
























































Archaeological Potential Assessment of Prehistoric Settlement Areas along the Lake Shores and Wetlands of Carinthia, Southern Austria

zebra mussels (Dreissena polymorpha) up to 70 cm be-
low the surface further illustrates ongoing change of the
environment and anthropogenic pressures.

Opverall, while accelerated erosion and historical
fishing activities dominate the visible archaeological
landscape around Krumpendorf, inland and formerly
submerged lake zones e.g. palaeo-shorelines may still
preserve intact prehistoric pile-dwelling settlements.
The Krumpendorf littoral zone thus represents a com-
plex archaeological landscape, only partially surveyed
and understood. Given documented erosional dynam-
ics and ongoing human impacts, preventive archaeolog-
ical monitoring should accompany shoreline construc-
tions, dredging, or restoration. Intensified research in
both submerged and former lakeshore zones is essential
to advance our knowledge of prehistoric human activ-
ity in Carinthia and to prevent the undocumented loss
of cultural heritage of outstanding significance.

Case study: small mire lakes
Moosburger Teiche

A multi-day coring survey in August 2023 at the
Moosburg mire-lakes provided initial insights into
a sensitive cultural landscape located in a wetland en-

vironment (Ries 2024c). Conducted as part of a Uni-
versity Innsbruck field practicum, the survey covered
three transects (A-C) and revealed local sedimenta-
tion processes and anthropogenic influence, includ-
ing abundant charcoal fragments and burnt clay in
selected cores (Fig. 10, 11). No diagnostic features of
prehistoric pile-dwellings, such as post alignments or
cultural layers, were identified.

Given the presence of prehistoric and historic
monuments in the area, additional archaeological
remains around the Moosburg ponds cannot be ex-
cluded. The basin represents a highly sensitive ar-
chaeological zone with particular potential for the
presence of wetland pile-dwelling settlements and re-
lated structures such as prehistoric timber trackways
in paludified peat-environments. Follow-up investiga-
tions with advanced equipment and adequate funding
are required to complete the currently fragmentary
research picture.

A modern reassessment of material from earlier
excavations on the elevated hilltop along the Moos-
burg waterbodies (Kohla 1960; 1973; Vahlkampf
1995) is urgently required. Kohla’s excavations in the
1950s, conducted on the ridge north of the Mittertei-
ch, documented evidence of a prehistoric settlement

Fig. 10. Map of the surveyed zones at Moosburger Teiche. Three survey areas (Zones A-C) were defined, with investigations

conducted in shallow, macrophyte-covered waters to assess archaeological potential and identify preserved remains. The study area

is situated near the hilltop excavations by Kohla, which yielded settlement evidence attributable to the Epi-Lengyel cultural horizon
(map by M.-C. Ries).
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and provided the primary impetus for the recent field
investigations. Although the original excavation yield-
ed limited stratigraphic documentation, the recovered
artefacts indicate settlement activity during the Neo-
lithic to Copper Age which can be attributed to the
Epi-Lengyel.

For example, fragments of ceramic ladles with
perforated handles and biconical vessels with down-
ward-pointing knob-like lugs and incised rim deco-
ration were found. These forms correspond to vessel
types known from the Lasinja-culture horizon. The
fragment of a clay ladle or spoon with a perforated
handle is characteristic of the Lasinja phase. The so-
called “Knickwandschale mit abwirtszeigendem Zap-
fenbuckel” represents a well-defined type within the
same cultural complex. Comparable assemblages are
well documented at sites in neighbouring regions,
such as Slovenia and Styria, supporting a clear cultural
affiliation of the Moosburg material with the broader
Lasinja cultural sphere (Tiefengraber 2015¢; 2018;
Veluscek 2017; Bertha 2021; Ries 2026, in print).

Among the finds, a miniature vessel stands out
due to its clear stylistic and technological links to the
material culture of adjacent Southeast European re-
gions like Slovenia, Croatia or Serbia (Kramberger et
al. 2021). This object is currently the focus of detailed
archaeometric analyses, which aim to clarify its con-
tent by residue analysis, functional use, and broader
cultural significance (Fig. 12).

The ongoing study of this vessel, combined with
a systematic re-evaluation of the earlier excavation
material, is essential for assessing supraregional con-
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Fig. 11. A group of archaeology students
conducting hand-operated coring and
documentation of local stratigraphy in
challenging environments at shore-line areas

of the Moosburger Teiche Lakes (students:

B. Jell and M. Kerschner) (photo by M.-C. Ries).

nections, and establishing absolute chronological
frameworks. Integrating these data with new field-
work and sediment analyses allows a modern inter-
pretation of the site’s occupational history and its role
within the wider prehistoric landscape of the south-
eastern Alpine region. These efforts highlight both
the scientific potential of the Moosburg site and the
necessity of employing state-of-the-art investigations
to fully realize its archaeological significance.

The wetland deposits of the Moosburg ponds
also represent a valuable environmental-archaeolog-
ical archive for studying human-environment inter-
actions. Palaeoecological analyses could clarify local
settlement dynamics and give insights into the local
Neolithisation process. Any future modifications of
the pond areas - shoreline redevelopment, restoration
of natural habitats, construction, dredging - should
be accompanied by systematic archaeological moni-
toring. Overall, the Moosburg mire-lakes constitute
a culturally and environmentally significant landscape
with high potential for prehistoric pile-dwelling settle-
ments and for advancing understanding of Neolithic
to Copper Age human activity in Carinthia.

Kapuzinerinsel in Lake Worthersee

The currently investigated pile-dwelling site of
Kapuzinerinsel in Lake Worthersee represents a major
addition to Carinthia’s prehistoric settlement record.
Located less than 5 km from the UNESCO World
Heritage pile-dwelling-site at Lake Keutschacher See,
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Fig. 12. Ceramic miniature vessel from Moosburg, originating from the early excavation campaigns. The object shows
strong similarities to ceramic forms known from southeastern European regions, suggesting the possibility of a non-local
“foreign type” or imported object (photo by M.-C. Ries).

the site provides the first securely dated evidence of
Eneolithic occupation in the Worthersee basin (Ries
2022a; 2022b; 2024a; 2025; 2026, in print).

Initial underwater prospection in the winter of
2021, combined diving surveys, hand-operated cor-
ing, and systematic sediment sampling (Ries 2022a).
These investigations revealed dense pile fields, eroded
organic cultural layers, and artefact assemblages in-
cluding pottery, lithic artefacts, and a rich archaeobo-
tanical and zooarchaeological record. The site occu-
pies a strategic position within a central-lake constric-
tion, likely reflecting its importance in water-orien-
tated regional and supraregional exchange networks.

Already during the first diving surveys, strati-
graphic observations and sediment analyses indicated
severe erosion and the rapid degradation of submerged
archaeological deposits. Subsequent microarchaeo-
logical and archaeobotanical screening of waterlogged
sediments yielded uncharred cereal chaff, cultivated

crops, and gathered wild plants, pointing to a mixed
farming and foraging economy (Fig. 13). Radiocarbon
analysis of selected terrestrial macroremains, conduct-
ed in 2022, provided the first absolute date for Kapuz-
inerinsel, placing its occupation in the late 4™ millen-
nium cal BC (3781+129 BP; Beta-623764, 20 range).
This result establishes Kapuzinerinsel as the oldest
known settlement evidence from Lake Worthersee and
underscores its exceptional value for understanding
early sedentary lifeways in Carinthia (Fig. 14).

At the same time, evidence of alarming scales of
erosion induced by wave activities have already been
visible during the 2021 surveys, which have conse-
quently been reported to the Federal Monuments Of-
fice Austria (Ries 2022a).

Approximately 3 kg of unstratified pottery stray
finds from the shallow-water zone of Kapuzinerin-
sel, collected over past decades by private individu-
als, are currently curated in the Karnten Museum in

33



Marie-Claire Ries

Fig. 13. Result of microarchaeological screening. Uncharred botanical macro-remains from the
cultural layer samples collected during the 2021 survey at Kapuzinerinsel.

1-3. cereal chaff fragments, 4. flax seeds (Linum usitatissimum), 5. poppy (Papaver somniferum),

6. raspberry (Rubus fruticosus ), 7. groundcherry (Physalis alkekengi), 8. oogonia of stoneworts

(Characeae). The majority of archaeobotanical remains are strongly intermixed with reed rhizomes
(visible as filamentous brown fibers) (photo by M.-C. Ries).

Klagenfurt. These materials were systematically re-
evaluated and included in a typo-chronological study
during 2023 (Ries 2026, in print). The assemblage also
comprises artefacts recovered after a severe storm in
summer 2022, which caused substantial erosion along
the island’s terrestrial margins. Uprooted trees were
mechanically displacing cultural layers and exposing
prehistoric material - a striking indicator of the in-
creasing frequency of extreme weather events, possi-
bly linked to climatic change resulting in the loss and
destruction of archaeological heritage (Fig. 15).

The historical collections further contain stray
finds retrieved from earlier disturbances, offering
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fragmentary but valuable insights into the site’s phas-
ing and settlement history. On this basis, prelimi-
nary working hypotheses for the chronological and
cultural sequence have been formulated. The earliest
phase is attributed to the Early Copper Age Kanziani-
berg-Lasinja I Ila horizon (ca. 4300-3900 BC). It is
followed by a distinct Middle Copper Age phase (ca.
3900/3800-3500 BC), associated with furrow incision
pottery “Furchenstichkeramik” defined as the local
group of Kanzianiberg-Lasinja IIc facies Keutschach
(Ruttkay 1996; 1997; Samonig 2003; Ruttkay et al.
2004; Ries 2026, in print), and culturally related to
pottery groups characterized by furrow-incisions,
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Fig. 14. Calibrated Radiocarbon date from terrestrial macrobotanical remains from the archaeological cultural layer
at Kapuzinerinsel (image by M.-C. Ries/Beta Analytic).

Fig. 15. Archaeological rescue documentation following the summer storm of 2022 reveals substantial damage along the
terrestrial part of Kapuzinerinsel, with uprooted trees exposing an estimated 50-70 artefacts per tree crater
(photo by R. Jernej).
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Fig. 16. Pottery fragments from Kapuzinerinsel.

1. hydrodynamically eroded sherd with clearly defined furrow incisions, 2. sherd with crossed bundles of incision lines

filling curvilinear motifs, showing strong stylistic parallels to material from Keutschacher See and the Hocevarica site,

3. pottery fragment likely attributable to the Boleraz group of the Baden Culture, 4. sherds from the 2024 underwater

excavation campaign, reflecting the stylistic development commonly referred to as the local “Facies Keutschach” from the
1*t half of the 4" millennium BC (photo by M.-C. Ries).

similar observable in the pottery from Mondsee and
Retz-Gajary groups (Fig. 16).

The ceramic assemblage includes several frag-
ments of small, finely made jugs produced predomi-
nantly in a reducing firing atmosphere and composed
of fine clay pastes. Many of these vessels exhibit pol-
ished surfaces and are equipped with band handles,
while the main feature of these jugs are curvilinear
incised motifs. Characteristics of this local ceramic
tradition is the use of curvilinear volutes filled with
fine incised lines, representing a stylistic expression
that seems to be anchored in the Carinthian lake dis-
trict also at Keutschacher See but shows wider cul-
tural affiliations similarly extending into northeastern
Slovenia and western Hungary. This Carinthian sty-
listic development has been described as the “Facies
Keutschach”, particularly recognizable in the white in-
crustation-paste inlay of the decoration applied to the
incised patterns (Samonig 2003; Ruttkay et al. 2004;
Gleirscher 2014; Ries 2026, in print).

In addition, the assemblage includes “Kerbschnitt”
pottery combined with S-shaped, continuous circum-
ferential ornamental bands along the rim, further un-
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derlining the site’s role in a broader supra-regional sty-
listic network and strong links to Lake Keutschacher
See. Material recovered during the 2024 field campaign
reinforces the interpretation of the site as a nodal point
within long-distance exchange networks, connecting
the Eastern Alpine lakescapes with contemporane-
ous sites in the Austrian Salzkammergut area along
the northern Alpine foothills or Slovenian sites such
as Hocevarica and communities in the Transdanubian
region of Hungary (Velusc¢ek 2004; 2017). Moreover,
a third ceramic phase, previously unrecognised in the
regional sequence of pile-dwelling settlements, can
most probably be attributed to the Boleraz group of the
Baden Culture (from c. 3500 BC onward). This phase
is marked by vessels exhibiting shallow diagonal can-
nelures, closely comparable to Horizon VII at the Wil-
doner Schlossberg site in Styria and indicates contin-
ued occupation and shifting cultural affiliations over
time (Tiefengraber 2018, fig. 212; Ries 2026, in print).

Evidence for early copper metallurgy, indicated
by a clay crucible fragment containing arsenical cop-
per, is currently under archaeometric analysis. Com-
plementary radiocarbon and dendrochronological
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analyses of waterlogged piles which are currently un-
derway are expected to refine the chronological phas-
ing and to reconstruct aspects of settlement layout
(Zielke 2025).

Following repeated efforts to secure funding for
essential rescue excavations, a small research grant was
successfully obtained in 2024. During autumn 2024,
a three-week targeted excavation was conducted with
the support of the State of Carinthia (Art and Culture)
and the Archaeological Research Network Innsbruck
(AFIN). Two trenches covering 21 m* were opened
in submerged and adjacent terrestrial zones (Fig. 17).
Excavations revealed multi-phased occupation layers,
exceptionally preserved timber structures within
dense pile fields, and a diverse artefact assemblage ex-
ceeding 33 kg of recovered materials. The majority of
ceramics can be attributed to the 4™ millennium BC,
stylistically consistent with the “Facies Keutschach”
(Kanzianiberg-Lasinja Ilc). Additionally, a fully pre-
served Iron Age animal-head fibula (5" century BC)
found within the underwater excavation trench high-
lights the site’s diachronic significance (Ries 2024).

Trench 2

Lithic material, including silex from at least three
optically distinguishable raw material sources, grind-
ing and hammer stones, complement the assemblage.
Dendrochronological analyses of more than 100 sam-
pled piles are ongoing to establish absolute dating and
reconstruct settlement structures (Zielke 2025).

The underwater and terrestrial excavations at
Kapuzinerinsel were conducted according to modern
standards for pile-dwelling research, following best-
practice methodologies developed in Switzerland for
the systematic investigation of waterlogged prehistoric
lakeshore settlements. The project involved an interna-
tional team of nine archaeologists and scientific divers,
with technical support from ZAPA (Slovenia) and Ger-
man Collaborators (State Office for the Preservation of
Monuments / Wetland Archaeology, Hemmenhofen
and Terramare Archaeological Services). Excavation
focused on two trenches: an underwater area measur-
ing 4 x 5 m and a terrestrial area of 2 x 1 m.

A 1 m? grid system was implemented to ensure
systematic spatial documentation (Fig. 18). Under-
water dredges were used to remove sediment in con-

Trench 1

Fig. 17. Drone aerial photograph of the Kapuzinerinsel site during the 2024 underwater archaeological excavation, showing
Excavation Trench 1 and Excavation Trench 2, as well as the reed protection belt established in 2019 as a nature conservation
measure (photo by K. Bauer and M.-C. Ries).
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trolled 1 m” units, while all piles were numbered and
documented in situ prior to sampling. Emphasis was
placed on high-resolution digital documentation, in-
cluding extensive photography, video recording, and
structure-from-motion (SfM) photogrammetry using
Agisoft Metashape. This approach generated detailed
three-dimensional models of the pile field and sur-
rounding features, ensuring that pile positions and
spatial relationships were precisely recorded. Subse-
quent georeferencing of square-metre photographs
provided exact coordinates for each pile, enabling pre-
cise spatial analysis and integration into the site’s GIS
database. The procedure, inspired by modern best-
practice examples developed and tested by Swiss pile-
dwelling research teams, was applied at the Kapuzin-
erinsel excavation project to ensure systematic, high-
quality documentation and recording of the underwa-
ter archaeological features (Bleicher ef al. 2024; Reich
et al. 2025). Excavated sediments were collected in
fine mesh nets for subsequent wet-sieving on land, al-
lowing recovery of small artefacts and microarchaeo-
logical materials. The primary objectives of the cam-
paign included the assessment of site preservation,
documentation of pile-field architecture, and targeted
wood sampling for dendrochronological analysis.
Semi-quantitative feature recording enabled rapid
evaluation, while the integration of 3D modelling and
careful sediment management maximized the preser-
vation of contextual information. Public outreach was
an integral component, with updates disseminated via
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Fig. 18. West side of the island
showing the reed protection belt and
the excavation trench in the shallow
water zone, divided into 1 m? units for
systematic documentation. Scientific
diver conducting documentation
steps; underwater dredges in use
(image by M.-C. Ries).

social media and national television, highlighting the
scientific and cultural significance of the site and the
potential of Austrian underwater archaeology.

The final evaluation, detailed analysis, and publi-
cation of the Kapuzinerinsel excavations remain pend-
ing due to limited financial support and are planned
for subsequent years. Preliminary observations sug-
gest the presence of linear structures very likely is-
land-enclosing palisades and the potential existence of
remains from several multi-naved houses, represent-
ing multiple occupation phases. Excavated areas ex-
hibit high pile densities, with up to nine wooden piles
per square metre, reflecting local construction prac-
tices and enabling the reconstruction of settlement
dynamics as well as past climate conditions through
dendrochronological analysis of tree-ring patterns.
Initial wood anatomical analyses of pile samples iden-
tified a total of 12 different wood genera, providing
insights into prehistoric forest management, resource
use, and human-environment interactions. Moreover,
radiocarbon dating of selected samples is underway,
which may allow year-precise absolute dating via wig-
gle-matching once integrated with the emerging mean
oak chronology and individual tree-ring series.

If dendrochronological dating proves success-
tul, as ongoing analyses are expected to show in 2026,
Kapuzinerinsel could become only the second den-
drochronologically dated pile-dwelling site in Aus-
tria, providing high-resolution absolute dating and
a unique dataset for Chalcolithic architecture. As
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the first underwater pile-dwelling excavation at Lake
Worthersee, it offers substantial potential for transdis-
ciplinary research, enabling the reconstruction of set-
tlement organization, socio-economic dynamics, and
subsistence strategies in 4"-millennium BC Carinthia.
Kapuzinerinsel must be considered heri-
tage at risk. Despite its exceptional significance as
a 6,000-year-old site, current local conditions pose an
immediate threat. A reed-protection belt established
in 2019 as part of nature conservation measures has
altered the site’s surroundings, but the settlement re-
mains highly vulnerable (Fig. 17). Intensively used
waterskiing and boating tracks less than 50 m from
the site generate an alarming scale of wave-induced
erosion, destabilizing piles and degrading organic cul-
tural layers. Without additional protective measures,
substantial portions of the site will be permanently
lost within the next years. Rescue excavation repre-
sents the preferred method both to safeguard the site
and to document its archaeological value. Only a frac-
tion of the settlement has been systematically inves-
tigated. Further rescue excavation, targeted sediment
sampling, and archaeobotanical analyses, scheduled
for the upcoming years, are urgently required to miti-
gate erosion, recover sensitive features and finds, and
clarify occupation phases, settlement layout, and hu-
man-environment interactions. The immediate im-
plementation of protective and monitoring measures
is essential to preserve the site’s integrity, scientific po-
tential, and its status as a unique record of prehistoric
lake-dwelling communities in Austria and the wider
context of circum-Alpine pile-dwelling networks.

Conclusion

The pilot project assessing prehistoric settlement
potential along the lakeshores and wetlands of Carin-
thia has clearly demonstrated the region’s exceptional
value for interdisciplinary archaeological research.
Sites such as Kapuzinerinsel in Lake Worthersee ex-
emplify the multifaceted and wide-ranging insights
that can be gained from combining underwater field-
work, coring, sediment analysis, microarchaeology,
and radiocarbon and dendrochronological dating.
The investigations document multi-phased occupa-
tion, early agricultural practices, specialized craft
production, and evidence of long-distance exchange,
situating Carinthia firmly within broader prehistoric
networks of the Alpe-Adria region. Moreover, these
efforts provide an initial methodological and con-
ceptual impulse for more systematic research across
southern Austria’s lakes and wetlands, offering a first

step toward addressing long-standing gaps in chro-
nology, settlement layout, and research on human-
environment interactions.

Despite these advances, Carinthia’s archaeologi-
cal heritage remains highly vulnerable. hydrodynamic
erosion, intensified recreational use, unsupervised
shoreline modifications, and incomplete protection
measures threaten the survival of key sites. The ab-
sence of defined archaeological protection zones along
bodies of water, coupled with the fragmentary nature
of existing site records, underscores the urgent need
for preventive heritage management, rescue excava-
tions, and to invest in archaeological infrastructure
and foundational research. Small-scale pilot studies,
like those conducted in Moosburg and Krumpendorf,
highlight both the scientific potential and the fragil-
ity of these landscapes and their active undocumented
loss. In conclusion, Carinthia offers unparalleled op-
portunities to reconstruct prehistoric settlement dy-
namics, technological innovation, and socio-economic
interactions in lake-dwelling contexts. By integrating
tieldwork, laboratory analyses, archival research, and
heritage management, these initiatives not only pro-
vide critical data for regional and supraregional studies
but also establish a sustainable framework for protect-
ing one of Austria’s significant and endangered prehis-
toric cultural landscapes. Immediate intervention, sys-
tematic excavation, and interdisciplinary research are
essential to preserve the archaeology of these unique
lakescapes, to fully realize their scientific potential, and
to ensure Carinthia’s integration into broader Europe-
an archaeological research agendas.
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