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The Barrandian area, located in the central part of the Bo-
hemian Massif, represents an unmetamorphosed to very
slightly metamorphosed Proterozoic and Lower Palaeo-
zoic (Cambrian to Devonian) sedimentary sequence with
subordinate volcanic rocks. The richly fossiliferous Palae-
ozoic rocks have been studied since the middle of the 18"
century. The first stratigraphical subdivision was proposed
in a preliminary report by Barrande (1846) and later fully
explained in the first volume of his Systéme silurien du
centre de la Bohéme (Barrande 1852). In Barrande’s con-
cept, the oldest fossiliferous levels contain the so called
“faune primordiale” and were designated as étage C. The
oldest fossils were evaluated by Marr (1880) who correctly
considered their age as Cambrian. However, Marr applied
“Cambrian” in Sedgwick’s extended sense and consequ-
ently also included the overlying étage D (i.e. Ordovician)
in the Cambrian. The proper delimitation of the Cambrian
was published by Posepny (1888), who included also the
underlying unfossiliferous sequence of conglomerates,
classified initially by Barrande as étage B.

In the Barrandian area, fossiliferous Cambrian rocks
occur in two separate areas, in the large Pfibram-Jince Ba-
sin and the smaller Skryje-Tyfovice Basin (Fig. 1A).

In the last fifty years, several international meetings fo-
cussed on the Devonian, Silurian and Ordovician stratigra-

DOI 10.3140/bull.geosci.1456

phy of the Barrandian area were organized in Prague (e.g.
Chlupac 1978, 1987; Kiiz 1992; Kraft & Fatka 1999)
whereas the Cambrian sequences were largely disregarded
internationally, possibly because of the predominance of
unfossiliferous clastics. However, the short marine “mid-
dle” Cambrian incursion is characterized by rich and di-
verse fossils, though the potential of the fauna for long-dis-
tance correlation is quite low (Geyer et al. 2008).

The last three decades have witnessed an intensive ef-
fort to increase knowledge of the Cambrian palaeontology
and stratigraphy in the Barrandian area (Fatka 1989, 1990,
2004, 2006; Mergl & Slehoferova 1990; Fatka & Kordule
1992; Kordule 1996, 2006; Vokac¢ 1997, 2002; Havlicek
1998; Chlupac et al. 1998; Alvaro et al. 2004; Vokat &
Micka 2004; Geyer et al. 2008; Mergl & Kordule 2008;
Fatka & Mergl 2009; Fatka et al. 2011a). The workshop of
the ICS (International Commission on Stratigraphy) organ-
ised at Charles University in May 2010 brought numerous
palaeontologists to Prague and provided the opportunity to
continue this work with “The 15" Field Conference of the
Cambrian Stage Subdivision Working Group, Interna-
tional Subcommission on Cambrian Stratigraphy” (Fatka
2011). This field meeting was shortly followed by a field
excursion by the Sino-German research group in June 2010
(Fatka er al. 2012a). These two international meetings

413



Bulletin of Geosciences * Vol. 89, 2, 2014

Bohemian
Massif

——T

Czech
Republic

DOBRIS

[ ] CAMBRIAN

JINCE
FORMATION

@ FOSSIL

LOCALITY
B (8]

SECTION

Figure 1. A — map showing the location of the P¥ibram-Jince and
Skryje-Tyfovice basins (PJB and STB) in the Bohemian Massif and the
Czech Republic. ¢ B — simplified sketch map showing the location of the
most important fossiliferous localities and/or sections in the Paseky Shale
of the HolSiny-Horice Formation (1-4) and the Jince Formation (5-17) of
the Pribram-Jince Basin. 1 — Ko¢ka Hill, 2 — Tok Hill, 3 — Nepomuk near
Rozmitél pod Tfemsinem, 4 — Medaltiv mlyn, 5 — hill slope of Vinice near
Jince, 6 — Vystrkov Hill, 7 — Konicek Hill, 8 — Rejkovice, 9 — Felbabka,
10 — Ostry Hill, 11 — Podluzska hora Hill, 12 — Spi¢ak Hill,
13 — Hrachovisté, 14 — Kvaii — Cihadlo locality, 15 — borehole at Olesna,
16 — Stragice — polesi v Andélkach locality, 17 — Medovy Ujezd.

underlined some shortcomings in the Cambrian strati-
graphic schemes.

So far, the lithostratigraphic classification of Cambrian
rocks in the Skryje-Tyfovice Basin has been revised with new
terminology (Fatka et al. 2011a). The present paper compre-
hensively reviews the Cambrian biostratigraphic schemes of
the Pfibram-Jince Basin and has three major goals:

(1) to overcome the lack of modern biostratigraphy for
the Pribram-Jince Basin; (2) to establish a biostratigraphic
subdivision for all fossil-bearing levels within the
Pfibram-Jince Basin, including the Paseky Shale; and (3)
to provide a basis for future biostratigraphic correlation
with other areas.

Pribram-Jince Basin

In the southern part of the Palacozoic infill of the Barrand-
ian area, the underlying slightly folded Neoproterozoic
succession is capped by about 2500 m of Cambrian
coarse-grained clastic deposits (terrigenous conglomerates
and sandstones with interlayers of greywackes) belonging
to the Pfibram-Jince Basin (Fig. 2). The stratigraphical
subdivision of the Cambrian sequence is based on an appa-
rent repetition of comparatively fine- and coarse-grained
lithologies. More than a century and a half of research re-
sulted in the recognition by Havlicek (1971) of thirteen
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Figure 2. Lithostratigraphy of Cambrian rocks in the P¥ibram-Jince
Basin (after Havlicek 1971, adopted from Geyer et al. 2008) with two
fossiliferous levels, namely the Paseky Shale and the Jince Formation.
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Figure 3. Diagrammatic history of the Piibram-Jince Basin and the “early”

the Paseky Shale (adapted from Fatka & Mergl 2009).

lithostratigraphical units grouped into eight formations.
However, fossils are known only from two different levels:
in the “lower” Cambrian Paseky Shale, several metres in
thickness within the HolSiny-Hofice Formation; and in the
“middle” Cambrian Jince Formation, up to 450 metres thick
(Fig. 2). In the lower part of the succession, the
Hlubos-Zitec, Sadek, HolSiny-Hofice, Klou¢ek-Cenkov and
Chumava-Bastina formations reach a total thickness of
about 1 000 metres (Fig. 2). This lower sequence of coarse-
grained clastics (conglomerates, sandstones and greywac-
kes) is overlain by fine sandstones, greywackes and shales
of the richly fossiliferous “middle” Cambrian Jince Forma-
tion. Unfossiliferous sandstones of the Ohrazenice and Pav-
lovsko formations cap the Jince Formation and mark the end
of sedimentation before the onset of the late Cambrian vol-
canites of the StraSice Volcanic Complex (e.g. Drost ef al.
2004). Consequently, only the Paseky Shale and the Jince
Formation can be subdivided biostratigraphically.

The Paseky Shale

The name “Pasecké bridlice” (= Paseky Shale in the pre-
sent terminology) was proposed by Havlicek (1950). The
stratotype locality is a small quarry near Medaliv mlyn
(Fig. 1B, locality 3). Shales and greywackes of the Paseky
Shale were known from natural outcrops early in the 20
century but were interpreted as unfossiliferous exposures
of the Jince Formation (e.g. Kettner 1917, 1925).

History of research

The first skeletal fossils, diverse parts of the enigmatic
aglaspid merostome Kodymirus vagans Chlupa¢ & Havli-

tectonic subsidence

Cambrian HolSiny-Hofice Formation, with the Kodymirus Association in

cek, 1965, were collected by Havlicek in the early 1960s at
Kocka Hill, a site far from all other fossiliferous outcrops
known in the overlying Jince Formation (Fig. 1, locality 1).
Consequently, Chlupa¢ & Havlic¢ek (1965) assumed that
the Kocka locality represents a marginal facies of the Jince
Formation. The correct stratigraphical position of the Pa-
seky Shale, some 800—1500 m below the base of the Jince
Formation, was established by Havlic¢ek (1968). Investiga-
tions at all known fossiliferous outcrops of the Paseky
Shale (Chlupac et al. 1996) showed that the “lower” Cam-
brian Paseky Biota was dominated by three genera of
non-trilobite arthropods (see Chlupa¢ 1996) associated
with other fauna and flora (see below).

Biozonation of the Paseky Shale

The rare skeletal fauna is assigned here to the Kodymirus
vagans Taxon-range Zone.

Kodymirus vagans Taxon-range Zone

Boundaries. — The lower and upper boundaries are defined
by the first and last appearance datum (FAD and LAD) res-
pectively of the eponymous species.

Remarks. — This biozone is characterized by the dominance
of K. vagans associated with two other arthropods (Kocku-
rus grandis Chlupac, 1996 and Viadicaris subtilis Chlupac,
1996), very rare hyoliths and Eldonia-like fossils (unpub-
lished observation), diverse trace fossils (Mikulas 1996),
macroscopic algae (Steiner & Fatka 1996) and diverse
organic-walled microfossils (Fatka & Konzalova 1996).
The distribution of all the taxa recognized from the best
known locality at Kocka Hill was summarized by Fatka
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et al. (2004). The noticeable absence of the majority of
invertebrate groups that normally characterize Cambrian
faunas (e.g. trilobites, echinoderms and brachiopods) may
be explained as reflecting a marginal setting corresponding
to non-marine to restricted marine conditions (see Park &
Gierlowski-Kordesch 2007). The Kodymirus Association
inhabited comparatively shallow subtidal areas characteri-
zed by the deposition of greywackes to fine shales (Fig. 3).
Its exact dating within the “lower” Cambrian is difficult,
because of the absence of stratigraphically indicative taxa.
The possible occurrence of the acritarch genus Volkovia
Downie 1982, reported by Fatka & Konzalova (1996),
could date the Paseky Shale within the Volkovia-Liepaina
Zone of Moczydtowska (1999); that is, late in the second,
as yet unnamed series of the Cambrian (see Geyer & Sher-
gold 2000; Moczydtowska 2011, fig. 2).

Distribution. — This zone has been established at a natural
outcrop at Medaliv mlyn in the Litavka River Valley (loca-
lity 4 in Fig. 1B) and at three artificial excavations in the
western part of the basin, at Kocka Hill, Tok Hill and Ne-
pomuk near Rozmital pod Tfemsinem (localities 1-3 res-
pectively in Fig. 1B); all other occurrences of the Paseky
Member are unfossiliferous (see Chlupac et al. 1996).

Jince Formation

The name “Ginetzer Schichten” (= Jince Formation in the
present terminology) was proposed by Lipold & Krejci
(1860). The stratotype locality is the section at the hill
slope of Vinice near Jince (outcrop 5, Fig. 1B). The Jince
Formation corresponds to part of the unnamed Series 3 of
the Cambrian System, namely to the upper levels of the
provisional Stage 5 and the major part of the Drumian
Stage, which is more or less equal to the mid-part of the tra-
ditional “middle” Cambrian Series (compare Fatka 2011
and Peng & Babcock 2011).

History of research

The “middle” Cambrian Jince Formation of the Pfibram-
Jince Basin contains a well known and rich skeletal fauna
which has been studied for nearly two hundred years (for
summary see Fatka et al. 2004). The formation provides
the best preserved and diversified Cambrian faunas in Cen-
tral Europe, established in environmentally-controlled as-
semblages (Geyer et al. 2008, Fatka & Mergl 2009). The
diverse associations are dominated by brachiopods, trilobi-
tes, agnostids and/or echinoderms, and commonly also
contain hyoliths, palynomorphs and ichnofossils. At seve-
ral levels sponge spicules, bivalved arthropods, molluscs
and foraminifers are present. Rare specimens of phosphatic
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sphenothalids and poorly biomineralized and/or soft-
bodied Burgess Shale-type fauna have been described re-
cently (e.g. Mikulas & Kordule 1998, Chlupac¢ & Kordule
2002, Maletz et al. 2005, Fatka & Kraft 2013), as have also
ichnofossils associated with skeletal as well as with
slightly skeletonized body fossils (Fatka et al. 2011b, Mi-
kulas er al. 2012).

Fossil associations

Three major bathymetrically related invertebrate assem-
blages have been recognized and briefly characterized
within the Jince Formation in the Litavka River Valley
(Fatka 2000, Fatka & Mergl 2009). In this area, the lowest
and uppermost levels of the formation, characterized by
comparatively coarser-grained sediments (fine sandstones,
sandy greywackes and greywackes), contain fauna of the
shallow-water marine Lingulella Biofacies (Fig. 4A). This
biofacies includes occasional trilobites, hyoliths and trace
fossils; agnostids, echinoderms, bradoriids and other bival-
ved arthropods are very rare. Greywackes to coarse shales
that are predominant in the lower and upper thirds of the
formation in the Litavka River Valley contain a diverse
skeletal fauna and are assigned to the Trilobite Biofacies,
typical of a slightly deeper environment (Fig. 4B). This
biofacies is characterized by the common occurrence of tri-
lobites associated with locally abundant echinoderms and
hyoliths. Fine greywackes and shales also occurring within
the lower third of the formation in the Litavka River Valley
have been assigned to the Agnostid Biofacies (Fig. 4C).
The fauna includes several species of trilobites associated
with rare echinoderms, hyoliths, worm-like animals and
occasionally also tiny trace fossils.

In the Brdy Mountains in the WNW part of the Pri-
bram-Jince Basin (sections 11-17 in Fig. 1), the Lingulella
and Trilobite biofacies dominate the entire thickness of the
Jince Formation, and the Agnostid Biofacies is not repre-
sented (Fig. 10).

Fatka et al. (2007) preliminarily distinguished three
agnostid associations in the Litavka River Valley, namely
the comparatively shallower Peronopsis-Phalagnostus
Association, the deeper Phalacroma-Condylopyge Associ-
ation and the deepest Onymagnostus-Hypagnostus Associ-
ation. The first of these partly overlaps with the Lingulella
and trilobite biofacies, the second partly overlaps with the
trilobite biofacies, while the third occurs in the deepest set-
tings of the trilobite biofacies.

Biozonation of the Jince Formation

Barrande and all other palaeontologists in the second half
of the 19™ century had carefully differentiated individual
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Figure 4. Diagrammatic history of the Pfibram-Jince Basin and its faunal associations in the Jince Formation. Only the left (WNW) slope of the basin is
mostly illustrated, for simplification. ¢ A —beginning of marine ingression near the base of the Jince Formation with the onset of the Lingulella Biofacies
(Lingulella with the first trilobites; e.g. Paradoxides s.1., Ellipsocephalus, Conocoryphe and the first rare agnostid Peronopsis). * B — progressive trans-
gression and deepening of the basin characterized by the first appearance of the Trilobite Biofacies (Ellipsocephalus, Paradoxides s.1., Conocoryphe,
Ptychoparioides, Acadolenus, Litavkaspis), associated with the gradual appearance of agnostids (Phalagnostus, rarely also Phalacroma, Condylopyge,
Pleuroctenium) and the first shallow-water echinoderms (Ceratocystis). « C — deepening and differentiation of the basin with the Lingulella Biofacies
dominating in the shallow-water environment followed laterally by the diverse Trilobite Biofacies [with Brunswickia (Jincella), Ptychoparia,
Lobocephalina] and the offshore agnostid Biofacies (Onymagnostus, Hypagnostus, Doryagnostus and Tomagnostus).
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Figure 5. Comparison of the biostratigraphical subdivisions of the Jince Formation published between 1911 and 1951.

stratigraphic levels within the “Systéme silurien” (Chlupac¢
1999), but none of these authors proposed a biostratigrap-
hic division for the “étage C” (= “middle” Cambrian sedi-
ments).

The first biostratigraphical subdivision of the Jince
Formation was suggested by Zelizko (1911, p- 2), who rec-
ognized differences in the fossil assemblages at Vystrkov
Hill near Jince (Fig. 1, locality 5) and distinguished two
levels: (1) “bridlice s hojnym Agnostus integer” (= shales
with Agnostus integer); and (2) “kifemencova droba s hoj-
nym Stromatocystites pentangularis” (= quartzitic grey-
wacke with common Stromatocystites pentangularis)
(Fig. 5A). However, the first true biostratigraphical
schemes were established by Suf (1926, 1927, 1928), who
distinguished five levels differentiated by the restricted
ranges of three trilobites, a brachiopod and an echinoderm,
namely (1) “vrstvy a s Paradoxides rugulosus” (= layers a
with Paradoxides rugulosus), (2) “vrstvy b se Stroma-
tocystites pentangularis* (= layers b with Stromatocystites
pentangularis), (3) “vrstvy ¢ s Paradoxides bohemicus”
(= layers ¢ with Paradoxides bohemicus), (4) “vrstvy d
s Ellipsocephalus Hoffi” (= layers d with Ellipsocephalus
Hoffi), (5) “vrstvy e s Lingulella Walcotti” (= layers e with
Lingulella Walcotti) (Fig. 5B); only one of these levels is
the same as those distinguished by Zelizko. Kettner &
Boucek (1936) recognized Suf’s subdivisions as biozones
(Fig. 5C). Important progress in the biostratigraphic subdi-
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vision of the Jince Formation resulted from the mapping of
the Barrandian area by the Stdtni geologicky iistav Cesko-
slovenské republiky (= Czech Geological Survey Prague)
after World War II. Mapping of the Cambrian and Ordovic-
ian rocks was undertaken by Havli¢ek & Snajdr between
1950 and 1970. Lithostratigraphic and biostratigraphic
schemes based on the progressing mapping were devel-
oped by Snajdr (1950, 1958, 1975a, b), Havli¢ek & Snajdr
(1951) and Havlicek (1971, 1992, 1998). Snajdr (1950),
Havli¢ek & Snajdr (1951, p. 45) and Snajdr (1958) distin-
guished the (1) “spodni vrstvy jinecké cf3,” (= Lower Jince
beds ¢f;) and (2) “svrchni vrstvy jinecké cf,” (= Upper
Jince beds cf3,), the latter with four biozones and two
subzones based on the occurrence of trilobites,
echinoderms and brachiopods (Figs SD, 6A); this scheme
was slightly modified by Havlicek (1971, p. 32; 1992,
p- 36; 1998, pp. 26, 30; Figs 6B, 8A). §najdr (1975a, b) re-
peated his earlier biostratigraphic scheme, with the excep-
tion of the Stromatocystites pentangularis Zone, which
was replaced by the Hydrocephalus minor Zone, and pro-
posed an alternative biozonation with three zones estab-
lished on the restricted occurrence of the rare bradoriid
genus Konicekion (Fig. 6C). More detailed biostrati-
graphical schemes were provided by Fatka (1989) and
Fatka & Kordule (1992, p. 54) who separated seven zones
and two subzones based on the restricted ranges of
trilobites, agnostids and brachiopods (Figs 6D, 7B). Mergl



Oldrich Fatka & Michal Szabad ¢ Cambrian biostratigraphy in the Pribram-Jince Basin

SNAJDR (1958) HAVLICEK (1971) SNAJDR (1975) FATKA (1989)
A B
2 Lingulella L Lingulelia L Lingulelia Rejkocephalus
4 matthewi 2 matthewi 4 matthewi - Lingulella
z“ E E Koniqekion
o & s tix
I 3 3 Ellipsocephalus
§ Ellipsocephalus i Ellipsocephalus § Ellipsocephalus hoffi
T hoffi T hofft T hofft - Rejkocephalus
Paradoxides gracilis Paradoxides gracilis Paradoxides gracilis K. radion Paradoxides gracilis
Eccaparadoxides
pusillus
Stromatocystites . P. d- id
pentanguilaris Eccaparadoxides Hydrocephalus aragoxioes
pusillus minor gracilis
including the interval
Stromatocystites
facies
Onymagnostus
hybridus
Eccaparadoxides Eccaparadoxides Konicekion Eccaparadoxides |
pusillus pusillus snajdri pusillus |__Acadolenus snajdri
| Litavkaspis rejkovicensis |

Alueva - Conocoryphe

Figure 6. Comparison of the biostratigraphical subdivisions of the Jince Formation published between 1958 and 1989.
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Figure 7. Comparison of the biostratigraphical subdivisions of the Jince Formation published between 1990 and 1996.
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& Slehoferova (1990) used the restricted ranges of five
species of lingulides and two species of acrotretids to de-
fine seven brachiopod associations (Fig. 7A). Kordule
(1996) proposed a very detailed biostratigraphy in which
two new zones were introduced: (1) “interzéna A”
(= Interzone A); and (2) “intervalova zona B” (= Interval
zone B) (Fig. 7C); however, this scheme suffers from the
poor application of the rules of the Stratigraphical Code.

An historical review of earlier stratigraphical studies of
the Jince Formation, including detailed discussion of all
biostratigraphical units, was provided by Fatka (2006) who
preferred a slightly modified scheme (Fig. 8B). In this
scheme, four types of biostratigraphic units are employed
in the subdivision of the Jince Formation — eight taxon-
range zones, three assemblage zones, one interval zone and
one abundance zone.

Definition and discussion of biozones
Westonia? fatkai Interval Zone

Boundaries. — The base of this zone is defined by the first
appearance of the eponymous species of lingulide brachio-
pod, and the upper boundary is defined by the FAD of the
zonal trilobite Acadolenus snajdri.

Characteristics. — The W.? fatkai Zone is characterized by
the eponymous species which occurs rarely throughout the
entire zone (Fatka er al. 1992). Lower levels of the zone
contain the ichnogenus Skolithos and very rarely also the
lingulide brachiopod Botsfordia.

Remarks. — This zone was originally established as the
W.? fatkai Association by Mergl & Slehoferova (1990, p. 69),
who reported this low-diversity brachiopod association from
sandstones near the base of the Jince Formation. However,
the zonal species also occurs in the uppermost levels of the
Chumava-Bastina Formation, at least 7 metres below the base
of the Jince Formation (Fatka er al. 1992, fig. 1).

Distribution. — This zone has been recognized only at the
hill slope of Vinice near Jince (Figs 1B, 10, section 5).
Acadolenus snajdri Interval Zone

Boundaries. — The base of this zone is defined by the first
appearance of the eponymous species, and the upper boun-
dary is defined by the FAD of the zonal species Paradoxi-
des (Eccaparadoxides) pusillus (Barrande, 1846).

Characteristics. — The A. snajdri Zone is characterized
by the eponymous species, which occurs commonly in the
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lower and upper levels of the zone (Fatka ez al. 1992, Vali-
¢ek & Szabad 2002).

Remarks. — This zone was originally established by Fatka
& Kordule (1992, p. 56) with a more restricted extent as a
subzone within the P. (E.) pusillus Zone corresponding
with the stratigraphical range of A. snajdri as known at that
time (Fig. 7B). We here emend and expand the definition
from that of Fatka (2006, pp. 7-8). In the earlier schemes,
the lowermost levels were not incorporated in this zone be-
cause in the collections studied the index species was poorly
preserved and thus believed to be absent. In the stratotype
section of the Jince Formation the lowest confirmed occur-
rence of A. snajdri is at 1.60 m above the top of the upper-
most conglomerate bed of the underlying Chumava-
Bastina Formation (see Fatka et al. 1992, fig. 1).

Other characteristic taxa in this zone are the brachio-
pods Westonia, Lingulella, Botsfordia and Luhotreta, the
trilobites Paradoxides (Rejkocephalus), Ellipsocephalus
and Conocoryphe, rare hyoliths, the agnostids Phala-
gnostus, Peronopsis and Condylopyge, and the stylophoran
Ceratocystis. The skeletal fauna disappears abruptly about
three metres above the uppermost conglomerate bed of the
Chumava-Bastina Formation, and the overlying 35 metres
of sandstones and greywackes are unfossiliferous.

Distribution. — Several outcrops in the Litavka River Valley
(Figs 1, 10, outcrop 5 — hill slope of Vinice near Jince, outcrop
6 — Vystrkov Hill, outcrop 8 — Rejkovice and several small
excavations in the Rejkovice area, see Kordule 1996, fig. 1).

Sternbergaspis brdensis Taxon-range Zone

Characteristics. — The common occurrence of the epony-
mous species is typical of the lower levels of the A. snajdri
Zone. S. brdensis has a very restricted stratigraphic range
and these levels may be designated as a subzone within the
A. snajdri Zone.

Distribution. — This zone has been recognized only at the
hill slope of Vinice near Jince (Figs 1B, 10, outcrop 5).

Paradoxides (Eccaparadoxides) pusillus Interval Zone

Boundaries. — The base of this zone is defined by the first
appearance of Paradoxides (Eccaparadoxides) pusillus;
the upper boundary is defined by the FAD of the zonal spe-
cies Onymagnostus hybridus (Bregger, 1878).

Characteristics. — The P. (E.) pusillus Zone is characteri-
zed by the eponymous species which occurs in abundance
throughout the entire zone. The lowest occurrence of
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Figure 8. Comparison of the biostratigraphical subdivisions of the Jince Formation published in 1998 and 2006, and the new proposal.

P. (E.) pusillus has been observed about 40 m above the
base of the Jince Formation at the stratotype section; its
FAD roughly coincides with the reappearance of several
trilobites (see discussion of the Acadolenus snajdri Zone
above). The oldest levels of this biozone are characterized
by the common occurrence of trilobites, of which Conoco-
ryphe, Litavkaspis, Novocatharia, Skreiaspis, Ptychopari-
oides and Ptychoparia successively appear; the fossil asso-
ciation is progressively supplemented with the generally
rare agnostids Peronopsis, Condylopyge, Pleuroctenium,
Phalagnostus and Phalacroma, and the very rare eodiscid
trilobite Dawsonia indet. The trilobites and agnostoids are
associated with trace fossils (e.g. Rejkovicichnus; see Mi-
kulas 2000, Mikulas et al. 1996), rare echinoderms (e.g.
Asturicystis, Ceratocystis, Vizcainoia, see Fatka & Szabad
2014), molluscs (e.g. Helcionella) and very rare spheno-
thallids (see Snajdr 1958; Fatka et al. 1992, 2004, 2012).

Remarks. — The concept of this zone stems from the Vystr-
kov Hill locality, where the “level a with Paradoxides ru-
gulosus” [= P. (E.) pusillus] was first differentiated by Suf
(1926, p. 133) who later (Suf 1927, 1928) recognized it
also near Rejkovice as well as at the hill slope of Vinice at
Jince. Havlicek & Snajdr (1951) renamed this level as the
Paradoxides pusillus zone, while Snajdr (1958) used the
term Eccaparadoxides pusillus Zone. The definition of this
zone agrees with that provided by Fatka (2006, p. 54) who
comprehensively discussed its earlier concepts. The index
species is generally abundant to very common in the lower

third of the Jince Formation, and has been recognized over
about 50 metres of the succession at the hill slope of Vinice
near Jince (Snajdr 1958, Fatka et al. 2004). The total thick-
ness of the P. (E.) pusillus Zone is estimated to be about
60 metres.

Distribution. — The index species has been recorded in all
outcrops of the Jince Formation in the Litavka River Valley
(outcrops 5, 6, 8 in Figs 1B, 10) and in several in the Brdy
Mountains (e.g. outcrop 12 — Spi¢ak Hill, outcrop 13 —
Hrachovisté), but not in the more westerly part of the
Pribram-Jince Basin.

Litavkaspis rejkovicensis Taxon-range Zone

Boundaries. — The lower and upper boundaries of this zone
are defined by the FAD and LAD respectively of Litavkas-
pis rejkovicensis. The thickness of this biozone is nearly
30 metres at the hill slope of Vinice near Jince.

Characteristics. — In the Litavka River Valley, the small
agraulid trilobite Litavkaspis rejkovicensis Fatka, Kordule
& Snajdr, 1987 is common to dominant in the lowermost
part of the Paradoxides (Eccaparadoxides) pusillus Bio-
zone. Because this species shows a restricted stratigraphic
range at all known sections, it is possible to distinguish
these levels as a subzone within the P. (E.) pusillus Bio-
zone (Fig. 9).
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Distribution. — Litavkaspis rejkovicensis has been identi-
fied at outcrops in the Litavka River Valley (Figs 1B, 10,
outcrops 5, 6, 8) but is unknown in the Brdy Mountains.

Dawsonia bohemica Taxon-range Zone

Boundaries. — The base of this zone is defined by the first
abundant appearance of Dawsonia bohemica and the upper
boundary is defined by the LAD of the zonal species.

Characteristics. — This zone reaches a thickness of about
100 cm at the hill slope of Vinice near Jince. The base of
the D. bohemica zone is nearly isochronous with the FAD
of numerous agnostids characterizing the O. hybridus zone
(see below).

Remarks. — This zone was first identified by Snajdr (1975b,
p. 158) as the “horizon with Dawsonia bohemica”. Fatka &
Kordule (1992, p. 57) reported the range of the eponymous
species at the type locality of the Jince Formation (Fig. 7B,
C). Fatka (2006) preferred to designate this unit as an abun-
dance zone (Fig. 8).

Distribution. — The zonal species occurs in an interval
about 100 cm thick near the base of the O. hybridus Zone at
the hill slope of Vinice near Jince (Fig. 1, outcrop 5) and at
Vystrkov Hill near Jince (Fig. 1, outcrop 6). It has not been
recorded outside the Litavka River Valley. Dawsonia
cf. bohemica occurs very rarely in lower levels of the
P. (E.) pusillus Zone at the Rejkovice locality (Fatka et al.
2004).

Onymagnostus hybridus Interval Zone

Boundaries. — The base of this zone is defined by the first
appearance of Onymagnostus hybridus, which occurs seve-
ral centimetres above the base of the Dawsonia bohemica
Zone; the upper boundary is defined by the FAD of the zonal
species Hypagnostus parvifrons (Linnarsson, 1869). The
lowest observed occurrence of Onymagnostus hybridus is
about 100 m above the base of the Jince Formation at the
stratotype section.

Characteristics. — The Onymagnostus hybridus Zone is
characterized by the eponymous species, which occurs
through the entire zone. Lower levels of this zone are cha-
racterized by the sudden appearance of several other
agnostids (Doryagnostus, Tomagnostus) associated with
common specimens of Peronopsis, Phalacroma and Pha-
lagnostus.

In the fossil association immediately overlying the
Dawsonia bohemica Zone, diverse agnostids become dom-
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inant, occurring together with paradoxidid, conocoryphid
and solenopleurid trilobites. Echinoderms, brachiopods,
hyoliths and diverse problematica (e.g. Selkirkia and
Eldonia-like fossils; see Snajdr 1958; Fatka et al. 1992,
2004; Fatka & Szabad 2014, unpublished observations) are
also present but rare.

Remarks. — The definition of this zone agrees with that of
Fatka & Kordule (1992, p. 57) and Fatka (2006, p. 54), who
comprehensively discussed the earlier concepts of the
zone. We do not agree with the subdivision of the zone into
the Onymagnostus-Doryagnostus and Onymagnostus-
Hypagnostus assemblage zones as proposed by Kordule
(1996, pp. 41, 45-46). Doryagnostus occurs quite com-
monly in the upper levels of the O. hybridus Zone whereas
it is rare in the lower levels; i.e. in the Onyma-
gnostus-Doryagnostus Subzone of Kordule. Hypagnostus
parvifrons is comparatively common in the upper levels of
the O. hybridus Zone and ranges up into the lower levels of
the Paradoxides (P.) paradoxissimus gracilis Zone. The
well established range of H. parvifrons is used to define a
separate biozone (see below).

Distribution. — This zone is established in the Litavka Ri-
ver Valley where the index species has been recognized at
the hill slope of Vinice near Jince, at Vystrkov Hill and in
the Rejkovice area (outcrops 5, 6, 8 in Figs 1B and 10).
Like most other agnostids, O. hybridus is absent farther
west in the Brdy Mountains (see Figs 1B, 10).

Barren interzone between Paradoxides
(Eccaparadoxides) pusillus and Paradoxides
(Paradoxides) paradoxissimus gracilis

Boundaries. — The base of this interzone is defined by the
last appearance of Paradoxides (Eccaparadoxides) pusil-
lus; the upper boundary is defined by the FAD of Parado-
xides (Paradoxides) paradoxissimus gracilis.

Characteristics. — The lower levels of this interzone are do-
minated by agnostids of the Onymagnostus hybridus and
Hypagnostus parvifrons zones; higher levels are poorly
fossiliferous but contain rare, usually disarticulated large
exoskeletons of Paradoxides (Hydrocephalus) minor asso-
ciated with agnostids (Peronopsis and Phalagnostus). The
tiny bradoriid Konicekion, the edrioasteroid Stromatocysti-
tes and the large, poorly sclerotized bivalved arthropod
Tuzoia were also found at several outcrops. However, the
greater part of this stratigraphical interval is unfossilife-
rous.

Remarks. — The middle levels of the Jince Formation are
very poorly fossiliferous or unfossiliferous at all of the
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Figure 9. Proposed biostratigraphy of the Jince Formation, ranges of taxa utilized in the subdivision, eustatic oscilations and biofacies

CH-B - Chumava-Bastina Formation.

more complete sections. However, in the underlying as
well as the overlying levels paradoxidid trilobites are com-
mon. The poorly fossiliferous levels were assigned to the
Paradoxides (Eccaparadoxides) pusillus-Paradoxides
(Paradoxides) paradoxissimus gracilis Interval Zone by
Fatka & Kordule (1992, pp. 57-58). Fatka (2006, p. 59)
comprehensively discussed earlier concepts of this bio-
zone, including the Hydrocephalus minor Zone of Snajdr
(1958, 1975b) and the Stromatocystites facies of Havlicek
(1971). The barren interzone between P. (E.) pusillus and
P. (P.) paradoxissimus gracilis embraces the highest levels

of the Onymagnostus hybridus Zone, and overlaps with the
greater part of the Hypagnostus parvifrons Zone in the Li-
tavka River Valley (Fig. 9).

Distribution. — Poorly fossiliferous greywackes and fine
sandstones overlying levels with the species P. (E.) pu-
sillus and/or underlying shales with common P. (P.) pa-
radoxissimus gracilis are widely distributed in the west-
ern part of the Brdy Mountains as well as in the Litavka
River Valley (outcrops 5, 6, 7, 9, 11, 12, 15, 16, 17 in
Figs 1B, 10).
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Hypagnostus parvifrons Interval Zone

Boundaries. — The base of this zone is defined by the first
appearance of Hypagnostus parvifrons; the upper boun-
dary is defined by the FAD of the zonal species Paradoxi-
des (Paradoxides) paradoxissimus gracilis.

Characteristics. — H. parvifrons is abundant in the lower-
most 20 metres of the zone and comparatively rare in the
uppermost 5 metres; the intervening part of the sequence is
very sparsely fossiliferous.

Remarks. — Most of the poorly fossiliferous or unfossilife-
rous middle part of the Jince Formation in the Litavka Ri-
ver valley is assigned to this new biozone. In earlier sche-
mes, this part of the sequence was variously designated; it
corresponds to the “quartzitic greywacke with Stromato-
cystites pentangularis” of Zelizko (1911, see Fig. 5A), the
“level b” of Suf (1926, p- 134; see Fig. 5B), the “Stromato-
cystites pentangularis Zone” of Snajdr (1950, see Fig. 5D;
1958, see Fig. 6A), the “Eccaparadoxides pusillus zone in-
cluding the Stromatocystites facies” of Havlicek (1971;
Fig. 6B) and the “Hydrocephalus minor Zone” of Snajdr
(1975b, p. 157; see Fig. 6C).

Distribution. — Hypagnostus parvifrons has been found at
only three outcrops in the Litavka River valley: on the hill
slope of Vinice near Jince, at Vystrkov Hill and in the Rej-
kovice area (outcrops 5, 6, 8 in Fig. 10). This species, like
other agnostids, is unknown from the western part of
the Brdy Mountains where corresponding parts of the se-
quence are assigned to the barren interzone between Para-
doxides (Eccaparadoxides) pusillus and Paradoxides (Pa-
radoxides) paradoxissimus gracilis (Fig. 10).

Paradoxides (Paradoxides) paradoxissimus gracilis
Taxon-range Zone

Boundaries. — The lower and upper boundaries of this zone
are defined by the FAD and LAD respectively of Paradoxi-
des (Paradoxides) paradoxissimus gracilis. The thickness
of this biozone is nearly 30 metres at the hill slope of Vi-
nice near Jince.

Characteristics. — The index species is very common in the
lower half of this zone, as isolated cephala, librigenae and
hypostomes of large holaspides, and articulated exoskele-
tons of small and large holaspides. The rich fauna of this
zone also includes commonly articulated specimens of Co-
nocoryphe, Ptychoparia and Paradoxides (Hydrocepha-
lus), abundant Peronopsis and less common Hypagnostus,
diverse echinoderms (e.g. Lichenoides, Akadocrinus, Etoc-
tenocystis, Stromatocystites and the enigmatic Cigaria),
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rare sphenothallids, the bradoriid Konicekion and diverse
ichnofossils (Fatka et al. 2004).

Remarks. — The definition of this zone follows the original
proposal of Suf (1926, 1927, 1928) who named this strati-
graphical interval the “level ¢ with Paradoxides bohemi-
cus’; it was later renamed the “Paradoxides gracilis Zone”
by Snajdr (1958, 1975b). Fatka (2006, p. 59) comprehensi-
vely discussed all earlier concepts of this biozone.

Distribution. — This zone is the most widely distributed
biostratigraphical unit in the Pfibram-Jince Basin, being
recognized at numerous outcrops in the western part of the
Brdy Mountains as well as in the Litavka River Valley
(Figs 1B, 10).

Ellipsocephalus hoffi-Lingulella-Paradoxides
(Rejkocephalus) Interval Zone

Boundaries. — The base of this zone is defined by the LAD
of P. (P.) paradoxissimus gracilis; the upper boundary is
established by the LAD of the brachiopod Lingulella.

Characteristics and discussion. — The fossil faunas in the
lower and upper parts of this zone are very different. In the
lowest levels, just above the LAD of P. (P.) paradoxissi-
mus gracilis, the dominant trilobite Ellipsocephalus hoffi is
associated with comparatively common P. (Rejkocepha-
lus) rotundatus and the hyolith Jincelites vogeli; much ra-
rer faunal elements are the trilobites P. (Hydrocephalus)
minor, Conocoryphe and Ptychoparia, the agnostid Pero-
nopsis, the bivalved arthropods Konicekion, Forfexicaris?
and Tuzoia, the edrioasteroid Stromatocystites, and organi-
cally preserved graptoloids (Snajdr 1975b, Pek 1972, Fatka
et al. 2004). Higher in the sequence, most of these taxa gra-
dually disappear and E. hoffi, P. (Rejkocephalus) rotunda-
tus and J. vogeli are the only fossils occurring about thirty
metres above the base of the zone. Even higher in the se-
quence, E. hoffi is rare and it disappears thirty to sixty
metres above the base of the zone in all sections. The as-
semblage in the uppermost part of the zone is dominated by
lingulides associated with rare paradoxidid trilobites and
the bradoriid Konicekion.

The abundance of fossils within the E. hoffi-Lingu-
lella-P. (Rejkocephalus) Zone makes it possible to distin-
guish two associations. The Ellipsocephalus hoffi-Para-
doxides (Rejkocephalus) Association in the lower levels is
characterized by the dominance of Ellipsocephalus hoffi
associated with locally abundant Paradoxides (Rejko-
cephalus). The Lingulella-Paradoxides (Rejkocephalus)
Association in the upper part contains sporadic specimens
of Paradoxides (Rejkocephalus) associated with Lin-
gulella havliceki (which dominates in levels just above the
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LAD of E. hoffi), while the uppermost levels of the Jince
Formation contain Lingulella matthewi with very rare
paradoxidids. The lower boundary of the Lingu-
lella-Paradoxides (Rejkocephalus) Association is defined
by the LAD of E. hoffi.

Remarks.—The Ellipsocephalus hoffi-Paradoxides (Rejko-
cephalus) and Lingulella-Paradoxides (Rejkocephalus) as-
sociations were first recognized by Suf (1926) as the “level
d with Ellipsocephalus Hoffi”” and the “level e with Lingu-
lella Walcotti” at the Vystrkov Hill locality; Snajdr (1950,
1958) included these levels in the upper part of his Hydro-
cephalus lyelli Zone.

Distribution. — The Ellipsocephalus hoffi-Paradoxides
(Rejkocephalus)-Lingulella Zone has been recognized in
the highest levels of the Jince Formation at all outcrops
(Fig. 10).

Discussion
Geographic distribution

The index species of four biozones (Acadolenus snajdri,
Onymagnostus hybridus, Hypagnostus parvifrons and
Dawsonia bohemica) and a number of other trilobites
(e.g. Litavkaspis, Ptychoparia, Ptychoparioides, Skreias-
pis), as well as the commonly associated eocrinoid and sty-
lophoran echinoderms, bradoriids and hyoliths have been
found only at outcrops of the Jince Formation in the Li-
tavka River Valley. All these taxa are absent in the western
part of the Brdy Mountains. Similarly, most agnostids
(Doryagnostus, Tomagnostus, Phalacroma) occur only in
the Litavka River Valley, whereas only two genera, Pero-
nopsis and Phalagnostus, are also present in the western
part of the Brdy Mountains. Other taxa (e.g. Condylopyge,
Pleuroctenium, the bivalved arthropods Konicekion and Tu-
zoia, sphenothallids, graptoloids and hyoliths) occur spora-
dically and it is not possible to evaluate their significance.

In contrast to the restricted distribution of the above
taxa, those characterizing the Ellipsocephalus hoffi-Para-
doxides (Rejkocephalus)-Lingulella Zone are present at all
fossiliferous outcrops in the highest levels of the Jince For-
mation in the Litavka River Valley as well as in the western
part of the basin. The index trilobite Paradoxides (P.)
paradoxissimus gracilis also has a wide distribution
(Fig. 10).

Stratigraphic distribution

Western part of the Brdy Mountains. — The Jince Forma-
tion is less than 100 m thick in this part of the basin (Havli-
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¢ek 1998). Lingulide-dominated associations prevail at all
outcrops, and in some sections Ellipsocephalus and several
other genera of the trilobite-dominated association are also
present in the middle part of the sequence though the fauna
is of low diversity.

Litavka River Valley. — The Jince Formation reaches its
maximum thickness of up to 450 m in this part of the basin,
and the fauna is usually abundant and very diverse. The
lingulide-dominated association is typical of the lowest
and uppermost levels. The trilobite-dominated association
with common ellipsocephalids, paradoxidids and conoco-
ryphids always overlies the lingulide-dominated associa-
tion in the lower levels and underlies the lingulide associa-
tion in the upper half of the formation. The
trilobite-dominated associations contain reasonably com-
mon echinoderms, hyoliths, helcionellid molluscs, bivalve
arthropods and diverse ichnofossils. At all of the more
complete sections, the middle levels of the formation are
dominated by agnostids.

Summary. — In the Pfibram-Jince Basin, several hundred
metres of usually unfossiliferous Cambrian conglomerates,
sandstones and shales (i.e. the sequence with the
Chumava-Bastina Formation at its top) is overlain by the
Jince Formation, which in its lower levels contains a
lingulide-dominated fossil association that characterizes
the earliest phase of the marine transgression. The overly-
ing levels contain a highly diverse fauna dominated at first
by Ellipsocephalus, with common paradoxidid and cono-
coryphid trilobites higher in the succession, reflecting a
progressive transgression that resulted in a normal marine
environment.

In the Brdy Mountains in the western part of the basin,
the trilobite-dominated association is overlain by a lingu-
lide-dominated association, followed by unfossiliferous
conglomerates and sandstones of the Ohrazenice Forma-
tion. To the east, in the Litavka River Valley, the trilo-
bite-dominated association is overlain by a condensed se-
quence of fine shales containing common to abundant
agnostids, corresponding to the maximum of the marine
transgression. Higher in the sequence, the diversified trilo-
bite-dominated association returns and is in turn overlain
by the lingulide-dominated association of the Jince Forma-
tion and by the unfossiliferous clastics of the Ohrazenice
Formation. This part of the sequence reflects marine re-
gression in the Pfibram-Jince Basin.

Conclusions

The biostratigraphic subdivision here proposed for the
Cambrian of the Pfibram-Jince Basin comprises the Kody-
mirus vagans Taxon-range Zone in the Paseky Shale of the



Oldrich Fatka & Michal Szabad ¢ Cambrian biostratigraphy in the Pribram-Jince Basin

Holsiny-Hofice Formation, and the following zones in the
Jince Formation: 1. Westonia? fatkai Interval Zone; 2. Aca-
dolenus snajdri Interval Zone; 3. Sternbergaspis brdensis
Taxon-range Zone as a subzone within the Acadolenus
snajdri Zone; 4. Paradoxides (Eccaparadoxides) pusillus
Interval Zone; 5. Litavkaspis rejkovicensis Taxon-range
Zone as a subzone within the Paradoxides (Eccaparadoxi-
des) pusillus Zone; 6. Dawsonia bohemica Taxon-range as
a subzone within the Onymagnostus hybridus Zone;
7. Onymagnostus hybridus Interval Zone; 8. Barren inter-
zone between Paradoxides (Eccaparadoxides) pusillus
and Paradoxides (Paradoxides) paradoxissimus gracilis;
9. Hypagnostus parvifrons Interval Zone; 10. Paradoxides
(Paradoxides) paradoxissimus gracilis Taxon-range Zone;
11. Ellipsocephalus hoffi-Lingulella-Paradoxides (Rej-
kocephalus) Interval Zone; 12. Ellipsocephalus
hoffi-Paradoxides (Rejkocephalus) and Lingulella-Para-
doxides (Rejkocephalus) associations, both within the El-
lipsocephalus hoffi-Lingulella-Paradoxides (Rejkocep-
halus) Zone.

The Kodymirus vagans, Hypagnostus parvifrons and Daw-
sonia bohemica zones are newly established; the Acadole-
nus snajdri, Paradoxides (Eccaparadoxides) pusillus and
Onymagnostus hybridus zones and the Barren interzone
between Paradoxides (Eccaparadoxides) pusillus and Pa-
radoxides (Paradoxides) paradoxissimus gracilis are rede-
fined; earlier definitions of the remaining zones are retai-
ned. The reference section for all of the biozones
distinguished in the Jince Formation is the hill slope at Vi-
nice near Jince above the Litavka River (Fig. 1).

Three major fossil associations have been recognized
within the Jince Formation. The lingulide association is re-
lated to shallow-water or in some cases restricted marine
environments; the trilobite dominated association is related
to comparatively deeper-water, typical marine environ-
ments; and the agnostid-dominated association represents
the maximum transgression associated with the maximum
deepening of the basin (Fig. 9).
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