Exploring human responses to climatic
fluctuations and environmental diversity:
Two stories from Mesolithic Norway

Abstract

This paper explores environmental variations in time and space, adaptive strategies and
possible cultural responses to climatic changes as manifested through archaeological data in
terms of lithic tool technology, site density and settlement patterns. The objective is
investigated by two case studies from Mesolithic Norway. The first case deals with the
earliest settlement phase of Norway (c. 11,500-10,000 cal. BP), which climatically
encompasses gradual changes from cold, arctic conditions, to a milder sub-arctic climate, as
well as the rapid Preboreal Oscillation (PBO) cold event. The second case explores the 8200

cal. BP cold event and its effect on culture and settlement in Southeast Norway.

The studies suggest that the coastal settlement, in terms of site density, was not affected by
either the PBO or the 8200 cal. BP event. Changes in site location patterns seem to have
occurred gradually and on a long-term scale. Shifts in lithic technology are detected within
the Mesolithic periods, but a correlation between abrupt climatic alterations and cultural
changes are yet to be proved. We argue, therefore, that in these northern, coastal
environments, declining temperatures may have had less impact than on the Continental
Plains, and may in fact have improved the living conditions for a range of marine species.
Also, the Mesolithic populations seemed to have employed a generalized lithic toolkit and a
flexible mobility system — adaptive strategies that was able to withstand environmental

variantions in time and space.
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1.0 Introduction

Scandinavia and Norway underwent severe topographic, environmental and climatic
changes during the Lateglacial, early and mid Holocene periods (c. 12,000—6000 cal. BP).
Palaeoenvironmental data bear witness to fluctuations in temperatures, sea levels, and
terrestrial and oceanic ice-cover, as well as changes in vegetation, faunal composition and
marine conditions following the glacial meltdown. How did the human groups that
populated the Norwegian landmass during this period cope with the massive changes? In the
course of a several thousand year time span of environmental change, we do, as in other
regions, find shifts in demography, settlement patterns and lithic tool technology (e.g. Birks
et al. 2015; Hoek et al. 2015; Jessen et al., 2015; Crombé and Robinson, 2016; Damlien,
2016a; Perez et al., 2016). But are these cultural and natural trajectories synchronous and
directly related? And which adaptive strategies were employed in order to approach and

utilize the temporally and spatially varied Norwegian landscape?

In this article we explore these questions by combining archaeological and
palaeoenvironmental data from Mesolithic Norway. We present two case studies that
investigate possible links between variations in environment, lithic tool technology and

settlement patterns.

The first case deals with relations between humans and environment in the earliest
settlement phase of Norway, the Early Mesolithic period (c. 11,500-10,000 cal. BP), with
particular emphasis on marine conditions in Central Norway. The period embraces the
gradual changes from cold, arctic conditions, to a milder sub-arctic climate, as well as the
rapid Preboreal Oscillation cold event at ¢. 11,300-11,200 cal. BP. Archaeologically, the Early
Mesolithic of Central Norway is characterized by small settlements made up of deposits of
lithic tool implements and debris, and occasionally hearths and/or tentrings. Organic
material is normally not preserved from this period. Most of the known settlements are
situated in the outer coastal zone, but a small portion is found in mountain and inner fjord

environs (Svendsen, 2007; Bjerck, 2008; Nyland, 2012a; Breivik and Callanan, 2016).

The second case is a work in progress, and will explore the 8200 cal. BP cold event and its



effect on material culture and settlement in Southeast Norway. The geological background
of the region, along with the extensive archaeological data, makes it well suited for studying
temporal variations in coastal settlement and lithic technology in relation to
paleoenvironmental records. The majority of Mesolithic sites in Southeast Norway are
characterized by concentrations of lithic material and features like hearths and cooking pits.
Occasionally, remains of pit houses or huts are documented. Organic material is badly
preserved except for burnt/cremated bones and hazelnut shells. Most sites are located along
former shorelines around the Oslo fjord, but sites are also abundant along the main

watercourses stretching inland, and in the mountain region.

Norway has the advantage of having undergone a severe isostatic land uplift during
Lateglacial/Post-glacial times, meaning that even the earliest coastal sites are situated above
present sea level. This gives us the opportunity to gain holistic views of the archaeological
sites and artefacts through time and space. Moreover, as the speed and nature of this
process is quite well documented, we are able to determine the approximate oldest possible
age of archaeological sites by measuring the present elevation above sea level — provided
that the site in question was situated close to the contemporary shoreline (see Case study 2
for thorough discussion about this). Thus, the archaeological record of Norway is suited to
illuminate the relation between Mesolithic marine foragers and their fluctuating

surroundings (Bjerck, 2009).

2.0 Case study 1: Relations between humans and environment in
Early Mesolithic Norway (c. 11,500-10,000 cal. BP)

2.1  Background

The Pleistocene—Holocene transition is described as a severe and abrupt climatic event (e.g.
Burroughs 2005, pp. 43-47). On the Continent, temperatures rose rapidly, the ice sheet
diminished, tundra turned into grasslands and then forests. On the Scandinavian Peninsula,
the ice lingered long into the early Holocene (Stroeven et al., 2015), and the environment

was still influenced by cool temperatures in the first few centuries of this period.



Palaeo-oceanographic data suggest that inner fjord areas, sheltered waterways and other
sea areas that experienced great meltwater influx, had severe ice-cover or were seasonally
frozen in the transition phase (Breivik, 2014). A cold tolerant marine fauna, probably
consisting of a range of whales, seals, fish and birds, frequented the coastal waters, and
terrestrial animals like reindeer and arctic fox thrived on land (Fredén, 1975; Jonsson, 1995;
Hufthammer, 2001; Aaris-Sgrensen, 2009; Grgndahl et al., 2010). It was under these
conditions that the Norwegian land was colonized, and for 1500 years (c. 11,500-10,000 cal.
BP) hunter-gatherers occupied and utilized the landscapes and resources provided by the
emerging land and sea.

Two points concerning human—environment relations in this region and chronozone are of
particular interest:

- The archaeological site distribution pattern suggests a cultural affinity towards the
coastal zone and marine resources. It is therefore essential to bring the palaeo-
oceanographic development into discussion when studying climatic fluctuations and
cultural variations in this context: How did the climatic changes affect the marine
environment and resource situation? And how does archaeological data relate to this
trajectory?

- The inland sites, which are few in number but nevertheless present, means that the
colonizers encountered, explored and utilized a diverse range of landscapes and
resources. Are the topographical variations reflected in different lithic tool

assemblages and settlement structures across ecozones?

This was the starting point of Breivik’s PhD thesis (Breivik, 2016), of which the purpose was
to investigate dynamic relations between humans and environment in the earliest
settlement phase of Norway. In this article, the main results from this work will be

presented.

2.2 Regional setting: Central Norway

Central Norway (Figure 1) is located between 62°N and 65°N. The topography ranges from
skerries, islets, and islands, through sheltered sounds and narrow fjords, to mountain
plateaux and subalpine landscapes. The geographical area is well documented by systematic
mappings of sites during the last 100 years (see Breivik and Ellingsen, 2014), and several
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detailed studies of the artefact assemblages (Bjerck, 1983; Mgllenhus, 1977; Svendsen,
2007). The sites are distributed at different elevations, and age determinations based on
shore-displacement diagrams suggest that the archaeological record covers the whole Early
Mesolithic timespan. A recent synthesis charts around 300 Early Mesolithic sites in Central
Norway (Breivik and Bjerck, in press), and the region thus seems to have the densest
concentration of settlements in the country (see Table 1 and Figure 2). Early Mesolithic sites
have been preserved and investigated in both the coastal and mountain zones, and the
relatively short distances between mountain and coastal sites in the region, connected as
they are by fjords cutting deep into the interior, mean that they are likely to have formed
part of the same mobility system in the past. The Early Mesolithic archaeological record of
Central Norway is thus well suited to explore temporal and spatial human—environment

dynamics.

Figure 1: Map with regions and placenames mentioned in the text. Illustration: Jonas J. Haland.

2.3  Material and methods

In order to answer the research questions, archaeological and palaeoenvironmental data
from the period was collected and compiled. First, the environmental and climatic trajectory
in the Early Holocene period, with focus on coastal and marine conditions, was mapped. As
the palaeoenvironmental data presently do not allow for a detailed reconstruction of the
faunal composition, emphasis was put on characterizing variations in marine productivity
through space and time. This was done by way of collecting and compiling analyzed and
published palaeo-oceanographic data and assessing how topography, bathymetry, oceanic
current systems, sea-ice and melting glaciers would have affected marine productivity (in the
form of phytoplankton production). The published palaeo-oceanographic data mainly consist
of sediment cores that are collected from the Norwegian Sea, the North Sea and the Barents
Sea. The temporal and spatial resolution is quite coarse, and it was only possible to

characterize the over-regional development through relatively long time sequences.

In Breivik’s PhD project it was aimed at making a complete database of Early Mesolithic sites
in Norway. Due to the lack of preserved organic material, we have to rely on a combination

of typology and shore-displacement diagrams when dating the sites. This work was



approached by searching published and unpublished literature for sites with diagnostic Early
Mesolithic artefacts (see below; Breivik, 2014). A more thorough search was conducted for
Central Norway. This involved an extensive search for typological objects in the National
Artefact Database and digitalized Collection Catalogues, including a subsequent examination
of the assemblages with the purpose of confirming or invalidating an Early Mesolithic date.
The artefact assemblages from this chronozone are characterized by a number of distinct
types and technological traits, and includes flake-adzes, core-adzes (Lerberg and similar),
small tanged points (single-edged and oblique-edged), microliths (lancets and rhombic
lancets), micro burins and unifacial cores with opposed platforms and acute striking angle
(e.g. Mikkelsen, 1975; Bjerck, 1983; Olsen, 1992; Kutschera and Waraas, 2000; Waraas,
2001; Fuglestvedt, 2005, 2007; Bjerck et al., 2008).

All sites that included one or more such diagnostic artefacts, and that additionally were
dated by shore-displacement curves and/or radiocarbon dating, were counted as “certain”
Early Mesolithic sites. Sites that did not include typological markers, but were dated by
shoreline displacement curves and contained raw materials and/or technological traits
associated with the Early Mesolithic period, were counted as “uncertain” sites. All sites were
georeferenced as precisely as the data allowed in order to visualize the spatial distribution of

sites.

A potential of 771 Early Mesolithic sites were mapped nationally (see Table 1 and Figure 2).

Table 1: Number of identified and mapped Early Mesolithic sites in Norway. The sites are dated by a combination of
typology and shoreline displacement curves, and in a few cases radiocarbon dates. “Certain” sites denote sites that contain
one or more diagnostic artefacts, and that additionally were dated by shore-displacement curves and/or radiocarbon
dating. “Uncertain” sites that did not include typological markers, but were dated by shoreline displacement curves and
contained raw materials and/or technological traits associated with the Early Mesolithic period.

Figure 2: Map showing the distribution of Early Mesolithic sites in Norway. “Certain” sites (sites containing diagnostic
artefact(s) and/or radiocarbon dates) are marked with black dots; “uncertain” sites (sites without diagnostic artefacts but
dated by shore-displacement curves/raw material/technological traits) are marked with grey triangles (Breivik, 2016, Fig. 4).
Archaeologically, three factors were chosen to investigate adaptive behavior in relation to
environmental and climatic fluctuations occurring in the Early Mesolithic period: lithic
toolkit, settlement patterns and site density. Based on other case studies from Northern
Europe (e.g., Crombé et al., 2011; Riede, 2009; Tallavaara and Seppa, 2011) these cultural

aspects are likely to change according to altered resource situations. For the purpose of the

analyses, 86 sites from Central Norway that contained typological markers, and had
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sufficient mapping information to be dated within time slices of 100 years BP by sea-level
curves, were selected. In this present article, the analyses of temporal changes in lithic
toolkit and settlement pattern is extended by including a total of 131 sites that can be age
determined within either the early or late Preboreal period (see below). This gives us a larger

material to conclude from.

2.4 Results and discussion

2.4.1 Temporal variations in environment and culture

The review of palaeo-environmental data showed that Norway underwent quite severe
changes in the course of the 1500 years Preboreal/Early Mesolithic pioneer phase; from a
cold arctic to a milder sub-arctic climate (e.g., Birks et al., 2005; Risebrobakken et al., 2010).
Based on this trajectory, the Preboreal was subdivided into an early (c. 11,500-10,800 cal.
BP) and a late (c. 10,800-10,000 cal. BP) phase. In the early Preboreal phase many of the
large fjords were still glaciated and/or were transporters of meltwater from the diminishing
ice sheet. This probably caused seasonal freezing scenarios in adjacent waters, as water from
glacial input zones enhances stratification, which in turn enhances sea ice formation
(Statham et al., 2008). In northernmost Norway (Finnmark County), more severe freezing is
recorded, as the ice-cover in the southwest Barents Sea extended further south than today
(Risebrobakken et al., 2010). From the climatic and environmental reconstructions, we can
gather that the cold tolerant fauna was still frequenting the Norwegian coast in this phase.
Ice-obligate species (polar bears, walruses, bearded seals, and ringed seals; see Moore and
Huntington, 2008) would thrive in the frozen waters during the coldest months. An almost
complete skeleton of a bearded seal from the Trondheimsfjord in Central Norway has
recently been dated to c. 10,300 cal. BP (Rosvold and Breivik, in press). In northernmost

Norway arctic sea mammals may have found suitable habitats throughout the year.

An abrupt cold event, referred to as the Preboreal Oscillation (PBO), is documented in north
Europe at 11,300-11,200 cal. BP (Bjorck et al., 1997). The PBO had widespread ecological
consequences that must have been noticeable to humans occupying Norwegian landscapes:
air and sea temperatures plummeted, vegetation diminished, and terrestrial ice sheets
readvanced. It may also have caused longer lasting seasonal ice covers in sheltered waters

and fjords.



At 10,800 cal. BP, the glaciers had retreated from the fjords, the Norwegian Atlantic current
became established along the coast (Birks et al. 2005), and the oceanic regime thus became
more like the present, meaning less meltwater influx and more input of warm and salty
water masses. In the northernmost region, however, cold conditions lingered. With the
environmental shift, ice-obligate marine mammals would have been pushed northward as
the temperatures increased and the ice dissolved. A more temperate fauna with new fish
species would find their way into Norwegian waters, and a more diverse avian fauna is
expected. The late Preboreal phase can thus be characterized by increased stability in the
marine conditions — consequently with more constant habitats for fish and sea mammals

and hence a more predictable resource situation for human predators (Breivik, 2014).

The first cultural factor studied was changes in site density, where it was expected to see a
declining trend following the PBO cold event. This assumption was based on similar studies
(e.g. Tallavaara and Seppa 2011) where climatic deteriorations resulted in reduced or
changed resource distribution, and subsequently a decrease in human populations. The 86
sites form Central Norway that had sufficient mapping information to be dated within time
slices of 100 years BP did show fluctuations in site density through the period (Figure 3). It
did not, however, support the hypothesis related to the PBO. On this basis, it was suggested
that the cold event did not have a severe negative effect on the resource base (Breivik,
2014). During the last decades of archaeological research there has been increased focus on
the coast as an attractive environment for human foragers. The oceans are now highlighted
as rich ecosystems — especially in high-latitudes (Huston and Wolverton, 2009). Recognizing
polar marine environments as highly productive would propose that the coastal zone

provided ample resources also during climatic cold events.

Figure 3: Changes in site density through the Early Mesolithic period. The diagram shows no direct relations between the
Preboreal Oscillation (PBO) cold event and a decline in site numbers. The calculations are based on 86 sea-level dated sites
from central Norway (Breivik, 2014, Fig.4).

The second factor studied was possible correlations between the environmental shift from
early to late Preboreal and changes in lithic toolkit. Changes in the natural preconditions

may have initiated changes in subsistence or hunting strategies, visible as declining trends in
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the representation of some of the large artefact categories, as demonstrated by e.g. Riede,
2009 and Crombé et al., 2011 in northern Europe. In southern Norway, a decline in the use
of tanged points for the benefit of microliths during the Early Mesolithic has been recorded
(Fuglestvedt, 1999; Kutschera, 1999; Waraas, 2001). Similar trends are documented in South
Scandinavia (e.g. Kindgren, 1996). When studying the Early Mesolithic artifact assemblages
of the 86 selected sites of Central Norway, however, we found no severe decrease in the
selected tool types through the period — most of the categories showed upwardly trends
(Breivik, 2014). The present extended analysis of 131 sites that contained typological
markers and could be sea-level dated within the early (11,500-10,800 cal. BP) or late
(10,800-10,000 cal. BP) Preboreal, show an upwardly trend in the share of sites containing
flake adzes. Core adzes retain the same significance throughout the period, as do microliths.
Tanged points do actually show a declining trend, but appear just as frequently as microliths
in the late Preboreal phase (Figure 4). This speaks for a lithic toolkit that was more or less
maintained despite the environmental changes, and a shift in projectile preference is not
recorded in Central Norway.

Figure 4: The percentage of analyzed sites containing flake adzes, core adzes, microliths and tanged pointsin the first and

second half of the Early Mesolithic period. The diagram shows that the tool inventory remained more or less unchanged
throughout the period. The calculations are based on 131 sea-level-dated sites from Central Norway.

Finally, relations between settlement patterns and the gradual stabilization of marine
conditions were investigated. The changed resource situation that occurred as the
Norwegian Atlantic current established along the coast, ice withdrew from the fjords and sea
surface temperatures increased around the mid Preboreal (c. 10,800 cal. BP) may have made
new locations preferable to the Early Mesolithic foragers. The distribution of the 86
archaeological sites from the same region did indeed speak for a shift in settlement location
strategy during this time span; from almost exclusively inhabiting the islands of the outer
archipelago in the first half of the period, there was a propensity towards the use of more
retracted locations (fjord basins or sheltered sounds connected to the mainland) in the
second half of the period (Breivik, 2014). The present extended analysis of 131 sites supports

this pattern (Figure 5).

Figure 5: The percentage of analyzed sites with retracted (in fjord basins or sheltered sounds, oriented towards the
mainland) and exposed (in the outer archipelago, oriented towards the open sea) location in the Early and Late Preboreal
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phases. The calculations are based on 131 sea-level dated sites from Central Norway. The diagram shows that there are an
increasing number of sites with retracted location in the second phase.

2.4.2 Adaptive strategies in a spatial perspective

According to the national Early Mesolithic distribution map presented in Figure 2 some 96%
of the archaeological sites were situated in the coastal zone and 4% in the mountain zone.
The distribution analysis also showed that most of the settlements of Central Norway were
situated in the outer archipelago, the zone where the marine primary production would be
highest, suggesting a tight relation between resource abundance and choice of camp
location and stressing the great dependence on marine resources (Breivik, 2014).
Nevertheless, Early Mesolithic hunter-gatherer groups also exploited mountain
environments — a landscape and resource situation completely different from the coastal
zone. The mountain zone was influenced by the retreating glacier during the Early
Mesolithic. Large parts of the mountain plateau was deglaciated before valleys and fjord
heads, and hosted good pastures for terrestrial animals such as reindeer, foxes and hares at
an early stage. How did colonizing populations meet the challenges posed by these different
ecozones?

In Breivik’s PhD project, twelve sites and artefact assemblages from the outer archipelagic
zone and the mountain zone in Central Norway were compared for the purpose of detecting
ecozone-specific adaptations and specializations as manifested through site organization
(site size, size and number of lithic concentrations, number of artifacts, number of
occupations, traces of fireplaces and dwellings), lithic artefact composition (formal and
informal tools, blades, cores, flakes and tool production debris), projectile morphology
(metrics and types) and raw material use (raw material composistion and cortex blades)

(Breivik, 2016; Breivik and Callanan, 2016).

The analysis first and foremost underlined a number of structural similarities in how sites
were organized and used in mountain and coastal landscapes. The settlements were
organized equally in terms of size, structure and features: they appear as lithic scatters
measuring between 6 and 45 m?; occupation areas usually contain a denser concentration of

lithics that range between c. 2 and 12 m?; and remains of dwelling features and fireplaces
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are found in both zones. Moreover, the lithic inventories seemed to share a fundamental
structure, reflecting all the steps of lithic tool production; from primary reduction of flint
nodules, through production, maintenance, and use, to discard of artefacts. Also, upon
studying the single most common tool category within the selected assemblages, projectile
points, it was observed that the size and shapes were similar across the ecozones (Figure 6a

and b).

Figure 6a and b:

a) Early Mesolithic flint projectiles found on coastal sites in central Norway. A—C: Ormen Lange Site 48 Unit G; D—F: Ormen
Lange Site 48 Unit A; G—I: Ormen Lange Site 72 Unit X; J: Ormen Lange Site 48 Unit |; K: Ormen Lange Site 48 Unit J; L:
Hestvikholmane 3; M & N: Hestvikholmane 2-2012; O & P: Kvernberget Site 20; Q & R: Ormen Lange Site 72 Unit Y.

b) Early Mesolithic flint projectiles found on mountain sites in central Norway. A—H: Reinsvatnet R1; I-L: Sandgrovbotnen;
M-R: Brannhaugen. Photograph by permission of NTNU University Museum/Age Hojem (Breivik and Callanan, 2016, Fig. 6
and 7).

Some ecozone-specific variations in the artefact inventories were, however, found: The
mountain sites had a generally lower percentage of flakes and debris, larger amounts of
blades and cores, and a relatively high percentage of tools (Figure 7). The high percentage of
tools on mountain sites supports the idea that they were camps where gearing-up and tool
maintenance sessions connected to hunting events were undertaken (Callanan, 2007).
Moreover, projectiles and scrapers played a more important part in mountain inventories
compared to the coastal assemblages. There also appeared to be a higher dependency on
informal tools in the mountains. This probably reflects the particular situation where the
Early Mesolithic groups relied heavily on flint —a raw material that only could be found as
pebbles in beach deposits. The relatively small proportions of cortex blades (blades where at
least 50 per cent of the outer cortex usually found on natural flint nodules is still present)
recovered from the mountain sites underlines that flint nodules were prepared before they
were brought inland. Based on the lithic artefact composition, it was argued that the
assemblages from the coastal sites generally spoke for a wide range of more or less fixed
activities (see Bjerck et al., 2008: 558, 565), while the three mountain assemblages appeared
to reflect a narrower set of activities. Yet, the lithic package found on mountain sites were
made of elements that originated from the broader repertoire seen on the coast, and the
basic form and size of the technical pieces in question were the same. It was concluded,
therefore, that the Early Mesolithic colonizers employed a generalized lithic technology that

included tools suitable for a wide range of tasks (Breivik and Callanan, 2016).

11



Figure 7: Comparative overview of the composition of the Early Mesolithic inventories found on 12 coastal and mountain
sites in central Norway. The values presented are percentages of the total inventory. The diagram shows that the mountain
sites have a lower percentage of debris and a higher percentage of tools than the coastal sites (Breivik, 2016, Fig. 11).

2.5 Conclusion

The studies suggest that the Early Mesolithic forager groups of Norway had resilient
adaptive strategies that were able to withstand fluctuations and variations in landscape,
climate, environment and resource bases. By employing a generalized and expedient lithic
tool technology, they could make instruments that were ready to be pressed into different
tasks. Although focusing on marine environments, their subsistence strategies encompassed
different habitats and resources, including visits to mountain environs. The site structure
and tool assemblages that were used on the coast were projected into this context, with
small adjustments governed by the different activities and raw material situation associated
with the two landscapes. This generalized adaptive strategy had its roots in the Palaeolithic
cultures of the continental plains. In the Pleistocene—Holocene transition, the groups
expanded into archipelagic seascapes. In so doing, their technology must have included
sturdy sea-going vessels. The fact that their lithic toolkits and settlement organization was
maintained throughout the 1500 years long Early Mesolithic phase, speaks for an adaptation
strategy that was designed for a multifaceted environment. Their technology were already
well tested in harsh Lateglacial environments on the continent, where changing and unstable
natural surroundings was the rule rather than the exception. In addition, seasonal
fluctuations in weather conditions and resource base may have been just as marked as the
gradually changing climate or the differences between ecozones. Perhaps more vital than
altering their material culture and social structures according to changing surroundings was
the possession of knowledge about the landscapes in which they moved. Learning about
animal behavior, seasonal changes, risks and opportunities connected to different habitats
and ecozones may have been the key to successfully colonizing and seeking out resources in

the varied Norwegian landscape as it emerged from the ice.
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3.0 Case study 2: The 8200 cal. BP cold event in the Oslo fjord
region.

3.1 Background

The use of paleoenvironmental data in Mesolithic (c. 11,500—6000 cal. BP) and Neolithic (c.
6000-3800 cal. BP) research has a long tradition in Southeast Norway, first and foremost in
studies of shoreline displacement trajectories (Anundsen 1985; Hafsten 1983;
Henningsmoen 1979; Svendsen, et al. 2004; Svendsen and Mangerud 1987; Sgrensen 1979;
Sgrensen, et al. 2014), and early farming by pollen analysis. Quite a substantial amount of
pollen sediment cores from bogs and lakes have been analyzed as part of archaeological
projects (e.g., Heeg 2005) and significant work for reconstructing the development of the
Holocene landscape and vegetation history has been carried out in relation to large-scale

excavation projects (e.g., S@rensen et al., 2014; Wieckowska-Lith et al., 2015, in prep.).

A challenge for detailed analyses of human—environment dynamics, and more specifically
the 8200 cal. BP event, is the lack of fine resolution of pollen analyses or that the pollen
record do not cover the period of interest. The 8200 cal. BP cold event coincides with
changes in the archaeological assemblages with the transition from the Middle Mesolithic to
the Late Mesolithic Ngstvet/Lihult complex (Glgrstad, 2004). The relation between the 8200
cal. BP event and cultural change is however little explored in the region, and the integration
of high-resolution paleoenvironmental data with archaeological datasets has only been
performed to a minor extent, particularly concerning human response to rapid climate
change. The lack of available high-resolution environmental data is one obvious explanation.
During the last decade there has been a regaining interest in human—environment
interactions in archaeological research, and topics such as foraging, subsistence, human
adaptions, ecology, and demography are again becoming highly relevant (e.g., Breivik, 2014;
Manninen, 2014; Solheim and Persson, 2016). Here we will look into the potential for
studying the climate event and its effect on culture and settlement in Southeast Norway. We
aim to investigate how and if the 8200 cal. BP event affected lithic technology and temporal

trends in settlement in the region.

3.2 Regional setting: Southeast Norway and the Oslo fjord region

The Oslo fjord region is situated in the eastern part of Norway, and is located between 58°
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and 62°N and covers a total of 94 575 km? (see Figure 1). The topography ranges from
skerries, islands, fjords, large valleys/river systems, flat, agricultural land to alpine
landscapes. The geographical variation is considerable and includes five vegetation zones:
The hemiboreal zone is located along the coast of the Oslo fjord, the south boreal zone in
the inner coastal areas and the finally the inland comprises the middle boreal zone, the
north boreal zone and the alpine zone (Moen, 1999). Southeast Norway is sheltered from
the large weather systems coming in from the Atlantic Ocean by a mountain range stretching
north-south in large parts of Southern Norway. The region has low annual precipitation,
warm summers and cold winters. Due to the large geographical variation, different
vegetation zones and biotopes are accessible within relatively short distances. This allows
human exploitation of a variety of resources, and this may have been a great advantage for

hunter-gatherers in Southeast Norway.

3.3 Data and preliminary results

3.3.1 Shoreline displacement

There has been continuous land uplift in Southeast Norway after the retreat of the
Scandinavian Ice Sheet, c. 12,500 cal. BP, and the glacio-isostatic rebound has caused
dramatic changes in the region’s landscape due to heavy land uplift (Bergstrom, 1999;
Sgrensen et al., 2014). This is most noticeable in the early part of the Holocene where a land
uplift of c. 9 m/100 years is documented in the western part of the region (Sgrensen et al.,
2014). The isostatic rebound quickly stabilised at c. 1 m/100 year at the Boreal transition and
during the Atlantic period the land uplift and thus changes in the landscape was declining,
due to a combination of the glacio-isostatic rebound and the Mid-Holocene transgressions

documented elsewhere in Scandinavia (e.g., Bondevik et al., 1998; Passe, 2003).

Studies of the shoreline displacement are well integrated in the archaeology of Southeast
Norway, and mapping of prehistoric shorelines are crucial for the Stone Age archaeology of
the region, as it serves as the most common and available dating method. The mapping of
the shorelines and construction of shoreline curves are done in close cooperation between
archaeologists and geoscientists, but the shoreline displacement curves are created
independently of archaeological data (e.g. Sgrensen et al., 2014). The shoreline curves are
also of importance for understanding the settlement in the prehistoric coastal landscapes
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and exploitation of marine resources (Jaksland, 2014; Glgrstad, 2016). The geological
background of the region underlines the potential in studying temporal variation in coastal
settlement in Southeast Norway, as it is possible to document coastal settlement on dry land
from the entire Holocene. Coastal sites dating from the colonisation period to the Neolithic

transition, 11,500-5900 cal. BP, is easily accessible and well preserved.

3.3.2 The 8200 cal. BP event in the Oslo fjord region - palaeoenvironmental data

The 8200 cal. BP event is detected in palaeoclimatic records in the North Atlantic region
(Alley et al., 1997; Barber et al., 1999; Alley & Agustdéttir, 2005; Seppa et al., 2007, 2009;
Walker et al., 2012), and is also evident in terrestrial climate records from Southern Norway.
Proxy data from the south Norwegian mountains indicates a drop in summer temperature,
re-advancing glaciers (the Finse event) and a pine pollen decline (Dahl and Nesje, 1994, 1996;
Paus, 2010). Pollen records from Bohuslan and Southern Sweden, also demonstrate a drop in
temperatures around 8200 cal. BP (Hammarlund et al., 2003; Antonsson and Seppd, 2007).
Using chironomids subfossil assemblages from six low-alpine and sub-alpine lakes as
temperature indicators, Velle et al. (2005) has obtained a regional picture of Holocene
summer temperature change in Southern Norway and Southern Sweden, and the 8200 cal.
BP event is detected as a fall in summer temperatures. Furthermore, marine
paleoenvironmental records from Skagerrak show an interval of cooling and a decrease in
salinity corresponding in time to the 8200 cal. BP event (Erbs-Hansen et al., 2011). Rohling
and Pélike (2005) argue that the 8200 cal. BP event was part of a cooling period which began
at c. 8600 cal. BP and lasted for several centuries. Further, it has been suggested that the
climate in Fennoscandia was characterized by two or three colder episodes during a c. 400-
year period centered on 8000 cal. BP, rather than a single event (Ojala, et al. 2008; Zillen and
Snowball 2009).

There are several pollen sediment cores from South Norway, but most have a low-resolution
and/or are unpublished (Hgeg, 2005). There are some exceptions, such as the high-
resolution pollen record from Lake Skogstjern, Bamble in Telemark County, obtained by the
Institute of Pre- and Protohistoric Archaeology, University in Kiel, in cooperation with the
Museum of Cultural History in Oslo (Wieckowska-Liith et al., 2015, in prep.; cf. Persson,

2014; Solheim and Regdsrud, 2014). The pollen diagram indicates a changing forest landscape
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following the 8200 cal. BP cold event. The Corylus appear to decline as well as other warm-
demanding wood taxa such as Ulmus, Quercus, Fraxinus and Tilia. At the same time, the low
temperature adapted Pinus, Betula and Juniperus increase, demonstrating significant
changes in the forest vegetation. These vegetation changes may be caused by the 8200 cal.
BP event (Wieckowska-Lith et al., 2015). Taking the large geographical variation in Norway
in consideration, the extent of climate changes is likely to vary considerably from region to
region. Even though the 8200 cal. BP event is evident in high-resolution paleoclimate records
from Southern Norway, the majority of proxy data is obtained from the western coast and
high alpine areas, and this makes it somewhat problematic to model the impact of Holocene

climate changes in the Oslo fjord region.

3.3.3 The Mesolithic coastal settlement of the Oslo fjord region

The Stone Age settlement of southern Norway is closely connected to coastal
communication and the availability and exploitation of marine resources (Bergsvik, 2001;
Bjerck, 2009, 2016; Glgrstad, 2013; Solheim and Persson, 2016). The poor organic
preservation has eliminated almost all direct evidence for the exploitation of marine
resources in Southeast Norway. Some sites have faunal remains exhibiting the exploitation
of different marine resources as well as terrestrial resources (Jaksland, 2001; Hufthammer,
2006; Glgrstad, 2010; Persson, 2014; Mansrud, 2014), and available data seems to suggest a
diverse subsistence strategy during the Middle and Late Mesolithic (Glgrstad, 2010; Solheim
and Persson, 2016).

Figure 8: Top left: Mesolithic sites in the Larvik, Porsgrunn and Bamble municipalities, Southeast Norway, in
today’s landscape. The other maps show Mesolihtic sites in relation to raised shorelines. The maps illustrate
the strong affinity to the ancient shorelines. Both inner and outer parts of the coastal areas were used during
the Mesolithic.

Information about some of the fundamental adaptive traits of Stone Age societies in the
region is first and foremoset available through site location (Figure 8). The majority of
Mesolithic sites were situated close to the contemporary shoreline, often on islands in the

outer archipelago.

Temporal trends in settlement strongly points to a close relation between Stone Age sites

and changing shorelines during the Mesolithic. In Figure 9 we have plotted the radiocarbon
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dates from 33 Mesolithic sites from the western part of the region in relation to the local
shoreline displacement curve. As illustrated by the figure, there is a strong correlation
between the radiocarbon dates from Mesolithic sites and the shoreline displacement curve.
The interpretation of this pattern is quite straightforward and it reflects a settlement pattern
closely connected to a continuously shifting shoreline in the time period c. 10,100-6000 cal.

BP.

Figure 9: Radiocarbon dates from Stone Age sites are plotted at the correct height above present sea level and
in accordance to calibrated age BC. The calibration curves show a close relation to the shoreline displacement
curve from Telemark/Vestfold. See Table 2 for individual dates. Figure by Steinar Solheim.

Table 2: The radiocarbon dates presented in figure 9.

Some C14-dates deviate from the general pattern and are worth commenting (see figure 9).
The dated material (charcoal) is gathered from different archaeological features (cooking
pits, hearths etc.) but in these cases there is no agreement between the radiocarbon dates
and technological/typological dating and shoreline dating. All finds from these sites indicate
that the activity phase is more than thousand years older than the radiocarbon dates. The
seemingly erroneous dates are often interpreted as pollution by natural processes and later
events (Nyland and Amundsen, 2012, pp. 188-189; Nyland, 2012b, pp. 162-163; Fossum,
2014, pp. 71-74; Jaksland, 2014, pp. 28-32). Such explanations seem plausible in many
circumstances. The sites in the region mostly consist of podzol horizons under a thin layer of
turf and it is documented that these can be severely affected by natural processes such as

frost heaving and root activity (Boaz, 1998; Solheim and Olsen, 2013:221).

In some cases, the lacking correspondence between C14-dates and the technological,
typological and shoreline age determinations are hard to explain by natural causes. One such
site is Martinedsen, Larvik, where a hearth is dated to the Late Mesolithic, c. 8800—8400 cal.
BP, by four radiocarbon dates (Eymundsson and Mjaerum, 2013). The site is shoreline and
technologically/typologically dated to the Middle Mesolithic period with no lithic finds of
Late Mesolithic character. The site is interpreted as having two activity phases: One during
the Middle Mesolithic and one in the Late Mesolithic. This site does not correspond with the
overall settlement pattern and most likely it shows a dynamical use of the landscape. The

site is however situated near the contemporary shore (100 m) in the Late Mesolithic with an
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elevated location at the mouth of an ancient fjord system and might have been a monitoring
site. We will however argue that settlement close the contemporary shoreline was by far
most common and that the model in figure 9 displays the general pattern of shorebound

settlement during the Mesolithic in the region.

Mesolithic settlement and the 8200 cal. BP event
The Late Mesolithic N@stvet phase, starting at c. 8300 cal. BP, is interpreted as a period with

increasing sedentism as sites from the period are larger and richer in finds than in earlier
phases (Jaksland, 2001; Glgrstad, 2010). The transition to the Late Mesolithic coincides with
the 8200 cal. BP event but an analysis of shoreline-dated sites indicate that there is no
detectable decrease in the relative number of sites following the climate event (Figure 10).
This is in contrast to other regions in Europe where decrease and/or relocation of
archaeological sites are detected (e.g. Gonzalez-Sampériz, P., et al., 2009; Wicks and Mithen

2014).

The collapse of the Laurentide ice sheet triggering the 8200 cal. BP event caused a global sea
level rise of 1.4 meters (Clarke et al., 2004; Térnqvist et al., 2004). Lotte Selsing (2010)
argues that the sea level rise may have caused increased erosion and coastal sediment
transport, resulting in an enriched marine productivity. This may have been a precondition
for the the establishment of a stabile and semi-sedentary settlement along the Norwegian

coast (Selsing, 2010, pp. 217-218).

A possible explanation to the observed pattern may thus be that the 8200 cal. BP event did
not have a large impact on the coastal settlement in the region. Rick and Erlandson (2012)
have suggested that foragers living in resource rich marine environments are less exposed to
dramatic climatic events. As argued by Selsing (2010) changes in climate might not have had
a negative effect on marine productivity, and possibly the 8200 cal. BP event did not affect

the demography and settlement pattern of the Oslo fjord region to a noticeable degree.

A few aspects should, however, be mentioned here. The sites included in figure 10 are
distributed in 500 yearlong intervals, which might be a too coarse resolution to identify

possible changes in relation to rapid cold events. A more fine-grained resolution from the
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western part of the Oslo fjord region is thus presented in figure 11, with a resolution of 200-
400 years. Even here it is difficult to outline a significant change in settlement in relation to
the 8200 cal. BP event, and a reduction in relative site numbers are seen prior to the event,
at ¢. 9000-8800 cal. BP. This might be related to either representativeness, or possibly the
decline in land upheaval during the Atlantic period, c. 8800—7800 cal. BP. A more stable
shoreline have offered the possibility to use the same location for settlement for longer time
spans, which might have triggered a more sedentary or place bound settlement.

Figure 10: Number of shoreline dated surveyed and excavated sites from the Oslo fjord region. The sites are

dated according to 500 years intervals. No changes are documented in relation to the 8200 cal. BP event.
Figure: Steinar Solheim.

Figure 11: Temporal distribution of surveyed sites (n=303 sites) from Bamble, Larvik and Porsgrunn
municipalities in Vestfold and Telemark counties, Southeast Norway. Figure: Steinar Solheim.

3.3.4 Technological changes during the Middle Mesolithic-Late Mesolithic transition
Studies have shown that cultural aspects like lithic tool technology and settlement patterns
are likely to change according to altered climate and resource availability (e.g. Crombé and
Robinson 2016). Case studies document that the 8200 cal. BP cold event is linked to
technological changes in various regions in Northern Europe (Riede, 2009; Riede et al., 2009;

Holst, D., 2010; Robinson et al. 2013; Manninen, 2014).

In Southeast Norway the 8200 cal. BP cold event coincides with the Middle Mesolithic—Late
Mesolithic transition (c. 8300 cal. BP). The Middle Mesolithic assemblages from coastal sites
in Southeast Norway are first and foremost characterised by blades and microblades
produced by pressure or indirect technique from conical and sub-conical cores with facetted
platforms. Snapped/fragmented blades, scalene triangular microliths, barbed points,
grinding slabs, ground-pecked adzes (also termed round butted adzes) made of local volcanic
rocks are also frequent at sites. Flint is the most common raw material (Jaksland, 2001;

Solheim and Damlien, 2013; Melvold and Persson, 2014; Damlien, 2014, 2016).

The Late Mesolithic assemblages are characterised by microblades produced by pressure
technique from handle cores with smooth platforms, grinding slabs and Ng@stvet adzes made

of local volcanic rock. Flint is the dominating raw material (Mikkelsen, 1975; Glgrstad, 2004;
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Eigeland, 2015). The technological transition between the Middle and the Late Mesolithic
has been described as a gradual, continuous process where Middle Mesolithic elements are

slowly being replaced by new ones (Glgrstad, 2004).

Based on technological analyses from seven Mesolithic sites from the eastern part of
Southeast Norway, Eigeland (2015) argues that the Middle and Late Mesolithic blade
technologies are two very different technological concepts, and that there is no gradual
development between the concepts. The Middle Mesolithic pressure blade concept is
characterized by a gradual reduction of the core by detachment of blades of different
dimensions. The striking platform is formed and rejuvenated by repeated detachments of
core tablets and deliberate hinged rejuvenation flakes. Blade width varies, and there is no
indication of separate macro- and microblade production. Rather, there is a gradual
reduction of the core from the widest and longest to the narrowest and shortest blades.
Macroblades are produced by indirect technique whereas blades and microblades are
produced by pressure technique (Damlien, 2014, 2016; Eigeland, 2015; cf. Sgrensen et al.
2013). Unlike the conical core concept, the Late Mesolithic handle core microblade
production results in a standardized blank size. The handle core usually has an oblong shape
and a flat, smooth platform. The striking platform is rarely rejuvenated, and the core is

reduced lengthwise (Eigeland, 2015).

The Middle Mesolithic blade concept results in a variety of blanks sizes that can be modified
to a wide range of tools. Furthermore, many blades/microblades are retouched or
deliberately snapped. Due to their small and standardized dimensions, the Late Mesolithic
microblades have a more limited usage than the Middle Mesolithic blades. This applies even
if they were used as inserts in different composite tools (Eigeland, 2015, p. 154). The Late
Mesolithic microblades are rarely modified by retouch. Eigeland further argues that the
Middle and Late Mesolithic adze technologies are different. The Middle Mesolithic ground-
pecked adze is shaped with bifacial technique, pecked and partially grinded while the Late
Mesolithic Ngstvet adze, on the other hand, is shaped by detaching flakes from an oblong,
flat platform, giving the adze a triangular cross section. Only the edge of the adze is modified
by grinding. These distinct breaks in both blade and adze technologies suggest that they

represent two different technological traditions (Eigeland, 2015, p. 382).
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As lithic technology can be seen as cultural knowledge transmitted between individuals
within a group or a tradition (Sgrensen, 2006; Damlien, 2016), changes in technology can
imply that demographic transformations were taking place in the Oslo fjord area at the
Middle Mesolithic—Late Mesolithic transition. The question is if this is related to changes in
climate seen in Northern Europe in general. Archaeological data from recent excavations on
the western side of the Oslo fjord do however indicate that the Middle Mesolithic blade
concept and axe technology is prevailing during the first half of the Late Mesolithic (Melvold
and Persson, 2014; Reitan, 2016). The timing and mechanisms behind the technological
changes around the Middle Mesolithic—Late Mesolithic transition, and the possible
connection to the 8200 cal. BP cold event, are not yet explored and further studies are
needed. Furthermore, it is urgent to analyse the technological and typological changes in

light of new radiocarbon data, and investigate how this relates to the 8200 cal. BP event.

A parallel situation where climate and technological change coincide can be seen during the
final stages of the Preboreal period. By analysing lithic blade assemblages from 28
settlement sites dated to c. 11,500-9500 cal. BP, Hege Damlien (2016a, 2016b) has
discovered profound changes in the technological organization in the late Preboreal, c.
10,400 cal. BP, with the introduction of the conical core pressure blade technology. This
roughly correspond to the 10,300 cal. BP cold event, but Damlien argues that the changes
are not primarily driven by environmental factors, but rather regulated by major social
changes (Damlien, 2016b; see also Tallavaara et al., 2014). Damlien’s research and the
preliminary investigation presented above demonstrate the potential of the archaeological
record from the Oslo fjord region to study human—environment relations. By comparing the
archaeological record with high-resolution paleoenvironmental data it is possible to explore
to what extent a changing environment affected hunter-gatherers occupying the Oslo fjord
region throughout the Mesolithic. An important feature in both cases is that the coastal

settlement seems to not be affected.

4.0 Conclusions and future perspectives

The cases underline several important points concerning human—environment relations:
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1) Climatic deteriorations may have had severe negative impact on terrestrial
environments and resources. In these northern, coastal environments, however, the
declining temperatures may have been less noticeable, or in fact have improved the
living conditions for a range of marine species

2) Changes in lithic technology and settlement patterns are detected within the
Mesolithic periods — a time span with climatic alterations and shifts. A direct
correlation between abrupt climatic alterations and cultural changes are, however,
yet to be proved. What we rather see is:

a. Gradual changes in the archaeological record that may be related to gradual
stabilization in the climate, environment and resource base.
b. Profund changes in technology that perhaps was not driven by environmental
factors at all.
c. Marine and coastal settlement does not seem to be affected by either the
PBO or the 8200 cal. BP event.
3) The Mesolithic populations had resilient adaptive strategies that were projected into

different landscapes and maintained through environmental fluctuations

However, the cases also reveal the need for better palaeo-environmental data, and there
may be potential for studying these matters more closely in the future: The vast record of
Mesolithic sites and artefacts in Norway, together with the steadily increasing high-
resolution palaeo-environmental data, has the potential to highlight many issues about
human—environment relations, and contribute to the understanding of early marine foragers

of Northwest-Europe.

There is a long tradition for reconstructing past environments and climate in Norway.
Fluctuations in sea-levels and ice fronts have been recurrent topics throughout the
archaeological history of research, and we now have quite comprehensive knowledge about
these processes. Less is known about vegetation and fauna. Here, we largely have to rely on
climatic proxy data in order to reconstruct the resource basis in this early phase of human
occupation. The use of palaeo-environmental DNA (ancient DNA (aDNA)) originating from
disseminated genetic material within palaeo-environmental samples) to reconstruct past

environments is an emerging area of archaeological research (see Rawlence et al., 2014 for a
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review). Good palaeo-environmental DNA-samples are able to detect genetic traces of
animals and plants that were physically present on the site. Provided undisturbed contexts
and good sampling and analysis methods, this may be a possible avenue in Norwegian Stone

Age research.

Breivik (2014, 2016) has made an effort is made to characterize the oceanic environment,
with emphasis on productive habitats and temporal and spatial variations in the marine
conditions in the Preboreal period. There are many possibilities to expand on this issue:
Analyses of sediment cores may serve as the basis for models about meltwater discharge
and sea ice. This can take us longer on the way of characterizing fjord environments and the
extension of firm ice-cover and ice floes. Modellings of currents, wave action and tidal
amplitudes are other factors can bring detail to our understanding of coastal environments

in the Early Mesolithic.

Zooming in on smaller regions should also be interesting in this regard. The large amount of
archaeological sites recorded and the increasing number of extensive excavations has left us
with a very good foundation to conclude upon. Yet there is still need for more surveys and
excavations in the mountain and especially in the fjord zone. Although the settlements in
these zones seem, for some time periods, to be part of a mobility pattern that was based on
the coast, questions could be asked about the relation between these sites and the role they
play within this system: Are they hunting camps, intermediate stations or residential camps
similar to those we find in the outer coastal areas (Breivik and Callanan, 2016)? More
detailed studies on the intra-site matters on mountain and coastal sites may reveal
additional interesting similarities and differences, giving more clues as to how these sites
relate to each other and how the early inhabitants approached the landscapes. Tool
distribution patterns and projectile morphology may be interesting in this regard. The
investigation of Early Mesolithic sites and artefacts in central Norway has given a large
record of tools and features ready to be studied in detail (Breivik and Bjerck, in press). We
have also recorded numerous sites that have been used for a longer timespan or during later
periods. This may be an interesting site group to analyze in relation to natural surroundings

and intra-site similarities and differences.
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The substantial growth of archaeological data from the Mesolithic in Southeast Norway
during the last 15 years covers sites from the Early Mesolithic to the Neolithic. In
combination with the continuous land uplift, this provides high-resolution data well suited
for studying breaks and continuity in lithic technology and settlement during the Mesolithic.
A cautious estimate of 3000-4000 known Stone Age sites in the region provides excellent
data for analyzing potential changes in human adaptation in relation to climatic events.
There is a so far a little explored potential in the archaeological record for studies of the
relation human—environment. In order to scrutinize the relation between climatic events,
e.g. the 8200 cal. BP event and technology and settlement, there is a need for more high-
resolution proxy data on temperature and environmental changes. Identification of climatic
events, such as the 10,300 or 8200 cal. BP event, that can easily be missed because of lower
time resolution in the proxy records (e.g., Antonsson and Seppd, 2007, p. 407; Erbs-Hansen
et al.,, 2011, p. 677), should be a future focus of investigation. Targeted analyses of suitable

lakes and bogs in areas with rich archaeological data should be a priority.
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