
Introduction

Geological studies carried out by Maksiak and 
Mróz in the 1970s in West Pomerania revealed an 
extensive proglacial basin in the Złocieniec and 
Wierzchowo area.

In the years 1995–1998 researches were car-
ried out in the Złocieniec region to establish 
the conditions of sedimentation of rhythmi-
cally stratified, varved deposits (Paluszkiewicz 
2004). On the basis of an analysis of a N-S ori-
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abstRact. The research carried out in the years 1995–98 in the area of the Złocieniec proglacial lake inclined its au-
thors to take a broader view of the operation of proglacial basins in the Drawsko Lakeland (Paluszkiewicz 2004). 
Glaciolacustrine deposits in the studied lakeland area were discovered by Maksiak and Mróz in 1978. Until that 
time, the varved deposits at Złocieniec had not been subjected to lithological analysis. The more detailed studies 
conducted by the present authors in the years 2006–2007 at both Złocieniec and Wierzchowo sites with the help 
of geo-engineering methods allowed them to show that the two sites with varved clays in this region should be 
treated as separate sedimentary basins. The basins differ in thickness of varved deposits, in size, and processes 
responsible for the formation of the rhythmically stratified series.
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ented series of boreholes, both archival and the 
researcher’s own, it was found that between the 
glaciolacustrine clays of the Złocieniec area and 
those of Wierzchowo there was a transition zone 
where glaciolacustrine deposits passed into flu-
vioglacial ones represented by sands (Fig. 1). The 
research made possible to state that the area of 
clays around the town of Wierzchowo could be 
a separate proglacial basin. 

In the years 2006–2007 a research was made 
under grant no. 0562/PO4/2005/29 concerning 
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a possible use of the static cone penetration test 
(CPTU) to analyse the stratigraphy of Cainozoic 
deposits (Wierzbicki et al. 2007). The study area 
included also the Złocieniec and Wierzchowo 
proglacial lakes (the Drawsko Lakeland). That al-
lowed the researchers to make a detailed charac-
terisation of the deposits filling the Wierzchowo 
(Wierzbicki et al. 2011) and the Złocieniec basins 
(Paluszkiewicz et al. 2007). 

The aim of this paper is to present the litho-
genetic dissimilarity of the Złocieniec and Wi-
erzchowo proglacial lakes, and thus to show that 
they should be considered as separate sedimen-
tary basins.

Study area

In terms of the physical-geographic division of 
Poland (Kondracki 1988), the Złocieniec and Wi-
erzchowo proglacial lakes lie within the Drawsko 
Lakeland, which is a part of the West Pomeranian 
Lakeland (Fig. 1).

According to Maksiak and Mróz (1978), the 
Drawsko Lakeland can be divided into two parts: 

an inner (northern) and an outer (southern) one. 
The areas investigated in the present study are 
situated in the southern part. The inner part of 
the lakeland is highly diversified in morpho-
logical terms (altitudes ranging from 100 to 238 
m a.s.l.) since it is occupied by a postglacial pla-
teau built mostly of till. The boundary between 
the northern and the southern part is formed by 
a line of end-morainic hills often exceeding 200 
m a.s.l. In the opinions of Keilhack (1901, 1930), 
Galon and Roszkówna (1967), Karczewski (1985, 
1994) and others, this was the zone of the maxi-
mum extent of the Pomeranian Stage of the Baltic 
Glaciation. According to the above authors, the 
Złocieniec and Wierzchowo proglacial lakes are 
situated in the foreland of this stage.

In the outline of the proglacial lake around 
the localities of Złocieniec and Wierzchowo pre-
sented in Fig. 1, one can find extensive glaciola-
custrine plains. Occupying a nearly flat surface, 
they are bounded from the south by end mo-
raines forming a line starting east of Kalisz Po-
morski and extending through Orla – Żabinek 
– south of Czaplinek and Liszkowo – Krągi – 
Turowo – Gwda Wielka – Brzezie to Pieniążnica. 
In the opinions of Maksiak and Mróz (1978) and 
Kłysz (1990, 1998), it is this line that marks the 
maximum extent of the inland ice of the Pomera-
nian Stage, which means that the proglacial lake 
formed in its hinterland.

Present state of knowledge about 
the occurrence of varved deposits 
in the Drawsko Lakeland

On the maps by Keilhack (1901, 1930, Fig. 2, Fig. 
3), which provide a source material for more recent 
works concerning the Drawsko Lakeland, the area 
of occurrence of glaciolacustrine deposits is not 
marked at all. On the 1901 map (Fig. 2), is marked 
on the place of proglacial lake there is a zone of 
outwash plains which borders a ground-morainic 
plateau in the south. On the 1930 map, in turn (Fig. 
3), this area is occupied by a morainic plateau built 
of till, which passes into a zone of outwash plains 
in the south. In none of those cartographic works 
does the author indicate any proglacial lake.

The next researchers: Pietkiewicz (1947), Galon 
(1947), Bartkowski (1965, 1972), Augustowski 

Fig. 1. Location of the study area of the geomorphological 
situation.

1 – till belonging to the Pomeranian Phase, 2 – glacifluvial sands 
and gravels, 3 – end moraines of the Pomeranian Phase maximum 
extent, 4 – recession end moraines, 5 – glacial lakes areas, 6 – areas 
of the Pre– Pomeranian Phase, 7 – glacial troughs, 8, 9 – lakes and 

rivers.
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(1977), and Kondracki (1988), probably rely in 
their work on that of Keilhack. Pietkiewicz (1947) 
shows the Drawsko Lakeland to lie in the central 
part of the Pomeranian Lakeland. As in Keil-
hack’s earlier cartographic works, also here we 
find outwash deposits in place of glaciolacustrine 
ones. In turn, when characterising the Pomerani-
an Lakeland, Augustowski (1977) marks numer-
ous end-morainic and kame hills as occurring 
near Złocieniec.

On a general-reference geomorphological 
map of Poland (the Poznań sheet) edited by Rosa 
and Kozarski (1986), in place of a fossil progla-
cial basin there is a hilly marginal zone bounded 
from the south by ridges of push moraines (Fig. 
4). In the north-east, this area borders a zone of 
outwash plains. 

The first reports of glaciolacustrine deposits 
in the Złocieniec region appear in the early 1950s 
with the identification of a clay mineral deposit 
by the Złocieniec Structural Clay Products Fac-
tory.

Fig. 2. Pomeranian Phase ice – sheet marginal zone in the 
Drawsko Lakeland – Keilhack (1901) 

1 – end moraine, 2 – hummocky moraine, 3 – ground morainic 
plateau, 4 – glacial outwash, 5 – drumlin field, 6 – valley floors, 7 – 

study area.

Fig. 3. Pomeranian Phase ice – sheet margispenal zone in 
the Drawsko Lakeland – Keilhack (1930)

1 – morainic plateau (till), 2 – morainic plateau (sands and gravels), 
3 – hummocky moraine, 4 – block end moraine, 5 – push end 

moraine, 6 – drumlin field, 7 – glacial outwash, 8 – eskers, 9 – valley 
floors, 10 – peaty plains, 11 – study area.

Fig. 4. Pomeranian Phase ice – sheet marginal zone in the 
Drawsko Lakeland (Rosa, Kozarski 1986).

1 – undulated ground morainic plateau, 2 – flat ich, 3 – hummocky 
marginal zone, 4 – push moraine ridges, 5 – accumulation morain 

ridges, 6 – outwash plains, 7 – outwash cownes, 8 – subglacial 
chanels (lakes), 9 – rivers, 10 – lakes, 11 – study area.
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An outline of the boundaries of the Złocieniec 
proglacial lake was presented by Maksiak and 
Mróz in their 1978 publication. The geological 
and cartographic work they conducted in the 
central part of the Pomeranian Lakeland in the 
years 1971–1974 allowed them to assess the spa-
tial extent and thickness of the region’s glaciola-
custrine deposits, including the Złocieniec area. 
An analysis of archival boreholes performed by 
the present authors showed the glaciolacustrine 
series at Złocieniec to have four levels represent-
ed by varved silts and clays, and from place to 
place by horizontally arranged fine-grained and 
silty sands. The thickness of glaciolacustrine de-
posits in the northern (proximal) part of the basin 
is considerable; in the opinion of the quoted au-
thors, it can attain 31 m here. The thickness de-
clines markedly towards the south. The authors 
explain this tendency to form glaciolacustrine 
levels by the location of the area in a zone with-
out an outlet, in between well-established out-
flow routes coinciding with today’s valleys of the 
rivers Gwda and Drawa.

The references in a later literature to rhyth-
mically stratified deposits occurring in the 
Złocieniec or Wierzchowo area were only side 
notes in general-purpose works concerning the 
entire Pomeranian Lakeland made when explain-
ing geomorphological issues (Kozarski 1986, 
Karczewski 1998). 

An attempt to have a closer look at deposits 
filling the Złocieniec proglacial basin was made 
by Kłysz (1990). It was only a preliminary inves-
tigation (which, as the author himself stated, re-
quired a further, more detailed analysis). Apart 
from that, there were also several unpublished 
studies seeking to assess the properties of gla-
ciolacustrine deposits, mostly of the Złocieniec 
area (Kubicka 1995, Polcyn 1995, Tuszyńska 1999, 
Jankowska 1999, Wilhelm 1999). 

The Złocieniec proglacial lake: 
geomorphological characteristics

Within the boundaries of the proglacial lake 
determined by Maksiak and Mróz (1978), the ba-
sin in question occupies an area of about 26 km2.

The conditions of sedimentation in the 
Złocieniec proglacial lake were characterised 

by Paluszkiewicz (2004). On the basis of this re-
search, several lithofacies complexes were distin-
guished there that had formed in the specific en-
vironmental conditions occuring at that time (Fig. 
5). Deposits differ, in sedimentary structures in 
the nature of the dominating processes of trans-
port and deposition (Paluszkiewicz 2004). From 
the bottom up, there are mineral series that are 
evidence of basin deposition in the initial stage, 
represented by sandy series (Sh(r); complex C). 
They pass into typically glaciolacustrine varved 
series. The zone of varved deposition is the most 
extensive cyclothem in which the thickness of the 
dominant lithofacies Fv varies from 5 to 15 m. 
Taking into consideration the thickness of light 
and dark laminae within the individual deposi-
tional cycles, the complex (B) can be divided into 
two subgroups, B1 and B2. The top part of gla-
ciolacustrine series is formed by a layer of light-
grey, massive coarse silty clay or fine silt 0.34 to 2 
m thick. It developed when the basin had disap-
peared (complex A; Paluszkiewicz 2004). 

In 2007 the traditional field and laboratory 
analyses were complemented with geo-engineer-
ing studies involving static cone penetration tests. 
Their basic aims were to determine the relation 
between the rhythmically stratified series and the 
mineral substratum, and to establish whether the 
glaciolacustrine series were deposited in a single 
or several depositional cycles. The CPTU testing 
was performed in points coinciding with the sites 
of the earlier research (Zamkowa, Rzęśnica and 
Złocieniec; Paluszkiewicz 2004, Paluszkiewicz et 
al. 2007). The method allows an assessment of the 
geotechnical parameters of the substratum in its 
natural state, i.e. in the place where it occurs. This 
fact makes it possible to use the results of a CPTU 
study in an analysis of the mechanical strength 
and stress of non-lithified deposits (Mayne 2006; 
Młynarek, Wierzbicki 2007; Wierzbicki et al. 
2008).

The obtained results helped to distinguish 
layers in the profiles under analysis which, by 
analogy with the results of the archival studies, 
were characterised as individual lithofacies. The 
guidelines when making correlations with the 
archival divisions and between the individual 
points were mainly mean values of the CPTU pa-
rameters as well as the occurrence of the given 
lithofacies in the research and archival profiles. In 
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effect, a picture of the geological structure of the 
substratum in the proximal part of the Złocieniec 
proglacial lake was obtained which confirms the 
archival analyses in a large extent.

In the case of the Zamkowa site, a very well 
marked division into lithofacies A, B1 and B2 is 
observed. While lithofacies B1 is a highly homo-
geneous group, B2 is composed of a complex of 
two intertwining groups. One of them has param-
eters typical for compact deposits (like typical 
varved clays), while the other contains deposits 
with a higher proportion of the sand fraction of 
the fine-grained type. Such characteristics of both 
lithofacies B obtained on the basis of CPTU test-
ing coincide with the results of analyses carried 
out in exposures. An additional finding brought 
about by the geo-engineering method was the 
determination of the depth of lithofacies C (the 
initial series in the glaciolacustrine basin under-
lying the varved series), that occurrence was im-
possible to document during earlier work.

At the two remaining sites (Złocieniec and 
Rzęśnica) there are some differences between the 
division from archival sources and that follow-
ing from an analysis of the results of the geo-en-
gineering studies. The arrangement of both ‘ex-
treme’ lithofacies: A and C does not change; the 
differences concern a generally understood series 
of rhythmically stratified, varved deposits, i.e. 
lithofacies B. On the basis of the CPTU studies, 
this cyclothem was found to be more complex, 
requiring further divisions to be made in the 
profile. At Złocieniec, appeared a layer between 
lithofacies A and B1 that granulometric composi-

tion corresponds to lithofacies B1, but which has 
markedly higher strength parameters. As well in 
the archival documentation, layers of glaciolacus-
trine deposits were found at a similar depth that 
differed from the underlying ones in their highly 
disturbed structure. 

In the Rzęśnica profile, deposits were found 
at the bottom of the rhythmically stratified se-
ries that should be excluded from lithofacies 
B2 because they have a different granulometric 
composition and higher strength parameters. An 
analysis of those parameters obtained from the 
static cone penetration test showed that it was 
necessary to make additional divisions within 
complex B at Rzęśnica and distinguish lithofacies 
B3 to replace, in stratigraphic terms, the top part 
of lithofacies C at the remaining research sites.

A very significant problem is to determine the 
directions of supply of mineral material to the 
proglacial basin. As follows from an analysis of 
structural measurements performed in the series 
of rhythmically stratified deposits, and especially 
from their general repetitiveness within the vari-
ous sites, the predominant direction of supply 
was NW. The deposition of the mineral material 
also took place from the NE.

The wierzchowo proglacial lake: 
geomorphological characteristics

To test the hypothesis put forward by Palusz-
kiewicz (2004) about separation of the two sedi-
mentary basins, within the eastern part of the 

Fig. 5. The schematic model of deposits distribution in the Złocieniec and Wierzchowo proglacial lakes.
1 – massive mud, 2, 3 – silty clay (sequence varves), 4 – mud and silty clay (deformed laminae), 5, 6, 7, 8 – silty clay (sequence varves), 

9 – silty sand (underlying, initial sediments).
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Wierzchowo proglacial lake a research of similar 
range as previous was conducted and supple-
mented with geo-engineering analyses (Wierz-
bicki et al. 2011).

The Wierzchowo proglacial lake is located 
about 3 km SW of the Złocieniec proglacial lake. 
It’s areais about 18 km2. A thorough study was 
made here in a disused mine outcrop, at a dis-
tance of some 2 km NE of Wierzchowo. The litho-
logical characteristics of deposits were identified 
on the basis of hand-made drillings (Paluszkie-
wicz 2004) and an analysis of the borehole pro-
files and documentary materials prepared for the 
serie of glaciolacustrine deposits by the Geologi-
cal and Construction Enterprise of the Aggregate 

and Mineral Raw Materials Industry (Gdańsk 
1969).

According to the archival data, the thickness 
of the glaciolacustrine series in the Wierzchowo 
region does not exceed 10 m. In the vertical pro-
file of the research site, the series displays a bi-
partite structure separated into: varved clays and 
massive silts. The sedimentary sequence con-
nected with the disappearance of the varved cy-
cle in favour of massive deposits, together with 
an increase in the coarser fractions of the mineral 
grain towards the bottom, may be indicative of 
the basin shallowing. 

A series of fine and medium-grained sands 
of fluvioglacial accumulation is lying under the 
rhythmically stratified, varved deposits is. The 

Fig. 6. Contents of basic fractions in studied profiles (A – Wierzchowo proglacial lake, B – Złocieniec proglacial lake).
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lowerings of the top of sands in some boreholes, 
according to the archival data, are filled with 
sandy, clay-rich silts that should be classified as 
belonging to the glaciolacustrine series.

A lithofacies analysis of the deposits of the 
Wierzchowo proglacial lake made on the basis 
of a 6-m-deep exposure made possible to distin-
guish four lithofacies complexes: S1, R1, S2, and 
R2 (Wierzbicki et al. – 2011, Fig. 5). In all of them 
there are clay and silt-clay series, rhythmically 
stratified, j.e. varved (Fv, Fd;). The deposits of 
complexes S1 and S2 do not differ from the un-
derlying varved series in granulometric terms. 
A characteristic feature of the deposits of those 
facies are the predominant flow structures simi-
lar to those described by Paluszkiewicz (2008); 
indicating of a high-energy environment. The 
architecture of deposits of complexes R1 and R2 
is characteristic for rhythmically stratified series, 
with alternating dark and light laminae. Sporadi-
cally, there are discontinuous sand laminae with-
in the R2 complex.

The lithofacies analyses were complemented 
with a geo-engineering study, of the CPTU test. 
Its results lead to the conclusion that within the 
examined fragment of the Wierzchowo basin 
there are at least four principal lithofacies reflect-
ing the successive stages in the functioning of the 
basin, that confirms earlier the analyses. Litho-
facies formfmation can be correlated with the 
filling stages of the sedimentary basin, starting 
with the initial, low-energy, varved stage (R2) 
through a high-energy stage (S2), then one of qui-
et varved deposition (R1), and finally again stage 
of, a heightened environmental energy involving 
the formation of the next zone of flow deforma-
tions (S1).

An analysis of the static cone penetration test 
allows an assumption that there were distinct in-
terruptions between the individual stages of for-
mation of the glaciolacustrine deposits, referring 
probably to erosional stages.

On the basis of the earlier study (Paluszkie-
wicz 2004) and the present one, it can be stated 
that the deposits of the Wierzchowo basin dif-
fer in their mode of formation from those of the 
Złocieniec one.

A detailed analysis of the varved series at Wi-
erzchowo site and their comparison with the re-
sults obtained for the rhythmites of the Złocieniec 

proglacial lake show deposits to becomposed 
of series with coarser sediments (Fig. 6). In Wi-
erzchowo site the number of depositional cycles 
involving the formation of varves does not ex-
ceed 110, in opposite to the Złocieniec basin in 
which the number of such cycles is greater than 
380 (Fig. 7). 

On the basis of the interpretation of sedimen-
tary cycles of varves amount, it was assumed 
that the Złocieniec basin operated for at least 380 
summer-winter seasons that convertrnally can be 
called ‘years’. The glaciolacustrine basin in the 
Wierzchowo area functioned about 110 ‘years’.

The results of the laboratory examination of 
the deposits from both basins combined with the 
established lack of continuity of glaciolacustrine 
deposits between the two areas (Paluszkiewicz 
2004) justify the statement that the two progla-
cial lakes functioned as separate depositional 

Fig. 7. Diagram of varves in studied profiles.
1 – light laminae, 2 – dark laminae.
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basins. Besides, while the general transport di-
rection within the Złocieniec proglacial lake was 
from the north, the Wierzchowo lake (at least in 
its eastern zone) was nourished from the south, 
which means by extraglacial waters. 

The more detailed work performed within 
both basins to assess the strength characteristics 
of deposits showed the basins to be different, 
which additionally supports the above supposed 
hypothesis (Wierzbicki et al. 2007; Wierzbicki et 
al. 2009).

Conclusion

On the basis of the results of the work con-
ducted, both in the field and in the laboratory, it 
is possible to draw several conclusions of a gen-
eral nature. Both investigated basins are of the 
proglacial type, with the Wierzchowo being once 
fed, at least periodically, by extraglacial waters. 
They show traces of the same set of processes 
responsible for deposits settling within the sedi-
mentary basins (deposition of material from sus-
pension and the activity of bottom currents). The 
differences involve the thickness of deposits and 
their mode of formation.

On the basis of the earlier research conduct-
ed by Paluszkiewicz (2004) in the area of the 
Złocieniec proglacial lake, another made within 
the Wierzchowo area, and the geo-engineering 
studies carried out within both sedimentary ba-
sins, it can be stated that the deposits of the Wi-
erzchowo basin differ in their mode of formation 
from those of Złocieniec. The lack of continuity of 
glaciolacustrine deposits between the two areas 
(Paluszkiewicz 2004) justifies the statement that 
the two proglacial lakes were separate deposi-
tional basins. The basic difference between their 
deposits is the thickness of the rhythmically strati-
fied series. The varved series within the Złocieniec 
proglacial lake attain about 12 m, while the Wi-
erzchowo rhythmites have thicknesses of up to 
several metres. A detailed analysis of the varved 
series and their comparison with the results ob-
tained for the rhythmites of the Złocieniec pro-
glacial lake showed the Wierzchowo deposits to 
consist of series built with coarser sediments.

The more detailed work performed within 
both basins to assess the strength characteristics 

of their deposits showed the basins to be differ-
ent, which additionally supports the hypothesis 
above supposed (Wierzbicki et al. 2007).

More diversified relief of the bottom of the Wi-
erzchowo proglacial lake and the occurrence with-
in its glaciolacustrine series of a greater number 
of lithofacies than within the Złocieniec deposits. 
Is also posible this suggests that the dynamics of 
depositional conditions in the Wierzchowo basin 
differed from that in the Złocieniec one, and the 
suggestion seems to be confirmed, among other 
things, by the presence of distinct traces of ero-
sion structures within the glaciolacustrine series. 

The Wierzchowo basin was probably nour-
ished in a more ephemeral way than that near 
Złocieniec. The dynamics of depositional also 
processes displayed a marked variability during 
the particular deposition stages. This is evidenced 
both in syndepositional structures (a systematic 
change in the inclination of laminae, the presence 
of current structures and rounded clay pebbles) 
and erosional ones (a discordant arrangement of 
the successive lithofacies, the presence of a fossil 
form of the slope within older deposits). 
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