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Malacofauna of Holocene calcareous sediments
of the Cracow Upland

ABSTRACT: The calcareous tufas and fravertines of the Cracow Upland were
formed in the Boreal, Atlantic and Sub-Boreal periods of the Holocene. The
contained rich malacofauna testifies the variation and evolution of habitats in
response to ichanging climatic conditions and the human activities. At the
initial stage of calcareous deposition, the assemblages were moot wvery distin-
ctive, During the climatic optimum the content of forest snails increased
markedly, then gradually decreased, and there appeared abundant species pointing
to the progressing deforestation of the Upland. In the investigated profiles two
types of facies sequences are distinguished, characterized by mollusc assemblages
of different composition. One shows the predominance of species preferring moist,
meadow and poorly wooded environments, the other contains the species inhabiting
a variety of environments, including snails thriving in shaded habitats. Tufas and
travertines were deposited on flat valley floors, in the midst of moist and watery
meadows, brushwood and forests, as well as in water basins. In the Sub-Atlantic
period erosional processes intensified, due to which the deposition of calcareous
sediments was completed, and valley floors dissected and deepened to the present-
~-day level.

INTRODUCTION

Tufas, travertines, foamy sinters, loamy sinters and calcareous silts
have been reported from many localities in the Cracow Upland. They
contain rich fossil assemblages consisting mainly of molluscs, ostracodes
and plant remains. These sediments occur in valleys that cut through
Paleozoic and Mesozoic carbonate formations, particularly through
Middle and Upper Devonian dolomites and limestones, Lower. Carboni-
ferous limestones, Lower Permian calcareous conglomerates, Lower and
Middle Triassic limestones and dolomites, and Upper Jurassic limestones.
The outcrops of travertines, tufas and sinters are situated in the floor
and slopes of valleys, in terrace scarps, small waterfalls, and around
the springs. They are unstable, susceptible to erosion and subsequently
covered with colluvia and hillwash. Pronounced changes in the state
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of outcrops are produced by floods, the shifting of stream channels, the
regulation of streams and the development of their banks.

The sediments in question have been known since the 18th and the first half
of 19th century (Rzaczynski, Staszic, Pusch, Zeuschner). In the years preceding the
First World War many authors (Alth, Roemer, Tietze, Raciborski, Kuzniar, Wisniow-
ski) gave brief descriptions of major outcrops and mentioned the occurrence of
malacofauna and leaf prints in tufas and travertines.

Relatively ample informations was given by Zareczny (1894), who described
tufas and travertines of Szklarka, Ractawka and Czernka valleys near Krzeszo-
wice, and of the area of Rybna and Chrzandéw in the southern part of the Cracow
Upland. This author was of the opinion that most Quaternary sinters formed in
zones of Paleozoic carbonate rock outcrops, appearing only sporadically in areas
of Jurassic limestome outcrops. Zareczny distinguished two stages in formation of
the Holocene calcareous sediments. At the early stage, tufas and travertines filled
up some depressions and parts of valleys up to a height of a few or even dozen
or so metres, and the bulk of them was removed by erosion. Travertines of younger
generation are being formed at present in the immediate vicinity of springs flowing
out from Paleozoic or Triassic limestones and dolomites. Rich snail assemblages
found by Zareczny in the tufas and travertines do mot differ essentially from those
inhabiting today the Cracow Upland, which fact was regarded as being indicative
of Holocene age of these sediments.

Detailed studies of the sinters occurring near Ojcéw were carried out by Le-
winski (1913), who found that sinters were wide-spread in valleys cutting through
Upper Jurassic limestones. They covered the flat floor of these valleys and contain-
end abundant snails which there were no representatives of the family Clausillidae,
so common in the present-day faunal assemblages. According to Lewinski, tufas
and travertines deposited under the conditions of dry steppe climate, partly in the
period preceding the formation of loess.

The Holocene calcareous sediments of the Cracow Upland atiracted
again the scientific attention in the middle of this century. Walczak
(1965) described tufas and travertines exposed in the Bedkowska valley;
compact travertines form here two waterfalls, and loose tufas containing
fairly abundant snails are exposed mearly. The formation of these sedi-
ments was determined as the Late Glacial — Early Holocene. Brief
descriptions of other outcrops were given by .Golgb (1949), Siedlecki
(1952), Bukowy (1956), Wilk (1958), Gradzinski (1972), Alexandrowicz
& Wilk (1962), and Alexandrowicz & Alexandrowicz (1970).

Over the past few-years the present author carried out studies of;
malacofauna occurring in the younger Quaternary tufas, sinters and
travertines of southern Poland. Investigations were made in the Cracow
Upland, i.c. within the Raclawka valley (Alexandrowicz & Stworzewicz
1983) and the Bedkowska valley (Alexandrowicz 1982).

The systematic investigation of all available sites comprised profiles
located mainly in the morthern part of the Upland, between Cracow,
Przeginia and Trzebinia (Text-fig. 1). Samples for malacologic studies
were collected from outcrops in two or three stages. Firstl they were
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taken from each bed at intervals of 10—40 cm, and after the tentative
determination of the distnibution and frequency of snails and bivalve
shells, further samples were collected, mostly from beds abounding in
malacofauna and from sediments in which malacofaunal assemblages
showed wide variation. The total number of samples was 237, their
weight being 2—4 kg. They were disintegrated by soaking in water and
drying, and in some cases also by boiling, and then washed on a 0.5 mm
mesh sieve. All identifiable shells or fragments of shells were carefully
picked from the residuum, and the number of specimens of each taxon
in a sample was determined using the method proposed by Lozek (1964)
and Puissegur (1976). The analysis of differentiation of malacofauna
concerned the whole palaeontological material, whilst 72 samples, re-
presenting all the profiles and outcrops, were selected to illustrate the
characteristics of the assemblages and their variation. The frequency
of taxons was determined by semi-quantitative method (cf. Alexandro-
wicz 1980, 1981). The composition of malacofauna (see Pls 1—3) is re-
presented by malacospectra of species (MSS) and individuals (MSI)
which show quantitative proportions of molluscs assignated to the
ecological groups defined by Lozek (1964, 1969) and Puissegur (1976).

The present studies are a contribution to the Project MR 1/25, sponsored by
the Polish Academy of Sciences. The author’s thanks are due to Dr. E. Stworzewicz

for her kind delivery of comparative collections of molluscs, and to Dr. J. Rutkow-
ski for supplying data on the tufa outcrop at Miréw.
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Fig. 1. Location of Holocene tufa and travertine outcrops in the Cracow Upland:
a — outcrops described in this paper, b — inaccessible outcrops, described by
former authors
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PROFILES AND OUTCROPS

The investigated tufas and travertines of the Cracow Upland are
mostly located in the northern part of the Upland, in the Pradnik and
Saspoéwka valleys and in the stream' valleys belonging to the drainage
area of the Rudawa river north of Krzeszowice (cf. Text-fig. 1). A few
outcrops of tufas are located in the southern part of the Upland, in the
valleys of streams running directly to the Vistula.

Some outcrops of Quaternary travertines which were known in the
past have failed to be found by the present author. In the Pradmik
valley, the exposure accessible twenty-five years ago at Zielonki, was
situated on the left side of the valley (Zl in Text-fig. 1), where a bed
of tufas and loose travertines 1.5 m thick with abundant shells of snails
rested on gravels (Bukowy 1956). The exposure at Pragdnik Korzkiewski,
mentioned by Lewinski (1913), showed a thin layer of loose tufa in the
stream bed of the Pradnik (PK in Text-fig. 1).

Fragments of compact travertines can be found in the Karmiowice
valley (Kn in Text-fig. 1), yet no profile from which they derive is
exposed. Similar travertines were reported by Zareczny (1894) from the
Filipowice valley (Fl in Text-fig. 1).

In the upper part of the Szklarka valley, at Jerzmanowice (Jn in
Text-fig. 1), there occur white tufas with abundant snails, covered with
a layer of compact travertine. They rest on clays and clayey silts,
attaining a thickness of 1.5 m (Lewinski 1913). This outcrop is now
covered up and so is a sinter outcrop at Czatkowice, at the tectonic
contact of Carboniferous and Jurassic limestones (Kw in Text-fig. 1),
where these sinters formerly well exposed and contained abundant
molluscs (Zareczny 1894).

In the southern part of the Upland, outcrops of travertines and. tufas,
now covered and inaccessible, were reported from Rybna, Grojec and
from the area of Kwaczala (Rb, Gr, Kc in Text-fig. 1). Rich molluse
assemblages were found by Zareczny (1894) in travertines at Rybna.
Sandy tufas devoid of fauna are also known (Wilk 1958) from Zagéreze
Mate near Libigz (Zg in Text-fig. 1).

OoJCOW

An outcrop of tufas and travertines is located in the Sgspowka stream
valley at Ojcéow (Oc in Text-fig. 1), near its debouchment into the
Pradnik river (Lewinski 1913, Alexandrowicz & Wilk 1962, Alexandro-
wicz & Alexandrowicz 1976). In the past sixty years the condition of
this outcrop changed considerably, mainly due to the recesion of the

waterfall edge in which there is a compact travertine layer.

Tufas and travertines are now exposed on the right bank of the Saspéwka
stream by the waterfall, In a scarp that is more than 5 m high (Text-fig. 2). In
the lower part of the profile, the travertines are compact, cavernous and porous,
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with leaf prints and scarse snail shells. There is also a layer of friable loose
travertines containing a: poor malacofaunal assemblage (sample Oc-1). It is overlain
by grey-whitish and yelow nodular tufas with inserts and lenses of travertines,
containing fairly abundant snail shells (Oc-2, Oc-3, Oc-4). They pass upward into
silty tufas and grey or light-grey loamy sinters intercalated by calcareous silts,
in which rich malacofauna has been found (Oc-5, Oc-6, Oc-7).

MSS MS]

il A NNe e =
ELJL;J@L‘EL I;T:'JLﬁ

Fig. 2. Profile of tufas and travertines at Ojcow (Oc) in rthe Spasowika valley
MSS — malacospectra of species, MSI — malacospectra of individuals; both for
, successive samples (I—7)
LITHOLOGIC SYMBOLS (for Text-figs 2—16):. A — compact porous travertines,
B — nodular travertines, C — loose tufas with calcareous nodules, D — silty and
fine-grained tufas, E — calcareous silts with parallel bedding, F — slope. breccia
cemented with tufa or travertine, G — talus, debris and block-fields, H — loams
with limestone fragments I — sands and silts, K — loess hillwash

ECOLOGICAL GROUPS (according to Lo¥ek, 1964): 1 typical forest species,

2 species inhabiting mainly forests, 3 species of moist forests, 4 steppe and xero-

thermic species, 5 meadow species of woodless or poorly wooded areas, 6 meso~

phile species of moderately dry enviromments, 7 mesophile species of moderately

moist environments, 8 mesophile species of moist environments, 9 species of very

moist, watery environments and swamps, 10 aquatic species, 11 accessory eco-
logical groups

The composition of mollusc assemblages in the profile is diversified (Table 1).
This variation is well reflected by malacospectra of individuals (MSI), ie. it consists
in a different number of specimens representing each ecological group. Malaco~
spectra of species (MSS) show little variation (Text-fig. 2), the content of taxons



122 S. W. ALEXANDROWICZ

having a preference of specific environments being; forest species 23—30%, meadow
species 9—12%o, eurytopic species 22—40%o, hygrophilic. and aquatic species -27—40%.

In the lower part of the ‘profile, in travertines (Oc<l), the malacofaunal
assemblage contains a great number of snails typical of open.and woodless environ-
ments, mainly of the species Vallonia pulchella (Miiller). Specimens representing
eurytopic species, especially Perpolita radiatula (Alder), are also fairly common.
Nodular tufas (Oc-2, Oc-3, Oc-4), in the lower and upper parts of the bed contain
a thanatocenose showing equal proportions between ecological groups, yet a slightly
higher content of snails from the forest environment, i.e. Isognomostoma.isognomos-
toma (Schroter) and Vitrea crystallina (Miiller). In the middle part of this bed
worth noting is the abundance of snails inhabiting very moist environments, the
most characteristic of which is Succinea elegans (Risso). In two successive samples
(Oc-5, Oc-6) the composition of the assemblage changes markedly, its dominant
component being aquatic molluscs: Anisus leucostomus: (Millet), Lymnaea trunca-
tula (Miiller), Valvata cristata Miiller, and Pisidium sp. In the top part of the
profile (Oc-7) there is again an increase in the number of snails typ1ca1 of open
environments, represented by Vallonia pulchella (Miiller).

The above succession of mollusc assemblages reflects the evolution of their
habitats at the confluence of the Saspéwka and Pradnik valleys during the Holo-
cene, At the time of deposition of travertines, the valley floor was partly woodless
whilst the slopes and the plateau surface were covered with mixed and deciduous
forests. At the subsequent stage, moist and watery habitats, as well as forest
environments, became predominant, which may correspond to the Holocene climatic
optimum and partly also to the Sub-Boreal period. The rise of loamy sinters and
calcareous silts (upper part of the profile) containing aquatic malacofauna indicates
that the valley floor was swamped and partly flooded, whereupon due to the
deepening of the stream chamnel, it dried again and open,. woodless habitats
developed. This final stage of deposition of tufas and travertines may have been
in intimate association with the activities of man, the deforestation of the land,
and the intensification of erosion. Such changes took place towards the close of the
Sub-Boreal. period and in Sub-Atlantic period. Consequently it is inferred that the
calcareous sediments in question formed mainly in the Middle Holocene. The
succession of beds and malacofaunal assemblages shows close similarity to that
from the Raclawka valley (Alexandrowicz & Stworzewicz 1983).

SASPOW

In the upper part of the Sgspowka valley, about 1 km SE of Sgspow
(Sp in Text-fig. 1), there is an autcrop of tufas containing mumerous
snail shells. It is situated in a scarp on the right bamnk of the stream,
below the “Miynna” klippe. The tufas atain a thickness of 1.5 m, their
bottom is not visible, and they are covered with Jurassic limestone
debris which forms a fan at the foot of the klippe (Text-fig. 3). The tufas
are white and grey-whitish in colour, loose, unbedded. They contain
randomly distibuted fragments and blocks of Jurassic limestones of
different sizes.

The mollusc assemblage found in the tufas is nearly homogeneous (Table 1).
Malacospectra of species (MSS) and individuals (MSI) reveal a high content,
running up to 50%, of forest snails (Text-fig. 3): Isognomostoma isognomostoma
(Schroter), Acicula polita (Hartmann), Aegopinella pura (Alder), and the presence



HOLOCENE MALACOFAUNA 123

of a few species of the family Clausillidae. Well represented are also: Vallonia pul-
chella (Miiller), Punctum pygmaeum (Draparnaud), Carychium tridentatum (Risso)
and C.minimum Miiller. Aquatic molluscs are an accessory component. The com-

Fgi. 3. Tufa outcrop at Saspbw (Sp) in the Sa,spéwka valley; symfbols the same
as in Text-fig. 2

position of malacofauna indicates that the tufas were deposited under the condi-
tions of warm and humid climate at the foot of a slope covered with deciduous
forest, on the valley floor occupied by a variety of habitats. The suggested time
of their formation is the Atlantic or Sub-Boreal period of the Holocene.

UJAZD

In the Kluczwoda valley, foamy sinters and tufas occur at the village
of Ujazd (Ud in Text-fig. 1). The valley there is flat and broad, with
wide terraces and gently inclined slopes. The outcrop is situated on the
northern periphery of the village, on the left bank of the stream.

The tufas are white or grey-whitish in colour, loose, silty or nodular, unbed-
ded, attaining a thickness of 50 cm. They rest on grey and grey-yellowish silty
loams containing small pebbles of Jurassic limestones, and are overlain by silts
and loess hillwash (Text-fig. 4). The malacofaunal assemblage present in tufas
is homogeneous (Table 1), constisting almost entirely of species typical of meadow
habitats, euryecological species, aquatic and hygrophilic snails. Malacospectra: of
species (MSS) show equal proportion of these three compomnents whereas malaco-
spectra of individuals (MSI) show the marked predominance of aquatic snails
(Text-fig. 4), among which Anisus leucostomus (Millet) is particularly abundant.
Such thanatocenose suggests that the tufas were deposited in a woodless area, on
the valley floor partly occupied by marshes and shallow, intensely overgrown .
water basins. Their deposition presumably took place during the period of progress-
ing deforestation of the Cracow Upland, i.e. in the Middle/Upper Holocene.

MSS ud MSJ

Fig, 4. Tufa outcrop at Ujazd (Ud) in the Kluczwioda valley; symbols the same as
in Text-fig. 2
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Table 1

Mollusc assemblages in profiles and outcrops at Ojcow (Oc), Saspéw (Sp), and
Ujazd (Ud). The number of mollusc shells in samples: I 1—3 specimens, II 4—10,
IIT 1131, IV 32—100, V 101—316, VI 317—1000 (see Alexandrowicz 1980)

E — symbols of ecological groups (after LoZek 1964)

E Species Samples: Oc - 0jcéw Sp-Saspéw ud
3 4 5 6 1T 1 2 3 1 2

1 Acanthinula aculeata I IT II I

1 Acicula parcenlineata . I I

1 Acicula polita IT T I 1II II III III III

1 Aegopinella pura IITI II III

1 Cochlodina orthostoma I

1 Discus perspectivus I I 1II

1 Discus ruderatus I I

1 Iphigena latestriata I I I

1 Iphigena plicatula II II I

1 Isognomostoma isognomost. I II I II II I II III II III

1 Lacinaria cana I I

1 Orcula doliolum I IT I

1 Oxychilus depressus A

1 Ruthenica filograna II I I

1 Vertigo pusilla I I I

2 Aegopinella minor I 1II

2 Bradybaena fruticum I I I I I I

2 Discus rotundatus I I I

2 Helix pomatia I I I

2 Vitrea crystallina I III IIT II I II IV II III

3 Iphigena ventricosa N

3 Monachoides vicina I I I I I

-3 Perforatella bidentata I I I I I I I I I I

4 Truncatellina cylindrica I I I I

5 Pupilla muscorum II X

5 Vallonia costata II I I Iv IV IIT V II II II

5 Vallonia pulchella v IIT I I I II Iv Iv IV¥ III II

5 Vertigo pygmaea I I I

6 Cochlicopa lubricella I I .

6 Euomphalia strigella I

7 Cochlicopa lubrica IT IT I Ir I I Ir Ir I I I

7 Euconulus fulvus I I I II IT II I I I II T

7 Lacinaria plicata I

7 Perpolita radiatula IIT I I II I I II I I

7 Punctum pygmaeum I II I1 I II I IT II I I

7 Vertigo alpestris I I

7 Vitrea contracta I I 1T

7 Vitrina pellucida I I III I I I

7 Limacidae . I I I I I II III II II I

8 Carychium tridentatum I 1T I I II III II 1II

8 Columella edentula IT I I I I II I I

8 Succinea oblonga I I X

8 Vertigo angustior I I I I

8 Vertigo su’bstria{;a I

9 Carychium minimum I IIr- 1 IIr 1r r I Iv Iv IV IT I

9 Succinea elegans I II IV II II. I IT II II

9 Zonitioides nitidus I I I II II ..

10 Anisus leucostomus I IIT I ITI VI Vv IV I I : Iv IV

10 Armiger crista nautileus IT ‘I

10 Bithynella austriaca I

10 Gyraulus albus I 1II

10 Lymnaea peregra I II I IT II

10 Lymnaea truncatula I II I II II IT III I I II

10 Valvata cristata I I I I III

10 Pisidium sp. I I II v VvV Iv I I I

LACZKI

A tufa layer with inserts of travertines occur in the lower part
of the Bedkowska valley, near a mill in the village figczki (Ek in Text-
-fig. 1), in the bottom of the stream and on its left bank. Its thickness



HOLOCENE MALACOFAUNA 125

varies from 2 to 4 m. In the last century these sediments were very
poorly exposed (Zareczny 1894), and it was only when a small waterfall
formed on a travertine layer in the years 1940—1950 (Walczak 1956),
and was then dissected that they became accessible. Today they outcrop
in a terrace scarp of 1—2 m and in the road below a klippe near the
mill (Alexandrowicz 1982). The tufas. are white and white-yellowish,
silty with intercalations of modular tufas and sporadic thin lenses of
compact, porous travertines.

The mollusc assemblages in these sediments are fairly rich (Table 2). In the
lower part of the profile, the dominant are the aquatic molluscs, particularly
Anisus leucostomus (Millet). Eurytopic snails and species prefering open habitats
are also common, being represented by Perpolita radiatula (Alder), Punctum pyg-
maeum (Draparnaud), Euconulus fulvus (Miiller), and Vallonia costata (Miiller).
Forest snails, on the other hand, are a subordinate component of these assemblage
(Text-fig. 5). In the middle and upper part of the profile, shells of aquatic snails
become  scarcer while markedly increases the content of such forest snaily as
Acicula polita (Hartmann), Isognomostoma isognomostoma (Schroter), Discus rude-

Fig, 5. Tufa outcrop at Laczki (£k) in the Bedkowska valley; symbols the same
as in Text-fig. 2

ratus (F¥érussac), Vertigo pusilla Miiller, Cochlodina laminata (Montagu), and Per-
foratella bidentata (Gmelin). Meadow snails afe represented by Vallonia pulchella
(Miiller) and V. costata (Miiller). This sequence of assemblages indicates that the
tufas formed initially on the moist valley floor, partly in shallow, intensely over-
grown and intermittently drying-up water basins. As the stream channel deepened,
meadow habitats dried and expanded. The slopes of the valley, which is narrow in
this part, were covered with mixed and deciduous forests, and malacofauna in-
habiting these forests entered into the composition of the thanatocenose accumulat-
ing in the tufas. The sediments in question formed under the condition of warm
and humid climate, presumably in the period of the Holocene climatic optimum.

WYSOKI WATERFALL

In the middle part of the Bedkowska valley, somewhat below the
klippes called the Bedkowska Gate, a 6-m high waterfall formed on
a compact travertine layer. This outcrop of tufas and travertines was
described by Lewinski (1913) and Walczak (1956). The waterfall still
existed in 1950, when its scarp was dissected. Today calcareous sedi-
ments are accessible in several places mear the former waterfall, in
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(Table 2). Malacospectra of species: (MSIS) show the presence of three equivalent
components: forest snails, snails of open environments and euryecological species,
as well as aquatic molluses together with snails having a preference for watery
habitat. Malacospectra of individuals (MSI) reveal the content of forest snails in
the profile increasing markedly upwards, while the number of aquatic mollusc
shells diminishes. Snails thriving in open habitats attain a maximum content of
about 500 in the middle part of the profile (Text-fig.-6). Among the characteristic

Table 2
Mollusc assemblages in profiles and outcrops at Eaczki (Bk), Wysoki waterfall in

the Bedkowska valley (BP), and Szeroki waterfall in the Bedkowska valley (BS);
explanations the same as for Table 1

E Species Samples: Ek-Egczki BP - B-edk.‘*;al.. Bs—Bgdl_goyslge val‘. )
) "1 2 31 2 '3 34 1 2 3 4 5

1 Acanthinula aculeata I . I I I I . I
1 Acicula polita I I III II 1II 1 I XII II
1 Aegopinella pura I I I II II I
1 Clausilia bidentata I

1 Cochlodina laminata I

1 Cochlodina orthostoma I

1 Discus perspectivus II I I
1 Discus ruderatus II I IIT III III 1II

1 Isognomostoma isognomost. I I IV III 1IT II "II II I II I
1 Orcula doliolum . I I I
1 Ruthenica filograna I I I I
1 Vertigo pusilla I I I I I I

1 Vestia elata I

"1 Vitrea diaphana II I
2 Aegopinella minor I I

2 Bradybaena fruticum I I I II II I I I
2 Cepaea hortensis I.

2 Discus rotundatus I I I I
2 Helix pomatia I I II I I I 1

2 Lacinaria biplicata e II

2 Vitrea crystallina II II Iv IV IV II III II II IIT III
3 Monachoides vicina I I I
3 Perforatella bidentata I-I1I -I II II II I I . '

. 4 Truncatellina cylindrica . . IIT III III II I I I I
5 Vallonia costata II IITI III IV III I1I I IV IIX
5 Vallonia pulchella I I III VI 'V V III II III II IV I -
5 Vertigo, pygmaea . I

6 Cochlicopa lubricélla I I I I

.6 Buomphalia strigella I I

7 Clausilia- dubia...: I I

7 Cochlicopa lubrica IIT ITIT I I I I III III
7 ‘Buconulus fulvus . I I 1I IT ‘I  II I I III I
T Perpolita radistula IT. T I III III II I I II I
7 Punctum pygmaeum I IIIT''I III II T I I II II
T Vertigo alpestris I I

7 Vitrea contracta 11

7 Vitrina pellucida I I Iv IITI III II III I
7 Limacidae II ITI II II I

8 Carychium tridentatum I I III II .II I II I II II
8 Columella edentula II I I I

9 Carychium minimum ITI II Iv III III II °‘II II I IV II
9 Monachoides rubiginosa I

9 Succinea elegans II I I Iv IIIIIT II II I I I I
9 Succinea putris . I

9 Vertigo antivertigo X .

9 Zonitioides nitidus I I IIT IT I I I I 1I

10 Acroloxus lacustris ’ I :

10 Anisus leucostomus IV, IIT Ir VIIIT 1I I I

10 Lymnaea peregra II II L II T I I I

10 Lymnaea. truncatula II - . II I I I

10 valvata cristata I IIX .
10 Pisidium sp. - I II T I I IT I
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terrace scarps 3—4 m high (BP in Text-fig. 1). These are nodular and
sﬂty tufas, yellorw or -gre'y-whthisfh in colour. In the lower part ocE the
wh1le in the middle and upper patrts there occur a few frfhm, lenses ozE
compact, cavernous or friable, porous travertines (Text-fig. 6). .All
samples collected from these sediments contain abundant snail -shells.

— ﬁﬁ/

Fig. 6. Profile of tufas. and travertines in.the Bed!lnowsﬂna valley near Wysoki
waterfaﬂl (BP); symbods the same as in- Text-fig. 2

The: molluse assemblages are rich -and show- little variation, particularly in
quantitative - proportions of “species: re[presentmg the “individual  ecological groups
species present throughout the profile are: Discus ruderatus (Férussac), Isognomos-
toma isognomostoma (Schriter), Truncatellina cylindrica (Férrusac), Perpolita ra-
diatula (Alder), Vitrina pellucida (Miiller), and Succinea elegans (Risso). Worth
noting is the presence of Vestia elata (Rossméssler), reported from the Pradnik
valley (Stworzewicz 1973) and the Raclawka valley (Alexandrowicz & Stworze-
wicz 1983).

The 'tufas--and. travertines in question represent’ presumably the middle part
of the Holocene, i.e. the Atlantic and Sub-Boreal periods. They were deposited on
the floor of @ faiu‘ly ‘wide valley, which was initially very moist and partly occupied
by water-meadows and smal water basins. With the lapse of time, the valley floor
dried, which promoted the development of meadow habitats. The valley slopes
were overgrown with deciduous forests and brushwood, and part of malacofauna
found in all samples originated from this environments. The high content of forest
snails in the molluscan assemblages may have been due to the progressing affore-
station. of the country, or to changes in the intensity of hillwash on the plateau
surface and on the slopes.

SZEROKI WATERFALL

In the upper part of the Bedkowska valley, above the characteristic
“Iglica” klippe (BS in Text-fig. 1), tufas and trawvertines are exposed in
a waterfall and on the stream banks (Walczak 1956). The waterfall
scarp, 3—4 m high, is made up of a compact travertine layer. Below,
in scarps on both sides of the stream, a well-exposed profile of calcareous
sediments of total thickness of 4 m can be seen (Text-fig. 7). In the
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lower part, these are grey loamy sinters with tufa intercalations, grading
into loose yellow silty tufas. They are overlain by nodular tufas with
layers and lenses of compact porous travertines. In the upper part of
the profile there occur silty and nodular tufas yellow or grey-whitish
in colour, with thin inserts of loamy sinters and calcareous silts. All
these sediments abound in mollusc shells.

The mollusc assemblages are rich, showing fairly wide differentiation (Table 2).
In the lower part of the profile their principal component is forest snails, their
content running up to 50% (BS-1 in Text-fig. 7). The overlying modular tufas
contain scarce mollusc shells, The content of forest snails is considerably lower in
this part of the profile, whereas there is an increase in the number of eurytopic
species, particularly those preferring moist and watery environments. The content
of meadew snails is also fairly high (BS-2, BS-3). In.the upper part of the profile
the content of forest snails gradually increases, and the assemblages are very rich
(BS-4, B-5). Malacospectra of individuals (MSI) reveal the presence of abundant
meadow snails of the genera Vallonia and Truncatellina.

Fig. 7. Profile of tufas and trawvertines in the Bedkowska valley mnear Szeroki
waterfall (BS); symbols the same as in Text-fig. 2

The tufas and travertines in question were deposited in the Middle Holocene
on the floor of a narrow valley enclosed by steep wooded slopes. The valley floor
was initially covered with brushwood and meadows, but in the subsequent period
very moist and watery habitats became widespread. At the final stage of forma-
tion .of tufas, the valley floor dried, which process favoured the development of
meadow habitats.

SZKLARY DOLNE

A 6-m thick profile of tufas and travertines, called here Szklary
Dolne (SD in Text-fig. 1), is exposed in the lower part of the Szklarka
valley, 1 km upstream of its confluence with the Raclawka valley. In
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the lower part of the scarp on the left bank of the stream, yellow and
grey-whitish nodular tufas with thin inserts of silty tufas are visible.
They are overlain by a layer of cavernous and porous compact tra-
vertines, on which rest loose yellow modular tufas with. small lenses
of friable travertines. The tufas contain two inserts of grey and dark-
-grey calcareous silts, which are well marked-off in the middle part
of the profile. In the upper part of the outcrop there are nodular tufas
intercalated by grey-whitish silty tufas (Text-fig. 8).

Fig. 8. Profile of tufas and travertines at Szklary Dolne (SD) in the Szklarka
valley; symbols the same as in Text-fig. 2

Rich malacofauna has been found in these sediments (Table 3). Malacospectra
show that the assemblages differ from one another in the amount of snail shells
representing the respective ecological groups (MSI in Text-fig. 8), while the per-
centage of species inhabiting particular environments does not virtually show any
variation (MSS in Text-fig. 8). In the lower part of the outcrop, tufas contain an
assemblage of aquatic molluscs with Acroloxus lacustris (Linnaeus), Armiger crista
nautileus (Linnaeus), and Valvata cristata Miiller. In the tufas overlying the tra-
vertine layer the content of aquatic molluscs is not more than 50%, and land snails
are represented by all the ecological groups with 'the quantitative prevalence of
mesophile species, e.g. Euconulus fulvus (Miiller) and Perpolita radiatule (Alder).
Higher up there appears an assemblage of aquatic molluscs with Valvata cristata
Miiller, and in the upper loamy sinters inserts — a mixed assemblage with a high
content of land snails such as Vitrea crystallina (Miiller), Vallonia costata (Miil-
ler), Perpolita radiatula (Alder), Punctum pygmaeum (Draparnaud), and Carychium
minimum Miiller. Aquatic molluses predominate again in the upper part.of the
profile (SD-6, SD-7), especially Valvata cristata Miiller, Lymnaea peregra (Miiller),
Armiger crista nautileus (Linnaeus), and Anisus leucostomus (Millet).
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The tufas and travertines from Szklary Dolne. were deposited in a shallow,
intensely overgrown and intermittently drying-up water basin which formed on
the floor of the Szklarka valley as a result of the blocking of the stream outflow
whereby its level was raised. The higher percentage of land snails in some tufa
inserts may be due to the intérmittend drying-up ot the basin and its filling-up
with sediments, as well as to its transformation into- watery meadows and swamps.
The. composition of assemblages may also have been appreciably by the washing
of shells from the slopes and the higher part of the valley. The malacofauna found
in tufas and travertines of the Szklarka valley indicates that warm and humid
climate prevailed at the time of their formation, and the presence of certain snail
species suggests that they can be assigned to the Middle Holocene. Their sedimenta-
tion may have begun in the Boreal period.

Table 3

Mollusc assemblages in profiles Szklary Dolne (SD) and Szklary Gérne (SG) in
the Szklarka valley; explanations the same as for Tabie 1

E Species Samples: SD = Szklarka valley SG - Szklarka val.
3 4 5 6 1 1 2 3 4 5
1 Acanthinula aculeata I I I II I
1 Acicula polita I I I1 ITI
1 Aegopinella pura II
1 Cochlodina laminata IT I I
1 Cochlodina orthostoma I I
1 Discus perspectivus I
1 Discus ruderatus I IT IT IT 1IT II
1 Isognomostoma isognomost. I s I III II I1
1-Monachoides incarnata I
1 Orcula-doliolum I
1 Vertigo pusilla I IT IT I I I
2 Bradybaena fruticum I I I I I I
2 Lacinaria biplicata I
2 Vitrea crystallina I IIIIT IITIITI I II I IIT
3 Monachoides vicina I I
3 Perforat=alla bidentata I I I
4 Truncatellina cylindrica I
5 Pupilla muscorum I
5 Vallonia costata II IIT IT I III I I III I II III
5 Vallonia pulchella I I I I I IV V IIIIII V
5 Vertigo pygmaea I
6 Cochlicopa lubricella I I I
7 Clausilia dubia I I I I I
T Cochlicopa lubrica I I IIT IIT I I
7 Buconulus fulwvus II I I I II III I I II
-7 Perpolita radiatula IIT IT IIIIT I I IIIIIT I I II
7 Punctum pygmaeum I I IT IIT ITI II IV IT I IT II
T Vertigo alpestris I I
7 Vitrina pellucida II II IT
7 Limacidae I ) )
8 Carychium tridentatum I1 I I I TIIT II IT
8 Columella edentula II I I
8 Succinea oblonga II II
8 Vertigo angustior I I I ) I
8 Vertigo substiriata IT I I I I
9 Carychium minimum I III II III™v II II I II Iv
9 Succinea elegans I I II II I IT I II
9 Zonitioides nitidus I I I I
-10 Acroloxus lacustris IIT III I IITIII I III .
10 Anisus -leucostomus I II II III I Iy IIIII
10 Armiger crista cristatus 1T I I
- 10 Armiger crista nautileus IV II Iv. IIT.III IV III
10 Lymnaea auricularia I
10 Lymnaea peregra IT IT II I IV III I I
10 Lymnaea truncatula I 1 I I 1 I II IT I I I
10 Physa fontinalis I I II
10 Valvata cristata Iv Iv Vv V IV VI V
10 Pisidium sp.’ o II I III I IIIIIT II IITI II I I
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SZKLARY GORNE

Another profile at Szklary, called here Szklary Gérne (SG in Text-
-fig. 1), is exposed about 500 m above the “Brodia” klippe. It is com-
posed of a 3-m thick sequence of tufas and travertines, well visible on
the left bank of the Szklarka stream. In the lower part of the outcrop
they are white silty and nodular tufas with a thin gravel insert, passing
into grey loamy tufas showing parallel bedding. They are overlain by
compact cavernous travertines (5.0 m thick), on which there rest white
and grey-yellowish nodular tufas with intercalations and lenses of loose
porous travertines (Text-fig. 9). These sediments are covered with loess
hillwash and sandy silts.

MSS MSJ
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Fig. 9. Profile of tufas and travertines at Szklary Gérne (SG) in the Szklarka
valley; symbols the same as in Text-fig. 2

The mollusc assemblages are rich and widely differentiated (Table 3). In the
lower part of the profile they consist of molluses from a variety of habitats,
including abundant shells of Vallonia pulchella (Miiller) -and Punctum pygmaeum
(Draparnaud). The loamy tufas above the gravel insert contain an assemblage
consisting of very few species, with Anisus leucostomus (Millet), as the dominant
component. In the upper part of the profile, the meadow snails (Vallonia) prevail
initially, but then the content of forest fauna with Acicula polita (Hartmann), Iso-
gnomostoma isognomostoma (Schréter), Cochlodina orthostoma (Menke) and Vitrea
crystallina (Miiller) increases -markedly. The species Discus ruderatus (Férussac)
occurs throughout the whole profile.

The discussed sediments formed in the Lower and Middle Holocene, in the
Boreal and Atlantic periods. They were deposited on the flat valley floor where
open habitats such as meadows, water-meadows and brushwood prevailed and
forest habitats were few. At one time there was a shallow, partly drying-up,
intensely overgrowmn basin there, owing its origin to the temporary blocking of the
stream outflow. In the subsequent period of deposition of tufas, meadow environ-
ments were dominant again and forest habitats became more widespread, mainly
on the valley slopes. The deposition of calcareous sediments was brought to an end
by the accumulation of silts and loess hillwash, caused by the progressing deforesta-
tion of the plateau surface.
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DUBIE

The outcrop of tufas and travertines is situated on the right bank
of the Ractawka stream near the mouth of the Zary gorge, about 200 m
upstream of a forester’s lodge at Dubie (Db in Text-fig. 1). Fine-grained
and nodular yellow silty tufas with inserts of fine- and medium-grained
sinters and lenses of compact travertines are exposed in the road scarp.
In the lower part of the profile these are unbedded tufas and tufas with

By
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Fig. 10. Profile of tufas, sinters and travertines at Dubie (Db) in the Raclawka
valley; symbols the same as in' Text-fig. 2

thin gravel intercalations consisting of pebbles of Paleozoic limestones.
They are overlain by a layer of loose travertines, on which there rest
cross-bedded fine- and medium-grained sinters intercalated by silty
tufas. In the upper part of the outcrop they contain an insert of grey
loamy tufas. The sediments in question attain a thickness of 2.5 m.

The mollusc assemblages are fairly rich and show characteristic variation
(Table 4). In malacospectra worth notig is the high content of forest snails and
the varying amount of aquatic molluses (Text-fig. 10). In the lower and middle
parts of the profile the assemblages contain a large number of snails typical of
meadow (Vallonia) and moist (Carychium) environments. Sporadically there appears
malacofauna with abundant Lymnaee (sample Db-2), pointing the existence of an
intermittent water basin. The loamy tufa insert in the upper part of the profile
abounds in snails typical of forest habitats: Acicula polita (Hartmann), Aegopinella
pura (Alder), Cochlodina orthostoma (Menke), and Isognomostoma isognomostoma
(Schroter), whereas the top part of the profile again contains a mixed assermblage.

The tufas and travertines at Dubie were deposited on the valley floor, in the
part where it is marrow and the slopes are steep and covered with forests. These
features were very likely responsible for the high content of forest snails noted
in each part of the profile. These sediments may partly owe their origin to the
redeposition of sinters which were washed out and eroded in the upper part of
the Raclawka valley. They presumably represent the middle part of the Holocene,
i.e. the Atlantic and Sub-Boreal periods. At that time the valley floor was mainly
occupied by dry and watery meadows, and there formed intermittent floodplains
and shallow, intensely overgrown water basins.
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Table 4

Mollusc assembilages in profiles and outcrops at Dubie (Db), Paczéltowice (Pt),
anid Czatkowice (Cz); explanations the same as for Table 1

Dubie Pt-Paczétrtowice (Cz~-Czatk,
3 4 5 1 2 3 4 1 2 3

-
2

Acanthinula aculeata I I I II

Acicula polita I I I 1II 1II II I II II I

E Species Samples: D

1
1
1 Aegopinella pura II. I IT I IT IT II
1 Cochlodina orthostoma I I

1 Discus perspectivus I IT III
1 Discus ruderatus I I I

1 Helicigona faustina I

1 Iphigena latestriata I

1 Isognomostoma isognomost, I I I II 1 I
1 Lacinaria cana . ., . I

1 Monachoides incarnata I
1

1

1

2

2

2

2

2

H
-
HH
H
HH

Orcula doliolum I
Ruthenica filograna
Vertigo pusilla I I I I
Aegopinella minor ’
Bradybaena fruticum IT I I I I
Discus rotundatus
Helix pomatia I
Trichia hispida I I
2 Vitrea crystallina ITIT IIT IITI IIZI IIT I II IIX III I
3 Monachoides vicina I
3 Perforatella bidentata I I I I
4 Truncatellina cylindrica I I
5 Vallonia costata IT I IIT IITI IIT I I I IIT IIT
5 Vallonia pulchella IIT I IIT II IIT II I III III II II
5 Vertigo pygmaea - I I
6 Cochlicopa lubricella I I I
7 Clausilia dubia
7 Cochlicopa lubrica I
T Buconulus fulvus I I
I

HH<
(] 2 HHH -
[} Lo I R ]

HHH
-

II IT I

HHH

7 Lacinaria plicata

7 Perpolita radiatula I
7 Punctum pygmaeum I I
T Vitrea contracta I '
7 Vitrina pellucida

7 Limacldae I I I I

8 Carychium tridentatum II"T II I I I II
8 Columella edentula I I I
8 Succinea oblonga
8 Vertigo substriata
9 Carychium minimum III II IIT II 1II
9 Succinea elegans
9 Vertigo antivertigo I

9 Zonitioides nitidus I I I I I I I
10 Acroloxus lacustris I

10 Anisus leucostomus I I I II II

10 Armiger crista nautileus II

10 Bithynella austriaca ’ I
10 Lymnaea peregra IT IV IIT I II IV III I 1II

10 Lymnaea truncatula IT I I

10 Valvata cristata IT I I I I III

10 Pisidium sp. I II 1I I I I I II II II II

H HH
H
H
HHH  H

H

H
HH
H
1o

RACELAWKA

On the left side of the Raclawka valley (Rc in Text-fig. 1), between
the Zary and Stradlina gorges, there exposes a profile of tufas and|
travertines (8—9 m thick) which is the most complete of all the sections
located throughout the Cracow Upland (Zareczny 1894, Gradzinski 1972,
Alexandrowicz & Stworzewicz 1983). The lower and middle ‘parts of
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the profile are made up of white and white-yellowish unbedded nodular
and silty tufas with three layers of compact cavernous travertines and
two inserts of light-grey tufas and loamy’ sinters. Above them are grey
calcoreous silts intercalated by grey-yellowish loamy and nodular tufas
and overlain by sandy silts and loess hillwash (Text-fig. 11).
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Fig. 11. Profile of tufas and travertines in the Raclawka valley (Rc); symbols the
same as in Text-fig. 2

The composition of malacofauna and its variation was studied on 42 samples
collected in three series. Lists of determined taxons and malacospectra were made
from 12 selected samples (Text-fig. 11 and Table 5). The profile contains seven
distinet mollusc assemblages which form a characteristic sequence.

In the lower layer of nodular tufa (Re-I) the assemblage is poor, including
10 taxons from different ecological groups, with very few forest snails. The tufas
overlying the lower travertine layer (Re-2) contain an assemblage having a fairly
high content of species inhabiting more or less moist forest. The third assemblage
in the sequence (Rc-3, Re-4) is poor, consisting again of mixed malacofauna. In the
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middle part..of the profile (Rc-5, Rec-6) there appears.a rich mollusc assemblage of.
a stabilized composition. Among abundant forest snails there~occur such species as
Acicula polita (Hartmann), Discus perspectivus (Miihlenfeld), D. ruderatus (Férus-.
sag);, Cochlodina orthostoma (Menke), Iphigena plicatula (Draparnaud), and Vestia
elata  (Rossmissler). The successive. assemblage (Rc-7, Re-8, -Re-9) is enriched in
mesophile and hygrophilic  species and has a high content of snails typical of
meadow habitat (Vallonia). Towards the top of the profile, the content of forest

Table 5

Mollusc assemblages in--profile of the Rachawka valley (Rc); explanations the
same as for Table 1

Re - Ractawka o
3 4 5 7 8 9 10 -11 12

Specles Semples: 1

6

‘Acanthinula aculeata II I

‘Acicula polita I I I Ir I

Aegopinella pura

Cochlodina orthostoma I I
I
I

L]
]
[
L]
-

-

:Discus perspectivus
Discus ruderatus
Helicigona faustina
Iphigena latestriata
Iphigena plicatula -
Isognomostoma isognomost. I I
Lacinaria cana
Orcula doliolum
Ruthenica filograna I
Vertigo pusilla
Vestla elata
Bradybaena fruticum I 1I
Discus rotundatus
Helix pomatia I I I I
Lacinaria biplicata I
2 Prichia hispida I I H
.2 Yitrea crystallina IT IT ITI II IIT IIX III IIT II ITII IXI II:
3 Clausilia pumila I :
3 Iphigena tumida. I }
3 Iphigena ventricosa
- 3 Meonachoides vicina
. 3 Perforatella bidentata I I
-4 Cepaea vindobonensis
4 Truncatellina eylindrica ) :
5 Vallonia costata I I I Ir I III Ir 11 I I I
5 VYallonia pulchella II II 1I 'II IIT III IIT III II I II
6 Cochlicopa lubricella I
6 Buomphalia strigella
T Clamsilia dubia I
T Cochlicopa lubrica II I I I II II II
{ 7 Buconulus fulvus I I
¢ 7 Lacinaria plicata I
i 7 Perpolita radiatula I I IT II II
¢ 7 Panctum pygmaeum I I I I
T Vitrina pellucida I I 1II
T Limacidae - I I
8 Carychium tridentatum IT II I III
8 Columella edentula
8 Succinea oblonga I
8 Vertigo angustior
9 Carychium minimum II 1 1II
9 .Succinea elegans I
9 Zonitioides mnitidus II I
10 Anisus leucostomus I
10 Lymnaea peregra I
10 - Lymnaea truncatula IX I IITI I
10 Valvata cristata )
10 Pisidium sp. I I 1 Ir IT°
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snails increases’ markedly again (Rc-10), and in the upper part eurytopic, hygro-
philic and aquatic species predominate whereas forest snails disappear (Re-11,
Re-12).

The succession of malacofauna shows that the tufas exposed in the lower part
of the profile, below the middle layer of travertine, represent presumably the
lower part of the Holocene, particularly the Bareal period. They formed on the
valley floor occupied by a variety of ecological environments and by an inter-
mittent water basin. Forest habitats were scarce, their number increasing only
periodically. Tufas and loamy tufas occurring in the middle part of the profile
correspond to the Holocene climatic optimum. They contain an assemblage with
numerous species having a preference for mixed and deciduous forest environ-
ments, which indicates that forest habitats became more widespread at that time.
At the mext stage, in the Sub-Boreal period, forest malacofauna gradually dimin-~
ished in favour of meadow and mesophile species. The beginning of the Sub-
-Atlantic period is marked by an insert of gray calcareous silts (Re-8); C# dating
of this layer is 2475 %60 years (communication of J. Szule at the Symposium of
Speleological Section of the Polish Society of Natural Historians in 1980). At that
time, periods of progressing afforestation alternated with periods of deferestation.
These changes, observed in the upper part of the profile, may partly be ascribed
to the activities of man, the evidence of which has been found in many localities.
in the Cracow Upland. The deposition of calcareous sediments was brought to the
end by the intensification of erosional processes whereby  the valley floor was
subject to deep dissection.

PACZOLTOWICE

In the middle part of the Raclawka valley, near the houses of the
village Paczétowice (Pt in Text-fig. 1), tufas and travertines make up
a 2-m high terrace on' the left bank of the stream. In the lower part
of the profile there occur loose, nodular unbedded tufas with poor fauna.
Above the tufas there is a layer of compact nodular travertines overlain
by white and yellow silty tufas showing fairly distinct parallel bedding.
These tufas contain an insert of grey calcareous silts abounding in snail
shells (Text-fig. 12).

Fig, 12, Profile of tufas and travertines at Paczbltowice (Pt) irv the Raclawka
valley; symboils the same as in Text-fig. 2

The mollusc assemblages are poor but show a good deal of variation (Table 4).
The assemblage found in the tufas exposed under the travertine layer consists
only of 10 taxons representing different ecological groups (Pt-1), but the quanti-
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tatively dominant component is Lymnaea peregra (Miiller). The silty and nodular
tufas (Pt-2, Pt-4) contain an assemblage of a similar composition (see MSS in
Text-fig. 12), yet the content of aquatic molluscs decreases in favour of forest
snails, such as Isognomostoma isognomostoma (Schroter) and Vitrea crystallina
(Miiller). A different assemblage was found in the calcareous silts (Pt-3). It com-
prises three components: forest snails, meadow and mesophile sna:lls and species
thriving in very moist and watery environments.

The nature of mollusc assemblages and their sequence indicate that the tufas
and travertines from Paczbltowice may be assigned to the Lower and Middle
Holocene, to the Boreal and Atlanfic periods. They formed on the flat floor of
a wide valley, in floodplains, watery meadows and in shallow, overgrown water
basins. In the upper part of the profile the content of forest fauna increases,
testifying to the expamnsion of forests, particularly deciduous ones.

CZATKOWICE

In the lower part of the Eliaszowka valley, below the monastery
wall, numerous large blocks of porous and cavernous travertines can
be found in the stream channel at Czatkowice (Cz in Text-fig. 1). A tufa
outcrop is situated about 200 m upstream of the confluence of the Elia-
szowka and Czernmka streams, in terrace scarp, 2—3 m in height, The
terrace is made up of calcareous gravels and loam containing a large
number of jpebbles and fragments of Carboniferous limestones. The
gravels rest on yellow modular tufas, fairly compact in places, which
pass into loose travertines (Text-fig. 13).

Fig. 13, Outcrop of tufas and travertines at Czatkowice (C2) in; the Eliaszéwka
valley; symbols the same as in Text-fig. 2

The tufas contain rich malacofauna (Table 4). Its major component is forest
snails, particularly Acicula polita (Hartmann), Aegopinella pura (Alder), Discus
perspectivus (Miihlenfeld), and Vitrea crystallina (Miiller). Strongly represented
are also snails inhabiting open and very moist or watery environments (Vallonia,
Carychium).

These tufas presumably formed in the period of the Holocene climatic optimum.
They were deposited on the valley floor occupied by meadow and watery habitats,
surrounded by deciduous forests. As a result of the alternating periods of intensified
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erosion and déposition, the upper part of calcareous sediments was washed out,
remoVei_i and repldaced by calcareous gravels that now make up a terrace in the
Eliasz6wka valley.

PSARY

In the slopes of a small gorge in the western part of the:village
Psary (Ps-in Text-fig. 1), below a spring flowing out from Lower
Triassic dolomites, white tufas are exposed in a few outcrops. They are
loose silty tufas with scarce intercalations of nodular tufas and an insert
of calcareous silt. ‘Their thickness is 2—3 m, and the are overlain by
fine-grained sand (Text-fig. 14).

E//

Fig. 14. Profile of tufas at Psary (Ps); symbols the same as in Text-fig. 2

The malacofaunal assemblages are very rich but show little variation (Table 6).
Malacospectra of species (MSIS) reveal the presence of two distinct assemblages.
In the lower part of the profile the content of forest snails is about 50%, and that
of mesofile snails preferring moderately moist habitats — 20%. Praticularly abun-
dant are Discus perspectivus (Miihlenfeld), Orcula doliolum (Draparnaud), and Ca-
rychium minimum Miiller. In the upper part of the profile forest snails are the
dominant component (60—70°). Worth noting is the presence of numerous species
representing the family Clausillidae.

Malacospectra of individuals (MSI) show a good deal of variation in the
number of specimens belonging in different ecological groups. The percentage of
snails inhabiting very moist and watery environments is high and so is the content
of aquatic molluses in some samples (Text-fig. 14).

The succession of mollusc assemblages shows that the tufas of Psary represent
mainly the Holocene climatic optimum. This is evidenced by malacofauna typical
of deciduos and mixed forests, with a very moist substratum, and brushwood,
represented by Vestia elata (Rossmissler), V. turgida (Rossmissler), Iphigena pli-
catula (Draparnaud), I. ventricosa (Draparnaud), Clausilia pumila Pfeifer, and
Acanthinula acileata (Miiller). The sediments in question were deposited in a small
valley mostly occupied by watery habitats, in which there existed intermittent
floodplains and watery basins. All the surrounding area, now completely deforested,
was then covered with forests. The observed variation in the composition of ma-
lacofauna provides evidence to suggest that watery and moist environments were
more or less widespread during the deposition of tufas.
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Table 6

139

Mollusc assemblages in profiles and oubcrops at Psary (Ps), Miréw (Mr), and Sta-
rzyny (St), explanad:mms the same as for Table 1

B Species Samples:. ?a ~ Psar y Mr - Miréw St
2 3 4 5 6 1 2 3 4 5 1
1 Acanthinula aculeata III IIT IX I III III IT II II
1 Acicula polita .- ITIIrr r ' I I I I II I III I
1 Aegopinella nitens IT 11 I
1 Aegopinella pura . IIT IV IITI IIT IV I II IIT IIT III
1 Cochlodina laminata I
1 Cochlodina orthostoma I ) I
1.Discus perspectivus IIT IV II II II II III IIT III III 1II
1 Discus ruderatus I I
1 Helicigona fanstina I
* 1 Iphigena latestriata I I
‘Y Iphigena plicatula I I I 1 I II
1 Isognomostoma isognomost.- I  II I I I I 1II I I -
. 4 Monachoides vicina I
1 Orcula doliolum IIIIT IT I I I I I
1 Oxychilus depressus I .
1 Ruthenica filograna I II I I I I I I I
1 Trichia unidentata I I
! "1 Vertigo pusilla I 1II I I I I I I
i 1 Vestia elata I Ir 1 I II I I
! 1 Vestia turgida IT I II
{ 1 Vitrea diaphana II I I 1II
{ 2 Bradybaena fruticum I T I I I I 1 I I I I
f 2 Cepaea hortensis I I
: 2 Discus rotundatus I II I I I I
2 Helix pomatia I I I
2 Lacinaria biplicata I I I
i 2 Vitrea crystallina Iv Vv II II IIT ITT III III I III Iv III
i 3 Clausilia pumila IT I I I .
{ 3 Iphigena tumida I I I I i
i 3 Iphigena ventricosa I II I I I I
! '3 Monachoides vicina I II I I I II I :
| % Vallonia costata II II II I I I I III II i
% Vallonia pulchella I I I II II IIT II I
I 5 Vertigo pygmaea I I IITI III
6 €ochlicopa lubricella IIT ITI II
7 Clausilia dubia - I I I I I
- 7 Cochlicopa lubrica II II I
{ ¥ Buconulus fulvus I 1II 1T IT IIT II
{ T Lacinaria plicata I I -~ I
! 7 Perpolita radiatula II I IV IIT IITI
i" ¥ Punctum pygmaeum IT IIT II ITI IIT IIX I IT II
! 7 Vertigo alpestris I
{ 7 Vitrea contracta I I
7 Vitrina pellucida I 1II
7 Limacidae I I I . I I I
Carychium tridentatum IIT Iv III III IV IV I IIIVv III II I
Columella edentula I I IIIITI I
8 Succinea oblonga III III ‘
8 Vertigo angustior I I I III II II
8 Vertigo substriata II I I I 1Ir II
9 Carychium minimum vV VIV Iv Iv Iv II II VvV Iv IV II
9 Succinea elegans II II° I
9 Zonitioldes nitidus I qII IIT 1II
10 Anisus leucostomus III IITI II
10 Bythinella austriaca ITIV IV IITTIIIIT Vv V II
10 Lymnaea geregra I :
Lymnaea truncatula I I IIT II IITI Iv IITI II
I I I I 1 1 II IIIIIIII II I

10 Pisidium sp.

MIROW

In the valley of a small affluent of the Regulice stream near Miréw
(Mr in Text-fig. 1), there is an outcrop of white unbedded silty tufas
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containing locally inserts and lenses of nodular tufas. They overlie fine-
-grained sands and attain a thickness of 1—2 m (Text-fig, 15).

The malacofauna found in the tufas is rich but shows little variation (Table 6).
The content of forest snails in all samples runs up to 50%, and best represented
are the Clausillidae: Iphigena latestriata (Schmidt), I. tumida (Rossméissler), I. ven-
tricosa (Daraparnaud), Ruthenice filograna (Rossmdéssler), Vestia turgide (Rossméss-

-

Fig. 15. Profile of tufas at Miré6w (Mr); symbols the same as in Text-fig. 2

ler) and V. elata (Rossméssler). In the lower part of the profile very common are
Bythinella austriaca (Frauenfeld), while the upper part abounds in Carychium mi-
nimum Miiller. -

The tufas formed in a period particularly favourable to the growth of deciduous
forests, presumably in the Middle Holocene. They were deposited on the- floor of
a small watery valley, in the immediate vicinity of a spring and in the midst of
watery meadows and forests.

STARZYNY

The outcrops of travertines at Starzyny near Plaza (cf. Zareczny
1894, Siedlecki 1952) are situated near the spring of a small affluent of
a stream, a few dozen metres upstream of its bifurcation (St in Text-

~fig. 1).

MSS MSJ

Fig, 16. Outcrop of travertines at Starzyny (St); symbols the same as in Text-fig. 2

The travertine layer with an insert of gray-yellowish nodular tufa (Text-fig.16)
contains here scarce molluscs. Their assemblage is poor and shows a little variation
(Table 6); it yields Vitrea crystallina (Miiller), Carychium minimum Miiller, and
Lymnaea truncatula (Miiller). These tufas and travertines were :deposited in a
valley covered with forests and brushwood with a very meoist, partly watery sub-
strate.
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MOLLUSC ASSEMBLAGES

The Holocene tufas and travertines of the Cracow Upland contain
rich and varied malacofaunal assemblages, differing from one another
in the number of taxons, the number of specimens and its composition.
Variable is the content of species preferring certain ecological environ-
ments, especially forest, meadow and water habitats. This diversity
reflects the variety of local conditions under which the calcareous sedi-
ments were deposited in the valleys of the Cracow Upland.

The number of mollusc species present in individual samples varies over
a wide range. Poor assemblages contain 10—20 taxons. Most common are samples
containing 20—28 snail species, and these make up 30°% of the whole material
collected (Tx in Text-fig. 17). Rich and very rich assemblages consist of 28—40
species, but such were found in some profiles only.
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Fig. 17. Digtribution of the number of taxons and specimens jin malacofaunal
assemblages
R — correlation between the number of taxons (T) and the number of specimens
(S) in samples; Tx — distribution of the mumber of taxoms, S1 — Mistribution of
the number of specimens; symbols of the investigated profiles and outcrops (Oc,
Sp, Ud... the same as in Text-figs 2—16

The number of mollusc shells in the samples is variable, and the particular
assemblages generally congsist of 50—200 specimens (35% of samples). There are,
however, many assemblages containing a greater number of shells (200—500),
whereas in few samples only there were less than 50 specimens (SIL in Text-fig. 17).

The richest mollusc assemblages comprising a large number of taxons and
having simultaneously a high content of shells, come from the profiles at Psary,
Miréw, Ojcéw, Saspéw, and from the Bedkowska and Szklarka valleys. Assemb-
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lages including many taxons generally- abound in species typical of forest environ-
ments and also fin mesophile snails. Those containing an exceptionally great
number of specimens are enriched in aquatic species and in species inhabiting
meadow and woodless environments.

In the whole set of samples there is a correlation between the number of
taxons in the assemblages and the number of specimens. It is expressed by the
correlation coefficient r = +0.43, which for the number of samples n = 72 is signi-
ficant at a confidence level of .05 and .01 (R in Text-fig. 17). This correlation has
different values in respective profiles. For example, it is very distinct at Ractawka
but non-existent at Ojcéw or Szklary Dolne. The observed differences may be
primarily due to the varying percentage of aquatic, and partly also of meadow
snails, among which there occur single species represented by a great number of
specimens, e.g. Anisus leucostomus (Millet), and Vallonia pulchella (Miiller). In the
profiles abounding in such snails, the correlation between the number of taxons
and the number of specimens is very weak and statistically insignificant, in contrast
to the profiles with forest and mesophile malacofauna.

A characteristic feature of the malacofaunal assemblages is the quantitative
dominance of certain taxons, indicative of the degree of their specialization or
variation. In this respect, two types of assemblages can be distinguished: oligomictic
and polytnriictic, defined respectively by Evans (1972) as specialized and generalized.
The former -are characterized by the' presence of one or two species represented
by a great number of specimens (at least 30—50% of the assemblage), while the
contentsi of the other species are a few per cent éach or less. In polymictic
assemblages the quantitative distribution of components is nearly even, the content
of most numerous species being not more than 10—20%.

In the tufas and travertines described in this paper, both types of malaco-
faunal assemblages are present (Text-fig. 18). Oligomictic associations contain a large
number of aquatic, hygrophilic or meadow snails. These are, for example, the
assemblage with Bythinella austriaca from Mir6w (sample Mr-2), the assemblage
with Carychium minimum from Psary (sample Ps-1), and the assemblage with
Vallonia pulchella and Amnisus leucostomus from the Bedkowska valley (sample
BP-1). Polymictic assemblages are characterized by the presence of many taxons,
the most numerous of which do not predominate quantitatively. They have a high
content of mesophile snails (sample Oc-2), forest snails (sample |[Rc-5), or snails
assigned to different ecological groups but having mo preference for any particular
one (sample Db-3).

The analysis of malacospectra was the basic method used to determine
the depositional conditions of the calcareous sediments of the Cracow
Upland. The spectra were prepared according to the ecological groups
distinguished by LoZek (1964, 1969). Malacospectra of species (MSS)
characterize well the composition of malacofauna inhabiting the valleys
and depressions in which tufas and travertines were deposited. They
permit an assessment of the distribution of main types of habitats and
vegetation both on the floor of each valley and on its slopes, but first
of all show the degree of afforestation of the area. Malacospectra of
individuals (MSI) reflect primarily the nature of habitats associated with
streams or water Jbasins in which calcareous sediments were deposited,

and with its closest surroundings.
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Malacospectra of species (MSS) show a good deal of variation, and
several types of mollusc assemblages have been distinguished:

(i) Assemblages with forest snails as the dominant component (40—60%/,), occurring
at Miréw, Psary, and in some samples from Ractawka, Dubie and the Bed-
kowska valley;

(i) Assemblages with a high content of forest smnails (25—35%) accompanied by
fairly numerous mesophile and aquatic species, found at Ojcéw, Raclawka
valley, Dubie, Czatkowice, and the Bedkowska valley;

(ii) Assemblages having a high content of aquatic molluses (20—40%) and meso-
phile and meadow snails, found mainly in the Szklarka and Kluczwoda' valleys;

(iv) Assemblages of mixed fauna in which all the ecological groups are equally
represented; none of them being obviously dominant; they can be found in
single samples derived from different profiles.

Malacospectra of individuals (MSI) also show a.great deal of varia-
tion. It is possible to distinguish on their basis asemblages with a high
content of forest snails (Raclawka), ones with the dominant content of
snails typical of open, woodless and unshaded habitats (Bedkowska and
Szklarka wvalleys, Dubie), and assemblages with very abundant shells
of aquatic molluses (Ojcow; Ujazd, Szklarka valley, Pacz6itowice). Many
profiles also contain assemblages of mixed fauna, which do not show
any quantitative prevalence of molluscs inhabiting a definite type of
environment.

The results of the variation analysis of malacofauna were generalized
by joining the ecological -groups- r’espresen’cmg similar types of environ-
ments, and by grouping them into three main elements. They comprise
the following ecological types distinguishedd by LoZek (1964, 1969).

e
Mr-2 20
10

. (1]
Ps-1

Ll

Fig. 18. Types of malacofaunal assemblages:. oligomictic and polymictic, in selected
samples; each bar represents the percentage of one taxon in a sample (for symbols
of samples see Text-figs 2—16)




144 S. W. ALEXANDROWICZ

A — snails of forest environments: ecological groups 1, 2, 3;

B — snails of woodless environments: ecological groups 4, 5;
C — mesophile snails: ecological groups 6, 7, 8;

D — hygrophilic and aquatic molluscs: ecological groups 9, 10.

The percentage of mollusc shells in each sample was presented
(Text-fig. 19) in a ternary system, comprising the ecological types A,
B+C, D. In the triangular diagram, seven types of malacofaunal assems-

x Oc
+Sp
* Ud
o tk
A BP
v BS
n SD
v SG
® Rc

o Db

Fig. 19. Ecplogical types of Holocene malacofauna in the Cracow Upland: A —
forest species, B — species of woodless environments, C — mesophile species,
D — aquatic species

TYPES OF ASSEMBLAGES: F forest, M meadow and mesophile, W aquaticy
F-M :qu'est-meauduw, F-W forest-water, M-W meadow-mesophile-aquatic, Mx —
mixed; symbols of outcrops and profiles the same as in Text-figs 2—16

blages can be distinguished. Three of them are assemblages with a
dominant content of molluscs from a specific environment: W — water
M — meadow and mesofile, F — forest. The three successive assemblages
are mixed-ones, composed ot two elements: M—W, F—M or F—W. One
assemblage includes all three components in equal quantitative propor-
tions (Mx).

The commonest type of malacofaunal association is mixed three-
-component assemblages (29 samples). They occur in 12 profiles and
failed to be found only in the Szklarka and Kluczwoda valleys. Amply
represented are assemblages of aquatic fauna (17 samples). They 'are
particularly characteristic of the profiles at Szklary and Ujazd, but were
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also found in some other outcrops (e.g. Ojeéw and Miréw). Assemblages
of meadow and mesophile snails were identified in 8 samples derived
from three profiles (Ojeow, Bedkowska and Szklarka valleys), where
they are accompanied mainly by mixed assemblages. An assemblage
showing the quantitative predominance of forest snails is represented
only by one sample from the Raclawka valley. The remaining assem-
blages are represented by 5 or 6 samples each, and can be found in some
profiles only, for example the F—M type in the Raclawka valley, the
type F—W at Psary (Text-fig. 19).

The considerable variation of malacofauna present ini the Holocene
tufas and travertines of the Cracow Upland is a feature characteristic
of this type of sediments. It is pronounced both in Pleistocene and
post'glacial travertines and in those accumulating at present. Calcareous
sediments of similar form contain mollusc assemblages with a dominant
content of species inhabiting water basins, watery, very moist, meadow,
woodless, as well as forest environments. Equally numerous are tufa
and travertine outcrops with mixed fauna (LoZek 1955, 1961a, b; Schnei-
der 1968; Fuhrmann 1973; Zeissler 1980). This variety of assemblages
implies that the sediments in quesiton may have formed under different
conditions. The most suitable conditions for their deposition were in
wide flat-floored valleys intensely overgrown with vegetation and partly
watery, with shallow water basins that intermittently dried up, and
became filled up with sediments and overgrown (Steiner 1979).

ZOOGEOGRAPHIC STRUCTURE OF MALACOFAUNA

The discussed mollusc assemblages consist of species which have
various geographic ranges. Nearly all the cited taxons live at present
in southern Poland, the Cracow Upland including (Urbanski 1947, 1977;
Berger 1961; Dzieczkowski 1972).

The zoogeographic structure of Holocene malocofauna is regarded
according to the division presented by LoZek (1955, 1956, 1964) and other
authors (Urbanski 1939, 1948, 1957; Berger 1961; Piechocki 1981). This
simplified scheme comprises widerspread species (Holarctic, Palearctic,
European), Central European species (inhabiting Central, Central and
Eastern, as well as Central and Western Europe), mountain species
typical of the Carpathians and the Alps (Carpathian, Alpine-Carpathian,
Alpine, Boreal-mountain), ‘South-European species, Eurosiberian species,
and North-European species (Text-fig. 20).

Widespread species (WS) are the commonest zoogeographic element of the
malacofauna discussed, their comtent running up to 4i%. They are represented by
Cochlicopa lubrica (Miiller), Vallonia costata (Miiller), V. pulchella (Miiller), Acan-
thinula aculaeata (Miiller), Cochlodina laminata (Montagu), Vitrea crystallina (Miil-
ler), and by most aquatic snails.

10
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Central European species make up the next, strongly element (ME — 27/).
In this group belong snails inhabiting mainly Central Europe (Me — 12%), such as
Acicula polita (Hartmann), Lacinaria plicata (Draparnaud), Clausilia dubia (Dra-
parnaud), Iphigena ventricosa (Draparnaud), snails living in Central and Eastein
Europe (Ee — 11%): Clausilia pumila Pfeifer, Ruthenica filograna (Rossméssler),
and Perforatella bidentaia (Cmelin), as well as snails widespread throughout
Central and Western Europe (We — 4%), e.g. Discus rotundatus (Miiller).

Fig. 20

Zoogeographic. structure of Holocene ma-
lacofauna in the Cracow Upland

COMPONENTS: WS widespread i

Ep European, Pl Palearctic, Hl Holarcttnc,
ES Eurosiberian, KA mountain, Ba Bo-
real-mountain, Ak ALpimee-Campathiam
Kp .-Carpathian, MS South-European,
ME, Me Central-European, Ee Central-
~East ‘Eurcpean, We Central-West Euro-

pean

The third major zoogeographic element are the molluscs occurring mainly in
the mountains of Central Europe — the Alps and the Carpathians (KA — 17%).
To this group belong typical. Carpathian species (Kp — 9%): Iphigena latestriata
(Schmidt), Vestia turgida (Rossmissler), V. elata (Rossmissler), and Monachoides
vicina (Rossmiissler), as well as species widespread throughout the western Car-
pathians and the Alps, or mainly in the Alps (Ak — 5%), e.g. Isognomostoma iso-
gnomostoma (Schroter) and Bythinella austriaca (Frauenfeld). The few Boreal-
-mountain species (Ba — 3%), such as Vertigo substriata (Jeffreys) and Clausilia
cruciata Studer, have also been assigned to this group.

The two subordinate components of malacofauna are represented by Euro-
siberian element (ES — 8%) e.g. Suecinea oblonga Draparnaud, Vertigo antivertigo
'(Drapamaud), Acroloxus lacustris (Linnaeus) and by  South-European species
(MS — %), i.e. snails inhabiting South-Eastern Europe and the Mediterranean,
and partly also Central Europe, e.g. Orcula doliolum (Bruguiére) and Helix pomatia
Linnaeus.

The presented zoogeographic structure of Holocene malacofauna is
the result of changes in the range of species and the migration of many
species during Quaternary climatic cycles (Lozek 1976). It is feasible
that some species inhabited the Cracow Upland already in the Eemian
Interglacial and survived the last glaciation utilizing suitable ecological
niches, especially slopes and klippes with a southern exposure. The
amount of such Eemian relicts is difficult to evalitate, but in Urbanski’s
opinion (1948, - 1977), it is substantial. Some taxons, found both in
Holocene tufas and in present-day assemblages, were reported from
rock-shelters in the Wiirm sediments near Ojcow (Kowalski & al. 1965,
1967; Stworzewicz 1973), viz. Clausilia dubia (Draparnaud), Cochlodina
laminata (Montagu), Vallonia costata (Miiller), and Euconulus fulvus
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(Miiller). Other species live at present in environments with climatic
conditions close to those prevailing in the Cracow Upland during the
last glaciation. They are reported from the high mountains, for example
the Tatra Mts, from the zone of the upper timberline and ahove, the
zone of fells and crags, living at altitudes of 1200—1800 m and even
more than 2000 m (Urbanski 1962, 1977; LoZek 1955, 1963, 1964). These
species are represented by Pyramidula rupestris (Draparnaud) and Ver-
tigo alpestris Alder, and partly also by Cochlicopa lubrica (Miiller), Per-
polita radiatula (Alder), and Vitrea crystallina (Miiller).

Towards the close of the Wiirm and at the beginning of the Holocene,
as the climate became warmer, a great number of snail species migrated
northwards. The intense migration attended the progressive changes in
the distribution of vegetation, especially the expansion of mixed forests
and muli-species deciduous forests. These changes reached their climax
in the Holocene climatic optimum. At the time, in the southern part of
the Cracow Upland there appeared rich and widely diversified molluisc
assemblages with the abundant Clausillidae, including Carpathian species:
Vestia elata (Rossméssler), V. turgide (Rossméssler), Iphigena latestriata
(Schmidt), and I. tumida (Rossméissler); Alpine species, e.g. Isognomo-
stoma isognomostoma (Schréter); and the South-European species Helix
pomatia Linnaeus. Some of them became extinct with the Upper
Holocene, e.g. Vestia elata (Rossméssler) and Iphigena tumide (Ross-
méssler), whilst other persisted until the present times.

In the Upper Holocene a pronounced change in the composition of
malacofauna occurred in Central Europe. It was brought about by
human activity, and specifically by the rapid deforestation of vast areas
and the artifical expansion of open environments, meadows and fields.
This change, very pronounced in the Holy Cross Mts in Central Poland
(Piechocki 1977, 1981), involves the considerable impoverishment of
assemblages and the elimination of many forest species. As a conse-
quence, the relative content of eurytopic species of wide geographic
ranges (Holarctic and Palearctic) increased so that in the present-day
malacofaunal assemblages this zoogeographic element is positively
dominant. In the Cracow Upland its content is more than 70°% (Berger
1961), i.e. about 30% more than in the older Holocene. Yet in wooded
areas, where the original vegetation has been preserved (e.g. in the
Ojcoéw National Park), the content of this element is a little more than
40% (Dzieczkowski 1972), which means that it has not changed for the
past five thousand years.

AGE OF TUFAS AND TRAVERTINES
The stratigraphic ranges of some snail- species and some meollise
assemblages characteristic of the-Holocene sediments of Central Europe
have already been recognized in several countries (Danilovski 1955;
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LoZzek 1964; 1969; Fuhrmann 1973; Mania 1973; Piechocki 1977). The
Lower Holocene sediments contain mixed fauna, consisting mainly"of
mesophile snails of steppe and meadow habitats, with an admixture of
forest snails. In the ‘Boreal the content of forest snails increased, and
Discus ruderatus (Férussac), widespread in Central Europe at that time,
is regarded as the index species (Dehm 1967). In the Lower Holocene
sediments Fuhrmann (1973) distinguished the “Ruderatus-Vallonia asso-
ciation” and the “Ruderatus-Vallonia-Crystallina association”.

The Middle Holocene was a period of the maximum expansion of
mixed and deciduous forests. In the older part of the Atlantic there
appeared abundant Clausillidae, Discus rotundatus (Miiller), D. perspec-
tivus (Miihlenfeld), and other species (Piechocki 1977). According to
Fuhrmann (1973), it is the “Ruderatus-Rotundatus-Crystallina-Carychium
association”. In the younger part of the Atlantic, the thermo- and hygro-
philic species became widespread again, and the assemblage were the
richest (LoZek 1964, Piechocki 1977); it is the “Rotundatus-Carychium
association” of Fuhrmann (1973). The same type of association persisted
into the older part of the Sub-Boreal (Epi-Atlantic period of Jiger &
Lozek 1973), but the assemblages were poorer and showed more varia-
tion as a result of climatic changes and the human activities (deforesta-
tion). Towards the close of the Sub-Boreal (Sub-Boreal period s.s. of
Jager & Lozek 1968) there was an increase of snails inhabiting woodless
areas and mesophile species. In the Upper Holocene, as vast expanses
of land were brought into cultivation, the mollusc assemblages became
poorer (Mania 1973, Piechocki 1977). The gradual cooling of the climate
and the progressing disappearance of forest habitats resulted in changes
in the range of many snail species and their abundance.

The most abundant data on the age of tufas and travertines of the
Cracow Upland were yielded by the profile of the Raclawka valley,
as recognized recently by J. Szulc. Palynologic analysis of the bottom
of tufas points to the Boreal, whereas Ci4 dating of charcoals derived
from the upper part of the profile (near sample Rc-8, see Text-fig. 11)
has determined their age at 2475160 years BP. Malacofauna found in
this profile reflects environmental changes occurring during the Holo-
cene, from the Boreal to the Sub-Aflantic (Alexandrowicz & Stworze-
wicz 1983). The malacologic analysis also permits a determination of the
age of calcareous sediments in all the other profiles described; in this
paper (Text-fig. 21).

In the lower parts of some profiles molluse assemblages are poor,
consisting mainly of eurytopic species and a small amount of forest
snails: Vallonia costata (Miiller), V. pulchella (Miller), Vitrea crystallina
(Miiller), Cochlicopa lubrica (Miiller), Perpolita radiatule (Alder), Succi-
nea oblonga Draparnaud, Carychium minimum Miiller. In places, they
contain aquatic snails: Acroloxus lacustris (Linnaeus), Armiger crista
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nautileus (Linnaeus), and Valvate cristata Miiller. Sporadically there
also appear Discus ruderatus (Férussac) and Bradybaena fruticum (Miil-
ler). These assemblages are typical of the Boreal prior to the wide
expansion of deciduous and mixed forests. They occur both in the
Szklarka valley (SD — Szklary Dolne, SG — Szklary Gérne) and in
the Ractawka valley (Rc — between Zary and Stradlina, Pc — Paczdl-
towice).

A higher stratigraphic position in the four profiles is occupied by
sediments containing very rich mollusc assemblages, characterized by
the presence of abundant forest snails thriving in warm and moist
biotopes: Acanthinula aculeata (Hartmann), Isognomostoma isognomo-
stoma (Schréter), Discus rotundatus (Miiller), Aegopinella pura (Alder),
Iphigena latestriata (Schmidt), I. plicatula (Draparnaud), I. tumide (Ross-
missler), Ruthenica filograna (Rossmissler), Cochlodina orthostoma
{Menke), and Vestia elata (Rossméssler). They are generally accompanied
by hygrophilic species, such as Carychium minimum Miiller and Succinea

y.BP |LOZEK|sTARKEY

(1973) | (1971) Oc Spfud |tk |BP|BS |SD|SG|Db]Rc|Pt |Cz|Ps | Mr|St
-.-‘0

SR
~+-1000

SA

12000 | SA
43000 [SB : :
+4000 SB “

EA y " : o
-_5000 . . 1 - "

<6000
+7000 | AT AT : ; l' ;

8000 : : I I : ”

49000 | BO | BO
-Lioooo| PB PB e e
DR | DR 1 2

Fig, 21. Stratigraphy of Holocene tufas and travertines of the Cracow Upland
(age scale in years BP)

Stratigraphic division of the Holocene: DR — Dryas, PB — Pre-Boreal, BO —

Boreal, AT — Atlantic, EA — Epi-Atlantic, SB — Sub-Boreal, SA — Sub-Atlantic,

SR — Sub-Recent; profiles and outcrops according to symbols used in Text-
-figs 2—19

1 age interval of calcareous sediments in a profile or outcrop, 2 admissible extension of
age interval
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elegans (Risso), as well as by aquatic snails Anisus leucostomus (Millet)
and Valvata cristata Miiller. Similar assemblages occur in the ten other
profiles, and the differences between them consist mainly in the varying
amounts of aquatic and mesophile species, and sometimes also of meadow
snails. This type of malacofauna represents the climatic optimum, i.e.
the Atlantic (Text-fig. 21). The common occurrence of such assemblages
indicates that conditions favouring the formation of tufas and travertines
prevailed in, the Cracow Upland at that time.

In the upper parts of several profiles, a progressive change in the
composition of malacofauna is noted, involving a-decrease in the number
of taxons and the disappearance of some species. The malacofaunal
assemblages are" poorer, and contain scarce Clausillidae, whilst the
amount of forest snails is limited or unstable. Simultaneously the content
of mesophile and meadow snails and aquatic molluscs increases. Worth
noting is the appearance of scarce specimens representing the family
Helicidae: Helix pomatia Linnaeus, Cepaea hortensis (Miiller) and C.
vindobonensis (Férussac). Such malacofauna is known from Ojcéw, the
Raclawka and Bedkowska valleys, Psary, and Ujazd, being characteristic
ot the Sub-Boreal period of the Holocene (Text-fig. 21). It shows con~-
siderable variation which reflects the progressing differentiation of
habitats, brought about by climatic changes and man’s impact on the
natural environment.

HISTORY OF SEDIMENTATION

The discussed tufas and fravertines formed over a time span
embracing the Lower and Middle Holocene. Their deposition was
preceded by intensified erosional activity that took place in the Late
Glacial. The evidence of this activity is found all over the area of
southern Poland, both in the Carpathians and their foreland, in the
Cracow Upland and in the Holy Cross Mts (Starkel 1968, 1977; Klatka
1968; Jersak 1965, 1977). At that time valleys were deepened, and the
bulk of Pleistocene sediments that filled them up was destroyed and
removed (Walczak 1965). They were mainly silts, loesses of valley and
slope facies, rewashed loesses and loess hillwash. These sediments are
still preserved in some valleys between Krzeszowice and Ojcéw, and
they contain characteristic malacofauna with Succinea oblonga elongata
Sandberg, Pupilla muscorum (Linnaeus), P. loessica LoZek, Vallonia
pulchella (Miiller), V. tenuilabris (Braun), and Helicopsis. striata (Miiller).
This- malacofauna is typical of valley loesses deposited during the last
glaciation and in its final stage, and indicates that the climatic conditions
were milder than those prevailing in. the pleniglacial period (LoZek
1964).
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A new stage of the accumulation of sediments began in the Lower
Holocene, precisely in the Boreal. Erosional processes were than brought
to an end, and the expansion of forests prevented loams and loesses
covering the plateau surfaces from being washed out. Due to the land
configuration and profuse vegetation, the surface runoff was limited
while the bulk of rainfall infiltrated into the ground and recharged the
ground water circulation through karstic system developed in Jurassic
and Paleozoic limestones. Under these conditions, the washing out and
displacement of terrigenmous material did not play any significant role,
in contrast to chemical denudation, which was extremely intense. The
profuse vegetation and the decomposition of orgamic matter favoured
the formation of humic acids and carbonic acid, whereas rainwater
enriched in these compounds dissolved calcium carbonate and enabled
their circulation. As a consequence of these processes, karst:phenomena
developed in the limestones of the Cracow Upland, accompanied by the
deposition of tufas and travertines.

Simultaneously, the decalcification of Quaternary covers took place
at the plateau surfaces. As a result of the slow infiltration of rainwater
through porous loesses, silty loams and sands containing fine calcareous
grains (e.g. snail shells and shell fragments), the carbonates subjected
to intense leaching. Owing to this, the ground water was substantially .
enriched in calcium bicarbonate ‘even before it reached Mesozoic and
Paleozoic limestones occurring in the basement. The scale of this process
and its significance are well ilustrated by Quaternary calcareous sedi-
ments that formed in zones of ground water seepage, near springs and
in stream valleys in areas entirely devoid of karstifying rocks. Such
Holocene tufas and travertines were also found in the Sudetic foreland
(Kowalinski & al. 1972), in the south-eastern part of the Holy Cross Mts
(Walczowski 1975), and in the Fore-Carpathian Depression (Alexandro-
wicz & Gerlach 1983), in places of occurrence of non-calcareous crystal-
line and terrigenous rocks covered with silty loams and loess. It is
feasible that both in these localities and in the Cracow Upland the bulk
of carbonates from which tufas and travertines formed owes their origin
to ‘the decalcification of loesses, whereas the remaining part derives
from limestones and dolomites subject to kartification.

The cessation of erosional activity and intense chemical denudation
at the plateau surface promoted the precipitation of calcium carbonate
in ‘valleys. At that time these were flat-floored and overgrown with
profuse vegetation. The streams carried very little sediment in suspension
and cid not show any tendency to incision. Their channels were braided
and poorly individualized; in places where the valleys widened the
drying-up swamps and floodplains have formed. During periodic floods,
the logjams could have stranded in narrow parts of valleys, obstructing
the outflow. The profuse vegetation and the warming of slowly flowing
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water caused a decrease in carbon dioxide, due to which calcium,

carbonate could precipitate. This process took place under various con-

ditions. Flat watery meadows were generally areas of the deposition
of loose tufas and calcareous silts, whilst in places where the waten
outflow was obstructed, compact porous travertines accumulated. As

a result of the local washing out, displacement and redeposition of these

sediments, the silts and calcareous sands showing distinct cross-bedding

were deposited (e.g. at Dubie).

The formation of travertines gave rise to natural dams that divided
the valleys. The profiles to streams was then disturbed, the dams
assumed the role of waterfall scarps, and flooplains, swamps and even
intermittent or- perennial water basins formed upstream. Such three-
-levelled system of scarps made up of travertines and basins filled up
with tufas occurs in the Bedkowska valley (Walczak 1956), and similar
forms. have been reported from Ojcow in the Saspéwka valley, from
the Szklarka valley between Dubie and Szklary, and from the Ractawka
valley between Dubie and Paczéttowice.

The conditions suitable for the precipitation of calcium carbonatel
and the deposition of tufas abounding in malacofauna also existed near
springs, especially in floodplains and small water basins in which water
outflow was hampered. Sediments of such origin are known from Psary
and Miréw.

Variation in the local conditions of deposition of tufas and tra-
vertines are well reflected in the composition of malacofauna. On this
basis, several types of sedimentary environments can be distinguished:

(i) Wide flat-floored valleys occupied by meadows, watery meadows and brush-
wood; the malacofaunal assemblages are of mixed composition, showing a high
content of mesophile and meadow snails (most profiles);

(it) Water basins and intermittent floodplains formed in valleys divided by tra-
vertine dams; aquatic molluscs are dominant in the tufas, and the assemblages
are oligomictic (Szklarka valley, Ujazd, Ojcow);

(¢ii) Narrow wvalleys with the slopes covered with forests; the malacofaunal assem-
blages are polimictic and display a high content of forest snails (e.g. Sgspoéw,

Ractawka, Czatkowice);

{iv) Swamps, intermittent water basins and deciduous iOIEStS with a very moist
substrate near springs and zones of water seepage (Psary, Mir6w); the malaco-
fauna dis mich, abounding in forest and aquatic snails, with particularly nu-

merous Bythinella austriaca (Frauenfeld).

There is no sharp division between these types of environments,
so they often exhibit transitional featur -. The individual profiles reflect
changes in the depositional conditions of calcareous sediments during
their formation, such as the expansion of forests throughout the sur-
rounding areas, the appearance of water basins, swamps and watery
meadows, or the progressing deforestation. This local evolution of
habitats and their marked differentiation were responsible for the varia-
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tion of malacofauna, which at present is very pronounced in the Cracow
Upland (Medwecka-Kornas$ 1977).

On the basis of the distribution of malacofauna classed according to
the ecological groups and taking into .consideration the seven types of
assemblages discussed (Text-fig. 19), the variation in sedimentary en-
vironments and mollusc assemblages can be presented. In the profiles
of tufas and travertines, two types of facies sequence can be distinguished
(Text-fig. 22). One of them, showing the prevalence of mesophile and
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Fig. 22. Evolution of malacofauna in Holocene tufas and travertmes of the Cracow
Upland

Periods of the Holocene: PB — Pre-Boreal, BO — Boreal, AT — Atlantic, SB —

Sub-Boreal, SA — Sub-Atlantic (comp. Text-fig. 21)

A — facies sequence of open (woodless) habitats, B — facies sequence of forest
habitats

Types of malacofaunal assemblages: F forest, M meadow and mesophile, W aquatic,

F-M forest-meadow, F-W forest-aquatic, M-W meadow-mesophile-aquatic, Mx
mixeld,

aquatic snail assemblages (W and M), occurs mainly in the Pradnik and
Szklarka valleys, whilst the other, characterized by the presence' of
mixed molluscan assemblages (Mx, M—F, W—F, M—W), appears at
Raclawka, Psary and Mirow.

Tufas and travertines deposited in wide-floored valleys, water basins
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and watery meadows (sedimentary environments i and ii) represent the
former type of facies sequence (A in Text-fig. 22). In the Boreal and at
the beginning of the Atlantic, assemblages showing the prevalence of
mesophile and meadows snails (M), and locally of aquatic molluses (W),
or mixed assemblages (Mx) were positively dominant. During the sub-
sequent sedimentary episode a periodic expansion of water environments
(W, M—W) took place, whereupon habitats suitable for the development
of mesophile and meadow snails (M) became again prevalent. In the
late period of the climati¢c optimum, the malacofauna of mixed composi-
tion (Mx) appeared locally, characterized by a high content of forest
snails. In the Sub-Boreal, the assemblages of mesophile and meadow
snails (M) prevailed, alternating with aquatic malacofauna (W).

The other type of facies sequence (B in Text-fig. 22) is associated
with tufas and travertines that were deposited in narrow wooded valleys
and in intermittent water basins amidst forest (sedimentary environ-
ments iii and iv). In the Boreal and in the lower part of the Atlantic,
the most widespread became multi-component assemblages (Mx, M—F,
W—F), and locally assemblages of aquatic malacofauna (W). In the
upper part of the Atlantic, the content of forest smails increased, and
the commonest type of malacofaunal association was the assemblage of
forest and mesophile snails (M—F), and locally only of forest species (F).
In the Sub-Boreal, the open habitats, favouring the development of
mesophile and meadow species, were gradually more widespread, but
it was only at the final stage of the deposition of calcareous sediments
that these snails became the principal component of malacofauna (M,
M—W).

The variation of sedimentary envuonments is not paralleled by the
lithologic features of calcareous sediments. Tufas containing -abundant
aquatic malacofauna do mot differ from those abounding in meadow,
mesophile or forest snails, whilst the same or very similar malacofauna
can be found in the different lithologic varieties of tufas (silty, fine- or
coarse-nodular, bedded or unbedded). The thickness of sediments being
formed depended on local conditions (e.g. on the height of travertine
dams dividing the valleys) and varies therefore over a wide range.

The formation of calcarecus sediments in the interglacial periods and
in the Holocene was primarily controlled by climatic changes and was
a cyclic process. Jiger & Lozek (1968) distinguished four stages of this
cycle and showed that the cold period, in which calcareous sediments
were not deposited (stage 1), was followed by a stage of intense deposi-
tion and accumulation’ of these sediments (stage 2), whereupon the
process gradually slackened (stage 3), and finally was brought to the
end (stage 4). In the Holocene the sedimentation of tufas and travertines
began in the Boreal, reaching its climax in the period of climatic
optimum, whereas in the Epi-Atlantic and Sub-Boreal it gradually came
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to the end. In the Sub-Atlantic period,; thé calcareous sediments did not
form any more but were commonly dissected and eroded. The main
determinants of the course of this cycle were temperature and humidity,
especially the average summer temperature and the annular quantity
of precipitation (Jiger & Lozek 1968; Starkel 1977, Text-fig. 140).

The formation of tufas and travertines in the Cracow Upland pro-
ceeded according to the presented cycle. It is worth moting, however,
that the stage of optimum depositional conditions was somewhat longer,
embracirig the Atlantic and particularly the lower part of the Sub-Boreal
(Epi-Atlantic period). In some localities the sediments were still being
deposited in the first part of the Sub-Atlantic.

The progressive climatic evolution, the expansion of human settle-
ments and the deforestation of plateau surfaces were responsible for
intensification of erosional processes whereby loesses and loams were
washed out, and the amount of sediments in suspension transported by
streams increased markedly. Tufas containing a substantial admixture
of terrigenous material and calcareous silts were then deposited in water
basins and flooded meadows existing in valleys. At Ractawka and Ojcow
such sediments end the depositional cycle of calcareous sediments.

In the Sub-Atlantic, a pronounced change in sedimentary conditions
occurred in the Cracow Upland. Due to the marked increase in humidity
and the amount of precepitation, as well as the progressing deforestation
of the land, erosion began to play a dominant role. This tendency was
widespread throughout the area of southern Poland, and its effects were
observed in the Carpathians (Starkel 1968), the Fore-Carpathian De-
pression and in loess~covered areas of the Central Polish Uplands (Jersak
1965, 1977; Klatka 1968). Due to intense bottom erosion operating in
the valleys of the Cracow Upland, travertine dams, waterfall scarps
and tufas deposited beyond them were dissected. The depth of this
dissection depended on the position of local base level. The cuts were

~generally a few metres deep, but in some places they attained a depth
of 10 m, forming large outcrops of calcareous sediments (Ractawka and
Szklarka valleys).

The processes of dissection of waterfall scarps and the rise, evolution
and disappearance of steep-sided gorges in Holocene tufas and travertines
still continue up to the present times. A good example of these events
is offered by Wysoki Waterfall in the Bedkowska valley. In 1940—1950
its scarp was 5—6 m high (Walczakl 1956), but over the following
decade it was completely destroyed, and today there are only outcrops
in scarps along the stream which incises to a depth of 2—4 m into the
valley floor.

Institute of Geology and Mineral Deposits,
University of Mining and Metallurgy,
- Al. Mickiewicza 30,
30-059 Krakéw, Poland
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MALAKOFAUNA HOLOCENSKICH MARTWIC WAPIENNYCH
WYZYNY KRAKOWSKIEJY

(Streszczenie)

Martwice wapienne wystepujace na Wyzynie Krakowskiej utworzyly sie w dol-
nym i §rodkowym holocenie. Odsloniete sg one giéwnie w pélnocnej czeSci Wyzyny
(fig. 1), gdzie najlepsze profile dostepne sa w dolinach Saspéwki, Szklarki i Raclaw-
ki (fig. 2—16). Martwice zawierajg bogate zespoly migczakéw (patrz pl. 14—3),| ktére
wskazuja na zrémicowanie i ewolucje siedlisk, wywolane zmianami klimatycznymi
oraz wplywem dzialalnofei czlowieka (fig. 17—19 oraz tab. 1—6). W poczatkowej
fazie powstawania martwic malakofauna byla malo charakterystyczna. W czasie
atlantyckiego optimum klimatycznego zaznaczyl sie wyrazny wzrost ilofci $lima-
kéw lednych, a nastepnie udzial ich stawal sie coraz mniejszy, co wigzalo sie z po-
stepujacym wylesianiem Wyzyny. Struktura zoogeograficzna omawianej malako-
fauny w poréwnaniu ze wspdlczesng faung zasiedlajgecq ten obszar wykazuje mniej-
szy udzial gauntkéw o szerokim rozprzestrzenieniu (palearktycznych, holarktycz-
nych i europejskich), jest nmatomiast zblizona: do zespoldéw wystepujacych w nie-
znacznie zmienionym przez czlowieka, naturalnym $§rodowisku Ojcowskiego. Parku
Narodowego (fig. 20). Tworzenie sie martwic, poprzedzone intensywna erozja péi-
noglacjalng, rozpoczelo sie w fazie borealnej. Gléwne nasilenie procesu narastania
osadéw wapiennych miato miejsce w fazie atlantyckiej i w pierwszej czeéci:fazy
subborealnej (faza epiatlantycka), za$ zakonczenie tégo procesu nastgpilo z poczat-
kem fazy subatlantyckiej (fig. 21). W opisanych profilach wyréznié moina dwa
typy sekwencji facjalnych, zawierajace .zespoly mieczakéw o réznym skladzie.
Jeden z nich odznacza sie dominacjg gatunkéw preferujacych siedliska wilgotne,
lagkowe i stabo zalesione, W drugim typie sekwencji wystepuja gatunki charakte-
rystyczne dla rozmaitych Srodowisk ze znacznym udzialem $limakéw dobrze roz-
wijajacych sie w siedliskach zacienionych (fig. 22). Martwice wapienne osadzaly
sie na plaskich dnach dolin, wéréd wilgotnych i podmoklych Igk, zarofli.i laséw,
a takze w drobnych zbiornikach wodnych, powstajgcych w wyniku okresowego
zatamowania potokéw przez narastajace groble trawertynowe. W fazie subatlan-
tyckiej wzrosta intensywnosé proceséw erozyjnych; w konsekwencji tworzenie sig
osadéw wapiennych uleglo przerwaniu, za§ dna dolin zostaly rozciete i poglebione
do stanu dzisiejszego.
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Typical gastropod species of Holocene calcareous tufas from the Cracow
Upland

1 — Carychium tridentatum (Risso), 2 — C. minimum Miiller, 3 — Valvata cristata

cristata Miiller, 4 — Punctum pygmaeum (Draparmaud), 5 — Vertigo angustior

Jeffreys, 6 — Acicula polita (Hartmamnn), 7 — Bythinella austriaca (Frauenfeld),
_ 8 — Truncatellina cylindrica (Férussac)
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Typical gastropod species of Holocene calcareous tufas from the Cracow
Upland (cnt’d)

9 — Orcula doliolum (Bruguiére), 10 — Lymnaea truncatula (Miiller), 11 — Discus
ruderatus (Férussac), 12 — Vitrea crystallina (Miiller)
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Typical gastropod species of Holocene calcareous tufas from the Cracow
Upland (cnt’d)

13 — Cochlicopa lubrica (Miiller), 14 — Lymnaea truncatule (Miiller), 15 — Val-
lonia pulchellg (Miiller), 16 — Anisus leucostomus (Millet), 17 — Perpolita radia-
tula (Alder), 18 — Vallonia costata (Miiller)
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