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Around 8,200 years ago, the Storegga tsunami hit the coasts of the Norwegian and North
Seas. This event is well known from wide ranging geological and palaeobotanical work
undertaken over the last 30 years. Outside of attempts at palaeodemographic models,
however, exploration of the social impact of the wave on Mesolithic hunter-gatherer
societies living on the coasts of west Norway, the north and east British Isles, and around
the southern North Sea basin have been less common. It has been widely assumed that
the tsunami was a disaster–but what constituted a disaster for the Mesolithic peoples who
lived through this event? What can we learn about life after natural hazards by considering
the archaeological material from regions with distinct Mesolithic histories? This paper
presents a review of evidence of the Storegga tsunami at Mesolithic sites from western
Norway, the Northeast UK, and elsewhere around the southern North Sea basin. We
consider the ways in which the social impact of the Storegga tsunami has been studied up
till now and suggest an alternative way forward.
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INTRODUCTION

“After the tidal wave, the Indians told of tree tops filled with limbs and trash and of finding strange
canues [sic] in the woods. The Indians said the big flood and tidal wave tore up the land and changed
the rivers. Nobody knows how many Indians died” (Beverly Ward, recounting stories told to her
around 1930 by Susan Ned, born in 1842, Ludwin et al., 2005, 142).

Although recalling events that occurred generations prior (17th Century), the opening quote still
indicates the impact a tsunami can have. It describes a force of nature which physically transformed
the landscape, bringing carnage and untold loss of life, and conjuring an image of a terrifying and
traumatic event. Around 8,200 years ago, a massive multi-phase submarine landslide (the Storegga
Slide) off the continental shelf of Central Norway caused a tsunami to hit the coastlines of west
Norway, Scotland, and around the southern North Sea basin. This was seemingly the largest tsunami
event to hit this area since at least the beginning of the Holocene. It is well known thanks to geological
and palaeobotanical investigations undertaken over the last 30 years (e.g., Svendsen 1985; Dawson
et al., 1988; Dawson et al., 1990; Bondevik et al., 1997; Dawson and Smith 2000; Bondevik et al., 2003;
Bondevik et al., 2012; Løvholt et al., 2017). Evidence has been found as far away as Greenland
(Wagner et al., 2006) and the event is well documented from many locations on or near the
Norwegian and northern UK shorelines (Figure 1).
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The size of the Storegga tsunami has led to it being
commonly assumed as having been a disaster for the
hunter-gatherer-fisher (Mesolithic) societies living on shores
of Norway and the North Sea basin (e.g., Edwards 2004; Bjerck
2008; Waddington 2014; Waddington and Wicks 2017). While
the tsunami itself has been well evidenced, the effects it had
upon coastal Mesolithic communities have been less
systematically explored. To add to the challenge, the
tsunami appears to have struck at the coldest period of a
climatic downturn associated with this stage of the Holocene,
the 8.2 ka climatic downturn (Bondevik et al., 2012), making it
challenging to differentiate the impact of these two events. To
date, most assessments have had to infer cultural effects from
primarily environmental data, or utilise large-scale
palaeodemographic modelling to summarise trends that
amalgamate rather than differentiate the 8.2 and Storegga
events (Wicks and Mithen 2014; Waddington and Wicks
2017; Mithen and Wicks 2021). In this paper, we attempt to
give a broad overview of the cultural data to hand, presenting a

regional assessment of the Mesolithic record broadly
contemporaneous with Storegga tsunami from western
Norway, Northeast UK, and the southern North Sea basin.
The period in question spans between 7,500–5,000 BC, with
the tsunami placed at around 6200 BC (8,150 cal BP). Based on
recorded sites, we know that Mesolithic people in Norway,
Scotland, and northern UK, were coastal dwellers, living on
shores of islands and headlands, or along resource-rich tidal
currents, but what archaeological material is there to indicate
how people were affected by the tsunami?

Climate change, tsunami-disasters, and other natural hazards
leading to societal disruption and devastation have increasingly
come into focus the last 25 years in anthropology (e.g., Oliver-
Smith 1996; Oliver-Smith and Hoffman 1999; Barrios 2016;
2017), and archaeology (e.g., Grattan and Torrence 2002;
Riede 2014; Egan and Sheets 2018; Riede and Sheets, 2020).
Increasingly, it has also been acknowledged that “Hazards [. . .],
can no longer be thought to have a purely “natural” ontology;
rather, the human and social now reside within them” (Barrios

FIGURE 1 | Map with names on regions and places mentioned in the text (Illustration: A.J. Nyland).

Frontiers in Earth Science | www.frontiersin.org December 2021 | Volume 9 | Article 7674602

Nyland et al. Evidence of the Storegga Tsunami?

https://www.frontiersin.org/journals/earth-science
www.frontiersin.org
https://www.frontiersin.org/journals/earth-science#articles


2017, 156). Nevertheless, our review demonstrates how the
identification of the Storegga tsunami impact has primarily
been reliant upon natural markers and top-down analyses of
cumulative-data, and because of this, there are gaps in our
knowledge. We still don’t understand the tsunami’s social
impact, even at a local level, for the Mesolithic coastal
communities who lived through it. However, as our review
will show, the material that can enable such studies is
growing. How do we investigate prehistoric impact if we
cannot find direct evidence of “squashed Mesolithic people”
(Wickham-Jones 2002)? Perhaps a better approach would be
to use the Storegga tsunami as a point of departure from which to

discuss the ways in which prehistoric communities may have
withstood or recovered from a catastrophic event.

EVIDENCE OF THE STOREGGA TSUNAMI;
A REGIONAL OVERVIEW

Evidence of the Storegga tsunami was first recognized in the
1980s, and in the years that have followed, a number of research
papers have identified deposits relating to the tsunami (e.g.,
Svendsen and Mangerud 1987; Dawson et al., 1988; Bondevik
et al., 1997; Bondevik et al., 1998; S. Dawson and Smith 2000;

FIGURE 2 | Map with sites where Storegga tsunami deposits have been geologically and botanically identified. Information is compiled from published papers,
book chapters and reports, as well as unpublished (archival) excavation reports].
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Selvik, 2001; Bondevik et al., 2005; Prøsch-Danielsen 2006)
(Figure 2). These works bear testament to the magnitude of
the tsunami, on the coasts of western Norway and the northern
UK. During the 1990s, awareness of this event slowly became
apparent in the archaeological literature too. For example, a
potential tsunami deposit at the Mesolithic site of Castle
Street, Inverness, had been reported, but due to the timing of
the discovery, had not initially been connected to the Storegga
event (Wordsworth et al., 1986; Dawson, Smith et al., 1990). This

was later reinterpreted as a tsunami deposit by geographers who
were already familiar with the phenomenon (Dawson et al.,
1990). In Norway, the tsunami was also starting to be
discussed as a potential depositional agent in site reports in
the 1990s (e.g., the site Leira, see Johansen and Sandvik 1995;
Lok1 Sætergården, see Simpson 1998).

The Norwegian coastline presents a “topographic,
bathymetric, and environmental mosaic”, to quote Blankholm
(2018), and the complexity of this mosaic only increases when

FIGURE 3 | Overview of sites that have the potential to demonstrate impact of the Storegga tsunami on a regional level. The list is not exhaustive, but it gives an
overview of primarily coastal Mesolithic sites that are C14 dated to around the period that the tsunami hit. Information is compiled from published papers, book chapters
and reports, as well as unpublished (archival) excavation reports listed in Supplementary Table S1, S2.
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expanded to include the surrounding of the North Sea basin for
consideration. This complexity, alongside differences in national
research traditions, as well as, of course, genuine archaeological
variability, affects the number, preservation, and location of
archaeological sites across different regions. Hence, West
Norway, the UK, and the Mesolithic southern North Sea
perimeter, hold different ‘archives’ and archive potential for
studying the impact of the tsunami.

Western Norway
In western Norway, the Middle (ca. 8,000–6000 BC) and Late
Mesolithic (ca. 6000–4000 BC) population had a pronouncedly
coastal orientation, living at the shores, exploiting islands, islets,
headlands, bays, and along tidal currents (e.g., A.B. Olsen 1992;
Bergsvik 1994; Nærøy 1994; Bergsvik 2002a; Bjerck 2008; Bjerck
et al., 2008; Skjelstad 2011; Bergsvik et al., 2020). As acidic soils
have broken down most organic materials, dating of sites is often
aided by sea-level variation, a method that has long been
integrated in Norwegian Stone Age archaeology (Fægri 1944;
Kleppe 1985). Lately, sea-level curve adjusted site heights and C14
dates have begun being compiled (e.g., Bjerck et al., 2008), as
recent development led archaeological excavations have increased
the number of radiocarbon dated sites before/after the tsunami.
Moreover, the increase in number of well excavated and dated
sites gives new possibilities to investigate variation or continuity
in mobility patterns, settlements, lithic technology, etc. (Figure 3,
Supplementary Table S2).

With some regional exceptions, most recordedMesolithic sites
in Norway are currently on dry land, their location range in
general somewhere between 7–20 m. a.s.l. However, due to a
period of marine transgression in the second half of the Middle
Mesolithic, sites became covered by beach deposits (see Nyland
2020 for examples of varying sea level curves). This Tapes-
transgression reached its maximum during the Late Mesolithic
(Fjeldskår and Bondevik 2020). Depending on the exposure to,
and level of wave energy, the preservation status of sites and
material found below transgressed beach sediments varies (e.g.
Bjerck et al., 2008; Skjelstad 2011; Åstveit, 2016). Finds can be
severely water rolled, enmeshed in clay or gravel, or, if the
transgression was sheltered and slow, pristine and sealed.
Nevertheless, the covering and potential disturbance of Middle
Mesolithic sites are elements that needs to be considered when
how representative the sample of sites from the time around the
Storegga tsunami is. Still, the Tapes-transgression
notwithstanding, there is a good number of Middle/Late
Mesolithic sites that enable studies of life before and after the
Storegga tsunami. Thus, we will mention some key sites in three
distinct areas along the west coast and representing the kind of
sites one can study along the Norwegian sites (but see Figure 3
and Supplementary Table S1 for an overview of radiocarbon
dated sites from before and after the tsunami).

As stated, there are sites that are clearly transgressed and
disturbed after occupation by the tapes transgression. For
example, at the Fosen peninsula at Karmøy, Rogaland County,
five sites were dated to the Middle and Late Mesolithic (Skjelstad
2011). One of these sites, Botten 1, one layer was dated to the
Middle Mesolithic, 6,830–6,650 cal BC (7,900 ± 40 uncal BP,

Beta-1973313); under a layer of gravel and sand, there was a clay
layer with pristine finds. The finds were intact, perhaps because
the site had been located in a sheltered bay, still, its site
distribution and cultural layers were disturbed (Olsen 2011).
There was charcoal dated to 6,370–6,230 cal BC in the layer
too (7,420 ± 50 uncal BP, Beta-198763), that is, from a time the
site was already transgressed. Hence, the situation indicates a
disturbance, but whether it was caused by the Storegga tsunami,
remains up for debate.

Other sites, such as one on, and under a raised beach at
Løvegapet, Bømlo in Hordaland, are also clearly disturbed by the
transgression as seen in water-rolled lithics (Åstveit, 2016).
However, here, the gravel and sand also sealed layers which
give opportunities for dating continual phases of activity at one
and the same site (ibid.). Moreover, in the immediate vicinity of
the Mesolithic activity, the raised beach has also sealed a 20 cm
thick sandy layer which is interpreted as a Storegga deposit
(Åstveit, 2016). Another site with persistent habitation is
Kotedalen, located further north, on the side of a strong tidal
current in Hordaland. The site was excavated in the late 1980s
(Olsen 1992) and extensive zoo-osteological, botanical macro-
and micro-fossil analyses were undertaken (Hjelle, 1992). A
cultural layer with a total of 16 Stone Age phases was
identified, where Phases 2–6 date from 6,560 to 5,580 cal BC
(approx. 7610–6800 uncal BP), i.e., immediately spanning the
Storegga event (Olsen 1992, 266) (see also Supplementary Table
S2). Other sites with cultural layers dating to before and after the
event include Nyhamna, Aukra, Møre og Romsdal. In 2003-2004,
a total number of 28 sites located in immediate proximity to each
other were excavated (Bjerck et al., 2008). Compared to
Kotedalen, less organic material was preserved, but thick
cultural layers provided the possibilities for extensive
radiocarbon dating, as well as botanical analyses of macro
fossils and pollen. From the project as a whole, there are 287
radiocarbon dates, including AMS and conventional dates
(Bjerck et al., 2008, 79). At least four sites of varying size,
content, organization and in different condition are dated to
the period before and after the tsunami event (see Supplementary
Table S2). In a trench through a wetland area, a sediment trap
between two of the sites (Sites 29 and 30) dated to the Middle and
Late Mesolithic, a layer consisting of unsorted material, sand,
gravel, stones was dated and interpreted based on two dates:
6,380–6,220 cal BC and 6,375–6,220 cal BC, and heterogeneous
composition as a tsunami deposit (Bjerck et al., 2008, 126–127).
The same layer was not documented on top of the cultural layers
at Sites 29 and 30, which again opens the question as to how to
directly identify the impact of the Storegga event archaeologically.

In general, pertaining the Norwegian evidence, despite the
comparatively large scale of recent archaeological investigations,
there are not many sites where impacts of the Storegga tsunami
have been directly documented, beyond layers in nearby wetland
areas. Nevertheless, the recent extensive development led
archaeological excavations of Mesolithic sites has greatly
improved the number of sites where one can investigate
persisting traditions in settlement and lithics production.
There are more, and better radiocarbon dated sites and layers.
The thick cultural layers at some sites indicate a tradition for
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reoccupation of the same place over time, of persistence of
maritime traditions or site location preferences throughout the
Mesolithic. The mentioned examples are from different parts of
the west coast of South Norway, which the tsunami hit with
varying force. We must thus assume that the impact, as well as
experience would have led to varying responses. There is material
to discuss, but the challenge is perhaps to securely relate it to
tsunami impact.

Eastern Scotland and Northeast England
The potential human impacts of the Storegga tsunami in Eastern
Scotland have been identified through a small number of claimed
associations between archaeological deposits and tsunami
deposits and overall models of changing activity (Figure 3,
Supplementary Table S1). The Mesolithic of Eastern Scotland
is poorly resolved chronologically, and the tsunami falls with the
Later Mesolithic as traditionally and typologically defined (ca.
8,000–4,000 BC)—a period too broad to be of much analytical
value. Numerous surface collections indicate the importance of
coastal landscapes, as well as inland areas, but are not suitably
chronologically resolved to contribute meaningfully to debate, so
the discussion here is limited to reliably radiocarbon dated sites
dating to ca. 7,500–5,000 cal BC, and with a primary focus on
those located near the coast. The shell middens at Morton (Coles
1971) have long held a position of prominence in discussions of
the Mesolithic in East Scotland, and appear to have been sites of
occupation for some time, but issues with the reliability of dating
at these sites (Warren 2015) renders it difficult to integrate them
into considerations of the tsunami event. It is important to stress
that the quantity of data available in Scotland is much smaller
than Western Norway.

Broadly speaking, the tsunami falls into a period when
evidence of hunter-gatherer activity includes pits, middens,
and occupation soils. Structural evidence is rare. The younger
of two post circles at Lesmurdie Road is dated to ca. 6,200 cal BC.
These poorly understood features may be large houses, but are
not associated with any artefacts (Suddaby 2007). A small tent has
been identified at Caochanan Ruadha, >500 m above sea level in
the Cairngorm mountains and was occupied at ca.
6,200–6,050 cal BC (Warren et al., 2018). The site is at least
70 km as the crow flies from the coast.

Pits, some with artefacts and some without, are known from
before, contemporary with, and after the tsunami and are found
in coastal and inland, upland locations. The latter include two
datings to 6200 cal BC and without any artefacts at 450 m msl, at
Fallago Rig, in the Lammermuirs, about 20–25 km from the sea as
the crow flies. A pit on a prominent moraine at 630 m msl at
Edramucky Burn, Ben Lawers, dates to c. 7,200–6,700 cal BC and
is at least 80 km from the coast (Atkinson 2016). An alignment of
12 pits at Warren Field, inland on the River Dee and dating to the
early eighth and seventh Millenia is sometimes claimed to have
astronomical alignment (Murray et al., 2009; Gaffney et al., 2013).
Inland, at Chest of Dee in the Cairngorms, occupation soils, fire
settings and pits have all been identified showing long-term, but
discontinuous use of a persistent place, with key episodes of
activity at 7,000–6,500, 6,200–6,000 and 5,500–5,000 cal BC
(Wickham-Jones et al., 2020).

Some coastal locations for activities including the use of pits
appear to have been used prior to and after the tsunami. At
Chapelfield, in Cowie, for example, located at the edge of the carse
clays at Stirling, Mesolithic activity included the deposition of
carbonized material in pits between the early seventh millennium
and the mid-fifth millennium BC (but not continuously).
Deposition in pits at this location continued into the Neolithic
(Atkinson 2002). Excavations at Castlandhill on the north shores
of the Firth of Forth found an oval, pit-defined (?) structure c.4.7
× 3 m in size (Robertson et al., 2013). Later Mesolithic artefacts
were found in post holes, but with no material suitable for
radiocarbon dating. A scatter of pits near the structure with
two distinct clusters includes examples dating to 6,800–6,600 cal
BC and 5,300–5,050 cal BC, with more pits a little further away
dating to 4,900–4,700 cal BC. Another pit, again with no artefacts
but in this instance sealed with a carefully placed stone layer was
found above the River Dee a short distance from the coast at
Garthdee, and dates to ca. 5,500 cal BC (Murray et al., 2014). At a
very broad scale, this seems to imply some continuity in practice
before and after the tsunami.

Middens in the Beauly Firth include examples at Tarradale
which are found on both the 17 and 9 m.a.s.l raised beaches with
dates on the former ranging from 6,500 to 6,000 cal BC. Middens
have been observed in Inverness, but are poorly understood, and
another example at Muirtown (Myers and Gourlay 1992) is mid
fifth millennium in date. A single radiocarbon date on charcoal
from the “lower oyster midden” at West Voe, Shetland is c.
6800 cal BC (Edwards et al., 2009; Ballin 2011), but almost all of
the other dated activity on site is very late fifth or even fourth
millennium.

Occupation soils are also known, and some are claimed to have
associations with tsunami deposits. At Castle Street, Inverness, an
occupation soil contains lithics and charcoal (Wordsworth et al.,
1986). Two bulk charcoal dates from the occupation soil lie in the
mid seventh millennium cal BC1. The occupation deposits are
claimed to be truncated by Storegga tsunami deposits (Dawson
et al., 1990). It is not possible to assess how much time elapsed
between the occupation and the tsunami deposits, nor if this
location was a long-term focus of settlement. Post-tsunami the
site is characterised by beach sand not a forest soil, so there
appears to be local environmental change which may have been
caused by the tsunami or other longer-term processes of change.

Late 19th century excavations at Broughty Ferry (Hutcheson
1886) are sometimes claimed to show a relationship between
tsunami deposits and Mesolithic activity (Dawson et al., 1990).
The initial report identified a “black band with flints and rounded
stones” sealed by an approximately 60 cm sand deposit. Although
the artefacts are now lost, Lacaille considered them to be
Mesolithic, and described the overlying deposit as an
“exceptional tide which disturbed the refuse of occupation”
but it is not clear what the basis is for this claim (Lacaille
1954, 177). Given the lack of modern excavation or
stratigraphic interrogation control and techniques, the scant

1Two bulk charcoal dates lie in the mid seventh millennium cal BC, but they are
inverted, and one has a very large standard deviation.

Frontiers in Earth Science | www.frontiersin.org December 2021 | Volume 9 | Article 7674606

Nyland et al. Evidence of the Storegga Tsunami?

https://www.frontiersin.org/journals/earth-science
www.frontiersin.org
https://www.frontiersin.org/journals/earth-science#articles


recording of information from this pre-1900s investigation and
lack of any associated dating evidence means that caution is
needed in interpretation (Lacaille 1954, 177). Finally, truncated
occupation deposits in bedrock hollows were also identified at
Longhowe, Orkney. These deposits survived when the ground
surface was stripped to construct a barrow: they include
microliths and other lithics and hazelnuts dating to
6,820–6,660 cal BC (https://canmore.org.uk/site/91743/
langskaill). The site was not coastal at time of occupation.

Glacio-isostatic adjustment models indicate that only the
northernmost stretch of the northeast England coast is liable
to bear evidence for Storegga tsunami deposits. At Broomhouse
Farmhouse, a Storegga deposit was recorded at approximately
2.45–2.80 m above sea level (Shennan et al., 2000), and another
was recorded 28 km further south at Howick Burn, 3.10–3.55 m
beneath sea level (Boomer et al., 2007, 101). Various Mesolithic
materials have been found from around Budle Bay, the Bamburgh
headland, and the island of Lindisfarne (Young and O’sullivan
1993; Young 2007), close to Broomhouse Farmhouse, but many
of these are undated findspots, or poorly recorded excavations
from the early 20th Century, and many would have been less
coastally oriented 8,200 years ago than they are today (Young
2007, 22; Bicket et al., 2016).

Further south, recent work led by Clive Waddington and
others at the sites of Howick and Low Hauxley have improved
our knowledge of the Mesolithic in the northeast of England
(Waddington 2007; Waddington and Bonsall 2016). However,
both these sites appear to have been abandoned some thousand
years prior to the Storegga tsunami (Waddington and Wicks
2017). Only Low Hauxley has Mesolithic evidence from
afterwards, but this is limited a single shell midden date of
6170–5,790 cal BC (Hamilton-Dyer et al., 2016), and two dates
of over a thousand years later (Waddington, 2016, 53), with
insufficient associated archaeological materials from which to
infer the nature of human activity at the site from this time.

The Southern North Sea Basin
The Storegga tsunami has previously been theorized as having
brought about a swift and catastrophic end to Doggerland, the
submerged palaeolandscape of the southern North Sea
(Weninger et al., 2008). However, a more nuanced
understanding is beginning to emerge in the wake of
numerical modelling of the wave’s dispersal (Hill et al., 2014;
Hill et al., 2017), and the discovery of the first confirmed evidence
of the tsunami from a submarine context, “core ELF001A” from
the “Southern River” submerged river valley, recovered by the
Europe’s Lost Frontiers team (Gaffney et al., 2020). Clearly the
Storegga tsunami hit some of the coastlines of the southern North
Sea with considerable force, but the severity of this impact was
probably variable (Walker et al., 2020).

Rapid sea-level rise around this period means that
reconstructing contemporary submerged coastlines is difficult
(Cohen et al., 2017), but much of Doggerland appears to have
become submerged prior to the tsunami (Walker et al., 2020).
This includes much of what is now the Dogger Bank (Emery et al.,
2019; Hijma and Cohen 2019), which may have only been partly
subaerial–a saltmarsh peat horizon, prior to final inundation, has

been dated to 8,140 ± 50 BP (Shennan et al., 2000, 303). The
shallow palaeobathymetry of this newly submerged topography
may have had a significant effect on the wave energy dispersion of
the tsunami, concentrating it in some areas, and mitigating it in
others. Contrary to earlier propositions, however, the tsunami
would not have been the instigator of a permanent sea-level rise
(Walker et al., 2020).

There is one stratified, submerged Mesolithic site from the
southern North Sea that has been identified and investigated: the
Yangtze Harbour site off the Dutch Coast, occupied
discontinuously between 8,500 and 6,400 BC (Moree and Sier
2015). Sedimentary evidence of region-wide marine flooding in
this area that might have been caused by the Storegga tsunami
travelling up the Rhine-Meuse estuary (Peeters, 2015). Several
terrestrial Mesolithic sites are known from nearby dune and
reclaimed polder landscapes, but evidence of Storegga from
this far south remains unconfirmed.

Evidence of the Storegga tsunami in Denmark has been found
from a submerged context at Rømø, in Denmark (Fruergaard
et al., 2015), and may be present but unconfirmed elsewhere too
(Noe-Nygaard, 2005). The projected run-up height at Rømø is
between 1.5 and 5.5 m above contemporary sea-level and
indicates that parts of the Atlantic Danish and German Bight
coast may have been impacted by the tsunami (Chacón-Barrantes
et al., 2013; Fruergaard et al., 2015). Shorelines from 8,200 years
ago in these areas are, however, now mostly submerged (Astrup
2018), and the relative lack of contemporary Mesolithic
archaeology from near the current-day coasts in these areas
(Sørensen et al., 2018, Figure 12.1), makes it difficult to infer
the impact of the tsunami. In Denmark, the Kongemose period
began around 6400 BC, and saw the introduction of some new
technological types (Astrup 2018, 23–25), has been posited as a
the beginning of a shift towards increased coastal resource
exploitation, but this may be a bias in site visibility (Astrup
2020), and in many other respects the Kongemose appears as a
continuation of the Maglemose (Blankholm 2008). Although
recent progress has been made in finding proxies of the
tsunami from around the Southern North Sea basin, there is
extremely little archaeological data that can be related to the
event. The only submerged and stratifiedMesolithic site from this
area just predates the event. Perhaps the discovery of further
submerged sites or coastal sites in the future may hold potential,
but at present the ability to gauge impact in this region is entirely
incomparable to areas further north.

DISCUSSION: THE SOCIAL IMPACTS OF
THE STOREGGA TSUNAMI?

Evidence of a Significant Natural
Phenomenon, but Less of its Human
Impact?
The extensive natural sciences research identifying where and
when the Storegga tsunami hit provides a fantastic point of
departure for discussions about how a punctuated event in
prehistory potentially had a major impact on human lives.
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Geological deposits allow for estimates of run-up height, as does
numerical modelling (e.g., Løvholt et al., 2005). Although the
results of these estimates do not always favorably align (geological
deposits provide minimum estimates) with one another (Dawson
et al., 2020), they do both project that at least parts of the
Norwegian and Scottish coastlines would have been struck by
fearsomely large waves, with onshore run-up of 25 m or higher in
some areas (Smith et al., 2004; Bateman et al., 2021). Indeed, in a
recent survey of 145 tsunami deposits from around the Atlantic
Ocean basin, 46% (n � 67) are attributed to the Storegga slide
(Costa et al., 2021), making it the most widely documented
tsunami event from the Atlantic. This begs the question then,
what is needed archaeologically to identify disruption to historical
contingency? As our overview indicates, between the presented
geographic regions, there is great variation with regards to
accessible archaeological knowledge from excavated Mesolithic
sites falling within the time-frame of our study (Figure 3 and
Supplementary Table S1).

While evidence for the tsunami is clearly attested throughout
parts of the eastern Scottish and western Norwegian coastlines,
evidence of impact relating to Mesolithic peoples remains much
more equivocal. Finding evidence of the tsunami is one thing, but
inferring its human impact is an altogether different proposition.
The widespread distribution of Storegga deposits, including far
afield in the Faroes, Iceland and even as far away as Greenland,
combined with run-up heights in excess of 25 m recorded in parts
of Scotland and Norway, all lend to a notion of a truly terrifying if
not catastrophic event.

However, such an assumption without archaeological
corollary is problematic. While there is clearly a relationship
between the height of tsunami run-up, wave energy, and the
potential with which it can devastate a landscape upon breaking,
it is problematic to simplistically assume a tsunami’s intensity
(much less human impact) as a function of magnitude
(Papadopoulos and Imamura 2001). Clearly, topographic
variability and relative positioning within the landscape are
key factors in influencing the potential for human loss and
destruction, and this can vary at a highly localised
level–measurements of run-up height from the Okushiri
tsunami along the Inaho Coast, Japan, show that run-up
varied by as much as 4 m across a 3.5 km stretch of coastline
(Yeh, Barbosa et al., 2015). Furthermore, while a diverse body of
literature continues to develop around how to measure tsunami
intensity (e.g.,Papadopoulos and Imamura 2001), these studies
are almost exclusively concerned with recent or contemporary
tsunami events, and consequently discuss impact relating to built
environments rather than the radically different circumstances of
a purely hunter-fisher-gatherer populated landscape.

Local topographic variability not only influences where and
how badly hit an area within the landscape will be when struck by
a tsunami, but it is also a factor in the formation and preservation
of geological evidence. The variability of the Norwegian shore
makes it difficult to generalise, but most instances of Storegga
deposits here have been recorded in lake basins, as a result of the
sharp incline of many parts of the western Norwegian coast. In
contrast, in Scotland the tsunami has been most frequently
recorded as a widespread sand layer within an estuarine mud,

sometimes visible within exposed coastal sections (Wickham-
Jones 2002; Bondevik 2019; Dawson, Dawson et al., 2020).
Moreover, not every area affected by a tsunami, will
necessarily leave an onshore archive (Dawson et al., 2020). To
further complicate this, while tsunami coverage of a landscape
might be widespread, archaeological evidence is restricted to
where people were within the landscape, that might also
survive subsequent taphonomic processes. Despite the
geological documentation of tsunami layers in close proximity
to archaeological sites as at Nyhamna (site 29 and 30) and Bømlo
(Løvegapet), direct traces of impact at the occupation sites
themselves were not identified. Additionally, locations that
serve as sediment traps are not necessarily likely to have been
attractive places for settlement, where dry, well-drained and flat
surfaces may typically have been preferable. Lastly, of course, the
destructive power of a tsunami is such that in the event of a highly
destructive wave, we might envisage a scenario whereby such a
tsunami might destroy contemporary settlements, but also
recently formed archaeological deposits. Such a scenario has
been hypothesised by Clive Waddington and Karen Wicks for
their study of northern Britain (2017).

Limitations of Traditional Archaeological
Approaches: or How to Identify Squashed
Mesolithic People!
At an individual level, site stratigraphies may be interpreted
relative to the event, but any assessment of societal-level
impact requires consideration of multiple sites. So far, this has
only been undertaken on materials from the northeast UK, and
from this it was determined that changes in lithic technology and
site recognition could not be invoked as an explanation of
population decline–the theory advanced in light of
demography modelling (Waddington and Wicks 2017, 708).

From our review, it is clear that some sites have unequivocally
continuous records of occupation spanning the tsunami. Yet, the
destructive nature of the tsunami might also mean that we are less
likely to find places where evidence of the tsunami andMesolithic
archaeology co-occur. As stated above, tsunami deposits that
contain archaeological materials are, globally, rarely encountered.
As we see it, perceptions of the human impact of the Storegga
tsunami have, to date, typically followed one of two lines of
enquiry: either 1) inferring impact, sometimes implicitly, from
the now sizeable database of geological deposits pertaining to the
event from around the Scottish and Norwegian coasts relating to
the event; or 2) identifying trends in palaeodemographic models
of C14 dates that might relate to these changes.

The first line of enquiry is problematic as it can, without
recourse to accompanying archaeological data, effectively reduce
Mesolithic people to passive bystanders, with a normative
assumption of vulnerability. Alternatively, one has to concede
that the range of possible caveats that might exempt a group from
wipeout, as simple as positioning within the broader landscape at
the time of the event, is too great to exclude (see Blankholm
2018). With regards to the second line of enquiry, hiatus and
continuity in stratigraphic layers can be indicative of a number of
causal factors. Demographic modelling of population levels
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throughout different periods of prehistory has enjoyed recent
popularity, and several studies have suggested that the 8.2 event
may have been exacerbated by the Storegga tsunami (Wicks and
Mithen 2014; Waddington and Wicks 2017) (but see Weninger
et al., 2008; Blankholm 2018, for different approaches). Identified
troughs in the generated curves representing demography during
the Mesolithic are interpreted as signalling population decline
(see also Solheim and Persson 2018; Damm et al., 2019; Bergsvik
et al., 2021; Mithen and Wicks 2021). Other such studies,
however, have either found the effects of both these events to
be less obviously related to any apparent changes in demography,
or less confident in their attribution of significance (Griffiths and
Robinson 2018; Maldegem et al., 2021). If nothing else, these
approaches clearly highlight the variable effects that changing the
study area and data included can have on the conclusion that is
reached. Moreover, if the regions, and indeed local areas
experienced differential impact from the tsunami, then
regional top-down approaches might be better combined with
bottom-up, local comparative studies.

Examples of this second approach, stratigraphic discontinuity
combined with C14 dating have been used to indicate mobility
and settlement at archaeological sites from northern Vancouver
coast (British Columbia, Canada) to Oregon (California, and
northern Washington, US) where such patterns coincided with
earthquake/tsunami activity (inferred tsunami deposits) over a
period of 3,000 years (Hutchinson and Mcmillan 1997). Hiatus
and discontinuity in occupation must be considered in terms of
causal factors–what, if any, are the archaeological signatures we
might look for that indicate devastation from a tsunami other
than a drop in the number of sites, and how precipitous should
such a drop be in order to qualify as compelling evidence of a
disaster?

The question of archaeological proxies of impact relates in part
to a theorised approach outlined by Goff et al. (2012) which seeks
to establish five archaeological proxies of a devastating tsunami
event: 1) changes in midden composition, 2) evidence of
structural damage, 3) geomorphological change, 4) reworking
of anthropogenic deposits and 5) the replication of these findings
across multiple sites. So far, however, such an approach has not
been systematically applied to considerations of Storegga, and
with the aforementioned limitations of the archaeological data, it
is not clear to what extent such an approach might yield
informative results. Some observed changes in material culture
have, for example, been linked to destabilisation as the result of
tsunamis and other extreme natural forces in the archaeology of
Maori coastal settlements in New Zealand (Mcfadgen 2007).

To further compound the difficulties of understanding the
impact of an event such as the Storegga tsunami, we must also
attempt to disentangle the consequences of this from the
background effects of the 8.2 ka cold event, which was
seemingly responsible for a significant and rapid rise in sea-
level around the North Sea basin, and perhaps a drop in annual
temperatures too. The 8.2 ka climate event lasted about 200 years
and is recognized globally. In the regions discussed this paper it
would have been experienced as a drop in summer and winter
temperatures, fiercer storms and generally more unruly weather
(Dawson, Bondevik et al., 2011). In recognising the impact that

the 8.2 event might have had on Mesolithic communities, we
might see the impact of the Storegga tsunami as a convergent
impact (e.g.,Wicks and Mithen 2014; Waddington and Wicks
2017)). The nature of demographic modelling studies makes it
difficult to disentangle the broadly synchronous 8.2 cold event
and Storegga tsunami events. It is hard to say whether the impacts
of these events were convergent, or simply appear as conflated.
However, establishing unequivocal evidence of impact relating
explicitly to one event or the other is a broader problem for
archaeology as a whole.

A final factor to consider, as mentioned earlier, is that
tsunamis are an inherently destructive force, and the erosive
action of such an event may have removed any recently deposited
archaeology in addition to extant settlement (Waddington and
Wicks 2017; Mithen and Wicks 2021). The population decline
identified in Waddington and Wicks’s study began at 6600 BC,
several hundred years prior to the 8.2 and Storegga events, with a
population rebound centred around 6000 BC. The tsunami may,
they argue, have created a taphonomic effect “that has reduced
the number of surviving/detectable sites for the centuries prior to
the Storegga megaslide event.” (Waddington and Wicks 2017,
708) which might explain the misalign in dates. From this they
hypothesise a population reduction, and a relocation of the
existing population into higher ground, away from the coast–a
pattern of aversion in the wake of a disastrous event. The
proposed taphonomic filter is an important suggestion but at
present requires further substantiation.

SHARED EVENT, YET DISTINCT
MESOLITHIC HISTORIES OF
VULNERABILITY AND RESILIENCE
The regional variations between the areas discussed above are
partly determined by the geological histories of these respective
areas, and the differential effects of glacio-isostatic adjustment
and variations in the history of archaeological research. In
Norway, parts of the coastline have been uplifted since the
time of the tsunami, while other areas have remained
comparably stable, or become submerged. Complicating this,
some of the Norwegian coastlines that were struck by the
tsunami have been subsequently transgressed prior to
becoming subaerial again (Bondevik 2003). Although, distinct
sediment composition allows for differentiation of these deposits
in many cases (Bondevik et al., 1998). A large quantity of
Mesolithic sites, many excavated recently in advance of
development, date to the period of interest.

In Scotland, the sea-level would have been higher than it is at
present for some parts of the coast, meaning the coastline
contemporary with Storegga is still extant in some places, and
perhaps not always far-out to sea in areas where it is submerged
(Sturt et al., 2013; Smith et al., 2004: 2315). Eastern Scottish
Mesolithic sites are also found on and close to the current
coastline, and although some of these areas would have been
coastal in the Mesolithic, in some places the coastline of
8,200 years ago is submerged, as in the case of Orkney
(Wickham-Jones, 2002). Also challenging for all these regions,
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is distinguishing between tsunami deposits and storm surges
(Bondevik et al., 2019). The available data for Scotland and
northern England is much more limited in scope than from
Norway.

The Boreal coastlines of southeast Britain, and Doggerland are
not only submerged, but also in many places, located some
distance from the current shoreline. Consequently, it is not
unreasonable to expect that many of the areas impacted worst
by the tsunami might be now be underwater (Bondevik et al.,
1998; Bondevik et al., 2019). The same is true of parts of the
former Danish coast. In Denmark, evidence for habitation of
coastal zones is clear from the later Mesolithic, but less apparent
prior to 8000 BP. Recent work by Peter Moe Astrup is beginning
to challenge this picture, showing that at least some Maglemose
sites were located in close proximity to coastal habitats and
marine resources (2018; 2020).

Contact between the mentioned regions throughout the
Mesolithic, including during and after 8,200 years ago, remains
an ongoing question. There is archaeological evidence of long-
distance mobility from the northeast to the southwest within
Scandinavia at the start of the Middle Mesolithic (e.g.,Sørensen,
Rankama et al., 2013; Damlien 2016). The recolonisation of the
northern frontiers of the Britain during the Late Glacial must
have involved populations traveling either up through the British
mainland or alternatively, perhaps using Doggerland or
Scandinavia as a point of departure, presumably following
now submerged coastlines (see Stephen Mithen et al., 2015;
Ballin and Bjerck 2016 for discussion). Evidence for this, and
the extent to which connections across the North Sea were
maintained and continued, however, remain unclear, with the
cultural histories of Scotland and Norway throughout the
Mesolithic appearing more divergent than similar in most
respects.

Doggerland, which would have been an important Mesolithic
landscape in its own right, would have facilitated connection
between the Britain and northwest Europe until around 7500BC,
when the rising sea-levels separated the two (Walker, In Press).
As a result of this, it is typically assumed that any connections that
might have existed between Mesolithic groups at this time would
have at least begun to fragment by the time of the Storegga
tsunami. Clear similarities between the Late Mesolithic records of
lowland Europe and southern Scandinavia/northern Germany
suggest contact if not some degree of cultural continuity. Around
the southern North Sea basin on the continental mainland, clear
similarities between the Late Mesolithic records of lowland
Europe and southern Scandinavia/northern Germany suggest
contact if not some degree of cultural continuity. The British
Mesolithic shows some signs of divergence archaeologically,
traditionally seen as lacking trapezoid microliths (although see
Warren 2015), but it is unlikely that contact with communities
across the water ceased entirely (e.g., Anderson-Whymark et al.,
2015; Elliott 2015; Elliott et al., 2020; Momber et al., 2021). While
it is not clear that there was not contact across extended distances
over land and water between these regions when the Storegga
tsunami hit, it does at least appear that different regional
traditions had become established with regards to technology,
raw material exploitation, landscape utilization and sites. With

the Mesolithic populations of these different regions linked, if by
nothing else, then by their relationship to the sea, we have good
potential for a comparative study with regards to differential
impact and responses to the tsunami by different communities of
Mesolithic hunter-gatherer-fishers.

It is understandable that there is an inclination amongmany to
characterize the tsunami as having been a disaster or catastrophic
event (Bjerck 2008, 68; Weninger et al., 2008) and as Clive
Waddington and Karen Wicks (2017, 695) have observed, it is
difficult to believe that such an event would not have resulted in at
least some loss of life, if not also settlements and resource bases
which may have had a further destabilizing effect. The effects of
this narrative are most apparent, and indeed perpetuated and
compounded through repetition, in much of the media coverage
of research into the event2. The Storegga event does appear to
have been larger than any other Holocene tsunami to have struck
the North Sea basin, and tsunamis are often associated with tragic
human loss, with several examples from recent decades (perhaps
most notably the 2004 Indian Ocean, and 2011 Tōhoku tsunamis)
reinforcing this concern (Walker et al., 2020). The idea that this
must have been a disaster has been encouraged by notions that
hunter-gatherers are inherently vulnerable (Bettinger et al., 2015
[2001], 12), and that tsunamis can strike with little in the way of
advanced warning (Edwards 2004, 67). In addition to this, the
sheer scale of the tsunami, coupled with dramatized accounts of
similar but non-analogous events (e.g., the 2015 Norwegian
disaster movie Bølgen [The Wave], which shows a tsunami
originating from within a fjord system in Møre og Romsdal
County), and historical recollections of personal devastation (the
Tafjord tsunami, which resulted in 40 deaths, and incidentally
provided inspiration for the Bølgenmovie), help further intuit the
assumption that the Storegga tsunami must have been a disaster.
The nature and extent of the tsunami’s impact and the damage it
wrought is up for debate, but it is easy to imagine that, for those
who lost loved ones at least, that such an event may have been
conceptualized in such a way, even if just at a very personal level.

Despite the readiness with which archaeologists have come to
regard the Storegga tsunami as a catastrophic event, however,
there remain very few archaeological sites with direct evidence of
tsunami deposits, and little apparent evidence of impact in the
contemporary archaeological record. Consequently, it is difficult
to gauge what the impact of the tsunami was without making bold
assumptions about the impact of the wave, and the vulnerability
of the people who lived through it. People and settlements would
have been affected across these regions, but regionally variable
geology, topography (both onshore and bathymetric), and
palaeoecology, may all factor in creating different possibilities
for physical and hence social impact. To these variables, we may
add taphonomy, visibility and accessibility as further
compounding factors when it comes to preserving, finding,
and recognising archaeological evidence. The general lack of

2E.g. https://www.bbc.com/news/science-environment-27224243; http://www.bbc.
com/earth/story/20160323-the-terrifying-tsunami-that-devastated-britain; https://
www.dailymail.co.uk/sciencetech/article-9648613/Geology-Study-reveals-tidal-
wave-demolished-379-MILES-Scotlands-coastline-8-200-years-ago.html

Frontiers in Earth Science | www.frontiersin.org December 2021 | Volume 9 | Article 76746010

Nyland et al. Evidence of the Storegga Tsunami?

https://www.bbc.com/news/science-environment-27224243
http://www.bbc.com/earth/story/20160323-the-terrifying-tsunami-that-devastated-britain
http://www.bbc.com/earth/story/20160323-the-terrifying-tsunami-that-devastated-britain
https://www.dailymail.co.uk/sciencetech/article-9648613/Geology-Study-reveals-tidal-wave-demolished-379-MILES-Scotlands-coastline-8-200-years-ago.html
https://www.dailymail.co.uk/sciencetech/article-9648613/Geology-Study-reveals-tidal-wave-demolished-379-MILES-Scotlands-coastline-8-200-years-ago.html
https://www.dailymail.co.uk/sciencetech/article-9648613/Geology-Study-reveals-tidal-wave-demolished-379-MILES-Scotlands-coastline-8-200-years-ago.html
https://www.frontiersin.org/journals/earth-science
www.frontiersin.org
https://www.frontiersin.org/journals/earth-science#articles


archaeological sites with direct evidence of the Storegga tsunami
has led to geological data or other proxies being utilized as
indicators of impact. However, these data do not alone tell us
much about human impact, nor to the extent to which this event
was a disaster for the coastal communities. Do we need to identify
tsunami deposits at archaeological sites to understand its impact,
or even claim that the tsunami had an impact?

CONCLUDING REMARKS

Investigations of these relatively autonomous regions can then
provide good opportunity to gain insight into different
developments of groups of people living under relatively
similar conditions. If we acknowledge that hunter-gatherer
groups may “comprise a spectrum of possible human lifeways”
(Warren 2021, 807), we should expect a multitude of responses.
Moreover, there is not one correct answer to the question of
whether the Storegga tsunami was a disaster. To some, the
tsunami would certainly have been deadly and disastrous, yet
for others, it was perhaps only a reminder of the hazards of living
by the sea. The challenge is then threefold, 1) to find evidence of
how communities organised, 2) the disentangling from the 8.2ka
climatic cold event, and 3) recognize whether the chosen
organisation or social structures or mechanisms made the
groups strong facing disasters, or vulnerable?

In order to identify the social impact of the Storegga tsunami, a
wide range of approaches are needed. As the coastal Mesolithic
population on both sides of the North Sea were dependent on coastal,
intertidal, and riverine resources, a tsunami’s eroding powers,
choking or depleting ecosystems even temporarily, might have
had a massive impact on societal economy and subsistence (e.g.,
Dawson et al., 1990), influencing human-environment relations.
Unfortunately, sites with preserved organic material are few, but
there is also only so much we can read out of the geological and
palaeobotanical records. Indeed, geological and botanical data needs
to be contextualised and interpreted relationally to inform on social
aspects, potentially shifting group dynamics, power balance, social
networks etc. The Storegga tsunami may have led to a noticeable
disruption of the historical contingency, which in turn may have
opened, or forced societies to change, either intensifying or initiating
new practices or traditions, or made societies reorientate their social
networks. Alternatively, these societies were robust, or sufficiently
flexible for life to soon return to the status quo. The regional overview
of the quality or detailed knowledge of period specific archaeology
also illustrates variability in the archaeological material from which
we may hope to garner such inferences. This is a constraining factor
on the type of studies possible in the different the regions.

Nevertheless, alternative prospects for inferring evidence of
human, or social impact from the extant archaeology might focus
on regional variation in lithic materials. Analyses of assemblages
might highlight potential discontinuity in knowledge
transmission and technology, which in turn may reflect
changing expressions of social identity. Another option is to
study site distribution patterns. Changes in preferred location of
sites may reflect different types of mobility, or an increase or
decrease in sedentism (Bjerck 1989; Bergsvik 2001, 2002b;

Maldegem et al., 2021). Such approach has previously proved
fruitful, like at the Kuril island close to Japan where a change in
settlement pattern was detected after tsunamis had hit the coast in
the Holocene (Fitzhugh 2012). Moreover, learning from
ethnoarchaeological data also has great potential for better
understanding possible responses in the wake of the tsunami.
Through these approaches, it may be possible to identify
mechanisms for knowledge transmission and maintenance of
or change in social networks. Such changes may be interpreted as
the elements of what constitutes either a state of vulnerability or a
capacity for resilience in the face of an extreme force of nature
such as the Storegga tsunami.

Ultimately, the idea that coastal Mesolithic groups would
succumb to colder weather and a giant wave, without
corroboratory evidence from archaeological evidence, seems to
build on a presumption that they were primarily vulnerable, or at
least lacked strategies to reorganize and rebound when their
environment was changing, or their society faced dramatic
upheaval. There is thus an interpretative paradox to be aware
of: why do we assume that hunter-gatherers were vulnerable?
Especially when one of the most prominent explanatory models
for change in Mesolithic research involves niche construction.
Mesolithic hunter-gatherer-fishers have, in recent years, often
been presented as highly adaptable, spontaneous, flexible and well
equipped for reorientation and exploitation of a variety of niches
in order to survive (Rowley-Conwy 2001; Layton and Rowley-
Conwy 2013; Warren 2020). Of course, a sudden freak event may
destabilise even the most well-adapted of populations, but such
an assumption is still an appeal to external forces that disregards
the human variable. An alternative reformulation of the problem
might be to ask what makes a Mesolithic society vulnerable, or
indeed resilient? Hazards and disasters may challenge social
structures and organization, potentially bringing about
systemic adaptation in order to stabilise or innovate viable
lifeways (Oliver-Smith 1996). Emphasising the social and
anthropological aspect of a tsunami, we may move beyond the
environmental and physical identification of the Storegga
tsunami. We know it happened, we know it must have
impacted the coastal communities, but human societies have
always dealt with crises and lived with natural hazards, so the
challenge remains learning what happened to the Mesolithic
societies living before, during, and after it. Combining
anthropology, ethnography, with the existing archaeological
material from the three regions above, it may be possible to
discuss the tsunami event with greater nuance, moving beyond
dichotomous scenarios; perhaps a period during which life,
meaning and stories, for some, were radically affected or
transformed Blankholm, 2008, Riede and Sheets, 2020.
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