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The As turian and Cant ab rian flo ral as sem blages
with Cor daites from the Plzeò Ba sin (Czech Re pub lic)2

(Figs 1–17; Tabs 1–3)

Ab stract. The mac ro flo ras of the Nýøany Mem ber (late As turian – early Cant ab rian age) were stud ied 
at five lo cali ties and two bore holes in the Plzeò Ba sin (West ern Bo he mia). The flo ras were mostly
domi nated by Cor daites, and seven spe cies were rec og nised based mainly on cu ticu lar evi dence.
Cor daites do bra nen sis Šimùnek was the most com mon spe cies and oc curred in most of the
Asturian- age lo cali ties. In ad di tion, an out crop near Heøma nova Huï yielded C. blazkovicen sis
Šimùnek, C. wilk ischen sis Šimùnek and C. pil sen sis Šimùnek; and bore hole Krašovice Kš 1 yielded
C. kra sovicen sis Šimùnek and C. tousk ov en sis Šimùnek. Cor daites rad cicen sis nov. sp. was only
found in the Cant ab rian part of the suc ces sion, at the Radèice lo cal ity, and shows char ac ters
sug gest ing ad ap ta tion to some what drier con di tions, namely thick cu ti ni sa tion and proxi mally
ori ented pro jec tion of the an ti cli nal cell walls.

The most di ver si fied as sem blage with 29 spe cies was found at the Dobøany lo cal ity, but most
other lo cali ties yielded only 12 to 18 spe cies. The species- spectrum of in di vid ual lo cali ties var ied
ac cord ing to type of lo cal ity, sedi men tol ogy and method of col lect ing. In most lo cali ties, cor dai -
taleans made up 40 to 67% of the mac ro flora, the only no ta ble ex cep tion be ing the Krimich II mine at
Tluèná that yielded only 5% cor dai taleans. The next im por tant plant group was the sphe nop sids,
which usu ally com prised about 30% of the mac ro flo ras, with the ex cep tion of Heøma nova Huï
lo cal ity where there were only 3% sphe nop sids. The pro por tion of fern re mains var ied be tween
lo cali ties from 8 to 35%. Ly cop sids were usu ally very rare, ex cept at the Heøma nova Huï lo cal ity
where 30% of the flora con sisted of al lochthonous ly cop sid frag ments. Pte rido sperms were very rare
and never ex ceeded 10% of the mac ro flora. The West phalian rain for est was not mo noto nous, but was
di ver si fied into sev eral flo ral as sem blages.

My work sup ports the con clu sion of pre vi ous work ers in the area (Šetlík, 1980), that the five most
com mon spe cies in the Nýøany Mem ber of the Plzeò Ba sin are Pe cop teris poly po dioi des (Presl in
Stern berg) Nìmejc, Sphe nophyl lum emar gi na tum (Brong ni art) Brong ni art, Pe cop teris unita, Dick so- 
n ites pluke netii and An nu laria stel lata (Schlotheim) Wood.

Key words: Car bon if er ous, cordaitaleans, plant as sem blages, cu tic u lar anal y sis, Plzeò Basin.

1 Czech Geo log i cal Sur vey, Klárov 3, 118 21 Praha 1, Czech Re pub lic.
2 Ac cepted for pub li ca tion on Jan u ary 29, 2008.



IN TRO DUC TION

Palaeobotanical re search in the Plzeò Ba sin (Fig. 1) started dur ing the sec ond
half of the 19th cen tury (Feistmantel, 1870), and sig nif i cant prog ress was made dur -
ing the early and mid dle of the 20th cen tury (Purkynì, 1913; Nìmejc, 1933, 1937,
1941, 1953, 1958). How ever, these pa pers only gave lists of spe cies for in di vid ual
lo cal i ties; no de tails were given of the pro por tion of in di vid ual spe cies in each flo -
ral as sem blage, and the cor re la tion be tween the plants and the sed i ment in which
they were found was rarely dis cussed. Af ter World War II, sig nif i cant new
palaeobotanical data were added from bore holes (Šetlík, 1968). Al though each
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Fig. 1. Geo log i cal map of the Plzeò Ba sin with stud ied lo cal i ties. 1 – Pre-Car bon if er ous de pos its
(mostly Up per Pro tero zoic); 2 – Kladno For ma tion (Bolsovian, Asturian and Cantabrian); 3 – Týnec
For ma tion (Barruelian); 4 – Slaný For ma tion (Stephanian B); 5 – Línì For ma tion (Stephanian C); 6 –
lo cal i ties (Adopted from Mergl and Vohradský, 2000)



bore hole yielded a lim ited num ber of spe cies and spec i mens, Šetlík was able to in -
ves ti gate 127 bore holes al low ing him to iden tify 48 plant spe cies from the Nýøany
Mem ber in the Plzeò Ba sin. He sub se quently (Šetlík, 1980) un der took a semi-quan -
ti ta tive anal y sis of the flo ras, and iden ti fied the most dom i nant spe cies of the
Nýøany Mem ber as be ing Pecopteris polypodioides (Presl in Stern berg) Nìmejc,
Sphenophyllum emarginatum (Brongniart) Brongniart, Pecopteris unita Bron-
gniart, Dicksonites plukenetii (Schlotheim) and Annularia stellata (Schlotheim)
Wood (this was the same in both the Plzeò and the Kladno-Rakovník bas ins).

This pa per re views the flo ras of the Nýøany Mem ber of the Plzeò Ba sin
(Asturian and Cantabrian substages), based on in ves ti ga tions made by the au thor
beween the 1980s and the pres ent (Šimùnek, 1994). Dur ing that time, about 1,500
plant fos sil sam ples were col lected from the Nýøany Mem ber, some times in con -
junc tion with col leagues B. Ètveráèek (1984), J. Drábková et al., (2004), es pe cially 
at Radèice. This study was un der taken to doc u ment com po si tion and palaeo eco -
logi cal pref er ences of flo ral as sem blages that oc cur at sev eral lithostratigraphic ho -
ri zons within the Asturian-Cantabrian part of the sec tion. The strati graphic eval u a -
tion of some of this ma te rial is prob lem atic, as it orig i nated from spoil tips of coal
mines that worked both the Radnice and Nýøany mem bers (e.g. the Krimich II Mine 
at Tluèná). Where the strati graphi cal po si tion of such sam ples could not be de ter -
mined for cer tain, they were ex cluded from the in ves ti ga tion as the quantitative
evaluation might not be accurate.

Forty-nine spe cies were re corded from the five stud ied lo cal i ties (Tab. 1), bring -
ing the to tal for the Nýøany Mem ber to more than 80 plant spe cies. In di vid ual as -
sem blages were typ i cally of low di ver sity, with high per cent ages of sphenopsids
and cordaitaleans. Nìmejc (1958) de ter mined the cordaitalean fo liage all as
Cordaites palmaeformis (Goeppert) Geinitz, and Šetlík (1968) re corded them only
as Cordaites sp., re gard ing them as stratigraphically un im por tant el e ments. How -
ever, this fo liage is well pre served here and can be stud ied by means of cu tic u lar
anal y sis, which re vealed that cordaitaleans were in fact very di verse in the Plzeò
Ba sin. This pa per brings new in for ma tion about cordaitalean cu ti cles and some
quan ti ta tive eval u a tion of studied plant assemblages from the Nýøany Member.

GEO LOG I CAL SET TING

The Nýøany Mem ber (Up per Asturian to Cantabrian substages) is the youn ger
part of the Kladno For ma tion (Fig. 2). It reaches a max i mum thick ness of 300 m in
the Plzeò Ba sin, where the fol low ing fa cies can be dis tin guished (Pešek, 1994): (1)
a fluviatile fa cies rep re sented by whit ish, mas sive, gran u lar ar kos es to arkosic
sand stones; (2) a peat-form ing-lac us trine fa cies con sist ing of mudstones and
claystones and lo cally thin coal seams; and (3) an al lu vial fan fa cies dis tin guished
by non-grey sediments of the Komberk Horizon.

There are up to 20 coal seams and other root-ho ri zons, mostly a few decimetres
thick, but some 1–2 m thick or more. In the Plzeò Ba sin, four groups of coal seams
are re cog nised (Fig. 3):
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1. The Touškov group of coal seams. This is at the base of the mem ber and usu -
ally con sists of be tween one and four seams, each at tain ing a thick ness of a few
decimetres;

2. The Nýøany group of coal seams. This is known only from the Plzeò Ba sin
and usu ally con sists of two seams, mostly about 1 m or thicker;

3. The Chotíkov group of coal seams. This in cor po rates all of the seams be -
tween the Nýøany and Nevøeò group of coal seams. They are usu ally a few
decimetres thick and are lo cally ac com pa nied by tuffaceous horizons;

4. The Nevøeò group of coal seams. These seams are at the very top of the
mem ber and are in ter preted as Cantabrian in age. They have been di vided into the
lower and up per Nevøeò seams based on megaspore con tent (Kalibová-Kaiserová,
1964).
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Fig. 2. Strati graphi cal scheme of the Car bon if er ous in Cen tral and West ern Bo he mia. M –
Mem ber; Fm – For ma tion; Duckmant. – Duckmantian; Cantabr. – Cantabrian; Barruel. – Barruelian
(Af ter Opluštil, 2005)
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Fig. 3. Nýøany Mem ber in the north ern part of the Plzeò Ba sin (Bore hole Kš 1 Krašovice). Names
of lo cal i ties to the right from the strati graphi cal col umn rep re sent the rel a tive level of the stud ied
lo cal i ties; 1 – coal seam; 2 – coaly claystone; 3 – claystone; 4 – siltstone; 5 – sand stone (mostly
arkosic); 6 – sand stone with boul ders; 7 – con glom er ate; 8 – tuffite and tuffitic ad mix ture; Bols. –
Bolsovian (Sec tion sim pli fied from Opekar et al., 1994)



METH ODS AND MA TE RI ALS

Most of the iden ti fi ca tions re corded in this pa per were based on tra di tional fea -
tures of gross-mor phol ogy. How ever, leaf mor phol ogy alone does not pro vide suf -
fi cient char ac ters to iden tify cordaitalean leaves in a tax o nom i cally mean ing ful
way, and so the epi der mal struc ture pre served in their cu ti cles was in ves ti gated.
De tailed de scrip tions of six of these spe cies can be found in Šimùnek (2007); that of 
a sev enth spe cies is pre sented in this pa per. Well-pre served coalified leaf frag ments 
were sep a rated from the rock by means of a nee dle or hy dro flu oric acid (HF). These
leaf frag ments were then bleached in Schulze’s re agent (40% HN03 with crys tals of
KClO3) for usu ally be tween 20 and 40 hours. They were then washed in 10% po tas -
sium hy drox ide (KOH) so lu tion and fi nally rinsed in dis tilled wa ter. Some cu ti cles
were stained with safranin for sev eral hours to ac cen tu ate the an ti cli nal walls and
stomata. Be fore em bed ding in glyc er ine gel a tine slides, the cu ti cles were de hy -
drated in pure glyc er ine. The glyc er ine gel a tine slides were ex am ined us ing an
Olym pus 50 com pound mi cro scope, Nomarski In ter fer ence Con trast usu ally of fer -
ing the best re sults. The stomatal in dex, SI, was cal cu lated ac cord ing to the for -
mula: SI = 100 × S/(B + S), where B is the number of cells in a given area, and S the
number of stomata in the same area (Salisbury, 1928; Kerp, 1990).

Ma te rial for this study co mes from five lo cal i ties: three coal mines – Krimich II
Mine, Tluèná near Nýøany, Hugo Mine near Dobøany and old Dobré štìstí Mine
near Nová Ves; two out crops have been stud ied – a tem po rary out crop near
Heømanova Huï  – Vlkýš ex posed dur ing high way con struc tion, and a sec tion near
Radèice. In ad di tion, flora from two bore holes has been stud ied with re spect to
cordaitalean re mains: Nýøany-Tesla HJ 3/1 and Krašovice Kš 1. To gether, more
than 1500 sam ples have been ob tained from in di vid ual lo cal i ties: Radèice (about
100), Nová Ves (124), Dobøany (993), Heømanova Huï (220) and Tluèná near
Nýøany (about 100).

All de ter mi na ble plant re mains were col lected from each lo cal ity. The ex act
prov e nance of plant fos sils col lected from pit tips of coal mines is not known. The
pos si ble area from which a fos sil might have orig i nated could be sev eral km2 (3 km2

in Krimich II mine in Tluèná). The rel a tive po si tion to the coal seam is usu ally
“Floznah” in the sense of Gastaldo (1996), which im plies flora pre served above
coal seams or in its interbeds (i.e., it is a typ i cal roof-shale flora). A dif fer ent sit u a -
tion was found in out crops and bore holes. These flo ral as sem blages are “Flozfern”
ac cord ing to Gastaldo (1996), which means flora stratigraphically dis tant from coal 
seams. The plant as sem blages from the two bore holes were very rare and there fore
a quan ti ta tive eval u a tion of these as sem blages is not pos si ble. Be sides these lo cal i -
ties, 2 out crops have been stud ied. The plant fos sils from Heømanova Huï were col -
lected from a sin gle mudstone ho ri zon 0.6 m thick, whereas those from the Radèice
out crop lo cal ity were col lected from at least 2 ver ti cally sep a rated horizons ex -
posed at sev eral places along a nearly 800 m long out crop.

All of the sam ples for this study, to gether with the 82 mi cro scopic slides con -
tain ing the cu ti cles pre pared from 18 cordaitalean spec i mens, are now housed at the 
Czech Geo log i cal Sur vey, Prague.
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CORDAITALEAN PLANTS

Cordaitalean re mains dom i nated most of the as sem blages ex am ined in this
study. In the past, they have been de ter mined sim ply as Cordaites sp., or Cordaites
principalis (Germar) Geinitz. How ever, cu tic u lar anal y sis has al lowed seven dis -
tinct spe cies to be re cog nised in the Nýøany Mem ber of the Plzeò Ba sin. Six spe cies
have been de scribed else where (Šimùnek, 2007), but a sev enth spe cies is new and is 
be ing de scribed in this pa per. The spe cies can be di vided into three groups based on
fea tures of their abaxial cuticles (Tab. 2):

(1) Spe cies with sin gle or dou ble stomatal rows on the abaxial cu ti cle: Cordaites 
krasovicensis Šimùnek (Figs 4.1; 5.1–4); Cordaites pilsensis Šimùnek (Figs 4.2;
5.5–7); Cordaites blazkovicensis Šimùnek (Figs 4.3; 6.1);

(2) Spe cies with stomata ar ranged in dou ble or mul ti ple stomatal rows con -
nected to stomatiferous bands: Cordaites dobranensis Šimùnek (Figs 4.4–5;
7.1–5); Cordaites wilkischensis Šimùnek (Figs 4.6; 6.2–4); Cordaites touskovensis
Šimùnek (Figs 7.5–7; 8.8);

(3) Spe cies with stomata ir reg u larly dis persed in stomatiferous bands on the
abaxial cu ti cle.

Cordaites radcicensis nov. sp.
(Figs 7.6–9; 8.1–7)

Holotype: Czech Geo log i cal Sur vey, Prague, inv. No. ZŠ 300, slides Nos 423/
1–11.

Name der i va tion: Af ter the type lo cal ity Radèice vil lage.

Type lo cal ity: Radèice sec tion, Plzeò Ba sin.

Type ho ri zon: Kladno For ma tion; Nýøany Mem ber, equiv a lent to Nevøeò group of 
coal seams, Cantabrian.

Di ag no sis: Me dium wide leaves with rel a tively in fre quent ve na tion, 1–2 thin veins 
oc cur ring be tween pairs of thick veins. Stomata of adaxial cu ti cle oc cur in dark
stomatiferous bands; stomata of abaxial cu ti cle oc cur in stomatiferous bands.
Stomatal sub sid iary cells oval, sim i lar to or di nary cells. An ti cli nal walls strongly
cu ti nised, with prox i mally ori ented pro jec tions. There is a great dif fer ence be tween 
the stomatiferous and non-stomatiferous bands.

De scrip tion of the holotype (Fig. 8.7): The holotype rep re sents a leaf frag ment
110 mm long and 25 mm wide, with near-par al lel lat eral mar gins. The ve na tion is
prom i nent, with 10–14 veins per cm; there are 1–2 thin ner veins be tween two thick
veins.

De scrip tion of adaxial cu ti cle (Fig. 7.6–9): Near the mar gin, cu ti ni sa tion is
com par a tively weaker, and cells are more elon gate than in the cen tral parts of
leaves (Fig. 8.1), 60–100 µm long and only 10–18 µm wide. To wards the cen tre of
the leaf, the cells be come ob long, hex ag o nal to nearly isodiametric in shape, and are 
22–50 µm long and 18–32 µm wide.
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The stomatal com plexes, rare in dark stomatiferous bands, are com posed of
pairs of guard cells that are about 20 µm long and 8 µm wide, two po lyg o nal or
round po lar sub sid iary cells 20–30 µm long and 12–16 µm wide, and two
bean-shaped lat eral sub sid iary cells 30–36 µm long and 12–20 µm wide. The
stoma, in clud ing sub sid iary cells is 56 µm long and 52 µm wide, and an ti cli nal
walls are bent. The non-stomatiferous bands are 200 µm wide, and the con stit u ent
or di nary cells are ob long to square with bent an ti cli nal walls, 24–68 µm long and
20–32 µm wide. The stomatal den sity is 8–11 stomata per 1 mm2, and SI about 1.

De scrip tion of abaxial cu ti cle (Fig. 8.1–6): The cells of the abaxial cu ti cle are also
dif fer en ti ated into stomatiferous and non-stomatiferous bands. Near the leaf
mar gin (Fig. 8.1), the abaxial epi der mis was formed by elon gate, ob long cells,
40–80 µm long and 10–20 µm wide. Stomatiferous bands are dis cern ible at a
greater dis tance from the leaf mar gin. They are 100–140 µm wide and formed by
round, oval to ob long cells with bent, thick and prom i nent an ti cli nal walls hav ing
strongly cu ti nised in ci sions, and are ori ented prox i mally. These cells are 20–50 µm
long and 15–20 µm wide. The stomatal com plexes are dis creet, be cause sub sid iary
cells re sem ble the or di nary cells of the stomatiferous band. The guard cells are
sunken, partly cov ered and sur rounded by a thicker cu ti ni sa tion of the an ti cli nal
walls of the sub sid iary cells. The pairs of guard cells are 14–18 µm long and 6–8 µm 
wide. The cells of the non-stomatiferous bands are mostly ob long, with slightly
bent an ti cli nal walls, 36–64 µm long and 16–24 µm wide. The stomatal den sity is
180–240 stomata per 1 mm2, and SI is 8–14.

Com par i son: This spe cies is very sim i lar to Cordaites principalis (cu tic u lar
morphotype 5 of Zodrow et al., 2000) from the Bay St. George sub-ba sin,
New found land, Can ada (late Bolsovian age). Both spe cies have stomata on the
abaxial sur face ar ranged in stomatiferous bands. The an ti cli nal cell walls are
strongly cu ti nised; and nu mer ous prom i nent pro jec tions are ori ented prox i mally.
The stomata are not very dis tinct. The adaxial cu ti cle of Cordaites radcicensis nov.
sp. has stomata in dark bands, whereas the adaxial cu ti cle of the Ca na dian
morphotype 5, re sem bles the abaxial cu ti cle. The syn on ymy of these two species
has not been proved yet.
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Fig. 4. 1 – Cordaites krasovicensis Šimùnek, Krašovice lo cal ity, bore hole Kš 1, depth 368.6 m.
Touškov group of coal seams. Coll. No. ZŠ 230, ×0.9. Scale bar = 1 cm; 2 – Cordaites pilsensis
Šimùnek, Heømanova Huï – Vlkýš lo cal ity, Nýøany group of coal seams. Coll. No. ZŠ 228, ×1. Scale
bar = 1 cm; 3 – Cordaites blazkovicensis Šimùnek, Heømanova Huï  – Vlkýš lo cal ity, Nýøany group of 
coal seams. Coll. No. ZŠ 230, ×1. Scale bar = 1 cm; 4 – Cordaites dobranensis Šimùnek, Dobøany,
Dobré štìstí Mine lo cal ity, Chotíkov group of coal seams. Coll. No. ZŠ 298, ×0.5. Scale bar = 2 cm; 5
– Cordaites dobranensis Šimùnek, Nová Ves, Hugo Mine lo cal ity, Chotíkov group of coal seams.
Coll. No. ZŠ 299, ×0.75. Scale bar = 2 cm; 6 – Cordaites wilkischensis Šimùnek, Heømanova Huï –
Vlkýš lo cal ity, Nýøany group of coal seams. Coll. No. ZŠ 94, ×0.75. Scale bar = 2 cm
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PLANT AS SEM BLAGES FROM THE TOUŠKOV GROUP
OF COAL SEAMS

Krašovice Kš 1 Bore hole. The Touškov group of coal seams usu ally lie just
above the base of the Nýøany Mem ber (Fig. 3) and are known mostly from bore -
holes. The Krašovice Kš 1 Bore hole (Fig. 9) passed through the basal part of the
Nýøany Mem ber, in clud ing the lower Touškov coal seam.

There are two pos si bil i ties as to where to place the bound ary be tween the
Radnice and Nýøany mem bers. Tra di tion ally, it has been placed at the base of the
brown tuffite, in the Krašovice Kš 1 Bore hole at a depth of 363.7 m (Fig. 9). How -
ever, a Nýøany-like flora [e.g., Annularia stellata (Schlotheim) Wood, Pecopteris
polypodioides (Presl in Stern berg) Nìmejc] oc curs in a mudstone at a depth of
368.7 m, sug gest ing that the bound ary must be be low this brown tuffite.

The sec ond pos si bil ity is to place the bound ary at the base of a con glom er ate
body at a depth of 379.7 m (Fig. 9). This con glom er ate body is 3.6 m thick, and con -
sists of an arkosic ma trix with peb bles up to 40 mm long. The fossiliferous
mudstone layer (371–366.5 m; Fig. 9) is grey with rare bands of coaly claystone.
One of these bands, nearly 0.1 m thick, in depth 368.6 m, is fol lowed by the flora
men tioned in Tab. 1. Other plant re mains have also been found near the top of this
mudstone layer (Fig. 9).

The sec tion con tin ues with peb ble con glom er ate, fol lowed by light-grey sandy
siltstone and a 1 m thick layer of brown tuffite. The lower Touškov coal seam is de -
vel oped just above this tuffite. The over ly ing dark grey silty claystone is rich in
plant fos sils. This claystone is fol lowed by grey siltstones with oc ca sional plant
remains.

Cordaites touskovensis Šimùnek and C. krasovicensis Šimùnek have been
found to gether here with Annularia stellata (Schlotheim) Wood and Pecopteris
polypodioides (Presl in Stern berg) Nìmejc. They came from one layer of the bore -
hole Krašovice Kš 1 (Figs. 3 and 9).

In ter pre ta tion. The plant re mains are well pre served in claystone to mudstone
just above coaly claystone. They had un der gone only a short trans port. We do not
know, whether they are autochthonous or parautochthonous in the sense of
Gastaldo et al. (1995).
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Fig. 5. Cordaites krasovicensis Šimùnek (1–4), Krašovice lo cal ity, bore hole Kš 1, depth 368.6 m.
Touškov Group of coal seams. 1 – Adaxial cu ti cle with stomatal rows, slide 259/3, ×150. Scale bar =
100 µm; 2 – De tail from fig. 1, with two stomatal rows, ×250. Scale bar = 100 µm; 3 – Abaxial cu ti cle
with stomatal rows, slide 259/1, ×250. Scale bar = 100 µm; 4 – View to the same cu ti cle as in fig. 3
with stomatal rows, ×150. Scale bar = 100 µm; Cordaites pilsensis Šimùnek (5–7), Heømanova Huï –
Vlkýš lo cal ity, Nýøany group of coal seams; 5 – Abaxial cu ti cle with two stomatal rows, s – stoma,
slide 331/2, ×250. Scale bar = 100 µm; 6 – Adaxial cu ti cle with in con spic u ous stomatal rows, s –
stomata, slide 331/3, ×150. Scale bar = 100 µm; 7 – De tail from Fig. 5.6. with a prom i nent stoma,
×400. Scale bar = 50 µm
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PLANT AS SEM BLAGES FROM THE NÝØANY GROUP
OF COAL SEAMS

Krimich II Mine. The Krimich II Mine in Tluèná, near Nýøany, used to be one
of the most pro duc tive mines in this re gion. It worked both the Radnice and Nýøany
groups of coal seams, al though it fo cused mainly on the for mer. The Nýøany Mem -
ber here has only very thin and un eco nomic coals, work able only over a re stricted
area (Fig. 10), and only the Main and partly the Roof Nýøany coal seams were ex -
ploited here. The Main Nýøany coal seam typ i cal splits into benches. Ei ther
mudstone or sand stone over lies the coal seams (bore hole 239b; Fig. 10). The
mudstone roof rocks con tain plant re mains rep re sent ing a typ i cal roof-shale
“Floznah” flora (sensu Gastaldo, 1996).

The dis trict of work able Nýøany group of coal seams of this coal mine was
spread over an area of about three km2. Its spoil tip con tained plant fos sils from both 
the Nýøany and Radnice mem bers, and it was some times dif fi cult to rec og nize from
which mem ber the plant re mains came from. Ex cept for the sedimentology of the
rocks, this could only be de ter mined by the pres ence of cer tain in dex spe cies. About 
100 sam ples from this lo cal ity could be con fi dently as signed to the Nýøany Mem -
ber, and these yielded only a lim ited number of species.

The as sem blage from Tluèná, Krimich II Mine is typ i fied by the pres ence of
Lepidodendron subdichotomum Sterzel (Fig. 11.6), Sphenophyllum emarginatum
(Brongniart) Brongniart (Fig. 11.8), Annularia sphenophylloides (Zenker) Gut-
bier, Pecopteris polypodioides (Presl in Stern berg) Nìmejc (Fig. 11.7) and Dickso-
nites plueckenetii (Schlotheim). Cordaitaleans are rare and they are rep re sented by
Cordaites dobranensis Šimùnek.

In ter pre ta tion. The col lected flo ras were pre served al most en tirely in mud-
stones. Sphenopsids (Sphenophyllum emarginatum and Annularia sphenophy-
lloides) and ferns (Pecopteris polypodioides) are the most com mon groups in the
as sem blage. Sphenopsids colo nised wet parts of flood bas ins and tree ferns low land 
en vi ron ments in clud ing peat-form ing en vi ron ment (Behrensmeyer et al., 1992).
Also lycopsids (Lepidodendron subdichotomum Sterzel) are rel a tively com mon.
Ac cord ing to (Behrensmeyer et al., 1992), they pre ferred peat and min eral sub -
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Fig. 6.  Cordaites blazkovicensis Šimùnek (1), Heømanova Huï – Vlkýš lo cal ity, Nýøany group of
coal seams. 1 – Adaxial cu ti cle with two stomatal rows, slide 328/3, ×100. Scale bar = 100 µm;
Cordaites wilkischensis Šimùnek (2–4), Heømanova Huï – Vlkýš lo cal ity, Nýøany group of coal
seams. 2 – Adaxial cu ti cle, slide 327/3, ×150. Scale bar = 100 µm; 3 – Abaxial cu ti cle with stomatal
rows con nected into stomatiferous bands, s – stomatiferous bands, slide 327/4, ×100. Scale bar = 100
µm; 4 – De tail from Fig. 4.3. with stomata (s) from the stomatiferous band, ×300. Scale bar = 100 µm.
Cordaites touskovensis Šimùnek (5–7), Krašovice lo cal ity, bore hole Kš 1, depth 368.65 m, Touškov
group of coal seams. 5 – Adaxial cu ti cle, poorly pre served, slide 260/2, ×300. Scale bar = 100 µm; 6 –
Abaxial cu ti cle with stomatal rows, (s – stomata), slide 260/2, ×150. Scale bar = 100 µm; 7 – De tail of
a stomatal row from Fig. 6.6. (s – stoma), ×300. Scale bar = 100 µm
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strate swamps. It is pre sumed that this as sem blage is mixed from dif fer ent hab i tats.
The ev i dence of Stigmaria roots has been found in the spoil pile of Krimich II mine,
how ever, it is not cer tain, whether these roots are of Nýøany or Radnice or i gin.
Cordaitaleans and pteridosperms oc cur here very rarely. As this as sem blage is from 
the pit tip, there is lit tle ev i dence to al low a palaeo eco logi cal in ter pre ta tion. Ac -
cord ing to the frag men tary pres er va tion of the as sem blage, it is supposed, that this
assemblage is parautochthonous.

Heømanova Huï. This flora was ob tained from an out crop ex posed dur ing
high way con struc tion, and was sev eral hun dred metres long. The out crop was
formed mostly by sand stones and arkosic sand stones, but also in clud ing a layer of
finer-grained de pos its with rooted in ter vals and in ter vals yield ing plant macro-fos -
sils (Fig. 12). The fossiliferous strata are about 0.6 m thick and could be sam pled
over an area of 2 m2. The re sult ing 1 m3 of rock yielded 220 sam ples.

At Heømanova Huï (Tab. 1), 48% of the plant as sem blage was dom i nated by
large frag ments or com plete leaves of four spe cies of cordaitaleans: Cordaites
wilkischensis Šimùnek (Fig. 4.6), C. pilsensis Šimùnek (Fig. 4.2), C. blazkovi-
censis Šimùnek (Fig. 4.3) and C. dobranensis Šimùnek. Also abun dant were iso -
lated pinnules of Linopteris neuropteroides Gutbier f. ma jor Potonié (Fig. 11.5).
Sur pris ingly, also rel a tively com mon were rep re sen ta tives of wet hab i tat veg e ta -
tion – Lepidocarpon hofmannii (Nìmejc) (Fig. 11.2) and Lepidophyllum sp.

In ter pre ta tion. The sand stones are surely of fluviatile or i gin and are unfossi-
liferous. The orig i nal en vi ron ment of the mudstones lay ers was prob a bly a flood
plain or al lu vial plain, and the pres ence of sev eral rooted ho ri zons sup ports the ex is -
tence of a pe ri od i cally veg e tated en vi ron ment. The soil was prob a bly well-drained
and no coal seams orig i nated here. The flora col lected here is typ i cally “Flozfern”
sensu Gastaldo (1996), and in cludes the large and nearly com plete cordaitalean
leaves that in di cate min i mal trans port from their site of growth and, there fore, they
are prob a bly parautochthonous. The small and frag men tary re mains of lycopsids,
sphenopsids and pteridosperm de bris in di cates a fur ther dis tance of trans port and,
there fore, are prob a bly parautochthonous or allochthonous sensu Gastaldo et al.
(1995).
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Fig. 7. Cordaites dobranensis Šimùnek (1–5), Dobøany, Dobré štìstí Mine lo cal ity, Chotíkov
group of coal seams. 1 – Adaxial cu ti cle with a stomatal row, slide 283/3, ×100. Scale bar = 100 µm;
2 – De tail of the stomatal row from Fig. 7.1. ×300. Scale bar = 100 µm; 3 – Adaxial cu ti cle with
stomata of a stomatiferous band with poorly de vel oped crypt, slide 243/3, ×300. Scale bar = 100 µm;
4 – Abaxial cu ti cle with stomatal rows ar ranged into stomatiferous bands, slide 164/4, ×100. Scale bar 
= 100 µm; 5 – De tail of a stomatiferous band from Fig. 7.4. show ing stomata with well de vel oped
crypt (c), ×300. Scale bar = 100 µm. Cordaites radcicensis nov. sp. (6–9), Radèice lo cal ity, Nevøeò
group of coal seams. 6–9 – Adaxial cu ti cle with dark (stomatiferous) bands; 6 – Cu ti cle with two dark
bands, slide 423/3, ×100. Scale bar = 100 µm; 7 – De tail of a dark band, slide 423/3, ×250. Scale bar =
100 µm; 8 – Cu ti cle with two dark bands with stomata (s), slide 423/4, ×100. Scale bar = 100 µm; 9 –
De tail from Fig. 7.8. with a stoma (s) in the dark band, ×300. Scale bar = 100 µm
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Nýøany-Tesla Bore hole HJ 3/1. This bore hole was drilled by the Build ing
Geology Com pany; the de scrip tion of it lacks de tail. It was only 102 m deep and did 
not reach the coal seam (in the nearby Ziegler Mine that op er ated be tween 1872 and
1917, the Nýøany coal seams oc curred at depths of 120 and 130 m – Purkynì, 1913). 
The bore hole sec tion con sisted mainly of beige-grey to grey arkosic sand stones of
vary ing grain-size (Fig. 13). How ever, there was also a 1.9 m thick grey ish-black
mudstone (92.8 – 94.7 m depth) yield ing only Calamostachys tuberculata (Stern -
berg) Jongmans and Cordaites dobranensis Šimùnek leaves.

In ter pre ta tion. There is not enough in for ma tion avail able to pro pose an
in ter pre ta tion.

PLANT AS SEM BLAGES FROM THE CHOTÍKOV GROUP
OF COAL SEAMS

Nová Ves and Dobøany. These lo cal i ties are de scribed to gether be cause they
be long to the same min ing dis trict which is sit u ated in the east ern part of the Plzeò
Ba sin south west of Plzeò. The Dobré štìstí Mine (near Nová Ves) and the Hugo
Mine (near Dobøany) op er ated dur ing the years be tween World Wars I and II. Af ter
World War II, the Dobré štìstí Mine was aban doned and the Hugo Mine was re -
named Dobré štìstí Mine which in ev i ta bly led to confusion.

Fig ure 14 shows sec tions through the shaft of the aban doned Dobré štìstí Mine
near Nová Ves. The Nýøany Mem ber is rep re sented here by coarse-grained strata,
mainly sand stones (partly arkosic). The coal seams are usu ally less than 1 m thick,
their roofs are of ten formed by fossiliferous mudstone. The two Chotíkov coal
seams are pres ent at depths of 80 and 88 m. The (?up per) Radnice coal seam at
160 m in depth is very thin and mineable only lo cally. The Pro tero zoic base ment is
usu ally just be low this coal seam.

The Chotíkov coal seams are ex posed in the neigh bour hood of the for mer Hugo
Mine where they are dip ping very gently to wards the WNW. The depth of these
coal seams in creases to nearly 200 m in the west ern parts of the work ing coal fields.

Fig ure 15 shows sec tions through the up per Chotíkov coal seam (46/63) and
lower Chotíkov coal seam (Ch 17) ac cord ing to Pešek (1975). Both sec tions are
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Fig. 8. Cordaites radcicensis sp. nov. (6–9), Radèice lo cal ity, Nevøeò group of coal seams. 1 –
Cu ti cle near the leaf mar gin. Adaxial cu ti cle on the right and abaxial cu ti cle on the left, slide 423/1,
×100. Scale bar = 100 µm; 2 – Abaxial cu ti cle with stomatiferous bands with stomata (s) and
non-stomatiferous band, slide 423/9, ×300. Scale bar = 100 µm; 3 – De tail from Fig. 8.2. with stomata
(s), note strongly cu ti nised an ti cli nal cell walls. ×600. Scale bar = 50 µm; 4 – Abaxial cu ti cle with
stomatiferous bands show ing stomata (s), slide 423/6, ×300. Scale bar = 100 µm; 5 – De tail from Fig.
8.2. with a stoma (s), ×600. Scale bar = 50 µm; 6 – Abaxial cu ti cle with two dis tinct stomatiferous
bands. ×150. Scale bar = 100 µm; 7 – A frag ment of the leaf (holotype), from which the cu tic u lar slides 
Nos 423/1-11 have been pre pared. Coll. No. ZŠ 324, ×1. Scale bar = 1 cm; 8 – Cordaites touskovensis
Šimùnek, Krašovice lo cal ity, bore hole Kš 1, depth 368.65 m, Touškov group of coal seams. Coll. No.
ZŠ 242, ×1. Scale bar = 1 cm



from the north ern part of the work ing field of
the Hugo Mine. The flora was ob tained mainly
from the interbeds and roof rock of these coal
seams. Whit ish tuffaceous claystone with fos -
sils oc cur in the roof of the lower Chotíkov coal
seam, and the over ly ing claystone or mudstone
is also fossiliferous (Šimùnek, 1994; Opluštil et 
al., 2007).

The best-known flora co mes from mud-
stones ex posed over an area of 0.7 km2 at the
for mer Hugo Mine (Šimùnek, 1994). Dur ing
de cades of col lect ing, a to tal of 993 spec i mens
be long ing to 29 spe cies have been found in the
mudstones (see Tab. 2), with Sphenophyllum
emarginatum (Brongniart) Brongniart, Cala -
mites cistii Brongniart, C. suckowii Brongniart,
Annularia stellata (Schlotheim) Wood (Fig.
16.1), Calamostachys tuberculata (Stern berg)
Jongmans, Pecopteris polypodioides (Presl in
Stern berg) Nìmejc, P. unita Brongniart and
Cordaites dobranensis Šimùnek be ing dom i -
nant. The last named spe cies rep re sented 45%
of this as sem blage and was prob a bly a peat-
form ing rep re sen ta tive of cordaitaleans. This
as sem blage is sim i lar to the Tluèná, Krimich II
Mine as sem blage, which was also dom i nated
by Sphenophyllum emarginatum (Brongniart)
Brongniart, Annularia stellata (Schlotheim)
Wood and Pecopteris polypodioides (Presl in
Stern berg) Nìmejc. The only sig nif i cant dif fer -
ence be tween these as sem blages is the lack of
cordaitaleans at the Tluèná, Krimich II Mine
lo cal ity.

Col lect ing at the old Dobré štìstí mine (near
Nová Ves) was not as in ten sive and thus far
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Fig. 9. Sec tion through the basal part of the Touškov Group of
coal seams in the bore hole Kš 1 Krašovice. 1 – Lower Touškov Coal
seam; 2 – dark grey silty claystone; 3 – grey clayey siltstone; 4 – grey 
siltstone; 5 – sandy siltstone; 6 – light grey fine-grained sand stone; 7
– me dium-grained arkosic sand stone; 8 – coarse-grained arkosic
sand stone; 9 – con glom er ate; 10 – brown-grey tuffite; 11 – plant
re mains; 12 – plant re main men tioned in this ar ti cle (Af ter Opekar et
al., 1994)
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Table 1Occurrence of the species in studied localities of the Plzeò Basin



Cordaites pilsensis Cordaites krasovicensis Cordaites blazkovicensis Cordaites touskovensis Cordaites dobranensis Cordaites wilkischensis Cordaites radcicensis

Amphistomatic Amphistomatic Amphistomatic ?Amphistomatic Amphistomatic Hypostomatic Amphistomatic

Density per 1 cm 20-22 16-18 12-22 28-30 12-30 20-26 12-(24)* [2 sides of the same leaf]

Thin veins between 2 thick veins (3) 4-6 5-7 2-3 3-7 2-3, partly indiscernible 1-(0)* [2 sides of the same leaf]

+ + + + +

Oblong to irregularly hexagonal All belong to stomatal complexes Mostly oblong Tetragonal (oblong) Oblong, penta- to hexagonal Isodiametric, polygonal
Dark, oblong, hexagonal, nearly 

isodiametric

(30-72) x (15-25) ? (30-40) x (15-20) (35-70) x (12-18) (20-80) x (15-30) 25-44 (in diameter) (22-50) x (18-32)

mostly oblong oblong Mostly oblong Tetragonal (oblong) Longitudinally oblong Oblong Oblong

(24-60) x (15-32) (40-160) x (10-30) (30-110) x (15-30) (35-70) x (12-18) (35-150) x (10-20) (25-60) x (12-25) (24-68) x (20-32)

Dark rare stomatal rows
Single or double well-defined stomatal 

rows

Well-defined single to double stomatal 

rows
Dispersed (dark spots) Rare stomatal rows    - Rarely in dark stomatiferous bands

35 140 40 15 0-14    - 8-11

3.5 13 3 1.8-2 0.75-1    - 1

(28-30) x (16-20) (18-25) x (15-22) (32-45) x (22-35) ? (22-25) x (25-30)    - (20) x (8)

Number and shape 2; polygonal to oval (hexagonal) 2; polygonal, pentagonal to oval 2; oblong, square ? 2; oblong, rhomboidal    - 2; polygonal or rounded

(25-35) x (20-25) (15-20) x (12-20) (15-20) x (10-20) ? (20-40) x (15-25)    - (20-30) x (12-16)

Number and shape 2(3); oblong 2-4; oblong to reniform 2; longitudinally tetragonal 2; oblong or oval 2; oblong    - 2; bean-shaped

(40-60) x (20-25) (38-52) x (15-24) (30-110) x (15-30) (40-50) x (15) (50-70) x (15-25)    - (30-36) x (12-20)

Shape of crypt    - Rounded, strong cutinised   -    - Prominent, circular    -    -

+ + + + + + +

Oblong to square Small trapezoidal to triangular Small, rounded to oblong Longitudinally oblong Irregular, tetra- to pentagonal, oblong, square Small oblong, square to oval cells Oval to oblong

(15-25) x (15-25) (25-40) x (15-20) (8-16) x (5-8) (40-80) x (10-18) (20-40) x (10-15) (20-30) x (15-20) (20-50) x (15-20)

Longitudinally tetragonal Mostly oblong Oblong or trapezoidal longitudinally oblong Oblong Longitudinally tetragonal (oblong) Elongate, oblong

(40-90) x (15-20) (35-130) x (15-20) (35-80) x (10-20) (40-100) x (10-18) (35-120) x (10-25) (25-90) x (12-20) (36-64) x (16-24)

Mostly well-defined single stomatal 

rows

Well-defined single to double stomatal 

rows
Well-defined single stomatal rows

Stomatiferous bands with 3-5 

stomatal rows
Stomatiferous bands - up to 5 stomatal rows Stomatiferous bands - 2-5 stomatal rows Stomatiferous bands - rows indiscernible

? 80 143 185 110 230-270 (in stomat. bands) 180-240

7 12 7 ? 10-25 (in stomat. bands) 8-14

Elliptical, polar ends in swallow-tail 

shape
Elliptical Elliptical ? Elliptical Elliptical

(30-35) x (18-24) (18-25) x (12-16) 20 x 15 ? (20-25) x (12-18) (28-40) x (18-22) (14-18) x (6-8)

Number and shape 2; rhomboidal to oval
2; pentagonal, hexagonal, oval, 

rhomboidal, trapezoidal
2; oval to rounded 2 (3); oblong or irregular 2; rhomboidal, square to oval 2; oval (rhomboidal) 2-3; as ordinary cells

(28-35) x (15-25) (15-20) x (12-16) (25-35) x (15) (15-40) x (12-20) (20-40) x (13-18)

Number and shape 2; wide oblong or regular trapezoid 2(3); ± trapezoidal, reniform 2; bean-shaped 2 (3); oblong or irregular 2(3); oblong to reniform 2; reniform 2-3; as ordinary cells

(45-55) x (25-30) ((30) 50-60) x (20-28) (42-50) x (15-20) (35-40) x (15-20) (36-60) x (12-28) (52-80) x (12-18)

Shape of crypt    -    - Strongly cutinised distal walls of lateral 

cells

Narrow, elongated, proximal parts of 

lateral cells strongly cutinised

Transverse oval, constricted in the centre, 

strongly cutinised
Proximal cell walls strongly cutinised Proximal cell walls strongly cutinised

Venation
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Table 2Important diagnostic features of the Cordaites species from the Plzeò Basin



fewer spec i mens (124) were ob tained here. Nev er the less, it yielded a very sim i lar
as sem blage, al beit not so rich in spe cies (Tab. 1). Re mark able are the re mains of
Cordaites dobranensis Šimùnek that here form 67% of the plant as sem blage
(Tab. 3).

The as sem blage from the tuffaceous layer at the Dobøany lo cal ity con sisted of
only a few spe cies be cause it could only be sam pled over a small area, prob a bly rep -
re sent ing sev eral thou sands m2. How ever, all of the spe cies found there also oc -
curred in the mudstones of the same locality.

In ter pre ta tion. The flo ras col lected at these lo cal i ties are typ i cally “Floznah”
sensu Gastaldo (1996). The whit ish tuffaceous layer lies di rectly above the coal
seam and prob a bly ter mi nated the peat bog hab i tat here. It con tains an auto-
chthonous or parautochthonous plant as sem blage, in di cat ing wet, peat-form ing
con di tions. The plant as sem blage from dif fer ent light grey to black, thin-bed ded to
un bed ded mudstones can rep re sent a va ri ety of or i gins from autochthonous to
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Fig. 10. Tluèná near Nýøany, Krimich II bore hole sec tions from Vejprnice min ing area; (co or di -
nates 238b and 239 b) with Main Nýøany coal seam, 246b/82 with Roof Nýøany coal seam. 1 – coal; 2
– claystone, siltstone and mudstone; 3 – sand stone; 4 – plant re mains (co or di nates: 238b: x = 1 070
476, y = 828 936, z = 9.65 m; 239b: x = 1 070 475, y = 828 940, z = 9.4 m; 246b/82: x = 1 070 448, y =
829 292, z = 8.4 m). (Adopted from Min ing Ar chive ZUD, Zbùch: Korous & Zelenka, 1981
un pub lished)
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allochthonous sensu Gastaldo et al. (1995). The mudstone was de pos ited some time 
af ter the tuffaceous layer, or di rectly above the coal seam where the tuffaceous
layer was not de vel oped (Fig. 15). This as sem blage con tains mostly sphenopsids
that lived in wet parts of flood bas ins, and ferns that grew in low land and peat-form -
ing en vi ron ments (Behrensmeyer et al., 1992). Pteridosperms, as dwell ers of
better-drained parts of flood bas ins are very rare and they are of parautochthonous
or allochthonous or i gin (Behrensmeyer et al., 1992). One spec i men of Lesleya sp.
Lesquereux was found in dark mudstone with mica ad mix ture. Ac cord ing to Remy
and Remy (1975), Lesleya is meso- to xe ro phyte plant, also Leary and Pfefferkorn
(1977) con sider Lesleya as an up land flo ral el e ment. This plant in the Chotíkov
group of coal seams is surely of allochthonous origin.
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Fig. 11. Flora from the Nýøany Mem ber, Nýøany group of coal seams, Asturian. Heømanova Huï –
Vlkýš lo cal ity (1–5). 1 – Lepidodendron subdichotomum Sterzel, coll. No. ZŠ 309, ×2. Scale bar = 1
cm; 2 – Lepidocarpon hofmannii (Nìmejc), coll. No. ZŠ 310, ×2. Scale bar = 1 cm; 3 – Annularia
mucronata Schenk, coll. No. ZŠ 311, ×2. Scale bar = 1 cm; 4 – Pecopteris cf. aspidioides Stern berg,
coll. No. ZŠ 312, ×1. Scale bar = 1 cm; 5 – Linopteris neuropteroides Gutbier forma ma jor Potonié,
Coll. No. ZŠ 313, ×2. Scale bar = 1 cm. Tluèná near Nýøany, Krimich II Mine lo cal ity (6–8). 6 –
Lepidodendron subdichotomum Sterzel, Coll. No. ZŠ 314, ×1. Scale bar = 1 cm; 7 – Pecopteris
polypodioides (Presl in Stern berg) Nìmìjc, coll. No. ZŠ 315, ×1. Scale bar = 1 cm; 8 – Sphenophyllum 
emarginatum (Brongniart) Brongniart, coll. No. ZŠ 316, ×1. Scale bar = 1 cm

Ta ble 3

Per cent age oc cur rence of plant groups in in di vid ual lo cal i ties of the Plzeò Ba sin

Localities

% % % % % Specimens

Lycopods Sphenopsids Ferns
Pterido-
sperms

Cordaites Total

Radèice 0 [30] [15] [10] [45] [100]

Nová Ves, Hugo Mine 0 21 8 4 67 124

Dobøany
mudstones 7 30 12 7 45 900

tuffites 2 29 31 7 31 93

Heømanova Huï-Vlkýš 30 3 10 9 48 220

Tluèná, Krimich II Mine [20] [35] [35] [5] [5] [100]

Nýøany-Tesla, HJ 3/4 X X

Krašovice, Kš 1 X X X

Ex pla na tion: [5] - Es ti mated per cent age - Radèice (in clud ing semiquantitative data from Ètveráèek, 1984),
Tluèná, se lec tive as sem blage af ter omit ting the Radnice spe cies. X – pres ent; grey – im por tant group in the locality



PLANT AS SEM BLAGES FROM THE NEVØEÒ GROUP
OF COAL SEAMS

Radèice. This is the only sec tion of this age stud ied. Overbank de pos its form a
rel a tively thick (1.5 to 3 m; Fig. 17) and lat er ally ex ten sive (more than 60 m) com -
plex with fine-grained fa cies. Par al lel lam i na tion and root traces are the most com -
mon fea tures. Lat er ally con fined basal parts of the sec tion may re flect its aban -
doned chan nel-fill or i gin. De po si tion of most of the fa cies took place in a sub aque -
ous en vi ron ment (flooded swamp or slightly deeper ox bow lake), but the pres ence
of root traces and thin coal seams sug gested pe ri odic emer gence and veg e ta -
tion-cover. The min eral com po si tion of the thin interbeds of light grey claystone to
fine-grained sand stone sug gests a vol ca nic or i gin. The up per part of the sec tion is
dom i nated by hor i zon tal- to low-an gle cross-bed ded sand stone of prob a bly cre -
vasse splay or i gin in di cat ing the in creas ing proximity to the fluvial channels at the
end of overbank-deposition.

The youn gest out crop at Radèice rep re sents the end of sed i men ta tion of the
Nýøany Mem ber. It is a sec tion about 800 m long, with coarse sand stones and con -

glom er ates. These rocks con tain sev eral
mudstone lenses, some of which yield a
rare flora. Each lens con tains only a few
spe cies, but each as sem blage dif fers
from the oth ers; the as sem blage from
Tab. 1 was com piled from all fossili-
ferous lenses and rep re sents about 100
specimens.
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Fig. 12. Sec tion through fossiliferous strata
in the Nýøany Mem ber ex posed at high way
con struc tion at Heømanova Huï –Vlkýš lo ca-
l ity. 1 – claystone; 2 – mudstone; 3 – siltstone; 4
– silty sand stone and sandy siltstone; 5 – sand -
stone; 6 – rooted ho ri zons; 7 – abun dant, well-
pre served flora; 8 – rare flora

Fig. 13. Sec tion through the lower part of the
bore hole HJ 3/1 Nýøany – Tesla. 1 – claystone; 2 –
clayey siltstone to silty claystone with lay ers of
(arkosic) sand stone; 3 – sand stone; 4 – ar kose to
arkosic sand stone; 5 – plant re mains (Af ter Vávra,
1988)



The plant as sem blage from Radèice is rich in cordaitaleans, but only one spe cies 
has been iden ti fied: Cordaites radcicensis nov. sp. The other dom i nant spe cies –
Cala mites cistii Brongniart and Pecopteris sp. – are with out strati graphi cal sig nif i -
cance, but a Cantabrian age is in di cated by the oc ca sional pres ence of Spheno-
phyllum oblongifolium (Germar) (Cleal et al., 2003). Ferns Pecopteris “arbores-
cens” (Schlotheim) and P. hemitellioides Brongniart are also typ i cal for the
Stephanian. No lycopsid macrofossils were found, but Lycospora Schopf, Wil son
et Bentall spores have been found very rarely in some sam ples (Drábková et al.,
2005).

Ac cord ing to one of the re view ers (A. Bashforth), the Callipteridium sam ples
from Radèice lo cal ity be long to Callipteridium armasii (Zeiller) Wag ner, and not
Callipteridium rubescens (Presl in Nìmejc) Wag ner, as I de ter mined ear lier. There
are sev eral very sim i lar Asturian and Cantabrian spe cies: Alethopteris subdav-
reuxii Sterzel from Zwickau (Ger many), Alethopteris costei Zeiller from Cen tral
Bo he mian and Intrasudetic bas ins (Czech Re pub lic) and from Saar Ba sin (Ger -
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Fig. 14. Sec tion through the shaft of Dobré
štìstí Mine near Nová Ves. 1 – Qua ter nary; 2 –
claystones; 3 – siltstones; 4 – coal seams and
their rep re sen ta tives; 5 – sand stones; NY – the
coals be long ing to Nýøany Mem ber (Chotíkov
Group of coal seams); RA – the Up per Radnice
coal seam (Af ter Pešek, 1975)

Fig. 15. Sche matic sec tions of the coal seams of 
the North ern work ing field of Hugo mine near
Dobøany. 46/63 – Up per Coal; CH 17 – Lower
Coal; 1 – bi tu mi nous coal; 2 – banded coal with
high ash con tent; 3 – claystone and siltstone; 4 –
claystone with ap pen di ces of Stigmaria; 5 – vol-
canogenetic layer; 6 – fine-grained sand stone; 7 –
plant re mains (Af ter Pešek, 1975)
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many). They are, maybe, youn ger syn onyms of Callipteridium (Praecallipteri-
dium) rubescens (Presl in Stern berg) Wag ner, which was also de scribed by Nìmejc
(1929) as Alethopteris rubescens. An other youn ger syn onym of Callipteridium
rubescens is C. jongmansii (Bertrand) Wag ner from France (A. Bashforth, pers.
comm.). The ve na tion den sity (ap prox i mately 30 veins/cm of the pinnule mar gin)
of Callipteridium armasii is not as high as ve na tion den sity C. rubescens (45–50
veins/cm of the pinnule mar gin). Callipteridium armasii has been de scribed from
Asia Mi nor by Zeiller (1899) and also from Saar Ba sin, North France and Great
Brit ain (Franke, 1912). Wag ner (1969) re ported the spe cies Callipteridium armasii
as an im por tant el e ment of the Cantabrian in Spain. In the sub se quent pa per, Wag -
ner and Winkler Prins (1985) re ported Callipteridium armasii from both Asturian
and Cantabrian substages. Ex cept for the Radèice lo cal ity (Fig. 16.4), this spe cies
has not been re ported from the Czech Republic yet. These discussed species
deserve detailed revision.

In ter pre ta tion. The fossiliferous rocks of the Radèice sec tion show a sedi-
mentology in di cat ing ox bow lake or aban doned chan nel-fill en vi ron ments. The
pres ence of sev eral rooted ho ri zons shows the ex is tence of fos sil soils and slow de -
po si tion of mudstone lay ers (Fig. 17). The flora is usu ally frag men tary and not very
well pre served (with some ex cep tions). It is partly parautochthonous and partly
allochthonous, trans ported by a river and de pos ited in the above-men tioned aban -
doned river chan nels. Ac cord ing to Opluštil et al. (2005), the cli ma tic set ting was
gen er ally hu mid with in creas ing sea son al ity. Al though the flora is rel a tively rare
and typ i cal hygrophilous forms lack, only mesophilous and xerophilous floral
elements have been found at Radèice.

VEGETATIONAL ANAL Y SIS

Apart from in the bore holes, the most com mon plant groups rep re sented in the
stud ied lo cal i ties of the Plzeò Ba sin are cordaitaleans and sphenopsids (Tab. 1). Re -
mains of Cordaites Unger were found at all of the lo cal i ties, be ing most com mon in
Nová Ves (67%), Dobøany and Radèice (45%) and Heømanova Huï (48%). Only
one lo cal ity (the Krimich II mine at Tluèná) was poor in cordaitalean re mains. The
spe cies Cordaites dobranensis Šimùnek, which oc curred in nearly all of the lo cal i -
ties (ex cept Radèice), was the most com mon spe cies. There is no ev i dence about its
hab i tat. The most prob a ble is that it grew on large ar eas close to mires, or in the
dryer parts of mires.
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Fig. 16. Flora from the Nýøany Mem ber, Chotíkov group of coal seams, Asturian. Nová Ves, Dobré
štìstí Mine lo cal ity. 1 – Annularia stellata (Schlotheim) Wood, Coll. No. ZŠ 317, ×0.5. Scale bar = 2
cm; 2 – Dicksonites plukenetii (Schlotheim), Coll. No. ZŠ 318, ×0.5. Scale bar = 2 cm. Flora from the
Nýøany Mem ber, Nevøeò Group of coal seams, Cantabrian. Radèice lo cal ity. 3 – Cala mites cistii
Brongniart, Coll. No. ZŠ 319, ×1. Scale bar = 1 cm; 4 – Callipteridium (Praecallipteridium) cf.
armasii (Zeiller) Wag ner, Coll. No. ZŠ 320, ×3. Scale bar = 1 cm; 5 – Sphenophyllum oblongifolium
(Germar), Coll. No. ZŠ 321, ×2. Scale bar = 1 cm



The great est di ver sity of Cor-
daites spe cies was at Heømanova
Huï, where four spe cies were found 
(Tab. 1). C. dobranensis Šimùnek
was not very com mon at this lo cal -
ity (al though it was also found in
the Nýøany-Tesla bore hole HVJ
3/1) but the other three spe cies were 
rel a tively abun dant. How ever, C.
touskovensis and C. krasovicensis
were both ab sent from the Nýøany
and Chotíkov group of coal seams
de spite be ing abun dant in the un -
der ly ing Touškov group of coal
seams. It is not clear whether this is
be cause these spe cies fa voured
hab i tats not de vel oped in the in ter -
val as so ci ated with the Nýøany and
Chotíkov groups of coal seams, or if 
stra tig ra phy played a role. It seems
that Cordaites radcicensis nov. sp.,
which was only found as so ci ated
with the top most Nevøeò group of
coal seams, was better adapted to a
drier cli mate (thick cu ti ni sa tion and 
prox i mally ori ented pro jec tion of
the an ti cli nal cell walls).

Sphenopsids rep re sented about
30% of the as sem blages at the Rad-
èice, Dobøany and Tluèná lo cal i -
ties. The most com mon spheno-
psid from Radèice was Cala mites
cistii Brongniart (Fig. 16.3); from
Nová Ves Cala mites cistii Bron-
gniart and Annularia stellata
(Schlotheim) Wood (Fig. 16.1); and 
from Dobøany Sphenophyllum
emarginatum (Brongniart) Bron-
gniart, Cala mites cistii Brongniart,
C. suckowii Brongniart, Annularia
stellata (Schlotheim) Wood and
Calamostachys tuberculata (Stern-
berg) Jongmans. Sphenophyllum
emarginatum (Brongniart) Bron-
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Fig. 17. Sec tion through the fossiliferous layer in
Radèice lo cal ity (Af ter R. Lojka, pers. comm.)



gniart, Annularia stellata (Schlotheim) Wood and Annularia sphenophylloides
(Zenker) Gutbier were the most com mon sphenopsids from the Tluèná lo cal ity.
Sphenopsids were ex tremely rare in the Heømanova Huï lo cal ity (Tabs 1, 3).

Ferns were rare in most lo cal i ties, which is sur pris ing as they are usu ally im por -
tant Asturian flo ral el e ments. They were rel a tively abun dant in only two lo cal i ties – 
in the tuffaceous layer at the Dobøany and Tluèná lo cal i ties (31% and 35%, re spec -
tively). The fern as sem blages were es sen tially sim i lar in both lo cal i ties, dif fer ing
only in the pro por tion of spe cies. The most com mon spe cies were Pecopteris
polypodioides (Presl in Stern berg) Nìmejc and P. unita Brongniart (Tabs 1, 3).

Lycopsids have not been found so far at the Radèice and Nová Ves lo cal i ties,
and they were very rare at the Dobøany lo cal ity. They were a lit tle more abun dant at
the Tluèná lo cal ity, where the dom i nant lycopsid was Lepidodendron sub-
dichotomum Sterzel, a spe cies that prob a bly fa voured peat form ing hab i tats. At the
Heømanova Huï  lo cal ity, lycopsid re mains were also rel a tively com mon (30%) but 
here rep re sented mostly by iso lated sporo phylls of Lepidocarpon hofmannii
(Nìmìjc) and leaves Lepidophyllum sp. These small plant re mains could have been
eas ily trans ported from a long dis tance away, and also could have be longed to one
or a few trees. Only four frag ments of stems or bark of Lepidodendron sub-
dichotomum Sterzel (Fig. 11.1) were found at this lo cal ity. The en vi ron men tal con -
di tions at the Heømanova Huï  lo cal ity were prob a bly not arid, but nei ther were they 
wet enough for the for ma tion of peat mires.

Pteridosperms were very rare in most of the com mu ni ties of the Nýøany Mem -
ber. The most com mon rep re sen ta tive of the callistophytes was Dicksonites plu-
kenetii (Schlotheim), found at the Tluèná lo cal ity. Among the medullosaleans,
abun dant iso lated pinnules of Linopteris neuropteroides Gutbier f. ma jor Potonié
were found at the Heømanova Huï lo cal ity. The stratigraphically im por tant spe cies
for the Nýøany Mem ber is Callipteridium (Praecallipteridium) rubescens (Presl in
Stern berg) Wag ner that was found at the Radèice and Dobøany lo cal i ties. Other
spe cies oc cur very rarely (see Tabs 1, 3).

CON CLU SIONS

Fifty spe cies from the Nýøany Mem ber of the Plzeò Ba sin were re corded in this
study. One new spe cies Cordaites radcicensis nov. sp. is de scribed and the spe cies
Callipteridium (Praecallipteridium) armasii is new for the Bo he mian Car bon if er -
ous. The five most com mon spe cies in the Nýøany Mem ber – Pecopteris polypo-
dioides (Presl in Stern berg) Nìmejc, Sphenophyllum emarginatum (Brongniart)
Brongniart, Pecopteris unita Brongniart, Dicksonites plukenetii (Schlotheim) and
Annularia stellata (Schlotheim) Wood are in con cor dance with Šetlík’s (1980)
observation.

Most of the stud ied lo cal i ties yielded be tween 10 and 20 spe cies. How ever, the
most di verse and rep re sen ta tive as sem blage for the Nýøany Mem ber flo ras came
from mudstones at the Hugo Mine at Dobøany with 32 spe cies described.
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The Nýøany and Chotíkov groups of coal seams were biostratigraphically in dis -
tin guish able based on the as so ci ated flo ras, and ap pear to be Late Asturian in age.
Sphenopsids and cordaitaleans dom i nated. Four spe cies of Cordaites were iden ti -
fied us ing cu tic u lar ev i dence. Ferns as the Asturian and Cantabrian char ac ter is tic
el e ments were abun dant only in Tluèná and in the Dobøany tuffites. Pteridosperms
were rare in all of the lo cal i ties stud ied. Lycopsids were also rare, ex cept at the
Tluèná lo cal ity. The quan tity of lycopsids at Heømanova Huï is caused by nume-
rous leaves and sporo phylls.

The youn gest plant as sem blage stud ied, from the Radèice sec tion, yielded
Sphenophyllum oblongifolium, which in di cates a Cantabrian age (Cleal et al.,
2003). Also cordaitaleans and sphenopsids dom i nated, ferns and pteridosperms
were rare, lycopsids were ab sent. A new spe cies C. radcicensis nov. sp. was de -
scribed with its epi der mal char ac ters. Thick cu ti ni sa tion and prox i mally ori ented
pro jec tion of the an ti cli nal cell walls sug gest a more sea sonal cli mate (Opluštil et
al., 2005).

All sam ples come from col lec tion of the Czech Geological Sur vey, Prague.
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