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ARTICLE INFO ABSTRACT

The introduction of the Corded Ware Culture (3000-2500 BCE) is considered a formative event in Europe's past.
Ancient DNA analyses demonstrate that migrations played a crucial role in this event. However, these analyses
approach the issue at a supra-regional scale, leaving questions about the regional and local impact of this event
unresolved. This study pilots an approach to ceramics that brings this small-scale impact into focus by using the
transmission of ceramic technology as a proxy for social change. It draws on ethno-archaeological studies of the
effects of social changes on the transmission of ceramic production techniques to hypothesise the impact of three
idealised scenarios that archaeologists have proposed for the introduction of Corded Ware Culture: migration,
diffusion, and network interactions. Subsequently, it verifies these hypotheses by integrating geochemical
(WDXRF), mineralogical (petrography), and macromorphological analysis of ceramics with network analysis.
This method is applied to 30 Late Neolithic ceramic vessels from three sites in the western coastal area of the
Netherlands (Hazerswoude-Rijndijk N11, Zandwerven, and Voorschoten-De Donk). This study concludes that the
introduction of Corded Ware material culture is a process that varies from site to site in the western coastal area
of the Netherlands. Moreover, the introduction of the Corded Ware Culture is characterised by continuity in
technological traditions throughout the study area, indicating a degree of social continuity despite typological
changes in ceramics.
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1. Introduction Furholt, 2017; Vander Linden, 2016)? The key to answering this

question lies in characterising the interactions between communities

5000 years ago, a lasting change took place in Europe. From the
Netherlands to the Baltic, highly similar funerary practices and material
culture emerged from a patchwork of regional cultures. Cord-decorated
ceramics are the hallmark of this new culture; Hence its name: Corded
Ware Culture (CWC) (3000-2500 BCE).

Recent ancient DNA (aDNA) studies tie the spread of the CWC to a
‘massive migration’ from the Pontic and Caspian steppe and the in-
troduction of Inco-European languages (principally Allentoft et al.,
2015; Haak et al., 2015; Olalde et al., 2018). However, the implied
discontinuity of a massive migration clashes with mounting evidence
for continuity of regional communities (Beckerman, 2015; Furholt,
2014; Larsson, 2009). How do these regional narratives about con-
tinuity tie into the supra-regional narrative about migration (Cf.
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that are considered to be migrating or indigenous on the basis of aDNA
(Cf. Eisenmann et al., 2018); interactions which resulted in the ob-
served genetic, linguistic and archaeological developments at a regional
scale (Kristiansen et al., 2017). This study proposes that ceramic tech-
nology can shed new light on this interaction and applies this metho-
dology to study the introduction of CWC in the western coastal area of
the Netherlands.

The basis for this study is an ethno-archaeological framework that
postulates relations between the transmission of ceramic production
techniques and social changes (Gosselain, 2000). This framework pro-
poses that ceramic production techniques spread, are learned, and
performed in specific social contexts. Therefore, social changes that
affect these contexts leave tell-tale disruptions in the transmission of
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Table 1
idealised scenarios for the introduction of CWC.

Journal of Archaeological Science: Reports 26 (2019) 101873

Scenario Migration

Diffusion

Network

Mechanism behind CWC introduction Substantial groups of people settle an area
and replace existing populations, bringing

a package of new techniques and practices.

(Childe, 1929; Gimbutas, 1994)

(De Laet and Glasbergen, 1959)

The ceramic production techniques of
indigenous groups are no longer
transmitted. This results in:

Proponents (international)
Proponents (Dutch coastal area)
Hypothetical effects on ceramic technology

1. changes in all groups of ceramic
techniques.

Resident communities adopt a repertoire of
objects and ideas from interactions with
other communities, but remain otherwise

Communities enter into long-lasting
interaction networks that facilitate the
spread of objects, ideas and humans

unchanged. among various far-flung communities.
Changes in material culture result from a
mixture of small scale mobility and the
dissemination of new practices and
objects.

(Larsson, 2009)

(Beckerman, 2015)

The spread of ceramic styles and shapes,
the import of ceramics made by potters
from different communities of practice as
well as the integration of people from
different communities of practice into
existing ones results in:

(Clarke, 1976; Sherratt, 1981)

(Louwe Kooijmans, 1976)

The spread of ceramic styles and shapes and
the import of ceramics made by potters from
different communities of practice results in:

1. changes in the salient ceramic
production techniques;

2. the presence of objects made with
different production techniques in all
groups.

1. changes in the salient ceramic
production techniques;

2. the presence of objects made with
different ceramic production techniques
in all groups;

3. the presence of objects made according
to pre-existing salient and group-related
production techniques, but different
resilient production techniques.

ceramic technology. Similar approaches to ceramic technology have
yielded new insights regarding the introduction of Corded Ware Culture
in the Baltic (Cf. Holmgqvist et al., 2018; Larsson, 2009).

This study integrates macromorphological, petrographic and geo-
chemical analysis to detect disruptions and continuities in the trans-
mission of ceramic technology during the introduction of the CWC. The
resulting overview of developments in ceramic technology is compared
to the hypothesised impact of three idealised scenarios for the in-
troduction of CWC on the transmission of ceramic technology (see
Table 1). These scenarios are migration (as proposed by aDNA analysis)
and two scenarios that revolve around local continuity: diffusion and
network interactions (see upper part of Table 1 for specification). Note
that these scenarios are idealised extremes that f.e. strictly separate
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change in material culture due to population mobility from change due
to the spread of ideas and objects. Social processes during the third
millennium BCE are likely to have involved more complex combina-
tions of both factors. Similarly, the distinction between groups in these
scenarios is a simplification: group membership is likely to have been
more fluid (Furholt, 2017; Hofmann, 2015; Van Dommelen, 2014). In
sum, the outlined scenarios are best seen as heuristic devices. Each
scenario proposes different social processes that leave tell-tale patterns
of disruptions and continuities in ceramic technology. As such, these
scenarios enable a study of ceramic technology as a proxy for social
change.

The target area for this study is the Western coastal area of the
Netherlands (see Fig. 1). This area has unique potential for studying the
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Fig. 1. Study area. Palaeogeographic map of the Netherlands around 2750 BCE (Vos and De Vries, 2013) with the locations of the sampled sites: Hazerswoude-

Rijndijk N11, Voorschoten-De Donk, and Zandwerven.
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Fig. 2. Simplified chaine opératoirefor ceramics that indicates resilient, group-
related and salient techniques (based on Gosselain, 2000; Miller, 2009; Larsson,
2009). Green indicates salient techniques, yellow group-related techniques, and
red resilient techniques.

introduction of CWC, because the indigenous Vlaardingen Culture
(VLC) is thought to co-exist and overlap with the CWC (Beckerman,
2015). The study area is also devoid of CWC burials that could yield
material for aDNA-analyses (Fokkens, 2012; Van Gijn and Bakker,
2005), meaning that ceramics, which are ubiquitous at sites from this
period, enable studies of the introduction of the CWC in areas where
human remains are not preserved.

2. Theoretical framework

Archaeologists have proposed various scenarios for the introduction
of the CWC; these scenarios have been abstracted to three archetypes,
labelled migration, diffusion and network interactions (see Table 1). A
migration scenarios entails that changes in material culture are due to
the arrival of new communities in an area. These new groups replace
previous communities and bring a package of new techniques and
practices. A diffusion scenario holds that the introduction of new
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material culture results from the adaptation of objects and ideas by
communities who remain otherwise unchanged. Lastly, a network in-
teraction scenarios proposes that communities enter into a supra-re-
gional interaction networks that facilitate the spread of humans, objects
and ideas between far-flung communities. Changes in material culture
result from a combination of the adaptation of new objects and ideas, as
well as the impact of small scale human mobility.

Key is that each abstracted scenario for the introduction of the CWC
entails a different social process. Upon connecting these different social
processes to a theory about the transmission of ceramic technology
(Gosselain, 2000), it becomes apparent that these scenarios should have
distinct impacts on ceramic technology.

The transmission of ceramic production techniques involves three
factors: (1) openness, (2) salience, and (3) technical malleability
(Gosselain, 2011, 2008, 2000; Gosselain and Livingstone Smith, 2005).
Based on these factors, three groups of ceramic production techniques
can be distinguished, each with a different resilience to social change.

The openness of techniques relates to the social context in which
techniques are learned and performed. This factor is the primary dis-
tinction between two groups of ceramic production techniques: group-
related techniques and resilient techniques. Resilient techniques exhibit
low openness: they are practiced in isolation and transferred in one-on-
one relations. For example, between parent and child or master and
apprentice. Resilient techniques include the finer motoric aspects of
primary shaping (Gosselain, 2000; Larsson, 2009). Social changes have
to disrupt these stable relations in order to disrupt the transmission of
resilient techniques. Therefore, such disruptions are associated with
migrations (Gosselain, 2000).

Group-related techniques have a high openness. These techniques
are practiced, learned and taught in communities of practice: groups of
potters who share a notion of the proper way to make ceramic vessels
(Larsson, 2009). Social changes that affect these groups also disrupt the
transmission of these techniques. In addition, these techniques are
technically malleable, implying that potters can choose to continue or
discontinue their usage of these techniques under the influence of other
individuals. Group-related techniques include firing techniques, raw
materials selection, extraction and preparation (Gosselain, 2000;
Larsson, 2009).

The third factor that impacts the transmission of ceramic production
techniques is salience. Salience implies a technique effects a visible
property of the final product. Salient techniques principally include
decorative techniques, but can in rare cases also pertain to the use of
specific raw materials or preforming techniques that visually alter the
texture or colour of the final product (Gosselain, 2000). Similar to
group-related techniques, these techniques are also technically malle-
able. Salient techniques can be observed and copied from finished
vessels. Consequently, the spread of salient techniques does not ne-
cessarily entail social changes and can be due to fashion-like phe-
nomena (Gosselain, 2000).

The connections between changes in ceramic production techniques
and social changes (see Fig. 2) allow for the formulation of hypotheses
about the technological impact of the scenarios that archaeologists have
proposed for the introduction of the CWC (see lower half of Table 1).

If migration (i.e. an influx of new communities that bring new
material culture) causes the spread of the CWC, then CWC vessels
should differ from the vessels of previous communities in all respects:
resilient, group-related, and salient techniques (see Fig. 3). However, if
the introduction of the CWC is the result of diffusion of stylistic traits
and moving objects, both these imported objects (different raw mate-
rials and production sequences) and changes in salient techniques
should be observed when comparing CWC vessels to VLC vessels (see
Fig. 3). Network interactions should yield the same changes as diffu-
sion, as the combined movement of people, objects and styles within
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Fig. 3. Schematic representation of the hypothesised changes in ceramic technology for diffusion (above) and migration (below) scenarios for the spread of the CWC.

Table 2
Overview of information for the selected sites.
Site Hazerswoude-Rijndijk N11 Voorschoten-De Donk Zandwerven
Environment Crevasse splay of the Old Rhine Edge of dune barrier Basis of a dune in tidal landscape
Excavation year(s) 2005; 2006 1986; 1987 1930; 1957; 1958
Dating Early VLC to SGC phase 4 Early VLC to Late CWC Middle VLC to late CWC
(Cf. Beckerman, 2015)  (3400-2400 BCE) (3400-2200 BCE) (3100-2200 BCE)
Literature (Diependaele and Drenth, 2010; Cf. (van Veen, 1989; Wasmus, (Beckerman, 2015; Butter, 1935; Drenth et al., 2008; Van Giffen, 1930;

Fokkens et al., 2017) 2011)

Van Regteren Altena, 1959, 1958; Van Regteren Altena et al., 1962)

existing networks leads to the introduction of CWC. However, network
interactions should yield one additional characteristic. Given that new
people are integrated into extant communities, the occurrence of ves-
sels with different resilient techniques, but group-related techniques
that are stable relative to previous communities, is to be expected.

The hypothesised impacts of migration, diffusion, and network in-
teractions on ceramic technology can be compared to the actual de-
velopments in ceramic technology during the introduction of the CWC.
To this end, this paper integrates macromorphological, petrographic,
and geochemical analysis of VLC and CWC ceramic vessels from the
western coastal area of the Netherlands.

3. Materials and methods

In total, 30 vessels from three sites were sampled for analysis. The
selected sites are Voorschoten-De Donk, Zandwerven, and
Hazerswoude-Rijndijk N11 (see Fig. 1). These sites are settlements that
consist of thick anthropogenic deposits, in some cases interspersed by
natural deposits. The sites typically yield evidence for various domestic
activities, as well as the exploitation of wild and domesticated plants
and animals. Moreover, these sites exhibit late VLC and CWC phases,
implying they sit around the introduction of CWC (see Table 2 and
further references for full information).

Each site contributed five samples from CWC vessels and five sam-
ples from VLC vessels to the total number of samples. Existing macro-
morphological analyses of the ceramics from each site were used to
ensure that the samples reflect the variation in ceramics on the sites,
and to contextualise the results of this study (Beckerman, 2015;
Diependaele and Drenth, 2010; Van Veen, 1989; Wasmus, 2011).

3.1. Analytical methods

The macromorphological analysis follows a widely-used protocol in
the Netherlands that is designed to study highly fragmented ceramics
from settlements (Van den Broeke, 2012). For the purposes of this
study, the description of the ceramics exhibits an additional focus on
production techniques.

All 30 vessels were sampled for petrographic analysis. A Leica
DM750P polarizing microscope was utilised to perform the analysis.
Description and analysis of the thin sections were conducted according
to the commonly applied system by Whitbread (Whitbread, 1995,
1989) with slight modifications (Quinn, 2013). Petrography has pro-
vided major contributions to the study of ancient ceramics because it
provides crucial information on inclusions, technology, and texture
(Braekmans and Degryse, 2016; Quinn, 2013). Furthermore, petro-
graphic analysis has seen extensive application in the study of artisanal
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Fig. 4. Four of the sampled vessels from Voorschoten-De Donk. VD01 and VD04
are VLC vessels; VD06 and VD07 fragments of CWC vessels.

activities in the past (Dickinson and Shutler, 2000; Pincé et al., 2018;
Quinn et al., 2017; Reedy, 2008; Ting and Humphris, 2017).
Geochemical characterization of the selected ceramics was em-
ployed to compare established production groups with raw material
resources. A bulk chemical approach, Wavelength Dispersive X-ray
Fluorescence (WD-XRF), was selected to achieve a homogeneous com-
positional signal from the ceramics. WD-XRF offers relative high re-
solution results and has been successfully employed for provenance
analysis in archaeological sciences and a wide range of other fields
(Hall, 2016; Janssens, 2003; West et al., 2011). All samples were
powdered and oven dried at low temperature (70 °C) for at least 24 h
prior to the analysis. Sample preparation involved grinding small
fragments of ceramic vessels by hand in an agate mortar
(~200-300 mesh), combining 2 g of the resulting powder with a binder
(0.5 g H3BO3) and pressing the mixture into a pellet with a hydraulic
press. Wavelength Dispersive X-Ray Fluorescence (WD-XRF) bulk
compositional measurements were conducted at the X-ray facilities of
the Materials Science and Engineering (MSE) department of the Delft
University of Technology (NL). The WD-XRF instrumentation used was
a Panalytical Axios Max sequential wavelength dispersive X-ray fluor-
escence spectrometer and data evaluation was performed with Su-
perQ5.0i/Omnian software. The system is equipped with a Rh anode
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featuring 4.0 kW operating power, 160 mA tube current, 60 kV excita-
tion and vacuum conditions. Data was collected for the following major
elements: SiO,, Al,O3, Fe;03, MgO, K,0, TiO,, CaO, P,0s, Na,0, MnO
(expressed as wt%); and minor elements: Ba, Zn, Zr, S, Cr, Rb, Ni, Pb,
Sr, Nb, Ce, Y and Cu (expressed as ppm, or parts per million).

Quantification was obtained through a standardless factory-cali-
brated fundamental parameter approach (SuperQ5 software package),
extended with several pure materials as well as NIST standards. For
secondary quality control 17 custom in-house ceramic standards were
additionally analysed. Accuracy was assessed through high-squared
correlation coefficients (R?) for a selection of major and minor ele-
ments: Al (0.93), Ba (0.99), Ca (0.99), Cr (0.99), Fe (0.97), K (0.98), Mg
(0.98), Mn (0.99), Na (0.92), Ni (0.99), P (0.99), Rb (0.91), Sr (0.99), Ti
(0.98), V (0.99), Zr (0.96). Zn and La provide lower coefficients: Zn
(0.808) and La (0.81).

All ceramics presented here are relatively coarse and exhibit various
recipes and inclusions (often coarse quartz). The nature and amount of
these inclusions might influence the overall bulk geochemistry.
However, previous studies of such influences (Munita et al., 2008), and
specifically for quartz grains (Sterba et al., 2009), demonstrate they are
limited to specific geologies and elements, such as Ba, Na, Zr, and Hf in
minerals related to mafic substrates. In these cases, a combination with
petrographic analyses is required to firmly address these concerns. To
summarise, petrography is essential to validate the grouping based on
the chemical analyses due to the coarse nature of the sampled ceramics.
Some of the presented chemical values for individual samples might
differ, but the differentiation between all samples is considered robust
and significant.

The outcomes of the geochemical analyses were compared to earlier
WD-XRF analyses of Dutch subsoils from ca. 103 locations throughout
the Netherlands (Huisman, 1998). This dataset (along with contextual
information) is available in open access www.dinoloket.nl.

3.2. Network analysis

The aim of the study is to look at the transmission of ceramic
technology: are technological actions shared or not shared between
vessels across the typological boundary between VLC and CWC? This
question implies a study of the relations between vessels rather than a
study of the properties of individual vessels. As such, technological data
is studied from a relational perspective. Network analysis is best suited
to explore relational data (Newman, 2010).

Network analysis revolves around graphical and mathematical re-
presentation and analysis of relations in a dataset. These relations
amount to structures and properties of the dataset that cannot be dis-
cerned at the level of individual observations (Newman, 2010). In
particular, this study utilises the concept degree centrality to explore
shared technological actions. Degree centrality is an analytical tool
within network analysis that ranks nodes (observations) by the number
of ties (relations) they exhibit to other nodes. The more ties a node has,
the more central its role in the network (Newman, 2010). In this case,
the more ties a technique has to vessels, the more often this particular
technique was utilised in the production process. Therefore, the degree
centrality is informative for understanding the extent to which specific
techniques are shared.

4. Results

Prior to the presentation of the results, it is worthwhile to outline
the typological and technological traits associated with VLC and CWC
ceramics (see Fig. 4). Based on these traits, each vessel has been clas-
sified as CWC or VLC vessel (see Table 3).

VLC vessels are typically thick-walled and vary in form from barrel-
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Table 3 (continued)

Typological

Firing atmosphere

Perforations in the
vessel wall

Decoration with
impressions

Exterior of the vessel
is roughened

Vessel walls smoothed Vessel walls smoothed

Rim finishing
on the inside

Trimming of vessel

walls

Sample

et al

classification

on the outside

Vessel rapidly cooled while in CWC short wave-

Yes No Spatula impressions Yes

Yes

Equal pressure on

No

ZA07

moulded ware

upside-down position
Vessel rapidly cooled while in

all sides
Pressure on inside

VLC

No

Indet

No

Yes

Yes

Yes

ZA08

upright position
Vessel rapidly cooled while in

CWC beaker

No Yes No Indet No

Indet

No

ZA09

upside-down position
Vessel rapidly cooled while in

CWC beaker

Yes No Grooved lines and No

Indet Yes

Yes

ZA10

upside-down position

incisions

Journal of Archaeological Science: Reports 26 (2019) 101873

like to S-shaped. Typical elements also include knobs, and rows of
perforations or impressions below the rim. Tempers are coarse and
commonly consist of crushed rocks, such as quartz and granite, as well
as grog (Beckerman and Raemaekers, 2009). CWC vessels are com-
monly thin-walled with S-shaped profiles. Temper materials may vary.
The hallmark of these vessels is geometric decoration with grooves,
cord, and spatula impressions that extends from the rim to the widest
part of the vessel. Apart from thin-walled CWC beakers, there are also
thick-walled CWC vessels, so-called short wave-moulded wares, which
may exhibit finger and spatula impressions below the rim (Beckerman,
2015; Drenth, 2005; Van der Waals and Glasbergen, 1955).

The above description does not amount to a description of ‘pristine’
VLC or CWC ceramics. As shown in following paragraphs, these cate-
gories are internally heterogeneous and their mutual boundaries more
diffuse.

4.1. Macromorphology

Table 3 presents the characteristics of the sampled vessels that stem
from macromorphological analysis.

In general, Table 3 indicates the use of similar production techni-
ques for VLC and CWC ceramics. Only decorative techniques seem ex-
clusive to CWC and VLC vessels, in accordance with typological
schemes. Observation of the colours of, and colour differences between,
the internal margins, cores and external margins on fresh radial breaks
of sherds reveal that most vessels were likely fired in upright, or upside-
down, positions in a reducing firing atmosphere, with rapid cooling and
oxidisation towards the end of the procedure (Cf. Rye, 1981; see
Table 6). All vessels were fired at relatively low temperatures as they
exhibit low hardness and optically active matrices in thin section (Cf.
Quinn, 2013; see Table 6). Furthermore, CWC and VLC vessels exhibit
the same traces of smoothing the inside and outside vessel walls. The
pressures exerted during the formation of the rim could not be re-
constructed for all vessels, but seems to vary in VLC and CWC wares.

4.2. Petrography

Detailed petrographic descriptions can be evaluated in Table 4. Five
sample groups are distinguished through petrographic analysis (see
Fig. 5). Most thin sections exhibit abundant temper, but groups exhibit
differences in temper materials and coarseness of temper. Grouping also
reflects the porosity of the matrix and the alignment of voids.

Group I: quartz rich, compact fabrics exhibit coarse temper with
quartz, and rarely granite, against a dark matrix. The fine fraction
frequently features angular quartz and more rarely micaceous mi-
nerals and granite. The planar voids concentrate around and be-
tween larger quartz particles.

Group II: crushed quartz fabrics are primarily characterised by
coarsely crushed quartz, grog, and clay pellets. Rounded quartz
frequently occurs in the fine fraction. The porosity in this group
varies, but pores tend to be oriented parallel to vessel walls.

Group III: fine, grog-tempered fabrics share a compact matrix and
are tempered with one or multiple types of grog. Some samples
contain organic materials and sedimentary rocks. The fine fractions
contain quartz, (minerals associated with) granite and sometimes
isotropic minerals.

Group IV: sand-tempered porous fabrics feature temper with quartz-
rich sand and less frequently sedimentary and igneous rocks. They
are typically porous, giving the fabric a turmoil-like appearance.
Fine fractions contain quartz, micaceous materials, and in some
cases chert and olivine.
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Group Il Group Il Group |
Pictured: VD05 Pictured: HAO7 Pictured: ZA01

Group IV
Pictured: VD09

Group V
Pictured: VD04

et al.
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Fig. 5. Micrographs of the fabric groups. Group I:
ZAO01 (from Zandwerven) features the characteristics
of this group: coarse quartz temper, planar voids,
quartz in the fine fraction, and a dark matrix in PPL
and XP. Group II: HAO7 (from Hazerswoude-Rijndijk
N11) shows the coarse quartz fragments and clay
pellets associated with group II. Group III: VD05
(from Voorschoten-De Donk) exhibits a compact
matrix with isotropic inclusions and quartz in the
fine fraction, as well as two grog fragments in the
coarse fraction. Group IV: VD04 (from Voorschoten-
De Donk) is exemplary for the porosity (S-shaped
voids) and use of quartz-rich sand in this fabric
group. Lastly, VD04 (from Voorschoten-De Donk)
features a combination of angular schist and quartz
fragments together with rounded quartz grains, ty-
pical for group V.
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Legend
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© Dutch sediments
® Holocene clay deposits

Holocene clay deposits from
coastal area

v

moulded ware

Tertiary clay deposits (Brunssum,
Erkelenz)
® Tertiary clay deposits (Noordwijk)

AI203 %

@ Viaardingen Culture vessels
Corded Ware Culture short wave-

A Corded Ware Culture beaker

Fig. 6. Biplot of the K,0:Al,03 signature of sampled vessels and Dutch sediments. Two groups (1&3) containing CWC and VLC vessels exhibit a match with German
Tertiary and Dutch Holocene clay deposits respectively. The values for a further group (2), that also consists of CWC and VLC vessels, lie between these groups at the

outliers of Tertiary and Holocene clay deposits.

Group V: Coarse, grit-tempered fabrics are tempered with a variety
of coarse igneous (granite, basalt), sedimentary (chert, sandstone)
and metamorphic (schist) rocks which appear both in rounded and
angular shapes. The fine fractions contain a similar variety of mi-
nerals. Grog and textural concentration features can also be found.

4.3. Geochemical analysis

The geochemical values of the samples are compared to five groups
of clay deposits: (1) Holocene clay deposits from the rivers Rhine and

10

Meuse; (2) Holocene clay deposits in the coastal area; (3) sediments
scattered throughout the Netherlands; (4) tertiary clay deposits that
surface in German and (5) Belgian areas that are adjacent to the
Netherlands. The latter deposits can only be found at great depth
(> 100m) in the Netherlands Together, these deposits provide an ac-
curate overview of the diversity of clay deposits in the Netherlands
(Huisman, 1998).

In order to compare the geochemical data of the sampled vessels
with Dutch subsoils, four ratios of chemical elements are used:
K,0:AL,03 (Fig. 6), Sr:CaO (Fig. 7), Cr:Al,O3 (Fig. 8), and Cr:TiO,
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Legend
Sediments

® Dutch sediments
® Holocene clay deposits
Holocene clay deposits from
coastal area

o Tertiary clay deposits (Brunssum,
Erkelenz)

© Tertiary clay deposits (Noordwijk)

Ca0 %

Ceramics

@ Vlaardingen Culture vessels

Corded Ware Culture short wave-
moulded ware

A Corded Ware Culture beaker

Fig. 7. Biplot of the Sr:CaO values for the sampled vessels and Dutch sediments. Sr values cut off at 500 ppm, CaO values cut off at 10 wt%. HA04 removed due to a
non-detection value for Sr. A large number of CWC and VLC vessels (groups 1 and 3) is situated in a cluster at the lower-left part of the graph, where the chemical
signatures of various Holocene and Tertiary clay deposits overlap. Several vessels (group 2) exhibit Sr:CaO values outside of the range observed in Dutch clay
deposits, but match with values of Tertiary clay deposits found at great depth in the Netherlands.

(Fig. 9). These ratios are particularly suited to distinguish different
clays in the Netherlands (Huisman, 1998) and have the potential to
yield sub-groups in the sampled ceramics.

The K,0:Al,03 ratio of clay relates to the environmental and li-
thological setting in which it was formed. The Sr:CaO ratio indicates
whether the calcareous component of the clay has sedimentary or
volcanic origins. The Cr:Al,O3 indicates whether the clays derive from

11

the weathering of mafic volcanic rocks. Lastly, the Cr:TiO, reflects the
weathering process of the clay, with Cr being more abundant in fine
fractions than in coarse fractions and vice versa for TiO, (Deer et al.,
1992; Degryse and Braekmans, 2014; Gornitz, 2009; Huisman et al.,
2017).

Three consistent clusters of ceramics emerge from the comparisons
of the above-mentioned ratios (see Figs. 6-9). The absolute analytical
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Fig. 8. Cr:Al,0; values of sampled vessels and Dutch clay sediments. Similar to Fig. 6, two groups (1 & 3) of CWC and VLC vessels match with Tertiary deposits and

Holocene deposits respectively, whereas group 3 lies roughly in between.

values of these clusters can be evaluated with the data in Table 5.

The first cluster of vessels falls outside the range of Holocene sedi-
ments in the coastal area and Dutch subsoils in general in terms of
K50:Al,03, Cr:Al,03, and Cr:TiO, ratios. These samples exhibit a pro-
visional match with a tertiary clay deposit found across the Dutch-
German border. However, the Sr:CaO ratios of this tertiary deposit and
Holocene clays in the Dutch subsoil overlap. This cluster consists of
several CWC beakers and short wave-moulded wares from the site
Voorschoten-De Donk.

The second cluster of vessels is on the edge of the distribution of
Dutch sediments in terms of K,0:Al,03, Cr:Al,03, and Cr:TiO, ratios,

12

but additionally exhibit anomalously high Sr:CaO. As yet, there is no
match for these vessels in the background dataset. Furthermore, pet-
rographic analysis of some of these vessels shows the presence of ig-
neous rocks (olivine and basalt) in the fine fraction that are not in-
digenous to the Netherlands (see Table 4). This cluster consists of CWC
and VLC vessels from all sites.

Lastly, vessels from the third cluster match with the Dutch Holocene
deposits in the coastal area and fluvial deposits in general in all ratios.
Similar to the second cluster this cluster encompasses VLC and CWC
vessels from all sites.
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Fig. 9. Biplot showing the geochemical signatures of vessels and Dutch sediments for Cr:TiO,. Cr values cut off at 250 ppm. A mixed group (3) of vessels (both CWC
and VLC) visibly overlaps with Dutch clay deposits, whereas a two further groups (1 & 2) of mixed vessels overlaps with the chemical signatures of Tertiary and the

outliers of Holocene and Tertiary clays respectively.

5. Discussion
5.1. Analysis of technical actions

The combination of geochemical, petrographic and macro-
morphological analysis allows us to disentangle the technical actions in
the creation of various vessels (see Table 6). The data of all three
analytical approaches is integrated through network analysis. A two-
mode network of the relations between techniques (grey nodes) and

13

vessels (coloured nodes) is presented below (see Fig. 10). A relation
between these two types of nodes implies a technique was used in the
production of a vessel. The graph is plotted in centrality lay-out: the
nodes with the highest degree (i.e. the most commonly utilised tech-
niques) are at the centre of the graph, whereas less common techniques
are towards the margins. Based on the values for degree centrality, the
techniques form three groups (see Fig. 10).

The first group of techniques has few ties (n < 10) and is found
towards the margins of the graph. This group encompasses all
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Table 6
specification of variables in Fig. 10.
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Stage of the chaine
opératoire

Input data

Calculation

Output variable(s)

Acquisition of raw
materials
Choice of temper

Geochemical analyses

Petrographic analysis;
Macromorphological analysis
Paste preparation Sorting of inclusions (0 for poor, 1 for
moderate)

Abundance of TcF's (0 absent or rare; 1
for abundant)

Presence and shape of voids

Shaping Macromorphological analysis

Macromorphological analysis

Surface finish Macromorphological analysis

See Section 4.3

Classified into two categories, based on present materials.

Scores from 0 to 3 for each fabric
1 > coarse paste

2 = medium paste

3 < fine paste

Presence of fine, parallel lines on surface
Shape of the rim:

Lip on the outside

Lip on the inside

Flattened top

Smoothing visible on surface

Raw Material (RM)
group 1-3

Rock temper

Rock and grog temper

Coarse paste
preparation

Medium paste
preparation

Fine paste preparation
Scraping

Rounded outward
Rounded inward
Rounded 2-way
Inside smoothed

Treatment of surface by roughening with plastic clay

Decoration Macromorphological analysis

Firing regime Macromorphological analysis,

petrographic analysis

Technique used to apply decorations

Firing temperatures from petrographic data all fall between 573 and 850
degrees Centigrade, as shrinkage voids occur around large quartz inclusions,

Outside smoothed
Smitten

Finger prints
Rope

Spatula

Grooves

Incisions
Perforations
Ox-sRed
Ox-sRed-Ox

but all matrices are optically active. All fabrics exhibit relatively low hardness. =~ Red

Abbreviations indicate the transition of colours (Ox for reddish hues in a

Ox-vRed

oxidising atmosphere and Red for greyish colours from a reducing atmosphere, ~ Ox
with the small letters after the dashes indicating the nature of transitions (s for
sharp, v for vague/gradual). Working from outside surface inward.

techniques for applying decoration, different techniques for rounding of
the rims of vessels, surface finish techniques, two raw material groups,
fine paste preparations, and a surface finishing technique.

The second group of nodes is directly at the centre of the graph,
because these techniques are shared in nearly all vessels (i.e. these
techniques exhibit > 20 ties). This group consists of the nodes for the
smoothing of internal and external vessel walls.

The last group of nodes takes an intermediate position between the
above-mentioned groups (between 12 and 18 ties). They represent
techniques such as paste preparation, but also surface finishing and
firing methods.

Similar networks are plotted for each individual site in order to
understand the CWC transition at the level of sites. At Hazerswoude-
Rijndijk N11 (see Fig. 11), techniques do not stick to typological
boundaries, with the exception of firing methods and decorative tech-
niques. This network is similar to that in Fig. 10: most notably in the
central positioning of smoothing internal and external vessel walls in
both graphs. The same pattern can be observed at Zandwerven (see
Fig. 11). However, Voorschoten-De Donk features a different pattern
(see Fig. 11). The vessels fall into two groups with different raw ma-
terials and methods for paste preparation, finishing of the rim, and
decoration. Only firing methods and surface finishing techniques are
shared across this divide. Strikingly, both groups also exclusively con-
tain VLC or CWC vessels with the notable exception of a CWC beaker
that exhibits the raw materials, paste preparation, and the firing tech-
nique associated with VLC vessels at the site.
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It is possible to contextualise these results by incorporating the data
from the published site reports on Zandwerven (Fig. 12) and Ha-
zerswoude-Rijndijk N11 (Fig. 13). These graphs show that at Zand-
werven and Hazerswoude-Rijndijk N11, CWC vessels exhibit a narrow
set of techniques that fits within the range of techniques observed in
VLC vessels at these sites. Changes take the form of shifts in emphasis or
as further emphasis of prior patterns in technological choices. Dec-
orative techniques are the only point of divergence between VLC and
CWC vessels on both sites.

Unfortunately, extant analyses of the ceramic assemblage of
Voorschoten-De Donk lack quantitative data. However, these analyses
do hint at changes in decorative patterns against the background of
shifts in emphasis within the range of technological patterns visible in
VLC ceramics (Cf. Van Veen, 1989; Wasmus, 2011).

5.2. The introduction of the CWC from the perspective of ceramic
technology

Each of the three sites exhibits different relations between VLC and
CWC vessels in terms of utilised techniques. Upon linking these patterns
to the theoretical framework, it becomes possible to falsify a number of
scenarios for the introduction of the CWC for each site (see Table 1).

At Voorschoten-De Donk, all but one of the sampled CWC vessels are
imports, both in terms of production techniques (different resilient and
group-related techniques) and geochemical signature. The CWC vessel
that is an exception to this rule matches the VLC vessels from this site in
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Fig. 10. Network representation of shared techniques in VLC and CWC ceramics. Two-mode network in centrality lay-out showing the techniques used to construct
each studied vessel. Ties between the techniques (row mode) and a vessel (column mode) indicate that this specific technique was utilised during the making of the
vessel. The degree centrality (%, uniform tie values, values for vessels not plotted) of each technique is shown in the histogram below. Dotted lines indicate the

boundaries of groups of techniques based on degree centrality.

terms of resilient and group-related production techniques, but differs
from them in salient techniques. These developments match the hy-
pothesised impact of a diffusion scenario, where changes in salient and
group-related techniques occur alongside imports.

At Zandwerven, group-related techniques of the VLC appear un-
changed after the introduction of CWC, but changes do occur in salient
techniques. Furthermore, a select number of vessels yield indications
for changes in resilient techniques. The present analysis yields no evi-
dence for the presence or imports. Therefore, this site fits best within a
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network interaction scenario.

Lastly, a different development occurs at Hazerswoude-Rijndijk
N11. Shifts can be observed in the salient production techniques, but
not in group-related techniques: the techniques used in CWC vessels fit
within the spectrum of VLC techniques. Again, no imports can be at-
tested. Consequently, this site matches the expected patterns for a dif-
fusion scenario.

The over-all patterning in the technological analysis confirms that
introduction of CWC in the western coastal area of the Netherlands
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in centrality lay-out. Ties between the techniques (row mode) and a vessel (column mode) indicate that this specific technique was utilised during the making of the

respective vessel.

exhibits technological continuity at the level of group-related and re-
silient techniques. Changes predominantly occur in the salient techni-
ques (see Fig. 10). The CWC vessels in this area differ from VLC vessels
in shapes and decoration, but both types of ceramics are essentially
made in a similar fashion. To sum up, the appearance of CWC vessels in
the western coastal area of the Netherlands indicates a patchwork
transition of VLC communities, rather than an introduction of CWC.
This conclusion collaborates, but also complicates existing ideas about
the relations between VLC and CWC in the western coastal area of the
Netherlands, and between the CWC and prior regional groups in gen-
eral.

A previous study of CWC sites in North Holland indicates continuity
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between the VLC and the CWC in settlement location and subsistence
technology. Furthermore, this study points to a difference in thin- and
thick-walled CWC ceramics at these sites. Whereas the characteristic
thin-walled CWC beakers are typologically different from the preceding
thick-walled VLC ceramics, thick-walled vessels do occur in CWC as-
semblages and these vessels bear typological resemblance to VLC ves-
sels (Beckerman, 2015). The present study complicates this conclusion,
because it demonstrates that the CWC beakers may be typologically
different, but are fashioned in a way that is akin to VLC ceramics.
Therefore, this study challenges the idea that the appearance of CWC
vessels necessarily indicates a break with the past in the coastal area.
This raises the question whether there is a CWC ‘presence’ in the
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0% 50% 100%  Qualitative data

(category is present)

Fig. 12. Synopsis of extant technological studies of the ceramic assemblages from Zandwerven. This figure compares VLC and CWC vessels from Zandwerven in terms
of ceramic production techniques (courtesy of Dr. S.M. Beckerman). The colours of the boxes indicate the percentage of vessels that exhibits traces of a specific
technical choice. The boundaries for thin-walled ceramics are set to 1-7.5 mm, medium thick ceramics to 7.5-12.5 mm, and thick-walled to > 12.5 mm.

western coastal area of the Netherlands (Cf. Beckerman, 2015).

Rather than looking at the presence of specific material culture to
determine whether the CWC is present in a particular area, it is the
relation between CWC and previous cultures that should be a key aspect
of the understanding of the CWC. As this paper demonstrates for the
coastal area of the Western Netherlands, that relation could be a geo-
graphical patchwork.

5.3. Persistent long-distance interactions

The geochemical analysis of the sampled ceramics indicates that a
substantial number of vessels (17 out of 30) exhibit values that do not
match clay deposits in the Netherlands. However, a provisional match
can be established with tertiary clay deposits across the border with
Germany and Belgium. This is a significant outcome in the light of
current discussions about the VLC. It has been argued that the VLC is
part of a larger cultural complex that includes the Stein group
(Limburg, the Netherlands) and especially the Wartburg Culture
(Hessen, Lower Saxony, Thuringia, Germany) and Seine-Oise-Marne
Culture in Belgium and Northern France. The basis for this argument
are similarities in flint assemblages, dwellings, and ceramics (Fokkens
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et al., 2017; Louwe Kooijmans, 1983). The provisional match of VLC
vessels with clay deposits in these areas could strengthen these argu-
ments. However, further geochemical analysis of ceramics from all
three cultures should be undertaken to come to conclusive arguments.
Moreover, it seems that these regional networks remained stable, be-
cause CWC and VLC vessels have similar geochemical signatures.

The combined geochemical and technological data also attest in-
teractions within regional networks of VLC communities. The produc-
tion processes of the analysed vessels converge on the practice of
smoothing vessel walls despite the geographical range attested by the
geochemical analyses. This technique is group-related, but also highly
significant because this action seals off, if not obliterates, traces of
previous technological steps on the vessel surface. It clears the way for
the application of decoration; the step that causes most of the variation
within the dataset and links to fashion-like phenomena. In sum, not
only does the provenance of the ceramics contribute to the idea of an
international orientation among communities in the Western coastal
area of the Netherlands, it also shows that these communities were
interacting across these distances.
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Fig. 13. Synopsis of extant technological studies of the ceramic assemblages from Hazerswoude-Rijndijk N11. This figure shows a comparison of ceramic production
techniques in VLC and CWC vessels from Hazerswoude-Rijndijk N11 (courtesy of ArchaeoMedia bv). The colours of the boxes indicate the percentage of vessels from
the assemblage that exhibit traces of a specific technique or technological choice. Thin-walled ceramics exhibit a thickness of 1-7.5 mm, medium thick ceramics of

7.5-12.5 mm, and thick-walled ceramics of 12.5 mm or more.

6. Conclusions

The introduction of the CWC is often hailed as a homogeneous
process for which explanatory models range from regional to supra-
regional scale (Allentoft et al., 2015; Haak et al., 2015). By taking a
bottom-up approach, this analysis demonstrates that the introduction of
the CWC is better understood as a patchwork process.

The over-arching transitional process in the Western coastal area of
the Netherlands is local continuity with diffusion and network inter-
action traits. Interestingly, the supra-regional networks of the VLC
communities in this region, as well as some of the defining technolo-
gical practices within these networks, remain intact throughout the
CWC transition. These results are also a clear argument to integrate
geochemical and petrographic analyses into the existing macro-
morphological approaches to ceramics from this period. Such an in-
tegrated approach can reveal new information regarding the geo-
graphic range of past interactions and the nature of -cultural
transformations.

In the absence of detailed genetic and isotopic data from Late
Neolithic individuals from the western coastal areas of the Netherlands,
direct conclusions on the relations between the migrations demon-
strated by genetic analyses in other regions and the outcomes of this
study remain speculative. However, if a similar shift in the late
Neolithic gene pool from this area can be detected, this raises questions
on the impact of such migrations on knowledge transmission and local
traditions. If such a change cannot be attested, questions should be
raised about the nature of the CWC in this particular area. Questions
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that will ultimately boil down to what we define as CWC.
Acknowledgements

This study results from a Research Master Program in European
Prehistory at the Faculty of Archaeology, Leiden University. Ruud
Hendrikx at the Department of Materials Science and Engineering of the
Delft University of Technology is acknowledged for his help with the X-
ray analysis. Furthermore, the authors thank the two anonymous re-
viewers for their critical comments and insights on an earlier version of
the paper.

Funding

The writing of this article was supported by the Dutch Research
Council (NWO) project Economies of Destruction:The emergence of me-
talwork deposition during the Bronze Age in Northwest Europe, c.
2300-1500BC (project code 227-60-001), as well as NWO projectWhat's
in a pot? Transformations during the Third Millennium BC from the
Perspective of Ceramic Technology (project code PGW.18.003/6330).

References

Allentoft, M.E., Sikora, M., Sjogren, K.-G., Rasmussen, S., Rasmussen, M., Stenderup, J.,
Damgaard, P.B., Schroeder, H., Ahlstrom, T., Vinner, L., Malaspinas, A.-S.,
Margaryan, A., Higham, T., Chivall, D., Lynnerup, N., Harvig, L., Baron, J., Casa, P.
Della, Dabrowski, P., Duffy, P.R., Ebel, A.V., Epimakhov, A., Frei, K., Furmanek, M.,
Gralak, T., Gromov, A., Gronkiewicz, S., Grupe, G., Hajdu, T., Jarysz, R.,



E.J. Kroon, et al.

Khartanovich, V., Khokhlov, A., Kiss, V., Kolét, J., Kriiska, A., Lasak, I., Longhi, C.,
McGlynn, G., Merkevicius, A., Merkyte, 1., Metspalu, M., Mkrtchyan, R., Moiseyev, V.,
Paja, L., Palfi, G., Pokutta, D., Pospieszny, L., Price, T.D., Saag, L., Sablin, M.,
Shishlina, N., Smrcka, V., Soenov, V.I., Szeverényi, V., T6th, G., Trifanova, S.V.,
Varul, L., Vicze, M., Yepiskoposyan, L., Zhitenev, V., Orlando, L., Sicheritz-Pontén, T.,
Brunak, S., Nielsen, R., Kristiansen, K., Willerslev, E., 2015. Population genomics of
Bronze Age Eurasia. Nature 522, 167-172. https://doi.org/10.1038/nature14507.

Beckerman, S.M., 2015. Corded Ware Coastal Communities: Using Ceramic Analysis to
Reconstruct Third Millennium BC Societies in the Netherlands.

Beckerman, S.M., Raemaekers, D.C.M., 2009. Vormvariatie van Vlaardingen-aardewerk:
Een nieuwe typochronologie van het aardewerk van de Vlaardingengroep (ca.
3400-2500 v. Chr.). Archeologie 13, 63-82.

Braekmans, D., Degryse, P., 2016. Petrography: Optical Microscopy, in: The Oxford
Handbook of Archaeological Ceramic Analysis. In: Hunt, A.M.W. (Ed.), Oxford
University Press, Oxford, pp. 233-265.

Butter, J., 1935. Zandwerven. West Friesland's. Oud en Nieuw, vol. 9, 66-69.

Childe, V.G., 1929. The Danube in Prehistory. Clarendon Press, Oxford.

Clarke, D.L., 1976. The beaker network: Social and economic models. In: Lanting, J.N.,
Van der Waals, J.N. (Eds.), Glockenbechersymposion Oberreid, 18-24 Mérz 1974.
Unieboek b.v., Bussum, pp. 459-476.

De Laet, S.J., Glasbergen, W., 1959. De Voorgeschiedenis der Lage Landen. J.B. Wolters,
Groningen.

Deer, W.A., Howie, R.A., Zussman, K., 1992. An Introduction to Rock-Forming Minerals.
Longman, Harlow.

Degryse, P., Braekmans, D., 2014. Elemental and isotopic analysis of ancient ceramics and
glass. In: Holland, H.D., Turekian, K.K. (Eds.), Treatise on Geochemistry Volume 14:
Archaeology and Anthropology. Elsevier Ltd., Oxford, pp. 191-207. https://doi.org/
10.1016/B978-0-08-095975-7.01215-8.

Dickinson, W.R., Shutler, R., 2000. Implications of petrographic temper analysis for
Oceanian prehistory. J. World Prehistory 14, 203-266.

Diependaele, S., Drenth, E., 2010. Archeologisch Onderzoek langs de Rijksweg N11
(Spookverlaat) ten behoeve van de Aanleg van het Windturbinepark Rijnwoud te
Hazerswoude-Rijndijk (ge. Rijnwoude, prov. Zuid-Holland): Een Neolithische
Vindplaats langs de Oude Rijn, RAPPORT A06-286-R EN A06-359-R. ArcheoMedia
bv, Nieuwekerk aan den IJssel.

Drenth, E., 2005. Het Laat-Neolithicum in Nederland. In: Deeben, J., Drenth, E., Van
Oorsouw, M.-F., Verhart, L.B.M. (Eds.), De Steentijd van Nederland. Stichting
Archeologie, Meppel, pp. 333-365.

Drenth, E., Brinkkemper, O., Lauwerier, R.C.G.M., 2008. Single Grave Culture settlements
in the Netherlands: the sate of affairs anno 2006. In: Dorfler, W., Miiller, J. (Eds.),
Umwelt - Wirtschaft - Siedlungen Im Dritten Vorchristlichen Jahrtausend
Mitteleuropas Und Siidskandinaviens. Internationale Tagung Kiel 4. - 6. November
2005 Wachholtz Verlag Neumiinster, Neumiinster, pp. 149-181.

Eisenmann, S., Banffy, E., Van Dommelen, P., Hofmann, K.P., Maran, J., Lazaridis, I.,
Mittnik, A., McCormick, M., Krause, J., Reich, D., Stockhammer, P.W., 2018.
Reconciling material cultures in archaeology with genetic data: the nomenclature of
clusters emerging from archaeogenomic analysis. Sci. Rep. 8, 13003. https://doi.org/
10.1038/541598-018-31123-z.

Fokkens, H., 2012. Background to Dutch beakers: A critical review of the Dutch model. In:
Fokkens, H., Nicolo, F. (Eds.), Background to Beakers: Inquiries into Regional
Cultural Backgrounds of the Bell Beaker Complex. Sidestone Press, Leiden, pp. 9-35.

Fokkens, H., Van As, S.F.M., Steffens, B.J.W., 2017. Farmers, Fishers, Fowlers, Hunters:
Knowledge Generated by Development-Led Archaeology about the Late Neolithic, the
Early Bronze Age and the Start of the Middle Bronze Age (2850-1500 Cal BC) in the
Netherlands, Nederlandse Archeologische Rapporten 053. Rijksdienst voor Cultureel
Erfgoed, Amersfoort.

Furholt, M., 2014. Upending a ‘totality’: re-evaluating Corded Ware variability in Late
Neolithic Europe. Proc. Prehist. Soc. 80, 1-20. https://doi.org/10.1017/ppr.2013.20.

Furholt, M., 2017. Massive migrations? The impact of recent aDNA studies on our view of
third millennium Europe. Eur. J. Archaeol. 21, 159-191. https://doi.org/10.1017/
eaa.2017.43.

Gimbutas, M., 1994. Das Ende Alteuropas: Des Einfall von Steppennomaden aus
Siidrussland und die Indogermanisierung Mitteleuropas. Archaeolingua, Budapest.

Gornitz, V., 2009. Mineral indicators of past climates. In: Gornitz, V. (Ed.), Encyclopedia
of Paleoclimatology and Ancient Environments. Springer, Dordrecht, pp. 573-583.

Gosselain, O.P., 2000. Materializing identities: an African perspective. J. Archaeol.
Method Theory 7, 187-217. https://doi.org/10.1023/A:1026558503986.

Gosselain, O.P., 2008. Thoughts and adjustments in the potter's backyard. In: Berg, L.
(Ed.), Breaking the Mould: Challenging the Past through Pottery. Archaeopress,
Oxford, pp. 67-79.

Gosselain, O.P., 2011. Fine if I do, fine if I don't: Dynamics of technical knowledge in Sub-
Saharan Africa. In: Roberts, B.W., Vander Linden, M. (Eds.), Investigating
Archaeological Cultures. Springer, New York, NY, pp. 211-227. https://doi.org/10.
1007/978-1-4419-6970-5_11.

Gosselain, O.P., Livingstone Smith, A., 2005. The source: clay selection and processing
practices in sub-Saharan Africa. In: Livingstone Smith, A., Bosquet, D., Martineau, R.
(Eds.), Pottery Manufacturing Processes: Reconstruction and Interpretation. BAR
International Series 1349 Archaeopress, Oxford, pp. 33-47.

Haak, W., Lazaridis, 1., Patterson, N., Rohland, N., Mallick, S., Llamas, B., Brandt, G.,
Nordenfelt, S., Harney, E., Stewardson, K., Fu, Q., Mittnik, A., Banffy, E., Economou,
C., Francken, M., Friederich, S., Pena, R.G., Hallgren, F., Khartanovich, V., Khokhlov,
A., Kunst, M., Kuznetsov, P., Meller, H., Mochalov, O., Moiseyev, V., Nicklisch, N.,
Pichler, S.L., Risch, R., Rojo Guerra, M.a., Roth, C., Szécsényi-Nagy, A., Wahl, J.,
Meyer, M., Krause, J., Brown, D., Anthony, D., Cooper, A., Alt, K.W., Reich, D., 2015.
Massive migration from the steppe was a source for Indo-European languages in
Europe. Nature 522, 207-211. https://doi.org/10.1038/nature14317.

Hall, M.E., 2016. X-ray fluorescence- energy dispersive (ED-XRF) and wavelength dis-
persive (WD-XRF) spectrometry. In: Hunt, A.M.W. (Ed.), The Oxford Handbook of
Archaeological Ceramic Analysis. Oxford University Press, Oxford, pp. 342-362.

Hofmann, D., 2015. What have genetics ever done for us? The implications of a DNA data

20

Journal of Archaeological Science: Reports 26 (2019) 101873

for interpreting identity in early Neolithic Central Europe. Eur. J. Archaeol. 18,
454-476. https://doi.org/10.1179/1461957114Y.0000000083.

Holmgqpvist, E., Larsson, f\.M., Kriiska, A., Palonen, V., Pesonen, P., Mizohata, K., Kouki, P.,
Réisédnen, J., 2018. Tracing grog and pots to reveal Neolithic Corded Ware Culture
contacts in the Baltic Sea region (SEM-EDS, PIXE). J. Archaeol. Sci. 91, 77-91.
https://doi.org/10.1016/j.jas.2017.12.009.

Huisman, D.J., 1998. Geochemical Characterization of Subsurface Sediments in the
Netherlands. (Landbouwuniversiteit te Wageningen).

Huisman, D.J., van der Laan, J., Davies, G.R., van Os, B.J.H., Roymans, N., Fermin, B.,
Karwowski, M., 2017. Purple haze: combined geochemical and Pb-Sr isotope con-
straints on colourants in Celtic glass. J. Archaeol. Sci. 81, 59-78. https://doi.org/10.
1016/j.jas.2017.03.008.

Janssens, K., 2003. X-ray fluorescence analysis. In: Gauglitz, G., Va-Dinh, T. (Eds.),
Handbook of Spectroscopy. Wiley-VCH Verlag GmbH & Co. KgaA, Weinham, pp.
366-420.

Kristiansen, K., Allentoft, M.E., Frei, K.M., Iversen, R., Johannsen, N.N., Kroonen, G.,
Pospieszny, L., Price, T.D., Rasmussen, S., Sjogren, K.-G., Sikora, M., Willerslev, E.,
2017. Re-theorising mobility and the formation of culture and language among the
Corded Ware Culture in Europe. Antiquity 91, 334-347. https://doi.org/10.15184/
aqy.2017.17.

Larsson, A.M., 2009. Breaking and Making Bodies and Pots: Material and Ritual Practices
in South Sweden in the Third Millennium BC. Uppsala Universitet, Uppsala.

Louwe Kooijmans, L.P., 1976. Local developments in a borderland: a survey of the
Neolithic at the Lower Rhine. Oudh. Meded. uit het Rijksmus. van Oudh. te Leiden
57, 227-297.

Louwe Kooijmans, L.P., 1983. Tussen SOM en TRB: Enige gedachten over het Laat-
Neolithicum in Nederland en Belgié. Bull. des Musées Royaux d'Art d'Histoire 54,
55-67.

Miller, H..M.-L., 2009. Archaeological Approaches to Technology. Left Coast Press Inc.,
Walnut Creek.

Munita, C.S., Toyota, R.G., Oliveira, P.T.M., Neves, E.G., Demartini, C.C., 2008.
Tempering effect in ceramics chemical analysis by INAA. In: 9th International
Conference on NDT of Art. Jerusalem.

Newman, M.E.J., 2010. Networks: An Introduction. Oxford University Press, Oxford.

Olalde, 1., Brace, S., Allentoft, M.E., Armit, 1., Kristiansen, K., Booth, T., Rohland, N.,
Mallick, S., Szécsényi-Nagy, A., Mittnik, A., Altena, E., Lipson, M., Lazaridis, I.,
Harper, T.K., Patterson, N., Broomandkhoshbacht, N., Diekmann, Y., Faltyskova, Z.,
Fernandes, D., Ferry, M., Harney, E., de Knijff, P., Michel, M., Oppenheimer, J.,
Stewardson, K., Barclay, A., Alt, K.W., Liesau, C., Rios, P., Blasco, C., Miguel, J.V.,
Garcia, R.M., Ferndndez, A.A., Banffy, E., Bernabo-Brea, M., Billoin, D., Bonsall, C.,
Bonsall, L., Allen, T., Biister, L., Carver, S., Navarro, L.C., Craig, O.E., Cook, G.T.,
Cunliffe, B., Denaire, A., Dinwiddy, K.E., Dodwell, N., Ernée, M., Evans, C., Kuchaiik,
M., Farré, J.F., Fowler, C., Gazenbeek, M., Pena, R.G., Haber-Uriarte, M., Haduch, E.,
Hey, G., Jowett, N., Knowles, T., Massy, K., Pfrengle, S., Lefranc, P., Lemercier, O.,
Lefebvre, A., Martinez, C.H., Olmo, V.G., Ramirez, A.B., Maurandi, J.L., Majé, T.,
McKinley, J.I., McSweeney, K., Mende, B.G., Mod, A., Kulcsér, G., Kiss, V., Czene, A.,
Patay, R., Endrddi, A., Kohler, K., Hajdu, T., Szeniczey, T., Dani, J., Bernert, Z., Hoole,
M., Cheronet, O., Keating, D., Veleminsky, P., Dobe$§, M., Candilio, F., Brown, F.,
Fernandez, R.F., Herrero-Corral, A.-M., Tusa, S., Carnieri, E., Lentini, L., Valenti, A.,
Zanini, A., Waddington, C., Delibes, G., Guerra-Doce, E., Neil, B., Brittain, M., Luke,
M., Mortimer, R., Desideri, J., Besse, M., Briicken, G., Furmanek, M., Haluszko, A.,
Mackiewicz, M., Rapinski, A., Leach, S., Soriano, I., Lillios, K.T., Cardoso, J.L.,
Pearson, M.P., Wiodarczak, P., Price, T.D., Prieto, P., Rey, P.-J., Risch, R., Rojo
Guerra, M.A., Schmitt, A., Serralongue, J., Silva, A.M., Smrcka, V., Vergnaud, L.,
Zilho, J., Caramelli, D., Higham, T., Thomas, M.G., Kennett, D.J., Fokkens, H., Heyd,
V., Sheridan, A, Sjogren, K.-G., Stockhammer, P.W., Krause, J., Pinhasi, R., Haak, W.,
Barnes, ., Lalueza-Fox, C., Reich, D., 2018. The Beaker phenomenon and the genomic
transformation of northwest Europe. Nature 555, 190-196. https://doi.org/10.1038/
nature25738.

Pincé, P., Braekmans, D., Abdali, N., De Pauw, E., Amelirad, S., Vandenabeele, P., 2018.
Development of ceramic production in the Kur River Basis (Fars, Iran) during the
Neolithic: a compositional and technological approach using X-ray fluorescence
spectroscopy and thin section petrography. Archaeol. Anthropol. Sci. 11 (4),
1241-1258. https://doi.org/10.1007/s12520-018-0598-6.

Quinn, P.S., 2013. Ceramic Petrography: The Interpretation of Archaeological Pottery &
Related Artefacts in Thin Section. Archaeopress, Oxford.

Quinn, P.S., Zhang, S., Xia, Y., Li, X., 2017. Building the terracotta army: ceramic craft
technology an organisation of production at Qin Shihuang's mausoleum complex.
Antiquity 91, 966-979.

Reedy, C.L., 2008. Thin-Section Petrography of Stone and Ceramic Cultural Materials.
Archetype Books, London.

Rye, O.S., 1981. Pottery Technology: Principles and Reconstruction. Taraxacum,
Washington D.C.

Sherratt, A., 1981. Plough and pastoralism: Aspects of the secondary products revolution.
In: Hodder, 1., Isaac, G., Hammond, N. (Eds.), Pattern of the Past; Studies in Honour
of David Clarke. Cambridge University Press, Cambridge, pp. 261-305.

Sterba, J.H., Mommsen, H., Steinhauser, G., Bichler, M., 2009. The influence of different
tempers on the composition of pottery. J. Archaeol. Sci. 36, 1582-1589.

Ting, C., Humphris, J., 2017. The technology and craft organisation of Kushite technical
ceramic production at Meroe and Hamadab, Sudan. J. Archaeol. Sci. Reports 16,
34-43.

Van den Broeke, P.W., 2012. Het Handgevormde Aardewerk uit de IJzertijd en de
Romeinse tijd van Oss-Ussen: Studies naar Typochronologie, Technologie en
Herkomst. Sidestone Press, Leiden.

Van der Waals, J.D., Glasbergen, W., 1955. Beaker types and their distribution in the
Netherlands; intrusive types, mutual influences and local evolutions. Palaeohistoria
IV 1-53.

Van Dommelen, P., 2014. Moving on: archaeological perspectives on mobility and mi-
gration. World Archaeol. 46, 477-483. https://doi.org/10.1080/00438243.2014.
933359.


https://doi.org/10.1038/nature14507
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0010
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0010
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0015
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0015
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0015
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0020
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0020
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0020
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0025
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0030
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0035
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0035
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0035
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0040
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0040
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0045
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0045
https://doi.org/10.1016/B978-0-08-095975-7.01215-8
https://doi.org/10.1016/B978-0-08-095975-7.01215-8
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0055
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0055
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0060
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0060
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0060
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0060
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0060
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0065
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0065
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0065
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0070
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0070
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0070
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0070
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0070
https://doi.org/10.1038/s41598-018-31123-z
https://doi.org/10.1038/s41598-018-31123-z
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0080
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0080
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0080
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0085
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0085
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0085
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0085
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0085
https://doi.org/10.1017/ppr.2013.20
https://doi.org/10.1017/eaa.2017.43
https://doi.org/10.1017/eaa.2017.43
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0100
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0100
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0105
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0105
https://doi.org/10.1023/A:1026558503986
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0115
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0115
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0115
https://doi.org/10.1007/978-1-4419-6970-5_11
https://doi.org/10.1007/978-1-4419-6970-5_11
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0125
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0125
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0125
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0125
https://doi.org/10.1038/nature14317
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0135
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0135
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0135
https://doi.org/10.1179/1461957114Y.0000000083
https://doi.org/10.1016/j.jas.2017.12.009
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0150
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0150
https://doi.org/10.1016/j.jas.2017.03.008
https://doi.org/10.1016/j.jas.2017.03.008
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0160
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0160
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0160
https://doi.org/10.15184/aqy.2017.17
https://doi.org/10.15184/aqy.2017.17
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0170
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0170
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0175
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0175
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0175
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0180
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0180
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0180
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0185
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0185
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0190
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0190
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0190
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0195
https://doi.org/10.1038/nature25738
https://doi.org/10.1038/nature25738
https://doi.org/10.1007/s12520-018-0598-6
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0210
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0210
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0215
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0215
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0215
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0220
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0220
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0225
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0225
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0230
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0230
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0230
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0235
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0235
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0240
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0240
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0240
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0245
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0245
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0245
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf04000
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf04000
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf04000
https://doi.org/10.1080/00438243.2014.933359
https://doi.org/10.1080/00438243.2014.933359

E.J. Kroon, et al.

Van Giffen, A.E., 1930. Die Bauart der Einzelgraber; Beitrag zur kenntnis der &lteren
individuellen Grabhiigelstrukturen in den Niederlanden. Mannubibliothek, Leipzig.

Van Gijn, A., Bakker, J.A., 2005. Hunebedbouwers en steurvissers: Midden-Neolithicum
B: Trechterbekercultuur en Vlaardingen-groep. In: Louwe Kooijmans, L.P., Van den
Broeke, P.W., Fokkens, H., Van Gijn, A. (Eds.), Nederland in de Prehistorie. Uitgeverij
Bert Bakker, Amsterdam, pp. 281-306.

Van Regteren Altena, V.J.F., 1958. Nieuwe Opgravingen van de Neolithische
Nederzetting te Zandwerven, gem. Spanbroek; Voorbericht omtrent de proefop-
graving in 1957. West Frieslands Oud en Nieuw 25, 144-159.

Van Regteren Altena, J.F., 1959. Nieuwe Opgravingen van de Neolithische Nederzetting
te Zandwerven, gem. Spanbroek, II; Voorlopige mededelingen omtrent het onderzoek
in 1958. West Frieslands Oud en Nieuw 26, 155-156.

Van Regteren Altena, V.J.F., Bakker, J.A., Clason, A.T., Glasbergen, W., Groenman - Van
Wateringe, W., Pons, L.J., 1962. The Vlaardingen culture (III). Helinium 2, 215-243.

Van Veen, M.M.A., 1989. Voorschoten-De Donk: Bewoning op de Oude Duinen, vanaf het
Late Neolithicum tot in de Romeinse Tijd. Leiden University.

Vander Linden, M., 2016. Population history in third-millennium-BC Europe: assessing

21

Journal of Archaeological Science: Reports 26 (2019) 101873

the contribution of genetics. World Archaeol. 48, 714-728. https://doi.org/10.1080/
00438243.2016.1209124.

Vos, P., De Vries, S., 2013. 2e generatie paleogeografische kaarten van Nederland (versie
2.0) [WWW Document]. http://archeologieinnederland.nl/bronnen-en-kaarten/
paleogeografische-kaarten, Accessed date: 29 February 2016.

Wasmus, F., 2011. Once upon a Dune in the West; on the Vlaardingen Culture, its
Chronology and the Pottery of the Site Voorschoten-De Donk. Leiden University.
West, M., Ellis, A.T., Potts, P.J., Streli, C., Vanhoof, C., Wegrzynek, D., Wobrauschek, P.,
2011. Atomic spectrometry update: X-ray fluorescence spectrometry. J. Anal. At.

Spectrom. 26, 1919-1963.

Whitbread, 1.K., 1989. A proposal for the systematic description of thin sections towards
the study of ancient ceramic technology. In: Maniatis, Y. (Ed.), Archaeometry:
Proceedings of the 25th International Symposium. Elsevier, Amsterdam, pp.
127-138.

Whitbread, I.K., 1995. Greek Transport Amphorae: A Petrological and Archaeological
Study. The British School at Athens (Fitch Laboratory Occasional Paper 4), Athens.


http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0260
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0260
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0265
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0265
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0265
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0265
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0270
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0270
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0270
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0275
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0275
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0275
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0280
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0280
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0285
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0285
https://doi.org/10.1080/00438243.2016.1209124
https://doi.org/10.1080/00438243.2016.1209124
http://archeologieinnederland.nl/bronnen-en-kaarten/paleogeografische-kaarten
http://archeologieinnederland.nl/bronnen-en-kaarten/paleogeografische-kaarten
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0300
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0300
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0305
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0305
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0305
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0310
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0310
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0310
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0310
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0315
http://refhub.elsevier.com/S2352-409X(19)30163-4/rf0315

	The introduction of Corded Ware Culture at a local level: An exploratory study of cultural change during the Late Neolithic of the Dutch West Coast through ceramic technology
	Introduction
	Theoretical framework
	Materials and methods
	Analytical methods
	Network analysis

	Results
	Macromorphology
	Petrography
	Geochemical analysis

	Discussion
	Analysis of technical actions
	The introduction of the CWC from the perspective of ceramic technology
	Persistent long-distance interactions

	Conclusions
	Acknowledgements
	mk:H1_17
	Funding
	mk:H1_19
	References




