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ABSTRACT. We collected 11 Kopasz Hill loess profiles for paleoecological and geochronological analysis. The loess accu-
mulation and development formed during the last (Weichselian) glacial period between 70 and 15 ka BP. We found that the
majority of the loess profiles were composed of three typical loess strata and two well-developed paleosol horizons. Based on
vertebrate remains, the lowest loess layer formed between 70-50 ka BP, during the first cool and dry climatic phase of the last
glacial period, when forest steppe vegetation dominated in the Kopasz Hill area. On the surface of the lowermost layer, a
paleosol developed between 50 and 40 ka BP as an indication of a more humid and warmer climatic phase. This paleosol layer
was buried by a new loess layer that developed between 40 and 32 ka BP. The upper paleosol horizon developed between 32
and 26 ka BP. Molluscs preferring a mild climate were found in this layer, suggesting that this phase was wet and relatively
temperate. A number of fired macrocharcoal remains can be found on the top of this paleosol layer. Charcoal samples from
nine sites were dated by radiocarbon analyses. These results reflect the presence of a charcoal-rich horizon that developed 28—
26 ka BP. Ca. 26 ka BP, loess formation resumed. We analyzed 14 samples from 6 sites by the 1C method. Based on 14C data,
the uppermost part of loess profiles developed between 26 and 15 ka BP.

INTRODUCTION

The Late Pleistocene environmental history of Hungary can be regarded as one of the missing links
in our understanding of the last glacial development of Europe. In terms of its location and geology,
Hungary is an important area of low relief within the main mountain ranges of Central Europe (Car-
pathians, Alps, Dinaric Alps). As an unglaciated region during the last glacial period (Denton and
Hughes 1981), Hungary may have been an important refuge for temperate fauna and flora, and one
of the first regions into which refugial populations, located in the Carpathian mountains, expanded
during the interstadial and interglacial periods. The most important area of the deciduous and conif-
erous tree relict/refugial spots (Bennett, Tzedakis and Willis 1991; Willis 1994, 1996; Willis e al.
1995, 1997) is most likely at the border of the low mountain region and alluvial plan, where change-
able micromorphological surface and different microclimatic spots could evolve.

We present here the first results of an interdisciplinary paleoecological study to reconstruct the Late
Pleistocene environmental history of the northeast Hungarian loess area. The investigations were
carried out on the Kopasz Hill at Tokaj. This area is the meeting point of the northern edge of the
Great Hungarian Plain and the southern edge of the Hungarian low mountain (Subcarpathian)
region. The techniques of sedimentological, geochemical, molluscan, macrocharcoal, radiocarbon
and stable isotope analyses, with some earlier micromammalian and macromammalian results,
revealed 11 loess sequences extending well into the Weichselian period (Fig. 1).

STUDY AREA

Kopasz Hill (515 m above sea level (asl), 48°13'N, 20°27'E) is located in the southernmost part of
the Tokaj Mountains, northeastern Hungary. Its base is made up of Sarmatian acidic pyroclastics and
Sarmatian rhyolithic and perlitic extrusional masses (Gyarmati 1977). The Sarmatian volcanic sur-
face was covered by a Lower Pannonian volcanic pyroxene dacite blanket, composed of lava flows,
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interspersed with thin volcanic slag and pyroclastics fragments (Kozék and Rézsa 1982). These
eroded lava flows and lava tongues, with an area of 16.4 km2, were covered by loess (12.4 km?) dur-
ing the Pleistocene. The loess-mantled lava flows rise 120-150 m above the foodplains of the Tisza
and Bodrog Rivers. The lava plateaus are usually covered by a thick blanket (10-15 m, maximum
20 m) of typical loess. Some valleys (120-400 m asl) contain stone quarries where many open loess
outcrops can be found on the top of the dacite rock walls. We analyzed a 11.25-m-thick loess profile
(Fig. 1) at a well-known stone quarry, Patk6 (Horseshoe) mine. The climate in this region today has
a strong submontane character in the northern part of the hill (cooler summer: 19-20°C and colder
winter: —=3°C), and a submediterranean microclimate effect on the slopes of the southern part of the
hill (warmer summer and winter: 23-24°C and 0°C, respectively) (Justydk 1964).
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Fig. 1. The loess section of the Patké mine at Tokaj. 1. Lower Pannonian volcanic pyroxene dacite rock. 2. Loess deposit.
3. Lower paleosol layer (ca. 5040 ka BP). 4. Upper paleosol layer (ca. 32-26 ka BP). 5. Podzol or podzol-like paleosol
horizon with high concentration of fire charcoal (28-26 ka BP). * = 14C dating from charcoal. ** =14C dating from mollusc
(Arianta arbustorum) shells.

METHODS

We took 345 samples from 11 Upper Pleistocene loess sequences for sedimentological, geochemi-
cal, isotope geochemical, quartermalacological and vertebrate analyses and wood anatomy (Siimegi
1996). All the loess and paleosol layers, even if they appeared homogeneous to the naked eye, were
sampled in 25-cm intervals, taking 5.3 kg (2 dm?) of sediment samples for malacological and mac-
rocharcoal investigations and 1 kg samples for sedimentological and geochemical analyses. Follow-
ing Sparks (1961), after drying, the sediment was disintegrated with hot water and floated on a hemi-
spherical sieve with 0.5-mm mesh, then all the mollusc remains and charcoal fragments and bones
were sorted.

Twenty-three of the 345 samples were rich in charcoal fragments and large-body mollusc shells or
vertebrate bones (Table 2). They were collected and measured with a high-precision C dating sys-
tem (Hertelendi et al. 1989). Although direct dating of mollusc remains by 14C is problematical
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(Rubin and Taylor 1963; Rubin et al. 1963; Burleigh and Kerney 1982) because the results can be
prone to distortion from postdepositional diagenesis or the incorporation of an unknown quantity of
inorganic “dead” carbon from bedrock surface (Preece 1980, 1991; Goodfriend and Stipp 1983;
Goodfriend 1987), dating shells of litter-feeder or detritus-feeder molluscs minimizes the incorpo-
ration from this possible source of old carbon, and has produced more encouraging results (Good-
friend and Stipp 1983; Preece 1991; Preece and Day 1994; Yates 1988). Thus, we used a shell-sur-
face cleaning procedure (Hertelendi, Stimegi and Sz66r 1992) and chose the shell of a litter-feeding
mollusc species, Arianta arbustorum, for dating. Some excellent results have been obtained with
this species in other trials (Yates 1988; Preece 1991), suggesting that it does not incorporate signif-
icant amounts of “dead” carbon (Preece 1991).

We could estimate the age effect of the inorganic dead carbon from the bedrock surface at two loca-
tions (Szeged-Othalom and Tokaj Csorg6kiit) (Table 1) where bone and shells were excavated from
the same layer. The obtained rounded value AR=-200 * 180 yr (Stuiver and Braziunas 1993) was
added to all C data of shells from the Arianta arbustorum. The error of the corrected ages was
given according to

Ototal = «/032+012'( . (1)

TABLE 1. Parallel Measurements on Bone Collagen Shells of Arianta arbustorum from the
Same Layer at Szeged-Othalom and Tokaj Csorg6kiit Valley Sites

Bone collagen (P) Shell (Arianta arbustorum)
Age Age Reservoir age
Location Lab code BP* 10 8BC Lab code BP* 10 813C  (AR=P-Q)
Tokaj Csorg6kiit valley Deb-2722 16,940 £ 250 -20.24 Deb-2656 17,210+160 -7.89 -270 300
0.5-0.75 m
Szeged-Othalom* Deb-3344 15,920+170 -22.31 Deb-1483 16,080 £150 -8.16 -160 230
1.75-2.00 m

Weighted mean: -200 = 180

*Large mammoth bone

We identified the lithographic features through macroscopic examination and grain size analysis
(Molnér and Geiger 1995) and measured the percentage of inorganic and organic material at 25 cm
intervals throughout the profiles by loss-on-ignition (Aaby 1986). The geochemical elements in the
sediments of the Patké mine were measured in 25-cm sections. Acid-soluble concentrations of Al,
K, Na, Mg, Ca, Fe, Mn, Ba and Sr were determined using ICPEAS (inductively coupled plasma
emission atomic spectrometry). The macrocharcoal remains were identified by wood anatomy using
the SEM (scanning electron microscope) method (Rudner 1995). We reconstructed the climate using
the malacothermometer method (Hertelendi, Siimegi and Szé6r 1992). Based on the ecological clas-
sification of Meier (1985), Krolopp-Siimegi (1995) and Siimegi (1996) the malacofauna was
divided into the following groups: 1. Air humidity: hygrophilous, subhygrophilous, mesophilous,
and aridity-tolerant species; 2. Temperature: cryophilous, cold-resistant, mesophilous, thermophil-
ous elements; and 3. Vegetation: species preferring forest vegetation, species preferring open vege-
tation and species living in their ecotone. The malacological records also were classified according
to the recent geographical distribution, following Kerney, Cameron and Jungbluth (1983) and LoZek
(1964): Holarctic, Palearctic, Eurosiberian, European, SSE European, Central European, Boreo-
Alpin, Central-Asian mollusc elements.
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TABLE 2. Radiocarbon Data from the Loess Layers of Kopasz Hill at Tokaj

14C age d13C

Location (yr BP) *lo (%0) Lab code
Bodrogkeresztir
Brickyard I 5.0-5.25 m* 26,850 400 -25.70  Deb-3049
Brickyard I 3.25-3.5 m¥} 19,800 150 -8.03 Deb-4353
Brickyard I 1.25-1.5 m} 15,400 150 =7.63 Deb-4358
Brickyard II 3.25-3.5 m¥} 17,700 300 -8.55 Deb-1614
Brickyard II 1.5-1.75 m¥} 14,850 100 -7.82 Deb-4340
Tokaj
Kereszt-mount I 3.75-4.0 m* 27,000 650 -24.73  Deb-5052
Kereszt-mount I 0.75-1.0 m¥ 17,600 150 -8.19 Deb-4918
Kereszt-mount II 4.5-4.75 m* 26,300 650 -23.50 Deb-2657
Csorgokiit valley I 4.75-5.0 m* 26,600 550 -25.42  Deb-3042
Csorgokit valley I0.5-0.75 m§ 16,950 250 -20.24  Deb-2722
Csorgokiit valley I 0.5-0.75 m¥ 17,200 150 -7.89  Deb-2656
Csorg6kit valley II 5.75-6.0 m* 28,250 350 -24.88  Deb-3035
Csorgo6kiit valley II 5.0-5.1 m* 23,600 500 -24.35 Deb-4350
Csorgokaiit valley IT 1.25-1.5 mt 18,750 200 -8.54 Deb-4356
Csorgo6kiit valley II 0.75-1.0 m¥ 17,500 100 -7.75 Deb-4330
Patk6-mine 5.25-5.5 m* 27,500 350 -2499  Deb-3043
Patk6-mine 4.0-4.25 m* 23,500 500 -24.00 Deb-4349
Patk6-mine 3.0-3.25 m¥ 18,500 300 =735 Deb-2661
Patk6-mine 2.5-2.75 m} 17,750 150 -10.03  Deb-4332
Patk6-mine 2.0-2.25 mt 16,300 150 -7.15 Deb-4364
Railway station, 4.75-5.25 m* 30,200 1100 -24.14  Deb-4347
Tarcal, brickyard 6.75-7.0 m* 27,250 300 -24.14  Deb-4345
Bodrogkeresztir, Henye-hill 0.5-0.6 m* 26,300 350 -2596  Deb-3051

*Charcoal

+Mollusc shell (Arianta arbustorum)

}Bone

RESULTS AND DISCUSSION

First, results of the geological, paleontological and geochronological analyses are given for the pro-
file of the Patké stone quarry, then based on results of all the loess profiles. Also, maps show the
paleovegetation, mean July paleotemperature, and distribution of the different environmentally
adapted molluscs. The loess profile of the Patké mine is 11.25 m. This loess was composed of three
typical strata and two well-developed paleosol horizons (Fig. 1). This unit consists of a brownish-
yellow, typical, unstratified loess layer with low clay content and high Ca and Mg content.

According to macrovertebrate data and some bones of Equus germanicus, Ursus spelaeus and Coe-
lodonta antiquitatis (Pinczés 1954, 1987), the lowest loess layer was formed in the first cold phase
of the Weichselian, ca. 70-60 ka BP (Kukla et al. 1988; Guiot et al. 1989; Kordos and Ringer 1991).
The mollusc fauna of this loess layer contain abundant cryophilous Columella columella species.
This species is indicative of a specific tundra or tundra-like environment (LoZek 1964; Rousseau
1991) and accompanying fauna do not contain any species living in milder climates (Succinea
oblonga, Vallonia tenuilabris). The malacological data suggest that the mean July paleotemperature
was ca. 12-13°C when this loess layer formed. This quartermalacological horizon can be analyzed
for the other loess profiles of Kopasz Hill at Tokaj. The malacological data show that the open
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(steppe-like and tundra-like) vegetation expanded and dominated on the slopes of the Kopasz Hill.
It seems that the first occurrence of the Boreo-Alpin and Central-Asian cryophilous elements devel-
oped in the southern edge of the Hungarian low mountain region at this geochronological horizon
parallel with the first true glacial period beginning in Europe.

On the surface of the lowermost loess layer, a dark brown paleosol with high clay content devel-
oped. A decrease in the Sr/Ba ratio indicates that strong pedogenesis started in this phase. According
to earlier results (Pécsi 1993), this paleosol level developed parallel to the Upper Mende 2 paleosol
horizon, which formed ca. 50-60 ka BP. Perhaps this paleosol, within loess profiles at Tokaj, devel-
oped in the same time as the Moershoofd Interstadial (Zagwijn 1961, 1974; van der Hammen and
Wijmstra 1971; Ran 1990). The decrease of Ca and Mg content in this paleosol level suggests that
the carbonate content was decreased from this level during the loess weathering process (Zhong et
al. 1984). Based on the traces of bioactivity, paleosol evolution formed under a temperate and humid
climate. There are no mollusc remains in this layer, possibly because the shell carbonate dissolved
during the soil formation process. A decrease in clay and an increase in Ca, Mg and Sr content indi-
cates a strong environmental change in the profile. This points to the end of soil formation and the
beginning of a new loess formation period. Many carbonate spots are found in this middle loess
layer, which may indicate a secondary washing-out processes. It is likely that mollusc shells dis-
solved from this layer in the course of these processes. For this reason, it is not possible to categorize
this layer from a chronological and paleoecological point of view. However, on the basis of its
lithostratigraphic position, it was developed during the Middle Weichselian period. Our 4C data
(Table 2) suggest that at ca. 32 ka BP, a new environmental change began. The clay and humic con-
tent increased abruptly in the profile and the decrease in the Sr/Ba ratio indicates the end of the loess
formation period and weathering processes predominate. On top of the middle loess layer, a new
reddish brown fossil soil horizon developed, with high humic and low carbonate contents. In the
upper zone of this soil, a special element composition evolved, characterized by a high proportion
of Fe, Mn, P and Ba. This layer shows the highest charcoal content as well. This level seems to be a
remnant of a podzol, or podzol-like soil, which was formulated not directly on the top of the middle
loess layer but on a previously decarbonated fossil soil.

Based on the mollusc remains found in the fossil soil at the beginning of the Upper Weichselian (32—
27 ka BP), the climate conditions for the summer time (vegetation) on Kopasz Hill were comparable
to those prevailing today. Based on malacothermometer method (Hertelendi, Siimegi and Sz66r
1992), we reconstructed a 18°C July mean paleotemperature on the southern slopes of the hill and
14-16°C July mean paleotemperature for the northern slopes. The macrocharcoal data from the high
charcoal concentration level suggest that Pinus silvestris dominated on the southern part of the hill
while Picea forest developed on the northern part of the analyzed region (Fig. 2). The fine-fired
macrocharcoal layer and the charcoal concentration value suggest that a large wildfire or a few
smaller fires occurred during this paleoecological period. A humid and mild climate induced the for-
mation of soils, so a typical paleosol horizon, the Mende Upper Soil Complex 2 (Pécsi, Szebényi
and Pevzner 1979) formed on the loess surface. Picea charcoal fragments (with a high percentage of
woodland and cold-resistant species on the northern part of the hill) and Pinus silvestris remain at
the same ratio with the Holarctic species (e.g., Pupilla muscorum, Vallonia costata) preferring open
vegetation and mild climate, which indicates a significant difference between the two (northern and
southern) parts of the hill, based on the microclimatic and microenvironmental conditions.

At the end of the period during which this upper podzol-like soil was formed, ca. 28-26 ka BP, the
xerophilous snail Pupilla triplicata became absolutely dominant, indicating an extremely dry cli-
matic condition. A charcoal maximum developed during the dry climatic period and the soil forma-
tion process stopped.
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After 26 ka BP, the loess-dominated environment of the Kopasz Hill formed. After the wildfires
between 28-26 ka BP, the distribution of the coniferous woodland decreased but survived in some
small, protected ecological spots of the basin during the loess formation period. Central Asian, cry-
oxerophilous mollusc species, such as Vallonia tenuilabris, immigrated into the study area and were
dominant on the northern part of the hill, but Columella columella, typically found in tundra or tun-
dra-like environments (LoZek 1964; Rousseau 1991), occurred again on some parts of the region.
This indicates a significant cooling and development of a cold continental steppe environment in
Hungary between 25-13 ka BP. This loess layer was deposited during the cold peak of the Upper
Weichselian. Although a cold and dry climate (July paleotemperature 12-15°C) developed during
the Upper Weichselian, two short phases (microinterstadials) could still be detected, when interme-
diate molluscs and some woodland elements spread from refugial areas of the Carpathians and emi-
grated from the Balkan peninsula to the central part of the Carpathian basin (Krolopp and Siimegi
1995). Based on 14C data, the first microstadial period developed between 2321 ka BP, and the sec-
ond between 18-16 ka BP. The July mean paleotemperature increased to 15-16°C, and a number of
charcoal remains suggest that a transition from forest steppe to closed forest formed in some loca-
tions of the hill during the short time interstadials (Figs. 2 and 3). It seems that on the northern part of
the hill, where there is a connection between the ancient fluvial plain and the loessy sediment, a forest
refugium may have survived. Simulated experiments have demonstrated that soil temperatures in
taiga forest underlain with permafrost may not increase with climate warming unless accompanied
by a precipitation increase (Bonan 1992), so a mild and wet climatic phase developed during the
microinterstadials and interrupted the loess formation periods. Most likely, the influence of the mild
microclimate of the slopes, together with that of the wet alluvial region, made the formulation of this
relict woodland patch possible during microstadials, when the mesoclimate became wetter, and more
temperate forest species spread out from this refugium to other parts of the hill. In these phases, the
dominance of typical boreal molluscan woodland elements such as Discus ruderatus, Vestia turgida
and Semilimax kotulai increased (Krolopp and Siimegi 1990, 1991, 1995; Siimegi and Krolopp 1995)
in the loess sequences, and these woodland elements began spreading on the hill (Fig. 3).

It seems that the Upper Weichselian environment was mosaic-like on the hill. The various plants and
animals could spread from different ecological spots during times of climate change when the dis-
tribution of the forest or grass, or their ecotone, or perhaps the tundra-like habitat extended. The
paleoecological and 1“C data confirm that the northern part of the hill supported a relictual forest
spot with a local mobile zone, which developed around the forest area. On this oscillation zone, the
different ecological habitat favoring animals or plants could occur and spread from their relict areas,
or quickly draw back to the relict areas during times of climatic and environmental change in the
Upper Weichselian.

When the loess formation ended in the Carpathian basin, a new ecological stage developed. Based on
14C data, the loess formation ended ca. 12 ka BP when the climate became progressively warmer and
cryophilous elements became extinct in the Carpathian basin (e.g., Vallonia tenuilabris), or some of
them drew back from the inner part of the Carpathian basin (Pannonicum) to the Carpathians (e.g.,
Columella columella). This loess layer, however, was not found on the hill. The youngest loess layer
was probably eroded by human activities. The first productive human communities settled between
6-7 ka BP in the region. Based on the 1#C data for this period, the first strong evidence of human activ-
ity, including clearance burning and soil erosion, can be detected throughout the entire northern part
of Hungary (Willis ez al. 1995). It seems that the vegetation degradation and soil erosion started when
Neolithic farming communities began to settle in the Carpathian basin. The influences of this process
became stronger and continues today because of intensive use of agriculture (Boros 1977).
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Fig. 2. Reconstructed paleoeco-
logical stage for Kopasz Hill at
Tokaj 28-26 ka BP. 1. Picea char-
coal site. 2. Pinus silvestris char-
coal site. 3.Percentage of open
vegetation habitat favoring mol-
lusc dominance. 4. Mean July
paleotemperature. 5. Percentage
of the woodland habitat favoring
mollusc dominance. 6. <50% of
the Holarctic mollusc elements. 7.
Percentage of the Holarctic spe-
cies dominance is between 50—
60%. 8. >60% of the Holarctic
species dominance.

Fig. 3. Reconstructed paleoecolog-
ical stage on Kopasz Hill at Tokaj
18-16 ka BP. 1. The Carpathians,
closed forest habitat favoring Ves-
tia turgida (mollusc) sites. 2. Per-
centage of the ecotone habitat
favoring molluscs. 3. Percentage of
the woodland habitat favoring mol-
lusc dominance. 4. <20% of the
woodland habitat favoring Central
European mollusc dominance. 5.
20-30% of the woodland habitat
favoring Central European mollusc
dominance. 6. >30% of the wood-
land habitat favoring Central Euro-
pean mollusc dominance.
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CONCLUSION

The loess sequences from Kopasz Hill at Tokaj provide an important record of the environmental
changes in northern Hungary from the first real cold phase of the last glacial period to the end of the
Weichselian. During the last glacial period, cyclic, climatic and environment changes occurred in
the analyzed region and three cooler stadial and two temperate interstadial climatic phases can be
recorded by geological, paleontological and chronological methods.

The paleovegetation and quartermalacological data suggest that the forest flora and fauna did not
become extinct during the loess formation time, but a relict forest spot is identified on the one of the
slopes of the northern part of the hill. There was a borderline of loess sediment and as well as an
ancient floodplain sediment. From this region, the forest elements expanded at times, which indi-
cates some strong climatic and environmental changes during the last glacial period. 14C and paleo-
ecological data confirm that a local oscillation zone developed around this forest spot. Here, open
woodlands, or their ecotone habitat-preferring animals, could live and spread out from their relict
areas, or draw back to the areas during short (1-2 ka) climatic and environmental changes. It seems
that the Weichselian environment of the Kopasz Hill was mosaic-like, where the “cold-stage” or
open vegetation-preferring taxa, and the “warm stage” or woodland-preferring taxa could live near

each other (double refugial effect).
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