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The long-term activities of the International Subcommission on Devonian Stratigraphy have been focused on the divi-
sion of the Emsian into two new substages. The different stratigraphic levels, close to the Daleje Event, have mostly been
discussed as their boundary. The latter event was first recognized in the Barrandian and defined as a bioevent, connected
with a pronounced transgression. Its present conception has been inferred from studies of its appearance in deeper envi-
ronments, with deposition of the calcareous Daleje Shale. We analysed its appearance in shallower environments, with
predominantly carbonate sedimentation, using precise qualitative and quantitative biostratigraphic, paleoecological, and
sedimentological methods. Our data revealed that the mid-Emsian had a more complex transgression-regression history
than previously described. Evaluation of the stratigraphic distribution of more than 1250 newly collected dacryoconarid
shells has resulted in the proposal of a new tentaculite biozonation, providing a much higher stratigraphic resolution than
the existing biozonations, which are based on goniatites and conodonts. Quantitative analysis of the newly gathered
paleoecological data suggests a distinct faunal turnover at the level of the first occurrence of the dacryoconarid
tentaculite Nowakia elegans. In addition, our study revealed that the Daleje transgression (and thus the Daleje Event)
started at the same time, and that it was preceded by a distinct regression. For these reasons, we propose the first occur-
rence of the worldwide and easily determinable dacryoconarid Nowakia elegans as a biostratigraphic indicator of the
boundary level for the new Emsian substages. * Key words: Early Devonian, Daleje Event, Palacozoic, new tentaculite
biostratigraphy, facies analysis.
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The Early Devonian marine ecosystem was strongly influ-
enced by several global changes, which were linked with
restructuring of the marine food webs. The increased input
of organic matter into the ocean, which was caused by the
rise of land plants, dramatically changed the chemistry of
the ocean surface waters (Algeo & Scheckler 1998). This
eutrophication gave rise to plankton blooms, and opened
up a new food source for many marine swimming orga-
nisms. Subsequently, the new food source structures cau-
sed changes in ontogenetic strategies and/or radiation of
some groups of invertebrates and vertebrates (e.g., Signor
& Brett 1984; Bambach 1999; Niitzel & Fryda 2003; Klug
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& Korn 2004; Klug et al. 2008, 2010; Monnet et al. 201 1a,
De Baets et al. 2012, and references therein). In addition, re-
peated and lasting events of anoxia caused selections in fa-
vour of non-benthic and demersal life styles (e.g., Klug et
al. 2010; Manda & Fryda 2010). Klug et al. (2010) showed
that during the Devonian, demersal and nektonic modes of
life were probably initially driven by competition in the
diversity-saturated benthic habitats, together with the avail-
ability of abundant planktonic food. Fundamental evolutio-
nary changes in the Devonian marine water column were
linked with the rapid rise of nekton (i.e., “Devonian nekton
revolution”, Klug ef al. 2010). On the other hand, increasing
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predation pressure on the new Devonian planktonic groups
(e.g., Berkyové et al. 2007) as well as the new food sources
influenced evolution in the majority of marine invertebra-
tes (Klug et al. 2010). For example, three of the five living
gastropod orders, which form the most diversified of all
living marine invertebrate groups, probably originated
during the Early Devonian (Bandel 1997; Niitzel 1998;
Fryda 2012; Fryda et al. 2008a, 2009; Fryda & Blodgett
2004; Niitzel er al. 2007a). Increasing predation pressure
and the existence of new food sources in the ocean surface
waters is also linked with the extensive changes in gastro-
pod protoconch morphology and adaption of some new
groups on larval planktotrophy (Niitzel & Fryda 2003;
Niitzel er al. 2006, 2007a, b; Fryda et al. 2009; Seuss et al.
2012).

Taken together, the Early Devonian marine ecosystem
was quickly developing and changing in all of its environ-
ments (see review in Klug et al. 2010, and references
therein). For an understanding and analysis of the Early
Devonian evolutionary processes and the evolution of the
marine environments, a very precise dating of Lower De-
vonian sedimentary successions is needed. However, the
recent state of biostratigraphic zonation of the Early Devo-
nian is too inaccurate for many evolutionary, ecological,
and biogeographic analyses.

Long-lasting activities of the International Subcom-
mission on Devonian Stratigraphy (ISDS) have been fo-
cused upon improving the precision of the Devonian
biostratigraphic zonation. In recent years, one of the most
discussed topics at the ISDS is about splitting the Emsian
into two substages (see review in Becker 2007, Becker et
al. 2010, Carls & Valenzuela-Rios 2007, Kim et al. 2012).
The main reason for this is the extremely long duration of
the Emsian, in comparison with other Devonian stages. Its
duration is estimated to be about 17 Ma by Kaufman
(2006), or about 10 Ma according to the International Stra-
tigraphy Chart (2011); this would be more than twice the
duration of the other Early Devonian stages — Lochkovian
(6 Ma or 5 Ma) and Pragian (3 Ma or 4 Ma), respectively.
Additionally, the extremely long duration of the Emsian
has been negatively influenced by the present definition of
its lower boundary (see Carls et al. 2008 for details). The
ISDS has suggested splitting the Emsian into two
substages, the duration of which will be the same (or even
longer) as that of two other Early Devonian stages (i.e.,
Lochkovian and Pragian). The reason for calling them
substages (except for the efforts to save the historical name
Emsian) is not clear, and they could be really be named as
stages.

The boundary of the regional Zlichovian and Dalejan
stages (established in the Barrandian), or the stratigraphic
level close to their boundary, have mostly been discussed
as time levels for the boundary of the new global substages
(stages) of the Emsian (see details in Chlupa¢ & Lukes

588

1999, also in Becker 2007). The Zlichovian and Dalejan
were established for practical reasons during a period of
field mapping several decades ago. The whole Emsian suc-
cession of the Barrandian (Fig. 1) is mostly formed by car-
bonates (with the only exception in the middle of the
Emsian). At that time, an interval of calcareous shales (the
Daleje Shale) was deposited in most of the environments.
The latter stratigraphic unit was recognized almost
200 years ago (e.g., Barrande 1846a, b), but formalized
much later by Krej¢i (1877). During an intensive mapping
period (1946-1960) and the associated biostratigraphic re-
search after the Second World War (Svoboda & Prantl
1947-1951, Chlupac 1954-1960), as well as during later
activities focused on the proposal of the Early/Middle De-
vonian boundary in the Barrandian (Chlupac et al. 1978,
1998; Chlupac¢ & Lukes 1999 and references therein), huge
amounts of new sedimentological, biostratigraphic, and
palaeontological data was gathered from many Barrandian
sections. All of these activities resulted in a redefinition of
the Zlichovian and Dalejan, which have been used since
that time not only as regional stages, but also as interna-
tionally useful chronostratigraphic units (e.g., De Baets et
al. 2010). However, for somewhat obscure reasons, they
were not accepted as international stages or substages. In
2003, the International Subcommission on Devonian Stra-
tigraphy decided to divide the Emsian into two substages
named as the Lower and Upper Emsian (SDS Newsletter
19). Names were selected; but no definition of their bound-
ary exists so far.

As summarized by Becker (2007): “There is general
agreement that the substage boundary should lie close to
the Zlichovian/Dalejan boundary of the Bohemian succes-
sion (Chlupa¢ 1976, Chlupac & Lukes 1999), which is
characterized by the supposedly global and transgressive
Daleje Event (House 1985)”. The Daleje Event was de-
fined by House (1985) as an “extinction event”, which is
connected with the Dalejan transgression. Thus, the Daleje
Event was defined as a bioevent based on the extinction of
some groups of early goniatites (i.e., some Mimo-
sphinctidae and the Auguritidae). However, Chlupa¢ &
Kukal (1988, p. 125) used this term for an event having “a
global character and manifests itself by a gradual rise of sea
level, deepening of basins which were often accompanied
by clay deposition at the expense of carbonate sediments”.
Chlupac¢ & Kukal (1988) thus used the term “Daleje Event”
for a transgressive event (also see Becker & Kirchgasser
2007). Unfortunately, such terminological chaos is rather
common for some Palaeozoic events (e.g., Silurian/Devon-
ian boundary events; Manda & Fryda 2010), and has re-
sulted in some complicated scientific discussion. In the
present paper, we use the term “Daleje Event” in the sense
of Chlupac¢ & Kukal (1988) because this usage has pre-
vailed in the published scientific papers. It is noteworthy
that the Daleje Bioevent was based by House (1985) on the
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Figure 1. Map showing geographic distribution of Zlichov, Daleje-Tiebotov, and Chote¢ formations in the Barrandian, as well as the position of the
most important localities. 1 — Machackiv lom near Hostim; 2 — Kacdk Valley; 3 — Amerika quarry; 4 — Cisarskd rokle near Srbsko; 5 — KarlStejn —
V Hlubokém Valley; 6 — Karlik Valley; 7 — Pekarkiv mlyn near Solopisky; 8 — Rdziiv mlyn; 9 — Kominicka rokle; 10 — Zabita rokle; 11 — Klukovice;
12 — Svagerka; 13 — Cerveny lom near Suchomasty; 14 — Cefinka hillside; 15 — Cefinka quarry.

supposedly coeval extinction of the family Auguritidae and
some Mimosphinctidae, which in total represents the ex-
tinction of six genera of goniatites, according to House
(1989). Nevertheless, there is no doubt that the period close
to the Zlichovian/Dalejan boundary is linked with a fast
faunal turnover, as has already been noted by many earlier
scientists (e.g., Chlupa¢ & Lukes 1999).

Regardless of the usage of the term “Daleje Event”, the
Barrandian is a classical area where this Emsian event was
first recognized and defined (see House 1985, Chlupa¢ &
Kukal 1988). However, its appearance was primarily stud-
ied in areas with the deposition of the calcareous Daleje
Shale. The main focus of the present study is to evaluate fa-
cies development across the Daleje Event in carbon-
ate-dominated environments of the Barrandian (Bohemia)
and to improve the biostratigraphic zonation based on the
dacryoconarid tentaculites of this interval, as well as to dis-
cuss the implications for global Emsian stratigraphy.

Lithostratigraphic units
at the Daleje Event interval

More than 200 years of investigation of the Emsian succes-
sions, as well as their faunas in the Barrandian, have
brought forth several hundred published and unpublished
studies, written mainly in Czech, English, French, and Ger-
man. In addition, during such a long time, the names of the

localities as well as of the lithostratigraphic units were
changed several times, along with their definitions and
usage. Therefore, orientation within the published data is
very difficult (or nearly impossible) for foreign scientists.
Because of this, an overview of the basic data on the main
lithostratigraphic units at the Early Devonian Daleje Event
interval is presented here.

As previously mentioned, the Daleje Event was first es-
tablished as a bioevent; however, this term is mostly used
as an equivalent for a distinct transgression that occurred in
the middle of the Emsian. The Daleje Event occurs close to
the boundary of the Zlichov and Daleje-Trebotov forma-
tions. The older Zlichov Formation forms two lithological
units — the Zlichov Limestone and Chynice Limestone. For
the purposes of this paper, the Chynice Limestone is de-
scribed separately from the Zlichov Limestone, although
Chlupac (1981) had considered the Chynice Limestone to
be a member of the Zlichov Limestone. The younger Da-
leje-Ttebotov Formation includes three lithological units —
the Daleje Shale plus the Tfebotov and Suchomasty lime-
stones. The stratotypes of these lithological units are de-
scribed by Chlupac (1957) and in Chlupac et al. (1998). In
the following section, we briefly summarize the basic in-
formation on all lithostratigraphic units described from this
stratigraphic interval in the Barrandian, as well as describ-
ing the usage of these terms in the present paper.
The lithostratigraphic units are listed in their stratigraphic
order.
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Zlichov Limestone

In his paper, Kettner (1917) described the geology of the
Zlichov Limestone of the southern suburb of Prague as the
first recognized independent sedimentological cycle in the
upper half of the so-called Branik limestone (the “Bande
g1” of Barrande). Later, Kodym (1919) as well as Kettner
& Kodym (1919) introduced the name Zlichov Limestone
for this lithological unit. Lithological developments of the
Zlichov Limestone were studied and described in detail by
Svoboda & Prantl (1948a, b) as well as Chlupac (1957).
The latter author slightly modified the usage of this term,
and in 1981, he noted that the term Zlichov Limestone
should be considered as a valid synonym to the Zlichov
Formation. In some areas, the uppermost portion of the Zli-
chov Limestone reaches to the stratigraphic level of the Da-
leje Event.

Generally, the facial differentiation of the Zlichov
Limestone is low. The predominant volume of this
lithological unit is formed by thin bedded, dark to light
grey, fine detrital to micritic limestones with abundant
black cherts along with minor intercalations of calcareous
shales. The majority of micritic layers and most of the shale
intercalations are burrowed by Chondrites (Chlupac 1957).
In the lowermost part of the Zlichov Limestone in the NE
and SE areas of the Barrandian, the so-called “Chapel
Coral horizont” described by Kettner (1917) is developed;
for more details on the informal “Kapli¢ka” unit or “Chapel
horizont” see Svoboda & Prantl (1948a), Chlupac & Lukes
(1999), and Chlupac et al. (1998). Chlupac & Lukes (1999,
p- 80; Chlupac et al. 1998) used the term “Chapel Member”
or “Chapel Coral Horizon” for this unsorted, coarse sedi-
mentary breccia, and Hladil et al. (2010, p. 391) used a ge-
netic term of channelized breccia flow deposits.

There are two basic types of transitions of the Zlichov
Limestone to younger lithological units: to (a) the Chynice
Limestone and (b) the Daleje Shale. A typical feature of the
uppermost part of the Zlichov Limestone is the disappear-
ance of (or the very low occurrences of) dark cherts. This
trend had already been observed by Kettner (1917) in the
southern suburb of Prague, and later documented in all
studied sections of the Barrandian (e.g., Svoboda & Prantl
1947-1951, Chlupac 1957, Chlupac et al. 1979, Chlupac &
Lukes 1999). The upper layers of the Zlichov Limestone in
the SE and S parts of the Barrandian are developed as grey,
well-bedded, Chondrites-bearing limestones without
cherts, intercalated with subordinate layers of dark shales
(Chlupéc et al. 1979, Chlupac & Lukes 1999). In this area,
the number of calcareous shale beds gradually increases
upwards, and the stratigraphically higher shales predomi-
nate over the limestone beds (a gradual transition of the
Zlichov Limestone to the Daleje Shale). However, in the
NW part of the Barrandian, the upper part of the Zlichov
Limestone is formed by grey to light-grey micritic and
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finely detrital, well bedded, Chondrites-bearing limestones
without cherts. Compared with the underlying beds, the
amount of biodetritus increases slightly upwards, contain-
ing mainly trilobite, ostracod, and brachiopod fragments
(e.g., Chlupac et al. 1979). These layers gradually, but rap-
idly, change into a rosy, coarsely grained Chynice Lime-
stone.

Chynice Limestone

In 1948, Svoboda & Prantl published the results of their
geological mapping in the neighbourhood of the village
of Chynice (SE of Prague), where they found rose or
red coarse-grained limestones overlying the Zlichov Lime-
stone, and named these the Chynice Limestone. Svoboda &
Prantl (1948) discussed the geographic distribution of the
Chynice Limestone and noted their occurrence in many
sections of the NW, N, and NE parts of the Barrandian.
Their later mapping activities (Svoboda & Prantl
1948-1951) revealed that the Chynice Limestone was not
developed only in the SE and S parts of the Barrandian,
where a gradual transition of the Zlichov Limestone into
the Daleje Shale is developed.

In general, the Chynice Limestone is lithologically
rather variable in the ratio of coarse-grained bioclastic to
finer bioclastic or micritic components. Their colour also
varies from rosy to dark red brown, depending on the con-
tent of iron oxides. The lower boundary of the Chynice
Limestone with the Zlichov Limestone is often gradual, but
always rather sharp (the thickness of the transition interval
is usually only a few centimetres — e.g. Fig. 2B, C). Devel-
opment of the lower and upper parts of the Chynice Lime-
stone differs (Chlupac 1957, Chlupac et al. 1979, Havlicek
& Vanék 1996); however, a detailed sedimentological
analysis has never been done. The lower part mainly con-
sists of light to rosy granular biodetritic limestones with
abundant diversified trilobites, ostracods, and other fauna.
On the other hand, in the upper part of the Chynice Lime-
stone, the amount of the micritic component is high and
gradually increases upwards and they become darker (red
to red-brown). The lower beds of this more richly micritic
upper part bear a rich and diversified benthic fauna, mainly
comprising corals, trilobites, and brachiopods (e.g. Ce-
finka hillside and Zabita rokle localities).

The upper boundary of the Chynice Limestone is typi-
cally formed by a gradual transition to the Daleje Shale.
However, in the vicinity of village of Svaty Jan pod Skalou
(Bubovice, Boubova Hill, Stydlé vody, Kac¢dk Valley near
Hostim, Mramorka Hill), the Chynice Limestone gradually
and very slowly changes into the Tfebotov Limestone of
the Daleje-Ttebotov Formation (see discussion below).
The thickness of the Chynice Limestone reaches maximal
values (up to 15 m) in areas where the Daleje Shale is not
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Figure 2. Cefinka quarry section. * A, B — view of the section, including the upper part of the Zlichov Limestone, Chynice Limestone, and Daleje Shale.
« C — transition from the Zlichov Limestone (dark grey colour) to the Chynice Limestone (pink colour). ¢ D — detail of picture C. ¢ E — transition from the
Chynice Limestone (light reddish colour) to the Daleje Shale (grey to red colour).
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developed, and gradually decreases toward the S, SE, E,
and NE.

The original stratotype of the Chynice Limestone was
established by Svoboda & Prantl (1948) near the village of
Chynice. Unfortunately, this locality ceased to exist, and
for that reason, a new lectostratotype was established in the
Machéackiv lom near Hostim by Chlupac¢ (1957). In this
area, however, it is difficult to define the upper boundary of
this unit using lithological features (see discussion below).

Daleje Shale

Krejc¢i (1877) was the first who formally named the Daleje
Shale (his “Daleje Band”). Usage of this lithological name
was later redefined by Chlupac (1959). The Daleje Shale is
typically developed as greenish or dark grey-green calcare-
ous shales. The colour of the Daleje Shale gradually chan-
ges to red or dark red in the uppermost parts. It is com-
monly bioturbated (Chondrites burrows), and in some
sections, it contains grey micritic limestone concretions or
thin beds. Krej¢i did not establish the stratotype of the Da-
leje Shale and thus, the outcrop at the road “Ke Hibitovu”
in Praha-HluboCepy was selected as the new lectostrato-
type (Chlupac et al. 1998). Chlupac (1959) defined the le-
vel at which shales predominate over limestones (Zlichov
or Chynice limestones) as the lower boundary of the Daleje
Shale unit. The distribution of the Daleje Shale varies ac-
ross the Barrandian. The maximal thickness (more than
50 m) is developed in the SW vicinity of Prague (e.g.
Praha-Hlubocepy, Tiebotov; Chlupac et al. 1998). A detai-
led description of their lithology, geographic distribution,
and chemistry may be found in Kodym (1924), Petranek
(1951), Svoboda et al. (1957), Chlupac (1959), and Chlu-
pac et al. (1998).

Trebotov Limestone

The term Trebotov Limestone was introduced by Svoboda
and Prantl (1947) for the red coloured mostly micritic lime-
stones forming the lower part of the so-called Hlubocepy li-
mestones. Later, Chlupac (1959) redefined the usage of this
lithological name and united the younger grey micritic lime-
stones with the underlying red coloured Ttebotov limestones
of Svoboda & Prantl (1947) under his Trebotov Limestone.
This definition of the Tfebotov Limestone is still in use.

The Trebotov Limestone is typically represented by
well-bedded, nodular, red, micritic limestones gradually

changing colour upwards into a light grey. Volcanic activ-
ity within this member is documented in the vicinity of
Chynice and Chote¢ (Fiala 1946, Svoboda & Prantl 1948).
Further detailed information on their geology and faunas
can be found in Svoboda & Prantl (1947-1951), Chlupac
(1959, 1998), Chlupac et al. (1998), and Vodrazkova et al.
(2012). The “Nad trati” quarry section at Praha-Hlubocepy
was selected as the lectostratotype of this lithostratigraphic
unit (Chlupac¢ 1959, 1981). The boundary of the Trebotov
Limestone with the underlying Daleje Shale is gradual, and
was defined by Chlupa¢ (1959) as the “level where the
amount of limestones predominates over shales”. However,
the definition of the lower boundary of the Trebotov Lime-
stone with the underlying Chynice Limestone is unclear in
those areas with missing shale sedimentation such as in the
vicinity of the village of Hostim (see discussion below).

Suchomasty Limestone

The term Suchomasty Limestone was formally introduced
by Chlupéac (1957) for coarse red crinoidal to micritic li-
mestones, only occurring in the Konéprusy area. The domi-
nant colour of the Suchomasty Limestone is dark red, with
its thickness reaching up to 30 m. These limestones were
deposited on top of the Konéprusy Limestone (Praha For-
mation, Pragian) after a long period of emersion and ero-
sion, being equivalent to the lower Emsian (Zlichovian).
The lower part of the Suchomasty Limestone also includes
the filling of Neptunian dykes (Chlupac 1954, 1996). The
Suchomasty Limestone represents a partial equivalent of
the Chynice Limestone, and the full equivalent of the Tte-
botov Limestone (for further detailed information see
Chlupac¢ 1954, 1996; Havli¢ek & Kukal 1990). The Cer-
veny lom near Konéprusy was selected as the lectostrato-
type of the Suchomasty Limestone by Chlupac¢ (1981).

Methods

A review of all of the published data was used to select the
sections, which are the most suitable for analysis of the ap-
pearance of the Daleje Event in successions with predomi-
nantly carbonate sedimentation. Two sections, the Cefinka
hillside and the Cefinka quarry, were selected for the pre-
sent study. The first locality had been partly studied in the
past (see references in Havlicek & Vanék 1996); however,
the second section was discovered by one of us (JF) in 2006
during field research. Since 2006, both sections have been

Figure 3. Cefinka hillside and Cefinka quarry sections showing the lithology, biostratigraphy, and bed (interval) numbers. Dashed line — newly pro-

posed lower boundary of Dalejan.
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intensively studied for the masters and later for the doctoral
project of the senior author of this paper. The Cefinka hill-
side was opened with a 25 m long trench, which makes the
collection of large rock samples possible. For practical rea-
sons, the section was divided into short intervals having
thicknesses of 20 to 25 cm and numbered in stratigraphic
order. Rock samples (about 20 kg) from each interval were
taken to the laboratory for palacoecological, biostratig-
raphic, and sedimentological analysis, where also all the
contained fossils were determined and counted. Only the
data from the first 4.5 m of the Cefinka hillside section
were used for the present study (the remainder of the sam-
ples are currently being studied by Lenka Ferrova).

The limestone succession at the Cefinka quarry section
makes the study of very fresh limestone beds possible
(Fig. 2). For this reason, the entire section was not divided
into artificial stratigraphic intervals as at the Cefinka hill-
side section and bed-by-bed-sampling was used. The thick-
ness of the studied intervals was determined according to
the lithological features of the individual beds, with their
thicknesses ranging from several cm to several dm. The
different thicknesses of the sampled intervals resulted in a
different sampling strategy than at the Cefinka quarry sec-
tion. The sample size was determined according to the in-
terval thickness. From each 10 cm of thickness, a sample of
3 kg was taken, in order to maintain approximately the
same sample density across the section. Samples coming
from the Cefinka quarry section were processed in the lab-
oratory as were those from the Cefinka hillside section. Be-
cause of the fresh nature of the samples coming from the
Cefinka quarry section, about 35 samples were analysed
for their isotopic composition of carbonate carbon. A few
milligrams of rock powder (preferably micrite) were re-
covered with a dental drill from rock samples. Carbonate
samples were decomposed in a vacuum by 100% phospho-
ric acid at a temperature of 25 °C. The carbon and oxygen
isotopic composition of the released CO, was measured
with a Finnigan Mat 251 mass spectrometer. All values are
reported in %o relative to V-PDB by assigning a §"°C value
of +1.95%0 and a §'30 value of 2.20%0 to NSB 19. Accu-
racy and precision were controlled by replicate measure-
ments of laboratory standards and were better than +0.1%o
for both carbon and oxygen isotopes.

The lithology of both sections was studied by the meth-
od of microfacial analysis, using thin sections of 3 x 4 cm
and 2 x 4 cm in size. The quantitative data on all fossil taxa
were summarized by Ferrova (2010), and have been pre-
pared for publication. For numerical evaluation of the
newly gathered data, the Past 2.15 software package was
used (Hammer et al. 2001).

In the present paper, only the data on dacryoconarid
tentaculites are used for improvement of the biostrati-
graphic resolution at the particular studied interval. Herein,
the basic data on the stratigraphic distribution of all newly
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found tentaculites in the Daleje Event interval at both of the
studied sections are briefly summarized, together with a
list of all of published as well as hitherto unpublished
(dataset of Pavel Lukes) occurrences in the Barrandian. We
stress that the newly gathered data represents the first quan-
titative dataset on the stratigraphic distribution of
dacryoconarid tentaculites across the studied interval. All
previously published biostratigraphic data were only col-
lected qualitatively (i.e., an absent/present dataset). The
latter approach resulted in a much lower stratigraphic reso-
Iution than the quantitative approach, because the bio-
stratigraphic information for many (or even most) strati-
graphic levels was inferred from a single occurrence of
index tentaculite species within a particular bed. In addi-
tion, many levels lack biostratigraphic information (see
Chlupac et al. 1979). The newly gathered quantitative data
on tentaculites makes a new proposal of biozonation within
the studied interval possible. Comparison of the new and
published sedimentological data as well as the application of
the new high-resolution biozonation has resulted in a more
detailed model of the transgression-regression history across
the Daleje Event interval in the Barrandian, and introduced
new implications for global Emsian stratigraphy.

Key sections across
the Daleje Event interval

There is many tens of sections across the Daleje Event in-
terval in the Barrandian, but only a few of those were stu-
died with sufficient biostratigraphic resolution for the pur-
poses of the present study (Fig. 1), which is focused on the
appearance of the Daleje Event in carbonate-dominated en-
vironments. Classical sections such as Svagerka,
Praha-Klukovice, Pekarkiiv mlyn near Solopisky, and Ci-
safskd rokle at Srbsko represent successions where the
Chynice Limestone are either undeveloped or where their
equivalents form only a few limestone beds. In
carbonate-dominated environments, there are only two
sections that were well-studied biostratigraphically, Bubo-
vice and Machackuav lom near Hostim. However, in both of
these sections, only the uppermost part of the Chynice Li-
mestone was studied (see Chlupac et al. 1979). Additio-
nally, biostratigraphic data from all of the above-men-
tioned sections had been collected qualitatively (i.e.,
generally after finding of the first specimen of a biostratig-
raphically significant tentaculite taxon in a particular bed,
the study was finished, and the next bed or stratigraphic in-
terval was sampled). Some intervals were even left without
any biostratigraphic datum. However, it should be mentio-
ned that this approach was the standard biostratigraphic
method at the time these sections were studied (Chlupac et
al. 1979, Chlupac¢ & Lukes 1999, and partly also Schindler
et al. 2003).



Lenka Ferrova et al. * Early Devonian Daleje Event in the Barrandian

Figure 4. Cefinka quarry section — thin sections. « A —homogenous tentaculite packstone with calcisiltite matrix and partly bioeroded bioclasts, interval
6, Zlichov Limestone. * B —recrystallized fragment most likely of an ostracod carapace in polarized light, interval 8, lower part of the Chynice Limestone.
* C, D — completely recrystallized limestones (grainstones) in normal (C) and polarized (D) light (black crosses represent shells of tentaculite shells), in-
terval 8, lower part of Chynice Limestone. ¢ E, F — tentaculite packstone with highly recrystallized calcisiltite matrix, normal (E) and polarized (F) light,
interval 11, upper part of the Chynice Limestone.
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The section in the Cerveny lom near the village of
Konéprusy, being completely developed in its carbonate
facies, was studied in the needed biostratigraphic resolu-
tion (Chlupac et al. 1979), as only some sections of that
stratigraphic level were rather densely sampled for cono-
donts (Klapper 1977, Klapper et al. 1978). Unfortunately,
due to the long stratigraphic gap in the Konéprusy area, the
sedimentary record at the Cerveny lom, being the equiva-
lent to the Zlichovian, is missing.

Before the present study, there was no section in any
carbonate-dominated environment of the Barrandian at the
Daleje Event interval that had been studied with a suffi-
cient biostratigraphic resolution. To fill this gap in our
knowledge, two sections in the NW part of the Barrandian
were studied — the Cefinka hillside and Cefinka quarry sec-
tions. In the following paragraphs, the new sedimen-
tological and biostratigraphic data on these sections are
summarized.

New data from carbonate dominated
environments

Both of the newly studied sections, Cefinka quarry and Ce-
finka hillside (Fig. 1), are located south of the village of
Bubovice (20 km SW of Prague), with a geographic dis-
tance of about 400 m. The first section was never studied
before. The second section, the Cefinka hillside section, is
located to the east of those sections investigated by Chlu-
pac (1959) and ChlupAac et al. (1979), separated from them
by about 20 m and 100 m, respectively.

efinka quarry section

This section is located in the NE corner of the Cefinka
quarry (E of the village of Bubovice). This outcrop was cre-
ated in 2006 by continuing mining in the Cefinka quarry.
Since 2008, it has been systematically studied by the senior
author of this paper (Ferrova 2010). An approximately 5 m
long section has been studied bed by bed (see Methods).
Due to the non-weathered character of the limestones
(Figs 2, 3), it was hard to extract all of the macrofossils
from the rock. For this reason, the section was primarily
studied for the collection of sedimentological and quantita-
tive data on tentaculite biostratigraphic distributions.

Facies development

The uppermost part of the Zlichov Limestone, through the
entire Chynice Limestone to the lower part of the calcare-
ous shales (representing transitional layers between the
Daleje Shale and the Tiebotov Limestone) was studied in
detail at the Cefinka quarry section (Figs 2, 3).
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Intervals 1 to 7 of the section, having a total thickness
of about 1 m (Fig. 3), belong to the upper part of the
Zlichov Limestone, which is formed by grey, homogenous,
and well-bedded beds of tentaculitid wackestone/pack-
stone with a calcisiltite matrix (Fig. 4A). A typical feature
of this succession is the slightly increasing amounts and
sizes of the biodetritic content upwards toward the younger
beds (to interval 7). Together with the tentaculites, crinoids
and ostracods were determined as the most frequent com-
ponents of the biodetritic materials. The sediment was dis-
tinctly bioturbated. Bioerosion of clasts occurs rather
rarely. Fragments of corals were found at the top of inter-
val 7 (Radek Labuta, personal communication).

Intervals 810, having a total thickness of about 1.2 m,
represent the lower portion of the Chynice Limestone. The
transition between the Zlichov and Chynice limestones is
rapid and rather sharp (Figs 2B-D, 3). The limestone beds
of the lower part of the Chynice Limestone differ from the
underlying beds of the Zlichov Limestone in their lithol-
ogy. The beds are thicker, and formed by white to light
rosy, completely recrystallized limestones (grainstones)
(Fig. 4C). The faunal content in thin section is clearly visi-
ble, but only determinable using the crossed-nicoles mode
(Fig. 4B, D). The preserved small fauna is mainly com-
prised of tentaculites and ostracods. Pseudosparite forms
the main part of these beds.

The upper part of the Chynice Limestone (Figs 4-6), in-
cluding intervals 11 to 25, has a total thickness about 2.3 m.
The lithological features of the basal bed (interval 11) dif-
fer distinctly from the underlying beds of the lower part of
the Chynice Limestone in their lack of dominant
pseudosparite. The basal bed (interval 11, Figs 4E, F and
5A) is formed by rosy calcisiltite tentaculite packstone,
with a high degree of recrystallization. Columnals of cri-
noids are frequent (some of them are bioeroded). Several
fragments of corals were also found, but in general, the di-
versity of macrofossils is rather low. The following three
beds (intervals 12-14, Fig. 5B-D) are formed by red
tentaculite packstones with calcisiltite matrix (locally
recrystallized). Except for tentaculites, other small fauna is
mainly represented by fragments of crinoids and less fre-
quently by ostracods, trilobites, bivalves, gastropods,
cephalopods, brachiopods as well as rare rugose corals.
Cone-in-cone structures of tentaculite shells are abundant.
They were reported by Koptikova (2011, pp. 101, 102) also
from upper part of the Tfebotov Limestone. Bioerosion of
the bioclasts of crinoids, trilobites, and other shells occur
very commonly, also in analogy to the Tfebotov Limestone
(Hladil 2004). Abundant stylolites are surrounded with
iron oxides.

Yellow to red coloured, tentaculite wackestone with
partly recrystallized bioclasts, is characteristic of inter-
val 15 (Fig. 5E). A decrease of the overall diversity and
abundance of fossils is evident in comparison with the
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Figure 5. Cefinka quarry section — thin sections. » A — fragment of coral in polarized light, interval 11, upper part of the Chynice Limestone. * B — partly
recrystallized tentaculite packstone with calcisiltite matrix and “cone-in-cone” structures, interval 13, upper part of the Chynice Limestone.
« C, D — tentaculite packstone with calcisiltite matrix and partly bioeroded fragments of crinoids, ostracods, brachiopods and molluscs, interval 14, upper
part of the Chynice Limestone. ¢ E — tentaculite wackestone, interval 15, upper part of the Chynice Limestone. * F — tentaculite packstone with bioeroded
fragment of crinoid, common “cone-in-cone” structures, partly recrystallized, interval 16, upper part of the Chynice Limestone.
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underlying intervals 12 to 14. The only exceptions are
cephalopod fragments, which are more abundant than in
the other intervals. Beds of tentaculite packstones, sepa-
rated from one another by very thin 2 to 5 mm thick interca-
lations of barren shales, represent intervals 16 to 17
(Fig. 5F). Fragments of crinoids, ostracods, trilobites, and
bivalves represent the greater part of the bioclasts.
Cone-in-cone structures are common. Interval 18 is formed
by a 3 cm thick layer of grey, strongly calcareous, soft
shale. It contains numerous shells of poorly-determinable
tentaculites, brachiopods, and ostracods.

Intercalations of homogeneous, tentaculite wacke-
stone/packstone and calcareous shales are typical features
of intervals 19 to 22 (Fig. 6A). Except for the tentaculites,
other fossils are rather rare. The limestones are partly
recrystallized. Cone-in-cone structures are present. Inter-
val 23 is formed by a distinct, 20 cm thick bed of dark red
packstone (Fig. 6B). The fossil assemblage of this lime-
stone bed is diversified — including abundant fragments of
tentaculites, ostracods, trilobites, and crinoids. Rarely,
hyolith shells and fragments of crustaceans were also
found, as well as a bryozoan zoecium in life-like positions
(attached upon a clast; Fig. 6C, D). Bioerosion of trilobite
and crinoid fragments are common, as well as cone-in-
cone structures. The sediment was bioturbated. One inter-
esting point is that the diversified assemblage, seen in the
thin sections, was not possible to extract by hammering (by
this method, only a few carapaces of ostracods were ac-
quired). The limestone beds of interval 24 and 25 represent
the end of sedimentation of the Chynice Limestone. A typi-
cal feature of these highly recrystallized tentaculite
wackestone/packstone beds, intercalated with thin layers
of calcareous shale, is the low abundance and overall diver-
sity of the macrofossils.

The final part of the section (intervals 26 to 29, Fig. 6F)
consists of compacted calcareous shales, with subordinate
amounts of red micritic limestones beds and lenses, form-
ing the transition between the Daleje Shale and the
Trebotov Limestone (compare with Chlupac et al. 1979).
Both limestones and shales contain tentaculite fauna.

Carbon isotopes

Thirty five samples collected at the Cefinka quarry secti-
on for isotope analyses of the carbonate carbon include an
interval from the upper Zlichov Limestone to the top of
the Chynice Limestone (Fig. 7). Measured values (Tab-
le 1) from the upper Zlichov Limestone and the lower part
of the Chynice Limestone (intervals 1 to 10) have a rather
uniform development. However, the value from inter-
val 11 (the first bed of the upper part of the Chynice Lime-
stone) and from the stratigraphically younger beds are
suddenly and distinctly lower and reach even negative va-
lues (Figs 7, 8).
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Notes on overall biodiversity

Investigation of the Cefinka quarry section mainly focused
on the study of carbonate petrology and quantitative tenta-
culite biostratigraphy. As a side product of the laboratory
processing and separation of all determinable tentaculite
shells, a rather large collection of other faunal elements
was produced. The fauna from the Cefinka quarry section
includes trilobites, ostracods, bivalves, gastropods, cepha-
lopods, brachiopods, anthozoans, rostroconchs, and hyo-
lithes; aside from the more than 1250 determinable shells
of tentaculites. In total, this fauna represents (without ten-
taculites) more than 50 different taxa, and will be further
evaluated in the coming years.

Cefinka hillside

The Cefinka hillside section is situated SE from the village
of Bubovice, and has been a well-known palaeontological
locality of the Chynice Limestone for more than 50 years.
A list of fossils from this locality (often called Bubovice)
was published by Chlupac (1957, 1959), Chlupac et
al. (1979, 1998), and Havlicek & Vanék (1996). Newly de-
scribed taxa from the Cefinka hillside section include inar-
ticulate brachiopods, trilobites, and gastropods (Vanék
1998; Fryda 2001; Fryda et al. 2008b, 2009; Budil et al.
2009; and Mergl & Ferrova 2009). During the years 2006
to 2010, this section was intensively studied by Lenka Fer-
rova. The section was exposed in an approximately 25 m
long trench, which included the upper part of the Zlichov
Limestone, the entire Chynice Limestone, and transitional
layers between the Daleje Shale and the Ttebotov Limestone.
The dip of the limestone beds in the entire studied section
was uniformly about 30° to the NW.

Facies development

The first two intervals (1, 2) have a total thickness of
about 80 cm (Fig. 3) and represent the upper part of the
Zlichov Limestone. It consists here of light grey, homoge-
neous, and well-bedded beds of tentaculite wackestone/
packstone without cherts, but with a calcisiltite matrix be-
aring a poor macrofaunal content (mostly fragments
of trilobites and brachiopods; Fig. 8A). Fragments of cri-
noids, ostracods, and tiny gastropod shells were also ob-
served as a subordinate faunal component. The sediment
in these intervals was distinctly bioturbated. Indefinite
edges between burrows and the enclosing sediment sug-
gests that bioturbation had already started in the
semi-lithified sediment. There is an increase from the
base of interval 1 to the top of interval 2 in both the abun-
dance and diversity of the bioclasts, as well as in the
amounts of broken shells.
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Figure 6. Cefinka quarry section — thin sections. * A — partly recrystallized tentaculite packstone, interval 19, upper part of the Chynice Limestone.
* B-E — thin sections from interval 23, upper part of the Chynice Limestone. B — packstone with diversified and partly bioeroded bioclasts of tentaculites
and other molluscs, crinoids, and ostracods; C — cross section of hyolithid (?) shell; D — small bryozoan zoecium attached on bioclast; E — well-preserved
fragment of crustacean carapace. * F — calcareous tentaculite shale, lower part of the Daleje Shale.
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Table 1. Isotope composition of carbonate carbon from the Cefinka
quarry limestone samples. Sampling covers much wider stratigraphic in-
terval of the Cefinka quarry section than biostratigraphic sampling. Table
shows a position of each sample relative to stratigraphic intervals.

Scale (cm) Interval §'°C (%o PDB) 8'%0 (%0 PDB)

0 0.34 -3.29
18 0.64 -3.03
53 0.76 —2.64
76 0.62 -2.86
93 0.44 -2.97

107 0.45 —2.96
107 0.72 —2.81
129 0.69 —2.68
147 0.70 -2.71
169 0.75 -2.73
187 0.87 -2.15
204 0.73 -2.53
209 1 0.70 -3.28
222 2 0.71 -2.32
240 3 0.29 -2.95
255 3 0.50 —2.46
265 4 0.60 —2.28
275 4 0.71 -2.10
295 5 0.71 —2.58
315 6 0.75 -2.63
315 6 0.78 -2.67
335 7 0.71 -2.63
355 8 0.65 -2.57
375 8 0.58 -2.76
395 9 0.50 -2.50
423 9 0.44 —2.78
451 10 0.61 -2.50
451 10 0.66 —2.42
474 11 -0.24 -2.81
502 13 -0.64 -3.35
524 14 -0.18 -3.23
547 15 -0.06 -3.85
569 16 -0.19 —4.15

Intervals 3 to 14, with a total thickness of 2.5 m, repre-
sent the lower part of the Chynice Limestone (Figs 8B—F,
9A, B). The transition between the Zlichov and Chynice
limestone is rather sharp. Sedimentation of the Chynice
Limestone begins with an approximately 5 cm thick layer
of weathered, totally recrystallized grainstone (size of the
calcite grains about 1 to 2 mm). Because of this, a determi-
nation of the primary sedimentological features of this in-
terval is impossible. The following beds are formed by
white to light rosy neomorphized limestones (grainstones)
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bearing fragments of ostracods, tentaculites, small
trilobites, brachiopods, and locally abundant spicules
(Fig. 8B-D). Sometimes, the bioclasts are micritized.
Microsparite is often concentrated in the fillings of convex
shells and the shells of tentaculites. Pseudosparite forms
approximately 40% of the rock volume. A typical feature
of the following intervals (5 and 6) is a gradual upwards in-
crease in the amount of crinoidal fragments.

The lower part of the Chynice Limestone (intervals 7
to 14; Fig. 3) show a gradual change from rosy unsorted
floatstones with calcisiltite matrix, through poorly
washed crinoidal packstones with pelletoids, to rosy cri-
noidal grainstones in the upper part (Figs 8E, F, 9A, B).
Apart from crinoidal detritus, numerous fragments of dif-
ferent trilobites, corals, tentaculites, and ostracods were
documented. Less frequent faunal elements include gas-
tropods, cephalopods, rostroconchids, and bivalves.
Traces of bioerosion are rare within all of these intervals
(7-14).

The upper part of the Chynice Limestone is formed by
coarsely bedded limestone beds of a grey to red-brown col-
our. Intervals 15 to 18 represent unsorted floatstones with
umbrella structures and pluricolumnals of crinoids to coral
bindstones (Fig. 9C-F). The most abundant fauna are cri-
noids, trilobites, corals, tentaculites, and brachiopods.

The following succession also contains limestone beds
formed by in situ benthic organisms (mainly corals). The
top of the Chynice Limestone and its boundary with the
calcareous shale layers, forming the transition between the
Daleje Shale and the Tiebotov Limestone, is quite fast, yet
gradual. This interval was studied by Chlupac et al. (1979)
at a very close section (named as Bubovice). Generally, the
amount of fine grained carbonate particles, as well as of
fine siliciclastic materials, gradually increases as the
biodetritic component decreases (Chlupac et al. 1979, and
in our data). The uppermost part of the section has not yet
been studied in detail, and will be one of the goals of the on-
going project.

Notes on overall biodiversity

Investigation of the Cefinka hillside section mainly focu-
sed on the palaeoecology of the taxa occurring in the Chy-
nice Limestone. Since 2008, systematic research of
this section was performed by Ferrova (2010). More
than 2,100 fossil specimens belonging to 84 species were
collected in the lower part of the Chynice Limestone (inter-
vals 7 to 14 with a total thickness of about 2.5 m). The up-
per part of the Chynice Limestone, with an even higher di-
versity, is currently studied by the senior author.
Publications evaluating the entire fauna are in preparation;
three short papers based on these newly collected materials
have already been published (Fryda et al. 2008b, 2009;
Mergl & Ferrova 2009).



Tentaculite biostratigraphy

The stratigraphic distributions of all species of tentaculi-
tes (dacryoconarid, as well as true tentaculites) were exa-
mined at both newly studied sections, the Cefinka hillside
and Cefinka quarry. Quantitative data, representing more
than 1250 determined specimens are plotted in Figs 10
and 11 together with the results of rarefaction analyses
(Fig. 12), which verified a good sampling density at the
Cefinka quarry section. Fourteen tentaculite species were
documented at both of the studied sections. In addition,
several important biostratigraphic observations have been
made. Irrefutable co-occurrences of N. barrandei
and N. elegans (Figs 3, 11) as well as irrefutable co-occur-
rences of N. elegans and N. cancellata have been discove-
red.

Careful evaluation of more than 800 tentaculite shells
belonging to the species N. barrandei, N. elegans, and
N. cancellata reveals numerous occurrences of transi-
tional forms between N. elegans and N. cancellata (see
discussion below), but not between N. barrandei and
N. elegans.

In the following section, the basic data on all of the
tentaculites found are summarized together with a list of all
their occurrences in the Barrandian area, based on pub-
lished papers as well as on the unpublished data of Pavel
Lukes. The terms Zlichovian and Dalejan are used in the
following taxonomic portion in the traditional sense (i.e.,
the Dalejan starts with the first occurrence of Nowakia
cancellata). The character “+” means that the mentioned
taxa occur together.

Tentaculitids found at the Cefinka sections

Order Tentaculitoidea Lyashenko, 1957
Family Tentaculitidae Walcott, 1886

Genus Dicricoconus Fisher, 1962
(= Heteroctenus Lyashenko, 1955)

Dicricoconus sp.

Cefinka sections. — 7 incomplete shells from the Cefinka
quarry section (upper part of Chynice Limestone — layers
with N. elegans and N. elegans + N. cancellata).

Other occurrences in the Barrandian. — Voskop quarry
(Konéprusy area): lowermost part of the Suchomasty
Limestone (the filling of Neptunian dykes) without dating
by index dacryoconarid tentaculites.

Stratigraphic range. — Uppermost Zlichovian—lower Dale-
jan, Emsian.
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Figure 7. Cefinka quarry section showing isotope composition of car-
bonate carbon from individual stratigraphic intervals. Note the sudden
change in 8'3C values at the sequence boundary (boundary of intervals
10 and 11).
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Remarks. — Incomplete shells 2 to 4 mm long without pro-
ximal part do not allow precise species determination. Ne-
vertheless a thick body wall with fine dense rings and con-
spicuous protuberant mounds place these shells into genus
Dicricoconus.

Order Homoctenida Boucek, 1964
Family Homoctenidae Lyashenko, 1955

Genus Homoctenus Lyashenko, 1955

Homoctenus hanusi (Boucek, 1964)

Holotype. — Specimen figured by Boucek (1964) on pl. 40,
fig. 1; Coll. NM L 6287a.

Type locality. — Praha-Hlubocepy, outcrop near the upper
viaduct.

Type horizon. — Daleje Shale with N. cancellata (upper
Emsian).

Cefinka sections. —Tens of shells, all preserved without the
proximal part, from the Cefinka quarry section (upper part
of the Zlichov Limestone and the Chynice Limestone — al-
most continuous occurrence from layers with N. barrandei
to those with N. cancellata) and from the Cefinka hillside
section (Chynice Limestone — layers with N. barrandei and
N. barrandei + N. elegans).

Other occurrences in the Barrandian. — Svagerka sec-
tion (bed No. 26, upper part of Zlichov Limestone with
N. barrandei); Klukovice section (lower part of the Chy-
nice Limestone with N. barrandei); Pekarkiiv mlyn sec-
tion (upper part of Zlichov Limestone to lower part
of Daleje Shale — layers with N. barrandei and N. ele-
gans); Machackiv lom near Hostim (lowermost part
of the Trebotov Limestone — dating by index dacryoco-
narid species was not available). Boucek (1964) noted
several additional occurrences: KarlStejn — V Hlubokém
Valley (Daleje Shale); Holyné (Ttebotov Limestone);
Dolni Roblin (Eifelian Chote¢ Limestone).

Stratigraphic range.— Upper Zlichovian—Dalejan, Emsian,
and ?Eifelian (Boucek 1964).

Remarks. — Detailed description of this species is given by
Boucek (1964, pp. 144-146).

Subclass Dacryoconarida Fisher, 1962
Order Nowakiida Lyashenko, 1955
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Genus Nowakia Giirich, 1896

Nowakia (Nowakia) barrandei Bouc¢ek & Prantl, 1959
Figures 13D-F, 14A-C, K-O, 15B, C

Holotype. — Specimen figured by Boucek (1964) on pl. 8,
fig. 2, Coll. NM L6185, National Museum, Prague.

Type locality. — Chote¢ (Barrandian area, Czech Republic).

Type horizon. — Upper layers of the Zlichov Limestone,
Zlichovian (lower Emsian, Devonian).

Cefinka sections. — Tens of very well preserved shells from
the Cefinka quarry section (uppermost part of the Zlichov
Limestone and lower part of Chynice Limestone) and from
the Cefinka hillside section (lower part of Chynice Lime-
stone and in basal beds of upper part of Chynice Limestone
together with N. elegans).

Other occurrences in the Barrandian. — Svagerka section
(uppermost part of the Zlichov Limestone and lowermost
part of the Daleje Shale — documented co-occurrence with
N. elegans); Pekarktiv mlyn section (upper part of the Zli-
chov Limestone); Klukovice section (Chynice Limestone);
Cisafska rokle section (upper part of the Zlichov Limes-
tone and the Chynice Limestone); Luke$ (1977) noted ad-
ditional occurrences: Chynice “Ve mlynci”; Praha-Holy-
né; Kominicka rokle near Choteg.

Stratigraphic range. — Upper Zlichovian (lower Emsian,
Devonian).

Remarks. — Detailed description of was given by Boucek
(1964, pp. 74-77), Lardeux (1969, pp. 96-99), Lukes
(1977, p. 20) and Alberti (1993, pp. 33, 34).

Nowakia (Nowakia) elegans (Barrande, 1867)
Figures 13A-C, 14D-J, 15A,D

Holotype. — Specimen figured by Barrande (1867) on
pl. 14, figs 20-24 and by Boucek (1964) on pl. 11, fig. 1,
Coll. NM L6206; National Museum, Prague.

Type locality. — Véavriv mlyn in the Radotin Valley
(= “Wawrowitz”), Prague, Czech Republic.

Type horizon. — The uppermost layers of the Zlichov Lime-
stone and lowermost part of Daleje Shale, uppermost Zli-
chovian (Emsian, Devonian).

Cefinka sections. — Tens of very well preserved shells
from the Cefinka quarry section (upper part of the Chynice
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Figure 8. Cefinka hillside section — thin sections. * A — homogenous tentaculite packstone with calcisiltite matrix, interval 1, uppermost part of the
Zlichov Limestone. « B-D — interval 4, lower part of the Chynice Limestone. B — recrystallized limestone (grainstone) containing of tentaculite shells and
fragments of ostracods partly filled with microsparite (dark coloured); C — detail view of partly micritized ostracod carapace filled with microsparite
(middle of the figure); D — detail view of black coloured spicule. ¢ E — floatstone with fragments of corals, crinoids, ostracods, brachiopods, tentaculites
and other molluscs, interval 7, lower part of the Chynice Limestone. * F — crinoidal-tentaculite packstone, shells are partly recycled (fillings of tentaculite
shells are different from the matrix), interval 8, lower part of the Chynice Limestone.
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Limestone also together with N. cancellata) and from the
Cefinka hillside section (upper part of the Chynice Limes-
tone together with N. barrandei).

Other occurrences in the Barrandian. — Svagerka section (up-
permost part of the Zlichov Limestone and lower part of the
Daleje Shale also together with N. barrandei); Klukovice sec-
tion (uppermost part of the Chynice Limestone and lower part
of the Daleje Shale); Pekarkiiv mlyn section (uppermost part
of the Zlichov Limestone and lower part of the Daleje Shale);
Cisarska rokle section (Chynice Limestone); Cerveny lom
(lower part of the Suchomasty Limestone). Lukes (1977) noted
additional occurrences: Praha-Holyné and Kominicka rokle.

Stratigraphic range. — Uppermost Zlichovian and lower-
most Dalejan (Emsian, Devonian).

Remarks. — Detailed description is given by Lukes (1976,
pp. 20-23), Salah (1976, pp. 29-39) and by Alberti (1993,
pp. 37, 38).

Nowakia (Nowakia) elegans (Barrande, 1867) —
Nowakia (Nowakia) cancellata (Richter, 1854)

Cefinka sections. — Tens of well-preserved shells from the
Cefinka quarry section (upper part of Chynice Limestone
together with N. elegans and N. cancellata).

Remarks. — Transitional forms between N. elegans and
N. cancellata (in sense of Luke$ 1977) were first recognized
by Alberti (1993), who figured them on table 17 (figs 5-11).
Material newly collected at the Cefinka hillside section re-
vealed several different types of “transitional” forms. The
most noticeable form has proximal parts of juvenile shell
with a “cancellata-like” shape and ornamentation. Howe-
ver, the adult part of the shell bears an “elegans-like” shape
and ornamentation. Large and well-preserved new material
needs further detailed study using numerical methods.

Stratigraphic range. — Uppermost Zlichovian to lowermost
Dalejan (Emsian, Devonian).

Other occurrences in the Barrandian. — Pekarkiv mlyn
section (lower part of the Daleje Shale together with . ele-
gans); Karlstejn — V Hlubokém Valley (lower part of the
Daleje Shale together with N. cancellata); Cisai'ské rokle
section (Chynice Limestone together with N. elegans).

Nowakia (Nowakia) cancellata (Richter, 1854)

Holotype. — Specimen figured by Richter (1854) on pl. 3,
figs 10-13.
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Type locality. — East Thuringian Highland (original loca-
lity unknown, Germany).

Type horizon. — “Schiefer der Tentaculitenschichten” (ori-
ginal designation of R. Richter), lower Dalejan, upper Em-
sian (Devonian).

Cefinka sections. — Hundreds of complete shells preserved
in limestones as well as in shales from the Cefinka quarry
section (upper part of the Chynice Limestone and lower
part of transitional layers between the Daleje Shale and the
Trebotov Limestone together with N. elegans) and from
the Cefinka hillside section (Daleje Shale).

Other occurrences in the Barrandian. — Klukovice sec-
tion (Daleje Shale — 9 m above the boundary with
the Chynice Limestone); Pekarkiv mlyn section (Daleje
Shale — 12 m above the boundary with the Zlichov Lime-
stone); Karlstejn (lower part of the Daleje Shale); Cisar-
ska rokle section (lower and middle part of the Daleje
Shale); Machackiv lom near Hostim (lowermost part
of the Tfebotov Limestone in about 1 m thick interval);
Cerveny lom (lower part of the Suchomasty Limestone).
Lukes (1977) noted additional occurrences: Chynice “Ve
mlynci” and Kominicka rokle.

Stratigraphic range. — Lower Dalejan (upper Emsian, De-
vonian).

Remarks. — Detailed description is given in Salah (1976,
pp. 4048, table 3, figs 1-10), Lukes (1977, pp. 23-24,
table 1, fig. 3, table 5, figs 1-7, table 7, figs 1-3), Alberti
(1993, pp. 335-336, table 13, fig. 13, table 19, figs 1-16,
text-fig. 9).

Genus Viriatellina Boucek, 1964
Viriatellina hercynica Boucek, 1964

Holotype. — Specimen figured by Boucek (1964) on pl. 17,
fig. 6, Coll. NM S1830; National Museum, Prague.

Type locality. — Zorge, Harz (Germany).

Type horizon. — Upper layers of the “Tentaculitenknollen-
kalk”; Dalejan (upper Emsian, Devonian).

Cefinka sections. — Tens of very well preserved shells from
the Cefinka quarry section (upper part of the Zlichov Lime-
stone and Chynice Limestone together with N. barrandei,
N. elegans and N. cancellata) and from the Cefinka hillside
section (Chynice Limestone — in layers with N. barrandei
and N. barrandei + N. elegans).
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Figure 9. Cefinka hillside section — thin sections. » A — recrystallized limestone with micritic pelletoids and altered (micritized) and non-altered shells
(lower part of view) and crinoidal grainstone (upper part of view) separated by stylolitic boundary, interval 8, lower part of the Chynice Limestone.
* B — crinoidal grainstone, interval 13, lower part of the Chynice Limestone. * C — unsorted floatstone with diversified bioclasts. ¢ D — pluricolumnal of cri-
noid, E — umbrella structure (fragment of trilobite shell). C—E — interval 15, upper part of the Chynice Limestone. ¢ F — crinoidal unsorted floatstone with
fragments of tentaculites, corals and other fossils, interval 17, upper part of the Chynice Limestone.
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Figure 10. Cefinka quarry section — quantitative data on the stratigraphic distribution of tentaculites.

Other occurrences in the Barrandian. — Svagerka sec-
tion (upper part of the Zlichov Limestone to lower part
of the Daleje Shale in layers with N. barrandei
and N. barrandei + N. elegans); Klukovice section
(Chynice Limestone with N. barrandei); Pekarktv
mlyn section (upper part of the Zlichov Limestone
and lowermost layer of the Daleje Shale — layers with
N. barrandei and N. elegans); KarlStejn — V Hlubokém
Valley (upper part of the Zlichov Limestone); Cisarska
rokle section (upper part of the Zlichov Limestone and
the Chynice Limestone with N. barrandei and N. ele-
gans).

Stratigraphic range. — Upper Zlichovian to lower Dalejan
(Emsian, Devonian).

Remarks. — Detailed descriptions in Boucek (1964, pp. 95,
96, table XVII, figs 3-7), Lardeux (1969, pp. 126-128,
figs 95-96). Alberti (1998) introduced new several taxa
closely resembling V. hercynica.

Viriatellina pseudogeinitziana Boucek, 1964

Holotype. — Specimen figured by Boucek (1964) on pl. 18,
fig. 1; Coll. NM L6212, National Museum, Prague.

Type locality. — Chote¢ (Barrandian, Czech Republic).
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Type horizon. — Uppermost layers of the Zlichov Limestone;
uppermost Zlichovian (lower Emsian, Devonian).

Cefinka sections. — About 26 shells from the Cefinka
quarry section (upper part of the Zlichov Limestone and
the Chynice Limestone with N. barrandei, N. elegans +
N. cancellata) and from the Cefinka hillside section (Chy-
nice Limestone with N. barrandei and N. barrandei +
N. elegans).

Other occurrences in the Barrandian. — Svagerka section
(upper part of the Zlichov Limestone with N. barrandei);
Klukovice section (Chynice Limestone with N. barrandei);
Pekarktiv mlyn section (upper part of the Zlichov Lime-
stone with N. barrandei); Cisafska rokle section (upper
part of the Zlichov Limestone with N. barrandei). Luke§
(1977) noted also Kominicka rokle.

Stratigraphic range. — Upper Zlichovian to lower Dalejan
(Emsian, Devonian).

Remarks. — Detailed descriptions is given by Boucek
(1964, pp. 96-99) and Lardeux (1969, pp. 134-136).
V. pseudogeinitziana occurs commonly together with
V. hercynica but former species has bigger and more robust
shell with higher number of longitudinal ribs than V. hercy-
nica. V. pseudogeinitziana has in comparison with N. bar-
randei just undulated surface of the shell.



Viriatellina mui Alberti, 1993

Holotype. — Specimen figured by Alberti (1993) on pl. 43,
fig. 2, Coll. SMF 48696.

Type locality. — Gara Mdouard SW Erfoud (Tafilalt, Mo-
rocco).

Type horizon. — Biodetritic limestone with Nowakia bar-
randei (lower Emsian, Devonian).

Cerinka sections. — About ten mostly incomplete but well-
preserved shells from the Cefinka quarry section (uppermost
part of the Zlichov Limestone to upper part of the Chynice
Limestone with N. barrandei to N. elegans + N. cancellata).

Other occurrences in the Barrandian. — Svagerka section
(upper part of the Zlichov Limestone with N. barrandei +
N. elegans); Klukovice section (Chynice Limestone, bed
no. 39 with N. barrandei).

Stratigraphic range. — Upper Zlichovian (lower Emsian,
Devonian).

Remarks. — Detailed description is given by Alberti
(1993, pp. 72, 73). Morphological characters of V. mui
resemble those in Stylionowakia ligeriensis Lardeux,
1969. The latter species occurs also in layers with N.
barrandei. Shells of V. mui are longer, more robust and
bearing transversal mounds in middle and apical part of
the shell. In S. ligeriensis transversal mounds occur in
apertural part. However it is difficult to determination
incomplete shells.

Genus Stylionowakia Lardeux, 1969

Stylionowakia ligeriensis Lardeux, 1969

Holotype. — Specimen figured by Lardeux (1969) on pl. 47,
fig. 1; Institut de Paléontologie du Muséum d’Historie na-

turelle de Paris.

Type locality. — La Grange near Chalonnes (Armorican
Massif).

Type horizon. — La Grange Limestone (lower Emsian, De-
vonian).

Remarks. — See remarks of V. mui.
Cefinka sections. — Several incomplete but well preserved

shells from the Cefinka hillside section (lower part of the
Chynice Limestone with N. barrandei).
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Figure 11. Cefinka hillside section — quantitative data on the strati-
graphic distribution of tentaculites.

Other occurrences in the Barrandian. — Klukovice section
(Chynice Limestone with N. barrandei); Pekarkiiv mlyn
section (upper part of the Zlichov Limestone, bed No. 16
with N. barrandei).

Stratigraphic range. — Upper Zlichovian (lower Emsian,
Devonian).

Genus Metastyliolina Boucek & Prantl, 1961

Metastyliolina striatissima Boucek & Prantl, 1961

Holotype. — Specimen figured by Boucek (1964) on pl. 37,
fig. 8; Coll. NM L6273.

Type locality. — Svagerka near Zlichov (Praha-Hlubodepy,
Czech Republic).

Type horizon. — Daleje Shale (upper Emsian, Devonian).

Remarks. — Detailed description is given by Boucek (1964,
pp. 142, 143).

Cefinka sections. — Six shells from the Cefinka quarry sec-

tion (uppermost part of the Chynice Limestone and lower
part of the Daleje Shale with N. cancellata).
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Other occurrences in the Barrandian. — Cisarské rokle
section (the Daleje Shale and upper part of the Trebotov
Limestone — layers with N. cancellata and N. richteri);
Boucek (1964) noted also following localities:
Praha-Holyné (Chote¢ Limestone with N. sulcata); Chy-
nice — Spodni mlyn (Chote¢ Limestone with N. sulcata);
Vysoky Ujezd (abandoned quarry — the Chote¢ Limestone
with N. sulcata).

Stratigraphic range.— Upper Zlichovian (Emsian) to lower
Eifelian.

Genus Costulatostyliolina Lardeux, 1969
Costulatostyliolina roemeri (Boucek, 1964)

Holotype. — Specimen figured by Boucek (1964) on pl. 37,
fig. 2; Coll. NM L6268.

Type locality. — Holyné — abandoned quarry (Prague,
Czech Republic).

Type horizon. — Lower part of the Trebotov Limestone
(Dalejan, upper Emsian).

Cefinka sections. — Tens of well-preserved complete shells
from the Cefinka quarry section (upper part of the Chynice
Limestone with N. barrandei, N. elegans, and N. cancel-
lata) and from the Cefinka hillside (upper part of the Chy-
nice Limestone with N. barrandei + N. elegans).

Other occurrences in the Barrandian. — Klukovice section
(Daleje Shale with N. elegans); Pekarkiiv mlyn section
(upper part of the Zlichov Limestone with N. barrandei);
Machacktv lom near Hostim (Chynice Limestone).
Stratigraphic range. — Upper Zlichovian (Emsian).
Remarks. — Detailed description made by Boucek (1964,
pp- 134-136).

Costulatostyliolina termierae Lardeux, 1969

Holotype. — Specimen figured by Lardeux (1969) on pl. 50,
fig. 1; Institut de Paléontologie du Muséum d’Histoire na-

turelle de Paris.

Type locality. — La Grange, near Chalonnes (Armorican
Massif).

Type horizon. — La Grange Limestone (lower Emsian, Lo-
wer Devonian).
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Cefinka sections. — Tens of well-preserved shells (but none
with protoconch) from the Cefinka quarry section (upper
part of the Chynice Limestone with N. elegans and N. can-
cellata).

Other occurrences in the Barrandian. — Chlupac (1978) no-
ted its occurrence in the Zlichov and Chynice limestones in

his list of fossils but without any other locality information.

Stratigraphic range. — Upper Zlichovian to lower Dalejan
(Emsian).

Remarks. — Detailed description is given by Lardeux
(1969, pp. 176-178). C. termierae differs from closely re-
lated C. roemeri by its sparse longitudinal ribs.

Order Styliolinida Lyashenko, 1955

Genus Styliolina Karpinsky, 1884

Type species. — Styliolina nucleata Karpinsky, 1884.
Styliolina sp.

Cerinka sections. — Hundreds of shells with different kinds
of preservation; abundant through entire Cefinka sections.

Other occurrence in the Barrandian. — Abundant through
the whole Zlichov and Daleje-Tiebotov formations.

Remarks. — Straight smooth mostly conical shells disallo-
wed any precise taxonomical identification and can contain
more taxa together. At present state of knowledge speci-
mens of this genus have no importance to detailed biostra-
tigraphical research. For this reason shells of Styliolina sp.
were not evaluated in presented analysis.

Order Gonionowakiida Lardeux, 1969

Genus Gonionowakia Ruan & Mu, 1983

Type species. — Gonionowakia hexagona Ruan & Mu, 1983.
Gonionowakia sp.

Cefinka sections. — Several incomplete well-preserved
shells from the Cefinka quarry section (upper part of the
Zlichov Limestone with N. barrandei).

Other occurrences in the Barrandian. — Svagerka section

(upper part of the Zlichov Limestone with N. barrandei);
Pekarktv mlyn section (upper part of the Zlichov Limestone
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Figure 12. Cefinka quarry section — comparison of taxonomic diversity in 15 tentaculite samples (intervals 5-21), using rarefaction analysis. By extrap-
olation, the curves indicate if further sampling would have increased the number of tentaculite species. The curves also show how many tentaculite spe-
cies we would expect to find if the number of specimens in the sample were lower. Standard deviations are also shown.

with N. elegans); Cisafska rokle section (upper Zlicho- Remarks. — According to Ruan & Mu (1983), fine shell

vian). with polygonal transverse section, sparse longitudinal ribs
and sharp-ridged transverse rings characterize the genus
Stratigraphic range. — Upper Zlichovian. Gonionowakia.

609



Bulletin of Geosciences * Vol. 87, 3, 2012

Genus Gonioviriatellina Ruan & Mu, 1983

Type species. — Gonioviriatellina cancellosa Ruan & Mu,
1983.

Gonioviriatellina sp.

Cefinka sections. — Several incomplete, but well-preserved
shells from the Cefinka quarry section (upper part of the
Zlichov Limestone with N. barrandei).

Other occurrences in the Barrandian. — Karl$tejn — V Hlu-
bokém Valley (upper part of the Zlichov Limestone).

Stratigraphic range. — Upper Zlichovian (Emsian).

Remarks. — Ruan & Mu (1983) characterized this genus by
fine shell with polygonal transverse section, sparse longi-
tudinal ribs and undulated transverse rings.

Proposal for a new tentaculite
biostratigraphy

The biostratigraphic correlation within the stratigraphic in-
terval close to the Daleje Event (roughly corresponding to
the boundary interval of the regional stages Zlichovian and
Dalejan) was traditionally based upon tentaculite biostra-
tigraphy (Boucek 1964, Lukes 1977). Tentaculite biostra-
tigraphy has provided precise relative dating and correla-
tion of disconformities, unconformities, hiatuses, and
sedimentological changes among the Lower and Middle
Devonian sections of the Barrandian. Within the stratigrap-
hic interval around the Daleje Event, the tentaculite bio-
stratigraphy provides a much higher stratigraphic resolu-
tion than biozonation, based on conodonts or goniatites. It
is highly unlikely to considerably increase the stratigraphic
resolution of goniatite biostratigraphy in the future, simply
due to the fact that the goniatites generally occur rather ra-
rely, and it will be impossible to find them in all of the stu-
died beds. In contrast, it is easily possible to collect nume-
rous determinable tentaculite shells in every limestone or
shale bed. However, it has to be noted that the full potential
of conodont biostratigraphy has not hitherto been evalua-
ted in the Barrandian, and this is one of the main targets of
the ongoing project.

Previously published tentaculite biozonal charts for the
Barrandian area were composed of taxon-range zones
(Boucek 1964). All beds close to the Daleje Event bear rich
and diverse tentaculite assemblages (Figs 10 and 11). Spe-
cies of the genus Nowakia Giirich, 1896 belong to the most
abundant and easily determinable taxa; for this reason, they
have been used for biostratigraphic correlations. Here, we
review the existing biozones, and define one new subzone.
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All of these biozones are defined here as interval zones.
The main reason for this definition is the fact that new,
more detailed biostratigraphic research has revealed co-oc-
currences of adjacent index biozones (e.g., N. barrandei +
N. elegans; N. elegans + N. cancellata). An interval zone is
much less affected by widespread and confusing overlaps
and gaps among zonal index taxa. Here, each of redefined
interval zones is applied in accordance with the strati-
graphic “rules” proposed by the second edition of the Inter-
national Stratigraphic Guide (Salvador 1994) and the third
edition of Czech Stratigraphic Code (Chlupa¢ & Storch
1997). These biozones are defined by two bounding
biohorizons, and named after the most significant tradi-
tional index species. Each biozone is further typified by a
distinct tentaculite assemblage and its type section. This is
just the first step in a redefinition of the tentaculite biozonal
charts for the Barrandian area.

Taken together, usage of the biozones mentioned below
as interval zones are the same as those mentioned by several
authors (e.g., Liitke 1979, Kim 2011) but our usage differs
from their common usage as range zones. In the following
paragraphs, the basic data on the newly proposed tentaculite
biostratigraphy of the Daleje Event interval are summarized.
All of the biozones are listed in stratigraphic order.

Nowakia barrandei Biozone

This interval biozone is named after the characteristic spe-
cies Nowakia barrandei Boucek & Prantl, 1959, which is
an internationally recognized zonal index fossil (Boucek
1964, Alberti 1993). The base of the barrandei Biozone is
placed at the first appearance of N. barrandei, and its top at
the first appearance of N. elegans (Barrande, 1867) in sense
of Lukes (1977). Several additional tentaculite species oc-
cur within the N. barrandei Biozone — Viriatellina pseudo-
geinitziana Boucek, 1964, V. hercynica Boucek, 1964,
V. mui Alberti, 1993, Costulatostyliolina roemeri (Boucek,
1964), Stylionowakia cf. ligeriensis Lardeux, 1969, Gonio-
nowakia sp., as well as the homoctenid Homoctenus hanusi
(Boucek, 1964). The type section of the barrandei Biozone
is at the Svagerka section.

Nowakia elegans Biozone
(including the barrandei-elegans Subzone)

This interval biozone is named after the characteristic spe-
cies Nowakia elegans (Barrande, 1867), which is a widely
distributed zonal index fossil (Alberti 1993). The base of
the elegans Biozone is placed at the first appearance of
N. elegans, and the top of this biozone at the first appea-
rance of N. cancellata (Richter, 1854) in sense of Luke$
1977).
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Figure 13. Shells of Nowakia elegans (A-C) and Nowakia barrandei (D-F). * A, B — oblique lateral and lateral views of specimen PL333, Bubovice,
Chynice Limestone. ¢ C — lateral view of specimen LF001, Cefinka quarry, interval 17. « D — lateral view of specimen PL3719, Pekarktiv mlyn.
* E —lateral view of specimen PL.12, Chote¢, Zlichov Limestone. ¢ F —lateral view of specimen LF002, Cefinka hillside, interval 13. A, B x 20; C x 20;
D x22; E x 17; F x 30.

The lower part of the elegans Biozone is marked by its
common occurrences of N. elegans and N. barrandei.
Here, this level is established as a new barrandei—elegans
Subzone within the N. elegans Biozone. Its base is also
identical with the base of the elegans Biozone, and its top at
the last appearance of N. barrandei. Several additional
tentaculite species were found in both biozones; Costulato-
styliolina roemeri (BouCek, 1964), and C. termierae
Lardeux, 1969, are the most common species, together
with the zonal index species within the elegans Biozone
above the barrandei-elegans Subzone. However, C. roe-
meri also occurs in the barrandei—elegans Subzone and the
underlying barrandei Biozone (Figs 11 and 12). Viria-
tellina pseudogeinitziana, V. hercynica, V. mui, Homo-
ctenus hanusi, Dicricoconus sp., and Gonioviriatellina sp.
are less frequent species of the elegans Biozone. The spe-
cies C. termierae did neither occur in the bar-
randei—elegans Subzone nor in the underlying barrandei
Biozone. The type section of the barrandei—elegans
Subzone and the elegans Biozone is the Svagerka section;
it is also well documented at the Cefinka hillside section
(Fig. 3), as well as some other regions (Spain, Pamir Mts).
Liitke (1979) also mentioned the co-occurrence of
N. elegans and N. barrandei; however, he did not make any
formal conclusions.

Nowakia cancellata Biozone

This interval biozone is named after the characteristic spe-
cies Nowakia cancellata (Richter, 1854) sensu LukeS
(1977), which is an internationally recognized zonal index
fossil (Boucek 1964, Alberti 1993). The base of the cancel-
lata Biozone is placed at the first appearance of N. cancel-
lata (in sense of Lukes 1977), and the top of this biozone at
the first appearance of N. richteri Bouc¢ek & Prantl, 1959.
The typical feature of the lower part of the cancellata Bio-
zone is marked by the co-occurrences of N. cancellata and
N. elegans. In the future, this level has good potential for
the establishment of a new elegans-cancellata Subzone
within the N. cancellata Biozone. However, very frequent
occurrences of transitional forms (see above) between
N. elegans and N. cancellata (Richter, 1854) in sense of
Lukes (1977) makes the definition of this subzone proble-
matic before a detailed morphological analysis of all of
these forms. Such an analysis must be based on a large
amount of material (many tens or hundreds of well-
preserved shells), which has to be collected with the grea-
test stratigraphic resolution at several sections, in order to
eliminate the influence of possible very short gaps in the
sedimentation. At the current time, such material exists
from only one section, as a by-product of the present study.
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The most common species in the cancellata Biozone,
with the exception of the index taxon, are Costulatosty-
liolina roemeri and C. termierae. Their abundance is high-
est at the boundary of the elegans and cancellata biozones
(Fig. 10). Viriatellina pseudogeinitziana, V. hercynica,
V. mui, Stylionowakia cf. ligeriensis, Metastyliolina stria-
tissima, Homoctenus hanusi, and Dicricoconus sp. are less
frequent species of the cancellata Biozone. The type sec-
tion of the cancellata Biozone is at the Cisarska rokle near
Srbsko.

Features of new tentaculite biostratigraphy

Redefinition of the tentaculite biostratigraphy of the Da-
leje Event interval is based on very large amounts of new
materials (more than 1250 species determined) from two
sections in the Bubovice area (Cefinka quarry and Ce-
finka hillside sections). The method used for the collec-
tion of this biostratigraphic data makes their quantitative
evaluation possible. Results of rarefaction analyses of
tentaculite occurrences in each of the studied beds
(Fig. 12) suggest a rather good sampling density (i.e.,
there is a low probability that the studied beds contain sig-
nificantly more tentaculite species). Collection of such a
large amount of fossil materials revealed wider stratigrap-
hic ranges for some tentaculite species. Costulatostylio-
lina roemeri, Viriatellina hercynica, V. mui, and V. pseu-
dogeinitziana were first found in the Nowakia cancellata
Biozone. The latter species, V. pseudogeinitziana, was
also first recorded from the Nowakia elegans Biozone
(also including the barrandei—elegans Subzone). The oc-
currence of C. termierae at the Cefinka quarry section re-
presents the first well-documented occurrence of this spe-
cies in the Barrandian.

The most important result of the quantitative collection
of tentaculites is not the improvement of the stratigraphic
ranges of rare taxa, but an improvement of the tentaculite
biostratigraphy. All previously published tentaculite
biostratigraphic data are only based on a qualitative ap-
proach to the data collection. This qualitative approach,
producing an absence/presence dataset, provided a much
lower biostratigraphic resolution than the quantitative ap-
proach does, because many (or even most) of the data are
only inferred from a single occurrence of a particular
dacryoconarid species in any given bed. In addition,
biostratigraphic data were not collected from all beds (see
sections in Chlupac et al. 1979). Our results clearly provide
evidence for the co-occurrence of N. elegans and N. bar-
randei, making the definition of a new subzone possible.
The new subzone was also recognized at South Tien Shan
(Kim et al. 1978, 2011; Fryda, unpublished data) and in
Spain (Montesinos & Truyols-Massoni 1987, Garcia-Al-
calde et al. 1988). Lack of densely sampled sections within
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this stratigraphic interval, as well as the low number of
tentaculite specialists are probably the main reasons for the
missing records of co-occurrences of N. elegans and
N. barrandei from other areas of the world. The duration of
the barrandei—elegans Subzone was probably rather short,
judging from a comparison of its thickness with those of
other Emsian biozones.

Discussion of transgression-regression
history and faunal changes

The present study is focused on the lithological appearance
of the Daleje Event in areas with predominantly carbonate
sedimentation. Application of the new high-resolution ten-
taculite biozonation to the newly gathered sedimentologi-
cal data has resulted in a more detailed model of the
transgression-regression history and faunal changes across
the Daleje Event interval in the Barrandian. The latter mo-
del is discussed in detail in the following section.

Nowakia barrandei Biozone

In the Cefinka area, the Zlichov Limestone is typically de-
veloped as thin bedded, dark to light grey calcisiltites, with
the characteristic abundant black cherts containing minor
intercalations of calcareous shales almost throughout the
entire thickness. Characteristic black cherts disappear
a few meters below the boundary with the Chynice Lime-
stone, and the limestones become lighter and coarse. The
uppermost part of the Zlichov Limestone again becomes
darker (increase in organic matter), but still with an incre-
ase in the amount of bioclasts (Fig. 2). This darker interval,
belonging to the barrandei Biozone, was not documented
at the Cefinka hillside section; probably because of the
more weathered state of the Zlichov Limestone, which has
caused oxidation of the organic matter. About 2 m below
the boundary with the Chynice Limestone (i.e., just below
above-mentioned dark interval), the Zlichov Limestone
bears a rich trilobite community dominated by Reedops de-
corus (Hawle & Corda, 1847) and Zlichovaspis (Zlicho-
vaspis) auriculata (Dalman, 1826) — determined by Petr
Budil (see more detail on the stratigraphic distribution
of both species in Chlupac¢ 1977, 1983; Budil et al. 2009).
Recently, Frantisek Horbinger (Prague) found additional
trilobite species — Nephranomma modesta (Barrande,
1872), Crotalocephalus sternbergi sternbergi (Boeck,
1827), Harpidella (H.) kobayashii Ptibyl & Vanék, 1981,
Sculptoproetus sculptus sculptus (Barrarande, 1846), ZIi-
chovaspis (Z.) vaneki Budil, Horbinger & Mencl, 2009,
Koneprusia (K.) aff. chynicensis Vanék & Pek, 1987, Tro-
pidocoryphe hermon (Snajdr, 1977), Phacops (Pedinopa-
riops) degener Barrande, 1852, and Lobopyge sp. (all
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Figure 14. Detail views of shell ornamentation in Nowakia barrandei (A—C, K-O) and Nowakia elegans (D-J). Note secondary order ribs inserted be-
tween first order longitudial ribs bearing nodes at crossing with transversal rings in Nowakia elegans. © A—-C — Nowakia barrandei, specimen LF002,
Cefinka hillside, interval 13. « D-F — Nowakia elegans, specimen PL333, Bubovice, Chynice Limestone. ¢ G-I — Nowakia elegans, specimen LF0O01,
Cefinka quarry, interval 17. ¢ J — Nowakia elegans, specimen PL333, Bubovice, Chynice Limestone. * K, M, N — Nowakia barrandei, PL12, Chotec,
Zlichov Limestone. * L — Nowakia barrandei, specimen PL3719, Pekarkv mlyn. O — Nowakia barrandei, specimen LF002, Cefinka hillside, interval
13. Ax90; B x 105; C x 160; D x 31; Ex 58; F x 92; G x 42; Hx 100; I x 165; J x 50; K x 27; L x 35; M x 30; N x 55; O x 38.
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determined by F. Horbinger) — within these strata. This
trilobite-rich horizon has been found in the same position at
several other sections of Boubova Hill and the Kacak Val-
ley areas (Fryda, unpublished data).

At the Cefinka quarry section, the lower boundary of
the Chynice Limestone, with underlying Zlichov Lime-
stone, is gradual but rather sharp (thickness of the transi-
tion interval is only a few centimetres; Fig. 2). The lower
part of the Chynice Limestone at this section is formed by
thick layers of white to light rosy recrystallized limestone
beds (interval 8 to 10; Figs 3, 7). A very similar lithological
development was documented at interval 4 at the Cefinka
hillside section (Fig. 3). The facies changes gradually from
rosy unsorted floatstones with a calcisiltite matrix via
poorly washed crinoidal packstones with pelletoids to rosy
crinoidal grainstones. This was documented within the
barrandei Biozone at the Cefinka hillside section (interval
8-14, lower part of the Chynice Limestone; Fig. 3).

Occurrences of coarse-grained Zlichov Limestone, or
the transition to the lower part of the Chynice Limestone in
the barrandei Biozone, were recorded on all studied sec-
tions of the Barrandian area. At the Klukovice section (SW
Prague; see Fig. 1), several beds of organoclastic, grey to
pink limestones, with a total thickness of about 2 meters
bear a rather rich trilobite fauna (Pfibyl 1967, Snajdr 1980,
Chlupac et al. 1979) together with the index tentaculite
N. barrandei. Chlupéc¢ et al. (1979) interpreted this strati-
graphic interval as the “easternmost tongue of the Chynice
Limestone”. New data from the Cefinka sections are evi-
dence that these fossil-rich beds are equivalent to the lower
part of the Chynice Limestone in the Cefinka area. The
same development as at the Klukovice section has been
documented (Prantl & Svoboda 1950, Chlupac et al. 1979,
Chlupac & Lukes 1999) at the Cisar'ska rokle near Srbsko
(see Fig. 17). The absence of cherts, as well as the occur-
rences of coarse-grained grey or pink-coloured limestones,
are typical for the barrandei Biozone at the latter section.
These limestone beds are also equivalent to the lower part
of the Chynice Limestone in the Cefinka area.

The Chynice Limestone is not developed in the SE part
of the Barrandian area. The Svagerka section at Praha-
Zlichov and Pekarkiv mlyn near Solopisky are the best
studied sections with such development (Kettner 1917;
Kodym 1919; Kettner & Kodym 1919; Chlupac 1959;
Chlupéc et al. 1979, 1998; Chlupd¢ & Luke§ 1999). The
characteristic cherts are missing at the top of the Zlichov
Limestone, and occurrences of the coarsely-grained lime-
stone beds are typical for the barrandei Biozone of both sec-
tions (Fig. 17). However, the occurrence of calcareous shale
has already been documented within this stratigraphic inter-
val (Chlupac et al. 1978, 1979). Coarse-grained as well as
micritic limestone beds of the barrandei Biozone are rather
fossiliferous. These beds at the Svagerka section are known
as Barrande’s “Schwagerka” locality, which provided rich
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coral and trilobite faunas (see history of this section in Kfiz
1999 and stratigraphic data in Chlupac 1957 and Chlupac et
al. 1979). It is noteworthy that the corral fauna of this level is
in situ and does not show any traces of transport (Chlupac
1957). The latter author interpreted its occurrence as a
biostrome formed at the appearance of the Chynice Lime-
stone in this part of the Barrandian.

The following stratigraphically significant conodonts
and goniatites were documented within the barrandei Bio-
zone: Polygnathus perbonus (Svagerka, Cisatsk rokle and
Pekarkiv mlyn sections; Chlupac et al. 1979); Poly-
gnathus gronbergi (Cisafska rokle; Chlupac et al. 1979);
Erbenoceras solitarium (Barrande, 1865) (Pekarktiv mlyn
sections; Chlupac¢ et al. 1979). The conodont fauna of
the barrandei Biozone of the Barrandian was hitherto not
studied in detail, and the study of its stratigraphic distribu-
tion from the barrandei to cancellata biozones is one of
main topics of this on-going project.

Lithological developments within the barrandei
Biozone at both of the studied sections, Cefinka hillside
and Cefinka quarry, is interpreted here as evidence for an
upwardly shallowing trend, with an increasing intensity of
sediment washing. Also, all available lithological data —
i.e. the disappearance of cherts and occurrences of coarse-
grained Zlichov Limestone with local developments of
coral biostrome, gradual increases of the amount of rosy,
unsorted crinoidal biosparite in the lower part of the
Chynice Limestone — from other Barrandian sections fits
well with the latter interpretation.

N. barrandei-N. elegans Subzone

Lithological development within the newly established
barrandei—elegans Subzone of the Nowakia elegans Bio-
zone can be studied at the Svagerka and Cefinka hillside
sections.

The uppermost Zlichov Limestone, intercalated by cal-
careous shales at the Svagerka section (beds 30 to 36 of
Chlupac et al. 1979), belongs to the barrandei—elegans
Subzone. These beds provided a rich corral fauna in the
past (Chlupa¢ 1957). In addition Chlupac et al. (1979)
mentioned a distinct faunal change at this level, where the
typical Zlichovian fauna (known at this section from beds
1 to 30) disappears. The discovery of biostratigraphically
significant goniatite Palaeogoniatites lituus comes from
the base of the barrandei—elegans Subzone at the Svagerka
section (Chlupac et al. 1979, Chlupac & Turek 1983).

On the other hand, typical lithological types of the
barrandei-elegans Subzone, occurring at the Cefinka hill-
side section (intervals 15-18), include coarsely-bedded
limestone beds formed mainly by unsorted floatstones,
with umbrella structures and pluricolumnals of crinoids
and limestone beds formed by in situ benthic organisms
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Figure 15. Reconstruction of shells in Nowakia elegans (A, D) and Nowakia barrandei (B, C). Details (C and D) show distinguishing character of the
both species (note secondary order ribs inserted between first order longitudial ribs bearing nodes at crossing with transversal rings in Nowakia elegans).

Scale equals to 0.6 mm for A, B and to 0.2 mm for C, D.

(mainly corals). The fauna of this stratigraphic level is
common and very highly diversified including trilobites,
brachiopods, corals, cephalopods, gastropods, bivalves,
and ostracods (Ferrova 2010, Ferrova et al. 2012). Numeri-
cal analysis of more than 2100 specimens belonging to
more than 80 species of the barrandei and elegans
biozones (collected by the senior author at the Cefinka hill-
side section) also revealed a distinct faunal change close to
boundary of the barrandei and elegans biozones (Ferrova
2010, Ferrova et al. 2012, and Fig. 16; in prep.). The latter
results are robust and statistically significant, and they sup-
port the earlier observations from deeper water environ-
ments made by Chlupac et al. (1979).

There is no sedimentological record for the bar-
randei-elegans Subzone at the Cefinka quarry section
(Figs 3 and 7). The first bed bearing Nowakia elegans is
bed 11, which significantly differs from the underlying
beds formed by light rosy neomorphized recrystallized
limestones of the Nowakia barrandei Biozone (Figs 4
and 5). Sudden change in the isotopic composition of the

carbonate carbon was also recorded just below the first oc-
currence of N. elegans (Ferrova 2010; Fig. 7). The absence
of any common occurrence of N. elegans and N. barrandei,
and the sharp lithological and geochemical changes just be-
low the first occurrence of N. elegans at the Cefinka quarry
section (Figs 3 and 17) are interpreted as evidence for a
sedimentological gap (and thus also a distinct sequence
boundary) including at least the whole barrandei—elegans
Subzone. Comparison of the lithology and thicknesses of
the Chynice Limestone at two geographically close sec-
tions, Cefinka quarry and Cefinka hillside sections, sug-
gests that the above-mentioned gap probably also includes
the upper part of the Nowakia barrandei Biozone at the
Cefinka quarry section (Fig. 3).

The occurrence of beds of the barrandei—elegans
Subzone at the Klukovice and Cisarskd rokle sections
could not be tested due to the lack of biostratigraphic data
at the boundary of N. barrandei and N. elegans biozones
(Fig. 17). The occurrence of beds belonging to the bar-
randei—elegans Subzone at the Pekarktiv mlyn section is
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presently under investigation. At this section, the first oc-
currence of Nowakia elegans was recorded at interval 18
(Chlupac et al. 1979), just above the beds with the last shell
of Nowakia cf. barrandei. Whether the barrandei—elegans
Subzone is really missing at the Pekarkdv mlyn section, or
whether it is a sampling artefact (see methods section) will
be revealed in the on-going research.

The present study revealed that the upper Zlichovian
regression culminated at the barrandei—elegans Subzone.
Rich and highly diversified faunas connected with small
bioherms are known from that time interval. Rich faunas
and coral bioherms occurred not only in areas where the
Chynice Limestone was deposited (i.e., Bubovice area),
but also in deeper environments (e.g., coral beds at the
Svagerka section). The stratigraphical gap, including the
whole barrandei-elegans Subzone (and likely also the top
of the barrandei Biozone at the Cefinka quarry section) is
the result of the culmination of the regression. It is note-
worthy that this is the first evidence for a distinct strati-
graphical gap in the Emsian succession of the Barrandian
outside of the Konéprusy area.

Here, the lithological features within the barrandei— ele-
gans Subzone are interpreted as the culmination of a regres-
sion trend, which is followed by a subsequent transgression
from the top of the barrandei—elegans Subzone. Develop-
ment of rich and highly diversified coral biostomes, newly
documented at the Cefinka hillside section, as well as the ex-
istence of a sedimentologic gap at the Cefinka quarry sec-
tion, strongly support this interpretation.

Nowakia elegans Biozone
above the barrandei-elegans Subzone

The beginning of a transgression was documented in the
barrandei-elegans Subzone. From that time, increasing
depositions of the Daleje Shale in deeper environments, as
well as more micritic red-coloured limestones of the upper
part of the Chynice Limestone in shallow environments are
recorded. Sedimentation of calcareous Daleje Shale at this
stratigraphic level was documented at the Svagerka, Pekar-
kv mlyn, Cisaiskd rokle, and Klukovice sections (see
Fig. 17; for details see Chlupac 1959, Chlupac et al. 1979,
and Chlupa¢ & Lukes 1999). In the Konéprusy area, sedi-
mentation of red crinoidal limestones, called the Sucho-
masty Limestone, started after a long hiatus including the
whole lower Emsian (see Fig. 17; for details see Chlupac
1959, Chlupac et al. 1979). Here, the beginning of the de-
position of the Suchomasty Limestone is dated to the ele-
gans Biozone, but above the barrandei—elegans Subzone
(Cerveny lom — Chlupé¢ et al. 1979; Voskop quarry — Lu-
kes in Fryda 1992).

The following stratigraphically important conodonts
and goniatites were documented within the elegans Bio-
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zone above the barrandei—elegans Subzone: a transitional
form of Polygnathus gronbergi and Po. laticostatus (Cisaf-
ska rokle gorge; Chlupac et al. 1979); Latericriodus b.
beckmanni (Pekarktiv mlyn; Chlupac et al. 1979); Poly-
gnathus laticostatus and Po. inversus (Cerveny lom;
Chlupac et al. 1979); Po. cf. inversus (Bubovice; Chlupac
et al. 1979); Mimosphinctes zlichovensis (Svagerka, Pekar-
kv mlyn; Chlupéc et al. 1979); Anetoceras sp. (Svagerka;
Chlupac et al. 1979); and Ivoites cf. hunsrueckianus (Erben,
1960) (Pekarkdv mlyn section; Chlupac er al. 1979, De
Baets ef al. 2009).

The lithological features of the elegans Biozone above
the barrandei—elegans Subzone are interpreted as evidence
for a continuous transgression trend.

Nowakia cancellata Biozone

During the cancellata Biozone, sedimentation was influen-
ced by a continuous transgression which resulted in an in-
crease of micrite and siliciclastic materials. A typical fea-
ture of the transgressive succession of the elegans to
cancellata Biozones is the increase of both organic matter
and iron oxides in the shales and carbonates.

Yellow to red coloured beds of unsorted tentaculite
packstones intercalated with very thin calcareous shale
layers (having a thickness of less than 1 cm) typify the
basal part of the cancellata Biozone at both Cefinka sec-
tions. After this, a ca 1 m thick succession with a dis-
tinctly increasing trend in the amount of calcareous shales
intercalating with homogeneous, unsorted, tentaculite
wackestones to packstones is documented. The dominant
fauna includes numerous tentaculites, brachiopods, and
ostracods. Calcareous shales containing micritic nodules
and thin nodular limestone beds represent the dominant
lithological type, starting about 2 metres above the base of
the cancellata Biozone and continuing upwards within
this biozone. The term “transitional layers” between the
Daleje Shale and Trebotov Limestone would be the best
lithological term for this portion of the upper part of the
cancellata Biozone, as was already noted by Chlupac et
al. (1979), who studied these stratigraphic levels in the
Bubovice area.

The calcareous Daleje Shale forms the dominant
lithological type everywhere in the NE, SE, and S parts of
the Barrandian (e.g., Svagerka, Klukovice, Pekarktiv mlyn,
and Cisarska rokle). However, in the areas N, W, and SW
of the village of Bubovice, the Daleje Shale is not devel-
oped (Kodym 1924, Prantl & Svoboda 1948, Chlupac
1959). In this area, micritic beds belonging to the upper
part of the Chynice Limestone gradually change into the
exclusively micritic and red-coloured Tiebotov Limestone.
Typical facies of the lower part of the Chynice Limestone
(as that found at both Cefinka sections) reaches up to much



higher levels stratigraphically. At the Machackdv lom area
(see Chlupdc et al. 1979, fig. 12), as well as at Boubova
Hill and the Kacdk Valley area it is not possible to select
any useful lithological feature for a definition of a bound-
ary between the Chynice and Tfebotov limestones because
of their slow and gradual transition.

Lithological development of the Suchomasty Lime-
stone, belonging to upper part of the elegans Biozone (i.e.,
above the barrandei—elegans Subzone), up to the
cancellata Biozone in the Konéprusy area is basically the
same as in those areas mentioned above. The term Sucho-
masty Limestone is somewhat unnecessary, and it has been
kept only as a geographic name for the equivalent of the
Chynice and Ttebotov limestones in the Konéprusy area.
Chlupac (1957) recognized this problem quite well, and
placed the lower part of the Suchomasty Limestone to the
facies of the Chynice Limestone (Chlupac 1957, p. 61:
“K facii chynickych vapenct ¢itdm i spodnéjsi partie Cer-
venavych mramorti suchomastskych a bezprostfedniho
nadlozi svrchnich konépruskych vapenct...”). The term
Suchomasty Limestone is used even though it can only be
defined by its geographic position. The distance to any area
with Suchomasty Limestone from the nearest occurrence
of the Chynice and Tiebotov limestones is about 2 km,
which is of the same range as the distances amongst many
sections of the Chynice and Trebotov limestones. Never-
theless, any redefinition of all of the above-mentioned
lithostratigraphic names has to wait for a modern evalua-
tion of facies distributions of all of the Emsian sections of
the Barrandian.

The following significant conodonts and goniatites
were documented in the Barrandian area within the
cancellata Biozone: Latericriodus b. beckmanni (Hostim;
Chlupac et al. 1979); a transitional form of Polygnathus
laticostatus and Po. gronbergi at the base of the cancellata
Biozone, and Po. laticostatus at the top of the latter bio-
zone (Cisatska rokle; Chlupac et al. 1979); Po. laticostatus
and Po. inversus (Cerveny lom; Chlupa¢ et al. 1979);
Gyroceratites gracilis; Mimagoniatites fecundus; Teicher-
ticeras discordans (Pekarktv mlyn; Chlupac et al. 1979,
Chlupac & Turek 1983, Chlupacé & Luke§ 1999); and Mim.
fecundus (Cefinka quarry).

The lithological development of the -cancellata
Biozone is interpreted as evidence for a continuous trans-
gression trend.

Implications for global Emsian stratigraphy

Evaluation of the newly gathered palacontological and se-
dimentological data from the Emsian successions of the
Barrandian has some implications for the global Emsian
stratigraphy. Becker (2007) summarized the results of the
long-term activities of the International Subcommission
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on Devonian Stratigraphy, focused on the division
of the Emsian into two substages. This comprehensive re-
port, together with some additional data on the stratigrap-
hic ranges of “stratigraphically useful” groups such as
the conodonts, goniatites, and tentaculites (see Subcom-
mission on Devonian  Stratigraphy Newsletters;
http://unica2.unica.it/sds/) fully describe the problems of
the Emsian substages or stages. In the following sections,
we briefly comment on some of these problems, and pro-
pose some solutions which are based on the insights obtai-
ned from the present study.
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What group to select for the boundary?

This question could be changed to the question whether it
is better to follow the tradition, or whether it would be pre-
ferable for the definition of the substage (stage) boundary
to use any index fossil group, which provides the best stra-
tigraphic resolution and is widely distributed. When we
compare the three groups most commonly used as index
fossils in the marine Devonian, i.e. conodonts, goniatites,
and tentaculites, which have been discussed as the best po-
tential groups for a splitting of the Emsian, we face the first
problem — the ability to increase the biostratigraphic reso-
lution in the future. There is no doubt that the Emsian goni-
atites represent a quickly evolving group of the Emsian in-
vertebrates (De Baets et al. 2009; Klug et al. 2008, 2010;
Monnet et al. 2011a, Korn & Klug 2012), but their abun-
dance is generally much lower than that of microfossils
such as conodonts and dacryoconarid tentaculites. For a fu-
ture increase in stratigraphic resolution, we suggest the se-
lection of a group, which could be relatively easily found in
almost every layer of many mid-Emsian successions. Un-
doubtedly, more sporadic occurrences of mid-Emsian go-
niatites create a preference for use of conodonts and dacry-
oconarid tentaculites as more useful groups for a definition
of a substage (stage) boundary within the Emsian. The near
facies independence of dacryoconarids makes them a stra-
tigraphically very useful group, which has been somewhat
neglected in the past years and deserves much more scienti-
fic attention.

On the other hand, any definition of biostratigraphic
level just on the first appearance (FAD) of any species is a
fundamental problem because the FADs of species are al-
ways diachronic. The diachronicity should be generally
low and less than the stratigraphic resolution within small
geographic areas, but it always exists. For this reason, us-
age of the FAD of single species for a definition of global
biostratigraphic correlations seems to be problematic. In
contrast to that, associations (co-occurrences of species)
suffer much less from diachronicity (e.g. Monnet et al.
2011b). In this context, here proposed level for splitting the
Emsian (base of the barrandei—elegans Subzone) should
be slightly better solution than previously proposed level
(base of the cancelata Biozone), because the proposed
boundary is based on co-occurrence of two tentaculite spe-
cies with rather short duration. Nevertheless, in the future a

biostratigraphic scheme combining various groups like
tentaculites, conodonts and goniatites would be really de-
sirable for a stable Emsian biozonation.

Relationship between the substage boundary
and extinction events

Many major stratigraphic boundaries were selected at le-
vels of distinct faunal turnover, typically at the level of
the radiation of a new group of marine organisms. In this
context, it should be noted that a radiation event is a much
better biostratigraphic marker than an extinction event.
The main reason for this is the fact that the abundance of
most marine species is generally higher just after their ori-
gins than before their extinction (e.g., Signor-Lipps effect;
Signor & Lipps 1982). Graptolites are a very good example
illustrating this “rule”. The level of extinction of the
so-called Anetoceras fauna is very frequently used as quite
important for testing of the suitability of any biostratigrap-
hic marker for a definition of a mid-Emsian substage
(stage) boundary (e.g., Chlupa¢ & Lukes 1999, p. 96; Bec-
ker 2007). Becker (2007, p. 30) stated, referring to this is-
sue, that “Unfortunately, even this polygnathid [...] is well
below the upper Anetoceras faunas”. Here, we see several
basic problems. First, according to our knowledge, there is
currently no published evidence that the extinction of the
so-called Anetoceras fauna (or the Daleje Bioevent by
House 1985) represents a single synchronous event. This
analysis will be complicated by the fact that some anetoce-
rids have a very limited geographic distribution, and the
fossil record of the Anetoceras fauna is not generally as
rich as that of the conodonts or tentaculites. Additionally,
Ockam’s razor can be applied to this issue, i.e., it is not
really possible to properly prove the exact stratigraphic po-
sition of the extinction level. Secondly, there is no data evi-
dencing that the extinction rate and intensity during the cri-
sis of the Anetoceras fauna were higher than that in the case
of the Zlichovian faunal turnover (barrandeilelegans Bio-
zone boundary). Taken together, we suggest abandoning
the use of the relationship between the Anetoceras fauna
extinction and the stratigraphic position of any useful
mid-Emsian biostratigraphic marker as an important crite-
rion for the evaluation of its suitability for a definition of a
mid-Emsian substage boundary.

Figure 17. Schematic model (upper left) showing the biostratigraphic position and geographic relationship of the lithological units of the Daleje Event
interval in the Barrandian. All biostratigraphically well-dated sections are figured in the lower part of the figure, as well as their positions in the schematic
model. In the upper right part of the figure a new proposal for the biostratigraphic and lithostratigraphic divisions is given. Recent data suggests inclusion
of the lithologically distinct “Upper Chynice Limestone” into the Daleje-Ttfebotov Formation, because this lithological unit is the product of a new sedi-
mentary cycle started by the Daleje Event transgression. However, formal redefinition of the lithostatigraphic units of the Daleje Event interval must not
be done until after a full re-evaluation of all available sections in the Barrandian. Future analysis will show if the unit informally named here (i.e., the “Up-
per Chynice Limestone”) should be formally established, or whether it belongs to the Tfebotov Limestone of the Daleje-Ttfebotov Formation.
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Nowakia elegans
and the substage (stage) boundary

Originally, the lower Dalejan boundary was proposed at
the first appearance of Nowakia cancellata (see Chlupac
1976, 1982; Chlupa¢ & Lukes 1999). The use of N. can-
cellata for a definition of a mid-Emsian substage bound-
ary has been discussed by several authors (see Chlupac
& Lukes 1999, and Becker 2007 for both advantages and
disadvantages of this choice). Evaluation of the new bio-
stratigraphic data from the Barrandian leads us to redefine
the lower Dalejan boundary (FAD of the N. elegans) as
well as to propose the base of the Nowakia elegans Bio-
zone as a better level for the definition of the Emsian sub-
stage (stage) boundary (i.e., the lower/upper Emsian bound-
ary). The advantages and disadvantages of this choice are
summarized in the following paragraphs. We consider this
level to be a good choice for the following reasons:

1. There is a general agreement that the substage
boundary should lie close to the level of the supposedly
global transgressive Daleje Event (Becker 2007, p. 29). As
shown by the present study, the upper Zlichovian regres-
sion culminates at the base of the Nowakia elegans
Biozone (within the barrandei—elegans Subzone). The be-
ginning of the Daleje transgression is just above the lower
boundary of the Nowakia elegans Biozone, and thus is
much older than the base of the Nowakia cancellata
Biozone. The Barrandian is the type area for the Daleje
Event.

2. Nowakia elegans is easily distinguishable from the
older Nowakia barrandei: These two species differ by a
qualitative morphological characteristic, namely the ab-
sence or presence of secondary ribs (Figs 14 and 15). In
contrast to the younger N. cancellata, there are no known
transitional forms between N. barrandei and N. elegans.
This fact was not only corroborated by the study of a large
amount of specimens gathered by the senior author over the
last few years, but also by a study of all available collec-
tions from the Barrandian area, made over the past 40 years
by Pavel Lukes. Similar results were obtained by Kim (per-
sonal communication to JF, 2008), who has studied large
tentaculite collections from the Tien Shan.

3. It is noteworthy that the co-occurrence of Nowakia
barrandei and N. elegans was also recorded at Tien Shan
(Kim 2011) and in Spain (Montesinos & Truyols-Massoni
1987, Garcia-Alcalde et al. 1988), which indicates the
likely high usefulness of this newly proposed subzone for
intercontinental correlation. Additionally, co-occurrences
of index species enhance the stratigraphic reliability of
stratigraphic units.

4. Nowakia elegans is a widely distributed species (as is
N. cancellata), and it occurs in both the carbonate as well
as the clastic dominated environments, which increases its
usefulness for global stratigraphic correlations. Also, in the
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Barrandian, N. elegans is known to occur in both of the
above-mentioned environments.

5. Nowakia elegans, as with all planktonic organisms,
is very abundant and can generally be found in most sedi-
ment layers. This feature will be helpful for the future need
to increase the biostratigraphic resolution.

6. The base of the Nowakia elegans Biozone is close to
the boundary of the conodont biozones (Polygnathus
nothoperbonus Mawson, 1987 and Polygnathus inversus
Klapper & Johnson, 1975; see data in Mawson 1987; Maw-
son & Talent 2003; Kim et al. 2008, 2012), which increases
the usefulness of both the conodont and tentaculite levels
for global stratigraphic correlations. Additionally, this
yields the possibility of independent testing by using the
two different fossil groups.

7. The base of the Nowakia elegans Biozone appears to
be close to the level of a distinct faunal turnover (end of the
Zlichovian fauna; see the discussion above), which was re-
corded in benthic as well as planktonic and nektonic
groups.

8. The stratigraphical range of Nowakia elegans is
much shorter than that of the conodont and goniatite spe-
cies, which have been suggested as markers for a definition
of the Emsian substage boundary.

The main disadvantages of using the base of the
Nowakia elegans Biozone as a possible level for any defi-
nition of an Emsian substage (stage) boundary are the fol-
lowing:

1. Although Nowakia elegans is a widely distributed
species, there are not many detailed studies on its strati-
graphic ranges in relationship to other biostratigraphically
“significant” taxa. One exception is Tien Shan, where
rather dense biostratigraphic data for different groups have
recently been published (Kim 2011, Sennikov 2011).

2. At the present time, there is very little information
on conodont biostratigraphy of the majority of Emsian
sections in the Barrandian, which complicates any im-
provement of the composite conodont-tentaculite biostrati-
graphy. Nevertheless, detailed conodont studies of
mid-Emsian sections in the Barrandian are one of the main
topics of this on-going project, together with the addition
of goniatite data.

3. FADs of species always suffer from their
diachronicity. Associations of species are more reliable
and should be preferred for the definition of (sub-)stage
boundaries. Therefore, the combination of stratigraphic
data of tentaculitids, conodonts and ammonoids are the
most promising approach to produce a robust stratigraphic
framework.

Taken all together, with the present state of knowledge,
using the base of the Nowakia elegans Biozone as a possi-
ble level for the definition of an Emsian substage (stage)
boundary appears to us to be a choice, which must be
considered. This choice has the same significance as all



hitherto suggested boundaries. Nevertheless, additional
biostratigraphic studies will have to be performed before a
final decision can be made.
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