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Abstract

This geological study is devoted to an interesting cognitive issue
regarding a large mining problem. A narrow, so-called 'lignite-free'
zone occurs in the Tomistawice opencast in central Poland. This
surprising disappearance of an exploited lignite seam posed a threat
to the proper operation of a nearby Patnow lignite-fired power plant.
Therefore, the Konin Lignite Mine carried out geological studies into
the 'lignite-free' area, as designated in the field.

During the investigation, it turned out that, in the 'lignite-free' zone,
there was, in fact, a continuous lignite seam, but it was at least 11 m
lower than the surrounding part of the "Tomistawice' deposit. This
phenomenon can be explained in two ways. First, it could result from
greater peat-to-lignite compaction in the zone where the lignite seam
is at least twice thicker. Secondly, the zonal lowering of the lignite
seam could be caused by post-depositional tectonics, most likely of
Quaternary age. The latter hypothesis seems more probable at the
current stage of research.

Regardless of the reasons for such a large hypsometric lowering of
the exploited lignite seam, it is lost to the Konin Lignite Mine. Its
extraction is technically possible but would involve lowering the
mine water table in the cone depression by at least 11 m. Leaving
aside the formal and legal aspects, such action would be too costly
and, therefore, lignite from the examined 'lignite-free' zone will
remain as mining losses in the Tomistawice deposit.

Keywords
peat accumulation; peat-to-lignite compaction; tectonics; opencast
mining; Konin Lignite Mine
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Introduction

From June 2023, the Tomistawice opencast is the only mine in the Konin Basin (central Poland) where lignite
is still exploited (Fig. 1). This lignite is characterised by the following average chemical and technological
parameters: calorific value (Qi") — 9.1 MJ/kg, ash yield (A% — 23.4 wt% and sulphur content (S¢) — 1.0 wt%
(Widera, 2021). It is used almost entirely to produce electricity at the Patnow lignite-fired power plant owned by
ZE PAK S.A. Hence, a regular and continuous supply of lignite to this power plant is of great importance for the
region's energy security by supporting the high-voltage power grid of central Poland.
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Fig. 1. Location map of the study area

Everything was in accordance with the exploitation plan and knowledge of the deposit's geology until the
second half of 2022, when a lack of lignite was noticed during the cleaning and levelling of the roof of the mined
lignite seam. This (disastrous) information was soon confirmed at the exploitation front (lignite wall), as well as
in dewatering channels and basins.
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Fig. 2. Geological cross-section A-B through the 'Tomisfawice' lignite deposit based on data from deep boreholes
See Figure 3 for the location of the cross-section line A-B

In such a situation, the Konin Lignite Mine was forced to urgently determine the 'lignite-free' area because the
aforementioned Patnéw power plant operation was at risk. Therefore, the relevant geological works (including
drilling and geological mapping) were carried out between 2022 and 2023.

This study does not cover formal, legal, economic, or technological issues but focuses on geological ones.
Therefore, the main aim of the current paper is to try to explain the reason for the disappearance of the lignite seam
in the Tomistawice opencast. Unfortunately, this issue has not been definitively resolved, but the two most likely
scenarios are presented. They relate to peat-to-lignite compaction and/or tectonics, although they occur at different
times.
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Geological setting of the study area

The Tomistawice lignite opencast is located approximately 30 km NNE of the town of Konin in central
Poland. It is operating on a deposit of the same name, i.e. the 'Tomistawice' lignite deposit. This deposit covers a
shallow tectonic depression: a graben up to 20-30 m in depth and with a NNW-SSE orientation (Fig. 1). In the
tectonic division of Poland, the graben belongs to the Szczecin-Miechéw Synclinorium (Zelazniewicz et al., 2011)
and, more precisely, it occupies the most north-easterly part of the Konin Elevation (Widera, 2022).

In the study area, the sub-Cenozoic surface, i.e. the top of the Mesozoic, is made up of fractured and/or faulted
marls and carbonate sandstones of Late Cretaceous age (Dadlez et al., 2000). Due to periodic tectonic upward
movements, the Cenozoic succession contains some long-term stratigraphic hiatuses. Therefore, the oldest
Paleogene sediments are marine glauconite sands of early Oligocene age, which are preserved locally (Fig. 2;
Widera, 2021; Wachocki et al., 2023).

The Neogene only includes two lithostratigraphic formations in the territory of the Tomistawice' lignite
deposit. The lower KoZzmin Formation (Lower—Middle Miocene), previously called the Adaméw Formation
(Piwocki and Ziembinska-Tworzydto, 1997), consists of fluvial sands and coaly sands, as well as thin lignite lenses
up to 1 m thick. The upper Poznan Formation is divided into the Grey Clay Member and the Wielkopolska Member
(Fig. 2; Piwocki and Ziembinska-Tworzydto, 1997; Widera, 2007, 2021).

The Grey Clay Member contains the examined lignite seam. It is the first Mid-Polish lignite seam (MPLS-1)
and the so-called 'grey clays' that rest locally on its top. In the study area, the MPLS-1 is up to 11.8 m thick (6.9
m on average) and includes siliciclastic interbeddings (Fig. 2). They represent crevasse-splay sands, up to 5 m
thick (Widera et al., 2017, 2023; Chomiak, 2020; Dziamara et al., 2023), as well as lacustrine clays, up to 0.8 m
thick (Chomiak et al., 2020). On the contrary, the Wielkopolska Member comprises multicoloured clays, i.e." green
clays' and ‘flamy clays' (Klesk et al., 2022, 2023, 2024), which occur as a thin (from decimetres to several metres)
and discontinuous layer, often glaciotectonically deformed, between the studied lignite seam (MPLS-1) and the
Quaternary overburden (Fig. 2; Wachocki et al., 2024).

In the area of the 'Tomistawice' lignite deposit, the thickness of the Quaternary succession ranges from 35—
60 m due to Pleistocene erosional and glaciotectonic processes. Sediments of Pleistocene age (tills, sands and
gravels, and muds) are typical of glacial, fluvioglacial and glaciolacustrine environments, respectively (Fig 2;
Chomiak, 2020; Chomiak et al., 2020; Widera, 2017, 2020; Wachocki et al., 2024). The Holocene contains locally
occurring sands and muds of surface streams, peats and soil layers.

Material and methods

The main sources of information for preparing the current article were field observations in the Tomistawice
lignite opencast and data from boreholes (Fig. 3,4 and 5). Fieldwork was conducted for one year between
September 2022 and September 2023. Profiles of deep boreholes (occasionally reaching the Cretaceous bedrock,
up to 68 m deep) come from older geological documentation (Kozula, 1999, 2001), while shallow (up to 20 m
deep) boreholes were drilled between December 2022 and March 2023 (Fig. 3). All of the mentioned borehole
data and geodetic maps were obtained from the Konin Lignite Mine.
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Fig. 3. Documentation map of the middle part of the 'Tomistawice' lignite deposit with the examined 'lignite-free ‘zone
Note the location of the cross-section lines A-B, a-b and c—d; See Figure 2 for cross-section A-B;
See Figure 6 for cross-sections a—b and c-d
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Results

In a general way, the geology of the vicinity of the Tomistawice opencast is presented in the geological cross-
section A-B in this paper (Fig. 2). It was prepared using data from four deep boreholes with depths of 61-68 m.
On the other hand, the extent of the 'lignite-free' zone, as well as the simplified geological cross-sections a—b and
c—d, were determined on the basis of data from four deep and twelve shallow (5-20 m deep) boreholes (Fig. 3 and
Fig. 6). During the interpretation of the obtained results and the creation of conceptual models explaining the
formation of the investigated 'lignite-free' zone, both the tectonic movements of the sub-Cenozoic basement and
the compaction of lignite were taken into account (Widera et al., 2007; Widera, 2013, 2015).

Description of field observations and cross-sections

A 'lignite-free' area was mapped, up to 500 m long and 150 m wide (Fig. 3). The titular disappearance of the
lignite seam was very clearly visible in the Tomistawice opencast. Observations of walls along dewatering
channels and basins, as well as the lignite exploitation front, provided evidence of the discontinuity of the lignite
seam in the same elevation range (Fig. 4 and 5). In other words, lignite passes laterally into overlying clays in two
ways. In the first case, the lignite seam is flexurally bent (folded), sometimes very steeply, with preserved layer
continuity (Fig. 4A). Moreover, small high-angle faults were also documented in the top lignite layers (Fig. 4B)
and even low-angle normal faults were seen at the lignite—clay contact and in the overburden clays (Fig. 4C). In
the second case, the lignite seam is evidently faulted at an angle of 45—75°. The magnitude of the throw of the
lignite roof is in the range of a few decimetres (Fig. 5A) to >3 m, as seen in the field (Fig. 5B).

Fig. 4. Folded (flexurally bent) lignite seam adjacent to the 'lignite-free ‘zone (Tomistawice opencast, autumn 2022)
Note the clayey and sandy interbeddings present in the lignite seam (A—C). Note traces of discontinuities (faults)
in the top layers of lignite and its overburden (B, C)

In turn, the shallow geological cross-sections a—b and c—d do not provide much information about where the
studied lignite seam is located (Fig. 6). The exception here are the data from boreholes NT-6 and NT-8, in which
the top layers of lignite were drilled below the overburden clays (Fig. 6B). In the remaining cases, these clays were
not pierced to a depth of more than 44.5 m a.s.l. (e.g. shallow borehole T-14), although in the adjacent deep
borehole MC-170, the lignite roof was found at 55.5 m a.s.l. This means that over a distance of ca. 70 m, the lignite
seam is lower by >11 m (Fig. 6A). It is worth paying attention to the fact that the base of the Quaternary glacial
tills is also lower by >5-10 m in the 'lignite-free' zone, i.e. between boreholes NT-10 and MC-170, as well as
between NT-11 and NT-5 (Fig. 6).
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Interpretation of the obtained results

The field observations and shallow geological cross-sections characterised above prove that the examined
lignite seam (MPLS-1) from the Tomistawice opencast is strongly hypsometrically diversified in the 'lignite-free'
zone. This is in contradiction to data from deep geological cross-sections (see Fig. 2). Thus, the obtained results
indicate, at least in part, that the lignite seam has been subjected to zonal subsidence by flexure and/or vertical
throw along normal faults (Fig. 4 and 5). Numerous relatively shallow boreholes and the geological cross-sections
based upon them do not allow us to precisely determine the architecture of the seam in the 'lignite-free' zone (cf.
Fig. 3 and 6). Therefore, its genesis can only be explained by putting forward at least two hypotheses.

The first hypothesis connects the formation of the studied 'lignite-free' zone with the transformation of peat
into lignite, in other words, with the peat-to-lignite compaction process (Fig. 7). At the first stage, under conditions
of syn-depositional tectonics (during the middle part of the Mid-Miocene), peat beds with a thickness
approximately twice as thick as the current thickness of the lignite seam (ca. 10 m) were accumulated. In this case,
it should also be assumed that, in the 'lignite-free' zone, peat's thickness was at least twice as thick as in the
surroundings. This means that the thickness of the peat before becoming covered with mineral overburden (i.e.
Neogene clays) was in the range of ca. 25-55 m (Fig. 7A). The second stage of deformation included uneven
compaction, depending on the varying thickness of the peat. As a result, in the place of its greatest thickness (>50
m), the roof of the lignite seam subsided by >12.5 m more than in the place where the peat thickness was >25 m.

DA, waes

Fig. 5. Faulted lignite seam adjacent to the ‘lignite-free’ zone (Tomistawice opencast, winter 2023)
Note the step faults in the lignite seam and its overburden (A); Note the steeply sloping overburden clays (B)

Flexural bending and even faulting of both overburden clays, lignite, and clastic interbeddings (sands, clays)
into the lignite have been well documented in the field (cf. Fig. 4 and 5). Finally, the Neogene deposits were
subjected to Quaternary erosion by Scandinavian ice sheets and/or their meltwaters (Fig. 7C and 7D). Due to the
massive, homogeneous structure of the Quaternary deposits (mainly tills at the base), it is difficult to determine
the formation age of the studied 'lignite-free' zone. This could have occurred in the Neogene (Fig. 7C) and the
Quaternary (Fig. 7D).

The second hypothesis assumes that peat accumulation took place under conditions of equal tectonic
subsidence in the studied part of the 'Tomistawice' lignite deposit. Then, ca. 20 m of peat could have formed (Fig.
8A). Of course, uniform compaction (with a ratio of ca. 2.0; Widera et al., 2007; Widera, 2015) led to the creation
of the lignite seam with a very uniform thickness, currently ca. 10 m, and lying horizontally under the Neogene
overburden clays (cf. Fig. 2, 6, and 8B). In the final stage of forming the 'lignite-free' area, the lignite seam was
zonally subsided due to post-depositional tectonic movements (after the middle part of the Mid-Miocene). Similar
to the interpretation presented above, it is currently impossible to say with certainty whether the analysed tectonic
deformations occurred already in the Neogene or later in the Quaternary (Fig. 8C and 8D).
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Fig. 6. Geological cross-sections through the 'lignite-free’ zone in the Tomistawice opencast based mainly on data from shallow boreholes
See Figure 3 for the location of the cross-section lines a—b and c—d; See Figure 2 for explanations.

Discussion

The scenarios for developing the 'lignite-free' zone in the Tomistawice opencast presented in this paper should
be considered hypothetical but possible. The lack of lignite in this zone is also of great practical importance.
Therefore, the following three questions need to be discussed and answered. First, what should be done to verify
the above hypotheses? Second, which one is more likely? And third, whether the unexpected appearance of the
‘lignite-free' zone constitutes a real problem for the Konin Lignite Mine?

Similar zones, where the lignite seam is much thicker (twice or more between adjacent boreholes) than in the
surroundings and is strongly subsided (even by several dozen metres), are known from many lignite deposits. In
Poland, the best examples are the 'Belchatow' and Lubstow' deposits (e.g., Gotowata and Haluszczak, 2002;
Widera and Hatuszczak, 2011; Widera, 2013, 2021, 2024a, 2024b). Such a zone, where the lignite seam was hidden
under the Neogene clays, was previously found in the Tomistawice opencast. In this case, however, the borehole
data indicated that the lowered lignite roof was related to the compaction of lignite of a greater thickness
(Wachocki et al., 2024). Thus, making deeper boreholes in the axial part of the investigated 'lignite-free' zone
would allow both hypotheses to be verified. If a bed of lignite >20 m thick was pierced, the first hypothesis would
be positively verified (see Fig. 7). On the contrary, if the thickness of the lignite was ca. 10 m, i.e. the same as in
the surrounding area, the second proposed hypothesis would be positively verified (see Fig. 8).
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See the text for more information
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At the current stage of the study, without boreholes piercing the Neogene overburden clays and lignites in
the 'lignite-free' zone, the hypothesis of post-depositional tectonic subsidence seems more likely. This opinion is
partially supported by at least two facts. Firstly, no lignite thicker than 11.8 m (in borehole MC-170) has been
found in the entire area of the "Tomistawice' deposit (Kozula, 1999, 2001). Secondly, the concave shape of the top
of the overburden clays and the Quaternary base indicates post-Neogene tectonic movements (cf. Fig. 6 and 8).
However, the erosion along the examined zone during the Pleistocene cannot be ruled out in this case.

Peat Peat

C accumulation d c compaction
ST-201  NT-11 NT-14 NT-8 _ NT-5 ST-201 NT-11 NT-14 NT-8 _ NT-5
masl MC-169 ~ NT-13  NT-16  NT6 MC-170 masl MC-169  NT-13 NT-15  NT-6
e ——— 1 Neogene clays
60 ——
peat

50 lignite

40fls - e e

" 100m T 400m
Neogene tectonic lowering of lignites ID] Quaternary tectonic lowering

& clays, & Quaternary erosion of lignites &clays
lignite-free zone

NT-12___NT8_ NT-5
NTA3 7"NT.15 | NT6

lignite-free zone d

& DS HEC ZONE.
NT-14___NT-8_NT-5

NTA13 7"NT.15 NT-6

C
ST-201 NT-11
ma.s.l. MC-169

[
ST-201 NT-11
ma.s.l. MC-169

" 7///////’{4.'5(@;%'@'@' (Irrree.
gl lignit

s0] 100m Ny o / 5 *f”f\

VOO —faults

T e

Fig. 8. Conceptual model for the formation of the 'lignite-free' zone taking into account post-depositional tectonic subsidence
See the text for more information

fication

As late as mid-2022, the Konin Lignite Mine operated three opencasts, from which lignite was supplied to
the aforementioned Patnéw power plant. At the time when the ‘lignite-free’ zone in the Tomistawice opencast was
identified (at the end of 2022), only two opencasts were operating, one of which finished its mining activity in
June 2023. Hence, among other things, the lack of continuous lignite supplies to this power plant has become a
very real problem. Therefore, over the last two years (i.e. in 2022 and 2023), significant amounts of lignite (ca.
0.5-1 Mt) have been imported from the Sieniawa Lignite Mine (western Poland), which is over 230 km away from
Konin (Widera et al., 20244, 2024b). It is expensive, although cheaper than lowering the water table by >10 m and
potential lignite mining from the studied 'lignite-free' zone. As a result, the electricity produced by the Patnow
power plant is costlier than it could have been if not for the surprising disappearance of the lignite seam in the
Tomistawice opencast.

Conclusions

The current paper is both cognitive and practical in nature. The results presented allow the following
conclusions to be drawn:

1) During mining activity, the sudden disappearance of the lignite seam occurred at the exploitation level in
the Tomistawice opencast (central Poland). As a result of geological mapping, it was determined that the
extent of the so-called 'lignite-free' zone was ca. 500 m long and up to 150 m wide. This means that about
0.9 Mt of lignite will not be mined.

2)  Auvailable data (mainly too shallow boreholes and mine exposures) did not allow for a clear explanation
of the origin of the examined 'lignite-free' zone. Therefore, two scenarios for its creation were proposed
— both related to the post-depositional lowering of the roof of the exploited lignite seam by >11 m. The
first was associated with peat-to-lignite compaction, and the second concerned late Neogene or
Quaternary tectonics.

3) The lack of lignite, which threatens the continuity of its supplies to a nearby power plant, is currently
being supplemented with purchases from distant deposits. Of course, this increases electricity production
costs, but it is cheaper than mining deep-lying lignite in the so-called 'lignite-free' zone. For the latter,
lowering the water table to>10 m should be achieved.

4) Ultimately, the hypotheses for the formation of the 'lignite-free' zone examined in this paper can be

verified by deep drillings. Therefore, the authors do not rule out any possibility at this stage of their
research.
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