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The pro file of silty sed i ments in T³umaczów was the sub ject of de tailed lithological and malacological anal y ses. Abun dant
malacofauna rep re sented by typ i cal loess spe cies were found in the sed i ments. The vari abil ity of the spe cies com po si tion
and eco log i cal struc ture of fau nal as sem blages pro vided the ba sis for the re con struc tion of the sed i men tary en vi ron ment
and char ac ter is tics of the cli ma tic con di tions that pre vailed dur ing the de po si tion of the sed i ments. The re sults of anal y ses in -
di cate that the de scribed sed i ments be long to the youn gest loess se ries re lated to the Weichselian Up per Pleniglacial
(MIS-2). The se quence of mol lus can as sem blages shows con sid er able sim i lar i ties to the de scribed fau nas found in nu mer -
ous loess pro files in south ern Po land. It dif fers sub stan tially from the malacological se quences rec og nized in loess pro files in 
West ern and South ern Eu rope. This proves the sig nif i cant and cli mate-de ter mined di ver si fi ca tion of malacocoenoses dur ing 
the Weichselian Up per Pleniglacial (MIS-2) in Eu rope. 
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INTRODUCTION

Loesses and loess-like sed i ments oc cur ring in south west -
ern Po land form a num ber of iso lated cov ers of var i ous thick -
ness. The stud ies of loesses in the Sudetes re gion were ini ti -
ated by Ger man ge ol o gists at the end of the 19th cen tury and in
the first half of the 20th cen tury. In the af ter-war pe riod, many lo -
ca tions were fi nally de scribed in de tail. Nu mer ous re gion ally fo -
cused stud ies were also pub lished con cern ing sed i men ta tion
pro cesses and the strati graphic as pects of silty sed i ments in
south west ern Po land (e.g., Jary, 1996, 2007; Jary et al., 2002).
Loess for ma tions oc cur ring in the K³odzko Ba sin were stud ied
by sev eral au thors, among the most prom i nent be ing Walczak
(1952, 1957) and Ceg³a (1972). They noted a large out crop in
the vil lage of T³umaczów and mol lusc shells pres ent in the
loess (Walczak, 1952, 1957). More ex haus tive stud ies of these
loesses were con ducted in the 1990s. The li thol ogy of the sed i -
ments was char ac ter ized and their strati graphic po si tion was
de ter mined at that time (Chlebowski et al., 2004), as were the
ini tial malacological anal y ses (Alexandrowicz et al., 2001). 

The malacofauna of loesses and other silty de pos its in
south west ern Po land is largely un ex plored. Al though ref er -

ences to the pres ence of mol lusc shells can be found in sev eral
stud ies (e.g., Walczak, 1952, 1957; Jary, 2007). This fact is of
con sid er able im por tance not only in con sid er ations re gard ing
the lo cal en vi ron men tal con di tions in which the sed i men ta tion of 
ae olian dust oc curred, but also in the con text of re gional re con -
struc tions. A great num ber of lo ca tions with loess malacofauna
in cen tral and south east ern Po land (e.g., Alexandrowicz, 1986,
1991a, 1995, 2011a, b; Alexandrowicz et al., 1989; Alexan -
drowicz and Ur ban, 2002), as well as in west ern Ukraine
(Alexandrowicz et al., 2002; Alexandrowicz and Dmytruk, 2007) 
have been de scribed. Loess malacofauna have also been thor -
oughly in ves ti gated in the area south of the Carpathians and the 
Sudetes (e.g., Ložek 1965, 1969, 1991, 2001; Sümegi, 1995,
2005; Krolopp and Sümegi, 1995; Sümegi and Krolopp, 2002)
as well as in east ern and west ern Eu rope (e.g., Remy, 1968;
Puiss¾gur, 1976, 1978; Rous seau, 1987, 2001; Rous seau et
al., 2001, 2002; Antoine et al., 2001; Limondin-Lozouet and
Gauthier, 2003; Moine, 2008). Un like the afore men tioned re -
gions, south west ern Po land and the east ern part of Ger many
have rel a tively scarce malacological doc u men ta tion. Deeper
ex plo ra tion of loess malacocoenoses in those ar eas is very im -
por tant for the dis cus sion con cern ing the di ver sity of mol lusc
fauna dur ing the Weichselian Up per Pleniglacial (MIS-2) in Eu -
rope, and con se quently the di ver sity of con di tions in which the
sed i men ta tion of the youn gest loess cover oc curred. There fore, 
the pro file in T³umaczów con sti tutes a sub stan tial el e ment of
these con sid er ations.
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GEOLOGICAL SETTING

The out crop in T³umaczów rep re sents a loess cover de vel -
oped in the north west ern part of the K³odzko Ba sin, within the
Œcinawka De pres sion (Chlebowski et al., 2004). The pre sented 
loess pro file is sit u ated near the mouth of the W³odzica River,
where it en ters the Œcinawka River, ca. 6km south of Nowa
Ruda, in T³umaczów (Fig. 1). The out crop is lo cated at ca.
390 m above sea level in a flat tened area on the south east ern
slope of a low hill (Fig. 1). The GPS co or di nates of the site are:
50°33’12” N and 16°26’52” E. The sub strate of the silty sed i -
ments are red sand stones clas si fied as Lower Perm ian. 

The loesses in T³umaczów form a 10 m wide and 5.5 m high 
ver ti cal wall (Fig. 2). It is pos si ble to iso late three dis tinctly sep a -
rate strata. From the bot tom, the fol low ing lay ers can be dis tin -
guished:

– 5.50–3.00 m – red dish and light brick red loesses. Dis -
con tin ued, yel low ish and rust-col oured laminas, up to
3 cm-thick, oc cur in the south ern part of the out crop. A
layer con tain ing small clasts (up to 1 cm across) of lower 
Perm ian sand stones lies at the low est sec tion of the silty 
sed i ments. The en tire layer is rich in mol lusc shells. The
up per bound ary is ir reg u lar and at some places hardly
vis i ble. 

– 3.00–0.60 m – yel low ish loesses with nu mer ous ver ti cal
crev ices. Ir reg u lar and of ten len tic u lar streaks,
brown-red in col our, can be found. They are en riched
with sandy ma te rial. Nu mer ous small clasts of sand -
stones. Coarser sand stone clasts rang ing up to sev eral
centi metres in size oc cur spo rad i cally. Mol lusc shells
are pres ent in the loesses.

– 0.60–0.00 m – a dark brown silty sed i ment with few
sand stone clasts al most en tirely af fected by soil pro -
cesses. This level does not con tain mol lusc shells.

MATERIAL AND METHODS

LITHOLOGICAL ANALYSIS

The anal y sis of gran u lar ity was based on the ma te rial ob -
tained from 17 sam ples rep re sent ing the en tire pro file (Fig. 3).
The Casagrande’s areometric method was used to de ter mine
the gran u lar com po si tion. The pro por tion of each frac tion was
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Fig. 1. Lo ca tion of the loess pro file in T³umaczów

Fig. 2. Out crop of loesses in T³umaczów



es tab lished, and the stan dard gran u lar ity pa ram e ters (me dian
– Md, mean size – Mz, sort ing – s1, skew ness – Sk and kurtosis  
– K; Folk and Ward, 1957) were de ter mined. The con tent of or -
ganic mat ter, car bon ates and iron ox ides in side the pro file was
also as cer tained. The re sults of a heavy min eral anal y sis con -
ducted by Chlebowski et al. (2004) were used in the in ter pre ta -
tions as well. 

MALACOLOGICAL ANALYSIS 

The malacological study in volved us ing 16 sam ples (Fig. 4). 
The lo ca tions of the sam ple col lec tion cor re spond ex actly to the 
lo ca tions of sam ples col lected for the lithological anal y sis. The
sep a rate sam ples weighed ca. 2 kg each and rep re sented
30–40 cm thick in ter vals. The ma te rial was sub jected to flush -
ing on a 0.5 mm mesh, and af ter dry ing all shells and shell frag -
ments whose spe cies rank could be clearly iden ti fied were se -
lected. No mol lus can rem nants oc curred in the sam ple from the 
roof part. The whole pro file con tained 8 taxa of land snails rep -
re sented by more than 5000 spec i mens. The num ber of taxa
var ied from 4 to 7 per sam ple, with the num ber of spec i mens
rang ing from 53 to 1309 (Fig. 4). 

The malacological anal y sis was car ried out based on the
meth ods de scribed by Ložek (1964), Alexandrowicz (1987) and 
Alexandrowicz and Alexandrowicz (2011). In di vid ual spe cies
were clas si fied into three eco log i cal groups: 

F – shade-lov ing spe cies; 
O – spe cies of open hab i tats;
M – mesophilous spe cies. 
Hygrophilous and aquatic spe cies did not oc cur in the ana -

lysed ma te rial. The eco log i cal re quire ments of par tic u lar spe -

cies of snails were de ter mined on the ba sis of a num ber of stud -
ies, and es pe cially pub li ca tions by Ložek (1964, 1965), Alexan -
drowicz (1987, 2004), Alexandrowicz and Alexandrowicz
(2011). The per cent age shares of spe cies and eco log i cal
groups al lowed a malacological di a gram and a two-com po nent
di a gram to be de vel oped, which pro vided the ba sis for the
palaeo eco logi cal in ter pre ta tions. Char ac ter is tic mol lus can as -
sem blages were also iden ti fied. Based on their se quence, it
was pos si ble to re con struct the evo lu tion of the en vi ron ment, as 
well as de rive a num ber of strati graphic con clu sions. Sta tis ti cal
anal y sis was con ducted us ing PAST soft ware (Ham mer at al.,
2001), and Morisita’s for mula (Morisita, 1959) was used to de -
scribe the de gree of over lap among the sam ples. On the ba sis
of this data, a dendrogram, that il lus trates clus ters of sam ples
con tain ing fau nal as sem blages of sim i lar com po si tion and eco -
log i cal struc ture, was de vel oped. 

RESULTS

LITHOLOGICAL ANALYSIS

The dom i nant frac tion in the grain-size com po si tion of the
pro file is def i nitely the silty frac tion. Its pro por tion ranges from
47 to 63% (on av er age 59%). The con tent of coarser frac tions is 
equal through out the pro file, with an av er age rang ing from
20–23%. Only in the low est sec tion of the se quence and in side
the brown-red lenses in the up per part of the pro file is the pro -
por tion of the coarse frac tions higher and oc ca sion ally ex ceeds
30%. The ver ti cal dis tri bu tion of the clay frac tion is not very di -
ver si fied, with its con tent amount ing to 8–15% (Fig. 3). The me -
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Fig. 3. Lithological and geo chem i cal prop er ties in the T³umaczów lo cal ity

Pr – pro file (for ex pla na tion see Fig. 2), S – sam ples, GR – grain size (phi scale), Md – me dian,

Mz – mean size, s1 – sort ing, Sk – skew ness, K – kurtosis, C – or ganic mat ter,
CaCO3 – cal cium car bon ate, Fe2O3 – fer rous com pounds 



dian takes on sim i lar val ues through out the pro file, and range
be tween 5.0 and 5.65j. The low est me dian val ues ap ply to the
bot tom and roof parts of the pro file and the in ter val at 1.7–2.5 m
(Fig. 3). The mean size var ies in the range 4.90–6.50j. The
min ima closely cor re spond to the pres ence of in ter ca la tions
with coarser ma te rial. A con sid er able vari a tion in the av er age
di am e ter in di cates that fairly sig nif i cant changes in the en ergy
of sed i men tary en vi ron ment oc curred dur ing the sed i men ta tion
of the de pos its (Fig. 3). The sort ing of the ana lysed sed i ments
is low or very low (s1 = 1.1–3.0). The least sorted parts are the
for ma tions of laminas and lenses with a greater ad mix ture of
sandy and gravel frac tions (Fig. 3). Skew ness is pos i tive
through out the whole pro file, which is typ i cal of most silty for ma -
tions (Fig. 3). The kurtosis val ues are pos i tive through out the
pro file and range be tween 1.0 and 1.7 (Fig. 3). The out comes of 
granulometric anal y ses per formed in the T³umaczów lo ca tion
bear con sid er able re sem blance to the re sults of stud ies con -
ducted at other out crops of such sed i ments in the Sudetes and
their foot hills (Jary et al., 2002; Jary, 2007).

Loesses in the T³umaczów lo ca tion are char ac ter ized by
high cal cium car bon ate con tent, at some places reach ing as
much as 13%. The low est pro por tion of car bon ates oc curs in
the roof sec tion of the pro file. The amount of or ganic car bon re -
mains at a low, but fairly sta ble level (av er age 0.15%). The rel a -
tively high con tent of iron ox ides (mainly tri va lent – 4.4% on av -
er age) gives the sed i ments a red dish col our (Fig. 3). The abun -
dance of cal cium car bon ate is par tic u larly im por tant, as it cre -
ates fa vour able con di tions for pre serv ing mol lus can shells.
Sim i larly, high CaCO3 lev els were noted in sev eral other loess
pro files in the Sudetes, where malacological ma te rial was also
pre served (Jary, 2007). 

MALACOFAUNA

The malacocoenosis found in the lo ca tion in T³umaczów
com prises solely forms com monly noted in loess pro files (loess
spe cies sensu Ložek, 1964, 1965) and in cludes only 8 taxa (Ta -
ble 1). Quan ti ta tive pro por tions of spe cies vary dis tinctly be -
tween the in di vid ual sec tions of the se quence, which im plies cli -
ma tic fluc tu a tions and the en su ing changes in the hab i tat fea -
tures that oc curred dur ing the sed i men ta tion of the de pos its. 

The mol lus can fauna found in loesses ex posed in T³uma -
czów is char ac ter ized by a marked pre dom i nance of spec i mens 
be long ing to two eco log i cal groups: snails typ i cal of dry and
open hab i tats (O) and euryecological spe cies pre fer ring bio -
topes with a slightly higher mois ture (M). Shells of Arianta
arbustorum – a spe cies cat e go rized as a form typ i cal of shaded
en vi ron ments in tra di tional eco log i cal clas si fi ca tions (Ložek,
1964; Alexandrowicz, 1987; Alexandrowicz and Alexandrowicz, 
2011) – ap pear in the mid dle in ter val of the dis cussed se -
quence. The dif fer ences in pro por tions of the two men tioned
groups noted in the ver ti cal pro file in di cate the en vi ron men tal
changes which took place dur ing the ac cu mu la tion of the loess.
The dom i nant com po nent of the bot tom part of the pro file (sam -
ples 1–6) are mesophilous forms. The most char ac ter is tic is a
con sid er able pro por tion of Trichia hispida, ac com pa nied by
Succinea oblonga, as well as Vallonia tenuilabris, which does
not oc cur in the higher sec tions. The spe cies of open hab i tats
are ev i dently rarer (Fig. 4). In the abovementioned in ter val
malacofauna is the most di verse in terms of spe cies com po si -
tion. The mid dle part of the pro file (sam ples 7–8 and 12–14) is
marked by a con sid er ably greater share of spe cies of open en -
vi ron ments, rep re sented by: Pupilla loessica, P. muscorum
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Fig. 4. Malacofauna of loess pro file in T³umaczów
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densegyrata and P. muscorum. The as sem blage is sup ple -
mented by Succinea oblonga. A ma jor char ac ter is tic of the mid -
dle in ter val of the pro file is the abun dant oc cur rence of Arianta
arbustorum shells (sam ples 9–11). The in crease in the pro por -
tion of mesophilous taxa re veals it self in the roof frag ment of the 
out crop, where Succinea oblonga clearly pre dom i nates (sam -
ples 15 and 16). At the same time a rapid dis ap pear ance of
Pupilla loessica be comes ap par ent (Fig. 4). 

MOLLUSCAN ASSEMBLAGES

The tax o nomic anal y sis en abled us to sep a rate faunistic as -
sem blages of dif fer ent spe cies com po si tion, and es pe cially with 
dif fer ent ra tios be tween in di vid ual taxa. Based on the dendro -
gram anal y sis (Fig. 5), four main types of fauna could be de -
fined. 

Fauna with Trichia hispida: this as so ci a tion was iden ti fied 
in sam ples 1–6. It dem on strates the wid est di ver sity in spe cies
com po si tion and rel a tively large num bers of spec i mens. Apart
from the nom i nal taxon, the ma jor com po nents of this as sem -
blage are: highly abun dant Succinea oblonga, as well as the
spe cies found mostly in the roof part of the dis cussed sec tion;
namely: Pupilla loessica, P. muscorum densegyrata and P.
muscorum. Vallonia tenuilabris is less abun dant, and oc curs
only in this sec tion of the se quence. The malacofauna with a
spe cies com po si tion and eco log i cal struc ture pre sented above
in di cates a cool, but not Arc tic cli mate and a mod er ately hu mid
sub strate. It there fore prob a bly cor re sponds to a slightly
warmer and more hu mid pe riod pre ced ing the main phase of
the ae olian dust ac cu mu la tion. As sem blages with a sim i lar
com po si tion and struc ture were noted in nu mer ous pro files of
Weichselian loess dis trib uted across the whole of Eu rope (e.g.,
Ložek, 1965, 2001; Rous seau, 1987, 2001; Alexandrowicz,

1995, 2011a; Sümegi, 1995, 2005; Krolopp and Sümegi, 1995; 
Rous seau et al., 2001, 2002; Alexandrowicz et al., 2002;
Alexandrowicz and Dmytruk, 2007; Moine, 2008). 

Fauna with Pupilla: this is a rel a tively sparse malacofauna
is marked by the pre dom i na tion of the Pupilla ge nus taxa:
Pupilla loessica, P. muscorum densegyrata and P. muscorum.
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Fig. 5. Mol lus can as sem blages of loess pro file in T³umaczów

T a  b l e  1

Com po si tion of malacofauna in T³umaczów

E Taxon
Sam ples – T³umaczów

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

F
Arianta arbustorum

(Linnaeus, 1758)
3 36 4

O
Pupilla loessica

Ložek, 1954
9 48 8 10 8 48 136 31 6 136 142 156 196 236 46 8

O
Pupilla muscorum

densegyrata

Ložek, 1954
6 17 42 76 36 21 82 12 21 482 171 70 48 88 45 13

O
Pupilla muscorum

(Linnaeus, 1758)
4 6 56 59 29 56 24 3 12 211 23 8 11 41 29 22

O
Vallonia tenuilabris

(Standberger, 1875)
17 6 6 17 17 8

M
Columella columella

(G. von Mar tens, 1830
10 3

M
Succinea oblonga

Draparnaud, 1801
12 29 45 41 49 44 59 7 15 421 136 94 107 172 147 137

M
Trichia hispida

(Linnaeus, 1758)
38 44 68 62 45 93

To tal spe cies 6 7 6 6 6 6 4 4 5 5 5 5 4 4 4 4

To tal spec i mens 86 166 225 265 184 270 301 53 78 1286 476 331 362 537 267 180

E – eco log i cal groups of molluscs (af ter Ložek, 1964; Alexandrowicz, 1987; Alexandrowicz and Alexandrowicz, 2011); F – shade-lov ing
snails; O – open-coun try snails; M – mesophilous snails 
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A com pan ion spe cies is Succinea oblonga. A par tic u larly char -
ac ter is tic fea ture is the great abun dance of Pupilla loessica – a
spe cies typ i cal of the pe ri ods of in creased ae olian dust ac cu -
mu la tion (e.g., Alexandrowicz, 1991b, 1995, 2011a, b; Alexan -
drowicz et al., 2002). The fauna de scribed was found in sam -
ples 7–8 and 12–14. It as an as so ci a tion char ac ter is tic of pe ri -
ods as so ci ated with a cold and po lar cli mate. It also in di cates
dry ing of the hab i tats and in ten si fied ac cu mu la tion of loess
dust. The dis cussed fauna is con sid ered one of the most typ i cal 
as sem blages oc cur ring in loesses. It was de scribed in  nu mer -
ous lo ca tions through out Eu rope (e.g., Ložek, 1965, Puiss¾gur, 
1976, 1978; Rous seau, 1987, 2001; Alexandrowicz et al., 1989, 
2002; Alexandrowicz, 1995, 2011a, b; Sümegi, 1995, 2005;
Krolopp and Sümegi, 1995; Rous seau et al., 2001, 2002;
Antoine et al., 2001; Sümegi and Krolopp, 2002; Alexandrowicz 
and Dmytruk, 2007; Moine, 2008) and is usu ally con nected with 
the Up per Pleniglacial of the Weichselian Gla ci ation (MIS-2).

Fauna with Arianta arbustorum: it is a reach as sem blage
with large num bers of spec i mens. Its char ac ter is tic fea tures
are: firstly, the pres ence of the nom i nal taxon, which is ac com -
pa nied by nu mer ous in di vid u als of Succinea oblonga, and sec -
ondly, a rapid re duc tion in the sig nif i cance of Pupilla loessica.
Such a trans for ma tion of the as sem blage struc ture de notes a
sub stan tial change in en vi ron men tal con di tions, and prin ci pally
an in crease in hab i tat hu mid ity. The as sem blage in ques tion
oc curs in sam ples 9–11. Malacocoenoses with sim i lar com po -
si tion were de scribed in sev eral loess lo ca tions in south ern Po -
land and west ern Ukraine (Alexandrowicz, 1995; Alexandro -
wicz et al., 2002) and were usu ally as so ci ated with phases of in -
ten si fied slope pro cesses. The pro file in T³umaczów ex em pli -
fies such a sim i lar sit u a tion. 

Fauna with Succinea oblonga: this as so ci a tion oc curs in
the high est part of the pro file – sam ples 15 and 16. It is char ac -
ter ized by a highly pro nounced pre dom i na tion of the nom i nal
taxon and sparse oc cur rence of the ge nus Pupilla. The as sem -
blage is typ i cal of cold cli mates and in di cates a pro gres sive in -
crease in the hu mid ity of hab i tats. At the same time, it is ev i -
dence of a grad ual re duc tion in the in ten sity of loess dust ac cu -
mu la tion. The fauna out lined above was iden ti fied
in lo ca tions of loess for ma tions in Eu rope (e.g.,
Ložek, 1965, 2001; Rous seau, 1987, 2001; Alexa -
n drowicz et al., 1989, 2002; Alexandrowicz, 1991b,
1995, 2011a, b; Sümegi, 1995, 2005; Kro lopp and
Sümegi, 1995; Rous seau et al., 2001, 2002; Süme -
gi and Krolopp, 2002; Alexandrowicz and Dmytruk,
2007; Moine, 2008). 

DISCUSSION

The granulometric com po si tion of the sed i -
ments in T³umaczów sug gests their ae olian or i gin.
This con clu sion is sup ported by the high cal cium
car bon ate level ob served through out the whole
pro file, to gether with the lack of car bon ates in the
lo cal rock sapro lites. There fore, the pro file must be
com posed of an allochthonous CaCO3-rich ma te -
rial that orig i nates from out side the range of Perm -
ian rocks, which con sti tute the sub strate of the pro -
file. On the other hand, the red dish col our of the
sed i ments and the lo cally oc cur ring clasts of Perm -
ian sand stones in di cate that a slope ma te rial rep re -
sent ing lo cal sapro lites was pe ri od i cally in cor po -
rated into the loess for ma tion pro cess. 

The loess pro file in T³umaczów de picted above con tains
rel a tively sparse mol lus can fauna. How ever, the clear di ver si -
fi ca tion in the com po si tion and struc ture of as sem blages that
has been noted pro vides ev i dence for the changes in sed i -
men tary en vi ron men tal char ac ter is tics, which are mostly de -
ter mined by re gional cli ma tic con di tions, mod i fied to a cer tain
ex tent by lo cal fac tors. Thus, the se quence of as sem blages in
the ver ti cal pro file per mits the re con struc tion of the en vi ron -
men tal evo lu tion on one hand, and the draw ing of strati graphic 
con clu sions on the other. 

The age of loesses in T³umaczów lo cal ity was es tab lished
on the ba sis both of re gional re searches of loess cov ers in
south west ern Po land (Jary, 1996, 2007; Jary et al., 2002) and
malacological data from nu mer ous lo cal i ties in south ern Po land 
(Alexandrowicz, 1995). The malacofauna oc cur ring the de scri -
bed de pos its con tains cold-lov ing snails (loess spe cies; Ložek,
1955). Al though these are es sen tial com po nents of mol lusc as -
sem blages as so ci ated with other cold phases of the Pleis to -
cene (glacials) but only dur ing MIS-2 they show such a char ac -
ter is tic suc ces sion and only in this pe riod they may be used as
strati graphic in di ca tors (Alexandrowicz, 1995, 2011a, b; Alex a -
ndrowicz et al., 2002).

In the ini tial pe riod a cold, but rel a tively moist cli mate pre -
dom i nated, and the loess dust ac cu mu la tion was not very in -
ten sive (fauna with Trichia hispida; Fig. 6). The in ter ca la tion
en riched in coarser ma te rial, which forms the bot tom part of
the pro file, is a re cord of the pe ri od i cal in ten si fi ca tion of slope
pro cesses. The men tioned in ter val in volves a rel a tively small
share of heavy min er als with a platy habit. Such min er als are
con sid ered par tic u larly typ i cal of for ma tions ac cu mu lated via a 
dom i nat ing ae olian fac tor. It in di cates a slow pace of loess
sed i men ta tion  on one hand, and an in creased hu mid ity of the
cli mate on the other (Chlebowski et al., 2004). In the higher
sec tion, dis con tin u ous laminas en riched in sandy ma te rial oc -
cur. They are most likely a re sult of grav ity-in duced creep of
the fine-grained roof saprolite layer. The lack of con ti nu ity of
these laminas and their small thick ness sug gest the pro cess is 
only on a mi nor scale  (Alexandrowicz et al., 2001; Chlebowski

438 Witold Pawe³ Alexandrowicz, Dariusz Ciszek and Magdalena Go³as-Siarzewska

Fig. 6. Phases of de vel op ment of loess se ries in T³umaczów

D – two-com po nent di a gram, F – shade-lov ing snails,
O – spe cies of open hab i tats, M – mesophilous forms
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et al., 2004). To wards the top, a grad ual in crease in the pro -
por tion of Pupilla loessica oc curs. This in di cates the dry ing of
hab i tats, pro gres sive cool ing of the cli mate and a grad ual rise
in the pace of loess sed i men ta tion (e.g., Ložek, 1965, 2001;
Sümegi, 1995, 2005; Krolopp and Sümegi, 1995; Alexan -
drowicz, 1995, 2011a, b; Alexandrowicz et al., 2002; Alexan -
drowicz and Dmytruk, 2007). 

The afore men tioned fauna is par tic u larly of ten noted in the
loesses from the Last Gla cial, ex posed in the area com pris ing
the Cen tral Pol ish Up lands (Alexandrowicz, 1985, 1991b, 1995, 
2011a, b; Alexandrowicz and Ur ban, 2002). Ow ing to ra dio car -
bon anal y ses of sam ples ob tained from in ter vals con tain ing
fauna with Trichia hispida, which were con ducted in sev eral lo -
ca tions, it is pos si ble to de ter mine the timeframe within which
the as sem blage oc curred. It cov ers the pe riod of 25–21,000
years BP, di rectly prior to the phase of in ten sive loess sed i men -
ta tion (Jersak, 1973; Maruszczak, 1980, 1996; Alexandrowicz,
1991b, 1995; Jary, 2007; Moska et al., 2011, 2012). 

Above the in ter val de scribed, loesses con tain ing a sparse
mol lus can as sem blage with nu mer ous shells of spe cies from
the ge nus Pupilla (fauna with Pupilla) can be found. Such
depauperation is re lated to the de te ri o rat ing liv ing con di tions of
the molluscs, which was de ter mined by both the pro gres sive
cool ing of the cli mate and the in ten sive loess ac cu mu la tion
(Fig. 6). This in ter pre ta tion is also con firmed by the re sults of
heavy min eral anal y sis (Chlebowski et al., 2004). The strong in -
flu ence of the ae olian vec tor phe nom e non can be seen. Fauna
with Pupilla typ i fies a se vere and dry cli mate, bear ing dis tinct
con ti nen tal fea tures. Malacocoenoses with a sim i lar com po si -
tion and struc ture were found in nu mer ous lo ca tions in Eu rope
(e.g., Remy, 1968; Puiss¾gur, 1976, 1978; Rous seau, 1987,
2001; Alexandrowicz et al., 1989, 2002; Alexandrowicz, 1995,
2011a, b; Sümegi, 1995, 2005; Krolopp and Sümegi, 1995;
Ložek, 2001; Rous seau et al., 2001, 2002; Antoine et al., 2001;
Sümegi and Krolopp, 2002; Limondin-Lozouet and Gauthier;
2003, Alexandrowicz and Dmytruk, 2007; Moine, 2008). Ra dio -
car bon and OSL dat ing per formed in many lo ca tions in south -
ern Po land in di cates that fauna with Pupilla is closely con -
nected with the pe riod 21–15,000 years BP (Alexandrowicz,
1995; Moska et al., 2011, 2012). 

The rel e vant in ter val in cludes in ter ca la tions of de pos its
con tain ing a sig nif i cant ad mix ture of coarser frac tions (gravel
and sandy). The heavy min eral com po si tion is, how ever, typ i cal 
of ae olian for ma tions (Chlebowski et al., 2004). A prom i nent
change in the char ac ter of the mol lus can as sem blage can be
seen in the sec tion in ques tion, which man i fests it self pri mar ily
in the struc tural trans for ma tion of the as sem blage. The fauna
with Arianta arbustorum found here in di cates a pe ri od i cal in -
crease in the hu mid ity of hab i tats, and the pres ence of a con sid -
er able sandy frac tion ad mix ture in the sed i ments, as well as
Perm ian sand stone clasts, re sult ing from the de vel op ment of
solifluction pro cesses on the slopes (Fig. 6). The par al lel rapid
drop in the num ber of Pupilla loessica im plies a de cel er a tion in
the loess sed i men ta tion pro cess. The oc cur rence of Arianta
arbustorum shells in loess pro files was noted in many lo ca tions
of such sed i ments in south ern Po land (Alexandrowicz 1985,
1986, 1991a, b, 1995, 2001, 2011a, b; Alexandrowicz and Ur -
ban, 2002) and west ern Ukraine (Alexandrowicz et al., 2002;
Alexandrowicz and Dmytruk, 2007). Sim i larly to the pro file in
T³umaczów, this find ing pri mar ily con cerns in ter vals cor re lated
with phases of in ten si fied slope pro cesses. 

The youn gest part of the se quence con tains loesses with a 
sub stan tially re duced cal cium car bon ate level and a smaller
pro por tion of min er als char ac ter iz ing the ae olian vec tor (Chle -
bowski et al., 2004). The malacofauna found in this in ter val in -
di cates a moist en ing of hab i tats and a slight, but prob a bly pro -

gres sive warm ing of the cli mate (Fig. 6). The al ter ation of cli -
ma tic con di tions and the slow down or even com plete ces sa -
tion of loess sed i men ta tion caused the de vel op ment of fauna
with Succinea oblonga. This malacocoenosis is one of the
most char ac ter is tic as sem blages oc cur ring in loess pro files. It
is al most al ways found in their roof part, mark ing the end of de -
po si tion phases of the sed i ments. Re sults of stud ies car ried
out in a large num ber of lo ca tions in cen tral Eu rope sup port
this con clu sion (Ložek, 1965, 1991, 2001; Alexan drowicz,
1985, 1991b, 1995, 2011a, b; Sümegi, 1995, 2005; Sümegi
and Krolopp, 2002; Alexandrowicz et al., 2002). Ra dio car bon
dat ing from loess pro files in the Ma³opolska Up land
(Alexandrowicz, 1995) show that the phase falls in the pe riod
from 15–14,000 years BP. 

DISCUSSION AND CONCLUSIONS

The malacofauna de scribed in the T³umaczów pro file is
char ac ter is tic of loess for ma tions. Both com po si tion and struc -
ture of sep a rate as sem blages, as well as the se quence in
which they oc cur in the ver ti cal pro file, show a strong re sem -
blance to nu mer ous lo ca tions of loesses de scribed in south ern 
Po land, as well as the pro files of loess-like sed i ments in the
Carpathians (Alexandrowicz, 1988; Cieszkowski et al., 2010).
De tailed malacolo gical stud ies in the afore men tioned ar eas
en abled a model to be de fined, of changes in malacofauna
and the se quences of fau nal as sem blages dur ing the ac cu mu -
la tion of loess cov ers as so ci ated with the Weichselian Up per
Pleni glacial (MIS-2) (e.g., Ložek, 1965, 1969, 1991, 2001;
Remy, 1968; Puiss¾gur, 1976, 1978; Alexandrowicz, 1985,
1991b, 1995, 2011a, b; Rous seau, 1987, 2001; Alexan -
drowicz et al., 1989, 2002; Sümegi, 1995, 2005; Krolopp and
Sümegi, 1995; Rous seau et al., 2001, 2002; Antoine et al.,
2001; Sümegi and Krolopp, 2002; Limondin-Lozouet and Gau -
thier, 2003; Alex androwicz and Dmytruk, 2007; Moine, 2008).
The afore men tioned model ap plies both to the char ac ter of the 
sed i men tary en vi ron ment and the strati graphi cal as pects.
Based on the di ver si fi ca tion of hab i tat types, it is pos si ble to
dis tin guish three loess va ri et ies con tain ing dif fer ent as sem -
blages of fauna. The first type in cludes sed i ments de pos ited in 
dry hab i tats, mostly on high plains and gently in clined slopes.
The char ac ter is tic fea ture of the malacocoenoses found there
is low spe cies di ver sity and pre dom i na tion of taxa typ i cal of
open and rel a tively dry en vi ron ments; namely: Pupilla musco -
rum, P. muscorum den segyrata, P. loessica and Vallonia
tenuilabris, al most al ways ac com pa nied by Succinea oblonga, 
and some times also by Arianta arbustorum and Trichia
hispida. Clas si fied as the sec ond type are loesses ac cu mu lat -
ing in the beds of val leys and in lower parts of slopes. The
malacofauna oc cur ring there is usu ally marked by greater spe -
cies di ver sity. Apart from typ i cal “loess spe cies”, cold-lov ing
forms typ i cal of hab i tats with highly in creased hu mid ity are
also pres ent, such as: Columella colu mella, Ver tigo genesii,
Ver tigo geyeri and Ver tigo parcedentata. The third type en -
com passes sed i ments formed by loessial ma te rial, but ac cu -
mu lat ing in aquatic en vi ron ments. The pres ence of cold-lov ing 
molluscs char ac ter is tic of shal low bod ies of wa ter, such as
Gyraulus laevis, Galba truncatula, Pisidium obtusale lapo -
nicum and Pisidium stewarti is a dis tinc tive fea ture (e.g.,
Alexandrowicz, 1985, 1991b, 1995). Given the com po si tion of
the fauna de scribed in the T³umaczów pro file, it can be clas si -
fied as the first of the types pre sented above. Ra dio car bon
dat ing to gether with the re sults of malacological anal y ses per -
formed in nu mer ous loess pro files in south ern Po land, have al -
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lowed one to dis cern sev eral cli ma tic phases (Jersak, 1973;
Maruszczak, 1980, 1996; Alexandrowicz, 1995). The ear li est
one (cool and hu mid), not rep re sented in T³umaczów, cov ers
the pe riod 32–25 ka BP. A mi nor warm ing phase is dis tin -
guish able be tween 25 and 21 ka BP. This pe riod en tails the
ap pear ance of char ac ter is tic fauna with Trichia hispida found
in the lower in ter val in the T³umaczów se quence. The sub se -
quent phase (21–15 ka BP) is marked by a very cold, po lar
and dry cli mate. This phase in volves a very in ten sive ac cu mu -
la tion of loesses and the de vel op ment of the dis tinc tive fauna
with Pupilla (mid dle part of the pro file). In T³umaczów, as in
sev eral lo ca tions in the Kraków re gion within a loess se ries, in -
ter ca la tions and laminas en riched in sandy ma te rial, or even
small rock clasts, can be found. It is a con se quence of a pe ri -
od i cal in ten si fi ca tion of slope pro cesses, which is most likely
due to lo cal, small-scale phe nom ena. The last phase of the
loess ac cu mu la tion con sti tutes a pe riod of pro gres sively ris ing 
hu mid ity and a slight warm ing of the cli mate (15–14 ka BP).
Fau nal as sem blages dom i nated by Succinea are its char ac -
ter is tic fea ture. 

The above-pre sented se quence of fau nal as sem blages is
typ i cal of loesses in south ern Po land, as well as west ern
Ukraine (Alexandrowicz, 1985, 1995, 2001, 2011a, b; Alexan -
drowicz et al., 1989, 2002; Alexandrowicz and Ur ban, 2002;
Alexandrowicz and Dmytruk, 2007). Com pared with nu mer ous
other lo ca tions of loess fau nas de scribed in other Eu ro pean
coun tries it shows fairly sub stan tial dif fer ences. This ob ser va -
tion con tra dicts Ložek’s views (1965) con cern ing the con sid er -
able ho mo ge ne ity of the loess fau nas of Eu rope. Loesses sit u -
ated in an area south of the Carpathians and the Sudetes are
usu ally char ac ter ized by a far more di ver si fied mol lus can fauna
(Ložek, 1965, 1969, 1991, 2001; Sümegi, 1995, 2005; Krolopp
and Sümegi, 1995; Sümegi and Krolopp, 2002; Markoviæ et al.,
2008). Par tic u larly sig nif i cant is the abun dance of the xero -
philous spe cies, which man i fest at con sid er ably higher tem per -
a tures. These forms do not oc cur in lo ca tions north of the

Carpathians. Fur ther south wards, these dis par i ties be come
more pro nounced. In west ern Eu rope it is pos si ble to dis tin -
guish two ev i dently dif fer ent ar eas: namely the west ern and the
cen tral zones (Moine, 2008). The first one in cludes the south -
ern part of the Brit ish Isles and north ern France and is marked
by the oc cur rence of faunistic as sem blages, with a less di ver si -
fied spe cies com po si tion. Char ac ter is tic forms in clude: Pupilla
muscorum, Columella columella, Succinea oblonga and Tricha
hispida (Gao et al., 2000; Lautridou and Cliquet, 2006; Moine,
2008). The as sem blages found in the cen tral area – in the
Rhine Val ley and Ger many – have a much more di ver si fied
spe cies com po si tion (Remy, 1968; Puiss¾gur, 1976, 1978;
Rous seau, 1987, 2001; Rous seau et al., 2001, 2002; Antoine et 
al., 2001; Limondin-Lozouet and Gauthier, 2003; Moine, 2008).
The causes of this di ver gence are dif fi cult to de ter mine ex plic itly 
and they can in clude cli ma tic or top o graphic fac tors, as well as
re flect spe cific lo cal con di tions in the case of some pro files
(Moine, 2008). 

In this con text the dis tinct ness of malacocoenoses found in
the loesses of west ern Ukraine and south ern Po land, in clud ing
the lo ca tion in T³umaczów, can be in ter preted as an ef fect of the 
cold, po lar, but rel a tively dry cli mate pre vail ing in those ar eas
dur ing the Weichselian Up per Pleniglacial (MIS-2), com bined
with the con sid er ably stron ger in flu ence of con ti nen tal con di -
tions. An other char ac ter is tic fea ture is the abun dant oc cur rence 
of two Asian spe cies in the lo ca tions in south ern Po land;
namely: Pupilla loessica and Vallonia tenuilabris, which mi -
grated along with pro gres sive cool ing of the cli mate from cen tral 
Asia to the loess ar eas of Eu rope. 
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