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The Poznañ Clays, de pos ited dur ing the late Neo gene, form one of the most fa mous lithological units in Po land, and the
Poznañ For ma tion is a lithostratigraphic unit which in cludes these fine-grained de pos its. This for ma tion is di vided into the
lower Grey Clay Mem ber (MPLS-1 – the first Mid-Pol ish lig nite seam and grey clays) and the up per Wielkopolska Mem ber
(green and flame-col oured clays). Nev er the less, the Poznañ Clays com prise the up per most parts of the lower Grey Clay
Mem ber and the en tire up per Wielkopolska Mem ber. This of ten causes con fu sion among re search ers who in cor rectly as sign 
the po si tion of the Poznañ Clays in the lithostratigraphic scheme of the Neo gene of the Pol ish Low lands. This also re sults in
in cor rect de ter mi na tion of the age of the Poznañ Clays, which in re al ity span the time in ter val be tween the late Mid dle Mio -
cene and the ear li est Early Plio cene. Such a range of mean ing, cov er ing two lithostratigraphic mem bers, im pacts the in ter -
pre ta tion of the or i gin of the Poznañ Clays. An ad di tional fac tor com pli cat ing the un der stand ing of the prob lem is the
con nec tion be tween the col our of the Poznañ Clays and their strati graphic po si tion. The Poznañ Clays and the Poznañ For -
ma tion are of ten am big u ously un der stood, and these is sues re quire clar i fi ca tion and dis cus sion, as pro vided in this study.
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INTRODUCTION

In ge ol ogy, as in other sci en tific dis ci plines, clear and uni -
ver sal ter mi nol ogy is of fun da men tal im por tance be cause it al -
lows re search find ings to be com pared both quan ti ta tively and
qual i ta tively. There fore, ev ery sci en tist is obliged to pre cisely
de fine their re search ob jects. In the Earth sci ences, the most
com mon in for ma tion given is the lo ca tion, dis tri bu tion and vari -
abil ity of strata in ver ti cal and hor i zon tal di rec tions, strati graphic 
po si tion, ap prox i mate age, and so on. In the case of the Neo -
gene of the Pol ish Low lands, lithostratigraphy plays a dom i nant
role among strati graphic meth ods. There fore, the var ied litho -
logical fea tures of the de posit are the ba sis for the sep a ra tion of
sub se quent lithostratigraphic units, such as mem bers and for -
ma tions (e.g., Racki et al., 2006).

Un for tu nately, in sci en tific stud ies and geo log i cal doc u men -
ta tion, there ex ist two sim i lar names of lithological and litho -
stratigraphic units, i.e., the Poznañ Clays and Poznañ For ma -
tion, re spec tively. The term Poznañ Clays was cre ated in the
sec ond half of the 19th cen tury, while the Poznañ For ma tion
was pro posed and named in the sec ond half of the 20th cen tury
(Piwocki and Ziembiñska-Tworzyd³o, 1995, 1997; Piwocki et

al., 2004). Most ge ol o gists who are not fa mil iar with the litho -
stratigraphy of the up per Neo gene of the Pol ish Low lands do
not dis tin guish be tween these two units. Oth ers, how ever, in -
cor rectly de ter mine their po si tion in ex ist ing lithostratigraphic
schemes and, in di rectly, their li thol ogy, gen e sis and age.

These is sues re quire brief ex pla na tion, as in tro duced in this
pa per. No such at tempts have yet been made, and there is no
pre vi ous pub li ca tion com par ing the Poznañ Clays and the
Poznañ For ma tion. There fore, the cur rent study aims to (1) pro -
vide an over view of the lithological and lithostratigraphic names
used at dif fer ent times for the suc ces sion in ques tion, (2) char -
ac ter ize the li thol ogy of both lithostratigraphic mem bers form ing 
the Poznañ For ma tion, (3) in ter pret the or i gins of the de pos its
char ac ter ized and de ter mine their age, and (4) dis cuss the po -
si tion of the Poznañ For ma tion and Poznañ Clays in dif fer ent
lithostratigraphic schemes.

GEOLOGICAL SETTING

The Poznañ Clays and the Poznañ For ma tion cur rently
have an ap prox i mate geo graphic ex tent of 74,000–75,000 km2

in the Pol ish Low lands (Fig. 1A). How ever, dur ing their ac cu mu -
la tion in the late Neo gene, i.e., from the mid dle part of the Mid -
dle Mio cene to the ear li est Early Plio cene, their area of oc cur -
rence was much larger. Post-depositional ero sion as so ci ated
mainly with the Pleis to cene glaciations has re duced their ex tent
(Piwocki, 1992; Piwocki et al., 2004; Widera, 2013a, 2018;
Widera et al., 2019). 
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The pres ent-day ter ri tory of the Pol ish Low lands con tain ing
the Poznañ Clays and Poznañ For ma tion con sti tuted a late
Neo gene sed i men tary ba sin, be long ing to the east ern most part 
of the north-west Eu ro pean Paleogene–Neo gene Ba sin
(Vinken, 1988). Dur ing the ac cu mu la tion of the Poznañ For ma -
tion with the Poznañ Clays, the source ar eas of the clastic ma -
te rial were prob a bly lo cated around cen tral Po land (Fig. 1A;
Wag ner, 1982; Czapowski and Kasiñski, 2002; Widera,
2013b). There is no ev i dence in the geo log i cal re cord for con -
nec tion of this area with the late Neo gene North Sea ba sin. By
con trast, ma rine in gres sions from the Carpathian Foredeep ba -
sin into the Poznañ Clays ba sin are well doc u mented (Dyjor,
1968; Ciuk and Po¿aryska, 1982).

The por tion of the up per Neo gene sec tion in the Pol ish Low -
lands ex am ined in cludes the youn ger, main Mid dle Mio cene lig -
nite seam (i.e., MPLS-1 – the first Mid-Pol ish lig nite seam) and
the Poznañ Clays. This sim ple di vi sion be comes some what
more com plex when pre vail ing lithostratigraphic schemes are
taken into ac count, with the en su ing con tro ver sies dis cussed
be low. The Poznañ For ma tion and Poznañ Clays are, over
most of their oc cur rence area, un der lain by Lower–Mid dle Mio -
cene flu vial sands, lo cally also by the sec ond Lusatian lig nite
seam (Ziembiñska-Tworzyd³o, 1974), and over lain by Pleis to -
cene glaciogenic de pos its such as gla cial tills, glaciofluvial
grav els and sands, and limnoglacial muds (e.g., Ciuk, 1970;
Piwocki et al., 2004; Widera, 2021; Widera et al., 2021b). How -
ever, in south-west Po land, the top of the Poznañ For ma tion
with the Poznañ Clays is over lain by sandy-gravely de pos its of
the Gozdnica For ma tion, dat ing from the Late Mio cene to the
Early Pleis to cene (e.g., Dyjor, 1968, 1970; Czapowski et al.,
2002; Badura and Przybylski, 2004).

DATA AND METHODS

This re view and dis cus sion is based on anal y sis of rel e vant
geo log i cal lit er a ture, in clud ing lithostratigraphic schemes for the 
Neo gene of the Pol ish Low lands (Ciuk, 1970; Dyjor, 1970;
Piwocki and Ziembiñska-Tworzyd³o, 1995, 1997; Widera, 2007; 
Kasiñski and S³odkowska, 2024 and other ref er ences therein).
The his tor i cal back ground fol lows Areñ (1964) and Piwocki et
al. (2004). Over the last two de cades, field work was car ried out
in sur face opencast mines (be low ab bre vi ated to “opencasts”)
man aged by the Konin Lig nite Mine, i.e., Kazimierz N and
JóŸwin IIB (Fig. 1B). In these lig nite opencasts, the litho strati -
graphic sec tion of the up per Neo gene was the most com plete,
en abling di rect ob ser va tion of the strata from the floor of the
MPLS-1 to the top of the Poznañ Clays: the en tire Poznañ For -
ma tion, as il lus trated by pho to graphs be low.

Given the fo cus on lithological and lithostratigraphic units,
par tic u lar at ten tion is paid to lithological char ac ter is tics: the
stan dard Wen tworth (1922) grain-size scale for siliciclastic de -
pos its and the Shepard (1954) clas si fi ca tion tri an gle for fine-
 grained lithologies, with a mix ture of clay, silt and sand frac tions
in an amount of at least 20 wt.% each cor re spond ing to mud
(e.g., Chomiak et al., 2020; Klêsk et al., 2023). The ge netic in -
ter pre ta tion of both flu vial and lac us trine siliciclastic fa cies fol -
lowed es tab lished prin ci ples of fa cies anal y sis (e.g., Miall, 2006; 
Boggs, 2012; Zieliñski, 2014 and other ref er ences therein). The 
no men cla ture of the lig nite lithotype as so ci a tions for MPLS-1 is
given mainly by Kwieciñska and Wag ner (1997), Markiè and
Sachsenhofer (1997), and Widera (2016a). Their orig i nal depo -
sitional en vi ron ment, i.e. mire type, was in ter preted by Teich -
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Fig. 1. Cur rent pres ence of the Poznañ For ma tion with the Poznañ Clays 
and the field lo ca tions stud ied

A – palaeo ge ogra phy and pres ent-day ex tent of the suc ces sion ex am ined in Po land (mod i fied
from Wag ner, 1982; Czapowski and Kasiñski, 2002; Widera, 2013b); B – lig nite opencast

mines in the Konin re gion, where de tailed field work was con ducted
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müller (1958, 1989), Horne et al. (1978), Diessel et al. (2000),
and Markiè and Sachsenhofer (2010).

PREVIOUS RESEARCH

His tor i cal back ground. The stratotype area for both the
Poznañ Clays and the Poznañ For ma tion is the area around
Poznañ in cen tral-west ern Po land (see Fig. 1A). In ves ti ga tions
were con ducted there by Ger man ge ol o gists in the sec ond half
of the 19th cen tury, who dis tin guished the multi-col oured
“Posener Flammenton” (= Poznañ Flamy Clay) or “Posener
Ton” (= Poznañ Clays). These re search ers clearly de fined the
bound aries of the Poznañ Clays. Their base was marked by the 
so-called “Basisflöz” (= MPLS-1) and the top by glaciogenic de -
pos its of Pleis to cene age (cf. Piwocki et al., 2004).

Un til the 1960s, Ger man and later Pol ish ge ol o gists be -
lieved that the Poznañ Clays ac cu mu lated in a vast “Plio cene
Lake”, cov er ing al most the en tire Pol ish Low lands and the east -
ern most ter ri to ries of Ger many (e.g., Mai and Wähnert, 2000;
Kasiñski and S³odkowska, 2017) and Belarus (e.g., Planderova 
et al., 1993): the lac us trine hy poth e sis (Areñ, 1964). At that
time, the Poznañ Clays be gan to be di vided into sec ond ary
units, and in 1970, two ter mi no log i cally dif fer ent (beds vs. se -
ries and ho ri zons) lithostratigraphic schemes were cre ated

(Fig. 2). The first one cov ered the cen tral and east ern part of the 
Pol ish Low lands (Ciuk, 1970), while the sec ond scheme was
cre ated for the most west ern ter ri tory of Po land, i.e., Lower
Silesia and the Lubusz Land (Dyjor, 1970). Dyjor (1968, 1970)
based on rare oc cur rences of glauconite, foraminifera test frag -
ments and river sands in the mar ginal parts of the sed i men tary
ba sin (near the Sudetes, south-west Po land; see Fig. 1A), pro -
posed a lac us trine–flu vial–ma rine hy poth e sis for the de po si tion
of the Poznañ Clays.

Mod ern lithostratigraphic schemes. In the last 30 years,
sev eral at tempts have been made to for ma lise the litho stra -
tigraphy of the Neo gene in the Pol ish Low lands. The first
scheme in which the Poznañ For ma tion ap peared was pro -
posed by Piwocki and Ziembiñska-Tworzyd³o (1995, 1997; Fig.
2), this be ing well-known and widely used by Pol ish ge ol o gists
to this day. There fore, the lithostratigraphic units char ac ter ized
herein will be de scribed in ac cor dance with this scheme. The
Poznañ For ma tion is di vided into two mem bers, where the low -
est Grey Clay Mem ber also con tains the MPLS-1. Hence, the
strati graphic range of the Poznañ For ma tion is greater than that 
of the Poznañ Clays (Fig. 2).

Kasiñski and S³odkowska (2024) pre sented the lat est
lithostratigraphic scheme of the up per Neo gene, where the
Poznañ For ma tion is dif fer ently placed than in that of Piwocki
and Ziembiñska-Tworzyd³o (1995, 1997). Sim ply put, in the
scheme of Kasiñski and S³odkowska (2024), the Poznañ For -
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Fig. 2. De vel op ment of views on the up per Neo gene lithostratigraphy of the Pol ish Low lands (mod i fied from Ciuk, 1970;
Dyjor, 1970; Piwocki and Ziembiñska-Tworzyd³o, 1995, 1997; Kasiñski and S³odkowska, 2024)

Lig nite seams: 1 – the first Mid-Pol ish (MPLS-1), 1A – the first A Oczkowice, 0 – the zero Or³owo; note the var i ous names of the
same lithostratigraphic units, as well as the dif fer ent range of the Poznañ For ma tion ac cord ing to Piwocki and Ziembiñska-Tworzyd³o

(1995, 1997), and Kasiñski and S³odkowska (2024)
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ma tion does not in clude the low est lay ers of the Poznañ Clays,
called the Kazimierz Biskupi Grey Clay Bed. More over, in both
cases, the Poznañ Clays are di vided into only three lithological
sub units (mem bers and/or beds) based on their col our changes 
(Fig. 2). This sim pli fi ca tion also causes con fu sion among re -
search ers work ing on the up per Neo gene in the Pol ish Low -
lands, as dis cussed in de tail be low in this pa per.

RESULTS

GREY CLAY MEMBER

Gen eral char ac ter is tics. The Grey Clay Mem ber con sti -
tutes the lower part of the Poznañ For ma tion (Piwocki and
Ziembiñska-Tworzyd³o, 1995, 1997). It in cludes the MPLS-1
and the so-called “grey clays” (see Fig. 2). The MPLS-1 is also
called the Konin lig nite seam in the Konin re gion (Sadowska
and Gi¿a, 1991), as well as the Henryk lig nite seam in the
Lower Silesia and Lubusz Land ter ri to ries (Dyjor, 1968, 1970).
It cov ers an area of ~74,000 km2 and reaches its great est thick -
ness in the Konin area, where it has been ex ten sively ex ploited
for over 80 years (Piwocki, 1992; Piwocki et al., 2004; Widera,
2021; Kasztelewicz et al., 2025). Macropetrographically, the
MPLS-1 con sists mainly of the xylodetritic and detroxylitic lig -
nite lithotype as so ci a tions, while oth ers (such as detritic, xylitic
and oc ca sion ally weath ered or fusitic) play a sec ond ary role
(Kwieciñska and Wag ner, 1997; Widera, 2016a; Widera et al.,
2021a). In ad di tion, the MPLS-1 con tains nu mer ous sand
lenses up to 1.4–5.0 m thick and/or clay lay ers up to 0.8 m thick
(e.g., Widera, 2016b; Chomiak et al., 2019, 2020; Widera et al.,
2023; Wachocki et al., 2025 and other ref er ences therein).

The name of the Grey Clay Mem ber is more ap pro pri ate for
the area of Poznañ, where the scheme of Ciuk (1970) was cre -
ated. There, thin (up to 1–2 m) beds of lig nite (MPLS-1) are
sep a rated by lay ers of grey clay sev eral times thicker, in the top
of which there is lo cally a lig nite layer up to 0.3 m thick, rep re -
sent ing the first A Oczkowice seam (Fig. 2). Sim i larly, the Grey
Clay Mem ber is de vel oped in the Lower Silesia area (Dyjor,
1970). It is lithologically the same in the Konin re gion, but the
pro por tions are di a met ri cally dif fer ent. It pre dom i nantly (>99
vol.%) con tains the MPLS-1 up to 19.8 m thick, av er ag ing 6.6
m, and a dis con tin u ous layer of grey clay on its roof up to 5 m
thick, av er ag ing 0.3–0.6 m (Fig. 3). Their most im por tant fea -
ture is the mac ro scop i cally vis i ble pres ence of dis persed or -
ganic mat ter and fos sil ised wood frag ments >1 cm in size, i.e.,
xylites (Fig. 4).

In ter pre ta tion of or i gin and age. The xylodetritic and
detroxylitic lig nite lithotype as so ci a tions dom i nate within the
MPLS-1, which was/is mined ex clu sively in cen tral Po land, i.e.,
in the Konin and Adamów lig nite mines (e.g., Widera, 2021).
The detroxylitic lig nite is at trib uted to a wet swamp for est, while
the xylodetritic lig nite is more char ac ter is tic of a bush moor
(Markiè and Sachsenhofer, 1997, 2010). They are also tree and 
shrub swamps: re spec tively a Taxodium–Nyssa swamp and
Myricaceae–Cyrillaceae swamp (Teichmüller, 1958, 1989).
Dur ing their for ma tion, the ground wa ter ta ble had to change
from rel a tively low to high (Horne et al., 1978; Diessel et al.,
2000; S³odkowska and Widera, 2021, 2022; Worobiec et al.,
2021, 2022). The time of the peat ac cu mu la tion which sub se -
quently trans formed into the MPLS-1, is de ter mined at
~15.1–14.3 Ma, i.e., the mid dle part of the Mid dle Mio cene:
mid dle Langhian (Widera et al., 2021a, 2024).

The sandy in ter ca la tions oc cur ring within the MPLS-1, par -
tic u larly those in the Konin lig nite opencasts, are in ter preted as

cre vasse splays (Chomiak et al., 2019; Chomiak, 2020; Widera
et al., 2022; Dziamara et al., 2023; Wachocki et al., 2025 and
other ref er ences therein). They were formed dur ing overbank
flood ing on the Mid dle Mio cene mire (backswamp) sur face.
Some of the cre vasse-splay de pos its ac cu mu lated in flow ing
wa ter, and oth ers in stand ing wa ter, i.e., lakes. Some of them
are strongly syn-depositionally de formed, in both duc tile and
brit tle styles. There fore, the in ter preted cre vasse-splay sand -
bodies are the most nu mer ous and ge net i cally most di verse
among all ex ploited Pol ish lig nite seams (Widera et al., 2023,
2024). In the case of interseam clays, they ac cu mu lated from
sus pen sion in a long-last ing and rel a tively ex ten sive lake (its
area mea sured in km2) that ex isted in the backswamp area
(Chomiak et al., 2020). In cen tral Po land (the vi cin ity of Konin),
only one clay layer is known within the MPLS-1 (up to 0.8 m
thick), while in cen tral-west ern Po land (the vi cin ity of Poznañ),
Lower Silesia and Lubusz Land there are one to three such
beds, and their to tal thick ness ex ceeds 10–15 m (Piwocki et al,
2004; Widera, 2007).

As with the interseam clays noted above, the layer of grey
clay rest ing on the roof of the MPLS-1 can be in ter preted sim i -
larly. How ever, their big ger area and thick ness, as well as the
pres ence of xylites, in di cate some dif fer ences (cf. Figs. 3 and
4). In the last three de cades, it has been com monly as sumed
that they con sti tute the fi nal stage of the Mid dle Mio cene mire
de vel op ment in the Pol ish Low lands. There fore, Piwocki and
Ziembiñska-Tworzyd³o (1995, 1997) com bined them with the
un der ly ing MPLS-1 into one lithostratigraphic unit: the Grey
Clay Mem ber (cf. Figs. 2 and 3). Most likely, these clays were
formed un der re gional sub si dence con di tions when or ganic
sed i men ta tion was re placed by min eral sed i men ta tion (e.g.,
Zagwijn and Hager, 1987; McCabe and Parrish, 1992; Mach et
al., 2013, 2014; Widera, 2015, 2024; Kasiñski and S³odkowska, 
2016), with lo cally var ied peat/lig nite com pac tion (Widera,
2013a: fig. 13). Thus, in places where the de po si tion sur face
was low ered (>2 m wa ter depth; Diessel et al., 2000; Bos et al.,
2009; Widera, 2016b), the ac cu mu la tion of fine-grained sed i -
ments (clay, silt, mud) pre dom i nated, while in shal lower parts,
the peat/lig nite seam roof was eroded, in clud ing by wave ac tion
(Widera, 2007). Lo cally in west ern Po land, a lig nite layer (1A
Oczkowice seam) with a thick ness of 0.3–34.5 m, was formed
at their top. This max i mum thick ness was doc u mented from the
Oczkowice lig nite de posit (half way be tween Poznañ and Wro -
c³aw), which is, how ever, af fected by post-depositional glacio -
tectonism. The ac cu mu la tion of the grey clays with xylites (and
lo cally with the 1A lig nite seam) started ~14.3 Ma (= end of the
MPLS-1 sed i men ta tion) and ended ~13.8 Ma (Widera et al.,
2021a).

WIELKOPOLSKA MEMBER

Gen eral char ac ter is tics. The up per part of the Poznañ
For ma tion in cludes the Wielkopolska Mem ber (Fig. 2; Piwocki
and Ziembiñska-Tworzyd³o, 1995, 1997). This cov ers a slightly
larger area, i.e., ~75,000 km2, than the Grey Clay Mem ber de -
scribed above (Piwocki et al., 2004). The thick ness of the
Wielkopolska Mem ber is very vari able in the Pol ish Low lands
and is in the range of 0–160 m, on av er age 40–60 m. It is thin -
nest in mar ginal parts of its cur rent ex tent and thick est in tec -
tonic de pres sions (in clud ing Ce no zoic lig nite-rich tec tonic gra -
bens) and Pleis to cene zones of glaciotectonic de for ma tion in
ter mi nal mo raines (Areñ, 1964; Piwocki et al., 2004). Tra di tion -
ally, the Wielkopolska Mem ber in cludes lay ers/beds of green
and flame-col oured (or “flamy”) clays (Figs. 2 and 5). Such a di -
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vi sion does not cor re spond to geo log i cal re al ity; it is even mis -
lead ing, and so re quires in-depth dis cus sion.

Due to their cen tu ries-long use for the pro duc tion of red
build ing ce ram ics, the fine-grained de pos its of the Wielko -
polska Mem ber, the most clay-rich over most of the Pol ish Low -
lands, have been ex ten sively in ves ti gated. Hence, min er al og i -
cal stud ies dom i nated for many years, in ves ti gat ing the com po -
si tion of the clay frac tion (e.g., Wiewióra and Wyrwicki, 1974,
1976; Wyrwicki, 1975; Wag ner, 1982; Górniak et al., 2001;
Duczmal-Czernikiewicz, 2010, 2013 and other ref er ences
there in). Re cently, how ever, spe cial at ten tion has been paid to

ex plain ing the causes of the dif fer ent colours of these de pos its
(Fig. 5; Klêsk et al., 2022, 2023).

In gen eral, the Wielkopolska Mem ber is com posed of multi -
- col oured clay, silt and fine sand or a mix ture of these. Un til the
be gin ning of the 21st cen tury, mainly based on bore hole data,
sandy or sandy-muddy lenses within the Wielkopolska Mem ber
were noted in nu mer ous geo log i cal doc u ments and pub li ca -
tions (see Badura and Przybylski, 2004; Piwocki et al., 2004
and other ref er ences therein). Oc ca sion ally, among these fine -
-grained de pos its, for ex am ple, from the Jarowszów brick yard
near Wroc³aw, in di vid ual sand-gravel lenses and palaeo sol ho -
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Fig. 3. Lithostratigraphic sec tion of the Poznañ For ma tion in the Konin lig nite opencast mines

A – Kazimierz N opencast; B, C – JóŸwin IIB opencast; note the depositional bound ary be tween lithostratigraphic units 
and the fa cies tran si tions be tween the multi-col oured clays both ver ti cally and hor i zon tally
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ri zons were also de scribed (Czapowski et al., 2002). How ever,
it is only in the last two de cades that >30 such lenses have been 
doc u mented and sedimentologically ex am ined in the Konin re -
gion, i.e., in the Kazimierz N and JóŸwin IIB lig nite opencasts
(e.g., Kasiñski and Czapowski, 2002; Widera et al., 2019;
Zieliñski and Widera, 2020 and other ref er ences therein). They
are up to 12 m thick and up to 150 m across, while their av er age 
width/thick ness ra tio is <15 (Widera, 2013b; Widera et al.,
2019). Ad di tion ally, in these opencasts, palaeosol ho ri zons with 
thin (up to 0.3 m) lay ers of lig nite were iden ti fied (Macia szek et
al., 2020; Klêsk et al., 2023; Wachocki et al., 2025).

In ter pre ta tion of or i gin and age. These sandy, sandy-
 muddy or muddy lenses, con sti tut ing <5 vol.% of the Wielko -
polska Mem ber, are in ter preted as infills of flu vial palaeo -
channels. On the ba sis of their cross-sec tional ge om e try (rel a -
tively nar row and deep; width/thick ness ra tio <15), they can be
called rib bons (Gibling, 2006). This means that these palaeo -
channels were gen er ally sta ble, i.e., their lat eral mi gra tion (me -
an der ing) was very lim ited due to the strong co he sion of the ex -
tra-chan nel (overbank) clayey sed i ments. On the other hand,
the oc cur rence of small-scale (e.g., heterolithic bed ding: flaser,
wavy, len tic u lar) and large-scale (e.g., trough, pla nar) strat i fi ca -
tion is char ac ter is tic of the fill ing of these palaeo channels, which 
in di cates ex treme fluc tu a tions in wa ter flow en ergy (e.g., Miall,
2006; Boggs, 2012; Zieliñski, 2014). More over, their plan-view
pat tern (mapped in the JóŸwin IIB opencast) shows that the
palaeochannels sep a rate and join at an an gle close to 90°.
Con sid er ing all the in for ma tion, these palaeo channels are in ter -
preted as typ i cal of the late Neo gene anasto mosing (e.g.,
Widera, 2013b; Widera et al., 2019) or anasto mosing -to-me an -
der ing tran si tional flu vial sys tem (Zieliñski and Widera, 2020).

The in ter pre ta tion of the re main ing multi-col oured de pos its
of the Wielkopolska Mem ber seems ob vi ous (Fig. 5). They rep -
re sent ex tra-chan nel (overbank) fine-grained de pos its of this
late Neo gene flu vial sys tem (e.g., Widera et al., 2021a, b and
other ref er ences therein). This is con sis tent with the flu vial hy -
poth e sis of the Wielkopolska Mem ber pro posed by Badura and
Przybylski (2004), and Piwocki et al. (2004). These sed i ments,
ac cu mu lat ing on the floodplains, were then sub jected to soil
pro cesses. There fore, their col our di ver sity de pends on the hy -
dro log i cal (re dox) con di tions pre vail ing dur ing and af ter de po si -
tion in the inter-flood pe ri ods. Sed i men tary fa cies with red, or -
ange and yel low colours are rel a tively en riched in he ma tite,
goethite or jarosite, while blue-green ones are de pleted in these 
min er als but may con tain py rite, ana tase, green ‘illite’ and
traces of or ganic mat ter (Duczmal-Czernikiewicz, 2013; Klêsk
et al., 2022). These col oured min er als can lo cally be masked by 
or ganic mat ter, which causes the de posit to ap pear grey or
even black (Klêsk et al., 2023). This in ter pre ta tion is con sis tent
with that of Piwocki et al. (2004).

Fi nally, the multi-col oured lay ers (bands) should lie al most
hor i zon tally. How ever, in most cases in the Pol ish Low lands,
they are dis turbed, i.e., folded at var i ous scales, as a re sult of
com pac tion and/or glaciotectonics (Fig. 5). The be gin ning of
Wielkopolska Mem ber ac cu mu la tion (i.e., the end of the Grey
Clay Mem ber de po si tion) is dated at ~13.8 Ma (Widera et al.,
2021a). How ever, the time when ac cu mu la tion of this lithostrati -
graphic unit ceased is more loosely es ti mated as the ear li est
Early Plio cene, i.e., around 5 Ma (Sadowska, 1977; Troæ and
Sadowska, 2006). This large un cer tainty re sults from Pleis to -
cene ero sion by suc ces sive Scan di na vian ice sheets and their
meltwaters.

DISCUSSION

DEPOSITIONAL ENVIRONMENTS

Based on the re sults of sedimentological, macropetro gra -
phic, palynological and geo chem i cal stud ies, it is pos si ble to re -
con struct the late Neo gene depositional en vi ron ments in the
Pol ish Low lands and pro vide their mod ern an a logues (Fig. 6).
The MPLS-1 (lower Grey Clay Mem ber) started to form dur ing
the last peak of the Mid dle Mio cene Cli ma tic Op ti mum (MMCO,
~15.1–15 Ma) and con tin ued af ter this when the cli mate be gan
to cool slightly (Kasiñski and S³odkowska, 2016; S³odkowska
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Fig. 4. Grey clays (low er most part of the Poznañ Clays – up per
part of the Grey Clay Mem ber), con tain ing dis persed or ganic
mat ter (plant de tri tus) and pieces of fos sil wood (xylites) from
the Kazimierz N lig nite opencast
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riched with plant de tri tus; B – note the xylites with the pre served in -
ter nal struc ture (brown) of the wood
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and Kasiñski, 2016; S³odkowska and Widera, 2021, 2022;
Worobiec et al., 2021, 2022 and other ref er ences therein). In fa -
vour able cli ma tic (mean an nual tem per a ture, 15.7–20.5°C;
mean an nual pre cip i ta tion, 1300–1500 mm) and tec tonic (pro -
longed slow sub si dence) con di tions in the wet swamp for ests
dom i nated by Taxodium/Glyptostrobus–Nyssa, peat seams up
to 40 m thick ac cu mu lated. Cur rently, sim i lar en vi ron men tal
con di tions, in terms of cli mate and plant com mu ni ties, pre vail in
south-east China and south-east USA (Fig. 6A–C; e.g., Chris -
ten sen, 2000; Rich ard son, 2003; Utescher et al., 2009).

Around 14.3 Ma, the area of the Pol ish Low lands was sub -
ject to ac cel er ated re gional sub si dence, re sult ing from tec tonic
move ments of the Al pine-Carpathian orogen, which ended peat 
growth, and its un even com pac tion be gan. In the lakes, de po si -
tion of clays and re de pos ited or ganic mat ter (in clud ing xylites)
from the eroded roof lay ers of the MPLS-1 took place: hence,
the grey to black col our of these de pos its (Widera, 2007). Such
lakes, where min eral de po si tion is ac com pa nied by the ac cu -
mu la tion of or ganic mat ter, oc cur quite com monly in var i ous cli -
ma tic zones, for ex am ple, on the Rhine–Meuse delta (Bos et
al., 2009). How ever, the clos est in terms of cli mate are the

swamp lakes in Everglades Na tional Park in Florida, south-east
USA (Fig. 6D; e.g., Christensen, 2000).

Sud den cli ma tic changes in the fore land of the Al pine-
 Carpathian orogen oc curred at ~13.8 Ma when the mean an -
nual tem per a ture dropped by as much as 7°C (Peryt, 2006). At
that time, the Badenian Sa lin ity Cri sis be gan in the Carpathian
Foredeep, which has been pre cisely dated ra dio met ri cally by de 
Leeuw et al. (2010) and Bukowski et al. (2018): see above.
Then, the depositional en vi ron ments in the Pol ish Low lands
also changed rap idly. Un der con di tions of pro gres sive cool ing
and cli mate sea son al ity, the multi-col oured sed i ments of the
Wielkopolska Mem ber ac cu mu lated in a flu vial en vi ron ment
(e.g., Widera et al., 2021a, b). Now a days, sim i lar con di tions
pre vail in SE Aus tra lia (e.g., Fagan and Nanson, 2004; Page et
al., 2009; Kemp and Pietsch, 2024), es pe cially in the Murray-
 Dar ling Ba sin, for ex am ple, in the Dar ling River (Fig. 6E). This is 
a river with a sus pended-load (mainly mud) and is lat er ally sta -
ble, as was the case with the up per Neo gene rivers of the Pol ish 
Low lands. Ad di tion ally, the Dar ling River floods oc cur ev ery few 
de cades, which re sults in a short-term anastomosing chan nel
pat tern. In long-term inter-flood pe ri ods, the overbank sed i -
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Fig. 5. Ex am ples of the strati graphic ar chi tec ture of the multi-col oured clays of the dom i nant, up per part 
of the Poznañ Clays (Wielkopolska Mem ber) in the Kazimierz N lig nite opencast

A – note the slight un du la tions of the multi-col oured lay ers caused by un even com pac tion; B – note the glaciotectonically
folded layer of lig nite and sur round ing fine-grained de pos its; in both ex am ples, note that the colours change ver ti cally

and hor i zon tally fre quently
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ments are sub jected to soil weath er ing pro cesses. Thus, most
of the fine-grained sed i ments above the ground wa ter ta ble are
yel low to red in col our (cf. Figs. 5 and 6E).

SEDIMENT COLOUR 
AS A STRATIGRAPHIC CRITERION

In the case of the Poznañ Clays, sed i ment col our should not 
be used as a strati graphic cri te rion. This con cerns in ter mit tently 
only the grey clays con tain ing xylites (Grey Clay Mem ber)
among which, in the Kazimierz N opencast, a clay lens up to
1.8 m thick, light grey and yel low in col our was found (Widera,
2007: plate VE; see also Fig. 3C). This is a re cord of the pe ri -
odic el e va tion of lac us trine sed i ments above the ground wa ter
level and their ox i da tion. By con trast, with the green and flame-
 col oured clays, their col our does not de pend at all on their po si -
tion in the strati graphic sec tion (cf. Figs. 3C and 5). 

In the Grey Clay Mem ber, green to flame-col oured clay oc -
curs ex tremely rarely, as ob served from thou sands of bore hole
pro files (e.g., Wag ner, 1982; Górniak et al., 2001; Piwocki et al., 
2004; Widera, 2021 and other ref er ences therein) and di rect

field ob ser va tions in clud ing the Konin lig nite opencasts (Klêsk
et al., 2023; Wachocki et al., 2025). For ex am ple, based on
bore hole in for ma tion, Wag ner (1982) de scribed seven lay ers of 
flame-col oured clays within the green clays of the Wroc³aw
area, while Górniak et al. (2001) dis tin guished only three such
lay ers in the Konin re gion. In re al ity, the col our di ver sity is much
greater, as shown by re cent de tailed field re search in the
JóŸwin IIB lig nite opencast. There, along a 4.7 m long sec tion,
14 lay ers of dif fer ent colours and shades were dis tin guished
(Klêsk et al., 2023: fig. 2). Within these green and flame-col -
oured clays, there are al most al ways lenses/beds of clays with
colours rang ing from grey to black (see Fig. 5). 

Fi nally, it is nec es sary to con sider the sit u a tion in which the
Poznañ Clays un der went mi nor and ma jor ero sion. To sim plify
the rea son ing, we have adopted a hy po thet i cal sec tion (e.g., a
bore hole pro file or a ver ti cal ex po sure) sub jected to post- depo -
sitional ero sion of very dif fer ent mag ni tudes (Fig. 7). In the first
case, it is likely that al most the en tire sed i men tary sec tion is
pres ent. Thus, the age of these multi-col oured de pos its can be
es ti mated as from the late Mid dle Mio cene to the ear li est Early
Plio cene (cf. Figs. 2 and 7A). In the sec ond case, with deep ero -
sion, it might be wrongly as sumed that a com plete, con densed
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Fig. 6. Mod ern an a logues of the up per Neo gene depositional en vi ron ments pre vail ing dur ing the ac cu mu la tion 
of the Poznañ For ma tion in cen tral Po land

A–C – wet for est swamp (A, B) and bush moor (C) with woody and her ba ceous veg e ta tion in the Bayou Sauvage Na tional Wild life
Ref uge, the Mis sis sippi River Delta re gion near New Or leans in south-cen tral Lou i si ana, USA; D – fen, open wa ter with her ba -
ceous veg e ta tion in the shal low parts (<2 m) and min eral ac cu mu la tion in the deeper parts (>2 m) of the lake, Everglades Na tional 
Park near Mi ami in Florida, USA (the pho to graphs A–D from L. Chomiak); E – the Dar ling River near Wilcannia in NW New South
Wales, Aus tra lia (an ae rial pho to graph from Google Earth)
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sec tion (i.e., grey-green-flame-col oured se quence) of the
Poznañ Clays has been pre served (Fig. 7B). Such a sit u a tion
oc curs very of ten in the Pol ish Low lands and may lead to in ap -
pro pri ate lithostratigraphic cor re la tion, as well as the in cor rect
ge netic and age in ter pre ta tion of the strata in ques tion.

How ever, es ti mat ing the mag ni tude of ero sion based on
bore hole data is of ten dif fi cult, and it is eas ier to do this in large
field ex po sures, e.g., in lig nite or clay opencasts. There fore, in
such a sit u a tion, palynological data from the up per most lay ers
of the Poznañ Clays can be very use ful (e.g., Sadowska, 1977;
Piwocki and Ziembiñska-Tworzyd³o, 1997; Troæ and Sado -
wska, 2006; Kasiñski and S³odkowska, 2024 and other ref er -
ences therein). These al low us to de ter mine which part of the
Mid dle-Up per Mio cene or the low est Plio cene the sam ples ex -
am ined rep re sent.

CONCLUSIONS

Across a sig nif i cant part of the Pol ish Low lands, the youn -
gest strata are multi-col oured fine-grained de pos its of late Neo -
gene age, which are called the Poznañ Clays or the Poznañ
For ma tion. The first of these is a lithological unit of his tor i cal
value, while the sec ond one is a lithostratigraphic unit; hence,
they can not be used in ter change ably. The Poznañ Clays have
a lithological jus ti fi ca tion be cause they in clude clayey de pos its
that are youn ger than the first Mid-Pol ish lig nite seam (MPLS-1) 
and older than the glaciogenic Qua ter nary. The Poznañ For ma -
tion also con tains the MPLS-1 in the older, cur rent litho strati -
graphic scheme. By con trast, in the lat est lithostratigraphic
scheme pro posed, its scope does not cover ei ther the MPLS-1
or the low est lay ers (so-called grey clays) of the Poznañ Clays.

In the older scheme, the Poznañ For ma tion is ge net i cally di -
vided into the lower Grey Clay Mem ber and the up per Wielko -
polska Mem ber. The first mem ber con tains the MPLS-1 with
grey clays at the top, rep re sent ing a chang ing depositional sys -
tem from swamp to lac us trine. The sec ond mem ber in cludes
the so-called green and flame-col oured clays, among which
there are palaeochannels and palaeosol ho ri zons with thin lig -
nite lay ers. Thus, the multi-col oured clay de pos its of the Wielko -
polska Mem ber rep re sent a flu vial depositional sys tem.

The col our of the de pos its in ques tion shows fre quent
changes ver ti cally and hor i zon tally from black through grey,
blue and green to yel low, or ange and red. This re flects syn- and
post-depositional re dox con di tions, in clud ing the con tent of or -
ganic mat ter. There fore, in the case of the up per Neo gene clay
de pos its in the Pol ish Low lands, the use of col our as a strati -
graphic cri te rion should be aban doned.

Ac knowl edge ments. The au thors are grate ful to both re -
view ers, B. S³odkowska (PIG-PIB, Warszawa) and D. Olsze -
wska- Nejbert (Uni ver sity of War saw), for their com ments, ad -
vice and sug ges tions that im proved the clar ity and sci en tific
qual ity of our pa per.
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