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The pre-gla cial, autochthonous de pos its of the S³opiec For ma tion rep re sented by the Jab³onna and Radzików mem bers,
were iden ti fied in two new bore holes – Jab³onna UJK-1 and S³opiec UJK-2 – which were drilled in the S³opiec Ba sin in the
Holy Cross Moun tains. Their sed i men tary en vi ron ment, prov e nance, and en vi ron men tal con di tions were de ter mined us ing
sedimentological, min er al og i cal-petrographic, geo chem i cal, geo phys i cal and palynological meth ods. The bound aries of the
S³opiec For ma tion are well de fined. It lies on the Pa leo zoic bed rock and is over lain by gla cial de pos its, the pre cise
chronostratigraphic po si tion of which re mains un der dis cus sion. The basal Jab³onna Mem ber com prises lac us trine de pos its
(muds; silts and silts with interlayers of sands and with or ganic de tri tus, which over lie grav els), while the over ly ing Radzików
Mem ber con sists of flu vial (fluvio-ae olian) de pos its (sands and sands with grav els). De po si tion took place in karst lakes,
prob a bly meromictic, in a cold cli mate. The source ma te rial came from the lo cal weath er ing cov ers (Pa leo zoic, Me so zoic and 
Paleogene-Neo gene). Palynological anal y sis (7 sam ples) re vealed the pres ence of 118 taxa, in clud ing 23 cryptogam taxa,
20 gym no sperm taxa, 51 an gio sperm taxa and 24 phytoplankton taxa, in di cat ing sig nif i cant mix ing and re peated
redeposition of palynomorphs from var i ous sources. The fi nal phase of de po si tion of the Jab³onna Mem ber oc curred dur ing
the Qua ter nary Pe riod. The re sults de scribed pro vide the first de tailed de scrip tion of pre-gla cial de pos its in the Holy Cross
Moun tains and will serve as an im por tant ref er ence for fu ture re gional and ex tra-re gional lithostratigraphic cor re la tions.
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INTRODUCTION

The pre-gla cial suc ces sion (sensu Lewiñski, 1928, 1929) in
the lithostratigraphic pro file of the Qua ter nary in the Holy Cross
Moun tains (HCM; fa cies of val ley-type Pleis to cene de pos its af -
ter Czarnocki, 1931) di rectly over lies Pa leo zoic bed rock and/or
ter res trial Paleogene-Neo gene de pos its. These un der lie the
old est de pos its of gla cial or i gin in the re gion (Czarnocki, 1927,
1931; £yczewska, 1971; Filonowicz, 1972; Lindner, 1984). This
suc ces sion is de scribed as pre-gla cial due to the ab sence of the 
Scan di na vian ma te rial com monly found in de pos its of gla cial

prov e nance re gion ally (£yczewska, 1971; Lindner, 1984). How -
ever, this is an am big u ous de scrip tion with a broad tem po ral
mean ing (Kasiñski and S³odkowska, 2024).

The pre-gla cial de pos its of ter res trial fa cies in the HCM
have been termed Eopleistocene, in di cat ing a pe riod of de po si -
tion sep a rated from that of known Plio cene de pos its by an ero -
sional bound ary and fol lowed by ac cu mu la tion of gla cial de pos -
its con tain ing ma te rial of Scan di na vian or i gin (Lindner, 1984).
They have also been re ferred to the Lower Qua ter nary
(Lindner, 2004), and to the Kozienice and Krasnystaw fa cies
(Mojski, 2005). They in clude: a) var i ous types of loamy weath -
ered bed rock ma te ri als, mainly from a karst en vi ron ment (e.g.,
Czarnocki, 1935; Kowalski, 1958; G³azek et al., 1977; Ró¿ycki,
1978; Ur ban, 2013); b) col lu vial de pos its (slope de pos its with -
out Scan di na vian ma te rial), which fill de pres sions of flu vial,
karst and tec tonic or i gin, and which re cord the ac ti va tion of
grav i ta tional slope pro cesses dur ing the old est Scan di na vian

* Cor re spond ing au thor, malgorzata.ludwikowska-kedzia@ujk.edu.pl

Re ceived: Oc to ber 23, 2025; ac cepted: De cem ber 18, 2025; first
pub lished on line: December 31, 2025

https://doi.org/10.7306/prace.2(2024)


gla ci ation (Lindner, 1984); and c) flu vial de pos its con sti tut ing
the up per part of the al lu vial suc ces sion, and con sid ered to be
equiv a lent to the Plio cene-Eopleistocene val ley infills in the
west ern and cen tral parts of the HCM, and to com prise at least
two Eopleistocene flu vial units in their east ern part (Lindner,
1984, 2004).

The pre-gla cial flu vial suc ces sion re cog nised (sandy-grav -
elly, com posed of lo cal rock peb bles) was in ter preted as re -
cord ing the func tion ing of the val ley sys tem in the east ern (at
190–200 m a.s.l.) and west ern (at 160–170 m a.s.l.) parts of the
Holy Cross re gion dur ing the Eopleistocene. These parts are di -
vided by a wa ter shed line run ning west of Kielce, Chêciny, and
Jêdrzejów (Lindner, 1984). In this palaeogeographic in ter pre ta -
tion, in the lithostratigraphic pro file of the Qua ter nary de pos its
(of the Pleis to cene val ley fa cies ac cord ing to Czarnocki, 1931)
in the HCM, the over ly ing thick se ries of muds (with out Scan di -
na vian ma te rial) were con sid ered to be of Pleis to cene (Gla cial
Pleis to cene) age (Lindner, 1984, 2004). These muds were de -
scribed as val ley de pos its ac cu mu lated in de pres sions that
were blocked by ice masses dur ing the pre-max i mum stage of
the South Pol ish Gla ci ation (Lindner, 1984) and, more broadly,
dur ing the South Pol ish Glaciations (Lindner and Dzier¿ek,
2019, Dzier¿ek et al., 2021). They were also in ter preted as “di -
rectly drifted from the front of the ap proach ing ice sheet or de -
rived from loess washed down from the slopes of nearby hills
and de pos ited on the floodplains of river and lake of that time”
(Filonowicz, 1972: p. 106). It was be lieved that the source ar eas 
of the clayey-silty de pos its were the out crops of Krakowiec
clays (the Machów For ma tion; Mio cene de pos its in the vi cin ity
of the HCM; cf. Czapowski, 2004), from which this fine sed i -
ment was prob a bly washed down to the val ley bot toms and de -
pos ited there by rivers (Filonowicz, 1972: p. 114). As flu vial de -
pos its fill ing fos sil val leys (dis sect ing older slope and col lu vial
de pos its), the muds over lie the Eopleistocene  al lu vium or rest
di rectly on the pre-Qua ter nary de pos its (Lindner, 1984, 2004).

The long-term ab sence of sedimentological and palynolo -
gical stud ies of the pre-gla cial suc ces sion in the HCM (and also
of other Qua ter nary de pos its), to gether with the com pli cated
and dy namic na ture of the morpho- and lithogenetic pro cesses
in the HCM dur ing the Eopleistocene/Early Qua ter nary, makes
it dif fi cult to in ter pret the en vi ron men tal con di tions and strati -
graphic po si tion of the pre-gla cial suc ces sion. This also hin ders 
plac ing it within cur rent climatostratigraphic schemes of the Pol -
ish Lower Pleis to cene based on palynostratigraphy (Win ter,
2015), or in the broader Qua ter nary strati graphic frame work of
Po land (Marks, 2023a, b). There fore, iden ti fy ing the di ag nos tic
fea tures of the pre-gla cial suc ces sion in in di vid ual morpho -
structural units of the Holy Cross Moun tains (in de pend ently of
each other and at a small spa tial scale) is a key is sue in the
Qua ter nary lithostratigraphy of this area. The im por tance of this 
task is jus ti fied by: a) the still de bated na ture of glaciations in the 
HCM (e.g., Liszkowski, 1976; Lindner, 1984; Ludwikowska-
 Kêdzia, 2018; Dzier¿ek et al., 2021); b) the dif fi culty of ap ply ing
morphostratigraphic cri te ria to dis tin guish be tween Qua ter nary
gla cial and non-gla cial de pos its in the HCM (which of ten have a
sim i lar li thol ogy; Ludwikowska-Kêdzia, 2018); and c) the very
lim ited state of knowl edge re gard ing the Paleogene–Neo gene
evo lu tion of the HCM.

As autochthonous de pos its formed in the spe cific en vi ron -
ment of the HCM, the pre-gla cial suc ces sion pro vides a unique
re cord of the en vi ron men tal con di tions of the pe riod be fore the
diachronous (in re spect of time and area) en croach ment of gla -
ci ation, which is con sid ered a “dis tur bance” (sensu Ballantyne,
2018), and be fore the ap pear ance of allochthonous de pos its in
the HCM (Ludwikowska-Kêdzia, 2018). Apart from its ob vi ous
value in un der stand ing the Early Pleis to cene palaeo ge ogra phy

of the HCM, de ter min ing its char ac ter is tic fea tures is the ba sis
for dis tin guish ing this suc ces sion from the youn ger Qua ter nary
de pos its of var i ous ages and or i gins that oc cur in the HCM and
that of ten re sem ble it in terms of li thol ogy and lithofacies. More -
over, the HCM are con sid ered the source area of pre-gla cial de -
pos its in Cen tral Po land (e.g., Clark et al., 2006; Bujak, 2010;
Ro man, 2010; Makowska, 2015; Bujak et al., 2016; GoŸdzik
and Zieliñski, 2017; Zieliñski, 2018), ac cu mu lat ing over a pe riod 
from ~2.58 to 0.9 Ma (Marks, 2023b). These pre-gla cial de pos -
its oc cur in var i ous fa cies, re flect ing a mo saic of dif fer ent
depositional en vi ron ments. They in clude flu vial and delta de -
pos its, as well as de pos its of al lu vial fans (in flu vial, lac us trine,
and flu vial-lac us trine en vi ron ments), formed from the early Plio -
cene to the older, pre-gla cial Qua ter nary (Mid dle Pleis to cene),
with vis i ble cy cli cal de po si tion as so ci ated with cli ma tic fluc tu a -
tions, as in other parts of Eu rope (e.g., Kasse, 1990; Boenigk
and Frechen, 2006; Kemna, 2008; Westerhoff et al., 2008).
Pre-gla cial de pos its of this type are also com mon in the Pol ish
Low land (Kasiñski and S³odkowska, 2024).

This ar ti cle de scribes di ag nos tic sedimentological fea tures
of the pre-gla cial sed i men tary suc ces sion that al low its iden ti fi -
ca tion in the HCM as the S³opiec For ma tion (based on two
newly drilled bore holes: Jab³onna UJK-1 and S³opiec UJK-2;
Fig. 1). Ad di tion ally, it re in ter prets and fur ther char ac ter izes the
sed i men tary en vi ron ment and the en vi ron men tal con di tions
within which this pre-gla cial suc ces sion was de pos ited, and de -
ter mines its sed i men tary prov e nance.

STUDY AREA

The two new bore holes, Jab³onna UJK-1 (50°47’07"N;
20°45’44“E) and S³opiec UJK-2 (50°47’14"N; 20°47’20”E), were 
drilled near the vil lages of Jab³onna and S³opiec Szlachecki in
the south ern/cen tral part of the HCM Pa leo zoic mas sif – the
zone of the Chêciny–Klimontów anticlinorium of the Kielce re -
gion (the Kielce Fold Zone, ac cord ing to Konon, 2008; Fig. 1A,
B), and the Borków syncline, which is the east ern part of the
Ga³êzice–Bolechowice syncline (Filonowicz, 1976; Konon,
2008; Fig. 1C). These two bore holes were lo cated in the
S³opiec Ba sin (Fig. 1C), very close to the ar chived bore holes
de scribed by Czarnocki (1975) and Filonowicz (1972, 1976).

The bed rock in the Borków syncline is com posed of De vo -
nian dolomites and lime stones and is cut by nu mer ous faults
(Filonowicz, 1976); ac cord ing to Kowalski (2001) it forms part of 
a graben sys tem (Fig. 1C).

The re lief of the Pa leo zoic bed rock in the S³opiec Ba sin var -
ies and is partly con cealed by the Qua ter nary de posit cover
(Tracz, 1986; Szczepañski, 1995). It is char ac ter ized by karst
struc tural palaeodepressions, which are sep a rated by rem nant
hills (Fig.1D). Their spa tial ar range ment and size are sim i lar to
those of a polje. The S³opiec Ba sin is sur rounded on sev eral
sides by low hills con sist ing mainly of Cam brian and De vo nian
sand stones, marls and siltstones. To the south and south east,
the ba sin area bor ders the palaeozone of Mio cene sea bays
(Radwañski, 1969, 1973; Czapowski, 2004). The bot tom of the
S³opiec Ba sin is partly oc cu pied by the Belnianka River val ley
(Fig. 1C).

MATERIALS AND METHODS

The de pos its in the Jab³onna UJK-1 and S³opiec UJK-2
bore hole pro files were in ves ti gated us ing the full spec trum of
re search meth ods typ i cally em ployed in Qua ter nary strati -
graphic stud ies (cf. Ludwikowska-Kêdzia, 2018), i.e. stan dard
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Fig. 1A, B – lo ca tion of the study area in re la tion to the ice sheet lim its in Po land (ac cord ing to Marks et al., 2016; Marks, 2023a) and
the tec tonic units of the Pa leo zoic core of the Holy Cross Moun tains; C, D – lo ca tion of the Jab³onna UJK-1 and S³opiec UJK-2 bore -
holes against the back ground of a S³opiec Ba sin DEM with a geo log i cal sketch and the palaeorelief of the sub-Qua ter nary bed rock
in the S³opiec Ba sin
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sedimentological, petrographic, geo chem i cal, geo phys i cal, and 
palaeobotanical meth ods (Lindner, 1992; Mycielska-Dowgia³³o
and Rutkowski, 1995, 2007; Harasimiuk and Terpi³owski,
2003). They in cluded anal y ses of grain size, car bon ates and or -
ganic car bon con tent, min eral and petrographic com po si tion,
the round ing and frost ing of quartz grains, mag netic sus cep ti bil -
ity, and palynological anal y sis.

The sand and gravel ma te rial was dry-sieved us ing a col -
umn of Fritsch sieves with mesh di am e ter steps ev ery 0.5 f.
The grain-size dis tri bu tion of the silty-clayey de pos its was ana -
lysed us ing a La ser Par ti cle Sizer Analyssette 22 (for frac tions
<1 mm). The con tent of car bon ates was de ter mined us ing the
Scheibler method (Kowalkowski and Swa³dek, 1994). The
heavy min eral spec trum was ex am ined in the 0.1–0.2 mm frac -
tion af ter the heavy frac tion was sep a rated in bromoform with a
den sity of 2.89 g/cm3. The min eral and petrographic com po si -
tion of the muds was de ter mined in thin sec tion, us ing an op ti cal 
mi cro scope. The round ing and frost ing of quartz grains in the
0.8–1.0 or 0.5–0.8 mm frac tions were ana lysed us ing the
Cailleux method (1942), as mod i fied by GoŸdzik (1980) and
Mycielska-Dowgia³³o and Woronko (1998). This method com -
bines the de gree of round ing of the quartz grains ac cord ing to
Krumbein (1941) with the mor phol ogy of their sur face. Geo -
phys i cal in ves ti ga tions, in clud ing mag netic sus cep ti bil ity and
ther mal anal y ses, were car ried out at the In sti tute of Phys ics of
the Pol ish Acad emy of Sci ences in War saw.

This petrographic re search was sup ple mented with a
palynological anal y sis of seven mud sam ples taken from the
Jab³onna Mem ber in two bore holes: three sam ples from the
Jab³onna UJK-1 bore hole at depths of 42.2 m, 48.8 m and
49.3 m, and four sam ples from the S³opiec UJK-2 bore hole at
depths of 48.5 m, 51.0 m, 54.0 m and 55.0 m. The sam ples un -
der went lab o ra tory pro cess ing us ing stan dard palynological
mac er a tion meth ods, in volv ing the disaggregation of ~5 g of
ma te rial from the cen tre of each sam ple. This ma te rial was then 
treated with 10% HCl to re move the car bon ates. Next it was
boiled with 7% KOH to re move hu mus com pounds. The min -
eral and or ganic frac tions were sep a rated in heavy liq uid, i.e. a
wa ter so lu tion of zinc chlo ride with a den sity of 2.31 g/cm3. The
or ganic ma te rial was then mac er ated us ing a mod i fied
acetolysis method (Erdtman, 1954). Glyc er ine mi cro scopic
slides (20 x 20 mm) were pre pared from the ob tained mac er ate
and ana lysed us ing a Leica ARISTOPLAN bi o log i cal mi cro -
scope in trans mit ted light at 400x mag ni fi ca tion.

All of the palynological ma te rial was ana lysed: palyno -
morphs (sporomorphs and phytoplankton) and phytoclasts
(wood frag ments, cu ti cles, etc.). The fre quency of sporomorphs 
(spores and pol len grains) was gen er ally sat is fac tory. The
palynological anal y sis car ried out was qual i ta tive. The poor
state of pres er va tion of the spec i mens (pol len grains were bro -
ken, de formed, with signs of cor ro sion on their sur faces) made
pre cise iden ti fi ca tion and dat ing of the sporomorph as sem blage 
dif fi cult. Spores and pol len grains were iden ti fied us ing mor pho -
log i cal sys tem at ics, com bined with the bo tan i cal clas si fi ca tion
of the taxa where pos si ble (Ziembiñska-Tworzyd³o et al.,
1994a, b; Stuchlik et al., 2001, 2002, 2009, 2014). Ma rine
phytoplankton also con sti tuted a sig nif i cant group in some sam -
ples and were iden ti fied us ing the tax on omy of Wil liams et al.
(2017a, b).

RESULTS

DESCRIPTION OF THE JAB£ONNA UJK-1 AND S£OPIEC UJK-2
BOREHOLES

Solid bed rock was reached in the Jab³onna UJK-1 and
S³opiec UJK-2 bore holes at a depth of 50.2 m and 57.6 m, re -
spec tively (Fig. 2A, B). Com pre hen sive stud ies of the Jab³onna
UJK-1 and S³opiec UJK-2 bore hole pro files en abled the iden ti fi -
ca tion of four lithogenetic units (each di vided into sub units): two
autochthonous, i.e. flu vial-lac us trine FR (17.5–19.2 m thick)
and/or flu vial-ae olian FA (8 m thick), and two allochthonous, i.e.
glacigenic GLG (17.5–31.0 m thick) and/or flu vial-slope-ae olian 
FSA (14.6 m thick; Ludwikowska-Kêdzia, 2018; Fig. 2B).

The autochthonous lithogenetic FR and FA units do not
con tain Scan di na vian er rat ics (Ludwikowska-Kêdzia, 2018).
The FR unit (in both bore holes) con sists of muds – pri mar ily
grey-green and blue silts, as well as silts with sand interlayers
and or ganic mat ter – over ly ing grav els and sandy silts, and
lacks a mol lus can fauna (see Figs. 2B, 3, 4A, B1–10, C). The
FA unit con sists of sands with fine grav els (or silty-clayey
intraclasts; Figs. 2B, 3, 4B11-12, C).

The allochthonous GLG and FSA units are char ac ter ized by 
the pres ence of Scan di na vian rocks. The GLG gla cial unit con -
sists pri mar ily of gla cial diamictons sep a rated by glaciofluvial
de pos its and the de pos its of lo cal ice-dammed lakes. Their
heavy min eral com po si tion is typ i cal of Qua ter nary glaciogenic
de pos its in Po land (see Racinowski, 2010). By con trast, the
FSA unit de pos its are a mix ture of lo cal flu vial, slope, and re de -
pos ited glaciogenic de pos its. Their heavy min eral spec trum re -
flects the du al ity of the ma te rial sources (weath ered lo cal rock
cov ers and glaciogenic ma te rial) and the di verse con di tions of
their trans port and de po si tion (slope, flu vial and ae olian en vi -
ron ments).

In this study, the name pre-gla cial S³opiec For ma tion (named 
af ter the vil lage near the bore holes) was adopted for the
autochthonous pre-gla cial FR and FA units (in both bore holes,
i.e. Jab³onna UJK-1 and S³opiec UJK-2) con sid ered to gether in
re la tion to the over ly ing GLG unit (Fig. 2B). Within the S³opiec
For ma tion (17.5–27.5 m thick, oc cur ring at 200–226 m a.s.l.),
two units were dis tin guished: the Jab³onna Mem ber (cor re spond -
ing to the FR unit in both bore holes) and the Radzików Mem ber
(cor re spond ing to the FA unit in the S³opiec UJK-2 bore hole), an
an a logue of the ‘Radzików se ries’ de scribed by Makowska et al.
(1976).

The muds (the Jab³onna Mem ber), over ly ing sandy grav els
and sandy silts, are the dis tinc tive unit within the litho strati -
graphic pro file of the Qua ter nary de pos its in the HCM
(Czarnocki, 1931, 1950; Lindner, 1984). They are eas ily iden ti fi -
able based on their li thol ogy and lithofacies and have been
found in nu mer ous bore holes (e.g., Czarnocki, 1975;
Filonowicz, 1972, 1976; Lindner, 1984). The Jab³onna Mem ber
de pos its can be cor re lated with the lithological units no. 1 and
4–6 (Lindner, 1984) in the most com plete lithostratigraphic pro -
file of Qua ter nary de pos its of the Pleis to cene val ley fa cies in the 
vi cin ity of Daleszyce (af ter £yczewska, 1971, as mod i fied by
Lindner, 1984), in the south ern part of the HCM. How ever, as
de pos its of this type (muds) oc cur in var i ous morphogenetic en -
vi ron ments of dif fer ent ages in the HCM (e.g., flu vial, slope, lac -
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Fig. 2A – geo log i cal cross-sec tions through Qua ter nary de pos its in the Jab³onna and S³opiec area 
(ac cord ing Ludwikowska-Kêdzia, 2018, mod i fied); B – lithological pro files of the Jab³onna UJK-1 and S³opiec UJK-2 bore holes

(ac cord ing Ludwikowska-Kêdzia, 2018)



us trine, gla cial), they can be in cor rectly in ter preted and cor re -
lated, par tic u larly in bore holes (Ludwikowska-Kêdzia, 2000,
2018). To min i mize er rors in in ter pre ta tion and, above all, to in -
di cate the fea tures iden ti fy ing this depositional se quence, fur -
ther palynological stud ies of the Jab³onna Mem ber de pos its
have been made. Such anal y sis is of ten crit i cal to de ter min ing
the chronostratigraphic po si tion of muds of var i ous ages in the
HCM (Ludwikowska-Kêdzia, 2018).

DIAGNOSTIC FEATURES OF THE S£OPIEC FORMATION

The di ag nos tic fea tures of the S³opiec For ma tion in the
Jab³onna UJK-1 and S³opiec UJK-2 bore hole pro files are sum -
ma rized in Ta bles 1, based on the re sults pub lished by Ludwi -
kowska- Kêdzia (2018). These fea tures in cluded tex tural char -
ac ter is tics (grain size, round ing and frost ing of quartz grains

and their pack ing), and sed i men tary struc tures (depositional,
deformational and ero sional ones), min eral and petrographic
com po si tion, heavy min eral spec trum, cal cium car bon ate con -
tent, and mag netic sus cep ti bil ity of the de pos its (Figs. 3–6).

DESCRIPTION OF THE PALYNOLOGICAL SPECTRUM IN THE JAB£ONNA
MEMBER

The re sults of the palynological stud ies of the Jab³onna
Mem ber in the Jab³onna UJK-1 and S³opiec UJK-2 bore hole
pro files are sum ma rized in Ta bles 2 and 3 (Figs. 7–9). Palyno -
logical anal y sis (7 sam ples) re vealed the pres ence of 118 taxa,
in clud ing 23 cryptogam taxa, 20 gym no sperm taxa, 51 an gio -
sperm taxa, and 24 phytoplankton taxa. Phytoclasts oc curred in 
the form of brown and black wood frag ments and cu ti cles. In or -
ganic de bris con sisted of glauconite ag gre gates.
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Fig. 3. Grain size dis tri bu tion of the S³opiec For ma tion in the S³opiec UJK-2 and Jab³onna UJK-1 bore holes 
(based on Ludwikowska-Kêdzia, 2018)



Ma³gorzata Ludwikowska-Kêdzia et al. / Geo log i cal Quar terly, 2025, 69, 62 7

Fig. 4A – muds of the Jab³onna Mem ber in thin sec tion; B – sed i men tary struc tures of the Jab³onna (1–10) and the Radzików
mem bers (11–12) de pos its; C – sim pli fied sedimentological logs of the S³opiec For ma tion  (S³opiec UJK-2 and Jab³onna UJK-1

bore holes)

Sym bols of the lithofacies and lithogenetic code ac cord ing to Zieliñski (2014)



8 Ma³gorzata Ludwikowska-Kêdzia et al. / Geo log i cal Quar terly, 2025, 69, 62

1
 

e
l

 b
a

T

 
n

o 
d

e
s

a
b( 

sr
e

 b
m

e
M 

w
ó

ki
z

d
a

R 
d

n
a 

a
n

n
o³

b
a

J 
e

ht 
ot

ni 
d

e
di

 vi
d 

n
oi t

a
 mr

o
F 

c
ei

p
o³

S 
e

ht f
o 

s
er

u t
a

ef 
ci t

s
o

 n
g

 ai
D

8
1

0
2 ,

ai
z

d
ê

K-
a

k
s

w
o

ki
w

d
u

L
)



Ma³gorzata Ludwikowska-Kêdzia et al. / Geo log i cal Quar terly, 2025, 69, 62 9
t

n
o

c 
1 .l

b
a

T



10 Ma³gorzata Ludwikowska-Kêdzia et al. / Geo log i cal Quar terly, 2025, 69, 62

eli f
or

p 
el

o
 h

er
o

b 
1-

K
J

U 
a

n
n

o³
b

a
J 

e
ht 

ni 
st i

s
o

 p
e

d 
n

oi t
a

 mr
o

F 
c

ei
p

o³
S 

e
ht f

o 
s

er
u t

a
ef l

a
 c i

s
y

h
 p

o
e

g 
d

n
a l

a
 c i

m
e

h
 c

o
e

g ,l
ar

u t
x

et ,l
a

 c i
g

 ol
 ar

 e
ni

M .
5 .

gi
F

 
A

 ;
n

oi ti
 s

o
 p

m
o

c l
ar

 e
ni

m y
v

a
e

h 
–

 
B

O
C

a
C( t

n
e t

n
o

c 
et

 a
n

o
 br

a
c 

–
3

 ;)
 

C
 ;yt ili

 bi t
p

e
 c

s
u

s 
cit

e
 n

g
a

m 
–

 
D

 
n

o 
d

e
s

a
b ;

g
n it

s
orf 

d
n

a 
g

n i
d

n
u

or( y
g

 ol
o

h
 pr

o
m 

ni
ar

g 
ztr

a
u

q 
–

8
1

0
2 ,

ai
z

d
ê

K-
a

k
s

w
o

ki
w

d
u

L
)



Ma³gorzata Ludwikowska-Kêdzia et al. / Geo log i cal Quar terly, 2025, 69, 62 11

eli f
or

p 
el

o
 h

er
o

b 
2-

K
J

U 
c

ei
p

o³
S 

e
ht 

ni 
st i

s
o

 p
e

d 
n

oi t
a

 mr
o

F 
c

ei
p

o³
S 

e
ht f

o 
s

er
u t

a
ef l

a
 c i

s
y

h
 p

o
e

g 
d

n
a l

a
 c i

m
e

h
 c

o
e

g ,l
ar

u t
x

et ,l
a

 c i
g

 ol
 ar

 e
ni

M .
6 .

gi
F

 
A

 ;
n

oi ti
 s

o
 p

m
o

c l
ar

 e
ni

m y
v

a
e

h 
–

 
B

 ;)
3

O
C

a
C( t

n
e t

n
o

c 
et

 a
n

o
 br

a
c 

–
C

 ;yt ili
 bi t

p
e

 c
s

u
s 

cit
e

 n
g

a
m 

– 
D

 
n

o 
d

e
s

a
b ;

g
n it

s
orf 

d
n

a 
g

n i
d

n
u

or( y
g

 ol
o

h
 pr

o
m 

ni
ar

g 
ztr

a
u

q 
– 

8
1

0
2 ,

ai
z

d
ê

K-
a

k
s

w
o

ki
w

d
u

L
)



12 Ma³gorzata Ludwikowska-Kêdzia et al. / Geo log i cal Quar terly, 2025, 69, 62

T a  b l e  2

Palynomorphs and palynoclasts iden ti fied from the Jab³onna Mem ber (S³opiec For ma tion) in the S³opiec UJK-2 pro file
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Tabl. 2 cont.



Four sam ples were ana lysed in the S³opiec pro file (Ta ble 2;
Figs. 2B, 7, 8). While the sporomorph fre quency was gen er ally
sat is fac tory, the state of pres er va tion of the spec i mens in di -
cated the trans port and redeposition of in di vid ual com po nents
of the palynomorph as sem blage. They were dam aged or frag -
mented, which was closely re lated to the or i gin of the de pos its.
This state of pres er va tion of ten proved cru cial in de cid ing to as -
sign in di vid ual taxa to a spe cific ge nus or spe cies. The mor -
phol ogy of pol len grain sur faces was of ten blurred, mak ing di -
ag nos tic fea tures dif fi cult to ob serve. Many of the taxa listed in
the ta ble are pre ceded by ‘cf.’, (conformis) – mean ing that they
most re sem ble the ge nus/spe cies named. Fur ther more, some
taxa are noted as dam aged but iden ti fi able.

The palynomorph spec trum of the sam ple from 55.0 m
depth con tains a few pol len grains in vary ing states of pres er va -
tion. Some grains of the same taxon are dark, while oth ers are
light, which in di cates dif fer ent his to ries of their trans port to the
wa ter body/lake. Older grains are usu ally darker be cause they
were trans ported over a lon ger dis tance be fore be ing de pos -
ited. Their sur faces are of ten dam aged, de formed, and bro ken,
in di cat ing that the palynomorphs were sub jected to strong wa -
ter cur rents and abra sion. How ever, the low tax o nomic di ver sity 
com po si tion (sin gle dam aged Pinaceae fam ily pol len grains
and Tricolporopollenites pseudocingulum, as well as Celti -
pollenites and Monocolpopollenites) pre vents un am big u ous
dat ing of this part of the pro file. Cre ta ceous forms and ma rine
phytoplankton were not found. Nu mer ous car bon ized
phytoclasts were found. These sam ples did not con tain any
clearly ma rine com po nents (apart from in di vid ual weath ered
glauconite ag gre gates, which were prob a bly re de pos ited).

The palynomorph as sem blage in the sam ple from a depth
of 54.0 m was slightly more nu mer ous, though also mixed and
with out Cre ta ceous in di ca tor taxa. The pre- Paleogene pol len
in cluded dark grains of the Pinaceae fam ily with slightly blurred
sur face mor phol ogy. Fur ther more, pol len grains of gym no -
sperms, rep re sen ta tives of co nif er ous for est (Abies, Picea,
Tsuga) were quite nu mer ous. Pol len grains of thermophilous
an gio sperms were also pres ent, in clud ing: Araliaceoipollenites, 
Cupuli feroipollenites pusillus, Liriodendroipollis, and oth ers.
While the fre quency of palynomorphs was sat is fac tory, the pol -
len ma te rial was poorly pre served. Ma rine phytoplankton was
not found. Trace amounts of weath ered glauconite ag gre gates
were the only ma rine in di ca tor, which sug gests that they were
also re de pos ited.

The sam ple taken at a depth of 51.0 m con tained ma rine
phytoplankton, as well as pol len and spores of var i ous ages, in -
clud ing the Cre ta ceous, Paleogene and Neo gene com po nents
(Ta ble 2 and Fig. 7). This as sem blage, cou pled with the poor
pres er va tion of the spec i mens, pre vented un am big u ous dat ing
and clearly in di cated re deposition. The bisaccate pine fam ily
pol len grains oc curred in three states of pres er va tion: darker
pol len with blurred sur faces and traces of cor ro sion in ter preted
as pre-Ce no zoic, mod er ately nu mer ous Pinus and Picea pol len 
(com mon in the Paleogene and Neo gene), and pol len sim i lar to 
mod ern Pinus sylvestris. This palyno logical spec trum in di cates
that pol len grains of dif fer ent ages are mixed. Spec i mens of
Concavissimisporites, un iden ti fied pre-Ce no zoic spores and
rep re sen ta tives of the Pinaceae fam ily were also found, as well
as cf. Isabelidinium among the phytoplankton. These prob a bly
rep re sent Cre ta ceous com po nents of this as sem blage. The fol -
low ing Paleogene gen era and spe cies were iden ti fied: cf.
Boehlensipollis hohli, cf. Cupanieidites eucalyptoides, the
Normapolles group with Trudopollis (Late Cre ta ceous-Early
Paleogene). The re main ing taxa are found in both the Paleo -
gene and Neo gene, al though some taxa are more com mon in
the Mio cene (Cupressaceae, Sciadopitys, Tsuga, Engelhardtia, 
Pterocarya, Carya, Magnoliaceae), and some also in the Neo -
gene and Qua ter nary (Quercus, Fagus, Tilia, Betula, Alnus,
Ulmus, Ericaceae as well as herbs of the Asteraceae and
Alismataceae). There fore, redeposition of the Cre ta ceous,
Paleogene, Neo gene, and Qua ter nary taxa took place at this
site. This may in di cate that ero sion and ac cu mu la tion prob a bly
oc curred dur ing the Qua ter nary.

The sam ple from 48.5 m depth con tained a mod er ately di -
verse spore-pol len spec trum but many spec i mens were dam -
aged and showed traces of long trans port, also in di cat ing a long 

14 Ma³gorzata Ludwikowska-Kêdzia et al. / Geo log i cal Quar terly, 2025, 69, 62

T a  b l e  3

Palynomorphs and palynoclasts iden ti fied from the Jab³onna
Mem ber (S³opiec For ma tion) in the Jab³onna UJK-1 pro file



Ma³gorzata Ludwikowska-Kêdzia et al. / Geo log i cal Quar terly, 2025, 69, 62 15

Fig. 7. Palynomorph specimens from the Jab³onna Member (S³opiec UJK-2 borehole), depth 51.0 m (photo: A. Mader)

A – Neogenisporis crassicus Krutzsch, B – Rudolphisporis ma jor (Stuchlik) Stuchlik, C – cf. Rugulatisporites, D – Baculatisporites pri ma ries
(Wolf) Pflug & Thomson, E – Trudopollis sp., F – Zonalapollenites sp., G – Pinuspollenites sp., H – Crassosphaera sp., I – Spiniferites sp., J – 
Achomosphaera alcicornu (Eisenack) Davey & Wil liams, K – Cordosphaeridium cf. inodes, L – Operculodinium cf. ti ara, M –
Tanyosphaeridium sp., N – cf. Glaphyrocysta, O – cf. Spinidinium, P – cf. Cribroperidinium, R, S – Pre-Cenozoic cryp to gams, T – Pre-Ce no -
zoic Pinaceae, U – un iden ti fied phytoplankton
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Fig. 8. Palynomorph spec i mens from the Jab³onna Mem ber (S³opiec UJK–2 bore hole), depth 48.5 m

A – Retitriletes sp., B – Neogenisporis neogenicus Krutzsch, C – Camarozonosporites heskemensis (Pflanzl) Krutzsch, D – Cicatricosi -
sporites paradorogensis Krutzsch, E – Myricipites bituitus (Potonié) Nagy, F – Pterocaryapollenites sp., G – Sequoiapollenites sp., H –
Cupuliferoipollenites pusillus (Potonié) Potonié, I – Intratriporopollenites inculptus Mai, J – Leiosphaeridia sp., K – Ericipites, L –
Tricolporopollenites pseudocingulum (Potonié) Thomson & Pflug, M – Quercoidited henrici (Potonié) Potonié, Thomson & Thiergart, N –
Cathayapollis sp., O – Zonalapollenites sp., P – Botryococcus sp., R – Abiespollenites sp., dam aged, S – Pre–Ce no zoic Pinaceae, T –
Abiespollenites sp.



his tory of their ero sion and ac cu mu la tion (Ta ble 2 and Fig. 8).
The pres ence of Boehlensipollis hohli pol len in this as sem blage 
rep re sents an Oligocene age, cor rob o rated by the oc cur rence
of pol len of the thermophilous plants Edmundipollis, Inaper -
turopollenites insculptus, Cupuliferoipollenites pusillus,
Tricolporopollenites fallax and Quercoidites henrici. How ever, a 
Mio cene age can not be ex cluded. Cre ta ceous taxa do not oc -
cur in this as sem blage. There is also no ev i dence of ma rine
com po nents in these de pos its.

In the Jab³onna pro file, three sam ples from the depths of
42.2, 48.8 and 49.3 m were ana lysed (Fig. 2B). Only the sam ple 
from a depth of 42.2 m yielded a pol len spec trum (Ta ble 3 and
Fig. 9). The re main ing sam ples con tained only a few black
wood frag ments and traces of amor phous or ganic mat ter, and
no palynomorphs were found.

The pol len spec trum of the sam ple from 42.2 m depth in the
Jab³onna pro file is sim i lar to that of the two sam ples taken from
depths of 48.5 m and 54.0 m in the S³opiec pro file. The pol len
fre quency was low and the state of pres er va tion poor. This as -
sem blage also con tains pre-Ce no zoic pol len grains be long ing
to the Pinaceae fam ily, and ma rine phytoplankton is ab sent.
The pol len is dom i nated by Mio cene taxa, in clud ing Sequoia -
pollenites, Cupuliferoipollenites pusillus, Momipites punctatus,
Nyssapollenites and oth ers. There are also no in di ca tors of ma -
rine fa cies. There fore, as in the S³opiec pro file, an im por tant
com po nent of this as sem blage are pol len taxa more com monly
found in the Mio cene.

INTERPRETATION

DEPOSITIONAL ENVIRONMENT

The S³opiec For ma tion com prises lac us trine-flu vial de pos its 
in clud ing two mem bers – the Jab³onna Mem ber rep re sents a
lac us trine en vi ron ment, whereas the Radzików Mem ber rep re -
sents a flu vial (delta) en vi ron ment.

The de pos its of the Jab³onna Mem ber of the S³opiec For -
ma tion ac cu mu lated in a lake, or lakes, that formed in a karst
de pres sion, which was ini tially sup plied with grav els with an ad -
mix ture of silty-sandy ma te rial (Figs. 2A, B, 3, 4A, B1–10, C and 
Ta ble 1). In flow of clastic ma te rial pri mar ily oc curred through
grav i ta tional pro cesses such as sub aque ous flows, and in di -
rectly as sub aque ous land slides (through sec ond ary  flows; re -
mobi li sa tion; e.g., Sammartini et al., 2021; Sabatier et al.,
2022). This is in di cated by the typ i cal grain size change in the
se quence, from grav els (clast-sup ported gravel with a silty-
 clayey ma trix) at the bot tom to sands/muds in the up per part
(Fig. 3). These grav els are com posed of weath ered lo cal rocks,
both siliciclastic and car bon ate. Their poor round ing and low
de gree of smooth ing sug gest that they were trans ported over a
short dis tance by a rel a tively en er getic pro cess.

The tex tural fea tures and suite of sed i men tary struc tures in
the over ly ing thick muds are an in dic a tive re cord of re peated
de po si tion from trac tion and sus pen sion re sult ing from the
changes in the ve loc ity of tur bid ity cur rents and in the con cen -
tra tion of ma te rial sup plied to the lake (Fig. 4A, B1–10, C). In
places, these de pos its cor re spond to a part or all of the turbidite
se quence of Bouma (1962), and/or form heterolithic de pos its,
char ac ter ized by vari able lamina and bed thick nesses
(Fig. 4B1–5,  9, 10).

 The pre dom i nant hor i zon tal lam i na tion of muds is a re cord
of un dis turbed set tling from sus pen sion in a stag nant wa ter
body (Fig. 4B1–5, C). Flaser lam i na tion, on the other hand, in di -
cates al ter nat ing de po si tion of coarser ma te rial trans ported by
flow, and finer ma te rial set tled from sus pen sion dur ing pe ri ods
of still wa ter. The re cur rence of these very dif fer ent depositional 
con di tions took place in closed wa ter bod ies and floodplain bas -
ins (Gradziñski et al., 1986; Zieliñski, 2014). The mas sive struc -
ture and lack of lam i na tion of the muds are in ter preted as a re -
cord of rapid de po si tion from sus pen sion or as a re sult of de -
struc tion of pri mary sed i men tary struc tures due to sed i ment liq -
ue fac tion or ma te rial sup ply from the slopes to the lake by
high-den sity flows (e.g., flows from the slopes or from river
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Fig. 9. Palynomorph spec i mens from the Jab³onna Mem ber (Jab³onna UJK-1 bore hole), depth 42.2 m

A – Nyssapollenites sp., B – Quercopollenites sp., C – Tricolporopollenites dolium (Potonié) Thomson & Pflug, D – Neogenisporis
neogenicus, E – Botryococcus sp., F – Zonalapollenites sp., G – Pinaceae, dam aged, H – left spec i men – Abiespollenites sp.; right spec i men 
– Pinuspollenites 

https://doi.org/10.3390/quat5030034
https://doi.org/10.3390/quat5030034
https://doi.org/10.1016/j.sedgeo.2021.105877


mouths), re sult ing in the for ma tion of tur bid ity cur rents
(Gradziñski et al., 1986; Zieliñski, 2014; Sabatier et al., 2022).
The con vo luted strat i fi ca tion found in the de pos its in di cates de -
for ma tion dur ing de po si tion, prob a bly un der the in flu ence of
sub aque ous cur rents or land slides (Gradziñski et al., 1986;
Zieliñski, 2014; Glad stone et al., 2018), and pos si bly also seis -
mic shocks (e.g., van Loon and Pisarska-Jamro¿y, 2014;
Bronikowska et al., 2021; Müller et al., 2021; Sabatier et al.,
2022). The dis rupted frag ments of mud laminae are a re cord of
wa ter es cap ing from the de posit (Lowe, 1975) or ver ti cal move -
ments in the de pos its with un sta ble den sity strat i fi ca tion (An ke -
tell et al., 1970; Ceg³a and D¿u³yñski, 1970). The oc cur rence of
an gu lar sand lumps, which are found in mas sive muds of the
pro file stud ied in places, sug gests that they were de tached by
ero sion and trans ported as frozen and/or dried ma te rial
(Fig. 4B6, 7). The pres ence of black coat ings and man ga -
nese-iron den drites around these sand lumps in di cates vari able 
ox i da tion-re duc tion con di tions.

The oc cur rence of thick, lam i nated bot tom de pos its in the
wa ter body/lake sug gests that the lim ited depth of wa ter mix ing
may have been a per ma nent fea ture (meromictic lake?). The
lo ca tion of the lake in a karst de pres sion (sit u ated in a ba sin)
pre vented wind-driven mix ing of the wa ter, pro vid ing nat u ral
shel ter for the lake. The ab sence of mix ing to the very bot tom
pre vented ox y gen in flow and fa voured the main te nance of an -
aer o bic con di tions.

The high pro por tion of micas (mus co vite, bi o tite) and/or
chlorites (which are min er als with low aero- and hy dro dy namic
equiv a lents) also sug gests that the muds were de pos ited in the
lake (Figs. 4A1, 5A, 6A). On the other hand, the in ter mit tent dis -
ap pear ance of mica min er als from the de pos its may in di cate a
change in the source area and/or pe ri odic in creases in cur rent
ve loc ity re sult ing in the re moval of fine-grained ma te rial. This
could im ply that the wa ter body was pe ri od i cally a flow-through
lake, with sea sonal wa ter level fluc tu a tions.

Py rite framboids, greigite, and authigenic car bon ates were
found in the muds (Figs. 4A3, 5A, C, 6A, C). Framboidal py rite
is most of ten of biogenic or i gin (Wolicka, 2010a) and is re lated
to the ac tiv ity of mi cro or gan isms, i.e. magnetotactic bac te ria
(MTB; e.g., Mann et al., 1990; Bazylinski et al., 1995;
Luptáková et al., 2012; Saw³owicz, 2016). Its for ma tion is fa -
voured by re duc ing (anoxic) con di tions in the lake (cf. Zatoñ et
al., 2008), cou pled with the pres ence of large amounts of or -
ganic mat ter (Fig. 4A2). A greater in put of or ganic mat ter into
the wa ter body/lake en hances the re dox gra di ent in the de pos -
its, which, to gether with suf fi cient iron avail abil ity (e.g. from
iron-rich lime stones), pro motes the me tab o lism of MTB.
Greigite (Fe3S4) car ries a mag netic sig nal and is an in ter me di -
ate stage in the for ma tion of framboidal py rite. Its pres ence in di -
cates the ex is tence of a re dox bound ary that sep a rates ox y gen -
ated wa ter from wa ter con tain ing hy dro gen sul phide (Wilkin and 
Barnes, 1997; Zatoñ et al., 2008). The pre cip i ta tion of greigite
re quires re duc ing con di tions at the sed i ment-wa ter in ter face or
within the in ter sti tial wa ter, which are re lated to the pres ence of
sul phur and iron ox ides. Such re duc ing con di tions are typ i cal of
strat i fied lakes and other strat i fied wa ter bod ies (Ron et al.,
2007). The authigenic car bon ates, which oc cur as ag gre gates
of micrite formed in the de posit dur ing early diagenesis af ter be -
ing over lain by youn ger de pos its, are also most likely of
biogenic or i gin. Their pre cip i ta tion is re lated to the ac tiv ity of a
mixed com mu nity of sul phate-re duc ing bac te ria, which are able 
to bioprecipitate car bon ates such as cal cite, do lo mite, and sid -
er ite (Wolicka, 2010b). The pres ence of these min er als in di -
cates con di tions fa vour able for the dis so lu tion of car bon ate
bed rock, trans port in so lu tion to the lake, and the sub se quent
chem i cal or bio chem i cal pre cip i ta tion of car bon ates.

The heavy min eral as sem blage in the sand frac tion of the
muds is char ac ter ized by a sig nif i cant con tent of opaque min er -
als, in clud ing pri mary and sec ond ary iron ox ides (Figs. 5A and
6A). This may in di cate ad vanced weath er ing pro cesses and
sup ports depositional con di tions typ i cal of a lac us trine en vi ron -
ment (Barczuk and Nejbert, 2007). The grad ual in crease in the
pro por tion of fine-grained ae olian sands in the up per part of the
Jab³onna Mem ber is a re cord of the tran si tion from ba sin/lac us -
trine to flu vial depositional en vi ron ment.

The palynomorphs and palynoclasts iden ti fied in the muds
of the Jab³onna Mem ber in di cate a sim i lar, dy namic his tory of
syn- and post-depositional pro cesses. The com po si tion and
state of pres er va tion of the palynomorph as sem blages sug gest
mix ing and redeposition, pos si bly mul ti ple times, as well as sev -
eral ep i sodes of ma te rial sup ply to the wa ter body. A no ta ble
fea ture of all sam ples is the poor state of pres er va tion of
sporomorphs, and, in the sam ple from a depth of 51.0 m
(S³opiec UJK-2 bore hole; Ta ble 2 and Fig. 7), phytoplankton.
The dif fer ent states of pres er va tion of the same ge nus of
palynomorphs in di cate mul ti ple cy cles of their sup ply to and de -
po si tion in the ba sin. This palynological pat tern, which re cords
the de struc tion and mix ing of palynological ma te rial, is typ i cal of 
karst de pres sions (dolines and uvalas), and in di cates their en -
er getic his tory (e.g., Szulc and Worobiec, 2012; Worobiec and
Szulc, 2020).

The oc cur rence of grav els in the sands of the over ly ing
Radzików Mem ber, and par tic u larly of well-rounded silty-clayey
and sandy intraclasts, sug gests that the muds of the Jab³onna
Mem ber were af fected by ero sion (Figs. 3 and 4C). In crease in
river en ergy is also re corded in the grain-size changes in the
Radzików Mem ber pro file. An ini tial up wards-fin ing trend shifts
to an op po site, up wards-coars en ing trend, and ul ti mately ends
with the de po si tion of mas sive sands with an ad mix ture of fine
grav els. The grain-size char ac ter is tics and sed i men tary struc -
tures in di cate a deltaic depositional en vi ron ment (subaerial
and/or sub aque ous river-sed i ment ac cu mu la tions near the
mouth of a stream or river; cf. Miall, 2014; Zieliñski, 2014). The
oc cur rence of mag ne tite (a mag ne ti za tion car rier) in the de pos -
its of the Radzików Mem ber is a re cord of flu vial trans port and
depositional con di tions in the river mouth zone (deltaic en vi ron -
men tal; (e.g., Bazylinski et al., 1995). At the same time, it in di -
cates a fresh wa ter en vi ron ment, in which fresh wa ter MTB pro -
duce al most ex clu sively mag ne tite (Fe3O4; Saw³owicz, 2016).

PROVENANCE AND TRANSPORT OF S£OPIEC FORMATION DEPOSITS

The source ma te ri als for the S³opiec For ma tion de pos its
(pri mar ily the Jab³onna Mem ber) were weath er ing man tles of
var i ous ages, de rived from lo cal Pa leo zoic rocks of the HCM
mas sif, which were re worked in ter res trial en vi ron ments (karst,
flu vial, slope, and ae olian), and in a brack ish en vi ron ment (of a
Mio cene sea).

The nu mer ous monocrystalline car bon ate grains (in clud ing
do lo mite) in the Jab³onna Mem ber in di cates the avail abil ity of
lo cal weath ered ma te rial de rived from the me chan i cal de struc -
tion of car bon ate bed rock, e.g. de tri tal dolomites (cf. Ludwikow -
ska- Kêdzia, 2018; Ludwikowska-Kêdzia and Kubala-Kukuœ,
2023; Figs. 5C and 6C), and/or fa vour able con di tions for the re -
moval of the karst chan nel infills (Ur ban, 2013). The pres ence
of these car bon ate grains also in di cates that the weath ered ma -
te rial was trans ported over a short dis tance.

The autochthonous or i gin of the muds (Jab³onna Mem ber)
is fur ther cor rob o rated and doc u mented by the pres ence of ag -
gre gates of mas sive, fine-crys tal line py rite (co-oc cur ring with
an gu lar quartz grains, prob a bly de rived from rock dis in te gra -
tion) as well as by a high con tent of micas (mus co vite and bi o -
tite; Figs. 5A and 6A). The oc cur rence of py rite in the Pa leo zoic
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bed rock and the avail abil ity of weath ered bed rock ma te rial are
well doc u mented in the HCM (Rubinowski, 1962; Fija³kowska
and Fija³kowski, 1963). Sim i larly, the pres ence of mus co vite
has been doc u mented. It may orig i nate from a) weath ered
Cam brian sand stones of the south ern and cen tral parts of the
HCM (e.g., Kowalczewski et al., 2006), b) Tri as sic sand stones
of the Perm ian-Me so zoic mar gin of the HCM (e.g., Rembiœ,
2010), and also c) karst cave de pos its (e.g., Ur ban, 2013). Bi o -
tite, as well as py rox enes, may be de rived from weath ered lam -
pro phyres in the Daleszyce area (e.g., Rubinowski, 1962;
Kardymowicz, 1962; Krzemiñska and Krzemiñski, 2019).

The se quence of the main com po nents of the heavy min eral 
spec trum of the Jab³onna Mem ber de pos its (mainly in their
lower and mid dle parts; Fig. 5A) is sim i lar to that ob served in
ma rine de pos its (Racinowski, 2010) as well as in the Paleo -
gene- Neo gene flu vial units of var i ous ages found in the neigh -
bour ing Sandomierz Ba sin (Mycielska-Dowgia³³o, 1978). In
these de pos its, am phi boles con sti tute a small per cent age,
while py rox enes are ab sent. This source of de pos its is also in di -
cated by the pre dom i nance of EL (very well-rounded with a
smooth, shiny the en tire sur face; Cailleux, 1942) and EM/EL
(mod er ately rounded, with a smooth, shiny sur face; Cailleux,
1942) quartz grains in the muds, due to the re peated, in ten sive,
and per sis tent re work ing of de pos its in high-en ergy aque ous
en vi ron ments (beach and/or flu vial; Figs. 5B and 6B). Con se -
quently, the quartz grains be came rounded and shiny (Linde
and Mycielska-Dowgia³³o, 1980). This in ter pre ta tion is sup -
ported by the lo ca tion of the study area and the bore holes within 
the brack ish zone of the Mio cene sea. The heavy min eral spec -
trum of the Jab³onna Mem ber de pos its is also sim i lar to that
found in the Neo gene de pos its fill ing karst sink holes. These de -
pos its are char ac ter ized by a nar row heavy min eral spec trum,
which is com posed al most ex clu sively of min er als re sis tant to
chem i cal and phys i cal weath er ing (tour ma lines, zir cons, rutiles, 
disthenes) (Barcicki et al., 1991; Mycielska-Dowgia³³o, 1995;
Marcinkowski and Mycielska-Dowgia³³o, 2013; Ludwikowska-
 Kêdzia, 2013; Ur ban, 2013). There fore, the source ma te ri als for 
the Jab³onna Mem ber de pos its were the Neo gene de pos its
formed both in aque ous (ma rine and/or flu vial) and in ter res trial
(karst) en vi ron ments.

Gen er ally, the low con tent of heavy min er als in the
Jab³onna Mem ber de pos its and the low-di ver sity spec trum sug -
gest that the source area was poor in heavy min er als rather
than that the de pos its of the source area were sub jected to per -
sis tent weath er ing (Ludwikowska-Kêdzia, 2013). The suban -
gular and subrounded heavy min eral grains in the de pos its in di -
cate short trans port and/or a lack of fa vour able con di tions for
their trans port. Qual i ta tive and quan ti ta tive changes in the pro -
por tions of the main min er als in the Jab³onna Mem ber de pos its
dem on strate the pe ri od ic ity of ma te rial sup ply to the lake, as
well as the re peated changes of source ar eas (and thus the di -
rec tions of trans port) of the de pos its.

The dif fer ences in the tax o nomic com po si tion of the palyno -
morph as sem blages de scribed, in clud ing Cre ta ceous, Paleo -
gene and Mio cene ma te rial, dem on strate the dif fer ent source
ar eas and the sup ply of de tri tal ma te rial from var i ous di rec tions:
Cre ta ceous, Paleocene, Eocene, Oligocene and Mio cene de -
pos its were eroded, and then the re sult ing de pos its were sub -
jected to fur ther re work ing.

The higher di ver sity of the heavy min eral spec trum re -
corded in the mid dle and/or up per parts of the Jab³onna Mem -
ber and in the Radzików Mem ber, the in creased con tent of gar -
nets and am phi boles (min er als mod er ately to non-re sis tant to
chem i cal weath er ing), as well as the high con tent of py rox enes
ac com pa nied by a de crease in zir con con tent, in di cate the sup -
ply of rel a tively “fresh”, allochthonous weath ered ma te rial

(Ludwikowska-Kêdzia, 2013). This sup ply of allochthonous ma -
te rial to the bot tom of the S³opiec Ba sin can be re lated to the di -
rect in flow of glaciofluvial wa ter or to the ero sion of older gla cial
de posit cov ers (Czarnocki, 1931).

Thus, the de pos its of the S³opiec For ma tion rep re sent
autochthonous weath er ing prod ucts of the lo cal bed rock, in her -
ited from the Paleogene–Neo gene stage of morphogenesis of
the Holy Cross Moun tains, which were sub se quently en riched
with allochthonous ma te rial dur ing the fi nal stage of their sed i -
men ta tion.

Al though the depositional model pro vides in for ma tion about 
flow con di tions based on de posit char ac ter is tics, it is dif fi cult to
de ter mine the ini tial fac tors that trig gered grav ity flows into the
lake (as tur bid ity cur rents can have var i ous trig gers, the
lithological re cords of which are sim i lar). The ma te rial was ini -
tially trans ported to the bot tom of the karst polje in the S³opiec
Ba sin, into the karst lake, by de nu da tion pro cesses act ing on
the slopes of the sur round ing hills. These pro cesses most likely
in volved slope wash, land slides and mud/de bris flows, gen er at -
ing tur bid ity cur rents of vary ing den si ties into the lake. Ma te rial
was also trans ported un der wa ter, in the mar ginal zone of the
lake, by sub aque ous flows and land slides, as well as by ephem -
eral streams flow ing down from higher ar eas of the ba sin and
form ing al lu vial fans. At a later stage of lake in fill ing, the sed i -
ments were prob a bly sup plied by flu vial trans port (floods?) and
ac cu mu lated as fans (del tas) where rivers flowed into the lake.
The en tire lithological and depositional re cord of the S³opiec
For ma tion re calls pro cesses func tion ing within a karst polje of
di verse re lief (cf. Ford and Wil liams, 2007). Com pre hen sive in -
for ma tion on the depositional con di tions and sed i men tary en vi -
ron ment of the S³opiec For ma tion can be ob tained only af ter in -
ves ti gat ing the spa tial vari abil ity of de posit char ac ter is tics in
other palaeodepressions of the S³opiec Ba sin, in the neigh bour -
ing Marzysz area, as well as in other morphostructural units of
the Holy Cross Moun tains.

The lakes in the S³opiec Ba sin ana lysed were prob a bly ini -
tially deep. How ever, the thick and lat er ally ex ten sive de pos its
of the Jab³onna Mem ber grad u ally filled the karst de pres sions
(Fig. 2A). These de pos its not only sealed the de pres sions, but
also lev elled the top o graph i cally var ied sur face of the karstified
ba sin floor, up to an el e va tion of at least 225 m (230 m) a.s.l.
This al tered the con di tions for the trans fer of wa ter and de pos its 
within the bot tom of the polje (de pres sion), and may have fa cil i -
tated, or even de ter mined, the de vel op ment of a per ma nent
river net work. The course of these events in the S³opiec Ba sin
was un doubt edly in flu enced by cli ma tic and/or tec tonic
changes that af fected the dy nam ics of morphogenetic and
lithogenetic pro cesses in the Holy Cross Moun tains.

CLIMATE CONDITIONS DURING THE DEPOSITION 
OF THE S£OPIEC FORMATION

The sup ply of clastic and or ganic ma te rial to the bot tom of
the karst de pres sion, and con se quently into the ephem eral wa -
ter bod ies (karst lakes), oc curred un der cold cli mate con di tions.

These cold cli mate con di tions are in di cated by the high con -
tent of C (cracked) and O (other) quartz grains as well as by the
oc cur rence of spher i cal iron con cre tions found in the bot tom
and mid dle parts of the Jab³onna Mem ber (Figs. 5B and 6B).
These grain types form in dry and cold periglacial en vi ron ments 
(Mycielska-Dowgia³³o and Woronko, 1998, 2001, 2004), are a
re cord of frost weath er ing, and re flect the ex is tence of an ac tive
layer (e.g., Hoch and Woronko, 2007; Woronko and Bujak,
2010, 2018; Woronko and Hoch, 2011; Woronko and Pisar -
ska-Jamro¿y, 2016; Vandenberghe et al., 2016; Górska and
Woronko, 2022), as well as shap ing of grains by in tense chem i -
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cal and me chan i cal weath er ing (Mycielska-Dowgia³³o and Wo -
ron ko, 1998). Un der such cli ma tic con di tions – typ i cal of the
sub arc tic cli mates that pre vailed at the be gin ning of the Pleis to -
cene glaciations – veg e ta tion cover de creased and dis ap pear -
ing for est com mu ni ties were re placed by for est-steppe-tun dra
and steppe-tun dra veg e ta tion (Win ter, 2015). Ex ten sive, ex -
posed, mostly sandy weath er ing cov ers ap peared, fa vour ing
the de vel op ment of ae olian pro cesses (e.g., Myciel -
ska-Dowgia³³o, 1995; Bujak, 2007; Woronko, 2012; Woronko
and Bujak, 2018). Mycielska-Dowgia³³o and Woronko (1998)
dem on strated that a high pro por tion of matt sur face quartz
grains found in Pol ish de pos its ac cu mu lated be fore the Mid dle
Pol ish Glaciations and at the end of the Last Gla ci ation
(Woronko and Bujak, 2018). Mojski (2005) re lated the round ing
of quartz grains in preglacial de pos its to the ac tiv ity of ae olian
pro cesses, which oc curred in ar eas with out veg e ta tion and cov -
ered by sandy de pos its at the end of the pre-gla cial pe riod.
Woronko and Bujak (2018) iden ti fied seven pe ri ods of in ten si fi -
ca tion of ae olian pro cesses in Po land dur ing the Qua ter nary,
that can be cor re lated with the ad vance and/or re treat of ice
sheets.

A re cord of en vi ron men tal con di tions fa vour ing the de vel op -
ment of ae olian pro cesses in the S³opiec Ba sin is clearly vis i ble
in the up per part of the S³opiec For ma tion, i.e. in the Radzików
Mem ber de pos its. This is ev i dent from the high pro por tion of
quartz grains of RM (very well-rounded with matt sur faces) and
EM/RM (mod er ately rounded, with a matt sur face only on con -
vex parts of grains) type (Fig. 6B), which are char ac ter is tic of an 
ae olian en vi ron ment (Mycielska-Dowgia³³o and Woronko,
1998). This fea ture sug gested that ae olian grains sup plied the
al lu vium of rivers func tion ing in cold cli mate con di tions that fa -
voured the in ten sive and long-term de vel op ment of ae olian pro -
cesses in a periglacial en vi ron ment (e.g., Kozarski et al., 1988;
GoŸdzik, 2001; Woronko, 2012; Zieliñski, 2014). These de pos -
its are clas si fied as fluvioperiglacial (GoŸdzik, 1995, 2001) or
fluvio-ae olian (Woronko, 2012; Zieliñski et al., 2015; Ballan -
tyne, 2018).

The fluvio-ae olian de pos its of the Radzików Mem ber are
very sim i lar to those of the FA unit, doc u mented in the Czaplów
UJK-3 bore hole pro file, lo cated in the ad ja cent Kielce-£agów
Val ley in the HCM (Ludwikowska-Kêdzia, 2018). Sim i lar fea -
tures char ac ter ize the de pos its of the so-called Radzików se -
ries, which ac cu mu lated at the foot of the Szyd³ów Foot hills
(Makowska et al., 1976). The Radzików se ries de pos its con tain
a high pro por tion of ae olian quartz grains; it over lies Mio cene
ma rine de pos its and is over lain by till, which doc u ments its
strati graphic po si tion and in di cates a periglacial en vi ron ment.

The per sis tently high pro por tion of ae olian quartz grains in
the Radzików Mem ber pro file can be in ter preted as the re sult of 
the redeposition of older ae olian de pos its (GoŸdzik, 1980;
Mycielska-Dowgia³³o, 1995, 2007; Mycielska-Dowgia³³o and
Woronko, 2001; Woronko, 2012), or as the re sult of the si mul ta -
neous ac tiv ity of ae olian and flu vial pro cesses dur ing sed i men -
ta tion. A mod ern equiv a lent of such an en vi ron ment could be a
po lar desert, e.g. McMurdo Val ley in Antarctica, where sand is
trans ported mainly in the form of dunes mov ing in shal low,
gravel-bed braided chan nels of the Onyx River (Mosley, 1988).

The in creased pro por tion of sand in the pro file of the
Jab³onna Mem ber, to gether with the in creased con tent of ae -
olian grains, in di cates an in crease in the en ergy and dy nam ics
of ae olian and/or flu vial ero sion pro cesses in the HCM that
were re spon si ble for trans port ing the de pos its. The pe ri odic dis -
ap pear ance of per ma frost prob a bly played a sig nif i cant role in
the “mo bi li za tion” of these de pos its (cf. Zieliñski et al., 2015).
This dis ap pear ance re sulted in a change in the avail abil ity of
weath ered ma te rial and its grain size, from silty to sandy. This

phe nom e non also con trib uted to changes in the dy nam ics of
the flu vial sys tem (e.g., by mod i fy ing the hy dro log i cal river re -
gime, and con se quently al ter ing the con di tions and pos si bil i ties
of sed i ment sup ply and trans port).

The mag netic sus cep ti bil ity fluc tu a tions ob served in the
Jab³onna Mem ber re flect cy cli cal cli mate changes and/or ep i -
sodic en vi ron men tal changes (cf. Nawrocki, 2009; Figs. 5D and 
6D). Cool cli mate con di tions pre vailed dur ing the ini tial stages
of for ma tion of the Jab³onna Mem ber. Later pe ri ods of or ganic
mat ter be ing sup plied to the lake, its de com po si tion, and the
for ma tion of iron and sul phur com pounds, can be cor re lated
with ep i sodes of cli mate warm ing and/or pe ri odic in creases in
ero sion. The pro cess of sul phate re duc tion in the lake de pos its
in the pres ence of or ganic mat ter can be ex plained by the pe ri -
odic freez ing of the lake sur face, which lim ited gas ex change
and ox y gen avail abil ity. As in di cated by stud ies of the
meromictic, ice-cov ered Lake Vanda in the South ern Vic to ria
Dry Val ley in Antarctica (Can field and Green, 1985), sul phate
re duc tion is by far the most im por tant anoxic pro cess here, oc -
cur ring in the pres ence of or ganic mat ter.

Well-pre served pol len grains of Qua ter nary plants, in clud -
ing thermophilous spe cies, are ab sent from the palynomorph
as sem blages of the Jab³onna Mem ber. There fore, the fi nal de -
po si tion prob a bly oc curred in the Qua ter nary but dur ing the
colder pe ri ods of the pre-gla cial Pleis to cene when ero sion was
more in tense.

Fa vour able con di tions for the de vel op ment of ae olian pro -
cesses could have been in ten si fied in a karst en vi ron ment
(Ford and Wil liams, 2007; Ludwikowska-Kêdzia, 2018). A large
pro por tion of well-rounded and matt quartz grains is noted in the 
Qua ter nary de pos its fill ing the karst forms in the Holy Cruss re -
gion (Ur ban, 2013), in clud ing at the Neogene–Quaternary
bound ary (Barcicki et al., 1991, 1996).

DISCUSSION

The di ag nos tic fea tures com piled of the S³opiec For ma tion,
sup ple mented with palynological data from the Jab³onna Mem -
ber in the Jab³onna UJK-1 and S³opiec UJK-2 bore holes in the
S³opiec Ba sin, en able com par i son with ex ist ing views on the
prov e nance of the pre-gla cial de pos its in the HCM and re con -
struc tion of the palaeoenvironmental con di tions.

As re gards the pre-gla cial muds in the Qua ter nary litho -
strati graphic pro file of the Holy Cross Moun tains, a ge netic link
has been sug gested with loess de pos ited in flu vial and/or lac us -
trine en vi ron ments, ei ther di rectly through ae olian trans port or
by sur face wash pro cesses (Filonowicz, 1972).

Anal y sis of the muds from the Jab³onna UJK-1 and S³opiec
UJK-2 bore holes re vealed that de po si tion of the Jab³onna
Mem ber took place in a lac us trine en vi ron ment, al though it was
clearly in flu enced by the bed rock palaeorelief and its struc -
tural-karst de ter mi nants. These con di tions, lit tle dis cussed in
pre vi ous lit er a ture, un doubt edly in flu enced the mode and rate
of sed i ment de po si tion, the spa tial vari abil ity of lithofacies, and
the ex tent of in di vid ual fa cies within the lake. This ex plains the
vari abil ity in de posit char ac ter is tics of the Jab³onna Mem ber ob -
served in the two bore hole pro files ex am ined, de spite their
close spa tial prox im ity.

We ex er cise cau tion in us ing the term “loess” when re fer ring 
to the prov e nance of the Jab³onna Mem ber de pos its (muds), as 
the term di rectly im plies a ge netic link with ae olian trans port un -
der periglacial con di tions on the fore land of an ice sheet. A
more ac cu rate de scrip tion would be: autochthonous silty,
clayey, and sandy weath ered ma te rial in her ited from the Paleo -
gene-Neo gene stage of litho- and morphogenesis of the HCM.
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This des ig na tion re flects the ac tual prov e nance of the ma te rial
com pos ing the Jab³onna Mem ber, par tic u larly given that no
mol lus can fauna that could de ter mine a con nec tion with loess
was found in these de pos its. How ever, de ter min ing the ex act
fac tors that trig gered its trans port re quires fur ther in ves ti ga tion,
in clud ing doc u ment ing the ge netic re la tion ship be tween the
loess cov ers and the lo cal weath ered bed rock in the HCM. The
un cer tain ties do not re late to the ae olian ac tiv ity in the HCM
area un der study, which is well-doc u mented in the S³opiec For -
ma tion (e.g., in the Radzików Mem ber), nor to the co-oc cur -
rence of cold cli mate con di tions fa vour ing ae olian pro cesses
dur ing the pre-gla cial pe riod. The prin ci pal re search chal lenge
con cerns the tim ing and du ra tion of these ae olian pro cesses:
whether they oc curred prior to the on set of sed i men ta tion of the
S³opiec For ma tion, or op er ated con cur rently with its de po si tion.

De pos its such as those that were the source of ma te rial for
the pre-gla cial S³opiec For ma tion (with in her ited, spe cific “en vi -
ron men tal” lithogenetic fea tures) have sur vived to the pres ent
day due to the spe cific struc tural re lief of the HCM, par tic u larly
within the bot toms of struc tural de pres sions, such as the
Kielce-£agów De pres sion. These are usu ally the infills of karst
sink holes, con sist ing of min eral de pos its such as clays, silts
and sands (Fija³kowska and Fija³kowski, 1965, 1971, 1984;
Filonowicz, 1976; Ludwikowska-Kêdzia, 2013; Ur ban, 2013),
as well as or ganic de pos its such as peat, or ganic silts and lig -
nite (Ludwikowska-Kêdzia, un pub lished ma te ri als). Such de -
pos its are ac ces si ble and rec og niz able in var i ous morpho -
genetic en vi ron ments in the HCM, such as flu vial or slope en vi -
ron ments. For ex am ple, there are youn ger muds and sands,
such as Pleis to cene (Vistulian, Late Gla cial) and Ho lo cene
muds in the FSA de pos its of the S³opiec UJK-2 bore hole.
These, de spite hav ing sim i lar i ties in terms of lithogenesis,
lithofacies and grain size to their pre-gla cial equiv a lents, dif fer in 
sev eral im por tant re spects. These dif fer ences in clude: a high
pro por tion of non-re sis tant min er als in the heavy min eral spec -
trum (orig i nat ing from the glaciogenic de pos its); low mag netic
sus cep ti bil ity val ues; and above all a dif fer ent palynological
spec trum, in terms of both stra tig ra phy and en vi ron ment
(Ludwi kow ska-Kêdzia, 2000, 2018).

The sed i men tary palaeoenvironment of the S³opiec For ma -
tion, and pri mar ily the Jab³onna Mem ber, does not nec es sar ily
have to be di rectly re lated to the for ma tion of lakes by the block -
ing of val leys by ice masses (Lindner, 1984). The struc tural re -
lief of the HCM is char ac ter ized by the al ter nat ing oc cur rence of
struc tural de pres sions (with ba sin-like widenings of river val ley
bot toms) and par al lel ridges. This re lief it self pre dis poses the
area to the for ma tion of de posit ac cu mu la tion zones, which are
con trolled by changes in cli ma tic and en vi ron men tal con di tions.
The pres ent-day flu vial en vi ron ment in the S³opiec Ba sin pro -
vides fa vour able con di tions for the for ma tion of overbank fa cies
(in ephem eral floodplain lakes). The same was true dur ing the
Vistulian and ear lier Ho lo cene in ter vals in the river val leys of the 
Œwiêtokrzyskie re gion (Ludwikowska-Kêdzia, 2000). These
con di tions in clude: the oc cur rence of ex ten sive, flat bot toms of
bas ins and struc tural de pres sions with a shal low gra di ent, ad di -
tion ally with lo cal ero sional bases in the form of bed rock out -
crops, the avail abil ity of abun dant fine-grained ma te rial, and
trans port in sus pen sion in most rivers. The S³opiec For ma tion
de pos its (pri mar ily the Jab³onna Mem ber) did not ac cu mu late in 
deeply eroded river val leys (Filonowicz, 1972, Lindner, 1984,
2004), but rather in zones of struc tural-karst palaeodepressions 
with polje fea tures. This zones were typ i cally con trolled by a
sys tem of tec tonic faults and grabens. Con se quently, these de -
pos its can rather be in ter preted as ex am ples of pre served lac -
us trine sed i ments and al lu vium than as ev i dence of the ex is -
tence of river palaeovalleys cut deep into the bed rock (e.g.,
Falkowski and Kowalski, 1987).

Our re search sug gests that the search for the sources of
de pos its such as the Jab³onna Mem ber muds among out crops
of the Krakowiec clays (Filonowicz, 1972; Machów For ma tion,
Mio cene; outer zone of the Carpathian Foredeep, sur round ings 
of HCM; Czapowski, 2004) does not seem jus ti fied. The vari a -
tion in age and de gree of pres er va tion of the palynomorphs
does not sug gest that ero sion has af fected ex clu sively Mio cene 
ma rine de pos its. The re la tion ship be tween the muds of the
Jab³onna Mem ber in the S³opiec For ma tion and the Mio cene
ma rine de pos its may have re sulted from them hav ing the same
source area, i.e. lo cal weath ered ma te rial of the Pa leo zoic and
Me so zoic bed rock as well as Paleogene-Neo gene de pos its
(ter res trial fa cies) in the HCM. The only dif fer ences be tween
the muds and the Mio cene ma rine de pos its are the tim ing and
the mode of sed i ment trans port, as well as the type of fi nal sed i -
men tary en vi ron ment that gave the de pos its their spe cific fea -
tures (con trolled by the lo cal re lief, cli ma tic changes and tec -
tonic fac tors in the HCM). The dif fer ences in grain size be tween 
the muds of the Jab³onna Mem ber and the Mio cene ma rine de -
pos its may be due to the fact that the Jab³onna Mem ber de pos -
its came from the cov ers that ac cu mu lated at the foot of the
south ern slope of the HCM, prob a bly in the brack ish zone of a
sea with a Dal ma tian-type coast line (Radwañski, 1969, 1973),
which fa voured the de po si tion of coarser grain frac tions. How -
ever, the finer ma te rial could have been trans ported by tur bid ity
cur rents to wards the deeper and/or more south erly parts of the
Mio cene sea.

The pre-gla cial S³opiec For ma tion ac cu mu lated un der cool
cli mate con di tions, which can be re lated to the vari able cli mate
con di tions of the pre-gla cial Pleis to cene cor re spond ing to Ma rine 
Iso tope Stages (MIS) 103-23 (Granoszewski and Win ter, 2016),
mainly to a) an in ter val of cy cli cal coolings, ini tially shorter than
warm pe ri ods (MIS 104-31; ~2.56–1.2 Ma), and/or b) large-scale 
cli mate cool ing, i.e. the “900 ka cool ing event” (MIS 24–22;
~940–860 ka), when three cool ing fluc tu a tions oc curred at ~930
ka, 900 ka, and 880 ka, rep re sent ing a key phase of the early
Mid-Pleis to cene Tran si tion (MIS 36–17; ~1.25–0.7 Ma; Clark et
al., 2006). In the con text of INTIMATE stra tig ra phy (IN Te gra tion
Ice core, MA rine, and TEr res trial re cords; Ras mus sen et al.,
2014), it can be in ferred that de po si tion took place dur ing in ter -
vals of cli ma tic change sim i lar to those that de ter mined the ac ti -
va tion of flu vial and slope en vi ron ments in the HCM re gion dur -
ing the Late Pleis to cene (Michczyñska et al., 2022, 2024). This
would mean that the S³opiec For ma tion de pos its could have
formed dur ing cold (stadial) phases, dur ing tran si tional phases
(from long-term stadials to interstadials), and/or dur ing
short-term, al ter nat ing stadial and interstadial phases, with a ten -
dency to wards cool ing.

It seems rea son able to re late the Jab³onna Mem ber de pos its 
to the con di tions pre vail ing dur ing the South Pol ish Gla ciations
(Lindner, 1984, 2004; Dzier¿ek et al., 2021; Fig. 1A). How ever,
the lack of a com pre hen sive and well-doc u mented model of gla -
cial evo lu tion in the HCM,  par tic u larly in its south ern and cen tral
parts, as well as crit i cism of pre vi ous con cepts (e.g., Liszkowski,
1976; Ludwikowska-Kêdzia, 2018) hin der any un am big u ous
con clu sions. Such doubts are fur ther re in forced by the re sults of
litho- and chronostratigraphic stud ies of Qua ter nary de pos its
(from flu vial, gla cial, and slope en vi ron ments) con ducted in this
part of the HCM (e.g., Ludwi kow ska-Kêdzia and Pawelec, 2014;
Ludwikowska- Kêdzia et al., 2015; Pawelec and Ludwikowska-
 Kêdzia, 2016; Ludwikow ska- Kêdzia, 2018, 2021). These re sults
sug gested that the glaciogenic de pos its should be re lated to the
Mid dle Pol ish Glaciations (MIS 9-6).There fore, the age of ac cu -
mu la tion of the pre-gla cial S³opiec For ma tion in the Holy Cross
Mts re quires fur ther in ves ti ga tion. The pre-gla cial pe riod re mains 
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poorly un der stood in the Qua ter nary his tory of Po land (Bujak et
al., 2016; Marks, 2023a), with nu mer ous un re solved and chal -
leng ing is sues.

An al ter na tive hy poth e sis pro posed by Ludwikowska- Kê -
dzia (2018) – that the FR unit (i.e. the Jab³onna Mem ber) de -
pos its ac cu mu lated in the coastal zone (la goon) of the Mio cene
sea – is not con firmed, as these de pos its lack well-pre served,
untransported ma rine phytoplankton. There fore, it is dif fi cult to
agree with Kowalski (2001) who as signed a Paleogene-Neo -
gene age to the de pos its in the Bia³e £ugi Val ley, as they can be 
con sid ered equiv a lent to the S³opiec For ma tion, and par tic u -
larly as they oc cur in an ad ja cent part of the karst-struc tural de -
pres sion sys tem in the S³opiec Ba sin. As there is no clear strati -
graphic ev i dence to sup port such an in ter pre ta tion, it can only
be as sumed that the source ma te ri als for these de pos its were
weath er ing cov ers in her ited from the Paleogene-Neo gene
stage of litho- and morphogenesis in the HCM.

CONCLUSIONS

Stud ies of the pre-gla cial de pos its (sensu Lewiñski, 1928,
1929) con ducted in two new bore holes (Jab³onna UJK-1 and
S³opiec UJK-2) in the S³opiec Ba sin in the Holy Cross Moun -
tains, en abled the iden ti fi ca tion and com pi la tion of their di ag -
nos tic fea tures. The de gree of rec og ni tion and spe cific char ac -
ter of this autochthonous suc ces sion in the lithostratigraphic
pro file of Qua ter nary sed i ments of the HCM (cf. Czarnocki,
1927, 1931; £yczewska, 1971; Filonowicz, 1972; Lindner,
1984; Ludwikowska-Kêdzia, 2018) jus ti fies the for mal adop tion
of the name S³opiec For ma tion (named af ter the vil lage near the 
bore holes) as a lithostratigraphic unit of the Qua ter nary in the
south ern part of the HCM.  The bound aries of the S³opiec For -
ma tion are clear. It lies on Pa leo zoic bed rock and is over lain by
glacigenic de pos its of an un cer tain strati graphic po si tion. The
S³opiec For ma tion com prises lac us trine–flu vial de pos its: a) the
Jab³onna Mem ber, which is rep re sented by lac us trine de pos its,
and b) the Radzików Mem ber (fluvio-ae olian), which is rep re -
sented by flu vial (deltaic) de pos its with ev i dence of the ae olian
in flu ence. The ac cu mu la tion of the S³opiec For ma tion de pos its
took place in a karst lake en vi ron ment un der cooler in ter vals of
the pre-gla cial Pleis to cene, at times of in ten si fied ero sion.
These lakes were prob a bly meromictic and ephem eral, formed
in karst-struc tural de pres sions of the Pa leo zoic bed rock. Over

time, the lac us trine depositional con di tions clearly evolved to -
wards a flu vial (deltaic) en vi ron ment. The source ma te rial came 
from the weath er ing cov ers of the Pa leo zoic and Me so zoic lo cal 
bed rock, as well as from Paleogene-Neo gene cover de pos its.
The ma te rial was trans ported over short dis tances from mul ti ple 
di rec tions, and its sup ply to the lakes fol lowed a cy cli cal pat tern. 
The cy cli cal na ture of ma te rial sup ply to the lake was trig gered
by changes in cli ma tic and/or tec tonic con di tions.

Palynological anal y sis of the Jab³onna Mem ber de pos its
iden ti fied 23 cryptogam taxa, 20 gym no sperm taxa, 51 an gio -
sperm taxa, and 24 phytoplankton taxa. Sig nif i cant mix ing of
palynomorphs of var i ous ages (Cre ta ceous, Paleogene, Mio -
cene, Qua ter nary) was ob served, and their state of pres er va -
tion sug gests re peated redeposition. Scarce ma rine
phytoplankton rep re sented the Paleogene. The fi nal phase of
de po si tion of the Jab³onna Mem ber in the S³opiec For ma tion
oc curred dur ing the Qua ter nary Pe riod. How ever, the ex act
strati graphic po si tion of the pre-gla cial S³opiec For ma tion is un -
cer tain.

The iden ti fi ca tion of Qua ter nary lithostratigraphic units in
the HCM (e.g., the S³opiec For ma tion), the de ter mi na tion of
their di ag nos tic sedimentological fea tures, and their clas si fi ca -
tion within depositional sys tems (gla cial and non-gla cial) across 
in di vid ual morphostructural units of this Pa leo zoic mas sif – con -
ducted in de pend ently and at a lo cal spa tial scale (Ludwikow -
ska- Kêdzia, 2018) – con sti tutes a first and es sen tial step to ward 
broader re gional (and even su pra-re gional) lithostratigraphic
cor re la tions.

Ac knowl edge ments. The au thors would like to thank Prof.
El¿bieta Worobiec and Prof. Jon a than Lee for their valu able
com ments that helped to im prove much the first ver sion of the
manu script. We would like to ex press our sin cere thanks to Dr
El¿bieta Król for per form ing the mag netic sus cep ti bil ity anal y -
sis, Dr Bo gus³aw Marcinkowski for iden ti fy ing heavy min er als,
and Prof. Anna Mader for pre par ing the pho to graphs show ing
the palynomorphs found in the sam ple taken from a depth of
51.0 m in the S³opiec UJK-2 bore hole (Fig. 7). This study was
con ducted as part of re search pro ject num ber: ZP/2024/0192 –
SUPB. RN .24.109, car ried out at the In sti tute of Ge og ra phy
and En vi ron men tal Sci ences at Jan Kochanowski Uni ver sity in
Kielce.

REFERENCES

An ke tell, J.M., Ceg³a, A.J., D¿u³yñski, S., 1970. On the de for -
mational struc tures in sys tem with re versed den sity gra di ent.
Annales Societatis Geologorum Poloniae, 40: 3–30.

Ballantyne, C.K., 2018. Periglacial Geo mor phol ogy. Wiley- Black well.

Barcicki, M., Cichosz-Kostecka, A., GoŸdzik, J., Mycielska-
 Dowgia³³o, E., Prószyñska-Bordas, H., 1991. Age and or i gin
of the karst pit de pos its of Mirówek in the light of sedimentolo -
gical in ves ti ga tions (in Pol ish with Eng lish sum mary). Wydaw.
Naukowe Uniwersytetu im. Adama Mickiewicza, Poznañ, 1:
2–34.

Barcicki, M., Cichosz-Kostecka, A., Kwapisz, B., Mycielska-
 Dowgia³³o, E., Skawiñska-Wieser, K., 1996. De vel op ment of
karstic pit at Maziarze near I³¿a dur ing the Ter tiary and Qua ter -
nary (in Pol ish with Eng lish sum mary). Wydaw. Naukowe
Uniwersytetu im. Adama Mickiewicza, Poznañ, 2: 25–38.

Barczuk, A., Nejbert, K., 2007. Analiza minera³ów nieprzezro -
czystych w badaniach ska³ okruchowych (in Pol ish). In: Badania
cech teksturalnych osadów czwartorzêdowych i wybrane
metody oznaczania ich wieku (eds. E. Mycielska-Dowgia³³o and
J. Rutkowski): 205–228. WSWPR, Warszawa.

Bazylinski, D.A., Frankel, R.B., Hey wood, B.R., Mann, S., King,
J.W., Donaghay, P.L., Hanson, A.K., 1995. Con trolled bio -
minera lization of mag ne tite (Fe3O4) and greigite (Fe3S4) in a
magnetotactic bac te rium. Ap plied and En vi ron men tal Mi cro bi ol -
ogy Jour nal,  61: 3232–3239;
https://doi.org/10.1128/aem.61.9.3232-3239.1995

Boenigk, W., Frechen, M., 2006. The Plio cene and Qua ter nary flu -
vial ar chives of the Rhine Sys tem. Qua ter nary Sci ence Re -
views, 25: 550–574;
https://doi.org/10.1016/j.quascirev.2005.01.018

22 Ma³gorzata Ludwikowska-Kêdzia et al. / Geo log i cal Quar terly, 2025, 69, 62

https://doi.org/10.1128/aem.61.9.3232-3239.1995
https://doi.org/10.1016/j.quascirev.2005.01.018
https://doi.org/10.24425/agp.2023.145614


Bouma, A.H., 1962. Sedimentology of Some Flysch De pos its: A
Graphic Ap proach to Fa cies In ter pre ta tion. Elsevier, Am ster -
dam.

Bronikowska, A., Pisarska-Jamro¿y, M., Van Loon, (T.)A.J.,
2021. First at tempt to model nu mer i cally seis mi cally-in duced
soft-sed i ment de for ma tion struc tures – a com par i son with field
ex am ples. Geo log i cal Quar terly, 65, 60;
https://doi.org/10.7306/gq.1629

Bujak, £., 2007. Tex tural fea tures of preglacial sandy sed i ments
from Stanis³awice near Kozienice and Niwa Babicka near Ryki,
and con di tions of their ac cu mu la tion (in Pol ish with Eng lish sum -
mary). Przegl¹d Geologiczny, 55: 485–492.

Bujak, £., 2010. Heavy min er als in preglacial sed i ments of the
south ern Mazovian Low land (in Pol ish with Eng lish sum mary).
Biuletyn Pañstwowego Instytutu Geologicznego, 438: 19–32.

Bujak, £., Woronko, B., Win ter, H., Marcinkowski, B., Werner, T.,
Stachowicz-Rybka, R., ¯arski, M., WoŸni ak, P.P., Roso -
wiecka, O., 2016. A new strati graphic po si tion of some Early
Pleis to cene de pos its in cen tral Po land. Geo log i cal Quar terly, 60
(1): 238–251; https://doi.org/10.7306/gq.1269

Cailleux, A., 1942. Les actiones éoliennes périglaciaires en Eu -
rope. Mémoires de la Société géologique de France, 41: 1–176.

Can field, D.E., Green, W.J., 1985. The cy cling of nu tri ents in a
closed-ba sin Ant arc tic lake: Lake Vanda. Biogeochemistry, 1:
233–256; https://doi.org/10.1007/BF02187201

Ceg³a, J., D¿u³yñski, S., 1970. Sys tems with re served den sity gra -
di ent and their oc cur rence in periglacial zones. Acta Univer -
sitatis Wratislaviensis, 13/124: 17–40.

Clark, P.U., Ar cher, D., Pol lard D., Blum, J.D., Riale, J.A.,
Brovkin, V., Mix, A.C., Pisias, N.G., Roy, M., 2006. The mid dle
Pleis to cene tran si tion: char ac ter is tics, mech a nisms, and im pli -
ca tions for long-term changes in at mo spheric pCO2. Qua ter nary
Sci ence Re views, 25: 3150–3184;
https://doi.org/10.1016/j.quascirev.2006.07.008

Czarnocki, J., 1927. Sur les glaciations de la partie centrale du
Mas sif de St. Croix (in Pol ish). Posiedzenia Naukowe Pañstwo -
wego Instytutu Geologicznego, 17: 18–21.

Czarnocki, J., 1931. Diluvium des Œwiêty-Krzy¿-Gebirges Mittel -
polnischer Stausee. Allgemeine Bemerkungen über das Atler
der polnisches Vereisungen (in Pol ish with Ger man sum mary).
Rocznik Polskiego Towarzystwa Geologicznego, 7: 82–105.

Czarnocki, J., 1935. On the find ing of Pleis to cene (Diluvial) mam -
ma lian bones in the Sitkówka quarry in the vi cin ity of Chêciny (in
Pol ish with Eng lish sum mary). Posiedzenia Naukowe
Pañstwowego Instytutu Geologicznego, 42: 71–71.

Czarnocki, J., 1950. Ge ol ogy of the £ysa Góra Re gion (Œwiêty
Krzy¿ Moun tains) in con nec tion with the prob lem of iron ore de -
posit in Rudki (in Pol ish). Prace Pañstwowego Instytutu Geolo -
gicznego, 1.

Czarnocki, J., 1975. Stra tig ra phy of the Góry Œwiêtokrzyskie Moun -
tains. Pleis to cene. Opisy wierceñ (in Pol ish). Prace Instytutu
Geologicznego, 76, 1/7:  95–136.

Czapowski, G., 2004. Zapadlisko przedkarpackie. Neogen.
Otoczenie Gór Œwiêtokrzyskich (in Pol ish). In: Ge ol ogy of Po -
land. Stra tig ra phy. Ce no zoic. Paleogene, Neo gene (eds. T.M.
Peryt and M. Piwocki): 239–245. Pol ish Geo log i cal In sti tute,
Warszawa.

Dzier¿ek, J., Lindner, L., Cabalski, K., Ur ban, J., Cyglicki, M.
2021. The max i mum ice sheet ex tent and its re treat in the west -
ern part of the Holy Cross Moun tains, Po land, dur ing the Sanian
2 Gla ci ation/MIS 12 based on geo log i cal data and anal y sis of
karst phe nom ena. Acta Geologica Polonica, 71: 199–218;
https://doi.org/10.24425/agp.2020.132264

Erdtman, G., 1954. An In tro duc tion to Pol len Anal y sis. Waltham.
Chronica Botanica Com pany, Mas sa chu setts, USA.

Falkowski, E., Kowalski, C., 1987. Bur ied river val leys and bur ied
al lu via in the en gi neer ing-geo log i cal stud ies (in Pol ish with Eng -
lish sum mary). Kwartalnik Geologiczny, 31 (4): 725–738.

Fija³kowska, E., Fija³kowski, J., 1963. Wystêpowanie pirytu w
niektórych punktach Gór Œwiêtokrzyskich (in Pol ish). Rocznik
Muzeum Œwiêtokrzyskiego, 1: 45–56.

Fija³kowska, E., Fija³kowski, J., 1965. Char ac ter of ter res trial ter -
tiary for ma tions in the west part of the Holy Cross Moun tains (in
Pol ish with Eng lish sum mary). Rocznik Muzeum Œwiêtokrzys -
kiego, 3: 385–410.

Fija³kowska, E., Fija³kowski, J., 1971. Sources of raw ma te ri als
for the £agów pot tery cen tre (in Pol ish with Eng lish sum mary).
Rocznik Muzeum Œwiêtokrzyskiego, 7: 185–224.

Fija³kowska, E., Fija³kowski, J., 1984. Geposits of pot tery clays
near the vil lage of Cha³upki (in Pol ish with Eng lish sum mary).
Rocznik Muzeum Narodowego w Kielcach, 13: 349–376.

Filonowicz, P., 1972. Pleis to cene de pos its in the SW part of the
Holy Cross Moun tains (in Pol ish with Eng lish sum mary).
Rocznik Polskiego Towarzystwa Geologicznego, 42: 105–116.

Filonowicz, P., 1976. Objaœnienia do Szczegó³owej Mapy Geo -
logicznej Polski w skali 1:50 000, ark. Daleszyce (852) (in Pol -
ish). Wydaw. Geol., Warszawa.

Folk, R., Ward, W., 1957. Brazos River bar: a study in the sig nif i -
cance of grain size pa ram e ters. Jour nal of Sed i men tary Pe trol -
ogy, 27: 3–26.

Ford, D.C., Willams, P.W., 2007. Karst Hydrogeology and Geo mor -
phol ogy. Ac a demic Di vi sion of Unwin Hyman Ltd, Wiley.

Glad stone, Ch., McClelland, H.L., Wood cock, N.H., Nigel, H.,
Prit chard, D., Hunt, J.E., 2018. The for ma tion of con vo lute
lam i na tion in mud-rich turbidites. Sedimentology, 65:
1800–1825; https://doi.org/10.1111/sed.12447

G³azek, J., Kowalski, K., Lindner, L., M³ynarski, M., Stworze -
wicz, E.,Tucho³ka, P., Wysoczañski-Minkowicz, T., 1977.
Cave de pos its at Kozi Grzbiet (Holy Cross Mts., Cen tral Po land) 
with ver te brate and snail fau nas of the Mindelian I/ Mindelian II
Inter gla cial and their strati graphic cor re la tions. In: Pro ceed ings
7th In ter na tional Speleological Con gress, Shef field: 211–214.

GoŸdzik, J., 1980. Zastosowanie morfometrii i graniformametrii do
badan osadów w kopalni wêgla brunatnego Be³chatów (in Pol -
ish). Studia Regionalne,  4/9: 101114.

GoŸdzik, J., 1995. Vistulian sed i ments in Be³chatów open cast
mine, cen tral Po land. Qua ter nary Stud ies in Po land, 13: 13–26.

GoŸdzik, J., 2001. Stratygrafia i paleogeografia osadów czwarto -
rzêdowych w œrodkowo-zachodniej czêœci kopalni „Be³chatów”
z wykorzystaniem morfoskopii ziarn kwarcowych (in Pol ish). In:
Eolizacja osadów jako wskaŸnik stratygraficzny czwartorzêdu 
(ed. E. Mycielska-Dowgia³³o): 93–129. Wydzia³ Geografii i
Studiów Regionalnych, Uniwersytet Warszawski. 

GoŸdzik, J., Zieliñski, T., 2017. Evo lu tion of Early Pleis to cene flu -
vial sys tems in cen tral Po land prior to the first ice sheet ad vance 
– a case study from the Be³chatów lig nite mine. Geologos, 23:
89–107; https://doi.org/10.1515/lo gos-2017-0011

Górska, M., Woronko, B., 2022. Multi-stage evo lu tion of frost-in -
duced microtextures on the sur face of quartz grains - An ex per i -
men tal study. Per ma frost and Periglacial Pro cesses, 33:
470–489; https://doi.org/10.1002/ppp.2164

Gradziñski, R., Kostecka, A., Radomski, A., Unrug, R., 1986.
Zarys sedymentologii (in Pol ish). Wydaw. Geol., Warszawa.

Granoszewski, W., Win ter, H., 2016. Pleis to cene cli mate changes
based on palynological data (in Pol ish with Eng lish sum mary).
Przegl¹d Geologiczny, 64: 43–48.

Harasimiuk, M., Terpi³owski, S. (ed.), 2003. Analizy sedymento -
logiczne osadów glacigenicznych (in Pol ish). Wydaw. UMCS,
Lublin.

Hoch, M., Woronko, B., 2007. Mikromorfologia powierzchni ziarn
kwarcowych frakcji piaszczystej podlegaj¹cych wietrzeniu
mrozowemu – wstêpne wyniki badañ (in Pol ish). In:
Rekonstrukcja dynamiki procesów geomorfologicznych – formy, 
rzeŸby i osady (eds. E. Smolska and D. Giriat): 217–231.

Kardymowicz, I., 1962. Pet ro log i cal stud ies of the lam pro phyres in
the Œwiêty Krzy¿ Moun tains (in Pol ish with Eng lish sum mary).
Kwartalnik Geologiczny, 6 (3): 271–311.

Ma³gorzata Ludwikowska-Kêdzia et al. / Geo log i cal Quar terly, 2025, 69, 62 23

https://doi.org/10.7306/gq.1629
https://doi.org/10.7306/gq.1269
https://doi.org/10.1007/BF02187201
https://doi.org/10.1016/j.quascirev.2006.07.008
https://doi.org/10.24425/agp.2020.132264
https://doi.org/10.1515/logos-2017-0011
https://doi.org/10.1002/ppp.2164
https://doi.org/10.1111/sed.12447
https://gq.pgi.gov.pl/article/view/13849


Kasiñski, J., S³odkowska, B., 2024. Lithostratigraphy of the up per
part of the Neo gene on the Pol ish Low lands area (in Pol ish with
Eng lish sum mary). Prace Pañstwowego Instytutu Geolo gicz -
nego, 209: 25–60;
https://doi.org/10.7306/prace.2(2024)

Kasse, C., 1990. Lithostratigraphy and prov e nance of the Early-
 Pleis to cene de pos its in the south ern Neth er lands and north ern
Bel gium. Geologie en Mijnbouw, 69: 327–340.

Kemna, H., 2008. Plio cene and Lower Pleis to cene flu vial his tory of
the Lower Rhine Embayment, Ger many: ex am ples of the tec -
tonic forc ing of river courses. Qua ter nary In ter na tional, 189:
106–114; https://doi.org/10.1016/j.quaint.2007.08.038

Konon, A., 2008. Tec tonic sub di vi sion of Po land: Holy Cross Moun -
tains and ad ja cent ar eas (in Pol ish with Eng lish sum mary).
Przegl¹d Geologiczny, 56: 921–926.

Kowalczewski, Z., ¯yliñska A., Szczepanik Z., 2006. Kambr w
Górach Œwiêtokrzyskich. In: Procesy i zdarzenia w historii
geologicznej Gór Œwiêtokrzyskich (eds. S. Skompski and A.
¯yliñska): 14–27. 77 Zjazd Naukowy Polskiego Towarzystwa
Geologicznego 28–30.06.2006r., Ameliówka k. Kielc.

Kowalkowski, A., Swa³dek, M., 1994. Analiza podstawowych
fizycznych w³aœciwoœci gleb z elementami analityki (in Pol ish).
Wy¿sza Szko³a Pedagogiczna, Kielce.

Kowalski, K., 1958. An early Pleis to cene fauna of small mam mals
from the Kadzielnia Hill in Kielce (Po land). Acta Palaeontologica 
Polonica 3: 1–47.

Kowalski, B.J., 2001. Geneza doliny rezerwatu przyrodniczego
Bia³e £ugi (in Pol ish). In: Rezerwat torfowiskowy Bia³e £ugi (ed.
S. ¯urek): 27–40. Wydaw. Homini, Bydgoszcz.

Kozarski, S., Gonera, P., Antczak, B., 1988. Val ley floordeve -
lopment and paleohydrological changes: the Late Vistulian and
Ho lo cene his tory of the Warta River (Po land). In: Lake, Mire and
River En vi ron ments dur ing the last 15 000 years (ed. G. Lang):
185–203. Rot ter dam, Brookfield.

Krumbein, W.C., 1941. Mea sure ment and geo log i cal signifycance
of shape and round ness of sed i men tary par ti cles. Jour nal of
Sed i men tary Pe trol ogy, 11: 64–72.

Krzemiñska, E., Krzemiñski, L., 2019. Mag matic ep i sodes in the
Holy Cross Moun tains, Po land – a new con tri bu tion from
multi-age zir con pop u la tions (in Pol ish with Eng lish sum mary).
Biuletyn Pañstwowego Instytutu Geologicznego 474: 43–58;
https://doi.org/10.5604/01.3001.0013.0839

Lewiñski, J., 1928. Utwory preglacjalne i glacjalne Piotr kowa i
okolic (in Pol ish). Sprawozdania z Posiedzeñ Towarzystwa
Naukowego Warszawskiego, Wydz. III, 21: 49–66.

Lewiñski, J., 1929. Preglacja³ i tzw. preglacjalna dol ina Wis³y pod
Warszaw¹ (in Pol ish). Przegl¹d Geograficzny, 9: 141–157.

Linde, K., Mycielska-Dowgia³³o, M., 1980. Some ex per i men tally
pro duced microtextures on grain sur faces of quartz sand. Geo -
gra fiska Annaler. Se ries A, Phys i cal Ge og ra phy, 62: 171–184;
https://doi.org/10.2307/520676

Lindner, L., 1984. Re gion œwiêtokrzyski (in Pol ish). In: Budowa
Geologiczna Polski, 1, Stratygrafia, 3b. Kenozoik – czwartorzêd 
(ed. J.E. Mojski): 33–35, 65–73, 113–145, 255–286, 326–330.
Wydaw. Geol. Warszawa.

Lindner, L. (ed.), 1992. Czwartorzêd: osady, metody badañ,
stratygrafia (in Pol ish). Wydaw. PAE, Warszawa.

Lindner, L., 2004. Out line of Pleis to cene stra tig ra phy of the Holy
Cross Moun tains area in light of new data (in Pol ish with Eng lish
sum mary). Prace Instytutu Geografii Akademii Œwiêtokrzyskiej
w Kielcach, 13: 7–31.

Lindner, L., Dzier¿ek J., 2019. Pleis to cene de pos its in the west ern
part of the Holy Cross Moun tains. Studia Quaternaria, 36:
75–85; https://doi.org/10.24425/sq.2019.126381

Liszkowski, J., 1976. On the gla cial or i gin of Ter tiary de pos its from
the cen tral part of the Holy Cross Moun tains (in Pol ish with Eng -
lish sum mary). Przegl¹d Geologiczny, 24: 463–469.

Lowe, D.R., 1975. Wa ter es cape struc tures in coarse-grained sed i -
ments. Sedimentology, 22: 157–204;
https://doi.org/10.1111/j.1365-3091.1975.tb00290.x

Ludwikowska-Kêdzia, M., 2000. Ewolucja œrodkowego odcinka
doliny rzeki Belnianki w póŸnym glacjale i holocenie (in Pol ish).
Wydaw. Akademickie Di a log, Warszawa.

Ludwikowska-Kêdzia, M., 2013. The as sem blages of trans par ent
heavy min er als in Qua ter nary sed i ments of the Kielce-£agów
Val ley (Holy Cross Moun tains, Po land). Geologos, 19: 95–129;
https://doi.org/10.2478/lo gos-2013-0007

Ludwikowska-Kêdzia, M., 2018. Litologia, geneza i wiek osadów
czwartorzêdowych w po³udniowej czêœci Gór Œwiêtokrzyskich
(in Pol ish). Instytut Geografii, Uniwersytet Jana Kochanow -
skiego, Kielce.

Ludwikowska-Kêdzia, M., 2021. „Mid dle Pol ish flu vial high ter -
race” in the river val leys of the Kielce-£agów De pres sion (Holy
Cross Moun tains, Po land) – fact or myth? Studia Geomorpho -
logica Carpatho-Balcanica, 55: 129–152.

Ludwikowska-Kêdzia, M., Kubala-Kukuœ, A., 2022. Dolomity
detrytyczne w osadach czwartorzêdowych Gór Œwiêtokrzyskich – 
pochodzenie i wartoœæ interpretacyjna (in Pol ish). In: Osad jako
Ÿród³o informacji o œrodowiskach sedymentacyjnych (ed.
L. Bujak): 35. Materia³y konferencyjne, 04.11.2022 r., War sza wa.

Ludwikowska-Kêdzia, M., Pawelec, H., 2014. Depositional en vi -
ron ment of the glacigenic de pos its from the Holy Cross Moun -
tains (Po land) – in ter pre ta tion based on macroand micro struc -
ture anal y ses. Geo log i cal Quar terly, 58 (4): 807–826;
https://doi.org/10.7306/gq.1200

Ludwikowska-Kêdzia, M., Pawelec, H., Adamiec, G., 2015.
Depositional en vi ron ment of the glacigenic de pos its from the
Napêków Hills (Holy Cross Moun tains, Po land) – in ter pre ta tion
based on macro- and microstructure anal y ses. Geologos, 21:
261–284; https://doi.org/10.7306/gq.1200

Luptáková, A., Jenèárová, J., Jandaèka, P., Lupták, M., Matýsek, 
D., Dernerová Foitová, P., 2012. Prep a ra tion of mag netic iron
min er als us ing sul phate-re duc ing bac te ria. Jour nal of the Pol ish
Min eral En gi neer ing So ci ety, 13: 21–29.

£yczewska, J., 1971. The stra tig ra phy of the Caino zo ic in the Góry
Œwietokrzyskie and in their mar gin (in Pol ish with Eng lish sum -
mary). Prace Instytutu Geologicznego, 42: 5–86.

Makowska, A., 2015. The geo log i cal struc ture and stra tig ra phy of
the preglacial for ma tion in the south ern Mazovia re gion, lower
Pilica River area (in Pol ish with Eng lish sum mary). Prace
Pañstw owego Instytutu Geologicznego, 202: 7–52.

Makowska, D., Mycielska-Dowgia³³o, E., Krzywob³ocka-Laurow, 
R., 1976. Geneza serii radzikowskiej na po³udniowym obrze -
¿eniu Gór Œwiêtokrzyskich w oparciu o wskaŸniki uziarnienia i
obróbki z zastosowaniem mikroskopii elektronowej (in Pol ish).
Prace i Studia Instytutu Geograficznego Uniwersytetu War -
szaw skiego, 17: 67–82.

Mann, S., Sparks, N.H.C., Frankel, R.B., Bazylinski, D.A.,
Jannasch, H.W., 1990. Biomineralization of ferrimagnetic
greigite (Fe3S4) and iron py rite (FeS2) in magnetotactic bac te -
rium. Na ture, 343: 258–260; https://doi.org/10.1038/343258a0

Marcinkowski, B., Mycielska-Dowgia³³o, E., 2013. Heavy-min eral
anal y sis in Pol ish in ves ti ga tions of Qua ter nary de pos its: a re -
view. Geologos, 19: 5–24.

Marks, L., 2023a. Qua ter nary stra tig ra phy of Po land – cur rent sta -
tus. Acta Geologica Polonica, 73: 307–340;
https://doi.org/10.24425/agp.2023.145614

Marks, L., 2023b. Pleis to cene glaciations in south ern Po land – a re -
vi sion. Geo log i cal Quar terly, 67,: 25;
https://doi.org/10.7306/gq.1695

Marks, L., Dzier¿ek, J., Janiszewski, R., Kaczorowski, J.,
Lindner, L., Majecka, A., Makos, M., Szymanek, M.,
To³oczko-Pasek, A., Woronko, B., 2016. Qua ter nary stra tig ra -
phy and palaeo ge ogra phy of Po land. Acta Geologica Polonica
66: 403–427; https://doi.org/10.1515/agp-2016-0018

Miall, A., 2014. The Fa cies and Ar chi tec ture of Flu vial Sys tems. In:
Flu vial Depositional Sys tems. Springer Ge ol ogy. Springer,
Cham; https://doi.org/10.1007/978-3-319-00666-6_2

24 Ma³gorzata Ludwikowska-Kêdzia et al. / Geo log i cal Quar terly, 2025, 69, 62

https://doi.org/10.7306/prace.2(2024)
https://doi.org/10.1016/j.quaint.2007.08.038
https://doi.org/10.5604/01.3001.0013.0839
https://doi.org/10.2307/520676
https://doi.org/10.24425/sq.2019.126381
https://doi.org/10.1111/j.1365-3091.1975.tb00290.x
https://doi.org/10.2478/logos-2013-0007
https://doi.org/10.7306/gq.1200
https://doi.org/10.7306/gq.1200
https://doi.org/10.1038/343258a0
https://doi.org/10.24425/agp.2023.145614
https://doi.org/10.7306/gq.1695
https://doi.org/10.1515/agp-2016-0018
https://doi.org/10.1007/978-3-319-00666-6_2


Michczyñska, D., Dzieduszyñska, D., Petera-Zganiacz, J.,
Wachecka-Kotkowska, L., Krzyszkowski, D., Wieczorek, D.,
Ludwikowska-Kêdzia, M., Gêbica, P., Starkel, L., 2022. Cli -
ma tic os cil la tions dur ing MIS 3–2 re corded in sets of 14C and
OSL dates – a study based on data from Po land. Ra dio car bon,
64: 1373–1386; https://doi.org/10.1017/RDC.2022.69

Michczyñska, D., Dzieduszyñska, D., Gêbica, P., Krzyszkowski,
D., Ludwikowska-Kêdzia, M., Petera-Zganiacz, J., Wa -
checka- Kotkowska, L., Wieczorek, D., 2024. Col lec tive anal y -
sis of ra dio car bon and lu mi nes cence dat ing re sults from flu vial
de pos its in cen tral and south ern Po land in the con text of
INTIMATE stra tig ra phy. Geo log i cal Quar terly, 68, 29;
https:/doi.org/10.7306/gq.1757

Mojski, J.E., 2005. Ziemie polskie w czwartorzêdzie. Zarys morfo -
genezy (in Pol ish). Pañstwowy Instytut Geologiczny, Warszawa.

Mosley, M.P., 1988. Bedload trans port and sed i ment yield in the
Onyx River, Antarctica. Earth Sur face Pro cesses and Land -
forms, 13: 51–67; https://doi.org/10.1002/esp.3290130108

Müller, K., Winsemann, J., Pisarska-Jamro¿y, M., Lege, T.,
Spies, T., Brandes, CH., 2021. The Chal lenge to dis tin guish
Soft-Sed i ment De for ma tion Struc tures (SSDS) formed by
glaciotectonic, periglacial and seis mic pro cesses in a for merly
gla ci ated area. In: Gla cially-Trig gered Fault ing: 67–88;
https://doi.org/10.1017/9781108779906.007

Mycielska-Dowgia³³o, E., 1978. Evo lu tion of the flu vial re lief in the
north ern part of Sandomierz Ba sin in the light of
sedimentological stud ies (in Pol ish with Eng lish sum mary).
Rozprawy Uniwersytetu Warszawskiego, 120.

Mycielska-Dowgia³³o, E., 1995. Se lected tex tural fea tures of de -
pos its and their in ter pre ta tion value (in Pol ish with Eng lish sum -
mary). In: Re searches of Qua ter nary sed i ments. Some meth ods 
and in ter pre ta tion of the re sults (eds. E. Mycielska-Dowgia³³o
and J. Rutkowski): 29–105. Wydzia³ Geografii i Studiów Regio -
nalnych Uniwersytet Warszawski

Mycielska-Dowgia³³o, E., 2007. Metody badañ cech teksturalnych
osadów klastycznych i wartoœæ interpretacyjna wyników (in Pol -
ish). In: Badania cech teksturalnych osadów czwartorzêdowych
i wybrane metody oznaczania wieku (eds. E. Mycielska-
 Dowgia³³o and J. Rutkowski): 95–180. SWPR, Warszawa.

Mycielska-Dowgia³³o, E., Rutkowski, J. (eds.), 1995. Se lected
tex tural fea tures of de pos its and their in ter pre ta tion value (in
Pol ish with Eng lish sum mary). Wydzia³ Geografii i Studiów
Regionalnych, Uniwersytet Warszawski, Warszawa.

Mycielska-Dowgia³³o, E., Rutkowski, J. (eds.), 2007. Badania
cech teksturalnych osadów czwartorzêdowych i wybrane
metody oznaczania ich wieku (in Pol ish). Wydzia³ Geografii i
Studiów Regionalnych, Uniwersytet Warszawski, Warszawa.

Mycielska-Dowgia³³o, E., Woronko, B., 1998. Round ing and frost -
ing anal y sis of quartz grains of sand frac tion, and its in ter pre ta -
tive value (in Pol ish with Eng lish sum mary). Przegl¹d
Geologiczny, 46: 1275–1281.

Mycielska-Dowgia³³o, E., Woronko, B., 2001. Wybrane cechy
sedy mentologiczne osadów u³atwiaj¹ce ich podzia³ straty -
graficzny, na przyk³adzie otworów Galumin l, Koz³y K-I,
Niksowizna i Olszewo Wêgorzewskie (in Pol ish). In: Eolizacja
osadów jako wskaŸnik stratygraficzny czwartorzêdu (ed. E.
Mycielska-Dowgia³³o): 43–58. Pracownia Sedymentologiczna,
Wydzia³ Geografii i Studiów Regionalnych, Uniwersytet
Warszawski.

Mycielska-Dowgia³³o, E., Woronko, B., 2004. The de gree of
aeolization of Qua ter nary de pos its in Po land as a tool for strati -
graphic in ter pre ta tion. Sed i men tary Ge ol ogy, 168: 149–163;
https://doi.org/10.1016/j.sedgeo.2003.12.006

Nawrocki, J., 2009. The re sults of palaeomagnetic in ves ti ga tions of 
lac us trine de pos its from the Czarnucha sec tion (Augustów
Plain, North east ern Po land) (in Pol ish with Eng lish sum mary).
Biuletyn Pañstwowego Instytutu Geologicznego, 435: 69–74.

Pawelec, H., Ludwikowska-Kêdzia, M., 2016. Macro- and micro -
morphological in ter pre ta tion of rel ict periglacial slope de pos its – 
case study from the Holy Cross Moun tains, Po land. Per ma frost
and Periglacial Pro cesses, 27: 229–247;
https://doi.org/10.1002/ppp.1864

Racinowski, R., 2010. Main trans par ent heavy min er als in Qua ter -
nary de pos its (in Pol ish with Eng lish sum mary). Biuletyn
Pañstwowego Instytutu Geologicznego, 438: 99–106.

Radwañski, A., 1969. Lower Tortonian trans gres sion onto the
south ern slopes of the Holy Cross Moun tains (in Pol ish with
Eng lish sum mary). Acta Geologica Polonica, 19: 1–164.

Radwañski, A., 1973. Lower Tortonian trans gres sion onto the
south- east ern and east ern slopes of the Holy Cross Moun tains.
(in Pol ish with Eng lish sum mary). Acta Geologica Polonica, 23:
375–434.

Ras mus sen, S.O., Bigler, M., Blockley, S.P.E., Blunier, T.,
Buchardt ,S.L., Clausen, H.B., Cvijanovic, I., Dahl-Jensen,
D., Johnsen, S.J., Fischer, H., Gkinis, V., Guillevic, M., Hoek,
W.Z., Lowe, J.J., Pedro, J., Popp, T., Seierstad, I.K.,
Steffensen, J.P., Svens son, A.M., Vallelonga, P., Vinther,
B.M., Walker, M.J.C., Wheatley, J.J., Winstrup, M., 2014. A
strati graphic frame work for abrupt cli ma tic changes dur ing the
Last Gla cial pe riod based on three syn chro nized Green land
ice-core re cords: re fin ing and ex tend ing the INTIMATE event
stra tig ra phy. Qua ter nary Sci ence Re views, 106: 14–27;
https://doi.org/10.1016/j.quascirev.2014.09.007

Rembiœ, M., 2010. Sand stones mod i fied with silico-or ganic com -
pounds and changes of their po ros ity and flex ural strength un -
der con cen trated load (in Pol ish with Eng lish sum mary). Geo -
logia, 36: 67–108;
https://doi.org/10.7494/geol.2010.36.1.67

Ro man, M., 2010. Preglacial flu vial de pos its in the Baruchowo site
(P³ock Ba sin) (in Pol ish with Eng lish sum mary). Biuletyn
Pañstwowego Instytutu Geologicznego, 438: 107–122.

Ron, H., Nowaczyk, N.R., Frank, U.J., Schwab, M., Naumann, R.,
Striewski, B., Agnon, A., 2007. Greigite de tected as dom i nat -
ing remanence car rier in late Pleis to cene sed i ments, Lisan For -
ma tion, from Lake Kinneret (Sea of Gal i lee), Is rael. Geo phys i cal 
Jour nal In ter na tional 170: 117–131;
https://doi.org/10.1111/j.1365-246X.2007.03425.x

Ró¿ycki, S.Z., 1978. From Mochty to a syn the sis of the Pol ish Pleis -
to cene (in Pol ish with Eng lish sum mary). Rocznik Polskiego
Towarzystwa Geologicznego, 48: 445–478.

Rubinowski, Z., 1962. The lam pro phyres of the Daleszyce re gion
(Œwiêty Krzy¿ Moun tains) and min er al iza tion symp toms con -
nected with them (in Pol ish with Eng lish sum mary). Kwartalnik
Geologiczny, 6 (3): 245–269.

Sabatier, P., Moernaut, J., Bertrand, S., Van Daele, M., Kremer,
K., Chaumillon, E., Arnaud, F., 2022. A Re view of Event De -
pos its in Lake Sed i ments. Qua ter nary 5, 34;
https://doi.org/10.3390/quat5030034

Sammartini, M., Moernaut, J., Kopf, A., Stegmann, S., Fabbri,
S.C., Anselmetti, F.S., Strasser, M., 2021. Prop a ga tion of fron -
tally con fined sub aque ous land slides: In sights from com bin ing
geo phys i cal, sedimentological, and geotechnical anal y sis. Sed -
i men tary Ge ol ogy, 416, 105877;
https://doi.org/10.1016/j.sedgeo.2021.105877

Saw³owicz, Z., 2016. Magnetotactic bac te ria and their min er als (in
Pol ish with Eng lish sum mary). Przegl¹d Geologiczny, 64:
328–337.

Stuchlik, L., Ziembiñska-Tworzyd³o, M., Kohlman-Adamska, A.,
Grabowska, I., Wa¿yñska, H., S³odkowska, B., Sadowska,
A., 2001. At las of pol len and spores of the Pol ish Neo gene, 1,
Spores. W. Szafer In sti tute of Bot any, Pol ish Acad emy of Sci -
ences.

Stuchlik, L., Ziembiñska-Tworzyd³o, M., Kohlman-Adamska, A.,
Grabowska, I., Wa¿yñska, H., Sadowska, A., 2002. At las of
pol len and spores of the Pol ish Neo gene, 2. Gym no sperms. W.
Szafer In sti tute of Bot any, Pol ish Acad emy of Sci ences.

Stuchlik, L., Ziembiñska-Tworzyd³o, M., Kohlman-Adamska, A.,
Grabowska, I., S³odkowska, B., Wa¿yñska, H., Sadowska,
A., 2009. At las of pol len and spores of the Pol ish Neo gene, 3.
An gio sperms (1). W. Szafer In sti tute of Bot any, Pol ish Acad emy
of Sci ences.

Ma³gorzata Ludwikowska-Kêdzia et al. / Geo log i cal Quar terly, 2025, 69, 62 25

https://doi.org/10.1017/RDC.2022.69
https:/doi.org/10.7306/gq.1757
https://doi.org/10.1002/esp.3290130108
https://doi.org/10.1017/9781108779906.007
https://doi.org/10.1016/j.sedgeo.2003.12.006
https://doi.org/10.1002/ppp.1864
https://doi.org/10.1016/j.quascirev.2014.09.007
https://doi.org/10.7494/geol.2010.36.1.67
https://doi.org/10.1111/j.1365-246X.2007.03425.x
https://gq.pgi.gov.pl/article/view/13848
https://doi.org/10.3390/quat5030034
https://doi.org/10.1016/j.sedgeo.2021.105877


Stuchlik, L., Ziembiñska-Tworzyd³o, M., Kohlman-Adamska, A.,
Grabowska, I., S³odkowska, B., Worobiec, E., Durska, E.,
2014. At las of pol len and spores of the Pol ish Neo gene, 4. An -
gio sperms (2). W. Szafer In sti tute of Bot any, Pol ish Acad emy of
Sci ences.

Szczepañski, T., 1995. Dokumentacja badañ geoelektrycznych dla
rozpoznania morfologii doliny kopalnej Bia³e £ugi w Górach
Œwiêtokrzyskich (in Pol ish). Archiwum Przedsiêbiorstwa Geolo -
gi cznego w Kielcach, nr 263.

Szulc, J., Worobiec, E., 2012. Neo gene karst sink hole and its de -
pos its from Góra¿d¿e Quarry, Up per Silesia – ar chive for
palaeo environmental re con struc tions. Annales Societatis
Geolo gorum Poloniae, 82: 371–385.

Tracz, A., 1986. Dokumentacja badañ geoelektrycznych wyko -
nanych w aspekcie hydrogeologicznym w rejonie synkliny
borkowskiej (in Pol ish). Archiwum Przedsiêbiorstwa Geolo -
gicznego w Kielcach, nr 158G.

Ur ban, J., 2013. Re cords of ter res trial stages of geo log i cal his tory
of the Œwiêtokrzyskie (Holy Cross) Moun tains in the karst forms
and their sed i ments – se lected ex am ples (in Pol ish with Eng lish
sum mary). Biuletyn Pañstwowego Instytutu Geologicznego,
454: 77–102.

Van Loon, A.J., Pisarska-Jamro¿y, M., 2014. Sedimentological
ev i dence of Pleis to cene earth quakes in NW Po land in duced by
glacio-iso static re bound. Sed i men tary Ge ol ogy, 300: 1–10;
https://doi.org/10.1016/j.sedgeo.2013.11.006

Vandenberghe, J., Woronko, B., Nieuwendam, A., Bate man, M.,
2016. Re con struc tion and mod el ling of past per ma frost and
periglacial en vi ron ments. Per ma frost and Periglacial Pro -
cesses, 27: 3–5; https://doi.org/10.1002/ppp.1868

Westerhoff, W.E., Kemna, H.A., Boenigk, W., 2008. The con flu -
ence area of Rhine, Meuse, and Bel gian rivers: Late Plio cene
and Early Pleis to cene flu vial his tory of the north ern Lower Rhine 
Embayment. Neth er lands Jour nal of Geosciences – Geologie
en Mijnbouw, 87: 107–125;
https://doi.org/10.1017/S0016774600024070

Wilkin, R.T., Barnes, H.L., 1997. For ma tion pro cesses of fram -
boidal py rite. Geochimica et Cosmochimica Acta, 61: 323–339;
https://doi.org/10.1016/S0016-7037(96)00320-1

Wil liams, G.L., Fensome, R.A., MacRae, R.A., 2017a. The Lentin
and Wil liams In dex of Fos sil Dinoflagellates Edi tion. AASP Con -
tri bu tion Se ries, 48.

Wil liams, G.L., Fensome, R.A., MacRae, R.A., 2017b.
DINOFLAJ3. Amer i can As so ci a tion of Strati graphic Paly nolo -
gists, Data Se ries, 2; https://dinoflaj.smu.ca/dinoflaj3

Win ter, H., 2015. Cli ma tic changes dy nam ics in the Plio cene and
lower Pleis to cene, and Neo gene/Qua ter nary tran si tion in sed i -
ments from south Mazovia (Cen tral Po land) on the ba sis of
palynological data (in Pol ish with Eng lish sum mary). Prace
Pañstwowego Instytutu Geologicznego, 202: 53–106.

Wolicka, D., 2010a. Par tic i pa tion of mi cro or gan isms in bio -
geochemical pro cesses in geo log i cal near-sur face en vi ron -
ments. Part I – Aer o bic mi cro or gan isms (in Pol ish with Eng lish
sum mary). Przegl¹d Geologiczny, 58: 1010–1013.

Wolicka, D., 2010b. Par tic i pa tion of mi cro or gan isms in biogeo -
chemical pro cesses in geo log i cal near-sur face en vi ron -
ment.Part II – An aer o bic mi cro or gan isms (in Pol ish with Eng lish
sum mary). Przegl¹d Geologiczny, 58: 1098–1102.

Worobiec, E., Szulc, J., 2020. Palynology of Oligocene lig nites in
two karst palaeosinkholes at Góra¿d¿e, Up per Silesia, Po land.
Annales Societatis Geologorum Poloniae, 90: 495–504;
https://doi.org/10.14241/asgp.2020.26

Woronko, B., 2012. Re cord of ae olian pro cesses in the Pleis to cene
sandy de pos its in the se lected ar eas of cen tral Po land (in Pol ish
with Eng lish sum mary ). Wydaw. Uniwersytet Warszawski.

Woronko, B., Bujak, £., 2010. Micromorphology of sand quartz
grains from the preglacial Kozienice se ries as an in di ca tor of
trans por ta tion and de po si tion pro cesses in the south ern
Mazovian Low land (in Pol ish with Eng lish sum mary). Biuletyn
Pañstwowego Instytutu Geologicznego, 438: 137–154.

Woronko, B., Bujak, £., 2018. Qua ter nary ae olian ac tiv ity of East -
ern Eu rope (a Po land case study). Qua ter nary In ter na tional,
478: 75–96; https://doi.org/10.1016/j.quaint.2017.03.058

Woronko, B., Hoch, M., 2011. The de vel op ment of frostweathering
micro struc tures on sand-sized quartz grains: ex am ples from Po -
land and Mon go lia. Per ma frost and Periglacial Pro cesses, 22:
214–227; https://doi.org/10.1002/ppp.725

Woronko, B., Pisarska-Jamro¿y, M., 2016. Mi cro-scale frost
weath e r ing of sand-sized quartz grains. Per ma frost and
Periglacial Pro cesses, 27: 109–122;
https://doi.org/10.1002/ppp.1855

Zatoñ, M., Rakociñski, M., Marynowski, L., 2008. Py rite framboids 
as paleoenvironmental in di ca tors (in Pol ish with Eng lish sum -
mary). Przegl¹d Geologiczny, 56: 158–164.

Zieliñski, T., 2014. Sedymentologia. Osady rzek i jezior (in Pol ish).
Wydaw. Naukowe UAM, Poznañ.

Zieliñski, T., 2018. Pros pects and lim i ta tions of heavy min eral anal -
y ses to dis crim i nate preglacial/gla cial tran si tions in Pleis to cene
sed i men tary suc ces sions. Geologos, 24: 151–162;
https://doi.org/ 10.2478/lo gos-2018-0014

Zieliñski, P., Soko³owski, R., Woronko, B., Jankowski, M.,
Fedorowicz, S., Zaleski, I., Molodkov, A., Weckwerth, P.,
2015. The depositional con di tions of the fluvio-ae olian suc ces -
sion dur ing the last cli mate min i mum based on the ex am ples
from Po land and NW Ukraine. Qua ter nary In ter na tional, 386:
30–41; https://doi.org/10.1016/j.quaint.2014.08.013

Ziembiñska-Tworzyd³o, M., Grabowska, I., Kohlman-Adamska,
A., Skawiñska, K., Stuchlik, L., S³odkowska, B., Wa¿yñska,
H., Sadowska, A., 1994a. Tax o nom i cal re vi sion of se lected pol -
len and spores taxa from Neo gene de pos its. Acta Palaeo bota -
nica Suppl. 1: 5–30. W. Szafer In sti tute of Bot any, Pol ish Acad -
emy of Sci ences.

Ziembiñska-Tworzyd³o, M., Grabowska, I., Kohlman-Adamska,
A., Skawiñska, K., Stuchlik, L., S³odkowska, B., Wa¿yñska,
H., Sadowska, A., 1994b. Check list of se lected gen era and
spe cies of spores and pol len grains or dered in mor pho log i cal
sys tem. Acta Palaeobotanica Suppl. 2: 31–56. W. Szafer In sti -
tute of Bot any, Pol ish Acad emy of Sci ences.

26 Ma³gorzata Ludwikowska-Kêdzia et al. / Geo log i cal Quar terly, 2025, 69, 62

https://doi.org/10.1016/j.sedgeo.2013.11.006
https://doi.org/10.1002/ppp.1868
https://doi.org/10.1017/S0016774600024070
https://doi.org/10.1016/S0016-7037(96)00320-1
https://dinoflaj.smu.ca/dinoflaj3
https://doi.org/10.14241/asgp.2020.26
https://doi.org/10.1016/j.quaint.2017.03.058
https://doi.org/10.1002/ppp.725
https://doi.org/10.1002/ppp.1855
https://doi.org/10.1016/j.quaint.2014.08.013

