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Glauconite-bear ing siliciclastic lithofacies are widely dis trib uted through out the Lower Or do vi cian (up per Tremadocian–
Floian) sed i men tary re cord of Po land. They form a diachronous ho ri zon com posed of glauconitic sand stones that lo cally rest
on a basal con glom er ate, which oc cur on the Ma³opolska Block (in clud ing the south ern Holy Cross Moun tains) and the East
Eu ro pean Plat form. The Lower Or do vi cian fa cies ar chi tec ture in the Holy Cross Moun tains can be roughly cor re lated with the 
sea-level changes re con structed in Baltoscandia, though the lo cal tec ton ics con trib uted to some no ta ble dif fer ences. The
Lower Or do vi cian glauconitic in ter val re flects a ma jor change of depositional en vi ron ment on the Baltica and Ma³opolska
shelves char ac ter ised by fa vour able con di tions for strati graphic and sed i men tary con den sa tion. It cor re sponds to a trans -
gressive and early highstand depositional sys tem en com pass ing the up per Tremadocian to lower Floian in ter val in the Holy
Cross Moun tains. On the East Eu ro pean Plat form, an ex tremely con densed glauconitic ho ri zon is as so ci ated with the Floian, 
al though its basal con glom er ates may be re lated to the lat est Tremadocian. A low ac cu mu la tion rate, in clud ing pe ri ods of
sed i ment star va tion, fa cil i tated early diagenetic pre cip i ta tion of a si li ceous phase in tuffitic muds, re sult ing in bed ded and
nod u lar cherts in the up per Tremadocian of the south ern Holy Cross Moun tains.
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INTRODUCTION

A dis tinc tive fea ture of the Lower Or do vi cian suc ces sion in
the south ern Holy Cross Moun tains (HCM), lo cated in SE Po -
land, is the wide spread oc cur rence of up per Tremadocian to
lower Floian siliciclastic de pos its en riched in glauconite
(Czarnocki, 1919; Turnau-Morawska, 1958, 1960; Bednarczyk, 
1964, 1966; Chlebowski, 1971; Trela, 2001, 2022; and ref er -
ences therein). These de pos its rest un con form ably on Cam -
brian strata, mostly with a huge strati graphic gap, and rep re sent 
a sed i men tary suc ces sion that de vel oped af ter pro tracted tec -
tonic de for ma tion fin ished in the early late Furongian (see Trela
et al., 2025; and ref er ences therein). This time-spe cific Lower
Or do vi cian fa cies is also wide spread across SE Po land
(Tomczyk, 1962; Moryc and Nehring-Lefeld, 1997; Maksym et
al., 2003) and the Pol ish seg ment of the East Eu ro pean Plat -
form (Modliñski, 1968, 1973, 1982; Szymañski, 1973, 1984;
Modliñski and Szymañski, 1997, 2005, 2008; Porêbski and

Podhalañska, 2019; Trela, 2022; ref er ences therein). Thus, the
oc cur rence of the up per Tremadocian to Floian glauconite-
 bear ing siliciclastic de pos its in SE Po land (in clud ing the south -
ern HCM) and the East Eu ro pean Plat form ap pears to be a
lithofacies proxy for their palaeogeographic prox im ity dur ing
this time, re flect ing com pa ra ble sed i men tary con di tions and the 
in flu ence of the same eustatic events.

To date, the strati graphic and fa cies ar chi tec tures of the
Lower Or do vi cian siliciclastic suc ces sion in the HCM and SE
Po land re main in suf fi ciently re cog nised, par tic u larly con cern ing 
the glauconite-bear ing unit. This pa per pres ents the re sults of
sedimentological stud ies fo cus ing on sed i men tary pro cesses
and fa cies dis tri bu tion of the Lower Or do vi cian siliciclastics in
the south ern HCM, and their re la tion ship to eustatic changes
re ported in Baltica (see Niel sen, 2004). Fur ther more, this is the
first study pro vid ing in sight into the tem po ral and spa tial dis tri -
bu tion of Early Or do vi cian fa cies as so ci a tions and sed i men tary
en vi ron ments in SE Po land.

Pre vi ous stud ies of the Lower Or do vi cian de pos its in the
south ern HCM have pri mar ily fo cused on palae on tol ogy, stra -
tig ra phy, pe trol ogy and gen eral tec tonic as pects (Koz³owski,
1948; Tomczyk, 1954; Turnau-Morawska, 1958, 1961; Star -
mach, 1963; Bednarczyk, 1964, 1966, 1971, 1988, 1999;
Bednarczyk et al., 1966; Chlebowski, 1971; Znosko and Chle -
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bow ski, 1976; Szaniawski, 1980; Bednarczyk and Stupnicka,
2000; Holmer and Biernat, 2000). Pre lim i nary ap proaches to
the lithofacies and sedimentological is sues of chert-bear ing up -
per Tremadocian glauconitic mudstones and to Early Or do vi -
cian sed i men tary en vi ron ments were pro vided by Bednarczyk
(1966), Chlebowski (1971) and Trela (2001). The min er al og i cal
com po si tion of up per Tremadocian mudstones, cherts, and
con glom er ates was stud ied by Turnau-Morawska (1958, 1960)
and Chlebowski (1971).

GENERAL BACKGROUND

GEOLOGICAL SETTING AND PALAEOGEOGRAPHY

The HCM is a unique place on the geo log i cal map of Cen -
tral Eu rope where two tec tonic units of the Trans-Eu ro pean Su -
ture Zone meet: the Ma³opolska Block in the south, and the
£ysogóry Block in the north, sep a rated by the Holy Cross Fault
(Fig. 1). How ever, ¯elaŸniewicz et al. (2011, 2020) place the
north ern bound ary of the Ma³opolska Block on the Chmielnik-
 Ryszkowa Wola Tec tonic Zone, south of the HCM (Fig. 1). The
geotectonic or i gin of these tec tonic units has been de bated for
more than four de cades, fo cus ing on their re la tion ship with ei -
ther Baltica or Gond wana (Po¿aryski, 1990; Lewandowski,
1993; Dadlez et al., 1994; Pha raoh, 1999; Malinowski et al.,
2005, 2013, 2015; Nawrocki et al., 2007; Narkiewicz et al.,
2011; Narkiewicz and Petecki, 2017; Walczak and Belka, 2017; 
Callegari et al., 2025; and ref er ences therein). Stud ies of de tri -
tal mica and zir con ages in di cate that dur ing the Cam brian, the
HCM re ceived de tri tal ma te rial from peri-Gondwanan frag -
ments of the Cadomian orogen and Mesoproterozoic sources
on Baltica (Belka et al., 2000, 2002; Nawrocki et al., 2007;
¯elaŸniewicz et al., 2020). Ac cord ing to Callegari et al. (2025),
de tri tal zir cons in the Cam brian strata of the HCM were de rived
from a con ti nen tal arc de vel oped along the Baltica mar gin that
was an equiv a lent of the Cadomian Arc on the op po site side of
the Mirovoi Ocean.

The Ma³opolska Block is re garded ei ther as a prox i mal
terrane of Baltica that was accreted to this palaeocontinent in
the late Si lu rian to ear li est De vo nian (Dadlez et al., 1994) or
even in the late Car bon if er ous (Lewandowski, 1993), or as an
ex otic terrane de rived from the peri-Gondwanan Cadomian belt 
that col lided with Baltica in the Furongian (late Cam brian; e.g.,
Belka et al., 2002; Walczak and Belka, 2017) or in the Early De -
vo nian (e.g., Narkiewicz et al., 2011; Narkiewicz and Petecki,
2017). Deep seis mic sound ing ex per i ments sug gest the sim i -
lar ity of the crustal struc ture be tween the Ma³opolska Block and
the East Eu ro pean Plat form (Malinowski et al., 2005). In con -
trast, deep re flec tion seis mic pro files in SE Po land re veal an
Avalonia-type crust sug gest ing peri-Gondwanan af fin ity
(Malinowski et al., 2013, 2015). Ac cord ing to Mazur et al.
(2017), in SE Po land the Baltica-type crust ex tends prob a bly
south west of the Teisseyre-Tornquist Zone, sim i larly to cen tral
and west ern Po land (Mazur et al., 2015). Cocks (2002) pro -
vided palaeontological ar gu ments for the close af fin ity of the
Ma³opolska Block with Baltica through out the Early Pa leo zoic.
In ad di tion, palaeomagnetic data in di cate that this area was lo -
cated at its pres ent po si tion in re la tion to Baltica as early as the
late Cam brian (Schätz et al., 2002; Nawrocki et al., 2007).

The £ysogóry Block – in clud ing the north ern HCM and the
Bi³goraj-Narol zone in the east – is in ter preted as at ten u ated
cratonic crust of Baltica (Malinowski et al., 2005). Dadlez et al.
(1994) treated this tec tonic unit as part of Baltica’s pas sive mar -
gin. It is now con sid ered as Baltica’s prox i mal terrane
(Narkiewicz and Petecki, 2017 and ref er ences therein), which is 
con sis tent with palaeomagnetic data (Nawrocki et al., 2007).

LOWER ORDOVICIAN STRATIGRAPHY IN THE HCM

The Lower Or do vi cian in the south ern HCM con sists of a
glauconite-bear ing siliciclastic sed i men tary suc ces sion that un -
con form ably over lies lower Cam brian strata (Czarnocki, 1939;
Koz³owski, 1948; Tomczyk, 1962; Bednarczyk, 1966; Znosko
and Chlebowski, 1976; Dadlez et al., 1994); how ever, in the
east ern HCM it rests on upper Furongian de pos its (Trela et al.,
2025). This suc ces sion has been sub di vided into five lithostrati -
graphic units show ing sig nif i cant lithological vari abil ity (see
Trela, 2006).

The old est part of the Lower Or do vi cian in the south ern
HCM is rep re sented by thin- to me dium-bed ded glauconitic
mudstones interbedded with bed ded and nod u lar cherts, as
well as siltstones/sand stones, which to gether form the
Wysoczki Mudstone and Chal ce donite For ma tion (Fig. 2). This
unit typ i cally ranges in thick ness from a few to about ten metres, 
lo cally reach ing 30 m, and oc curs mainly in the cen tral part of
study area, par tic u larly within the Bardo syncline (Fig. 1). Cono -
dont data in di cate that the Wysoczki For ma tion cor re sponds to
the up per Tremadocian deltifer Biozone (Szaniawski, 1980;
Dzik and Pisera, 1994). Koz³owski (1948) de scribed the
graptolite fauna from chal ce dony beds of the Wysoczki For ma -
tion which he con sid ered to be youn ger than the early
Tremadocian as sem blage (see also Tomczyk, 1962). The age
of this lithostratigraphic unit is fur ther  con strained by nu mer ous
lingulate brachi o pods of the Leptembolon-Thysanotos as sem -
blage in clud ing Thysanotos siluricus (Bednarczyk, 1964, 1971), 
Eurytreta mi nor, Mamatia retracta, Siphonotretella popovi,
Orbithele ceratopygarum and Leptembolon cf. lingulaeformis
(Holmer and Biernat, 2002). Bednarczyk (1999) and Mergl
(2002) pos tu lated that planktotrophic lar vae of these lingulate
brachi o pods (Leptembolon-Thysanotos as sem blage) could
have been dis persed via oce anic gyres dur ing the late
Tremadocian to early Floian, mi grat ing from Bo he mia through
the Ma³opolska Block to the Baltica mar gin. The Wysoczki For -
ma tion has also yielded nu mer ous acritarch spec i mens, con sid -
ered a ref er ence as sem blage for the late Tremadocian
microphytoplankton (Górka, 1969; Szczepanik, 2003).

In the west ern and east ern lo cal i ties, the up per Trema -
docian suc ces sion is dom i nated by the Miêdzygórz Sand stone
For ma tion, which lo cally rests on a con glom er ate bed (5–40 cm
thick) form ing the Kêdziorka For ma tion (Fig. 2). The strati -
graphic po si tion of the Miêdzygórz For ma tion is based on the
pres ence of the brachi o pod Thysanotos siluricus (Bednarczyk,
1964, 1971), how ever, other brachi o pod taxa, like Rosobolus
robertinus, Celdobolus and Pidiobolus cf. minimus in di cate that
the strati graphic range of this unit may ex tend into the lower
Floian (Bednarczyk and Stupnicka, 2000). In the east, the
glauconitic sand stones of the Miêdzygórz For ma tion are
interbedded with dis tinc tive glauconitic con glom er ates in for -
mally named the Che³m Con glom er ate Mem ber (Fig. 2) by
Bednarczyk (1981). Mudstone clasts within these con glom er -
ates have yielded chitinozoan taxa such as Cyathochitina
primitiva (=Euconochitina primitiva) and Lagenochitina cf.
esthonica (Chlebowski and Szaniawski, 1974), and graptolite
frag ments re sem bling Dictyonema spe cies (see Znosko and
Chlebowski, 1976), while thin mudstone in ter ca la tions con tain
acritarchs in dic a tive of the late Tremadocian and early Floian
(Szczepanik, per sonal in for ma tion). In the Bardo syncline, the
Miêdzygórz For ma tion ap pears to rest con form ably above the
Wysoczki For ma tion form ing an in ter val no thicker than 3 m
(e.g., Zalesie, see Czarnocki, 1919). In other lo cal i ties of the
south ern HCM – such as Bukówka, Brzeziny-Zbrza, Szumsko
and Lenarczyce (Fig. 1) – the to tal thick ness of the Miêdzygórz
For ma tion var ies be tween 1 and 5 m, in con trast to the
20–30 m-thick suc ces sions pres ent in the  Miêdzygórz and
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Biesak quar ries, that are in the east ern and west ern HCM
(Tomczyk, 1954, 1962; Bednarczyk, 1964; Bednarczyk et al.,
1970; Bednarczyk and Stupnicka, 2000).

In the south west ern HCM (Brzeziny), the up per Trema -
docian Miêdzygórz For ma tion grades up wards into lower Floian 
chamosite-rich glauconitic sand stones with mudstone in ter ca -
la tions of the Stokowa Hill Sand stone For ma tion (up to 15 m
thick; Fig. 2). Tomczyk and Turnau-Morawska (1964) named
them ‘the chamositic ho ri zon’ and as signed them to the Mid dle
Or do vi cian murchisoni graptolite Biozone, though no palaeo -
nto logical ev i dence sup ports this strati graphic clas si fi ca tion.
No ta bly, the chamosite-rich clastic de pos its de scribed by these
au thors in the Brzeziny 2 bore hole are steeply dip ping and oc -
cur on both sides of a small syncline doc u mented by
Mieczys³awski (1962; and il lus trated by Znosko, 2001), and cor -
rob o rated by field data from a man made trench (Trela, per sonal 
ob ser va tions; sea also Trela, 2006).

These chamosite-rich sand stones and mudstones grade
up wards (in the Brzeziny 2 bore hole) into grey and green ish
clayey mudstones and shales of the Brzeziny Mudstone For -
ma tion, reach ing up to 40 m in thick ness (Fig. 2; Trela, 2006).
These de pos its form the ax ial fill of a small syncline (Mieczy -
s³awski, 1962; Znosko, 2001). Their strati graphic po si tion has
been de ter mined based on a graptolite as sem blage (Tomczyk
and Turnau-Morawska, 1964) in dic a tive of the lower/mid dle
Floian – Dapingian (or even the lower Darriwilian) strati graphic
in ter val (Trela, 2022).

The Lower Or do vi cian in the north ern (£ysogóry) part of the
HCM is char ac ter ised by the Brzezinki Mudstone For ma tion
(Fig. 2), which spans from the late Furongian to the up per
Tremadocian (Trela, 2006; Trela et al., 2025). The age con trol
of this suc ces sion is based on Furongian tri lo bite taxa (see
Trela et al., 2005) and graptolite frag ments of lower Trema -
docian Dictyonema spe cies (Tomczyk and Turnau-Morawska,
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Fig. 1A – sim pli fied map of the HCM (af ter the Geo log i cal Map of Po land at 1:1 000 000 scale; https://geologia.pgi.gov.pl/mapy/; Ce -
no zoic de pos its not in cluded) show ing the lo ca tion of the sec tions stud ied; B – the main tec tonic units of Po land be neath the Perm -
ian-Me so zoic and Ce no zoic cover (af ter Po¿aryski, 1990; Dadlez et al., 1994), rect an gle – the HCM; C – lo ca tion of bore holes
pen e trat ing the Lower Or do vi cian fa cies on the Ma³opolska Block

AF – Al pine front; BN – Bi³goraj-Narol Zone; Bk – Bukówka; BS – the Bardo Syncline; ChF – Chmielnik Fault; CF – Cal edo nian Front; HCF –
Holy Cross Fault; K1 – Kleczanów 1 bore hole; KLFZ – Kraków-Lubliniec Fault Zone; MB – Ma³opolska Block; MK1 – Mokradle 1 bore hole;
Mdz – Miêdzygórz; LP1 – Lenarczyce PIG 1 bore hole; £B – £ysogóry Block; PB – Pom er a nian Block; RWF – Ryszkowa Wola Fault; SK2 –
Szumsko Kolonia 2 bore hole; TESZ – Trans-Eu ro pean Su ture Zone; TTZ – Teisseyre-Tornquist Zone; U1 – Uszkowce 1 bore hole; U4 –
Uszkowce 4 bore hole; USB – Up per Silesian Block; VF – Variscan Front; Wy – Wysoki (Wysoczki); Z3 – Zbrza PIG 3 bore hole
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1967). How ever, the oc cur rence of graptolite frag ments re sem -
bling Bryograptus sp. (Tomczykowa, 1968) sug gests that the
up per strati graphic range of the Brzezinki For ma tion ex tends
into the up per Tremadocian, fur ther sup ported by acritarch data 
(Trela et al., 2001). The up per bound ary of this unit is marked
by a dis con ti nu ity with a sig nif i cant strati graphic gap that in -
cludes the en tire Floian Stage (Trela, 2022, and ref er ences
therein).

LOWER ORDOVICIAN GLAUCONITIC UNIT IN THE
EAST EUROPEAN PLATFORM – A BRIEF

SYNTHESIS

The Lower Or do vi cian glauconitic fa cies in the East Eu ro -
pean Plat form forms a diachronous ho ri zon no more than 2 m
thick, span ning the lower to up per Floian (Fig. 3; Modliñski,
1968, 1973, 1982; Szymañski, 1973, 1984; Modliñski and
Szymañski, 1997, 2008; Kêdzior et al., 2017; Skompski and
Paszkowski, 2017; Porêbski and Podhalañska, 2019; and ref -
er ences therein). It usu ally rests on mid dle Cam brian strata, but 
at some lo ca tions oc curs above up per Cam brian (Furongian) or 
lower Tremadocian de pos its (Fig. 3).

This dis tinc tive in ter val com prises vari able lithologies, in -
clud ing grey ish- and red dish-green fine to coarse-grained
glauconitic sand stones, car bo na ceous glauconitic sand stones
and mudstones, and sub or di nate thin lime stone interbeds con -
tain ing brachi o pod, tri lo bite and ostracod fos sils (Szymañski,
1973, 1984; Kêdzior et al., 2017; Skompski and Paszkowski,
2017). Lo cally, these de pos its are re placed or un der lain by thin

con glom er ate or brec cia beds, up to 10–30 cm thick, com posed 
of sand stone/siltstone, phosphorite and mudstone clasts up to
3 cm in di am e ter. Skompski and Paszkowski (2017) de scribed,
within the glauconitic in ter val, char ac ter is tic co lum nar cal cite
crys tals, in ter preted as ma rine phreatic pal i sade ce ments
formed dur ing the early transgressive phase. Ac cord ing to
Kêdzior et al. (2017), some clasts within this fa cies were de rived 
from ini tial palaeosols (ferricretes and silcretes).

In the Podlasie area, the glauconitic sand stone and con -
glom er ate lag de pos its are dis tin guished as the Rajsk For ma -
tion (Fig. 3; Modliñski and Szymañski, 2008). In the Bal tic area,
they form the basal part of the S³uchowo Mudstone For ma tion
in the west and the Pieszkowo Lime stone For ma tion in the east
(Modliñski and Szymañski, 1997). How ever, given its litholo -
gical char ac ter is tic, the glauconitic ho ri zon across the en tire
East Eu ro pean Plat form is as signed in this pa per to the Rajsk
For ma tion (Fig. 3). The age con trol of this in ter val in Podlasie is
based on the brachi o pods Acrothele (=Orbithele) cerato -
pygarum and Lingulella. cf. insons as well as the graptolites
Didymograptus deflexus and D. cf. extensus iden ti fied from
mudstone in ter ca la tions in the up per part of this unit (Znosko,
1964; Modliñski, 1968; Szymañski, 1973, 1984; Modliñski and
Szymañski, 2008). These brachi o pods are re ported from up per
Tremadocian and lower Floian strata (Popov and Holmer, 1994; 
Holmer and Biernat, 2002), while the graptolite spec i mens are
in dic a tive of the lower-mid dle Floian. Grey to green ish mudsto -
nes of the S³uchowo For ma tion (3–20 m thick) above the basal
glauconitic sand stone bed are dated by graptolites of the Floian
phyllograptoides, balticus, densus and elongatus biozones
(Modliñski and Szymañski, 1997; Podhalañska, 2019). This
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Fig. 2. Lithostratigraphy of the Lower-Mid dle Or do vi cian in the Holy Cross Moun tains 
(af ter Trela, 2006; cono dont and graptolite biozones af ter Coo per and Sadler, 2012)

ChMb – Che³m Con glom er ate Mem ber, CmF – Cam brian, up per Furongian, CmT-2 – Cam brian,
Terreneuvian-Se ries 2, KFm. – Kêdziorka Con glom er ate For ma tion, PFm. – Pobroszyn Lime stone For -
ma tion, SHFm. – Stokowa Hill Chamositic Sand stone For ma tion, WFm. – Wysoczki Mudstone and
Chalcedonite For ma tion; dashed lines mark the pos si ble lower strati graphic ex tent of the Kêdziorka and
Miêdzygórz for ma tions
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strati graphic po si tion in di cates that the basal glauconitic sand -
stone in the west ern Bal tic area cor re sponds to the low er most
Floian, while the basal con glom er ate pre served in some lo ca -
tions may be even re lated to the up per most Tremadocian. The
glauconitic ho ri zon in NE Po land (the Bal tic De pres sion) has
yielded a mixed cono dont as sem blage con sist ing of late Tre -
ma docian and Floian taxa as signed to the elegans cono dont
Biozone (Bednarczyk, 1979). More over, the co-oc cur rence of
Tremadocian and Floian cono donts in the glauconitic unit of the
Podlasie area was doc u mented by Nehring-Lefeld (1987), who
in ter preted them as rep re sen ta tives of the up per pro teus Bio -
zone. Bednarczyk (1985) reached a sim i lar con clu sion based
on cono donts from car bon ate in ter ca la tions in the glauconitic
sand stones of the Lublin re gion. These biostratigraphic data in -
di cate that the up per strati graphic ex tent of the Rajsk For ma tion 
in the east ern lo ca tions reaches up to the densus graptolite
Biozone (prob a bly its mid dle part = the mid dle evae cono dont
Biozone; Fig. 3).

MATERIALS AND METHODS

Sedimentological stud ies were con ducted at ex po sures lo -
cated in Zalesie, Miêdzygórz, Biesak and in a trench at Brze -
ziny, as well as on the Zbrza PIG 3, Szumsko Kolonia 2 and
Lenarczyce PIG 1 bore hole cores (Fig. 1). Ad di tion ally, the
study in cluded Lower Or do vi cian strata from bore hole cores lo -
cated on the south and east ern Ma³opolska Block, namely the
Hermanowa 1, Nosówka 9 and Wola Obszañska 10 bore holes
(Fig. 1).

Sedimentological ob ser va tions of each sam ple in cluded the 
gen eral li thol ogy, pri mary strat i fi ca tion and pre served sed i men -
tary, biogenic end ero sional struc tures. The sedimentological
ob ser va tions were sup ple mented by anal y sis of 40 thin sec -
tions us ing stan dard petrographic tech niques per formed with a
Nikon Eclipse LV100POL po lar iz ing mi cro scope to iden tify pe -
tro graphic and microfabric fea tures of the rock sam ples.
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Fig. 3. Lithostratigraphy of the Lower Or do vi cian and dis tri bu tion of the glauconitic unit on the East Eu ro pean Plat form (af ter
Modliñski and Szymañski, 1997, 2008; Porêbski and Podhalañska, 2019; mod i fied)

Ab bre vi a tions as on Figures 1 and 2
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RESULTS – FACIES CHARACTERISTICS AND
THEIR TEMPORAL-SPATIAL DISTRIBUTION

THE SOUTHERN HCM

The Lower Or do vi cian sed i men tary fa cies in the south ern
HCM are char ac ter ised be low in re la tion to the lithostratigraphic 
units and their re gional dis tri bu tion, to il lus trate the strati graphic
and spa tial vari abil ity of the fa cies ar chi tec ture.

THE WYSOCZKI FORMATION

The fa cies as so ci a tion of the Wysoczki For ma tion is pre -
dom i nantly com posed of bioturbated and mas sive tuffitic
mudstones, in ter ca lated with bed ded and nod u lar cherts (chal -
ce dony beds/nod ules in Pol ish geo log i cal lit er a ture). Sub or di -
nate lithologies in clude siltstone and sand stone interbeds, as
well as some beds show ing com pos ite char ac ter is tics, marked
by the co-oc cur rence of de formed mudstones, sand stones and
cherts (Fig. 4A–H).

The tuffitic mudstone beds are green ish-grey to green, and
com monly show dark grey biodeformational struc tures of “man -
tle and swirl” type (Fig. 4A, B) as de scribed by Lobza and
Schieber (1999). Some beds are mas sive or dis play plas tic de -
for ma tion as so ci ated with the pres ence of coarse-grained ma -
te rial or chert nod ules. Their lower bound aries are com monly
de formed by load casts. In places, quartz and glauconite grains
as well as tiny mudstone and chert clasts ‘float’ in a muddy
groundmass. Dis tinc tive com po nents of the tuffitic mudstones
are quartz grains, well-pre served plagioclases (orthoclases and 
albites), K-feld spars, un al tered bi o tite and mus co vite (Chle -
bowski, 1971; Salwa and Trela, 2019). In some cases, fine de -
tri tal ma te rial in the mudstone beds shows microscale nor mal
grad ing (Fig. 5 A, B). The ma trix is usu ally com posed of si li -
ceous mud en riched in mont mo ril lo nite, with mi nor ad mix ture of 
Fe-oxyhydroxides and phos phates (Turnau-Morawska, 1958,
Chlebowski, 1971). Quartz forms monocrystalline and an gu lar
silt grains (Fig. 5C – pyrogenic quartz in Chlebowski, 1971), or
weakly rounded polycrystalline gran ules of mag matic or i gin
(Salwa and Trela, 2019).

The chert beds are gen er ally mas sive with tiny glauconitic
mudstone clasts scat tered in places (Fig. 4F, G); how ever, lo -
cally they dis play dis crete lam i na tion en hanced by glauco -
nite-rich laminae. They con sist of cryptocrystalline quartz, finely 
crys tal line mo saic microquartz and spherulitic chal ce dony
(Fig. 5D). A no ta ble fea ture of the cherts is lo cally pre served si li -
ceous clay patches with relicts of tuffitic mud (Fig. 5E, F) re sem -
bling devitrified vol ca nic ash. De tri tal grains dis persed in the si li -
ceous back ground in clude phos phate lingulate shell and
graptolite frag ments, glauconite and an gu lar quartz grains,
mica flakes, as well as sub or di nate ferruginous and phos phate
gran ules (less than 100 µm), and clay lumps up to 50 µm in di -
am e ter (pre sum ably relicts of vol ca nic ash). Fur ther more,
Turnau-Morawska (1958) and Chlebowski (1971) re ported the
pres ence of sponge spicules pre served within the chert beds.

Siltstones and sand stones are typ i cally very fine- to fine-
 grained (in places even me dium-grained), re spec tively, thin- to
me dium-bed ded (5 to 15 cm) with sharp and ero sive bases,
and groove casts or tool marks lo cally pre served. They oc cur
ei ther as mas sive lay ers or as par al lel to undulose-lam i nated
beds, the lat ter lo cally ex hib it ing grain size vari a tion be tween
laminae and by an up wards coars en ing trend (Fig. 4C, D). In
places, in ter nal ero sional sur faces, sub or di nate rip ple/flaser
lam i na tion, and bur rows re sem bling dwell ing struc tures filled
with si li ceous mud (or sil ica) are also pres ent (Trela, 2001; and

Plate I, fig. 5 therein). In ad di tion, tiny cur rent rip ples oc cur at
the tops of some sand stone and siltstone beds, and rare
biogenic es cape struc tures have also been re ported (Trela,
2001; and Plate I, fig. 6; Plate III, fig. 3 therein). Sand stones, re -
ferred to as quartz arenites and wackes (Fig. 5A, B), are en -
riched in glauconite grains (0.02–0.1 mm) form ing usu ally
5–10% of the min eral frame work, though in some sam ples they
may range up to 15–20% (Turnau-Morawska, 1958; Chle -
bowski, 1971). Be sides oc cur ring as grains, the glauconite
phase can oc cur as ir reg u lar pore fill ings and glauconitised
biotites.

Beds with com pos ite char ac ter is tics dis play soft-sed i ment
de for ma tion ob scur ing pri mary sed i men tary struc tures (Fig. 4G, 
H). Some are liq ue fied or brecciated and con tain var i ous ad mix -
tures of small clasts.

In Zalesie, the Wysoczki For ma tion is a thin- to me dium- bed -
ded suc ces sion (~ 5.0 m thick; Figs. 6 and 7A) with thin peb bly
sand stone at the base. In ad di tion, this suc ces sion is ex posed in
nu mer ous lo cal i ties of the Bardo syncline (e.g. in the Choiny ra -
vine at Kêdziorka; Czarnocki, 1919, 1939; Bednarczyk, 1964,
1966; Chlebowski, 1971) as well as far ther to the east in Wysoki
(Wysoczki in Koz³owski, 1948; Figs. 1 and 7B).

In ter pre ta tion. This fa cies as so ci a tion in di cates de po si tion
of fairweather mud from sus pen sion set tle ment, pe ri od i cally in -
ter rupted by high-en ergy events in tro duc ing coarse-grained
clastic sed i ment; how ever, some mudstones with tiny clasts
seem to have orig i nated from mudflows. The low-en ergy pe ri -
ods fa voured col o ni za tion of the sed i ment by infaunal de posit
feed ers that de stroyed pri mary sed i men tary struc tures. The
lam i nated sand stones are a sed i men tary re cord of trac tional
trans port in the up per flow re gime (Harms et al., 1975), while
the mas sive siltstone beds can be at trib uted to fall out from tur -
bu lent sus pen sion (see Lowe, 1988). In ad di tion, rapid
depositional events are in di cated by biogenic es cape struc tures 
and load/slump struc tures re sult ing from soft-sed i ment in sta bil -
ity, al though in ter nal de for ma tion of beds can be also trig gered
by lo cal seis mic ac tiv ity. Semi-con sol i dated sil ica and si li ceous
mud was sub jected to re work ing and win now ing by cur -
rents/flows.

THE KÊDZIORKA FORMATION

This lithostratigraphic unit is com posed of clast-sup ported
con glom er ate form ing a bed up to 40 cm thick with a slightly
ero sional base, which grades up wards into mas sive glauconitic
sand stones (Fig. 8A). The con glom er ate con sists of poorly
sorted, el lip soi dal and rounded peb bles rang ing from 0.5 to
5 cm in length (Fig. 8A). The peb bles are com posed of
fine-grained sand stones with a phos phate or si li ceous ma trix,
glauconitic siltstones and fine-grained sand stones, which are
ac com pa nied by well-rounded quartz grains (~0.5 cm in di am e -
ter; Fig. 8B, C). These are em bed ded within a poorly sorted,
me dium- to coarse-grained glauconitic sand stone ma trix
(Fig. 8B, C).

A typ i cal con glom er ate bed of the Kêdziorka For ma tion oc -
curs in the Lenarczyce PIG 1 borehole, were it marks the base
of the Lower Or do vi cian suc ces sion above an ero sional un con -
formity with the upper Furongian strata (Fig. 8A; Trela et al.,
2025). A sim i lar basal con glom er ate lag was also noted in
Kêdziorka, Zbrza and the Biesak Quarry (Fig. 1), where it
ranges from 5 to 30 cm in thick ness (Czarnocki, 1939;
Bednarczyk, 1964; Bednarczyk et al., 1970).

In ter pre ta tion. The con glom er ate bed of the Kêdziorka For -
ma tion is in ter preted as a bedload of trac tional de po si tion from
storm-gen er ated surges or cohesionless den sity flows  (see
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Fig. 4. Fa cies of the up per Tremadocian Wysoczki For ma tion from the Zalesie sec tion

A – bioturbated tuffitic mudstones with “man tle and swirl” struc tures over lain by lam i nated sand stone; B – tuffitic mudstones with ini tial tiny
chert nod ules, ad mix tures of de tri tal ma te rial and sparse bioturbation; C, D – pla nar lam i nated sand stones with chert nod ules over lain in C by
a thin chert bed; E – weakly bioturbated si li ceous mudstone over lain by fine-grained glauconitic sand stone with tiny clasts; note load ing of de -
tri tal ma te rial in the mudstone bed; F – nod u lar chert in ter spersed with tuffitic mudstone; G – fine-grained sand stone in ter ca lated with thin
chert beds show ing undulose bed ding; H – com pos ite bed com posed of tuffitic and si li ceous mudstones and sand stones dis play ing soft-sed i -
ment de for ma tion and dis persed tiny clasts



Walker, 1975;  Nemec and Steel, 1984; Gruszczyñski et al.,
1993; Mulder and Al ex an der, 2001). Com pa ra ble con glom er -
ate lags may be as so ci ated with the fore shore gravel pro duced
by wave-ravinement ero sion and re de pos ited by storms onto
the shoreface (Siggerud and Steel, 1999; Leszczyñski  and
Nemec, 2015; Larsen et al., 2024).

THE MIÊDZYGÓRZ FORMATION

The fa cies types of the Miêdzygórz For ma tion in clude struc -
tureless (mas sive) sand stone and, less com monly, par al lel-lam i -
nated sand stones, ac com pa nied by sub or di nate peb bly and
brecciated sand stones (Fig. 9A–H), which are lo cally in ter ca -
lated with thin chert beds. The sand stones are green ish-grey,
thin to me dium bed ded with typ i cally sharp bases, fine- to me -
dium-grained, but lo cally also coarse-grained. They are quartz
arenites with a vari able con tent of glauconite (typ i cally 5 to 15%,
and up to 30% in some laminae) form ing grains with sizes rang -
ing from 0.03 to 0.1 mm, rarely reach ing 0.25 mm, or oc cur ring
as ir reg u lar in fill ings in the pore space (Fig. 9I, J). The sand stone
suc ces sion of the Miêdzygórz For ma tion shows a sig nif i cant
vari abil ity of sed i men tary fea tures and thick ness across dif fer ent
lo ca tions and there fore two fa cies as so ci a tions – des ig nated as
FA1 and FA2 – are dis tin guished within this unit.

FA1 forms a rel a tively thin unit, usu ally rang ing from 1.0 to
2.5 m in thick ness, but lo cally reach ing up to 5 m. This as so ci a -
tion is largely made up of mas sive and par al lel-lam i nated sand -
stones (Fig. 9A–D), in places con tain ing scat tered small peb -
bles. The lam i na tion dis plays a dis tinc tive al ter na tion of green
glauconitic and grey quartz laminae, in places cut by small ver ti -
cal bur rows con fined to in di vid ual laminae (Fig. 9B). Biogenic
es cape struc tures and bioturbation has also been ob served in
some beds (Fig. 9D). Sand stones of FA1 have been iden ti fied
in sev eral bore holes – Brzeziny 2, 48, Kleczanów 1, Lenarczyce 
PIG 1, Szumsko Kolonia 2 (Figs. 1, 8 and 10) and Zbrza 1, 2, 3
(Tomczyk and Turnau-Morawska, 1964, 1967; Deczkowski and 
Tomczyk, 1969; Trela et al., 2025). In ad di tion, glauconite-bear -
ing sand stones ex posed in Zalesie (Czarnocki, 1919, 1928;
Bednarczyk, 1966) are also as signed to FA1 in this study. At
most lo ca tions, FA1 rests un con form ably on lower Cam brian
strata, ex cept in the Lenarczyce and (?)Kleczanów ar eas where 
this fa cies over lies up per Furongian mudstones across an ero -
sional un con formity (Figs. 2, 8 and 10). In the Brzeziny 2 bore -
hole, glauconitic sand stones of FA1 are over lain by green ish
grey mudstones and sand stones (~3.7 m) as signed in this pa -
per to the Stokowa Hill For ma tion (Fig. 10; Tomczyk and
Turnau-Morawska, 1964).
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Fig. 5. Pho to mi cro graphs of tuffitic mudstones and cherts (chalcedony beds) form ing the up per Tremadocian Wysoczki For ma tion

A, B – tuffitic mudstone show ing nor mal grad ing with phos phatic mudstone at the top, un der lain by a sand stone lamina con tain ing glauconite
grains (A – PPL, B – XPL); C – si li ceous tuffitic mudstone with an gu lar quartz grains and rem nants of devitrified vol ca nic ash, XPL; D –
spherulitic chal ce dony and microcrystalline quartz in a chert (chalcedony) bed; note the isopachous chalcedonic over growth on a fos sil rem -
nant (prob a bly a graptolite), XPL; E, F – rem nant of tuffitic mudstone en closed within a chalcedonic chert bed (E – XPL; F – PPL, marked by
white rect an gle on E). All pho to mi cro graphs are from sam ples col lected at Zalesie
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Fig. 6. Stra tig ra phy and lithology of the up per Tremadocian Wysoczki For ma tion in Zalesie



FA2 forms a sed i men tary suc ces sion ex ceed ing 20 m in
thick ness, con sist ing mostly of mas sive and peb bly sand -
stones, lo cally par al lel-lam i nated, and ac com pa nied by peb bly
con glom er ates (Fig. 9A, E, F, J, K). These de pos its are ex -
posed in the Miêdzygórz Quarry, lo cated in the Che³m ra vine in
the east ern HCM (Figs. 1, 11 and 12A; Tomczyk, 1954).
Turnau- Morawska (1960) pro vided their de tailed petrographic
de scrip tion, not ing 4–9% glauconite grains in the quartz-dom i -
nated frame work (quartz arenites; Fig. 9J). Bednarczyk and
Stupnicka (2000) di vided the Miêdzygórz For ma tion in the
Che³m ra vine into six tec toni cally sep a rated pack ages (Fig. 11). 
The sand stones are me dium- to thick-bed ded with sharp con -
tacts, and in places they are amal gam ated (Fig. 12B). The peb -
bly and mas sive sand stones also infill scour-and-fill struc tures
(up to 1.0 m wide and 30 cm thick), com monly marked by
groove casts or tool marks at the base. Some sand stone beds
of FA2 in the up per part of the quarry show nor mal grad ing
char ac ter ised by a tran si tion from a basal con glom er ate with
out sized peb bles (up to 2–3 cm in di am e ter) to over ly ing
coarse-grained, structureless sand stones with dis persed small
peb bles (Fig. 9E). No ta bly, small wave rip ples and
Skolithos-like bur rows oc cur at the tops of some sand stone
beds (Fig. 9G, H).

The mid dle por tion of the Miêdzygórz For ma tion in the
Che³m ra vine com prises clast-sup ported con glom er ates form -
ing a pack age up to 5 m thick (the Che³m Mem ber in
Bednarczyk, 1981)  com posed of sharp-based pla nar to slightly
undulose beds, each no more than 20 cm thick (Figs. 11 and
12A). The con glom er ate peb bles are oval, slightly rounded to
rounded, mod er ately to poorly sorted, and their length ranges
from 0.5 to 5 cm (max. 10 cm; Fig. 9F). In some cases, the
larger el lip soi dal peb bles are aligned par al lel or in clined to the
bed ding. Peb ble lithologies in clude fine-grained quartz arenites
(with phos phate, ferruginous or si li ceous ma trix), glauconitic
siltstones and sub or di nate dark mudstones (Fig. 9K), the lat ter
con tain ing frag ments of Tremadocian graptolite and chitino -
zoan fos sils  (Turnau-Morawska, 1958; Znosko and Chle -
bowski, 1976). They are ac com pa nied by large and
well-rounded quartz grains, up to 0.5 cm in di am e ter. The con -
glom er ate ma trix is com posed of fine- to me dium-grained sand -
stones with no more than 6% of glauconite grains (Tur -
nau-Morawska, 1960) and patches of tuffitic mudstone (Znosko 
and Chlebowski, 1976).

Out side the Che³m ra vine, a thick sand stone suc ces sion
(~30 m) of the Miêdzygórz For ma tion oc curs in the Biesak
Quarry, lo cated in south ern Kielce (Fig. 1; Bednarczyk et al.,
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Fig. 7. Nat u ral ex po sures of the up per Tramdocian Wysoczki For ma tion in Zalesie (A –
the Wysoczki Fm. ~4.5 m thick) and Kêdziorka (B – the Chojny ra vine, ex po sure ~4 m)
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Fig. 8. Stra tig ra phy and li thol ogy of the Lower Or do vi cian in the Lenarczyce PIG 1 and Kleczanów 1 bore holes (A). The pho tos show
the tran si tion from con glom er ates of the Kêdziorka For ma tion into sand stones of the Miêdzygórz For ma tion in the Lenarczyce
PIG 1 bore hole; note rounded peb bles of (dark) phos phatic and (green) glauconitic sand stones, and large quartz grains (ar rows). B, 
C – pho to mi cro graphs of peb bles form ing con glom er ate of the Kêdziorka For ma tion within a mod er ately sorted sand stone ma trix
with glauconite grains; note phos phate mudstone peb ble on the left, fine-grained sand stone peb ble with phos phate ma trix at the
top, and large polycrystalline quartz grain on the right (B – PPL; C – XPL)
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Fig. 9. Up per Tremadocian – low er most Floian glauconite-bear ing sand stones of the Miêdzygórz For ma tion

A, B – mas sive beds, in B note the pres ence of thick glauconite-rich and si li ceous laminae in ter rupted by tiny bur rows (ar row), above the
mas sive sand stone; the Miêdzygórz Quarry (A) and Lenarczyce PIG 1 bore hole (B); C, D – par al lel lam i nated sand stones from the
Lenarczyce PIG bore hole (C) and Szumsko Kolonia 2 bore hole (D; ar row – ?synsedimentary fault, b – bioturbation); E – mas sive sand stone
bed with dis persed sand stone peb bles (also glauconite-bear ing) in the basal part; note out sized peb ble in the cen tral part of the bed; the
Miêdzygórz Quarry; F – con glom er ate bed of the Che³m Mem ber with well-rounded sand stone peb bles (dark – with phos phatic ma trix, green
– glauconite-bear ing, grey – with si li ceous ce ment); G – rip ple marks on the top of a sand stone bed from the Miêdzygórz Quarry; H –
Skolithos bur rows on the top of a sand stone bed from the Miêdzygórz Quarry; I – pho to mi cro graphs of arenitic sand stone of the Miêdzygórz
For ma tion from the Lenarczyce PIG 1 bore hole show ing dis persed glauconite grains (XPL); J – glauconite-bear ing sand stone with scat tered
siltstone peb bles from the Miêdzygórz Quarry; K – peb bles in the con glom er ate bed of the Che³m Mem ber, in clud ing siltstone and
fine-grained sandstones, glauconitised mudstone clasts, and a large quartz grain; sam ple from the Miêdzygórz Quarry
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Fig. 10. Stra tig ra phy and li thol ogy of the Lower Or do vi cian in the Brzeziny 2, Brzeziny 48 and Zbrza PIG 3 bore holes
 (li thol ogy of the Brzeziny bore holes re in ter preted af ter Tomczyk and Turnau-Morawska, 1964)

FA1 – fa cies as so ci a tion 1; CmT-2 – Cam brian, Terreneuvian – Se ries 2; lithology as on Figure 8
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Fig. 11. Li thol ogy of the up per Tremadocian-lower Floian sand stone-con glom er ate suc ces sion in the Miêdzygórz Quarry
 (the Che³m ra vine)

Gen eral quarry lay out and tec tonic pack ages (I–VII) af ter Bednarczyk and Stupnicka (2000); 
ChMb. – Che³m Con glom er ate Mem ber, MFm. – Mokradle For ma tion, S – Si lu rian; MQ – Miêdzygórz Quarry



1970). It con sists of me dium- to thick-bed ded mas sive sand -
stones form ing sharp-based sheet-like beds (Fig. 12C). Some
of beds dis play faint par al lel lam i na tion, al though tec tonic over -
print ing ham pers de tailed sedimentological in ter pre ta tion.

In ter pre ta tion. The sed i men tary char ac ter is tics of the Miê -
dzygórz For ma tion in di cate de po si tion from the sus pended
sand load of tur bu lent flows and uni di rec tional flows, rep re -
sented by mas sive and pla nar-lam i nated sand stone beds, re -
spec tively (cf. Allen, 1982; Harms et al., 1982). The strat i fi ca tion 
type, lack of  bur rows, and ar gil la ceous interlayers in FA1 im ply
pe ren nial win now ing and sed i ment re work ing un der high-en -
ergy con di tions, such as a wave-re worked en vi ron ment (see
Hampson, 2000). Lo cally ob served biogenic es cape struc tures
im ply rapid sed i ment de po si tion. The ero sional events in FA2
are re corded by scour-and fill struc tures pro duced by high-ve -
loc ity flows/cur rents de pos it ing clastic sed i ment rap idly af ter
los ing trans port com pe tence. Pe ri odic in tense re work ing pro -
duced amal gam ated beds. The con glom er ates and sand stones 
with out sized peb bles in FA2 dis play sedimentological char ac -

ter is tics of cohesionless de bris flows (see Walker, 1975; Lowe,
1982, 1988; Postma et al., 1988) de liv er ing the phos phate
siltstone and sand stone peb bles from an extrabasinal source.
The wave rip ples and Skolithos bur rows at the top of some
sand stone beds in the Miêdzygórz Quarry (top part) in di cate a
high-en ergy ma rine set ting with os cil la tory wave mo tion and
colo nis ation by fil ter-feed ing or gan isms.

THE STOKOWA HILL FORMATION

The main fa cies type com prises mas sive, green-grey (yel -
low when weath ered), fine-grained sand stones (Fig. 13A) lo -
cally in ter ca lated with green ish and red (hematitic) clayey mud -
stones and shales (Tomczyk and Turnau-Morawska, 1964).
The sand stone beds are sharp-based and typ i cally 10–15 cm
thick, mostly mas sive, al though some dis play sub tle, ir reg u lar
par al lel lam i na tion. A de tailed petrographic char ac ter is tic of
these fa cies, in clud ing also pre lim i nary geo chem i cal anal y ses,
was pro vided by  Turnau-Morawska (see Tomczyk and Tur -
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Fig. 12. Sand stones and con glom er ates of the Miêdzygórz For ma tion ex posed in the Che³m ra vine at
Miêdzygórz (A, B; Che³m Con glom er ate Mem ber, ~5 m thick) and the Biesak quarry (C). Note

amal gam ation of sand stone beds in the Miêdzygórz quarry (B) marked with white dashed lines
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nau- Morawska, 1964). The sand stone frame work is com posed
of an gu lar to poorly rounded quartz grains (~0.08–0.16 mm) ce -
mented by a silty to muddy ma trix con tain ing scat tered
Fe-oxyhydroxides and py rite ag gre gates. A dis tinc tive fea ture
of this fa cies is the pres ence of a chamosite-type min eral phase 
oc cur ring as dis persed coated grains or crusts, com monly dis -
torted (Fig. 13B), and lo cally as the pore-fill ing ma trix ac com pa -
nied by a sid er ite phase (see Tomczyk and Turnau- Morawska,
1964). Sub or di nate com po nents in clude dis sem i nated
glauconite grains (~0.06–0.18 mm, up to 0.25 mm), lingulid
brachi o pod shells, and clasts of var i ous lithologies (rang ing
from 0.5 to 1.0 cm) in clud ing phos phatic, glauco nitic and cha -
mo sitic mudstones. Hematitic rib bons and small nod ules/con -
cre tions (Fig. 13C) as well as red hematitic sandy mudstones
are also pres ent in places (Tomczyk and Turnau- Morawska,
1964). The chamosite con tent in some sand stone and
mudstone beds ranges from 16 to nearly 44% of the to tal min -
eral com po si tion (Tomczyk and Turnau-Morawska, 1964).

The Stokowa Hill For ma tion forms a suc ces sion up to 15 m
thick oc cur ring in Brzeziny (the south west ern HCM), where it
rests on sand stones (FA1) of the Miêdzygórz For ma tion
(Fig. 10). In the Brzeziny 2 bore hole, the up per most part of this
unit com prises a sand stone pack age 2.3 m thick con tain ing nu -
mer ous phos phate peb bles (Fig. 10). There is a grad ual tran si -
tion of the Stokowa Hill For ma tion into the over ly ing mudstones
of the Brzeziny For ma tion man i fested by the sand stone
interbeds in the basal part of the lat ter unit (Fig. 10).

In ter pre ta tion. Mas sive sand stones were de pos ited from
the sand sus pended load of tur bu lent flows, while mudstone
beds in di cate the ac cu mu la tion of fine-grained sed i ment from

sus pen sion fall out and mud flows (in the case of the silty
mudstones with tiny clasts). A dis tinc tive fea ture of the Stokowa
Hill For ma tion is glauconitic siltstone, chamosite and he ma tite
clasts in di cat ing ero sional events pre ced ing the fi nal de po si tion
of sandy sed i ment.

THE BRZEZINY FORMATION

The main fa cies in this for ma tion are green-grey clayey
mudstones with sparse dark grey shale laminae (no more than
1 cm thick), which are ac com pa nied by sand stone beds
3–10 cm thick with sharp bases, al though beds up to 30 cm
thick oc cur subordinately. The sand stone interbeds are fine-
 grained and typ i cally mas sive, though some show in dis tinct par -
al lel lam i na tion. They are usu ally en riched in glauconite grains
dis persed in a sandy back ground or con cen trated in ir reg u lar
laminae. Lo cally, a dark grey subfacies dom i nates, com posed
of structureless clayey mudstones with nu mer ous dis sem i nated 
glauconite grains lo cally form ing small con cen tra tions
(Fig. 13D). This fa cies may also con tain milli metre-sized mud -
stone and siltstone clasts.

This fa cies as so ci a tion is pres ent in the south west ern part
of the HCM, where it forms the Brzeziny For ma tion, reach ing a
thick ness of ~40 m in the Brzeziny 2 bore hole (Figs. 1 and 10;
Tomczyk and Turnau-Morawska, 1964). There is sed i men tary
con ti nu ity be tween this sed i men tary suc ces sion and the un der -
ly ing chamositic sand stones and mudstones of the Stokowa Hill 
For ma tion (Fig. 10). The dark grey subfacies has been noted
only in the Zbrza PIG 3 bore hole (Figs. 1 and 10).
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Fig. 13. Lower Floian sed i men tary fa cies of the Stokowa Hill and Brzeziny for ma tions

A – sandy mudstone with scat tered large clasts of green glauconitic sand stones, dark grey siltstones and car bon -
ates; the Stokowa Hill For ma tion in Brzeziny; B – pho to mi cro graph of dis torted chamosite crust in fine-grained sand -
stone of the Stokowa Hill For ma tion; Brzeziny; C – fine-grained ferruginous sand stone with hematitic con cre tions;
the Stokowa Hill For ma tion in Brzeziny; D – dark mudstones of the Brzeziny For ma tion with glauconite grains scat -
tered or con cen trated in dis con tin u ous laminae or lenses; the Zbrza PIG 3 bore hole



In ter pre ta tion. The fa cies char ac ter is tics in di cate a pre dom -
i nantly low-en ergy en vi ron ment where fine-grained sed i ment
ac cu mu lated mainly from sus pen sion set tle ment, but de po si -
tion from mudflows also op er ated as can be in ferred from tiny
clasts within a mas sive muddy back ground. These con di tions
were pe ri od i cally in ter rupted by high-en ergy events, likely
storm-in duced, that de pos ited the sand stone interbeds at trib -
uted to dis tal tempestites (sensu Aigner, 1985; Myrow and
Southard, 1996).

SOUTH-EASTERN POLAND

The up per Tremadocian–Floian fa cies in SE Po land oc cur
lo cally in bore holes lo cated on the Ma³opolska (out side of the
south ern HCM) and £ysogóry blocks.

On the Ma³opolska Block, the main lithological com po nents
of this strati graphic in ter val are glauconitic sand stones, doc u -
mented in the Jaronowice IG 1, Ksi¹¿ Wielki IG 1, Mêdrzechów
1, Lubasz 2, Zalesie 1, Zgórsko 2, Niwki 3, Nosówka 9,
Zagorzyce 1, Hermanowa 1, Wola Obszañska 10 and
Uszkowce 4 bore holes (Figs. 1C and 14; Tomczyk, 1962;
Jurkiewicz, 1976, 1991; Moryc and Nehring-Lefeld, 1997;
Kowalska et al., 2000; Maksym et al., 2003; Trela, 2022). The
pres ence of rare brachi o pod spec i mens rep re sented by Obolus
spe cies and Lingulella lepis (Jurkiewicz, 1976; Moryc and
Nehring-Lefeld, 1997) sup ports cor re lat ing this sand stone unit
with the up per Tremadocian–lower Floian tran si tion. Its thick -
ness var ies from 3.0 to >30.0 m. In the Jaronowice IG 1 bore -
hole, fine-grained sand stones are un der lain by clayey
mudstones con tain ing glauconite-rich laminae/lenses and thin
sand stone in ter ca la tions, rest ing un con form ably on
Ediacarian-lower Cam brian de pos its (Fig. 14; Jurkiewicz, 1976; 
Bu³a, 2000). Lo cally, the sand stone beds con tain fine mudstone 
(and pos si bly chert) clasts as well as skel e tal de tri tus, mainly
phos phatic linguliform brachi o pods (Jurkiewicz, 1976; Maksym
et al., 2003). In the Herma nowa 1 bore hole, glauconite-bear ing
sand stones (glauconite con tent ~ 10%) form a ~10 m-thick in -
ter val grad ing up wards into mudstones or mudstone/sand stone 
al ter na tions over lain by a pure sand stone pack age up to 4 m
thick (Fig. 14; Maksym et. al., 2003). A sim i lar lithofacies tran si -
tion was noted in the Mêdrzechów 1 bore hole where mudstones 
above the glau conitic sand stones are dated by the lower
Dapingian graptolite Isograptus gibberulus (Fig. 14; Tomczyk,
1962). As with the Jaronowice area, the up per Tremadocian
glauconitic sand stones in the Hermanowa 1 and Mêdrzechów 1 
bore holes rest on Ediacarian de pos its (Maksym et al., 2003).
How ever, on the east ern Ma³opolska Block (Wola Obszañska),
these sand stones are placed above the up per Cam brian
mudstones (Fig. 14; Kowalska et al., 2000), sim i larly to the
Lenarczyce PIG 1 bofrehole in the east ern HCM (see Trela et
al., 2025).

The up per Tremadocian–lower Floian glauconite-bear ing
sand stones are fine- to me dium-grained, but coarse-grained
beds oc cur as well. Their sedimentological fea tures in clude
mas sive beds, with nor mal grad ing as well as cross-bed ded
and par al lel- to undulatose-lam i nated lay ers (Fig. 15A–H). The
glauconite oc curs as allochtonous grains con cen trated in some
laminae or dis sem i nated within the quartz-dom i nated sand -
stone back ground (Fig. 15 I, J). Small mudstone and sand stone 
clasts are scat tered in mas sive sand stones (Fig. 15A, I, J),
while the undulose lam i na tion in sand stones is en hanced by
mud drapes. Some sand stone beds re veal the pres ence of
trace fos sils (e.g., Teichichnus isp.), bioturbational mot tling,
biogenic and wa ter (pil lar) es cape struc tures (Fig. 15F, G, H). In 
the Hermanowa 1 bore hole, sed i men tary cy cles show ing nor -
mal grad ing are pres ent, and each cy cle con sists of a basal
coarse-grained sand stone with tiny peb bles pass ing up wards
into a mas sive me dium- to fine-grained sand stone unit
(Fig. 15B; Maksym et al., 2003).

On the £ysogóry Block, the up per Tremadocian–Floian fa -
cies oc cur in the north ern part of the HCM (Trela, 2022) and the
Bi³goraj-Narol zone (Modliñski and Szymañski, 2005). In the
north ern HCM, the up per Tremadocian mudstones with thin
sand stone interbeds, doc u mented in Pobroszyn, be long to the
Brzezinki For ma tion, char ac ter ised by a wide strati graphic
range in clud ing also the up per Furongian (Fig. 2; Trela et al.,
2001, 2025; Trela, 2006). In turn, the Floian strati graphic in ter -
val in the Bi³goraj-Narol zone is dom i nated by a mudstone suc -
ces sion form ing the Tanew For ma tion (dated by graptolites of
the phyllograptoides to hirundo biozones), which rests on an
ero sional sur face on lower Tremadocian strata (Fig. 14; Modliñ -
ski and Szymañski, 2005). The base of this suc ces sion is
marked by a thin bed (up to 10–15 cm thick) con sist ing of mixed 
glauconite and quartz grains ac com pa nied by phosphorite
clasts and lingulid brachi o pod shells. Ad di tion ally, glauconite
grains are dis persed in the lower part of the Tanew mudstones
or form ir reg u lar laminae and lenses (Modliñski and Szymañski, 
2005).

DEPOSITIONAL ENVIRONMENTS AND EARLY
ORDOVICIAN EUSTATIC CHANGES

The up per Tremadocian–lower Floian glauconite-rich
siliciclastic fa cies on the Ma³opolska Block rep re sents a
transgressive to highstand sed i men tary suc ces sion, which in
the south ern HCM is lo cally un der lain by a basal con glom er ate
lag form ing the Kêdziorka For ma tion. The lower con tact of this
dis tinc tive ho ri zon is re ferred to as a transgressive ravinement
sur face and re lated ero sional event, re spon si ble for the re -
moval of the Furongian and lower Tremadocian de pos its in the
south ern HCM (Trela et al., 2025, ref er ence therein). The orig i -
nal pres ence of these de pos its was ar gued by Znosko and
Chlebowski (1976) based on graptolite frag ments pre served in
chacedony beds of the Wysoczki For ma tion and mudstone
clasts in con glom er ates of the Che³em Mem ber. Al ter na tively,
Trela et al. (2025) sug gested that the late Tremadocian trans -
gres sion might have en croached onto the up per Furongian
strata in the north east and de formed lower-mid dle Cam brian
rocks ex posed in the south.

Glauconite-rich units gen er ally form dur ing transgressive
events un der con di tions of suf fi ciently low ac cu mu la tion rate,
re duced de tri tal in put and sed i ment win now ing/re work ing fa vor -
able for strati graphic and sed i men tary con den sa tion (Odin and
Mat ter, 1981; Amorosi, 1995, 1997, 2012; Fölmi, 2016, and ref -
er ences therein). Glauconite pre cip i tates as an authigenic min -
eral dur ing early diagenesis near the sed i ment-wa ter in ter face
un der weakly re duc ing con di tions (Odin and Mat ter, 1981;
Fölmi, 2016; López-Quirós et al., 2019, and ref er ences
therein). This min eral ac cu mu lates on the shelf and up per slope 
but is also noted in mar ginal ma rine (la goonal, estuarine) and
con ti nen tal set tings (Odin and Fullagar, 1988; Giresse and
Wiewióra, 2001; El Albani et al., 2005; Huggett and Cuadros,
2010; Cuadros et al., 2011; Baldermann et al., 2013; Fölmi,
2016; López-Quirós et al., 2019).

Biostratigraphic data in di cates that the late Tremadocian
trans gres sion en tered the south ern HCM in the time span cor -
re spond ing to the deltifer cono dont Biozone, as doc u mented in
the Wysoczki For ma tion, in con trast to Znosko and Chlebowski
(1976) who ar gued for its cor re la tion with the early Floian (early
Arenigian) flood ing. This transgressive event cor re sponds to a
high sea-level in the up per Tremadocian part of the Or do vi cian
third-or der eustatic curve re con structed by Haq and Schutter
(2008), and seems to be co eval with the Hagastrand Drown ing
Event in Baltoscandia (Niel sen, 2004; Fig. 16). The fa cies char -
ac ter is tics of the Wysoczki For ma tion in di cate in ter mit tent sand 
and fine gravel ac cu mu la tion in ter rupt ing fairweather mud de -
po si tion in the up per off shore zone. The pres ence of biogenic
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es cape struc tures in sand stone and siltstone beds point to rapid 
de po si tion of coarse-grained ma te rial (Trela, 2001). In turn, the
‘‘man tle and swirl’’ struc tures in the mudstone beds sug gests
soup-ground con di tions and pe ri ods of non-de po si tion fa vour -
able for biogenic ac tiv ity. Rapid em place ment of dense
coarse-grained sed i ment was also re spon si ble for the com pos -
ite beds with load struc tures and in ter nal de for ma tion struc -
tures. Al ter na tively these beds might have been re lated to seis -
mic-in duced events that in some cases re sulted in sed i ment liq -
ue fac tion. The bot tom sed i ment was in hab ited by endobenthic
or semi-endobenthic lingulid brachi o pods that bur rowed within
the un con sol i dated sub strate (see Mergl, 2002). The oval and
elon gated struc tures noted in siltstones and sand stones of the
Wysoczki For ma tion (see Trela, 2001: Plate I, fig. 5, therein)
may be traces of their ac tiv ity. Pe ri ods of clastic star va tion fa cil i -
tated early-diagenetic chert for ma tion, pre served as thin beds
and nod ules re veal ing the se lec tive re place ment of the clay
back ground (with relicts of vol ca nic ash) by spherulitic chal ce -
dony and microquartz. Thus, it seems plau si ble that
devitrification of vol ca nic glass and clay trans for ma tion were
likely sil ica sources for the up per Tremadocian cherts in the
south ern HCM, as sug gested ear lier by Turnau-Morawska
(1958). In ad di tion, early diagenetic pre cip i ta tion of sil ica fa cil i -
tated the pres er va tion of cyanobacterial struc tures (see
Starmach, 1963). The pyroclastic or i gin of the par ent sed i ment

is sup ported by the pres ence of pyrogenic quartz grains,
well-pre served feld spars, plagioclases, mus co vite and bi o tite
pre served in tuffitic mudstones and cherts (Chlebowski, 1971;
Salwa, Trela, 2019). The tem po ral and spa tial dis tri bu tion of the 
up per Tremadocian fa cies and their sed i men tary char ac ter is -
tics in di cate that the Wysoczki For ma tion was de pos ited in a re -
stricted ma rine set ting (embayment or la goon) fa vor able for the
for ma tion of authigenic glauconite, which was sub ject to pe ri -
odic win now ing and redeposition.

The west ern and east ern lo cal i ties in the south ern HCM
(that is Bukówka, Zbrza, Brzeziny, Kleczanów and Lenarczyce;
Figs. 2, 10 and 17) are dom i nated by con densed glauconitic
sand stones of FA1 form ing the Miêdzygórz For ma tion. The
lower bound ary of this unit may be slightly diachronous rel a tive
to the Wysoczki For ma tion, as in ferred from its strati graphic po -
si tion within the Tremdocian-Floian tran si tion. This sug gests
that the base of FA1 can be cor re lated with the lat est
Tremadocian Copiosus Drown ing Event in Baltoscandia (Niel -
sen, 2004), as well as the third-or der sea-level rise in di cated in
the Or do vi cian eustatic curve re con structed by Haq and
Schutter (2008; Fig. 16). This view con trasts with that of Znosko 
and Chlebowski (1976), who con sid ered the glauconitic sand -
stones in the HCM as a lithofacies and strati graphic equiv a lent
of the Arenigian (Floian) glauconitites on the East Eu ro pean
Plat form.
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Fig. 14. Cor re la tion of Lower Or do vi cian lithofacies on the Ma³opolska Block and the Bi³goraj-Narol Zone of the £ysogóry Block

CmF – Cam brian, Furongian; b – brachi o pods; g – graptolites; FMb. – Frampol Mem ber; GMb. – Goraj Mem ber; PMb. – Paary Mem ber;
RMb – Rebizanty Mem ber; Fe mbm – Fe microbialites; PrC – Pro tero zoic (Ediacaran)



The sed i men tary fea tures of FA1 – such as strat i fi ca tion
type, scarce bur rows and sub or di nate mudstone interbeds - im -
ply the ac cu mu la tion of sandy sed i ment as so ci ated with fre -
quent win now ing and re work ing trig gered by high-en ergy
events (e.g., per ma nent wave ac tion or storms) fa cil i tat ing sed i -
men tary con den sa tion and local ised glauconite con cen tra tions. 
The con glom er ate bed of the Kêdziorka For ma tion and sand -
stones of FA1 rep re sent transgressive lag and con densed
onlap de pos its (see Kidwell, 1991) grad ing up wards into early
highstand de pos its of the nearshore zone.

Lo cally, the glauconite-bear ing sand formed sed i men tary
suc ces sions ex ceed ing 20 m in thick ness, with a sig nif i cant ad -
mix ture of gravel, as shown by FA2 of the Miêdzygórz For ma -

tion ex posed in the Miêdzygórz and Biesak quar ries. The mas -
sive char ac ter and plane-par al lel lam i na tion of sheet-like sand -
stone beds dis play ing pla nar and undulose strat i fi ca tion in di -
cate rapid sand de po si tion from tur bu lent sus pen sion and trac -
tional trans port in the up per flow re gime, re spec tively. The pres -
ence of amal gam ated beds and wash and scour struc tures re -
flect ero sional events in a high-en ergy en vi ron ment. The sed i -
men tary fea tures of FA2 sand stones can be at trib uted to
wave-worked shoreface de pos its af fected by fre quent storm
ac tion. Peb bly con glom er ates in FA2 are in ter preted as prod -
ucts of beachface ero sion by storm waves and sub se quent
sea ward trans port of gravel by storm-gen er ated rip-surge den -
sity cur rents or high-en ergy stream floodwater (see Leckie and
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Fig. 15. Up per Tremadocian–lower Floian glauconitic sand stones from bore holes lo cated in the Ma³opolska Block

A – tiny siltstone and mudstone peb bles dis persed in a mas sive sandstone, note dis persed large quartz grains (light); Wola Obszañska 10
bore hole; B – nor mal grad ing from coarse-grained sand stones with large quartz grains and tiny clasts to mas sive me dium-to fine-grained
sand stone; coarse-grained de posit of the over ly ing bed vis i ble at the top; Hermanowa 1 bore hole; C – sand stone bed show ing low-an gle
cross bed ding in ter ca lated with mas sive in ter vals; Wola Obszañska 10 bore hole; D – cross-bed ded sand stone; Wola Obszañska 10 bore -
hole; E – sand stone with undulose lam i na tion; Nosówka 9 bore hole; F – bioturbated sand stone with par al lel lam i na tion pre served at the top;
Nosówka 9 bore hole; G – sand stone bed with in dis tinct undulose laminae and tiny clasts at the base, and Teichichnus isp. (T) at the top;
Nosówka 9 bore hole; H – biogenic es cape struc ture in a sand stone bed; Wola Obszañska 10 bore hole; I, J – pho to mi cro graphs of glauconitic 
sand stones from the Hermanowa 1 (I) and Wola Obszañska 10 (J) bore holes (XPL). Note fine-grained sand stone peb bles and large quartz
grains
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Fig. 16. Lower Or do vi cian lithostratigraphic units in the south ern HCM and their cor re la tion with the Or do vi cian sea-level curve
of Baltoscandia (Niel sen, 2004) and eustatic changes re con structed by Haq and Schutter (2008)

Chrono- and lithostratigraphic ab bre vi a tions as on Fig ure 2. Black ar rows on the lithostratigraphic scheme in di cate lo cal tec tonic mo bil ity;
black dashed lines mark the pos si ble lower strati graphic ex tent of the Kêdziorka and Miêdzygórz for ma tions. Grey lines on Niel sen’s
sea-level curve in di cate the L. Tremadoc–E. Arenig Lowstand In ter val (con tin u ous line), the Mid Arenig Highstand In ter val (dashed line) and
the L. Arenig–E. Llanvirn Lowstand In ter val (dot ted line). H.D.E – Hagastrand Drown ing Event, C.D.E – Copiosus Drown ing Event, B.D.E –
Billingen Drown ing Event, E.D.E – Evae Drown ing Event, G.D.E – Gärdlösa Drown ing Event

Fig. 17. Dis tri bu tion of sed i men tary fa cies on the Ma³opolska and £ysogóry blocks dur ing the late Tremadocian–mid dle/late Floian

Abbreviations as on Figure 1 and B – Biesak, Br – Brzeziny, EEP – East European Platform, Jr 1 – Jaronowice IG 1 bore hole, K –
Kêdziorka, KW1 – Ksi¹¿ Wielki IG 1 bore hole, M – Miêdzygórz, Pb – Pobroszyn, WO10 – Wola Obszañska 10 bore hole, 

Z – Zalesie, Zb – Zbrza



Walker, 1982; Nemec and Steel, 1984; Gruszczyñski et al.,
1993). The fa cies suc ces sion of FA2 in the Miêdzygórz Quarry
dis plays an over all re gres sive trend, in di cated by wave rip ples,
shal low wa ter fil ter-feed ers (Skolithos isp.) and len tic u lar grav -
els at the top in di cat ing de po si tion above the fairweather wave
base, prob a bly within the up per shorface. This thick sand -
stone-con glom er ate suc ces sion with a wave-worked top can be 
in ter preted as a lit to ral bar de vel oped along a top o graphic
scarp, prob a bly orig i nated from post-Furongian block fault ing
(the Sandomirian tec tonic ac tiv ity) dif fer en ti at ing the ba sin mor -
phol ogy in the HCM (Trela et al., 2025). The brachi o pod fauna
iden ti fied in Miêdzygórz (Bednarczyk and Stupnicka, 2000) pro -
vides biostratigraphic ar gu ments for the cor re la tion of this re -
gres sion with the early Floian sea-level lowstand noted in
Baltoscandia (Fig. 16) pre ced ing the Billingien Transgressive
Event (see Niel sen, 2004). The sand stone unit (~3 m thick) in
Zalesie above the Wysoczki For ma tion (Czarnocki, 1919;
Bednarczyk, 1964, 1966) seems to cor re spond to the same
eustatic event (Trela, 2022) like wise the chamosite-rich clastic
de pos its of the Stokowa Hill For ma tion with the top most peb bly
sand stone pack age  in the Brzeziny 2 bore hole (Fig. 16). How -
ever, in the lat ter lo ca tion the re con struc tion of fa cies ar chi tec -
ture and rel a tive sea-level changes at the Tremadocian–Floian
tran si tion is ham pered by the tec tonic dis tur bance of the Lower
Or do vi cian suc ces sion.

A con tin u ous tran si tion from the Stokowa Hill For ma tion to
the mudstone-dom i nated Brzeziny For ma tion in the Brzeziny-
 Zbrza area in di cates a rel a tive sea-level rise ini ti ated in the mid -
dle Floian balticus Biozone, cor re spond ing to the Billingen
Transgressive Event (Fig. 16) in Baltoscandia (Niel sen, 2004;
see also Haq and Schutter, 2008). The Brzeziny For ma tion rep -
re sents a sed i men tary suc ces sion de vel oped in the up per off -
shore mud belt, where hemipelagic set tling was in ter rupted by
high-en ergy pulses of sus pen sion fall out from tur bu lent
storm-in duced flows. This sed i men tary set ting ex tended prob a -
bly far ther south west and south (Fig. 17), as in ferred from
green ish mudstones with sand stone in ter ca la tions in the
Jaronowice IG 1 and Mêdrzechów 1 bore holes. The Floian dark 
mudstones of the Brzeziny For ma tion in the Zbrza PIG 3 bore -
hole are en riched in glauconite grains sim i lar to the S³uchowo
For ma tion in the Bal tic De pres sion of the East Eu ro pean Plat -
form and the Tanew For ma tion in the Bi³goraj-Narol zone of the
£ysogóry Block (see Modliñski and Szymañski, 1997, 2005;
Trela, 2022). They rep re sent an ox y gen-de fi cient deeper shelf
set ting in con trast to the Brzeziny area lo cated in a shal lower
and better ven ti lated en vi ron ment. The mud de po si tion in
Brzeziny lasted un til the early Darriwilian, as in di cated by
graptolite biostratigraphy, which was a re sult of in creased ac -
com mo da tion space driven by re gional tec tonic ac tiv ity (Trela,
2022).

The spa tial dis tri bu tion of the late Tremadocian–lower
Floian fa cies on the Ma³opolska Block in di cates that glau -
conite- bear ing sand stones formed the wide sandy shelf  of an
epeiric sea, pos si bly with up lifted or even emer gent ar eas
(Fig. 17). Fa cies re cords from the Nosówka 9, Hermanowa 1,
and Wola Obszañska 10 bore holes sug gest depositional con di -
tions sim i lar to those of the Miêdzygórz For ma tion in the HCM.
Sed i men tary pro cesses in cluded the de po si tion from tur bu lent
flows with sus pended sand (mas sive and nor mally graded
beds, which can be at trib uted to high-den sity tur bid ity cur rents,
sensu Lowe, 1982), uni di rec tional flows of the up per flow re -
gime (pla nar lam i nated beds) and mi grat ing bedforms
(cross-bed ding). The pres ence of Teichichnus bur rows and es -
cape trace fos sils in di cates the ac tiv ity of feed ing infaunal or -
gan isms and sud den sed i ment de po si tion events, re spec tively.

As on the Ma³opolska Block (in clud ing the south ern HCM),
the con densed glauconitic unit in the Lower Or do vi cian is wide -
spread in the Pol ish seg ment of the East Eu ro pean Plat form as
the Rajsk For ma tion (Modliñski and Szymañski, 1997, 2008),
as well as on the Narol-Bi³goraj part of the £ysogóry Block
(Modliñski and Szymañski, 2005), and ex tends far ther
northeastwards into Es to nia and the St. Pe ters burg re gion
(Drovov, 2005; Löfgren et al., 2005; Viira et al., 2006, and ref er -
ences therein). Znosko and Chlebowski (1976) ar gued for the
isochronous na ture of this ho ri zon and con fined it to the lower
Arenigian (Floian). How ever, it is com monly ac cepted that this
dis tinc tive lithological ho ri zon is a diachronous unit re lated to a
transgressive event ini ti ated in north east ern Po land dur ing the
time span cor re spond ing to the Floian balticus graptolite
Biozone and last ing un til the elongatus Biozone (Modliñski,
1968, 1973, 1982; Szymañski, 1973, 1984; Bednarczyk, 1985;
Modliñski and Szymañski, 2008; Modliñski and Podhalañska,
2010). Biostratigraphic data from mudstones of the S³uchowo
and Tanew for ma tions (lo cated in the west ern Bal tic De pres -
sion and Bi³goraj-Narol zone, re spec tively), which over lie this
ho ri zon, in di cate that the trans gres sion started as early as the
ear li est Floian (phyllograptoides Biozone) or pos si bly even in
the lat est Tremadocian (Figs. 3 and 14; see Trela, 2022). The
pro teus and elegans cono dont biozones in the east ern
Podlasie De pres sion and the Bal tic De pres sion, re spec tively,
con tain mixed as sem blages in clud ing taxa re de pos ited from
the up per Tremadocian (Bednarczyk, 1979; Nehring-Lefeld,
1987). Ac cord ing to Bednarczyk (1979) the mixed cono dont as -
sem blage in the glauconitic unit of the east ern Bal tic De pres -
sion re sulted from the redeposition of taxa from eroded de pos -
its of the late Tremadocian–ear li est Floian tran si tion. This is
con sis tent with cono dont stud ies in Es to nia that pro vided ev i -
dence of four suc ces sive depositional phases in glauconitic
sand stones of the same strati graphic in ter val, re spon si ble for
redeposition of older cono dont el e ments (Löfgren et al., 2005;
Viira et al., 2006). From a re gional per spec tive, the glauconitic
unit on the East Eu ro pean Plat form ap pears to rep re sent a
land ward mi grat ing con densed onlap ho ri zon pro duced by a
se ries of flood ing/re work ing events re spon si ble for its com plex
microstratigraphic pat tern and phys i cal amal gam ation (see
Kidwell, 1991). In this sce nario, the de po si tion of the glauconitic 
Rajsk For ma tion in the west ern (basinal) seg ment of the East
Eu ro pean Plat form ap pears to be re lated to the early Floian
transgressive event co eval with the phyllograptoides Biozone;
how ever, its cor re la tion with the lat est Tremadocian Copiosus
Drown ing Event can not be ex cluded, at least for the basal con -
glom er ate lag (Fig. 3; Trela, 2022). The glauconitic ho ri zon
reached its max i mum ex tent in the east ern East Eu ro pean Plat -
form dur ing the mid dle or even late Floian (Modliñski and
Szymañski, 1997, 2008).

CONCLUSIONS

This work pro vides in sight into the sed i men tary en vi ron -
ment of the up per Tremadocian–Floian glauconite-bear ing
siliciclastic suc ces sion in SE Po land and its re la tion ship with
rel a tive sea-level changes in Baltica. In the south ern HCM this
suc ces sion is made up of tuffitic mudstones with chert and
sand stone interbeds form ing the Wysoczki For ma tion, and
sand stones of the Miêdzygórz For ma tion, which are lo cally ex -
posed and also re cog nised in sev eral bore holes. These de pos -
its rep re sent a transgressive to highstand sys tem tract, lo cally
un der lain by a basal con glom er ate lag. The sed i men tary fa cies
of the Wysoczki For ma tion are in ter preted as de pos its of the
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up per off shore zone where de po si tion of fairweather mud was
in ter mit tently in ter rupted by the ac cu mu la tion of sand and fine
gravel. Fre quent clastic star va tion fa cil i tated early diagenetic
chert for ma tion due to se lec tive re place ment of tuffitic mud by
spherulitic chal ce dony and microquartz. In turn, sand stones of
the Miêdzygórz For ma tion rep re sent nearshore sed i ments de -
pos ited un der fre quent win now ing trig gered by high-en ergy
events fa vour able for the con cen tra tion of glauconite. Lo cally,
these sand stones formed lit to ral bars de vel oped along a top o -
graphic scarp re lated to Early Or do vi cian tec tonic block fault ing. 
Biostratigraphic data (cono donts, brachi o pods) al low cor re la -
tion of the Lower Or do vi cian sed i men tary fa cies in the south ern
HCM with eustatic events re cog nised in Baltoscandia, even ac -
count ing for the in flu ence of lo cal tec tonic ac tiv ity. This tec tonic
ac tiv ity was re spon si ble for in creased ac com mo da tion space in
the south west ern HCM and the as so ci ated de po si tion of mud
(the Brzeziny For ma tion) from the early/mid dle Floian up to the
Dapingian–Darriwilian tran si tion.

The up per Tremadocian–lower Floian glauconite-bear ing
sand stones formed a wide sandy shelf on the Ma³opolska
Block, prob a bly with up lifted or even emer gent ar eas, as in -
ferred from their dis tri bu tion in bore holes across SE Po land.
Their sed i men tary en vi ron ment and depositional con di tions
were sim i lar to those of the Miêdzygórz For ma tion in the HCM.
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