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a b s t r a c t

What drives the adoption of pottery amongst prehistoric foragers in high-latitude environments?
Following the long-running interests of archaeology in explaining the origin and dispersal of new
technologies, recent years have seen growing efforts to understand what drove the emergence and
expansion of early hunter-gatherer pottery use across northern Eurasia. However, many regional di-
mensions to this continental-scale phenomenon remain poorly understood. Initial pottery adoption has
often been explained as a generic cultural response to warming climates and the growing diversity of
food resources, yet resolving challenges of food security during seasonal shortfalls or general climatic
downturns may have provided alternative motivations. It is also becoming clear that many regions
experienced more complex patterns of pottery adoption and that many resist simplistic monocausal
interpretations. In this paper we deploy a Human Ecodynamics framework to examine what drove the
punctuated adoption of two early pottery traditions into Arctic Maritime Europe, which were separated
by a multi-millennial ceramic hiatus e Early Northern Comb Ware (ENCW) and Asbestos Tempered Ware
(ATW). Our multi-proxy approach involves the revision of pottery chronologies to clarify the timing and
ecological context for each dispersal, combined with analysis of technological and functional dimensions
of the ceramic traditions to understand the contrasting social organization of these technologies. Our
results confirm that ENCW expanded at a time of increased locational investment and ecological
abundance in the region, while ATW spread in a series of smaller and more intermittent waves in the
context of a major ecological downturn and alongside a return to a high-mobility lifestyle. Finally, we use
the concept of “source-sink dynamics” to suggest that both dispersals were driven by the same under-
lying process. This involved major climatic fluctuations triggering small-scale population transfers from
lake and riverine settings of western Russia, Finland and the Eastern Baltic region via interior areas and
through to the Arctic Norwegian coastline, a persistent process that is also well-documented in later
historical periods. Our results highlight the crucial importance of bridging-scale case studies as these
have the “unsettling” potential to highlight deeper problems of equifinality. In this case, they reveal that
two broadly similar material traditions spread into the same regions, albeit in the context of strikingly
different environmental and behavioural conditions.
© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Archaeologists have long sought to explain the innovation and
long-range dispersal of major technological innovations. Recent
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years have seen growing international interest in understanding
the emergence of early pottery by hunter-gatherers. It is now well-
established that the world's oldest fired-clay cooking vessels
emerged independently around and slightly after ca 20.000 years
ago among Late Glacial hunther-gatherer communities in several
different parts of East Asia (Hommel, 2014; Iizuka, 2018; Kuzmin,
2017; Wu et al., 2012; Yanshina, 2017). This was followed by
appearance of several further independent innovation center
across North Africa ca. 12.000 cal BP (Jordan et al., 2016). A growing
body of research has attempted to trace the character and timing of
a potential continental-scale dispersal of early ceramic traditions
across Eurasia. This may form a general east-to-west pattern,
following the waterways of the Eurasian plain during the warmer
conditions of the Holocene (Courel et al., 2020, 2021; Jordan et al.,
2016; Papakosta et al., 2019; Piezonka et al., 2020). However, poor
data coverage and limited chronological resolution render many
aspects of this model rather speculative. While some progress has
been made in exploring these continental-scale distribution pat-
terns, as well as in local, site-level typochronologies, the refinement
of intra and inter regional-scale chronological frameworks are cit-
ical to enable more “meso” scale insights to emerge. These studies
have the potential to connect analytical scales, and to highlight
more complex and context-specific factors that can drive both
pottery adoption and rejection. Our goal in this paper is to highlight
the potentials of regional-scale studies that focus on identifying
how particular - rather than generalized e factors drove the
adoption of early pottery traditions into new areas, crucial for
sorting out the reasons why pottery appears in some places and at
some times, but not others.

We present an in-depth case-study from “Arctic Maritime
Europe”, defined in this paper as “northernmost Norway” which
forms the northern margin of European mainland, interfacing the
Barents Sea at 71� north. In the Holocene, this region experienced
two separate waves of early pottery expansion, interspaced by a
multi-millennia ceramic hiatus (Fig. 1). The local archaeological
record contains an unbroken record of these developments due to
the series of raised paleo-shorelines and unprecedented level of
archaeological investigations in the high latitudes. While coastal
Northeast Eurasia primarily has been subject to major sea level rise
obscuring early patterns of pottery adoption, the Norwegian
coastline is characterized by significant isostatic uplift, thus
providing a rare window into deep-time sequences of socio-
ecological change in the Arctic (Damm et al., 2019).

The earliest pottery tradition in the area belongs to the Early
Northern Comb Ware (ENCW), dispersing ca. 7500 cal BP and dis-
appearing ca. 6500 cal BP (Skandfer, 2003, 2005). After a ceramic
hiatus of ca. Two millennia, the Asbestos Tempered Ware (ATW)
eventually expanded into the same area. The exact timing of this
second ceramic dispersal remains unclear, but has been assumed to
start at ca. 4200 cal BP (Jørgensen and Olsen, 1988). The ATW
tradition went on to have a much wider geographical distribution
than the ENCW, but eventually discontinued around 1500 cal BP.

Importantly, both these early pottery traditions dispersed into
the Arctic coast from the Baltic region andwestern Russia. Here, the
two constitute amostly continuous ceramic technological sequence
of evolution (Seitsonen et al., 2012; cf. Nordqvist, 2018; Pesonen,
2021; Piezonka, 2015), although discontinuities are becoming
more apparent also here (Pesonen, 2021), particularly in northern
Fennoscandia. As such, Arctic Maritime Europe can be viewed as a
“periphery” into which a series of macro-scale pottery traditions
dispersed at different times from outside “core” areas, pinpointing
general properties of the processes responsible for inter-regional
pottery dispersal mechanics. While a plethora of local sub-types
and associated chronologies have been a major topic of research
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in the area, we here focus on regional dispersal patterns of ceramic
technologies. This is particularly valuable, as we argue that un-
derlaying processes of ceramic dispersals may best be studied at
distributional margins where cultural event horizons are particu-
larly pronounced, providing “laboratories” for dissecting deeper
contextual processes driving adoption and “resistance” to techno-
logical innovations in deep time. This, combined with a wealth of
new archaeological, chronological and palaeoenvironment evi-
dence from northern Norway offers rich scope for an updated
analysis.

2. Alternative adoption (and abandonment) scenarios

To establish a series of models about the factors driving pottery
adoption we examined recent work on the emergence of pottery
across northern Eurasia and the circumpolar regions more gener-
ally. Various hypothesis have been proposed to account for the
spread and uptake of ceramic technology amongst prehistoric
hunter-gatherers (Jordan and Zvelebil, 2010a:59), as well as for the
non-adoption amongst contemporary, and geographically adjacent
aceramic groups (Admiraal et al., 2020; Demirci et al., 2021; Elliott
et al., 2020). Production of ceramic technologies and the high-
mobility lifestyle led by many hunter-gatherer (HG) populations
are often seen as mutually exclusive characteristics due to the high
investment requirements and stationary production sequence of
pottery production e an idea of deep intellectual roots and
engrained in cultural evolutionary thought (Arnold, 1985:109).
Among the plethora of ideas, arguments and overlapping as-
sumptions, two salient lines of enquiry emerge and are summa-
rized in (Table 1).

2.1. Model 1: ecological surplus drives adoption

Most commonly, early pottery has been assumed to offer Ho-
locene hunter-gatherers an effective means for processing “sur-
plus” production in the context of warming climates and increasing
ecological productivity. The emergence of ceramic technologies has
been strongly linked to processing and storage of surplus produc-
tion in high-yielding, coastal/aquatic ecotones e most explicitly
formulated in a series of publications by (Hayden, 1995). According
to this scenario, pottery use spreads as part of a wider suite of
Holocene technologies offering more effective harvesting, mass
capture and processing capabilities. These, in turn, support eco-
nomic diversification and intensified exploitation of particular food
types, ranging from nuts and plants, through to ungulates, fresh-
water fish and diverse coastal resources (Hayden, 2010, 2019) e

with one of the major benefits being the increased nutritional
output from lower-ranked resources for lower work-effort. Due to
latitudinal gradients in terrestrial biomass, aquatic and maritime
resources tend to play a more central role in explaining pottery
adoption into higher-latitude environments (Jordan and Gibbs,
2019), though interception of game and especially migrating
herds was important in certain regions. Over time, this constella-
tion of cultural and ecological factors is assumed to converge into
growing sedentism and increased social complexity (Admiraal
et al., 2020; Hayden, 2014). Views on the role of pottery within
such communities range from vessels being used on a more routine
household basis to expand the range of foodstuffs, improve nutri-
tion or experiment with new cuisines (Jordan and Zvelebil,
2010:54e55), through to the use of pottery by ambitious in-
dividuals and households to expand production of prestigious
foods that can be used in competitive cycles of feasting within and
between communities (Hayden, 2014, 2019).

Overall, the ultimate driving force for this kind of pottery-



Fig. 1. Location maps showing (a) study region and the extent of the CombWare pottery tradition and the ENCWoff-shot in northern Norway, after (Pesonen 2021: Fig 2.1; Piezonka
2012: Fig. 22; Skandfer 2005: Fig. 1); (b) the distribution of Textile and imitated Textile ATW-types in Norway, Sweden and Finland including Pasvik and Lovozero types in northern
Norway, after (Forsberg 2001: Fig. 2; Huurre 1986:54; Jørgensen and Olsen 1988: Fig. 14e17); (c) the distribution of northern («Risvik) and southern ATW types in Norway and
Kjelmøy/S€ar 2 ATW-types in Norway, Sweden and Finland, after (Arntzen in prep; Forsberg 2001: Fig. 1; Hop 2011: Fig. 3; Huurre 1986:54; Jørgensen and Olsen 1988: Fig. 12); (d)
study region with sampled sites (key in SI:Table 1) and important place names marked.
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adoption scenario is the “surplus” offered by growing ecological
productivity, combined with the need for cheap container tech-
nologies, which together become entangled in a transition towards
sedentism and storage. This, in turn, supports growing population
and further fuels the social motivations to maintain the delayed-
return investments that are central to maintaining pottery tradi-
tions. Conversely, the abandonment of early ceramic traditions
would require a decline in ecological productivity, in turn, trig-
gering population decline, combined with growing mobility to
resolve seasonal shortfalls. In short, phases of pottery adoption
should coincide with improving environmental productivity,
whereas downturns should trigger the collapse of pottery tradi-
tions and the opening of ceramic hiatus periods.
3

2.2. Model 2: ecological risk drives adoption

An alternative scenario has also been presented, revolving
around an inverse “deficit” relationship as the main driver of
technological innovation. The deficit model argues that stress/risk,
such as more challenging environmental conditions, can stimulate
populations to invest in new technological traditions to resolve
food security (Fitzhugh, 2001). Examples include micro-blades,
plant grinding stones and early pottery traditions that seem to
appear across northern China during the return to cold and arid
conditions during the Younger Dryas (Elston et al., 2011). The
motivation in the case of pottery is to maximize overall calory
extraction from seasonally scarce or unpredictable resources in



Table 1
Contrasting “surplus” and “deficit” pottery-adoption scenarios: environment, food security, mobility and technology.

Main
Driver

Motivating
Factor

Environmental
Conditions
(Palaeo-
Demography)

Target
Resources

Food Security Settlement / Mobility Organisation of Technology
(Social Dynamics)

“Surplus” Maximise
production
(predictable
seasonal
abundance)

Improving /
Stable
(increasing
population /
density)

Planned -
marine fish,
salmon runs,
seals, migrating
reindeer herds

Low Risk
Archaeological Correlate:
minimal evidence for intensified
calory extraction (e.g. long bones
discarded intact)

Logistic mobility
(storage) with base camps
and seasonal extraction
points (pottery used at
both / either)

Large-scale pottery usage at specific
extraction / processing sites; local raw
materials; local production, use, discard.
Status-driven feasting and social
competition (?)

“Deficit” Maximise
calory-
capture
(unpredictable
seasonal
shortages)

Challenging /
Declining
(small /
declining
populations)

Opportunistic e

seasonal game,
salmon runs;
marine fish,
seals.

High Risk
Archaeological Correlate:
evidence for intensified calory
extraction practices (e.g. highly
fragmented bone e grease
rendering, etc.)

“Serial Specialists” e high
mobility targeting
dispersed seasonal
resources.

Small-scale usage at many temporary
camps; small, light and portable vessels;
curation of pots and (re)use of optimal raw
materials (grog / temper); communal
feasts to maintain fragile social networks.
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times of shortage (Terry, 2022). One possible example is the use of
Late Glacial pottery to extract marrow and bone grease, with pot-
tery used in the rendering process (Elston et al., 2011; Shoda et al.,
2020). Although not widely applied in early pottery research, this
scenario offers an interesting alternative to the “surplus” model
outlined previously.

To resolve these relationships, much more contextual work is
needed to explain why pottery traditions expand from one region
to another under particular environmental conditions e this
important factor is often glossed over via reference to more generic
processes of knowledge transmission, supported by open social
networks and generalized group exogamy (Jordan et al., 2016). In
our case, ArcticMaritime Europe forms the outer edges of thewider
Fennoscandian landmass, including Finland and NW Russia. The
two early pottery traditions that expanded into northern Norway
crossed significant ecological and climatic gradients, spreading
from the milder, more productive south-eastern Fennoscandia and
into northern coastal settings. Importantly, such coastal and inland
ecosystems can respond quite differently to climatic shifts, with
terrestrial ecosystems being subject to higher amplitude changes,
whereas marine productivity changes tend to occur as gradual
trends due to the greater potential for geographical shifting as a
mitigation response by marine species.

Thus, investigating the drivers of punctuated pottery adoptions
into Arctic Maritime Europe can offer useful regional-scale insights
into more general processes of cultural evolution and human-
environment interactions. To evaluate the competing “surplus”
versus “deficit” scenarios we deploy a multi-scalar and multi-
disciplinary approach to tackle four overarching research
questions:

a) precisely when did the two pottery horizons start and stop?
b) to what extent di these dispersal horizons correlate with

other climatic, environmental, demographic, and human
behavioural trends?

c) did the design and function of the two technological tradi-
tions differ significantly from one another?

d) what processes drove the punctuated expansion of these
traditions from inland into coastal zones?

We start with a short review of current knowledge to highlight
knowledge gaps and research opportunities.
3. Research context: early pottery adoptions in Arctic
maritime Europe

Two distinct early pottery traditions are adopted into what is a
4

highly dynamic cultural trajectory (context of the dispersals pre-
sented in; SI text). While each has distinct spatiotemporal distri-
bution, technological and stylistic features, both originate in, and
disperse from core areas located significantly further to the
Southeast (the Baltics andW Russia). The main types are illustrated
in (Fig. 2).
3.1. Pottery tradition 1: Early Northern Comb Ware (ENCW)

ENCW is an umbrella term for a variety of local sub-variants of
Early Comb Ware (ECW) in northern Fennoscandia of the mid-
Holocene (Skandfer, 2003, 2005). Although the ENCW and Early
Comb Ware (with a plethora of local variants (see Nordqvist and
M€okk€onen, 2015; Pesonen, 2021; Piezonka, 2015; Torvinen, 2000)
- traditions predominantly have been considered separate ceramic
traditions in previous research, here they are treated as part of the
same general technocomplex on the basis of shared production
sequence, temporal contemporaneity and geographic interaction -
trumping stylistic variation (following (Skandfer, 2010:348e9).

At this macro scale, we are interested in understanding how this
general ceramic tradition dispersed into Arctic maritime Europe.
The ENCW tradition is united by several key features: large, thick-
walled pots with pointed or rounded bottoms, tempered with
crushed minerals, mostly quartz. Specifically, the most definitive
trait of ENCW's is the full exterior decoration with horizontally
organized combinations of comb and pit stamps (Fig. 2a). The tra-
dition's many variants, form geographically specific stylistic
groupings, down to site-scale and individually decorated pots. In
northern Norway, the ENCWpottery horizon is sharply restricted to
coastal sites in the Varanger fjord and upper Pasvik river, which
drain into it, all now located on the Norwegian e Russian e Finnish
border (Simonsen, 1963; Skandfer, 2010). Most of the Norwegian
ENCW assemblages have been securely dated, resulting in a 7500-
6500 cal BP (2s) range from direct dates, accounting for possible
reservoir effects, supported by contextual radiocarbon dates
(Skandfer, 2003:233, 2005:5e6, 2010). The ENCW tradition forms a
northwestern outlier to the much larger and expansive Early Comb
Ware (ECW) pottery horizon. More generally, the ultimate origins
of the greater ECW tradition may be in the Upper Volga region of
Russia, though improved dating of many continental assemblages is
required to confirm this interpretation (Piezonka, 2012). The ECW
consists of several local styles, including S€ar€aisniemi-1 (S€ar-1) in
northern Finland, Early CombWare (Ka I:1) in southern and central
Finland, and Sperrings-1 in Karelia (Nordqvist and M€okk€onen,
2015; Pesonen, 2021; Torvinen, 2000), plus much of the eastern
Baltic. Mid- and South Finland regions together with Karelia and
the Baltic form the “core” area of the larger ECWpottery tradition in



Fig. 2. The two pottery traditions and types discussed in the paper. All specimens from the Arctic region. 1.ENCW (Ts6128, Noatun Neset Vest site). 2.ATW, undecorated Pasvik/
Lovozero type (Ts5895, Gasadaknes site). Note intense tempering and use of larger, finger-sized asbestos fibers. 3.ATW, textile-imprinted type (Ts3867, Kirkhellaren site). 4.ATW,
imitated textile-imprinted type (Ts8226.bz, Sandbukt House 21 site). 5.ATW, Risvik type (Ts3576, Solheim site). 6.ATW, Kjelmøy type (C2946, Mestersanden site). 7.ATW, “Bucket-
shaped pot” type (Ts1432, Mjønes burial mound).
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Fennoscandia. Whereas pottery is given up in the “peripheral”
northern region after c. 6500 cal BP, Northern Norway Comb Ware
is here developed into later variants.
3.2. Pottery tradition 2: Asbestos Tempered Ware (ATW)

After a 2000-year ceramic hiatus, the next tradition to expand
into northern Norway was Asbestos Tempered Ware (ATW). The
ATW tradition can also be classed as a single unified tech-
nocomplex, albeit with local variants. has received
5

disproportionately little attention across its entire distributive area
in the northern parts of Norway, Sweden, Finland and NW Russia.
The focal point of previous research has been the great typological
variation within the ATW tradition (Lavento, 2001), used to argue
for multifaceted introduction of the various types across the
Scandinavian peninsula (Forsberg, 2012:38).

The intra- and inter-regional chronology of ATW is less well
understood and it has remained a somewhat enigmatic phenom-
enon in Norway (Andreassen, 2002; Bakka, 1976:29e38; Jørgensen
and Olsen, 1988; P€a€akk€onen et al., 2018). In contrast to the compact
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distribution pattern of the ENCW, the ATW tradition spreads much
morewidely with small quantities of ATW being found all along the
western Norwegian coast to the southernmost tip (Ågotnes, 1986;
Hop, 2016), and in the inland south to Lesja in central-south Nor-
way (Bergstøl and Reitan, 2008). However, the primary area of use
was among foragers in northern Norway.

ATW is an umbrella term, which covers a great diversity of
forms, types and decorations. Functional differences therefore
seem likely. The single unifying trait linking this diversity is the
copious addition of asbestos strands as temper. Unfortunately, our
understanding of ATW pottery is underdevelopede likely resulting
from the highly fragmented state of most ATW sherds. What few
larger diagnostic examples exist seem to confirm major variability
in decoration, including textile-imprints, through to geometric
shapes and lines, and plain vessels with smoothed surfaces.

The general ATW pottery horizon in northern Norway had long
been assumed to start at ca. 4200 cal BP, and persist through to ca.
1500 cal BP (Helskog, 1983:74; Jørgensen and Olsen, 1988). This
particular adoption date has been understood to correlate with a
much-discussed trend towards renewed sedentism and growing
social complexity during the 4200-3600 cal BP “Gressbakken
phase”, with aggregations of large multi-room houses and exten-
sive middens in the coastal areas of eastern Finnmark (Olsen, 1994;
Schanche, 1994). In turn, the presence of pottery reinforce the cir-
cular “social complexity” argument, with pottery indicating the
presence of sedentary communities that had evolved affluent life-
ways and were exhibiting new levels of technological achievement
(cf. Skandfer, 2012:137). Together, the dating and context of the
ATW expansion should align closely with the surplus model,
though these interpretations have been increasingly questioned.

One major problem is that the ATW assemblages have never
been systematically dated. As a result, the chronology for pottery
adoption is only supported by contextual dates with large STD and
insufficiently controlled association with the house features. For
example, the “Early ATW Phase” in northern Norway is thought to
date between ca. 4200-3900 cal BP and consists of the Pasvik and
Lovozero ATW types (Fig. 2b). These wares - like the ENCW tradi-
tion e are restricted to coastal and lower river settings in east-
ernmost Finnmark. Somewhat later, Textile-Imprinted and Imitated
Textile-Imprinted ATW (Fig. 2ced) variants expand across coastal
and inland areas of northern Norway. Based on the current chro-
nology, all these variants fade ca. 3800e2900/2500 cal BP. The
“Middle ATW Phase” is then marked by the appearance of the
Risvik Type (Fig. 2e), with a wide distribution along the NW coast,
which starts to emerge from ca. 3700 cal BP, though most dates fall
after this (Jørgensen and Olsen, 1988; Skandfer, 2012:130e131).

The “Late ATW Phase”, dated to ca. 3000-2000 cal BP, is marked
by the appearance of the Kjelmøy Type (Fig. 2f) across all areas. In
particular, the vessels have extremely thin walls and occasionally,
elaborate decoration. In this final part of the ATW tradition, pots
can alternatively be tempered with mica or shell, and others with
asbestos, yet all are still grouped as ATW variants due to the
obvious stylistic affinity. The ATW tradition ends with the short
effervescence of “bucket-shaped pots” (Fig. 2g) (350e550 AD)
stemming from burial contexts as opposed to the earlier ATW types
association with settlement sites, tentatively ending with the
collapse of artistic ceramic production knowledge of Late Iron Age
aristocracy e potentially disrupted by the 536/537 AD Fimbul-
winter and Justinian plague (Kristoffersen andMagnus, 2010:82; cf.
Fredriksen et al., 2014). Its distribution in northern Norway is
strongly associated with coastal sites, and argued to be a continu-
ation and final stage of the northern Fennoscandian ATW tradition
(Jørgensen, 1988:52; countering, Bøe 1931:165; see also Breivik,
2006; Engevik, 2008).
6

3.3. Summary: knowledge gaps and research questions

While northern Norway has an exceptionally rich and contin-
uous archaeological record making it an ideal location for investi-
gating punctuated adoptions of early pottery, the uncertain dating
of the ATW tradition, and especially its first appearance, emerge as
a major obstacle. In contrast, the ENCW tradition is well dated,
though the timing of its expansion and disappearance has yet to be
properly correlated with the new suite of high-resolution culture-
environmental proxies that now exist. Finally, the function of these
two traditions has yet to be examined with organic residue analysis
e this would offer useful insights into why the traditions may have
been adopted, as well as how pottery use was embedded into
locally, and potentially varied, adaptive strategies. Addressing these
gaps and generating a more holistic understand of punctuated
dispersal dynamics emerges as the overarching goal of this paper.

4. Materials and methods

Our analysis started with conducting a site-based inventory of
all the significant ENCW and ATW assemblages and radiocarbon
dates in northernmost Norway (See: SI Table 6 and SI data). With
the exception of a stray-find in the 1980s, the ENCW assemblages
were all excavated prior to 1960 (Simonsen, 1961, 1963), and have
been subject to a re-evaluation and direct-dating program covering
all Norwegian assemblages (Skandfer, 2003). Considering the many
large-scale rescue excavations undertaken and research-led in-
vestigations (Skandfer, 2003) targeted specifically at identifying
ENCW sites in the region since 1990, the almost non-existent
addition of new ENCW assemblages seem to underline the
geographically bounded distribution.

A comparable dataset did not exist for the ATW prior to this
study. Therefore, our first priority was to refine and improve the
ATW chronology for Northern Norway. We targeted key ATW sites
and sherds that would enable us to assess key dates for the existing
chronology, plus new material to add extra dates. As ATW sherds
are typically highly fragmented, this reduced the range of material
open for dating and our sampling strategy had to accommodate this
issue. In total, 25 potentially dateable new sherds were selected,
curated by the Arctic University of Norway, which yielded 24 extra
AMS dates. To these were added all the existing dates to create a
total dataset of 74 dates derived directly from the Northern Norway
ATW horizon. All these dates were carefully evaluated against the
earlier contextual dates, to control for likely reservoir and deposi-
tional biases in either direction (i.e. younger/older adjustments).
Particular attentionwas directed at critically evaluating the veracity
of earlier estimations about the assumed arrival and disappearance
dates for the ATW tradition (See: SI text). Again, these older esti-
mations were primarily based on contextual rather than direct
dates on the pottery itself (Jørgensen and Olsen, 1988). Finally,
renewed scrutiny was directed to the existing ENCW chronology, so
that all dates on both traditions have been screened according to
standardized protocols. This exercise generated updated chronol-
ogies for the two pottery traditions based on an updated set of
dates (ENCW, n ¼ 10. ATW, n ¼ 74).

The refined chronologies for both pottery traditions created a
more robust foundation for a multi-proxy analysis of the main
contextual patterns of pottery adoption. To facilitate correlation
with a wide range of proxies we converted the refined dating of the
ENCW and ATW traditions into Summed Probability Distributions.
We then targeted proxy datasets best placed to elucidate the
socioecological contexts into which early pottery was adopted,
including the environmental factors that would have exerted the
most direct influence on human subsistence and food security.
These data included: prime paleoenvironmental records pertaining
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to climate, ecology and maritime versus terrestrial productivity (SI
Table 5). In all cases, our selection criteria were: close geographical
proximity, highest possible resolution, and coverage of both
terrestrial and marine environmental systems. In addition, we
added published paleodemographic models for interior and coastal
regions of northern Norway (Jørgensen, 2018; Jørgensen and Riede,
2019), plus chronologies of other selected cultural traditions
including well-dated examples of the large houses (i.e. from the
Gressbakken phase, that purport to provide evidence for peaking
sedentism and social complexity), plus various lithic traditions
including slate and bifacial technologies. Finally, all the chrono-
referenced data were compiled into a single figure to support
careful analysis of potential correlation between the various cul-
tural and environmental parameters (Fig. 3).

To better understand potential variability in the scale-of-use,
function, and design features of the two early pottery traditions,
MNI of ATW vessels per site were calculated across northern Nor-
way using data in the inventory of pottery assemblages and
compared to existing calculations of ENCW (Skandfer,
2003:120e122) (SI Table 6). Second, we conducted a targeted
program of organic residue analysis (ORA) to clarify variability in
function within and between the ENCWand ATW traditions. These
efforts focused on sites within the restricted ENCW distribution.
This strategy was devised as ENCW vessels from the area have
never been subject to organic residue analysis. Secondly, sampling
ATW vessels from inside the same sites and region enabled us to
assess whether patterns of pottery use had varied within and be-
tween the two traditions. We studied absorbed lipid residues and
biomarkers embedded, using established protocols (see SI for
sampling strategy, methods, and detailed summary of results).
Finally, these new results could be used to complement recent
residue studies on the wider ATW tradition in surrounding parts of
northern Fennoscandia (P€a€akk€onen et al., 2018).
5. Results

5.1. Revised pottery chronologies

Our review of the ENCW chronology confirmed its veracity
(7500-6500 cal BP). In contrast, our re-dating of the ATW tradition
Fig. 3. Comparison of new and existing chronological framework for the ATW tradition. High
of the lower age range of the ATW tradition compared to the existing framework based on
Iversfjord are displayed in original format (blue),and corrected for MRE (green) which align
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in northern Norway indicates that adoption had started signifi-
cantly later e between 200 and 500 years e than had been
assumed, thus certainly not before 4000 cal BP (Fig. 3). In addition,
the main corpus of dates on the ATW tradition also fall within a
younger time range, that is, 3000-2000 cal BP range. This adjust-
ment in the pottery chronology has significant consequences for
our understanding of the timing of the ATW horizon in northern
Norway e it now indicates that the tradition was being adopted
under worsening environmental conditions. Moreover, the
assumed association between pottery and the Gressbakken houses
is called into question e the revised chronology indicates that ce-
ramics were being adopted after the peak of sedentism and social
complexity in the Gressbakken phase, (see SI Table 3).

Other significant patterns in the revised ATW chronology
include: (a) the presence of a bimodal distribution in dates, divided
by a potential hiatus within the broader ATW pottery tradition,
which falls at 3100 cal BP; (b) a heavy tail of dates towards the end
of the tradition, which may include further brief ceramic hiatus
periods within the 2000-1500 cal BP interval. Overall, these pat-
terns may potentially indicate a series of separate, small-scale and
somewhat ephemeral dispersals into northern Norway. The outlier
dates from the Iversfjord site that have formed the lower limit of
ATW reintroduction at least from 4200 cal BP (Jørgensen and Olsen,
1988) have been subjected to new evaluation and controlled
against newdates from the assemblage, with the new results falling
in line with the overall chronological span of the entire dataset of
direct ceramic dates (discussed in detail in SI).
5.2. Human Ecodynamics: Multi-Proxy Synthesis

The emergence of Human Ecodynamics (Fitzhugh et al., 2019) as
a multi-disciplinary research field involves the integration of
multiple lines of evidence to understand the long-term interactions
between people, technology and environments within particular
regional trajectories. In our case, the establishment of secure
chronologies for both the ENCW and ATW traditions enable the
timing of the expansions to be directly correlated with awide range
of other parameters that provided the wider ecological context for
human decisions and strategies. Inspection of (Fig. 4) indicates that
all the chosen parameters are highly dynamic, and that the
precision, direct dating exclusively of ceramic vessels result in a significant young-shift
direct dates with substantial errors and uncertain association. The outlier dates from
s with the new dates from the same assemblage.



Fig. 4. Multi-Proxy Synthesis: Environmental and Cultural Contexts for the Expansions of ENCW and ATW Traditions into Northern Norway. For data sources: see SI.
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expansion of each early pottery tradition appears to correlate with
significant shifts in other sets of variables. However, contradictory
patterns emerge:

� First, the ENCW expansion correlates with increasing ecological
productivity, including marine productivity (Fig. 4 l), plus in-
dications of growing population levels (Fig. 4c), correlating
especially with a pulse of heightened inland human activity
(Fig. 4d). Thus, the ENCW adoption patterns align well with the
“surplus” model (Table 1). This is evident across the set of
proxies all reflecting the general trend of the Holocene Thermal
Maximum, with the ENCW dispersing along with peaking
evapotranspiration (Fig. 4i), maximum forest cover and altitu-
dinal extent of pine (Fig. 4g,h), as well as the complete disap-
pearance of local mountain glaciers (Fig. 4j).

� Second, the ATW tradition is adopted under completely
different environmental conditions. Arriving at a time of dia-
metrically opposing characteristics. The ATW dispersal corre-
sponds with a drastically different environmental regime
compared to the more productive, warmer, drier and stable
conditions during the ENCW period to cold, wet and volatile
conditions witnessed across proxies: collapsing forest ecosys-
tems with rapid forest cover retreat and altitudinal drop of
several 100 m (Fig. 4g,h), volatile, low-state evapotranspiration
and reformation of glaciers showcase wet and cold conditions
(Fig. 4i,j), also backed by Holocene-low temperatures (Fig. 4e,f).
In turn, these combined developments align with the “deficit”
adoption model e employing new ceramic technologies at a
time of heightened food insecurity and increased mobility
(Table 1). This impression is reinforced by the fact that ATWwas
expanding during the collapse phase of the Gressbakken house
pits aggregations with comprehensive middens phenomenon
assumed to represent sedentary societies, and the entire
regional social-ecological system was tipping into a new mode
of existence. These ecologically stressful times provide the
ecological backdrop to the intermittent and often faltering
dispersal of the general ATW tradition into northern Norway.
5.3. Tracking variability in the scale and function of early pottery
traditions

Our calculation of the scales at which ENCWversus ATWpottery
was used may indicate interesting contrasts in the mode of pottery
usage (SI Table 6). Overall, ENCW sites, restricted to one compact
area of Eastern Finnmark, generally contain high numbers of ves-
sels per site (MNI of 1e154, typically between 5 and 20) (Skandfer,
2003:120e122). These figures may indicate production and use of
pottery at particular sites (Skandfer, 2003:342e8; Skandfer and
Høeg 2012). In contrast, the ATW tradition has a much wider
geographic extent, but very few pots appear to have been used at
each site (MNI of just 1e2 vessels per site). The fragmentary nature
of asbestos-tempered pottery may add a preservation bias here,
though the scale of the contrast remains striking. Overall, the
impression is that while ATW pottery is in use over a larger
geographic range, it remained a “low-intensity” tradition, with a
few pots used on a more occasional basis across different sites. This
may be coupled to the movement of pots around the landscape, or
deliberate breakage and recycling of older vessels to recover valu-
able asbestos temper.

The organic residue analysis generated interpretable results
from 21 ceramic sherds and two food-crusts. The combination of
compound-specific and molecular analyses indicated the process-
ing of aquatic resources dominate across both traditions (Fig. 5).
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Moreover, the main variability in usage patterns was not between
ENCW and ATW vessels, but between coastal sites (used for pro-
cessing marine mammals and marine fish), and inland sites (used
to process mainly salmonids). However, a greater proportion of
terrestrial resources was contained in ATW pottery at inland sites.
Thus, while the general coastal-inland patterns of pottery use
persist across both traditions, there may be some expansion in the
range of resources processed in later periods. In addition, the very
different scales of pottery use noted above may suggest that the
precise ways inwhich resources were processed may have changed
over time, including the role of these activities inwider subsistence
and mobility strategies.

Looking at the wider ATW tradition, some of the earliest dated
assemblages in northern Norway have been recovered from interior
sites such as Virdnejavri 112 and Gasadaknes. Despite these being
located on major waterways in the interior, intensive terrestrial
resource exploitation is evidenced by lithic tool assemblages
dominated by hide scrapers and projectile points (Hood and Olsen,
1988). As such, Virdnejavri 112 has been interpreted as a specialized
ceramic production site, and forms the second richest assemblage
both ranked by ceramic fragments and weight (Hood and Olsen,
1988). This more intense local use of pottery may be linked to
site function, likely the interception and mass-processing of sea-
sonal migrating reindeer. The importance of terrestrial resources is
further corroborated by lipid analysis demonstrating processing of
ruminant fats in ATW vessels from interior sites in northern Nor-
way and adjacent areas of Finland (P€a€akk€onen et al., 2018).

Overall, it appears that the expansion of ENCW into northern
Norway correlated closely with peaking environmental conditions
of the Holocene Thermal Maximum (HTM). This was a global-scale
phenomenon and led to the maximum northern expansion of pine
forest into northern Fennoscandia (Heikki Sepp€a et al., 2009;
Sj€ogren and Damm, 2019), as well as maximum evapotranspiration
(Vorren et al., 2012) andminimal extent of local glaciers (Wittmeier
et al., 2015). Concurrently, the waters of the Barents Sea underwent
rapid productivity boost, combined with retraction of sea ice cover
(de Vernal et al., 2013; Voronina et al., 2001), coupled with very
high North Atlantic SST (Calvo et al., 2002). At the same time, core
areas of Comb Ware use in Finland, the Baltics and W Russia also
experienced higher levels of ecological productivity (Ojala et al.,
2008; H. Sepp€a et al., 2009). In northern Norway, these environ-
mental developments correlate with the appearance of a wide
range of new cultural traits, including the emergence of numerous
house pit clusters pointing to seasonal sedentism combined with
increasing socio-technological complexity, and growing population
densities. All these parameters align well with the “surplus” sce-
nario of pottery adoption outlined in Table 1.

The later onset of the ATW tradition (4000-3000 cal BP interval)
now places its dispersal precisely within the “collapsing” final
phases of the Gressbakken phenomenon, which correspond to an
enduring Holocene cold anomaly that is evidenced in the dendro-
chronology as a rapid and sustained decline in temperatures
(Helama et al., 2013). Moreover, this cold anomaly impacted across
northern Europe, and has been identified in the meta-analysis of
stacked pollen cores (H. Sepp€a et al., 2009). It is also reflected in an
abrupt and dramatic drop in the altitudinal limit of pine (Karlsson
et al., 2007; Sj€ogren et al., 2015), and also includes frost rings in
local dendrochronological records that date to 3577 cal BP, which
indicates onset of sub-zero temperatures during the primary
growth season of July e potentially driven by the “volcanic winter”
impacts of the Thera eruption (Helama et al., 2019). Reviewing the
Human Ecodynamic results for this tumultuous period suggest
dramatic population decline, likely abandonment of the semi-
sedentary and high-investment coastal settlements, a shift



Fig. 5. Organic residue analysis of the ENCW and ATW traditions in Eastern Finnmark. Values of the twenty-one samples, separated by geographic location and ceramic tradition:
Squares¼Coastal. Triangles¼Inland. Filled¼ATW. Unfilled¼ENCW.

Fig. 6. Schematic illustration of how “source-sink” dynamics resulted in population movements and the expansion of ENCWand ATW traditions to northern coasts in very different
environmental settings. The base map shows calculated growing degree days (GDD, 5 �C base temperature) based on the 1961e1990 normal period (Marchi et al., 2020).

E.K. Jørgensen, J.E. Arntzen, M. Skandfer et al. Quaternary Science Reviews 299 (2023) 107825
towards increased residential mobility (Jørgensen and Riede, 2019)
- all suggesting that the ATW was adopted into a “deficit” scenario
10
(Table 1) e introduced from southeastern regions also impacted by
a climatic downturn with critical impacts on food security.
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5.4. Comparative analysis of the technological organization of the
ceramic traditions

In northern Norway, the ENCW tradition typically consists of
large vessels (up to c. 40 cm tall), which are coil built with mouth
diameters ranging from 13 up to 36 cm. The pots are heavily built,
with relatively thickwalls between 7 and 13mm thick. Most vessels
are large, but some assemblages contain smaller cup-sized vessels,
with mouths of up to 8 cm. Such solidly constructed earthenware
requires careful firing to maintain even temperatures and avoid
heat fracture. ENCW vessels are typically tempered with crushed
quartz of heterogenous sizes, as well as local sand. Such opportu-
nistic and locally variable choices of temper, combined with great
diversity in clay coloration are generally regarded as an expression
of pragmatically sourced local materials, combined with local
production, use and discard. (Skandfer, 2003; Skandfer and Høeg,
2012). This suggests that the pots were intended for performing
local, site-based processing tasks, with large numbers of pots made
at specific sites. Interestingly, the 13 ENCW pottery bearing sites of
northern Norway consist of surface scatters that lack associated
dwelling structures (cf. Sohlstr€om, 1992). This may indicate that
demand for vessels was concentrated at seasonal harvesting sites,
perhaps during the warmer months, and judging by the residue
results, could include coastal fishing and sealing sites, plus har-
vesting of river salmon runs. It remains a conundrum why pottery
use did not expand into surrounding areas, where communities
essentially maintained very similar lifeways.

The organization of the ATW tradition is again quite different.
ATW assemblages seem to be associated with former house
structures, suggesting that older sites were being revisited, though
possibly now being integrated differently into the seasonal round
with what seems as shorter-term and lower investment stops. ATW
pots are abundantly tempered with raw and/or crushed asbestos
fibers. The dense and often thread like tempering enabled pro-
duction of vessels withmuch thinner walls, ranging from as little as
3 through to 10 mm. The vessels are also significantly smaller than
the ENCW pots e the largest known ATW vessel is Norway has an
estimated diameter of ca. 30 cm (Sundquist, 2009:479) e pointing
to potential functional differences. However, much larger ATW
vessels (30e50 cm diameter) have been recorded in Finland and
northern Sweden (Bergman, 1995; Lavento, 2001:64e75). The
persistent use of asbestos tempering is instructive of the techno-
logical organization as sources of this raw material appears to have
a wide spatial distribution. Initial petrographic analysis of archae-
ological asbestos tempering suggest main use of local occurrences,
yet also showcase examples of non-local minerals in line with an
apparent preference for iron-rich asbestos (Hood et al., 2022),
possibly implying exchange of particular tempering agents, prob-
ably via open social and kinship networks, combined with higher
general levels of mobility.

The time and energy invested in obtaining asbestos from distant
sources, combined with it generous use for tempering of the clay
paste point to some kind of powerful motivation for making this
very deliberate technological choice (Ik€aheimo and Panttila, 2002).
This is substantiated by the set of physical properties which
distinguish asbestos minerals as a ceramic temper: low thermal
conductivity, non-flammable, high melting point [up to 1500 �C],
chemically non-reactive with most caustic and oxidizing minerals,
and neutral electric conductivity (ideal isolator) and thus high
insulation capacity. The tempering of ceramic vessels with high
densities of asbestos mineral result in vessels that are slow to heat
(energy demanding) yet retain acquired heat well. This is highly
unusual for cookingware and rather a sought-after property in heat
11
containers. It is not knownwhether asbestos was intentionally used
as tempering to obtain this property or if it rather reflected a
preference for the fibrous properties of asbestos in pot production.

Regardless, it would reduce heat transfer and require more fuel
for external heating of the contents, though there may have been
vital trade-offs between lightness, portability and local fuel effi-
ciency, especially when considering the great variability in wall-
thickness amongst ATW ware. Alternatively, the insulating prop-
erties of asbestos were a deliberate design feature and could have
reflected a “return” to other cooking methods such as hot stone
boiling, typically used in combination with wooden or bark boxes,
woven baskets or skin bags. Finally, the smaller and thinner-walled
ATW vessels compared to ENCW vessels may also have been lighter
and more portable. Thus while the individual pots may have been
“immobile”, their material elements may have been recycled and
recombined in different locales (contra (Ik€aheimo and Panttila,
2002:3). This may account for the smaller scale of pottery use in
the ATW horizon and its divergence from surplus scenario ceramic
traditions. Instead, it seems to be a response to challenging socio-
ecological conditions, including higher mobility, regular reuse of
recycled materials, by communities investing in the combined
reproduction of social and material relationships to maintain more
fragile social networks at a time of lower population levels.

In support of this adaptive shift, other “embedded” technologies
change in synchrony: the highly curated ground slate complex -
which was the dominant lithic technology at coastal sites in the
preceding millennia - is replaced by a more expedient quartz
technology (Jørgensen, 2020), combined with the renewed uptake
of bifacial technology, considered a predominantly terrestrial
technology for ungulate hunting (Blankholm, 2011). Both may be
linked to growing mobility and a growing contribution from
hunting of terrestrial game as indicated by the ORA results, part of a
wider set of responses to declining environmental conditions
across all of Fennoscandia (Forsberg, 1989; Halinen, 2005; Holm,
1991; Jørgensen and Riede, 2019; Larsson et al., 2012). While use
of marine resources persisted at coastal sites, as evidence by our
ORA results, there is indication of a broader array of resources being
processed in ATW pots at the inland sites, following resource
diversification as a risk management response to environmental
decline at the time.

In sum, many intriguing features of the ATW tradition deviate
from several common assumptions in early-pottery research and
align more closely with the adoption scenario of ecological “deficit”
(Table 1). Given the poor preservation of faunal material across
northern Norway, it is difficult to properly assess whether these
later communities were suffering from declining food security and
were adopting and investing in pottery technologies to maximize
calory capture from a declining resource base. We assembled some
limited available information on bone breakage patterns from
coastal and inland sites during the ENCW and ATW. The earlier
coastal assemblages were more intact, with limited evidence for
deliberate bone fragmentation (Hodgetts, 2000), whereas bones at
ATW sites had been heavily broken, rich in cut marks and mostly
burnt (Simonsen, 2001:32e33).

Finally, ATW likely had health risks. Fine-grained asbestos fibers
constitute a hazardous substance even classified as a carcinogen,
causing various forms of cellular damage to both the respiratory,
digestive, and reproductive organs through the asbestos-related
and highly aggressive cancer form of mesothelioma (O’Reilly et al.
2007). As such, there has been some speculation over the poten-
tial negative health impacts from the prehistoric use of asbestos as
a tempering agent, both through inhaling dust during the pro-
duction stage of grounding and working asbestos fibers, as well as
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intake through seepage but also from ingesting microfibers
released into foods cooked in asbestos and soapstone vessels
(Rolfsen, 1985). However, no empirical or experimental studies
have mapped potential exposure rates and/or health risks of this
technology.

6. Discussion

6.1. Inter-regional dispersal mechanisms: two traditions, one
process?

Our results indicate that two very different pottery technologies
expanded into northern Norway during diametrically opposed
Human Ecodynamic regimes. Yet, both dispersal events share a
common origin in “core” areas of southeastern Fennoscandia. This
realization opens to investigating the processes of dispersal into
northern Norway.

Most studies of early pottery expansions avoid overt reference
to demic diffusion, highlighting instead the likely role of knowledge
transmission via open social networks, often combined with
generalized exogamy (Jordan et al., 2016), though there are occa-
sional exceptions, including the brief Late Glacial appearance of
pottery into Hokkaido, which is assumed to reflect some kind of
small-scale migration from northern Honshu (Fukuda et al., 2022;
Robson et al., 2020). However, this assumption increasingly sits at
odds with the expanding field of aDNA research, showcasing the
frequency of wide-scale and often abrupt population movements,
displacements and admixtures throughout human prehistory.
While the integration of aDNA with archaeology have confirmed
that demic diffusion did play a major role in the expansion of
farming into Europe (Shennan, 2018), archaeologists have been
more reticent about directly linking migration and replacement to
expansion of hunter-gatherer innovations like early pottery.

Returning to Arctic Europe, there is compelling empirical evi-
dence that the ENCW tradition dispersed as amulti-faceted techno-
complex including ground slate and bifacial technology (Fig. 3),
while also correlating with major social changes, as seen in an
explosion of rock art and intensified long-range exchange and fol-
lowed by increased sedentism e possibly hinting at a densely-
connected social world spanning northern Fennoscandia, popula-
tion growth and possibly people movements (Gjerde 2010:400;
Skandfer, 2005; Niemi et al. 2019:200). These, in turn, were sup-
ported by highly productive ecological conditions and growing
population trends. These factors do not directly showcase that the
ENCW expansion was driven by a population migration. However,
multi-component changes occurring in synchrony are less likely to
occur through diffusive process given the limitations of successful
knowledge transfer and maintenance of skills. Considering the
amount and scale of changes co-occurring at the time, in-migration
of groups/communities already familiar with these technologies
and practices seems reasonable to assume.

While lithic technologies evidently can be transmitted through
diffusive processes, ceramic technology on the other hand in-
troduces a completely new concept and a pyrotechnical operational
chain not related to the existing (container) technologies in the
area, resulting in a relatively high threshold for transmitting the
know-how of ceramic production. This should be in favor of the
dispersal of at least some people over ideas.

Also, the ENCW horizon remains tightly restricted to an ecotone
very similar to adjacent areas of Finland, through which the ENCW
tradition dispersed. The maximum expansion of forest cover marks
this period of the HTM, equating to the expansion of inland-like
ecological conditions to the gentle coastal topography of Varanger
fjord, and may have supported the expansion of communities/
People originating from the region around the Bothnian Gulf and
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adjacent inland, to the Barents coast exclusively along the major
Pasvik river waterway. Likewise, the ENCW pottery did not expand
into the more maritime ecotone of Western Finnmark e primarily a
rugged archipelago with minimal terrestrial productivity. The fact
that the ENCW expansion correlates with a pulse of heightened
activity levels in interior areas (Fig. 3) (cf. Hood, 2012) may suggest
that increased ecological productivity encouraged the “shedding”
of people and traditions to the less densely settled Arctic coast
providing a more stable oceanic ecotone, with the expansion of
southeastern groups following the northward expansion of the
boreal niche. This may also account for the restricted presence of
the ENCW in northern Norway e whose timing corresponds to the
peak in terrestrial productivity and the limitedwindowof when the
boreal taiga extensively interfaced with the Barents Sea.

Our revised chronology for the ATW expansion in northern
Norway has implications for the likely origin and dispersal process
for the wider Fennoscandian asbestos pottery phenomenon. Now
that the ATW expansion into northern Norway is chronologically
shifted to a later date, these northern assemblages become
contemporary with a general dispersal and uptake of ATW across
the majority of northern Fennoscandia. The revised spatiotemporal
patterning therefore points to a rapid East-to-West pottery
expansion, uniting developments in Finland and Sweden with the
final “pulse” that reaches the northern and western sections of the
Norwegian coast.

Also for ATW, this east-west direction of movement is again
supported by analysis of othermaterial traditions. Most notably, the
ATW tradition appears to disperse in tandem with a new kind of
bifacial lithic technology (see, Fig. 4), and seems to suggest a joint
dispersal of multi-technology toolkits and associated know-how.
We therefore suggest these technologies belong to the same tech-
nocomplex. As opposed to the ENCW period, there is strong dis-
tribution correspondence between these technologies in the ATW
period, with Northern Fennoscandic bifacial types (the main
distributive area of ATW) differing from the contemporary south
Scandinavian bifacial technology present in southern Norway
(Apel, 2012).

As with the ENCW, the ultimate “source” area for the ATW was
the more productive environment of W. Russia and the Baltic Re-
gion. This is illustrated by the fact that southeastern Fennoscandia,
Karelia, western Russia and the eastern Baltic region display
continuous use of ceramic technologies and significantly greater
antiquity of asbestos-tempering vessels (Lavento, 2001). The pot-
tery traditions of eastern Fennoscandia generate an unbroken
sequence from the Early Comb Ware, via local transitions and in-
termediate forms into the eventual coalescence of the ATW and
also later wares (Kulkova et al., 2012:1057) e which also find their
way to the Norwegian coast. The dates for the arrival of the ATW
wares across Fennoscandia and Karelia now cluster within the
3900-3500 cal BP span (Bergman, 2007; Forsberg, 2001; Hulth�en,
1991; Kosmenko, 1996; Linder, 1966; Seitsonen et al., 2012) e

Lavento (2001:102) presenting the only significant exception to our
knowledge. This points to a rapid long-range dispersal process. It is,
however, worth noting that asbestos-tempering originated already
around 6500 cal BP in interior Finland and around Lake Saimaa
where asbestos deposits are readily available, in both Kaunissaari
Ware and interior variants of Sperrings 2 Ware (Nordqvist,
2018:63; Pesonen, 1996, 2021:24,26), however seems to have
gone out of use after approx. 500 years (Oinonen et al., 2014:1421).
Yet this remained an eastern Fennoscandic phenomenon until a
rapid and widespread dispersal of asbestos-tempering across north
and central Fennoscandia.

Again, this raises questions about the likely socio-cultural pro-
cesses involved. Traditionally, evidence for a large-scale migration
involving expansion of specific populations and their techno-
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complexes into northern Norway has been regarded as lacking
beyond the early Holocene colonization event. Instead, the ATW
phenomenon has often been understood as slow, steady and
essentially localized indigenous transformation (Gjessing, 1953,
1955; Jørgensen and Olsen, 1988; Simonsen, 1976, 1979) (critics
(Johansen 1979; Skandfer, 2012:136e7):). Viewed against the
palaeoecological context of these cultural changes, this period now
seems to undergo radical turmoil, with the end result being the
eventual emergence of new adaptive strategies and communal
structures exhibiting higher levels of mobility and expansive social
networks, forming the potential vacancy for ATW to successfully
expand and get adopted e aligning with the “deficit” scenario.

Intriguingly, paleogenomic studies from adjacent areas of
Finland and Russia now demonstrate influx and admixture of
eastern steppe genetic material to these areas by ca. 3500 cal BP
(Lamnidis et al. 2018; Sarkissian et al. 2013). These include in-
dividuals sampled at the NW Russian site of Bolshoy Oleni Ostrov
on the Kola peninsula bordering Norway, which contained multiple
finds of ATW pottery (Murashkin et al., 2016). This truly constitutes
a smoking gun, further substantiated by additional indications of
major population shifts and replacements reported in Finland
(Sundell et al., 2014; Tallavaara et al., 2014; cf. Sajantila et al., 1996).

Also significant is that the original ATW tradition was fading in
its original source areas while expanding into northern Norway and
remained in use in northern Finland (Lovozero ware). This cultural
shift within Finland has been explained by a migration into this
area by external populations brining new ideas and practices
(Lavento, 2001:176); this may also have triggered displacement of
population to areas further north, until ATW-using groups even-
tually reached northern Norway. This scenario is potentially sup-
ported by recent palaeodemographic modelling of population
levels across Finlande these suggest a population decline across all
areas, centering on 3800 cal BP, which aligns well with the pattern
from northern Norway. However, there are marked latitudinal
differences, with populations in southern and central Finland
remaining very low until ca. 2500 cal BP, while the northern regions
fluctuate around a higher and more stable mean level (Tallavaara
et al., 2010:255), potentially suggesting population relocations
into a northern refugium.

6.2. Underlying processes: Human Ecodynamics and “source-sink”
dynamics

The patternwe have identified of repeatedmovements of people
and ideas from a population and innovation core area in SE Fen-
noscandia to the periphery of the northern Norwegian coast,
closely aligns with the process conceptualized by “source-sink”
dynamics. The S/S framework is increasingly being used to under-
stand the biogeography of human dispersals, typically a slow and
intermittent process e the dynamic involves a population in a
patch of mean surplus productivity growing until it eventually
spills out individuals who move into empty or less densely packed
regions with lower productivity (Dennell, 2017, 2020; Dennell et al.,
2011; Lamb et al., 2017; Robertson and Hutto, 2006).

Such slow and intermittent population expansions are also
structured by ecological and isothermal constraints, resulting in
latitudinal gradients and longitudinal zonation in later patterns of
genetic similarity (Fine, 2015; Mittelbach et al., 2007). In the case of
these two early pottery expansions, it is clear that they occurred in
different environmental settings, and had divergent internal char-
acteristics (technological choices, etc.), though what certainly
unites them is the underlying process of origin in (the same)
external “source” area, and their expansion into the “sink” area of
northern Norway. This may involve large scale migrations, but
more commonly the cumulative small-scale movements of groups
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and individuals, often via established networks, into remoter areas.
Although Maritime Arctic Europe is typically considered

exceptionally productive in terms of potential human food re-
sources, and thus a prime patch for human exploitation/occupa-
tion, the highest potential for prehistoric population growth was
actually located in the terrestrial lake-river-forest ecosystems of
south-central Finland (Jørgensen et al., 2020). However, the average
ecological characteristics of the two regions differ in other vital
ways, including resource abundance, species diversity and trophic
chain length/complexity but especially in the potential magnitude
of responses to different climatic conditions. In other words, the
Norwegian coastal ecotone likely facilitated greater opportunities
for resource diversification and risk reduction under reduced
terrestrial productivity regimes despite lower overall productivity.
In contrast, the terrestrial ecosystems of the Boreal zone are
ecologically simpler/more uniform, and its human inhabitants are
therefore more susceptible to unpredictable cycles of deep long-
term risk given the higher amplitude of resource variability and
consequently a more limited range of fallback strategies such as
extensive resource diversification during prolonged resource
depletion.

While source-sink dynamics assume senso stricto that the
habitat quality of the sink area is too low to sustain a local popu-
lation without access to resources and genetic mixing with the
richer source area (Pulliam, 1988), northern Norway may have
functioned as a “pseudo-sink”. Such remain ecologically rich, but
continue to receive migration of individuals and groups from the
richer source areas (Watkinson and Sutherland, 1995). Shifting
productivity between resource patches - or indeed large ecotonal
changes on the scale of interior/coastal environments - may pro-
vide the incentive to relocate between resource patches. Impor-
tantly, the environmental pressures that encourage major
population movement in the area operate equally during both
elevated and lower ecological productivity regimes. For example, in
the case of the ENCW expansion, increased environmental pro-
ductivity and consequent niche expansion may have caused pop-
ulation increase in the source areas of the Baltics and W Russia,
resulting in the overflow of population and their traditions being
pushed into the northern areas. In contrast, the ATW expansion
into northern Norway, may have been driven by the reverse pro-
cess, including drastic terrestrial niche retraction in source areas of
Finland and NW Russia, followed by abandonment and the move-
ment of small pulses of “refugees” into Arctic Maritime Europe
(Fig. 6). This latter dimension may help account for the great
typological variability within the ATW tradition in northern Nor-
way, plus the suggestion of small intermittent waves of the new
tradition being spread in small pulses, leading to small breaks and
even hiatus periods within the main ATW horizon.

While these “source-sink” interpretations of the archaeological
record remain somewhat speculative at this stage, it is supported
by direct historical analogies within the same region, which may
indicate the deeper persistence of the same process. Archival re-
cords document frequent population movements from areas of
south and central Fennoscandia into coastal northern Norway.
Furthermore, they generally correlate with prolonged cold and wet
conditions which depressed interior resources yields (by this time
agricultural harvest of mono crops), dating at least as far back as the
13e15th century (Holopainen and Helama, 2009; Huhtamaa and
Helama, 2017). Some climatic events such as the late 17th CE
worsening of the Little Ice Age in Finland led to widespread famine
and a 30% population decline in 1696 alone (Neumann and
Lindgr�en, 1979). Such events were important drivers in the “Forr-
est Finn” migration and the expansion of the particular rye slash-
and-burn agriculture (so-called “Huuhta”) from central/east
Finland (Savolax and Karelia) into the southern Swedish-
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Norwegian forested borderland. Similarly, this also involved
displacement of survivors into northern Norwegian areas, who
generally reestablished themselves with more diversified econo-
mies including farming and fishing along the coast and river val-
leys, yet retained ancestral linguistic and other cultural and
material traditions, to the extent that they became known as “Kven
People” (i.e. Finnish settlers) (Niemi, 2010). Older events are highly
likely, but their positive identification is restricted by the limited
time-depth of historic, demographic and tax records.

We suggest that the bursts of ceramic dispersals into northern
Norwaymay have taken place under analogous conditions, with the
repeated and historically documented migration dynamics be-
tween North Finland and coastal Arctic Norway indicative of deep-
time human responses to the inherent instability of the northern
Fennoscandian climate. As such, the source-sink framework may
offer a novel and more interconnected way of understanding the
punctuated pattern of distinct cultural traditions reaching prehis-
toric northern Norway. Such processes also highlight the structured
ecological diversity of costal versus interior ecotones, and the
combined socioecological responses to major shifts in climate and
environment. In contrast, archaeologists have tended to focus on
local sequences, but may need to start thinking across broader and
more connected range of cultural and ecological scales. Finally,
these kinds of “deep” yet structured Human Ecodynamics may
explain some of the intriguing dynamism that is increasingly being
detected by a growing suite of aDNA studies, with admixture,
migration, but also population displacement and relocation being a
common feature of the human genetic past (Allentoft et al., 2015;
Sikora et al. 2019).

Yet the result that two opposing processes (surplus and deficit
scenarios) both can produce seemingly similar results (people
movements) is slightly worrying, showcasing the limited options
available to us for reconstructing past processes based on empirical
patterns. How can we separate the underlying mechanics given
identical outcomes? We suggest that our approach in this paper
demonstrates the need to apply multi-scale and multi-proxy
frameworks that consider patterns of pottery dispersal within
broader contexts of chronology, environment, and material culture
to facilitate more accurate pinpointing of what are inherently
complex, humanecodynamic processes (as opposed to single-proxy
views of ceramic dispersals as “pots with legs”).

7. Conclusions

Growing archaeological efforts to understand the emergence
and long-range dispersal of early hunter-gatherer pottery tradi-
tions across northern Eurasia have yet to address more punctuated
patterns of adoption, abandonment, and secondary uptake. Arctic
Maritime Europe offers an excellent setting in which to investigate
these processes, given the arrival of two different early pottery
traditions e ENCW and ATW, which are divided by a two-
millennium hiatus e plus a wealth of contextual, chronological
and palaeoecological data. As such, northern Norway offers scope
for testing alternative adoption scenarios of early ceramic tech-
nologies, ranging from “surplus” to “deficit” models, as well as
investigating inter-regional dispersal mechanisms, since both tra-
ditions emerged elsewhere.

Systematic re-dating of the ATW tradition, combined with the
multi-proxy correlation of both ENCW and ATW traditions with a
range of paleoenvironmental variables indicates that the ENCW
expansion provides a “classic” example of pottery being adopted
during “surplus” ecological conditions by communities demon-
strating growing sedentism underpinned by exploitation of coastal
and riverine resources and signs of expanding social complexity. In
contrast, our refined dating of the ATW tradition indicates that it
14
expanded much later than previously assumed, and consisted of
multiple, yet discontinuous, dispersal events that correlated with a
major environmental downturn, population decline, and an adap-
tive shift following ecological restructuring. In particular, the
opening millennium of the ATW horizon does not appear to hold a
widespread and generalized process of pottery adoption, but
instead a scattered, low-magnitude process that appears to have
involved high mobility, growing use of terrestrial resources can be
suggested, combined with the steady in-flow of small-scale pot-
tery-using individuals/groups from older core areas of the pottery
tradition in eastern Fennoscandia.

Finally, we invoke the concept of “source-sink” dynamics to
explain what appears to be repeated shedding of population from
these core areas during opposing ecological settings, resulting in
punctuations of groups relocating to the northwestern coasts and
river valleys in prehistoric through to historic times. This is linked
to the spatial structuring and strong zonation of Fennoscandia's
ecotones, combined with their differing response mechanisms to
major climatic shifts, with the northern coast providing incentives
to relocate during instances of both surplus and deficit.

A striking and slightingly “unsettling” result from our case-
study is that two opposing processes (surplus and deficit sce-
narios) both can produce seemingly similar results (people move-
ments). Such process identification would not have been possible
without applying a multi-scale and multi-proxy framework that
consider patterns of pottery dispersal within broader contexts of
chronology, environment, and material culture and such facilitate
more accurate pinpointing of what are inherently complex,
humanecodynamic processes. Our case-study of punctuated
ceramic dispersals under diverging human-ecodynamic settings,
likely reflect real, on-the-ground variability in the driving motiva-
tions for ceramic uptake as well as functional variability through
time. This again, creates fascinating new avenues for early pottery
research that have so far been only minimally explored.

One such avenue is the need to consider multi-scalar behav-
ioural patterns inherently embedded in both ecological, econom-
ical, logistical, ritual, social and organizational considerations e

analysing pottery not as a single phenomenon but as a highly
flexible element in wider technological system where it can used
for quite different reasons.

A second avenue is that of improving the chronological resolu-
tion of spatiotemporal dynamics in ceramic technologies particu-
larly in interior northern Sweden and Finland, as well as NW Russia
in general, which will greatly improve our ability to evaluate hy-
potheses of source-sink dynamics in Arctic Europe. Current data
suggest a source area in southeastern Fennoscandia for most Fen-
noscandic pottery types, yet geographical variation is also implied
by the mostly Arctic phenomena of the ATW ware. Linking this to
other, and so far, less well studied object classes of punctuated
appearance, such as bifacial lithic technology, could provide
instructive parallels. Increased chronological resolution will aid in
mapping and separating source from sink regions, with greater
antiquity/continuity being expected of the source areas and later/
discontinuous dispersals into sink regions. That being said, we
highlight the need to consider that the direction of movement of
both people and technologies appears to vary though time, as
evidenced by the results presented here.
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Casa, Philippe, Dąbrowski, Paweł, Duffy, Paul R., Ebel, Alexander V.,
Epimakhov, Andrey, Frei, Karin, Furmanek, Mirosław, Gralak, Tomasz,
Gromov, Andrey, Gronkiewicz, Stanisław, Grupe, Gisela, Hajdu, Tam�as,
Jarysz, Radosław, Khartanovich, Valeri, Khokhlov, Alexandr, Kiss, Vikt�oria,
Kol�a�r, Jan, Kriiska, Aivar, Lasak, Irena, Longhi, Cristina, McGlynn, George,
Merkevicius, Algimantas, Merkyte, Inga, Metspalu, Mait, Mkrtchyan, Ruzan,
Moiseyev, Vyacheslav, Paja, L�aszl�o, P�alfi, Gy€orgy, Pokutta, Dalia,
Pospieszny, Łukasz, Douglas Price, T., Saag, Lehti, Sablin, Mikhail,
Shishlina, Natalia, Smr�cka, V�aclav, Soenov, Vasilii I., Szever�enyi, Vajk,
T�oth, Guszt�av, Trifanova, Synaru V., Varul, Liivi, Vicze, Magdolna,
Yepiskoposyan, Levon, Zhitenev, Vladislav, Orlando, Ludovic, Sicheritz-
Pont�en, Thomas, Brunak, Søren, Nielsen, Rasmus, Kristiansen, Kristian,
Willerslev, Eske, 2015. Population genomics of bronze age Eurasia. Nature 522
(7555), 167. https://doi.org/10.1038/nature14507.

Andreassen, Dag Magnus, 2002. Risvikkeramikk. En Analyse Av Teknologisk Stil På
Nordkalotten I Sein Steinbrukende Tid. Unpublished Master thesis, University of
Tromsø, Tromsø.

Apel, Jan, 2012. Tracing pressure-flaked arrowheads in Europe. In: Becoming Eu-
ropean. The Transformation of Third Millennium Northern and Western
EuropeChapter: 13. Cristopher Prescott and Håkon Glørstad, pp. 156e164.

Arnold, Dean E., 1985. Ceramic Theory and Cultural Process. Cambridge University
Press.
15
Arntzen, Johan Eilertsen in Prep. Agricultural Settlements North of the Arctic Circle
in Norway 1200 BC - AD 1: A Review of the Archaeological Material.

Bakka, Egil, 1976. Arktisk Og Nordisk I Bronsealderen I Nordskandinavia. Det Kgl.
Norske Videnskabers Selskab, Museet, Miscellanea/Gunneria 25. NTNU Viten-
skapsmuseet, Trondheim, Norway.

Bergman, Ingela, 1995. Från D€oudden till Varghalsen: en studie av kontinuitet och
f€or€andring inom ett fångstsamh€alle i €ovre Norrlands inland, 5200 f. Kr. - 400 e.
Kr. Studia archaeologica Universitatis Umensis 7. Arkeologiska institutionen,
Umeå.

Bergman, Ingela, 2007. Vessels and kettles. Socio-economic implications of the
cessation of asbestos pottery in Northern Sweden. In: Ramqvist, Per H. (Ed.),
ARKEOLOGI I NORR 10. Institutionen f€or arkeologi och samiska studier, Umeå,
pp. 2e16.

Bergstøl, J., Reitan, G., 2008. Samer på Dovrefjell i vikingtiden : et bidrag til debatten
omkring samenes sørgrense i forhistorisk tid. Hist. Tidsskr. (Oslo) 87 (1), 9e17.

Blankholm, Hans Peter, 2011. Plugging the gap: early metal age in the Ostu
mountain pass, troms, northern Norway. Fennosc. Archaeol. XXVIII, 19e38.

Breivik, Heidi Mjelva, 2006. Spannformete Leirkar I Midt-Norge: En Studie I
Regionale Særpreg. MA Thesis in Archaeology. NTNU, Norway.

Calvo, Eva, Grimalt, Joan, Jansen, Eystein, 2002. High resolution U37K sea surface
temperature reconstruction in the Norwegian Sea during the Holocene. Quat.
Sci. Rev. 21 (12), 1385e1394. https://doi.org/10.1016/S0277-3791(01)00096-8.

Courel, Blandine, Robson, Harry K., Lucquin, Alexandre, Dolbunova, Ekaterina,
Oras, Ester, Adamczak, Kamil, Andersen, Søren H., Moe Astrup, Peter,
Charniauski, Maxim, Czekaj-Zastawny, Agnieszka, Ezepenko, Igor, Hartz, S€onke,
Kabaci�nski, Jacek, Kotula, Andreas, Kukawka, Stanisław, Loze, Ilze,
Mazurkevich, Andrey, Piezonka, Henny, Pili�ciauskas, Gytis, Sørensen, Søren A.,
Talbot, Helen M., Tkachou, Aleh, Tkachova, Maryia, Wawrusiewicz, Adam,
Meadows, John, Heron, Carl P., Craig, Oliver E., 2020. Organic residue analysis
shows sub-regional patterns in the use of pottery by Northern European
hunteregatherers. R. Soc. Open Sci. 7 (4), 192016. https://doi.org/10.1098/
rsos.192016.

Courel, Blandine, Meadows, John, Carretero, Lara Gonz�alez, Lucquin, Alexandre,
McLaughlin, Rowan, Bondetti, Manon, Andreev, Konstantin,
Skorobogatov, Andrey, Roman, Smolyaninov, Surkov, Aleksey,
Vybornov, Aleksandr A., Dolbunova, Ekaterina, Heron, Carl P., Craig, Oliver E.,
2021. The use of early pottery by hunter-gatherers of the Eastern European
forest-steppe. Quat. Sci. Rev. 269, 107143. https://doi.org/10.1016/
j.quascirev.2021.107143.

Damm, Charlotte B., Skandfer, Marianne, Jørgensen, Erlend Kirkeng, Sj€ogren, Per,
Berg Vollan, Kenneth Webb, Jordan, Peter D., 2019. Investigating long-term
human ecodynamics in the European Arctic: towards an integrated multi-
scalar analysis of early and mid Holocene cultural, environmental and palae-
odemographic sequences in Finnmark County, Northern Norway. Quat. Int. 1.
https://doi.org/10.1016/j.quaint.2019.02.032. e13.

de Vernal, Anne, Hillaire-Marcel, Claude, Rochon, Andr�e, Fr�echette, Bianca,
Henry, Maryse, Solignac, Sandrine, Bonnet, Sophie, 2013. Dinocyst-based re-
constructions of sea ice cover concentration during the Holocene in the Arctic
Ocean, the northern North Atlantic Ocean and its adjacent seas. Quat. Sci. Rev.
79. https://doi.org/10.1016/j.quascirev.2013.07.006. Sea Ice in the Paleoclimate
System: the Challenge of Reconstructing Sea Ice from Proxies:111e121.

Demirci, €Ozge, Lucquin, Alexandre, Çakırlar, Canan, Craig, Oliver E.,
Raemaekers, Daan C.M., 2021. Lipid residue analysis on Swifterbant pottery (c.
5000e3800 cal BC) in the Lower Rhine-Meuse area (The Netherlands) and its
implications for human-animal interactions in relation to the Neolithisation
process. J. Archaeol. Sci.: Report 36, 102812. https://doi.org/10.1016/
j.jasrep.2021.102812.

Dennell, Robin, 2017. Human colonization of Asia in the late pleistocene: the history
of an invasive species. Curr. Anthropol. 58 (S17), S383eS396. https://doi.org/
10.1086/694174.

Dennell, Robin, 2020. From Arabia to the Pacific: How Our Species Colonised Asia.
Routledge, London.

Dennell, Robin W., Martin�on-Torres, María, Jos�e Bermúdez de Castro, M., 2011.
Hominin variability, climatic instability and population demography in middle
pleistocene Europe early human evolution in the western palaearctic. Quat. Sci.
Rev. Ecological Scenarios 30 (11), 1511e1524. https://doi.org/10.1016/
j.quascirev.2009.11.027.

Elliott, Ben, Little, Aim�ee, Warren, Graeme, Lucquin, Alexandre, Blinkhorn, Edward,
Oliver, E., Craig, 2020. No pottery at the western periphery of Europe: why was
the Final Mesolithic of Britain and Ireland aceramic? Antiquity 94 (377),
1152e1167. https://doi.org/10.15184/aqy.2020.174.

Elston, Robert G., Dong, Guanghui, Zhang, Dongju, 2011. Late pleistocene intensi-
fication technologies in northern China. Quat. Int. 242 (2), 401e415. https://
doi.org/10.1016/j.quaint.2011.02.045. HUMANS AND YOUNGER DRYAS: DEAD
END, SHORT DETOUR, OR OPEN ROAD TO THE HOLOCENE?

Engevik, Asbjørn, 2008. Bucket-shaped pots: style, chronology and regional di-
versity in Norway in the late roman and migration periods. BAR Int. Ser. 1816.
BAR Publishing.

Fine, Paul V.A., 2015. Ecological and evolutionary drivers of geographic variation in
species diversity. Annu. Rev. Ecol. Evol. Syst. 46 (1), 369e392. https://doi.org/
10.1146/annurev-ecolsys-112414-054102.

Fitzhugh, Ben, 2001. Risk and invention in human technological evolution.
J. Anthropol. Archaeol. 20 (2), 125e167. https://doi.org/10.1006/jaar.2001.0380.

Fitzhugh, Ben, Butler, Virginia L., Bovy, Kristine M., Etnier, Michael A., 2019. Human

https://doi.org/10.1016/j.quascirev.2022.107825
https://doi.org/10.1016/j.quaint.2020.06.024
https://doi.org/10.1016/j.quaint.2020.06.024
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref2
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref2
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref2
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref2
https://doi.org/10.1038/nature14507
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref4
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref4
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref4
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref4
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref5
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref5
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref5
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref5
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref5
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref6
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref6
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref8
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref8
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref8
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref9
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref9
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref9
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref9
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref9
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref9
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref9
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref9
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref9
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref10
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref10
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref10
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref10
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref10
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref10
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref11
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref11
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref11
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref11
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref11
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref12
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref12
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref12
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref13
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref13
https://doi.org/10.1016/S0277-3791(01)00096-8
https://doi.org/10.1098/rsos.192016
https://doi.org/10.1098/rsos.192016
https://doi.org/10.1016/j.quascirev.2021.107143
https://doi.org/10.1016/j.quascirev.2021.107143
https://doi.org/10.1016/j.quaint.2019.02.032
https://doi.org/10.1016/j.quascirev.2013.07.006
https://doi.org/10.1016/j.jasrep.2021.102812
https://doi.org/10.1016/j.jasrep.2021.102812
https://doi.org/10.1086/694174
https://doi.org/10.1086/694174
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref21
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref21
https://doi.org/10.1016/j.quascirev.2009.11.027
https://doi.org/10.1016/j.quascirev.2009.11.027
https://doi.org/10.15184/aqy.2020.174
https://doi.org/10.1016/j.quaint.2011.02.045
https://doi.org/10.1016/j.quaint.2011.02.045
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref25
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref25
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref25
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref25
https://doi.org/10.1146/annurev-ecolsys-112414-054102
https://doi.org/10.1146/annurev-ecolsys-112414-054102
https://doi.org/10.1006/jaar.2001.0380


E.K. Jørgensen, J.E. Arntzen, M. Skandfer et al. Quaternary Science Reviews 299 (2023) 107825
ecodynamics: a perspective for the study of long-term change in socio-
ecological systems. J. Archaeol. Sci.: Report 23, 1077e1094. https://doi.org/
10.1016/j.jasrep.2018.03.016.

Forsberg, Lars, 1989. Economic and social change in the interior of northern Sweden
6000 BC-1000 AD. In: Larsson, T.B., Lundmark, H. (Eds.), Approaches to Swedish
Prehistory, pp. 55e78. BAR 500.

Forsberg, Lars, 2001. ’Keramiken från Råingetlokalerna - Mångfald i tid och for-
mspråk. In: Bergvall, Margareta, George, Ola (Eds.), Tidsspår - Forntidsv€arld Och
Gr€ansl€ost Kulturarv. L€ansmuseet V€asternorrland, H€arn€osand.

Forsberg, Lars, 2012. Asymmetric twins? Some reflections on coastal and inland
societies in the bothnian area during the epineolithic and early metal age. In:
Local Societies in Bronze Age Northern Europe Nils Anfinset and Melanie
Wrigglesworth. Taylor & Francis Group, pp. 31e55.

Fredriksen, Per Ditlef, Kristoffersen, Elna Siv, Zimmermann, Udo, 2014. Innovation
and collapse: bucket-shaped pottery and metalwork in the terminal migration
period. Norweg. Archaeol. Rev. 47 (2), 119e140. https://doi.org/10.1080/
00293652.2014.945476.

Fukuda, Masahiro, Morisaki, Kazuki, Sato, Hiroyuki, 2022. Synthetic perspective on
prehistoric hunter-gatherer adaptations and landscape change in northern
Japan. In: Cassidy, J., Fitzhugh, B., Pankratova, I.Y. (Eds.), Maritime Prehistory of
Northeast Asia, vol. 6. The Archaeology of Asia-Pacific Navigation. Springer
Nature, pp. 73e95.

Gjerde, Jan Magne, 2010. Rock Art and Landscapes : Studies of Stone Age Rock Art
from Northern Fennoscandia. Unpublished PhD Thesis, UiT -The Arctic Uni-
versity of Norway, Tromsø.

Gjessing, Gutorm, 1953. The circumpolar stone age. Antiquity 27 (107), 131e136.
https://doi.org/10.1017/S0003598X00024765.

Gjessing, Gutorm, 1955. Prehistoric social groups in north Norway. Proc. Prehist.
Soc. 21, 84e92. https://doi.org/10.1017/S0079497X00017448.

Halinen, Petri, 2005. Prehistoric Hunters of Northernmost Lapland: Settlement
Patterns and Subsistence Strategies. Unpublished PhD Thesis, University of
Helsinki, Helsinki.

Hayden, B., 1995. The emergence of prestige technologies and pottery. In:
Hoopes, John W., Barnett, William (Eds.), The Emergence of Pottery: Technology
and Innovation in Ancient Societies. Smithsonian Institution Press, London,
pp. 257e266. Smithsonian series in archaeological inquiry.

Hayden, B., 2010. Foreword. In: Jordan, P., Zvelebil, M. (Eds.), Ceramics before
Farming: the Dispersal of Pottery Among Prehistoric Eurasian Hunter-Gath-
erers. Routledge, London, pp. 19e25.

Hayden, Brian, 2014. Social complexity. In: Jordan, P., Gibbs, K. (Eds.), The Oxford
Handbook of the Archaeology and Anthropology of Hunter-Gatherers. Oxford
University Press, Oxford, pp. 643e662.

Hayden, Brian, 2019. Use of ceramic technologies by circumpolar hunter-gatherers:
current progress and future research prospects. In: Ceramics in Circumpolar
Prehistory: Technology, Lifeways and Cuisine Kevin Gibbs and Peter Jordan
Archaeology of the North. Cambridge University Press, Cambridge,
pp. 216e226.

Helama, Samuli, Holopainen, Jari, Macias-Fauria, Marc, Timonen, Mauri,
Mielik€ainen, Kari, 2013. A chronology of climatic downturns through the mid-
and late-Holocene: tracing the distant effects of explosive eruptions from
palaeoclimatic and historical evidence in northern Europe. Polar Res. 32 (1),
15866. https://doi.org/10.3402/polar.v32i0.15866.

Helama, Samuli, Saranp€a€a, Pekka, Pearson, Charlotte L., Arppe, Laura,
Holopainen, Jari, M€akinen, Harri, Mielik€ainen, Kari, Pekka, N€ojd,
Sutinen, Raimo, Taavitsainen, Jussi-Pekka, Timonen, Mauri, Uusitalo, Joonas,
Oinonen, Markku, 2019. Frost rings in 1627 BC and AD 536 in subfossil pine-
wood from Finnish Lapland. Quat. Sci. Rev. 204, 208e215. https://doi.org/
10.1016/j.quascirev.2018.11.031.

Helskog, Ericka Trash, 1983. The Iversfjord Locality: a Study of Behavioral Patterning
during the Late Stone Age of Finnmark, North Norway. Tromsø Museums
Skrifter XIX. Tromsø museum, Tromsø.

Hodgetts, Lisa, 2000. Hunting reindeer to support a marine economy. An example
from arctic Norway. ARCHAEOFAUNA (9), 17e28.

Holm, Lena, 1991. The Use of Stone and Hunting of Reindeer: A Study of Stone Tool
Manufacture and Hunting of Large Mammals in the Central Scandes, C. 6000-1
BC. Archaeology and the Environment 12. University of Umeå, Department of
Archaeology.

Holopainen, Jari, Helama, Samuli, 2009. Little ice age farming in Finland: prein-
dustrial agriculture on the edge of the grim reaper's scythe. Hum. Ecol. 37 (2),
213e225. https://doi.org/10.1007/s10745-009-9225-6.

Hommel, Peter, 2014. Ceramic Technology. The Oxford Handbook of the Archae-
ology and Anthropology of Hunter-Gatherers. https://doi.org/10.1093/oxfordhb/
9780199551224.013.008. (Accessed 31 July 2018). accessed.

Hood, Bryan C., 2012. The empty quarter?: identifying the mesolithic of interior
Finnmark, north Norway. Arctic Anthropol. 49 (1), 105e135. https://doi.org/
10.1353/arc.2012.0009.

Hood, Bryan C., Olsen, Bjørnar, 1988. Virdnej�avri 112. A late stone age/early metal
period site from interior Finnmark, north Norway. Acta Archaeol. 58, 105e125.

Hood, Bryan C., Ravna, Erling K., Dahl, Trine M., Skandfer, Marianne, 2022. Pre-
liminary geochemical analysis of asbestos minerals from geological and
archaeological contexts in Finnmark, north Norway. Evaluating the potential for
sourcing tempers in asbestos ceramics. In: Heyd, V., Mannermaa, K., P Halinen
(Eds.), Oodeja Mikalle. Professori Mika Lavennon Juhlakirja H€anen T€aytt€aess€a
60 Vuotta. Odes to Mika. Professor Mika Lavento's Festschrift as He Turns 60
16
Years Old. Monographs of the Archaeological Society of Finland (MASF),
Helsinki.

Hop, Henriette, 2011. Sørlig Asbestkeramikk - En Presentasjon Av Funn, Lokaliteter
Og Teknologiske Valg. Unpublished Master thesis, University of Bergen, Bergen,
Norway.

Hop, Henriette, 2016. Asbestos ceramics along the west Norwegian coast e in-
fluences, age and morphology in the bronze age/early pre-roman iron age (ca.
1700e400 BC). In: Ekl€ov Petterson, Paul (Ed.), Prehistoric Pottery across the
Baltic: Regions, Influences and Methods. BAR International Series, pp. 3e12,
2785.

Huhtamaa, Heli, Helama, Samuli, 2017. Reconstructing crop yield variability in
Finland: long-term perspective of the cultivation history on the agricultural
periphery since ad 760. Holocene 27 (1), 3e11. https://doi.org/10.1177/
0959683616646188.

Hulth�en, Birgitta, 1991. On Ceramic Ware in Northern Scandinavia during the
Neolithic, Bronze, and Early Iron Age: A Ceramic-Ecological Study. University of
Umeå, Department of Archaeology.

Huurre, Matti, 1986. The eastern contacts of northern Fennoscandia in the bronze
age. Fennosc. Archaeol. 3, 51e58.

Iizuka, Fumie, 2018. The timing and behavioral context of the late-pleistocene
adoption of ceramics in greater east and Northeast Asia and the first people
(without pottery) in the americas. PaleoAmerica 4 (4), 267e324. https://
doi.org/10.1080/20555563.2018.1563406.

Ik€aheimo, Janne, Panttila, Rannu, 2002. Explaining ceramic variability: the case of
two tempers. Fennosc. Archaeol. XIX, 3e11.

Johansen, Olav Sverre, 1979. Early farming north of the arctic circle. Norweg.
Archaeol. Rev. 12 (1), 22e32. https://doi.org/10.1080/00293652.1979.9965311.

Jordan, Peter, Gibbs, Kevin (Eds.), 2019. Ceramics in Circumpolar Prehistory: Tech-
nology, Lifeways and Cuisine. Archaeology of the North. Cambridge University
Press, Cambridge.

Jordan, Peter, Zvelebil, Marek, 2010. Ceramics before Farming: the Dispersal of
Pottery Among Prehistoric Eurasian Hunter-Gatherers. Routledge, Walnut
Creek, UNITED STATES.

Jordan, Peter, Gibbs, Kevin, Hommel, Peter, Henny, Piezonka, Silva, Fabio,
Steele, James, 2016. Modelling the diffusion of pottery technologies across Afro-
Eurasia: emerging insights and future research. Antiquity 90 (351), 590e603.
https://doi.org/10.15184/aqy.2016.68.

Jørgensen, Erlend Kirkeng, 2018. The palaeodemographic and environmental dy-
namics of prehistoric Arctic Norway: an overview of human-climate covaria-
tion. Quat. Int. https://doi.org/10.1016/j.quaint.2018.05.014. (Accessed 5 April
2019). accessed.

Jørgensen, Erlend Kirkeng, 2020. Scalar effects in ground slate technology and the
adaptive consequences for circumpolar maritime hunter-gatherers. J. Archaeol.
Method Theor. https://doi.org/10.1007/s10816-020-09458-7.

Jørgensen, Roger, Olsen, Bjørnar, 1988. Asbestkeramiske Grupper I Nord-Norge.
TROMURA 13. Universitetet I Tromsø, Institutt for Museumsvirksomhet.
Tromsø.

Jørgensen, Erlend Kirkeng, Riede, Felix, 2019. Convergent catastrophes and the
termination of the Arctic Norwegian Stone Age: a multi-proxy assessment of
the demographic and adaptive responses of mid-Holocene collectors to bio-
physical forcing. Holocene 29 (11), 1782e1800. https://doi.org/10.1177/
0959683619862036.

Jørgensen, Roger, 1988. Spannforma leirkar. Opphavsproblemene sett fra en nord-
skandinavisk synsvinkel. Viking 51, 51e65.

Jørgensen, Erlend Kirkeng, Pesonen, Petro, Tallavaara, Miikka, 2020. Climatic
changes cause synchronous population dynamics and adaptive strategies
among coastal hunter-gatherers in Holocene northern Europe. Quat. Res. 1e16.
https://doi.org/10.1017/qua.2019.86.

Karlsson, Hanna, H€ornberg, Greger, Hannon, Gina, Nordstr€om, Eva-Maria, 2007.
Long-term vegetation changes in the northern Scandinavian forest limit: a
human impact-climate synergy? Holocene 17 (1), 37e49. https://doi.org/
10.1177/0959683607073277.

Kosmenko, M.G., 1996. The culture of bronze age net ware in karelia. Fennosc.
Archaeol. XIII, 51e67.

Kristoffersen, Siv, Magnus, Bente, 2010. Spannformete Kar : Utvikling Og Variasjon.
233. Arkeologisk Museum, Universitetet I Stavanger.

Kulkova, M., Gusentzova, T., Nesterov, E., Sorokin, P., Sapelko, T., 2012. Chronology of
neolithic-early metal age sites at the okhta river mouth (saint petersburg,
Russia). Radiocarbon 54 (3e4), 1049e1063. https://doi.org/10.1017/
S0033822200047664.

Kuzmin, Yaroslav V., 2017. The origins of pottery in East Asia and neighboring re-
gions: an analysis based on radiocarbon data. Quat. Int. 441. https://doi.org/
10.1016/j.quaint.2016.10.011. Emergence of the world’s oldest pottery:29e35.

Lamb, Clayton T., Garth Mowat, McLellan, Bruce N., Nielsen, Scott E., Boutin, Stan,
2017. Forbidden fruit: human settlement and abundant fruit create an ecolog-
ical trap for an apex omnivore. J. Anim. Ecol. 86 (1), 55e65. https://doi.org/
10.1111/1365-2656.12589.

Lamnidis, Thiseas Christos, Majander, Kerttu, Jeong, Choongwon, Salmela, Elina,
Anna, Wessman, Moiseyev, Vyacheslav, Khartanovich, Valery, Balanovsky, Oleg,
Ongyerth, Matthias, Weihmann, Antje, Sajantila, Antti, Kelso, Janet,
P€a€abo, Svante, Onkamo, P€aivi, Haak, Wolfgang, Krause, Johannes,
Schiffels, Stephan, 2018. Ancient Fennoscandian genomes reveal origin and
spread of Siberian ancestry in Europe. bioRxiv, 285437. https://doi.org/10.1101/
285437.

https://doi.org/10.1016/j.jasrep.2018.03.016
https://doi.org/10.1016/j.jasrep.2018.03.016
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref29
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref29
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref29
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref29
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref30
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref30
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref30
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref30
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref30
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref30
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref30
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref30
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref30
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref30
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref31
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref31
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref31
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref31
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref31
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref31
https://doi.org/10.1080/00293652.2014.945476
https://doi.org/10.1080/00293652.2014.945476
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref33
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref33
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref33
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref33
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref33
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref33
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref34
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref34
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref34
https://doi.org/10.1017/S0003598X00024765
https://doi.org/10.1017/S0079497X00017448
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref37
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref37
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref37
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref38
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref38
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref38
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref38
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref38
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref39
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref39
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref39
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref39
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref40
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref40
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref40
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref40
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref41
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref41
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref41
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref41
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref41
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref41
https://doi.org/10.3402/polar.v32i0.15866
https://doi.org/10.1016/j.quascirev.2018.11.031
https://doi.org/10.1016/j.quascirev.2018.11.031
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref44
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref44
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref44
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref44
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref44
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref45
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref45
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref45
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref46
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref46
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref46
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref46
https://doi.org/10.1007/s10745-009-9225-6
https://doi.org/10.1093/oxfordhb/9780199551224.013.008
https://doi.org/10.1093/oxfordhb/9780199551224.013.008
https://doi.org/10.1353/arc.2012.0009
https://doi.org/10.1353/arc.2012.0009
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref50
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref50
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref50
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref50
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref50
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref51
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref51
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref51
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref51
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref51
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref51
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref51
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref51
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref51
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref51
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref51
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref52
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref52
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref52
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref52
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref53
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref53
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref53
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref53
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref53
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref53
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref53
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref53
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref53
https://doi.org/10.1177/0959683616646188
https://doi.org/10.1177/0959683616646188
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref55
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref55
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref55
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref55
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref56
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref56
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref56
https://doi.org/10.1080/20555563.2018.1563406
https://doi.org/10.1080/20555563.2018.1563406
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref58
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref58
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref58
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref58
https://doi.org/10.1080/00293652.1979.9965311
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref60
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref60
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref60
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref61
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref61
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref61
https://doi.org/10.15184/aqy.2016.68
https://doi.org/10.1016/j.quaint.2018.05.014
https://doi.org/10.1007/s10816-020-09458-7
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref65
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref65
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref65
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref65
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref65
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref65
https://doi.org/10.1177/0959683619862036
https://doi.org/10.1177/0959683619862036
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref67
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref67
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref67
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref67
https://doi.org/10.1017/qua.2019.86
https://doi.org/10.1177/0959683607073277
https://doi.org/10.1177/0959683607073277
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref70
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref70
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref70
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref71
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref71
https://doi.org/10.1017/S0033822200047664
https://doi.org/10.1017/S0033822200047664
https://doi.org/10.1016/j.quaint.2016.10.011
https://doi.org/10.1016/j.quaint.2016.10.011
https://doi.org/10.1111/1365-2656.12589
https://doi.org/10.1111/1365-2656.12589
https://doi.org/10.1101/285437
https://doi.org/10.1101/285437


E.K. Jørgensen, J.E. Arntzen, M. Skandfer et al. Quaternary Science Reviews 299 (2023) 107825
Larsson, Thomas B., Rosqvist, Gunhild, Ericsson, G€oran, Heinerud, Jans, 2012.
Climate change, moose and humans in northern Sweden 4000 cal. Yr BP.
J. Northern Stud. 6 (1), 9e30.

Lavento, Mika, 2001. Textile Ceramics in Finland and on the Karelian Isthmus: Nine
Variations and Fugue on a Theme of C.F. Meinander. Finnish Antiquarian
Society.

Linder, A., 1966. C 14-datering av norrl€andsk asbestkeramik. Fornv€annen (3),
140e153.

Marchi, Maurizio, Castellanos-Acu~na, Dante, Hamann, Andreas, Wang, Tongli,
Ray, Duncan, Menzel, Annette, 2020. ClimateEU, scale-free climate normals,
historical time series, and future projections for Europe. Sci. Data 7 (1), 428.
https://doi.org/10.1038/s41597-020-00763-0.

Mittelbach, Gary G., Schemske, Douglas W., Cornell, Howard V., Allen, Andrew P.,
Brown, Jonathan M., Bush, Mark B., Harrison, Susan P., Hurlbert, Allen H.,
Knowlton, Nancy, Lessios, Harilaos A., McCain, Christy M., McCune, Amy R.,
McDade, Lucinda A., McPeek, Mark A., Near, Thomas J., Price, Trevor D.,
Ricklefs, Robert E., Roy, Kaustuv, Sax, Dov F., Schluter, Dolph, Sobel, James M.,
Turelli, Michael, 2007. Evolution and the latitudinal diversity gradient: specia-
tion, extinction and biogeography. Ecol. Lett. 10 (4), 315e331. https://doi.org/
10.1111/j.1461-0248.2007.01020.x.

Murashkin, Anton, Kolpakov, E.M., Shumkin, V. Ya, Khartanovich, V.I.,
Moiseyev, V.G., 2016. Kola oleneostrovskiy grave field: a unique burial site in the
European arctic. «New sites, new methods. Finnish Antiquarian Soc. 21,
187e199.

Neumann, J., Lindgr�en, S., 1979. Great historical events that were significantly
affected by the weather: 4, the great famines in Finland and Estonia, 1695d97.
Bull. Am. Meteorol. Soc. 60 (7), 775e787.

Niemi, Einar, 2010. Kvenene - nord Norges finner: en historisk oversikt. In:
Moen, B.B., Lund, C.B., forlag, Tapir, Trondheim (Eds.), Nasjonale Minoriteter I
Det Flerkulturelle Norge.

Niemi, Anja Roth, Cerbing, Mikael, Nergaard, Ragnhild Holten, Oppvang, Janne,
Storemyr, Per, 2019. Chertbruddet i Melsvik. Undersøkelse av chertbrudd,
utvinningsteknologi og bosetningsspor fra tidlig eldre steinalder i Melsvik, Alta
k. Finnmark f. TROMURA. Arctic University Museum, Tromsø.

Nordqvist, Kerkko, 2018. The Stone Age of North-Eastern Europe 5500e1800 calBC :
Bridging the Gap between the East and the West. Unpublished PhD Thesis,
University of Oulu, Oulu.

Nordqvist, Kerkko, M€okk€onen, Teemu, 2015. €Ayr€ap€a€a’s Typical Comb Ware: an
umbrella term for the early 4th millennium BC pottery in northeastern Europe?
Fennosc. Archaeol. XXXII, 151e158.

Oinonen, Markku, Pesonen, Petro, Alenius, Teija, Heyd, Holmqvist-Saukkonen,
Kivim€aki, Nygr�en, Tuire, Sundell, Tarja, Onkamo, P€aivi, 2014. Event recon-
struction through Bayesian chronology: massive mid-Holocene lake-burst
triggered large-scale ecological and cultural change. Holocene. https://doi.org/
10.1177/0959683614544049.

Ojala, Antti E.K., Alenius, Teija, Sepp€a, Heikki, Giesecke, Thomas, 2008. Integrated
varve and pollen-based temperature reconstruction from Finland: evidence for
Holocene seasonal temperature patterns at high latitudes. Holocene 18 (4),
529e538. https://doi.org/10.1177/0959683608089207.

Olsen, Bjørnar, 1994. Bosetning Og Samfunn I Finnmarks Forhistorie. Uni-
versitetsforlaget, Oslo.

O’Reilly, Katherine M.A., Mclaughlin, Anne Marie, Beckett, William S., Sime, Patricia
J., 2007. Asbestos-Related lung disease. Am. Fam. Physician 75 (5), 683e688.

P€a€akk€onen, Mirva, Bl€auer, Auli, Olsen, Bjørnar, Evershed, Richard P.,
Asplund, Henrik, 2018. Contrasting patterns of prehistoric human diet and
subsistence in northernmost Europe. Sci. Rep. 8 (1), 1148. https://doi.org/
10.1038/s41598-018-19409-8.

Papakosta, Vasiliki, Oras, Ester, Isaksson, Sven, 2019. Early pottery use across the
Baltic e a comparative lipid residue study on Ertebølle and Narva ceramics from
coastal hunter-gatherer sites in southern Scandinavia, northern Germany and
Estonia. J. Archaeol. Sci.: Report 24, 142e151. https://doi.org/10.1016/
j.jasrep.2019.01.003.

Pesonen, Petro, 1996. Early asbestos ware. In: Kirkinen, T. (Ed.), Ithouses and Pot-
makers in Eastern Finland: Reports of the Ancient Lake Saimaa project Helsinki
Papers in Archaeology No. 9) 9e39. Helsingin yliopisto, Helsinki.

Pesonen, Petro, 2021. Continuity and Discontinuity in Early, Middle and Late
Neolithic Pottery Types of Eastern Fennoscandia e Reflections from Bayesian
Chronologies. Unpublished PhD Thesis, University of Helsinki.

Piezonka, Henny, 2012. Stone Age hunter-gatherer ceramics of North-Eastern
Europe: new insights into the dispersal of an essential innovation. Doc-
umenta Praehistorica 39, 22e51. https://doi.org/10.4312/dp.39.2.

Piezonka, Henny, 2015. J€ager, Fischer, T€opfer. Wildbeuter mit früher Keramik in
Nordosteuropa im 6. und 5. Jahrtausend v. Chr. Arch€aologie in Eurasien 30.
Bonn.

Piezonka, Henny, Kosinskaya, Lyubov’, Dubovtseva, Ekaterina, Chemyakin, Yuri,
Enshin, Dmitri, Hartz, S€onke, Kovaleva, Valentina, Panina, Svetlana,
Savchenko, Svetlana, Skochina, Svetlana, Terberger, Thomas, Zakh, Viktor,
Zhilin, Mikhail, Zykov, Aleksey, 2020. The emergence of hunter-gatherer pottery
in the Urals and West Siberia: new dating and stable isotope evidence.
J. Archaeol. Sci. 116, 105100. https://doi.org/10.1016/j.jas.2020.105100.

Pulliam, H. Ronald, 1988. Sources, sinks, and population regulation. Am. Nat. 132 (5),
652e661.

Robertson, Bruce A., Hutto, Richard L., 2006. A framework for understanding
17
ecological traps and an evaluation of existing evidence. Ecology 87 (5),
1075e1085. https://doi.org/10.1890/0012-9658(2006)87[1075:AFFUET]
2.0.CO;2.

Robson, Harry K., Lucquin, Alexandre, Gibbs, Kevin, Saul, Hayley, Tomoda, Tetsuhiro,
Yu, Hirasawa, Yamahara, Toshiro, Kato, Hirofumi, Isaksson, Sven, Craig, Oliver E.,
Jordan, Peter D., 2020. Walnuts, salmon and sika deer: exploring the evolution
and diversification of J�omon “culinary” traditions in prehistoric Hokkaid�o.
J. Anthropol. Archaeol. 60, 101225. https://doi.org/10.1016/j.jaa.2020.101225.

Rolfsen, Perry, 1985. Asbest - et helsefarlig mineral. Viking 49, 97e112.
Sajantila, A., Salem, A.H., Savolainen, P., Bauer, K., Gierig, C., P€a€abo, S., 1996. Paternal

and maternal DNA lineages reveal a bottleneck in the founding of the Finnish
population. Proc. Natl. Acad. Sci. USA 93 (21), 12035e12039. https://doi.org/
10.1073/pnas.93.21.12035.

Schanche, Kjersti, 1994. Gressbakkentuftene I Varanger : Boliger Og Sosial Struktur
Rundt 2000 F. Kr. Unpublished Dr. Art. Thesis, University of Tromsø, Tromsø.

Seitsonen, Oula, Nordqvist, Kerkko, Gerasimov, Dmitrij V., Lisitsyn, Sergei N., 2012.
The good, the bad, the weird”: stone age and early metal period radiocarbon
dates and chronology from the Karelian isthmus, north-west Russia. Geo-
chronometria 39 (2), 101e121. https://doi.org/10.2478/s13386-012-0001-9.

Sepp€a, H., Bjune, A.E., Telford, R.J., Birks, H.J.B., Veski, S., 2009. Last nine-thousand
years of temperature variability in Northern Europe. Clim. Past 5 (3),
523e535. https://doi.org/10.5194/cp-5-523-2009.

Sepp€a, Heikki, Alenius, Teija, Bradshaw, Richard H.W., Giesecke, Thomas,
Heikkil€a, Maija, Muukkonen, Petteri, 2009. Invasion of Norway spruce (Picea
abies) and the rise of the boreal ecosystem in Fennoscandia. J. Ecol. 97 (4),
629e640. https://doi.org/10.1111/j.1365-2745.2009.01505.x.

Shennan, Stephen, 2018. The First Farmers of Europe: an Evolutionary Perspective.
Cambridge University Press, Cambridge, United Kingdom ; New York, NY, USA.

Shoda, Shinya, Lucquin, Alexandre, Yanshina, Oksana, Kuzmin, Yaroslav,
Shevkomud, Igor, Medvedev, Vitaly, Derevianko, Evgeniya, Lapshina, Zoya,
Craig, Oliver E., Jordan, Peter, 2020. Late Glacial hunter-gatherer pottery in the
Russian Far East: indications of diversity in origins and use. Quat. Sci. Rev. 229,
106124. https://doi.org/10.1016/j.quascirev.2019.106124.

Sikora, Martin, Pitulko, Vladimir V., Sousa, Vitor C., Allentoft, Morten E.,
Vinner, Lasse, Rasmussen, Simon, Margaryan, Ashot, Barros Damgaard, Peter de,
Constanza de la Fuente, Renaud, Gabriel, Yang, Melinda A., Fu, Qiaomei,
Dupanloup, Isabelle, Giampoudakis, Konstantinos, Nogu�es-Bravo, David,
Rahbek, Carsten, Kroonen, Guus, Peyrot, Micha€el, McColl, Hugh,
Vasilyev, Sergey V., Veselovskaya, Elizaveta, Gerasimova, Margarita,
Pavlova, Elena Y., Chasnyk, Vyacheslav G., Nikolskiy, Pavel A., Gromov, Andrei V.,
Khartanovich, Valeriy I., Moiseyev, Vyacheslav, Grebenyuk, Pavel S., Yu
Fedorchenko, Alexander, Lebedintsev, Alexander I., Slobodin, Sergey B.,
Malyarchuk, Boris A., Martiniano, Rui, Meldgaard, Morten, Arppe, Laura,
Palo, Jukka U., Sundell, Tarja, Mannermaa, Kristiina, Putkonen, Mikko,
Alexandersen, Verner, Primeau, Charlotte, Baimukhanov, Nurbol, Malhi, Ripan
S., Sj€ogren, Karl-G€oran, Kristiansen, Kristian, Wessman, Anna, Sajantila, Antti,
Lahr, Marta Mirazon, Durbin, Richard, Nielsen, Rasmus, Meltzer, David J.,
Excoffier, Laurent, Willerslev, Eske, 2019. The population history of north-
eastern Siberia since the Pleistocene. Nature 570 (7760), 182e188. https://
doi.org/10.1038/s41586-019-1279-z.

Simonsen, Povl, 1961. Varanger-funnene II Fund Og Udgravninger På Fjordens
Sydkyst. Tromsø Museums Skrifter II. Tromsø Museum, Tromsø.

Simonsen, Povl, 1963. Varanger-funnene III Fund Og Udgravninger I Pasvikdalen Og
Ved Den Østlige Fjordstrand. Tromsø Museums Skrifter Hefte III. Tromsø
Museum, Tromsø.

Simonsen, Povl, 1976. Veidemenn På Nordkalotten. Hefte 2: Yngre Steinalder.
Stensilserie B-Historie 4. Institutt for Samfunnsvitenskap, Universitetet I
Tromsø. Tromsø.

Simonsen, Povl, 1979. Veidemenn På Nordkalotten. Hefte 3: Yngre Steinalder Og
Overgang Til Tidlig Metall Tid. Stensilserie B-Historie 17. Tromsø.

Simonsen, Povl, 2001. Alta-Kraftverkene Kulturhistoriske Registreringer Og Utgra-
vinger 1984-1987. Del A: Vir'dnej�avri Nord. Tromsø Museum - Uni-
versitetsmuseet, Tromsø, Norway.

Sj€ogren, Per, Damm, Charlotte, 2019. Holocene vegetation change in northernmost
Fennoscandia and the impact on prehistoric foragers 12 000e2000 cal. a BP e a
review. Boreas 48 (1), 20e35. https://doi.org/10.1111/bor.12344.

Sj€ogren, Per, Stein, Rune Karlsen, Jensen, Christin, 2015. The use of quantitative
models to assess long-term climateevegetation dynamics e a case study from
the northern Scandinavian Mountains. Holocene 25 (7), 1124e1133. https://
doi.org/10.1177/0959683615580196.

Skandfer, Marianne, 2003. Tidlig, Nordlig Kamkeramikk. Typologi, Kronologi,
Kultur. Unpublished Dr. Art. Thesis, University of Tromsø.

Skandfer, Marianne, 2005. Early, northern comb ware in Finnmark: the concept of
S€ar€aisniemi 1 reconsidered. Fennosc. Archaeol. XXII, 3e27.

Skandfer, Marianne, 2010. All change”? Exploring the role of technological choice in
the early northern comb ware of Finnmark, arctic Norway. In: Jordan, Peter,
Zvelebil, Marek (Eds.), Ceramics before Farming. The Dispersal of Pottery
Among Prehistoric Eurasian Hunter-Gaterers. Left Coast Press, pp. 347e374.

Skandfer, Marianne, 2012. Technology Talks: Material Diversity and Change in
Northern Norway 3000-1000 BC. Becoming European: the Transformation of
Third Millennium Northern and Western Europe:128e143.

Skandfer, Marianne, Høeg, Helge I., 2012. B�acheveaj/Pasvikdalens eldre historie
belyst ved pollenanalyser og arkeologisk materiale. Viking LXXV, 27e52.

http://refhub.elsevier.com/S0277-3791(22)00456-5/sref76
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref76
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref76
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref76
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref76
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref77
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref77
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref77
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref78
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref78
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref78
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref78
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref78
https://doi.org/10.1038/s41597-020-00763-0
https://doi.org/10.1111/j.1461-0248.2007.01020.x
https://doi.org/10.1111/j.1461-0248.2007.01020.x
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref81
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref81
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref81
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref81
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref81
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref82
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref82
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref82
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref82
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref82
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref82
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref83
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref83
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref83
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref84
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref84
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref84
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref84
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref84
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref85
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref85
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref85
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref85
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref86
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref86
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref86
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref86
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref86
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref86
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref86
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref86
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref86
https://doi.org/10.1177/0959683614544049
https://doi.org/10.1177/0959683614544049
https://doi.org/10.1177/0959683608089207
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref89
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref89
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref89
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref90
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref90
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref90
https://doi.org/10.1038/s41598-018-19409-8
https://doi.org/10.1038/s41598-018-19409-8
https://doi.org/10.1016/j.jasrep.2019.01.003
https://doi.org/10.1016/j.jasrep.2019.01.003
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref93
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref93
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref93
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref93
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref94
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref94
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref94
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref94
https://doi.org/10.4312/dp.39.2
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref96
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref96
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref96
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref96
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref96
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref96
https://doi.org/10.1016/j.jas.2020.105100
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref98
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref98
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref98
https://doi.org/10.1890/0012-9658(2006)87[1075:AFFUET]2.0.CO;2
https://doi.org/10.1890/0012-9658(2006)87[1075:AFFUET]2.0.CO;2
https://doi.org/10.1016/j.jaa.2020.101225
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref101
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref101
https://doi.org/10.1073/pnas.93.21.12035
https://doi.org/10.1073/pnas.93.21.12035
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref103
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref103
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref103
https://doi.org/10.2478/s13386-012-0001-9
https://doi.org/10.5194/cp-5-523-2009
https://doi.org/10.1111/j.1365-2745.2009.01505.x
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref107
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref107
https://doi.org/10.1016/j.quascirev.2019.106124
https://doi.org/10.1038/s41586-019-1279-z
https://doi.org/10.1038/s41586-019-1279-z
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref110
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref110
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref110
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref110
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref111
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref111
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref111
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref111
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref111
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref112
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref112
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref112
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref112
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref113
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref113
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref114
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref114
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref114
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref114
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref114
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref114
https://doi.org/10.1111/bor.12344
https://doi.org/10.1177/0959683615580196
https://doi.org/10.1177/0959683615580196
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref117
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref117
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref118
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref118
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref118
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref118
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref118
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref119
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref119
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref119
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref119
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref119
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref120
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref120
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref120
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref120
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref121
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref121
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref121
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref121
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref121


E.K. Jørgensen, J.E. Arntzen, M. Skandfer et al. Quaternary Science Reviews 299 (2023) 107825
Sohlstr€om, B., 1992. En stenåldershydda e en bos€attingsanalys. In: Kent€alt€a Poi-
mittua, vol. 4. Museovirasto, Helsinki, pp. 27e36.

Sundell, Tarja, Kammonen, Juhana, Halinen, Petri, Pesonen, Petro, Onkamo, P€aivi,
2014. Archaeology, genetics and a population bottleneck in prehistoric Finland.
Antiquity 88 (342), 1132e1147. https://doi.org/10.1017/S0003598X00115364.

Sundquist, Morten, 2009. Keramikkfunnene på melkøya. In: UNDERSØKELSENE PÅ
MELKØYA MELKØYAPROSJEKTET e KULTURHISTORISKE REGISTRERINGER OG
UTGRAVNINGER 2001 OG 2002 Anders Hesjedal, Morten Ramstad, and Anja
Roth Niemi, pp. 477e481. TROMSØ MUSEUMS RAPPORTSERIE TROMURA Kul-
turhistorie 36. Tromsø museum, Universitetsmuseet, Tromsø, Norway.

Tallavaara, Miikka, Pesonen, Petro, Oinonen, Markku, 2010. Prehistoric population
history in eastern Fennoscandia. J. Archaeol. Sci. 37 (2), 251e260. https://
doi.org/10.1016/j.jas.2009.09.035.

Tallavaara, Miikka, Pesonen, Petro, Oinonen, Markku, Sepp€a, Heikki, 2014. The mere
possibility of biases does not invalidate archaeological population proxies -
response to teemu m€okk€onen. Fennosc. Archaeol. XXXI, 135e140.

Terry, Karisa, 2022. Variable behavioral and settlement contexts for the emergence
of ceramic vessels in eastern Siberia. Quaternary International 608e609. Old
World Ceramic Origins and Behavioral Contexts from the Late Pleistocene to
Mid-Holocene: Unresolved and New Problems 137e153. https://doi.org/
10.1016/j.quaint.2020.10.059.

Sarkissian, Clio Der, Balanovsky, Oleg, Guido, Brandt, Khartanovich, Valery,
Buzhilova, Alexandra, Koshel, Sergey, Zaporozhchenko, Valery,
Gronenborn, Detlef, Moiseyev, Vyacheslav, Kolpakov, Eugen, Shumkin, Vladimir,
Alt, Kurt W., Elena, Balanovska, Cooper, Alan, Haak, Wolfgang, The Genographic
18
Consortium, 2013. Ancient DNA reveals prehistoric gene-flow from siberia in
the complex human population history of north east Europe. PLoS Genet. 9 (2),
e1003296. https://doi.org/10.1371/journal.pgen.1003296.

Torvinen, Markku, 2000. SARAISNIEMI 1 ware. Fennosc. Archaeol. XVI, 3e35.
Voronina, Elena, Polyak, Leonid, De Vernal, Anne, Peyron, Odile, 2001. Holocene

variations of sea-surface conditions in the southeastern Barents Sea, recon-
structed from dinoflagellate cyst assemblages. J. Quat. Sci. 16 (7), 717e726.
https://doi.org/10.1002/jqs.650.

Vorren, Karl-Dag, Eldegard Jensen, Christin, Nilssen, Eilif, 2012. Climate changes
during the last c. 7500 years as recorded by the degree of peat humification in
the Lofoten region, Norway. Boreas 41 (1), 13e30. https://doi.org/10.1111/j.1502-
3885.2011.00220.x.

Watkinson, Andrew R., Sutherland, William J., 1995. Sources, sinks and pseudo-
sinks. J. Anim. Ecol. 64 (1), 126e130. https://doi.org/10.2307/5833.

Wittmeier, Hella E., Bakke, Jostein, Vasskog, Kristian, Trachsel, Mathias, 2015.
Reconstructing Holocene glacier activity at Langfjordjøkelen, Arctic Norway,
using multi-proxy fingerprinting of distal glacier-fed lake sediments. Quat. Sci.
Rev. 114, 78e99. https://doi.org/10.1016/j.quascirev.2015.02.007.

Wu, Xiaohong, Zhang, Chi, Goldberg, Paul, Cohen, David, Pan, Yan, Trina Arpin, Bar-
Yosef, Ofer, 2012. Early pottery at 20,000 Years ago in xianrendong cave, China.
Science 336 (6089), 1696e1700. https://doi.org/10.1126/science.1218643.

Yanshina, O.V., 2017. The earliest pottery of the eastern part of Asia: similarities and
differences. Quat. Int. 441, 69e80. https://doi.org/10.1016/j.quaint.2016.10.035.
Emergence of the world’s oldest pottery.

http://refhub.elsevier.com/S0277-3791(22)00456-5/sref122
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref122
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref122
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref122
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref122
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref122
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref122
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref122
https://doi.org/10.1017/S0003598X00115364
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref124
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref124
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref124
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref124
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref124
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref124
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref124
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref124
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref124
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref124
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref124
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref124
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref124
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref124
https://doi.org/10.1016/j.jas.2009.09.035
https://doi.org/10.1016/j.jas.2009.09.035
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref126
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref126
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref126
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref126
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref126
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref126
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref126
https://doi.org/10.1016/j.quaint.2020.10.059
https://doi.org/10.1016/j.quaint.2020.10.059
https://doi.org/10.1371/journal.pgen.1003296
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref129
http://refhub.elsevier.com/S0277-3791(22)00456-5/sref129
https://doi.org/10.1002/jqs.650
https://doi.org/10.1111/j.1502-3885.2011.00220.x
https://doi.org/10.1111/j.1502-3885.2011.00220.x
https://doi.org/10.2307/5833
https://doi.org/10.1016/j.quascirev.2015.02.007
https://doi.org/10.1126/science.1218643
https://doi.org/10.1016/j.quaint.2016.10.035

	Source-sink dynamics drove punctuated adoption of early pottery in Arctic Europe under diverging socioecological conditions
	1. Introduction
	2. Alternative adoption (and abandonment) scenarios
	2.1. Model 1: ecological surplus drives adoption
	2.2. Model 2: ecological risk drives adoption

	3. Research context: early pottery adoptions in Arctic maritime Europe
	3.1. Pottery tradition 1: Early Northern Comb Ware (ENCW)
	3.2. Pottery tradition 2: Asbestos Tempered Ware (ATW)
	3.3. Summary: knowledge gaps and research questions

	4. Materials and methods
	5. Results
	5.1. Revised pottery chronologies
	5.2. Human Ecodynamics: Multi-Proxy Synthesis
	5.3. Tracking variability in the scale and function of early pottery traditions
	5.4. Comparative analysis of the technological organization of the ceramic traditions

	6. Discussion
	6.1. Inter-regional dispersal mechanisms: two traditions, one process?
	6.2. Underlying processes: Human Ecodynamics and “source-sink” dynamics

	7. Conclusions
	Author contribution
	Declaration of competing interest
	Data availability
	Acknowledgements
	Appendix A. Supplementary data
	References


