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The Up per Si lu rian-Lower De vo nian sec tion of the west ern part of the Holy Cross Mts. is com posed of greywackes of the Niewachlów
Beds, Kielce Beds and Miedziana Góra Con glom er ates. They are sep a rated from the ter res trial Gruchawka Con glom er ates and Barcza
Beds by an ero sional sur face. Depositional struc tures re corded in the Si lu rian greywackes in di cate the deep-water sed i men tary en vi ron -
ment of a flysch fa cies. The up per most part of the Kielce Beds and the Miedziana Góra Con glom er ates ac cu mu lated on a sub ma rine delta
fan. These de pos its cor re spond to Late Cal edo nian molasse and are as so ci ated with clo sure of the Late Si lu rian ba sin in the Holy Cross
Mts. The Gruchawka Con glom er ates, con tain ing fish re mains, mark the be gin ning of the Early De vo nian ma rine trans gres sion. To gether
with the over ly ing sand stones and mudstones of the Barcza Beds they form the Old Red Sand stone suc ces sion. The Late Cal edo nian un -
con formity oc curs be tween the Up per Si lu rian molasse de pos its and Lower De vo nian Old Red Sand stone fa cies, and the strati graphic
gap most likely spans the Pridoli, Lochkovian and lower Pragian. Large thick nesses of Si lu rian greywackes in the NW part of Kielce, and
the high de gree of ther mal ma tu rity of or ganic mat ter, in di cate a geotectonic af fin ity of this re gion with the Łysogóry Block.

Jan Malec, Holy Cross Mts. Branch, Pol ish Geo log i cal In sti tute, Zgoda 21, PL-25-953 Kielce, Po land (re ceived: Au gust 26, 1999; ac -
cepted: April 11, 2001).

Key words: Holy Cross Mts., Up per Si lu rian-Lower De vo nian, stra tig ra phy, sedimentology, Late Cal edo nian un con formity.

INTRODUCTION

Change in the depositional en vi ron ment at the Si lu rian/De -
vo nian tran si tion in the Holy Cross Mts. is ex pressed by a grad -
ual re place ment of deep-wa ter fa cies by more shal low-wa ter
sed i ments. Those pro cesses, gen er ated mostly by tec tonic ac -
tiv ity in source ar eas, pro ceeded in dif fer ent ways in the south
(Kielce Re gion) and in the north (Łysogóry Re gion) of the
Holy Cross Mts. (Fig. 1).

No sed i men tary con ti nu ity is ob served in the Kielce Re gion 
(Tomczykowa and Tomczyk, 1981), sub jected to stron ger up -
lift ing move ments at the Si lu rian/De vo nian tran si tion. In the
Łysogóry Re gion, there was a con tin u ous shal low-water sed i -
men ta tion be tween the Si lu rian and De vo nian (Tomczyk et al.,
1977). In the Kielce Re gion, the Late Cal edo nian un con formity 
is marked by a strati graphic gap be tween the Up per Lud low
and up per Siegenian (Czarnocki, 1936; Tomczykowa and
Tomczyk, 1981; Turnau and Tarnowska, 1997). Dif fer ent
views have been pub lished so far on the or i gin of this un con -
formity in the Łysogóry Re gion. Some au thors con sider that
there was no Late Cal edo nian orog eny in this area (Mizerski,

1995; Szulczewski, 1995). Other suggest ev i dence of orog eny
in the ear li est De vo nian-Siegenian (Czarnocki, 1936; Dadlez et 
al., 1994; Znosko, 1996; Kowalczewski et al., 1998). 

A well ex posed Si lu rian/De vo nian tran si tion se quence has
been de scribed (Malec, 1993) from the con struc tion site of a
power sta tion in NW Kielce. These rocks have been in ter preted 
in terms of their suc ces sion, strati graphi cal po si tion and re la -
tion to Palaeozoic orogenic cy cles (Fig. 2).

This pa per de scribes the lithologies of the Si lu rian/De vo -
nian tran si tion se quence ex posed in this area and pro vides ev i -
dence of the strati graphi cal po si tion of the Up per Si lu rian
greywackes and the source ar eas of clastic ma te rial.

New data on the ther mal ma tu rity of or ganic mat ter from
the Up per Si lu rian greywackes of NW Kielce is also provided.

THE SILURIAN/DEVONIAN BOUNDARY IN THE
NORTHWESTERN PART OF THE KIELCE REGION

The Up per Si lu rian greywackes are ap prox i mately 1200 m
thick (Malec, 1993). The lower part of the suc ces sion, about



800 m thick, is rep re sented by the Niewachlów Beds, com -
posed largely of me dium-grained, lo cally fine- and coarse-
 grained greywackes with mudstone interbeds. The over ly ing
Kielce Beds are rep re sented by claystones, mudstones and fine-
 grained greywacke sand stones, ap prox i mately 400 m thick.
Sim i lar lithologies are ob served in a few metres of cherry-red
de pos its from the up per part of this unit, which are over lain by
the coarse-grained Miedziana Góra Con glom er ates with an
ero sional top sur face (Figs. 2–4). These, in turn, are over lain by 
a thin layer of the Gruchawka Con glom er ates, and sand stones
with mudstones of the Lower De vo nian Barcza Beds
(Figs. 4–6). 

This Up per Si lu rian pro file shows many sim i lar i ties with
co eval de pos its in the Łysogóry Re gion (Fig. 3) where the
coarser-grained lower part of the greywacke suc ces sion is
rep re sented by the Wydryszów Beds. Their up per part be -
longs to the Rzepin Beds and is com posed of claystones,
mudstones and fine-grained greywackes con tain ing cherry-
 red beds with in ter ca la tions of car bon ates rich in ben thic fos -
sils (Czarnocki, 1950; Tomczykowa and Tomczyk, 2000;
Malec, 2000c, d; Kozłowski, 2000). The to tal thick ness of the
greywackes in the Łysogóry Re gion is es ti mated at
1500–2000 m (Tomczyk, 1962a, b, 1968, 1974; Filonowicz,
1963, 1968; Tomczykowa and Tomczyk, 1981).

The Niewachlów Greywackes, con tain ing a di verse ben thic 
fauna, were con sid ered to have been de pos ited in a shal -
low-water en vi ron ment. The low de gree of round ing and the
pres ence of large claystone and mudstone intraclasts were
thought to reflect near ness to source ar eas and short trans port,
also by rivers. Sed i men tary struc tures found in greywacke bed
were sug gested to indicate cur rent and wave ac tiv ity on a shelf
or delta setting (Samsonowicz, 1934; Tomczykowa, 1959;
Tomczyk, 1962b; Kotański, 1968; Łabędzki, 1969;
Przybyłowicz and Stupnicka, 1989, 1991; Romanek and Rup,
1989). A mi nor ity view, noting the pres ence of grain-size grad -
ing, con sid ered that the Niewachlów Beds were de pos ited from 
tur bid ity cur rents in a deep-water en vi ron ment (Łydka et al.,
1963). The up per part of the greywacke se quence has re cently
been separated as a new lithostratigraphic unit — the Kielce
Beds (Malec, 1993). These de pos its were ear lier con sid ered to
rep re sent the typ i cal Niewachlów Greywackes (Czarnocki,
1936, 1957; Taszek, 1962; Kowalczewski, 1968).

The up per most, sev eral metres thick sec tion of the grey -
wacke suc ces sion rep re sented by cherry-red de pos its, have
been as signed to the Downtonian (Czarnocki, 1936), or al ter -
na tively con sid ered to be long to the Gedinnian Klonów Beds
(Filonowicz, 1971, 1973; Malec, 1993; Szulczewski, 1994,
1995). The Klonów Beds were es tab lished a sep a rate unit be -
cause the un der ly ing greywackes of the Kielce Beds were
included into the up per most Si lu rian (Pridoli: transgrediens
Zone) (Malec, 1993). The lat est biostratigraphical data
(Tomczykowa, 1993) sug gest a late Lud low age for the Kielce
Greywackes and prob a bly for the Miedziana Góra Con glom er -
ates, and so in di cate that the Klonów Beds do not lie within the
Si lu rian/De vo nian tran si tion se quence in NW Kielce (Fig. 3).

The up per Lud low cherry-red claystones and greywackes
of the up per most part of Kielce Beds have lithological and age
equiv a lents (older than the Klonów Beds) in the Łysogóry Re -
gion. These are cherry-red clay shales with thin interbeds of
greywacke sand stones from the Rzepin Beds of the cen tral and
east ern parts of the area (Samsonowicz, 1934; Czarnocki,
1950; Tomczykowa and Tomczyk, 1981, 2000). Their strati -
graphic po si tion has been doc u mented best in the Łężyce-Bełcz 
sec tion (Fig. 1) where abun dant tri lo bite, brachi o pod and coral
fau nas oc cur, in di cat ing a late Lud low age (Różkowska, 1962;
Tomczykowa, 1962, 1991; Biernat, 1981). Typ i cal Klonów
Beds lithologies are known from the Łysogóry Re gion of the
Holy Cross Mts. (Fig. 3). Palynological stud ies in di cate a Late
Si lu rian (Pridoli) and per haps Early De vo nian (ear li est Gedin -
nian) age for these de pos its (Kowalczewski and Turnau, 1997;
Kowalczewski et al., 1998). Most re search work ers con sid ered
the Klonów Beds, be cause of their red ness and lack of any fos -
sils, to rep re sent the ter res trial sed i men tary en vi ron ment of the
Old Red Sand stone (Czarnocki, 1936, 1957; Pajchlowa, 1959,
1962, 1968; Łabanowski, 1971, 1990; Tomczykowa and
Tomczyk, 1981; Stupnicka, 1989; Szulczewski, 1994, 1995;
Stupnicka and Przybyłowicz, 1998). In their type area, al lu vial
fan, braid plain and braid del tas palaeoenvironments that pro -
graded into a shal low-ma rine ba sin have been re cog nised
(Kowalczewski et al., 1998).

The depositional en vi ron ment of the Miedziana Góra Con -
glom er ates has been dis puted. They have been con sid ered to
rep re sent ei ther Late Si lu rian re gres sive de pos its (Tomczyk,
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Fig. 1. Lo ca tion of the study area: within Po land (A), in the re gional
Palaeozoic fromework (B), and in the NW part of Kielce (C)

1 — Si lu rian; 2 — Lower De vo nian; 3 — Mid dle De vo nian; 4 — Up per
De vo nian; 5 — Car bon if er ous; 6 — Perm ian; 7 — study area (Gruchawka
quar ter, power gen er at ing plant); K — Kielce Re gion; Ł — Łysogóry Re -
gion; ŁB — Łężyce-Bełcz sec tion



1968, 1974) or transgressive con glom er ates of the De vo nian
se quence base (Kowalczewski, 1968, 1971). Some au thors
pro posed an al lu vial or i gin for the con glom er ates, from south-
 flowing rivers (Kotański, 1959; Tarnowska, 1988; Szul -
czewski, 1994, 1995), or sug gested de po si tion from fan del tas
prograding from the Kielce and Łysogóry Re gions into the
shal low-marine (prob a bly la goonal) Niewachlów-Miedziana
Góra ba sin (Kowalczewski et al., 1998). Con ti nen tal en vi ron -
ments (Łobanowski, 1990) and de po si tion from de bris cones at
the foot of slopes and es carp ments (Stupnicka, 1995) have also
been sug gested.

The Miedziana Góra Con glom er ates, ear lier con sid ered as
a lithologically uni form unit, now ap pears bi par tite. Its lower,
thicker part com prises the coarse-grained Miedziana Góra
Con glom er ates, whereas the up per, thin ner unit is rep re sented
by the fine-grained Gruchawka Con glom er ates (Malec, 1993).
Both these units are com posed of quartzitic sand stone peb bles.
The ma trix of the Miedziana Góra and the Gruchawka Con -
glom er ates is muddy and sandy, re spec tively. The ma trix of the 
Gruchawka Con glom er ates is sandy, and com monly con tains
heavy min er als and nu mer ous ostracoderm and placoderm
moulds. The transgressive char ac ter of the Gruchawka Con -
glom er ates and its fos sil con tent in di cate a shal low-ma rine en -
vi ron ment. The Gruchawka Con glom er ates are sep a rated from
the Miedziana Góra Con glom er ates by a dis tinct sed i men tary
hi a tus (Fig. 6).

Cor re la tives of the Gruchawka Con glom er ates are ob served
not only in the Kielce sec tion, but also in other ar eas of the west -
ern part of the Łysogóry Re gion. They form a 0.4–0.8 m-thick
unit at the base of the Barcza Beds, un con form ably over ly ing
var i ous units of the Lower Palaeozoic (Filonowicz, 1973;
Fig. 3). These con glom er ates con tain quartzitic sand stone peb -
bles and lithoclasts of red and green clay shales (op. cit.).

In NW Kielce, the Gruchawka Con glom er ates are con form -
ably over lain by the Barcza Beds (Figs. 4–6), which com prise
terrigenous sand stone and mudstone de pos its of vari able thick -
ness, and which con tain quartz grains twice as large as those in
the greywacke sand stones of the Kielce Beds (Fig. 4). The
mudstones of the lower part of the Barcza Beds con tain psilo -
phytes, whereas the sand stones yield fish re mains and trace fos -
sils (Czarnocki, 1957; Kotański, 1959, 1968; Malec, 1993).
The Barcza Beds prob a bly rep re sent shal low-neritic, la goonal,
and per haps lo cally con ti nen tal sed i men tary en vi ron ments.

In NW Kielce, stratigraphically im por tant Late Si lu rian
fos sils have only been found in the greywackes of the Kielce
Beds. Well pre served ben thic fauna oc curs as iso lated spec i -
mens or, rarely, as shell hashes. These fos sils were re de pos ited
from coastal, shal low-water zones, be ing trans ported by tur bid -
ity cur rents into deeper wa ters. They are co eval with the par ent
rock. No older fos sils have been found in lithoclasts within the
Kielce Beds. 

A tri lo bite as sem blage from the up per part of Kielce Beds
contains Balizoma erraticum (Schrank), Dalmanites nexilis
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Fig. 2. Po si tion of the Late Cal edo nian un con formity at the Si lu rian/De vo nian bound ary around NW Kielce (thick ness not to scale)

1 — Niewachlów Beds; 2 — Kielce Beds; 3 — Klonów Beds; 4 — Barcza Beds; 5 — Miedziana Góra Con glom er ates; 6 — Gruchawka Con glom er ates; 
7 — strati graphic gap



(Salter), Helokybe cf. spio Thomas and Richterarges kielcensis
Tomczykowa, in di cat ing a Late Si lu rian age (Tomczykowa,
1993). The trilobites are ac com pa nied by abun dant ostracods
re fer able to Neobeyrichia lauensis (Kiesow). This taxon is re -
stricted to the up per Lud low in Up per Si lu rian sec tions of Eu -
rope (Wales, Podolia, Bal tic Sea area), de fin ing the N. lauensis
ostracod Zone cor re lated with the praecornutus-kozlowskii
graptolite Zones (Gajlite, 1967; Koren et al., 1989; Hansch,
1995). In North Wales this is a char ac ter is tic ostracod spe cies
of the Up per Leintwardinian For ma tion from the mid dle part of 
the Ludfordian stage (Siveter, 1978, 1989).

Higher in the sec tion, a youn ger ostracod as sem blage con -
tains large leperditiids as signed to Herrmannina isakovtsyensis 
Abushik. This spe cies com monly oc curs in the up per Lud low
(up per Ludfordian) Isakov Beds of Podolia, rep re sent ing the
lower part of the Formosograptus formosus s. l. graptolite
Zone (Abushik, 1971; Koren et al., 1989). No other youn ger
ostracod as sem blages, typ i cal of the 6 ostracod zones (N.
regnans–N. gedanensis) from the up per most Lud low and
Pridoli of the Bal tic Sea area (Żbikowska, 1973; Tomczykowa,
and Witwicka, 1974; Nehring-Lefeld, 1988; Siveter, 1989;
Hansch, 1993, 1995), have been found in the up per, 70 m-thick
se quence of the Kielce Beds. 

Above, ap prox i mately 60 m be neath the base of Miedziana
Góra Con glom er ates, graptolites (Fig. 4) have been found;
orig i nally iden ti fied as Monograptus transgrediens Perner
(Malec, 1993), newly col lected, well pre served ma te rial has
been re ferred to Pristiograptus dubius fragmentalis (Bouček)
by L. Teller. In the Si lu rian of Po land P. dubius fragmentalis
was found in the Mielnik IG 1 bore hole drilled in the Podlasie

De pres sion, in the up per Ludfordian, latilobatus/balticus Zone
(Urbanek, 1997; Urbanek and Teller, 1997). This taxon oc cu -
pies a sim i lar strati graphic po si tion else where in the world,
only in Ser bia and Altai cross ing the Lud low/Pridoli bound ary
(Urbanek, 1997; Teller, pers. comm.). Trilobites, ostracods and 
graptolites place the up per part of the greywackes of Kielce
Beds in the up per Lud low (up per Ludfordian).

The Miedziana Góra Con glom er ates, though unfos siliferous, 
have also been in cluded within the up per most Lud low. These
de pos its are co eval with the top part of the grey wackes of the
Kielce Beds, as shown by lat eral lithofacies tran si tions, ob -
served around the Si lu rian/De vo nian bound ary in NW Kielce
(Fig. 6). The ab sence of the up per most Si lu rian (Pridoli) de pos -
its is sug gested by the high sed i men ta tion rate of the grey -
wackes. For ex am ple, ostracods of the Neobeyrichia lauensis
Zone oc cur in a 150–200 m sec tion of the up per part of the
Kielce Beds. As sum ing a con tin u ously high sed i men ta tion rate
for the up per most Lud low and Pridoli greywackes (ab sent in
the sec tion), the 6 youn gest ostracod zones would be ap prox i -
mately 1000 m thick.

The Lower De vo nian se quence in cludes the Gruchawka
Con glom er ates and Barcza Beds, prob a bly of late Siegennian
(Pragian) and early Emsian age (Figs. 4–6). These de pos its are
dated by fish re mains and psilophytes found in the Barcza Beds 
(Malec, 1993), which are also called the Placoderm Sand stones 
be cause they con tain frag ments of the Early De vo nian fish
Coccosteus (Czarnocki, 1957; Kotański, 1959, 1968).

Palaeotemperature data sug gest a high ther mal ma tu rity of
or ganic mat ter in the Łysogóry Re gion and a low ther mal ma tu -
rity in the Kielce Re gion (Bełka, 1990; Szczepanik, 1997;
Marynowski, 1999). Palaeothermal in ves ti ga tions of or ganic
mat ter from the Niewachlów and Kielce Greywackes of NW
Kielce also show a high ther mal ma tu rity (Malec, 2000b). Pre -
vi ous tec tonic sub di vi sion of the Holy Cross Mts. have in di -
cated that this area is lo cated in the Kielce Re gion. How ever,
the ther mal his tory of the NW part of the Kielce Re gion is more 
sim i lar to that of the Łysogóry Re gion.

LITHOLOGY

KIELCE BEDS

The Kielce Beds is ap prox i mately 400 m-thick in this area.
This pa per dis cusses their up per 140 m. It is com posed largely
of mudstones and claystones with sub or di nate greywacke
sand stones (Fig. 4). Most sand stone bases are pla nar and sharp.
Greywacke bed tops show fin ing up wards from fine-grained
sand through silt into clay. Unweathered de pos its are black,
whereas the weath ered rock shows ol ive and grey-green ish
colours. Some sand stone beds are beige-brown ish. Only at the
top are greywackes cherry-red in col our.

The greywacke sand stones cor re spond largely to sublithic
wackes and quartz wackes (Pl. IV, Fig. 1). Grains com prise
mostly fine, vari ably rounded quartz, av er ag ing 0.08–0.10 mm, 
max i mum 0.40 mm, in di am e ter (Fig. 4), with sub or di nate feld -
spars and micas. Only up per graded units con tain quartz grains
up to 1.5 mm in di am e ter (Fig. 4). Ex tremely large quartz grains 
(up to 2.2 mm) have been noted only in a tuff layer (Fig. 4, sam -
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Fig. 3.  A strati graphi cal scheme of the Up per Si lu rian and Lower De vo -
nian in the west ern part of the Holy Cross Mts. (thick ness not to scale)

MGC — Miedziana Góra Con glom er ates; BB — Bostów Beds
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Fig. 4. Lithological log of Up per Si lu rian and Lower De vo nian de pos its from NW Kielce 

A — chronostratigraphy; B — lithostratigraphic units: M. C. — Miedziana Góra Con glom er ates; G. C. — Gruchawka Con glom er ates; C — thick ness; D
— li thol ogy; E — sam ple num ber; F — sed i men tary struc tures; G — fos sil con tent; H — thick ness of sand stone beds and sand/shale ra tio: solid line — av -
er age thick ness of 5 con sec u tive sand stone beds, dashed line — sand stone/shale thick ness ra tio cal cu lated for 5 m-intervals; I — size of quartz grains:
dashed line — mean value, solid line — max i mum value; 1 — quartz sand stones; 2 — greywacke sand stones; 3 — shales (claystones and mudstones); 4 —
con glom er ates; 5 — grain-size grad ing; 6 — hor i zon tal strat i fi ca tion; 7 — cross-stratification; 8 — cur rent marks; 9 — claystone intraclasts; 10 — slump
struc tures; 11 — cri noids; 12 — brachi o pods; 13 — ostracods; 14 — trilobites; 15 — gas tro pods; 16 — sol i tary tetracorals; 17 — mas sive tab u lates; 18 —
graptolites; 19 — fish re mains; 20 — frag ments of psilophytes; 21 — trace fos sils; 22 — ero sional un con formity
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1. Me dium and thinly bed ded flysch de pos its from the up per part of Kielce Beds; Kielce — power gen er at ing plant. 2. De for ma tion of a weakly con sol i -
dated greywacke sand stone bed; a stage prior to the for ma tion of slump clasts; up per part of  the Kielce Beds; Kielce — power gen er at ing plant. 3. A thin
bed of greywacke sand stone within the shale suc ces sion from the top of the Kielce Beds; Kielce — power gen er at ing plant. 4. A de formed clast with a
tucked edge, within shales of the up per part of  the Kielce Greywackes; ap prox i mately 40 cm in length. 5. A de formed clast within shales of the top of the
Kielce Beds; Kielce — power gen er at ing plant. 6. Iso lated quartzitic sand stone peb bles from the Miedziana Góra Con glom er ates; Kielce — power gen er -
at ing plant. Pho to graphs by Jan Malec

PLATE I
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1. A bed of fine-grained greywacke sand stone show ing grain-size grad ing, hor i zon tal lam i na tion and cross-stratification; Kielce — power gen er at ing
plant, Kielce Beds, sam ple no. 59. 2. Plas tic de for ma tion of a clast com posed of fine-grained greywacke sand stone; de formed claystone lamina is vis i ble
within the sand stone; Kielce — power gen er at ing plant, Kielce Beds, sam ple no. 11. 3. Basal plane of a greywacke sand stone bed with biogenic struc tures
and cur rent marks; Kielce — power gen er at ing plant, Kielce Beds, sam ple no. 110. 4. Basal plane of a greywacke sand stone bed with cur rent marks; Kielce 
— power gen er at ing plant, Kielce Beds, sam ple no. 107. 5. The Gruchawka Con glom er ate (ver ti cal sec tion); moulds of  ostracoderms and placoderms are
vis i ble; Kielce — power gen er at ing plant, sam ple no. 113; scale bar 1 cm. Pho to graphs by Wojciech Paciura

PLATE II
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1. Claystone intraclasts at the base of greywacke sand stones; Kielce — power gen er at ing plant, Kielce Beds, sam ple no. 107. 2. A bed of fine-grained
greywacke sand stone with a claystone intraclast; Kielce — power gen er at ing plant, Kielce Beds, sam ple no. 58. 3. A top bed ding plane of greywacke sand -
stone with trace fos sils; Kielce — power gen er at ing plant, Kielce Beds, sam ple no. 107. 4. Tetracorals from the basal part of a greywacke sand stone bed;
Kielce — power gen er at ing plant, Kielce Beds, sam ple no. 57. 5. Brachi o pods and ostracods from the basal part of a greywacke sand stone bed; Kielce —
power gen er at ing plant, Kielce Beds, sam ple no. 69.  6. Ostracods (Hermannina isakovtsyensis Abushik), brachi o pods and cri noids from the basal part of a 
greywacke sand stone bed; Kielce — power gen er at ing plant, Kielce Beds, sam ple no. 58; scale bar 1 cm. Pho to graphs by Wojciech Paciura

PLATE III
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1. Quartz wacke with rare micas and feld spars; Kielce — power gen er at ing plant, Kielce Beds, sam ple no. 66, x 87. 2. Quartz wacke with rare micas and
feld spars; Kielce — power gen er at ing plant, Kielce Beds, sam ple no. 108, x 87. 3. Quartz wacke; hor i zon tal lam i na tion ac cen tu ated by hor i zon tal dis tri bu -
tion of mica flakes; Kielce — power gen er at ing plant, Kielce Beds, sam ple no. 110, x 87. 4. Tuff con tain ing quartz, feld spar, mica and heavy min eral
grains; Kielce — power gen er at ing plant, Kielce Beds, sam ple no. 31, x 35. 5. Sandy lime stone; a cross-section across a cri noid trochite and ostracod test is 
seen; Kielce — power gen er at ing plant, Kielce Beds, sam ple no. 82, x 35. 6. Fine- and me dium-grained quartz arenite; a peb ble from the Miedziana Góra
Con glom er ates; Kielce — power gen er at ing plant, sam ple no. 112, x 87. 7. Poorly sorted fine- and me dium-grained quartz sand stone (quartz arenite) with
abun dant heavy min er als; ce ment of the Gruchawka Con glom er ates; Kielce — power gen er at ing plant, sam ple no. 113, x 87. 8. Sandy mudstone; Kielce
— power gen er at ing plant, Barcza Beds, sam ple no. 132, x 87. Pho to graphs by Jan Malec
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ple no. 31). The greywackes are ce mented by clayey- si li -
ceous-ferruginous mat ter.

The lower part of the greywacke suc ces sion (140 m-thick)
con tains a 10 cm-thick layer of coarse-grained crys tal tuff
(Fig. 4, sam ple no. 31; Pl. IV, Fig. 4). In the up per part of the
sec tion there is a layer of sandy lime stone with bioclasts
(15 cm-thick) and abun dant frag ments of cri noids, tetracorals,
brachi o pods and ostracods (Pl. IV, Fig. 5).

The greywacke sand stones and mudstones con tain rel a -
tively abun dant, scat tered frag ments of trilobites, ostracods,
cri noids, brachi o pods, bi valves, small tab u late cor als and sol i -
tary tetracorals (Fig. 4; Pl. III, Figs. 4–6). Plank ton is rep re -
sented in claystones by scarce graptolites. The ben thic fos sils,
ex cept for cor als, are in com plete. Trilobites oc cur mainly as
iso lated seg ments or pygidia. Com bined cephalon and tho rax
seg ments are rare. Ostracods, brachi o pods and bi valves oc cur
only as in di vid ual shells, and cri noids as sep a rated seg ments.
All these fos sils are con cen trated at turbidite bases, form ing re -
de pos ited as so ci a tions with one fos sil type dom i nant and sub -
or di nate con tri bu tions of other fau nal groups from dif fer ent
ecologic niches.

Some of the thicker sand stones beds con tain large flat tened
intraclasts of dark grey claystone, up to 20 cm in di am e ter and
2–3 cm thick (Pl. III, Fig. 2) above the re de pos ited fos sils.
Thin ner beds con tain rare smaller claystone intraclasts.

At the top of the Kielce Beds, black, green grey — weath er -
ing claystones and mudstones pass up into a 8 m-thick red-grey
greywacke unit. The lower part of this unit com prises cherry-
 red claystones and mudstones with in di vid ual thin beds of
greywacke sand stone, and these are over lain by a banded
cherry-red, grey-green bed, in turn over lain by grey-green grey
wackes (Fig. 5). The top most part of the Kielce Beds (1.4 m)
com prises 6 greywacke sand stone beds (4–23 cm thick) rep re -
sent ing fine-grained quartz wackes with micas (us ing to the
clas si fi ca tion of Pettijohn et al. (1972), mod i fied by
Jaworowski, 1987) (Figs. 5 and 6). Basal parts of graded beds
con tain many claystone and mudstone intraclasts, cherry-red
and more rarely, grey in col our. These reach 3 cm in di am e ter
and sev eral milli metres in thick ness (Pl. III, Fig. 1). Small gas -
tro pods moulds, 2–4 mm in di am e ter oc cur. Bed soles show
biogenic struc tures (Pl. II, Fig. 3) and cur rent marks (Pl. II,
Fig. 4), whereas top planes show cur rent rip ples and abun dant
traces of in ver te brate ac tiv ity (Pl. III, Fig. 3).

MIEDZIANA GÓRA CONGLOMERATES 

The greywackes of the Kielce Beds are con cor dantly over -
lain by two con glom er ate beds to tal ling ap prox i mately 4.5 m in 
thick ness (Figs. 4–6). The lower bed passes lat er ally into clay -
stones and greywacke mudstones of the Kielce Beds, whereas
the up per one is erosionally trun cated at the top (Fig. 6). The
con glom er ate beds are sep a rated by green-grey, hor i zon tally
lam i nated claystones and mudstones, ap prox i mately 0.4 m in
thick ness.
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Fig. 5. Part of the Up per Si lu rian sec tion around NW Kielce 

P — Pragian; E — Emsian; M.G.C. — Miedziana Góra Con glom er ates;
G.C. — Gruchawka Con glom er ates; B.B. — Barcza Beds; li thol ogy as in
Fig ure 6



The con glom er ates are com posed of well and very well
rounded quartzitic sand stone peb bles. In the up per bed, peb bles 
av er age 10–15 cm in di am e ter (max i mum 40 cm) (Pl. I, Fig. 6).
They are weakly ce mented with a muddy ce ment (Fig. 5). Un -
der the mi cro scope, the peb bles are made of fine-grained quartz 
arenite com posed ex clu sively of su tured an gu lar or subrounded 
quartz grains, av er ag ing 0.12 mm in di am e ter (max i mum
0.56 mm) (Pl. IV, Fig. 6). The lower con glom er ates show
grain- sup port fab ric and nor mal grad ing with an up wards-in -
creas ing ce ment con tent. The up per, thicker (up to 3.5 m) con -
glom er ate bed (orthoconglomeratic at the base) coars ens
up wards with an up wards-in creas ing pro por tion of soft muddy
ce ment, in which large quartzitic sand stone peb bles “float”.

GRUCHAWKA CONGLOMERATES 

The ero sional top sur face of the Miedziana Góra Con glom -
er ates is over lain, with a strati graphic gap and an gu lar dis cor -
dance 10°, by a 5–6 cm-thick con glom er ate bed com posed
largely of small (av er ag ing 0.5–1.5 cm in di am e ter, max i mum
4.0 cm) quartzitic sand stone peb bles (Figs. 4–6; Pl. II, Fig. 5).
The peb bles are well rounded, tightly ce mented with a fine- and
me dium-grained sandy ma trix con tain ing abun dant heavy min -
er als (Pl. IV, Fig. 7). The con glom er ate bed also con tains many
moulds of placoderm and ostracoderm frag ments (Pl. II, Fig. 5).

The dip of the Late Cal edo nian un con formity has been mea -
sured be tween the base of the Gruchawka Con glom er ates and
the base of the Miedziana Góra Con glom er ates or the top sur face 
of  the greywacke sand stones of the Kielce Beds (Fig. 6).

BARCZA BEDS

The Si lu rian/De vo nian tran si tion sec tion at NW Kielce is
rep re sented by over 30 m of terrigenous de pos its of the basal
Barcza Beds. These com prise sand stones and mudstones with
tuffite interbeds (Figs. 4–6). Sand stone beds are rep re sented
mostly by arenites and rare quartz wackes, com posed of sub -
rounded and an gu lar quartz grains av er ag ing 0.25 mm (max i -
mum 0.5–1.1 mm) in di am e ter (Fig. 4). The Gruchawka
Con glom er ates are over lain di rectly by a 3.3 m-thick suc ces -
sion of light grey, fine-grained quartzitic sand stones (quartz
arenites) with mudstone interbeds at the bot tom. Above, there
lies about 4.0 m of hor i zon tally lam i nated light grey mudstones
con tain ing abun dant frag ments of psilophytes in the basal 20
cm-thick layer. The up per part of the Barcza Beds is com posed
of al ter nat ing mudstones and sand stones, sev eral tens of centi -
metres up to a few metres in thick ness. In the lower part, these
de pos its are light and dark grey in col our. Mudstone beds show
hor i zon tal lam i na tion. The mid dle part con tains an ap prox i -
mately 8.5 m-thick bed of cherry-brown mudstones (Pl. IV,
Fig. 8), most likely with an ad mix ture of pyroclastic ma te rial
and sub or di nate sand stone lay ers. The mudstones are com -
posed of small pseudolumps of dif fer ent sizes and ir reg u lar
shapes, ce mented with clayey-muddy ce ment. The top most
parts of the ex posed sec tion are rep re sented by grey-green, fine-
 grained and hor i zon tally lam i nated sand stones and mudstones.

SEDIMENTOLOGY

Sedimentological in ves ti ga tions were per formed on a
well-exposed 140 m-thick sec tion of the up per part of the
Kielce Beds. Pre lim i nary re sults were given by Malec (1996,
1997). Studies fo cussed on all the sand stones. Pat terns of bed
thick ness were de ter mined and sed i men tary struc tures re -
corded. Grain-size grad ing, hor i zon tal lam i na tion, cross strat i -
fi ca tion, cur rent rip ples, cur rent marks and biogenic struc tures
were char ac ter ised. Slump struc tures were also dis cussed.

SEDIMENTARY STRUCTURES

Bed ding. Both thin and thick lay ers of the ex posed Kielce
Beds main tain rel a tively con stant thick nesses (Pl. I, Fig. 1). No
bed amalgamations, pinchouts or len tic u lar bed ding have been
ob served. Sand stone beds are sep a rated by claystone-mudstone 

Sedimentology of deposits from around the Late Caledonian unconformity in the western Holy Cross Mts. 407

Fig. 6. Part of the Si lu rian/De vo nian bound ary sec tion with the Late Cal -
edo nian un con formity from NW Kielce

1 — con glom er ates; 2 — quartz sand stones; 3 — greywacke sand stones; 4
— claystones and mudstones; K.B. — Kielce Beds; M.G.C. — Miedziana
Góra Con glom er ates; G.C. — Gruchawka Con glom er ates; B.B. — Barcza
Beds



units of vari able thick nesses, or by ho mog e nous mudstone
beds. No beds with slump struc tures have been con sid ered in
the bed ding anal y sis.

Four ma jor thick ness clus ters of sand stone beds can be dis -
tin guished in the Kielce Beds (Fig. 7) on the ba sis of the Camp -
bell clas si fi ca tion (1967). The most com mon are very thin (up
to 3 cm in thick ness) and thin beds (3–10 cm) which com pose
86.0% of all sand stone beds. The most fre quent are beds show -
ing thick nesses up to 4 cm. These con sti tute ap prox i mately
60% of all beds. 11.1% of beds are from 10 to 30 cm in thick -
ness. Thick beds (30–100 cm) are rep re sented by 3 beds rang -
ing from 32 to 37 cm in thick ness, 3 beds reach ing 40–47 cm,
and one 60 cm-thick bed. In di vid ual beds and bedsets show
vary ing thick nesses in dif fer ent parts of the sec tion. Two sec -
tions of the greywacke suc ces sion con tain bedsets of in creased
thick ness (Figs. 4 and 9A). The up per part of the Kielce Beds
(ex clud ing the slump zone, ap prox i mately 2 m in thick ness —
Fig. 5) is dom i nated by claystones and mudstones with very
thin greywacke sand stone interbeds (Figs. 4 and 9B). Only at
the very top, be neath the Miedziana Góra Con glom er ates, is
there a suc ces sion of thinly and me dium bed ded greywacke
sand stones (Fig. 6). The 140 m-long sec tion of the up per part of 
Kielce Beds con tains 241 sand stone beds with an av er age
thick ness of ap prox i mately 5 cm.

Grain-size grad ing. Grain-size grad ing is ob served on a
macro-scale in thicker sand stone lay ers of the Kielce Beds. In
coarser and some of the thin ner beds, grain-size grad ing is ac -
cen tu ated by gradational dis tri bu tion of or ganic de bris. Most
thin ner beds show grain-size grad ing in thin sec tions only.
Quartz grain-size may halve along short, 1.5–2.0 cm, ver ti cal
in ter vals.

Some thin ner sand stone beds are prob a bly monofractional.
How ever, the gen er ally fine grain-size makes the per cent age of
beds show ing grain-size grad ing dif fi cult to es ti mate. 

Plane lam i na tion. Plane par al lel lam i na tion oc curs in
sand stone beds ei ther in de pend ently or above the base of
grain-size graded and un graded beds (Pl. II, Fig. 1). It has been
ob served within 142 beds, i.e. 59% of all sand stone beds. 73
beds (38 very thin, 31 thin and 4 me dium beds) show par al lel

lam i na tion only. Within other beds, hor i zon tal lam i na tion oc -
curs with cross-strat i fi ca tion, in graded or un graded beds.

Cross-stratification. Small-scale cross-stratification has
been ob served in 40 beds, i.e. 16.6% of all sand stone beds in
this Kielce Beds sec tion. Over 80% of these are very thin and
thin beds. Cross-stratification is also pres ent in me dium beds,
up to 27 cm in thick ness. Av er age thick ness of the
cross-stratified beds is 1–2 cm, rang ing from 0.5 to 3.5 cm.
Cross-stratification is ob served at the top of beds above hor i -
zon tally lam i nated se quences or, spo rad i cally, in de pend ently.
Two very thin beds (1.0 and 2.5 cm in thick ness) show only
cross strat i fi ca tion. In the re main ing beds it is ac com pa nied by
hor i zon tal lam i na tion, grain-size grad ing or non-grading. Nei -
ther con vo lute struc tures nor ero sional scours have been ob -
served within the cross-stratified beds.

Cur rent rip ples. In di vid ual sets of cur rent rip ples are ob -
served on the up per sur faces of beds which show
well-developed cross strat i fi ca tion. The cur rent rip ples are
com monly, 0.5–1.5 cm in height with wave lengths up to 10 cm. 
Sand stone laminae on up cur rent slopes are var i ously in clined,
de pend ing on rip ples height. Cur rent rip ples are mostly rare
and oc cur as straight and sin u ous crests, in di cat ing low flow
ve loc ity. Nu mer ous cur rent rip ples are ob served, how ever, at
the top of Kielce Beds, within the greywacke sand stones im me -
di ately un der ly ing the Miedziana Góra Con glom er ates. Their
crests are short and curved, in di cat ing higher cur rent velocities
(cf. Gradziński et al., 1986).

Cur rent marks. No sole marks were ob served through out
most of the Kielce Beds, where soles are com monly smooth
and sharp. Small cur rent struc tures, re sem bling prod moulds,
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Fig. 7. Thick ness dis tri bu tion of greywacke sand stone lay ers from 
the Kielce Beds

Fig. 8. Sed i men tary cy cles re corded in the Kielce Beds (A–E — di vi sions
of the Bouma se quence)



have spo rad i cally been noted only at the bot tom of thicker
beds. Well-de vel oped cur rent marks oc cur at the top of the
Kielce Beds, on lower bed ding planes of cherry-red greywacke
sand stones. These are rep re sented by rel a tively large groove
marks and small prod moulds (Pl. II, Figs. 3 and 4).

Biogenic sed i men tary struc tures. Biogenic sed i men tary
struc tures are rare in the greywackes of the Kielce Beds. Small
Chondrites? ichnofossils have been ob served only on some
sand stone tops. More abun dant trace fos sils oc cur at the top of
the Kielce Beds, in greywacke sand stones un der ly ing the
Miedziana Góra Con glom er ates where bioturbation is com mon 
on both up per and lower bed ding planes (Pl. II, Fig. 3; Pl. III,
Fig. 3). On bed tops they are rep re sented by small crawl ing or
feed ing traces and sin gle dwell ing traces, 0.5 cm in di am e ter
and 1.0 cm deep, prob a bly of the ichnofacies Skcolithos and
Cruziana.

Slump struc tures. Both top and basal sur faces of slump
struc tures of the Kielce Beds greywacke’s are in sed i men tary
con tact with undeformed de pos its. Co her ent slumps (us ing the
clas si fi ca tion of Dżułyński, 1963) are dom i nant, where in di -
vid ual bed frag ments re main in con tact, are thrust over one an -
other or are sep a rated by muddy ma trix. There are also
de formed con tin u ous beds, pre served “frozen” at a stage prior
to their breakup (Pl. I, Fig. 2). Sporadical slump balls, up to 0.5
m in di am e ter, are also ob served. These show that the sed i ment
was plas tic dur ing de for ma tion. In co her ent slumps, rep re -
sented by in di vid ual de formed clasts of ten with tucked edges,
are less com mon (Pl. I, Figs. 4 and 5; Pl. II, Fig. 2). Slump beds
and clasts are of the same fine-grained sand stone as that in ad -
join ing undeformed beds. They con tain sed i men tary struc tures
in di cat ing de po si tion from tur bid ity cur rents. Load casts were
ob served at the bases of some slump beds. Slump struc tures are
char ac ter is tic of thick sand stone beds only: the lower thick ness
limit for de formed beds is ap prox i mately 10 cm. 

Slump ing was at a max i mum dur ing sed i men ta tion of the
up per part of the Kielce Beds. The to tal thick ness of de formed
beds in the lower 100 m of the greywackes is ap prox i mately
2.0 m, whereas in the up per 40 m it is ap prox i mately 3.4 m. A
to tal of 15 smaller or larger slump zones, up to 2.0 m thick,
have been ob served across the 140 m-thick sec tion (Fig. 5).
They rep re sent synsedimentary slumps as so ci ated with grav ity
flows, gen er ated most likely by seis mic shocks and ver ti cal tec -
tonic move ments at the ba sin mar gins.

SEDIMENTARY CYCLES

The suc ces sion of sed i men tary struc tures in sand stone lay -
ers of the Kielce Beds is typ i cal of tur bid ity cur rents (Fig. 8),
cor re spond ing largely to an in com plete Bouma se quence
(1962). Grad ing rep re sents the Ta di vi sion, hor i zon tal lam i na -
tion cor re sponds to the Tb di vi sion, and cross strat i fi ca tion rep -
re sents the Tc di vi sion. Quan ti ta tive data con cern ing the Td
di vi sion, given be low, are ap prox i mate prob a bly be cause its
con tri bu tion to the pro file is un der es ti mated. The real fre -
quency of the Td di vi sion in the stud ied de pos its is prob a bly
higher, as it may be “hid den” at the top most parts of Tb and Tc
di vi sions. In di vid ual sand stone beds, com posed of var i ous el e -
ments of the Bouma se quence, form (to gether with the over ly -
ing shale-pe lagic de pos its) char ac ter is tic sed i men tary cy cles. 

Dou ble-di vi sion cy cles are dom i nant within the sand stone
beds (Tbe, Tde, Tce). They com pose ap prox i mately 72.5% of
all sand stone beds. Tri ple-di vi sion cy cles (Tabe, Tbce, Tbde,
Tcde) make up 19.5% of all cy cles, whereas four- and five-di -
vi sion cy cles (Tabce, Tabae, Tbcde, Tacae, Tabcde) — 8.0%
(Fig. 8).

Thick nesses of sand stone beds in dou ble-division cy cles
with hor i zon tal lam i na tion (Tbe, Tde) range from 1.0 to
15.0 cm, av er ag ing ap prox i mately 4.0 cm in thick ness.
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Fig. 9. Se lected parts of the Kielce Greywackes (Kielce — power gen er at -
ing plant)

C2, D2, D3 — fa cies as so ci a tions af ter Mutti and Ricci Lucchi (1975);
abcde — di vi sions of the Bouma turbidite se quence; white — greywacke
beds; black — shales (claystones and mudstones)



The contribution of very thin beds is equal for Tbe and Tde
cycles; about 49% for each.

Among tri ple-division cy cles the most com mon, ap prox i -
mately 94% of all cy cles in this group, are Tabe and Tbce se -
quences. The for mer is char ac ter is tic of thick beds (about 11
cm on av er age), whereas the lat ter com monly oc curs in beds
more than twice as thin, with an av er age thick ness of 5 cm. The
thick ness of the Tb di vi sion with hor i zon tal lam i na tion ranges
be tween 1.5 and 9.0 cm in Tabe cy cles, and be tween 2 and 4 cm 
in Tbce cy cles.

Four-division cy cles oc cur mostly within 3.5–27 cm-thick
beds av er aging ap prox i mately 8.5 cm thick. Tb di vi sions with
hor i zon tal lam i na tion are as thick as in Tabe cy cles (4.4 cm).

More com pact mudstones and some claystone-mudstone
units show well-developed sed i men tary struc tures typ i cal of
tur bid ity cur rents. Thicker mudstone beds con tain (above a
basal structureless part fre quently with re de pos ited fauna) par -
al lel lam i na tion fol lowed by a cross-laminated layer.

Claystone-mudstone units are char ac ter ised by mudstone
lay ers with sharp basal planes. Lower parts of mudstone units
are hor i zon tally lam i nated, higher in the sec tion they show dis -
con tin u ous wavy lam i na tion which grad u ally passes up wards
into a thin dark grey and black claystone bed with out any sed i -
men tary struc tures vis i ble. This type of sed i men ta tion cor re -
sponds to muddy turbidites de scribed by Stow and
Shanmugam (1980). Turbidites of the Kielce Beds are com -
posed mostly of up per di vi sions (T3–T8) of low-density tur -
bid ity cur rents.

FACIES ASSOCIATIONS

The fol low ing fea tures of the Kielce Beds are char ac ter is tic
of deep-water fa cies (cf. Mutti and Ricci Lucchi, 1975; Stow,
1986; Miall, 1990): pre dom i nant mudstones and claystones in
the succession, sub or di nate and mostly thinly bed ded
fine-grained sand stones, con stant lat eral thick nesses of sand -
stone beds, sed i men tary struc tures typ i cal of tur bid ity cur rents,
and the pres ence of planktic and re de pos ited ben thic fauna.
Sev eral ma jor and a se ries of mi nor fa cies types can be dis tin -
guished within deep-water de pos its, de pend ent on mech a nisms 
of de po si tion and the char ac ter of the sed i men tary en vi ron ment 
(Mutti and Ricci Lucchi, 1972, 1975; Pickering et al., 1986;
Ghibaudo, 1992). In di vid ual fa cies and subfacies have been
dis tin guished on the ba sis of sedimentological fea tures of par -
tic u lar beds or bedsets, such as: bed thick ness, sand/shale ra tio,
grain-size, type of Bouma se quence, sed i men tary struc tures
and bed ge om e try.

Ac cord ing to the turbidite fa cies scheme of Mutti and Ricci
Lucchi (1972, 1975) greywacke de pos its of the Kielce Beds cor -
re spond to fa cies C and D. The for mer is rep re sented mostly by
subfacies C2, com posed of fine-grained sand stones with a basal
Ta Bouma di vi sion and a com plete or in com plete set of its up per
di vi sions. Fa cies D, lack ing in the basal Ta di vi sion, oc curs most
of ten as subfacies D2 and D3. The for mer is char ac ter ised by the
pres ence of beds com posed largely of Tb–e, Tc–e and Tde di vi -
sions where the sand/shale ra tio is be low 1, reach ing very low
val ues. The lat ter, de void of sand stone beds, com prises those
parts of the sec tion, com posed of claystones and mudstones, that
cor re sponds to the Te di vi sion of the Bouma se quence.

The most com monly ob served suc ces sion within the Kielce 
Beds is an al ter na tion of fa cies C and D, with the lat ter be ing
dom i nant (Fig. 9B). There are also some sec tions of fa cies C
dom i nant (Fig. 9A). The lower part of the cherry-red
greywackes from the top of the Kielce Beds is com posed of fa -
cies D (subfacies D3), whereas their up per part is rep re sented
by fa cies C (subfacies C2).

The Miedziana Góra Con glom er ates, which con form ably
over lie the greywackes of the Kielce Beds, cor re spond in gen -
eral to coarse-grained de pos its of subfacies A2, ac cord ing to
the fa cies scheme of Mutti and Ricci Lucchi (1972, 1975). This
subfacies is char ac ter ised by the pres ence of structureless and
re versely graded con glom er ates. Ac cord ing to the fa cies model 
of Pickering et al. (1986) the con glom er ates rep re sent
subfacies A1.2 (dis or ga nised muddy grav els) within fa cies A.
In the scheme of Ghibaudo (1992) they cor re spond to subfacies 
mG (mas sive gravel) of fa cies G (gravel beds).

SOURCE AREA

Views on the or i gin of clastic ma te rial from the Up per Si lu -
rian greywackes of the Kielce Re gion have been in ferred mostly
from stud ies of the lower, coarse-grained part of the
Niewachlów Beds. These de pos its con tain the coars est grains
and most di verse range of de tri tal com po nents rep re sented by
var i ous sed i men tary and ig ne ous rocks (in clud ing ef fu sive,
plutonic and vein rocks) as well as meta mor phic rocks (gneiss es) 
(Ryka, 1959; Łydka et al., 1963; Łabędzki, 1969; Chlebowski,
1978; Romanek and Rup, 1989; Przybyłowicz and Stupnicka,
1989, 1991; Stupnicka et al., 1991; Migaszewski, 1998; Malec,
2000a). Due to the var ied petrographic com po si tion of the
greywackes, sev eral dif fer ent re gions have been con sid ered as
po ten tial source ar eas. Most re search work ers sug gested their lo -
ca tion out side the Palaeozoic core of the Holy Cross Mts., e.g. in
the Silesia-Kraków area (Znosko, 1974), in the south ern, south -
east ern and east ern pe riph er ies of the Palaeozoic core of the
Holy Cross Mts., in Slovakia be low the Carpathians
(Kowalczewski, 1974; Chlebowski, 1978; Znosko, 1983;
Romanek and Rup, 1989) or to the north or north-east
(Stupnicka, 1992; Stupnicka and Przybyłowicz, 1998) and
north-west (Znosko, 1983) of the Holy Cross Mts. Lo cal or i gin
of de tri tal ma te rial of the Niewachlów Greywackes has also been 
pro posed. In di vid ual greywacke beds were con sid ered to have
been as so ci ated with vol ca nic erup tions around the Bardo and
Daleszyce Syn clines (Przybyłowicz and Stupnicka, 1989, 1991;
Stupnicka et al., 1991; Migaszewski, 1998).

Pre lim i nary stud ies of the ori en ta tion of cur rent marks on
basal planes of greywacke sand stones of the Niewachlów Beds
from the Kielce Re gion show that de tri tal ma te rial was trans -
ported from the south-west and west?, from out side the
Małopolska Block (Malec, 2000a; un pub lished data). Such
source area can be proved by the coarse frac tion of the
Niewachlów Greywackes of the Kielce Re gion, com pared with 
those from the co eval Wydryszów Greywackes of the
Łysogóry Re gion (Malec, 2000a, b, d). This lo ca tion of the
source area is also proved by pet ro graph i cal in ves ti ga tions of
the greywackes co eval with the Łapczyca For ma tion, in the
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south ern and south west ern mar gins of the Małopolska Block
(Łydka et al., 1963; Buła, 2000). The Łapczyca Greywackes
rep re sent coarser-grained de pos its than the Niewachlów
Greywackes. It is very likely that some of Old-Palaeozoic ter -
ranes (which com pose the pres ent-day Sudetes, and may have
oc cu pied a po si tion close to the Małopolska Block dur ing the
Late Si lu rian) were the source area for the greywackes. Large
amounts of ig ne ous (in clud ing ef fu sive) rock fragments in the
lower part of Niewachlów and Wydryszów Greywackes in di -
cate that a vol ca nic arc, sit u ated SW of the Holy Cross Mts.,
was one of the ma jor source ar eas.

The fine-grained de tri tal ma te rial of the Kielce Beds
greywacke’s points to a pro nounced change in sed i men ta tion.
It was caused most likely by a par tial change of the source area.
High ma tu rity (dom i nant quartz grains) and good sort ing of the
greywacke ma te rial from the Kielce Beds may in di cate that it
orig i nated from resedimented older greywackes cor re spond ing 
to the Niewachlów Beds. The Małopolska Block, in clud ing the
south ern part of Kielce Re gion, may have been one of the re -
charge ar eas for the greywackes. In the late Lud low this area
was sub jected to up lift ac com pa nied by a grad ual shallowing of 
the ba sin, that also re sulted in sed i men ta tion of biogenic car -
bon ates on the shelf with la goons, as shown by in di vid ual beds
of sandy lime stones with abun dant ben thic fauna (also pres ent
in greywacke sand stones and mudstones) and la goonal
ostracods, found in the up per part of the Kielce Beds. Many
more car bon ate interbeds with re de pos ited shal low-water ben -
thic fos sils can be ob served in the co eval Rzepin Greywackes
of the Łysogóry Re gion (un pub lished au thor’s data).

A new trans port di rec tion of terrigenous clastics to the ba -
sin is shown by the pres ence of cherry-red claystone lithoclasts
found in cherry-red and celadon greywacke sand stones of the
up per most part of greywacke succession. Lithoclasts of this
col our are ab sent from the lower part of the greywacke
succession from the Kielce Beds. They were resedimented
most likely from the north west ern ar eas of the Łysogóry Re -
gion af ter the emer gence of this area and sed i men ta tion of
cherry-red claystones along its mar gins. The po si tion of the
Late Si lu rian source area in this part of the Holy Cross Mts. can
be in ferred from lo cal coarser-grained de pos its (up to fine peb -
bles) of the Klonów Beds (Kowalczewski and Turnau, 1997;
Kowalczewski et al., 1998).

Dif fer ent views have been de vel oped by ge ol o gists con -
cern ing the source area of the Miedziana Góra Con glom er ates.
Some au thors sug gest der i va tion from the Łysogóry Re gion
(Czarnocki, 1936; Kowalczewski, 1968; Malec, 1993), in the
Kielce Re gion (Czarnocki, 1957; Kotański, 1959; Tarnowska,
1988; Szulczewski, 1994, 1995; Stupnicka, 1995) or in both
those ar eas (Kowalczewski et al., 1998). The anal y sis of
grain-size data, lithological and pet ro graph i cal fea tures of peb -
bles, and thick ness of the Miedziana Góra Con glom er ates sug -
gest a Łysogóry prov e nance. The thick ness of Miedziana Góra
Con glom er ates in creases from the south-east to wards the
north west. In the east ern part of Kielce (Szydłówek) their
thick ness is 1.0 m, and in the north west ern part of Kielce — ap -
prox i mately 4.5 m, at Niewachlów — 12.0 m, in the Miedziana
Góra area — 40.0 m, whereas in Porzecze (3 km west of
Miedziana Góra) — ap prox i mately 120–140 m (Czarnocki,
1936; Kowalczewski, 1966, 1968, 1971; Filonowicz, 1973;

Studencki, 1978; Malec, 1993). An in crease in peb ble size also, 
to occurs ap prox i mately 1 m in di am e ter at Miedziana Góra
(Czarnocki, 1936; un pub lished au thor’s data), to gether with a
de crease in the de gree of round ness in this di rec tion.
Lithological and pet ro graph i c fea tures show that the sand stone
peb bles from the Miedziana Góra Con glom er ates cor re spond
to quartzitic sand stones of the Wiśniówka Sand stone For ma -
tion, that form the Main Range of the Holy Cross Mts. In terms
of grain-size they rep re sent type I Cam brian sand stones re cog -
nised at Wiśniówka by Skórska (1959, fig. 3, pl. XL, figs. 1, 2).
In a bi par tite di vi sion of the Wiśniówka sec tion (se ries A and
B), pro posed by Czermiński (1959), the grain-size ob served in
sand stones from the Miedziana Góra Con glom er ates is sim i lar
to that from the se ries A of the north ern part of the Wiśniówka
Duża quarry.

This type of sand stones is un known from the Cam brian sec -
tion of the Kielce Re gion (cf. Michniak, 1959, 1969; Orłowski,
1975; Łydka and Orłowski, 1978), in clud ing the Dyminy
Anticline lo cated ap prox i mately 7 km south of the NW Kielce
sec tion (cf. Bednarczyk et al., 1971; Orłowski and Mizerski,
1996). 

SEDIMENTARY ENVIRONMENT

A range of var i ous sedimentological fea tures en ables de ter -
mi na tion of the sed i men tary en vi ron ment of the Up per Si lu rian
greywackes of the Kielce Beds and Miedziana Góra Con glom -
er ates. A ben thic fauna of brachi o pods, trilobites, cri noids,
ostracods and cor als in di cates a ma rine en vi ron ment. These
fos sils are typ i cal of a shal low-water, lit to ral (also la goonal) ba -
sin en vi ron ment. Their oc cur rence in tur bid ity cur rent de pos its
in di cates that they were re de pos ited into deeper water. Auto -
chthonous fos sils are rep re sented by acritarch as sem blages and
rare graptolites, found in claystones.

No sed i men tary struc tures typ i cal of shal low-water sed i -
men ta tion (above wave-base) have been found within the
Kielce Beds (and Niewachlów Beds, Malec, 2000a). Rare cur -
rent rip ples oc cur on up per bed ding planes. Slumps, ob served
within the Kielce Beds, are com posed of de formed sand stone
lay ers with sed i men tary struc tures typ i cal of tur bid ity cur rents.

Thicker lay ers of the Kielce Beds, con tain ing in com plete
and, rarely, com plete Bouma se quences, cor re spond to rel a -
tively high-density tur bid ity cur rents. In ter vening mudstones
are char ac ter is tic of low-density tur bid ity cur rents. Sed i men -
tary struc tures typ i cal of low-density tur bid ity cur rents are ob -
served in claystones. In the se quence stud ied these de pos its
cor re spond mostly to in com plete, up per di vi sions of tur bid ity
cur rents (T3–T8), ac cord ing to the clas si fi ca tion of Stow and
Shanmugam (1980).

Sand stones and claystones con tain rhyth mi cally al ter nat ing
laminae and lay ers com posed in gen eral of fine-grained muddy,
silty and fine-sandy ma te rial. This in di cates sta ble sed i men tary
con di tions in the depositional en vi ron ment, also con firmed by
con stant thick nesses of sand stone beds show ing nei ther
pinchouts nor amalgamations. The whole Kielce Greywacke se -
quence pos sesses ho mog e nous lithologies and al most uni form
grain-size rep re sented largely by quartz (Fig. 4). The black col -
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our of unweathered de pos its and very rare trace fos sils sug gest
re duc ing con di tions in the depositional en vi ron ment. 

Sand stone beds and thicker mudstone beds com posed of
ma te rial re de pos ited from shal lower ba sin zones, as well as
slump struc tures, rep re sent cat a strophic sedimentation. The in -
ter ven ing claystones re flect pe lagic and hemipelagic sed i men -
ta tion, termed back ground sed i men ta tion.

The above-men tioned ma jor sedimentological fea tures of
the Kielce Greywackes are typ i cal of deep-wa ter de pos its.
They are best char ac ter ised by a sed i men tary model of sub ma -
rine fans stretch ing along the foot of ba sin slopes (cf. Mutti and
Ricci Lucchi, 1975; Walker, 1978; Stow, 1986; Pickering et
al., 1986; Miall, 1990; Boggs Jr., 1995). A pre dom i nance of
very thin and thin sand stone beds in the se quence (ap prox i -
mately 86% of all beds, Fig. 7), a low sand/shale ra tio (~ 0.1,
Fig. 4), and the range fa cies and subfacies pres ent in di cate that
sed i men ta tion took place in a deep ba sin. Abun dant slump
struc tures prove that greywacke sed i men ta tion prob a bly oc -
curred at the foot or on the lower part of a ba sin slope. The
Kielce Greywackes show all the sedimentological fea tures cor -
re spond ing to flysch fa cies (cf. Dżułyński and Smith, 1964;
Dżułyński and Walton, 1965). Lithologies and sedimentology
of the en tire Up per Si lu rian se quence of NW Kielce show that
these de pos its can re lated to se quences de pos ited in rem nant
ocean bas ins (cf. Ingersool et al., 1995). This is also shown by
the suc ces sion of Si lu rian de pos its in the Holy Cross Mts.,
com pris ing an up ward-shallowing se quence typ i cal of ocean
ba sin clo sure. When traced up wards from the base, the se -
quence is com posed of black grap to lit ic shales, flysch
greywacke fa cies and molasse fa cies rep re sented by cherry-red
sand stones and mudstones, car bon ates and con glom er ates. In
the study area, the be gin ning of shallowing and clo sure of the
Late Si lu rian ba sin is re flected by the sed i men ta tion of the
cherry-red greywackes and Miedziana Góra Con glom er ates.
The greywackes are com posed of ma te rial orig i nated prob a bly
from the eroded Wydryszów Greywackes, ex posed to the sur -
face due to up lift in the NW part of the Łysogóry Re gion. Ac -
cord ing to Jaworowski (see Kowalczewski et al., 1998), the
cherry-red greywackes from the top of Kielce Beds, con sid ered 
an equiv a lent of the Klonów Beds, were de pos ited on an al lu -
vial fan prograding into a shal low sea, prob a bly a la goon.

I con sider that the cherry-red de pos its at the top of
greywacke suc ces sion were de pos ited in a deeper sed i men tary
en vi ron ment, as shown by both its po si tion above deep-wa ter
flysch de pos its of the Kielce Beds and its sed i men tary struc -
tures. The lat ter are very well pro nounced within sand stone
beds, be ing typ i cal of de po si tion from tur bid ity cur rents. A
deep sed i men tary en vi ron ment is also sug gested by the oc cur -
rence of slump struc tures in the up per part of Kielce Beds, 3 m
be neath the base of the cherry-red greywackes (Fig. 5). Clasts
of greywacke sand stones, of var i ous size and vari ably de -
formed, con tain sed i men tary struc tures with Bouma se quence
di vi sions (Pl. I, Fig. 5). The pres ence of slumps im me di ately
be neath the cherry-red greywackes in di cates in di rectly that the
lat ter were de pos ited on a sub ma rine slope. Cur rent marks on

lower bed ding plane of the cherry-red greywacke sand stones,
rep re sented by groove and prod moulds (Pl. II, Fig. 4), in di cate
en er getic cur rents. The greywackes were de pos ited most likely
on a sub ma rine delta fan. Claystones and mudstones from the
low er most part of the suc ces sion were de pos ited within the
lower fan, whereas the top sand stones and mudstones may have 
been ac cu mu lated within the mid dle fan.

The sed i men tary en vi ron ment of the greywacke se quence
was prob a bly sim i lar to that ob served on mod ern sub ma rine
del tas (cf. Prior and Bornhold, 1989). In west ern Can ada, a
sim i lar suc ces sion has been de pos ited on the mid dle and lower
parts of a delta, at depths of 280–390 m, and up to 2.3 km
seawards from the river mouth, with the palaeoslope in cli na -

tion of 10–12°. 
Peb bles of Cam brian quartzitic sand stones from the

Miedziana Góra Con glom er ates are sourced from a dif fer ent
area than the greywacke clasts. The ho mog e nous com po si tion
of the peb bles sug gests that the re charge area was an up lift ing
nar row zone. Great thick nesses of the con glom er ates, reach ing
120–140 m in the NW Holy Cross Mts. (Studencki, 1978;
Kowalczewski et al., 1998), in di cate the oc cur rence of a fault
zone sep a rat ing the source area from the de po si tion site. The
sed i men tary en vi ron ment of the Miedziana Góra Con glom er -
ates was as so ci ated most likely with the up per part of a sub ma -
rine delta fan, pos si bly with a chan nel lobe or ad ja cent area.
This is shown by the large sizes of the peb bles and the pres ence
of re versely graded lay ers. De tri tal com po nents of the con -
glom er ates were prob a bly mixed to form a high-density de bris
flow, as shown by a high pos i tive cor re la tion (ap prox i mately 8) 
be tween bed thick ness and max i mum grain-size, an up -
ward-increasing con tent of ma trix, and the pres ence of re -
versely graded grain frame works.

Sim i lar fea tures have been re corded in an cient con glom er -
ate for ma tions, con sid ered to rep re sent sub ma rine de bris flow
de pos its (cf. Walker, 1975, 1977, 1978; Porębski, 1981, 1984).
The sed i men tary en vi ron ment of the Miedziana Góra Con -
glom er ates from NW Kielce re sem bles that of sim i lar de pos its
from a mod ern sub ma rine delta de scribed from west ern Can ada 
(cf. Prior and Bornhold, 1989), where con glom er ates are be ing
de pos ited in the up per part of sub ma rine delta and in the tran si -
tion zone from up per to mid dle part, at depths of 80–280 m,
500–1300 m seawards from the river mouth, on a palaeoslope

in clined at 10–12°, with a max i mum of 27°. 

CONCLUSIONS

1. The Up per Si lu rian sec tion of the NW Holy Cross Mts. is 
com posed of the lithologically var ied greywackes and the
Miedziana Góra Con glom er ates. The lower part of the
greywacke succession is an equiv a lent of the Niewachlów
Beds, whereas its up per part cor re lates with the Kielce Beds.
The up per part of the Kielce Beds and the Miedziana Góra
Con glom er ates is biostratigraphically dated as late Lud low.
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The Lower De vo nian is rep re sented by the Gruchawka Con -
glom er ate and the Barcza Beds. The con tact be tween Si lu rian
and De vo nian de pos its in NW Kielce shows a slight an gu lar
dis cor dance and a strati graphi cal gap span ning most likely the
Pridoli, Lochkovian and Lower Pragian. The Late Cal edo nian
un con formity runs be tween the Miedziana Góra Con glom er -
ates, in cluded within the Cal edo nian struc tural com plex, and
the Gruchawka Con glom er ate and Barcza Beds, rep re sent ing
the Variscan struc tural com plex.

2. The Niewachlów Beds were de pos ited dur ing in creased
tec tonic ac tiv ity in the dis charge area, sit u ated to the south-west 
of the Holy Cross Mts. be yond the pres ent lim its of the
Małopolska Block. A high con tri bu tion of vol ca nic lithoclasts
in these de pos its in di cates that a con sid er able amount of de tri tal 
ma te rial was sup plied from a vol ca nic arc. The Kielce Beds are
char ac ter ised by high min er al og i cal ma tu rity. De tri tal grains
are well sorted, and the greywacke ma te rial orig i nated in part
most likely from resedimented older greywackes, de pos ited in

the Małopolska Block, which are equiv a lent to the
Niewachlów Beds. 

3. The char ac ter is tic as sem blage of sed i men tary struc -
tures, ob served in the greywackes, is typ i cal of deep-water
flysch fa cies. In the Up per Si lu rian sec tion of NW Kielce the
typ i cal flysch fa cies pass into molasse de pos its. The flysch fa -
cies are rep re sented by the Niewachlów Greywackes and the
main body of the Kielce Beds. The molasse fa cies con sists of
cherry-red greywackes at the top of the Kielce Beds and the
Miedziana Góra Con glom er ates.
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