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Lithological and malacological anal y sis was car ried out at the loess site in Zalesie near Przemyœl. The pro file ex posed here
com prises the last gla cial  loess-palaeosol se quence L-1 and is cor re lated with the Pleniglacial (MIS-2–MIS-4) of the
Weichselian gla ci ation. Three loess lay ers sep a rated by interstadial palaeosols are re cog nised here. Within the two youn ger
loess lay ers, cor re spond ing to the youn ger mid dle loess (LMs) and the youn ger up per loess (LMg), and in the soil ho ri zon
(Gi/LMs) sep a rat ing them, nu mer ous mol lusc shells were found. The di ver sity of the mol lusc as sem blages al lowed five types 
of fau nal as sem blages to be dis tin guished. The main fau nal com po nents in the youn ger mid dle loess were open-coun try
spe cies typ i cal of dry sub arc tic steppe. The interstadial palaeosol ho ri zon de vel oped on this loess was dom i nated by
hygrophilous taxa char ac ter is tic of the sub arc tic tun dra en vi ron ment. The molluscs of the youn gest part of the loess bed
com prise mainly mesophilous snails, in di cat ing the pres ence of open but rel a tively hu mid biotopes. The pro file in Zalesie be -
longs to a tiny group of loess sites in Po land with a com plete malacological se quence pre served, en com pass ing both the
youn ger up per and mid dle loesses and the palaeosol ho ri zon sep a rat ing them.
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INTRODUCTION

The loesses of south ern Po land con sti tute the north ern part
of the Eu ro pean loess belt lo cated north of two large moun tain
ranges, the Carpathians and Sudetes (Hasse et al., 2007;
Lehmkuhl et al., 2021). Their dis tri bu tion is closely re lated to the 
extraglacial zone of the Pleis to cene glaciations. In south ern Po -
land, loess de pos its form patches of var i ous sizes and thick -
nesses, and their dis tri bu tion pat terns have been de scribed in
de tail (e.g., Malicki, 1950; Maruszczak, 1987, 1991, 2001; Jary,
2007). In gen eral, an in crease in the thick ness, com pact ness
and ex tent of the loess patches is no tice able to wards the east.
In the west ern part, their thick ness usu ally does not ex ceed
10 m, while in the east ern part, it reaches up to 40 m (e.g.,
Jersak, 1973; Maruszczak, 1987, 1991, 2001; Jary, 2007). An
in crease in strati graphic di ver sity is also ob served. In west ern
Po land, there is al most ex clu sively youn ger loess (LM) rep re -
sent ing the Weichselian gla ci ation. By con trast, in the east ern

part, there are known ex po sures of de pos its cor re spond ing to
older cold stages cor re lated with MIS-6, MIS-8 and even
MIS-12 (e.g., Maruszczak, 1987, 1991, 2001).

The youn ger loess (LM) is wide spread in south ern Po land,
in clud ing the north ern mar gin of the Carpathians as the
so-called Carpathian (moun tain) va ri ety of loess (Gerlach et al., 
1991). This oc curs as sep a rate is lands and smaller patches,
mainly along the larger val leys of Carpathian rivers, in cor po -
rated into a mo saic of ge net i cally dif fer ent Pleis to cene de pos its, 
or di rectly ad ja cent to out crops of the flysch bed rock. The up per 
bound ary of the Carpathian loess reaches 280–320 m a.s.l. Its
thick ness var ies from 5–10 m to 20 m (£anczont, 1995).

Ac cord ing to the strati graphic sub di vi sion of the youn ger
loess (LM) (Maruszczak, 1980, 1991, 2001; Dolecki and
£anczont, 1998; Lindner et al., 2002, 2006; Jary, 2007), four
loess units: youn ger up per loess (LMg), youn ger mid dle loess
(LMs), youn ger lower loess (LMd) and youn ger low est loess
(LMn) are dis tin guished They are sep a rated by ho ri zons of
more or less well de vel oped interstadial palaeosols (Gi/LMs,
Gi/LMd, Gi/LMn and Gi/GJ1). The equiv a lent of the youn ger
loess (LM) in the global loess stra tig ra phy, de rived from the
Chi nese loess stra tig ra phy, is the unit L1, fall ing be tween the
Ho lo cene S0 soil and the Early Gla cial–Eemian pedocomplex
(S1), cor re lated with MIS-5 (Kukla and An, 1989; Markoviè et
al., 2015; Co hen and Gibbard, 2019). A sim pli fied pat tern of
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strati graphic cor re la tion of Up per Pleis to cene loess and
palaeosols in Po land with ma rine iso to pic stages (MIS) is given
in Ta ble 1.

In the loess, the re mains of or gan isms that in hab ited the
depositional zones of these sed i ments are well pre served. Par -
tic u larly im por tant are the nu mer ous mol lusc shells found, es -
pe cially in de pos its with a high con tent of cal cium car bon ate.
The the o ret i cal ba sis for the malacological anal y sis of these de -
pos its was for mu lated by Ložek (1965). He in tro duced the term
“loess spe cies”, which in cluded a rel a tively small group of taxa
com monly found at many loess sites. More over, Ložek (1965,
1991) char ac ter ised the ba sic types of mol lusc as sem blages
and in di cated their use ful ness for palaeo eco logi cal and strati -
graphic re con struc tions. Since then, malacological stud ies and
the re sult ing palaeoenvironmental re con struc tions have been
car ried out at many sec tions through out Eu rope. There are also 
re gional stud ies cov er ing up to tens of sites. Syn thetic anal y ses
of this type have been car ried out in West ern Eu rope (e.g.,
Rous seau, 2001; Moine, 2008; Schirmer, 2016), south ern Eu -
rope (e.g., Ložek, 2001; Sümegi and Krolopp, 2002; Sümegi,
2005; Markoviæ et al., 2006, 2007, 2008; Sümegi et al., 2016)
as well as in Ukraine (Alexandrowicz et al., 2002) and Po land
(Alexandrowicz, 1995). The vast ma jor ity of these sites are as -
so ci ated with the youn gest loess of the last cold stage, i.e. from
LMg (MIS-2) sensu Maruszczak (2001). Mol lusc shells in the
older lay ers of the youn ger loess, such as the youn ger mid dle
loess (LMs), youn ger lower loess (LMd) and youn ger low est
loess (LMn) cor re spond ing to MIS-3–MIS 5a-d have been
found and de scribed at only a few sites in Po land
(Alexandrowicz et al., 1989; Alexandrowicz and £anczont,
1995; Alexandrowicz, 2014). The pro file in Zalesie, be ing the
sub ject of this study, be longs to this nar row group. Pre lim i nary
stud ies of the mol lusc as sem blages in Zalesie were made by
Alexandrowicz and £anczont (2001).

SITE DESCRIPTION

The loess de pos its site in Zalesie is lo cated in the east ern
part of the Carpathian Foot hills, in the Przemyœl Foot hills
(Fig. 1A). It is sit u ated in the area of a now aban doned and
over grown brickyard pit, on the north-west ern slope of the

Zalesiañski Stream val ley, flow ing into the Cisowa (Olszanka)
River, a trib u tary of the San River. The val ley is approx. 3 km
long, nar row and asym met ri cal (Fig. 1B). The top of the ex po -
sure stud ied, which is about 7 m high, rises 260 m a.s.l.
(Alexandrowicz and £anczont, 1995).

The val ley cuts obliquely through an area com posed of
north-south ori ented flysch strata of the Scole Unit (Kotlarczyk,
1988). The bed rock in cludes sand stones, shales, si li ceous
marls and also Mio cene clays (Gucik and Wójcik, 1982). The
top and steep parts of the slopes are cov ered by a thin layer of
weath ered rock, the phys i cal char ac ter is tics of which de pend
on the bed rock. The lower parts of the gen tler slopes with an in -
cli na tion of 3–6° and SE ex po sure in the site area are cov ered
by loess. As re gards the topoclimatic dif fer en ti a tion of the
Olszanka ba sin, the slope has a mod er ately warm ex po sure
(£anczont et al., 1983).

The catch ment area of the Zalesiañski Stream is char ac ter -
ised by high re lief en ergy; the gra di ents range from 403 m a.s.l.
at the Zaleska Góra wa ter shed to ~220 m a.s.l. at the mouth.
Anal y sis of Quaterary de pos its car ried out for the Olszanka
catch ment shows their high vari abil ity near the site (£anczont et
al., 1983). The ex po sure ana lysed is lo cated within the area of a 
dis used brickyard on the right slope of the Zaleœniañski Potok
val ley, ~200 m above its con flu ence with the Olszanka stream
(GPS: 49°44’28” N; 22°38’46” E; Fig. 1C).

MATERIAL AND METHODS

LITHOLOGICAL AND MINERALOGICAL ANALYSES

Dur ing field in ves ti ga tions at the brickyard in Zalesie, ma te -
rial was col lected for lab o ra tory anal y ses. Mea sure ments of
grain size dis tri bu tion were taken us ing the stan dard
Casagrande areometric method mod i fied by Prószyñski (PN
88/B-04481). Par ti cle size mea sure ments were used to cal cu -
late ba sic grain size in di ces based on Folk and Ward (1957):
mean grain size (Mz), sort ing (s1), skew ness (Sk) and kurtosis
(KG). Ad di tion ally, the per cent age of hu mus (by the Tiurin
method), Fe2O3 (by the colorimetric method) and CaCO3 (by a
vol u met ric method us ing the Scheibler ap pa ra tus) were de ter -
mined for the sam ples.
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T a  b l e  1

Cor re la tion of Up per Pleis to cene (Weichselian) loess-palaeosol strati graphic 
schemes with ma rine iso tope stages

MIS – ma rine iso tope stages (af ter Co hen and Gibbard, 2019), loess-palaeosol stra -
tig ra phy: A – global loess stra tig ra phy (af ter Kukla and An, 1989), B – Pol ish re gional 
stra tig ra phy (af ter Maruszczak, 1991, 2001)

http://dx.doi.org/10.1016/ j.quaint.2013.08.048
https://doi.org/10.1016/j.quaint.2019.03.009
https://doi.org/10.1016/0031-0182(89)90143-0
https://doi.org/10.1016/1040-6182(90)90040-B
https://doi.org/10.1016/S1040-6182(00)00098-7
https://doi.org/10.1016/j.quaint.2005.11.020
https://doi.org/10.1029/2006GC001565
https://doi.org/10.1002/jqs.1124
https://doi.org/10.1080/03009480510013060
https://doi.org/10.1016/ S0012-8252(01)00046-0
https://doi.org/10.1016/j.quaint.2016.01.034
https://doi.org/10.1016/S1040-6182(01) 00102-1
https://doi.org/10.1515/geo-2016-0031


Five loess and soil sam ples rep re sent ing the lower and up -
per part of the sec tion were also ana lysed for the com po si tion of 
heavy min er als in the 0.06–0.01 mm frac tion. Trans par ent min -
er als were de ter mined; the pro por tion of glauconite, mus co vite
and opaque min er als was de ter mined sep a rately (£anczont
and Wilgat, 1994).

MALACOLOGICAL ANALYSES

Sam ples for malacological anal y sis taken from the pro file in
Zalesie rep re sented in ter vals of about 10 cm each, rep re sen ta -
tive of the lithological lev els dis tin guished in the sed i men tary se -
quence. In some sec tions of the pro file, no mol lusc shells were
found. Over all, the malacological anal y ses were based on 13
sam ples con tain ing abun dant and well-pre served malaco fauna.

Af ter siev ing on a 0.5 mm mesh sieve and dry ing, all com -
pletely pre served shells and their frag ments, al low ing de ter mi -
na tions to spe cies rank, were se lected from the re main ing ma -
te rial. Shell frag ments were con verted into whole spec i mens
ac cord ing to the scheme de scribed by Alexandrowicz and
Alexandrowicz (2011). Shell frag ments of the ge nus Pupilla
were sep a rated ac cord ing to the method pro posed by
Puisségur (1976). The shell ma te rial in cluded ten spe cies of ter -
res trial snails and one aquatic taxon. There were more than
3,200 spec i mens in the ma te rial ana lysed and nu mer ous shell
frag ments that could not be de ter mined. The num ber of taxa in
each sam ple var ied from 6 to 9, and spec i mens from 154 to
411. Iden ti fi ca tions were made based on spe cial ist guides
(Wiktor, 2004; Wel ter-Schultes, 2012; Horsák et al., 2013) and
our own com par a tive col lec tion. In di vid ual spe cies were clas si -

fied into eco log i cal groups ac cord ing to the scheme de vel oped
by Ložek (1964) with later mod i fi ca tions (Alexandrowicz and
Alexandrowicz, 2011; Juøièkova et al., 2014). The per cent ages
of eco log i cal groups in the sam ples were the ba sis for com pil ing 
the malacological di a gram. In the ma te rial ana lysed, five types
of mol lusc as sem blages were de fined. These were dis tin -
guished based on a sim i lar ity dendrogram anal y sis us ing the
UPGMA clus ter ing method and Morisita’s al go rithm (Morisita,
1959). Prin ci pal com po nent anal y sis (PCA) and pro jec tion tri -
an gle anal y sis in di cated dif fer ences in the eco log i cal pref er -
ences of the as sem blages and the most char ac ter is tic spe cies.
Sta tis ti cal anal y ses were con ducted us ing the PAST
programme (Ham mer et al., 2001).

RESULTS

LITHOLOGY

The sed i men tary se quence in the Zalesie pro file and its
lithological char ac ter is tics are shown in Fig ure 2 and Ta ble 2.

MALACOFAUNA

The mol lusc fauna iden ti fied in the loess pro file at Zalesie is
char ac ter ised by low tax o nomic and eco log i cal di ver sity.
Open-coun try spe cies (eco log i cal group O) are rep re sented by
four taxa, among which Pupilla loessica and Pupilla muscorum
are the most prev a lent. They are par tic u larly abun dant in the
lower in ter val of the pro file, where their pro por tion can ex ceed
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Fig. 1. Lo ca tion of the loess pro file in Zalesie (map base: www. polska.e-mapa.net)
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60%, while they ap pear much less fre quently in the up per most
part of the pro file, ac count ing for up to 20% of the as sem blage.
Other spe cies be long ing to this group: Columella columella and 
Vallonia tenuilabris, are scarce. Four taxa are in cluded in the
mesophilous snails (eco log i cal group M). Three of them:
Succinella oblonga elongata, Clausilia dubia and Trochulus
hispidus, were found in all sam ples and reached the high est
abun dances in the up per part of the pro file where their pro por -

tion in the as sem blage ex ceeds 70%, reach ing a max i mum of
up to 90%. A fourth mesophilous spe cies, Euconulus fulvus, ap -
pears only in three sam ples as sin gle spec i mens. Hygrophilous
taxa (eco log i cal group H) rep re sented by Ver tigo genesii and
Ver tigo geyeri are abun dant only in the mid dle in ter val of the se -
quence, with a max i mum of up to 60% of the as sem blage. In
other parts of the pro file, hygrophilous forms are scarce. This
fauna is com ple mented by Galba truncatula. It is an am phi bi otic 
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Fig. 2. Li thol ogy, grain size and se lected chem i cal prop er ties of the loess-palaeosol sec tion in Zalesie

Md – av er age grain size, Mz – mean di am e ter, s1 – in clu sive stan dard de vi a tion, Sk1 – in clu sive skew ness, KG – kurtosis (af ter Folk and
Ward, 1957), CaCO3 – cal cium car bon ate con tent, Hm – hu mus con tent, Fe2O3 – iron ox ides con tent

Depth [m] Sed i ment de scrip tion Soils
Strati graphic in ter pre ta tion

MIS
A B

0–1.10 Brown ish-grey silt, car bon ate-free, and be low it, rusty-yel low ish clayey
silt, weakly cal car e ous. Cambisol S0 GH 1

1.10–3.75

Yel low ish and grey ish silt, in dis tinctly lay ered, cal car e ous. At a depth of
1.80-2.20 m, there is a veg e ta tion ho ri zon with gley spots; in the lower

part, fine sandy interlayers are high lighted with ferruginous
pseudofibres. Loess of ae olian-slope fa cies.

L1

LMg 2

3.75–4.55 Sandy, grey, clumpy, cal car e ous silt with nu mer ous small con cen tra -
tions of Mn and Fe com pounds.

Weak
gleysol Gi/LMs

34.55–6.30
Grey ish silt, be low it, is grey and yel low-grey clayey silt, in the bot tom
(lower 0.55 m), en riched with prod ucts of de nu da tion of the un der ly ing
soil. The lower bor der is clear (decalcification). Loess of slope fa cies.

LMs

6.30–7.00
Blue-grey silty clay, com pact plas tic, clearly en riched with hu mus and
iron ox ides, car bon ate-free. The thick ness of this layer var ies lat er ally

and in creases down the slope.
Gleysol GI/LMd

7.00–7.50 Silt and silty clay with a scat tered ad mix ture of fine flysch rock de tri tus,
car bon ate-free. LMd 4

7.50 Clay shales and fine-grained grey-green ish sand stones (Cre ta ceous).

Stra tig ra phy: A – global loess stra tig ra phy (af ter Kukla and An, 1989; Markoviæ et al., 2015), B – Pol ish re gional stra tig ra phy (af ter
Maruszczak, 1991, 2001), MIS – ma rine iso tope stages (af ter Co hen and Gibbard, 2019)

T a  b l e  2

Li thol ogy and stra tig ra phy of the Zalesie pro file
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taxon in hab it ing dry ing wa ter bod ies or very wet ter res trial
biotopes. It ap pears in the mid dle and low est part of the pro file,
and its pro por tion in the as sem blage is <20%. All spe cies iden ti -
fied in the pro file in Zalesie are char ac ter ised by high eco log i cal
tol er ance, es pe cially of ther mal con di tions. They are fre quent or 
even dom i nant com po nents of malacocenoses oc cur ring in
loess. Ac cord ing to Ložek, they can be clas si fied as so-called
“loess snails” (Ložek, 1965, 1991). The tax o nomic com po si tion
of the malacofauna and its di ver sity within the pro file are il lus -
trated in Fig ure 3 and Ta ble 3.

MOLLUSCAN ASSEMBLAGES

The malacofauna iden ti fied in the loess pro file in Zalesie
bears typ i cal fea tures of loess fau nas. It is char ac ter ised by the
pres ence of snails typ i cal of cold cli mates with con ti nen tal fea -
tures and low tax o nomic di ver sity. It shows, how ever, con sid er -

able vari abil ity in the ver ti cal pro file. Sim i lar ity dendrogram
anal y sis al lows the dis tinc tion of five fau nal as sem blages ap -
pear ing at dif fer ent in ter vals of the sed i men tary se quence
(Fig. 4). Prin ci pal com po nent anal y sis al lows the in di ca tor spe -
cies for each as sem blage to be dis tin guished (Fig. 5).

As sem blage A. This fauna is char ac ter ised by the abun -
dance of Pupilla muscorum (nearly 50% of the as sem blage;
Fig. 3). The other com mon spe cies is P. loessica. This is com -
ple mented by mesophilous snails, par tic u larly Succinella
oblonga elongata. Less abun dant are taxa pre fer ring wet hab i -
tats: Ver tigo genesii and Galba truncatula. Prin ci pal com po nent 
anal y sis in di cates that the most char ac ter is tic spe cies for the
fauna dis cussed is P. muscorum (Fig. 5), which in di cates open
and rel a tively dry hab i tats of the Arc tic steppe type. The pres -
ence of an ad mix ture of hygrophilous taxa sug gests the pres -
ence of zones of el e vated hu mid ity. As sem blage A was re cog -
nised in the low est part of the malacological se quence (sam -
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Fig. 3. Per cent age di a gram of mol lus can fauna from the Zalesie pro file

Pr – li thol ogy of the pro file (for ex pla na tions see Fig. 2), Mf – malacofauna

E  1 2 3 4 5 6 7 8 9 10 11 12 13 

O 

Pupilla muscorum (L.) 20 17 4 8   3 35 24 23 31 47 43 
Pupilla loessica Ložek 31 21      17 59 91 65 29 27 
Columella columella (G.Mart.)    39 42 2  30 17 10 3   

 (Standb.) 7 14 3     12 15     

M 

Succinella oblonga elongata Drap. 158 189 38 74 27 51 58 42 42 17 17 39 22 
Clausilia dubia Drap. 12 7 17 31 48 6 13 3 10 8 37 21 15 
Euconulus fulvus (Müll.)   1  5 2        
Trochulus hispidus (L.) 15 40 243 199 157 84 95 5 7 17 2 14 14 

H 
 (Gredl.) 2      38 174 79 3  19 14 

 Lindh.        52 31     
W Galba truncatula (Müll.)   14 60 62 13 17     11 19 

 7 6 7 6 6 6 6 9 9 7 6 7 7 
 245 288 320  341 158 224 370 284 169 155 180 154 

 

T a  b l e  3

Tax o nom i cal com po si tion of malacofauna from the Zalesie pro file

E – eco log i cal groups of molluscs (af ter Ložek, 1964; Alexandrowicz and Alexandrowicz, 2011; Juøièkova et al., 2014): O – open-coun try
spe cies, M – mesophilous spe cies, H – hygrophilous spe cies, W – aquatic spe cies
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Fig. 4. Clus ter anal y sis of malacofauna from the Zalesie pro file

A–E – mol lus can as sem blages de scribed in the text

Fig. 5. Prin ci pal com po nent anal y sis (PCA) of malacofauna from the Zalesie pro file



ples 12 and 13; Fig. 4). Malacocenoses of sim i lar com po si tion
and struc ture have fre quently been re corded from loess pro files 
de scribed from both south ern Po land and west ern Ukraine
(e.g., Rous seau, 1987, 2001; Alexandrowicz et al., 1989;
Alexandrowicz, 1995, 2011a, b; Rous seau et al., 2001, 2002,
2013, 2014; Alexandrowicz and Dmytruk, 2007) and south ern
and west ern Eu rope (e.g., Ložek, 1965, 1991, 2001; Puissegur, 
1976, 1978; Krolopp and Sümegi, 1995; Sümegi, 1995, 2005;
Antoine et al., 2001, 2009; Sümegi and Krolopp, 2002; Rous -
seau et al., 2002; Limondin-Lozouet and Gauthier, 2003; Moine 
et al., 2005; Markoviæ et al., 2007, 2008; Moine, 2008;
Schirmer, 2016; Sümegi et al., 2016).

As sem blage B. The most prom i nent and in dic a tive com po -
nent of this fauna is Pupilla loessica, which can ex ceed 50% of
the as sem blage (Figs. 3 and 5). This is com ple mented by other
taxa rep re sent ing open and dry hab i tats: Pupilla muscorum and 
Vallonia tenuilabris. Spe cies typ i cal of wet ter biotopes
(Succinella oblonga elongata) are much less abun dant. The as -
sem blage in ques tion bears the char ac ter is tics of a
Pupilla-fauna (Ložek. 1965, 1991). It is one of the most char ac -
ter is tic as sem blages found in loess se quences. It is typ i cal of
dry, com pletely open hab i tats of Arc tic steppe type. The high
pro por tion of Pupilla loessica in di cates pe ri ods of rapid loess
ac cu mu la tion (Ložek, 1954, 1965, 1991; Puissegur, 1976,
1978; Alexandrowicz, 1995, 2014; Rous seau, 2001).
Pupilla-fauna type as sem blages have been de scribed from
very many pro files through out Eu rope (e.g., Ložek, 1965, 1991,
2001; Rous seau, 1987, 2001; Alexandrowicz and £anczont
1995; Alexandrowicz, 1995, 2011a, b, 2014; Sümegi, 1995,
2005; Krolopp and Sümegi, 1995; Antoine et al., 2001, 2009;
Rous seau et al., 2002; Sümegi and Krolopp, 2002;
Alexandrowicz et al., 2002, 2013, 2014; Limondin-Lozouet and
Gauthier, 2003; Moine et al., 2005; Markoviæ et al., 2006, 2008;
Alexandrowicz and Dmytruk, 2007; Moine, 2008; Schirmer,
2016; Sümegi et al., 2016). Re gional anal y ses in di cate that the
im por tance and fre quency of oc cur rence of this fau nal as sem -
blage is higher in pro files from Cen tral and East ern Eu rope
(e.g., Ložek, 1965, 1991; Alexandrowicz, 1995; Rous seau,
2001; Rous seau et al., 2001; Alexandrowicz et al., 2014). In the
Zalesie pro file, as sem blage B was re cog nised in the higher part 
of the older loess cover (sam ples 10 and 11; Fig. 4).

As sem blage C. This fauna is char ac ter ised by the abun -
dance of spe cies typ i cal of very wet or even marshy biotopes:
Ver tigo genesii and V. geyeri. Other taxa pre fer ring moist hab i -
tats (Succinea oblonga elongata, Columella columella) of ten
co-oc cur with them. Snails pre fer ring drier hab i tats are in the mi -
nor ity. The as sem blage in ques tion is char ac ter is tic of Arc tic
tun dra de vel op ing un der cold cli mate con di tions, of ten dur ing
phases of re duced rates of ae olian dust ac cu mu la tion and the
de vel op ment of ini tial pedogenesis. The in di ca tor spe cies for
as sem blage C is Ver tigo genesii (Fig. 5). The fauna dis cussed
here oc curs rel a tively rarely in loess se quences but has been
re corded in sev eral loess sites in south ern Po land and west ern
Ukraine (Alexandrowicz, 1995, 2014; Alexandrowicz et al.,
2002, 2014). At the Zalesie site, as sem blage C oc curs in the
mid dle part of the pro file and is as so ci ated with a ho ri zon of ini -
tial soils (sam ples 8 and 9; Fig. 4).

As sem blage D. The in di ca tor spe cies for this
malacocoenosis is Trochulus hispidus (Fig. 5). This taxon is
abun dant and can ex ceed 70% of the as sem blage. Com ple -
men tary com po nents are taxa pre fer ring hab i tats with higher
hu mid ity: Succinella oblonga elongata and Columella
columella. An in ter est ing com po nent of this fauna is the am phi -
bi otic taxon Galba truncatula, which in di cates the pres ence of
very hu mid or even pe ri od i cally flooded biotopes. The pro por -
tion of spe cies typ i cal of dry hab i tats is low. The as sem blage

can rep re sent var i ous hab i tat types, from fairly dry to dis tinctly
wet. It does not oc cur dur ing the cold est gla cial phases, in di -
cated by the ac ces sory pres ence of spe cies with con sid er ably
higher ther mal re quire ments (Euconulus fulvus). As sem blages
with a high pro por tion of Trochulus hispidus have been re -
corded at many sites through out west ern and cen tral Eu rope
(e.g., Ložek, 1965, 1991, 2001; Rous seau, 1987, 2001;
Alexandrowicz and £anczont, 1995; Alexandrowicz, 1995,
2011a, b, 2014; Sümegi, 1995, 2005; Krolopp and Sümegi,
1995; Antoine et al., 2001, 2009; Rous seau et al., 2002;
Sümegi and Krolopp, 2002; Alexandrowicz et al., 2002, 2013,
2014; Limondin-Lozouet and Gauthier, 2003; Moine et al.,
2005; Markoviæ et al., 2006, 2007, 2008; Alexandrowicz and
Dmytruk, 2007; Moine, 2008; Schirmer, 2016; Sümegi et al.,
2016). The fauna dis cussed here has been re cog nised in the
lower in ter val of the youn ger loess cover (sam ples 3–7; Fig. 4).

As sem blage E. The dom i nant and most im por tant com po -
nent of this as sem blage is Succinella oblonga elongata (Fig. 5).
Its pro por tion is very high, ex ceed ing 60%. The fauna is com ple -
mented by the mesophilic spe cies Trochulus hispidus and
Clausilia dubia. Taxa typ i cal of dry and open hab i tats (Pupilla
muscorum and P. loessica) are less prom i nent.  The as sem -
blage in ques tion is char ac ter is tic of open hab i tats with moist soil. 
Fau nas with such char ac ter is tics are com mon in loess pro files
and de scribed from very many sites through out Eu rope (e.g.,
Ložek, 1965, 1991, 2001; Rous seau, 1987, 2001; Alexandro -
wicz and £anczont, 1995; Alexandrowicz, 1995, 2011, 2014;
Sümegi, 1995, 2005; Krolopp and Sümegi, 1995; Antoine et al.,
2001, 2002; Rous seau et al., 2002; Sümegi and Krolopp, 2002;
Alexandrowicz et al., 2002, 2013, 2014; Limondin-Lozouet and
Gauthier, 2003; Moine et al., 2005; Alexandrowicz and Dmytruk,
2007; Markoviæ et al., 2008; Moine, 2008; Schirmer, 2016;
Sümegi et al., 2016). In the pro file in Zalesie, the as sem blage
dis cussed is found in the up per most in ter val of the youn ger loess 
cover (sam ples 1 and 2; Fig. 4).

DISCUSSION

The loess-palaeosol se quence in the Zalesie pro file is char -
ac ter ised by rel a tively low thick ness and cor re lates with the
Pleniglacial pe riod of the last gla ci ation (MIS-2–MIS-4). The
mol lusc as sem blages within the se quence ex hibit a di verse
eco log i cal struc ture in dic a tive of changes in en vi ron men tal
char ac ter is tics dur ing de po si tion. The suc ces sion of these
changes is shown in Fig ures 6 and 7.

The se quence stud ied rests di rectly on the Carpathian
flysch bed rock. Its deep decalcification is as so ci ated with in ten -
sive weath er ing pre ced ing loess sed i men ta tion, prob a bly dur -
ing MIS-5 (Eemian-Early Gla cial). Thus, be tween the top of the
weath ered rocks and the bot tom part of the loess cover, there is 
a hi a tus re lated to ero sion and de nu da tion pro cesses at the
tran si tion of MIS-5 and MIS-4. The cool ing at the be gin ning of
the Pleniglacial pe riod re sulted in changes in the plant cover.
This has been doc u mented at a nearby loess site in Tarnawce
lo cated on the high Pleis to cene ter race of the San (Fig. 1B).
The palynological anal y ses per formed showed the dis ap pear -
ance of de cid u ous trees and the ap pear ance of cold-lov ing spe -
cies (Selaginella selaginoides, Betula nana, and Hippophae
rhamnoides; Komar and £anczont, 2002).

The old est el e ment of the loess cover in Zalesie is a rel a -
tively thin (~0.5 m thick) layer of silty and silty-clay de pos its con -
tain ing ad mix tures of sand and flysch rock de tri tus in ter preted
as youn ger lower loess (LMd) from the Lower Pleniglacial
(MIS-4). The grain size char ac ter is tics and sed i ment struc ture
in di cate a sub stan tial con tri bu tion of slope pro cesses, ac com -
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pa nied by slow ae olian in put of loess dust. The area was dom i -
nated at this time by an open land scape with a mo saic of tun -
dra, grass steppe and rushes in river val ley bot toms in a cold cli -
mate (Komar et al., 2015).

An other el e ment of the pro file is a well-de vel oped gley
palaeosol ~0.7 m thick (Fig. 2). It is rich in humic com pounds
and iron ox ides, and rep re sents a pe riod of in hi bi tion of ae olian
dust de po si tion and the de vel op ment of pedogenesis. In terms
of age, it cor re sponds to the interstadial at the on set of the Mid -
dle Pleniglacial and can be cor re lated with the Gi/LMd soil ho ri -
zon (Maruszczak, 1991, 2001). Sim i lar soils ap pear ing in
neigh bour ing loess pro files in Po land and west ern Ukraine

have been dated by the TL/OSL method at ~50 ka (£anczont,
1991, 1995; £anczont et al., 2021). Ac cord ing to palynological
stud ies of the pro file at Tarnawce, open birch and pine wood -
lands with spruce, fir, and more hardy de cid u ous trees and
shrubs, with moist hab i tats oc cu pied by wil low and al der, were
dom i nant at that time. This veg e ta tion grew un der bo real cli -
mate con di tions (Komar and £anczont, 2002).

Anal y ses of heavy min er als per formed for the LMd-Gi/LMd
se quence (£anczont and Wilgat, 1994) showed a sig nif i cant
pro por tion of zir cons (28–44%), gar nets (18–38%), rutile
(16–29%) and epidote (3–6%). This com po si tion is sim i lar to
that iden ti fied within the nearby flysch rocks. It in di cates a lo cal
sed i ment source, with much of the ma te rial com ing from the
wash ing and slope weath er ing of lo cal ma te rial. The high con -
tent of heavy re sis tant min er als and the fact that a sig nif i cant
pro por tion of the gar net grains (40–50%) are dam aged by cor -
ro sion and con tain iron ox ides is an in di ca tion that an es sen tial
source of ma te rial of this loess was soil ma te rial dis placed from
the higher slopes and de pos ited si mul ta neously with fresh dust
(£anczont and Wilgat, 1994). This may in di cate that re sid ual
sed i ments formed dur ing the youn ger part of MIS 5 are in cor po -
rated into this layer. The de pos its form ing this part of the
loess-palaeosol se quence at Zalesie are decalcified and con -
tain no mol lusc shells.

The next pro file seg ment cor re sponds to the youn ger mid -
dle loess (LMs), with a thick ness of less than 2 m. Granulo -
metric in di ces and struc tural fea tures in di cate that ae olian de -
po si tion and slope pro cesses played a sig nif i cant role in their
for ma tion (£anczont, 1995). The sed i men tary en vi ron ment of
the loess LMs was drier than in the ear lier pe riod, as shown by
the high pro por tion of the dust frac tion in the grain size dis tri bu -
tion, the lower pro por tion of iron ox ides, and the in crease in car -
bon ate con tent to around 10% (Fig. 2). This re sulted in the pres -
er va tion of mol lusc shells. The youn ger mid dle loess cor re lates
with the mid dle or older part of MIS-3 (Fig. 2). Its strati graphic
po si tion (~40 ka) has been dem on strated by dat ing of other
sites in south ern Po land (£anczont, 1995; Mroczek et al., 2023;
Fedorowicz and £anczont, 2004). In Cen tral and East ern Eu -

8 Witold Pawe³ Alexandrowicz and Maria £anczont / Geo log i cal Quar terly, 2023, 67: 57

Fig. 6. Suc ces sion of mol lusc as sem blages in the Zalesie
pro file

Fig. 7. Stra tig ra phy and en vi ron men tal changes re cog nised in the Zalesie pro file

Pr – li thol ogy of the pro file (for ex pla na tion see Fig. 2), St – stra tig ra phy (af ter Maruszczak, 1991,
2001), Ma – mol lus can as sem blages A–E (de scribed in the text), Da – rate of dust ac cu mu la tion (L –
low, M – me dium, H – high), Hu – hu mid ity (L – low, M – me dium, H – high), Ev – en vi ron ment, T –
tem po rary wa ter bod ies, S – swamps, MIS – ma rine iso tope stages (af ter Co hen and Gibbard, 2019)
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rope, this pe riod was char ac ter ised by a rel a tively low rate of
loess de po si tion with a sug gested dom i nance of winds from the
west (Bokhorst et al., 2011).

Two mol lusc as sem blages were found within the youn ger
mid dle loess at the site in Zalesie. The abun dance of Pupilla
muscorum and Pupilla loessica char ac ter ises the older one (as -
sem blage A). Both of these taxa are char ac ter is tic of dry to
mod er ately wet hab i tats of Arc tic steppe type (Figs. 6 and 7).
The high fre quency of Pupilla loessica may in di cate rapid ae -
olian dust ac cu mu la tion (Ložek, 1954, 1965, 1991; Alexan -
drowicz, 1995, 2014; Rous seau, 2001). On the other hand, the
fauna in ques tion in cludes snails that pre fer moist and even wa -
ter logged hab i tats: Glaba truncatula and Ver tigo genesii; their
oc cur rence in di cates the pres ence of moist biotopes. The co ex -
is tence of two dis tinct groups of molluscs (dry-lov ing and mois -
ture-lov ing) may in di cate lim ited rede position of shell ma te rial
due to flush ing pro cesses. The re sults of lithological data cited
above also lead to sim i lar con clu sions.

In the up per sec tion of the LMs loess, a change in the char -
ac ter of the malacofauna is no tice able. Hygrophilous taxa dis -
ap pear, while Pupilla loessica (as sem blage B) plays a dom i nant 
role. This change in di cates the de vel op ment of dry, open hab i -
tats of sub arc tic steppe type and an in crease in the rate of ae -
olian de po si tion with a re duc tion in the role of slope pro cesses
(Figs. 6 and 7).

The top part of the LMs is pedogenically trans formed; traces 
of soil-form ing pro cesses are mod est. They re sult in a thicker
(0.8 m) Gi/LMs ho ri zon with gley soil fea tures strongly en riched
in man ga nese and ferruginous con cre tions. This likely cor re -
sponds to warm ing in the youn ger part of MIS-3 (lu mi nes cence
age ~34–28 ka; £anczont, 1995; Fedorowicz and £anczont,
2004). At that time, re con struc tions of the veg e ta tion cover of
the area (Komar et al., 2015) doc u mented patches of wide -
spread mixed for ests sur rounded by var i ous mead ows and ar -
eas sub jected to ero sion-de nu da tion pro cesses and colo nised
by pi o neer plants. The cli mate was mod er ately cool.

Mol lusc shells (as sem blage C) are abun dant within this
palaeosol ho ri zon (Figs. 6 and 7). This fauna is sig nif i cantly dif -
fer ent from the malacocenoses re cog nised in the older silty de -
pos its in terms of tax o nomic com po si tion and eco log i cal struc -
ture. Of note are the prom i nence of hygrophilous taxa typ i cal of
hu mid and even wa ter logged tun dra en vi ron ments (Ver tigo
genesii, Ver tigo geyeri; Figs. 6 and 7). This fauna in di cates the
de vel op ment of swampy hab i tats while ae olian dust de po si tion
was sig nif i cantly re duced or even stopped (Fig. 7).

The up per part of the loess-palaeosol se quence at the site
in Zalesie is rep re sented by up per youn ger up per loess (LMg),
which cor re sponds to MIS-2 (Fig. 7). Its de po si tion oc curred
with north and north-east erly winds (£anczont, 1993; Pañczyk
et al., 2020), un doubt edly mod i fied by the lo cal orog ra phy and
ori en ta tion of the val leys, as north west erly winds are re con -
structed for cen tral and east ern Eu rope dur ing the LGM
(Nawro cki et al., 2006; Bokhorst et al., 2011). The sed i men tary
struc tures of the lower part of this loess (LMg2) in di cate that
dur ing the early phase of MIS-2, ae olian de po si tion still took
place with some con tri bu tion from flush ing pro cesses. Abun -
dant mol lusc shells (as sem blage D) are pres ent in the LMg2
loess. The dom i nant taxon is Trochulus hispidus, ac com pa nied
by Succinella oblonga elongata. Also note wor thy is the pres -
ence of Glaba truncatula, in di cat ing the ex is tence of hu mid hab -
i tats. The eco log i cal char ac ter is tics of this as sem blage also in -
di cate me dium-hu mid sub po lar steppe en vi ron ments. The low
pro por tion of dryland taxa and the ab sence of Pupilla loessica
in di cate a low rate of ae olian ac cu mu la tion (Figs. 6 and 7).

Within the LMg de posit, there is a veg e ta tion ho ri zon 0.6 m
thick, with the ac cu mu la tion of nu mer ous man ga nese-iron con -
cre tions, sig nal ling its di chot omy. Anal y sis of heavy min er als
car ried out for this de posit (£anczont and Wilgat, 1994) showed
abun dant gar net (up to 40%) and zir con (up to 30%), which may 
be an in di ca tion of ad mix ture of the dust also from dis sem i nated 
fluvioperiglacial de pos its, as shown in the Pra³kowce pro file
(Fig. 1B; Krysowska-Iwaszkiewicz and £anczont, 1992). Re -
gard ing the veg e ta tion cover, it was a pe riod of dom i nance of an 
open land scape with a mo saic of grass land steppe and tun dra
and with scat tered co nif er ous and de cid u ous trees (Komar et
al., 2015). No mol lusc shells were found in this ho ri zon.

An as sem blage show ing a high fre quency of Succinella
oblonga elongata (as sem blage E) is pres ent in the up per part of 
the youn ger up per loess (LMg1) in Zalesie. It in di cates rel a tively 
wet hab i tats (Figs. 6 and 7). Fau nas of such com po si tion are
very com mon in the up per ho ri zons of LMg, in di cat ing less se -
vere cli mate con di tions, higher hu mid ity of the topoclimate and
lower rates of ae olian ac cu mu la tion (Ložek, 1954, 1965, 1991;
Puissegur, 1976, 1978; Alexandrowicz, 1995, 2014; Rous seau, 
2001). By con trast, in neigh bour ing Dybawka, on the mid-San
ter race (Fig. 1B) in loess LMg1 of ar gu ably sim i lar strati graphic
po si tion (IRSL age ~16 ka; Bokhorst et al., 2011) an al most
com plete ab sence of Succinella oblonga elongata shells of this
spe cies, but with ad di tional con tri bu tions of Trochulus hispidus
and Clausilia dubia, was re corded, within a gen er ally quite sim i -
lar loess fau nal com po si tion, in di cat ing in turn a rel a tively dry
hab i tat for mol lusc de vel op ment un der sim i lar topoclimatic con -
di tions (£anczont, 1991; Figs. 6 and 7). These ob ser va tions
con firm the high spa tial vari abil ity of hab i tats in the part of the
Przemyœl Foot hills ad ja cent to the San and in di rectly cor rob o -
rate the high lo cal vari abil ity of the loess sed i men ta tion rate as -
sessed by the MAR in dex (Fedorowicz and £anczont, 2007). In
the Tarnawce site, this in di ca tor is about 500 g/cm2/year, while
in the neigh bour ing Dybawka site, it is more than twice as high
(about 1200 g/cm2/year).

The ceil ing of the pro file in Zalesie is a well-de vel oped Ho lo -
cene soil with out mol lusc shells (Fig. 3).

CONCLUSIONS

1. The loess-palaeosol se quence pro file in Zalesie is char -
ac ter ised by a rel a tively low thick ness (~7 m), but rep re sents
the Pleniglacial of the Last Gla cial cy cle cor re lated with MIS-2–
MIS-4.

2. The granulometric char ac ter is tics of this loess, the ar ray
of sed i men tary struc tures in di cat ing the im por tant role, be sides
ae olian ac cu mu la tion, of slope pro cesses in its de po si tion, and
the com po si tion of heavy min er als, re flect ing flysch rocks di -
rectly and in di rectly, pro vide an ar gu ment for the mostly lo cal
provenence of the loess in Zalesie.

3. Within the lithological se quence, interstadial soil ho ri zons 
cor re spond ing to Gi/LMd and Gi/LMs and a gleyed veg e ta tion
ho ri zon di vid ing the LMg loess into two soil sub units were dis tin -
guished.

4. Mol lusc re mains in the LM loess of Zalesie oc cur ir reg u -
larly. The lower part of the se quence, which is decalcified, in -
clud ing the Gi/LMd palaeosol ho ri zon, is de void of mol lusc
shells. By con trast, mol lusc shells are abun dant in the LMs and
LMg loesses and in the Gi/LMs palaeosol.
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5. The malacocoenoses iden ti fied within the loess LMs are
char ac ter ised by a high pro por tion of spe cies typ i cal of dry hab i -
tats, in di cat ing an en vi ron ment of sub arc tic steppe type. The
abun dant oc cur rence of Pupilla loessica shells in this in ter val
in di cates a mod er ate in ten sity of ae olian ac cu mu la tion.

6. The as sem blage of molluscs iden ti fied within the Gi/LMs
palaeosol in di cates con sid er able wet ting of the hab i tats and in -
hi bi tion of ae olian dust de po si tion, fa vour ing the de vel op ment
of soil-form ing pro cesses.

7. The youn ger part of the loess cover (LMg loess) is dom i -
nated by mesophilous spe cies pre fer ring mod er ately moist soil,
and the low pro por tion of Pupilla loessica in di cates a lo cally low
rate of ae olian ac cu mu la tion.

8. The pro file in Zalesie is one of the few sites in south ern
Po land where an al most com plete malacological se quence of
LMs and LMg loesses is pre served, rep re sent ing the plenigla -
cial of the last gla ci ation.
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