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Sedimentological record of changing hydrodynamic conditions
in the upper Tremadoc deposits of the Holy Cross Mountains, Poland
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In the upper Tremadoc, in the Kielce region of the Holy Cross Mountains, siltstones and fine-grained sandstones are interbedded with
chalcedonites and claystones. The deposits were probably laid down when the late Tremadoc transgression reached its maximum. Storm

=

ceived: January 20, 1999; accepted: August 30, 2000).

currents influenced deposition at times while, during calm periods, sedimentation of chalcedonites, clayey cherts and clays took place.
Weak bottom currents affected the deposition of siliceous layers. The deposits accumulated on a distal shelf.
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INTRODUCTION

In the Late Tremadoc, after the Sandomierz tectonic move-
ments (Tomczyk, 1971; Bednarczyk, 1971; Znosko and
Chlebowski, 1976), a marine transgression developed in the
Kielce region of the Holy Cross Mountains, recorded by the de-
position of detrital and siliceous rocks. The character of the de-
posits suggest changing energy levels in the environment. This
paper considers the sedimentology of the deposits, and
discusses the sources of the silica within the chalcedonites and
clayey cherts.

The data comes from sections at Zalesie Nowe and
Kedziorka (Chojndw-Dét gorge) near tagow (Fig. 1) in the
southern part of the Bardo Syncline, where the best exposed
profiles of these deposits occur, and also from the Szumsko
Kol. 2 borehole (Fig. 1). Macroscopic observations were aug-
mented by study of 60 thin sections.

HISTORY OF RESEARCH

Chalcedonites from the Holy Cross Mountains were first
mentioned by Czarnocki (1919, 1928) and Samsonowicz
(1948). Their petrology was studied by Turnau-Morawska

(1958), and Chlebowski (1971, 1976). Palaeontological and
stratigraphical studies were carried by Koztowski (1948),
Gorka (1969), Bednarczyk (1962, 1964, 19663, b, 1971, 1981,
1988, 1996), Bednarczyk and Biernat (1978) and Szaniawski
(1980).

Czarnocki  (1919) explained the formation of the
chalcedonites as the results of “advanced diagenetic changes”.
Samsonowicz (1948) suggested that the silica formed
syngenetically on the sea bottom, where it was delivered from
land. Turnau-Morawska (1958) suggested that changes in ba-
sin bathymetry took place during the deposition of the
siltstones and chalcedonites. The siltstones formed in a rela-
tively shallow environment, sourced from erosion on land,
while deposition of chalcedonites took place during deepening
episodes. The role played by bottom currents during the depo-
sition of upper Tremadoc siltstones and chalcedonites was first
mentioned by Chlebowski (1971).

GEOLOGICAL SETTING

The study area, located south from the Holy Cross Fault,
lies in the Kielce region of the Holy Cross Mountains (Fig. 1).
The region forms the northern, exposed part of the Matopolska
Block (Pozaryski, 1990; Dadlez et al., 1994), which during the
Ordovician was located between Baltica and Gondwana (Dzik
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Fig. 1. Distribution of Ordovician deposits in the Holy Cross Mountains (Tomczykowa, 1968; Bednarczyk, 1971)

and Pisera, 1994). In the Arenig it was close to a latitude of 60°
south (Lewandowski, 1987).

The upper Tremadoc strata in the Kielce region of the Holy
Cross Mountains have been termed the Zbilutka Siltstone and
Chalcedonite Member (Fig. 2) (Bednarczyk, 1981, 1996),
while Dzik and Pisera (1994) lifted them to the rank of forma-
tion (Wysoczki Chalcedonite Formation) (Fig. 2).

In the Bardo Syncline, Tremadocian siltstones and
chalcedonites rest on almost vertically lying Lower Cambrian
rocks (Czarnocki, 1939; Samsonowicz, 1948; Kowalczewski,
1964, 1965; Bednarczyk, 1971; Chlebowski, 1971). At
Kedziorka they are about 33 m thick (Fig. 3), at Zalesie Nowe
they are about 7 m thick (Figs. 3, 4) and in the Szumsko Kol. 2
borehole they are 10 m thick (Fig. 3).

The late Tremadoc age of this unit is documented by
brachiopods (Bednarczyk, 1971, 1981, 1988, 1996;
Bednarczyk and Biernat, 1978), graptolites (Koztowski, 1948)
and conodonts of the Drepanoistodus deltifer prostinus
Subzone (Bednarczyk and Biernat, 1978; Szaniawski, 1980;
Bednarczyk, 1981, 1988, 1996, 1998; Dzik and Pisera, 1994).
Bednarczyk (1996) placed the upper part of the unit in the low-
ermost Arenig, based on the occurrence of the brachiopods
Celdobolus mirandus (Barrande) and Eosiphonotreta
acrotretomorpha (Goryansky).

Tremadocian rocks have been also recorded in excavations
and boreholes in Wysoczki, around Putaczéw and in the west-
ern part of the Bardo Syncline (Koziel, Mokradle) (Fig. 1)
(Samsonowicz, 1948; Turnau-Morawska, 1958; Bednarczyk,
1962; Chlebowski, 1971).

In the eastern part of the Kielce region (Miedzygérz), as
well as around Brzeziny, Zbrza and Kielce (Fig. 1), upper
Tremadoc to lower Arenig grey-green glauconitic sandstones
are present (Samsonowicz, 1928; Tomczyk, 1954;
Turnau-Morawska, 1960; Tomczyk and Turnau-Morawska,

1964; Deczkowski and Tomczyk, 1969; Bednarczyk, 1971,
1981, 1996). Their stratigraphic position is documented by the
brachiopods Thysanotos siluricus (Eichwald), Celdobolus
mirandus (Barrande) and Rosobolus cf. robertinus (Havlicek)
and conodonts of the Drepanoistodus deltifer deltifer Subzone
(Bednarczyk, 1981, 1996). In the Zbrza region these deposits
are interbedded with a few chalcedonite layers. Their thickness
varies from 5 m around Zbrza and Brzeziny to 20 m at
Miedzygorz.

GENERAL LITHOLOGICAL CHARACTERISTICS

The Lower Ordovician profile in the Bardo Syncline begins
with a thin layer of sandy conglomerate (currently unexposed)
10-15 cm thick, composed of pebbles of Cambrian rocks and
quartz (Czarnocki, 1928, 1939; Chlebowski, 1971).

Above this conglomerate lie siltstones and fine-grained
sandstones interbedded with chalcedonites and claystones
(Figs. 3, 4). Siltstone and sandstone beds both range between 3
and 20 cm thick. Claystone layers are mostly 2 to 4 cm thick,
sporadically reaching 30 cm. Bed boundaries are sharp, and nu-
merous load structures can be found. Mudstones and
fine-grained sandstones reveal a distinct green colour, while
chalcedonites are grey and bluish. Locally, thin interlayers and
laminae of coarse sand and fine gravel occur within individual
siltstone-sandstone layers.

PETROGRAPHIC CHARACTERS

The overall petrographic characters, mineral composition
and textural attributes of the main lithological types are given
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here. Detailed petrographic analyses of the Tremadoc deposits
from Wysoczki and Bardo Syncline can be found in
Turnau-Morawska (1958) and Chlebowski (1971, 1976).

DETRITIC ROCKS

The detrital rocks comprise mainly quartz grains with a di-
ameter of 0.02-0.06 mm, locally between 0.06-0.1 mm (PI. I,
Fig. 3), making them siltstones and fine-grained sandstones.
Quartz grains are angular to slightly rounded, some having re-
generation rims. Glauconite is abundant, forming grass-green
aggregates with diameters of 0.02-0.6 mm. Faint green flakes
of glauconitised biotites are also present, as well as other micas
and feldspars. The matrix and cement are formed by clay min-
erals and silica (amorphous and fine-crystalline). Opaque iron
oxides and hydroxides are also present. Chlebowski (1971)
noted occurrence of volcanic material (quartz, fresh feldspars
and micas) in the detrital rocks. Both siltstones and sandstones
contain fine gravel, represented by phosphatic grains, claystone
rock pebbles, quartzitic siltstones, coarse-grained quartz and
fragments of siliceous rocks.

SILICEOUS ROCKS

Siliceous rocks are composed of chalcedonite, usually de-
veloped in the form of fan-shaped spherulites (0.1-0.5 mm)
(PI1.1, Fig. 2). Very well preserved sponge spicules, without any
traces of mechanical or chemical erosion, and fragments of
phosphatic brachiopod shells can be seen in the chalcedonite
matrix (Pl. I, Fig. 2). Organic remains and detrital grains form
the nuclei of the chalcedonite spherules. Glauconite, detrital
quartz, feldspars, micas and phosphates also form a small pro-
portion of the rock.

Clayey cherts also occur (Turnau-Morawska, 1958;
Chlebowski, 1971), being a mixture of silica, clay minerals, de-
trital quartz, feldspars, phosphates, glauconite and ferruginous
compounds (Pl. I. Fig. 4). As in the chalcedonites, sponge
spicules are present. In the clayey cherts of the Szumsko Kol. 2
borehole, calcite carbonate locally occurs (PI. I, Fig. 4), some
forms of which resemble organic remains. Less abundantly,
calcium carbonate occurs also in the siliceous deposits of
Zalesie Nowe and Kedziorka. Its presence was mentioned by
Turnau-Morawska (1958) and Chlebowski (1971).

SEDIMENTOLOGY

SILTSTONES AND SANDSTONES

A characteristic feature of the upper Tremadoc profiles ex-
posed in Kedziorka and Zalesie Nowe is a rhythmic occurrence
of siltstones/sandstones, chalcedonites and claystones (Figs. 3,
4; PI. 1, Fig. 1). Sedimentological structures analysed in this
section refer mainly to siltstones and sandstones. The
claystones are usually massive or bioturbated, or in some cases
horizontally laminated.

Basal surfaces of the siltstone-sandstone layers are usually
sharp, erosional and in most cases covered by coarse sand and
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Fig. 2. Lithostratigraphy of the Ordovician deposits in the Kielce region of
the Holy Cross Mountains

fine gravel (PI. Il, Fig. 5; PL. 111, Fig. 1). Larger pebbles here
reach a maximum diameter of 1 cm, and comprise
well-rounded intraclasts of green claystone and fragments of
chalcedonites and clayey chert. Groove marks on these basal
surfaces reach a dozen or so centimetres in lenght, 1-5 mm in
width, and 1-2 mm in depth. Longitudinal ridges moulds are
also present (PI. IV, Fig. 4).

The siltstone-sandstone layers contain horizontal lamina-
tion or low-angle cross-bedding (PI. I, Fig. 3; PI. Ill, Figs.
2, 3). Flaser bedding and ripple cross-lamination also occur
(PI. 1, Fig. 5; PL. 11, Fig. 2). Surfaces of the siltstone-sandstone
layers are commonly irregular, deformed and loaded (PI. 11,
Fig. 1). In few cases hummocky cross-stratification (PI. 111,
Fig. 4) and wavy lamination occur. Upper surfaces of some of
the claystone and siltstone layers are developed in the form of
low hummocks, with a diameter of about 10 cm and the height
of about 2 cm, separated by depressions of similar dimensions.

Graded-bedding within the layers comprises passages from
coarse sands and fine gravels into siltstones (PI. Il, Fig. 5).
Commonly, layers are graded in their lower parts and horizon-
tally laminated in their upper parts, and this may pass up into
low-angle cross-bedding or ripple bedding (PI. I, Fig. 5; PI. 11,
Fig. 2). Current ripples may occur on top surfaces, with an am-
plitude not exceeding 1 cm, and usually around 0.5 cm (PI. I,
Fig. 6).

Wash-out structures commonly occur at the base of
siltstone-sandstone layers, as small flute marks and erosional
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PLATE |

1. Exposure of the Zbilutka Siltstone and Chalcedonite Member in the Kedziorka (Chojnéw-D6t gorge); alternation of siltstone-sandstone and
chalcedonite layers is visible. 2. Chalcedonite spherulites around detritic quartz and on the surface of a phosphatised brachiopod shell fragment (lower
part of the picture); crossed polars; Kedziorka. 3. Horizontal lamination of fine-grained sandstones seen under the microscope; crossed polars; Zalesie
Nowe. 4. Contact of clay chert, containing an admixture of carbonates, with siltstone (upper-right corner of the picture); crossed polars; Szumsko Kol. 2.
5. Horizontally laminated siltstone; ripple lamination and fodinichnias filled with siltstone-chalcedonite material on a bedding surface; Kedziorka; scale
bar — 1 cm. 6. Current ripples on the surface of a siltstone layer; Kedziorka
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PLATE I

1. Siltstone with interrupted horizontal lamination; bending of the lamination at the contact with the chalcedonite is visible (middle part of the picture);
oval fragments of clayey cherts (lower part of the picture); Zalesie Nowe. 2. Siltstone-siliceous heterolithic deposit; at the bottom of a layer the interrupted
internal structure of the deposit is visible, with horizontal and ripple lamination at the top; Zalesie Nowe. 3. Contact of chalcedonite with a horizontally
laminated siltstone; in its lower part the chalcedonite contains an admixture of detrital material, emphasizing the horizontal lamination; Kedziorka. 4. Bed
with an interrupted internal structure, composed of redeposited fragments of siliceous rocks and of a sany and gravel; in the lower part of the picture a thin
layer of horizontally laminated siltstone is visible; Kedziorka. 5. In the lower part of the picture — an erosion surface capped by a thin sandstone layer with
small pebbles; higher — a horizontally laminated siltstone; at the top — a claystone with bioturbation traces (dark stripes) and an admixture of siltstone;
Zalesie Nowe. Scale bar — 1 cm
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PLATE 11

1. Chalcedonite-siltstone contact; a thin layer of coarse-grained sandstone with small pebbles is visible at the bottom of the siltstone layer, capped by hori-
zontal and ripple lamination; chalcedonite with an admixture of terrigenic material; Kedziorka. 2. A sharp boundary between a bioturbated siltstone and
overlying horizontally laminated siltstone; Zalesie Nowe. 3. Horizontally laminated fine-grained sandstone with escape structures; Zalesie Nowe. 4.
Hummocky cross-stratification (HCS), with an escape structure (right side of the picture); Kedziorka. Scale bar — 1 cm
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PLATE IV

1. Bioturbated siltstone; Kedziorka. 2, 3. Oval and circular animal traces, preserved on the bottom surface of a bed of fine-grained sandstone; Kedziorka.
4. Moulds of longitudinal ridges on the lower surface of a fine-grained sandstone bed; Zalesie Nowe. Scale bar — 1 cm
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Fig. 3. Lithological profiles of the Ordovician deposits in the area studied
(Czarnocki, 1939; Chlebowski, 1971; Bednarczyk, 1971, 1996; Dzik,
1996)

channels, with widths reaching 3-5 cm, and the depths of 1-3
cm, cut into the underlying claystone. These are filled with
sand or fine gravel and intraclasts of chalcedonites, which are
sometimes rounded.

Individual, lenticular, elongated or oval chalcedonite frag-
ments with a thickness of few or up to a dozen or so millimetres
locally occur. They resemble clay balls, and are commonly torn
apart and folded (PI. 11, Fig. 1).

In some cases, thin laminae of siltstone, chalcedonites and
clayey chert alternate, forming heterolithic layers.

Internally deformed layers commonly occur and comprise
torn-apart fragments of claystone, chalcedonites and clayey
cherts, with sandy-gravel material squeezed in between them

(P11, Figs. 2, 4). Sand and fine gravel form irregular lenses to
1 cm thick, and laminae up to 0.5 cm thick and 3 cm long.
These deformed packets are associated with more coherent
strata, the whole being probably due to instability as a result of
density stratification (Dzutynski, 1966; Anketell et al., 1970).

Lenses, intraclasts and grains of sand occur within some
claystone layers, and these usually have gradational bound-
aries.

Bioturbation comprises mainly endichnias within thin,
grey-green claystones and fine-grained siltstones, arranged
parallel to the bedding planes (PI. 11, Figs. 2, 5) and outlined by
dark organic matter. In many cases, primary sedimentary struc-
tures have been destroyed by intense bioturbation (Pl. 1V,
Fig. 1). Locally bioturbation traces are preserved as hypichnia
on bottom surfaces of the siltstone-sandstone layers. They form
short, oval forms, up to 1-2 cm long and about 0.5 cm wide
(PI. 1V, Fig. 2), and oval traces of diameter 0.5 cm (PI. I, Fig. 3),
and straight forms with a maximum length of 2 cm and widths
of 0.3 cm, resembling Planolites sp. These traces are built of
material from the overlying layers. Sporadically, in the top
parts of the siltstone layers, traces of raindrop-shaped borings,
upto 2cmlong, and 1 cm across occur (PI. I, Fig. 5). They cut
the original sedimentary structures and are filled by
fine-grained, sometimes chalcedonite sediment. They resemble
Glossifungites (Frey and Pemberton, 1984; Ekdale et al.,
1984). Individual escape structures are also found within the
siltstone-sandstone layers (PI. Ill, Figs. 3, 4), filled with
fine-grained homogeneous siltstone. Adjacent to these forms
the lamination of the deposits is deformed.

CHALCEDONITES

Rocks built of chalcedonite spherulites usually form con-
tinuous layers, easy to trace in the exposures. Lenses, concre-
tions, and clay balls are also present within siltstones and
sandstones (PI. I, Fig. 1). Most commonly they are flat or
discoidal and reach dimensions of 1.5 x 3 x 4 cm. Some are
load-shaped, or form discontinuous thin laminae, with a maxi-
mum length of a few centimetres and widths up to 0.5 cm. In
some chalcedonite layers traces of horizontal lamination,
marked by the fine detritus can be observed occur (PI. Il
Fig. 3). Concentrations and clay balls of clayey cherts, as well
as fine glauconite and quartz grains also occur in the
chalcedonite matrix.

Clayey cherts usually form irregular concentrations, lenses
or disrupted irregular layers, or they adopt oval shapes (P!. I1,
Fig. 1). They are characterised by gradual boundaries and are
replaced by chalcedonites and siltstones. Their thickness is
variable, averaging about 3 cm. Some laminated and oval
clayey cherts with a higher silica content have more distinct
boundaries with the surrounding siltstone-sandstone rocks, or
occur as load structures in a chalcedonite or siltstone-sandstone
matrix (Chlebowski, 1971). In a few cases traces of lamination
are preserved within the bedded cherts.
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DISCUSSION

SOURCE OF SILICA

Samsonowicz (1948) suggested a syngenetic origin for the
silica on the sea bottom, where it was derived from the land.
Turnau-Morawska (1958) thought that the silica source was
“...disintegration of mineral pelite suspensed in the sea water
for a long time during a period of brake of erosional processes
on the neighbouring land...”. According to Chlebowski (1971,
1976) and Kowalczewski (1974), large quantities of silica were
supplied to the basin by volcanic activity.

Durakiewicz et al. (1998) suggested that the silica in the
Kielce region of the Holy Cross Mountains was of hydrother-
mal origin possibly connected with the activity of undersea
springs. In case of the Tremadoc chalcedonites, though, there is
no obvious source of heat. But, as in the early Precambrian of
Newfoundland (Simonson, 1985), cooling igneous intrusions
may have sourced thermal waters bringing silica into the basin.
There is no evidence of intrusions in the late Tremadoc in the
Holy Cross Mountains. These could occur on greater depths, as
the products of nearby volcanic activity reached the Kielce re-
gion of the Holy Cross Mountains. Chlebowski (1971) sug-
gested that the volcanism bringing pyroclastic material into the
Holy Cross region occured south of the Holy Cross Mountains,
at the distance of 30 km or closer. According to Kowalczewski
and Wréblewski (1971, 1974) common examples of
post-volcanic mineralisation are connected with nearby active
volcanic zones.

Hydrothermal solutions and undersea volcanic exhalations,
possibly connected with nearby volcanism, seem to be the most
probable sources of silica in the Kielce region of the Holy Cross
Mountains in the late Tremadoc. Higher temperature is one of
the favouring silica dissolution (Siever, 1962; Simonson,
1985). The bottom sediment of the late Tremadoc sedimentary
basin in the Kielce region was weakly reducing, because of or-
ganic matter decay. Organic matter influences the precipitation
of silica, as it causes a drop of the solution’s pH and forms pro-
tecting colloids, and therefore prevents silica dissolution
(Siever, 1962; Kasinski et al., 1981). These conditions, also de-
termining the Fe*'/Fe?* ratio (Harder, 1989), additionally fa-
voured glauconite formation. Bottom waters in the late
Tremadoc sedimentary basin became oversaturated with re-
spect to silica, and this precipitated where the slightly alkaline
bottom waters mixed with the slightly acidic pore waters. Ac-
cording to Krauskopf (1959) a rapid increase of the silica pre-
cipitation rate takes place in such conditions. Precipitation of
silica in oversaturated solutions is enhanced in the presence of
electrolytes in the seawater.

It cannot be excluded that the hydrothermal solutions mi-
grated along fault zones. The Ordovician basin of the Holy
Cross Mountains was tectonically active (Kowalczewski,
1964, 1965, 1994; Tomczyk, 1964; Kowalczewski and
Wrdblewski, 1971, 1974). In Kedziorka and Zbrza, local tec-
tonics and eustatic sea level changes caused local emergence
during the Arenig and Llanvirn (Figs. 1, 3). In Zalesie Nowe,
Middle Ordovician dolomites, showing traces of hydrothermal
alteration, overlie the Lower Ordovician siltstones,
chalcedonites and sandstones (Fig. 3). Hydrothermal activity in

the Middle Ordovician might have taken place along fault
zones which were active already in the Tremadoc.

INTERPRETATION OF SEDIMENTARY CONDITIONS

The sedimentological record of the upper Tremadoc pro-
files in Kedziorka, Zalesie Nowe and Szumsko Kol. 2 indicates
rapid changes in the energy of the depositional environment.
Siltstone-sandstone layers contain sedimentary structures sug-
gesting energetic deposition. Sharp, erosive basal bed surfaces
indicate a rapid accumulation that was preceded by erosion of
underlying sediments, with the formation of small intraclasts.
Such graded beds are typically left by waning currents (Dott
and Bourgeois, 1982; Walker, 1984; Aigner, 1984, 1985). Wa-
ter escape structures also indicate rapid accumulation.

Wave-generated structures are rare in the deposits studied,
what suggests deposition on distal shelves, below normal wave
base (Aigner, 1984, 1985; Leckie and Krystinik, 1989; Jannette
and Pryor, 1993). The replacement of graded-bedding by hori-
zontal lamination, or of horizontal lamination by cross-bedding
and ripple-bedding observed record weakening storm currents
(Bhattacharyya et al., 1980; Dott and Bourgeois, 1982; Aigner,
1984, 1985; Walker, 1984; Simpson and Eriksson, 1990;
Tucker, 1995). Hummocky cross-stratification (HCS) and
wavy lamination are diagnostic features of storm deposits, in-
dicating rapid deposition of the material from suspension in
waning flow conditions as wave action is modified by unidirec-
tional currents (Bourgeois, 1980; Dott and Bourgeois, 1982;
Harms et al., 1982; Walker, 1984; Duke et al., 1991; Jannette
and Pryor, 1993; Galloway and Hobday, 1996). Hummocky cross
stratification is present, though rare in the deposits analysed.

The occurrence of graded-bedding, horizontal lamination,
low-angle cross-bedding and common erosional surfaces, as
well as the presence of small-scale hummocky cross-
stratification and wavy lamination, indicate storm-generated
bottom currents, during deposition of the siltstones and sand-
stones.

The load structures and internally deformed layers ob-
served indicate rapid sand deposition on a water-saturated clay
substrate, or on a soft and plastic layer of siliceous gel. Dense
currents flowing on the soft substrate tore and deformed
existing layers, the interbedding of sediments with different
densities encouraging deformation (Dzutyniski and Radomski,
1966). According to Chlebowski (1971), apart from current
flow, tectonically induced mass movements were an important
factor in the formation of load structures and clay-ball struc-
tures. Indeed, some of the bottom currents might have been
generated by tectonic activity.

During calm episodes the surface of siltstone-sandstone
layers was penetrated by organisms. Fodinichnias, drilled in
firm, semi-consolidated deposits, provided shelter against ero-
sion and bottom currents (Frey and Pemberton, 1984; Ekdale et
al., 1984). Rapid deposition locally preserved burrows as
moulds on the undersides of beds.

A rise in wave base led to deposition of siliceous strata and
sedimentation of fine detrital material from suspension. A low
deposition rate and calm sedimentary conditions favoured the
bioturbation observed in claystone and siltstone layers, locally
causing homogenisation of the deposit. Individual chalcedonite
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Fig. 4. Sedimentological profile of the upper Tremadoc deposits in Zalesie
Nowe

and claystone layers show the influence of weak currents
marked by thin layers of sand-gravel or of chert/clay balls in the
chalcedonite matrix. The chalcedonite, as a semi-plastic, sedi-
ment was locally eroded and redeposited by currents. Mixed
with silt, introduced by weak currents, it formed clayey cherts.

Traces of calcium carbonate occur within the clayey cherts,
suggesting incorporation of this component into the original
sediment, which, according to Turnau-Morawska (1958),
could originally have been calcareous and then been replaced
by silica. Concentrations of calcium carbonate resembling or-
ganic remains suggest at least a partly organic origin. Such
calcareous bioclasts were probably current-derived from a
shallower part of the basin. pH and Eh conditions probably fa-
voured partial dissolution of calcareous skeletons, and calcium
ions made precipitation of siliceous gel easier
(Turnau-Morawska, 1958; Kastner, 1979). Some of the irregu-
lar calcareous concentrations may, though, be of diagenetic or,
as Chlebowski (1971) suggests, of hydrothermal origin.

The deposits resemble those formed on a deep shelf or ramp
(Aigner and Reineck, 1982; Harms et al., 1982; Brett, 1983;
Walker, 1984; Aigner, 1984, 1985). Siltstone-sandstone layers
represent distal current activity, perhaps generated by storms,
interrupting calm clay-siliceous sedimentation. High amplitude
storm-generated waves can influence bottom sediment to
depths exceeding 200 m (Galloway and Hobday, 1996; Col-
lins, 1988). It can not be excuded that some of the bottom cur-
rents was generated by tectonic activity.

CONCLUSIONS

1. The upper Tremadoc profile in the Kielce region of the
Holy Cross Mountains comprises thin- and medium-bedded
siltstones, sandstones, chalcedonites and clays, deposited in the
final phase of the late Tremadoc transgression.

2. The sediments record rapid fluctuations in energy. Sand-
stones and siltstones were deposited in turbulent conditions un-
der the influence of storm currents. Graded-bedding and
horizontal lamination is succeeded by small scale
cross-bedding and ripple cross-lamination within individual
beds. Hummocky cross-stratification and wavy lamination are
locally present. Bed boundaries are sharp and common loading
of clastic rocks into chalcedonites.

3. During calm intervals sedimentation of chalcedonites
and claystones occurred. Low deposition rates favoured
bioturbation. During periods of increased current activity some
of the chalcedonites and clayey cherts were reworked.

4. Hydrothermal solutions and volcanic exhalations
associated with nearby volcanic activity were the source of the
silica in the cherts.

5. Sedimentation took place on a distal shelf, under the in-
fluence of waning storm or tectonically-genetated currents.
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