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Abstract

This study of white pottery from the Merovingian and Carolingian periods traces the use of white clay resources in the Middle
Meuse valley at the beginning of the Middle Ages. The petrographic study of 56 sherds, the chemical analysis of 40 samples, and
XRD study of 12 of them coming from 4 sites reach the changes of the process between the two time periods, characterize the
production of three Carolingian workshops, and consider the material supply in the mechanism of potters’ settlement. It appears
that, between the Antiquity and the Modern period, the white kaolinitic material has always been exploited. The main technical
changes between the Merovingian and the Carolingian periods are related to the specific selection of these clays that allow to
produce white pottery and cooking wares with few inclusions. The Carolingian workshops used the material available in their
environment that can be differentiated by chemistry and mineralogy. Finally, it appears that the selection of this particular type of
clay also oriented the choice of the place where the potters settled or at least the longevity of some of the workshops.

Keywords Ceramic - Early Middle Ages - Sustainability of resources - Kaolinitic clay - Technical changes

Introduction

At the collapse of the Western Roman Empire, from end of the
fifth century, the political and economic center was redirected
north, and the Meuse and Rhine rivers became the focal axis of
Europe, especially with the rise of the Carolingians, around the
middle of the eighth century. From that period, as reflected by the
multiplication of written documents, the power of the nobility
increased so much that the elites reorganized the rural world,
namely through the development of the bipartite manorial com-
plexes (Verhulst 2002). Socio-economic changes took place also
due to the growing supremacy of Christianity which intensified
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the abbey and churches’ foundations (Lebecq 2000). In addition,
the Emporia, ports of trade on the coasts of the North Sea, was
closely related to the rise of the Carolingian fiscal system (Tys
and Loveluck 2006). These sites had a clear commercial orien-
tation as shown by the numerous traces of craft activities
(Henning 2007). At the same time, the production traces disap-
peared from the Merovingian agglomerations (Theuws 2007).
Henning’s work (2007), through a systematic analysis of the
archeological evidence for crafts and manufacturing in the
Frankish Empire, gathers evidence of artisanal production over
five centuries and concludes that the Carolingian period reached
a high point in the creation of non-urban crafts.

Agence wallonne du Patrimoine, 1 rue des Brigades d’Irlandes,
5100 Namur, Belgium

Integrative Research Center, The Field Museum, 1400 S. Lake Shore,
Chicago, IL 60605, USA

Geology, Liege University, 14 allée du six aott, 4000 Li¢ge, Belgium

6 Geology, KU Leuven, Celestijnenlaan 200E, box 2408,
3001 Leuven, Belgium

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12520-020-01103-4&domain=pdf
https://doi.org/10.1007/s12520-020-01103-4
mailto:line.vanwersch@uliege.be

150  Page 2 of 23

Archaeol Anthropol Sci (2020) 12:150

Regarding potters’ activities in the Mosan valley, it appears
that during the Merovingian period, especially in the sixth and
seventh centuries, these craftsmen were settled in agglomera-
tions such as in Maastricht, Huy, and Namur (Van Wersch
2016). After that period, they left no traces of their activities
in these localities which leads to wonder: “Where is the 8™
century?” (Theuws 2007). Then, from at least the middle of
the tenth century until the first known Andenne’s productions
during the middle of the eleventh century, ceramics was most-
ly produced in the rural environment where these activities
were part of the economy of settlements, at the origin of pres-
ent villages (Vanmechelen 2007).

Looking at the pottery, it is noticeable that this change in
the potters’ settlement strategy goes hand in hand with chang-
es in the produced wares. Merovingian ceramic, largely wheel
thrown, corresponds mainly to cooking pots and vessels used
for the consumption of beverages and food. The first are
coarse ovoid pots and the second are fine biconical dark pots
or red carinated bowls (Siegmund 1998, Legoux et al. 2010,
Van Wersch 2011). These forms display different morpholog-
ical variations. With the Carolingian period, the red and dark
wares were replaced by white, cream, or pinkish products. The
morphological repertory shrank from multiple forms to main-
ly globular pots and to some carinated bowls (Gross 1991;
Chatelet 2002; de Longueville 2008; Challe et al. 2014).
Painted ceramic also reappears from that time and glazing that
disappeared with Roman ceramics was reintroduced
(Verhaeghe 1968, 1969; Hurst 1969; Chatelet 2002). If the
Merovingian pottery seemed diffused from various work-
shops on a regional scale (Chatelet 2002; Van Wersch
2011), during the Carolingian period, in France, as in the
Rhineland, a more centralized production was organized.
Their products were spread over greater distances, such as
the wares of Bardorf (Rhineland) distributed up to
Scandinavia (Verhaeghe 2003).

Pottery was an everyday product and few reasons could
explain the need for the elite to exert tight control over it
(Costin 2000). Still, between the Merovingian and the
Carolingian period, the rapid transition to white, cream, or
pinkish wares in quite a large territory leads M. Chatelet
(2002) to assert that the decision to centralize the workshops
was taken by the political power. According to her, aristocrats
were the only ones able to stop and replace the previous pro-
duction system. In our point of view, next to the role of the
elite, other factors could have been responsible for these trans-
formations in the organization of the production. The raw
material supply is certainly an aspect to consider. The cream
wares required particular types of clays (Borremans and
Warginaire 1966; de Longueville and Plumier 2007) and this
certainly influenced the location of the potters’ workshops.

In Belgium, on its middle course, the Meuse river is
surrounded by the Hesbaye plains in the North and the
Condroz hills in the South. Although the Hesbaye has rich
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agricultural land, the Condroz holds many geological re-
sources, among which clays of various qualities. Looking at
the location of the potters’ workshops (Fig. 1), clay can come
from two main sources. The alluvial clays are available in the
Meuse valley as well as on the courses of smaller rivers. In
these deposits, clays are mixed with silt, sand, and gravel
(Goemaere 2017). Next to these, in horizontal deposits and
karstic cavities, lies a white kaolinitic clay called “derle”
(Goemaere 2017). The written sources proved that the quality
of this plastic earth has been recognized since the late Middle
Ages and, in the seventeenth century, it was exported as raw
material on an international scale (Goemaere and Quinif
2010). Archeological pottery shows that this type of material
was used by Roman potters (Rekk et al. 2014; Hanut and
Vanmechelen 2017). It was then exploited systematically
from the eleventh century for the “Andenne ceramic” that
was exported on large scale (Borremans and Warginaire
1966). Between these periods, it is not clear if this white clay
was used.

After antiquity, potters’ workshops are attested in the re-
gion. Situated near the river, the Merovingian workshops of
Huy and Maastricht exploited mainly local resources and al-
luvial clay of the Meuse valley. A mix of alluvial and kaolin-
itic clays is also assumed for some of the sherds of Huy (Van
Wersch et al. 2015). Next to these, in Namur, pottery kilns
were recently discovered (Vanmechelen 2007; Vanmechelen
et al. 2007; Vanmechelen and de Longueville 2007a;
Vanmechelen 2013; de Longueville and Vanmechelen 2017,
Vanmechelen et al. 2018; Bosquet et al. 2018). In these pro-
duction places, as in most of the consumption sites,
Merovingian ceramic was gray to black, or red. However, in
Ohey, a site identified as a Merovingian settlement from the
seventh century, a special type of white pottery, was found.
Predominant in the material, it has a white and fine paste and a
white or dark surface. It probably comes from a workshop
situated in the vicinity. These particular Merovingian white
products might be related to the Carolingians white, cream,
or pinkish pottery produced particularly in Haillot, Gérin, and
Visé. The potters might have used the same material and/or
related techniques.

Aims

This paper aims to evaluate the sustainability of white clay
resources in the Mosan region over nearly five centuries, at the
very beginning of the medieval period. Next to the morpho-
logical modifications of the wares, the clay preparation and
the transformations of this process will be assessed. Then, the
Carolingian productions from the Meuse valley will be char-
acterized in order to allow further comparisons with other
consumption sites. Finally, considering the possibilities for
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Fig. 1 Map locating the region
studied and location of the sites
studied in the Middle Meuse
region (present-day Belgium)
(maps from geoportail.wallonie
and F. Theuws)

100 km
—

A
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material supply, this paper will discuss the mechanisms of
craft organization and its settlement process.

Sites and material

Ohey In the Belgian Condroz (Fig. 1) (50° 27" 44" N, 5° 12’
or” E),1 situated in the valley of a small river, a dark organic
layer containing ceramic sherds, flints fragments, burned cob,
and charcoal was excavated on 10 m?. Even if no particular
structure or building was discovered, this site corresponds to
the waster area of a living place (Vrielynck and Dosogne
2001).

One thousand six hundred thirty-six sherds were discov-
ered in this layer, among them 180 were rims. No shape was
complete but the upper parts of the wares can be recognized to
be ovoid pots, carinated and hemispheric bowls, or biconical
pots, some of these decorated with rouletting. If some sherds
were red or gray, 49% of them (83 rims) had a whitish and
very fine clay matrix containing quartz and some iron oxides.

! The sites coordinates are calculated from: https://twee.fr/.

The quantity of inclusions and their size vary according to the
type of wares. The paste of the vessel with a smooth surface is
finer than one of the cooking pots with a rough surface. For
both types, their outer color can be white or dark because of a
smoked layer (Figs. 2 and 3a and b). From a typological point
of view, the forms were dated from the middle of the sixth to
the seventh century (Van Wersch and Vrielynck 2008).

Haillot In Belgium, Haillot is situated at about 5 km away
from the Merovingian site of Ohey (Fig. 1) (50° 26" 21" N,
5° 08’ 49" E). Pottery kilns have been found in the area cor-
responding to the western part of a large settlement established
during the tenth century (Vanmechelen 2007; Vanmechelen
and de Longueville 2007, b; de Longueville 2015). It holds
about ten housing units, each with the main building (over
100 m? with both housing and stalling), many annex struc-
tures, and a few domestic ovens. The western area includes a
house with several small wooden buildings around it. Seven
pottery kilns, most of which overlap, are located in the imme-
diate proximity of this construction. All of them are kilns with
a central pillar and lateral heating channels. Their sizes are
similar (total L, 2.53 to 3.46 m; 1, 1.02 to 1.56 m) and their
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Fig. 2 Summary of the ceramic forms by site

walls were frequently recoated with a highly fired layer of
clay. Many pits have been excavated, one of which still
contained several pieces of raw clay. The discovery of an
eighth kiln, 170 m to the east, within a parceled settlement,
clearly shows that ceramic production was not the prerogative
of one single workshop. The pottery kilns have been dated by
typological studies and archeomagnetic analysis from the
tenth to the eleventh centuries (Vanmechelen and de
Longueville 2007b).

The accurate quantification of the material found is
not completed yet but several thousands of sherds have
been brought to light. The typological inventory, al-
though partial, is largely dominated by globular pots,
with flat or slightly lenticular bases, sometimes with flat
handles and/or tubular spout. The open forms are essen-
tially represented by the bowls with high and marked
careen and with lips of various forms. Several decora-
tion types exist, sometimes associated with the same
vessel: lead glaze, iron paint, rouletting, applied strips,
or bosses. After firing, the matrix is usually whitish and
contains quartz and rare iron oxides. (Figs. 2 and 3c
and d).

Visé In current Belgium, Visé is located at the fringe of the
lower-Meuse valley and present-day Netherlands (Fig. 1) (50°
43"41" N, 5° 41' 39" E); this settlement seems to have grown
from the second half of the ninth century. Written sources
attested a seasonal trade fair that existed since the beginning
of the tenth century (Zoller 1974). Archeologists discovered
an overfired red layer forming a slightly oval shape (about 1 m
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of diameter) and identified it as a very eroded pottery kiln (de
Longueville 2009).

One thousand three hundred sixty-nine cracked, deformed,
or overfired sherds were deposited in this structure, among
which 135 are coming from rims. Most of the wares are glob-
ular pots with lenticular bases. The other forms are scarce as
the globular pots with symmetrical flat handles, with or with-
out spout. The spouts do not present a sealing bead on the
internal surface which is particular to this site. There are also
a few bowls and one bottle. The vast majority of the pottery
has not received any surface treatment. Only a few fragments
have been decorated with lines of ferruginous paint. Another
characteristic of the production of Visé is the use of clay with
fine to very coarse inclusions of quartz (transparent and milky)
and red or black grains. Thin yellow lenses may also be pres-
ent in the clay matrix which colors vary from white to orange
and gray if the sherds are overfired. Typological comparisons
suggest that this material can be dated around the middle of
the tenth century (de Longueville 2009). (Figs. 2 and 3¢ and f).

Gérin In Condroz, in the South of Namur, and on the western
side of the Meuse river (50° 14" 40" N, 4° 49’ 03" E), Gérin is
located (Fig. 1); the location is known for the exploitation of
its plastic clays until the last century. A medieval waste pit
was discovered there (de Longueville and Verbeek 2010). Its
blackish filling was loaded with charcoal and fired clay nod-
ules that can be assimilated to fragments of kiln’s walls.
Three hundred eighty-four ceramic sherds coming from
production wastes were discovered among which 64 different
rims. The typological study reveals a predominance of
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Fig.3 Macroscopic view. a and b
Sherds from Ohey. ¢ and d Sherds
from Haillot. e and f Sherds from
Visé. g and h Sherds from Gérin

globular pots with flat or slightly lenticular bases. These pots
may have a tubular spout which is inserted through the inside
of the vessel as it is always done in this region. Some bowls
were also part of the assemblage. The upper part of the glob-
ular pots is frequently decorated with rouletting (geometric
pattern), the main decorative element on the ceramics of this
site. The quality of printing is always rather mediocre: erased,
misaligned, or superimposed patterns in the range of triangles
and lozenge bands. Only one sherd is decorated with a pin
forming vertical wavy lines. The fine matrix clays are white,
pinkish to light orange, or light gray (depending on the firing
atmosphere) with medium size quartz and some iron oxides.
Typological comparisons suggest a dating during the second
half of the tenth century (de Longueville and Verbeek 2010)
(Figs. 2 and 3g and h).

Samples

From the Merovingian site of Ohey, 10 white sherds were
selected for petrography. Four were fine wares and 6 coarse
wares among which 2 had a smoked surface. Five of them
were analyzed by LA-ICP-MS and 3 were then analyzed by
XRD.

Nineteen sherds from the Carolingian production site of
Haillot were turned into thin sections, as well as one fragment
coming from the wall of a kiln. All of them were chemically
characterized. A piece of raw clay coming from the pit de-
scribed above was also analyzed by LA-ICP-MS. The pottery
sherds come from the different kilns of Haillot and they have
different forms and macroscopic characteristics. Three pot-
sherds have been analyzed by XDR.

@ Springer
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From Visé, production place of the Carolingian period, 15
sherds were selected for petrographical studies. For this par-
ticular site, we tried to choose different firing levels from
poorly fired white sherds to overfired dark gray discard.
Seven of them were then analyzed by LA-ICP-MS. Three
sherds were analyzed by XRD. Here, also according to the
macroscopic observations, we selected sherds with different
degrees of firing.

Eleven samples from the Carolingian production site of
Gérin were turned into thin sections, among which 3 light
oranges, 1 light gray, and 5 whitish ones. Two kilns fragments
were also chosen for analyses. For the chemical exams, we
kept the 5 whitish sherds and the 2 kilns fragments. Three
potsherds were then selected for XRD analyses.

Methods

As summarized by Fowler et al. (2019), petrographic and
chemical analysis of pottery does not have to be opposed as
analytical methods. They can rather complement each other in
order to improve the comprehension of the materials and tech-
niques. Petrography concerns the clay matrix and its non-
plastic inclusions, both the ones occurring naturally in the clay
and possible temper added. Petrography allows us to charac-
terize the material from different sites by identifying the in-
clusions, their size, morphology, and distribution in the clay
(Quinn 2013). This allows comparison in order to assess if the
potters had the same supply or resources and used similar
techniques. Chemical analyses characterize the material and
eventually show if a particular treatment was performed on the
clay (Fowler et al. 2019). In this paper, the main aim is to give
social meaning to geochemical data (Arnold 2000, 2006) by
understanding how early medieval artisans selected and used
the resources at their disposal in the Mosan region and by
retracing changes of practices and knowledge over a half-
century.

Fifty-six sherds were made into thin sections. As much as
possible, the samples have been taken on identifiable forms
(rims or sherds related to rims) that can be linked to the
typochronologies. The petrographic analyses were made on
a Leica polarized light petrographic microscope at the division
of Geology of the KU Leuven. Quantifications were done by
image analyses with the imagJ 64 program.

In order to further characterize the clay samples, elemental
analyses were performed on 40 sherds at the Field Museum in
Chicago (Table 1 and Table 2 in Supplementary Material).
Not only the suitability of LA-ICP-MS for the analysis of
ceramic is well established now (e.g., Dussubieux et al.
2007; Golitko and Dussubieux 2016) but also other
Andenne productions were analyzed at the Field Museum
with the same method. In the same laboratory, Goemaere also
analyzed raw clays from several clay mines of the Mosan
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region. These analyses are not published yet but our aim is
to use the very same method in order to have more accurate
comparisons of the clay on a longer time scale. In the near
future and thanks to the work of Goemaere, this will allow to
retrace the clay supply and pottery traditions in the long term.

Chemical analyses were carried out at the Elemental
Analysis Facility at The Field Museum with a Thermo
ICAP-Q ICP-MS connected to a New Wave UP213 laser for
direct introduction of solid samples. The protocol was adapted
from Dussubieux et al. (2007). The parameters of the ICP-MS
are optimized to ensure a stable signal with a maximum inten-
sity over the full range of masses of the elements and to min-
imize oxides and double ionized species formation (XO*/X*
and X**/X* <1 to 2%). For that purpose, the flow of argon,
the radiofrequency power, the torch position, the lenses, the
mirror, and the detector voltages are adjusted using an auto-
optimization procedure. No sample preparation is required.
Fresh cuts were available for all the sherds and any surface
contamination or diagenesis of the sample was eliminated by a
pre-ablation of ~20 s.

For better sensitivity, helium is used as the gas carrier in the
laser. Laser ablation choice parameters not only influence the
sensitivity of the method and the reproducibility of the mea-
surements but also the amount of damage to the sample. To
determine elements with concentrations in the range of parts
per million while leaving surface traces invisible to the naked
eye, we use the single-point analysis mode with a laser beam
diameter of 100 wm, operating at 80% of the laser energy
(0.2 mJ) and at a pulse frequency of 20 Hz. A pre-ablation
time of 20 s is set in order, first, to eliminate the transient part
of the signal and, second, to be sure that possible surface
contamination does not affect the results of the analysis. For
each ceramic sample, the average of 10 measurements of 57
elements, corrected from the blank, was considered for the
calculation of concentrations (Table 1 and Table 2 in
Supplementary Material). “Abnormal” measurements,
resulting in high relative standard deviations that could result
from the ablation of temper grains or from any other hetero-
geneity in the ceramic fabric under the sample surface are
eliminated before calculations. Any contribution from the
temper that may subsist will appear in the composition caus-
ing a dilution effect of the clay composition that can be
corrected using a dilution correction (Harbottle 1976;
Mommsen 2007). The relatively large number of measure-
ments ensures that a representative volume of material is sam-
pled despite the heterogeneity of the ceramic paste.

To improve the reproducibility of measurements, the use of
an internal standard is required to correct possible instrumen-
tal drifts or changes in the ablation efficiency. The element
chosen as internal standard must be present in relatively high
concentration, so its measurement is as accurate as possible.
To obtain absolute concentrations for the analyzed elements,
the concentration of the internal standard must be known. To
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calculate the concentration of the internal standard and of the
other elements in the samples, the calculation method
described by Gratuze (1999) is used. This approach assumes
that the sum of the oxide concentrations of the major elements,
including the internal standard, is equal to 100% of the con-
stituents in the samples. The isotope 2°Si was used for internal
standardization.

Fully quantitative analyses are possible by using external
standards. To prevent matrix effects, the composition of stan-
dards must be as close as possible to that of the samples. Two
different standards manufactured by The National Institute for
Standards and Technology are used to measure major, minor,
and trace elements. SRM 610 is a soda—lime—silica glass
doped with trace elements in the range of 500 ppm (SRM
610). Certified values are available for a very limited number
of elements. Concentrations from Pearce et al. (1997) are used
for the other elements. SRM 679 is a clay used for a limited
number of major and minor elements.

Many different techniques have been used in order to de-
fine the firing temperature, in particular, XRD analyses
allowing to deduce a range of temperatures thanks to the pres-
ence and absence of some minerals (Tite 2008; Rasmussen
et al. 2012). However, the sherds found on the production
places correspond often to waster deposits. They could have
been discarded because they were overfired or not well fired.
So, from these, the interpretation of the analytical results and
the determination of the firing temperature has to be careful. In
order to have an accurate comprehension of the mastery of the
firing process, analyses on raw material as on the large quan-
tity of sherds should be done. These first results have to be
taken with cautious, but they will give us an idea of the range
of temperature reached the different kilns. In regard to our
initial questions, they will be an additional characteristic to
differentiate the Carolingian workshops and they will help
us to consider the potential technical changes between the
Carolingian and Merovingian periods.

Twelve of the analyzed samples were submitted to XRD
analyses at the Department of Geology at Liege University.
They were selected according to their chemical composition
and their degree of firing determined by macroscopic obser-
vations. Kiln’s walls were avoided as well as the sherds chem-
ically different. In Visé, as these could be discriminated by
macroscopic observations, sherds with different degrees of
firing where selected.

The sherds of few milligrams were crushed in an agate
mortar. The power held both the clay matrix and the inclu-
sions. The powders were deposited without additional prepa-
ration on a zero background silicon sample holder. The holder
has been inserted in a Bruker D8 ECO diffractometer, using
the CuK,, radiation (\ = 1.5418 A). The radiation was filtered
with a Ni filter, in order to completely remove the Kg contri-
bution. An angle between 2 and 70° 2 theta was scanned, with
a step of 0.02° and a counting time of 1 s per step.

The X-ray powder diffraction patterns were first interpreted
using the EVA 3.2 software of Bruker (version 2014). This
software allowed to identify the phases, by comparison with
the ICDD database, version PDF-2 (Figs. 11, 12, 13, and 14).
Then, the powder patterns were analyzed using the TOPAS
4.2 software of Bruker (version 2014), which allows a quan-
tification of the mineral phases (see Table 4 in the
Supplementary Material). The quantification procedure is
based on the Rietveld method, which models the powder pat-
terns starting from the crystal structure of the different phases.
The errors on the final proportions are estimated around 5%.
Still, the amorphous phase could not be exactly quantified.

Results
Petrography

All samples from Ohey are made from the same clay that is
beige to light gray. The thin sections can be subdivided into
two clusters. The first set has a very homogeneous clay matrix
(Fig. 4a and b). The inclusions are mono-crystalline quartz
grains, mica flakes, and iron oxides. Some dark clay nodules
can also be seen. They represent less than 10% of the surface
of the thin sections. There are two different classes of inclu-
sions: one small (under 63 pm) and one that can be called
medium (up to 200 wm). The smallest class is the majority.
The inclusions are sub-angular and homogeneously distribut-
ed in the matrix.

The second group has a coarser paste (Fig. 4c and d). The
clay matrix is quite thin and beige in color. The inclusions are
quartz, mica flakes, and clay nodules as well as rocks frag-
ments: chert, sandstone, and quartzite grains. They represent
10 to 15% of the matrix. The inclusions can be divided into
three classes: small, medium, and large (200—1 mm). If the
small and medium inclusions are quartz grains, iron oxides,
and dark nodules of clay, the large elements are of more varied
nature and include the rock fragments (chert, sandstone, and
quartzite grains). The small inclusions are the most abundant.
The medium and the large particles are sub-angular to sub-
rounded. Their distribution in the clay matrix is not
homogeneous.

In the samples from Haillot, the clay matrix is quite
close to the one of Ohey. The nature of the inclusions is
also quite similar: quartz grains, iron oxides, mica flakes,
quartzite, and chert grains (Fig. 4e and f). Still, from the
present sampling, no group can be separated and all the
samples have close characteristics. The inclusions repre-
sent about 14 to 20% of the surface of the thin sections.
They can be divided into two groups according to their
size. The smallest (5 pm—about 70 um) are sub-angular
to rounded and are homogeneously distributed. The largest
(100-300 pum) are more heterogeneous and their quantity

@ Springer
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Fig. 4 Micrographs of the
potsherds. a Ohey 19, xpl, first
group, fine clay matrix with small
inclusions of quartz (Qz), mica
flakes (Mi), iron oxides (Ir). b
Ohey 19, ppl, first group, clay
nodule (Cl), quartz (Qz),
elongated and oriented voids
(Vd). ¢ Ohey 5, xpl, second
group, fine clay matrix with small
medium and large inclusions of
quartz (Qz), iron oxide (Ir), and
quartzite (Q). d Ohey 5, ppl,
second group, quartz (Qz), and
small oriented voids (Vd). e
Haillot 6, xpl, fine clay, quartz
(Qz), and iron oxides (Ir). f
Haillot 6, ppl, quartz (Qz), iron
oxide (Ir), elongated and oriented
voids (Vd). g Gérin 1, xpl, fine
clay matrix with small and
medium inclusions of quartz (Qz),
iron oxides (Ir), and quartzites
(Q). h Gérin 1, ppl, quartz (Qz),
iron oxides (Ir), large, elongated
and oriented voids (Vd). i Visé
35, xpl, clay matrix with
numerous small inclusions of
quartz (Qz), iron oxides (Ir),
medium inclusions of quartz (Qz).
j Visé 35, ppl, quartz (Qz), dark
nodules, elongated and oriented

voids (Vd)

varies according to the sherd. Based on the aspect of the Between Gérin and Haillot, the petrographic differences
clay that seems more fused, Haillot 3 and 11 were probably  are small. The clay matrix and the inclusions appear to be
fired at a higher degree than the other samples. similar but the samples from Gérin are slightly more variable.
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The potsherds are made of a beige to gray clay matrix
(Fig. 4g and h). The clay contains quartz grains and iron
oxides. Mica flakes are quite rare. Quartzite and chert
grains are also identified. The inclusions represent be-
tween 13 and 20% of the surface. The inclusions can be
divided into two categories. The first (5-50 pum) corre-
sponds to quartz, iron oxides, and mica. They are sub-
angular to rounded and their distribution is more or less
homogeneous. The second category, quartz, quartzite, and
chert, is larger (about 70-500 wm). They have an angular
to rounded morphology and a more heterogeneous distri-
bution. The quantity of the second category varies accord-
ing to the sample. The only exception is Gérin 7 that
contains clearly less inclusions (around 10% of the sur-
face) and where the largest inclusions are scarce.

The clay of the samples from Visé appears brownish to
gray. It contains mainly quartz inclusions. Mica flakes, iron
oxides, and rocks fragments—quartzite, siltite, chert, sand-
stone, and micritic limestone—are also present. In some
sherds (Visé 17, 18, 19, 38, 39, 46, and 48) dark rounded
nodules could not be clearly identified. According to the im-
age analyses of the particles, the inclusions represent between
11 and 22% of the total surface of the thin section (Fig. 4i and
j)- They can be divided into two classes according to their size.
The small ones, less than 150 um (long), are the most abun-
dant and their distribution in the clay matrix is homogeneous.
They correspond mainly to quartz grains, mica flakes, and iron
oxides that are rounded to sub-rounded. The large inclusions
between 150 and 500 pum in size are quartz, iron oxides,
quartzite, sandstone, micritic limestone, and chert grains.
They are heterogeneously distributed and angular to sub-
rounded.

Three samples are coming from kilns. The clay matrix
of the sample Gérin 14 is very different from the pot-
sherds of this site. It is brownish and it contains a high
quantity of small quartz, about 9% of the surface of the
thin section (Fig. 5a and b). Some iron oxides can be
distinguished but they remain limited in quantity. Most
of the inclusions are between 10 and 50 um long. They
are angular to sub-rounded and their distribution in the
matrix is homogeneous. Also coming from a kiln, the
sample Gérin 15 is made of a finer clay matrix containing
less small quartz (8% of the total area) (Fig. Sc and d). It
is quite close to the pottery samples and the distribution
of the largest inclusions is not homogeneous. Gérin 14
and 15 are very different from each other. They are either
from different parts of the kiln, from different construc-
tion phases, or from different structures. Haillot 5 is very
close to the samples made of potsherds from the same site
(Fig. 5e and f). It has the same clay matrix and identical
inclusions, but the largest inclusions have a more hetero-
geneous distribution than in the pottery.

Chemical analyses

The results of the chemical analyses presented in Table 1 cor-
respond to a mean of 10 punctual measurements of the clay
matrix. They confirm some of the distinctions observed in
petrography. Among the samples coming from the four sites,
the principal component analysis including all the elements
shows three groups (Fig. 6). A cluster contains the samples
from Visé that are totally different from those of Haillot and
Ohey constituting another group. The samples from Gérin plot
in between. However, Gérin 7 is closer to the samples of
Haillot and Gérin 14 to those of Visé. This distinction is con-
firmed by a principal component analysis based only on the
rare earth elements (REE) (Fig. 7) showing that Gérin 7 and
Gérin 14 are closer to the samples of Haillot. In this graph, the
sample Haillot 26 is also distinguished from the other samples
from the same site. Excluding the REE and the mobile ele-
ments in sedimentary context (Na, Mg, P, K, Si, Ca, Mn, Rb,
Sr, Ba) from the analyses, the samples from each site are
gathered (Fig. 8). Still, the same samples, Gérin 7 and Gérin
14, appear to be distant from the group of Gérin. The group of
Visé is clearly different from the other samples.

The samples from Visé contain more silica and less alumi-
num than the other ceramic sherds. They are also clearly richer
in calcium, copper, and REE (Table 1). The distinctions made
in the set of samples are due to the type of material used by the
potters. The one from Visé probably contains less kaolinitic
clay. The higher calcium content could be explained by the
numerous limestone deposit in the environs which can be seen
on the geological map (Forir 1896). Micritic limestone was
also observed in the samples. Even if the Cu content is higher
in Visé (Fig. 9) (min. 120 ppm for the samples of Visé versus
20 ppm for the other samples), it stays at a relatively low
content, not abnormal for clays. Its variation also illustrates
the use of different raw materials.

The sherds from Gérin are close to those of Haillot and
Ohey. Their alumina content is 1 or 2% lower (Fig. 10) and
their proportion in REE is slightly higher than in Haillot and
Ohey even if it stays under the one of Vis¢. The sherds from
Gérin especially differ by a slightly higher iron, cobalt, nickel,
and zinc contents (Fig. 9). These elements are also present in
clay deposits in trace amounts in iron oxides/hydroxides and
in non-clay, non-quartz minerals. The contents reported here
are not unusual with respect to what could be considered
background values for sedimentary clay beds (Degryse and
Braekmans 2014).

Finally, the sherds of Haillot and Ohey are almost identical.
The Al content is quite higher than in the other samples while
the Fe or K are lower. Their clay matrix certainly contained
more kaolinitic material. The only distinction that can be made
between Haillot and Ohey is their titanium content that is
higher in the samples of Ohey (Fig. 10). Titanium dioxide
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Fig. 5 Micrographs of the kilns
fragments. a Gérin 14, xpl, clay
matrix with numerous small
inclusions of quartz (Qz), and iron
oxides (Ir). b Gérin 14, ppl, quartz
(Qz), and large voids (Vd),
without orientation. ¢ Gérin 15,
xpl, fine clay matrix with small
and medium inclusions of quartz
(Qz), iron oxides (Ir), and
quartzites (Q). d Gérin 15, ppl,
quartz (Qz), iron oxides (Ir), small
and oriented voids (Vd). e Haillot
5, xpl, fine clay matrix with quartz
(Qz), rock fragment (R), and iron
oxides (Ir). f Haillot 5, ppl, quartz
(Qz), rock fragment (R) iron ox-
ides (Ir), large voids (Vd)

might be present in kaolinite between 0.2 and 2.5% (Weaver
1976). In the cluster of Ohey, it is the only significant differ-
ence and no other element is distinctive from the sherds of
Haillot. The cause of the difference between the samples of
Haillot and Ohey remains unclear.

Among the whole samples, some sherds appear to be dif-
ferent. From macroscopic observations, Visé 38 seems to be
the most highly fired sherd of this site. Its paste is the darkest
and hardest. It is also completely deformed. From a chemical
point of view, it has high K, Rb, and Ba values. For samples
made of the same clay and baked at different temperatures, the
concentrations of these elements do not vary (Cogswell et al.
1996). Still, for Visé 38, the time spent in the kiln by the sherd
has to be considered. The increase in K, Rb, and Ba might be
due to contamination by the fuel used. Gérin 14 corresponds
to a kiln fragment. It has a high content of Na, Mg, Mn, Fe,
Zn, and Pb and the use of earth from the “upper levels”, the
use of soil, can be assumed, at least regarding the higher Na,
Mg, Mn, and Fe concentrations (Weil and Brady 2016). As
shown by the principal component analyses, Gérin 7 also ap-
pears quite different from the set of the samples from the same
site because it has a lower content in REE and it is clearly

@ Springer

higher in Ba. This sherd is also the only one painted in the set
of Gérin and appears quite white. As seen in the thin sections,
it might be made from a different material.

XRD analyses

Quartz, muscovite 2M1, rutile, anatase, gehlenite, mullite, or-
thoclase, hercynite, and cristobalite have been identified by
XRD analyses (Fig. 11, 12, 13, and 14). It appeared that the
percentage of the amorphous phase cannot be accurately eval-
uated. By consequence, the different minerals cannot be quan-
tified with enough precision. Still, quartz is always the most
abundant in every sample. Kaolinite is not attested and hema-
tite is either absent or in too low quantity to be detected. Lime
is detected in so low proportions that it is not worth to be
considered.

The sherds from Gérin can be distinguished by the pres-
ence of gehlenite that is absent from the other samples
(Fig. 11). These sherds also have rutile. Muscovite is identi-
fied in Gérin 2 and Gérin 3 has mullite.

Mullite is also present in all the samples from Ohey
(Fig. 12) and Haillot (Fig. 13). Out of Haillot 28, they
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Table 1 (continued)

Bi Th

Ta W Pb

Tm Yb Lu Hf

Gd Tb Dy Ho Er

Ba La Ce Pr Nd Sm Eu
15
20
28

Sb Cs
1.4

Y Zr Nb Mo Ag In Sn

21 43
1.1
0.8

N° sample
Ohey 08

40

7.1

04 29 05

07 29 05 37 08 25

08 3.1

3
4
5
7
7
9
7
7
7
8

4
7
8

21 37
59
69
80

203
205

35 02 02
0.1

275
217

15
15
10
12

13

50

3
3
2
2
2
2
3
2
2

2
3

6.2
53

05 36 08 24 04 27 04

39 0.1

39
41

20

21

Ohey 16

4
13

11

0.7

35
55
59
77
72
57
69
73

25 04
32 05

3.0 05

0.3

1.0 36 06 3.6 08 23

1.7 64
1.6 64

24 89

43
43

197
17 235
19 213
18 246

0.1

26 0.1
43

192

Ohey 19

29 0.0

14 36 05
1.3 34 05

6.1

1.1

34
33
44

10
10
13

2.1

3
3
3
3
4
3
3

22 03 0.1
22

116
105
1030 26

36

Visé 16

0.0

1

3.0
15.7

1.0 57

81

43

2.5

04 0.1

33

34
51

Visé 25
Visé 34
Visé 35
Visé 38

18

11

0.0
0.1

15 88 20 54 08 55 09

1.1

103
91

2.8 56

0.1

26 05

12
14
10
11

2
2

3.7
49

33 05
33 06
32 05

14 38 05
1.3 35

6.3

1.7 64

37
39
36

12
12

11

11 274 51

1.6
22 20 511

2.5

0.1

48 04

47 03

23

130

165
96

39
36

9
13
15

0.0

0.5

1.8 54 09 57

99

51

0.1

26

2.8 0.0

14 36 05
1.6 4.1

1.1 64

1.8 6.5
20 74

48 89

17 219
19 229

0.1

34 03
53

21

Visé 46
Vis¢ 48

0.0

3.8

1.2 71 06 38 06

90 12 40

50

2.4

0.1

0.4

115 23

40

also have anatase. Rutile is absent from the sherds of
Haillot but it is attested in the samples from Ohey. In
this set, Ohey 19 is distinguished by a high content of
muscovite that is also present in Haillot 28 and 29 but
in lower proportions. The sherd Haillot 27 has ortho-
clase but in low quantity.

In the three samples from Visé, Visé 35 is clearly different
(Fig. 14). It is the only sample of this set with no mullite and it
has a quite high proportion of muscovite. Next to mullite and
rutile, Visé 46 and 48 contain hercynite and cristobalite.

Discussion

If the petrographic variations are mainly due to the initial ma-
terial used and its treatment (Arnold 1985; Tite 1999), the ele-
ments affecting the chemical variability of pottery can be due to
the clay deposit chosen to supply the production; to the clay
processing or the technique used to prepare and fire the clay; to
the use of the ware and the matters that it contained; and finally,
to its burials conditions (Arnold et al. 1991; Cogswell et al.
1996; Neff et al. 1988; Neff et al. 1989; Rye 1976; Stoltman
et al. 2005; Fowler et al. 2019). The XRD results are due to
several factors among which the composition of the raw clay
and its inclusions, its crystal structure, the grain sizes involved,
and the thermal treatment (Brackmans and Degryse 2016).

Clay supply and processing

Back to the topic at hand, the selection of the raw material is
the first subject to be discussed. Here, the point is not to iden-
tify the exact provenance of the clay and the deposit that might
have been used. Tracing it appears to be quite complicated and
could be the subject of further researches (de Longueville and
Challe 2016). In this paper, we would rather focus on the
supply scheme of the artisans and see how it varied through
time. Regarding procurement strategies, five different potters’
behaviors are distinguished (Bishop et al. 1982):

—  Potters who use many clays and show no preference for a
particular one (non-discriminating strategy).

—  Potters who prefer on a single source of clay for all the
vessel types they made (discriminating strategy).

—  Potters who use two or several sources for different types
of pottery (specializing strategy).

— Potters who mix clay from different sources
(compounding strategy).

—  Potters who use clay from distant sources (importing
strategy).

Clay deposits are attested around the sites concerned by

this study (Goemaere 2017; Goemaere and Quinif 2010).
The inclusions identified by petrography are also all attested
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Fig. 6 Principal component
analysis with all samples
regarding all the elements
obtained by chemistry
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Fig. 8 Principal component
analysis with all samples
excluding rare earth elements and
mobile elements obtained by
chemistry
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in the region. Potters used close types of clay in Ohey, Haillot,
and Gérin but the deposits were different as shown by the
variations of chemical results and the crystalline materials.
Thus, it seems improbable that the materials were imported
over long distances and the potters certainly used the plastic
earth available locally.

300 +

HGERIN @ HAILLOT & OHEY A VISE

Looking at the sherds, it seems obvious that the
Carolingian potters wanted a white or cream paste with inclu-
sions of a certain size. For the three productions, no major
difference in clay material used in each workshop was ob-
served with petrography. Looking at the chemical composi-
tions, outside the particular sherds mentioned above, the

Fig. 9 Bivariate plots Cu versus
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Fig. 10 Bivariate plots Ti versus 12000
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results are quite homogeneous for each production. The vari-
ability is probably caused by minor chemical variations in clay
deposits, rather than by a real change in the supply strategy.
Therefore, we can infer that Carolingian potters of each work-
shop had one preferred source of material for all the produc-
tion and that they applied a discriminating strategy. The pot-
ters selected a whitish material with certain properties and they
could identify it in their environment.

Regarding the Merovingian potters who made the white
pottery found in Ohey, the differences observed with petrog-
raphy are directly related to the type of pottery: the cooking
pots have a paste with bigger inclusions while the beakers and
bowls have a paste with smaller inclusions. The whole set
being chemically very homogeneous, it is likely one single
clay was selected and then prepared in order to obtain the

Fig. 11 Diffractograms of the
samples from Gérin (y = counts
square roots). The PDF reference
corresponds to the powder
diffraction file in the ICDD
database
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required texture. On the other hand, the white pottery was
quite rare during the Merovingian period. On several sherds
found in Ohey, the surface was gray or brown because the
potters wanted to obtain dark products that were common
for the period. A white surface mainly occurs in cooking pots.
The site of Ohey and its region are surrounded by kaolinitic
clay deposits (Goemaere 2017; Goemaere and Quinif 2010)
and the potters most probably used the material that they had
at their disposal. The plastic earth was not used for its quality
and it was not specifically selected for its color. So, the potters
furnishing the site of Ohey likely took the clay resources
available most nearby, as in the other Merovingian workshops
(Van Wersch et al. 2015). By consequence, these artisans
seem to have a non-discriminating strategy and they adapt
the techniques to the products they wanted to obtain.
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Fig. 12 Diffractograms of the
samples from Ohey (y = counts
square roots). The PDF reference
corresponds to the powder
diffraction file in the ICDD
database
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Once the clay is extracted, it has to be processed. Between
Merovingian and Carolingian periods, a first technical differ-
ence can be seen in the homogenization process. Due to the
heterogeneous distributions of the large inclusions in
Merovingian pottery, the homogenization of the clay matrix
was probably basic. In comparison, the distribution of the
non-plastic inclusions in the clay matrix of the Carolingian
pottery is more homogeneous and this is probably due to a
more careful mixing of the material meant for pottery making.
Indeed, in the thin section made from the kilns remains, espe-
cially sample Haillot 5, the distribution of the second class of
inclusions is more heterogeneous than in the potsherd, proba-
bly because this was less important for the kiln’s properties
than for the pottery.

Regarding the size of the inclusions, the Merovingian pot-
ters made two different types of paste: one corresponding to

Fig. 13 Diffractograms of the
samples from Haillot (y = counts
square roots). The PDF reference
corresponds to the powder
diffraction file in the ICDD
database
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the cooking pots with a clay matrix containing three different
sizes of inclusions and the second corresponding to the vessels
with a clay matrix containing only two sizes of inclusions and
avoiding the big ones. These craftsmen used the same raw
clay for the two types of paste, as proven for other regions
(Chatelet et al. 2005; Van Wersch et al. 2015). In the
Carolingian pottery, small differences can be seen but they
are not linked to the shape of the wares and, globally, at this
stage, all the sherds can be classified in one group. The
Carolingian paste is coarser than the fine Merovingian paste
used for the vessel but it is finer than the coarse paste of the
cooking pots. One of the reasons explaining this change might
be that the potters realized that the kaolinitic clay could sup-
port the temperatures and mechanic shocks linked to the use of
pottery as cooking pots (Desbat and Schimtt 2003) and that
the addition of large inclusions was not necessary. This is also
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Fig. 14 Diffractograms of the 70000

samples from Visé (y = counts
square roots). The PDF reference
corresponds to the powder
diffraction file in the ICDD
database
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one more proof that the technical properties of the kaolinitic
clay were not understood during the Merovingian time be-
cause the potters added big inclusions that were not necessary.

Concerning the other technical aspects, the clay was wheel
thrown in order to obtain the different types of wares. The
morphological repertory as the decoration techniques clearly
changed between the Merovingian and Carolingian period.
The colors that the potters wanted to achieve also shifted.
Some of the Merovingian wares were smoked, the whole set
of later pottery was not. Within the Carolingian production
sites, the differences in colors are due to the firing degree
and/or to misfiring but the potter wanted to obtain white or
cream ceramics.

To infer the firing temperatures, among the clay minerals,
no kaolinite was identified with the XRD analyses, probably
because the kilns reached a temperature above 600 °C where
kaolinite disappear (Maggetti and Rossmanith 1981). Still,
other clay elements can be used, as muscovite that remains
until 900 °C (Maggetti 1982). Muscovite is identified in Gerin
2, Haillot 27, Haillot 28, Ohey 19, and Visé 35 (Figs. 11, 12,
13, and 14). These sherds show mica flakes but these are also
present in other samples. So, the sherds of the same sites were
fired at different degrees. It is also proven by the presence of
mullite that begins to appear around 900 °C in kaolinitic clays
(Goemaere et al. 2014), in Gérin 2, Gérin 9, and Visé 35, even
if they have the same characteristics as the other samples from
the same sites. These sherds were fired at a temperature be-
tween 600 and 900 °C.

With close chemical composition and the same type of
inclusions identified thanks to petrography, the sherds of
Haillot and Ohey also have close crystallographic characteris-
tics (Figs. 12 and 13). The rutile is the main difference as it is
present in Ohey and not in Haillot. This might be related to
higher content in Ti. Thanks to the identification of mullite in
all samples of these two sites, firing temperature can be eval-
uated around 900 °C.
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Even if, Ohey 19 that holds muscovite might be fired at a
slightly lower temperature, no major changes of temperature
seem to happen between the Merovingian and the Carolingian
period, the ranges reached were probably quite close. As
discussed below, in Gérin, other minerals testify these temper-
atures. The sherds of Visé show a wider range of firing tem-
perature but this is probably due to the presence of misfired
and overfired in the samples.

Characterization of the Carolingian workshops

Even if the clay material is not chemically identical, the potters
were obviously looking for whitish plastic earth. In all the thin
sections, non-plastic inclusions are of two different sizes so
the potters had to share similar preparation processes or, at
least, they had the same idea on the texture and appearance
of the paste meant for pottery production. On all the sites, only
one type of clay was used.

Next to the typological and decoration differences revealed
by the archeological studies (de Longueville 2015; de
Longueville and Vanmechelen 2017), the distinctions be-
tween the different Carolingian productions are due to the
available clay resources around the workshops. The potters
of Visé did not use pure kaolinitic clay. On the other hand,
the workshop of Haillot used clay material with a high content
of alumina and less traces elements than in the one used in
Gérin where higher contents of iron, cobalt, nickel, and zinc
have been noticed.

In Gérin, gehlenite, that is absent elsewhere (Figs. 11, 12,
13, and 14), is identified in all the sherds analyzed by XRD.
The question of gehlenite’s presence has been discussed sev-
eral times. In illitic calcareous clays, the appearance of
gehlenite is usually linked to the temperature of firing >
900 °C (Maggetti 1982; Rasmussen et al. 2012). Still, in fired
clays with a narrow and small grain size distribution, gehlenite
is not identified, whereas coarser ware with large calcite grains



Archaeol Anthropol Sci (2020) 12:150

Page 19 of 23 150

has a significant amount of gehlenite. So, the reaction rate of
gehlenite formation is a function of grain size that depends on
the processing of the clay (Maggetti and Kiipfer 1978). In
Gérin, the Ca quantity is quite low and no large calcitic inclu-
sion was observed. Still, in Autelbas, a production using kao-
linitic clays with low Ca values, gehlenite was also identified
and proved to appear around 800 °C (Goemaere et al. 2014).

In Visé, despite the higher content in Ca and the identifi-
cation of micritic limestone, the absence of gehlenite might be
questioned. In Visé 35, a white and friable sherd, its absence is
due to the firing temperature below 750 °C. Indeed, this sam-
ple has muscovite and no mullite. Moreover, in this sample,
few micritic limestones have been seen. On the opposite, the
sherds Visé 46 and 48 show a darker color and a hard paste.
Their chemical composition is not distinctive in the sample of
this site. In the thin sections, the clay contained some dark
nodules but these could not be identified. Mullite, rutile, but
also spinel, and cristobalite were seen. Quartz is also lower in
Visé 46 and V48 and anatase is not detected (Fig. 14). The
presence of cristobalite that can appear around 1000 °C
(Goemaere et al. 2014) attests to a higher firing degree of these
two samples. The Ca could have entered an amorphous phase.

The variations among the samples of Haillot that is ob-
served in XRD analyses and in the chemical compositions
are due to the nature of the site and to the sampling strategy.
The settlement was occupied during quite a long period and
the selected sherds come from the different kilns so they illus-
trate a variety in time and/or the heterogeneity of the clay used
by the potters. On the other hand, the workshops of Gérin and
Visé¢ might have had a smaller or more sporadic production.
Excavation in the vicinity of the first discoveries might also
reveal other remains of potters’ activities.

About the kilns fragments, the sample Gérin 14 is totally
different and might come from another type of structure or
maybe from a floor. Gérin 15 and Haillot 5 have identical
compositions to the pottery. So, the clay certainly came from
the same source. Now, on both sites, distinctions can be made
in the distribution of non-plastic inclusions that is much more
heterogeneous in the kilns fragments than in the pottery as
already noticed above. Still, from only one sample on each
site, it will be difficult to deduce a specific clay preparation for
kilns and a wider study of these production structures is
suitable.

Location of the workshops and the potters’
settlements dynamics

Between the end of the fifth and the end of the seventh cen-
tury, in the Meuse region, potters seemed to preferably settle
in agglomerations. The kilns found in Huy, Maastricht, and
Namur (Vanmechelen 2007; Vanmechelen et al. 2007;
Vanmechelen and de Longueville 2007b; Vanmechelen
2013; Van Wersch 2016; de Longueville and Vanmechelen

2017; Vanmechelen et al. 2018; Bosquet et al. 2018) proved
that pottery production, as many other crafts activities, were
concentrated in these places gathering consumers and com-
munication means such as the roads and rivers (Van Wersch
et al. to come). In these locations, raw materials were also
available (Van Wersch et al. 2015). Next to these “urban”
artisans, rural producers existed as the one identified from
the sherds of Ohey or the one of Marilles where a kiln was
excavated (Mercenier 1962). There, potters also exploited lo-
cal plastic earth, apparently with non-discriminating
strategies.

With the change to white ceramic, the Carolingians crafts-
men specifically selected whitish clays, in particular kaolinitic
materials, as proved for other regions (Chatelet et al. 2005).
The modification in the supply strategy certainly influenced
the choice of the place for the settlement of workshops.
Indeed, in the Meuse region, kaolinitic clay is located in spe-
cific areas (Goemaere 2017). If the supply had to be regular, it
would have been more cost-effective for the Carolingian pot-
ters to settle close to a source of raw material. However, other
socio-economic factors could have influenced their choice as
already observed for the roman productions where potters
settled near the clay deposits or in the agglomeration
(Biegert et al. 2004). In this view, the production of Vis¢ has
to be distinguished from those of Haillot and Gérin.

Situated on the Meuse river, Visé is called a “pre-urban”
center. Attested in the tenth century by written sources, its
trade fair might have attracted people from the hinterland
(Zoller 1974). This could explain the need for ceramic supply.
The geology in the region of Visé is different. Clay deposits
are attested but no tertiary clay deposits such as those of the
Condroz occur (Forir 1896). As the less fired sherds appear
white, whitish raw material had to exist in the region and
potters might have tried to use it. Still, fired on a higher de-
gree, the clay is more orange/pinkish and one can wonder if
these wares were diffused and if the production was lasting.

Conversely, the large number of kilns shows that the work-
shop of Haillot was productive. The potters had access to good
quality material and certainly exported a part of their produc-
tions (de Longueville and Vanmechelen 2017). Even if no
continuity is proven, a community existed before the tenth
century as shown by the Merovingian cemetery found at some
hundred meters of the Carolingian settlement (Vanmechelen
and Vrielynck 2009). On this site, the presence of elite
attracting craftsmen is not proved. On the other hand, we
cannot ignore the Benedictine Abbey of Andenne, founded
in 692 by saint Begge, on the Meuse, 6 km from Haillot,
located on the edge of the abbey’s original domain. From
the middle of the eleventh century, the abbey of Andenne
became important in ceramic production. It could have had a
role in the selection of craftsmen and textual evidence reveals
the rights that it exercised on the plastic clay of the Condroz
(Melin 1928; Rousseau 1956; Borremans and Lassance 1956;
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de Longueville and Vanmechelen 2017). Still, for the period
considered, we have no clue and a community of potters could
have developed in Haillot independently because of the pres-
ence of suitable material that would have allowed their activity
to be successful. Then, it would be placed under the authority
of the abbey that became stronger in time.

Conclusion and perspectives

The white clay from the Mosan region was used during the
Roman period (Hanut and Vanmechelen 2017; Rekk et al.
2014) and since that time, it remained a sustainable resource.
This paper showed that, even if it was not for its color or for its
specific technical properties, Merovingian potters used it
when it was available close to their workshops. The clay
was extracted and prepared in two different ways according
to the type of wares and to their functions.

Between the end of the seventh and the tenth centuries, a
clear technical change occurred between the Merovingian and
the Carolingian productions. The kaolinitic clay was specifi-
cally selected for its properties and the potters were looking
for a whitish material. The preparation techniques were also
different and led to a more homogeneous process with only
one type of preparation for all the forms. In the Carolingian
times, the firing temperature does not seem to increase in
comparison with the Merovingian period. Variations are ob-
served inside the different workshops but these might be due
to misfiring.

The missing link between the Carolingian and
Merovingian productions is the eight-ninth century (Theuws
2007). Some of the technical changes must have happened in
that period (Demolon and Verhaeghe 1993; de Longueville
2006; de Longueville and Vanmechelen 2017). The group of
“MOSA 6” identified by de Longueville is mainly produced in
that time (de Longueville et al. 2006). These wares made of
white clay have smoked and dark surfaces. Still, the material
used remains unclear and the production places have to be
found.

This paper was a first step in the petrographic, mineralog-
ical, and chemical study of the Carolingian productions that
have to be fully studied. As the site of Haillot was widely
excavated and as kilns were discovered, it offers the possibil-
ity to focus on production structures and their functioning.
The number of samples and analyses should be increased to
fully understand the firing process. The exact provenance of
the clay resources should be researched. Studies on paints and
glazes could also be pursued. Nevertheless, thanks to the char-
acterization of the productions and to the consumption sites
discovered, it is now possible to follow the dissemination of
the products of each workshop.

It is now clear that the Andenne productions rely on a long
pottery tradition. It also appears that things happen in a
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specific region and there should be a link between the potters
of Huy, Haillot, and Andenne, located within a 15-km radius.
In that regard, the role of the elite may be nuanced in the
settlement strategy of the craftsmen, at least for the beginning
of the Middle Ages. The presence of natural resources was
also a key factor because it may have influenced the location
of the potters’ workshops and then focalized the attention of
“aristocrats.”
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