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Abstract: Analysis of organic residue absorbed in to the walls of ceramic vessels has proved 

to be a valuable contributor to the knowledge of prehistoric societies. Based on the analysis of 

absorbed lipids in the wall of ceramic vessels and existing knowledge and theories about the 

Pitted Ware culture, an attempt of understanding of the Pitted Ware site Vendel is made. 

Based on the obtained results and evidences presented throughout the paper it is argued that 

the Vendel site is a permanent or seasonal settlement, and furthermore that the results seem to 

reflect a change in vessel use towards the end of the Pitted Ware Culture, and possibly even a 

change of society, ideology and economy. 
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1. Introduction 

During excavations between 1994 and 2001, by the Vendel church in Uppland (Figure 1), 

carried out by the Archaeological Research Laboratory at Stockholm University, a Pitted 

Ware site was found beneath the Iron Age and historical remains at the excavation site. The 

Pitted Ware Culture (PWC) is one of three “cultures” existing in Sweden during the Neolithic 

(Table 1), the others being the somewhat earlier Funnel Beaker Culture (FBC) and the later 

Boat Axe Culture (BAC, also known as the Battle Axe Culture). In eastern Sweden the Pitted 

Ware Culture is dominating during the middle Neolithic, a chronology that differs from other 

parts of Sweden (e.g. Larsson 2009).  

 

The earliest appearance of the so called Pitted Ware Culture is all but clear and is vigorously 

debated by the scholars, and the same goes for the relationship between the Pitted Ware 

Culture, the Funnel Beaker Culture and the Boat Axe Culture. Some of the more disputed 

questions regarding the Pitted Ware Culture are whether the sites ascribed to them are 

permanent or seasonal settlements, whether they are settlements at all or rather ritual or cultic 

sites, and whether the PWC (and the FBC and BAC) represent a defined, cultural or ethnical 

group or not (see below). 

 

The Pitted ware sites excavated in Eastern Central Sweden have next to all been located at the 

contemporary shoreline, either by the coast or by larger rivers, where the settlements usually 

are located on south facing, sandy slopes, but also on moraine (e.g. Edenmo et al. 1997), a 

location that indicates a marine subsistence economy, something that is backed up by dietary 

studies. Early Pitted Ware sites are primarily found in Eastern Central Sweden (Västmanland, 

Uppland, Södermanland, Östergötland), and also in Gästrikland, Hälsingland, Dalarna and on 

Åland. Later Pitted Ware pottery and especially the “typical” Pitted Ware pottery (represented 

by the so called Fagervik III-type) is even more widely spread and can be found on, apart 

from the above mentioned regions, Öland and Gotland, in Närke, Småland, Blekinge and 

northern Skåne (Larsson 2009). As will be discussed later, the most common find on Pitted 

ware sites is pottery, more often than not in large quantities. 

 

During the early Middle Neolithic, a shift in economy and diet seem occur in Eastern Central 

Sweden, from the agricultural economy and diet of the FBC, to a hunter-gatherer economy, 

which becomes more pronounced in the Pitted Ware Culture over time. Although it is debated 

whether or not the PWC ever was agricultural (cf. Kihlstedt et al. 1997), and late sites are 

clearly dominated by remains of non-domesticated animals, and especially marine animals 

such as seal and fish. 

 

In recent years, organic residues have been analysed, most often in the form of absorbed lipids 

in the ceramic fabric, to gain a better understanding of vessel use, and what products were 

utilized and processed during prehistoric times. This has shown to be a very effective way of 

gaining knowledge about aspects of prehistoric life that is otherwise lost to us (e.g. Isaksson 

2000, Papmehl-Dufay 2006, Evershed 2008b). Thus the analysis of organic residues absorbed 
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into pottery can offer valuable clues in the understanding of the Pitted Ware Culture and the 

Pitted Ware sites. 

 

Table 1. The chronology of the Neolithic in Central Eastern Sweden, as used in this paper. 

Period Abbreviation Date Culture 

Early Neolithic EN 4000-3300 BC  

Early Neolithic I EN I 4000-3650 BC FBC 

Early Neolithic II EN II 3650-3300 BC FBC, PWC 

Middle Neolithic MN 3300-2300 BC  

Middle Neolithic A MN A 3300-2700 BC PWC 

Middle Neolithic B MN B 2700-2300 BC PWC, BAC 

Late Neolithic LN 2300-1800 BC BAC 

1.1 Aim of the paper 

The aim of this paper is to understand the Pitted Ware site Vendel. This will be done by 

investigating vessel use through organic residue analysis using Gas Chromatography and 

Mass Spectrometry, and comparing the site to other Pitted Ware sites and the interpretations 

of these. The intentions are to contribute to, and extend our knowledge about the Pitted Ware 

Culture and the function of Pitted Ware sites. 

 

The study concerns the whole of the Vendel site, but some special attention will be given to a 

smaller area of the site, Area 3 and 4 (Figure 6), with the intention to try to get a more 

detailed analysis and hopefully be able to get closer to the people occupying the area 5000 

years ago. The spatial distribution of pottery in connection with vessel use will be 

investigated, as well as potential connections between vessel use and vessel typ. The result 

from the analysis on vessel use at Vendel will also be discussed in relation to other Pitted 

Ware sites in Eastern Sweden. 

1.2 Research questions 

The study will be focused on the areas excavated in the south part of the trench, Area 3 and 4. 

Area 3 is one of the least, by later activities, disturbed parts of the excavated area, and also 

contains features and structures from the Middle Neolithic connected with the Pitted Ware 

pottery and culture. The questions concerning Vendel, and Areas 3 and 4 are as follows: 

 

 What functions did the Vendel site have, i.e. what kind of site does Vendel represent? 

Is it permanent or seasonal? Does it represent a settlement site, a purely ritual site, or a 

mix of the two? And what can be said about the people inhabiting Vendel during the 

middle Neolithic? 

 Can any form of spatial organisation, and distribution of potsherds in respect to vessel 

use, be detected at the Vendel site? If so, what do the results reflect, and how should 

they be interpreted in terms of understanding the site?  

 Can any conclusions be drawn regarding vessel use in relation to vessel type, e.g. size 

or decoration? Has for example a specific vessel size been used for specific 

foodstuffs? 

 



4 

 

The study also intends to investigate how the Vendel site compares to other PWC sites in 

eastern middle Sweden, in order to make it possible to draw better conclusions about the site. 

Thus, the following question is asked: 

 

 How does the Vendel site compare to other Pitted Ware sites in the eastern Sweden? 

How do these results effect the interpretation and understanding of Vendel, and by 

extension the Pitted Ware culture in Eastern Central Sweden? 

2. Background 

2.1 The Pitted Ware culture 

The first written mention of Pitted Ware pottery is from the late 18
th

 century, when Nils 

Henrik Sjöborg described pottery found at Pysslingbacken in Blekinge (Sjöborg 1968[1792-

1793], Papmehl-Dufay 2006:34). The first finds of Pitted Ware pottery was made in Visby on 

Gotland in 1864. In 1901 the first PWC site in Eastern Central Sweden was found, and a few 

years later excavated, at Åloppe, Nysätra parish, in Uppland (Almgren 1906a:4). Although, 

Pitted Ware potsherds from Torslunda, located 60 km from Åloppe, had been submitted to the 

National History Museum already in 1893 (Almgren 1906a:17). In the following decades, 

more Pitted Ware sites were discovered in Eastern and Eastern Central Sweden (Björck 

1999a, Edenmo et al. 1997).  

 

The first researchers taking on the PWC were predominantly concerned with the internal 

chronology of the culture during the Neolithic, and with placing the PWC in time and relation 

to the Funnel Beaker culture and the Boat Axe culture. Later the research has come to include 

several different aspects of the PWC, such as settlements, diet, economy, vessel use and 

burials (e.g. Janzon 1974, Wyszomirska 1984, Hulthén & Welinder 1981, Björck 2003a,b, 

Eriksson 2004, Papmehl-Dufay 2006, Larsson 2009, Fornander 2011) 

 

The material culture that has been ascribed to what has been called the Pitted Ware Culture, 

started to emerge in eastern central Sweden during EN II. It is, thus, to some extent 

contemporary with the Funnel Beaker Culture. The PWC and FBC (as well as the later Boat 

Axe Culture) do, however, differ on several accounts, most noteworthy the settlement patterns 

(this is however debated, cf. Gill 2003, Björck 2003a,b), subsidence economy and diet (e.g. 

Fornander 2011), pottery assemblages and technology (e.g. Papmehl-Dufay 2006, Larsson 

2009), and modes of burial (Wyszomirska 1984). While the Funnel Beaker Culture quite 

clearly displays traits of an agricultural society, the Pitted Ware Culture has been interpreted 

as a hunter-gatherer economy largely reliable on marine resources, and with a settlement 

pattern located to the coast. These coast bound Pitted Ware sites stretches from Skåne in the 

south and as far north as Dalarna and Hälsingland (and probably even Ångermanland). It has, 

though, been suggested that the PWC complex should be divided in to a northern and a 

southern group, or several groups (e.g. Welinder 1973), and it has further been suggested that 

Eastern Central Sweden and the Baltic Sea islands is the only region where the PWC 

phenomenon can be identified (Edenmo et al. 1997). In Eastern Central Sweden, the PWC 



5 

 

sites are situated by the coast on the Neolithic shoreline. There are however examples of PWC 

sites located by larger rivers and lakes, for example in Dalarna (Edenmo et al. 1997:173). The 

settlement pattern also shows tendencies of sites to cluster (Edenmo et al. 1997, Björck 

2003a). The coast bound location of the Middle Neolithic Pitted Ware sites is however not 

unique. For example, prehistoric sites, covering the whole of the Neolithic, up to the Bronze 

Age and attributed to different Neolithic “cultures”, excavated during the E4-project, have all 

but few been located by the prehistoric shoreline (Björck & Larsson 2007). 

 

 
Figure 1. Pitted Ware sites mentioned in this thesis marked on a map displaying the sea level of today. 1) Vendel, 2) 

Högmossen, 3) Brännpussen, 4) Åloppe and Åloppe-Norrskog, 5) Korsnäs, 6) Överåda, 7) Bollbacken, 8) Vedmora. 

What is distinguishing for the Pitted Ware sites are the large amounts of pottery found 

scattered in the cultural layers. Other common finds includes fish and seal bones, hearths, and 

different kinds of pits. Other more or less common finds are figurines, burials, different kinds 

of structures and features, and bones from terrestrial animals such as bear, deer and pig/boar 

(e.g. Wyszomirska 1984, Edenmo et al. 1997, Segerberg 1999). The pottery is the material 

remain that most strongly is connected to the Pitted Ware culture, but tanged arrowheads and 

cylindrical cores have also been associated with the PWC, particularly in southern and 
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western Sweden (Edenmo et al. 1997). A category of finds associated with the Pitted Ware 

Culture, and not found in connection with either the FBC or the BAC, are the above 

mentioned anthropomorphic and zoomorphic figurines (Wyszomirska 1984, Olsson 1996:46).  

 

Burials are from time to time found in the cultural layers at pitted ware sites, but also, as on 

for example Gotland, found on more “traditional” burial sites. The burials on Pitted Ware 

sites in Eastern Central Sweden are most commonly individual inhumation burials with few or 

no grave goods. Human bones are also found scattered across the cultural layers of the sites. 

These have, however not been interpreted as burials, but rather represent a different aspect of 

the handling of the dead (e.g. Wyszomirska 1984). 

 

As mentioned above, the nature of the Pitted Ware sites have been debated, and an array of 

interpretations and suggestions about the function of these sites has been presented. These 

will be given more attention further on, but to summarize, some of the more frequent theories 

are that the sites are permanent, year round settlements, seasonal settlements, hunting or 

fishing stations, or ritual or cultic gathering sites (e.g. Welinder 1973, 1998, Carlsson 1998, 

Björck 2003a, b, Gill 2003). Since it is not entirely clear what the Pitted Ware sites represents, 

i.e. how they have been used, and because it is precarious to judge all alike, they will be 

addressed as Pitted Ware sites throughout the thesis. 

 

The thought that the PWC population did not engage themselves in farming and animal 

husbandry was a well-established theory for quite some time (e.g. Segerberg 1999). Although, 

some researchers have stated that the PWC actually may have had some marginalized farming 

and animal husbandry (Welinder 1973, 1998). However, as will be shown later on in the 

paper, this is not reflected in the diet of the PWC people, and it is now questioned again 

whether the Pitted Ware people in eastern Sweden had any agriculture (Kihlstedt et al. 1997). 

Based solely on bone material it is not possible to draw any conclusions, and the same is true 

for other material, and floral and faunal remains on the sites. 

 

One of the more well-debated questions concerning the PWC is the origin of this “culture” 

and its relation to the Funnel Beaker culture and Boat axe culture. Today, most Stone Age 

researchers are in agreement that the PWC developed from, or at least has its roots in, what 

have been known as the Funnel Beaker culture, or the Vrå culture in Eastern Sweden (e.g. 

Segerberg 1999, Strinnholm 2001). A number of different theories regarding the origin and 

emergence of the Pitted Ware culture, and what it represents, have been presented over the 

years. Some of the more frequent theories about what the Pitted Ware culture represents are 

presented below. Some researchers argue that the PWC is a development from the TRB, 

implying that the TRB, due to social or ideological change, changed their material culture 

(e.g. Browall 1991, Carlsson 1998). Furthermore, Anders Carlsson (1998) suggests that this 

change is a counter-reaction to the neolithization and the lifestyle of the Funnel Beakers. 

Another theory is that, based on pig/boar tusks and bones found both in graves and in the 

cultural layers, the Pitted Ware people were part-time farmers, keeping small pig herds, and 

possibly engaging themselves in other types of small scale animal husbandry and agriculture 

as well (Welinder 1973, 1998). The Pitted Ware sites have also been interpreted as 
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representing hunting and fishing sites or ritual sites of the FBC and BAC, thus indicating that 

they were the same people, but performed certain activities along the coast, giving the 

material culture of the PWC, and other inland, resulting in the material culture of the FBC and 

BAC (e.g. Carlsson 1998). A theory that again, although somewhat modified from earlier 

research, gains more and more land, is that the Pitted Ware people does, in fact, represent a 

distinct group of people, ethnical or not, existing parallel to the FBC and BAC, having their 

own cultural identity and relying on seal hunting for their subsistence (e.g. Eriksson 2004, 

Papmehl-Dufay 2006, Larsson 2009). Regarding the origin of the PWC, some have also 

suggested that the PWC came into existence through migration or exchange of ideas 

throughout the regions around the Baltic Sea (e.g. Welinder 1973). If any of the FBC, PWC or 

BAC, came in to existence through migration, Malmer has argued that the PWC is the least 

likely (1973). 

 

The term “culture” to describe the society, and the application of ethnicity, during the middle 

Neolithic have been heavily criticized (e.g. Malmer 1973, Strinnholm 2001 Papmehl-Dufay 

2006). Many of those opposed to the “culture”-term and ethnic classifications, argue that this 

is a modern construction and might not reflect the reality of the Neolithic people at all. This is 

something that is important to reflect upon when dealing with the Neolithic, and it will be 

kept in mind throughout this work. However, for simplicity, the culture terms Pitted Ware, 

Funnel Beaker and Boat Axe will be used in this paper. For more detailed discussions on the 

culture definition see e.g. Papmehl-Dufay 2006, Larsson 2009.  

2.1.1 Pitted Ware identity, society and ideology 

The question of whether the Pitted Ware culture represents a separate culture group, with its 

own distinct identity and ideology, in relation to the Funnel Beaker Culture, and the Boat Axe 

Culture have been addressed by several authors through the years (e.g. Wyszomirska 1984, 

Eriksson 2003, Gill 2003, Stenbäck 2003, Papmehl-Dufay 2006, Lidén & Eriksson 2007, von 

Hackwitz 2009, Larsson 2009). Many researchers have argued that based on evidence such as 

diet, settlement, subsistence and burial patterns, as well pottery, that the Pitted Ware culture in 

Eastern Sweden, in fact, represents a cultural entity, with its own distinct ideology and 

culture. There are however some regional and periodical differences within the “Pitted Ware 

complex”, and this is especially true concerning the pottery. These differences have been 

explained as intra-regional variations of a regional culture tradition (e.g. Papmehl-Dufay 

2006, Larsson 2009). 

 

It is, of course, a nearly impossible task to reconstruct the ideology and society of a 

population living nearly 5000 years ago, a population who, on top of that, did not have a 

written language. Researchers have tried to reconstruct the cosmology, ideology and society 

of the Pitted Ware Culture with different points of departures, such as pottery (e.g. Papmehl-

Dufay 2006, Larsson 2009), the sites (finds and location in the landscape) (e.g. von 

Hackwitz), economy, diet (e.g. Eriksson 2003, 2004, Fornander 2011), burials (e.g. 

Wyszomirska 1984) etc., and putting these aspects in relation to the other cultures existing 

during the Neolithic.  

 



8 

 

As stated earlier, the Pitted ware sites have a close connection to the contemporary shoreline, 

whether it is the water or the beaches themselves that were important, it is evident that these 

locations in the landscape had significance for the people whose lives and death traces of are 

found here today. The localisation to the shores have been explained both economically and 

ideologically, where the economic explanation stresses the maritime and hunter-gatherer 

subsistence economy of the PWC, while the ideological explanation builds on the 

assumptions that the water was an important concept in the minds of the people occupying the 

sites. Kim von Hackwitz (2009) argues that the PWC sites are localised to strategic points in 

the landscape, where communication routes on the water met those on land. However, the 

localisation to the contemporary shoreline is most likely a consequence of the economy and 

ideology of the Pitted Ware people.  

 

The nature, i.e. function, of these sites has been discussed for as long as they have been 

known for the researchers. The sites have, to name some, been interpreted as permanent, year 

round settlements (Lindqvist 1916, Björck 2003a,b), seasonal settlements (e.g. Welinder 

1973), ritual and cultic gathering sites (e.g. Carlsson 1998, Gill 2003), and seasonal hunting 

and fishing stations (e.g. Welinder 1973:55). The research community has still not reached a 

consensus about the Pitted Ware sites, and it is of course probable that different sites had 

different functions, and that all site should not be interpreted and understood in the same way. 

Mats P. Malmer has, likewise, argued that the PWC is the most difficult of the Neolithic 

cultures to define (1973). 

 

Niclas Björck (2003a) has pointed to a change in the settlement pattern of Neolithic costal 

sites in Eastern Sweden, especially in the northern parts of Uppland and southern parts of 

Norrland, from c. 4000 BC and onward. The early Neolithic coastal sites were largely 

localised around the mouth of, or further up along, rivers, up to c. 3000 BC the relationship 

between the sites and river mouths becomes clearer and fewer sites are found along the rivers. 

From 3000 BC costal sites are being established farther out in the archipelago, and towards 

the end of MN B can the coastal sites be found in its entirety in this area (2003a:24). Anders 

Carlsson has interpreted this change in settlement pattern as the Pitted Ware culture being 

pushed out to the periphery and being even more marginalized in relation to the agricultural 

(Boat Axe) culture (1998). Welinder (1998) has also suggested that the PWC rivaled with the 

BAC. Björck on the other hand has suggested that this displacement to the (outer) archipelago 

might be caused by changes in the availability of seal (1999b:347). 

 

Regarding the Pitted Ware peoples relation to the water and the discussion of whether the 

Pitted Ware sites where settlement sites or not, Alexander Gill (2003) states that the “Pitted 

Ware beaches” most likely should be seen as special places and the pottery deposited there as 

special objects. According to Gill, the beaches would not have been the sites where the Pitted 

Ware people chose to build their homes. Gill argues that the permanent dwelling sites should 

be sought after in the inland instead, where houses dating to the Pitted Ware period, i.e. MN, 

have been found at some sites (e.g. Linköping in Östergötland) (2003:107ff). Anders Carlsson 

(1998) also stresses the ritual and cultic aspects of the pitted ware sites, to where the PWC 

people came to deliberately break the vessels. This purported ritual meaning behind the 
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breaking of pots has been suggested to represent a ritual or symbolic killing of the vessels. 

Åsa M. Larsson (2009) suggests that the Pitted Ware people not only saw the ceramic pots as 

useful everyday objects, but also connected them to bodies and persons. The theory that the 

Pitted Ware sites were ritual gathering sites has, however, been criticised by other researchers, 

who argues that the costal sites were the settlement sites, and that some was permanent, some 

seasonal and other specialized sites, e.g. for fishing or seal hunting. This does not exclude the 

possible ritual meaning of breaking pots and broken pots. 

 

On a number of PWC sites in Eastern Sweden, structures interpreted as huts have been found. 

These varies somewhat in form, but are most often round, rounded or elliptical. The 

organisation of these on the sites also varies but they are either placed in a row parallel to the 

shore or around a central area. They also vary size-wise, from very small up to approx. 6 m 

across, but they rarely seem to exceed this. The size and form of organization of the housing 

at the coastal PWC sites indicate that the PWC had a virilocal or matrilocal system, although 

most likely virilocal, meaning that a couple, after marriage, settled near the man’s family 

(Björck 2003b). It has also been argued that a continuation from the Mesolithic and EN can be 

seen in the form and structure of the huts found at PWC sites (Biwall et al. 1997). Some of the 

sites that have been subjected to more extensive excavations have been interpreted as 

permanent settlements, due to the fully functional structures within the sites. 

 

The society and ideology of the Pitted Ware culture is quite noteworthy, as it seems like the 

Pitted Ware people in eastern central Sweden almost completely abandons the agricultural 

ideology and lifestyle, and its world of ideas (if they ever had adopted it), for the benefit of a 

hunter-gatherer economy, and an individualistic ideology, which in the light of the 

agricultural Neolithic can be seen almost as a regression. However, many authors have 

stressed, that although the Pitted Ware Culture might not have been engaged in agricultural 

activates, they probably where aware of, and had knowledge about, different aspects of 

agriculture (e.g. Stenbäck 2003). Thus, the Pitted Ware culture should not be seen as a 

regression, but rather as a stronger manifested hunter ideology. As mentioned above, Anders 

Carlsson (1998) states that the Pitted Ware culture was a reaction against the Funnel Beakers 

and the introduction of farming in Sweden. For the PWC it was the ocean, the shore and the 

“wilderness” that was important, and what in effect shaped the culture. Many authors, 

including Carlsson, have argued that the Pitted Ware culture represents an individualistic 

ideology, as opposed to the collective ideology of the funnel beakers with their communal 

burials in megaliths. 

 

Seal seem to have held a prominent place not only in the diet of the Pitted Ware Culture (as 

will be seen further down), but also in the ideology. This is implied, not only by the large 

amounts of seal bones in the bone assemblages, but also by the zoomorphic clay figurines 

often found at PWC sites (e.g. Jettböle on Åland), some of which are believed to depict seals 

or “seal humans”. Another animal that seem to have had importance in the ideological sphere 

of the PWC, but not played any substantial part in the diet (cf. chapter 2.1.2), is pig or boar. 

The “Pitted Ware pigs” are however debated, as some authors argues that the PWC people 

might have been (part-time) pig herders, while other suggests that the pig bones found on 
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PWC sites derive from wild, or possibly feral, pigs/boar, and that pigs did not make up a 

staple food in the PWC diet (cf. chapter 2.1.2). The figurines and other artefacts shaped as 

animals, or with animal details, could presumably indicate that the people occupying the coast 

during the Middle Neolithic had an animistic belief system (e.g. Björck 2003b). This has also 

been argued by Wyszomirska (1984), who states that the zoomorphic and anthropomorphic 

figurines are indicative of a religion that included shamanism, totemism, animism and/or 

magic. Such a belief system has, furthermore, several ethnographical parallels in hunter-

gatherer communities of later times (Wyszomirska 1984). 

 

In a study by Lidén and Eriksson (2007) with the intention to investigate cultural diversity 

during the Swedish Stone Age, four common hypotheses concerning the PWC and what it 

represents were tested based on results from stable isotope analyses. From the results it is 

argued that the PWC should be seen as a distinct cultural entity, and a separate group of 

people distinguished by material culture, as well as food culture. This is due to the fact that no 

gradual change in diet can be noticed, that no traces of food consumption connected with 

farming could be seen and that almost all tested individuals had a marine based diet, 

regardless of age and sex (Lidén & Eriksson 2007). Further evidence that the PWC people 

should be seen as an ethnical group, with distinct cultural and technological traditions is 

offered by Anna Linderholm (2008). Studies of aDNA of people belonging to the FBC and 

PWC showed that there are a genetic difference between the two groups, and furthermore that 

the FBC haplogroups continued into the Bronze Age (2008:58). The study further indicated 

that the gene that allows adults to consume milk was present at a higher frequency with the 

FBC population than with the PWC (ibid.). A recent study on the genetics of hunter-gatherers 

and farmers (e.g. PWC and FBC) also shows a genetic difference between the individual of 

FBC and the three PWC individuals included in the study (Skoglund et al. 2012). Although 

the results are based on only four individuals whereof one is attributed to the FBC. 

2.1.2 Pitted Ware subsistence, diet and food culture 

Reconstruction of diet solely based on floral and faunal finds can be problematic, since these 

finds not have to correspond to the actual diet of the people occupying the site being studied. 

The same goes for vessel use, as pottery can be used to prepare commodities other than food. 

Diet can only be done by means of stable isotope analyses of human skeletal material. 

 

A number of recent studies comprising of stable isotope analyses on preserved Neolithic 

human skeletal materials have shown quite compelling evidence for a more or less coherent 

diet amongst the Pitted Ware people throughout the eastern parts of Sweden. These studies 

have also distinguished a diet that differs from that of the Funnel Beaker Culture and Boat 

Axe Culture. The availability of suitable skeletal material for sampling from the PWC is quite 

scarce, owing to the often poor conditions for preservation. There are nonetheless exceptions, 

such as the Baltic islands Öland and Gotland, with calciferous soils, and the PWC site 

Korsnäs in Södermanland. Consequently,  skeletal materials associated with the Pitted Ware 

Culture are available from several different sites on both Öland and Gotland, as well as from 

the Korsnäs site, and dietary studies through stable isotope analyses have been conducted on a 

number of these (e.g. Eriksson 2004, Eriksson et al. 2008, Fornander et al. 2008). 
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Gunilla Eriksson (2004) has analysed stable isotopes from 26 individuals from the Pitted 

Ware site Västerbjärs on eastern Gotland. This study revealed that these people had a 

substantial intake of marine protein, deriving almost exclusively from intake of seal, and that 

fish had very little significance in the diet. The same goes for terrestrial animals. While they 

may have occasionally consumed terrestrial animals, this was not often enough to show up as 

a signal in the stable isotope analysis. This led Eriksson to the conclusion that the Pitted Ware 

Culture on Gotland represents a separate culture group with its own identity, for whom seal 

was important both for the identity and diet (Eriksson 2004). 

 

The same picture that emerges from the analysis of the Västerbjärs remains is also evident at 

Öland. Here, in a study focusing on dietary change and the transition from a hunter-gathering 

economy to an agricultural economy, 28 individuals from the PWC site Köpingsvik was 

analysed for stable isotopes (Eriksson et al. 2008). As on Västerbjärs, the individuals from 

Köpingsvik had a diet based mainly on marine mammals. This stands in contrast to the diets 

of the chronologically overlapping FBC site at Resmo and individuals from the late Neolithic 

and Bronze age, where a more varied diet, and a diet containing higher intake of protein from 

terrestrial animals could be seen (Eriksson et al. 2008). This trend concerning the diet of 

Pitted Ware populations is also visible at Korsnäs on Södertörn, here all the samples clearly 

indicates a diet based predominantly on aquatic animals, and seal especially (Figure 2, 

Fornander et al. 2008). As with the 

other studies, the sable isotope 

analysis shows that the intake of 

terrestrial animals are negligible or 

non-existent. At Högmossen bones 

from moose (skull and antler) was 

only found on the burial site, which 

might indicate that terrestrial 

animals only, or principally, were 

connected to ritual practices 

(Björck & Lindberg 2008), and 

thus further indicates that they were 

not an important part of the main 

diet. Through analyses of lipids 

absorbed in pottery it has also 

become evident that vegetables 

most probably were of major importance in the diet of the Pitted Ware people. 

 

The importance of seal in the subsistence for the Pitted Ware people have also been expressed 

based on the often large amounts of seal bone in the faunal assemblage from Pitted Ware 

sites. This emphasis on seal has, however, not passed without critique. Based on the dense 

bone structure of seal, leading to better preservation of the skeletal material than with many 

other animals, it has been suggested that seal bones are overrepresented in the faunal material 

from Pitted Ware sites (Storå 2001:3f and references therein).  

Figure 2. Results from the stable isotope analysis of skeletal material from 

Korsnäs (Fornander et al. 2008).  
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On many of the Pitted Ware sites excavated, including those mentioned in this chapter, bones 

from cattle and sheep/goat have been a part of the faunal assemblages. However, as stated 

above, protein from land-living, domesticated animals have not been a substantial part of the 

diet, and furthermore, some of these bones has, through carbon dating, proved to be later 

intrusions (e.g. Eriksson 2004, Eriksson et al. 2008.). This does, on the other hand, not rule 

out the possibility that they are contemporary in other cases, and that cattle and sheep/goat 

was processed on the sites, whether for food or for ritual purposes.  

 

The results from these studies, indicating that the Pitted Ware People relied on a marine based 

diet, imply that the Pitted Ware culture in fact is its own separate culture group, as the diet, 

which very much relies on culture, differs significantly from both the funnel Beaker Culture, 

the Boat Axe Culture and the diet of people of later periods. A comparison of stable isotope 

values from FBC, PWC and BAC human remains from sites attributed to the different 

cultures clearly shows a distinct difference in the diet (e.g. Eriksson et al. 2008, Lidén & 

Eriksson 2207, Fornander 2011). This together with the vast amount of pottery on PWC sites, 

indicating its importance in one way or another, as well as other evidence, such as pottery 

technology, has led scholars to the conclusion that the PWC in fact do represent a separate 

group with their own cultural identity distinguished by burial practice, material culture and 

diet (e.g. Papmehl-Dufay 2006, Lidén & Eriksson 2007). 

 

Humans usually do not eat everything edible in their surroundings, but that which is 

considered edible becomes a part of the menu of a certain food culture. Moreover, food, or 

specifically the meal being consumed in companion with others, can act as a social binder 

(e.g. Isaksson 2010). The idea of what is considered edible and what is not is also rooted in 

the culture, and is something that is learned (e.g. Eriksson 2003, Isaksson 2010). Food (dishes 

and meals) are therefore both communicators of culture and acts as upholders of specific parts 

of the culture. Vessel use, however, is not the same thing as diet. Preparing, cooking, storing 

and serving food is only one aspect of how pottery can be used, and have been used in 

prehistory. And there are many different ways to prepare, cook, and serve food other than by 

using pots, e.g. roasting and drying. Furthermore, ceramic vessels can be used to process or 

store thing other than food. 

2.1.3 Pitted Ware pottery 

Interpretations of prehistoric communities were earlier (and is still very often today) based on 

the assessment and classification of pottery. One reason for this is that pottery has properties 

that make it less degradable by nature and the environment, which leads to that pottery often 

is the only material remains left for archaeologist to define prehistory. Pottery, however, offer 

numerous possibilities for it to be used in different analytical ways, such as technological and 

ideological, and, as here, to study vessel use. 

 

As already mention, pottery is the artefact most commonly connected to the Pitted Ware 

Culture and its associated sites in Eastern Central Sweden. Furthermore, the culture has 

obtained its name from the characteristic pits that constitutes part if the pottery’s decoration. It 
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is not unusual to find very large amounts of pottery on PWC sites, and the amount of Pitted 

Ware pottery found on these sites, exceeds finds of pottery from both earlier and later periods 

by far (Edenmo et al. 1997:175). The pottery was for a very long time the focus of studies 

concerning the Pitted Ware Culture in Eastern Central Sweden. One important aspect of 

pottery is its use in the construction of relative chronologies for specific areas and cultures. 

For the PWC this was an important area of study in the early years of research. To mention 

just one of these chronologies for Pitted Ware pottery, Bagge (1951) defined a chronology for 

the PWC site at Fagervik in Östergötland. The chronology was constructed to study the 

stratigraphy, and internal chronology at this specific site, but it is commonly used when 

classifying PWC pottery within the whole of Eastern Sweden. Many of the more recent 

studies on the PWC also have their point of departure in the pottery, although with different 

and more nuanced points of view (e.g. Stenbäck 2003, Papmehl-Dufay 2006, Larsson 2009). 

 

The early Pitted Ware pottery has features of FBC potter styles, and some researchers state 

that the early Pitted Ware pottery can be classified as FBC pottery with pits (e.g. Strinnholm 

2001:41ff). Thus, it is evident that the PWC pottery has its roots in the Funnel Beaker pottery. 

The Fagervik III-phase, on the other hand, is as mentioned above, often called “typical” Pitted 

Ware pottery, with porous ware, a more uniform décor, and the sharp shoulder, short neck and 

pointed bottom. The porous ware can be seen as closely connected to the Pitted Ware Culture. 

The porousness of the PWC pottery comes by the added temper. PWC pottery is commonly 

tempered with calciferous materials that degrade during burial (e.g. Larsson 2009). It is thus 

the choice of temper that is significant. Studies of Neolithic pottery clearly show that PWC 

pottery differs from both FBC and BAC pottery in respect to clay, temper, construction and 

other technological traditions (e.g. Larsson 2009). Furthermore, it is evident that the PWC 

pottery technology varies between sites and possibly even between individual potters, but that 

each of these still leads to a product that can be recognized as a Pitted Ware pot, both by 

researchers today and by the people originally using them (Papmehl-Dufay 2006, Larsson 

2009). 

 

The significance of pottery in the Pitted Ware community itself has been discussed by a 

number of authors attacking the problem from different angles (e.g. Stenbäck 2003, Papmehl-

Dufay 2006, Larsson 2009). The introduction and use of pottery were for a long time 

considered to be connected with an agricultural ideology and the introduction of agriculture, 

and were seen as a part of a “Neolithic package”. The Neolithization, and how it took place, 

has been widely discussed over the decades, and it has been suggested that rapid transition 

occurred where a farming economy replaced one based on marine resources and hunting, and 

also that the change was slower and more gradual. Pottery was introduced to southern 

Scandinavia around 4500 BC (notably also to Finland and Åland, cf. Stenbäck 2003), and 

utilized by, for example, the southern Mesolithic Ertebölle Culture (EBK), which shows no 

signs of agriculture. A study of organic residues conducted on EBK pottery and early FBC 

pottery also strengthens the idea that the use of pottery does not have to be connected to 

farming (Craig et al. 2011). This study also shows that a sharp shift did not occur in the usage 

of pottery with the introduction of farming, as many of the early FBC pots contained traces of 

aquatic products (ibid.). The different Neolithic pottery assemblages connected to the 



14 

 

different cultures have, as seen above, by some authors been viewed as material expressions 

of ideology (e.g. Browall 1991, Carlsson 1998). Different stylistic traits of the pottery would 

thus signal different ideological concepts. Papmehl-Dufay (2006) has recently used different 

analytical techniques on Middle Neolithic pottery from Öland to investigate the significance 

of pottery and potters for the Pitted Ware society and culture. He suggests that the pottery is a 

part of a shared culture, and cultural identity, and that individual potters were allowed to work 

with individual preferences, as long as the result was recognisable as a Pitted Ware pot. 

Strinnholm argues that it is not the pottery in itself that is significant, but rather the activities 

and situation where humans and artefacts interact (Strinnholm 2001). It is therefore important 

to connect the material culture to social contexts. The idea that the Pitted Ware pottery was a 

material expression of a strengthened hunter-gatherer identity and ideology, opposed to an 

agricultural, has been presented by Anders Carlsson (1998). Carlsson also argues that “the 

ocean, the wild and the hunt” was important within this ideology. The ocean, the wild and the 

act of hunting, as meaningful, both ideological and economical, is also implied by the Pitted 

Ware sites locations, and the occurrence of large amounts of seal and pig bones on the sites. 

The idea that the pots were deliberately broken on the shore as a symbolic act within this 

ideology has also been brought forth (Carlsson 1998:48f, Gill 2003). This has been expressed 

by other authors as well. As stated above, it has been suggested that the pottery had a deeper 

meaning than merely as vessels for storage or food processing. A connection between pottery 

and human bodies might be one explanation for the breaking of pots, it is also possible that 

other reasons lay behind, or that the potsherd became significant only after being broken 

unintentionally (Larsson 2009). The fact that complete, or near complete, vessels rarely are 

found, and when they are always are “miniature” vessels, is something that has been pointed 

out several times, and is also one of the reasons to why the pottery is regarded as deliberately 

broken. The fact that some potsherds, bases and miniature vessels seem to have been treated 

in special ways, such as buried in pits, placed in burials or in the filling of burials has also 

fuelled the ideas of ritually breaking pots and ritual meaning of broken pots. The miniature 

vessels and bases seem to have a special meaning, as they often are found in other contexts 

than the majority of potsherds, such as in graves or deliberately deposited in pits etc. 

 

The large quantities of pottery on the sites are usually connected with diet and food 

preparation. The vessels are often regarded as cooking or storage vessels. It has been 

suggested that pottery reasonably should be associated with some kind permanent settlement 

since it would be impractical to take ceramic pots with you during relocations (Segerberg 

1999:61). However, that pottery should be connected to a sedentary (agricultural) lifestyle is 

an assumption that has been argued not to be valid (cf. Papmehl-Dufay 2006:231 and 

references therein). 

 

A comparison of vessel use from sites covering the Neolithic to late Iron Age, has shown that 

the use of pottery vessels differ over time, and also that the contribution of lipids deriving 

from terrestrial animals increase over time (Isaksson 2009). In a study of style, ware and 

pottery use connected to the E4-project (Brorsson et al. 2007), vessels showing traces of 

terrestrial animals are missing in the early material, while the number of vessels is on a 

relatively even level (10-20%) on the later sites. Furthermore the percentage of vessels 
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containing traces of aquatic animals is on relatively high and even up to 3100-2750 BC, when 

traces of aquatic animals are low or absent (Brorsson et al. 2007:431). The conclusions 

derived from the results of this study is that traces of land-living animals are present first after 

3500 BC, and that the use of pottery vessels as cooking vessels decreases from around 3000 

BC, while there are a higher number of empty vessels. Traces of aquatic animal becomes 

more scares around the same time, while fish and seal bones still are found on the sites, 

indicating that these food stuffs  where prepared in different ways (ibid.). Although there are 

many different ways to cook other than in ceramic vessels, pottery is very much linked to 

food culture and culinary activities. Pottery is used for storing, preparing and processing 

different food stuffs, as well as for serving meals. Thus, since food is an important aspect of 

culture, as well as social and identity aspects of social life, pottery and the study of vessel use 

can offer clues to a world that is long since forgotten when it comes to prehistory. 

2.2 Organic residue analyses and the study of vessel use 

Analyses of organic remains in archaeological contexts have been conducted for quite some 

time. In Sweden the first analysis of archaeological organic remains were performed in the 

mid-1940s (Arbman 1945), followed by other early analyses in the 50s. The analyses of 

organic residues in Sweden were intensified following analyses by Birgit Arrhenius in the 

1970s (Slytå & Arrhenius 1979), and the founding of the Archaeological Research Laboratory 

at Stockholm University.  

 

Internationally, analyses of organic residues have been conducted since the end of the 19
th

 

century. The first attempts to analyse lipids from archaeological contexts where done in the 

1970s, initiated by the analysis of bog butter. This was the start of what Evershed calls the 

“modern era” of organic residue analysis (Evershed 2008b, Brown & Brown 2011). The early 

analyses struggled with insufficient analytical techniques, and the analyses of organic residues 

and lipids in archaeology have been closely connected to the development of better analytical 

instruments and methodologies, enabling the separation and identification of different organic 

compounds. In the early 1990s, when methods for separation and identification based on Gas 

Chromatography and Mass Spectrometry began to be utilized, the field of organic residue 

analysis started to expand rapidly (e.g. Brown & Brown 2011). During the decades that have 

followed since the investigations of organic remains started, many different products utilized 

in the prehistoric have been identified, greatly contributing to our knowledge of past societies 

(e.g. Evershed 2008b). Both in Sweden and internationally, the analysis of organic residues in 

archaeological contexts has become an integrated part in many research programs. 

 

In recent years, quite a few lipid residue analyses have been conducted on Pitted Ware pottery 

(e.g. Papmehl-Dufay 2006, Brorsson et al. 2007, Ohlberger 2009, Dimc 2011,). These have 

not only helped in the exploration and discovery of how the Pitted Ware people used their 

ceramic pot, but they also offer opportunities to compare the vessel use between sites and 

over time. 
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2.3 What can the analysis of pottery tell us about the Pitted Ware culture and society? 

The analysis of lipid residues absorbed in the walls of pottery vessels gives an indication to 

what the pot was used for and how. Vessel use is not the same thing as diet, although they 

sometimes overlap, and there are a lot of different ways to prepare food, and other reasons 

than cooking to use pottery. The analysis of lipid residue has offered important clues to the 

life of past societies through the discovery of several products utilized by these. The analysis 

of lipid residue is a useful complement to faunal and floral material found on archaeological 

sites, as these types of remains not always are preserved or discarded at the site. The 

identification of these products through analysis of lipid residues can thus give clues about the 

economy, subsistence, the way of life, food culture and culinary arts of past societies. How a 

vessel has been used is also an important aspect of understanding prehistoric life. As will be 

seen later on, the analysis of lipid residues in pottery can also illuminate changes over time in 

how pottery was used and what it was used for, which can contribute to the knowledge of past 

societies, especially when related to other aspects as well, such as diet, economy, or 

settlement patterns. However, it is important to think about what activities the signal from the 

lipid analysis represents. The pots may have been used in a ritual context, as well as a non-

ritual one. It may or may not have been used to prepare, cook or serve food. 

3. Vendel 

The district Vendel, found in the northern part of Uppland, about 35 km north of Uppsala 

(Figure 1), is most famous for its spectacular boat grave cemetery from c. 550 AD continuing 

in to the Viking age. Between the years 1994 to 2001 archaeological excavations was 

conducted at Vendel church by the Archaeological Research Laboratory at Stockholm 

University. These excavations was a part of the research project “Tuna-gården i Vendel” 

(1994-1995), and later the research project “SIV - Svealand i Vendel och Vikingatid” (from 

1996) in collaboration with the Department of Archaeology and Ancient History at Uppsala 

University. The general aim of the excavations and the projects was to gain knowledge of 

settlement, community and power structures in central Svealand during the Vendel era and 

Viking age (Isaksson 2002). The reason behind the trenches by the Vendel church was to 

localize and investigate settlement remains that could be tied to the boat graves in both time 

and space (Isaksson 2002:1). The Pitted Ware site was more or less stumbled up on 

underneath the cultural layers from the Iron Age and historical periods. 

 

The Pitted Ware site that this study concerns is located by Vendel church. It is only partially 

excavated, meaning that the full extent of the settlement is not determined, and the size of the 

site in its entirety is not known. The church is situated on a glaciofluvial deposit, the Vendel 

ridge, with the crest of the ridge at 40 meters above sea-level (Markus 1996). This means that, 

like the majority of Pitted Ware sites in eastern central Sweden, the Vendel site was located 

close to the shoreline during its time of usage and on a south facing slope (Figure 3 &Figure 

4) (Isaksson 2002, Markus 1996). This placement in the landscape is very characteristic for 

Pitted Ware sites in eastern Sweden. During the Neolithic the landscape in northern Uppland 

was greatly different from what it is today. The landscape of today is dominated by flat clay 

plains, which largely emerged from the sea during the first century AD. In the Neolithic, the 
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Vendel ridge formed a landmass sticking out of the sea, thus the Vendel site would have been 

situated on an island or peninsula in the Neolithic archipelago (Markus 1996, Isaksson 2002). 

 

 
Figure 3. The area around the Vendel lake (light gray) during the middle Neolithic. Note that the water level 

should only be seen as approximate, since there are several factors contributing in the establishment of 

prehistoric sea levels, which have not been taken in to consideration here. The Pitted Ware site Vendel is marked 

with a star. Height data © Lantmäteriet Gävle 2011. Consent I 2011/0094. 

The bulk of the material and structures that could be connected to the Neolithic was found 

within the trench called “Vendel 1:1”, which was placed on the south facing slope about 30 m 

south of the church wall (Figure 4). Around 30 kg of Pitted Ware pottery was retrieved, and 

the distribution of the pottery showed four quite clear concentrations, with relatively empty 

spaces between them (Figure 6). These pottery concentrations also coincided with 

concentrations of structures dating to the Neolithic (Isaksson 2002). The pottery concentration 

located in the southeast of the trench (i.e. Area 4) might be somewhat misleading, since older 

layers have been used to construct a later house terrace. This construction has caused 

disturbance of the Neolithic layers, and it is possible that this group represent pottery that 

originally have been deposited elsewhere, and was moved here together with the soil used to 
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construct the terrace. At the same time the construction of the terrace during the Iron Age 

might only have caused disturbance within an already existing concentration of pottery and 

possibly scattered the potsherds over a larger area. This area within the trench displays a very 

large amount of retrieved pottery, spread over a quite large area. A reason for this is that the 

Iron Age house remains were in focus during the excavations of the site. This is, of course, 

something that is important to keep in mind during the sample selection, analysis, 

interpretation and discussion of the results. 

 

 
Figure 4. Plan over the area around Vendel church (Kyrka), with the trench marked out, as well as the Vendel 

boat graves (Båtgravar) (Papmehl-Dufay 1999) 

Some fifty structural features were found, whereof the most common category is postholes 

(most of them of thin proportions). In addition, a number of dark coloured patches, which 

could not be more closely defined, were found, and a number of cookery or fire pits (Isaksson 

2002). Some of the posthole that emerged during the excavation was interpreted to together 

form semi-ovals, both in area 1 and 3. This together with dark coloured patches, interpreted as 

possible hut floors, inside the lines formed by the postholes, led to the conclusion that these 

structures might represent huts (Figure 5). If the possibility that the postholes forming semi-

ovals make up gables and that the structures in fact are larger and continues outside of the 

trench (by which edge they are relatively close) is considered, this seems even more possible 

(Isaksson 2002). The “huts” are small, with diameters measuring 2,2 m and 2,4 m 

respectively. This is however not something that is unusual, as similar sized huts have been 

found at other PWC sites as well, such as Högmossen and Åloppe. The pottery concentrations 

in area 1 and 3 both coincide with these semi-ovals, and the concentrations in area 2 and 4 

also coincide with Neolithic constructions (Isaksson 2002). 
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Figure 5. The west end of the trench Vendel 1:1. Features interpreted as hut floors market out (A138, A143, 

A279 and A280). The wall line and area inside this is also marked by A279 and A280. (After Isaksson 2002). 

The two areas where postholes and remains interpreted as possible huts were discovered, are 

located at different levels above the sea. The northern area (Area 1) is located at a level of 

37,6 m.a.s.l, and the southern area (Area 3) at 35,2 m.a.s.l. This division is also visible in the 

distribution of the pottery at 

different levels, with more or 

less empty spaces between. 

This evidence, together with 

the land uplift in the area, as 

well as 
14

C-dating preformed 

on organic residues found on 

the inside of four potsherd (Table 2), makes it possible to distinguish between two separate 

periods of occupation at the site. One that is located to the higher level, and stretches between 

2900-2600 BC, and thus in use during Middle Neolithic A, and the other one at the lower 

level occupied between 2600-2500 BC, i.e. during Middle Neolithic B. The time difference 

between the two areas could be approx. 250 years (Isaksson 2002:32). In accordance to this, 

the typology of the sherds found at the site, also imply two groupings of pottery separated by 

time (Papmehl-Dufay 1999). 

Table 2. Results of radiocarbon dating on organic residues on 

potsherds from Vendel (Papmehl-Dufay 1999:30, Isaksson 2002:31). 

Find No. Lab. No. 14C date BP Calibrated BC (1σ) 

2824:1 Ua-14468 4195±60 2884 (2875, 2796, 2792) 2672 

2771:1 Ua-14469 4110±60 2863 (2829, 2822, 2659, 2651, 2623) 2504 

2497:5 Ua-14470 3985±60 2574 (2473) 2460 

1570 Ua-14471 4210±80 2889 (2877) 2642 
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Figure 6. Distribution of the total amount of Stone Age pottery found at Vendel, shown in g/m

2
. The four 

pottery concentrations, called Area 1-4 in this paper, marked and numbered 1-4. (After Isaksson 2002:60, fig 8 

g.) 

Pitted Ware pottery does not only dominate amongst the finds from the Neolithic layers but 

also dominates the total amount of finds from the excavation, the PWC pottery stands for 46% 

of the total weight of all the finds from the site. Apart from the pottery some stone material 

was found, dominated by quarts and quartzite/leptite. One arrowhead of slate was recovered, 

as well as some polished slate fragments. A Fragment of one flint arrowhead with a triangular 

cross section was found, as well as several flint fragments. Also, a few fragments of what may 

possibly have been clay figurines were found. The osteological material is dominated by burnt 

fish bones. No osteological evaluation has been done on the bone material from Vendel so it 

is not possible to say what other animals, and animal species are represented in the material. 

3.1 Classification of the pottery 

In 1999 Ludvig Papmehl-Dufay did a classification of the pottery unearthed in the 1998 

excavation of the site for his master thesis “Myten om gropkeramikerna” (1999). In regards of 

finds of pottery this was a very rewarding excavation since most of the Pitted Ware pottery 

from the Vendel excavations were retrieved during the 1998 season (Papmehl-Dufay 1999:3). 

Papmehl-Dufay based the classification on Birgitta Hulténs system (1974), with some 

modifications to suit the Vendel material (Papmehl-Dufay 1999:3). While a lot of the 

potsherds used for the present study already have been classified, and can be found in the 

database set up by Papmehl-Dufay for his thesis, some complementation needed to be done. 

To be able to compare the unclassified material to the pottery already classified, the recording 

of the pottery has been done following Papmehl-Dufay as closely as possible. A short 

summary of results from Papmehl-Dufays classification, and the conclusions drawn, will be 

presented here. The parameters that were included in Papmehl-Dufays classification are 

thickness (mm), weight (g), ware, colour, shape, décor, surface treatment, 
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“coating/encrustment” and diameter. For a more detailed description of the classification 

method see Papmehl-Dufay 1999. 

 

One thing that was striking in the results from 

the classification is that the characteristic 

sharp shoulder was completely missing in the 

material, instead the shoulders from Vendel 

are characterised by a stronger or weaker S-

shape. In accordance to this, the pointed base 

was not identified for certain, although some 

fragments of pointed bases might be present 

in the material. Instead, out of the vessel bases 

found at Vendel, a great number displays a 

flat base with a marked angle to the body, 

which is said to be a late trait of the stylistics 

of PWC pottery (Papmehl-Dufay 1999). Four 

rim types were identified, along with a 

category containing unidentified rims 

(appendix 3). Out of these the most common 

rim is rim type 1. The most common 

decoration on the neck and body are comb 

stamps arranged in a vertical zigzag (appendix 

3), and one or more horizontal rows of pits 

(Figure 7 B&C). The edge of the rim is most 

often decorated with slanted lines. Of the 

rimsherds that were estimated for diameter, 

the results indicate a high number of larger vessels, i.e. 40 cm or above. The estimation of 

diameters also shows that the pottery, apart from the ones being 40 cm or larger, groups 

around 8-12, 20 and 30 cm in diameter. One conclusion that was drawn from the results is that 

the pottery from Vendel differentiates itself from what has been seen as “typical” PWC 

pottery, that two separate phases could be detected in the pottery assemblage, and also that the 

pottery at Vendel seem to belong to a later phase of the Pitted Ware Culture (Papmehl-Dufay 

1999). 

3.2 A comparison with other Pitted Ware Sites 

Huts, or structures that have been interpreted as huts, have been found on a number of PWC 

sites. Structures usually connected with what is interpreted as huts are postholes, ditches, floor 

layers, mounds and hearths (Larsson & Lindberg 2007:520). In this chapter, a few of the sites 

containing will be presented, as well as the interpretation of the sites. This is to, hopefully, be 

able to draw a conclusion and lead a discussion about the Vendel site and what it represents. 

 

Högmossen, in Tierp parish, Uppland (Figure 1), have been dated to 3500-3600 BC. Here two 

larger and three smaller huts have been excavated. The larger have been interpreted as family 

huts. Several waste heaps were found both in immediate proximity to the huts and also some 

Figure 7. A few of the potsherds sampled for this 

thesis. A = 480, B = 2404, C = 2231:2, D = 2510:3, E 

= 2499:11. Cf. Appendix 1-3 for details. Photography: 

Mimmi Isacson. 
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distance away. Studies on potsherds found in the waste heaps belonging to the family huts, 

and situated directly outside the entrances, showed that these waste heaps contained sherds 

from vessel classes which probably can be connected with the household and activities such 

as cooking, these are small and medium sized vessel (Larsson 2007:480ff). At the same time 

these vessel types do not seem to have been used at some of the smaller huts and have not 

been discarded in waste heaps behind the family huts to any greater extent (ibid.). This 

suggests that cooking to a greater extent was carried out in the larger huts, and therefore also 

might indicate that these in fact are dwelling huts. It has also been suggested that a larger 

amount of the pottery retrieved from the site originally was discarded in the different waste 

heaps and refuse context on the site (Larsson 2007:480). The smaller huts at Högmossen 

measures between c. 2,5x4 m, and are comparable in size to those found at Vendel, while the 

two bigger where c. 6 m in diameter. The Högmossen settlement was furthermore divided by 

a burial area. Based on the presence of huts, waste heaps, areas for different kinds of crafts, 

food processing and burials, Högmossen has been interpreted as being a permanent settlement 

where everyday activities as well as ritual activities, such as burials, where carried out (Björck 

& Lindberg 2008).  

 

At Bollbacken, in Tortuna parish, Södermanland (Figure 1), a Pitted Ware site was excavated 

by Arkeologikonsult AB in 1993 (Artursson 1996). The site was situated on a smaller island 

in a strait in the Neolithic archipelago. The site has been 
14

C-dated to 2600-2300 BC, and is 

consequently contemporary with the later stage at Vendel. Five more or less clear 

constructions interpreted as huts, and more precisely as dwelling huts, were discovered. The 

huts were surrounded by activity areas containing cooking pits, hearths, additional postholes, 

waste pits, pits, and refuse layers. In the southwest part of the excavated site, an area 

interpreted as dedicated to ritual activities were discovered. This area was characterized by a 

“death house”, burials and hearths, among other things. Three of the huts at Bollbacken were 

grouped together, while the remaining two was located a bit further away. In the periphery of 

the site, waste layers where found.  Bollbacken was, based on a fully functional structure on 

the site, interpreted as a “base” settlement, probably permanent, in use during late MN B 

(Artursson 1996). Based on the 
14

C-datings it is possible that the site was only occupied for 

50-100 years. Each hut, and related activity area, was interpreted as belonging to one family 

group, where each family unit may have consisted of 4-6 family members. 

 

At Vedmora, in Enågnger parish, Hälsingland (Figure 1), 8 structures was found and 

interpreted as hut floors. These were on some parts of the wall line surrounded by ditches, and 

postholes were also associated with them. The site has been dated to between 2900-2400 BC, 

and is, similar to Bollbacken, more or less contemporary with the later stage at Vendel. The 

pottery found at the sites is of Fagervik III-IV type. A number of possible figurines was found 

at the site, and seal bones dominate the faunal skeletal assemblage with 91% of the total 

number of bones, and 99% of the total weight. The huts all measure between c. 3x5 m, and 6 

of them lies in a circle around a fairly stone and find free area with a central hearth. The 
14

C-

datings suggest that the site was only in use for a short time, and the skeletal material 

indicates that it might have been occupied during autumn and winter. It is however possible 

that it was intended to be in use for a longer period of time than it subsequently was (Björck 
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& Björck 1999). The site at Vedmora shows several similarities to especially 

Fräkenrönningen in Gästrikland, but also Bollbacken. 

 

During the excavations conducted by Lindqvist and others at Åloppe-Norrskog, Nysätra 

parish, Uppland (Figure 1), after the first test-excavations by Almgren, 200 postholes were 

excavated within 144 m
2
. At a few places with fewer postholes it was possible do discern that 

some of the postholes formed circles. Two such structures, interpreted as huts were found, 

whereof one was interpreted to have been reconstructed at one point. In addition a third hut 

was discovered. This third hut was constructed around a rock, and was by Lindqvist 

interpreted as the “kitchen”, while the other two huts were interpreted as “living quarters” 

(Lindqvist 1916:171). 

 

One thing that is common for huts found on PWC sites, is that they are small, they almost 

never exceed 6 m in diameter, and round or rounded. The organization of the huts varies but 

can be divided to sites with huts on a row along the beach (e.g. Högmossen and Åloppe), or 

with huts placed around a central area (e.g. Bollbacken and Vedmora). How Vendel was 

organized is not possible to determine from the limited excavation area, but some possibilities 

will be discussed later.  

4. Material and method 

The main method employed in this study is the lipid residue analysis by Gas Chromatography 

and Mass Spectrometry, GC-MS. In addition to this, aspects of design (form, size and 

decoration) of the vessels will be taken into account in the interpretation if vessel use. This 

will largely be based on the registration of the Vendel pottery done by Papmehl-Dufay (1999), 

with some complementation by the author where necessary. This is to get a better picture both 

of the vessel use in relation to the lipid residue analysis and also to hopefully get a clearer 

picture of the site. The pitted ware pottery from Vendel has been studied previously (e.g. 

Markus 1996, Papmehl-Dufay 1999), and although some analyses have been done, such as 

FTIR and 
14

C-dating (Papmehl-Dufay 1999), the pottery have not been analysed for lipids, 

nor have there been any studies specifically focused on vessel use.  

 

Lipid analyses will be done on selected sherds from the 30 kg of pottery found at the 

excavation by Vendel church. The sherds will be selected based on a number of criteria. 

These are that: they should derive from the two areas being studied (i.e. Area 3 and 4), each 

potsherd represents one vessel, and they should be large enough to allow samples being taken. 

They should also be part of the rim or upper part of the body, since there is a better chance of 

finding lipids in the top part of the vessel (Charters et al. 1993).  

4.1 Sample selection and sampling strategy 

Based on the criteria above a total of 28 sherds, from 3 of the areas, were selected for 

sampling. 17 rimsherds were selected from Area 3, 10 from the disturbed Area 4, and one 

sherd was selected from Area 1. The initial hopes and ambitions was to sample 10 sherds 

from area 1 and 2 as well. However, due to the fact that the majority of pottery finds from 
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these areas could not be located, it was decided to exclude these from the study. Area 3 is one 

of the least disturbed areas and in contrast, area 4 is one of the most disturbed areas. 

Moreover, Area 1 has been subjected to later farming, and Area 2 was disturbed and the 

pottery damaged already during the Iron Age.  

 

The sampling strategy was focused on detecting potential differences in vessel use within the 

excavated area, as well as getting a hint of the vessel use at the whole site. The samples were 

all but one selected from two populations defined as the pottery found at Area 3 and 4 

respectively. The samples were selected as a random sample from the rimsherds in the two 

populations. The samples are representative of the so called areas 3 and 4, but cannot be said 

to be representative if the whole site. 

4.1.1 Representation 

As stated above, several houses and different structures have been built on the site in later 

periods, something which may prove to be problematic in the interpretation of vessel use in 

relation to the four pottery concentrations and spatial organisation at the site. During the 

excavation of the site it was possible to establish that earlier cultural layers had been used to 

construct at least one house terrace, and that several postholes cut into the Neolithic layers 

(Isaksson 2002). Thus many of the potsherds may, and probably have been disturbed and 

moved from their original deposit sites. One area has, furthermore, been disturbed by later 

farming.  

4.2 Sample extraction and derivatization 

Samples were taken from the inside of the selected potsherds with a low-speed tile grinder. 

After the first 0.5 millimetre was ground off, approx. 0.5 grams of ceramic powder was 

ground off and transferred into clean glass test tubes. The drill was cleaned with chloroform 

in an ultra-sonic bath between each sample to avoid cross contamination. 20 μg internal 

standard (n-hexatriacontane) was added prior to extraction. The samples were extracted with a 

solution of chloroform (1 ml) and methanol (0.5 ml) and then placed in an ultra-sonic bath for 

2x15 minutes. The samples were then centrifuged (3000 rpm, 30 minutes) and the supernatant 

transferred to vials. The remaining solvent was evaporated under a gentle stream of nitrogen 

to leave the lipid residues. 100 μl regent (10% v, chlorotimethylsilane in bis-

(trimethylsilyl)triflouracetamide, BSTFA) was added, and the samples was then derevatized 

in a block heater at 70°C for 20 minutes. The reagent was then evaporated under nitrogen and 

the dry residues dissolved in 400 μl n-hexane. They were then transferred to vials and run 

through the GC-MS. 

4.3 GC-MS 

The analysis was conducted on a Hewlett Packard 6890 gas chromatograph equipped with a 

SGE BPX5 fused silica capillary column (15m x 220μm x 0.25μm). The sample injection was 

done by a pulsed splitless technique (pressure 17.6 Psi) at 325°C, via a Merlin Microseal 

High Pressure Septum using an Agilent 7683B Autoinjector. The oven was programmed with 

an initial isothermal stage of 2 min at a temperature of 50°C, which then increased with 10°C 

per minute until a temperature of 360°C was reached. A final isothermal stage was held at this 

temperature for 15 minutes. Helium (He) was used as carrier gas, with a constant flow of 2.0 
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ml per minute. The GC was coupled to a HP 5973 Mass Selective Detector via an interface 

holding a temperature of 360°C. The fragmentation of the separated compounds was 

conducted by electric ionization (EI) at 70 eV, with a temperature of 230°C at the ion source. 

The mass filter had a temperature of 150°C, and was set to scan in the range of m/z 50-700, 

giving 2.29 scans per second. 

4.4 Lipids  

Lipids are fats, waxes, oils, and resins from living organisms. Christie defines lipids as fatty 

acids and their derivatives, and substances related to these compounds biosynthetically or 

functionally (1987).  

 

Fatty acids are carboxylic acids with hydrocarbon chains, with or without double bonds, 

generally containing even numbers of carbon atoms in straight lines, although branched and 

cyclic molecules also occur (Pollard & Heron 2008). Carboxylic acids are made up of a 

carbon atom, attached to an oxygen atom, a hydroxyl group, and a R group, that for fatty acids 

is a hydrocarbon chain made up of 4-36 carbon atoms with attached hydrogen atoms (Brown 

& Brown 2011:55). Depending on the structure of the hydrocarbon chain, fatty acids are 

divided into two groups, saturated and unsaturated fatty acids. Saturated fatty acids have 

straight hydrocarbon chains with single bonds between the carbon atoms, and two hydrogen 

atoms attached to each carbon atom, except for the last carbon atom in the chain to which 

three hydrogen atoms are attached. Examples of these are palmitic (C16:0) and stearic 

(C18:0) acid. In unsaturated fatty acids one or more double bonds are present between the 

carbon atoms in the chain, whereof polyunsaturated fatty acids are those with more than one 

double bond. 

 

Adipose tissue and oils contain triacylglycerols. Triacylglycerols consist of a glycerol 

molecule, which have three hydroxyl groups to which three fatty acids are linked with ester 

bonds. The fatty acids in a triacylglycerol can be either saturated, unsaturated, or contain both 

saturated and unsaturated fatty acids. In some cases all three fatty acid chains are identical 

(Brown & Brown 2011:57). 

 

Sterols are present in both animal and plant tissues, e.g. as constituents of cell membranes. 

Sterols are formed by cyclization of squalene, a triterpene which can be found in human skin. 

Cholesterol is the major sterol produced by animals, while plants produce a number of sterols, 

such as β-sitosterol and campesterol. The structure of Cholesterol and phytosterols are very 

similar, and differs only by carbon side chains and/or the presence of absence of double 

bonds. For example, cholesterol has one double bond in one of the rings and one free 

hydroxyl group (Christie 1989). 

 

Waxes are present as coating on the surface of plants and fruits, and act to protect these. 

Waxes are more or less stable, and can thus survive largely unaltered for longer periods of 

time. Waxes are made up of fatty acids esterified to long-chain alkanols, i.e. wax esters, as 

well as free fatty acids, ketones and long-chain n-alkanes and alkanols (Christie 1989, 

Isaksson 2000:33) 
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Terpenes are the largest class of natural products and many are specific for a single or small 

group of species. This makes it possible to use terpenes as biomarkers to identify species of 

origin and products derived from resins (Brown & Brown 2011). All terpenes are based on the 

hydrocarbon isoprene.  

 

The structure and composition of lipids varies greatly according to origin. A common trait of 

lipids, however, is that all lipids are more or less hydrophobic, but soluble in organic solvent 

(Brown & Brown 2011). They are furthermore comparatively resistant to chemical and 

microbial degradation, though they do decay. 

4.4.1 Degradation of lipids 

The identification of fats found in archaeological contexts is made difficult due do effects of 

decay, making direct comparison between ancient fats and modern reference material 

complicated (e.g. Evershed et al. 2002). Throughout the years of organic residue research in 

archaeology, several studies and experiments have been designed with the intention to 

investigate the degradation and transformation of, and other impacts on, lipids during use and 

burial of prehistoric pottery (e.g. Heron et al. 1991, Evershed et al. 1995, Dudd et al. 1998, 

Hansel et al. 2004, Evershed et al. 2008). The pathways of degradation for lipids are not yet 

fully understood, however, some observations of importance made throughout the years of 

organic residue analysis will be presented below. 

 

Lipids are more or less insoluble in water, due to the high proportions of saturated 

hydrocarbon moieties present, giving the lipids hydrophobic properties (Evershed 1993:75). It 

is, however, possible for chemical or microbial alterations of the structures to occur during 

deposition, which effectively complicates the identification of the origin of the lipids. 

Furthermore, when it comes to pottery, changes in the structure of lipids can, and does, occur 

already when the pot is in use. In addition, the degree of preservation of a particular 

compound will also depend on the physical and chemical properties of the original compound, 

and the conditions of the burial environment, e.g. temperature, pH, biomass etc., as well as the 

modes of use (Evershed 1993:77, Evershed 2008b:35). Lipids can, nonetheless, be expected 

to be preserved relatively well in relation to other molecules, for example carbohydrates and 

proteins (ibid.). Also, if the lipids are enclosed in a protective material, such as a ceramic 

matrix, you can expect a higher level of preservation as opposed to lipids deposited in an 

unprotected state. The absorption of lipids in pottery also reduces oxidation processes 

(Hillman et al. 1993:96). Although the lipids are protected when they are absorbed in pottery, 

they will be degraded to a lesser or greater extent, since all lipids can be degraded by micro-

organism (Evershed 2008b). The contribution of microbial activity to the overall lipid 

distribution of absorbed residues in pottery has been experimentally tested during laboratory 

degradation of fats, oils and pure triacylglycerols (Dudd et al. 1998). These experiments show 

that “available lipids will be readily and rapidly degraded by a combination of oxidative, 

enzymatic and hydrolytic processes” (1998:1353). Plant oil and adipose fat did, however, 

reflect the original lipid profile after degradation, while milk fats are rapidly altered and 

becomes very similar to ruminant adipose fat. Bacterial lipids where detected, but in minor 
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concentrations, and of insignificant contribution to the lipid distribution (Dudd et al. 1998). 

Absorption of lipids into ceramic fabrics limits the access by micro-organisms, however water 

and other reactive species absorbed together with the lipids may encourage reactions to occur 

(Evershed 1993:77), and studies suggest that only a small fraction of the lipids originally 

absorbed survive burials (Evershed 2008b:28). 

 

Polyunsaturated fatty acids rarely survive in archaeological contexts as they are fragile and 

susceptible to oxidation. However, their ability to transform to ω-(o-alkylphenyl)alkanoic 

acids when heated to temperatures over 270°C is of importance when investigating 

archaeological lipids, as ω-(o-alkylphenyl)alkanoic acids are more stable compounds (Hansel 

et al. 2004). Another digenesis of lipids that can be of importance when analysing lipids 

absorbed in pottery is the transformation of free fatty acids or TAGs to long-chain ketones 

when pots are heated in excess of 300°C repeatedly (Evershed et al. 1995). 

 

Degraded animal fat is often characterized by a lipid distribution reflecting TAGs hydrolysed 

to diacylglycerols (DAGs), monoacylglycerols (MAGs) and free fatty acids during burial 

and/or vessel use. Hydrophobic C16:0 and C18:0 fatty acids and other free fatty acid 

components of hydrolysed triacylglycerols are often the only lipid residues that survive 

microbial degradation and biological hydrolysis over longer time spans (Evershed 1993, 

Gregg & Slater 2010:834). 

4.4.2 Lipids in archaeological contexts 

“Lipids are the most commonly occurring class of medium-sized molecules produced by 

living organisms and can frequently be recovered from archaeological materials” (Evershed 

1993:75). 

 

Prehistoric lipids can be found in a number of different contexts, some of these include 

pottery, preserved human bodies (i.e. mummies), soil and in pores and fractures of stone tools 

(e.g. Evershed 1993). Out of these, the most frequently analysed is pottery (e.g. Evershed 

2008b). When it comes to pottery, lipids are found preserved as in situ contents in vessels 

(e.g. bog butter), within visible residues on the surface (interior or exterior) of the vessel (i.e. 

“food crusts” or sooting), and as absorbed residues in the vessel wall. Out of these, the most 

common context to find relatively well preserved lipids in is as absorbed organic residues in 

the wall of the pottery. As stated above, when lipids are enclosed in a protective matrix, such 

as pottery, there are a much higher probability of them being preserved over longer time 

spans, and thus making them more suitable for analyses than for example proteins. And the 

investigation of organic residues has led to the identification of a wide range of products 

being utilized and processed in prehistory (e.g. Evershed 2008). 

 

It has been argued that the lipids that are possible to extract derive from the last use or the last 

few uses of the vessel (Craig et al. 2004), and the fatty acids identified generally originate 

from the ingredient containing the most fatty acids, which do not have to be the same as the 

main ingredient. Conversely, the question of whether the lipids absorbed derive from the last 

or last few uses or if they represent a combined signal from a larger number of consecutive 



28 

 

uses have been discussed. For example, Evershed (2008b) has argued that the absorbed lipids 

comprises of lipids from several different uses and represents an integrated signature from a 

number of different occasions, where the relative abundance of each compound is maintained 

(2008b:34-35). However, it is still true that the signal from the analysis only reflects a small 

number of the total uses of a pot, and that the entire life history of any pot is unknown to us 

(e.g. Isaksson 2000). It is also a fact that the main part if the lipids in a vessel will derive from 

the ingredient containing the most fatty acids, whether it is the main ingredient or not. 

4.5 Evaluating the GC-MS results and interpreting vessel use 

Identifying different substances can be fairly straightforward, while trying to identify their 

organic origin can be problematic (Evershed 1993). In vessel use analyses by GC-MS it is not 

possible to interpret the results more precisely than to broad classifications such as aquatic 

animal, terrestrial animal, vegetable, etc. The interpretation of the origin of lipids absorbed in 

to the pottery is done by identifying different biomarkers present within the sample, to match 

the structures of the occurring compounds, and their distribution, to materials likely to have 

been exploited. 

 

To calculate the amounts of extracted lipids in each sample the total ion chromatograms is 

integrated and the abundance quantified in relation to the internal standard added prior to the 

extraction. This gives the amount of lipids extracted from the sample as µg lipids per g of 

ceramic powder (µg/g). The results from the GC-MS are then evaluated in search of 

biomarkers through their individual mass spectra. The samples in this study will be checked 

for cholesterol, phytosterols, ergosterol, intact triacylglycerols, wax residues, long-chain 

ketones, isoprenoid fatty acids, ω-(o-alkylphenyl)alkanoic acids, and terpenes.  

 

Terrestrial animals produce a higher amount of stearic acid (C18:0) than marine animals and 

plants do, which, in turn, produces higher amounts of palmitic acid (C16:0). The C18:0 to 

C16:0 (C18:0/C16:0) ratio can thus be calculated to give an indication of whether the main 

contribution of lipids in the sample are of terrestrial animal or aquatic animal/plant origin. If 

the ratio is high (above 0,48) the majority of fatty acids derive from terrestrial animal 

(Isaksson 2000). 

 

Non-ruminant fats contain none or very low amounts of branched-chain components, while 

they are relatively abundant in ruminant fats due to the bacterial synthesis in the rumen (e.g. 

Dudd et al. 1999). Therefore, if the C18:0/C16:0 ratio is high, it is of interest to investigate 

the ratio of the C17:0 branched (C17:0br) fatty acids to the C18:0 (straight) fatty acid, as a 

high ratio suggests fats deriving from ruminant animals (Dudd et al. 1999, Hjulström et al. 

2008). Ruminant animals are not limited to bovid animals (i.e. cow, goat, and sheep), but also 

include the cervidae family (e.g. deer and moose, that is the most relevant in this case). This 

does not however discriminate between adipose fat and milk fat, and to establish which one of 

these is the contributor, compound specific stable isotope analysis need to be conducted. 

 

Triacylglycerols (TAGs) are the main constituents of both vegetable oil and animal fats (e.g. 

Dudd & Evershed 1999). TAGs can, however, if present in the lipid distribution, indicate 
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animal adipose fat. Triacylglycerols are, due to hydrolysis, degraded to diacylglycerols 

(DAG) and monoacylglycerols (MAG) by to the loss of one and two fatty acids respectively 

and finally to free fatty acids. Intact TAGs are often found in prehistoric pottery vessels, and 

in addition to being indicative of animal fat, they can also indicate the presence of dairy fats. 

Triacylglycerols originating from animal fat commonly range between C40 and C54 

(Evershed et al. 2002), and if the distribution is broad (C40-C54), as opposed to C46-C54, it 

might indicate fats from ruminants (adipose or milk fat) (Dudd & Evershed 1999). However, 

the short chained compounds are more likely to degrade and therefore the absence of these 

does not have to mean the absence of milk. 

 

Plants and animals can be distinguished trough the characteristic sterols they biosynthesize 

(Evershed 1993:80). The presence or absence of cholesterol and phytosterols (e.g. β-sitosterol 

or campesterol) can, thus, help in the interpretation of whether the lipids present in the 

samples originates from animal tissue or plants. Cholesterol is the main sterol produced by 

animals, and is for example a structural component in cell membranes, while a variety of 

sterols are produced by plants. The presence of cholesterol or phytosterols can therefore 

indicate contributions from animals (terrestrial and aquatic) or plant respectively, and this is 

the easiest way to discriminate between animal and plant lipids. (Evershed 1993, Isaksson et 

al. 2010, Isaksson 2000). The presence of vegetables can further be indicated by long chain n-

alkanes and n-alcohols, and wax esters (e.g. Copley et al 2005).  

 

Since a low C18:0/C16:0 ratio can indicate both aquatic animals and plants, the presence of 

cholesterol together with a low ratio could indicate a content of aquatic animal. Furthermore, 

cholesterol is often the only biomarker that can be of help when making a distinction between 

lean fish and vegetable oils, since their signals are very similar (e.g. Olsson & Isaksson 2008). 

Marine products contain high amounts of polyunsaturated fatty acids. However, unsaturated 

fatty acids are more susceptible to degradation and rarely survive in appreciable amounts in 

organic residues in pottery (Craig et al. 2007, Evershed et al. 2008). This makes the 

identification of the processing of aquatic animal problematic, since the polyunsaturated acids 

that are characteristic of aquatic organisms are absent even in well preserved samples. 

Conversely, resent experiments of degradation of lipids have provided criteria for detecting 

the processing of aquatic animal in prehistoric pottery (Hansel et al. 2004, Craig et al. 2007). 

Experiments has shown that the heating (to over 270°C) of products containing triunsaturated 

alkanoic acids, in the range of 16-22 carbon atoms, in pottery vessels produces ω-(o-

alkylphenyl)alkanoic acids (Craig et al. 2007, Evershed et al. 2008, Olsson & Isaksson 2008). 

These are stable compounds and thus have a higher chance to be preserved over long 

timespans. Also, the presence of the isoprenoid fatty acids 3,7,11,15-tetramethylhexadecanoic 

acid (3,7,11,15-TMHD), 2,6,10,14-tetramethylpentadecanoic acid (2,6,10,14-TMPD) and 

4,8,12-trimethyltridecanoic acid (4,8,12-TMTD), which are found in high concentrations in 

marine animals, but are absent or only present in low amounts in terrestrial animals, can be 

indicative of marine animals being processed in pottery vessels (Craig et al. 2007, Evershed et 

al. 2008). The evidence of aquatic animal products processed in prehistoric pottery, can thus 

be indicated by the presence of ω-(o-alkylphenyl)alkanoic acids, where C16, C18 and C20 

should be present, and C22 detected, and that at least one of the isoprenoid fatty acids 
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(3,7,11,15-TMHD, 2,6,10,14-TMPD, 4,8,12-TMTD) are present (Evershed et al. 2008, 

Olsson & Isaksson 2008). 

 

The presence of ω-(o-alkylphenyl)alkanoic acids can also be indicative of the vessel being 

used as a cooking vessel, as can long-chain ketones. Long-chain ketones have been shown to 

form from free fatty acids or TAGs through heating and may therefore also be indicative of 

the pot being used as a cooking vessel, however the temperature needed for this to occur 

(>300°C) exceeds that which would be considered normal cooking temperatures (Evershed et 

al. 1995, Evershed 2008b). Furthermore, the presence of diterpenes and triterpenes might also 

be evidence of the pot being used in, or close to, fire. If the levels of diterpenes and triterpenes 

are low, they most likely derive from smoke or sooting, while larger abundances might 

indicate, for example, tar production (e.g. Brorsson et al 2007:423). 

 

Lipid analyses have shown that some samples contain very low amounts of lipids than normal 

for cooking, and these are frequently interpreted as empty. These empty vessels should, 

however, rather be interpreted as having a different use than the vessels containing lipid 

residues. The empty vessel could have been used for storing water or dry foodstuffs or used 

for any other form of storage that would not result in lipids being absorbed into the ceramic 

matrix. These results are thus not a result of an inadequate methodology or of degradation of 

the absorbed organic residue, as other vessels from the same location often show lipids.  

4.6 Problems and sources of error 

Lipids in archaeological material can potentially be subjects to post-burial and post-

excavational contamination. The former usually consist of compound that have migrated in to 

the artefact from the burial surrounding, e.g. lipids in the soil, or remains from micro-

organisms. The potential of migrated soil lipids present in the sample can be addressed by 

comparing the composition of the extracted lipids with the surrounding burial soil (Heron et 

al 1991). However, as the results in Heron et al. suggests, the migration of soil lipids into 

buried potsherds is negligible and should not pose any serious problems connected with 

analyses of lipids absorbed in to pottery (1991:656).  

 

Contamination deriving from micro-organisms is harder to detect since many of the lipids 

produced by micro-organisms also are produced by plants and animals (Evershed 1993:87). 

Post-excavational contamination is quite common if the potsherds are not handled and stored 

properly. Post-excavational contamination may derive from several different sources, such as 

growth of micro-organisms on the potsherd due to inappropriate storing conditions, from 

plastic packing material, and lipids from the skin introduced trough handling the sherds with 

bare hands. Phthalate plasticizers are commonly observed in lipid extracts and derive from 

plastic packaging such as plastic bag. These are however quite easily recognized in GC-MS 

analyses from their characteristic retention times, and mass spectra which are dominated by 

an abundant m/z 149 ion (Evershed 1993:88). Contamination of lipids transferred from human 

skin is detected trough the presence of squalene which is readily recognized in the mass 

spectra. In addition, squalene has a high number of double bonds which makes it more prone 

to degeneration, and thus has a smaller probability of surviving large time spans (Evershed 
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1993:90), and therefore, if found in an archaeological sample, indicate modern contamination 

in the sample.  

 

There are of course ways to minimize contamination. One thing to do to eliminate most 

contaminations is to before the excavation decide that analyses will be performed. This 

provides an opportunity to already on the site decide which sherds to analyse and treat them 

accordingly, i.e. ware gloves, wrap them in aluminium foil and freeze them as fast as possible 

etc. Measures to minimize the risk and presence of contamination in the samples are also 

taken during the sample preparations. Some have been mentioned already, but these actions 

are, amongst other, to never handle sherds or samples with bare hands, and to clean all 

reusable test tubes and drills etc. To make sure that no contamination has occurred during the 

preparation of the samples, i.e. sampling of the sherds, extraction etc., blanks can be run 

parallel to the actual samples. This will show if any contamination has taken place in the lab. 

 

The problem of absorbed fingerprints has recently been discussed by Nathalie Dimc (2011), 

who did an experiment regarding the level of absorption of (modern) fingerprints in ceramics 

and its implications for the interpretation of vessel use. Four ceramic blocks was fabricated 

and exposed to different levels of contamination, including one blank. Three samples was 

taken from each block at different depths, and analysed according to the protocol for 

prehistoric samples. The result showed a decrease in the amount of absorbed lipids from the 

outside and inwards, showing that most of the lipids stay in the outer millimetre. Compounds 

detected in the samples were dominated by squalene, cholesterol, plasticizers and 

polyunsaturated fatty acids. When the samples were investigated the same way as prehistoric 

samples, it was evident that contaminations could lead to interpretations that were similar to 

those of actual ancient potsherds. 

 

Apart from the risk of contamination in the samples, the most important source of error lies in 

the interpretation of the analyses. While it can be fairly straightforward to recognize different 

compounds, determining the origin of a compound is far more complicated. This is especially 

true for archaeological lipids, since the lipids degrade and transform during use and burial. 

 

One important aid in the interpretation of vessel use is knowing from where, and from what 

time period the sampled vessel derive from, as well as having well defined research questions. 

Knowing this helps eliminate compounds and substances that would not have been exploited 

and thus narrowing down the list of possible interpretations. A good example of this can be 

found in the study by Bernard et al. (2007), in which seven laboratories where given one 

sherd each from the same vessel to analyse for organic residues. The participants in the study 

was given no information what so ever about the vessel and none of them came to the 

conclusion that the substance which the vessel had contained was camel milk, although one 

laboratory stated that it had contained goats milk. This study also shows that you can get 

several different interpretations, even though they all analysed the same vessel.  
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5. Results 

5.1 Lipid analysis 

First of all, all the samples contained modern contaminations in the form of phthalates 

deriving from plasticizers in the plastic bags the sherds have been stored in, two of the sherds 

also contained silicone fat. Despite this, none of the samples were excluded from the study, as 

these contaminations are quite easy to detect, and it was assessed that the samples did not 

contain any (or very low amounts of) other modern contaminations, such as lipids deriving 

from fingerprints. 

 

The total amount of extracted lipids in the samples varies between 3 µg/g ceramic powder to 

1227 µg/g ceramic powder (appendix 1), with a median value of 24 µg/g. None of the 

samples was interpreted as empty, although the sample containing only 3 µg/g (sherd 2565:1) 

shows a very low lipid yield, it still contain relatively high amounts of phytosterol, as well as 

wax residues, and was thus interpreted as containing residues from vegetables.  

 

 
Figure 8. Bar chart displaying the total vessel use at Vendel. Vendel is dominated by a high number of vessels 

containing a mixture of terrestrial animal lipids and lipids originating from vegetables. Empty vessels are 

missing and only 8 vessels contain aquatic animal lipids.  A = Aquatic animal, T = Terrestrial animal, V = 

Vegetable, E = Empty vessel. 
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The sampled vessels from Vendel (selected 

from area 1, 3 and 4) showed four different 

variations in vessel use: aquatic animal and 

vegetable, terrestrial animal and vegetable, 

terrestrial animal, aquatic animal and 

vegetable, and only vegetable (Figure 8). The 

vessel use at Vendel is clearly dominated by 

vessels containing a mixture of terrestrial 

animal lipids and vegetables (64%), followed 

by vessels containing a mixture of terrestrial 

animal, aquatic animal and vegetable (Figure 

8). One thing that is striking in the results of 

the interpreted vessel use is the low number 

of vessels containing aquatic animals, and the 

absence of empty vessels. None of the samples contained traces of only aquatic animal, and 

the vessels containing traces of aquatic animal mixed with other substances only counts to 8 

(Figure 9). This, together with the high number of vessels containing terrestrial animal lipids 

(a total of 23), is quite deviating from what would be expected to find on a Pitted Ware site 

based on pervious analyses, the economy of the PWC as well as the faunal assemblages on the 

sites. The difference, compared to other sites, is the high number of vessels containing traces 

of terrestrial animals and the absence of empty vessels. The high number of vessels containing 

lipids from terrestrial animals does, however, follow a noticed trend for the usage of ceramic 

vessels both within the PWC and the Neolithic, where the number of vessels containing 

terrestrial animal lipids increase and aquatic animal lipids in the vessel walls decrease. 

 

Of the vessels containing traces of terrestrial 

animal lipids, 13 might be of possible 

ruminant origin (Figure 10), and thus might 

represent lipids originating from deer or 

moose, while the non-ruminants may 

corresponds to pig or boar. The division of 

terrestrial animal lipids into ruminant and 

non-ruminant is based on indications given 

by the C17br/C18str ratio calculated from the 

total ion chromatogram. To make a more 

reliable assessment of whether the lipids 

derive from ruminant or non-ruminant 

animals, compound specific stable isotope 

analysis through GC-C-IRMS is needed (Evershed et al. 1997, Dudd et al. 1999). This would 

also enable the distinction of adipose tissue and dairy products. 

 

The study was designed to investigate whether there are any differences in vessel use between 

Area 3 and 4, which, if there are, could point toward a spatial organization within the site. The 

analysis did, however, show that this was not the case. As can be seen in Figure 11 below, 

Figure 9. Total amount of vessels containing terrestrial 

animal (T) and aquatic animal (A) in the analysed 

vessels from Vendel. 

Figure 10. Number of vessels displaying traces of 

possible ruminant origin, as well as non-ruminant 

origin. 
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both areas displayed a very homogenous use of the vessels, the differences being a larger 

number of vessels containing a mixture of terrestrial animal, aquatic animal and vegetable in 

Area 3 and no vessels containing only traces of vegetable in Area 4. A statistical analysis also 

shows that there are no significant differences between the two areas (χ
2
 = 1.73, df = 5, p = 

0.89). Thus, from the sampled sherds, no spatial differences can be identified at the site.  

 
Figure 11. Bar chart displaying the vessel use in Area 3 and 4 at Vendel. A = Aquatic animal, T = Terrestrial 

animal, V = Vegetable, E = Empty. 

5.2 Vessel use vs. vessel type 

One intention with the study was to investigate the relation of vessel use and vessel type, with 

the hopes to discern patterns of certain vessel uses in connection to different vessel types, e.g. 

that only certain vessel types was used to process aquatic animal and vegetable etc. The data 

on style and type parameters are taken from Ludvig Papmehl-Dufays (1999) classification, 

either directly, or based on the protocol he used for the classification of the Vendel material. 

The results from the lipid residue 

analysis were contrasted against 

the parameters décor, rim type, 

and rim diameter. 

 

As can be seen in the results 

from the classification (Papmehl-

Dufay 1999, cf. chapter 3.1 

above), the vessels gathers 

around four diameter sizes, 8-12, 

20, 30, and 40 cm. In the 

comparison of vessel diameter 

and vessel use, five size 

categories were used, covering 

Figure 12. Bar chart displaying vessels containing lipids of aquatic 

animals and terrestrial animals in relation to different size categories. 
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the noticed groupings: 8-15 cm, 15-25 cm, 25-35 cm, 35-45 cm, and “undefined” for those 

sherds whose rim diameter could not be estimated. The comparison of vessel use and rim 

diameter showed no relationship between vessel use and vessel size, as the variations in vessel 

use was quite evenly distributed over the size categories, the same thing was displayed when 

tested statistically (χ
2
 = 10.88, df = 12, p = 0.54). However, when comparing the total number 

of vessel containing traces of aquatic animals and the total number of vessels containing 

traces of terrestrial animal against the rim diameter, a slightly different pattern appears 

(Figure 12). Although terrestrial animals are represented in all the size categories, the highest 

numbers of vessels are found in the larger size categories, while aquatic animals are found in 

smaller sizes. There are, however, no statistically significant difference (χ
2
 = 5.39, df = 4, p = 

0.25). Furthermore, the number of vessels is too small to tell for certain if this is a pattern that 

is representative of the whole Vendel site. Yet, the tendency of smaller sized (<20 cm) vessels 

being used for processing (cooking) mixtures containing aquatic animals was also present at 

Högmossen (Isaksson 2006). Here the larger sized vessels were, however, predominantly 

interpreted as empty. 

 

As with diameter vs. vessel use no 

differences could be seen in the 

relation of vessel content and rim 

type. Rim type 1 is the most 

common on the site, as well as with 

the sampled sherds, and vessels 

displaying this rim type are 

represented with all the different 

interpretations of vessel use. When 

tested statistically no difference is 

evident either (χ
2
 = 2.36, df = 9, p = 

0.98).  

 

The total number of vessels 

containing aquatic animal and 

terrestrial animal, respectively, 

were tested against décor elements occurring on the vessels. As with the other parameters of 

vessel type tested against vessel use, no difference could be seen regarding vessel use 

connected to specific décor elements. As stated above, pits and comb stamped vertical zigzag 

(herring bone) is the most common decoration for the body, while slanted lines are the most 

common on the edge of the rim, and these are also represented in high numbers within all the 

variations of vessel use (Figure 13). 

 

With the numbers of sherds analysed for this study, it is not possible to detect any differences 

in vessel use in connection to vessel type. It is possible that such distinction between vessel 

types is present at the site, but a much larger sample is needed to say anything for certain 

about this. The results do, however, suggest that there is no specific significance connected 

with certain types of pottery. 

Figure 13. Bar chart displaying the numbers of vessels containing 

aquatic and terrestrial animal lipids in relation to the most common 

décor elements and arrangements on the Vendel pottery. B = Pits, 

A1 = combed stamped vertical zigzag, A4r = slanted lines on the 

rim (cf. appendix 3). 
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5.3 Lipid residue analyses from other Pitted Ware Sites 

Samples from a number of Pitted Ware sites in eastern Sweden have previously been analysed 

by other researchers. A few of these sites will be compared to the results from Vendel. These 

sites include Högmossen and Brännpussen in Uppland (Brorson et al. 2007), Överåda and 

Korsnäs in Södermanland (Ohlberger 2009, Dimc 2011), and Köpingsvik on Öland (Papmehl-

Dufay 2006).  

 

A total of 91 vessels have been analysed from these 5 Pitted Ware sites in Easters Sweden. 

The bar chart below (Figure 14) shows the interpretations of vessel use of the total number of 

vessels from these sites combined. As can be seen in the chart, as well as in Table 3, aquatic 

animals mixed with vegetables is the most common content (37% of the total number of 

vessels), followed by empty vessels and vessels containing traces of only vegetables.  

 
Figure 14. Bar chart displaying the interpreted vessel content of the total number of vessels analysed from other PWC sites. 

The chart represents 91 vessels from 5 different sites in Eastern Sweden. The sites are Korsnäs, Högmossen, Brännpussen, 

Överåda and Köpingsvik. See Table 3 for additional details. A = Aquatic animal, V = Vegetable, T = Terrestrial animal, E = 

Empty. 

A few things about the results from these analyses can be addressed right now. First of all, the 

sampled potsherds in these previous analyses have been selected for intra-site studies, and to 

answer specific questions for each site, thus the samples from these sites are not 

representative material of the whole sites, and this might affect the results of the comparison 

with Vendel. 

 

The vessels from Korsnäs derive from two separate areas within the PWC site, and much of 

the focus was to investigate the organisation of the site. The results show a statistically 

significant difference in vessel use within the two areas (Dimc 2011). While over half of the 

vessels from one of the areas contain residues of aquatic animal the other area displays no 

vessels containing aquatic animal, and is instead dominated by terrestrial animal mixed with 

vegetables, indicating a spatial difference in vessel use within the site (ibid.). The Överåda 

material was included in a study of both PWC and FBC pottery (Ohlberger 2009), as was 

Korsnäs, and Köpingsvik was part of a study partly designed to explore variations in pottery 

use and technology within a limited region (Papmehl-Dufay 2006). 
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Table 3. Results from lipid residue analyses of Pitted Ware pottery from other PWC sites in Eastern Sweden. 

Although there are 
14

C-datings from Överåda, these have not been included here due to the fact that the datings 

where made early and the reliability of these can be discussed. A = Aquatic animal, V = Vegetable, T = 

Terrestrial animal, E = Empty. 

Site Date, BC A A+V T+V T+A 

+V 

V E Total 

Korsnäs 3350-2640 3 4 7 1 2 2 19 

Högmossen 3500 2 5   7 2 16 

Brännpussen 2750  2 3  4 9 18 

Överåda  1 4   5 10 20 

Köpingsvik 3500-2700 1 13 1 3   18 

Total  7 28 11 4 18 23 91 

 

 
Figure 15. The result of the analysis of the Vendel material, compared to the results from other Pitted Ware 

sites. Here, it is clear that Vendel stands out with its large number of vessels containing terrestrial lipids mixed 

with vegetable lipids. A = Aquatic animal, T = Terrestrial animal, V = vegetable, E = Empty. 

It has already been mentioned that Vendel differs from what analyses of vessel use at other 

PWC sites have shown. The most striking difference is the large number of vessels containing 

terrestrial animal residues, the low amount of traces of aquatic animals, and the absence of 

empty vessels. These differences are illustrated in Figure 14 and Figure 15. Another difference 

that was noted by Papmehl-Dufay regarding the pottery is that the pottery at Vendel is slightly 

different from the typical PWC pottery from other site. How the pottery compares stylistically 

to the pottery from the sites included in the comparison of vessel use has not been 

investigated, but it is likely that some differences are present as the Vendel site is younger 

than those included here.  
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The bar charts above and below demonstrates the differences between Vendel and the other 

PWC sites chosen for the comparison. The number of sampled sherds from the other sites is 

20 or just below for each site (cf. Table 3). It is evident that Vendel deviates from the others 

with the high number vessels showing traces of terrestrial animals mixed with vegetables. 

Köpingsvik displays a high amount of vessel containing aquatic animals mixed with 

vegetables, and very few with 

mixes containing terrestrial 

animals, a reason for this might 

be its location on Öland. The 

deviating nature of the vessel 

use at Vendel is made even more 

evident in Figure 16, where the 

number of occurrences of 

different uses of the vessels is 

shown in percent of the total 

number of sherds analysed at 

Vendel and the total number of 

sherds combined for the other 5 

sites.  

 

The charts above clearly demonstrate that Vendel differs from all the other sites. However, 

the differences were also tested statistically with similar results as those evident from the data 

already presented. Vendel is not similar to any of the sites, but it is least different to Korsnäs 

(χ
2
 = 9.85, df = 5, p = 0.08). Vendel is least similar to Överåda (χ

2
 = 31.57, df = 5, p < 0.000), 

followed (in order) by Högmossen, Brännpussen and Köpingsvik. 

 

As already discussed, it is possible that this difference in vessel use is caused by the time 

difference between the sites, and that a change in the usage of vessels, and possibly even a 

change in food culture, has occurred. A comparison of the vessel use at the different site in 

relation to their time of occupation was conducted. Here Överåda and Köpingsvik were 

excluded, due to the difficulty to determine a date for Överåda, and the geographical distance 

between Vendel and Köpingsvik. The result of this is shown as Euclidean distances in the 

table below. 

 
Table 4. Table displaying differences, as Euclidean distances, of vessel use over time. A large distance (high value) indicates 

greater difference, and a smaller (low value) less difference.  

 Högmossen Korsnäs Brännpussen Vendel 

Högmossen 0.0 47.1 52.1 80.8 

Korsnäs 47.1 0.0 48.1 38.7 

Brännpussen 52.1 48.1 0.0 72.9 

Vendel 80.8 38.7 72.9 0.0 

 

 

Figure 16. The frequency of different vessel uses occurring at other PWC 

sites, versus the frequency at which they appear on Vendel. A = Aquatic 

animal, V = Vegetable, T = Terrestrial animal, E = Empty. 
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It would be expected that Brännpussen and Vendel was the most similar as they lie close to 

one another in time, however, as already noted, Korsnäs and Vendel show the most 

similarities. The 
14

C-dates obtained from Korsnäs do however imply that, although Korsnäs 

primarily was occupied during MN A, the site chronologically overlaps Vendel somewhat, 

which might explain some of the similarities. Högmossen and Vendel displays, as would be 

expected, the most differences to one another, as Högmossen is dated much earlier than 

Vendel. 

6. Discussion 

6.1 Vessel use at Vendel 

As the results from the organic residue analysis above implies, the vessel use at Vendel 

deviates from the interpreted vessel use at other PWC sites in Eastern Sweden where analyses 

have been conducted. As can be seen above, 23 of the 28 analysed sherds from Vendel 

indicates a lipid content of terrestrial animal origin, 18 of these are mixed with vegetables, 

and about half these (56%, 10 out of 18) might be of possible ruminant origin. Here it is 

important to again note that ruminants include cervid animals and not just bovid animals. 

Only 8 vessels contained traces of aquatic animals, 5 of these where mixed with terrestrial 

animal and vegetable, and 3 was a mixture with only vegetable. Other PWC sites had a higher 

number of vessels with traces of aquatic animals, empty vessels and only vegetable. Only two 

vessels showed traces of just vegetables at Vendel, and none of the vessels where interpreted 

as empty. 

 

During the excavation of Vendel, it was noted that the cultural layers connected to the 

Neolithic contained large amounts of fish bones. Based on this, it would be anticipated that a 

larger amount of the sampled sherds would have showed traces of this. However, as 

mentioned above, lean fish leaves lower amount of organic residues that, furthermore, can be 

hard to detect, and polyunsaturated fatty acids are more susceptible to degradation than 

saturated fatty acids. It is also possible that fish preferably was prepared or cooked in different 

ways, other that in pottery vessels. Moreover, as mentioned earlier, a change in how the 

pottery was used occurs over time, where there is a decrease in vessels containing aquatic 

animal lipids from c. 3100-2750 BC, while bone from aquatic animals is still present in larger 

quantities on the sites, and at the same time an increase of terrestrial animal lipids can be seen 

over time (Brorsson et al. 2007). Vendel appears to be in line with this change (cf. chapter 

6.2), as the sampled sherds comes from the areas belonging to the younger phase at Vendel, 

and this part of Vendel is the youngest of the PWC sites from where analyses are included in 

this study. It is possible that during the time Vendel was in use the Pitted Ware people 

included terrestrial animals in their diet to a greater extent, which might be a result of change 

in the society and food culture. It is also possible that they simply chose to prepare terrestrial 

animals in ceramic pots more often than seal or fish, and instead prepared the aquatic products 

in other ways. As was shown in chapter 2.1.3 above, stable isotope analyses of human 

individuals from PWC sites in Eastern Sweden has pointed to that the Pitted Ware people had 

a diet predominantly based on protein from marine/aquatic sources, mostly seal. So, if the 
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Pitted Ware people of Vendel would follow this trend, and if vessel use can be said to mirror 

diet, there should logically be a higher number of vessel containing aquatic animal residues 

amongst the analysed sherds. However, these analyses was done on material deriving from 

sites that are quite distant from Vendel, both geographically and to some extend temporal, and 

might not be comparable to the actual situation at Vendel. There is also the problem of 

representation. Only a small percentage of the retrieved sherds from Vendel has been 

analysed, and furthermore the sherds found at Vendel do not represent the total number of 

vessel deposited and used at the site. As mentioned above, only a part of the Neolithic site has 

been excavated, so there is no way of knowing for certain if the sherds from Vendel are 

representative of the whole site, although attempts to get around this problem has been made 

in the sampling strategy. 

 

Another important thing to discuss is contamination, and whether this might be a contributor 

to the interpreted vessel use at Vendel. All the samples contained contamination from 

plasticizer in varying amounts, deriving from the plastic bags they have been stored in for 14 

years, two of the samples also contained traces of silicone fat. However, other than this no 

obvious contaminations, from e.g. fingerprints, was detected. Nonetheless, this does not have 

to mean that contaminations are not present. As Nathalie Dimc showed in her experiment of 

absorbed modern fingerprints in the ceramic, if sherds that have been exposed to 

contamination are analysed according to the protocol described above, the vessels can in some 

cases be interpreted as being used in similar ways to those with actual prehistoric organic 

remains. Regarding migration of soil lipids into the potsherds is the contribution negligible 

(Heron et al. 1991), and this is also true for traces of microbial activity such as bacteria and 

fungi (Dudd et al. 1998). It is however possible that the sherds have been contaminated 

during, or post, excavation. But, as stated above it was assessed that no appreciable amounts 

of contamination was present. 

 

Another plausible way to interpret the vessel use at Vendel is that the site and vessels 

represents a ritual gathering site or at least ritual activities, and that the vessel use reflects the 

function of the site. That is, that the vessel have been used when preparing, producing or 

storing food stuffs for meals for these special occasions, meals comprising of other 

ingredients than the normal staple foods. Many researchers have pointed to the importance of 

seal, both as a food source and as an important part of the ideological aspects of the Pitted 

Ware Culture. Pigs, or boars, also seem to have a place in the ideology and cultural aspects of 

the Pitted Ware people. For example, boar tusks and boar tooth pearls have been found in 

several PWC graves at Ajvide on Gotland, and larger quantities of pig/boar bones was found 

at Korsnäs. Both seal and wild boar fits in the putative “wild”, and hunter, ideology of the 

Pitted Ware Culture, and maybe it is possible to argue that they represented different aspects 

of the ideology and different parts of the ritual world. Since dietary studies have shown that 

the people of the PWC had a diet based on marine products and predominantly seal, the seal 

might represent a way to strengthen the traditions, identity and ideology on an everyday basis. 

Pig, and other large terrestrial animals, might instead have played an important part in ritual 

meals. The study of diet on individuals from a number of PWC sites has, as pointed out 

before, shown that pork was not included in the diet to any greater extent (e.g. Eriksson 
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2004). The same goes for other terrestrial animals. If, however, terrestrial animals was 

consumed more seldom it would not show up as a significant signal in the data from stable 

isotope analyses. It may however be risky to draw inferences about the diet at Vendel from 

these sites. If some of the Pitted Ware sites along the eastern coast of Sweden in fact does 

represent gathering places for special events, such as seasonal feasts, burials, weddings etc. 

and the settlements instead are to be sought further inland, as Gill suggests, the pattern 

distinguishable from vessel use on the site does not represent normal, everyday meals, much 

like holidays and other festive occasions today still are connected to certain foods and meals. 

 

Whether the vessel use reflects a change in vessel use and diet or has a more ritual aspect, the 

results are nonetheless very interesting. Out of the vessels containing traces of terrestrial 

animal 13 might be of possible ruminant origin and 8 of non-ruminant origin. As stated above 

ruminant animals also include the cervidae family, and thus these samples might represent 

meat from deer or moose, while the non-ruminants may represent pig. The focus may have 

shifted from the seals and the ocean to the land and, still keeping the significance of the wild 

and a hunter identity, big game hunting became an important part of the lifestyle. 

 

It is also important to remember that the life histories of the pots are unknown. It is therefore 

possible that the vessels the samples represent were used for aquatic animals, but in the last 

stages of their lives were used for terrestrial animals. Maybe it is possible that the pots where 

broken and discarded immediately after being used for dishes presented as meals in a ritual 

context, involving dishes consisting of meat from terrestrial animals. When it comes to those 

vessels showing signs of aquatic animals, the organic residues might reflect dishes that were 

not served in an everyday context. 

 

From the sampled sherds there is nothing that indicates that there is any spatial organisation 

on the site regarding vessel use. What this does or does not imply is hard to say, but it is 

possible that the whole site was used for the same kind of activities, giving the same sort of 

material over the different areas of the site. It is of course possible that the site had a more 

separated organisation, but that it is not reflected in the distribution of pottery. Here it should 

be reminded that Area 1 and 2 are not represented in the samples, except for one sherd from 

Area 1. It might however be possible to distinguish a spatial organisation from the distribution 

of structures and features within the excavated area. The huts were all found in the western 

part of the trench, while in area 2 and 4 the structures are defined as pits and diffuse darker 

coloured features.  

6.2 Vessel use at Vendel compared to other PWC sites 

The vessel use at Vendel is, as have been pointed out already, very different from the vessel 

use at other PWC sites in Eastern Central Sweden. The difference between the Vendel site 

and the other sites compared in this study is first and foremost the high amount of terrestrial 

lipids and the absence of empty vessels, but also the low number of vessel containing aquatic 

lipids. What this difference represents is hard to say, but it might as already mentioned, reflect 

a change in the society, diet and/or vessel use towards the end of the Pitted Ware Culture. 

Both the date of Vendel and the Interpreted vessel use seem to support this. In regards of 
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vessel use, Vendel is actually most similar to area D at Korsnäs, which is not evident from the 

charts above. In this area aquatic lipids were completely absent. What this area represents is, 

however not clear. It is also important to remember that the samples selected for analysis from 

the other sites where chosen with the intentions to answer specific questions about these sites.  

6.3 Understanding the Vendel site 

Based on what has been presented here, it is possible to suggest a few different theories 

regarding the nature of the Pitted Ware site Vendel. First, that it is a permanent, year round 

settlement, representing a change within the PWC towards the Late Neolithic. Second, that it 

is a seasonal settlement, predominantly used during the summer and autumn, with big game 

hunting and fishing as important activities. And third, that it is a ritual or cultic gathering site 

where the vessel use does not represent the actual everyday diet, but instead a use connected 

to rituals or activities related to the rituals. 

 

The second of these theories, that it was a seasonal settlement occupied during the summer 

and autumn, and that big game hunting and fishing was of importance, is purely based on the 

results from the vessel analysis and the large amount of fish bone noted during the excavation, 

as no osteological data is available. It is thus not possible to say whether terrestrial animals 

and seals are present in the faunal material or not, and if there are large quantities of terrestrial 

animal bones or not. However, it has some support in theories presented by other authors. 

And the high amount of vessels containing terrestrial lipids might suggest that the Vendel site 

could be explained by this theory. Jan Storå (2000) has pointed out that ringed seals are more 

common than harp seals on younger Pitted Ware sites (2000:25), and that ringed seals 

predominantly were hunted during the winter (Storå 2002). So it is possible that seals and seal 

hunting only were of minor importance on the Vendel site. Since no isotope data on human 

bone is available from Vendel, assumptions on diet need to be based on analyses from other 

sites. However, because of the limited evidence from the site itself, it would be precarious to 

draw this conclusion from the materials and results presented herein, thus, without saying that 

it cannot be true, this theory is left as an open suggestion. 

 

The first theory presented above, that Vendel is a year round, permanent settlement is not at 

all that improbable. Since studies have shown a change in how vessels were used during the 

late Middle Neolithic, and Late Neolithic, which suggests that fish and seal was cooked and 

prepared in other ways than in pottery vessels (Brorsson et al. 2007, Isaksson 2009), it is not 

very farfetched to argue that Area 3 and 4, which represents a later phase on the Vendel site as 

well as within the PWC, reflects this change in culinary traditions. Furthermore, if the 

availability of seal was low, which Björck (1999b) sees as a possible reason for the PWC to 

move out in the archipelago, it is possible that fish and terrestrial animals became a more 

important part of the Pitted Ware diet, and subsistence economy. So, different ways of 

preparing fish and seal, together with a decrease of availability of seal, and an increase in the 

importance of terrestrial animals, could explain the signals from the vessel use analysis. The 

stylistic traits of the pottery also suggest that Vendel is different from other, and in particular 

earlier, sites (cf. chapter 3.1). It is also possible that a change in ideology and culture occurred 

in these parts of Sweden, although this is much harder to trace. Furthermore, even though 
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only a part of the Vendel site is excavates it is possible to see some similarities with other 

sites interpreted as permanent settlements. One of these things is the features interpreted as 

huts. Despite the fact that it is possible that only half of the huts are excavated, a pattern of 

organization of huts resembling those at other sites is discernible. That is a number of huts 

either on a row along the shore or around a central area. Here it can be pointed out that the 

area at the slightly higher level at Vendel does not have to be abandoned while the lower area 

was occupied. Although the 
14

C-datings and pottery distribution seem to suggest that this is 

the case. Conversely, the possible gap between the occupations could be used to argue that the 

site was abandoned completely or visited very rarely for some time. It could also be argued 

that the separation of the site is indicative of it being used seasonally. 

 

Vendel as a ritual gathering site is not inconceivable either. If seal was important in the 

everyday diet and manifestation of the ideology and culture, it is possible that terrestrial 

animals, such as moose and wild boar, were part of a much more ritualized world of ideas. To 

view Vendel as a ritual gathering place would mean that the vessel use reflects a ritual 

context, such as feasts, and that the vessels, as some authors mean, where deliberately broken 

and deposited, that the people came here to deal with the dead, etc. it would also mean that the 

huts do not represent dwelling huts, but more likely simple shelters or possibly storage huts. 

However, as seals do seem to be important, a high number of seal bone and a higher number 

of vessels containing aquatic animals would be present at the site. However, as already stated 

no osteological assessment of the skeletal material has been done, so there might possibly be 

seal bones present. The low number of vessels containing aquatic animals might mean that the 

change in vessel use is present within the rituals as well. While it is possible that Vendel was 

a purely ritual site, I would like to argue that most likely it is not. 

 

I would argue that Vendel is a more or less a combination of the first and third theory above. 

It would be very much possible, and probably very likely, that Vendel is a permanent 

settlement where ritual activities (of course) were performed within the site, like at 

Högmossen or Bollbacken. Ritual acts would then have been performed with more or less 

intensity in connection to different activities. This would mean that there might be an 

organisation and a separation, in a living area and an area more devoted to ritual, on the site. It 

is also probable that the ritual life was so intertwined with the everyday life that ritual 

activities were carried out within the whole settlement and in connection to seemingly 

mundane activities as well. The vessel use would, thus, represent both a change in how 

vessels where used and possibly a change diet, as well as reflecting meals and activities in 

ritual contexts. Which is which is however harder to tell. It is also possible, as mentioned 

above, that when a pot was used for the last time, it was used in a ritual context, and that this 

included the preparation and cooking of terrestrial animals. That Vendel is a more permanent 

settlement is based on comparisons with other sites in eastern central Sweden, and although 

Vendel is not completely excavated it is possible to discern similarities with these other sites, 

such as the huts. 
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Concluding remarks 

Over all, the samples from Vendel showed appreciable amounts of preserved organic residues 

absorbed into the vessel walls. The results from the analysis are very interesting when seen in 

the light of lipid analyses from other PWC sites, and the research that has been done on the 

PWC. It would have been desirable to have information of stable isotopes and osteological 

data from Vendel to contrast to the vessel use, to get a more nuanced picture, and 

interpretation, of the site, the diet and vessel use of the people occupying the land at Vendel 

during the Neolithic. Stable isotope analysis could have given clues of whether the vessel use 

reflected the everyday diet or whether the vessel use symbolizes something other than “the 

ordinary way of life”. As stated above it is possible that the Pitted Ware people at Vendel 

lived in a time of change occurred. This change could include the food culture and not just the 

culinary arts and the ways to prepare the food, and this would then be detectable in the bone 

chemistry. If, as suggested, the vessel use rather indicates traces of ritual meals where 

terrestrial animals was consumed, as opposed to the everyday diet, the contribution from the 

terrestrial animals would not be enough to show up as a signal in the stable isotope analysis. 

Unfortunately, analysis of stable isotopes lies outside the limits of this study, and furthermore 

no human remains from the Neolithic was found. It is perhaps unnecessary to argue that this 

study would have gained a lot if Vendel was excavated to its whole extent, but it is 

nonetheless true. Some intra-site variations and relations, as well as structures and contexts 

can only be made visible by uncovering larger areas. 

7. Summary 

The aims of this study were to understand and discuss the Pitted Ware site Vendel in relation 

to the Pitted Ware culture and the Neolithic. An important part of the study was the analysis 

of lipids absorbed in the ceramic vessels found at Vendel. The reason behind this analysis was 

to get a deeper understanding and more nuanced picture of the Vendel site. To be able to 

discuss Vendel in a meaningful way, an overview of the Pitted Ware Culture of Eastern 

Middle Sweden, and theories about it, was presented. 

 

The Pitted ware culture is one of three Neolithic cultures in Sweden, and is believed to have 

existed between the end of Early Neolithic and the late Middle Neolithic. The PWC has been 

interpreted as a hunter-gatherer economy with an emphasis on marine resources, as evident 

from settlement patterns, dietary studies, and the large amounts of fish and seal bone found on 

the Pitted Ware sites. 

 

A total of 28 rimsherds from the PWC pottery found at Vendel during the excavations by 

ARL was subjected to lipid residue analysis by GC-MS. The result showed four different uses 

of the pottery: vessels containing a mixture of aquatic animal and vegetable, vessels 

containing a mixture of terrestrial animal and vegetable, vessels containing a mixture of 

terrestrial animal, aquatic animal and vegetable, and vessels containing traces of only 

vegetable. Out of these the number of vessels containing a mix of terrestrial animal and 

vegetable are clearly dominating with 18 vessels. Terrestrial animal lipids were found in a 
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total of 23 vessels, and aquatic animals only in 8. Empty vessels were absent among the 

samples sherds. 

 

The study was focused on Area 3 and 4, and one of the questions asked where whether or not 

any differences in vessel use could be detected between the two areas. The result did however 

show a very homogenous use of the vessels in both these areas. This shows that no spatial 

distribution could be seen in the vessel use, but it does not mean that there is not a spatial 

organization at the site. It was also asked if different vessel uses was connected to different 

vessel types, i.e. if some vessel types were preferred when handling with for example 

terrestrial animals. The interpretations of vessel use were compared to vessel diameter, shape 

of the rim, and the décor of the sherds. The result showed that (most likely) no differentiation 

was made between different vessel types in relation to specific food stuffs. However it is 

possible that larger sized vessels where preferred for processing terrestrial animals, and 

smaller sized vessels for aquatic animals, although a larger sample would be necessary to say 

anything for certain. 

 

The results of the lipid analysis displayed a use of vessels that differs from the vessel use on 

previously analysed PWC sites. A large amount of the vessels from Vendel contained traces 

of terrestrial animals, while traces of aquatic animals were scares and empty vessels missing. 

This can perhaps be explained by Vendels late date, both 
14

C-dating and a deviating pottery 

assemblage indicates that Vendel was occupied during a late stage of the Pitted Ware culture 

in Sweden. Furthermore, studies have shown a change in vessel use during the Neolithic, 

where terrestrial animal lipids are more common in vessel and aquatic animal lipids are 

scares. Vendel seem to be in line with this change. The results thus indicate that a possible 

change in the culinary arts, diet and ideology concerning food might have occurred and that it 

is mirrored in the results. 

 

The site Vendel was discussed both in connection to the results of the analysis, as well as to 

what has been presented by other authors regarding diet, settlement patterns, economy, 

ideology, cosmology and society. A few possible theories about what kind of site Vendel 

represents was presented, whereof the one found most likely was that Vendel represented a 

permanent settlement, or possibly a seasonal, where ritual activities were carried out as well, 

an most likely was closely connected with the everyday life of the people occupying the site. 

Even though Vendel is not fully excavated, it is possible to discern some similarities with 

other sites interpreted as more or less permanent, such as Högmossen. The vessel use was 

argued to reflect this, as well as reflecting a change in the use of vessels during the MN, and 

possibly even a change in ideology, economy and diet. 
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Appendix 1  
Table displaying the results from the evaluation of the GC-MS results. The total amount of lipids as well as the presence of different compounds can be inferred from the 

table. X = presence if the compound, T = traces of the compound. 

Sample Amount 
(μg/g) 

Neutral lipids Isoprenoid 
fatty acids 

ω-(o-alkylphenyl)  
fatty acids 

Terpenoids 

C18:0/C16:0 

(0.5) 

C17br/C18st 

(0.02) 

Intact 

Triacyl-

glycerols 

Cole-

sterol 

Phyto-

sterol 

Ergo-

sterol 

Wax 

residues 

Long-

chain 

ketones 

4,8,12-

TMTD 

2,6,10,14-

TMPD 

3,7,11,15-

TMHD 

C16 C18 C20 C22 DT TT 

2631:1 1127 1.034 0.05 - - X - X - - - - - - - - X - 

1799:1 166 0.91 0.062 - X X - X - X X X T X X T - - 

2800:2 36 0.955 0.023 - - X - X - - - - - - - - X - 

2231:2 50 0.940 0.036 - X X - X - - T - - - - - - - 

2501:8 215 0.01  X X X - X - X T X - - - - - T 

2563:1 246 0.576 0.148 - X X - X - X T X - - - - - - 

2770:15 13 0.67 0.07 - - X - X - - - - - - - - - - 

2052:1 30 1.324 0.01 - T X - X - - - - - - - - - - 

2814:6 16 1.136 0.02 - - X - X - - - - - - - - - - 

2559:2 499 0.184  - X X - X - X T X T X T - - - 

2401:1 18 1.173 0.017 - - X - X - - - - - - - - - - 

2404 22 1.171 0.025 - T X - X - - - - -  - - T  

2498:15 13 1.001 0.027 - - X - X - - - - - - - - - - 

2496:29 11 0.988 0.032 - - X - X - -  - -  - - X - 

2274:2 51 0.531 0.025 - X X - X - - - X - T - - - - 

2789:1 32 1.140 0.028 - T X - X - - - - - - - - X - 

2406:1 11 1.147  - - X - X - - - - - - - - - - 

480 1032 0.445  - X X - X X X T X X X X T - - 

2565:1 322 1.65 0.021 - X X - X - - - X - - - - T T 

2499:11 26 1.045 0.027 - - X - X - - - - - - - - - - 

2563:12 3 0.468  - - X - X - - - - - - - - - - 

2498:10 18 1.306 0.016 - - X - X - - - - - - - - - - 

2815:17 11 0.859  - - X - X - - - - - - - - - - 

1677:1 21 1.042 0.045 - X X - X - - - - - - - - - - 

2513:1 14 1.025  - - X - X - - - - -  - - - - 

2495:3 775 0.805 0.259 - X X - X X X T X T X X T - - 

2510:3 13 0.372  - - X - X - - - - -  - - - - 

2499:27 9 0.906  - - X - X - - - - - - - - - - 

 



 

 

Appendix 2 

Detailed descriptions of the samples from Vendel. 

 

2631:1 

The sample contains a high amount of 

lipids, 1227 µg/g ceramic powder. The 

high C18:0/C16:0 ratio at 1.034 indicates a 

contribution of fatty acids from terrestrial 

animals, and the ratio of 0.05 for 

C17br/C18str suggests that it might be 

ruminant animals. The presence if 

phytosterol and wax residues indicate a 

vegetable content and the diterpenoids 

indicate soot or smoke and thus suggest 

that the vessel might have been used as a 

cooking vessel. The sample contained 

contaminations in the form of phthalates 

deriving from the plastic bags used for 

storing. 

Interpretation: T+V, possible ruminant, 

cooking vessel. 

 

1799:1 

The sample contains a relative high 

amount of lipids, 166 µg/g ceramic 

powder.  The C18:0/C16:0 and 

C17br/C18str ratios (0.91 and 0.062 

respectively) indicate ruminant animals. 

The presence of cholesterol further 

indicates a contribution of lipids from 

animals. The presence of phytosterol and 

wax residues indicates vegetable products, 

while the presence of the three isoprenoid 

fatty acids and ω-(o-alkylphenyl) fatty 

acids C16, C18, C20 and C22 indicate that 

fish/marine animal lipids have been heated 

in the vessel. This gives a complicated 

signal that is difficult to interpret. The 

sample contained contaminations in the 

form of phthalates deriving from the 

plastic bags used for storing. 

Interpretation: T+A+V, possible 

ruminant, cooking vessel. 

 

2800:2 

The sample contains a relatively low 

amount of lipids, 36 µg/g ceramic powder. 

The relatively high C18:0/C16: ration at 

0.955 indicates terrestrial animal, and the 

C17br/C18str ratio may possibly indicate 

ruminant animal, although it is very low 

(0.023). The presence of phytosterol and 

wax residues suggests vegetable products 

and traces of diterpenoids indicates soot or 

smoke and may thus point towards the 

vessel being used as a cooking vessel. The 

sample contained contaminations in the 

form of phthalates deriving from the 

plastic bags used for storing. 

Interpretation: T+V, cooking vessel. 

 

2231:1 

The sample contains 50 µg/g ceramic 

powder. The C18:0/C16:0 ratio of 0.940 

and the presence of cholesterol indicates 

terrestrial animal, and the C17br/C18str ratio 

further suggests that it might be 

contributions from ruminant adipose fat. 

Phytosterol and wax residues indicate that 

vegetables were processed in the vessel. 

The sample contained contaminations in 

the form of phthalates deriving from the 

plastic bags used for storing. 

Interpretation: T+V. 

 

2501:8 

The sample contains a relatively high 

amount of lipids, 215 µg/g ceramic 

powder. The low C18:0/C16:0 ratio, only 

0.01, indicates a high content of palmitic 



 

 

acid in the sample, thus suggesting the 

processing of aquatic animals or plants. 

The presence of cholesterol and the 

isoprenoid fatty acids 4, 8, 12-TMTD and 

3, 7, 11, 15-TMHD indicates fish/marine 

animal, while phytosterol and wax residues 

in the sample points toward contribution 

from vegetables. The sample also contains 

TAGs in the range 46-50. The sample 

contained contaminations in the form of 

phthalates deriving from the plastic bags 

used for storing. 

Interpretation: A+V 

 

2563:1 

The sample contains relative high amounts 

of lipids, 246 µg/g ceramic powder. The 

C18:0/C16:0 ratio at 0.576 points toward 

fatty acids from terrestrial animals, and the 

C17br/C18str ratio of 0.148 further suggest 

that it may be adipose fat from ruminants. 

The presence of cholesterol strengthens the 

interpretation of lipids of animal origin, 

while the presence of phytosterols and wax 

residues indicates contribution from 

vegetables as well. The isoprenoid fatty 

acids suggest that lipids deriving from 

aquatic animals were present in the vessel. 

The sample contained contaminations in 

the form of phthalates deriving from the 

plastic bags used for storing. 

Interpretation: T+A+V 

 

2770:15 

Contains low amounts of lipids, 13 µg/g 

ceramic powder. The high C18:0/C16:0 

ratio suggest terrestrial animal and the 

C17br/C18str ratio (0.07) that it possibly 

might be of ruminant origin. Phytosterol 

and wax residues in the sample suggest the 

processing of vegetables. The sample 

contained contaminations in the form of 

phthalates deriving from the plastic bags 

used for storing. 

Interpretation: T+V 

 

2052:1 

The sample contained 30 µg lipids per g 

ceramic powder. The high C18:0/C16:0 

ratio of 1.324 indicates terrestrial animal, 

while the presence of phytosterols and wax 

residues also suggests that vegetable have 

been processed in the vessel. The sample 

contained contaminations in the form of 

phthalates deriving from the plastic bags 

used for storing. 

Interpretation: T+V 

 

2814:6 

The sample contained 16 µg lipids per 

gram ceramic powder. The C18:0/C16:0 

ratio was 1.136 and the C17br/C18str 0.01, 

thus indicating terrestrial animal, but not 

ruminant. Phytosterol and wax residues 

present indicate that vegetables also were 

processed in the vessel. The sample 

contained contaminations in the form of 

phthalates deriving from the plastic bags 

used for storing and silicone fat. 

Interpretation: T+V. 

 

2559:2 

This sample contained 499 µg lipids per g 

ceramic powder. The low C18:0/C16:0 

ratio (0.184) indicate aquatic animals or 

plants. The presence of cholesterol and 

TMTD, TMHD, and the ω-(o-

alkylphenyl)alkanoic acids C16, C18 and 

C20 is further indicative of the presence of 

aquatic animals. The occurrence of 

phytosterol and wax residues indicates that 

vegetables were processed in the vessel. 

The vessel is further interpreted as used as 

cooking vessel. The sample contained 

contaminations in the form of phthalates 

deriving from the plastic bags used for 

storing. 

Interpretation: A+V, cooking vessel 



 

 

 

2401:1 

The amount of lipids in the sample was 18 

µg/g ceramic powder. The high 

C18:0/C16:0 ratio of 1.173 indicates 

terrestrial animal. The branched C17 acids 

where not detected, and thus suggesting a 

non-ruminant origin. Phytosterol and wax 

residues present in the sample indicates 

that vegetable was processed in the pot. 

The sample contained contaminations in 

the form of phthalates deriving from the 

plastic bags used for storing. 

Interpretation: T+V 

 

2404 

The sample yielded 22 µg lipids/g ceramic 

powder. The C18:0/16:0 ratio was 1.171, 

and thus indicates terrestrial animal. The 

C17br/C18str was 0.025 (i.e. just above the 

value for ruminant), and may possibly 

indicate contribution from ruminant fats. 

Traces of cholesterol further indicate 

animal origin. Phytosterols and wax 

residues suggest that vegetables were 

present in the vessels. Traces of 

diterpenoids indicate that it might be a 

cooking vessel. The sample contained 

contaminations in the form of phthalates 

deriving from the plastic bags used for 

storing. 

Interpretation: T+V, cooking vessel 

 

2498:15 

The sample contained 13 µg lipids/g 

ceramic powder. The C18:0/C16:0 ratio 

was 1.001, which indicates lipids from 

terrestrial animals. The C17br/C18str of 

0.027 indicated possible ruminant. 

Phytosterol and wax residues further 

suggest presence of vegetable in the lipid 

content. The sample contained 

contaminations in the form of phthalates 

deriving from the plastic bags used for 

storing.  

Interpretation: T+V 

 

2496:29 

The amount of lipids in the sample was 11 

µg/g ceramic powder. The C18:0/C16:0 

was 0.988, and the C17br/C18str ratio 0,032, 

indicating terrestrial animal and possible 

ruminant. Phytosterol and wax residues are 

indicative of traces of vegetable in the 

sample. Traces of diterpenoids indicate 

that it might be a cooking vessel. The 

sample contained contaminations in the 

form of phthalates deriving from the 

plastic bags used for storing. 

Interpretation: T+V, cooking vessel 

 

2274:2 

The sample contained 51 µg lipids/g 

ceramic powder. The C18:0/C16:0 ratio of 

0.531, and C17br/C18str of 0.025 indicates 

terrestrial animal and possible of ruminant 

origin. Cholesterol further indicates animal 

tissue. Phytosterol and wax residues 

suggest that vegetables were processed in 

the pot. And the isoprenoid fatty acid 3, 7, 

11, 15-TMHD, and traces of ω-(o-

alkylphenyl)alkanoic acid C18 might 

possibly indicate fish. The sample 

contained contaminations in the form of 

phthalates deriving from the plastic bags 

used for storing. 

Interpretation: T+A+V 

 

2789:1 

The amount of lipids in the sample was 32 

µg/g ceramic powder. The C18:0/C16:0 

was 1.140, and indicates terrestrial animal. 

A possible ruminant origin is suggested by 

the C17br/C18str of 0.028. Traces of 

cholesterol further indicate animal origin. 

Phytosterol and wax residues indicate 

presence of vegetable. Traces of 



 

 

diterpenoids suggest that it might have 

been used as a cooking vessel. The sample 

contained contaminations in the form of 

phthalates deriving from the plastic bags 

used for storing. 

Interpretation: T+V, cooking vessel. 

 

2406:1 

The sample contained 11 µg lipids/g 

ceramic powder. The C18:0/C16:0 ratio 

was high, 1.147, and thus indicate an 

origin of terrestrial animal. Phytosterol and 

wax residues suggest that vegetable was 

processed in the vessel. The sample 

contained contaminations in the form of 

phthalates deriving from the plastic bags 

used for storing. 

Interpretation: T+V 

 

480 

The sample contained a high amount of 

lipids, 1032 µg/g ceramic powder. The 

C18:0/C16:0 ratio was 0.445, and thus 

indicate aquatic animal or plants. The 

presence of cholesterol suggests that 

aquatic animal tough. The presence 

isoprenoid fatty acids and ω-(o-

alkylphenyl)alkanoic acids further 

indicates that aquatic animal was processed 

and. The presence of long-chain ketones 

further suggest that the vessel was heated. 

Phytosterol and wax residues indicate a 

mixture with vegetable. The sample 

contained contaminations in the form of 

phthalates deriving from the plastic bags 

used for storing. 

Interpretation: A+V, cooking vessel. 

 

2565:1 

The sample contained a relatively high 

amount of lipids, 322 µg/g. The 

C18:0/C16:0 was high, 1.65, and indicates 

terrestrial animal. The C17br/C18str was 

0.021, which might possibly indicate 

ruminant animal, although it is very low. 

Cholesterol in the sample also points to 

contribution from animal fat. Phytosterol 

and wax residues suggest vegetable 

contribution. The presence of isoprenoid 

fatty acids might indicate that aquatic 

animals were processed in the pot. Traces 

of terpenes are indicative of the vessel 

being used for cooking. The sample 

contained contaminations in the form of 

phthalates deriving from the plastic bags 

used for storing.  

Interpretation: T+A+V, cooking vessel 

 

 2499:11 

The sample contained 26 µg lipids/g 

ceramic powder. The C18:0/C16:0 ratio 

was 1.045, and the C17br/C18str ratio 0,027, 

thus indicating terrestrial animal and 

possibly ruminant. Phytosterol and wax 

residues suggest a mixture with vegetables. 

The sample contained contaminations in 

the form of phthalates deriving from the 

plastic bags used for storing. 

Interpretation: T+V 

 

2563:12 

The sample contained low amounts of 

lipids, 3 µg/g. The C18:0/C16:0 ratio was 

0.468, and indicate aquatic animal or 

plants. No cholesterol was present but 

phytosterol and wax residues and thus 

suggests lipids from plants. The sample 

contained contaminations in the form of 

phthalates deriving from the plastic bags 

used for storing. 

Interpretation: V 

 

2498:10 

The sample contained 18 µg lipids/g 

ceramic powder. The C18:0/C16:0 ratio 

was high, 1.306, but C17br/C18str ratio was 

low, 0.016, this indicates terrestrial animal, 

but non-ruminant. Phytosterol and wax 



 

 

residues indicate a mixture with 

vegetables. The sample contained 

contaminations in the form of phthalates 

deriving from the plastic bags used for 

storing. 

Interpretation: T+V 

 

2815:17 

The amount of lipids was 11 µg/g ceramic 

powder. The C18:0/C16:0 ratio was 0.805, 

and suggests terrestrial animal. Phytosterol 

and wax residues indicate a mixture with 

vegetables. The sample contained 

contaminations in the form of phthalates 

deriving from the plastic bags used for 

storing and silicone fat 

Interpretation: T+V 

 

1677:1 

The sample contained 21 µg lipids/g 

ceramic powder. The C18:0/C16:0 ratio 

was 1.042, and the C17br/C18str 0.045, 

indicating terrestrial animal and possible 

ruminant. The presence of cholesterol 

further indicates lipids of animal origin, 

while phytosterol and wax residues suggest 

that vegetables also was processed in the 

vessel. The sample contained 

contaminations in the form of phthalates 

deriving from the plastic bags used for 

storing. 

Interpretation: T+V 

 

2513:1 

The sample yielded 14 µg lipids/g ceramic 

powder. The C18:0/C16:0 ratio of 1.025 

indicates terrestrial animal, phytosterol and 

wax residues that vegetables were 

processed in the vessel as well. The sample 

contained contaminations in the form of 

phthalates deriving from the plastic bags 

used for storing. 

Interpretation: T+V 

 

2495:3 

The sample yielded 775 µg lipids/g 

ceramic powder. The C18:0/C16:0 ratio of 

0.805 together with a C17br/C18str ratio of 

0.259, suggest terrestrial animal and 

possibly ruminant. The presence of 

cholesterol further indicates animal lipids 

in the sample. Isoprenoid fatty acids and 

ω-(o-alkylphenyl)alkanoic acids indicates 

aquatic animal and heating of such in the 

vessel. Long-chain ketones in the sample 

are further indication of the vessel being 

heated. The sample contained 

contaminations in the form of phthalates 

deriving from the plastic bags used for 

storing. 

Interpretation: T+A+V, cooking vessel 

 

2510:3 

The sample contained 13 µg lipids/g 

ceramic powder. The C18:0/C16:0 was 

0.372, and indicates aquatic animal or 

plants. No cholesterol but presence of 

phytosterol and wax residues suggests that 

the vessel was used to prepare vegetables. 

The sample contained contaminations in 

the form of phthalates deriving from the 

plastic bags used for storing. 

Interpretation: V 

 

2499:27 

The sample contained 9 µg lipids/g 

ceramic powder. The C18:0/C16:0 ratio of 

0.906 indicates terrestrial animal. 

Phytosterol and wax residues present in the 

sample suggests a mixture with vegetables. 

The sample contained contaminations in 

the form of phthalates deriving from the 

plastic bags used for storing. 

Interpretation: T+V 

 

 

 



 

 

Appendix 3 
Table displaying the results of the classification of the sampled sherds.  

Fnr/Snr X Y Z Thickness Weight Ware Colour Form Décor Diameter, cm  Surf. treat. coating Other Area 

480 1680,01 4767,44 37,48 9 12 Porous 5/2 rim ½ A3B 36       4 

1677:1 1675,638 4744,987 35,705 10 11 Porous 4/4 rim 1 (2) A4xB+A4rx Undef. >20       3 

1799:1 1674 4758 L3 9 10 Porous 5/4 rim 5? A4r <20     Flat rim 4 

2052:1 1689 4735 L3 11 10 Porous 5/4   B 20 el >20       1 

2231:2 1672 4751 L? 10 6 Porous 5/3 rim 1 A4+A4r 20 el >20     A74 4 

2274:2 1676,826 4753,487 36,546 11 10 Porous 5/3 rim 1 A4xB+A4r 24       4 

2401:1 1679 4740 L3 11 11 Porous 5/3 rim 1 A4xA4r >40       3 

2404 1678,12 4740,36 35,58 11 28 Porous 5/6   A1B+A4r 36 ins 1   Flat rim 3 

2406:1 1677 4740 L3 11 24 Porous 5/3 rim 1 (2) A1B+A4r 28-32 ins 1?     3 

2495:3 1675 4742 L5 10 12 Porous 5/2 rim 1 A4BC4+A4r At least 40 ins 1 3   3 

2496:29 1675 4741 L5 10 9 Porous 4/2 rim 1 el 4 C4r 32-36       3 

2498:10 1675 4740 L? 13 17 Porous 4/3 rim 2   At least 24   3k   3 

2498:15 1675 4740 L5 11 9 Porous 3/3 rim 1 A1B+A4r Undef. ins 1   Large diameter 3 

2499:11 1675 4742 L3 10 9 Porous 4/3 rim 1 A1B+A4r Undef. ins 1     3 

2499:27 1675 4742 L3 9 10 Porous 4/3 rim 1 A1B+A4r 24-28 ins 1     3 

2501:8 1676 4742 L5 8 8 Porous 4/2 rim 1  A1B 12     Tight small B. marked b/h 3 

2510:3 1677 4740 L5 12 12 Porous 4/3 rim 2 BC5 Undef.   3   3 

2513:1 1676 4741 L5 10 14 Porous 5/4 rim 1 x A4r 24-28 ins 1? 1   3 

2559:2 1677 4741 L5 17 10 Porous 5/3 rim 1 A1xB 16 ins 1 1k Marked profile 3 

2563:1 1675 4743 L2 9 11 Porous 5/3 rim 1 A1B+A4r 28 ins 1   pf 25 3 

2563:12 1675 4743 L2 11 9 Porous 5/3 rim 1 A4B+A4r Undef. ins 1     3 

2565:1 1674 4743 L2 6 8 Porous 5/4 rim 1 A1B+A4r 12-16     Tight small B. marked b/h 3 

2631:1 1678,074 4756,593 36,85 12 11 Semifirm 5/3 rim 1 C3/D1+C3/D1r 32     pf 50 4 

2770:15 1674 4765 L3 12 9 Porous 5/3 rim 1 A1B+A4r 36     Eroded outside 4 

2789:1 1676 4754 L3 9 15 Porous 5/3 rim 2 A1B+Hr At least 40   1   4 

2800:2 1673 4749 L3 11 13 Porous 5/4 rim 4 A1+A4r+Hxi 32     pf22 4 

2814:6 1671 4752 L3 9 9 Porous 5/3 rim 2 A1B+A4r 40       4 

2815:17 1672 4752 L3 11 7 Porous 5/2 rim 1 A1+A4r Undef.   3   4 

 



 

 

Table showing the décor scheme used in the classification. Each décor element and arrangement is given its own code consisting of letters and numbers. A1 is thus comb 

stamped vertigal zigzag, etc.  (After Papmehl-Dufay 1999. Illustrations: Papmehl-Dufay). 

 1 2 3 4 5 6 7 

A. Comb 

stamp  
 

  
  

 

Vertical zigzag Horizontal zigzag Horizontal lines Slanted lines Wolfs tooth Covering Other 

B. Pit  
      

Horizontal row From the inside 

C. Lines   
 

  
 

 

Vertical zigzag Horizontal zigzag Horizontal lines Slanted lines Wolfs tooth covering Other 

D. Inclined 

impression 
 

      

Horizontal row Other 

E. Cord 
 

      

F. Twisted 

cord  

      

G. 

Grooved 

impression 

    

 

  

Wolfs tooth 

H. Other 

impression 

       

 

 

 The different rim types identified in the pottery material from 

Vendel. Illustration: Papmehl-Dufay (1999) 


