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Abstract
This paper addresses technological dynamics revealed through raw material analyses of Late Hallstatt (seventh–fifth centuries 
BCE) ceramics from the famous Heuneburg site (Herbertingen-Hundersingen, SW Germany). The study combines, for the 
first time, separate sets of thin-sections produced over the last 50 years in order to provide a comprehensive and consolidated 
characterisation of technological changes in ceramic production taking place at the site during the Hallstatt phases D1 to D3. 
It provides significant new insights into the relation between raw material procurement and preparation, on the one hand, 
and changes in ceramic typology and production methods, on the other hand (i.e. the introduction of the potter’s wheel). The 
results reveal a shift from a broad spectrum of fabrics tempered with grog, sand or crushed calcite in phase Hallstatt D1, to 
the increasing use of non-calcareous, grog or sand-tempered fabrics. The new wheel-turned pottery (appearing from phase 
Hallstatt D3) is exclusively produced using a non-calcareous clay, often tempered with fine sand, indicating a specialisation 
in raw material selection alongside the introduction of novel shaping techniques. Evidence of continuity between the fabrics 
used in phase Hallstatt D1 and the new wheel-turned pottery suggests craft specialists drew upon established technological 
knowledge to integrate the potter’s wheel. The adoption of the potter’s wheel was likely also stimulated by the increased 
demand for new vessels to accommodate the consumption of fermented drinks such as grape wine, fruit wine or beer.

Keywords Heuneburg · Pottery · Early Iron Age · Central Europe · Petrography · Innovation

Introduction

The Heuneburg is one of the earliest urban centres north of 
the Alps, representing a key site for the study of the Late 
Hallstatt period (Hallstatt D, ca. 620–450 BCE) in Central 
Europe (Fernández-Götz 2018; Fernández-Götz and Krausse 

2013). Extensive excavations at the site and its surroundings, 
commencing in the nineteenth century and continuing until 
today, have brought to light evidence for specialised produc-
tion, social inequalities, monumental architecture, planned 
settlement layout and contacts to the Greek and Etruscan 
worlds during the Hallstatt D period (Kimmig 1983; Krausse 
et al. 2015). At the height of its prosperity around the mid-
sixth century BCE, the Heuneburg agglomeration extended 
over an area of around 100 hectares, with an estimated popu-
lation of ca. 5000 inhabitants (Krausse et al. 2019) (Fig. 1).

Ceramics are an important class of archaeological infor-
mation to address questions surrounding trajectories towards 
specialisation and novel consumption practices in early 
urban societies. In Iron Age Central Europe and particularly 
among the so-called Fürstensitze or ‘princely seats’ (Krausse 
et al. 2016), ceramics are a key marker of such processes, as 
well as of increasing connectivity with the Mediterranean 
world. Such interactions are visible in the increasing pres-
ence of imported ceramics from settlements south of the 
Alps, as well as the changes in the style and technology of 
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locally produced pottery. An important technological change 
taking place is reflected by the increasing use of the potter’s 
wheels for the production of ceramics, which often have 
distinctive grooved decorations (referred to in the litera-
ture as geriefte Drehscheibenkeramik, cf. Dehn 1963; Lang 
1974; Hopert 1996). Wheel-made ceramics start appearing 
across southern Germany, Switzerland and central France 
from approximately the second half of the sixth century 
BCE, becoming ubiquitous by the end of the Late Hallstatt 
period and the Early La Tène period in the fifth century 
BCE (Balzer 2009; Augier et al. 2011; Tappert 2012; Kern 
et al. 2012).

This paper addresses how such technological changes 
in ceramic production took effect at the Heuneburg, uti-
lising mineralogical and technological observations from 
sequences of ceramic thin-sections made over the last 
50 years. Petrographic analyses can provide significant 
insights into diachronic changes in production strategies, 
and in particular the initial ‘steps’ in the chaîne operatoire 
(Leroi-Gourhan 1964; Dobres 1999): clay provenance and 
preparation. Such technological habits have been shown to 
encompass meaningful variation, significant for addressing 
the mechanisms along which traditional material knowledge 
is transmitted to future generations (Gosselain 1992; Wal-
laert-Pêtre 2001). Thus, by characterising raw material use 
alongside the spread of the potter’s wheel, which marks a 
fundamentally different technology from shaping pottery by 
hand, this study addresses the transmission processes under-
pinning the adoption of this ‘discontinuous’ innovation. In 
this sense, the paper considers how this technology formed 

part of broader socio-economic changes, apparent in set-
tlement layout, consumption practices and material culture 
styles (Fig. 2).

Geological characteristics of the Heuneburg and its 
surroundings

The Heuneburg is located on the northern bank of the 
Danube River in Southwest Germany (48°04′41″lat, 
09°24′43″lon). The Upper Danube region, in which the 
site is situated, is shaped by Jurassic limestone and marl 
and tertiary moraines (Dongus 1977; German 1989; Geyer 
et al. 2011). Moraine loam was selected for the production 
of mudbricks used in the Mediterranean-inspired mudbrick 
wall of phase Hallstatt D1 (Gersbach 1995, 35). The site and 
its immediate surroundings are situated upon sedimentary 
deposits like gravel, sand, silt and conglomerate. Immedi-
ately northwest of the site we find heterogeneous deposits of 
slate, sandstone and limestone with evaporites and marl. The 
nearest sources of metamorphic rocks are represented by a 
band of gneiss intrusions within this sedimentary landscape 
northwest of the site (Fig. 3).

Ceramic production at the Heuneburg: technology 
and style

The Heuneburg emerged as a centre for ceramic production 
during the Early Iron Age. The chronology considered in 
this article (spanning phases Hallstatt D1, ca. 620–540/530 
BCE; D2, 540/530–500 BCE; D3, 500–450 BCE) marks a 

Fig. 1  Recreation of the 
Heuneburg towards the end of 
Hallstatt D1: Hilltop plateau 
with Mediterranean-inspired 
mudbrick wall, lower town 
and part of the outer settle-
ment (after Krausse et al. 2016; 
design: Faber Courtial  © 
Landesamt für Denkmalpflege 
im RP Stuttgart)
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period of significant changes in ceramic production, begin-
ning with the centralised production of hand-made fine ware 
to the introduction of imported ceramics from the Mediter-
ranean region alongside the local production of wheel-made 
ceramics (Fig. 4).

Early Iron Age ceramic production in southwest Germany 
is marked by three highly decorative typological groups: 
(1) Alb-Hegau ware, (2) white ground red and grey painted 
ware (Weißgrundig-rot-graubemalte Keramik) and (3) red-
polished pottery with black painted decoration (Dämmer 
1978; Stegmaier 2021). Alb-Hegau ware, which first appears 
between ca. 800 and 620 BCE, has distinctive geometric 
incised, stamped or chip-carved decorations, which are filled 
with white paste made from burnt bone powder (Sauter and 
Rossmanith 1966; Burger 1985). Alb-Hegau ware was fur-
ther decorated with graphite and red paint, producing highly 
complex and diverse geometric motifs.

After 620/600 BCE, white ground red and grey painted 
ware appears. Such ceramics are no longer incised but 
instead contain dark grey and red painted decorations on a 
cream/white background. Motifs remain geometric and imi-
tate those also seen on Alb-Hegau pottery (Dämmer 1978). 
The transition between the production of Alb-Hegau ware 
and white ground pottery probably encompasses a shift from 
pottery production in individual specialist workshops, to a 
system of more centralised production, with the Heuneburg 
marking a central supplier of decorated ceramics for the 
wider region (Stegmaier 2021, 100).

By phase Hallstatt D2 (starting around 540/530 BCE), 
Alb-Hegau pottery is no longer produced, and the produc-
tion of white ground red and grey painted ware has started to 

dwindle. Instead, new ceramic forms appear. This includes 
red-polished vessels with black painted decorations, which are 
produced to a high standard with thin walls and decorations 
that imitate Mediterranean motifs (Stegmaier 2016, 90; 2021, 
103). The scale of production of such vessels never matches 
that of white ground red- and grey painted ware, suggesting 
that such vessels were luxury items (Stegmaier 2016, 90). 
Imported ceramics start to be introduced to the site under the 
influence of increasing trade links with the Mediterranean 
world, particularly with Greek colonies such as Massalia 
(Marseille). These imported ceramics include types like the 
oinochoe, krater and kylix, luxury fine wares associated with 
serving and drinking liquids like wine (Kimmig 2000).

From phase Hallstatt D3, we also find a new type of 
local vessel, which is produced with the help of the pot-
ter’s wheel. Such geriefte Drehscheibenkeramik (i.e. wheel-
turned pottery), often bowls, jugs or cups, is distinguished 
by several horizontal grooves running along the shoulder 
or neck of the vessels, as well as by a black or dark-grey 
coloured body. There is variation in the production pro-
cesses underpinning such vessels, with some being shaped 
by hand through coiling, with careful burnishing of the 
vessel body, while others being produced through coil-
ing, and then finishing the vessel on the wheel, or through 
wheel-throwing proper (Lang 1974, 3). At the Heuneburg, 
ceramics, alongside imported drinking paraphernalia from 
the Mediterranean region, were predominantly utilised for 
the consumption of fermented drinks such as wine and beer 
(Mötsch et al. 2019; Rageot et al. 2019). The appearance of 
wheel-made pottery reflects a dramatic shift in the standard 
repertoire of ceramics that was consumed at the Heuneburg 

Fig. 2  Fürstensitze north of the 
Alps and selected sites in Mediter-
ranean Europe (after Fernández-
Götz and Ralston 2017)
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and in the rest of West-Central Europe (Augier et al. 2011; 
Tappert 2012), with wheel-made pottery now corresponding 
to a break with older ceramic forms as well as the techno-
logical traditions that produced them. In this phase, we also 
see the appearance of omphaloi, which are bowls with a 
strongly concave base in the shape of a ‘navel’ or omphalos. 

Omphalos bowls, made of clay or metal, first appeared in 
the eastern Mediterranean region and Etruscan territories, 
where they were used in libation rituals (Cook 1968; Carol 
1978). Given their Mediterranean character, these vessels 
have been considered imports to the Heuneburg. Three frag-
ments of such bowls were included in the current sample.

Fig. 3  Geological map of the region around the Heuneburg (Federal Institute for Geosciences and Natural Resources (BGR), scale: 1:1.000.000)
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Current issues in understanding the spread 
of the potter’s wheel in Central Europe

The use of the potter’s wheel, and in particular the mas-
tery of Rotational Kinetic Energy (RKE) to throw ceram-
ics from a lump of clay, requires significant skill obtained 
through extended periods (up to ten years) of training and 
observation (Roux and Corbetta 1989; Roux 2019). The 
introduction of this technology tends to be characterised by 
discontinuities in levels of skill, but also often other aspects 
of the ceramic production process and even the individuals 
involved. The adoption of the potter’s wheel (whether for 
wheel-throwing or other shaping practices involving RKE) 
has thus been approached as a ‘discontinuous’ innovation, 
which, contrasting to continuous innovations, rapidly trans-
forms the ceramic production process (Roux 2010, 222).

Despite the significance of the shift to using potter’s 
wheels, in terms of the transformative nature of the motor 
skills and toolset needed, little is known about the origin 

and mechanisms of transmission underpinning the spread of 
this technology. Studies of wheel-turned ceramics from the 
Heuneburg point to links with the Mediterranean Region as 
the source of skills and knowledge relating to this innovation 
(Benoît 1965; Lang 1974). A Mediterranean link is suggested 
by typological similarities between locally made wheel-made 
pottery and Phocaean ceramics, related to products from the 
eponymous site in western Turkey and its western colonies 
such as Massalia in southern France. Nevertheless, the dark 
colour of the wheel-made ceramics and fine polished surfaces 
are instead more likely to reflect common features of Hallstatt 
ceramics (Benoît 1965). Other links are drawn with Etruscan 
ceramics from central Italy (Lang 1974). In a recent article, 
Nebelsick et al. (2022) explore the relations between the Gola-
secca culture and the area of the princely seats, considering 
Northern Italy as a key region for the transfer of Mediterra-
nean products and technologies towards the north.

Next to questions about the origins of the potter’s wheel, 
recent research focuses on the specifics of the transmission 
mechanisms underpinning its spread (Kern et al. 2012). Such 
work points out that extensive interactions and learning pro-
cesses underpin the adoption of complex innovations like 
the potter’s wheel, so that visual similarities with distant 
ceramics assemblages alone cannot explain the transmission 
of this technology. More specifically, Roux (2010) points out 
that social systems that facilitate technological skills trans-
fer relating to ‘discontinuous’ innovations like the potter’s 
wheel tend to be marked by specific characteristics. Firstly, 
the system within which such innovations are transmitted 
tends to be ‘fragile’, i.e. consisting of a small group of par-
ticipants only, in which the survival of skills is more precari-
ous than in larger, more ‘robust’ systems (Roux 2010, 228). 
Secondly, discontinuous innovations are generally actualised 
within ‘closed’ systems (i.e. systems in which participants 
do not exchange information with external actors). For 
example, the adoption of the potter’s wheel in the Iberian 
Peninsula, took place first within a close fragile system (i.e. 
Phoenician coastal colonies), before the skills were adopted 
and transmitted more widely across Iberia (e.g. de Groot 
and Bloxam 2022; de Groot 2021). In the regions north of 
the Alps, a similar situation can be observed, as the potter’s 
wheel was first used in the relatively restricted context of the 
so-called ‘princely seats’, after which the technology spread 
more broadly to lowland and eastern settlements (Tappert 
2012), thus suggesting a shift from transmission within a 
closed-fragile to an open-technological system.

A further consideration is the question of why this technol-
ogy was adopted. In explaining the adoption of the potter’s 
wheel in the Czech Republic, Thér et al. consider the differ-
ence between product versus process innovations (Thér et al. 
2017). By product innovation, the authors mean the selection 
of a set of performances achievable through a certain tech-
nique. In product innovation, the desire for the ‘product’ thus 

Fig. 4  Reconstruction drawings of vessels representing different 
ware groups found at the Heuneburg (1. Alb-Hegau ware, 2.3. White 
ground red and grey painted ware, 4.5. Red-polished vessels with 
black-painted decorations, 6.7. Geriefte Drehscheibenkeramik)
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drives the technological change process. Process innovation, 
on the other hand, is the situation in which performances of 
the manufacturing process are selected for (Thér et al. 2017, 
1259). Variation observed in the shaping methods to produce 
the new wheel-made drinking vessels (bowls and flasks) 
shows that the desire for the product was greater than the need 
to accurately copy the technological process. In this context, 
the potter’s wheel is interpreted as a product innovation (Thér 
et al. 2017, 1284). In order to understand the adoption of the 
potter’s wheel within settlements such as the Heuneburg, it 
is thus important to consider both technological variability 
underpinning wheel-made pottery production, as well as the 
specific functions that such pottery held within society.

Technological variation among early wheel‑turned 
pottery at the ‘princely seats’

Mineralogical analyses of Late Hallstatt period ceramics 
on so-called ‘princely’ settlements have been conducted 
since the 1980’s, including at sites such as the Breisacher 
Müsterberg (southwest Germany) (Balzer 2009), Mont 
Lassois (central France) (Kilka 1986; Ramseyer 1999; 
Balzer 2009, 2010), Châtillon-sur-Glâne (Switzerland) 
(Maggetti and Galetti 1980; Kilka 1986; Ramseyer 1999), 
the Üetliberg and Baarburg (Switzerland) (Béarat and 
Bauer 1994) and Bourges (central France) (Augier et al. 
2011; Augier 2012; Augier and Pauly 2014).

Petrographic analyses of ceramics from the Breisacher 
Münsterberg demonstrate that, from the Late Urnfield- to 
the Early La Tène periods, grog tempering was common 
in the production of both hand-made and wheel-made pot-
tery (Balzer 2009, 104–113; 2010). Within the wheel-made 
ceramics, Balzer (2009) finds the use of grog, although it is 
generally finer and less abundant than within the production 
of hand-made pottery. A comparative analysis of petrographic 
analyses of other sites with wheel-made pottery, including 
Mont Lassois and Merxheim, demonstrates that such ceramics 
generally contained abundant quartz, but also contained some 
grog temper (Balzer 2009, 134, Fig. 62). Sandy tempers for 
the production of wheel-made pottery were also mentioned for 
the Üetliberg and Baarburg, as well as Châtillon-sur-Glâne. 
In most places, the recipes used for the production of hand-
made pottery differ from that of wheel-made pottery, except 
in Bourges where a silicate-rich fabric was used throughout 
the La Tène period (Augier et al. 2011, 585).

Materials and methods

To provide insights into the technological procedures 
underpinning ceramic production at the Heuneburg during 
the Late Hallstatt period, an extensive analysis of ceramic 

thin sections from the phases D1 to D3 was conducted. 
Thin Section Ceramic Petrography (TSCP) was used to 
determine the mineralogical composition of ceramic fab-
rics and study technological features such as tempering 
and clay preparation strategies, shaping, surface treatment 
and heat treatment (Quinn 2013).

The technological analysis of ceramics from the Heuneburg 
using ceramic petrography has been attempted prior to this 
current study on several occasions. In light of a 1970’s study 
of painted wares from Hallstatt D1 phases at the Heuneburg, 
under the direction of Heinz-Werner Dämmer, a large number 
of thin sections were made from ceramic fragments and ves-
sels excavated between 1950 and 1973 (Dämmer 1978). A 
publication on these thin sections, announced in the 1978 vol-
ume (Dämmer 1978, 80), never appears to have materialised. 
Fifty-one of the thin sections produced, boxed-up and safely 
stored in the Landesamt für Denkmalpflege in Esslingen, were 
reanalysed by the first author of the current article. The sam-
ples could in most cases be matched to typological charac-
teristics and archaeological context, owing to their excellent 
study and publication in the 1970’s. As a result, it transpired 
that thin-sections corresponded to white ground red and grey 
painted ware, Alb-Hegau ware, red-polished and black painted 
ware and characteristic Kegelhals vessels, which are found 
across the northern foothills of the Alps and southern Central 
Europe (see Supplementary Information).

A second batch of thin-sections was prepared in the 
context of a study of Late Hallstatt ceramics by Helga 
van den Boom (1989) and Daniela Fořt-Linksfeiler 
(1989). These 24 thin sections of ceramics from diverse 
contexts and types were analysed and published by Mag-
getti (1989). Maggetti distinguished four main fabric 
groups (types 1–4), subdividing into a total of nine varia-
tions within these groups. The main distinguishing factor 
between these main groups is the matrix, being composed 
of calcareous or non-calcareous clay in different varieties 
of density and abundance of inclusions in fine fraction. 
Diachronic and typological observations were unfortu-
nately not taken into consideration in his study.

An additional petrographic examination of a sample of 
21 ceramics was conducted in light of the BEFIM study of 
pottery residues by a team from Leiden University, under 
the direction of Professor Annelou van Gijn (van Gijn 
et al. 2019, 2020). BEFIM: ‘Bedeutungen und Funktionen 
mediterraner Importe im früheisenzeitlichen Mitteleuropa’ 
was a collaborative research project directed by Professor 
Philipp Stockhammer, Professor Dirk Krausse, Thomas 
Hoppe M.A. and Professor Cynthianne Spiteri and running 
between 2015 and 2018, focused on understanding the 
meanings and functions of imported Mediterranean ves-
sels in Early Iron Age Central Europe (Stockhammer 2019; 
Rageot et al. 2019) (https:// www. befim. gwi. uni- muenc hen. 
de/). Van Gijn and colleagues developed an experimental 

https://www.befim.gwi.uni-muenchen.de/
https://www.befim.gwi.uni-muenchen.de/
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methodology to reconstruct vessel biographies for a range of 
coarse and fine ware vessels from phases Hallstatt D1-D3, 
revealing aspects of production and technology, shaping and 
considering vessel functions through use-wear analyses (van 
Gijn and Verbaas 2020). Petrographic analysis revealed four 
main groups including a muscovite rich group, a quartzite 
enriched group, a carbonate-limestone group and a mixed 
sedimentary and carbonate group (Braekmans and Jacobs 
2020). This study also encompassed SEM–EDS analyses 
and a study of use-wear on the samples.

The current article combines, for the first time, all the 
aforementioned petrographic samples in order to create a full 
diachronic understanding of the development of the mineral-
ogical composition, technological features such as tempering 
and clay preparation strategies, shaping, surface treatment and 
heat treatment of ceramics from Hallstatt periods D1-D3 at the 
Heuneburg. In addition to these earlier studies that are now 
integrated, 15 new thin-sections were made from phases D1 
and D3. The aim of this was to address with specificity the 
question of how the fabrics of hand-made and wheel-made 
ceramics differ, to consider the trajectories of adoption and 
potential abandonment of early technical skills corresponding 
to the appearance of the innovation of the potter’s wheel in 
the Heuneburg region. In the selection of wheel-made vessels, 
our study was reliant on the sampling strategies of previous 
studies and current regulations regarding the use of destructive 
sampling methods. We were thus able to include a sample of 
nine wheel-made vessels, deriving from a single occupation 
phase (Hallstatt D3) and corresponding to a highly standard-
ised ceramic type (geriefte Drehscheibenkeramik).

Thin sections of this latter group were prepared in the 
finds processing and thin section laboratory of the School 
of History, Classics and Archaeology of the University of 
Edinburgh. The analysis of all 111 samples were conducted 
by the first author using a GX polarising light microscope. 
Ceramic fabrics were recorded and separated into fabric 
groups based on mineralogical and structural variations uti-
lising a description system proposed by Whitbread (1989, 
1995) and modified by Quinn (2013). Microphotographs 
were made using a Leica MC170 HD polarising micro-
scope and camera. Fabric descriptions and microphoto-
graphs are shown in the Supplementary Information.

Results

Summary of fabric groups

Building and expanding on Maggetti’s (1989) system, five 
fabric groups were distinguished and further divided into 
fourteen subgroups (Tables 1 and 2, Fig. 5). Main groups 
were distinguished by the specifics of the matrix, being 
composed of either calcareous clay with fine silicate and 

mica inclusions (type 1), fine calcareous fabric (type 2), 
non-calcareous clay with fine mica (type 3), fine non-cal-
careous clay (type 4) and a metamorphic (gneiss) fabric 
(type 5). The main modification to Maggetti’s grouping 
was the decision to make a separate fabric group for the 
gneiss-rich ceramic (type 5), which includes clays and 
temper deriving from a metamorphic source, contrasting 
with the other fabrics, which are more likely to derive 
from sedimentary sources and are very distinct from type 
5.

Within these main groups, subdivisions were made 
based on the inclusions in coarse fraction, which in most 
cases appear to have been added as temper. Most promi-
nent is the use of grog temper, appearing in subgroups 1, 
2a, 2d, 2e, 3a, 4b and 4c. Grog, which is made of fired 
and crushed pottery sherds, could be clearly distinguished 
in the samples due to the sharp boundaries and angular 
character of the fragments and their general prolate shape. 
The sorting and nature of the inclusions in the grog fabric 
often differ from the fabric of the host vessel and in some 
cases the inclusions are aligned parallel to the fragment’s 
margin. Clay pellets and argillaceous rock fragments also 
appear in some samples, either alongside grog or other 
types of temper. Clay pellets with amorphous or rounded 
shape and fine inclusions appear rarely alongside grog or 
mineral temper suggesting that clays were generally well-
kneaded and purified prior to tempering (Holmqvist 2022).

Grog was utilised in the production of ceramics made of 
clay from both calcareous and non-calcareous origin, sug-
gesting that the choice of clay and temper were not fixed 
to a set recipe; clay sources and choices of temper appear 
to have been utilised interchangeably. Further variations 
within the grog-tempered groups occur with additional tem-
pers (e.g. crushed calcite, shells). Sand tempered fabrics (2c 
and 4d) represent a final notable sub-group, in which well-
sorted silicate inclusions (including quartz and feldspar) 
were added to either calcareous or non-calcareous clays. 
Silicate inclusions are well-sorted and of similar size. We 
consider that these fabrics are sand-tempered because the 
inclusions in the matrix have a bimodal grain size distribu-
tion, which is uncommon in nature, and because the matrix 
is generally very fine, often excluding inclusions of a similar 
nature as the minerals in coarse fraction.

The presence of graphite-decorated Alb-Hegau ware indi-
cates that the Heuneburg potters had excellent control over the 
firing process. In oxidising conditions, graphite applied to the 
surface of vessels quickly burns off after temperatures reach 
700° C. Graphite-decorated pottery thus requires a sustained 
reducing atmosphere as temperature rises (Amicone et al. 
2020). The alteration of calcite in fabrics 2a, 2b and 2d sug-
gests that firing temperatures were approaching at least 750° C 
and therefore that potters were able to create a suitable atmos-
phere to retain the graphite decoration. Firing procedures for 
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the production of white ground red and grey painted ware will 
have been different, requiring oxidising temperatures. Thus, 
potters were able to move between different technological 
procedures with the production of different types of vessels. 
Further archaeometric research is necessary to provide a more 
precise estimation of the dynamics between firing procedures 
and the specifics of the surface treatments used in the produc-
tion of different vessel types.

Regarding the provenance of the raw materials, the results 
conform to the expectation that they were sourced locally. 
Calcareous as well as non-calcareous clays are present in the 
geology of the site’s immediate surroundings. Temper materi-
als such as mixed sand can be found deposited along the banks 
of the Danube River, while the use of grog as a source of tem-
per is equally a raw material that is easy to obtain locally. The 
only fabric that might point to a distant source is the gneiss 
fabric (type 5). While isolated gneiss fragments present in 
some of the samples could have been part of the mixed river-
ine deposits next to the Heuneburg, the abundance of gneiss 
and homogeneity of the matrix in fabric 5 (containing indi-
vidual minerals we expect within clays forming upon gneiss 
geology) suggests that this fabric might have been imported 

from a distant region. The closest gneiss geology is located at 
a distance of about 80 km west of the Heuneburg.

Chronological observations

Most of the analysed samples could be traced back to their 
chronological context, at either site-level or the broader 
chronological groupings of Hallstatt D1–D3. The trajectory 
of change in the Heuneburg ceramic production between 
Hallstatt phases D1, D2 and D3 is significant because 
ceramic production underwent a substantial transforma-
tion, from the production of hand-made painted and pattern 
burnished ware to the use of imported fine ware and local 
production of wheel-made ceramics. This shift is reflected 
in our sample set, which includes Alb-Hegau ware, white 
ground red and grey painted pottery, red polished dark-
painted pottery, wheel-turned wares and omphaloi.

Within the dataset there are 46 samples that date to phase 
Hallstatt D1, 12 samples that date to phase Hallstatt D2, 23 
samples that date to phase Hallstatt D3 and 30 samples for 
which a precise chronology could not be established (see 
Supplementary Information). Figure 6A shows the distribu-
tion of fabric types through the different Hallstatt phases at 

Table 1  Fabric groups and sub-groups of ceramic samples, expanding the analyses by Maggetti (1989)

Magetti types Subtypes Description Samples Sum

Type 1 Calcareous matrix with abundant fine inclusions 
(coarse calcite and grog)

M231, 2587, 2794 3

Type 2 2a Dense calcareous matrix with calcite (limestone) and 
grog

B66, F146, F148, L13, M59, M210, S71, S90, S148, 
S308, Q217, Q156, T362, 2004–12-1607

14

2b Dense calcareous matrix with calcite (limestone) O114, E153, Q162, 3044, 111,X535, L14, M8, 68, 
D44

10

2c Calcareous matrix with well-sorted silicate inclusions 
(sand temper)

L23, O86, M285, Q258, A28, M198, E237, Q203, 
Q240, T241, W396, C89

12

2d.1 Very dense calcareous matrix with calcite and grog F64, S427, T33, T484, 72, B61, D58, Q198, M168, 
Q285, D123, K14, 70, B62, A39, E285, S285

17

2d.2 Calcareous matrix with evaporites, quartz and fine 
mica

2004–12-3178 1

2e Dense calcareous matrix with calcite, grog and shells B67, B63 2
Type 3 3a Silicate matrix with fine inclusions with grog temper 93, M230, 2004–12-3189, 2004–12-2991, 2004–12-

1605
5

3b Silicate matrix with fine inclusions R35, 2004–12-210 2
Type 4 4a Dense silicate matrix with calcite E248, Q291 2

4b Dense silicate matrix with calcite and grog 25, 79, M111, O35, Q185, R269, 2875, 2004–12-
3176, 2004–12-3168, 2665, 3179, 2004–12-501, 
2004–12-1606

13

4c Dense silicate matrix with grog M258, M274, T350, J218, Q82, 2894, M26, J28, 
2004–12-3176, E280, 58/H5, 56/F227, 56/F237, M4, 
2004–12-799

15

4d Silicate matrix with well-sorted silicate inclusions 
(sand temper)

94, D37, U334, S19, S64, M59-J43, Z84, Z59-Z60, 
1550, 2004–12-2891, 2008–46-1607, 2004–12-1175, 
54/D44—61/L13, K4

14

Type 5 Muscovite-rich fabric (gneiss fragments) N15 1
Total 111
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the Heuneburg. The yellow/sand coloured bars on the graph 
reflect fabric groups with a calcareous base clay (fabric 
groups 1 and 2). Fabrics made from non-calcareous clays 
are represented in blue (fabric groups 3–5). The figure dem-
onstrates that calcareous and non-calcareous fabric groups 
are represented in all phases. Furthermore, fabrics contain-
ing grog temper (fabrics 1, 2a, 2d, 3a, 4b and 4c) appear in 
all phases suggesting that grog tempering was a prominent 
technological choice at the Heuneburg throughout the Late 
Hallstatt period. A significant trend, however, can be distin-
guished, which is that calcareous clay fabrics, common in 
Hallstatt D1, decline in number throughout the phases, while 
non-calcareous fabrics are more frequently represented in 
phase Hallstatt D3 compared to calcareous fabrics. Fig-
ure 6B shows that the shift to the use of non-calcareous clay 
is correlated with two processes. The production of white 
ground red and grey painted ware (WGRP) is prevalent in 
Hallstatt D1 and corresponds mainly to calcareous clay fab-
rics (fabric group 2). Five samples within the Hallstatt D1 
dataset are classified as Alb-Hegau ware (A–H), and all of 
the samples are made from a different fabric, being either 

calcareous or non-calcareous. Red polished black painted 
ware (RPBP) is generally made from fabric 2d (very dense 
calcareous matrix with calcite and grog), except for in phase 
Hallstatt D2, where a sample is made from non-calcareous 
clay (4b). Thus, the hand-made fine ware, which character-
ises ceramic production in phase Hallstatt D1 at the Heu-
neburg, is predominantly made from calcareous clays, with 
different mixtures of temper (using grog, crushed calcite or 
mixed silicate inclusions).

One possible anomaly in the sample is a single Alb-Hegau 
sherd found in a context belonging to phase Hallstatt D2. 
Alb-Hegau ceramics are no longer produced in this phase, so 
this particular sherd might be an intrusion from a lower level.

Wheel-turned pottery (DSK) is often made from non-
calcareous clay with silicate temper (fabric 4d). The 
quartz, quartzite and feldspar temper used is generally fine 
(mode = 0.2 mm), well-sorted and dominant in coarse frac-
tion. The added tempers in coarse fraction are on average 
smaller than the grog and calcite tempered fabrics common 
across the other pottery types, and it is likely that this dif-
ference corresponds to the different production methods 

Fig. 5  Microphotographs of 
main fabric groups distin-
guished within the sample. (1) 
Calcareous matrix with abun-
dant fine inclusions (the brown 
inclusion depicted is a clay 
pellet); (2a) dense calcareous 
matrix with calcite and grog; 
(2b) dense calcareous matrix 
with calcite; (2c) calcareous 
matrix with sand temper; (2d) 
very dense calcareous matrix 
with calcite and grog; (3a) sili-
cate matrix with fine inclusions 
and grog; (3b) silicate matrix 
with fine inclusions; (4a) dense 
silicate matrix with calcite; (4b) 
dense silicate matrix with cal-
cite and grog; (4c) dense silicate 
matrix with grog; (4d) silicate 
matrix with sand temper; (5) 
muscovite gneiss fabric
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utilised in the category of wheel-made pottery. The com-
bination of using non-calcareous clay and sand temper is 
significant.

The use of smaller tempers is common in the produc-
tion of wheel-made pottery because smaller tempers do not 
abrade the potter’s hands in the process of wheel-throwing or 
wheel-shaping using RKE to the same extent as larger tem-
pers would. Similarly, finer tempers will not cause marring 
or tearing of the wall surface during the throwing process 
(Sinopoli 1991; Rice 2015).

Non-calcareous clays are generally more malleable than 
clays with calcite, which could be suitable during the wheel-
throwing process. Non-calcareous clays also respond dif-
ferently to heat treatment, sintering at higher temperatures 
and thus avoiding the spalling and lime popping common 
in highly fired calcareous ceramics. Thus, it could be that, 
in combination with different firing treatments and the 

introduction of RKE in the shaping process, the choice of 
a non-calcareous fabric (4d) with fine temper was preferred 
over the use of calcareous tempers common in the produc-
tion of hand-made fine ware. That being said, calcareous 
clays were the material of choice for wheel-thrown vessels 
in other parts of Europe and the Mediterranean during the 
Iron Age, for example in the context of Phoenician ceramic 
production in Spain and the Levant (de Groot 2021). The 
choice of clay thus primarily reflects the knowledge, expe-
rience and preference of the potter rather than its specific 
functional advantages alone.

Fabric 4d was already used for the production of hand-
made pottery in phase Hallstatt D1, so it is likely that potters 
selected the fabric that was considered most suitable from a 
range of available options. A driver for this selection could 
be to avoid largely angular (and thus sharp) grains when 

Fig. 6  Stratification and chronological distribution of fabric and 
ceramic types. A Sum of samples of different fabrics in each site-
phase. B Sum of samples of different fabrics in each site-phase, 
labelled by ceramic type. A–H Alb-Hegau ware; DSK: wheel-turned 

pottery; handmade: hand-made fine ware; RPBP: red-polished black 
painted ware; unknown; WGRP: white ground red and grey painted 
ware
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working with RKE, thus favouring more fine-grained fabrics 
to improve handling workability.

A final observation is that the three sherds identified as 
omphalos bowls are made of non-calcareous fabrics consist-
ent with other samples in phase Hallstatt D3 (fabric 4c and 
3b). It is thus likely that such bowls were produced locally 
rather than imported to the site. The highly polished, dark 
surfaces of such vessels also resemble that of the wheel-
made ceramics produced in this phase, suggesting that there 
was significant overlap in the technological procedures used 
to treat the surfaces of omphaloi and wheel-made pottery in 
this phase.

Discussion

Clay and temper recipes changed during the Late Hallstatt 
period at the Heuneburg alongside the development of new 
ceramic types, most notably the uptake of the potter’s wheel 
for producing dark-burnished and grooved cups, jars and 
bowls in phase Hallstatt D3. Hand-made fine ware from 
phase Hallstatt D1 was produced according to complex 
decoration practices and firing treatments but the fabrics uti-
lised to produce such ceramics varied; white ground red and 
grey painted ware seems to have been made exclusively from 
calcareous clays whilst potters selected various fabrics for 
producing Alb-Hegau ware. With the integration of the pot-
ter’s wheel, non-calcareous fabrics became more frequent, in 
particular fabric 4d, which was exclusively used for the pro-
duction of wheel-turned pottery in phase Hallstatt D3. Thus, 
our results confirm that the diachronic changes observed in 
the ceramic repertoire of the Late Hallstatt period are also 
reflected in the use of ceramic clay and temper.

Compared with observations from other important settle-
ments in West-Central Europe, these observations broadly 
align. Like at other major central places in this region, 
wheel-made pottery at the Heuneburg was made from clays 
with silicate inclusions, of finer dimensions than within 
hand-made pottery. Grog tempering is common at other 
settlements such as Breisach Münsterberg, where this type 
of temper not only appears in hand-made pottery, but also 
in wheel-made pottery alongside fine silicate inclusions. 
Our analysis did not find evidence for grog tempering in 
wheel-made pottery pointing to variation in the recipes uti-
lised for the production of wheel-made ceramics across the 
‘princely seats’ region. Such contemporary variation in the 
fabrics used for the production of early wheel-made pottery 
in Central Europe might be significant, as it could point to 
differences in transmission trajectories and/or local inno-
vations within the ceramic production process during the 
introduction of the potter’s wheel.

The adoption of the potter’s wheel: An endogenous 
or exogenous process?

Ongoing archaeological and anthropological studies have 
demonstrated that the adoption of motor skills and tech-
nological knowledge relating to the use of the potter’s 
wheel can take many years to perfect, suggesting that 
direct learning through instruction by an expert teacher 
is needed (Roux and Corbetta 1989; Roux and Courty 
1998; Roux 2003, 2019). The spread of the potter’s wheel 
tends to be marked by technological ‘discontinuities’ with 
respect to other forms of ceramic production, in which 
all elements of the chaîne opératoire change alongside 
the introduction of the new shaping methods. Because 
the chaîne opératoire marks meaningful technological 
variation, which is specific to the social groups employ-
ing such techniques (Leroi-Gourhan 1964), it is some-
times postulated that the clean break between one chaîne 
opératoire and the next corresponds to a change in the 
composition of the crafting community of a given society 
(Roux 2019). This could be the case in Iron Age northern 
Spain, where the introduction of the potter’s wheel coin-
cided with the spread of a new clay recipe using only fine 
silicate tempers and non-calcareous clays (de Groot et al. 
2023). Thus, for northern Spain, it has been considered 
likely that the spread of the potter’s wheel (alongside the 
double chambered kiln) took place through an exogenous 
process, in which potters bringing such innovations oper-
ated largely in isolation from earlier and ongoing hand-
shaping traditions.

For Central Europe, a similar line of interpretation has 
been posed by Nebelsick et al. (2022). Despite the local 
character of the raw materials utilised in the production of 
geriefte Drehscheibenkeramik, their style and decoration 
could be seen as evidence of itinerant potters, most likely 
linked to the northern Italian Golasecca culture. However, 
in light of the continuity between the fabrics used for the 
production of hand-made pottery in Hallstatt D1 and wheel-
made ceramics from Hallstatt D3, revealed by the current 
study, we consider that a different scenario could also be 
possible for the Heuneburg. Although wheel-made pottery 
was produced using a set fabric (4d), this fabric was not 
new within the Heuneburg; it already appears in phase Hall-
statt D1 for the production of hand-made fine ware. This 
suggests some degree of continuity in the production of 
ceramics alongside the introduction of the potter’s wheel, 
potentially reflecting continuity within an ongoing lineage 
of craft specialists. We thus consider that the adoption of this 
technology formed part of an endogenous process, in which 
local potters integrated the potter’s wheel into an existing 
chaîne opératoire.
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Specialisation, demand and innovation

In order to explain the mechanisms underpinning the adop-
tion of the potter’s wheel at the Heuneburg, we can consider 
here the difference between robust-open and fragile-closed 
technological systems proposed by Roux (2010). For the 
Heuneburg region, it is likely that pottery production was 
carried out by a relatively small group of experts, operating 
within a closed system in which skills were not broadly trans-
mitted from the Hallstatt C period onwards (Dämmer 1978; 
Kimmig 1983; Gersbach 1995; Stegmaier 2021). The reason 
for this suggestion is that pottery types like Alb-Hegau and 
white ground red and grey painted ware were produced at the 
Heuneburg, and for local and regional demand. This would 
indicate that a group of craft specialists operated locally at 
the site and probably closely controlled the transmission of 
technological skills for producing such pottery types.

Despite the probably relatively small group of individu-
als partaking in the production of ceramics, it is likely that 
the system in which they operated was fairly robust, because 
the demand for hand-made fine ware vessels produced at the 
Heuneburg appears to have been widespread and continuous 
throughout Hallstatt D. The organisation of specialised pro-
duction may thus be characterised by ‘individual’ rather than 
‘attached’ specialisation (Brumfiel and Earle 1987; Roux and 
Corbetta 1989; Costin 1991). Individual specialisation occurs 
when potters specialise in the production of specific vessel 
types for unspecified demand, while attached specialisation 
appears when production is directed to and facilitated by a 
patron (Brumfiel and Earle 1987, 5). Attached specialisa-
tion can be considered particularly fragile, because when the 
governing patron (or members of the elite) disappears, spe-
cific demand would also disappear (Baldi and Roux 2016). 
In the case of the Heuneburg, there is no evidence to support 
a scenario in which pottery was only produced for the elites 
(i.e. ceramics appear not exclusively in elite graves, but also 
in domestic contexts, and were thus probably consumed by 
all members of society). Thus, instead of a ‘fragile’ attached 
form of specialisation, it is more likely that the technological 
system was fairly robust, responding to demand from a broad 
population within and outside the Heuneburg.

It is likely that this demand for ceramics is connected to eating 
and drinking habits, a relationship that has been studied through 
Organic Residue Analysis (ORA). Within the sample analysed 
in the context of the present study, 11 samples from Hallstatt D1 
have ORA results, obtained in the context of the aforementioned 
BEFIM project (Stockhammer and Fries-Knolbach 2019). Three 
samples correspond to hand-made fine ware from the lower town; 
one contains beeswax, bacterial fermentation product and bark 
tar, while the other two contain dairy lipids, plant wax and millet. 
Hand-made fine ware samples from the outer settlement contain 
bacterial fermentation product, animal fat and plant wax, while 
samples from the hilltop plateau contain dairy lipids, beeswax, 

plant wax and millet. One sample of white ground red and grey 
painted ware from the hilltop plateau contains animal fat, bees-
wax and plant wax.

The results are consistent with the observations published in 
Rageot et al. (2019), which consider that beeswax is common 
in drinking vessels from sixth century BCE phases at the Heu-
neburg. Beehive products were probably used to make alco-
holic beverages such as mead or to sweeten wine, which was 
already imported and regularly consumed by phase Hallstatt 
D1. Wine mixtures could reflect the adoption of Mediterra-
nean-style libation practices, in which the combination wine-
honey-milk is a common recipe for such rituals (Nebelsick 
2020; Nebelsick and Metzner-Nebelsick 2023). Mixed residues 
of plant waxes, dairy, animal lipids and millet are common, 
indicating some vessels were reused for different food prepa-
ration and consumption practices. Millet, dairy and beehive 
products are the most dominant residues from the plateau, 
while beeswax and bacterial fermentation products are more 
prevalent in the outer settlement, suggesting that this location 
was important for the consumption of fermented beverages.

From the later phases, only one fragment within the ana-
lysed dataset has produced residue evidence. This pertains 
to a wheel-made bottle containing fruit product, probably 
from grape wine and pine tar. This sample is representative 
of the wider trend obtained through residue analyses, that 
grape wine products appear almost exclusively in wheel-
made pottery and imported Mediterranean drinking vessels 
from phase Hallstatt D3 (Mötsch et al. 2019; Rageot et al. 
2019). Notably, fermented beverages including wine were 
already consumed in the previous phases, indicating that the 
trade in such products precedes the adoption of the potter’s 
wheel and introduction of imported Attic pottery.

The demand for new types of pottery, including imported 
Attic ware and wheel-made ceramics thus developed along-
side the growing connectivity with settlements in the Medi-
terranean Region and the popularity of the consumption of 
fermented beverages, most likely in combination with new 
feasting practices. Residue analyses that have been conducted 
in light of the BEFIM project point out that wine drinking 
preceded the adoption of wheel-made pottery and might thus 
have been a stimulus for the import of Mediterranean style 
drinking vessels and the local production of wheel-made fine-
ware (Rageot et al. 2019). Technological transformations in the 
production of ceramics at the Heuneburg might thus have been 
at least partially ‘driven by drink’ (sensu Dietler 1990), with a 
potentially widespread uptake of such new consumption prac-
tices by urbanising populations across southern France as well 
as the area of the ‘princely seats’. This supports the view of 
Thér et al. (2017), that the spread of the potter’s wheel could be 
a product innovation, where wheel-made drinking and serving 
vessels were sought after, while the specific process to produce 
these was a lesser driver of this innovation.
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Conclusion

This article demonstrates the value of revisiting and combining 
separate datasets of thin-sections to develop a more complete 
understanding of pottery production at so-called Late Hallstatt 
‘princely seats’ like the Heuneburg. The study has been par-
ticularly informative for diachronic trajectories of technologi-
cal change taking place alongside the adoption of the potter’s 
wheel, offering new perspectives on questions surrounding the 
transmission of technological skills, processes of labour spe-
cialisation and the impact of novel consumption practices on 
ceramic technology. The continued production of hand-made 
fine ware in Hallstatt D3, as well as the evidence for continuity 
in raw material selection demonstrated in this paper, indicates 
that this innovation was integrated into—rather than replac-
ing—ongoing social and technological practices.

A topic that can be further explored relates to the routes 
via which new skills arrived at the Heuneburg (e.g. via other 
‘princely seats’, through trans-Alpine links with the Etrus-
cans or indirectly through the Phocaean colonies along the 
French Mediterranean coast). A more extensive compara-
tive analysis of clay recipes alongside refined chronological 
analyses, integrating sites in, for example, the Golasecca 
region of Northern Italy (as suggested by Nebelsick et al. 
2022), could be useful in exploring such links more fully. 
In this context, our study offers an important starting point 
for future comparative analyses, as well as providing novel 
insights into the organisation of production at the dawn of 
urbanism in Central Europe.
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