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The Ordovician stratigraphy and palaeogeography of the Nida-Holy Cross Mts.
area, Poland — a review
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Modlinski Z.and Szymanski B. (2001) — The Ordovician stratigraphy and palaeogeography of the Nida-Holy Cross Mts. area, Poland
— areview. Geol. Quart., 45 (4): 417-433. Warszawa.

The Ordovician stratigraphy in the Holy Cross Mts. and the Nida region is reviewed. In the Holy Cross Mts. Ordovician rocks have been
identified in the £ysogdry and the Kielce segments in tens of outcrops and borehole sections, in the Nida area in three boreholes. The de-
posits comprise a thin clastic-carbonate succession including palaeontologically dated Tremadoc, Arenig, Llanvirn, Llandeilo, Caradoc
and Ashgill sediments. Their lithology, litho- and biostratigraphy and facies distribution are discussed. The most distinct lithofacies
boundary and thickness contrast is observed between the Kielce and £ysogory regions. The former is characterised by carbonates and
clastics of shallower shelf with much greater thicknesses.
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INTRODUCTION

This paper is aimed at the compilation of all the data on the
Ordovician stratigraphy and palaeogeography dispersed in many
papers, published during the last forty years, mainly in Polish.
We think such a review to be useful in the nearest future when
the geophysical results of the CELEBRATION 2000 experiment
will be interpreted from the geological point of view. The Ordo-
vician deposits of the Vistula-Pilica interfluve are known from
two areas: the Holy Cross Mts. in the north and in the Nida
(Miechow) Trough basement in the south (Fig. 1).

The Ordovician deposits of this region vary considerably as
regards their position on the shelf and their geotectonic location.
The northern part of the area, i.e. the £ysogory region, was situ-
ated on the central distal portion of the shelf and simultaneously
along the northern margin of the Matopolska Block (Pozaryski,
1986; Pozaryski and Karnkowski, 1992). The southern part of
the area, including the Kielce and the Nida regions, was located
within the Cadomian or Early Caledonian-Grampian
Matopolska Block, limited to the north by the Holy Cross Fault
and to the south by the Krakéw-Zawiercie Tectonic Zone, which
resemble terrane boundaries (Dadlez et al., 1994).

From the geotectonic point of view, the tysogory area
made up a fragment of the outermost passive margin of the East

European Craton (Baltica), whereas the Kielce-Nida area can
be interpreted either as a separate proximal terrane (Dadlez et
al., 1994) or as a fragment of the Avalonian Plate (Unrug et
al., 1999). According to Dadlez et al. (1994), the cratonic
fragment was originally located farther to SE, having sepa-
rated from the craton, then shifted along a strike-slip fault and
docked again in the Late Silurian.

Palaeomagnetic (Lewandowski, 1992) and palaeoclimatic
(Dzik and Pisera, 1994) evidence indicate that during the Or-
dovician and the Silurian the East European Craton (Baltica)
shifted from high (60°) to lower (30°) latitudes of the southern
hemisphere. At the same time, Avalonia was also moving
northward, i.e. toward the equator, undergoing variable rota-
tion to collide finally, in a left-lateral transpressional regime,
with Baltica in the Late Silurian.

NIDA REGION

In the Nida region, uniformly developed sandy-carbonate
sediments of Ordovician age have hitherto been found in three
borehole sections: Jaronowice IG 1 (depth 2274.9-2288.8 m),
Ksigz Wielki 1G 1 (depth 1260.5-1290.0 m) and Strozyska 5
(depth 3031.3-3100.5 m).
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Fig. 1. Location map of boreholes and outcrops

1 — boreholes reaching Ordovician deposits, 2 — exposures of Ordovician deposits, 3 — outcrop areas
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Fig. 2. Correlation chart of Ordovician sections in the Nida region

1 — conglomerates, 2 — sandstones, 3 — sandstones with glauconite, 4 — siltstones, 5 — claystones, 6 — limestones, marly limestones, 7 — limestones
with glauconite, 8 — dolomites, dolomitic limestones, 9 — lydites, 10 — marls, 11 — bentonites, 12 — sulfides, 13 — faults, 14 — unconformities; strati-
graphic indexes: Q — Quaternary, Sly — Silurian/Llandovery, Sw — Silurian/Wenlock, Cm; — Lower Cambrian, Cm, — Middle Cambrian, Cmz — Up-

per Cambrian

LITHOLOGY

There is no formal lithostratigraphic subdivision of the Or-
dovician deposits of the Nida region (Fig. 2).

Tremadoc. No sediments of this age have been encoun-
tered in any section. The sandy sediments from the Jaronowice
IG 1 borehole (depth 2274.9-2288.8 m), previously regarded
as Tremadoc in age (Jaworowski et al., 1967), seem correspond
to Arenig.

Arenig. This series consists of fine-grained quartz sand-
stones with a median grain size of 0.1-0.15 mm, light gray and
greenish-gray with glauconite, with irregular streaks and indi-
vidual dark gray and greenish-gray thin beds of calcareous and
siliceous claystones (Jaworowski et al., 1967). Their thickness
varies from 12.5 m in the Jaronowice IG 1 borehole (depth
2274.9-2288.8 m) to about 14.5 m in the Ksigz Wielki 1G 1

borehole (depth 1274.5-1290.0 m). In the first section, this
succession is unconformably overlain by Silurian (lower
Llandovery) claystones.

Llanvirn-Llandeilo. This interval has not been
palaeontologically documented. According to Jurkiewicz
(1975), the upper portion of the sandstones from borehole Ksigz
Wielki 1G 1 seems to be of this age. Alternatively, the Llanvirn
and the Llandeilo may be represented by carbonates encompass-
ing the lowermost portion of the overlying organodetritic and
dolomitic limestone succession. Nonetheless, extrapolation from
adjacent areas indicates that the thickness of Llanvirn and
Llandeilo deposits does not exceed several metres.

Caradoc. This series encompasses gray organodetritic
limestones composed primarily of echinoderm bioclasts ce-
mented by medium- and finely-crystalline sparite with pink and
red coarse- and medium-crystalline dolomitic limestone



420 Zdzistaw Modliriski and Bronistaw Szymanski

interbeds. In the Ksigz Wielki IG 1 borehole, the Caradoc car-
bonates are sharply and discordantly overlain by Silurian/lower
Ludlow claystones. Their thickness is about 13 m (depth
1260.5-1274.5 m).

Ashgill. This series is represented by carbonates which in-
clude, in the lower part, dark gray dolomitic and marly micritic
limestones with a variable amount of recrystallised bioclastic
material, and in the upper part light gray finely-crystalline lime-
stones. These rocks were penetrated only by the Strozyska 5
borehole (depth 3007.2-3100.5 m), where they are overlain by
lower Ludlow claystones, the boundary being in a non-cored
interval. The thickness of the Ashgill carbonates is about 200 m
(Bednarczyk et al., 1968).

BIOSTRATIGRAPHY

The biostratigraphy of the Ordovician deposits in the Nida
region is incomplete, with scarce macro- and microfauna, not
allowing precise age determinations.

Tremadoc-Arenig. Fossils were only recorded from the
Jaronowice IG 1 borehole in which scarce inarticulate brachio-
pods ascribed to the species Lingulella lepis (Salter) were
found (W. Bednarczyk in: Jaworowski et al., 1967). This is a
long-ranging species, from the Upper Cambrian to the lower
Arenig.

Llanvirn-Llandeilo. No fossils of this age were recorded.

Caradoc. Carbonates in the Ksigz Wielki 1G 1 borehole
yielded to W. Bednarczyk (in: Jurkiewicz, 1975) the conodont
assemblage Acodus similaris Rhodes, Drepanodus alticeps
Henningsmoen and Scandidud inlexus Hamar. This assem-
blage unequivocally indicates the Caradoc, without allowing
further precision.

Ashgill. This series was unequivocally documented
palaeontologically in the Strozyska 5 borehole (Bednarczyk et
al., 1968). The following brachiopod assemblage was docu-
mented: Orbiculoidea radiata (Troedson), Eostropheodonta
hirnatensis (McCoy), Nicolella sp., Lingulella sp. and
Leptaena sp. Eostropheodonta hirnatensis (McCoy) is in-
cluded in the “Hirnantia fauna”, widespread across Europe in
upper Ashgill to Ashgill/Llandovery boundary deposits (Jaeger
et al., 1975). The accompanying conodonts Acodus cf.
similaris Rhodes, Panderodus unicostatus (Branson et Mehl)
and Tetraprioniodus cf. superbus (Rhodes) indicate only an
Ashgill age.

HOLY CROSS MTS. — KIELCE REGION

The uplifted Palaeozoic block of the Holy Cross Mts. may
be divided into two regions of contrasting palaeogeographic
position and facies character: the Kielce region in the south and
the £ysogdry region in the north. These two regions are sepa-
rated by the Holy Cross Fault (Czarnocki, 1919, 1957a, b).

In the Kielce region Ordovician sediments occur in out-
crops and borehole sections including, from west to east: Zbrza
1 (depth 9.5-138.0 m), Zbrza 2 (depth 6.0-25.5 m), Zbrza 3
(depth 6.0-33.5 m), Brzeziny 2 (depth 19.5-83.0 m), Brzeziny
45 (depth 41.5-236.8 m), Brzeziny 48 (depth 40.0-258.0 m),

Zgorsko (about 50 m), Bukowka 1 (depth 26.6-98.5 m),
Mojcza (about 9 m), Mdjcza 1 (depth 63.8-77.0 m),
Niestachow la (depth 36.2-41.0 m), Niestachow 1 (depth
46.2-49.3 m), Widetki (?), Zarobiny 1 (132.0-139.0 m),
Maliniak (about 9 m), Powalisko (about 21 m), Koziel (about
70 m), Mokradle 1 (depth 179.4-204.9 m), Ocieseki 1 (depth
?7-25.1 m), Ocieseki 3 (depth 13-30 m), Bardo-Stawy (about
28 m), Zalesie Nowe (about 30 m), Zalesie 1 (depth 219-?),
Wilcza Goéra near Szumsko (about 6 m), Kedziorka—Chojnéw
Dot (about 33 m), Szumsko Kolonia 2a (depth 22.9-67.8 m),
Putaczéw (about 19 m), Wysoczki (about 16 m), Ublinek U 1
(depth 18.5-21.0 m), Ublinek 1 bis (depth 11.0-18.1 m),
Miedzyg6rz (about 55 m), Kleczanéw 1 (depth 269.0-277.2
m) and Lenarczyce (depth 44.9-68.2 m) (Fig. 1).

LITHOSTRATIGRAPHY

The Ordovician deposits of the Kielce region (Fig. 3) are
characterised by lithofacies diversity. In the northern and cen-
tral part carbonate and sandy lithofacies are prevalent, whereas
in the southern part, clayey sediments prevail. Thus, a single
lithostratigraphy cannot be established for the entire region.
Classifications proposed to date do not represent true
lithostratigraphies according to the Principles of the Polish
Stratigraphic Classification, Terminology and Nomenclature
(1975), corresponding only partly to the recommended formal
criteria (Tomczyk, 1962, 1964; Tomczykowa and Tomczyk,
1968; Bednarczyk, 1981; Dzik and Pisera, 1994); they are
more akin to regional chronostratigraphic divisions (for exam-
ple, Czarnocki, 1950; Samsonowicz, 1952; Bednarczyk, 1964;
Tomczyk and Turnau-Morawska, 1964; Deczkowski and
Tomczyk, 1969).

A comparison of selected lithostratigraphic schemes, the
relationships of particular units, and their stratigraphic extent
and thickness are given in Table 1.

According to Tomczyk (1962), the Ordovician rocks of the
region comprise four units (or “beds”). The type area for the
lower three units is the Kielce-tagéw Syncline and that for the
fourth (the uppermost) is the Bardo Syncline. In this scheme, the
section starts with the Tremadoc Miedzyg6rz Beds developed as
glauconitic sandstones with basal chalcedonitic and quartzitic
shale interbeds. These are succeeded by the Bukowka Sand-
stones (Arenig) represented by sandstones with limestone and
claystone interbeds at their base. The Méjcza Limestones, over-
lying these, are typically developed in the Kielce-tagow
Syncline, while in the Bardo Syncline they comprise
clayey-marly-dolomitic sediments. The Mdjcza Limestone unit
are of Llandeilo-lower Caradoc age, terminating the Ordovician
section in the Kielce-tagow Syncline. In the Bardo Syncline the
Madjcza Limestones are unconformably overlain by the claystone
and marl deposits of the upper Ashgill Zalesie Beds.

A subdivision of the Lower Ordovician was given by
Bednarczyk (1964) who distinguished: in the Tremadoc — the
Miedzygdrz, the Zbilutka and the Kozielsk Beds, and in the
Arenig — the Bukéwka and the Dyminy Beds. In 1981,
Bednarczyk modified and broadened this scheme giving it more
lithostratigraphic character, defining three formations and five
members, though without satisfying all formal requirements.
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In the lower part of the section, Bednarczyk distinguished
the Miedzyg6rz Sandstone Formation that starts with the
Chetm Conglomerate Member or locally with the Zbilutka
Siltstone and Chalcedonite Member, passing higher into the
Kleczanéw Sandstone Member and the Dyminy Sandstone
Member. The extent of this formation spans the
Tremadoc-Arenig-lower Llanvirn, its upper boundary being
diachronous. Higher in this section is the Mojcza Limestone
Formation locally including the Mokradto Dolomite Member.
The Modjcza Limestone unit spans the Llanvirn to the lower
Caradoc; its lower and upper boundaries are diachronous. The
uppermost portion of the section (upper Caradoc-Ashgill) is
represented by the Zalesie Claystone and Bentonite Formation.

Formal lithostratigraphic division of the Ordovician sedi-
ments in the northern and central parts of the region has re-
cently been proposed by Dzik and Pisera (1994). They briefly
defined five formations (Table 1), some of which correspond to
the units previously distinguished by Bednarczyk (1981).

According to Dzik and Pisera (1994), the lowest position in
the section is occupied by the Wysoczki Chalcedonite Forma-
tion composed primarily of siltstones with chalcedonite
interbeds. Conodonts described by Szaniawski (1980), dated
this formation as late Tremadoc, though Znosko and
Chlebowski (1976) using different criteria assigned these de-
posits to the lower (but not lowermost) Arenig.

This formation is followed by the Miedzyg6rz Formation
composed of thick-bedded conglomerates and dark glauconitic
sandstones. Dzik and Pisera (1994) placed this in the lower
Avrenig; Bednarczyk (1964, 1971) considered it as of Tremadoc
age; whereas Znosko and Chlebowski (1976) placed it in the
lower Arenig, beneath deposits with chalcedonites.

The succeeding Bukdéwka Sandstone Formation is devel-
oped as coarse- and medium-bedded light gray sandstones as-
signed by Dzik (1994) to the upper Arenig (upper Wolchow).
According to Tomczyk and Turnau-Morawska (1967), as well
as Bednarczyk (1971), the Bukdwka Sandstones formed in a
longer time interval, from the early Arenig to the early
Llanvirn. Their upper boundary is diachronous, from the upper
Avrenig to the lower Llanvirn.

Above this, the Mdjcza Limestone Formation corresponds
exactly to the unit previously defined by Bednarczyk (1981). It
includes thick-bedded limestones with phosphatised grains and
ferric ooids (Trela, 1998). This unit spans the upper Arenig to
the Caradoc, its upper boundary being diachronous within the
Caradoc.

The highest unit (Zalesie Formation), according to Dzik
and Pisera’s scheme (1994), is composed of thin-bedded marls,
clayey shales and clayey limestones ascribed to the Caradoc
and Ashgill. Its upper boundary, like its lower, is diachronous.

In the southern part of the Kielce region near Zbrza and
Brzeziny, Tomczyk and Turnau-Morawska (1964), and
Deczkowski and Tomczyk (1969) employed a regional divi-
sion of the Ordovician into the Miedzyg6rz Beds (Tremadoc),
the lower Brzeziny Beds (Arenig), the upper Brzeziny Beds
(Llanvirn), the lower Morawica Beds (Llandeilo) and the upper

Morawica Beds (Caradoc). These units do not comply with
current formal criteria for lithostratigraphic divisions.

BIOSTRATIGRAPHY

Biostratigraphic studies of Ordovician rocks have been car-
ried out since the turn of the 19th century. Yet, the macro- and
micropalaeontological record and biostratigraphic zonation re-
main incomplete.

Tremadoc. Deposits of this age were documented in bore-
holes Ublinek U 1 and Ublinek 1 bis (Fig. 1). The former in-
cludes a small strongly folded fragment (depth 18.5-21.0 m)
wedged into Cambrian rocks. In these deposits Jankauskas (in:
Michniak and Olkowicz-Paprocka, 1976) found a rich assem-
blage of about 25 species of acritarchs including Priscogalea
cortinula Deunff and P. furcata Deunff, typical of the
Tremadoc. In borehole Ublinek 1 bis, claystones with an
acritarch assemblage indicating a transitional interval between
the Cambrian and the lower Tremadoc was found (Szczepanik,
1996).

The occurrence of Tremadoc deposits in the remaining sec-
tions of the region is doubtful. There are claims of upper
Tremadoc deposits in some sections (Bednarczyk, 1971;
Szaniawski, 1980; Dzik and Pisera, 1994), though others con-
sider the same rocks to be lower Arenig in age (Znosko and
Chlebowski, 1976; Kowalczewski in: Modlinski et al., 1990).

Deposits with chalcedonites of uncertain age contain
graptolites, inarticulate brachiopods and conodonts. A distinc-
tive conodont assemblage of the Drepanoistodus deltifer Zone
(Szaniawski, 1980) corresponds to the Ceratopyge stage (= late
Tremadoc) of the Baltic area. In turn, an inarticulate brachio-
pod assemblage, including Thysanotos siluricus (Eichwald),
Acrothele ceratopygarum  Brogger, Lingulella insons
Barrande, and species of the genera Conotreta, do not unequiv-
ocally indicate a Tremadoc age because these forms are also
known from the early Arenig. The dendroid graptolite assem-
blage, dissolved out of chalcedonites by Koztowski (1949),
comprises only new species with no index fossils that could en-
able dating of these sediments. Znosko and Chlebowski (1976)
noted that the dendroids occur only as detritus within
chalcedonites, reworked from black Dictyonema Shales. These
graptolites are thus evidence for the earlier presence of lower
Tremadoc deposits in this region.

Arenig. Deposits of this age are best documented near
Brzeziny (Tomczyk, 1962; Tomczyk and Turnau-Morawska,
1964). The base of the section includes an undetermined as-
semblage of inarticulate brachiopods. The overlying deposits
contain graptolite assemblages characteristic of the Arenig,
with over 30 taxa representing three graptolite zones, of
Loganograptus logani, the Didymograptus deflexus and the
Didymograptus hirundo. Only the lowermost Arenig (the
Tetragraptus approximatus Zone of Great Britain (Williams et
al., 1972) or the Tetragraptus phyllograptoides Zone from
Scandinavia and NE Poland) seems to be absent.

The lower Arenig elsewhere is documented primarily by
inarticulate brachiopods. The species Lingulella zejszneri
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For explanations see Figure 2

Bednarczyk or Conotreta czarnockii Bednarczyk, are index
taxa for local biostratigraphic correlation, but do not allow
wider correlation. Upper Arenig deposits include inarticulate
brachiopods such as Antigonambonites planus (Pander) and
Orthambonites semicircularis Pander, scarce trilobites
Cyrtometopus clavifrons (Dalman) and Cybele bellatula
(Dalman), and conodonts of the local Acontiodus rectus
sulcatus Zone which enables correlation with the late Arenig
of the Baltic-Scandinavian area (Bednarczyk 1964, 1971).
The uppermost Arenig to Llanvirn transition has been
biostratigraphically documented in the Mojcza section (Dzik
etal., 1994), where the lower portion of the Amorphognathus
variabilis conodont Zone was recorded. Numerous ostracods
including Mojczella polonica Olempska, and trilobites, gas-
tropods, bryozoans and brachiopods were also found.
Llanvirn. The lower Llanvirn of the Didymograptus
bifidus Zone was documented in the Brzeziny section
(Tomczyk  and  Turnau-Morawska,  1964),  with
Didymograptus robustus Ekstrom, D. artus Elles et Wood, D.
indentus Hall and a few specimens of Phyllograptus and
Azygograptus being identified. Higher in the section, the
unfossiliferous “chamosite” bed is conventionally referred to

the upper Llanvirn (Didymograptus murchisoni Zone)
(Kowalczewski and Wrdblewski, 1974).

The Llanvirn Méjcza carbonate series has recently been
zoned using conodonts (Dzik et al., 1994). The
Amorphognathus variabilis Zone, corresponding to the lower
Baltic Kunda stage, and the overlying Pygodus serrus Zone
(= the Baltic Lasnamagi stage and the lower Uhaku stage),
were identified. A stratigraphic gap, encompassing the upper
Kunda stage, the Aseri stage, and probably the lower
Lasnamagi stage, occurs here. The Mojcza ostracod assem-
blage includes short-ranging species such as Pinnatulites
procera (Kmmeraw) and Vogdesella aequae Olempska,
which can be used for distinguishing local biozones.

The scarce macrofauna includes trilobites such as Illaenus
wahlenbergi  (Eichwald) and I. polonicus Gurich,
(Bednarczyk, 1971; Dzik and Pisera, 1994). Both species
confirm the lower Llanvirn; the former is known from coeval
deposits in the Baltic-Scandinavian region, while I. polonicus
shows a close affinity with I. ex gr. sarsi Jaanusson also wide-
spread in those deposits.

The Llanvirn sandy deposits (for example, Bukoéwka,
Niestachdw and Miedzyg6rz) are documented primarily by
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brachiopods of Baltic affinity (Bednarczyk, 1964, 1971). An
assemblage of Orthambonites calligrammus (Dalman) and
Lycophoria nucella (Dalman) and Productorthis obtusa (Pan-
der) indicates the lower Llanvirn, corresponding to the Baltic
Kunda stage.

Llandeilo. The most commonly used correlation schemes
(for example, Williams et al., 1972; Jaanusson, 1982), suggest
that the Llandeilo encompasses the Glyptograptus
teretiusculus and the lower Nemagraptus gracilis graptolite
Zones and the upper Pygodus serrus and the lower Pygodus
anserinus conodont Zone (Table 1).

In the Zbrza and Brzeziny area, Llandeilo sediments con-
tain graptolites (Tomczyk and Turnau-Morawska, 1964,
Deczkowski and Tomczyk, 1969). Their lower boundary is deter-
mined by the appearance of an  assemblage containing
Glyptograptus teretiusculus (Hisinger), Pseudoclimacograptus
scharenbergi (Lapworth), Dicellograptus sp. and Dicranograptus
sp. Higher in the section, the short-ranged index species
Nemagraptus gracilis Hall helps locate the Llandeilo/Caradoc
boundary. The Llandeilo deposits also contain a rich and di-
verse assemblage of trilobites (including Lonchodomas sp.,
Selenopeltis sp., Cyclopyge sp. and Flexicalymene sp., prelimi-
narily determined by E. Tomczykowa), brachiopods, cephalo-
pods, ostracods and bryozoans.

Limestones of the Méjcza section, assigned to the Llandeilo
by Dzik et al. (1994), encompass only the higher portion of the
Pygodus anserinus conodont Zone and cannot be correlated
with Llandeilo sediments in NE Poland (Modlinski, 1982) or
Scandinavia (Jaanusson, 1982), which contain the upper
Pygodus serrus and the lower Pygodus anserinus Zones. In the
Mdjcza section, the last-mentioned interval corresponds ap-
proximately to the deposits in which ostracods of the species
Mojczella jaanussoni Olempska and Orechina krutai
Olempska co-occur.

In the remaining sections of the Kielce region, Llandeilo sed-
iments are poorly documented (Zalesie Nowe, Kleczandw 1)
and their diagnosis is based on scarce conodonts (Bednarczyk,
1971).

Caradoc. The most complete graptolitic Caradoc sections
were found in the Zbrza and Brzeziny area (Tomczyk, 1962;
Tomczyk and Turnau-Morawska, 1964; Deczkowski and
Tomczyk, 1969). The succession starts with the Nemagraptus
gracilis Zone which includes the index taxon. This is overlain
by the relatively thick Diplograptus multidens Zone, correlated
with the Scottish Climacograptus peltifer and C. wilsoni Zones.
Numerous graptolites including the genera Climacograptus,
Amplexograptus, Diplograptus, Orthograptus are yet to be ex-
amined. Higher in the section, the Dicranograptus clingani
Zone is present. The overlying upper Caradoc sediments corre-
spond to the Climacograptus styloideus Zone (= the British
Pleurograptus linearis Zone). They contain few fossils; only
Pleurograptus sp. and Climacograptus sp. were recorded here.

Caradoc limestones are zoned by conodonts, and the
Mojcza section includes the Amorphognathus taverensis and
A. superbus Zones (Dzik et al., 1994). Numerous ostracods and
bryozoans, and scarce brachiopods, trilobites, molluscs and
echinoderms were also identified.

In the remaining sections of the Kielce region, the Caradoc
has not been subdivided, though recognised on the basis of
conodonts or brachiopods (Bednarczyk, 1971).

Ashgill. In the southern part of the region deposits of this
age were reported from the Zbrza 1 borehole (Deczkowski
and Tomczyk, 1969), though neither macro- nor microfossils
have been documented.

In the Mojcza area the uppermost strata can be ascribed to
the Ashgill, on the basis of conodonts of the Amorphognathus
ordovicicus Zone (Dzik, 1994).

Fossiliferous Ashgill deposits occur in the Zalesie,
Bardo-Stawy and Szumsko 2a sections. The Zalesie section
was originally described by Czarnocki (1928), then examined
in detail by Kielan (1959) who established the trilobite succes-
sion. In the “Dalmanitina beds”, species including Mucro-
naspis mucronatus (Brongniart), M. olini (Temple),
Brongniartella platynota (Dalman) and Leonaspis olini
Troedsson, were identified. This assemblage unequivocally
dates these rocks as late Ashgill and enables precise correlation
with the Ashgill elsewhere in Europe. Trilobites of this assem-
blage were also found in the Bardo-Stawy section and in the
Szumsko 2a borehole (depth 26.6-28.1 m).

In the upper Ashgill beds outcropping in Zalesie and
Bardo-Stawy, numerous brachiopods, including Eostropheo-
donta hirnantensis (McCoy), Hirnantina sagittifera (McCoy),
H. kielanae Temple, Dalmanella testudinaria (Dalman), occur
(Temple, 1965), and these make up the “Hirnantia fauna” char-
acteristic of the latest Ashgill of many areas of Europe.

HOLY CROSS MTS. — £ YSOGORY REGION

In the £ysogory region, Ordovician sediments were identi-
fied in several boreholes and outcrops (Fig. 4). They are as fol-
lows: Kajetandéw (depth 93.15-185.0 m), Kajetandw 1 (depth
255.2-275.0 m), Wisniowka 1 (depth 8.0-160.0? m),
Wisniowka Duza — roadcut in the quarry (about 150? m),
Brzezinki (about 77 m), Brzezinki 1 (depth about 10.0-91.7
m), Wilkéw 1 (depth 601.0-785.0 m), Wolka (about 40 m),
Debniak (depth ?-69.5 m), Jeleniéw 1 (depth 111.0-261.65
m), Jeleniéw 2 (depth 18.0-190.0 m), Bukowiany la (depth
106.0-198.8 m), Pobroszyn (about 27 m), Daromin
(196.0-340.0 m), Kichary (undetermined).

LITHOSTRATIGRAPHY

The Ordovician sediments of the tysogory region are
litologically diverse compared to the coeval deposits of the
Kielce region. Proposed subdivisions were given by Tomczyk
(1962), Tomczykowa (1968), Ortowski (1975) and Bednarczyk
(1981). Units as the Jeleniow Beds, the Wolka Beds and
£ysogory Beds proposed by H. Tomczyk and E. Tomczykowa,
are of mixed litho- and biostratigraphic character and cannot
presently be recognised as formal units. The Klonéwka Shale
Formation of S. Ortowski, and the Bukowiany Limestone For-
mation, Jeleniéw Claystone Formation and Wolka Siltstone For-
mation, proposed by W. Bednarczyk, are somewhat more
correctly defined on modern criteria.
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Fig. 5. Lithofacies-palaeothickness map of the Tremadoc in the Nida and Holy Cross Mts. areas

1— boreholes reaching deposits of a patterned unit and confirmed thickness in metres, 2 — outcrops of deposits of a defined unitand confirmed thickness
in metres, 3 — palaeoisopachs of deposits in a defined unit, 4 — lithofacies boundaries, 5 — present extent of deposits, 6 — hypothetical extent of frac-
tures of the Teisseyre-Tornquist (T-T) Zone, 7 — conglomerates, 8 — sandstones, 9 — siltstones, 10 — sandy siltstones, 11 — siltstones and claystones,
12 — claystones, 13 — claystones with limestone lenses, 14 — marls, 15 — sandy marls, 16 — limestones, 17 — sandy limestones and dolomites, 18 —
organodetritic limestones, 19 — oolitic limestones, 20 — glauconite, 21 — ferric ooids, 22 — siliceous concretions

Middle and Upper Cambrian and lower Tremadoc deposits
make up the Klonéw Shale Formation (Ortowski, 1975;
Orfowski and Mizerski, 1995). These clayey and clayey-silty
shales and siltstones with sandstone interbeds have a thickness of
about 400 m. The upper part of this formation includes the up-
permost Cambrian and lower Tremadoc, corresponding to the
informal unit — the £.ysogéry Beds, previously distinguished by
Tomczykowa (1968). The Ordovician (lower Tremadoc) en-
compasses only the upper portion of this formation reaching
about 150 m in thickness within a roadcut in the Wisnidwka
Duza quarry (Kowalczewski, in: Modlinski et al., 1990).

The uppermost portion of the succession ascribed to the
Klonéwka Shale Formation is somewhat different
lithologically; only clayey shales with scattered limestone or
calcareous claystone lenses and concretions occur here
(Jeleniow 2 and Brzezinki 1 boreholes) (Tomczykowa, 1968).
These lithological differences suggest that this portion of the
Klonbéwka Shale Formation can be classed as a separate unit of
lower rank, the Brzezinki Member.

Different lithologic members of the Klondwka Shale For-
mation assigned to the Upper Cambrian (Bukowiany 1a bore-

hole) or lower Tremadoc (Jeleniéw 2 borehole) are overlain by
the lower Jeleniéw Beds ascribed to the Llandeilo (Tomczyk,
1962) or upper Llanvirn (Kowalczewski, 1994). These rocks
are lithologically diverse. In the lower portion, organodetritic
and sideritic limestones with numerous ferric ooids, pass up-
wards into claystones and calcareous claystones with many
organodetritic and sideritic limestone interbeds with scarce
ooids. This succession was identified in the Jeleniow 2 (depth
180.5-183.2 m) and Bukowiany la (depth 188.0-198.8 m)
boreholes (Tomczyk and  Turnau-Morawska, 1967;
Kowalczewski, in: Kowalczewski et al., 1976). Its equivalents
can be found in the eastern part of the tysogéry region, near
Pobroszyn (Tomczykowa, 1968). Sediments of the lowermost
Jeleniéw Beds were regarded by Bednarczyk (1981) as the
Bukowiany Limestone Formation and assigned to the upper
Llanvirn.

The upper portion of the lower Jeleniéw Beds and the over-
lying upper Jeleniébw Beds were ascribed to the Caradoc
(Tomczyk, 1962; Tomczyk and Turnau-Morawska, 1967;
Tomczykowa, 1968). These clayey deposits were termed by
Bednarczyk (1981) the Jeleniow Claystone Formation. They
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Fig. 6. Lithofacies-palaeothickness map of the Arenig in the Nida and Holy Cross Mts. areas

For explanations see Figure 5

are represented by gray, dark gray and greenish-gray
claystones and calcareous claystones with scarce interbeds of
gray limestone with lydite concretions and bentonites. The con-
firmed thickness of this formation exceeds 150 m in a
stratotype section of the Jeleniéw 2 borehole. The Jeleniéw
claystone unit concordantly adjoins the base and at the top of
the Bukowiany Limestone Formation and the Wolka Siltstone
Formation, respectively.

The Ordovician section of the £.ysogory region is topped by
the Woélka Beds (Tomczyk, 1962; Tomczykowa, 1968), or the
Wolka Siltstone Formation after Bednarczyk (1981), identified
in outcrops at Brzezinki and Wolka, and in the Wilkow 1,
Kajetandw 1 and Jeleniéw 1 boreholes. This is a succession up
to about 100 m thick composed of gray and greenish-gray
siltstones, sandy siltstones and calcareous claystones with
interbeds of marly and sandy limestones and locally dolomites
and sandstones.

BIOSTRATIGRAPHY

The first data on Ordovician deposits in the region are in
Czarnocki (1928, 1929) and Samsonowicz (1934). Bio-
stratigraphic subdivisions on the basis of graptolites and trilo-
bites are given in Kielan (1957, 1959), Tomczyk (1957, 1962),

Tomczyk and Turnau-Morawska (1967),
(1968), and Bednarczyk (1971).

Tremadoc. Tremadoc sediments were recorded in the
Brzezinki 1 and Jelenidw 2 boreholes (Tomczyk and Turnau-
Morawska, 1967; Tomczykowa, 1968) and in a roadcut in the
Wisnidwka Duza quarry (Kowalczewski et al., 1986).

In the Brzezinki 1 and Jeleniéw 2 boreholes, the uppermost
Cambrian deposits assigned to the Parabolina acanthura Zone
are conformably overlain by clayey deposits with poorly pre-
served fragments of Dictyonema (= Rhabdinopora after Erdt-
mann, 1988) and inarticulate brachiopods of the genera
Lingulella, Obolus and Acrotreta. The presence of the grapto-
lite Rhabdinopora sp. indicates the early Tremadoc age.

In the roadcut in the Wisniéwka Duza quarry sedimentary
continuity between the Upper Cambrian and the Tremadoc
deposits may also exist. The early Tremadoc age of the silt-
stones and claystones is indicated by an acritarch assemblage
including Timofeevia phosphoritica VVang., T. lancarae (Cram
et Diez) Vang., Multiplicisphaeridium martae Cram et Diez,
Vulcanisphaera frequens Gdrka and V. nebulosa Den.

Arenig-Llanvirn. Most researchers have suggested that,
no Arenig and Llanvim sediments occur in this region
(Tomczyk and Turnau-Morawska, 1967; Tomczykowa, 1968;
Bednarczyk, 1971). Z. Kowalczewski, however, (in: Kowal-
czewski et al., 1976) considered that detritic and oolitic lime-

Tomczykowa
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Fig. 7. Lithofacies-palaeothickness map of the Llanvirn-Llandeilo in the Nida and Holy Cross Mts. areas

For explanations see Figure 5

stones near Bukowiany and Jelenidw assigned, on the basis of
scarce macro- and micropalaeontological data, to the lower
Llandeilo, may represent the upper Llanvirn and lower
Llandeilo. This is particularly the case of deposits that occur in
the Jeleniow 2 (depth 180.4-183.2 m) and Bukowiany la
(depth 188.0-198.8 m) bhoreholes and in an outcrop at
Pobroszyn. Z. Kowalczewski’s interpretation is supported by
palaeontological studies by Bednarczyk (1981), who found nu-
merous inarticulate brachiopods (Scaphelasma septatum Coo-
per, Ephipelasma sp.) and conodonts that indicated the
Pygodus serrus Zone ascribed to the late Llanvirn. In the Buko-
wiany 1a borehole the graptolites Didymograptus (Tomczyk
and Turnau-Morawska, 1967 — p. 11), generally indicating the
Llanvirn or Arenig, occur.

Llandeilo. Deposits of this age were found in the
Jeleniéw 2 and Bukowiany 1a boreholes and in an exposure at
Pobroszyn (Bednarczyk, 1971; Tomczyk and Turnau-
Morawska, 1976; Tomczykowa, 1968). Their presence is doc-
umented by the scarce assemblage of graptolites including
Glyptograptus teretiusculus (Hisinger), Gymnograptus lin-
narssoni (Tullberg), Pseudoclimacograptus scharenbergi
(Lapworth), Dicellograptus sextans Hall and Nemagraptus sp.
The most significant fossil is Gymnograptus linnarssoni
(Tullberg) which is confined to the early Llandeilo. The re-
maining species, including the index taxon Glyptograptus

teretiusculus (Table 1), have longer ranges, occurring also in
the early Caradoc, and some in the Llanvirn. Of the other faunal
groups, inarticulate brachiopods, including Conotreta,
Scaphelasma, Paterula, of little stratigraphic significance,
were identified (Bednarczyk, 1971).

Caradoc. Deposits of this age were recorded in most sec-
tions of the region. Biostratigraphically, these were examined
in detail only in some of them, for example, in the Jeleniéw 2
borehole (Tomczyk and Turnau-Morawska, 1967; Bed-
narczyk, 1971).

In the Jeleniow 2 section, the earliest Caradoc
Nemagraptus gracilis Zone is distinct. Aside from the index
taxon, these deposits contain the following faunal assemblage:
Glyptograptus  euglyphus  (Lapworth),  Amplexograptus
perexcavatus (Lapworth), Pseudoclimacograptus scharenbergi
(Lapworth), Dicranograptus sp., Cyclopyge cf. redivivia
Barrande and many conodonts.

The succeeding Diplograptus multidens Zone is documented
by the graptolite species: Diplograptus multidens multidens
Elles et Wood, D. m. compactus Elles et Wood, Pseudoclimacog-
raptus scharenbergi (Lapworth), Climacograptus brevis Elles et
Wood. In addition, these sediments contain the trilobite
Cyclopyge redivivia Barrande and brachiopods including
Paterula bohemica Barrande, P. cf. portlocki (Geinitz) and
Hisigerella nitens (Hisinger).
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For explanations see Figure 5

The upper Caradoc section is assigned to an undivided
Dicranograptus clingani-Climacograptus styloides Zone inter-
val. In the lower portion of this interval the following graptolites
occur; Dicranograptus clingani Carruthers, Climacograptus
bicornis (Carruthers), C. tubuliferus Lapworth, Orthograptus
truncatus truncatus Lapworth, whereas the upper one contains:
Climacograptus styloideus Lapworth, C. tubuliferus Lapworth,
C. minimus Carruthers, Pleurograptus sp., Orthograptus
calcaratus Lapworth, Dicellograptus cf. pumilus Lapworth and
D. cf. caduceus Lapworth.

Ashgill. Sediments of this age were found at Woélka and
Brzezinki (Kielan, 1959) and in the Wilkéw 1 and Jeleniow 1
boreholes (Tomczykowa, 1968).

The trial pits at Wo6lka and Brzezinki yielded a rich fauna of
early Ashgill age. Kielan (1959) examined trilobites that allowed
the distinction of two biostratigraphic zones, of Eodindymene
pulchra and the Staurocephalus clavifrons. The former one also
contains Nankinolithus granulata (Wahlenberg), Liocnemis
recurvus (Linnarsson), Cyclopyge quadrangularis Kielan,
Dindymene ornata Linnarsson, Ogmocnemis irregularis Kielan
and*“lllaenus’ cf. angelini Holm.

The late Ashgill, encompassing the Mucronaspis
mucronatus Zone, is problematic. Based on analysis of the
Brzezinki, Wolka and Debniak sections, Kowalczewski (1965)

supported Czarnocki is view (1939, 1950) of a complete and
conformable Ashgill section passing up into Llandover rocks
of the Climacograptus scalaris normalis Zone. This view was
supported by Bednarczyk (1971) who thought the late Ashgill
to be unfossiliferous. Kielan (1959), and H. Tomczyk (In:
Tomczyk and Turnau-Morawska, 1967) thought, however, the
late Ashgill to be absent.

LITHOFACIES

The Ordovician palaeogeography of the Nida-Holy Cross
Mts. area is shown as simplified lithofacies-palaeothickness
maps of varying reliability for: Tremadoc, Arenig,
Llanvirn-Llandeilo, Caradoc and Ashgill (Figs. 5-9). These in-
corporate the authors’ data and that from various authors, par-
ticularly Tomczyk (1962), Bednarczyk (1971), Modlinski and
Tomczykowa (1974) and Kowalczewski (1994).

In the Ordovician, deposition mostly occurred on a shallow
area of open shelf located in the Nida region and the
Kielce-tagow segment of the Holy Cross area (in this account,
the detailed subdivision of carbonate platform types proposed
by Dzik and Pisera (1994) are not shown).
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Fig. 9. Lithofacies-palaeothickness map of the Ashgill in the Nida and Holy Cross Mts. areas

For explanations see Figure 5

The vertical lithofacies succession can be referred to three
consecutive transgressive-regressive phases of global eustatic
nature (Erdtmann, 1988; Barnes et al., 1996). The lithologic
expression of these sea level changes varies from clastic
lithofacies with glauconite and pyroclastic material (Arenig)
followed by terrigenous-carbonate sequences (Llanvirn-
Llandeilo) to terrigenous rocks with subordinate carbonates
(Caradoc-Ashgill).

Tremadoc. The lithofacies-palaeothickness map of the
Tremadoc shows three fields: a clayey lithofacies field within
the Lysogdry region and two lithofacies fields, clayey-sandy
and sandy-clayey, in the south (Fig. 5). The trend of these
fields broadly runs NNW-SSE. The Tremadoc lithofacies
fields represent two groups of depositional environments, of
open shelf (the clayey lithofacies) and the proximal part of
this shelf (clayey sandy and sandy-clayey lithofacies).

The isopach pattern shows the maximum thickness of
about 200 m in the £ysogory region. The deposits thin to the
SW, reaching 50 m at the southern margins of the Holy Cross
Mts. and Nida region. This probably represents a general min-
imum thickness typical also of neighboring areas such as the
Zawiercie-Lubliniec segment of the northeastern margin of
the Upper Silesian Coal Basin. The general strike of
Tremadoc isopachs is WNW-ESE.

Arenig. The Arenig lithofacies-palaeothickness map
(Fig. 6) shows several lithofacies fields. These comprise the
conglomerate-sandstone-siltstone lithofacies in the central part;
the sandstone-siltstone-claystone and the conglomerate-sand-
stone-carbonate lithofacies in the south, and the claystone-
-siltstone-carbonate and the claystone lithofacies in the north.

The trends of these fields are indistinct, but generally re-
semble those of the Tremadoc (Fig. 5).

The Arenig deposits of this region were formed during a
transgression. As in the Tremadoc, they reflect two depositional
environments of contrasting bathymetry and water dynamics.
The claystone, claystone-siltstone-carbonate and claystone-car-
bonate lithofacies fields probably represent open shelf environ-
ments in the north, whereas the clastics and carbonates of the
remaining five fields may have been deposited in the relatively
shallow environments of a proximal part of the shelf.

The isopach pattern shows a narrow zone outlined by the 0
m contour that marks an area of apparent non-deposition during
the Arenig. This area corresponds more or less to the Main
Range, i.e. to the northern part of the “Central Elevation” of Z.
Kowalczewski (Kowalczewski et al., 1986).

The isopachs in both the north and south show a concentric
pattern, where the thickness of Arenig sediments steadily in-
creases to 30 m, though in the southern part of the Holy Cross
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Mts. it decreases to 10 m, and in the southern margin of the
Nida region the thickness varies from 5 to 10 m. The Arenig
isopachs tend to run NNW-SSE.

Llanvirn-Llandeilo. The Llanvin-Llandeilo rocks show a
clayey-carbonate lithofacies in the northern part, a sandy-carbon-
ate and a sandy-silty-clayey lithofacies in the central area, and a
sandy-silty-clayey-carbonate lithofacies in the south (Fig. 7).

The trends of the fields and facies boundaries differ from
those of the Arenig and show a WNW-ESE direction. All
four fields are diagonally elongated, narrow in the central
(Holy Cross) part (sandstone-carbonate and sand-
stone-siltstone-claystone fields) and the broad in the Nida re-
gion (sandstone-siltstone-claystone-carbonate field).

The Llanvirn-Llandeilo deposits formed during stagnation
of the Ordovician basin, and comprise lithofacies deposited on
a shallow proximal shelf. The shallowest environments include
the sandy-carbonate lithofacies of the central area whose sider-
itic sandstones and limestones with ferric ooids indicate prox-
imity to wave base.

The Llanvirn-Llandeilo isopachs show two zones of mini-
mum thickness in the Holy Cross Mts.: one in the northwestern
part of the Kielce-Lagdw segment and the other in the south-
eastern part within the Dyminy-Klimontéw Anticlinorium.

Both northward and southward of these zones, the thick-
ness steadily increases reaching maximum values near Kielce
(Lagow-Kielce segment) and near Zbrza and Brzeziny.

The Llanvirn-Llandeilo isopachs show, as in the Arenig
and Tremadoc, a WNW-ESE strike.

Caradoc. The Caradoc comprises northern and southern
clayey lithofacies fields with carbonate nodules and lenses;
clayey-carbonate and ooid-bearing carbonate fields in the cen-
tral part (Holy Cross Mts.); and clayey-carbonate and carbon-
ate lithofacies fields in the south (Nida region) (Fig. 8).

The trends remain the same. In the eastern and central parts
of the area they are close to NNW-SSE, whereas in the western
part they tend to assume a WNW-ESE direction.

The Caradoc deposits comprise relatively deep open shelf
and shallower proximal shelf groupings. The former include the
clayey lithofacies of the £ysogéry region and the southern mar-
gin of the Kielce-Sandomierz zone. The shallower environments
of a proximal shelf may be linked with the carbonate, carbon-
ate-clayey and ferric ooid-bearing carbonate lithofacies fields.

The isopach pattern includes three isolated zones outlined
by the 5 m contour indicating areas of minimum thickness.
All three zones are limited to the Kielce-tagow segment.

Both northward and southward of these minimum thick-
ness zones, the isopachs show a concentric pattern, the thick-
ness of Caradoc deposits steadily increasing to maximum
values of about 150 m in the north (in the Lysogory region)
and about 100 m in the south (near Zbrza).

The Caradoc isopachs, like those of the Llanvirn and
Llandeilo, broadly show a WNW-ESE direction.

Ashgill. The Ashgill lithofacies include clayey-marly,
clayey-marly-limestone and the silty-sandy fields in the Holy
Cross Mts., and clayey-silty and carbonate fields in the Nida re-
gion (Fig. 9).

These in general replicate the Caradoc pattern (Fig. 8). The
northern boundary of the southernmost carbonate field excepted,
the facies boundaries trend in a WNW-ESE direction.

The Ashgill isopachs in the Holy Cross Mts. show a zone of
minimum thickness outlined by the 5 m contour, extending
WNW-ESE in the southern part of the Kielce region. Away
from this isopach values steadily increase northwards reaching
50-100 m in the £ysogory region.

CONCLUSIONS

1. Identification of Ordovician deposits in individual re-
gions is partial. In the Holy Cross Mts. these deposits occur
both in the Lysogéry and the Kielce regions where they were
found in 30 outcrops and 50 boreholes. In the Nida region they
were identified only in 3 boreholes.

2. The Ordovician succession shows various relations with
underlying rocks (Figs. 2-4). In the £ysogory region this con-
tact may show continuous sedimentary passage from the Upper
Cambrian (boreholes Brzezinki 1, Jeleniow) or there may be a
stratigraphic hiatus of variable extent on the Upper Cambrian
(boreholes Wilkédw 1, Bukowiany 1a) or Middle Cambrian
(borehole Wolka); in the Kielce and the Nida areas the Ordovi-
cian succession overlies discordantly different members of the
Lower Cambrian (boreholes Bukéwka 1, Mokradle 1,
Brzeziny, Jaronowice 1G 1);

3. All the standard series of the Ordovician: Tremadoc,
Arenig, Llanvirn, Llandeilo, Caradoc and Ashgill, have been
identified in the Holy Cross Mts. Their occurrence and simpli-
fied lithologic composition in selected sections is given in Fig-
ures 3 and 4. In the Nida area Ordovician deposits are known
from parts of three boreholes; they are of Arenig, Llanvirn,
Llandeilo, Caradoc and Ashgill age (Fig. 2);

4. The Ordovician clastic-carbonate deposits are of diverse
lithofacies and variable thickness, enabling the recognition of
areal lithofacies zones for individual series; their extent and re-
lationships are given in Figures 5-9.

5. The wertical succession of particular Ordovician
lithofacies assemblages can be related to three transgressive-
regressive phases. Their lithologic development varies from
clastic lithofacies with glauconite and pyroclastic material
(Arenig) and terrigenous-carbonate sequences (Llanvirn-
Llandeilo) to terrigenous lithofacies with subordinate carbonates
(Caradoc, Ashgill).

6. The maximum thickness of the Ordovician succession
seems to have been located in the northern foreland of the
Lysogory segment of the Holy Cross Mts. This maximum thick-
ness coincides with the deeper facies of the depositional basin.
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