
1. Introduction

Basins without outlets are a  permanent ele-
ment of the landscape of the postglacial zone 
within the temperate zone; they occupy a  sub-
stantial proportion of the area. They can be found 
in abundance in West Pomerania.

For more than ten years a  research has been 
carried out in the upper Parsęta catchment locat-
ed in this region aiming to identify the properties 
and operation of geoecosystems of basins without 
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outlets on the basis of the water cycle. The water 
cycle system in the catchments of such basins in 
a postglacial area is a carrier of dissolved matter 
and determines their operation. The effects are 
reflected in their soil covers and lithology.

The initial hypothesis adopted was that litho-
logical differences were responsible for the dif-
ferent water cycle rates recorded in the particular 
parts of the study area. In some catchments with-
out outlets or their parts, the lithology favours 
a quick response to precipitation and accelerates 
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the rate of water circulation, while in other ones 
it slows the circulation down and favours water 
retention. That is why one of the stages of the re-
search was a study of the lithological differences 
in deposits and their characteristics in the many 
closed depressions, which is intended to provide 
a  background for later publications concerning 
a proper interpretation of hydrological processes 
occurring in small catchments without a surface 
runoff.

2. Study area

The research was conducted in the upper 
Parsęta catchment (Fig. 1), a  geoecosystem of 
a  lowland, postglacial area situated in the tem-
perate zone and representative of the Pomerania 
region (Kostrzewski & Zwoliński 1990, 1992, Ko-
strzewski et al. 1994a). 

Displaying a marked relative relief, it extends 
on the northern slope of the Central Pomeranian 
end-morainic series within the so-called Parsęta 
lobe. Its relief results from complex deglaciation 

during the Pomeranian Stage of the Vistulian and 
during the Holocene morphogenetic cycle (Karc-
zewski 1985, 1989). The basic part of the catch-
ment is located within the outer subzone of the 
dead-ice moraine and kame moraine (Karczews-
ki 1989; Kostrzewski et al. 1994a).

In the catchment, surface deposits include 
glacial tills, sands and gravels, as well as slope 
and mineral-organic deposits. Agriculture and 
forestry are the predominant land uses, while 
the soils are mostly brown with an admixture 
of black soils, muds, as well as mineral-organic 
and organic soils. The upper Parsęta catchment 
occupies an area of 74.0 km2, and the river has 
a length of 13.26 km. Basins without outlets have 
a special place in the contemporary denudation 
system of the upper Parsęta catchment; they dis-
play a variety of genesis, sizes, morpholithology, 
and location (with respect to other landforms). 
They formed in the Late Glacial period, and in 
today's landscape most of them are water bodies 
(Kostrzewski et al. 1994b).

One of such basins (of a  closed evapotran-
spiration type) characteristic of the postglacial 

Fig. 1. Upper Parsęta catchment (after Kostrzewski et al. 1994a, modified)
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zone has been adjusted to detailed fieldwork and 
equipped with measuring instruments (Major 
2009).

3. Study methods

The basic assumption underlying the present 
research was the conception put forward by Dr-
wal (1975) in which areas without an outlet are 
divided by their water cycle mechanism into two 
groups: an evapotranspiration type with kettle 
ponds located at the bottom, and a water-absorb-
ing type. On this basis a total of 357 closed basins 
were identified in the upper Parsęta catchment, 
of which 180 were of an absorptive type and 177 
were an evapotranspiration type (Major 2009).

The study of lithological differences among 
all the closed basins identified in the upper 
Parsęta catchment was carried out on the basis 
of a lithological map of the area (Kostrzewski et 
al. 1994a). 

In turn, to identify pedological and lithologi-
cal differences in the catchment of the closed eva-
potranspiration basin equipped with measuring 
instruments, detailed fieldwork was carried out. 
Deposits were sampled during drilling when six 
piezometers were being installed along its W-E 

axis and from eight bore-holes drilled in the catch-
ment of the basin along the N-S axis (Fig. 2). Most 
of the bore-holes were made with a  hand-held 
drill. The maximum depth from which deposits 
were sampled was 8.8 m below ground level. The 
deposits were then subjected to detailed analy-
ses in the Sedimentological Laboratory of the 
AMU Institute of Geoecology and Geoinforma-
tion in Poznań, where determinations were made 
of their mechanical composition by fraction and 
granulometric group following the Polish Norm 
PN-R-04033. 

For the determinations, use was made of 
the widely employed sieve method and the 
Casagrande areometric method as modified by 
Prószyński (Dzięciołowski 1980). The final stage 
in the study of the lithology of deposits filling 
the closed basins was indoor work involving the 
calculation of graphic grain-size indices accord-
ing to Folk & Ward (1957), including mean grain 
diameter (Mz), standard deviation (δ), skewness 
(Sk), and kurtosis (Kg).

4. Lithology of the upper Parsęta 
catchment

Differences in the lithology of the upper 
Parsęta catchment result from the processes of 
areal deglaciation during the Vistulian Glaciation 
(Karczewski 1989). Intraglacial accumulation, ac-
tion by fluvioglacial water, and direct glacial ac-
cumulation have produced various sedimentary 
series and their mosaic-like pattern. The young-
est sedimentary series developed during fluvial, 
aeolian and organogenic accumulation (Kostrze-
wski et al. 1994a). 

According to Kostrzewski et al. (1994a), the 
largest area in the upper Parsęta catchment is 
occupied by deposits of direct ice-sheet accumu-
lation, namely brown morainic tills, sometimes 
very high in sand content (Fig. 3).

Sands and gravels of fluvioglacial origin can 
be found in the north-eastern and middle parts 
of the upper Parsęta catchment. Tills of the end-
morainic zone and varigrained deposits of kame 
terraces are much less frequent.

In the lower reaches of the upper Parsęta one 
can meet deposits of direct fluvial accumulation 
represented by alluvial deposits as well as strati-

Fig. 2. Catchment of the evapotranspiration basin with 
measuring instruments

Source: Topographic map 1:10,000, sheet 333 312 Radomyśl; 
topographic work 1986: Państwowe Przedsiębiorstwo Geodezyjno-

Kartograficzne in Warsaw, cartographic work 1989: Okręgowe 
Przedsiębiorstwo Geodezyjno-Kartograficzne in Cracow; modified 

after Major (2009).
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fied sands and gravels of older terrace levels. De-
posits of aeolian origin have formed in fragments 
within the range of occurrence of fluvioglacial 
and fluvial deposits (Kostrzewski et al. 1994a). 

A direct effect on physico-chemical properties 
of water is exerted by zones of organogenic de-
posits. The melt-out depressions of varying siz-
es that have developed as a result of melting of 
dead-ice blocks were first filled with mineral de-
posits – fine-grained sands and silts, and then by 
organogenic deposits – gyttjas and peats. Within 
the headwater area of the Parsęta, one can also 
find organogenic deposits like peat and carbon-
ate gyttja. Peats and alluvial deposits also occur 
in basin-like widenings of stream valleys (Kos-
trzewski et al. 1994a).

5. Lithology of closed basins

Predominant in the lithology of the majority 
of closed basins in the upper Parsęta catchment 
are fine diamictic sands (SD) which pass into 
sandy diamicton (DS) at a depth of 100 cm (20.6% 
of basins), followed by medium diamictic sands 

(Ss) which change into fine sands (SF) at depths 
of 50 and 100 cm (17.7% and 17.3%, respectively), 
and massive diamictic sands (SDmm) transform-
ing into sandy diamicton (DS) at 100 cm (16.0%) 
(Table 1). 

The lithology of closed evapotranspiration ba-
sins looks similarly. In turn, in closed absorptive 
basins the sequence is somewhat different. The 
highest proportion is contributed by medium 
diamictic sands (Ss) which turn into fine sands 
(SF) at depths of 50 and 100 cm (27.2% and 19.2% 
of basins, respectively), followed by massive 
diamictic sands (SDmm) that pass into sandy 
diamicton (DS) at 100 cm (16.8%), and diamictic 
sands (SD) changing into sandy diamicton (DS) 
at 100 cm (11.2%).

6. Diversity of deposits in 
the instrument-equipped catchment 
of a closed basin

Sand deposits predominate in the cross-section 
along the W–E axis of the instrument-equipped 
catchment of a closed evapotranspiration basin, 

Fig. 3. Lithology of the upper Parsęta catchment (Kostrzewski et al. 1994a)
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in places where piezometers have been installed, 
on tops, and in the mid-slopes (Major 2009). 

In the top parts of the afforested western sec-
tion of the catchment near the watershed zone 
(P5) there appear fine-grained sands. Medium-
grained sands located lower display a  similar 
granulometric composition. At a depth of about 
650 cm b.g.l., medium diamictic sands can be 
found. At the next site in mid-slope, at the mar-
gin of woodland (P3), medium-grained sands 
are interbedded with medium diamictic sands at 
a depth of some 100 cm b.g.l. In the bottom part 
of the profile there appear finer deposits: fine-
grained sands and silts. 

On the other side of the catchment, on top of 
the slope in the eastern part (P6), there are sands 
in the entire profile that are medium-grained in 
the upper part and pass into coarse-grained with 
depth. This situation is favourable to infiltration 
and subsurface flows, which was corroborated 
by a study of the water cycle. In the nearby mid-
slope locality (P4), sands are interbedded with 
medium diamictic sands. Those are mostly medi-
um-grained deposits.

In the bore-holes drilled on the margins of the 
depression, on both sides of the kettle pond (P1 
and P2), the granulometric composition is highly 
diversified. The top layer is made up of sandy 
diamicton that pass into medium diamictic sands 
and diamictic sands. Those are medium- and 
fine-grained deposits. At depths greater than 65 
cm b.g.l., there appear medium- and fine-grained 
sands.

Visible in the cross-section along the N-S axis 
is a  much higher proportion of deposits of gla-
cial origin (Major 2009). On top of the slope in 
the northern fragment of the catchment (OD8), 
predominant in the upper part of the profile are 
medium diamictic sands. Below there are sands, 
mostly fine-grained, interbedded twice with me-
dium diamictic sands, first between 190 and 230 
cm b.g.l. and then between 340 and 390 cm b.g.l. 
In the neighbouring profile located in the middle 
of the slope (OD7), diamictic sands appear only 
near the land surface. Below are only medium-
grained sands. 

In the analogous profile on the other side of 
the catchment (OD2), the situation is reversed: 

Table 1. Lithology of closed basins (Major 2009)

Deposit Absorptive basins Evapotranspiration basins Total
Number % Number % Number %

DS     2     1.6 – –     2     0.8
Fm   10     8.0     8     6.8   18     7.4
Fm:SF     1     0.8     4     3.4     5     2.1
SD     2     1.6     9     7.6   11     4.5
SD⋅DS – –     1     0.8     1     0.4
SD⋅Ss – –     1     0.8     1     0.4
SD⋅GS     2     1.6 – –     2     0.8
SD:DS   14   11.2   36   30.5   50   20.6
SD:SF     1     0.8 – –     1     0.4
SD:Ss     7     5.6     4     3.4   11     4.5
SDmm     1     0.8 – –     1     0.4
SDmm⋅DS     1     0.8     7     5.9     8     3.3
SDmm⋅DSF – –     1     0.8     1     0.4
SDmm⋅Ss – –     1     0.8     1     0.4
SDmm:DS   21   16.8   18   15.2   39   16.0
SDmm:Ss     1     0.8 – –     1     0.4
SDmm:G     3     2.4 – –     3     1.2
F     1     0.8     1     0.8     2     0.8
Ss⋅SF   34   27.2     9     7.6   43   17.7
Ss:SF   24   19.2   18   15.2   42   17.3
Total 125 100.0 118 100.0 243 100.0

Source: A lithological map of the upper Parsęta catchment (Kostrzewski et al. 1994a); symbols, Miall (1978).
⋅ – vertical change of deposit at a depth of 50 cm
: – vertical change of deposit at a depth of 100 cm
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predominant in the near-surface layers are medi-
um-grained sands, while below 160 cm b.g.l. there 
are only diamictic sands. In the watershed zone 
in the southern part the catchment (OD3), in the 
near-surface layers there are medium diamictic 
sands alternating with sands and sandy diamic-
ton. All the deposits are medium-grained. 

On the northern (OD6) and southern (OD1) 
sides of the basin bottom, medium-grained sands 
predominate. The basin bottom (OD4 and OD5) 
is built of fine-grained deposits: sandy silt which 
passes into sandy diamicton, and sandy diamic-
ton which turns into sand.

7. Results and discussion

The water cycle system in the catchments of 
basins without outlets in a  postglacial area is 
a carrier of dissolved matter and determines their 
operation. The effects are reflected in their soil 
covers and lithology.

Predominant in the catchment of the closed 
evapotranspiration basin under study are sand 
deposits, especially medium-grained sands. 
Much less abundant are diamictic sands and 
sandy diamictons, which dominate in the bottom 
of the kettle pond and in near-surface layers in 
the northern and southern parts of the catchment. 
Sporadically one can find silts in the basin centre 
and in the western part of the catchment.

The mean grain diameter (Mz) generally in-
forms about an average grain diameter (arithme-
tic mean) in the given distribution and about the 
dynamics of the sedimentary environment (Ra-
cinowski et al. 2001). In the W–E cross-section, 
coefficient Mz for the entire population sampled 
from the bore-holes ranged between ‑0.62 and 
6.35 on the phi scale, with a decided majority of 
its values falling in the interval of 1–3, which is 
mostly connected with saltation transport of the 
material. Most Mz figures above 3 on the phi 
scale were recorded near the bottom of the de-
pression, which is indicative of the movement 
of the finest material in the form of a suspension 
towards its central part. In turn, the lowest mean 
grain diameter values, below 1 on the phi scale, 
were noted at site P6 on top of the slope in the 
eastern part where the coarsest material can be 
found. This must also have been the area where 

material was transported by traction. A  similar 
spatial distribution of Mz values was recorded in 
the N–S cross-section, where those figures ranged 
from 1.6 to 5.17. The highest were found near the 
basin bottom, and in the other localities Mz fig-
ures were in the interval of 1–3 on the phi scale, 
which again supports the finding that the domi-
nant mode of material transport in the catchment 
of this closed basin was saltation. Standard de-
viation (δ) characterises the scatter of elements in 
a given grain-size distribution, i.e. it tells whether 
the grain sizes of a deposit are highly or poorly 
concentrated around the mean (Racinowski et al. 
2001). Standard deviation figures are a measure 
of sorting of the material and define transport dy-
namics in the environment. When analysing the 
results, it was found that in both the W-E and N-S 
cross-sections the situation was very similar. The 
deposits predominant at nearly all the sites were 
poorly and very poorly sorted (δ 1.0–2.0 and δ 
2.0–4.0 on the phi scale, respectively). There was 
little medium-sorted deposit (δ 0.5–1.0), and most 
of it could be found at sites OD6 and OD1, or near 
the bottom in the N and S parts of the basin.

Skewness (asymmetry) indicates whether 
a  grain-size distribution is symmetrical about 
the modal value, or whether the segments of the 
density curve slope at different angles towards 
the coarser and the finer diameters (Racinowski 
et al. 2001). In other words, the skewness index 
(Sk) is a measure of asymmetry with respect to 
the normal distribution and assumes positive or 
negative values. In the catchment under study, 
there is no steady tendency in the closed eva-
potranspiration basin. In both cross-sections, in 
all the bore-holes the index assumes positive val-
ues which indicate that in the given deposit the 
finer fraction predominates over the maximum-
frequency fraction, and negative values when 
the coarse-grained fraction predominates over 
the maximum-frequency one. Positive Sk figures 
suggest conditions favourable to rubble deposi-
tion, or that rubble is in the mass transit stage. 
In turn, negative Sk values are indicative of rub-
ble in a stage of selective wash (deflation), or that 
there are tendencies to redeposition of the bot-
tom material (Racinowski et al. 2001). 

Kurtosis (Kg), or a measure of peakedness, ex-
plains to what extent the central part of a grain-
size distribution departs from the normal distri-
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bution: whether it is flatter or more peaked than 
the normal distribution (Racinowski et al. 2001). 
The flattened (platykurtic) grain-size distribution 
dominant in bore-holes P1 and P6 on the eastern 
side of the catchment of the depression along the 
W–E cross-section and in bore-hole OD6 in its 
bottom on the northern side (along the N-S cross-
section) shows a  low degree of kurtosis, with 
Kg figures under 0.9. This distribution speaks of 
multifractionality of the deposits and substantial 
changes in environment energy. It also indicates 
a high level of saturation of the sedimentary envi-
ronment with mineral material. In the remaining 
localities the kurtosis figures are higher. It can be 
assumed that the higher the Kg values, the more 
uniform the dynamic conditions in the given sed-
imentary environment used to be. The normal 
distribution (mesokurtic, with Kg values from 
0.9 to 1.1) represents a  level of saturation with 
mineral material typical of the given conditions 
of the sedimentary environment. It can be found 
at site OD4 in the bottom of the closed basin and 
in bore-holes P3 and P5 in the western part of its 
catchment (the W–E profile). However, the pre-
dominant grain-size distribution is a peaked one 
(leptokurtic, with a  high degree of kurtosis, Kg 
values in excess of 1.1), which means that the de-
posit has accumulated in uniform dynamic con-
ditions. It is also indicative of a deficit of bedload 
in the given stream environment. Such material 
is in transit, is being transported or deposited in 
a selective way. The leptokurtic distribution pre-
dominates in the W–E profile at points P2, P3 and 
P4, and its share in bore-hole P5 is considerable. 
In turn, in the N-S profile this type of distribution 
predominates at points OD1, OD2 and OD5.

An important stage of work on the identifica-
tion of deposits of varying genesis was a  com-
parison of the mean grain diameters (Mz) against 
standard deviation (δ). Mycielska-Dowgiałło 
(1995) distinguishes three tendencies in the pat-
tern of point fields. The first, most popular, is one 
where Mz indices decline as standard deviation 
figures grow. In the second pattern both indices 
increase, and in the third the mean grain diam-
eters vary, while the sorting indices δ are simi-
lar. On the basis of the results obtained, it can be 
concluded that the first type occurs in the W–E 
profile on top of the slopes (bore-holes P5 and 
P6) and in the middle of the slope in the eastern 

part (P4), and in the N–S profile, at mid-slope site 
OD2 in the southern part of the catchment. This 
pattern is characteristic of environments of vary-
ing dynamics and high variability of the force 
transporting the deposit. The remaining sites fit 
the third pattern best, with its different Mz val-
ues and similar δ indices. It seems to be typical 
of environments of low dynamics and low vari-
ability of the force transporting the deposit, like 
the closed depression studied. The process that 
predominates here is sorting, while the (water or 
air) flow regime does not supply poorly sorted 
deposit from suspension (Mycielska-Dowgiałło 
1995).

Such lithological differences are responsible 
for the various rates of the water cycle recorded 
in the particular parts of the study area. On the 
slopes surrounding the kettle pond, the lithology 
favours a faster response to precipitation and ac-
celerates the water-circulation rate. In the bottom 
of the basin, in turn, it slows down the circulation 
and favours water retention. 

8. Final remarks

On the basis of the fieldwork conducted and 
the results obtained, the following final remarks 
can be formulated:
1.	 Basins without outlets are found in abundance 

in West Pomerania, they occupy a substantial 
proportion of the area, and display great litho-
logical diversity. 

2.	 The differences in the lithology in the upper 
Parsęta catchment result from the processes 
of areal deglaciation during the Vistulian Gla-
ciation. The largest area is occupied here by 
brown morainic tills, sometimes very high in 
sand content. Sands and gravels of fluviogla-
cial origin predominate in the north-eastern 
and middle parts of the catchment, while tills 
are much less frequent. In the lower reaches 
of the upper Parsęta one can meet alluvial de-
posits as well as stratified sands and gravels of 
older terrace levels. In the Parsęta headwater 
area there are peats and carbonate gyttja. 

3.	 Predominant in the lithology of the majority of 
closed basins in the upper Parsęta catchment 
are fine diamictic sands which pass into sandy 
diamicton at a depth of 100 cm, followed by 
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medium diamictic sands which change into 
fine sands at depths of 50 and 100 cm, and 
massive diamictic sands transforming into 
sandy diamicton at 100 cm. 

4.	 Predominant in the catchment of the closed 
evapotranspiration basin examined are sand 
deposits, especially medium-grained sands. 
Much less abundant are diamictic sands and 
sandy diamictons, which dominate in the bot-
tom of the kettle pond and near-surface lay-
ers in the northern and southern parts of the 
catchment. Sporadically one can find silts in 
the basin centre and in the western part of its 
catchment.

5.	 The Mz coefficient for all the samples taken 
from the bore-holes ranged from –0.62 to 6.35 
on the phi scale, with a decided majority of its 
values falling in the interval of 1–3, which is 
mostly connected with saltation transport of 
the material. 

6.	 Standard deviation figures show that the de-
posit predominating at nearly all the sites is 
poorly and very poorly sorted. There is little 
medium-sorted deposit. 

7.	 The skewness index displays no steady ten-
dency, assuming both positive and negative 
values.

8.	 The grain-size distribution predominant in the 
catchment under study is leptokurtic, which 
means that the deposit has accumulated in 
uniform dynamic conditions. In a few locali-
ties platykurtic and mesokurtic distributions 
can also be found.
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