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Abstract
In the lowlands of eastern Austria, the Quaternary deposits are underlain by Neogene formations of the Danube/Ki-

salföld Basin that in turn forms the westernmost bay of the Miocene Central Paratethys. The younger Middle Pleistocene 
to Holocene deposits of the UNESCO World Heritage Landscape of the Nationalpark “Neusiedler See - Seewinkel” are 
known as the Illmitz Formation. In the Seewinkel Plain, this formation covers an area of 350 km2 and comprises deposits 
from a few meters to 20 m thick, which are interpreted as sediments of an anastomosing river system. Youngest fine-
grained lacustrine deposits of the Illmitz Formation below salt pans near Podersdorf am See range from ~11 000 calibrat-
ed years Before Present (cal BP) to ~8 000 cal BP. Hence also comparable young coarse-clastic channel deposits of the 
Illmitz Formation were expected. Wood samples dredged from gravel pits in the Seewinkel Plain in the years 1988 and 
1996 yielded radiocarbon ages ranging from ~43 600 cal BP to ~32 500 cal BP. In contrast, recently dredged wood remains 
yielded minimum radiocarbon ages exceeding ~50 000 years. Surprisingly, older deposits of the Seewinkel Plain were 
dated from both surface of gravel pits and subsurface of salt pans. On the one hand, fine-clastic deposits on top of See-
winkel gravel pits were luminescence dated ~100 to ~55 ka. On the other hand, the deposition of a salt-bearing gravelly 
silt, the so called “salt-bearing horizon” below salt pans was attributed to MIS 5e (~130 to ~115 ka). Therefore, the wood 
remains with minimum radiocarbon ages of over 50 000 years probably were deposited in younger channel fills between 
the salt-bearing horizon and the luminescence dated fine-clastic deposits. Ultimately, it cannot be ruled out that at the 
base of the Illmitz Formation older wood remains were relocated either from fluvial deposits of paleo-Danube that date 
back to the Early Pleistocene or from underlying lignite-bearing deposits of Late Neogene. Overall, the multitemporal 
deposition of woods in climatically changing environments since the beginning of the Rissian glaciation (~MIS 11) may 
have spanned a period of approximately 400 000 years.

Wood anatomical studies allowed identifying several species, among them climatically indifferent taxa as, e.g., Larix/
Picea (larch/spruce) and Pinus (pine) as well as thermophilous ones such as Fraxinus (ash), Ulmus (elm) and Quercus (oak). 
Decimeter-sized dark brown coalified wood residues with rounded edges were dredged from the base of gravel pits. The 
dark color of wood remains indicates either a completely different chemical environment at the base of the Illmitz Forma-
tion or more probably a much longer exposure time in fluvial deposits than for the light brown wood samples. 
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Introduction
In eastern Austria, the area of Lake Neusiedl (German: 

Neusiedler See, Hungarian: Fertőtó) and of neighbour-
ing Seewinkel extends from northern Burgenland to 
the Hungarian county of Győr-Moson-Sopron (Fig. 1a). 
Due to its numerous soda pans and smaller lakes the 
Seewinkel also is termed Lake District. In the following 
we instead use the term Seewinkel Plain which merges 
east into the neighbouring Kisalföld, the Little Hungarian 
Plain. The Seewinkel Plain borders Lake Neusiedl to the 
southeast and the Parndorf Plateau to the north. Since 
1982 Lake Neusiedl and its Lake District have enjoyed 
protection through the Ramsar Convention on Wetlands 
(Fischer, 1993) and since 2001 it has been a cross-border 
UNESCO World Heritage Site. The region is characterized 
by low-altitude and low-relief landscape. Over a distance 
of ~20  km, the approximately 350  km2 Seewinkel Plain 

declines from ~130 m above Adriatic in the northwest to 
an altitude of ~115 m in the southeast. The height of the 
lowest measured point in Austria near Apetlon is 114 m 
above the Adriatic which corresponds to the height of 
gauge zero of Lake Neusiedl. The Fertő/Lake Neusiedl 
cultural landscape includes numerous abandoned gravel 
pits and few are still in mining. For decades, companies in 
northern Burgenland used gravel for production of con-
crete. In the Seewinkel Plain, gravel is mined with official 
approval by dredging from groundwater-filled gravel 
pits. Since wood remains in the gravel beds have a nega-
tive effect on the quality of the concrete, they were and 
are sorted out by hand and piled up near the extraction 
facilities (Fig. 2a). Tree trunks were rarely found due to 
weathering and disintegration into smaller pieces. Only 
in-situ finds of larger pieces of wood were discovered by 
divers in a gravel pit filled with groundwater near Wallern 
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Figure 1: (a) Area of investigation in the Seewinkel Plain, the Lake District east of Lake Neusiedl (OpenStreetMap). (b) Sampling locations of ground-
water-filled gravel pits 1–8 (GP1-GP8) and determined dredged wood samples (OpenStreetMap). 
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b

Location Gravel Pit Sample Lab.-Nr. δ13C 14C-age Calibrated age
(‰) (years BP) (cal BP)

Gravel pit of Steiner company southeast of Podersdorf am See GP1 1988 VRI-1019 
BSTNA — 32,600 + 2,000 

− 1,600 41,800 (95.5 %) 34,300

Gravel pit of Steiner company southeast of Podersdorf am See GP1 1988 VRI-1019 
BSTNB — 27,800 + 1,100 

− 900 34,500 (95.4 %) 30,100

Gravel pit of Steiner company southeast of Podersdorf am See GP1 2011 VERA-5874 − 22.5 ± 3.4 50,100 + 2,800 
− 2,100 —

Former gravel pit west of Andau GP6 1996 VRI-1832 — 37,400 + 2,100 
− 1,700 46,800 (95.4 %) 39,000

Table 1: 14C-ages and δ13C-values of wood sampled in gravel pits GP1 and GP6 of the Seewinkel determined by the VRI (Vienna Radium Institute) 
laboratory in 1988 and 1996, and by VERA (Vienna Environmental Research Accelerator) in 2011. Calibration was performed with OxCal 4.2 (Bronk 
Ramsey, 2009) and the IntCal20 calibration curve (Reimer et al., 2020). For the VRI samples only rounded 14C-ages with asymmetric uncertainties are 
documented. Therefore, to allow for a calibration with IntCal20 we back-calculated the F14C-values. For the definition of F14C see Reimer et al. (2004). 
However, the influence on the uncertainties is negligible. The finite 14C-age of VERA-5874 lies outside the time range of the IntCal20 curve. For location 
of samples from gravel pits see Figure 1b.

in Burgenland (GP7) at a depth of 10–12 meters (Hodits, 
2006).

Before the turn of the millennium only three samples 
of wood residues have been radiocarbon dated. The pre-
vious radiocarbon dating of larger wood remains was 
arranged by former State geologist of Burgenland Franz 
Sauerzopf (GP1 southeast of Podersdorf am See, sample 
“1988”, VRI-1019 (Fig. 1b) and by Franz Klein (GP1 south-

east of Podersdorf am See, sample “2011”, VERA-5874). 
The latter trunk was identified as pine by Georg Grabherr 
(University of Vienna) and dated to ~50 000 BP. It was ex-
hibited for many years in the Information Center of the 
Lake Neusiedl - Seewinkel National Park in Illmitz (Anony-
mus, 2015). Another sample of wood from a former grav-
el pit west of Andau (GP6, sample “1996”; VRI-1832) was 
dated to ~37 000 BP respectively ~45 000 cal BP (Table 
1). The relatively younger radiocarbon age of wood resi-
dues from GP1 southeast of Podersdorf am See (sample 
“1988”) of VRI-1019 BSTNA yielding ~32  000  BP respec-
tively ~40  000 cal  BP and of VRI-1019 BSTNB yielding 
~28 000 BP respectively ~34 000 cal BP was motivation 
for the systematic collection and radiocarbon dating of 
wood residues from abandoned and still operating grav-
el pits. In the final analysis we expected an improved 
stratigraphic classification of the Quaternary deposits of 
the National Park Neusiedler See-Seewinkel.

2. Geological settings of the “Nationalpark Neus-
iedler See – Seewinkel”

The lowlands of the “Nationalpark Neusiedler See - 
Seewinkel” are underlain by Neogene formations of the 
Danube/Kisalföld Basin that in turn forms the western-
most bay of the Miocene Central Paratethys (Harzhauser 
et al., 2024). The Paratethys in Paleo-Europe was a large 
epicontinental sea that came into existence around the 
Eocene/Oligocene boundary due to the emerging moun-
tain ranges, which divided the former Tethys Ocean 
during the Alpine orogeny (Harzhauser et al., 2024). When 
from Pannonian to Pontian, a time span from ~11.6 Ma to 
5.3  Ma (Harzhauser and Piller, 2005) the marine Panno-
nian Basin of the Central Paratethys was transformed into 
brackish Lake Pannon, the lake gradually became filled 
by fluvial deltas (Harzhauser et al., 2024; Magyar et al., 
2013). In the Seewinkel, these several hundreds of meters 
thick deposits of Lake Pannon consist of an intercalation 
of tens of meters of thick sand with tens of meters of thick 
marl, the latter rich in lignite. This Late Pannonian stack 
of lacustrine and fluvial deposits of the Seewinkel Plain 

Figure 2: (a) Dredged wood from a gravel pit northeast of Wallern im 
Burgenland (GP7). Larger pieces of wood usually disintegrate as soon 
as they are exposed to weathering. The mass accumulation of deci-
meter sized wood fragments therefore indicates the decay of larger 
trunks. (b) Remains of a tree trunk over a meter long and ~30 cm thick 
from the gravel pit Göglhof southeast of Halbturn (GP5).

Hermann Häusler et al.
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was termed “Blaue Serie” that is overlain by the “Gelbe 
Serie” (Häusler, 2007). The latter is unconformably over-
lain by fine- and coarse-clastic sediments dated to the 
Pleistocene. Reconstruction of Danube paleogeography 
by Fink (1960) and Fink et al. (1966) revealed that since 
Pannonian times paleo-Danube flowed from the south-
ern Vienna Basin through a southeast-trending depres-
sion (of today´s village of Parndorf) toward the Kisalföld. 
Due to tectonic displacements (probably during the 
Mindelian/Rissian Interglacial period; ~MIS  11; ~400  ka; 
Fig. 3), the Parndorf Depression was relatively lifted com-
pared to the neighbouring Seewinkel Plain. When the 
Parndorf Plateau was overturned in southern direction it 
loomed several meters higher to the north. As a result, 
paleo-Danube changed its course from the “Bruck Gate” 
(of today´s village Bruck/Leitha) about 10  km northeast 
to the “Devin Gate” of River Morava (of today´s Devín, a 
borough of Bratislava) and flowed clockwise around the 
elevated Parndorf Plateau. The Early Pleistocene to Min-
delian fluvial deposits of paleo-Danube which were pre-
served on the elevated Parndorf Plateau are referred to 
as the Parndorf Formation (Häusler et al., 2021b). Where 
at the southeastern slope of the Parndorf Plateau Mind-
elian deposits crop out (Fuchs, 1985) Zámolyi et al. (2017) 
dated fine-grained deposits to >300 ka.

The Quaternary deposits of the Seewinkel Plain pre-
viously were mapped as “Seewinkelschotter” and dated 

as deposits of Würmian Glaciation by Fuchs (1985). Indi-
rectly and directly dated by Häusler et al. (2021b) these 
deposits were defined as Illmitz Formation ranging from 
Rissian to Holocene. Indirect dating of the Illmitz Forma-
tion was gained twofold. First, by regional comparison 
of the “Seewinkelschotter” with channel deposits from 
Rissian glaciation in the neighbouring Kisalföld (Jánossy 
and Krolopp, 1994; Häusler, 2007; Rohatsch and Häusler, 
2017). The second strong argument for its Rissian age 
follows the suggestion of Franz and Husz (1961) who 
concluded that a gravelly silt rich in soluble salts was 
deposited in a fluvio-lacustrine environment during the 
climatically warmer period of the Rissian/Würmian Inter-
glacial (MIS 5e) some ~130 to ~115 ka ago. The formation 
of saline soils and of the salt pans of the Seewinkel can 
be attributed to this salt-bearing horizon (Häusler et al., 
2021b). The find of a molar of a straight-tusked elephant 
on top of a gravel pit in the southern Seewinkel (Häusler, 
2017) also suggests warmer climatic conditions there, 
probably during an interstadial of MIS  5. Plant remains 
from salt pans at a depth of just 1.5 meters were radiocar-
bon dated ranging from ~37 000 cal BP to ~8 000 cal BP 
(Häusler et al., 2021b). Consequently, the gravelly silt of 
the salt-bearing horizon as well as layers of silt and clay, 
several meters in thickness represent a time span from 
MIS 5e to Holocene. In addition, optically stimulated lu-
minescence data of fine-grained deposits on top of grav-
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Figure 3: Tentative schematic sketch of Quaternary deposits southeast of Lake Neusiedl. The Rissian to Holocene deposits of the Illmitz Formation 
with its wood remains unconformably overlie the Neogene basement of the western Danube Basin. Stratigraphy of the Illmitz Formation modified 
from Häusler et al. (2021b). Marine oxygen isotope stages (MIS) after Lisiecki and Raymo (2005). For Würmian chronostratigraphy the classification of 
Stojakowits et al. (2021) was used. 
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el pits in the Seewinkel Plain ranging from 100 to 55 ka 
suggest that they were deposited from Early to Middle 
Würmian (Häusler et al., 2021b; Zámolyi et al., 2017). 
The subdivision of the Late Pleistocene used in Fig. 3 is 
based on Stojakowits et al. (2021). Accordingly, the Early 
Würmian corresponds to MIS 5d-a (115–71 ka), the Middle 
Würmian to MIS 4 (71–57 ka) and MIS 3 (57–29 ka), and the 
Late Würmian to MIS 2 (29–11.7 ka). The Late Pleistocene 
ended with the termination of the Younger Dryas, some 
11 700 years ago when the Holocene Epoch began. The 
Holocene chronostratigraphy of sudden avulsion events 
of the Danube and of the Tisza/Maros rivers in southeast-
ern Hungary is interpreted based on geochronological 
evidence of wood finds in riverine deposits using the 
classification of Mangerud et al. (1974). 

In terraces of the Tullner Feld west of Vienna, at a depth 
of six meters, remains of birch trunks and up to 10 meters 
long trunks of pines were dated ~10 000 BP to ~9 000 BP 
(Piffl, 1971). Hence these trees were displaced by avul-
sion events of River Danube in Preboreal. Residues from 
mixed forests with oak and elm from floodplains of the 
upper Danube catchment indicate further major avulsion 
events from Boreal (~9 000 BP to ~8 000 BP) to Atlantic 
(~8  000 BP to ~5  000  BP; (Becker, 1978)). A major flood 
event during Boreal is also reported from the Danubian 
Lowlands (Podunajská nížina) of neighbouring Slovakia. 
During construction of the Gabčíkovo power plant in the 
1980s, at a depth of 10–16 meters, a 12 m long oak trunk 
was excavated that was dated to ~8 138 ± 50 BP (Kúde-
la and Reinprecht, 1990). Kolář and Rybníček (2011) and 
Kern et al. (2022) reported similar large avulsion events 
during Boreal and Atlantic from the catchment of the 
Tisza and Maros rivers in southeastern Hungary. Sate-
llite images of the confluence of Danube and Morava 
show that south of Bratislava the Little Danube (Moson 
Duna of Szigetköz) meanders southeastwards to Moson-
magyaróvár and further to Győr. Since no comparable 
geomorphic unit of a sinuous channel belt extends into 
the Seewinkel, it can be assumed that the Danube no 
longer flowed into the Seewinkel in the Holocene. Only 
when the Danube flooded the Kisalföld of today’s Győr 
county did backwaters probably arise in the tributary 
rivers Rabnitz and Raab that flooded the Hanság and the 
Seewinkel (Häusler et al., 2021b). As a result, fine-grained 
deposits of the western Seewinkel dated ~12 000 cal BP 
to ~8 100 cal BP (Häusler et al., 2021b) suggest such tem-
porary floods from Late Würmian to Holocene.

In summary, it can be stated that the Quaternary de-
posits of the Seewinkel Plain, the thickness of which in-
creases from the shore of Lake Neusiedl towards Kisalföld 
up to 20  meters (Fig.  3), cover a period from Rissian to 
Holocene. In contrary to the adjacent Vienna Basin in 
the northwest and the Kisalföld Basin in the southeast, 
both of which subsided several hundreds of meters 
along faults (Halouzka, 1998; Scharek, 2000; Zámolyi et 
al., 2017), the Neogene basement of the Seewinkel Plain 
remained relatively stable during Pleistocene. 

To date, only a few wood finds from the coarse-clas-

tic Illmitz Formation were radiocarbon dated (Table 1). 
Actually, it is incomprehensible why Quaternary depos-
its of this UNESCO World Heritage Site never have been 
investigated in detail and only few local data provide 
specific information on their stratigraphy. To obtain a 
better insight into the contemporaneous deposition of 
lacustrine deposits beneath salt pans and neighbouring 
channel deposits further investigations of wood samples 
dredged from groundwater-filled gravel pits in the See-
winkel Plain were implemented.

3. Material and methods
For the systematic collection of wood residues, sat-

ellite images of gravel pits were selected that showed 
current gravel mining. In addition, former larger gravel 
pits were visited which were marked in the geological 
map 1:50 000 by Fuchs (1985). A total 15 gravel pits were 
inspected. Wood samples for identifying species and 
radiocarbon dating were collected from the following 
eight gravel pits (Fig. 1b): 
GP1: 	Gravel pit of Steiner company southeast of Poders-

dorf am See (operating in 2016).
GP2: 	Gravel pit south of Frauenkirchen (sampling before 

2009; in 2016 recreation area of St. Martins Therme 
& Lodge). 

GP3: 	Gravel pit Langäcker of Pinetz company northeast 
of east-southeast of Frauenkirchen (operating in 
2016).

GP4: 	Gravel pit Briefhäusl of Kirschner company east- 
southeast of Halbturn (operating in 2016).

GP5: 	Gravel pit Göglhof of Kirschner company east-south-
east of Halbturn (operating in 2016).

GP6: 	Former gravel pit west of Andau (in 2016 recreation 
area).

GP7: 	Gravel pit of Koppi company northeast of Wallern 
im Burgenland (operating in 2016).

GP8: 	Former gravel pit of Koppi company northeast of 
Pamhagen (recreation area in 2016).

In 2016, from over 100 selected wood finds, 20  sam-
ples were selected for identifying the wood species and 
12 samples for radiocarbon dating.

3.1. Radiocarbon dating of wood remains
Radiocarbon dating of the samples collected in 2016 

was performed at the VERA (Vienna Environmental Re-
search Accelerator) laboratory of the University of Vien-
na. The samples were pretreated with our standard ABA 
(acid-base-acid) method and further processed as de-
scribed in Wild et al. (2008). No cellulose extraction was 
performed, as it is expected that possible contaminations 
such as carbonates, fulvo and humic acids are removed 
with the ABA method. The reference materials IAEA C-3, 
C-5, C-6 (Rozanski et al., 1992) and NOX (NIST-SRM-4990C) 
and the blank material (graphite or black coal) were 
chemically pretreated largely in the same way and in par-

Hermann Häusler et al.
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allel to the samples. The consistency of the 14C-values of 
the reference materials and the long-term stability of the 
blank values served as internal quality control. In addi-
tion, the reliability of our method was checked by partic-
ipating in several intercomparison exercises (Scott et al., 
2017). The 14C determination was performed according 
to the measurement protocol given in Steier et al. (2004). 
The results of the investigations are listed in Table 2. Giv-
en uncertainties of the δ13C-values and the 14C-ages are 
1σ-values. The δ13C-values were determined with the ac-
celerator mass spectrometry (AMS) system.

3.2. Wood species analysis
To identify the wood species of samples dredged from 

gravel pits of the Seewinkel Plain, small samples were 
soaked with water to soften the tissue, as they were com-
pletely dry. Then sufficiently soft samples were orientat-
ed to find the square section and cut with a razor blade 
to sections (= very thin slices). These sections were in-
vestigated with a transmission light microscope and rel-
evant areas were documented by microphotography. If 
necessary, slices from tangential and radial sections were 
also analysed and documented. To identify anatomical 

a

b

c

d

e

Figure 4: (a) This trunk, formerly exhibited in the Information Center of the Lake Neusiedl - Seewinkel National Park, was dredged in gravel pit GP1 
southeast of Podersdorf am See. It was identified as pine by Georg Grabherr (University of Vienna) and dated to ~50 000 uncalibrated years BP (Table 
1: sample 2011; Anonymus, 2015). (b) Subrounded pieces of wood (H2016-30/03, ~6*20 cm in size) from gravel pit Göglhof of Kirschner company, 3.5 km 
northeast of St. Andrä am Zicksee (GP5). The wood was identified as Pinus sp. (pine; Fig. 5a-b). (c) Piece of subrounded wood (H2016-30/02, ~4*10 cm 
in size) from same gravel pit GP5. The wood was identified as Fraxinus excelsior (ash; Fig. 5d-e). This piece of wood was dated to >52 500 BP (VERA-6375, 
Table 2). (d) Piece of subrounded coalified wood (H2016-23/06, ~14*8 cm in size) from gravel pit GP7 northeast of Wallern im Burgenland with remains 
of a fine sandy matrix. (e) Piece of subrounded coalified wood (H2016-30/04, ~10*10 cm in size) from gravel pit GP5 Göglhof of Kirschner company, 3.5 
km northeast of St. Andrä am Zicksee with remains of a fine sandy matrix. This wood was identified as Quercus sp. (oak; Fig. 5f). 
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information, we used the atlases of Grosser (1977) and 
Schweingruber (1990). In some samples anatomical fea-
tures such as pits, parenchyma and other details were not 
visible clearly enough as, e.g., in samples H2016-20/03, 
H2016-23/01, H2016-23/02, H2016-23/03, H2016-23/08 (Ta-
ble 3) and only allowed for distinguishing between gym-
nosperms and angiosperms. In other samples the genus 
was determinable, but not the species (as, e.g., Pinus sp., 
Quercus sp., Ulmus sp., Populus sp., Salix sp.) or two spe-
cies with similar features were not distinguishable from 
each other (e.g., Picea/Larix: both woods show extremely 
similar anatomical features). Many dark-coloured sam-
ples underwent coalification (but were not carbonized) 
such as samples of H2016-23/04, H2016-23/06, H2016-
23/10, H2016-30/04 (Table 3).

4. Results
Majority of the wood samples dredged in gravel pits of 

the Seewinkel Plain consists of disintegrated small cm- to 
decimetre-sized brownish pieces of wood (Fig. 2b) and 
light brown trunks of several meters in length (Fig. 4a). Only 
a few smaller wood samples showed a dark brown colour 
(Fig. 4d-e). This chapter first summarizes the radiocarbon 
dating of selected wood remains and then the identifiable 
types of wood from gravel pits in the Seewinkel Plain.

4.1. Radiocarbon dating of dredged wood samples
In 2004, a minimum radiocarbon age of >50,800  BP 

was determined from a find of wood in a gravel pit 
north-east of Frauenkirchen (GP3: VERA-3461). From the 
collections in 2016, a further 12 wood samples were ana-
lyzed, and - except for sample VERA-6376 (from gravel pit 
southeast of Halbturn, GP4) - only minimum radiocarbon 
ages exceeding ~48 000 BP were determined (Table 2). 
The larger uncertainty of sample VERA-6376 was mainly 
caused by the scatter of the repeated measurements of 
the sample, and reduced statistics due to technical prob-
lems in the AMS instrument. At the 2σ uncertainty level, 
it is compatible with an infinite age, but results in a lower 
minimum age than the other samples.

4.2. Identification of dredged wood samples
The following wood species could be identified from 

sections of dredged wood samples (Fig. 1b, Table 3): (a) 
Gymnosperm: conifers such as Pinus (pine) and Picea/
Larix (spruce/larch) and (b) Angiosperm such as Fraxinus 
(ash), Quercus (oak), Ulmus (elm), Populus (poplar) and Sa-
lix (willow).

Pinus sp. (pine): For a longer period of time, a pine 
trunk several meters long was exhibited in the Informa-

Location Gravel Pit Coordinates Sample Lab.-Nr. δ13C 14C-age
(‰) (years BP)

Gravel pit of Steiner company north of Illmitz GP 1 47° 49’ 41.80”
16° 51’ 17.72” H2016-04/01 VERA-6371 − 23.7 ± 3.0 > 52,300

Gravel pit of Steiner company north of Illmitz GP 1 47° 49’ 41.80”
16° 51’ 17.72” H2016-04/04 VERA-6372 − 17.9 ± 4.0 > 48,800

Gravel pit Langäcker of Pinetz company northeast of Frauenkirchen GP 3 nd ED04/NS/1 VERA-3461 − 27.4 ± 0.3 > 50,800

Gravel pit Langäcker of Pinetz company northeast of Frauenkirchen GP 3 47° 50’ 44.35”
16° 56’ 10.80” P2004-2 MAMS 

24592* − 18.8 > 50,000

Gravel pit Briefhäusl of Kirschner company, 3.5 km SE of Halbturn GP 4 47° 50’ 16.80”
17° 01’ 16.68” H2016-10/01 VERA-6379 − 26.6 ± 2.3 > 50,100

Gravel pit Briefhäusl of Kirschner company, 3.5 km SE of Halbturn GP 4 47° 50’ 14.74”
17° 01’ 19.90” H2016-31/01 VERA-6376 − 22.0 ± 1.3 > 44,500

Gravel pit Göglhof of Kirschner company, 3.5 km NE of  
St. Andrä am Zicksee GP 5 47° 48’ 40.81”

16° 57’ 51.07” H2016-30/01 VERA-6374 − 20.2 ± 5.1 > 52,500

Gravel pit Göglhof of Kirschner company, 3.5 km NE of  
St. Andrä am Zicksee GP 5 47° 48’ 40.81”

16° 57’ 51.07” H2016-30/02 VERA-6375 − 27.5 ± 0.7 > 52,500

Gravel pit of Koppi company, 1.5 km NE Wallern im Burgenland 
(western pit) GP 7 47° 42’ 06.91”

16° 56’ 39.73” H2016-03/01 VERA-6370 − 39.6 ± 0.8 > 52,200

Gravel pit of Koppi company, 1.5 km NE Wallern im Burgenland 
(western pit; deposited in eastern pit of Steiner company) GP 7 47° 42’ 06.91”

16° 56’ 39.73” H2016-23/03 VERA-6373 − 31.3 ± 0.8 > 52,000

Gravel pit Koppi company, 1.5 km NE Wallern im Burgenland  
(north-western pit; sample Roland Mayer, University of Vienna) GP 7 47° 44’ 20.61”

16° 56’ 54.50” H2016-40/01 VERA-6377 − 38.6 ± 1.5 > 51,900

Gravel pit of Koppi company, 2 km NE Pamhagen GP 8 47° 42’ 06.91”
16° 56’ 39,73” H2016-01/01 VERA-6378 − 22.3 ± 1.4 > 51,200

Gravel pit of Koppi company, 2 km NE Pamhagen GP 8 47° 42’ 05.52”
16° 56’ 39.84” H2016-01/02 VERA-6369 − 29.6 ± 1.4 > 52,500

Table 2: Minimum 14C-ages and δ13C-values of wood sampled in gravel pits of the Seewinkel Plain (VERA laboratory code of Vienna Environmental 
Research Accelerator-Laboratory; * laboratory code of the Curt-Engelhorn-Zentrum Archäometrie, Heidelberg).
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tion Center of the Nationalpark Neusiedler See – See-
winkel which was dated ~50  000  BP (Fig. 4a; Table  1: 
sample  2011). Wood remains from pines were collected 
in gravel pits GP2, GP5 and GP7. For original picture of a 
wood remain with rounded edges from a spruce/larch of 
sample H2016-30/03 from GP5 see Figure 4b. Figure 5a 
depicts cross section and Figure 5b depicts radial section 
of pine of wood sample H2016-30/03 from gravel pit GP5.

Picea/Larix sp. (spruce/larch): Wood remains from a 
spruce/larch were identified in gravel pit GP7. Figure 5c 
depicts thin section of Picea/Larix (spruce/larch) of sam-
ple ED2017-01 from GP7. 

Fraxinus excelsior (ash): Wood remains from ash were 
identified in gravel pits GP3 and GP5. For original piece of 
wood of sample H2016-30/02 see Figure 4c. Figures 5d-e 
depict thin sections of Fraxinus excelsior (ash) that was 
dated to >52 200 BP (Table 2). 

Quercus sp. (oak): Wood remains from oaks were 

identified in gravel pits GP4 and GP5. For original sample 
of coalified piece see Figure 4e. Figure 5f depicts thin sec-
tion of a well preserved coalified wood sample. In gravel 
pit GP5 also several meters long oak trunks were identi-
fied.

Ulmus sp. (elm): Wood remains of Ulmus sp. (elm) only 
were identified in gravel pit GP4. Figures 6a-b depict 
cross sections of wood sample H2016-31/01 which was 
dated to >44 500 BP (Table 2). 

Populus sp. (poplar): Wood remains from Populus sp. 
(poplar) were identified in gravel pit GP7. Figure 6c de-
picts cross section and Figure 6d depicts radial section 
from wood sample H2016-40/01 which was dated to 
>51 900 BP (Table 2).

Salix sp. (willow): Wood remains from Salix sp. (wil-
low) were identified in gravel pit GP7. Figure 6e depicts 
cross section and Figure 6f depicts radial section from 
wood sample H2016-23/07. 

Gravel Pit Sample Wood description
GP1 STEINER 2011 Pinus sp. (pine, resin ducts with thin-walled parenchym cells, fenestroid cross-field pits)

GP3 ED2017-3 Fraxinus excelsior (ash tree, semi-ring-porous, vessels mostly in pairs)

GP4

H2016-20/01 Quercus sp. (oak; ring-porous, latewood vessels in groups, two types of rays)

H2016-20/03 Angiosperm indet. (diffuse-porous)

H2016-31/01 Ulmus sp. (elm, ring-porous, late-wood vessels in spiral rows)

GP5

H2016-30/01 Wood indet. (cells are no longer visible)

H2016-30/02 Fraxinus excelsior (ash tree)

H2016-30/03 Pinus sp. (pine)

H2016-30/04 Quercus sp. (oak, well preserved, dark brown  tissue, beginning coalification)

H2016-30/05 Quercus sp. (oak; ring-porous)

GP7

H2016-23/01 Gymnosperm indet. (tracheids, without resin ducts)

H2016-23/02 Gymnosperm indet. (without resin ducts)

H2016-23/03 Angiosperm indet. (diffuse-porous, vessels)

H2016-23/04 Salix sp. (willow) / Populus sp. (poplar); (beginning coalification, no ray-cell details)

H2016-23/06 Fraxinus excelsior (ash tree; dark brown, beginning coalification)

H2016-23/07 Salix sp. (willow)

H2016-23/08 Gymnosperm, Pinus sp.? (pine?; resin ducts)

H2016-23/10 Fraxinus excelsior (ash tree); dark brown, beginning coalification

H2016-40/01 Populus sp. (poplar, diffuse-porous, peripheral ray cells axially stretched)

H2016-45/01 Fraxinus excelsior ? (ash tree?)

H2016-45/02 Salix sp.? (willow?, diffuse-porous, peripheral ray cells radially stretched, not well preserved)

ED2017-1 Larix decidua (larch) / Picea abies (spruce), cannot be separated on wood-anatomical basis; resin ducts with thick- 
walled parenchym cells, piceoid crossfield pits

ED2017-2 Pinus sp. (pine)

GP8 H2016-01/2 Larix decidua (larch) / Picea abies (spruce)

Table 3: Wood description of samples from gravel pits of the Seewinkel Plain GP1-GP8, based on thin sections of wood remains. For location of sam-
ples see Figure 1b.

Identification and 14C-dating of Quaternary wood samples dredged from groundwater-filled gravel pits in the UNESCO World Heritage …



69

a b

c d

e f

225 µm

600 µm

800 µm 600 µm

150 µm
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Figure 5: (a) Pinus sp. (pine). Cross section of wood sample H2016-30/03 from gravel pit GP5. For original piece of pine see Figure 4b. (b) Pinus sp. 
(pine). Radial section of wood sample H2016-30/03 from gravel pit GP5. For original piece of pine see Figure 4b. (c) Picea/Larix (spruce/larch). Tangen-
tial section of wood sample ED2017-01 from GP7. (d) Fraxinus excelsior (ash). Cross section of compressed wood structure of wood sample H2016-30/02 
from gravel pit GP5. (e) Fraxinus excelsior (ash). Cross section of late wood with ring border, wood sample H2016-30/02 from gravel pit GP5. (f) Quercus 
sp. (oak). Cross section of coalified wood sample H2016-30/04 from GP5. For original piece of coalified wood see Figure 4e. 
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a b

c d
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600 µm 800 µm

400 µm 60 µm

400 µm 50 µm

Figure 6: (a), (b) Ulmus sp. (elm). Cross section of wood sample H2016-31/01 from gravel pit GP4. (c) Populus sp. (poplar). Cross section of wood sample 
H2016-40/01 from GP7. (d) Populus sp. (poplar). Radial section of wood sample H2016-40/01 from GP7. (e) Salix sp. (willow). Cross section from wood 
sample H2016-23/07 from gravel pit GP7. (f) Salix sp. (willow). Radial section from wood sample H2016-23/07 from gravel pit GP7.
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5. Discussion
In this paragraph we discuss three topics related to the 

investigation of wood samples dredged from groundwa-
ter-filled gravel pits of the Nationalpark Neusiedler See - 
Seewinkel. We first emphasize once again the uncertain-
ty of stratigraphy of Quaternary deposits of the Illmitz 
Formation (a). Second, we critically characterize the dif-
ferent populations of our wood finds in fluvial deposits of 
the Seewinkel Plain (b), and third, we describe the extent 
of coalification of the wood remains and give an inter-
pretation of how possibly the dark brown coalified wood 
residues of the Seewinkel Plain came into existence (c). 

(a) Well-researched outcrops of the Illmitz Formation 
are rare. Up to now, at an area of ~350 km2 only few out-
crops of alluvial fans were luminescence dated to ~100 to 
~55 ka (Häusler et al., 2021b) and four hand-drilled pro-
files of salt pans were radiocarbon dated ranging from 
~40 000 cal BP to ~8 000 cal BP (Häusler et al., 2021b). Ra-
diocarbon dating of dredged wood samples from gravel 
pits in the Seewinkel yielded two data sets of 14C-ages: 
one of younger and one of older age. It turned out that 
three samples collected and analysed from 1988 to 1996 
yielded relatively younger uncalibrated 14C-ages ranging 
between ~37  400  BP and ~28  000  BP which translates 
to calibrated ages ranging between ~46 800 cal BP and 
~34 500 cal BP (Table 1). Thirteen more samples collect-
ed since 2016 yielded relatively older minimum 14C-ag-
es exceeding ~50  000  BP (Table  2). One reason for this 
could be the excavation of deeper and therefore older 
beds during gravel mining. Basically, the younger set 
of dredged wood ranging between ~46 800 cal BP and 
~34 500 cal BP roughly corresponds to the age of plant 
remains drilled in salt pans ranging from ~37 000 cal BP 
to ~34 000 cal BP. The superimposition of the few lumi-
nescence dated outcrops of coarse clastic deposits on 
the gravel thickness map of the Seewinkel (Tauber, 1959) 
reveals that they match the thickness of the Illmitz Forma-
tion of only 5 to 10 meters. The dredged wood remains 
which are older than ~50 000 BP can in turn be assigned 
to neighbouring channel deposits that accumulated to a 
thickness of ~20 meters.

(b) Taken the case that the wood species collected 
from gravel pits of the Seewinkel Plain represent a strat-
ified context, they suggest two different populations, 
a swampy lowland forest population and a hilly forest 
population. The presumably local riparian forest popu-
lation of the occasionally flooded river valleys contains 
smaller remains of Fraxinus (GP3, GP5) and Ulmus (GP4) 
as well as whole trunks of Quercus (GP5). Smaller remains 
of Pinus (GP5) as well as parts of trunks of Pinus (GP1 and 
GP7) might indicate further transport from higher sur-
rounding areas. The finds of Pinus trunks with a length of 
several meters southeast of Podersdorf (GP1: Fig. 4a) and 
from Quercus southeast of Halbturn (GP4: H2016-20/01) 
suggest enormous avulsion events in the channelized 
river system of the Illmitz Formation. Relating the region-
al distribution of dredged trunks with a length of several 
meters to the thickness of the Illmitz Formation (Tauber, 

1959; Zámolyi et al., 2017) reveals that they are associated 
with gravel deposits reaching maximum thickness of 15–
20 m. The coniferous forests of pine, spruce or larch were 
possibly located at the 30 to 50 m higher hills of the Parn-
dorf Plateau or the hilly catchment area of paleo-Danube 
upstream. However, such landscape scenario of the See-
winkel Plain is not supported by the radiocarbon age of 
the wood remains. 

c) Whereas peat in the Hanság, southeast of Lake 
Neusiedl, was deposited few meters in thickness from 
~3900  BP to ~280  BP (Häusler et al., 2021a), no thick-
er peat layers were observed in outcrops of the Illmitz 
Formation. Only Nelhiebl (1986) reported layers of some 
cm of peat within a saline soil south of Apetlon and Sza-
decky-Kardoss (1938) reported isolated occurrences of 
thin layers of lignite in older Pleistocene gravels from 
Szombathely south of Győr. Coalification is defined as 
a transformation of wood and plant material into coal 
by impact of pressure by overlying layers, temperature, 
and long time (Teichmüller and Teichmüller, 1954). Early 
stages of coalification still preserve cell components and 
anatomical features of the wooden components which 
by the time collapse and disappear. Moreover, lignite is 
defined as a brownish-black coal that is intermediate 
in coalification between peat and subbituminous coal 
(Jackson, 1997). Van Husen (1981) as well as Irmler and 
Scholz (2005) described the occurrence of dark layers 
of organic material within Quaternary gravel beds in 
Austria and Germany which they termed “Schieferkohle”. 
They interpreted these dark lignite layers resulting from 
over consolidation of peat-like material, from a former-
ly thicker sedimentary cover (which might have been 
eroded in the meantime) or from an advance of local gla-
ciers. However, the Seewinkel Plain was free of glaciers 
throughout the Quaternary. For geomorphological and 
stratigraphic reasons, a formerly thicker Illmitz Forma-
tion can be excluded. There are finds of coalified brown 
wood residues (Figs.  4d-e, 5f) for which investigations 
on geochemical gelification of humic substances (vitri-
nitisation according to Teichmüller, 1989) are pending. 
Due to embedding of such pieces of subrounded coali-
fied wood in a sandy-silty matrix which is typical for the 
base of the Illmitz Formation, natural coalification, and 
subsequent rounding of the wood fragments by fluvial 
transport is assumed. Basically, the few coalified remains 
of Figure 4d-e indicate a much longer residence time in 
groundwater-saturated fluvial deposits or a completely 
different chemical environment at the base of the Illmitz 
Formation than the light brown wood samples had un-
dergone. Whereas Willis et al. (2000) attributed charred 
tree remains in loess profiles of the last full-glaciation in 
the Hungarian Lowlands to wildfire, no charred wood 
remains were detected in the Illmitz Formation. In prin-
ciple, rounded wood residues of the Illmitz Formation 
demonstrate a longer transport and resedimentation, as, 
e.g., Árvai et al. (2018) described from a layer of subfossil 
driftwood in the Drava River at the Croatian/Hungarian 
border. 
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6. Conclusion
The synoptic evaluation of the few litho- and biostrati-

graphic as well as radiocarbon and luminescence data of 
the Illmitz Formation leads to the reconstruction of the 
following individual steps of the Seewinkel landscape 
from the Holocene back to the Rissian/Würmian Inter-
glacial. Plant relics from youngest fine-grained lacustrine 
deposits below salt pans near Podersdorf am See yielded 
radiocarbon ages ranging from ~12 000 cal BP to ~8 000 
cal  BP (Häusler et al., 2021b). Comparable young wood 
remains in channel deposits could not be dated any-
where in the Seewinkel. Therefore, the up to now young-
est known flooding events during which wood remains 
were deposited in the coarse-clastic Illmitz Formation 
range from ~46 000 cal  BP to ~34 000 cal  BP (Table  1). 
These flooding events during MIS 3, in turn, correspond 
to the age of plant relics in lacustrine deposits beneath 
salt pans near St. Andrä am Zicksee which were dated, 
e.g., to ~37 000 cal  BP (Häusler et al., 2021b). Hence, it 
can be concluded that during late Middle Würmian both 
fluvial and lacustrine sediments were deposited in the 
Seewinkel Plain. Most of the dredged wood remains, 
however, yielded minimum radiocarbon ages exceeding 
~50 000 years (Table 2). 

As described in the geological settings, the salt-bear-
ing horizon underlying the salt pans of the western See-
winkel as well as the luminescence dated beds on top 
of gravel pits represent older deposits of the Illmitz For-
mation. Therefore, it can be concluded that the variety 
of wood residues deposited in the up to 20 meters thick 
sandy gravels between the salt-bearing horizon and the 
luminescence dated beds were probably deposited be-
tween ~130 and ~55 ka. In terms of climatic conditions, 
an assignment of the few investigated wood taxa from 
the gravel pits of the Seewinkel to glacial/stadial or in-
terglacial/interstadial periods remains very speculative 
since willow, pine and larch are climatically indifferent 
and only elm, ash and oak are thermophilic. In addition, 
Hošek et al. (2024) proofed that discharge of thermal 
water in southern Moravia (Czech Republic) and in the 
Liptov Basin of the Western Carpathians (Slovak Repub-
lic) maintained a humid and warm microclimate and 
therefore thermophilous tree species survived the Last 
Glacial Maximum (LGM) there. Since thermal springs are 
also known from the northwest and southeast slopes 
of the Leitha Mountains (Häusler, 2023), the presence of 
warm microclimatic areas during the LGM in the northern 
Seewinkel Plain cannot be ruled out. Due to the lack of 
Holocene radiocarbon ages for wood remains dredged 
from the gravel pits of the Seewinkel it can be supposed 
that oak remains obtained from gravel pits GP4 and GP5 
(Table 3, Fig. 5f) cannot be attributed to deciduous tem-
perate zone forests of the Atlantic period, the Holocene 
climatic optimum with its thermal maximum around 
8000 years BP. 
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