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Five sections from the Kielce Region of the Holy Cross Mountains and one core from a borehole drilled in the nearby western
Mesozoic Margin reveal the best recognized deposits from the Devonian/Carboniferous boundary interval. In four sections:
Ruda Strawczynska, Bolechowice IG 1, Zareby IG 2 and Kowala, the Devonian/Carboniferous boundary is located within a
continuous series of deep-water carbonates, whereas in the two remaining: Ostréwka Quarry and the Jabtonna IG 1 bore-
hole, the Devonian/Carboniferous boundary interval contains stratigraphic gaps resulting from lack of deposition in subma-
rine conditions. The biostratigraphic position of the analysed uppermost Devonian and lowermost Carboniferous succession
is determined by assemblages of conodonts, microspores and deep-water ostracodes of the Thuringian ecotype. A distinc-
tive succession of contemporaneous fauna assemblages and lithofacies types is traceable from Holy Cross Mts. to Rhenish
Massif. The main extinction occurred during a transgression-promoted anoxia, which then reverted in glacigenic regression.
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The anoxic conditions are well-expressed at Bolechowice and Kowala successions.
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INTRODUCTION

The Devonian/Carboniferous boundary has been an intrigu-
ing problem in the Holy Cross Mountains ever since Carbonifer-
ous deposits were recognized in the Gatezice area (Czarnocki,
1916); their occurrence is restricted only to the Kielce Region
(Czarnocki, 1950; Szulczewski, 1995). The stratigraphy of the
Devonian/Carboniferous boundary interval of the Gatezice
area, worked out in detail by Czarnocki (1928), indicated the
presence of Upper Famennian limestones with Wocklumeria
and the lack of the Gattendorfia Zone, which at that time was
assigned to the uppermost Famennian. According to Czarnocki
(1928), the lack of the uppermost Famennian in the western
part of the Holy Cross Mountains was the result of breaks in
sedimentation between the Devonian and Carboniferous,
caused by one of the phases of the Variscan Orogeny. More-
over, he stated that there is a sedimentary continuity between
the Devonian and Carboniferous in the central part of the Holy
Cross Mountains, in the “tagow—Kielce depression” and in the
Galezice—Bolechowice Syncline. In the latter unit, near Kowala,
Czarnocki (1933, 1989) documented a complete succession
across the discussed boundary. Field work allowed to expose
limestones with ammonoids of the Wocklumeria and
Gattendorfia zones, above which were distinguished grey
shales, siliceous shales and lidites, representing the Lower
Carboniferous Culm facies.
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The stratigraphic position of deposits from the Devo-
nian/Carboniferous boundary interval of the Gatezice area as
well as those subsequently recognized in other areas of the
Kielce Region, was during later studies precisely determined on
the basis of conodonts; these fossils allowed for a better
biostratigraphic resolution than the ammonoids (Freyer and
Zakowa, 1967; Wolska, 1967; Szulczewski, 1971, 1978, 1981;
Dzik, 1997, 2006). Conodont studies have revealed the pres-
ence of several stratigraphic gaps in the Devonian/Carbonifer-
ous boundary interval in the Gatezice area, both in the Upper
Devonian and Lower Carboniferous layers, encompassing
even up to several conodont zones, as well as deposits contain-
ing mixed conodont assemblages from several zones
(Szulczewski and Zakowa, 1976; Szulczewski, 1978, 1981,
1982). Conodont analysis of neptunian dykes from the western
part of the Holy Cross Mountains indicated areas that at present
lack uppermost Devonian and Lower Carboniferous deposits
but which were originally covered by deep-water deposits
(Szulczewski, 1973).

Some borehole sections from the western part of the Holy
Cross Mountains have documented an almost complete cono-
dont succession across the Devonian/Carboniferous boundary
(Freyer and Zakowa, 1967; Zakowa, 1967). In turn other sec-
tions have indicated stratigraphic gaps in the Upper Famennian
— Lower Tournaisian (Zakowa et al., 1983). In borehole sections
where Famennian carbonates are in direct contact with Lower
Carboniferous siliceous shales, usually a sedimentary disconti-
nuity or tectonic contact of the Famennian and Tournaisian was
assumed (Zakowa, 1970, 1971a; Jurkiewicz, 1971; Pawlowska
and Pawfowski, 1978).

Detailed litho- and biostratigraphy of the Devonian/Carbon-
iferous boundary interval has been worked out only for a few ar-
eas in the Kielce Region. They include sections in the vicinity of
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Fig. 1. Location of the investigated and discussed outcrops and boreholes in the Holy Cross Mountains

Gatezice (Ostrowka Quarry), Kowala, Bolechowice, Jabtonna
and Zareby near tagow, as well as the core section of the Ruda
Strawczynska borehole, located in the nearby western Meso-
zoic Margin in the elongation of the Kielce—t.agoéw Synclinorium
(Figs. 1 and 2).

OSTROWKA QUARRY

Near Gatezice (Fig. 1), the Devonian/Carboniferous bound-
ary interval recognized in detail in several sections from the
Ostrowka Quarry (Fig. 2). On Frasnian amphiporoid limestones,
along a karst erosional surface, with a distinct angular uncon-
formity, occur Famennian ammonoid limestones, from several
tens of centimetres to about 4 m thick, that are rich in
ammonoids, crinoids, trilobites, corals, bivalves, snails, brachio-
pods and fish remains (Szulczewski, 1981; Szulczewski et al.,
1996; Skompski and Szulczewski, 2000; Skompski et al., 2006).

The Famennian complex is condensed and contains strati-
graphic gaps. The condensed limestones terminate in the
Lower or Middle expansa Zone and locally reach to the
praesulcata Zone. In the lower part of the Famennian occur de-
posits from the marginifera—trachytera zones. The Famennian
succession does not contain conodonts of the postera Zone.
This regularity is also observed in other sections with con-
densed Famennian strata in the Holy Cross Mountains. The
stratigraphic gap at the Famennian/Tournaisian boundary en-
compasses the Middle praesulcata—sandbergi zones (Fig. 2).
The origin of these gaps is not linked with tectonic events but
with local non-deposition in submarine conditions. The limited
nature of the stratigraphic gaps is indicated by the presence of
deposits from the missing intervals as well as admixtures of
conodonts from the missing conodont zones (Szulczewski,
1978, 1981; Szulczewski et al., 1996).

Above the condensed beds from the Devonian/Carbonifer-
ous boundary interval occur several characteristic Lower Car-
boniferous lithostratigraphic units (Fig. 2):

RADLIN BEDS (RB)

Deposits of this unit include green-grey claystones with thin
intercalations of pyroclastic rocks, marls and limestones, which
occur either on condensed Famennian limestones or directly on
Frasnian amphiporoid limestones, with a stratigraphic gap en-
compassing the Devonian/Carboniferous boundary. The lime-
stones and marls contain goniatites, trilobites, crinoids, brachio-
pods and corals (Osmolska, 1962; Szulczewski, 1981;
Czarniecki, 1992; Szulczewski et al., 1996). In the Ostréwka
Quarry, the deposits are up to 3.5 m thick (Skompski, 1992;
Szulczewski, 1995; Szulczewski and Skompski, 1995; Skompski
et al., 2006). They contain Upper Tournaisian conodonts from
the anchoralis Zone (Szulczewski, 1978). Conodont analysis in-
dicates that the oldest deposits of the Radlin Beds are from the
sandbergi Zone and the youngest — from the fexanus Zone, i.e.
they encompass almost the entire Tournaisian and the entire
lowermost Visean (Szulczewski et al., 1996).

ZAREBY BEDS (ZB)

This unit is developed as black siliceous claystones with
radiolarians and phosphorus concretions (Culm facies), up to
25 m thick, that occur conformably on the clayey-marly Radlin
Beds (Lydka and Zakowa, 1975; Zakowa and Migaszewski,
1995; Szulczewski et al., 1996). In the Ostrowka Quarry, the
stratigraphic position of these deposits is based on radiolarians
and points to the Lower—Middle Visean (Zakowa and
Paszkowski, 1989); in the conodont zonation their age ranges
from the texanus to the bilineatus zones (Szulczewski et al.,
1996). They represent the deepest Carboniferous facies in the
Galezice area.

GAIEZICE DEBRITE BEDS (GDB)

Deposits of this unit, distinguished by Zakowa and
Migaszewski (1995), occur with a sedimentary unconformity on


https://geojournals.pgi.gov.pl/agp/article/view/9917
https://geojournals.pgi.gov.pl/agp/article/view/9579
https://geojournals.pgi.gov.pl/agp/article/view/9579
https://gq.pgi.gov.pl/article/view/8261
https://geojournals.pgi.gov.pl/agp/article/view/9579

The Devonian/Carboniferous boundary in the Holy Cross Mountains (Poland)

219

Ostrowka
Quarry
Q[ w
w—[ O | | CONODONT
02lxg|<
<=| w | = | ZONATION LB
alw
GDB
bilineatus
[
113
192
34015 |> Ruda Bolechowice 1G 1
O praebilineatus|  Strawczynska
1o y 104.5 Jabtonna IG 1
1 W 822,0
1.4
texanus
iIm xanu. 7B
- 852.5
Z
(@) anchoralis
350 al ZB Zareby IG 2
|X| s H
|<|@ ; B 4.0
®) g cuneiformis / Kowala
5| delicatus /
o) / ZB
i = /
crenulata ‘!.f 8
E 81.1
m 852.5 —14_11‘_ ARSI _55_-7___._ _ 811
dupl/ctaa RB RB D RB F=9g23 RB B
uicata 1465 c T 106.6
360 praesulcata ' B 62.6
A 63.2
1 expansa
Z
1 63.5
B [
1 f g postera ﬁ 637
1Z E trachytera [Rp—"
10| ©
1> g marginifera = limestones E=] claystones
3707 w|w - nodular limestones siltstones
a) rhomboidea
EZ dolomitic limestones [ siliceous rocks
crepida ES] marls [==7] sandstones
] triangularis clayey marls conglomerates

Fig. 2. Lithologic profiles from the Devonian and Carboniferous boundary in the Holy Cross Mountains

Absolute time scale after Davydov et al. (2004), Gradstein and Ogg (2004) and Kaufmann (2006); the conodont zonation after \Wendt et
al. (2009); A—E - lihological complexes at Kowala section; Carboniferous lithostratigraphic units: RB — Radlin Beds; ZB — Zareby Beds;
GDB — Gatezie Debrite Beds; LB — Lechowek Beds

siliceous claystones of the Zareby Beds (Betka and Skompski,
1988; Belka et al., 1996; Skompski, 2006). In the base, occur
breccia from several tens of centimetres to 2 m thick; the overly-
ing bedded limestones, up to 12 m thick, contain a rich fauna of
corals, goniatites, brachiopods, foraminifers and crinoids
(Kwiatkowski, 1959; Fedorowski, 1971; Czarniecki, 1973;
tydka and Zakowa, 1975; Zakowa, 1976; Jurkiewicz and
Zakowa, 1978; Belka et al., 1996; Szulczewski et al., 1996;
Skompski et al., 2006). Limestones overlying the breccia repre-
sent the Carboniferous Limestone facies. These deposits have
been resedimented as gravitational flows of detrital material
from the margin of a carbonate platform to the basin. The rede-
posited carbonate sediments were transported from the south
from the so-called Nida Platform (Betka and Skompski, 1988;
Belka et al., 1996; Skompski, 2006). Pelagic limestones from
the topmost part of the redeposited limestones contain cono-

donts of the bilineatus Zone (Szulczewski et al., 1996;
Skompski et al., 2006).

LECHOWEK BEDS (LB)

This unit comprises siltstones and fine- and me-
dium-grained greywacke sandstones with intercalations of
clayey shales, clayey siderites, clayey-siliceous shales and
phosphoritic concretions (tydka and Zakowa, 1975). It contains
pelagic fauna represented by goniatites, nautiloids and
hyolithids as well as plant debris. Goniatites indicate the Upper
Visean Goniatites granosus Zone (Zakowa, 1971b). They occur
with sedimentary continuity on the organodetrital limestones of
the Gatezice Debrite Beds (Szulczewski and Skompski, 1995;
Zakowa and Migaszewski, 1995). In the Gatezice area they
reach a thickness of about 150 m.
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BOLECHOWICE IG 1 BOREHOLE

The Bolechowice IG 1 Borehole was drilled in 1961 in the
southwestern part of the Kielce Region, in the
Gatezice—Bolechowice Syncline (Fig. 1). Carboniferous and
Upper Devonian rocks were recognized between
104.5-212.0 m below the Permian (Zechstein) strata. Zakowa
(1967) distinguished several main lithological units in the Car-
boniferous and Devonian (Fig. 2) succession of the core:

— 104.5-141.7 m — siliceous and clayey-siliceous shales,

— 141.7-152.4 m — clayey marls with limestone nodules,

— 152.4-153.4 m — black marls,

— 153.4-170.3 m — marls and limestones,

— 170.3-212.0 m — massive, fine-crystalline limestones

with stromatoporoids.

The clayey-siliceous deposits between 104.5-141.7 m rep-
resent the Lower Tournaisian and lowermost Visean Zareby
Beds (Zakowa, 1967). Carbonate deposits from 141.7-146.5m
correspond to the Lower Carboniferous Radlin Beds (Zakowa
and Migaszewski, 1995). Marl-carbonate deposits from
146.5-170.3 m are the lithostratigraphic equivalent of the upper
part of the marly series distinguished in the Famennian of the
Kowala 1 core (Romanek and Rup, 1990). Below, at
170.3-212.0 m, occur limestones with stromatoporoids, as-
signed to the Upper Frasnian part of the Kowala Formation
(Narkiewicz et al., 1990; Romanek and Rup, 1990; Racki, 1993;
Szulczewski, 1995).

Conodont and microspore studies have indicated that the
beginning of deposition of the Zareby Beds in this core is most
probably in the Middle Tournaisian crenulata Zone (Freyer and
Zakowa, 1967; Filipiak, 2004). Marls with limestone nodules
contain Lower Carboniferous conodonts: at 141.7 m —
Siphonodella isosticha (Cooper), and at 145.5 m — S. duplicata
(Branson et Mehl) and S. cf. obsoleta Hass (Freyer and
Zakowa, 1967). These species indicate the duplicata or
sandbergi zones of the Lower Tournaisian (compare Clausen
et al., 1989). Deposits of the Upper Famennian Wocklumeria
Zone (Middle expansa—Middle praesulcata Conodont zones)
occur at 147.5-150.0 m and were documented by conodonts at
147.5m (Freyer and Zakowa, 1967). The Devonian/Carbonifer-
ous boundary, determined on the basis of conodonts occurs
most probably in the depth interval of 145.5-147.5 m (Freyer
and Zakowa, 1967). According to Zakowa (1967), the boundary
is within the interval of 146.0-147.0 m. Microspore analysis in-
dicates that the boundary is near the depth of 145.0 m, within
carbonates developed as green marls with light-coloured lime-
stone nodules and lenses, corresponding to the basal part of
the Radlin Beds (Filipiak, 2004). Sedimentary continuity be-
tween the Wocklumeria Zone limestones and the marl-carbon-
ate deposits of the Radlin Beds indicates a complete succes-
sion of beds of the Devonian/Carboniferous boundary interval
in the Bolechowice IG 1 core.

KOWALA

Near Kowala (Fig. 1), beds of the Devonian/Carboniferous
boundary interval have been recognized by Czarnocki (1933) in
trenches, where he was able to document sedimentary continu-
ity between the two systems. Czarnocki (1933) noted the pres-
ence of a 2-3 m thick complex of clayey-sandy green shales
and varicoloured shales with the goniatites Imitoceras lying on
limestones and marls of the Wocklumeria Zone. Above were
documented grey-red limestones of the Gattendorfia Zone with

rare Imitoceras, 0.9 m thick, which were assigned to the lower-
most Carboniferous (Czarnocki, 1989).

In 1982, an exploratory borehole (Kowala 1) drilled in the vi-
cinity of Kowala pierced beds from the Devonian/Carboniferous
boundary interval (Rubinowski et al., 1983; Turnau, 1985, 1990;
Zakowa et al., 1985; Nehring-Lefeld, 1990; Romanek and Rup,
1990). Later studies have shown that the topmost part of the
drilled succession does not include Carboniferous deposits,
whereas the Devonian succession lacks the uppermost
Famennian (Malec et al., 1995). An exploratory trench dug in
1991 in Kowala through beds encompassing the Devonian/Car-
boniferous boundary exposed a continuous succession of de-
posits from the Upper Famennian to the Lower Tournaisian.
Several rock complexes with a diverse lithology have been dis-
tinguished herein (Malec and Migaszewski, 1992; Malec,
1993a, b, 1995; Malec et al., 1995); they are presented in strati-
graphic order below (Figs. 2 and 3):

A. Biomicritic, partly nodular limestones, with intercalations
of marly shales, exposed at a thickness of ca. 15 m. A ca. 30 cm
thick bed of black bituminous shales is present in the lower part
of the succession. Grey marly shales (4 cm thick) occur over
limestones in the upper part of the complex. In its topmost part,
calcareous concretions represent the uppermost locality with
ammonoids of the Wocklumeria sphaeroides Zone.

B. Yellow-beige and grey clayey shales with pyroclastic ma-
terial and abundant planktonic ostracodes — entomozooids. In
the middle part of the complex occurs a 22 cm thick bed of com-
pact claystones with abundant Acutimitoceras (Fig. 3, bed 159).
Directly above, at an interval of about 80 cm, within claystones,
five quartz wacke beds varying from 2 through 10 cm in thick-
ness occur. The thickness is ca. 2.7 m.

C. Micritic limestones, massive and grey in the lower part
and horizontally laminated and cherry-red in the upper part of
the complex. Limestone beds are separated by thin layers of
marly shales. The thickness reaches ca. 1.3 m.

D. Marly-limestone beds, ca. 18 m thick, with thin layers rich
in pyroclastic material. The lower part is composed of 6 m thick
green-grey clayey marls, the middle part — of 6.8 m thick clayey
marls with thin beds of grey biomicritic limestones, and the top-
most part — of 5.3 m thick green and green-grey clayey marls.

E. Black clayey-siliceous and clayey-phosphatic-siliceous
shales, exposed at a distance of ca. 15 m.

Deposits included in complex A correspond to nodular lime-
stones, i.e. the uppermost lithostratigraphic unit distinguished in
the Uppermost Famennian of the Kowala 1 borehole from the
interval between 10.1-21.4 m (Romanek and Rup, 1990) and
set L according to Devieeschouwer et al. (2013) in the Kowala
section. Clayey shales of complex B are the equivalent of green
clayey-sandy shales with Imitoceras, distinguished in the
Kowala section by Czarnocki (1933). Micritic limestones of
complex C are comparable to the grey-red limestones with rare
Imitoceras, assigned by Czarnocki (1933) to the Gattendorfia
Zone. In the Koweala section, the last two complexes are distin-
guished as unit M (Devleeschouwer et al., 2013). Deposits of
complex D correspond to the Radlin Beds (set N after
Devleeschouwer et al., 2013), and of complex E — to the Zareby
Beds (Zakowa, 1981; Zakowa and Migaszewski, 1995).

Biostratigraphic analysis of the Devonian/Carboniferous
boundary interval in Kowala included studies of conodonts
(Figs. 3-6), cephalopods, ostracodes and microspores (Malec
and Migaszewski, 1992; Malec, 1993a, b, 1995; Dzik, 1997,
2006; Olempska, 1997; Filipiak, 2004, 2005).

The topmost ca. 2 m thick part of complex A, represented by
Wocklumeria Zone limestones yields a conodont assemblage
(Fig. 3), which co-occurrence indicates the boundary between
the Upper expansa and Lower praesulcata zones (see Ziegler
and Sandberg, 1984a, b; Kurschner et al., 1993).
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Fig. 3. Conodont biostratigraphy of the Devonian—Carboniferous boundary at Kowala section
Other explanations as in Figure 2
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Fig. 4. Bispathodus from the highest Famennian of the Kowala trench

A-D - Bispathodus ultimus (Bischoff), sample 110, E-G, S — Bispathodus spinulicostatus (Branson): E, G — sample 63, F — sample 86, S —
sample 81; H, | — Bispathodus aculeatus aculeatus (Branson and Mehl): H— sample 58, | — sample 47; J—-L — Bispathodus stabilis (Branson
and Mehl): J, K —sample 1, L — sample 47; M-O — Bispathodus costatus (Branson): M — sample 110, N — sample 6, O — sample 132; P —
Bispathodus jugosus (Branson and Mehl), sample 63; R — Bispathodus sp., sample 148; scale bar — 200 ym
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Fig. 5. Conodonts from the highest Famennian and basal Tournaisian of the Kowala trench

A — Palmatolepis perlobata postera Ziegler, sample 21; B, C — Palmatolepis gracilis expansa Sandberg and Ziegler: B —sample 81, C —sam-
ple 58; D — Polygnathus experplexus Sandberg and Ziegler, sample 6; E-G — Pseudopolygnathus marburgensis marburgensis Bischoff and
Ziegler, sample 21; H — Neopolygnathus vogesi (Ziegler), sample 197; | — Polygnathus sp., sample 6; J — Palmatolepis gracilis gracilis
Branson and Mehl, sample 63; K — Pseudopolygnathus micropunctatus Bischoff et Ziegler, sample 58; L — Polygnathus sp., sample 1; M —
Branmehla suprema (Ziegler), sample 140; N, R — Polygnathus purus subplanus Voges: N — sample 197, R — sample 203; O, P —
Polygnathus purus purus Voges: O —sample 193, P —sample 197; S — Polygnathus sp., sample 217; T — Polygnathus communis communis?
Branson and Mehl, sample 47; U — Polygnathus communis communis Branson and Mehl, sample, 58; scale bar — 200 ym
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Fig. 6. Siphonodella from the highest Famennian and basal Tournaisian of the Kowala trench

A-C - Siphonodella praesulcata Sandberg: A — sample 145, B — sample 185, C — sample 186; D — Siphonodella ? sp., sample 194; E —
Siphonodella sulcata (Huddle), sample 184; F — Polygnathus sp., sample 197; G, H, P — Siphonodella cooperi Hass: G, H sample 213, P —
sample 203; | — Siphonodella belkai Dzik, sample 207; J, O — Siphonodella isosticha (Cooper), sample 193; K — Siphonodella belkai Dzik
(Branson and Mehl), sample 207; L, M, R, S — Siphonodella duplicata (Branson and Mehl): L — sample 197, M, R, S — sample 205; N —
Siphonodella sandbergi Klapper, sample 221; scale bar — 200 ym
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Limestones of complex C contain a low-abundance cono-
dont assemblage (Fig. 3). These taxa are characteristic for a
level near the boundary between the praesulcata and sulcata
zones (Sandberg et al., 1978; Over, 1992; Kaiser, 2005; Kaiser
et al., 2009).

Conodonts Neopolygnathus vogesi (Ziegler), Polygnathus
purus purus Voges and Siphonodella sulcata (Huddle) have been
identified in the basal part of complex D, about 3 m above the lime-
stones of complex C (Figs. 3, 5 and 6). The latter taxon indicates
the lowermost Tournaisian sulcata Zone (Ziegler and Sandberg,
1984b; Dreesen et al., 1986; Kaiser and Corradini, 2011).

The upper part of the Radlin Beds yields conodont assem-
blages (Figs. 3, 5 and 6) characteristic of the Lower Tournaisian
Sulcata—sandbergi zones (Sandberg et al., 1978; Dreesen et
al., 1986; Over, 1992; Kaiser, 2005; Kaiser et al., 2009).

Compact claystones located ca. 1.2 m above the
Wocklumeria limestones from complex B, as well as limestones
from complex C contain ammonoids represented by
Acutimitoceras prorsum (Schmidt) (Dzik, 1997). The fossils are
common in the 22 cm thick bed of compact claystones of com-
plex B and sporadically in limestones of complex C.

In deposits from the Devonian/Carboniferous boundary in-
terval in Kowala, ostracod studies have been made for the up-
per part of complex A and complexes B, C and D (Olempska,
1997). The recognized taxa include 15 species of planktonic
entomozooids and 64 species of benthic ostracodes of the
Thuringian ecotype. The assemblage encompassing the latter
species contains taxa characteristic of the lowermost Carbonif-
erous, ranging within the sulcata—sandbergi zones, including:
Acratia cooperi Grindel, Amphissites centronotus (Ulrich et
Bassler), Bairda venterba Griindel, Bohlenatia rhenothuria
Becker, Coryellina grandis Robinson, Microcheilinella aculeata
Buschmina, Microcheilinella bushminae Olempska, Neocra-
teria trapezoidalis (Grundel), Ovatoquasillites slowikensis
(Olempska), Timorhealdia nitidula nitidula (Richter) and Villo-
zona villosa villosa (Griindel).

Deposits from the Devonian/Carboniferous boundary inter-
val in Kowala have also been subject to microfloral analysis
(Filipiak, 2004, 2005; Marynowski and Filipiak, 2007). Five
miospore zones (LV, LE, LN, VI, HD), characteristic of the De-
vonian/Carboniferous boundary interval have been distin-
guished (Filipiak, 2004). The uppermost Devonian miospore
zones (LE? and LN?) were noted in complex B deposits,
whereas miospores of zone VI, diagnostic for the Lower Car-
boniferous, were determined in the lowermost part of complex
D (Filipiak, 2004).

Biostratigraphic studies of conodonts and microspores from
the Devonian/Carboniferous boundary interval give conform-
able results. They indicate that the boundary beds between the
two systems occur in the lowermost part of the Radlin Beds orin
the uppermost part of complex C (Fig. 3).

The four black shale beds related to the Annulata, Dasberg,
Kowala Black Shale and Hangenberg Black Shale have been
discriminated in the Upper Famennian sequence of the Kowala
Quarry. Their biostratigraphic position, geochemistry and sedi-
mentation conditions, as well as the content of organic matter
have been determined (Filipiak and Racki, 2005; Rakocinski,
2009, 2011; Marynowski et al., 2010, 2011, 2012a, b; Racka et
al., 2010; Kazmierczak et al., 2012).

The thin Kowala Black Shale layer (Marynowski and Filipiak,
2007) has been correlated with a 30 cm thick bituminous black
shale bed that occurs in a study trench located about 300 m to-
ward NW (Malec, 1993b). The latter (Fig. 3, bed 51) lies in the
lower part of the Middle expansa condont Zone, about 11.5 m
beneath top of the Wocklumeria limestones, whereas the
Kowala Black Shale, distinguished in the quarry, occurs about

7.8 m beneath this limestone top in the Upper expansa Conodont
Zone (Marynowski and Filipiak, 2007; Filipiak and Racki, 2010;
Marynowski et al., 2010). The 30 cm thick bituminous shale that
occurs in the study trench seems rather to represent a local hori-
zon situated between the Dasberg shales and Kowala Black
Shale, about 1.8 m above the top of the former ones (refer to
Devleeschouwer et al., 2013). In the Devonian—Carboniferous
boundary profile exposed in the Kowala study trench, a section of
the 8"C isotope curve representing the highest value has been
found to be closely related to the Hangenberg Event (Trela and
Malec, 2007).

JABLONNA |G 1 BOREHOLE

The Jabtonna IG 1 borehole was drilled in 1973 in the
Borkéw Syncline located in the southwestern part of the Holy
Cross Mountains (Fig. 1). In the interval at the depth of
1.4-88.0 m were drilled Lower Carboniferous and Upper Devo-
nian layers, in which several lithological complexes were deter-
mined (Zakowa et al., 1983; Fig. 2):

— 1.4-35.0 m — claystones, pyroclastic rocks, black sili-

ceous claystones, micritic limestones;

— 35.0-55.7 m —siliceous claystones with radiolarians and
phosphorites;

— 55.7-62.3 m — claystones with limestone nodules, beds
of marly limestones, phosphoritic concretions, intercala-
tions of clay-siliceous rocks and tuffites;

— 62.3-62.6 m — tectonic breccia;

— 62.6-65.8 m — nodular limestones;

— 65.8-67.5 m — micritic limestones;

— 67.5-88.0 m — micritic and organogenic limestones;
“rozanka” type vein limestones.

Deposits between 1.4-55.7 m represent the Zareby Beds
(Zakowa and Migaszewski, 1995). The strata between
55.7-62.3 m were assigned to the lowermost Carboniferous
(Zakowa et al., 1983). Nodular limestones occurring at
62.6-65.8 m, representing the interval of the Lower
praesulcata—Lower marginifera zones, encompass several
stratigraphic gaps documented by the lack of several conodont
zones (Zakowa et al., 1983; Fig. 2).

Biostratigraphic studies of the Devonian and Carboniferous
deposits in the Jabtonna IG 1 borehole were made on the basis
of ostracodes (Olempska, 1981), conodonts (Zakowa et al.,
1983) and microspores (Filipiak, 2000). At 33.9-34.0 m the
conodont Scaliognathus anchoralis Lane and Ziegler occurs,
documenting the Upper Tournaisian anchoralis Zone. In the
Jabtonna core, this species occur slightly above the top of the
complex dominated by radiolarites and clayey-siliceous rocks
with phosphorites. The presence of S. anchoralis points to the
uppermost Carboniferous conodont zone in the Borkéw
Syncline. At 53.5 m, Filipiak (2000) determined the presence of
the PC palynozone, and at 50.5 m — the CM palynozone, en-
compassing the cuneiformis to anchoralis conodont zones. No
conodonts have been encountered at 34.0-58.2 m. These de-
posits lie probably within the sandbergi to cuneiformis zones.
Deposits within 58.2-58.4 m contain the conodonts Siphono-
della cooperi Hass, S. obsoleta Hass, S. quadruplicata
(Branson and Mehl) and S. duplicata (Branson and Mehl),
pointing to the duplicata Zone. At 58.8—-61.2 m occur conodonts
assigned to the Siphonodella sp., which represent probably the
Sulcata Zone — the lowermost conodont zone of the Carbonifer-
ous. The thickness of strata encompassing the sulcata—dupli-
cata zones reaches ca. 2.5 m.
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The latest Devonian conodonts, documented at
62.3—62.6 m, occur in an assemblage comprising mixed species
from the boundary between the Upper expansa to Lower
praesulcata zones and the Lower trachytera Zone. Below, at
62.9-63.2 m conodonts documenting the boundary between the
Upper expansa and Lower praesulcata zones were noted, at
63.5-63.7 m conodonts of the postera Zone, and at 64.7—65.8 —
taxa representing the Lower marginifera Zone. Famennian de-
posits were documented till the depth of 75.0 m, where cono-
donts belonging to the Middle crepida Zone occur (Zakowa et al.,
1983). Isolated conodont assemblages, occurring at
62.3-65.8 m and recording fragmentary parts of the conodont
zones from the Lower praesulcata—Lower marginifera interval,
document the presence of several stratigraphic gaps and strong
condensation of the middle/uppermost Famennian. Stratigraphic
gaps occur in the Middle—Upper praesulcata, Middle expansa,
trachytera and Upper-uppermost marginifera zones.

In the Jabtonna IG 1 core, conodonts document the close
occurrence of deposits belonging to the uppermost Famennian
Lower praesulcata Zone and Lower Tournaisian sulcata or
duplicata zones. Conodonts representing the uppermost
Famennian Middle to Upper praesulcata zones have not been
found. According to Zakowa et al. (1983), the contact between
the Famennian and Tournaisian is sedimentary herein, with
non-deposition intervals in submarine conditions. This is evi-
denced by the pelagic character of sediments at the
Famennian/Tournaisian boundary.

In comparison to the Famennian succession in the
Ostréwka Quarry, the deposits in Jabtonna have a several
times larger thickness. The upper part of the Famennian in the
Jabfonna core and in the Ostréwka Quarry are similarly con-
densed. In this part of the succession, mixed fauna of different
age and small range stratigraphic gaps are a common case.
These phenomena indicate gaps and submarine resedi-
mentation without emersion and direct influence of tectonic fac-
tors (Zakowa et al., 1983).

ZAREBY IG 2 BOREHOLE

The Zareby IG 2 borehole was drilled in 1963—1964 in the
central part of the Kielce—tagéw Synclinorium near tagow
(Fig. 1). The core encompasses Paleozoic deposits ranging
from the Lower Carboniferous to the Lower Cambrian
(Jurkiewicz, 1971; Zakowa, 1971a). In the upper part of the suc-
cession, encompassing the Devonian/Carboniferous boundary
interval, Zakowa (1971a) distinguished several characteristic
lithological complexes (Fig. 2):

— 4.0-81.1 m — black siliceous claystones with intercala-

tions of siliceous shales and tufogenic beds;

— 81.1-89.7 m — marls and laminated limestones;

— 89.7-106.6 m — green marls;

— 106.6—173.0 m —marly limestones, marls and marls with

limestone nodules;

— 173.0-176.2 m — nodular limestones.

Clayey-siliceous deposits from the topmost part of the core
at 4.0-81.1 m represent the Zareby Beds (Zakowa, 1971a;
Zakowa and Migaszewski, 1995). In the Zareby IG 2 borehole,
the Devonian/Carboniferous boundary was placed at a distinct
lithological change, between the carbonates and the clayey-sili-
ceous deposits, at the depth of 81.1 m. According to Jurkiewicz
(1971), the contact of these two series is tectonic in nature.

The Late Devonian (Famennian) age of the carbonates and
the Early Carboniferous (Tournaisian) age of the clayey-sili-

ceous rocks were confirmed by taxonomically diverse
microfloral and macrofaunal remains (Jachowicz, 1967;
Zakowa, 1971a). Stratigraphically important are bivalves of the
genus Guerichia. At 117.6-135.7 m occurs Guerichia cf.
simorini (Sadykov) (Zakowa, 1971a). In the Upper Devonian of
the Holy Cross Mountains, these bivalves have been recog-
nized in Famennian strata within the Uppermost marginifera to
trachytera zones (Zakowa, 1983). Recently, the Devonian/Car-
boniferous boundary was established in the Zareby IG 2 core
based on palynologic studies (Filipiak, 2004). These have indi-
cated that the microspore assemblages characteristic of the up-
permost Devonian, representing palynozone LN, occur in car-
bonates at the depth of 107.0-109.0 m. In limestones and marls
located above, at 81.1-105.0 m, Filipiak (2004) documented
Lower Carboniferous  microspore  assemblages. At
97.0—105.0 m they represent palynozone VI, and in the topmost
part of the succession, at 81.1-95.0 m — the Lower Tournaisian
palynozone HD, corresponding to the sandbergi Zone in the
conodont zonation. Microspore studies indicate that the Devo-
nian/Carboniferous boundary in the Zareby |G 2 borehole is lo-
cated in the topmost part of marls and laminated limestones, so
far assigned to the Famennian (Jurkiewicz, 1971; Zakowa,
1971a). Microspore studies (Filipiak, 2004) indicate that lime-
stones from the interval of 81.1-105.0 m belong to the Lower
Tournaisian sulcata—sandbergi conodont zones (Fig. 2).

The lithology of deposits from the Zareby IG 2 borehole at
81.1-105.0 m has been erroneously described by Filipiak
(2004, 2005), who located radiolaritic shales of the Zareby Beds
in this interval. In reality, at this depth occur limestones and
marls (Jurkiewicz, 1971; Zakowa, 1971a). In turn, deposits of
the Zareby Beds have been drilled in the Zareby IG 2 borehole
at 4.0-81.1 m. The core with this part of the succession has
been destroyed in 1968.

RUDA STRAWCZYNSKA BOREHOLE

The Ruda Strawczyriska borehole was drilled in 1962—1963
in the close western Mesozoic Margin of the Holy Cross Moun-
tains (Fig. 1). Below Permian (Zechstein) conglomerates, at
822.0-1003.6 m Carboniferous as well as Upper Devonian
rocks (Pawtowska and Pawtowski, 1978) were drilled, whose
lithological characteristics are as follows (Fig. 2):

— 822.0-852.5 m — black siliceous shales, locally sandy,
with thin beds of arcosic sandstones; dark grey and
grey-cherry red siltstones;

— 852.5-856.2 m — dark grey calcareous dolomicrites with
rare, randomly distributed nodules of grey dolomicrites;

— 856.2-857.5 m — black calcareous dolomicrites;

— 857.5-860.6 m — dark grey calcareous dolomicrites with
rare, randomly distributed small nodules of grey
dolomicrites;

— 860.6-878.3 m — dark grey micritic limestones with ran-
domly distributed light grey limestone nodules;

— 878.3-893.3 m — dark grey micritic limestones with high
admixture (up to 50-70% of the rock volume) of light
grey limestone nodules;

— 893.3-915.5 m — bioclastic limestones with shell beds
composed of the brachiopods Dzieduszyckia kielcensis
Roemer;

— 915.5-967.0 m — nodular limestones composed of
micritic limestone nodules of various sizes (up to 10 cm
across), composing 20-50% of the rock volume, distrib-
uted within the grey-black marly deposits;
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— 967.0-1003.6 m — grey-black marls, locally dolomitized,

with corals, brachiopods, crinoids and bryozoans.

Deposits occurring at 822.0-852.5 m represent the Lower
Carboniferous Zareby Beds. Based on macrofauna, they have
been assigned to the Upper Tournaisian Ammonellipsites
goniatite Zone (upper Tn3) (Zakowa, 1981; Zakowa and
Migaszewski, 1995), corresponding to the upper Tournaisian—
lowermost Visean Fascipericyclus—Ammonellipsites goniatite
Zone (Korn and Feist, 2007; Tilsley and Korn, 2009; Korn and
Kaufmann, 2009). The carbonates occurring below, at
852.5-1003.6 m, have been assigned by Pawlowska and
Pawtowski (1978) to the Frasnian and Famennian. According to
these authors, there is a stratigraphic gap and angular uncon-
formity of about 20° between the Devonian and Carboniferous
layers. Based on conodont studies by Koscielniakowska (in
Pawtowska and Pawtowski, 1978), the Frasnian/Famennian
boundary has been placed in this borehole at 915.5 m. New
conodont data document that the Frasnian/Famennian bound-
ary is located in this borehole lower than hitherto assumed
(Malec, 2009), which is indicated by the Frasnian conodonts
Palmatolepis subrecta Miller et Youngquist and Ancyrodella
sp., recognized at 953.2 m and Famennian conodonts: Palma-
tolepis minuta minuta Branson et Mehl and P. glabra lepta
Ziegler et Huddle in samples from 929.5 m (e.g., Klapper and
Ziegler, 1979; Ziegler and Sandberg, 1984a, 1990).

A more precise position of the Frasnian/Famennian bound-
ary in this succession is documented by Koscielniakowska
(Pawtowska et al., 1972) by the presence of ten specimens of
Palmatolepis triangularis Sannemann at 940.2 m (Fig. 2). This
taxon is indicative of the triangularis Zone, the lowermost cono-
dont zone of the Famennian (Ziegler and Sandberg, 1990). The
presented data demonstrate that the Frasnian/Famennian
boundary lies in the Ruda Strawczynska section most probably
slightly beneath 940.2 m.

At 901.1 m the following conodonts were noted: Palmato-
lepis perlobata schindewolfi (Muller) and P. glabra lepta Ziegler
et Huddle. The co-occurrence of these conodonts ranges from
the Lower marginifera—Upper trachytera zones (Klapper and
Ziegler, 1979; Ziegler and Sandberg, 1984a).

The brachiopods Dzieduszyckia kielcensis Roemer from
the depth of 893.3-915.5 m, represented the mass occurrence
of this fauna in Poland (Biernat, 1967, 1988; Pawtowska and
Pawtowski, 1978).

In the upper part of the carbonate deposits occurs a sparse
conodont assemblage pointing to the Upper Famennian: at
871.5-889.0 m — Palmatolepis gracilis gracilis Branson et Mehl,
at 873.5-874.5 m — Bispathodus stabilis (Branson et Mehl), and
at 870.5-871.5 m — B. aculeatus aculeatus (Branson et Mehl).
The latter taxon ranges from the Middle expansa—Upper
praesulcata zones of the uppermost Famennian to the lower part
of the Lower Tournaisian sulcata Zone (Klapper and Ziegler,
1979; Ziegler and Sandberg, 1984a; Dreesen et al., 1986). Ac-
cording to Kaiser (2005), its ranges into the sandbergi Zone.

In the topmost part of the carbonates, above the conodont
samples, at 853.7-863.0 m occur numerous ostracode assem-
blages (a total of 21 species), represented by the Thuringian
ecotype deep-water benthic forms (Malec, 2009). Among them,
eight species: Healdia thuringensis Grindel, Rectonaria
muelleri Grundel, Rectonaria varica Grindel, Bairda
feliumgibba  Becker, Rectonaria  inclinata  Grindel,
Timorhealdia nitidula nitidula (Richter), Orthonaria rectagona
(Griindel) and Paraberounella thuringica Griindel — have been
noted in successions across the Devonian/Carboniferous
boundary both in the uppermost Famennian as well as in the
Lower Tournaisian. The remaining ostracodes, represented by
the species: Bairda venterba Grundel, Acratia cooperi Griindel,
Healdianella cf. bispinosa Grindel, Microcheilinella cf.

bushmina Olempska, Aurigerites blumenstengeli
nigermontanus Lethiers and Feist, Paraberounella cuneata
(Griindel), P. gattendorfina Grindel, Paragerodia spinosa
Wang, Orthonaria neotridentifer Lethiers et Feist, Famenella
angulata perparva Lethiers et Feist, Triplacera (Necrateria)
trapezoidalis Grundel, Aurigerites cf. obernitzensis Grindel and
Spinela cf. prebitannensis Lethiers et Feist, are characteristic of
the Lower Tournaisian (Grundel, 1961, 1962, 1973;
Blumenstengel, 1965, 1979, 1993; Becker, 1976, 1987;
Olempska, 1979, 1981, 1997; Bartzsch and Weyer, 1986;
Wang, 1988; Lethiers and Feist, 1991; Becker et al., 1993). Part
of the Lower Carboniferous species from the Ruda
Strawczynska core have also been recognized in the Kowala
succession, where they occur within the range of the sulcata—
sandbergi Conodont zones (Olempska, 1997). Analysis of the
ostracode stratigraphic ranges indicates that at 853.7—-863.0 m
Lower Carboniferous species from the sulcata—sandbergi
zones appear. Therefore, in the Ruda Strawczynska section,
the Devonian/Carboniferous boundary occurs lower than hith-
erto accepted, most probably below 863.0 m, in the upper part
of micritic limestones with nodular limestones. The Devo-
nian/Carboniferous boundary beds are represented by
deep-water carbonates characterized by continuous sedimen-
tation.

Results of biostratigraphic studies of the Zareby Beds
(Zakowa and Migaszewski, 1995) and the carbonates lying di-
rectly below in the Ruda Strawczynska core indicate that there
is a stratigraphic gap of tectonic nature between the two rock
series, encompassing the crenulata—Upper anchoralis/Lower
texanus conodont zones (Fig. 2).

CONDITIONS OF SEDIMENTATION

The Devonian/Carboniferous boundary interval has been
documented only in the Kielce Region of the Holy Cross Moun-
tains, from Zareby in the east to the vicinity of Gatezice and
Ruda Strawczynska in the west (Fig. 1). In this area, the Upper
Devonian and Lower Carboniferous facies development was
largely controlled by the structure of the basement. The south-
ern part of the Kielce Region with a firmer basement was during
the Middle and Late Devonian, till the Late Frasnian, the area of
a shallow-water carbonate platform. From the north it was
bounded by a deeper basin, i.e. the Kostomtoty facies zone, lo-
cated approximately within the Kielce—-tagéw Synclinorium.
Both in the Late Devonian and at the Devonian/Carboniferous
boundary, the highest gradient in the facies development was
noted from the south to the north, between the carbonate plat-
form and the Kostomtoty zone with basinal facies (Narkiewicz,
1988; Racki, 1993; Szulczewski, 1995).

On the carbonate platform, Late Devonian and Early Car-
boniferous sedimentation was controlled by synsedimentary
block movements of the basement. This influence resulted in
the deposition of different facies and thicknesses within subma-
rine horsts and grabens, distributed mostly in the central and
northern part of the Kielce Region. Deposits on the seamounts,
are developed as condensed, thin-bedded, dark grey and black
pelagic limestones with cephalopods and crinoids (Szul-
czewski, 1978, 1995; Szulczewski et al., 1996). Commonly the
fauna is concentrated in cephalopod shell beds. These areas
were periodically subject to the activity of waves or currents,
causing a larger concentration of shells and their preferred ori-
entation. In the mixed crinoid-cephalopod facies, the segrega-
tion of organic remains was induced by storm waves. Sedimen-
tation of condensed complexes, with breaks in deposition in the
submarine settings, ranged from the Upper Frasnian rhenana
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Zone to the Middle/Upper Tournaisian in the western part of the
Kielce region in the Ostrowka Quarry area (Szulczewski, 1981;
Fig. 2). Deposits with mixed conodont assemblages, containing
forms characteristic of several conodont zones, are often pres-
ent. Lack of deposits from the Devonian/Carboniferous bound-
ary in some areas is also documented by neptunian dykes con-
taining conodonts documenting their primary deposition
(Szulczewski, 1973). Upper Devonian condensed beds laterally
pass into marly-limestone basinal facies or various types of de-
trital limestones. In the Checiny—Zbrza intrashelf basin of the
Kielce region several black bituminous beds assigned to the
Middle Famennian through the Devonian—Carboniferous
boundary have been recorded (Filipiak and Racki, 2005; Racki,
2006; Rakocinski, 2011). They correspond to the Famennian
Annulata, Dasberg, Kowala Black Shale and Hangenberg
Black Shale of global and local extent (\Walliser, 1996; House,
2002; Marynowski and Filipiak, 2007; Filipiak and Racki, 2010;
Racka et al.,, 2010; Marynowski et al., 2010, 2012a, b;
Kazmierczak et al., 2012).

The Lower Carboniferous (Tournaisian) successions occur
in sedimentary continuity on the Famennian carbonates and
developed as deep-water carbonates — marly claystones with
limestone nodules and thin intercalations of pyroclastic rocks.
They have been distinguished in the western part of the Holy
Cross Mountains as the Radlin Beds (Zakowa and Pawtowska,
1961, 1966; Zakowa, 1981; Malec, 1993a, b, 1995; Szul-
czewski, 1995; Zakowa and Migaszewski, 1995). The begin-
ning of their sedimentation was in the Lower sulcata Zone and
lasted most probably to the upper part of the sandbergi Zone
(Figs. 2 and 3).

The region of Gatezice with the Ostréwka Quarry, located in
the western part of the Gatezice—Bolechowice Syncline, was an
active tectonic block in Late Devonian and Early Carboniferous
times. Sedimentation of condensed deposits with several large
stratigraphic gaps took place on an emerging seamount at the
Devonian/Carboniferous boundary (Szulczewski, 1978, 1981;
Fig. 2). In the region of Ostrowka, the Lower Carboniferous car-
bonates represented by the Radlin Beds are characterized by
high stratigraphic condensation. The beginning of their sedi-
mentation in most sections took place in the anchoralis Zone. In
some of them, characterized by a more complete Famennian
succession, the deposits range from the sandbergi to the
texanus zones (Szulczewski et al., 1996; Skompski et al.,
2006). Higher up in the Carboniferous succession they pass
with sedimentary continuity into siliceous claystones of the
Zareby Beds (Fig. 2).

In the northern, Kostomtoty facies zone, the Devonian/Car-
boniferous boundary beds recognized in the Zareby IG 2 and
Ruda Strawczynska boreholes are represented by marls and
pelagic limestones that originated in a basinal setting. Sedi-
mentation of the Lower Tournaisian carbonates, corresponding
to the Radlin Beds, was in the lower sulcata—sandbergi zones,
similarly as in the western part of the Kielce Region (Fig. 2).
These deposits pass, most probably with sedimentary continu-
ity, into the clayey-siliceous rocks of the Zareby Beds. At pres-
ent, the observed contact of these series is tectonic in nature.
According to biostratigraphic data, the chronostratigraphic
boundary between the Devonian and Carboniferous lies within
the upper part of the carbonates (Fig. 2).

Litho- and biostratigraphic analysis of the sequence from
the Devonian/Carboniferous boundary interval indicates that in
the Kielce Region of the Holy Cross Mountains, the clayey-sili-
ceous deposits of the Lower Carboniferous Zareby Beds never
lie in sedimentary continuity on the uppermost Devonian
(Famennian) carbonates. So far it was assumed that in several
areas of the Kielce Region there is a sedimentary continuity of

the uppermost Famennian carbonates and the Zareby Beds
(Zakowa, 1981; Zakowa and Migaszewski, 1995). In the Kielce
Region of the Holy Cross Mountains and their western Meso-
zoic Margin, the deposition of the Zareby Beds commenced in
the lower part of the crenulata Zone (apart from the Gatezice
area with the Ostrowka Quarry, where these sediments ap-
peared in the texanus Zone). In the Gatezice area (Ostrowka
Quarry), the sedimentation of these deposits lasted most prob-
ably to the middle part of the bilineatus Zone (Fig. 2).

DEVONIAN/CARBONIFEROUS BOUNDARY
INTERVAL IN KOWALA AND THE RHENISH MASSIF

The best recognized Devonian/Carboniferous boundary
beds of the Holy Cross Mountains occur at Kowala. Their
lithological characteristics indicate large similarities to deposits
from the Devonian/Carboniferous boundary interval of the
Rhenish Massif. Moreover, succeeding types of sediments ap-
pear in similar biostratigraphic intervals (Walliser, 1984; Ziegler
and Sandberg, 1984b; Clausen et al., 1989; Malec and
Migaszewski, 1992; Bless et al., 1993; Malec, 1993a, b, 1995;
Becker, 1996; Dzik, 1997; Filipiak, 2004). Limestones with
Wocklumeria from the topmost part of complex A in Kowala cor-
respond to the Wocklum Limestone from the Rhenish Massif. In
both areas, sedimentation of the topmost part of these deposits
finished near the boundary between the Upper Famennian
Lower/Middle praesulcata zones (Figs. 3 and 7; Kurschner et
al., 1993; Becker, 1996; Walliser, 1996; Kaiser et al., 2009).
Claystones from complex B in Kowala have equivalents in the
Rhenish Massif represented by the Hangenberg Black Shale
and Hangenberg Sandstone (Fig. 7). A claystone interval with
quartz wacke beds of the Kowala complex B corresponds to the
Hangenberg Sandstone in the Rhenish Massif area. In both ar-
eas, the upper part of the claystones contain an ammonoid
fauna with Acutimitoceras prorsum (Schmidt), which is the in-
dex taxon of the prorsum Zone, the uppermost Devonian
ammonoid zone in the Rhenish Massif (Korn, 1993; Becker,
1996; Dzik, 1997). The biostratigraphic position of limestones
from the complex C in Kowala indicates their similarity to the
Stockum Limestone (Ziegler and Sandberg, 1984b; Bless et al.,
1988, 1993; Becker and Paproth, 1993; Becker, 1996; Kaiser et
al., 2011). The lithology and stratigraphic position of carbonates
from complex D in Kowala (Radlin Beds) indicate their corre-
spondence to the Hangenberg Limestone, whose sedimenta-
tion in the Rhenish Massif begins in the lower part of the sulcata
Zone (Higgs and Streel, 1984; Ziegler and Sandberg, 1984b;
Becker, 1996; Walliser, 1996). Siliceous claystones from com-
plex E (Zargby Beds) in Kowala correspond to the black
claystones known as the Alum Shale (Liegende Alaunschiefer)
from the Rhenish Massif; in both areas these deposits appear in
the lower part of the crenulata Zone (Bless et al., 1993; Malec,
1993b, 1995; Becker, 1996; Fig. 7).

EVENT STRATIGRAPHY AND CONODONT
BIOFACIES AT THE DEVONIAN/CARBONIFEROUS
BOUNDARY

The large similarity of the lithological development of the
Devonian/Carboniferous boundary beds in Kowala and succes-
sions from the Rhenish Massif indicates common geological
factors. Apart from similar lithologies, the disappearance and
appearance of various faunal groups took place in the same
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time intervals in both areas, the latter usually in similar
lithological horizons. Relatively rapid lithological changes in the
Devonian/Carboniferous boundary beds as well as perturba-
tions in the biota from this time have been documented in many
regions of the world and attributed to eustatic sea level changes
linked with a regression and transgression (House, 1983, 2002;
Johnson et al., 1985; Becker, 1993; Racki, 1997; Kaiser et al.,
2006, 2008, 2011; Devleeschouwer et al., 2013). Biotic trans-
formations at the Devonian/Carboniferous boundary, reflected
by the extinction of many organisms, have been determined as
the Hangenberg Event (Walliser, 1984, 1985, 1996) or
Hangenberg Crisis (Kaiser et al., 2011), which marks the last
appearance of the goniatite Wocklumeria sphaeroides and
ranges till the first appearance of the species Gattendorfia
subinvoluta (Becker, 1993, 1996; Walliser, 1996). The mass
extinction was triggered by transgression and anoxia
(Kazmierczak et al., 2012), which followed the warming and
transgressive event of the Hangenberg Black Shale.

In the Rhenish Slate Mountains, the sedimentation of the
Hangenberg Black Shale took place during the early
Hangenberg Event (Walliser, 1984; House, 2002). Several sub-
ordinate transgressive-regressive cycles as well as four (A-D)
biotic events are distinguished within this event (Bless et al,,
1993; Kaiser et al., 2011; Fig. 7).

The Event A, which corresponds to the upper section of
Wocklum Limestone sedimentation, determines a general de-
crease in faunal diversity induced by a regressive episode. The
Event B begins an anoxic episode (Hangenberg Black Shale)
connected with a short-lived transgression and massive extinc-
tion, after which a great regressive episode occurred. The
Event C from the boundary between the praesulcata and
sulcata zones is characterized by “replacement” of Devonian
faunal assemblages by Carboniferous assemblages, whereas
the Event D from the boundary between the sulcata and
duplicata zones — by fast radiation and expansion of Carbonif-
erous fauna.

The Hangenberg Event (Hangenberg Crisis) was caused
by global climatic fluctuations connected with major eustatic
sea level changes, with highest amplitude just before Devo-
nian/Carboniferous boundary (Becker, 1996; Kaiser et al.,
2011; Kalvoda et al., 2013). This phenomenon was linked with
a large-scale glacial episode in the southern hemisphere, caus-
ing relatively rapid sea level fall (Streel et al., 2000; Sandberg et
al., 2002; Caputo et al., 2008; Isaacson et al., 2008; Kaiser et
al., 2011; Kalvoda et al., 2013; Kumpan et al., 2013).

In the Kowala profile, interval with quartz wacke beds distin-
guished within the claystone complex (B), corresponds to the
maximum regressive phase in the Hangenberg Event that re-
lates with the main period of Gondwana glaciations.

The Devonian—Carboniferous boundary clearly falls in the
time of new minor post-glacial transgression, and carbonate
sedimentation in pelagic conditions, with appearance of new
faunal assemblages among cephalopods, trilobites, conodonts
and entomozoacean ostracodes (Flajs and Feist, 1988; Bless
et al., 1993; Becker, 1996; Kaiser et al., 2006, 2008, 2009,
2011). The younger, major transgressive episode is accompa-
nied by the Middle Tournaisian deposition of the Lower Alum
Shale Event in the Rhenish Slate Mountains (Becker, 1993,
1996; Walliser, 1996) and Zareby Beds in the Holy Cross
Mountains (Fig. 7).

Fluctuations related to transgressive and regressive epi-
sodes in the Late Devonian and Early Carboniferous, which are
reflected in the conodont biofacies pattern (e.g., Dreesen,
1992; Walliser, 1996; Kaiser et al., 2008; Kalvoda et al., 2013),
are also marked in the Kowala profile. In this place within Mid-
dle-Upper expansa zones, conodont assemblages are pre-

dominated by the palmatolepid-bispathodus biofacies, which
are linked to the basinal area and the lower part of its slope
(e.g., Sandberg and Dreesen, 1984; Dreesen et al., 1986;
Dreesen, 1992). At the boundary of the Upper expansa and
Lower praesulcata zones, the conodont biofacies consists
mainly of individual organisms assigned to the genera
Palmatolepis and Bispathodus with subordinate Branmehla,
Pseudopolygnathus and Siphonodella. In the upper part of
Fammenian limestones with Wocklumeria of the Kowala profile
(Lower praesulcata Zone), i.e. at the beginning of Hangenberg
Event, nearly all conodonts of the genus Palmatolepis became
extinct. The only species P. gracilis sigmoidalis was found in the
limestones of the complex C (Upper praesulcata Zone; Fig. 3).
Most species of the genus Bispathodus disappear in the Lower
praesulcata Zone. The Upper praesulcata and Lower sulcata
zones contain only B. stabilis and B. aculeatus aculeatus
(Fig. 3). In other areas, the bispathodus and palmatolepid
biofacies predominated up to the Middle praesulcata Zone
(e.g., Clausen at al., 1989; Kaiser et al., 2008). Only individual
species of the genus Bispathodus passed into the Upper
praesulcata, sulcata and duplicata zones (Luppold et al., 1984;
Perret, 1988; Over, 1992; Nemirovskaya et al., 1993; Kaiser,
2005; Kalvoda et al., 2013).

No conodonts assigned to the Middle praesulcata Zone
have been found in claystones of the complex B of the Kowala
profile (Fig. 3). In this profile conodonts of the genus Protho-
gnathodus occur in the Upper praesulcata Zone within lime-
stones of the complex C. The presence of these conodonts is
connected with the Late Devonian transgression, during which
adaptative radiation took place (Becker, 1996; Kaiser et al.,
2008). The protognathodid biofacies is ascribed to the outer
shelf environment and the basinal slope (Kalvoda et al., 1999)
or to the shallower sea environment (Dreesen, 1992).

In the Lower Carboniferous Kowala profile the conodont as-
semblages are represented by the siphonodellid-polygnathid
biofacies, which are characteristic of the pelagic environment of
the outer shelf (Flajs and Feist, 1988; Kalvoda et al., 1999). In the
Kowala profile, the contribution of conodonts assigned to the ge-
nus Siphonodella increases substantially from the duplicata
Zone (Dzik, 1997). The rapid increase in the amount of cono-
donts belonging to the siphonodellid biofacies in the duplicate
Zone was noted in Carboniferous profiles of different areas (e.g.,
Clausen et al., 1989; Walliser, 1996; Kaiser et al., 2008). This is
elucidated by a raise of sea level (Kalvoda et al., 2013).

SUMMARY

The paper characterizes the Devonian/Carboniferous
boundary beds in five sections from the Holy Cross Mountains
and one located at its nearby Mesozoic Margin (Fig. 1). In four
of them: Ruda Strawczynska, Bolechowice IG 1, Zareby IG 1
and Kowala, the Devonian/Carboniferous boundary, biostrati-
graphically documented by conodonts, ostracodes and micro-
spores, lies within a continuous succession of deep-water car-
bonates. In the two remaining sections: Ostréwka Quarry and
Jabtonna IG 1, the boundary between the systems is character-
ized by stratigraphic gaps caused by lack of deposition in sub-
marine conditions (Szulczewski, 1981; Zakowa et al., 1983;
Szulczewski et al., 1996).

Continuous sedimentation of marls and carbonates from the
Devonian/Carboniferous boundary interval lasted till the Lower
Tournaisian sandbergi Zone (Fig. 2). In the western part of the
Holy Cross Mountains, Lower Carboniferous carbonates have
been distinguished as the Radlin Beds (Zakowa, 1981; Zakowa
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and Migaszewski, 1995). They pass with sedimentary continuity
into siliceous claystones of the Zareby Beds. Apart from the
Ostrowka section, where their sedimentation began in the Lower
Visean fexanus Zone, in the remaining part of the Holy Cross
Mountains these deposits appeared earlier in the Carboniferous,
in the Middle Tournaisian crenulata Zone (Fig. 2).

In the Kowala section, the sequence from the Devo-
nian/Carboniferous boundary interval is strikingly similar to con-
temporary strata from the Rhenish Massif. In both areas, the
same biostratigraphic intervals are characterized by the same
lithofacies and faunal assemblages. The simultaneous appear-

ance of similar deposits was caused by common factors, linked
with global sea level fluctuations, resulting from glaciations on
the southern hemisphere (see Sandberg et al., 2002; Caputo et
al., 2008; Isaacson et al., 2008).

The conodont biofacies succession in Kowala is the same
as in the other D/C profiles in Europe.
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