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Abstract: The unique nature of the Starunia palaeontological site, where near-perfectly preserved large mammals
were discovered at the beginning of the 20th century, and incomplete knowledge on the development of
palaeoenvironment in the Velyky Lukavets River valley in the Late Pleistocene and Holocene were the reasons for
undertaking new comprehensive palaecobotanical and malacological studies. Starunia is also one of the sites
bearing Pleistocene fossil flora, rare in this part of Europe. The results of plant macrofossil analysis show that in
the Weichselian Middle Pleniglacial the landscape was dominated by steppe and tundra plant communities, being
represented mostly by various grass and sedge species. Areas of higher humidity were covered with shrub tundra
with Betula nana. The temperature requirements of taxa which are cool climate indicators show that the minimum
July temperature amounted to at least 10°C. The record of Late Weichselian malacofauna confirms the dominance
of an open landscape, mostly with steppe and steppe-tundra communities, as well as the presence of a dry,
continental climate. At the beginning of the Holocene, an improvement of climatic and humidity conditions led to
a fast local expansion of plant communities of the low and transition peat bog type, in the surroundings of shallow,
periodically drying-up water pools. From the Middle Pleniglacial up to the present day, the area has been
characterized by the presence of species tolerating an increased amount of salt in the environment. Their presence
should be associated with natural brine effluences derived from Miocene strata in the bedrock.
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INTRODUCTION

In 1907, in an ozokerite (earth wax) mine at Starunia
(Ukraine) remains of a woolly mammoth and rhinoceros
preserved in an unusually good condition were discovered
(Lomnicki, 1914). Thanks to saturation with petroleum and
brine, both soft tissues and bones were preserved. Apart
from the woolly rhinoceros and mammoth, numerous plant
remains, like fruits, leaves and wood fragments were found
(Raciborski, 1914a, b; Szafer, 1914). In 1929, during exca-
vations conducted by the Polish Academy of Arts and Sci-
ences, a nearly intact carcass of woolly rhinoceros was

found, being so far the only such specimen in the world.
Flora from the rhinoceros direct surroundings and from the
animal interior was partially studied by Szafer (1930).
Moreover, several species of molluscs — snails and bivalves
— were determined (Lomnicki, 1908, 1914).

The unique character of the Starunia site, as well as in-
complete knowledge on the Pleistocene vegetation history
of this area, were the reasons for undertaking new compre-
hensive palacobotanical research with the application of
modern methods. The study of plant macroremains as well
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as malacological research were carried out as part of a proj-
ect conducted by the AGH University of Science and Tech-
nology in Krakoéw (Kotarba, 2009). Material for palaeobo-
tanical and malacological studies was taken from fully-
cored boreholes made in autumn 2007 and spring 2008.
A detailed analysis of plant macroremains was applied to
samples taken from boreholes Nos 4°, 22 and 28, and two
outcrops in the Velyky Lukavets River valley (denoted as
VL-1 and VL-3), whereas malacological analysis was car-
ried out on the material sampled from boreholes Nos 4, 5,
14, 22 and 43.

The study of flora and fauna accompanying the mam-
moth and woolly rhinoceros remains from Starunia play a
significant part in detailed reconstructions of the palaeoen-
vironment, including succession of local vegetation, and the
estimation of climate and ecological conditions in the water
basin, in which bodies of the large mammals were found.

LOCATION AND GEOLOGICAL
STRUCTURE OF THE STUDY AREA

The site, known for the discovery of unique specimens
of the extinct woolly rhinoceros and mammoth, is situated
in the area of a closed mineral wax mine at Starunia, about
130 km to the SE of Lviv. The study area, covering the sur-
face of about 10.5 ha, is located in the vicinity of Starunia
village, in the valley of the Velyky Lukavets River and the
Rinne Stream, in the foreland of the Border Beskid Mts.,
within the Gorgany Fore-Carpathians (Kravchuk, 1999).

The Quaternary sediments filling the Velyky Lukavets
River valley rest on the Lower Miocene molasse strata of
the Vorotyshcha salt-bearing beds, developed as mudstones
and clayey shales with sandstone intercalations, in which
beds of marls, as well as strata, lenses and veins of gypsum,
pyrite, sulphur, anhydrite, rock-salt, potassium salt and ozo-
kerite can be found (Mitura, 1944; Korin, 2005). These
strata are occasionally replaced by the Sloboda Conglomer-
ates and sandstone-shale Dobrotiv beds.

The above-mentioned strata, together with underlying
flysch rocks, build the Boryslav-Pokuttya Unit, forming
several slices thrust one over another to the NE (Koltun et
al., 2005). In the top part of the flysch series there occur
clayey shales, mudstones and sandstones (so-called Kliwa
Sandstones) of the Menilite beds. The Lower Miocene com-
plex terminates with the Stebnik beds.

Pleistocene sediments, particularly of the clayey facies,
in which the large vertebrates were found, were saturated
with brine and petroleum derived from the underlying Mio-
cene strata. Close to Starunia, effluences of brine and oil,
small lakes, and even mud volcanoes occur on the ground
surface (Kotarba, 2005).

HISTORY OF PALAEOBOTANICAL
RESEARCH

In 1907, in the clays of mineshaft IV, apart from the
woolly rhinoceros, mammoth and other animal remains, nu-
merous plant remains in the form of fruits, leaves, and wood
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fragments were found. The leaves and fruits were studied by
Raciborski (1914a, b), who determined several species of
trees, shrubs, and herbaceous plants. The most frequently
represented were leaves of two oak species: Quercus sessi-
flora and Q. robur, and two willow species: Salix amyg-
dalina and S. sabuly. Analysis of wood fragments was car-
ried out by Szafer (1914). An abundant material was formed
by large parts of trunks, boughs and small twigs. Like in
case of leaves, the wood composition was dominated by oak
and willow. There also occurred numerous wood pieces of
elm, ash and birch.

On the basis of analysis of plant macroremains, the re-
searchers obtained the picture of vegetation corresponding
to the present-day flora found in the surroundings of mine-
shaft IV. Later excavations revealed that both mammals re-
mains and plant remains were placed in a secondary deposit
(Nowak & Panow, 1930; Szafer, 1930). The carcass of the
second rhinoceros, found in 1929, was surrounded by grey
clays with a large admixture of organic material. Flora from
the clays of the direct surroundings of the rhinoceros and
from the animal interior was partially studied by Szafer
(1930). The remaining material is housed at the Palaeobo-
tanical Museum of the W. Szafer Institute of Botany of the
Polish Academy of Sciences in Krakow. On the basis of the
flora composition, Szafer (1930) stated that it corresponds
to the environment of present-day arctic tundra, and he re-
lated the age of the examined deposits to the “maximum di-
luvial glaciation”, Cracovien. Radiocarbon dating, carried
out in 1971 (Kubiak, 1971), changed the suggested strati-
graphic position of the rhinoceros to an interstadial of Mid-
dle Weichselian age, the Hengelo interstadial (Granoszew-
ski, 2002). However, the precision of this radiocarbon de-
termination is not reliable (Kuc et al., 2005). In the Carpa-
thian Mountains two sites of cool floras exist, which are, at
the moment, associated with this interstadial — Brzeznica
(Mamakowa & Starkel, 1974) and Jasto-Bryty (Mamakowa
& Wojcik, 1987), both situated in the Wistoka River valley.
In the grey clays of Starunia there also occurred twigs of
mosses, which were studied by Szafran (1934) and Gams
(1934). A detailed study on the willow leaves was under-
taken by Kucowa (1954), who distinguished several species
on the basis of leaf morphology.

In the outcrops of the Velyky Lukavets River, numer-
ous fragments of coniferous and deciduous tree trunks were
found. Their age was determined as the Middle Ages (12th
to 14 centuries) by Krapiec (c¢f. S. W. Alexandrowicz et
al., 2005), on the basis of dendrochronological analysis.

HISTORY OF MALACOLOGICAL
RESEARCH

Data concerning the malacofauna of Quaternary depos-
its from the Starunia area are insufficient and were collected
only in the first stage of excavations, in 1907 (S. W. Alex-
androwicz, 2003, 2004). A list of fauna with a commentary
was published by Lomnicki (1908), and later these data, in a
slightly expanded version, were included in a monograph
published by the Academy of Arts and Science (Bayger et
al., 1914). In publications dealing with later excavations
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conducted between 1929 and 1933, the malacofauna was
not mentioned. However, the remaining notes show that
during the rinsing of deposits a few mollusc shells were
found, but they were not studied and were probably lost (S.
W. Alexandrowicz, 2003, 2004). The mollusc fauna was
also recorded in fen soils of the Lukavets Maly River near
the Gvizd village, located in Starunia’s close surroundings
(Rogala, 1907; S. W. Alexandrowicz et al., 2005). So far,
papers by Rogala (1907) and Lomnicki (1908) are the only
studies of malacofauna in Quaternary deposits of Starunia
and its closest area (S. W. Alexandrowicz, 2003, 2004).
Even poorer is the knowledge on the present-day malaco-
fauna in Starunia, being limited only to superficial observa-
tions carried out during fieldwork in the years of 2007 and
2008.

MATERIAL AND METHODS

Plant macroremains

There were over 40 fully-cored boreholes made in the
study area, with a drill core diameter of 6—12 cm and reach-
ing the base of Quaternary sediments. Analysis of plant
macroremains was carried out for material obtained from
five study sites in the Velyky Lukavets River valley (Fig. 1).

Sampling for analysis of macroscopic plant remains
was conducted in a close association with sampling for pol-
len analysis. Each sample for pollen analysis was taken in
the middle of a 10 cm segment meant for macroscopic plant
remains analysis (Stachowicz-Rybka et al., 2009).

The samples, 150 ml in volume, were macerated using a
10% KOH solution and detergents (in case of silts super-
saturated with bitumens). After boiling the deposits to a
pulp, the samples were wet-sieved on a sieve with the mesh
diameter of 0.2 mm. Material remaining on the sieve was
sorted out under a binocular low-power microscope. All the
plant remains qualifying for identification were segregated
and placed in a mixture of glycerine, water and ethanol in a
ratio of 1:1:1, with an addition of thymol.

The found plant remains: seeds, fruits, needles, and
other vegetative parts were identified using keys, atlases
and other publications (Velichkevich & Zastawniak, 2006,
2008; Beijerinck, 1947; Berggren, 1969; Kats ef al., 1965;
Nilsson & Hjelmquist, 1967), as well as the reference col-
lection of present-day seeds and fruits and the fossil flora
collections from the Palacobotanical Museum of the W.
Szafer Institute of Botany of the Polish Academy of
Sciences in Krakow.

Well preserved remains were determined to the rank of
species. Names of vascular plants follow Mirek et al.
(2002).

The radiocarbon datings were performed by the Poznan
Radiocarbon Laboratory (for details see Kuc et al., 2009).

Qualitative and quantitative results are presented in dia-
grams plotted with the POLPAL software for Windows
(Nalepka & Walanus, 2003; Walanus & Nalepka, 1999).
The distinction of zones was carried out according to the
presence of one or several most numerous or characteristic
taxa. The names of the zones given in Table 1 originate
from these taxa. Boundaries between the zones were indi-
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cated on the basis of the appearance, disappearance, in-
crease or decrease in the number of taxa of quantitative or
indicative significance.

Malacofauna

The studied material included samples from drill cores.
The samples, about 0.5-0.7 kg each, represented thickness
intervals of 0.25 m. Although they were taken from several
drill cores, mollusc shells preserved well enough to enable
species determination were found only in a few. Laboratory
processing of the material included maceration and wet-sie-
ving of sediment, followed by a selection of all intact mol-
lusk shells and their fragments qualifying for identification.
The determination was carried out with use of publications
and comparative collections. The determined species were
classified to ecological groups defined by Lozek (1964) and
S. W. Alexandrowicz (1987). In the analysed material, the
following groups are represented: species of open environ-
ments (group 5 — O), euryecological (mesophile) snails typi-
cal for habitats of medium humidity (group 7 — M), eury-
ecological (mesophile) snails typical for humid habitats
(group 8 — M), hygrophile taxa inhabiting fens and swamps
(group 9 — H), and aquatic molluscs (group 10 — W). The re-
sults are compiled in the Malacological Spectrum of Indi-
viduals — MSI (Lozek, 1964; S. W. Alexandrowicz, 1987).
The basis of the palacoclimatic interpretation was the dis-
tinction of mollusc species groups, reflecting their pres-
ent-day northern range (Sparks, 1969; Kerney et al., 1983;
S. W. Alexandrowicz, 1987). Zoogeographic composition
of the groups was described on the basis of a pattern pre-
sented by Lozek (1964) and S. W. Alexandrowicz (1987).
Ternary diagrams illustrate the environmental changes in
the area of Starunia at the time when the discussed sedi-
ments were accumulated. Malacological analysis was car-
ried out for mollusc shells and shell fragments obtained
from cores of six boreholes Nos 4, 5, 14, 22, 28 and 43 (Fig.
1). Unfortunately, lithological properties of the sediments,
particularly a very low content or lack of calcium carbonate,
created conditions strongly unsuitable for the preservation
of specimens that could be indisputably determined to spe-
cies or even genera. Among several dozen of obtained sam-
ples, only 7 did contain specimens qualified for determina-
tion. In a few other samples there occurred a heavily
crushed shell material, the determination of which was im-
possible. The whole analysed fauna includes 20 mollusc
species: 14 land snails, 3 aquatic snails and 3 bivalves. Ad-
ditionally, there also appeared calcium plates produced by
unshelled snails arbitrarily named Limacidae. In all analy-
sed samples, a total of almost 250 specimens was determi-
ned. The number of taxa in particular samples fluctuated
from 3 to 13, and the number of specimens from 8 to 121,
respectively.

DESCRIPTION OF SEDIMENTS AND
ZONES OF PLANT MACROREMAINS

A detailed description of sediment from sections se-
lected for analysis of plants macroremains, as well as the
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palaeobotanical and malacological studies
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Table 1

Description of Local Macrofossil Assemblage Zones L MAZ

Local Macrofossil

Assemblage Zones L Depth (m) | Zone description
MAZ
Borehole 4'
Star 471 5.10-4.35 | Single fruits of Batrachium sp., Poaceae and Typha sp. seeds are recorded
Batrachium ' ’ & P YA Sp.
Star 411 The only zone with fruits and scales of Betula nana and single fruits of Betula sp. present. From the bottom
4.35-3.60 | to the top the participation of Poaceae sp. seeds increases. Mire plants: Eleocharis palustris and
Betula nana .
Schoenoplectus tabernaemontani appear
, Aquatic plants are represented by Potamogeton filiformis and Zannichellia palustris. Among mire plants,
Star 4'/111 . . . . .
Eleocharis palustris and Schoenoplectus tabernaemontani reach their highest values. Poaceae reach their
Schoenoplectus- 3.60-3.45 . . . .
. maximum values in the whole section. At the top, the Caryophyllaceae are recorded for the first time and
Eleocharis .
Typha sp. appears again
Star 4'/VI The frequency of mire plant remains decreases, aquatic plants disappear. Values for Poaceae sp., Eleocharis
. 3.45-2.55 . . .
Eleocharis-Poaceae sp. and Typha sp. are considerably lower than in the preceding zone
, At the bottom, aquatic plants: Potamogeton filiformis and Zannichellia palustris, appear again. Typha sp.
Star 4'/V o1 . . L - .
2.55-2.15 | reaches its highest values in the whole section. The participation of Poaceae and Eleocharis sp. increases
Schoenoplectus-Typha again
Star 4'/VI The number of diaspores decreases significantly. Single seeds of Typha sp., Plantago lanceolata and
2.15-1.15 .
Typha-Juncus Potentilla sp. are found
Star 4'/VII 1.15-0.7 Dominance of Juncus cf. glaucus/effusus, Juncus sp. and Typha sp. seeds. Single fruits of Mentha sp. and
Juncus ’ ’ Carex sp. are also present
Borehole 22
The zone is characterized by the presence of very numerous Eleocharis palustris fruits, with a culmination in
Star 22/1 5.00-4.80 the middle part. The diaspores of Poaceae, Triglochin maritimum, Juncus sp. and Bidens tripartita also reach
Betula nana-Eleocharis ' ' their highest values in this zone. Moreover, several aquatic and mire plants: Zannichellia palustris,
Potamogeton filiformis, Batrachium sp. and Schoenoplectus lacustris were determined
Star 22/11 Betula nana reaches its maximum values. Seeds of Poaceae sp. and, Juncus sp., as well as seeds and fruits of
Triglochin-Betula nana- 4.80-4.20 | Triglochin maritimum, are still very numerous. Only single remains of aquatic plants: Zannichellia palustris
Poaceae and Batrachium sp. were determined in the bottom section of the zone
The number of diaspores decreases significantly in all ecological groups. Juncus sp. still retains high values.
Star 22/111 . . . . . L. .
4.20-3.40 | Plants of humid areas: Eleocharis palustris, Comarum palustre and Triglochin maritimum are still
Juncus -Betula nana .
represented relatively well
Star 22/VI 3.40-2.80 The upper boundary of the zone is indicated by the last occurrence of Betula nana remains. Plant remains
Juncus ' ' frequency is very low. Only Juncus sp. seeds are quite numerous
Star 22/V A zone with the lowest plant remains frequency in all ecological groups. The remains of Betula sect. Albae,
. 2.80-0.20 | Abies alba and plants of humid habitats like Schoenoplectus lacustris, Stachys palustris and Eriophorum
Phragmites-Cenococcum . .
vaginatum were determined
Star 22/VI 0.20-0.00 The number of remains increases, particularly belonging to plant of humid habitats. Seeds of Poaceae sp.,
Poaceae-Juncus ' ' Juncus sp. and Chenopodium album as well as fruits of Taraxacum officinale reach high values
Borehole 28

Plant macroremains analysis covers samples from the depth between 640 and 50 cm. Only several samples from the top of the section contained plant
macrofossils of Juncus sp., Carex cespitosa, C. elata, Potentilla erecta, Plantago major and Phragmites australis that could be determined

Outcrop VL1
The zone is characterized by the presence of numerous Cenococcum geophilum sclerotia at the top of the
Star VLI\I 315-2.35 section and a small number of plant macroremains. Remains of trees and shrubs: Betula nana, B. humilis,
Cenococcum geophilum ' ' Juniperus communis and Rubus idaeus are present. Single seeds of Viola palustris and fruits of Urtica dioica
are also found
Star VLI/I The lower boundary of the zone is indicated by an increase in the number of Betula nana fruits, and the upper
Betula nana 2.35-2.05 | boundary - by their last occurrence. Carex sp. div. 2-sided reach their maximum number. Fruits of Betula
sect. Albae and Scirpus sylvaticus were also determined. No remains of mire and aquatic plants were found
Star VL1/IIT 2.05-1.65 The zone of highest values for Typha sp. and Carex sp. div. 3-sided. Fruits of Betula sect. Albae represent
Typha sp. ' ' trees
Star VL1/ TV 1.65-0.95 Zone of the lowest frequency of remains. Single seeds of Juncus sp. and sclerotia of Cenococcum geophilum
are present
Star VL1/V Zone characterized by an increase in the participation of remains of plants from humid and peat bog habi-
Juncus-Lychnis 0.93-0.00 tats. Maximum values are reached by Juncus sp. and Poaceae sp. The only zone, in which Potentilla erecta,
flos-cuculi Lychnis flos-cuculi as well as Ranunculus lingua (which represents an aquatic environment) are found




302

R. STACHOWICZ-RYBKA ET AL.

Table 1 contined

Local Macrofossil
Assemblage Zones L Depth (m) | Zone description
MAZ
Outcrop VL3
Star VL3/1 . . . . . . .

. . The only zone, in which tree macrofossils occur. The presence of Alnus incana, A. glutinosa and Picea abies
Alnus incana-Alisma . . ; .

. 2.10-1.75 | was recorded. As an aquatic plant, Alisma plantago-aquatica/lanceolata was determined. There also occurred
plantago-aquatica/ Polygonum hydropiper, Sparganium neglectum and Carex pseudocyperus
lanceoloata Vg ydaropiper, Sparg: g p yp
Star VL3/ 11 Alisma plantago-aquatica/lanceoloata is still highly numerous. Aquatic plants are also represented by
Alisma plantago- 1.75-1.30 | Sparganium neglectum and Polygonum hydropiper. At the top of the zone, the participation of Scirpus
aquatica/lanceoloata sylvaticus increases
Star VL3/II1 The seeds of Alisma plantago-aquatica/lanceolata almost disappear. The participation of Scirpus sylvaticus,
Scirpus silvaticus- 1.30-0.50 | Carex cf. divulsa and Ranunculus cf. repens increases. After a decrease of Carex cf. divulsa there is an
Poaceae increase of Juncus sp. The participation of Poaceae seeds is the highest in this zone
Increase of the content of remains of plants with lower humidity requirements. Diaspores of Sambucus sp.,
Star VL3/IV . s
. 0.50-0.00 | Plantago media and Taraxacum officinale, not recorded so far, were found. Oospores of Chara sp. appear as
Poaceae-Plantago media . . .
representation of plants from aquatic habitats

spatial distribution of Quarternary sediments in the Velyky
Lukavets River valley, were presented by Sokotowski et
al.., (2009). The analysis of plant macroremains was carried
out for material obtained from boreholes Nos 4°, 22 and 28
and outcrops VL-1 and VL-3 (Fig. 1).

Borehole No. 4°

Borehole No. 4’ is located in the NE part of the study
area (Fig. 1) and includes 4.35 m of organic sediments, from
which 87 samples were taken. The examined sediments rest
on Miocene strata and are covered by a mine dump, 0.7 m
thick. The section is represented mainly by clayey mud with
plant detritus, peat, biogenic mud, and mud saturated by bi-
tumen (Fig. 2). The conducted analysis of botanical compo-
sition allows for a distinction of 7 phases in the develop-
ment of vegetation — Star 4° [-VII (Table 1).

Borehole No. 22

Borehole No. 22 is located about 160 m to the SE from
the place of the rhinoceros and mammoth finding (Fig. 1)
and includes 5.80 m of organic sediments, from which 59
samples were taken. The examined sediments are underlain
by Miocene strata and are covered by a mine dump, 30 cm
thick. The examined sediments include: clayey mud with
plant detritus, peat mud, coarse-clastics saturated by bitu-
men and peat in the top section (Fig. 3A). The conducted
analysis of botanical composition allows for a distinction of
6 phases in the development of vegetation — Star 22 -VI
(Table 1).

Borehole No. 28

Borehole No. 28 is located closest to the place of find-
ing of large mammals (Fig. 1, Table 1) and includes 6.1 m
of organic sediments, from which 34 samples were ana-
lysed. The examined sediments are placed on Miocene
strata and are covered by a mine dump, 30 cm thick. They
are composed mostly of clayey mud and a peat (0.5 m thick)
at the top of the section. A gravel bed occurs at the base of
the clayey deposits. The analysis of botanical composition
shows that there are almost no plant remains, which could

be qualified for determination. A poor content of plant re-
mains made plotting the diagram and detailed analysis of
the vegetation development phases impossible.

Outcrop VL-1

Outcrop VL-1 (Fig. 1), located on the Velyky Lukavets
River left bank, is 3.0 m thick. From the segment of organic
sediments, 49 samples were taken for analysis. The base of
the sampled outcrop is marked by the river bed level,
whereas at the top a mine dump bed, about 2 m thick, oc-
curs. The conducted analysis of botanical composition al-
lows for a distinction of 6 phases in the development of veg-
etation — Star VL-1 I-VI (Fig. 3B, Table 1).

Outcrop VL-3

From outcrop VL-3 (Fig. 1), located on the Velyky
Lukavets River right bank, 21 samples were taken from the
segment of mineral-organic sediments, 2.1 m thick. The
base of the core is marked by the river bed level, whereas
the top is marked by a gravel bed, several centimetres thick.
Up the section, a ca. 1.2 m thick bed of fen soil occurs, with
soil developed at the top (Sokotowski et al.., 2009). The
conducted analysis of botanical composition allows for a
distinction of 4 phases in the development of vegetation —
Star VL-3 I-IV (Fig. 4, Table 1).

DESCRIPTION OF MALACOFAUNA

Samples for malacological analysis were taken from
five boreholes Nos 4, 5, 14, 22 and 43 (Fig. 1).

From borehole No. 4 one sample was taken from a
depth of 4 m, containing a very poor fauna (with 3 species
and 8 specimens). The group found here is composed of two
aquatic mollusc species: Galba truncatula (Miill.) and Pisi-
dium obtusale laponicum (Cless.), and a hygrophile land
snail taxon — Vertigo genesii (Gred.). There also occurred
quite numerous, small fragments of Vertigo or Columella
shells, not qualifying for determination. The group pre-
sented above is typical for a very cold climate and strongly
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Fig.2.  Plant macrofossil diagram for borehole No. 4’

boggy habitats. It characterizes an arctic tundra environ-  aquatic species typical for shallow and periodically disap-
ment. pearing pools: Galba truncatula (Miill.) and Anisus leuco-

In borehole No. 5, in one sample taken from a depth of  stomus (Mill.). It is completed by land snail species associ-
2.3 m, a poor mollusc group (with 4 species and 27 speci-  ated with open habitats of a diversified humidity: Pupilla
mens) was found. It was characterized by dominance of  muscorum (L.) and Vertigo angustior Jeffr.
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From borehole No. 14 two samples were taken, includ-
ing a quite abundant mollusc group. In the lower sample,
taken from a depth of 2.3 m, the mollusc fauna is poor (7
species, 25 specimens). It is characterized by numerous oc-
currence of aquatic species, Galba truncatula (Miill.) and
Radix peregra peregra (Miill.), which are accompanied by
land, mainly hygrophile snails: Vertigo antivertigo (Drap.)
and Succinea putris (L.). The upper sample (from a depth of
2.0 m) abounds in mollusc shells (13 species and 121 speci-
mens). The four most important taxa found here are: Galba
truncatula (Miill.), Radix peregra peregra (Miill.) and Ani-
sus leucostomus (Mill.), as forms typical for periodical wa-
ter pools, and Pisidium casertanum (Poli.), as an euryecolo-
gical bivalve species. The group is completed by land snails.

Boreholes Nos 5 and 14 are located close to each other
and they were sampled at a similar depth (Fig. 1). The mala-
cofauna groups identified in the three samples described
above have a similar species composition and represent a
similar type of habitat. This indicates the existence, at least
in the northern part of the study area, of a shallow and peri-
odically disappearing water pool, surrounded by open land
habitats with a quite high humidity. A fact worth noticing is
also the total lack of cold-adapted species.

In borehole No. 22, two samples taken from the top of
the section (at the depths of 0.1-0.2 m and 0.2-0.3 m) con-
tained similar mollusc groups covering a total of 8 taxa and
33 specimens. Malacofauna is dominated by land species
typical for open and relatively dry habitats: Vallonia pul-
chella (Mill.), Pupilla muscorum (L.), and Vertigo pyg-
maea (Drap.). It is completed by mesophile species of habi-
tats showing medium humidity. Aquatic forms are of acces-
sory importance. All species included in the presented
group occur in the present-day area of Starunia. The group’s
ecological description corresponds to the present-day envi-
ronment.

In borehole No. 43, a sample taken from a depth of 7.7
m contained a poor fauna (with 6 species and 15 speci-
mens). The mollusc group was represented virtually by only
two ecological groups: hygrophile species, Vertigo genesii
(Gred.) and Vertigo geyeri Lindh., and aquatic forms typical
for episodic pools, Galba truncatula (Miill.) and Pisidium
obtusale laponicum (Cless.). All the taxa identified in the
sample are characterized by a very high thermal tolerance
and are typical for boggy environments of polar tundra. The
mollusc shells were accompanied by small, unfortunately
not qualifying for determination, fragments of bones, most
probably belonging to a large mammal.

OLDER MALACOLOGICAL DATA

The mollusc group found by Rogala (1907) in the Maly
Lukavets River terrace in Gvizd village contained mainly
species typical for a cold climate, such as Succinea oblonga
Drap. or Columella columella (G.Mart.). The composition
of malacofauna indicates a humid tundra habitat (S. W.
Alexandrowicz et al., 2005). A considerably more abound-
ing group was described by Lomnicki (1908), who studied
mollusc shells collected from the mineshaft, in which the re-
mains of mammoth and first rhinoceros were found. The de-
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termined fauna included as many as 28 species (Lomnicki,
1908; Bayger et al., 1914) represented by numerous speci-
mens. Unfortunately, during later studies it came out that
the malacological material came from an old mine dump,
which was, at the end of the 19th century, used to fill the
mineshaft. The material included species occurring at that
time in the area of Starunia (Nowak & Panow, 1930; S. W.
Alexandrowicz, 2003, 2004). The correctness of such an in-
terpretation is indicated by an excellent condition of the
shells (with colour and organic parts preserved), as was em-
phasized by Lomnicki (1908), as well as by the composition
of the group, in which an important part was played by spe-
cies with very high thermal requirements, like Helix
pomatia (L.), Helix lutescens Rossm., and others (S. W.
Alexandrowicz, 2003, 2004). For these reasons, this fauna
can be used only to estimate the composition of those fauna
groups, which occurred in the area of Starunia more than
100 years ago.

DESCRIPTION OF CHOSEN MOLLUSC
SPECIES

Only several out of 21 mollusc taxa identified in the
analysed samples are of significant importance for palaeo-
environmental reconstruction and stratigraphical interpreta-
tions.

Pisidium obtusale laponicum Cless. — a taxon of the
subspecies rank, considered a species by some authors. At
present, this bivalve is found only in northern Europe, in
arctic and subarctic areas. It is very common in the Late
Glacial carbonate lacustrine sediments and is virtually ab-
sent from Holocene deposits (W. P. Alexandrowicz, 1999).
At present, it inhabits small, shallow pools with standing
water and luxuriant plant vegetation. It also may, for a short
period, survive in boggy land environments.

Galba truncatula (Mill.) (Fig. SH-1) — a widely spread
holarctic species. It is a snail with a broad ecological toler-
ance found in various kinds of pools with standing waters.
Most of its typical habitats are small, periodically disap-
pearing and drying overflow areas. In spite of being an
aquatic species, it can survive in humid land biotopes, even
for a period of several months. Galba truncatula (Mill.) is
one of snails found most commonly in the Late Glacial and
Holocene deposits. It is very often accompanied by Anisus
leucostomus (Mill.) and Pisidium obtusale (Lam.), as well
as by hygrophile land species such as Succinea putris (L.)
and Zonitioides nitidus (Miill.), and in deposits associated
with cold periods also by Vertigo genesii (Gred.) and Ver-
tigo geyeri (Lindh.).

Anisus leucostomus (Mill) (Fig. SH-2) — a palaeoarctic
species with a broad climatic tolerance. It is a form typical
for small, heavily overgrown aquatic pools, which can be
also found in boggy land biotopes. Together with Galba
truncatula (Miill.) it forms a faunal group characteristic for
episodic water pools. Anisus leucostomus (Mill.) is com-
monly found in Late Glacial and Holocene sediments.

Vertigo genesii (Gred.) (Fig. SLG-2) — a North Euro-
pean species, characteristic for boggy and open biotopes of
a swamp type. Most frequently, its presence is associated
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Fig. 4.

with the Late Glacial. It is particularly common in the
Younger Dryas, where it is usually accompanied by Vertigo
geyeri Lindh. and Columella columella (G. Mart.). In Holo-
cene sediments, it is a relict form occurring very rarely. In
Scandinavia and locally in Western Europe, a significant
participation of Vertigo genesii (Gredl.) is recorded in sedi-
ments of the Lower and even Middle Holocene (Lozek,
1964; Limondin-Lozouet, 1992; Krolopp & Siimegi, 1993;
S. W. Alexandrowicz & W. P. Alexandrowicz, 1995a, b; W.
P. Alexandrowicz, 1997, 1999, 2004).

Vertigo geyeri Lindh. (Fig. SLG-1) — a boreal-alpine
species found in biotopes very similar to the ones inhabited
by Vertigo genesii (Gredl.). Most frequently, the two taxa
are found together and form a group, very characteristic for
the close of the Latest Glacial, recorded for numerous sites
in the whole of Europe (Lozek, 1964; S. W. Alexandrowicz,
1987; Limondin-Lozouet, 1992; Krolopp & Siimegi, 1993;
S. W. Alexandrowicz & W. P. Alexandrowicz, 1995a, b; W.
P. Alexandrowicz, 1997, 1999, 2004).

Pupilla muscorum (L.) (Fig. SLH-2) — a widely spread
holarctic taxon with a high thermal tolerance. It is found in
deposits associated with the coldest glacial phases (loesses)
as well as in sediments deposited in the climatic optima of
interglacials. At present, it is one of snails most commonly
found in the whole of Middle Europe. Pupilla muscorum
(L.) is found at completely open sites, dry or of medium
humidity.

Vallonia pulchella (Miill.) (Fig. SLH-1) — taxon of sim-
ilar ecological valence to described above. It is found
mainly in Late Glacial and Holocene deposits in different
types of land sediments. The species in question is typical
for open and relatively dry environment. Malacocenoses
with large amount of Vallonia pulchella (Mill.) usually ac-
companied by Vallonia costata (Miill.) and other cold-toler-
ant land snails are regarded as characteristic for Late Glacial
and Early Holocene sediments deposited in land, dry and
open environments (Lozek & Thoste 1972; S. W. Alexan-
drowicz & W. P. Alexandrowicz, 1995a).

DEVELOPMENT
OF PALAEOENVIRONMENT

Palacobotanical and malacological studies, radiocarbon
dates (40,000 +£700 yrs BP, 43,000+£1100 yrs BP), and a de-
tailed analysis of sediments of the Velyky Lukavets River
valley indicate that the development of the valley began in
the Early Weichselian or even in the Eemian Interglacial,
whereas the sedimentation of clayey sediments occurred in
the Middle Pleniglacial (Moershoofd interstadial) and was
continued in the Hengelo/Denekamp interstadial, as well as
in the Late Glacial and Holocene (Stachowicz-Rybka et al.,
2009; Sokotowski & Stachowicz-Rybka, 2009; Kuc et al.,
2009).

Middle Pleniglacial

In the plant macroremains diagrams (Figs 2, 3 A, B, 4),
local zones were distinguished and, on the basis of the local
vegetation development phases, an attempt was made to
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Fig. 5.

Shells of typical snails from the Late Glacial and Holocene deposits from Starunia. Species typical for Late Glacial deposits:

LG-1 — Vertigo geyeri Lindholm, LG-2 — Vertigo genesii (Gredler). Species typical for Holocene deposits: H-1 — Galba truncatula
(Miiller), H-2 — Anisus leucostomus (Millet). Species typical for Late Holocene deposits: LH-1 — Vallonia pulchella (Miiller), LH-2

Pupilla muscorum (Linnaeus). Photos by W. P. Alexandrowicz

correlate them with each other, as well as to assess the strati-
graphical correlation.

In the Velyky Lukavets River valley the oldest sedi-
ments were documented for drillings Nos 22 and 28. Unfor-
tunately, since hardly any macroscopic plant remains were
found in drilling No. 28, the only drilling material remain-
ing for analysis was from No. 22 (Table 1, Fig. 3A).

Both the quantity and variability of plant macrore-
mains, determined for the basal deposits of section 22 in the
Star 22/I-1II zones, indicate that the plant communities of
that time, in all land habitats surrounding the lake and in the
lake itself, were varied and abundant.

The lacustrine pool was surrounded in that period
mostly by Betula nana (Fig. 6A, B, C, D), Salix sp., Betula
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3
3

Fig. 6. Macrofossils of plants from the Late Glacial and Holocene deposits from Starunia. A, B — Betula nana, fruit; C, D — Betula
nana, fruit scale; E — Salix sp. leaf; F — Typha sp., seed; G — Ranunculus acris, fruit; H — Bidens tripatrita, fruit; I — Urtica dioica fruit; J —
Potentilla erecta fruit; K — Carex elata, fruit; L — Plantago major, seed; M, N — Poaceae sp., fruit; O — Lycopus europaeus, fruit; P —
Batrachium sp., fruit; R — Viola palustris, seed; S, T — Zannichellia palustris fruit; U — Triglochin maritimum, seed; V — Triglochin
maritimum, fruit; W — Scirpus sylvaticus, fruit; Z — Eleocharis palustris, fruit. Photos by R. Stachowicz-Rybka and M. Gatka
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humilis and, occasionally, tree birches (Betula sect. Albae).
Therefore, the patches of tundra vegetation must have
played a significant part in the landscape around the lake.

In the sediments surrounding the rhinoceros’s carcass,
Szafer (1930) determined 14 plant species, among which
Betula nana is worth particular consideration, as a species
occurring very plentifully in the forms of fruits, scales, and
leaves. The species gave name to deposits (“clays with
Betula nana”) associated with beds, in which the discover-
ies of large mammals are located. Moreover, Szafer (1930)
determined a number of species confirming the glacial type
of the Starunia flora, such as Dryas octopetala, Salix reticu-
lata, and Thalictrum alpinum. Out of the species listed by
Szafer (1930), the only ones found in the currently exam-
ined sediments were: Betula nana, B. humilis, and numer-
ous Carex species.

The remains of Betula nana were recorded in sediments
of all examined sections apart from section VL-3. Both the
radiocarbon dates and succession of vegetation suggest that
the presence of the above-mentioned remains in sections
VL-1 and 4’ should be associated with the cooling of cli-
mate during the Late Weichselian, being the time of occur-
rence of last the woolly rhinoceroses and mammoths. The
oldest sediments including the remains of Betula nana were
dated to the Middle Pleniglacial and were found in sections
22 and 28. Geologic survey and radiocarbon datings (Soko-
lowski & Stachowicz-Rybka, 2009; Kuc et al., 2009) con-
ducted for adjacent sections are likely to indicate a broader
range of the sediments of that age (Fig. 1).

In both the older and the currently examined flora no
tree remains were found, what indicates a dominance of
open and woodless plant communities. This is confirmed by
palynological data (Stachowicz-Rybka et al., 2009). Un-
doubtedly, the dominant plant communities in the landscape
were tundra and steppe communities, the presence of which
was marked mostly by the occurrence of various grass and
sedge species. The Star 22/1 and Star 22/1I1 zones are charac-
terized by the occurrence of exceptionally numerous grass
fruits. Among the latter, the presence of Puccinellia distans
(Fig. 6M, N) is worth emphasizing. It is a species with an
exceptionally high resistance for soil salinity. It is assumed
that 5-10 g of salt per 1 kg of soil is optimum for this halo-
phyte’s requirements. However, as it is stated by Koztowski
et al.. (2004), even with 73 g of sodium chloride per 1 kg of
soil the growth of the plant is still possible. Puccinellia dis-
tans is found in Starunia at present, similarly as Lepigonium
salinum (currently Spergularia salina) mentioned among
the meadow flora by Lomnicki (1914). Together, they form
patches in areas of the highest salinity (Moscicki et al.,
2009).

In wet and eutrophic habitats, as well as in drying-up
waterside habitats, the therophyte phytocoenoses appeared.
They are represented by species characteristic for various
present-day Bidentetea tripartiti units, like Bidens tripartita
(Fig. 6H) or Ranunculus sceleratus.

From the Middle Pleniglacial up to the present day, the
area has been characterized by the presence of Triglochin
maritimum, which is not frequently found in Quaternary
sediments (Stachowicz-Rybka, 2005) and is currently in
danger of with extinction. It grows in Europe, mainly on sea
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shores, but also in halophylic, boggy meadows and transi-
tion bogs. Outside Europe, it has essentially a circumboreal
distribution (Davy & Bishop, 1991; Looman, 1976).

It is worth emphasizing that currently in Starunia the
species is found in large numbers, forming quite dense
stands in boggy areas (Moscicki et al., 2009).

The reedswamp area was undoubtedly dominated by
Eleocharis palustris (Fig. 6Z) and Typha sp. (Fig. 6F),
which are found together in Phragmition communities.
However, considering the fact that the remains of Eleo-
charis palustris appear in very large quantities in the bottom
section of the zone and suddenly disappear, it can be as-
sumed that they formed monospecies transitory communi-
ties. Currently, plant communities of that type occur as the
outer belt of reedswamp vegetation. Highly numerous fruits
of this species show that the bedrock must have contained a
lot of calcium carbonate.

Because of salinity, aquatic communities were domi-
nated by Zannichellia palustris (Fig. 6S, T), which prefers
extremely eutrophic or slightly saline, standing or slow-flo-
wing waters. It grows at various depths in littoral shallows
of lakes and rivers. Its participation in younger parts of the
zone gradually decreases. Zannichellia palustris, together
with Potamogeton filiformis, which is also a halophylous
species, could have formed plant communities of a type
similar to the present-day Parvopotamo-Zannichellietum
(Matuszkiewicz, 2001).

In the group of species characteristic for Weichselian
sites (Velichkewich & Zastawniak, 2006), Eleocharis palu-
stris and Potamogeton filiformis are distinguished as spe-
cies appearing in the close or in the beginning of intergla-
cials, most often in the tundra or woody tundra landscape.
These species, as well as other taxa indicating cool climate,
were recorded in zones Star 22 I-III. The minimum July
temperature for both Eleocharis palustris and Potamogeton
filiformis is 10°C (Kolstrup, 1980; Mamakowa, 1997). The
minimum July temperature for Betula nana is 7°C (Brink-
kemper et al., 1987), and for Triglochin maritimum — 8°C
(Lambracht ef al., 2007). The tolerance range of these taxa
indicates that the Middle Pleniglacial minimum temperature
in July amounted to at least 10°C and was comparable with
temperatures dominating in Western Europe (Huijzer &
Vandenberghe, 1998). Therefore, the seasonally frozen
ground at Starunia was likely to be controlled by cold
climatic conditions.

Late Weichselian

The Late Weichselian (Allerdd and Younger Dryas)
sediments were documented in several zones of the ana-
lysed sections: Star 4°/I-V, Star 22/IV-V, and Star VL-1/
I-1II (Figs 2, 3A, B).

The basin, the presence of which was confirmed by the
occurrence of aquatic flora, was at that time still surrounded
mainly by: Betula nana (Fig. 6A, B, C, D), Salix sp., Betula
humilis, and Juniperus communis, and occasionally by:
Betula sect. Albae and Picea abies, and in more humid habi-
tats also by Alnus incana and Alnus sp. Therefore, in the
landscape surrounding the lake, an important part must have
been played by patches of tundra vegetation, which were
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gradually entered by loose boreal forest communities. Si-
multaneous occurrence of Cenococcum geophilum sclerotia
indicates an open character of the vegetation surrounding
the lake and an increase in solifluction processes (Lawry-
nowicz, 1983).

Herbaceous communities of land plants are character-
ized by the presence of exceptionally numerous grass seeds,
as well as occasional macrofossils of various heliophilous
plant species, such as: Caryophyllacae, Plantago lanceo-
lata, Viola palustris (Fig. 6R), and Potentilla erecta (Fig.
6J). This indicates the maintenance of steppe-tundra com-
munities in the landscape.

Star 4°/I11 and Star 4°/V zones are a period of improve-
ment in climatic conditions of the basin. The basin was col-
onized by aquatic plants, like Potamogeton filiformis, Zan-
nichellia palustris, and Batrachium sp. In shallow basins,
up to several dozen centimetres deep, there occurred Scho-
enoplectus tabernaemontani, preferring slightly salty wa-
ters. Swamp communities were dominated by Eleocharis

sp., Typha sp., and Juncus sp. A characteristic feature of the
Starunia flora is a very poor frequency of aquatic plant taxa,
including climatic indicators. The reason for such a condi-
tion could be the constant and quite high water salinity, as
well as contamination with petroleum, penetrating from
Miocene strata in the bedrock.

The environmental chemistry could be also adverse for
the development of molluscs. Malacofauna determined for
the sections of drillings in the area of the Starunia mine are
poor, but evidently diversified. The mollusc group consid-
ered to be the oldest one was identified in samples taken
from boreholes Nos 4 and 43 (Fig. 1). It is typical for boggy
habitats with periodically retained small water pools (Fig.
7MSI). The discussed fauna corresponds to an association
described by Rogala (1907) in Gvizd village. The malaco-
coenoses, similar when considering their structure and spe-
cies composition, were described from numerous sites in the
whole of Middle and Northern Europe, including sediments
dated with the '*C method (Lozek, 1964; S. W. Alexandro-
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wicz, 1987; Limondin-Lozouet, 1992; Krolopp & Siimegi,
1993; S. W. Alexandrowicz & W. P. Alexandrowicz,
1995a, b; W. P. Alexandrowicz, 1997, 1999, 2004, and
many others). They are considered to be indicative groups,
typical for the Late Glacial. The coexistence of Vertigo
genesii (Gred.) and Vertigo geyeri Lindh. is characteristic
for the Younger Dryas (S. W. Alexandrowicz, 1987; Li-
mondin-Lozouet, 1992; W. P. Alexandrowicz, 1997, 2004).
Therefore, the discussed fauna is probably associated with
this cold phase of the Late Glacial.

Holocene

The Holocene sediments were documented in several
zones in all analysed sections: upper part of Star 4°/V, Star
4’/VI-VII, upper part of Star 22/V, Star 22/VI, upper part of
Star VL-1/III, Star VL-1/IV-V, and Star VL-3/I-IV (Figs 2,
3A, 3B, 4).

In the VL-3 section, of Late Holocene age (as indicated
by the date of 1,275430 years BP as well as by the lack of
cool climate indicators), the plants growing in the shore area
of the water pool are very well represented, particularly in
the Star VL-3/I and VL-3/II zones (Fig. 4). Apart from
Alisma plantago-aquatica/lanceolata, there also grew Poly-
gonum hydropiper, Sparganium neglectum, and Carex
pseudocyperus. The presence of these taxa indicates a con-
stant inundation of the area or the existence of a shallow wa-
ter pool, which was gradually shallowing and eventually
disappeared, as confirmed by the appearance of Scirpus
sylvaticus, Carex cf. divulsa, Ranunculus cf. repens, and
Juncus sp. Towards the top of the VL-3 section, the content
of diaspores of plants with lower humidity requirements in-
creases. In the sediments of that period the diaspores of
Sambucus sp., Plantago media (Fig. 6L), and Taraxacum
officinale, not recorded so far, were found.

The Holocene sediments of sections 4’ and 22 con-
tained a few plant macrofossils, also indicating the exis-
tence of a shallow, periodically drying up water basin, with
a developed belt of swamp communities and peat bogs. The
youngest malacocoenosis comes from the top of the section
of borehole No. 22. The fauna found here contains mainly
species preferring open land habitats, similar to those ob-
served at present (Fig. 7MSI). This group can be associated
with the Late Holocene. Such an age interpretation is con-
firmed by the group structure, composition and location in
the section. This youngest phase, corresponding to the his-
torical period, is probably associated with the fauna
described by Lomnicki (1908).

The mollusc group identified in sections of boreholes
Nos 5 and 14 does not contain cold-adapted components
and is characterized by a very high participation of species
occurring in shallow and episodic water pools (Fig. 7MSI).
It represents a climatic phase falling in the Holocene. How-
ever, because of the lack of indicator species, radiocarbon
datings and palynological data, determination of a more pre-
cise stratigraphical range of the discussed group is impo-
ssible.

An analysis of tri-component diagrams allows for a de-
scription of the changes in mollusc fauna and natural envi-
ronment in the area of the Starunia mine in the Late Glacial
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and Holocene. Diagram E (Fig. 7TD-E) presents changes in
the character of habitats. In the Late Glacial, open and
boggy biotopes of a tundra type dominated. This period is
associated with the findings of large mammal fauna (S. W.
Alexandrowicz, 2004). In the Holocene, in the area of Sta-
runia mine, a shallow, periodically drying and disappearing
water pool developed. Because of poor malacological mate-
rial, the reconstruction of its range, development and time of
occurrence was impossible. The disappearance of the above
mentioned pool and the development of relatively dry, open
land habitats is associated with the Late Holocene. Diagram
NE (Fig. 7TD-NE) illustrates the groups’ thermal tolerance.
Faunas of the Late Glacial contain only those species, which
at present occur to the north of the polar circle. With the cli-
mate warming, the more important were forms with higher
temperature requirements. The presence of thermophylous
species, such as Helix pomatia (L.) and Helix lutescens
Rossm., was recorded only by Lomnicki (1908) in a fauna
occurring here probably in the 19th century. Diagram ZG
presents changes in the groups’ zoogeographic structure.
Groups associated with the Late Glacial are characterized
by a considerable participation of North-European taxa and
cold-adapted boreal-alpine forms. The Holocene faunas are
composed only of species with broad geographic ranges
(Fig. 7TD-ZG).

CONCLUSIONS

The results of palacobotanical and malacological stud-
ies in the Starunia area indicate that:

1. the lack of tree remains in the Middle Pleniglacial
flora indicates dominance of open woodless communities.
Undoubtedly, the landscape was dominated by tundra com-
munities with Betula nana and steppe communities, mark-
ing their presence with the occurrence of various grass and
sedge species;

2. the zone of sediments containing Betula nana re-
mains is widely spread throughout the study area. It was
found in three sections (4°, 22 and VL-1) located far from
each other. However, only in borehole No. 22 the zone with
Betula nana can be classified to the Middle Pleniglacial. In
both borehole No. 4° and outcrop VL-1, the zone belongs to
the Late Weichselian;

3. the tolerance range of species being cool climate in-
dicators shows that the minimum July temperature in the
Velyky Lukavets River valley in the Middle Pleniglacial
fluctuated between 7 and 10°C;

4. a characteristic feature of the Starunia flora is very
poor frequency of aquatic plant taxa. The reason for such a
condition could be the constant and quite high water salin-
ity, as well as contamination by petroleum penetrating from
the Miocene strata in the bedrock, or an adverse climate,
particularly in the Pleistocene;

5. from the Middle Pleniglacial up to the present day,
the area has been characterized by the presence of species
tolerating an increased amount of NaCl in the environment,
such as: Zannichellia palustris, Triglochin maritimum,
Schoenoplectus tabernaemontani, Puccinellia distans, and
Eleocharis palustris. Their occurrence should be associated
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with natural effluences of brines, deriving from Miocene
strata in the bedrock;

6. the malacofauna identified in borehole logs drilled in
the area of Starunia mine is poor, but evidently diversified.
Three significantly different types of groups can be distin-
guished here. Particular types are characterized by both dif-
ferent habitats and climatic conditions, what indicates that
they are of different ages;

7. the sequence of mollusc groups is quite typical for
the entire Middle Europe. Evolution of habitats, beginning
with the Late Glacial humid tundra, through the Holocene
lacustrine phase, ends with the Late Holocene open and dry
biotopes.
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