
Research Article

Inger Marie Berg-Hansen*, Silje Hårstad, Tina J. Granados, Gaute Reitan,
Anders Romundset, Linnea S. Johannessen, Steinar Solheim

Enculturating Coastal Environments in the
Middle Mesolithic (8300–6300 cal
BCE) – Site Variability, Human–Environment
Relations, and Mobility Patterns in Northern
Vestfold, SE-Norway
https://doi.org/10.1515/opar-2022-0251
received October 31, 2021; accepted May 20, 2022

Abstract: The coastal settlement in Middle Mesolithic (MM) Southeast Norway is generally described as a
dynamic system of small, short-lived sites and large sites that were visited repeatedly over a long time. It has
been suggested that in this period – compared to the preceding Early Mesolithic (EM) – an increased attrac-
tion towards the large archipelagos along the Norwegian coast, and their broad spectrum of bothmarine and
terrestrial food sources, took place. This has, however, been debated. An important background for the
discussion is the documented population influx and the abrupt shift in tool technology around 8300 cal
BCE. The question remains whether this great social and technological upheaval was followed by a trans-
formation or break in the environmental knowledge and changes in the ways of living, such as new human–
environment relations, settlement systems, andmobility patterns.We propose that the continuous process of
enculturation of the land and environment would have played a decisive role in the societal development. In
this article, we therefore investigate details of site construction andmobility patterns, as well as themarking
of the land by the establishment of settlement sites and exploitation of lithic raw materials on a larger scale.
We concentrate our investigation on the on-site activity, site location, lithic raw material economy, and
technological organisation, which brings renewed opportunities for discussing enculturation processes in
the period. Our results document a diverse settlement pattern, as well as diachronic variation, suggesting an
internal dualitywithin the sociocultural development process in the area. The article presents the new results
from the InterCity Vestfold project, situated by the Oslofjord west coast. Our data comprise a total of eight
excavated and 69 surveyed sites from 4 municipalities. A strong isostatic land uplift caused continuous and
rapid changes in the shoreline configuration and its nearby environments, in the Oslofjord area throughout
the Mesolithic. To enable the discussion of human–environment relations, we therefore present a new
relative sea level (RSL) curve, supplying detailed data on the shoreline development in the project area.
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1 Introduction

During the late ninth millennium cal BCE, new populations immigrated to the Scandinavian Peninsula from
the east via eastern and northern parts of Fennoscandia and the Baltics. Although DNA studies indicate
mixing with the existing population in various degrees (Günther et al., 2018, Kashuba et al., 2019), this led
to comprehensive changes in society, including new dwelling practises and reorganisation of the tool
technology (Bergsvik & David, 2015; Damlien, 2016; Damlien et al., 2018; Damlien, Kjällquist, & Knutsson,
2018; Fretheim, 2017; Holen, 2020; Manninen et al., 2021; Rankama & Kankaanpää, 2011; Sørensen et al.,
2013).

The new technology spread rapidly and entered Southeast Norway and the Oslofjord area c. 8300 cal
BCE. A central question is, however, whether changes in population and technology also brought with them
new ways of living, including new human–environment relations, settlement systems, and mobility pat-
terns, or whether existing knowledge about the land, environment, and lifeways were transferred from the
old to the new populations. To investigate these questions we build on theory from social anthropology and
human geography (Ingold, 1993; Jordan, 2003; Kelly, 2003; Lovis, 2016; Milne, 2014; Rockman, 2003;
Simonsen, 2008). We adopt the concept of landscape enculturation, viewing human–environment relations
as a central and continuous social practice. Further, we assume that exploring environments, experiencing,
learning, and creating places would have been equally central to people regardless of the land being new
and unknown or familiar and filled with history.

Diversity in Mesolithic site organisation, land use, and mobility pattern in Southeast Norway has often
been explained as the result of economic adaptation and resource exploitation, and common explanatory
models are taken from e.g. Binford (1980) and Woodburn (1980). However, it has also been argued that the
organisation of culture knowledge transmission and social systems play a decisive role (Berg-Hansen,
2017, 2018; Bjerck, 2009; Damlien, 2016; Dugstad, 2010), as do the influence of history and tradition,
different temporalities and human–environment relationships (Mansrud & Eymundsson, 2016; Schülke,
2020). Hence, a great number of mechanisms influence the occupation and use of an area and the forming
of sites, which in turn are reflected in the archaeological record (Ames, 2002; Kent, 1992; Milne, 2008).

Within the archaeological field, testimonies and observations of enculturation in ethnographically
documented hunter-gatherers serve as important analogies used to understand similar processes from
past societies (e.g. Milne, 2011; Mithen, 2019). We use the concept of landscape enculturation referring
to how the Mesolithic hunter-gatherers engaged with and responded to the environment. This formative
process structured their different lifeways and formed attachment to the land they moved within. Meaning
and history were endowed to the landscape, and characterised the way they saw, knew, and understood
their world. This enculturation, attaching memories and histories to the land, comprise both social, prac-
tical, and material aspects. Humans engage with the environment through their tasks, being structured by
the environment, and leaving material traces of everyday practice in the socially constructed landscape, as
part of the process of socialisation (cf. Bourdieu, 1990, pp. 52–65; Ingold, 1993; Jordan, 2003, pp. 12–19;
Mithen, 2019). Further, as pointed out by Jordan, “The landscape is not ‘space’ or ‘land’ but is experienced
through movement, action, and participation… The encultured landscape – an array of related features – is
bound into a symbiotic relationship with the taskscape – an array of related activities” (Jordan, 2003, p. 18).
A consequence of this is that space becomes “place” in the minds and memories of the people inhabiting
the environment, through attachment and the meaning given by the various tasks and in virtue of being an
experienced phenomenon (cf. Berg & Dale, 2004, pp. 42–43; Tuan, 2001 [1977], p. 136; Whitridge, 2004).
Because of this, and in the same way as technology carries the manifestation of society and culture
(Bourdieu, 1990, pp. 52–65; Berg-Hansen, 2017, pp. 44–45; 2018, Mauss, 1973 [1935]; Stewart, Keith &
Scottie, 2004), a place can be viewed as an expression of social practices and social relations. This includes
inhabitants’ experiences, narratives, and symbolic meaning connected to the place (cf. Simonsen, 2008, p.
16). Thereby, landscape enculturation can be seen as a place-making process. By using these concepts of
enculturation, human–environment relationship, and place, we discuss the archaeological record aiming
at a better understanding of the sociocultural significance and long-term development of settlement and
use of the MM archipelago in northern Vestfold.
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Several authors have discussed coastal site variability and mobility patterns of MM Southeast Norway,
and our investigation seeks to add further data and perspectives to this discussion. Solheim’s (2013)
analysis of eight MM coastal sites in Larvik, southern Vestfold County, suggests a dynamic system of small
very short-lived sites and large sites that were visited repeatedly over a long time. A similar model is
suggested by Darmark, Viken, and Johannessen (2018). Damlien and Solheim (2018, p. 353) point out
that during the first half of the MM, there is a change in the site locations favouring sheltered lagoon-
like areas and fjords. Furthermore, they propose a permanent settlement within the Oslofjord area
including the Swedish west coast, and diverse settlement patterns reflecting an adaptation to regionally
specific economies. Although debated, such changes in the coastal site location from the EM to the MM have
been suggested as connected to a transition from a main focus on hunting sea mammals to exploiting a
broader spectrum of food resources such as fishes, shellfish, birds, and terrestrial animals (e.g. Åstveit,
2014; Berg-Hansen, 2017; Bjerck, 2008; Bjerck, Breivik, Piana, Zangrando, & Francisco, 2016; Mansrud &
Persson, 2018; Mjærum & Mansrud, 2020; Ritchie, Hufthammer, & Bergsvik, 2016; Solheim & Persson,
2016). However, a quantitative analysis of Mesolithic site location on the southwest coast of the Oslofjord
did not confirm this pattern (Roalkvam, 2020). Rather, and much in concurrence with our data, the result
showed no radical changes in site location through this period (cf. also Fretheim, 2017, p. 234; Nyland, 2016,
pp. 246–250, drawing similar conclusions).

We present the results from the InterCity Vestfold project, situated by the west coast of the Oslofjord
(Figure 1). The project includes investigations of six MM open-air coastal sites (Table 1; Granados, in press;
Hårstad, in press a, b; Reitan & Hårstad, in press a, b), dated to the early and middle part of the MM
(8300–6300 cal BCE; all dates are given as calibrated ranges BCE (2σ), cf. Supplementary File 2 in the
supplementary material for details). To add further perspectives to the discussion, two recently excavated
sites from the same area, dated to the final part of this time span (Carrasco & Mjærum, 2015), as well as 69

Figure 1:Map showing the project area in Norway and N-Europe. Sites named in the text are plotted on the map to the right. Blue
square refer to the map section in Figure 11. Map: Linnea S. Johannessen, MCH, University of Oslo.
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surveyed sites from the surrounding district, are included in the following discussion (Figures 1 and
11, Table 1, and Supplementary File 6). We disclose new data on site variability, human–environment
relations, and mobility patterns. Archaeological sources such as on-site activity, site location, lithic raw
material economy, and technological organisation, are all regarded as markers or elements of place-making
activities. Altogether, this data presents renewed opportunities for discussing enculturation processes in
the period. The sites are discussed both as events of habitation in the specific area of study and also as part
of the settlement within the larger Oslofjord region and its development through time (Damlien & Solheim,
2018; Glørstad, 2010, pp. 100–102; Schülke, 2020; Solheim & Persson, 2018).

An important factor for the human–environment relation throughout the entire postglacial period is the
strong isostatic land uplift in the Oslofjord area, causing continuous and rapid changes in the shoreline
configuration and its nearby environments, both above and below sea level. Living with such fluctuating
surroundings would require adaptive and flexible subsistence and enculturation strategies. To be able to
study this process, we present a new relative sea level (RSL) curve supplying detailed data on the shoreline
development in the area.

1.1 Natural Background – Environmental Data

During the MM, the Oslofjord area was marked by considerable environmental changes due to the isostatic
land uplift after the Ice Age. At the time of occupation, all of the eight excavated sites were situated on
islands along the coast, but are today located at c. 60–90m a.s.l. and c. 4 km inland (Figures 1 and 3 and
and 11).

In the MM, a large archipelago with fjords cutting westwards into the mainland characterised the area.
The islands varied greatly in size and characteristics— from tiny islets and skerries surrounded by the open
sea, to larger islands with sheltered bays, surrounded by shallow waters and separated from the mainland
by narrow fjords and sounds (Figure 2). The sites discussed in this article were all centrally placed in this

Table 1: Key data for Middle Mesolithic sites discussed in the article. For site locations, refer Figure 1

Site C14-date (cal 2σ) * Shoreline date (cal
BCE)**

m a.s.l. (shoreline at
earliest possible
occupation)

Total area/excavated
area (sampled area)

Løvås 22 dates: 8240−7660 cal BCE
(LuS-15285–15305, 15307–
153012, 16056)

7800−7600 83−89 (83) 3,800m2/280m2

(120m2)

Olsmyren − 7500−7200 71−72 (70) 55 m2/0m2

(18.5 m2)
Viulsrød 1 − 7500−7200 71−74 (70) 600m2/0m2

(33m2)
Viulsrød 2 − 7100−6900 67−69 (66) 500m2/46m2

Råen 1 − 7100−6900 65−66 (64) 150m2/0m2

(16.5 m2)
Adal 5 dates: 7075−6690 cal BCE (LuS-

15270, 15274)
7100−6900 64−72 (63) 5,100 m2/237m2

Pjonkerød A 1 date: 7045−6697 cal BCE (Ua-
47916)

7000−6800 60−62 (60) 760m2/84m2

(22m2)
Pjonkerød B − 7000−6800 62−65 (60) 1,220m2/0m2

(24m2)

*Conventional radiocarbon ages are calibrated using the IntCal13 atmospheric curve (Reimer et al., 2013) and OxCal v.4.4
(Bronk Ramsey, 2009). For uncalibrated dates, see Supplementary File 2.
** Approximate earliest settlement date based on the shoreline displacement curve and estimated shoreline at earliest
possible occupation. For data see Supplementary Files 1 and 2.
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environment, accessing both open sea and sheltered waters, with presumably rich food resources
throughout the year. Transport and communication would to a large degree depend on using boats, or
alternatively travelling on ice during winter. The freshwater supply would likely be problematic and
unstable around the sites that were situated on islands, especially in the summertime.

The boreal environment encompassed a rich flora and fauna. In the terrestrial habitats, we would
expect varied woodlands offering herbs, edible berries, and hazelnuts, as well as large and small mammals
such as elk, brown bear, wolf, wolverine, beaver, and red fox (Jonsson, 1995). Furthermore, the archipelago
provided good access to a diversity of marine species such as small whales, seals, fishes, and molluscs, as
well as seafowls, which would have been available all year around (Bjerck et al., 2016; Jonsson, 1995;
Mansrud & Persson, 2018; Solheim & Persson, 2016).

From our excavated sites, the data on vegetation and animal sources are limited due to poor preserva-
tion of organic materials; however, there are indications of exploitation of both marine and terrestrial
resources. Of the burnt bone found at the sites Løvås, Adal, and Pjonkerød, only a couple of species
were identified (Phocidae, Rangifer tarandus, and unspecified large terrestrial mammal; Supplementary
File 4, Carrasco & Mjærum, 2015; Magnell, 2020). Large amounts of charred and fragmented hazelnut shells
were recovered from Løvås, demonstrating the importance of this resource. The nutshells were found in
several contexts across the site, although mainly within the three assumed hut floors. Hazelnut shells were
also found in four MM contexts at Adal. C14-dates of hazelnut shells and the reindeer bone from Løvås, one
bone from Pjonkerød, and four hazelnut shells from Adal, all correspond to the other dates of the respective
sites (Supplementary File 2).

While the hazelnut shells and the reindeer bone demonstrate the exploitation of terrestrial resources by
hunting and gathering, the bone from a seal represents the exploitation of marine fauna. The rare find of a

Figure 2: In the MM as today, the Norwegian archipelago with islets and skerries surrounded by the open sea, as well as larger
islands with sheltered bays, surrounded by shallow waters. Photo: Tom Ingebrigtsen.
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reindeer bone in a Stone Age site context (cf. Boethius, 2018, with references) is the first date to the MM of
this species in Southeast Norwegian coastal areas. This find points toward the possibility of contact with
mountain areas, which would be the expected habitat of the reindeer in this period, the closest being
c. 80 km inland. The amount of charred hazelnut shells suggests a large consumption at Løvås; however,
charring of hazelnuts would also function as a means of conservation of a food source rich in energy and
suitable for transportation (Holst, 2010). The possibility of human vegetation management in the Meso-
lithic, in order to favour the growth of this plant, has been suggested by several authors (for discussion
cf. Gross et al., 2019).

2 Shoreline Displacement

Detailed knowledge of temporal and spatial changes in shoreline position is crucial when studying the
human–environment relation through time, at a formerly glaciated coastline. The Norwegian coastline offers
unique opportunities to reconstruct the RSL history in great detail, due to the widespread presence of isolation
basins (Romundset, Lakeman, & Høgaas, 2018). These are topographic depressions in the bedrock surface,
usually carved out by glaciers, that initially were below sea level after deglaciation, but at some point in time
were lifted above and transitioned into freshwater lakes. The sediment record of such lakes may comprise
marine-to-lacustrine transitory facies that can be identified and radiocarbon dated.

Due to the large variation in land uplift rates along the Norwegian coastline, local reconstructions of
RSL change are needed for detailed investigations of shore-bound archaeological sites. Such knowledge
was lacking for our study area, we therefore conducted a geological investigation as part of the excavation
project (Romundset, 2021). In this article, we present and use a new, preliminary reconstruction of the
shoreline displacement for the study area, covering the entire period since deglaciation until present. A new
RSL curve has tentatively been drawn, based on the results from analyses of sediment cores from a total of
14 isolation basins located near the study area (Figure 3). The RSL curve, combined with detailed elevation
models as well as field observations, enables us to reconstruct in detail how the coastal landscape has
developed in this area. It further provides an independent chronology for the shore-bound archaeological
sites. The complete new RSL observational dataset will be presented in a future paper, as part of a larger
regional reconstruction of the shoreline history of the Oslofjord area.

The shoreline changes were most rapid immediately following deglaciation, with rates of RSL fall
exceeding 14 cm per year on average (Figure 3). The rate was gradually reduced after only a few centuries
and reached 3–4 cm per year on average through the period when our study sites emerged above sea level.
The rate further declined and has probably been near-stable at ca. 0.5 cm/year since 5000 cal BCE until
today. Interestingly, from our observational data, we identify a significant slow-down of the regression rate
between ca. 6700 and 5800 cal BCE, which corresponds with the timing of the Tapes Transgression, which
inundated coastal sites in western Norway (e.g. Bondevik, 2003).

3 Eight Open-Air Sites by the Oslofjord, SE Norway

Our investigation includes eight MM open-air sites of diverse size and characteristics indicating variation in
activities and settlement lifespan (Table 1, cf. Supplementary File 1 for detailed presentation of each site). The
excavated sites are characterised by lithic scatters and in some cases structural remains such as remnants of
dwellings and hearths. The lithic assemblages present information about tool inventory and technological orga-
nisation, providing the basis for dating on typological/technological grounds and interpretation of the site activ-
ities, as well as illuminate the human–environment relation. Together the data sets expand our knowledge about
site variability andmobility patterns. Due to the acidic andwell-drained soils in the area, organicmaterials such as
bone or wood are rarely preserved. Although some bone fragments are present in the collections, the lithic
assemblages combined with environmental data and site location are vital to understand the character of the
settlements and their relations with the surrounding environment. The sites have been investigated with various

Enculturating Coastal Environments in the Middle Mesolithic in Norway  639



intensity, from excavation of most of the central lithic scatters to sampling by single squares systematically
distributed across the site (Table 1). Apart from the Løvås site, of which a part had been recently cultivated, the
sites were situated in forested terrain, mostly showing no or very limited traces of historical or modern activity.

3.1 Dating the Sites – Technology, Bayesian Modelling of Radiocarbon Dates, and
Shoreline Dating

A precise dating of the sites is imperative to the discussion of human–environment relations and site
location in the area. The reason for this is the significant environmental changes that took place during

Figure 3: The new relative sea level reconstruction, representing the post-glacial development in northern Vestfold, SE Norway
(Romundset, 2021). The sum calibration of C14-dates from three sites are plotted on the curve (confer chapter 3.1).
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the MM in the Oslofjord area due to the rapid displacement of the sea shoreline (Figure 3). The sites are dated by
combining three methods based on independent datasets – technological and typological dating, C14-dating,
and finally shoreline dating. These methods produce dates on different levels of precision; but, combined
they allow us to date the occupation of sites to relatively short time spans. Furthermore, this enables us to
date other excavated and surveyed sites in the same region with relative certainty despite the lack of C14-dates.

3.1.1 Technological Dating

The eight excavated sites contain artefact assemblages consistent with the technological and typological
characteristics of the MM (Figure 4 and 8–10). The lithic assemblages are characterised by blade and

Figure 4: Diagrams illustrating the chronological development of the presence (percent of total assemblage) of tool types, core
concepts, blades/microblades and different lithic rawmaterials between eight sites in Horten Municipality, northern Vestfold,– the
oldest site Løvås to the left, the youngest Pjonkerød B to the right. The lower left diagram shows the relative distribution of flint
(marked curve) and non-flint materials (filled bars), between the assemblages. For data see Supplementary File 5.
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microblade blank production from conical and sub-conical cores by indirect and pressure techniques, using
flint as the main raw material. Diagnostic technical waste elements such as the cores, platform preparation
flakes/core tablets, as well as characteristic blade blanks, reveal that the production method and products
concur with the MM conical core pressure blade concept that dominates the small-tool blank production
in Norway from c. 8300 cal BCE (Damlien, 2016; Manninen et al., 2021; Sørensen et al., 2013). Blades and
microblades were used for a variety of tools such as inserts in slotted bone points, burins, cutting tools
etc., and blade/microblade segments with transversal breaks characterise the assemblages from this
period (Bergsvik & David, 2015; Damlien, 2016; Mansrud, 2013a; Sjöström & Nilsson, 2009). Also present
are tools made from a variety of local volcanic rocks such as sandstone grinding slabs, polished chubby
adzes and core adzes, which are characteristic of the period and present on most MM sites in Southeast
Norway (Eymundsson, Fossum, Koxvold, Mansrud, & Mjærum, 2018; Fossum, 2014; Jaksland, 2001;
Mansrud, 2013a; Mjærum, 2012; Reitan, 2016, 2022).

Although the technological chronology of the period still lacks detail, some traits seem to increase
during the MM in the region. Examples of this is the presence of certain tool types and the exploitation of
locally occurring rocks (cf. e.g. Damlien, 2016; Damlien et al., 2021, pp. 88–92, 137–147; Mansrud &
Eymundsson, 2016; Reitan, 2022; Reitan, Danielsen, Gummesson, & Schülke, 2019, pp. 39–40). This is
also reflected in our data (Figure 4, and Supplementary File 5). While curated tools constitute only a fraction
of the total assemblages, the variation in tool types between the sites show several coinciding patterns. The
most obvious is the dominance of microliths at the oldest site (Løvås), as opposed to the younger sites
where microliths are markedly fewer. Similarly, there is a trend towards less blades and microblades (both
retouched and unretouched) over time. Simultaneously we see an increase in the number of adzes and
grinding slabs from c. 7000 cal BCE, as well as an increase in the exploitation of non-flint materials, which
is mainly related to the number of the large tools in the assemblages (cf. Reitan, 2016, 2022 for similar
observations).

3.1.2 C14-Dating and Bayesian Modelling

Three of the sites (Løvås, Adal, and Pjonkerød A) produced 26 samples of charcoal and nutshells and
two samples of burnt bone, which have all been C14-dated to a relatively confined period of the MM
(Table S3-1 in Supplementary File 3). The samples are from 19 contexts distributed across the sites
(Supplementary File 1).¹

In order to summarize the distribution of radiocarbon dates, we produced a Kernel Density Estimate
plot (Figure 5, KDE; Bronk Ramsey, 2017). Here we include all samples dated to the Mesolithic from activity
areas at Løvås, Adal, and Pjonkerød A (Figure 5, and Supplementary Files 2 and 3). Further, we investigate
the start and end of activity at Løvås. By using Bayesian tools available in OxCal v.4.4 (Bronk Ramsey,
2009), we have developed a simple phase model providing posterior density estimates for start and end
boundaries. The KDE plot shows that the dated samples are distributed between c. 8600 and 6400 cal BCE
(Figure 5, and Supplementary File 3). The bimodal distribution indicates two activity phases that relate to
an early phase of activity at Løvås, around 8000 cal BCE and later activity at Adal and Pjonkerød A, around
7000 BCE.

The archaeological assemblages and the radiocarbon dates demonstrate a large degree of contempor-
aneity in use of the different activity areas at Løvås and Adal, respectively. To investigate this possible



1 One date of salix (LuS-15288, 7515–7190 BCE) from Løvås from the bottom layer in a probable hut floor (context A10693) is
younger than samples from layers above. This could indicate a disturbance of the layers with an intrusion causing an inverted
dating sequence. However, three dates of hazelnut shell from the seemingly undisturbed layer above are dated to 8235–7830 cal
BCE, 8225–7820 cal BCE, and 8205–7745 cal BCE (LuS-15286, LuS-15289, and LuS-15287, respectively), and the sample LuS-15288
is therefore treated as an outlier. Further, 23 samples of charcoal from Løvås, Adal, and Viulsrød have been dated to Bronze Age
– Medieval time; however, since they are not considered relevant to the Stone Age settlements, these dates are not included in
the following discussion (Supplementary File 2).
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internal contemporaneity within each site, we produced a Phase model in OxCal including the Løvås-dates
(the Adal site produced too few dates).

The estimated start boundaries of the three activity areas at Løvås are all dated between c. 8500 and
7400 cal BCE (95% probability), or most probably between c. 8200 and 7840 cal BCE (68% probability, cf.
Table S3-1 and Figure S3-2 in Supplementary File 3). The end boundaries are estimated to date between c.
8090 and 7400 cal BCE (95% probability) or most probably from 7880 to 7630 cal BCE (68% probability).
The Span function in OxCal indicates a duration of activity up to c. 500 years (68%). There are some
variations in the estimated start and end of activities at the Løvås site. We suggest that this represents
either one concentrated or only a few consecutive and relatively contemporaneous activity phases that
cannot be separated by C14-dating.

3.1.3 Shoreline Dating

Being an established method for dating Stone Age sites in Norway, shoreline dating has proven to be a
valuable addition to the other dating methods (Bjerck, 2008; Bjerck, Meling, & Åstveit, 2008; Damlien et al.,
2021; Jørgensen, Pesonen, & Tallavaara, 2020; Roalkvam, 2022; Simpson, 2009; Solheim & Persson, 2018;
Tallavaara & Pesonen, 2020). Nevertheless, several authors have pointed out that we cannot assume an
automatic link between the shoreline and the settlements, due to the large number of factors that would
have affected the choice of site location in the Stone Age (Berg-Hansen, 2009; Berg-Hansen, Mjærum,
Roalkvam, Solheim, & Schülke, in press; Mjærum, 2019, 2022; Schülke, 2020). Further, there is a ques-
tion of data representation due to external factors affecting the identification of sites today, such as
modern exploitation, and the intensity and choice of survey methods (Berg-Hansen et al., in press; Berg-
Hansen, 2009). For instance, all the excavated sites discussed in this article are situated along a narrow
corridor in the terrain for the planned InterCity railway, crossing several of today’s hills and valleys. This
corridor partly follows the MM coastline, hence representing a limited selection of environs and possible
site localisations. Yet, in this case, and similarly to several other areas along the Oslofjord, a strong
correlation of C14- and typo-technological dating of archaeological contexts with the Mesolithic shore-
line (cf. above) indicates a location pattern where Stone Age sites to a large degree were situated close to
the seashore.

The RSL curve supports the results from the Bayesian modelling, and adds further precision to the
dating of the sites. The comprehensive sea level changes in the area during the MM implies that at one point

Figure 5: KDE-plot of all dates from the InterCity-sites and Pjonkerød show a bimodal distribution reflecting the chronological
distribution of dated events and main activities at the sites. A model = 100, A overall = 99.3. For data see Supplementary File 2.
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the sites have emerged from the sea, hence marking the earliest possible time of habitation. Due to a varied
topography in the area, the rapid drop in sea level enables a narrowing of the period where the shoreline
was relevant to the sites’ location. The pace of the sea level drop represents a key factor in understanding
the temporality of sites through its effect on the topographical qualities of the settlement sites.

The C14-dates from the Løvås, Adal, and Pjonkerød A sites correspond well with the RSL curve, which
in turn strongly indicates that the three sites were closely related to the shoreline at the time of occupation
(Figure 3). If we assume the same pattern of location for the five remaining sites, of which none offered
material for C14-dating, the RSL curve provides the necessary tool for dating these sites based on their
proximity to the contemporary shoreline (Table 4). To calculate the shoreline date of each site, 1 m below
the lowest measured point of the lithic scatter is used as basis (i.e. shore level at earliest possible occupa-
tion), taking into account variation in waves and tidal zones, as well as inaccuracy and local variations in
the RSL curve.

3.1.4 Concluding Dating

In order to test the correspondence between the dating methods, we summed all dates from the different
sites and compared them with the development in the RSL. The radiocarbon dates are in overall agreement
with the suggested dating according to the recently developed RSL curve (Romundset, 2021). While the
dating methods display consistent results at Adal and Pjonkerød A, there is a discrepancy between the
radiocarbon dates from the archaeological contexts at Løvås and the RSL curve as the sum plot dates
indicate a slightly older age than the RSL (Figure 3).

Here we want to emphasise that both the radiocarbon dates and the RSL curve, which is based on
several radiocarbon dates and interpolation of dated levels from several basins, contain an element of
chronological uncertainty. As the regression rate is high during the early Holocene, even small variations in
height above sea level represent a relatively long-time span on the curve. Therefore, one should not expect a
pointwise correlation between the two datasets in all circumstances. In this case, the relation between the
two dataset seems to agree as they overlap. A more thorough statistical testing of the relation between
radiocarbon dates of archaeological contexts and shoreline curves in the region is welcome.

In summary, all the three dating methods, based on three independent sets of data, concur placing the
activity on each of the sites Løvås, Adal, and Pjonkerød A within relatively limited time spans of
200–300 years (Table 1), assuming the lower boundary for the C14-dates represents the youngest activity.
The strong correlation of the shoreline dating with the results of the other dating methods reinforces the
argument for using the RSL curve to date sites in the area lacking material for radiocarbon dating, pre-
suming that all the excavated sites concur regarding a shore-bound pattern of location (Table 1, and
Supplementary File 1). This reasoning also allows an estimated date of surveyed sites with topographical
characteristics that agree with a shore-bound location (Figure 11, and Supplementary File 6).

3.2 Site Structures and Extent

Our results show major differences between the eight excavated sites concerning several features, notably
the presence of structures, size of site area, and assemblage size and character. A number of factors may
have affected these variations, such as natural conditions related to local topography and access to
resources, and as already mentioned, chronological variation in material culture and technological tradi-
tions. While taking this into account, differences in on-site activity and organisation would still have
noticeable influence on the formation of a site and the traces we are able to record. Investigating the
observed variation, we focus on two main aspects of site use; evidence of on-site activity and organisation,
and length and number of visits, building our discussion on the remnants of structures, site area, lithic
assemblages, and the few preserved organic remains. These aspects are essential in understanding the
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mobility pattern that these sites were a part of, and the enculturation process that went on in the early part
of the MM.

Our sites have been investigated with varying intensity, affecting our knowledge about their extent.
Still, based on the distribution of lithic scatters in combination with the varied topography, including steep
slopes and rock outcrops that delimit possible dwelling areas, we have been able to identify the main
activity area of each site. Further, the sites were excavated or sampled to ensure a sufficient artefact
selection, enabling an assessment of the character of the sites and their assemblages.

3.2.1 Site Size – Area and Assemblage

The eight excavated sites vary greatly in area, between 55 and 5,100 m2 (Table 1). We distinguish between
three groups of sites regarding size – small, medium, and large, referring to the relative variation in area
and number of lithic artefacts between the discussed sites (cf. Tables 1 and 2, and Supplementary File 1).
The two largest sites Løvås and Adal covering 3,800 and 5,100 m2, respectively, comprise unusually
large areas with an almost contiguous distribution of artefacts and structures. They, as well as Pjonkerød
A, consist of several topographically delimited surfaces, each including artefact concentrations and
structures. Within the context of South Norwegian Stone Age heritage management as well as in the
research literature, such surfaces/concentrations are often described as separate units/sites. In our
opinion, which concur with recent publications (Berg-Hansen et al., in press; Dugstad, 2020), this
site-concept is unable to properly capture the observed variability of land use and settlement practice.
At our sites, the surfaces are located close to each other, showing similar dates, assemblages and site
organisation. We therefore suggest that the various surfaces and concentrations within each of these
sites should be seen as parts of a whole, and the sites considered as large contiguous activity areas,
stemming from several simultaneous or consecutive visits, a place involving common memories and
narratives (Supplementary File 1).

The Løvås and Adal sites differ concerning the distribution and amount of structures and artefacts.
Løvås displays more artefact material concentrated in a smaller area, and several preserved structures,
while at Adal the artefacts are generally very scattered over a large area and with only a few smaller
concentrations as well as few preserved structures. The Pjonkerød sites (A and B) cover smaller areas,
but are still of considerable size (760 and 1,220m2, respectively). In addition, Pjonkerød A encompasses a
relatively large lithic assemblage as well as a tent structure and a hearth. Pjonkerød B was only sampled,
which has probably resulted in a less representative assemblage. The diversity of the assemblage from this
site, however, indicates that it should be considered as a medium sized to large site (Table 2).

The Viulsrød sites comprise even smaller areas (500 and 600m2) and small assemblages. The Olsmyren
site covered a very small area (55 m2) but at the same time produced a significant, though less diverse,
assemblage. The small site Råen 1 (150m2) was situated on a very small island, with no opportunities to
expand the settlement. A very small assemblage was recovered here (Table 2).

3.2.2 Dwellings and Hearths

Dwelling structures and hearths were discovered at the three largest excavated sites (Table 2, Figure 6),
while no such structures were identified at the smaller sites. At Løvås three possible hut floors were
identified (Figure 6). The structures comprise circular/oval delineated areas (c. 4.5 m across) with 0.2 m
deep layers containing a large concentration of charred and fragmented hazelnut shells, charcoal, dis-
carded lithic tools and production waste, as well as a few fragments of charred bark. Varying greatly from
the rest of the site in both depth and content, these structures are interpreted as possible hut floors. Similar
types of dwellings have been identified at several known sites from the same period (Fretheim, 2017; Holst,
2010; Mansrud & Persson, 2016; Mjærum, 2019; Solheim & Olsen, 2013). At Pjonkerød A and Adal, possible
floors for tents were also documented. At Pjonkerød A, the structure comprised a partly preserved ring
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of weight stones assumed to have held a tent in place. At Adal, a ring of weight stones was more
difficult to distinguish; however, an artefact concentration partly overlapping with a scatter of large stones
resembling the structure at Pjonkerød A was interpreted as the foundation of a tent or a similar type of
dwelling. A distribution of different tools and debitage in two distinct areas within this concentration,
indicating the presence of delineated zones of activity, further strengthen this argument (Glørstad, 2010,
pp. 121, 126–128; Granados, in press). Similar formations, or rather alignments of cobbles, have been
documented and discussed as remains from tent structures at another MM site in the region (Mansrud,
2013b), and are also known from other parts of the Mesolithic in other regions of Norway (Bang-Andersen,
2003; Ramstad, 2014; Fretheim, Bjerck, Breivik, & Zangrando, 2018; Fretheim, 2017; Reitan et al., 2019,
pp. 36–38).

The hearths were all simple constructions, comprising irregular depressions in the ground filled with
fire cracked/heated rocks of various sizes and qualities, as well as soot and small fragments of charcoal. In
all, 12 hearths were dated to the MM settlement phase, – eight hearths at Løvås and 4 at Adal.

3.3 Lithic Assemblages – Raw Material Economy, Technological Organisation, and
Tools

The lithic assemblages from the eight sites disclose variations across several aspects of procurement and
management of lithic raw materials, shedding light on human–environment relations and mobile patterns
in the MM. Focusing on rawmaterial procurement, production strategies, technological organisation of tool
production, and the presence of various tool types, we also discuss on-site activity and the opportunities for
planning for future situations as part of this.

3.3.1 Lithic Raw Material Procurement

Flint dominates as lithic raw material in the eight assemblages, comprising between 87.2 and 100% (Figure
4 and 7, and Supplementary File 5). Access to flint of sufficient knapping quality would have been impera-
tive to the production and maintenance of hunting equipment, e.g. as projectiles and sharp edges in slotted
points. However, the access to flint of sufficient quality would probably have been unstable and at best

Figure 6: Dwelling structures: Tent floors at Adal (no. 1) and Pjonkerød A (no. 2), and one of the hut floors at Løvås (no. 3). The
artefact distribution within the structures is indicated by yellow dots for no. 1 and 3, an by grey dots for no. 2. A dashed circle
suggests the extent of the floor of each structure, showing the similarity in size. Maps: Tina Granados, Axel Mjærum and Linnea
S. Johannessen, MCH, University of Oslo.
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sparse in the MM archipelago. In this area, flint does not occur in local moraines or bedrock, but only
sporadically in beach deposits. Because this beach flint would have been of varying knapping quality, the
supply of flint would, at least to some degree, probably rest on transport from the Swedish west coast (Berg-
Hansen, 1999; Eigeland, 2015, pp. 83–124). The fact that flint is the primary material used for small tool
production on the sites (Figure 4), despite the scarce natural occurrence in the area, suggests a conservative
and traditional approach towards the use of lithic raw materials, not specifically adapted to the local raw
material situation (cf. e.g. Damlien & Solheim, 2018, p. 356, for similar argument). The standardised technolo-
gical strategies and tool types that dominate the flint assemblages (cf. below), is in line with such an approach.

Evidence of exploitation of lithic raw materials with better local availability than flint is present in
seven of eight assemblages, although in varying and generally limited amounts (Figure 7, and Supplemen-
tary File 5). This is coherent with observations made on other contemporary sites in the region (Damlien,
2016, pp. 355–359). The provenance of these non-flint materials (i.e. rocks and minerals, e.g. basalts,
diabase, sandstones, quartzite, and various quartz including rock crystal) is generally difficult to identify,
commonly occurring in moraine deposits or in the bedrock in large areas. However, one rock of special
interest to this question is the volcanic metarhyolite (i.e. ignimbrite) that was found in varying amounts in
several sites. This rock commonly appears in Mesolithic sites along the western coast of the Oslofjord. It has a
known occurrence in bedrock in the Ramnes Cauldron, a geological ring-dyke complex situated only 6 km
west of the project area (Figure 11; Oftedahl, 1957; Sørensen, 1975), representing a possible local source for the
procurement of this raw material (Fossum, 2014; Jaksland, 2012; Reitan et al., 2019, pp. 39–40; Viken, 2018).
Together, the use of flint and non-flint demonstrates a well-organised lithic raw material strategy to ensure
successful blank and tool production, including long-range transport of flint indicating a dependence on
seafearing vessels, combined with a sufficient flexibility for exploring locally available lithic resources.

Further, the excavations have revealed indications of a chronological variation in the exploitation of
non-flint as opposed to flint, while no clear pattern is observed regarding different rock or mineral types

Figure 7: Distribution of different non-flint materials per assemblage (filled bars) and the relative amount of rock artefacts to
flint artefacts (marked curve) in eight assemblages from Horten Municipality, northern Vestfold. For data see Supplementary
File 5.
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(Figures 4 and 7). Similar patterns have been observed on other contemporary sites in the region, and across
time, we see an increase in the exploitation of non-flint materials in Southeast Norway (e.g. Damlien, 2016;
Mansrud & Eymundsson, 2016; Reitan, 2022). Especially the basaltic rocks and metarhyolite have been
directly or indirectly associated with known regional quarry-sites or local areas of origin (Fossum, 2014;
Melvold & Eigeland, 2014; Nyland, 2016; Reitan et al., 2019; Sørensen, 1975; Viken, 2018). Evidence from
Stone Age sites of the exploitation of locally occurring non-flint materials for tool production are generally
appreciated as indications of a familiarity with and close connection to an area (e.g. Nyland, 2016,
pp. 252–254, 2020; Taçon, 1991). The observed variation in our assemblages might be interpreted as a
gradual increase in the knowledge of, and activity in, the area between 8000 and 7000 cal BCE (cf.
Figure 4). Nevertheless, there is no clear development in the number of different exploited lithic raw
materials. Already at the oldest site Løvås, at least 6 different non-flint materials had been exploited,
demonstrating an exploration of local lithic resources already at c. 7800–7600 cal BCE.

3.3.2 Production Strategies – Chaîne Opératoire Analysis

Our lithic analyses are based on traditional typological classification of selected artefact types, as well as an
overall assessment and reading of the complete assemblages. The latter method comprises a simplified chaîne
opératoire and dynamic-technological analyses (modified after Eriksen, 2000; Schild, 1980; Sørensen, 2006a).
This builds on the technological approach originally developed within French sociology and archaeology,
which emphasises technology as a manifestation of society and tradition (Berg-Hansen 2018; Dobres, 2000;
Inizan, Reduron-Ballinger, Roche, & Tixier, 1999; Mauss, 1973 [1935]; Pelegrin, 1990; Pigeot, 1990; Sørensen,
2006b). Combined with theory of cultural knowledge transmission, this approach enables the identification in
archaeological assemblages of production methods and strategies representing technological traditions as
well as raw material economy and the chain of technological operations involved in tool production and use
(e.g. Berg-Hansen, 2017, 2018; Jordan, 2015; Perdaen, Crombe, & Sergant, 2008; Sørensen, 2006a; Stout,
Semaw, Rogers, & Cauche, 2010; Tostevin, 2007).

Simplified chaîne opératoire and dynamic-technological analyses of the eight excavated assemblages
demonstrate variation in on-site activity (Table 3). The analyses identify the presence or absence of various
steps of production in each assemblage, dividing it into primary and secondary core preparation, and primary
and secondary core exploitation, as well as tool production. Three, possibly four, main technological strategies
can be distinguished concerning the production of tools from flint and non-flint raw materials, respectively.

The flint assemblages are generally represented by all or most steps of blank and tool production
(Table 3a, Figure 8, and Supplementary File 5). However, we observe that primary core preparation is
only represented in four of the assemblages (notably in the most numerous collections Løvås, Adal, and
Pjonkerød A, and by a few artefacts at the sampled site Pjonkerød B). In the other four assemblages, this
step in the production is not represented. Secondary core preparation as well as primary and secondary core
exploitation are present in all assemblages, although the number of artefacts from different steps varies
greatly between the sites. Both retouched and unretouched blade/microblades (complete and fragments)
are present in all assemblages, probably at least partly representing production and/or maintenance of
composite tools. Also present in all assemblages are a variety of curated tools such as microliths, borers,
scrapers, regular burins, and systematically produced blade/microblade segments with transversal breaks.
The latter category also encompasses modified blade segments with or without burin bit function (i.e.
rulers) (Sjöström & Nilsson, 2009; Sørensen, 2017)².



2 Although blade/microblade segments were not systematically recorded and classified as part of the detailed cataloguing, this
technology was still observed as part of several assemblages. Systematic production of blade/microblade segments and further
modifications into formal blade tools (burins/rulers and inserts) are thus included within the categories of retouched/unre-
touched blade/microblade fragments.

Enculturating Coastal Environments in the Middle Mesolithic in Norway  649



Ta
bl
e
3a

:S
te
ps

in
th
e
ch

aî
ne

op
ér
at
oi
re

pr
es

en
ti
n
th
e
fl
in
ta

ss
em

bl
ag

es
fr
om

th
e
ei
gh

te
xc
av
at
ed

si
te
s
in

H
or
te
n
M
un

ic
ip
al
it
y,

no
rt
he

rn
V
es

tf
ol
d.

S
in
gl
e
no

du
le
s/
re
du

ct
io
n
se

qu
en

ce
s
ar
e
no

t
se

pa
ra
te
d;

in
st
ea

d,
w
ho

le
as

se
m
bl
ag

es
ar
e
ev
al
ua

te
d
in

th
is

ta
bl
e.

Fr
om

th
e
Pj
on

ke
rø
d
si
te
s,

so
m
e
in
fo
rm

at
io
n
ar
e
no

t
av
ai
la
bl
e
(–

=
no

da
ta
).
(x

=
pr
es

en
t,
0
=
no

tp
re
se

nt
;m

et
ho

d
m
od

ifi
ed

af
te
r
Er
ik
se

n,
20

0
0
;
S
ch

ild
,
19
8
0
;
S
ør
en

se
n,

20
0
6
a,
b)

S
te
p

Pa
rt

of
pr
od

uc
ti
on

pr
oc

es
s,

fl
in
t

A
rt
ef
ac
t
ca
te
go

ry
pr
es

en
t

Lø
vå
s

O
ls
m
yr
en

Vi
ul
sr
ød

1
Vi
ul
sr
ød

2
R
åe

n
1

A
da

l
Pj
on

ke
rø
d
A

Pj
on

ke
rø
d
B

1
Pr
im

ar
y
co

re
pr
ep

ar
at
io
n

La
rg
e
co

rt
ex

fl
ak

es
x

0
0

0
0

x
−

−
Pr
ep

ar
ed

an
d
di
sc
ar
de

d
fr
ag

m
en

ts
an

d
bl
oc

ks
0

0
0

0
0

x
x

x
Pr
ep

ar
ed

,
un

ex
pl
oi
te
d
co

re
s
(p
re
fo
rm

s)
0

0
0

0
0

x
x

0
2

S
ec
on

da
ry

co
re

pr
ep

ar
at
io
n

D
iv
er
se

co
rt
ex

fl
ak

es
x

x
x

x
x

x
x

x
C
or
e
pr
ep

ar
at
io
n
w
as

te
x

x
x

x
x

x
x

x
Tr
im

m
in
g
fl
ak

es
x

x
x

x
x

x
x

x
3a

Pr
im

ar
y
co

re
ex
pl
oi
ta
ti
on

C
re
st
ed

bl
ad

es
/m

ic
ro
bl
ad

es
w
it
h
co

rt
ex

x
0

x
x

x
x

0
0

B
la
de

s/
m
ic
ro
bl
ad

es
w
it
h
co

rt
ex

x
x

x
x

0
x

x
x

3b
S
ec
on

da
ry

co
re

ex
pl
oi
ta
ti
on

Ex
pl
oi
te
d
or

ex
ha

us
te
d
bl
ad

e
co

re
s

x
x

x
x

0
x

x
x

C
or
e
fr
ag

m
en

ts
x

0
0

x
x

x
x

0
Pl
at
fo
rm

fl
ak

es
an

d/
or

ta
bl
et
s

x
x

x
x

x
x

x
0

C
re
st
ed

bl
ad

es
/m

ic
ro
bl
ad

es
w
it
ho

ut
co

rt
ex

x
0

x
x

0
x

x
0

B
la
de

s/
m
ic
ro
bl
ad

es
w
it
ho

ut
co

rt
ex

an
d
w
it
h
le
ss

th
an

50
%

do
rs
al

tr
ac
es

of
co

re
pr
ep

ar
at
io
n

x
x

x
x

x
x

x
x

4
To

ol
s
an

d
to
ol

pr
od

uc
ti
on

w
as

te
C
ur
at
ed

to
ol
s
(fo

rm
al

or
ex
pe

di
en

t)
x

x
x

x
x

x
x

x
C
ur
at
ed

to
ol
s
–
pr
ef
or
m
s

x
0

x
x

0
0

0
x

M
ic
ro
bu

ri
ns

x
0

0
0

0
0

0
0

Pr
ox

im
al

bl
ad

e
se

gm
en

ts
0

0
0

0
0

x
−

−
−

N
on

-d
ia
gn

os
ti
c
w
as

te
U
nd

et
er
m
in
ed

fl
ak

es
/f
ra
gm

en
ts

x
x

x
x

x
x

x
x

S
m
al
l
pr
ep

ar
at
io
n
fl
ak

es
x

x
x

x
x

x
x

x

650  Inger Marie Berg-Hansen et al.



Ta
bl
e
3b

:S
te
ps

in
th
e
ch

aî
ne

op
ér
at
oi
re

pr
es

en
ti
n
th
e
no

n-
fl
in
ta

ss
em

bl
ag

es
fr
om

th
e
ei
gh

te
xc
av
at
ed

si
te
s
in

H
or
te
n
M
un

ic
ip
al
it
y,
no

rt
he

rn
V
es

tf
ol
d.

S
in
gl
e
no

du
le
s/
re
du

ct
io
n
se

qu
en

ce
s
ar
e

no
t
se

pa
ra
te
d;

in
st
ea

d,
w
ho

le
as

se
m
bl
ag

es
ar
e
ev
al
ua

te
d
in

th
is

ta
bl
e
(x

=
pr
es

en
t,
0
=
no

t
pr
es

en
t;
m
et
ho

d
m
od

ifi
ed

af
te
r
Er
ik
se

n,
20

0
0
;
S
ch

ild
,
19
8
0
;
S
ør
en

se
n,

20
0
6
a,
b)

S
te
p

Pa
rt

of
pr
od

uc
ti
on

pr
oc

es
s,

no
n-
fl
in
t
(ro

ck
s

an
d
m
in
er
al
s)

A
rt
ef
ac
t
ca
te
go

ry
pr
es

en
t

Lø
vå
s

O
ls
m
yr
en

Vi
ul
sr
ød

1
Vi
ul
sr
ød

2
R
åe

n
1

A
da

l
Pj
on

ke
rø
d
A

Pj
on

ke
rø
d
B

1
Pr
im

ar
y
co

re
pr
ep

ar
at
io
n

La
rg
e
co

rt
ex

fl
ak

es
0

0
0

0
0

0
0

0
Pr
ep

ar
ed

an
d
di
sc
ar
de

d
fr
ag

m
en

ts
an

d
bl
oc

ks
x

0
0

0
0

x
x

0
Pr
ep

ar
ed

,
un

ex
pl
oi
te
d
co

re
s
(p
re
fo
rm

s)
0

0
0

0
0

0
0

0
2

S
ec
on

da
ry

co
re

pr
ep

ar
at
io
n

D
iv
er
se

co
rt
ex

fl
ak

es
0

0
0

0
0

0
0

0
C
or
e
pr
ep

ar
at
io
n
w
as

te
0

0
0

0
0

0
0

0
Tr
im

m
in
g
fl
ak

es
0

0
0

0
0

0
0

0
3a

Pr
im

ar
y
co

re
ex
pl
oi
ta
ti
on

C
re
st
ed

bl
ad

es
/m

ic
ro
bl
ad

es
w
it
h
co

rt
ex

0
0

0
0

0
0

0
0

B
la
de

s/
m
ic
ro
bl
ad

es
/fl

ak
es

w
it
h
co

rt
ex

0
0

0
0

0
x

0
0

3b
S
ec
on

da
ry

co
re

ex
pl
oi
ta
ti
on

Ex
pl
oi
te
d
or

ex
ha

us
te
d
co

re
s

x
0

0
0

0
0

x
0

C
or
e
fr
ag

m
en

ts
0

0
0

0
0

0
0

0
Pl
at
fo
rm

fl
ak

es
an

d/
or

ta
bl
et
s

0
0

0
0

0
x

0
0

C
re
st
ed

bl
ad

es
/m

ic
ro
bl
ad

es
w
it
ho

ut
co

rt
ex

0
0

0
0

0
0

0
0

B
la
de

s/
m
ic
ro
bl
ad

es
/fl

ak
es

w
it
ho

ut
co

rt
ex

an
d
w
it
h
le
ss

th
an

50
%

do
rs
al

tr
ac
es

of
co

re
pr
ep

ar
at
io
n

x
0

0
x

0
x

x
0

4
To

ol
s
an

d
to
ol

pr
od

uc
ti
on

w
as

te
C
ur
at
ed

to
ol
s
(fo

rm
al

or
ex
pe

di
en

t)
x

x
0

x
x

x
x

x
C
ur
at
ed

to
ol
s
–
pr
ef
or
m
s

x
0

0
x

0
x

x
0

Fl
ak

es
fr
om

ad
ze

pr
od

uc
ti
on

0
0

0
0

0
0

0
0

Fl
ak

es
fr
om

m
ai
nt
en

an
ce

of
cu

ra
te
d
to
ol
s

x
0

0
0

0
x

0
0

−
N
on

-d
ia
gn

os
ti
c
w
as

te
U
nd

et
er
m
in
ed

fl
ak

es
/f
ra
gm

en
ts

x
x

0
x

x
x

x
x

S
m
al
l
pr
ep

ar
at
io
n
fl
ak

es
x

0
0

x
0

x
x

x

Enculturating Coastal Environments in the Middle Mesolithic in Norway  651



Diagnostic waste materials from flint tool production or maintenance (e.g. microburins and proximal
blade segments) are present at Løvås and Adal exclusively. Further, proximal blade segments, showing
special characteristics that probably are diagnostic of waste materials from systematic production of blade
segments, are documented in the Adal assemblage. These segments are characterized by perpendicular
breaks resulting from a blow rather than bending, a method recognised in the post-Swiderian assemblage of
Sujala in Northern Finland (Rankama & Kankaanpää, 2011).

The part of the assemblages comprising other lithic raw materials than flint present a coherent pattern
(Table 3b, Figure 10, and Supplementary File 5), although encompassing a variety of lithic raw materials
with different characteristics (cf. below), and hence exploitation for various purposes as well as several
concepts of production. The first three steps in the chaîne opératoire (primary and secondary core prepara-
tion and primary core exploitation) are only represented by a few examples of blocks. Examples of sec-
ondary core exploitation (cores and blades) are present in low numbers at Løvås, Adal, Pjonkerød A, and
Viulsrød 2. On the other hand, tool production waste and tools (readymade tools and/or preforms and adze
preparation/maintenance flakes), as well as non-diagnostic flakes, are present in low amounts in all
assemblages apart from the Viulsrød 1 assemblage.

We conclude that the complete chaîne opératoire of flint blank/tool production is present in the three
largest assemblages (Løvås, Adal, and Pjonkerød A, and possibly at Pjonkerød B). This demonstrates the
first main strategy, i.e. that all steps of production of flint tools were carried out on these sites. The smaller
assemblages reveal the second strategy; the first part of the production process, involving testing, selection,
and primary preparation of flint raw materials, was not performed on these sites. Instead, ready-made cores
and/or blanks were brought to these sites from other places. Finally, the third strategy is visible in the
variety of non-flint materials, where the primary and secondary preparation generally did not occur at the
sites, nor did the primary production. However, the assemblage from Adal includes a few blocks of tested or
unused materials (carry-sized blocks of volcanic rocks and quartzite with negative scars from removals,
unexploited slabs of sandstone, and prisms of rock crystal). Although few in number, these artefacts show
that procurement and testing of local non-flint materials did occur. The presence of ready-made non-flint
tools and preforms, and non-diagnostic waste, demonstrates that while some preparation and maintenance
of such tools were performed on the sites, they were mainly produced outside the sites. Our data thereby

Figure 8: Typical flint artefacts. 1. Cores and blades/microblades from Adal. 2: Cores and microliths from Løvås. Photo: Silje
Hårstad, Inger M. Berg-Hansen, MCH, University of Oslo.
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demonstrate two very different schemes in the management of flint as opposed to non-flint materials of
probable local origin. Flint was to a large degree brought to the sites as nodules or prepared cores for further
preparation and production on-site, while the primary preparation and production of blanks from non-flint
materials mainly took place outside the sites, probably at the place of procurement (most likely naturally
exposed deposits) (Damlien, 2016; Eymundsson et al., 2018).

3.3.3 Technological Organisation of the Tool Production

Several authors have suggested models for interpreting the site character and length of occupation based
on the technological organisation (e.g. Inizan et al., 1999, Figure 3; Larson & Kornfeld, 1997; Knell, 2012).
Various scenarios that affect this organisation, and are thus reflected in the lithic assemblages, are
described by Larson and Kornfeld (1997, p. 13). Included in these scenarios is variation in the time available
for chipped stone production, which is linked to the length of the occupation and the predictableness of
future events. It is our opinion that the model has a general significance for how we can understand
patterns in lithic assemblages from Stone Age sites. This is based on the idea that variability between
assemblages in the presence of steps in the chaîne opératoire (i.e. artefact types, cf. above) reflects variation
in procurement strategies and exploitation of stone raw materials, i.e. the raw material economy. In a
situation with an abundance of available time for tool production and a foreseeable need for specific tools
in the future, the model from Larson and Kornfeld (1997, p. 13) shows that the complete production process
can be anticipated to be present in the assemblage, together with partial production sequences and
imported blanks and tools. Opposed to this, in situations where the time is limited and the future is
uncertain, the lithic assemblage will display incomplete production sequences but with a focus on produc-
tion and maintenance of tools, and frequent occurrences of imported blanks and tools.

In the assemblages from the eight excavated sites in Horten Municipality, three main technological
strategies have been identified; two for the flint assemblages and one for the non-flint materials (cf. above,
Table 3a and b). Although our analysis includes complete assemblages, and does not discuss single nodules
or raw materials (cf. description of Minimum Analytical Nodules analysis by Larson & Kornfeld, 1997), we
are able to distinguish a trend in the distribution of different strategies between the sites.

The two dissimilar strategies for exploiting the flint raw material show different occurrences at the
various sites indicating different situations in terms of available time and whether the future was known or
not. As described above, artefacts from all parts of the chaîne opératoire are identified at the large sites
(Løvås, Adal, and Pjonkerød A and B), including traces of the primary core preparation (unprepared
nodules, core preforms, and primary preparation flakes). This demonstrates a strategy where all steps of
the production sequence, including production of generalised tools, took place at these sites – indicating a
situation where time was plentiful and the future predictable. At the smaller sites, a second strategy is
applied to the flint material. Here traces of the primary core preparation are missing, indicating that this
part of the chaîne opératoire was performed outside the sites. Prepared cores were brought to these sites,
suggesting a limited time horizon and the planning for unpredictable situations that might occur,
demanding production of new tools or retooling. At all sites, flint blanks were produced in varying
amounts, tools were rejuvenated, and cores and tools were discarded.

The third strategy, identified at all sites but Viulsrød 1, is related to the exploitation of non-flint
materials and must be seen in relation to the flint tool production strategies on each site. The assemblages
show few traces of initial preparation or blank production in non-flint materials, although there are some
examples of unexploited or partly exploited raw materials and cores being left at the sites (e.g. at Adal).
Mainly the last steps of the chaîne opératoire, i.e. completing the tools, using, maintaining, and rejecting
them, were carried out at the sites. Some of the assemblages have flakes from various non-flint materials
but lack tools in corresponding raw materials. Such “solitary” flakes might reflect initial preparation
processes for tool production before being transported away from the sites, but might also represent
maintenance.
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3.3.4 Tool Types

Different tool types are present in the assemblages, indicating a variety in activities between sites.
Although the curated tools and blanks left at the sites were rejected or lost, it is likely that they reflect
the variation in both tasks performed at the site and preparation for tasks outside the site. Figure 4 shows
a chronological variety in tool types; however, a variety independent of chronology can also be identi-
fied in that we generally see a correspondence between the assemblage size and the number of tool types
(Figure 9).

The large assemblages from Løvås, Adal, and Pjonkerød A display a diversity of curated and expedient
tools, demonstrating multiple activities (Figures 4 and 8–10). While the presence of projectiles (microliths,
inserts) points toward hunting away from the site, tools for scraping, boring, and cutting generally suggest
domestic activities.

Three small assemblages, Viulsrød 1, Råen 1, and Pjonkerød B, show a somewhat different pattern.
Viulsrød 1 and Råen 1 comprise no large tools (apart from one knapping stone at Råen 1), while small
amounts of curated small tools, retouched blades, and flakes/fragments are prominent (Figure 4). The
composition of these assemblages might indicate activity of a different character compared to the larger
sites. Pjonkerød B comprises a small assemblage due to the sampling strategy, still including a selection of
diverse tools. As mentioned above, it is possible that the character of the site was not completely captured
by the investigation, as might be the case for Viulsrød 2, which was also sampled. The somewhat larger
assemblage from Olsmyren represents an intermediate position, comprising a small, yet diverse, amount
of tools.

Figure 9: Diversity in the presence of tool types in eight assemblages from Horten Municipality, northern Vestfold. Number of
tool types partly co-varies with the size of the complete assemblage, although not completely. For data see Supplementary
File 5.
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4 Site Variability and Mobility Pattern

We have seen that the eight excavated sites vary greatly regarding several different features. Still, and
largely in agreement with observations otherwise in the Oslofjord region (Damlien & Solheim, 2018), we are
able to distinguish patterns that can be interpreted as representing dissimilar activities, and varying
number of visits and length of occupation (Table 2). We emphasise that these patterns should not be
understood as fixed concepts, but rather as examples within a continuum of potential variation. Single
sites discussed here might easily be interpreted in terms of explanation models building on economics and
practicalities of life as the main motivation for the organisation of the society. On the other hand, if we
compare the sites, variations are more evident than conforming patterns (Kelly, 1992, 2013).

At least two, possibly four, sites can be described as large- or medium-sized sites representing extensive
occupations over long time spans (e.g. several months), and counting several visits. The sites Løvås and
Adal stand out in covering extraordinarily large areas (3,800 and 5,100m2, respectively) and exhibiting
extensive and varied lithic assemblages (c. 15,600 and 14,300 lithic artefacts). In addition, the Pjonkerød A
site displays similar traits, although comprising a smaller area and assemblage (760m2 and 6,090 lithic
artefacts)³. The three sites encompass dwelling structures and hearths, and would have had room for large
groups, or several social units simultaneously, residing for a long period of time. In addition, they exhibit
varied assemblages in terms of steps in the chaîne opératoire, demonstrating the planning for future
activities, lithic raw material exploitation, and tool types, as well as organic remains from meals and tools.
Together this represents a large spectrum of activities and a diverse organisation of tasks. Based on this, we
interpret these sites as long-term occupations and as several consecutive visits to the same place (Table 2),
probably representing established places of residence with special significance in peoples mind (cf. e.g.
Ames, 2002; Chatters, 1987; Grøn, 2014, Stewart, Keith & Scottie, 2004).

The two types of dwelling structures that were identified (sunken hut floors at Løvås, and tent struc-
tures at Adal and Pjonkerød) possibly represent two different strategies of settlement. The hut floors,
assumed to represent a form of solid house structure, have probably required a greater investment of labour
compared to a tent structure that is designed to be erected several times (Fretheim et al., 2018).

Figure 10: Typical rock adzes and a sandstone grinding slab refitted from several fragments (no. 1−3. Adal; 4. Løvås). Photo:
Inger M. Berg-Hansen, MCH, University of Oslo.



3 Pjonkerød B might also belong in this category; however, the data are not sufficient to make this conclusion (cf. description
above).
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Additionally, while the hut floors presumably represent permanent structures, tents can be dismantled and
moved away. The presence of hut floors may therefore be seen as indications of more long-term settlements
compared to remains of tent structures demonstrating a very mobile existence (Bjerck, 1990, 2008; Cribb
1991, pp. 105–107; Fretheim et al., 2018; Solheim & Persson, 2016). Further, it is possible that the variation in
structure and artefact distribution between the two largest sites (Adal with artefacts thinly scattered over a
large area and few preserved structures and Løvås with more artefact materials concentrated in a smaller
area) reflects the intensity of the use of the two sites and that Løvås was visited more often or longer, or by
more people. This could also indicate dissimilar strategies in waste disposal and site management. In
concordance with the concept of anticipated mobility, predicting maintenance and clearing of sites
when re-visits or a lengthy stay were planned (Fretheim et al., 2018; Kent, 1991), the Adal site shows a
low degree of accumulation of debitage products. Similar distribution patterns have been documented on
several other MM sites in the region (Ekstrand & Berg-Hansen, 2013; Mansrud & Eymundsson, 2016).

The sites Olsmyren, Viulsrød 1 and 2, and Råen 1 can be described as of medium or small size resulting
from several, however probably fewer visits, each comprising a shorter occupation compared to the large
sites. Although varying greatly in area and amount of lithic artefacts, they still exhibit several common
traits. Solid structures have not been identified at any of these sites, and the assemblages are significantly
smaller compared to the large sites. Furthermore, the assemblages show less variation in terms of types of
tools and lithic raw materials, and they completely lack traces of primary core preparation in both flint and
non-flint materials. Two of the sites (Viulsrød 1 and Råen 1) display a somewhat higher frequency of
scrapers and borers compared to the other assemblages, as well as lack grinding slabs and adzes, indicating
another technological organisation possibly involving specialised occupation purposes.

Building on the presentation of the sites above, we interpret these four sites as shorter occupations,
representing a single or a low number of visits, allowing less investment in the building of solid structures
(Table 2) and probably constituting other types of places in the MM encultured environment. The assemblages
demonstrate a restricted, but diverse, spectrum of activities compared to the large sites. The lack of complete
production sequences, which to a varying degree includes blank production, tooling, and retooling, indicates
a tool production strategy oriented towards a more limited number of tasks, and at the same time being
flexible towards unforeseen/unpredictable future needs. The site Råen 1 stands out as a particularly small site,
situated on a tiny island and including a very limited assemblage with few tool types. Although this assem-
blage comprises a relatively high frequency of curated tools, the site can be interpreted as a short visit by a
small social group performing a limited number of tasks. In several senses, the four smaller sites thereby
probably would have represented different types of places compared to the larger sites.

To conclude, we observe the contours of a mobile system including sites with different purposes and
positions, suggesting the presence of various types of places in the MM archipelago. Supporting this is the
diversity of tool types, structures, and environmental data. On the one hand, there are medium-sized and
small sites with room for only a small social group, staying for a limited amount of time at each site,
performing specific types of activities in different places. The presence of mainly partial production
sequences involving blank production, tooling, and retooling, suggests a strategy preparing for a less
predictable future and few opportunities for planning, favouring flexible technological solutions able to
meet several requirements. On the other hand, we see evidence of settlement of some duration, including
opportunities to plan for activities both on and outside the sites. The very large sites are such examples with
enough space for larger groups, or several social units, to gather over a longer period of time, carrying out a
number of different tasks, re-visiting sites, planning ahead, and preparing for a foreseen future.

5 Site Location

To understand the enculturation processes in the Mesolithic, being able to reveal human–environment
relations and mobility patterns, the placement of settlement sites in the terrain is essential (e.g. Darmark et
al., 2018; Mjærum, 2022; Roalkvam, 2020; Schülke, 2020). We present the location of the excavated sites at
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two levels of detail – a micro level showing the placement with respect to the local topography, and a macro
level presenting the location of each site in the larger district. To add further perspectives to the results from
the eight excavated sites, we include 69 sites in the discussion of the site location at the macro level⁴.

5.1 Location on a Micro Level

By reconstructing the shoreline development in the area (Figure 3), we are able to recreate the terrain withinwhich
each of the sites were placed (Supplementary File 1, and Figure 11). Assuming a shore-bound location for the
excavated sites (cf. discussion above), we are able to determine their placement with respect to the local topo-
graphy. The sites were situated either in bays or on headlands (Supplementary File 1, and Table 4). In many
cases, islands and protruding headlands would have protected the sites from wind and waves from the south
and east, and a hilly terrain gave shelter against northerly winds. Simultaneously there was easy access from
the sites by boat to the large protected archipelago with a number of sounds and islets, as well as deep fjords
facilitating trips to the inland. Such locations would give excellent access to marine and coastal resources, as
well as terrestrial hunting game. All sites were situated on islands and had two or more harbouring options in
the immediate vicinity, emphasising a marine oriented way of life and a dependence of seafaring vessels
(cf. e.g. Mjærum & Mansrud, 2020, pp. 274–276; Solheim & Persson, 2016, discussing MM marine coastal
adaption).

Three sites were situated on small islands (Supplementary File 1). The two Pjonkerød sites shared an
island that at the time of occupation would have been large enough to house several sites or groups of
people. Opposed to this, the small site Råen 1 would have covered the larger part of the tiny island where it
was placed (Supplementary File 1). With its central, and at the same time protected, location this site would
have been a perfect spot for scouting and hunting for sea mammals in the archipelago. With some distance
to larger landmasses, the location on small islands could also function as safe places away from possible
terrestrial predators. The remaining five sites were all situated on an island so large (537 km2 at shoreline
60m a.s.l.) that it would have resembled the mainland, probably carrying forests and terrestrial fauna that
could be hunted. Only a long narrow fjord separated this island from the main landmass.

5.2 Location on a Macro Level

An overview of the known (excavated and surveyed) sites in four municipalities in the northern Vestfold
County, which are of probable MM Age, show variation in the settlement distribution during the period
(Table 5, and Supplementary File 6). In order to identify the sites that can be dated to the MM, the artefact
material has been assessed regarding typological and technological traits, local topography, and relation to
the prehistoric shoreline (whether a shore-bound location is probable), in addition to context and finding
conditions to make sure the finds have not been redeposited. To indicate the earliest possible settlement,
the height a.s.l. is placed 1 m below measured height for each site on the RSL curve (cf. shoreline dating
above). In the study area, heights between c. 54 and 114 m a.s.l. correspond to the shoreline in the MM
(8300–6300 cal BCE). In the area, 77 MM surveyed or excavated sites are situated between 54 and 104m
a.s.l., while no known sites are located between 105 and 114 m a.s.l. Further, within our research area, no
sites have so far been documented at the higher EM levels (from 114m a.s.l. and upwards in this area).



4 The topographical information is derived from a digital terrain model based on LiDAR scanning with a 10m resolution. This
gives an accuracy of ±2– 3 m standard deviation in height depending on the terrain. The elevation data hold the FKB Standard,
which is set by Kartverket (Norwegian Mapping Authority) and has not been modified. Thus, there are modern elements in the
dataset, such as roads, dug canals, artificial ponds/lakes etc.
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Mapping the MM sites, we notice that in the earliest settlement phase, most sites are concentrated in
one area situated at the outermost coast, and being relatively exposed (Figure 11). This environment would
favour for example hunting sea mammals and seabirds, as well as deep-water fishing. However, already
in this period, sites are also found deep inside the fjords, which formed efficient passages to the inland
demonstrating exploration of the larger area and seeking towards the mainland. In the following period, the
settlement increases significantly and gradually spreads in the archipelago, with sites situated both at the

Figure 11: Development in the geographical distribution of MM sites (n = 77, including eight excavated sites) at 4 chronological
stages (a−d) of the shoreline regression: (a) 8000–7800/7600 cal BCE; (b) 7700/7500–7300/7100 cal BCE; (c) 7300/
7100–7000/68000 cal BCE; (d) 6900/6600–6300/6000 cal BCE. Some of the sites are situated very close, hence overlapping
in the maps. For data see Supplementary File 6. Map: Linnea S. Johannessen, MCH, University of Oslo.
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outer coast and in more sheltered waters towards the mainland and into the fjords, culminating around
7000 cal BCE. The sheltered archipelago and fjords would carry many of the same opportunities as the outer
coast, although also offer shallow-water fishing and gathering, as well as terrestrial hunting and gathering.
During this time, the Ramnes Cauldron slowly lifted from the sea (cf. Fossum 2014, Figure 5.16), creating
a large inner coast basin around which several sites were placed. Throughout the first 1,400 years
(c. 8300–6900 cal BCE) we notice a concentration of sites in the same area as the first settlement. Many
of the sites within this period are placed very close to old sites. The same phenomenon can be observed
when the settlement expands into the archipelago. Although, this does not exclude the possibility of
uncovered sites in other spots, the persistence of the settlement reoccurring many times in the area,
suggests a maintenance of the historic connection to the old sites and the places they represented. Even
though it is no longer possible to recapture the social embedment, meanings, or symbolic dimensions of
these places – and keeping in mind that the consecutive visits at each site may represent different tempor-
alities of places – such long-term occupations offer an explicit archaeological data source of past encultura-
tion processes and place-formation from dwelling contexts.

In the final part of the period (6900–6300 cal BCE), fewer traces of settlement are found. We notice that
in this period, only one site is known from the outermost coast, while the remaining are spread around the
Ramnes Cauldron and well inside a deep fjord. Whether this signifies that the settlements were moved to
other places, or if the people stopped settling on the outer coast, this may represent a shift in the tradition of
visiting the area. However, several sites inside the archipelago are still situated in the vicinity of older sites.
It is also possible that this development indicates an increase in the revisits of each site.

During the first part of the Mesolithic, RSL rates show a fall of more than 14 cm per year on average
(cf. above), resulting in considerable changes in the archipelago topography. This rapid drop in sea level
also characterises the first and middle part of the MM (8300–6800 cal BCE) when the sea level showed an
average drop of 3.5 m per 100 years, followed by a significant slow-down of the regression rate. This meant
life was lived in shifting surroundings, even if the relatively steep topography mitigated the effect, preser-
ving the major features of the terrain. Within a generation, this would have been noticeable, affecting local
topography. Within 100 years, new islands would rise from the sea; fjords would narrow and sounds
became shallower; and natural harbours, old beaches, and sites would be disconnected from the sea.
The sea bottom and currents also changed, affecting fishing grounds and sea hunting opportunities. The
slow-down of the regression rate coincides with the change in the settlement occurring in the last phase. At
this stage, the topography of the archipelago and the seabed would stabilise for longer periods, making it
easier to reuse old sites and revisit the same surroundings. Still, this seems to have happened only in a few
cases. How this should be understood, is a question for future research.

6 Discussion and Conclusion – Enculturing MM Northern Vestfold

Our investigation of the eight excavated and 69 surveyed MM sites in northern Vestfold exhibit various
aspects of relations between the hunter-gatherers and their places. Traces of enculturation processes can be

Table 5: Distribution of sites per height/period in the Middle Mesolithic in the northern Vestfold County (Horten, Holmestrand,
Tønsberg, and Sandefjord Municipalities). Site data are collected from the national database of archaeological sites
(Askeladden, 2021). Periods are estimated based on the RSL curve (cf. above)

m a.s.l. Date cal year BCE Period (year) Number of sites

59–54 6900–6300 600 6
69–60 7300–6900 400 31
79–70 7700–7300 400 21
104–80 8000–7700 300 19
114–105 8300–8000 300 0
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observed through the maintenance of sites and the geographical site distribution, as well as the lithic
technology, and the raw material economy and procurement strategies. We discern both synchronic and
diachronic patterns that can be understood in terms of a circular temporality involving seasonal or annual
movements, and simultaneously a linear temporality that includes “establishing, maintaining, and aban-
doning places” (Schülke, 2020, p. 363). The synchronic patterns are traced via the identification of the
continuity represented by the revisits of the same places, and the variation in the human engagement with
the environment through the practice of everyday tasks, as a circular recurring phenomenon. The dia-
chronic patterns can be recognised as long-term development of continuities and discontinuities in settle-
ment pattern, the traditional knowledge, and variations in resource exploitation. In the following, we
discuss the different patterns and how they are expressed in the archaeological record from MM northern
Vestfold, as well as their historical significance.

We observe great diversity in the sites’ extent and content both regarding area, structures, and assem-
blages. Nevertheless, it has been possible to identify certain characteristics distinguishing sites repre-
senting long-term and shorter visits, respectively, including unlike motivations and purposes of settlement
and movement. Several settlement sites also show indications of repeated visits. Partly facilitated by the
duration of a close seashore, people clearly had attachment to these places, and revisited them several
times. The occurrence of place-making activities such as dwelling structures on some of these sites,
demonstrate the willingness to invest and maintain relations to these places (e.g. Boyd, 2002; Fretheim
et al., 2018; Kelly, 1992, p. 57). Hearths were identified on the Løvås and Adal sites. While these structures
often are viewed in light of their significance in cooking food, preparing tools, lighting up dark nights, and
producing heat in cold weather, fireplaces form an important social role in mobile hunter-gatherer societies
involving storytelling and rituals, placing the site and its surroundings in a wider historical and spatial
context (Damm, 2021; Mithen, 2019; Schülke, 2020). Hence, these sites formed places of significance in the
process of enculturation of the area. Furthermore, the assemblages from these sites reveal that there were
opportunities to plan for future on-site as well as off-site activities, suggesting well-established settlements
offering sufficient time and resources to replenish supplies and explore the surroundings. The combination
of consecutive visits in the same areas and the concurrence of similar material elements, as demonstrated at
both Løvås, Adal, and Pjonkerød A, give testimony to time-framed and specific dwelling behaviours.
Through enculturation, such behaviours may have become local place-based tasks and practices (i.e.
taskscapes), carried out in accordance to the specific social and historical sphere of the community and
its places (Ingold, 1993; Jordan, 2003; Whitridge, 2004).

The exploitation of non-flint materials for tool production further illuminates the human–environment
relation in the area. Intensifying markedly around 7000 cal BCE in our data, this confirms previous obser-
vations of an escalation in the utilisation of these rocks during the latter half of the MM (e.g. Damlien, 2016;
Reitan, 2022). The observed intensification concurs with the increased distribution of sites in the archipe-
lago environment (Figure 11), and particularly the exploitation of metarhyolite – occurring locally in the
Ramnes Cauldron – is likely to reflect the familiarity with and exploration of this area. The general lack in
the assemblages of debris from the production of rock tools demonstrates that this part of the utilisation
mainly took place outside the settlement sites, and possibly at or near the extraction sites, thereby creating
other forms of nodal points constituting “places of essence” (cf. e.g. Boyd, 2002; Nyland, 2016, 2020; Taçon,
1991). On the other hand, flints comprise the primary lithic raw material used on the sites, despite its
assumed scarce natural occurrence in the area. Although our knowledge is sparse about the amount and
quality of the local beach-flint, we suggest that the supply of flint to some degree would have rested on
long-range transport − the closest large sources of good quality flint being about 200–350 km away, at the
southern parts of the Swedish west coast. Damlien and Solheim (2018) propose a population with perma-
nent residence in the Oslofjord area, including the Swedish west coast, in the first half of the MM. If we
presume an established seasonal movement within this area, this would allow people to replenish their flint
storages, as well as familiarise with the local lithic resources in northern Vestfold during their annual or
seasonal movements (cf. Damlien & Solheim, 2018, for discussion of mobility in relation to raw material
access in the area).
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None of the excavated sites display traces of Stone Age settlement younger than the MM; hence, wemay
assume that they went out of use within this period. The dating suggests a settlement duration of maximum
200 or 300 years, although in some cases certainly within a shorter time span. This implies that later visitors
to the area would have settled on other locations. It is possible that the significant sea level change, and the
resulting alterations of the terrain, caused this discontinuity by making the old locations undesirable.
Nevertheless, this would mean that either the knowledge of the old sites disappeared, or that such knowl-
edge did not involve any desire to revisit these places (cf. for similar argument Schülke, 2020, e.g. p. 385;
Mjærum, 2022). On the other hand, we notice that the development in geographical site distribution
demonstrates that in some areas, settlement reoccurs, often very close to the old sites, throughout several
100 years even if the sea level changes significantly (Figure 11). We suggest that this might be seen as
maintenance of knowledge of the area and a motivation for returning to a specific spot, which would have
involved a narrative and a common memory of the location that would have been passed on between
generations (Kelly, 2003; Schülke, 2020).

The shift in population and technology at the EM–MM transition c. 8300 in Southeast Norway have
promoted the discussion about whether alterations in settlement system and mobility patterns also
occurred. A change from a largely outer coast adaptation in the EM to increased settlement of the inner
coast in MM has been proposed and associated with alterations in the marine resource exploitation (Bjerck
et al., 2016; Bjerck, 2008; Damlien & Solheim, 2018; Mjærum & Mansrud, 2020; Nyland, 2012; Solheim &
Persson, 2016).

The mapping of sites on a macro level in northern Vestfold shows a somewhat different pattern (Figure 11).
In the initial phase of the MM, we see a settlement concentrated on the outer coast, similar to the EM pattern
documented e.g. in the southern Oslofjord area. As mentioned above, no sites of EM date are so far documented
in our research area, and a study comparing EM and MM site location within one area would be most welcome.
Hence, for comparison with the EM site location we rely on Nyland’s (2012) study that includes an area in
southern Vestfold c. 50 km south of our project area, which show that the EM settlements also are concentrated
on the outer coast, on islands with both exposed and sheltered locations. The data thereby show similarity in
location pattern between the EM and MM, suggesting a similar preference in choice of site location. We propose
that this can be interpreted as a continuous use of the same type of landscape across the EM/MM division
around 8300 cal BCE that is marked by technological changes and immigration of new groups of people to
the area.

Further, already in the earliest settlement phase of the MM, we observe the presence of large sites that
were revisited several times, possibly representing places for social gathering. This indicates a familiarity
with the area already from the earliest part of the MM that also suggests some form of continuity in the
settlement pattern at the EM–MM transition. Rather than a break, as seen in the tool technology and
production methods and dwelling practices, our data suggest a gradually increased settlement in the
archipelago and fjords during the first half of the MM (c. 7700−6900 cal BCE) (cf. Damlien & Solheim,
2018, for discussion of the settlement development in the area). This development concurs with the
observed gradual decrease in blades and microblades in the assemblages, and the simultaneous increase
in the number of adzes and grinding stones, as well as the amount of tools and debitage in non-flint
materials. Further, several authors have suggested a transition towards a more varied subsistence base
with increased fishing in this period (Bjerck et al., 2016; Mjærum & Mansrud, 2020; Ritchie et al., 2016;
Solheim & Persson, 2016).

The observed pattern thereby indicates two parallel trajectories in the development. On the one hand, a
significant population influx (Günther et al., 2018; Kashuba et al., 2019) and abrupt shift in flint tool
technology is documented (Damlien et al., 2018; Damlien, 2016). On the other, we see a continuation
and a subsequent slow transformation in site location patterns and exploitation of non-flint materials, as
well as in tools and resource exploitation. We suggest that this development indicates the presence of a
dissimilar organisation of the transmission of certain types of knowledge (e.g. skills and knowledge in tool
production as opposed to knowledge of the land and environment), possibly involving different people or
people with differing social identities possessing dissimilar knowledge. Such a model would be in agree-
ment with the genetic admixture detected in aDNA samples (Günther et al., 2018; Kashuba et al., 2019), and
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further indicate a social integration of two different knowledge systems represented by the two populations
(eastern and western hunter-gatherer genetic group; cf. Manninen et al., 2021).

In the centuries after c. 7000 cal BCE, we notice a decrease in the number of settlement sites and a shift
in site location now concentrating inside the archipelago. Several sites and site areas, notably on the outer
coast, were no longer visited, indicating a change in the utilisation of the area. This development coincided
with a slowing down of the shoreline regression, which meant a more stable environment as a whole, and
an increased possibility for reusing the same sites within the same conditions for a longer time.
Nevertheless, the area as a whole was not abandoned, and new sites were still established in close proxi-
mity to older sites indicating some continuity. This may suggest that the local attachments were not only to
the single sites, but also to the area as a whole. Simultaneously, as mentioned above, a gradual change in
the lithic material is observed. Together these developments indicate more profound changes in several
aspects of the society.

The MM population in the Oslofjord area and northern Vestfold experienced a changeable world.
Confronted with varying shores and terrains, disappearing coves and closing inlets, and inconsistent
resource availability, continuous communication and transmission of traditional knowledge concerning
the surroundings would have been decisive to the survival of the groups visiting the area. Enculturation of
the environment by marking the land, creating nodal points (settlement sites and possibly lithic extraction
sites), and narratives of the area contributed in maintaining this knowledge (Kelly, 2003; Lovis, 2016; Milne,
2008, 2014; Schülke, 2020). The enculturation process had taken place for a long time in northern Vestfold,
and the area was already included in the world narrative when people arrived at the Løvås site, and the
historical attachment persisted throughout the MM.

Abbreviations
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EM Early Mesolithic
MCH Museum of Cultural History
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