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The Or do vi cian stra tig ra phy in the Holy Cross Mts. and the Nida region is re viewed. In the Holy Cross Mts. Or do vi cian rocks have been
iden ti fied in the Łysogóry and the Kielce seg ments in tens of out crops and bore hole sec tions, in the Nida area in three bore holes. The de -
pos its com prise a thin clastic-carbonate suc ces sion in clud ing palaeontologically dated Tremadoc, Arenig, Llanvirn, Llandeilo, Caradoc
and Ashgill sed i ments. Their li thol ogy, litho- and biostratigraphy and fa cies dis tri bu tion are dis cussed. The most dis tinct lithofacies
bound ary and thick ness con trast is ob served be tween the Kielce and Łysogóry re gions. The for mer is char ac ter ised by car bon ates and
clastics of shal lower shelf with much greater thick nesses.
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INTRODUCTION

This pa per is aimed at the com pi la tion of all the data on the
Or do vi cian stra tig ra phy and palaeo ge ogra phy dis persed in many 
pa pers, pub lished dur ing the last forty years, mainly in Pol ish.
We think such a re view to be use ful in the near est fu ture when
the geo phys i cal re sults of the CELEBRATION 2000 ex per i ment 
will be in ter preted from the geo log i cal point of view. The Or do -
vi cian de pos its of the Vistula-Pilica interfluve are known from
two ar eas: the Holy Cross Mts. in the north and in the Nida
(Miechów) Trough base ment in the south (Fig. 1).

The Or do vi cian de pos its of this re gion vary con sid er ably as
re gards their po si tion on the shelf and their geotectonic lo ca tion.
The north ern part of the area, i.e. the Łysogóry re gion, was sit u -
ated on the cen tral dis tal por tion of the shelf and si mul ta neously
along the north ern mar gin of the Małopolska Block (Pożaryski,
1986; Pożaryski and Karnkowski, 1992). The south ern part of
the area, in clud ing the Kielce and the Nida re gions, was lo cated
within the Cadomian or Early Cal edo nian-Grampian
Małopolska Block, lim ited to the north by the Holy Cross Fault
and to the south by the Kraków-Zawiercie Tec tonic Zone, which 
re sem ble terrane bound aries (Dadlez et al., 1994).

From the geotectonic point of view, the Łysogóry area
made up a frag ment of the out er most pas sive mar gin of the East 

Eu ro pean Craton (Baltica), whereas the Kielce-Nida area can
be in ter preted ei ther as a sep a rate prox i mal terrane (Dadlez et
al., 1994) or as a frag ment of the Avalonian Plate (Unrug et
al., 1999). Ac cord ing to Dadlez et al. (1994), the cratonic
frag ment was orig i nally lo cated far ther to SE, hav ing sep a -
rated from the craton, then shifted along a strike-slip fault and
docked again in the Late Si lu rian.

Palaeomagnetic (Lewandowski, 1992) and palaeoclimatic 
(Dzik and Pisera, 1994) ev i dence in di cate that dur ing the Or -
do vi cian and the Si lu rian the East Eu ro pean Craton (Baltica)
shifted from high (60°) to lower (30°) lat i tudes of the south ern 
hemi sphere. At the same time, Avalonia was also mov ing
north ward, i.e. to ward the equa tor, un der go ing vari able ro ta -
tion to col lide fi nally, in a left-lateral transpressional re gime,
with Baltica in the Late Si lu rian.

NIDA REGION

In the Nida re gion, uni formly de vel oped sandy-carbonate
sed i ments of Or do vi cian age have hith erto been found in three
bore hole sec tions: Jaronowice IG 1 (depth 2274.9–2288.8 m),
Książ Wielki IG 1 (depth 1260.5–1290.0 m) and Strożyska 5
(depth 3031.3–3100.5 m).
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LITHOLOGY

There is no for mal lithostratigraphic sub di vi sion of the Or -
do vi cian de pos its of the Nida re gion (Fig. 2).

Tremadoc. No sed i ments of this age have been en coun -
tered in any sec tion. The sandy sed i ments from the Jaronowice
IG 1 bore hole (depth 2274.9–2288.8 m), pre vi ously re garded
as Tremadoc in age (Jaworowski et al., 1967), seem cor re spond 
to Arenig.

Arenig. This se ries con sists of fine-grained quartz sand -
stones with a me dian grain size of 0.1–0.15 mm, light gray and
green ish-gray with glauconite, with ir reg u lar streaks and in di -
vid ual dark gray and green ish-gray thin beds of cal car e ous and
si li ceous claystones (Jaworowski et al., 1967). Their thick ness
var ies from 12.5 m in the Jaronowice IG 1 bore hole (depth
2274.9–2288.8 m) to about 14.5 m in the Książ Wielki IG 1

bore hole (depth 1274.5–1290.0 m). In the first sec tion, this
succession is un con form ably over lain by Si lu rian (lower
Llandovery) claystones. 

Llanvirn-Llandeilo. This in ter val has not been
palaeontologically doc u mented. Ac cord ing to Jurkiewicz
(1975), the up per por tion of the sand stones from bore hole Książ
Wielki IG 1 seems to be of this age. Al ter na tively, the Llanvirn
and the Llandeilo may be rep re sented by car bon ates en com pass -
ing the low er most por tion of the over ly ing organodetritic and
dolomitic lime stone suc ces sion. None the less, ex trap o la tion from 
ad ja cent ar eas in di cates that the thickness of Llanvirn and
Llandeilo de pos its does not ex ceed sev eral metres.

Caradoc. This se ries en com passes gray organodetritic
lime stones com posed pri mar ily of echinoderm bioclasts ce -
mented by me dium- and finely-crystalline sparite with pink and 
red coarse- and me dium-crystalline dolomitic lime stone
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Fig. 2. Cor re la tion chart of Or do vi cian sec tions in the Nida re gion

1 — con glom er ates, 2 — sand stones, 3 — sand stones with glauconite, 4 — siltstones, 5 — claystones, 6 — lime stones, marly lime stones, 7 — lime stones
with glauconite, 8 — dolomites, dolomitic lime stones, 9 — lydites, 10 — marls, 11 — bentonites, 12 — sul fides, 13 — faults, 14 — unconformities; strati -
graphic in dexes: Q — Qua ter nary, Sly — Si lu rian/Llandovery, Sw — Si lu rian/Wen lock, Cm1 — Lower Cam brian, Cm2 — Mid dle Cam brian, Cm3 — Up -
per Cam brian



interbeds. In the Książ Wielki IG 1 borehole, the Caradoc car -
bon ates are sharply and dis cor dantly over lain by Si lu rian/lower 
Ludlow claystones. Their thick ness is about 13 m (depth
1260.5–1274.5 m).

Ashgill. This se ries is rep re sented by car bon ates which in -
clude, in the lower part, dark gray dolomitic and marly micritic
lime stones with a vari able amount of recrystallised bioclastic
ma te rial, and in the up per part light gray finely-crystalline lime -
stones. These rocks were pen e trated only by the Strożyska 5
bore hole (depth 3007.2–3100.5 m), where they are over lain by
lower Ludlow claystones, the bound ary be ing in a non-cored
in ter val. The thick ness of the Ashgill car bon ates is about 100 m 
(Bednarczyk et al., 1968).

BIOSTRATIGRAPHY

The biostratigraphy of the Or do vi cian deposits in the Nida
region is in com plete, with scarce macro- and micro fauna, not
al low ing precise age de ter mi na tions.

Tremadoc-Arenig. Fos sils were only re corded from the
Jaronowice IG 1 bore hole in which scarce in ar tic u late brachi o -
pods as cribed to the spe cies Lingulella lepis (Salter) were
found (W. Bednarczyk in: Jaworowski et al., 1967). This is a
long-ranging spe cies, from the Up per Cam brian to the lower
Arenig. 

Llanvirn-Llandeilo. No fos sils of this age were re corded.
Caradoc. Car bon ates in the Książ Wielki IG 1 bore hole

yielded to W. Bednarczyk (in: Jurkiewicz, 1975) the cono dont
as sem blage Acodus similaris Rhodes, Drepanodus alticeps
Henningsmoen and Scandidud inlexus Hamar. This as sem -
blage un equiv o cally in di cates the Caradoc, with out al low ing
further pre ci sion.

Ashgill. This se ries was un equiv o cally doc u mented
palaeontologically in the Strożyska 5 bore hole (Bednarczyk et
al., 1968). The fol low ing brachi o pod as sem blage was doc u -
mented: Orbiculoidea radiata (Troedson), Eostropheodonta
hirnatensis (Mc Coy), Nicolella sp., Lingulella sp. and
Leptaena sp. Eostropheodonta hirnatensis (Mc Coy) is in -
cluded in the “Hirnantia fauna”, wide spread across Eu rope in
up per Ashgill to Ashgill/Llandovery bound ary de pos its (Jae ger 
et al., 1975). The accompanying cono donts Acodus cf.
similaris Rhodes, Panderodus unicostatus (Branson et Mehl)
and Tetraprioniodus cf. super bus (Rhodes) in dicate only an
Ashgill age.

HOLY CROSS MTS. — KIELCE REGION

The up lifted Palaeozoic block of the Holy Cross Mts. may
be di vided into two re gions of con trast ing palaeogeographic
po si tion and fa cies char ac ter: the Kielce re gion in the south and
the Łysogóry re gion in the north. These two re gions are sep a -
rated by the Holy Cross Fault (Czarnocki, 1919, 1957a, b).

In the Kielce re gion Or do vi cian sed i ments oc cur in out -
crops and bore hole sec tions in clud ing, 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),

Zgórsko (about 50 m), Bukówka 1 (depth 26.6–98.5 m),
Mójcza (about 9 m), Mójcza 1 (depth 63.8–77.0 m),
Niestachów 1a (depth 36.2–41.0 m), Niestachów 1 (depth
46.2–49.3 m), Widełki (?), 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), Ociesęki 1 (depth
?–25.1 m), Ociesęki 3 (depth 13–30 m), Bardo-Stawy (about
28 m), Zalesie Nowe (about 30 m), Zalesie 1 (depth 219–?),
Wilcza Góra near Szumsko (about 6 m), Kędziorka–Chojnów
Dół (about 33 m), Szumsko Kolonia 2a (depth 22.9–67.8 m),
Pułaczów (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),
Międzygórz (about 55 m), Kleczanów 1 (depth 269.0–277.2
m) and Lenarczyce (depth 44.9–68.2 m) (Fig. 1). 

LITHOSTRATIGRAPHY

The Or do vi cian de pos its of the Kielce re gion (Fig. 3) are
char ac ter ised by lithofacies di ver sity. In the north ern and cen -
tral part car bon ate and sandy lithofacies are prev a lent, whereas
in the south ern part, clayey sed i ments pre vail. Thus, a sin gle
lithostratigraphy can not be es tab lished for the en tire re gion.
Clas si fi ca tions pro posed to date do not rep re sent true
lithostratigraphies ac cord ing to the Prin ci ples of the Pol ish
Strati graphic Clas si fi ca tion, Ter mi nol ogy and No men cla ture
(1975), cor re spond ing only partly to the rec om mended for mal
cri te ria (Tomczyk, 1962, 1964; Tomczykowa and Tomczyk,
1968; Bednarczyk, 1981; Dzik and Pisera, 1994); they are
more akin to re gional chronostratigraphic di vi sions (for ex am -
ple, Czarnocki, 1950; Samsonowicz, 1952; Bednarczyk, 1964;
Tomczyk and Turnau-Morawska, 1964; Deczkowski and
Tomczyk, 1969). 

A com par i son of se lected lithostratigraphic schemes, the
re la tion ships of par tic u lar units, and their strati graphic ex tent
and thick ness are given in Ta ble 1.

Ac cord ing to Tomczyk (1962), the Or do vi cian rocks of the
re gion com prise four units (or “beds”). The type area for the
lower three units is the Kielce-Łagów Syncline and that for the
fourth (the up per most) is the Bardo Syncline. In this scheme, the
sec tion starts with the Tremadoc Międzygórz Beds de vel oped as
glauconitic sand stones with basal chalcedonitic and quartzitic
shale interbeds. These are suc ceeded by the Bukówka Sand -
stones (Arenig) rep re sented by sand stones with lime stone and
claystone interbeds at their base. The Mójcza Lime stones, over -
ly ing these, are typ i cally de vel oped in the Kielce-Łagów
Syncline, while in the Bardo Syncline they com prise
clayey-marly-dolomitic sed i ments. The Mójcza Lime stone unit
are of Llandeilo-lower Caradoc age, ter mi nat ing the Or do vi cian
sec tion in the Kielce-Łagów Syncline. In the Bardo Syncline the
Mójcza Lime stones are un con form ably over lain by the claystone 
and marl de pos its of the up per Ashgill Zalesie Beds.

A sub di vi sion of the Lower Or do vi cian was given by
Bednarczyk (1964) who dis tin guished: in the Tremadoc — the
Międzygórz, the Zbilutka and the Kozielsk Beds, and in the
Arenig — the Bukówka and the Dyminy Beds. In 1981,
Bednarczyk mod i fied and broad ened this scheme giv ing it more
lithostratigraphic char ac ter, de fin ing three for ma tions and five
mem bers, though with out sat is fy ing all for mal re quire ments.
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In the lower part of the sec tion, Bednarczyk dis tin guished
the Międzygórz Sand stone For ma tion that starts with the
Chełm Con glom er ate Mem ber or lo cally with the Zbilutka
Siltstone and Chalcedonite Mem ber, pass ing higher into the
Kleczanów Sand stone Mem ber and the Dyminy Sand stone
Mem ber. The ex tent of this for ma tion spans the
Tremadoc-Arenig-lower Llanvirn, its up per bound ary be ing
diachronous. Higher in this sec tion is the Mójcza Lime stone
For ma tion lo cally in clud ing the Mokradło Do lo mite Mem ber.
The Mójcza Lime stone unit spans the Llanvirn to the lower
Caradoc; its lower and up per bound aries are diachronous. The
up per most por tion of the sec tion (up per Caradoc-Ashgill) is
rep re sented by the Zalesie Claystone and Ben ton ite For ma tion.

For mal lithostratigraphic di vi sion of the Or do vi cian sed i -
ments in the north ern and cen tral parts of the re gion has re -
cently been pro posed by Dzik and Pisera (1994). They briefly
de fined five for ma tions (Ta ble 1), some of which cor re spond to 
the units pre vi ously dis tin guished by Bednarczyk (1981).

Ac cord ing to Dzik and Pisera (1994), the low est po si tion in
the sec tion is oc cu pied by the Wysoczki Chalcedonite For ma -
tion com posed pri mar ily of siltstones with chalcedonite
interbeds. Cono donts de scribed by Szaniawski (1980), dated
this for ma tion as late Tremadoc, though Znosko and
Chlebowski (1976) us ing dif fer ent cri te ria as signed these de -
pos its to the lower (but not low er most) Arenig.

This for ma tion is fol lowed by the Międzygórz For ma tion
com posed of thick-bedded con glom er ates and dark glauconitic
sand stones. Dzik and Pisera (1994) placed this in the lower
Arenig; Bednarczyk (1964, 1971) con sid ered it as of Tremadoc 
age; whereas Znosko and Chlebowski (1976) placed it in the
lower Arenig, be neath de pos its with chalcedonites.

The succeeding Bukówka Sand stone For ma tion is de vel -
oped as coarse- and me dium-bedded light gray sand stones as -
signed by Dzik (1994) to the up per Arenig (up per Wolchow).
Ac cord ing to Tomczyk and Turnau-Morawska (1967), as well
as Bednarczyk (1971), the Bukówka Sand stones formed in a
longer time interval, from the early Arenig to the early
Llanvirn. Their up per bound ary is diachronous, from the up per
Arenig to the lower Llanvirn.

Above this, the Mójcza Lime stone For ma tion cor re sponds
exactly to the unit pre vi ously de fined by Bednarczyk (1981). It
in cludes thick-bedded lime stones with phosphatised grains and 
fer ric ooids (Trela, 1998). This unit span s the up per Arenig to
the Caradoc, its up per bound ary be ing diachronous within the
Caradoc.

The high est unit (Zalesie For ma tion), ac cord ing to Dzik
and Pisera’s scheme (1994), is com posed of thin-bedded marls, 
clayey shales and clayey lime stones as cribed to the Caradoc
and Ashgill. Its up per bound ary, like its lower, is diachronous. 

In the south ern part of the Kielce re gion near Zbrza and
Brzeziny, Tomczyk and Turnau-Morawska (1964), and
Deczkowski and Tomczyk (1969) em ployed a re gional di vi -
sion of the Or do vi cian into the Międzygórz Beds (Tremadoc),
the lower Brzeziny Beds (Arenig), the up per Brzeziny Beds
(Llanvirn), the lower Morawica Beds (Llandeilo) and the up per 

Morawica Beds (Caradoc). These units do not com ply with
cur rent for mal cri te ria for lithostratigraphic di vi sions. 

BIOSTRATIGRAPHY

Biostratigraphic stud ies of Or do vi cian rocks have been car -
ried out since the turn of the 19th cen tury. Yet, the macro- and
micropalaeontological re cord and biostratigraphic zonation re -
main in com plete.

Tremadoc. De pos its of this age were doc u mented in bore -
holes Ublinek U 1 and Ublinek 1 bis (Fig. 1). The for mer in -
cludes a small strongly folded frag ment (depth 18.5–21.0 m)
wedged into Cam brian rocks. In these de pos its Jankauskas (in:
Michniak and Olkowicz-Paprocka, 1976) found a rich as sem -
blage of about 25 spe cies of acritarchs in clud ing Priscogalea
cortinula Deunff and P. furcata Deunff, typ i cal of the
Tremadoc. In bore hole Ublinek 1 bis, claystones with an
acritarch as sem blage in di cat ing a tran si tional in ter val be tween
the Cam brian and the lower Tremadoc was found (Szczepanik,
1996).

The oc cur rence of Tremadoc de pos its  in the re main ing sec -
tions of the re gion is doubtful. There are claims of up per
Tremadoc de pos its in some sections (Bednarczyk, 1971;
Szaniawski, 1980; Dzik and Pisera, 1994), though oth ers con -
sider the same rocks to be lower Arenig in age (Znosko and
Chlebowski, 1976; Kowalczewski in: Modliński et al., 1990).

De posits with chalcedonites of un cer tain age con tain
graptolites, in ar tic u late brachi o pods and cono donts. A dis tinc -
tive cono dont as sem blage of the Drepanoistodus deltifer Zone
(Szaniawski, 1980) cor re sponds to the Ceratopyge stage (= late 
Tremadoc) of the Bal tic area. In turn, an in ar tic u late brachi o -
pod as sem blage, in clud ing Thysanotos siluricus (Eichwald),
Acrothele ceratopygarum Brogger, Lingulella insons
Barrande, and spe cies of the gen era Conotreta, do not un equiv -
o cally in di cate a Tremadoc age be cause these forms are also
known from the early Arenig. The dendroid graptolite as sem -
blage, dis solved out of chalcedonites by Kozłowski (1949),
com prises only new spe cies with no in dex fos sils that could en -
able dat ing of these sed i ments. Znosko and Chlebowski (1976)
noted that the dendroids oc cur only as de tri tus within
chalcedonites, re worked from black Dictyonema Shales. These 
graptolites are thus ev i dence for the ear lier pres ence of lower
Tremadoc de pos its in this re gion.

Arenig. De posits of this age are best doc u mented near
Brzeziny (Tomczyk, 1962; Tomczyk and Turnau-Morawska,
1964). The base of the sec tion includes an un de ter mined as -
sem blage of in ar tic u late brachi o pods. The over ly ing deposits
con tain graptolite as sem blages char ac ter is tic of the Arenig,
with over 30 taxa representing three graptolite zones, of
Loganograptus logani, the Didymograptus deflexus and the
Didymograptus hirundo. Only the low er most Arenig (the
Tetragraptus approximatus Zone of Great Brit ain (Wil liams et
al., 1972) or the Tetragraptus phyllograptoides Zone from
Scan di na via and NE Po land) seems to be absent. 

The lower Arenig else where is doc u mented pri mar ily by
in ar tic u late brachi o pods. The spe cies Lingulella zejszneri
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Bednarczyk or Conotreta czarnockii Bednarczyk, are in dex
taxa for lo cal biostratigraphic cor re la tion, but do not al low
wider cor re la tion. Up per Arenig de pos its in clude in ar tic u late
brachi o pods such as Antigonambonites planus (Pan der) and
Orthambonites semicircularis Pan der, scarce trilobites
Cyrtometopus clavifrons (Dalman) and Cybele bellatula
(Dalman), and cono donts of the lo cal Acontiodus rectus
sulcatus Zone which en ables cor re la tion with the late Arenig
of the Bal tic-Scandinavian area (Bednarczyk 1964, 1971).

The up per most Arenig to Llanvirn tran si tion has been
biostratigraphically doc u mented in the Mójcza sec tion (Dzik
et al., 1994), where the lower por tion of the Amorphognathus
variabilis cono dont Zone was re corded. Nu mer ous ostracods
in clud ing Mojczella polonica Olempska, and trilobites, gas -
tro pods, bryo zoans and brachi o pods were also found.

Llanvirn. The lower Llanvirn of the Didymograptus
bifidus Zone was doc u mented in the Brzeziny sec tion
(Tomczyk and Turnau-Morawska, 1964), with
Didymograptus robustus Ekstrom, D. artus Elles et Wood, D. 
indentus Hall and a few spec i mens of Phyllograptus and
Azygograptus be ing iden ti fied. Higher in the sec tion, the
unfossiliferous “chamosite” bed is con ven tion ally re ferred to

the up per Llanvirn (Didymograptus murchisoni Zone)
(Kowalczewski and Wróblewski, 1974).

The Llanvirn Mójcza car bon ate se ries has re cently been
zoned us ing cono donts (Dzik et al., 1994). The
Amorphognathus variabilis Zone, cor re spond ing to the lower
Bal tic Kunda stage, and the over ly ing Pygodus serrus Zone
(= the Bal tic Lasnamagi stage and the lower Uhaku stage),
were iden ti fied. A strati graphic gap, en com pass ing the up per
Kunda stage, the Aseri stage, and prob a bly the lower
Lasnamagi stage, oc curs here. The Mójcza ostracod as sem -
blage in cludes short-ranging spe cies such as Pinnatulites
procera (Kmmeraw) and Vogdesella aequae Olempska,
which can be used for dis tin guish ing lo cal biozones. 

The scarce macrofauna in cludes trilobites such as Illaenus 
wahlenbergi (Eichwald) and I. polonicus Gürich,
(Bednarczyk, 1971; Dzik and Pisera, 1994). Both spe cies
con firm the lower Llanvirn; the for mer is known from co eval
de pos its in the Bal tic-Scandinavian re gion, while I. polonicus
shows a close af fin ity with I. ex gr. sarsi Jaanusson also wide -
spread in those de pos its.

The Llanvirn sandy de pos its (for ex am ple, Bukówka,
Niestachów and Międzygórz) are doc u mented pri mar ily by
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Fig. 4. Cor re la tion chart of Or do vi cian sec tions in the Łysogóry re gion

For ex pla na tions see Fig ure 2



brachi o pods of Bal tic affinity (Bednarczyk, 1964, 1971). An
as sem blage of Orthambonites calligrammus (Dalman) and
Lycophoria nucella (Dalman) and Productorthis obtusa (Pan -
der) in di cates the lower Llanvirn, cor re sponding to the Bal tic
Kunda stage.

Llandeilo. The most com monly used cor re la tion schemes
(for ex am ple, Wil liams et al., 1972; Jaanusson, 1982), sug gest
that the Llandeilo en com passes the Glyptograptus
teretiusculus and the lower Nemagraptus gracilis graptolite
Zones and the up per Pygodus serrus and the lower Pygodus
anserinus cono dont Zone (Ta ble 1).

In the Zbrza and Brzeziny area, Llandeilo sed i ments con -
tain graptolites (Tomczyk and Turnau-Morawska, 1964;
Deczkowski and Tomczyk, 1969). Their lower bound ary is de ter -
mined by the ap pear ance of an  as sem blage con tain ing
Glyptograptus teretiusculus (Hisinger), Pseudoclimacograptus
scharenbergi (Lapworth), Dicellograptus sp. and  Dicranograptus
sp. Higher in the sec tion, the short-ranged in dex spe cies
Nemagraptus gracilis Hall helps lo cate the Llandeilo/Caradoc
bound ary. The Llandeilo de pos its also con tain a rich and di -
verse as sem blage of trilobites (in clud ing Lonchodomas sp.,
Selenopeltis sp., Cyclopyge sp. and Flexicalymene sp., pre lim i -
nar ily de ter mined by E. Tomczykowa), brachi o pods, cepha lo -
pods, ostracods and bryo zoans.

Lime stones of the Mójcza sec tion, as signed to the Llandeilo 
by Dzik et al. (1994), en com pass only the higher por tion of the
Pygodus anserinus cono dont Zone and can not be cor re lated
with Llandeilo sed i ments in NE Po land (Modliński, 1982) or
Scan di na via (Jaanusson, 1982), which con tain the up per
Pygodus serrus and the lower Pygodus anserinus Zones. In the
Mójcza sec tion, the last-mentioned in ter val cor re sponds ap -
prox i mately to the de pos its in which ostracods of the spe cies
Mojczella jaanussoni Olempska and Orechina krutai
Olempska co-occur.

In the re main ing sec tions of the Kielce re gion, Llandeilo sed -
i ments are poorly doc u mented (Zalesie Nowe, Kleczanów 1)
and their di ag no sis is based on scarce cono donts (Bednarczyk,
1971).

Caradoc. The most com plete grap to lit ic Caradoc sec tions
were found in the Zbrza and Brzeziny area (Tomczyk, 1962;
Tomczyk and Turnau-Morawska, 1964; Deczkowski and
Tomczyk, 1969). The suc ces sion starts with the Nemagraptus
gracilis Zone which in cludes the in dex taxon. This is over lain
by the rel a tively thick Diplograptus multidens Zone, cor re lated 
with the Scot tish Climacograptus peltifer and C. wilsoni Zones. 
Nu mer ous graptolites in clud ing the gen era Climacograptus,
Amplexograptus, Diplograptus, Orthograptus are yet to be ex -
am ined. Higher in the sec tion, the Dicranograptus clingani
Zone is present. The over ly ing up per Caradoc sed i ments cor re -
spond to the Climacograptus styloideus Zone (= the Brit ish
Pleurograptus linearis Zone). They con tain few fos sils; only
Pleurograptus sp. and Climacograptus sp. were re corded here. 

Caradoc lime stones are zoned by cono donts, and the
Mójcza sec tion in cludes the Amorphognathus taverensis and
A. super bus Zones (Dzik et al., 1994). Nu mer ous ostracods and 
bryo zoans, and scarce brachi o pods, trilobites, molluscs and
echinoderms were also iden ti fied.

In the re main ing sec tions of the Kielce re gion, the Caradoc
has not been sub di vided, though recognised on the ba sis of
cono donts or brachi o pods (Bednarczyk, 1971).

Ashgill. In the south ern part of the re gion de pos its of this
age were re ported from the Zbrza 1 bore hole (Deczkowski
and Tomczyk, 1969), though nei ther macro- nor microfossils
have been doc u mented.

In the Mójcza area the up per most strata can be as cribed to
the Ashgill, on the ba sis of cono donts of the Amorphognathus
ordovicicus Zone (Dzik, 1994).

Fossiliferous Ashgill de pos its oc cur in the Zalesie,
Bardo-Stawy and Szumsko 2a sec tions. The Zalesie sec tion
was orig i nally de scribed by Czarnocki (1928), then ex am ined
in de tail by Kielan (1959) who es tab lished the tri lo bite suc ces -
sion. In the “Dalmanitina beds”, spe cies in clud ing Mucro -
naspis mucronatus (Brongniart), M. olini (Tem ple),
Brongniartella platynota (Dalman) and Leonaspis olini
Troedsson, were iden ti fied. This as sem blage un equiv o cally
dates these rocks as late Ashgill and en ables pre cise cor re la tion
with the Ashgill else where in Eu rope. Tri lo bites of this as sem -
blage were also found in the Bardo-Stawy sec tion and in the
Szumsko 2a bore hole (depth 26.6–28.1 m).

In the up per Ashgill beds out cropping in Zalesie and
Bardo-Stawy, nu mer ous brachi o pods, in clud ing Eostropheo -
donta hirnantensis (McCoy), Hirnantina sagittifera (McCoy),
H. kielanae Tem ple, Dalmanella testudinaria (Dalman), oc cur
(Tem ple, 1965), and these make up the “Hirnantia fauna” char -
ac ter is tic of the lat est Ashgill of many ar eas of Eu rope.

HOLY CROSS MTS. — ŁYSOGÓRY REGION

In the Łysogóry re gion, Or do vi cian sed i ments were iden ti -
fied in sev eral bore holes and out crops (Fig. 4). They are as fol -
lows: Kajetanów (depth 93.15–185.0 m), Kajetanów 1 (depth
255.2–275.0 m), Wiśniówka 1 (depth 8.0–160.0? m),
Wiśniówka Duża — roadcut in the quarry (about 150? m),
Brzezinki (about 77 m), Brzezinki 1 (depth about 10.0–91.7
m), Wilków 1 (depth 601.0–785.0 m), Wólka (about 40 m),
Dębniak (depth ?–69.5 m), Jeleniów 1 (depth 111.0–261.65
m), Jeleniów 2 (depth 18.0–190.0 m), Bukowiany 1a (depth
106.0–198.8 m), Pobroszyn (about 27 m), Daromin
(196.0–340.0 m), Kichary (un de ter mined). 

LITHOSTRATIGRAPHY

The Or do vi cian sed i ments of the Łysogóry re gion are
litologically di verse com pared to the co eval de pos its of the
Kielce re gion. Pro posed sub di vi sions were given by Tomczyk
(1962), Tomczykowa (1968), Orłowski (1975) and Bednarczyk
(1981). Units as the Jeleniów Beds, the Wólka Beds and
Łysogóry Beds pro posed by H. Tomczyk and E. Tomczykowa,
are of mixed litho- and biostratigraphic char ac ter and can not
pres ently be re cog nised as for mal units. The Klonówka Shale
For ma tion of S. Orłowski, and the Bukowiany Lime stone For -
ma tion, Jeleniów Claystone For ma tion and Wólka Siltstone For -
ma tion, pro posed by W. Bednarczyk, are some what more
cor rectly de fined on mod ern cri te ria.
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Mid dle and Up per Cam brian and lower Tremadoc de pos its
make up the Klonów Shale For ma tion (Orłowski, 1975;
Orłowski and Mizerski, 1995). These clayey and clayey-silty
shales and siltstones with sand stone interbeds have a thick ness of 
about 400 m. The up per part of this for ma tion in cludes the up -
per most Cam brian and lower Tremadoc, cor re spond ing to the
in for mal unit — the Łysogóry Beds, pre vi ously dis tin guished by 
Tomczykowa (1968). The Or do vi cian (lower Tremadoc) en -
com passes only the up per por tion of this for ma tion reach ing
about 150 m in thick ness within a roadcut in the Wiśniówka
Duża quarry (Kowalczewski, in: Modliński et al., 1990).

The up per most por tion of the suc ces sion as cribed to the
Klonówka Shale For ma tion is some what dif fer ent
lithologically; only clayey shales with scat tered lime stone or
cal car e ous claystone lenses and con cre tions oc cur here
(Jeleniów 2 and Brzezinki 1 bore holes) (Tomczykowa, 1968).
These lithological dif fer ences sug gest that this por tion of the
Klonówka Shale For ma tion can be classed as a sep a rate unit of
lower rank, the Brzezinki Mem ber.

Dif fer ent lith o logic mem bers of the Klonówka Shale For -
ma tion as signed to the Up per Cam brian (Bukowiany 1a bore -

hole) or lower Tremadoc (Jeleniów 2 bore hole) are over lain by
the lower Jeleniów Beds as cribed to the Llandeilo (Tomczyk,
1962) or up per Llanvirn (Kowalczewski, 1994). These rocks
are lithologically di verse. In the lower por tion, organodetritic
and si der it ic lime stones with nu mer ous fer ric ooids, pass up -
wards into claystones and cal car e ous claystones with many
organodetritic and si der it ic lime stone interbeds with scarce
ooids. This suc ces sion was iden ti fied in the Jeleniów 2 (depth
180.5–183.2 m) and Bukowiany 1a (depth 188.0–198.8 m)
bore holes (Tomczyk and Turnau-Morawska, 1967;
Kowalczewski, in: Kowalczewski et al., 1976). Its equiv a lents
can be found in the east ern part of the Łysogóry re gion, near
Pobroszyn (Tomczykowa, 1968). Sed i ments of the low er most
Jeleniów Beds were re garded by Bednarczyk (1981) as the
Bukowiany Lime stone For ma tion and as signed to the up per
Llanvirn.

The up per por tion of the lower Jeleniów Beds and the over -
ly ing up per Jeleniów Beds were as cribed to the Caradoc
(Tomczyk, 1962; Tomczyk and Turnau-Morawska, 1967;
Tomczykowa, 1968). These clayey de pos its were termed by
Bednarczyk (1981) the Jeleniów Claystone For ma tion. They
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Fig. 5. Lithofacies-palaeothickness map of the Tremadoc in the Nida and Holy Cross Mts. ar eas
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tures of the Teisseyre-Tornquist (T-T) Zone, 7 — con glom er ates, 8 — sand stones, 9 — siltstones, 10 — sandy siltstones, 11 — siltstones and claystones,
12 — claystones, 13 — claystones with lime stone lenses, 14 — marls, 15 — sandy marls, 16 — lime stones, 17 — sandy lime stones and dolomites, 18 —
organodetritic lime stones, 19 — oolitic lime stones, 20 — glauconite, 21 — fer ric ooids, 22 — si li ceous con cre tions



are rep re sented by gray, dark gray and green ish-gray
claystones and cal car e ous claystones with scarce interbeds of
gray lime stone with lydite con cre tions and bentonites. The con -
firmed thick ness of this for ma tion ex ceeds 150 m in a
stratotype sec tion of the Jeleniów 2 bore hole. The Jeleniów
claystone unit con cor dantly ad joins the base and at the top of
the Bukowiany Lime stone For ma tion and the Wólka Siltstone
For ma tion, re spec tively. 

The Or do vi cian sec tion of the Łysogóry re gion is topped by 
the Wólka Beds (Tomczyk, 1962; Tomczykowa, 1968), or the
Wólka Siltstone For ma tion af ter Bednarczyk (1981), iden ti fied 
in out crops at Brzezinki and Wólka, and in the Wilków 1,
Kajetanów 1 and Jeleniów 1 bore holes. This is a suc ces sion up
to about 100 m thick com posed of gray and green ish-gray
siltstones, sandy siltstones and cal car e ous claystones with
interbeds of marly and sandy lime stones and lo cally dolomites
and sand stones.

BIOSTRATIGRAPHY

The first data on Or do vi cian de pos its in the re gion are in
Czarnocki (1928, 1929) and Samsonowicz (1934). Bio -
stratigraphic subdivisions on the ba sis of graptolites and trilo -
bites are given in Kielan (1957, 1959), Tomczyk (1957, 1962),

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

Tremadoc. Tremadoc sed i ments were re corded in the
Brzezinki 1 and Jeleniów 2 bore holes (Tomczyk and Turnau-
 Morawska, 1967; Tomczykowa, 1968) and in a roadcut in the
Wiśniówka Duża quarry (Kowalczewski et al., 1986).

In the Brzezinki 1 and Jeleniów 2 bore holes, the up per most
Cam brian de pos its as signed to the Parabolina acanthura Zone
are con form ably over lain by clayey de pos its with poorly pre -
served frag ments of Dictyonema (= Rhabdinopora af ter Erdt -
mann, 1988) and in ar tic u late brachi o pods of the gen era
Lingulella, Obolus and Acrotreta. The pres ence of the grapto -
lite Rhabdinopora sp. in di cates the early Tremadoc age.

In the roadcut in the Wiśniówka Duża quarry sed i men tary
con ti nu ity be tween the Up per Cam brian and the Tremadoc
deposits may also ex ist. The early Tremadoc age of the silt -
stones and claystones is in di cated by an acritarch as sem blage
in clud ing Timofeevia phosphoritica Vang., T. lancarae (Cram
et Diez) Vang., Multiplicisphaeridium martae Cram et Diez,
Vulcanisphaera frequens Górka  and V. nebulosa Den.

Arenig-Llanvirn. Most re search ers have sug gested that,
no Arenig and Llanvirn sed i ments oc cur in this re gion
(Tomczyk and Turnau-Morawska, 1967; Tomczykowa, 1968;
Bed narczyk, 1971). Z. Kowalczewski, how ever, (in: Kowal -
czewski et al., 1976) con sid ered that detritic and oolitic lime -
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stones near Bukowiany and Jeleniów as signed, on the ba sis of
scarce macro- and micropalaeontological data, to the lower
Llandeilo, may rep re sent the up per Llanvirn and lower
Llandeilo. This is par tic u larly the case of de pos its that oc cur in
the Jeleniów 2 (depth 180.4–183.2 m) and Bukowiany 1a
(depth 188.0–198.8 m) bore holes and in an out crop at
Pobroszyn. Z. Kowalczewski’s in ter pre ta tion is sup ported by
palaeontological stud ies by Bednarczyk (1981), who found nu -
mer ous in ar tic u late brachi o pods (Scaphelasma septatum Coo -
per, Ephipelasma sp.) and cono donts that in di cated the
Pygodus serrus Zone as cribed to the late Llanvirn. In the Buko -
wiany 1a bore hole the graptolites Didymograptus (Tomczyk
and Turnau-Morawska, 1967 — p. 11), gen er ally in di cat ing the 
Llanvirn or Arenig, oc cur.

Llandeilo. De pos its of this age were found in the
Jeleniów 2 and Bukowiany 1a bore holes and in an ex po sure at
Pobroszyn (Bednarczyk, 1971; Tomczyk and Turnau-
 Morawska, 1976; Tomczykowa, 1968). Their pres ence is doc -
u mented by the scarce as sem blage of graptolites in clud ing
Glyptograptus teretiusculus (Hisinger), Gymnograptus lin -
narssoni (Tullberg), Pseudoclimacograptus scharenbergi
(Lapworth), Dicellograptus sextans Hall and Nemagraptus sp.
The most sig nif i cant fos sil is Gymnograptus linnarssoni
(Tullberg) which is con fined to the early Llandeilo. The re -
main ing spe cies, in clud ing the in dex taxon Glyptograptus

teretiusculus (Ta ble 1), have lon ger ranges, oc cur ring also in
the early Caradoc, and some in the Llanvirn. Of the other fau nal 
groups, in ar tic u late brachi o pods, in clud ing Conotreta,
Scaphelasma, Paterula, of lit tle strati graphic sig nif i cance,
were iden ti fied (Bednarczyk, 1971).

Caradoc. De posits of this age were re corded in most sec -
tions of the re gion. Biostratigraphically, these were ex am ined
in de tail only in some of them, for ex am ple, in the Jeleniów 2
bore hole (Tomczyk and Turnau-Morawska, 1967; Bed -
narczyk, 1971).

In the Jeleniów 2 sec tion, the ear li est Caradoc
Nemagraptus gracilis Zone is dis tinct. Aside from the in dex
taxon, these de pos its con tain the fol low ing fau nal as sem blage:
Glyptograptus euglyphus (Lapworth), Amplexograptus
perexcavatus (Lapworth), Pseudoclimacograptus scharen bergi
(Lapworth), Dicranograptus sp., Cyclopyge cf. redivivia
Barrande and many cono donts.

The suc ceed ing Diplograptus multidens Zone is doc u mented 
by the graptolite spe cies: Diplograptus multidens multidens
Elles et Wood, D. m. com pac tus Elles et Wood, Pseudoclimacog -
raptus scharenbergi (Lapworth), Climacograptus brevis Elles et
Wood. In ad di tion, these sed i ments con tain the tri lo bite
Cyclopyge redivivia Barrande and brachi o pods in clud ing
Paterula bohemica Barrande, P. cf. portlocki (Geinitz) and
Hisigerella nitens (Hisinger).

428 Zdzisław Modliński and Bronisław Szymański

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

For ex pla na tions see Fig ure 5



The up per Caradoc sec tion is as signed to an un di vided
Dicranograptus clingani-Climacograptus styloides Zone in ter -
val. In the lower por tion of this in ter val the fol low ing graptolites
oc cur: Dicranograptus clingani Carruthers, Climacograptus
bicornis (Carruthers), C. tubuliferus Lapworth, Orthograptus
truncatus truncatus Lapworth, whereas the up per one con tains:
Climacograptus styloideus Lapworth, C. tubuliferus Lapworth,
C. minimus Carruthers, Pleurograptus sp., Orthograptus
calcaratus Lapworth, Dicellograptus cf. pumilus Lapworth and
D. cf. ca du ceus Lapworth.

Ashgill. Sed i ments of this age were found at Wólka and
Brzezinki (Kielan, 1959) and in the Wilków 1 and Jeleniów 1
bore holes (Tomczykowa, 1968).

The trial pits at Wólka and Brzezinki yielded a rich fauna of
early Ashgill age. Kielan (1959) ex am ined trilobites that al lowed 
the dis tinc tion of two biostratigraphic zones, of Eodindymene
pulchra and the Staurocephalus clavifrons. The for mer one also
con tains Nankinolithus granulata (Wahlenberg), Liocnemis
recurvus (Linnarsson), Cyclopyge quadrangularis Kielan,
Dindymene ornata Linnarsson, Ogmocnemis irregularis Kielan 
and“Illaenus” cf. angelini Holm.

The late Ashgill, en com pass ing the Mucronaspis
mucronatus Zone, is problematic. Based on anal y sis of the
Brzezinki, Wólka and Dębniak sec tions, Kowalczewski (1965) 

sup ported Czarnocki is view (1939, 1950) of a com plete and
con form able Ashgill sec tion pass ing 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, how ever, the
late Ashgill to be absent.

LITHOFACIES

The Or do vi cian palaeo ge ogra phy of the Nida-Holy Cross
Mts. area is shown as sim pli fied lithofacies-palaeothickness
maps of vary ing re li abil ity for: Tremadoc, Arenig,
Llanvirn-Llandeilo, Caradoc and Ashgill (Figs. 5–9). These in -
cor po rate the au thors’ data and that from var i ous au thors, par -
tic u larly Tomczyk (1962), Bednarczyk (1971), Modliński and
Tomczykowa (1974) and Kowalczewski (1994).

In the Or do vi cian, de po si tion mostly oc curred on a shal low
area of open shelf lo cated in the Nida re gion and the
Kielce-Łagów seg ment of the Holy Cross area (in this ac count,
the de tailed sub di vi sion of car bon ate plat form types pro posed
by Dzik and Pisera (1994) are not shown).
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The ver ti cal lithofacies suc ces sion can be re ferred to three
con sec u tive transgressive-regressive phases of global eustatic 
na ture (Erdtmann, 1988; Barnes et al., 1996). The lith o logic
ex pres sion of these sea level changes var ies from clastic
lithofacies with glauconite and pyroclastic ma te rial (Arenig)
fol lowed by terrigenous-carbonate se quences (Llanvirn-
 Llandeilo) to terrigenous rocks with sub or di nate car bon ates
(Caradoc-Ashgill).

Tremadoc. The lithofacies-palaeothickness map of the
Tremadoc shows three fields: a clayey lithofacies field within
the Łysogóry re gion 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 rep re sent two groups of depositional en vi ron ments, of
open shelf (the clayey lithofacies) and the prox i mal part of
this shelf (clayey sandy and sandy-clayey lithofacies). 

The isopach pat tern shows the max i mum thick ness of
about 200 m in the Łysogóry region. The de pos its thin to the
SW, reach ing 50 m at the south ern mar gins of the Holy Cross
Mts. and Nida re gion. This prob a bly rep re sents a gen eral min -
i mum thick ness typ i cal also of neigh bor ing ar eas such as the
Zawiercie-Lubliniec seg ment of the north east ern mar gin of
the Up per Silesian Coal Ba sin. The gen eral strike of
Tremadoc isopachs is WNW–ESE.

Arenig.  The Arenig lithofacies-palaeothickness map
(Fig. 6) shows sev eral lithofacies fields. These com prise the
con glom er ate-sand stone-siltstone lithofacies in the cen tral part; 
the sand stone-silt stone-claystone and the con glom er ate-sand -
stone -car bon ate lithofacies in the south, and the clay stone -
-siltstone-car bon ate and the claystone lithofacies in the north.

The trends of these fields are in dis tinct, but gen er ally re -
sem ble those of the Tremadoc (Fig. 5).

The Arenig de pos its of this re gion were formed dur ing a
trans gres sion. As in the Tremadoc, they re flect two depositional
en vi ron ments of con trast ing bathymetry and wa ter dy nam ics.
The claystone, claystone-siltstone-car bon ate and claystone-car -
bon ate lithofacies fields prob a bly rep re sent open shelf en vi ron -
ments in the north, whereas the clastics and car bon ates of the
re main ing five fields may have been de pos ited in the rel a tively
shal low en vi ron ments of a prox i mal part of the shelf.

The isopach pat tern shows a nar row zone out lined  by the 0
m con tour that marks an area of ap par ent non-deposition dur ing 
the Arenig. This area cor re sponds more or less to the Main
Range, i.e. to the north ern part of the “Cen tral El e va tion” of  Z.
Kowalczewski (Kowalczewski et al., 1986).

The isopachs in both the north  and south show a con cen tric
pat tern, where the thick ness of Arenig sed i ments steadily in -
creases to 30 m, though in the south ern part of the Holy Cross
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Mts. it de creases to 10 m, and in the south ern mar gin of the
Nida re gion the thick ness varies from 5 to 10 m. The Arenig
isopachs tend to run NNW–SSE.

Llanvirn-Llandeilo. The Llanvin-Llandeilo rocks show a
clayey-car bon ate lithofacies in the north ern part, a sandy-car bon -
ate and a sandy-silty-clayey lithofacies in the cen tral area, and a
sandy-silty-clayey-car bon ate lithofacies in the south (Fig. 7).

The trends of the fields and fa cies bound aries dif fer from
those of the Arenig and show a WNW–ESE di rec tion. All
four fields are di ag o nally elon gated, nar row in the cen tral
(Holy Cross) part (sand stone-carbonate and sand -
stone-siltstone- claystone fields) and the broad in the Nida re -
gion (sand stone-siltstone-claystone-carbonate field).

The Llanvirn-Llandeilo de pos its formed dur ing stag na tion
of the Or do vi cian ba sin, and com prise lithofacies de pos ited on
a shal low prox i mal shelf. The shal low est en vi ron ments in clude 
the sandy-carbonate lithofacies of the cen tral area whose si der -
it ic sand stones and lime stones with fer ric ooids in di cate prox -
im ity to wave base.

The Llanvirn-Llandeilo isopachs show two zones of min i -
mum thick ness in the Holy Cross Mts.: one in the north west ern
part of the Kielce-Łagów seg ment and the other in the south -
east ern part within the Dyminy-Klimontów Anticlinorium. 

Both north ward and south ward of these zones, the thick -
ness steadily in creases reach ing max i mum val ues near Kielce
(Łagów-Kielce seg ment) and near Zbrza and Brzeziny.

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

Caradoc. The Caradoc com prises north ern and south ern
clayey lithofacies fields with car bon ate nod ules and lenses;
clayey-car bon ate and ooid-bear ing car bon ate fields in the cen -
tral part (Holy Cross Mts.); and clayey-car bon ate and car bon -
ate lithofacies fields in the south (Nida re gion) (Fig. 8). 

The trends re main the same. In the east ern and cen tral parts
of the area they are close to NNW–SSE, whereas in the west ern 
part they tend to as sume a WNW–ESE di rec tion.

The Caradoc de pos its com prise rel a tively deep open shelf
and shal lower prox i mal shelf group ings. The for mer in clude the
clayey lithofacies of the Łysogóry re gion and the south ern mar -
gin of the Kielce-Sandomierz zone. The shal lower en vi ron ments 
of a prox i mal shelf may be linked with the car bon ate, car bon -
ate-clayey and fer ric ooid-bear ing car bon ate lithofacies fields.

The isopach pat tern in cludes three iso lated zones out lined
by  the 5 m con tour in di cat ing ar eas of min i mum thick ness.
All three zones are lim ited to the Kielce-Łagów seg ment.

Both north ward and south ward of these min i mum thick -
ness zones, the isopachs show a con cen tric pat tern, the thick -
ness of Caradoc de pos its steadily in creas ing to max i mum
val ues of about 150 m in the north (in the Łysogóry re gion)
and about 100 m in the south (near Zbrza).

The Caradoc isopachs, like those of the Llanvirn and
Llandeilo, broadly show a WNW–ESE di rec tion.

Ashgill. The Ashgill lithofacies in clude clayey-marly,
clayey-marly-lime stone and the silty-sandy fields in the Holy
Cross Mts., and clayey-silty and car bon ate fields in the Nida re -
gion (Fig. 9). 

These in gen eral rep li cate the Caradoc pat tern (Fig. 8). The
north ern bound ary of the south ern most car bon ate field ex cepted, 
the fa cies bound aries trend in a WNW–ESE di rec tion.

The Ashgill isopachs in the Holy Cross Mts. show a zone of 
min i mum thick ness out lined by  the 5 m con tour, ex tend ing
WNW–ESE in the south ern part of the Kielce region. Away
from this isopach val ues steadily in crease north wards reach ing
50–100 m in the Łysogóry region.

CONCLUSIONS 

1. Iden ti fi ca tion of Or do vi cian deposits in in di vid ual re -
gions is par tial. In the Holy Cross Mts. these deposits oc cur
both in the Łysogóry and the Kielce re gions where they were
found in 30 out crops and 50 bore holes. In the Nida re gion they
were iden ti fied only in 3 bore holes. 

2. The Or do vi cian suc ces sion shows var i ous re la tions with
un der ly ing rocks (Figs. 2–4). In the Łysogóry re gion this con -
tact may show con tin u ous sed i men tary pas sage from the Up per 
Cam brian (bore holes Brzezinki 1, Jeleniów) or there may be a
strati graphic hi a tus of vari able ex tent on the Up per Cam brian
(bore holes Wilków 1, Bukowiany 1a) or Mid dle Cam brian
(bore hole Wólka); in the Kielce and the Nida ar eas the Or do vi -
cian suc ces sion over lies dis cor dantly dif fer ent mem bers of the
Lower Cam brian (bore holes Bukówka 1, Mokradle 1,
Brzeziny, Jaronowice IG 1);

3. All the stan dard se ries of the Or do vi cian: Tremadoc,
Arenig, Llanvirn, Llandeilo, Caradoc and Ashgill, have been
iden ti fied in the Holy Cross Mts. Their oc cur rence and sim pli -
fied lith o logic com po si tion in se lected sec tions is given in Fig -
ures 3 and 4. In the Nida area Or do vi cian de pos its are known
from parts of three bore holes; they are of Arenig, Llanvirn,
Llandeilo, Caradoc and Ashgill age (Fig. 2);

4. The Or do vi cian clastic-car bon ate de pos its  are of di verse
lithofacies and vari able thick ness, en abling the rec og ni tion of
ar eal lithofacies zones for in di vid ual se ries; their ex tent and re -
la tion ships are given in Fig ures 5–9.

5. The ver ti cal suc ces sion of par tic u lar Or do vi cian
lithofacies as sem blages can be re lated to three transgressive-
 regressive phases.  Their lith o logic de vel op ment var ies from
clastic lithofacies with glauconite and pyroclastic ma te rial
(Arenig) and terrigenous-carbonate se quences (Llanvirn-
 Llandeilo) to terrigenous lithofacies with sub or di nate car bon ates 
(Caradoc, Ashgill).

6. The max i mum thick ness of the Or do vi cian suc ces sion
seems to have been lo cated in the north ern fore land of the
Łysogóry seg ment of the Holy Cross Mts. This max i mum thick -
ness co in cides with the deeper fa cies of the depositional ba sin.

Ac knowl edge ments.  Ear lier ver sions of this pa per were 
re viewed by R. Dadlez, Z. Kowalczewski and M.
Narkiewicz, whom the pres ent au thors thank for crit i cal re -
marks and dis cus sion.
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