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Five sec tions from the Kielce Re gion of the Holy Cross Moun tains and one core from a bore hole drilled in the nearby west ern
Me so zoic Mar gin re veal the best rec og nized de pos its from the De vo nian/Car bon if er ous bound ary in ter val. In four sec tions:
Ruda Strawczyñska, Bolechowice IG 1, Zarêby IG 2 and Kowala, the De vo nian/Car bon if er ous bound ary is lo cated within a
con tin u ous se ries of deep-wa ter car bon ates, whereas in the two re main ing: Ostrówka Quarry and the Jab³onna IG 1 bore -
hole, the De vo nian/Car bon if er ous bound ary in ter val con tains strati graphic gaps re sult ing from lack of de po si tion in sub ma -
rine con di tions. The biostratigraphic po si tion of the analysed up per most De vo nian and low er most Car bon if er ous suc ces sion
is de ter mined by as sem blages of cono donts, micro spores and deep-wa ter ostracodes of the Thuringian eco type. A dis tinc -
tive suc ces sion of con tem po ra ne ous fauna as sem blages and lithofacies types is trace able from Holy Cross Mts. to Rhenish
Mas sif. The main ex tinc tion oc curred dur ing a trans gres sion-pro moted an oxia, which then re verted in glacigenic re gres sion.
The anoxic con di tions are well-ex pressed at Bolechowice and Kowala suc ces sions.
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INTRODUCTION

The De vo nian/Car bon if er ous bound ary has been an in trigu -
ing prob lem in the Holy Cross Moun tains ever since Car bon if er -
ous de pos its were rec og nized in the Ga³êzice area (Czarnocki,
1916); their oc cur rence is re stricted only to the Kielce Re gion
(Czarnocki, 1950; Szulczewski, 1995). The stra tig ra phy of the
De vo nian/Car bon if er ous bound ary in ter val of the Ga³êzice
area, worked out in de tail by Czarnocki (1928), in di cated the
pres ence of Up per Famennian lime stones with Wocklumeria
and the lack of the Gattendorfia Zone, which at that time was
as signed to the up per most Famennian. Ac cord ing to Czarnocki 
(1928), the lack of the up per most Famennian in the west ern
part of the Holy Cross Moun tains was the re sult of breaks in
sed i men ta tion be tween the De vo nian and Car bon if er ous,
caused by one of the phases of the Variscan Orog eny. More -
over, he stated that there is a sed i men tary con ti nu ity be tween
the De vo nian and Car bon if er ous in the cen tral part of the Holy
Cross Moun tains, in the “£agów–Kielce de pres sion” and in the
Ga³êzice–Bolechowice Syncline. In the lat ter unit, near Kowala, 
Czarnocki (1933, 1989) doc u mented a com plete suc ces sion
across the dis cussed bound ary. Field work al lowed to ex pose
lime stones with ammonoids of the Wocklumeria and
Gattendorfia zones, above which were dis tin guished grey
shales, si li ceous shales and lidites, rep re sent ing the Lower
Car bon if er ous Culm fa cies.

The strati graphic po si tion of de pos its from the De vo -
nian/Car bon if er ous bound ary in ter val of the Ga³êzice area as
well as those sub se quently rec og nized in other ar eas of the
Kielce Re gion, was dur ing later stud ies pre cisely de ter mined on 
the ba sis of cono donts; these fos sils al lowed for a better
biostratigraphic res o lu tion than the ammonoids (Freyer and
¯akowa, 1967; Wolska, 1967; Szulczewski, 1971, 1978, 1981;
Dzik, 1997, 2006). Cono dont stud ies have re vealed the pres -
ence of sev eral strati graphic gaps in the De vo nian/Car bon if er -
ous bound ary in ter val in the Ga³êzice area, both in the Up per
De vo nian and Lower Car bon if er ous lay ers, en com pass ing
even up to sev eral cono dont zones, as well as de pos its con tain -
ing mixed cono dont as sem blages from sev eral zones
(Szulczewski and ¯akowa, 1976; Szulczewski, 1978, 1981,
1982). Cono dont anal y sis of nep tu nian dykes from the west ern
part of the Holy Cross Moun tains in di cated ar eas that at pres ent 
lack up per most De vo nian and Lower Car bon if er ous de pos its
but which were orig i nally cov ered by deep-wa ter de pos its
(Szulczewski, 1973).

Some bore hole sec tions from the west ern part of the Holy
Cross Moun tains have doc u mented an al most com plete cono -
dont suc ces sion across the De vo nian/Car bon if er ous bound ary
(Freyer and ¯akowa, 1967; ¯akowa, 1967). In turn other sec -
tions have in di cated strati graphic gaps in the Up per Famennian
– Lower Tournaisian (¯akowa et al., 1983). In bore hole sec tions 
where Famennian car bon ates are in di rect con tact with Lower
Car bon if er ous si li ceous shales, usu ally a sed i men tary dis con ti -
nu ity or tec tonic con tact of the Famennian and Tournaisian was
as sumed (¯akowa, 1970, 1971a; Jurkiewicz, 1971; Paw³owska
and Paw³owski, 1978).

De tailed litho- and biostratigraphy of the De vo nian/Car bon -
if er ous bound ary in ter val has been worked out only for a few ar -
eas in the Kielce Re gion. They in clude sec tions in the vi cin ity of
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Ga³êzice (Ostrówka Quarry), Kowala, Bolechowice, Jab³onna
and Zarêby near £agów, as well as the core sec tion of the Ruda 
Strawczyñska bore hole, lo cated in the nearby west ern Me so -
zoic Mar gin in the elon ga tion of the Kielce–£agów Synclinorium 
(Figs. 1 and 2).

OSTRÓWKA QUARRY

Near Ga³êzice (Fig. 1), the De vo nian/Car bon if er ous bound -
ary in ter val rec og nized in de tail in sev eral sec tions from the
Ostrówka Quarry (Fig. 2). On Frasnian amphiporoid lime stones,
along a karst ero sional sur face, with a dis tinct an gu lar un con -
formity, oc cur Famennian ammonoid lime stones, from sev eral
tens of centi metres to about 4 m thick, that are rich in
ammonoids, cri noids, trilobites, cor als, bi valves, snails, brachi o -
pods and fish re mains (Szulczewski, 1981; Szulczewski et al.,
1996; Skompski and Szulczewski, 2000; Skompski et al., 2006).

The Famennian com plex is con densed and con tains strati -
graphic gaps. The con densed lime stones ter mi nate in the
Lower or Mid dle expansa Zone and lo cally reach to the
praesulcata Zone. In the lower part of the Famennian oc cur de -
pos its from the marginifera–trachytera zones. The Famennian
suc ces sion does not con tain cono donts of the postera Zone.
This reg u lar ity is also ob served in other sec tions with con -
densed Famennian strata in the Holy Cross Moun tains. The
strati graphic gap at the Famennian/Tournaisian bound ary en -
com passes the Mid dle praesulcata–sandbergi zones (Fig. 2).
The or i gin of these gaps is not linked with tec tonic events but
with lo cal non-de po si tion in sub ma rine con di tions. The lim ited
na ture of the strati graphic gaps is in di cated by the pres ence of
de pos its from the miss ing in ter vals as well as ad mix tures of
cono donts from the miss ing cono dont zones (Szulczewski,
1978, 1981; Szulczewski et al., 1996). 

Above the con densed beds from the De vo nian/Car bon if er -
ous bound ary in ter val oc cur sev eral char ac ter is tic Lower Car -
bon if er ous lithostratigraphic units (Fig. 2):

RADLIN BEDS (RB)

De pos its of this unit in clude green-grey claystones with thin
in ter ca la tions of pyroclastic rocks, marls and lime stones, which
oc cur ei ther on con densed Famennian lime stones or di rectly on
Frasnian amphiporoid lime stones, with a strati graphic gap en -
com pass ing the De vo nian/Car bon if er ous bound ary. The lime -
stones and marls con tain goniatites, trilobites, cri noids, brachi o -
pods and cor als (Osmólska, 1962; Szulczewski, 1981;
Czarniecki, 1992; Szulczewski et al., 1996). In the Ostrówka
Quarry, the de pos its are up to 3.5 m thick (Skompski, 1992;
Szulczewski, 1995; Szulczewski and Skompski, 1995; Skompski 
et al., 2006). They con tain Up per Tournaisian cono donts from
the anchoralis Zone (Szulczewski, 1978). Cono dont anal y sis in -
di cates that the old est de pos its of the Radlin Beds are from the
sandbergi Zone and the youn gest – from the texanus Zone, i.e.
they en com pass al most the en tire Tournaisian and the en tire
low er most Visean (Szulczewski et al., 1996).

ZARÊBY BEDS (ZB)

This unit is de vel oped as black si li ceous claystones with
radio lar ians and phos pho rus con cre tions (Culm fa cies), up to
25 m thick, that oc cur con form ably on the clayey-marly Radlin
Beds (£ydka and ¯akowa, 1975; ¯akowa and Migaszewski,
1995; Szulczewski et al., 1996). In the Ostrówka Quarry, the
strati graphic po si tion of these de pos its is based on radio lar ians
and points to the Lower–Mid dle Visean (¯akowa and
Paszkowski, 1989); in the cono dont zonation their age ranges
from the texanus to the bilineatus zones (Szulczewski et al.,
1996). They rep re sent the deep est Car bon if er ous fa cies in the
Ga³êzice area.

GA³ÊZICE DEBRITE BEDS (GDB)

De pos its of this unit, dis tin guished by ¯akowa and
Migaszewski (1995), oc cur with a sed i men tary un con formity on
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Fig. 1. Lo ca tion of the in ves ti gated and dis cussed out crops and bore holes in the Holy Cross Moun tains
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si li ceous claystones of the Zarêby Beds (Be³ka and Skompski,
1988; Belka et al., 1996; Skompski, 2006). In the base, oc cur
brec cia from sev eral tens of centi metres to 2 m thick; the over ly -
ing bed ded lime stones, up to 12 m thick, con tain a rich fauna of
cor als, goniatites, brachi o pods, foraminifers and cri noids
(Kwiatkowski, 1959; Fedorowski, 1971; Czarniecki, 1973;
£ydka and ¯akowa, 1975; ¯akowa, 1976; Jurkiewicz and
¯akowa, 1978; Belka et al., 1996; Szulczewski et al., 1996;
Skompski et al., 2006). Lime stones over ly ing the brec cia rep re -
sent the Car bon if er ous Lime stone fa cies. These de pos its have
been resedimented as grav i ta tional flows of de tri tal ma te rial
from the mar gin of a car bon ate plat form to the ba sin. The re de -
pos ited car bon ate sed i ments were trans ported from the south
from the so-called Nida Plat form (Be³ka and Skompski, 1988;
Belka et al., 1996; Skompski, 2006). Pe lagic lime stones from
the top most part of the re de pos ited lime stones con tain cono -

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

LECHÓWEK BEDS (LB)

This unit com prises siltstones and fine- and me -
dium-grained greywacke sand stones with in ter ca la tions of
clayey shales, clayey siderites, clayey-si li ceous shales and
phosphoritic con cre tions (£ydka and ̄ akowa, 1975). It con tains 
pe lagic fauna rep re sented by goniatites, nautiloids and
hyolithids as well as plant de bris. Goniatites in di cate the Up per
Visean Goniatites granosus Zone (¯akowa, 1971b). They oc cur 
with sed i men tary con ti nu ity on the organodetrital lime stones of
the Ga³êzice Debrite Beds (Szulczewski and Skompski, 1995;
¯akowa and Migaszewski, 1995). In the Ga³êzice area they
reach a thick ness of about 150 m.
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Fig. 2. Lith o logic pro files from the De vo nian and Car bon if er ous bound ary in the Holy Cross Moun tains

Ab so lute time scale af ter Davydov et al. (2004), Gradstein and Ogg (2004) and Kaufmann (2006); the cono dont zonation af ter Wendt et
al. (2009); A–E – lihological com plexes at Kowala sec tion; Car bon if er ous lithostratigraphic units: RB – Radlin Beds; ZB – Zarêby Beds;

GDB – Ga³êzie Debrite Beds; LB – Lechówek Beds



BOLECHOWICE IG 1 BOREHOLE

The Bolechowice IG 1 Bore hole was drilled in 1961 in the
south west ern part of the Kielce Re gion, in the
Ga³êzice–Bolechowice Syncline (Fig. 1). Car bon if er ous and
Up per De vo nian rocks were rec og nized be tween
104.5–212.0 m be low the Perm ian (Zechstein) strata. ¯akowa
(1967) dis tin guished sev eral main lithological units in the Car -
bon if er ous and De vo nian (Fig. 2) suc ces sion of the core:

– 104.5–141.7 m – si li ceous and clayey-si li ceous shales,

– 141.7–152.4 m – clayey marls with lime stone nod ules,

– 152.4–153.4 m – black marls,

– 153.4–170.3 m – marls and lime stones,

– 170.3–212.0 m – mas sive, fine-crys tal line lime stones
with stromatoporoids.

The clayey-si li ceous de pos its be tween 104.5–141.7 m rep -
re sent the Lower Tournaisian and low er most Visean Zarêby
Beds (¯akowa, 1967). Car bon ate de pos its from 141.7–146.5 m 
cor re spond to the Lower Car bon if er ous Radlin Beds (¯akowa
and Migaszewski, 1995). Marl-car bon ate de pos its from
146.5–170.3 m are the lithostratigraphic equiv a lent of the up per 
part of the marly se ries dis tin guished in the Famennian of the
Kowala 1 core (Romanek and Rup, 1990). Be low, at
170.3–212.0 m, oc cur lime stones with stromatoporoids, as -
signed to the Up per Frasnian part of the Kowala For ma tion
(Narkiewicz et al., 1990; Romanek and Rup, 1990; Racki, 1993; 
Szulczewski, 1995).

Cono dont and microspore stud ies have in di cated that the
be gin ning of de po si tion of the Zarêby Beds in this core is most
prob a bly in the Mid dle Tournaisian crenulata Zone (Freyer and
¯akowa, 1967; Filipiak, 2004). Marls with lime stone nod ules
con tain Lower Car bon if er ous cono donts: at 141.7 m –
Siphonodella isosticha (Coo per), and at 145.5 m – S. duplicata
(Branson et Mehl) and S. cf. obsoleta Hass (Freyer and
¯akowa, 1967). These spe cies in di cate the duplicata or
sandbergi zones of the Lower Tournaisian (com pare Clausen
et al., 1989). De pos its of the Up per Famennian Wocklumeria
Zone (Mid dle expansa–Mid dle praesulcata Cono dont zones)
oc cur at 147.5–150.0 m and were doc u mented by cono donts at 
147.5 m (Freyer and ̄ akowa, 1967). The De vo nian/Car bon if er -
ous bound ary, de ter mined on the ba sis of cono donts oc curs
most prob a bly in the depth in ter val of 145.5–147.5 m (Freyer
and ̄ akowa, 1967). Ac cord ing to ̄ akowa (1967), the bound ary 
is within the in ter val of 146.0–147.0 m. Microspore anal y sis in -
di cates that the bound ary is near the depth of 145.0 m, within
car bon ates de vel oped as green marls with light-col oured lime -
stone nod ules and lenses, cor re spond ing to the basal part of
the Radlin Beds (Filipiak, 2004). Sed i men tary con ti nu ity be -
tween the Wocklumeria Zone lime stones and the marl-car bon -
ate de pos its of the Radlin Beds in di cates a com plete suc ces -
sion of beds of the De vo nian/Car bon if er ous bound ary in ter val
in the Bolechowice IG 1 core.

KOWALA

Near Kowala (Fig. 1), beds of the De vo nian/Car bon if er ous
bound ary in ter val have been rec og nized by Czarnocki (1933) in 
trenches, where he was able to doc u ment sed i men tary con ti nu -
ity be tween the two sys tems. Czarnocki (1933) noted the pres -
ence of a 2–3 m thick com plex of clayey-sandy green shales
and vari col oured shales with the goniatites Imitoceras ly ing on
lime stones and marls of the Wocklumeria Zone. Above were
doc u mented grey-red lime stones of the Gattendorfia Zone with

rare Imitoceras, 0.9 m thick, which were as signed to the low er -
most Car bon if er ous (Czarnocki, 1989).

In 1982, an ex plor atory bore hole (Kowala 1) drilled in the vi -
cin ity of Kowala pierced beds from the De vo nian/Car bon if er ous
bound ary in ter val (Rubinowski et al., 1983; Turnau, 1985, 1990; 
¯akowa et al., 1985; Nehring-Lefeld, 1990; Romanek and Rup,
1990). Later stud ies have shown that the top most part of the
drilled suc ces sion does not in clude Car bon if er ous de pos its,
whereas the De vo nian suc ces sion lacks the up per most
Famennian (Malec et al., 1995). An ex plor atory trench dug in
1991 in Kowala through beds en com pass ing the De vo nian/Car -
bon if er ous bound ary ex posed a con tin u ous suc ces sion of de -
pos its from the Up per Famennian to the Lower Tournaisian.
Sev eral rock com plexes with a di verse li thol ogy have been dis -
tin guished herein (Malec and Migaszewski, 1992; Malec,
1993a, b, 1995; Malec et al., 1995); they are pre sented in strati -
graphic or der be low (Figs. 2 and 3):

A. Biomicritic, partly nod u lar lime stones, with in ter ca la tions
of marly shales, ex posed at a thick ness of ca. 15 m. A ca. 30 cm 
thick bed of black bi tu mi nous shales is pres ent in the lower part
of the suc ces sion. Grey marly shales (4 cm thick) oc cur over
lime stones in the up per part of the com plex. In its top most part,
cal car e ous con cre tions rep re sent the up per most lo cal ity with
ammonoids of the Wocklumeria sphaeroides Zone. 

B. Yel low-beige and grey clayey shales with pyroclastic ma -
te rial and abun dant plank tonic ostracodes – entomozooids. In
the mid dle part of the com plex oc curs a 22 cm thick bed of com -
pact claystones with abun dant Acutimitoceras (Fig. 3, bed 159).
Di rectly above, at an in ter val of about 80 cm, within claystones,
five quartz wacke beds vary ing from 2 through 10 cm in thick -
ness oc cur. The thick ness is ca. 2.7 m.

C. Micritic lime stones, mas sive and grey in the lower part
and hor i zon tally lam i nated and cherry-red in the up per part of
the com plex. Lime stone beds are sep a rated by thin lay ers of
marly shales. The thick ness reaches ca. 1.3 m.

D. Marly-lime stone beds, ca. 18 m thick, with thin lay ers rich
in pyroclastic ma te rial. The lower part is com posed of 6 m thick
green-grey clayey marls, the mid dle part – of 6.8 m thick clayey
marls with thin beds of grey biomicritic lime stones, and the top -
most part – of 5.3 m thick green and green-grey clayey marls.

E. Black clayey-si li ceous and clayey-phos phatic-si li ceous
shales, ex posed at a dis tance of ca. 15 m.

De pos its in cluded in com plex A cor re spond to nod u lar lime -
stones, i.e. the up per most lithostratigraphic unit dis tin guished in 
the Up per most Famennian of the Kowala 1 bore hole from the
in ter val be tween 10.1–21.4 m (Romanek and Rup, 1990) and
set L ac cord ing to Devleeschouwer et al. (2013) in the Kowala
sec tion. Clayey shales of com plex B are the equiv a lent of green
clayey-sandy shales with Imitoceras, dis tin guished in the
Kowala sec tion by Czarnocki (1933). Micritic lime stones of
com plex C are com pa ra ble to the grey-red lime stones with rare
Imitoceras, as signed by Czarnocki (1933) to the Gattendorfia
Zone. In the Koweala sec tion, the last two com plexes are dis tin -
guished as unit M (Devleeschouwer et al., 2013). De pos its of
com plex D cor re spond to the Radlin Beds (set N af ter
Devleeschouwer et al., 2013), and of com plex E – to the Zarêby
Beds (¯akowa, 1981; ¯akowa and Migaszewski, 1995).

Biostratigraphic anal y sis of the De vo nian/Car bon if er ous
bound ary in ter val in Kowala in cluded stud ies of cono donts
(Figs. 3–6), cepha lo pods, ostracodes and micro spores (Malec
and Migaszewski, 1992; Malec, 1993a, b, 1995; Dzik, 1997,
2006; Olempska, 1997; Filipiak, 2004, 2005).

The top most ca. 2 m thick part of com plex A, rep re sented by 
Wocklumeria Zone lime stones yields a cono dont as sem blage
(Fig. 3), which co-oc cur rence in di cates the bound ary be tween
the Up per expansa and Lower praesulcata zones (see Ziegler
and Sandberg, 1984a, b; Kürschner et al., 1993).
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Fig. 3. Cono dont biostratigraphy of the De vo nian–Car bon if er ous bound ary at Kowala sec tion

Other ex pla na tions as in Fig ure 2
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Fig. 4. Bispathodus from the high est Famennian of the Kowala trench

A–D – Bispathodus ultimus (Bis choff), sam ple 110, E–G, S – Bispathodus spinulicostatus (Branson): E, G – sam ple 63, F – sam ple 86, S –
sam ple 81; H, I – Bispathodus aculeatus aculeatus (Branson and Mehl): H – sam ple 58, I – sam ple 47; J–L – Bispathodus stabilis (Branson
and Mehl): J, K – sam ple 1, L – sam ple 47; M–O – Bispathodus costatus (Branson): M – sam ple 110, N – sam ple 6, O – sam ple 132; P –
Bispathodus jugosus (Branson and Mehl), sam ple 63; R – Bispathodus sp., sam ple 148; scale bar – 200 µm
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Fig. 5. Cono donts from the high est Famennian and basal Tournaisian of the Kowala trench

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

A–C – Siphonodella praesulcata Sandberg: A – sam ple 145, B – sam ple 185, C – sam ple 186; D – Siphonodella ? sp., sam ple 194; E –
Siphonodella sulcata (Hud dle), sam ple 184; F – Polygnathus sp., sam ple 197; G, H, P – Siphonodella cooperi Hass: G, H sam ple 213, P –
sam ple 203; I – Siphonodella belkai Dzik, sam ple 207; J, O – Siphonodella isosticha (Coo per), sam ple 193; K – Siphonodella belkai Dzik
(Branson and Mehl), sam ple 207; L, M, R, S – Siphonodella duplicata (Branson and Mehl): L – sam ple 197, M, R, S – sam ple 205; N –
Siphonodella sandbergi Klapper, sam ple 221; scale bar – 200 µm



Lime stones of com plex C con tain a low-abun dance cono -
dont as sem blage (Fig. 3). These taxa are char ac ter is tic for a
level near the bound ary be tween the praesulcata and sulcata
zones (Sandberg et al., 1978; Over, 1992; Kai ser, 2005; Kai ser
et al., 2009).

Cono donts Neopolygnathus vogesi (Ziegler), Polygnathus
purus purus Voges and Siphonodella sulcata (Hud dle) have been
iden ti fied in the basal part of com plex D, about 3 m above the lime -
stones of com plex C (Figs. 3, 5 and 6). The lat ter taxon in di cates
the low er most Tournaisian sulcata Zone (Ziegler and Sandberg,
1984b; Dreesen et al., 1986; Kai ser and Corradini, 2011).

The up per part of the Radlin Beds yields cono dont as sem -
blages (Figs. 3, 5 and 6) char ac ter is tic of the Lower Tournaisian 
sulcata–sandbergi zones (Sandberg et al., 1978; Dreesen et
al., 1986; Over, 1992; Kai ser, 2005; Kai ser et al., 2009).

Com pact claystones lo cated ca. 1.2 m above the
Wocklumeria lime stones from com plex B, as well as lime stones 
from com plex C con tain ammonoids rep re sented by
Acutimitoceras prorsum (Schmidt) (Dzik, 1997). The fos sils are
com mon in the 22 cm thick bed of com pact claystones of com -
plex B and spo rad i cally in lime stones of com plex C.

In de pos its from the De vo nian/Car bon if er ous bound ary in -
ter val in Kowala, ostracod stud ies have been made for the up -
per part of com plex A and com plexes B, C and D (Olempska,
1997). The rec og nized taxa in clude 15 spe cies of plank tonic
entomozooids and 64 spe cies of ben thic ostracodes of the
Thuringian eco type. The as sem blage en com pass ing the lat ter
spe cies con tains taxa char ac ter is tic of the low er most Car bon if -
er ous, rang ing within the sulcata–sandbergi zones, in clud ing:
Acratia cooperi Gründel, Amphissites centronotus (Ulrich et
Bassler), Bairda venterba Gründel, Bohlenatia rhenothuria
Becker, Coryellina grandis Rob in son, Microcheilinella aculeata
Buschmina, Microcheilinella bushminae Olempska, Neocra -
teria trapezoidalis (Gründel), Ovatoquasillites slowikensis
(Olempska), Timorhealdia nitidula nitidula (Rich ter) and Villo -
zona villosa villosa (Gründel).

De pos its from the De vo nian/Car bon if er ous bound ary in ter -
val in Kowala have also been sub ject to microfloral anal y sis
(Filipiak, 2004, 2005; Marynowski and Filipiak, 2007). Five
miospore zones (LV, LE, LN, VI, HD), char ac ter is tic of the De -
vo nian/Car bon if er ous bound ary in ter val have been dis tin -
guished (Filipiak, 2004). The up per most De vo nian miospore
zones (LE? and LN?) were noted in com plex B de pos its,
whereas miospores of zone VI, di ag nos tic for the Lower Car -
bon if er ous, were de ter mined in the low er most part of com plex
D (Filipiak, 2004). 

Biostratigraphic stud ies of cono donts and micro spores from 
the De vo nian/Car bon if er ous bound ary in ter val give con form -
able re sults. They in di cate that the bound ary beds be tween the
two sys tems oc cur in the low er most part of the Radlin Beds or in 
the up per most part of com plex C (Fig. 3).

The four black shale beds re lated to the Annulata, Dasberg, 
Kowala Black Shale and Hangenberg Black Shale have been
dis crim i nated in the Up per Famennian se quence of the Kowala
Quarry. Their biostratigraphic po si tion, geo chem is try and sed i -
men ta tion con di tions, as well as the con tent of or ganic mat ter
have been de ter mined (Filipiak and Racki, 2005; Rakociñski,
2009, 2011; Marynowski et al., 2010, 2011, 2012a, b; Racka et
al., 2010; KaŸmierczak et al., 2012).

The thin Kowala Black Shale layer (Marynowski and Filipiak,
2007) has been cor re lated with a 30 cm thick bi tu mi nous black
shale bed that oc curs in a study trench lo cated about 300 m to -
ward NW (Malec, 1993b). The lat ter (Fig. 3, bed 51) lies in the
lower part of the Mid dle expansa condont Zone, about 11.5 m
be neath top of the Wocklumeria lime stones, whereas the
Kowala Black Shale, dis tin guished in the quarry, oc curs about

7.8 m be neath this lime stone top in the Up per expansa Cono dont 
Zone (Marynowski and Filipiak, 2007; Filipiak and Racki, 2010;
Marynowski et al., 2010). The 30 cm thick bi tu mi nous shale that
oc curs in the study trench seems rather to rep re sent a lo cal ho ri -
zon sit u ated be tween the Dasberg shales and Kowala Black
Shale, about 1.8 m above the top of the for mer ones (re fer to
Devleeschouwer et al., 2013). In the De vo nian–Car bon if er ous
bound ary pro file ex posed in the Kowala study trench, a sec tion of 
the d13C iso tope curve rep re sent ing the high est value has been
found to be closely re lated to the Hangenberg Event (Trela and
Malec, 2007). 

JAB£ONNA IG 1 BOREHOLE

The Jab³onna IG 1 bore hole was drilled in 1973 in the
Borków Syncline lo cated in the south west ern part of the Holy
Cross Moun tains (Fig. 1). In the in ter val at the depth of
1.4–88.0 m were drilled Lower Car bon if er ous and Up per De vo -
nian lay ers, in which sev eral lithological com plexes were de ter -
mined (¯akowa et al., 1983; Fig. 2):

– 1.4–35.0 m – claystones, pyroclastic rocks, black si li -
ceous claystones, micritic lime stones;

– 35.0–55.7 m – si li ceous claystones with radio lar ians and 
phosphorites;

– 55.7–62.3 m – claystones with lime stone nod ules, beds
of marly lime stones, phosphoritic con cre tions, in ter ca la -
tions of clay-si li ceous rocks and tuffites;

– 62.3–62.6 m – tec tonic brec cia;

– 62.6–65.8 m – nod u lar lime stones;

– 65.8–67.5 m – micritic lime stones;

– 67.5–88.0 m – micritic and organogenic lime stones;
“ró¿anka” type vein lime stones.

De pos its be tween 1.4–55.7 m rep re sent the Zarêby Beds
(¯akowa and Migaszewski, 1995). The strata be tween
55.7–62.3 m were as signed to the low er most Car bon if er ous
(¯akowa et al., 1983). Nod u lar lime stones oc cur ring at
62.6–65.8 m, rep re sent ing the in ter val of the Lower
praesulcata–Lower marginifera zones, en com pass sev eral
strati graphic gaps doc u mented by the lack of sev eral cono dont
zones (¯akowa et al., 1983; Fig. 2).

Biostratigraphic stud ies of the De vo nian and Car bon if er ous
de pos its in the Jab³onna IG 1 bore hole were made on the ba sis
of ostracodes (Olempska, 1981), cono donts (¯akowa et al.,
1983) and micro spores (Filipiak, 2000). At 33.9–34.0 m the
cono dont Scaliognathus anchoralis Lane and Ziegler oc curs,
doc u ment ing the Up per Tournaisian anchoralis Zone. In the
Jab³onna core, this spe cies oc cur slightly above the top of the
com plex dom i nated by radiolarites and clayey-si li ceous rocks
with phosphorites. The pres ence of S. anchoralis points to the
up per most Car bon if er ous cono dont zone in the Borków
Syncline. At 53.5 m, Filipiak (2000) de ter mined the pres ence of
the PC palynozone, and at 50.5 m – the CM palynozone, en -
com pass ing the cuneiformis to anchoralis cono dont zones. No
cono donts have been en coun tered at 34.0–58.2 m. These de -
pos its lie prob a bly within the sandbergi to cuneiformis zones.
De pos its within 58.2–58.4 m con tain the cono donts Siphono -
della cooperi Hass, S. obsoleta Hass, S. quadruplicata
(Branson and Mehl) and S. duplicata (Branson and Mehl),
point ing to the duplicata Zone. At 58.8–61.2 m oc cur cono donts
as signed to the Siphonodella sp., which rep re sent prob a bly the
sulcata Zone – the low er most cono dont zone of the Car bon if er -
ous. The thick ness of strata en com pass ing the sulcata–dupli -
cata zones reaches ca. 2.5 m.
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The lat est De vo nian cono donts, doc u mented at
62.3–62.6 m, oc cur in an as sem blage com pris ing mixed spe cies
from the bound ary be tween the Up per expansa to Lower
praesulcata zones and the Lower trachytera Zone. Be low, at
62.9–63.2 m cono donts doc u ment ing the bound ary be tween the
Up per expansa and Lower praesulcata zones were noted, at
63.5–63.7 m cono donts of the postera Zone, and at 64.7–65.8 –
taxa rep re sent ing the Lower marginifera Zone. Famennian de -
pos its were doc u mented till the depth of 75.0 m, where cono -
donts be long ing to the Mid dle crepida Zone oc cur (¯akowa et al., 
1983). Iso lated cono dont as sem blages, oc cur ring at
62.3–65.8 m and re cord ing frag men tary parts of the cono dont
zones from the Lower praesulcata–Lower marginifera in ter val,
doc u ment the pres ence of sev eral strati graphic gaps and strong
con den sa tion of the mid dle/up per most Famennian. Strati graphic 
gaps oc cur in the Mid dle–Up per praesulcata, Mid dle expansa,
trachytera and Up per-up per most marginifera zones.

In the Jab³onna IG 1 core, cono donts doc u ment the close
oc cur rence of de pos its be long ing to the up per most Famennian
Lower praesulcata Zone and Lower Tournaisian sulcata or
duplicata zones. Cono donts rep re sent ing the up per most
Famennian Mid dle to Up per praesulcata zones have not been
found. Ac cord ing to ¯akowa et al. (1983), the con tact be tween
the Famennian and Tournaisian is sed i men tary herein, with
non-de po si tion in ter vals in sub ma rine con di tions. This is ev i -
denced by the pe lagic char ac ter of sed i ments at the
Famennian/Tournaisian bound ary.

In com par i son to the Famennian suc ces sion in the
Ostrówka Quarry, the de pos its in Jab³onna have a sev eral
times larger thick ness. The up per part of the Famennian in the
Jab³onna core and in the Ostrówka Quarry are sim i larly con -
densed. In this part of the suc ces sion, mixed fauna of dif fer ent
age and small range strati graphic gaps are a com mon case.
These phe nom ena in di cate gaps and sub ma rine resedi -
mentation with out emersion and di rect in flu ence of tec tonic fac -
tors (¯akowa et al., 1983).

ZARÊBY IG 2 BOREHOLE

The Zarêby IG 2 bore hole was drilled in 1963–1964 in the
cen tral part of the Kielce–£agów Synclinorium near £agów
(Fig. 1). The core en com passes Pa leo zoic de pos its rang ing
from the Lower Car bon if er ous to the Lower Cam brian
(Jurkiewicz, 1971; ̄ akowa, 1971a). In the up per part of the suc -
ces sion, en com pass ing the De vo nian/Car bon if er ous bound ary
in ter val, ¯akowa (1971a) dis tin guished sev eral char ac ter is tic
lithological com plexes (Fig. 2):

– 4.0–81.1 m – black si li ceous claystones with in ter ca la -
tions of si li ceous shales and tufogenic beds;

– 81.1–89.7 m – marls and lam i nated lime stones;

– 89.7–106.6 m – green marls;

– 106.6–173.0 m – marly lime stones, marls and marls with 
lime stone nod ules;

– 173.0–176.2 m – nod u lar lime stones.
Clayey-si li ceous de pos its from the top most part of the core

at 4.0–81.1 m rep re sent the Zarêby Beds (¯akowa, 1971a;
¯akowa and Migaszewski, 1995). In the Zarêby IG 2 bore hole,
the De vo nian/Car bon if er ous bound ary was placed at a dis tinct
lithological change, be tween the car bon ates and the clayey-si li -
ceous de pos its, at the depth of 81.1 m. Ac cord ing to Jurkiewicz
(1971), the con tact of these two se ries is tec tonic in na ture. 

The Late De vo nian (Famennian) age of the car bon ates and 
the Early Car bon if er ous (Tournaisian) age of the clayey-si li -

ceous rocks were con firmed by tax o nom i cally di verse
microfloral and macrofaunal re mains (Jachowicz, 1967;
¯akowa, 1971a). Stratigraphically im por tant are bi valves of the
ge nus Guerichia. At 117.6–135.7 m oc curs Guerichia cf.
simorini (Sadykov) (¯akowa, 1971a). In the Up per De vo nian of
the Holy Cross Moun tains, these bi valves have been rec og -
nized in Famennian strata within the Up per most marginifera to
trachytera zones (¯akowa, 1983). Re cently, the De vo nian/Car -
bon if er ous bound ary was es tab lished in the Zarêby IG 2 core
based on palynologic stud ies (Filipiak, 2004). These have in di -
cated that the microspore as sem blages char ac ter is tic of the up -
per most De vo nian, rep re sent ing palynozone LN, oc cur in car -
bon ates at the depth of 107.0–109.0 m. In lime stones and marls 
lo cated above, at 81.1–105.0 m, Filipiak (2004) doc u mented
Lower Car bon if er ous microspore as sem blages. At
97.0–105.0 m they rep re sent palynozone VI, and in the top most 
part of the suc ces sion, at 81.1–95.0 m – the Lower Tournaisian
palynozone HD, cor re spond ing to the sandbergi Zone in the
cono dont zonation. Microspore stud ies in di cate that the De vo -
nian/Car bon if er ous bound ary in the Zarêby IG 2 bore hole is lo -
cated in the top most part of marls and lam i nated lime stones, so
far as signed to the Famennian (Jurkiewicz, 1971; ¯akowa,
1971a). Microspore stud ies (Filipiak, 2004) in di cate that lime -
stones from the in ter val of 81.1–105.0 m be long to the Lower
Tournaisian sulcata–sandbergi cono dont zones (Fig. 2).

The li thol ogy of de pos its from the Zarêby IG 2 bore hole at
81.1–105.0 m has been er ro ne ously de scribed by Filipiak
(2004, 2005), who lo cated radiolaritic shales of the Zarêby Beds 
in this in ter val. In re al ity, at this depth oc cur lime stones and
marls (Jurkiewicz, 1971; ¯akowa, 1971a). In turn, de pos its of
the Zarêby Beds have been drilled in the Zarêby IG 2 bore hole
at 4.0–81.1 m. The core with this part of the suc ces sion has
been de stroyed in 1968.

RUDA STRAWCZYÑSKA BOREHOLE

The Ruda Strawczyñska bore hole was drilled in 1962–1963 
in the close west ern Me so zoic Mar gin of the Holy Cross Moun -
tains (Fig. 1). Be low Perm ian (Zechstein) con glom er ates, at
822.0–1003.6 m Car bon if er ous as well as Up per De vo nian
rocks (Paw³owska and Paw³owski, 1978) were drilled, whose
lithological char ac ter is tics are as fol lows (Fig. 2):

– 822.0–852.5 m – black si li ceous shales, lo cally sandy,
with thin beds of arcosic sand stones; dark grey and
grey-cherry red siltstones;

– 852.5–856.2 m – dark grey cal car e ous dolomicrites with
rare, ran domly dis trib uted nod ules of grey dolomicrites;

– 856.2–857.5 m – black cal car e ous dolomicrites;

– 857.5–860.6 m – dark grey cal car e ous dolomicrites with
rare, ran domly dis trib uted small nod ules of grey
dolomicrites;

– 860.6–878.3 m – dark grey micritic lime stones with ran -
domly dis trib uted light grey lime stone nod ules;

– 878.3–893.3 m – dark grey micritic lime stones with high
ad mix ture (up to 50–70% of the rock vol ume) of light
grey lime stone nod ules;

– 893.3–915.5 m – bioclastic lime stones with shell beds
com posed of the brachi o pods Dzieduszyckia kielcensis
Roemer;

– 915.5–967.0 m – nod u lar lime stones com posed of
micritic lime stone nod ules of var i ous sizes (up to 10 cm
across), com pos ing 20–50% of the rock vol ume, dis trib -
uted within the grey-black marly de pos its;
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– 967.0–1003.6 m – grey-black marls, lo cally dolomitized,
with cor als, brachi o pods, cri noids and bryo zoans.

De pos its oc cur ring at 822.0–852.5 m rep re sent the Lower
Car bon if er ous Zarêby Beds. Based on macrofauna, they have
been as signed to the Up per Tournaisian Ammonellipsites
goniatite Zone (up per Tn3) (¯akowa, 1981; ¯akowa and
Migaszewski, 1995), cor re spond ing to the up per Tournaisian–
low er most Visean Fascipericyclus–Ammonellipsites goniatite
Zone (Korn and Feist, 2007; Tilsley and Korn, 2009; Korn and
Kaufmann, 2009). The car bon ates oc cur ring be low, at
852.5–1003.6 m, have been as signed by Paw³owska and
Paw³owski (1978) to the Frasnian and Famennian. Ac cord ing to 
these au thors, there is a strati graphic gap and an gu lar un con -
formity of about 20° be tween the De vo nian and Car bon if er ous
lay ers. Based on cono dont stud ies by Koœcielniakowska (in
Paw³owska and Paw³owski, 1978), the Frasnian/Famennian
bound ary has been placed in this bore hole at 915.5 m. New
cono dont data doc u ment that the Frasnian/Famennian bound -
ary is lo cated in this bore hole lower than hith erto as sumed
(Malec, 2009), which is in di cated by the Frasnian cono donts
Palmatolepis subrecta Miller et Youngquist and Ancyrodella
sp., rec og nized at 953.2 m and Famennian cono donts: Palma -
tolepis minuta minuta Branson et Mehl and P. glabra lep ta
Ziegler et Hud dle in sam ples from 929.5 m (e.g., Klapper and
Ziegler, 1979; Ziegler and Sandberg, 1984a, 1990).

A more pre cise po si tion of the Frasnian/Famennian bound -
ary in this suc ces sion is doc u mented by Koœcielniakowska
(Paw³owska et al., 1972) by the pres ence of ten spec i mens of
Palmatolepis triangularis Sannemann at 940.2 m (Fig. 2). This
taxon is in dic a tive of the triangularis Zone, the low er most cono -
dont zone of the Famennian (Ziegler and Sandberg, 1990). The 
pre sented data dem on strate that the Frasnian/Famennian
bound ary lies in the Ruda Strawczyñska sec tion most prob a bly
slightly be neath 940.2 m.

At 901.1 m the fol low ing cono donts were noted: Palmato -
lepis perlobata schindewolfi (Mul ler) and P. glabra lep ta Ziegler
et Hud dle. The co-oc cur rence of these cono donts ranges from
the Lower marginifera–Up per trachytera zones (Klapper and
Ziegler, 1979; Ziegler and Sandberg, 1984a).

The brachi o pods Dzieduszyckia kielcensis Roemer from
the depth of 893.3–915.5 m, rep re sented the mass oc cur rence
of this fauna in Po land (Biernat, 1967, 1988; Paw³owska and
Paw³owski, 1978).

In the up per part of the car bon ate de pos its oc curs a sparse
cono dont as sem blage point ing to the Up per 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 lat ter taxon ranges from the Mid dle expansa–Up per
praesulcata zones of the up per most Famennian to the lower part 
of the Lower Tournaisian sulcata Zone (Klapper and Ziegler,
1979; Ziegler and Sandberg, 1984a; Dreesen et al., 1986). Ac -
cord ing to Kai ser (2005), its ranges into the sandbergi Zone.

In the top most part of the car bon ates, above the cono dont
sam ples, at 853.7–863.0 m oc cur nu mer ous ostracode as sem -
blages (a to tal of 21 spe cies), rep re sented by the Thuringian
eco type deep-wa ter ben thic forms (Malec, 2009). Among them, 
eight spe cies: Healdia thuringensis Gründel, Rectonaria
muelleri Gründel, Rectonaria varica Gründel, Bairda
feliumgibba Becker, Rectonaria inclinata Gründel,
Timorhealdia nitidula nitidula (Rich ter), Orthonaria rectagona
(Gründel) and Paraberounella thuringica Gründel – have been
noted in suc ces sions across the De vo nian/Car bon if er ous
bound ary both in the up per most Famennian as well as in the
Lower Tournaisian. The re main ing ostracodes, rep re sented by
the spe cies: Bairda venterba Gründel, Acratia cooperi Gründel,
Healdianella cf. bispinosa Gründel, Microcheilinella cf.

bushmina Olempska, Aurigerites blumenstengeli
nigermontanus Lethiers and Feist, Paraberounella cuneata
(Gründel), P. gattendorfina Gründel, Paragerodia spinosa
Wang, Orthonaria neotridentifer Lethiers et Feist, Famenella
angulata perparva Lethiers et Feist, Triplacera (Necrateria)
trapezoidalis Gründel, Aurigerites cf. obernitzensis Gründel and 
Spinela cf. prebitannensis Lethiers et Feist, are char ac ter is tic of 
the Lower Tournaisian (Gründel, 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 Car bon if er ous spe cies from the Ruda
Strawczyñska core have also been rec og nized in the Kowala
suc ces sion, where they oc cur within the range of the sulcata–
sandbergi Cono dont zones (Olempska, 1997). Anal y sis of the
ostracode strati graphic ranges in di cates that at 853.7–863.0 m
Lower Car bon if er ous spe cies from the sulcata–sandbergi
zones ap pear. There fore, in the Ruda Strawczyñska sec tion,
the De vo nian/Car bon if er ous bound ary oc curs lower than hith -
erto ac cepted, most prob a bly be low 863.0 m, in the up per part
of micritic lime stones with nod u lar lime stones. The De vo -
nian/Car bon if er ous bound ary beds are rep re sented by
deep-wa ter car bon ates char ac ter ized by con tin u ous sed i men -
ta tion.

Re sults of biostratigraphic stud ies of the Zarêby Beds
(¯akowa and Migaszewski, 1995) and the car bon ates ly ing di -
rectly be low in the Ruda Strawczyñska core in di cate that there
is a strati graphic gap of tec tonic na ture be tween the two rock
se ries, en com pass ing the crenulata–Up per anchoralis/Lower
texanus cono dont zones (Fig. 2).

CONDITIONS OF SEDIMENTATION

The De vo nian/Car bon if er ous bound ary in ter val has been
doc u mented only in the Kielce Re gion of the Holy Cross Moun -
tains, from Zarêby in the east to the vi cin ity of Ga³êzice and
Ruda Strawczyñska in the west (Fig. 1). In this area, the Up per
De vo nian and Lower Car bon if er ous fa cies de vel op ment was
largely con trolled by the struc ture of the base ment. The south -
ern part of the Kielce Re gion with a firmer base ment was dur ing
the Mid dle and Late De vo nian, till the Late Frasnian, the area of
a shal low-wa ter car bon ate plat form. From the north it was
bounded by a deeper ba sin, i.e. the Kostom³oty fa cies zone, lo -
cated ap prox i mately within the Kielce–£agów Synclinorium.
Both in the Late De vo nian and at the De vo nian/Car bon if er ous
bound ary, the high est gra di ent in the fa cies de vel op ment was
noted from the south to the north, be tween the car bon ate plat -
form and the Kostom³oty zone with basinal fa cies (Narkiewicz,
1988; Racki, 1993; Szulczewski, 1995).

On the car bon ate plat form, Late De vo nian and Early Car -
bon if er ous sed i men ta tion was con trolled by synsedimen tary
block move ments of the base ment. This in flu ence re sulted in
the de po si tion of dif fer ent fa cies and thick nesses within sub ma -
rine horsts and grabens, dis trib uted mostly in the cen tral and
north ern part of the Kielce Re gion. De pos its on the seamounts,
are de vel oped as con densed, thin-bed ded, dark grey and black
pe lagic lime stones with cepha lo pods and cri noids (Szul -
czewski, 1978, 1995; Szulczewski et al., 1996). Com monly the
fauna is con cen trated in cephalopod shell beds. These ar eas
were pe ri od i cally sub ject to the ac tiv ity of waves or cur rents,
caus ing a larger con cen tra tion of shells and their pre ferred ori -
en ta tion. In the mixed cri noid-cephalopod fa cies, the seg re ga -
tion of or ganic re mains was in duced by storm waves. Sed i men -
ta tion of con densed com plexes, with breaks in de po si tion in the
sub ma rine set tings, ranged from the Up per Frasnian rhenana
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Zone to the Mid dle/Up per Tournaisian in the west ern part of the
Kielce re gion in the Ostrówka Quarry area (Szulczewski, 1981;
Fig. 2). De pos its with mixed cono dont as sem blages, con tain ing 
forms char ac ter is tic of sev eral cono dont zones, are of ten pres -
ent. Lack of de pos its from the De vo nian/Car bon if er ous bound -
ary in some ar eas is also doc u mented by nep tu nian dykes con -
tain ing cono donts doc u ment ing their pri mary de po si tion
(Szulczewski, 1973). Up per De vo nian con densed beds lat er ally 
pass into marly-lime stone basinal fa cies or var i ous types of de -
tri tal lime stones. In the Chêciny–Zbrza intrashelf ba sin of the
Kielce re gion sev eral black bi tu mi nous beds as signed to the
Mid dle Famennian through the De vo nian–Car bon if er ous
bound ary have been re corded (Filipiak and Racki, 2005; Racki,
2006; Rakociñski, 2011). They cor re spond to the Famennian
Annulata, Dasberg, Kowala Black Shale and Hangenberg
Black Shale of global and lo cal ex tent (Walliser, 1996; House,
2002; Marynowski and Filipiak, 2007; Filipiak and Racki, 2010;
Racka et al., 2010; Marynowski et al., 2010, 2012a, b;
KaŸmierczak et al., 2012).

The Lower Car bon if er ous (Tournaisian) suc ces sions oc cur
in sed i men tary con ti nu ity on the Famennian car bon ates and
de vel oped as deep-wa ter car bon ates – marly claystones with
lime stone nod ules and thin in ter ca la tions of pyroclastic rocks.
They have been dis tin guished in the west ern part of the Holy
Cross Moun tains as the Radlin Beds (¯akowa and Paw³owska,
1961, 1966; ¯akowa, 1981; Malec, 1993a, b, 1995; Szul -
czewski, 1995; ¯akowa and Migaszewski, 1995). The be gin -
ning of their sed i men ta tion was in the Lower sulcata Zone and
lasted most prob a bly to the up per part of the sandbergi Zone
(Figs. 2 and 3).

The re gion of Ga³êzice with the Ostrówka Quarry, lo cated in 
the west ern part of the Ga³êzice–Bolechowice Syncline, was an 
ac tive tec tonic block in Late De vo nian and Early Car bon if er ous
times. Sed i men ta tion of con densed de pos its with sev eral large
strati graphic gaps took place on an emerg ing seamount at the
De vo nian/Car bon if er ous bound ary (Szulczewski, 1978, 1981;
Fig. 2). In the re gion of Ostrówka, the Lower Car bon if er ous car -
bon ates rep re sented by the Radlin Beds are char ac ter ized by
high strati graphic con den sa tion. The be gin ning of their sed i -
men ta tion in most sec tions took place in the anchoralis Zone. In 
some of them, char ac ter ized by a more com plete Famennian
suc ces sion, the de pos its range from the sandbergi to the
texanus zones (Szulczewski et al., 1996; Skompski et al.,
2006). Higher up in the Car bon if er ous suc ces sion they pass
with sed i men tary con ti nu ity into si li ceous claystones of the
Zarêby Beds (Fig. 2).

In the north ern, Kostom³oty fa cies zone, the De vo nian/Car -
bon if er ous bound ary beds rec og nized in the Zarêby IG 2 and
Ruda Strawczyñska bore holes are rep re sented by marls and
pe lagic lime stones that orig i nated in a basinal set ting. Sed i -
men ta tion of the Lower Tournaisian car bon ates, cor re spond ing
to the Radlin Beds, was in the lower sulcata–sandbergi zones,
sim i larly as in the west ern part of the Kielce Re gion (Fig. 2).
These de pos its pass, most prob a bly with sed i men tary con ti nu -
ity, into the clayey-si li ceous rocks of the Zarêby Beds. At pres -
ent, the ob served con tact of these se ries is tec tonic in na ture.
Ac cord ing to biostratigraphic data, the chronostratigraphic
bound ary be tween the De vo nian and Car bon if er ous lies within
the up per part of the car bon ates (Fig. 2).

Litho- and biostratigraphic anal y sis of the se quence from
the De vo nian/Car bon if er ous bound ary in ter val in di cates that in
the Kielce Re gion of the Holy Cross Moun tains, the clayey-si li -
ceous de pos its of the Lower Car bon if er ous Zarêby Beds never
lie in sed i men tary con ti nu ity on the up per most De vo nian
(Famennian) car bon ates. So far it was as sumed that in sev eral
ar eas of the Kielce Re gion there is a sed i men tary con ti nu ity of

the up per most Famennian car bon ates and the Zarêby Beds
(¯akowa, 1981; ¯akowa and Migaszewski, 1995). In the Kielce
Re gion of the Holy Cross Moun tains and their west ern Me so -
zoic Mar gin, the de po si tion of the Zarêby Beds com menced in
the lower part of the crenulata Zone (apart from the Ga³êzice
area with the Ostrówka Quarry, where these sed i ments ap -
peared in the texanus Zone). In the Ga³êzice area (Ostrówka
Quarry), the sed i men ta tion of these de pos its lasted most prob -
a bly to the mid dle part of the bilineatus Zone (Fig. 2).

DEVONIAN/CARBONIFEROUS BOUNDARY
INTERVAL IN KOWALA AND THE RHENISH MASSIF

The best rec og nized De vo nian/Car bon if er ous bound ary
beds of the Holy Cross Moun tains oc cur at Kowala. Their
lithological char ac ter is tics in di cate large sim i lar i ties to de pos its
from the De vo nian/Car bon if er ous bound ary in ter val of the
Rhenish Mas sif. More over, suc ceed ing types of sed i ments ap -
pear in sim i lar biostratigraphic in ter vals (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). Lime stones with
Wocklumeria from the top most part of com plex A in Kowala cor -
re spond to the Wocklum Lime stone from the Rhenish Mas sif. In 
both ar eas, sed i men ta tion of the top most part of these de pos its
fin ished near the bound ary be tween the Up per Famennian
Lower/Mid dle praesulcata zones (Figs. 3 and 7; Kürschner et
al., 1993; Becker, 1996; Walliser, 1996; Kai ser et al., 2009).
Claystones from com plex B in Kowala have equiv a lents in the
Rhenish Mas sif rep re sented by the Hangenberg Black Shale
and Hangenberg Sand stone (Fig. 7). A claystone in ter val with
quartz wacke beds of the Kowala com plex B cor re sponds to the 
Hangenberg Sand stone in the Rhenish Mas sif area. In both ar -
eas, the up per part of the claystones con tain an ammonoid
fauna with Acutimitoceras prorsum (Schmidt), which is the in -
dex taxon of the prorsum Zone, the up per most De vo nian
ammonoid zone in the Rhenish Mas sif (Korn, 1993; Becker,
1996; Dzik, 1997). The biostratigraphic po si tion of lime stones
from the com plex C in Kowala in di cates their sim i lar ity to the
Stockum Lime stone (Ziegler and Sandberg, 1984b; Bless et al., 
1988, 1993; Becker and Paproth, 1993; Becker, 1996; Kai ser et 
al., 2011). The li thol ogy and strati graphic po si tion of car bon ates 
from com plex D in Kowala (Radlin Beds) in di cate their cor re -
spon dence to the Hangenberg Lime stone, whose sed i men ta -
tion in the Rhenish Mas sif be gins in the lower part of the sulcata
Zone (Higgs and Streel, 1984; Ziegler and Sandberg, 1984b;
Becker, 1996; Walliser, 1996). Si li ceous claystones from com -
plex E (Zarêby Beds) in Kowala cor re spond to the black
claystones known as the Alum Shale (Liegende Alaunschiefer)
from the Rhenish Mas sif; in both ar eas these de pos its ap pear 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 sim i lar ity of the lithological de vel op ment of the
De vo nian/Car bon if er ous bound ary beds in Kowala and suc ces -
sions from the Rhenish Mas sif in di cates com mon geo log i cal
fac tors. Apart from sim i lar lithologies, the dis ap pear ance and
ap pear ance of var i ous fau nal groups took place in the same
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Fig. 7. Cor re la tion of the De vo nian/Car bon if er ous beds from the Rheinisches Schiefergebirge (af ter Higgs and Streel, 1984;
Bless et al., 1993; Walliser, 1996; Kai ser et al., 2006) and Holy Cross Moun tains (ex plor atory trench in Kowala)

Other ex pla na tions as in Fig ure 2



time in ter vals in both ar eas, the lat ter usu ally in sim i lar
lithological ho ri zons. Rel a tively rapid lithological changes in the
De vo nian/Car bon if er ous bound ary beds as well as per tur ba -
tions in the biota from this time have been doc u mented in many
re gions of the world and at trib uted to eustatic sea level changes 
linked with a re gres sion and trans gres sion (House, 1983, 2002; 
John son et al., 1985; Becker, 1993; Racki, 1997; Kai ser et al.,
2006, 2008, 2011; Devleeschouwer et al., 2013). Bi otic trans -
for ma tions at the De vo nian/Car bon if er ous bound ary, re flected
by the ex tinc tion of many or gan isms, have been de ter mined as
the Hangenberg Event (Walliser, 1984, 1985, 1996) or
Hangenberg Cri sis (Kai ser et al., 2011), which marks the last
ap pear ance of the goniatite Wocklumeria sphaeroides and
ranges till the first ap pear ance of the spe cies Gattendorfia
subinvoluta (Becker, 1993, 1996; Walliser, 1996). The mass
ex tinc tion was trig gered by trans gres sion and an oxia
(KaŸmierczak et al., 2012), which fol lowed the warm ing and
transgressive event of the Hangenberg Black Shale.

In the Rhenish Slate Moun tains, the sed i men ta tion of the
Hangenberg Black Shale took place dur ing the early
Hangenberg Event (Walliser, 1984; House, 2002). Sev eral sub -
or di nate transgressive-re gres sive cy cles as well as four (A–D)
bi otic events are dis tin guished within this event (Bless et al.,
1993; Kai ser et al., 2011; Fig. 7).

The Event A, which cor re sponds to the up per sec tion of
Wocklum Lime stone sed i men ta tion, de ter mines a gen eral de -
crease in fau nal di ver sity in duced by a re gres sive ep i sode. The
Event B be gins an anoxic ep i sode (Hangenberg Black Shale)
con nected with a short-lived trans gres sion and mas sive ex tinc -
tion, af ter which a great re gres sive ep i sode oc curred. The
Event C from the bound ary be tween the praesulcata and
sulcata zones is char ac ter ized by “re place ment” of De vo nian
fau nal as sem blages by Car bon if er ous as sem blages, whereas
the Event D from the bound ary be tween the sulcata and
duplicata zones – by fast ra di a tion and ex pan sion of Car bon if -
er ous fauna.

The Hangenberg Event (Hangenberg Cri sis) was caused
by global cli ma tic fluc tu a tions con nected with ma jor eustatic
sea level changes, with high est am pli tude just be fore De vo -
nian/Car bon if er ous bound ary (Becker, 1996; Kai ser et al.,
2011; Kalvoda et al., 2013). This phe nom e non was linked with
a large-scale gla cial ep i sode in the south ern hemi sphere, caus -
ing rel a tively rapid sea level fall (Streel et al., 2000; Sandberg et 
al., 2002; Caputo et al., 2008; Isaacson et al., 2008; Kai ser et
al., 2011; Kalvoda et al., 2013; Kumpan et al., 2013).

In the Kowala pro file, in ter val with quartz wacke beds dis tin -
guished within the claystone com plex (B), cor re sponds to the
max i mum re gres sive phase in the Hangenberg Event that re -
lates with the main pe riod of Gond wana glaciations.

The De vo nian–Car bon if er ous bound ary clearly falls in the
time of new mi nor post-gla cial trans gres sion, and car bon ate
sed i men ta tion in pe lagic con di tions, with ap pear ance of new
fau nal as sem blages among cepha lo pods, trilobites, cono donts
and entomozoacean ostracodes (Flajs and Feist, 1988; Bless
et al., 1993; Becker, 1996; Kai ser et al., 2006, 2008, 2009,
2011). The youn ger, ma jor transgressive ep i sode is ac com pa -
nied by the Mid dle Tournaisian de po si tion of the Lower Alum
Shale Event in the Rhenish Slate Moun tains (Becker, 1993,
1996; Walliser, 1996) and Zarêby Beds in the Holy Cross
Moun tains (Fig. 7).

Fluc tu a tions re lated to transgressive and re gres sive ep i -
sodes in the Late De vo nian and Early Car bon if er ous, which are
re flected in the cono dont biofacies pat tern (e.g., Dreesen,
1992; Walliser, 1996; Kai ser et al., 2008; Kalvoda et al., 2013),
are also marked in the Kowala pro file. In this place within Mid -
dle–Up per expansa zones, cono dont as sem blages are pre -

dom i nated 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 bound ary of the Up per expansa and
Lower praesulcata zones, the cono dont biofacies con sists
mainly of in di vid ual or gan isms as signed to the gen era
Palmatolepis and Bispathodus with sub or di nate Branmehla,
Pseudopolygnathus and Siphonodella. In the up per part of
Fammenian lime stones with Wocklumeria of the Kowala pro file
(Lower praesulcata Zone), i.e. at the be gin ning of Hangenberg
Event, nearly all cono donts of the ge nus Palmatolepis be came
ex tinct. The only spe cies P. gracilis sigmoidalis was found in the 
lime stones of the com plex C (Up per praesulcata Zone; Fig. 3).
Most spe cies of the ge nus Bispathodus dis ap pear in the Lower
praesulcata Zone. The Up per praesulcata and Lower sulcata
zones con tain only B. stabilis and B. aculeatus aculeatus
(Fig. 3). In other ar eas, the bispathodus and palmatolepid
biofacies pre dom i nated up to the Mid dle praesulcata Zone
(e.g., Clausen at al., 1989; Kai ser et al., 2008). Only in di vid ual
spe cies of the ge nus Bispathodus passed into the Up per
praesulcata, sulcata and duplicata zones (Luppold et al., 1984;
Perret, 1988; Over, 1992; Nemirovskaya et al., 1993; Kai ser,
2005; Kalvoda et al., 2013).

No cono donts as signed to the Mid dle praesulcata Zone
have been found in claystones of the com plex B of the Kowala
pro file (Fig. 3). In this pro file cono donts of the ge nus Protho -
gnathodus oc cur in the Up per praesulcata Zone within lime -
stones of the com plex C. The pres ence of these cono donts is
con nected with the Late De vo nian trans gres sion, dur ing which
adaptative ra di a tion took place (Becker, 1996; Kai ser et al.,
2008). The protognathodid biofacies is as cribed to the outer
shelf en vi ron ment and the basinal slope (Kalvoda et al., 1999)
or to the shal lower sea en vi ron ment (Dreesen, 1992).

In the Lower Car bon if er ous Kowala pro file the cono dont as -
sem blages are rep re sented by the siphonodellid-polygnathid
biofacies, which are char ac ter is tic of the pe lagic en vi ron ment of
the outer shelf (Flajs and Feist, 1988; Kalvoda et al., 1999). In the 
Kowala pro file, the con tri bu tion of cono donts as signed to the ge -
nus Siphonodella in creases sub stan tially from the duplicata
Zone (Dzik, 1997). The rapid in crease in the amount of cono -
donts be long ing to the siphonodellid biofacies in the du pli cate
Zone was noted in Car bon if er ous pro files of dif fer ent ar eas (e.g.,
Clausen et al., 1989; Walliser, 1996; Kai ser et al., 2008). This is
elu ci dated by a raise of sea level (Kalvoda et al., 2013).

SUMMARY

The pa per char ac ter izes the De vo nian/Car bon if er ous
bound ary beds in five sec tions from the Holy Cross Moun tains
and one lo cated at its nearby Me so zoic Mar gin (Fig. 1). In four
of them: Ruda Strawczyñska, Bolechowice IG 1, Zarêby IG 1
and Kowala, the De vo nian/Car bon if er ous bound ary, biostrati -
graphically doc u mented by cono donts, ostracodes and micro -
spores, lies within a con tin u ous suc ces sion of deep-wa ter car -
bon ates. In the two re main ing sec tions: Ostrówka Quarry and
Jab³onna IG 1, the bound ary be tween the sys tems is char ac ter -
ized by strati graphic gaps caused by lack of de po si tion in sub -
ma rine con di tions (Szulczewski, 1981; ¯akowa et al., 1983;
Szulczewski et al., 1996).

Con tin u ous sed i men ta tion of marls and car bon ates from the
De vo nian/Car bon if er ous bound ary in ter val lasted till the Lower
Tournaisian sandbergi Zone (Fig. 2). In the west ern part of the
Holy Cross Moun tains, Lower Car bon if er ous car bon ates have
been dis tin guished as the Radlin Beds (¯akowa, 1981; ¯akowa
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and Migaszewski, 1995). They pass with sed i men tary con ti nu ity
into si li ceous claystones of the Zarêby Beds. Apart from the
Ostrówka sec tion, where their sed i men ta tion be gan in the Lower
Visean texanus Zone, in the re main ing part of the Holy Cross
Moun tains these de pos its ap peared ear lier in the Car bon if er ous,
in the Mid dle Tournaisian crenulata Zone (Fig. 2).

In the Kowala sec tion, the se quence from the De vo -
nian/Car bon if er ous bound ary in ter val is strik ingly sim i lar to con -
tem po rary strata from the Rhenish Mas sif. In both ar eas, the
same biostratigraphic in ter vals are char ac ter ized by the same
lithofacies and fau nal as sem blages. The si mul ta neous ap pear -

ance of sim i lar de pos its was caused by com mon fac tors, linked
with global sea level fluc tu a tions, re sult ing from glaciations on
the south ern hemi sphere (see Sandberg et al., 2002; Caputo et
al., 2008; Isaacson et al., 2008).

The cono dont biofacies suc ces sion in Kowala is the same
as in the other D/C pro files in Eu rope.
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