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Abstract

The Susek loess-paleosol sequence is locat-
ed in the western part of the north slope
of the Fruska Gora mountain, in the Vojvo-
dina region, Serbia. Three loess units and
two fossil pedo-complexes, and recent soil
are preserved in the ~75-m thick Susek ex-
posure document about the environmen-
tal changes during the Late Pleistocene
and Holocene. Detailed magnetic suscepti-
bility and sedimentological evidence of the
Susek loess-paleosol sequence are used

for correlation with the SPECMAP paleo-
climatic record, as well as, with other Late
Pleistocene loess sites in the Vojvodina re-
gion. Primary climatic and environmental
records of the loess unit L1L2 are disturbed
by post-depositional hydromorphic proc-
esses. Our investigations confirm previ-
ous malacogical results from the northern
slope of Fruska Gora mountain which dem-
onstrated significant similarities to the Pale-
opreillyrian fauna of the southern Trans-
danubia region in Hungary and suggested
that the Susek site also has a refugial char-
acter during the last glacial.

Key words: paleoclimate, paleoenviron-
ment, Late Pleistocene, loess, Serbia, Susek,
grain size, magnetic susceptibility

Department of Geography, Tourism and
Hotel Management, University of Novi
Sad, Trg Dositeja Obradovica 3, 21000
Novi Sad, Serbia and Montenegro;
zbir@im.ns.acyu;

Chair of Geomorphology, University of
Bayreuth, D-95440 Bayreuth, Germany;
Leibniz Institute for Applied Geosciences
(GGA-Institute), S3: Geochronology and
Isotope Hydrology, Stilleweg 2, D-30655
Hannover, Germany

I Introduction

The rich loess records from the Vojvodi-
na region (Northern Serbia) (Markovi¢,
2000, 2001; Markovié¢ et al., 2003, 2004a,
2006), located in the southeastern part of
the Carpathian (Pannonian) Basin (Fig.
1), provide important information for the
comparison of the European loess strati-
graphies. Loess accumulation in the Vo-
jvodina province started in the late Lower
Pleistocene (Markovi¢ et al., 2003) and cul-
minated during the Late Pleistocene. Due
to the high accumulation rates and wide-
spread occurrence, the last glacial-inter-
glacial loess-paleosol sequences in the Vo-
jvodina region have preserved a detailed
record of Late Pleistocene climate dynam-
ics and environmental changes (Markovi¢,
2000, 2001; Markovi¢ et al., 2003, 2004b,
2005, 2006).

The Susek loess exposure (4501337 N
and 19030’37” E) is located on the right
bank of the Danube River, in the west-
ern part of the northern loess slope of the
Fruska Gora mountain (Vojvodina, Serbia)
(Fig. 1 and 2). Initial investigations focus
on the two loess layers and two paleosols
preserved in the ~75-m thick exposure.
This study presents high resolution chang-
es in the low field magnetic susceptibility
(MS), grain size (GS) distribution, pedol-
ogy, lithology, and mollusk assemblages of
these Late Pleistocene deposits to compare
the Susek stratigraphy with other Europe-
an loess records.

Il Material and Methods

Investigations into the loess-paleosol se-
quences of the Susek exposure began in
2004. Samples were collected at 5-cm inter-
vals for MS measurements and sedimento-
logical analysis, and at 10-cm intervals for
malacological studies.

Dry and moist colors were recorded us-
ing Munsell Soil Color Charts.

Grain size (GS) fractions (<2, 2-20, 20-
200, >200 um) were measured by sieving
and pipetting, carbonate content was ana-
lyzed by gas volumetry.

The measurements of the low-field mag-
netic susceptibility (MS) were performed
at the paleo- and rock-magnetic laboratory
of the Chair of Geomorphology, Universi-
ty of Bayreuth, using a KLY-2 susceptibili-
ty bridge (AGICO, Brno, Czech Republic).

10-kg bulk sediment samples for ma-
lacological investigations were sieved
through a 0.7 mm mesh. After fossil gas-
tropod shells were identified, paleoenvi-
ronmental classification and interpreta-
tion were done and they are based on the
methods of LoZek (1964), but also extended
with some local variants defined by Krol-
opp and Stimegi (1995) and Siimegi and
Krolopp (2002).

I Results

Litho- and pedostratigraphy and correlations
The loess stratigraphy is quite uniform in
the Vojvodina region because of mostly

1. Susek, 2. Irig, 3. Ruma, 4. Petrovaradin, 5. Miseluk

Fig. 1 Geographic position of the Susek loess-paleosol sequence and other relevan

loesst sites in the Fruska gora area



plateau depositional conditions (Markovi¢,
2000, 2001; Markovi¢ et al., 2003, 2006)
similar to the ones in the central Chinese
loess plateau (e.g. Liu et al., 1985; Kukla,
1987; Kukla and An, 1989). Recent strati-
graphic studies of loess and paleosols at
various exposures in this area region have
used lithologic and pedogenic criteria and
MS variations as the primary bases for
correlation. Markovié et al. (2003; 2004a;
2004b; 2006) designated the Vojvodinian
loess-paleosol chronostratigraphic units
as the labels that follow the Chinese loess
stratigraphic system (e.g. Liu et al., 1985;
Kukla, 1987; Kukla and An, 1989).

According to the current chronostrati-
graphic model (Markovi¢ et al. 2004b,
2005) of the Late Pleistocene loess—pale-
osol sequences in the Vojvodina region,
the last interglacial - early glacial pale-
osol S1 correlates with MIS 5. This palae-
osol is overlain by composite loess unit L1,
correlated with MIS 4-2. The structure of
the last glacial loess L1 varies in different
loess localities across the Vojvodina region
(Markovi¢ et al., 2004a, 2005a, 2006). The
lower sub-horizon of the upper loess, L1L2,
accumulated above palaeosol S1. The mid-
dle pleniglacial is represented in the area
by a weakly developed soil complex LiS1.
The youngest loess layer L1L1 accumulated
during the upper pleniglacial period.

Loess-paleosol sequences distinguished
at the Susek exposure are presented in fig.
3. Table 1 shows the morphological descrip-
tion of the loess and paleosol units.

The oldest pale yellow (5Y 7/3, 5/4) loess
unit L2 is uncovered only at lowest 10 cm
of the profile. Many carbonate concre-
tions (3-10 cm diameter) and humus infil-
trations appear near the contact of the S1
soil complex and the underlying L2 loess.
The reddish-brown fossil soil S1 is 135 cm
thick. The lower darker transitional A(B)
horizon (7.5YR, 10YR 4/4) is darker than
the middle Ah horizon (10YR 6/4,4/4) that
contains some preserved carbonate pseu-
domycelia. The boundary between pale-
osol S1 and loess unit L1 is sharper than in
other investigated at loess sites in Vojvo-
dina (Markovié, et al., 2004a, 2004b, 2005,
2006).

The composite loess unit L1 is 560 cm
thick and contains three loess layers (L1L1,
L1S1L1 and LiL2) separated by pedocom-
plexes L1S1S1 and L1S1S2. The 230 cm thick
loess layer L1L2 is accumulated above the
S1 paleosol. This light yellow grey (5Y 7/3
5/3), porous, loosely cemented loess shows
its primary characteristics only in the up-
permost part. From 4.15 to 5.95 m depth
strongly developed hydromorphic features,
such as manganese nodules, iron coatings,
iron oxide patches, and carbonate concre-
tions are exposed.

The superimposed paleopedocomplex
horizon LiS1 is 140 cm thick and contains
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Fig. 2 Topographic map of the area surrounding the Sussek site

a lower chernozem-like pedological hori-
zon L1812 with carbonate pseudomycelia,
loess inter-stratum LiSi1Li (10YR 6/3 4/2)
with many carbonate concretions 1-3 cm
in diameter, and an upper weak incipient
pedohorizon L1S151 (10YR 5/4 4/4) with the
granular structure and small soft carbon-
ate spots.

Loess layer L1L1 is 195 cm thick, very po-
rous and in some parts intensively biotur-
bated. Many spherical, relatively soft car-
bonate nodules and humus infiltrations in
old root channels are found at the contact
zone with the modern soil V-So.

The Holocene soils developed on the
loess plateau surface in the area surround-
ing the Susek exposure are micelar and
calcareous chernozem, and slightly mela-
nized chernozem. At the top of the inves-
tigated section, the modern soil is a 55-cm
thick slightly melanized chernozem. The
lower Ck horizon contains many CaCO;
nodules of 2-5 cm in diameter and numer-
ous krotovinas and root channels filled
with humic material. A transitional AC
horizon (10YR 5/1-3/3) is 15-cm thick, very
porous silt loam with fine blocky structure.
The A(B) horizon is 20 cm thick, reddish-

Tab. 1 Morphological description of loess-paleosol sequences at the Susek exposure

Thickness
(cm)

Unit /
subunit

Depth
(cm)

Description

So 55 0-55

Modern soil, 55-cm thick chernozem slightly
melanized with weak blocky structure

[ 560

Ll 195

Very porous, pale yellow loess (10YR 7/4-5/3) with
many humic infiltrations and carbonate concretions
(@ 2-5 cm), intensively bioturbated.

1S 160 245-385

1S151: the upper lighter (10YR 5/4-4/4) part is a weakly
developed incipient (A) horizon with granular
structure.

L1S1L1: thin loess layer (10YR 6/3 4/2) with carbonate
concretions (@ 1-3 cm).

1$152: the lower darker (10 YR 6/3-4/2) mollic
Chernozem-like A horizon with carbonate
pseudomycelia.

[K]5) 230 385-615

Yellowish brown (10YR 5/3, 4/3) porous, loosely
cemented calcareous loess only upper 20 cm, bellow
are strongly developed hydromorphic features
(manganese, iron coatings, iron oxide patches)

S1 135 615740

Thick transitional Cambisol-Chernozem
pedocomplex: the lower transitional AB horizon has
weak platy structure (10YR 5/2-3); the upper mollic
Ah horizon with brighter colour (10YR 6/2-4) and
carbonate pseudomycelia..

L2 107 740- 7

Porous yellow (5YR 7/3, 5/4) loess with many humus
infiltrations and carbonate concretions (@ 3-7 cm).
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Fig. 3 Description and stratigraphy of the
Susek loess-paleosol sequence.
1. Loess;
2. Embryonic pedogenetic layer
(incipient soil horizon);
3. Chernozem-like A horizon;
4. Ah horizon;
5. Transitional AB horizon;
6. Krotovinas;
7. Hydromorphic features;
8. Carbonate concretions;
9. Humus infiltrations;
10. Position of samples for
sedimentological and rock magnetic
measurements;
11. Position of samples for
malacological investigations.

brown (10YR 6/3, 75YR 4/2), and porous
with blocky structure. The Ah horizon
(10YR 6/3-4/4) is a 20 cm thick silt loam
with the granular structure and carbonate
pseudomycelia in the lower part.

Low-Field Magnetic Susceptibility (MS)

According to our investigations, the varia-
tions in the low-field MS are related to the
pedostratigraphy in the Susek section. MS
values observed in soils So (average 623 x
10°m’kg™), L1S1 (average 50.1 x 10°m’kg’
1), and S1 (average 105.7 x 10°m’kg™) are
higher than in the loess units L1L1 (average
28.2 x 10°°m’kg™)), L1L2 (average 45.6 x 107

*m’kg™), and L2 (average 47.4 x 10°m’kg™)

(figure 5). This type of MS pattern that re-
flects magnetic enhancement via pedogen-
esis is similar to the one in Chinese and
Central Asian loess deposits (e.g. Heller
and Liu, 1986; Maher and Thomson, 1999).
The basal penultimate glacial loess unit
L2 shows relative high MS values: close to
50 x 10°°m’kg™. MS values in the middle
part of the paleosol S1 increase to 140.4 x 10°
*m’kg™ where it is the highest in the whole
column. Above that MS values continuous-
ly decrease to relatively low values in loess

subunit L1L2: ~ 45 x 10°*m’kg™. The L1511
shows higher, also stable values (range of
41.6 x 10°m’kg™ to 563 x 10°m’kg™). MS
of the youngest loess layer LiL1 is the low-
est with a minimal value of 19.5 x 10*m’kg"
!. The Holocene soil So shows an increas-
ing trend from ~ 50 x 10°m’kg™ units at
the base to more than ~ 65 10°m’kg™ in its
middle part (fig. 4).

Grain-size (GS) Distribution and Carbonate
content (CC)

Measured variationsin GS distribution also
coincide well with the pedostratigraphy of
the Susek loess-paleosol sequence. Gener-
ally, the pedogenic horizons have a low-
er proportion of coarse material than the
loess layers (e.g. Vandenberghe and Nug-
teren, 2001). Variability in clay content (<
2pum) mostly parallels the MS record. The
highest value of clay content is observed in
lower part of paleosol S1 (more than 30 %)
in contrast to relatively low values detect-
ed inloess layer L1L1 (less than 10 %). Loess
horizon LiL2 with strongly developed hy-
dromorphic features shows stable values of
clay content from 20 to 25 %. Within the
section, the middle part shows the highest
variability of clay content: the lower part
of loess L1L1 (9-27 %) and fossil soil L1S1S2
(11-32 %). Contribution of the clay fraction
continuously increases from the middle
part of loess L1L1 (about 20 %) to the recent
soil So (more than 25 %) (fig. 4).

The coarse material (>20 pum) content
shows many abrupt small amplitude fluc-
tuations. High values of >20 um content
are also associated with the several peaks
of coarse sand (>200 pum) deposition indi-
cating periods associated with the dynam-
ic environments typified by strong winds
and cold climatic conditions (fig. 4).

Higher values of CC are detected in the
upper part of profile: the recent soil So con-
tains 15 to 25 %, the upper part of the loess
unit L1L1 has higher values (33-20 %) than

the lower part (20-10 %), and upper part of
paleosol LiS1 has more than 5 %. Howev-
er, very low values of carbonate (less than
5 %) are registered in the middle and low-
er parts of the section (fig. 4). This is a con-
sequence of post-depositional gleyification
in the loess layer L1L2 and strong pedogen-
esis of the paleosol S1.

Malacology

Shells of 13.444 individuals of land snails
representing 31 species (29 genera) were
found in 75 samples taken from the Susek
section. Generally, the terrestrial malaco-
logical assemblages reflect humid and rela-
tively cold environmental conditions with
mosaic vegetation.

No land snails were recovered from
the loess horizon LiL2 and from paleosol
S1. Because of intensive gleyification in
loess layer L1L2 and poor preservation and
leaching in the fossil soil S1, these units
were not valuable for malacological inves-
tigations.

The snail assemblages of the youngest
paleosol L1S1S1 and loess LiLi provided
different environmental conditions. Dom-
ination of woodland environmental con-
ditions represented by the presence of the
forest snails such as Aegopinella ressmanni,
Orcula dolium and Clausilidae detected in
the palaeosol L1S1S1 and in upper part of
loess LiL1 indicates relative humid climat-
ic conditions. However, in the lower part of
loess unit L1L1 dominance of steppe envi-
ronmental conditions characterized by the
presence of aridity-tolerant snails such as
Pupilla triplicata, P. muscorum, Chondru-
la tridens, and Granaria frumentum is ob-
served.

During the last glacial period we note
the presence of several relatively cold ep-
isodes. The coldest one was during the ac-
cumulation of loess layer LiL1 indicated
by the presence of the cryophilous species
Columella collumella and Vallonia tenu-
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Fig. 4 Depth plots of magnetic susceptibility, clay content, particle size fractions
>20um, and carbonate content at the Susek exposure related to SPECMAP
paleoclimatic model (Martinson et al., 1987). Pedostratigraphy is same as in Figure 3.



ilabris. The earlier cold periods occurred
during the deposition of loess layers L1L2
and L1S1L1, and the weakly developed soil
L1S181 is characterized by increasing cold-
resistant species and a very low frequency
of cryophilous snails.

i Discussion

The stratigraphic pattern of the Susek site
is generally similar to other Late Pleis-
tocene loess-palaeosol sequences in Eu-
rope (e.g. Kukla, 1975; Vandenberghe et al,,
1998; Rousseau et al., 1998, 2001; Antoine,
et al., 1999, 2001; Horvath, 2001). Howev-
er, all analysed proxies at Susek and oth-
er loess exposures in the Vojvodina re-
gion (Gaudenyi et al., 2003; Markovi¢ et
al., 2004b, 2005, 2006) indicate that the
Late Pleistocene palaeoclimatic and pal-
aeoenvironmental evolution was relative-
ly uniform compared to equivalent cen-
tral, western and eastern European loess
records (e.g. Kukla, 1975; Vandenberghe et
al., 1998; Rousseau et al., 1998, 2001; Anto-
ine et al., 1999, 2001; Horvath, 2001).

The multi-proxy data set and identified
pedostratigraphy in the Susek sequence in-
dicate the following climatic and environ-
mental changes. Pedological interpretation
of pedocomplex S1 shows a paleoenviron-
mental succession from interglacial forest-
like to steppe conditions during the ear-
ly peniglacial. Intensive post-depositional
hydromorphic conditions disturbed the
primary climatic record of loess unit L1La.
Similar hydromorphic features are not ob-
served in any other investigated Late Pleis-
tocene loess sequence in the Vojvodina re-
gion (Markovi¢, et al, 2004a, 2004b, 2005,
2006).

Detailed evidence of middle and up-
per pleniglacial environmental changes
is preserved in the pedocomlex LiS1 and
loess LiL1. At the Susek loess sequence,
the first phase of climatic improvement of
the middle pleniglacial is indicated by the
pedogenesis of chernozem-like fossil soil
L1S1S2. During deposition of the loess sub-
unit LiS1L1, the mean rate of dust deposi-
tion was relatively high, and the intensity
of pedogenic activity was restricted. The
weakly developed paleosol L1S1S1 provides
mostly dry steppe environment.

Data from the youngest loess layer LiL1
indicates the coldest conditions during
the last interglacial-glacial cycle. The rich
upper pleniglacial snail fauna witness-
es humid forest-steppe-like environmen-
tal conditions. The lower part of loess L1L1
represents a steppe-like environment. By
contrast, the upper part of this loess unit
shows an increase of woodland elements
and coldest climatic conditions. The in-
crease of cryophilous and cold-resistant
snails in the upper part of loess LiL1 agrees
with other interpretations of the last gla-
cial maximum recorded in the European

loess sediments (e.g.; Antoine et al., 1999;
Lozek, 2001; Stimegi and Krolopp, 2002).
Finally, the Holocene soil So indicates the
return to an interglacial climatic mode.

Generally, the snail assemblage of
Susek’s loess sequence is similar to other
investigated sections on the northern slope
of Fruska Gora mountain (Markovi¢ et al.,
2004b, 2005). All of these mollusc records
show more humid and relatively colder en-
vironments than in other investigated sites
in the Vojvodina region (Markovi¢ et al.,
2000, 2006; Gaudenyi et al., 2003). There-
fore, we think that it was perhaps a refuge,
i.e. one of those rare places in the south-
east part of the Carpathian Basin where
the Palaeopreillyrian snail assemblage
(e.g. Aegopinella ressmanni, Ena Mon-
tana, Macrogastra ventricosa and Trichia
edentula) survived (Siimegi and Krolopp,
2002). Paleoclimatic gradients were sim-
ilar as under actual climatic conditions.
Present mean annual rainfall is approxi-
mately 10% higher on the north-western
slopes of Fruska Gora mountain than the
average precipitation in the other parts of
the Vojvodina region.

I Condusions

The multidisciplinary study of the loess-
paleosol sequence reveals a detailed Late
Pleistocene record at the Susek section.
The soil complex S1 shows a stable pedo-
sedimentary evolution similar to other in-
vestigated loess sites in the region. Inten-
sive post-depositional processes disturbed
the primary environmental record of loess
layer LiL2. By contrast, paleosol L1S1 and
loess LiL1 preserved high-resolution evi-
dence of paleoclimatic changes. These re-
sults have established the importance of
this site as a record of the last interglacial-
glacial palaeoclimate and palaeoenviron-
ment in the southeastern part of the Car-
pathian Basin.

The identified mollusk record pro-
vides several rhythmic changes of the en-
vironmental conditions characterized
by alternating domination of steppe and
woodland elements. These fossil snail as-
semblages indicate more humid environ-
mental conditions in this area than in oth-
er parts of the Vojvodina region (Northern
Serbia) during the last glacial. Because of
that the northern slope of the Fruska Gora
mountain was a biogeographical “island”
during the last two glacials; i.e. a refuge
where the Palaeopreillyrian snail assem-
blage survived.
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