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Abstract Recent large tsunamis in the twenty-first century have provided graphic re-
minders of the catastrophic impacts such natural hazards can have upon coastal commu-
nities. Death tolls in the thousands give rise to the rapid adoption of coastal mass burials for
the interment of the dead.While recognised as a necessary practice in the aftermath of such
contemporary tragedies, the paucity of coastal mass burial sites related to earlier tsunamis
reported in the archaeological record is unusual. We establish a suite of criteria for
identifying the geological and archaeological evidence of inundation by past tsunamis
and review case studies from two well-documented prehistoric coastal mass burial sites in
the Southern Hemisphere (Solomon Islands and Vanuatu). To varying degrees, both sites
possess numerous characteristics that suggest direct correlation with previously reported
catastrophic palaeotsunamis. In the Northern Hemisphere, we investigate palaeotsunami
inundation as an alternative hypothesis for mass burial sites in Orkney and Shetland, a
relatively tectonically inactive region where such an association is unlikely to have ever
been considered. The nature, chronology and location of thesemass burial sites fit well with
the proposed archaeological evidence for palaeotsunami inundation, and they also appear to
be contemporaneous with the as-yet poorly documented Garth tsunami (~ 5500 years BP).
We suggest that a potentially key diagnostic criterion for determining a palaeotsunami
linkage is the use of diatom testing on skeletal remains to establish whether death was
caused by drowning in saltwater, a test which has never been applied in this context.
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Introduction

Numerous mass burial sites have been reported by archaeologists from around the
world such as the recently discovered Viking-Age example from the Ridgeway Hill
Burial Pit in the UK (Loe et al. 2014) and the Early Neolithic massacre-related mass
grave of Schöneck-Kilianstädten in Germany (Meyer et al. 2015). With evidence of
decapitation, blunt force trauma and/or weapon injuries, such burials can readily be
assigned to violent deaths associated with warfare. However, in the absence of clear
signs of warfare, the raison d’être for such mass burials is often difficult to determine.

When a historical record is available, the reason for mass burial may be determined
not only by a forensic study of the remains themselves but also by comparison with
documentary evidence and sometimes oral histories (e.g. Minami et al. 2012; Dudley
et al. 2011; King and Goff 2010). This has led to a growing recognition of historical
mass burials related to natural disasters particularly in countries such as Japan that are
exposed to a suite of climatic and tectonic-related hazards such as typhoons, earth-
quakes and tsunamis (e.g. Goff and Sugawara 2014). However, such causes are rarely,
if ever, considered for prehistoric coastal mass burials.

Of particular note in this respect is the growing ability of researchers to identify the
occurrence of prehistoric tsunamis (palaeotsunamis) using a suite of geological, ar-
chaeological and anthropological techniques. This has been aided by the numerous
parallels that can now be drawn between past events and recent historical examples
such as the 2004 Indian Ocean (2004 IOT) and 2011 Tohoku-oki (2011 ToT) tsunamis
with geological evidence extending multiple kilometres inland. For example, there is a
substantial body of research showing that the prehistory of regions such as the Pacific
have been punctuated by catastrophic tsunamis (e.g. Goff et al. 2011a and references
therein). These events are purported to have caused death, abandonment of coastal
settlements, movement of people both inland and uphill, widespread loss of coastal
resources, loss of technologies, onset of warfare, breakdown of trading routes, and in
some cases the development of event-related rituals and oral histories (e.g. Goff and
Nunn 2016; Goff et al. 2012a; Matsumoto et al. 2012; McFadgen 2007; McMillan and
Hutchinson 2002).

These or similar effects have also been noted in recent events such as a movement
inland and uphill, and the almost total abandonment of coastal areas affected by the 2011
ToT (Kondo 2018). While several years later there is already a partial reoccupation of
inundated areas, this is only being achieved through a massive engineering effort with
reconstruction over the 10-year period from 2011 to 2020 being estimated to cost
US$285 billion (Suppasri et al. 2012). It is notable that recent research by Japanese
tsunami archaeologists following the 2011 ToT has revealed similar human movements
after inundation of the same region by a tsunami 2000 years ago. Over the next 400 years,
people gradually moved back onto the low-lying coastal lands only to suffer the same fate
once again when the 869 AD Jōgan tsunami inundated the region (Saino 2015).

There are two fundamental lessons to learn from the Japanese example. First, unlike
other potentially catastrophic saltwater inundations such as cyclones (also known as
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hurricanes or typhoons), the long recurrence interval between major tsunamis places
such events outside the generational memory of personal experience and as such
reduces its significance for prioritising choices for day-to-day life. Second, while
cyclones are often cited as equally potentially catastrophic, both geological and con-
temporary records indicate that even in the most extreme cases (e.g. 2013 Typhoon
Haiyan), these rarely inundate inland more than several hundred metres inland (Brill
et al. 2016). Furthermore, such events are associated with meteorological conditions
that can provide ample warning (hours to days) of an impending cyclone. Catastrophic
tsunamis such as the 2004 IOT inundate the land over far greater distances and arrive
with little or no warning. Therefore, while acknowledging that events such as cyclones
have the potential to cause significant loss of life, given the unexpectedness and
magnitudes of past tsunamis, it is far more likely that these will result in a larger death
toll.

In this paper, we examine examples of prehistoric coastal mass burial sites from
Northern and Southern Hemisphere locations in both tectonically active and relatively
inactive zones (Fig. 1). For the purposes of this paper, the term ‘prehistoric’ will simply
refer to the time before written record, which varies greatly by region; oral histories will
be discussed where relevant. The term ‘burial’ will refer to both inhumations and also
the placement of human remains in above ground locations (e.g. tombs).

Context

Tsunamis

Tsunamis are waves generated by a variety of processes, including earthquakes (e.g.
Japan, 2011; magnitude 9.0: Goto et al. 2011), slope failures such as landslides into
water (e.g. Lituya Bay, Alaska; slide volume 0.03 km3: Fritz et al. 2009) and those
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Fig. 1 World map showing key sites mentioned in the text. Approximate locations are given as follows: Red
lines are relevant subduction zone (CSZ = Cascadia subduction zone; NHT = New Hebrides trench; ST =
Solomons trench; TKT = Tonga Kermadec trench); blue shaded areas are key submarine slope failures (AS =
Afen slide; SS = Storegga slide; TS = Trænadjupet Slide); open black circles and ellipses are countries, islands
and island archipelagos (CI = Cook Islands; F = Fiji; PNG = Papua New Guinea; S,AS = Samoa, American
Samoa; SI = Society Islands; SoI = Solomon Islands; V = Vanuatu; W&F = Wallis and Futuna)
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beneath the water (e.g. Trænadjupet slide; volume 500–100 km3: Løvholt et al. 2017)
that may or may not be generated by tectonic-related processes (Yamada et al. 2012),
and volcanic eruptions. Tsunamis can therefore occur in relatively tectonically inactive
regions and recent examples include small volume slope failures such as the 1979 Nice
Harbour, France (slide volume 0.009 km3) and 1996 Finneidfjord, Norway (0.001 km3)
events that killed eight and four people, respectively (Dan et al. 2007; Longva et al.
2003; Sahal and Lemahieu 2011).

Once a tsunami has been generated, it moves away from the source area as a series
of fast-moving waves. In the deep ocean, tsunami waves can travel up to 900 km h−1,
with a wave height of only about 0.5 m, a wavelength greater than 150 km and wave
periods up to 120–150 min (as opposed to max. storm wave characteristics around 50+
km h−1 speed, 100 s of m wavelength and 15–20 s wave period). Approaching the
coast, the sea gets shallower, frictional drag increases, the wavelength decreases and
waves increase in height. Unlike storms, the long wavelengths and wave period ensure
that tsunamis can expend their immense energy across a considerable distance inland.

Even in the most tectonically active parts of the world, the return periods for large
tsunamis are in the order of 250–500 years at best. In less tectonically active areas,
significant sources are generally limited to some form of landslide and return periods
often exceed 1000s of years. Unlike storms therefore, their unpredictability and long
return periods leave most contemporary coastal human populations unprepared for a
hazard that is either poorly understood or unknown. Japan, probably the most tsunami-
prepared country in the world, has a term for such events, souteigai—tsunamis or
unexpectedly large (Goff et al. 2014). The 2004 IOTwas just such an event, causing the
deaths of around a quarter of a million people (Alam et al. 2012). While there are rare
instances of preparedness embedded within oral traditions (e.g. McAdoo et al. 2006)
and population movement inland (Saino 2015), no archaeological evidence has been
presented concerning mass deaths from tsunamis.

Mass Burials and Historical Tsunamis

Recent catastrophic tsunamis provide examples of post-disaster mortuary practices in
the face of an overwhelming number of dead. In the immediate aftermath of an event,
there are usually attempts to bury individuals in culturally appropriate manners, but
mass burial soon becomes the norm (Phillips et al. 2008). Until recently, when
mechanical diggers became available, mass burials were usually dug manually as
shallow trenches or pits (< 1.0 m deep), or beneath mounds of stones or debris
(Morgan et al. 2006).

While some communities have used existing cemeteries for siting mass graves, they
are predominantly situated in convenient coastal locations closest to the largest number
of bodies (Morgan et al. 2006). Mass burials generally have two types of body
arrangement, either with bodies in layers or in an unstructured manner (Phillips et al.
2008). Both types of arrangements can lead to the comingling of bodies and, subse-
quently, skeletal remains (Morgan et al. 2006). In the case of the 2004 IOT, there were
14 mass graves in Banda Aceh alone, with the largest containing 60,000–70,000 bodies
(Morgan et al. 2006). Death rates in coastal communities can be high—the 1896 AD
Sanriku tsunami killed up to 83% of the population of some villages (Smits 2011).
Faced with an overwhelming number of dead (and few survivors) in the early stages of
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post-tsunami recovery, delays in interring all of the victims often lead to animals
feeding on the corpses, causing variable amounts of dismemberment of the bodies
(Rutty et al. 2005).

The historically documented 1293 AD Kamakura, Japan earthquake/tsunami (1293
KJT) is at the cusp of written history, and as such, the discovery and interpretation of an
associated mass burial site provides a useful archaeological perspective. Geological
evidence for the tsunami is evident in the region (Iida 1984) and written accounts of the
event in Kamakura Oh Nikki and Azuma Kagami state that 20,000–30,000 people died,
with the bodies of humans, cows, horses, fish, dolphins and whales filling the roads
(Minami et al. 2012). The earthquake/tsunami left the Kamakura region isolated and in
ruins and as a result many of the dead were not buried immediately.

Work on the mixed human-animal mass burial site at the coastal town of
Yuigahama-minami recovered 3108 human skeletons with radiocarbon dating
confirming that they had been buried during a short period of intensive site use
(Minami et al. 2012). Many skeletons had dog bite marks suggesting that corpses
had been exposed for considerable time after death, with body parts scattered by dogs
and other scavengers (Nagaoka and Hirata 2006). Fragmentary skeletons were buried
together. Most of the animals were undoubtedly also tsunami victims since Medieval
Kamakura Buddhist practices limited the eating of terrestrial animal meat and there was
also no custom of whaling (Minami et al. 2012).

In addition to the mixed human-animal mass burial, 667 human skeletons were also
excavated from individual burials and most, but not all, are also considered to be
victims of the 1293 KJT (Minami et al. 2012). The general age distribution mirrors that
of the population at the time with a little over 1% having sword cut marks.

While these historical findings show some regional variations, there are significant
areas of commonality associated with mass burials in response to a devastating tsunami
(Table 1). Notably, mass burials tend to be found at or near the coast, most likely in an
area where the number of bodies is at their most dense. Some individual burials may
occur but most take place with little or no thought to cultural sensitivities. The causes of
death vary but normally include asphyxiation (as sediment carried in the tsunami is
pushed into the lungs by the force of water), followed by drowning, impact injuries and
wound infections (Keim 2006; Phillips et al. 2008). Warfare/defence injuries may be
noted on some skeletons, but these should not be seen as being diagnostic of a mass
war grave, rather as reflecting the nature of the general population at the time.

In historical examples, there is little reason to mention the association of the tsunami
deposit with the mass burials, although there is a considerable body of geological
evidence to this effect (e.g. 2004 IOT: Liu et al. 2005; 1896 AD Sanriku: Yagishita
2001; 1293 KJT: Iida 1984). This raises an important point: finding palaeotsunami
evidence that is potentially contemporaneous with a coastal mass burial(s) is an
important step in establishing a possible link between the two.

Identifying Palaeotsunamis and Their Effects on Humans

Palaeotsunami research is a relatively young discipline which started around the mid-
1980s with the ground-breaking geological work of Atwater (1987) who studied the
1700 AD Cascadia subduction zone (CSZ in Fig. 1) earthquake/palaeotsunami. Since
then, the discipline has grown significantly with numerous geological proxies being
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used to identify palaeotsunami deposits (Table 2: Goff et al. 2012a). By the time
Atwater (1987) reported on his research, anthropologists had already published work
referring to Native American oral histories concerning possible palaeotsunamis in the
region (Heaton and Snavely 1985). Subsequently, this combination of geological and
anthropological work assisted archaeologists in identifying prehistoric coastal village
abandonments associated with past Cascadia events (Hutchinson and McMillan 1997).

This early work was important because it indicated that an interdisciplinary approach
was needed to fully understand the nature and extent of the 1700 AD palaeotsunami.
This point was further developed by Goff et al. (2012a) who identified up to 30 proxies
that could be used to help identify a palaeotsunami. These proxies come from the fields
of geology, chemistry, biology, archaeology, anthropology and geomorphology, while
also recognising the importance of reviewing contextual data—evidence from other
sites in the region. Ultimately, not all of the proxies available have ever been used at a
single site, but they are all equally relevant. For example, in the absence of any
archaeological proxies for tsunami inundation, a selection of geological, chemical
and/or biological data could be used. Conversely, in the absence of geological data,

Table 1 Summary of potential palaeotsunami-related mass burial characteristics based upon historically
documented events

Characteristic

1. Rapid burial usually with little/no consideration of cultural sensitivities

2. Often associated with some individual burials (either early attempts to follow ritual, or burial of high-status
individuals)

3. Burial in shallow trenches or pits (often < 1.0 m deep) or under mounds of stones or debris

4. Use of existing burial sites and/or closest to largest number of bodies—tend to be found at or near the coast

5. Body arrangement either in a ‘rack system’ with bodies laid facing one direction (or in alternating directions
for each layer) or in an unstructured manner

6. Comingling of bodies and, subsequently, skeletal remains can occur

7. Sometimes divided into sections (e.g. separate area for children)

8. Animals may feed on corpses causing variable amounts of dismemberment of the bodies (either pre- or
post-inhumation). Often fragmentary skeletons buried together

9. Mass burial may include animals/fish killed in the same event

10. Since death is usually by asphyxiation, drowning, impact injuries and wound infections, skeletal remains
may not show visible signs of tsunami trauma

11. Radiocarbon (or other) dating invariably indicates burials occurred during a short period of intensive site
use as opposed to a specific date. Individual burials before or after mass burial reflect site use over a longer
time period

12. General age distribution of skeletons most likely reflects population at the time

13. Warfare/defence injuries may be noted on some skeletons, reflecting the nature of the general population at
the time

14. Can be associatedwith geological evidence for the palaeotsunami—burials may be dug into or mixed with it

15. Local knowledge about potential prehistoric mass burial sites may be preserved in oral histories, or this
information may be lost (either too long ago, or possibly due to significant loss of indigenous knowledge
caused by large magnitude events. n.b. The absence of oral traditions is not evidence for the absence of an
event)

16. Mass burial may be located in, or proximal to, an event-related ritual structure or shrine
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Table 2 A summary list of palaeotsunami proxies based on ‘diagnostic criteria’ developed through a series of
published iterations. For more details, refer to Chagué-Goff et al. (2011), Goff and McFadgen (2003), Goff
et al. (2001, 2012a), McFadgen and Goff (2007), and Morton et al. (2007)

Geological:

1. Particle/grain sizes range from boulders (may be 750 m3 or larger) to fine mud. A tsunami will usually
transport whatever size ranges are available—it is sediment source-dependent

2. Sediments generally fine inland and upwards within the deposit but can also have a coarsening upwards
component associated with deposition from a traction carpet. Deposits generally rise in altitude and thin
inland and can extend for several kilometres inland and 10s or 100s of km alongshore

3. Each wave can form a distinct sedimentary unit and/or there may be laminated sub-units

4. Distinct lower and upper sub-units representing runup and backwash can sometimes be identified. This is
unlike storm or anthropogenic deposits

5. Lower contact is usually unconformable or erosional

6. Can contain intraclasts (rip-up clasts) of reworked material

7. Sometimes associated with loading structures at the base of deposit—and can be associated with
liquifaction features on the ground surface caused by earthquake groundshaking

8. Micro-scale features can include micro-rip-up clasts, millimetre-scale banding, organic entrainment,
fining-up sequences and erosive contacts that may be visible in thin section but not in field stratigraphy

9. Measurement of magnetic fabric (MF) combined with grain size analysis provides information on
hydrodynamic conditions ‘typical’ during tsunami deposition—essential when no sedimentary structures
are visible. Magnetic properties of minerals (incl. magnetic susceptibility) provide information about
depositional environment

10. Heavy mineral laminations are often present but are source-dependent. Normally near base of
unit/sub-unit but not always. Composition and vertical distribution of heavy mineral assemblage may
change from the bottom to the top of the deposit (e.g. often more micas at the top)

Chemical:

11. Increases in elemental concentrations of sodium, sulphur, chlorine (palaeosalinity indicators, including
element ratios), calcium, strontium, magnesium (shell, shell hash and coral), titanium and zirconium
(associated with heavy mineral laminae if present) occur in tsunami deposits relative to under- and
overlying sediments. Indicates saltwater inundation, and/or high marine shell/coral content, and/or
high-energy environment (heavy minerals, source-dependent). Preservation issues to be considered in
particular for salt (downward leaching), but uptake and preservation can occur in wetlands/soils

12. Possible contamination by heavy metals and metalloids (source-dependent, incl. water depth source)

13. Geochemical (saltwater signature) and microfossil evidence often extends further inland than landward
maximum extent of sedimentary deposit

Biological:

14. Individual shells and shell-rich units are often present (shells are often articulated and can be water--
worn). Often more intact shells as opposed to shell hash. Awide range of shell ages is indicative of greater
reworking by a tsunami as opposed to storm or anthropogenic deposits. Small, fragile shells and shellfish
can be found at or near the upper surface of palaeotsunami deposits

15. Shell, wood and less dense debris often found ‘rafted’ at or near the top of sequence (increase in organic
content determined by loss on ignition and sometimes moisture content)

16. Often associated with buried vascular plant material and/or buried soil and/or skeletal (non-human) remains

17. Generally associated with an increase in abundance of marine to brackish diatoms—often a greater
percentage of reworked terrestrial diatoms near the upper part of the deposit. Large number of broken
valves often observed, reflecting turbulent flows. Variations in diatom affinities often indicative of source
areas and magnitude of event

18. Marked changes in foraminifera (and other marine microfossils, such as dinoflagellates, nannoliths)
assemblages occur. Deeper water species are introduced—this is unlikely in storm or anthropogenic
deposits, and/or increase in foraminifera abundance and breakage of tests. Composition relates to source
(near-shore vs. offshore). Foraminifera size tends to vary with grain size

720 Cain et al.



archaeological, anthropological and/or geomorphological proxies are available (Goff
et al. 2012a). McFadgen and Goff (2007) provide a more detailed discussion of
archaeological proxies (Table 3).

As recently as 2009, many Pacific archaeologists were still of the opinion that
rapid-onset natural hazards such as tsunamis were too localised in space and time
to be important (Anderson 2009). In their view, such events merely add a layer of
complexity to Pacific human history but are not as significant as the long-term
impacts associated with climate change and anthropogenic modification
(Anderson 2009). This view undoubtedly continues to influence archaeological
site interpretations within the SW Pacific and reflects a markedly different ap-
proach to research reported from other parts of the region such as Japan (e.g.
Saino 2012) and the Pacific Northwest (e.g. Hutchinson and McMillan 1997). This
is particularly significant for our understanding of Pacific archaeology in the light
of a growing body of evidence for two or three major region-wide palaeotsunamis
within the SW Pacific region most likely originating from the Tonga Kermadec
trench (Fig. 1). These occurred around 1450–1500 AD (hereafter termed mid-
fifteenth century), 1800–2000 years BP (a smaller event) and 2800–3000 years BP
(hereafter termed 2800 years BP) during the time of Polynesian settlement (Goff
et al. 2012b).

Table 2 (continued)

19. Pollen concentrations are often lower (diluted) in the deposit because of the marine origin and/or include
high percentage of coastal pollen (e.g. mangroves). Pollen changes above and below the deposit are often
indicative of sustained environmental change, a critical ecological threshold has been crossed—e.g. infilling or
shallowing of coastal wetland

Archaeological:

20. Archaeological sites—a sediment layer (often a discontinuous gravel lag and/or beach/dune sand)
separating, underlying or overlying anthropogenic deposits/occupation layers

21. Archaeological middens: marked changes in shellfish species/absence of expected species indicate
sudden change in onshore and nearshore palaeoenvironmental conditions

22. Archaeological structures show structural damage by water to buildings/foundations at a site

23. Archaeological burial sites have been reworked, often recognisable as ‘culturally inappropriate’ burials

24. Replication—coastal archaeological occupation layers and shell middens are often separated or
extensively reworked at several sites along coastline giving a regional/national signal of inundation

Anthropological:

25. Traditional environmental knowledge (oral histories) from the locality/region

Geomorphological:

26. Acquired palaeogeomorphology indicates tsunami inundation—a tsunami geomorphology is present
that could include evidence of: (i) uplift or subsidence/compaction of site/locality, (ii) scour/erosion/reworking
of sediments at site/locality—altered dune morphology, and (iii) sand sheet or other similar deposits such as
gravel deposition/gravel pavements

27. Palaeogeomorphology at the time of inundation indicates low likelihood of storm inundation

Contextual:

28. Known local or distant tsunamigenic sources can be postulated or identified

29. Known local and regional palaeoenvironmental drivers indicate low likelihood of storm inundation

30. Replication—similar contemporaneous coastal deposits are found regionally giving a regional signal of
inundation
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Table 3 ‘Archaeological’ proxies for palaeotsunamis using both modern/historical (M) and archaeological
(A) examples (adapted after McFadgen and Goff 2007)

Proxies Example

1. Oral histories from the locality 2009 South Pacific tsunami (American Samoa)
(Dudley et al. 2011) (M)

D’Urville Island, New Zealand (NZ) (King and Goff
2010) (A)

2. Post-event burials (mass or otherwise) 2004 Indian Ocean tsunami (IOT) (see text for refer-
ences) (M)

This paper (A)

3. Site abandonment—permanent or temporary
(often coupled with movement inland and uphill)

2011 Tōhoku-oki tsunami, Japan (2100 ToT) (Hirano
2013) (M)

Sendai Plain, Japan (Saino 2012, 2015) (A)

4. Resource depletion and/or increased warfare,
hillfort construction and/or rise of chiefdoms

2011 ToT (widespread loss of rice crops: Liou et al.
2012) (M)

Regional NZ (McFadgen 2007) (A)

5. Middens: change in shellfish species/absence of
expected species

2011 ToT (change in shellfish availability: Seike et al.
2013) (M)

Palliser Bay, NZ (Goff and McFadgen 2001) (A)

6. Structural damage: damage to
buildings/foundations at site

1998 Papua New Guinea (1998 PNGT) tsunami
(McSaveney et al. 2000a) (M)
Wairau Lagoon, NZ (McFadgen and Goff 2007) (A)

7. Geomorphological change Wellington region, NZ (Grapes and Downes 1997) (M)
Mataora-Wairau Lagoon, NZ (King et al. 2017) (A)

(i) Evidence for uplift of site/locality Hawaii, USA (Tilling et al. 1976) (M)
Okarito Lagoon, NZ (Nichol et al. 2007) (A)

(ii) Evidence for subsidence/compaction of site/-
locality

1998 PNGT (Gelfenbaum and Jaffe 2003) (M)
Henderson Bay, NZ (Regnauld et al. 2004) (A)

(iii) Scour/erosion/reworking of sediments at
site/locality

2004 IOT (Thailand) (Szczuciński 2012) (M)
Whangapoua Bay, NZ (Nichol et al. 2003) (A)

(iv) Gravel deposition/gravel pavements 1993 Hokkaido Nansei-Oki and 1983 Nihonkai-Chubu
tsunami, Japan (Sato et al. 1995) (M)

Okoropunga, NZ (Goff et al. 2004) (A)

(v) Sediment layer separating or overlying
anthropogenic deposits

2004 IOT (Sri Lanka) (Liu et al. 2005) (M)
Futuna Is, Wallis and Futuna (Goff et al. 2011b) (A)

8. Reworking of anthropogenic material at a site J. Goff, pers. obs. 2004 IOT (Sri Lanka) (M)
Mataora-Wairau Lagoon, NZ (McFadgen and Goff

2007) (A)

(i) Occupation layers/shell middens 2004 IOT (Sri Lanka) (Liu et al. 2005) (M)
Northland region, NZ (Goff et al. 2010) (A)

(ii) Burials Lower Wairau Plains, NZ (Grapes and Goh 1998) (M)
Canterbury region, NZ (McFadgen and Goff 2005) (A)

9. Replication at more than one occupation site or in
off-site deposits

2004 IOT (Sri Lanka) (Liu et al. 2005) (M)
Northland region, NZ (Goff et al. 2010) (A)

10. Geological context shows after-effects of local
and distant tectonics

Lower Wairau Plains, NZ (Grapes and Goh 1998) (M)
Canterbury region, NZ (McFadgen and Goff 2005) (A)
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With respect to the most recent event, Goff and Nunn (2016) identified rapid
societal change (Table 3: points 3, 4 and 9) in Pacific island societies in the
fourteenth to fifteenth centuries, recognising this as a proxy for some type of
regional environmental forcing. They argued that the driver for such change must
have been of an oceanic origin, most likely palaeotsunami, palaeostorm surge or
rapid sea-level change. Given the growing body of geological evidence for a
mid-fifteenth-century region-wide palaeotsunami, it seems reasonable to suggest
that this was the most likely cause.

The recognition of rapid societal change resulting from possible palaeotsunami
inundation is not new. Pukapukan oral history (Pukapuka is an island in the
northern Cook Islands) refers to a potentially catastrophic palaeotsunami around
1500 AD. It almost completely destroyed all their resources and reduced the
island’s population to 15 men and two women (Goff et al. 2011a; Sahlins 1957).
Many changes in social organisation and land tenure followed this disaster with
elements of Polynesian culture recombined into a social structure more attuned to the
needs of life on remote Pacific islands (Sahlins 1957). Archaeologists have recorded
similar trends on other Pacific islands, such as Ontong Java and Ulawa Island in the
Solomon Islands (Goodenough 1955; Hogbin 1931), the Gilbert Islands, the Lau Group
(Fiji) and Wallis and Futuna (Goodenough 1955). It is notable that complementary
evidence for rapid cultural change is reflected in hillfort construction (Table 3: points 3
and 4) on the Solomon Islands around 1500 AD (Goff and Nunn 2016). Similarly, on
Futuna island (Wallis and Futuna), there is geological evidence for a palaeotsunami
dated to around the mid-fifteenth century, with an associated oral history and settlement
movement inland and uphill (Goff et al. 2011b).

A brief review of existing geological research in the SW Pacific indicates that
palaeotsunami evidence has been found on Vanuatu, the Cook Islands, Wallis and
Futuna, Samoa, American Samoa, Fiji, Tonga, Papua New Guinea, the Hawaiian
Islands, the Austral Islands, Henderson Island, the Marquesas Islands and the Society
Islands (Fig. 1) (summarised in Frohlich et al. 2009; Goff et al. 2011a; Williams et al.
2013). The growing body of interdisciplinary evidence for an event around the mid-
fifteenth century means that region-specific archaeological proxies such as region-wide
coastal village abandonment, oral traditions, anomalous coral sand/pumice layers and
reworked sand dunes (Goff et al. 2008a, 2011a) can also act as analogues for earlier
events such as that proposed for 2800 years BP in the early stages of the settlement of
Western Polynesia (Kirch 2010).

The geological and archaeological findings indicative of palaeotsunamis within
the wider Pacific region discussed above provide a fragmentary, but important
record that is similar to the more comprehensive dataset developed in New Zealand
(McFadgen 2007).

Prehistoric Mass Burial Sites in the SW Pacific

Numerous prehistoric burials (single and multiple) have been reported by archaeolo-
gists throughout the Pacific region. Here we review two recently reported sites that
have contrasting characteristics and investigate the implications of these findings for
other mass burials in less tectonically active areas.
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Namu, Taumako, Solomon Islands

The burial site at Namu on Taumako (Duff Islands) was studied between 1977 and
1978 but not fully reported for some 30 years (Leach and Davidson 2008). In their
report, Leach and Davidson (2008) observed that some, if not all, of the coastal
areas in the islands had been affected by high-energy marine inundations during
the period of human occupation with on land marine deposits and reworking of
cultural layers. Archaeological evidence for possible palaeotsunami inundation
was present in several forms including Kilikili—surface scatters of coral gravels
(n.b. in this case, Leach and Davidson (2008) interpret these scatters in a more
conventional archaeological manner as evidence for past village sites), scattered
human bones and more concentrated mounds of human remains (incl. surface
scatters of fragmented human bones, shell money beads, pieces of Trochus arm
rings and worked Nautilus shell) (Fig. 2).

The main Namu site, almost 100 m inland from the coast, consisted of a low mound
about 7–8 m in diameter and 70 cm above the surrounding area. Associated material
included a second, smaller burial mound and several scatters of human bones (Fig. 2d).
The surface of the mound was comprised of scattered coral slabs and boulders,
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fragments of human bone, some worked Nautilus shell, broken Trochus rings and shell
money beads. Almost no midden was found at Namu, there was no food shell, and
there were only a few bones of fish and animals (Leach and Davidson 2008).

A total of 201 individual burials was recognised although because of the comingling
of bones a recent study has proposed up to 226 (Buckley and Tayles 2003). The burials
themselves involved a simple process of placing the body on the surface of the ground
and heaping a small amount of coral gravel over it. In other words, little or no digging
was involved. There were patches of gravel and sand, some of which were ‘clean’
indicating that it had come from a water-washed area such as a beach, but equally there
were some sediments with charcoal staining, suggesting that it had been sourced from
living areas (Leach and Davidson 2008).

The bodies had been laid down stretched out on their back with their legs and arms
straight down the body. They were oriented in one of two distinct directions in rows.
Some form of bodily mutilation affected a large number of individual skeletons, often
with hands and/or feet entirely missing. It was inferred that this probably occurred post-
burial due to exposure caused by the thin covering of sediments. With definite signs of
rat gnawing, this disaggregation was most likely associated with post-mortem animal
activity (incl. rats, pigs, dogs) (Leach and Davidson 2008). Numerous healed bone
puncture wounds were noted, possibly caused by everyday accidents or fighting. These
types of injuries reflect the general health of the population at the time.

Most of the adults, with some exceptions, died fairly young (males: average
26.3 years old; females: average 25.3 years old), some 3–6 years younger than normal
(Houghton, in Leach and Davidson 2008). There seems to have been few if any
indications of differential status between one age grade and another. Infants and
children were sometimes buried with heavy ornaments which they could never have
worn in life, while others worn only by men today were buried randomly with men,
women or children. In contrast to these personal ornaments, only one adze seemed to be
unequivocally associated with a burial, although other scattered ones may have been
(Leach and Davidson 2008).

The findings from this burial site are unusual because there is a general sense of
disorganisation. The authors acknowledged this dilemma and noted that the kind of
burials discovered were so close together that Beven if they were not actually buried at
the same time, the interval between them must have been short enough for the living to
know that the second person was close kin to the first and therefore should be buried
very close to him or her^ (Leach and Davidson 2008, p. 217). This statement seems at
odds with two key findings. First, the burials appear disorganised; and second, they are
shallow to the point of being almost totally exposed on the ground surface. Neither is
characteristic of Polynesian mortuary practices.

The site dates to 1220–1745 AD (six pooled dates with a minimum range of 1275–
1655 AD) towards the end of the sequence of occupation on Taumako. A site duration
range of 450 years was assigned since it was the mid-point between the two age ranges
(380 and 525 years). Fourteen potential burial layers were identified, and while
acknowledging that there was no way of knowing what the actual time gap between
any one of these might be, anything from 1 day to one century, an average of about
32 years was inferred for each of these layers (Leach and Davidson 2008). Unfortu-
nately, this inevitably leads the authors to focus solely on an ongoing use of the burial
site throughout much of the later part of the Namu period (1000–1800 AD) and not to
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consider multiple hypotheses (Chamberlin 1890). In doing so, they focus on minor
variations such as body orientation through time (over decades/centuries) which could
just as easily reflect a rapid, single event mass burial.

The rationale for suggesting multi-decadal layers is questionable since a statistical
review of the radiocarbon dates indicates no significant difference between them, and
as such, they are equally consistent with a single event. This does not prove a single
event, but it does not disprove one either. Assuming these dates do represent a single
event, the weighted mean and standard error is 538 ± 65 years BP. This age range fits
well with the proposal that it might relate to a single mass burial associated with the
region-wide mid-fifteenth-century palaeotsunami discussed above.

While there was no traditional knowledge in the form of oral history concerning the
site, the name Namu can be translated from Polynesian to mean ‘bad smell’ (Leach and
Davidson 2008). Polynesian place names often represent an archive of inter-
generational experiences of the environment (King et al. 2007), and it is plausible
therefore that the name Namu may represent the last remaining cultural evidence of a
hastily dug mass burial site. Once the possibility of the Namu site being a mass burial is
considered, several inconsistencies reported by the authors appear to be more logical:

& The method of burial was unusual in that bodies were placed on the ground as
opposed to in graves, with coral gravel heaped over and around the body (Leach
and Davidson 2008). This is consistent with rapid burials carried out in an area of
thin substrate underlain by coral, where there is a need to ensure that bodies are
contained within a specific area.

& The age of adults buried is younger than average for the Namu people (Leach and
Davidson 2008). It seems reasonable to suggest that this represents the general age
distribution of the population at the time of death. This catastrophic event affected
all age groups, not just the elderly.

& Kilikili were observed in many coastal locations (Leach and Davidson 2008). While
their use as evidence for past village sites is undoubtedly a valid archaeological
interpretation, similar sedimentological evidence has been used consistently as a
proxy for palaeotsunami inundation (Table 2, point 20). A tsunami deposit tends to
fine inland. There are large coral clasts stranded on the reef flat immediately
offshore from both Taumako and Lakao island to the north (Fig. 2b); therefore,
gravel clasts (kilikili) at or near the coast and sand farther inland are consistent with
a palaeotsunami interpretation. For example, at Te Ana Tavatava on the north side
of Lakao, a sand/gravel unit some 50 m inland dated to 1299–1470 AD has
reworked underlying sediments. Leach and Davidson (2008) do not discuss this
further but dating is consistent with that of a mid-fifteenth-century palaeotsunami.

The case for Namu being a mass burial site related to palaeotsunami inundation is
further supported by Taumako’s tectonic context. It sits between two tectonically active
trenches, San Cristobel some 250 km west and Cape Johnson around 180 km east
(broadly associated with the Solomon Trench at the interface between the Australian
and Pacific Plates—Fig. 1). Most recently, the former was responsible for the unusually
large tsunami generated by a Mw7.1 earthquake in 2010 (Newman et al. 2011), and the
latter is noted as the source for numerous oral histories concerning large waves
affecting many islands in the prehistory of the region (Nunn et al. 2006).
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Leach and Davidson (2008) noted that there appeared to be evidence for significant
changes in coastal geology and geomorphology on both Taumako and Lakao. On
Lakao, there is evidence for tectonic uplift at the beginning of the Tavatava Period
(1000 to 400 BC) with a stranded inland wave cut notch fronted by ‘clean’ white sand.
This uplift probably occurred immediately prior to the first arrival of people around
900 BC (thus making temporary occupation of this notch area possible). Intriguingly,
this date is contemporaneous with a region-wide palaeotsunami around 2800 years BP
(Goff et al. 2012b). On the other hand, on Taumako, there were extensive lowland
swampy areas formed around the same time indicating a change in the drainage system
following uplift (and possibly altered drainage following sand deposition during
tsunami inundation; Table 2: point 26).

The case for a mid-fifteenth-century palaeotsunami in the region is strong. Geological
evidence exists throughout the SW Pacific, currently extending as far west asWallis and
Futuna (1700 km E of Taumako) or possibly Vanuatu (700 km S) (Goff et al. 2011a, b).
There is archaeological evidence on Wallis and Futuna for movement of settlements
inland and uphill and for hillfort construction on the Solomon Islands around 1500 AD
(Goff and Nunn 2016). Contemporaneous anthropological evidence for rapid social
changes are found on Pukapuka (3000 km E), Ontong Java (1000 km NW) and Ulawa
Island (400 km W) in the Solomon Islands, the Gilbert Islands (1700 km NE), the Lau
Group (Fiji) (1500 km SE) and Wallis and Futuna (1700 km E) (Sahlins 1957;
Goodenough 1955; Hogbin 1931). Oral histories are also reported from the Solomon
Islands, Vanuatu, Wallis and Futuna (Goff et al. 2011a, b; Nunn et al. 2006).

When viewed as a whole, there are geological, geomorphological, archaeological
and anthropological characteristics indicative of a mid-fifteenth-century palaeotsunami
(Table 4). Even as a stand-alone proxy, the Namu site has many of the characteristics of
a mass burial indicative of the effects of catastrophic palaeotsunami inundation on
prehistoric coastal communities (Table 4). When considered in conjunction with the
additional evidence discussed above, a more reasonable question might be, why is this
not a mass burial site related to the SW Pacific region-wide mid-fifteenth-century
palaeotsunami?

Teouma, Vanuatu

Teouma is on the south coast of Efate, Vanuatu, a tectonically active country
adjacent to the New Hebrides trench (Figs. 1 and 3). The site is located about
800 m inland on the edge of an uplifted beach/reef about 8 masl on the NE side of
Teouma Bay (Fig. 3) (Bedford et al. 2006). This cemetery/mass burial site was
uncovered by quarrying in 2003 and was first reported in detail by Bedford et al.
(2006). Burials were in shallow graves dug into the tephra in gaps in the uplifted
beach/reef along a NE-SW trending zone, 10–15 m wide, adjacent and parallel to
the former beach (Bedford et al. 2009). A total of 68 burial features were identified
representing up to 91 individuals of which about 80% were adults (both sexes) and
the remainder, infants (newborn/pre-term) (Bedford et al. 2006, 2009; Kinaston
et al. 2009; Valentin et al. 2011).

From a Pacific archaeology perspective, this site is of exceptional importance since
it contains the earliest and most extensive collection of burials thus far associated with
early human settlement (Lapita) of the Pacific Islands, and dates to around 2800–
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3000 years BP (Bedford et al. 2009; Petchey et al. 2014). An interpretation of all of
the radiocarbon samples places site abandonment no later than 2500 years BP
(Bedford et al. 2009). A Bayesian evaluation suggests that the burial ground was
possibly in use as early as 3110–2930 years BP, probably in regular use by about
2940–2880 years BP, with last interments around 2770–2710 years BP. However, it
was noted that what may be considered to be phases of occupation realistically
overlap within two standard deviations because of the flatness of the calibration
curve during this time period (Bedford et al. 2006). While the burial ground may
have been in use for a 150–240-year period, it may equally represent burials related
to a single event, or with the majority of burials occurring at one time but with
individual usage at other times.

Table 4 Summary of site-specific palaeotsunami-related mass burial characteristics and other proxy evidence
(see text for details)

Characteristic Namu,
Solomon Is.

Teouma,
Vanuatu

1. Rapid burial usually with little/no consideration of cultural
sensitivities—however may involve later excarnation activity

√ √

2. Often associated with some individual burials (either early attempts to follow
ritual, or burial of highly esteemed people)

? ?

3. Burial in shallow trenches or pits (often < 1.0 m deep) or under mounds of stones
or debris

√ √

4. Use of existing burial sites and/or closest to largest number of bodies—tend to be
found at or near the coast

√ √

5. Body arrangement either in a ‘rack system’ with bodies laid facing one direction
(or in alternating directions for each layer) or in an unstructured manner

√ √

6. Comingling of bodies and, subsequently, skeletal remains can occur √ √
7. Sometimes divided into sections (e.g. separate area for children) √ x

8. Animals may feed on corpses causing variable amounts of dismemberment of the
bodies (either pre- or post-inhumation). Often fragmentary skeletons buried together

√ √

9. Graves can sometimes include animals/fish (killed in event?) ? x

10. Since death is usually by asphyxiation, drowning, impact injuries and wound
infections, skeletal remains often show no visible signs of tsunami trauma

√ √

11. At prehistoric sites, radiocarbon (or other) dating invariably indicates burials
occurred during a short period of intensive site use as opposed to a specific date.
Individual burials before or after mass burial will reflect use over longer time period

√ √

12. General age distribution of skeletons most likely reflects population at the time √ √
13. Warfare/defence injuries may be noted on some skeletons, reflecting the nature

of the general population at the time
√ x

14. Can be associated with geological evidence for the palaeotsunami at the
site—usually dug into or mixed with it

√ ?

15. Local knowledge about potential prehistoric mass burial sites may be preserved in
oral traditions, or this information may be lost (either too long ago, or possibly due
to significant loss of indigenous knowledge caused by large magnitude events).
n.b. The absence of oral traditions is not evidence for the absence of an event

? √

16. Other archaeological evidence (Tables 2 and 3) √ √
17. Contextual evidence (Table 2) √ √
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Overall, there is a general agreement that the cemetery was probably used for only a
short period of time based upon the redeposition of human remains, similarity of
mortuary practice across the site and limited inter-cutting of burials (Bedford et al.
2009; Valentin et al. 2010). Valentin et al. (2010) clarify this further by inferring that the
Teouma burials were not associated with a single event as indicated by the breakage
and scattering of pottery due to successive mortuary activities at the site. It is also
suggested that people had a level of awareness of the location of particular burials,
perhaps through grave markers (pots and/or large boulders, including flat, rectangular
coral slabs, were placed over the top of several graves), similar to those used in the
early colonisation phase in New Zealand at the Wairau Bar, New Zealand (Bedford
et al. 2009; Valentin et al. 2010). However, the cemetery site is unusual since later
occupational debris (e.g. middens) dated to around 2800–2500 years BP (early Erueti
Phase) overlies it (Bedford et al. 2006). In Polynesian culture, this represents an
unusual disrespect for the dead and most likely indicates that knowledge of this part
of the site as a burial area had already been forgotten (Bedford et al. 2006), possibly
indicating a loss of cultural memory.

At Teouma, there appear to have been other similar findings to the New Zealand
analogue, with two apparent phases of burial. Primary interments consisted of a wide
array of burial positions with clear indications of body manipulation at an early stage of
body decomposition (Bedford et al. 2009; Valentin et al. 2010). Such manipulation may
well have been a pragmatic response to fitting bodies within the available topography
with one partially articulated skeleton found ‘buried’ on the surface of the reef (Valentin
et al. 2010).
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In all burials, the skulls and sometimes other bones appear to have been removed
some time after internment (Bedford et al. 2006; Valentin et al. 2010, 2011). Subse-
quent additions/re-burials of rare ornaments, shells and bone collections occurred, and
pots containing human remains were also recorded (Bedford and Spriggs 2007). One
proposal was that the bone collections and pots containing human remains might have
been brought from an entirely different location to the cemetery (Valentin et al. 2010).

It is important to put this site in its wider environmental context. Bedford et al.
(2006, 2009) noted that tectonic activity probably created a progressively prograding
shoreline and that there was a continual realignment of the settlement to maintain it in
the preferred location for habitation, adjacent and parallel to the contemporary beach. It
is inferred that continued uplift led to the ultimate abandonment of the settlement with
easy access to the sea becoming increasingly problematic (Bedford et al. 2006, 2009).
The site is now 800 m inland, but even today the sea is easily accessible and the
proposed cause for abandonment seems unlikely. Perhaps of more significance to the
interpretation of this site is the regional tectonic activity and recognition of a major
region-wide palaeotsunami that occurred some 2800–3000 years BP (the 2800-year BP
event) during the time of initial Polynesian (Lapita) settlement (Goff et al. 2012b).

With this in mind, is there any convincing argument that could be developed to infer
that the Teouma burials might be tsunami-related? There are two sites on Efate that
preserve evidence for the 2800-year BP event, 10 kmWNWat Devil’s Point and 25 km
NW at Mangaasi (Goff et al. 2011a), which makes this a plausible argument worth
exploring. The observation that later occupation debris (early Erueti Phase ~ 2800–
2500 years BP) overlies the burials mirrors findings elsewhere in the SW Pacific. This
was either a highly unusual sign of disrespect, a loss of cultural memory (noted in the
wake of numerous past tsunamis, e.g. PNG: McSaveney et al. 2000) or possibly
reworking of the debris by a tsunami (McFadgen and Goff 2007).

Given the limited areal extent on the uplifted beach/reef to accommodate a settle-
ment, the use of much of the site for a burial ground is unexpected. If viewed from the
perspective of a mass burial related to deaths from a tsunami, then this pragmatism is
understandable—burials occur close to the highest number of victims. There appears to
be little in the way of ritual burial and it is plausible that what is viewed as body
manipulation could in part be related to soft tissue injuries incurred by the tsunami, the
latter allowing burial within the close confines of the reef cavities. While it is important
to caution against selectively picking through the available data, there are notable
commonalities such as the reworking of anthropogenic material (scattered potsherds/
bones) and the recognition that the bone collections and pots containing human remains
might have been brought from an entirely different location to the cemetery (Valentin
et al. 2010), representing a potential catchment area for skeletal remains related to the
event. The discovery of one partially articulated skeleton buried at the surface of the
uplifted reef suggests that this site was rapidly filled in as opposed to representing a
long-term burial site. The use of possible tsunami-related sediments to cover the burials
cannot be overlooked, with large coral boulders and/or rectangular coral slabs placed
over the top of some graves. Large reworked coral clasts commonly form part of a
tsunami deposit in such a reefal/beach environment (e.g. Goff et al. 2011a, b). Aban-
donment of the area at this time, invariably by movement inland and uphill (e.g.
McFadgen 2007), with subsequent reoccupation in the early Erueti Phase could explain
the presence of middens overlying part of the site and the loss of cultural memory of it.
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A summary of site-specific palaeotsunami-related mass burial/grave characteristics and
other proxy evidence from this site is listed in Table 4.

An Alternative Hypothesis for the Interpretation of Mass Burials in NW
Europe?

Introduction

Two Pacific region examples of potential mass burial sites related to deaths caused by
palaeotsunami inundation have been discussed above. Both have distinct similarities
and differences. There are marked variations in environmental conditions, mortuary
practices and numbers of deceased. However, as coastal sites contemporaneous with
known palaeotsunamis in the region, the possibility that they relate to mass deaths
associated with a catastrophic tectonic-related event cannot be ignored.

There are undoubtedly numerous mass burial sites that are contemporaneous with
similar catastrophic tectonic-related events in the Northern Hemisphere. Indeed, a brief
search of mass burial sites in the Mediterranean produces several candidates worthy of
further study, two of which from Greece are briefly described below.

Archaeologists have interpreted three general categories of mass burial in ancient
Greece, those related to deaths from warfare, hasty burials for the victims of an
epidemic or famine and those of prisoners of war or convicts (Little and
Papadopoulos 1998). Triantaphyllou and Bessios (2005), however, report on a different
possible category. They discuss a mass burial of 115 comingled individuals at Pydna,
Macedonia, NE Greece (Fig. 1). The burial took place in the second half of the fourth
century BC with bodies thrown, without any sign of formal mortuary treatment, into a
4-m deep rock-cut shaft. The perceived low status of the population represented here
(low average age at death, generally poor health, skeletal manifestations of heavy
physical stress—some were in iron shackles) caused them to infer that this might be
evidence for a mass burial related to ancient slavery. However, there were at least 42
adults, 16 sub-adults, children and juveniles of both sexes—a balanced demographic
representation of both sexes. While they may have been low status, the shackled
skeletons (slaves) may simply reflect their relative distribution within the population
at the time.

A point overlooked by the researchers is that Pydna is located at the head of the
Thermaic Gulf, a NW-SE-oriented embayment in the NW corner of the Aegean Sea
and adjacent to the tectonically active North Aegean Trough. The earliest historically
documented tsunamigenic earthquake in this region occurred in 330 BC around
Lemnos Island, a mere 220 km SE (Altinok et al. 2009, 2011; Soloviev et al. 2000).
This large magnitude earthquake is thought to have resulted in the disappearance of
Chrysi Island and the Moschylos volcano (Soloviev et al. 2000) with tsunami deposits
reported from the Turkish coast some 180 km NE (Altinok et al. 2013). It is noteworthy
that in such a tectonically active region, there has been no consideration of the
possibility that these mass burials may be related to this contemporaneous event.

It is here in Greece that a single reference is made to the consideration of a possible
linkage between a tsunami and a mass burial. Little and Papadopoulos (1998)
summarised the 1970s work of Kritzas at Argos in the eastern part of the Peloponnese
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Peninsula, some 180 kmNWof Crete (Fig. 1). Here, a well containing 20 human (incl. ten
male, six female, three infants) and numerous animal skeletons (horse, cow, pig, sheep,
goat, dog) was dated to the Late Helladic (LH IIIB) period around 1250–1300 BC. In
attempting to explain the reason for this mass burial, Kritzas (1976–1978, in Little and
Papadopoulos 1998) considered the presence of the animals to be unusual and tentatively
concluded that these were all flood victims. While not directly suggesting a tsunami as an
explanation for the burials, he noted in the writings of Pausanias (a Greek traveller and
geographer of the second century AD) a section (2.22.4) dealing with the Sanctuary of
Poseidon, Bfor they say that Poseidon inundated the greater part of the country because
Inachus and his assessors decided that the land belonged to Hera and not to him. Now it
was Hera who induced Poseidon to send the sea back, but the Argives made a sanctuary
to Poseidon Prosclystius (flooder) at the spot where the tide ebbed^ (Jones 1918). Kritzas
raised the possibility that this story may be referring to the flooding of the plain of Argos
by the tsunami associated with the Thera (Santorini) eruption around 1350 BC (Bruins
and van der Plicht 2014; Little and Papadopoulos 1998).

Pydna and Argos are two of many mass burial sites reported from tectonically active
areas of NW Europe (and the Northern Hemisphere). It seems reasonable to suggest
that further work needs to be done to investigate other possible tsunami-mass burial
linkages not only at these two sites, but also at other locations where such an
explanation may be valid. There is a danger however in focussing solely on tectonically
active areas.

Mass Burials in Relatively Tectonically Inactive Areas

Perhaps the most well-known tsunamigenic slope failure in the Northern Hemisphere is
the 8150-year BP Storegga slide, the only known prehistoric submarine slope failure
with extensive geological evidence for a catastrophic region-wide tsunami (Bondevik
et al. 2005a; Smith et al. 2004). The Storegga slide was not generated by tectonic
activity and occurred on the edge of the continental shelf offshore of western Norway
(Fig. 1). It has an estimated volume of 2400–3200 km3 with a slide area some 20%
larger than Scotland (Løvholt et al. 2017). Geological evidence can be traced from
Norway to Greenland, western Scotland, NE England and Denmark (e.g. Bondevik
et al. 2005a; Long et al. 2016; Smith et al. 2004). The effects of this tsunami on the
Mesolithic forager populations of western and eastern Scotland were immediate and
long-lasting (Waddington and Wicks 2017; Wicks and Mithen 2014).

There is little doubt that the Storegga tsunami was catastrophic both for the coastal
landscape and population densities (Waddington and Wicks 2017). This event occurred
at a time when sea levels were about 10–15 m lower than present, although isostatic
adjustments of landmasses in response to past ice cover cause some variability in this
figure (Bondevik et al. 2005a). The Shetland Islands in northern Scotland (Figs. 1 and
4) had runup heights of over 20 m above the sea level at the time.

There is also evidence on Shetland for a more recent tsunami that affected the area
around 5500 years BP (Bondevik et al. 2003, 2005b; Dawson et al. 2006; Ishizawa
et al. 2016). It has similar sedimentary characteristics to the 8150-year BP Storegga
tsunami and probably had a runup of more than 10 m (Bondevik et al. 2005b). The
5500-year BP Garth tsunami (hereafter called the 5500 BP event) was initially found in
Sullum Voe and then at two lake basins (Garth and Lake of Benston) on the eastern
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coast of Mainland (Fig. 4). It may also be present in some Norwegian coastal lakes
(Bondevik et al. 1997). This event could represent a later (and smaller) submarine slope
failure from the Storegga area or may be related to the Afen slide about 120 km NWof
Shetland (Fig. 1) (Bondevik et al. 2005b; Haflidason et al. 2005; Long et al. 2003). The
Afen slide occurred sometime after 5800 years BP, but its volume (0.4 km3) was
probably too small to generate a tsunami of any size (Bondevik et al. 2005b). However,
more recent work has found that comparatively small submarine slope failures (i.e. <
1 km3) can produce locally large tsunamis (Frohlich et al. 2009). No evidence has so far
been reported for this event on either mainland Scotland or Orkney. However, when
searching for evidence for the larger 8150-year BP Storegga tsunami, Dawson and
Smith (2000) noted the sheltering effect of the Orkney and Shetland Islands
located immediately in the path of an incoming tsunami from the continental slope.
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Fig. 4 Shetland Islands: a location of Shetland Islands north of Scotland; b detail of Shetland Islands
(excl. Fair Isle) showing place names mentioned in the text (C = Caldback; GG = Gulga, Glass,
Northmavine; GH = Gallow Hill; GH, Huesbreck = Gallow Hill Huesbreck; GHT = Gallow Hill
Tingwall; GH, Walls = Gallow Hill, Walls; RH = Ronas Hill; S-H = Swart-Houll; SV = Sullum Voe);
c Gallow Hill, Unst: Neolithic chambered cairn (marked by red oval)—oblique aerial view looking east
(photo: RCAHMS 2017a). Refer to Fig. 5 for symbol legend

Prehistoric Coastal Mass Burials: Did Death Come in Waves? 733



This suggests that geological evidence for the 5500 BP event may exist on the Orkney
Islands, although nothing has been reported to date (Fig. 5).

This begs the question: Is there any evidence in the archaeology of Orkney or
Shetland for these events?

Mass Burials on Orkney

Archaeological literature for Orkney reveals the onset of a unique period of Neolithic
prehistory marked by the construction of numerous chambered cairns (CC) around
5000–5500 years BP (Prendergast 2016). Davidson and Henshall (1989) describe 59
Orkney-Cromarty type CC passage tombs dated to the Middle/Late Neolithic. These
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Fig. 5 Orkney Islands: a location of Orkney Islands north of Scotland; b details of Orkney Islands showing
place names mentioned in the text (Bh = Blackhammer, BI = Brodgar Isthmus, BoS = Bay of Skaill, KoL =
Knowe of Lairo, KoR = Knowe of Ramsey, KoRw = Knowe of Rowiegaar, KoY = Knowe of Yarso, MH =
Midhowe, PoC = Point of Cott, TN = Tofts Ness, TT = Taversoe Tuick), sites in bold red type are listed in
Tables 5 and 6; c Neolithic site at Pool, Sanday: view of excavated section from the east. The lower (darker)
part of the section represents the Neolithic deposits—two sand horizons are marked (after MacSween et al.
2015); d oblique aerial view of Point of Cott chambered cairn (shown within red circle) taken from ENE
(RCAHMS 2017b)
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are mostly round cairns with a centrally placed chamber, characterised by a division
into stalls separated by upright slabs of stone and sometimes double-tiered. However,
there are also at least 12 other similar cairns called the Maes-Howe group. These have
rectangular chambers, low entrances, more symmetrically placed side cells and long
narrow access passages (Fig. 5; Table 5) (Henshall 1963, 1972).

Chronologically, a recent reassessment of radiocarbon dates related to numerous
CCs on the Orkney Islands infers that O-C types form a consistent group centring
around 5500 years BP (3500 BC) with a second phase (M-H) closer to 5000 years BP
(3000 BC) (Schulting et al. 2010). This is an important distinction since to some extent
it has bearing upon whether such tombs may have been related to a catastrophic
event(s). In reporting the findings of this apparent age offset, Schulting et al. (2010)
recognise that the available radiocarbon dating evidence for Orkney’s CCs and Neo-
lithic pottery does not accurately resolve differences between them largely because of a
late fourth millennium calibration plateau. In other words, statistically, the full calibrat-
ed ranges of the radiocarbon dates overlap for both types of CCs to around 5200–
5500 years BP (Table 5). While there may be a distinct chronological (as opposed to
architectural/pottery) difference between O-C and M-H types, this does not necessarily
negate the possibility that the bulk of the mass burials relate to a single event, especially
since there may have been a movement of human bone assemblages between different
CCs (e.g. Chesterman 1979). This may seem an unusual and moderately unfounded
statement, but much of the debate surrounding the age and usage of CCs has built up
around increasingly entrenched narratives invariably based around poorly recorded
early sites with a few rare exceptions from recent work.

In the examples we have summarised, burials range in number from two at the badly
disturbed site of Blackhammer, to potentially as many as 341 at Isbister (Table 5).
These burials are almost all on high ground near the coast with the exception of
Quoyness that appears to have been constructed close to a supply of building stone.
In most cases, the CCs do not appear to represent a single mass burial event, but rather
either start with a few individual burials or these continue after a mass burial, some-
times for millennia (Isbister). Alternatively, as hypothesised for the seven CCs on the
south coast of Rousay, these contemporaneous or near-contemporaneous cairns may
represent individual parts of a larger cemetery (Lawrence 2012; Prendergast 2016;
Reilly 2003).

Why were so many CCs apparently constructed around the same time, and where
did all the bodies come from? There have been several burial models proposed that
partially address this question (Lawrence 2012). First, that they represent the bodies of
a population buried over a short period of time. Second, they are a selection of high-
status individuals buried over a long period. Third, they are a selection of the unwanted
dead buried over a long period of time (Barber 1988). Fourth, the tombs had an
interment use for only a very short period (Whittle et al. 2007).

Based upon the equivocal nature of the existing radiocarbon dating coupled with
some notable differences in burial practice, it would seem reasonable to propose that
Orkney’s CCs do generally represent tombs that had an interment use for a very short
period, albeit with the occasional anomalous later burial. The common presence of
contemporaneous comingled and disarticulated layers of bones suggests that these
bodies represent a significant portion of an entire population buried over a short period.
In brief, the purpose of the CCs could be viewed as having a mass interment use for a
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short period with some high-status individuals buried separately to the mass burial in a
manner similar to that described by Minami et al. (2012) for the 1293 KJT. However,
while this explanation may fit with one interpretation of the data, there are significant
differences between the Orkney CCs and general characteristics we have defined for
mass burials/graves related to deaths caused by palaeotsunamis (Table 6).

Rapid burial has largely been inferred from the nature of the bone beds reported, and
proximity to the sea in Orkney is almost inevitable for any tomb. While the represen-
tative age distributions vary considerably, this is more likely due to past site disturbance
and poor preservation. In reality, the possibility that such Neolithic tombs might relate
to a single (or more?) catastrophic natural event such as a major storm or a tsunami has
never been fully considered before, and as such, much of the available data has not
been collected with this in mind. The time it took to erect these tombs (or a temporary
enclosing structure) also has some bearing upon their relation to a catastrophic event.
The favourable characteristics of the local flagstone as a building material and its
abundant exposure at the coast suggest that tomb construction could have been rapid.
While it is generally suggested that elevation and visibility are one of several cultural
responses inherent in the tradition of tomb building (Whittle et al. 2007), in the face of a
devastating event, it is more likely that the need for rapid construction was the driving
force.

If such an event occurred, and the 5500-year BP Garth tsunami reported from
Shetland suggests that it could have, then one could expect a high death toll, rapid
burials, resource depletion and settlement abandonment (temporary or permanently).
Rapid burial would mostly take place with little or no ritual, skeletons would be in a
variety of conditions from variable exposure times, animals and marine life would also
have perished, and while some excarnation and/or anthropogenic manipulation of
bones undoubtedly occurred, there is also the possibility that some cannibalism might
have taken place (e.g. Cole 2017; Villa et al. 1986). Nothing in the collated data
(Tables 5 and 6) challenges these suggestions, but as with all such narratives, it only
partially supports them.

In addition to the Neolithic tombs of Orkney, there are other lines of evidence that can
be used to infer the 5500-year BP Garth tsunami on the islands. The multi-period
settlement site at Pool, on the low-lying island of Sanday (Fig. 5b), lies within an
environment dominated by coastal dunes and shell-sand beaches (MacSween et al.
2015). Phase 2.1 of the occupation site, dated to around 4900–5900 years BP (2900–
3900 BC) (probably ~ 5000–5500 BC), is overlain by sandy deposit with ‘stone spreads’.
This is identified as an aeolian sand, although the presence of stones tends to negate such
an interpretation. A later phase, 2.2, is also overlain by an apparent aeolian sand (Fig. 5c)
(MacSween et al. 2015). There are two significant inconsistencies in the interpretation
that these are wind-blown sediments. First, the stone spreads are unlikely to be aeolian.
Second, if tsunami inundation had occurred, it would both destabilise and rework coastal
dune deposits which would be its main sediment source. Similar scenarios have been
reported elsewhere with a tsunami geomorphology imposed upon the coastal dune
system, the development of an inland hummocky topography (akin to the near-
ubiquitous Machair on Sanday), and tsunami deposits comprised almost entirely of
wind-blown sand (e.g. Goff et al. 2008b; McFadgen 2007).

Similar findings occur around the Bay of Skaill and Brodgar Isthmus (Fig. 5b). At
the former, palaeoenvironmental records indicate that there was significant woodland
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loss around 5500 years BP associated with a poorly dated influx of sand (de la Vega-
Leinert et al. 2000). While the mean grain size is that of a wind-blown sand, the wider
grain size distribution of the deposit indicates that it was probably not. Furthermore, it
extends as a sand sheet (not a wind-blown dune) up to 2 km inland. Any consideration
that this might be related to the 5500-year BP Garth tsunami must take into account the
work of Sorrel et al. (Sorrel et al. 2012) who identified a marked coincidence with a
Holocene Storm Period (HSP) at this time. While their closest data point is from the
Outer Hebrides, a region-wide effect has been noted (Sorrel et al. 2012). It is not
necessary to invoke one or the other—storm or tsunami—as the key driver of these
environmental changes, and it is plausible that they were caused by a combination of
both. At the latter, Brodgar Isthmus, microfossil analysis and radiocarbon dates dem-
onstrate that the Loch of Stenness, adjacent to the Brodgar Isthmus, was transformed
from a freshwater to brackish environment during the early Neolithic at a time when
there was a marked increase in sedimentation. It was inferred that this was probably
related to occasional marine flooding during exceptional storm events (Bates et al.
2016). Given that the 5500-year BP Garth tsunami has been reported from the Shetland
Islands (100 km NE) and that the Afen slide to the NWof both island archipelagos is a
potential source, it remains to be seen whether further studies of the coastal sediments
laid down in the early Neolithic may be related to one or both processes of storm and
tsunami.

On balance, the archaeological data from Orkney’s CCs may be considered equiv-
ocal, although the intense period of early Neolithic cairn construction and use suggests
an unusual, possibly unique, catastrophic driver. This is a region that is relatively
tectonically inactive, and as such, events like the tsunamigenic Storegga slide have left
an indelible record in early Holocene sediments. In the absence of such a large
subsequent event in the Holocene, geologists might be forgiven for not identifying
the evidence for similar, but smaller events, especially at a time when there may have
been a contemporaneous HSP. However, combining both sets of potentially circum-
stantial data from the archaeological and geological records, there is a case to be made
for the possibility that there is a mass burial/tsunami linkage in the region. Is there any
supporting archaeological data from Shetland that might strengthen this case?

Mass Burials on Shetland

Much of Shetland’s landscape is covered in a thick blanket of peat, which means that
the sandy evidence of past tsunami inundations is relatively easy to identify. Archae-
ologically though, the Neolithic period of Shetland is relatively poorly understood
compared to the Orkney Islands (Doughton 2014; Sheridan 2012). Many of the cairns
in Shetland are not well preserved (Hunt 1866; Tate 1886) which accounts for the poor
dating control generally and makes estimates of the number of Neolithic sites difficult
to determine (Fig. 4) (Doughton 2014). It appears that that the islands were somewhat
isolated from mainland Scotland and Norway during the Neolithic period, and while
Shetland cairns seem to have developed around the same time as those in Orkney, they
are smaller (Kaul 2012). However, this may simply be a reflection of a smaller, isolated
population. Difficulties in dating mean that differentiating between Neolithic and
Bronze age tombs is problematic, but cairns include Caldback, Vementry, Ness of
Nounsbrough, Punds Water, Islesburgh Ronas Hill, Swart-Houll, Knowe of Wilga,
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Gallow Hill (Unst—Fig. 4c), Huesbreck, Gallow Hill (Tingwall), Gallow Hill (Walls),
Gallow Hill (Mainland), Ladie Hill, Burra Voe, Gulga, Gluss and Northmavine
(Canmore 2017; Coolen 2012; Kaul 2012; Mahler 2012; Sheridan 2012) (Fig. 4).

In general, the chambered cairns of Shetland are either cruciform in shape with a
small chamber (e.g. Vementry) or even smaller and more cist-like (e.g. Ronas Hill)
(Doughton 2014). Sadly, not much can be said about the nature of the burials in
these cairns since no human bone has ever been found in one. However, skeletal
material from a cist site at Sumburgh on the very southern tip of Mainland,
Shetland, suggests that mortuary practices were probably quite similar to those on
Orkney (Doughton 2014).

The Sumburgh cist contained the comingled remains of up to 27 individuals,
comprising both adult (10+), juvenile (4+) and neonatal (4+) members of both sexes
(Hedges and Parry 1980; Walsh et al. 2012). Analysis of the skeletal material indicates
that the individuals suffered from a range of traumas and diseases and that some of the
bones were subject to weathering prior to deposition (Melton and Montgomery 2009).
Indeed, there was some evidence of pitting and fracturing most likely associated with
carnivore activity (dogs) (Walsh et al. 2012). Radiocarbon dating indicates that these
burials date from the second half of the fourth millennium BC (3520–3340 BC)
contemporaneous with those on Orkney.

Importantly, the cist comprises a stone-lined pit that had been dug into a layer of
sand overlying the soil. Walsh et al. (Walsh et al. 2012) recognise that this sand equates
to a similar deposit that occurs within a sequence of early middens exposed by coastal
erosion at West Voe, some 400 m S of the burial site. They also note that the bodies
must have been buried shortly after the deposition of the sands into which the pit had
been cut (Walsh et al. 2012). Dates obtained from the lowest level of the West Voe
midden sequence represent the earliest record of occupation on Shetland, around 4200–
3600 BC (Melton 2009; Melton and Nicholson 2004), and prior to cist/cairn construc-
tion. The sand layer overlying these early midden deposits was laid down around
3500 BC (Gillmore and Melton 2011). The overlying midden dates to 3479–3275 years
BP, contemporary with the Sumburgh cist burials (Gillmore and Melton 2011; Melton
2008, 2009; Melton and Nicholson 2004, 2007).

The older (4200–3600 BC), basal midden is comprised predominantly of oysters
(Ostrea edulis) but also includes limpets (Patella vulgate) and mussels (Mytilus edulis),
seal (Phocidae), sea-bird (e.g. Pinguinus impennis), terrestrial ungulate bones and
potsherds. The younger (3479–3275 years BP), upper midden on the other hand is
comprised entirely of cockles (Cerastoderma edule) (Gillmore and Melton 2011). Such
a marked change in midden composition has been widely noted in New Zealand
archaeology where midden layers are separated by palaeotsunami sediments
(e.g. McFadgen 2007). These changes indicate that nearshore substrates changed
instantly from bedrock to sand or vice versa as sediment was rapidly redistributed by
high-energy tsunami waves (McFadgen and Goff 2007).

In the case of West Voe, oysters, limpets and mussels point to a rocky substrate,
whereas cockles are active suspension feeders, living in the top few centimetres of what
is normally a clean sand (Ducrotoy et al. 1991; Global Invasive Species Database 2017).
Furthermore, cockles are easily dislodged by storms which suggests that while there
may have been increased storminess around this time (Sorrel et al. 2012; Walsh et al.
2012), these storms are unlikely to have significantly affected this area. An examination
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of the sand layer separating the two middens was restricted to the West Voe site and so
no lateral variations are known. However, it was comprised of a structureless, normally
graded (fining-upwards) medium sand with shallow water benthic foraminifera that are
not typical in aeolian sediments (Gillmore and Melton 2011).

It is highly likely that this is another example of the 5500-year BP Garth tsunami
deposit (Fig. 4) comprised of sand sourced from immediately offshore from the then
rocky coast or reworking a coastal dune system that has since been completely eroded.
Indeed, in considering these data from West Voe, Gillmore and Melton (2011) noted
that if the sand was associated with a tsunami, then the implications for human
settlement would be significant.

This archaeological assemblage links a well-dated midden at West Voe that records
significant environmental changes caused by the probable 5500-year BP Garth tsunami
with that of the Sumburgh cist burials that took place immediately after the event.
When placed within the wider regional picture of the (near?) contemporaneous con-
struction of chambered cairns on both Orkney and Shetland, it provides a compelling
case for suggesting that many of these mass burials may indeed be the result of a
catastrophic tsunami. This does not require all the CCs to be mass burials related to this
event and it does not mean that they were used solely for that purpose, but it does
suggest that these monumental structures on both Orkney and Shetland may well be
archaeological evidence for palaeotsunami inundation.

AWay Forward

Studies of mass burial sites provide excellent examples of the skills of archaeo-
logical fieldwork and narrative interpretation. However, often the raison d’être for
the mass burial in question is difficult to determine—if it fails to fall into an easily
recognisable category such as sacrifice, war, famine, plague or possibly an occa-
sional natural disaster such as an earthquake, then the huge amounts of archaeo-
logical data quite naturally become the focus for detailed study. These data allow
commendable speculation about diverse topics such as variations in burial posi-
tion, mortuary practices, status and grave goods, diet, general living conditions,
community structure and so on. Indeed, the complex nature of the deposits
associated with mass burials means that one explanation is often not sufficient
to satisfy archaeological enquiry (Reilly 2003).

It is often the statistical manipulation of radiocarbon dates that serve to muddy
the waters of mass burials. Invariably, calibrated age ranges obtained from a
variety of dateable material associated with a mass burial (or mass burials) tend
to overlap. Outliers are easy to identify and as such often easy to interpret.
However, do these overlapping ages indicate a one-off burial phase or not?
Statistical analyses are often used to tease out potentially subtle differences in
age ranges and therefore support the argument that burials occurred over a short,
but relatively intensive period of a few hundred years or so—in other words a
regular cemetery if you wish as opposed to a mass grave. While this is a perfectly
reasonable line to pursue, it is usually done at the expense of the alternative and
entirely reasonable hypothesis that the burials relate to a single event and that the
overlap in radiocarbon dates is real.
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It is important to recognise that many prehistoric or early historical mass burials
have been reported around the world, and as noted above, there are numerous easily
recognisable categories that provide explanations for why they exist. However, it is
all too easy to pursue an explanation that sits within the existing paradigm and, with
the exception perhaps of the Japanese work (Minami et al. 2012), fail to recognise
the signs that may point towards an alternative interpretation such as that of a
tsunami. In a pre-2004 IOT world, this might have been acceptable, but we now
have experience of how these events can be devastatingly catastrophic for modern
coastal communities let alone more ancient ones. We have highlighted many
potential pointers or characteristics of what could constitute evidence for a
palaeotsunami in both geological and archaeological frameworks in order to show
the interrelated signals of catastrophic human-environment interactions. However,
as we have worked through numerous examples in this paper, it has become
apparent that it is difficult to find sufficient detail from any one site or region to
be categorical in determining a tsunami link with a mass burial. In many ways, this
is because no one has been looking for the type of evidence necessary or has
assembled the data in such a manner that allows this scenario to be considered.

There is undoubtedly a much more acceptable case to be made for a tsunami-mass
burial link in tectonically active areas (e.g. Pacific: Solomon Islands, Vanuatu; Medi-
terranean: Greece) as opposed to less active areas like the northern Atlantic. The
argument here is not that every mass burial is tsunami-related, but that in a coastal
context in particular, there is the danger of not considering it and, as such,
misinterpreting much about human-environment interactions in prehistory. As noted
in the Vanuatu research, there is an equifinality issue here (Valentin et al. 2010).
Archaeological manifestations of different mortuary practices may be similar and so
all potential explanations need to be explored.

Numerous arguments can be presented to question our interpretations for one or
many of the sites discussed above, but there is an additional test that has, as yet,
never been applied to a study of prehistoric or early historical coastal mass burials.
The main (but not only) cause of death in a tsunami is by asphyxiation. Asphyx-
iation occurs as large amounts of water are inhaled into the respiratory tract and
lungs. As the lungs fill with water, the alveolar walls burst and diatoms
(microfossils) in the water enter the blood and can be transported around the body
into the bone marrow (Carlie et al. 2014). Diatoms are microscopic algae and there
are more than 15,000 species living either in fresh, brackish or salt water. Impor-
tantly, they are not present inside the skeletal remains of a person who did not
drown, and furthermore, they are extremely resistant to putrefaction which allows
post-mortem extraction (Delabarde et al. 2013). As such, the use of diatom analysis
to establish drowning as the cause of death is a regularly used and proven test in
forensic archaeology (Carlie et al. 2014; Vinayak et al. 2010). For skeletonised
remains (such as those found in prehistoric and early historical mass burials), it is
considered best to assess the femoral bone marrow (Delabarde et al. 2013; Vinayak
et al. 2010), although analysis of diatoms from the right humerus of a Late Neolithic
child’s skeleton in Sweden indicated that the child had died by drowning and had
not simply been disposed of after death (Carlie et al. 2014).

In the case of mass burials, it is notable that skeletal remains may not always be
sufficiently well preserved for such a test to be performed. However, allowing for
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the vagaries of mortuary practices, it is more likely that the larger bones of the
femora and humeri will be preferentially preserved. As such, the diatom analysis
regularly performed in a variety of other forensic archaeological scenarios may be
well suited to potentially providing a simple test as to whether a mass burial
contains asphyxiated victims. Careful selection of the number and state of pres-
ervation of skeletal material to be analysed will be important, but when used in
conjunction with other criteria discussed in the text, it is likely to prove invaluable
in determining whether asphyxiation was caused by tsunami, storm or freshwater
flood. We suggest that where possible this simple analysis should be carried out
on skeletal remains from the sites discussed in this paper prior to proposing
numerous arguments attempting to negate our suggested interpretations. Further-
more, it should become a standard technique in the archaeological investigation of
all coastal burial sites.

Conclusions

Recent catastrophic events such as the 2004 IOT and 2011 ToT have had a
profound effect on modern coastal communities with death tolls in the tens of
thousands. This therefore provides an opportunity to consider the significance of
such events in the prehistoric and early historical record. Alternative assessments
of Northern and Southern Hemisphere coastal mass burial sites in both tectonically
active and relatively inactive regions have been presented. In many cases, the
fundamental question of why there could have been a mass burial at a specific site
at a particular time has never been satisfactorily addressed. We have attempted to
put a framework around the key archaeological and geological criteria that can
assist in interpreting a site and have assessed many of the mass burials discussed
in the text against them. Often the data are not available to effectively address the
question because the research carried out did not consider such a scenario. While
this is understandable for work carried out prior to the 2004 IOT, it is a notable
omission from more recent research.

Finding palaeotsunami evidence that is contemporaneous with a coastal mass
burial(s) is an important step in making a link between them. In some cases, the
geological record for a contemporaneous palaeotsunami can be lost through taph-
onomic processes, but the effect of it on the coastal human population at the time
may be preserved in a more enduring form such as a mass burial, with or without
any additional associated archaeological/anthropological evidence. The key point is
that finding evidence for past tsunamis does not rest solely in the domain of the
geologist but rather across the disciplinary divides of geology, geomorphology,
archaeology and anthropology. As an example of a catastrophic human-
environment interaction, it could be argued that archaeologists, like geologists,
should be able to identify evidence for past tsunami inundation of ancient coastal
communities. Coastal mass burials are a perfect example of where significant
strides can be made, initially perhaps with the simplest of diatom tests on skeletal
remains from existing sites. For example, if even a single mass burial site can be
linked to a palaeotsunami, it will fundamentally rewrite how we interpret coastal
human settlement in prehistory.
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