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Early Pleistocene sediments bearing gastropod shells and pollen flora were found during coring at Jawornik
(South Poland) at a depth interval of 54.30–39.00 m, beneath the oldest till of the Carpathians. Thirteen land-
snail taxa identified in 55 samples of the core formed two molluscan assemblages. In the bottom part, typical
cold-loving snails were found (e.g. Vallonia tenuilabris, Pupilla loessica, Vertigo genesii, Columella columella),
whereas in the upper part only Semilimax kotulae was present. The succession of molluscan assemblages
may suggest that at the site of deposition, after a phase of tundra, steppe-tundra or forest-steppe landscape
with patches of wet habitats in cold climate, the climate became slightly milder but still cool, favourable to
the spreading of boreal (coniferous) woodlands. Pollen analysis was performed only for the upper part of
the profile. The pollen spectra, besides the Tertiary (Miocene) elements, contained sporomorphs common
to the Tertiary and Quaternary floras. Among them, the highest percentages were noted for Pinus haploxylon
t., P. diploxylon t., Picea, Quercus, Ericaceae, Betula, and Ulmus. The fact that the sediments with organic re-
mains underlie the oldest Scandinavian till suggests that they are older than the oldest glacial unit of the
South-Polish Complex (Narevian=Menapian, ~1.2 Ma).

© 2012 University of Washington. Published by Elsevier Inc. All rights reserved.
Introduction

Mollusc- and flora-bearing organic sediments were found dur-
ing coring for the Detailed Geological Map of Poland, 1:50000
Strzyżów sheet (Malata, 2009), at Jawornik (21°47′E, 49°52′N)
(Figs. 1 and 2). Gastropod shells and pollen flora were located at
the depth interval of 54.50–39.00 m, underlying the oldest Scandi-
navian glaciation till deposit in the Carpathians. The age of this till
has been a matter of dispute from quite a long time. Actually,
there are four glaciations within the South-Polish Complex contain-
ing the oldest Pleistocene glaciations in Poland — Narevian, Nida-
nian, Sanian 1 and Sanian 2 (Ber, 2005; Ber et al., 2007; Lindner
and Marks, 2008). Until recently the Sanian 1 (~0.65 Ma) glaciation
was considered the only which invaded the Capathians Mts.
According the newest paleomagnetic data from Kończyce profile
located at the Carpathians border the oldest till should be associat-
ed with the Narevian (=Manepian, ~1.2 Ma) glaciation (Wójcik et
al., 2004; Foltyn et al., 2010).

The present paper reconstructs local paleoenvironment changes
during the Lower Pleistocene in the Carpathian Foothills based on
mollusc assemblages and vegetation from the Jawornik core.
Stworzewicz).

ashington. Published by Elsevier In

mbridge University Press
Mollusc assemblages indicative of cold or cool climatic condition
are very common in the late Pleistocene deposits of central Europe,
but data from the older Pleistocene sections are comparatively
scarce. The oldest locality bearing some cold-loving species comes
from the upper Pliocene at Stranzendorf in Austria (Frank, 2006),
and a few early Pleistocene localities were noted from Krems and
Radlbrunn in Austria, from Červený kopec (former Czechoslovakia)
(Ložek, 1964) and from several sites in Germany (Mania, 1973). In
Hungary, some of the cold-tolerant species are known only starting
with the middle Pleistocene (V. tenuilabris, V. alpestris), but they are
mainly recorded from late Pleistocene sediments (Krolopp and
Sümegi, 1993; Fűköh et al., 1995).

In Poland, the oldest (loess) sediments bearing cold-loving species
such as Vallonia tenuilabris, Columella columella and Vertigo parceden-
tata have been recorded from the Świętokrzyskie Mts. (Poliński,
1927) (Fig. 2) and correlated to the Sanian 1 glaciation (~0.65 Ma)
(= Sanian: Skompski, 1996). Much more information has been pro-
vided by early Pleistocene interglacial deposits from Kielniki 3A
(Stworzewicz, 1981), dated as Lower Biharian (1.4–1.5 Ma) in mam-
mal stratigraphy (Nadachowski, 1990) and containing numerous spe-
cies of warm-humid, deciduous or mixed forest snails, including some
Tertiary taxa which survived up to the early Pleistocene.

Lower Pleistocene (pre-glacial) pollen records from the territory
of Poland are rather scarce and fragmentary. Most of them come
from central Poland (Mamakowa, 2003). In the Carpathians, only
one locality with lacustrine sediments has been analyzed for pollen
c. All rights reserved.
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Figure 1. Location of the study area in the Detailed Geological Map of Poland (after Malata, 2009). Elevation contours (25-m increments) are given in m a.s.l.
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and plant macrofossils (Szafer, 1954). The pollen succession from site
Mizerna near Czorsztyn (Fig. 2) comprises several climatic phases:
Dacian, Reuverian, Praetiglian, Tiglian, Eburonian, and Wallian
(~5.3–1.3 Ma) (Zagwijn, 1985; Stuchlik, 1994). According to Szafer
(1954) and Stuchlik (1994) the Reuverian/Praetiglian boundary is
rg/10.1016/j.yqres.2012.02.006 Published online by Cambridge University Press
recorded in the profile from Mizerna, where it is marked by the de-
cline of the Tertiary pollen elements as well as by the decline of the
Quaternary taxa with higher climatic demands, mainly broadleaved
trees. Although the Jawornik core contained only a sparse fossil re-
cord, the molluscs and pollen recovered from it nevertheless extend

https://doi.org/10.1016/j.yqres.2012.02.006


Figure 2. Location of the sites containing the flora and malacofauna remains mentioned in the text.
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our understanding of early Pleistocene conditions in the Carpathian
foothills.

Material and methods

The Jawornik core, 112 mm in diameter, was 55 m long. Only
the old Pleistocene portion of the core from 32 m downwards con-
taining the till and underlying organic sediments was worthy of
further investigation (Table 1). Samples for paleontological studies
were taken regularly at 20–50 cm intervals beneath the glacial till
(Fig. 3). Only a segment 15.30 m long contained gastropod remains.
An even-shorter core segment, 10 m long, contained flora remnants,
and only 3.5 m of that contained recoverable pollen. Samples with
Table 1
Sediments in the Jawornik core.

Depth, m Sediment type

00.0–6.9 Yellow silt (loess)
6.9–34.5 Loams, sands, and glacial gravel
34.5–38.7 Lodgement till
38.7–39.0 Grey silt with light-grey sandy silt
39.0–39.95 Grey silt, weakly laminated
39.95–40.8 Grey silt with plant remains
40.8–42.4 Grey sandy silt
42.4–43.5 Grey sandy silt with organic remains
43.5–49.0 Grey silt with muscovite, weakly laminated
49.0–50.2 Grey silt with small black organic remnants, and irregular lenses

of highly lithified sandy silt or clayey sand
50.2–51.55 Beige clayey silt with muscovite, locally laminated and sandy
51.55–51.6 Light-grey clayey sandstone
51.6–52.3 Dark-grey sandy silt with muscovite
52.3–53.3 Greyish-yellow and greenish silt with sand and mollusc shells
53.3–53.35 Weakly lithified sandstone
53.35–54.0 Olive-green sandy silt with lithified sand, weakly laminated
54.0–54.5 Beige silt with lithified sand with mollusc shells
54.5–54.6 Brown and rusty-brown clayey sand (weathered sandstone)
54.6–55.0 Weathered fine-grained yellow-beige sandstone (the Krosno Bed)

oi.org/10.1016/j.yqres.2012.02.006 Published online by Cambridge University Press
shells were wetted and sieved on 0.25-mm mesh under running
water. The sieve remains were dried and gastropod shells or their
identifiable fragments were extracted. The material was not rich;
in general the number of shells per sample ranged from several
to over a dozen.

Sediment samples for pollen analysis were treated with 15% HCl
and then boiled with 10% KOH. The mineral fraction was separated
using flotation method (ZnCl2, 1.88–2.00 g/cm3). The organic fraction
was subject to Erdtman's acetolysis and mounted in pure glycerine.
Pollen concentration in the sediments was very low, and the counted
pollen sums varied from 50 to 250 pollen grains. Preservation of the
sporomorphs was poor or very poor.
Geological setting

The borehole is located in the Strzyżów Foothills area within the
limit of the maximum range of the Scandinavian ice sheet
(~1.2 Ma), which in some places reached the Jasło-Sanok Depression
(Wójcik, 2003; Foltyn et al., 2010). Organic sediments underlying
the till deposits have previously not been recognized in the Car-
pathians. An outcrop situated ~3 km north of the borehole contains
glacial sediments, mainly gravel and shingle, gravelly sand, and
varved clay at the top (Fig. 4). This nearly 40-m-thick series of gla-
cigenic sediments has been described by Butrym and Gerlach (1985)
and Wójcik (1999).

The borehole was made at the altitude of 320 m a.s.l. in the flat-
tened pass located about 60 m below the ridges, which surfaces lie
at 380–440 m a.s.l. This area consists of Oligocene–Miocene flysch
(Fig. 1) of the Skole Nappe, covered with a thin (1–2 m) layer of
weathered deposits. Where the drilling was performed, the depres-
sion is only 0.6 km in width. It is filled with Quaternary deposits near-
ly 55 m thick. They consist of loess, till, and a series of sandy silts
more than 15 m thick. These predate the oldest Pleistocene glaciation
(Narevian, ~1.2 Ma) (Zagwijn, 1985; Ber, 2005; Ber et al., 2007).

image of Figure�2
https://doi.org/10.1016/j.yqres.2012.02.006
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Lithology of the core sediments (Figs. 1, 3 and 4)

In the profile from the Jawornik core (Table 1), till overlies a series
silts that are poorly differentiated by lithology, and are not glacigenic.
The entire series can be divided into a lower part that occurs below
the depth of 49 m and is sandier, and an upper part, from the depth
of 49 m upwards to the bottom of the glacial deposits. At the depth
of about 49 m there is a distinct boundary, marked by changing the
colour and lithology.
Figure 3. Lithological profile, Jawornik core.

rg/10.1016/j.yqres.2012.02.006 Published online by Cambridge University Press
The Jawornik core shows that the bottom of the Quaternary sedi-
ments lies below the present river channels in this region (Fig. 4).
These sediments were deposited in the bottom of the paleo-valley,
the course of which was different from the present one. Similar de-
posits, underlain by river gravels and sands, have been drilled in
two other places.

The Jawornik core sediments show horizontal laminations, indi-
cating a fluvial origin in a low-power stream. The sediments were
probably deposited during floods. The stream was likely no bigger
than present-day watercourses (‘H’ in Fig. 4). The thickness of the
sediment exceeds 15 m, indicating that the sedimentation must had
taken place under subsidence conditions and later tectonically raised.
Such a thick fluvial series may have been deposited in the period
probably immediately preceding the maximum Pleistocene glacia-
tion, which entered the Carpathians. These sediments can be correlat-
ed with the series of Krasnystaw (0.95 – 1.87 Ma) (Mojski, 1985;
Lindner, 1992). They are the thickest glacial till covered organic
early Pleistocene series yet found in the Carpathians.

Results

Malacological analysis

Thirteen land snail taxa were identified in 55 core samples; they
formed two molluscan assemblages (Table 2). The bottom part
(54.30–48 m), represented by 21 samples, contained mainly typical
cold-loving snails regarded as index glacial species. Vallonia tenuilab-
ris, Pupilla loessica, Semilimax kotulae and Succinea oblonga elongata
were the most frequent. Some of these species became extinct in Eu-
rope at the end of the Pleistocene (V. tenuilabris, P. loessica); others
are still extant either in northern Europe (Vertigo parcedentata) or
as boreo-alpine elements are distributed in the northern Europe and
mountains of central Europe (Vertigo genesii, Columella columella). Re-
cently all these species were found living in the Russian Altai moun-
tains, Central Asia (Meng and Hoffmann, 2009; Horsák et al., 2010;
Hoffmann et al., 2011).

The studied assemblage was complemented by snails which are at
present common in Poland (Pupilla muscorum and Vertigo alpestris),
and the elongated form of Succinea oblonga (S. oblonga elongata). In
four samples from the depth interval 50–49 m a few unidentifiable
fragments of clausiliid and helicid shells were also found.

In the upper part of core (48–39.50 m) only Semilimax kotulaewas
present in all samples, except for the segment between 43 and
41.50 m that lacked mollusc remains. Besides, S. kotulae is the only
species that occurs in almost all the samples studied. In Poland, for-
mer Czechoslovakia and Hungary S. kotulae is known mainly from
the Vistulian and early Holocene sediments, but in Austria it was
also recorded as early as the late Pliocene (Frank, 2006).

Pollen analysis

Pollen analysis was performed only for the upper part of the pro-
file (46.30–38.90 m). The results are shown as a percentage pollen di-
agram (Fig. 5). In the lower portion of the profile (50–49 m) the
extremely low sporomorph precluded quantitative pollen analysis.
The sporomorphs found there are shown in Table 3.

The pollen spectra from the Jawornik profile include sporomorphs
of Tertiary age as well as elements that are common to the Tertiary
and Quaternary floras. The prevailing Tertiary elements like Ptero-
carya, Liquidambar, Nyssa, Tsuga, Araliaceae, Carya, Cyrillaceae/Clethra-
ceae, Castanea/Castanopsis and many others (Fig. 5) may suggest
temperate climate conditions.

The Tertiary pollen was very poorly preserved and very often dif-
ficult to identify, for example Bissacate pollen grains (Pinaceae).
Along with the very low pollen concentration, this suggests its rede-
position in the studied sediment. The state of preservation of pollen

image of Figure�3
https://doi.org/10.1016/j.yqres.2012.02.006


Figure 4. Cross section, Jawornik–Niebylec (location: Figs. 1 and 2). The Jawornik core is shown as a heavy vertical black line.
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grains attributed to the Quaternary taxa was significantly better.
Among the pollen taxa that are common to both the Tertiary and Qua-
ternary plant communities, the highest percentages were noted for
Pinus haploxylon t., P. diploxylon t., Picea, Quercus, Ericaceae, Betula,
and Ulmus.

Discussion

Paleoenvironment

The question how the landscape in central Europe might have
looked during the last full-glacial period and whether it was virtually
devoid of trees has been matter of discussion for a long time. Howev-
er, in such consideration, it must be taken into account regional dif-
ferences in vegetation zonation and molluscan assemblages,
particularly in a mountainous area like the Western Carpathians
range (Ložek, 2000). Both the older data (Środoń, 1966) and more re-
cent data (Willis et al., 2000; Jankovská and Pokorný, 2008) unequiv-
ocally stress the refugial role of the Carpathians for many tree taxa
like Pinus sylvestris, P. cembra, Picea, Betula, and Salix during the last
full-glacial times. More thermophilous trees like Carpinus, Quercus,
Ulmus, Tilia, and Corylus found their refugial areas farther to the
south (Willis et al., 2000).
oi.org/10.1016/j.yqres.2012.02.006 Published online by Cambridge University Press
The few snail species found in last glacial (Vistulian) sediments in
the southern Poland have been regarded as indicators of open areas of
tundra or steppe-tundra environment. The species that point the
presence of at least some pockets of trees are much less numerous.
This assumption had to be changed when the set of index glacial spe-
cies was found living in the Altai mountains (Meng, 2009; Meng and
Hoffmann, 2009; Horsák et al., 2010; Hoffmann et al., 2011), hence
the reconstruction of Pleistocene environment in central Europe be-
came more reliable. However, reconstruction for the Lower Pleisto-
cene is much more complicated because of the scarcity of
paleontological evidence.

The snail assemblage from the bottom part of the core in Jawornik
comprises five index glacial species: Vallonia tenuilabris, Columella
columella, Pupilla loessica, Vertigo genesii and Vertigo parcedentata
which were recently found inhabiting various types of habitats
under conditions of cold macroclimate in the southern part of the
Russian Altai (Horsák et al., 2010). Among them only V. tenuilabris
and P. loessica occur as frequently in treeless habitats as in woodlands
and scrubs but the former species should not be regarded as typical of
glacial steppes because it also occurs in more humid habitats (Meng,
2009). Vertigo genesii, both fossil and extant, is reported from very
wet habitats, mainly from calcareous fens in treeless areas. Neverthe-
less, in Finland, the species has been found in wooded fens also, while

image of Figure�4
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Figure 5. Percentage pollen diagram, Jawornik core.
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two samples with V. genesii from Karelia came from a humid bank of
waterfall with sparse trees (Valovirta, 2003). The remaining two spe-
cies – C. columella and V. parcedentata – also prefer wet, base-rich fens
although the former species, in Poland found only in the calcareous
part of the Tatra Mts., occurs there on epilithic swards. All the above
indicates that the environment in which the snail assemblage from
Jawornik occurred was perhaps only partly wooded and more-or-
less damp. At the end of this period the marked decline of index gla-
cial species began.

In the second phase the climate probably became somewhat
milder and warmer such that coniferous woodlands could spread.
Under such conditions the montane forest species S. kotulae could
survive. Therefore, the succession of molluscan assemblages from
Jawornik suggests that the phase of partly open and shaded environ-
ment with swampy and marshy habitats in a rather cold climate was
followed by development of coniferous woodlands when a slight
warming of climate took place.

Although the index glacial species could live both in the open and
partly wooded areas, they all required low temperatures. Both V.
tenuilabris and P. loessica live in Central Asia in areas with very low
average annual temperature, even to −6.7°C (Meng and Hoffmann,
2009). The progressive warming which followed the cold phase
may have caused decline of the index glacial species and only S. kotu-
lae could persist. S. kotulae is generally regarded as a high-montane
species that occurs in the Polish mountains usually above
700 m a.s.l. including the subalpine zone. In the Bieszczady Mts. it is
at its most abundant at ~1250 m a.s.l. where the average annual tem-
perature is lower than +3°C (Sulikowska-Drozd and Horsák, 2007).
Similar inferences come from the investigation in the Bavarian Forest
National Park, where its abundance increases with altitude and thus
with decreasing temperature (Müller et al., 2009). During the cold
phases of the Pleistocene S. kotulae was spread beyond its present
Table 3
Pollen spectra from the lower part of the Jawornik core.

Depth,
m

Pollen spectrum⁎

49.90 Indet. Bissaccatae +, Ulmus, Pinus haploxylon t., cf. Engelhartdia,
Botryococcus

50.00 Indet. Bissacctae +, Pinus haploxylon t., Cyrillacae/Clethraceae, Lygodium
51.20 No pollen
53.40 No pollen

⁎ Sporomorphs with more than four finds are marked with “+”; unmarked sporo-
morphs are single finds.
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distribution range, and at lower altitudes. In the late Vistulian and
in the early Holocene it existed both with snails typical of the taiga-
type biotope and with cold-tolerant tundra forms. Unfortunately,
the pollen record from the portion of the sediments bearing the
cold-loving mollusc assemblage is nearly pollen-free (Fig. 3). The
very poor state of preservation of the sporomorphs from the Jawornik
core and their extremely low concentration in the sediments may
suggest their redeposition from the older sediments. It may also
point to a very sparse contemporaneous vegetation, the development
of which was not recorded by pollen rain. On the other hand, in the
second phase the pollen flora points to development of pine boreal
forest communities under conditions of clearly milder climate (Fig.
5). It is in accordance with the modern occurrence of S. kotulae,
which is confined to wooded areas mainly in the mountains and
humid, rather cold microhabitats.

Age

When considering the age of silt deposits with organic remains it
is important to remember that the snail shells and pollen flora in
the Jawornik core are located below the till. This means that these de-
posits predate the glacial sediments of the Narevian glaciation=Ma-
nepian and were therefore deposited during the Eopleistocene or
Lower Pleistocene. The results of malacological and palynological an-
alyses do not provide a definite answer as to the stratigraphic position
of these deposits. Malacological analysis shows that the lower part of
the sediment was deposited under cold climate conditions. The pres-
ence of typical “cold” forms may slightly suggest a correlation of the
lower part of our series with the strong cool signal recorded in sedi-
ments of Krems in Austria (Kohl, 1986), which was associated with
the Jarmillo event in paleomagnetic record (1.06–0.9 Ma).

In Poland, several localities with faunal (mainly small and large
mammals) remains of early Pleistocene age have been described
(Nadachowski, 1990, 1998). Among them the most interesting for
us is that in Żabia Cave, correlated with the Lower Biharian
(1.5–1.7 Ma) which offers some evidences of migration of Asiatic spe-
cies associated with cool climate into central Europe in the early
Pleistocene (Nadachowski et al., 2011). Only two rich in gastropods
remnants localities are known from Poland (Stworzewicz, 1981;
Skompski, 1996). Unfortunately they both represent mostly warm-
loving malacofauna with species characteristic for interglacial forest
communities.

Based on rodents, particularly Dicrostonyxini remains, at least
three cold phases can be recognized in the Lower Pleistocene
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(Nadachowski, 1990). Regarding the climate demands of the deter-
mined snail species and the position of the sediments beneath the
glacial till of the maximal Scandinavian ice sheet one may suppose
the age of the studied mollusc assemblages is older than the Narevian
(=Manepian).

Summary

The Pleistocene sediments bearing fauna and flora remains were
recognized in the core from Jawornik (the Carpathian Foothills). These
sediments underlay the till deposits which could have been deposited
during the maximal advance of the Scandinavian ice sheet reaching
the Carpathians Mts. Paleomagnetic data from sediments at the Car-
pathians border strongly suggest, that it was the Narevian (=Mane-
pian) glaciation (~1.2 Ma) — the oldest one from the South Polish
Complex. This is the first finding of organic sediments of the early Pleis-
tocene age in the Carpathians situated beneath the glacial till.

Thirteen land snail taxa were identified in 55 core samples which
formed two molluscan assemblages (Table 2). The bottom part con-
tained mainly typical cold-loving snails regarded as index glacial spe-
cies: Vallonia tenuilabris, Columella columella, Pupilla loessica, Vertigo
genesii and Vertigo parcedentata whereas in the upper part only Semi-
limax kotulaewas present. Due to low sporomorph concentration pol-
len analysis of the sediments was performed only for the upper part
of the profile. The results of pollen analysis suggest temperate climate
conditions during the upper part of the sediments. This conclusion is
also supported by the lack of index glacial snail species.

In general, the organic remains point to a cold climatic phase at
lower part of the profile with progressive warming.
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