) assumed a Miocene age for the old-
est-tektite bearing deposits. On the basis of the lithological
and stratigraphical data he established the Vrábče Member
(“Beds”), Koroseky Sandy Gravel and Kamenný Újezd
Gravel, which he ranged without palaeontological evi-
dence into the Miocene to Pliocene.

The Mydlovary Formation dated to the Karpatian-
Lower Badenian by fauna (Čtyroký & Fejfar 1962; Fejfar
1974, 1989; Bůžek et al. 1988) and flora (Řeháková in
Vrána et al. 1980, Knobloch & Kvaček 1996) does not con-
tain tektites. The Domanín Formation was established on
the basis of the diatomology (Řeháková 1969a, b) and
dated into the Middle Miocene (Upper Badenian to Sar-
matian) on account of the correlation with similar diatom
assemblages in the Handlová Basin in the Central Para-
tethys (Řeháková 1980). The tektite-rich Vrábče Member
is assumed to represent the lateral equivalent of the basal
part of the Domanín Formation (Bouška 1972). The Le-
denice Formation has been dated as Pliocene on the basis
of palynological and diatomological data (Pacltová 1963,
Řeháková 1963) and lacks tektites. The Koroseky Sandy
Gravel and Kamenný Újezd Gravel containing tektites are
considered to be latest Pliocene (Romanian) without any
palaeontological evidence on the basis of the regional geol-
ogy (Bouška 1972).

Although the tektite-bearing deposits often contain ir-
regularly distributed lenses of grey clay, almost no paly-
nological data have been obtained from them, because the
organic matter is fully oxidized in these kaolinitic sedi-
ments. Nevertheless, core samples at Besednice contained
indeterminable trilete spores, isolated fragments of saccate
pollen of the Pinaceae, rare fungi and tissue fragments
(Jankovská in Ševčík 1980). The carbonized plant remains
described below are the first macrofossils, which, together
with wood pieces, contribute to the dating of the Vrábče
Member.
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The described fossil plant remains were recovered in 2003
and later in excavations for tektites near Dobrkovská
Lhotka on the southern periphery of the České Budějovice
Basin (coordinates 48°47´15˝ N; 14°37´10˝ E – Fig. 2).
The fossiliferous layers were only temporarily exposed and
only the most apparent fossils were picked up by amateur
collectors from the sediment without any attempt at was-
hing, sieving and searching for small-sized fractions. The
material consists of dark brown three-dimensionally pre-
served and only a little compressed carbonized seed cones
and fruits; these can be sectioned, in our case by thin dental
cutting discs.
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'������() Chrono- and lithostratigraphy of the South Bohemian (České
Budějovice and Třeboň basins) with important palaeontological sites
(1Pacltová 1963; 2this paper; 3Knobloch & Kvaček 1996; 4Němejc 1962;
5Němejc 1956, Pacltová 1961, Němejc & Kvaček 1975, Mai & Knobloch
1986; 6Fejfar 1989, personal communication 2007).

Chronostrat. Lithostratigraphy
Palaeobotanical

sites
Mammal
sites

Late Pliocene
to Pleistocene

Kamenný Újezd
Gravel

Koroseky Sandy
Gravel

Pliocene Ledenice Fm. Ledenice1

Middle
Miocene

Domanín Fm.
Lišov
(MN7–8)6

Vrábče Mb.
Dobrkovská
Lhotka2

Mydlovary Fm.

Mydlovary3 Lomnice/L.
(MN6)6

Hluboká,
Kamenný
Újezd3

Strakonice
(MN5)6

Early Miocene Zliv Fm. Nová Řeka3

? Lipnice Fm. Lipnice4

Coniacian
–Santonian Klikov Fm. Klikov, Zliv5
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At the site, the tektite-bearing deposits form irregular
fills in depressions in the crystalline basement. The fos-
siliferous layers were unfortunately much disturbed by ille-
gal search for tektites and, therefore, the exact position of
the described plant fossils cannot be exactly fixed within
the two sections obtained during the excavations.

The first section contains (from the earth surface down)
layers of the following thickness:

0.1–0.2 m – humic soil or peat;
1.0–1.5 m – sandy clay to fine-grained clayey sand ochre
grey to brown;
0.2 m – quartzose gravel with pebbles up to 2 cm across,
very pure, with tektites;
1.0 m – fine-grained sand grey to dark grey with clay ad-
mixture;
1.0 m – sandy gravel with tektites, carbonized wood (pie-
ces up to 15 cm large), carbonized plant fragments and fru-
its (the layer continued downwards, but further digging
was prevented by strongly inflowing groundwater).

The second section not far from the former contains a
similar sequence of deposits from the earth surface:

0.0–0.5 m – soil with large tektites;
0.5–1.1 m – fine-grained sand with small, nicely sculptured
tektites;
1.1–6.0 m – strongly clayey sandy gravel, grey, with roun-
ded tektites. The biggest specimens occur in the coarse-
grained roof of this layer. The deeper part of the layer con-
tains two horizons of sand 5–10 cm and 10–15 cm thick,

respectively, with organic fragments. The lower one at the
depth of 5.5 m probably yielded most of the described fos-
sils. The layer continued downwards but again, further dig-
ging was prevented by groundwater.

In both pits the fossils were recovered by workmen who
noticed these objects and some collected and passed them
over to the first author. The sites are no longer accessible so
that additional sampling is now impossible.

The recovered fossils are mostly housed in the collec-
tions of the palaeontological department, National Mu-
seum, Prague (NM G); a smaller part has been returned to
private collectors.
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Family Pinaceae

Pinus L.

Subgenus Pinus

Pinus hampeana (Unger) Heer
Figure 3A, B

1847 Pitys hampeana Unger, p. 76, pl. 20, figs 1–3.
1855 Pinus hampeana (Unger) Heer, p. 56, pl. 20, fig. 4.

Material. – Two carbonized fragmentary seed cones (NM
G 8540 and private coll.).
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'������+) Geographic position of the described florula near Dobrkovská Lhotka within the Czech Republic and a detailed map of the České Budějovice
and Třeboň basins (Slánská 1974, adapted).



Description. – Seed cones narrow ovoid to cylindrical,
more than 40 mm long and 15–18 mm wide, symmetrical,
cone scales thin, mostly broken at ends, finely striated
along their length, obviously less than 100 per cone, apop-
hyses almost flat to slightly domed, umbo poorly preser-
ved, probably sub-vallat, excentromucronate (details of
apophyses worn by transport processes).

Notes. – This pine was widespread in the Middle Miocene
of Central Europe. The specimens at hand correspond
well to the figures of the syntypes from Hauenstein, Styria
(Unger 1841–1847) but this type material seems to be
missing. Pinus hampeana occurs commonly at late Early
and Middle Miocene sites in Germany (Wiesa, Klettwitz)
and Poland (Turów) including the Middle Badenian of
Wieliczka (see Zablocki 1928 – as Pinus polonica, Mai
1986, 1999). It is known from the Upper Miocene and Plio-
cene in northern Italy together with several Miocene ther-
mophilic angiosperms (Berger 1958, Fischer & Butz-
mann 2006).

Family Juglandaceae
Tribe Hicoreae

Carya Nutt.

Carya globosa (Ludwig) Mädler
Figure 3C–F

1857 Juglans globosa Ludwig, p. 103, pl. 21, fig. 12.
1939 Carya globosa (Ludwig) Mädler, p. 67, pl. 6,

figs 6–8, text-fig. 20.
1942 Carya hauffei Kirchheimer, p. 424, pro parte, fig. 5

(non fig. 6).

Material. – Four nuts mostly split into halves (NM G
8541a, b, 8542, two specimens in private coll.).

Description. – Nuts ovoid to slightly obovoid, 18–44 mm
long, 14–20 mm wide, at apex rounded or very shortly po-
inted, at base rounded, thick-walled, on surface coarsely
longitudinally striated, striae often forked, lacunae in
shale walls indistinct, secondary septa present, wide and
short.

Notes. – According to the fruit morphology Carya globosa
belongs to the group of the extant Carya aquatica
(F. Michx.) Nutt. from SE North America (Mädler 1939,
Kirchheimer 1957, Manchester 1987). Manchester (1987)
correctly merged Carya globosa with similar Miocene fru-
its from Germany called C. hauffei Kirchheimer (1942, pro
parte, only fig. 5 from Wiesa). This concept was partly ac-
cepted (Mai 2001), however, Mai (1964, 1999) and Czaja
(2003) maintained C. hauffei sensu lato according to Kirch-
heimer (1942, 1957). The controversy in taxonomy should
be solved by a thorough study based on the type specimens
and variation and biostatistics of collections larger than
we have.

Family Cornaceae
Subfamily Mastixioideae

Diplopanax Handel-Mazzetti

Diplopanax limnophilus (Unger) Czaja
Figure 3G–J

1850 Quercus limnophila Unger, p. 319, pl. 35, figs 1, 2.
1941 Mastixicarpum limnophilum (Unger) Kirchheimer,

p. 614, figs 7, 8.
2003 Diplopanax limnophilus (Unger) Czaja, p. 75, pl. 13,

figs 12, 13.

Material. – Three completely carbonized stone fruits (NM
G 8543–8545).

Description. – Stone fruits cylindrical-ovoid, 34–36 mm
long and 12 to 20 mm in diameter, rounded at base, roun-
ded or shortly pointed at apex, bilaterally symmetrical
in cross section, unilocular, dorsally slightly flattened, ven-
trally convex, pericarp fully fused with endocarp, partly
abraded, irregularly striated on the surface, endocarp
mighty, ca 4 mm thick, with lacunae inside near outer sur-
face, locule horseshoe-shaped in cross section, 10 mm high
and 5 mm wide (in the specimen cut across), valve triangu-
lar in cross section, on the fruit surface not visible.

Notes. – These fruits known more commonly as Mastixicar-
pum limnophilum were recognized as members of the Masti-
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'������,) Plant fossils from Dobrkovská Lhotka, Vrábče Member, Middle Miocene. • A, B – Pinus hampeana (Unger) Heer. A – abraded seed cone,
NM G 8540. B – detail of cone scales, same specimen. • C–F – Carya globosa (Ludwig) Mädler. C – one half of a bigger fruit from outside, NM G 8541a.
D – same specimen from inside. E – half of a small split fruit from inside, NM G 8542. F – same specimen from outside • G–J – Diplopanax limnophilus
(Unger) Czaja. G – slender fruit with rounded apex and base, abraded on surface, NM G 8543. H – reverse side of the same. I – cross section of a fruit
showing locule and wedge-shaped valve, NM G 8544. J – fruit with pointed apex and abraded surface, NM G 8545. • K–M Eomastixia saxonica (Menzel)
Holý. K – isodiametric flattened fruit with complete smooth epicarp, NM G 8546. L – fruit showing coarse sculpture of endocarp, NM G 8547. M – re-
verse side of the same. • Scale bars = 5 mm
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xioideae by Kirchheimer (1941, 1957), who referred them to
the extinct genus Mastixicarpum Chandler. The fossils were
at first misinterpreted as acorns (Unger 1850) or palm fruits
(Zablocki 1928). Recently, a very similar type of fruits has
been recognized in living Diplopanax stachyanthus Hand.-
Mazz., native in southern China and Viet Nam. This plant
was originally assigned to the Araliaceae (Handel-Mazzetti
1933) but later correctly transferred to the mastixioids by
Eyde & Xiang (1990). The generic identity of both fossil and
extant plants is now beyond any question (Mai 1995, Czaja
2003). The type locality of Diplopanax limnophilus is Wie-
liczka in southern Poland (Middle Badenian, stratotype sec-
tion – Papp et al. 1978). Kirchheimer (1957) stressed that all
mastixioid fossils should be restricted to the Palaeogene and
believed that the fossil fruits from Wieliczka had been re-
worked into younger deposits. Later on, typical fruits of
Diplopanax limnophilus were described from a number of
sites of the so-called Younger Mastixioid Floras sensu Mai
(Mai 1964, Holý 1976, Gregor 1978, Günther & Gregor
1993). This element belongs to the most typical indicators of
the Lower-Middle Miocene Optimum in Central and West
Europe. During the cooling phase in the Serravallian (Late
Badenian and Sarmatian) Diplopanax limnophilus disappe-
ared from Central Europe. In this respect, its occurrence is
very important for the local stratigraphy.

Eomastixia Chandler

Eomastixia saxonica (Menzel) Holý
Figure 3K–M

1933 Elaeocarpus saxonicus Menzel in Menzel, Gothan &
Sapper, p. 26, pl. 6, fig. 9.

1934 Ganitrocera saxonica (Menzel) Kirchheimer, p. 773,
fig. 12.

1976 Eomastixia saxonica (Menzel) Holý, p. 142, pl. 3,
figs 1–19.

Material. – Six woody stone fruits (NM G 8546–8550, one
in private coll.).

Description. – Stone fruits widely ovoid and variously flat-
tened, 23–33 mm long and 20–25 mm wide, bilocular in
cross section, epicarp often preserved, thin and smooth, en-
docarp fairly irregularly and coarsely striated, rugulose.

Notes. – These fruits belong to an extinct genus Eomastixia
Chandler (syn. Ganitrocera Kirchheimer) of the Mastixioi-
deae (Late Cretaceous to Late Miocene of Europe – Mai
1993). Holý (1976) assigned very abundant material from
the localities Hrádek nad Nisou, Wackersdorf, Merka and
Wiesa (late Early Miocene) to Eomastixia saxonica and
differentiated it from the similar species E. hildegardis

(Unger) Holý from Cheb and Františkovy Lázně in W Bo-
hemia and Hluboká nad Vltavou in S Bohemia (late Early
to Middle Miocene), which is smaller and 1–2 locular
(Holý 1976, Mai 1993). Similar records, often called
Ganitrocera persicoides (Unger) Kirchheimer or Eomasti-
xia persicoides (Unger) Gregor sensu lato, have been com-
monly described from the other Younger Mastixioid Flo-
ras, e.g., Wiesa, Wackersdorf and Turów (e.g., Mai
1964, Czeczott & Skirgiełło 1975, Gregor 1978, Günther
& Gregor 1993). Eomastixia saxonica often accompanies
Diplopanax and other members of the mastixioids in the
Lower-Middle Miocene of Europe (also at Wieliczka –
Łańcucka-Środoniowa & Zastawniak 1997). The youngest
rare occurrences of E. saxonica are known from the Upper
Miocene of Silesia (Gozdnica in Poland – Łańcucka-Śro-
doniowa & Zastawniak 1993) and Germany (e.g., Wisch-
grund, Rauno Formation – Mai 1989, 2001). Eomastixia
saxonica was found also in the Lower Rhine Basin in the
Ville Formation and the lowest part of the Inden Formation
at Hambach, W. Germany (Van der Burgh 1987, 1988),
probably Middle to early Late Miocene in age (cf. Schäfer
et al. 2004). Elsewhere it was replaced during the Late
Miocene by another species with larger fruits and a coarser
sculpture, Eomastixia holzapfelii (Menzel) Mai, common
in the Rhenish refuge area (Mai 1993, 1995).
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As mentioned above, the oldest tektite-bearing coarse-
grained sediments in South Bohemia belong to the Vrábče
Member (sensu Žebera 1967), which divides the Miocene
part of the basins fill into the underlying Mydlovary For-
mation and the overlying Domanín Formation. Whereas
the Mydlovary Formation has been dated by the fauna and
flora to the Karpatian– Early Badenian, the gap between
the rain of tektites – the Ries event (15–14.5 Ma, i.e., Mid-
dle Badenian or Middle Langhian, approx. lower part of
NN 5 zone) and the matrix deposits has been variously as-
sessed. Řeháková (1969a, b) who established the Domanín
Formation on account of the diatom flora assigned it to the
Late Badenian to Sarmatian on the basis of the correlation
with similar assemblages in the Central Paratethys (locality
Nováky in Slovakia – Řeháková 1980) whose age is esti-
mated by palynological correlation (Planderová 1990,
MF-7 zone). Because diatoms are not known directly from
the psephitic-psammitic tektite-bearing deposits of the
Vrábče Member, we cannot verify the correlation and age
determination suggested by Řeháková (1980) for the main
part of the Domanín Formation. The mammal fauna of Li-
šov (MN 7–8) from the Domanín Fm. supports the dating
into the late Middle Miocene (Fejfar 1989, personal com-
munication 2007). On the other hand, the newly obtained
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mastixioid assemblage from Dobrkovská Lhotka clearly
falls into the Early–Middle Miocene Climatic Optimum
coming before the Late Badenian/Sarmatian (Serravalian)
cooling phase (13.6 Ma). The best equivalent in the Para-
tethys Province appears the mastixioid assemblage from
Wieliczka (Middle Badenian – Wieliczian) sharing the
marker species Diplopanax limnophilus (Łańcucka-Śro-
doniowa & Zastawniak 1993) while the next younger unit,
the Floral Assemblage Stare Gliwice – Unterwohlbach
(Late Badenian to Sarmatian) almost lacks mastixioids. Flo-
ral assemblages (complexes) in the Boreal Provinces in Eu-
rope (Mai 1994, 1995) offer other possible links with those
of Wiesa, Kleinleipisch and Klettwitz. Most of them are not
independently dated but all can safely be placed into the
Early-Middle Miocene Climatic Optimum. The Klettwitz
unit (floral zones XI–XII sensu Mai 1967) is best compa-
rable with the Wieliczka – Viehausen Floral Assemblage da-
ted to the Middle Badenian and the mammalian zone MN 6
and includes all elements recovered at Dobrkovská Lhotka.
The next younger Floral Assemblage Schipkau (floral zone
XIII), which is probably comparable with the flora of Goz-
dnica in Poland (Gozdnica Series, Pannonian), contains a
few rare mastixioids and is characterised by prevailing deci-
duous “Arctotertiary” elements. Thus the new palaeobotani-
cal data from South Bohemia make possible the Middle Ba-
denian age for the oldest tektite-bearing unit, the Vrábče
Member, considered putatively as the basal part of the Do-
manín Formation, and prove only a short time gap between
the rain of tektites and their first re-deposition.
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