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The Si lu rian de pos its of the area are known from both nat u ral ex po sures and bore holes drilled mainly in the pe riod of 1955–1980. In the
south (Nida area) and north (Radom re gion) they are known from bore holes only. The Si lu rian suc ces sion is mo not o nous. It com prises
shaly deposites in the lower part (Llandovery and Wen lock), and shales, siltstones and sand stones (greywackes) in the up per part (Lud -
low and Pridoli).

Zdzisław Modliński and Bronisław Szymański, Pol ish Geo log i cal In sti tute, Rakowiecka 4, PL-00-975 Warszawa, Po land (re ceived: Au -
gust 26, 1999; ac cepted: Oc to ber 20, 1999).

Key words: Holy Cross Mts., Si lu rian, li thol ogy, bio- and lithostratigraphy, lithofacies.

INTRODUCTION

The aim of this pa per — like that on the Or do vi cian in this
vol ume — is to re view the data con cern ing the Si lu rian in the
Holy Cross Mts. area. These data are con tained in nu mer ous
pa pers pub lished mainly dur ing the last forty years and mainly
in Pol ish. We hope that such a com pi la tion may be use ful for
geo log i cal work which will fol low the geo phys i cal ex per i ment
CELEBRATION 2000.

The biozonal stan dard for Pol ish se quences of the Si lu rian 
de pos its is the graptolite scheme es tab lished around the be -
gin ning of the twen ti eth cen tury for the clas sic Brit ish ex po -
sures (Elles, 1900; Wood, 1900; Elles and Wood, 1900,
1901–1918).

Later, the scheme be came in ter na tion ally ac cepted, and
cur rently — with mod i fi ca tions pro posed by, among oth ers,
Hol land et al. (1963); Cocks et al. (1971) and Bassett et al.
(1975) — is com monly used as a stan dard biostratigraphic
frame work.

Sub di vi sion of the Si lu rian se quence in Po land are based
on graptolites. The graptolite biostratigraphy mostly cor re -
sponds to the in ter na tional stan dard scheme, though dif fer -
ences oc cur. These are largely in schemes cre ated be fore
1990, mainly in those es tab lished by Tomczykowa and
Tomczyk (1962–1990). Those au thors used their own, es sen -
tially in for mal biostratigraphy, which dif fer ent from the in ter -
na tional stan dard as re gards:

— the lower and up per bound aries of the sys tem; 
— the ex tent and po si tion of bound aries of stan dard se ries

and stages;
— the un der stand ing of chrono-, litho- and biostratigraphic

units sensu Hedberg (1976), and their mu tual time-spatial re la -
tion ships;

— the cri te ria by which strati graphic units were clas si fied
and named;

— the ranges of many graptolite zones;
— the global cor re la tion of marker ho ri zons.
Ac cord ing to ac cepted in ter na tional cri te ria the bound aries

of the Si lu rian de pos its in Pol ish sec tions are placed as fol lows:
lower bound ary (Or do vi cian/Si lu rian) — at the base of the
Akidograptus acuminatus Zone (or the Akidograptus ascensus
Zone of Teller which is al most ex actly at the same level), and
the up per bound ary (Si lu rian/De vo nian) — at the top of the
Monograptus transgrediens Zone (Ta ble 1).

NIDA REGION

In the Nida re gion Si lu rian de pos its have been pen e trated
by four bore holes: Jaronowice IG 1, Książ Wielki IG 1,
Włoszczowa IG 1 and Strożyska 5 (Fig. 1).

Palaeontologically dated Si lu rian de pos its have been re -
ported from the Jaronowice IG 1, Książ Wielki IG 1
(Jaworowski et al., 1967; Jurkiewicz, 1975) and Strożyska 5
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bore holes (Bednarczyk et al., 1968). The Włoszczowa IG 1
sec tion is as signed to the Si lu rian on the ba sis of in di rect ev i -
dence (Jurkiewicz, 1975).

Si lu rian de pos its un con form ably over lie Or do vi cian
rocks, and at the top they are erosionally trun cated and over -
lain by Lower De vo nian (Emsian) or Lower Tri as sic de pos its
(Fig. 2). Dips of Si lu rian strata vary from 10–20° (Strożyska 5 
and Książ Wielki IG 1 bore holes) up to 70–80° (Włoszczowa
IG 1 bore hole).

LITHOLOGY

No lithostratigraphy has yet been es tab lished for the frag -
men tary Si lu rian suc ces sion in the Nida area. The lithological
suc ces sion com prises:

Llandovery. Llandovery de pos its are known from the
Jaronowice IG 1 bore hole and prob a bly from the Włoszczowa
IG 1 bore hole (Jurkiewicz, 1975, 1976). They are rep re sented
by dark grey and black, lo cally more or less si lici fied, lam i -
nated grap to lit ic clayey shales with sub or di nate interbeds of
grey organodetrital lime stones, marly and dolomitic lime stones 
and dark grey lydites (cherts) as well as thinly bed ded
fine-grained sand stones. Their pre served ap par ent thick ness
ranges from 77.6 m in the Włoszczowa IG 1 bore hole to ap -
prox i mately 108.5 m in the Jaronowice IG 1 bore hole (Fig. 2).

Wen lock. Wen lock de pos its were dis tin guished in the
Jaronowice IG 1 bore hole (depth 2068–2180? m) in a con tin u -
ous Llandovery-Wenlock se quence. They are over lain by a
clastic se ries con sid ered to rep re sent ei ther the Up per Si lu rian
(Lud low) or Lower De vo nian (Bednarczyk et al., 1968). These
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Fig. 2. Cor re la tion chart of Si lu rian sec tions in the Nida area

1 — con glom er ates; 2 — sand stones; 3 — greywacke sand stones; 4 — siltstones; 5 — claystones; 6 — si li ceous shales and lydite interbeds; 7 — lime -
stones; 8 — marly lime stones; 9 — de tri tal lime stones; 10 — dolomites; 11 — weath er ing man tle, till and sand; 12 — diabases; 13 — lime stone lenses; 14
— ero sional un con formi ties; 15 — faults; 16 — in ter vals non-represented



de pos its are com posed mainly of dark grey and grey clayey
shales with ep i sodic thin in ter ca la tions of dolomitic lime stones, 
fine-grained sand stones and lydites.

Lud low. The Lud low se ries was pen e trated by the Książ
Wielki IG 1 (depth 1187.0–1260.5 m) and prob a bly the
Jaronowice IG 1 (depth 2037.5–2068.0 m) bore holes. The for -
mer sec tion (Jaworowski et al., 1967; Jurkiewicz, 1975, 1976)
com prises, up to a depth of 1240.1 m, black clayey shales show -
ing thick platy part ings, and con tain ing mus co vite and abun dant
graptolites. Above, up to a depth of 1209 m, there are dark grey
and black clayey shales with rare frag ments of graptolites. At the
top the sec tion is rep re sented by a se ries of dark grey and green -
ish clayey shales con tain ing no graptolites (depth
1187.0–1202.6 m) (Fig. 2).

Pre sumed Lud low de pos its in Jaronowice IG 1 bore hole
(Fig. 2) are mostly grey and grey-green unfossiliferous siltstones
in ter ca lated with con glom er ates and thinly bed ded fine-grained
sand stones. Their Late Si lu rian age (Jurkiewicz, 1975) is in -
ferred from their po si tion in the pro file and from lithological
com par i sons with pre sumed co eval equiv a lents in a greywacke
fa cies in the Holy Cross Mts. area (Tomczyk, 1962a).

BIOSTRATIGRAPHY

Llandovery. The only Llandovery sec tion that yields abun -
dant graptolite frag ments co mes from the Jaronowice IG 1
bore hole. The graptolites prove the early Llandovery age of de -
pos its in the lower part of the sec tion (depth 2270.0–2274.9 m). 
Jaworowski iden ti fied the fol low ing graptolites: Climaco -
graptus scalaris normalis Lapworth, Climacograptus ex gr.
scalaris (Hisinger), Pristiograptus sp. indet. and Neodiverso -
graptus sp. indet. No guide graptolites have been found in the
up per part of the se ries. 

Wen lock. Wen lock de pos its are known only from the
Jaronowice IG 1 bore hole (depth 2068–2180 m). The mid dle
and up per part of the se quence is well doc u mented
palaeontologically (ap prox i mate depths 2080.0–2169.0 m).
The graptolite as sem blage iden ti fied by Jaworowski in cludes,
among oth ers, Cyrtograptus lundgreni Tullberg, Cyrtograptus
hamatus (Baily), Cyrtograptus cf. perneri (Boucek),
Cyrtograptus ex gr. rigidus Tullberg, Cyrtograptus ellesae
Gortani, Monograptus tes tis tes tis (Barrande), Monograptus
flexilis  Elles, Monograptus flemingi (Salter), Monograptus
flumendosae (Gortani), Monoclimacis hemipristis (Mene -
gheni) (Jaworowski et al., 1967). These forms univocally in di -
cate a Wen lock (Homerian) age for this sec tion rep re sented by
three graptolite zones of Monograptus flexilis, Monograptus
perneri and Cyrtograptus lundgreni-Monograptus (Testo -
graptus) tes tis (Jaworowski et al., 1967; Jurkiewicz, 1975,
1976). The lower parts of the pre sumed Wen lock sec tion have
yielded no graptolites (Jurkiewicz, 1975, 1976).

Lud low. Palaeontologically dated Lud low de pos its are
known from the Książ Wielki IG 1 (depth 1185.0–1260.5 m)
and Strożyska 5 (depth 2824.5–3007.2 m) bore holes. A suc -
ces sion from the Jaronowice IG 1 bore hole (depth
2037.5–2068.0 m), in cluded within the Up per Si lu rian se -
quence, is also prob a bly of Lud low age.

The Książ Wielki IG 1 bore hole has yielded graptolite frag -
ments within the in ter val of 1202.6–1245.0 m. The graptolite
as sem blage is rep re sented here by Lobograptus scanicus Tul -
lberg, Neodiversograptus nilssoni  (Lapworth), Neodiverso -
graptus cf. nilssoni (Lapworth), Neodiversograptus sp. and
Pristiograptus sp. indet., in di cat ing the pres ence of the Lower
Lud low Neodiversograptus nilssoni-Lobograptus scanicus
Zone (Jaworowski et al., 1967).

Palaeontologically dated de pos its are also rep re sented in the
Strożyska 5 bore hole at depths of 2824.7–3007.8 m. They are
very well dated within the in ter val of 2824.5–2981.9 m by abun -
dant graptolite taxa and rep re sent the Lower Lud low
Neodiversograptus nilssoni Zone. Graptolites are rep re sented
here by, among oth ers, Neodiversograptus nilssoni  (Lapworth),
Saetograptus chi mera (Barrande), Pristiograptus bohemicus
(Barrande), Pristiograptus dubius (Suess), Lobograptus sp.,
Plectograptus macilentus  (Tornquist), Spinograptus spinosus
(Wood), Monograptus uncinatus (Tullberg) and Colonograptus
colonus (Barrande).

No fau nal re mains have been found in Si lu rian de pos its
from depths of 3001.0–3007.2 m. How ever, ac cord ing to
Teller (In: Bednarczyk et al., 1968), this in ter val is rep re sented
by Lower Lud low (Gorstian) de pos its.

Unfossiliferous clastics from the up per most part of the Si -
lu rian sec tion in the Jaranowice IG 1 bore hole (depth
2037.0–2068.0 m), (Jurkiewicz, 1975) may also rep re sent the
Up per Si lu rian (?Lud low), though Teller, thought them to be
Lower De vo nian (Bednarczyk et al., 1968). The lithological
and grap to lit ic suc ces sion in the Si lu rian sec tions of the Nida
area — par tic u larly in the Jaronowice IG 1 bore hole — are
most sim i lar to Si lu rian se quences from the Zbrza Anticline
(the “South ern Re gion”) in the south of the Kielce re gion.
Lower Lud low de pos its from the Strożyska 5 bore hole cor re -
late with Lower Lud low rocks ex posed in the south ern Holy
Cross Mts., rep re sent ing the same fa cies with an iden ti cal
graptolite suc ces sion (Bednarczyk et al., 1968).

HOLY CROSS MTS. — ŁYSOGÓRY REGION

In the Palaeozoic rocks of the Holy Cross Mts., Si lu rian de -
pos its have been re cog nised since the mid-nineteenth cen tury
(Zejszner, 1868, 1869; Gürich, 1896; Siemiradzki, 1922).
How ever, their stra tig ra phy was es tab lished much later by
Samsonowicz (1916, 1928, 1934) and Czarnocki (1919, 1936,
1950, 1957). Fur ther con tri bu tions were made by Tomczyk
(1954, 1956, 1968, 1974), Tomczykowa (1959, 1988, 1990),
Pawłowska (1961), Tomczykowa and Tomczyk (1962, 1981),
Deczkowski (1963), Filonowicz (1971, 1973) and Kowalcze -
wski (1971) and, more re cently, by Malec (1988, 1989, 1991,
1993), Przybyłowicz and Stupnicka, (1989), Romanek and
Rup (1989), Woźniak (1989), Stupnicka et al. (1991). 

The up lifted Palaeozoic core of the Holy Cross Mts. is di -
vided into two struc tur ally dif fer ent geo log i cal re gions — the
Kielce re gion in the south, and Łysogóry re gion in the north.
Si lu rian se quences of these ar eas dif fer in their strati graphic
sed i men tary and tec tonic de vel op ment. These two re gions are
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sep a rated by the Main Fault, also known as the Holy Cross
Fault (Czarnocki, 1919, 1957).

The Si lu rian de pos its of the Łysogóry re gion are known
from the fol low ing nat u ral ex po sures and bore holes (Fig. 1):
Kajetanów 1 (depth 19.0–255.2 m), Brzezinki 1a, Ciekoty,
Wilków, Wilków 1 (depth 6.0–601.0 m), Dąbrowa near
Bodzentyn, Wola Szczygiełkowa, Bronkowice, Rzepin,
Wydryszów, Bostów, Bostów 61892 bore hole, Rudki,
Wólka, Dębniak, Jeleniów 1 (depth 15.5–61.0 m),
Bukowiany 1a (depth 22.6–106.0 m), Czerwona Góra,
Niemienice, Łężyce- Bełcz, Bełcz 61895 bore hole,
Pobroszyn, Pobroszyn 1 (depth 10.0–125.3 m), Kichary
(depth ?–127.5 m), Daromin (depth ?– 39.1 m), Wrzawy
(depth 200.5–360.9 m), Bożydar.

They are char ac ter ised by a con tin u ous ma rine fa cies with  
no sig nif i cant gaps and a con tin u ous tran si tion into the Lower
De vo nian. The fa cies, north ward dip ping pat tern of the de -
pos its and con tin u ous tran si tion into De vo nian rocks in di cate
a di rect palaeo geo graphi cal con nec tion with the fore land of
the East Eu ro pean Plat form (Stupnicka et al., 1991).

LITHOSTRATIGRAPHY

The thick Si lu rian de pos its show lit tle lithological vari a tion
ver ti cally or lat er ally. Two main lithological units can be dis tin -
guished (Czarnocki, 1950, 1957). These are dark col oured shales
with graptolites in the Llandovery to Lower Lud low, and a
greywacke-shale fa cies in the Up per Lud low to Pridoli (Ta ble 1).

A com pos ite lithological pro file of the Łysogóry re gion has
been com piled from in di vid ual ex po sures and bore hole sec -
tions, which, though, may not rep re sent the whole se quence
(Fig. 3). Usu ally, it is im pos si ble to de ter mine pre cisely thick -
nesses of par tic u lar units or de fine their bound aries. Tomczyk
(1962a, b, 1968) pro posed a lithostratigraphic sub di vi sion of
this sec tion, though his scheme (Ta ble 1) needs re vis ing in the
light of the for mal cri te ria rec om mended in the Pol ish Code of
Strati graphic Clas si fi ca tion, No men cla ture and Ter mi nol ogy
(1975).

Teller’s stra tig ra phy be gins with the Lower Ciekoty Shales
pen e trated by the Wilków 1 and Jeleniów 1 bore holes. These
are black si li ceous shales, ap prox i mately 15–20 m thick, in -
cluded within the Lower Llandovery.

Above, the Dębniak Beds sep a rate the Lower and Up per
Ciekoty Shales. They are com posed of green ish dolomitic-
 calcareous siltstones and claystones with thin in ter ca la tions of
black bi tu mi nous shales (Tomczyk, 1968) as signed to the up -
per Llandovery. Their thick ness ranges from 30 to 40 m.

Next unit, the Up per Ciekoty Shales, is rep re sented by dark
grey clayey and si li ceous shales. These are con sid ered to be
Wen lock in age, and their thick ness var ies from 60 to 80 m. 

The Up per Ciekoty Shales are over lain by the Wilków Beds 
known from the Wilków 1 and Bukowiany 1a bore holes, as
well as from the Ciekoty, Jeleniów and Pobroszyn ex po sures.
This unit is com posed of grey and grey-greenish clayey and si -
li ceous shales with marly and cal car e ous interbeds and lenses
in the lower part, and lam i nated siltstones and lo cal greywackes 
higher in the suc ces sion. The Wilków Beds are as signed to the
lower Lud low and their es ti mated thick ness ranges from ap -
prox i mately 200 to 250 m (Tomczykowa and Tomczyk, 1981).

Czarnocki (1950, 1957) dis tin guished two re gional stages
within the Si lu rian greywacke-shale se quence of the Łysogóry
area: the Wydryszów and Rzepin stages. Their rank was later
changed by Tomczyk (1962a, b), who in tro duced the terms
Wydryszów and Rzepin Beds.

The Wydryszów Beds are rep re sented by grey-greenish
and ol ive clayey and sandy shales and greywackes. These beds
are ex posed in a se ries of ex po sures stretch ing along a nar row
belt from Kajetanów through Nowa Słupia to Pobroszyn, and
north wards in the Wydryszów and Bronkowice ex po sures.
Their up per bound ary with the over ly ing Rzepin Beds is not
well de fined. The thick ness of the Wydryszów Beds is es ti -
mated to range ap prox i mately from 1500 to 2000 m (Tomczyk,
1962a; Tomczykowa and Tomczyk, 1981).

The Rzepin Beds are di vided into the lower and up per parts
(Tomczykowa and Tomczyk, 1981). The Lower Rzepin Beds
are rep re sented largely by claystones and siltstones with sand -
stone and greywacke interbeds. The Up per Rzepin Beds are
com posed mostly of claystones. These rocks are usu ally ol -
ive-green in col our, but there are also var ie gated and red parts.
They are known from ex po sures sit u ated at Łeżyce-Bełcz,
Niemienice, Czerwona Góra, Rudki and near Rzepin and
Bronkowice. The Rzepin Beds are con sid ered to be Pridoli in
age (Ta ble 1). Their thick ness is un de ter mined and, lo cally,
may prob a bly ex ceed 500 m (Tomczyk, 1962a).

BIOSTRATIGRAPHY

The ba sis of the biostratigraphic scheme was cre ated be fore 
and just af ter the Sec ond World War by Czarnocki and
Samsonowicz. Later, the Si lu rian biostratigraphy was stud ied
by Pawłowska (1961), Deczkowski and Tomczyk (1969),
Kowalczewski (1971a), Tomczyk (1957–1990) and
Tomczykowa (1959–1991).

Llandovery. This se ries was pen e trated by the bore holes
Kajetanów 1, Brzezinki, Wilków 1, Dębniak and Jeleniów 1.
The biostratigraphic zonation of the Llandovery sec tion (Ta -
ble 1) based on graptolites (Tomczykowa and Tomczyk, 1981), 
com prised 11 zones and 4 subzones. 

A com par i son with the stra tig ra phy in Harland et al. (1989)
shows that the zonation cre ated by Tomczyk and Tomczykowa
in cludes most of the zones re cog nised glob ally. The only zone
lack ing is that of Monograptus convolutus. Two subzones lack -
ing are also: acinaces within the Coronograptus cyphus Zone,
and magnus within the Coronograptus gregarius Zone. Anal y -
ses of ar chi val ma te ri als (Tomczyk, 1957, 1968, 1990,
Deczkowski and Tomczyk, 1969) show that some of the zones
seem not to have been re li ably doc u mented. For in stance, the
pub lished ev i dence of the Coronograptus cyphus and
Coronograptus gregarius Zones is slight. Of in dex taxa for
Llandovery zones, only the spe cies Monograptus crispus
Lapworth has been de scribed and il lus trated (Tomczyk, 1990). 

Wen lock. This se ries has been stud ied be tween Kajetanów
and Jeleniów. The most com plete and best palaeontologically
doc u mented sec tions are from the Wilków 1, Kajetanów 1 and
Jeleniów 1 bore holes as well as in ex po sures at Ciekoty,
Kajetanów and Wólka  (Fig. 1). 

In the lower Wen lock Tomczykowa and Tomczyk (1981)
dis tin guished 10 graptolite zones be gin ning with the
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Fig. 3. Cor re la tion chart of Si lu rian sec tions in the Łysogóry re gion 

For ex pla na tions see Fig ure 2



Cyrtograptus insectus Zone up to the Cyrtograptus multiramis
Zone. The fol low ing global zones are in cluded within this suc -
ces sion: Cyrtograptus murchisoni, Monograptus
riccartonensis, Cyrtograptus rigidus, Monograptus flexilis and 
Cyrtograptus ellesae. Thus, the low er most Cyrtograptus
centrifugus Zone is the only one lack ing, be ing re placed by the
Cyrtograptus insectus Zone.

How ever, the palaentological ba sis for these zones, other
than those of Cyrtograptus murchisoni and Cyrtograptus
rigidus,  has not been pub lished (Tomczyk, 1957, 1962a, b,
1968, 1990; Deczkowski and Tomczyk, 1969; Tomczykowa
and Tomczyk, 1981). 

Globally, the up per Wen lock typ i cally in cludes three
biostratigraphic zones (e.g. Harland et al., 1989), those of
Cyrtograptus lundgreni, Gothograptus nassa and Monograptus
ludensis. Tomczykowa and Tomczyk (1981) pro posed, for the
Holy Cross Mts., an ad di tional Testograptus tes tis Zone be tween 
the Cyrtograptus lundgreni and Gothograptus nassa Zones
(they in cluded, though, the Gothograptus nassa and
Monograptus ludensis Zones within the lower Lud low).

The Cyrtograptus lundgreni and Gothograptus nassa
Zones are well doc u mented by the pres ence of in dex taxa
(Tomczyk, 1957, 1962a, b, 1990; Dulski and Zagórski, 1962;
Deczkowski and Tomczyk, 1969). The Monograptus ludensis
Zone, termed the Pristiograptus vulgaris Zone in older pa pers
(e.g. Tomczykowa and Tomczyk, 1962; Deczkowski and
Tomczyk, 1969), pos sesses no such doc u men ta tion.

Lud low. The com pos ite sec tion of the lower Lud low con -
sists of five graptolite zones and two subzones (Tomczykowa
and Tomczyk, 1981), of which those of Neodiversograptus
nilssoni and Lobograptus scanicus Zones are of global rank.
They are rel a tively well doc u mented by both spec i mens of in -
dex taxa and other guide graptolites, and have been iden ti fied at 
the Ciekoty ex po sures (Tomczyk, 1968) as well as in the
Wilków 1 bore hole (Deczkowski and Tomczyk, 1969) and
oth ers (e.g. Dulski and Zagórski, 1962; Tomczyk, 1968).

In the up per most lower Lud low (Gorstian), the
Saetograptus incipiens and Pristiograptus tumescens Zones of
global rank are re placed in this area by the ap prox i mately co -
eval Cucullograptus pazdroi and Cucullograptus hemiaversus
Zones (Tomczykowa and Tomczyk, 1981). The Cucul -
lograptus hemiaversus Zone has been re cog nised be yond the
Holy Cross Mts., as far as the Pol ish Low lands (Urbanek and
Teller, 1977), while the Cucullograptus pazdroi Zone is of only 
lo cal sig nif i cance. Both the lower (Saetograptus
leintwardinensis Zone) and the up per part (the broadly de fined
Bohemograptus Zone — Harland et al., 1989) of the up per
Lud low (Ludfordian) were doc u mented in this area by an as -
sem blage of guide graptolites (Tomczyk, 1968; Deczkowski
and Tomczyk, 1969; Tomczykowa and Tomczyk, 1981). How -
ever, ac cord ing to Tomczyk and Tomczykowa (1981), only the 
Saetograptus leintwardinensis Zone rep re sents the up per Lud -
low, over ly ing de pos its be long ing to the Siedlce se ries. Within
the time span cor re spond ing to the up per Ludfordian
Bohemograptus Biozone (Harland et al., 1989), Tomczyk
(1990) dis tin guished 6 graptolite zones, and yet higher in the
suc ces sion fur ther three zones of Monoclimacis haupti,
Monoclimacis tomczyki and Pristiograptus dubius frequens
(Tomczykowa and Tomczyk, 1981). Ac cord ing to

Tomczykowa and Tomczyk this part of the sec tion cor re sponds 
to the lower and mid dle Siedlce1.

Pridoli. The Pridoli of the Łysogóry re gion is rep re sented
by the Rzepin Beds which were stud ied e.g. in the vi cin ity of
Rzepin, Łeżyce-Bełcz and Czerwona Góra (Tomczykowa and
Tomczyk, 1981). These de pos its have yielded trilobites
(Tomczykowa, 1962), cor als (Różkowska, 1962), rare brachi o -
pods and bi valves and very scarce graptolites.

The most im por tant trilobites in the Rzepin Lower Beds are
Acastella spinosa (Salter), Proetus signatus Lindstrom and
Homalonotus knighti Konig re cog nised also from Pridoli de -
pos its of NE Po land, Podolia, Great Brit ain and other ar eas.

The Up per Rzepin Beds con tain, ac cord ing to
Tomczykowa and Tomczyk (1981), rare graptolites:
Pristiograptus samsonowiczi Teller, Monoclimacis ultimus
(Perner) and Monograptus angustidens Pribyl. Monoclimacis
ultimus (Perner) is an in dex taxon of global sig nif i cance within
the lower Pridoli (Teller, 1990). Pristiograptus samsonowiczi
Teller de fines a zone within the lower Pridoli of east ern Po land
and Volhynia. Monograptus angustidens Pribyl is a guide spe -
cies — ac cord ing to the in ter na tional stan dard scheme — in the 
Lower De vo nian. Cor re spond ingly, the up per part of the Up per 
Rzepin Beds should be cor re lated with the Lower De vo nian
(Gedinnian).

The Up per Rzepin Beds also con tain the tri lo bite Acaste
dayiana Rich ter et Rich ter (Tomczykowa, 1990) char ac ter is tic
of the lower Pridoli. It oc curs in de pos its of the Monograptus
ultimus-Pristiograptus samsonowiczi Zones of Po land and
other Eu ro pean ar eas.

HOLY CROSS MTS. — KIELCE REGION

Si lu rian de pos its are known from the fol low ing nat u ral ex -
po sures and bore holes of the Kielce re gion (Figs. 1 and 4):
Zbrza, Zbrza 1 (depth 0.0–9.5 m), Niewachlów, Gruchawka,
Kielce-Skrzetle, Szydłówek, Pasmo Posłowickie, Telegraf
(north ern slope), Bukówka, Bukówka 1 (depth 3.0–26.6 m),
Mójcza-Góra Skała, Mójcza-Góra Zalasna, Mójcza 1 (depth
16.5–63.8 m), Niestachów, Niestachów 1 (depth 46.2–5.5 m),
Niestachów 1a (depth 2.0–36.2 m), Zarobiny 1 (depth
15.1–132.0 m), Widełki, Maliniak, Mokradle 1 (depth
5.0–179.4 m), Ociesęki 1 (depth 4.0–25.1 m), Ociesęki 3
(depth 4.0–13.0 m), Prągowiec, Prągowiec 1 and 1a,
Bardo-Stawy, Zalesie near Łagów, Kędziorka 1 (depth
11.6–274.3 m), Kędziorka-Zbilutka, Jurkowice, Ublinek I/X
(depth 34.4–100.0 m and 10.0–26.2 m), Lipniczek, Łączki,
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1The Si lu rian se quence of the Pre cam brian Craton was di vided by 
Tomczyk (1990) into the fol low ing five in for mal re gional se ries: Pasłęk,
Bielsk, Mielnik, Siedlce and Podlasie. Four of them are sub di vided into lower
and up per parts (Pasłęk, Bielsk, Mielnik and Podlasie). The Siedlce se ries is
sub di vided into lower, mid dle and up per parts. These re gional units sensu
Tomczyk cor re spond to the fol low ing se ries of the stan dard scheme: Pasłęk =
Llandovery, Bielskian = Wen lock, Mielnik + lower and mid dle Siedlce =
Lud low,  up per Siedlce + Podlasie = Pridoli.



Międzygórz, Kleczanów 1 (depth 12.0–269.0 m), Święcica,
Lenarczyce (depth 19.0–44.9 m).

The suc ces sions of this area show nu mer ous sed i men tary
gaps span ning long time in ter vals, in ter preted as ev i dence of
the synorogenic Taconian tec tonic ep i sode in the lower part of 
the suc ces sion, and of the Ardenian ep i sode in the up per part.
The lat est stud ies of Malec (1988, 1993) and Przybyłowicz
and Stupnicka (1989) show that Si lu rian de pos its of the
Kielce re gion were most likely sub jected to ero sion af ter the

Erian move ments and are un con form ably over lain by
Siegenian or Emsian de pos its.

LITHOSTRATIGRAPHY

Two ar eas can be dis tin guished within the Kielce re gion dur -
ing the Si lu rian: the cen tral and south west ern (Zbrza) area. Dif -
fer ent lithostratigraphic schemes were sug gested for them
(Tomczyk, 1962a, b), though, these re quire for mal amend ment.
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Fig. 4. Cor re la tion chart of the Si lu rian sec tions in the Kielce re gion

For ex pla na tions see Fig ure 2



Only the lower part of the Si lu rian sec tion, span ning the
Llandovery and Wen lock, is known from the Zbrza area. This
is rep re sented by the Lower and Up per Zbrza Shales
(Tomczyk, 1962 a, b; Deczkowski and Tomczyk, 1969).

The Lower Zbrza Shales com prise black bi tu mi nous clayey 
shales with thin in ter ca la tions of si li ceous shales. These de pos -
its oc cur in the Zbrza ex po sures and in the Zbrza 1 bore hole.
They are as signed to the lower Llandovery. Their in com plete
thick ness ranges from ap prox i mately 15 to 25 m (Deczkowski
and Tomczyk, 1969).

The Lower Zbrza Shales are over lain with a strati graphic
gap by the Up per Zbrza Shales rep re sented by grey-yellow,
slightly cal car e ous claystones con tain ing rare lime stone con -
cre tions. Their thick ness is es ti mated at 60–75 m.

In the cen tral part of the Kielce re gion, the Si lu rian sec tion
be gins with the Bardo Beds sub di vided into lower, mid dle and
up per parts (Tomczyk, 1962a; Tomczykowa and Tomczyk,
1981). This se quence is known from a se ries of ex po sures and a 
few bore holes, of which the most im por tant are the
Bardo-Stawy, Zalesie and Międzygórz bore holes.

The Lower Bardo Beds are com posed of black si li ceous
shales with lydite interbeds. The graptolite fauna (Tomczyk,
1962a) in di cates a lower Llandovery age. Their equiv a lents in
the Zbrza area are the Lower Zbrza Shales, and, in the
Łysogóry re gion, the Lower Ciekoty Shales.

The Mid dle Bardo Beds are rep re sented mostly by
claystones and siltstones, sandy in their low er most part, pass -
ing up wards into green ish dolomitic-calcareous claystones
with thin in ter ca la tions of black shales con tain ing graptolites
prov ing the pres ence of the up per Llandovery. This unit has no
equiv a lent in the south of the Kielce re gion (Zbrza area), but in
the Łysogóry re gion it cor re sponds to the Dębniak Beds.

The Up per Bardo Beds are com posed of clay shales with
graptolites. They pass up wards into cal car e ous claystones, of -
ten with lenses and con cre tions of lime stones. This unit is as -
signed to the Wen lock, and its equiv a lent in the south ern part of 
the Kielce re gion is the Up per Zbrza Shales, whereas in the
Łysogóry re gion, it is the Up per Ciekoty Shales.

The to tal thick ness of the Bardo Beds in this area var ies
from 80 to ap prox i mately 150 m (Tomczyk, 1962a). 

Higher in the sec tion are the Prągowiec Beds (Tomczyk,
1962a, 1968), most com pletely ex posed in the clas sic sec tion
of the Prągowiec Gorge. The rocks are rep re sented by cal car e -
ous clay shales and siltstones pass ing into dark grey clay shales
with cal car e ous con cre tions (Kowalczewski and Migaszewski,
1994). Tomczyk (1962a) and Tomczykowa and Tomczyk
(1981) in cluded these beds into the lower Lud low (Gorstian),
though us ing cur rent clas si fi ca tion (Urbanek and Teller, 1997), 
they should be placed within the up per Wen lock-lower Lud -
low. The Prągowiec Beds are usu ally 100–150 m thick, with
max i mum thick nesses up to 200 m (Tomczykowa and
Tomczyk, 1981).

A change in sed i men ta tion type is ob served above the
Prągowiec Beds, and clayey de pos its with graptolites are re -
placed by a mo not o nous claystone-greywacke suc ces sion
called the Niewachlów Greywackes (Czarnocki, 1936, 1957;
Tomczyk, 1962a; Tomczykowa and Tomczyk, 1981;
Kowalczewski, 1971a). A more de tailed sub di vi sion of this se -
ries is given by Malec (1993) who in tro duced the terms

Niewachlów Beds for the lower and the Kielce Beds for the up -
per part of the sec tion. In re cent lit er a ture (Kowalczewski and
Migaszewski, 1994) the Niewachlów Beds have been re placed
by the term Niewachlów For ma tion.

The stratotype sec tion of the Niewachlów For ma tion is rep -
re sented by greywacke-claystone de pos its (Malec, 1990,
1993). Most re search work ers as sign them to the up per Lud low 
(e.g. Tomczyk, 1962a, 1968; Malec, 1993; Kowalczewski and
Migaszewski, 1994) con sid er ing them to be an equiv a lent to
the Wydryszów Beds of the Łysogóry re gion. A dif fer ent opin -
ion was ex pressed by Stupnicka et al. (1991) who, af ter a strati -
graphic anal y sis of the Widełki sec tion, con sid ered that this
se ries had been de pos ited over a short time in ter val at the
lower/up per Lud low bound ary. Dif fer ent au thors have es ti -
mated dif fer ent thick nesses of this for ma tion. Tomczyk
(1962a), Romanek and Rup (1989) and Malec (1993) worked
out con sid er able thick nesses of about 700–800 m, whereas ac -
cord ing to Stupnicka, et al. (1991) the suc ces sion in the
Widełki sec tion is ap prox i mately 50 m thick.

The Kielce Beds are com posed of dark grey claystones with 
rare interbeds of fine-grained greywacke sand stones. Sed i men -
tary struc tures in di cate that these are typ i cal deep-marine
turbidites (Malec, 1993, 1994). This se quence was stud ied in
de tail in stratotype sec tions sit u ated in the NW sec tor of the city 
of Kielce. Some au thors as sign the se quence to the Pridoli as an 
equiv a lent of the Rzepin Beds of the Łysogóry re gion
(Kowalczewski et al., 1998). Oth ers in clude it within the up per
Lud low (Tomczykowa, 1993). The thick ness of these de pos its
are es ti mated at ap prox i mately 500 m. They grade up wards
with sed i men tary con ti nu ity into the over ly ing Klonów Beds
(Pridoli/lower Gedinnian tran si tion).

A slightly dif fer ent de vel op ment of the up per most Si lu rian
se quence of the cen tral part of the Kielce re gion is pres ent at
Bardo (Stupnicka et al., 1991) and in the east ern area near
Międzygórz (Tomczyk, 1962a).

At Bardo (Widełki sec tion) the Niewachlów Greywackes
are over lain in sed i men tary con ti nu ity by the Widełki Shales
(Przybyłowicz and Stupnicka, 1989; Stupnicka et al., 1991)
rep re sented by light grey clayey shales interbedded with sand -
stones and siltstones com posed largely of pyroclastic ma te rial.
A graptolite as sem blage iden ti fied by Porębska shows that
these de pos its be long to the lower Lud low and nearly all the
up per Lud low. In the stratotype sec tion they are 8–10 m thick.

In the east ern part of the re gion, the Niewachlów
Greywackes are over lain by the so-called Lipniczek Siltstones
(Tomczyk, 1962a, b, 1968). The fos sils show af fin i ties to the
fauna from the lower part of the Rzepin Beds, and there fore
these siltstones may be of Pridoli age.

BIOSTRATIGRAPHY

Biostratigraphic stud ies have been con ducted in this area
since the mid-nineteenth cen tury (Zejszner, 1868, 1869). Sig -
nif i cant prog ress in geo log i cal ex plo ra tion was ob served af ter
the First World War due to work by Czarnocki (1919–1939)
and Samsonowicz (1916–1934). Af ter the Sec ond World War
in ves ti ga tions were in ten si fied and their re sults pub lished, most 
fully by Tomczyk (1954–1990).
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Llandovery. The most com plete and best doc u mented (by
graptolites) lower Llandovery sec tion is known from the vi cin -
ity of Zbrza (Tomczyk, 1962a, b, 1968; Deczkowski and
Tomczyk, 1969). Graptolite zones of a global rank (Harland et
al., 1989) were iden ti fied there start ing from the Akidograptus
acuminatus Zone, through the Coronograptus cyphus Zone to
the Coronograptus gregarius Zone. Above, the lower
Llandovery de pos its are di rectly over lain by lower Wen lock
rocks (Tomczyk, 1962b) and a con sid er able strati graphic gap,
prob a bly re sult ing from a tec tonic con tact be tween de pos its of
dif fer ent ages, is pres ent. 

In the cen tral area, Llandovery de pos its have been
palaentologally dated e.g. in the type sec tion of Bardo-Stawy as 
well as in nearby lo cated Zalesie and Mokradle 1 sec tions
(Tomczyk, 1962a, 1968). The three low er most Llandovery
zones of Akidograptus acuminatus, Cystograptus vesiculosus
and Coronograptus cyphus were dis tin guished there within
grap to lit ic shales. Above in the sec tion, a shallowing of the

basin and lo cal sed i men tary breaks are ob served, man i fested
by sandy and con glom er atic interbeds. Ac cord ing to
Tomczykowa and Tomczyk (1981) a strati graphic gap spans
the stan dard Coronograptus gregarius through Monograptus
crispus Zones. The over ly ing de pos its are again rep re sented
by shales con tain ing an abun dant fauna that doc u ments the
pres ence of the up per Llandovery Monoclimacis
griestoniensis and Monoclimacis crenulata Zones of the stan -
dard scheme. Above them Tomczyk (1968) dis tin guished the
youn ger zones of Spirograptus spiralis and Stomatograptus
grandis. 

The strati graphic po si tion of Llandovery de pos its in the
east ern area of the Kielce re gion, near Międzygórz, is un clear. 
Tomczyk (1954) iden ti fied in this sec tion equiv a lents of the
Brit ish graptolite zones from the Coronograptus gregarius
Zone up to the Monoclimacis crenulata Zone. A rich as sem -
blage of graptolites in cludes in dex taxa of the Demirastrites
triangulatus Subzone (within the Coronograptus gregarius
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Fig. 5. Cor re la tion chart of Si lu rian sec tions in the Radom area 

For ex pla na tions see Fig ure 2



Zone) and Monograptus convolutus, M. sedgwicki,
Monoclimacis griestoniensis and M. crenulata Zones. 

In later pa pers, giv ing no de tailed ex pla na tions, the strati -
graphi cal range of this sec tion was re stricted to the up per most
Llandovery (Monoclimacis griestoniensis and M. crenulata
Zones), with the Spirograptus spiralis Zone dis tin guished
above (Tomczyk, 1968; Tomczykowa and Tomczyk, 1981). 

Wen lock. The lower Wen lock has a de tailed zonation in
the south of the re gion near Zbrza, in the cen tral area at Bardo
and in the east — near Międzygórz (Tomczyk, 1962a, b, 1968;
Tomczykowa and Tomczyk, 1981). The low er most zone of the
Brit ish stra tig ra phy the Cyrtograptus centrifugus Zone, is re -
placed there by the Cyrtograptus insectus Zone. The other stan -
dard zones i.e. Cyrtograptus murchisoni, Monograptus
riccartonensis, Cyrtograptus rigidus, Monograptus flexilis and 
Cyrtograptus ellesae Zones have been iden ti fied and doc u -
mented in these sec tions by both in dex taxa and other char ac -
ter is tic spe cies. Tri lo bites of the gen era Decoroproetus,
Calymene and Diycalymene also oc cur (Tomczykowa, 1957,
1990).

In the sec tions from the vi cin ity of Kielce, only the
Cyrtograptus rigidus-C. perneri Zones are doc u mented
(Tomczyk, 1962a, b; Tomczykowa and Tomczyk, 1981). They 
cor re spond to the Brit ish up per most Sheinwoodian com pris ing
the Cyrtograptus rigidus to C. ellesae Zones. How ever, it is
pos si ble that the sec tion is more com plete be cause Czarnocki
(In: Tomczyk, 1956) re ported the zonal spe cies Cyrtograptus
murchisoni from the Mójcza area.

Up per Wen lock de pos its are well rep re sented in the Kielce
re gion. A com plete suc ces sion is known from around Kielce,
Bardo and Międzygórz. The low er most part of the se quence is
pre served at Zbrza. Of the stan dard Cyrtograptus lundgreni,
Gothograptus nassa and Monograptus ludensis Zones,
(Harland et al., 1989), the for mer two are doc u mented by in dex 
taxa (cf. Tomczyk, 1956, 1962a). The spe cies Monograptus
ludensis (Murchinson) has not been so far iden ti fied in the
Kielce re gion (Tomczyk, 1990). The Monograptus ludensis
Zone has been dis tin guished ei ther from the oc cur rence of
co-occurring graptolites (Tomczykowa and Tomczyk, 1981;
Kowalczewski and Migaszewski, 1994) or, more of ten, re -
placed by the more or less co eval Pristiograptus vulgaris Zone
(Tomczyk, 1956, 1962a, b, 1968).

The up per Wen lock de pos its also con tain trilobites rep re -
sent ing gen era such as Odontopleura, Aulacopleura, Scharyia
and Decoroproetus (Tomczykowa, 1957, 1990).

Lud low. The fol low ing stan dard graptolite zones have been
es tab lished in the lower Lud low (Harland et al., 1989):
Neodiversograptus nilssoni, Lobograptus scanicus and
Saetograptus incipiens-Pristiograptus tumescens. Lower Lud -
low de pos its of the Kielce re gion are well rep re sented in the cen -
tral area, par tic u larly in the Prągowiec Gorge (Tomczyk, 1962a;
Kowalczewski and Migaszewski, 1994), and in the west, near
Kielce. They have been less stud ied in the east ern area. Rich
graptolite as sem blages found in the Lud low de pos its have al -
lowed the rec og ni tion of from 4 to 7 graptolite zones (e.g.
Tomczyk, 1962a) aug mented with two subzones (e.g.
Tomczykowa and Tomczyk, 1981). Four in dex taxa of stan dard
zones have been found, of which two taxa — Neodiversograptus 

nilssoni (Lapworth) and Lobograptus scanicus Tullberg — have 
been em ployed in re gional biostratigraphic schemes.

The strati graphic po si tion of greywackes from the Jurkowice 
ex po sure near Klimontów (Romanek and Rap, 1989) and
Widełki ex po sure at Bardo (Stupnicka et al., 1991), con tain -
ing no guide fos sils yet as signed to the Lud low, re quires fur -
ther study.

The in ter na tional biostratigraphic scheme of the up per Lud -
low in cludes the two biozones of Saetograptus
leintwardinensis and Bohemograptus (Harland et al., 1989).
These are rep re sented in the Kielce re gion by the in dex taxa.
Tomczyk (e.g. 1962a, b) in his older pa pers in cluded the zones
within the up per Lud low, while in later ones (Tomczykowa and 
Tomczyk, 1981) only the S. leintwardinensis Zone was as -
signed to the up per most Lud low, whereas Bohemograptus be -
came the low er most zone of the new re gional Siedlce se ries
cre ated by that au thor.

In the Widełki sec tion near Bardo (Stupnicka et al., 1991)
Porębska dis tin guished four graptolite zones above the
Saetograptus leintwardinensis Zone, namely Bohemograptus
bohemicus, B. bohemicus-Neocucullograptus inexpectatus, N.
inexpectatus and N. kozlowskii. A yet more de tailed sub di vi -
sion of the Bohemograptus Zone into 6 graptolite zones was
pro posed by Tomczyk (1990).

Pridoli. Pridoli de pos its are con fi dently doc u mented only
in the vi cin ity of Kielce (Malec, 1989, 1993, 1994;
Kowalczewski and Migaszewski, 1994). No macrofauna has
been found in the lower part of the se quence, whereas the up per 
por tion con tains a fairly var ied fos sil as sem blage with brachi o -
pods, ostracods, cri noids and, most no ta bly, trilobites and
graptolites. The fol low ing trilobites have been iden ti fied there:
Helokybe cf. spio Thomas, Balizoma sp., Dalmanites nexilis
(Salter), Richterarges kielcensis Tomczykowa and Harpidella
sp. Ac cord ing to Tomczykowa (1993) this as sem blage in di -
cates the up per Lud low. How ever, Teller (vide Malec, 1993)
found Pristiograptus transgrediens (Perner) in the up per part
of the se quence, in di cat ing that at least part of the se quence be -
longs to the Pridoli.

The so-called Lipniczek Siltstones known from the ex po -
sures at Łączki and Lipniczek near Międzygórz are prob a bly
also of Pridoli age. These sec tions have yielded Monograptus
ultimus (Perner) and the tri lo bite Proetus conspersus  (An gel.)
(Tomczykowa, 1959) which sug gest that they may cor re spond
to the Rzepin Beds (Tomczykowa, 1962).

RADOM AREA

In this re gion Si lu rian de pos its were en coun tered in the
Ciepielów IG 1 (Tomczyk, 1974, 1977; Tomczykowa, 1974,
1977) and Lisów 1 (Wierzchowska-Kicułowa, 1975) bore -
holes as well as in the nearly Warka IG 1 bore hole. The
Ciepielów IG 1 bore hole was en tirely cored while the re main -
ing two bore holes were par tially cored (Fig. 1). All the three Si -
lu rian sec tions are stratigraphically in com plete and do not
range lower than the up per Lud low (Ludfordian) (ac cord ing to
Tomczyk, 1974; Tomczyk and Tomczykowa, 1983) or pre -
sum ably only down to the up per most zones of this stage
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(Ciepielów IG 1 bore hole) (Teller, 1997). The Si lu rian de pos its 
pass up wards with sed i men tary con ti nu ity (Ciepielów IG and
Lisów 1 bore holes) into Lower De vo nian ma rine fa cies
(Gedinnian), or they are un con form ably over lain by Lower
Car bon if er ous de pos its (Żelichowski, 1972, 1979). 

The most com plete Si lu rian strati graphic sec tion is known
from the Ciepielów IG 1 bore hole. This sec tion may be con sid -
ered to rep re sent this part of the Up per Si lu rian se quence of the
Radom area. 

Stra tal dips in the Si lu rian se quence are vari able and range
from 6–8° to 70–80°. The ap par ent thick ness of these de pos its
var ies from 401.7 m in the Ciepielów IG 1 bore hole to 651 m in 
the Lisów 1 bore hole (Fig. 5).

LITHOLOGY

Sed i men tary se quences of Si lu rian de pos its in the Radom
area have not so far been sub di vided into re gional for mal or in -
for mal lithostratigraphic units. Their lithologies are briefly
char ac ter ised be low.

Up per Lud low. Lud low de pos its were pen e trated only by
the Ciepielów IG 1 bore hole. Ac cord ing to Tomczyk (1974)
they oc cur there within the depth in ter val of 2885–3000 m
(Fig. 5). The se quence spans the up per Lud low (Ludfordian)

and is con form ably over lain by Pridoli de pos its. The up per
Lud low se quence is rep re sented by grey and grey-green ish
com pact siltstones which are com monly par tially lam i nated,
and sandy and ar gil la ceous siltstones which are, lo cally vari -
ably cal car e ous. These rock types al ter nate at depth form ing
heterolithic in ter vals. They are strongly al tered diagenetically
and show vari able de grees of fissility. The rocks com monly
con tain vari able amounts of tuffaceous ma te rial, in clud ing
pyroclastic quartz and bi o tite.

Pridoli. Pridoli de pos its oc cur in all the three bore holes.
How ever, they are con fi dently dated by fos sils only in the
Ciepielów IG 1 bore hole (depth 2598.3–2885.0 m) where they
are faulted but pre sum ably rep re sent, an orig i nally com plete
strati graphic se quence of the up per most Si lu rian (Tomczyk,
1974). Their oc cur rence in the Warka IG 1 (depth
2740–3145 m) and Lisów 1 (depth 2540–3191 m) bore holes is
not sup ported by any palaeontological data, and there fore the
strati graphic po si tion of these de pos its were in ter preted var i -
ously. Doubts re fer mostly to the clastic unit en coun tered in the
Lisów 1 bore hole be low 2540 m. Ac cord ing to Teller (1997)
this unit, ten ta tively as signed to the Pridoli, dif fers in its li thol -
ogy, be ing rep re sented by fine-grained glauconitic sand stones
(Wierz chowska-Kicułowa, 1975, p. 266), from other up per -
most Si lu rian se quences.
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The Pridoli is rep re sented mostly by light grey and grey, lo -
cally green ish, com pact claystones, siltstones and sandy
siltstones. The rocks show more or less dis tinct lam i na tion, lo -
cally they are cal car e ous or cal car e ous-dolomitic, fairly com -
pact and hard, com monly highly fis sile. Much of these
suc ces sion con tains oc ca sional tuffaceous ma te rial, par tic u -
larly in the silt-grade frac tion.

Some of the siltstones and claystones from the Lisów 1
bore hole show signs of strong sec ond ary silification
(Langier-Kuźniarowa, 1980). The claystone-siltstone suc ces -
sion from the Warka IG 1 bore hole con tains cal car e ous lenses
and con cre tions.

The ap par ent thick ness of the Pridoli de pos its in the
Ciepielów IG 1 bore hole amounts to 286.7 m, whereas their
min i mum thick nesses in the two re main ing bore holes are 405
m (Warka IG 1) and 651 m (Lisów 1) (Fig. 5).

BIOSTRATIGRAPHY

The Ciepielów IG 1 bore hole pro vided most of strati -
graphic and fau nal data on the Si lu rian se quence and its re la -
tion ships to youn ger de pos its. The pres ence of Si lu rian

de pos its in the Warka IG 1 and Lisów 1 bore holes, as well as
their pre sumed strati graphic di vi sion, have been in ferred from
in di rect ev i dence. It has been as sumed that Lud low or Lud -
low-low er most Pridoli de pos its are likely rep re sented in the
Warka IG 1 bore hole, whereas in the Lisów 1 bore hole the Si -
lu rian se quence em braces the Pridoli or Pridoli-up per most up -
per Lud low (Fig. 5).

Up per Lud low. Up per Lud low de pos its (= Lower Rzepin
Beds) were en coun tered in the Ciepielów IG 1 bore hole at
depths of 2885–3000 m (Tomczyk, 1974) (Fig. 5). The lower
part of the se quence (depth 2938–3000 m) yielded a fairly var -
ied as sem blage of graptolites rep re sented, among oth ers, by
Monograptus ex gr. formosus Boucek, Monograptus formosus
Boucek, Monoclimacis sp., Monoclimacis cf. ultimus (Perner),
Pristiograptus dubius (Suess) and Linograptus posthumus
Reinh. Rich ter. The up per part of the se quence (depth
2885–2938 m) in cludes Monograptus formosus Boucek,
Monograptus ex gr. formosus Boucek, Monoclimacis ultimus
(Perner) and a num ber of new spe cies of the gen era
Monograptus and Pristiograptus. The up per bound ary of the
Lud low was de lim ited by Tomczyk (1974) at the up per most
oc cur rence of Monograptus formosus  Boucek, at a depth of
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2885 m. Ac cord ing to Tomczyk, the Si lu rian se quence drilled
in the Ciepielów IG 1 bore hole at depths of 2885–3000 m is
rep re sented by the up per Lud low and may be cor re lated with
de pos its of the two in for mal re gional strati graphic units es tab -
lished by that au thor, namely the “Lower Rzepin Beds” of the
Holy Cross Mts. area and the up per most part of the “Up per
Siedlce Beds” of the East Eu ro pean Plat form.

Teller (1997) con sid ered that strati graphic in ter pre ta tion of
the Lud low sec tion in the Ciepielów IG 1 bore hole pro posed by 
Tomczyk (1974) may be ques tioned. Firstly, the graptolite as -
sem blage cited by Tomczyk (1974) from depths of
2885.0–2912.2 m (27.2 m) does not in di cate a pre cise strati -
graphic po si tion, seem ingly cor re spond ing only to the up per -
most Lud low, and not to the whole of the up per Lud low as
as sumed by Tomczyk; sec ondly, the iden ti fi ca tion of
Monoclimacis cf. ultimus (Perner) was in cor rect be cause this
spe cies can not co-occur with M. formosus, be ing an evo lu tion -
ary suc ces sor of M. paraultimus, and so typ i cal of a slightly
youn ger level in the lower Pridoli; thirdly, mis iden ti fi ca tions of 
graptolites makes the in ter pre ta tion that the depth in ter val of

2912.2–3000.0 m (87.8 m) rep re sents the lower Lud low
(Tomczyk, 1974) dif fi cult to ac cept.

Pridoli. Pridoli de pos its were pen e trated by the bore holes
Ciepielów IG 1 (depth 2598.3–2885.0 m), Warka IG 1 (depth
2740.0–3145.0 m) and Lisów 1 (depth 2540.0–3191.0 m). They
are con fi dently doc u mented by fos sils only in the first bore hole.

Ac cord ing to Tomczyk, Pridoli (= “Podlasie”) de pos its from
the Ciepielów IG 1 bore hole oc cur in sed i men tary con ti nu ity
with both the un der ly ing up per Lud low strata and the over ly ing
Lower De vo nian ma rine de pos its (Gedinnian). Stratigraphically
im por tant graptolites were iden ti fied at depths of 2795.4–2885.0
m, 2767.0–2768.6 m, 2648.0–2675.0 m and 2605.0–2615.0 m.
The low er most de pos its of this se quence have yielded
Monoclimacis ultimus (Perner), Pristiograptus sp. and
Linograptus posthumus Reinh. Rich ter. The rocks from depths
of 2767.0–2768.6 m con tain abun dant Monograptus sp. and
Monoclimacis cf. ultimus  (Perner), in di cat ing the lower Přidoli.
The over ly ing de pos its from depths of 2648.0–2675.0 m con tain
com mon graptolite frag ments with dom i nant Monograptus cf.
angustidens Pribyl and rare Monograptus sp. and Linograptus
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sp. The up per most part of the suc ces sion has yielded spec i mens 
typ i cal of the Monograptus angustidens Zone, in clud ing the in -
dex taxon Monograptus angustidens Pribyl.

Ac cord ing to Tomczyk (1974), the Pridoli suc ces sion
from the Ciepielów IG 1 bore hole has been af fected by fault -
ing, as ev i denced by slick en sides and stra tal dip vari a tion

(50–80°). These are con cen trated around depths of
2689.5–2721.8 m (32.3 m), 2721.8–2767.0 m (45.2 m) and
2768.6–2778.0 m (10.6 m). Missing in ter vals, span
mid-Pridoli time above the Monoclimacis ultimus Zones, and
en com pass the Pristiograptus chełmiensis Zone up to the
Pristiograptus transgrediens Zone, in clu sive. Pridoli de pos its 
of the Ciepielów IG 1 bore hole are strati graphic and lith o logic 
equiv a lents of the so-called Podlasie Beds of the East Eu ro -

pean Plat form, and, on a re gional scale, they may be con sid -
ered equiv a lents of the so-called Up per Rzepin Beds of the
Łysogóry area.

Teller (1997) con sid ered that the strati graphi cal in ter pre -
ta tion of the Pridoli sec tion in the Ciepielów IG 1 bore hole
pro posed by Tomczyk (1974) needs amend ment. For the
graptolite as sem blage, cited by Tomczyk (1974) from depths
of 2605.0– 2689.5 m as dat ing the “Podlasie = Up per Rzepin
Beds”, con tains in fact fos sils typ i cal of the lower Gedinnian,
not Up per Si lu rian be cause in ter na tion ally the Si lu rian/De vo -
nian bound ary is now placed at the base of the M. angustidens
Zone; the Si lu rian/De vo nian bound ary in the Ciepielów IG 1
bore hole should thus be moved down to a depth of 2689 m.
This bound ary is marked in wire line logs by a dis tinct change
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of the gamma ray curve. The shift of the Si lu rian/De vo nian
bound ary must also re sult in re def i ni tion and cor rec tion of the
Gedinnian/Siegenian bound ary. Ac cord ing to Teller,
graptolites from depths of 2767.0–2885.0 m, fault ing re -
corded at depths of  2767.0 m, 2795.4 m, 2852.0 m and 2885.0 
m, and in cor rectly iden ti fied of graptolites, par tic u larly of
spec i mens de ter mined as Monograptus ultimus, in di cates that 
the strati graphi cal in ter pre ta tion pro posed by Tomczyk
(1974) needs re vi sion.

LITHOFACIES

In ter pre ta tions of the Si lu rian fa cies pat tern in the Holy
Cross Mts. and its en vi rons were given by Tomczyk (1960),
Tomczyk and Jaworowski (1974) and Kowalczewski (1994).
Lithofacies-palaeothickness sketch-maps of Llandovery, Wen -
lock, Lud low and Pridoli de pos its given in this pa per il lus trate
the spa tial vari abil ity of the two prin ci pal el e ments — the
lithologies of in di vid ual se ries and their orig i nal thick nesses.
Lith o logic vari abil ity is ex pressed by the re cord of all sed i men -
tary pro cesses that op er ated dur ing each ep och. Orig i nal thick -
ness vari abil ity is a to tal of all ver ti cal move ments of the
base ment, which in flu enced sed i men ta tion and ero sion. Su per -
po si tion of the sketch-maps pro duced en ables a re con struc tion
of the ma jor events in the Si lu rian sed i men tary ba sin de vel op -
ment of this re gion.

Vari abil ity in our knowl edge of the Si lu rian de pos its and in the 
de gree of geo log i cal ex plo ra tion be tween par tic u lar re gions
means that the re li abil ity of re con struc tion var ies from area to area.

The re con struc tions of the Nida and Radom ar eas may be
es pe cially sus pect. The sketch-maps here are gen er al ised to il -
lus trate the over all fa cies pat tern, with es ti mated re con struc -
tions of orig i nal thick nesses. The lim ited data means that the
Si lu rian fa cies pat tern is based sim ply on stan dard depositional
mod els of shal low siliciclastic open-shelf and deeper intra-
 shelf basinal sys tems.

The ver ti cal lithofacies suc ces sion shows that they prob a bly
cor re spond to three con sec u tive phases of re gres sive evo lu tion
the ba sin as ev i denced by a tran si tion from dark claystones with
lydites (Llandovery, Wen lock) through claystone- siltstone and
siltstone-claystone fa cies (Lud low) into siltstone- claystone de -
pos its with a con sid er able interbedded sand stone (Pridoli).

Llandovery. Llandovery map (Fig. 6) shows that clays
gen er ally dom i nated, with lit tle lat eral vari abil ity in sed i men -
tary pro cesses and en vi ron men tal con di tions. These de pos its
largely com prise black, lo cally bi tu mi nous, lam i nated
claystones with sub or di nate siltstones, fine-grained sand stones, 
lime stones and lydites. The isopach pat tern shows a nar row
zone of min i mum thick nesses which, in the cen tral area, is de -
fined by the 20 m isopach. This zone pre sum ably cor re sponds
to a min i mum sub si dence zone with up lift along a “cen tral”
palaeohigh (Kowalczewski et al., 1986). The isopach pat tern
also shows that thick nesses grad u ally but con sis tently in crease

to wards both the NE and SW away from this zone. There is a
con sis tent WNW–ESE trend in the isopachs.

Wen lock. The Wen lock map (Fig. 7) shows that the only
lithofacies re cog nised are claystones. The isopach pat tern in di -
cates that the Wen lock de pos its are thin nest within a nar row
zone de fined by the 30 m isopach. This zone stretches across
the Kielce seg ment of the Holy Cross Mts. area with thick -
nesses of the Wen lock de pos its grad u ally in creas ing to wards
both the NE and SW. The gen eral trend of isopachs re sem bles
that ob served for Llandovery de pos its (Fig. 6) and more or less
par al lel the Teisseyre-Tornquist Line, i.e.

Lud low. The Lud low map (Fig. 8) shows two lithofacies
ar eas rep re sented by claystone-siltstone-sand stone and clay -
stone-siltstone de pos its re spec tively. The ex tent of the for mer
en com passes the Nida Trough area, the Holy Cross Mts. re gion 
and most of the Radom area. The lat ter em braces the north -
west ern pe riph er ies of the Radom area. The re con structed max -
i mum val ues of Lud low thick nesses range from 800 m to
ap prox i mately 1200 m. The gen eral trend of isopachs does not
change con sid er ably, from that of the Wen lock ap proach ing
the T-T Line at an acute an gle

Pridoli. The Pridoli map shows three lithofacies ar eas.
These are (from the SW) of: claystone-siltstone-sand stone,
claystone-siltstone and clay (Fig. 9). The first of these oc cu pies
the Łysogóry seg ment of the Holy Cross Mts. and the west ern
part of the Radom area. The sec ond stretches across the
mid-west ern part of the Radom re gion. The third area cov ers
the east ern most part of the Radom re gion around the Ciepielów 
IG 1 bore hole. The es ti mated lim its of these ar eas of the map
show a gen eral N–S trend with a change to SSE–NNW in the
north and south. The isopach pat tern in di cates that Pridoli de -
pos its are thick est in the cen tral area of the Radom re gion. The
axis of max i mum thick ness ex tends along a line  be tween the
Ciepielów IG 1-Lisów 1 bore holes, and thick nesses grad u ally
de crease to wards both the NE and SW of this axis. The gen eral
trend of isopachs is NW–SE.

SUMMARY

1. The state of geo log i cal ex plo ra tion of Si lu rian de pos its is
in com plete and var ies be tween in di vid ual ar eas. Si lu rian de -
pos its of the Holy Cross Mts. are known from both the
Łysogóry and Kielce re gions, and have been de scribed from
about 26 nat u ral ex po sures and 37 bore holes. They were also
en coun tered in four bore holes drilled in the Nida area, and
three bore holes drilled in the Radom re gion (Fig. 1). 

2. The Si lu rian com plex of the Holy Cross Mts. area is un -
der lain, ei ther with sed i men tary dis con ti nu ity (Mokradle 1,
Wilków 1 bore holes and Zbrza) or across tec tonic con tacts
(Kędziorka 1, Jeleniów 1 bore holes and Pobroszyn), by rocks
of dif fer ent ages. In the Nida area Si lu rian de pos its un con form -
ably rest upon Or do vi cian rocks (Fig. 2), and are more or less
erosionally trun cated and over lain by Lower De vo nian or
Lower Tri as sic se quences.
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3. Si lu rian de pos its of the Radom re gion have not been
com pletely pen e trated by any bore hole (Fig. 5). Knowl edge of
the Si lu rian suc ces sion has been de rived mostly from the
Ciepielów IG 1 bore hole, prob a bly span ning the Up per Lud -
low and Pridoli. The oc cur rence of Si lu rian de pos its in the
Lisów 1 bore hole is in di cated by in di rect ev i dence. The Si lu -
rian de pos its grade up wards with sed i men tary con ti nu ity into
Gedinnian ma rine fa cies.

4. Si lu rian de pos its of the Łysogóry re gion are con spic u -
ous by a com plete de vel op ment of ma rine fa cies with no sig -
nif i cant sed i men tary gaps or non-depositional in ter vals, and a
con tin u ous tran si tion into Lower De vo nian ma rine fa cies.
The Si lu rian se quence of the Kielce re gion shows nu mer ous
sed i men tary gaps, span ning vari able time in ter vals, in ter -
preted as signs of the synorogenic Tacon ic move ments lower
in the se quence, and Ardenian move ments in its up per part.
Si lu rian de pos its of the Kielce re gion most likely un der went
de nu da tion af ter the Erian move ments, and were later un con -
form ably over lain by Siegenian or Emsian de pos its.

5. Re vi sion of the bound aries of in di vid ual se ries in the
Up per Si lu rian is nec es sary, to ap ply the in ter na tional stan -
dard di vi sion and to en able pre cise inter-regional cor re la tions. 
This re quires, re-examination of graptolites as re gards their
iden tity and ranges. 

6. Lith o logic vari abil ity in a ver ti cal suc ces sion of Si lu rian 
de pos its in the Nida, Holy Cross Mts. and Radom ar eas has
en abled lithostratigraphic sub di vi sion. The schemes pro posed 

by dif fer ent au thors are mostly in for mal and fre quently take
non-lithological fea tures into ac count. Fu ture lithological in ves -
ti ga tions should be fo cussed on the fol low ing and tasks:

— sub di vi sion of the Si lu rian se quence in the Nida and
Radom ar eas;

— stud ies of re gional lith o logic and thick ness vari a tions
within the units es tab lished in the Kielce and Łysogóry re gions,
to gether with de ter mi na tion of their bound aries;

— def i ni tion of stan dard litho- and hypolithostratotypes of
in di vid ual units in the Kielce and Łysogóry re gions,

— es tab lish ing and de fin ing of lower rank lithostratigraphic
units (i.e. mem bers and beds) within in di vid ual for ma tions;

— ver i fi ca tion, cod i fi ca tion and for ma li sa tion of these and
ear lier cre ated units.

7. Si lu rian de pos its show lat eral lith o logic and thick ness
vari a tions. The ver ti cal suc ces sion of lithofacies units may be in -
ter preted in terms of three con sec u tive phases of the over all re -
gres sive evo lu tion of the ba sin. The suc ces sion shows a
gra da tion from dark clay de pos its with lydites (Llandovery,
Wen lock) through claystone-siltstone and siltstone-claystone fa -
cies (Lud low) into siltstone-claystone de pos its with a con sid er -
able sand stone con tent (Pridoli).

Ac knowl edge ments. The au thors ex press cor dial thanks to 
Pro fes sor Ryszard Dadlez, Dr. Zbigniew Kowalczewski and
Dr. Marek Narkiewicz for their re marks and co op er a tion in
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