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Abstract
The submerged landscapes around Great 
Britain are extensive and would have offered 
productive territory for hunting, gathering, 

exploitation of aquatic and marine resources, 
and—in the final stages of postglacial sea-
level rise—opportunities for agriculture. They 
would also have provided land connections to 
continental Europe and opportunities for com-
munication by sea travel along now-submerged 
palaeocoastlines and river estuaries. Most of 
the archaeological material has been discov-
ered in intertidal or shallow water conditions, 
but there are also discoveries in deeper water, 
with dates ranging from earliest human pres-
ence nearly one million years ago up to the 
establishment of modern sea level. Some later 
material is present where coastlines have con-
tinued to sink in more recent millennia. 
Intertidal sites are especially well represented 
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because of relatively large tidal ranges and 
shallow offshore gradients on many coast-
lines. These are often associated with remains 
of submerged forests, which are periodically 
exposed at low tide and then covered up again 
by movements of sand. Some of the most dis-
tinctive intertidal finds are the human and ani-
mal footprints preserved in intertidal 
sediments in many locations, especially at 
Goldcliff East. The earliest, at Happisburgh, 
are dated between 0.78 and 1 Ma. Fully sub-
merged sites include the Mesolithic site of 
Bouldnor Cliff with its worked timbers, and 
the Middle Stone Age artefacts from offshore 
aggregate Area 240 along with well-preserved 
ice age fauna and environmental indicators. 
Pioneering work using oil industry seismic 
records has produced detailed reconstructions 
of the submerged landscape, and this is being 
followed up by new work involving targeted 
acoustic survey and coring of sediments.

Keywords
Submerged forests · Intertidal · Happisburgh · 
Bouldnor Cliff · Goldcliff East · Area A240

10.1	 �Introduction

This chapter concerns Great Britain, a geographi-
cal term for the largest island of the British Isles, 
which includes England, Wales and Scotland, 
their territorial waters and offshore islands such 
as the Isle of Wight, the Hebrides, the Orkney 
Islands and the Shetland Islands (Fig. 10.1). The 
island of Ireland includes the Republic of Ireland 
and Northern Ireland (which is politically a part 
of the United Kingdom), and is treated separately 
(Westley and Woodman, Chap. 11, this volume).1 

1 The United Kingdom is a political unit comprising 
England and the devolved administrations of Scotland, 
Wales and Northern Ireland (the latter suspended at the 
time of writing). The British Isles, or the British and Irish 
Isles, refer to a geographical entity that comprises the 
islands of Great Britain and Ireland. The Isle of Man and 
the Channel Islands (principally Guernsey and Jersey) are 
Crown Dependencies, self-governing administrations out-

We summarise the geological and environmental 
changes of the Quaternary period of relevance to 
archaeological interpretation of Great Britain’s 
submerged landscapes with reference to the more 
detailed information in Flemming et  al. (2017) 
and provide an overview of the intertidal and 
underwater archaeological material and the con-
ditions that have contributed to its preservation 
and discovery, followed by a more detailed 
description of individual finds. In a concluding 
assessment, we consider the wider significance of 
what is already known and some directions for 
future research.

10.2	 �The Geological 
and Palaeogeographical 
Context

Great Britain has numerous peninsulas, smaller 
offshore islands and archipelagos, a long coast-
line relative to its land area (some 17,800 km of 
coastline relative to an area of 209,000 km2) and 
is surrounded by extensive areas of now-
submerged landscape (Bicket and Tizzard 2015; 
Westley 2017; Cohen et  al. 2017; Farr et  al. 
2017). The central and southern sectors of the 
North Sea Basin formed the principal area of 
lowland territory on the exposed continental 
shelf, and this area has come to be known as 
Doggerland, after the Dogger Bank, which would 
have formed a low rise on the coastal plain (Coles 
1998; Fig.  10.2).2 At its maximum extent, the 

side the United Kingdom but for which the UK govern-
ment takes responsibility particularly in international 
affairs. For convenience, we include here brief reference 
to archaeological evidence on Jersey, though the island is 
geographically closer to France than to England (see 
Billard et  al., Chap. 12, this volume). Evidence from 
Gibraltar, which is a British Overseas Territory, is dis-
cussed with evidence from Spain by Arias in Chap. 13, 
this volume.
2 Note that the area of exposed land in the North Sea at low 
sea level partly falls within the Exclusive Economic Zones 
of Norway, Denmark, Germany, the Netherlands, Belgium 
and France, as well as the United Kingdom, see Fig. 1.1, 
this volume, and references to underwater investigations 
of Doggerland occur in the relevant national chapters in 
this volume.
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Fig. 10.1  Map showing the location of underwater finds with names of sites and geographical areas mentioned in the 
text. Within the dotted lines to the North the Earth’s crust is rising, while south of it the land has been slightly subsiding 
since the Stone Age. Site information from the SPLASHCOS Viewer http://splashcos-viewer.eu. Drawing by Moritz 
Mennenga

http://splashcos-viewer.eu
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amount of new land exposed on the continental 
shelf around Great Britain would have been at 
least as extensive as the present-day land surface 
and is likely to have played a particularly signifi-
cant role in the early history of human occupa-
tion. It would have provided a major pathway of 
contact and migration between Britain and main-
land Europe and an extensive territory of coastal 
plains, low hills, rivers, lakes and marshlands 
well stocked with large mammals, plant life, fish 
and wildfowl, marine resources at the shore edge, 
and opportunities for sea travel along its now-
submerged shorelines. Stone Age coastlines and 
coastal hinterlands should, therefore, be well rep-
resented in the underwater archaeological record.

At the same time, the extent and configuration 
of these submerged territories and the nature of 
the connection between Britain and the European 
continent have been subject to highly variable 
and dynamic palaeogeographical and palaeoenvi-
ronmental changes in response to a complex 
interplay of climatic and geological processes. 
These include variations in sea level resulting 
from changes in ice volume (global eustasy), 
hydro-isostatic and glacio-isostatic changes asso-
ciated with the glacial-interglacial cycle, which 
caused episodic subsidence and rebound of the 
Earth’s crust at a regional scale because of the 
loading and unloading of continental ice sheets, 
and of water masses in shallow basins, and slow 
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14 ka

0 300km

LGM Ice Margin

Dogger Bank

Fig. 10.2  Map demonstrating the extent of land exposed at successive stages during the progressive rise of sea level 
after the Last Glacial Maximum (LGM). Additional areas of land would have been exposed at the height of the LGM 
when sea level was at its lowest, but these areas would have been uninhabitable or inaccessible because of proximity to 
the ice sheets, except to the south-west of the English mainland. Also shown is the area of the Dogger Bank, which 
would have been exposed as a low hill in a broad coastal plain until late in the process of sea-level rise. Recovery in a 
fishing net of an Early Mesolithic antler artefact at the eastern end of the Dogger Bank in Danish territorial waters 
demonstrates that the area was visited when it was still dry land (see Bailey et al., Chap. 3, this volume, Fig. 3.4). 
Neolithic axes of a later date are discussed in the text. Data from Shennan and Andrews (2000); Shennan et al. (2006); 
Sturt et al. (2013) and Harff et al. (2017). Dates are calibrated radiocarbon years, but note that dates and coastlines are 
approximate and based on model predictions only weakly constrained by dated palaeoshorelines features. Lambeck, in 
Harff et al. (2017, Figure 2.13) gives slightly earlier dates for the separation of Doggerland. Drawing by Geoff Bailey

G. Bailey et al.

https://doi.org/10.1007/978-3-030-37367-2_3
https://doi.org/10.1007/978-3-030-37367-2_3


193

tectonic subsidence of the southern North Sea 
basin (Westley 2017). These processes have had a 
major impact not only on the changing configura-
tion of lowland territory, coastlines and land 
accessible to human settlement, but also on the 
conditions for the preservation and exposure of 
submerged landscapes and their associated 
archaeology.

In the earlier part of the Pleistocene, there was 
a permanent land connection between Britain and 
the European mainland across what is now the 
Dover Strait, and accumulation around the coastal 
rim of the palaeo-North-Sea of thick fluvial and 
deltaic sediments that are now submerged. At 
some time after about half a million years ago, 
when glacial meltwaters finally broke the land 
connection between Britain and Europe, Great 
Britain became isolated from the European main-
land during subsequent high sea-level episodes, 
and access by land was only possible during peri-
ods of lower sea level, though not during the gla-
cial maxima, when blanket cover of ice sheets 
would have deterred settlement (Cohen et  al. 
2017; Dawson et al. 2017; Farr et al. 2017).

10.3	 �The Archaeological Context: 
Submerged Coasts 
and Marine Resources

The earliest occupation of Britain extends back to 
nearly one million years (Parfitt et al. 2010), and 
even from this earliest period coastal areas were 
clearly an attraction to human populations, 
including landscapes that are now submerged. 
Direct evidence for the use of marine resources is 
absent but some of the earliest sites were cer-
tainly very close to their contemporaneous shore-
lines, notably the group of early sites in SE 
England: Happisburgh, dated at c. 850,000 years 
ago and discussed below; the 480,000-year-old 
site of Boxgrove, where large mammals were 
trapped and butchered on a coastal plain locally 
confined by a line of cliffs (Roberts and Parfitt 
1999; Pope 2003); and Clacton on the east coast, 
where the tip of a 400,000 year-old wooden spear 
was found in fluvial peat deposits exposed by 
erosion on the foreshore (Allington-Jones 2015). 

Numerous isolated finds of Lower Palaeolithic 
handaxes in southern England have also been 
reported in the National Monuments Record 
(https://www.pastscape.org.uk/default.aspx, 
accessed 2018). These have been found on mod-
ern beaches where they are clearly eroded from 
the adjacent coastal cliffs or dredged up from 
marine sediments in river estuaries.

At the coastal cave of La Cotte de St Brelade 
on the island of Jersey, occupied periodically 
from about 238,000 years ago onwards, the 
remains of butchered mammoths and other large 
mammals were recovered (see also Billard et al., 
Chap. 12, this volume, for further information on 
this region). The La Cotte faunal remains were 
originally interpreted as the result of hunters 
driving the large mammals over the cliff edge 
from above the site, although the possibility of an 
extensive coastal plain in front of the site was 
envisaged at lower sea levels with the use of the 
ravines at the foot of the cliff for trapping animals 
(Callow 1986; Scott 1986). Recently, more 
detailed analysis of the submerged landscape has 
reinforced the significance of the extensive and 
now-submerged coastal plain as a habitat for 
large mammals and has identified a dissected 
geology of ravines and ridges on its inner margin 
that would have enabled Neanderthal hunters to 
use the complex topography to engage in ambush-
hunting close to the cave (Scott et al. 2014).

Towards the Last Glacial Maximum, when 
much of northern Britain was covered by ice and 
the sea was approaching its lowest, the burial of 
the ‘Red Lady’ of Paviland in south Wales dated 
to c. 34,000 cal BP (Jacobi and Higham 2008) 
close to the southern margin of the ice sheet dem-
onstrates that people were clearly visiting the 
seashore some distance away to collect marine 
shells for ornaments. Stable isotope signatures 
from the human bone remains show that they 
were also eating marine foods (Richards 2000).

During the Last Glacial Maximum, the British 
mainland was abandoned, but as the ice retreated, 
sites linked to late Upper Palaeolithic cultures on 
the European continent began to appear between 
about 16,000 and 12,500 years ago. In England, 
sites are closely linked with the Magdalenian and 
Federmesser industries of northern France and 

10  Great Britain: The Intertidal and Underwater Archaeology of Britain’s Submerged Landscapes
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the Low Countries (Momber and Peeters 2017). 
To the north, in Scotland, a Hamburgian presence 
is confirmed at Howburn in the Clyde Valley 
(Ballin et  al. 2010, 2018) while finds of stone 
artefacts elsewhere in Scotland show typological 
affinities with other northern European industries 
such as the Ahrensburgian and the Federmesser 
(Saville and Ballin 2009; Mithen et  al. 2015; 
Ballin 2017, 2019). Most likely, these British 
Late-Glacial occurrences were outlying upland 
camps of hunting territories centred on the sub-
merged plains of the North Sea Basin and the 
English Channel, as Fischer (2004, p.  35) has 
surmised for the Hamburgian reindeer-hunting 
sites of NW Germany. Some are in coastal or 
near-coastal locations, raising the possibility of 
an early maritime adaptation and a coastal colo-
nisation of northern Britain from the now-
submerged coasts of Doggerland.

Similarly, the late Upper Palaeolithic site of 
Hengistbury Head on the English south coast, 
dated at c. 12,500 years ago (Barton 1992), and 
the early Mesolithic site of Nab Head in Wales, 
dated at c. 9500 years ago (Tolan-Smith 2008), 
are located on the present-day coastline and 
clearly commanded excellent views over low-
lying coastal areas and shorelines, and access to 
their varied resources, all of which are now sub-
merged. Neither site, however, has direct evi-
dence of marine food remains, perhaps because 
of distance from the contemporaneous shoreline.

Coastal sites with evidence of marine exploi-
tation located above modern sea level on the 
modern coastline, such as the shell middens of 
Oronsay in the Western Isles of Scotland (Mellars 
1987), are present towards the end of the 
Mesolithic period after the establishment of mod-
ern sea level at about its present position c. 6000 
cal BP (Tolan-Smith 2008), and somewhat earlier 
at about 10,000 cal BP on some of the uplifted 
coastlines of northern Britain at sites such as 
Howick (Waddington 2007).

All of this indicates that coastal environments 
close to the contemporaneous shoreline were a 
prime attraction to the early inhabitants of Great 
Britain throughout its 1-million-year sequence, 
with or without the addition of marine resources. 
Underwater finds are therefore likely to be of 

great significance in filling some very large gaps 
in the Stone Age record, and an increasing num-
ber of finds have come to light in the past two 
decades (Fig. 10.1).

10.4	 �Conditions of Preservation 
and Discovery

Two different sets of factors have influenced the 
current state of knowledge. The first is the vari-
able geomorphological conditions in which 
material is likely to have been preserved after 
inundation by sea-level rise and made visible and 
accessible to observation. The second refers to 
the nature of the explorations and underwater 
activities that have resulted in archaeological dis-
coveries, including the impact of offshore 
industries.

10.4.1	 �Geomorphology

There is extensive discussion in the recent litera-
ture about the potential effects of offshore pro-
cesses of erosion and sedimentation on the seabed 
and likely targets for preservation of underwater 
archaeological deposits around the British Isles 
(summarised in Flemming et  al. 2017). For the 
present purposes in relation to currently known 
archaeological discoveries, two general features 
are of particular relevance: the nature of the inter-
tidal zone; and the effects of tectonic uplift and 
subsidence.

10.4.1.1	 �The Intertidal Zone
Because of irregular coastlines, interconnected 
sea basins and variable seabed bathymetry, the 
tidal range around the British coast is one of the 
most variable in Europe and includes some of the 
highest tidal ranges in the world. Mean spring-
tidal range varies from less than 2  m on the 
English south coast to 14 m in the Severn Estuary 
(Westley 2017). In general, tidal ranges are high-
est on parts of the west coast of England, lowest 
on the south coast of England and the south-west 
coasts of Scotland, and intermediate elsewhere. 
When combined with shallow offshore gradients, 

G. Bailey et al.
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large tidal ranges can expose very extensive 
intertidal mudflats at low tide extending for many 
hundreds of metres out from the modern shore-
line. Moreover, the generally gentle water-
currents in these shallow areas combined with 
rapid accumulation of sediments, especially at 
the mouths of river estuaries, means that archaeo-
logical material deposited on land and subse-
quently inundated by sea-level rise is exposed to 
minimal disturbance before being covered by 
protective layers of peat or marine sediment.

10.4.1.2	 �Submerged Forests
One of the distinctive features of the British 
coastline, which can be observed on many 
beaches, both on the open coastline and in more 
sheltered bays and estuaries, is patches of sub-
merged forest exposed at low tide—a variable 
mixture of tree stumps, fallen tree trunks and peat 
sediments (Fulford et  al. 1997). Even on more 
exposed beaches, these old land surfaces can be 
protected for decades or centuries by accumula-
tions of sand and remain invisible until exposed 
by storm action and the removal of the overlying 
sediments. Once they are uncovered, further ero-
sion by waves and marine currents may expose 
the underlying land surface and reveal archaeo-
logical features previously sealed beneath the 
overlying peat. These submerged forests have 
been the object of scientific enquiry for over a 
hundred years (see Reid 1913) and the more 
extensive deposits have been the focus in recent 
decades of major research investigations into sea-
level change and wetlands archaeology.

These intertidal zones have the advantage that 
they are easily accessible and can be inspected on 
foot and followed downslope at extreme low 
tides and even excavated without the need to go 
underwater, although the window of opportunity 
for such investigations may be as little as 1 h in 
the tidal cycle, and even then, only once every 
few months for deposits at extreme low water. 
For the same reason, of course, intertidal deposits 
are also vulnerable to the destructive effects of 
human activity along the shoreline including the 
impact of tourism, construction of roads, build-
ings and seashore defences, and a variety of rec-
reational, commercial and industrial activities. 

Many of the features recorded earlier in the last 
century have disappeared or been destroyed. 
They are an object lesson in the delicate balance 
between burial under protective sediments and 
exposure by erosion that determines the preserva-
tion and visibility of so much of the underwater 
record. They also testify to the surprising rich-
ness of a zone that is all too easily assumed to 
have little surviving prehistoric archaeology 
because of the supposedly destructive impacts of 
shallow-water currents and waves in the surf 
zone. It is no surprise that the majority of the pre-
historic underwater finds known from Britain 
occur in the intertidal zone, or that they include 
important finds such as wooden artefacts, dugout 
canoes, wooden structures, and traces of in situ 
cultural features and activity areas.

10.4.1.3	 �Uplift and Subsidence
The major process is land uplift in the North 
(Fig.  10.1) resulting from isostatic adjustment 
after the melting of the North European ice sheets 
of the Last Glacial (see also Jöns et al. Chap. 5, 
and Glorstad et al. Chap. 6, this volume, for dis-
cussion of this process). This uplift has been 
especially marked in parts of central Scotland. 
Here large areas of the mainland were depressed 
under the weight of the overlying ice sheet with a 
corresponding and compensating uplift—the 
forebulge—around the edge of the ice sheet. 
Once the ice melted, the land beneath it rebounded 
and the forebulge subsided. These processes pro-
ceeded at different rates and were further com-
pounded by the hydrostatic effects of rising sea 
level on shallow shelf areas (Dawson et al. 2017). 
Because of these complex and regionally variable 
patterns of coastal uplift and subsidence and their 
interactions with eustatic sea-level rise, some 
parts of the Scottish coastline have been uplifted 
exposing Late Glacial and early postglacial 
shorelines that would otherwise have been sub-
merged by sea-level rise (sometimes followed by 
renewed submergence), while in other areas, 
notably around the Outer Hebrides and the 
Orkney Islands, the land has been sinking, sub-
merging shorelines and coastal landscapes as late 
in date as 4000 years ago (Fig.  10.3; Dawson 
et al. 2017).

10  Great Britain: The Intertidal and Underwater Archaeology of Britain’s Submerged Landscapes
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The result is that coastal sites of relatively 
early date, dating back to 10,000 years ago or 
more, are visible on some of the shorelines of 
northern Britain (Waddington 2007; Hardy and 

Wickham-Jones 2009; Mithen et  al. 2015; 
Momber and Peeters 2017). The converse is also 
the case, that sites of Neolithic date or later may 
now be submerged, for example around the 

Fig. 10.3  Changes in Late Glacial and Postglacial relative sea level at selected sites in Britain. Sites in the south show 
a steady rise in sea level following the typical eustatic pattern, whereas the sites in Scotland show a drop in sea-level 
because isostatic rebound following deglaciation initially outpaced increase in ocean volume. Date scale is in calibrated 
radiocarbon years, and relative sea level is in metres above or below present sea level. Sea-level data modified from 
Lambeck (1995). Drawing by Geoff Bailey

G. Bailey et al.
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Orkney islands, with the potential for recovery of 
well-preserved organic remains in underwater 
deposits compared to their dryland equivalents in 
other regions (Bates et al. 2013).

In the south of England, the land is sinking, in 
part because of adjustment following the melting 
of the ice sheets, and in part because of tectonic 
processes operating on a much longer time scale. 
This has resulted in many drowned river valleys 
along the present coastline and the accumulation 
of thick layers of marine sediments that have pre-
served earlier land surfaces and archaeological 
finds, but also hidden them from view. Here, dis-
coveries depend on the re-exposure of earlier 
sediments: by tidal scour and progressive shore-
ward erosion; by coastal engineering works such 
as harbour construction, dredging and drilling of 
boreholes, by fishing activity, and by activation 
of submarine channels that have cut through 
overlying marine sediments to expose earlier ter-
restrial land surfaces.

10.4.2	 �Underwater Search 
and Discovery, and Offshore 
Industry

Reporting of material along Britain’s shorelines 
by interested members of the public and more 
systematic scientific investigations of intertidal 
material exposed on the foreshore have a long 
history extending well back into the last century 
(e.g. Warren et al. 1936). Offshore, the main con-
tributing effect has been the chance recovery of 
material as a by-product of commercial activities 
such as trawler fishing, most famously the recov-
ery of a Mesolithic harpoon embedded in a lump 
of peat recovered by the fishing vessel Colinda in 
1932 (Godwin and Godwin 1933).

In the late 1990s, in response to the multiple 
threats arising from intensified coastal develop-
ment and the prospect of future climate and sea-
level change, a series of reports on the coastal 
heritage, including underwater finds, were pro-
duced to inform Shoreline Management Plans 
(Fulford et al. 1997; Wessex Archaeology 2007; 
Hazell 2008; Murphy 2014). These reports incor-
porate pre-existing data from the National 

Monuments Record as well as adding new 
information.

Offshore, the expansion of industrial exploita-
tion on the seabed in recent decades associated 
with trawler fishing, oil and gas exploration, sand 
and aggregate extraction and construction of 
wind farms has been accompanied by legislation 
requiring the implementation of archaeological 
mitigation strategies driven by Environmental 
Impact Assessments and the need for official 
marine permits for underwater commercial work 
(Bicket et  al. 2014; Bicket and Tizzard 2015; 
Sturt et  al. 2017; see also Pater, Chap. 26, this 
volume). Related developments are the existence 
of a substantial body of existing geological, 
oceanographic and other marine data that bear 
indirectly on the archaeological potential of the 
seabed (Flemming 2004); expansion of specialist 
underwater units in commercial archaeological 
companies to service the requirement for 
Environmental Impact Assessments; a general 
shift in the intellectual climate of archaeological 
opinion stimulated by Coles’s (1998) paper on 
Doggerland; and a government tax on offshore 
and onshore aggregate extraction initiated in 
2002. The latter provided substantial funding for 
archaeological investigations, notably a project 
that drew on oil company seismic records to 
reconstruct submerged Stone Age landscapes 
covering an area of 23,000 km2 in the North Sea 
(Gaffney et al. 2007, 2009; Fig. 10.4). Since 2005 
the British Marine Aggregate Producers 
Association (BMAPA) has implemented a proto-
col for ensuring the reporting of underwater 
archaeological material brought up during com-
mercial activities (Ransley and Sturt 2013).

10.5	 �Underwater Finds 
and the SPLASHCOS Viewer

10.5.1	 �Sources of Information 
and Criteria for Inclusion

At the time of writing, the SPLASHCOS viewer 
contains 258 records of underwater sites or 
artefacts in Britain, identified mainly from the 
published literature and from the online data-

10  Great Britain: The Intertidal and Underwater Archaeology of Britain’s Submerged Landscapes
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bases of archaeological sites maintained by 
national government agencies and other organ-
isations (Table 10.1).

All these sources have been consulted in com-
piling the SPLASHCOS record. However, the 
online sources need to be treated critically. Most 
include coastal and intertidal finds indiscrimi-
nately regardless of whether they are on the land-
ward or the seaward side of the shore margin. 
Moreover, for intertidal material, the recorded 
observations rarely pose the question—let alone 
provide an answer—as to whether the material 
found has been re-deposited in the intertidal zone 
because it was eroded out from terrestrial depos-
its on the landward side of the shore margin, 
washed up onto the shore from deposits located 
underwater, or deposited in situ and subsequently 
exposed by tidal erosion. For our purposes, we 
include only those sites or archaeological arte-
facts that were originally deposited on a land sur-
face that was subsequently inundated by relative 
sea-level rise. Material clearly derived from adja-

cent cliffs or land surfaces, or where this cannot 
be ruled out, have been excluded.

Similarly, numerous individual finds of typo-
logically distinctive stone tools such as 
Palaeolithic handaxes or Mesolithic tranchet axes 
have been dredged up over the years from marine 
sediments in the Thames estuary and other simi-
lar contexts where it is likely that the material has 
been displaced by erosion from the adjacent river 
bank. These too have been excluded. In cases of 
ambiguity, we have either excluded the material 
or relied on descriptions in the published litera-
ture. For example, an antler harpoon of Mesolithic 
type found on the shore at Whitby was examined 
in detail by Mellars (1970), who concluded from 
its condition that it had originated from a sub-
merged deposit offshore and not from the adja-
cent shoreline, and this is included in our list.

If we were to include all the material found in 
the intertidal zone, our total number of find spots 
could easily be doubled, but for the reasons out-
lined above this would be a misleading figure. At 

Fig. 10.4  3D reconstruction of an early Holocene meandering river system identified from seismic data beneath the 
bed of the North Sea. The major channels of the river system are in blue. Green indicates a marshy area. An earlier, Late 
Glacial, landscape is detectable beneath the Holocene features, and includes a tunnel valley, shown in gold. After 
Gaffney et al. (2009, figure 5.15), courtesy of Vince Gaffney

G. Bailey et al.
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the same time, it is likely that our reduced list is 
probably a minimum figure. Where intensive 
investigation has been carried out, for example 
along the 6-km stretch of shoreline at Wootton 
Quarr on the north coast of the Isle of Wight, 
there are multiple occurrences of stone tools, 
ceramics, wooden trackways and other cultural 
features, amounting in total to 180 occurrences 
covering a time range from the late Mesolithic 
through to the Medieval period (Tomalin et  al. 
2012). In effect, the shoreline is virtually a single 
archaeological site forming a spatio-temporal 
continuum in a wetlands landscape.

The other issue to note is the upper chrono-
logical limit for what we include. The primary 
interest of this volume is, broadly speaking, the 
period before the establishment of modern sea 
level at about 6000–5500 years ago. However, 
some coastlines in Britain, as elsewhere in 
Europe, have continued to sink, or have been 
exposed to landward erosion that has resulted in 
inundation of former land surfaces and their sub-
mergence beneath layers of marine sediment. 
Some of these later sites are relevant to our inter-
ests in demonstrating what happens to archaeo-
logical settlements and material remains when 
they are submerged, and we have included some 
of these examples.

However, deciding where to place the chrono-
logical boundary is necessarily somewhat arbi-
trary. Many of the estuarine mudflats and 
saltmarshes on the present-day coastline contain 
more deeply stratified sequences of sub-surface 
peat or land surfaces with prehistoric archaeo-
logical material that fit our criteria. However, 
many of these coastal zones continued in use into 
later prehistoric and historical periods right up to 
the present-day as coastal land surfaces were pro-
gressively transformed into freshwater peatlands 
and saltmarshes. Indeed, these coastal wetlands 
contain a rich harvest of material culture espe-
cially items made of wood including wooden 
trackways, fish traps, boats, animal byres and 
other wooden structures, which demonstrates 
their continuing attractiveness as sources of food, 
raw materials and seasonal animal grazing at all 
periods (Bell 2013). Most of these finds, how-
ever, refer to the exploitation of coastal wetlands 

or saltmarshes in approximately their present 
position in relation to modern sea level, and do 
not represent underwater finds in the sense used 
in this volume. Unless they have demonstrably 
been inundated by sea-level rise or marine sedi-
ments after abandonment, we exclude such finds, 
though we recognise their significance as evi-
dence of wetland exploitation in more recent mil-
lennia. Notable examples that we include are the 
timber henges off the coast of Norfolk (Brennand 
and Taylor 2003) and the Iron Age marine cran-
nogs of Scotland (Hale 2004), all of which have 
been partially inundated since they were in use. 
We have also included a small number of Bronze 
Age finds, where the range of artefacts present 
indicates material that has been deliberately 
deposited offshore and under water as a votive 
offering (Samson 2006). Such votive deposits are 
also common in rivers and lakes and it is possible 
that Neolithic and earlier artefacts, found on the 
seabed but excluded from our list because of the 
ambiguity of their provenance, may fall into the 
votive category, notably the Neolithic polished 
axes recovered from the Dogger Bank and dis-
cussed below.

10.5.2	 �Archaeological Overview

Of our 258 records, 153 (59%) are unstratified 
single finds, while only 53 records (20%) are of 
multiple finds in stratified context or with in situ 
cultural features (Table 10.1). In terms of chro-
nology, the material ranges from the Lower 
Palaeolithic through to the Iron Age. The largest 
group are Mesolithic finds, comprising 99 records 
(38%), followed by finds of Late Palaeolithic 
and/or Mesolithic date and Mesolithic and/or 
Neolithic—33 (13%) and 31 (12%), respectively. 
Just five Mesolithic and 11 Neolithic records can 
be associated with in situ settlement-material, 
plus the nine Scottish crannogs. However, this 
may be a considerable underestimate since many 
finds labelled as ‘collective finds of stratified 
material’ may represent in situ cultural features 
but are too incomplete to judge their context with 
certainty. Wooden artefacts are preserved at 38 
sites (15%), mostly of Mesolithic or Neolithic 

G. Bailey et al.
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age. These statistics with their dominance of 
Mesolithic and Neolithic artefacts reflect the ease 
of discovery of material that was inundated only 
towards the end of postglacial sea-level rise and 
is therefore exposed in the present-day intertidal 
zone or in shallow water down to depths of about 
10 m.

A further breakdown of the records shows that 
the majority, 169 (66%), refer to material in the 
intertidal zone (Table 10.2). In addition, approxi-
mately half these intertidal records refer to finds 
in or beneath submerged forests and this category 
includes the best preserved of the prehistoric sites 
including most of the examples of in situ cultural 
features or settlement data. A further 79 (31%) 
refer to underwater finds in a depth range down to 
about 12 m, with just nine finds (4%)—though a 
very important and informative group—in the 
18–35 m depth range, and one outlier at 140–145 
m, namely the artefact recovered from coring on 
the Viking-Bergen bank and associated with what 
are interpreted as beach deposits.

10.6	 �Sites in the Intertidal Zone

Many records in this category are individual arte-
facts or finds of material for which only fleeting 
observations were possible at the time of discov-
ery, where questions of artefact descriptions, 

stratigraphic relationships and chronology 
remain unresolved. This is especially the case for 
submerged forests, which were often exposed by 
storms for a limited period, accessible only at low 
tide and then covered over again by shifting sedi-
ments. Much of the archaeological material is 
fragmentary, of uncertain provenance or date, or 
poorly reported. Some records suggest finds of 
major potential significance which remain tanta-
lising in their incompleteness. Thurlestone Sands 
near Torbay in south Devon is a good example. 
Here submerged forests were observed after 
exposure by a hurricane-force gale in 1866, and 
again in the same area of the beach after a storm 
in 1923 (https://www.pastscape.org.uk/hob.
aspx?hob_id=441056). The finds reported in 
1923 included tree stumps, fallen tree trunks, 
three of which were recovered from the subsoil 
beneath the forest layer, a Mesolithic tranchet axe 
and a perforated mace head. One of the trunks 
was removed, cleaned and found to have been 
shaped in the form of a dugout canoe with evi-
dence of tool marks. The find was not conserved 
and has since been lost.

A similar record comes from Hartlepool Bay, 
NE England, where submerged peats exposed at 
various points along the foreshore are reported to 
have yielded a Neolithic human skeleton, 
Mesolithic flints, a red deer skeleton with a 
wooden spear embedded in the rib cage, wooden 

Table 10.2  Distribution of underwater and intertidal archaeological material by type of site and depth of recovery

Type of site

Intertidal Offshore Offshore Offshore Total

Indet SF ≤ 12 m 18–35 m 140–145 m N %
In situ cultural features— 19 8 1 − − 28 10.9

 � settlement data
Stratified material— 7 15 − 2 − 24 9.3

 � multiple finds
Stratified material— − − − − 1 1 0.4

 � single find
Unstratified material— 3 27 1 1 − 32 12.4

 � multiple finds
Single unstratified find 87 3 67 5 − 162 62.8

Votive finds − −  10 1 −  11 4.3

Total 116 53 79 9 1 258 100.1
% 45 20.5 30.6 3.5 0.4 100

Intertidal refers to material observed at low tide, offshore to finds recovered by dredging or coring. SF: Submerged for-
est. Indet: intertidal deposits not certainly associated with submerged forests, may include peat deposits. Data from 
http://splashcos-viewer.eu/
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stakes, wattle hurdling and a possible fish weir, 
with radiocarbon dates indicating a time range of 
6000 to 5500 cal BP for at least part of this mate-
rial (Trechmann 1936; Buglass 1994; Waugham 
et  al. 2005). Isolated finds of human material 
have been reported elsewhere including a human 
skeleton from Liverpool Bay beneath peats 
radiocarbon-dated between 7500 and 7000 cal 
BP (Huddart et al. 1999).

An important find at Titchwell on the Norfolk 
coast is a Late Glacial long-blade industry found 
in situ on a palaeosol exposed at extreme low 
water 500  m offshore from the modern beach. 
The old land surface had been exposed by ero-
sion of an overlying peat horizon dated at 9000 
cal BP (Wymer and Robins 1994). The industry 
is of Creswellian type, dated by association with 
finds elsewhere at 13,000 to 12,000 cal BP. Over 
600 artefacts were found in situ along with burnt 
flints, charcoal and three bovid teeth. A nearby 
channel probably indicates a contemporaneous 
stream at a time when sea level was some 40 m 
below present and the nearest coastline more than 
100 km distant.

Other notable finds are the Mesolithic shell 
midden stratified beneath a submerged forest and 
later exposed at low tide at Westward Ho! in SW 
England (Balaam et  al. 1987), and extensive 
traces of Mesolithic and Neolithic settlements 
and activity areas with flint tools and wooden 
artefacts in the Severn Estuary (Bell 2007, and 
below), at Wootton Quarr on the Isle of Wight 
(Tomalin et al. 2012), and in the estuaries of the 
Rivers Thames, Blackwater and Crouch on the 
Essex coast (Wilkinson and Murphy 1986, 1995; 
Sidell and Haughey 2007).

On the Essex coast, important Neolithic settle-
ments such as the Stumble and Rolls Farm were 
occupied when sea level was slightly lower than 
present and were subsequently inundated and 
covered by marine sediments and later by coastal 
peat. As Wilkinson and Murphy (1995, p. x, p. 3) 
have observed, the original land surface sealed 
beneath the marine sediment preserves extensive 
spatial distributions of various features such as 
pits, postholes and other cultural debris that 
would have little chance of surviving the effects 
of plough damage to Neolithic sites further 

inland, where the material has been reduced to 
amorphous lithic scatters. On the other hand, 
wooden artefacts are not preserved at these sites 
because they were not inundated until sometime 
after abandonment. Interestingly, the peat depos-
its that later accumulated above these Neolithic 
layers do contain organic remains of Bronze Age 
and later date, but these represent the use of a 
wetland landscape that was not subsequently 
inundated by further sea-level rise.

Other late-dated examples are the submerged 
Bronze Age terrestrial landscape recorded at 
Langstone Harbour on the south coast with urn 
burials and burnt mounds (Allen and Gardiner 
2000), Early Bronze Age circular wooden henges 
c. 10 m in diameter of possible ritual significance 
at Holme-next-the-Sea on the Norfolk coast 
(Brennand and Taylor 2003), and Bronze Age bar-
rows and a possible henge on the Humber River in 
the northeast of England (Van de Noort 2004).

In Scotland, a chambered stone cairn at 
Geirisclett on the island of North Uist in the 
North-west has its base at high water mark in the 
intertidal zone (Benjamin et al. 2014, Fig. 6), and 
a series of marine crannogs in the Beauly Firth 
(in the north-east) and the Firth of Clyde (in the 
south-west) are shoreline settlements that have 
been inundated by relative sea-level rise 
(Fig. 10.5; Hale 2004; Jacobsson et al. 2017).

One of the difficulties of systematic work in 
the intertidal zone is the brief windows of oppor-
tunity for detailed work allowed at low tide, and 
the likelihood of progressive and rapid destruc-
tion of what is visible by continued erosion. 
Nevertheless, important large-scale, multi-
disciplinary projects have addressed this chal-
lenge and generated important results with a 
wealth of features including numerous remains 
of wooden artefacts, especially on the Severn 
Estuary, at Wootton Quarr on the Isle of Wight, 
and on the Essex Coast, as detailed above. These 
projects have generally taken a holistic approach 
to the palaeoenvironmental and archaeological 
examination of these wetland landscapes through 
time and across the boundary between dry land, 
coastal saltmarshes and the intertidal zone, occa-
sionally extending to offshore and underwater 
investigations as at Wootton Quarr.

G. Bailey et al.
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10.7	 �Intertidal Footprints

In a number of modern intertidal locations, fos-
silised human and animal footprints have been 
preserved and exposed. They were impressed in 
fine-grained sediments on mudflats that origi-
nally existed along ancient shorelines. Typically, 

these sediments build up rapidly as a sequence of 
thin, stratified layers, representing seasonal alter-
nations between fine-grained sediments accumu-
lated during summer and coarse-grained 
sediments in winter. Rapid sediment-
accumulation and subsequent natural consolida-
tion ensures preservation of delicate features 
such as footprints, which are then exposed again 

Fig. 10.5  Aerial photograph of Dumbuck crannog, dated at c. 2500 cal BP, showing the remains of a circular timber 
platform 35 m in diameter in the intertidal zone of the Firth of Clyde, near Glasgow. The platform of alder wood is sur-
rounded by piles of oak, with a stone breakwater and timber-lined dock. Excavations in the late nineteenth century 
recovered querns, worked wood, and a 12 m-long log boat. This is one of four crannogs in the Firth of Clyde with 
another four in the Beauly Firth and one on the West coast. Note that crannogs are also present in Scottish freshwater 
lake-edge settings, but these are not further discussed here. © Crown Copyright Historic Environment Scotland 
SC970218.
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in the modern intertidal zone by shoreward ero-
sion, often as a series of stepped platforms with 
overlying layers of laminated sediments progres-
sively peeled away to reveal earlier material. 
Most examples are from estuarine mudflats and 
cannot have been far from their contemporaneous 
coastlines. In such environments, the firmness of 
the sediment, gentle water conditions and rapid 
accumulation of sediment would have provided 
the best conditions for the preservation of surface 
imprints. The footprints themselves give details 
of age, sex, stature and physical condition, and 
the combination of footprints in trails suggests 
different types of activities.

The oldest examples are at Happisburgh, dated 
at 0.78–1 million years (Ashton et  al. 2014). 
They represent the oldest footprints outside 
Africa, and some of the earliest evidence for 
human occupation in Britain (Fig.  10.6). They 
were formed on the intertidal mudflat of a river 
estuary. Of 155 outlines, 49 were clear enough to 
indicate the direction of travel, and 12 were com-
plete enough for detailed analysis, indicating at 

least five individuals including adults and chil-
dren (Fig. 10.7).

The most extensive exposures of such finds 
are of much later date (broadly Mesolithic or 
Neolithic), at Formby Point (Huddart et al. 1999) 
with over 145 footprints (Fig. 10.8) and Goldcliff 
East, with over 270 human footprints, discussed 
in more detail below (Bell 2007). Many child 
footprints are present in both cases. In both areas, 
there are also many footprints of large animals 
such as deer (Fig. 10.9), aurochs and wolf or dog, 
and shore birds such as crane and oystercatcher. 
The Goldcliff footprints are dated as early as 
7500 cal BP.  At Formby, there are two strati-
graphically separated groups of prints. One is 
dated c. 5750 cal BP, and can, thus, be associated 
with Neolithic activity in the area, while the ear-
lier set could be Mesolithic. At this latter site, one 
arthritic individual and a pregnant woman have 
been inferred. The trails suggest slower-paced 
activities by the women and children such as 
shellfish gathering, and a longer stride length for 
the men and imprints suggesting running after 

Fig. 10.6  General view of laminated silts in the Happisburgh intertidal zone with footprints of early humans. After 
Ashton et al. 2014
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hunted game. Another large group of Mesolithic 
human and animal footprints dated at about 7300 
cal BP has recently been reported at Low Hauxley 
(Eadie and Waddington 2013).

10.7.1	 �Goldcliff East

Goldcliff East was a bedrock island with settle-
ments on its flanks which were slowly and pro-
gressively engulfed by the sea and buried during 
the period 7500 to 6800 cal BP. The finds are in 
the intertidal zone of the Severn River estuary 
where archaeological investigations have 
revealed traces of a succession of settlements and 

activity areas (Bell 2007). The most striking evi-
dence is in the form of 270 human footprints that 
criss-cross the ancient mudflats and have been 
preserved within intercalated layers of sediment 
(Fig. 10.10; Scales 2007).

Among the human footprints, 21 individuals 
have been identified, providing tangible evidence 
for interactions between group members and pat-
terns of movement between activity areas. Of 
these, four were adults (over 14 years old), seven 
were ‘sub-adults’ (11–14), two were older chil-
dren (7–11), while the majority of the foot tracks 
(67%) were made by eight young (3–6-year-old) 
children. The best preserved occurred in fine-
grained sediments indicating activity at the height 

Fig. 10.7  (a) Plan view of the Happisburgh footprints. White rectangle indicates location of individual footprint; (b) 
close up of individual footprint. After Ashton et al. 2014. Photo of 3 (b) by Sarah Duffy (University of York), courtesy 
of Nick Ashton

Fig. 10.8  Print in 6–4000-year-old mudflats at Formby 
Point of a human foot. Image courtesy of Silvia Gonzalez 
and David Huddart

Fig. 10.9  Prints of red deer hooves at Formby. Note the 
difference between the deeply impressed prehistoric hoof 
prints and the modern boot prints in the superficial sedi-
ments. Image courtesy of Silvia Gonzalez and David 
Huddart
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of summer. Some footprints form trails indicat-
ing the movements of a group of people across 
the mudflats (Figs. 10.11 and 10.12). This high 
proportion of child footprints highlights the 
activities of group members who are usually 
invisible in the archaeological record and are 
here seen to be fully engaged with the life of the 
community from an early age.

There are also 149 recorded mammal tracks, 
mostly of red deer, but including a small number 
of roe deer, aurochs and a canid, probably a dog. 
Over 70 bird prints include cranes, grey herons, 
gulls, oystercatchers and terns.

The artefacts include lithics and a small num-
ber of pieces of worked antler and bone. Worked 
wooden artefacts include cut pieces of round-
wood (diameter < 30 mm) and other fragments 
that may represent pointed stakes, seven probable 
hand-held tools of uncertain function and possi-
ble fragments of fish weirs (Brunning 2007).

Charred seeds, fruits and nuts, faunal remains 
of mammals and fish, and pollen and insect evi-
dence of environmental conditions and diet are 
all well preserved in the anaerobic sediments. 
These finds indicate exploitation in most seasons 
of the year but especially in late summer and 
autumn, and provide evidence for the use of fire 
to manipulate the local vegetation, probably to 
increase the abundance of woodland-edge plant 
resources

10.8	 �Underwater Sites

10.8.1	 �Bouldnor Cliff: A Submerged 
Mesolithic Site

This is at present the most intensively explored 
underwater Stone Age site in Britain, located in 
southern England offshore of the northern coast-
line of the Isle of Wight. Here traces of human 
activity in a former inland environment are pre-
served in and below a peat layer dated to c. 8100 
cal BP with Mesolithic stone tools showing affin-
ities with France and a large collection (some 80 
pieces) of worked wood (Figs. 10.13 and 10.14). 
An unusual find demonstrating the excellent con-
ditions of preservation is a piece of twine or 
string made from plant fibres (Fig. 10.15).

The site lies 12 m below mean sea level and is 
associated with a drowned forest. The submerged 
landscape is a 1 km-long bench eroding out from 
near the foot of a cliff. Five distinct locations of 
archaeological remains have been identified so 
far, associated with a variety of environmental 
features including streams, sand bars, woodland 
and fen. Above the archaeological layer, there are 
estuarine silts that filled the pre-existing valley 
during the later stages of sea-level rise (Momber 
et al. 2011; Momber and Peeters 2017).

The wooden material includes oak timbers 
worked by tangential splitting, a technique not 
previously recorded in Britain earlier than the 
Neolithic period some 2500 years later (Taylor 
2011). Some of these timbers appear to represent 
the edge of a platform or collapsed structure.

Extraction of ancient DNA from sediments 
(sedaDNA) in a sealed context indicates the pres-

Fig. 10.10  General view of footprint tracks at Goldcliff 
East, Site C. Photo by Eddie Sacre
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ence of cultivated einkorn wheat 2000 years 
before agriculture is conventionally supposed to 
have reached Britain (Smith et al. 2015). If con-
firmed, this will reinforce the evidence from the 
wooden artefacts for the precocious arrival of 
‘Neolithic’ traits at a time when sea levels were 
lower than present, prime territory in coastal 
locations that are now submerged was still avail-
able, and connections with the European main-
land were still easily facilitated along coastlines 
that connected southern England with northern 
France (see also Anderson-Whymark et al. 2015).

10.8.2	 �Deep-Water Finds 
in the North Sea

Isolated finds have been recovered during trawler-
fishing and industrial activities in the British sec-
tor of the North Sea. One of the most famous is 
the barbed antler harpoon from the Leman and 

Ower Banks (Fig. 10.16). When brought up in the 
net of a trawler boat in 1932, this excellently pre-
served item was fixed in a lump of peat, which 
was originally interpreted as an item lost while 
fishing along the edge of a now-submerged lake 
(Godwin and Godwin 1933). The peat was origi-
nally dated at 7500 cal BP (8422±170) (Godwin 
and Willis 1959), but direct AMS (Accelerator 
Mass Spectrometry) dating of the specimen itself 
later returned a date of 13,500 cal BP 
(11,740±150) (Bonsall and Smith 1989; Hedges 
et al. 1990). A similar find of a harpoon, though 
less well known, was brought up in c. 1950 in a 
fishing net 2  km offshore of the Norfolk coast 
near Trimingham.

Other finds include a worked flint recovered 
from coring of the seabed at a water depth of 
−143  m during oil exploration on the Viking 
Bank in the northern sector of the North Sea 
(Long et al. 1986), and worked flint and remains 
of fauna (predominantly mammal bones, mam-

Fig. 10.11  Goldcliff East, Site E. Plan of the trails of Persons 2–5. The footprint of Person 6 is on a lower lamination. 
Also shown are hoof prints of red deer. After Scales 2007
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moth teeth and tusks) discovered during indus-
trial gravel extraction and offshore fishing 
(Wessex Archaeology 2007; Tizzard et al. 2014).

One other notable find is the two Neolithic 
polished axes reported from the Dogger Bank. 
They were given to the Craven Museum in 
Skipton by a private collector in 1934 and Van de 
Noort (2014, p. 59) sees no reason to doubt the 
authenticity of their provenance as items brought 
up by Yorkshire fishermen, although the precise 
location of the discovery within the general area 
of Dogger Bank is unknown. A similar find of 
two polished axes of Michelsberg type has been 
reported from the Brown Bank further south in 
the North Sea (Peeters and Amkreutz, Chap. 8, 
this volume). The age of these items cannot be 
earlier than about 6300 cal BP, and sea level by 
that time would have largely submerged these 
locations or at best exposed them as low islands 
at low tide. It is unclear whether these finds rep-
resent visits to these islands when they were 
above water, are objects lost overboard when 
fishing on the banks, or are deliberate votive 
offerings deposited in the sea in the manner more 
commonly recognised in the Bronze Age (see 
above). At any rate, they are evidence for sea 
journeys over considerable distances in the south-
ern North Sea at this time.

Fig. 10.12  Well-preserved footprint of Person 6 at 
Goldcliff East, Site E. Photo by Eddie Sacre

Fig. 10.13  Worked 
flints recovered from 
submerged peat deposits 
at Bouldnor Cliff. Scale 
in centimetres. Photo by 
Maritime Archaeology 
Trust
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10.8.3	 �Area 240: Palaeolithic 
Artefacts in Their 
Palaeoenvironmental Context

This site was first identified when flint artefacts 
and faunal remains were found in aggregate 
stockpiles at a harbour in the Netherlands. Further 
monitoring (Fig. 10.17) established that the arte-
facts were dredged from a specific locale within 
marine aggregate license Area 240, 11 km off the 
English coast, at depths of 18 to 35 m. Geophysical 
survey and coring were used to obtain further 
information on the sediments and landforms 
associated with the artefacts and their date. 
Additional samples of bulk sediment were 
removed from the seabed using a combination of 
a remotely operated underwater camera for site 
selection, a beam trawl and a clamshell grab. This 
resulted in the recovery of additional flint arte-
facts and faunal remains and established the 
stratigraphic relationship between the archaeo-
logical finds and the dated sediment sequence 
(Tizzard et  al. 2011, 2014, 2015; Bicket et  al. 
2014; see also Pater, Chap. 26, this volume).

More than 120 specimens, including 
handaxes (Fig.  10.18) and Early Middle 
Palaeolithic Levallois flakes, have now been 
recovered from this locality. Most of the arte-
facts are associated with stratified floodplain 
deposits of a river estuary dated to 250,000–
200,000 BP, an age that is consistent with well-
dated, technologically similar artefact 
assemblages found elsewhere in Britain and 
Continental Europe. Around 20% of the assem-
blage exhibits Levallois technology further 
supporting a post-300,000 date for some or all 
the material. Some of the faunal material (e.g. 
Fig. 10.19) can be associated with earlier chan-
nel deposits dating back to more than 500,000 
BP, and a smaller group of artefacts occurs in 
later sediment infills dating to 40,000–30,000 
BP.

This early Palaeolithic assemblage has sur-
vived multiple cycles of sea-level change dur-
ing which the area has been exposed and 
submerged several times. The results of the 
archaeological fieldwork indicate that many of 
the Stone Age items are in their original place 

Fig. 10.14  Piece of 
worked timber from 
Bouldnor Cliff, showing 
the freshly exposed 
condition of the wood 
with deep cut marks, 
immediately after 
removal from the 
surrounding peat 
deposits. Photo by 
Maritime Archaeology 
Trust
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of deposition. In addition, they demonstrate 
that it is possible to recover archaeological 
material and contextual environmental infor-
mation from deeply submerged sites far off the 

present coast. This is the only such site identi-
fied in the North Sea to date and represents one 
of the oldest submerged prehistoric sites known 
anywhere in the world. The material highlights 
the possibility of further discoveries especially 
linked to inundated Quaternary floodplains and 
river systems, which are common around north-
west European coasts.

Fig. 10.15  Close-up of a piece of string from Bouldnor 
Cliff made by twisting together of plant fibres. It is about 
10 cm in length, with a diameter of 1–2 mm. The fibres 
could be from nettle, wild clematis, blackberry or honey-
suckle. Materials were identified by David Robinson. 
Photo by Maritime Archaeology Trust

Fig. 10.16  The barbed point made of antler recovered in 1932 by the Colinda fishing vessel. Length of specimen is 
219 mm. Found at Leman and Ower Banks. © Norwich Castle Museum and Art Gallery. Reproduced by permission 

Fig. 10.17  Archaeologist Andrew Bicket holding a 
handaxe recovered during monitoring work carried out on 
behalf of Hanson Aggregates Marine Limited on board 
one of their vessels. ©Wessex Archaeology

G. Bailey et al.
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10.9	 �Discussion

The British underwater material covers a wide 
range of ages, water depths and types of material 
evidence, sometimes with excellent conditions of 
preservation. Intertidal finds dominate numeri-
cally and some of the best evidence is associated 
with or sealed beneath submerged forests or peat 
deposits that are exposed at low tide, in some 
cases at considerable depth and distance offshore. 
These include settlement and activity areas, often 
with preservation of worked wood, and human 
and animal footprints. Some of these intertidal 
finds, exposed only at extreme low spring tides, 
are further offshore, at a greater depth below 
mean sea level, and of earlier date, than many of 
the famous, permanently submerged underwater 
sites of the Baltic (See Bailey et al. Chap. 3, this 
volume; Nilsson et al., Chap. 4, this volume; Jöns 
et  al., Chap. 5, this volume) and suggest an 
untapped potential for new research.

In considering this material as a whole, two 
sorts of questions come to the fore. The first is the 
nature of the strategies that can be adopted to 
achieve purposeful investigation and discovery of 
new underwater archaeological material, espe-
cially in more deeply submerged locations. The 
second question is what sorts of new information 
might be obtained from underwater investigation 
that cannot be found on land, and what new 
themes such information opens up for investiga-
tion into the organisation and development of ear-
lier prehistoric societies. The two types of 
questions are closely linked; without the intellec-
tual justification for new field investigations, there 
would be little motivation to undertake them and 
little appetite to develop new methods and mar-
shal the necessary resources. The currently avail-
able evidence provides significant pointers as to 
the direction of future investigations.

10.9.1	 �Research Strategies

Taking first the question of how to systematise 
the search for new information, it is important to 
emphasise that all the finds reported here have 

Fig. 10.18  Bifacially worked handaxe from A240. This 
is one of over 30 examples of this characteristic artefact 
type from the Area 240 locality dated to 250–200,000 
years ago. Many, like this one, have sharp edges and are in 
mint condition, indicating that they have remained undis-
turbed in their original position. Scale in centimetres. © 
Wessex Archaeology

Fig. 10.19  Tooth of a woolly mammoth recovered from 
the A240 site. Many fossilised remains of terrestrial 
mammals have been recovered, including bones of 
horse, bison and reindeer, most of which are dated to 
about 500,000 years ago. Scale in centimetres. © Wessex 
Archaeology
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been discovered by chance exposures or dredged 
up by fishing and industrial activity. Most are in 
the intertidal zone or in very shallow water, where 
the age of the material is relatively young (mostly 
Holocene or Late Glacial). This is also the zone 
where the chances of discovery are highest, but 
where the risks of destruction are also very high. 
The fact that so much evidence, some of it very 
old as in the case of the Happisburgh footprints, 
has been exposed in such a geologically active 
zone over many centuries and even millennia is 
notable. It demonstrates that archaeological evi-
dence is not necessarily doomed to destruction in 
the early stages of marine inundation, when the 
destructive forces of wave action in the surf zone 
and shallow-water currents are at their greatest. 
As always in dealing with underwater preserva-
tion, local factors are paramount, including minor 
variations in topography, shoreline configuration 
and exposure to wind and waves. Accumulation 
of marine sediments or layers of peat that provide 
protective cover is clearly a key factor that can 
contribute to preservation of old land surfaces, 
regardless of the erosive power of waves and cur-
rents. Discovery, of course, depends on intermit-
tent exposure of the underlying deposits by 
natural erosion or human activities. Almost by 
definition, such sites when first discovered are 
already in the process of being exposed to 
destructive forces. If allowed to continue 
unabated, continued erosion will lead to further 
destruction and loss unless the material is cov-
ered up again by further accumulation of protec-
tive sediments.

The challenge then is to work out how to 
search for new archaeological material, rather 
than relying on chance discoveries, and espe-
cially how to deal with the challenge of discover-
ing archaeological finds in more deeply 
submerged areas. New research is currently 
evolving along two separate lines of enquiry. One 
is to develop improved methods of mapping and 
remote sensing that can give detail to the nature 
of the now-submerged terrestrial landscape and 
identify target features worth investigating more 
closely with remotely operated vehicles and cam-
eras, coring and diving. A good example of new 
work along these lines is the new mapping of 

Doggerland (Gaffney et  al. 2017), in effect an 
extension of the earlier landscape reconstructions 
pioneered by the Gaffney team using seismic 
records from the hydrocarbon industry, but with 
acoustic techniques more appropriate to the shal-
lower deposits of the seabed that inform on the 
recently submerged human landscape, followed 
up by coring of sediments in target areas identi-
fied by the mapping. Whether this will identify 
archaeological materials remains to be seen but 
the recovery of sedaDNA from sealed terrestrial 
contexts will add new information on the terres-
trial plant and animal life present before 
submergence.

The other strategy is to work from known 
finds recovered by chance exposure, trawler-
fishing or other industrial activity, and use these 
to target areas worth more detailed investigation. 
The success of such an approach has already 
been indicated by the A240 finds discussed 
above. Bynoe et al. (2016) draw attention to the 
detailed archive of records that can help to pin-
point the location of faunal remains recovered 
from the seabed by trawler fishing. As the A240 
discoveries show, if materials disturbed on the 
seabed and recovered during the course of indus-
trial operations can be traced back to their origi-
nal position, this may indicate more deeply 
embedded material in stratified sediments with 
opportunities for dating, palaeoenvironmental 
analysis and preservation of organic materials. 
There is no doubt that large quantities of faunal 
remains and artefacts are preserved on the seabed 
of the North Sea, and every reason to suppose 
that more awaits discovery, with new opportuni-
ties for systematic retrieval.

Both strategies are currently being focussed 
on deeper areas of the submerged shelf and hence 
on landscapes that extend further back in time 
and to environmental settings quite different from 
those currently exposed near the present-day 
shoreline. Potentially, these offer a much greater 
payoff in terms of new information. But they also 
pose greater logistical challenges and costs than 
working in shallow water. Equally, there is no 
reason why similar strategies should not be 
applied in shallower water, with simpler techni-
cal requirements and the prospect of recovering 
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significant new data. The existing evidence from 
intertidal submerged forests and peat deposits 
indicates that these increase in age with increas-
ing distance and depth from the modern shoreline 
and that this trend continues offshore. It should 
be possible through acoustic survey and diver 
inspection to follow these features into deeper 
water and to search for channels or other features 
that have exposed earlier terrestrial deposits 
beneath the overlying marine sediment, as is the 
case at Bouldnor Cliff. All the indications are that 
extensive areas of submerged forest and associ-
ated land surfaces exist at greater depth and may 
be in a less disturbed condition than those known 
from the present-day intertidal zone. The feasi-
bility of underwater exploration to extend inves-
tigations of known intertidal features to the 
offshore zone has already been demonstrated in 
the Wootton Quarr project (Edwards and Dix 
2012).

Many of the intertidal finds reported in this 
chapter were found low in the intertidal zone and 
were investigated on foot during the very short 
windows of opportunity offered by extreme low 
tides. An alternative strategy in such circum-
stances would be to investigate these deposits 
when covered by the sea at high tides, using well-
established techniques of diver inspection, sur-
vey and excavation. Prediction of target areas for 
closer investigation using the Danish fishing site 
model, suitably adapted to English coastal geo-
morphology and tidal conditions, is another pos-
sibility (Hall 2014).

10.9.2	 �Research Themes

Turning to substantive themes of early develop-
ment that are brought uniquely into focus by the 
underwater evidence, four stand out. The first is 
the quality of preservation of organic materials 
and other evidence that would not normally be 
recovered, or only rarely so, from terrestrial 
deposits, and their potential to push back in time 
technological and economic innovations tradi-
tionally associated with the Neolithic or later 
periods. Wooden artefacts are especially well 
represented and indicate economically signifi-

cant activities such as building structures, fish 
traps, landing stages for water craft, and some-
times remains of the boats themselves. Most of 
the British finds are relatively late in date 
(Neolithic or Bronze Age) and perhaps occasion 
relatively little surprise given conventional 
expectations about the nature of technological 
progress. But more deeply submerged sites take 
the story further back in time. At Bouldnor Cliff, 
for example, there is evidence of worked timbers 
revealing techniques of wood working and the 
presence of cultivated cereals some 2000 years 
earlier than the earliest evidence currently known 
from sites on land.

It should be emphasised, however, that sub-
mergence by marine inundation does not guaran-
tee the survival of wood or other organic 
materials. If the archaeological site and its arte-
facts had been exposed to subaerial weathering 
for long enough before being covered by marine 
sediments, then organic materials such as wood 
would have disappeared. Rapid inundation and 
protective cover of anaerobic sediments is the 
key to the survival of such materials. Conversely, 
even without organic preservation, other features 
such as pits and postholes may be preserved 
under a protective cover of marine sediments, as 
noted above on the Essex coast.

A second theme is the deeper history of eco-
nomic adaptations and especially those associ-
ated with the exploitation of marine resources 
that might be revealed at coastal sites that are 
now deeply submerged. Conventional archaeo-
logical evidence in the form of food remains of 
marine mollusc shells or bones of fish and sea 
mammals is not yet known from underwater 
sites, except for occasional hints from sites on the 
present-day coast or in the intertidal zone, mainly 
because the underwater settlement sites where 
such remains might be expected have not yet 
been discovered. Artefacts that can be uniquely 
associated with exploitation of aquatic resources, 
such as the Leman and Ower harpoon, are rare 
and at best ambiguous with respect to their func-
tion. The Westward Ho! shell midden provides a 
hint that such deposits can survive inundation 
and erosion at the shore edge, and other food 
remains including plant material should have a 
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good chance of preservation in submerged depos-
its. There is certainly every reason to expect that 
marine resources should have left evidence of 
their consumption from the very earliest period 
of occupation in Britain. Shellfish in the intertidal 
zone, fish and crustacea in natural rock pools and 
traps, and sea mammals and sea birds that come 
ashore for breeding or are beached by storms 
would all be accessible along shorelines from the 
earliest period by our earliest hominin ancestors 
without the need for specialised equipment or 
boats. Proxy evidence from stable isotope signa-
tures in human bone, as in the Paviland example 
discussed earlier, provides another potential line 
of investigation where human skeletal remains 
are present.

A third theme is the use of coastlines and 
travel by boat as pathways of communication and 
population dispersal. The evidence from Norway 
demonstrates how rapidly people can move into 
ice-free coastal zones with the aid of boats and a 
combination of hunting on land and at sea (Bjerck 
2008; Glorstad et  al., Chap. 6, this volume). 
Similarities in some of the earliest flaked stone 
spearheads found in Scotland with those in north-
ern Germany and southern Scandinavia hint at 
just such a pattern of dispersal and economic 
adaptation around the now-submerged coastlines 
of northern Doggerland, perhaps as early as 
14,000 years ago. Certainly, by the time that 
northern coastlines and their coastal archaeologi-
cal sites become visible from about 10,000 years 
ago onwards, the distribution of sites around the 
northern and western coasts of Britain suggests a 
ready facility for inshore sea-travel and coast-
wise communication (Waddington 2015). 
Similarities between Mesolithic artefact types in 
southern England and northern France similarly 
suggest patterns of communication around the 
coastlines that connected the two regions before 
sea-level rise finally severed the land connection 
between them.

A final theme of topical interest is the impact 
of sea-level rise on societies living in the affected 
coastal regions, and the socio-economic, demo-
graphic and psychological impact of such 
changes (Leary 2015). According to one interpre-
tation of the British evidence, the appearance of 

sedentary or semi-sedentary coastal settlements 
with evidence of marine exploitation in northern 
Britain may represent a response to the loss of 
territory by sea-level rise (Waddington 2007, 
2015). However, such a view presupposes that 
similar settlements were absent on earlier and 
now-submerged coastlines, and that their appear-
ance on modern shorelines at a later date is a 
response to the pressures imposed by loss of pre-
existing resources, rather than simply a matter of 
differential preservation or visibility. It also relies 
on the questionable assumption that people in 
earlier periods avoided coastlines and their atten-
dant ecological and economic advantages and 
preferred to concentrate on terrestrial resources 
until forced to change by loss of existing land.

Much depends on the pace and scale of land 
loss in relation to pre-existing population densi-
ties. Did the loss of large areas of land happen 
rapidly enough to stimulate or compel the adop-
tion of new patterns of settlement and new eco-
nomic and social arrangements? Or was the 
progressive abandonment of former territory 
slow enough to be accommodated by orderly 
retreat without major dislocation of existing 
social and economic arrangements? Some prog-
ress towards answering these questions could be 
achieved by simulations based on simple demo-
graphic assumptions and assessments of land 
area lost with progressive sea-level rise (see, for 
example, Williams et al. 2018 for an analysis of a 
similar set of changes around the Australian 
coastline).

To what extent was loss of land compensated 
by new advantages and opportunities, for example 
the increased productivity of fishing grounds in 
the shallow seas created by inundation of the con-
tinental shelf, or the opening up of new subsis-
tence opportunities in the hinterland by climatic 
warming? What impact did changes in the coastal 
zone have on patterns of exploitation, site distri-
butions and settlement in the British hinterlands, 
and can changes in the late Upper Palaeolithic and 
early Mesolithic archaeological record in these 
hinterlands be attributed in any way to social 
impacts resulting from loss of territory on the 
retreating coastline? The fact that Neolithic cul-
tural traits, if not actual Neolithic people expand-
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ing from continental Europe, were present 
offshore and in now-submerged lowlands, raises 
the further question of how far sea-level rise is 
implicated in the expansion of agricultural econo-
mies and the interactions between indigenous and 
incoming populations. Other climatic and envi-
ronmental changes may well have been involved 
in addition to sea-level rise, so that disentangling 
the relative influence of these different variables is 
likely to be a challenging proposition. If the evi-
dence currently available is scarcely sufficient to 
move the debate about the human consequences 
of sea-level rise much beyond speculation, simply 
to pose these sorts of questions should stimulate 
new ideas, new lines of enquiry and new observa-
tions. Submerged landscapes, as Sturt et al. (2017) 
have noted, are good to think with, and the bene-
fits of such a perspective ought to stimulate new 
investigations not only of the underwater archaeo-
logical record, but the archaeological record on 
land, and ultimately the relationship between the 
two of them.

10.10	 �Management 
of the Underwater Cultural 
Heritage

The underwater and on-land heritage is protected 
by legislation at UK Government level, in par-
ticular the National Heritage Act of 1983, as 
amended in 2002 to include underwater archaeol-
ogy in UK territorial waters. The 2002 National 
Heritage Act provides additional protection of 
the underwater cultural heritage through the 
planning regime. Where underwater cultural her-
itage is identified through Environmental Impact 
Assessment, marine licences can be withheld 
unless appropriate archaeological mitigation is 
put in place. This may include an exclusion zone, 
monitoring, survey or excavation (Bicket et  al. 
2014; see also Pater, Chap. 26, this volume).

Implementation is devolved to separate 
Executive Agencies in England, Scotland and 
Wales. The Historic Buildings and Monuments 
Commission for England, also known as English 
Heritage, was established in 1983. In 2015, the 
responsibility for maintaining historic buildings 

and collections was hived off as a separate char-
ity retaining the title of English Heritage, and 
responsibility for research and maintaining 
records of archaeological sites was established 
under the new title of Historic England (HE), 
which maintains the National Record of Historic 
England (formerly known as the National 
Monuments Record). HE is currently answerable 
to the UK Government Department for Culture, 
Media and Sport. The Scottish equivalent is 
Historic Environment Scotland (since 2014 com-
bining the functions of Historic Scotland and the 
Royal Commission on the Ancient and Historical 
Monuments of Scotland). Historic Environment 
Records are accessed through Canmore (https://
canmore.org.uk/), and HES has been accredited 
as a Marine Environmental Data & Information 
Network (MEDIN) Data Archive Centre (DAC) 
(https://www.oceannet.org/about/data-archive-
centres), as a repository for marine historic envi-
ronment data since 2015. There is a similar 
division of labour in Wales between CADW, 
responsible for the historic environment and 
answerable to the Welsh Government Department 
of Economy, Science and Transport, and The 
Royal Commission on the Ancient and Historical 
Monuments of Wales (RCAHMW), responsible 
for research and maintenance of the National 
Monuments Record of Wales.
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