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Abstract

The present study focuses on the upper Neogene deposits, called the “Poznan Clays”,
that cover more than 75,000 km? of Poland. They are situated between the first mid-
Polish lignite seam and the glaciogenic deposits of the Pleistocene age.
Lithostratigraphically, the “Poznan Clays” belong to the uppermost portion of the
lignite-bearing Grey Clays Member and the whole Wielkopolska Member (Poznan
Formation). The examined fine-grained sediments include mud-rich floodplain deposits
with palacosol remnants and large sandy-muddy or muddy palacochannel bodies.
Therefore, taking into account facies analysis, cross-sectional geometry, and the
planform of the palaeochannels, it can be stated that the “Poznan Clays” formed in the
environment of a late Neogene anastomosing river.

Keywords: overbank deposits, palaecosols, palaeochannels, anastomosing river,
Neogene of central Poland

1. INTRODUCTION

The Mio-Pliocene “Poznan Clays” are sometimes exposed in the field or rest
relatively close to the terrain surface, and cover over a quarter of Poland (Fig. 1);
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hence, they can be easily mined in shallow outcrops for brick production [6, 32].
This practical use of the “Poznan Clays” dates back to at least the sixteenth
century in the vicinity of Jarocin and Krotoszyn (~80-105 km southeast of
Poznan) and to the first half of the nineteenth century near Wronki (~60 km
northwest of Poznan). Moreover, a great number of cities in central and western
Poland are settled on glaciotectonically disturbed “Poznaf Clays,” including
those at high elevation, for example: Chodziez, Kalisz, Kcynia, Poznan,
Warszawa, Zielona Géra, and Zerkéw. Because these clays are very expansive
[6, 11, 32], their shallow occurrence creates serious problems, mainly in the
foundations of buildings [13, 21]. Furthermore, the ‘“Poznan Clays” are
underlain by widely spread lignites, which is why they were/are often mined
together [31].
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Fig. 1. Location map of the study area: a) extent of the “Poznan Clays” in the
background of Polish territory and possible source area for them [1, 5, 26], b) location of
the J6zwin 1IB and Kazimierz North lignite opencast mines examined in this paper; note

location of the cross-section line depicted in Fig. 2

The increased demand for clayey raw materials, exploration for lignite deposits,
and the rapid development of building on the clayey substrate has led to
accelerated research on the “Poznan Clays”. This began in the second half of the
nineteenth century and continues today. Lithostratigraphic, palaeontological,
mineralogical, and technological studies were first conducted by German and
then Polish researchers. The examined sediments were originally named, inter
alia, as: “Posener Septarientone” by Berendt in 1987, “Posener Flammentone”
by Jentzsch in 1897, “Posener Flammenon” by Mass in 1903, and “Posener
Ton” by Menzel in 1913, who carried out their pioneering investigations in the
vicinity of Poznan [19] (Fig. 1a).
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The genesis and age of the “Poznan Clays” are still debatable. However, their
origin was associated with the lacustrine environment by German researchers,
and their age was referred to as Pliocene [19]. This interpretation lasted until the
early 1960s when these “clays” were attributed mainly to the so-called “Pliocene
lake” [1]. Between the late 1960s and early 1980s, it was suggested that the
lacustrine basin was influenced by short-lasting marine ingressions [3, 4, 7, 8].
Then, from the first years of the twenty-first century, some researchers
postulated an alluvial origin of the ‘“Poznan Clays” [2, 19, 25, 26]. The most
recent contributions have additionally provided previously unknown evidence
for their deposition, predominantly in a fluvial environment [12, 15-17, 29, 30].
The main goal of this research is to present the newest results of
sedimentological studies on the so-called “Poznan Clays”. This will be achieved
through the description and interpretation of overbank muds, with layers of
palaeosols, and channel-fill sands and muds.

2. OUTLINE OF GEOLOGY

This paper presents research results obtained in the Kazimierz North and J6zwin
IIB opencast mines, owned by the Konin Lignite Mine. They are located in the
western branch of the Kleczew Graben, ~10-20 km north of Konin in central
Poland (Fig. 1b). This fault-bounded shallow tectonic depression is up to a few
tens of metres deep, and its Late Cretaceous bedrock is made up of limy
sandstone (Fig. 2).
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Fig. 2. Idealised cross-section through the area between the J6zwin IIB and Kazimierz
North lignite opencast mines (based on borehole data and field observations [26, 27,
29]); MPLS-1 — the first mid-Polish lignite seam; for the location of the cross-section

line see Fig. 1



NEW INSIGHTS INTO THE GENESIS OF THE “POZNAN CLAYS” 21
— UPPER NEOGENE OF POLAND

The Cenozoic in the study area consists of Neogene and Quaternary successions.
This is due to the fact that the entire Paleogene covers a great stratigraphic gap
caused by a regional tectonic uplift of this area [27, 30]. Thus, the Cenozoic
evolution of the Kleczew Graben began at the turn of the Paleogene and
Neogene [24]. The Neogene is divided into two lithostratigraphic formations, the
lower Kozmin Formation and the upper Poznan Formation (Fig. 2).

The Kozmin Formation (earliest to Mid-Miocene) is made up of fluvio-
lacustrine sand and silt deposits with lignite interbeddings, while the Poznan
Formation is bipartite [20, 24]. Due to its genetic diversity, it is divided into two
lithostratigraphic members: the Grey Clays and Wielkopolska members (Fig. 2).
The Grey Clays Member (middle Mid-Miocene) contains, in its majority, the
first mid-Polish lignite seam (MPLS-1, <10 m thick on average) with remnants
of the so-called “grey clays” at the top. These “grey clays,” including fossilised
wood fragments (xylites), belong to the investigated “Poznan Clays.”

The remaining part of the “Poznan Clays” (from late Mid-Miocene to earliest
Pliocene [20, 22, 24]) comprises the Wielkopolska Member (Fig. 2), which is
actually the subject of the study presented in this paper. This lithostratigraphic
member consists of predominantly muddy sediments. The overbank deposits
(with the palaeosol horizons) are the more clayey-silty ones, while the more
sandy-muddy sediments are typical of the palaeochannel fill. Their maximum
thickness ranges from ~20 m [25, 26] in the J6Zwin [IB mine to ~50 m in the
Kazimierz North lignite mine [29, 30]. Such a large variation in the thickness of
the “Poznan Clays” was caused by the destructive processes of the Scandinavian
ice sheets and their meltwaters in the Pleistocene [23, 24, 28].

3. DATA AND METHODS

Long-term fieldwork has been conducted in the Kazimierz North and J6zwin 1IB
lignite opencast mines (Konin Lignite Mine), where the studied “Poznan Clays”
are especially well exposed (Fig. 1). The geology of these areas is also relatively
well known due to the intensive exploration of the lignite deposits. Thus, the
representative geological cross-section (Fig. 2), located between the two
aforementioned lignite opencasts, is based on data from 24 boreholes and field
observations.

During fieldwork, the overburden walls above the exploited lignite seam were
successively observed, and the most interesting deposits, structures, and
palacoforms were documented. In those days, the basic sedimentological
(sedimentary logging, description of sedimentary structures, measurements of
palaeotransport directions, sediment sampling, etc.) and cartographic studies
(geological mapping) were carried out. Some photographs depicting the
analysed deposits are included in the current paper (Figs. 3-6).
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The standard division of clastic rocks was used to describe the sediment fraction;
however, clayey-silty particles was used when the content exceeded 50 wt.% and
the silt content was in the range of 33-66 wt.%. In this case, the name “mud”
was applied [14]. During geological mapping, the width (W) and thickness (T)
of the palaeochannel-fill deposits were measured first and then the W/T ratio
was calculated [9, 10]. Furthermore, the intersection points (channel margins),
marked on overburden walls built of “Poznan Clays”, were used to reconstruct
the palaeochannels pattern in plan view.

4. RESULTS

The upper Neogene “Poznaf Clays” are presented here in the context of their
fluvial genesis. Therefore, the extra-channel sediments that contain fossil soil
horizons will be described first, then the morphometry of the palacochannels and
deposits filling them will be characterised. Finally, the river type will be
discussed.

4.1. Overbank deposits

Description. Muddy (>50 wt.% clay and silt) deposits predominate (>95 vol.%)
within the “Poznan Clays”, while the remaining parts (<5 vol.%) are channel-fill
deposits, palacosols and lignite beds as well as lignite seams [23, 25, 26]. These
widely spread muds are extremely various in colour, that is, from dark blue to
blood red, interbedded with grey-black (Fig. 3).

Similarly, based on field observations and laboratory analyses, the “Poznan
Clays” are comprised of grains of clay, silt, and sand in approximately equal
proportions [24]. Most often, it is a mixture of these fractions; hence, when the
share of clay and silt is >50 wt.%, such a deposit can be called a mud [14].
Nevertheless, it must be noted that purely clayey samples and beds (in the form
of lenses between several and several hundred metres in size) are also present
within the characterised “Poznan Clays” [24, 31].

Interpretation. The above-described muddy deposits have not yet been studied
sedimentologically because they seem to be monotonous in the context of their
genesis. However, the results of mineralogical studies support a fluvial
depositional environment. Deposition of these fine-grained sediments took place
mainly sub-aerially on the alluvial plain with significant fluctuations in the level
of groundwater. This is evidenced in the clay mineral content, especially with a
predominance of smectite over illite and kaolinite, and in the colour diversity of
the interpreted sediments [6, 11, 32]. Of course, such alternating layers of
varicoloured muds, representing the overbank deposits, are also documented in
the studied lignite opencasts (Fig. 3).
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Fig. 3. Broad eastward view of the “Poznan Clays” in outcrops belonging to the Konin
Lignite Mine: a) overbank muds including a palaeosol layer with a slightly
glaciotectonically deformed lignite at the top, exposed in the Kazimierz North opencast,
b) compactionally deformed channel muddy sands and overbank muds with the paleosol
and lignite remnants exposed in the J6zwin IIB opencast, ¢) overbank muds including
two compactionally deformed palaeosol layers and remnants of lignite exposed in the
J6zwin 1IB opencast

4.2. Palaeosols

Description. On overburden walls within the “Poznan Clays”, grey-black layers
are clearly visible. They are a few metres to over 1 km in length, and up to 1 m
in thickness. Moreover, these layers are more or less continuous, and often more
or less lenticular in shape (Figs. 3, 4). In most cases, the described deposits are
enriched in organic matter, trending upwards in the sedimentary profile. Thus,
the top-most beds can be called lignite when the organics content is >60 wt.%
(Fig. 3).

Interpretation. The grey-black layers within the “Poznan Clays”, which often
contain organics, are interpreted in this paper as fossil soils. These palaeosols
developed on an alluvial plain in conditions of a relatively-high groundwater
level. However, the palaeosol horizons, due to their suitability for the
reconstruction of climatic conditions in the late Neogene, require more detailed
studies. It is worth adding that in other parts of the same sedimentary basin, for
example in the area of the Oczkowice lignite deposit (~100 km S of Poznan), the
thickness of lignite within the “Poznan Clays” exceeds 10 m [23].



24 Piotr MACIASZEK, Lilianna CHOMIAK, Pawet URBANSKI, Marek WIDERA

R T m,

palacose

Fig. 4. Palaecochannels within the “Poznan Clays” in the Kazimierz North lignite
opencast mine: a) palacochannels filled predominantly with sand, b) palacochannel filled
predominantly with mud

4.3. Palaeochannels

Description. There are a great number of palacochannels filled with sand, sand-
mud, and mud in the opencasts belonging to the Konin Lignite Mine [12, 16, 17,
24, 26, 29, 30]. Some of them are multi-storey (Fig. 4a), while others are single-
storey (Figs. 4b, 5). They are lenticular in shape with an erosional base. Their
maximum height (channel-fill thickness) is ~12 m, and their apparent cross-
sectional width is up to 160 m (Fig. 5). These palacochannels are incised into the
muddy floodplain (overbank) deposits (Fig. 4) or even into the underlying lignite
seam — MPLS-1 (Fig. 5). In the case of the palaeochannel shown in Figure 5, the
true W was calculated at ~150 m. Taking into consideration the fact that the T of
these channel-fill deposits range up to 12 m, a W/T=12.5 was obtained [15, 16].
Similarly, the W/T values (5-15) were calculated for all palacochannels from the
Jozwin IIB opencast [12, 29, 30], as well as for the majority of the
palaeochannels from the Kazimierz North and other opencasts belonging to the
Konin Lignite Mine [25, 26].
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Fig. 5. Broad eastward view of the biggest palaecochannel outcropped in 2018 in the
Jozwin 1IB lignite opencast mine; note that the palaeochannel is deeply incised in the
underlying lignite seam

The channel-fill sediments from the Kazimierz North lignite opencast mine are
characterised predominantly by their massive structure [25, 26]. In contrast,
those palaeochannels from the J6zwin IIB lignite opencast mine contain a large
variety of sedimentary structures [15-17, 29]. Some of them, stratified both at
large and small scale, are shown in this paper (Fig. 6). Generally, the examined
deposits represent an upward-fining succession starting from channel lag
(massive), through the domination of large-scale stratification (trough, planar,
horizontal), with small-scale lamination (ripple, climbing-ripple, and heterolithic
bedding: flaser, wavy, lenticular/nodular) appearing upwards in the
palaeochannels [15-17, 29]. Sandy layers, most often stratified at a large scale,
are interbedded with mud (Fig. 6¢), which is characterised by small-scale
lamination, including the aforementioned heterolithic bedding (Fig. 6e, f).
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Fig. 6. Most common facies documented within the palacochannels in the J6zwin IIB
lignite opencast mine in 2016-2018: a) and b) large-scale cross-stratified sands and silty
sands, c) sands interbedded with muds, d) small-scale sands with rippled lamination, e)

and f) heterolithic bedding (lenticular bedding) covered by muddy-clayey layers

Interpretation. Most of the palaeochannels from the Kazimierz North and
J6zwin 1IB opencast mines are tilted, thrust or eroded, and sediments that fill
them are sometimes disturbed. All these deformations took place
postdepositionally and were caused by glaciotectonic and compactional
processes [25, 26, 28, 30]. On the other hand, the largest of the investigated
palaeochannels is incised more than 4 m into the mined lignite seam (Fig. 5).
This deep erosion should be combined with the process of avulsion in the initial
phase of the flood when the muds and underlying lignites were eroded [17, 29].

The channels with cross-sectional geometry described above, where the average
W/T value is in the range of 5-15, are defined as broad ribbons [9, 10]. This
means that the examined palaeochannels were laterally inactive and the
deposition was dominated by vertical accretion. The lack of point bars confirms
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that their lateral migration was restricted or even absent due to strongly cohesive
(muds) riverbanks. Thus, they are typical of cut-and-fill palaeoriver channels [9,
10, 18, 29].
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Fig. 7. Cross-sections through the studied palacochannels in the J6zwin IIB lignite
opencast mines [15, 16]; for lithostratigraphic explanations see Fig. 2; for the location of
the cross-section lines A-B and C-D see Fig. 8

The alternating occurrence of sandy, sandy-muddy, and muddy facies, stratified
at large and small scale, indicate frequent changes in the palaeoriver flow
regime. Most sandy facies were deposited by tractional turbulent flow during
high and low water stages, while most muddy ones were deposited in the lower
part of the lower flow regime by both traction and suspension in various
proportions [17, 29]. However, the ripple-derived sedimentary structures, mainly
heterolithic bedding (flaser, wavy, and lenticular/nodular), are of great
interpretational significance when determining the type of palaeoriver. Simply
speaking, the preservation of heterolithic bedding is the best evidence of
alternating deposition during intervals of slow flow (<0.5 m/s) to extremely slow
flow and almost stagnant water [17, 29].

4.4. River type

Description. The cross-sectional and plan view of the channels play an
important role in determining the morphological type of the river, which may be
braided, meandering or anastomosing [10, 18]. First, more than one
palacochannel occurs at the same stratigraphic level (Fig. 7). These
palaeochannels, in some cases, may be multi-storey (Fig. 7b). The late Neogene
river system, studied in the J6zwin IIB opencast, consists of palaecochannels that
are relatively short (Fig. 8). Their length is in the range of 0.3-0.5 km and the
palaeoriver reaches merge and split, that is, they are tributive and distributive.
The inter-channel areas form the islands that are comprised of very cohesive
overbank muds. The location of the palaeochannels (studied in detail [12, 15, 17,
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29, 30]) with the measured directions of palaeotransport are depicted on the map

(Fig. 8).
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Fig. 8. Palaecochannel pattern reconstructed in 2013-2018 on the basis of geological
mapping and sedimentological study in the J6zwin IIB lignite opencast mines [15, 29];
cross-sections A—B and C-D are shown in Fig. 7; note, that the late Neogene fluvial
system is multi-channel with tributive and distributive reaches

Interpretation. The reconstructed palaeochannel pattern occupies only a small
part of the Kleczew Graben area. Hence, the interpretation is limited to the
mapped area, that is, to the axial and northernmost zone of this tectonic structure
(Fig. 1b). The analysed river system consists of at least two (in meridional
section) or three (in latitudinal section) palacochannels situated at the same or
very similar altitudes (cf. Figs. 7 and 8). The filling of these palaecochannels was
more vertical than lateral as indicated by small values of the aspect ratio
W/T<15 and the lack of point bars. The islands, being remnants of the muddy
floodplain, are large in relation to the width of the palaeochannels (Fig. 8).
Furthermore, the palaeochannels studied are filled with a significant amount of
sandy-muddy and muddy facies. This proves that the water in the analysed
palacochannels flowed slowly and even extremely slowly for a long time [15,
16, 28]. Thus, all of the features listed above, according to the criteria included
in the literature [10, 18], indicate an anastomosing river type for the late
Neogene river system in the area of the J6zwin IIB lignite opencast mine [12,
15-17, 25, 26, 29, 30].
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5. FINAL REMARKS

In recent years, there has been a significant acceleration of research on the
genesis of the “Poznan Clays”. These late Neogene deposits belong
lithostratigraphically to the Poznan Formation, in fact, they cover the uppermost
part of the Grey Clays Member (above the first mid-Polish lignite seam) and the
entire Wielkopolska Member. Thus, the age of the “Poznan Clays” is between
the late Mid-Miocene and the earliest Pliocene.

In total, more than 30 palaeochannels were mapped and documented in
opencasts owned by the Konin Lignite Mine. They are filled with sand, sand-
mud, and mud. The greatest diversity of facies was found in those that are
sandy-muddy in the J6zwin IIB lignite opencast mine. They clearly show that
the palaecochannel-fill sediments were largely deposited in an extremely low-
energy fluvial environment when the water was slow-flowing to almost stagnant.
The examined palaeochannels are single- and multi-storey, and they can be
classified as broad ribbons because they are relatively deep/thick with respect to
their width (5<W/T<15). Additionally, no facies typical of point bars, which are
found in sediments of meandering rivers, were documented in the field. This
means that vertical rather than lateral accretion dominated the filling of these
palacochannels. Moreover, the pattern of the palaeochannels from the J6zwin
IIB opencast is multi-channel in plan view.

The origin of the majority of the “Poznan Clays” should be combined with a
river environment as indicated by the presence of the overbank sediments with
palaeosol horizons and palaeochannel-fill deposits. Therefore, the results
obtained in this paper indicate an anastomosing type of late Neogene river
system, at least in the study area. This conclusion is confirmed both by the facies
and the shape of the palaeochannels as seen in the cross-sections and plan-view
map.

Finally, a better knowledge of the “Poznan Clays” fluvial genesis can be helpful
in geotechnical activity, for example, at the stage of planning and
implementation of various construction projects. In such cases, postdepositional
deformations, mainly compactional and glaciotectonic, must be taken into
consideration.
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