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Zusammenfassung: Die Grübchenkeramische Kultur 
(Pitted Ware culture, PWC) fasziniert seit langem die Fach-
welt. Chronologisch gehört sie zum Neolithikum, bricht 
aber mit traditionellen Vorstellungen von kultureller und 
sozialer Entwicklung, da sie eine Rückkehr zu  – oder 
Weiterführung von  – längst aufgegebenen Jäger-Samm-
ler-Lebensweisen darstellt. Ein Schlüssel zum Verständ-
nis der PWC ist ihre Chronologie. Wann und wo entstand 
sie, wie breitete sie sich aus, und warum endete sie? Zur 
Klärung dieser Fragen präsentiert dieser Artikel die bisher 
größte Zusammenstellung von alten und neu gemesse-
nen Radiokarbondatierungen von grübchenkeramischen 
Fundplätzen aus ganz Skandinavien. Über 900 Datierun-
gen wurden kritisch begutachtet, neu kalibriert und kor-
rigiert. Die große Zahl von Datierungen ermöglicht einen 
Blick auf die Gesamtheit der PWC, der nicht durch Prob-
leme mit individuellen Datierungen von einzelnen Fund-
plätzen getrübt wird. Unser Modell schlägt vor, dass sich 
die PWC schnell von einem vermuteten Zentrum in zent-
ralen Ostschweden (um 3400 v. Chr.) in weite Teile Skan-
dinaviens und Nordostdänemarks ausbreitete. Die rasche 
Ausbreitung in vorwiegend küstennahen Gebieten kann 
durch das Engagement der PWC in weitreichenden Feuer-
stein-Handelsnetzen verstanden werden. Das Ende der 
PWC (um 2200 v. Chr.) kann als Konsequenz der landwirt-
schaftlichen Intensivierung und Ausbreitung nach Norden 
im Spätneolithikum verstanden werden.

Schlüsselworte: Grübchenkeramische Kultur, Skandina-
vien, Neolithikum, Radiokarbondatierungen, Chronolo-
gie; 4.–3. Jahrtausend v. Chr., big data

Résumé: La culture de la céramique perforée (Pitted Ware 
culture, PWC) continue d’attirer l’attention des scienti-
fiques. Appartenant à la période néolithique définie par 
l’avènement de l’agriculture, le phénomène PWC rompt 
avec notre conception traditionnelle de l’évolution cultu-
relle et sociale, en incarnant le retour ou la continuation 
du mode de vie des chasseurs-cueilleurs. Pour comprendre 
cette apparente anomalie, il est essentiel de pouvoir res-
tituer la chronologie de la PWC: Quand et où ce phéno-
mène a-t-il émergé pour la première fois? Comment s’est-il 
répandu? Quand et pourquoi s’est-il éteint? Afin de clari-
fier ces questions, le présent article décrit le plus grand 
échantillonnage jamais assemblé de sites PWC, localisés 
à travers toute la Scandinavie et bénéficiant de datations 
radiocarbones recalibrées et corrigées. Sur plus de 900 
datations 14C collectées, nous fument en mesure de sur-
monter les nombreux obstacles engendrés par la limitation 
de dates individuelles obtenues sur des sites uniques, qui 
entravent bien trop souvent l’interprétation et empêchent 
toute vision d’ensemble. En conséquence, nous sommes 
maintenant en mesure de présenter un modèle montrant 
la propagation rapide de la PWC, depuis une origine sup-
posée située dans le centre-est de la Suède (env. 3400 av. 
J.-C.) vers les vastes zones essentiellement côtières de la 
péninsule scandinave et du nord-est du Danemark. Cette 
propagation rapide peut être expliquée par l’intégration 
de la PWC dans les réseaux d’échange de silex à longue 
distance. La fin du phénomène PWC, datée aux environs 
de 2200 cal av. J.-C.) peut être considérée comme une 
conséquence de l’intensification de l’agriculture et de son 
expansion vers le nord durant le néolithique tardif.

Mots-clés: culture de la céramique perforée, Scandina-
vie; Néolithique, datations radiocarbones, chronologie,  
4ème–3ème millénaire av. J.-C., big data

Abstract: The Pitted Ware culture continues to attract 
attention from scholars. Being chronologically situated in 
the Neolithic, the Pitted Ware phenomenon breaks with 
our traditional view on cultural and social evolution by 
representing a return to, or continuation of, an other-
wise abandoned hunter-gatherer lifestyle. One of the key 
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issues for trying to understand the Pitted Ware Culture is 
its chronology – when and where did this phenomenon 
emerge for the first time, how did it spread and when and 
why did it end? In order to clarify these issues this paper 
presents the hitherto largest sample of new as well as old 
recalibrated and error corrected radiocarbon dates from 
Pitted Ware sites all over Scandinavia. From more than 
900 radiocarbon dates, we are able to look through the 
many obstacles that often hamper the interpretation of the 
limited numbers of individual dates obtained from single 
sites. Furthermore, we are able to present a model showing 
a rapid spread of the “Pitted Ware Culture” or “Pitted Ware 
phenomenon” from a supposed origin in central eastern 
Sweden (c. 3400 cal BC) to vast, mostly coastal, areas on 
the Scandinavian Peninsula and northeastern Denmark. 
The rapid spread can be explained by Pitted Ware engage-
ment in far-reaching flint exchange networks. The end of 
the Pitted Ware phenomenon (c. 2200 cal BC) can be seen 
as a consequence of the agricultural intensification and 
expansion northwards during the Late Neolithic.

Keywords: Pitted Ware culture, Scandinavia, Neolithic, 
radiocarbon dates, chronology, 4th–3rd millennium BC, big 
data

Introduction
The chronology of the Scandinavian hunter-, fisher- and 
gatherer-based Pitted Ware culture (PWC) is an old and 
so far unsolved problem in Scandinavian archaeology. 
This is primarily due to the lack of secure contact finds 
from sealed undisturbed contexts relating the Pitted Ware 
culture to other co-existing archaeologically defined cul-
tural groups such as the late Funnel Beaker culture (TRB), 
the Danish Single Grave culture (SGC) or the Swedish/Nor-
wegian Battle Axe culture (BAC). Many sites contain culture 
layers with several occupation phases spanning a number 
of periods and cultural groups. However, due to older and 
non-specialist led excavations as well as post-depositional 
formation processes such as soil erosion, transportation 
and transgressions, it has often turned out to be difficult to 
relate datable material to the different cultural occupation 
phases. To this must be added the possibility of re-cutting 
and backfilling of features in the Neolithic as known from 
various causewayed enclosures.

Furthermore, many of the older conventional radio-
carbon dates often made on charcoal might be affected by 
the ‘old wood effect’ as they required quite large samples 
almost certainly including heartwood and therefore, im-
plicitly, a high sample age. Direct dates of the Pitted Ware 

culture can be obtained from food crust from the Pitted 
Ware vessels, however, due to the marine orientation of 
the Pitted Ware culture these will usually be influenced by 
the marine reservoir effect. Therefore, they must be cor-
rected dependent on their δ13C isotope values, which are 
not always available.

Not all of these obstacles do of course affect all sites 
and some can even been dealt with when analysing in-
dividual sites and resampling old material. However, in 
order to obtain an overall picture of the chronology and 
spread of the Pitted Ware phenomenon we need another 
approach. Based on the hitherto largest collection of 
radio carbon dates from the entire Pitted Ware area this 
article presents a re-evaluation of the Pitted Ware chro-
nology as regards where and when it begins and ends. By 
modelling more than 900 radiocarbon dates, representing 
more than 80 different sites (Figure 1) we are able to iden-
tify the outliers caused by the various sources of error that 
will otherwise distort the case value from individual sites. 
The collected radiocarbon dates come from a range of dif-
ferent sources and have all been critically evaluated, cor-
rected and recalibrated (cf. Appendix). In addition, 66 new 
dates have been processed as a part of the international 
research project CONTACT. The Pitted Ware Phenomenon 
in Djursland and Maritime Relations across the Kattegat in 
the Middle Neolithic1.

An overview of the Pitted Ware 
horizon in Scandinavia and its 
subdivision
The Pitted Ware culture was already defined in the early 
1900s in eastern central Sweden as the ‘East Swedish set-
tlement culture’ due to Oscar Almgren’s excavations at 
Åloppe in Uppland2. Based on later investigations of some 
very large and find rich sites, such as Säter and Fagervik, a 
Pitted Ware pottery chronology was established showing 
origins in the Early Neolithic Funnel Beaker culture3. It was 
the characteristic pit-decorated pottery that from early on 
defined, and later on also named, the Pitted Ware culture.

The duration of the Pitted Ware horizon in eastern 
Sweden has been, and still is, a disputed topic, as it is in 
southern Scandinavia. In particular some very early dates 
(early 4th millennium BC) have been questioned because of 

1 Klassen 2020.
2 Almgren 1906.
3 Bagge 1952.
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the potential influence of the marine reservoir effect and 
because Early Neolithic Funnel Beaker pottery (the Fager-
vik I stage) has been included in the Pitted Ware horizon. 
At the other end of the chronological sequence, the Fager-
vik IV stage seems to end the Pitted Ware horizon no later 
than c.  2400/2300 cal BC, however, significantly later 
dates (until c. 2150 cal BC) are sometimes stated reaching 
well into the Late Neolithic. Leaving single outliers and 
uncertain dates out of account, the Pitted Ware culture 
in eastern central Sweden must be dated to the period 
c. 3600/3400–2400/2300 cal BC, corresponding to the late 
Early Neolithic and Middle Neolithic in South Scandina-
via4.

In western Sweden and southern Norway, Pitted Ware 
sites are mainly found along the cost, but sites have also 

4 Edenmo et al. 1997, 182–185; Persson 1999, 32–33; Segerberg 1999, 
127–129, fig. 89; M. Larsson 2006, 21–22; Å. M. Larsson 2009, 57–58, 
407–412 with references; Hallgren 2011, 32–33; M. Larsson et al. 2014, 
89.

been recorded further inland. Sites are predominantly 
located via the presence of tanged flint arrowheads and 
cylindrical flint cores but also slate arrowheads are known 
as is Pitted Ware pottery. Sites with preserved organic 
remains that could provide us with material for radiocar-
bon dating are, however, few but include sites such as 
Ånneröd, Dafter, Sandhem, Rörvik and Auve5.

The definition of distinct Pitted Ware sites in western 
Sweden and southern Norway is not as straightforward 
as in southern Scandinavia, as defining elements such as 
tanged flint arrowheads and cylindrical flint cores by all 
means were introduced into western Sweden as early as 
the Early Neolithic (c. 4000–3300 cal BC). This happened 
under influence from southern Norway, where tanged ar-
rowheads are known from Mesolithic contexts and seem to 
have been used throughout the Neolithic6.

5 Bakka 1973; Kaelas 1973; Edenmo et al. 1997, 152–168; Hernek 2007; 
Østmo 2008.
6 Indrelid 1994, 187–188; Bergsvik 2006, 41.

Fig. 1: Map showing the distribution of Pitted Ware sites radiocarbon dated in the present study 
(black circles). The modern shoreline is marked with a black line whereas the prehistoric landmass 
around 3000 cal BC is marked with green colour. Drawn by Per Persson, shorelines after Geological 
Survey of Sweden (SGU) map generator: http://apps.sgu.se/kartgenerator/maporder_en.html

http://apps.sgu.se/kartgenerator/maporder_en.html
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The early occurrence of this, otherwise typical Pitted 
Ware assemblage, is apparently confirmed by a few radio-
carbon dates made on food-crust on Pitted Ware vessels. 
However, these dates derive from one site only; Olas in 
Halland, and as in eastern central Sweden such early dates 
can been questioned. Of the five food crust dates from 
Olas only the three youngest have measured δ13C values 
showing a marine content. Their reservoir-corrected age 
distribution is between c. 3400 and 3000 cal BC. The two 
other food crust dates are older, but here we lack the δ13C 
values. Thus, we cannot exclude the possibility of a res-
ervoir effect and these dates should therefore be treated 
with caution7. The wider accumulation of dates made on 
food crusts and bones from western Sweden and south-
ern Norway all group within the Middle Neolithic, ranging 
between c. 3300–2500 cal BC and thus seem to agree with 
the reservoir-corrected dates from Olas8.

With Oskar Lidén’s investigations of the Jonstorp 
settlements in northwestern Scania a few decades after 
Almgren’s initial discoveries at Åloppe, the Pitted Ware 
culture was also recognized in southern Scandinavia9. Ten 
years after Lidén’s publication of the Jonstorp sites, Carl 
Johan Becker published evidence for the existence of the 
Pitted Ware culture in northeastern Denmark. The overall 
characteristics were the tanged flint arrowheads (types A, 
B and C), bipolar cylindrical flint cores and Pitted Ware 
pottery (Figure 2). Attempts have been made to subdivide 
the south Scandinavian Pitted Ware culture based on the 
tanged arrowheads, which have been seen as representing 
a typo-chronological sequence with type A-arrowheads as 
the earliest type and type C-arrowheads as the latest10. 
This typology builds on Sophus Müller’s old deduction 
that simple arrowheads (type A) were succeeded by more 
elaborate types (type B and then C)11.

The division of the Pitted Ware horizon in phases A, B 
and C, roughly corresponding to the respective arrowhead 
types, is primarily based on the Scanian Jonstorp sites, 
which have been distinguished chronologically based on 
their topography and location in relation to the chang-
ing shoreline. According to this shoreline chronology, 
the overall settlement sequence is as follows: M, H, RÄ, 
M2 and M3. The earliest Jonstorp sites M and H are dom-
inated by A-points, a phase parallel to Fagervik III in the 
East Swedish chronology. With some reservation, a middle 

7 See Appendix: Halland; Strinnholm 2001, 107, fig. 50.
8 Edenmo et al. 1997, 159–162; Strinnholm 2001, 105–112, figs. 49–50; 
Østmo 2008, 159–166; 2010: 50–57.
9 Kjær 1920, 36–40; Lidén 1940; Malmer 1969.
10 Becker 1951, 188–195, 221–222; 1955a, 83–85 fig. 36; 1982, 24–26.
11 Müller 1888, nos. 174–176.

phase has been separated which is made up by late type 
A arrowheads (the A3 sub-type) as well as type B arrow-
heads. Jonstorp M2 represents this phase. Type C-arrow-
heads define the youngest phase represented by Jonstorp 
M3, whereas Jonstorp RÄ is regarded as contemporary 
with both the Jonstorp MH stage and early M2-M3 stage 
even though only type A arrowheads have been found. 
Radiocarbon dates from Jonstorp M2 and M3 fall between 
c. 2900 and 2500 cal BC12.

The causewayed enclosure site at Stävie, Scania, con-
tains a mixture of late Funnel Beaker and Pitted Ware finds. 
While the pottery clearly resembles the Store Valby tradi-
tion, the flint material clearly relates to the Pitted Ware 

12 Lidén 1940, 7–36; Becker 1951, 193–195; 1955a, 127 fig. 36; 1982, 
24–25 fig. 6; Malmer 1969, 1–6; 45–50; 78–86; 2002, 123; Carlie 1986, 
160; Edenmo et al. 1997, 144 fig. 5,6; M. Larsson 2006, 73–75.

Fig. 2a: Tanged arrowheads. Types A, B and C (Pitted Ware culture), 
type D (Single Grave and Battle Axe cultures). Drawn by Timm Chris-
tensen. After Iversen 2015. 
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Fig. 2b: Pitted Ware pottery from Kainsbakke, Djursland. Drawn by Freerk Oldenburger (1, 3) and Jack Bacher. After Wincentz 2020.
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culture and includes cylindrical flint cores and tanged ar-
rowheads types A and B. Radiocarbon dates range from 
c. 2850 to 2300 cal BC13.

Some Pitted Ware sites from northeastern Scania and 
Blekinge such as Nymölla I, Sirestorp and Björkärr have 
revealed somewhat older dates covering the time span 
c. 3500 to 2200 cal BC. These dates are comparable with 
those known from western and central eastern Sweden 
and indicate the presence of Pitted Ware sites in southeast-
ern Sweden already in MN I (Middle Neolithic I, the Trolde- 
bjerg and Klintebakke phases, c.  3300–3100 cal BC)14. 
However, these samples span quite a long period and can 
be questioned for several reasons. Those from Nymölla I 
are all charcoal samples dating from c. 3500 to 2300 cal 
BC and might be influenced by the ‘old wood effect’. Fur-
thermore, the samples are not directly associated with the 
Pitted Ware occupation on the site and could derive from 
both earlier and later phases. At Björkärr, dated c. 3500–
2650 cal BC15, the oldest sample was only treated with hy-
drochloric acid and no bases. Therefore, (potentially older) 
humic substances from the soil could have remained in 
the sample, which makes this date problematic. The two 
other dates from this site were made on fully pre-treated 
material and both fall after 3000 cal BC.

The discovery and partial excavation of the Kainsbakke  
and Kirial Bro sites on Djursland in the 1980s contributed 
with new and important information on the Danish Pitted 
Ware culture thanks to, among other things, the presence 
of preserved faunal material and the possibility for produc-
ing new radiocarbon dates. These range from c. 2900–2550 
cal BC16. Type A arrowheads predominate on both Kains-
bakke (in particular subtype A3) and Kirial Bro. Therefore, 
the two sites have been considered belonging to an early 
phase of the Pitted Ware horizon. On the basis of the new 
evidence from Kainsbakke and Kirial Bro compared with 
other sites predominated by certain arrowhead types such 
as Smedegårde (mainly subtype A3) and Livø (mainly type 
C) in the Limfjord area, the Pitted Ware chronology was 
subsequently simplified.

Thus, Lisbeth Wincentz Rasmussen argues for a bipar-
tition of the horizon of which A-arrowheads, primarily A3, 
define the older phase while B- and C-arrowheads define 
the younger phase. The older phase is linked to pottery 
from Jonstorp H-RÄ and thick-butted flint axes of type A, 

13 L. Larsson 1982; M. Larsson 2006, 73.
14 Bagge/Kjellmark 1939; Wyszomirska 1975, 69; 1986a; 1986b; Eden-
mo et al. 1997, 144–145, fig. 5,6; M. Larsson 2006, 53–58.
15 Edenmo et al. 1997, 145.
16 L. W. Rasmussen 1984; 1986a; 1991; 1993; 2000; Tauber 1986.

while the younger is related to Jonstorp M2-M3 and thick-
butted B-axes17.

As already argued elsewhere, the internal Pitted Ware 
chronology can no longer be sustained as type A-, B- and 
C-arrowheads are contemporary18. In addition to Kains-
bakke and Kirial Bro, different sites with settlement con-
texts holding type A and/or B arrowheads have provided 
identical radiocarbon dates ranging from c.  2900–2550 
cal BC. These sites include Ajstrup Krat at Mariager Fjord, 
Aldersro I in eastern Jutland and the palisaded enclosure 
at Helgeshøj (pit x 454) in eastern Zealand. On Aldersro, 
however, the Pitted Ware finds derive from a MN V (Store 
Valby phase) Funnel Beaker layer, which means that one 
cannot assume that the radiocarbon dates necessarily rep-
resent the Pitted Ware finds19.

New important excavations carried out at the Hel-
geshøj palisaded enclosure have revealed more than 150 
tanged arrowheads of which several show impact frac-
tures. The tanged arrowheads come from different features 
but mainly relate to a secondary deposited culture layer 
overlaying the palisade. However, the principal excavator 
sees the layer as contemporary with the palisade. The ar-
rowheads are mainly type B (61 %) of which the ferociously 
looking type B2 with coarsely toothed edges forms quite a 
large share (44 % of the B-arrowheads). Type C constitutes 
30 %, whereas type A only makes 9 %. All three main ar-
rowhead types (A, B and C) are present in the same culture 
layer (x 34)20.

Type C arrowheads, which according to the old typo-
logically based chronology should represent a younger 
phase, are present in altogether four Jutland Single Grave 
culture interments. These cover phase 1a, 1b and 1c (i.  e. 
the entire Under Grave period21) equal to the timespan 
c. 2850–2600 cal BC according to Eva Hübner’s chronol-
ogy of the Single Grave culture. The graves are Skærbæk, 
Fragdrup, Sejbæk and Gedsted Hedgård22.

Furthermore, type C arrowheads have been found 
in two late Funnel Beaker (MN V) stone-packing graves 
at Vrou Hede I and Kappelhage in northwestern Jutland. 

17 L. W. Rasmussen 1986a, 166–167; see also Hübner 2005, 681–683 
fig. 496.
18 Iversen 2010, 6–7; 2016.
19 U. L. Rasmussen 2000; Giersing 2004, 24–25; Skousen 2008, 211–
212, appendix 1.
20 Information about the site was kindly provided by Lotte Spar-
revohn, Kroppedal Museum, 1 February 2017. Helgeshøj-området 2, 
archive no. TAK 1726. Typological classification of the arrowheads by 
Rune Iversen.
21 Cf. Glob 1945.
22 Becker 1951, 224–228 fig. 20; 1974, 179 fig. 46; Ebbesen 1975, 254 
figs. 181–182; Davidsen 1978, 166 fig. 81; Malmros 1980, 63; Hübner 
2005, 680–681 fig. 477.
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The C-arrowhead from Vrou Hede was not recovered from 
a sealed context but does by all accounts come from the 
disturbed rectangular feature (the so-called ‘mortuary 
house’)23. At Kappelhage, a C-arrowhead was recovered 
from one of the oblong graves that are usually placed in 
front of the ‘mortuary house’24. As the final Funnel Beaker 
phase (MN V) was rather long, probably spanning the 
period c. 3000–2600 cal BC25, the two stone-packing graves 
do not give a narrow date of the C-arrowheads. However, 
the two stone-packing graves underline the fact that type 
A and C arrowheads occur in the exact same period and 
therefore must be contemporary.

Somewhat similar conclusions have been made on the 
basis of the west Swedish arrowheads but type A is gener-
ally considered to be the earliest to occur26. Also in south-
ern Norway the tanged arrowheads seem to have been 
used contemporarily as indicated by the rich Auve site in 
the archipelago on the western side of the outer Oslo Fjord. 
However, type A occurs more frequently in the earlier 
phases whereas type B and C become more common in the 
later phases on the site27.

Yet another tanged arrowhead type (type D) belongs 
to the later Single Grave and Battle Axe cultures, both part 
of the larger Corded Ware phenomenon. Type D is well 
dated due to its presence in the late Jutland single graves 
covering phases 2b, 3a and 3b (i.  e. the late Ground Grave 
period and the Upper Grave period) equal to the timespan 
c. 2525–2250 cal BC. Because of morphological similarities 
relating type D to type C and the presence of hybrid forms, 
it is reasonable to consider type D as derived from type C 
somewhere around the transition between period 2b and 
3a, at c. 2450 cal BC, whereupon type D became absolute28.

A logical consequence of the contemporaneity of the 
Pitted Ware arrowhead types (A, B and C) is of course 
that a subdivision of the Pitted Ware horizon in two (or 
even three) phases cannot be sustained. Instead, the 
applied flint knapping technique can explain the differ-
ent arrowhead types. The tanged arrowheads were struck 
from bipolar cylindrical cores. The significant cylindrical 
shape of these cores with a platform in each end is a con-
sequence of the flint knapping technique, by which the 
core is regularly turned 180° in order to produce long and 
straight blades. In the beginning of the production se-
quence, wide and flat blades are produced; these are used 

23 Jørgensen 1977, 61–63; 184; 207–208.
24 Damm 1989; Fabricius/Becker 1996, 229.
25 Iversen 2015, 21–24.
26 Hernek 1995, 32; Edenmo et al. 1997, 161; Persson 1998, 66–72; 
Toreld 2003, 34–35; Munkenberg 2007, 107.
27 Østmo 2008, 83; 156–158 fig. 73.
28 Hübner 2005, 439; Iversen 2010, 7–9.

for the A-arrowheads. As more blades are removed the flint 
core obtains an increasingly multifaceted cylindrical form. 
The diameter of the platforms are gradually reduced and 
the angles between the flake scars get more or less acute. 
Consequently, blades get slender with a three-sided cross 
section. Such blades could be used for the C-arrowheads29.

The different types of blades that came out of this pro-
duction sequence were not only a logical outcome of the 
flint knapping technique but probably also instigated by 
the flint knapper in order to produce arrowheads with dif-
ferent properties. Thus, the Pitted Ware arrowhead types 
had different functions. The simple and relatively flat and 
wide type A represents hunting arrowheads whereas the 
slender type C with a triangular cross section probably 
functioned as specialized war arrowheads. Type B repre-
sents a multifunctional group of arrowheads that mixes 
features from type A and C. However, subtype B2 might 
be affiliated with the group of war arrowheads due to its 
coarsely toothed edges30.

Notes on the South Scandinavian 
Middle Neolithic chronology
According to the general South Scandinavian chronology, 
the Pitted Ware culture falls within the Middle Neolithic 
(c. 3300–2350 cal BC). However, due to the cultural diver-
sity that characterises most of the 3rd millennium BC, the 
Middle Neolithic as such, as well as its subdivision, has 
been debated thoroughly. It is not our intention to refer the 
entire debate here, but merely to provide a short research 
historical background to the used terminology.

In 1944 Therkel Mathiassen redefined and renamed 
Sophus Müller’s old chronology covering the ‘Passage 
grave period’ of the Megalithic culture (i.  e. the Funnel 
Beaker culture). Müller’s classification was based on a 
series of stylistic phases defined from the pottery found 
in the passage graves: the Grand Style, the Beautiful Style, 
Closing Florescence, the First Declining Period, Contin-
ued Decline and the Last Ornamentation31. Based on a 
series of excavated settlement sites Mathiassen proposed 
a five-phase chronology for the Passage grave period: I. 
Trolde bjerg, II. Blandebjerg, III. Trelleborg, IV. Bundsø and 
V. Lindø32. In 1947 Becker introduced the present terminol-
ogy, Early, Middle and Late Neolithic equal to the former 

29 See also Thorsberg 2007.
30 Iversen 2016.
31 Müller 1918.
32 Mathiassen 1944.
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Dolmen period, Passage grave period and Dagger/Stone 
cist period. At the same time Becker dismissed the old 
term ‘Megalithic culture’ in favour of the ‘Funnel Beaker 
culture’33.

By the mid-1950s Becker had modified Mathiassen’s 
Middle Neolithic chronology and added the Store Valby 
pottery phase, marking the end of the Funnel Beaker 
culture. Accordingly, the Troldebjerg style represents 
MN Ia, Klintebakke MN Ib, Blandebjerg (Trelleborg) MN 
II, Bundsø MN III, Lindø MN IV and Store Valby MN V. 
Later on, Poul Otto Nielsen merged the Bundsø and Lindø 
phases into a combined MN III/IV phase as the Lindø style 
is weakly defined with no new finds in recent decades34. 
Becker placed the Single Grave culture and the Pitted Ware 
culture parallel with the Middle Neolithic Funnel Beaker 
phases of MN III–V, at which point the Late Neolithic 
began35.

Thanks to an increasing number of radiocarbon dates 
obtained from the 1970s and 1980s it seems clear that 
the Single Grave culture generally succeeded the Funnel 
Beaker culture chronologically36. However, the early phase 
overlaps with the Store Valby phase (MN V) that seems 
to continue in eastern Denmark for a couple of hundred 
years, probably until c.  2600 cal BC37. The recognition 
that the Single Grave culture appeared on the Jutland Pen-
insula around 2850 cal BC at the expense of the Funnel 
Beaker culture has led to a discussion of the Middle Neo-
lithic terminology. The period ranging from the occurrence 
of the first single graves in Jutland to the beginning of the 
Late Neolithic (c. 2850–2350 cal BC) has been labelled: the 
Battle-Axe period, the Younger Neolithic/YN, the Single 
Grave period (in Jutland) or the Middle Neolithic B/MN B 
(for the Danish islands). The preceding Middle Neolithic 
Funnel Beaker phases (I–V) are sometimes referred to 
as the Middle Neolithic or Middle Neolithic A/MN A (for 
southern Scandinavia in general)38.

As pointed out elsewhere39, the Middle Neolithic chro-
nology suffers from an unfortunate merging of cultural 
groups and chronological periods. Thus, the late Funnel 
Beaker culture has become synonymous with the Middle 
Neolithic or MN A, whereas the Younger Neolithic, Bat-
tle-Axe period or MN B represents the Jutland Single Grave 
culture and the time after the end of the Funnel Beaker 

33 Becker 1947, 9.
34 Midgley 1992, 159–164; P. O. Nielsen 1993, 85–86.
35 Becker 1955a.
36 Tauber 1971; 1986; Malmros/Tauber 1977.
37 Iversen 2015, 21–24.
38 Cf. Malmer 1962; P. O. Nielsen 1979; Adamsen/Ebbesen 1986; L. 
Larsson 1989; Hübner 2005; Ebbesen 2006; Siemen 2009.
39 See Iversen 2015, Ch. 3.

culture on the Danish islands. This correlation between ar-
chaeologically defined cultures and chronological periods 
causes serious problems when the various cultural groups 
coexist for a longer period. This is exactly the case with the 
late Funnel Beaker culture that continued in the eastern 
parts of southern Scandinavia while being replaced by the 
early Single Grave culture in central and western Jutland. 
Thus, MN AV and the presumably succeeding period MN 
BI40 will be convergent on the Danish islands.

The most obvious way to escape the unfortunate 
implied association between culture and chronological 
period is to adopt a ‘culture neutral’ terminology such as 
early and late Middle Neolithic and keep the chronologi-
cal subdivisions to the archaeologically defined cultural 
groups on the basis of which they are defined41. Conse-
quently, MN I–V only describes a subdivision of the later 
Funnel Beaker culture whereas the Under, Ground and 
Upper Grave periods describe the chronological sequence 
of the Single Grave culture (Figure 3).

Searching for the beginning of the 
Pitted Ware culture in Denmark – 
the archaeological evidence so far
As it appears form the overview presented above, placing 
the Pitted Ware culture in the complicated Middle Neolithic 
sequence has been a debated topic among scholars. One 
of the issues that formed the basis for the discussion was 
the general lack of finds from sealed contexts combining 
Pitted Ware types with characteristic artefacts from other 
Middle Neolithic groups42. However, thanks to the pres-
ence of type C arrowheads in four period 1 Single Graves, 
the morphological similarities between types C and D and 
the defined dates for type D arrowheads, the chronological 
relation between the Pitted Ware and Single Grave cultures 
should be firmly established as argued above.

In spite of the marked increase in the number of radio-
carbon dates from Pitted Ware sites in southern Scandi-
navia, the number of sites is still rather limited and dates 
have primarily been provided by the rich material from 
Kains bakke. Thus, we cannot be certain when exactly in 
the Pitted Ware horizon these dates fit; do they represent 
the first phase of Pitted Ware occupation or a later phase? 
In this respect, the relation between the Pitted Ware and 

40 See P. O. Nielsen 1979, 53 fig. 26.
41 Iversen 2015, 24–27.
42 Sterum 1978; S. Nielsen 1979, 28–34.
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the Funnel Beaker cultures becomes of central importance. 
According to the traditional chronological schemes43, the 
Middle Neolithic Funnel Beaker phases form a succes-
sive sequence with each period lasting 100 years. We are 
therefore looking for contexts that contain datable Funnel 
Beaker pottery from phases prior to the period represented 
by the known Pitted Ware radiocarbon dates, e.  g. MN I, II 
and III/IV.

A key site when it comes to the relationship between 
the Funnel Beaker and the Pitted Ware cultures is of course 
the Alvastra pile dwelling. Alvastra is located in Östergöt-
land, central eastern Sweden. The pile dwelling site was 

43 Cf. P. O. Nielsen 1993, 85; Jensen 2001, 271; for Bornholm see P. O. 
Nielsen et al. 2014, 4; 88; 94.

used from c. 3350 to 2750 cal BC, equal to MN I–V, and con-
tains Funnel Beaker as well as Pitted Ware occupations. An 
intensification of depositions and burial activities seems 
to have taken place at the beginning of MN III/IV, around 
c. 3000 cal BC, when Pitted Ware occupation succeeded 
the Funnel Beaker culture on the site44. Despite the many 
fascinating aspects of Funnel Beaker and Pitted Ware 
interactions on Alvastra, one should be extremely cau-
tious not to draw direct parallels between central eastern 
Sweden and Denmark. This reservation is due to the differ-
ent cultural situation in the two areas regarding the pres-
ence and character of the Pitted Ware culture. Denmark 
and Scania clearly represent the southernmost fringes of 

44 Browall 2011, 411–413; 2016, 148–154.

Fig. 3: Adjusted chronology for southern Scandinavia. FBC – Funnel Beaker culture, PWC – Pitted 
Ware culture, SGC – Single Grave culture, BAC – Battle Axe culture, BB – Bell Beaker culture. After 
Iversen 2015
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the overall Pitted Ware phenomena. Also, when it comes 
to burial tradition (reuse of megalithic tombs) and subsist-
ence economy, the Pitted Ware culture in southern Scan-
dinavia is much more intermixed with the Funnel Beaker 
culture than was the case in eastern central Sweden45.

In a Danish context, we have already discussed the 
presence of tanged arrowheads related to the late Funnel 
Beaker culture but as these date to MN V we are within 
the range given by the radiocarbon dates from Kainsbakke 
and Kirial Bro. However, some old and disputable finds 
scattered across Denmark hint at a somewhat earlier oc-
currence of the Pitted Ware culture.

Karsten Davidsen points at three Funnel Beaker set-
tlement sites with culture layers containing Pitted Ware 
arrowheads: Lilleborg, Gammelborg and Rispebjerg on 
Bornholm. Lilleborg and Rispebjerg contain pottery that, 
according to Davidsen, dates no later than MN IV, which is 
indicative for the dating of the arrowheads46.

On Rispebjerg, the Pitted Ware element consists of 
a type C arrowhead found in a culture layer47. However, 
later excavations on the site have shown that Rispebjerg 
contains a final Funnel Beaker palisade enclosure dated 
to c. 2900–2700 cal BC48. If the culture layer and the pali-
sade enclosure are related features, the Pitted Ware arrow-
head becomes less significant from a chronological point 
of view.

Lilleborg is a mediaeval castle ruin. Early excavations 
from the late 19th and early to mid-20th century recovered 
Middle Neolithic material in the form of MN III/IV Funnel 
Beaker pottery and type B and C arrowheads in addition to 
some Late Neolithic finds. Davidsen sees the tanged arrow-
heads as contemporary with the Middle Neolithic pottery49 
even though the finds are retrieved from a rather large area 
without defined contexts. In addition, two tanged arrow-
heads have been found on the castle mounds site of Gam-
melborg50,51.

In this connection, it is worth mentioning the Pitted 
Ware site of Livø, northern Jutland. The site contains 
Pitted Ware pottery, cylindrical flint cores and tanged 
arrowheads, predominantly type C in addition to a con-
siderable amount of Funnel Beaker pottery and a single 
double-edged stone battle axe, type B3, dated to MN III/

45 E.g. M. Larsson 2004; 2006; Iversen 2010.
46 Davidsen 1982, 39–40.
47 Davidsen 1978, 164–165 fig. 69n.
48 P. O. Nielsen et al. 2014, 107–118.
49 Davidsen 1977.
50 Ibid. 21.
51 Recent excavations (2013–17) on the causewayed enclosure 
Vasagård Vest, Bornholm, have also revealed tanged arrowheads 
from final Funnel Beaker layers deposited in the ditch segments.

IV52. The site consists of an up to 20 cm thick culture layer 
with no visible stratigraphy. According to Oscar Marseen, 
who excavated the site, one must interpret the recovered 
finds with some reservations due to the possibility of ad-
mixture53.

A few Pitted Ware finds consisting of one type B ar-
rowhead and two cylindrical flint cores were recovered 
from the Sølager shell midden in northern Zealand. The 
Pitted Ware finds come from a stratigraphic context, layer 
IV, containing MN II Blandebjerg style pottery and a frag-
mented thin-butted flint axe. In addition, the layer held 
two thick-butted Lindø type flint axes dated to MN (IV)-V54 
as well as a few MN V pottery sherds55. Jørgen Skaarup sees 
the thick-butted flint axes as a part of a later Pitted Ware 
intrusion of layer IV. The existence of a later intrusion 
is furthermore confirmed by a radiocarbon date (K-1725) 
c. 2850–2450 cal BC (1σ)56. Furthermore, the location of the 
B-arrowhead in layer IV has been questioned57.

An equally problematic context is found at another 
shell midden at Selbjerg, northern Jutland. Fragments 
of a MN II funnel-necked beaker were scattered across 
several square meters at the bottom of a Pitted Ware shell 
layer. The layer also contained cylindrical flint cores, frag-
ments of tanged arrowheads, one type A3 arrowhead and 
sherds from a Pitted Ware vessel. Three type B arrowheads 
were found in an earlier unauthorized excavation in the 
midden. Oscar Marseen, who excavated the site in 1952, 
stated that the Funnel Beaker vessel must date the Pitted 
Ware occupation at Selbjerg58. Becker, on the other hand, 
argues that the Pitted Ware finds are later than the fun-
nel-necked beaker, as the cylindrical cores and the Pitted 
Ware sherds were scattered throughout the layer, whereas 
the funnel-necked beaker was located at the bottom of the 
layer. Above the Pitted Ware layers is a partly preserved 
stone pavement, the upper culture layer on the site. Single 
Grave pottery was found in and above this layer together 
with Late Neolithic flint artefacts and Funnel Beaker 
sherds (presumably MN II–III)59.

As also noted by Niels Sterum, it is doubtful whether 
the distribution of the artefacts within the Pitted Ware 
layer has any chronological significance as the scatter-
ing of shards from the Pitted Ware vessel throughout the 

52 Ebbesen 1975, 197; Marseen 1963; Iversen 2010, catalogue: no. 2.
53 Marseen 1963, 126–128.
54 As for the dating of the flint axes, see P. O. Nielsen 1979, 22; 39; 
Iversen 2015, 36–38.
55 See Davidsen 1975, 168.
56 Skaarup 1973, 98–104; 116.
57 Sterum 1978, 68.
58 Marseen 1953.
59 Becker 1955a, 85–89; 108.
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layer clearly shows that contemporary artefacts can be 
found throughout the entire layer. Besides, cylindrical 
flint cores are also found at the bottom of the layer. Still, 
Sterum rightly questions the stratigraphic value of the find 
because of the disturbance from the aforementioned un-
authorized diggings on the site, the clearly mixed nature 
of the stone pavement layer and the sporadic distribution 
of this layer. Furthermore, cylindrical cores have also been 
found above the stone pavement60.

Kornerup, near Roskilde, holds a series of Neolithic 
pits, minor culture layers and a shell midden. The midden 
was excavated in 1897 and revealed Funnel Beaker pottery, 
presumably from MN III, as well as flint and bone artefacts 
including a cylindrical flint core61. Besides, a fragment of a 
tanged arrowhead (type A1) was recovered from a shallow 
pit together with Funnel Beaker sherds, which most likely 
date to MN III62. Becker had earlier questioned the validity 
of the find, as the arrowhead might be an accidental in-
termixture. However, he does not state any reason for his 
queries about the context63.

The early 20th century excavations at the classical 
Lindø site on Langeland, which has named the MN IV 
Lindø pottery style, has additional to a rich late Funnel 
Beaker material revealed some Pitted Ware finds. The site 
constitutes a series of culture layers, pits, fireplaces and 
a few houses. Lindø mainly dates to MN IV but also con-
tains a significant MN V occupation as well as finds from 
MN I–III and the Late Neolithic64. The bottom layer of a pit 
on Lindø, site 4, contained two cylindrical cores and one 
type A1 tanged arrowhead. The pit was rich in both MN 
IV and MN V pottery. Besides, cylindrical cores have been 
recovered together with MN IV–V artefacts on both Lindø 
site 2 and 9. Site 2 also contained a tanged arrowhead type 
A1. More arrowheads and cylindrical cores have been col-
lected as stray finds on the Lindø sites65.

Even though doubts can be, and rightfully have been, 
raised on each of the individual finds reviewed above, 
they all seem to point to the existence of the Pitted Ware 
culture in MN III/IV. Based on the traditional chronology, 
this means that we have indication that the Pitted Ware 
material culture appears around 3000–2900 cal BC, or if 
the Selbjerg find is to be trusted already from c. 3100–3000 
cal BC (MN II). These dates predate the traditional begin-
ning of the Pitted Ware horizon in Denmark by 100–200 

60 Sterum 1978, 66–67; for further discussion on the stratigraphy at 
the Selbjerg site, see Philippsen et al. 2020.
61 Madsen et al. 1900, 163–172; Becker 1955b, 180–182.
62 Ebbesen 1982, 55 fig. 4.
63 Becker 1951, 223 note 2.
64 Davidsen 1978, 51–2; Skaarup 1985, 45.
65 Winther 1926; 1928, 13–21; 40–49; Skaarup 1985, 370 note 579.

years based on the earliest range of the old radiocarbon 
dates from Kainsbakke. According to these, the Pitted 
Ware horizon starts around 2900 cal BC corresponding to 
the final MN V Funnel Beaker phase66. Meanwhile, new ra-
diocarbon dates have been obtained from Kainsbakke and 
other nearby sites, including Ginnerup, which seem to fit 
the early date indicated by the Selbjerg find (see below). 
However, it is reasonable to question the Middle Neolithic 
Funnel Beaker chronology as it rests on pottery styles from 
mixed settlements and megalithic tombs lacking sealed 
contexts.

As has already been noticed in the literature, the suc-
cessive and generalising pottery based chronological se-
quence that describes the Middle Neolithic Funnel Beaker 
period is highly improbable. Instead, the individual styles 
should be viewed as overlapping and partly contem-
porary67 (cf. Figure 3). Still, radiocarbon dates show an 
overall development where dates from MN I–II contexts 
cluster in the centuries prior to 3000 cal BC whereas the 
MN V dates fall in the centuries after 3000 cal BC. The 
couple of dates available from MN III/IV contexts seem to 
overlap with both clusters around 3000 cal BC68.

Despite the significant overlap between the Middle 
Neolithic Funnel Beaker phases and the uncertainty that 
can be ascribed to the controversial contact finds referred 
above, the opportunity still exists that Pitted Ware mate-
rial culture was introduced prior to or around 3000 cal BC. 
A beginning of the Pitted Ware culture before 3000 cal BC 
should not be particularly striking considering the early 
dates from western Sweden and northeastern Scania/Ble-
kinge. However, the incorporation of a large dataset com-
prising more than 900 radiocarbon dates together with 
new dating evidence from Kainsbakke and other sites have 
given us the opportunity to answer the question on when 
the Pitted Ware phenomenon appeared in Scandinavia.

Radiocarbon dating the Pitted Ware 
phenomenon
In order to firmly settle the chronology of the Scandina-
vian Pitted Ware phenomenon, we collected 947 radiocar-
bon dates published in various reports, online databases, 
research papers, conference proceedings and books, 

66 L. W. Rasmussen 1984; 1986b; Tauber 1986
67 e.  g. Davidsen 1978; S. Nielsen 1979, 30–31; Gebauer 1988, 112–115; 
Midgley 1992, 170–171, 211–221; Dörfler 2008, 135–136 fig. 1; Iversen 
2015, 25.
68 Iversen 2015, fig. 3,3.



12   Rune Iversen, Bente Philippsen, Per Persson, Reconsidering the Pitted Ware chronology

corrected them for reservoir effects when possible, and 
made new calibrations. Furthermore, some dates had to 
be omitted because, after all, they proved not to be from 
the PWC. Out of the collected dates, 737 proved to be reli-
able (cf. Appendix). When δ13C values of the samples were 
available, they were used e.  g. to calculate the proportion 
of marine diet reflected in human bones. δ13C values of 
local fauna samples were used to find the marine and ter-
restrial endpoints for these calculations. In cases where 
these had not been measured, standard values were used 
based on nearby sites. Ideally, the local reservoir age for 
marine samples would have been used for the corrections. 
However, as this is not known for most of the sites, differ-
ent strategies were tested: the global model ocean with the 
calibration curve Marine13, or a Baltic calibration with the 
terrestrial calibration curve IntCal1369 after subtracting a 
reservoir age of e.  g. 300 or 400 radiocarbon years, or the 
local reservoir age, when such measurements were avail-
able in the literature.

The dates were calibrated and mapped with OxCal 
4.370. Short discussions and graphs of the calibrated ages 
for the different sites can be found in the Appendix and 
the overall results are presented in Figures 4 and 5 below. 
It should be noted that the maps only display sites with re-
liable radiocarbon dates, thus only a selection of all Pitted 
Ware sites in the study region.

69 Reimer et al. 2013.
70 Bronk Ramsey 2009.

New radiocarbon dates obtained 
within the CONTACT project
In total, 66 radiocarbon dates have been obtained for 
Pitted Ware sites within the CONTACT project. In addition 
to the radiocarbon dates themselves, stable isotope values 
of already dated pottery food crusts were measured. This 
enables us to re-evaluate those dates by applying correc-
tions for the marine reservoir effect.

As already touched upon in the introduction, we face 
a general challenge when radiocarbon dating the Pitted 
Ware culture in Denmark as almost all sites are mixed, fea-
turing earlier Mesolithic or Neolithic occupation71. This is 
because the Pitted Ware economy favored the same loca-
tions as the late Mesolithic Ertebølle culture and because 
Funnel Beaker sites were re-used. Pottery with datable 
food residues is scarce, which means that the dated ma-
terial in many cases could belong to other culture groups. 
Below we present the new Pitted Ware radiocarbon dates 
from sites in western Sweden and Denmark. The list is 
ordered alphabetically after site name.

Ajstrup Krat

Five new radiocarbon dates were obtained for the site 
Ajstrup Krat at Mariager Fjord, eastern Jutland. The dates 
from the Pitted Ware contexts fall within the period 3000–
2200 cal BC. 

71 E.g. Becker 1951.

SID AAR Sample 
name

Archaeological Remarks Description 14C age δ13C Cal. Age
(1σ range)

Cal. Age 
(2σrange)

24654 21751 ÅHM3642 
X74

PWC hearth A5, lower shellheap 
(oyster)

Charred nut 
shell

4108±35 –24.58 2851–2582 BC 2867–2506 BC

24655 21752 ÅHM3642 
X174

PWC hearth A18, upper shellheap 
(cardium)

Charred nut 
shell

3800±25 –24.75 2286–2201 BC 2333–2141 BC

24656 21753 ÅHM3642 
X224

PWC hearth A27, culture layer 
(upper part) under shellmidden

Charred nut 
shell

4364±27 –27.16 3011–2920 BC 3084–2907 BC

24657 21754 ÅHM3642 
X242

PWC hearth A27, culture layer 
(middel part) under shellmidden

Charcoal 3811±28 –25.86 2289–2204 BC 2397–2142 BC

24658 21755 ÅHM3642 
X489

Deep deposit of shell layer in 
beach ridge under PWC midden

Charcoal 4854±29 –25.45 3691–3635 BC 3704–3537 BC
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Anfasteröd

From Anfasteröd (Bohuslän, Sweden), three food crusts 
on pottery and one cremated human bone were dated. 
The food crusts were calibrated with a correction for the 

SID AAR Name δ13C δ15N C:N C% (TCD) N% (TCD) 14C age Cal. Age  
(1σ range)

Cal. Age  
(2σ range)

29258 24677 220, F545 food crust insol. –22.16 11.12 12.66 49.23 4.55 4379±25 2888–2770 2900–2700

base-sol. –23.32  8.54 12.64 52.10 4.81

29259 24678 221, F553 food crustinsol. –25.92 14.65 15.15 25.48 1.92 3868±33 2452–2231 2461–2207

base-sol. fraction lost

29260 24679 222, F612 food crust insol. –24.42 18.82 21.69 20.03 1.09 4332±49 2929–2760 3020–2693

base-sol. –22.66  9.66 10.13 45.45 5.25

29261 24680 223 burnt bone, human 4117±27 2854–2623 2865–2578

marine reservoir effect, after calculating %marine from 
the δ13C values. Two of the sherds are from the first, the 
other one from the second half of the third millennium BC. 
The human bone is from c. 2850–2600 cal BC.

Ginnerup

From Ginnerup on Djursland, eastern Jutland, one shell 
and six bone samples were dated. The shell sample was 
calibrated with the Danish Marine Calibration (reservoir 
age subtracted, calibrated with the terrestrial calibra-
tion curve). All samples have relatively old ages between 
3300 and 2900 cal BC. However, the bones could reflect 
non-Pitted Ware activities at the site. The existence of an 
early Middle Neolithic Funnel Beaker occupation on the 
site has recently been confirmed by detailed analyses of 
the excavated material showing that the Ginnerup site 

most probably contains two consecutive phases. The ear-
liest phase is represented by fragments of thin-butted flint 
axes and Funnel Beaker pottery dated to the Early Neo-
lithic II/early Middle Neolithic. This phase corresponds to 
the radiocarbon dated interval c. 3300–3100 cal BC. The 
later phase represents the Pitted Ware occupation proven 
by pottery, bipolar cylindrical flint cores and radiocarbon 
dates ranging from c. 3100 to 2900 cal BC.72 Thus, the Gin-
nerup site points at an early occurrence of the Pitted Ware 
phenomenon in Denmark before 3000 cal BC (MN II) as 
also indicated by the questionable contact find from Sel-
bjerg (see above).

72 See Philippsen et al. 2020; U. L. Rasmussen 2020.

SID AAR Sample  
name

Description 14C age δ13C (EA) δ15N Cal. Age  
(1σ range)

Cal. Age  
(2σ range)

29382 24733 A1 X133 Shell 4769±32 3014–2922 3090–2906

29383 24734 A1 X134 Bone, Metatarsus 4503±27 –21.38 6.43 3337–3107 3348–3098

29384 24735 A1 X617 Bone, Radius 4399±28 –20.95 3.17 3086–2931 3096–2919

29385 24736 A3 X209 Bone, Tibia 4500±31 –22.67 4.32 3336–3105 3348–3096

29386 24737 A3 X244 Bone, 1st phalanx 4511±28 –18.30 7.69 3342–3115 3351–3100

29387 24738 A4 X610 Bone, Vertebra 4431±31 –21.34 3.91 3308–2945 3327–2926

29388 24739 A4 X613 Bone, Centrotarsal 4472±29 –21.13 3.31 3327–3028 3330–3022
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For every sherd, there are up to four measurements. On 
some sherds, both the interior (i) and exterior (e) crust were 
sampled. Samples originating from the same sherd are 
shaded in the same colour. Furthermore, stable isotopes 
were measured both before and after chemical pretreat-
ment. For radiocarbon dating, the samples need to be pre-

treated in order to remove contamination that could influ-
ence the 14C age. However, stable isotopes on food crusts 
are often measured without pretreatment. Therefore, our 
values would be easier to compare to literature values if we 
did not pretreat our samples. To test the effect of pretreat-
ment, we therefore measured both before and after.

SampleID Name δ13C  
(‰ VPDB)

δ15N  
(‰ AIR)

C:N atomic 
ratio

Carbon  
fraction

Nitrogen  
 fraction

“old”  
δ13C value

14C age

28295 (i) 165 SHM 20862 y2 112c –23.94 15.87 12.713 51.725 4.745 –24.3 GrA-16554: 4340±60
pretreated –24.51 13.04 11.58 50.63 5.17

28296 (e) 166 SHM 20862 å2 110c –24.83 38.791 45.57 1.37 –25 GrA-16557: 4290±60
pretreated –24.63 14.96 28.02 57.48 1.95

28297 (i) 167 SHM 20862 å2 110c –24.28 15.17 12.954 33.625 3.03
pretreated –24.25 12.22 11.05 42.78 4.51 AAR-24250: 4395± 35

28298 (e) 168 SHM 20862 x2 126ab –24.45 46.414 38.59 0.97 –25.1 GrA-16551 : 4320±60
pretreated –24.08 15.72 45.70 52.40 1.67

28299 (i) 169 SHM 20862 x2 126ab –24.51 14.86 12.679 22.985 2.115
pretreated –25.09 10.24 10.061 43.11 4.81 AAR-24251: 4005±38

28300 (i) 170 SHM 20862 y2 113c and x2 114c –24.43 15.32 15.177 29.27 2.25 –26 GrA-16555: 4280±60
pretreated –24.50 11.12 14.52 41.44 3.78

28301 (e) 171 SHM 20862 y2 113c and x2 114c –24.35 16.36 28.099 32.86 1.365
pretreated –24.39 15.55 21.29 49.01 2.69 AAR-24252: 4280±33

28302 (i) 172 SHM 20862 x2 124c –21.85 15.74 8.78 35.93 4.77 –19.7 GrA-16553: 4360±60
pretreated –22.34 13.22 8.83 36.77 4.92

Hakeröd

Eleven charcoal samples, found in soil samples, were 
dated for the site Hakeröd (Bohuslän, Sweden). Further-
more, eight food crust samples were submitted for stable 
isotope analysis, and three of them were dated as well.

SID AAR Sample name Description 14C age Cal. Age (1σ range) Cal. Age (2σ range)

26790 22906 Hakerödprov 1c Charcoal – Pinus 4176±31 2878–2697 BC 2886–2637 BC

26791 22907 Hakerödprov 3e/P1 Charcoal – Tilia 4183±52 2883–2680 BC 2898–2621 BC

26792 22908 Hakerödprov 3e/P2 Charcoal – Pinus 4222±31 2896–2762 BC 2906–2694 BC

26793 22909 Hakerödprov 5e Charcoal – Quercus  
(weighted mean of two dates)

6394±36 5464–5323 BC 5470–5317 BC

29251 24670 213, y2 112 163-170 Charcoal from soil sample 4156±27 2869–2677 BC 2878–2633 BC

29252 24671 214, y2 113 170-240 Charcoal from soil sample 4113±39 2856–2586 BC 2872–2573 BC

29253 24672 215, y2 113 120-160 Charcoal from soil sample 4073±29 2833–2502 BC 2854–2492 BC

29254 24673 216, y2 113-85 Charcoal from soil sample 4183±31 2880–2699 BC 2889–2666 BC

29255 24674 217, y2 113 100-120 Charcoal from soil sample 4327±26 3009–2897 BC 3013–2895 BC

29256 24675 218, y2 113-115 Charcoal from soil sample 4163±36 2873–2680 BC 2881–2630 BC

29257 24676 219, y2 113-90 Charcoal from soil sample 4125±26 2856–2631 BC 2866–2581 BC
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SampleID Name δ13C (‰ VPDB) δ15N (‰ AIR) C:N atomic  
ratio

Carbon  
fraction

Nitrogen  
fraction

“old”  
δ13C value

“old”  
14C age

28307 177 A8, Fnr 374 –23.15 16.77 14.327 26.215 2.135 –24.53 Ua-3738: 4355±65
Skee 45 pretreated –24.53 23.55 39.958 20.64 0.6

28308 178 A1, Fnr 347 –23.16 15.35 10.22 30.135 3.44 –24.42 Ua-3736: 4155±60
Skee 45 pretreated –24.42 23.14 14.2  9.25 0.76

28309 (i) 179 R2022, L7:2 –24.39 ––– 28.474 24.58 1.015 –25.8 Ua-8632: 4045±60
Hällorna/
Flykärr

pretreated –24.28 16.91 40.68 27.08 0.76

28310 180 R1829, L16:1 –24.39 12.19 14.561 32.145 2.605 –25.1 Ua-8631: 4645±55
Hällorna/
Flykärr

pretreated –24.36 10.63 12.72 49.89 4.98

28311 181 R2025, L16:1 –24.57 13.97 14.955 14.09 1.1 –25.3 Ua-8633: 4210±60
Hällorna/
Flykärr

pretreated –25.62 ––– ––-  3.22 0.25

Kainsbakke

From the Kainsbakke site, Djursland, eastern Jutland, 18 
conventional radiocarbon dates were obtained from bones 
and molluscs in the 1980s. The dates range from c. 4000 
to 2300 cal BC, most falling into the period 3000–2500 cal 
BC. A further 18 dates had been obtained on grains, seeds 
and straw from A47 and yielded ages between c. 3300 cal 
BC and modern. As a part of the CONTACT project, 18 new 
dates were measured on samples from the site ranging 
from c.  3500–2900 cal BC, the only exception being the 
varnish which had been used to conserve the human bone, 
and which was dated to around 23500 cal BC. Compared 
with the older measurements, the dates recently obtained 
form quite a large chronological span and yield generally 
older dates. This might be due to the presence of old mate-
rial from the TRB occupation of the site, which was mixed 
with younger material due to the PWC activities in pit A47. 
Interestingly, the pits A2, A6, A56 and A64 only contain 
material from c. 2900 to c. 2300 cal BC. It is therefore pos-
sible that these pits only contain PWC material.

The fact that entire large bones or several shells were 
needed for a conventional radiocarbon date is generally 
regarded as a disadvantage of this technique. However, 

the small samples of bone, shell, charcoal or grain, which 
are datable with AMS radiocarbon dating, bear a much 
larger risk of redeposition than the large bones used for 
conventional dating. Furthermore, when several shells 
had to be collected for one conventional radiocarbon date, 
a single too young or too old shell would make almost no 
difference to the dating result.

We do not know how the conventional bone and 
mollusk samples were pretreated prior to dating, and if the 
pretreatment really removed all contamination. Especially 
the bone samples could be contaminated with younger 
material. However, as the dates on both materials, bones 
and molluscs, are consistent, one might judge that the risk 
of contamination is small. 

In those cases where both the pretreated and the untreated 
food crusts were analysed, the δ15N values decreased due 
to the pretreatment. Apparently, components with high 
δ15N values were removed. We cannot tell yet whether 
this is due to the removal of e.  g. marine mammal fat, or 
removal of contamination. There is no systematic shift in 
δ13C values that could support either conclusion.

Hällorna/Flykärr and Skee 45

Five samples from these sites in Bohuslän (Sweden) were 
submitted for stable isotope analysis. They had already 
been radiocarbon dated previously and δ13C values were 
available for the samples from Hällorna/Flykärr. As they 
were not dated, they do not have AAR numbers, only Sam-
pleIDs.
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SID AAR Sample name Description 14C age δ13C δ15N Cal. Age  
(1σ range)

Cal. Age  
(2σrange)

24321 21424 DJM 1900 x2649 Human bone (maxilla) 4464±28 –19,35 11,51 3326–3034 BC 3336–3024 BC

24321 21424 DJM 1900 x2649 Varnish from human bone 21170±150 23736–23401 BC 23872–23232 BC

26919 23038 DJM1900 x2908 Oyster shell, innermost layer 4822±36 3651–3536 BC 3694–3522 BC

26920 23039 DJM1900x2854 Oyster shell, innermost layer 4951±30 3651–3536 BC 3695–3522 BC

26921 23040 DJM1900x2847–2 Cattle bone 4430±38 –23.04  6.41 3309–2938 BC 3331–2922 BC

29786 25132 DJM1900x2908-B Oyster shell, outermost layer 4625±28 3496–3362 BC 3511–3351 BC

29787 25133 DJM1900x2854-B Oyster shell, outermost layer 4914±27 3702–3568 BC 3762–3644 BC

24572 21674 DJM 1900 X781 Charred wheat grain 4195±28 –25.93 2883–2706 BC 2891–2678 BC

24573 21675 DJM 1900 X1348 Charred barley grain 4228±35 –24.3 2899–2765 BC 2908–2698 BC

24574 21676 DJM 1900 X5481 Charred barley grain 4482±28 –24.67  5.89 3329–3098 BC 3341–3034 BC

24575 21677 DJM 1900 X5486 Charred barley grain 4324±31 –27.27 3010–2895 BC 3019–2891 BC

24576 21678 DJM 1900 X5492 Charred grain – emmer/spelt 4630±32 –22.32 3498–3363 BC 3516–3352 BC

24577 21679 DJM 1900966,5/ 
465 fase VII

Charred wheat grain 2192±26 –22.85 354–202 BC 361–186 BC

29408 24757 DJM1900 X4693 Food crust, pit A47 phase III 4465±29 –24.01 13.55 3327–3036 BC 3337–3024 BC

29409 24758 DJM1900 X4696 Food crust, pitA47 phase III 4249±31 –24.34  5.80 2906–2874 BC 2916–2709 BC

29410 24759 DJM1900 X4725 Food crust, pitA47 phase III 3924±31 –23.22 10.25 2473–2348 BC 2488–2298 BC

29411 24760 DJM1900 X4735 Food crust, pit A47 phase IV 4260±29 –23.93 10.54 2904–2881 BC 2920–2765 BC

29412 24761 DJM1900 X5063 Food crust, pitA47 phase VI 4439±29 –21.80 10.65 3311–3019 BC 3330–2931 BC

Kirial Bro

Three new dates on charred cereal grains from Kirial Bro, 
on Djursland, were measured in the project.

SID AAR Sample name Description 14C age δ13C δ15N Cal. Age  
(1σ range)

Cal. Age  
(2σ range)

24578 21680 DJM 1930 X989 Charred barley grain 4299±26 –24.53 2916–2893 BC 3010–2880 BC

24579 21681 DJM 1930 X1157A Charred wheat grain 4363±28 –23.96 3011–2920 BC 3085–2907 BC

24580 21682 DJM 1930 X1157B Charred barley grain 4319±27 –23.74  5.23 3005–2894 BC 3012–2891 BC
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Lyse

Stable isotopes were measured on four food residues from 
Lyse (Bohuslän, Sweden). One of them was also dated.

SampleID Name δ13C  
(‰ VPDB)

δ15N  
(‰ AIR)

C:N 
atomic  
ratio

Carbon  
fraction

Nitrogen  
fraction

“old” δ13C  
value

14C age

28303 (i) 173 Lyse 13b, UM 28017 –24.61 16.12 12.73 18.795 1.725 –25.2 Ua-10636: 4140±70

pretreated –24.40 10.62  9.45 12.41 1.51

28304 (e) 174 Lyse 13b, UM 28017 –24.21 16.9 15.31 28.825 2.195

pretreated –23.89 12.52 12.23 19.12 1.83 AAR-24253: 4248±28

28305 (i) 175 Lyse 13c, UM 28018 –24.91 19.99 24.008 39.715 1.93 –24.6 Ua-10635: 4290±70

pretreated –24.63 16.51 20.25 45.54 2.55

28306 (i) 176 Lyse 13d-s, UM 
28019

–23.17 19.53 11.876 25.00 2.46 –22.9 Ua-10634: 4405±80

pretreated –22.90 17.18 11.65 32.81 3.67

The δ13C values of these samples are terrestrial, some with 
a small marine influence. However, the δ15N values are 
very high and would indicate aquatic, in this case fresh-
water, food. The chemical pretreatment decreases the δ15N 
values of the food crusts. There is a tendency that δ13C 
values increase slightly, but the effect is not large enough 
to allow for any firm conclusions.

Olas (Halland) and Roligheda (Norway)

From each of these Pitted Ware sites, one additional 
sample was dated for the CONTACT project. However, 
the pine charcoal from Olas is much older than the Pitted 
Ware culture and was probably already present in the soil 
when the Pitted Ware occupation started. The antler from 
Ro ligheda was a surface find and is apparently not associ-
ated with the Pitted Ware culture either.

SID AAR Sample name Description 14C age Stdev14C age Cal. Age  
(1σ range)

Cal. Age  
(2σ range)

26794 22910 Olas2, Halland, Sweden, djup 
112 cm

Charcoal – Pinus 6728 39 5701–5618 BC 5717–5564 BC

26795 22911 C59635, Roligheda, Grimstad Antler 225 38 AD 1644-… AD 1525-…
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ern Sweden, western Sweden, south-eastern Norway and 
eastern Jutland.

In order to calculate the most likely dates for the be-
ginning and ending of the Pitted Ware horizon in Scan-
dinavia, we have modelled the 737 reliable radiocarbon 
dates in OxCal as one phase. In the model, we have spe-
cifically allowed for uncertainties such as old wood effect 
making charcoal samples too old and the possibility of 
the youngest dates being the result of intermixing of 
younger material. However, obvious outliers have been 
omitted (cf. Appendix). With these reservations included 
in the model, the Scandinavian Pitted Ware horizon can 
be dated to c. 3400–2200 cal BC. Figure 5 displays sum dis-
tributions for the different regions within the Pitted Ware  
area.

It is interesting to note that the radiocarbon dates 
do not show any clear gradual spread of the Pitted Ware 
phenomenon from one region to another. Although the 
very earliest Pitted Ware dates seem to derive from central 
eastern Sweden, dates appear almost equally early in 
eastern and western Sweden and Denmark. However, 
the earliest dates from Denmark seen on Figure 4 (repre-
sented by Ginnerup and Kainsbakke) clearly derive from 

Trönninge (Halland) and Fiskevik (Bohuslän)

From each of the sites Trönninge and Fiskevik, two food 
crust samples have been dated. Stable isotope analysis 
was performed both on the usual pretreated material, i.  e. 
the base-insoluble fraction, and on the base-soluble frac-
tion, to assess which substances are removed by the base.

SID AAR Name δ13C (CF-CN) δ15N (CF-CN) C:N (TCD) C% (TCD) N% (TCD) 14C age

28314 24148 HM 25000 F19-20 Tron 479

base-insoluble, weighted mean –25.75 15.82 13.213 29.854 2.638 4385±26

base-soluble, weighted mean –24.99 7.79 10.356 44.475 4.995

28315 24149 HM 25000 F63-64 tron 501

base-insoluble, weighted mean –24.19 12.27 10.462 38.608 4.309 4333±28

base-soluble, weighted mean –24.25 10.85  9.288 42.87 5.37

28316 24150 SHM 15104: A10: 1 FIS 429 1171702

base-insoluble, weighted mean –25.55 12.96 17.143 42.366 2.883 4377±27

base-soluble, weighted mean –25.41  6.55 10.022 47.925 5.575 4127±29

28317 24151 Bo. Fiskevik 15104: K9 1171703 FIS 428

base-insoluble, weighted mean –23.86 15.27 12.849 38.29 3.473 4389±33

base-soluble, weighted mean –21.32 11.49 10.497 46.99 5.215

Discussion and results
The radiocarbon dates from the Pitted Ware sites span 
quite a long period of time with outliers at both ends of the 
spectrum c. 4000–2000 cal BC clearly reflecting pre- and 
post-Pitted Ware activities on these sites (Figure 4). The 
colours of the data points on figure 4 indicate the median 
of the probability density function of the calibrated age. 
Secure dates, e.  g. those on terrestrial material clearly 
associated with a Pitted Ware occupation, or dates on 
bones and food residues that are corrected for reservoir 
effects, are indicated by circles that scale with probability. 
The larger the circle on a time slice, the greater the proba-
bility of the calibrated age to fall within this period. Uncer-
tain dates, e.  g. uncorrected bone and food residue dates 
or charcoal not clearly associated with Pitted Ware activ-
ities, are indicated by crosses and are thus barely visible 
when compared with the solid circles. The bulk of dates 
fall within the early 3rd millennium BC, c. 3000–2500 cal 
BC with a concentration between c. 3000 and 2800 cal BC. 
However, from c. 3300 cal BC and lasting to c. 2300–2200 
cal BC, we see the full distribution of Pitted Ware sites 
stretching from central eastern Sweden, Gotland, south-



 Rune Iversen, Bente Philippsen, Per Persson, Reconsidering the Pitted Ware chronology   19

older Funnel Beaker phases on the two sites (cf. above). 
Still, the new Pitted Ware radiocarbon dates from Gin-
nerup support a relatively early occurrence of the phe-
nomenon in Denmark from c. 3100 cal BC as also indicated 
by the otherwise questionable MN II contact find from  
Selbjerg.

The fact that Pitted Ware dates in Denmark appear to 
be nearly as early as those in eastern Sweden indicates a 
relatively rapid spread (estimated 300 years) of the Pitted 
Ware phenomenon. This picture could of course be seen 
as an indication that C. J. Becker was right in his old hy-
pothesis that the occurrence of the Pitted Ware culture in 
north-eastern Denmark reflects short stays by Swedish 
Pitted Ware groups, who came to Denmark to exploit the 

rich flint deposits73. However, this idea has been rejected 
in a recent study74.

Another possibility is that the Middle Neolithic con-
tacts, and consequently the spread of ideas and people, 
were more intensive than hitherto recognised. This is sup-
ported by the rapid spread of the Pitted Ware phenomenon 
throughout Southern Scandinavia (Figure 5). We know 
that an intensive distribution of flint took place in the Late 
Neolithic (LN I, c. 2350–1950 cal BC) in the form of flint 
daggers. From the flint rich areas of southern Scandina-

73 Becker 1951, 243–244.
74 Klassen et al. 2020.

Fig. 4: Maps showing the calibrated radiocarbon dates of PWC sites for 100 yr – timeslices between 3900 cal BC and 2000 cal BC. The 
circles are coloured according to their median date. The entire probability distribution of the sites or individual dates can extend beyond the 
century of the median date. Therefore, different colours can appear on the same time slice. The circle size indicates the relative height of the 
probability distribution at a given time. The background map shows the present coastline. During the PWC, however, the sea level especially 
in the North was much higher, so that all but two of the Swedish sites had been coastal sites. The maps were made with OxCal 4.3 (Bronk 
Ramsey 2009). The dates were calibrated using the terrestrial calibration curve IntCal13, the marine calibration curve Marine13 (Reimer et al. 
2013), or a combination of both in cases of mixed carbon sources, using the local DR whenever available from the literature
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via, the core areas supposedly being northern Jutland, the 
Danish isles and southwestern Scania, flint was exported 
to eastern and western Sweden and Norway75. This export 
of good quality South Scandinavian flint to the northern 
parts of the Scandinavian Peninsula, which lack natural 
flint deposits, was not a new phenomenon in the Late 
Neolithic but rather part of a very long tradition stretch-
ing back to the Early Neolithic. The Early Neolithic point-
butted flint axes and the Early Neolithic/early Middle Ne-
olithic thin-butted flint axes are distributed throughout 
the Scandinavian Funnel Beaker area showing that wide 
distribution networks stretching up to 700 kilometres were 
established within the early Funnel Beaker North Group76. 
However, the far-reaching exchange networks also existed 
in the later Middle Neolithic after the cease of the Funnel 
Beaker culture. This is in particular evident from a number 

75 Apel 2001.
76 E.g. Sundström 2003, 143–159; Sørensen 2014a, 162–169; 175–176 
figs. V.05; V.44.

of large hoards containing up to 175 unpolished, semi-fin-
ished thick-butted adzes and chisels located along the 
coast of Norrland in the county of Västerbotten, northeast-
ern Sweden. The large quantity of Zealand Senonian flint 
used in the production of the adzes indicates that they 
derive from eastern south Scandinavia, probably Stevns 
on eastern Zealand, as also indicated by new energy-dis-
persive x-ray fluorescence (EDXRF) analyses. Thus, the 
hoards are located 1500 kilometres from the natural flint 
deposits in southern Scandinavia77.

It is very plausible that the northeastern Swedish 
hoards were the result of Pitted Ware contacts as proposed 
by Becker since tanged arrowheads (type C) and cylindri-
cal blade cores are included in some hoards78. Besides, 
some tanged flint arrowheads (type B and C) and polished 
flint axes are present in Pitted Ware graves from Gotland79. 

77 Becker 1953; Malmer 1962, 506–528; Olausson et al. 2012.
78 Becker 1953; Knutsson 1986.
79 Wennersten 1909; Stenberger 1943; Janzon 1974, 295 plate 24.

Fig. 5: Calibrated radiocarbon dates of Pitted Ware Culture sites. For every region, a sum distribution was calculated. Grey crosses 
under the sum distributions indicate the median values of the individual calibrated radiocarbon ages. The dates were calibrated 
with OxCal 4.3.2 (Bronk Ramsey 2017), using the terrestrial calibration curve IntCal13, the marine calibration curve Marine13, or an 
 appropriate combination of the two (Reimer et al. 2013)
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Furthermore, Pitted Ware flint arrowheads can sometimes 
occur in abundant numbers on sites in western Sweden 
and southern Norway80.

From the short review of the flint exchange presented 
above, it becomes clear that long existing networks con-
nected southern Scandinavia with eastern and western 
Sweden and southern Norway during the entire Neolithic. 
The distribution of the Pitted Ware phenomenon in south-
ern Scandinavia is in overall means in accordance with the 
distribution of natural flint deposits. Thus, it is obvious to 
link the occurrence of the Pitted Ware in southern Scandi-
navia with wide-ranging flint exchange networks through 
which people and alternative ‘sub-Neolithic’ lifeways 
rapidly spread to Neolithic southern Scandinavia from 
eastern central Sweden81.

As indicated by more aDNA studies, the east central 
Swedish Pitted Ware groups (samples mainly collected 
from inhumation burials on Gotland and Öland) differ 
genetically from the Funnel Beaker groups. Whereas the 
Pitted Ware people were genetically related to Mesolithic 
hunter-gatherers from Scandinavia (a mix of western and 
eastern hunter-gatherers), Funnel Beaker individuals 
show genetic affiliation with contemporaneous central Eu-
ropean Middle Neolithic and Chalcolithic farmers and the 
preceding early Neolithic Linear Pottery Culture (LBK)82.

Unfortunately, we do not have graves clearly related 
to the Pitted Ware phenomenon in southern Scandina-
via and consequently we are lacking the genetic profile 
of the Pitted Ware people in this region83. However, it is 
highly unlikely that there should be any direct connec-
tion in southern Scandinavia between the local Mesolithic 
Ertebølle people and the up to 900 years younger Pitted 
Ware culture, even if there could have been a certain co-
existence and admixture between Mesolithic hunter-gath-
erer groups and early farmers as shown in other parts of 
Neolithic Europe84. Considering the genetic profile of the 
East Swedish Pitted Ware, it is most reasonable to assume 
that the emergence of the phenomenon happened in areas 
where Mesolithic hunter-gatherer groups continued to 
exist right up to the emergence of the Pitted Ware horizon. 
This could have happened in western Sweden/southern 
Norway or, more likely, in central eastern Sweden where 

80 Persson 1998; Hernek 2007; Munkenberg 2007; Østmo 2008, 81–
83; Iversen 2016.
81 Iversen 2010, 2011.
82 Malmström et al. 2009; Skoglund et al. 2012; Skoglund et al. 2014; 
Malmström et al. 2015; Mittnik et al. 2018; Fraser 2018; Malmström 
et al. 2019.
83 But see Philippsen et al. 2020.
84 E.g. Lipson et al. 2017; Jensen et al. 2019

we see some of the earliest substantial concentrations of 
Pitted Ware radiocarbon dates (cf. Figure 4).

Based on the presented radiocarbon dates and the 
recent studies of Pitted Ware genetics, it seems plausible 
that we should expect an early emergence of the Pitted 
Ware culture in eastern central Sweden around 3400 
cal BC. Then, the phenomenon spread via the well-es-
tablished flint exchange routes to southern Scandinavia 
and western Sweden and southern Norway within a few 
centuries. Shortly thereafter, the coastal areas of cen-
tral-northern Sweden, inland Sweden (Alvastra) as well 
as the island of Gotland were settled by Pitted Ware com-
munities (Figure 4). The Pitted Ware hunters, fishers and 
gatherers presumably died out or were assimilated into the 
population that eventually lead to present-day Scandina-
vians85. This would most likely have happened during the 
early Late Neolithic around, or shortly after, 2200 cal BC. 
From this period, genetic data from Ölsund, northeastern 
Sweden, have provided evidence for the influence of both 
the early Neolithic and Late Neolithic/Early Bronze Age 
genomic expansions to have reached northern Sweden86. 
Thus, the beginning of the end of the Pitted Ware phenom-
enon could very likely have been the ‘re-Neolithization’ of 
the Pitted Ware areas and the further expansion of agri-
culture northwards that took place on the Scandinavian 
Peninsula at the beginning of the Late Neolithic, c. 2350 
cal BC (2600–2200 cal BC)87.

Conclusion
This paper is based on the hitherto largest collection of 
radiocarbon dates from the Pitted Ware culture. More 
than 900 radiocarbon dates have been collected and reas-
sessed from various Pitted Ware sites across Scandinavia 
and, when necessary and possible, corrected for error 
sources such as reservoir effects. By looking at all the reli-
able dates (737) we have been able to show that the Pitted 
Ware phenomenon occurred within a few centuries across 
Scandinavia during the later 4th millennium BC with a sup-
posed beginning around 3400 cal BC. Supported by the 
recent year’s research on the East Swedish Pitted Ware 
genetics showing clear affiliation with European Meso-
lithic hunter-gatherers, we propose that the Pitted Ware 
phenomenon emerged in eastern central Sweden at the 
northern fringes of the Funnel Beaker culture. The rapid 

85 Cf. Malmström et al. 2009; Malmström et al. 2015.
86 Mittnik et al. 2018.
87 E.g. Prescott 1996; 2009; 2014; Sørensen 2014b. See also Vanhanen 
et al. 2019 for local PWC adaption of agriculture.
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spread of the Pitted Ware can be explained as a result of 
 participation in well-established flint exchange networks 
connecting the flint-rich areas of southern Scandinavia 
with the flint-lacking areas on the Scandinavian Penin-
sula. At the beginning of the Late Neolithic, or shortly 
thereafter, probably c. 2200 cal BC, the Pitted Ware tradi-
tion ceased and was either outcompeted by, or assimilated 
into, the population that lead to the present-day Scandina-
vians as a result of the Late Neolithic agrarian expansion 
northwards.
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Appendix: Radiocarbon dates
Of the more than 900 radiocarbon dates collected for this 
study (from the literature as well as new measurements), 
737 proved reliable enough to be included in the spa-
tio-temporal analysis. We rejected those samples where 
crucial information was missing, e.  g., the species in case 
of animal bones, or δ13C values in the case of food crusts 
or the bones of humans and other omnivores. We also 
excluded samples that clearly are outliers, because they 
are too old or too young by millennia. However, we did 
not exclude samples that only appear to be a few centuries 
off, as we did not want to risk including a bias. Food crusts 
on pottery and bones of omnivores are reservoir-corrected 
for the proportion of marine resources that is indicated 
by their δ13C values. We used the local isotopic endpoints 
as indicated by measurements on 100 % terrestrial and 
100 % marine samples, as well as the local reservoir age. 

If possible, we used values from the same site. When those 
were not available, we used the values from the same prov-
ince – or from a neighbouring province in cases of lacking 
baseline data.

Most radiocarbon dates for the Pitted Ware Culture 
(PWC) were obtained for sites in today’s Sweden. There-
fore, for the regional analysis, we divided Sweden into 
the historical units of ‘landskap’ (provinces). This proved 
to be a useful separation because, for many of the prov-
inces, we have as many radiocarbon dates as for Denmark 
or Norway. This categorisation is also used in Figure 5 in 
the main paper, where the sum probability distributions 
are displayed in roughly geographical order, beginning 
with the northernmost. For comparability, we here use the 
same order for the sections about the different regions.
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Ångermanland

32 radiocarbon dates for samples associated with the PWC 
from Ångermanland are regarded reliable enough to be 
included in the analysis. They are from the sites Bjästa-
mon, Lil-Mosjön and Kornsjövägen1.

1 Färjare/Olsson 2000, 34; Holback et al. 2004, Bilaga 1; Lindqvist 
2004, Bilaga 3, p. 97; Runeson 2007, 81, fig. 52.

Fig. 1: Calibrated radiocarbon dates from sites in Ångermanland. For every site, a sum distribution is followed by the individual dates.
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Hälsingland

From Hälsingland, 18 reliable radiocarbon dates were 
available for our analysis. They derive from the sites Hed-
ningahällan, Hög, Håcksta, Jättendal, Måsta, Rislycke, 
Vedmora, and Vässingmyran2.

2 Güthlein 1996; Holm 1997; Björck 1999, 41–42; Holm 2003, table 1; 
Björck 2004, 15).

Fig. 2: Calibrated radiocarbon dates from sites in Hälsingland. For every site, a sum distribution is followed by the individual dates.
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Gästrikland

14 radiocarbon dates from Gästrikland were considered 
suitable for our analysis. The sites include Fräkenrön-
ningen Valbo 339, Prästholmarna 2 Hille 2523, Sofiedal 11 
Valbo 478, Västeräng Gävle 300, and Södra Mårtsbo and 
Västra Mårtsbo, both Valbo 3974. The food crust sample 
from Västra Mårtsbo is from an imported asbestos tem-
pered pot of the Kierikki tradition of central Finland, 
which was found in a Middle Neolithic context in Västra 
Mårtsbo5.

3 For the radiocarbon date from Prästholmarna 2, Ua-15166, Pers. 
comm. Björck.
4 Holm 1997; Björck et al. 1998, 61; Björck 2000; Björck et al. 2005; 
Darmark et al. 2010.
5 Gheorghiu 2009, xv.

Fig. 3: Calibrated radiocarbon dates from sites in Gästrikland. For every site, a sum distribution is followed by the individual dates.
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Uppland

With 111 radiocabon dates, the province of Uppland is the 
one which is best represented in our analyses. The samples 
derive from the sites of Brännpussen, Djurstugan, Glädjen, 
Högmossen, Lappdal, Lindskrog, Norrängen 1, Postboda 1 
and 2 and Postboda Skjutbanan, Skinnarbacken, Snåret, 
Sotmyra, Starrmossen, Torslunda, Tråsättra, Vadbron  II 
and Vendel 1:16. Further information about the sites from 
Bälinge Mossar (e.  g. Vadbron, Skinnarbacken, Sotmyra) 
can be found in Ekholm7, who also provides relative sea 
level dates for comparison. The radiocarbon dates from 
Norrängen 1 and Postboda Skjutbanan as well as some of 
those from Tråsättra were made available through Björck8.

6 Papmehl-Dufay 1998/1999; Segerberg 1999, 116, 119 and 122; Gus-
tafsson et al. 2000, 43–44, Tab. 21, Fig. 4; Björck/Larsson 2005, tab. 
24; Johansson 2005,12, 61, fig. 9; Ytterberg et al. 2005, bilaga 9, p.100; 
Lindberg/Brorsson 2006, 47–50; Nilsson 2006; Sundström et al. 2006, 
87–89, Fig. 112–116; Björck/Hjärthner-Holdar 2008, 127, Fig. 66; Hen-
nius 2011,17–19; Kihlstedt 2016, 21).
7 1929.
8 Pers. comm.

Fig. 4: Calibrated radiocarbon dates from sites in Uppland. For every 
site, a sum distribution is followed by the individual dates.
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Åland

The 19 radiocarbon dates from PWC contexts on Åland 
are all from the Jettböle sites, Jettböle I and II and Jettböle 
Bergmanstorp9.

9 Stenbäck 2003, 181, 183–184.

Fig. 5: Calibrated radiocarbon dates from sites on the Åland islands.  
For every site, a sum distribution is followed by the individual dates.
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Västmanland

Only nine reliable samples are available for Västmanland. 
They represent two sites, Bollbacken and Äs10. A δ13C value 
for the seal bone from Äs was not given, but we included 
it in the model because it is clear that it is 100 % marine.

10 Artursson 1996.

Fig. 6: Calibrated radiocarbon dates from sites in Västmanland. For every site, a sum distribution is followed by the individual dates.
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Södermanland

The 75 reliable 14C dates from Södermanland are from the 
sites Brunn, Björktorp, Häggsta  IV, V and VI, Karleby, 
Korsnäs, Kvedesta, Kyrktorp, Masmo II, Myrstugeberget 2, 
Skarastugan, Sittersta, Älby, and Överåda, while Återvall11 
(too young 14C date) and Älby (actually a TRB settlement) 
had to be excluded.

11 von Heland 1962; Welinder 1971; Welinder 1973; Wyszomirska 
1986; Olsson et al. 1994; Åkerlund 1996, 93; Kihlstedt et al. 1997; Ols-
son 1997; Granath Zillén 2001; Hallgren 2004; Kihlstedt et al. 2007, 51, 
tab. 32; Fornander et al. 2008, tab. 5).

Fig. 7: Calibrated radiocarbon dates from sites in Södermanland. For every site, a sum distribution is followed by the individual dates.
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Norway

From Norway, 89 radiocarbon dates of PWC contexts were 
available for our analyses, most of these coming from the 
site of Auve, while only three to six dates derive from the 
other sites Eg, Kjølberg, Rognlia and Solbakken 312.

12 Ingstad 1970, 85; Mikkelsen 1989, 367; Østmo 1993; Resi 1998; 
Amundsen 2000; Bjørkli 2005; Østmo 2007, 84; Østmo 2008, appen-
dix table 40.

Fig. 8: Calibrated radiocarbon dates from sites in Norway.  
For every site, a sum distribution is followed by the individual dates.
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Göteborg and Bohuslän

From Göteborg and Bohuslän, we included 51 radiocar-
bon dates of samples from PWC contexts into our analy-
sis. They derive from the sites Anfasteröd Raä 71, Dafter, 
Fiskevik, Hakeröd, Hasslingehult, Hällorna/Flykärr, Lyse 
13, Rörvik, Skee 45 and 54, St Förö, Stora Önnered, Valla 
489 and Ånneröd13. In addition to the dates found in the 
literature, we dated 21 food crusts on pottery from Anfast-
eröd, Fiskevik and Hakeröd. Several dates from Hassling-
ehult, Lyse 13 and Stora Önnered were made available by 
pers. comm. Per Persson.

13 Lepsikaar 1983; Lidén 1996, tab. 1; Bengtsson et al. 1998; Strinn-
holm 2001; Nordell/Swedberg 2003, 156–157, 161; Bramstång/Ortman 
2006, 28; Nordqvist et al. 2009, bilaga 5; Claesson 2015; Ytterberg 
2015.

Fig. 9: Calibrated radiocarbon dates from sites in Göteborg and Bohuslän.  
For every site, a sum distribution is followed by the individual dates.
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Östergötland

The majority of the 55 reliable 14C dates for PWC samples 
from Östergötland comes from the site of Alvastra, the 
remainder from Fagervik, Svintuna, Svälinge, Säter II and 
III and Åby14.

14 Ostlund 1957; Welinder 1971; Browall 1986; Segerberg et al. 1991; 
Kihlstedt et al. 1997; M. Larsson 2006; Browall 2016.

Fig. 10: Calibrated radiocarbon dates from sites in Östergötland.  
For every site, a sum distribution is followed by the individual dates.
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Gotland

The 107 samples suitable for our analysis from the island 
of Gotland were found at the sites Ajvide, Hemmor, Ire, 
Visby and Västerbjers15.

15 Janzon 1974; Österholm 1989; Lidén 1996, tab. 1; Lindqvist/Pos-
snert 1997; Hedemark et al. 2000; Possnert 2002; Samuelsson/Ytter-
berg 2003; Eriksson 2004, tab. 2; Rundkvist et al. 2004, 22; Österholm 
2008, appendix 5; Palmgren/Martinsson-Wallin 2015; Wallin/Mar-
tinsson-Wallin 2016, tab. 1; Apel et al. 2018.

Fig. 11: Calibrated radiocarbon dates from sites on Gotland. For every site, a sum distribution is followed by the individual dates.
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Öland and Kalmar

Of the 27 radiocarbon dates from Öland and Kalmar that 
we could use for our analysis, 4 are food crust samples 
from Humlekärrshult and 23 are bone collagen samples 
from Köpingsvik16.

16 M. Larsson 2006; Papmehl-Dufay 2006; Eriksson et al. 2008, tab. 
5.

Fig. 12: Calibrated radiocarbon dates from sites on Öland and in Kalmar.  
For every site, a sum distribution is followed by the individual dates.
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Halland

The 20 samples we used for our analysis from Halland stem 
from the sites of Barnabro, Gröninge, Hallehög, Lindberg 
121, Olas, Snapparp and Trönninge17. Some of the dates 
were made within the CONTACT project.

17 Ryberg 1994, 8; Hernek 1995, tab. 5; Kihlstedt et al. 1997; Strinn-
holm 2001; Persson 2005.

Fig. 13: Calibrated radiocarbon dates from sites in Halland.  
For every site, a sum distribution is followed by the individual dates.
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Blekinge

With only five radiocarbon dates that were considered 
suitable for our analysis, Blekinge is the least well-repre-
sented region of our study. The samples are from the sites 
of Björkärr and Siretorp18.

18 Welinder 1973; M. Larsson 2006.

Fig. 14: Calibrated radiocarbon dates from sites in Blekinge.  
For every site, a sum distribution is followed by the individual dates.
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Skåne

From Skåne, 23 radiocarbon dates were included in our 
analysis. Ten of the samples are from the Jonstorp sites 
M2 and M319, eight from Nymölla20, while the other sites 
(Hagestad, Skillinge, Stävie) only are represented by one 
to three samples21.

19 Pers. comm. Kristina Jennbert; Isaksson 2000.
20 Wyszomirska 1986.
21 L. Larsson 1992; M. Larsson 2006.

Fig. 15: Calibrated radiocarbon dates from sites in Skåne. For every site, a sum distribution is followed by the individual dates.
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Denmark

The 82 radiocarbon dates from Denmark are dominated 
by the samples from the site of Kainsbakke on Djursland 
(54)22 while the other sites contribute with between one 
and twelve dates (Ajstrup Krat, Ginnerup, Helgeshøj, Kirial 
Bro and Selbjerg)23.

22 The CONTACT project and L. W. Rasmussen 1986; Noe-Nygaard 
1988, table 1; Richter 1991; Aaris-Sørensen 2009.
23 The CONTACT project and K. L. Rasmussen 1999; Giersing 2004.

Fig. 16: Calibrated radiocarbon dates from sites in Denmark. For every site, a sum distribution is followed by the individual dates.


