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Ab stract: The pa per pres ents a new in ter pre ta tion of the geo log i cal struc ture and stra tig ra phy of the De vo nian in
the Œwiêtomarz–Œniadka sec tion. The up per most Œniadka For ma tion (equiv a lent to the Nieczulice For ma tion),
was de scribed pre vi ously from the north ern part of the sec tion be tween ex po sures of the sand stones and shales of
the Œwiêtomarz For ma tion. The pres ent study re vealed the pres ence in the men tioned area of Sitka Coral-Cri noid
Lime stone Mem ber and the Sier¿awy Mem ber, re fer able to the Ska³y For ma tion. Black, thin-bed ded lime stones,
oc cur ring here, were as signed to the up per part of the Sier¿awy Mem ber. Cono dont as sem blages in di cate that the
Sitka Coral-Cri noid Lime stone Mem ber cor re sponds to the hemiansatus Zone, whereas most of the Sier¿awy
Mem ber rep re sents the timorensis – rhenanus/varcus zones. The pres ence of the North Amer i can spe cies Icriodus
janaea is doc u mented for the first time in Po land. Clay shales and marls with Maenioceras terebratum are con si-
d ered to be the up per most part of the Sier¿awy Mem ber. These strati graphic data are the ba sis for a new in ter pre ta - 
tion of the geo log i cal struc ture of the Bodzentyn Syncline.
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IN TRO DUC TION

The Œwiêtomarz–Œniadka sec tion, lo cated in the NE
part of the Holy Cross Moun tains, in the £ysogóry re gion, is 
one of the key ex po sures of the Mid dle De vo nian in the
Bodzentyn Syncline and the only one in Po land, where
rocks of this age, con tain ing goniatites, are ex posed (Fig. 1). 
The sec tion stud ied is char ac ter ized by the oc cur rence of
sev eral, lon gi tu di nal faults that have given rise to mul ti ple
rep e ti tions of the same, lithostratigraphic units along the
Psarka val ley.

The com plex, tec tonic struc ture and a N–S vari abil ity
of fa cies have re sulted in many dis crep an cies in the un der -
stand ing of the stra tig ra phy of the ex posed suc ces sion.
Czarnocki (1950) wrote: “An at tempt of de tailed sub di vi -
sion of the sec tion us ing palaeontological meth ods, de spite
the me tic u lous and de tailed anal y sis by Sobolew (1909) did
not give pos i tive re sults”. In ad di tion to dolomites, Sobolew 
(1909) dis tin guished the fol low ing strati graphic units in the
suc ces sion: crinoidal lime stones, the Sier¿awy Beds and the 
Œwiêtomarz Beds (Fig. 2). Czarnocki (1950) as signed So-
bolew’s first two units to the Ska³y Series, and up graded the 
Œwiêtomarz Beds to the se ries (lithostratigraphic unit) level. 
Like Sobolew, Czarnocki (1950) in cluded the ol ive-green
shales with Maenioceras terebratum and the “micaceous,

sandy greywackes” in the Œwiêtomarz Se ries. Later work ers
in cluded only the last men tioned rocks, which are rec og nized 
eas ily in field, in the Œwiêtomarz For ma tion (K³ossowski,
1985; Turnau and Racki, 1999 and oth ers).

In con trast to Czarnocki (1950), most sci en tists (Filo-
nowicz, 1962, 1969; Mizerski, 1981; K³osowski, 1985;
Malec, 1988; Turnau and Racki, 1999; Halamski, 2005)
have con sid ered the out crops, lo cated be tween two sand -
stone ex po sures of the Œwiêtomarz For ma tion in the north -
ern part of the sec tion, op po site Œniadka vil lage (Fig. 3), as
rep re sent ing the youn gest part of the suc ces sion, form ing
the ax ial part of the struc ture. It is the Œniadka For ma tion of
K³ossowski (1985) and the Nieczulice For ma tion of Malec
(1988) and Turnau and Racki (1999). How ever, the pres ent
study in di cates the pres ence of the Sitka Coral-Cri noid
Lime stone Mem ber and the Sier¿awy Mem ber (sub di vi sion
af ter K³ossowski, 1985) in that part of the sec tion, an in ter -
pre ta tion that was con firmed by means of cono donts. Black, 
thin-bed ded lime stones, oc cur ring in that area, were as -
signed to the up per part of the Sier¿awy Mem ber. These
facts im ply a dif fer ent view of the geo log i cal struc ture of
the sec tion, very close to that, pre sented by Czarnocki
(1950, fig. 13). Such an in ter pre ta tion of the struc ture an -



swers some ques tions, al ready posed by Sobolew (1909)
with re gard to the strati graphic po si tion of the ol ive-green
shales with Maenioceras terebratum (at five doc u mented
lo cal i ties), as signed by him to the Œwiêtomarz Beds: are
these shales lo cated be low (near Œwiêtomarz) or above the
Œwiêtomarz sand stones (near Œniadka) and do all oc cur -
rences rep re sent the same, strati graphic unit? In later pa -
pers, shales with a sim i lar goniatite fauna were as signed to:
the up per part of the Sier¿awy Mem ber in the Ska³y For ma -
tion, near Œwiêtomarz, and to the lower part of the Œniadka
For ma tion, near Œniadka (K³ossowski, 1985) or to the top -
most part of the Ska³y For ma tion (Ska³y Beds) and lower

part of the Nieczulice For ma tion (Nieczulice Beds) by
Malec, 1988 and Turnau and Racki, 1999.

Cono donts were used as a tool to re solve these strati -
graphic is sues; the sam ples were col lected from all of the
units men tioned and, in par tic u lar, from rocks of the
Œniadka For ma tion. Re marks on the pres ence of cono donts
in the Œwiêtomarz–Œniadka sec tion are rare and short, fo -
cus sing on de ter mi na tions of sin gle spe cies (K³ossowski,
1985; Malec, 1988, 1999); later pa pers give lists of cono -
donts for par tic u lar, strati graphic units (Woroncowa-Marci- 
nowska, 2001; Dzik, 2002). Givetian cono donts were stud -
ied in the neigh bour ing suc ces sions of the £ysogóry re gion
and the nearby Radom–Lublin re gion (Malec, 1996, 1999;
Malec and Turnau, 1997; Woroncowa-Marcinowska, 2005; 
Narkiewicz and Bultynck, 2007; Narkiewicz, 2011). The
mod i fied view on the geo log i cal struc ture of the sec tion is
based on ma te rial, col lected over a pe riod of sev eral years.

GEO LOG I CAL AND STRATI GRAPHIC
SET TING

The lithostratigraphic units, af ter K³ossowski (1985) re -
fer able to for ma tions and mem bers, with some mod i fi ca -
tions fol low ear lier sub di vi sions (Sobolew, 1909; Czar-
nocki, 1950). In the sec tion, the Ska³y For ma tion com prises
the Sitka Coral-Cri noid Lime stone Mem ber and the Sier-
¿awy Mem ber; its con tact with the Wojciechowice For ma -
tion is tec tonic in na ture. The Sitka Coral-Cri noid Lime -
stone Mem ber is com posed of pale-grey, me dium- and
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Fig. 1. Lo ca tion maps. A – Gen eral map of Po land, show ing lo -
ca tion of Holy Cross Moun tains. B – map of Holy Cross Moun -
tains, show ing lo ca tion of sec tions stud ied (sim pli fied af ter
Turnau and Racki, 1999)

Fig. 2. Mid dle De vo nian sub di vi sion in Œwiêtomarz–Œniadka sec tion



thick-bed ded lime stones, with a to tal thick ness of up to 8 m. 
The most com mon fauna are col o nies of Tabulata and Ru-
gosa and cri noid trochites; stromatoporoids are in places a
sub stan tial com po nent of the rocks. The Sier¿awy Mem ber
is a com plex unit and com prises dark-grey, grey-brown and
green-grey, clay and marly shales, micritic, organo-detritic
and black, thin-bed ded lime stones, with the thick ness of
par tic u lar interbeds reach ing 50 to 100 cm. In the top most
part of the Sier¿awy Mem ber, there are clay and marly ol -
ive-green, green ish-yel low shales, with flat sid er ite con cre -
tions and sin gle beds of yel low, marly lime stones, char ac -
ter ized by the pres ence of a cephalopod fauna with Maenio-
ceras terebratum. This se quence is about 35 m thick. The
to tal thick ness of the Sier¿awy Mem ber, con tain ing nu mer -
ous fauna, reaches about 120 m. The Œwiêtomarz For ma tion 
is dom i nated by fine quartz sand stones, interbedded with
clay and silty shales, and char ac ter ized by a rich as sem blage 
of me chan i cal and or ganic hieroglyphs. This for ma tion
shows an in com plete thick ness in the north ern part of the
sec tion, where it reaches about 30 m, whereas in its cen tral
part, the thick ness is slightly above 50 m. The top most part
of Sier¿awy Mem ber and Œwiêtomarz For ma tion are char -
ac ter ized by a spe cific col our (ol ive-green) and abun dance
of mica, mainly bi o tite and mus co vite, be cause of which
they are eas ily dis tin guished in the field.

The com plex, tec tonic struc ture of the sec tion re quired
de tailed anal y sis of the best ex posed parts of it, i.e. from the
north ern (ex po sure I in Fig. 3), cen tral (ex po sures II and III
in Fig. 3), and south ern part (ex po sure IV in Fig. 3). Ex po -
sures I and II rep re sent, a frag ment of the over turned north -
ern limb of the Bodzentyn Syncline, re peated, ow ing to the
pres ence of a fault. The north ern ex po sure I (I in Fig. 4)
con tains both mem bers of the Ska³y For ma tion and the
greater part of the Œwiêtomarz For ma tion; with the older
strata best ex posed, whereas the up per part of the Sier¿awy
Mem ber is poorly vis i ble.

To the S of the strata of the Œwiêtomarz For ma tion, oc -
cur ring op po site the as phalt road in Œniadka (ex po sure II in
Figs 3 and 4), rocks were ob served in the S part of a small
gully, which ac cord ing to this re search rep re sent the Sitka
Coral-Cri noid Lime stone Mem ber and the lower part of the
Sier¿awy Mem ber, namely strongly ferruginous crinoidal
limestones, marly lime stones and marls with a rich fauna,
interbedded with clay shales. Malec (1988) re fers to this
part of the sec tion as the “north ern ex po sure of the Nieczu-
lice For ma tion”. The black, “thin-bed ded lime stones”, oc -
cur ring far ther south, are con sid ered by him to be the youn -
gest part of the for ma tion. In this lo cal ity, rocks from ex po -
sure I are tec toni cally re peated; the up per part of the suc ces -
sion is well rep re sented as black, thin-bed ded lime stones,
which are re peated many times, ow ing to closely spaced
faults and lon gi tu di nal frac tures, giv ing the im pres sion of a
much greater thick ness, as much as three times larger. The
lat ter ho ri zon of these lime stones passes into clay and marly 
shales, with goniatites and styliolinids. The suc ces sion ter -
mi nates with sand stones and shales of the Œwiêtomarz For -
ma tion. In ad di tion to the sand stones, ex po sure II en tirely
rep re sents the “Œniadka For ma tion” of K³ossowski.

Ex po sures IIIa and IIIb (Figs 3, 4) are sim i lar and rep re -
sent the same up per part of the Ska³y For ma tion and the

Œwiêtomarz For ma tion. They are lo cated on both sides of
the ax ial part of the struc ture (shale and sand stone). Ex po -
sure IV rep re sents the up per most part of the Sier¿awy Mem -
ber and the Œwiêtomarz For ma tion. In ex po sures IIIb and
IV, the beds are in a nor mal po si tion, with dips to the N, and
are frag ments of the S limb of the over turned syncline.

MA TE RIAL

Cono dont ma te rial was ob tained from 10 pos i tive sam -
ples among 20, col lected from the coral-cri noid lime stones
of Sitka Mem ber (ex po sures I and II, Figs 3, 4), lime stones
and car bon ate con cre tions of the Sier¿awy Mem ber (ex po -
sures I–IV), and marly shales of the Œwiêtomarz For ma tion
(ex po sure II). Among the 10 sam ples ana lysed, 5 yielded
rel a tively well pre served and abun dant cono dont ma te rial,
with both ju ve nile and adult spec i mens rep re sented. The
most abun dant and fossiliferous ma te rial was found in sam -
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Fig. 3. Sche matic geo log i cal map of Œwiêtomarz–Œniadka sec -
tion (re in ter preted af ter Sobolew, 1909, fig. 1 and Czarnocki,
1950, fig. 13). 1 – Wojciechowice For ma tion, dolostones; 2–4 –
Ska³y For ma tion: 2 – Sitka Coral-Cri noid Lime stone Mem ber; 3–4 
– Sier¿awy Mem ber: 3 – marly and clayey shales with organo-
detritic and dark lime stone; 4 –clayey and marly shales with
Maenioceras terebratum, 5 – Œwiêtomarz For ma tion, shales and
sand stones



ple 2b. The col lec tion stud ied com prises over 200 spec i -
mens of cono donts, be long ing to 4 gen era: Belodella, Icrio-
dus, Neopanderodus and Polygnathus and 17 spe cies. The
oc cur rence and num ber of el e ments in par tic u lar sam ples
are given in Ta ble 1.

BIOSTRATIGRAPHY

The biostratigraphic anal y sis is based mainly on cono -
dont ma te rial. Ow ing to the lack of ex ist ing ev i dence for the 
youn gest age of the “Œniadka (equiv a lent to Nieczulice)
For ma tion”, par tic u lar at ten tion was fo cussed on stud ies of
this part of the sec tion (ex po sure II, Figs 3, 4). The cono -
dont biostratigraphic scheme was based on the sub di vi sion
by Bultynck (1987, 2007). The cono dont as sem blages dis -
tin guished cor re spond to the hemiansatus – rhenanus/var-
cus zones (Fig. 4, Ta ble 1).

The old est cono dont as sem blage, re cov ered from the
Sitka Coral-Cri noid Lime stone Mem ber, con tains Belodella
devonica, Neopanderodus sp. and Polygnathus linguiformis 
linguiformis (ex po sure I, sam ple 14 and ex po sure II, sam ple 
4a, Figs 4, 5A–D, 6A, B–G, Ta ble 1). It may rep re sent the
hemiansatus Zone, be cause the lower part of the Sier¿awy
Mem ber in the Ska³y For ma tion (sam ple 1) con tains P.
weddigei (Fig. 5F), the ap pear ance of which in di cates the
timorensis Zone (Bultynck, 1987).

The re main ing as sem blages from the Sier¿awy Mem ber 
lie within the rhenanus/varcus Zone. The cono dont as sem -

blage from ex po sure I, sam ple 2a, and ex po sure II, sam ple 4 
(Fig. 4, 5E, K, 6H–S, Ta ble 1), rep re sent ing the lower part
of the Sier¿awy Mem ber, con tains P. ensensis, Polygnathus 
linguiformis linguiformis, P. timorensis, P. varcus, Icriodus 
brevis, I. lindensis, I. obliquimarginatus, I. platyobliqui-
marginatus and I. regularicrescens. The up per part of the
Sier¿awy Mem ber (ex po sure I, sam ple 3a), lo cated above
the bed with goniatites in clud ing Tornoceras sp., Agonia-
tites cf. obliquus (Whidborne) (per sonal col lec tion,
sample 3), Holzapfeloceras sp. and Agoniatites sp. (Dzik,
2002), cor re sponds to the up per part of the rhenanus/varcus
Zone. It dif fers from the pre vi ous as sem blage in the ap pear -
ance of Icriodus difficilis (Bultynck, 1987). In ex po sure I,
near the ho ri zons with goniatites, dis tin guished by Dzik
(2002, sam ple Sn-1) Bipennatus bipennatus (Bis choff et
Ziegler) was found to gether with Icriodus brevis.

The last cono dont as sem blage, oc cur ring in the black,
thin-bed ded lime stones (ex po sure II, sam ple 5a, Figs 3, 4,
7A–K, M, N, Ta ble 1), con tains spe cies, sim i lar to those of
the pre vi ous as sem blages (Polygnathus ensensis, P. lingui-
formis linguiformis, P. timorensis, I. platyobliquimargina-
tus), but dif fers in hav ing a greater di ver sity of icriodid co-
nodonts, Icriodus janaea and I. arkonensis. Icriodus janaea
has been de scribed from the Plum Brook For ma tion, Ohio,
U.S.A., and as signed to the Up per ensensis Zone (Spar ling,
1995). The Plum Brook For ma tion is lo cated be tween the
Del a ware Lime stone For ma tion (Eifelian, an un con form -
able con tact) and the Prout Do lo mite For ma tion (the Mid dle 
varcus Zone, cor re spond ing to the ansatus Zone of Bultynk, 
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Ta ble 1

Frequencies of cono dont el e ments in sam ples from Œwiêtomarz–Œniadka sec tion

Sections Section I Section II Sect. IV

Conodont zones
hemi-

ansatus
timorensis

rhenanus/varcus hemi-
ansatus

rhenanus/varcus
lower upper

Samples 14 1 2a 2b 3a 4a 4 5 5a 7

Polygnathus l. linguiformis 6 1 10 7

P. hemiansatus cf.1 2

P.  weddigei 1 1

P. timorensis 1 cf.2 cf.1 1

P. varcus 2 2 1

P. xylus xylus 2

P. ensensis ® timorensis 2

P. ensensis cf.1 cf.1

Icriodus regularicrescens cf.1 3 2

I. platyobliquimarginatus 5 1 1

I. obliquimarginatus 2 1 1

I. arkonensis arkonensis 2

I. cf. excavatus 1

I. lindensis 3 2 2

I. brevis 13 1 3

I. difficilis 8 1

I. janaea 4

Belodella devonica 3 5 1

Neopanderodus sp. 1 2 5



1987). How ever, ow ing to the pres ence of Polygnathus
xylus xylus and Icriodus brevis, Desantis et al. (2007) later
as signed I. janaea and its as sem blage to the timorensis
Zone. Tak ing into con sid er ation the en tire as sem blage from

sam ple 5a and the fact that I. janaea was found only at one
lo cal ity, it is sug gested that this and the sim i lar assembla-
ges, de scribed above, may cor re spond to the rhenanus/var-
cus Zone.
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Fig. 4. Cor re la tion of Givetian ex po sures stud ied at Œwiêtomarz–Œniadka (sim pli fied) with po si tion of cono dont sam ples
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Fig. 5. Cono donts from Lower and lower part of Mid dle Givetian at Œwiêtomarz–Œniadka, ex po sure I (Figs 3, 4), Ska³y For ma tion.
Length of scale bars = 100 µm. A, H – Neopanderodus sp., A – sam ple 14, H – sam ple 1. B–E, I – Polygnathus linguiformis Hinde, B–D –
sam ple 14, E – sam ple 2a, I – sam ple 2b. F, J – Polygnathus weddigei Clausen, Leuteritz et Ziegler, F – sam ple 1, J – sam ple 2b. G –
Belodella devonica (Stauffer), M el e ment (af ter Dzik, 2002), sam ple 1. K – Polygnathus cf. xylus Stauffer, sam ple 2a. L – Polygnathus cf.
varcus Stauffer, L – sam ple 2b. M – Polygnathus timorensis Klapper, Philip et Jack son, sam ple 3a. N – Icriodus lindensis Weddige, sam -
ple 2b. O, P, T, U – Icriodus brevis Stauffer, sam ple 2b. Q – Icriodus regularicrescens Bultynck, sam ple 2b. R – Icriodus cf.
platyobliquimarginatus Bultynck, sam ple 2b. S – Icriodus difficilis Ziegler et Klapper, sam ple 3a. A–D – Sitka Coral-Cri noid Lime stone
Mem ber, E–U – Sier¿awy Mem ber; A, G, H, T – lat eral views, B–F, I–S, U – up per views
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Fig. 6. Cono donts from Lower and lower part of Mid dle Givetian at Œwiêtomarz–Œniadka, ex po sure II (Figs 3, 4), Ska³y For ma tion.
Length of scale bars = 100 µm. A, H – Neopanderodus sp., A – sam ple 4a, H – sam ple K-4. B–G, J–M – Belodella devonica (Stauffer),
B–G – sam ple 4a, J, K–M – sam ple 4. I – Neopanderodus transitans Ziegler et Lindström, sam ple 4. N – Polygnathus cf. timorensis
Klapper, Philip et Jack son, sam ple 4. O – Polygnathus varcus Stauffer, sam ple 4. P – Icriodus obliquimarginatus, sam ple 4. Q – Icriodus
platyobliquimarginatus Bultynck, sam ple 4. R– Icriodus cf. regularicrescens Bultynck, sam ple 4. S – Icriodus regularicrescens
Bultynck, sam ple 4. A, B–G – Sitka Coral-Cri noid Lime stone Mem ber, H, I, J–S – Sier¿awy Mem ber; A–M – lat eral views, N–S – up per
views
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Fig. 7. Cono donts from lower part of Mid dle Givetian at Œwiêtomarz–Œniadka, ex po sure II (Figs 3, 4, sam ple 5a) and ex po sure IV (Fig. 
3, 4, sam ple 7), Ska³y For ma tion. Length of scale bars = 100 µm. A–C – Polygnathus linguiformis Hinde. D – Polygnathus ensensis › P.
timorensis Klapper, Philip et Jack son. E – Icriodus platyobliquimarginatus Bultynck. F, G, M – Icriodus janeae Spar ling. H, N – Icriodus
cf. lindensis Weddige. I–K – Icriodus aff. arkonensis Stauffer; A–K, M, N – sam ple 5a. L – Icriodus cf. excavatus Weddige, sam ple 7.
A–N – Sier¿awy Mem ber; A–J, L–N – up per views, K – lat eral views
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Fig. 8. Lower and Mid dle Givetian microfossils from Œwiêtomarz–Œniadka (Fig. 4). Length of scale bars = 100 µm. A–E – glob u lar
microproblematica, A, B – sam ple 1, C–E – sam ple 13. F–O – fish re mains, F, G – sam ple 2b, H–K – sam ple 4a, L–O – sam ple 5a. P – cal -
car e ous octactinellid sponge spicule, sam ple 5a. Q – el e ment of Ophiocistoidea scleroform, sam ple 5a. R–T – frag ments of tentaculites,
sam ple 5a. U–Y – leiospheres, U – sam ple 12, V – sam ple 7a, W – sam ple 13, X – sam ple 6a, Y – sam ple 6. Z1 – framboid, sam ple S6. Z2
– frag ment of charred wood, sam ple 5. H–K – Sitka Coral-Cri noid Lime stone Mem ber, A, B, F, G, L–W, Z1, Z2 – Sier¿awy Mem ber; X,
Y – Œwiêtomarz For ma tion



Cono donts have not been found in the thin car bon ate
interbeds in for ma tions, which es sen tially con sist of clay
and marly shales with goniatites, near Œwiêtomarz and
Œniadka (Figs 3, 4, ex po sures I–IV, Ta ble 1) with the ex cep -
tion of sam ple 7 (ex po sure IV) with Icriodus cf. excavatus
(Fig. 7L). This spe cies has a wide dis tri bu tion, namely from
the Up per rhenanus/varcus Zone up to the Mid dle/Up per
De vo nian bound ary (Bultynck, 2003). The goniatites, Sobo- 
lewia nuciformis (Whidborne), S. rotella (Holzapfel), Mae-
nioceras terebratum (Sandberger et Sandberger), M. cf. de-
cheni (Kayser), Wedekindella cf. brilonensis (Kayser), and
other spe cies, de ter mined and il lus trated by Sobolew
(1909), in di cate the Maenioceras terebratum Zone (MD
II-C). How ever, the pres ence of M. cf. decheni and W. cf.
brilonensis points to the up per part of this zone (MD II-C2), 
which cor re sponds to the cono dont ansatus Zone and to the
Up per pumilio level (Ebbighausen et al., 2007). This fact
in di cates that the shales with goniatites are youn ger than the 
black, thin-bed ded lime stones that were con sid ered to be
the youn gest in the suc ces sion (K³ossowski, 1985; Turnau
and Racki, 1999, and oth ers).

Be sides cono dont el e ments, the res i due of the Mid dle

Givetian sam ples con tains semi-spher i cal, microproblema-
tic forms (Fig. 8A–E), fish teeth and scales (Fig. 8F–O),
sponge spicules (Fig. 8P), scleroform el e ments (Fig. 8Q),
tentaculite frag ments (Fig. 8R–T) and leiospheres, which
come mainly from the bound ary beds be tween the Ska³y and 
Œwiêtomarz For ma tions, i.e. the black lime stones (ex po sure
II, sam ple 5b), car bon ate con cre tions in the up per most part
of Sier¿awy Mem ber and the silt beds of the Œwiêtomarz
For ma tion (Fig. 8U–Y). As noted by Filipiak (2002), the
pres ence of large Leiosphaeridia (> 200 µm) in di cates im -
proved, trophic con di tions, which in turn in di cates con di -
tions of ox y gen de ple tion in the ba sin. Framboidal py rite
struc tures, 210 µm in di am e ter (Fig. 8Z1), found in the
black lime stones (sam ple S6, Figs 3, 4, ex po sure IIIb) may
in di cate their diagenetic or i gin in the de pos its be low the
oxic or dysoxic wa ter col umn (Zatoñ et al., 2008). Frag -
ments of charred wood (char coal) with well pre served, in -
ter nal struc ture have been found in sim i lar black lime stones
(Fig. 4, sam ple 5, Fig. 8Z2). Ag gre gates of euhedral py rite
or sep a rate el e ments of pyritized fos sils are com mon in the
res i due of de pos its from the up per part of the Ska³y For ma -
tion and the Œwiêtomarz For ma tion.
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Fig. 9. Cross-sec tions through cen tral part of Bodzentyn Syncline be tween Œwiêtomarz and Œniadka, as ex posed along Psarka River. A
– taken from K³ossowski (1985, fig. 2), ex pla na tions re fer to num bers in cir cles: 1 – Wojciechowice For ma tion, Chmielowiec Marly Do -
lo mite Mem ber, 2 – Wojciechowice Crys tal line Do lo mite Mem ber, 3 – Ska³y For ma tion, Dobruchna Brachi o pod Shale Mem ber, 4 – Sitka 
Coral-Cri noid Lime stone Mem ber, 5 – Sier¿awy Mem ber, 6 – Œwiêtomarz For ma tion, 7 – Œniadka For ma tion, 8 – Zechstein con glom er -
ate, 9 – Buntsandstein, 10 – loess, 11 – delluvia. B – new in ter pre ta tion (based on data from this pa per)



Rocks of the up per most part of Ska³y For ma tion, as
well as the Œwiêtomarz For ma tion, were the sub ject of paly- 
nologic anal y sis by Turnau and Racki (1999). Two subzo-
nes, Ex 2 and Ex 3, of the Aneurospora extensa Zone were
dis tin guished here, namely subzone Ex 2 for the “Œwiêto-
marz beds” and Ex 3 for the “Nieczulice Beds” (equiv a lent
to the up per most part of the Ska³y For ma tion herein). Ac -
cord ing to the au thors (Turnau and Racki, 1999), subzone
Ex 2 is char ac ter ized by the pres ence of Chelinospora
concinna, whereas Ex 3 has Samarisporites triangulatus.
Chelinospora concinna was noted from the mid dle or even
Up per varcus Zone, whereas Samarisporites triangulatus
ap pears much ear lier, in the ensensis Zone (Loboziak et al.,
1991; Streel and Loboziak, 1994; Streel, 2009). The po si -
tion of Chelinospora concinna, con cor dant with the Mid -
dle/Up per varcus Zone, con firms the con cept of the geo log -
i cal struc ture of the sec tion, pre sented here, that the clay and 
marly shales with Maenioceras terebratum (rhenanus/ansa- 
tus) are older than the shales and sand stones of the “Œwiêto-
marz beds” (ansatus-semialternans zones?; Figs 3, 4). Re -
gard less of the opin ion of “some ge ol o gists”, Turnau and
Racki (1999) put “ex po sure SSII” from the S part of the sec -
tion above the “Œwiêtomarz beds”.

The data pre sented here re quire mod i fi ca tions to the in -
ter pre ta tion of the geo log i cal cross-sec tions, pre sented by
Filonowicz (1962, 1969), Mizerski (1981) and K³ossowski
(1985). These changes are ap pli ca ble to the cen tral part of
the syncline (Fig. 9A). The new data, pre sented above, are
shown in Fig. 9B. Data for the S part of the sec tion are from
Sobolew (1909), Filonowicz (1962, 1969) and Malec
(1988, 1999).

CON CLU SIONS

Stud ies of cono donts in the Œwiêtomarz–Sniadka sec -
tion fo cussed on the mem bers of the Ska³y and Œwiêtomarz
for ma tions. In the Ska³y For ma tion, the Sitka Coral-Cri noid 
Lime stone Mem ber cor re sponds to the hemiansatus Zone
and the greater part of the Sier¿awy Mem ber to the timo-
rensis – rhenanus/varcus Zones. The North Amer i can spe -
cies Icriodus janaea Spar ling was found for the first time in
Poland.

The up per most part of Sier¿awy Mem ber – clay and
marly shales with Maenioceras terebratum – may cor re -
spond to the cono dont ansatus Zone and in the strati graphic
sec tion stud ied oc curs be low the Œwiêtomarz For ma tion.

In ex po sure II (Figs 3, 4, 9), lo cated be tween the sand -
stones and clay shales of the Œwiêtomarz For ma tion in the N 
part of the sec tion, the pres ence of the Sitka Coral-Cri noid
Lime stone and Sier¿awy mem bers was doc u mented in the
place of the “youn gest” Œniadka For ma tion (equiv a lent to
the Nieczulice For ma tion). These units are strongly ferrugi-
nous crinoidal lime stones, marly lime stones and marls with
a rich fauna, interbedded with clay shales, as well as black,
thin-bed ded lime stones. Their age was con firmed by means
of cono dont as sem blages in the Ska³y For ma tion. As a re -
sult, a new in ter pre ta tion of the geo log i cal struc ture and
stra tig ra phy of the Œwiêtomarz–Œniadka section is presen-
ted (Fig. 9B).

It was noted that some char ac ter is tics, such as the con -
tent of the cephalopod fauna, the black col our of the sed i -
ments with Leiosphaeridia, and the abun dance of the
styliolinids in the marly bed as well as the oc cur rence to -
gether of ben thic and pe lagic fau nas (Sobolew, 1909), may
be proof of cor re la tion of the clay and marly shales with
Maenioceras terebratum in the Ska³y For ma tion with the
Up per pumilio Ho ri zon (Lottmann, 1990).

Ac knowl edge ments

I am par tic u larly in debted to Hanna Matyja, for dis cus sions
on an ear lier draft of the pa per. I would like to thank Bogumi³a
Giblewska for com puter draw ings and Leszek Giro for SEM pho -
to graphs of the micro fauna (all from the Pol ish Geo log i cal In sti -
tute – Na tional Re search In sti tute). Many thanks are also of fered
to Anna ¯yliñska, War saw Uni ver sity, for her help with the Eng -
lish. I would like to ex press many thanks to Pi erre Bul- tynck of
the Royal Bel gian In sti tute of Nat u ral Sci ences and to Stanis³aw
Skompski of the War saw Uni ver sity for valu able re marks dur ing
the re view pro cess.

REF ER ENCES

Bultynck, P., 1987. Pe lagic and neritic cono dont suc ces sions from
the Givetian of pre-Sa hara Mo rocco and the Ardennes. Bul le -
tin de l’Institut Royal des Sci ences Naturelles de Belgique,
Sci ences de la Terre, 57: 149–181.

Bultynck, P., 2003. De vo nian Icriidontidae: biostratigraphy, clas -
si fi ca tion and re marks on paleoecology and dis persal. Revista 
EspaÔola de Micropaleontologia, 35: 295–314.

Bultynck, P., 2007. Lim i ta tions on the ap pli ca tion of the De vo nian 
stan dard cono dont zonation. Geo log i cal Quar terly, 51: 339–
344.

Czarnocki, J., 1950. Ge ol ogy of the £ysogóry re gion in con nec -
tion with iron ore de posit at Rudki. Prace Pañstwowego Ins-
tytutu Geologicznego, 1: 1–315. [In Pol ish, Eng lish sum -
mary].

Desantis, M. K., Brett, C. E. & Ver Straeten, C. A., 2007. Per sis -
tent depositional se quences and bioevents in the Eifelian
(early Mid dle De vo nian) of east ern Laurentia: North Amer i -
can ev i dence of the Kaèák Events. In: Becker, R. T. & Kirch-
gas ser, W. T. (eds), De vo nian Events and Cor re la tions. Geo -
log i cal So ci ety, Lon don, Spe cial Pub li ca tions, 278: 83–104.

Dzik, J., 2002. Emer gence and col lapse of the Frasnian cono dont
and ammonoid com mu ni ties in the Holy Cross Moun tains,
Po land. Acta Palaeontologica Polonica, 47: 565–650.

Ebbighausen, V., Becker, R.T., Bockwinkel, J. & Aboussalam,
Z.S., 2007. Givetian (Mid dle De vo nian) brachi o pod – gonia-
tite – cor re la tion in the Dra Val ley (Anti-At las, Mo rocco) and
Bergisch Gladbach – Paffrath Syncline (Rhenish Mas sif, Ger -
many). In: Becker, R. T. & Kirchgasser, W. T. (eds), De vo -
nian Events and Cor re la tions. Geo log i cal So ci ety, Lon don,
Spe cial Pub li ca tions, 278: 157–172.

Filipiak, P., 2002. Palynofacies around the Frasnian/Famennian
bound ary in the Holy Cross Moun tains, south ern Po land.
Palaeo ge ogra phy, Palaeoclimatology, Palaeo ec ol ogy, 181:
313–324.

Filonowicz, P., 1962. Szczegó³owa mapa geologiczna Polski. Arkusz
Bodzentyn. Instytut Geologiczny, Warszawa. [In Pol ish].

Filonowicz, P., 1969. Objaœnienia do szczegó³owej mapy geolo-
gicznej Polski. Arkusz Bodzentyn. Instytut Geologiczny, War- 
szawa, 86 pp. [In Pol ish].

MID DLE DE VO NIAN CONO DONTS 359



Halamski, A.D., 2005. An no ta tion to the De vo nian Cor re la tion
Ta ble, R220dm05: Po land; Holy Cross Mts; £ysogóry Re -
gion. Senckenbergiana lethaea, 85: 185–187.

K³ossowski J., 1985. Sedymentacja œrodkowego dewonu w regio-
nie ³ysogórskim (profil Œwiêtomarz – Œniadka). Przegl¹d
Geologiczny, 33: 264–267. [In Pol ish, Eng lish sum mary].

Loboziak, S., Streel, M. & Weddige, K., 1991. Miospores, the
lemurata and triangulatus lev els and their fauna in di ces near
the Eifelian/Givetian bound ary in the Eifel (F.R.G.). Annales
de la Société Géologique de Belgique, 113: 299–313.

Lottmann, J., 1990. Die pumilio-Events (Mittel-Devon). Göttinger 
Arbeiten zur Geologie und Paläontologie, 44: 98S.

Malec, J., 1988. Wyniki badañ stratygraficznych dewonu w pro-
filu Œwiêtomarz – Œniadka. Kwartalnik Geologiczny, 32:
758–759. [In Pol ish].

Malec, J., 1996. Wyniki badañ utworów dewonu œrodkowego z
regionu Nieczulic i Ska³. Posiedzenia Naukowe Pañstwowego 
Instytutu Geologicznego, 52: 78–81. [In Pol ish].

Malec, J., 1999. Profil litologiczny i zró¿nicowanie facjalne osa-
dów dewonu œrodkowego w regionie ³ysogórskim Gór Œwiê-
tokrzyskich. Posiedzenia Naukowe Pañstwowego Instytutu
Geologicznego, 55: 149–151. [In Pol ish].

Malec, J. & Turnau, E., 1997. Mid dle De vo nian cono dont, ostra-
cod and miospore stra tig ra phy of the Grzegorzowice-Ska³y
sec tion, Holy Cross Moun tains, Po land. Bul le tin of the Pol ish
Acad emy of Sci ences. Earth Sci ences, 45: 67–86.

Mizerski, W., 1981. Struc tural anal y sis of De vo nian ex po sures
within the mid dle part of the Bodzentyn Syncline in the Holy
Cross Mts. Acta Geologica Polonica, 31: 251–263.

Narkiewicz, K., 2011. Biostratygrafia konodontowa dewonu œrod- 
kowego obszaru radomsko-lubelskiego. Prace Pañstwowego
Instytutu Geologicznego, 196: 147–177. [In Pol ish, Eng lish
sum mary].

Narkiewicz, K. & Bultynck, P., 2007. Cono dont biostratigraphy of 

shal low ma rine Givetian de pos its from the Radom–Lublin
area, SE Po land. Geo log i cal Quar terly, 51: 419–442.

Sobolew, D., 1909. Srednij devon Kelecko-Sandomirskogo Krja-
zha. Materialy dla geologii Rossii, 24. St. Pe ters burg, pp.
41–536. [In Rus sian].

Spar ling, D. R., 1995. Cono donts from the Mid dle De vo nian Plum 
Brook Shale of north-cen tral Ohio. Jour nal of Pa le on tol ogy,
69: 1123–1139.

Streel, M., 2009. Up per De vo nian miospore and cono dont zone
cor re la tion in West ern Eu rope. In: Königshof, P. (ed.), De vo -
nian Change: Case Stud ies in Palaeo ge ogra phy and palaeo -
ec ol ogy. The Geo log i cal So ci ety, Lon don, Spe cial Publica-
tions, 314: 163–176.

Streel, M. & Loboziak, S., 1994. Ob ser va tions on the es tab lish -
ment of a De vo nian and Lower Car bon if er ous high-res o lu tion 
miospore biostratigraphy. Re view of Palaeobotany and Paly-
nology, 83: 261–273.

Turnau, E. & Racki, G., 1999. Givetian palynostratigraphy and
palynofacies: new data from the Bodzentyn Syncline (Holy
Cross Mount., cen tral Po land). Re view of Paleobotany and
Palynology, 106: 237–271.

Woroncowa-Marcinowska, T., 2001. Zintegrowana stratygrafia
konodontowo-goniatytowa dewonu œrodkowego w profilu
Œwiêtomarz–Œniadka, Góry Œwiêtokrzyskie. In: B¹k, K. (ed.), 
Trzecie Ogólnopolskie Warsztaty Mikropaleontologiczne.
Zakopane, 31.05–2.06.2001, p. 40. [In Pol ish].

Woroncowa-Marcinowska, T., 2005. Mid dle De vo nian cono donts
from black shales of the Œciêgnia sec tion, Góry Œwiêtokrzy-
skie Moun tains, cen tral Po land. Studia Geologica Polonica,
124: 159–170.

Zatoñ, M., Rakociñski, M. & Marynowski, L., 2008. Framboidy
pirytowe jako wskaŸniki paleoœrodowiska. Przegl¹d Geolo-
giczny, 56: 158–164. [In Pol ish, Eng lish sum mary].

360 T. WORONCOWA-MARCINOWSKA


