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Rescue excavations implemented in 2003 along the south-
ern shore of Lake Balaton preceding construction works 
of the M7 freeway yielded us a possibility to better under-
stand the environmental history of the region. These exca-
vations tackled the spatial distribution of archaeology to a 
height of 103–104 m ASL yielding numerous features as 

well as artefacts from the Neolithic up to the Early Middle 
Ages. The proximity of numerous historical embayments 
along the southern shoreline acting as sedimentary basins 
preserving geological and palaeoecological records dating 
back several millennia, opened up the possibility for com-
plex geoarchaeological, environmental historical studies. 

1  et al. 1981.
2  /  1980.

Environmental history of an embayment of Lake Balaton near Szólád 
from the Late Glacial to the Migration Age 

INTRODUCTION 

LOCATION, GEOGRAPHICAL, GEOLOGICAL, AND MODERN CLIMATIC ENDOWMENTS 
OF THE SITE 

The sampling site is found in the centre of a former south-
ern embayment of Lake Balaton drained by the creek of 
Büdös-gáti víz at a height 102 m ASL (N = 46° 48’ 16.81”, 
E = 17° 48’ 59.43”), approximately 4 km to the SE from 
the village of Balatonöszöd along the present trajectory 
of the M7 freeway . The embayment occupies a 
former longitudinal valley with a northwest-southe-
ast trend surrounded by hills ranging between 120 and 
300 m ASL. These are composed of Late Tertiary Lake 
Pannon sands and silts. Some of the slopes are covered 

. 
Slightly acidic as well as calcareous phaeozems and lu-
visols are present in the area harbouring woodlands, wet 
meadows, peatlands and grasslands along with agricultu-
ral areas1. 

The climate is Continental with strong Oceanic and 

rates as well as relatively warm vegetation period. The 
mean annual temperature is around 11 °C, the average an-
nual rainfall ranges between 550 and 650 mm with late- 
spring early summer as well as early fall peaks. In his-
torical times, much of the embayment was in hydrologi-
cal contact with the waterbody of Lake Balaton hosting 

-
an military survey . As a result of the 19th century 
drain age measures, aimed to stabilise the modern lake le-
vel within the ranges of 104–105 m ASL to make way for 
the construction of the railway, the embayment was com-
pletely drained causing the complete dry-out and altera-

an area of some square kilometres were preserved serving 
as water reservoirs close to the modern shoreline.

MATERIAL AND METHODS 

Samples were taken from two undisturbed overlapping 
cores to a depth of 1.8 m using a Russian type corer. Af-
ter packaging, the samples were transported to the Geo-
archaeological and Palaeoecological Laboratory of the 
Department of Geology and Palaeontology, University of 
Szeged (GPL-USZ DGP) for further analysis. For our work 

and interpretation of the results the methodology and sys-
tem of Birks and Birks was consistently adopted2. The core 
was subsampled at 2 cm increments for sedimentological,  
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geochemical and pollen analyses in accordance with the 
international standards3. Visual description of the litholo-
gy followed the internationally accepted system of Troel-
Smith established for unconsolidated sediments4. Dry and 
wet colour was determined on site and at the lab using 
the Munsell Colour Chart. Organic and carbonate content 
of the samples was determined via loss on ignition follo-
wing the methodology presented by Dean5. For the esta-
blishment of an absolute chronology three peat samples 

were taken at the depths of 0.2, 1 and 2 m. Two samples 
were submitted to bulk, while a single to AMS 14C-dating. 
Pre-treatment followed the generally accepted procedures 
before graphitisation. Measurements were done in the in-
ternationally referenced AMS laboratories of Debrecen, 

3   1980. –  2003.
4 -  1955.
5  1974.

Fig. 1. Location and modern geographical and geological endowments of the study site.
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Hungary and Poznan, Poland. Conventional radiocarbon 
ages were converted to calendar ages using the software 

6 and the most recent  calibrat-
ion curve7. Calibrated ages are reported as age ranges at 

-
on of pollen grains the method of Stockmarr was follo-
wed8. Lycopodium spore tablets of known concentration 
were added to each sample to ensure accurate pollen grain 
counting. Samples were studied via a phase contrast mi-

minimum of 500 grain counts were made to ensure the 
representativity of the samples for statistical evaluation. 
Statistical evaluation of the database and the establishment 
of an age-depth model was achieved using the software 
packages of  and 9. For the determination of 
pollen and spore taxa the reference materials and database 
of the GPL-USZ DGP and the Hungarian Geological Ins-
titute were used in addition to textbooks10. Flue-ash con-
centrations were determined following the point-count ing 
method of Clark11. Results of sedimentological, geoche-
mical and palynological analyses were graphed using the 
Psimpoll package of Bennett12. Palynological zones were 
determined via cluster analysis using the Minkowski dis-
tance of similarity and the Ward clustering method13. Digi-
tal elevation models of the study area were prepared using 
the software package of Surfer. Following the detailed  
evaluation of the results, visual reconstructions were made 
for selected environmental historical periods using the 
graphical design programs of  and . 

part of the Holocene, with . 15–15 cm representing the Iron, 
Neolithic and Copper Ages and . 20–30 cm correspond-
ing to the Bronze Age and the Mesolithic. The lowermost 
. 20 cm represent the Late Glacial (13 000–10 000 years 

ago). Sampling at 2 cm intervals yielded us a resolution of 
250–300 years for the Late Glacial, . 200 years for the Early  
and Middle Holocene. Attained resolution of the received 
data was around 100 years per sample from the Bronze Age 
to the Imperial Period. For the Imperial and Migration Ages, 
the best resolution was achieved with a step of . 50 years. 

6   2009.
7  et al. 2013.
8  1971.
9 /  2005.
10  et al. 1991.
11  1981.
12  1992.
13 /  2005.

Fig. 2. Constructed age-depth model and calculated sedimentation rates.

RESULTS

The results of 14C-analyses are presented in . Accord-

sands giving the base of the core started to accumulate in 
the embayment during the Late Glacial . 14 000 years ago. 
Although the topmost part of the peat sequence must have 

-
turbed sediment and peat accumulation must have continued 
as long as the Early Middle Ages (9th century AD). On the 
basis of two 14

a period from the Early Bronze Age up to today. The upper-
most 45 cm of the sequence must represent the last 2000  
years with . 20–25 cm corresponding to the late Imperial 
Age and the Migration Age. However, more 14C-dates lowe-
ring dating uncertainty for this period may help us further 

-
out 1 m down to . 1.6 m the sequence covers the remain ing 
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Conventional 14C-ages have been calibrated using Ox-
 and the  calibration curve. On the basis 

of the received 14C-ages an age-depth model was cons-
tructed and linear sedimentation rates were calculated for 
various lithostratigraphic units. During the Late Glacial 
(1.8–1.75 m) sedimentation was relatively low with an an-
nual rate of 0.1–0.2 mm. There is a slight increase from 
the time of the Pleistocene / Holocene transition to a rate 
of 0.2–0.3 mm lasting as long as the Bronze Age (depth of 
1 m). The highest accumulation rate of 0.4–0.6 mm is seen 
from a depth of 1 m to 0.2 m. As a result of hydrological 
regulation during the 19th century the topmost part must 
have dried out and altered. 

 

The base of the core between the depths of 1.8 and 1.68 m 
is composed of white brown (2.5 Y 9.6), slightly bedded, 

intercalations and lenses. Here the organic content was 

. Based on its lithological characteristics 
and stratigraphic position these deposits must represent a 

This is overlain by clays and silts of higher carbonate 
content to a depth of . 1 m having a white brownish hue; 
a lacustrine sequence of a shallow pond. While there is a 

accompanied by a gradual increase in the carbonate content 
two distinct stages of lake evolution could have been iden-

-
val between 1.68 and 1.35 m where after a steady increase 
from -

silts and inorganic matter remains relatively high (
-

sion of a lacustrine sequence: An oligotrophic, minerorga-
nic lake of relatively deeper and clear waters occupying 
the embayment. From the depth of . 1.35 m the ratio of 

carbonate content is doubled . This transition clear-
ly hallmarks the beginning of stage 2 in the succession. 
Namely, the emergence of a mesotrophic lake with clear 
shallow waters and carbonate-rich lacustrine mud accumu-
lation. From about 1.04 m all the way to the surface there is 
a marked change in the lithology . The organic con-

of 0.95 and 0.65 m. Fine silty coarse silts of higher organic 
content overlain by intercalating peat and eutrophic lacus-
trine silts of darker hue, and high organic content indicate 
the transformation of the former carbonate-rich lake into an 
organic-rich eutrophic lacustrine system. Alternating layers 
of organic-rich silts, clays and peat indicate cycles of sedi-
ment accumulation characterised by alternating stages of 
lacustrine and marshland conditions above 0.65 m . 
In this part, the organic content is reduced to values ran-

decreasing carbonate contents. Periodic rises in the water 
level and the transformation of the marshland into an open 
eutrophic lake could have been inferred for several parts 
of the sequence above the referred depths. Namely, those 
corresponding to the Late Bronze Age (12–11th c. BC), the 
Early Iron Age (9–8th c. BC) with two distinct intervals. In 
addition, similar changes are deciphered for the Migration 
Age around 4–6th centuries AD and the 7–8th centuries AD. 

. 

types of pines (Pinus) as well as birches (Betula). Never-
theless, the ratio of NAP in this interval was equally high 

Tab. 1. Results of 14C-analysis.
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 with taxa representing various types 
of grasses , artemisia , goosefoots 

. The heliophylic hazelnut is also pre-
sent, most likely in the marginal areas, although in neg-

Transdanubian sites14. This zone corresponds to a cold fo-
rest steppe with a dominance of Scotch pine and birches 

. The presence of dwarf birch 
 further corroborates this view. The ratio of 

of Scotch pine and dwarf pines15. The banks of the Late 
Glacial pond harboured open gallery forests composed of 
birches and pines between 12 000–10 900 cal. BC years. 

There is a marked change between the depths of  
1.7–1.66 m corresponding to 10 900 and 9900 cal. BC 
years (SZPZ-2). The ratio of AP drops accompanied by a 
steady increase in NAP seen in the advance of such taxa as 
goose foots and Artemisia. The only AP witnessing a rise 

here is that of dwarf birch. This indicates the development 

zone resulting in a relative opening of the vegetation. Signs 
of this climate change are traceable in NW Transdanubia 
and the foothills of the Carpathians and Alps only. Based 
on our results the area harboured a boreal forest steppe 
during the Epipalaeolithic with scattered patches of tundra  
as well as thermophilous taxa, where the microclimate 
conditions allowed . 

There is a marked increase in the AP of pines in the next 

-
tic conditions a closed boreal forest must have developed 
during the time representing the Pleistocene / Holocene  

14  2007.
15 /  2001. 

Fig. 3. Lithology, organic and carbonate content of the studied sequence.
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16  2007.
17  et al. 2008a. –  et al. 2008b. –  et al. 2009. – -

 et al. 2011. –  et al. 2012. –  et al. 2013.
18  et al. 1997. –  et al. 2012a. –  et al. 2012b. – -

 et al. 2013.

transition . However, as the pollen composition 
clear ly indicates this woodland must have been a mixed 
one harbouring numerous deciduous elements. The domi-
nant deciduous taxa are birch and hazelnut complemented 
by sporadic appearances of oak, lime, elm, and ash . 

This palaeo-vegetation must have been characteris-
tic for the opening of the Holocene between 9900 and 
8900 cal. BC, representing the earliest Mesolithic. Similar 
conditions characterised the area of Southern Transdanu-
bia for this interval based on palynological results16. This 
vegetation change fall roughly into the same period as in 
Western and Northern Europe. It must be noted though, as 
we indicated in subchapter 4.1 that due to the poor resolu-
tion (250–300 years / sample) determination of the accura-

There is a gradual but marked decrease in pine pollen 
from a depth of 1.55 m upwards (8900 cal. BC years) 
(SZPZ-4) . From a depth of 1.47 m (8200 cal. BC 
years) the ratio of pine pollen grains reaches a threshold, 
where the presence of local pine stands could be surely 
excluded. It is also the time, when our oligotrophic lake 
transforms into a shallow mesotrophic lake harbouring an 

 and being cha-
racterised by the accumulation of calcareous muds. The 

emergence of this phase also hallmarks the time when the 
-

dy of the young Lake Balaton17. The development of this 
phase was coeval with the gradual retreat of Late Glacial / 
Early Holocene mixed taiga woodlands accompanied by 
the expansion of oak to the area . 

This type of taiga / oak woodland transition is characte-
ristic for not only Transdanubia but the entire Carpathian 
Basin as well18. Besides oak, a higher ratio of hazelnut, 
elm, lime, ash, maple van be noted here . Accor-
ding to this, the appearance of hardwood gallery forests 
along the lake-shore and also hardwood oak forests at a 
larger distance can be postulated. These conditions must 
have been preserved during the Neolithic and the Copper 

by the relatively high ratio of hazelnut pollen grains. Al-
though the cyclical presence of weed pollen grains during 

Fig. 4. Relative abundance of arboreal pollen taxa as well as the ratio of arboreal / non-arboreal and aquatic plants.
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exact timing of these is not possible in the lack of absolute 
chronological and archaeostratigraphical data. Ages were 
assigned on the basis of the calculated sedimentation rates 

in the future. 
The most important change in the pollen composition – at 

the depth of 
in the pollen grains of reed and sedge (SZPZ-5) was coeval 

 
hallmarking the next stage of lake evolution; the com-
plete eutrophication of the entire embayment .  
According to the available 14C-date from the depth of 
0.98–1 m , this event is dated to the Early 
Bronze Age (~2200 cal. BC). The former oak-dominated 
woodland was likewise transformed  to a horn-
beam / beech dominated woodland under a cooler climate. 
The expansion of reed, bulrush, and sedge is indicated not 
only by the preserved macrobotanical remains retrieved 
from the peat, but the NAP pollen composition as well 

. A marked drop in pine pollen grains, being able to 

vegetation cover of the embayment must have prevented 
the accumulation of extralocal pollen grains from this time 
onwards. The appearance of cereal pollen grains and an in-
crease in weed pollens clearly indicate the presence of hu-
mans in the area and cultivated lands in the vicinity of the 
embayment during the Bronze Age. The dominant element 

plantation of walnut could also have been tackled from the 
pollen composition . 

In addition, grape pollen grains also turn up in the pro-

Age ( . 1400 cal. BC years). This is the fourth example 

the period of the Middle Bronze Age. Nevertheless, it must 
be noted that wild grape  was also present 
at this time in gallery forests around Lake Balaton19. 

Fig. 5. Relative abundance of non-arboreal pollen taxa.

19 et al. 2008a. – et al. 2008b. –  et al. 2012a. – 
et al. 2012b. –  2007. –  2002.
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There is a marked decrease in the ratio of walnut in 
the next zone (SZPZ-6) 
dated to the Late Bronze Age. Nevertheless, the constant 
presence of cereal and weed pollen grains  clearly 
indicate the continuous presence and activity of humans 

etation cover in the area of the embayment was preserved 
during the beginning of the Iron Age. The decrease in the  
pollen ratio of cultivated plants indicates the disappear-
ance of horticulture from the study area during this period. 
Although signs of wheat cultivation can be tackled here, 
the dominant cereal was rye. The woodlands preserved 
were characterised by a dominance of oak mixed with 
beech and hornbeam . Hardwood gallery forests 
harbouring lime and elm must have formed along the lake 
forming a hydroseries dominated by hornbeam and beech 
towards the lakeshore under a more balanced climate. 

During the second half of the Iron Age, coevally with the 
settlement of Celtic tribes a pollen composition indicating 
viticulture and horticulture of walnut developed (SZPZ-7) 

. These conditions must have existed till the Im-

perial period. What’s more we may presume its presence for 
the entire Imperial Age. Signs of similarly well-developed 
horticulture for the Late Iron Age could have been inferred 
for several Transdanubian sites (Fenékpuszta, Sopron, Za-

20. Based on the observed pollen composition, 
a gradual transition is observed from the Late Iron Age to 
the Imperial Age in our area. It must be noted though that the 
marked increase in willow pollen grains clearly indicates the 
emergence of a willow marsh in the embayment. This points 

in the area probably witnessed in increased deforestation 
and erosion in higher areas and a higher pressure from ani-
mal husbandry and an increased population. Among cereals 
a dominance of rye and barley is noted . 

The last pollen zone (SZPZ-8) represents the period of 
the Migration Age. Here an increase in AP is noted  
with the appearance of alder and birch as well hallmarking 
an increase in forest covered areas and restoration of for-
mer woodlands. This might be related to decreased human 

 
. 

20 et al. 2004. –  et al. 2007. –  et al. 2008a. – -
 et al. 2008b. –  et al. 2009. –  et al. 2011b. –  et al. 

2012a. –  et al. 2012b. –  et al. 2013.

DISCUSSION 

14C-controlled detailed geoarchaeological analysis of a 
sedimentary core sequence taken near Szólád along the 
south ern shore of Lake Balaton enabled us to reconstruct 
the palaeoenvironmental evolution of the vicinity of the 
site from the Late Glacial to the period of the Early Middle 
Ages (Migration Age). Late Glacial conditions in the area 
were characterised by the presence of a coniferous-birch 
forest-steppe complex and an oligotrophic lake having re-
latively deeper waters. This forest steppe was transformed 
into a mixed taiga harbouring deciduous elements like 
lime, oak, elm, ash as well as the heliophylic hazelnut to-
wards the Pleistocene / Holocene transition and during the 
Early Holocene. This was the time when our oligotrophic 
lake was transformed into a mesotrophic lake harbouring 
an extensive Chara vegetation. It was also the time when 
hydrological connections with the waterbody of the in-
fant Lake Balaton were established as well. Coniferous 
elements disappeared during the Middle Holocene giving  
way to a hardwood forest with a dominance of oak, pres-
ence of lime, elm, ash, maple and hazelnut, the latter form-
ing a rich sub-canopy. These conditions were preserved 
through the Neolithic and Copper Ages. Signs of human  

environmental change is dated to the Early Bronze Age. 
This hallmark the transition of our mesotrophic lake into 
an eutrophic lake. The oak dominated woodlands were 

gradually replaced by mixed deciduous woodlands har-
bouring beech and hornbeam besides oak. The strong pres - 
ence of reed, bulrush and willow indicated the gradual 

 
cereal as well as walnut pollen grains indicate the emer-

Grape pollens were also detected during the Late Bronze 
Age, which was characteristic at other Transdanubian sites 

arboreal vegetation and an expansion of plant cultivation, 
horticulture as well as animal husbandry. In addition, our 
marshland gradually develops into a willow marsh towards  
the Late Iron Age. This transitional relatively open veg-
etation must have been present during the Imperial Age 
too indicating an increasing pressure on the landscape 
from a rising human population and elevated human ac-
tivities. For the period of the Migration Age a restoration 
of woodlands can be postulated as a result of decreasing 
human activities and/or climatic change in the area. 
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Fig. 11. Reconstructed palaeovegetation ot the area for the Migration Age 
(5–9th centuries AD).

Fig. 6. Reconstructed palaeovegetation of the area during the Epipaleolithic. Fig. 7. Reconstructed palaeovegetation of the are for the Early Mesolithic 
in the area. 

Fig. 8. Reconstructed palaeovegetation of the area for the period between the 
Late Mesolithic and the Bronze Age.

Fig. 9. Reconstructed palaeovegetation of the area for the Bronze Age.

Fig. 10. Reconstructed palaeovegetation of the area for the Iron Age.
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ABSTRACT

Age.  Oak-dominated woodlands were gradually replaced 
by mixed deciduous woodlands comprised of oak, beech, 
and hornbeam. The strong presence of reed, bulrush, and 

-
ment. Numerous weed and cereal as well as walnut pollen 
grains indicate the emergence of strong agricultural and 

 
pollens were also detected during the Late Bronze Age, 
which was also characteristic at other Transdanubian sites. 

-
real vegetation, with an expansion of plant cultivation and 
horticulture, as well as animal husbandry. Additionally, our 
marshland gradually develops into a willow marsh towards 
the Late Iron Age. This transitional, relatively open vegeta-
tion must have also been present during the Imperial Age, 
indicating an increasing pressure on the landscape from a 
rising human population and elevated human activities. For 
the period of the Migration Age, a restoration of woodlands 
can be postulated as a result of decreasing human activities 
and/or climatic change in the area.

A detailed, 14C-controlled environmental historical analysis 
of a sedimentary core sequence taken near Szólád along 
the southern shore of Lake Balaton enabled us to recon-
struct the paleoenvironmental evolution of the vicinity of 
the site from the Late Glacial period to the Early Middle 
Ages (Migration Age). Late Glacial conditions in the area 
were characterized by the presence of a coniferous-birch, 
forest-steppe complex and an oligotrophic lake with relati-
vely deeper waters. Transitioning towards the Pleistocene/
Holocene and during the Early Holocene, this forest steppe 
was transformed into a mixed taiga consisting of deciduous 
elements (lime, oak, elm, ash) and the heliophilic hazelnut. 
The oligotrophic lake was transformed into a mesotrophic 
lake harboring an extensive Chara vegetation, and hydro-
logical connections with the waterbody of the infant Lake 
Balaton were established. Coniferous elements disappeared  
during the Middle Holocene giving way to a hardwood  
forest dominated by oak. These conditions were preserved  
through the Neolithic and Copper Ages. The lake was 
transformed into a eutrophic state during the Early Bronze 

 Sándor Gulyás (maps:  googlemaps; geological map of 
Hungary 1 : 500 [https://map.mbfsz.gov.hu/fdt500/]; maps  

of the 1st military survey [www.mapire.eu]). –  
Sándor Gulyás.

ZUSAMMENFASSUNG

In der einstigen kleinen Bucht am Südufer des Plattensees  
bei Szólád wurde durch die geoarchäologische Analyse 
einer mit teilweiser 14C-Zeitbestimmung kontrollierten 
Tiefenbohrung die Entwicklungsgeschichte des Gebietes 
von der spätglazialen Periode bis einschließlich des Früh-
mittelalters aufgezeigt. Das Ufer des spätglazialen oligo-
trophen Sees tieferen Wassers umgab eine Waldsteppe aus 
Nadelhölzern und Birken. Bis zum Frühholozän entstand 

eine Mischtajga, in der neben den Nadelhölzern Linde,  
Eiche, Esche, Ulme erschienen und auch die phototropische 
Haselnuss. Der früher oligotrophe See nahm mesotrophen 

hydrologischen Verbindung mit dem jungen Plattensee. 
Bis zum mittleren Holocän entwickelte sich mit völligem 
Verschwinden der Nadelhölzer ein von der hartholzigen 
Eiche dominierter Laubwald, der vom Neolithikum bis in 
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vielen anderen transdanubischen milieuhistorischen Fund-
orten. In der Eisenzeit zeigt sich die Entstehung starken 
Waldeinschlags und extensiver landwirtschaftlicher Tätig-
keit und die Herausbildung der Viehzucht. Das Moor wan-
delt sich bis zur Späteisenzeit zum Grasmoor. Die neue 

-
scher Zeit und deutet das Intensiverwerden der menschli-
chen Tätigkeit im Gebiet an. In der Völkerwanderungszeit 
jedoch breiten sich die Wälder weiter aus, im Zusammen-
hang mit geringerer menschlicher Einwirkung und/oder 
der Entstehung eines feuchteren, kühleren Klimas. 

ÖSSZEFOGLALÁS

A Balaton déli partján Szólád mellett található egykori kis 
-

sal kontrolált geoarcheológiai elemzése révén feltártuk a 

-
 

korábbi oligotróf tavunk mezotróf állapotúvá vált, gazdag 
-

-
-

korig változatlan formában létezett. A kora bronzkorban a 
tó eutotróf állapotúvá vált és a korábbi tölgy dominanciá-

bükk, gyertyán).  A nád, gyékény és a nyár megjelenése az 
öblözet fokozatos mocsarasodására utal. Gyomnövények 
és gabona, valamint a dió pollenjének a megjelenése az 

-
zett növénytermesztés kialakulását jelzi a területen a kora 

-
 

-

új átmeneti nyíltabb vegetáció megmarad a római császár-
kor során is jelezve az emberi tevékenység intenzívebbé 
válását a területen. A népvándorlás korában azonban az er-

die frühe Bronzezeit unverändert Bestand hatte. In der frü-
hen Bronzezeit wurde der See eutotroph, und den früher 
eichendominierten Wald löste ein Laubwald gemischten 
Typs (Eiche, Buche, Hainbuche) ab.  Das Erscheinen von 
Schilf, Rohrkolben und Pappel weist auf eine allmähliche 
Versumpfung der kleinen Bucht hin. Das Vorkommen von 
Unkäuter-, Getreide- und Walnusspollen in den Ablagerun-
gen zeigen seit der frühen Bronzezeit eindeutig die Ent-
stehung einer durch starke Gartenkultur gekennzeichneten 

Ablagerungen fanden sich auch Weinpollen ähnlich wie an 




