
1.	 Introduction

Crevasse splays are commonly found in the val-
leys of both meandering and anastomosing rivers 
(Smith et al., 1989; Makaske, 2001; Zieliński, 2014). 
They are created by the breaching of natural levees 
that extend along the river banks during the initial 
phase of flooding (e.g., Bristow et al., 1999; Farrell, 
2001). Crevasse-splay bodies can vary significantly 
in size, their maximum thickness usually being be-

tween 2.5 and 6.0 metres in the proximal part (i.e., 
in close proximity to the levee), while their length 
and width may even exceed 2 kilometres (Smith et 
al., 1989; Mjøs et al., 1993; Boggs, 2012).

Deposits of crevasse splays are well known from 
around the world, including lignite/coal areas, both 
in the rock record and from modern sedimentary 
environments (e.g., Horne et al., 1978; Zwoliński, 
1985; Kasiński, 1986; Fielding, 1986; Kurowski, 
1999; Pérez-Arlucea & Smith, 1999; Słomka et al., 
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The present article focuses predominantly on sandy deposits that occur within the Middle Miocene lignite seam at the 
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2000; Szponar, 2000; Davies-Vollum & Kraus, 2001; 
Gębica & Sokołowski, 2001; Farrell, 2001; Stoutham-
er, 2001; Kordowski et al., 2014; Burns et al., 2017). 
In Polish geological literature, however, numer-
ous crevasse-splay deposits are interpreted mainly 
on the basis of data from boreholes that penetrate 
the coal-bearing Carboniferous succession (e.g., 
Gradziński et al., 1995, 2005; Kędzior, 2001, 2016; 
Doktor, 2007).

In Poland, crevasse-splay sediments in the rock 
record are available for direct observation only at 
four exposures. The first of these is the Brynów 
brickyard, in the city of Katowice, where stand-
ing trunks of horsetails (Calamites) have been 
documented within sandy clay deposits of Late 
Carboniferous (Westphalian A) age. These strata 
were interpreted by Brzyski et al. (1976) as typical 
of crevasse splays which were formed by several 
depositional cycles. The second outcrop, located at 
Sołtyków, in the vicinity of the city of Skarżysko 
Kamienna (northern part of the Holy Cross Moun-
tains), includes sandy lithosomes within muddy 
silt deposits of Early Jurassic age. These sandy 
bodies were also recognised as deposits that repre-
sent fossil crevasse splays (Pieńkowski, 2004). The 
Tomisławice opencast mine is the third site to ex-
pose a crevasse splay in Poland; it was accessible 
in 2015 and 2016, and actually the first one to be 
discovered within Miocene lignite-bearing strata 
(Widera et al., 2017). These crevasse-splay sedi-

ments were one of the subjects covered in my Mas-
ter’s thesis; the current research revolves around 
them as well. It is worth adding here that in 2018 
a new crevasse splay was exposed in the nearby 
Jóźwin IIB opencast mine (Fig. 1). These deposits 
and deformational structures are currently being 
investigated and results obtained have been pub-
lished and discussed in separate papers (Chomiak 
et al., 2019a, b; Van Loon, 2019).

In the present paper, only the crevasse-splay 
strata from the Tomisławice opencast mine are 
characterised, as these were the first to be de-
scribed directly from the entire Miocene sequence 
in Poland. Some sedimentological issues that are 
in need of clarification have not yet been analysed. 
Therefore, the main aims of the present study are 
threefold: 1) to explain briefly the differences in 
cross-sectional shape of the crevasse-splay bodies; 
2) to describe and interpret facies that represent the 
crevasse-splay deposits examined and 3) to pro-
pose, for the first time, a depositional model that 
comprises the formation stages of the two superim-
posed crevasse splays.

2.	 Study area

2.1.	Location

The crevasse-splay deposits examined are situat-
ed in the southern part of the Tomisławice lignite 
opencast mine, which is ~30 km north of the city 
of Konin in central Poland (Fig. 1). The siliciclastics 
studied occur between two lignite benches on the 
lower exploitation level and between sands that are 
below the lignite seam and remains of the upper 
lignite bench or Quaternary deposits on the upper 
overburden level (compare Figs. 2–4 and 5).

2.2.	Geology and lithostratigraphy

The research area is in the eastern part of the Mogil-
no–Łódź Basin, above the southeastern slope of a 
deeply rooted salt structure, the so-called ‘Gopło 
Anticline’ (Dadlez et al., 2000). According to the 
subdivision of Poland into tectonic units, the ter-
ritory of the Tomisławice opencast mine is located 
in the Szczecin–Miechów Synclinorium and, more 
precisely, in the eastern part of the Mogilno–Łódź 
Segment (Żelaźniewicz et al., 2011).

The Mesozoic top in the study area comprises 
marls of Late Cretaceous age (Fig. 2; Dadlez et al., 
2000). The Cenozoic succession starts with Pale-Fig. 1. Location map of the study area
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ogene strata, most likely of Early Oligocene age, 
which locally fill a shallow tectonic depression. 
Deposits formed at that time comprise greenish 
glauconitic sands of marine origin (Widera & Kita, 
2007).

After Late Oligocene uplift and erosion in cen-
tral Poland, Neogene deposition commenced. This 
is dominated by fluvial sediments, interbedded 
with carbonaceous/coaly layers. Thus, the Neo-
gene in the area of the ‘Tomisławice’ deposit starts 
with a 12-m-thick layer of sands, often enriched 
with organics, which belong to the Koźmin Forma-
tion of Early–Middle Miocene age. Overlying is the 
Poznań Formation (Middle Miocene to earliest Pli-
ocene), which terminates the Neogene succession 
in this part of Poland. The Poznań Formation is di-

vided into two members, i.e., the older, Grey Clay 
Member, and the younger, Wielkopolska Member 
(Piwocki & Ziembińska-Tworzydło, 1997). The for-
mer unit includes the first Mid-Polish lignite seam 
(Kasiński & Słodkowska, 2016), which reaches an 
average thickness of ~6.5 m in the study area; the 
latter member, comprising the so-called ‘Poznań 
Clays’, is preserved only locally in residual form 
(Fig. 2; see Widera 2016a, 2017).

The Neogene deposits described above are 
capped by Quaternary strata which vary in thick-
ness between 35 and 60 metres in the area of the 
Tomisławice opencast mine. These Quaternary 
deposits consist mainly of glacial tills, gravels and 
sands as well as fluvioglacial gravels, sands and 
muds (Fig. 2; see Widera et al., 2017).

Fig. 2. Compilation of boreholes MC-184 and TM-18 in the area of the ‘Tomisławice’ lignite deposit, depicting the 
lithostratigraphy of the Cenozoic succession and the position of the crevasse splay(s) examined within the first Mid-
Polish lignite seam. For the location of boreholes, reference is made to Figure 3
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3.	 Material and methods

3.1.	Field data

The results of the present study are based mainly on 
field observations carried out in the southern part 

of the Tomisławice lignite opencast mine (Fig. 3) in 
the autumn of 2015. The sandy deposits analysed 
were visible over a distance of ~500 m between two 
lignite benches on the lower exploitation level. The 
summarised thickness of these siliciclastics reached 
a maximum of 1.4 metres (Fig. 4A). However, they 

Fig. 3. Documentation map of the southern part of the ‘Tomisławice’ lignite deposit, showing location of lignite and 
overburden faces with crevasse-splay interbeddings boreholes MC-184 and TM-18 (compare Fig. 2) examined in 
more detail. For location of the area covered by this map see Figure 1

Fig. 4. Broad view of the crevasse-splay deposits within the First Mid-Polish lignite seam outcropping at the Tomisław-
ice mine
A – distal part of the crevasse splay; B – proximal part of the crevasse splay. For location of the area covered by this 
map see Figure 3
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outcropped over a distance of ~200 m, with a max-
imum total thickness of 1.8 m on the upper over-
burden level (Fig. 4B). The height of the mine faces 
examined ranged from 2 to 6 metres and extended 
over a length of between 200 and 500 metres in a 
north-south direction and over more than 100 m in 
an east-west direction (Fig. 3). Furthermore, dur-
ing fieldwork, 50 samples of sands, silty sands and 
coaly sands were collected for laboratory analysis.

3.2.	Geological mapping

In order to characterise the architecture of the cre-
vasse-splay bodies (dimensions, shape, etc.), the lig-

nite and overburden faces were mapped. Data from 
boreholes MC-184 and TM-18 were also used to de-
scribe the geology, including the lithostratigraphi-
cal subdivision, of the study area (compare Figs. 2 
and 3). All the necessary data were obtained from 
the archives of the Konin Lignite Mine.

3.3.	Facies analysis

During fieldwork, firstly the facies within the 
crevasse-splay bodies were distinguished. Sub-
sequently, these facies were described using the 
facies codes of Miall (1977), Rust (1978) and Ziel-
iński (1995, 2014). The lithotype code proposed 

Fig. 5. Idealised sedimentary log of two superimposed crevasse-splay deposits situated between benches of the lignite 
seam at the Tomisławice opencast mine. For description of facies and lithotype codes see Table 1
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by Widera (2012, 2016b; see Table 1; Figs. 5 and 6) 
was then applied to lignite. First of all, 25 samples 
were analysed for their organic matter content, us-
ing a 30% hydrogen peroxide solution to dissolve 
organic matter. Finally, all 50 samples were sieved 
in order to determine the grain size of the deposits 
examined.

3.4.	Depositional model

A depositional model was created to fulfil one of 
the main goals of the present research; this covers 
the formation of both the older and younger cre-
vasse-splay bodies within the first Mid-Polish lig-
nite seam at the Tomisławice opencast mine (Fig. 7).

4.	 Results

4.1.	Cross-sectional shape of the crevasse-
splay body

The crevasse-splay body, which actually comprises 
two superimposed splays, is of a lenticular shape 

at both the lower exploitation and the upper over-
burden levels. However, their shapes differ signifi-
cantly in a north-south cross section, at these levels 
(compare Figs. 3 and 4). In the former, the top of the 
lens is nearly flat, while its base is concave up (Fig. 
4A), while in the latter, the lens shape mirrors the 
one described above, i.e., its top is convex up and 
its base flat (Fig. 4B).

4.2.	Interpretation of the cross-sectional 
shape of the crevasse splay body

Differences in the shape of the crevasse-splay bodies 
examined were observed along two cross-sectional 
lines; these can be explained by variable compac-
tion of the underlying lignite and sands. The com-
paction ratio for the first Mid-Polish lignite seam is 
~2.0 (Widera, 2015), whereas sands can be consid-
ered as being almost non-compactible in compari-
son with lignite. Thus, where sands follow directly 
on lignite (i.e., originally on peat), the base of the 
crevasse-splay body is strongly concave up due to 
peat/lignite compaction (Fig. 4A). In contrast, the 
initial shape of the crevasse-splay body is preserved 
when its substratum consists of non-compactible 
sands, i.e., the convex-up top remains preserved 
(Fig. 4B; see Widera, 2016a; Widera et al., 2017).

4.3.	Description of the crevasse-splay facies

A detailed facies analysis has been made of the 
sandy sediments and, more locally, of the sandy-or-
ganic strata, at five sites along both sections studied 
(Figs. 3 and 4). As a result, six primary and numer-
ous secondary facies have been distinguished with-
in the crevasse-splay facies associations (Table 1; 
Figs. 5 and 6).

The first main facies (GCm) forms the basis of 
the sedimentary succession of both the older and 
younger crevasse-splay bodies (Fig. 5). It is com-
posed largely of massive, occasionally crudely 
stratified, gravel-sized components that consist of 
sandy-silty particles with an organic admixture. 
Within this facies, in some parts of the exposure, 
other fine-grained sands, horizontally stratified sec-
ondary facies can be distinguished: Sh, SCh, TSh 
and TCh. Moreover, fossilised wood fragments (xy-
lites) and compacted fragments of turf with rootlets 
are also easily visible within this facies (Fig. 6).

Horizontally stratified sands (Sh), which are lo-
cally enriched in organic matter, create the second-
ary facies SCh (Figs. 5 and 6). These deposits consist 
of fine-grained, well-sorted sands. Their mean grain 

Table 1. Codification of crevasse-splay facies (after Mi-
all, 1977; Rust, 1978; Zieliński, 1995, 2014) and lignite 
lithotypes (after Widera, 2012, 2016b) used in the 
present paper; secondary facies are shown in brackets

Crevasse-splay facies
Code Description
GCm,

(GCh)

massive coaly, carbonaceous 
gravel 
(horizontally stratified coaly 
gravel)

Sh, 
(SCh)

horizontally laminated sand, 
(horizontally laminated sand 
with coaly strings)

Sm, 
(St, Sp, Sr)

massive sand,
(trough, planar and ripple cross-
laminated sand)

St, SCt trough cross-stratified sand and 
coaly sand

SCm massive coaly sand
Lignite lithotypes
Code Description
DLm detritic lignite with a massive 

structure
DLh, 

(DLm, XDLm)

horizontally stratified detritic 
lignite,
(massive detritic and xylodetritic 
lignite)
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size is ~0.16 mm; the organic content is in the range 
of 0.1 to 0.45 wt%.

In some places of predominantly massive sands 
(Sm) traces of small-scale stratification are visible 
in the form of trough, planar and ripple cross-lam-
inated sand, i.e., facies Sp, St and Sr (Figs. 5 and 6). 
These sandy deposits are well and very well sorted, 
with a mean grain size between 0.14 and 0.17 mm. 
In the sands described, organic content is negligible 
or (as in most of the laboratory tested samples) even 
lacking (Fig. 6).

The next facies consists of trough, cross-strati-
fied sands (St) and coaly sands (SCt) at a large scale, 
i.e., the set thickness attains up to 0.6–0.7 m (Figs. 
5 and 6). These sediments fill the erosional channel 
that cuts facies Sh and Sm, and is covered by the 
next facies, SCm (Table 1). The dip of the layers is 
15 to 25° towards ENE.

The uppermost facies (SCm), just below the up-
per bench of lignite, is also distinguished in the low-
er crevasse splay (Figs. 4A, 5 and 6). It is made up of 
coaly sands with a massive structure that are poorly 

Fig. 6. Compilation of characteristic features of crevasse-splay facies studied with brief environmental interpretations; 
compare with Table 1 and Figure 5
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to very well sorted. Moreover, this facies is enriched 
in organic matter content, ranging from 0.03 to 
12.20 wt%. Its characteristic feature is the presence 
of roots of bushes and trees, often also penetrating 
the underlying facies (Figs. 5 and 6).

The last primary facies comprises only  massive 
sands (Sm); this was exposed exclusively on the 
upper overburden level at the Tomisławice lignite 
opencast (compare Figs. 3 and 4B). These siliciclas-
tics are very well sorted and fining upwards, fine-
grained sands with a mean grain size from 0.14 to 
0.17 mm.

4.4.	Interpretation of crevasse-splay facies

Facies GCm is the most important for my inter-
pretation of its sedimentary environment, regard-
less of the fact that it occupies a small part of both 
crevasse-splay bodies examined. Its typical fea-
tures, i.e., the massive structure with horizontally 
arranged fragments of xylites and fossilised turf at 
the top, allow them to be interpreted as the result 
of a mudflow (Carter, 1975; Lowe & Guy, 2000). 
Most likely, the above-mentioned plant fragments 
(xylites and turf) were derived from the channel 
levee and/or the proximal zone of the overbank 
area (backswamp) during the initial phase of each 
flood (e.g., Fielding, 1986; Farrell, 2001; Gębica & 
Sokołowski, 2001; Widera, 2016a; Widera et al., 
2017).

The next facies (Sh) is characterised by horizon-
tal stratification over the entire length of the expo-
sure. This may indicate that sedimentation occurred 
as a continuous layer over the entire surface of the 
crevasse splay. Hence, facies Sh could have formed 
under conditions of the upper plane bed as a sheet-
flow (Gradziński et al., 1976; Mjøs et al., 1993; Ziel-
iński, 2014; Burns et al., 2017; Chomiak et al., 2019a).

The interpretation of facies Sm is difficult, be-
cause the sands are very well sorted and do not 
reveal lamination underlined by organic matter. 
Therefore, most likely this facies can be attributed to 
sudden deposition from a hyperconcentrated flow 
(Nemec, 2009). However, in some places small-scale 
structures (Sp, Sr, St) are visible (Fig. 6). This clearly 
indicates low energy and slow water flow, which 
resulted in the formation of small-scale bedforms 
(e.g., ripples) in the distal parts of the crevasse 
splay (Bristow et al., 1999; Zieliński, 2014; Burns 
et al., 2017). Facies Sm, on the upper exploitation 
level (compare Figs. 4b and 6), can be similarly in-
terpreted. This is proved by the common massive-
ness of all crevasse-splay deposits in their proximal 
part. However, occasionally documented traces of 

trough cross-stratification provide evidence of a 
channelised flow, typical of the migration of large-
scale bedforms such as 3-D dunes (Gradziński et al., 
1976; Bristow et al., 1999).

Facies St and SCt is a record of infill of the dis-
tributary channel that existed on the surface of 
the crevasse splay studied (Fig. 6). The symmetri-
cal stratification within the channel is typical of a 
gradually decreasing flow velocity of the water, 
while the alternating occurrence of facies St and 
SCt points to rhythmic changes in flow competence 
(Gradziński et al., 1976; Widera, 2016a; Widera et 
al., 2017). Thus, facies St formed under conditions 
of higher flow energy and facies SCt formed when 
the energy of the flow was relatively lower (Fig. 6).

The uppermost facies, SCm, can be distin-
guished on the lower exploitation level and formed 
under similar conditions as Sm (Fig. 6). In contrast 
to the white colour of facies Sm, the grey colour of 
facies SCm comes from the roots of the vegetation, 
of which the overlying lignite bench was formed. 
The presence of well-preserved roots proves that 
the water level was close to the depositional sur-
face. Under these conditions, the crevasse splay 
body was covered predominantly by herbaceous 
and bushy vegetation, which later turned into de-
tritic and xylodetritic lignite (Kwiecińska & Wag-
ner, 1997; Markič & Sachsenhofer, 1997; Widera, 
2012, 2016b).

4.5.	Depositional model of the succession 
studied

The depositional processes in the overbank area 
(floodplain, backswamp) are not constant in time 
and space. In short-term cycles, shorter periods 
or stages can be distinguished, corresponding to 
subsequent phases of deposition (Zwoliński, 1985; 
Pérez-Arlucea & Smith, 1999; Zieliński, 2014). 
Similarly, six phases in the formation of the cre-
vasse-splay bodies, which appear in superposition 
at the Tomisławice opencast mine, are proposed 
here (Fig. 7), as follows:

4.5.1.	Phase 1
Clastic deposition was restricted to the river chan-
nel during the first phase, i.e., prior to the first 
flood. At that time, peat-forming vegetation devel-
oped intensively in the overbank area, creating a 
backswamp (Fig. 7A, B).

4.5.2.	Phase 2
During the first flood, the natural levee was 
breached. At this time the river water, which carried 
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the clastic load from the main channel and the lev-
ee, spilled onto the surface of the mire (backswamp) 
(Fig. 7C, D).

4.5.3.	Phase 3
When the water level dropped, clastic sediments in 
the form of an older crevasse-splay lobe, appeared 

in the backswamp area in close proximity to the 
main river channel (Fig. 7E, F). Their thickness, as 
observed in the field, did not exceed 0.5 metres.

4.5.4.	Phase 4
Following the formation of the older crevasse-splay 
body, there was a period without floods, the rock 

Fig. 7. Conceptual model depicting phases in the formation of the crevasse splays and accompanying peat transforma-
tion into lignite
A, C, E, G, I, K – plan views; B, D, F, H, J, L – cross-sectional views. For other explanations see text
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record of which would be clastic interbedding 
within the lignite seam. In other words, a relatively 
long period of mire development at the top of the 
above-mentioned splay started (Fig. 7G, H). As a 
result, approximately 0.2 metres of lignite formed, 
separating both crevasse-splay bodies studied.

4.5.5.	Phase 5
This phase corresponds to the next flood. Firstly, 
the natural levee was breached after which river 
water spilled onto the surface of the backswamp 
through the crevasse (Fig. 7I, J). Thus, the devel-
opment of the mire in the overbank area was inter-
rupted for some time, when the younger crevasse 
splay formed.

4.5.6.	Phase 6
The last phase (following the second flood) in cre-
vasse splay formation can be combined with a low-
ering of the levels of river water and groundwater 
in the overbank area. The siliciclastic deposits of the 
younger crevasse splay were exposed in close prox-
imity to the main river channel (Fig. 7K, L). Phase 6 
is a repetition of phase 3 outlined above (compare 
Fig. 7E, F and K, L). Subsequently, peat vegetation 
covered the surface of the younger crevasse splay. 
In this way, a new layer of peat was formed, which 
was then transformed into an upper bench of lignite 
(compare Figs. 4 and 5).

5.	 Discussion

Direct observation and investigation of cre-
vasse-splay deposits in the rock record are very 
rare, not only in Poland, but also worldwide. There-
fore, exposures of crevasse splays from the relative-
ly large opencast mine have proved very valuable. 
However, at least three issues, not discussed so far, 
are still debatable. These concern mainly the rate 
of flooding as well as the accumulation time of cre-
vasse-splay siliciclastics and of the thin lignite lay-
ers separating them.

It appears that the upper crevasse-splay body 
records a large flood, i.e., larger than the one ac-
countable for the lower body. This is supported by 
the fact that the most diagnostic facies GCm (silty 
sands with gravel-sized xylites and turf; secondary 
facies: Sh, SCh, TSh, TCh) occurs only in the basal 
parts of these two bodies (see Fig. 5). Moreover, the 
upper crevasse-splay represents a more complete 
sedimentary profile, indicating a weakening flow 
energy from the mudflow (facies SCm), through the 
sheetflow (facies Sh and SCh), to the channelised 
flow at various scales (facies St, SCt, Sp and Sr). De-

posits discussed are characteristic of a single, cata-
strophic flood for at least two reasons. First, none 
of the main facies mentioned above is repeated in 
the sedimentary section (compare Figs. 5 and 6). 
Secondly, the thickness of the crevasse-splay de-
posits examined exceeds the 0.5 metres typical of a 
catastrophic flood (e.g., Gębica & Sokołowski, 2001; 
Makaske, 2001; Zieliński, 2014).

The duration of crevasse splay deposition may 
vary widely. Simply put, it depends on the duration 
of the flood, specifically on the time of outflow of 
channel water (which carries a mineral load) into 
the overbank (backswamp) area. In the case of pres-
ent-day, individual, short or long-lived floods, it can 
be counted in hours, days or even weeks (Zwoliński, 
1985; Gębica & Sokołowski, 2001). Of course, floods 
recorded in modern times can recur and intervals 
between them can be from tens to hundreds of years 
(Smith et al., 1989; Pérez-Arlucea & Smith, 1999; Far-
rell, 2001; Stouthamer, 2001; Kordowski et al., 2014).

Taking into account field data, the question aris-
es as to how much time was involved in deposi-
tion of the lignite layer which separates the older 
and younger crevasse-splay bodies. The maximum 
thickness of this lignite bed reaches about 0.2 me-
tres. In the literature it has been indicated that the 
approximately 100 metres of the Main Seam in the 
Lower Rhine Graben (Germany) accumulated for 
~6 million years, i.e., one metre of lignite per 60 
thousand years (Zagwijn & Hager, 1987). Obvious-
ly, this Main Seam here is more compacted than 
the first Mid-Polish lignite seam at the Tomisławice 
opencast mine. The average compaction ratio for 
the deposits mentioned is ~3.0 and ~2.0, respective-
ly (compare Widera, 2015). Thus, the 0.2 metres of 
lignite interbedding could have formed over a peri-
od of about 8,000 years (60,000 x 0.2 x 2/3 = 8,000). 
However, this result should be considered an esti-
mate because both the base and top of the lignite 
layer in the study area cannot be dated precisely.

Borehole data from the ‘Tomisławice’ lignite de-
posit provide information on relatively thick layers 
of mineral matter within the lignite seam. These 
may indicate the presence of other crevasse splays 
in the study area. Unfortunately, during fieldwork 
these deposits were not observed (lack of exposure).

At the present time, the formation of crevasse 
splays is often associated with sudden and cata-
strophic destruction of flood protection measures. 
The deposition of such forms covers both the nat-
ural river sediments and those coming from those 
artificial constructions (e.g., Gębica & Sokołowski, 
2001). Therefore, differences in deposition dynam-
ics should be taken into account when comparing 
contemporary and ancient crevasse splays.
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6.	 Conclusions

The current research determines the sedimentologi-
cal characteristics of crevasse splays exposed within 
all lignite-bearing successions in Poland. The major 
conclusions drawn here can be briefly summarised 
as follows:
	– Two superimposed crevasse-splay bodies were 

revealed at the Tomisławice opencast mine 
(Konin Lignite Mine; central Poland) during 
mining activity. These bodies divided the lignite 
seam of Middle Miocene age in two.

	– The crevasse splays are lenticular in shape and 
mirror imaged, on the exploitation and over-
burden levels. This significant difference is ex-
plained by varying compaction of the underly-
ing, strongly compactible lignites and almost 
non-compactible sands.

	– Facies analysis shows that the siliciclastic depos-
its studied are typical of a crevasse splay, which 
accumulated in close proximity to the river 
channel, i.e., in the overbank (backswamp) area. 
The sediments are well-sorted, fine-grained 
sands, locally with an organic admixture. Mas-
sive and horizontal structures are commonest, 
while crudely stratified and gravel-sized clasts 
are the most characteristic facies within the cre-
vasse-splay deposits studied.

	– A depositional model of crevasse splays forma-
tion is proposed. It includes six phases that cor-
respond to the creation of both splays (older and 
younger) and the thin layer of lignite separating 
them, i.e., before, during and after two floods. 
Most likely, the break in clastic sedimentation, 
recorded in peat accumulation, lasted for a few 
thousand years.

	– The results presented here may be useful for 
mining activity, particularly at the stage of 
mapping the extent of exploitation of the lig-
nite seam. Therefore, a better knowledge of the 
mechanisms of deposition of the siliciclastic 
beds within the lignite seams (crevasse splays) 
is highly desirable.

Acknowledgements

I wish to thank the reviewers for their remarks and 
comments that have improved the final version of 
the present paper. Prof. Marek Widera (Institute 
of Geology, Poznań) is appreciated for his encour-
agement and help in preparing the manuscript. 
This paper was funded by the National Science 
Centre of Poland, research project no. 2017/27/B/
ST10/00001.

References

Boggs, S. Jr., 2012. Principles of Sedimentation and Stratigra-
phy. Prentice Hall, New Jersey, 218 pp.

Bristow, C.S., Skelly, R.L. & Ethridge, F.G., 1999. Crevasse 
splays from the rapidly aggrading, sand-bed, braid-
ed Niobrara River, Nebraska: Effect of base-level rise. 
Sedimentology 46, 1029–1047.

Brzyski, B., Gradziński, R. & Krzanowska, R., 1976. Sto-
jące pnie kalamitów w odsłonięciu cegielni Brynów i 
warunki ich pogrzebania [Standing trunks of calam-
ites in the exposure Brynów brickyard and conditions 
for their burial]. Rocznik Polskiego Towarzystwa Geolog-
icznego 64, 159–182.

Burns, C., Mountney, N.P., Hodgson, D.M. & Colomb-
era, L., 2017. Anatomy and dimensions of fluvial cre-
vasse-splay deposits: Examples from the Cretaceous 
Castlegate Sandstone and Neslen Formation, Utah, 
U.S.A. Sedimentary Geology 351, 21–35.

Carter, R.M., 1975. A discussion and classification of sub-
aqueous mass-transport with particular application to 
grain-flow, slurry-flow and fluxoturbidites. Earth-Sci-
ence Reviews 11, 145–177.

Chomiak, L., Wachocki, R., Maciaszek, P., Widera, M. 
& Zieliński, T., 2019a. Seismically deformed the cre-
vasse-splay microdelta deposits – an example from 
Mid-Miocene of Poland. Geological Quarterly 63, 162–
177.

Chomiak L., Wachocki R., Maciaszek P., Widera M. & 
Zieliński T., 2019b. Seismically-induced soft-sediment 
deformation in crevasse-splay microdelta deposits 
(Middle Miocene, central Poland) – reply. Geological 
Quarterly 63, 429–433.

Dadlez, R., Marek, S. & Pokorski, J., 2000. Mapa Geologicz-
na Polski bez kenozoiku w skali 1:1000000 [Geological map 
of Poland without Cenozoic deposits, scale 1:1000000]. 
Polish Geological Institute, Warszawa.

Davies-Vollum, K.S. & Kraus, M.J., 2001. A relationship 
between alluvial backswamps and avulsion cycles: an 
example from the Willwood Formation of the Bighorn 
Basin, Wyoming. Sedimentary Geology 140, 235–245.

Doktor, M., 2007. Conditions of accumulation and sed-
imentary architecture of the upper Westphalian 
Cracow Sandstone Series (Upper Silesia Coal Basin, 
Poland). Annales Societatis Geologorum Poloniae 77, 
219–268.

Farrell, K.M., 2001. Geomorphology, facies architecture, 
and high-resolution, non-marine sequence stratigra-
phy in avulsion deposits, Cumberland Marshes, Sas-
katchewan. Sedimentary Geology 139, 93–150.

Fielding, C.R., 1986. Fluvial channel and overbank depos-
its from the Westphalian of the Durham coalfield, NE 
England. Sedimentology 33, 119–140.

Gębica, P. & Sokołowski, T., 2001. Sedimentological in-
terpretation of crevasse splays formed during the 
extreme 1997 flood in the upper Vistula river valley 
(South Poland). Annales Societatis Geologorum Poloniae 
71, 53–62.

Gradziński, R., Doktor, M. & Kędzior, A., 2005. Sedymen-
tacja osadów węglonośnej sukcesji Górnośląskiego 
Zagłębia Węglowego: kierunki badań i aktualny stan 



36	 Lilianna Chomiak

wiedzy [Sedimentation of the coal-bearing succession 
in the Upper Silesia Coal Basin: research trends and 
the current state of knowledge]. Przegląd Geologiczny 
53, 734–741.

Gradziński, R., Doktor, M. & Słomka, T., 1995. Deposi-
tional environments of the coal-bearing Cracow Sand-
stone Series (upper Westphalian), Upper Silesia, Po-
land. Studia Geologica Polonica 108, 149–170.

Gradziński, R., Kostecka, A., Radomski, A. & Unrug, R., 
1976. Sedymentologia [Sedimentology]. Wydawnictwo 
Geologiczne, Warszawa, 614 pp.

Horne, J.C., Ferm, J.C., Caruccio, F.T. & Baganz, B.P., 
1978. Depositional models in Coal Exploration and 
Mine Planning in Appalachian Region. American As-
sociation of Petroleum Geologist Bulletin 62, 2379–2411.

Kasiński, J.R., 1986. Sedimentary models of small lignite 
deposits: examples from the Polish Neogene. Przegląd 
Geologiczny 34, 189–197.

Kasiński, J.R. & Słodkowska, B., 2016. Factors controlling 
Cenozoic anthracogenesis in the Polish Lowlands. Ge-
ological Quarterly 60, 959–974.

Kędzior, A., 2001. Identification of fluvial-channel tracts 
based on thickness analysis: Zabrze Beds (Namurian 
B) in the Main Anticline and Bytom-Dąbrowa Trough 
of Upper Silesia Coal Basin, Poland. Annales Societatis 
Geologorum Poloniae 71, 21–34.

Kędzior, A., 2016. Reconstruction of an early Pennsylva-
nian fluvial system based on geometry of sandstone 
bodies and coal seams: the Zabrze Beds of the Up-
per Silesia Coal Basin, Poland. Annales Societatis Ge-
ologorum Poloniae 86, 437–472.

Kordowski, J., Gamrat, W., Gierszewski, P., Kubiak-Wó-
jcicka, K., Szmańda, J.B., Tyszkowski, S. & Solarczyk, 
A., 2014. Zapis procesów sedymentacji fluwialnej i 
biogenicznej w osadach dna Doliny Dolnej Wisły [Re-
cord of fluvial and biogenic sedimentation processes 
in sediments of the Lower Vistula Valley floor. Land-
form Analysis 25, 77–93.

Kurowski, L., 1999. Formy akumulacji piasku na równi 
zalewowej Odry między Koźlem a ujściem Kłod-
nicy [Sand accumulation forms on the flood plain of 
the Odra river between Koźle city and mouth of the 
Kłodnica river (SW Poland)]. Przegląd Geologiczny 47, 
194–198.

Kwiecińska, B. & Wagner, M., 1997. Typizacja cech jakościo-
wych węgla brunatnego z krajowych złóż według kryteriów 
petrograficznych i chemiczno-technologicznych dla celów 
dokumentacji geologicznej złóż oraz obsługi kopalń [Clas-
sification of qualitative features of brown coal from Polish 
deposits according to petrographical, chemical and tech-
nological criteria]. Wydawnictwo Centrum PPGSMiE 
Polskiej Akademii Nauk, Kraków, 87 pp.

Lowe, D.R. & Guy, M., 2000. Slurry flow deposits in the 
Brittania Formation (lower Cretaceous) North Sea: a 
new perspective on the turbidity current and debris 
flow problem. Sedimentology 47, 31–70.

Makaske, B., 2001. Anastomosing rivers: a review of 
their classification, origin and sedimentary products. 
Earth-Science Reviews 53, 149–196.

Markič, M. & Sachsenhofer, R.F., 1997. Petrographic 
composition and depositional environments of the 

Pliocene Velenje lignite seam (Slovenia). International 
Journal of Coal Geology 33, 229–254.

Miall, A.D., 1977. A review of the braided-river deposi-
tional environment. Earth-Science Reviews 13, 1–62.

Mjøs, R., Walderhaug, O. & Prestholm, E., 1993. Crevasse 
Splay Sandstone Geometries in the Middle Jurassic 
Ravenscar Group of Yorkshire, UK. [In:] M.C. Mar-
zo & C. Puigdefábregas (Eds): Alluvial Sedimentation. 
International Association of Sedimentologists, Special 
Publication 17, John Wiley and Sons, Oxford, 184 pp.

Nemec, W., 2009. What is a hyperconcentrated flow? [In:] 
Lecture Abstracts, 27th IAS Annual Meeting, Alghero, 
Italy, p. 293.

Pérez-Arlucea, M. & Smith, N.D., 1999. Depositional pat-
terns following the 1870s avulsion of the Saskatche-
wan River (Cumberland Marshes). Journal of Sedimen-
tary Research 69, 62–73.

Pieńkowski, G., 2004. Sołtyków, Poland – an unique pal-
aeoecological record of the Early Jurassic continental 
deposits (in Polish with English summary). Volumina 
Jurassica 2, 1–16.

Piwocki, M. & Ziembińska-Tworzydło, M., 1997. Neo-
gene of the Polish Lowlands – lithostratigraphy and 
pollen-spore zones. Geological Quarterly 41, 21–40.

Rust, B.R., 1978. A classification of alluvial channel sys-
tems. [In:] A.D. Miall (Ed.): Fluvial Sedimentology. Ca-
nadian Society of Petroleum Geologists Memoir 5, pp. 
187–198.

Słomka, T., Doktor, M., Wagner, M. & Matl, K., 2000. Sed-
imentological study of Miocene alluvial fans in the 
Bełchatów lignite deposit. [In:] T. Słomka & M. Wag-
ner (Eds): Petrological studies and sedimentological 
conditions of select lithologic series in Miocene from 
Bełchatów lignite deposit, Poland. Prace Geologiczne 
PAN 147, pp. 21–46.

Smith, N.D., Cross, T.A., Dufficy, J.P. & Clough, S.R., 
1989. Anatomy of an avulsion. Sedimentology 36, 1–23.

Stouthamer, E., 2001. Sedimentary products of avulsion 
in the Holocene Rhine–Meuse Delta, The Nether-
lands. Sedimentary Geology 145, 73–92.

Szponar, A., 2000. Osady pozakorytowe Odry powstałe 
w czasie powodzi w 1997 r. [Overbank deposits of 
Odra river during the 1997 flood]. Przegląd Geolog-
iczny 48, 176–181.

Van Loon, A.J., 2019. Seismically-induced soft-sediment 
deformation in crevasse-splay microdelta deposits 
(Middle Miocene, central Poland): comment. Geolog-
ical Quarterly 63, 424–428.

Widera, M., 2012. Macroscopic lithotype characterisation 
of the 1st Middle Polish (1st Lusatian) Lignite Seam in 
the Miocene of central Poland. Geologos 18, 1–11.

Widera, M., 2015. Compaction of lignite: a review of 
methods and results. Acta Geologica Polonica 65, 367–
368.

Widera, M., 2016a. Depositional environments of over-
bank sedimentation in the lignite-bearing Grey Clays 
Member: New evidence from Middle Miocene depos-
its of central Poland. Sedimentary Geology 335, 150–165.

Widera, M., 2016b. An overview of lithotype associations 
forming the exploited lignite seams in Poland. Geolog-
os 22, 213–225.



	 Crevasse splays within a lignite seam at the Tomisławice opencast mine near Konin, central Poland...	 37

Widera, M., 2017. Sedimentary breccia formed atop a 
Miocene crevasse-splay succession in central Poland. 
Sedimentary Geology 360, 96–104.

Widera, M. & Kita, A., 2007. Paleogene marginal marine 
sedimentation in central-western Poland. Geological 
Quarterly 51, 79–90.

Widera, M., Chomiak, L., Gradecki, D. & Wachocki, 
R., 2017. Osady glifu krewasowego z miocenu Pol-
ski środkowej w okolicach Konina [Crevasse splay 
deposits from the Miocene of central Poland near 
Konin]. Przegląd Geologiczny 65, 251–258.

Zagwijn, W.H. & Hager, H., 1987. Correlations of conti-
nental and marine Neogene deposits in the south-east-
ern Netherlands and the Lower Rhine District. Me-
dedelingen van de werkgroep voor tertiaire en kwartaire 
geologie 24, 59–78.

Zieliński, T., 1995. Kod litofacjalny i litogenetyczny – kon-
strukcja i zastosowanie [Lithofacies and lithogenetic 
code – construction and application] [In:] E. Myciels-
ka-Dowgiałło & J. Rutkowski (Eds): Badania osadów 

czwartorzędowych. Wybrane metody i interpretacja 
wyników [Investigation of Quaternary deposits. Re-
sults of some methods and interpretations]. Warsaw 
University Press, Warsaw, 220–235.

Zieliński, T., 2014. Sedymentologia. Osady rzek i jezior [Sed-
imentology. River and lake deposits]. Adam Mickiewicz 
University Press, Poznań, 594 pp.

Zwoliński, Z., 1985. Sedimentation of vertical accretion 
deposits within the Parsęta River floodplain. Badania 
Fizjograficzne nad Polską Zachodnią 35A, 205–238 (in 
Polish).

Żelaźniewicz, A., Aleksandrowski, P., Buła, Z., Karn-
kowski, P.H., Konon, A., Ślączka, A., Żaba, J. & Żytko, 
K., 2011. Regionalizacja tektoniczna Polski [Tectonic re-
gionalization of Poland]. Komitet Nauk Geologicznych 
PAN, Wrocław, 60 pp.

Manuscript received 28 August 2019 
Revision accepted 13 January 2020


