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FOREWORD

Even though analytical and environmental studies linked to archaeological research and archaeological
sites have been conducted for over one hundred years in Hungary, these were rarely intertwined until
recently. Only in the case of the monographic publication of a particular site were the findings of
archaeological research and various analytical results published together.

Itis quite obvious that any area, which has been settled by ancient communities, bears an imprint of the
one-time presence of these communities. The natural geomorphologic, climatic and ecologic dynamics
of a particular region determined the environment with which ancient communities interacted. They
adapted to the environment and, depending on their options and capabilities, they tried to manipulate
natural processes and transform the environment to suit their needs. Holocene sedimentary sequences,
river regulations, forest management and the finds reflecting various aspects of hunter-gatherer lifeways
or crop cultivation and stockbreeding reveal at least as much about the subsistence strategies of ancient
populations as about their environment.

Many communities were forced to migrate from their ancestral homeland in prehistoric and historic
times; however, these groups took with them their culture and deep-rooted customs, which they
preserved in their new homeland and passed on to their descendants. Neighbouring peoples first became
acquainted with each others’ raw materials and artefacts through the exchange of various commodities;
later, they intermixed and learnt about each others’ culture, blending the centuries or perhaps millennium
long traditions.

A number of volumes presenting the newest findings of Hungarian and European archacologists,
palaeoenvironmentalists and geoarchaeologists have already been published as part of the research
project aimed at reconstructing Hungary’s Holocene environment. This volume presents the results
of the palaeoenvironmental and archaeological studies conducted in north-eastern Hungary. The
geoarchaeological borings conducted over the past few years have resulted in continuous sequences, which
yielded invaluable data for reconstructing past environments and climates through the sedimentological,
palaeobotanical and malacological analyses of these sequences. The series of radiocarbon dates obtained
for these sequences provide a reliable chronological framework for the finds. The overview of the sites
and archaeological finds from the study areas has been written by archaeologists, who have included
new finds from the areas and have offered new interpretations of old ones. The discussion of the animal
bone samples from the archacological sites provides an insight into the species of a particular age and
area, and also an idea of hunting and animal breeding strategies.

The increasing corpus of data, the results of new research projects and the analyses of their findings
often result in controversial and, sometimes, conflicting conclusions, which reflect the kaleidoscopic
nature of our knowledge in this field and the plurality of possible approaches. We have respected
the diversity of opinions of the scholars contributing to this volume and have also included studies,
which will hopefully provoke further debates. It is our hope that this volume will prove to be a useful
and valuable companion to present and future generations of scholars studying ancient man and his
environment.

Erika Gal
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Environmental Archaeology in North-Eastern Hungary 2005

PRE-NEOLITHIC DEVELOPMENT IN NORTH-EASTERN HUNGARY

Pal Siimegi

INTRODUCTION

Two major chronological units, namely an Early Mesolithic and a Late Mesolithic, have been recently
distinguished in the Mesolithic of the Carpathian Basin on the basis of the latest findings from sites in
the Jaszsag region and the re-evaluation of data from other, earlier investigated Mesolithic sites.! In ad-
dition to the Szekszard—Palank site,” the Szodliget site® too was dated to the Early Mesolithic.* The later
phase of the Mesolithic was further subdivided into several phases by Robert Kertész on the basis of
typological investigations carried out at several Mesolithic sites in the Jaszsag region.’ He distinguished
an earlier phase (Jaszberény), which he correlated with the Boreal, and a later phase (Jasztelek), dated
to the Early Atlantic.® Robert Kertész correlated Barca 1,7 Sered,® Mostova,” Tomasikovo, and the Czech
and Austrian sites at Smolin,'’ Pfibice'' and Kamegg, Limberg-Miihlberg with his Jaszberény phase,'’
while the Jasztelek I site was tentatively correlated with Tarpa—Marki tanya in the Tiszahat region,"?
Kaposhomok in Transdanubia,'* Ciumesti/Csomakdoz I1,'* Kamenitsa I in the Sub-Carpathians'® on the
basis of their stone tools."”

This paper presents the results of a research project focusing on the environmental history of the
Carpathian Basin during the Late Mesolithic. Before the advent of the Neolithic, several profound
changes took place in the material culture of the Late Mesolithic groups of Europe, which had an in-
tensive impact on the environment and which can be clearly traced both in the composition of the sedi-
ments and in the palaeontological record. The uniform transformation of stone tools has been regarded
as an important element of pre-Neolithic development both in the Balkans and in Central Europe.'*
Consequently, we sought an answer to the question of whether there are any visible signs of pre-Neo-
lithic human impacts in Hungarian Holocene profiles, an important source of data for environmental

Kertész (1993).

L. Vértes: Die Ausgrabungen in Szekszard—Palank und die archéologischen Funde. Swiatowit 24 (1962) 159-202.

Gabori M.: Mezolitikus leletek Szodligetrol. ArchErt 83 (1956) 177-182; M. Gdbori: Mesolithischer Zeltgrundriss in

Szédliget. ActaArchHung 20 (1968) 33-36.

Kertész (1993); Kertész (1996a); Kertész (1996b).

Kertész (1993).

Kertész (1994a); Kertész (1994b).

Prosek (1959).

J. Barta: Pleistocénne piesocné duny pri Seredi a ich paleolitické a mezolitické osidlenie. SlovArch 5 (1957) 5-72.

Barta (1980).

K. Valoch: The Mesolithic Site of Smolin, South Moravia. /n: The Mesolithic in Europe. Ed.: C. Bonsall. Edinburgh 1985,

461-470.

11 K. Valoch: Eine endpalidolithische Industrie von Pribice (Bez. Breclav) in Stidméhren. Casopis Moravského Musea v Brne
60 (1975) 45-78.

12 Kertész (1993); Kertész (1996a); Kertész (1996b).

13 T. Dobosi V.: Tarpa. RégFiiz I. 22. Budapest 1969, 22; T Dobosi V.: Asatas Tarpa-Marki tanydn. CommArchHung (1983)
5-18; Szathmary L.: A Déri Muzeum mezolitikus leleteir6l. Magyar Kurir 26 (1978) 3-6.

14 Pusztai R.: Mezolitikus leletek Somogybol. JPME (1957) 96-104.

15 A. Paunescu: Cu privire la perioda de sfirsit a epipaleoliticului in nord-vestul si nord-estul Rominiei si unele persistente
ale lui in neoliticul vechi. SCIV 15 (1964) 321-336.

16 L. G. Matskevoi: Mezolit Predkarpatya, zapadnogo Podolya i Zakarpatya. In: Arkheologiya Prikarpatya, Volyni i
Zakarpatya (Kamennyi Vek). Kiev 1987, 75-89.

17 Kertész (1993); Kertész (1996a); Kertész (1996b).

18 J. G. D. Clark: Blade and Trapeze Industries of the European Stone Age. PPS 24 (1958) 24-42; S. K. Kozlowski: The

Pre-Neolithic Base of the Early Neolithic Stone Industries in Europe. Archaeologia Interregionalis (1987) 9-18; Kertész

(1993).
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Fig. 1. Palaeoenvironmental sampling locations in Hungary
1. Batorliget marshland, 2. Kelemér—Nagy-Mohos-t6 and Kis-Mohos-t6, 3. Csaroda—Nyires-t0, 4. Szeged—
Gorzsa-Batida

history studies, and if so, in which areas they can be demonstrated. Parallel to these investigations, we
also attempted to clarify the nature of pre-Neolithic human impact on the environment."

THE STUDY AREAS

The present paper focuses on the analyses of the most recent and most important Hungarian Holocene
profiles (Fig. 1), chiefly the profiles from the Batorliget marshland®” and Nagy-Mohos at Kelemér;*' con-
temporaneous horizons from other profiles have also been included in our investigation (Figs 2-3).

From 9200 BP (8400 calBC), in the second half of the Mesolithic, linden (7i/ia) gradually declined
in the Batorliget area, parallel to the advent of oak (Quercus). According to the pollen data, a closed oak
woodland developed under the more balanced, milder, and wetter climatic conditions. The composi-
tion of the mollusc remains and the dominance of the species-rich forest dwelling fauna, as well as the
emergence of an Anisus spirorbis—Ruthenica filograna—Discus perspectivus palaeoassociation point
towards the formation of a closed forest vegetation. Similar changes have been observed at 9200 BP
(8400 calBC) in the profile from Nyires-t6 at Csaroda® and the profile from Kis-Mohos at Kelemér.*
According to our findings, the Mesolithic hunter-fisher-gatherer communities apparently populated the
closed oak forests in the north-eastern parts of the Great Hungarian Plain and the Carpathian foreland,

19 Our research was generously funded by two grants: OTKA T-034 392 and NKFP 5/0063/2002.
20 Siimegi (1996).

21  Magyari et alii (2002).

22 Siimegi (1999).

23 Willis et alii (1998).
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Fig. 2. Impact of pre-Neolithic communities on the environment as reflected by the changes in the Early
Holocene Mollusca fauna from the Batorliget marshland

which provided sufficient water supplies. The pollen profile* and the radiocarbon dates® of the depos-
its of an oxbow lake lying between Mesolithic settlement sites near Jaszberény similarly indicated the
development of a closed gallery forest dominated by oak at 9200 BP (8400 calBC).

The malacological data indicate that mean July palaeotemperatures were quite high (reaching
22 °C), exceeding even the current values.?® The pollen composition of the cores taken from the central
part of the Batorliget marshland similarly suggested a mean July palacotemperature of 20-21 °C for this
period,?” especially after accounting for the values of the warmest months using the method developed
for recent pollen data.” These data imply a temperature peak of a warming phase, even though they
differ significantly from the values gained for the entire area of the Great Hungarian Plain on the basis
of earlier pollen data (a mean July palacotemperature of 24-25 °C).»

The palaecoenvironmental changes at the Pleistocene/Holocene boundary reflected in the Batorliget
profile and other profiles from the northern part of the Great Hungarian Plain correlate well with the en-
vironmental transformation noted at the coastal settlement of a Mesolithic community at Franchthi Cave
in Greece, indicated by the changes in the composition of the malacofauna, namely in the appearance

24
25

26
27

28

29

Kertész et alii (1994).

Siimegi P.: Jaszsagi adatok a magyarorszagi holocén rétegtani és 8skornyezettani vitas kérdéseihez. 5. Magyar Oslénytani
Véndorgyfilés Kiadvanya. Paszt6 2002.

Stimegi et alii (1996).

K. J. Willis — P. Siimegi — M. Braun — A. Téth: The Late Quaternary environmental history of Bétorliget, N.E. Hungary.
Palaeogeography, Palacoclimatology, Palacoecology 118 (1995) 25-47.

B. A. Davis — S. Brewer — T. Stevenson — S. Juggings: High resolution from low resolution: a new method for time-series
pollen-climate reconstruction and its application in investigating abrupt Holocene climate change in Southern Europe/
Mediterranean. /n: PAGES—PEPIII Conference: Past Climate Variability through Europe and Africa, August 27-31, 2001.
Abstract book. Aix-en-Provence 2001.

Jarainé-Komlodi M.: Adatok az Alfold klima- és vegetaciotorténetéhez 1. BotKozl 53 (1966) 191-201; Jdrainé-
Komlodi M.: Adatok az Alfold klima- és vegetaciotorténetéhez I1. BotKozl 56 (1969) 43-55.
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of Cyclope neritea, a species preferring significant water cover, whose presence reflects the flooding of
coastal areas and the development of a maximum water level in the Eastern Mediterranean.’' These
changes were probably triggered by the more intensive melting of the gradually retreating continental
ice-sheets and glaciers during this period, yielding an increased freshwater supply for the seas, which in
turn led to the rise of global sea levels and the flooding of the shelves and river estuaries.*

Parallel to these environmental changes, a significant cultural transformation can be noted among
the Natufian communities in the Ancient Near East, which had pursued an intensive hunter-gatherer
lifestyle, resulting in the appearance of the first farming groups (pre-pottery Neolithic).** The relation-
ship between the palacoenvironmental and cultural changes was so striking that all scholars emphasised
the role of environmental changes, even if focusing on different aspects of these changes, in the emer-
gence of Neolithic civilisation in the Ancient Near East.*

The Early Holocene environmental changes during the 9th millennium BC can thus be seen to have
triggered significant social and technological changes among both the pre-Neolithic communities of the
Ancient Near East and the Central European Mesolithic population, leading to a parallel development

30 J. C. Shackleton—T. H. van Andel: Prehistoric shell assemblages from Franchthi cave and evolution of the adjacent coastal
zone. Naturc 288 (1980) 357-359; T. H. van Andel — T. W. Jacobsen — J. B. Jolly — B. Lianos: Late Quaternary history of
the coastal zone near Franchthi cave, southern Argolid, Greece. Journal of Field Archeology 7 (1980) 389-402.

31 D. F. Williams — R. C. Thunell — J. P. Kennett: Periodic freshwater flooding and stagnation of the eastern Mediterranean
Sea during the late Quaternary. Science 201 (1978) 252-254.

32 D. A. Adamson — F. Gasse — F. A. Street — M. A. Williams: Late Quaternary history of the Nile. Nature 287 (1980) 50—
55-

33 A. G. Sherratt: Water, soil and seasonality in earlier cereal cultivation. World Archaeology 11 (1980) 313-330.

34 S R. Binford - L. R. Binford: New perspectives in archeology. New York 1968; G. Childe: Man makes himself. London
1936.
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among the Neolithic food-producing communities and the Mesolithic non-food-producing populations
living in different regions.

The palaeoenvironmental data® and the changes noted in the Mesolithic industries of the Car-
pathian Basin* suggest that the 9th millennium BC was an important turning point for the subsequent
development of the Mesolithic groups in the Great Hungarian Plain as well, since this period saw the
appearance of a number of technocultural elements characterising the second half of the Mesolithic in
the lithic inventories.’” At the same time, none of the lithic types (such as trapezoidal blades) appeared,
which can be associated with the latest Mesolithic horizon, marking the end of the Mesolithic. The
analysis of samples taken from the level lacking trapezoidal blades of the Jaszberény I site yielded
radiocarbon dates of 8030+250 BP (7051 calBC),*® indicating that these tools appeared at a later date,
during the 7th millennium BC.

One important palaeoenvironmental fact regarding the archaeology of the Mesolithic communities
in the Carpathian Basin is that the hinterland of the Mesolithic settlements established in the closed oak
forests dotting the alluvial plains and fringing the marshlands in the northern part of the Great Hungar-
ian Plain was a closed mixed pine-birch taiga vegetation in the sub-Carpathian and Sub-Alpine zones
during the 9th millennium BC.** Several Mesolithic sites characterised by a lithic inventory based on
raw materials taken from differing sources, yet closely linked to the Mesolithic industries in the north-
ern part of the Great Hungarian Plain,*” have been excavated in these hinterland areas (e.g. at Smolin,
Kamegg, Sered I and Barca I).*' The archacological record indicates that the Mesolithic sites in the
northern part of the Great Hungarian Plain and the Sub-Carpathian and Sub-Alpine regions lie north
of the Balkanic Tardigravettien distribution and represent regional variants of local industries follow-
ing Epigravettian traditions, in which western tool manufacturing techniques played a prominent role,
together with Sauveterrian and Beuronian cultural elements.*> The Mesolithic sites on the alluvial fans
in the northern part of the Great Hungarian Plain were labelled Northern Hungarian Plain Mesolithic
Industry,* while those in the Sub-Carpathian region were named Tisza Valley Mesolithic Industry.*

These two industries were interpreted as special local sub-groups of the Epigravettien, derived from
the Gravettien and characterised by a mixed culture incorporating western manufacturing techniques
too. In contrast to Robert Kertész’s palacoenvironmental reconstructions,* these groups with a similar
cultural background did not occupy the areas with a continental forest steppe, but preferred closed,
mixed oak-pine woodlands during the 9th-8th millennia BC. Thus the flora, the fauna, and the soils
in the distribution area of the two Mesolithic populations, whose tools were manufactured from raw
materials taken from differing sources, differed fundamentally.**The differences in the natural resources
undoubtedly played a role in the emergence of cultural differences on the group level during the Meso-
lithic.

At the turn of the 8th—7th millennia BC, the differences in the vegetation between the northern are-
as of the Great Hungarian Plain, and the Sub-Carpathian and Sub-Alpine regions disappeared, result-
ing in the emergence of a relatively uniform vegetation of species rich closed deciduous woodlands,
characterised by a dominance of oak and hazel up to 600 m a.s.l., while the zone between 600 and
1000/1200 m was occupied by mixed deciduous woodlands dominated by linden, spruce and Scots

35  Siimegi et alii (2002).

36 Kertész (1996a); Kertész et alii (1994).

37 Kertész (1996b) 144.

38 Kertész et alii (1994).

39 Willis et alii (1997); Siimegi (1998); Gardner (1999); Magyari et alii (2001).
40 Kertész (1996a); Kertész (1996b).

41 Badrta (1980); Barta (1981); Prosek (1959).

42  Kertész (1996a); Kertész (1996b).

43  Kertész (1994a); Kertész (1994b).

44  Barta (1981).

45 Kertész (1996a); Kertész (1996b).

46  Willis et alii (1997); Siimegi (1998); Gardner (1999); Magyari et alii (2001).
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pine,*’ reflecting the development of a zonal, montane vegetation during the Early Holocene in the
Carpathian Basin. As a result of these changes, the vegetation of the mid-mountain ranges, the mountain
forelands, the hills, and the lowland floodplains became relatively homogenous. However, a steppe and
forest steppe vegetation survived in areas which had lower groundwater levels or alkaline soils from
the end of the Pleistocene, indicating the emergence of a mosaic patterning in the vegetation both on a
local and a regional level in the Carpathian Basin, even during periods characterised by the expansion
of closed oak woodlands.**

Parallel to the homogenisation of the vegetation in the mid-mountain ranges and the northern part of
the Great Hungarian Plain at the beginning of the 7th millennium BC, a pre-Neolithic development can
be noted on Mesolithic sites. The technological innovations in the material culture of Late Mesolithic
groups throughout Europe can be pinpointed to the period immediately preceding the emergence of the
Neolithic and the arrival and settlement of Neolithic groups, whose cultural and economic roots lay in
the Near East and the Aegean/Balkanic world.*

In addition to sharing numerous similarities, the stone industries of several sites in the northern part
of the Great Hungarian Plain, such as Jasztelek I,>° Tarpa—Marki tanya, Ciumesti II and Kamenitsa I,
reveal a pattern which can be fitted into the above mentioned process. The lithic inventory of these set-

“tlements includes conical cores, trapezes, retouched, truncated and notched tools; the use of the micro-
burin technique can also be noted.’’ In terms of pre-Neolithic development and the shift to intensive
gathering and stockbreeding, the discovery of a sickle insert with sickle gloss at the Jasztelek I is most
noteworthy, even if its source values is limited since it was a surface find.*?

Besides the absolute dominance of closed forest species, several xero-thermophilous, steppe and
forest steppe molluscs (Cepaea vindobonensis, Granaria frumentum) have also been identified in the
Batorliget profile during the 7th millennium BC, probably corresponding to the latest Mesolithic horizon
characterised by trapezoidal blades (Fig. 2). The presence of these species indicates smaller steppe-like
patches within the woodlands and reflects either a natural mosaic-like patterning in the environment or
vegetation changes triggered by small-scale human activity around 8000-7500 BP (6900-6500 calBC).
There is evidence for similar, local pre-Neolithic human impact on the environment elsewhere in the
Carpathian Basin during the 7th millennium BC, before the arrival and settlement of food-producing
communities, resulting in the creation of patches of open vegetation and the extension of marginal
forest vegetation.” The appearance of a more open vegetation can perhaps be directly linked to the set-
tlement of Mesolithic hunter groups and the creation of campsites during the active growth period in
woodlands.

The initially perhaps spontaneous and, later, conscious manipulation of the environment to encour-
age the spread of light-loving plants such as hazel (which was intensively gathered™) in the marginal
forest vegetation led to similar changes in the vegetation. The creation of “hunting trails” for the pursuit
of forest game (aurochs, deer, wild boar, buffalo) or foliage feeding undoubtedly contributed to the

47 S. Farcas — J. L. de Beaulieu — M. Reille — G. Coldea — B. Diaconeasa — T. Goslar — T. Jull: First “C datings of
Late Glacial and Holocene pollen sequences from the Rumanian Carpathians. Comptes Rendues de 1’Academie des
Sciences de Paris, Science de la Vie 322. Paris 1999, 799-807; Willis et alii (1997); Willis et alii (1998); Gardner (1999);
E. Magyari — G. Jakab — E. Rudner — P. Siimegi: Palynological and plant macrofossil data on Late Pleistocene short term
climatic oscillations in North-east Hungary. Acta Palacobotanica, Supplement (1999) 491-502; Magyari E. — Jakab G. —
Siimegi P. — Rudner E. — Molnar M.: Paleodkologiai vizsgalatok a Keleméri Mohos tavakon. /n: T6zegmohas ¢l0helyek
Magyarorszagon: kutatas, kezelés, védelem. Ed.: E. Szurdoki Miskolc 2000, 101-131; Stieber J.: A magyarorszagi fels6-
pleisztocén vegetaciotorténete az anthrakotomiai eredményck (1957-ig) tiikrében. FtKozl 97 (1967) 308-316.

48 Siimegi P.— Krolopp E. — Hertelendi E.: A Sagvar-Lascaux interstadialis dskornyezeti rekonstrukcioja. Acta Geographica,
Geologica et Meteorologica Debrecina 34 (1998) 165-180; Siimegi et alii (2002).
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50 Kertész (1993).
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Zs. Szanto — S. Gulyds — K. Dobo. 11. Man and environment in the Late Neolithic of the Carpathian Basin — a preliminary
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S. Blum — G. Kastl — F. Schweizer — D. Thumm. Remshalden—Grunbach 2002, 838-840.
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appearance and expansion of patches of steppe-like vegetation.*® According to the radiocarbon dates for
the Batorliget profile, these malacological changes, reflecting pre-Neolithic human impact, took place
immediately before the appearance of the first Early Neolithic groups in the Carpathian Basin, i.e. the
arrival of Koros and Starcevo groups.*®

The possibility of spontaneous forest fires was greatly reduced in the Northern Mountain Range
after the decline of coniferous woodlands in the Early Holocene and the expansion of trees less sus-
ceptible to burning.”” Even though their intensity was greatly reduced, forest fires did not cease com-
pletely during the 7th millennium BC, as evidenced by the appearance of both closed forest and thermo-
xerophilous mollusc species in the Batorliget profile. The maximums of smaller micro-charcoal peaks
show a strong correlation with the decline of oak (Quercus) and the spread of hazel (Corylus) between
7000-6000 BC.*® Similar changes have been observed on other sites in the northern areas of the Great
Hungarian Plain and the Northern Mountain Range.>

Even though the palacoenvironmental investigation of Hungarian Mesolithic sites is still in its in-
fancy,” there are good analogies from America, Australia® and Western Europe® for the practice of
forest burning among hunter-gatherer communities with the purpose of creating trails and clearings for
herds of hunted species, the extension of marginal forest zones, and the establishment of campsites.®

The intentional human-induced expansion of the marginal forest zones and the creation of a mosaic
patterning in the woodland environment at the close of the Mesolithic can be regarded as one of the
most important human impacts on the environment, leading to the extensive spread of hazel.** Even
though there in no archaeobotanical evidence for the gathering of hazelnuts from Mesolithic sites in
Hungary, there seems to be a strong correlation between the increase of hazel in pollen profiles, anthro-
pogenic forest fires and gathering strategies observed on several Western European Mesolithic sites.®
Similar phenomena have been noted by Imola Juhéasz during her analysis of pollen profiles from west-
ern Transdanubia.

The vegetation changes during the Late Mesolithic and conscious human activity aimed at the
creation of a mosaic-like woodland environment, traces of which have been observed in the study
areas discussed here, provides crucial evidence that the hunter-fisher-gatherer groups populating the
Carpathian Basin reached the so-called “substitutional phase” in the second half of the Mesolithic.®” In
other words, the experiences gained from the conscious manipulation of the environment prepared them

55  Siimegi (1998); Siimegi (1999); Siimegi (2001); Siimegi — Kertész (2000); Siimegi et alii (2002).

56 E. Hertelendi — N. Kalicz — P. Raczky — F. Horvath — E. Veres — I. Svingor — 1. Futé — L. Bartosiewicz: Re-evaulation of
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for the adoption of subsistence strategies based on food production.®® The expansion of hazel between
7000—-6000 BC following smaller or greater micro-charcoal peaks has been observed at various palaco-
ecological sampling locations near Mesolithic sites in the northern part of the Great Hungarian Plain
and in the Northern Mountain Range as well, suggesting that the Mesolithic communities in the north-
ern areas of the Carpathian Basin had probably reached this substitutional phase during this period.*

This assumption was verified by the results of the palynological analysis of the Mohos peat bogs at
Kelemér,” where a cyclical decline of elm and ash values during the Late Mesolithic (at 5960 calBC;
Fig. 3) suggests the selective gathering of their leaves for animal fodder.”!

It would appear that the appearance of steppe plants and snail species preferring an open vegetation,
the micro-charcoal peaks, the emergence of the mosaic patterning of the forest vegetation, the spread of
hazel, and the selective gathering of leaves as animal fodder, as well as the new elements in the stone
industry noted on the latest Mesolithic sites (such as trapezoidal blades and sickle gloss on some tools,
reflecting intensive gathering) can be correlated. These changes suggest a pre-Neolithic phase charac-
terised by more intensive gathering and hunting, the adoption of certain elements of stockbreeding and
a more intensive manipulation of the environment and its vegetation during the 7th millennium BC,
reflected by the marked presence of Mesolithic communities in the archaeological record from the
broader environment of the Batorliget marshland. Even though no pre-Neolithic sites have yet been ex-
cavated in the Carpathian Basin, the changes observed in the sedimentary basins at Batorliget, Kelemér
and Csaroda all point towards an independent pre-Neolithic phase, involving the gradual adoption of
certain elements of a production economy, and the striking advances made by Late Mesolithic com-
munities preceding the appearance of the first Early Neolithic groups.’? The archaeological and palaeo-
environmental evidence indicates that the social changes leading to the more intensive exploitation of
the environment had been triggered by the cultural impacts reaching the Mesolithic communities of the
Carpathian Basin after the settlement of the Neolithic groups, whose origins can be traced to the Fertile
Crescent of the Ancient Near East, whence they migrated to the Balkans and the Aegean.”

SUMMARY

The radiocarbon dated Holocene profiles indicate a series of small-scale human impacts leading to
vegetation changes between 7000-6000 calBC. These changes can apparently be directly correlated
with the intensive gathering of hazel, the utilisation of the shoots and foliage of ash and linden saplings
for animal fodder, the creation of hunting trails and clearings for campsites, the appearance of more
permanent settlements and the early adoption or imitation of certain elements of food production and
the archeologically proven internal development of Mesolithic communities. The palacoenvironmental
record has confirmed earlier assumptions made by archaeologists, according to which there was an
independent pre-Neolithic phase in the 7th millennium BC, directly preceding the appearance of Early
Neolithic cultures in the Carpathian Basin. This phase survived in the Carpathian foreland even after
the arrival and settlement of the Koros culture.
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RECONSTRUCTION OF LONG-TERM ENVIRONMENTAL CHANGES
AT KELEMER-KIS-MOHOS-TO

Mihaly Braun — Pal Siimegi — Albert Toth — Katherine Jane Willis — Imre Szaloki —
Zita Margitai — Andrea Somogyi

INTRODUCTION

Chemical composition of lacustrine sediments is widely used for the reconstruction of past environ-
mental events. Concentrations of biogenic elements and trace metals in sediment reflect changes in
soil development in the catchment area or alternations in lake processes. Lake and bog sediments are
a mixture of materials, which can be classified according to their origin. Components derived from
outside the lake proper are termed allogenic, whereas those deposited directly from aquatic solution
through biological uptake or chemical sorption and precipitation are designated authigenic. Authigenic
components include biochemically precipitated carbonate minerals, Fe and Mn oxides, oxyhydroxides,
sulphides, sulphates, phosphates, etc. In contrast, the allogenic fraction consists entirely of clastic min-
eral particles resulting from erosion of the catchment soils or from dust.!

The bulk element analysis is generally very important and useful in most palacoenvironmental
studies. The heavy metal content of sediment samples is considered to be a good indicator of historic
pollutions. On the other hand, measuring only the total content of the elements may mask some valuable
information. In many cases, important additional information can be derived from the analysis of the
different chemical phases of the samples, revealing the causes of environmental processes which would
remain undetected on determining only the total content of the elements in question.

Inductively coupled plasma optical emission spectrometry (ICP-OES) and energy dispersive X-ray
fluorescence (EDXRF) analyses are widely used for the determination of the element composition of
sediment samples. As these techniques are not capable of discriminating between different chemical
forms of the elements, usually the total amounts of the elements present in the sample are investigated.?
However, the allogenic part can be measured directly by EDXRF after removing the authigenic fraction
by wet digestion, because the primary and secondary silicate minerals, which may hold trace metals
within their crystal structure, are retained in the insoluble residue. Sequential extraction coupled with
ICP-OES techniques allow to distinguish different element species within the authigenic fraction.’

In this study, we present a practical combination of EDXRF and ICP-OES methods* used to inves-
tigate the speciation of elements in sediment samples collected from Kis-Mohos, a smallish peat bog
in north-castern Hungary. On the basis of the speciation of the elements in the sediment samples, it
was possible to elaborate a soil development model explaining the repid change between 10,500 and
8800 BP in the vegetation (from coniferous to deciduous forest) and the soil (from podzol to a brown-
earth soil) on the surrounding slopes of Kis-Mohos.’

Engstrom — Wright (1984).

2 R. Tertian — F. Claisse: Principles of quantitative X-ray fluorescence analysis. London 1982.

3 A. Somogyi — M. Braun — A. Toth — K. J. Willis: Speciation of elements in lake sediments investigated using X-ray
fluorescence and inductively coupled plasma atomic emission spectrometry. X-ray Spectrometry 27 (1998) 283-287.

4 I Szaloki—A. Somogyi — M. Braun — A. Toth: Investigation of geochemical composition of lake sediments using EDXRF
and ICP-AES techniques. X-ray Spectrometry 28 (1999) 399-405.

S Willis et alii (1997).
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MATERIAL AND METHODS
Study area

The study area lies in the Kelemér region of north-eastern Hungary. The landscape is one of undulating
hills and valleys formed in alluvial sands and gravels deposited during the Tertiary. Within one of these
valleys (310 m a.s.l.) there is a small Sphagnum peat bog (~60 m diameter), Kis-Mohos-t6 (20°24°30”
E, 48°24°40” N), from which an 8.86 m sedimentary sequence was collected. The peat bog Kis-Mo-
hos-t6 (Fig. 1) has no inflow-
ing or outflowing streams
and is probably hydrologi-
cally maintained by the con-
tinental climate of the region,
which provides relatively
high amounts of precipita-
tion (650-700 mm/yr) with a
maximum in June and a mini-
mum in February and a mean
annual temperature of 9.58
°C.% Slopes surrounding the
bog are covered with an acid-
ic nonpodzol brown forest
soil, upon which is situated
a mixed deciduous woodland

Fig. 1. Sampling site at Kelemér—Kis-Mohos-t6 in north-eastern Hungary ~— dominated by Quercus cerris
and Carpinus betulus.

Sediment sampling

Two continuous, undisturbed sedimentary sequences were obtained from the Kis-Mohos-t6 basin us-
ing a 5 cm diameter modified Livingstone piston corer.” One sequence was used for pollen analysis,
the other for the chemical analyses. The main lithostratigraphic features of the sedimentary sequence
were identified through macroscopic investigation and the measurement of percentage of inorganic
and organic material at 4 cm intervals throughout the core by loss-on-ignition.* Analyses of the surface
textures of the quartz sand grains in the section of the profile between 730 and 686 cm was carried out
using scanning electron microscopy following the technique of Krinsley and Doornkamp.’

Chemical analysis

The geochemical elements in the sediment were measured in 4-cm sections throughout the core using
a modified technique of the bulk sediment digestion of Bengtsson and Enell."” Acid-soluble concentra-
tions of Al, K, Mg, Li, Cr, Sr, Ba, Fe, Mn, P, and Ca were determined using I[CP-OES.

The sediment section between 708 and 672 ¢cm was subsampled at | cm intervals, making 37 sam-
ples overall. The element content representing the authigenic part was investigated by ICP-OES after

6 Kakas J.: Magyarorszag éghajlati atlasza. Budapest 1960.
H. E. Wright: A square rod piston sampler for lake sediments. Journal of Sedimentary Petrology 37 (1967) 975-976.
8 B. Aaby: Palacoecological studies of mires. /n: Handbook of Holocene Palaeoecology and Palacohydrology. Ed.:
B. E. Berglund. New York 1986, 111-126.
9 D. H. Krinsley — J. C. Doomkamp: Atlas of quartz and grain surface textures. Cambridge 1973.
10 L. Bengtsson — M. Enell: Chemical analysis. /n: Handbook of Holocene Palacoecology and Palacohydrology. Ed.:
B. E. Berglund. New York 1986, 423-455; Braun M.: Tavak, lapok és a kornyezet multbeli allapotvaltozasainak torténeti
rekonstrukcidja az tiledék elemdsszetétele alapjan. PhD Thesis. Debrecen 1998.
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acid digestion. ICP-OES measurements were carried out with a Spectroflame instrument (Spectro Ana-
lytical Instruments, Cleve, Germany) in the simultaneous multielement and sequential operation mode.
Excitation was performed with a 27.12 MHz R.F. generator at 1.05 kW energy, and nebulisation with
a cross-flow nebuliser using argone at 0.6 1 min/1 as nebulising gas, at 15 1 min/1 as cooling gas and at
4.0 1 min/1 as plasma gas. Both the line and the background intensities were integrated for 25 s. Two-
sided background correction was applied.

Sequential extraction and analysis
The procedure described below was based on procedures as desrcibed by Tessier and his col-
leagues,'’ with the modifications suggested later by other scholars.'?

(1) Easily mobilised fraction

0.3 g of air-dry sediment samples were let stand with 10 cm’ 1 mol/dm’ NH,NO, solution (pH=7) at
room temperature for 24 h. Since centrifuging failed to separate the aqueous phase and the low density
solid part rich in plant fibres, the sample solution (8 cm?) between the top and bottom layers of organic
debris was removed by using plastic syringes lengthened with teflon tubes.

(2) Organic colloid and carbonate bound fraction

After the NH,NO, treatment, the suspension was subjected to extraction with 8 cm® 1 mol/dm? am-
monium-acetate solution at room temp for 24 h. The liquid phase was removed by the syringe technique
described above.

(3) Manganese oxides bound fraction

After the ammonium acetate treatment, 8 cm® 0.1 mol/dm?® hydroxylamine hydrochloride solution
containing 25% acetic acid was added to the sample residues. The 8 cm? units of sample solution were
removed after 24 h extraction.

(4) Iron oxydes bound fraction
The sample residues were treated with 8 cm® extractant containing 0.2 mol/dm?® ammonium acetate
and 0.1 mol/dm’ ascorbic acid. 8 cm?® sample solutions were again removed after 24 h of leaching.

(5) Non-mobile, organic matter plus sulphide bound fraction

After the ascorbic acid treatment, the sample residues were transferred to beakers and digested with
20 cm?® 65% (m/m) nitric acid at 100 °C. 2 cm® 30% (m/m) hydrogen peroxide was added to each sample
to enhance the oxidisation of organic matter. After digestion the samples were brought to dryness and
resuspended with 10 m* of 1:10 HNO,, then filtered into volumetric flasks and diluted to 25 cm® with
deionised water.

(6) Silicate bound fraction

The acid-insoluble residue, representing the allogenic part, was analysed by EDXRF after homoge-
nisation in an agate mortar. Pressed pellets of 10 cm diameter and 50-150 mg/cm? weight were prepared
for the X-ray measurements. An Si(Li) detector (made at the Nuclear Research Centre of the Hungarian
Academy of Sciences, Debrecen, Hungary) with 200 eV FWHM at the Mn Ka line and an IBM AT
compatible computer with an S100 MCA card (Canberra) were used for the EDXRF measurements.
Characteristic X-rays were excited by an annular '*I radioisotope source. Life time was >95%. Net

11 A. Tessier — P. G. C. Campbell — M. Bisson: Sequential extraction procedure for the speciation of particulate trace metals.
Analytical Chemistry 51 (1979) 844-851.

12 A. M. Ure - P. Quevauviller — H. Muntau — B. Griepink: Speciation of heavy metals in soils and sediments, an account of the
improvement and harmonization of extraction techniques undertaken under the auspices of the BCR of the Commission of
the European communities. International Journal of Environmental Analytical Chemistry 51 (1993) 135-151; Engstrom —
Wright (1984).
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peak intensities were determined with AXIL software." The elemental sensitivity (AXIL) and the emis-
sion transmission methods were used for the calculation of concentrations. Element concentrations
were expressed on a sediment dry matter basis.

Pollen analysis

Samples for analysis of the pollen contained within the sediment were collected using a 1-cm?® volumet-
ric subsampler. The sampling interval was 8 cm throughout the core with a finer interval of 2 cm for the
section between 686 and 710 cm. Samples were processed for pollen'* with exotic pollen added to each
sample in order to determine the concentration of pollen.”> A minimum count of 300 grains (all pollen
plus spores) per sample was made in order to ensure a statistically significant sample size'® and charcoal
abundance was determined using Clark’s point count method."”

Radiocarbon dating

Radiocarbon dating of the sequence was obtained by both bulk and AMS (Accelerator Mass Spec-
trometry) analyses. Nine bulk samples of sediment were analyzed for radiocarbon ages at the Nuclear
Research Centre of the Hungarian Academy of Sciences, Debrecen, Hungary and four samples of plant
macrofossils were analyzed for AMS dates at the NERC (National Environment Research Council)
radiocarbon dating facility in East Kilbride, Glasgow. In order to allow comparison with the COHMAP
(Co-operative Holocene Mapping Project) computer-simulated climatic data,' the dates were calibrat-
ed using the calibration program CALIB and are labelled calBP."

RESULTS AND DISCUSSION
lemporal representation

Results from the 13 radiocarbon dates (four AMS and nine bulk dates) (7able 1, Fig. 2) indicate an almost
linear relationship of sediment deposition with time. The basal sediments extend back to 14,640 calBP
and linear interpolation suggests that 1 cm of sediment was deposited in the basin during 20 years. Al-
though it was not possible to obtain dates for the period between 14,600 and 9000 calBP, which includes
the Late glacial/Postglacial transition when a change in sedimentation rate might have occurred, the
available dates suggest that the accumulation rate has been uniform (Fig. 2).

13 J. P.van Espen — K. Janssens: Spectrum evaluation. /n: Handbook of X-ray spectrometry. Eds: R. E. van Grieken —
A. A. Markowicz. Practical Spectroscopy A Series, Vol. 14. New York 1993, 181-293.

14 B. E. Berglund— M. Ralska-Jasiewiczowa: Pollen analysis and pollen diagrams. /n: Handbook of Holocene Palacoecology
and Palaeohydrology. Ed.: B. E. Berglund. New York 1986, 455-479.

15 J. Stockmarr: Tablets with spores used in absolute pollen analysis. Pollen et Spores 13 (1971) 615-621.

16 L. J. Maher: Nomograms for computing 95% limits of pollen data. Review of Palaeobotany and Palynology 13 (1972)
85-93.

17 R. I. Clark: Pollen count estimation of charcoal in pollen preparations and thin sections of sediments. Pollen et Spores 24
(1982) 523-535.

18 J. E. Kutzbach— P. J. Guetter: The influence of changing orbital parameters and surface boundary conditions on climate
simulations for the past 18,000 years. Journal of Atmospheric Science 43 (1986) 1726-1759; J. E. Kutzbach—P. J. Guetter —
P. J. Behling — R. Sehling.: Simulated climate changes: results of the COHMAP climate-model experiments. /n: Global
climates since the last Glacial Maximum. Eds: H. E. J. Wright — J. E. Kutzbach — T. Webb III. — W. F. Ruddimann —
E. A. Street-Perrott — P. J. Bartlein. Minneapolis 1993, 136-169; P. Behling’s personal communication, 1994.

19  Stuiver — Reimer (1993).
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Spatial representation 16,000 7

R'=0.9791 -
In this study there are two spatial per- 15000
spectives to consider: the spatial repre- 512’000 T
sentation of the pollen and that of the | 010,000 -
. . (4] =
chemical elements. Previous work has S 8000 - fi

demonstrated that small lakes (<5 ha) ©

contain pollen predominantly from & 6000
a local source area.” The small size 4000 - o
(<1 ha) of the Kis-Mohos-t6 basin,

which was an open water pond from 2000 7

14,600 to 2000 calBP, suggests that the 0 T T l |
majority of the pollen rain entering this 200 400 600 800 1000
basin will be from a local and extralo- Depth (cm)

cal source and that the pollen record

will represent changes that were oc- Fig. 2. Calibrated radiocarbon dates plotted against depth. The
curring in the vegetation on the slopes dates are fitted with a linear regression
surrounding the basin and immediate

vicinity (up to 1000 m).

Chemical elements in the lake sedi-

i i Code number i ige Age
ments are derived from a number of d1f— (cm) (C yr BP) (“C cal.yr BP)
ferent sources but represent two main
components: elements from the atmos- Ah=11954 316 1345+50 1osl
phere and surrounding soils carried into deb-3338 372-384 2148+57 2130
the basin by overland flow, throughflow, deb-3298 388-400 2994+55 3190
and precipitation, and elements formed deb-3329 410-417 2945+53 3080
as a result of chemical processes within deb-3339 437-457 3574+45 3849
the lake sediment. W1‘th the exception of deb-3347 470-486 3598449 3883
t}l:e compon;:nt entel?n}% t‘hctlllakc hfrom AA-12993 484 4270475 4840
t mosphere (which is t

= .0 p ( AL 15 deb-3301 520-530 4751+62 5540
be low in comparison to the other ele- e T = s
ments), the spatial representation of the i s i s :
chemical data is therefore local and re- deb-3296 600616 i §139
stricted to the watershed.?! deb-3324 658-674 7685+51 8140

AA-11986 675 8020+100 8950
Principal Components Analysis (PCA) AA-11987 868 12495+95 14640

ordination results

Table 1. Radiocarbon age determination for the sediment
PCA on sediment geochemical data re-  sequence. Calibrated ages were calculated using the calibration
vealed 4 factors explaining 78.6% of program CALIB (Stuiver — Reimer [1993])
the original variance (7Table 2). By per-
forming Cluster Analysis (CA) on prin-
cipal component scores the sediment sequences was divided into 8 zones. The classification results were
confirmed via Discriminant Analysis (DA) where the segregation of the zones was highly significant

20 C. R. Janssen: Recent pollen spectra from the deciduous and coniferous-deciduous forests of northeast Minessota: a
study in pollen dispersal. Ecology 47 (1966) 804-825; G. L. Jacobson — R. H. W. Bradshaw: The selection of sites for
paleovegetational studies. Quaternary Research 16 (1981) 80-96; S. 7. Jackson: Pollen source area and representation in
small lakes of the northeastern United States. Review of Palaeobotany and Palynology 63 (1990) 53-76.

21 Mackereth (1966); F. H. Bormann — G. E. Likens: Pattern and processes in a forested ecosystem. Berlin 1979;
D. R. Engstrom — B. C. S. Hansen: Postglacial vegetation change and soil development in southeastern Labrador as
inferred from pollen and chemical stratigraphy. Canadian Journal of Botany 63 (1984) 543-561; Engstrom — Wright (1984);
D. R. Engstrom — E. B. Swain: The chemistry of lake sediments in time and space. Hydrobiologia 143 (1986) 37-44.
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Variable PC-1 PC-2 PC-3 PC-4 Communality

ODM -0.910 0.186 0.056 0.157 0.891
Ca -0.821 0.322 0.096 -0.135 0.806
Silicates 0.945 -0.033 0.113 -0.087 0914
Al 0.876 0.355 0.169 0.000 0.923
Mg 0.905 -0.081 -0.039 -0.176 0.858
K 0.894 0.224 0.141 -0.294 0.955

Li 0.962 0.076 0.063 -0.074 0.941
Rb 0.792 0.042 0.045 0.005 0.630
Cr 0.925 0.248 0.149 0.076 0.945

v 0.814 0.301 0.174 0.334 0.896
Pb 0.705 0.069 0.217 -0.037 0.550
Cu 0.649 0.288 -0.277 0.309 0.676
Ba 0.201 0.877 0.028 0.052 0.814
Sr -0.007 0.874 -0.019 0.018 0.764

P 0.376 0.090 0.797 -0.158 0.810
Mn -0.591 -0.004 0.697 -0.235 0.889
Fe 0.589 -0.302 0.623 0.174 0.856
Zn 0.119 0.298 0.549 0.229 0.455

S -0.190 0.036 -0.089 0.926 0.903
Na -0.002 0.369 0.261 -0.216 0.251

Eigenvalue 9.91 243 2.08 1.30
% of Variance 49.5 122 10.4 6.5

Table 2. Results of principal component analysis

(p<0.001). The distribution (concentrations) of the elements along the profile and the suggested zona-
tion are shown in Fig. 3a, 3b.

PC1 included Ca and ODM (positively correlated), having negative correlation with Al, Mg, K,
Li, Rb, Cr, V, Pb and Cu. Peat accumulation was coupled with considerable accumulation of Ca. The
parent rocks on surrounding slopes are rather poor in carbonates they are unlikely to be a source of
calcium. However, the leaf litter produced by deciduous trees is known to be rich in calcium which is
easily washed out and likely to enter the bog. Owing to the acidic pH of sedimentation environment, Ca
accumulation was controlled by humic substances (organic bound fraction) rather than as carbonates
typical of the fen systems.

The elements weighed in PC1 upon their strong positive correlation structure are considered to be
erosion indicators. Concentrations of Pb, Cu and Cr were shown to be positively correlated with those
of Al, Mg and K which therefore cannot be interpreted as heavy metal contamination. The concentra-
tion peaks of these elements appear in the sediment geochemical zones KMC-1 and KMC-8, but also
increased considerably along the sequence whenever soil erosion from slopes towards the basin was
more intense.

In PC2 Ba and Sr was found to be strongly correlated with maximum concentrations in the zone
KMC-2. Element analysis for Ba and Sr is normally carried out for marine sediments, and no published
data have been found concerning their indicator roles in freshwater systems. The fallout of nuclear ex-
plosions contains high concentration of radioactive Sr thus it is the Sr and Br content of soils that has
been more extensively studied.?> Our results suggest that these two elements cannot derive from the
parent rock for their concentrations were seen to be independent of the ash content of the sediment.

22 A. Wild: Soils and the environment. Cambridge 1993.
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Fig. 3a. Elemental concentrations from the Kis-Mohos sediment plotted against depth and the zones determined
by the multivariate analysis of geochemical data
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Fig. 3b. Elemental concentrations from the Kis-Mohos sediment plotted against depth and the zones determined
by the multivariate analysis of geochemical data

PC3 included Fe, Mn and P with maximum concentrations in the zone KMC-3. Zinc was also
weighed in this factor yet did not fit well in the factor structure. Its concentration had peaks in several
zones along the sequence.

If the parent rocks have high levels of Fe, Mn and P, physical weathering (the disintegration of rocks
into smaller pieces) coupled with erosion may convey particles to the lake in which these elements
also show high concentrations. Via chemical weathering, the Fe and Mn content of the parent rock will
be transformed to oxides and oxihydrates and accumulate in the soil of the watershed. In situations
of poor drainage, reducing environments in waterlogged soils may enhance the mobilisation all three
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elements.? In anoxic conditions, microbes can use Mn*" and Fe’" as terminal electron acceptors.”* In
soils developing under coniferous vegetation, low pH and the accumulation of humic acids increase the
mobility of Fe and Mn.?* The reduced, mobile forms of these elements may be transferred to the lake by
surface runoff or subsurface flow.

In many cases, soil phosphorus pools are dominated by inorganic phosphates including Fe- and
Mn-phosphates, and phosphate may also be bound to Fe and Mn oxides and oxihydrates by sorption
forces.?® Hence factors enhancing the mobility of Fe and Mn in soils have a direct or indirect influence
on the mobility of phosphorus as well.

Analysis of the sediment sequence from Kis-Mohos showed that concentration maxima of Fe, Mn
and P were independent of peaks detected for erosion indicators (Al, K, ash, etc.), which suggests that
their transport from the watershed may have taken place in water-dissolved (or, perhaps, in complex /
colloid) form.

Weighed in PC4, sulphur displayed high concentrations in zones KMC-1 and KMC-6 having no
significant correlation with ODM. Low communality computed for Na indicates that this element fit
poorly in the factor structure, with concentrations fairly unvaried along the sequence.

Bog development and soil erosion

In the late- and postglacial periods slopes became unstable for several reasons. Frequent rainstorms
triggered by climate change resulted in extensive landslides. Vegetation change may have affected the
pressure of soil pore water which, if

Increasing intensity of erosion increased, may have weakened the
12 = soil’s resistance against gravitation-
""""" al downslope forces. In many cases,

: Fo .

[ B 1 vegetation change was brought about
- G o Q 9600-9300 BP by anthropogenic effects (grazing,
e ’ Zones deforestation). Soil development
S A KMC-8 the sl b et
O 6 o Rk on the slopes may change cohesion,
& 1 e X KMC-6 friction, and hydrologic conditions
s 4200-2800 BP | o cmos A .
= ey which in turn may increase the prob-
E o kmc3 | ability of landslides.?’
@ 2 mgf Surrounded by steep slopes, Kis-
a

-o-empeent. | Mohos is suggested to have been
strongly influenced by changes of
the watershed, reflected by sensitive

14600-10100 BP 3 5 5 %
reactions in sediment accumulation

BP 9300-5000 BP|

24

and bog development. The elemental
Recent sphagnum bog e 8

6 . . ' composition of lake or bog water is
-10 -5 0 5 10 normally different from those reach-
Discriminant scores 1 ing the basin via surface (direct) run-
off or subsurface flow. If transported
Fig. 4. Results of discriminant analysis materials are trapped in the sedi-

ment under the control of physical,

23 Engstrom — Wright (1984); Mackereth (1966).

24 K. Kilham: Soil ecology. Cambridge 1994.

25 J. W. Muir—J. Logan — C. J. Brown: Mobilization of iron by aqueous extracts of plants 2. Capacities of amino-acid and
organic-acid fractions of pine-needle extract to maintain iron in solution. Journal of Soil Science 15 (1964) 226-237,
J. W. Muir—R. I. Morrison — C. J. Bown —J. Logan: Mobilization of iron by aqueous extracts of plants 1. Composition of
amino-acids and organic-acid fractions of aqueous extract of pine needles. Journal of Soil Science 15 (1964) 220-225.

26 Engstrom — Wright (1984).

27 8. M. Brooks — M. G. Anderson — K. Crabtree: The significance of fragipans to early-holocene slope failure — application
of physically based modeling. The Holocene 5 (1995) 293-303.
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chemical and biological processes, sedi-

ment analyses allow the reconstruction oSk Intwlon Yagausten

of past changes in the vegetation and ke } —t w —

soils of the watershed. ‘ .~ Clear cut
Alterations in sediment composi- | . Gramineae

tion related to erosion were identified 2000 _ " Cannabis

and evaluated by discriminant analysis l i

(DA). The first two discriminant func- ‘

tions, representing 78.6% of the origi- ‘ | Fagus

nal variance, quantify the two most 4000 - - Carpinus
important factors, erosion and filling up
via peat accumulation (Fig. 4). On the
basis of the first discriminant function 6000 — 1
(DA-1) three such phases were identi- ‘ " Quercus
fied. Negative values indicated unstable
watershed and intense erosion, while
low positive values a decreasing erosion
intensity. At high positive values the
surrounding slopes became stabilised
with consequent minimum erosion. 10,000~

Climate and vegetation of the wa-
tershed was shown to have a strong im- ‘ Pinus
pact on the composition of the sediment 12.000 \ Picea
accumulated in Kis-Mohos (Fig. 5). ’ ‘

: . ; | Betula
During the Late Glacial period, the area ‘
was characterised by intense erosion.
The slopes were covered by conifer- 14,000
ous woodland and the cold climate was =
unfavourable for soil formation and de- Fig. 5. Relation of vegetation and soil erosion indicated by the first
velopment.?® Authigenic sedimentation discriminant function and pollen results
associated with the lake’s biological
production was negligible relative to the deposition of allogenic material arriving from the watershed,
leading to the accumulation of minerogenic sediments which reflects the composition of the parent
rocks.

In the early Postglacial period, the vegetation of the watershed shifted from coniferous woodland
to deciduous forest dominated by oaks and hazel. Milder climate was favourable for soil formation and
the slopes became stabilised. The lake system was transformed to become a peat bog, the contribution
of allogenic material from the watershed to the overall sediment deposition was low. Bog development
associated with peat accumulation was interrupted by two distinct events of soil inwash, both triggered
by vegetation change. When the oak became replaced by beech and hornbeam forest, soil was laid over
the accumulating peat.

After the forest cover of the watershed had stabilised, peat accumulation was carried on. Signs of
human activity were detected at the first (minor) soil inwash from 5000 BP, and around the second
major one as well.?” The anthropogenic impact was demonstrated by characteristic changes in the pol-
len spectrum and the high concentration of hemp (Cannabis) pollen. Soil erosion was followed by a
landslide covering the peat with an almost 1 m thick layer of clayey loam and interrupting bog develop-
ment for a longer period. The present-day peat bog is a fairly recent formation having existed since ca.
1000 BP.

Corylus
8000 — |

S T | S —

28 Willis et alii (1997).
29 K. J. Willis — P. Siimegi — M. Braun — K. D. Bennett — A. Toth: Prehistroric land degradation in Hungary: Who, how and
why? Antiquity 72 (1998) 101-113.
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Fig. 6a. Speciation of elements:

Easily mobilised fraction (1), Organic colloid and carbo-
nate bound fraction (2), Manganese oxydes bound fraction
(3), Iron oxydes bound fraction (4), Non-mobile, organic
matter and sulphide bound fraction (5), Silicate bound
fraction (6)

Speciation analysis and environmental recon-
struction

Chemical composition of the sediment in Kis-
Mohos-t6 was found to be a sensitive indica-
tor of the environmental events and processes
in the watershed. Sediment accumulation was
shown to be steady and continuous for a longer
reach of time. This particular situation enabled
us to reconstruct the major stages of soil and
vegetation development in the watershed for
the period 14,600-8000 BP by analyzing the
elemental composition and pollen spectrum of
the sediment.

Pollen analysis results suggest that be-
tween 14,600-9200 BP, the watershed of Kis-
Mohos was covered by coniferous woodland.*
It is assumed that podzolic soil, characteris-
tic of this forest type, was formed. Increased
amounts of charcoal and a shift in the pollen
spectrum show that vegetation change began
at 9200-9000 BP. Between 9000-8000, the
coniferous forest was replaced by a deciduous
type (dominated by oaks and hornbeam). It is
very likely that the podzol was transformed to
an acidic brown forest soil.

Soil formation processes may have af-
fected the sediment accumulation in the lake
basin. Analysis of the sediment sequence by
a sequential extraction protocol allows the
quantification of element species transported
in different ways (e.g. solution, rock particle,
organic matter bound) and hence a detailed re-
construction of environmental events.

Sediment analysis was developed and per-
formed to discriminate between 6 fractions:
(1) mobile, (2) easily mobilised organic col-
loid bound, (3) manganese-oxides bound,
(4) iron-oxides bound, (5) organic matter
bound, (6) residue, including mostly the diges-

tion-resistant silicates. The key focus of the sequential extraction was to distinguish between the authi-
genic and allogenic components of the sediment. Authigenic materials are mostly oxides, hydroxides,
sulphates and carbonates, or metals associated with organic matter, therefore can be solubilised fairly
easily. Allogenic materials are components of silicates highly resistant to digestion, thus forming a
residue after sequential extraction. According to the stepwise extraction procedure described above,
fractions (1-5) are considered to be authigenic and (6) allogenic (Fig. 6a, 6b).

30 Willis et alii (1997).
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Reconstruction of soil formation proc-

esses Depth
cm Fe(1) Fe(2) Fe(3) Fe(4) Fe(5) Fe(6)

At present day podzol is the charac-
teristic soil type of coniferous forests | 680 )
at higher latitudes (boreal zone) of the

northern temperate zone. In the late | ggo ?
glacial period the major part of Central
Europe was unglaciated yet very cold.

Climatic modelling results suggest o

that the mean temperature in January = a0
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may have been periglacial with exten- : =

sive permafrost. Acidic parent rocks | ..o B=

and low soil temperatures ensured the : =

formation of podzol in this region. Al- ?/ ?

though it is hard to assess the depth kRe

of the permafrost, it is likely that the

lower B and C horizons of the podzol | 700

profile were seasonally, or permanent-

ly frozen. Owing to the low soil tem- S T e s e b
perature, microbial activity could have x10'mgkg x10 mgkg x10mgkg ~ x10 mghg  x10'mgkg  x 10" mgkg
been reduced to minimum, and the re- Depth 1) ca@) Ca(3) Cad)Cals)  Ca(6)

sulting soil was probably shallow and c
erodable.

Under such circumstances, the | %% F
dominating process in the topsoil could ;
have been physical weathering with a | 690 [
subordinate role of chemical weather-
ing. The results of EDXRF analysis | ;o E
show that in silicate particles (solubi-

lisation residue) deposited in the sedi-
ment through this period, concentra- Fig. 6b. Speciation of elements:

tions of Fe, Mn, Ca, Sr, Y, Zr were high  £qsity mobilised fraction (1), Organic colloid and carbonate bound
yet those of mobile forms were very  fraction (2), Manganese oxydes bound fraction (3), Iron oxydes
low. The concentrations of inwashed bound fraction (4), Non-mobile, organic matter and sulphide bound
yet dissolved forms (thus appearing as fraction (5), Silicate bound fraction (6)

authigenic) of K, Si, Sr and Ca were

an order of magnitude lower than those of the residue. This suggests that chemical disintegration of the
parent rocks had begun but did not become a dominant process.

Owing to the cold climate, litter decomposition was inhibited and in time (like in North European
boreal forests) leaf litter may have accumulated to form a thick carpet on the soil surface. Leaf litter is
characterised by low density and poor heat conductance and thus behaves as a thermic isolator for the
underlying soil. It maintains the low soil temperature and preserves the permafrost. Such an environ-
ment may actually enhance the subsistence of permafrost since temperature increase alone would not
be enough for the thawing of the icy soil.

Firstly, the litter cover of the soil surface must be thinned and lost. This process can also be re-
constructed from the chemical composition of the sediment from Kis-Mohos. At 9800-9200 BP, large
amounts of Sr and Ba were transported to the lake. These peaks are suggested to indicate the intensified
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decomposition of the litter layer since needles of spruce (Picea) contain high concentrations of both
elements. Although leaching might have occurred during the late glacial, it was probably rather low
because of reduced microbial decomposition activity. The first sign of environmental change was the
breakdown of the litter layer by which the accumulated foliar Sr and Ba became mobilised and trans-
ported to the lake. In the sediment section dated right to this period, most of the Sr appeared in fraction
(5). This seems to suggest that following a forest fire event Sr associated with wood ash and micro-
scopic charcoal particles was washed into the lake.

The second step of environmental change may have been the thawing of permafrost. As the litter
layer became thinned, larger and larger areas of soil surface went exposed to solar radiation which

36



enhanced thawing.*' It is not easy to assess the depth to which thawing proceeded. It is likely that the
bottom horizons (lower B and C) of the podzol failed to thaw until 9200-9000 BP. Studies on the re-
cent aspects of podzol soils demonstrate that the maximum of Fe accumulation is normally found in
the lower B horizon whilst that of Mn is in the C horizon.*? Iron and manganese peaks along the sedi-
ment sequences suggest that it was the soil pool of these elements that became washed into the lake.
The preceding period (14,600-9200 BP) was characterised by high iron and manganese content in the
sediment insoluble residue (6). By this stage, however, the authigenic forms (1-5) became dominant,
indicating that the chemical weathering of the parent rocks became intensified. Organic acids released
during litter decay may have enhanced the mobilisation of iron and manganese. Owing to the thawing
of frozen topsoils soil, pores became saturated by water and in the anaerobic, reducing conditions iron
and manganese may have been transformed to water soluble forms. Mobile iron and manganese spe-
cies conveyed to the lake by soil water and overland flow reacted with the dissolved oxygen of the lake
water, precipitated and entered the sediment. In podzols the concentration of organic acids and organic
bound complexes has been known to decline abruptly with depth. At 20 cm below the soil surface most
of the iron and manganese is immobile.** Waterlogged situations develop frequently during permafrost
thaw since after the melting of the surface ice the underlying frozen layer inhibits the infiltration of
water, leading to the dominance of anaerobic processes.**

The third, final stage of soil transformation is indicated by increasing calcium concentrations in the
sediment. The calcium content of the insoluble residue (6) indicates that at first the parent rocks of the
watershed were rich in calcium. After the transition of coniferous to mixed deciduous woodland, high
amounts of Ca were released from the soil and entered the sediment pool as an authigenic component
(1-5). The surrounding slopes became stabilised, the volume of materials transported to the lake via
erosion turned very low. Calcium may have been leached directly from the soil, or rather, a character-
istic feature of deciduous stand-forming tree species is that they accumulate high levels of calcium in
their leaves, which is fairly easily leached from the litter. The increasing calcium content of the sedi-
ment, indicating the development of brown forest soil became dominant since ca. 8800 BP.

The three stages characterising the transformation of podzol to brown earth took place within ca.
1000 years. The time span of the first stage, i.e. the decay of coniferous litter was around 800 years,
that of the second stage, i.e. the thawing of permafrost and the remobilisation of soil Fe and Mn ca. 200
years. The third stage became dominant at around 8800 BP and has been until present day. Vegetation
change was much faster than the transformation of the soil. Coniferous woodland (dominated by Pinus,
Larix and Betula) was replaced by a deciduous type (Quercus, Corylus, Tilia, Fraxinus, Ulmus, Carpi-
nus and Alnus) in ca. 100 years (9500-9400 BP).

31 G. B. Bonan: Soil temperature as an ecologycal factor in boreal forests. /n: A system analysis of the global boreal forest.
Eds: H. H. Shugart — R. Leemans — G. B. Bonan. Cambridge 1992, 123-139.

32 J. Jersak — R. Amundson — J. G. Brimhall: A mass-balance analysis of podzolization — examples from the northeastern
United States. Geoderma 66 (1995) 15-42.

33 U. S. Lundstrém: The role of organic acids in the soil solution chemistry of a podzolized soil. Journal of Soil Science 44
(1993) 121-133.

34 L. A. Viereck— C.T. Dyrness — K. van Cleve — M. J. Foote: Vegetation, soils and forest productivity in selected forest types
in interior Alaska. Canadian Journal of Forest Research 13 (1983) 703-720.
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AN OVERVIEW OF THE PALAEOBOTANICAL DATA
FROM KELEMER-KIS-MOHOS-TO

Imola Juhasz

INTRODUCTION

Kis-Mohos-to (20°24°30” E, 48°24°40 N)
lies near Kelemér in north-eastern Hungary
(Fig. 1). The Pleistocene/Early Holocene
vegetation history of Kelemér—Kis-Mohos-
to was published by Kathy Willis and her
colleagues,' who presented an outline of the
long term-relationship between major cli-
matic changes, vegetation change and soil
development. A model for the process by
which podzol was transformed into brown
earth was presented, together with a discus-
sion of possible triggering mechanisms, as
well as the different phases of the major vege-
tation changes from 14,600 to 8000 calBP.

Another overview of the Holocene vege-
tation history and the evidence for prehistor-
ic land degradation at Kelemér—Kis-Mohos-
td was later published by Kathy Willis and
her colleagues.” The geochemical elements
preserved in the lake sediment provided a
record both of soil erosion within the ba-
sin and also of mining activity in the wider
region. Analysis of the pollen contained in
lake Sedim_ems helped' ?dcntify changes in Fig. 1. The location of Kelemér—Kis-Mohos-té in north-
the vegetation composition around the lake, eastern Hungary
including forest clearance, arboriculture and
crop cultivation.

In the lack of new data from the site, this paper can at the most present an overview of the already
published data (Fig. 2). The results of various palaeoecological analyses (pollen, charcoal, geochem-
istry) and a detailed overview of regional archaeological data and radiocarbon dates are presented in
summarizing tables (Tables 1 and 2), showing the vegetation history of Kis-Mohos-t6 during the last
14,600 calBP years.

The description of the study area, the methodology used for the analyses of the sediment core from
Kis-Mohos-to, as well as the detailed results of the geochemical and sedimentological analyses con-
cerning the Late Glacial and early Postglacial period are presented by elsewhere in this volume.?

| Willis et alii (1997).
2 Willis et alii (1998).
3 Cp. Mihaly Braun et alii in this volume (pp. 25-38).
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Fig. 2. The percentage pollen diagram of selected taxa from Kelemér—Kis-Mohos-t6 (after Willis et alii [1997])
1. Juniperus, 2. Picea, 3. Pinus, 4. Betula, 5. Larix, 6. Quercus, 7. Corylus, 8. Tilia, 9. Fraxinus excelsior,
10. Ulmus, 11. Acer, 12. Carpinus betulus, 13. Fagus, 14. Poaceae, 15. Cyperaceae, 16. Artemisia, 17. Cerealia,
18. Plantago lanceolata, 19. Cannabis, 20. Filicales, 21. AP/NAP (coniferous, broad-leaved, herbs),
22. charcoal concentration

THE HYDROSERAL DEVELOPMENT OF KELEMER-KIS-MOHOS-TO

The hydroseral development of Kis-Mohos-td has not yet been fully established. Based on the sedi-
ment lithostatigraphy,* only major units of wetland development were distinguished. Between 14.600—
13,200 calBP, the basin was occupied by an oligothrophic lake. Between 13,200 and 10,200 calBP, the
basin was gradually enriched in macrophytes, suggesting that the water became more mesothrophic.
From 10,200 to 9200 calBP, a typical charcoal rich layer indicates a major change in the mesotrophic
lake environment. These changes led to the shallowing of the lake by 9000 calBP. A transitional peat
bog (Fig.3) developed around ca. 8200 calBP (6200 calBC), which coincides with the same change
at Nagy-Mohos-t6.° The development of the transitional peat bog may have stopped around ca. 2300
calBP (300 BC). The local vegetation suggests the development of a shallow lake phase at this time.
The clay rich silty sediment with high charcoal content and the gravel content indicates soil erosion.
The lithostratigraphical and pollen data indicate that the water level of the mire had probably been ar-
tificially raised during the Celtic period. The re-establishment of the Sphagnum carpet could have only
restarted in the later 20th century.®

4 Siimegi (1998).

5 Juhdsz I. E.: Délnyugat Dunantil negyedkori vegetaciotorténctének palinoldgiai rekonstrukcidja. PhD Thesis. Pécs—
Marseille 2002; Magyari E. — Jakab G. — Siimegi P. — Rudner E. — Molnar M.: Paleodkologiai vizsgalatok a Keleméri
Mohos tavakon. In: Tézegmohas él8helyek Magyarorszagon: kutatés, kezelés, védelem. Ed.: E. Szurdoki. Miskolc 2000,
101-131; Magyari E.: Climatic versus human modification of the Late-Quaternary vegetation in Eastern Hungary. PhD
Thesis. Debrecen 2002.

6  Siimegi (1998).
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RESULTS

An almost linear relationship
between sediment deposi-
tion and time can be noted.
The sediment began to accu-
mulate in the basin from ca.
14,600 calBP (13,600 BC), a
process which continued to the
present day. The geochemical
analyses indicated three dis-
tinct stages in the transforma-
tion of podzol to brown earth
during the Late Glacial and
carly Postglacial period, within
a period of ca. 1000 years (be-
tween 9000-8000 calBP). Vege-
tation change was much faster
than the transformation of the
soil, and coniferous woodland
was replaced by deciduous
woodland in the ca. 100 years
between 9500-9400 calBP.’

m a.s.l.
320 =

310 —

300 —

290 —

Early Holocene phase

4 2 :
@ 2.‘ st ilhsT se il 8 O 10— 1000 1:¥ 13 ® .

Fig. 3. The cross-section of the site and the Early Holocene vegetation at
Kelemér—Kis-Mohos-to (after Siimegi)
1. Birch (Betula), 2. spruce (Picea), 3. larch (Larix), 4. Scots pine (Pinus
sylvestris), 5. Stone pine (Pinus cembra), 6. cushion-like vegetation,
7. reed (Phragmites), 8. sedge (Carex), 9. Sphagnum and brown mosses,
10. shoreline, 11. elm (Ulmus), 12. oak (Quercus), 13. linden (Tilia),
14. hazel (Corylus)

The geochemical analyses of the upper part of the sediment core indicate that ten periods of land
degradation have occurred in this region since the Middle Neolithic (Impacts [-X). The anthropogenic
impact was almost continuous and can be demonstrated by characteristic changes in the pollen spec-
trum. Pal Stimegi suggested that a human impact can be assumed from as early as the Mesolithic.® With
the exception of the last two periods of degradation, the chemistry of the sediment returned to back-
ground levels following the period of disturbance. From 2600 calBP (600 BC) onwards, the degrada-
tion became continuous and there was no return to the background levels seen in previous periods. The
formation of the present-day peat bog is a fairly recent.
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Description of

REdImEnT changes in the Pollen zones Radiocarbon age Description of changes in the vegetation Nature of the yegetation
zones - changes
sediment
14,600-9800 | podzol 14,600—-11,000 calBP | 12,495+100 A coniferous forest steppe of Pinus, Open coniferous forest with
calBP uncalBP Picea, Larix and Betula with steppe ele- | patches of steppe-like communi-
(14,640 calBP) ments, such as grasses, Chenopodiacea, ties.
Cyperaceae and Artemisia.
14,600-9800 | podzol 11,000-10,000 calBP The dominance of Larix and Betula in- A more closed forest canopy.
calBP creased with the decline in Picea and the
steppe elements. Larix was the significant
component of the early Postglacial forest.
98009200 podzol 9600-9500 calBP Rapid decline in all the dominant compo- | A dramatic change in the for-
calBP nents of the early Postglacial forest and est. Transition between a closed
an increase in mixed deciduous wood- coniferous forest to a species
land. rich deciduous woodland which
This woodland was composed of lasted ca. 100 years.
Quercus, Corylus, Tilia, Fraxinus ornus,
F. excelsior, Ulmus, Alnus, Carpinus,
with over 90% of the total pollen concen-
tration. Increase in charcoal concentration
suggests that burning was occurring, as-
sociated with an increase of the Filicales
type.
9200-9000 podzolic brown 9500-8000 calBP 8020 +100 Mixed deciduous woodland survived Mixed deciduous woodland.
calBP and earth uncalBP around Kis-Mohos until anthropo-
~8,800 calBP | later changing to (8950 calBP) genic activity affected the woodland at

brown earth

8000 calBP.

Table 1. The different phases of the Pleistocene vegetation history of Kelemér—Kis-Mohos-to (after Willis et alii [1997])
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Sediment | Description of Archaeological Number
layer changes in the | Pollen zones | Radiocarbon age Description of changes in the vegetation cultures of sites with-
zones sediment in 50 km

8500 BC— | Fine organic 5330-4400 BC | 6250+73 uncalBP | Impacts I-II Middle Neolithic
100 AD mud with some at 560 cm
terrestrial and (5220 BC) No signs of widespread clearance or cereal cultivation; a | Alfold Linear 25 sites
detrital material reduction in the established woodland species of oak and | Pottery culture
hazel, followed by the expansion of maple, ash and ferns. | (5330-4940 BC)
Presence of charcoal caused by burning.
Shifting agriculture and small-scale animal husbandry. and Biikk culture 19 sites
Collection of wood for stoking kilns for the manufacture | (5260-4800 BC)
of pottery.
Late Neolithic none
Impact I1I Proto-Tiszapolgar
Once the clearance ceased, the soil recovered and the en- | culture
vironment became stable again.
Lack of evi- 4000-3200 BC | 4751462 uncalBP | Rise in copper. Early and Middle
dence for soil at 525 cm Copper Age cultures
erosion. (3950 BC) Change from mixed oak, hazel and elm woodland with
Either these lime, ash and maple to one dominated by birch and then Tiszapolgar culture | 2 sites
activities were beech (similar to woodlands in the Balkans) between (4410-3760 BC)
not occurring in 5000-3000 BC. and
the hydrologi- Possible explanations for this change: climatic change, Bodrogkeresztur and | 4 sites

cal catchment
of the basin or
anthropogenic
activities did
not cause soil
degradation.

soil change, anthropogenic influence. Expansion of beech,
used for the production of charcoal (together with horn-
beam), an extremely valuable resource used for metal
smelting. Beech also coppices well and thrives on dis-
turbed and burnt soil. It is more likely an indirect result of
anthropogenic activity, involving arboriculture with burn-
ing and clearance (removal of oak and hazel) for gaining
construction material.

Ludanice cultures
(3900-3500 BC)

Table 2. The different phases of the Holocene vegetation history of Kelemér—Kis-Mohos (after Willis et alii [1998])
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Sediment | Description of B s Avechusalaatsal il Number
layer changes in the | Pollen zones e Description of changes in the vegetation TRlARQICELCAL O of sites within
zones sediment age Rues 50 km

Increase in soil | 3200-2400 BC | 4270+75 Impact IV Late Copper Age
erosion, further uncalBP at
rise of copper. 484 cm There is no widespread forest clearance for arboriculture; the | Baden culture 15 sites
(2890 BC) changes in the woodland composition were natural, marked | (3500-2800 BC)
by the opening up of the forest canopy, a decrease in beech
and an increase in hornbeam. Carpinus saplings need light in
the canopy, which suggests some form of human impact.
Geochemical data suggest that wood was an important com-
2800-2300 BC modity in the region, as hornbeam coppices extremely well.
Impacts V-VI
Two periods of vegetation change can be noted. First, a Early Bronze Age
dramatic decline of oak and hazel, replaced by beech and
hornbeam. Later, beech and hornbeam decline to be replaced | Nyirség and Hatvan | 11 sites
by birch. An opening up of the forest and the appearance cultures
of open-ground herbaceous vegetation (grasses and ferns). (28002000 BC)
Copper working calls for metal smelting, the landscape gradu-
ally becomes depleted of trees. Even though archaeologically
this period marks the advent of horse-breeding, there is no
evidence for large-scale animal husbandry.
2000-1800 BC | 3598+49 Impact VII Middle Bronze Age
uncalBP at
478 cm Another large increase in birch occurs, followed by an in- Flizesabony and late | 6 sites
(1933 BC) crease in ferns, suggesting further clearance of the predomi- | Hatvan cultures
and 3574+45 | nantly beech and hornbeam woodland. (2000-1500 BC)
uncalBP at
447 cm
(1899 BC)
1200-800 BC | 2945+53 Impact VIII Late Bronze Age
uncalBP at
409 cm Large-scale depletion of beech and hornbeam in the wood- Piliny culture 38 sites
(1130 BC) land. The Kyjatice culture built a chain of hillforts along (1450 BC)
and the boundary between the Biikk Mountains and the Great
2994455 Hungarian Plain. Possible indiscriminate selection of trees Late Bronze Age/
uncalBP at for the construction of the hillforts during this period. Early Iron Age
394 cm
(1240 BC) Kyjatice culture 71 sites

(1250-900 BC)

Table 2 (cont’d)
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Sediment Description of : 3 Number
layer changes in the Polien Radiocarbon Description of changes in the vegetation Archagological cul- of sites within
zones sediment SIS age TS 50 km

100 AD A dramatic transi- | 800 BC— Impact IX Middle Iron Age
tion into grey clay. | 100 AD
An irreversible A new period of deforestation, whose impact on the land- Pre-Scythian (900— | 3 sites
threshold was scape appears to have been much more dramatic. The forest | 600 BC), Scythians | 2 sites
crossed and soil was greatly reduced, with the final depletion of beech and (600-300 BC) and 6 sites
erosion was there- hornbeam. Presence of a birch woodland with an understorey | Celtic groups (300
after continuous. of grasses and ferns. 0 BC)
1600 AD | The growth of a 100-1600 | 2148+57 Impact X Roman Age 24 sites
Sphagnum mat. AD uncalBP at » (0-375 AD)
Transition from 378 cm High increase in the use of hemp (Cannabis) indicates that
lake sediment to (180 AD) and | the lake was used for rope production (retting the hemp in Migration period 14 sites
valley-bottom peat 1345+50 order to rot away the fleshy part of the plant to reveal the (375-895 AD)
bog. Irreversible uncalBP at fibres). Further forest burning for clearance of land for cul- 10 and
changes in soil 361 cm tivation. The oak forest re-establishes itself. The ancient Hungarian Conquest | 191 sites
stability. (669 AD) Hungarians began cereal cultivation. period and Middle
Ages (895-955—
1526 AD)

Table 2 (cont’d)
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COMPARISON AND CORRELATION OF THE POLLEN SEQUENCES
CONCERNING THE HOLOCENE ENVIRONMENTAL HISTORY OF
THE MOHOS LAKES AT KELEMER

Imola Juhasz

INTRODUCTION

Several already published pollen sequenc-
es are available from the Mohos lakes at
Kelemér. The results of the first investiga-
tions of the Mohos lakes were published in
one of Balint Zolyomi’s early papers,' in
which he suggested that the development of
Nagy-Mohos-t6 began about 10,000 years

ago, while that of Kis-Mohos-t6 about 5000 |

years ago. Later, two new sediment cores
were taken from Nagy-Mohos-t6: the NM
I-II pollen sequence analysed by Eniké Ma-
gyari* and the NM 2b sequence analysed by
the present author.?

The NM I-II pollen sequence of a
430 cm deep sediment core was divided into
eight pollen zones. The first four local pol-
len assemblage zones (LPAZ) were labelled
NMP-1 to NMP-4; they were assigned to
the Pleistocence. The last four LPAZs, from
NMP-5 to NMP-8, provided data only about
the Early and Middle Holocene. There is a
hiatus in the sediment accumulation around
6300 calBP (5515+45 uncalBP at 143 cm),
resulting from prehistoric peat cutting, which
prevents a vegetation reconstruction for the
southern basin of Nagy-Mohos-to for later
periods. Two hiatuses can be noted in the up-

Fig. 1. The location of the Mohos lakes (Kis-Mohos-to and
Nagy-Mohos-to) at Kelemér in northern Hungary

per 143 cm (NMP-9): the first shows a di