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This volume is one of two volumes that are the outcome of a conference held at the University of 
Szczecin in September 2013 to mark the end of the SPLASHCOS Action. SPLASHCOS—Submerged 
Prehistoric Archaeology and Landscapes of the Continental Shelf—is a research network funded 
under the EU’s COST (Cooperation in Science and Technology) programme as COST Action TD0902 
(TD standing for Trans-Domain), which ran officially from November 2009 to November 2013. The 
conference itself served two purposes: first, to review progress in the work of the Action over the 
preceding 4 years and, second, to act as an open scientific meeting for anyone interested in the confer-
ence themes whether or not they were formal SPLASHCOS members. In the event, the meeting drew 
over 100 participants from across Europe and from further afield in Australia, China, South Africa and 
the USA.

The aim of this volume is to present a selection of the papers from the Szczecin meeting that cover 
the various themes addressed during the SPLASHCOS Action. It is aimed at all those with an interest 
in the sea floor of the continental shelf and the archaeological and social impact of sea-level change—
especially archaeologists, marine scientists, geographers and cultural- heritage managers, but also 
commercial and governmental organisations, policymakers and interested members of the public.

The original aims of the SPLASHCOS Action, as set out in the COST Memorandum of 
Understanding, were to promote research on the archaeology, climate and palaeoenvironment of the 
drowned landscapes of the European continental shelf; to stimulate collaboration across national and 
disciplinary boundaries; to bring together interested parties from the worlds of academic science, 
commerce and government; to encourage participation and training of young and early-stage research-
ers; and to facilitate exchange of ideas, planning of research projects, application for research funds 
and dissemination through publications and other media. Target audiences included not only the dis-
parate scientific disciplines concerned with researching the continental shelf—archaeology, marine 
geology, geophysics, biology, climatology, palaeoenvironment and oceanography—but also wider 
audiences including government officials responsible for the marine environment and its cultural heri-
tage, industrial operators working on the seabed, funding agencies, school children and a wider pub-
lic. In short, our aim was to promote an emerging new field, variously labelled as ‘submerged 
landscape archaeology’, ‘submerged prehistoric archaeology’, ‘continental shelf archaeology’ or 
‘continental shelf prehistoric research’, as an integrated discipline in its own right, and to plant it more 
firmly on the international research agenda and in the wider public consciousness.

COST Actions are the longest-running form of European funding, intended to foster coordination 
of research and transfer of ideas and expertise across national boundaries within Europe and its neigh-
bouring countries. Funds are provided for regular meetings, workshops, conferences, training pro-
grammes, research planning and coordination and publication, but not for the conduct of new research 
programmes (see http://www.cost.eu/about_cost). During its 4-year history, the SPLASHCOS Action 
grew to include 25 member states and an active membership of over 120 individuals from a wide 
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range of institutions and disciplines. The Management Committee, comprising representatives from 
all member states, with Geoff Bailey and Dimitris Sakellariou as elected chair and vice-chair, respec-
tively, held 8 major meetings in different European centres and a number of smaller workshops, 
organised 16 training schools or smaller short-term missions that provided experience and training to 
65 early-stage researchers, stimulated a wide range of publications and successful applications to 
national and European funding agencies for new research and created a strongly international and 
interdisciplinary sense of common purpose. Details of SPLASHCOS activities and achievements can 
be found on the dedicated website at http://www.splashcos.org/.

In practice, activities were focussed around a core group of individuals who led the work through 
four formally constituted Working Groups (WGs): Archaeological Data and Interpretations (WG1) 
led by Anders Fischer; Environmental Data and Reconstructions (WG2) led by Jan Harff; Technology, 
Technical Resources and Training (WG3) led by Ole Grøn and Tine Missiaen; and Commercial 
Collaboration and Outreach (WG4) led by Julie Satchell. Some of this work is in preparation for pub-
lication elsewhere, notably the work of WG2 and WG1, dealing, respectively, with the Quaternary 
geology and palaeoenvironment of the European continental shelf and the underwater archaeological 
record. These volumes are intended to provide a comprehensive overview of the current state of 
knowledge around the European coastline and in all the major marine basins. A third volume already 
published is the outcome of a conference session organised at the 34th International Geological 
Congress in Brisbane in 2012, with papers made available online in 2014 and the final volume pub-
lished in 2016 as a special publication of the Geological Society of London: Geology and Archaeology: 
Submerged Landscapes of the Continental Shelf (edited by Jan Harff, Geoff Bailey and Friedrich 
Lüth), which includes examples from across the world. Web-based guides to techniques and resources 
and to collaboration with marine industry are available online on the SPLASHCOS website, and a 
searchable website with maps and information about all known underwater prehistoric archaeological 
sites in European waters has recently been posted online at http://www.splashcos-viewer.eu.

The original conference was structured around the Working Groups, and we have adopted that 
structure as a basis for organising this volume, but with some modification in the light of the contribu-
tions finally delivered. All the chapters have been extensively rewritten, updated, comprehensively 
edited and independently reviewed. The geographical focus is primarily European, but we have not 
attempted to include a comprehensive range of examples from all the marine basins around the 
European coastline—that is the task of the other SPLASHCOS volumes. Our chapters focus on issues 
of method and interpretation and on wider issues of management and outreach. They also include 
examples from other parts of the world, and many of the discussions of method and interpretation 
presented here, though focussed on European case studies, have worldwide relevance.

The second volume arises from a parallel workshop incorporated in the Szczecin conference, rep-
resenting the final meeting of the separately organised CoPaF Project Coastline Changes of the 
Southern Baltic Sea—Past and Future Projection, which ran from 2010 to 2014, in parallel with 
SPLASHCOS Working Group 2, led by Jan Harff and funded by the Polish Ministry of Science and 
Higher Education. The two projects thus have overlapping membership, but complement each other 
in their objectives and primary focus. In this volume, the emphasis is on examples from the marine 
basins of Western Europe and the Mediterranean, on archaeological investigations of submerged land-
scapes extending back into the Pleistocene or on the archaeological implications of environmental 
reconstruction. The CoPaF volume focusses on the geological and climatic conditions that have 
shaped changes in sea-level and coastline configuration during the past millennium in the southern 
Baltic and the likely trajectory of future changes and comprises contributions mainly from Germany, 
Poland, Lithuania and Estonia.

In producing these volumes, we thank, first and foremost, the COST Office, who provided admin-
istrative and financial support throughout the Action and funds for the Szczecin conference. We thank, 
in particular, the COST science officer, Luule Mizera; the COST administrative officer, Leo Guilfoyle; 
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the COST rapporteurs, Dr. Ipek Erzi (Scientific and Technological Research Council of Turkey, 
TUBITAK) and Prof. Daniela Koleva (Sofia University St. Kliment Ohridski); the COST external 
evaluators, Prof. Peter Veth (University of Western Australia) and Prof. Dr. Gerold Wefer (MARUM, 
University of Bremen); and the grant holder and administrative secretary of SPLASHCOS, Cynthianne 
DeBono Spiteri, all of whom gave invaluable advice and support.

We also thank the University of Szczecin for hosting the conference and generously providing 
facilities and hospitality and Helmholtz-Zentrum Geesthacht and Szczecińska Energetyka Ciepina 
(SEC) for additional financial support. We are also indebted to Prof. Andrzej Witkowski (University 
of Szczecin), who acted as chair of the Local Organising Committee and, together with the other 
Committee members, Prof. Marian Rębkowski, Dr. Przemyslaw Krajewski, Dr. Karolina Bloom, 
Marcin Wroniecki, Marta Chmiel and Michal Adamczyk, ensured the efficient organisation and 
smooth running of the whole enterprise.

We also express our gratitude to the many individual specialists who acted as peer reviewers and 
who have contributed significantly to the final outcome. Finally, we acknowledge the following insti-
tutions, who generously contributed towards the production of this volume: the European Research 
Council through ERC Advanced Grant 269586 DISPERSE, the German Archaeological Institute 
Berlin, the Hellenic Centre for Marine Research and the University of York.

York, UK Geoffrey N. Bailey
Szczecin, Poland Jan Harff 
Anavyssos, Greece Dimitris Sakellariou
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Abstract The past decade has seen a rapidly widening interest in archaeological and scientific explo-
ration of the submerged landscapes that were flooded by sea-level rise at the end of the Last Glacial 
period. That interest is shared by many different disciplines and constituencies, including archaeolo-
gists who recognise the potential significance of these underwater archives to improved understand-
ings of world prehistory, palaeoclimatologists interested in modelling sea-level change, and 
government agencies charged by national and international legislation with managing the underwater 
cultural heritage in the light of expanding industrial exploitation of the seabed. This introductory 
chapter sets out the background to these developments and the role of the European network – 
SPLASHCOS – in promoting awareness of this new agenda to the many scientific disciplines involved 
in underwater research, government agencies, commercial and industrial interests, and a wider public. 
Here we set out the major themes that we have used to structure the chapters in this volume, ranging 
across techniques and strategies of underwater investigation, examples of underwater archaeological 
excavations, reconstructions of underwater landscapes, the role of the continental shelf in shaping 
patterns of early human dispersal and geographical expansion, and issues of training, outreach and 
management. Examples are drawn widely from Europe and other parts of the world. We summarise 
the individual chapters, identify their inter-relationships with each other and with the themes of which 
they form a part, and highlight their wider significance.

1.1  Background

It is by now a well-established fact that for most of human history on this planet over at least the past 
1 million years, sea-levels have been substantially lower than the present, oscillating between short 
periods of extreme high sea level as today and low stands of −100 m or more at glacial maxima, with 
many lesser perturbations in between, and a long-term average some 40–50 m below the present level. 
When sea levels were low, extensive tracts of new territory, amounting to some 4 million km2 around 
the coastlines of Europe and the Mediterranean, and at least 20 million km2 at the global scale, became 
available for terrestrial plants and animals and, of course, for human populations. Much of that terri-
tory most likely represented some of the most fertile, well-watered and ecologically diverse land 

Chapter 1
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Geoffrey N. Bailey, Jan Harff, and Dimitris Sakellariou

G.N. Bailey (*) 
Department of Archaeology, University of York, the King’s Manor, York YO1 7EP, UK
e-mail: geoff.bailey@york.ac.uk 

J. Harff 
Institute of Marine and Coastal Sciences, University of Szczecin, Mickiewicza 18, PL 70-383 Szczecin, Poland 

D. Sakellariou 
Institute of Oceanography, Hellenic Centre for Marine Research,  
46.7 km Athinon-Souniou Av, Anavyssos, P.O. Box 712, 19013 Athens, Greece

mailto:geoff.bailey@york.ac.uk


2

available, especially given the relatively arid climates that persisted during glacial periods. These 
coastal lowlands and their immediate environs presumably supported denser concentrations of human 
settlement than the more remote continental hinterlands where most of the currently-known surviving 
evidence of the Stone Age era has been recovered.

The last period of high sea level was about 130,000 years ago during the Last Interglacial period, 
commonly referred to Marine Isotope Stage (MIS) 5. As the continental ice caps grew again in the 
succeeding millennia, sea level dropped, reaching a maximum depth of −130 m at the Last Glacial 
Maximum 20,000 years ago. When the ice started melting, sea level rose again, progressively drown-
ing these ancient landscapes, their coastlines and the material traces of their previous inhabitants until 
the present level was reached about 6000 years ago. This long period of lowered sea level spans some 
of the most important developments in human prehistory: the emergence and world-wide dispersal of 
anatomically modern humans with new technologies, skills and cognitive abilities; early experiments 
in sea travel including the earliest colonisation of New Guinea and Australia; exploitation of shore-
lines, marine resources and offshore islands; and the early development of agriculture and its dispersal 
around the coastlines and islands of the Mediterranean and NW Europe. It must follow from the his-
tory of sea-level change that a very significant part of the evidence for these developments lies hidden 
on the continental shelf.

In the past decade, the expanding industrial and commercial exploitation of the seabed, our grow-
ing knowledge of the inexorable and continuous effect of changes in sea level and climate on human 
affairs, and the development of national legislation and international conventions to protect the under-
water cultural heritage, have all combined to focus attention on the potentially valuable archives of 
cultural and natural data locked up on the seabed of the continental shelf.

These underwater archives are of great interest and relevance to many different disciplines and 
constituencies—to archaeologists interested in the long-term record of human development and dis-
persal, to climatologists interested in obtaining well-dated index points for low sea-level stands to 
develop better predictive models of sea-level change, to geomorphologists interested in processes of 
coastal change and large-scale patterns of erosion and sedimentation, to geophysicists and geologists 
interested in the dynamics of plate motions and changes in the Earth’s crust, to governmental agencies 
and heritage organisations charged with managing and protecting the underwater heritage, and to a 
wider public perennially fascinated by the idea of lost civilizations slipping beneath the waves.

Alongside this growing interest, industrial exploitation of the seabed has intensified. Beam-trawl 
fishing, drilling for oil and gas, sand and gravel extraction, laying of pipelines, building of wind farms, 
and engineering works associated with new harbours, bridges, tunnels and other infrastructure all 
pose a threat to the cultural and natural features of the pre-inundation landscape, to say nothing of 
natural changes in the underwater environment that lead to erosion or burial of ancient land surfaces. 
At the same time, as on land so underwater, these destructive processes can also have a potentially 
positive effect in exposing to discovery material that would otherwise remain deeply buried and hid-
den from view.

It was with all these factors in mind that the European SPLASHCOS research network came into 
being in November 2009 (COST Action TD0902 SPLASHCOS—Submerged Prehistoric Archaeology 
and Landscapes of the Continental Shelf), originating from an earlier series of meetings in 2008 and 
early 2009 to discuss ways of raising large-scale research funding for a pan-European research project 
entitled Project Deukalion (see Flemming et al. 2017). From the beginning, the SPLASHCOS net-
work was organised around the need to address simultaneously not only the scientific evidence, both 
archaeological and palaeoenvironmental, but also issues of training, public outreach, management 
and industrial collaboration.

The chapters in this volume cover all of the above topics, and are organised around five principal 
themes that move progressively from method to interpretation, and from the study of individual sites 
to the wider landscape setting, beginning with a discussion of techniques and research strategies (Part 
I), progressing to examples of underwater archaeological investigation (Part II) and palaeolandscape 
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reconstruction (Part III), moving on to issues of interpretation in relation to broader themes in prehis-
tory (Part IV), and concluding with examples of wider public outreach and management (Part V). The 
organisation is thus primarily thematic, but with a subsidiary axis of organisation whereby chapters 
dealing with geographically neighbouring regions are put together, wherever possible and appropri-
ate. The divisions between these major Parts or sections are not, of course, watertight, and some issues 
recur in different sections. In this introductory chapter, we highlight important issues that arise from 
the chapters in each section, cross-referencing wherever possible those topics that occur in more than 
one section.

1.2  Techniques and Strategies

The chapters in Part I address the three key questions that are usually the first to be raised by the inter-
ested outsider or the novice investigator. (1) How do we set about finding underwater traces of the 
submerged landscape and its archaeology, given the specialised skills and the costly technology 
required and the rarity of upstanding features that can be easily spotted on the seabed? (2) What are 
we likely to find preserved under water, given the likelihood of damage and destruction, or burial 
under marine sediments, during and after inundation by sea-level rise? (3) Having found a target, 
whether a landscape feature such as a palaeo-river channel or traces of an archaeological settlement, 
how do we extract the evidence for dating and other analytical investigations, and in the case of an 
archaeological site how do we conduct excavation to the same standards as on dry land?

Chapter 2 provides the first step in seeking answers to these questions, presenting a comprehensive 
review of the varied technologies available for underwater investigation. As Missiaen et al. emphasise, 
the challenge is considerable, with needs that range from survey and detection of submerged land-
scapes extending over thousands of square kilometres at one end of the scale, to discovery of tiny 
artefacts such as microlithic stone arrow heads at the other. Diving surveys, acoustic techniques and 
drilling or coring of sediments play a major role, augmented by underwater photography, airborne and 
satellite remote-sensing, and the development of underwater vehicles and robotics. New technologies 
and equipment are under continuous development, much of it driven by the needs of commercial 
exploitation of the seabed and the need to investigate deeply buried geological structures. Moreover, 
discovery of landscape features and especially archaeological remains often requires more sensitive 
instrumentation capable of producing high resolution images of shallow deposits and materials. 
Increasingly, the particular requirements of archaeological and geoarchaeological investigation are 
stimulating the development of new technological solutions. For example, during the course of the 
SPLASHCOS meetings, discussions between specialists in acoustics and archaeology led to pioneer-
ing experiments in the development of sensitive remote-sensing techniques for detecting buried flint 
artefacts (Hermand et al. 2011). These experiments are ongoing with underwater excavations cur-
rently in progress to test the validity of the acoustic signatures (Ole Grøn, pers. comm., 2016).

Turning from methods of detection and discovery to the question of what might survive inundation, 
the issue of sea-level change becomes paramount. There is now an extensive and growing body of 
knowledge about the rate and pattern of sea-level rise and fall during the Last Glacial (and earlier)—
both absolute changes resulting from changes in the volume of sea water in the world’s oceans, and 
relative changes resulting from vertical movements of the Earth’s crust (e.g., Lambeck et al. 2002, 
2014; Harff et al. 2017a, b). From the geoarchaeological point of view, it is not so much the rate of 
vertical movement that is important during sea-level rise as the rate of shoreline retreat in the spatial 
dimension. This in its turn is a complex function of the interaction between relative sea-level rise, the 
slope of the continental shelf and locally and regionally variable topography. Chiocci et al. address 
this issue in detail in Chap. 3 and develop an algorithm for measuring ‘transgression velocity’, the rate 
of shoreline retreat (or advance when sea level is dropping). This measure can be applied at different 
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geographical scales depending on the detail and accuracy of the available information. The examples 
presented highlight significant variation at every geographical scale with important implications for 
evaluating the human impact of sea-level change and some predictive power in identifying areas most 
likely to have preserved material in the face of inundation.

The next challenge that has to be faced is the sheer complexity and cost of the technology needed, 
especially if it requires large research vessels and ship time. One solution is to enlist the cooperation 
of industrial companies engaged in exploitation of the seabed. Provided that archaeologists and gov-
ernment agencies engage with industry at an early stage in the planning process, the incorporation of 
underwater research can be achieved with minimal interruption to the timetable of the commercial 
operation. The scientific work gains enormously from free access to equipment and resources, and 
sometimes from direct financial contributions to research personnel and analytical work, the costs of 
which would otherwise far exceed even the most generous scientific grants, but which represent a 
relatively minor amount in relation to the total budget of the industrial operation. Commercial com-
panies in their turn gain good publicity and can point to the wider educational and social benefits of 
the collaboration. Some excellent examples have taken place in NW Europe in recent years, for exam-
ple with North Sea oil companies and with the Port of Rotterdam authority, producing quite spectacu-
lar and unexpected results generating wide interest and publicity (see also Glorstad et al. Chap. 19, 
Gaffney et al. Chap. 20, Momber and Peeters, Chap. 21, Satchell, Chap. 25, Sturt et al. Chap. 28).

Homlund et al. describe another type of commercial collaboration in Chap. 4, between an archaeo-
logical research institute and a company that provides commercial technological services in underwa-
ter investigation. The examples they present offer an illuminating illustration of the benefits of 
long-term collaboration, the technologies that can be deployed in underwater research, the results that 
can be achieved, and how such collaboration can be developed to mutual advantage at little extra cost, 
not only generating wider publicity for the commercial company involved, but stimulating new tech-
nological solutions in response to the demands of archaeological investigation that can have subse-
quent commercial application.

Not all underwater research requires big ships and big budgets. The last two chapters in this section 
(Chaps. 5 and 6) give good examples of what can be achieved in shallow water with divers and rela-
tively simply equipment. Both projects were carried out as part of the SPLASHCOS training pro-
gramme and provide good examples of the various constraints that limit the discovery and investigation 
of underwater archaeological sites, detailed guides as to how to go about conducting underwater 
excavation, the techniques and technologies required, and something of the detail and quality of mate-
rial that can be preserved in underwater anaerobic sediments. They also demonstrate the importance 
of training and capacity building (see also Satchell, Chap. 25).

Denmark and Sweden are the pioneering countries for developing underwater research on sub-
merged remains of prehistoric archaeology, as Uldum et al. emphasise in Chap. 5, with a long history 
of systematic investigation going back to the 1970s (Fischer 1996; Skaarup and Grøn 2004; Andersen 
2013, see also Skriver et al. Chap. 8, Larsson, Chap. 11). In Denmark, professional archaeologists, 
with the support of the government agency responsible for the cultural heritage, currently known as 
the Danish Agency for Culture and Palaces, have over a long period developed protocols of investiga-
tion that include regular inspection of shorelines aided by reports from members of the public, meth-
ods of site monitoring and excavation, and predictive modelling of site discovery that takes account 
both of coastal locations attractive to prehistoric people and also of preservation conditions. The 
outcome is the discovery of many hundreds of underwater Stone Age finds, the largest concentration 
in the world, including well-known underwater settlements with unusual preservation of organic arte-
facts such as Tybring Vig and Møllegabet II.

The discovery and investigation of the Falden site described in Chap. 5 was the result of active 
exploration and test excavation made possible by the funding of a SPLASHCOS training exercise. 
The authors draw attention to the importance of public engagement and note that the majority of 
Denmark’s underwater finds have been discovered by members of the public. Monitoring and 
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reporting of chance finds, however, have their limitations. Lack of research funds except for rescue 
excavations of important finds under threat of destruction by new engineering developments, report-
ing only of those finds that are visible because of erosion near the modern shore, and lack of time and 
money for intrusive excavation or more extensive underwater survey, all mean that the many under-
water sites in the Danish government records may represent a quite biased picture of the original site 
distribution.

Exploratory work at Falden included hand-fanning of sediments and test-pitting in an area deemed 
potentially productive of preserved prehistoric material. A 10-day test excavation revealed a site with 
undisturbed deposits rich in flint artefacts in an area that had not previously given any such indica-
tions. The training programme also made possible experimentation in methods of photogrammetry 
and computerised imagery, with great potential for future development and use elsewhere. Uldum 
et al. emphasise the importance of funding systematic investigation of sites such as Falden in correct-
ing and advancing existing knowledge—and in protecting undisturbed sites from further loss and 
destruction—even if the resulting material is not as spectacular as the more famous sites. Above all, 
they emphasise the need to provide a sustained international training facility that can promote under-
standing and expertise. This is important not only for those intent on a research career but for those 
destined for employment in cultural-heritage organisations and government agencies responsible for 
informed evaluation and management of the underwater cultural heritage.

Underwater investigations have as long a history in Israel as in southern Scandinavia (Raban 1983), 
and have produced evidence of comparable importance. The 9000-year-old Pre-Pottery Neolithic site 
of Atlit-Yam, described by Galili et al. in Chap. 6 was first discovered in 1984 and has been subject to 
regular inspection and periodic excavation over a long period. It is arguably one of the best-known and 
best preserved underwater prehistoric sites in the world, with its remarkable evidence of a fishing- 
farming village with stone-structures and stone-lined wells. The details set out in Chap. 6 are an object 
lesson in the preparatory work, procedures and methods required for systematic excavation of an 
underwater settlement.

One of the interesting aspects of the Atlit-Yam site is the circumstances of its discovery. Originally 
buried under a protective layer of marine sand, the site is intermittently exposed by storms that tem-
porarily remove the overlying cover. The time-window of opportunity for discovering the archaeo-
logical remains is clearly quite limited before they are either covered again by sand, or are destroyed 
and damaged by prolonged exposure to underwater currents. Discovery therefore depends to a very 
large degree on chance. But the chances can be improved by regular monitoring, whether by profes-
sional underwater archaeologists, sports divers, fishermen or other members of the public.

1.3  Underwater Archaeological Sites

Part II provides a range of examples of projects that amplify the results of the Falden and Atlit-Yam 
case studies, illustrating the various ways in which underwater archaeological sites are discovered and 
excavated, and the scientific impact of the resulting discoveries.

Examples of the ways in which material is exposed to discovery include: removal of sand cover by 
seasonal storms (Chap. 7, see also Chap. 6); commercial sand extraction (Chaps. 7 and 9); reporting 
of chance finds of artefacts or submerged tree trunks by sports divers (Chaps. 7, 9 and 10); expansion 
of harbour facilities, bridge building and other offshore constructions (Chaps. 7 and 11); dredging of 
marine channels (Chap. 11); natural erosion of overlying sediments by marine currents (Chap. 8); and 
scientific sampling of the sea bottom for zoological or other scientific investigations (Chap. 11). 
Additional examples of excavation and recovery methods include coring and auguring, the use of div-
ers to excavate gridded trenches, and the application of induction dredges for removal and sieving of 
deposits.
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These chapters also provide a range of examples of the types of evidence that can be recovered 
from submerged settlements, evidence of importance both to archaeological interpretation and to the 
development of more precise chronologies of sea-level change—and evidence that would rarely if 
ever be preserved on terrestrial sites.

In Chap. 7, Galili et al. present detailed findings from a group of eight Pottery Neolithic settle-
ments discovered in the shallow offshore and intertidal zone of the Israeli coastline. As with the earlier 
Pre-Pottery Neolithic site of Atlit-Yam discussed in Chap. 6, the results present an extraordinarily 
diverse and well-preserved assemblage of artefacts, food remains and structures, including wooden 
implements and containers, basketry, stone- and timber-lined wells, house foundations, the earliest 
currently known evidence for olive-oil production, and a large group of human burials. The excellent 
conditions of preservation and the spatial mapping of site features over a considerable area also high-
light one of the factors that may have led to the creation of separately demarcated burial grounds or 
cemeteries. In the relative confines of a narrow coastal strip, excavation in order to construct wells, 
house foundations and other structures, perhaps added to by the need for regular removal and renewal 
by a shifting shoreline, would have regularly disturbed the remains of earlier burials interred in 
domestic surroundings, leading to competition for sub-surface space and hence eventually to the need 
for separately defined sacred and domestic areas.

In Chap. 8, Skriver et al. present the results of recent investigations at Hjarnø Sund, another good 
example of a site first identified because of artefacts observed eroding out of intact sediment near the 
present shoreline. A small-scale excavation revealed a rich collection of flint, bone, antler and wooden 
artefacts, typical of other underwater Danish sites, and two other features more rarely recovered. The 
first is two wooden paddles with paintwork still preserved. Similar paddles have been recovered from 
two other Danish underwater sites, and the addition of the Hjarnø examples highlights regional differ-
ences in design. The authors suggest that these differences might indicate markers of different social 
or individual identities, especially since paddles would be highly visible artefacts and ones widely 
travelled during canoe journeys. The other feature is the presence of shell-midden deposits. These are 
common on shorelines above present sea level, often accumulating numerous thick mounds, most 
famously in the late Mesolithic Ertebølle examples of Denmark itself. However, underwater examples 
are rare, with only a few known—from the Danish site of Møllegabet II (Grøn 2004, pp. 41–45) and 
isolated examples in other parts of the world Faught 2014, pp. 43–44, Hayashida et al. 2014, pp. 283–
284)—perhaps because unconsolidated shell deposits are especially vulnerable to erosion and destruc-
tion by wave action, or simply through lack of underwater survey. The Hjarnø Sund evidence 
demonstrates that shell deposits can survive if covered with a layer of protective sediment, but equally 
that they are vulnerable to rapid erosion by water currents once exposed.

Similar underwater conditions to Denmark are found in the German territorial waters of the west-
ern Baltic and in recent years these have begun to produce a comparable range and richness of under-
water material (Harff and Lüth 2011). New discoveries from the Strande site LA 163 near Stohl Cliff 
in the Kiel Bay are presented by Goldhammer and Hartz in Chap. 9 and add to that growing body of 
information. The site has yielded a typically varied collection of artefacts made of stone, bone and 
wood, remains of a log boat, plant remains, shells of edible marine molluscs, animal bones including 
freshwater and marine fish, sea birds and land mammals, and fragments of human bone. Rapid survey 
over a larger area including the removal of the sand cover shows that more extensive terrestrial sedi-
ments with archaeological potential lie beneath the marine sand. Here, as at Hjarnø Sund, preliminary 
investigations have revealed the potential for the survival of more extensive and substantial archaeo-
logical deposits and the need to fund more detailed excavations if valuable material is not to be lost.

In addition, radiocarbon dating and high precision dendrochonological dating of the abundant 
wooden remains at Stohl Cliff have given a precise measure and date of sea level position. Similar 
evidence is present at the nearby location of Friedrichsort in the Kiel Fjord, and is discussed by 
Feulner in Chap. 10. This site is of interest in demonstrating the value of regular monitoring by an 
archaeological diver, and the preservation of intact sediments in a location subject to disturbance by 
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regular ship movements. As at Stohl Cliff, the first indication of a submerged land surface was the 
discovery of remains of a submerged forest. Radiocarbon dating of a sample from a tree stump adds 
to the growing evidence of sea-level change in the area, and points to the possibility of discovering 
intact and well-preserved archaeological remains, given the frequent association of submerged forests 
and artefacts (e.g., Homlund et al., Chap. 4, Hansson et al. Chap. 13).

Finally, in Chap. 11, Larsson, who was involved in some of the earliest underwater work in south-
ern Scandinavia in the 1970s and 1980s, brings together the results from a number of underwater 
discoveries in the Öresund Strait that separates Denmark and southern Sweden. None of these are 
individually spectacular or especially well-preserved, but in their collective totality they demonstrate 
how the cumulative growth of information from different underwater locations, combined with 
regional reconstructions of changing shorelines and palaeogeography, can lead to new interpretations 
at a regional scale of spatial and temporal patterns in the distribution of settlements, anticipating a 
theme that is developed in greater detail in Parts III and IV. Coastal settlements are notoriously absent 
from the earlier Holocene record, as in so many other regions, not least because the shorelines are 
mostly submerged and under-investigated, but perhaps also because earlier peoples showed less inter-
est in coastal and marine resources. Hints of an earlier coastal interest are present from the terrestrial 
record in Sweden—coastal sites on uplifted shorelines further north, and hints of early contacts with 
the coast in the form of occasional marine shells and other marine indicators in inland sites. However, 
it is the underwater record that has provided fuller archaeological evidence of early coastal settle-
ments, even if the evidence is not yet sufficient to show whether marine and coastal resources were 
exploited with the same intensity as demonstrated in the later coastal sites on shorelines above present 
sea level. In any case, interpreting the changing intensity of exploitation of coastal and hinterland 
resources, and their relative palaeoeconomic importance, is greatly complicated by the fact that the 
available environments and resources on the coast and in the hinterland in southern Scandinavia were 
continuously changing because of postglacial changes in climate, environment and forest cover (see 
also Hansson et al. Chap. 13, Glorstad et al. Chap. 19). Large samples of environmental and archaeo-
logical data from many points in time and space will be necessary to unravel these changing relation-
ships, and further underwater research has a vital role to play.

One final point of interest in this Chapter is that one of the best known Mesolithic coastal settle-
ments in southern Scandinavia on the present shoreline, including evidence of numerous human buri-
als, the Swedish site of Skateholm II, was flooded by sea level rise and then exposed again because of 
land uplift, giving some insight into how well different sorts of materials survive inundation. In this 
case, interestingly, the human graves, perhaps because they were buried and covered over when first 
created, seem to have survived better than the remains from domestic activities.

Two final comments arise from a consideration of these chapters as a whole. The first is that they 
are dominated by evidence from just two major geographical centres: the coastlines of the western 
Baltic, especially Denmark; and the Mediterranean coastline of Israel. It could be argued that this 
results from uniquely favourable conditions for underwater archaeological preservation and discovery 
in these two regions. However, that is far from demonstrated. Rather, what the present concentration 
demonstrates is the importance of long-term engagement. Both regions have a long history, extending 
over many decades, of interest in and development of protocols for regular monitoring and recording 
of finds as they become exposed, in the refinement of methods of underwater survey and excavation, 
and in the continuity of expertise and interest sustained by the dedication of key individuals.

Conditions of survival and discovery are unlikely to be uniformly similar around all the coastlines 
of Europe—or indeed further afield. Nevertheless, increasing numbers of underwater finds are begin-
ning to appear elsewhere (some are referred to in later chapters of this volume). There is no reason to 
doubt that similar settlements as substantial as the best-known from Israel and Denmark will eventu-
ally be forthcoming from other regions, and every reason for optimism given the number of new finds 
that are now appearing elsewhere—off almost every coastline in Europe (see the online data base at 
http://splashcos-viewer.eu/). Long-term scientific engagement and funding support, encouragement 
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of public interest, regular offshore monitoring to check for the appearance of new finds, and training 
programmes for the next generation stand out as key ingredients for future success.

The second comment is that all the examples so far considered are from the early Holocene, and 
that is for the simple and obvious reason that the submerged shorelines of this period belong to the 
final stage of postglacial sea-level rise and are therefore relatively shallow and easily accessible to 
inspection on or close to the modern shoreline and by diving in shallow water. What about earlier and 
more deeply submerged shorelines? What if sites like Atlit-Yam and Tybrind Vig existed 25,000 or 
even 60,000 years ago, and now lie hidden on these earlier shorelines? Galili et al. (Chap. 6) address 
this question and suggest that the likelihood of encountering preserved prehistoric settlements 
decreases with depth: because of the technical challenges of working beyond the limit of SCUBA; 
because shorelines would have been exposed for shorter periods before inundation by sea-level rise; 
and because the remains left by hunter-gatherer activity might have been more ephemeral. The techni-
cal challenges of working at much greater depths are formidable and should not be played down. But 
there is no reason to suppose that periods of low sea-level at much earlier periods would not have 
stabilised long enough to create suitable conditions for the development of substantial and perma-
nently occupied coastal settlements, assuming that environments and resources were available to sup-
port such a possibility, and that people were sufficiently numerous and sufficiently motivated to take 
advantage of it.

The belief that settlements with an elaborate material culture, permanent and substantial structures, 
and a sedentary way of life could not have existed 20,000 years ago (or earlier) is based on a circular 
argument, which assumes that the final rungs of ascent in a ladder-of-progress interpretation of human 
history—intensification of resources, especially marine resources, permanent village settlements, 
social stratification, population growth and ultimately agriculture—could not have happened before 
about 10,000 years ago at earliest. Why not, we might ask? Because there is no earlier evidence is the 
standard answer. And why is that? Because—as any informed reader must now be aware—the coast-
lines where such evidence would be mostly located are now deeply submerged and have scarcely 
begun to be investigated. We know from isolated artefacts and faunal remains recovered from the 
seabed that prehistoric material is preserved at great depth in the 60–>100 m depth range (e.g., Long 
et al. 1986; Fedje and Josenhans 2000; Stanford et al. 2014) . The discovery of settlements like Atlit- 
Yam or Tybrind Vig on much earlier and now deeply submerged shorelines would radically overturn 
current preconceptions about world prehistory, and for that reason alone should become a target for 
future investigation—even if we are still far from having the skills and resources to reach that target 
(but see chapters in Part IV for projects with that target in view).

1.4  Underwater Landscapes

The chapters in Part III move the focus of attention away from individual sites to the reconstruction 
of submerged palaeolandscapes at a larger geographical scale. The emphasis is mostly on geophysical 
and palaeoenvironmental techniques of reconstruction rather than underwater archaeological finds. 
Nevertheless, all the studies are motivated by archaeological questions and many involve multiple 
collaborations between archaeologists and geoscientists, underscoring the need to integrate many dif-
ferent types of expertise. They also illustrate a number of different archaeological uses of palaeogeo-
graphical and palaeoenvironmental reconstruction: as a means of identifying the distribution of 
significant concentrations of food resources and water supplies on the pre-inundation landscape (all 
Chapters); as a first step in assessing where underwater prehistoric sites and settlements are likely to 
be located and archaeological material is likely to be preserved (Chaps. 12, 13, 15, and 16); as a guide 
to the interpretation of underwater finds where they are already known (Chaps. 13 and 15); and as a 
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means of refining the explanation and interpretation of archaeological sites and archaeological 
sequences on the present-day coastline (Chaps. 12 and 16).

Approaches presented in these chapters divide broadly into two categories: those that use bathym-
etry and other geophysical techniques to locate or infer the position of submerged shorelines and other 
physical features of the submerged landscape such as palaeo-river channels and physical topography 
(Chaps. 12 and 16); and those that use intrusive methods such as coring of sediments or sampling of 
speleothems, sometimes in combination with geophysical techniques, to recover dateable sequences 
of palaeobotanical and geochemical indicators of past environmental and climatic conditions (Chaps. 
13, 14, 15, and 17). In an ideal world, the full range of geophysical and palaeoenvironmental tech-
niques would be combined. However, the extent to which that is possible or necessary will depend on 
the nature of the offshore topography, the balance between sedimentation and erosion on the sub-
merged shelf, the budget available to the research team, the availability of relevant equipment and 
expertise, and the nature of the archaeological problems to be addressed.

One important point about underwater mapping emphasised by Bicket et al. in Chap. 12, and one 
that recalls the approach developed by Chiocci et al. in Chap. 3, is that datasets of bathymetry or other 
underwater features are often already in existence and publically available and can be exploited to 
good effect (a point also made by Goldhammer and Karle in Chap. 15). In this Chapter, the authors 
show how far one can go in using existing data to map the changing configuration of coastlines and 
sea channels of relevance to routes of travel and communication by sea, to identify broad-scale 
changes in shoreline geomorphology and resource potential such as the varying width of the intertidal 
zone or the balance between rocky and sandy shores, to make sense of the location of existing settle-
ments on the present shoreline, and to assess underwater areas promising for future exploration. Such 
publically available datasets, because they have usually been collected for other purposes, may not be 
ideal in their detail or resolution for archaeological purposes. Local shoreline positions taking account 
of glacio-isostatic movements may have to be estimated by reference to more generalised models of 
relative sea-level change (see also Harff et al. 2017a), so too the depth and character of the seabed in 
the absence of sub-bottom profiles. Nevertheless, such data provide usable information for many pur-
poses, and a guide to where more detailed and localised investigation would be worth pursuing.

In Chap. 13, Hansson et al. provide a good example of how geophysical measurements and coring 
of sediments can be integrated to provide a detailed, high resolution reconstruction of environmental 
conditions on the submerged palaeolandscape. Detailed examination in this case was made possible 
through the collaboration of geoscientists, marine geologists and archaeologists with access to com-
mercial ships and equipment and was focussed by the existence of already-known underwater archae-
ological remains (see also Holmlund et al. Chap. 4). One point that emerges very clearly from this 
presentation is the extraordinarily complex, dynamic and often subtle changes of shoreline configura-
tion, environments and hydrogeological regime associated with the final stages of deglaciation and 
global sea level rise in the study area. The complexity arises from the interaction between sea-level 
rise, melting of ice barriers, regionally variable isostatic adjustments, and periodic damming back or 
release of Baltic waters. Such complexity places a high premium on the location, accuracy and detail 
of geophysical reconstructions and dateable palaeoenvironmental sequences.

Another point of interest, given the claims that have been made in other regions, notably the Black 
Sea, for catastrophic flood events and their human impact (Ryan et al. 1997; Lericolais et al. 2009; 
Yanko-Hombach et al. 2011), is the evidence in the western Baltic region for periodic, rapid and dra-
matic changes of water level through an amplitude of up to 25 m. As the waters of the Baltic were 
periodically dammed back to create a vast freshwater lake and then released again to connect with the 
world oceans, so they created large areas of newly exposed coastal lowland territory, only to flood 
them again, a sequence that occurred on at least two occasions over a period of less than 2000 years. 
Such a rapid complex of changes must have occasioned almost continuous disruption, re-adjustment 
and adaptation of settlement patterns and subsistence strategies for the human populations of the 
region, no doubt with more far-reaching social and demographic consequences.

1 Introduction
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This theme of dynamic and rapid change carries through to the work described in the following two 
chapters, both of which integrate a variety of geophysical and palaeoenvironmental techniques and 
reconstructions. Hepp et al. in Chap. 14, in another example of combined geophysical and palaeoen-
vironmental analysis, demonstrate what can be achieved by way of reconstruction over quite exten-
sive areas, focussing on the submerged rivers systems of the ‘Duck’s Beak’, which connected with the 
Palaeo-Elbe Valley, and the slightly later Palaeo-Ems. These are both part of a major system of river 
channels which drained northwards from the NW German land mass into the vast territory of 
‘Doggerland’ exposed at lowered sea levels in the southern part of the North Sea Basin (see Glorstad 
et al. Chap. 19, Gaffney et al. Chap. 20, Momber and Peeters, Chap. 21). These valley systems would 
almost certainly have been a major focus of attraction for late Upper Palaeolithic populations already 
established in NW Europe during the closing stages of the Last Glacial, and most probably major 
arteries of communication, movement and animal migration (see Fischer 2004).

Karle and Goldhammer in Chap. 15 examine the southern rim of the North Sea, the Wadden Sea, 
one of the largest coastal and intertidal wetlands in the world. Here, because of long-term subsidence 
of the North Sea Basin, the sea has continued to encroach on dry land up to the present day, accom-
panied by rapid accumulation of marine, fluvial, estuarine and terrestrial sediments in a complex and 
ever-changing mosaic of drainage patterns and environmental conditions. The authors focus on the 
German sector of the Wadden Sea, between the estuaries of the Ems and Elbe Rivers, and thus com-
plement the deeper offshore research of Hepp et al. discussed in Chap. 14. The approach adopted here 
is to exploit existing datasets including seismic profiles, borehole data representing some 3000 cores, 
geological and historical maps, nautical charts, and databases of archaeological finds. The primary 
output is environmental reconstruction with archaeological objectives: to audit the status of the infor-
mation currently available with a view to ensuring effective management of the cultural heritage; to 
aid the interpretation of existing archaeological material; and to assess the potential for future discov-
eries and the most likely target locations.

Most of the known archaeological material, which is recorded from over 100 locations ranging 
from settlement data to individual finds, belongs to the past 2000 years, and that reflects the rapid rate 
of sedimentation and the fact that only the most recent millennia of the archaeological sequence have 
left a visible mark in the present-day offshore and intertidal mudflats. Much of that archaeological 
record is of intrinsic interest in demonstrating the various ways in which people attempted to protect 
themselves against encroaching flood waters, for example by building artificial mounds and construct-
ing dykes. The corollary, of course, is that earlier material, particularly from the Stone Age, must be 
more deeply submerged beneath a thick overburden of later sediments, posing a considerable chal-
lenge to future discovery. Nevertheless, the authors point out that their mapping work has already led 
to the discovery of a previously unknown site, a 300-year-old farmstead destroyed by flooding, and to 
other locations with high archaeological potential where investigation should be carried out in advance 
of any offshore engineering or construction work.

Chapter 16 switches attention back to the Mediterranean and to the very different offshore condi-
tions of the south Italian coastline, where steeper topography, predominance of erosion over sedimen-
tation and tectonic activity pose very different challenges in assessing the effects of sea-level change 
on coastal topography. In this Chapter, Scicchitano et al. bring together a wide variety of geophysical 
and archaeological data to examine the relationship between coastline change and evidence of chang-
ing belief systems and social identities associated with a rich sequence of archaeological sites on the 
present-day coastline extending from the Neolithic through to the historical period. A combination of 
publically available mapping data, specially commissioned LiDAR and bathymetric survey, the use of 
underwater vehicles, isostatic modelling, and dating of uplifted sea-level indicators shows how a com-
manding promontory with a major settlement became progressively isolated and ultimately cut off 
from the mainland with corresponding changes from residential to ritual activity.

Finally, in Chap. 17, Radić Rossi and Cukrov highlight the significance of freshwater supplies 
located deep in coastal caves formed in karstic limestone country. The caves usually have a 
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connection with the sea even if their entrances are above modern sea level. Accumulated freshwater 
floats on the surface of seawater and many of these freshwater sources are well below present sea 
level. Over 100 such caves are present in Croatia alone and they are well known to seafarers and the 
local inhabitants as a source of freshwater and in some cases for their medicinal benefits because of 
the presence of trace quantities of chemicals such as sulphur. They play an important role in support-
ing settlements in arid regions, and archaeological data within some caves show that they have been 
exploited since at least the Bronze Age. Many have been submerged since the time of formation and 
dating of speleothems provides evidence for the history of their formation and index points for refin-
ing sea-level curves. Little research has been devoted to their archaeological significance despite their 
potential importance. One intriguing question is how widespread they were during periods of low sea 
level. There is considerable interest in the significance of coastal springs in reinforcing the attractions 
of coastal regions during periods of low sea level when climate conditions were generally more arid 
(Faure et al. 2002, see also Bailey et al. Chap. 23). Anchialine caves in karst regions close to palaeo-
shorelines could have further enhanced these attractions.

1.5  Landscapes of the Continental Shelf and Human Dispersals

In Part IV, discussion moves out onto a much broader geographical canvas, looking at whole sections 
of the continental shelf and deploying a range of archaeological, geophysical and palaeoenvironmen-
tal data and techniques, including more ambitious explorations of more deeply submerged landscapes. 
The central problem that motivates all these chapters is the grand theme of early human dispersals. 
This refers for the most part to human range-expansion into wholly new territory by our immediate 
ancestors, anatomically modern members of Homo sapiens, believed according to the current consen-
sus to have originated in Africa and to have spread out from there at some time after about 200,000 years 
ago. This theme can also extend to include much earlier expansions from an African centre of origin 
by earlier members of the genus Homo. Range expansion may refer to territory never previously occu-
pied, such as the Americas and Australia, territory made available again for human occupation after 
periods of abandonment, for example the recolonization of NW Europe following deglaciation, or 
territory already occupied by earlier human populations. The term may also refer, secondarily, to later 
colonising movements, for example the expansion of Neolithic farmers into European landscapes 
with already established hunter-gatherer populations. Since these processes of dispersal, for the most 
part, were in train when sea level was lower than present, they cannot be properly understood without 
systematic investigation of the submerged landscape, a point made by Flemming in Chap. 18 which 
provides a world-wide review of the issues relating to Homo sapiens dispersal.

As Flemming emphasises, an important source of new information lies in the rapidly expanding 
field of palaeogenetics, which has opened up many new ideas about the timing and pathways of popu-
lation dispersal. However, new and sometimes contradictory interpretations are constantly emerging 
from this new research field along with conclusions that have not yet been tested against independent 
field data. Claims that genetic similarities between modern populations living in, for example, East 
Africa and the Indian subcontinent, can be used to derive not only a reliable date for the timing of the 
earliest dispersal between the two continents, but also the specific geographical pathway of move-
ment—usually expressed as the shortest distance that can be drawn between them on a small-scale 
map—look over-optimistic and open to challenge. Uncertainties about the uniformity of mutation 
rates, methods of inferring dates that are subject to margins of error much greater than those typically 
associated with radiometric dates, the possibilities of multiple dispersals, overprinting of earlier 
genetic signatures by later dispersals, two-way movements and alternative geographical pathways, all 
need to be factored into the assessment. Ancient DNA, where preserved in human bone, offers an 
additional refinement and a check on palaeogenetic inferences.
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At any rate, there is a need here for greater communication and collaborative research between the 
various disciplines involved, and especially more intensive research on the changing configuration of 
palaeoshorelines and palaeoenvironments on the submerged landscapes of the continental shelf, and 
a wider understanding of their significance. In his review, Flemming assesses what is currently known 
about all the relevant shelf areas in relation to these issues and the likelihood of further discoveries, 
drawing on the experience of submerged landscape reconstructions in Europe, and focussing on the 
key regions of particular significance for early human dispersal: the Mediterranean, the Red Sea, SE 
Asia, Australia-New Guinea, and Beringia.

Chapters 19, 20, and 21 form a group that deals with different aspects of ‘Doggerland’, the large 
area of the southern North Sea that united Britain, southern Scandinavia and the NW margins of con-
tinental Europe into a single territory during glacial periods, and which was progressively flooded by 
sea-level rise during the late Pleistocene and early Holocene. Since Coles (1998) first coined the term 
Doggerland and reviewed the existing evidence, new investigations have taken place, most notably the 
work of the Birmingham North Sea Palaeolandscapes Project (Gaffney et al. 2007, 2009). 
Palaeoenvironmental reconstructions and the recovery of artefacts and terrestrial fauna dredged up 
from the seabed by commercial operations all point to this region as a major focus of human settle-
ment, and of movement and communication between the adjacent land masses.

Chapter 19 examines the timing and pathways of population expansion along the Norwegian coast 
following deglaciation. This issue is of particular significance because an ice-free corridor seemingly 
suitable for human occupation and accessible either from Doggerland or from southern Sweden and 
Denmark became available as early as 16,000 years ago, but there is no reliable archaeological evi-
dence of settlement until about some 5000 years later (Bjerck 2008). One explanation for the time lag 
is that populations already established to the west and the south were primarily reindeer hunters, and 
that it would have taken time for them to adapt to the new conditions and develop the skills and moti-
vation necessary to develop a way of life dependent on sea-mammal hunting and seafaring, both 
necessary for successful colonisation of the northern Norwegian coastline.

Glorstad et al. suggest a simpler explanation. Taking advantage of an evaluation project financed 
by the Norwegian Government in advance of offshore wind-farm construction, and exploiting already 
existing seismic profiles and bore-hole sediment data made available by oil companies working in this 
sector, they were able to reconstruct the sequence of landscape changes associated with the most 
likely pathway between Doggerland and Norway, using techniques for seismic profiles pioneered by 
the North Sea Palaeolandscapes Project referred to above. Their results demonstrate that this route 
would always have been blocked, initially by an ice-dammed lake and then by a marine channel in the 
vicinity of the present day Norwegian Trench, both too wide to be easily crossed by boat. To the south, 
the principal access route was blocked by an ice barrier, and it was only when that melted that easy 
passage northwards became available at about the time when archaeological evidence of settlement 
further north first appears.

In Chap. 20, Gaffney et al. outline the objectives of the newly funded Lost Frontiers Project to 
carry out more extensive reconstruction of the early Holocene Doggerland landscape, following on 
from their original work in the North Sea Palaeolandscapes Project. In the new project, they aim to 
bring together all the available seismic data to provide a comprehensive topographic mapping of the 
region, and to conduct a programme of coring in two target areas with evidence for well-established 
early Holocene river networks. The plan is to recover 100 cores and to conduct a range of dating and 
palaeoenvironmental analyses of their contained sediments.

One important innovation is the analysis of traces of ancient DNA incorporated in the sediments 
(sedaDNA) for clues to the plants and animals present on the now submerged palaeolandscape. Pilot 
research on sedaDNA has already been conducted at the submerged Mesolithic site of Bouldnor Cliff 
on the English south coast (Momber et al. 2011). The Bouldnor site, excavated over a period of many 
years by Garry Momber and his team, and referred to in the following chapter, is equivalent in impor-
tance to the Danish sites referred to earlier and elsewhere in this volume. Recent sedaDNA analysis 
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there has established the presence of cultivated wheat in deposits sealed by later marine sediments, 
demonstrating the introduction of domestic cultigens from Europe at a much earlier date than previ-
ously suspected. This and the presence of Neolithic pottery recovered from the floor of the North Sea 
suggest that early farmers were already moving into this region before it was fully inundated by sea- 
level rise. Hence, another focus of this project will be to explore the significance of the Doggerland 
submerged landscape and the impact of its changing configuration on the socio-economic transitions 
associated with the spread of farming and the Mesolithic-Neolithic transition.

The theme of changing social and economic interactions and patterns of population movement and 
cultural diffusion is taken up by Momber and Peeters in Chap. 21. They examine the role of Doggerland 
in relation to the surrounding countries at a broad regional scale, looking at late Upper Palaeolithic 
and Mesolithic culture groupings and the mosaic of their changing distributions against the changing 
pattern of climate and sea-level change from 16,000 years ago onwards. They draw on recent archaeo-
logical discoveries both on existing coastlines and below modern sea level, particularly the underwa-
ter sites of Bouldnor Cliff on the English south coast and the Yangtze Harbour finds on the Dutch side 
of the English Channel (see Satchell, Chap. 25), to identify links and patterns of dispersal and com-
munication as sea level rose. These include connections across the south of Doggerland from the earli-
est period after glacial retreat, early connections between Scotland and northern Europe perhaps 
involving seafaring around the northern coastlines and estuaries of Doggerland from as early as early 
as 12,000 years ago, and growing evidence in the Mesolithic of maritime connections around the 
coasts and archipelagos of northern and western Britain after about 10,000 years ago.

Also at about 10,000 years ago, semi-sedentary Mesolithic settlements with hut structures and a 
mixed terrestrial-marine palaeoeconomy appear on the modern coastline in northern Britain (where 
earlier shorelines are visible because of land uplift compared to southern Britain). The authors raise 
the interesting question of whether this phenomenon represents a new phase of intensification and 
adaptation to the loss of lowland territory with progressive sea-level rise, or is simply the first visible 
evidence of an adaptation that was already present at an earlier period on the now submerged coast-
lines of Doggerland—a question that cannot be resolved without further underwater investigations.

Dating from a little later, the Bouldnor Cliff site on the English south coast, with its well-preserved 
underwater finds, has evidence of precocious skills in axe manufacture, wood-working technology, 
including wooden structures and possible boat-construction, and DNA evidence for the presence of 
cultivated wheat (also discussed by Gaffney et al. Chap. 20) substantially earlier than elsewhere in 
Britain. These indicate close connections with France at a time when easy travel by boat between 
southern England and France was still possible around sheltered coastlines and estuaries before sea- 
level rise finally breached the land connection between the two regions.

The remaining chapters in this section move the geographical focus away from NW Europe, to the 
Aegean, the Red Sea, and Western Australia, all key regions in relation to early human dispersal pat-
terns, and all with potential for new underwater research. These chapters have a common thread, 
which is the emphatic assertion in all three cases that the offshore environment, including the sub-
merged landscape at lower sea levels and the marine environment created when sea level rose with its 
offshore islands, archipelagos and ‘seascapes’—or ‘aquapelagos’, the term used by Ward and Veth in 
Chap. 24— should be treated as a coherent entity, forming a seamless whole with the adjacent main-
lands, a focal centre of interest for the people who lived there as much as for the archaeological 
investigator.

The Aegean is of particular interest because it is on the major pathway for connections between 
Europe, the Near East and Africa, both for successive hominin expansions out of Africa during the 
Pleistocene and also for the later dispersal of farming communities, who left some of their earliest 
traces on Aegean islands as on islands elsewhere in the Mediterranean. The Aegean, along with 
Cyprus, has also provided some of the earliest evidence for seafaring—or at any rate sea crossings—
in the northern hemisphere, with unequivocal evidence for a human presence on islands from at least 
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13,000 years ago, long before the spread of agriculture, and claims for even earlier dates on the island 
of Crete (Ammerman and Davis 2013–2014).

As Sakellariou and Galanidou emphasise in Chap. 22, the relative placement of land and sea, and 
the status of islands and their connections with—or separation from—their adjacent mainlands, have 
undergone dramatic changes on the Pleistocene time scale. This is not only because of sea-level 
change as elsewhere, but because of very active tectonics associated with the collision of the African 
Plate with Europe and subduction and volcanic activity along the Hellenic Trench, promoting long- 
term subsidence throughout the Aegean punctuated by more localised episodes of uplift. The authors 
tackle this puzzle by breaking the Aegean region down into nine sub-regions, and draw on available 
seismic, geological and archaeological data within each sub-region to reconstruct changing patterns 
of palaeogeography and the nature of connections and pathways of movement. As with similar map-
ping projects in other chapters, this exercise plays a double role, illuminating the interpretation of 
existing archaeological sites on land, and focussing attention on submerged areas worth closer 
investigation.

The southern Red Sea, discussed by Bailey et al. in Chap. 23, has acquired prominence in recent 
debates about the dispersal of Homo sapiens out of Africa as a key pathway for range expansion, fol-
lowing the so-called southern corridor from The East African Rift to SW Arabia and onward around 
the coastlines of the Indian Ocean into SE Asia and Australia. The project described here is part of a 
larger project designed to test these ideas, combining archaeological and landscape investigations on 
the mainland of SW Saudi Arabia, the Farasan Islands and the submerged shelf. Exploitation of exist-
ing core data and bathymetry combined with sea-level modelling shows that, at low sea levels, the Red 
Sea between Africa and Arabia would have been reduced to a narrow and easily crossable marine 
channel with the exposure of extensive coastal lowlands some 100 km wide on both sides. Targetted 
surveys with a research vessel and a full suite of acoustic, seismic and coring equipment and an ROV 
has demonstrated the presence of a complex topography on this submerged landscape with numerous 
fault-bounded basins, some of which are likely to have formed freshwater lakes, making this an 
important refugium during periods of climatic aridity. The results also demonstrate the very different 
character of the shoreline at lowest sea level. Offshore archipelagos were present that could have 
facilitated early experiments with seafaring and exploitation of marine resources, with further impli-
cations for possible patterns of dispersal via maritime corridors, a theme also discussed in the follow-
ing chapter.

The Australian continent is the paradigm case of early sea travel as the primary means of colonis-
ing a new continent, since it would always have required sea crossings to travel from SE Asia even at 
lowest sea level stands. As Ward and Veth emphasise in Chap. 24, a maritime aspect to human activity 
was present from the very outset, with cave sites on steeply shelving or uplifted shorelines on the 
islands of Wallacea and the Bismarck Archipelago showing evidence of sea travel and intensive 
exploitation of marine resources from at least 40,000 years ago. Investigation of the offshore land-
scape and its submerged shorelines is therefore of more than usual importance in understanding the 
history of dispersal and settlement (see also Flemming, Chap. 18). In this chapter, the authors discuss 
the coastline of Western Australia. They are reliant mainly on bathymetry and models of sea-level 
change to chart the changing character of the submerged landscape. But they also have access to well- 
preserved archaeological sequences on a series of offshore islands that were progressively isolated as 
sea-level rose, as well as evidence from the adjacent mainland, giving a window into the changing 
character of the submerged landscape. The changing composition of food remains in these sites 
through time, together with evidence for the movement of raw materials for making stone artefacts, 
provide a measure of changing patterns of adaptation and movement in response to rising sea level, 
with evidence that coastlines and marine resources were important throughout the sequence. More 
detailed underwater work is planned to further test these conclusions.
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1.6  Outreach and Management

The importance of engagement with a wider public, of training, and of collaboration with industrial 
companies and government agencies is a recurring theme in many of the earlier chapters. In this final 
section, four chapters address more fully these issues.

Satchell (Chap. 25) draws on the experience of the Maritime Archaeology Trust (MAT) in training, 
education and public outreach, and the initiatives developed within the SPLASHCOS Action, to iden-
tify examples of good practice. She identifies four different audiences that need to be addressed: sci-
entists involved in coastal and underwater investigations of various sorts, who have often accumulated 
data archives that can be turned to advantage for archaeological purposes; commercial companies, 
who also often acquire data of archaeological and palaeoenvironmental value and who, in addition, 
need advice on how to implement national and international directives on the mitigation of damage to 
the underwater heritage; government agencies and planning authorities responsible for management 
of the onshore and offshore heritage, who can also benefit from archaeological and geological studies 
of coastline change; and members of the public, who ultimately pay for underwater research and help 
to make the wider case with local authorities and government agencies.

A key difficulty is the remoteness of underwater finds and difficulties of access especially for non- 
divers. However, MAT, which is also involved in the work on the submerged site of Bouldnor Cliff (see 
Momber and Peeters, Chap. 21) has developed a number of innovative practices for many different audi-
ences ranging from 10-year-old school children to professional archaeologists. These include teaching 
packs for school teachers, writing of illustrated story books, hands-on experience with post- excavation 
work, and a travelling ‘Maritime Bus’ with videos, leaflets and examples of underwater artefacts, experi-
ence that has been extended more widely through collaboration with neighbouring European countries 
and through the SPLASHCOS network. She also gives detail on the training programmes developed 
during the SPLASHCOS Action (see also Uldum et al. Chap. 5, Galili et al. Chap. 6), and on a variety 
of initiatives in the UK setting for defining protocols to encourage commercial operators, fishermen and 
members of the public to record and report underwater artefacts and other features.

Tidbury et al. (Chap. 26) describe case studies that bring together evidence from underwater 
archaeology, palaeoenvironmental data, historical maps and archives, and old photographs and paint-
ings to chart long-term changes in coastal geomorphology. Their approach has much in common with 
that described by Karle and Goldhammer (Chap. 15) with the difference that in this chapter the 
research is aimed primarily at providing evidence of coastal change to inform local authorities and 
policy makers responsible for coastal management and planning. This approach contributes to a wider 
research agenda in which the reconstruction of the geological past can be used for future projection of 
coastline change (see Harff et al. 2017b). For another example of the value of ancient maps for pal-
aeogeographical reconstruction and the refinement of geomorphological models, see also Deng et al. 
(2016). The examples presented in this chapter give detail on the mapping of small-scale changes, for 
example in rates of erosion leading to the retreat of the coastline on a time scale of decades and cen-
turies, as well longer-term changes in sea level, and evidence for their human impact and response.

Missiaen et al. (Chap. 27) take up the issue of the threats to the coastal and underwater heritage by 
intensifying commercial and industrial activity in the Belgian context, particularly in the shallow 
waters immediately offshore, which are especially vulnerable to damage by engineering and construc-
tion work. The authors provide interesting detail on the development of new and efficient methods of 
underwater survey in shallow water—a good example of how archaeological imperatives are leading 
to new technological solutions with practical and commercial benefits as well as archaeological ones. 
They also provide a useful review of the international conventions for protecting the underwater heri-
tage and the issues involved in translating these into a workable legislative framework and in provid-
ing advice to commercial operators who have to implement it. The discussion highlights the benefits 
of three-way collaboration between government agencies, commercial companies and underwater 
archaeologists.

1 Introduction

http://dx.doi.org/10.1007/978-3-319-53160-1_25
http://dx.doi.org/10.1007/978-3-319-53160-1_21
http://dx.doi.org/10.1007/978-3-319-53160-1_5
http://dx.doi.org/10.1007/978-3-319-53160-1_6
http://dx.doi.org/10.1007/978-3-319-53160-1_26
http://dx.doi.org/10.1007/978-3-319-53160-1_15
http://dx.doi.org/10.1007/978-3-319-53160-1_27


16

Finally, in Chap. 28, Sturt et al. reflect on the long-term history of developments in the study of 
submerged landscapes and archaeology in the English context over the past century, and what we can 
learn from this history in looking into the future. They bring out the very interesting history of think-
ing and practice extending back to the discussion of submerged forests at the beginning of the twen-
tieth century, emphasising the changing but closely inter-twined and complex relationships between 
scientific and academic research, industrial exploitation of the seabed, government legislation, public 
interest and outreach, and the different historical trajectories of on-land and underwater archaeologi-
cal research and cultural heritage management. They point to the great mutual benefits that have come 
about as a result of a co-evolution between these very different interests, particularly in recent decades, 
but also to the risk of complacency in persisting with a particular way of doing things, simply because 
it has worked in the past, or because of the particular technologies and datasets made available by 
current funding budgets or industrial activity. Deciding what scientific and archaeological questions 
are worth asking, and what techniques and data are needed to answer them, communication across the 
many boundaries between the different worlds of academic and scientific research, commercial activ-
ity and public policy, and above all the engagement of wider public interest, are all essential ingredi-
ents, as they see it, in shaping future research agendas. This final chapter usefully draws together the 
different strands of investigation discussed in the other chapters in this section, and indeed represents 
a fitting finale to the themes of the volume as a whole.
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Abstract Underwater geoarchaeological studies typically involve case studies that vary widely in 
scale, environment and stage of application. As a result, the range of survey techniques and applied 
methods is very broad. This paper aims to present an overview of state-of-the-art techniques and sur-
vey strategies for submerged prehistoric site evaluation. We focus not only on conventional tech-
niques but also on technologies that were designed and developed for other research applications but 
which can or could be effectively applied to submerged prehistoric studies. Different techniques dis-
cussed in this paper include remote sensing (acoustic seafloor and sub-seafloor imaging, Lidar, elec-
tric and (electro)magnetic techniques), direct investigations (coring, sampling and excavation), 2D 
and 3D photographic techniques, and the use of remotely operated vehicles. Notwithstanding the 
enormous technological progress that has been made in recent years, a large number of challenges 
remain not only regarding detection and excavation (especially in deeper water) but also with regard 
to the cost-effectiveness of submerged geoarchaeological surveys. The set-up of ‘best practice’ guide-
lines and close(r) collaboration with industry may provide some solutions.

2.1  Introduction

Systematic mapping of the continental shelf at various scales (regional, local, site) and by means of 
various techniques and methodologies is of crucial importance for the reconstruction of submerged 
landscapes and terrestrial palaeoenvironments and the evaluation of possible locations for prehistoric 
archaeological sites. At this moment a large spectrum of techniques is available, not only in the 
scientific world but also in the world of the military as well as offshore industry. However, because of 
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their cost and leading-edge technology, not everybody has easy access to these methods. Even in the 
more economically advanced countries, research institutes have difficulty in keeping up with the fast- 
evolving technology. Moreover, the techniques are not always used in the most efficient/effective way, 
and in many cases an optimum survey methodology is lacking.

New developments are needed to ‘tune’ the existing techniques to specific scientific targets, as they 
were often developed for other purposes—such as purely geological or terrestrial studies, or military 
research. This modification (or implementation) of existing technologies is probably at present the 
best possible approach for submerged archaeological and palaeolandscape studies, as there is still not 
enough industrial/economic/scientific pressure to develop specific, purpose-designed prospection 
tools. Once there is high probability or proof of a preserved site, further specialist techniques are 
needed for site survey, assessment, and preservation or excavation.

One of the main technological challenges in continental shelf prehistoric research is the wide vari-
ety encountered in scale and environment. Both strongly affect the applied methodology or technique 
(Fig. 2.1). For instance, the search for extensive palaeolandscapes across wide areas of the continental 
shelf requires a different approach from surveying or documenting small (buried) structures of a few 
square meters. Conversely, this also affects the resolution required: what we are trying to resolve in a 
record from a buried river valley is obviously different from that of a single flint. The need for increas-
ingly higher resolution, in other words the detection/identification of increasingly smaller objects, is 
pushing the existing technology to the limit. As yet there is no software that can enhance target recog-
nition or pattern recognition that would speed the identification of prehistoric underwater sites.

The local or regional natural environment also influences the technology that is used. Exposed or 
buried features, sandy or rocky seafloor, hard or soft sediments in most cases require entirely different 
technologies. In this respect, caves are a specific problem, not only because their detection remains 
very difficult but also the nature of the topography (inclined walls instead of a more or less horizontal 
surface) poses major challenges to imaging technology. Local environmental conditions such as cur-
rents, waves, sedimentation, and (importantly) visibility also significantly affect the techniques that 
are used.

Fig. 2.1 Depth of all submerged prehistoric sites registered by March 2014 in the SPLASHCOS data base. The number 
of known sites decreases rapidly with depth. The red curve uses arbitrary units to indicate that the population density 
and tool technology decreases as we go back in time and depth; while the blue line indicates the increasing cost and 
technical difficulty of working at depth (After Flemming et al. 2014)
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Water depth plays a crucial role. Until now, the vast majority of submerged prehistoric landscapes 
and sites on the continental shelf have been found in relatively shallow waters (<10 m), often with 
good visibility and accessibility (Fig. 2.1, Flemming et al. 2014). Only a small (but significant) num-
ber of sites have been examined in the depth range 10–50 m. There is little doubt that a large number 
of well-preserved sites and landscapes are likely to exist in deeper waters but these are largely unex-
plored. To open this vast archive will require interdisciplinary cooperation between archaeologists, 
scientists and engineers.

Closely related to issues of scale is the stage of application, which will determine the technology 
to be used, going from large-scale, low-resolution landscape mapping through to high-resolution site 
imaging, sampling, excavation, artefact recovery, site stabilization, documentation, visualization, core 
interpretation, and site preservation or backfilling (see Fig. 2.2). Different technologies are applied in 
different phases of a survey e.g., (a) commercial seismic data for a rough reconstruction of the sub-
merged landscapes—river systems, shorelines etc., (b) side scan sonar or multibeam echo sounder to 
register seafloor features such as preserved tree stumps and fallen trunks exposed on the bottom, (c) 
2D or 3D high-resolution subbottom profilers to detect archaeological features or small terrain anom-
alies embedded in bottom sediments, (d) van Veen samplers and box corers to recover samples from 
the seafloor and sub-seafloor, (e) photogrammetry derived from imagery.

2.2  Current Survey Technology and its Shortcomings

Due to the large variety in scale, environment and stage of application, the range of survey techniques 
and methods applied in submerged prehistoric research is very wide (Fig. 2.3). It goes from remote 
sensing (acoustic seafloor and sub-seafloor imaging, Lidar, and (electro)magnetic techniques) through 
to direct investigations (coring, sampling and excavation) and 2D/3D photographic techniques and 
remotely operated vehicles.

In recent decades, enormous technical progress has been made in geophysical recording and docu-
mentation methods that are able to provide high resolution data about sediments and structures on and 
beneath the seafloor. Some of these remote sensing technologies were originally designed and 

Fig. 2.2 Simplified diagram showing the wide range of scale, environment and application stage encountered in sub-
merged archaeological studies
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developed for other research applications, such as mine detection and shipwreck studies, but they can 
be effectively applied (if needed with slight adaptation) to submerged prehistoric studies. 
Notwithstanding this technological progress, the identification of artefacts, or other physical evidence 
of a prehistoric site, on remote sensing data remains a huge challenge. This is even more so the case 
when the artefacts are buried below the sea floor.

Geophysical recording therefore always needs to be complemented with genuine archaeological 
investigations. In recent years direct observation methods with regard to documentation, sampling, 
excavation and preservation of cultural deposits have become increasingly efficient, especially in rela-
tively shallow water environments. However the major challenge lies in the development of special-
ized techniques for archaeological investigations in deeper water (10–150 m), and/or environments 
with poor or non-existent visibility.

Fig. 2.3 Simplified diagram showing the wide range of technologies involved in submerged prehistoric research

T. Missiaen et al.



25

2.3  Acoustic Mapping Techniques

2.3.1  Acoustic Seafloor Mapping

Where palaeolandscape areas are exposed or shallowly buried, side-scan sonar and multibeam echo 
sounders are very powerful tools since they provide detailed ‘acoustic maps’ of the sea bed. The main 
advantage of these techniques is that a large area can be scanned relatively fast (on average a few 
hours for a few square km) and with a high precision (decimeter to meter-range resolution). Over the 
years side-scan and multibeam systems have been improving towards increasingly higher resolutions, 
in some cases up to cm-range. This has resulted in an ever finer image of the seafloor morphology, its 
texture and sediments, and any objects or structures on the seafloor. The continuous advance in mate-
rials has moreover resulted in highly compact systems that can be deployed on very small boats and 
in increasingly shallow water, down to a few metres, e.g., Fig. 2.4 (Sakellariou et al. 2011). Though 
much improvement has recently been made in the identification of artefacts by a smart combination 
of backscatter and bathymetry (e.g., Bates et al. 2011), being able to distinguish anthropogenic fea-
tures from natural phenomena remains very difficult.

Recently a new generation of compact, high resolution imaging sonars also known as ‘acoustic 
cameras’ or ‘3D sonars’ has been developed for engineering purposes such as pipeline inspection. 
These sonar cameras (also called imaging sonars), often mounted on AUVs and ROVs, offer a 3D 
field-of-view (up to 130°) of the sea bed and are especially useful in low or zero visibility conditions 

Fig. 2.4 Side-scan sonar image (400 kHz, 2–4 m water depth) of the submerged prehistoric city of Pavlopetri in Greece. 
Blue lines highlight the remains of the walls of the houses (After Sakellariou et al. 2011)
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(Johnson-Roberson et al. 2010). Another noteworthy development concerns multibeam echo sounder 
systems with vertical angular adjustment (by the use of a tilt motor), which can provide accurate 
images of inclined (even vertical) surfaces. This technique offers a huge potential for cave research, 
where conventional multibeam systems with a wide swath are not sufficient (Mallios 2014).

2.3.2  Acoustic Mapping of the Seabed Sub-Surface

In the case of buried features seismic remote sensing (also called sub-bottom profiling) is needed to 
image the palaeolandscape and possible archaeological remnants therein. The seismic technique 
involves a wide range of sources (e.g., boomer, sparker, chirp, echosounder) and receivers (single and 
multichannel streamers). These have been available for decades and they yield increasingly detailed 
images of the sub-bottom with a resolution ranging between 20 cm and 1–2 m. Yet their full potential 
for submerged prehistory research is often not well exploited. Ongoing studies in Belgium show that 

Fig. 2.5 Acoustic sparker profile from the southern North Sea showing the present sea floor (marked by a sand bank 
superimposed with large sand waves) and the underlying buried landscape (including a palaeovalley). Top image: single 
channel data. Bottom image: multichannel (24 ch) data. Applying multichannel recording proved advantageous, even 
for the relatively shallow depths encountered here (After Zurita Hurtado et al. 2014)
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with a smart combination of sources and receivers and resourceful data processing the efficiency and 
performance of sub-bottom profiling for archaeological studies can be significantly increased (Fig. 2.5, 
Zurita Hurtado et al. 2014).

Prime targets for seismic studies include relief features such as buried palaeochannel systems and 
shell midden accumulations, but also wooden remains and organic deposits (e.g., peat layers), the lat-
ter being good indicators of past coastlines and showing a high preservation potential (e.g., Wunderlich 
et al. 2005; Grøn et al. 2007; Plets et al. 2007; Missiaen 2010). Unfortunately these organic-rich 
deposits often give rise to biogenic gas which can completely obscure the seismic image (Missiaen 
et al. 2002). Moreover the detection of subsurface layers containing archaeological material remains 
problematic since different features, for instance hard layers or fine-grained deposits, may sometimes 
yield a similar reflectivity and can therefore be easily mistaken. In the southern North Sea, further-
more, the widespread occurrence of sand banks poses an additional challenge as the short wavelength 
(i.e., high frequency) sound waves are quickly absorbed in the heterogeneous sandy sediments, result-
ing in a decrease in penetration depth (e.g., Van Lancker et al. 2009).

A major drawback of conventional seismic profiling is that small buried features or artefacts are 
extremely difficult to identify. Indeed this technique provides vertical 2D profiles, and (if line spacing 
is sufficiently close) through data interpolation a (pseudo) 3D image of the sub-seafloor can be con-
structed that allows adequate imaging of large-scale topographical features (e.g., tens to hundreds of 
metres in size); but it will easily miss small features of metre and sub-metre scale. The latter require 
true 3D imaging techniques. Yet 3D imaging of the sub-seafloor with high spatial resolution is a com-
plex matter due to the physical constraints placed on sampling and positioning accuracy (Missiaen 
2005; Plets et al. 2009).

In recent years, however, two unique acoustic systems have been developed in the UK (3D Chirp) 
and Germany (SES-2000 Quattro) that allow true 3D imaging of small buried structures with dm- 
scale horizontal and vertical resolution. The 3D Chirp system, which can be surface-towed from a 
small survey vessel, incorporates a rigid frame (2.75 × 2.3 m) containing 4 source transducers and 60 
receiver elements, and integrated real-time-kinematic GPS (Bull et al. 2005; Gutowski et al. 2008). 
The SES-2000 Quattro is a multi-transducer parametric echosounder system that consists of a line 
array of four transducers that are fix mounted onto the survey platform (often a vertical pole) of a 
small vessel; the distance between two transducers can be varied depending on the investigated target 
(Lowag 2010; Innomar 2014). Promising results were obtained for buried engineering structures and 
archaeological wooden artefacts (Fig. 2.6). Most recently, tests in Belgium (2015) have achieved 
images of peat and salt excavation features in the intertidal zone in the highest detail, thereby setting 
new standards for shallow water geoarchaeological research (SeArch 2015).

2.4  Non-acoustic Mapping Techniques

Although less frequently used than acoustic methods, magnetic (or gradiometric) and electromag-
netic (EM) techniques may also be valuable tools to image the (sub-)sea floor. This is especially useful 
when the sediments or archaeological remnants have a magnetic imprint which cannot be detected 
using acoustic methods (e.g., small ferrous objects, pit hearth/oven). Since the level of detail obtained 
with these techniques decreases rapidly with the distance to the sensor, towing the equipment close to 
the seafloor is crucial.

Magnetic surveys at sea often involve the use of two (sometimes more) spatially separated sensors 
(gradiometric method), which provides a better resolution and is able to detect smaller phenomena. 
Surveys can be carried out from relatively small vessels. For shallow depths (less than a few metres) 
the magnetometers can be mounted on a fixed structure; for greater depths they are often mounted on 
a depth-controlled towfish. Increasingly high-performance magnetometers (Fig. 2.7) and smart data 
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processing have resulted in increasingly high resolutions (e.g., Missiaen and Feller 2009). This opens 
perspectives for the identification of submerged archaeological sites (e.g., Camidge et al. 2010; Boyce 
and Reinhardt 2004).

Marine EM techniques conventionally involve the use of heavy and bulky equipment which implies 
the use of relatively large boats. The resolution of the obtained data is generally much lower compared 
to acoustic techniques. In recent years, marine EM techniques have evolved considerably through the 
use of sensitive, and smaller, sources and sensors (e.g., Klein et al. 2005). However until now their 
main use seemed to lie in shipwreck studies, and effective application in submerged prehistoric 
research lacking. The recent development of a marine EM profiler (‘GEM-Shark’) in Germany, how-
ever, opens up new perspectives for archaeological studies (Fig. 2.7, Müller 2009).

Electric resistivity imaging (ERI) is a well-known geophysical method applied on land, but at sea 
this technique is much less used. Most of the current marine electrical resistivity work concerns 
groundwater studies or rock/sediment identification, e.g., for dredging operations or harbour works, 
(Henderson et al. 2010; Rucker et al. 2011; Tarits et al. 2012). A recent case study in Italy applied the 
method to shipwreck detection, but the results were not very convincing (Passaro 2010). For the 
moment the applicability of ERI for underwater archaeological studies seems to be limited to litho-
logical/structural information on palaeolandscapes, complementary to acoustic data.

Airborne LiDAR (Light Detection and Ranging) bathymetry techniques (aka ALB) may be a valu-
able tool in shallow water areas. This remote sensing technology for 3D mapping of the seafloor has 
undergone very rapid development over recent years (Pe’eri et al. 2011) and the quality of the data is 
nowadays often comparable to multibeam (Pastol 2011). Important benefits of this technology are the 
ability to survey seamlessly across the land-sea boundary (Fig. 2.8), and to map extremely shallow 
areas with complex and irregular topography that are off-limits and sometimes dangerous to conven-
tional bathymetric acquisition techniques. On retreating coasts where major storms may result in short 
exposure of lagoon or backshore environments before they are buried again or wiped out by waves, 
the availability of shallow water remote sensing tools will be especially crucial.

Fig. 2.6 Left: a Horizontal slice and b, c vertical slices through a buried acoustic target (location map d) in a tidal basin 
off the SE coast of England (after Vardy et al. 2008). Right: Subbottom image in 2D (top) and 3D (bottom) of a circular 
buried structure in Wismar Bay, Germany. Dimension of the 3D volume is 40 × 40 × 3 m. Data obtained with the new 3D 
parametric echosounder system SES-2000 Quattro (© Innomar)
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Fig. 2.7 Left: Marine magnetometer array in vertical gradient acquisition mode (© G-Tec). Right: Electromagnetic 
profiler array “GEM-Shark” being prepared at sea (© University of Bremen)

Fig. 2.8 Seamless integration of offshore multibeam data and terrestrial/intertidal LiDAR bathymetry data in Bantry 
Bay, Ireland, superimposed in Google Earth (© INSS/ INFOMAR)
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2.5  Sampling, Coring and Excavation

In order to ground-truth the remote sensing data, samples of the seabed and sub-seabed are necessary. 
This can be done from boats using either grab samplers (e.g., Hamon, Day, Shipek, Van Veen grabs) 
or coring devices (e.g., box, gravity, piston, vibro-corer), or under water by divers. By studying how 
the sediments, and the fossils within them, change over time, a picture emerges of how the landscape, 
climate and sea-level have fluctuated in the past. In general it can be said that increasing the amount 
of sampled, cored or excavated sediment will also increase the likelihood of site discovery.

Grab Samplers and Corers Grabs are easy to deploy and can give a very large sample, but they 
only provide information about the seabed surface. Corers can theoretically reach several tens of 
metres beneath the seabed, but in reality rarely exceed 10 m. Box corers can recover large undisturbed 
samples of the seafloor and the uppermost sedimentary deposits up to a few tens of decimetres below 
the seafloor. Most corers are limited in diameter (roughly 10 cm) and require powerful winches for 
their deployment and recovery. They are therefore mostly used by purpose-built oceanographic or 
geotechnical vessels, not easily accessible to the scientific community. Moreover cores or grabs can-
not be operate in rocky substrates.

Diver-Controlled Excavation This involves the careful removal of sediment in order to expose 
archaeological layers and artefacts so they can be carefully recorded. Excavation often involves the 
use of hydraulic and airlift dredges. Whereas the latter performs better at greater depths, the former is 
very effective in shallow water (Faught 2014). The dredged material can be sieved to recover any 
artefacts. When dealing with very small items (e.g., prehistoric flints) it can be appropriate to recover 
material in sample boxes. In the case of loose deposits, coffer structures are necessary for deeper 
excavations to prevent slumping of the sides. Rigid frames may also be used to provide fixed points 
from which to measure, or as support for divers to help them keep clear of delicate material (Fig. 2.9).

So far, surprisingly little research has been done to identify the sedimentary signatures of the 
deposits that make up submerged archaeological sites. Yet Gagliano et al. (1982) showed already 
several decades ago that detailed recording of colour, bedding, and contact descriptions 

Fig. 2.9 Divers excavating the Mesolithic pit dwelling at Møllegabet II, Denmark, from a wooden platform positioned 
above the cultural layer under excavation (Photo M. Gull)
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complemented with point counting, grain size analysis and multiple geochemical analysis make it 
possible to distinguish probable archaeological sites from ‘natural’ sites. This is an important tech-
nique for further research and calibration of proxy indicators.

2.6  Submersibles and Underwater Vehicles

Manned underwater submersibles (or Human operated vehicles, HOVs) and remotely operated vehi-
cles (ROVs) have been used by marine scientistists, military and offshore industry for over 40 years. 
During recent years the use of AUV1 (autonomous underwater vehicle) technology for the survey of 
the seafloor has become increasingly available and economical. Due to the relatively limited bottom 
time (5–6 h on average), slow speeds and human pilots, HOVs are best suited for direct-observation 
mapping and sampling rather than fine-resolution surveys. ROV surveys do not have the constraint on 
bottom time, but often require a dynamically positioned support ship. However, the tethered configu-
ration limits the efficiency and effectiveness, as robot and surface ship have to move in concert, and 
strong currents may also be a problem. AUVs have proven their utility as a stable, controlled near- 
bottom survey platform. They are capable of flying precisely controlled fixed-altitude survey lines, 
making full use of the sonar resolution. They can operate from modest support ships (or from shore) 
and can survey large areas of the seafloor for 24–72 h without returning to the surface (Bingham et al. 
2010).

The most commonly used sensors mounted on ROVs, HOVs and AUVs include navigation sensors 
for positioning, optical sensors (video, photographic, stereoscopic still cameras), sonar sensors for 
mapping the seafloor and its features (multibeam, side scan sonar, subbottom profiler) and chemical/
environmental sensors for quantifying the oceanographic environment. Modern digital image record-
ing, combined with accurate position fixing, facilitates the merging of hundreds or thousands of digi-
tal images into continuous optical maps (Mahon et al. 2011; Mallios 2014).

Though considerable progress has been made in underwater robotics, and a variety of underwater 
vehicles has been used in shallow and deep water for different applications, from mapping to sam-
pling and excavating deep water wrecks and carrying different payloads and sensors, so far their 
application to seabed prehistory and submerged shoreline studies has been astonishingly limited. One 
of the few exceptions is the Pavlopetri project where an AUV was used for the optical identification 
of small surface artefacts (Fig. 2.10, Henderson et al. 2011). This approach could be developed for 
deeper work.

2.7  Photogrammetry

The aim of photographic techniques is to produce a precise, three-dimensional map and image of the 
archaeological site. In recent years rapid progress has been made, as increasingly high precision navi-
gation and vehicle control permit high precision positioning of the acquired photographic data 
(McCarthy and Benjamin 2014; Uldum et al., Chap. 5). Furthermore, photo- and video-mosaic tech-
niques can combine photographic images with precise positioning.

Most common techniques for automated creation of mosaics make use of simultaneous localiza-
tion and mapping (SLAM), augmented with techniques from computer vision and photogrammetry, 
to create a consistent set of image transformations (e.g., Bingham et al. 2010). These techniques 
enable automated generation of strip mosaics, using data association between sequential images to 

1 AUVs operate independently from the ship whereas ROVs are connected by a cable to an operator on the ship.
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produce a mosaic representing a single pass over the site. Currently, active research is ongoing with 
regard to multiple omnidirectional transects (Eustice et al. 2008).

One of the latest advance in underwater photographic techniques is the creation of 3D reconstruc-
tions in parallel with generation of 2D photomosaics (Pizarro et al. 2009) and the development of 
visually augmented navigation (VAN) (Fig. 2.11, Eustice et al. 2008). These techniques extract three- 
dimensional bathymetry estimates based on the collected photographic images Recent software devel-
opments allow three-dimensional models of outcrops reconstructed from video and photographic 
data, facilitating quantitative measurements and photo mosaics within a georeferenced framework. 
The compiled data enable post-cruise ‘virtual fieldwork’ on the seafloor, providing the possibility for 
field data interpretations at a variety of scales from hand specimens to outcrops based on the quanti-
fied optical data (Kwasnitschka et al. 2013). Integration of photographic and sampling technology is 
perfectly illustrated with the ‘Sandcam’ microscope camera, a so-called contact video microscope, 
which provides high magnification CCTV images of seafloor sediments that are in contact with the 
viewing port of the camera (Puleo and Pearre 2008).

Most of the discussed improvements in 2D and 3D optical imagery are related to the use of autono-
mous underwater vehicles, since AUVs often prove more stable platforms compared to ROVs and 
HOVs and are capable of travelling at constant altitude and speed above the seafloor (Bingham et al. 
2010). Given that acoustical detection of small surface artefacts is still problematic, optical identifica-
tion of artefacts (in reasonably clear water), for instance using an AUV patrolling close to the seabed, 
would greatly help to identify sites.

One of the drawbacks of photography and videography is that these techniques do not provide 
accurate dimensional information of underwater archaeological sites. The latter is possible with 
underwater laser scanning (USL), which allows extremely high-detail (mm or sub-mm level) 3D 
images of exposed targets (Gillham 2011). USL can be deployed by ROV, AUV or divers, and has a 
maximum range of 5 m. The technique was applied successfully in 2014 on the Monohansett ship-
wreck site, where the 3D scans enabled detailed understanding of the current condition of the wreck 
(2GRobotics 2015).

Fig. 2.10 Launching of an Autonomous Underwater Vehicle (AUV, left) and Remotely Operated Vehicle (ROV, right) 
for underwater archaeological surveys (© MMRG and Archivo ARQUA)
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2.8  Challenges for the Future

Notwithstanding the current availability of high-performance technology and the technological 
advances that are being made, a large number of challenges for the future remain. Perhaps the most 
important one is to develop methods that can increase the ratio of archaeological finds discovered by 
purposeful exploration to those discovered by chance. This will not only require more reliable remote 
sensing data (i.e., the confirmation of a prehistoric site without actual seabed examination or large- 
scale physical sampling), but also better cost-effectiveness (i.e., improved search efficiency and inte-
gration of existing data). A second important overall challenge lies in direct observations—once the 
site has been found—i.e., efficient sampling, documentation and excavation, especially in deeper 
water.

In addition to these general challenges a number of specific technological challenges exist. A few 
of these are highlighted here.

Detection of Small Buried Artefacts and Bones Identifying small objects buried beneath the seabed 
is still a major challenge. This is due not only to the resolution of the current acoustic imaging 
systems (limited to a few dm at best), but also to the likelihood that the (acoustic) contrast between 
the object and the surrounding sediments may not be sufficient. Ongoing Danish-Belgian research 

Fig. 2.11 3D coloured 
relief (top left) and 2D 
photo-mosaic (top right) 
showing a chamber 
tomb (approx. 4 × 5 m, 
cut 3 m into the 
surrounding bedrock) at 
the submerged 
archaeological site of 
Pavlopetri, Greece. The 
image was produced by 
geo-referenced stereo 
imagery from a 
diver-propelled platform 
(shown below) 
combined with mapping 
techniques (After 
Henderson et al. 2013; 
Mahon et al. 2011
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focuses on the acoustic features of worked flint, specifically differential resonance patterns 
(Hermand et al. 2011; Ren et al. 2011). Although the first results from laboratory studies are prom-
ising, extensive further research is needed.

Effective Image Recognition of the Seabed Notwithstanding the recent advances in sonar and video 
technology, there still seems to be no system available that can recognize prehistoric relics on the 
seabed in an efficient way. Accurate object identification on sonar data is a difficult task, and auto-
mated classification methods are often not able to differentiate between seafloor areas that contain 
features of archaeological significance and areas that are barren (Bates et al. 2007). Future research 
is needed into combining the information of full backscatter maps, high resolution bathymetry and 
photographic data in a smart and efficient way. An important recent development is an efficient and 
easy to deploy Underwater Laser Scanning system (Gillham 2011).

Excavating in Deep Water Underwater expeditions with HOVs, ROVs and AUVs have yielded spec-
tacular findings on the seafloor and produced high quality results particularly in deep and shallow 
water shipwreck archaeology. So far the main use of HOV, ROV and AUV is in documenting, 
remote sensing and sampling (and at its best digging trial trenches). An important challenge for the 
future is to advance their use from visual surveys and incidental salvage to real excavations. This 
will require highly delicate (and remotely controlled) robotic manoeuvring which poses a high 
engineering challenge.

Detection and Excavation of Cave Sites Conventional seafloor mapping is based on a plan view 
projection, which is not suitable for exploration of nearly vertical limestone walls where cave 
entrances may be found. Very-large-swath multibeam systems, currently used for shallow water 
inspection of harbour structures, can be adapted to ROV for deeper water use. DEM-rendering 
software used for multibeam and side scan sonar data interpretation could be modified to manage 
3D data (indeed some software already support this). Examination of the inside of a cave is still a 
major problem, and so far no efficient techniques for this seem to exist, as the risk of failure has 
deterred trials. This area needs intensive study to find a way forward.

Survey of Intertidal Areas Intertidal areas are problematic due to the extreme shallow water, tidal 
effects and wave disturbance, and the often widespread presence of shallow gas. Archaeological 
exploration is very difficult (especially in high-energy areas) and seldom attempted, which is 
unfortunate since these areas are often known to be rich in archaeological remains. Recent studies 
have indicated that a smart combination of complementary techniques, both acoustic and non- 
acoustic, and preferably combining marine (during high tide) and terrestrial (during low tide) 
investigations, is crucial (Missiaen et al. 2008; Evangelinos and Missiaen 2012; Delefortrie et al. 
2013). Furthermore, ongoing studies in Belgium in the framework of the SeArch project focus on 
the potential of acoustic shear waves and surface waves for archaeological assessment of intertidal 
and nearshore areas (Kruiver et al. 2013; Missiaen et al., Chap. 27).

2.9  Conclusions

Due to the wide variety of observational scales and environmental conditions encountered in sub-
merged prehistory, research involves a large spectrum of technologies. This ranges from acoustic, 
(electro)magnetic and Lidar remote sensing to underwater coring and sampling, diving surveys and 
the use of underwater vehicles. Many of the techniques were developed for other purposes (e.g., geo-
logical or terrestrial studies, military research), and they are often aimed at shallow water environ-
ments. In order to adapt the technology to the specific needs of submerged prehistory research and to 
advance to deeper water investigations, improvements in survey techniques are needed. This also 
involves new developments in software to allow the integration of large data volumes from a wide 
range of sources. All these developments require sufficient resources, which can only be achieved 
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through increased scientific budgets, both on a national and on an international scale. Close collabora-
tion with marine industry may facilitate technologically demanding research and also reduce costs.

Industrial projects in underwater settings make elaborate use of seismic surveying, dredging/
extraction and coring, and these data can be of great interest for submerged prehistory research. Yet 
they are an under-utilized source. Petroleum industry (3D seismic) data, for instance, cover large areas 
of the continental shelf but with relatively low spatial resolution (line spacing at a few hundreds of 
metres). The Doggerland project has shown that the use of 3D industrial seismic data, combined with 
novel data analysis techniques developed by the petroleum industry, provides an efficient way to map 
the Late Pleistocene and Holocene palaeomorphology (Fitch et al. 2005; Gaffney et al., Chap. 20; 
Holmlund et al., Chap. 4). Industrial cores are originally carried out for engineering purposes, but the 
resulting information about the substrate is extremely useful for the geoarchaeologist, and collabora-
tion with industry can seriously reduce the cost of sampling.

At the same time the expansion of industrial activities on the continental shelf forms a threat for 
the archaeological material (either by destruction or by removal from its context). This is especially 
the case with the aggregate industry, where the key resource zones often coincide with zones of high 
archaeological potential, at least with regard to Palaeolithic material (e.g., relict fluvial terraces). A 
close collaboration with the aggregate industry is therefore needed, the benefits of which are well 
demonstrated by the success of the work supported by the Aggregates Levy Sustainability Fund 
(ALSF) in English waters between 2002 and 2011 (Gaffney et al., Chap. 20; Sturt, Chap. 28). This 
will not only help to avoid unnecessary loss of archaeological information, but will also increase the 
number of finds.

With regard to industrial projects at sea the set-up of a ‘best practice’ approach is crucial, going 
from general reconnaissance surveys to the localisation and investigation of small sites or targets, 
keeping in mind the different settings and environments in different sea areas. This will allow critical 
decisions to be taken at every step of the research regarding more detailed survey, assessment, test 
excavation, preservation in situ, etc. Furthermore such a best practice approach can become a strong 
tool in Environmental Impact Assessments (before research is carried out).

A final, but important, aspect is the availability of new technology. As shown above there is a large 
technological potential but not everyone has access to the technology and related infrastructure. 
Collaboration between national institutions to share expertise and techniques is therefore crucial. 
High-technology data acquisition and processing requires experienced people and trained operators. 
This collaboration is largely interdisciplinary in nature, given the wide range of techniques and data 
that need to be integrated, and increasingly international.
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Abstract After the Last Glacial Maximum, some 21,000 years BP, the sea level rose from −130 m to 
its present-day position. This process of marine transgression inundated or eroded palaeolandscapes 
to varying degrees, resulting in the landward movement of the shoreline. The transgression velocity 
(TV), i.e., the velocity at which the shoreline migrated landwards, depends on evaluating the balance 
between the rate of relative sea level rise and the slope of the transgressed palaeotopography. It has a 
key role in determining the possibilities for reconstructing palaeoenvironments, the potential preser-
vation of archaeological sites and the socio-economic and psychological impact of sea-level rise on 
past human populations. In this chapter we present a simple conceptual and computational approach 
to reconstructing the transgression velocity on shelf areas, making use of Digital Terrain Models 
(DTMs) of seafloor topography coupled with relative sea level curves, and discuss the different out-
comes and limitations at different spatial scales, ranging from the continental (European seas) to the 
ultra-local scale.

3.1  Introduction

The interest for prehistoric archaeologists in continental shelves is steadily increasing as it becomes 
clear that present-day submerged shelf areas afforded palaeolandscapes for human exploitation with 
a range of coastal, marine and terrestrial resources as well as access to transportation and migration 
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routes during the glacial and early postglacial periods (Bailey and Flemming 2008; Flemming et al. 
2014; Evans et al. 2014). Many archaeological findings have been discovered on the seabed and the 
environmental features of the submerged landscape have been reconstructed with increasing detail 
(Anzidei et al. 2014; Evans et al. 2014). The expectation of future discoveries is very high, due to the 
growing interest in this new research field and to technological advances in high-resolution underwa-
ter investigation (Flemming et al. 2014). Underwater prehistoric archaeology crosses disciplinary 
boundaries and a variety of data is needed for a precise definition of the position of palaeoshorelines 
and the reconstruction of palaeolandscapes, both for palaeoenvironmental reconstruction, for the 
identification of possible sites where prehistoric artefacts and remains can be found, and for an evalu-
ation of the social, economic and psychological impact of past sea-level rise (Evans et al. 2014; 
Flemming et al. 2014).

A commonly underestimated but crucial factor is the velocity at which the high-energy shoreline 
environment migrated across the continental shelf in the last 21 ka BP, from more than −100 m to its 
present position (Flemming et al. 2014). The velocity of coastline retreat, or transgression velocity 
(TV), on a continental shelf depends on the often-complex interplay between (1) sea-level change, (2) 
seafloor subsidence or uplift, (3) seafloor morphology and (4) erosional or depositional processes that 
may have altered the pre-existing land surface and created the present-day bathymetry (Fig. 3.1).

Conceptual and computational models reproducing the effects of this interplay of factors are useful 
for prehistoric archaeology but they may also give useful information on the morphogenesis of spe-
cific features of the shelf, rates and amounts of eroded sediment available for past littoral dynamics, 
formation of specific sediments or vegetational assemblages, and so on (e.g., Trenhaile 2001, 2002, 
2011; Zecchin et al. 2015).

Here, we propose a simple computational approach taking into account the combination of relative 
sea-level change and present-day bathymetry and discuss its application, potential and significance at 
different scale ranges.

3.2  Relative Sea-Level Change

Sea-level during the last glacial cycle rose from about −130 m at the Last Glacial Maximum (LGM), 
21,000 years BP, to the present-day level (Caruso et al. 2011). For instance, in the Mediterranean, at 
about 6800 cal years BP, the sea-level curves show a clear inflexion with a slowing down of the sea 
level rise from 6 to about 1 mm/year (Lambeck et al. 2011).

The overall rate of sea-level rise since the LGM was about 1 cm/year but it did not occur at a steady 
rate. It was very slow at the beginning and at the end of the rise; for example, the sea level in the last 
2000 years has been rising at an average rate of 0.1 mm/year (Lambeck et al. 2014). In contrast, 

Fig. 3.1 The velocity of 
coastline retreat 
(transgression) across 
the continental shelf 
emphasising the 
interplay between 
relative sea level change, 
the pre-existing seabed 
topography and the 
present-day seabed 
topography as modified 
by erosional and 
depositional processes
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periods of very fast sea level rise, probably linked to abrupt input of freshwater produced by melting 
ice caps, are recognised worldwide and reached rates of up to 3–4 cm/year (Fairbanks 1989; Bard 
et al. 1996; Liu and Milliman 2004).

However, the absolute (eustatic) sea-level curve can be significantly modified regionally and even 
locally by uplift or subsidence of the continental margin due either to (1) tectonics (including volca-
nism) or (2) isostatic readjustment of the Earth’s crust due to the loading and unloading of ice caps 
thousands of meters thick, and of water masses on the continental shelf with depths of up to 100 m or 
more (for a detailed analysis, see Lambeck and Purcell 2005).

In recent years, geophysical modelling of the rheology of the Earth crust’s in response to these 
glacio-isostatic and hydro-isostatic processes has been proposed and verified in tectonically stable 
areas (Lambeck et al. 2006, 2011; Bailey et al. 2011). As far as tectonics is concerned, the behaviour 
of a given coastal area is usually derived from studies of coastal terraces (Ferranti et al. 2006 and 
Anzidei et al. 2014 for the Mediterranean Sea, Harff and Meyer 2011 for the Baltic Sea) suggesting 
that non-linear or alternating vertical movements often occur, and that these can differ even in closely 
neighbouring coastal regions. Recently, insular shelves and submarine depositional terraces have 
been also used to constrain vertical movements (Quartau et al. 2014; Casalbore et al. 2017 and refer-
ences therein).

For this reason each sector of the shelf should refer to a specific curve that takes into account the 
different components contributing to the relative sea-level changes in that sector. In enclosed seas the 
situation may be even more complex due to the opening or damming of seaways that resulted in rapid 
flooding or delayed onset of transgression in specific basins, as for instance in the Black Sea and 
Baltic Sea (Ryan et al. 2003; Uścinowicz 2006, respectively, see also Hansson et al. Chap. 13).

3.3  Palaeotopography

At a broad scale, topography of the shelves may be derived from nautical charts or from bathymetric 
compilations such as EMODnet (European Marine Observation and Data Network) for European seas 
and GEBCO (General Bathymetric Chart of the Oceans) worldwide, having a spatial resolution of 
500 m or more. At a higher resolution, the reconstruction of the present-day topography of the conti-
nental shelf is best based on acoustic swath-bathymetry techniques providing Digital Terrain Models 
(DTMs) with a grid-size of metre to sub-metre scale.

In order to reconstruct the palaeotopography when the coastline migrated over a given area, depo-
sitional or erosional processes also have to be taken into account (Flemming 1972). Deposition of 
highstand sediments and, to a lesser extent, of transgressive parasequences (sensu Van Wagoner et al. 
1988) made up of submerged beach facies, may have modified the seafloor morphology, blanketing 
the underlying transgressive surface and often infilling topographic depressions. In this case, the 
reconstruction of the original topography has to rely on high-resolution (hereafter HR) reflection 
seismic profiles that can see through the overlying sediments and map the underlying surface, although 
only in a two-dimensional section and therefore with a limited spatial resolution (see Sect. 3.3.4.2 on 
sources of error).

Much more complex and uncertain is the reconstruction of erosional processes that altered the pre- 
existing topography. For instance, the unconformity that was created during the last glacial cycle by 
the emergence of the continental shelf with consequent erosion by subaerial processes (river, wind, 
glaciers, etc.) has usually been re-worked during subsequent sea-level rise, creating a transgressive 
erosional surface known as a ravinement surface (Nummedal and Swift 1987). This surface usually 
shows a flat or smooth morphology, showing no evidence of unevenness due to subaerial erosion, nor 
the presence of continental deposits (Fig. 3.2). The main exception to this is where the original land 
surface comprised hard bedrock and where eroded remnants may be preserved (e.g. Zecchin et al. 
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2015 and references therein). Hence the amount of seafloor removed or modified by erosion due to 
shoreline transgression strongly depends on the nature of the transgressed substratum, wave regime 
and tidal range (Belknap and Kraft 1981; Bernè et al. 1998; Cattaneo and Steel 2003).

3.4  Transgression Velocity on the Continental Shelf

Transgression velocity is a combined function of relative sea level rise and the slope of the trans-
gressed topography (Fig. 3.3). For example, slow sea-level rise and high-gradient topography result in 
a low TV, while high velocity is the result of fast sea-level rise coupled with low-gradient topography. 
Analytically, this velocity can be expressed by the ratio between the rate of relative sea-level rise and 
the slope of the transgressed surface. For the most complete results, a three-dimensional reconstruc-
tion of seafloor topography is desirable, and for this purpose we use Digital Terrain Models (DTMs). 
If the relative sea-level curve between specified bathymetric intervals is taken into account and the 
rate of sea-level rise is considered, by estimating the seafloor slope at each point of the DTM over that 
bathymetric interval, one may apply the following:

 
TV

RSLR

SFS

H TH

V O

H O

V TH
= = =

×
×

/

/  
(3.1)

Where: TV transgression velocity, RSLR rate of sea-level rise, SFS seafloor slope, H relative sea- 
level rise, TH time interval over which sea-level rise occurred, O horizontal distance, V vertical 
distance.

If the sea level rise is computed as corresponding to an increase of sea level of 1 m and the slope is 
computed as the horizontal distance corresponding to 1 m on the vertical scale, then:

 
TV

H xO

V xTH

horizontal distance for m vertical offset

timeinterv
= =

1

aal over which m sea level riseoccurred1  
(3.2)

In this way, for any given depth at any given point, the TV can be computed from information on 
sea floor topography and the relative sea level curve.

Fig. 3.2 High resolution seismic profile off the mouth of the Tiber River. The presence of postglacial marine sediments 
means that the present-day bathymetry is very different with respect to the palaeosurface transgressed by the rising sea 
level. Note the flatness of the erosional unconformity (ravinement surface) at the base of the postglacial depositional 
sequence. For location, see Fig. 3.6

F.L. Chiocci et al.



43

3.4.1  Computational Procedure

We have created a MATLAB routine (named TRASPEED) to combine the grid data and the relative 
sea-level curve(s) in order to obtain the TV. The TRASPEED routine allows us to handle large data- 
sets, to compute the values needed for the TV algorithm, and to generate ascii output files that can 
drape successive surfaces onto the available DTM (Fig. 3.4). In detail:

 1. trasdec.m deletes possible null depth values or depth errors present in the DTM, and then trans-
forms slope gradient units from degrees to radians

 2. RSLR.m defines, for reference sites, the vertical rate of sea-level rise at each depth, using linear or 
spline interpolation of sea-level curves

 3. DWM.m associates the matrices produced by the previous two subroutines and is the core of the 
MATLAB routine. Using an inverse distance weight (Dodonov and Dodonova 2011), it averages 
two neighbouring curves to compute the values for each grid node

 4. Trasp.m computes horizontal rates of movement as described in Sect. 3.3.4 and Eq. 3.2

3.4.2  Sources of Error

When reconstructing the velocity of the shoreline transgression, it is important to be aware that errors 
and inaccuracies are inherently present in the computation. These include the following:

Eustatic Curve The sea level rise is reconstructed as a continuous record from variations in the ratio 
(Δ) 18O and 16O isotopes as a proxy for ice volume and therefore for water subtracted from the oceans. 
The composite curves so obtained are refined by additional field observations such as dates of sea-
level-related corals or marine deposits (Bard et al. 1996; Waelbroeck et al. 2002; Siddall et al. 2003). 
Different authorities, however, offer different curves so that margins of uncertainty involving at least 
some metres have to be taken into account.

Fig. 3.3 The 
transgression velocity, 
i.e. the velocity at which 
the shoreline moved 
landwards, is the 
combination of relative 
sea level rise and the 
slope of the transgressed 
topography
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Tectonic/Isostatic Component of Sea Level Rise Vertical behaviour of a coastal area is usually 
derived from the height/depth of the MIS5.5 shoreline. The reconstructed eustatic height of this 
feature is between +3 m and +7 m in the northern hemisphere (Ferranti et al. 2006; Pedoja et al. 2014). 
The offset of the local MIS5.5 shoreline with respect to this reconstructed height is used to compute 
the average subsidence or uplift over about the last 124–130,000 years. This raises two possible 
sources of error: (a) averaging vertical movements on this time period may be not correct, as tectonics 
may not behave linearly, especially in geologically active areas; and (b) continental margins are 
commonly affected by subsidence (resulting from thermal, loading or compaction factors) that 
increases towards the outer edge of the shelf, with a hinge-line located near the coast. Therefore 
extrapolation of vertical movements reconstructed on the coast to the submerged shelf area needs to 
take into account an additional contribution for shelf subsidence. Moreover, vertical movements may 
also vary over very short distances because of local fault activity and volcanic dynamics (e.g. De 
Guidi and Monaco 2009) as well as complex patterns of ice melt in periglacial regions (Hetherington 
et al. 2004).

Depositional Processes As already explained, the deposition of marine sediments over the 
transgressed surface may alter the bathymetry especially in front of major deltas or relevant 
sedimentary sources (Fig. 3.2). HR seismics allow reconstruction of the surface underlying the post-
transgression sediments, but the resulting DTM is at low-resolution. This is due to the two-dimensional 
nature of seismic profiles and the spacing between them, and results in a smoothed three-dimensional 
surface interpolated from the available data points.

Fig. 3.4 Flow chart of the TRASPEED MATLAB routine
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Erosional Processes Errors can also arise from ravinement processes, as discussed above (Sect. 
3.3.3).

3.5  Differences of Scale and Resolution

The nature of the results obtainable from computation of transgression velocities will vary depending 
on the geographical scale of observation and the resolution of the available datasets, and this can be 
illustrated by contrasting analysis of continental margins with regional and local analyses.

At the continental scale, estimation usually relies on low-resolution bathymetric data (grid cells of 
hundreds of metres). Moreover, high-resolution relative sea-level curves appropriate to the regional or 
local scale are only available for some parts of the European coastline, notably the coastlines of Italy 
(Lambeck et al. 2011). In consequence, there are some large uncertainties. However, these uncertain-
ties are gradually being reduced as new sea-level curves become available for more locations and HR 
swath bathymetry is extended over larger areas of the shelf. On the other hand, inherent and unavoid-
able errors or uncertainties due to the presence of postglacial deposits of unknown thickness or to 
erosional processes of uncertain extent are less relevant at this scale. The computation of transgression 
velocities at the continental scale is most useful for highlighting differences between sectors that were 
exposed to very different processes of coastline migration due to major differences in slope gradients, 
such as for instance between the North Sea and the Mediterranean, between the northern and the 
southern sectors of the Black Sea, and between the Adriatic and the Tyrrhenian Seas (Fig. 3.5).

At the regional or local scale, in contrast, full-coverage swath bathymetry and densely spaced and 
local relative sea level curves may be available. In these cases estimation of the TV is much more reli-
able, but the results are more vulnerable to possible sources of error. Where the postglacial sediment 
thickness is negligible, e.g., shelves around islands, in arid or karst regions, and offshore of major 
lagoons and marshland areas, we can assume that multibeam bathymetry will give a reliable indica-
tion of palaeotopography. Elsewhere the method has to be applied to isochrones (i.e. isobaths of the 
transgression surface reconstructed from seismic profiles), and this often implies a lower resolution.

The use of regional and local transgression velocities is useful in depicting specific sectors where 
fast transgression in combination with particular coastline morphological configurations may have 
resulted in the preservation of past terrestrial features and archaeological materials. In this case, it is 
also important to consider tectonic data if available.

3.5.1  Continental Scale

The lack of a complete dataset of relative sea level curves for all the European coasts does not allow 
us to produce a reliable and detailed map of TV at a continental scale. Nevertheless, we can compute 
approximate transgression velocities using EMODnet bathymetric data and taking into account the 
different combination of eustatic changes and isostatic crustal movements due to the unloading of the 
ice caps and collapse of the glacial fore-bulge (Fig. 3.5). Thus in areas far from the ice caps 
(Mediterranean, Black Sea, Atlantic Iberia and Bay of Biscay) a relative sea level curve derived from 
the stable Apulia coast has been applied (Lambeck et al. 2011). On the shelf surrounding the British 
Isles, a relative sea level curve originally created for southern England (Houghton et al. 2001) has 
been applied. In areas near the Scandinavian and Scottish ice sheets, the TV was not computed because 
of the occurrence of continuous uplift, or a combination of uplift and subsidence that caused minor 
fluctuations of relative sea level close to its present position (Smith et al. 2007).

3 Relative Sea Level Rise



46

We are aware that this procedure is an oversimplification of the very complex pattern of crustal 
behaviour of European margins during deglaciation; moreover we have not taken account of tectonics 
and hydro-isostasy at this scale. However, it can be seen that the map highlights striking differences 
between continental shelves that experienced very dissimilar transgression rates, with values ranging 
from more than 2 km per century in the North Sea and Adriatic, to less than 1 m per century in the 
Tyrrhenian and Iberian margins (i.e. from 20 m/year to 1 cm/year, respectively).

3.5.2  Regional Scale

The availability of closely-spaced relative sea-level curves for the post-glacial sea-level rise in the 
northern Tyrrhenian Sea (Lambeck et al. 2011) allows the weighted computation of the TV in differ-
ent sectors of the shelf (Fig. 3.6). In the case of regional-scale computations, multibeam data are not 
always available everywhere so that one sometimes has to rely on single-beam bathymetric data. In 
any case, the presence of a thick sedimentary cover – up to a maximum thickness of 80 m of postgla-
cial sediments offshore of the Tiber River mouth (Fig. 3.2, Chiocci and Milli 1995) means that the use 
of bathymetric data may be misleading in shelf sectors fed by major river mouths (white arrows in 
Fig. 3.6). In contrast, the map is much more reliable where the postglacial sedimentary cover is thin 
(dashed black circles) or absent (thick black circles) such as on the Tuscan archipelago or in southern 
Latium.

Fig. 3.5 Distribution of transgression velocity on European shelves computed on the basis of EMODnet bathymetric 
data. In areas close to the Scandinavian and Scottish ice caps the velocity has not been computed because relative sea 
level was falling or nearly stable during the past 21,000 years B.P. (See text for details). Black squares locate Figs. 3.6 
and 3.8
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3.5.3  Local Scale

The shelf surrounding Palmarola Island (southern Latium) is starved of sediments and dominated by 
bioclastic postglacial sedimentation a few metres thick at most (Chiocci and Martorelli 2014). 
Therefore, the site is suitable for the local reconstruction of palaeotopography using multibeam 
bathymetry. Here, we have computed TVs using the relative sea-level curve derived from the neigh-
bouring Circeo site of Lambeck et al. (2011, see dot no. 7 in Fig. 3.6). We have then created a 3-D 
reconstruction based on the bathymetry of the area (Fig. 3.7a), and draped TVs onto this reconstruc-
tion (Fig. 3.7b).

The distribution of TVs appears to be mainly controlled by the uneven topography, i.e., low- 
gradient = high transgression speed. However, the influence of the sea-level curve, though minor is 
not irrelevant. If we apply different relative sea level curves from Lambeck et al. (2011), derived 
respectively from the isostatically subsiding Trieste site in north-eastern Italy (Fig. 3.7c) and from the 
uplifting eastern coast of Sardinia (Fig. 3.7d), we obtain some interesting contrasts. Despite a gener-
ally similar pattern, the position of areas characterized by high and low TVs differs between the two 
cases, indicating a not insignificant contribution from the rate of sea-level rise when analysing the data 
at a local scale. This effect is of course even more apparent when considering localised sites in detail 
(see Sect. 3.5.4 below).

3.5.4  Ultra-Local Scale

A further advance in interpretation can be achieved when combining the TV distribution with a very 
detailed morphological analysis based on multibeam bathymetry in an area with little or no postgla-
cial sedimentation (Fig. 3.8).

In this case, bedrock outcrops are present in the middle-outer shelf around Palmarola Island that 
would have acted as sheltering headlands or islets during sea level rise. The presence of areas charac-
terized by high TVs close to these outcrops (Fig. 3.8) indicates specific locations where a very fast 
inundation of the land surface occurred during sea level rise with little wave reworking, thus creating 
a higher possibility for the preservation of archaeological sites. Note how the visualization of TV by 
colour dots helps to detail very local values at the maximum possible resolution.

Fig. 3.6 Transgression velocity in the northern Tyrrhenian Sea continental shelf (see Fig. 3.5 for location). Dots with 
numbers indicate reference sites for relative sea level curve according to Lambeck et al. (2011). Black square locates 
Fig. 3.7. Blue line locates Fig. 3.2
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3.6  Concluding Remarks

From 21,000 to 7000 cal years BP, the sea level rose from −130 m to its present position at variable 
rates, with peak rates of 4 cm/year. This process directly controlled the velocity at which the shoreline 
migrated landwards (i.e., the transgression velocity) and, consequently, the amount of time during 
which each point on the coastline was exposed to wave action, the type of environment that developed 
there and the likelihood that prehistoric sites would have been protected from wave erosion during the 
transgression.

A conceptual method and a computational MATLAB routine (TRASPEED) have been described 
in order to calculate the velocity of transgression (TV) during the last sea level rise on shelf areas at 
different spatial scales. TVs result from the interplay between relative sea-level rise and the palaeoto-
pography of the submerged landscape. The impact of errors associated with the measurement of these 
processes varies, depending on the scale of reconstruction – continental-margin compared to regional 
and local coastlines. In the latter case, high-resolution bathymetry and local sea-level curves are often 
available, but due to the detailed scale, other factors such as the thickness of postglacial marine 

Fig. 3.7 Estimated transgression velocity draped on a 3D view of the shelf offshore of Palmarola Island (see Fig. 3.6 
for location). (a) shaded relief from multibeam bathymetry; (b) transgression velocity computed by using an RSL curve 
from the neighbouring Circeo site (Fig. 3.6); (c) transgression velocity computed by using an RSL curve from an iso-
statically subsiding site; (d) transgression velocity computed by using an RSL curve from an isostatically uplifting site 
(See text for details)
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sediments or the amount of seafloor eroded by ravinement have to be taken into account. In addition, 
the relative sea-level rise (i.e. absolute or eustatic sea level rise combined with vertical movements of 
the margin due to subsidence or uplift) has to be computed at a local scale, but these data are not 
always available. Where they are, the estimate may be affected by errors due to the long time span 
over which vertical movements are commonly averaged (125,000 years or more using uplifted marine 
terraces) and the fact that they are reconstructed at the coastline and do not incorporate the possibility 
of additional subsidence on the outer shelf.

At the continental scale, the computation of the transgression velocity becomes less accurate 
because of the low resolution of bathymetric data, but the errors have less impact.

These differences of scale have different archaeological implications in relation to the sorts of 
social and cultural processes that they may illuminate. For example, comparison of TVs in different 
European sea basins may be useful in relation to issues of human dispersal and migration, and the 
potential impact of more or less rapid inundation and transformation of human landscapes. At the 
local scale, identification of very high TVs may help to identify locations where archaeological mate-
rial has the best chance of preservation because of rapid inundation and localised topographic condi-
tions that protected material from the full effects of wave erosion.

The method we propose might be applied to many different shelves (the TRASPEED routine is 
available and we are open to collaboration) and its usefulness will be enhanced in future as more 
detailed bathymetry and refinements in crustal modelling become available, allowing the reconstruc-
tion of relative sea level changes at many different locations along the coast and across the shelf.

Fig. 3.8 Distribution of the estimated transgression velocity offshore of Caprera Island (location in Fig. 3.6). The pres-
ence of irregularities on the seafloor (most likely corresponding to headlands or islets during shoreline transgression) 
created sheltered areas of high-transgression velocity such as those depicted in the boxes in the zoom. This setting may 
have enhanced the possibility of preserving prehistoric sites. The numbers in the inset are the transgression velocities in 
m/century
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Abstract This chapter examines the benefits and constraints of collaboration between an archaeo-
logical research unit and a commercial company, using as examples joint research conducted by 
MARIS (Maritime Archaeological Research Institute at Södertörn University) and the Swedish com-
mercial marine survey company MMT. The examples presented here included the detailed reconstruc-
tion by remote sensing of deeply submerged shipwrecks and the mapping and discovery of submerged 
archaeological landscapes and associated artefacts such as fish traps, which can then be examined 
more closely by archaeological divers. The benefits to archaeologists of collaborating with well- 
equipped commercial companies are obvious, but the benefits are mutual. The demands of archaeo-
logical research can generate new technological solutions that have commercial application, as well 
as producing results with wider educational and social benefits. Provided that archaeological investi-
gations are embedded in the normal commercial operations of the company, such collaboration can be 
cost-effective for both parties, and is further enhanced by collaboration with film companies, which 
generates wider public interest and publicity for all concerned.

4.1  Introduction

The Baltic Sea is one of the best places in the world for underwater archaeology thanks to the unique 
conditions for preserving wood and other organic material in the brackish and cold water. The Maritime 
Archaeological Research Institute, MARIS, based at Södertörn University in Stockholm, is focused on 
investigations and interpretations of this special ‘Baltic sunken past’. However, archaeological studies 
of shipwrecks, maritime defence systems and submerged landscapes require special techniques, skills 
and equipment. This is particularly evident for work carried out at great depths, where underwater 
robotics, multibeam bathymetric systems and other sub-sea survey technologies are necessary. 
Developing and improving different methods for underwater survey, mapping and excavation has 
therefore also been a part of MARIS activities. Since 2008 this has been done in close cooperation with 
the marine survey company MMT and with Deep Sea Productions, a film production company. In 2011 
the tech diving company Ocean Discovery also became a part of this collaboration.
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The marine survey company MMT is based in Gothenburg but the company works worldwide. 
MMT’s clients are primarily found in the oil, gas, renewable energy and cable industries, and in gov-
ernmental organizations. MMT operates a fleet of fully equipped Survey and ROV vessels and smaller 
workboats (Fig. 4.1). All ships are equipped with precision navigation and work on seabed mapping 
assignments. The company employs 200 individuals with various specialties in the field of marine 
survey work. MMT combines experience in marine survey operations with new techniques, the latest 
sub-sea equipment, and different types of survey vessels in order to meet the demands of the com-
mercial market. It is important for the company to be flexible, innovative and reliable in order to 
deliver cost-efficient marine survey solutions.

The differences in perspectives and aims between a small research-based archaeological institute 
such as MARIS and a commercial survey company such as MMT are obvious. But there are, never-
theless, interests in common, and our aim in this chapter is to describe our ability to work together, 
assess the benefits of industrial collaboration, and outline some of the ways in which the relationship 
can be optimized for archaeological purposes.

The collaboration between MARIS and MMT has focused on the improvement and adaptation of 
underwater technologies and methods for archaeological use (Holmlund 2014a, b). A particular aim 
has been to develop new standards for documentation and evaluation of source material on the sea 
floor that is out of range of ordinary diving or where diving is too time consuming or risky. The work 
includes both the documentation of minute details on the exterior and inside of shipwrecks and the 
mapping of large areas of underwater landscape.

Fig. 4.1 MMT research vessels Franklin (left) and Triad (right) are two of the vessels which have been used for the 
fieldwork described in this chapter
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Although the emphasis of this volume is on submerged landscapes, we will first describe some 
joint work on shipwreck projects, in order to demonstrate the benefits of our collaboration, and then 
proceed to present new technologies and techniques for deep-investigation that also have potential 
application to studies of prehistoric landscapes.

4.2  Shipwrecks

In 2003 Deep Sea Productions (DSP) and MMT discovered a shipwreck in the middle of the Baltic 
Sea, which even for the Baltic was exceptionally well-preserved (Figs. 4.2 and 4.3). In complete dark-
ness and 130 m below the surface lay an almost intact Dutch fluite (a sailing cargo vessel) from the 
mid-seventh century. Since 2009, the wreck, called ‘The Ghost Ship’ by the team, has been studied as 
part of an international scientific project coordinated by MARIS and with MMT providing the key 
logistical platform. The work has also been documented for TV by Deep Sea Productions (Dixelius 
et al. 2011; Eriksson and Rönnby 2012a,b).

Sampling, salvaging and archaeological documentation have been achieved using Remotely 
Operated Vehicles (ROVs). The robots have in essence replaced the work of the diving archaeologists. 
The total darkness at this depth in the Baltic demands considerable artificial light. For detailed inspec-
tion the limited view from standard ROV video is sufficient, but to achieve an overview, the entire 
vessel needed illumination. This was provided by four LED lights mounted above the ROV as well as 
a 50,000-lumen light ramp lowered from the aft A-frame of the survey vessel. The lights had to be 

Fig. 4.2 The Baltic Sea in the region of southern Sweden showing the location of sites and other features mentioned in 
the text
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lowered between the wreck’s mast tops. This required very precise position-holding by the vessel, 
with a capacity to ensure that ship movements never exceeded 0.2 m (Dixelius et al. 2011).

An almost intact three-dimensional ship is an archaeological challenge. Thorough video documen-
tation was recorded for the archaeological site plans and sketches of the ship. Thanks to accurate 
measurements by laser technology, these plans could be drawn with precision and are correct in scale. 
This work combines archaeological drawing skills with the use of advanced techniques (Eriksson 
2012; Adams 2013, pp. 85–95). Mini-robots and cameras mounted on an extension arm have also 
allowed the research team to ‘board the ship’, and see actual details on the inside of the hull.

During the 2010 expedition, MMT’s vessel Ice Beam was equipped with a single transducer Reson 
7125 multibeam echo sounder mounted under a SubAtlantic Mohican ROV. It recorded reference 
points for the entire wreck site (Fig. 4.3). The beams of the echo sounder penetrated the upper deck 
and the holds, so that very accurate measurements of the inside of the hull, the quarters, the holds and 
the forecastle were taken and presented in detail. The final 3-D model of the Ghost Ship makes it pos-
sible to look inside the ship, study its inner construction and the location of bulkheads and deck levels, 
which allows for interpretation of the various functions performed in different areas of the ship. The 
model, which collates over six million depth soundings, can also create cross-sections of the ship, 
both lengthwise and across the beam from bow to stern. This can be turned into a construction design 
for a small seventeenth-century ship more than a 100 years before such design drawings were made.

In the summer of 2011, two new spectacular shipwrecks were discovered in the central Baltic Sea. 
After years of searching, the well-preserved remains of both Mars (1564) and Svärdet (The Sword) 
(1676) were found. Both were large Swedish royal naval ships that went down after tough and lengthy 
sea battles (Rönnby 2012; Rönnby 2013a, b, pp. 12–14; Eriksson and Rönnby In press).

MARIS and MMT worked together in the exploration of these new ships together with Deep Sea 
Productions and Ocean Discovery. The ongoing documentation of the two wrecks highlights the vio-
lent nature of the conflict and the chaotic environment on board during the course of the battles. The 
sites with all their heavy bronze guns and the ships themselves are well-preserved ‘maritime 
battlefields’.

Mars is situated at a depth of 70 m and Svärdet at 90 m. Some of our work at the sites was achieved 
through technical diving, but most of the documentation has been completed using ROV and multi-
beam echo sounder. In this respect, the experience from the Ghost Ship was invaluable.

Fig. 4.3 ‘The Ghost Ship’, a Dutch fluitship from around AD 1650, found at 120 m depth. The archaeological and 
hydroacoustic information was acquired with ROVs (Photo MMT/Deep Sea Production)
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As part of the ongoing effort to find new solutions, MARIS and MMT have initiated a bottom 
based Blueview scan of Mars (Fig. 4.4) which is stitched together with the ROV MBES data from 
above the wreck. The equipment used is a 3D BV5000 1.35 MHz Blueview and Subatlantic Mohican 
ROV equipped with a R2Sonic 700kHz UHR MBES. The equipment was operated by MMT staff and 
the results were processed jointly by the surveyor and the archaeologist working together. The scanner 
sends out 256 beams with a range resolution of 1.5 cm in a 45° swath; this swath is then rotated with 
a mechanical motor through 360° with different tilt angles, creating a spherical image of the surround-
ings. Maximum range with 1.35 MHz is around 30 m.

The preliminary results are very promising, and the final data outcome will form a three- dimensional 
point cloud of the wreck that the investigating archaeologist can view and turn on all axes, while tak-
ing measurements and obtaining curvatures of the hull. It is also possible to place the scanner inside 
the wreck to obtain a three-dimensional image of the inside.

Initial work on some other sites, for example Gribshunden (1495) (Rönnby 2015) and also on a 
Viking age pole blockage (defensive structure) in Gamlebyviken indicates that the method is suitable 
for various types of archaeological remains. The BV50000 3D is further rated to 4000 m, hence it can 
be placed on a deep-water rated ROV and sent down to investigate wrecks at depths that are unsuitable 
for divers.

A spectacular photo-mosaic of the total wreck-site of Mars was completed in 2012 (Fig. 4.4). The 
mosaic was made by combining more than 600 separate high-resolution photos. Recent fieldwork 
included documentation with photogrammetry. Our ongoing work combining the Blueview results 
with the photogrammetry is very promising. This can be used for archaeological interpretation and 
can also provide 3D virtual reconstructions for museum exhibitions.

Fig. 4.4 Blueview scan over the stern of Mars (Rendering: Joakim Holmlund, MMT)
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4.3  The ‘Landscapes Lost’ Project

A third joint project that MARIS and MMT have been working on is the investigation of the sub-
merged Stone Age landscapes in the southern Baltic (Nilsson and Sjöström 2012; Törnqvist 2013; 
Nilsson et al. 2016; Nilsson et al. 2017).

During the Early Holocene in southern Scandinavia sea-levels changed dramatically (cf. Björck 
2008; Hansson et al., Chap. 13). It has long been known that there exist large areas in the Atlantic and 
the Baltic which for long periods of time were dry land. The scientific knowledge of such inundated 
landscapes has gained new prominence in recent decades, not least in archaeology and Quaternary 
geology (Benjamin et al. 2011). This is partly due to increased commercial interest in the continental 
shelf particularly from oil, mining and aggregate industries, wind farms, and the growing need to cre-
ate infrastructure for communication and energy transfer over marine areas. In addition, and partly an 
effect of the above, improved availability of high-resolution hydro-acoustic mapping (at sub-metre 
scale) and cost-effective photogrammetric 3D modelling (sub-centimetre scale) has made surveys, 
fieldwork and visualization of the submerged landscapes easier.

Consequently, industrial companies, researchers, policy makers concerned with the natural and 
cultural heritage, and other stakeholders have converged in their need for a better understanding of 
the sea-bed environment. It is in this context that the Landscape Lost project was developed. The aim 
is to bring together archaeology and other landscape disciplines from the fields of geology, geogra-
phy and biology. An overarching question is how a better understanding of the inundated landscapes 
of the Early Mesolithic affects the general understanding of this period, and how, at a national level, 
we can map, monitor and preserve these submerged cultural heritage sites (Nilsson 2012; Nilsson 
et al. 2016).

One goal is archaeological survey, examination and interpretation of the submerged landscapes of 
the early Holocene. Two main study areas have been chosen (Fig. 4.2): The Haväng area, located at 
the Early Holocene river mouth of Verkeån in south-eastern Scania, and the Blekinge archipelago with 
several now-submerged estuaries. So far, hydrographic survey and archaeological exploration have 
been completed from the MMT research vessel Triad using MBES and Topas parametric sub bottom 
sonar. Nearly 15 km2 have been measured so far.

The main focus is on the period that comprises the Early Mesolithic Yoldia Sea, the Ancylus Lake 
and the initial Littorina Sea (c. 11,500–8,500 years BP). The Geology Department at Lund University 
has played a significant role, including since 2014 a PhD student involved in the underwater explora-
tion (Hansson et al., Chap. 13). In Blekinge, the project is a collaboration with Martin Jakobsson, 
Professor of Marine Geology and Geophysics at the Department of Geological Sciences, Stockholm 
University.

Here we summarise work in the Haväng area, which has turned out to be the most rewarding so far, 
as well as the most complex area. The work here builds on a 30-year history of geological research 
(Björck and Dennegård 1988; Gaillard and Lemdahl 1994) and involves new surveys and sampling 
which have revealed fish traps dated to 9000 years BP (Nilsson and Sjöström 2012). These construc-
tions have been found in Mesolithic lagoonal sediments, and consist of baskets, weirs and different 
kinds of wattle made of selected hazel withies (Fig. 4.5). The river sediments are still visible on the 
sea bed, as are preserved stumps and logs from the forests which were growing there 11,000 years 
ago.

As in the two earlier collaborations, the archaeological questions have determined the mapping 
methods. Thus, the main goal of the survey was to find eroded sediments and sections, remains of old 
submerged beach ridges, river mouth palaeochannels and even standing tree stumps. We were in great 
need of high-resolution ‘diving-maps’ to facilitate georeferenced exploration and sampling (Fig. 4.6).

Diving on the submerged sites also revealed possible threats (Fig. 4.7). Hydro-acoustic measure-
ments can provide a future monitoring system to monitor such threats, but this is still under develop-
ment and evaluation since it requires continuous surveys over a longer time.
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Fig. 4.5 At the Haväng site several remains of different types of stationary fish traps and fish weirs have been found. 
The fish weir in the lower right image measures 0.75 m. The oldest have been dated to 9000 cal BC (Photo: Arne 
Sjöström, LU/MARIS)

Fig. 4.6 Multibeam measurements showing the submerged lagoon landscape of the Early Holocene Verkeån River 
mouth, SE Scania, Sweden. For further detail see Hansson et al., Chap. 13, Fig. 4.1
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60

In addition to the acquisition of archaeological and geographical data, the project was also an 
attempt to optimize the way different specialists work together on board. The skipper, the surveyor 
and the archaeologist together contribute to a dynamic process of investigation in which it is possible 
to alter a previously established route plan. In this way it is possible to cover large areas, but also to 
concentrate on places with the highest archaeological potential (Fig. 4.8). The surveyors and the 
archaeologists have a mutual interest in learning how each discipline operates and gathers sea floor 
information. The archaeological demand for ‘high-resolution’ and ‘unfiltered’ data generated consid-
erable discussion and new technical solutions, and the integration of different skills and disciplines 
created new and valuable scientific knowledge and optimal use of research funds.

4.4  General Constraints and Benefits of Collaboration

The high daily cost of a vessel equipped with ROV/survey systems, including the ship and survey 
personnel, makes it important to have a detailed plan for the vessel at all times. Any interruption in 
commercial production, or dead time at the pier, will result in extra costs for the survey company. In 
all projects, one has to consider these costs when it comes to mobilization and transit time. Hence in 
order to undertake non-profit projects, such as those involving collaboration with MARIS, it is nec-
essary to have a good plan and a lot of patience. Ideally, one tries to make use of the vessel while it 
is passing by, or when it is in the proximity of the research area. A model so far for our joint work 
has also been to develop new techniques or evaluate new systems for industrial applications, testing 
them on archaeological sites, an activity of mutual benefit to both partners. We have also found it 
helpful to establish simple means of communication involving personal contact. The more informa-
tion and understanding that the commercial operator has about the needs of archaeological research—
and the more archaeologists understand about the constraints of commercial operations—the more 

Fig. 4.7 A threatened heritage. Wires tied to nets or anchors cut through the sediments. The actual photo lies in the 
vicinity of the site pictured in Fig. 4.5 (Photo Arne Sjöström, LU/MARIS)
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efficient the use of the vessels is. This also helps to ensure the optimal methods for a specific archae-
ological project.

Our intention is to continue to develop the ongoing collaboration between MMT and MARIS (and 
our other partners) regarding investigation, documentation and interpretation of archaeological mate-
rial on the seabed. For MARIS the benefit of this is obvious; together with MMT we have been able 
to explore places and sites which we would never have been able to access otherwise. The fact that 
several of our mutual projects have been carried out as part of filmmaking projects with Deep Sea 
Productions and Ocean Discovery has also stimulated the archaeological research—the need ‘to tell a 
story’ has had a creative effect on the projects.

For MMT, challenging new sub-sea projects need new creative solutions, and finding novel ways 
to solve archaeological problems can be a way for the company to develop skills and technologies that 
attract other jobs and commercial contracts. The archaeological knowledge and experience can also 
assist in the development of faster and more efficient interpretation of survey results of benefit to com-
mercial contracts, for example mapping for new pipelines or wind farms. A series of lectures on basic 

Fig. 4.8 The irregular trajectory of an archaeologically effective survey, showing 48 h of continuous survey in the Hanö 
Bight. LU/MMT

4 Joint Explorations of the Sunken Past



62

principles of maritime archaeology has been held at the MMT office for project and offshore manag-
ers and further courses and lectures are also planned. PhD students from Södertörn University and 
MARIS have been able to join expeditions with MMT, and have used the resulting data in their work 
(see Eriksson 2014a, b).

A further important step in this collaboration is our new joint near-shore survey and diving vessel. 
MMT and MARIS have together obtained a new small research catamaran, Svanen (the Swan) 
equipped during 2015 for archaeological survey and sampling. This will further strengthen our col-
laboration. The vessel will be able to carry out detailed and effective near-shore investigations and 
surveys, important not least in finding shipwrecks and inundated prehistoric settlements in shallow 
water. An important challenge for us to tackle regarding this in the future is to find old archaeological 
material which is located beneath a covering layer of sediment. New methods for acoustic penetration 
of sediments combined with core sampling will be tried in selected areas with high potential for pre-
historic human activity.

Our experience convinces us that this kind of cooperation between academia and industry can give 
new insights and perspectives, generate new scientific results and also contribute to strengthening a 
company’s abilities and competitiveness.

Finally, regardless of current political agendas, economic outcomes and the possible commercial 
benefits of collaboration, we want to stress that the archaeological aspect is the real core of our joint 
work. What really links us together is our mutual interest in exploring the sunken past.
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Abstract In 2010, a submerged Late Mesolithic settlement site was discovered near the hamlet of 
Falden during a week-long archaeological dive survey of Helnæs Bay, Denmark. The survey was car-
ried out as part of a training exercise, funded by the SPLASHCOS network. The discovery was a rare 
occurrence in recent years because priority has been given to rescue investigation of sites affected by 
the threat of erosion or otherwise potentially destructive modern development. This was not the case 
at Falden. Two short field seasons subsequent to the site’s discovery (2011–2012) yielded a large 
inventory of worked flint, faunal remains and various other archaeological materials. The site is pre-
sented here within a larger discussion surrounding issues in training and capacity building, as well as 
management and research strategies concerned with prehistoric underwater cultural heritage. The 
fieldwork was based on methods used for many years by Langelands Museum as part of a combined 
survey and public outreach programme, with the additional integration of SPLASHCOS participants, 
mainly Early Stage Researchers. The lessons learned during this integrated dual-purpose capacity-
building and archaeological research mission serve as a valuable experience for a proposed training 
centre with the aim of providing the opportunity for researchers and practitioners of underwater 
archaeology to gain the necessary experience to properly undertake research and advise (or them-
selves become) competent authorities working in underwater heritage management.
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The Late Mesolithic Site of Falden, Denmark: Results 
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5.1  Introduction

The importance of the coast to Stone Age hunter-gatherer populations has been addressed by many 
prehistorians (e.g., Rowley-Conwy 1983; Van Andel 1989, 1990; Larsson 1990; Bailey 2004) and 
should not be understated. Advantages of coastal living are (simplified from Bailey 2004) as follows: 
(1) Ease of travel and communication for people and cultural ideas, including trade, social interaction, 
movement of people and material culture, and travel by sea; (2) Access to food resources, specifically 
the high availability and variety of marine and terrestrial plants and animals; (3) Access to other (non- 
food) resources, including fresh water in high water-table environments and at coastal river-mouths, 
and raw materials including pebbles, river rocks, driftwood, and other organic materials for structures, 
tools and fuel. The coastal prehistoric archaeological resource in the Baltic offers some of the clearest 
evidence of this relationship and more prehistoric sites have been discovered and excavated from 
submarine environments in southern Scandinavia than anywhere else in the world.

In this chapter, we summarise the development of underwater prehistoric archaeology in southern 
Scandinavia and then present the results of a SPLASHCOS training mission that resulted in the dis-
covery of a previously unknown late Mesolithic underwater settlement, the site of Falden, in Helnæs 
Bay, Funen. We set out the methods used in the survey and excavation of the Falden site, including 
experimentation with novel photogrammetry techniques, present the results and discuss their wider 
significance. We use this case study to reflect on the tensions between cultural heritage management 
and research, and highlight the need to provide opportunities for gaining experience and training in 
underwater prehistoric archaeology both for researchers and cultural heritage managers.

5.2  Underwater Prehistoric Archaeology in Southern Scandinavia

Underwater archaeological methodology has been practised on prehistoric sites in southern 
Scandinavia since the 1970s (Larsson 1983, Chap. 11, Andersen 1987), and survey methods for sub-
merged site discovery have proved, in certain cases, to be adaptable to other coastal locations (Fischer 
1993a, b, 1995; Benjamin 2010). As a result of the richness and preservation of archaeological mate-
rial and a sustained programme of research and investigation, archaeologists in southern Scandinavia 
have set a standard for underwater methodology and its application to Stone Age archaeology. Material 
from such sites has been used to address a variety of research questions within the wider field of pre-
history including subsistence (Pedersen 1995, 1997), trade and social stratification through prestige 
goods (Klassen 2000; Fischer and Kristiansen 2002), Mesolithic dwellings (Grøn 2003), settlement 
patterns (Schilling 1997) and early prehistoric seafaring (Andersen 1987, 2011).

The Western Baltic is shallow, sandy and almost brackish with a salinity of less than 0.1%. Its 
shores are predominantly sandy beaches, and many bays and coves offer sheltered waters. Late glacial 
and postglacial climate and landscape have been a focus of Quaternary geologists and archaeologists 
in the Baltic region for over a century (Björck 1995; Fischer and Kristiansen 2002). Even prior to the 
1920s, attempts were made to reconstruct the late glacial and postglacial palaeoenvironments of the 
Baltic region (Antevs 1922, Fig. 5.1), illustrating the rich history of scientific interest in the region. 
Discussions related to the late Quaternary climate and environment of southern Scandinavia include 
geology, topographic change, temperature fluctuations, eustatic and regional sea-level change, isos-
tasy and hydrology, with particular emphasis on the development of the Baltic Sea, which went 
through multiple transitions (Björck 1995; Christensen et al. 1997). All of these variables have had an 
effect on the landscape of southern Scandinavia, and therefore impacted the human populations 
inhabiting the region during times of rapid change (Larsson 1990; Price 1991; Fischer 1995). Climatic 
indicators used to study these physical changes include seismic records, pollen data, macrofossil 
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analysis and the presence of microorganisms, the latter with particular reference to distinguishing 
freshwater deposits from brackish deposits (Bennike et al. 1998, 2004).

The landscape of Denmark and the Baltic coastal regions of Germany and Poland is generally 
characterised by low moraine hills on land, and a sea that rarely exceeds 30 m depth. The shallow 
topography means that changes in sea level have a major impact on the position of shorelines (see 
Chiocci et al. Chap. 3), and the Jutland Peninsula and the Danish Isles looked markedly different in 
the Boreal and Atlantic periods. This expanded terrain was densely forested with predominantly 
deciduous species, offering habitats for a wide spectrum of fauna. The Mesolithic populations in the 
low-lying areas that make up present-day Denmark are thought to have been relatively dense during 

Fig. 5.1 Map of Denmark with the location of the Falden site indicated. West of Kattegat is the Swedish coast, south 
of the Jutland peninsula is Germany (Graphics: Langelands Museum)
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the Atlantic period (Brinch-Petersen et al. 1998). A large proportion of this land was inundated during 
the Atlantic period, and extensive hunting grounds and coastal habitats were submerged (cf. Mathiassen 
1997, Fig. 2).

Since coastal Mesolithic peoples in the Atlantic period lived during a period of dramatically chang-
ing environments, they had to contend, physically and mentally, with constant adaptation (Larsson 
1990). Settlement directly on and adjacent to the shore was frequent, due to a subsistence strategy that 
relied heavily on marine resources and stationary fishing structures (Pedersen 1997). The relationship 
between inland and coastal settlements is still not very well established, because the inland dwellings 
have suffered poor conditions of preservation, while the coastal settlements have been relatively well 
preserved, often under sediments in shallow water. Equally, sea-level change would have inundated 
coastal settlements, and affected soils and vegetation while creating new environments, including 
those valued for their fishing potential. This process submerged Early and Middle Mesolithic sites, but 
also affected later Mesolithic (Ertebølle) sites (Malm 1995).

Pioneering investigations on submerged Mesolithic sites took place in Denmark in the early 1970s. 
Among the first to be professionally excavated were Møllegabet on the Island of Ærø, undertaken by 
Langelands Museum (Skaarup 1995; Skaarup and Grøn 2004) and Tybrind Vig on Funen, led by 
Moesgaard Museum (Andersen 1987, 2013, see also Uldum 2011). The waters surrounding Funen 
have proven to be among the richest in Denmark—and the world—with regards to the amount of 
preserved settlements and inundated Mesolithic landscapes. Although relative sea-level change is a 
complex and regional process, dropping the water level by 1–4 m gives a rough estimate of the past 
shoreline, which corresponds with the location of coastal settlements of the late Ertebølle culture.

The Ertebølle culture (c. 5600–3950 cal BC) is known for its use of flint blades, its simple flake 
industry and pursuit of intense coastal-resource subsistence and near-shore habitation sites (Price 

Fig. 5.2 Historic vessel ‘Mjølner’ with the 2011crew. Standing: Arne Jensen, Kieran Westley, Freder Feulner, Ehud 
Galili, Radek Szmelak, Hans Toft Nielsen (skipper), sitting: Anne Margrethe Walldén, Jonathan Benjamin, Otto Uldum, 
Flemming Sørensen (Photo: Langelands Museum)

O. Uldum et al.



69

1991). Ertebølle people carved bone and antler, lived in houses and buried their dead close to their 
everyday living space (Larsson 1990; Grøn 2003). Though there may have been knowledge of food 
production and agricultural peoples of neighbouring regions, the Ertebølle maintained a highly pro-
ductive use of marine resources (Pedersen 1995). This shows a diversity of food resources, which, in 
terms of quantity of species, was much greater than in the earlier Kongemose and Maglemose cultures 
(Price 1991) and was perhaps sufficient to deter the introduction of animal husbandry (Fischer and 
Kristiansen 2002). Importantly, the Ertebølle represents a transitional Mesolithic culture, which 
adopted and used ceramics from neighbouring Neolithic groups around 4600 cal BC and lived in 
permanent or semi- permanent sedentary communities. However, the Eretebølle did not adopt agricul-
tural subsistence and continued as a hunter-fisher society for several hundred years despite the pres-
ence of agriculture in neighbouring regions to the south and east.

The inventory of submerged sites from this period is now approaching 500 entries in the National 
Finds & Monuments database for the Fyn area, managed by the Langelands Museum. This consists of 
finds and sites ranging from a few pieces of worked flint (sometimes out of context), to large areas of 
in situ settlement or refuse layers. In particular the Møllegabet and Tybrind Vig sites both show excel-
lent conditions of preservation resulting from the compact layers of peat and gyttja that have encap-
sulated every detail. Small, fragile organic specimens and a range of hitherto unknown artefacts have 
been excavated in both sites, such as paddles, shafted axes and textiles (Andersen 2013, see also 
Skriver et al. Chap. 8).

5.3  The Helnæs Bay Survey and Discovery of the Falden Site

In 2010 a site was discovered in the Helnæs Bay on the South-western part of the island of Funen 
(Fig. 5.1). The Bay had been visited previously by Langelands Museum with the aim of locating pre-
viously unknown Mesolithic sites, and also to search for remnants of an early Medieval pole blockage, 
a military defensive construction, which had been investigated by the Danish National Museum in the 
early 1970s. The Bay, both in its present form, and as part of the Atlantic period archipelago, forms a 
distinct sheltered marine environment, and up to modern times has been the source of livelihood and 
port of departure for the local population. For the most part, the underwater prehistoric sites found in 
the area were those that were clearly undergoing erosion, and seemingly without the presence of any 
peat or gyttja layers, but the general potential of the inner Danish waters for locating submerged 
Mesolithic sites is illustrated by the fact that a handful of sites were found in the Bay during a few 
days of diving in 1995.

On a reconnaissance project in 2003 the museum located a site near the south-eastern shore of the 
bay which contained layers of brown peat. Embedded in the organic material were preserved tree 
trunks from the transgressed Mesolithic forest, and considerable amounts of worked flint including 
many unpatinated and sharp pieces, which suggested a primary deposit. The new site discovered in 
2010 during the SPLASHCOS training mission off the hamlet of Falden, south of the village of 
Faldsled, also contained peat layers, and worked flint in very good condition in quantities previously 
not seen in Helnæs Bay.

5.3.1  Rationale: Strategic Research and Active Heritage Management

Although Danish waters have yielded some of the world’s most spectacular submerged Mesolithic 
sites, the number of investigations carried out by archaeologists is quite limited. Apart from the few 
extensively excavated sites such as Møllegabet I–II, and Tybrind Vig, the many hundreds of dots on 
the Sites & Monuments Inventory (compiled into a digital database/GIS) are mainly the result of only 
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single-day reconnaissance dives. Only very limited information can be gathered from a few hours of 
diving, typically spent by swimming over the patches of eroded settlement or collecting worked flint. 
Often, very little can be done to gather information about sedimentation, and even the spatial extent 
of the site in question is often not systematically confirmed. In the absence of a remit and budget to 
secure material for absolute dating, the possibility of dating such a site depends on chance finds of 
artefacts with diagnostic characteristics suitable for typologically-based sequence dating. Although it 
is significantly better than nothing, this method of limited reconnaissance diving also carries a number 
of inherent biases or even faults. It is a superficial approach to archaeological survey that establishes 
and perpetuates an inventory with biased data. Because heritage management seeks not only to quan-
tify its resource, but rather qualify the significance for public benefit, such a superficial approach is 
insufficient and does too little to promote scientific and archaeological advancement given the dem-
onstrated international importance of this resource.

Adding to the further bias of survey results, only sites that are actively eroding will be discovered 
by reconnaissance missions alone. There is no correlation between this near-shore erosion and the 
preserved Mesolithic shoreline, and as such the settlements that are surveyed are dictated by modern 
conditions; they are not necessarily representative of prehistoric activity centres themselves or, as a 
dataset, an accurate distribution of prehistoric sites. The Falden site, on the other hand, is rare in that 
it was only found because it was actively sought through test excavation justified by and based on 
existing information and local knowledge.

The difference between a single day and a couple of weeks of field investigation at a site is dra-
matic. After a site is discovered and the initial information is gathered, a research plan must be devised. 
All submerged prehistoric sites in Denmark are protected by law. Therefore it is a prerequisite to 
obtain permission to carry out any intrusive methods (such as test pitting) from the Agency of Culture, 
the central government agency responsible for cultural heritage. Often in cases of newly discovered 
sites, preliminary research goals will be to establish the basic elements of the site: age/date(s), extent/
size, state of preservation, characterisation of the site activities and, where possible, site function. In 
most cases, while a brief visual survey does help to establish the most basic of records, it is insuffi-
cient to document with confidence the core archaeological information needed to establish the signifi-
cance of the site. For an inventory of underwater cultural heritage to be useful, the data on which it is 
built must be reliable and substantial. Strategic research must go beyond the minimum prerequisites 
needed to ‘put a dot on the map’. Of course, similar challenges are faced in terrestrial archaeology; 
however, the challenges of working in the underwater environment magnify this problem, resulting in 
large databases of poorly understood sites, as discussed by Adams (2014) with specific reference to 
shipwreck studies.

Although the discussion above highlights the low percentage of in-depth site investigations under-
taken in recent years, the long history of submerged prehistoric site investigation in the Baltic has 
resulted in the evolution of an efficient and practical methodology. Wherever possible, a firm date 
should be obtained, ideally by radiometric techniques, to secure an age-range of an artefact, or from 
clearly cultural material provenanced from an intact (settlement or refuse) layer, which is sequentially 
related to other preserved layers. To achieve this, some intrusive methods are necessarily involved. 
Similarly the spatial extent of the site needs to be based on thorough documentation of the stratigra-
phy; samples may be obtained by hand-coring and test trenches, and at spatial intervals to demonstrate 
appropriate coverage within the site. Trenches should reveal the state of preservation, and where they 
yield artefacts, evidence of past activity. Remote sensing, which can be very useful in understanding 
a landscape on the regional scale, still cannot yet provide the resolution obtained by observation dur-
ing traditional, diver-based underwater archaeological field practices (but see Bailey et al. Chap. 1, 
Missiaen et al. Chap. 2). This is especially the case where sites are known or considered likely to exist 
at a local scale, and certainly there is no way to replicate excavation remotely. Remote sensing and 
sampling techniques (such as geotechnical coring and grab-sampling) have, however, proved useful in 
surveying and establishing potential for the discovery of new sites, especially at the medium or large 
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(regional) scale where sites are not necessarily expected, or where limited data have demonstrated 
some possibility of discovery (e.g., Plets et al. 2007, Tizzard et al. 2011, Westley et al. 2011, Missiaen 
et al. Chap. 2).

5.4  A Programme of Community Engagement: Langelands Museum

Local knowledge has been cited as being the primary resource for archaeological discovery. More 
submerged sites in Denmark were discovered by members of the public than by any other means dur-
ing the heyday of discovery in the 1970s and 1980s (Smed 1987).

Langelands Museum has taken a proactive approach to community engagement. Since the start of 
its underwater activities in 1972, when surveying for submerged Mesolithic sites was initiated, the 
museum has acted in cooperation with amateur divers interested in archaeology (Skaarup and Grøn 
2004). The investigations of the Møllegabet I site began in 1976, and the majority of excavators were 
not qualified archaeologists, though they were directed by professionals.

In more recent times, an annual ‘cruise’ (in the humblest sense) with the aim to survey for sub-
merged Mesolithic sites has taken place since 2000, with the museum’s (active) historic vessel 
‘Mjølner’ used as a research platform (Fig. 5.2). The vessel is suitable for up to eight people as a live- 
aboard, but can accommodate another six on board during a day’s work. The participants are required 
to demonstrate adequate dive qualification and skills, but need not have any formal qualification in 
archaeology. A short introduction addressing ethics, protocols and diving safety sends the new ama-
teur archaeologist off on a first non-disturbance, visual survey. The sites are chosen in advance, mainly 
based on Fischer’s (1993a, 1995) predictive model for stationary fishing sites, and are marked with 
buoys enclosing the area in a square formation.

During the time Langelands Museum has hosted these tours, more than 100 one-week slots have 
been offered, but since a core group of participants has taken part in more than one tour, this roughly 
equates to 60 different individuals. More than a dozen have been undergraduate archaeology students 
who have taken this opportunity to gain their first hands-on experience with underwater archaeology 
as an entry-level underwater archaeological field school. Some of those have pursued careers in the 
field of underwater and maritime archaeology, while others have stayed in terrestrial archaeology but 
with an insight into the practical realities and first-hand experience of submerged cultural 
landscapes.

About 60 individual locations have been surveyed by visual reconnaissance, and this has added 
roughly 30 new entries into the Danish national finds and monuments database, ranging from a few 
displaced pieces of worked flint to well-preserved and intact settlement layers.

5.5  Field Results at Falden

The discovery of the Falden site was made in 2010 during a ‘Short Term Scientific Mission’—a field 
course under the SPLASHCOS banner funded as part of the European Cooperation in Science and 
Technology (COST) Trans-Domain Action 0902. Helnæs Bay was chosen because earlier reconnais-
sance surveys using a small team and rapid survey methods, as described above, had identified finds 
worth further evaluation. Also, because the waters in the area are reasonably well sheltered, the risk 
of having to cancel diving due to bad weather was reduced. The need for potential ‘call-off-days’ for 
underwater fieldwork and training missions is an especially important real-world consideration and 
imposes a need to manage expectations for everyone involved, from students to staff to funding 
agencies.
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During the initial days of the 5-day training course, a number of dive locations along the northern 
shore of the bay were subjected to the usual visual survey, with the addition that the divers were 
allowed to hand-fan the surface sediments. During the first 3 days, the limitations of visual survey were 
apparent and archaeological results were thin. A spot on the Eastern shore had been chosen in advance, 
but initially nothing but sandy seabed with Zostera (sea grass) and boulders was to be seen through 
non-disturbance methods. At this point, at the end of the survey, one of the most experienced members 
of the SPLASHCOS survey team (and indeed one of the most experienced underwater archaeologists 
specialising in prehistoric material), Dr. Ehud Galili, decided to investigate the seabed further. His 
efforts hand-fanning a small test pit resulted in the recovery of worked flint with sharp edges and 
unpatinated surfaces, characteristics of a primary, undisturbed deposit. A basic grid was laid on the 
seabed, with a N–S/E–W cross, measuring 10 m, and more hand-fanned test pits were dug. All of the 
test pits contained unusually high concentrations of worked flint, even by Danish standards.

5.5.1  Test Excavations

During the relatively few, though often long, dives undertaken in 2010, the minimally-intrusive field 
work had proved that the site contained intact layers of peat with substantial quantities of worked flint. 
The site’s spatial extent was measured to be at least a 10 × 10 m square. The museum had not inves-
tigated a submerged site in Helnæs Bay or its vicinity, though Ertebølle-sites had previously been 
studied on land on Western Funen (Andersen 1978). The new site had the potential to add new data to 
the general inventory, with the potential to provide insights into the history of transgression in the 
region. Also, the fact that the site would not have been discovered but for active investigative methods 
(hand-fanning and hand-dug test pits) on the seabed gave it a unique status, with the potential to reveal 
new knowledge about southern Danish submerged sites, their preservation and the possibilities for 
future significant scientific and archaeological discovery.

In 2011 another field course in the SPLASHCOS-network was organised, with the aim of investi-
gating the Falden site further and training early career researchers. The historic vessel Mjølner once 
again served as a working platform, and was moored just off the site, allowing divers to enter the water 
directly from the ship. The basic grid from the previous year was extended (with the intersection 
between the axes labelled 500/500, to avoid negative coordinates). The x axis was marked with a red 
plastic baseline, with a tape measure pinned alongside. During the course of a week, five test pits, 
each 1 m × 1 m, were excavated south of the baseline intersection, and two east of the intersection 
(Fig. 5.3). In total, the team managed seven test pits in the course of 4 days of diving, which was sat-
isfactory. The last day had to be spent securing the site and backfilling with sandbags and geotextile, 
since the protective layer of Zostera roots and surface sand had been removed.

The 2012 season was a straightforward continuation, with the grid re-established, consistent with 
the previous year. Further test pits were excavated (Figs. 5.3 and 5.4, bringing the total to 15). The 
observations previously made were substantiated, namely that the conditions of preservation for flint 
are good, but only fair regarding organic materials (when compared with the best-preserved sub-
merged sites in the south-west Baltic).

5.5.2  Material Culture, and Faunal Remains and Chronology

The sediments differed considerably between two different test pits. The time needed to excavate the 
shallow pits amounted to a morning’s dive, while the southernmost pit required 2 days. The stratigraphy 
below the Zostera roots on the site was a layer of coarse sand in all pits, which contained the bulk of  
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the worked flint. Under this, a layer of fibrous peat appeared around y = 490, but not extending to  
y = 470, and was also seen in patches north of y = 490. At y = 470, the layer of coarse sand was more 
than 50 cm thick. This could be explained by the presence of the prehistoric shoreline somewhere 
between these two points. The thick layer of coarse sand containing large amounts of worked flint 
would thus represent a refuse layer deposited in the shallows just off the beach. The dwelling area 
would have been to the north, on a small spit of land projecting to the west, still visible today as a 
shallow mound on the seabed.

The majority of the finds consisted of worked flint. At the time of writing, cataloguing is not com-
plete, but many of the test pits contained several hundred pieces, most of course being flint waste, but 
including many tools and diagnostic pieces. Notable diagnostic artefacts are the transverse arrow-
heads, as they date the inventory to the Ertebølle culture, most likely its middle phases (Fig. 5.5). 
These are made from blades, and of a very uniform markedly splayed type, known as Stationsvej type 
in Danish archaeology (Vang Petersen 1993). Other evidence of blade production is documented in 
numerous ‘raw’ (unretouched) blades, retouched blades in the form of flint knives and scrapers, and 
cores in their final discarded stage. Larger tools are common in the form of flake axes. They are made 
from one large flake, often resembling a large transverse arrowhead and ranging in length from 4 cm 
to the more common 12–15 cm. Many large flakes, presumably blanks intended for being shaped into 
axes, were also found. No core axes have been found on the site, which is quite unusual and likely to 
be indicative of its function and character. Scrapers are predominantly circular flake scrapers, made 

Fig. 5.3 Grid with 
trenches indicated. The 
shore is 200 m to the 
east of the grid centre, 
towards the north is a 
now transgressed small 
spit of land. The hatched 
line shows the 
approximate location of 
the prehistoric shoreline 
(Graphics: Langelands 
Museum)
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by a direct steep retouch of approximately one third of the circumference from the ventral side. Most 
of the worked flint is well preserved, with varying degrees of patina (Figs. 5.6 and 5.7). Patinated lith-
ics in the region generally demonstrate whitening when exposed to the seawater, whereas those which 
are well protected in the anaerobic gyttja are usually dark grey or black in colour. Based on the patina 
encountered, only very little worked flint had been exposed by erosion. The excavated finds show no 
mechanical damage, such as rolling or fracturing, as would be expected if they had been transported 
and redistributed by water action. The site and its material were deemed to have been in situ.

In contrast to the numerous flint artefacts, only a few faunal remains have been recovered so far. 
During the 2011 campaign, twelve bones were found (Table 5.1). They include a skull fragment and 
a piece of antler of roe deer, a left humerus and two molars of wild boar and five unidentifiable pieces. 
Furthermore, two fish bones, from cod and flatfish, are present. The small number of finds limits fur-
ther statements, but in general roe deer and wild boar are typical prey, and fishing of marine species 
also is not unusual during this period. The faunal results of the 2012 field season have yet to be fully 
analysed.

Thus far, two radiocarbon samples have been dated from the Falden site. These are a molar (M3) 
and a left humerus, both from wild boar (Table 5.2). They come from the same test pit 500/489, but 
from different strata. The tooth was found on top of the peat or detritus mud just under the coarse sand, 
the bone roughly 15 cm lower in the same organic sediment. Both samples produced ample collagen 
yields and the AMS δ13C values are in the normal range for collagen. Therefore the results are regarded 
as reliable and because the samples are from terrestrial mammals a marine environmental reservoir 
correction is not required. The bone from the lower level yielded a date of 4991–4798 cal BC and the 
tooth from the upper level a date of 4520–4363 cal BC. The dates are significantly different and in the 

Fig. 5.4 John McCarthy 
dredging a 1 × 1 m trench 
marked by stainless  
25 × 25 cm frames.  
Top layer was sand, in 
places covering peat and/
or gyttja. The sediment 
ejects into a bag made of 
fine-mesh fishing net 
(Photo: Jonathan 
Benjamin)
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Fig. 5.5 Typical examples of worked flint from the site. A flake axe at top left is slightly damaged, and has a white 
patina, as has the transverse arrowhead at top right. Two flakes at bottom left are presumably by-products from rough 
shaping of a flake axe. At bottom right is a blade-yielding core (Photo: Langelands Museum)

Fig. 5.6 The amount of worked flint dredged during one single dive in one trench. Blades, flakes and various chips 
show varying patination (Photo: Langelands Museum)



76

Fig. 5.7 John McCarthy 
emptying a net taken off 
the dredge, and brought 
topside to be sorted. 
Sediment is blown 
through the mesh, and 
all objects kept inside. 
Un-worked flint, pebbles 
and marine life is thrown 
back in the sea (Photo: 
Jonathan Benjamin)

Table 5.1 Animal bones from the 2011 survey

Provenance Number Quadrat Depth

ØHM 15264 X2 499/490 0–10 1 Capreolus capreolus; Os frontale with antler tine, left

ØHM 15264 X12 500/489 30–40 1 Sus scrofa, Humerus, left

ØHM 15264 X13 500/489 20–30 1 Sus scrofa, tooth M3

1 indet.

ØHM 15264 X14 500/492 0–15 1 indet.

ØHM 15264 X15 500/479 0–40 1 Pleuronectidae (Vertebra caudalis), Flounder?

1 Gadus morhua (Vertebra precaudalis)

ØHM 15264 X16 500/489 0–20 1 Capreolus capreolus; Antler

1 Sus scrofa, tooth M2(?)

3 indet.
Determinations by Dirk Heinrich and Wolfgang Lage, Schleswig-Holstein Archaeological State Museum, Schleswig, 
Germany
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right stratigraphic order; however, it remains uncertain if these dates hint at two different occupations 
or one continuous occupation of the site. More data, including radiometric dates, will be needed to 
resolve this question.

If the dates are compared with the age of other submerged Ertebølle sites south of Funen, the older 
Falden date corresponds with Tybrind Vig B, horizon 1, and the younger Falden date with Tybrind Vig 
B, horizon 2 (Andersen 2013, 51) and with Ronæs Skov (Andersen 2009, 38). Both sites are situated 
north-west of Falden in the Little Belt while the other well-known sites of Møllegabet I and II are in 
the south-east off the north-eastern coast of Ærø Island. In this case it seems that Møllegabet II is older 
than Falden, in contrast to Møllegabet I, which was occupied more recently than the Falden site 
(Skaarup and Grøn 2004, 103). Further to the south on the German coast of the Western Baltic, sites 
like Timmendorf-Nordmole II, Rosenfelde, and Rosenhof are more or less contemporaneous with the 
Falden site (Hartz and Lübke 2006; Hartz et al. 2014).

5.5.3  Photogrammetry

The nature of the investigations at Falden as a training exercise allowed scope for experimentation 
with novel techniques. During the 2012 season, the authors conducted some preliminary trials of 
underwater photogrammetry on some of the dives using a ruggedized consumer-grade compact Lumix 
DMC-TS3 without a housing, waterproofed to a depth of 12 m. It was hoped that this would demon-
strate methods for achieving a richer and more accurate record of submerged prehistoric sites than had 
previously been possible. Conditions on the site, such as depth, general light level and visibility were 
found to be suitable to take photos of sufficient quality. However, the presence of Zostera did present 
a major challenge. Photogrammetric recording requires a largely static subject and the Zostera were 
in constant motion due to the swell and current. After some disappointing results, we concentrated on 
limited areas which had been manually cleared (for more detail see McCarthy and Benjamin 2014).

We also made successful surveys of individual metre-square trenches using large numbers of 
oblique images taken in a roughly circular pattern. We also surveyed in a similar manner selected 
trenches at different stages of excavation (Fig. 5.8) and small individual in-situ archaeological finds 
including an in-situ flake axe (Fig. 5.9). Trench recording was also possible once Zostera was manu-
ally removed. Large numbers of images (up to 500 exposures) were captured in several trenches. 
Despite the large numbers of photographs taken, survey was rapid, in each case taking less than 
10 min per dataset. We also found that the use of large numbers of photographs had the effect of filter-
ing out sediment in the water column, making for clearer imagers.

Trench models were output with approximately five million polygons. Processing was undertaken 
using dedicated geomatics workstations with Agisoft Photoscan software. Small finds were also 
recorded, including a 15 cm flint flake axe, output as a model of 19.8 million polygons (Fig. 5.9). 
Although these datasets took over 24 hours of computer time to process, the resulting models of the 

Table 5.2 Radiocarbon results from the 2011 survey, test trench 500/489, calibrated using the IntCal09 calibration 
(Reimer et al. 2009) and OxCal v4 (Bronk Ramsey 2009)

Inventory number
Layer 
depth

Laboratory 
number Identification

δ13C 
(‰)a

Conventional 
14C age (BP)

Calibrated date 
(95% 
confidence)

OHM15264-X13 Peat 
20–30 cm

KIA-45623 Wild boar (Sus 
scrofa), molar (M3)

−21,34 5620 ± 30 BP 4520–4363 cal 
BC

OHM15264-X12 Peat 
30–40 cm

KIA-45622 Wild boar (Sus 
scrofa), L humerus

−20,27 6005 ± 35 BP 4991–4798 cal 
BC

aNote that the δ13C includes the fractionation occurring in the sample preparation as well as in the AMS measurement 
and therefore cannot be compared to a mass-spectrometer measurement
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trenches and the axe proved to be accurate representations of the features encountered and after colour 
and contrast correction offered a better record than was possible through photography alone, possibly 
as a result of the filtering described above; for example, compare one of the original photographs 
(Fig. 5.10) to the photogrammetric trench plans (Fig. 5.8). The 3D trench models also facilitated the 
creation of virtual reconstructions of the hand dredging excavation, and enabled us to create an ani-
mated video showing one of the trenches before and after excavation, and the removal of the overlying 

Fig. 5.8 Orthographic photogrammetric plan views of Trench 4 before and after removal of archaeological deposits. 
The trench is one metre square and images are north-orientated (Graphics: John McCarthy)

Fig. 5.9 Perspective view of photogrammetric model of an in-situ flake axe on the seabed. The axe is ca. 15 cm from 
edge to butt (Graphics: John McCarthy)
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sediment by a virtual dredger to reveal the underlying surface (Fig. 5.11). This will be used as a teach-
ing tool in future work. The application of these experimental survey techniques proved valuable not 
only as a record of the site but also in demonstrating the value of interdisciplinary approaches and 
international collaboration.

Fig. 5.10 An example of one of the photographs of Trench 4 used in the photogrammetric recording. The trench is 1 m 
square (Graphics: John McCarthy)

Fig. 5.11 A screen grab from an animated reconstruction of the dredging process (Graphics: John McCarthy)
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5.6  Discussion

5.6.1  Archaeological Significance

Apart from its initial discovery, the Falden site has been investigated by two, 1-week mini-seasons, 
totalling less than ten full days of work. The results show that much can be gained even by this admit-
tedly limited approach, and certainly much more than by a single-day rapid reconnaissance survey. 
The ideal would be a comprehensive full season (or multiple seasons) of archaeological excavation. 
However, given real-world considerations, resources and time, we suggest that the type of activity we 
conducted at Falden does indeed provide good value for money where full-scale excavation is not 
justifiable or the resource is simply unavailable. It could be considered on more sites as part of a 
broader research strategy, and this would both enhance our knowledge of the past and also inform 
good decision making in the future. It would also facilitate collection of additional absolute dates 
from the Danish submerged settlement sites, which is necessary if we are to fully incorporate the 
submerged Mesolithic with what is known generally from terrestrial deposits and with submerged 
sites further south in the German Baltic (see Goldhammer and Hartz, Chap. 9; Hartz et al. 2014).

The material encountered at Falden may seem a quite unremarkable and typical example of a Late 
Ertebølle settlement. The work carried out does not proclaim the discovery of the world’s (or Europe’s) 
‘oldest evidence’—for example of boating, art, or major cognitive or cultural advancement. However, 
there is significance in making incremental contributions to the dataset of the past: a record that 
slowly and steadily fills in the picture of the human experience during prehistoric periods where mod-
ern keyhole sampling exercises provide the only information available, information that may be biased 
because of the limited sample of available data. In the Falden case, the results are of particular interest 
in referring to peoples who were on the cusp of the transition from foraging to farming. The archaeol-
ogy of the average site may be just that, but it should not be under-appreciated. Care should be taken 
to ensure that regional and national inventories are based on methodical data gathering and recording 
techniques. In this vein, it is important that funding agencies do not expect every archaeological site 
to produce sensational results. Indeed this will only serve to produce sensationalised reporting or, put 
differently, unrealistic expectations and interpretations. Substantive archaeological research takes 
time, and the analysis of the ‘mundane’ in the Mesolithic may require hundreds of sites before real 
breakthroughs and interpretive advancements are made. The site at Falden and work carried out there 
is a good example of a solid contribution to the incremental approach required to build a reliable 
record of the past and a reliable basis for future interpretation and decision-making.

Because the Falden site was not discovered by visual inspection, but by active search in the form 
of hand-fanned pits, the result is that a site has been found where almost no erosion had taken place. 
This was achieved through the use of the fishing-site-location model and the availability of many div-
ing archaeologists at one time. This approach can surely be refined by further experience. It is the first 
site in Helnæs Bay (a substantial body of water) that shows more than just displaced artefacts in sec-
ondary position. Judging from the seabed characteristics, many more sites like this must be present in 
the Bay and in the waters of the South Funen Archipelago.

5.6.2  Training and Capacity-Building

This site and the archaeological project associated with it also presented an excellent opportunity for 
capacity-building and training of Early Stage Researchers, many of whom would not have had the 
opportunity to work, first hand, on such a submerged prehistoric site.
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In modern underwater archaeology, SCUBA diving and the ability to breathe and thus work under 
water are taken for granted. There are, however, numerous considerations which must be acknowl-
edged when working under water:

It is almost impossible to describe to someone who has never dived what it is like to work underwater; for various 
technical reasons, even the most realistic of underwater films give a partially false impression. Much of the 
peculiarity of the experience can be traced to the fact that the diver is effectively weightless under water... 
(Muckelroy 1978, p. 24).

Coupled with gravity, pressure and mobility issues, limited visibility and communication make 
underwater archaeology physically different from archaeology on land. In addition to the reality of 
working underwater, there are numerous basic principles of dive theory which must be considered. It 
is within this context that we identify a need for training of qualified underwater archaeologists.

Even more specific to this discussion is the opportunity for young practitioners and early career 
researchers to train on submerged prehistoric sites. Since the vast majority of prehistoric sites are 
investigated in terrestrial contexts, and most underwater cultural heritage (the broad legal term 
encompassing archaeological sites of all ages) is concerned with sites of Historic or Classical periods 
(Bass 1966; Muckelroy 1978; Delgado 1997), there are few opportunities for early stage researchers 
destined for employment in the heritage profession to gain suitable training and qualifications, and 
especially to the standard required by competent authorities responsible for the management and, 
importantly, the authorization of research. Indeed, if such competent authorities are entrusted with 
checking and weighing the considerations involved (see Maarleveld et al. 2011), it is imperative that 
they are qualified and experienced beyond mere theoretical familiarity or minimal competence. There 
is an urgent need for practical training in the applied methodology of this branch of archaeology and 
heritage management, especially beyond the Danish sphere.

It is also important that when archaeological mitigation is required in a pre-development con-
text, trained professionals are available who are capable of responding to the threats to the cultural 
heritage of all site-types which may be encountered under water. A lack of training and experience 
in the discipline of submerged landscape archaeology will limit both the legal framework within 
which decisions are taken and also the capacity of the profession to respond appropriately to real-
world conditions. In the worst-case, with managers and practitioners who lack the necessary knowl-
edge and experience, protection of prehistoric sites may not be considered at all. Also of grave 
concern under such conditions would be the tendency for heritage authorities to refuse intrusive 
activity, such as test excavation, even when legitimate reasons of archaeological research and 
capacity-building justify it. Such a stance would have prohibited the discovery and investigation of 
the Falden site, and many other sites investigated in the past which we now know to have made both 
incremental and step- change contributions to our understanding and appreciation of early prehis-
tory. In a world of increased scrutiny and accountability, and with seemingly fewer resources for 
archaeology, it may perhaps seem safest to do nothing. However, this is a direct threat to scientific 
progress, to the development of submerged landscape archaeology as an emerging discipline and to 
archaeology in general.

It is fortunate that presently such a scenario does not exist in Denmark, with the balance of protec-
tion and intrusive investigation weighed along with the appropriate needs for scientific and archaeo-
logical research as well as an understanding and appreciation of the need for capacity building. 
However, with an increased focus on in situ preservation and more jurisdiction and responsibility 
placed on the shoulders of already-stretched heritage managers around the world, the described sce-
nario may not be far-fetched, especially if action is not taken to train future generations in the theoreti-
cal and applied aspects of all types of underwater archaeology.
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5.6.3  Proposal for an International Centre of Excellence

Through network-building between EU-based participants, the Danish field training undertaken in 
collaboration with SPLASHCOS participants of various countries and the Langelands Museum can 
be considered as a highly important first step—a foundation for education and international capacity- 
building in submerged prehistoric archaeology. Many years of collaborative research with local com-
munity members and professional archaeologists in Denmark have provided increased training in the 
practical aspects of underwater site recording. It is to be hoped that the work undertaken by the 
SPLASHCOS network will continue; the momentum and good will, as well as awareness in public 
life, must be harnessed in order to ensure a future in the field of study. Only by continuing research 
and training—on actual sites, not only theoretical ‘landscapes’—can the next generation of archaeolo-
gists and heritage professionals be prepared to encounter real-world scenarios. The Danish Baltic, 
with its regional experts and practitioners (and international friends) is uniquely positioned to make 
this globally important contribution to underwater archaeology and cultural heritage management.

The Danish coast and nearshore waters provide an internationally recognized opportunity for a 
centre for excellence in underwater research, training and capacity building. Building on its history 
within the field of study, its leadership representation within SPLASHCOS (and other international 
consortia), Danish marine archaeology has an opportunity to offer a safe, accessible and scientifically 
significant heritage resource in its shallow coastal waters, a resource that can be considered relatively 
abundant in its concentration when compared with what is known on a global scale. Denmark has also 
been at the forefront of developing what is now considered an internationally important field, both in 
terms of scientific and archaeological contribution as well as heritage management. It now has a 
unique opportunity to demonstrate its successful development of the field of study since the 1970s. In 
this vein, but perhaps from a different perspective, it could equally be argued that through the invest-
ment in and success of Danish marine archaeology, Danish practitioners have a professional respon-
sibility to share their experience and to assist a growing number of interested members of the 
professional community of researchers and heritage managers in Europe and worldwide who need 
training. A recent workshop held near Washington DC, USA, has demonstrated an international 
demand for such expertise. This should be viewed as an opportunity for Danish practitioners to make 
a considerable and lasting contribution to World Prehistory.

Without deliberate succession planning for long-term capacity building (following on from 
SPLASHCOS), a sustained field of research of submerged prehistoric landscape archaeology may not 
develop to its full potential. A case can be made for the establishment of a training centre, based in 
Denmark and with international participants, on an annual basis, to ensure the future of suitably 
trained specialists and practitioners in submerged landscape archaeology worldwide. This would be 
both a contribution to capacity building and to submerged archaeology and can also be developed to 
the mutual benefit of all participants and institutions.

5.7  Conclusion

The SPLASHCOS Short Term Scientific Mission in 2010 funded the training of eight international 
Early Stage Researchers. The Langelands Museum provided training as part of their existing com-
munity archaeology programme for the public benefit. This proved to be not only a fruitful exercise, 
but an example of what is truly necessary to train future generations of researchers and managers both 
in Denmark and worldwide. The archaeological results presented here are significant in their own 
right as an original contribution to the European Mesolithic and differ in character from the sites pre-
viously known in Helnæs Bay. The Falden site is therefore important in both the incremental sense on 
the large scale and for its uniqueness at a local scale. It would not have been encountered without 
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some minimally intrusive investigation which was legitimately carried out by trained professionals 
and inexperienced Early Stage Researchers under appropriate supervision and direction. It is under 
these conditions that the SPLASHCOS training missions represent an important step forward in 
capacity building and preparation for the future through appropriate training and real-world experi-
ence that involves underwater archaeological survey and excavation of prehistoric sites.
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Abstract The site of Atlit-Yam is one of the best preserved and most thoroughly investigated sub-
merged prehistoric settlements in the world, with a wealth of finds of material culture and organic 
remains characteristic of a Pre-Pottery Neolithic village based on a mixed economy of farming and 
fishing 9000 years ago. Stone-lined water wells were also found, providing a precise measure of sea- 
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level position when the site was in use, as well as a megalithic structure and human burials. Eventually 
the site was abandoned in the face of progressive sea-level rise, and later Neolithic settlements, were 
occupied at a higher level, and are now submerged closer to the shore. SPLASHCOS funding to sup-
port a Training School, allowed renewed investigations in 2011, providing an unusual opportunity for 
early stage researchers to gain experience and training on a submerged prehistoric settlement which 
also resulted in the discovery of some new features. This chapter provides a summary of the finds 
recovered from Atlit-Yam, the evidence for sea-level change, and a detailed description of the meth-
ods used in underwater survey and excavation.

6.1  Introduction

Today the remains of submerged settlements, and indeed, most of the inundated prehistoric landscape, 
are, generally speaking, buried beneath post-inundation marine and fluvial sediments or biogenic rock 
and are mostly invisible and inaccessible. The likelihood of encountering such remains depends on 
exposure of the material by natural processes of coastal or underwater erosion or by human interven-
tion. In principle, submerged prehistoric remains may occur at any depth on the continental shelf. In 
practice, however, the more deeply submerged the original landscape is, the greater the difficulty of 
locating archaeological material. This is partly because of the technical and technological difficulties 
of surveying the seabed and locating material beyond the range of normal SCUBA diving. Additional 
factors are that deeper landscapes would have been exposed as dry land for shorter periods of the sea- 
level cycle, and settlements from earlier periods are likely to have been more ephemeral, lacking the 
substantial structures and other features that make sites of later periods more easily visible on the 
seabed (see Galili et al. 2013, in press; Galili 2016, for further detail).

On the Carmel coastline of northern Israel, the most promising areas to find inundated human 
settlements, in terms of preservation, concentration of material and accessibility, are those which were 
located on dry land close to the ancient coastline during the Mesolithic, Neolithic and Chalcolithic 
periods (c. 12,000–6,500 BP). Today these sites are at 0–40 m below present sea level, with the opti-
mal depth for finding traces of human settlement at 0–15 m. These submerged settlement sites are 
covered most of the year by shifting surface-sands. Storms occasionally remove the sand cover and 
expose wide areas on the sea bottom including archaeological sites. However, exposure, in its turn, 
makes the archaeological material vulnerable to fairly rapid and massive erosion and loss, unless sur-
vey and excavation are carried out immediately, sometimes requiring a rapid or rescue-style approach 
(Hershkovitz and Galili 1990; Galili et al. 1993, 2005a, 2010).

The 2011 SPLASHCOS field school, held at the Atlit-Yam site on the northern Carmel coast of 
Israel, aimed at providing practical experience for early career researchers by enabling them to engage 
in underwater excavation of in situ archaeological features. The Atlit-Yam submerged Pre-Pottery 
Neolithic village was chosen as an ideal location since it is one of the best preserved submerged pre-
historic sites and represents a well-known and archaeologically important site for the Neolithic period 
as a whole (Fig. 6.1A). Other documented submerged sites of later date are also present along this 
coastline at shallower depths (see Galili et al. Chap. 7, Fig. 6.1B). Excavating at Atlit-Yam provided 
an opportunity for students to become familiar with the environmental conditions, site taphonomy and 
practical and scholarly working procedures of exploring a submerged prehistoric site. In addition, the 
participants were instructed in local and regional material culture, as well as faunal, floral and bioan-
thropological assemblages. Special emphasis was placed on methods of working with materials pre-
served in a submerged environment.

In this chapter, we summarize the finds recovered from excavations at Atlit-Yam including evi-
dence of progressive sea-level rise and its impact on prehistoric settlements along this coastline, and 
set out the details of the training school and the methods employed to undertake renewed excavations 
at the site in 2011.

E. Galili et al.

http://dx.doi.org/10.1007/978-3-319-53160-1_7


87

6.2  The Atlit-Yam Site

The site is now located approximately 200–400 m offshore on the north bay of Atlit. The remains of 
the Neolithic village are dispersed on the seabed at a depth of 8–11 m below modern sea level (Galili 
et al. 1988, 2005a; Galili and Rosen 2011a, b). The site covers an area of about 40,000 m2. It is excep-
tionally well preserved and is unique in its scale, composition and richness of finds relative to other 
known prehistoric sites on continental shelves the world over. At Atlit-Yam the earliest known con-
structed (stone-walled) fresh-water wells have been excavated together with other stone-built con-
structions such as rectangular dwellings (Figs. 6.2 and 6.3) and megaliths, which have been associated 
with ritual behaviour (Fig. 6.4). The site also contains installations and facilities for the production 
and storage of food and abundant remains of tools made of flint, stone, wood and bone, numerous 
remains of animals and plants that were consumed at the site, and tens of human burials (Fig. 6.5).

Galili et al. (2002) proposed that Atlit-Yam is the oldest example of a Mediterranean fishing vil-
lage, based on the simultaneous utilization of marine and terrestrial resources. Remains of about 100 
different plants, cultivated or collected from the wild, were recovered as well as bones of fish, domes-
tic and wild animals, indicating that the village’s subsistence was based on a mixed economy of 
agriculture with animal husbandry supplemented by hunting, gathering and fishing. Such foods form 
the basis of what is recognized today as the traditional Mediterranean diet (Galili et al. 2002, 2004). 
Analysis of human remains demonstrates that the population had to cope with diseases such as 

Fig. 6.1 Location maps: A showing position of Carmel Coast within the Eastern Mediterranean, and B showing detail 
of archaeological sites mentioned within the text
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tuberculosis and malaria, the latter associated with the local marshes (Hershkovitz et al. 1991; Galili 
and Rosen 2011a). An ear pathology found in some of the human skeletons is symptomatic of diving 
in cold water, most probably associated with fishing activities (Galili et al. 2005a). In spite of these 
diseases, a substantial part of the population reached the age of 50 years, an exceptional age relative 
to the Neolithic inhabitants of the Levant (Eshed and Galili 2011). It is possible that the balanced diet 
based on a broad spectrum of terrestrial and marine resources contributed to the relatively good health 
and longevity of the inhabitants.

Sea-Level Change Atlit Yam also provides direct evidence of sea-level change and insight into how 
the prehistoric inhabitants adapted to a continuously rising sea level. This is highly relevant to the 

Fig. 6.2 Model of a rectangular dwelling from Atlit-Yam (Photo by J Galili 2002)

Fig. 6.3 Divers 
covering rectangular 
dwelling, using sand 
bags to prevent erosion 
(Photo by J Galili 1995)
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modern situation, given evidence of sustained global sea-level rise during the twentieth century, and 
predictions of a continued rise during the twenty-first century (Vermeer and Rahmstorf 2009; Gehrels 
2010, p. 31; Church and White 2011). Even the modest sea-level rise in the past century has resulted 
in flooding, coastal erosion and damage to, or destruction of, modern coastal facilities, as well as 

Fig. 6.4 Top: 
Megalithic structure 
under excavation (Photo 
by I Greenberg 1996); 
Lower: Reconstruction 
of the structure in use 
(Drawing by S Ben 
Yehuda)

Fig. 6.5 Human burial 
protected with sand bags 
(Photo by A Zaid 1988)

6 Atlit-Yam



90

ancient archaeological sites located on the modern coastline. These destructive effects are likely to 
intensify in the coming century, with ongoing threats to the offshore and onshore cultural heritage.

At the Last Glacial Maximum 20,000 years ago, the coastline in the Carmel region was some 10 km 
west of its present position. By the time Atlit-Yam was established, sea-level rise had brought the 
shoreline to within ca. 500 m of the site, at which time the sea was some 16 m below the present level. 
This is indicated by the most fully excavated water well (Feature 11), with a base at 15.5 m below pres-
ent sea level indicating the position of the freshwater table at that time (Fig. 6.6). Subsequently, sea-
level continued to rise at a mean annual rate of 5–6 mm between 9200 and 7000 BP and 1–4 mm 
between 7000 and 4000 BP. That led to progressive salinization, flooding and ultimately abandonment 
of the village, and the establishment of later settlements of the Pottery Neolithic period at a higher 
elevation. These sites are presently submerged closer to the modern shore. The combination of archae-
ological evidence from water wells and other features provides an insight into the human response to 
progressive sea-level rise and narrowing of the coastal plain, as well as an unusually detailed and pre-
cise chronology for the pattern of sea-level change on this coastline over the past 9000 years (Fig. 6.7).

6.3  The 2011 Field School

Altogether there were 50 participants, investigators and students, most of them divers, including 12 
international SPLASHCOS members. A total of 150 dives were conducted. During the excavation, the 
participants exposed structures previously identified and studied at the site. These included a water- 
well (Feature 11) (Fig. 6.8) and an upstanding megalithic monument (Feature 56, Fig. 6.4). As part of 

Fig. 6.6 Reconstruction of sea level at time of occupation at Atlit-Yam using water wells (E Galili)
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the terrestrial work, Clive Ruggles and students carried out a Total Station survey from the shore in 
order to connect this megalithic structure to the visible horizon and to determine its possible astro-
nomical significance. An additional circular structure, appearing to be another water-well, was also 
discovered and partially excavated. This is an exciting and significant new contribution from the 2011 
season as the wells tend to yield a wealth of well-stratified material and information. The new feature 
was excavated by the SPLASHCOS divers as part of their training. Only the top layers of the well, 
down to 20 cm below the present seabed, were removed, and the material from this structure was 
bagged and wet-sieved on-shore. It contained animal bones, flint and bone tools, as well as water-
logged plant remains.

In addition to activities in the field, the training program also included lectures by experts, excur-
sions to archaeological sites, visits to museums and demonstrations in laboratories. These included 
the Hecht Museum at the University of Haifa; the Prehistoric Museum of Haifa (where the exhibition 
presenting the submerged settlements off the Carmel coast is displayed), and the National Maritime 
Museum in Haifa and its underwater archaeology section. A visit to the UNESCO Heritage prehistoric 
site of Nahal Me’arot, where an unparalleled time-depth of prehistoric cultures ranging from the 
Lower Paleolithic to the Neolithic was discovered, was guided by M. Weinstein-Evron, the excavator 
of el-Wad Cave and Terrace. The program also included visits to the archaeozoological laboratory of 
the University of Haifa, guided by I. Zohar and a workshop on human bones from the excavations at 
Atlit-Yam conducted by I. Hershkovitz in the Tel Aviv University laboratories where these bones are 
curated. In addition, a dive excursion was undertaken to the Underwater Archaeological Park located 
in an inundated canyon, at 20 m depth, west of Haifa.

Fig. 6.7 Curve showing the sea-level changes in the Carmel coast based on archaeological evidence (E Galili)
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6.4  Excavation Methods

Underwater archaeological excavation methods developed by the maritime archaeology community 
have largely focused on shipwreck sites. Excavating a submerged settlement requires coping with 
issues similar to terrestrial archaeology, such as multi-period stratigraphy, duration of site occupation 
and the function of structures. To these are added additional complications associated with the marine 
environment and sea conditions when working underwater.

Participants were exposed to many aspects of fieldwork and post-excavation treatment of materials 
on a submerged site. However, excavation of such sites entails much pre-excavation work and other 
elements that could not be demonstrated to all of the participants of the field school. The following 
section details the steps taken prior to, during and following the excavations at Atlit-Yam since initia-
tion of research at the site in 1984. This may serve as an outline to guide researchers planning to work 
on similar inundated sites.

6.4.1  Pre-fieldwork Collection of Information

Any long-term plan for locating and studying inundated archaeological sites should take advantage of 
information received from members of the public associated with maritime activity (e.g. divers, fish-
erman and amateur underwater archaeologists). Furthermore, raising public awareness of the 

Fig. 6.8 Divers 
excavate well no 11 in 
Atlit-Yam (Photo by I 
Greenberg 2011)
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importance of archaeological investigation and recruiting the public as active partners is essential. 
This was a feature of the Atlit-Yam research from the beginning.

6.4.2  The Use of Remotely Operated Devices

Sub-bottom profiler (SBP) surveys at the site were carried out to map the sub-surface, assess the thick-
ness of the overlying sand and the configuration of the paleo-landscape. The IOLR (Israel 
Oceanographic and Limnological Research Institute) conducted an initial survey using 3.5 kHz equip-
ment (Adler 1985). Another SBP survey aimed at locating prehistoric structures overlain by sand was 
conducted in 1984 by Harold Edgerton, with no conclusive results (Galili 1985). A multi-beam echo 
sounder was used to map bathymetry. Experiments for locating concentrations of flint implements are 
currently being conducted at the site by Ole Grøn and others (see Grøn and Boldreel 2014).

6.4.3  Shallow Water Surveying by Divers and Locating Submerged Sites 
and Features

The following surveying, mapping and documentation activities were conducted all year round and 
are ongoing:

• Walking survey on the beach, retreaving prehistoric artefacts washed ashore
• Searching for areas where underwater changes caused by coastal erosion have occurred
• Snorkelling surveys
• Underwater surveys by SCUBA divers
• Sub sea-bed probing using water-jet
• Applying a variety of techniques in documentation, photography and mapping
• Tagging of structures and site features (using iron poles and buoys)

It is important to consider how one can practically work in shallow water on a coast that is exposed 
to wave action. Investigating submerged prehistoric sites in the inter-tidal and the surf zones on an 
open coast requires special techniques and skills. The shallow sectors of the sites are too shallow to 
apply the underwater excavation methods developed and described below for Atlit-Yam (Galili et al. 
2005a). Traditional terrestrial excavation methods are also inadequate since the sites and finds are 
submerged. Waves interfere with the excavation and the visibility is poor. Usually in these conditions 
in Israel such sites are covered by 1–2 m of sand and their exposure is accidental, unpredictable and 
cannot be pre-planned. The exposure may last a few hours to a few days and then the site is again 
covered by mobile sands. During exposure, the site erodes and finds may shift or be damaged. 
Removing the sand for excavation is complicated and extremely expensive. It requires the use of 
heavy dredging and the building of protective caissons of sheet piles which are costly and time 
consuming.

Along the Carmel coast an alternative excavation method was developed: the archaeologists sim-
ply adopted the strategy of allowing the sea to do the job of removing the overlying sediments. After 
every storm, sites were surveyed to locate newly exposed areas. When an exposure occurred, a rapid 
rescue and conservation operation including excavation and documentation was carried out by archae-
ologists, either by diving or, more often, by snorkelling. The loose sand that covered the delicate finds 
was removed by manual hand-fanning. As a result, after several decades, a rather large portion of a 
jigsaw puzzle of randomly documented sections of sites has become available.

6 Atlit-Yam
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6.4.4  Excavation and Documentation

6.4.4.1  Pre-excavation

Before the actual underwater archaeological excavation of a submerged prehistoric settlement can 
begin, operational considerations and preparation must be undertaken.

These activities include:

• Choosing the season for excavation: the preferred seasons for underwater excavations along the 
Israeli coast are spring and autumn. During these seasons the sea is relatively calm and the visibil-
ity is much better underwater

• Organizing all aspects of health and safety and carrying out risk assessments for both onshore 
activity and diving work

• Setting up the excavation base camp (Fig. 6.9)
• Organizing and managing diving and boating operations including transportation of divers to and 

from the site according to a planned timetable
• Arranging a floating inspection and supervision platform (on a boat or a pontoon) for operating the 

dredging system and monitoring divers (Fig. 6.10)
• Preparing and running a registration/documentation system including: (1) coastal base-camp diary 

containing the reports of the dive teams, (2) graphics diary containing the drawings produced by 
the dive teams, and (3) a white board with the daily schedule of activities and dives

• Preparing excavation equipment for the diving teams
• Instructing and guiding the excavating teams before diving (Fig. 6.11)

Fig. 6.9 Setting the coastal excavation camp for the Atlit-Yam 2011 field school (Photo by E Galili 2011)

E. Galili et al.



95

Fig. 6.10 Setting the dredging system on a boat (Photo by E Galili 2011)

Fig. 6.11 Instructing the excavating teams before diving (Photo by E Galili 2011)
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• ‘Dry demonstration’ on land of how to operate the equipment
• ‘Dry demonstration’ on land of the dredging systems operation
• Tagging of structures and site features (using iron poles and buoys)

The following descriptions refer mainly to excavations which took place prior to 2011, but many 
of these activities were also undertaken during the SPLASHCOS field school.

6.4.4.2  General Excavation

The upper layer of loose sand and gravel covering the palaeosol in which the site is embedded was 
removed manually by fanning or assisted by the dredging system until the clay containing the archae-
ological material was reached. The archaeological deposit was excavated in 10 cm spits in gridded 
squares of 0.5 by 0.5 m. The excavated material was collected in tagged plastic find-bags, marked by 
square and layer, and transported to the shore laboratory for sieving (Fig. 6.12). Small or fragile arte-
facts were collected in plastic jars and core samples of in situ clay were taken for pollen and sediment 
analysis.

Fig. 6.12 Floating and 
transferring bags 
containing the excavated 
material to shore for 
sieving (Photo by I 
Greenberg 1998)
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6.4.4.3  Documentation and Excavation of Individual Structures

At Atlit-Yam, each individual structure, installation or burial that was identified was marked with a 
galvanized iron rod bearing an identifying plastic tag. The rod protruded 0.7–1.0 m above the seabed 
to enable relocation in case the feature was covered by sediments. From the top of each rod, a num-
bered buoy was floated that could be located from the coast by a laser distance meter. Additionally, a 
marked and weighted rope that served as a baseline was laid in a straight line on the sea floor and the 
divers mapped each feature relative to the baseline. The two ends of the baseline were mapped from 
the coast and the site plan was prepared by coordinating the buoy measurements taken from the coast 
and the measurements taken by the divers.

Underwater excavation of individual structures was carried out using standard SCUBA gear and an 
induction dredge operated by a water pump set on a boat (Fig. 6.13) as is standard practice in maritime 
and underwater archaeology. Each diver also carried equipment for documentation during the excava-
tion. A grid made of synthetic fibre or metal rods was set over the structure to be excavated (Fig. 6.14). 
The excavation team included three divers. One diver worked in the suction area holding the plastic 
hose to remove the suspended particles disturbed by the working process; this substantially improves 
visibility. A second diver monitored the exhaust end of the dredging system, where a collecting box 
was set. A third diver excavated using only a spatula or a trowel. The material dredged or excavated 
from each square was collected and placed in a separately tagged plastic bag. Delicate artefacts were 
stored in tagged plastic jars filled with sea water.

6.4.4.4  Excavating Vertical Shafts and Water-Wells

In order to excavate a shaft that penetrates deep into the seabed, special procedures and techniques 
were used at Atlit-Yam. The excavating diver wore a safety helmet and knelt down inside the pit with-
out diving fins, where the shaft diameter allowed. If the shaft was too narrow, the diver was positioned 
upright with the head down. A second diver was responsible for the excavator’s safety and was posi-
tioned at the opening of the shaft and also lifted stones from the shaft bottom using a lifting box tied 
to a rope. A third diver monitored the dredger’s exhaust, ensuring that the excavated fill entered the 
collecting box. The clayey fill within the water-wells was excavated manually in 10 cm spits, and the 
finds—including stone, bone and wooden artefacts, and faunal and floral remains—were stored in 
tagged bags and jars. After every 10 cm of deposit, the third diver transferred the excavated material 
from the box into tagged bags and prepared them to be lifted ashore. The murky water and some of 
the fill was dredged. Stones were removed manually into the lifting box and were taken out of the pit 
by the second diver assisting the excavator. Core samples of undisturbed clay were taken every 10 cm 
for pollen and sediment analysis (Fig. 6.15). In the case of the deep wells, the walls were supported 
by metal rings arranged at 0.7 m intervals, to prevent collapse (Fig. 6.16).

6.4.4.5  Documenting and Excavating In-Situ Human Burials

Before excavating burials, observations and documentation procedures were undertaken of the grave 
structure or grave type, the location of the grave in the site relative to adjacent structures and installa-
tions, traces of ceremonial activities and other activities associated with the burial (fireplaces, remains 
of offerings and ceremonial meals, grave goods around the burial). The burials were classified accord-
ing to the following categories: (1) Primary burials (including a subcategory of disturbed burial) relat-
ing to skeletons with bones in complete or partial articulation, showing no signs of removal from their 
original burial site; this category may also include complete, articulated skeletons that had been dis-
turbed in antiquity, or were disturbed by post-depositional processes; (2) Secondary burial is a burial 
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of an individual that was deliberately removed from its original grave site to a new location in antiq-
uity. In these cases, the bones are not in articulation (Galili et al. 2005a); (3) Skull or skull fragments 
found (usually on living floors) without post-cranial bones; (4) Isolated bones/teeth scattered ran-
domly on-site, which are often found during surface surveys.

After the completion of the spatial documentation of the grave site and its surroundings, the upper 
layer of loose sand and gravel covering the skeleton was removed manually. The human skeleton was 
then carefully excavated, using spatula and trowel to remove the clay from the bones. Following par-
tial exposure of the skeleton to enable recording of sufficient details of the position, the skeleton and 
adjacent artefacts within the grave were measured, drawn and photographed. Undisturbed core sam-
ples of sediments were taken in the pelvic area (to obtain possible traces of food), and in other loca-
tions to search for plant pollen that might have been associated with the burial (Fig. 6.15).

Fig. 6.13 Excavations methods: A the dredging system, B water jet drilling and sampling, C excavating water wells 
(Modified after Galili and Rosen 2011a)
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Fig. 6.14 Excavating an archaeological feature by squares using a metal grid (Photo by I Greenberg 1998)

Fig. 6.15 Taking 
undisturbed cores for 
pollen and sediment 
analysis (Photo by J 
Galili 1989)
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The burial position of each skeleton was described as flexed, semi-flexed or straight and was 
recorded using a graphic scheme based on the angles of the elbow, shoulder, hip and knee joints 
(Galili et al. 2005a). In addition, various observations related to the orientation of the inhumations 
were made, including direction of the head, lying position (on the left or right side, on the back or 
belly) and direction of the face. The possibility of group burials, articulated bones indicating a pri-
mary burial, and non-articulated bones indicating secondary burial was noted. Given the limitations 
of time and sea conditions, no attempt was made to remove an entire skeleton within its context. 
Removing a whole block of clay that size would not have been feasible, but such an operation may be 
considered in areas where there is no danger of immediate erosion or where sea conditions are favour-
able. Instead, the bones of each skeleton were removed separately one by one. Where possible, the 
bones of each section of the skeleton (hands, legs, pelvic area, ribs spine and skull) were removed 
together to a solid container to prevent breakage and post-excavation exposure damage. If possible, 
skulls were removed whole by placing them in a container and covering them with fine sand to avoid 
movement and damage while transferring to the land base. When the work had to be stopped over-
night or for several days due to limitations dictated by sea conditions, the exposed skeletons were 
temporarily protected from wave erosion. In such instances, the skeletons were covered by a woven 
plastic sheet that was, in turn, covered by bags partly filled with sand (Fig. 6.5).

6.4.4.6  Processing Archaeological Material at the Coastal Base

All excavated materials from the site underwent a series of post-excavation processes which varied 
depending on the material and related requirements for conservation and analysis. Sediments contain-
ing the archaeological material retrieved from the site were soaked in freshwater tanks and were sepa-
rated and sorted into different elements by material and size. The coarse materials (artefacts and 
stones larger than 2 cm) were removed manually and were dried in wooden trays. Waterlogged plant 
material was then separated from the rest of the sediments in the water by manually spinning the water 

Fig. 6.16 Supporting a 
Pre-Pottery Neolithic 
well in Atlit-Yam with 
iron rings during the 
excavation to prevent 
collapse (Photo by I 
Greenberg 1995)
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in the tank and pouring it through a 0.5 mm plastic sieve. This plant material was kept in sealed jars 
in a freshwater and alcohol solution and preserved in a refrigerator for further study. Some of the plant 
remains were kept in sea water for future radiocarbon dating to prevent contamination. The coarser 
material remaining in the water was sieved using a 1 mm mesh and dried in wooden trays. After dry-
ing, the material underwent coarse separation and fine picking. The material was separated into cate-
gories: artefacts, including stone, bone, and flint artefacts (tools, flakes, blades, cores, debris, and 
waste elements); bones; waterlogged wood and plant remains; and charred plant remains. All bones 
and tools recovered from the site were later soaked in running freshwater for a few days, to dissolve 
the salts.

6.5  Summary

Decades of surveys and exploration of the submerged settlements off the Carmel coast have revealed 
remarkably well-preserved Neolithic villages. These submerged archaeological resources require fre-
quent monitoring in order to preserve and document the unique archaeological remains of Levantine 
prehistoric coastal communities, so important to world prehistory.

Research carried out to date indicates that the majority of such sites are covered most of the time, 
hidden under mobile sands, and therefore remain undetected. Most known sites were exposed only 
briefly—sometimes for a few days—every few decades, and were covered soon after their exposure. 
Therefore, raising public awareness of the importance of reporting the exposure of such sites is of 
high priority.

The 2011 field school at Atlit-Yam offered an intensive and extensive training program in excava-
tion of a submerged prehistoric site for new and experienced researchers. The methods and techniques 
used are of value for investigations of any inundated archaeological site. It is expected that the inter-
national participation will have benefited underwater and prehistoric archaeology in the Mediterranean, 
Europe and further afield. The field school gave a unique opportunity for participation of numerous 
early career researchers at this underwater prehistoric village. The support of COST and SPLASHCOS 
was instrumental in providing basic and advanced training in excavating and studying submerged pre-
historic archaeological sites.

The fieldwork was supplemented by lectures and visits to relevant archaeological sites, laborato-
ries and a hyperbaric medical centre. This enabled the participants to broaden their understanding of 
the types of activities that would be essential for long-term research on submerged settlements and 
landscapes.

Finally, the 2011 field school was a valuable capacity-building exercise, with the deliberate aim of 
ensuring long-term succession planning and enhancing the continuation of submerged prehistoric 
archaeology. Also, it yielded new data and discoveries that benefit the ongoing research program at 
Atlit-Yam.
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Abstract Eight inundated archaeological sites dating to the Pottery Neolithic period (Wadi Rabah 
culture), 8000–6500 cal. BP, have been exposed under water off the Carmel coast of Israel. The sites 
represent in situ settlements with architectural remains comprising domestic stone-built structures and 
water wells built of wood and stone. Rich assemblages of flint tools, ground stone artefacts and pot-
tery were recovered in addition to organic remains (wooden bowls, baskets etc.). Faunal and botanical 
remains demonstrate that the subsistence economy consisted of animal husbandry, hunting and fishing 
complemented by cultivation of domestic crops and gathering of wild plants. Special features include 
the beginning of olive oil extraction, a major component of the Mediterranean subsistence economy, 
demonstrated at the site of Kfar Samir, while at the Neve-Yam site, the earliest separate burial ground 
in the region was found with a concentration of stone-built cist graves.

7.1  Introduction

The Mediterranean coast of Israel is about 200 km long. It is slightly curved with mostly sandy 
beaches in the south, eroding coastal cliffs in the centre and some rocky areas in the north along the 
Carmel and Galilee coasts (Fig. 7.1). Eight submerged Pottery Neolithic (PN) settlements inundated 
by Holocene sea-level rise have been discovered along a 15 km strip of the northern Carmel coast 
(Fig. 7.1b).
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These settlements are embedded in the upper part of a hard clay palaeosol (Galili 2004). Due to 
continuous sea-level rise (Galili et al. 1988, 2005; Galili and Rosen 2011b), the duration of each site 
was relatively short and there were no earlier or later occupations. Thus, mixing of layers and post- 
depositional disturbances were minimal. Following inundation, the sites were covered by a protective 
layer of sand 1–2 m thick that prevented disturbance and intrusions. In recent years these submerged 
settlements have been exposed by human activities – mainly sand quarrying and construction of 
marine structures – together with seasonal sea storms that have removed the sand layer and exposed 
parts of the sites (Wreschner 1977a, b; Galili and Weinstein-Evron 1985; Galili and Inbar 1987; Galili 
et al. 1988).

Until recently, information on Levantine coastal Neolithic communities was relatively scarce and 
their role in the Neolithic revolution was barely understood. The unique physical conditions of the 
submerged sites and the circumstances of their preservation and exposure, together with intensive 
underwater rescue surveys and excavations over the past four decades, have yielded a mosaic of ran-
domly uncovered portions of the sites. Collating the accumulated data has enabled us for the first time 
to draw a comprehensive picture of the material culture, economy, and socio-cultural practices of 
these coastal societies, and to reconstruct the palaeoenvironment of the Mediterreanean shore during 
two critical transitional periods: the Pre-Pottery Neolithic C (PPNC) c. 9250–8000 cal. BP (Hershkovitz 
and Galili 1990; Galili et al. 1993; Galili et al. Chap. 6) and the late Pottery Neolithic (PN), or Wadi 
Rabah Culture1 c. 8000–6500 cal. BP (Fig. 7.2, Table 7.1). In this chapter we describe the sites of the 

1 The Wadi Rabah (WR) culture is attributed by some to the late Pottery Neolithic period (Gopher and Gophna 1993) 
and by others to the Early Chalcolithic period (Garfinkel and Dag 2008).

Fig. 7.1 Location map: a The Israeli coast; b Submerged settlements off the Carmel coast (E. Galili)

E. Galili et al.
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Pottery Neolithic Wadi Rabah phase and discuss the main changes in subsistence and material culture 
that occurred from the PPNC to the later Wadi Rabah PN.

7.2  Submerged Pottery Neolithic Sites

Eight submerged PN settlements were discovered between Haifa and Atlit on the Northern Carmel 
coast: Kfar Samir (north, centre and south), Kfar Galim North, Kfar Galim South, Nahal Galim, 
Hahotrim, Tel Hreiz, Megadim, Atlit northern bay and Neve-Yam (north and south) (Fig. 7.1b). 
Recently another PN site was located off Habonim, ca. 2.4 km south of Neve-Yam are located close 
to the present coastline at depths of 0–5 m below sea level (Ronen and Olami 1978; Olami 1984; 
Galili and Weinstein-Evron 1985; Galili and Inbar 1987; Galili et al. 1988, 1989, 1997, 1998, 2002; 
Galili and Schick 1990; Galili 2004). Most of the archaeological material was collected in the course 
of underwater surveys and sometimes on the coastline after storms, while in a few instances limited 
excavations were carried out. Radiocarbon dates, and ceramic and lithic typologies, place the sites in 
the late Pottery Neolithic period i.e., the Wadi Rabah culture (Table 7.1).

Fig. 7.2 Cultures of the 
7th–10th millennia BP 
in the Levant (B. Galili) 
and radiocarbon dates 
obtained from the 
submerged sites: (1) 
Atlit-Yam, charcoal 
taken near structure 13; 
(2) Atlit-Yam, charcoal 
from the fill of well 66; 
(3) Atlit-Yam, charcoal 
taken near structure 
10A; (4) Atlit-Yam, 
charcoal from the fill of 
well 11; (5) Kfar Samir, 
wooden bowl; (6) Kfar 
Samir, wood taken from 
the construction of the 
wells; (7) Kfar Samir, 
olive pits, woven mat 
and wooden branches; 
(8) Neve-Yam south, 
charcoal; (9) Megadim, 
jaw of a mammal; (10) 
Tel Hreiz, wooden poles; 
(11) Kfar Galim, 
wooden branches from a 
well

7 Pre-Pottery Neolithic
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7.2.1  Kfar Samir

Kfar Samir lies at a depth of 0.3−5 m, some 10–200 m offshore (Fig. 7.1b). The prehistoric remains 
are scattered along a 1200 m strip on the sea bottom, parallel to the coastline. The site may be divided 
into northern, central and southern sectors.

Table 7.1 List of radiocarbon dates from sites mentioned in the text

Site and lab no
C14 age –  
uncalibrated BP

C14 age –  
calibrated BP

Sample material  
and feature Location at site

Kfar Samir

BETA −82851 5860±  140 7005–6385 Wood from well 113 Centre

RT–282B 6470 ± 130 7453–7257 Wood from well 5 Centre

RT–682A 6670 ± 160 7666–7625 Wood from well 3 Centre

PTA–3820 6830 ± 80 7698–7582 Wood from well 5 Centre

PTA–3821 6830 ± 160 7730–7530 Wood from well 3 Centre

BETA–82850 6940 ± 60 7890–7615 Wood from pit 10 Centre

BETA–82845 6080 ±  70 7165–6765 Olive from pit 6 Centre

BETA–82846 6210 ± 150 7385–6740 Olive from pit 6 Centre

BETA–82847 6210 ± 80 7240–6885 Olive from pit 6 Centre

BETA–82848 6230 ± 80 7255–6900 Olive from pit 6 Centre

BETA–82715 6500 ± 70 7480–7230 Olive from pit 6 Centre

RT–1898 5790 ± 55 6669–6519 Olive from pit 6 Centre

RT–1930 5870 ± 70 6785–6575 Olive from pit 6 Centre

BETA–82843 6100 ± 60 7165–6805 Olive from pit 7 Centre

BETA–82844 6290 ± 60 7270–7020 Olive from pit 7 Centre

RT–1929A 5630 ± 55 6669–6519 Olive from pit 7 Centre

RT–1929 5870 ± 70 6466–6317 Olive from pit 7 Centre

BETA–82849 6350 ± 90 7390–7020 Branch from it 9 Centre

RT–855 6420 ± 120 7517–7038 Mat from pit 8 Centre

RT–1360 7230 ± 80 8115–7949 Wooden Bowl South

Kfar Galim

RT–1748 5985 ± 70 6910–6670 Wooden structure South

RT–1749 5985 ± 55 6890–6740 Wooden structure South

RT–1750 6890 ± 50 7790–7670 Wooden branch South

Tel Hreiz

RT–779A 7330 ± 120 8330–7970 Wooden pole North

PTA–3460 6310 ± 70 7210–6980 Wooden branch North

RT–779B 6269 ± 150 7160–7000 Wooden pole North

Megadim

PTA–3652 7960 ± 70 8990–8650 Clay outside pit South

PTA–3648A 6310 ± 70 7310–7020 Canine bone (jaw) South

PTA–4339A 6270 ± 50 7270–7100 Canine bone (jaw) South

Neve-Yam

HV–4256 6510 ±395 7600–6750 Charcoal Centre

RT–1723 6390± 70 7480–7270 Charcoal South

RT–1724 6565 ± 70 7580–7320 Charcoal South

E. Galili et al.
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7.2.1.1  Northern Sector

This part of the site is located at 34° 57′ 20″ E, 32° 47′ 58.5″ N Fig. 7.1b). In the north sector of the 
site, four vertical stone slabs (1.3 × 0.9 × 0.5 m) and some similar sized tilted slabs (angled at ~45° 
angle) were recovered at a water depth of 1.5–2.5 m, some 30–60 m offshore. One end of the slabs 
was partly inserted in the clayey bottom and they may represent symbolic or ritual features, burial 
markers or other locations of importance.

7.2.1.2  Central Sector

This part of the site is located at 34° 57′ 8.65″ E, 32° 47′ 6.72″ N (Fig. 7.1b), 1–200 m from the water 
line, at a depth of 0–5.5 m.

Architectural Remains In the central sector, floors made of unworked local stones (8–10 cm in 
diameter) were found partially embedded in the clay palaeosol, as well as floors constructed of flat 
stone slabs. A few hearths (c. 0.5 m in diameter) were located. In one, the bottom of the hearth was 
lined with stones and contained fragments of burnt bones and charcoal. Several dozen metres to the 
south of this hearth, a pit contained crushed olive pits and pulp, evidently waste from olive oil extrac-
tion (Galili and Sharvit 1994–1995; Galili et al. 1997, 1989; Galili and Rosen 2007). The radiocarbon 
dates of the olive pits range from 7480–7230 to 6669–6519 cal. BP (Table 7.1).

Water Wells Three water wells were identified on the north-west edge of the central sector sub-
merged at a depth of 5 m, some 200 m offshore. They were constructed of alternating courses of 
wooden branches and undressed kurkar and limestone pebbles (Fig. 7.3). The southern well (No. 3) 
had a rectangular opening 1 × 0.8 m. It was excavated to a depth of 2 m, but the bottom was not 
reached. With increasing depth it widens and becomes more circular in plan. In its lower part, two 
courses of stones were laid between the wooden beams. The well’s fill consisted of soft clay, small 
pieces of stone as well as several bird bones, olive pits, some pot sherds (one with an incised design), 
flint flakes and waterlogged plant remains such as tree branches and straw. Wood samples from the 
well construction were radiocarbon-dated with ages ranging between 7890–7615 and 7005–6385 cal 
BP.

Olive Oil Extraction A feature associated with producing olive oil was recovered at a water depth of 
1 m. It comprised a pit dug in the clay (Fig. 7.4a). Its base was paved with stones and it contained 
thousands of crushed and whole stones and traces of pulp, evidently olive oil extraction waste 
(Fig. 7.4b, Galili et al. 1997, 1989; Galili and Rosen 2007). Several stone basins recovered from the 
site (e.g., Fig. 7.5a) could have been used for crushing the olives. These finds suggest that about 8000 
years ago the Neolithic inhabitants of the Carmel coast started to produce olive oil and they represent 
the earliest known evidence for its production.

Flint Implements Two groups of flint tools can be identified; those which represent the period of site 
occupation (flint axe, burin) and a few Middle Palaeolithic implements that had been found by the 
Neolithic inhabitants and apparently reused.

Special Finds At a depth of 0.5 m and 15 m from the shoreline, on a section of stone paving, a frag-
ment of a pot- shaped wooden bowl was found. The fragment included a part of the flat base, a straight 
wall that is slightly inverted and a section of the rim. An elongated knob handle on the upper part of 
the wall is perpendicular to the rim and has a narrow lateral perforation.

At a depth of 2.3 m, a pit 0.9 m in diameter and 0.55 m deep had been dug into the clay palaeosol. 
It contained water-logged pieces of a braided basket (Fig. 7.5a), tree branches and dozens of olive pits. 
The basket was made of braided pieces 3–5 mm in diameter. One of the braided pieces was round and 
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may have formed the base. The braiding method used was alternate pair twining: the warps emerge 
from the centre of the base, perpendicular to its rim and parallel to each other while the wefts are 
alternately twined around two warps and cross over after each pass. In several places the wefts were 
twined around three warps or only around a single warp. Usually the warps are made of one branch, 
but in a few places they consisted of a pair of thin branches (Galili et al. 2007). We interpret this arti-
fact as a strainer, similar to modern ones known as aqal (Fig. 7.5b), which are used to squeeze the oil 
from the olive pulp after the olives have been crushed. Several stone basins recovered nearby could 

Fig. 7.3 Kfar Samir Central Sector: water-well 3 constructed of alternating courses of wooden branches and stones: A 
before excavation; B, C after excavation (E. Galili)

Fig. 7.4 (a) Kfar Samir Central Sector: Pit filled with olive oil extraction waste of crushed olive pits and pulp (scale = 
20 cm), (b) Crushed olive pits from the pit (J. Galili)

E. Galili et al.
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have been used for crushing the olives (Fig. 7.5c). Another mat fragment 70 × 160 mm was found at 
a depth of 1.5 m in an unlined pit no. 8 dug in the upper clay level. It is made of bundles of unidentified 
material, perhaps rushes or straw. Technologically, it belongs to a type known as ‘coiled basketry with 
intricate stitch’. The mat fragment was dated by radiocarbon to 7517–7038 cal BP (Table 7.1) (Galili 
and Schick 1990).

Faunal Remains In the central sector of Kfar Samir, faunal remains were scarce. A few bird bones were 
recovered from well No. 3 and included seven bones of mallard duck (Anas platyrynchos) and one 
unidentified mammalian bone fragment (Galili and Weinstein-Evron 1985, p. 40, Horwitz et al. 2002).

Fig. 7.5 Kfar Samir Central Sector: finds associated with olive oil extraction: a Basketry item made of woven twigs, 
interpreted as a strainer for olive oil extraction (Israel Antiquities Authority); b Example of modern strainer for olive oil 
extraction still in use today; c Stone basin from the Kfar Samir site, possibly used for crushing olives (E. Galili)

7 Pre-Pottery Neolithic
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7.2.1.3  Southern Sector

This part of the site is located at 34° 57′ 8.6″ E, 32° 47′ 6.72″ N (Fig. 7.1b).

Architecture An elliptical structure of upright stone slabs was exposed near the shore in the southern 
part of the sector (Fig. 7.6). Hundreds of olive pits were discovered in the vicinity of this structure 
(Galili and Rosen 2013).

Special Finds A complete wooden bowl (Fig. 7.7) was found in a pit in the clay c. 300 m south of the 
Kfar Samir central sector (Galili and Schick 1990). It was made of Ceratonia siliqua, the carob tree 
or St John’s bread. Pieces of waterlogged tree branches and straw, perhaps remains of a mat or a bas-
ket, were found next to it. Tool marks of an adze or a chisel were visible on the outer face, as well as 
traces of an imperfection left by a fracture in the flint tool used to form the bowl. The inner surface of 
the bowl was made using a different tool and it is rougher compared to the outer surface – perhaps 
because of difficulties in forming such a surface using an adze or a chisel-like tool. The base and the 
rim of the bowl are very smooth, either polished intentionally or abraded by lengthy use. The bowl 
was radiocarbon-dated to 8115–7949 cal. BP (Table 7.1).

7.2.2  Kfar Galim North

This sector of the site is located at 34° 57′ 64″ E, 32° 46′ 14″ N (Fig. 7.1b) some 50–120 m off the 
coast at a depth of 1.5–4 m. Surveys revealed several round structures 1–1.5 m in diameter made of 
undressed stones, representing either refuse pits or water wells. Several rows of undressed stones, 
some forming right angles, imply the existence of rectangular structures, possibly dwellings. Other 
structures investigated were pits, probably water wells, walled with water-logged tree branches and 
stone pebbles. A test excavation carried out in one of these round structures yielded a few potsherds 

Fig. 7.6 Kfar Samir Southern Sector: elliptical building constructed of upright stone slabs (E. Galili)

E. Galili et al.
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and flint flakes and fragments of plant material in the fill. A cylindrical ‘tower’ 1.2 m high consisting 
of six courses of undressed stones was found above one of these round stone structures. Its function 
is unknown, but it may have served as a superstructure over a well.

Finds of material culture from the site include an abundance of ground-stone artefacts made of 
limestone, sandstone and basalt, including mortars, grinding stones, basalt goblets on high cylindrical 
bases (‘chalices’), rectangular troughs or mangers, and a few potsherds. Flint artefacts include several 
flake tools and four bifacials (adzes and an axe). The fauna comprise two remains, a horncore of an 
adult male mountain gazelle (Gazella gazella) and a mandible of Palestine molerat (Spalax ehren-
bergi) (Horwitz et al. 2002). A single radiocarbon date of 7790–7670 cal BP taken from a wooden 
branch places this site well within the range of the Wadi Rabah phase (Table 7.1).

7.2.3  Kfar Galim South

This sector of the site is located at 34° 57′ 8″ E, 32° 46′ 5″ N (Fig. 7.1b), some 30–100 m off shore, 
at a depth of c. 2–4 m.

Architecture Architectural remains consist of ten round stone-built pits including water wells lined 
with stones and tree branches, some branches up to 0.2 m thick (Fig. 7.8). Four water wells c. 1 m in 
diameter were at a depth of 1.5–3.0 m below sea level. In one of these, there were three pieces of 
waterlogged wood about 25 cm long and 15 cm in diameter that had been worked at both ends 
(Fig. 7.9). Their dimensions and shape suggest that they were pre-forms intended for the production 
of wooden bowls as found at Kfar Samir. Test excavations, in two of the round structures revealed fills 
of sherds, flint artefacts, water-logged plant remains, animal bones, and wooden branches radiocar-
bon-dated to the PN at 6910–6670, 6890–6740 cal BP.

Fig. 7.7 Kfar Samir Southern Sector: complete wooden bowl made from a carob tree (J. Galili)
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Artefacts Pottery finds include 15 fragments of bases and handles, all typical of the Wadi Rabah cul-
ture, as well as a few non-diagnostic body sherds. Flint implements include several undiagnostic flakes.

Faunal Remains Seven animal species were identified (NISP = 31 bones). Remains of domestic pig 
(Sus scrofa) dominated at 55% and these were mainly immature animals, while domestic cattle (Bos 
taurus) at 22% were the next most common taxon, all adults. Present in far lower frequencies were 
remains of domestic sheep/goat (Ovis aries/Capra hircus) at 3.5%, dog (Canis familiaris) at 3.5%, grey 
heron (Ardea cinerea) at 3.5%, and vertebrae of an unidentified species of snake (Ophidia) at 6%. Two 
fish bones belonging to the family Sparidae (sea bream) were also identified (Horwitz et al. 2002).

7.2.4  Nahal Galim

The site is located at 34° 56′ 55″ E, 32° 45′ 23″ N, opposite the outlet of the river Nahal Galim 
(Fig. 7.1b). At a depth of 3–5 m, there were two round structures constructed of undressed stones 
1–1.5 m in diameter, probably water wells. One of these structures, located some 150 m offshore at 
4 m depth (Fig. 7.10), was marked by three courses of stones projecting above the sea bottom, appar-
ently a superstructure forming the well mouth (Galili and Rosen 2013).

7.2.5  Hahoterim

The site is located at 34° 56′ 59″ E, 32° 44′ 59″ N (Fig. 7.1b). Several round structures constructed of 
undressed stones c. 1 m in diameter, probably water wells or storage pits, were identified at a water 
depth of 2–5 m. Hundreds of waterlogged olive pits and wooden branches were embedded in the clay 
palaeosol, indicating olive exploitation, probably for oil.

Fig. 7.8 Kfar Galim South: water-well built of tree branches and stones (I. Greenberg)

E. Galili et al.
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7.2.6  Tel Hreiz

This site is located at 34° 56′ 55″ E, 32° 44′ 45″ N, at a depth of 0–5 m adjacent to the terrestrial Tell 
of the same name (Fig. 7.1b). The submerged site was first identified in the 1960s and initially identi-
fied as Chalcolithic or Early Bronze Age. Further surveys since 1984, as well as radiocarbon dates of 
8330–7970, 7210–6980 and 7160–7000 cal BP, indicate that it represents a late PN Wadi Rabah 
settlement.

Fig. 7.9 Kfar Galim 
South: waterlogged 
piece of wood cut at 
both ends, perhaps 
intended for the 
production of wooden 
bowls (E. Galili)

Fig. 7.10 Nahal Galim: water-well constructed of undressed stones (I. Greenberg)
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Architecture The 1965 survey revealed stone paving, hearths containing charred remains of wood, 
animal bones including a jaw of Persian fallow deer (Dama mesopotamica), flint artefacts, potsherds 
and a basalt mortar. Likewise the 1984–1985 and 1993 surveys noted the presence of stone structures 
and a row of upright wooden poles. During surveys in 2012, a large section of the southern part of the 
site was exposed from the coastline to a depth of 4.5 m (Galili and Rosen 2013). A megalithic struc-
ture c. 60 m long and 1 m high built of boulders up to 1 m in length was discovered at a water depth 
of 3–4 m. The structure comprises an elongated concentration of boulders broadly parallel to the 
coastline at some 80–100 m offshore and 2.5–3.5 m depth. A tail-like row of boulders protrudes from 
the southern end of the concentration and two additional rows, parallel to each other, protrude from 
its northern end. This structure could have been a coastal defence representing an effort to minimize 
damage from the rising sea. Also recorded at the site were several upright wooden poles (12–17 cm in 
diameter) located some 15 m seward from the row of boulders. These may have been the foundations 
of a hut. Other architectural finds include the remains of a square building 3 × 4 m constructed of 
undressed fieldstones, a hearth with charcoal and two round structures built of undressed stones.

Artefacts Flint artefacts include bifacial axes and adzes, sickle blades and other blade tools, but no 
arrowheads. The pottery comprised numerous fragments of bowls and scores of handles typical of the 
Wadi Rabah culture, and a few handles of ceramic churns. Ground stone remains included bowls and 
grinding stones made of sandstone or limestone, and mortars and chalices made of basalt.

Botanical Remains These included hundreds of waterlogged olive pits, numerous tree branches and 
a circular ring woven from twigs. The olive remains suggest that oil extraction took place on-site.

Faunal Remains Eight animal species were identified (NISP = 106 bones), the majority representing 
domestic animals. Remains of cattle (Bos taurus) were the most common (53%), while sheep/goat 
(Ovis aries/Capra hircus) amounted to 16% and pigs (Sus scrofa) to 14%. Based on size, cattle were 
identified as domestic animals. The majority of pig bones came from immature individuals but 
included domestic pigs as well as wild boar. Dogs (C. familiaris) comprised a significant proportion 
of the remains at 14%. The several canine skulls belong to adult domestic dogs, resembling those at 
Kfar Galim. Game species were limited in number and comprise Persian fallow deer (Dama mesopo-
tamica), mountain gazelle (Gazella gazella) as well as two fish Families (Serranidae and Tilapia sp.), 
sea water and freshwater taxa respectively (Horwitz et al. 2002).

Human Remains During 2015 a winter storm exposed two stone-built cist graves, two disturbed 
skeletons buried in the clay with no grave structure, comprising a lower jaw and a few fragmentary 
ribs and calvaria.

7.2.7  Megadim

Megadim site is located north of Atlit  (Fig 7.1B) at 34° 56′ 40″ E, 32° 43′ 39 N″,  some 80–120 m 
off shore, at a depth of 2.5–3.5 m (Galili and Weinstein-Evron 1985). Finds included three round pits 
lined with undressed stones, possibly water wells, found some 50 m apart. The southern pit was partly 
excavated to a depth of 0.4 m. Finds included a few flint flakes, ground tools including three basalt 
chalices and two limestone bowls, some waterlogged botanical remains of small tree branches and 
straw and a canid mandible, probably a dog, radiocarbon dated to 7310–7020 cal BP.

7.2.8  Neve-Yam

The Neve-Yam site actually comprises two separate areas (Figs 7.11a,b and Fig. 7.11c). The north 
area (C) has very few remains, including a round stone structure 1 m in diameter, probably a well, and 
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pottery fragments—rims, handles and bases of bowls and containers—attributed to the Lodian culture 
as defined by Gopher and Gophna (1993), which predates the Wadi Rabah culture.

A rather important area is Neve-Yam south (Fig. 7.11a,b) which is located at 34° 55′ 40″ E, 32° 40′ 
30″ N. It is one of the southern submerged Neolithic sites on the Carmel coast and is located between 
the coast line and a submerged ridge of Kurkar (aeolian sandstone) at a water depth of 1–5 m. Some 
5000 m2 have been investigated to date. The site can be divided into northern and southern sectors 
(Figs. 7.11A, B and 7.12). A portion of the coastal section of Neve-Yam was first exposed during the 
late 1960s following a sea storm (Wreschner 1977a). During 1968, a small rescue excavation was 
carried out on the shore in the northern sector of the site (B). Over the period 1983–1995, parts of the 
southern sector were exposed and underwater rescue surveys carried out (Galili et al. 1998, 2009; 
Galili and Rosen 2011b). The southern sector mainly comprises stone-built cist graves (Fig. 7.12a), 
the northern sector mostly rectangular dwellings (Fig. 7.12b). Three radiocarbon dates ranging from 
7580 to 7270 cal BP place both sectors in the Wadi Rabah culture.

Architectural Finds In the north sector (Fig. 7.12b), there were foundations of rectangular struc-
tures, probably dwellings, and straight sections of walls c. 0.5 m wide built of two rows of undressed 
pieces of sandstone (Fig. 7.13). Also found were unpaved pits, paved surfaces made of small undressed 
stones, stone slabs, or postholes, probably of huts.

Fig. 7.11 Location map of Neve-Yam sites: (A) Neve-Yam south, Wadi Rabah site, the graveyard area, (B) the dwelling 
area, (C) Neve-Yam north, site of the Lodian culture (For details see inset in Fig. 7.12) (E. Galili)

7 Pre-Pottery Neolithic



118

Fig. 7.12 Plan of the Neve-Yam south site: (A) Graveyard area, (B) Dwelling area (E. Galili)
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The southern sector contained graves, hearths, paved surfaces and remains of small structures, pot-
tery vessels (Fig. 7.14), flint and ground stone artefacts and plant remains. Of particular interest is the 
fact that this south sector was used primarily for burial in stone-built cist graves arranged in an orga-
nized pattern (Figs. 7.12.A,  7.15a, b). Thus, a clear division is discernible between the northern sector 
of the site, used as a residential area for the living, and the southern ‘suburb of the dead’, containing 
the graves.

Flint Tools The flint assemblage includes a high percentage of narrow chisels of plano-convex sec-
tion, adzes, wide but short rectangular sickle blades which are backed and truncated, polished bifacial 
tools with polished working edges, including adzes, chisels and a low percentage of axes. Noteworthy 
is the absence of arrowheads.

Ground Stone Assemblage This includes basalt chalices, basalt and limestone grinding tools, lime-
stone bowls and large basins made of Kurkar. About 6% of the ground stones in the site and also in 
the earlier Atlit-Yam site are perforated stone weights. These could have been used for fishing nets 
(Galili et al. 2002, 2004).

Ceramics The ceramic assemblage of Neve-Yam South is very similar to that initially collected by 
Wreschner in the 1960s, and to other Wadi Rabah sites in the Southern Levant. It consists mainly of 
bowls, spouted vessels, hole-mouth jars, bow-rim jars and pithoi, all decorated by painted, incised and 
applied elements. Of special interest is a sherd fragment with an incised decoration of fishes and a 
herringbone design (Fig. 7.14a).

Figurines A schematic, anthropomorphic stele made of Kurkar was recovered near the burial area. 
Also recovered from the burial area was an anthropomorphic figurine engraved on bone (Fig. 7.16). A 
third anthropomorphic figurine made of greenstone was found on the shore (Fig. 7.17) (Galili et al. 
2016).

Fig. 7.13 Rectangular dwellings at Neve-Yam (J. Galili)
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Botanical Remains Three large concentrations of charred seeds, possibly associated with the buri-
als, were recovered in the southern part of the site. Concentration #1 (Fig. 7.12a, no. 6) comprised 
about 300 cc of seeds mixed with clay, all identified as domesticated lentils (Lens culinaris var. micro-
sperma) (Galili et al. 2009). The seeds varied in size and some were infested by pests, probably a 

Fig. 7.14 Neve-Yam: a Fragment of a pottery vessel with incised fishes and herringbone design, b Pottery vessel with 
two openings (E. Galili)

Fig. 7.15 Neve-Yam: a Stone-built cist grave, b drawing and section of the cist grave (E. Galili)
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Fig. 7.16 Neve-Yam: anthropomorphic bone Figurine (E. Galili and L. Zeiger)

Fig. 7.17 Neve-Yam: 
anthropomorphic 
Figurine made of 
greenstone, 5.7 cm high 
(Israel Museum)
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Fig. 7.18 Neve-Yam: a 
concentration of charred 
legumes found near 
burial H3 (Concentration 
#3). (J. Galili)

beetle of the genus Bruchus. Concentration #2 (Fig. 7.12a, no. 9) comprised about 100 cc of grains 
mixed with clay, including seeds of various shapes and sizes that were concentrated in a hearth built 
of burnt mud bricks. About 90% of the grains were of domesticated barley (Hordeum sativum = H. 
vulgare L.). In addition, several seeds of edible plants and wild plants were recovered: domesticated 
emmer (Triticum dicoccum), one seed of Vicia sp., a few seeds of the Liliaceae family and several 
unidentified seeds. Concentration #3 comprised about 300 cc of seeds free of clay (Fig. 7.12a, no. 39, 
Fig. 7.18), and was found c. 1.5 m east of burial H3. This sample consisted of several species of pulses 
apparently domesticated, including (by frequency): pea (cf. Pisum Vicia narbonensis), vetch (Lathyrus 
cercula), horse bean (Vicia faba var. minor), lentil (Lens culinaris var. microsperma), domesticated 
flax (Linum usitatissimum), and remains of a few wild plants or weeds of Galium, of the genera 
Lolium and Liliaceae. The presence of field weeds and wild plants in the seed assemblages seems to 
indicate harvesting in cultivated fields. Barley and the pulses are harvested in the spring, while wheat 
is usually harvested in early summer. The under-representation of barley may be of significance, hint-
ing at a spring event.

Faunal Remains A small faunal assemblage (NISP = 91 identified bones) was recovered during the 
1960s salvage excavation and from collections along the sea-shore by Wreschner, and was described 
by Horwitz (1988). The subsequent 1989–1885 surveys yielded a more substantial faunal collection 
(NISP = 380 identified bones) but the remains were hand-collected during dives and so primarily 
consisted of large, relatively complete elements (Horwitz and Ducos 2005; Horwitz et al. 2006). Both 
collections indicate an animal economy based on four domestic herd animals: sheep (Ovis aries), goat 
(Capra hircus), cattle (Bos taurus) and pigs (Sus scrofa). The few remains of wild species that were 
recovered are mountain gazelle (Gazella gazella), badger (Meles meles) and perhaps wild boar (Sus 
scrofa ferus), attesting to the continuation of hunting, but also to its relative unimportance as a subsis-
tence activity. Two-thirds of the ungulates were immature, a kill-off pattern indicative of herd man-
agement aimed at meat procurement. Analysis of cut marks indicates that animals were butchered and 
consumed on-site using a variety of stone tools (Greenfield et al. 2006). The scanty fish remains may 
indicate that the role of fishing was limited, or it may result from the fact that smaller-sized bones, 
such as fish bones, were missed because of recovery by hand-collection during dives.

7.2.8.1  The Neve-Yam Burial Ground

The burials were concentrated in a relatively small area, 40 × 70 m. The cist graves (Figs. 7.11A, 7.12A, 
7.15a, b, and 7.19) were oriented in an east–west direction and consisted of an oval burial chamber 
lined with undressed stones covered by large stone slabs. Altogether, 11 graves were located, of which 
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two were covered cists, four were uncovered cists, two consisted of a few undressed stones in the clay, 
and three were pits dug into the clay. Some cist graves were eroded by sea action with only the skel-
etons and a few stones remaining. Four such eroded graves were excavated. No grave offerings were 
recovered within the excavated graves. However, the three charred seed assemblages found in the 
vicinity of the graves and the nearby hearths and paved surfaces, may be related to the burials and/or 
ritual activities, e.g., ceremonial meals that took place near the graves.

Human Skeletal Remains The sample consists of an estimated 15 individuals (Galili et al. 2009). 
Six skeletons, either primary or disturbed burials, were recovered from the graves. Nine additional 
individuals were represented by scattered bones. Four skeletons were buried in a fully flexed position, 
and four were partly flexed (Fig. 7.19). Eight children aged up to 10 years, one adolescent (10–18 
years) and six adults were identified. Among the adults were three females, one male and two indi-
viduals of unknown gender. No charred bones or group burials were found. An unusual pattern of 
tooth attrition (oblique wear) was noted in one of the adult individuals suggesting use of the teeth as 
a working tool (Galili et al. 2009).

Fig. 7.19 Burial positions of skeletons from Neve-Yam south site (After Galili et al. 2009)
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7.2.8.2  The Neve-Yam Baby Burial on the Tmanun Islet

During October 2014, burial remains were identified on the rocky Tmanun islet located opposite the 
site of Neve-Yam, presently c. 140 m off shore (located at 34° 55′ 32.7″ E, 32° 40′ 39.2″ N) (Figs. 7.11 
and 7.20). The remains were embedded in a mass of conglomerate (60 × 40 × 30 cm) adhering to the 
Kurkar bedrock, some 60–100 cm above the present sea level. The human remains included a skull 
cap (calvarium), parts of a jaw with three teeth, long bones and fragments of ribs of a 1–2 year-old 
infant (Fig. 7.21). They were associated with a broken fragment of a bowl with an elongated nozzle. 
It is proposed that the burial took place in the PN period, when the sea level was lower by c. 7–8 m 
and the Tmanun islet was a prominent sandstone hill on the coast, partly covered by sand and facing 
the open sea.

7.3  Discussion

The Development of the Traditional Mediterranean Subsistence Economy At the end of the tenth 
millennium BP, a mixed mode of subsistence that included farming, animal husbandry, hunting and 
fishing evolved among the indigenous coastal inhabitants on the Levantine coast. This is shown by the 
archaeological remains recovered from the submerged PPNC site of Atlit- Yam (Galili et al. 2002, 
2004), and possibly also from the terrestrial coastal sites of Ras Shamra in Syria and Ashqelon in 
Israel (Van Zeist and Bakker-Heeres 1984; Helmer 1989; Perrot and Gopher 1996; Garfinkel and Dag 
2008). Galili et al. (2004) have noted that this represents the earliest appearance of the Mediterranean-
Levantine fishing village. It is suggested that, subsequently, this coastal- adapted subsistence system 
continued to evolve locally in the PN, and also spread westward throughout the Mediterranean basin 
via sites on the Anatolian coast, e.g., Mersin-Yumuktepe on the Cilician coast, Coşkuntepe in western 

Fig. 7.20 The Tmanun islet looking east and the location of the infant burial
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Anatolia and Karağaçtepe on the Gallipoli Peninsula (Lichter 2005; Takaoğlu 2005) and on to coun-
tries and areas located further to the west (Galili et al. 2002, 2004).

Overall, the subsistence mode of the submerged PN settlements on the palaeo-coast resembles that 
of their terrestrial counterparts (e.g., Gopher and Gophna 1993; Horwitz et al. 2002; Horwitz 2012) 
but with the addition of marine resource exploitation, primarily of fish.

Exceptional finds in the submerged Wadi Rabah sites are the installations and artefacts associated 
with olive oil extraction. In contrast to the botanical assemblage from PPNC Atlit-Yam, in most PN 
sites thousands of olive stones were recovered. This change may be seen as the beginning of intensive 
exploitation of olives for human consumption. Olive oil extraction, probably from wild olives, seems 
to be a PN innovation, first attested to in these submerged Wadi Rabah sites (Galili et al. 1997). Later 
still, during the fourth millennium cal BC, more plants were introduced into the subsistence economy 
such as the domesticated grape vine, which enabled the production of wine in the Levant (Zohary and 
Hopf 2000). By 3000 cal BC, the commonly termed ‘traditional Mediterranean diet’ had evolved 
(Galili et al. 2002, 2005), a complex defined by Butzer (1996) as based on cereal agriculture (primarily 
of wheat and barley), cultivation of fruit trees (olives, grapes, almonds and figs), vegetable gardening 
and husbandry of domestic caprines (sheep and goat) for meat as well as secondary products (milk and 
wool), while cattle were exploited as beasts of burden and for traction, as well as for other purposes.

Material Culture in the Submerged Sites In terms of material culture—lithic tools and technology, 
ground-stone artefacts and ceramics—there are no marked differences between the submerged Wadi 
Rabah sites and their terrestrial counterparts in the southern Levant (e.g., Gopher and Gophna 1993). 
However, one of the notable innovations on the coast is the construction of water wells built of wooden 
branches and stones. These are considered some of the earliest known wooden constructions. In con-
trast, the wells at the submerged PPNC site of Atlit-Yam, which pre-date the PN wells by ~1000 years, 
were lined only with undressed stones (Galili and Nir 1993; Galili and Rosen 2011a, Galili et al. 
Chap. 6).

Fig. 7.21 Skull calvarium of a 1–2 year-old infant from Tmanun Islet near Neve-Yam
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Mortuary Practices and the Emergence of Separate Graveyards Gopher and Eshed (2012) sug-
gested that the burials found outside dwellings in many of the PN sites in the southern Levant were a 
product of socioeconomic and cultural changes. They referred to the two-dimensional distribution. 
The vertical dimension however, is associated with intensive excavation beneath the soil surface to 
create burial pits, which played a major role in settled Neolithic farming communities. Even during 
the Pre-Pottery Neolithic, sedentary agriculturists dug into the sub-surface intensively and systemati-
cally (Bar-Yosef 2001; Bar-Yosef and Belfer-Cohen 1991). The excavation work required would have 
resulted in considerable soil disturbance often within settlements or adjacent to them. Aside from the 
cultivation of fields, the appearance of extensive food storage facilities such as silos and pits after 
9500 BP (Kuijt 2000) would also have disturbed the local sub-soil. In the PN, the digging of water 
wells, house foundations, and refuse and storage pits is included in this ‘invasion’ of the sub-surface. 
These combined factors must have greatly increased the number of intentional penetrations of the 
sub-surface in and immediately around settlements, resulting in the exposure and disturbance of older 
burials within sites settled for generations, centuries or even millennia (Fig. 7.22). This may have 
provoked frequent but unintended conflict between the use of ground for burials and their use by the 
living for cultivation, building, storage, refuse disposal and so on. Several forces may thus have influ-
enced the separation of burial areas from residential ones as evident in Neve-Yam:

(a) Practical: hygienic and aesthetical considerations of smell, diseases etc.
(b) Lack of space: competing needs, especially the need to keep burials free from disturbance by 

other activities
(c) Social: at home the deceased ancestors and graves would have been the responsibility of the 

family, while in a common graveyard they are also a communal responsibility
(d) Ideological/symbolic: taboos and issues of purity versus impurity—the dead may not be pure 

and are thus not suitable to reside with the living but belong to the next world and should be kept apart 
from residential areas (Bartel 1982; Fahlander and Oestigaard 2008; Kuijt 2008).

Fig. 7.22 Drawing illustrating the difference in the intensity of sub-soil excavations for pits, refuse, burials, wells etc. 
in a permanently occupied settlement (lower) and a temporary camp site (upper)
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Thus, the well-preserved submerged settlements discovered off the Carmel coast enable us to trace 
the significant changes that took place in burial practices from the late PPN to the late PN periods. A 
unique feature of these submerged PN fishing villages is the evidence for a separate burial ground. In 
the earlier PPNC site of Atlit-Yam, burials lack grave structures, and are scattered all over the site 
(Galili et al. 2005; Eshed and Galili 2011). In PN Neve-Yam, the graves are stone-built cists, a form 
known from the very beginning of the PN in terrestrial sites such as Byblos (Dunand 1973), Sha’ar 
Hagolan in Israel (Stekelis 1972) and Tabaqat Al-Buma in Jordan (Banning 1995; Banning et al. 
1996,). The significance of the Neve-Yam burials is their organized pattern and concentration in a sepa-
rate area of the site, set apart from the residential area. The presence of an organized burial area with 
standardized grave types outside the dwelling zone, accompanied by ritual and symbolic activities, 
should be considered as a burial ground or cemetery (Galili et al. 2009). The presence of agricultural 
products, perhaps representing offerings or leftovers of ritual or ceremonial feasts close to the graves, 
may reflect the later well-known practice of offering part of the harvest to the ancestors and gods as 
reflected in local archaeology, regional myths and biblical sources. Separate burial grounds with all 
these features are unknown in other PN sites in the region. The motivation to develop separate burial 
grounds may have been associated with the necessity to resolve ‘territorial friction’ between the living 
and the dead over the use of sub-surface space. During the late Chalcolithic period this mode of burial 
became the most common burial practice, and it is common in many human societies up to the 
present-day.

The Abandonment of Sites The earlier PPNC site of Atlit-Yam had been abandoned due to a global 
rise in Holocene sea-level from −16 to −8 m below sea level (See Galili et al. Chap. 6, Fig. 6.6). This 
sea-level rise resulted in salinization of PPNC water wells, and flooding of fields and homes. Relative 
to the PN sites, Atlit- Yam lies in deeper water off the Carmel coast, implying that post-PPNC settle-
ments shifted inland and were established on the new coastline further to the east. However, the cur-

Fig. 7.23 Schematic diagram showing the diversity of economic resources available in the coastal zone
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rently submerged PN settlements were also gradually abandoned following additional sea-level rise, 
from −8 m to the present level (Galili et al. 2008, Galili et al. Chap. 6, Fig. 6.7). Post-PN occupation 
of this region on the new coastline was less intensive, perhaps because the Carmel coast became quite 
narrow and marshy as the sea level rose.

The ever-changing coastal environment required ongoing adaptation, with changes of settlement 
location and subsistence strategies. Artificially raising the fresh water level of Atlit-Yam wells by 
adding a layer of stones is an example of such an adaptation (Galili and Rosen 2011a). However, the 
coastal dwellers were compensated for these difficulties by the diverse possibilities offered by the 
coastal zone for the exploitation of terrestrial and marine environments and resources (Fig 7.23).
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Abstract Hjarnø Sund is one of 37 submerged archaeological sites that have been recorded in the 
15-km-long Horsens Fjord. It is now located in a water depth of 0.5–2 m. Until recently, the gyttja 
deposits containing the archaeological material were covered with a protective layer of sand. Recent 
erosion by water currents has exposed the archaeological material and prompted detailed investigation 
before further damage occurs. Methods of investigation include underwater excavation and sediment 
coring, which have revealed a rich collection of material ranging in age from the late Kongemosen to 
the Middle Ertebølle. The deposits include two shell-midden layers dominated by oysters and cockles, 
which contain concentrations of flint artefacts and bones of fish and mammals, and layers of gyttja, 
from which artefacts of bone, antler and wood have been recovered. Of particular interest are deco-
rated antler axes, one of which was found hafted on a wooden handle, and two wooden paddles deco-
rated with distinctive painted designs. An extensive cultural deposit is still protected by overlying 
sediments, and would repay further excavation, especially given the threat of destruction by erosion.

8.1  Introduction

Since the mid-1970s, a number of submerged settlements dating from the Mesolithic period have been 
excavated in Denmark. Among the best known and best documented are those at Tybrind Vig (Uldum 
2011; Andersen 2013), Ronæs Skov (Andersen 2009), Blak (Sørensen 1996) and Møllegabet (Skaarup 
and Grøn 2004), but Argusgrunden (Fischer 1987) and Næbbet (Skaarup 1983) also deserve mention. 
Well-preserved organic material was encountered at these sites, providing a much needed insight into 
artefact types of wood, bone and antler, for example dug-out boats, paddles, shafts for tools and 
implements, bows, arrows and leisters. These organic materials have survived due to the anoxic envi-
ronment, which results in the absence of bacteria that would otherwise cause degradation and decay. 
The prevailing conditions have also favoured the preservation of plant macro-remains, such as nut-
shells, seeds and cones, and analysis of these can provide information on the use of plant resources, 
both for food and the production of tools and equipment such as twine and cordage of lime bast. 
Submerged settlements have therefore a great research potential in terms of the actual artefacts that 
are preserved as well as material for a range of environmental analyses. With time, these studies can 
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yield a more detailed and diverse picture of the exploitation by Mesolithic people of the resources 
available in the surrounding landscape and, as a consequence, of Mesolithic society itself.

Unfortunately, many submerged Mesolithic settlements are currently undergoing active erosion as 
a result of several different factors (Skriver et al. in press), and one that has been the focus of particular 
attention is so-called ‘eelgrass death’. Eelgrass (Zostera marina) prefers a muddy seabed, where its 
roots form an entangled mass that lies like a protective blanket within the sediment and prevents this 
from becoming exposed (Rasmussen 1977; Fischer 2011). In the 1930s, a disease epidemic struck, 
which led to eelgrass disappearing from large parts of the seabed, leading to heavy erosion and signifi-
cant sand movement (Rasmussen 1977). Subsequently, pollution has also become a contributory fac-
tor to the turbid water that reduces the amount of sunlight reaching the plants, thereby preventing 
them from photosynthesising efficiently and ultimately causing die-back (Krause-Jensen and 
Rasmussen 2009).

This chapter deals with the settlement at Hjarnø Sund, which is currently also undergoing erosion. 
The cause here is probably not eelgrass death, but more likely changes in local currents that have 
resulted in the disappearance of the protective sand layer. The find-bearing gyttja deposits have 
become exposed and eroded by wave action, and artefacts of organic material preserved within the 
gyttja have been washed out and degraded.

8.2  Topography

The settlement of Hjarnø Sund is located on the western shore of the small island of Hjarnø in Horsens 
Fjord (Figs. 8.1and 8.2). Horsens Fjord is a c. 15 km-long fjord arm that extends inland westwards 
from the east coast of Jutland to the town of Horsens. The large number of prehistoric settlements 
along the coast, some now located below water, shows that the fjord was a good place to live in the 
Mesolithic. Remains of 37 submerged settlements have been recorded to date (Fig. 8.3).

The Hjarnø Sund settlement has a classic location relative to the fishing place model developed by 
Anders Fischer (Fischer 1993, pp. 19–24). It lies alongside a tidal channel that runs between the island 
and the mainland. Static fish traps could have been set up here, and hunting in the extensive mainland 
forests was only a short 600 m trip by dug-out boat.

Due to the rise in sea level that took place in Atlantic times, the settlement now lies under water, at 
a depth of 0.5–2 m at high water, with parts of it becoming fully exposed at extreme low water.

8.3  History of Investigation

The existence of the settlement has been known for many years; the first archival notes date from 
1957, and the locality has long been a favoured collecting site for amateur archaeologists due to its 
easy access and richness in artefacts. Flint artefacts, in particular, have been recovered, but there have 
also been finds of antler and bone, including a human femur and cranium, as well as several antler 
axes.

In 2008, it was observed that gyttja deposits had become exposed in an area previously covered by 
sand. Within these, artefacts of wood and antler could be observed, including several antler axes as 
well as the cranium of a dog (Fig. 8.4). This led to the local museum being contacted and, in a subse-
quent joint initiative, Moesgård Museum, Horsens Museum and the University of Aarhus applied to 
the Danish Agency for Culture for funding to mount a small investigation of the site in 2010. This was 
granted and the results of this investigation led to a further three investigations in subsequent years 
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(again funded by the Danish Agency for Culture). Further to this, the site has been regularly moni-
tored in order to recover artefacts that have been washed out of the gyttja during storms (Fig. 8.5).

8.4  Method

Investigations at the site were carried out partly by divers, with areas being excavated on a grid net-
work using an induction dredge. In order to gain an overview of the extent of the site, both vertically 
and horizontally, as well as the composition of the sediments, the relative rise in sea level and the 

Fig. 8.1 The location of Horsens Fjord and the island of Hjarnø
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likely settlement structures and features, a number of sediment cores were also taken manually in 
parallel with the excavation work. In the first year, sediment cores were taken at 20 m intervals in 
order to provide an immediate overview of the situation. Subsequently, a sampling strategy was 
implemented whereby the cores were taken at 2 m intervals in areas that appeared to be of interest 
based on the first series of wider-spaced cores.

Fig. 8.2 Location of the settlement of Hjarnø Sund on the island of Hjarnø

Fig. 8.3 Map showing Mesolithic sites and finds in Horsens Fjord
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Following excavation, the plant macro-remains and the bones recovered from the site were sub-
jected to analysis, and radiocarbon dates were obtained for selected layers and a small number of 
artefacts of wood and bone.

Fig. 8.4 Cranium of a dog found in 2008 (Photo P Borup)

Fig. 8.5 Wooden artefacts in the eroding gyttja (Photo P Borup)
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8.5  Site Description

The investigations carried out to date show that, in addition to deep gyttja deposits, there are at least 
two shell deposits or middens at the site (Fig. 8.6). The first of these was found accidentally when 
sand dredging in order to reach the original clay surface. It was covered by up to 10 cm of sand and 
contained organic material, such as charcoal and bones of both fish and mammals, in addition to 
worked flint artefacts, including 11 transverse arrowheads. The shells were of oysters (Ostrea edulis), 
cockles (Cerastoderma edule) and periwinkles (Littorina littorea). The cockle and oyster shells 
proved not to be paired, as probably would have been the case had they died in a natural shell bank. 
Sediment data from cores indicate that the shell midden covers an area of at least 120 m2, but only 
2 m2 has so far been excavated. The second shell deposit or midden excavated was not covered by 
sand but was visible on the seabed and undergoing heavy erosion. A 10 m-long trench through this 
midden, together with the core data, showed that it was situated in a steeply sloping area. At the top 
of this slope, the shells lay directly on clay, whereas lower down they lay over gyttja. This feature was 
stratified, being comprised of a layer of oyster shell up to 20 cm-thick, which at some point had 
become covered with a thin (c. 5 cm thick) layer of cockle shells. Like the first midden, it also con-
tained flint artefacts, in addition to an abundance of fish bones and charcoal.

Given the composition of the shell layers, and the quantity and nature of the artefacts present, the 
shell deposits are considered to be the result of human activity rather than representing a natural shell 
bank. An area of 23 m2 of these layers has been excavated, but it is still uncertain whether they are 
actual kitchen middens, with activity areas, or a refuse dump layer in a near-littoral zone. One possi-
bility, however, is that they represent a kitchen midden that has been redeposited as a consequence of 
a subsequent rise in sea level. Three radiocarbon dates obtained from the first midden suggest that 
there were at least two periods when shell midden material accumulated, one during the Late 
Kongemose/Early Ertebølle culture and the other during the Middle Ertebølle culture. The relation-
ship between the shell middens and the gyttja deposits has not yet been satisfactorily resolved, but the 

Fig. 8.6 Shell midden during excavation (Photo J Frederiksen)
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sediment core data suggest that the earliest accumulation of shell material took place close to the area 
where the gyttja is located.

The shell deposits in the first midden later became inundated due to a rise in sea level, after which 
a primary gyttja deposit developed over them. They therefore lie protected beneath the gyttja and a 
sand/pebble layer and are not currently subject to erosion, unlike the second midden, which is clearly 
eroding.

8.6  The Finds

In addition to the flint artefacts mentioned above, there are also finds of wood and antler. Antler arte-
facts mainly comprise pressure flakers and axe heads. Nine axes have been recovered to date, all of 
the early type with the handle hole by the burr, which can be dated typologically to the Kongemose 
and Early-Middle Ertebølle cultures. Three of the axes were found with a wooden handle in situ and 
four are ornamented (Fig. 8.7). Decorated antler axes are known from several other Mesolithic locali-
ties in Denmark (Andersen 2013).

Two wooden paddles deserve special attention. These were found within a few minutes of each 
other and only 5 m apart. They lay exposed on the gyttja and it seemed obvious that they had been 
uncovered recently and would have been washed away in the course of a very short time (days or 
weeks depending on weather conditions) had they not been discovered (Fig. 8.8a, b).

One of the paddles has two thirds of the blade preserved: this was originally c. 20 cm long, c. 24 cm 
wide and c. 0.8 cm thick. Cut marks on the surface show that the paddle may have been used as a 
chopping board at some time. The other paddle is preserved in its full length and has half of its blade 
intact. It measures 103 cm in length, of which the blade takes up 21 cm. The blade is c. 22 cm wide 
and only 1 cm thick. This paddle has been radiocarbon dated to c. 4700–4540 cal BC. (Lab. no. AAR 
16091), i.e. corresponding to the Middle Ertebølle culture.

Fig. 8.7 Antler axe with wooden handle (Photo P M Astrup)
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Fig. 8.8 a, b Wooden 
paddles as found in the 
eroding gyttja (Photo - 
Peter Moe Astrup)
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In spite of the presumed contemporaneity of the two paddles, they are not completely identical in 
form. One is of the type with a ‘heart-shaped’ paddle blade (Tybrind Vig type), while the other is of 
the ‘spade-shaped’ Satrup type (Andersen 2013, 169). These two types of paddle blade have been 
found at several western Danish Ertebølle settlements and there is one previous record from further 
west in Horsens Fjord, at Haldrup Strand, c. 7 km from Hjarnø (unpublished).

Despite degradation of their surfaces, both paddles show traces of paint on the side that was in 
contact with the gyttja deposits and had therefore not been exposed. The motifs were not completely 
identical, but the composition and painting technique are approximately the same. The lower part of 
both blades is painted solid black and above this are three horizontal parallel lines. On one paddle 
these lines are 0.6 cm wide and curve upwards from each edge towards the middle of the blade. On 
the other, they take the form of three separate c. 1.3 cm wide bands (Fig. 8.9a, b).

Fig. 8.9 a, b The two 
ornamented paddles 
from Hjarnø (Photo D 
Butler)
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Decorated paddles from the Ertebølle culture are not an unknown phenomenon in Denmark, but 
they are far from a common find. Some years ago, a paddle with very similar decoration to that on one 
of the Hjarnø paddles was found during an excavation of a kitchen midden at Flynderhage in 
Norsminde Fjord (c. 25 km from the Hjarnø site) (Fig. 8.10). This paddle has four narrow black lines 
painted above a similar solid black lower blade. Only the number of lines appears to differ in the 
motifs evident on these two paddles (Fig. 8.11).

The best-known decorated paddle blades are, however, from Tybrind Vig in western Funen. Four 
of the 13 finds of paddles from this site have varying ornamentation in the form of fine patterns made 
up of dots and lines executed in sunken relief in which traces have been found of an ochre-rich pig-
ment. There are therefore clear differences between the paddles from the Horsens Fjord area and those 
from Tybrind Vig, both in terms of motif and technique (Fig. 8.12).

8.7  Art or Identity?

What was the significance of this ornamentation? The decoration evident on the paddles is typically 
classified as ‘prehistoric art’. This is a broad term that also includes items such as small amber figures, 
ornamented pottery vessels and decorated antler artefacts.

As for its significance, there has been some discussion of its role as decoration on magical objects 
(Jensen 2001, 213–221) and as a symbol related to an owner or tribe (Andersen 2013, 184).

Based on his anthropological studies, M. Wobst, who has focussed on relations between style and 
information, considers that ‘artefacts’ which travel long distances are also those which carry symbols 
bearing a message relating to group affiliation and which are involved in the processes relating to the 
maintenance of boundaries (Wobst 1977, 330).

Fig. 8.10 Location of the settlements of Flynderhage and Hjarnø Sund

C. Skriver et al.



141

Paddles are clearly an artefact type that, potentially, travels far and wide across the landscape, 
being used during voyages in fjords and out on the open sea. In this respect, it is remarkable that two 
almost identically painted paddles were found c. 25 km apart, at Hjarnø and Flynderhage, while the 
paddle blades from Tybrind Vig (located 50 km south of Hjarnø Sund), although typologically identi-
cal to the Hjarnø and Flynderhage paddles, are painted in ways that are completely different both 
technically and pictorially. The question is whether this situation arises from territorial or kinship 
circumstances, or is simply a consequence of the fact that these two Mesolithic communities had dif-
ferent ways of expressing themselves in artistic terms. The ornamented antler objects should also be 
taken into consideration in this respect. Does the decoration they bear relate to the group, the family 
or perhaps the individual? At present, however, we are unable to cast further light on this intriguing 
aspect of Ertebølle society.

8.8  Conclusions and Future Perspectives

The Hjarnø Sund investigations have produced a wealth of fascinating and useful results. The primary 
aim was to gain an overview of the extent and morphology of the site, and of the erosion taking place, 
as well as to assess its scientific potential and, on this basis, to evaluate how best to approach work at 
the locality in the future. As demonstrated here, the results show that the site encompasses a large 
body of archaeological material, probably of unique content (the kitchen/shell midden), which is 
unfortunately being destroyed by erosion.

Fig. 8.11 Ornamented 
paddle blade from 
Flynderhage. After 
Andersen (2013) 
(Drawing F Bau)
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Given the presence of preserved organic material, it seems very likely that unique artefacts of 
wood, antler and bone will be uncovered at the site in the future. Similarly, the preserved botanical 
remains can be expected to provide information on the use of the landscape and the exploitation of 
plant resources for food and other purposes.

Fig. 8.12 Ornamented paddle blade from Tybrind Vig. After Andersen (2013) (Drawing F Bau)
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Previous investigations of submerged settlements with well-preserved organic material, where 
these kinds of artefacts survive, provide hope that preservation will also be possible in the future and 
underline the importance of either preserving these erosion-threatened sites or subjecting them to 
scientific investigation before the evidence disappears forever.
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Abstract In the coastal waters of Kiel Bay near the village of Strande (district of Rendsburg- 
Eckernförde, Schleswig-Holstein) divers unexpectedly came across trunks of fallen oak trees at 6 m 
depth, which led to the discovery of a new submerged late Mesolithic site. During a preliminary exca-
vation in 2012, research divers uncovered a well-preserved coastal site, consisting of several organic 
sediment and silt layers with a large number of stone artefacts and organic finds. Wooden objects, 
plant remains, bones of several marine and freshwater fish, marine and terrestrial mammals, water 
birds and fragmented human bones were found. Tree ring dating, radiocarbon dates of leister prongs 
and human bones, and the artefact inventory pinpoint the site to the pre-pottery Ertebølle phase 
(5450–4750 cal BC). Sites of this time period are of particular interest as they are still rare in the 
south-western Baltic Sea area, where only very few sites have been examined in detail. To evaluate 
the extent of the organic sediment and silt layers and their potential for preserving more finds, a survey 
project was executed in summer 2014 over a wider area around the excavation trenches. This estab-
lished a high potential for the recovery of additional finds and structures in the surrounding area, and 
further investigations at Strande are planned.

9.1  Introduction: The Discovery

The Strande site LA 163 was discovered by two divers in October 2011 when they spotted tree trunks 
in the middle of a sea grass meadow at 6 m water depth (Figs. 9.1 and 9.2). Under a layer of sand 
between the tree trunks they found flint artefacts and pieces of antler. The divers reported their discov-
ery to Dr. Sönke Hartz (State Archaeological Museum of Schleswig-Holstein). Inspections of the 
recovered finds and underwater photographs indicated that the site dates to the Late Mesolithic 
Ertebølle culture. Ertebølle sites are known from the western and south-western Baltic. Named after 
the site ‘Ertebølle’ in the Danish Limfjord (Madsen et al. 1900) it describes a hunter-gatherer society 
living in close connection to the coast and exploiting marine and terrestrial resources. During the Late 
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Mesolithic, Ertebølle groups were in contact with Neolithic groups from the North German Plain and 
were influenced by groups from the Fennoscandian area to introduce pottery (Piezonka 2008).

Around the Strande site some single finds were discovered earlier by people walking on the beach 
or diving in this area. Such finds were not expected, because the shallow coastal waters offshore of 
Stohl Cliff have been continuously exposed to waves, making the discovery of a well preserved site 
with in situ stratigraphy a surprise. In order to gain a more comprehensive overview of the site and its 
potential, in June 2012 test trenches were excavated by scientific divers and students from Kiel 

Fig. 9.1 Discovery of four collapsed tree trunks and organic sediment layers with late Mesolithic finds in autumn 2011. 
On this picture approximately 2 m of each tree is visible (Photograph: G. Lorenz)

Fig. 9.2 Geographical setting of the Strande site (Illustration: J. Goldhammer)
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University, coordinated by the authors and supported by the State Archaeological Department of 
Schleswig-Holstein.

9.2  Mesolithic Subsistence: The Excavated Area

The preliminary excavation in Summer 2012 uncovered a well-preserved coastal site, consisting of 
organic sediment and organic silt layers with a large number of stone artefacts and organic finds 
(Goldhammer and Hartz 2013; Glykou et al. 2014: 91–95). An area of 5 m2 around the tree trunks was 
excavated, and test pits with a dredge and coring with a hand auger were carried out (Fig. 9.3). The 
stratigraphy is characterized by organic layers on Pleistocene till. Different layers of organic 

Fig. 9.3 Sketch of 2012 
excavation trenches 
around the tree trunks 
(Illustration: 
J. Goldhammer)
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sediments on top of the till were found: they differ in their consistency and the organic components. 
Most of the finds were found in the upper organic sediment layer. Above that, organic silt was dep o-
sited. In the lower deposits, molluscs and shell fragments were observed of common periwinkle 
(Littorina littorea), the common cockle (Cerastoderma edule) and the blue mussel (Mytilus edulis) 
(Fig. 9.4).

The organic finds included wooden objects, plant remains, bones of marine and freshwater fishes, 
marine and terestrial mammals and water birds. Archaeozoological analyses identified most of the fish 
bones as cod (Gadus morhua). The small size of the cod bones (indicating individuals of 20–30 cm in 
length) and the spectrum of the other fish species like Atlantic mackerel (Scomber scombrus), garfish 
(Belone belone), European eel (Anguilla anguilla), viviparous eelpout (Zoarces viviparus), short- 
spined sea scorpion (Myoxocephalus scorpius), Righteye flounders (Pleuronectidae) and carp 
(Cyprinidae) give evidence for shallow water near the site. Some fish bones were charred, which may 
indicate fishing and roasting of the catch at or near the site.

Moreover, cut marks on roe deer bones (Capreolus capreolus) also suggest food preparation at this 
site. Tools made of red deer (Cervus elaphus) antler were found. Two artefacts could be interpreted as 
a punch, a tool used for the production of lithic blades. A tool made from the tusk of a wild boar (Sus 
scrofa) shows use-wear and might have been used for fur or leather processing. A wild boar fibula was 
shaped to a bone point. Other terrestrial mammal bones originate from domestic dog (Canis lupus cf. 
familiaris), wildcat (Felis silvestris) and bank vole (Clethrionomys glareolus). Besides fish, the bone 
inventory also contains other marine and freshwater species like beaver (Castor fiber), seal (Phocidae), 
otter (Lutra lutra), and birds including duck, geese, swan (Anatidae), red-necked grebe (Podiceps 
grisegena), red-throated diver (Gavia stellata), and other unidentified species. The wide range of ter-
restrial and marine animals shows that Ertebølle people hunted land animals like wild boar, roe deer 
and red deer but also exploited marine food sources.

Of particular interest are the fragmented human bones that were found in the lowest layer above 
the Pleistocene till: two jawbone pieces with molar teeth and two single teeth were recovered (Fig. 9.5). 
Human-bone samples were taken and prepared for analysis of 13C and 15N isotopes and ancient DNA 
(aDNA), as well as for radiocarbon dating. An osteological examination by Peter Tarp, from the team 
of Prof. Dr. J.L. Boldsen at Odense University, Denmark, showed that one of the teeth belongs to a 

Fig. 9.4 Trench 2 (Squares 3 and 4), part of Profile E 101, N107-109, 120 cm are displayed (Photograph: G. Lorenz)
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different individual from the jaw bone pieces. The jaw bone is thought to belong to a female in her 
20s. The second individual is likely older.

The analysis of the plant remains revealed a wide range of trees, such as hazel (Corylus), lime 
(Tilia), oak (Quercus), whitethorn (Crataegus), alder (Alnus), elm (Ulmus), and apple (Malus). 
Hazelnut shells and acorns were frequently found. Several of the hazelnut shells were charred, which 
can be interpreted as a sign of roasting, and thus indicate their use as food. Interestingly, in one of the 
excavated squares, a large bracket fungus was found.

The numerous lithics show the production and use of different kinds of flint tools. Core axes, bor-
ers, blade tools and transverse arrowheads were found. In particular, waste material and edge rejuve-
nation flakes gives evidence for the production and reshaping of core axes near the site. Some younger 
flake axes only appeared in blunted or patinated examples. These tools were collected near the excava-
tion area from the upper sand layer. The condition and find circumstances of core and flake axes are 
important for the typological dating of the site. Besides lithics, wooden objects were also found. 
During survey dives and the excavation, composite tool parts like leister prongs were found in and 
under the covering sand layer. Small wooden fragments likely of a lime tree log boat were also 
detected on the surface (Fig. 9.6, determined by Dr. S. Klooß, Kiel, Germany).

Tree-ring dating, radiocarbon dating, and the lithic inventory place the site in the pre-pottery 
Ertebølle phase (~5450–4750 cal BC, Hartz and Lübke 2006). Sites from this period are rare in the 
south-western Baltic Sea area, where only a few sites, such as Jäckelberg-Nord and Rosenfelde, have 
been excavated and examined in detail. The trees found at Strande probably fell down around the year 
5390 BC. Four samples of three tree trunks were taken by divers and analysed by Dr. K.-U. Heußner 
from the Dendrochronology Lab of the German Archaeological Institute (DAI) in Berlin, Germany 
(Table 9.1).

A leister prong (Fig. 9.7), found below the upper sand layer, dates to 5215–5020 cal BC (6160 ± 30 
BP, KIA46461). In contrast, a radiocarbon date for one human-bone fragment at 5470–5340 cal BC 
(6380 ± 35 BP/6455 ± 30 BP, KIA 48437) appears too old. This discrepancy may be explained by the 
reservoir-effect as the individual’s nutrition was mainly based on marine food as indicated by the δ13C 
value of −16.26 ± 0.36/−13.47 ± 0.41 (Fischer et al. 2007). Hazelnut shells from the same layer as the 
human-bone fragment date to 5215–4981 cal BC (6140 ± 40 BP, Poz-64205). Interestingly, a second 
leister prong, which was also discovered under the upper sand layer, dates slightly younger to 4990–
4795 cal BC (6000 ± 40 BP, KIA46711) and thus extends the chronological range of the site. The 
radiocarbon dates match the typological dating of the artefacts.

Fig. 9.5 Recovery of a human jawbone fragment with teeth found at a depth of 6 m under water (Photograph: C. Howe)
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S. Hartz and H. Lübke suggested a four-phase chronology for the Late Mesolithic in the south- 
western Baltic (Hartz and Lübke 2005, 2006; Hartz et al. 2014). In summary, the older phases, 
Jäckelberg and Rosenfelde, are characterised by lack of ceramics and only a few flake axes in the later 
phase. The two younger phases, Jarbock and Timmendorf, are characterised by the production and use 
of pottery and the frequent appearance of flake axes. At Strande LA 163 no pottery and flake axes 

Fig. 9.6 Probable fragment of a dugout canoe made of lime wood (Tilia), determined by Dr. S. Klooß, Kiel, Germany 
(Photograph: S. Hartz)

Table 9.1 Dendrochronological dating of wooden samples from Strande LA 163. Analyses by Dendrochronology Lab 
of DAI Berlin, Germany. The outer edges of all samples represent probably the boundary between corewood and 
sapwood

Lab.Nr. Type of wood Sample Beginning End Date of death Remark

C

66133 Quercus Tree 1/1 5487 BC 5413 BC 5393 BC ±10

66134 Quercus Tree 1/2 5490 BC 5412 BC 5392 BC ±10

66135 Quercus Tree 2 5482 BC 5014 BC 5396 BC Around/after

66136 Quercus Tree 4 5468 BC 5400 BC 5380 BC Around/after

J. Goldhammer and S. Hartz
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were found in the cultural layers. Flake axes are only known from the covering sand layer, and they 
are patinated with worn edges indicating erosion and displacement from a younger settlement phase, 
but it is not possible to determine from the condition of the artefact its age or provenance. Taken 
together, the find layers of Strande can be dated with confidence to ~5200–4800 cal BC, and fit well 
with dates for the pre-pottery Ertebølle phases of 5450–4750 cal BC (Hartz and Lübke 2005, 2006; 
Hartz et al. 2014).

9.3  Potential and Perspectives: First Results of New Prospection

The excavation results suggest that the find layers pinch out to the east and north, though the sediment 
layers become thicker to the west and to the south. To investigate the possible existence of more exten-
sive deposits and archaeological material, we carried out additional survey around the 2012 excava-
tion area in August 2014 with four scientific divers and 160 survey dives.

Starting from the four fallen tree trunks, the surrounding area was inspected using transects. A 
50 m-long yellow belt strap was set up with heavy sinkers attached to each end. This belt was first 
extended from the excavation area to the west, and then transferred to the south and so on until all 
cardinal directions were examined. Every 5 m along the transect belt, we dug a sondage. We used a 
diver propulsion vehicle to flush away the covering sand and expose underlying sediments, measured 
the thickness of the covering sand layer, and described, photographed and mapped the position of the 
sondage and the type of underlying sediment. Furthermore, we documented any artefacts present with 
particular attention to the degree of patination and edge sharpness of flint artefacts. From this 

Fig. 9.7 Leister prong 
made of Maloideae 
wood, determined by 
Dr. S. Klooß, Kiel, 
Germany (Drawing: 
J. Freigang)
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information we were able to identify sediments with the potential to yield further prehistoric finds and 
structures.

The result of the prospection work gives a clear picture. The distribution of sediment types gives 
definitive indications of the degree of erosion or protection of material and the nature of the former 
landscape around the excavation trenches. Sediments remaining in the western, south-western and 
southern sectors comprise sandy layers with an organic component as well as organic silt layers 
(Fig. 9.8). Moreover, flint artefacts with sharp edges were recovered, indicating that more material in 
a good state of preservation may be found in these layers.

Additional locations with organic sediments were identified in the wider area, for example 150 m 
east of the fallen tree trunks and around 400 m to the south. It remains to be resolved whether the finds 
washed up on the present-day shore originate from the Strande LA 163 site or from other spots in the 
vicinity.

Seven years of research in the Wismar Bight following the accidental discovery of a single 
Mesolithic site (Hartz et al. 2014) have demonstrated the value of closer inspection using geoarchaeo-
logical surveys in revealing further settlement remains. So far, ten sites from various Mesolithic to 
early Neolithic time periods have been identified (Hartz et al. 2014, p 80, Fig. 1). The area of the 
Strande site in Kiel Bay seems to have a comparable high potential to reveal further sites from differ-
ent periods.

9.4  Site and Surroundings: Landscape and Sea Level Rise

The 7th to 5th millennium BC is characterized by substantial changes of the landscape around the 
Baltic Sea basin. Due to sustained sea level rise, land was lost and people had to adapt to new coast-
lines. The Ancylus Lake stage was the last freshwater stage of the Baltic basin (Andrén et al. 2011). 
At that time Kiel Bay was still dry terrain. Until recently, geologists thought that the Ancylus Lake 
drained via a large river into the Kattegat. However, the picture seems to be more complex (Feldens 
and Schwarzer 2011). New findings suggest that a saltwater inflow through the Kattegat and the Great 
Belt occurred at around 7500 BP (ca. 6400 cal BC, Rößler et al. 2009) resulting in rising sea level and 
a gradual landward shift of the coastline.

From Mecklenburg Bay a transgression contact is known from 5500 cal BC. It was identified by ‘a 
sudden start of records from pollen and macro fossil taxa of marine or perimarine origin’ at 
Timmendorf-Nordmole II at a depth of 583 cm below present sea level (Hartz et al. 2014, 
pp. 115–119).

The Strande LA 163 site lies in a wide area of shallow water with a water depth of 4–6 m. The 2012 
excavation described here also revealed that the sediment layers to the south and west are thicker than 
in the east and north. This might be explained by an uneven Pleistocene clay surface with depressions 
and elevations.

Taken together, these observations suggest that the site was originally located on the shore of a 
shallow water body, such as a bight or a lagoon, but additional geological and geophysical investiga-
tions will be needed to corroborate this reconstruction of the prehistoric landscape.

9.5  Conclusion

Further investigations are planned to determine when the site was used by coastal hunter-fisher societ-
ies and whether there is evidence of multiple independent visits. The inundation of land in the Baltic 
Sea area changed the human habitat within a few generations and forced people to move further 
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inland. Once new geological and geomorphological analyses have been undertaken, the Strande site 
could become a case study of the way humans adapted to a changing coastal landscape. Furthermore, 
there is considerable potential to locate additional Mesolithic remains in the area around Strande LA 
163. With new insights into the way of life in Kiel Bay it will be possible in due course to compare 
technology, economy and diet to the regions of Wismar Bay and the Danish Islands and thus to recon-
struct pathways and networks of contact in the late hunter-gatherer period.

Fig. 9.8 Assumed distribution of sediment types below covering sand modelled with Voronoi cells (Illustration: 
J. Goldhammer, R. Kiepe, NIhK)

9 Stohl Cliff



154

Acknowledgements The prospection of 2014 was funded by the German Science Foundation (DFG), the excavation of 
2012 was enabled by funding and help from the following: the State Archaeological Department of Schleswig- Holstein; 
the Archaeological Society Schleswig-Holstein e. V.; the State Archaeological Museum of Schleswig- Holstein; the 
Institute of Pre- and Protohistoric Archaeology at Kiel University; the Centre for Scientific Diving, Kiel University; and 
the Sailing Centre, Kiel University. We thank all these institutions and the following individuals and organisations: Rolf 
and Gerald Lorenz, Matthias Wehkamp, Jonas Enzmann, Feiko Wilkes, Jana Ulrich, Karl Bruhns, Jörn Sievert, Florian 
Huber, Christian Howe, Philipp Schubert and Robert Lehmann of Submaris, Petra Amelow, Torsten Janßen, Henry 
Skorna, AMLA (Study group for maritime and limnic archaeology), all students and collegues involved in the 2012 
excavation, Senckenberg am Meer Wilhelmshaven, the Workgroup of Prof. M. Wahl at Geomar Kiel, the Centre for 
Scientific Diving, University of Oldenburg, and the Stickenhörn and Schilksee Marinas. We also thank Geoff Bailey and 
Jonathan Benjamin for help in revising the text.

References

Andrén T, Björck S, Andrén E, Conley D, Zillén L, Anjar J (2011) The development of the Baltic Sea basin ruring the 
last 130 ka. In: Harff J, Björck S, Hoth P (eds) The Baltic Sea basin. Springer, Heidelberg

Feldens P, Schwarzer K (2011) The Ancylus Lake stage of the Baltic Sea in Fehmarn Belt: indications of a new thresh-
old? Cont Shelf Res 35:43–52. doi:10.1016/j.csr.2011.12.007

Fischer A, Olsen J, Richards M, Heinemeier J, Sveinbjörnsdottir AE, Bennike P (2007) Coast-inland mobility and diet 
in the Danish mesolithic and neolithic: evidence from stable isotope values of humans and dogs. J Archaeol Sci 
34:2125–2150

Glykou A, Goldhammer J, Hartz S (2014) Versunkene Steinzeit – taucharchäologische Untersuchungen an der 
Schleswig-holsteinischen Ostseeküste. In: Huber F, Kleingärtner S (eds) Gestrandet, Versenkt, Versunken – 
Faszination Unterwasserarchäologie. Wachholtz, Neumünster

Goldhammer J, Hartz S (2013) Versunkene Steinzeit – endmesolithische Funde vor der Steilküste Stohl. Jb Eckernförde 
71:151–162

Hartz S, Lübke H (2005) Zur chronostratigraphischen Gliederung der Ertebølle-Kultur und frühesten Trichterbecherkultur 
in der südlichen Mecklenburger Bucht. Bodendenkmalpflege Mecklenburg-Vorpommern, Jb 2004 52:119–143

Hartz S, Lübke H (2006) New evidence for a chronostratigraphic division of the Ertebølle culture and the earliest funnel 
beaker culture on the southern Mecklenburg Bay. In: Kind C-J (ed) After the ice age – settlements, subsistence and 
social development in the mesolithic of Central Europe. Proceedings of the International Conference 9th to 12th of 
September 2003, Rottenburg/Neckar, Baden-Württemberg, Germany. Theiss, Stuttgart

Hartz S, Jöns H, Lübke H, Schmölcke U, Carnap-Bornheim CV, Heinrich D, Klooß S, Lüth F, Wolters S (2014) 
Prehistoric settlements in the south-western Baltic Sea area and development of the regional stone age economy. Ber 
RGK 92(2011):77–210

Madsen AP, Müller S, Neergaard C, Petersen CGJ, Rostrup EV, Steenstrup KJ, Winge H (1900) Affaldsdynger fra 
Stenalderen i Danmark. Untersøgte for Nationalmuseet, Paris

Piezonka H (2008) Neue AMS-Daten zur frühneolithischen Keramikentwicklung in der Nordosteuropäischen Waldzone. 
Estonian J Archaeol 12:67–113

Rößler D, Lemke W, Moros M (2009) Reconstruction of the Littorina transgression in the Western Baltic Sea. In: Harff 
J, Lüth F (eds) SINCOS I – sinking coasts. Geosphere, ecosphere and anthroposphere of the Holocene Southern 
Baltic Sea. Bericht der RGK

J. Goldhammer and S. Hartz

http://dx.doi.org/10.1016/j.csr.2011.12.007


155

Abstract Underwater diver surveys have revealed remains of the root system of a submerged alder 
forest in front of a ferry pier in Kiel-Friedrichsort (Germany). This offers the rare chance to date mate-
rial from a submerged forest recovered in situ from the inner Kiel fjord, which gives a 14C result of 
5200–5000 cal BC, and this in turn gives a date for a period after which the freshwater lakes of the 
fjord mixed with the transgressing seawater of the Baltic Sea.

10.1  Introduction

This chapter presents information on underwater investigations in the Kiel Fjord that have mapped the 
marine and submarine sediments and provided dateable material giving a date immediately preceding 
the local transition from freshwater to marine conditions.

At the southwestern end of the Baltic Sea, the wedge-shaped Kiel Fjord was formed by glacial 
processes during the last Ice Age and cuts 15 km deep into the moraine landscape. At the northern end 
at Friedrichsort, the fjord narrows from about 3 km width to only 1 km (Fig. 10.1). The greater part of 
the shoreline in the fjord has been altered, dredged and overbuilt by industrial and harbour structures. 
Therefore, discovering datable remains of prehistoric origin proves to be difficult. Beneath the surface 
a homogeneous picture emerges. The shallow water in front of the beach (about −2 m in depth) 
extends for up to 80 m near the ferry pier, whilst further to the west (shipyard) and to the east (factory 
quay) the submerged topography is steeper. The shallow water substrate consists of sand and gravel 
subsoil above organic layers, covering hard glacial till. Beyond the shallow water zone the bathyme-
try, between −7 and −9 m plunges steeply. Here, the seabed is mainly covered with thick mud 
sediments.

In this chapter I present information on the remains of a submerged forest, the conditions that have 
resulted in the exposure of the material, the methods of diver survey used to investigate the location, 
the dating of tree stumps, and the implications for the transition of the inner Fjord from a freshwater 
to a marine environment.

Chapter 10
Investigations of Submerged Palaeoshorelines  
in the Kiel Fjord

Frederick Feulner

F. Feulner (*) 
Department of Archaeology, University of York, The King’s Manor, York Y01 7EP, UK
e-mail: freder@palaeome.org

© Springer International Publishing AG 2017
G.N. Bailey et al. (eds.), Under the Sea: Archaeology and Palaeolandscapes  
of the Continental Shelf, Coastal Research Library 20, DOI 10.1007/978-3-319-53160-1_10

mailto:freder@palaeome.org


156

10.2  The Site

In the area west of the passenger ferry pier (54°23′20.95″N, 10°10′41.22″E), I observed roots sticking 
out of the glacial till for the first time in 2004, and reported this to the authorities. In accordance with 
the Archäologisches Landesamt Schleswig-Holstein, the site was designated ‘Kachel 1627 LA 2 
Friedrichsort’ (LA = Landesaufnahme). Since then I have regularly dived on the area, and monitored 
and documented visible features on the seabed. The submerged landscape near the ferry pier drops 
sharply from about −2 to −7 m, forming a jagged cliff. Near the cliff the uppermost covering of sand 
and gravel makes way for an organic soil about 30 to 70 cm thick, and beneath this there is glacial 
subsoil. At about −3.5 m depth, numerous plant roots start to appear, sticking out from the glacial till. 
These extend along the scarp over a distance of approximately 10 m in an east–west direction and 
about 3 m from the beginning of the upper edge of the scarp down to an exposed depth of −6 m with 
a further extension to be expected. Depending on changing circumstances associated with currents, 

Fig. 10.1 Map of Schleswig-Holstein showing detailed inset map of the Kiel-Friedrichsort site
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wind direction or ship traffic, the organic layer was variously covered with sand or completely and 
openly visible.

10.3  Survey Methods

Due to the changing nature of this site and the difficult circumstances associated with submerged 
obstructions and stretches of shallow water, it was not possible to obtain high resolution bathymetry 
by side-scanning sonar. Therefore a diver-supported survey was carried out. A measuring grid was set 
up in an east–west and south–north orientation, taking the end of the jetty pier as the zero-point 
(Fig. 10.2). Westward the grid stretched out for 40 m, and northward for 20 m. Depth measurements 
were taken by digital depth gauge at 5 m-intervals in shallow water (above −4 m) and calibrated 
against mean sea level (Figs. 10.3 and 10.4). In the deeper parts the number of measurement points 
taken was denser to allow a better mapping of the escarpment.

The wood residues were analyzed by S. Klooß, Kiel, and classified as roots of alder (Alnus). Gray 
and black alder (Alnus incana and A. glutinosa) grow primarily in wetland areas, along river banks 
and streams and also on nutrient-poor soils. Therefore, they are considered to be extremely competi-
tive pioneer plants. Alders have a well-developed root nodule system and lack the usual vigorous 
lateral roots, which is immediately apparent at the Kachel 1627 LA 2 Friedrichsort. Although alders 
are moisture-loving, they may still be vulnerable to prolonged flooding of the stem base. This makes 
it possible to obtain a terminus post quem for the flooding of the inner Kiel fjord.

We owe it to the constant remodelling and erosion of the seabed by ferry traffic that these alder 
forest remains are now visible and can be examined. The local ferries with a capacity of 300 persons 
approach this pier multiple times per day (Fig. 10.5). The propellers of the ferries are situated at a 
depth of about −2.40 m beneath the hull and exert a force of up to 250 KW on the submarine scarp 
during berthing and departure manoeuvres. With every manoeuvre the erosion process continues, 
loosening parts of the seafloor. The immediate area has been abraded to form a semi-circular-shaped 
depression and a submarine cliff of more than 1 m has been formed. The eroded material is carried 
away by the stern propeller flow towards deeper areas, where it spreads out, and also by the bow 

Fig. 10.2 Divers setting 
out the measuring grid 
on the site
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thrusters into the shallow water zone to the north. On the eastern side of the ferry pier, a teardrop- 
shaped ejection zone has formed, in the direction parallel to the industrial compound, which raises the 
seafloor to a level of −2 m below sea level (Figs. 10.6 and 10.7).

10.4  Dating

A wooden root sample of about 3 cm thickness was taken at a central location (about 20 m west of the 
pier) from an eroded area in a calibrated depth of −5.9 m below sea level (since it is a root, it can be 
assumed that the former dry surface was located about 1–1.5 m higher) and passed on to the Leibniz 
Laboratory at the Christian-Albrechts-University of Kiel for AMS age determination. Sample KIA 
50022 was controlled by microscope for any impurities and a suitable amount of material was selected 
for dating. The material was extracted by 1% HCl, 1% NaOH at 60 °C and again with 1% HCl. It was 
combusted at 900 °C in a quartz ampulla filled with CuO and silver wool. The generated CO2 was 
reduced with H2 at 600 °C to graphite. The iron-graphite was mounted on a specimen holder for AMS- 
measuring. The 14C concentration in the sample results from a comparison of the simultaneously 
determined 14C, 13C and 12C values with the CO2-standard (oxalic acid II) and a blank sample. The 
conventional 14C age was subsequently calculated according to Stuiver and Polach (1977) and cor-
rected for isotope fractionation (13C/12C relation). This delta13C value incorporates the effects that 
occur during the graphitization and inside the accelerator mass spectrometer and therefore is not 
compatible with delta13C values measured with a CO2 mass spectrometer. The uncertainty of the 14C 
results includes the statistics, the stability of the AMS device and the uncertainty of the subtracted 
zero effect. For the first two factors the laboratory observed the counting statistics as well as the dis-
tribution of measured intervals and used the larger value. The sample yielded sufficient carbon 

Fig. 10.5 Location of site showing the passenger ferry approaching the pier
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(2.6 mg C), and the delta 13C value is within the normal range for organic samples and therefore valid 
(−30.01 ± 0.15 delta 13C ‰).The transformation into absolute age was done with the OxCal V4.2 
program (Bronk Ramsey 2009) and the calibrating software IntCal 13 (Reimer et al. 2013) (Figs. 10.7 
and 10.8).
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10.5  Discussion

The results of the radiocarbon dating give an age of 5200–5000 cal BC (KIA 50022, 6151 ± 34 BP), 
which corresponds to the beginning of the pre-pottery Ertebølle culture. This falls into the main 
period of the Littorina transgression phase of the Baltic. The sea-level rose from about −10 to −3 m 
within a relatively short time-span (ca. 6500–5000 cal BC), flooding former dry land areas. Based on 
the current evidence, we can expect the prehistoric fertile dry-land horizon to be at about −5 m, with 
the roots reaching further down into the till layers, which is supported by a 0.2–0.7 cm-thick visible 
organic layer interspersed with mud and floral remains. As no tree stump has been found in situ so far, 
it is only possible to sample the root system of the tree, which tends to reach deep into the glacial till. 
I hypothesize that the tree(s) grew near the shore of a freshwater body, which was flooded by the 
transgressing Baltic Sea at −4 m at about 5000 cal BC (See also Goldhammer and Hartz, Chap. 9). 
Fischer (1997, p. 35) points out that different tree species have different requirements regarding loca-
tion, moisture and salinity. Alder is much more resistant to water-level rise than, for example, certain 
oak or lime trees. Dörfler et al. (2009, p. 178) report that preserved radiant alder roots can be a good 
indicator for flooding events. Following the general mean graph of the south-western Baltic region as 
established by Labes (2002, Fig. 114) the sea-level for this time period should be at about −4 to 
−3.5 m below present-day MSL, which correlates well with the observations at Kiel-Friedrichsort. 
However, Jakobsen (2004, p. 75) estimated for parts of the Oldenburg valley a sea-level of −4.70 m 
MSL for 5100 cal BC, which would mean a sea-level rise of approximately 30 cm per 100 years until 
about 4750 cal BC.

Although there are many radiocarbon dates available from submerged/wetland prehistoric sites 
and sunken forests in the western Baltic (Labes 2002; Lübke 2005), none have so far been recovered 
from the inner Kiel Fjord itself. A number of 14C dates have been acquired during analyses of dredged 
finds of the nearby eponymous site of Kiel-Ellerbek (Mestorf/Weber 1904; Mestorf 1905) by 
Schwabedissen, dating to the middle/late Ertebölle period, intermixed with early Neolithic finds 

OxCal v4.2.3 Bronk Ramsey (2013): r:5: IntCal13 atmospheric curve (Reimer et al 2013)
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(ca. 4600–3400 cal BC, cf. Schwabedissen 1994). However, these old published dates should be used 
with care and need recalibration. In the vicinity of Friedrichsort, a growing number of submerged 
locations with evidence of prehistoric finds or palaeobotanic material were discovered and studied in 
recent years. About 12 km to the north-east, another site was investigated at LA 7 Schönberg-
Kalifornien in 2007. At a depth of −4 to −5 m, tree stumps were found in situ but the sample did not 
yield enough information for a reliable dendrochronological date. Another oak tree at −5 m MSL was 
dated at 5573–5479 cal BC (KIA 44352, 6586 ± 41 BP, Glykou et al. 2014). However, a T-shaped 
antler axe found nearby was dated at 4317–4050 cal BC (KIA 34375, 5342 ± 34 BP, Hartz 2009; 
Glykou et al. 2014). In 2012 a further submerged prehistoric site was discovered 8 km to the north of 
the Friedrichsort site near Bülk (LA 163 Strande) in 6 m depth, which dates to the early Ertebölle 
period (Goldhammer and Hartz, Chap. 9). Here, a number of trees were dendrochronologically-dated 
to about 5390 cal BC, an oak tree at −7 m MSL was radiocarbon-dated to 5570–5480 cal BC (KIA 
44350, 6588 ± 35) while two eel leister prongs were radiocarbon-dated to 5215–5020 cal BC (KIA 
46461, 6160 ± 30 BP) and 4990–4795 cal BC (KIA 46711, 6000 ± 40 BP). Human remains from that 
site were dated at 5470–5340 cal BC (KIA 48437, 6380 ± 35/6455 ± 30 BP), but this did not take any 
possible reservoir effects into account (Goldhammer and Hartz 2012, 2013; Glykou et al. 2014). At 
LA 12 Siggeneben-Süd in the Oldenburg valley, an oak tree at about −3.5 to −3 m has been dated ca. 
5210–4780 cal BC, while another one from LA 58 Grube-Rosenhof (also Oldenburg valley) at −4.1 m 
yielded a date of 5310–5200/5100 cal BC (KIA 29790, 6248 ± 31BP, MSL, Goldhammer 2008). The 
key dates from the Kiel Bay are summarized in Fig. 10.9.

Fig. 10.9 Calibrated dates of prehistoric submerged sites in the Kiel Bay
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10.6  Conclusions

To conclude, we can say that this area resembles a submerged palaeoshoreline of the inner Kiel fjord, 
with a top layer of sand protecting an organic layer that was once part of the prehistoric landscape. 
Although this site was and still is heavily influenced by anthropogenic and natural erosion, it has 
provided an in-situ radiocarbon date giving a terminus after which the flooding of this Baltic fjord 
occurred. Further steps to improve knowledge of this site and the development of sea-level rise in this 
area are planned, including a more detailed scientific analysis of the organic soil.

Acknowledgements I am indebted to Sönke Hartz and the Archaeological State Museum, Schleswig, who helped with 
funding the dating of the forest and to Stefanie Klooß, Kiel University, for identifying the plant remains. I would also 
like to thank the members of the Scientific Diving Association NGO, especially Steffen Häuser (Kiel) and Jörg Ewersen 
(Schleswig) for their help documenting this area.

References

Bronk Ramsey C (2009) Bayesian analysis of radiocarbon dates. Radiocarbon 51(1):337–360
Dörfler W, Jacobsen O, Klooß S (2009) Indikatoren des nacheiszeitlichen Meeresspiegelanstiegs der Ostsee. Eine meth-

odische Diskussion am Beispiel der Ostseeförde Schlei, Schleswig-Holstein. In: Müller U, Kleingärtner S, Huber F 
(eds) Zwischen Nord- und Ostsee 1997–2007. Zehn Jahre Arbeitsgruppe für maritime und Limnische Archäologie 
(AMLA) in Schleswig-Holstein. UPA 165. Habelt, Bonn, pp 171–186

Fischer A (1997) Drowned forests from the stone age. In: Pedersen L, Fischer A, Aaby B (eds) The Danish storebaelt 
since the ice age: man, sea and forest. Storebaelt, Copenhagen, pp 29–36

Glykou A, Goldhammer J, Hartz S (2014) Versunkene Steinzeit – taucharchäologische Untersuchungen an der 
Schleswig-holsteinischen Ostseeküste. In: Huber F, Kleingärtner S (eds) Gestrandet, Versenkt, Versunken – 
Faszination Unterwasserarchäologie. Wachholtz, Neumünster, pp 76–95

Goldhammer J (2008) Untersuchungen zur Stratigraphie, Fundverteilung und zum Fundspektrum der mittleren 
Ertebøllekultur in Ostholstein: Die Nachgrabungen in Grube-Rosenhof aus den Jahren 2001 und 2002, mit Beiträgen 
von P. Frenzel, J. Ewersen und S. Klooß. UPA 163, Habelt, Bonn 2008

Goldhammer J, Hartz S (2012) Steinzeitliche Siedlungsreste am Ostseegrund – Ein endmesolithischer Fundplatz in der 
Kieler Bucht. Archäologische Nachr Aus Schleswig-Holstein, pp 26–29

Goldhammer J, Hartz S (2013) Versunkene Steinzeit – endmesolithische Funde aus der Ostsee vor der Steilküste von 
Stohl. Jahrb Heimatgemeinschaft Eckernförde eV 2013:151–162

Hartz S (2009) Steinzeit am Ostseegrund. Submarine archäologische Forschungen vor Schönberg-Kalifornien. Jahrbuch 
für Heimatkunde in Kreis Plön 39: 33–45

Jakobsen O (2004) Die Grube-Wesseker Niederung (Oldenburger Graben, Ostholstein): Quartärgeologische und geo-
archäologische Untersuchungen zur Landschaftsgeschichte vor dem Hintergrund des anhaltenden postglazialen 
Meeresspiegelanstiegs. Doctoral dissertation, Christian-Albrechts-Universität zu Kiel

Labes S (2002) Meeresspiegelschwankungen an der südwestlichen Ostseeküste während der letzten 8000 Jahre. Ein 
Überblick über archäologische und geologische Untersuchungsergebnisse. Unpublished Diploma thesis, Christian- 
Albrechts- Universität zu Kiel

Lübke H (2005) Spät-und endmesolithische Küstensiedlungsplätze in der Wismarbucht – Neue Grabungsergebnisse zur 
Chronologie und Siedlungsweise. Bodendenkmalpflege Mecklenburg, Jahrb 2004 (52):83–110

Mestorf J (1905) Einstmalige Wohnstätten in der Kieler Förde. Heimat 15:77–82
Mestorf J, Weber KA (1904) Wohnstätten der älteren neolithischen Periode in der Kieler Föhrde. Bericht des Kielers 

Museums vaterländischer Altertümer, Kiel.
Reimer PJ, Bard E, Bayliss A et al (2013) IntCal13 and Marine13 radiocarbon age calibration curves 0–50,000 years cal 

BP. Radiocarbon 55(4):1869–1887
Schwabedissen H (1994) Die Ellerbek-Kultur in Schleswig-Holstein und das Vordringen des Neolithikums über die 

Elbe nach Norden. In: Hoika J, Meurers-Balke J (eds) Beiträge zur frühneolithischen Trichterbecherkultur im 
westlichen Ostseegebiet. 1. Internationales Trichterbechersymposium in Schleswig vom 4 bis 7 März 1985. 
Wachholtz, Neumünster, pp 361–401

Stuiver M, Polach HA (1977) Discussion: reporting of 14C data. Radiocarbon 19(3):355–363

10 Kiel Fjord



165© Springer International Publishing AG 2017 
G.N. Bailey et al. (eds.), Under the Sea: Archaeology and Palaeolandscapes  
of the Continental Shelf, Coastal Research Library 20, DOI 10.1007/978-3-319-53160-1_11

Abstract In order to obtain information on coastal settlement during the Early Mesolithic, marine 
archaeological investigations on the Swedish side of Öresund (the Sound) have been carried out since 
the 1970s. Early Mesolithic sites have been registered, the depths of which varied between −20 and 
−6 m. A number of settlement sites have been located close to the submerged outlet of a river in the 
central part of the present Öresund. One of these sites is partially covered in peat, situated at a depth 
of −7 to −8 m, and has been dated to about 7000 cal. BC. Finds of bones and worked wood make this 
a very important find location. A number of sites have been found during various activities along the 
former shoreline. The results of these investigations provide the basis for an argument that coastal 
settlement during the Boreal was equally as intensive as that which is well documented in the hinter-
land. The choice of settlement sites on the coast was dictated by the same factors as in the Late 
Mesolithic, a period when the hinterland became less attractive for settlement because of dense affor-
estation and the transformation of former lakes into bogs.

11.1  Introduction

Öresund is the sound that divides present-day Sweden from Denmark. It is about 100 km long, 30 km 
wide in the south, and narrowest in the north where it is 4 km wide (Fig. 11.1). The depth varies from 
more than 25 m to about 7 m below present sea level, with the shallowest part in the south. The region 
is of particular interest in relation to the study of submerged landscapes and prehistoric archaeology. 
It has been the focus of underwater investigations from an early period since the 1970s, and has pro-
duced a number of finds that illustrate the potentials and limitations of underwater research. There are 
also a number of well-known Mesolithic settlements on the present-day coastline and its adjacent 
hinterland, and this combination of offshore and onshore evidence provides a distinctive insight into 
the relationship between changing patterns of settlement and subsistence and the changing configura-
tion of coastlines and environments associated with the transition from glacial to postglacial condi-
tions in northern Europe.

Human settlement began at about 14,000 years ago, when the region first became accessible fol-
lowing de-glaciation. At the beginning of this period, most of the Sound, particularly the southern 
part, was still dry land, comprising a low-lying landscape with many freshwater lakes. Subsequently 
it underwent dramatic changes in palaeogeographic configuration and palaeoenvironment associated 
with postglacial climate change and sea-level rise. The lowlying basin was progressively inundated by 
seawater from the North Sea, becoming at first a marine bay opening to the North with numerous 
islands, most of which are now submerged, and finally becoming a throughway between the North 
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Sea and the Baltic as sea level reached its present level about 5,000 years ago. On land, progressive 
afforestation and transformation of freshwater lakes to bogs altered the opportunities for settlement 
and subsistence.

The aim of this chapter is to summarise the evidence for underwater finds in the Öresund, to high-
light some of the problems of underwater investigation and interpretation, and to use the evidence to 
assess the changing nature of coastal settlement and its relationship to the hinterland. Despite the fact 
that shorelines for the earlier part of the prehistoric sequence are now submerged, underwater finds, 
as well as indications from the on-land archaeological record of contacts with the contemporaneous 
coastline and exploitation of marine resources, provide many insights into the nature of early coastal 
settlement. Several different and partially overlapping cultural and chronological labels are used to 
describe the sequence, and the relationship between them is shown in Table 11.1.

11.2  Late Palaeolithic and Early Mesolithic

Due to considerable rise in sea levels during the Late Boreal and the Atlantic periods, there is very 
little surviving evidence of coastal settlement from the Late Glacial and the Early Postglacial, apart 
from individual finds which have been observed in connection with sand extraction. These include 
actual artefacts, such as a worked flint and bones from the sea floor off Solrød strand on the Danish 
side (Fig. 11.1) at a depth of between 6 and l0 m below sea level (Vang Petersen and Johansen 1995), 
with a worked reindeer bone dated at 12,140 ± 100 BP (AAR-1036) indicating settlement remains 
from the Hamburgian culture.

At a depth of about 10 m just off Falsterbo on the Swedish side of the southernmost side of the 
sound (Fig. 11.1), reindeer antlers and bones of giant deer have been found during dredging for a 
canal. Radiocarbon dating of the bone of a giant deer provided a date of 11,220 ± 70 BP (LuS 6140).

This evidence of Late Palaeolithic activity in the southern Öresund can be linked to the supposed 
migration routes of reindeer moving from present-day north-western Germany to Zealand and further 
to the north-east (Vang Petersen and Johansen 1995). A land bridge existed across the southern 
Öresund between present-day Denmark and Sweden during certain periods of the Late Palaeolithic 
and the entire Early Mesolithic. During other periods of the Late Palaeolithic the sound might have 
been narrow and, like the large Siberian rivers (Klein 1982), could have been crossed by swimming 
animals. This area might, therefore, have been a strategic location for mass slaughtering in conjunc-
tion with migrations undertaken by herd animals such as reindeer and probably other migrating ani-
mals like horse (Larsson 2008). This land bridge exhibits a dynamic history, however, and existed 
only during certain periods, including from 11,300 to 10,900 BP and from 10,300 until around 8,000 
BP (Larsson 1994; Björck 1995).

Evidence relating to coastal settlement during the Preboreal and large parts of the Boreal (11200–
7000 BP) is missing from Öresund because the relevant coastlines are now submerged. Coastal sites 
are better exemplified on the west coast of Sweden, where older shorelines have been elevated by 

Table 11.1 Prehistoric chronological subdivisions in southern Scandinavia

Uncal BP Chronozones Cultures Phases Cal BC

5000 Subboreal TRB Neolithic 4000

6000 Atlantic Ertebølle culture Late Mesolithic 5000

7000 Atlantic Kongemose culture Middle Mesolithic 6000

8000 Preboreal and Boreal Maglemose culture Early Mesolithic 7000

9000 Younger Dryas Ahrensburg culture Late Palaeolithic 8000

10,000 9000

11 Submerged Settlement Western Scania
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isostatic uplift following deglaciation (Nordqvist 1995; Kindgren 1995). These sites mostly lack good 
conditions of faunal preservation and are known only from the presence of stone artefacts, so that we 
do not have reliable evidence about the degree of reliance on marine resources. Nevertheless, the 
majority are located on old shorelines and the large number of sites indicates that coastal settlement 
was of major importance compared to the hinterland.

In the southernmost part of Sweden, settlement in the Early Mesolithic is well documented by 
several inland sites close to and within the larger bogs, which were at that time lake areas attractive 
for fishing, hunting and gathering (Larsson 1978). On these sites, at a distance of 20–80 km from the 
coast, most or all of the lithic material is flint, the source of which is in the coastal area to the west. 
This means that the distribution networks between coast and inland areas were very active.

That permanent coastal settlement existed during a late part of the Boreal period is indicated by a 
find of a human skull off the Danish coast of the Öresund. It is dated to 7270 BC (K-5099), and a 13C 
value of −14.7 ‰ indicates a strongly marine diet (Fischer 1997).

Even though the sea level was lower than today, no other land connections were formed across the 
Sound. There are only three islands of any size today in Öresund, although the northern and central 
part of the sound was a deep arm of the North Sea with a true archipelago during the Early Mesolithic. 
A rapid rise in the water level during the Late Boreal caused the bay to enlarge at the same time as 
most of the islands were submerged. A number of submerged areas with layers of peat and gyttja on 
the bottom of Öresund show that this area, before it became a marine bay, contained a number of 
freshwater basins, which were gradually transformed into lagoons before being finally inundated. The 
area contained several biotopes which made it attractive for settlement. But so far no survey has been 
conducted around these former lakes.

11.3  Settlement Sites Associated with Submerged Rivers

Zoologists in the 1930s found some worked flints offshore of the south Swedish town of Landskrona 
when sampling the sea bottom (Rausing and Larsson 1977). Most of the Late Mesolithic settlement 
sites that are still situated in the present-day coast zone are found beside the outflows of rivers. 
Therefore, the area between present-day Landskrona and the island of Ven should be a suitable area 
for finding submerged settlements from earlier periods of the Mesolithic (Fig. 11.1). The bottom 
topography shows a river channel from the present-day outflow of the Saxån River some kilometres 
south of the town, and the submerged river can be followed though the harbour of Landskrona and at 
least half-way out to the island of Ven (Fig. 11.2).

During a scraping test in 1975, some worked flints indicated the existence of settlement remains. 
In order to obtain further information on coastal settlement formed during an earlier part of the 
Mesolithic, a marine archaeological investigation on the Swedish side of Öresund was carried out in 
1979 (Larsson 1983). This was concentrated on the submarine channel corresponding to the prehis-
toric course of the river Saxån (Fig. 11.2). Along this river, both surveys and excavation have revealed 
a number of rich sites from the Middle and Late Mesolithic close to a deep bay (Karsten and Knarrström 
2003).

From the study of sea charts, it was possible to trace the former course of the river, as well as sub-
marine elevations and depressions. Areas of particular interest in a submarine context were noted. 
Areas to the west as well as to the east of the former river outlet seemed to be of special interest. These 
became the object of sampling from a boat with a special scraper used by marine biologists. The 
scraped bottom material was then sieved on board the boat. With the aid of divers, certain areas were 
also surveyed using an underwater sled towed by the boat. At least three Early Mesolithic sites were 
recorded during this preliminary investigation, the depths of which varied between 20 and 6 m below 
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sea level (Fig. 11.2). The somewhat raised bank named Pilhaken to the west of the former river outlet 
revealed more concentrations of artefacts than the eastern bank.

In the early 1990s the planning of a bridge across the Öresund prompted further underwater inves-
tigations. In 1992, the Pilhaken bank off Landskrona was used for field training by a Danish team. A 
further site, located on Pilhaken on the outermost part of the former river mouth, was discovered. This 
site, which is partially covered in peat, was situated at a depth of 7–8 m and yielded artefacts and 
samples of oak and hazelnut dated to 8120 ± 90 and 7945 ± 75 uncal. BP (AAR-1225 and T-10667) 
(Fischer 1993). The site was located directly adjacent to the clearly marked course of the river, which 
is about 300 m wide and a maximum of 14 m deep at this point. Extensive dredging further inshore 
and busy shipping movements presumably played a part in the severe erosion of the outer reaches of 
the navigable channel. The muddy layer could be observed as a horizon in the steeply sloping subma-
rine channel of the river (Fig. 11.3). The fact that the deposit nearest the course of the river channel is 
exposed to continuous erosion meant that a trial investigation was urgently needed in order to obtain 
broader information about the extent of the find-bearing layer and the degree of destruction due to 
erosion—not only the erosion that is taking place now, but also that which may be expected to occur 
in the near future.

An investigation of the site was accordingly carried out in 1995 (Larsson et al. 1996; Larsson 
1999). The location of the site, exposed to winds and currents, made the investigation work extremely 
difficult and time-consuming. The manner in which the excavation was conducted involved excavat-
ing a trench from the edge of the submarine course of the river inland as far as the deposits that had 

Fig. 11.2 The location of 
sites close to the submerged 
river channel of the Saxån 
outside the town of 
Landskrona
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been more or less dry land during the period of settlement (Fig. 11.3). The water was pumped out with 
large-capacity nozzles, and the resulting back suction was used to collect material recovered from the 
sea bed in fine-mesh nets at the end of the nozzle. The deposits comprise alternate layers of mud and 
sand with a combined maximum thickness of 0.5 m. A thicker layer of peat was present closest to the 
lowest sand layer. An abundance of tree branches was also present in the organic layers. Significant 
quantities of common mussels that had dug down into the bottom made the investigation more diffi-
cult and were a major cause of disturbances.

The majority of the flint artefacts were found in the lower part of the peat layer in direct contact 
with the underlying sand, and the layer of peat could be followed for a distance of at least 20 m 
(Fig. 11.3). The bottom was severely eroded further away from the former river channel, which meant 
that the find-bearing layer had been completely washed away in that area. The finds consist of flakes, 
blades and micro-blades and a smaller number of implements including scrapers, a burin and a burin 
spall (Fig. 11.4). The previous underwater investigation of the site in 1992 had revealed a number of 
blades and micro-blades, and a small number of bones from roe deer, red deer and aurochs were also 
found. The finds include a worked branch and sticks with traces of fire. The investigation was suffi-
ciently extensive to give an idea of the extent of the find-bearing layer away from the course of the 
river, indicating a settlement that could have extended for some tens of metres along the course of the 
river. The layers of peat were deposited in a comparatively well-protected basin, possibly in a part of 
the delta that may have included the former mouth of the Saxån River.

A survey of the shallower waters further up the former river channel, from about −5 m to the pres-
ent shoreline, was conducted by diving and swimming. Worked flints were found, but the distribution 
of these finds and the traces of rolling on the flints indicate that serious erosion has destroyed the sites 
in this area.

5m
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Fig. 11.3 The location of the Pilhaken 4 site
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11.4  Other Submerged Sites

Surveys of the seabed in the southern part of the Sound in the vicinity of the location of the former 
land bridge between Denmark and Sweden were carried out in 1992–1994 in conjunction with 
prospection associated with the building of a new bridge connecting Denmark and Sweden over the 
Öresund (Dencker et al. 1994) (Fig. 11.1). In the course of its transformation from a terrestrial land-
scape to a waterway in the previous millennia, the land connection in the south part of the Sound 
totally disappeared, and the shallowest parts of the seabed were subjected to severe erosion by strong 
currents. The limestone bedrock is fully exposed in certain parts, providing some idea of the heavy 
action of the currents. There are also less exposed areas with sand and clay. It was hoped that settle-
ment remains would be found there. A thorough trial investigation was accordingly carried out off 
Lernacken from 0.5 to 2 km offshore. Trial trenches of material were excavated using the suction 
method described above. Smaller areas of the seabed were also examined by divers by hand. The 
loose layers in the test trenches varied in thickness from a few centimetres to 1 m. Evidence of modern 
material, such as the remains of modern vegetation down to a considerable depth, indicates that the 
area has been subject to considerable transformation. Flint artefacts were found in a significant num-
ber of test pits, indicating evidence of a former settlement. However, none of these flints could be 
confirmed with certainty as in situ finds. Most also bore traces of rolling and salt water patination, but 
some were in fresh conditions indicating either that undisturbed find-bearing layers had been eroded 
quite recently, or that they may still exist in particularly well-protected areas. However, it was not 
possible to identify such a find location during the trial investigation. The find material includes both 

Fig. 11.4 Flint artefacts from Pilhaken 4: blades, 1–3; microblades, 4; scrapers, 5, 8–9; burin, 6; burin spall, 7 (Drawings 
by Björn Nilsson)
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blades and micro-blades dating from a late part of the Boreal and the earlier part of the Atlantic, i.e., 
a late period of the Maglemose culture and the earliest part of the Kongemose culture (Fischer 1993). 
The finds emerged at a depth of between 9 and 5 m. The roots of trees descending into the clay at the 
base of the trial pits to a depth of approximately 7 m have been dated to 7800 BP, i.e., at some time in 
the Atlantic (Fischer 1996). The inundation threshold in Öresund lies at this level, which indicates that 
significant quantities of salt water only found their way into the Baltic Basin after that time.

Besides these underwater archaeological investigations, a number of other finds suggest settlement 
below the present sea level. In the northernmost part on the Swedish side, Öresund ends in Cape 
Kullen, with a rocky shoreline that shelves very steeply under water. On the southern side flints have 
been found at a depth of about 10 m. Core axes indicate settlement from the Preboreal. However, 
given the steep topography, these finds might have been eroded out from the deposits on the present- 
day shoreline and re-deposited on the sea bed.

Most site indications are found south of the above mentioned Pilhaken. Flints were found during a 
survey of the shallow water just off the present mouth of the river Saxån (Fig. 11.1). These were at a 
depth of less than 1 m below sea level and thus may well date from the early Atlantic. An indication 
of the date is given by wood associated with muddy sediments recovered at a depth of −5 m during 
dredging of the harbour at Landskrona just north of the present outflow of the river Saxån, with a 
radiocarbon date of 8100 ± 100 BP (Mörner 1969).

At Lödde Kar (Fig. 11.1), where there is an early Medieval loading platform at the mouth of the 
Lödde River, worked flints have been found associated with a submarine bog. This lies at a depth of 
−3 m and should also be dated to the transition from the Boreal to the Atlantic (Larsson 1983).

At Segebro (Fig. 11.1), immediately to the North of Malmö, extensive deposition of sand during 
the Late Atlantic and Sub-Boreal resulted in preservation of the remains of a settlement of Atlantic age 
(Fig. 11.1). The occupation layer is situated at a shallow depth of between 0 and −1 m, in spite of the 
fact that the settlement was situated hundreds of metres beyond the shoreline in the outer part of a 
river delta (Larsson 1982b). Dates range between 7390 ± 80 and 6970 ± 90 BP. Comparing other south 
Scandinavian settlements from an early part of the Kongemose culture, the more recent date is the 
most probable. Measurement of 13C in grey seal and human remains gave values of −16.7 ‰ and 
−15.7 ‰, respectively, which shows that the inhabitants had a considerable intake of marine food. 
Grey seal is important among the bone finds, as is cod (Lepiksaar 1982).

As a result of expansion within the present harbour of Malmö, on the south-eastern side of Öresund 
(Fig. 11.1) a large area of the sea bed totalling 32,000 m2 was exposed before construction 
(Hammarstrand Dehman 2009), and uncovered parts of the original land surface, with fallen tree 
trunks and tree stumps still in place at a level of −2 to −1 m. According to dates of an oak trunk and 
dendrochronological analysis, a mixed, dense forest was still standing at 6200–6100 cal. BC (Hardevik 
et al. 2008). After 120–140 years, the area became wetter and oak was replaced by alder. This change 
occurred within 11–75 years depending on sampling points. Artefacts were found at the original sur-
face level but no real settlement site. Fish traps were found as evidence of fishing activities on the sea 
bed after the area had been inundated. The traps, one almost intact and two represented by fragments 
of wicker cages, are cylindrical in form and made of small branches bound close together with roots, 
and are dated to the interval 5750–5550 cal. BC. Based upon these dates, the sea rose to the present 
level somewhat later than 6000 cal. BC.

In the course of dredging work to extend the harbour at Limhamn (Fig. 11.1) at the end of the 
nineteenth century, extensive settlement remains in the form of flint implements and bone, including 
a slotted bone point and human bones, were found about 300 m from the shore. These objects were 
found at a depth of approximately −2 m and belong to the Kongemose culture. Wood recovered from 
peat layers at a depth of −8 m in the harbour at Limhamn has been dated to between 7990 ± 160 and 
7895 ± 115 uncal. BP (Persson 1962).

A site known as Knaggen (Fig. 11.1) was found in conjunction with general surveying for sites in 
the vicinity of the line of the proposed Öresund Bridge (Fischer 1997). The site is situated 2 km off 
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the coast. Small deposits of peat have been preserved by the protective presence of large rocks. The 
find location is at a depth of −8 m. Worked flints were found in the peat but only a single microlithic 
implement. These finds indicate that the site belongs to the middle part of the Maglemose culture, and 
it has been dated to 8340 ± 90 and 8190 ± 100 uncal. BP (AAR-1527 and AAR-1526).

Flint artefacts, including blades, were discovered at Foteviken, a deep bay on the southern part of 
the west coast of Scania (Fig. 11.1) in the course of investigating an early Medieval barrier. These 
flints were found at a depth of about −3 m (Ingelman-Sundberg and Söderhielm 1982).

Amber is abundant on the beaches of the southernmost part of Öresund close to the small towns of 
Skanör and Falsterbo. While collecting amber pieces, an amber craftsman who is also an amateur 
archaeologist has collected bones and worked flints, mostly found on the western side of the small 
island of Måkläppen (Larsson and Brost 2011) (Fig. 11.1). Several human bones were identified. 
Radiocarbon dating shows that most of them are from the Iron Age and the Middle Ages, probably 
representing peoples drowned when shipwrecked. However, two finds date to the Mesolithic: a femur 
bone dated to 7100 ± 50 uncal BP (LuS 6148) and a large part of a skull dated to 6095 ± 50 uncal BP 
(LuS 6533). The worked flints that were washed onto the beach are blades that can be related to the 
late Maglemose and Kongemose cultures. The femur bone probably belongs to the late Maglemose, 
while the skull dates to an early stage of the Ertebølle culture. The bone might belong to a settlement 
site or grave that could have been destroyed by currents and washed up on the beach. The skull dates 
to the period when transgressions reached higher than present sea level and settlements as well as 
graves might have been eroded, thus ending up on the sea bed and later being washed ashore. Both 
bone finds have a 13C value of −14.5 ‰, indicating that marine food was of primary importance.

That heavy erosion of organic layers on the sea bottom is in progress is evident from the pieces of 
peat that are washed up in large quantities on the beach during winter storms.

11.5  Coast-Inland Connections and Submerged Sites

A small number of finds indicate connections between inland sites and the now submerged coastal 
settlements. The traditional interpretation is either that the hinterland was seasonally exploited by the 
settlers from the coastal region or that coastal and inland settlements coexisted with contacts between 
them (Larsson 1980).

During the Early Mesolithic, coastal as well as inland areas were permanently populated. The for-
est grew denser during the Atlantic period, causing the population of large animals to decrease. At the 
same time several of the lakes, attractive for fishing and hunting, developed into bogs. Therefore, most 
of the permanent inland settlements disappeared, and the inland area became a resource area used 
only seasonally from settlements based on the coast.

Peat extraction has been active for several decades at the bog of Rönneholms Mosse in central 
Scania, about 40 km from the present coast in western Scania. During the past decade, peat extraction 
has been combined with intensive surveying. Two find categories are related to coastal settlement. A 
number of small, unworked flint stones found in rows in a couple of bog camps have been interpreted 
as net sinkers (Larsson and Sjöström 2011, 2013). This kind of raw material is not found in the area 
but common in the shore zone. Another find is nine shells with perforations, probably a necklace lost 
or deposited in the shallow lake. The shells are of Nassarius reticulatus, a marine gastropod mollusc 
(Larsson and Sjöström 2011, p. 460).

A perforated tooth from a grey seal was found at a late Maglemosian site, Ageröd I:HC, a shoreline 
settlement at the bog of Ageröds Mosse belonging to the same bog complex as Rönneholms Mosse 
mentioned above from central Scania (Larsson 1978).

When dealing with submarine settlement in southern Scandinavia we should include a special 
category of sites, namely those that have been submerged because of transgressions during the late 

11 Submerged Settlement Western Scania



174

Atlantic when the sea reached 3–4 m above present sea level. During the subsequent Sub-Boreal when 
the sea retreated, these sites were situated once again on firm land after being submerged for hundreds 
or thousands of years. Such a site is Skateholm II with a settlement and cemetery situated on a low 
island in a lagoon dated at about 5200 cal. BC, which was submerged and re-exposed above water at 
least a couple of millennia later (Larsson 1993). Such sites might provide information about the 
effects of waves and currents in different types of terrain. As for Skateholm II, the refuse layer was 
totally eroded away while the occupation layer was less affected and the graves well preserved.

11.6  Conclusions

The results of these investigations support an argument that coastal settlement during the Boreal was 
equally as intensive as that well-documented in the hinterland. The location of archaeological material 
on the outer estuaries of river courses or in bays points to locations very similar to the coastal settle-
ments from the Late Mesolithic (Larsson 1984, 1988). This indicates that the choice of settlement site 
was dictated by the same factors in both periods. Whether these Early Mesolithic settlements were as 
extensive and of as permanent a character as their later variants is a question to which we are still 
unable to provide a satisfactory answer, because the material recovered so far has suffered erosion, so 
that the original status of sites cannot be determined with any certainty.

Also, organic material is almost entirely absent from the find locations investigated at Pilhaken, so 
that it is impossible to gain an insight into the importance of marine food in the subsistence strategy. 
Nevertheless, the resulting impression is of an extensive site, and this appears to be very different 
from lake-edge finds dating from the same period, which suggest small settlements comprising a 
single hut (Larsson and Sjöström 2011).
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Abstract The Outer Hebrides Coastal Community Marine Archaeology Pilot Project (OHCCMAPP) 
considered a range of themes across the Outer Hebrides including Maritime History and Transport, 
Marine Resource Exploitation and Submerged Prehistory potential. This paper introduces the past 
landscape component, introducing palaeogeographic reconstructions for the Sound of Harris for the 
mid-Holocene as proxy scenarios for Mesolithic seascapes. These scenarios are based on publicly- 
available bathymetric datasets, community-informed field investigations and published sources. The 
implications for the interpretation of the terrestrial archaeological record are discussed with a focus 
on maritime connections and distribution of intertidal land and by association coastal resources such 
as shellfish. Areas of potential are identified for future investigation. The influence of sea-level rise on 
the coastal configuration is considered for the Mesolithic, in particular the positive impact of increased 
intertidal zone area and increased penetration into the interior of the landscape by boat. A major sea-
way is indicated linking the Atlantic to the Minch close to the Harris coast in the early Holocene, 
which provides a direct context for interpreting the Mesolithic (and later periods) at Northton, Harris 
within a maritime framework.

12.1  Introduction

The Sound of Harris, located in the Outer Hebrides of north-west Scotland separates the Isle of Harris 
(Fig. 12.1) and the Island of North Uist to the south by a broad seaway interspersed with a series of 
islands, islets, intertidal sandbars and skerries. The Sound of Harris links the Atlantic Ocean and The 
Minch (the strait between mainland Scotland and the northern Outer Hebrides) and the western sea-
ways of the British Isles (Fig. 12.2). The western seaways—a network of fjords and small seas linking 
a number of island groups—have been postulated as key maritime routes since at least the Neolithic 
period and probably earlier (Garrow and Sturt 2011). Archaeological evidence from the Mesolithic is 
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preserved widely within these island groups from Ireland, the Isle of Man, Inner Hebrides and Outer 
Hebrides. The recently re-characterised and re-investigated organic and lithic remains at Northton on 
the south coast of Harris (Gregory et al. 2005; Simpson et al. 2006; Bishop et al. 2010) represent some 
of the most distant (geographically) early prehistoric archaeological remains in the British Isles dating 
to around 6000 BC. There is potential for an earlier phase around 7000 BC (Bishop et al. 2010) with 
indications of anthropogenic activity long-suggested across the archipelago at this time from pal-
aeoenvironmental records (e.g. Tipping 1996, 2004; Edwards 1996, 2004). Submerged peats have 
previously been recovered from contexts around Pabbay in the Sound of Harris and dated by Ritchie 
(1985) from around 3 m below ‘mean sea level’ broadly contemporaneous with the activity at Northton 
providing some local-to-regional scale data-points (sensu Bradley et al. 2011) for establishing that 
mid-Holocene sea levels were lower than present. Within this context coastal land which was previ-
ously available for human exploitation and now under water (i.e. submerged palaeolandscapes) may 
have been preserved, and consideration of this geography and its potential for in situ archaeological 
material is important for understanding the early prehistory in the area (Sturt et al. 2013; Benjamin 
et al. 2014).

Prospecting for sites and palaeolandscapes in submerged or intertidal locations can be very chal-
lenging. Palaeogeographical reconstructions based upon Glacial Isostatic Adjustment (GIA) models 
(e.g., Lambeck 1991; Peltier et al. 2002; Shennan and Horton 2002; Bradley et al. 2011) and other 
techniques aimed at identifying palaeo-shorelines (e.g. Smith et al. 2006) are often regional in scale 
(103 km2) or greater, with limited use for resolving human-scale features (100–1 km2) or local coastline 
configurations (≥102 km2) that can be examined using archaeological techniques. Relative sea-level 
(RSL) reconstructions (used to test GIA models) are available on the basis of data points that include 
regional information, for example from the Harris coast of the Hebrides (Ritchie 1985; Jordan et al. 

Fig. 12.1 Aerial photograph of the south coast of Harris looking east from Northton (bottom left) to Leverburgh. Skye 
can be seen on the horizon (top right) (©Wessex Archaeology 2011, Photo: J. Benjamin)
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Fig. 12.2 Location of study area and bathymetric survey data coverage used within this assessment (Contains OS Open 
Data Crown Copyright 2015; Bathymetry: © MCA, © Crown Copyright 2010. http://www.scotland.gov.uk/Topics/
marine/science/MSInteractive). Elevation model from Jarvis et al. (2008), hole-filled seamless SRTM data V4, 
International Centre for Tropical Agriculture (CIAT), available from http://srtm.csi.cgiar.org
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2010; Bradley et al. 2011), and can provide important local context for prospecting for submerged 
prehistory. However the spatial scale is limited, as highlighted in the substantial variation of modelled 
relative sea-level from around the British Isles (e.g. Shennan and Horton 2002; Bradley et al. 2011). 
In our experience when prospecting for new sites and palaeoenvironmental resources, published RSL 
models are difficult to deploy on the ground at specific sites around Scotland unless sea level index 
points and RSL models constrained by them are locally available. Clearly, producing a bespoke pal-
aeoenvironmental sea-level reconstruction in every study area is not feasible either in terms of logis-
tics or of data likely to be locally available. The artefactual and palaeoenvironmental samples, the 
targets for early prehistory prospection, are also small, fully or partly buried and potentially ephem-
eral, i.e., challenging even for the trained archaeological eye to observe during field survey. To date, 
chance finds dominate the record of prehistoric artefacts recovered from the continental shelf around 
the British Isles, consisting primarily of artefacts and faunal material recovered from fishermen’s nets 
(Wessex Archaeology 2004) or occasionally from geotechnical samples (Long et al. 1986; Wessex 
Archaeology 2009; http://www.splashcos-viewer.eu). Archaeologically investigated sites are rare 
(i.e., Bouldnor Cliff, Momber 2011; Momber et al. 2011; Area 240, Tizzard et al. 2014; Bicket et al. 
2014).

A further limiting factor is the availability of geophysical and geotechnical datasets from offshore 
and nearshore locations to provide a basis for archaeological assessments of palaeolandscape poten-
tial. However, with the development of open-access archiving and data portals, availability is more 
driven by the geographic distribution of existing data rather than problems of access to the data itself 
(MAREMAP/INSPIRE etc.). Substantial baseline datasets relevant to submerged prehistory exist for 
the last 1 million years of human activity in the southern North Sea, the British Isles and the English 
Channel through initiatives such as the Regional Environmental Characterisations (RECs1) under-
taken through the Marine Aggregates Levy Sustainability Fund (MALSF) or the Marine Aggregates 
Regional Environmental Assessments (MAREAs2). With the end of funding streams such as the ALSF 
in 2011 (Dellino-Musgrave et al. 2009; Flatman and Doeser 2010; Bicket 2011, also see UK chapters 
in Evans et al. 2014), development-led assessments of the seabed have become the dominant source 
of baseline data (Wessex Archaeology 2013; Bicket et al. 2014).

Freely-available geophysical datasets can be obtained through government bodies, such as Marine 
Scotland,3 the Maritime and Coastguard Agency (MCA) Civil Hydrography Programme and UK 
Hydrographic Office (UKHO) (see Wessex Archaeology 20114). However, the software required to 
process and analyse them is typically expensive and requires specialist training and experience of 
undertaking assessments for archaeological purposes. Within this overall context, where opportunities 
exist for the assessment of these available datasets, they do in some cases provide sufficiently detailed 
spatial resolution to be of use for archaeological prospection (Wessex Archaeology 2011). The 
recently completed Outer Hebrides Coastal Communities Marine Archaeology Pilot Project 
(OHCCMAPP) (Benjamin and Hale 2012; Benjamin et al. 2014) provided a thematic basis for exam-
ining marine resource exploitation, maritime history and transport, and submerged prehistory within 
the Outer Hebrides as a whole; the Sound of Harris was one of the study areas under examination 
(Fig. 12.2).

In this paper we develop a set of prospection models for submerged prehistory in the Outer Hebrides 
based on the thematic baseline developed by OHCCMAPP, focusing particularly on marine resource 
exploitation and the intertidal zone in relation to maritime transport and available evidence for 
Postglacial and Holocene sea-level change. This is framed by the current span of the archaeological 
record in Scotland—c. 14,000 years—from the Later Upper Palaeolithic to the present (Ballin et al. 

1 http://www.marinealsf.org.uk/
2 http://www.marine-aggregate-rea.info/
3 http://www.gov.scot/Topics/marine/science/MSInteractive
4 http://www.wessexarch.co.uk/projects/marine/scotland/historic-scotland-marine-data-audit
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2010). We present palaeogeographic scenarios for the earliest archaeological period in the Outer 
Hebrides, i.e., the Mesolithic (c. 7000 BC) with a particular focus on the Sound of Harris, and discuss 
the implications for the interpretation of maritime activity, subsistence and land use, and for future 
prospection of archaeological material.

12.2  Methods

In order to provide a basis for hypothesis building, prospection and testing, palaeogeographic models 
incorporating a variety of parameters are valuable tools in lieu of known submerged sites or reported 
materials. The key variables are reconstructions or models of past relative sea level, an archaeological 
framework which defines the periods of interest, seabed bathymetry and ideally sub-bottom geophysi-
cal survey data in areas of sediment accumulation, and estimates of palaeo-shorelines and palaeogeo-
graphic configurations. Models of this type can and have been developed for Pleistocene 
palaeolandscapes (e.g., Cohen et al. 2011; Hijma et al. 2012; Tizzard et al. 2014) and Holocene ones 
(e.g. Gaffney et al. 2009; Westley et al. 2011, 2014; Bates et al. 2013).

12.2.1  Geophysical Datasets

During Year 1 of the OHCCMAPP, marine bathymetry datasets were identified that, when processed, 
would be publicly available for research purposes. These are: north-west Lewis multibeam bathyme-
try (produced by Marine Scotland and British Geological survey, BGS), Sound of Harris bathymetric 
LiDAR (MCA 2004) and multibeam bathymetry (UKHO), and Stornoway Approaches & Loch 
Erisort (Marine Scotland) multibeam bathymetry. The Stornoway Approaches & Loch Erisort dataset 
was judged to be too far offshore for easily assessing palaeolandscape potential, and the north-west 
Lewis dataset has been shown also to be too far offshore to directly inform current estimates of early 
Holocene palaeolandscapes within the parameters described below. The north-west Lewis coastal 
study area benefits from a combined dataset of offshore and inshore multibeam bathymetry surveys 
gathered by Marine Scotland (MS) and the British Geological Survey (BGS) extending into East Loch 
Roag. This inshore area is of particular archaeological interest for examining prehistoric palaeo-
landscape potential in the Islands due to its proximity to major archaeological areas such as Calanais 
and associated palaeoenvironmental records which hint at human activity around 8,000 years ago 
(Edwards 1996, 2004).

The focus of this paper is OHCCMAPP Study Area 7 (Benjamin et al. 2014) (Fig. 12.2). The 
bathymetry is mainly LiDAR-based and as such abuts seamlessly with the coastline. The north- 
western portion extending towards Toe Head and Northton, and to the northern coast of Pabbay, is 
based on multibeam data (the southern coasts of Pabbay are the source areas for the submerged peats 
investigated in Ritchie (1985)). The Sound of Harris geophysical datasets and local palaeoenviron-
mental control are therefore of great value for assessing the potential for submerged prehistoric 
archaeology. The local archaeological record is represented by the multi-period archaeological 
remains at Northton, with Mesolithic, Neolithic, Bronze Age and Iron Age material, and also material 
from historical periods (Simpson et al. 2006).

12 Sound of Harris
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12.2.2  Data Management

The datasets have been referenced to Ordnance Datum (original geophysical surveys are corrected to 
Chart Datum) to permit calibration to existing relative sea-level models (e.g., Shennan et al. 2006; 
Bradley et al. 2011) for the Mesolithic period (summarised in Table 12.1).

The assessment of the bathymetry focussed on identifying major submerged landforms including 
valleys, partially infilled palaeo-channels, inundated islets, palaeo-shoreline configurations and areas 
of inundated coastal land. The resolution of the multibeam bathymetry is c.1 m cell-size and the 
LiDAR data approximately 1.5–3 m cell-sizes. This is sufficient for providing geomorphological 
assessments in support of ground-testing and national research objectives. Digital Elevation Terrain 
was analysed in software package Fledermaus. Geotiffs with a cell-size of c. 3 m were exported for 
further analysis in ArcGIS 10, combined with archaeological datasets and field observations.

12.2.3  Modelling Parameters

Several parameters have been defined to produce modelled scenarios for the Mesolithic period (Tables 
12.1 and 12.2). The addition of a general tidal range parameter has been included to align the analysis 
with the existing objectives of OHCCMAPP, particularly theme of Marine Resource Exploitation. 
Instead of focussing upon a single value for mean sea level and therefore producing a defined palaeo- 
shoreline, the resulting models are aimed at identifying environmental zones. With a tidal range cur-
rently of around 5 m in this part of the British Isles, the ‘intertidal range’ is more representative of the 
coastal environment. It also provides a useful buffer that can ‘absorb’ some of the uncertainty associ-
ated with local datum points and RSL models. In the scenarios presented here an estimate is made of 

Table 12.1 Data management parameters used for palaeogeographic models for periods outlined in Table 12.2

Parameter Parameter Source Notes

Tidal range ±2.5 m National Oceanographic 
Centre

Approximation based on HAT/LAT 
Stornoway:a

Bathymetry Survey Chart 
Datum – OD Stornoway

−2.93 m MCA (2004) OD Stornoway is an approximation of mean 
sea level developed from historical 
measurementsb

Chart Datum is derived from local 
measurements at Bays Loch and Leverburghc

ahttp://www.pol.ac.uk/ntslf/tgi/portinfo.php?port=stor.html
bhttp://www.ordnancesurvey.co.uk/gps/legacy-control-information/levelling-datum
chttp://webarchive.nationalarchives.gov.uk/20121107103953/http://www.dft.gov.uk/mca/sound_of_harris.pdf

Table 12.2 Relative seal-level values underpinning palaeogeographic scenarios, c. 7000–6000 BC

Model Bathymetry mean RSL, m OD Source

Mesolithic A −10 Gregory et al. (2005), Shennan et al. (2006), and Bishop 
et al. (2010)

Mesolithic B −8 Peltier et al. (2002), Gregory et al. (2005), Bishop et al. 
(2010), and Bradley et al. (2011)

Mesolithic C −5 ‘high-stand scenario’, Gregory et al. (2005), Smith et al. 
(2006), and Bishop et al. (2010)

Mesolithic D −15 ‘low-stand scenario’. Lambeck (1993), Peltier et al. (2002), 
Gregory et al. (2005), and Bishop et al. (2010)
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the terrestrial, intertidal and fully submerged areas, based on the parameters in Table 12.1. This may 
be of particular use for developing prospection models that incorporate resource gathering behaviours 
in prehistory (as well as during later periods). The use of generalised zones may also inhibit the over- 
interpretation of the palaeogeographic reconstructions.

Submerged peats in the vicinity of Quinish and Forvath, Pabbay, and Manish beach, Ensay (both 
outside the geophysical survey coverage) provide some indication of local resources for future study 
(Ritchie 1980, 1985). Calibration of the Pabbay dates using the IntCal 09 dataset (Reimer et al. 2009) 
indicates submerged peats at depths of around 2.8 m below ‘mean tide level’ and some 80 m seaward 
of the low tide mark from Quinish (Ritchie 1985). These date to 7530–6450 cal. BC (2σ). Intertidal 
peat from Quinish beach dates to 3100–2900 cal. BC at around 0.5 m RSL (Fig. 12.2). The older dates 
are comparable to recent dates from Northton (Gregory et al. 2005; Bishop et al. 2010) and provide 
limiting points for regional relative sea level models (Shennan et al. 2006) (Fig. 12.3).

Based upon the earliest dates for the earliest Mesolithic stratigraphy at Northton, of c. 7060–6650 
cal. BC (Gregory et al. 2005; Bishop et al. 2010), we use the c. −10 m RSL relative to Ordnance 
Datum (OD) at c.7000 BC (Table 12.2, Mesolithic A). Further iterations of the model are based on 
RSLs of −8 m OD (Mesolithic B), a ‘high-stand sea-level’ scenario at −5 m OD (Mesolithic C), and 
a ‘low-stand sea-level’ scenario at −15 m OD (Mesolithic D) which generalise the potential effects of 
lower sea levels (Table 12.2). The −15 m reconstruction is comparable to the ‘Storegga shoreline’ of 
Smith et al. (2006, Fig. 12.2a). See also an overview of the regional variation in Holocene RSL mod-
els in Jordan et al. (2010).

We appreciate the effects of isostasy and local crustal submergence or uplift, but we have not cur-
rently incorporated these into the model due to a lack of local and regional values for Holocene tim-
escales (cf. Jordan et al. 2010). Models for the UK indicate that the study area is on the fringes of 
isostatic readjustment (Gehrels 2010; Smith et al. 2011).

12.3  Results

As Garrow and Sturt (2011) have recently discussed, the enduring features of the palaeogeography are 
the maritime configuration of islands and relatively sheltered and interconnected seas (Fig. 12.1). At 
a national and regional-scale they have discussed the feasibility of Late Mesolithic and Early Neolithic 
maritime connectivity. With the suite of palaeogeography models developed for the Sound of Harris 
we can apply these concepts directly to our study area.

Figures 12.3, 12.4, 12.5, and 12.6 present four palaeogeography scenarios for the Sound of Harris 
using different bathymetric contours (Table 12.1). Models A (Fig. 12.3) and B (Fig. 12.4) are based 
upon the most recent RSL models although they are constrained by few (but local) data points for the 
Outer Hebrides (see Bradley et al. 2011, Hebrides (7) model). The most striking feature of the bathym-
etry datasets is the shallow rocky seabed that characterises most of the central and southern areas of 
the Sound, although it is overlain by considerable expanses of sand bars and sand waves between 
Berneray and North Uist. Ideally, we would include reconstructions of the land surfaces buried 
beneath marine sands, but we do not have the necessary geophysical data to achieve this. Instead, we 
rely on results from similar coastal environments elsewhere (Westley et al. 2014), which demonstrate 
that bathymetric data provide a good approximation of the submerged topography for the purposes of 
general palaeogeographic reconstruction.

The largest and most enduring bathymetric feature highlighted by the models is the open channel 
running SE–NW along the Harris coast passing by Leverburgh and Northton, directly linking the 
Minch with the Atlantic coast; except for Model D which requires a high tide to flood the intertidal 
land west of Leverburgh (Fig. 12.6). A certain level of shelter may have been afforded by Chaipaval, 
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Ensay and Killegray and it seems feasible from these models that a direct seaway existed in the early- 
to- mid Holocene through the Sound of Harris when sea levels were lower than present.

Due to the significant volumes of seabed sediment in the South-west of the study area, uncertain-
ties in the configuration of the coastline exist, but these are reduced in areas of exposed bedrock. Sea- 
level rise resulting from key events in the northern hemisphere in the early Holocene, in particular the 
breaching of Lake Agassiz and the transfer of huge volumes of water into the North Atlantic (see 
Weninger et al. 2008, Table 4; Wanner et al. 2011), is roughly contemporaneous with the Mesolithic 
artefact layers at Northton (c. 6500–6000 BC) and would have significantly contributed to landscape 
inundation of critical importance to contemporaneous Mesolithic populations (Smith et al. 2011). At 
this time the Northton site would have been several metres above the high tide.

Fig. 12.3 Scenario A, Mesolithic period palaeogeography for the Sound of Harris c. 7000–6000 BC (Contains OS 
Open Data Crown Copyright 2015; Bathymetry: © MCA, © Crown Copyright 2010. http://www.scotland.gov.uk/
Topics/marine/science/MSInteractive). Elevation model from Jarvis et al. (2008), hole-filled seamless SRTM data V4, 
International Centre for Tropical Agriculture (CIAT), available from http://srtm.csi.cgiar.org
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With a relatively low sea level, as in Model D, the configuration of the coast around the time of 
Mesolithic activity preserved at Northton would have created an intertidal zone distributed very 
unevenly, with a paucity on the Minch coasts and a much more extensive intertidal area in the north-
west around Northton and approaching Pabbay. Perhaps this palaeogeographical configuration reflects 
a preference of the Northton people for exploiting coastal resources linked to the largest available 
areas of intertidal land. As sea level ‘rises’ throughout Models B, A and C, the area of intertidal 
increases significantly, becoming more evenly distributed around the Sound of Harris, and at high 
tides permitting a number of maritime transport routes between the Minch and Atlantic coasts. The 
Models also suggest that a subsistence strategy incorporating maritime travel and marine resources 
such as shellfish and seals was increasingly favoured by the more extensive intertidal areas and other 
palaeogeographic changes associated with early Holocene sea-level rise in the Sound of Harris.

Fig. 12.4 Scenario B, Mesolithic period palaeogeography for the Sound of Harris c. 7000–6000 BC (Contains OS 
Open Data Crown Copyright 2015; Bathymetry: © MCA, © Crown Copyright 2010. http://www.scotland.gov.uk/
Topics/marine/science/MSInteractive). Elevation model from Jarvis et al. (2008), hole-filled seamless SRTM data V4, 
International Centre for Tropical Agriculture (CIAT), available from http://srtm.csi.cgiar.org
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The Storegga tsunami that affected the east and north coasts of Scotland at around 6100 BC and 
had a wider impact on the North Sea basin including the area often referred to as ‘Doggerland’ (Coles 
1998) is generally argued to have had a catastrophic impact on coastal populations (Weninger et al. 
2008; Smith et al. 2011). However, the process of inundation associated with the breaching of Lake 
Agassiz was slower, occurring over a period of months, and the significant loss of coastal dry land 
may have been compensated in coastal regions such as the Sound of Harris by a substantially increased 
extent of intertidal resources together with greater penetration of seaways into the interior, arguably a 
favourable and varied set of conditions for Mesolithic subsistence strategies which were spreading 
around the coasts of the northern British Isles at this time (Waddington 2007). At a higher relative sea 
level scenario of around −5 m, this ‘benefit’ becomes tempered by a loss of land (coastal or otherwise) 

Fig. 12.5 Scenario C, Mesolithic period palaeogeography for the Sound of Harris c. 7000–6000 BC (Contains OS 
Open Data Crown Copyright 2015; Bathymetry: © MCA, © Crown Copyright 2010). http://www.scotland.gov.uk/
Topics/marine/science/MSInteractive). Elevation model from Jarvis et al. (2008), hole-filled seamless SRTM data V4, 
International Centre for Tropical Agriculture (CIAT), available from http://srtm.csi.cgiar.org
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but with significantly increased connectivity of permanent seaways between the Minch and Atlantic 
coasts (Table 12.2).

From a taphonomic perspective, the relative increase in the rate of marine transgression following 
rapid meltwater pulses such as that associated with the breach of Lake Agassiz, may lead to favour-
able conditions for the preservation of archaeological material; inundation is relatively quick and 
coastal archaeological and peat deposits are impacted by tides and waves for a shorter period of time 
than would be the case with eustatic sea-level changes generated by general ice-cap melting alone. 
These factors are key considerations for future prospection and field testing in submerged contexts in 
the Outer Hebrides. Conditions suitable for in situ site preservation do clearly exist; examples of sub-
merged peat from the Sound of Harris have been preserved since at least 7500 BC (Ritchie 1985) 

Fig. 12.6 Scenario D, Mesolithic period palaeogeography for the Sound of Harris c. 7000–6000 BC (Contains OS 
Open Data Crown Copyright 2015; Bathymetry: © MCA, © Crown Copyright 2010. http://www.scotland.gov.uk/
Topics/marine/science/MSInteractive). Elevation model from Jarvis et al. (2008), hole-filled seamless SRTM data V4, 
International Centre for Tropical Agriculture (CIAT), available from http://srtm.csi.cgiar.org
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(Fig. 12.3), with some new examples of early Holocene peat deposits recently reported from the east 
coast intertidal zone on South Uist5 (Benjamin et al. 2014).

A distinctive feature of the models are the bathymetric deeps formed on fault lines, particularly the 
strait between Ensay and Killegray, Caolas Sgairidh, but also on smaller faults off the North Uist coast 
(Fig. 12.7) mapped by the BGS (Fettes et al. 1992). The faults add considerable variation to the mod-
elled biotopes. Substantial stretches of the intertidal zone provide marine resources such as molluscs 
and embayments with narrow mouths provide locations for fish traps (cf. Fischer 2011). Intertidal 
shelves and beaches may also provide seasonal opportunities for hunting seals. A significant element 

5 Dated peats from the intertidal zone at Hartavagh, South Uist: Tr1-4/50 (SUERC-42567/GU28481): 9643 ± 27 bp 
(9229–9119 cal BC (52%); 9007–8915 cal BC (36%)). Tr1-4/55 (SUERC-42568/GU28482):10135 ± 28 bp(9896–9745 
cal BC (55.5%); 10027–9908 cal BC (32.6%)), calibrated using OxCal 4.1.7 using IntCal 09 curve.

Fig. 12.7 Influence of fault lines on maritime accessibility within the Sound of Harris, North Uist coast (Contains OS 
Open Data Crown Copyright 2015; Bathymetry: © MCA, © Crown Copyright 2010. http://www.scotland.gov.uk/
Topics/marine/science/MSInteractive). Elevation model from Jarvis et al. (2008), hole-filled seamless SRTM data V4, 
International Centre for Tropical Agriculture (CIAT), available from http://srtm.csi.cgiar.org
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for building hypotheses about Mesolithic activity is the maritime connectivity between different areas 
indicated by the palaeogeographic reconstructions. The faults form linking seaways that afforded ease 
of access and efficient, direct transportation, by boat, and this is especially significant in view of the 
evidence for the use of boats and resources used in their construction in the Mesolithic of western 
Scotland Bonsall et al. (2013).

12.4  Discussion

12.4.1  Maritime Technology

Hypotheses about Mesolithic access to the Outer Hebrides c. 7000 BC depend on a number of factors, 
notably transport across open, deep water by boat, whether by eastern or southern routes (Waddington 
2007). Boats would have been required to cross the Minch from mainland Scotland throughout the 
Holocene (Sturt et al. 2013). If seasonal return voyages were necessary to avoid winter conditions 
(which may have been colder than today, Garrow and Sturt 2011), the technology would have to have 
been well enough developed to ensure that boats could be repaired or replaced with the resources 
available locally (Bonsall et al. 2013). Trees suitable for logboat building may have been limited in a 
birch-dominated mid-Holocene Outer Hebrides, with pollen records of <3% Pinus and Quercus 
(Tipping 1996; Edwards 2004). Land mammals with large hides suitable for making coracles or cur-
rachs would also arguably have been relatively restricted. Seals would have offered an alternative, 
particularly Grey Seals, which provide larger hides than Harbour Seals., Grey Seals are easily acces-
sible during the moulting and breeding seasons, and they are also reportedly widely distributed in the 
Islands, at least in modern conditions (Scottish Natural Heritage 2011).

A range of seafish may have been an element of the Mesolithic subsistence in the Outer Hebrides. 
Midden evidence for marine resources from early prehistory could imply fishing in deep water or 
offshore locations (Pickard and Bonsall 2004), but, equally, fish species that have been sought in more 
recent times using boats and long lines and nets could in the past also have been retrieved occasionally 
from shallow water requiring less advanced methods (Bonsall et al. 2013). Therefore the presence of 
offshore species, such as cod, in the Mesolithic midden deposits at Northton is not surprising.

Although we have emphasised the marine focus here, we should also note the abundant distribution 
of freshwater lochs, lochans, rivers, streams, springs and brackish estuaries adjacent to the marine 
environment across the Islands as critically important features of the landscape of relevance to the 
archaeological record (Benjamin and Hale 2012; Benjamin et al. 2014).

12.4.2  Why Northton?

Access by boat during the Mesolithic was clearly possible, but may have been seasonal, infrequent 
and of limited extent. Despite its attractive location for the use of boats, it could be argued that the 
preservation of Mesolithic material at Northton may simply reflect preservation bias in aeolian dune 
contexts. However, based on our palaeogeography models, perhaps the more pertinent question is, 
‘why not Northton?’ The enduring feature of all the models of the Mesolithic palaeogeography along 
the northern fringe of the Sound of Harris is a wide marine seaway, the Obbe, passing Rodel, 
Leverburgh and Ensay and linking the Minch to the Atlantic. With wide, low-lying coastal plains to 
the west fringed by the higher ground of Uist and Berneray and the Ensay and Killegray Hills, the 
narrow “Strait of Saghay Beg” provided direct access through the Outer Hebrides during the mid- 
Holocene. In addition, Northton, located in the lee of Chaipaval (365 m) would have afforded clear 
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views west and north across the Atlantic and south and east across the complex network of intertidal 
islands and narrow seaways.

12.4.3  Prospecting for Sites and Palaeolandscapes

It is clear from our palaeogeographical reconstructions and the available datasets and RSL models, 
that there are distinct areas within the Sound of Harris that may preserve in situ sediments, in loca-
tions which may have been intertidal or terrestrial environments since the Mesolithic (Fig. 12.2). 
Similar palaeogeographic approaches in Ireland and Northern Ireland have successfully been used to 
locate in situ artefactual material (Westley et al. 2014). The regional potential for submerged early 
prehistoric sites is indicated by in situ early Holocene lithics from around the Inner Sound, particu-
larly at Clachan Harbour, Raasay off the east coast of Skye (Ballin et al. 2010) Also, recent examina-
tions of the intertidal zone at Upper Loch Torridon on the western coast of the Scottish mainland have 
located thousands of lithics at Lub Dubh-Aird (Hardy et al. 2016).

Due to the pattern of currents that pass through the Sound of Harris, there is considerable spatial 
variation in the accumulation of seabed sediments. This is most notable when comparing the large 
sand banks and sand waves in the southwest between Berneray and North Uist, and the exposed bed-
rock to the east of the bathymetric survey area. The north-west to south-east axis of currents between 
the Atlantic and the Minch leads to a pattern of seabed sediment accumulation in the lee of headlands 
and islands, typically on the south-east side. The distribution of these leeward sediment accumulations 
provides a target for prospecting for preserved Holocene intertidal or terrestrial sediments.

The palaeogeography models provide an initial basis for prospecting for early prehistoric material 
by locating inundated peat deposits, and these in their turn may offer palaeoenvironmental data and 
dates and possibly the establishment of sea level index or limiting points. On the north coast of the 
Sound of Harris the landscape around Leverburgh provides a focus. It is located on an ecotone associ-
ated with a marine environment and large bodies of freshwater lochs within a system of valleys that 
link the east, west and south coast of Harris. A submarine shelf which appears to have accumulated 
sediment in the lee of a rocky headland also provides a target for investigating submerged prehistoric 
material (Fig. 12.2). The seaward edge of the shelf is sharply defined in the bathymetry, in a similar 
way to the Bouldnor Cliff formation in the Solent, southern England (Momber 2011). This may indi-
cate erosion by currents passing through the Sound of Harris that have excavated a channel exposing 
earlier terrestrial deposits with the potential for revealing archaeological material. Sheltered coves 
with large areas that have preserved submarine sediments also exist on Ensay, Killegray, and Berneray 
with preserved submerged peat recovered from Pabbay (Ritchie 1985). Diving on these locations is 
difficult, but they could also be investigated by anchored platforms for recovering geotechnical cores 
and possibly by small, shallow-draft boats at high-tide for sub-bottom geophysical surveys.
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Abstract The Baltic basin has experienced extensive water-level fluctuations since the last deglacia-
tion. During two occasions of lower than present water levels, c. 11,700–10,200 and 9800–8000 cal 
BP, areas along the present-day coast of the Hanö Bay in south-eastern Sweden were exposed and 
pine-dominated forests were established. Around the mouth of the Verkeån River at the Haväng site, 
remains of this landscape occur in the form of organic-rich lacustrine deposits and well-preserved 
stumps and trunks of pine trees, reaching depths of 21 m and distances from the present coastline of 
around 3 km. This study aims at refined reconstructions of the dynamic Early Holocene environment 
and shore-level displacement to increase the understanding of how Mesolithic people exploited the 
landscape. Stratigraphic analyses were performed on a sediment sequence obtained from an organic- 
rich deposit situated at 8.3 m water depth, aided by detailed bathymetric surveys. Radiocarbon dates 
obtained from the 3.6 m long sequence, supported by pollen stratigraphic correlation, indicate deposi-
tion during the period 9000–8600 cal BP with an unusually high sediment accumulation rate. As 
indicated by a consistently high organic matter content, stable C/N ratios and a general lack of coarse 
mineral matter, the sediments were deposited in a low-energy environment. Our preliminary 
 interpretation is that the organic-rich deposit was formed in a highly productive oxbow lake, con-
nected via a shallow threshold to the Verkeån River, only allowing fine-grained, fluvially transported 
particles to reach the depositional environment. As indicated by numerous Mesolithic artefacts in the 
area, the dynamic landscape at the Haväng site with its rich fishing waters and access to fresh water 
must have been attractive to Mesolithic hunter-gatherers. People had to adapt to the changing water 
levels and climatic conditions during the Early Holocene, and traces of their presence are preserved 
as a consequence of the accumulation of organic-rich fluvial deposits around the river mouth.
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13.1  Introduction

The Baltic basin has undergone a dynamic development since the deglaciation of the Scandinavian Ice 
Sheet, which is reflected in the present landscapes around the Baltic Sea. At the Haväng site in the 
Hanö Bay, south-eastern Sweden, an ancient submerged landscape with remains of pine trees, organic- 
rich sediments and Mesolithic artefacts is preserved.

At 11,700 years ago, at the end of the Younger Dryas, the melting of the ice margin that had previ-
ously dammed the Baltic Ice Lake led to a catastrophic 25 m lowering of the water level in just a few 
years (Björck 2008). Low-lying areas in south-central Sweden became the outlet for the newly formed 
Yoldia Sea. New land appeared around the present-day coasts of the southern Baltic Sea as a conse-
quence of the regression. A land bridge between Denmark and Sweden was formed and led to large- 
scale colonization of plants and animals in southern Sweden. The open landscape remaining from the 
Younger Dryas was first colonized by birch and shrubs followed by pine a few hundred years later 
(Gaillard 1984). Later again, hazel became established and the pine-hazel forest supported large 
mammals such as wild boar and red deer (Liljegren and Lagerås 1993). In the shallow Hanö Bay a 
pine-dominated forest was established when vast areas of the present-day sea floor became land with 
well-drained sandy soils exposed during the Yoldia regression (Björck and Dennegård 1988).

As the isostatic uplift was more rapid in the recently deglaciated more northerly parts of Scandinavia, 
the Yoldia Sea outlets in south-central Sweden gradually became shallower, leading to the Ancylus 
transgression that started around 10,700 cal BP (Björck 2008). The rising water reclaimed the coastal 
landscapes of the southern Baltic formed during the Yoldia Sea low stand, and the pine forest in the 
Hanö Bay was rapidly flooded. Alder, elm, oak and lime immigrated to southern Sweden in rapid suc-
cession around 10,000–9000 cal BP (Gaillard 1984), altering the landscape from a shrub-dominated 
ecosystem to a dominance of more closed forests (Liljegren and Lagerås 1993).

Around 10,200 cal BP, the dammed Ancylus Lake found a new southerly outlet, the Dana River, 
through Darss Sill, Mecklenburg Bay, Fehmarn Belt and the Great Belt Strait (Björck 2008). The 
establishment and threshold erosion of the Dana River led to a second regression and the start of the 
Initial Littorina Sea Stage. At c. 9800 cal BP restricted amounts of brackish water started to enter the 
Initial Littorina Sea through the Dana River (Andrén et al. 2011). Organic-rich lacustrine sediments 
situated at about 5–10 m water depth at the Haväng site have been dated to 9500–8800 cal BP, during 
the Initial Littorina Sea, showing that parts of the Hanö Bay became land again (Gaillard and Lemdahl 
1994). The Öresund strait opened at c. 8500 cal BP as global sea level rise exceeded the rate of iso-
static rebound in southern Sweden and large amounts of saline water flowed into the Baltic Basin, 
defining the Littorina Sea Stage proper (Andrén et al. 2011, see also Larsson, Chap. 11). The rapid 
Littorina transgression led to drowning of the forested landscape at the Haväng site, and since c. 8000 
cal BP this region has been permanently covered by the Baltic Sea.

Wood remains and organic deposits have been observed at the Haväng site during times of 
extremely low water level, and local fishermen have reported stumps and roots caught in their nets 
(Gaillard and Lemdahl 1994), some of which have yielded calibrated radiocarbon ages in the range of 
11,200–10,400 cal BP (Håkansson 1968, 1972, 1974, 1976, 1982). In the early 1960s a pollen study 
was performed on an organic sediment sampled at the Haväng site and described as a compacted gyt-
tja, indicating an age of about 9000 cal BP (Nilsson 1961). More recently Björck et al. (1990) studied 
the Late Quaternary stratigraphy in the Hanö Bay, whereas Gaillard and Lemdahl (1994), based on 
sampling by sport divers, performed macrofossil analyses of the organic deposits at depths of 5–15 m 
at the Haväng site. These organic deposits were interpreted as being formed between beach ridges or 
sand dunes during the Littorina transgression. Remains of submerged landscapes of corresponding 
ages from the Ancylus Lake and the initial Littorina Sea stages have been found in Poland (Uścinowicz 
et al. 2011), Denmark (Fischer 1997a) and Germany (Lampe 2005).
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Due to the water level changes since the last deglaciation, many of the coastal Mesolithic sites in 
Scandinavia (Fischer 1995) and the North Sea (Gaffney et al. 2009) are now submerged. Often the state 
of preservation at these sites is exceptional (Fischer 1995, see also Uldum et al. Chap. 5, Skriver et al. 
Chap. 8). Previous surveys of the Haväng site have yielded artefacts such as sea-polished flint flakes, 
indicating the presence of Mesolithic activity (Hansen 1995). Furthermore, a pecked axe was found on 
the shore, washed up from a possible settlement below the present water level (Hansen 1995). Recent 
investigations by marine archaeologists have revealed additional traces of human presence in the area, 
with findings dated to around 10,500 cal BP and 9000 cal BP (Holmlund et al. Chap. 4).

The submerged forest landscape at the Haväng site is the focus of a joint geological and archaeo-
logical project based at Lund University, aimed at refined reconstructions of the dynamic Early 
Holocene environment and shore-level displacement and at improved understanding of how people 
exploited the changing landscape. As part of this effort, sedimentological, stratigraphic and dendro-
chronological studies have been performed, in order to reconstruct the local environmental develop-
ment and the transgression rates of the Ancylus Lake and the Initial Littorina Sea. The geological 
results will be used as a basis for refined archaeological interpretations.

In this study we present chronological and pollen stratigraphic data obtained from an organic-rich 
sediment sequence, which form the basis for preliminary interpretations of the landscape develop-
ment at the Haväng site.

13.2  Study Location

The Haväng site is situated in south-eastern Sweden on the coast of the Hanö Bay (Fig. 13.1). The 
bedrock in the area consists mainly of Mesozoic and Tertiary limestone, sandstone and clay (Kumpas 
1978). The Quaternary stratigraphy in the Hanö Bay consists of a clayey diamicton overlying the 
bedrock, generally followed by a thin covering layer of sand and clay (Björck et al. 1990). From the 
coastline down to about 20 m water depth, a layer of sand with occasional organic deposits covers the 
diamicton.

The Verkeån River, which is a small stream with a mean annual flow of c. 1 m3 s−1 (SMHI 2015), 
has its outlet on the coast at the Haväng site. Outside the river mouth in the Hanö Bay, organic-rich 
deposits are found, forming lake basins, river beds and beach-parallel ridges to a distance of about 
750 m from the present coastline (Figs. 13.1 and 13.2). The organic-rich sediments appear as positive 
landforms, the thickest about 3 m above the seafloor with erosional channels perpendicular to the coast-
line (Fig. 13.3). About 1.3 km from the coast, the organic-rich sediments re-appear as a river bed for-
mation, continuing to c. 3 km from the coastline at 21 m depth. Apart from these organic-rich sediments, 
the seafloor is characterized by submerged tree remains (Fig. 13.4). In situ pine trunks and stumps are 
scattered across the landscape down to a depth of 21 m. The longer trunks are mostly fallen and lie on 
the sea floor whereas some shorter stumps are still standing upright. In some cases bark and branches 
remain on the trees. Some trunks protrude at an angle from the edges of the organic-rich deposits.

13.3  Methods

The sediment sequence used in this study was sampled with a vibrocorer from the vessel R/V Ocean 
Surveyor at 8.3 m water depth in May 2009 from one of the organic-rich sediment deposits approxi-
mately 650 m east of the coast at the Haväng site (Figs. 13.1 and 13.3). The position of the sample site 
is N 55°43″44.90″; E 14°12″19.43″. The retrieved sequence is 3.6 m long and was split into 1 m 
sections.
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The bathymetrical data were obtained with a MultiBeam Echo Sounder system with 1–3 cm hori-
zontal resolution and 5 cm vertical resolution. The measurements were performed in the summer of 
2013.

Eight AMS radiocarbon dates were obtained on terrestrial macroscopic plant remains at the 
Radiocarbon Dating Laboratory, Lund University. The samples were calibrated using the INTCAL13 

Fig. 13.1 (a) Map showing the location of the Haväng site (red box), situated in the Hanö Bay, south-eastern Sweden. 
(b) Blow-up of the area contained within the red box showing an aerial photograph of the Haväng site. The Verkeån 
River is seen in the southern part of the landscape. North-east of the river mouth outside the coast a bathymetrical map 
shows the location of the submerged landscape. © Lantmäteriet [License No. I2014/00579]. (c) Close-up of the sub-
merged landscape showing the meander-shaped and beach-parallel organic-rich ridges. The star indicates the sampling 
point of the sediment sequence

A. Hansson et al.
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calibration data set (Reimer et al. 2013) and the software OxCal 4.2 (Bronk Ramsey 2009). A Poisson- 
process deposition model, assuming younger ages upwards in the sequence, based on seven of the 
radiocarbon dates was constructed with a K-value of 0.5 cm−1 using the software OxCal 4.2 (Bronk 
Ramsey 2009) in order to assess the sedimentation rate of the sequence (Bronk Ramsey 2008).

Fig. 13.2 Photograph of an organic-rich deposit rising about 50 cm above the sea floor. The sediment is tilted indicating 
the erosion of a supporting river valley. The photograph is facing north (Photo Arne Sjöström)

Fig. 13.3 Close-up of the sampled organic-rich sediment ridge at 8.3 m depth. The sediment sequence was obtained 
from the area enclosed by the red box. Erosional channels can be seen in east-west direction, perpendicular to the 
coastline

13 Early Holocene Landscape Development
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Twenty samples with a volume of 1–2 cm3 were retrieved for pollen analysis and prepared accord-
ing to the standard methodology of Berglund and Ralska-Jasiewiczowa (1986). Lycopodium spore 
tablets were added to the samples in order to estimate pollen concentrations (Stockmarr 1971). At 
least 500 pollen grains per sample were counted. The main purpose of the pollen analysis was to 
assess the validity of the radiocarbon dates and therefore the focus was set on pollen from tree taxa. 
The identification keys in Fægri and Iversen (1989) and Moore et al. (1991) were used for pollen 
determination.

Samples for loss-on-ignition analysis were collected at every 5 cm throughout the sequence to 
estimate the organic matter content. The samples were placed in crucibles and weighed after heating 
to 105 °C and 550 °C, respectively (Bengtsson and Enell 1986). Carbon and nitrogen elemental con-
tents were determined at 19 selected levels using a Costech ECS 4010 elemental analyser for assess-
ment of the character and origin of the organic matter. Elemental C/N ratios were converted to atomic 
ratios by multiplying by 1.167.

Magnetic susceptibility was measured at every 5 mm throughout the sequence with a Bartington 
Instruments MS2E1 surface scanning sensor connected to a Tamiscan-TS1 automatic logging con-
veyor in order to assess the general grain size of the sediment sequence.

13.4  Results

Seven of the radiocarbon dates gave calibrated ages in the range of c. 9000–8600 cal BP throughout 
the sequence (Table 13.1). In contrast, the uppermost sample gave an unrealistically young age, pos-
sibly due to contamination by recent carbon. An age model based on seven radiocarbon dates shows 
deposition of 338 cm of sediments over a time span of c. 300–400 years (Table 13.1), yielding an 
average sediment accumulation rate of 0.85–1.1 cm per year.

The entire 360 cm sediment-sequence can be described as a dark, homogeneous clayey and silty 
gyttja. The sediments, which are virtually devoid of macroscopic plant remains and visible mineral 
grains, are markedly compact and erosion resistant. The organic matter content of the sediment 

Fig. 13.4 Photograph of a rooted pine stump at the Haväng site (Photo Arne Sjöström)

A. Hansson et al.
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sequence varies between 45% and 55% (Fig. 13.5). Between 0 and 156 cm, the organic matter content 
remains below 50% whereas the lower half of the sequence, 156–360 cm, shows organic matter con-
tent values above 50%. Minimum values occur at 21 cm and 31 cm, with values of 43% and 41%, 
respectively. The magnetic susceptibility shows values that are consistently between 2 × 10−5 and 
4 × 10−5 m3 kg−1 (Fig. 13.5). Peaks occur at 34 cm and 71.5 cm with values of 10.3 × 10−5 m3 kg−1 and 
11 × 10−5 m3 kg−1, respectively. The total organic carbon content (TOC%) varies between 20% and 
30% throughout the sequence whereas the nitrogen content (N%) varies between 1% and 2%. The 
atomic C/N ratio is between 19.5 and 21 throughout the sequence (Fig. 13.5).

The pollen record was divided into two stratigraphic zones (Fig. 13.6). Zone 1 consists of the lower 
and middle parts of the stratigraphy, 350–88 cm. This zone is dominated by the tree taxa Alnus, 
Betula, Corylus and Pinus. Ulmus and Quercus are also common in this zone. The total pollen con-
centration varies in the range of 400,000–600,000 grains/cm3. Zone 2 consists of the uppermost part 
of the stratigraphy, 88–10 cm, and is defined by the appearance of Tilia pollen grains. Zone 2 is domi-
nated by Alnus, Betula, Corylus and Pinus and a slight increase in Filipendula can be seen. Ulmus and 
Quercus are still common throughout zone 2. The total pollen concentration decreases to less than half 
of the values recorded in zone 1, showing values in the range of 100,000–200,000 grains/cm3.

13.5  Discussion

13.5.1  Sediment Properties and Accumulation Rate

The magnetic susceptibility shows values typical of lake sediments with a mineral content predomi-
nantly in the clay and silt fractions. Coarser material such as sand would give susceptibility values at 
least two orders of magnitude lower than obtained from our sediment sequence (Björck et al. 1982). 
The peaks seen in the susceptibility data probably do not reflect short term changes in the depositional 
environment and could instead be the result of individual, highly magnetic, mineral grains close to the 

Table 13.1 Radiocarbon dates, and calibrated and modelled ages from the retrieved sediment sequence. Depth refers 
to depth of the sediment

Depth (cm) Lab. no Material 14C years BP
Cal. age BP 
(1σ interval)

Modelled ages 
(1σ interval)

8.5–10.5 LuS- 10677 Bark and needle fragments, 
insect fragment, moss stems

710 ± 50 566–694 –

15–19 LuS- 10880 Bark and needle fragments, 
insect fragment, moss stems

7900 ± 35 8628–8767 8631–8780

15–19 LuS- 10962 Bark and needle fragments, 
insect fragment, moss stems

8000 ± 45 8779–8996 8760–8985

39–41 LuS- 10676 Bark and needle fragments, 
insect fragment, moss stems

8025 ± 55 8779–9010 8652–8795

199–201.3 LuS- 10675 Bark and needle fragments, 
insect fragment, moss stems

8040 ± 115 8664–9088 8816–8911

328.5–329.8 LuS- 10674 Bark and needle fragments, 
insect fragment, moss stems

7950 ± 55 8660–8977 8958–9007

335.5–336.5 LuS- 10673 Bark and needle fragments, 
insect fragment, moss stems

8020 ± 120 8650–9028 8963–9013

349–353 LuS- 10881 Bark and needle fragments, 
insect fragment, moss stems

8085 ± 45 8983–9091 8975–9027

13 Early Holocene Landscape Development
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susceptibility sensor (Hambach et al. 2008). Organic matter content values are consistently between 
45% and 55% throughout the sediment sequence, indicative of a nutrient-rich and productive environ-
ment. This is 10–20% higher organic matter content than reported from a previous study of similar 
organic-rich sediments at the Haväng site (Gaillard and Lemdahl 1994). The relatively stable values 
for organic matter content indicate that the depositional environment remained rather constant during 
the time of sedimentation, and the largely uniform C/N ratios around 20 suggest a stable balance 
between aquatic productivity and fluvial supply of fine-grained terrestrial organic matter (Meyers and 
Lallier-Verges 1999).

The radiocarbon dates obtained from the sediment sequence yielded indistinguishable ages, apart 
from the uppermost date that gave an age of 694–566 cal BP. This anomalous age strongly indicates 
contamination by younger organic material. Most likely the sample was contaminated during the 
sampling procedure as the compact sediments would not have been susceptible to intrusion of younger 
organic material before sampling. The remaining dates all gave ages of 9000–8600 cal BP, dating the 
sediment succession to the Initial Littorina Sea stage, when the water level was at least 10 m below 
the present (Gaillard and Lemdahl 1994). A theoretical explanation for these indistinguishable ages 
would be that the sediment succession tipped over at some point in time, but this hypothesis can be 
rejected based on the pollen stratigraphy, which indicates undisturbed sedimentation. The radiocarbon 
calibration curve exhibits an atmospheric 14C plateau at 9000–8600 cal BP (Reimer et al. 2013), which 
explains some of the encountered dating difficulties. The modelled ages obtained from the age model 
are still in the span of 9000–8600 cal BP but are distinguishable from each other (Table 13.1). Two 
radiocarbon dates were obtained from the level of 15–19 cm (Table 13.1), and the calculated sediment 
accumulation rate based on both dates indicates a sediment accumulation rate of either 0.85 cm or 
1.1 cm per year, respectively. As both rates must be considered correct we can only conclude that the 
sedimentation rate was in the span of 0.85–1.1 cm per year, which is one order of magnitude higher 
than what is usually seen in Swedish lakes, where values around 0.5–1 mm per year are common 
(Björk 2010).

Fig. 13.5 Graph 
showing (a) the organic 
matter content, (b) the 
magnetic susceptibility 
and (c) C/N atomic 
ratios throughout the 
sediment sequence. 
Organic content is 
expressed in percent and 
the magnetic 
susceptibility in a 
dimensionless unit

A. Hansson et al.



205

F
ig

. 1
3.

6 
Po

lle
n 

di
ag

ra
m

 o
f 

th
e 

an
al

ys
ed

 s
ed

im
en

t s
eq

ue
nc

e.
 T

he
 s

eq
ue

nc
e 

is
 d

om
in

at
ed

 b
y 

Pi
nu

s,
 C

or
yl

us
, B

et
ul

a 
an

d 
A

ln
us

. T
he

 s
tr

at
ig

ra
ph

y 
is

 d
iv

id
ed

 in
to

 tw
o 

zo
ne

s 
ba

se
d 

on
 th

e 
ab

se
nc

e 
or

 p
re

se
nc

e 
of

 T
ili

a.
 P

ol
le

n 
co

un
ts

 a
nd

 d
ia

gr
am

 b
y 

A
nt

on
 H

an
ss

on

13 Early Holocene Landscape Development



206

Tilia pollen first appears at 88 cm (Fig. 13.6). A pollen diagram from the Krageholmssjön Lake, 
approximately 40 km southwest of the Haväng site, in southernmost Sweden shows that Tilia first 
appeared at 9200 cal BP and was established in the landscape shortly after 9000 cal BP (Gaillard 
1984). The pollen analysis therefore confirms the radiocarbon dates of the Haväng sediment sequence. 
Because the sampled basin was most likely connected to the Verkeån River, a substantial part of the 
pollen may have arrived by fluvial transport and therefore reflects vegetation in areas upstream.

The pollen concentration depends on the influx of pollen grains and the sediment accumulation 
rate (Fægri and Iversen 1989). The substantial decrease in pollen concentration slightly above 1 m 
occurs simultaneously with the appearance of Tilia pollen grains. Whether these events are connected 
cannot be determined at this point, but it is possible that the decreased concentration stems from an 
increased inflow of particles that led to dilution of the pollen content in the sequence. A decreased 
inflow of pollen grains seems unlikely as the forest vegetation experienced generally favourable cli-
matic conditions during this time period (Wanner et al. 2008).

As coarse mineral grains are absent in the sediment sequence, input of material from the local 
sandy substrate from episodic events such as storms can be eliminated. The basin was apparently 
protected from the sea and influenced exclusively by fine-grained fluvial material and organic produc-
tion within the basin. Probably, a shallow and productive environment maintaining high rates of 
organic deposition in the basin in combination with an ample supply of fine mineral matter from the 
river contributed to the extremely high sediment accumulation rate. The mineral matter consists 
mostly of clay and fine silt, which would indicate that the basin was partly cut off from the river by a 
shallow threshold that only allowed suspended material to enter and settle. The compact appearance 
of the sediments is most likely a result of compaction by sand that was deposited on top of the 
organic-rich sediment sequence during the Littorina Sea and then subsequently eroded away.

13.5.2  Depositional Environment

A compelling scenario is that the Haväng site has been subject to several depositional and erosional 
episodes, as the shoreline has passed across the study site four times during the Early Holocene. 
Therefore the depositional landforms might not have been uniformly preserved, and what is seen 
today on the seafloor is partly an erosional landscape. Additionally, older sediments from the Yoldia 
Sea stage that are found farther from the coastline may also be hidden under the Initial Littorina Sea 
sediments investigated in this study.

Based on the bathymetry (Fig. 13.1), the investigated area can be divided into two parts. The inner 
part consists of meander-shaped basins confined by edges of organic-rich material. Outside these 
deposits the bathymetrical map is dominated by elongated beach-parallel organic-rich ridges. It is still 
unclear whether these ridges originate from the same depositional event or if they were deposited in 
succession. Further radiocarbon dating of the other ridges is needed in order to clarify this develop-
ment and to interpret more confidently the formation and subsequent denudation of the landscape. 
However, given the overlap of the radiocarbon ages discussed above, it may prove impossible to dis-
tinguish between the two hypotheses.

The beach-parallel, organic-rich ridges described in this study have previously been interpreted as 
protective beach ridges in a shallow lagoonal environment formed behind them during the Initial 
Littorina Sea stage (Gaillard and Lemdahl 1994). According to this model, new beach ridges were 
formed as the Littorina transgression progressed, producing new basins closer to the coast. However, 
the study by Gaillard and Lemdahl (1994) was carried out without access to bathymetric data from the 
area, and the maps produced by divers missed the meander-shaped ridges seen in the present bathy-
metrical map (Fig. 13.1). Our results provide strong sedimentological evidence against the 
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beach- ridge formation hypothesis. The presence of beach ridges would most likely have caused aeo-
lian transport into the adjacent basins, but no sand is observed in the sampled sediment sequence.

Our interpretation is that the investigated sediment sequence was deposited in an oxbow lake partly 
cut off from the meandering river, with a shallow threshold allowing only suspended material to settle 
together with the organic matter produced within the basin. A steadily rising water level in the oxbow 
lake due to the Littorina transgression probably contributed to the rapid sediment accumulation and 
kept the water depth in the basin fairly constant. The deposit was then covered by sand and compacted 
during the Littorina transgression. As the water level regressed down to the present level the superim-
posed sand was eroded away and the present morphology of the organic-rich deposit was shaped by 
currents and wave action.

Further radiocarbon dates of both tree remains and organic deposits from different depths in the 
study area will provide increased insight into the age relationship between the meander-shaped and 
ridge-shaped deposits, as well as the age relationships within the ridges, and thereby contribute to a 
better understanding of how the submerged landscape at the Haväng site was formed.

The southernmost part of the Baltic Basin has experienced a constant transgression during the 
Holocene (Uścinowicz 2006). In the Gulf of Gdansk, remains of trees and organic-rich sediments have 
been found at different depths. In the western part of the Gulf, at depths of 16–17 m below present, 
remains of deciduous trees have been dated to somewhat younger ages than the sediment sequence 
described here (Uścinowicz et al. 2011). This shows that the water level was about 6–7 m lower than at 
the Haväng site in the southernmost part of the Baltic Basin during the Initial Littorina Sea stage 
(Björck 2008). On the eastern side of the Gulf, in the Vistula Lagoon, there are trees at 2 m below the 
present sea level, which have been dated to 5600–3500 cal BP (Łęczyński et al. 2007). During this time 
the sea level at the Haväng site was approximately 3–5 m above the present (Berglund et al. 2005). In 
Danish waters, evidence of human presence in the form of Mesolithic coastal settlements is common 
(Fischer 1997b); in contrast, in the Baltic Sea findings of coastal settlements are less common, but there 
is considerable potential for discovery of submerged settlements in the southern Baltic Sea.

The coastal environment along the Hanö Bay was probably very attractive to groups of hunter- 
gatherers in the early Holocene. The combination of a reliable fresh water supply and rich fishing 
waters, both in the Verkeån River and in the Initial Littorina Sea, and the habitable river plain in the 
valley likely made the area around the Haväng site especially attractive, as shown by findings of fish 
traps and other remains of human activity, such as worked animal bones, hazel nuts and flints 
(Holmlund et al. Chap. 4). All archaeological findings so far are characterized as organic refuse 
deposited in the river, or in lagoons near the coast. The actual settlement areas are likely to have been 
eroded away during transgressions and by river-bank erosion. However, certain artefact concentra-
tions indirectly indicate the presence of more intensively used settlement areas. So far, no remains of 
marine resources have been found, but since no excavations have been conducted this could reflect a 
methodological bias. People living at the Haväng site not only had to cope with a changing climate. 
They also had to adapt to the constant changes of the riverine landscape as both the meandering river 
and the water level fluctuations of the Ancylus Lake and Littorina Sea altered the path of the river and 
the configuration of the coastline.

13.6  Conclusions

The calibrated radiocarbon dates of 9000–8600 cal BP from the sediment sequence are confirmed by 
the pollen stratigraphy and the immigration of Tilia. The age span of the sequence indicates a very 
high sedimentation rate, which may be the result of deposition in a basin where the water level suc-
cessively rose during the initial Littorina transgression. However, the lack of coarse mineral matter in 
the sediments suggests that the basin was only supplied with material from the Verkeån River and 
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organic matter produced within the basin and that aeolian processes and wave action did not affect the 
basin.

The submerged landscape at the Haväng site can be divided into two parts, an inner with meander- 
shaped deposits and an outer consisting of beach-parallel ridges. Radiocarbon dates from the inner 
area are presently lacking and it is unclear whether the inner and outer areas were deposited simulta-
neously. The basin is interpreted as an oxbow lake that was partly cut off from the main river by a 
threshold that only allowed material in suspension to enter. It is evident that people occupied the 
Haväng site during the Early and Middle Mesolithic. Radiocarbon dates obtained on worked bones 
from mammals (c. 10,500 cal BP) and wooden fish traps used in the river (c. 9000 cal BP) give us a 
hint of the patterns of resource utilization at the river mouth. These human populations must have 
adapted to a dynamic landscape characterised by changes in the fluvial and coastal environment as 
well as changes in climate and water level.

The recent investigations at the Haväng site demonstrate a more complex formation history than 
previously described (Gaillard and Lemdahl 1994; Hansen 1995). The development of the landscape 
is not yet fully understood, but further archaeological and geological studies of the area will take place 
during the coming years. Dendrochronological studies of the wood remains and analyses of both 
stratigraphic sequences and discrete surface samples of organic deposits are ongoing. These investiga-
tions, in conjunction with proper archaeological excavations of the refuse layers, will contribute to a 
deeper understanding of the dynamics of this landscape, how it was affected by changes in water level, 
and how Early Mesolithic populations adapted to the changing landscape. The preservation of archae-
ological material is made possible by the accumulation of organic-rich sediments near the river mouth, 
and therefore similar near-coastal sites may have a high potential for archaeological studies.
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Abstract Prior to postglacial global sea-level rise in the present North Sea area, Mesolithic hunters 
and gatherers were able to settle in the coastal lowland landscape between England, Germany and 
Denmark, commonly known as Doggerland. Regarding the reconstruction of this now drowned pal-
aeolandscape, the German exclusive economic zone (EEZ) sector is still ‘terra incognita’. Recent 
discoveries of two ancient fluvial systems, both of which were tributaries of the Elbe Palaeovalley, 
give new insights into the formation of the Mesolithic Doggerland landscape in the German EEZ. One 
of these fluvial systems developed during the last glaciation and connected the Dogger Hills with the 
Elbe Palaeovalley. The second river structure discovered in the south seems to be slightly younger and 
can be identified as the drowned extension of the modern Ems River.

14.1  Introduction

Nearly 10,700 years ago, Mesolithic people were able to cross an extensive coastal lowland which is 
now covered by the south-eastern North Sea. Archaeological and palaeoenvironmental data document 
that hunters and gatherers were present in the area between England, Germany and Denmark at this 
time, living in a landscape shaped by a system of rivers, lakes, birch groves, pine woods, fens and 
grasslands (Coles 2000; Fitch et al. 2005; Gaffney et al. 2007; Spinney 2008; Cohen et al. 2014). The 
present shallow water area, the so-called Dogger Bank, was a hill ridge and the exposed red sandstone 
rocks of Helgoland stood out against the surrounding plains, rather like Uluru (Ayers Rock) in 
Australia today. This submerged Mesolithic palaeolandscape is known as Doggerland (Coles 1998).

The final postglacial transgression drowned the prehistoric surface of Doggerland by shifting the 
coastline southwards towards its current position. Presently, the former Doggerland is covered by 
modern North Sea sands (Zeiler et al. 2000). There is, however, still considerable cultural heritage 
buried in the ancient sediments (Coles 2000; Spinney 2008; Gaffney et al. (n.d), Chap. 20). Despite 
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this, no German state heritage authority has responsibility in the German Exclusive Economic Zone 
(EEZ) outside its territorial waters (12 nautical miles). Moreover, this heritage is currently threatened 
by diverse and potentially destructive economic activities, for example, laying of submarine cables 
and pipelines, the construction of offshore wind farms, oil and gas production, offshore mining, engi-
neering installations, fisheries and sea farming activity. Almost every inch of seafloor within the 
German EEZ is affected by such activities.

On the other hand, this intensive and extensive commercial exploitation of the seabed has been 
accompanied by numerous surveys of surface and sub-surface features, and these offer a vitally 
important source of scientific knowledge on the origin and development of this unique prehistoric 
landscape (Ward et al. 2014).

During recent decades especially, scientists from the UK and the Netherlands have re-discovered 
the Doggerland landscape in the British and Dutch sectors of the North Sea (Fitch et al. 2005, 2011; 
Gaffney et al. 2007, 2009; Spinney 2008; Cohen et al. 2014; van Heteren et al. 2014). Whilst the 
German EEZ comprises prominent parts of the late Pleistocene-Holocene drainage system of 
Doggerland, particularly the Elbe Palaeovalley or ‘Elbe-Urstromtal’, its presence and extent is still 
largely ‘terra incognita’.

During surveys within the German EEZ running high resolution reflection seismics, two shallow 
palaeo-river structures draining into the Elbe Palaeovalley were discovered (Fig. 14.1). One is located 
in the northern part of the German EEZ, at the entry of the so-called Duck’s Beak (‘Entenschnabel’; 
study area 1, Fig. 14.2), the second runs through the southern part of the German EEZ, about 40 km 
north of the island of Juist (study area 2, Fig. 14.3). The two study areas are located about 170 km 
apart.

Although both palaeo-river systems drained into the Elbe Palaeovalley, they were affected in dif-
ferent ways by the Holocene marine transgression. This raises two questions. Firstly, how did each 
river system contribute to the formation of the late glacial-postglacial palaeolandscape? And secondly, 
how did they interact with the late Weichselian/early Holocene hydrogeological regime on the North 
Sea shelf in the course of sea-level rise?

14.2  Database

In both study areas, all seismic profiles are based on channel boomer seismic data. Boomer data were 
obtained using a boomer plate operating at an energy level of 300 J. The data were recorded using a 
short single-channel streamer with 20 hydrophones. This configuration provided a maximum shot rate 
of 3.5 shots per second, which offered a good horizontal resolution.

Study area 1 was sampled during one expedition in 2012 with a seismic grid of south–north and 
east–west seismic tracks using a spacing of approximately 300 m. For methodical reasons (namely the 
density of the seismic grid), study area 2 is sub-divided into a northern sector (surveyed during three 
expeditions from 2009 to 2011) and a southern sector (surveyed in 2013). For the northern sector, a 
dense grid of south–north and east–west seismic tracks was run with a spacing of approximately 
200 m. The southern sector was added to trace the southern connection of the river structure towards 
the outer Wadden Sea. Due to the test character of this latter survey, and the fact that a Traffic 
Separation Scheme crosses the survey area, the resulting grid has a line spacing of only about 500 m. 
This difference in line spacing has to be taken into account in any further interpretations.

The seismic data were used to produce initial seismic profiles of the proposed Holocene surface 
and to define the location, form and dimensions of the palaeorivers. For the depth estimation of the 
base of the ancient valleys, the two-way-traveltime (TWT) was converted into metres using a propa-
gation velocity of 1,600–1,650 m/s. The difference between the depth of the seafloor and the esti-
mated base of the valley gives the depth of the valley in metres below sea floor (mbsf). The base of the 
valley was used to compute gridded maps based on a method of natural neighbour interpolation.

D.A. Hepp et al.
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The degree to which the river valley structures meander—their sinuosity—was measured by the 
ratio of the real length of a river section to the linear distance between its endpoints (Leopold et al. 
1964). Sinuosity ratios ≥1.5 indicate meandering structures.

14.3  Stratigraphic Interpretation

Due to the lack of sediment cores and geological ground-truth data in study area 1, the stratigraphy is 
obtained by interpretation of seismic profiles. We used characteristic reflectors to identify seismic 
packages which cover or intersect the substratum (Figs. 14.4 and 14.5). The horizontally stratified 
reflectors ‘A’ and ‘B’ represent the top and base of the modern sea floor. The package they comprise 
is about 1 m thick and is observed in both profiles. Reflector ‘C’ may be congruent with the base of 
the mobile sand deposits spatially distributed in the North Sea (Zeiler et al. 2000). The c. 3.5 m-thick 
seismic package between reflectors ‘B’ and ‘C’ is characterised by a more transparent horizontal 
stratification which increases in strength downward and may reflect a fining downward in grain size 
from middle and fine sands to silts. This package is only seen in the profile in Fig. 14.4. Strong hori-
zontal seismic reflectors ‘D’ are indicative for clay and peat deposits at the base of the mobile sand 
deposits of ‘C’. Reflector ‘E’ marks the irregular-shaped base of various depressions in both profiles 
(Figs. 14.4 and 14.5), which incise 5–10 m deep into the substratum. They show different shapes and 
internal seismic patterns but seem to belong to the same stratigraphic horizon. The infill ‘C–E’ in 
Fig. 14.4 shows a complex depositional body with irregular internal reflectors. These internal reflec-
tors partly overly the seismic package ‘C–D’ and are partly cropped by the same seismic package. The 
base of the depression in Fig. 14.5 is more U-shaped and marked by a strong reflector indicating clay 
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and peat deposits. The infill of this depression is horizontally stratified and has similar characteristics 
to package ‘B–C’ in Fig. 14.4. A specific characteristic observed in Fig. 14.4 is that the already 
described depression cuts another stratigraphically older depression, which incises more than 15 m 
deep into the substratum. The base of this older depression is barely identifiable as a continuous trans-
parent zone ‘F’. The infill of the depression is marked by some stronger internal reflectors.

Interpretation of seismic profiles in study area 2 (Figs. 14.6 and 14.7) is supported by visual 
descriptions of four cores (Fig. 14.8). The cores penetrate the entire valley infill from the seafloor to 
the base. The observed lithological succession is typical of this North Sea region. The river valley 
incises into glacio-fluvial sand deposits of the substratum. The base of the valley infill is determined 
by a 0.2–1 m-thick basal peat layer which is overlain by intertidal or marine deposits of clays or silty 
clays. The river valley is covered by modern or mobile sands, which is also evident in the horizontally 
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stratified seismic reflectors ‘A–B’ (Figs. 14.6 and 14.7). The strong seismic reflectors at the valley 
base in Figs. 14.6 and 14.7 can be attributed to the peat layers observed in the cores.

14.4  Fluvial Systems Seen in the Geophysical Record

14.4.1  Study Area 1

At the entry of the Duck’s Beak (‘Entenschnabel’), a system consisting of a deeper main valley with 
eight shallower tributaries (five on its southern side and two on its northern side) was observed in the 
seismic grid, running in a north-west to south-east direction from the Dogger Bank area toward the 
Elbe Palaeovalley (Fig. 14.2). Two separated valleys in the south-eastern part of the study area run 
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more or less parallel to the main valley. The seismic visualization of the proposed Holocene base 
(Fig. 14.2) shows a slightly elevated area in the south-western and western part of the study area. This 
is interpreted as the origin of some of the tributaries. The north-eastern and eastern part of the study 
area is dominated by shallow depressions connecting the valleys. Strong seismic reflectors at the base 
of the depressions indicate clay or peat deposits. Hence, these depressions are interpreted as palaeo-
marshes. Similar relationships have been documented in the Dogger Bank area for this time period by 
Fitch et al. (2005). The source of the main valley and its exit into the Elbe Palaeovalley are not covered 
by the existing surveys.

Inferred from seismic interpretation, the valleys are covered by a 3.5–5.0 m-thick unit of mobile 
sands. The greater thickness of the sand coverage compared to study area 2 is caused by the greater 
water depth and the associated reduced vulnerability to wave and current exposure on the shallow 
shelf. The water depths increase from 39 m in the South–east to 46 m in the North-west.
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The main valley was mapped over a length of 30 km. The sinuosity ratio is 1.19 and is therefore 
indicative of a rather linear river. The valley is approximately 700 m wide and incises, with relatively 
steep flanks, down to 20 mbsf into the sandy sediments of a larger Pleistocene glacial and fluvio- 
periglacial accumulation plain. This proposed periglacial deeper valley was re-used by a shallower 
valley system whose morphology is indicative for a fluvial valley with repeated dislocations of its bed. 
However, without ground truth data from sediment cores, it is not clear if the actual infill deposits are 
of fluvial or tidal origin. During the process of drowning, the river valleys were occupied by tidal 
channels and we have no indications as to how severe the reworking of the fluvial sands has been. 
Reflections of tidal sand deposits and fluvial sand deposits are often quite similar. This can lead to 
misinterpretations, as is shown by van Heteren et al. (2014) for the Dutch sector of the North Sea.

The bed of this shallower river valley is located at a depth similar to that of the other river structures 
and tributaries in the study area (Fig. 14.2). These tributaries are up to 6 km long, 250 m wide, and 
incise 8–12 m below the seafloor. Their sinuosity is rather linear, with ratios varying between 1.09 and 
1.27. An example is given in the seismic cross section of a tributary to the main river in Fig. 14.5. The 
valley is U-shaped, 200 m wide and as much as 8 m deep. Its infill is more homogeneous and shows 
horizontally stratified seismic reflectors.

14.4.2  Study Area 2

About 40 km north of the island of Juist, a shallow south–north oriented buried valley with meanders, 
oxbows and possible oxbow lakes is observed on seismic grid profiles over a distance of nearly 50 km 
(Fig. 14.3). Water depths in this study area increase from South to North from 19 to 34 m. The valley 
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is covered by a 0.8–2.0 m-thick unit of mobile sands. As with the valley system in study area 1, the 
morphology of the valley in study area 2 is indicative of a fluvial valley. Peat layers at the base of the 
valley overlain by clay or silty clay deposits lead to the inference that the system gradually drowned 
due to transgression and that the valley infill is largely of intertidal or marine origin.

The valley incises to a depth of 7–14 m into the Pleistocene glacial and fluvio-periglacial sands, 
which form the sub-seafloor, with depths decreasing from South to North. The width of the valley 
varies between 500 and 1,500 m with a generally increasing width from South to North. The north–
south gradient over the total length is broadly consistent with the very shallow slope of the seafloor of 
0.027%.

The shallow gradient may have caused the meandering course of the valley. At first view, the sinu-
osity ratio of the valley structure shows apparent differences between the northern and southern sec-
tor. The river course in the northern sector has sinuosity ratios between 1.61 and 2.15, which clearly 
indicates a meandering river course of about 24 km length. In contrast, sinuosity ratios in the southern 
sector range between 1.02 and 1.33 indicating a more linear river course of about 26 km length. 
However, the more linear river course in the southern sector is obviously an artefact owing to the less 
dense seismic coverage, which may be too coarse to resolve details of the river’s sinuosity. The south-
ern origin of the river valley remains undiscovered so far. However, derived from its location and 
course, we suppose that the ancient river is the drowned predecessor of the modern Ems River 
(Fig. 14.3a). The northern end of the river valley fans out into at least three valleys forming a delta at 
the western flank of the Elbe Palaeovalley.

Morphological features of meandering rivers like point bars and cut banks are well-developed in 
seismic profiles (Figs. 14.6 and 14.7). The valley base in the cross section is irregular due to several 
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small adjoining valleys. Seismic reflectors within the infill are continuous and parallel to sub-parallel, 
showing a homogeneous, horizontally stratified infill (Fig. 14.6). In some seismic profiles, inclined 
reflectors indicate a different infill process across the western valley flank (Fig. 14.7).

14.5  Styles of Tributaries in the Elbe Palaeovalley

Studies in the British and Dutch EEZ subsurface suggest a diversity of styles of river systems related 
to the late Weichselian/early Holocene Doggerland palaeolandscape, depending on specific topo-
graphic settings and their change over time (Törnqvist 1993; Berendsen and Stouthamer 2000; Fitch 
et al. 2005; Gaffney et al. 2007; Hijma 2009). Data from the western Dogger Bank show that, during 
the Holocene, a complex meandering river system had developed consisting of a 600 m-wide palaeo-
valley with tributaries or distributary channels with moderately developed sinuosity, and associated 
lakes or marshes (Fitch et al. 2005). We infer that these were finally filled with tidal sediments due to 
transgression. The general fluvial morphology of study area 1 appears to have analogies with the ear-
lier fluvial phase of this western Dogger Bank area in terms of a major river channel with low to 
moderate sinuosity, tributaries and associated marshes.

From our investigation, study area 1 seems to have experienced two phases of development with 
distinctive features forming in each case. The first phase consisted of a deep palaeovalley, which we 
suppose originated during or at the end of the last glaciation. Both the bottom of the periglacial valley 
and the plains of the early phases of the Elbe Palaeovalley are chronologically related, occurring at the 
same stratigraphic level (see Figge 1980). In the second phase, during a postglacial stage, the deeper 
valley was replaced by a valley system with tributaries of moderately developed sinuosity or distribu-
tary valleys and lakes. The valley fill of this younger system is associated with a higher stratigraphic 
level than the periglacial valley and may reflect a time when the Elbe Palaeovalley was already influ-
enced by transgression. The estimated age for the second fluvial phase is based on the assumption of 
a coexistence of the fluvial systems in both study areas, whereas the Dogger Bank fluvial system 
overlies buried late Weichselian glacial tunnel valleys. The fluvial system ceased during the course of 
the North Sea transgression when this region was flooded not later than 9,800 years ago. This is based 
on the −40 m contour line (Fig. 14.1) and the regional sea level curve of Vink et al. (2007).

The river structure located in study area two to the South differs significantly from the valley sys-
tem of study area 1. The river structure here is characterized by a clear meandering channel with lat-
eral valley displacements running parallel to its flow direction and shifting sinuosities, but without any 
change in its dimension or meandering characteristics over time. Analogies in morphology, incision 
depth and dimensions are known from the late glacial/early Holocene Scheldt River (Kiden 1989, 
1991) and from the early phase of the Rhine-Meuse system (Törnqvist 1993; Berendsen and 
Stouthamer 2000). The deposits of the late Weichselian river incision in the Scheldt are 7–8 m thick 
and the alluvial plain was about 1.8 km wide. The incision took place at about 13,000 BP, based on 
palynological studies and radiocarbon dating (Kiden 1991). According to Kiden (1989), the character 
of the valley experienced important changes after the first occurrence of peat layers at about 8,700 
BP. After that time, a new river valley was incised into the already existing peat deposits of the alluvial 
plain. Several subsequent lateral migrations of the river course caused the formation of point bars 
whilst peat and underlying sediment deposits were eroded to form cut banks. Using a time-space 
model, Törnqvist (1993) illustrated a braided river system for the late glacial followed by an early 
Holocene meandering river system. From about 5,000 years ago the system changed to an alternating 
meandering anastomosing system associated with a rapid sea level rise.

The comparison of these findings from the Scheldt River and the Rhine-Meuse valley belt with the 
small incisions in the valley base of the river of study area 2, together with the formation of point bars 
and cut banks, suggests that the river of study area 2 may have changed its valley character from a 
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meandering, late glacial river valley to a wide, Holocene alluvial plain with migrating meanders, point 
bars and peat growth as a consequence of progressive North Sea transgression.

The river systems described for the two study areas seem to have their origin in the latest glacial, 
when permanently frozen ground was still present. We infer that the conspicuous difference in mor-
phology of the river systems described for the two study areas originates in differences in their source 
areas and regional differences in relation to sea-level change after the Last Glacial Maximum. The 
perimarine river of the Ems palaeovalley persisted as a single migrating river draining across exposed 
land about 8,200 years ago based on the –20 m contour line (Fig. 14.1) and the regional sea level 
curve, at a time when the northern river system in the Duck’s Beak area was already drowned.

14.6  Conclusion

The postglacial landscape in today’s North Sea area known as Doggerland was covered by a network 
of rivers, lakes, wetlands and huge drainage channels. Seismic records of two newly discovered struc-
tures lying within the German EEZ that once formed part of Doggerland provide evidence for a mor-
phology of clearly riverine origin and a complex hydrogeological regime. However, the riverine 
meanders are filled for the most part with intertidal deposits, which points to the fact that the sedimen-
tary infill was only deposited when the river had already been transformed to an estuary during the 
course of marine regression.

Both river structures are tributaries of the Elbe Palaeovalley, and both are assumed to have devel-
oped since the latest Weichselian. However, differences in topography and source, as well as timing 
and intensity of fluvial activity, caused significant differences in river morphology.

The northern river structure connected the Dogger Bank in the North-west with the western flank 
of the Elbe-Palaeovalley. The system was influenced very early on by the postglacial sea-level rise and 
developed from a single, deep valley, which may initially have originated during the last glacial, to a 
network of shallower rivers and tributaries. Their morphology is in various aspects similar to river 
structures known from the western part of the Dogger Bank.

The southern river structure is the drowned extension of the modern Ems River and can be distin-
guished as part of the tributary system feeding the southern head of the Elbe Palaeovalley, together 
with the Elbe, Weser and Eider Rivers. The river structure was, from the beginning, formed as a mean-
dering river valley with repeated dislocations of its river bed. However, the Ems palaeovalley still 
existed whilst the northern river structure was already being drowned by the advancing North Sea.

The development of both river systems reflects the landscape evolution of Doggerland along the 
west flank of the Elbe Palaeovalley. This, in turn, has implications for the landscape configuration 
available to Mesolithic hunter and gatherers. In the initial phase, the northern system was already 
draining the Dogger Bank area while the adjacent last-glacial ice-sheet was still collapsing. However, 
the southern Ems palaeovalley seems to have developed during the postglacial phase. It is evident that 
we need further investigations and stronger ground truth data from sediment cores to improve our 
understanding about the role of such drainage systems in forming the Doggerland landscape within 
the German EEZ and their influence on changing patterns of Mesolithic settlement.
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Abstract This paper presents the first results of an inventory of archaeological remains in the Wadden 
Sea of northwest Germany. We have generated palaeogeographic maps on the basis of a geological 
reconstruction of Holocene landscape evolution from archive core data, and use these to identify areas 
where human traces have potentially been preserved during different time intervals. Currently, the 
cultural heritage is being increasingly threatened by coastal protection measures, dredging of water-
ways as well as offshore industrial activity. Recording of known sites, prospecting for new sites and 
the subsequent investigation and monitoring of both demonstrate the research potential of this region. 
These results will be instrumental in helping to recover information about the cultural archive before 
it is destroyed by erosion and to identify target areas for future research.

15.1  Introduction

The Wadden Sea refers to the southern sector of the North Sea. Today, it is a World Heritage Site 
famous for its natural fauna and flora and its marine ecosystems and comprises one of the largest 
unbroken areas of coastal wetlands and intertidal mudflats in the world, extending for about 500 km 
from the Netherlands in the West to the west coast of Denmark in the East. It represents a depositional 
coastline of coastal wetlands, intertidal mudflats and offshore sand barriers and islands that has been 
subject to continuous conditions of rising relative sea-level since the last glacial (Streif 1990b, 2004; 
Behre 2007).

Initially, the melting of the Scandinavian ice sheet caused a rapid sea level rise and consequently a 
continuous displacement of the coastline throughout the late glacial period and the early postglacial, 
drowning large tracts of the now-submerged landscape of Doggerland that were important zones of 
human settlement and subsistence activity. However, a more modest rate of relative sea-level rise has 
continued up to the present day, with highly dynamic processes of sediment accumulation and erosion 
that have steadily encroached on and partially buried land surfaces and associated evidence of human 
activities in the later prehistoric and historical periods.
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In coastal lowlands, human occupation is closely tied to changes in regional water levels and 
resulting locations of waterways. Accordingly, landscape evolution and the occupation history of 
coastal zones are closely related and may therefore provide information on regional fluctuations in 
relative sea level. The tidal range and the extent of tidal inundation are the two most relevant factors 
in reconstructing transformations in the coastal landscape, understanding where material traces of 
past cultural activity are most likely to be preserved, and interpreting archaeological material in its 
landscape setting.

From 3000 BP there is growing evidence from archaeological data that people have occupied par-
ticular coastal lowlands and left their mark on the landscape (Kluiving et al. 2013). In the central 
Wadden Sea region only a few finds are known from this time period, because archaeological remains 
are likely to have been dispersed and mixed into the sediments of former land surfaces. If these 
remains can be detected and recovered, they should provide important evidence for transgressions and 
regressions as well as catastrophic storm events. Such former land surfaces are therefore unique 
archives for the exploration of cultural heritage (Flemming et al. 2014). Obtaining information about 
storm surges and other erosional processes and the resulting redistribution of sediments makes it pos-
sible to identify areas where former land surfaces can be detected. However, erosion also involves the 
risk of total destruction of these natural archives and any associated cultural remains and human set-
tlements. Exposed finds on tidal flats are particularly vulnerable and therefore in need of immediate 
registration (Jöns et al. 2013).

The current state of research in the Wadden Sea (Jöns et al. 2013, Niederhöfer, pers. comm.) sug-
gests that significantly more cultural remains should exist than are recorded in the latest site data base. 
Since summer 2012, the geoarchaeological project ‘Settlement and Cultural History of the Lower 
Saxony Wadden Sea Area’ has set out to record known sites and to search for as yet unknown settle-
ment remains in the Lower Saxony Wadden Sea (Jöns et al. 2013). The area of investigation stretches 
from the Ems estuary in the west to the Elbe estuary in the east, including the estuaries, embayments 
and back-barrier tidal flats of the East Frisian coast (Fig. 15.1).

15.2  Research Questions

Since 2009, when UNESCO declared the Dutch and German parts of the Wadden Sea as a World 
Heritage Site, the general appreciation and respect for the Wadden Sea area has increased signifi-
cantly. However, the main focus of public awareness and attention has been the unique natural phe-
nomena of the region, with much less emphasis placed on the cultural heritage. One reason for this is 
that archaeological surveys in the Wadden Sea have been restricted to a few distinct locations, the 
known sites being mostly attributable to incidental finds. At the same time commercial exploitation 
(e.g., wind farms, commercial fishing, oil and gas production, aggregate extraction) in the offshore 
regions of the North Sea is expected to increase rapidly over the next decades. Also, nearshore sand 
placements, beach nourishment and other coastal protection measures will greatly expand in the 
future, so that the archaeological heritage is increasingly at risk.

To achieve sufficient appreciation of the drowned cultural heritage of the Wadden Sea and its con-
sideration and integration in official conservation planning, the availability and dissemination of reli-
able data on the location and conservation status of archaeological finds and sites is of central 
importance. As one part of the project, data are collected for archaeological heritage conservation. 
These constitute an important basis for the ability to assess the impacts of any commercial activity 
affecting the cultural heritage. For the correct interpretation of the cultural material archived in the 
archaeological sources, the availability of data on the palaeogeography of each site and find area is of 
major importance (Jöns et al. 2013). Consequently, the investigation and reconstruction of the evolu-
tion of the Wadden Sea landscape is another key objective in the project presented here. By means of 
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palaeogeographic maps and supplementary data on morphodynamics resulting from sedimentary pro-
cesses, it is possible to identify potential sites of human occupation where corresponding cultural 
remains may be found today.

Another objective of the project is to explore existing sites in greater detail in order to facilitate 
their cultural and historical classification, and this, in its turn, will contribute to a better understanding 
of the settlement history of north-western Germany.

New information on the long-term use of North Sea coastal areas and the varying strategies of the 
prehistoric and early historic populations in dealing with rising sea level will greatly expand our per-
ception of human life along the southern North Sea coast.

15.3  Methods

The Wadden Sea, including its coastal marshes and islands, presents a large variety of landscapes, 
each with its own natural and cultural features in different periods. These landscape types can be 
understood and described as habitats having different characteristics and potential for human settle-
ment and land use during the individual periods.

Available data about the palaeogeography of each site and find area is of central importance for the 
interpretation of archaeological sources with respect to the cultural history (Jöns et al. 2013; 
Goldhammer and Karle 2015). Data from sediment cores and seismic profiles, as well as geological, 
nautical and historical maps are currently being evaluated to obtain comprehensive information about 

Fig. 15.1 Map showing the area of investigation
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the subsurface morphology of the seabed. The Landesamt für Bergbau, Energie und Geologie (LBEG) 
provides data from a variety of geoscientific fields with the aid of the Lower Saxony Soil Information 
System via the NIBIS® MAP SERVER (Niedersächsischen Bodeninformationssystems NIBIS®). 
This information forms a very extensive but, at the same time, heterogeneous dataset. Within the 
marsh belt of the Lower Saxony coastal area, over 30,000 sediment cores are documented, about 
3,000 of which are from the intertidal area of the Wadden Sea and the islands. These data have been 
inherited from both regular geological research and from applied coring activities. Only a few datasets 
are supported by radiocarbon dates giving an absolute chronology of the depositional history. 
Therefore, quality and content of the core data differ widely and data have to be evaluated regarding 
their significance for mapping potential archaeological sites.

The investigation mainly focused on sedimentological aspects of the deposits to determine the depo-
sitional environment and related processes. The borehole database of the LBEG (Fig. 15.2) enables an 
integrated reconstruction of coastal evolution throughout the Holocene. The deposits were interpreted 
in terms of sedimentary successions, these being greatly enhanced by the detailed analyses of 
Barckhausen et al. (1977) and Streif (1990b), who proposed a classification system for mapping coastal 
plain deposits, in which the Holocene sediments were subdivided according to a hierarchical system 
based on the vertical succession and lateral interfingering of clastic sediments and peat deposits. This 
classification system accurately reflects Holocene depositional history in relation to rate of relative sea 
level change, sediment budget and accommodation space. Particular attention must be given to the 
depth and changing courses of tidal channels and waterways, so as to determine the areas to be excluded 
due to erosion. It is then possible to visualize the Holocene landscape units at various time intervals. 
Along with the evaluation of the preservation potential of archaeological artefacts, features and struc-
tures, an important framework is created for the sustainable management of the Wadden Sea which also 
incorporates the cultural heritage (Jöns et al. 2013; Goldhammer and Karle 2015).

Archaeological data found in databases like ADABweb ([A]llgemeine Denkmal[DA]ten[B]ank 
[web]-basiert, a web-based general heritage database) are systematically documented to help reconstruct 
the palaeolandscape and potential locations of human settlement. Selected finds were examined in the  

Fig. 15.2 Map of the East Frisian coastal area with locations of sediment cores situated in the Wadden Sea and the 
adjacent marsh land (data base: NIBIS® Kartenserver 2014 – Landesamt für Bergbau, Energie und Geologie, Hannover)
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field to assess their preservation state. Besides archives of heritage offices and museums, aerial photo-
graphs provided by the National Park Administration Wadden Sea Lower Saxony were screened for 
traces of human activity and subsistence (Jöns et al. 2013; Goldhammer and Karle 2015).

15.4  Landscape Reconstruction, Archaeological Potential and Landuse 
Strategies

Knowledge of the morphology of the pre-Holocene surface that reflects the original topography at the 
beginning of the postglacial sea level rise is essential to understand the distribution of the various sedi-
ment successions on the coastal plain. The landscape prior to marine flooding shows complex drain-
age patterns of numerous rivers and their tributaries. These palaeovalleys were formed during the last 
glacial sea level lowstand. The analysis of the core database shows that there is a regular distribution 
of smaller channels in the western part, whereas deeply incised valleys of the Jade and Weser palaeo- 
rivers characterize the eastern part (Fig. 15.3, see also Hepp et al. Chap. 14).

The rising sea invaded the coastal lowland through palaeovalleys, which developed into estuaries 
with tidal channels and flats along their margins. As the groundwater level rose with the rising sea, the 
flooded area was fringed by freshwater marshes in which peat bogs could develop. This peat forms the 
basal part of the Holocene sedimentary succession and occurs everywhere unless reworked by late 
Holocene tidal channel migration. This basal peat is covered by a complex sequence of sediments 
associated with transgression that shifts landward with the rising sea level.

Environmental interpretation of core data is essential in documenting coastal changes because each 
tidal sedimentary environment has a specific relation to sea level. Moreover, these sedimentary envi-
ronments (e.g., marine, estuarine, freshwater, terrestrial) form a dynamic system that can shift land-
ward or seaward, with superimposition of one type of sediment over another in response to a number 
of controlling factors such as the rate of sea level rise, sediment supply and accommodation space. 
This dynamic character implies that, at any time in the Holocene, all the different types of sediments 
could have existed next to one another, sometimes even over short distances (Walther 1894; 
Barckhausen et al. 1977; Streif 1990a, 2004). However, the evolution of one environment into another 
cannot be generalized for the entire coastal plain. It is related to the position of the tidal channels, 
which act as local sediment suppliers and drainage networks (Baeteman 2013).

To interpret the geological data, cores and types of sediment successions in terms of an indicative 
map for potential archaeological areas, it is necessary to merge these with modern measurements of 
the morphodynamics of tidal channels and creeks provided by the NLWKN Norderney (Lower Saxony 
Water Management, Coastal Defence and Nature Conservation Agency). Erosion depth and lateral 
channel migration are the limiting factors for the preservation of archaeological finds and their rela-
tionship to the former land surface.

The distribution of archaeological finds and areas with the potential for discovery of new cultural 
material have been compiled into a composite map (Fig. 15.4). Nearly all known settlement finds are 
located within the areas with the potential for preservation of cultural material. Working on a system-
atic record of archaeological sites in the modern tidal flats highlights the difficulties in verifying aerial 
anomalies and locating sites described in old find reports. The main reason for this is the sediment 
dynamics, which bury settlement remains and thereby prevent their discovery. In this project, previ-
ously unknown sites were discovered and examined. This work has shown that the lack of surficial 
archaeological remains on the tidal flats cannot be interpreted as evidence for a lack of settlements. 
With the enormous sedimentation rate along the southern North Sea coast since the last ice age, 
archaeological remains are expected to be preserved at greater depth below the present seabed. The 
older the find, the deeper it will be buried, which explains the fact that most archaeological finds from 
the Wadden Sea of north-western Germany are not older than 2,000 years.
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Nevertheless, people began to settle in the North Sea basin already in early Holocene times, 
although it is still unclear exactly when hunter-gatherers began to traverse the tundra-like landscape 
while hunting for game and gathering food. There are some older finds from the Pleistocene: 
Neanderthal bones from the Middeldiep off the Dutch coast (Peeters 2011) and Palaeolithic flint arte-
facts from the Great Yarmouth site (Area A240) off the English coast (Tizzard et al. 2011), which are 
evidence for earlier human activity. Various Mesolithic finds from the area around Brown Bank and 
Dogger Bank (van de Noort 2011) and from the Dutch coast (Peeters 2011) prove that Mesolithic 
communities used the North Sea basin as it changed from tundra to a more forested landscape (see 
also Gaffney et al. Chap. 20, Momber and Peeters, Chap. 21). As the sea level rose, people were 
forced to adapt to the changing coastline. In Neolithic times, when people became sedentary, the larg-
est part of the basin, and also the slightly elevated Dogger Bank, must have become inundated 
(Shennan et al. 2000; Behre 2003), although Michelsberg Culture artefacts found in these areas indi-
cate a human presence at that time (van de Noort 2011, see also Gaffney et al. Chap. 20). Remains of 
Stone Age settlements should be expected in the Wadden Sea region, although these are likely to have 
been covered by a thick sediment layer.

From the metal ages onwards until early modern times, the sea was an important economic factor, 
and sedentary societies with their settlements on or near the coast would have had to adapt to cata-
strophic storm surges as well as progressive inundation. Furthermore, the fertile marsh land was 
highly attractive for agriculture. Therefore, the coastal region was an important economic zone from 
an early period. Around 600 BC people started to build their houses on artificial dwelling mounds 
(Nieuwhof et al. 2013) to protect their houses and cattle during periods of unusually high tides and 
storm floods. From the twelfth century AD onwards, coastal societies built dikes to protect their marsh 
land and settlements. However, catastrophic floods like the Second Marcellus Flood in 1362, the 
Burchardi-Flood in 1634, and the Christmas Flood of 1717 demonstrate that the dikes of that time 
were unable to provide reliable protection against severe storm surges.

Fig. 15.3 Digital elevation map of the pre-Holocene surface at 2 m intervals relative to NHN (German chart datum). 
Yellow areas depict zones of solely clastic deposition (Data base: Holozänbasiskarte, © Landesamt für Bergbau, Energie 
und Geologie, Hannover, 2012)
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In the course of this project, we found the remains of a farmstead which may have been destroyed 
by a storm flood. North of the Jade Bay, off the village of Horumersiel (District of Wangerland), bro-
ken bricks, animal bones, pottery sherds, clay pipes and lead fragments from window panes were 
found. Additional pottery sherds and fragments of a grindstone were discovered nearby (Fig. 15.5). 
The inventory, especially the pottery, dates this previously unknown dwelling to the sixteenth or sev-
enteenth century AD (Goldhammer and Karle 2015).

15.5  Future Prospects

In the future, systematic surveys as well as a refinement of landscape reconstruction by filling in gaps 
in the subbottom data are necessary to pinpoint potential archaeological sites that may be endangered 
by the activities of coastal engineering and offshore renewable energy projects. Although this project 
succeeded in creating palaeogeographical maps for the whole area of interest, it turned out that a 
number of gaps in the data currently prevent a higher precision in time and space, especially for the 
last 2,000 years. Unfortunately, the sedimentary record is very complex due to multiple seaward and 
landward shifts of the coastline and it is thus impossible to reconstruct the palaeoenvironment and 
former positions of the coastline in detail without a high resolution grid of absolute dates and other 
indicative factors like diatoms or plant remains.

A monitoring strategy for the tidal flats in close cooperation with the Wadden Sea National Park 
Administration of Lower Saxony and the Lower Saxony State Office for Heritage is recommended to 

Fig. 15.4 Potential areas and locations of archaeological finds in the Wadden Sea. Find spots located outside the areas 
of preserved landscape surfaces are in most cases shipwrecks or displaced single finds
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allow quick responses to find reports. Only instant reaction will allow a proper assessment of such 
sites before they are destroyed by erosion or commercial activities.

In conclusion, geological research has provided new data by which researchers have gradually 
gained a better understanding of the close relationships between sedimentary processes, sea level 
change, and landscape evolution in the wider region. At the same time, historical and archaeological 
research has also developed. Most significantly, ideas regarding the chronology of human occupation 
have changed dramatically. Therefore, further investigation will profit from a multidisciplinary 
approach to fill gaps in the record and reach a higher level of data quality through improved spatial 
and temporal resolution. Merging different local datasets will lead to a broader insight into the inter-
play of natural changes and human adaptation strategies.
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Abstract Through the analysis of geomorphological processes coupled to archaeological time mark-
ers in one selected site – Ognina in south-eastern Sicily – this paper investigates ritual practices and 
sacred places associated with sea-level change and shoreline locations. The interdisciplinary approach 
adopted in this research also provides new data on relative sea-level change during the late Holocene, 
while at the same time bringing together diverse approaches and methods for the analysis of sub-
merged landscapes. It also aims to act as a blueprint for future directions in this specific field.

16.1  Introduction

The concept of ‘sacred landscape’ encompasses multiple forms, meanings and belief systems, and 
includes relationships or actions that may have different values in different settings. New studies have 
brought many different perspectives to bear on the role and human significance of coastal environ-
ments, variously emphasising their significant heterogeneity and instability on a number of 
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spatio- temporal scales (e.g. Westley and Dix 2006), their role as a focus for the development of ideas 
about ‘maritime cultural landscapes’ (Westerdahl 1992; Parker 2001), the impact of ‘sea-level 
changes’, originally developed in an archaeological context by Flemming (1968), the significance of 
‘submerged landscapes’ (Benjamin et al. 2011), and the relationship between coastal landscapes and 
maritime activity (Farr 2006; Castagnino Berlinghieri 2011, and references therein). Some of these 
studies are concerned not only with the study of relationships between coastal landscapes and mari-
time activity in a practical sense, but also with the creation of ritual beliefs and social identity, and that 
is the emphasis in this chapter.

Archaeological sites in areas of small tidal range can also provide significant information on rela-
tive sea-level change during recent millennia, especially man-made coastal structures which required 
a precisely defined relationship to sea level at the time of construction for their successful functioning, 
for example fish traps or harbour walls. Along Mediterranean shores, in particular, there are many 
such remains extending over a long period that can be used to establish constraints on relative sea 
level (Schmiedt 1966, 1972; Flemming 1969; Caputo and Pieri 1976; Flemming and Webb 1986; 
Lambeck et al. 2004a; Anzidei et al. 2006, 2011a,b, 2013; Antonioli et al. 2007; Scicchitano et al. 
2008, 2011; Auriemma and Solinas 2009; Lopresti et al. 2014). Relative sea level change during the 
Holocene results from the contribution of many factors: ice melting, glacio-hydro-isostasy and tecton-
ics (Lambeck et al. 2004b, 2011). For those areas where it is possible to evaluate all of these factors, 
it is also possible to perform accurate reconstructions of the coastal palaeolandscape that may be of 
great significance to archaeological interpretation.

South-eastern Sicily between the town of Augusta and Siracusa (Fig. 16.1) is particularly rich in 
archaeological remains located along the present coastline and below it, ranging in date from the 
Neolithic to the C17th AD (ca. 8–0.4 ka cal BP), and spanning a period of relatively rapid Holocene 
sea-level change. This offers an unusual opportunity to analyse the relationship between sea-level 
change and human settlement activity, including its impact on ritual and belief systems.

Of particular interest are the archaeological remains on the small island of Ognina some 10 km 
south of Siracusa. The area is characterized by several phases dating from prehistory to the Byzantine 
age. Some of this evidence has already been discussed in detail as an indicator of relative sea-level 
change (Kapitaen 1970, 1991; Basile et al. 1988; Castagnino Berlinghieri 1993–1995; Scicchitano 
et al. 2008). There is also a substantial body of evidence to suggest that Ognina played a key role in 
the wider spectrum of Neolithic and Bronze Age interactions, which probably reflects a wide-ranging 
network of contacts including both social and ritual practices. A better understanding of these interac-
tions demands more detailed examination of the location of the island in relation to the mainland and 
its modification over time, coupled with archaeological investigation of the interactions between local 
traditions and external influences.

Our aim in this chapter is to use geomorphological reconstructions of the coastal landscape of 
Ognina during the Early Neolithic, the Middle Bronze Age and the Byzantine period to throw light on 
the impact of sea-level change on the sacred significance of this coastal location and its ritual associa-
tions. For the geomorphological reconstructions, we use: (1) an accurate morphobathymetric and 
topographical dataset; (2) a model of late Holocene sea level rise that takes into account glacio-hydro- 
isostatic and eustatic components; and (3) biological and radiometric data.

16.2  Geological Setting

South-eastern Sicily is characterized by thick Mesozoic to Quaternary carbonate sequences and vol-
canics forming the emerged foreland of the Siculo–Maghrebian thrust belt (Grasso and Lentini 1982). 
This area, mostly constituted by the Hyblean Plateau, is located on the footwall of a large normal fault 
system which since the Middle Pleistocene has reactivated the Malta Escarpment (Bianca et al. 1999), 
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Fig. 16.1 (a) Geodynamical setting of south-eastern Sicily and southern Calabria; (b) Structural setting between 
Augusta and Siracusa; (c) Map of Ognina area, red line corresponds to normal faults and arrows indicate the hanging 
wall; (d) Reconstructed DTM of the emerged and submerged area of Ognina

16 Sacred Landscapes
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a Mesozoic boundary separating the continental domain from the oceanic crust of the Ionian basin 
(Scandone et al. 1981; Sartori et al. 1991; Hirn et al. 1997).

The physical setting of the Ognina archaeological site is characterized by the presence of three 
small promontories alternating with small pocket beaches (Fig. 16.1b). From a geological point of 
view, the outcropping rocks comprise massive Miocene calcarenites, gently dipping seaward, uncon-
formably overlain by middle–late Quaternary terraced marine deposits composed of poorly cemented 
biocalcarenites (Di Grande and Raimondo 1982). The Ognina Island is a small island surrounded by 
very shallow water offshore of the northern promontory. To the south, a 600 m long natural channel 
occurs, marked today by a dock and quarry. This channel continues underwater extending from a 
depth of −3 m to −30 m (Fig. 16.1d) and probably represents the remnant of a Holocene river channel 
terminated by rapid sea level rise (Scicchitano and Monaco 2006; Scicchitano et al. 2010).

16.3  Archaeological Data

While providing a good context for the study of processes of prehistoric interactions, Ognina also 
exhibits evidence for ritual and ideology and evidence that it was a centre of social power and a meet-
ing place of different cultures. The main archaeological evidence consists of various classes of vessels 
and goods along with Neolithic post-hole alignments and pits, as well as sacred structures (Bronze 
Age rock cut tomb, Byzantine church), which indicate that ritual activities were integral to the use of 
the site. Moreover, given that the fragments of prehistoric vessels found were mainly bowls or open 
shapes used for eating and drinking, this suggests functions associated with social aggregation and 
ritual. By viewing these data through the lens of the ritual society model (Baumann 1993; Barley 
1995), it is possible to better understand the nature and role of ritual and elite communities. Recent 
excavations (Tanasi 2014: 109–112) undertaken nearby in the trenches excavated in 1964 by Bernabò 
Brea, confirm that the stratigraphy is characterized by layers dating from Neolithic to Byzantine peri-
ods. In this panorama, the value of some old finds will be discussed in the light of their probable 
importance in ritual performance, and some new connections with larger sacred landscapes will be 
established. In essence, recurring artefacts that are rich in symbolism and their related contexts sug-
gest modes of ritual behaviour that imply an overarching, region-wide framework of shared ritual and 
beliefs.

The earliest evidence of human presence in Ognina goes back to about 6000 BC and is associated 
with artefacts of the Neolithic period, a period typically associated with farming and fixed settle-
ments. Currently exposed remains on the island comprise a complex system of post holes indicating 
large compartmentalised structures, arranged in parallel alignments (Fig. 16.2), and resembling the 
ground plans of the Neolithic longhouses in Central Europe (cf. Pásztor and Barna 2014).The longest 
rows extend for over 40 m in the northern area while individual post holes are large, between 0.8 and 
1.3 m in diameter.

The post-hole alignments on the island appear to delineate the foundations of timber-framed dwell-
ings, and are also associated with shorter rows of smaller holes likely used as pits. These suggest the 
presence of a stable settlement established during the Neolithic period. While the island is character-
ized by scattered sherds of pottery and lithic tools, early strata of a deposit excavated in the 1960s 
(Bernabò Brea 1966), partially overlying a linear pattern of holes cut into the rock, revealed a sequence 
of Stentinello impressed wares, 5700–5200 BC, including fragments of large jars (Fig. 16.3a). A 
ditched settlement with scattered post-holes has been detected on the mainland facing the island 
(Lazzarini et al. 1965), but this has now been mostly destroyed by marine erosion. Historical black 
and white pictures taken in the year of discovery (Fig. 16.3b) clearly show a ditch-like feature cut into 
the bedrock (now heavily damaged by sea erosion). Earlier levels of the ditch-fill investigated in the 
1960s revealed abundant sherds of incised and impressed ware of Stentinello type (Fig. 16.3c), thereby 
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confirming that this part of the deposit dates to the early Neolithic and was contemporaneous with that 
on the island.

The position of the Ognina settlement on the highest part of the promontory, dominating its sur-
roundings, may reflect some sort of power organisation, feasibly related to emerging power structures 
(cf. Castagnino Berlinghieri 2011).

Bronze Age life at Ognina has usually been connected with the Maltese world, more specifically 
with the Tarxien Cemetery phase. Ognina was first interpreted as a Maltese colony by Bernabò Brea 

Fig. 16.2 (a) Archaeological evidence on the island of Ognina; (b) Post-holes arranged in parallel in the northern sector 
of the island; (c) Remains of the triple-apsed Byzantine basilica; (d) Rock-cut chamber tomb and long rock cut dromos 
with two symmetrically opposed niches near the opening (Adapted from Bernabò Brea 1966); (e) Now- submerged 
entrance to the tomb; (f) Direct survey of the tomb
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Fig. 16.3 (a) Fragments 
of large jars of 
Stentinello impressed 
ware; (b) Ditch cut into 
the bedrock shown 
during 1960s excavation; 
(c) Sample of incised 
and impressed 
Stentinello ware from 
earlier levels of the ditch 
fill excavated in the 
1960s. Archivio Storico 
Fotografico della 
Soprintendenza ai Beni 
Culturali e Ambientali 
di Siracusa
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in his fundamental work first published in 1966. The same author later argued convincingly (Bernabò 
Brea 1976–1977) that there were dissimilarities between the finds from the Tarxien Cemetery and 
those found at Ognina. As he himself wrote (Bernabò Brea 1976–1977: 78, note 37):

vi è senza dubbio una sensibile differenza nel repertorio decorativo delle tazze a orlo ingrossato costituente la 
classe denominata dallo Evans e dal Trump “Thermigreyware” e le rimanenti forme del complesso ceramico del 
Tarxien Cemetery, differenza data soprattutto dalla prevalenza nelle prime dei motivi a triangoli e a bande pun-
teggiate (o a cerchielli impressi) che nelle seconde, pur non essendo del tutto assenti, sono alquanto più rare.

There is definitely a noticeable difference between the decorative repertoire of cups with thickened rims 
belonging to the form called by Evans and Trump ‘Thermigreyware’ and the remaining shapes of the ceramic 
complex of the Tarxien Cemetery. Such a difference is especially marked by the prevalence of triangles and dot-
ted bands (or small impressed circles) in the former, while in the latter case such decoration is very rare, although 
not entirely absent.

Nevertheless, his first hypothesis – of a Maltese colony established at Ognina – has continued to 
dominate the archaeological literature. This interpretation has been recently challenged by a re- 
examination of some Bronze Age pottery known as ‘Thermi Ware’ or ‘grey wares’ with dot-filled 
incised decoration (Palio 2008, see also Cazzella and Recchia 2013). According to Palio (2008) these 
vessels show very close parallels in fabric, decoration and shape with contemporaneous material in 
southern Italy (Laterza and Zurgi) as well as in the Aegean region (Olympia and Lerna AEIII). This 
re-evaluation suggests that Ognina was the final terminus of a route that led from the Aegean and the 
Balkans, across the Adriatic and over the Italian peninsula (Laterza and Zungri), as far as the island 
itself and then radiated inland (to Chiusazza), southwards to Vendicari and Malta and northwards to 
Thapsos, the Etna area and the Aeolian Islands. It is also useful to emphasise that even the well- 
documented class of Bronze Age funerary objects known as ‘bone bossed plaques’ seem to track the 
same itinerary of diffusion attested by Ognina-type pottery, with notable examples from Lerna, 
Altamura, Malta and Petraro (see bibliography in Procelli 1991).

This interpretation indicates a developed system of exchange transactions between Bronze Age 
communities in Ognina, the Aegean and southern Italy. The results of more recent campaigns under-
taken at Ognina, published in a preliminary form (Tanasi 2014) on the basis of new data from labora-
tory analysis, suggest that ‘Thermi ware’ vessels were imported from centres of production in Malta 
as well as being locally produced at Ognina, whether by itinerants or by the native community exploit-
ing their specialised knowledge.

This opens up a new scenario, which implies various long-distance exchange networks as a means 
of facilitating population movement and expansion, and reflects cultural interactions on a large scale 
with an important role played by the Bronze Age communities of Ognina. These are new hypotheses 
(Palio 2008; Tanasi 2014) for the study of the development of the economy of the Bronze Age involv-
ing movement of goods, knowledge and people in search of new territory, and call for further evalua-
tion within the wider exchange network of the Mediterranean. Old and new investigations have 
revealed the presence of ‘Thermi Ware’ along with plain and decorated ceramics in small percentages 
in both the Castelluccio and Capo Graziano styles.

Despite the intriguing and exotic nature of the array of pottery present at Ognina, there is little 
evidence for Bronze Age settlement, apart from two areas with traces of hearths possibly related to 
huts, Also, we cannot exclude the possibility that at least some of the Early Neolithic structures could 
still have been in use during the Bronze Age, even if for a different purpose: perhaps for storage or for 
rubbish disposal.

In addition to the sparse evidence of structures, funerary architecture is also limited. There is no 
evidence for cemeteries or smaller clusters of tombs, as in well-documented Bronze Age burials in 
western Sicily (Leighton 1999 and references therein), but rather a single, atypical, chamber tomb, 
which combines the local tradition of rock cutting with some elaboration (Fig. 16.2c). It consists of a 
partially submerged rock-cut tomb carved into calcarenite (Fig. 16.2d,e), and represents one of the 
more interesting Bronze Age burial sites, possibly implying a social or political hierarchy.
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The semi-circular chamber is approached by a sloping rock-cut dromos or pathway, 4.2 m long, 
with two symmetrically opposed niches close to the opening. Its original shape has been partially 
altered by complex geological factors so that its floor now lies at −1.20 m (corrected height −1.21 m) 
below the present sea level (Fig. 16.2f). As already demonstrated (Scicchitano et al. 2008), taking into 
account the functional height, the palaeo-sea level indicated for the Bronze Age must have been at 
≤−1.81 m depth (Table 16.1).

From a structural viewpoint, Bernabò Brea (1966) pointed out certain affinities with the ‘Allées 
couvertes’ gallery graves widespread in southern France (Bernabò Brea 1966: 57; Procelli 1995: 23), 
while recently Tusa (1992: 368) and Cultraro (2000: 713–714) have suggested a derivation from types 
of Chambered Tombs of Middle Helladic Age in the Aegean. However, leaving aside its design and 
possible derivation, it is tempting to account for the tomb in terms of a social organization with a clear 
power structure producing a formalised leadership with ritual authority that dominated the wider reli-
gious and social landscape.

The solemnized space of the Ognina tomb, which one might suppose functioned as a sort of ‘sanc-
tuary’, lacks the items that one might associate with the attempts of an elite to legitimise religious 
authority. This is due to the fact that the grave goods have been removed or destroyed by marine ero-
sion. By the same token, the existence of some formalized ritual activity on the island is supported by 
the occurrence of special items brought to light in earlier excavations (Bernabò Brea 1966) which may 
be rooted in ritual factors and may lend weight to the hypothesis that the site had religious signifi-
cance. In this respect, some valuable clues come from the re-evaluation of the deposit found in trench 
‘D’ excavated by Bernabò Brea in 1964, which reveals an interesting assemblage including a circular 
hearth 70 cm in diameter (cut D5: Fig. 16.4a) and a range of pottery sherds, as well as ceremonial 
items such as a fragment of a violin-shaped figurine, a clay horn, a figurine of phallic shape, a small 
horn with incised dotted decoration, and other ‘prestige’ goods (Fig. 16.4b). One of the most distinc-
tive artefact categories is a ‘gynaecomorphic vessel’ found as a stray item close to trench ‘D,’ which 
implies a some form of prestige or cult item (Fig. 16.4c).

The combination of all of these artefacts recovered in a restricted area suggests that ritual practices 
were a central function of the site and perhaps part of a widespread ceremonial process. At the same 
time, these and other components have parallels in other Bronze Age sites, such as the Manfria depos-
its (Orlandini 1962, Table 30) which are ritual in nature, and are sometimes associated with burial 
places, providing some degree of evidence for ritual symbolism. In this period, the rocky isthmus 
connecting the mainland and the island provided the settlement with sheltered leeward anchorages 
and beaching places (Kapitaen 1970; Kapitaen 1991; Castagnino Berlinghieri 1993–1995). As previ-
ously discussed (Scicchitano et al. 2008), these features are now still in place but submerged between 
−0.20 and −3.30 m relative to the present sea level.

Table 16.1 Heights and ages of sea-level stands (relative to present sea-level) associated with Marine Isotope Stages 3 
and 5 and the uplift rates implied by radiocarbon-dated balanid samples

MIS stage Age kyr Height relative to modern sea level metres Uplift rate

5.5 125 6.3 −0.02
5.3 100 −20.86 0.24
5.1 80 −18.67 0.27
3 60 −48.02 0.85
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Fig. 16.4 (a) Circular hearth 70 cm in diameter (cut D5) and stratigraphic sequence revealed in 1960s excavation; (b) 
Sample of ceremonial items: 7.1 dish-shaped artefact; 7.2 phallic figurine; 7.3 round object with parallel incised lines; 
7.4 small horn with incised dotted decoration; 7.5 small loom weights; 7.6 fragment of violin-shaped figurine and other 
‘prestige’ goods; (c) Stray find of ‘gynaecomorphic vessel’ near trench ‘D,’ a presumed prestige or cult item. Archivio 
Storico Fotografico della Soprintendenza ai Beni Culturali e Ambientali di Siracusa
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16.4  Coastal Morphology and Sea-Level Change

16.4.1  Material and Methods

In order to reconstruct the coastal palaeogeography of the Ognina site, all the components of relative 
sea level rise have been taken into account. The effects of ice melting and glacio-hydro-isostasy are 
taken from the model of Lambeck et al. (2011) (Fig. 16.5a).

This predicts sea level rise during the Holocene for 40 sites along the Italian shores (Fig. 16.5b). As 
regards the vertical deformation for this sector of Sicily, several authors estimated the amount of uplift by 
analyzing different markers. Considering several archaeological sites presently submerged, Scicchitano 
et al. (2008) proposed for the area of Ognina an uplift rate of about 0.4 mm/yr. during the Holocene. Dutton 
et al. (2009) and Spampinato et al. (2011) found similar results for the last 80 kyr, using U/Th dating of 
speleothems located inside submerged caves offshore of the Siracusa area. An accurate geomorphological 
survey, recently performed along the coasts of the Ognina area, revealed the presence of several biological 
markers such as balanids and serpulids (Fig. 16.6a), closely related to fluctuations of sea level.

Biological remains, mostly represented by balanids, have been discovered at heights ranging 
between 3.2 and 1.3 m above sea level (corrected for tide and pressure at time of survey). They are 
locally accompanied by serpulids and briozoa. Close to the southern Ognina Cape, these organic 
encrustations are uniformly developed and often associated with other morphological evidence of sea 
level stands such as tidal notches (Sample 2, Fig. 16.6b) or abrasion platforms. The lower sample 
(Sample 1) is located under the present body of a small beach (Fig. 16.6c), along a paleo-erosional 
platform, at an elevation of 1.3 m a.s.l. Table 16.2 shows the results of radiocarbon age determinations 
performed on balanid samples used to reconstruct the timing of sea level fluctuations.

Fig. 16.5 (a) Curves of sea level rise for 40 sites located along Italian coasts (X-axis: age in kyr; Y-Axis: sea level 
height in meters above present); (b) Values of isostatic deformation. After Lambeck et al. (2011)
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In order to depict the impact of past sea-level change, it is necessary to have accurate topographical 
and bathymetric data against which to apply all the components of sea level rise. Topographical data 
have been extracted from a Digital Terrain Model (DTM|) with a cell size of 2 m (Fig. 16.7a) obtained 
from airborne LiDAR survey performed in 2008 for the government of Regione Sicilia. A multibeam 
echo sounder survey was performed in 2011 and 2014 (Fig.16.7b) to integrate the LiDAR 

Fig. 16.6 (a) Location of palaeoshorelines showing close-up of samples of balanid shells recovered from them; (b) 
Beach deposit above ancient erosional platform showing position of balanid sample (sample 1); (c) Tidal notch found 
along the higher palaeoshoreline showing position of balanid shells (sample 2)

Table 16.2 Radiocarbon ages of balanid samples from the Ognina coast

Lab name Sample name Radiocarbon agr (BP) δ13C‰

LTL13385A Sample 1 lower shoreline 39,647 ± 760 ─17,8 ± 0,5
LTL13386A Sample 2 upper shoreline 41,227 ± 1205 ─2,1 ± 0,3
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topographical data. Morpho-bathymetric survey was conducted by using a shallow-water vessel and 
an Autonomous Underwater Vehicle (AUV). The AUV system has been adapted to cover the area 
where the vessel cannot move for safety reasons, and permitted us to make a better connection between 
terrestrial topography and marine bathymetry. Resulting data have been corrected for tides using the 
software WX Tide and gridded with Surfer to create a DTM with a cell size of 1 m (Fig. 16.7c).

Fig. 16.7 (a) DTM (2 × 2 m resolution) obtained from airborne LiDAR survey; (b) Morphobathymetrical survey opera-
tion; (c) DTM reconstructed for submerged and emerged area
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16.4.2  Data Analysis

Due to the rapid sea level rise during the Holocene, palaeogeographic reconstruction of the coastal 
area in late prehistoric and historical time requires a very accurate topographical and bathymetrical 
dataset as well as reliable estimates of vertical rates of movement resulting from tectonic deformation 
and the effects of rock erosion. The coastal sector of south-eastern Sicily has been intensively studied 
in recent years with regard to late Quaternary and Holocene tectonic deformation. This is related to 
the richness and variety of palaeo-sea-level indicators. The occurrence of geomorphological markers 
such as marine terraces and notches, together with the presence of archaeological markers and geo-
logical markers such as speleothems or lagoon deposits has stimulated various authors to use the data 
from this area to test models of sea-level change.

Analyses of fossil assemblages of barnacle shells formed during sea level stands, recently discov-
ered along the coast of the Ognina Cape, have allowed us to add further refinement to the palaeogeo-
graphic pattern. AMS (Accelerator Mass Spectrometry) 14C analyses have been performed on the two 
best preserved balanids sampled from the upper shoreline located about 3–3.2 m above the present sea 
level and from the lower one located about 1–1.2 m above the present sea level (Fig. 16.6, Table 16.1). 
The samples have minimum radiocarbon ages indicating that their deposition has to be attributed to 
an earlier sea level high stand. Taking the models of sea level rise during the last 150 kyr (Waelbroeck 
et al. 2002), the most likely attribution is one of the sea-level stands in MIS 5 (Table 16.2).

We exclude MIS 5.5 and MIS 3, the first because it would imply very slow subsidence, and the 
second because it would imply very rapid uplift, both in total disagreement with existing data. For 
MIS 5.3 or 5.1, corresponding values of uplift of 0.24 and 0.27 mm/year, respectively, are in closer 
agreement with the results of Dutton et al. (2009), who estimated rates of 0.4 mm/year for the last 
80 kyr. For these reasons we have selected a rate of vertical tectonic movement of 0.3 mm/year for the 
last 100 kyr, and applied this value to reconstruct the coastal paleogeography of the Ognina area.

A further adjustment is required to take account of progressive erosion of the exposed rocky sur-
face, which is another important parameter to take into account in reconstructing the palaeo-landscape 
of coastal areas (Antonioli et al. 2014). According to estimates proposed by Furlani and Cucchi 
(2013) for carbonate rocks in climatic conditions similar to those of today, we use in our calculation 
an erosional rate of about 0.7 mm/year.

This rate has been applied to our scenario for the time spans during which the different coastlines 
have been emerged and exposed. Taking into account that since 6 ka the sea level rise noticeably 
decreased, it appears evident that the major contribution of took place during the Byzantine and 
Bronze Age periods, with results of 0.7 m and 0.4 m respectively.

Taking all these factors into account, we produce three distinct palaeogeographic reconstructions 
for the early Neolithic, the Bronze Age and the Byzantine period (Fig. 16.8), corresponding to the 
main phases of activity on Ognina.

In all the reconstructions, a river is present, mostly running along the present channel (Fig. 16.8). 
Bathymetrical data highlight the presence of a submerged channel perfectly aligned with the present 
emerged one. The bottom of the submerged channel appears to be strongly eroded showing a develop-
ment similar to a river, the mouth of which has been identified at about 30 m depth and 800 m east of 
the present coastline. Direct field survey and remote sensing analyses of orthophotos revealed remains 
of a palaeo-river bed inland, corresponding to the present channel. The river was active until the 
beginning of the last century, when changes in the fluvial catchment probably diverted its natural 
course.

Analyses of old maps of the area support the presence of a river, as shown in the chart drawn by 
T. Spannocchi in 1578 (Fig. 16.9). During the Early Neolithic (8,000 ka cal BP) the present island was 
the head of a small promontory projecting from the Ognina Cape. In this period the river was probably 
a torrent characterized by strong currents able to carry pebbles, gravels and coarse sands responsible 
for the strong erosion of the bottom of the present submerged channel. During this period the southern 
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shore of the river facing the Ognina Cape was probably similar to a small coastal alluvial plain char-
acterized by flooding and fine sediment deposits. Between the Early Neolithic and Early–Middle 
Bronze Age a rapid sea level rise, reaching rates of more than 1 mm/year, strongly influenced the 
geography of the area. The northern promontory was partially submerged, remaining attached to the 
land by a narrow rocky isthmus, and the mouth of the river was significantly flooded. In this period, 
the southern sector of the Ognina Cape appeared as a dangerous shallow-water area, characterized by 
the presence of small, flat rocky islands rising just a few cm above sea level. During the Byzantine 
period, the isthmus underwent further submergence, leaving just a rocky causeway.

Fig. 16.8 Palaeogeographical reconstruction for the site of Ognina during the Early Neolithic. The dark continuous 
line is the coastline at the time of reconstruction. The blue dotted line corresponds to the present coastline
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16.5  Discussion and Conclusions

A survey of the archaeological sequence in the coastal area of Ognina, together with new geomorpho-
logical analyses of coastal change, have allowed us to interpret changes in the prehistoric and histori-
cal use of the area. Using published data and models of tectonic and sea level changes, supplemented 
by our own field investigations, we have reconstructed the changing coastal palaeo-landscape during 
3 time slices: 8, 3.5 and 1.5 ka cal BP, and related these changes to the changing pattern of 
occupation.

During the Neolithic era, the island was connected to the mainland (Fig. 16.10). It would have been 
the sole high point on a low-lying coastal plain, and would have stood out as an imposing feature in 
the wider landscape. Evidence of a defensive settlement, and of post-holes belonging to possible long- 
house structures, may imply that it was the focus of religious and ritual practices, a talisman, totem or 
Neolithic ‘acropolis’ imbued with special powers (cf. Castagnino Berlinghieri 2003). Sea level 
change, geomorphological processes, landscape modification and marine erosion mean that archaeo-
logical evidence providing definitive proof is difficult to come by. However, future investigations of 
the submerged landscape may shed light on the land-practices of Neolithic Ognina and the connection 
between the remains of the settlement on the present-day coast edge and what we suggest is a sacred 
‘acropolis’ located on the present-day island.

By the Bronze Age, the sea level changes and geomorphological processes discussed here resulted 
in the island being connected to the mainland solely by a rocky causeway, with much of the Neolithic 
landscape submerged (Fig. 16.11). This change could have heightened the significance of the island 

Fig. 16.9 The area of Ognina as drawn by Tribucio Spannocchi (Spannocchi 1578)
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as a special place with sacred significance. It is very important to stress that the occurrence of the 
Ognina tomb coupled with the assemblage of prestige artefacts from trench ‘D’ support a symbolic 
interpretation for all these finds, connected with the type of death-cult known from the Mycenaean 
era. This combination not only amplifies the special meaning played by this unique tomb—possibly 

Fig. 16.10 Palaeogeographical reconstruction of Ognina during the Early Middle Bronze Age. Conventions as in 
Fig. 16.8
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Fig. 16.11 Palaeogeographical reconstruction for the site of Ognina during the Byzantine period. Conventions as in 
Fig. 16.8

acting as a ‘sanctuary’—but also explains the ritual practices that we have archaeological evidence for 
in trench ‘D’. If this area is a ‘sacred landscape’ that carried religious significance, the rock-cut tomb 
emphasizes its importance, which may be connected with the worship of the Earth and the powers of 
the underworld. The archaeological evidence is that Ognina capitalised on its religious and ritual 
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power, whether through social or ritual means, becoming a significant centre for seafaring, trading 
contacts and mobility in the early Bronze Age of the western Mediterranean. The tomb would have 
functioned to legitimise power and authority through the uniqueness of a sacred space which func-
tioned as a ritual ‘sanctuary’. Thus formalised, ritual authorities could have dominated the religious, 
social and perhaps also the political landscape associated with this strategically located place of meet-
ing and trade.

By the sixth century AD, the island was further isolated from the mainland, though not completely 
cut off from it (Fig. 16.11). Despite this—or perhaps because of it—the island was chosen as the site 
for a small triple-apse Byzantine basilica. There is no mention in any historical or liturgical records 
about the church—it is not even known which saint it was dedicated to or why it was built. This was 
perhaps the little church reached in Sicily by the North African Bishop Rufinianus with the purpose 
of practising asceticism while escaping Aryan persecutions from Byzacena (Eastman 2011). In this 
respect there are hints from the Vita Fulgentii (Rizzo 1991) where it is stated that in the early sixth 
century the religious Fulgentius, who later became Episcopi Ruspensis (507–533), went to meet 
Bishop Rufinianus in Sicily in a small boat that is described as a ‘modica navicula’, (Rizzo 2006, but 
see Sgarlata and Rizzone 2013). However, what is clear is that the religious authorities of the Byzantine 
Empire, like their Neolithic and Bronze Age predecessors, created yet another ritual space, perpetuat-
ing the long history of this unusual coastal feature as a sacred landscape.

In conclusion, our research confirms that the island of Ognina attracted human settlement from an 
early period, and that it was associated with a coastal landscape progressively modified by sea-level 
change, which may well have influenced the changing history of its human significance and in par-
ticular its role as a social and ritual centre. Initially, at the beginning of the Neolithic period, it was a 
prominent hill with a commanding control over a wider landscape and a nearby river that provided 
good access both to the hinterland and towards the sea. Subsequently, during the Bronze Age, it 
became progressively more isolated with changes in relative sea level, perhaps accentuating its sig-
nificance as a sacred location set apart from everyday activities. By the time of the Byzantine period 
it had become virtually isolated as an island, though still within easy reach of the mainland, accentuat-
ing its virtues as a holy place of retreat and religious significance.
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Abstract Anchialine caves are a common phenomenon in the Mediterranean karst. Their entrances 
lie above sea level, and underground accumulations of fresh water in their interior float on top of the 
seawater, which communicates with the sea through porous carbonate rocks. The fresh water layer of 
such caves represents a significant resource of potable water for the ancient inhabitants of the eastern 
Adriatic coast. Due to the systematic work of a group of Croatian speleologists, more than 100 anchia-
line caves have been registered along the Croatian coast and its numerous islands. Submerged speleo-
thems from two caves, situated on the islands of Krk and Lošinj, have contributed to the reconstruction 
of Late Pleistocene and Holocene sea level changes in the northern part of the eastern Adriatic. 
Archaeological finds have been observed in at least seven caves, but only one cave, Vodeni Rat on the 
Pakleni Islands near the island of Hvar, has been archaeologically researched. As with many other 
similar structures, there is evidence of human intervention on its rocky walls, and some Roman 
amphorae were recovered from the bottom of the cave. Another cave named Živa Voda, situated on the 
other extremity of the island of Hvar, revealed the presence of a great quantity of Bronze Age under-
water finds, testifying to the intense use of fresh water from its interior, or maybe some other ancient 
function. Considering their distribution, accessibility, depths and position in relation to known prehis-
toric settlements, we can assume that the anchialine caves in Croatia have high archaeological poten-
tial that should be protected and researched.

17.1  Introduction

Anchialine caves are a specific speleological phenomenon around the world, located near the coast in 
tropical and moderately warm climatic zones (Fig. 17.1). They contain a freshwater layer at the top of 
the water body in their interior, which makes them extremely important sources of potable water in 
dry karstic areas.

A rocky carbonate coastline and a great number of islands and islets characterize the Croatian part 
of the Adriatic coast. The mainland and many of the larger islands possess water resources other than 
anchialine caves, but on the smaller islands they provide the only possibility of fresh water supply. In 
the past, rainwater was captured in cisterns, and the anchialine caves served as natural wells.
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Seafaring along the eastern Adriatic coast demanded safe anchorages and food and water supplies, 
whether for local needs or for more distant sea journeys, for example following the most suitable 
seafaring route linking the southern and northern Adriatic Basin. In that context, we can presume that 
the anchialine caves, especially when distant from well-organized ports, played an important role for 
renewing supplies.

In some anchialine caves, there are obvious traces of exploitation of fresh water since prehistoric 
times, which have been identified by speleologists and other researchers. The scarcity of well- 
documented archaeological evidence is the consequence of the lack of awareness of the archaeologi-
cal potential of such places, which has already resulted in the disturbance and destruction of the 
archaeological context in some of the more frequently visited caves.

17.2  Definition and Distribution of Anchialine Caves

The anchialine (Gr. ἀγχἱαλος = near the sea) environment was originally defined as a habitat consist-
ing of ‘pools with no surface connection with the sea, containing salt or brackish water, which fluctu-
ates with the tides’ (Holthuis 1973, p 3). Subsequent documentation of extensive, submerged cave 
systems by cave-diving explorers and scientists prompted Stock et al. (1986, p 91) to update the defi-
nition, as follows:

Anchialine habitats consist of bodies of haline waters usually with a restricted exposure to open air always with 
more or less extensive subterranean connections to the sea and showing noticeable marine as well as terrestrial 
influences

Over the past three decades, research on the anchialine environment has expanded rapidly (Sket 
1996; Iliffe 2000, 2005). However, anchialine ecosystems remain poorly understood. By definition, 
anchialine caves may exist anywhere between the coastal aquifer and the sea, but hardly any have 
been noted and investigated outside the tropical or warm temperate climatic zones (Fig. 17.1). 

Fig. 17.1 Position of Croatia in relation to the world distribution of anchialine caves (After Iliffe 2000)
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Geologically, they are located in two very different types of coastal environments: karstified carbonate 
rocks; and lava fields (Sket 2012).

17.3  Anchialine Caves in Croatia

The karst area covers more than 50% of the overall territory of Croatia, and has evidence of over 9000 
caves. As far as we know today, more than a hundred, situated along the coast and on the numerous 
islands, belong to the category of anchialine caves (Surić et al. 2010), and are partially explored and/
or described (Fig. 17.2). All of them are located in carbonate rocks, mostly limestone.

Anchialine caves are caves with lakes inside, which are stratified in terms of salinity, at least sea-
sonally. Usually they have a fresh water layer at the surface, a brackish layer in the middle, and 

Fig. 17.2 Distribution map of anchialine caves in Croatia showing the location of caves listed in the text (information 
from B. Jalžić, M. Cukrov, P. Kutleša, N. Cukrov): 1 Urinjska špilja, 2 Vrtare male, 3 Pijavica, 4 U vode, island of Krk, 
5 Medova buža, island of Rab, 6 Mag, island of Rab, 7 Medvjeđa špilja, island of Lošinj, 8 Gravrnjača, island of Kurba 
Vela, Kornati Archipelago, 9 Vodena jama in Srima, 10 Gradina, island of Žirje, 11 Jama u Podstražišću, island of Brač, 
12 Vodeni rat, island of Sv. Kliment/Hvar, 13 Živa voda, island of Hvar, 14 Bjejajka, island of Mljet, 15 Lenga, island 
of Mljet, 16 Sumporače, velika i mala, 17 Šipun
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seawater at the bottom. The water has a more or less constant temperature, with very limited influence 
from outside conditions. Due to the lack of light, there is no photosynthesis, but bacteria-mediated 
chemosynthesis is present, with many endemic organisms.

Anchialine caves in Croatia are mostly small and not very attractive for speleological research. The 
longest one is Medvjeđa špilja on the island of Lošinj (Fig. 17.2, no. 7), with a length of 245 m, and 
the deepest one is Jama u Podstražišću (Fig. 17.2, no. 11) on the island of Brač, with a 45 m-deep dry 
part and a water column over 50 m deep. Most of the caves do not have a clear connection to the sea, 
but the tides exercise an influence to some degree in all of them. Just a few caves, like Medova buža 
on the island of Rab (Fig. 17.2, no. 5), have an open pathway to the sea. What attracts scientists is 
mostly their ecosystems, their deep-ocean-like water conditions, and the composition of the accumu-
lated sediments. Recently, they have attracted some archaeological attention. Today, the anchialine 
caves in Croatia are recognized as unique habitats, and are under legal protection like all the other 
caves.

After the Last Glacial Maximum, the change in sea level of about 130 m (Surić 2009) transformed 
many anchialine caves of the time into marine ones (Iliffe 2012). At the same time, some caves with 
freshwater became anchialine.

17.3.1  History of Research

In 1909 Stjepan Vuksan produced the first written report on an anchialine cave in Croatia. He accu-
rately described the cave of Pijavica (Fig. 17.2, no. 3) near the town of Senj. In 1920, Croatian geolo-
gist Josip Poljak wrote a report about the anchialine cave of Urinjska špilja (Fig. 17.2, no. 1) near 
Rijeka, drew a topographical map, and reported on its brackish water. In addition, in 1963 Bruno 
Puharić realized in the same cave the first described snorkel dive (Cukrov et al. 2009).

The period of modern research started in the second half of the twentieth century, when in 1958 
Boris Sket visited the anchialine cave of Šipun (Fig. 17.2, no. 17), located in the town of Cavtat south 
of Dubrovnik. Since then he has explored the fauna and ecology of more than 30 anchialine caves 
along the eastern Adriatic coast, mainly in the National Park of Kornati. His work has resulted in an 
ecological scheme for anchialine water bodies based on salinity stratification, local oxygen depletion, 
and faunal stratification by biotic exclusion (Sket 1986, 1996). During this period, many other spele-
ologists and researchers visited anchialine caves and made early descriptions and sketches.

Branko Jalžić from the Croatian Biospeleological Society in Zagreb, Frane Kršinić from the 
Institute of Oceanography and Fisheries in Split, and a group of scientists from the Division for 
Marine and Environmental Research of the Ruđer Bošković Institute in Zagreb are the main promot-
ers of modern systematic multidisciplinary research on the anchialine caves in Croatia. Besides spe-
leological recognition and mapping, their projects focus on environmental conditions, habitat 
descriptions, and biogeochemistry of trace metals. As this systematic work started only recently, the 
anchialine caves along the Croatian Adriatic coast are still mostly unexplored.

17.3.2  Dating of Submerged Speleothems

Surić et al. (2010) mention 235 partly or completely submerged caves on the Croatian coast and 
islands, of which 126 clearly demonstrate marine conditions. The rest of the group encompasses 
anchialine caves, springs and undetermined caves.

All of the explored formations proved to be of continental origin, and were submerged as a conse-
quence of marine transgression. Speleothems are present, with a predominance of stalactites due to 
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the better conditions for their preservation. They provide a good record of formation processes, and 
changes of palaeoenvironment and sea level. Up to now, the presence of speleothems has been attested 
in 140 caves, and the deepest recorded lies at −71 m (Garašić 2006).

Sampling and analysis of submerged speleothems in Croatia, promoted by Surić et al. (2005a, b, 
2009), includes two anchialine caves: U vode (Fig. 17.2, no. 4) on the island of Krk, and Medvjeđa 
špilja (Fig. 17.2, no. 7) on the island of Lošinj (Surić et al. 2009; Surić and Juračić 2010). In the first 
case, samples were taken from two stalagmites at a depth of 14.5 m and 18.8 m, and in the second case 
from a fallen stalactite at a depth of 1.5 m, and a stalagmite at a depth of 10 m. The chronological 
determinations of these and 12 other speleothems from five different caves (taken up to a depth of 41.5 
m) were realized with three different dating techniques. The results allowed the authors to reconstruct 
a partial sea-level curve for the Croatian part of the Eastern Adriatic coast for the last 220,000 years 
(Surić and Juračić 2010), and to suggest the dynamics associated with the palaeoenvironmental 
changes.

17.4  Palaeontological and Archaeological Finds

As previously stated, over one hundred anchialine caves are present in Croatia but are poorly docu-
mented and researched, especially from the archaeological point of view. On the other hand, existing 
examples of the anchialine cave finds are important indicators of their archaeological and paleonto-
logical potential.

In the present state of research archaeological finds are certainly present in at least six anchialine 
caves, and two caves contain palaeontological evidence. The most significant caves of archaeological 
interest are Vodeni rat (Fig. 17.2, no. 12) and Živa voda (Fig. 17.2, no. 13) in Central Dalmatia, while 
Vrtare male (Fig. 17.2, no. 2) on the northern Croatian littoral has attracted significant palaeontologi-
cal attention.

The other caves in which speleologists and geologists have noted the presence of archaeological 
finds are a small cave in Mag Cove on the island of Rab (Fig. 17.2, no. 6), Gravrnjača Cave on the 
island of Kurba Vela (Fig. 17.2, no. 8) in the Kornati Archipelago, the cave of Vodena jama (Fig. 17.2, 
no. 9) in Srima near Šibenik, Gradina cave (Fig. 17.2, no. 10) on the island of Žirje (Barišić 1994; 
Jalžić 1994), and Šipun cave (Fig. 17.2, no. 17) in Cavtat (Falcon-Barker 1960). While the first and 
last caves only exhibit traces of human activity in the water body of the caves, in the cave on Kurba 
Vela there are a number of amphorae sherds (Gottstein Matočec and Jalžić 2003). Some of them are 
attributed to the Late Roman Republican period (Lamboglia Type 2), and the others to the Early 
Imperial period (Dressel Types 2–4). On the other hand, the attribution to the prehistoric period of a 
fragment of a globular vessel in Vodena jama in Srima is possible, but not yet confirmed.

As for palaeontological remains, besides the cave of Vrtare male described below, the remains of 
Ursus spelaeus (cave bear), which became extinct during the Last Glacial Maximum, were found in 
the already mentioned Medvjeđa špilja on the island of Lošinj (Malez et al. 1979).

17.4.1  Cave of Vrtare Male Near Crikvenica

In 2005, Jalžić et al. (2005) summarized everything that was then known about the cave of Vrtare 
Male (Fig. 17.2, no. 2; Fig. 17.3). According to their report, it is located about 100 m from the sea-
shore; the depth of the dry part measures 29 m, and the known depth of the water body is about 
10.5 m. About 14 m below the present-day entrance there is a south-eastern channel which ends in the 
so called Big Lake, 10.5 m deep. The south-western channel leads to the so called Small Lake, whose 
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depth does not exceed 1.5 m. The overall body of the cave is much more complex, and still not com-
pletely explored.

Since 1966, several expeditions to Vrtare Male have resulted in a detailed description of the geol-
ogy, morphology, genesis and biology of the cave. They also led to the discovery and preliminary 
determination of the rich palaeontological material found in the dry sediment, mostly deposited in the 
south-eastern channel and in the near vicinity of the Big Lake. The underwater part of the cave is not 
yet palaeontologically explored.

According to speleologists, the variety of speleothems and their aspect suggest that the cave must 
be very old. The preliminary analysis of the animal remains attributed them to the families of Felidae 
(cats), Ursidae (bears), Canidae (dogs and dog-like mammals), Lagomorpha (hares, rabbits and 
pikas), Cervidae (deers), Proboscidae (trunked mammals) and Rhinoceratidae (rhinoceros). The lack 
of chronological data complicates determination of the age of the finds, although it is generally pre-
sumed that all the animal remains belong to the Pleistocene.

The remains of Proboscidae and Rhinoceratidae are quite rare in the Adriatic basin. The nearest 
analogy comes from the vicinity of the island of Rab, where one upper right molar and a left femur 
were recovered by a trawler fishing net from the seabed at a depth of 80 m. The finds were determined 
as belonging to Mammuthus meridionalis adriacus n. ssp., and dated to the lower part of the Middle 
Pleistocene (Malez and Lenardić-Fabić 1988). A recent publication emphasizes the need for a more 
detailed study of the finds (Mauch-Lenardić 2012).

Fig. 17.3 The Vrtare Male Cave near Crikvenica: (a) Entrance (Photo: K. Miculnić); (b) Palaeontological finds (Photo: 
K. Miculinić); (c) Plan and cross section (V. Jalžić)
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17.4.2  Cave of Vodeni Rat on the Island of Sv. Kliment Near Hvar

Vodeni Rat is a small promontory with a cave in the form of a pit, situated on the southern coast of the 
island Sv. Kliment, the biggest island in the archipelago of Pakleni otoci, in front of the port of Hvar 
on Hvar Island (Fig. 17.2, no. 12; Fig. 17.4). The toponym Vodeni Rat literally means ‘the water 
promontory’, suggesting at first glance the presence of fresh water. The entrance to the cave lies about 
30 m from the seashore, at a height of 13 m above sea level. A rock in the immediate vicinity of the 
entrance displays traces of marks made by ropes, obviously frequently used to raise water containers. 
The overall depth of the vertical channel of the cave is about 41 m, with a maximum width of about 
6–8 m. The depth of the water body is 29 m. Speleothems are present on the walls and in the small 
caverns, down to a depth of 23 m, and at a depth of 24 m there is a small platform, measuring 1.5 × 
2.0 m. It could have been used for fetching water at times of different water level, although there is 
still no evidence to support it. The bottom of the cave contains muddy sediment (Mesić 2006).

The first speleological mission was conducted in 1999, when speleologists from Split noticed the 
presence of archaeological finds, and informed the Heritage Museum of Hvar. A rescue archaeologi-
cal operation took place in the same year, which resulted in the preliminary documentation and 
description of the cave. The research team raised the remains of five amphorae from the platform at 
the bottom of the cave, datable to the Late Roman Republican and the Late Roman period (Mesić 
2006). As the scope of the action was merely protective, aiming to recover the ancient containers, the 
bottom of the cave was not accurately explored, and this work remains to be done.

Fig. 17.4 Vodeni Rat Cave on the island of Sv. Kliment near Hvar: (a) Position of promontory Vodeni Rat; (b) Cross 
section (After Mesić 2006); (c) Archaeological finds (After Mesić 2006)
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During the archaeological examination of the cave, traces of wooden structures came to light along 
the rocky walls, at depths of 6 and 9 m. These are, most probably, the remains of constructions built 
to facilitate access to fresh water. As no dating samples were taken, we currently have no chronologi-
cal information concerning their creation and use.

17.4.3  Cave of Živa Voda in Kozja Cove on the Island of Hvar

The cave of Živa Voda lies 55 m from the sea shore, in the Kozja Cove on the south coast of the island 
of Hvar, near the village of Bogomolje (Fig. 17.2, no. 13; Fig. 17.5). The entrance is 31 m above the 
sea level. After about 30 m the main channel splits into two. The western channel measures more than 
60 m in length, with a water depth of about 26 m. The eastern channel measures about 80 m in length, 
with a water depth of about 38 m. The bottom of the cave contains muddy sediment (Ozimec and 
Jalžić 2003; Novosel et al. 2007; Cukrov et al. 2008).

Although the cave was never archaeologically researched, there is a record of steps carved in the 
rock (Vujnović 1990) and isolated finds consisting of a fragment of Neolithic pottery, a vessel from 
the Early Bronze Age and a fragment of Hellenistic Gnathia pottery of South Italian origin (Vujnović 
2013). The speleological divers noticed a great quantity of ancient pottery distributed between the two 
channels. Apparently, the eastern channel bears more evidence of the exploitation of the cave in 
Classical Antiquity, while the western one attests to its importance in the Bronze Age, and maybe the 
Iron Age. A recently produced video testifies to the presence in the eastern channel of sherds of first 
century BC amphorae, typologically determined as Lamboglia 2.

Fig. 17.5 Živa Voda Cave on the island of Hvar: a) and b) Plan and cross section (Drawn by B. Jalžić, A. Novosel, 
G. Polić, V. Jalžić); (c) Selection of finds from the Left channel (Photo: M. Petrić); (d) Archaeological finds in situ in 
the Right channel (Photo: V. Jalžić)
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Certain amounts of pottery fragments and well-preserved vessels recovered from the cave during 
the speleological missions are deposited in the Heritage Musum of Hvar, while others may be seen in 
private collections (Radić Rossi 2011). Geographically, the nearest analogies to particular pottery 
features come from the tumulus of Glava Maslinova near Bogomolje (Marović 1985). The pottery 
from this site is attributed to the regional cultures of the Early Bronze Age, such as the Cetina and 
Posušje cultures (cf. Marijanović 1981; Govedarica 1982; Marović 1999), but similar features seem 
to last throughout the whole Bronze Age (Forenbaher and Kaiser 2006).

According to speleological reports, there was a significant quantity of ceramic sherds and whole 
vessels in the western channel. The frequency of uncontrolled visits to the cave has probably resulted 
in loss or material and reduced the possibility of accurate chronological determination. Without addi-
tional archaeological research, it is difficult to establish whether the site represents the sunken evi-
dence of water exploitation since the cave acquired the anchialine form as a consequence of the 
postglacial sea-level rise, or if it contains submerged evidence of some different activity in the past. 
In any case, the cave is the most notable example of the archaeological importance of the anchialine 
caves in the Adriatic discovered up to the present day.

17.5  Analysis of the Water Column and Sediments

Some anchialine caves like Bjejajka (Fig. 17.2, no. 14) and Lenga (Fig. 17.2, no. 15) on the island of 
Mljet have naturally elevated concentrations of trace metals in the water and sediment (Cuculić et al. 
2011; Kwokal et al. 2014). Despite the absence of anthropogenic influence, quite high concentrations 
of ecotoxic metals were found: Hg up to 3.7 μg/L, Cd up to 0.3 μg/L, Cu up to 28 μg/L, Zn up to 9.6 
μg/L (Cuculić et al. 2011; Kwokal et al. 2014). In contrast, the water column in the anchialine cave of 
Urinjska špilja (Fig. 17.2, no. 1), located in the industrial area, has extremely low concentrations of 
ecotoxic metal (Cuculić et al. 2012).

Naturally elevated concentrations of some very toxic metals, like mercury, indicate the importance 
of research in the zone between the sea and the coastal aquifers, in order to identify the main biogeo-
chemical processes that control transport and influence the fate of trace metals and associated ele-
ments and compounds.

The two mentioned cases of natural contamination of water resources suggest the possibility of a 
similar situation in the past, when the naturally elevated concentrations of ecotoxic metals may have 
had a negative influence on the ancient inhabitants who were exploiting the cave water. This is an 
interesting issue to be kept in mind while analyzing the evidence and interpreting the cultural context, 
even if hard evidence of disturbance to the local community remains elusive.

17.6  Archaeological Potential

Anchialine caves are precious water resources along the Croatian coast, exploited through the ages by 
local populations. The typical coastal karst is characterized by a limited amount of surface water, forc-
ing the inhabitants of the region to explore alternative solutions.

The quantity of the available fresh or brackish water depends upon the morphology of the cave, the 
quantity of incoming fresh water, and the intensity of its exploitation. Since prehistory, the anchialine 
caves were utilized as natural wells, acting as complementary water reserves to cisterns, ponds and 
other water sources.

In addition, the anchialine caves could have been used as significant water supplies for seafarers 
distant from well-organized ports, who probably partly planned their routes and stops according to the 
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availability of water. The current literature has already addressed the need for drinking water during 
sea voyages of the past (e.g., Pryor 2001). There is no doubt about such needs in both local and long- 
distance seafaring among the Eastern Adriatic islands.

The presence of amphorae—the most frequent ancient containers for sea transport of liquid 
goods—in Vodeni rat, Živa voda and Gravrnjača Cave on Kurba Vela is clear evidence for the exploi-
tation of cave water over a period of more than five centuries. The presence of prehistoric pottery in 
Živa voda could point to the exploitation of water resources during the Bronze Age, or even earlier. 
On the other hand, the diversity and quantity of the prehistoric pottery recalls another interesting 
characteristic of the caves, i.e., their sacred function (cf. Whitehouse 1992; Kleibrink 1998). 
Unfortunately, in the present state of research we cannot confirm any presumption about the rituals 
linked with the presence of fresh water in the anchialine caves, but it remains an interesting issue to 
be considered in the future.

The anchialine caves could also contain ‘special’ water, such as water rich in sulphur that may have 
serve for therapeutic purposes. Two examples in Croatia are the caves of Sumporača velika (‘big’) and 
Sumporača mala (‘small’) near Mokošica (Fig. 17.2 no. 16) on the river Ombla, north of Dubrovnik 
(Cukrov et al. 2012), which contain sulphur springs. Both caves belong to the group of hydrothermal 
sulphuric caves (after Gottstein 2010), and have been known since ancient times (Cukrov et al. 2012).

One of the rare systematically researched areas from the point of view of the anchialine caves in 
Croatia is the National Park of Kornati Archipelago. The presence of Roman pottery in the unnamed 
cave on the island of Kurba Vela has already been mentioned above, while other caves await system-
atic investigation to locate and categorize potential archaeological evidence. In any case, if we com-
pare the map of the anchialine caves with the map of archaeological sites on land and underwater, we 
can immediately see the overlapping of the distribution areas. This confirms the logical conclusion 
that human settlements in the extremely dry environment of the islands depended also on the distribu-
tion of cave water resources.

17.7  Conclusion

Scarce but significant evidence confirms the past exploitation of the anchialine caves along the Eastern 
Adriatic coast. Whether utilized as simple water resources, cave sanctuaries, or for their medicinal 
properties, they certainly played an important role in the everyday life of the inhabitants of the Adriatic 
region. The presently available finds provide only a glimpse of what is available, and emphasize their 
archaeological potential and the need for future study.

The lack of initial archaeological involvement in early speleological missions resulted in poor 
documentation of the evidence for a long human relationship with the anchialine environments. 
Subsequently, some previously-known archaeological finds have disappeared from their original loca-
tions, without any documentation. This situation negatively impacts our perception of the past, and 
requires changes in the future. Promoting the archaeological potential and importance of these par-
ticular natural phenomena, and consequently fostering multidisciplinary research, will lead to a better 
understanding of the role of anchialine caves in the Adriatic past. Underwater exploration could also 
contribute to the research by identifying those caves that were anchialine during the last Ice Age, later 
becoming marine through the process of postglacial sea-level change. In addition, in the modern era 
of measurable climatic change, characterised by ongoing global warming and changes in precipitation 
patterns, the fresh water layer in anchialine caves may once more become an important resource.
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Abstract Human genome analysis and research into fossil anthropogenic nuclear DNA and mito-
chondrial DNA are providing many new insights into hominin diffusion and migration over the past 
half million years. The beginning and end data on migration routes frequently imply that the migra-
tion involved crossing a present sea-channel or marginal basin, or migrating along the present conti-
nental shelf. However, there are very few attempts to correlate the models based on DNA with in situ 
archaeological and palaeoenvironmental data from the continental shelf or shelf marginal seas. Yet a 
significant number of sites are available for such correlation. Over 3000 submerged prehistoric 
archaeological sites on the continental shelf are known worldwide, varying in depth from the near-
shore to about −100 m and ranging in age from 5000 years to >0.5 million years. Sites have been 
found off the coast of every continent except Antarctica. Most of the sites found so far are shallower 
than 10–20 m, with a few deeper than 40 m, and none are in the tropics. The submerged sites found 
so far exist in a very wide range of taphonomic conditions and climatic zones, confirming that sites 
could be found to provide empirical tests of the many different proposed migration routes. The prin-
cipal exception is that no sites have yet been found between the Tropics of Cancer and Capricorn and 
the so-called Southern Route cannot yet be checked until the submerged landscape has been mapped 
in sufficient detail indicating where sites might survive and be identified. In all other geographic 
regions it is recommended that DNA models and seabed data are examined for consistency and mutual 
benefit. Further work is needed to identify submerged sites and landscapes in the tropics.

18.1  Introduction

Analysis of modern human DNA and fossil hominin DNA has recently provided an innovative basis 
for a number of plausible new models of global hominin dispersal from Africa (e.g., Barbujani and 
Betorelle 2001; Forster 2004; Soares et al. 2008; Oppenheimer 2009; Skogland et al. 2015; Fu et al. 
2016). Recent advances in the analysis of ancient DNA show that valid genetic links can be estab-
lished between deposits as old as 400 ka, allowing comparisons between anatomically modern humans 
(AMH), Neanderthals and Siberian Denisovans, revealing possibly new and previously unknown vari-
ants as well (Green et al. 2010; Fu et al. 2016; Meyer et al. 2016). However, earlier dispersals cannot 
yet be studied genetically by the analysis of fossils. Moreover, the DNA chronology derived from the 
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analysis of modern variants and complex genetic indicators is also uncertain, and has been revised at 
times by significant factors (Scally and Durbin 2012). The genomic analysis of anthropogenic DNA 
plus a date for the originating material provides evidence that a variant of Homo arrived at a location 
by a certain date, with possible correlating evidence that it also existed at another location at a previ-
ous date. The two pieces of evidence indicate a movement of genetically similar peoples over multiple 
generations between the two locations, but it provides no data on the route taken, nor on the speed 
over different sectors of the possible routes, and dates that are open to dispute (Boivin et al. 2013). 
Average rates of transfer over long distances are typically 0.1 km per year, with extreme rates of 
0.5–1.0 km per year, on average (Pope and Terrell 2008). The question also arises as to the earliest 
dates at which crossings or coastwise transport may have been undertaken by seacraft of some kind. 
For a global overview of the origins and development of prehistoric seafaring, which is closely inter-
woven with questions regarding occupation of the continental shelf, see Anderson et al. (2010) and for 
the eastern Mediterranean, Ammerman and Davis (2013–2014).

The slow speed of progress between end points implies that ‘migrating’ tribes were stationary for 
most of the interval between two known dated occurrences, or that the seasonal hunting-foraging zone 
was extending spatially in a consistent direction by a few hundred metres each year. Thus the terrain 
must have provided subsistence, either terrestrial or marine, on a generational timescale at all points 
on the route, although it is feasible that gaps of 10–20 km could be covered quite quickly on 
occasions.

In this chapter the word ‘migration’ will be used for a purposive relocation of a mass of people such 
that they move relatively rapidly in a single event from their previous area of occupation, and re- 
establish themselves in a new territory. Climate change, rapid rise of sea level, desertification, a previ-
ously under-exploited food source, or over-population might be causes of such events. The term 
‘migration’ will also be used when discussing other publications or models in which the concept or 
the term is applied. The words ‘dispersal’ or ‘diffusion’ will be used when there is no teleological 
objective to reach a new destination, and a population extends its area of hunting or foraging in a way 
that gradually extends its range of territory.

The major submerged land areas and sea crossings relevant to global hominin dispersal are the Red 
Sea, the Mediterranean-Europe-North Sea, the Southern-Route—SE Asia–Australasia—and the 
Beringia-Aleutian Arc. For the first three of these there have been widely separated multiple disper-
sals, and in all cases except Australasia there are alternative potential dispersal pathways via land 
routes that do not depend on sea crossings or the availability of now-submerged coastal regions. 
Moreover, this terrestrial bias is reinforced by the still-widespread assumption that prehistoric archae-
ological remains on the continental shelf have been destroyed by marine transgression (e.g., Klein 
1999, p. 566; Mithen 2003, p. 24; Apenzeller 2012, pp. 24–26). This assumption encourages the pro-
posal of hypothetical shelf-wise migration routes, transit zones, or holding areas, for which it is 
assumed that archaeological ground-truthing or countervailing in situ cultural data will never be pro-
duced. For example, the uncritical promotion of the coastal rim of the Indian Ocean as a quick route 
to Australia (Mellars et al. 2013) assumes an unjustifiable uniformity and availability of a productive 
exposed shelf (cf. Groucutt et al. 2015). But the use of such models with broad sweeping arrows over 
long distances should not be acceptable without subsequent intermediate ground-truthing. The prem-
ise of this chapter is that the survival of known submerged archaeological material and features of the 
landscape globally on the continental shelf indicates that there are potentially sufficient data to verify 
or reject some hypotheses of postulated dispersal patterns based so far only on start and end points 
derived from DNA data.

Submerged prehistoric sites in primary or secondary condition have been found and studied in a 
wide range of coastal types off all inhabited continents (e.g., Stright 1990; Benjamin et al. 2011; 
Faught and Gusick 2011; Faught 2014), and in both the northern and southern hemispheres (Werz and 
Flemming 2001, Cartajena et al. 2011, Carabias et al. 2014). This paper summarises the taphonomic 
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evidence for the correlation between offshore conditions and prehistoric site survival with examples, 
and relates discoveries to the regional questions regarding migration. A fuller analysis of taphonomic 
conditions for the European-Mediterranean region is in Flemming et al. (2017) in press.

18.2  Definition of the Problem

Submerged prehistoric sites have been discovered, mapped, excavated, and interpreted for over 100 
years. Nevertheless, apart from the southern Baltic (e.g., Fischer 1995, 2007, Curry 2006, Harff et al. 
2011, Holmlund et al. Chap. 4; Uldum et al. Chap. 5) and the Mediterranean coast of Israel (e.g., 
Galili et al. 2004, Chaps. 6 and 7), the number of seabed areas containing numerous researched sites 
forming a coherent, regional cultural assemblage is limited. Other chapters in this book provide the 
historical record of the many site discoveries and analyses in European seas. It is clear that the steady 
accumulation of data on submerged sites can build up a complex archaeological and palaeoanthropo-
logical picture that complements DNA-based models. The North Sea and English Channel are begin-
ning to reveal data of sufficient density to consider such an approach (Cohen et al. 2014; Glorstad 
et al. Chap. 19; Gaffney et al. Chap. 20; Momber and Peters, Chap. 21). Both Gaffney et al. (2017) 
and Momber and Peeters (2017) are already using DNA analysis of sediments and their organic 
contents.

Progress in discovery and interpretation of submerged prehistoric sites is inevitably slow, although 
the technology is improving (e.g., Missiaen 2010; Grøn and Boldreel 2013; Grøn et al. 2013; Missiaen 
et al. Chap. 2). By comparison, research into palaeoanthropological DNA has been rapid and success-
ful, with continuous technical improvements (e.g., Forster 2004; Green et al. 2010; Meyer et al. 2016). 
On the continental land masses, human genome research can be cross-calibrated with countless hun-
dreds of archaeological records built up over nearly 150 years of professional research. For example, 
Skogland et al. (2015) use globally widespread genetic data to propose two founding populations 
crossing Beringia into the Americas. Another example is provided by Faught (2008), in which inward 
migration models to the Americas are compared with a wide range of archaeological sites including 
63 stratigraphic locations where two or more reliable radiocarbon ages show human occupation ear-
lier than 10,500 BP. A study of radiocarbon dates for over 5000 archaeological sites in South America 
but as yet without comprehensive DNA data (Goldberg et al. 2016) illustrates the potential in that 
area. By comparison, the offshore, archaeological data set is very sparse. There is thus a misfit between 
the two methodologies and the culture of the two different research communities, one with access to 
multiple datasets but without reference to the constraints or opportunities afforded by now-submerged 
landscapes subjected to variation with changes in sea level, the other focussing on the offshore record 
but constrained by a much more limited dataset. This is definitely not to suggest that one method or 
the other is actually misguided, or wrong, or produces misleading data. Research progresses by suc-
cessive approximations to an idealised truth, and both approaches are generating progress. My inten-
tion is, rather, to suggest ways in which the two methodologies can best complement and reinforce 
each other, and benefit from the insights obtained in the other’s work. Each methodology may suggest 
hypotheses that can be checked by the other, or be liable to weaknesses or gaps that can be resolved 
by the other.
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18.3  Structure of the Argument

The use of anthropogenic DNA analysis in complex terrain of peninsulas and islands involving areas 
which are at present partially inundated by sea water has been progressively refined to suggest increas-
ingly high-resolution models in time and space (e.g., Cavalli-Sforza and Minch 1997; Forster 2004; 
Hill et al. 2007; Soares et al. 2008; Henn et al. 2012; Fu et al. 2016). It should be noted that this selec-
tion from the literature on human genetics and migration models is only intended to give examples, 
and there is no attempt here to establish the validity of one thesis or another. Bailey (2009) has drawn 
attention to the fluidity and variability in models as different genetic indicators are used and tech-
niques improved. As models are refined, and as they postulate more specific uses of the continental 
shelf, either as a route for rapid transit, to Australia for example (Oppenheimer 2009), or as an area of 
enduring residence such as Beringia (e.g., Tamm et al. 2007; Dixon and Monteleone 2014), or the 
Celtic-Sea and North Sea (McEvoy et al. 2004; Gaffney et al. 2017, Chap. 20), the need for more 
detailed bench-marks provided by archaeological evidence from the seabed becomes apparent. In 
some cases multiple alternative hypothetical models co-exist without apparent prospect of resolution 
in the near future. In most cases in the northern hemisphere, the alternative possibilities include diffu-
sion through terrestrial landscapes and across land bridges rather than along the now submerged coast, 
so that the preference for terrestrial rather than coastal pathways of dispersal rests largely on a priori 
preferences for one or the other in default of any evidence from the submerged landscape that might 
provide confirmation or refutation.

If we propose as a global generalisation that models are to be checked by the study of occupied 
sites and tool assemblages on the submerged continental shelf, there must be some confidence that the 
data can be recovered, and that archaeological remains can in fact survive in a wide range of different 
geological and oceanographic conditions. It is not sufficient if submerged archaeological sites can 
only be found in one or two ideal ecological environments. Conversely, where the archaeological data 
from the continental shelf consist of one or two excavated sites in thousands of square kilometres 
devoid of other data, careful reference to models based on human genetics may greatly increase the 
value of the information and help to focus offshore research on the potentially most significant areas 
worth targeting in the search for new underwater finds.

It is therefore necessary to show that (1) submerged prehistoric sites can and do survive in different 
conditions, and (2) the conditions in which submerged sites have so far been found and studied are 
relevant to the conditions on key migration routes.

18.4  Survival of Submerged Prehistoric Sites in Different Environmental 
Conditions

The overall case for studying submerged prehistoric sites and the broad global assessment of the condi-
tions of survival are provided by Bailey and Flemming (2008). During the work of the SPLASHCOS 
Action (TD0902), Working Group 2 concentrated on analysis of the conditions in different European 
regional seas which would favour or restrict the chances of survival of prehistoric archaeological 
deposits during and after inundation. The full results of this analysis are presented elsewhere (Flemming 
et al. in press), where the regional reports provided by a large number of researchers describe the geo-
morphological and oceanographic circumstances of different sea areas, and the taphonomic factors 
determining survival of underwater prehistoric sites on a wide variety of European coasts.

Viewed globally, the question is whether the range of coastal types shown to preserve submerged 
prehistoric data in European waters provides a basis for stating that all similar coastal types elsewhere 
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can preserve sites. However, there are no known sites between the Tropic of Capricorn and the Tropic 
of Cancer (see Fig. 18.1), and no equivalent data from the European coast provides examples of com-
parable tropical coastal types. Also, it has so far been impossible to locate and excavate submerged 
prehistoric sites on coasts that are heavily coralline, populated with mangrove swamps or on massive 
tropical deltas. The task in this context is to identify sections of tropical coast that are free of modern 
reef coral growth. Hence, the evaluation of where sites may be preserved needs to take account of a 
wider range of coastal environments than those exhibited in Europe.

The following section is based on a selection of examples of known prehistoric sites from around 
the world, accompanied by a very brief summary of the conditions in which they have survived. Every 
site mentioned contains substantial prehistoric remains which have been published in the archaeologi-
cal literature, except for the Farasan Islands (20) and Cootamundra Shoals (21), which have revealed 
numerous favourable seabed indicators but no submerged artefacts. Some of the general criteria for 
survival in mid-latitudes were summarised by Flemming (2004a). Here I will describe very briefly 
different coastal geomorphological and oceanographic conditions, starting at the Polar Regions, and 
working towards the equator, with examples from both the northern and southern hemispheres where 
available. The lists below are selective, not exhaustive and numbers in brackets refer to sites on 
Fig. 18.1.

Fig. 18.1 A selected sample of sites with submerged prehistoric materials, or submerged terrestrial landscapes that 
have been well mapped to locate sites: 1 Orkney coast and Viking Bank, 2 British Columbia, 3 South West Baltic (over 
1500 sites), 4 North Sea (many tens of sites and thousands of paleontological retrievals), 5 Gorham’s Cave, Gibraltar, 6 
Chesapeake Bay, 7 Morbihan Bay, France, 8 Maine coast (Native American lithics offshore), 9 Fermanville, France, 10 
California, 11 Quintero Bay, Chile, 12 Delaware offshore (‘Cinmar’ lithic), 13 Israeli Mediterranean coast (submerged 
Mesolithic villages), 14 Table Bay (Acheulean hand axes), 15 Cape Canaveral beach (Paleoindian site), 16 Tokonami 
River Bay (Jomon site), 17 Grotte Cosquer (cave paintings), 18 Florida coast, Gulf of Mexico, 19 Italy and Sicily sub-
merged caves and Bronze Age tombs, 20 Farasan Islands, Red Sea, 21 Cootamundra Shoals, Australian shelf, 22 Aegean 
(Agios Petros and Pavlopetri)

18 The Role of the Submerged Prehistoric Landscape in Ground-Truthing Models of Human Dispersal…



274

18.4.1  Different Environments

Circum-Polar, High Temperate Latitudes Orkney (1), in a sheltered loch with limited fetch, deep 
water exposed (Long et al. 1986), Deep water (50 m) in a sheltered archipelago, British Columbia 
(2) (Josenhans et al. 1997; Fedje and Josenhans 2000).

Mid-Latitude Temperate Semi-Enclosed Seas Baltic (3) archipelago, low tidal amplitude, limited 
wind fetch (Fischer 2007, 2011), North Sea (4) intermediate depth, protection from ocean swell, 
strong tides, artefacts embedded in surface sediments (Russell and Tizzard 2011; Tizzard et al. 
2014; Hublin et al. 2009; Glimmerveen et al. 2004; Glorstad et al. 2017, Chap. 19; Momber and 
Peeters 2017, Chap. 21). Solent, narrow sea channel protected by large island, strong tidal currents 
(Momber et al. 2011).

Mid-Latitudes, Ria, Natural Harbours, Inlets, Limited Fetch Chesapeake Bay (6) (Blanton 1996). 
Golfe de Morbihan, er Lannic (7) (Gouezin and le Gall 1992).

Mid-Latitude, Exposed to Oceanic Storms, Rocky Coast Coast of Maine, USA (8) some protection 
from islands and boulders (Crock et al. 1993; Price and Spiess 2007; Kelley et al. 2013). English 
Channel (9) Fermanville, 20 m depth sheltered by submerged granite reef (Scuvée and Verague 
1988; Cliquet et al. 2011). California (10) artefacts embedded in surface sediments or protected by 
kelp forest (Masters 1983). Exposed Pacific coast (11) Chile, 1 km offshore, low gradient (Cartajena 
et al. 2011).

Mid-Latitude Deep Water Oceanic Offshore Delaware (12) 80 m depth, open ocean, protected by 
depth now, protected by dune and lagoon features during inundation (Stanford et al. 2014, see also 
Long et al. 1986, for deep water preservation).

Mid-Latitude Mediterranean/Florida Climate, Exposed Ocean Coast, Sandy Low Gradient 
Aegean rocky coasts (Sakellariou and Galanidou 2017, Chap. 22). Israel (13) (Galili et al. 2004), 
and Table Bay (14) (Werz and Flemming 2001). The early date for site (14) shows survival through 
multiple glacial cycles of sea level change. Florida (15) (Cockrell and Murphy 1978). Sites on 
sandy beaches of very low gradient are protected by the constructive action of the rolling surf.

Mid-Latitude, Sheltered Estuary, Semi-Enclosed Sea Tokonami River Japan (16), 9000 year-old 
Jomon culture site at 25 m depth (Hayashida 1993), limited fetch, low tidal amplitude.

Karstic, Submerged Caves Gibraltar (5) Gorham’s Cave on waterline. France (17), Grotte Cosquer 
(Clottes and Courtin 1994; Clottes et al. 2005). Florida sinkholes (18), Little Salt Springs (Clausen 
et al. 1979), Warm Mineral Springs (Cockrell 1975). Italy (19) (Antonioli et al. 1997).

Tropics, Closed Sea Or Archipelago Farasan Islands (20), complex archipelago restricts fetch, low 
tidal amplitude, low sedimentation, deep sink-holes and submerged drainage, salt karst (Bailey 
2009; Bailey et al. 2012, 2015, 2017, Chap. 23, this volume; Lambeck et al. 2011). North west 
Australian coast (Ward and Veth 2017, Chap. 24).

The above list is by no means complete, and omits many sites where terrestrial Pleistocene fauna 
have been dredged up by fishermen, but which lack human indicators so far. Nevertheless it illustrates 
the great range of conditions, coastal types, and water depths which can preserve prehistoric deposits 
both during inundation and after complete submergence. In the next section I will examine whether 
these sites, or potential discovery of similar sites, can be correlated with human genetic models of 
migration.
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18.5  Are the Seabed Conditions and Sites Researched so far Relevant 
to the Major Migration Routes?

18.5.1  Red Sea Crossing, Start of the Southern Route

Bailey et al. (2017, Chap. 23) describe recent work on the Farasan Islands, and summarise the litera-
ture on the southern Red Sea as a potential crossing zone. Both the Dahlak Islands on the west side, 
and the Farasan Islands on the eastern, provide complex indented coastlines where prehistoric sites 
could survive underwater. Discussion of various possible phases of migration or dispersal across the 
Red Sea is provided by Beyin (2011, 2013), while Petraglia (2011) considers possible routes across 
Arabia. The most probable Red Sea crossing point is just south of the Hannish Islands (Lambeck 
et al.: Figs. 19–21), but the political situation makes it difficult to work near these islands at present. 
It must be stressed that up to date (2016) there is not absolute proof that any crossings of any date 
occurred in the southern Red Sea, either at Bab el Mandab, or the Hannish Islands, or in the poten-
tially large submerged living area further north surrounding the Farasan islands. Work is continuing 
in this area, and the latest research on the submerged terrestrial environment at the LGM is encourag-
ing. To the east of Arabia itself the crossing of the Straits of Hormuz is probable at low sea levels and 
much of the Gulf would be dry land traversed by large rivers.

In summary, seabed research can provide definitively useful data for the southern Red Sea crossing 
itself, and strongly useful data for a postulated coastal route as far as the Straits of Hormuz and across 
those straits.

18.5.2  Europe and Crossings of the Mediterranean Marginal Basins

There have been multiple diffusions or migrations from Africa into and across Europe during the last 1 
million years, with sites older than or approximating 1 million years in Georgia, northern Spain, and on 
the British North Sea coast (Parfitt et al. 2005). Seabed Neanderthal remains discussed by Hublin et al. 
(2009) and the submerged North Sea A240 site, with a date of 340 ka (Russell and Tizzard 2011; Tizzard 
et al. 2014), show that seabed archaeological data can correlate with migration phases before modern 
humans. The potential sea crossings where seabed data can provide bench-marking of migration models 
include the Strait of Gibraltar, the Sicily Channel (Antonioli et al. 2016), the Levant coast, crossing the 
Aegean (Runnels et al. 2014; Runnels and Howitt-Marshall 2017; Sakellariou and Galanidou, Chap. 22), 
the continental shelf of the Black Sea, crossing the central Adriatic, the Golfe de Lions, the Celtic Sea-
English Channel, the North Sea (Flemming 2004a; Glorstad et al. Chap. 19; Gaffney et al. Chap. 20; 
Momber and Peters, Chap. 21) and the Baltic (Holmlund et al. Chap. 4; Larsson, Chap. 11; Hansson 
et al. Chap. 13). In every case, prehistoric sites have already been found offshore, or research has already 
started. There are strong reasons for the seabed archaeologists to assess DNA-based models and inte-
grate these with their research. The SPLASHCOS database (http://splashcos.maris2.nl/) provides infor-
mation which could be used in multidisciplinary projects of this kind.

18.5.3  Southern Route: Red Sea, Iran, India, SE Asia, Australia

In spite of considerable work on the coast of Australia (Flemming 1986; Nutley 2014; Ward and Veth, 
Chap. 24) no definitive sites containing prehistoric material older than 5000 years have so far been 
found offshore. The Tokonami River site (Hayashida 1993) illustrates the survival of AMH submerged 
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prehistoric material off the coast of Japan, while the discovery by Chang et al. (2015) of an archaic 
hominin jaw bone in the Taiwan Straits at a depth of about 60 m is the first clear example of pre-AMH 
seabed prehistoric deposits in East Asia or SE Asia. The migration of modern humans into East Asia 
based on Y-chromosome analysis is reviewed by Su et al. (1999).

The possible crossing of the southern Red Sea has already been discussed above. The bulk of the 
so-called Southern Route, from the Straits of Hormuz to East Asia and Australia is where a sense of 
caution begins to raise serious questions, even before proposing that verification from offshore data is 
required (Erlandson and Braje 2015). The assumed route has been proposed and accepted so often, 
with so many broad coloured arrows on small maps, that it would be invidious to select one author or 
another to quote as illustrating its wide acceptance. We should also stress again that the word ‘migra-
tion’ is misleading with its modern connotation of goal-seeking purpose, since the rates of progression 
were of the order of 0.1–1 km/year, which shows that the process probably consisted of a gradual 
extension of hunting and foraging areas, rather than a purposeful intention of ambitious exploration.

The problems and uncertainties inherent in an over-simple acceptance of the Southern Route 
hypothesis are examined by Pope and Terrell (2008). A combination of phases of rapid rising and fall-
ing of sea level during MIS 4–3, the need to cross the deltas of some of the largest rivers in the world, 
variations of terrain caused by exposed coral reefs, mangrove forests, and deltaic swamps, all imply a 
complex and often inhospitable coastal zone, and this is likely to have been the case even if the condi-
tions visible at the present-day coastline were different during periods of lowered sea level. For exam-
ple, modern deltas are associated with complex braided channels and muddy islands with lateral 
extent of hundreds of km, and these may not have existed at intermediate sea levels. Pope and Terrell 
(2008) compare the rate of movement of the agricultural modern human frontier from the Middle East 
across Europe, which was about 0.3–0.4 km/year, with that necessary to account for human migration 
from the Red Sea to North Australia, which is more than 1 km/year. This apparent high rate of prog-
ress is even more curious when one considers that the coastline is by definition linear, with a narrow 
front of advance, while the European frontier was much broader. An obstacle encountered on land is 
likely to be by-passed through another line of advance. On the coast every obstacle must either be 
overcome on the spot, or a major diversion is needed. Any failure is total failure. In addition, the coast 
route requires lateral excursions around India, Sri-Lanka, Myanmar, and Malaysia, and is longer than 
the continental route across northern or central India.

The manner of calculating the rate of advance along the coast is not clear in the sense that defining 
the length of the coast is not a simple matter, since it is fractal. If the people are travelling on foot, even 
the smallest coast indentations, river mouths, deltas, or swamps would require a deviation, and often 
a choice between major deviations or crossing rivers by swimming or with boats. The real distance 
travelled may have been much more than that measured on easily available modern maps.

It is frequently suggested that the Southern Route migration achieved such relatively great speed 
because people used boats. This hypothesis is attractive, since it makes the first crossing of the south-
ern Red Sea more plausible, and is in any case necessary to account for the final transit from the Sunda 
shelf to Australia by 48 ka BP (see also Bailey et al. Chap. 23). Again, hypotheses and models abound, 
with no suggested way to narrow the options and demonstrate the accuracy of one model as against 
another.

In 2004, the present author was invited to write a paper on the prehistoric archaeology of the Indian 
continental shelf (Flemming 2004b). In the circumstances the only thing to say was that it is an impor-
tant area of research with potential to resolve many questions. In addition to the Southern Route itself, 
sensu stricto, there are many related problems and theories about migrations through SE Asia, and 
between SE Asia, China, Japan and the Philippines (e.g., Su et al. 1999). In every case, there is no refer-
ence so far to the potential for improving the accuracy of models with seabed archaeological data.

Although areas of active modern coral reef growth make the study of submerged Pleistocene land-
scapes impossible, there are many areas in the tropics where, for natural reasons, no modern reef 
building has taken place since the LGM. An extensive example is the northern shelf of Australia 
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studied by Flemming (1986) in the Cootamundra Shoals project. Equivalent coral-free areas could be 
identified throughout the continental shelf areas proposed for the Southern Route. Analysis of data 
from oil and gas research off North Australia, and from the offshore mining work of BNP Billiton on 
the Sunda Shelf would help to focus ideas on submerged river valleys, buried coastlines, and other 
features where submerged archaeological sites could be found.

The previous discussion has considered only AMH. Earlier crossings of some channels are possi-
ble, and earlier occupation of the Indonesian and the Sunda Shelf is almost certain. The recovery of 
the archaic Homo jaw bone from the Taiwan Strait (Chang et al. 2015) illustrates the potential for E 
and SE Asia. Recent discoveries on the island of Flores in the Indonesian arc (Van den Berg et al. 
2016; Brumm et al. 2016) show that the diminutive species known as Homo floriensis was already on 
the island, and already exhibiting its characteristic anatomy about 700 ka. This emphasises again that 
multiple species could have coexisted and may have occupied different climatic, geographical or 
environmental niches. Thus underwater research has the potential to provide data on previous migra-
tions. Furthermore, the anomalous problems regarding the apparent rapid rate of progress to account 
for an AMH southern route to Australia do not mean that the south Asian coastline was not occupied 
by earlier peoples and cultures in a more static mode.

18.5.4  Beringia

The prehistoric transfer from Siberia to Alaska via the Bering land bridge has long been identified, but 
the mechanism, detailed structure and timing are difficult to define. Research shows that the process 
was rather complex, largely because southern Alaska and the Alaska Peninsula were heavily glaci-
ated, while the exposed Beringia continental shelf and northern Alaska were not glaciated at the LGM 
(e.g., Hetherington et al. 2007). The exposed additional land area was 2.5 million km2. In spite of the 
poor vegetation and cold climate of the exposed shelf, populations from Siberia diffused across to 
Alaska, although their passage south was then obstructed by the ice cap. Beringia thus served as a 
holding area or buffer zone from which people subsequently migrated in both directions as the climate 
improved and the sea rose.

The remoteness of the area and the severe weather and sea conditions have hampered seabed 
research and increased research costs. Dixon and Monteleone (2014) consider that both prehistoric 
terrestrial migration routes and coastal sea-craft routes are likely to have been used, and there is no 
evidence at present to exclude either model. The role of kayak canoes has been suggested to allow 
rapid progress along the southern margins of Beringia. Erlandson et al. (2015) have examined how 
changes in climate and sea level may have facilitated rapid diffusion southwards along the Pacific 
coast of North America, especially by peoples skilled in seafaring techniques. The coastal route 
southwards through the Canadian archipelago would have been viable by about 16,000 cal BP, that 
is several thousand years before a corridor between the inland ice caps (Dixon and Monteleone 
2014, p 98).

The evidence for the exact position of the coastline, and the possible vegetation or fauna on the 
submerged lands, is now underwater, and the conditions for search, discovery, and examination of 
terrestrial landscape features and archaeological remains are adverse. Studies of local and regional 
relative sea level curves indicate the location of ancient shorelines, and have recovered a small number 
of mammoth tusk fragments and indicators of terrestrial fauna. Josenhans et al. (1997) and Fedje and 
Josenhans (2000) describe surveys on the British Columbia coast during which they recovered a 
retouched basalt blade-like flake from a depth of 53 m during mapping and sampling of the sub-
merged landscape in Werner Bay.

Notwithstanding the steady increase of detail provided by human genetic data describing the earli-
est migration into the Americas, and the incidence of occurrence of archaeological sites extending 
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southwards, there is still a great deal of uncertainty as to the routes taken, and the dates of different 
crossings. Seabed data has a great potential to provide answers to some of these questions, both in the 
Beringia area, and along the whole Pacific coast of the Americas.

18.6  What Next?

The simple linear model of human evolution and migration consisting of a central trunk with a few 
branches leading to extinct sub-species, and one main line leading distinctly and cleanly to modern 
humans began to crumble already in the 1980s, and has only been used as a reference benchmark 
against which to make exactly that negative point for the last few decades. Both archaeological exca-
vations and fossil genome studies are revealing increasingly more co-existing variants and subspecies, 
and indicating others that may have existed but have not yet been found as fossils. There is increasing 
evidence for inter-variant breeding, and counter-current migrations. Given our perspective, where we 
look back at these events and tend to regard 5000 years as a short interval, it is scarcely surprising that 
the real picture is much more complex than we first expected. This being the case, the omission of the 
archaeological data from the continental shelf can no longer be regarded as a minor and marginal 
detail either figuratively or literally. If we are going to postulate events that may or may not have 
occurred on the continental shelf, the details matter. In order to establish these details, the researchers 
studying the human genome and its prehistoric variations need to work more frequently and collab-
oratively with the archaeologists studying and excavating seabed prehistoric sites.

The intensity of both chance discovery and funded seabed research on submerged prehistoric sites 
tends to correlate with the standard of living of the adjacent coastal state, population density on the 
coast, the development of technically advanced fishing gear and dredging, and the development of 
recreational scuba diving. Although the coastal states that border the so-called ‘Southern Route’ east 
of the Straits of Hormuz have high populations, all the other factors are at present missing. 
Unfortunately, many of the same positive factors are also absent from the Beringia area.

In summary, the study of the Mediterranean area and its sub-basins, and the study of the north-west 
European marginal seas are well advanced, and the evidence from the seabed is becoming more 
detailed. The southern Red Sea and the Gulf of Hormuz are being examined systematically, but the 
Southern Route is still devoid of offshore data, and is problematic for several reasons referred to 
above. Australia is being developed steadily, but there is a severe absence of offshore data in the area 
of Indonesia and the Philippines. Data are being gathered from Beringia, but conditions are extremely 
adverse, while offshore data from the eastern and western coasts of the Americas are increasing 
steadily, and there are new research investments, especially on the west coast.

18.7  Conclusion

The study of dispersal of AMH and pre-AMH hominins out of Africa and into all continents has been 
greatly facilitated by the analysis of human genetic data, both modern and fossil. The technique is 
essential if we are to make further progress. However, genetic data provides only a geographical start 
point and an end point for the movement of a genetic trait, and the dates are not always certain or 
accurate. Many models and hypotheses propose that migrating populations crossed sea channels on 
the continental shelf, or migrated along the shelf, or dwelt on the shelf zone as a buffer before subse-
quent movements, but provide no evidence in situ on the seabed.
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The anthropogenic DNA data alone leaves uncertainty about the route or routes taken, the speed of 
movement on different segments of the route, and the duration of residence in buffer zones. Only 
archaeological data from the continental shelf can confirm the precise routes, provide correlation with 
dates and directions of movement, speed of movement, and even confirm that a particular route was 
used or not. Absence of evidence is not evidence of absence, but if in situ archaeological data are 
recovered routinely from some areas, and not from others, even after persistent searches, negative 
conclusions are eventually valid.

At present the discovery and analysis of seabed data has provided detailed information on conti-
nental shelf populations in the Baltic and on the coast of Israel with a time span of about 8–10 kyr. 
The volume and range of data from the North Sea and English Channel is beginning to provide suf-
ficient information on the whole of the last rise of sea level since the LGM 20 ka, and some data on 
the whole of the last glacial cycle. The possibility of obtaining reliable DNA signals about the pres-
ence of plants and animals that lived on the submerged shelf is opening up a new range of research 
possibilities (Gaffney et al. Chap. 20), and the availability of rapid and cheaper analysis of genetic 
data from organic sediments and bones should be exploited at as many sites as possible in the North 
Sea and Channel.

The number of submerged sites found so far in the wider Mediterranean basins is limited because 
of the predominantly steep and rocky shores, the low sediment input, and the absence of research on 
the North African Coast. The Adriatic is an exception to this generalisation. Nevertheless, sites are 
being found, and will eventually help to define the crossing routes. The southern Red Sea crossing 
zone is exceptionally important because of its potential effect on the subsequent eastward migration 
routes to Asia. Research to date has revealed fascinating details of the submerged Pleistocene land-
scape around the Farasan Islands, which was habitable with large drainage channels and lakes. This 
research should continue, and be correlated with genetic data in East Africa and Arabia or southern 
Asia.

Very little if any research has been done offshore at any point between Hormuz and north Australia. 
From the experience in Australia there should be extensive zones along the southern route that are not 
overgrown with active modern coral reefs. Mapping of the submerged landscapes using acoustic tech-
nology would reveal the most probable areas where the Pleistocene landscape is exposed most com-
pletely. This is an essential precursor to any search for prehistoric artefacts offshore.

Active seabed research is growing in Australia, East Asia, and Beringia, though progress has been 
slow for a variety of reasons. The biggest total gap with the greatest interest is that of the Indonesian 
continental shelf. Survey data have been available from commercial activities for many decades, and 
these should be examined to recreate the Pleistocene landscape with as much detail as possible.

Joint meetings or discussion groups linking human genome experts with continental shelf prehis-
torians might identify specific projects or correlations that would be most helpful in advancing this 
research topic.
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Abstract Due to the need for a national strategy for offshore wind farms in Norway, a small and 
preliminary joint archaeological and geological research project was conducted. The aim of the inves-
tigation was to determine the possibilities for human occupation in the southernmost parts of the 
Norwegian sector of the North Sea during the Late Glacial and Preboreal periods. The research was 
in the shallowest area of the Norwegian sector of the continental shelf, south of the Norwegian Trench. 
By analysing 3D seismic reflection data, several layers with traces of drainage systems and other 
landforms could be identified in the sediments. These features were, however, mainly situated deep 
down below the surface of the seabed, and covered by more than 100 m of younger sediments. Their 
age is therefore uncertain, even if the depth alone indicates that they are much older than the Last 
Glacial Maximum (LGM). A sediment core through the shallow sea-bed sediments (0–13 m below 
present sea floor) was analysed for environmental and chronological data. The youngest observed 
transition, from glacio-lacustrine to marine sediments, was dated to approximately 14,000 cal. BC or 
the Older Dryas. This indicates that this part of Doggerland was not dry land after the LGM, but was 
first covered by an ice-dammed lake and later inundated by saltwater from the Atlantic Ocean. The 
analysis also indicates that the distance from Doggerland to Norway, in the periods when people 
began to inhabit southern Scandinavia, was far too long to be crossed by boats or on ice. This makes 
the western coast of Sweden and Bohuslän the most likely bridgehead in the colonisation of Norway. 
Humans arrived at the Norwegian shores first when a safe and sheltered passage was created between 
Bohuslän and the Oslo Fjord area, at approximately 9300 cal. BC.

19.1  Introduction

Doggerland—the prehistoric land bridge between present-day Britain and Denmark—has been a 
topic of fascination and debate in Norwegian archaeology since Clement Reid (1913) first published 
on the submerged forests of the North Sea. In 1923 Anders Nummedal (1923, pp 127–128) referred 
to Reid when mentioning the sunken landscape of the Dogger Bank, but did not conclude that it had 
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relevance to the coastal Stone Age sites along the west coast of Norway. Alfred Rust (1942) was the 
first to suggest that Doggerland or the former dry plains of the North Sea were an important habitation 
area for humans in the Late Glacial and Early Preboreal periods (see also Gaffney et al. Chap. 20 and 
Sturt et al. Chap. 28, for the history of the term ‘Doggerland’). Rust also suggested that the plains of 
Doggerland connected the prehistoric people who are known to have occupied coastal regions sur-
rounding the North Sea Basin. A few decades later, the hypothesis that Doggerland was crucial for 
early Holocene communication gained support from several Norwegian researchers (Odner 1966; 
Hagen 1967; Rolfsen 1972; Indrelid 1975, 1989; Mikkelsen 1978). The line of argument was, and still 
is, that a much lower sea-level at the Last Glacial Maximum (LGM) and in the first phases of deglacia-
tion made the distance from the coast of the European continent—Doggerland—to Norway much 
shorter than the present distance from Norway to Denmark (minimal distance c. 110 km). People 
could therefore relatively easily cross this channel of open water, either by boat or on foot across 
winter ice. Such arguments have repeatedly been presented over the last two decades (Fuglestvedt 
1989, 2001, 2007, 2009, 2012; Rokoengen and Johansen 1996; Skar 1995; Anundsen 1996; Bang- 
Andersen 1996, 2003; Johannessen 2009; Selsing 2012).

It would not be unfair to say that Norwegian archaeological research on human occupation of 
Doggerland has been speculative. There is very little, if any, relevant evidence on the continental shelf 
in the Norwegian part of the North Sea or the Skagerrak (Glørstad and Kvalø 2012). The speculative 
nature of the research has by no means been irrelevant or indeed unproductive. Speculations and the 
will to test new hypotheses are important parts of a healthy research strategy. However, it is nonethe-
less vital to produce some evidence in favour or disfavour of these hypotheses.

In this chapter, we present new data from the seabed of the Norwegian part of the North Sea perti-
nent to questions regarding Doggerland. Our new observations raise new speculations and hypotheses 
about early human migration to the Scandinavian Peninsula, and the location of the northern coasts of 
Doggerland at the transition from the Pleistocene to the Holocene.

19.2  Background, Scope and Research Area

Several Norwegian scholars have relatively recently claimed that Doggerland was the homeland of the 
first modern inhabitants of the Scandinavian Peninsula (e.g., Indrelid 1989; Johansen and Rokoengen 
1996; Fuglestvedt 2009; Selsing 2012). The relevance of the Doggerland area for early human migra-
tion to Norway was accentuated by the very inspiring works of Per Blystad (1989) and Bryony Coles 
(1998). In Coles’ fascinating, yet coarse-grained, reconstructions of the extension of the Doggerland 
area from the LGM and onwards, the distance from Norway to dry land on the Continent appears to 
be surprisingly short. At the LGM, only a narrow trench or fjord no more than 50 km broad divided 
Norway from the Doggerland plains. This is the Norwegian Trench, which today is the deepest part of 
Norway’s continental shelf in the North Sea (Fig. 19.1). According to Coles’ map, the distance 
between the Continent and Norway was still very short as late as the Allerød oscillation (approx. 
11,800–10,600 cal. BC), with an archipelago of drowning islands situated between Scotland and 
western Norway (Fig. 19.1). In this scenario the people of Doggerland might have seen the 
Scandinavian glacier. If navigating along the coast, they might even have seen the highest peaks as dry 
land protruding through the ice (nunataks) at the LGM, and maybe in the Allerød as well. Even with 
the rise in sea level after the LGM, which made the distance a bit longer, it would still be possible to 
cross the Norwegian trench on the sea ice or by boats— that is, if people were present at these north-
ern shores of Doggerland at the time.

This is a fascinating model, but what kind of evidence is it based on? How much do we know about 
the northern extent of the Doggerland area? At the end of the 1980s, the geologist Per Blystad (1989, 
p 64) reviewed the then-current state of knowledge. His main message was that there was very little 
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firm evidence, and that much more research needed to be done in order to collect proxy data. Arguably, 
25 years later, his conclusions are still valid.

In 2008 the Norwegian Parliament (Stortinget) decided to develop a national strategy for offshore 
production of renewable energy (Inst. S. nr. 145 2007–2008). As part of the strategy, the Norwegian 
Water Resources and Energy Directorate (NVE) made a strategic impact assessment (SIA) to evaluate 
selected areas for the potential for offshore wind farms along the Norwegian coast and in territorial 

Fig. 19.1 Hypothetical maximum extent of Doggerland at the Last Glacial Maximum. The designated areas for wind 
farms called Southern North Sea I (SN I) and Southern North Sea II (SN II) are postulated to be on dry land (Modified 
from Coles (1998))

19 Northern Coasts of Doggerland



288

waters (NVE 2012). Two of the selected areas, named Southern North Sea I (SN I) and Southern 
North Sea II (SN II), are located in the southern part of the Norwegian sector of the North Sea 
(Fig. 19.2). Located more than 140 km offshore, the areas are still among the shallowest waters in the 
Norwegian sector. Water depths vary between 50 and 80 m, with an average of less than 65 m. 
Consequently one would expect these areas to have been dry land during the late Pleistocene and 
maybe also at the beginning of the Holocene due to the low global sea level (Fig. 19.2). The SIA, 
financed by the Norwegian Ministry of Oil and Energy, gave a welcome opportunity to determine the 
nature of the palaeoenvironments in the selected areas, the history of inundation and the potential for 
earlier human occupation. A research group of archaeologists, geologists and geophysicists from five 
institutions handled the project (Hafeez et al. 2012; Glørstad and Kvalø 2012).

19.3  Methodology

Although the Directorate for Nature Management had asked for an archaeological evaluation of the 
selected areas, the available resources for the SIA did not provide finance for new surveys of the sea-
bed. The whole project was therefore based on analysing already existing data—gathered by previous 
research projects, the petroleum industry, commercial fishing and other maritime activity.

The aim was rather straightforward. By reconstructing the palaeolandscape we should be able to 
determine the areas most suitable for human occupation. A more precise location of the Late Glacial 
estuary of the Elbe was considered as a particularly useful starting point for tracing potentially suit-
able places for human settlement sites (see Hepp et al. Chap. 14). Planning the analyses, we were 
particularly inspired by The North Sea Palaeolandscapes Project (Gaffney et al. 2007, Chap. 20). 
Their method of reconstructing the ancient landscape of the south-western part of Doggerland by 
using 3D seismic data seemed to be the best way to proceed. Other data sets, such as bathymetric data, 
2D seismic and cores from boreholes, were also considered useful for our work.

SN I and SN II together cover an area of almost 4,000 km2. However, the entire chosen study area 
is more than 50,000 km2 in extent, making it considerably larger than, for instance, Denmark. Finding 
and getting access to available data from the southern part of the Norwegian North Sea was a chal-
lenging process. Although extensive petroleum-industrial activity has been present in the central 
North Sea since the early 1970s, only limited high-resolution geophysical and geological data is avail-
able (Hafeez et al. 2012). The bathymetric data is limited and of poor quality, and not sufficient to 
make a detailed seabed reconstruction (Hafeez et al. 2012, p 12). One petroleum exploration well 
exists in each of the two target areas, drilled in the years 1976 (Well 8/9-1 in SN I) and 2000 (Well 
3/6-1 in SN II) (Hafeez et al. 2012, pp. 15–16). Fortunately, from the latter well both a seabed sedi-
ment core (3/6-1) and a small 2D high-resolution site survey were made available for the project by 
ENI.

In addition, Petroleum Geo-Services (PGS) granted access to conventional 3D seismic reflection 
data from those parts of the study area covered by their Central North Sea Mega Survey (PGS 2012) 
(see grey-shaded areas in Fig. 19.3). The strategy was, then, to reconstruct the prehistoric landscape 
with 3D seismic data according to the methodology developed in The North Sea Palaeolandscapes 
Project (Gaffney et al. 2007).
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Fig. 19.2 The focus areas for the present study. SN I covers an area of 1,375 km2. The water depth varies between 50 
and 70 m, with an average of 64 m. Distance to the closest point on the Norwegian coast today is 149 km. SN II covers 
an area of 2,591 km2.The water depth varies between 53 and 70 m, with an average of 60 m. Distance to the closest point 
on the Norwegian coast today is 140 km
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19.4  Analysis of the Seismic and Geological Data Sets

By analysing 3D seismic reflection data, distinct landforms such as rivers, valleys, lakes and salt 
domes could be identified in the study area. However, the seismic resolution of the near-seafloor sedi-
ments (less than 100 m below the seafloor) is poor. This is because the acquisition geometry is focused 
on deeper targets, which are of most relevance to the petroleum industry (Hafeez et al. 2012, p 4). It 
therefore turned out to be very difficult to study the upper 50–100 m of the seafloor sediments based 
on these data. These problems were also recognised in The North Sea Palaeolandscapes Project 
(Thomson and Gaffney 2007, pp. 23–31). They decided to rely on analysing these data sets anyway, 
as they provide better general horizontal resolution in determining landforms than 2D seismic data. 
However, 2D seismic data offer better vertical resolution than the 3D data sets (Thomson and Gaffney 
2007, pp. 27–30; Hafeez et al. 2012, pp. 16–19; Glørstad and Kvalø 2012, p 29). This is of particular 
importance in the upper layers of the sediments.

Deeper down, several details of ancient landscapes were distinguishable. By analysing the 3D 
seismic reflection data, several layers with river systems, valleys and other landforms could be 
detected (Fig. 19.4). Some of the channels showed stability throughout the different layers, indicating 
relatively stability through time. The dating of the features, however, could not be determined—we 

Fig. 19.3 Location map showing the 3D seismic data coverage, boreholes, and high-resolution data (From Hafeez et al. 
(2012))
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only know that they were covered with at least 50–100 m of younger sediments. Consequently, the 
former landscape we were looking at was situated more than 100 m below the present sea level, and 
therefore was possibly not the same dry landscape which existed during the LGM and the early part 
of the deglaciation (Fig. 19.4).

The most reliable way of dating the different landscape slices is to analyse and date sediment cores 
going through the same layers. Because most of the boreholes on the Norwegian continental shelf are 
made for petroleum prospecting, the shallowest parts of the cores are normally not stored. Blystad was 
alerted to this problem as early as the 1980s and recommended a change in legislation so that the 
whole core would be kept for future analyses (Blystad 1989, p 64). His recommendations have not 
been taken into serious consideration, and commercial companies are still only legally obliged to keep 
the deep parts of the cores of commercial relevance. In light of this we were therefore fortunate to find 
that samples from the shallow part of the core from 3/6-1 were still preserved. This core was drilled 
for geotechnical purposes into the upper seafloor sediments, and seven samples taken at 1–2 m inter-
vals from the upper 13 m of the core had been kept (Hafeez et al. 2012, p 17, 20). The core had been 
taken at a water depth of 64 m in the southern part of SN II. The physical analysis of the material from 
the core gave very interesting results. The top layers showed continuous marine sedimentation in 
warm-temperate conditions, while the deeper layers showed a succession of clay sediments from a 
glacio-lacustrine environment, with a basal layer deposited in an arctic marine environment.

Fig. 19.4 Compilation of interpreted tunnel valleys, salt dome, and structural domes (buried domes) at different depths. 
At least five major channels with varying geometries are present in SN II. These channels are typically 1.5–2.7 km wide 
and have a depth of more than 270 m (From Hafeez et al. (2012))
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We were also able to radiocarbon-date the upper layers from the core (Fig. 19.5), which were quite 
old compared to the main focus of our study. Dating of the arctic marine sediments from 10 m below 
the seafloor gave a date of 38,400 uncal BP, placing them early in the Weichselian period. The young-
est transitional phase, from glacio-lacustrine to marine sediments was found at 3 m below the seafloor 
and dated to approximately 13,500 uncal BP, that is, the Older Dryas or late Weichselian period 
(Fig. 19.5, Hafeez et al. 2012, p 24).

The analysis of the core demonstrated that the different layers identified by physical examination 
could also be identified in a few lines of high-resolution 2D seismic data. The 2D data are also distinct 
in the upper parts of the sediment (Fig. 19.5) and the 2D seismics and the layers identified in the core 
correspond quite neatly. Interestingly, the dating of the layers confirmed our suspicion from the analy-
ses of the 3D seismic reflection data that the landscape reconstructed from them was much older than 
the final stages of the Last Ice Age and had little to do with the landscapes of the Final Palaeolithic or 
Early Mesolithic.

It is notable that the analysed core did not reveal any evidence for dry land in the Allerød, Younger 
Dryas or following phases, but rather a succession from lacustrine to marine conditions. It is, of 
course, a difficult task to prove the presence of dry land from layers in a sediment core, since sedimen-
tation takes place for the most part under water, not on dry land. However, intervals of dry land may 
be indicated by evidence of erosion, oxidation or traces of terrestrial organisms. No such features 
were detected in this case, although this is by no means unequivocal proof for the absence of dry land 
in this period (compare Schmitt 1994, pp. 252–254). Source critical factors, such as the spacing of 
core samples (every 1.2 m), could also mean that evidence for dry land was missed (see discussion in 
Hammer et al. 2016.)

Despite these uncertainties concerning the presence of dry land, it seems that the inundation of this 
northern part of Doggerland, with water depths around 60 m today, could have happened at a very 
early stage—approximately 13,500 uncal BP or 14,450–13,210 cal BC (Fig. 19.6, Hafeez et al. 2012, 
p 27). This is earlier than the oldest evidence for modern human occupation in southern and northern 
Scandinavia (Grimm and Weber 2008; Petersen 2009). It is also earlier than the predicted inundation 
in existing models of changing sea-levels in the late Pleistocene and early Holocene (e.g., Blystad 
1989; Lambeck 1995; Gyllencreutz et al. 2006; Lambeck et al. 2010, appendix).

Based on this analysis, the reconstruction of Doggerland in the LGM and Younger Dryas is quite 
different from the models usually applied by Scandinavian archaeologists. In these models Doggerland 
is displayed as a dry and ice-free land immediately south of the Norwegian Trench at a much later 
stage than our results indicate (e.g., Rolfsen 1972; Mikkelsen 1978; Blystad 1989, Bang-Andersen 
1996; Schmitt et al. 2006; Fuglestvedt 2009, 2012). Based on the evidence from our analysis, other 
models may be more appropriate.

The geologist Bjørn Andersen (2000) offers an alternative reconstruction of northern Europe 
(Fig. 19.7) that is perhaps a more appropriate interpretation of the palaeotopographic situation around 
the LGM. In his reconstruction, the Scandinavian Glacier and the British Glacier are connected, seal-
ing off the Doggerland area from the Atlantic and creating a large ice-dammed lake in the present 
North Sea. Andersen (2000) claims that natural drainage to the north was blocked by the glacier. Our 
observations correspond to this claim. A large ice-dammed lake in the same area is also indicated in 
the recently published work of C.D. Clark and his research team (Clark et al. 2012).

Our results seem to fit these recently presented geological models showing an ice-dammed lake 
created during the LGM, which was later refilled with seawater when the ice barrier blocking off the 
Atlantic Ocean melted towards the end of the Weichselian period. The consequence of this interpreta-
tion is that the passage from Doggerland to the Norwegian mainland would not have been a narrow 
fjord or bay when humans arrived in this part of Europe at the end of the Ice Age. Rather, the distance 
between Doggerland and the Scandinavian Peninsula at that time appears much larger than the present 
distance between Norway and Denmark (110 km).
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Fig. 19.6 Summary of core 3/6–1 analyses and interpreted environment with calibrated radiocarbon dates. The calibra-
tions are calculated with Calib 6.0 and the Marine09 calibration curve, which includes a globally averaged marine res-
ervoir correction. A local correction (Delta R) was not used because the modern value cannot be applied to the 
completely different hydrographic conditions in the Weichselian to early Holocene of the central North Sea. This 
implies an additional uncertainty of 200–300 years. The calibrated ages are given in BC, not BP. IRD is an abbreviation 
of ice rafted debris (From Hafeez et al. (2012))
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19.5  Discussion: Doggerland and the Colonisation of Norway at the End 
of the Ice Age

When discussing the colonisation of the Norwegian mainland, most scholars seem to accept that the 
first immigrants came from the south (see overview in Bjerck 2008a). The origin of the oldest archae-
ological complex in Norway, the Fosna-Komsa (hereafter Fosna), is sought in the North European 
Ahrensburgian technocomplex of the Younger Dryas (Fuglestvedt 2007; Bjerck 2008a, and references 
therein). Several typological and technological connections between the early Fosna and the 
Ahrensburgian complex have been established, and the focus on reindeer hunting is seen as a shared 
feature as well (e.g. Fuglestvedt 2009, 2012). Although the Fosna and Ahrensburgian share reindeer 
hunting as a subsistence strategy, the Fosna complex seems to be characterised by a coastal orientation 
and a marine way of life. A large majority of the known sites are located on the ancient shorelines and 
relatively exposed islands off the Norwegian and western Swedish coasts. Boats and maritime knowl-
edge must therefore have been part of the cultural package (Bjerck 2008a, b).

As initially discussed, it has been suggested that the first inhabitants of Holocene Norway were 
Ahrensburgian hunters who crossed the Norwegian Trench either by boat or on foot in the winter 
season (Rolfsen 1972, p 147; Bang-Andersen 1996, p 222; Fuglestvedt 2007). This is an interesting 
theory, but archaeologically speaking there is no convincing evidence for direct crossing of the 

Fig. 19.7 Sketch showing northern Europe at the LGM about 25.5–23.5 cal BP. Note ice- dammed lake in the central 
North Sea close to SN I and SN II (Modified from Andersen (2000))
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Skagerrak (the body of water between the west coast of Sweden, Jutland in Denmark and the south- 
east coast of Norway) until the Late Neolithic. All preceding traffic and communication seem to have 
followed the coastlines (e.g. Østmo 2005, 2011; Glørstad 2011). This is, for instance, demonstrated 
by the distribution of artefacts made in southern Scandinavia, and by the distribution of artefacts made 
in the same design tradition that dominated in Denmark and Scania. Such objects show a pattern of a 
more or less regular fall-off with increasing distance from the production centres in the south as one 
moves progressively further north and west around the coastlines of the Skagerrak from western 
Sweden via the Oslo Fjord area to the coastline of south-eastern Norway (Fig. 19.2). Consequently, 
such objects are much rarer on the Norwegian west coast than in the Oslo Fjord area (e.g. Glørstad 
2009). This is quite different from the pattern one might expect if immigrants had moved across the 
Norwegian Trench.

Against this background, several scholars have concluded that only the Late Neolithic represents 
the first commencement of real overseas voyages in Scandinavia (Prescott and Walderhaug 1995; 
Østmo 2005, 2008, 2011; Kvalø 2007; Prescott 2011; Prescott and Glørstad 2011), a step change con-
nected to the invention of plank boats made with metal tools (Østmo 2005) and supported by experi-
ments that have demonstrated that such boats are solid, seagoing vessels, capable of crossing the 
Skagerak Sea (Crumlin- Pedersen and Trakadas 2003).

The developments taking place in the Late Neolithic are in fact relevant for our understanding of 
the initial colonisation of Norway after the end of the Ice Age. The longest overseas journeys that are 
documented in Scandinavia prior to the Late Neolithic are the Neolithic voyages between Gotland and 
Öland in the Baltic Sea, and voyages across the Kattegat, between Jutland and Bohuslän (Österholm 
1988, 1989; Malmer 2002). These are distances of approximately 50 km. From the preceding 
Mesolithic, documented journeys are much shorter, with the longest approximately 20–36 km (e.g., 
Bjerck 1990; Fischer 2002). Mesolithic sea journeys appear to have been coast-bound, with land 
never out of sight (see discussion in Glørstad 2010). The closest distance between present-day Norway 
and Denmark is approximately 110 km. This makes the crossing of the Skagerrak from Denmark to 
Norway something rather outstanding and exceptional compared to known examples of Mesolithic 
sea crossings, approximately four times longer than any overseas journey so far documented from this 
period in Scandinavia.

If our data from the southern North Sea are representative for the rest of the northern coastal rim of 
Doggerland, prehistoric people must have crossed at least equally long distances of open water, or sea-
ice, at the end of the Ice Age in order to reach the Norwegian coast from Doggerland. This also means 
that the Norwegian mainland was never visible from Doggerland (or vice versa). One may theoretically 
see over a distance of about 110 km of open sea from a height of 1,000 m. Yet, such high mountains 
were not present in the Doggerland area, or on the Norwegian coastal mainland closest to it.

Is it likely that long journeys across open water or ice, without sight of land in any direction for a 
long time, were part of the Early Mesolithic/Late Palaeolithic communication patterns? A late 
Palaeolithic boat-building tradition and technology capable of handling such waters has not yet been 
demonstrated in northern Europe (see discussion in Glørstad 2013). It must also be noted that in some 
recent publications about the first colonisation of the Scandinavian Peninsula, the importance of 
Doggerland as the bridgehead is reduced (Bjerck 2008b; Bang-Andersen 2012). Instead, it is the 
immigration route along the Swedish west coast that is considered to be the main communication line 
into Norway. This however, does not entirely exclude the theory of crossing from Doggerland to 
Norway over the sea-ice during winter.

Analysis of the sediment core form SN II revealed the presence of warm seawater in the Skagerrak 
Sea from the Older Dryas onwards. This would contribute to weaker sea-ice than a situation domi-
nated by fresh melt-water. Today, two opposing tidal waves make the tidal differences in the Skagerrak 
basin quite small (Gjevik 2009). However, when the English Channel and a part of the Doggerland 
plains were dry land in the Late Glacial and Early Holocene periods, the tidal differences were likely 
quite different (Schmitt et al. 2006). A stronger tidal current must have challenged the stability of the 
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sea ice during winter. The theory of crossing the sea-ice must therefore be considered to be weakened 
by the increasing distance, warmer seawater and stronger tidal currents—and again the lack of any 
plausible supporting evidence.

The colonisation of the Norwegian coast has been dated by 14C-samples from a number of sites 
(Fig. 19.8). The Fosna sites from where the samples are taken are also marked in Fig. 19.8. As indi-
cated by the sum of the dates, colonisation can be dated back to approximately 9300–9200 cal. 
BC. According to these dates, the initial occupation of Norway therefore started quite late in the 
Preboreal period, when the climate had stabilised towards boreal conditions (e.g., Bos et al. 2007).

The radiocarbon dates from the Norwegian sites are younger than the dates of the final Ahrensburgian 
and seem to be contemporaneous with the oldest part of the Maglemose complex in Scania and 
Denmark (Glørstad 2013). From these dates it seems more parsimonious to see the Fosna complex as 
a continuation in space and time of the Ahrensburgian complex rather than a parallel technological or 
cultural group. The Fosna site of Galta from Rogaland has been dated by several scholars to the transi-
tion from the Younger Dryas to the Preboreal period (Prøsch-Danielsen and Høgestøl 1995; Fuglestvedt 
2007; Bang-Andersen 2012) and could therefore be considered as contemporaneous with the final 
Ahrensburgian and several hundred years older than the radiocarbon-dated sites in Norway. The loca-
tion of the Galta site strongly indicates a coastal orientation, and the date is primarily based on the 
shoreline displacement curve in the area (Prøsch-Danielsen 1993) Such a date is, however, affected by 
several source critical factors and an alternative shoreline dating of the Galta site could be 9300–8600 
cal. BC (see Glørstad 2014 for the full argument). Consequently there are so far no Fosna sites that 
can be convincingly dated prior to the second half of the Preboreal period.

Why then, did colonisation of the coast of the Scandinavian Peninsula start so late? From the 
Allerød oscillation onwards, substantial parts of the Norwegian coast were ice-free and in principle 
habitable by humans (Bjerck 1994). In our opinion, the most reliable explanation for this is that 
Doggerland was of no direct relevance or importance for the colonisation process. This is in line with 
Hein Bjerck’s evaluation of the current state of knowledge in the 1990s (Bjerck 1994, 1995). Recent 
re-examinations of Norwegian artefacts assumed to be of late glacial origin, from the North Sea  
(T 25726, B 13835), Kolevik VI (T 11701), Ingerdalen (B 13502), Blomvåg (B 14969), Snik  
(S 7780), Breiviksklubben (S 11678) and Utvik (S 10170) also confirm Bjerck’s analysis. None of 
these artefacts are Late Glacial. They all belong to the younger Mesolithic Fosna tradition (Bjerck 
1994; Eigeland 2012; Fischer 2012, see also Eigeland and Solheim 2012). In sum, whilst there could 
have been people in the northern parts of Doggerland in the final stages of the Pleistocene, they prob-
ably did not reach Norway.

If Doggerland is not a plausible candidate as a bridgehead in the colonisation of southern Norway 
after the Ice Age, it is more likely that it was from the Swedish west coast or Bohuslän that people first 
colonised Norway. From the Allerød oscillation to the Preboreal period, the Scandinavian glacier 
front was situated approximately along the so-called Limes Norrlandicus running roughly from the 
outer Oslo fjord in the west to Stockholm in the east (Andersen 2000). Due to the drainage of the 
Baltic Ice Lake through the Mälardalen area, Bohuslän was an archipelago with a very productive 
ecosystem. Lou Schmitt in several articles has made strong arguments for quite a large population of 
marine-oriented foragers in this area from the end of the Younger Dryas onwards (Schmitt 1994; 
Schmitt et al. 2006, 2009). However, the entrance to the Norwegian coast from this area was still 
blocked by a large ice barrier at that time. The Scandinavian glacier consisted of a >100 km-long ice 
lobe in the Oslo Fjord. This made it very difficult—potentially impossible and certainly unattract-
ive—for humans to reach the southern and western ice-free parts of the Norwegian coast.

Taking a closer look at deglaciation and land uplift at the bridgehead connecting the coast of 
Norway with the Swedish west coast, it is quite interesting to note that around 9300–9100 cal. BC the 
glacier had retreated from the Oslo Fjord (Fig. 19.9, Bargel 2005). A sheltered archipelago between 
Sweden and Norway was created, and it is from this time on that we can trace and convincingly date 
human settlements along the Norwegian coast. In our opinion this demonstrates that foragers first 
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Fig. 19.9 The different stages in the deglaciation and land rise of the Oslo fjord. Note that a sheltered archipelago is 
created at approximately 9300–9100 cal BC (Aker stage). The main moraines covering the whole fjord-area are, in 
spatial and chronological order, the Ra, Ski, Aker and Hauerseter stages. Radiocarbon dates for the moraines are dis-
played for each stage. The city of Oslo and Akershus County surrounding the city are marked with bold black lines to 
help orientation. Other present-day administrative borders are marked with thinner black lines. Present sea is coloured 
in light blue. Present land covered with sea during and after glaciation is coloured in dark blue. Dry land at the different 
stages of deglaciation is coloured in brown. The ice-front is marked with a white line and ice cover in transparent grey 
(Reworked after Bargel (2005))
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entered the south Norwegian coast from the Bohuslän area, via the Oslo Fjord corridor. This colonisa-
tion process was dependent on sheltered passages and a relatively predictable environment (Glørstad 
2014). This enabled safe risk-limited transport and reliable subsistence possibilities. The Early 
Mesolithic transport and communication system must therefore be considered as not so very different 
from the rest of the Mesolithic (Glørstad 2013; Åstveit 2014).

19.6  Conclusion

In the wake of a national strategy for offshore wind farms in Norway, a small and preliminary joint 
archaeological and geological research project has been conducted. The aim of this research was to 
determine the possibilities for human occupation in the southernmost parts of the Norwegian sector 
of the North Sea during the Late Glacial and Preboreal periods. One target area for the research was 
to determine the position of the northern shores of Doggerland in the Late Glacial and Preboreal peri-
ods as a starting point for finding traces of prehistoric settlement. The area where the research was 
conducted was located in the shallowest area of the Norwegian part of the continental shelf, just south 
of the Norwegian Trench. The chances of finding evidence for dry land in the periods in question 
should in principle be fairly good. However, the results of our work were quite surprising. Analysis of 
2D and 3D seismic reflection data did show evidence of dry land forms such as rivers and lakes. The 
observed features are, however, covered by up to 100 m of sediments. Their age remains somewhat 
uncertain, but their depth and date suggest that they predate the LGM. An analysis of a sediment core 
taken from a borehole in SN II was used to reconstruct the environment associated with sedimentation 
and the age of the shallow sea-bed sediments (0–13 m below the present sea floor). The youngest 
observed transition, from glacio-lacustrine to marine sediments, was dated to approximately 14,000 
cal. BC, the Older Dryas, indicating that this part of Doggerland was in fact not dry land after the 
LGM, but actually covered by an ice dammed lake and later inundated by salt water from the Atlantic 
Ocean. This scenario fits well with geological models recently presented by Norwegian and British 
researchers. In such models a large ice-dammed lake was created by a continuous glacier front from 
Britain to Norway that blocked drainage of meltwater north- and westwards into the Atlantic Ocean.

Our investigations have yielded no evidence of dry land after the LGM in the study areas. There 
are several source critical factors that must be taken into consideration before a decisive conclusion 
can be made. Yet, despite these caveats, our analysis strongly indicates that the distance from 
Doggerland to Norway, after the LGM and throughout the Late Glacial, was far too long to be crossed 
by boats or on sea-ice. Our knowledge of Mesolithic voyages in this area unambiguously points 
towards coast-bound navigation at sea. Distances of open water comparable to the size of the 
Norwegian Trench dividing Doggerland from Norway do not seem to have been crossed before the 
end of the Stone Age, 2400 cal. BC. This in turn makes the Swedish west coast and the region of 
Bohuslän the most likely bridgehead for the colonisation of Norway. People first arrived on the 
Norwegian shores when a safe and sheltered passage was created between Bohuslän and the Oslo 
Fjord area at approximately 9300 cal. BC.
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Abstract As this volume, the final monograph of the SPLASHCOS network, was being finalised, the 
European Research Council agreed to fund a major new project relating to the marine palaeolandscapes 
of the southern North Sea. Emerging from the earlier work of the North Sea Palaeolandscapes Project 
(NSPP), the Lost Frontiers project seeks to go beyond the maps generated by that ground-breaking 
research. Led by researchers in the fields of archaeogeophysics, molecular biology and computer 
simulation, the project seeks to develop a new paradigm for the study of past environments, ecological 
change and the transition between hunter gathering societies and farming in North West Europe. 
Following from earlier work, the project will seek to release the full potential of the available seismic 
reflectance data sets to generate topographical maps of the whole of early Holocene Doggerland that 
are as accurate and complete as possible. Using these data, the study will then reconstruct and simu-
late the emerging palaeoenvironments of Doggerland using conventional palaeoenvironmental data, 
as well as ancient DNA extracted directly from sediment cores along the routes of two submerged 
river valleys. Using this base data, the project aims to transform our understanding of the colonisation 
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and development of floral, faunal and human life, to explore the Mesolithic landscapes and to identify 
incipient Neolithic signals indicating early contact and development within the region of Doggerland.

20.1  Introduction

In the penultimate conference of the SPLASHCOS network held in Esbjerg, Denmark in April 2013, 
the lead author of this chapter provided an overview of how extensive analysis of the submarine land-
scapes of the southern North Sea might proceed within the context of larger industrial collaboration. 
In the period following that conference, and also following an immense amount of new work within 
the region, it remains true that many of the issues identified at that time have persisted as major 
research concerns. It had been clear for some considerable time that extensive, habitable landscapes 
had preserved vital evidence beneath water-borne deposits and that these were probably compara-
tively untouched by subsequent development (Coles 1998). However, aside from sporadic archaeo-
logical finds much of the area had subsequently remained ‘terra incognita‘ until quite recently, when 
work by a number of the authors of this paper rendered the landscape amenable to extensive landscape 
mapping using a combination of remote sensing technologies (Gaffney et al. 2007, 2009, also Sturt 
et al. 2013). What has changed in recent times, perhaps, has been the manner in which these land-
scapes have been viewed by archaeologists. Despite its pivotal location as the gateway to the UK 
landmass and Scandinavia from continental Europe, the area of the North Sea has frequently been 
regarded as archaeologically marginal or even ignored as an inconvenient data gap or bridge (see also 
Sturt et al. Chap. 28). The work of SPLASHCOS and its partners has changed this perception and 
highlighted the importance of submerged sites in preserving and providing data that may challenge 
the current consensus regarding major shifts in lifestyle (Benjamin et al. 2011; Flemming 2004; 
Ransley et al. 2013; Flemming et al. 2014). The opening paragraph of the document produced by the 
North Sea Prehistory Research and Management Framework (NSPRMF) succinctly outlines the sci-
entific importance of Doggerland and such landscapes:

The North Sea Basin has undergone many changes driven by climate change and, at times, it may have been the 
largest wetland environment in Europe and a major focus of population. For these reasons, in relation to the ter-
restrial archaeological record, its archaeology may not just be ‘more of the same’, but perhaps qualitatively dif-
ferent from what we know already. Furthermore, the spectacular finds of the last decade have shown the excellent 
quality of the remains of former plant and animal communities (including early humans) within the sedimentary 
sequence; and several studies have demonstrated the extensive survival of entire submerged landscapes. The area 
has enormous potential for studying the relationships between early humans and their landscapes, and plainly 
this is of world-wide significance. (Peeters et al. 2009, 7)

Perceptions of marine palaeolandscapes have fundamentally changed, from a landscape that has 
remained frustratingly inaccessible to the interests of archaeologists, to one that now opens up unique 
opportunities to explore critical historical and cultural events centred on Doggerland and its pivotal role 
as a porous and moving frontier involving sea level changes, population movements and cultural shifts. 
These include the progress and nature of hunter-gatherer resettlement of the area following climatic 
amelioration, and the impact of land loss induced by climate change on human communities either on 
the coastal plain, on surviving islands or on the terrestrial periphery throughout a period that encom-
passes both the Late Palaeolithic and Mesolithic periods and, probably, the succeeding earlier Neolithic.

The aim of this chapter is to focus on the relationship between submerged landscapes of the North 
Sea or Doggerland in the final stages of sea-level rise and the transition from hunter-gatherer to 
farmer, to highlight the evidence that significant areas of now-drowned land were still present at the 
time of early Neolithic dispersal, to outline a new underwater project aimed at pursuing this theme 
through new mapping, coring and the analysis of ancient DNA signals embedded in underwater sedi-
ments, and to comment on the history and use of the term Doggerland.

V. Gaffney et al.



307

20.2  Submerged Landscapes and the Transition to Farming

Recently, Flemming et al. (2014) have attempted to assess the discipline’s perceived priorities 
(Table 20.1). Whilst the results exhibit an important emphasis on the understanding of earlier Holocene 
and Late Pleistocene topics, the relative lack of concern relating to the introduction of farming and 
domesticates into these environments is surprising and only achieves a rank of 1 (out of 10, where 1 
ranks low). Although there has been passing academic interest in the final phases of inundation and 
the movement of people in relation to Neolithic developments (Coles 1999; Sturt and Van der Noort 
2013), regional investigations of sea-level change have remained framed in terms of the transition to 
the current terrestrial context and the impact on the hunter-gatherer environment rather than the transi-
tion from hunter-gather to farmer societies. This situation exists despite a number of indicators that 
the final stages of sea-level rise were taking place even as Neolithic farmers were becoming estab-
lished in some of the surrounding regions.

First, there is the likelihood that the potential offshore area available to farmers during the earliest 
Neolithic may have been considerable, although its extent remains uncertain and the territories largely 
unexplored. Secondly, the position of later prehistoric monuments at the marine interface such as 
Seahenge dated at c. 2049 BC (Brennand and Taylor 2003) clearly begs the question as to where the 
earlier Neolithic coastline actually stood and what the implications are in having an enlarged coastal 
strip during this period.

Table 20.1 Ranking of research topics according to question 18 of a questionnaire distributed to member Departments 
and agencies of the European Archaeological Council

Research theme Score

Human response to rising/falling sea level during climate change 10

Origins of exploitation of marine resources and marine diet 10

Reconstruction of river channels and fresh-water drainage or karst on the submerged continental shelf 9

Demography and human response to climate change 8

Palaeo-environments and climate on the continental shelf at the Last Glacial Maximum 7

Earliest prehistoric occupation of islands presently separated from the mainland of Europe 7

Migration routes to and from the coast of your country 7

Origins of prehistoric seafaring 6

Reconstruction of vegetation and fauna of the continental shelf, providing an environment for hominins 6

Prehistoric non-lithic material culture which only survives in permanently waterlogged sediments 6

Palaeolithic re-population of recently deglaciated coastal zones 5

Study of population that has contributed to DNA of your region 4

Food, diet, population demographics, diseases, and life expectancy of Palaeolithic or Mesolithic populations 4

Changes in subsistence, such as the introduction of agriculture 4

Population centres as a refugium from nearby lands abandoned during glacial periods 3

Early hominin migrations and areas of occupation during previous glacial cycles 3

Domestication of animals and early farming and crops 1

Hominin and Hominin and human migration or diffusion pathways from Africa into Europe 0
For further details of the questionnaire see Flemming et al. (2014, Annexe 5, pp. 155–160). The number of respondents 
was 15. The data in the table are from Flemming et al. (2014, Table 3.2, p. 40), Respondents were asked to indicate the 
main research objectives listed in the left-hand column which apply to the submerged prehistoric continental shelf of 
their country. The score for each question is shown in the right-hand column (After Flemming et al. (2014, Table 3.2, 
p. 4))
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Finally, occasional finds of artefacts on the seabed such as the early Neolithic Michelsberg axes 
from the Brown Banks (Gaffney et al. 2009; van der Noort 2013, p. 111) have usually been interpreted 
as votive deposits either at sea or at low tide as gifts to hunter-gatherer ancestors of the inundated 
plains. Events such as these might find a different interpretation if it could be proven that there had 
been a more extensive, earlier Neolithic landscape within the southern North Sea. Such a change of 
perception finds an earlier parallel in the archaeological historiography of the southern North Sea in 
the transition of the iconic ‘Colinda harpoon’, from being treated as an artefact dropped at sea to one 
derived from a terrestrial landscape following the Godwins’ (1933) formative study of its associated 
peats (see also Sturt et al. Chap. 28).

The archaeological imperative to try to understand the nature of the later transitional period of 
human occupation of the North Sea has recently come to the fore with publication of the analysis of 
ancient traces of DNA within sediments (sedaDNA) from the submarine Mesolithic site at Bouldnor 
Cliff, off the Isle of Wight in the Western Solent (Figs. 20.1, 20.2, and 20.3, Momber et al. 2011; 
Logan et al. 2015; Smith et al. 2015a, b, Momber and Peeters Chap. 21).

Fig. 20.1 The North Sea and the Dogger Bank

V. Gaffney et al.



Fig. 20.2 Sampling location of sedaDNA from Bouldnor Cliff. (a) Location of the Bouldnor Cliff site in the Solent on 
the coast of the Isle of Wight. (b) Large-scale stratigraphic profile of the site, indicating the depth and location of the 
Mesolithic palaeosol and the location of the area from which cores were taken. (c) Core area in detail, stratigraphic 
profile of the site indicating core sites (MS-04-8, and MS-20), and approximate location of the sediment sample taken 
for sedaDNA analysis
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The site at Bouldnor has been dated to between 8030 and 7980 cal BP and therefore dates, con-
ventionally, to the later Mesolithic in Britain. The results of study of the sedaDNA profile, unsurpris-
ingly, revealed a wooded landscape that included oak, poplar, apple, and beech, with grasses and a 
few herbs. Oak and poplar were also detected in the pollen profile, whereas oak, apple, and alder 
have been reported in archaeological remains of worked wood at the site. SedaDNA analysis also 
revealed a faunal profile compatible with contemporaneous human activity, with an abundant pres-
ence of Canidae and Bovidae. Canidae may refer either to dog or wolf whilst material interpreted 
most likely as Bos appears to be supported by the find of an auroch bone at the site. The presence of 
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Fig. 20.3 Generalized 
map of potential coastal 
extent around southern 
Britain 9840–7830 cal 
BP. Vibrocores through 
submerged old land 
surfaces off the coast of 
Britain at depths of 
31.68 m (VC39), 
24.01 m (VC51), and 
23.9 0 m (VC29) were 
OSL-dated The map 
extrapolates the contour 
of the VC29 vibrocore 
site (Source: Humber 
Regional Environmental 
Characterisation Data 
from Tappin et al. 
(2011))
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deer, members of the grouse family, and rodents, all compatible with the contents of a Mesolithic diet 
shared by humans and dogs, essentially reinforces the impression of a later Mesolithic 
environment.

What is surprising is that the lower strata provide DNA evidence of Triticeae, that these finds relate 
to domesticated einkorn wheat, and that these indicators dominate the plant profile in the upper strata 
(81% of the signal for flowering plants). The pollen from this zone does not indicate the presence of 
larger cereals, which would be expected if they had been grown locally, Assuming that the evidence 
of DNA is not intrusive from later deposits, then the source of the Triticum signal must come from 
wheat imported from elsewhere.

The occurrence of domesticated wheat 8,000 years ago on the British continental shelf appears to 
be unexpectedly early, given that Neolithic assemblages are not established on the mainland of north- 
west Europe until 7500 BP in the central Rhineland, 7300 BP in the Rhine/Maas delta and adjacent 
areas, and 7400 BP in western France (Crombé and Vanmontfort 2007; Louwe Koojimans 2007; 
Marchand 2007; Robb 2013; Tresset and Vigne 2007).

Publication of these results has, not surprisingly, proven controversial and several responses have 
sought to counter the results largely on technical grounds. Despite this, the team involved in the study 
has not identified any reason to suggest that the results reflect intrusive genetic material nor any tech-
nical issue that might have led to a false positive identification of grain DNA within the sediment and 
during the late Mesolithic period assigned to the sediment layer by the excavators. Currently, the 
results of sedaDNA analysis at Bouldnor are interpreted as evidence for the presence of wheat, a 
domesticated plant associated with the Neolithic, at a site on the British continental shelf 2,000 years 
earlier than would be expected from the known archaeology of the British mainland and 400 years 
earlier than in proximate sites on the European continent.

Our current understanding of the marine data clearly suggests the existence of significant 
emerged landscapes along the east coast dating to the 9th–7th millennia BC. The presence of a large 
Dogger Island until at least the 8th millennium BC is also very likely and detailed modelling of 
coastlines during this period around south-east England (and similar coastlands on the French side 
of the Channel), is likely to demonstrate the former existence of extensive littoral plains and estua-
rine environments that were almost certainly occupied by large hunter-gatherer-fisher populations 
and probably later farmers. The fact remains that these landscapes are almost entirely unexplored 
and that recent interpretations of the distribution of late Mesolithic and early Neolithic populations 
in north-west Europe rely almost entirely on evidence from sites that would have been some way 
inland during the 9th–6th millennia BC. As a result of this absence of evidence, little account is 
taken of social landscapes in littoral, coastal-plain and estuarine areas where the majority of people 
may well have lived.

At this point, whilst the presence of wheat may indicate exchange via extensive social networks 
stretching across continental Europe, the most likely agency of movement for such material would 
have been by boat. It is clear that the dissemination of some Neolithic traits may have occurred 
very rapidly along the coasts in contrast to the terrestrial interior (Forenbaher and Kaiser 2011). If 
so, the evidence that coastal lansdcapes once existed but have now been drowned except in rare 
cases such as Bouldnor Cliff, and the lack of comparative studies using novel technologies includ-
ing sedaDNA analysis and the investigation of submerged landscapes, suggests that ephemeral 
pioneer events relating to the spread of farming practice may never be detected using the currently 
available data sets and that further detailed research on the marine Mesolithic–Neolithic transition 
is urgently needed.

20 Doggerland and the Lost Frontiers
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20.3  The Lost Frontiers Project

In 2014, as the Bouldnor Cliff sedaDNA data was being prepared for publication, the ‘Lost Frontiers’ 
project team prepared a European Research Council Advanced Research Grant application with the 
aim of investigating the following questions:

 1. How did the Early Holocene Doggerland landscape develop in the face of the ameliorating climate 
and what was the impact of climate-related land loss on the plant, animal and, ultimately, human 
communities of the North Sea plain? (Scoring highly (10, 9, 8 and 6) as research priorities accord-
ing to the recent assessment ((Table 20.1))

 2. At what time did the Mesolithic people of the north-west plains make contact with Neolithic tech-
nologies and practices and what form did this contact take? (Scoring 7 and 4 (Table 20.1))

 3. Has our view of the Mesolithic–Neolithic transition been drastically skewed by relying predomi-
nantly on land-based sites? If so, what changes need to be made to existing theories as a result of 
the new data?

In order to achieve these goals the project proposed the following primary objectives:

 1. Produce a near complete topographic map of early Holocene Doggerland, primarily using seismic 
reflection data fully integrated with other data sources (e.g., sea-level curves, seabed cores).

 2. Reconstruct the Early Holocene environments of Doggerland through conventional means and by 
using and developing the emerging methodologies for extracting plant and animal DNA directly 
from sediments cored from the sea-bed

 3. Explore these data for evidence of the colonisation of plants and animals associated with climatic 
amelioration, and also for later markers associated with Neolithisation, including non-indigenous 
flora and fauna

 4. Model possible dynamic scenarios for the geomorphological, ecological and, by inference, the 
human history of Doggerland using complex systems simulations.

 5. Provide a robust, global framework for future research and management of these extraordinary 
scientific, heritage and educational resource associated with comparable landscapes around the 
world.

The proposal was submitted under the title ‘Europe’s Lost Frontiers: exploring climate change, 
settlement and colonisation of the submerged landscapes of the North Sea basin using ancient DNA, 
seismic mapping and complex systems modelling’. The project has since been accepted and was initi-
ated in December 2015.

Whilst it is not the intention to reproduce the ERC application here, it is worth outlining some of 
the principles underpinning the project in order to disseminate awareness, encourage methodological 
debate and, hopefully, to stimulate collaborative research between the emerging research groups iden-
tified through the SPLASHCOS initiative and dotted around Europe, the Mediterranean and similar 
regions across the globe.

A key target within the project is to extend the mapping of Doggerland to achieve the maximum 
coverage possible and provide a suitable context for simulation studies of human movement and set-
tlement. Whilst new data sources, including surveys associated with recent wind-farm development, 
have become available, the coverage of 3D seismic data previously used by the team remains of lim-
ited extent. Much of the North Sea is covered only by 2D seismic data, and the intensity of this cover-
age is variable (Fig. 20.4). The lack of detailed 3D survey throughout the area is problematic but the 
project team have demonstrated that 2D data may be used as a proxy when coverage is suitably dense 
(Fitch et al. 2011).

The interpreted data from earlier projects is, however, adequate to identify a series of palaeochan-
nels that are known to possess sediments suitable to be cored for palaeoenvironmental data. Two 
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valleys will act as sampling transects stretching from the mainland of Britain to the Outer Silver Pit 
Lake and from the Lake onto the area associated with the Dogger Island (Figs. 20.5 and 20.6). These 
transects seeks to cross the areas putatively associated with the Neolithic–Mesolithic transition and to 
establish the nature and rate of transgression in a consistent manner. A minimum of 100 cores will be 
assessed for the state of preservation of material suitable for ‘conventional’ palaeoenvironmental anal-
ysis (pollen, plant macrofossils, insect remains, ostracods/foraminifera and diatoms) and radiocarbon 
determination. Radiocarbon and OSL samples will be submitted initially for ‘rangefinder’ dates. 
Cores assessed to have sufficient potential will then be analysed in further detail for sedaDNA 
abstraction.

The data from improved, extensive seismic mapping, sedaDNA and palaeoenvironmental analysis 
will then be used to build dynamic models of the changing geomorphology and ecology of Doggerland, 
from the opening of the Holocene around 12,000 BP until its eventual total inundation around 7500 
BP. In a departure from conventional approaches, the intention is to use a complexity systems model-
ling methodology such as Agent-Based Modelling (ABM) for the modelling of ecological processes 
and for simulating the dynamic interaction between the environment and the animals and plants which 
inhabit it. The scale of the modelling which will be attempted has little precedent, and developing the 
appropriate methodologies and software tools will form a significant part of the work programme over 
the following 5 years.

Fig. 20.4 General map of selected available datasets for the southern North Sea and UK northern sector
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20.4  Conclusion

Less than 3 months into the project such objectives are at this moment aspirational but the methodology 
described here should provide a number of advances in respect of traditional marine palaeolandscape 
investigation. Having developed methods of using ‘legacy’ 3D and 2D seismic reflection data to achieve 
maximal, near complete topographic mapping of Doggerland, we have the opportunity to develop and 
extend methodologies for the extraction and analysis of ancient plant and animal DNA directly from 
sediments. In doing so the extensive dating programme within the project can provide an insight into 
the poorly understood ‘ending’ of Doggerland and ascertain whether the inundated landscape, and its 
offshore islands, might possess a substantive, and essentially unrecorded, Neolithic history.

A dated sequence of palaeoenvironmental change within an enhanced digital landscape also pro-
vides significant opportunities for the development of new approaches to distributed simulation and 
visualisation methodologies. This, in many respects, is amongst the most challenging of research 
themes within the project. Whilst agent-based modelling has been undertaken by archaeologists for 
some time, it has yet to be fully accepted as a primary research methodology. In part this reflects the 
complexity of applying such technologies at extensive scales and when using inordinately large num-
bers of agents. However, the poor choice of archaeological projects in which to apply ABM modelling 
may be regarded, on occasions, as a key stumbling block. Not all archaeological processes are equally 
amenable to such modelling. In contrast, the modelling of plant and animal colonisation of Doggerland, 
along with the inference of human activity, is an attractive prospect given that the region, by defini-
tion, is largely inaccessible to traditional archaeological prospection. It is also true that, in the absence 
of other evidence, we cannot presume to fully understand the complexities of life on the great European 
plains simply on the basis of terrestrial finds. Consequently, the iterative simulation of climatic 
change, sea level rise and consequent landscape transformation, undertaken on the basis of a new 
geographical and temporal dataset, has much to offer archaeological enquiry within the North Sea and 

Fig. 20.5 Map showing course of two submerged river valleys to be targeted for coring by the Lost Frontiers project 
team, overlaid on NSPP project base map (Gaffney et al. 2007)
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comparable landscapes elsewhere. In doing so the project’s ultimate goal is to assess how human 
populations may have reacted to the evolving landscape and to generate novel research agendas for 
future archaeologists.
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 Appendix. The Naming of Parts: Doggerland, Agderia or Northsealand?

An increasing interest in the archaeology of the North Sea in recent years has been driven by signifi-
cant amounts of new fieldwork, collaborations with offshore industry and, more recently, synthetic 
publications on the subject. All of this has stimulated debate in a fruitful manner. One area of discus-
sion relates to the utility of the name Doggerland for the area under study. There have been proposals 
to replace this with the term Northsealand (Childe 1957; De Roest 2013, p. 13 note 2; Leary 2015, 
p. 113) whilst there has also been a suggestion that individual national sectors of the inundated land 
mass may also be separately named including the proposal to name the Norwegian sector ‘Agderia’ 
(Hammer et al. 2016). The Lost Frontiers project team has considered such proposals but remains of 
the opinion that to relinquish the term Doggerland seems unreasonable at this time and it is perhaps 
worth making some comment on this decision.

The underlying assumption of the proposed change, which as far as can be discerned is primarily 
mooted by archaeologists, is that somehow archaeology has imposed this name and perhaps that it is 
in some senses a ‘loaded’ term. There may also be a presumption that this is an English archaeological 
imposition given the general attribution of the name to Bryony Coles following her seminal paper in 
1998. While we were writing this chapter, Professor Coles (2016) published a short paper on how she 
came to use the term Doggerland and the reasons for doing so. Nevertheless there is still a persistent 
view that the physical significance of the Dogger Bank as a geographical feature has been overstated 
and that this undermines its claim for toponymic extrapolation over the wider North Sea area.

At this point we suggest that at least some of the current discussion is confused. To begin with, the 
assertion regarding the nature of the banks is essentially a misunderstanding of the geomorphological 
evidence and literature. Whilst it is true that our own work has noted that the profile of the current 
banks largely reflects post-inundation deposition, this should not be understood as asserting that the 
area of the banks was topographically insignificant (Gaffney et al. 2009, p. 68). Indeed, the scarp, 
possibly a moraine feature, on the northern edge of the banks, must have been one of the more promi-
nent features within the North Sea basin and this, separate from the modern Dogger Banks, was pre-
sumably associated with the area of the former Dogger Hills. The fact that the scarp was relatively 
prominent explains why even the earliest regional maps identified this as a significant upstanding 
coastal feature near the beginning of the Holocene. In geomorphological terms, it is significant, and 
was probably always significant to the geographical perceptions of the past peoples who lived on the 
North Sea plain.

The history of the term Doggerland is also intriguing. In respect of the nautical use of the term, 
Flemming (pers. comm. 2014) has noted that there is a real need for a formal study of the toponymy—
the ‘place names’—of the North Sea. The term Dogger does not appear to be English and may refer 
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to a double-masted Dutch ship (from Dogge—trawler?). Its later transformation to a toponym repre-
senting a larger landscape is often credited to the archaeologist Bryony Coles. More recently, Leary 
(2015, p. 113) noted that Vere Gordon Childe referred to the area as Northsealand perhaps as early as 
1957. Whilst this earlier claim to precedent may appear to give the discipline the authority to rename 
the area, archaeologists, in particular, should be cautious when faced with appeals to apparent 
authority.

In fact, the term Dogger Land (written as two words) seems to have been in use in respect of the 
inundated landscape as early as 1952 in Bryan P. Beirne’s (1952) volume on the ‘The Origin and 
History of the British Fauna’, in which chapter VII is entitled ‘The Cambrian Channel and Dogger 
Land Survivors’. The chapter title has echoes of Clement Reid’s (1899) ‘The Origin of the British 
Flora’. Given that Reid also brought the issue of the Dogger Bank to the attention of generations of 
geologists and archaeologists in his later work (Reid 1913), it is possible that there was a continuity 
of usage extending from Reid into later decades of the twentieth century. In following this line of 
thought, a Google Ngram search for the term ‘Doggerland’ revealed a number of references that occur 
from the 1950s but also a number of earlier phytogeographic references including the 1934 Acta 
Phytogeographioca Suecica (Samuelsson 1934, p. 302). More surprising is the fact that from 1919, 
only 6 years after the publication of Clement Reid’s work, Arthur Mee, a noted children’s writer, 
published or commissioned a number of articles on the archaeology and history of the Dogger Bank 
in the ‘Children’s Newspaper’ (Bryant 19191). In an edition of the paper published on the 21st of June 
1919, an anonymous article, entitled ‘Are the Welsh English?’, states that:

The English came chiefly from Doggerland, in the North Sea, and are of the same stock as the Scandinavians; 
but the Welsh came mainly from the West of France and the North-west of Spain; and we find that, as a rule, they 
are darker and shorter. (Anon 1919; Mee 1919, p. 95)

1 The article is signed by “Our Natural Historian” and E.A.B. This was probably Ernest A. Bryant, a regular contributor 
to the paper on the subject of natural history (Holland 2006, 16).

Fig. 20.6 History of the term ‘Doggerland’ in Google Ngram viewer (1900–2008, unsmoothed) (https://books.google.
com/ngrams/graph?content=Doggerland&case_insensitive=on&year_start=1910&year_end=2007&corpus=15&smoo
thing=0&share=&direct_url=t1%3B%2CDoggerland%3B%2Cc0)
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This paper trail suggests that the term Doggerland may have been the product of the work of Arthur 
Mee and the specialists he commissioned to write for children and that the name has been in use for 
nearly a century. It is also a sobering thought that, given the very wide circulation of Mee’s popular 
works (the Children’s Newspaper sold more than 500,000 copies at its peak), the current presumption 
that knowledge of the archaeology of the North Sea was the preserve of the educated few may be the 
product of our discipline’s ignorance of the popular literature of the early twentieth century. It is more 
than likely that nearly a century ago children were discussing the history of the Dogger Banks on the 
streets of Britain. It is equally clear that the immense digitisation projects of the past decade can now 
provide access to literature that we had never previously considered but which may hold relevant 
information on the history of public archaeology. What should certainly be asserted at this time is that 
the archaeological presumption that we can replace such historic toponyms at whim seems less than 
appropriate.2

The final issue relates to the proposed use of the name Northsealand. We appreciate that the term 
Doggerland may be challenged on the basis of its relatively limited regional extent in contrast to the 
North Sea, which approximates the entire area of concern.3 However, this alone does not justify a 
change in terminology. There must be an argument that the term Doggerland at least has relevance to 
a significant geographical feature that would have been of consequence to the people who lived on the 
plain for the majority of its existence. Uniquely, the area would also have retained significance during 
the final stages of inundation. During this period, the Dogger Hills would have still existed as one of 
the last islands in the southern North Sea during a time when most of the surrounding landscape had 
been submerged and was, perhaps, being slowly forgotten or mythologised. In such circumstances it 
is not difficult to imagine that the island/hills/banks may have achieved considerable meaning to the 
peoples whose ancestors had lived on the surrounding plain. Consequently, if we deign to name the 
lands of those shadowy peoples, then the only longstanding topographic feature that must have 
retained some level of cultural significance throughout the late Pleistocene and earlier Holocene peri-
ods, and presumably was named, was almost certainly the area associated with the Dogger Bank. In 
contrast to this, the North Sea does not represent a comparable feature. No doubt, the developing 
seascape was itself significant to the occupants of the plain, although equally the rise of the sea 
occurred over a period of c.13,000 years, and for much of that time was of no consequence to peoples 
living far away from the coastline. The North Sea, then, is a later feature and simply overlies the land-
scape with which we are concerned. It surely has no real claim to precedence in contrast to the Dogger 
Hills and then the Dogger Island.

Consequently, we argue that archaeologists should retain the use of the term Doggerland in prefer-
ence to Northsealand—or any other name. The toponym has a history of use which precedes the 
recent period of archaeological interest, and most likely has a rationale for the people who lived there 
in respect of the topography of the plain and the history of inundation which led to the later creation 
of the North Sea. Moreover, in a fundamental manner the North Sea was ultimately the destroyer of a 
named land and wiped clean millennia of traditions and cultural geography—it should have no further 
claim on the landscape it so effectively eradicated.

2 Care should be taken with the use of Google Ngram data (Zhang 2015). Similar runs were made using the term 
‘Northsealand’ with no positive results. Given the testified use of the term during the 1950s this suggests a need for 
caution but this may also indicate the relative frequency of use of the two terms within the general academic context 
with which we are concerned.
3 It should also be noted that Leary (2015, p. 113, note 2) actually extends Northsealand beyond the North Sea to include 
the English Channel, whilst the existing toponym Nordsjælland refers specifically to the northern part of the Danish 
island of Zealand and the area north of Copenhagen. The specificity of competing terms would therefore appear to be 
more complex than some arguments have acknowledged.

20 Doggerland and the Lost Frontiers



318

References

Anon (1919) Are the Welsh English? In: Mee A (ed) The children’s newspaper, 21 June 1919, p 7
Beirne BP (1952) The origin and history of the British fauna. Methuen, London
Benjamin J, Bonsall C, Pickard C, Fischer A (eds) (2011) Submerged prehistory. Oxbow Books, Oxford
Brennand M, Taylor M (2003) The survey and excavation of a Bronze Age timber circle at Holme-next-the-Sea, Norfolk, 

1998–9. Proc Prehist Soc 69:1–84
Bryant EAB (1919) Dogger Bank men: sleepers in the North Sea bed. Island of life the water swallowed up. The chil-

dren’s newspaper, 19th April, 1919
Childe VG (1957) The Dawn of European Prehistory. Published  1925, 6th edn revised, this repr. 1973. St Albans. Paladin  

(1957)
Coles BJ (1998) Doggerland: a speculative survey. Proc Prehist Soc 64:45–81
Coles BJ (1999) Doggerland’s loss and the Neolithic. In: Coles B, Coles J, Schon Jorgensen M (eds) Bog bodies, sacred 

sites and wetland archaeology. WARP Occasional Paper 12, Exeter, pp 51–57
Coles BJ (2016). The Naming of Doggerland. PAST 83: 14–15. http://www.prehistoricsociety.org/files/PAST_83_for_

web.pdf. Accessed 13 July 2016
Fitch S, Gaffney V, Gearey B, Ramsey E (2011) Between the lines: enhancing methodologies for the exploration of 

extensive, inundated palaeolandscapes. In: Cowley DC (ed) Remote sensing for archaeological heritage manage-
ment. EAC Occasional Paper 5, Occasional Publication of the Aerial Archaeology Research Group No. 3. Europae 
Archaeologiae Consilium, Brussels, pp 173–204

Crombé P, Vanmontfort B (2007) The Neolithisation of the Scheldt basin in western Belgium. In: Whittle A, Cummings 
V (eds) Going over: the Mesolithic-Neolithic transition in north-west Europe. Proceedings of the British Academy 
144, Oxford, pp 263–285

De Roest K (2013) How to cope with a drowning landscape? A research history into changing representations of 
Doggerland in relation to climate change. In: Raemaekers DCM (ed) A kaleidoscope of maritime perspectives: 
essays on the archaeology, art history and landscape history of the maritime world view. Groningen Institute of 
Archaeology and Barkhuis Publising, Groningen, pp 7–15

Flemming NC (ed) (2004) Submarine prehistoric archaeology of the north Sea: research priorities and collaboration 
with industry, CBA Research Report, vol 141. Council for British Archaeology, York

Flemming NC, Cagatay MN, Chiocci FL, Galandiou N, Lericolais G, Joens H, Missiaen T, Moore F, Rosentau A, 
Sakellariou D, Skar B, Stevenson A, Weerts H (2014) Land beneath the waves: submerged landscapes and sea level 
change. A joint geoscience-humanities strategy for European continental shelf prehistoric research. In: Chu NC, 
McDonough N (eds) Position paper 21 of the European Marine Board. European Marine Board, Ostend

Forenbaher S, Kaiser T (2011) Palagruža and the spread of farming in the Adriatic. In: Phoca-Cosmetatou N (ed) The 
first Mediterranean islanders: initial occupation and survival strategies. University of Oxford School of Archaeology, 
Oxford, pp 99–111

Gaffney V, Thompson K, Fitch S (eds) (2007) Mapping Doggerland: the Mesolithic landscapes of the southern north 
Sea. Archaeopress, Oxford

Gaffney V, Fitch S, Smith D (2009) Europe’s lost world, the rediscovery of Doggerland CBA Research Reports 160. 
Council for British Archaeology, York

Godwin H, Godwin M (1933) British Maglemose harpoon sites. Antiquity 7:36–48
Hammer Ø, Planke S, Hafeez A, Hjelstuen BO, Faleide JI, Kvalø F (2016) Agderia – a postglacial lost land in the south-

ern. Nor N Sea Nor J Geol 96(1):43–60
Holland S (2006) Look and learn: a history of the classic children’s magazine. Look and Learn Ltd, London. PDF avail-

able at: http://www.lookandlearn.com/history/Look-and-Learn-History.pdf. Accessed 04 Mar 2016
Leary J (2015) The remembered land. surviving sea level rise after the last Ice Age. Bloomsbury, London
Logan K, Smith O, Ware R, Momber G, Bates R, Garwood P, Fitch S, Pallen M, Gaffney V, Allaby RG (2015) Thermal 

age, cytosine deamination and the veracity of 8,000 year old wheat DNA. BioRxiv preprint first posted online 17 
Nov 2015. doi: http://dx.doi.org/10.1101/032060

Louwe Kooijmans LP (2007) The gradual transition to farming in the lower Rhine basin. In: Whittle A, Cummings V 
(eds) Going over: the Mesolithic-Neolithic transition in north-west Europe, vol 144. Proceedings of the British 
Academy, Oxford, pp 287–309

Marchand G (2007) Neolithic fragrances: Mesolithic-Neolithic interactions in western France. In: Whittle A, Cummings 
V (eds) Going over: the Mesolithic-Neolithic transition in north-west Europe, vol 144. Proceedings of the British 
Academy, Oxford, pp 225–242

Mee, A (1919) The children’s newspaper and children’s pictorial, Issues 1–52. Amalgamated Press, London. https://
books.google.co.uk/books?id=xfVDAQAAMAAJ&q=%22doggerland%22&dq=%22doggerland%22&hl=en&sa=
X&ved=0ahUKEwjdxIXryJ_LAhXF8Q4KHS0GAdUQ6AEIMjAE. Accessed 01 Mar 2016

V. Gaffney et al.

http://www.prehistoricsociety.org/files/PAST_83_for_web.pdf
http://www.prehistoricsociety.org/files/PAST_83_for_web.pdf
http://www.lookandlearn.com/history/Look-and-Learn-History.pdf
http://dx.doi.org/10.1101/032060
http://dx.doi.org/10.1101/032060
https://books.google.co.uk/books?id=xfVDAQAAMAAJ&q="doggerland"&dq="
https://books.google.co.uk/books?id=xfVDAQAAMAAJ&q="doggerland"&dq="
https://books.google.co.uk/books?id=xfVDAQAAMAAJ&q="doggerland"&dq="doggerland"&hl=en&sa=X&ved=0ahUKEwjdxIXryJ_LAhXF8Q4KHS0GAdUQ6AEIMjAE
https://books.google.co.uk/books?id=xfVDAQAAMAAJ&q="doggerland"&dq="doggerland"&hl=en&sa=X&ved=0ahUKEwjdxIXryJ_LAhXF8Q4KHS0GAdUQ6AEIMjAE
https://books.google.co.uk/books?id=xfVDAQAAMAAJ&q="doggerland"&dq="doggerland"&hl=en&sa=X&ved=0ahUKEwjdxIXryJ_LAhXF8Q4KHS0GAdUQ6AEIMjAE


319

Momber G, Tomalin T, Scaife R, Satchell J, Gillespie J (2011) Mesolithic occupation at Bouldnor Cliff and the sub-
merged prehistoric landscapes of the Solent, CBA Research Report, vol 164. Council for British Archaeology, York

Peeters H, Murphy PL, Flemming N (2009) North Sea prehistory research and management framework. Rijksdienst 
Voor Cultureel Erfgoed, Amersfoort

Ransley J, Sturt F, Dix J, Adams J, Blue L (eds) (2013) People and the sea: a maritime archaeological research agenda 
for England, CBA Research Report, vol 171. Council for British Archaeology, York

Reid C (1899) The origin of the British flora. Dulau, London
Reid C (1913) Submerged forests. Cambridge University Press, London
Robb J (2013) Material culture, landscapes of action, and emergent causation: a new model for the origins of the 

European Neolithic. Curr Anthropol 54(6):657–683
Samuelsson G (1934) Die Verbreitung der höheren Wasserpflanzen in Nordeuropa (Fennoskandien und Dänemark), 

Acta Phytogeographica Suecica, Svenska Växtgeografiska Sällskapet, vol 6. Almqvist & Wiksells, Uppsala
Smith O, Momber G, Bates R, Garwood P, Fitch S, Pallen M, Gaffney V, Allaby RG (2015a) Sedimentary DNA from a 

submerged site provides evidence of wheat in the British Isles 8000 years before present. Science 347(6225):998–
1001. doi:10.1126/science.1261278

Smith O, Momber G, Bates R, Garwood P, Fitch S, Pallen M, Gaffney V, Allaby RG (2015b) Response to comment on 
“Sedimentary DNA from a submerged site reveals wheat in the British Isles 8000 years ago”. Science 349:247. 
doi:10.1126/science.aab2062

Sturt F, Garrow D, Bradley S (2013) New models of North West European holocene palaeogeography and inundation. 
J Archaeol Sci 40(11):3963–3976

Sturt F, Van de Noort R (2013) The Neolithic and Early Bronze Age. In: Ransley J, Sturt F, Dix J, Adams J, Blue L. (eds) 
2013People and the sea: a maritime archaeological research agenda for England, CBA Research Report, vol 171. 
Council for British Archaeology, York, pp 50–74

Tappin DR, Pearse B, Fitch S, Dove D, Geary B, Hill J, Chambers C, Bates CR, Pinnion C, Green M, Gallyot J, 
Georgiou L, Brutto D, Marzialetti S, Hopla E, Ramsay E, Fielding H (2011) The Humber regional environmental 
characterisation. British Geological Survey Open Report OR/10/54, Keyworth

Tresset A, Vigne J-D (2007) Substitution of species, techniques and symbols at the mesolithic-neolithic transition in 
western Europe. In: Whittle A, Cummings V (eds) Going over: the mesolithic-neolithic transition in north-west 
Europe, Proceedings of the British Academy 144. Published for the British Academy by Oxford University Press, 
Oxford, pp 189–210

Van der Noort R (2013) Climate change archaeology: building resilience from research in the world’s coastal wetlands. 
Oxford University Press, Oxford

Zhang S (2015) The pitfalls of using Google Ngram data to study language. Wired. (10/12/15,  http://www.wired.
com/2015/10/pitfalls-of-studying-language-with-google-ngram/)

20 Doggerland and the Lost Frontiers

http://dx.doi.org/10.1126/science.1261278
http://dx.doi.org/10.1126/science.aab2062
http://www.wired.com/2015/10/pitfalls-of-studying-language-with-google-ngram/
http://www.wired.com/2015/10/pitfalls-of-studying-language-with-google-ngram/


321

Abstract This chapter examines the evidence of extensive human movements in the lands adjacent 
to the North Sea basin following the Last Glacial Maximum (LGM). We consider recent evidence 
from submerged sites in the southern North Sea and English Channel, and assess the potential for 
preservation of archaeological material under water by reviewing examples from coastal sites that 
have become exposed due to coastal change. We show how these site types hold organic sources of 
data that can be better preserved and survive in richer concentrations and greater quantities than mate-
rial found on land. We place this evidence in geographical and temporal context to consider patterns 
of cultural dispersal and distribution from the late Pleistocene through to the Holocene. We demon-
strate how the land would have been desirable and occupied, and how maritime pathways facilitated 
movement as sea level rose, resulting in wide-ranging transport networks for goods and people. The 
new discoveries of submerged archaeological material provide unique data that needs to be assessed 
if we are to gain a coherent understanding of human adaptation and dispersal across north-west 
Europe and particularly Britain following the LGM.

21.1  Introduction

Climate change and fluctuations in sea level during the Pleistocene enabled people to move repeatedly 
into north-west Europe exploiting extensive landscapes that are now underwater (Lambeck and 
Chappell 2001; Bailey 2004, 2011). The last recorded low stand was during the glacial maximum of 
the Devensian Ice Age. As this period drew to a close, large areas of the continent were accessible but 
frozen until the warming climate thawed the permafrost allowing vegetation to grow, animals to 
graze, and people to move north. As conditions became increasingly favourable, however, the melting 
ice caps led to a progressive rise in sea level, which, albeit with a time lag of several millennia, cov-
ered thousands of square kilometres of land to form the modern coastline.

This chapter will examine human dispersal into north-west Europe following the last glacial maxi-
mum. We will address the responses of cultural groups to the changing environments, look at evidence 
of mobility, the potential for occupation on the now-submerged North Sea basin and in particular the 
challenges faced by Mesolithic populations as their world became increasingly maritime. We will 
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assess archaeological evidence from submerged landscapes and consider its significance when com-
pared with terrestrial data with particular reference to human dispersal prior to the separation of 
Britain from mainland Europe. We will show how well-preserved material evidence from the sub-
merged landscape has provided new insights into the technical ability, cultural links and dispersal 
patterns of the Mesolithic, and highlight the potential to provide a great deal more.

21.2  Human Movement Across the North Sea

Pioneering groups of Magdalenian hunter-gatherers moved towards northern France and into the 
southern North Sea (or ‘Doggerland’, see Gaffney et al., Chap. 20)1 as climatic conditions allowed 
around 15–16,000 years ago (Miller 2012, p. 211). This was the first of numerous waves of migration 
to follow.

The Bølling/Alleröd interstadial or British Windermere climatic upturn from 12,700 cal BC 
showed an improvement in temperature and with it an expansion of human activity including the earli-
est evidence for re-occupation of southern Britain (Tolan-Smith 2008; Miller 2012). This warm spell 
was interrupted for a few hundred years between c.12,200 and 11,900 cal BC by the colder ‘Older 
Dryas’, during which northern latitudes were de-populated, but warmer conditions returned with the 
succeeding Windermere interstadial, and Magdalenian groups expanded into a region south of the 
European loess belt, extending into Belgium, north-eastern France and Britain (Jacobi and Higham 
2011). The relatively rapid response to climatic amelioration indicates that populations had not 
retreated far, and were able to adapt easily to changing conditions. The warmer climate also saw the 
appearance of the Hamburgian, a tradition which is generally regarded as a subgroup of the Late 
Magdalenian, in the northern half of the Netherlands, northern Germany, Poland and extending as far 
west as Roberthill and Howburn in Scotland (Audouze and Enloe 1991; Rensink 1995; Street 1998; 
Ballin et al. 2010). By the end of the Windermere interstadial around 10,950 cal BC, additional groups 
included the Creswellian (Stapert 1985; Jacobi 1991; Barton et al. 2003), the Azilian (Bodu and 
Mevel 2008) and the Federmesser Gruppen (Fig. 21.1). All these groups would have had access to the 
North Sea Basin, which was dry land at the time.

The Creswellian forms a techno-complex that appears to be geographically centred in the drowned 
lands of the North Sea (Peeters and Momber 2014). The technology has been identified in the English 
Midlands and southern counties, in the Netherlands and possibly Belgium (Jacobi 1991; Barton et al. 
2003). The Azilian, like the Creswellian, is believed to be a derivation of the Late Magdalenian. It 
originated in the Basque region but is also found in the foothills of the Alps, and in the Paris Basin 
where it persisted until the end of the Pleistocene.

The Federmesser Gruppen spanned the North European Plain, ranging from the Ukraine to Britain. 
They consumed a varied spectrum of foodstuffs and have been recorded at short-lived dwelling places 
located adjacent to rivers and lakes. The archaeological evidence indicates high mobility and seasonal 
resource exploitation (Deeben 1988; Street 1998; De Bie and Caspar 2000; Crombé et al. 2003, 2013; 
Baales 2004). At a regional level, the Federmesser sites of the Paris Basin and western Belgium 
hosted common technologies demonstrating cultural links despite distances of several hundred kilo-
metres (De Bie and Caspar 2000; De Bie and Van Gils 2009; Miller 2012, p. 220). Furthermore, the 
recovery of marine shells from Bois Laiterie in Belgium provides evidence for interaction with the 
coastal zone that once lay to the west but is now lost beneath the southern North Sea. At the time, sea 
levels were around 50–60 m lower than today, putting the coastline hundreds of kilometres away and 

1 Since the area we refer to in this chapter includes the present-day land surrounding the North Sea as well as the now 
submerged area within it, we use North Sea as a generic short-hand reference, without prejudice to the arguments pre-
sented by Gaffney et al. (Chap. 20) in favour of the term ‘Doggerland’.
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exposing large tracts of land that would have presented ideal lowland fluvial conditions for hunting 
and gathering. The archaeological assemblages with artefacts made of non-local raw materials show 
either large territories or extensive social networks.

The Windermere interval was terminated by the particularly cold Younger Dryas stadial. Forested 
areas in the north were replaced with tundra and human resource exploitation had to adapt to new 
challenges and opportunities. As the forests retreated and the land opened up, large herds of reindeer 
were able to move across the North European Plain, and with them people of the Ahrensburgian, 
showing common characteristics that ranged from north-east France, to northern Germany and across 
the North Sea into Britain, where it is known as the ‘long-blade’ tradition (Jöris and Thissen 1997; 
Barton 1998; Deeben et al. 2000). During more temperate phases of the stadial, the hunter-gatherers 
were able to exploit ranges further north in the warmer months, generally preferring the river valleys 
and lakes of mature river systems. These are patterns of subsistence that are comparable to the Early 
Mesolithic (Arts 1988).

Evidence of marine exploitation by hunter-gatherer groups at the termination of the Pleistocene 
and beginning of the Holocene is negligible, which is not surprising as shorelines of that date are now 
drowned along with any contemporaneous coastal archaeological sites. However, recent discoveries 
in north-west Scotland indicate that the sea was probably used as a means of movement. Excavations 
at Rubha Port an t-Seilich on the Isle of Islay, western Scotland have uncovered a lithic collection of 
worked tools associated with volcanic ash dating to the mid Younger Dryas at 10,300–10,000 cal 
BC. The finds are similar to Ahrensburgian assemblages (Mithen et al. 2015 pp. 404–405) and are 
particularly important as they provide stratified evidence of human activity on the west coast of 
Scotland during the Younger Dryas. They have an added significance because access to this area from 
the east would only have been possible around the north of the Scottish landmass at a time when the 
hinterland was covered by an ice sheet. This fact, along with the distribution of comparable sites in 
the north of Britain (Ballin and Saville 2003; Ballin et al. 2010), and the dearth of sites in the south, 
has prompted Mithen et al. (2015) to argue that the movement of ‘Ahrensburgian’ groups into the UK 
was not from south to north, but rather from east to west along the coastal fringes of the land that is 
now drowned by the North Sea.

Fig. 21.1 Map showing 
the approximate 
configuration of the 
coastline – areas shaded 
light grey would have 
been still exposed as 
land at lowered sea 
level – and a stylised 
pattern of different 
cultures across 
north-west Europe 
towards the end of the 
Windermere or Bølling/
Alleröd interstadial. This 
indicates that large areas 
of the southern North 
Sea would have been 
accessible for human 
occupation
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21.3  The Diminishing Landscape of the Mesolithic

The Holocene began with a sharp rise in temperature around 9450 cal BC (Alley 2000). For a final 
time, the temperate ecosystems moved back north, enriching the landscape and altering the resource 
base. This enabled Early Mesolithic Maglemosian groups to spread through north-west Europe. Their 
presence has been recorded on both sides of the North Sea basin, from Scotland to Poland (Clark 
1936, 1954; Leakey 1951; Rankine 1952; Reynier 2000; Bang-Anderson 2003; Conneller 2009; 
David 2009). The well-watered, low lying plains with nutrient rich alluvial soils would have provided 
a rich environment attractive to herding megafauna and hunter-gatherer groups. However these condi-
tions were not to last as forests spread across the landscape, sea level rise turned fluvial systems into 
marine estuaries and low-lying pastures were drowned. These structural changes in palaeogeography 
and vegetation interrupted long-established migration routes, steadily leading to the replacement of 
reindeer by red deer, aurochs, wild boar and other woodland mammals. The Early Mesolithic toolkit 
shows similarities to the Ahrensburgian, but with an increased use of broad blade microliths that 
reflect the modified subsistence strategies. This change is evident in Early Mesolithic assemblages 
from Thatcham in southern England to Star Carr in the north-east (Wymer 1958; Conneller et al. 
2012).

Around 8400 cal BC a new technology arrived on the margins of mainland Britain. The prevalent 
Early Mesolithic broad blade technologies were now being supplemented by the narrow blade tradi-
tion of the Late Mesolithic. The earliest sites are found on the fringes of the North Sea, along the north 
east coast of Britain. Many were accompanied by substantial structures. These have been found at 
Echline on the Firth of Forth, 8450–8240 cal BC (Waddington 2015), East Barnes, around 8000 cal 
BC (Suddaby 2007), Howick around 7800 cal BC (Waddington 2007a), Mount Sandel in Northern 
Ireland at 7700 cal BC (particularly complex construction measuring Woodman 2003) and Cass–ny–
Hawin on the Isle of Man c. 8200–7950 cal BC (Oxford Archaeology 2016).

The Mesolithic settlement at Howick includes a round hut structure 6 m in diameter and was 
repeatedly occupied for over a century on the top of a low cliff near the Mesolithic coastline. The Cass 
ny Hawin structure is approximately 7 m in diameter with a ring of post holes around a sub-circular 
hollow and an internal redeposited gravel platform. Waddington (2007b) has suggested that substan-
tial structures such as these may have been associated with sedentary or semi-sedentary settlements 
focused on a mixed economy of marine and terrestrial resources in a coastal ecotone, and that this in 
its turn may have been a response to loss of former extensive hunting territories resulting from sea-
level rise. But, equally, similar structures and adaptations could have existed on the now submerged 
coastlines of the North Sea lowlands; if so, they still await discovery.

The large huts found on the British mainland during the early stages of the Mesolithic are not dis-
similar to contemporaneous sites in continental Europe, particularly in Denmark in association with 
the Kongemose and the Ertebølle periods (Pedersen et al. 1997; Grøn 2003; Skaarup and Grøn 2004; 
Jenson 2009). The comparable structures, along with analogous lithic technologies, express a cultural 
link that extended across the North Sea basin. These links are clear in the archaeological record until 
soon after c.7000 cal BC when stone tool technologies in Britain and mainland Europe diverged. It 
should be noted that the archaeological record to date in Britain is skewed towards inland sites as 
coastal and estuarine sites that may have existed before the sea level stabilised around 3500 cal BC 
are now mostly drowned. Discovering such sites is problematic as they are not easy to locate, and 
assumptions that most would have been lost to erosion has stifled the motivation to look. However, a 
brief evaluation of known underwater archaeological evidence and coastal palaeo-landforms provides 
an insight into the potential of sites that could remain below water.

G. Momber and H. Peeters
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21.4  Insights from a Drowned Palaeolandcsape

South of Howick, at the mouth of the River Tees and on the beaches around Hartlepool, reamins of 
submerged forests are intermittently revealed in the intertidal zone. At Withensea, an exposed prehis-
toric landscape of tree stumps became known as Noah’s Woods following its discovery in 1839, and 
an intertidal forest running for about 20 km between Grimsby and Skegness was recorded even earlier 
in the eighteenth century (Tann 2004; Hazell 2008). These prehistoric land surfaces remained hidden, 
protected and unknown until natural erosion exposed them. Traces of Mesolithic human activity can 
be found in such contexts and comprise not only worked flint, but also footprints (Jacobi 1976; 
Waughman et al. 2005; Bell 2007; Sheppard 1912). Other artefacts include a Late Palaeolithic barbed 
bone point and a Mesolithic barbed antler harpoon from below the low water mark at Hornsea, in the 
Tees estuary, and another found close to the low tide mark at Barmston (Brigham et al. 2008). In addi-
tion, there are midden deposits and a worked red deer antler from the Tees Estuary dated to 6750 ± 
180 cal BC (BM-80) (Waughman et al. 2005, p. 8), and a wealth of Mesolithic artefacts in and adja-
cent to the low-lying east coast ria estuaries from the Humber to the Thames (Wymer and Robins 
1994; Wilkinson and Murphy 1995, pp. 90–98, Bridges 1998, pp. 6–8; Brennand et al. 2003; Robertson 
et al. 2005). Indeed, wherever investigations are carried out beneath coastal peat deposits, either well 
preserved environmental or prehistoric archaeological material is found.

The sites dating back thousands of years demonstrate the length of time material can survive in 
stable environments. Preservation can be excellent in sheltered tidal inlets where rising sea levels 
force up the water table, protecting palaeoenvironmental deposits by forming anaerobic peat bogs, 
mires and sedimentary sinks. The process is incremental resulting in the deposition of a continually 
thickening blanket of sediment within the networks of channels. Many finds have come from flooded 
fluvial systems that followed courses into the North Sea basin. These buried palaeo-features are dif-
ficult to detect unless they become exposed on stretches of coastline where the balance has shifted 
from sedimentation to net erosion. Underwater, these sites are obviously even more difficult to find 
but the recovery of prehistoric artefacts and ecofacts from the North Sea during the last 100 years has 
demonstrated that comparable geomorphological conditions exist (Clark 1936; Coles 1998; Flemming 
2004; Gaffney et al. 2009; Chap. 20, Sturt et al., Chap. 28). However, it has not been until recent 
geophysical surveys in the North Sea and the English Channel, that geo-archaeologists have been able 
to identify a complex of channels, plains, wetlands and estuaries associated with the rivers including 
the proto Thames, Solent and now obsolete Bytham River (Gaffney et al. 2007; Gupta et al. 2008) and 
in some cases associated archaeological material, such as the Lower/Middle Palaeolithic finds from 
the A240 site (Tizzard et al. 2014).

Similar palaeo-landscapes occur on the east side of the North Sea, notably within the Rhine/
Meuse estuarine complex. Palaeolandscape modelling of in-filled channels in the adjacent Flevoland 
area has aided interpretation of the Mesolithic-Neolithic landscape (Peeters 2007). Evidence from 
the back- barrier, intertidal and coastal peats show how archaeological material can survive beneath 
land that is now covered by subsequent deposits, and in some cases, by the sea. A submerged exam-
ple was found at the mouth of an estuary at the Maasvlakte-Europoort, the Netherlands, where geo-
archaeological interpretation of the buried landscape led to the discovery of the Yangzte Harbour 
Mesolithic site in Rotterdam Harbour (Vos et al. 2010). Over 500 bone and antler implements, 
mainly harpoon points with parallels to Star Carr, Britain, and Hohen Viecheln, Germany, were col-
lected from this area in the 1970–1980s (Glimmerveen et al. 2004; Verhart 2004). The recent inves-
tigations in the harbour during the development of the Yangtze extension zone between 2005 and 
2014 demonstrated the presence of a Mesolithic occupation site on a sand dune with an intact Late 
Glacial to Mid Holocene sequence in 22–17 m of water dated to 7500–5800 BC (Vos et al. 2010; 
Moree and Sier 2015). In 2011, excavation recovered 46,067 plant remains and artefacts, indicating 
the exploitation of tubers, nuts, fish, birds and mammals (Peeters et al. 2015). The presence of 
Wommersom quartzite and amber indicate movement or trade links that reached at least 147 km to 
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the east (Moree and Sier 2015 pp. 198–194). Water transport would have facilitated mobility and 
movement of goods through this estuarine and coastal seascape, and by the early fifth millennium 
BC widespread distribution of antler mattocks around the fringes of the North Sea indicates the 
development of extensive maritime networks (Elliot 2015).

Bouldnor Cliff is another key site that casts a unique light on questions of human dispersal in the 
Late Mesolithic (Momber et al. 2011; Momber 2014). The archaeological material lies 11 m below 
Ordnance Datum off the north-west coast of the Isle of Wight in the Solent (Figs. 21.2 and 21.3). 
Excavations here have been limited, yet the discoveries give tantalising glimpses of material culture 
and a lithic assemblage showing similarities and links with the continent. One retouched tool is an 
obliquely blunted blade similar to the Azilian category of ‘une piece tronquée’ recorded from sites in 
the Paris basin (Tomalin 2011, p. 152). The same type of blade is also found at the Powell site at 
Hengistbury Head (Barton 1992, p. 229). By contrast, a detached cutting tip of a bifacially prepared 
flint axe blade has been carefully formed with shallow skimming flakes. The regular blade edge has a 
weak S-shaped profile and the cross-section of the axe is a shallow ellipse. ‘The care and symmetry 
displayed in this work is usually associated with Neolithic craftsmanship. The occurrence in a 
Mesolithic context is certainly unusual but perhaps not without Continental analogy (Tomalin 2011, 
p. 152). Axes and picks were used extensively in the region and many have been dragged up from the 
Solent during oyster fishing. Detached tranchet axe flakes were also found at Bouldnor Cliff. The 
abundance of finds in the Solent compares favourably with sites from northern France with similar 
tools, for example at the Mesolithic site of Acquiny (Eure) on the Lower Seine dated at 6510 + 170 
cal BC and with the Middle Sauveterrian ‘pics à crosse’ at Grotte de Larchant south of the Seine 
(Hinout 1989a). After the beginning of the Atlantic Period around 5500 cal BC, picks are also present 
at the Final Tardenoisian site of Ferme de Chinchy at Villeneuve-sur-Fère (Hinout 1989b), at the 
Montmorencien site of Ile de la France, la Forêt de Montmorency (Guyot 1998), and at St Reine de 
Bretagne (Kayser 1989).

The organic material at Bouldnor Cliff includes some 80 pieces of worked wood. Some timbers 
have been fashioned by tangential splitting (Fig. 21.4) while others contain enigmatic workings and 
cuts for which there are no comparisons in the UK. Recent investigations have uncovered the edge of 
a platform or collapsed structure, made mainly from tangentially split timbers together with some 
radially split round-wood (Figs. 21.5 and 21.6). There is no other comparable structure in the Late 
Mesolithic record in the UK. Another piece measuring 0.94 m long and 0.41 m wide dated to 6240–
6000 cal BC (Beta 249,735) represents a fragment of a much larger timber that was converted from 
the trunk of a tall slow-grown oak that would have been a couple of metres wide and several tens of 
metres high (Taylor 2011). Collectively, the artefacts from the site and their relationships indicate 

Fig. 21.2 Garry 
Momber, Maritime 
Archaeology Trust, with 
flints recovered from the 
sea floor after eroding 
from the submerged 
8000 year-old Bouldnor 
Cliff site
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wood working, most probably for constructing a log boat. The wood working technology used to split 
the oak tangentially is of particular interest because this is something that is not seen again in the UK 
until the Neolithic, when it is used in the construction of the Haddenham long barrow at c. 3600 cal 
BC (Evans and Hodder 2006, pp. 185–87).

Pioneering extraction of sedimentary ancient DNA (sedaDNA) has revealed further information 
about activities on the site at Bouldnor Cliff (Smith et al. 2015). Samples were recovered from an 

Fig. 21.3 A selection of 
flakes and bladelets 
recovered from the 
seabed at the Bouldnor 
Cliff site

Fig. 21.4 Tangentially 
split round wood from 
the Bouldnor Cliff 
timber assemblage. 
Scale in cm
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Fig. 21.5 Edge of a platform or collapsed structure consisting of tangentially split timbers alongside radially split 
round-wood

Fig. 21.6 Split and trimmed timber from the platform or collapsed structure at Bouldnor Cliff
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archaeological horizon within a relict fluvial sand-dune context that was capped by peat deposits (see 
Gaffney et al., Chap. 20). The find demonstrates the presence of cultivated einkorn wheat at a UK site 
over 2000 years before agriculture is conventionally supposed to have reached Britain (Malone 2001). 
The distance of many hundreds of kilometres from any contemporaneous sites where einkorn was 
grown makes the discovery controversial and further evidence from sites that would help bridge the 
gap is needed. However, the presence of an outlier extending beyond the known frontier of Neolithic 
expansion is not impossible, given the pattern and rate of dispersal of einkorn in continental Europe, 
and the acknowledged mobility of Mesolithic groups as discussed above.

21.5  Discussion

The common cultural signatures seen on both sides of the present-day North Sea from the Magdalenian 
to the Late Mesolithic indicate extensive interconnections across the now-submerged landscape of the 
North Sea Basin. The range of Late Palaeolithic sites shows how the area was traversed by the 
Hamburgian culture while a Creswellian technocomplex was centred at its heart. The recolonisation 
was interrupted by climatic downturns but human populations were quick to reoccupy land once con-
ditions improved. It would therefore appear that populations did not retreat far, and it is possible that 
the lowland areas of the North Sea Basin afforded a population refuge during periods when higher 
ground was climatically inaccessible, notably for the Federmesser and Ahrensburgian groups. The 
fluvial and alluvial systems made the plains mineral-rich and attractive for a range of resources includ-
ing herds of reindeer or other large mammals. The extent to which these areas were exploited remains 
largely unknown as the landscape and coastlines have since become inundated. However, the presence 
of marine shells at the Federmesser site of Bois Laiterie in Belgium demonstrates interaction with the 
coastal zone through long distance movements or inter-group exchange (see also Larsson, Chap. 11 
for similar indications in southern Scandinavia).

At the beginning of the Holocene, when the broad-blade Maglemosian extended to the north and 
west, it is probable that these groups also had the capability to move along coastlines and exploit 
marine resources. The isotope evidence from canine bones at Star Carr shows a diet containing sea-
food indicating connection with the coastline (Clutton-Brock and Noe-Nygaard 1990; Chatterton 
2003; Fischer et al. 2007).

As the transgression advanced and the water rose, people evolved new strategies to make use of the 
changing conditions. The arrival of Late Mesolithic groups in northwest Britain in the middle of the 
ninth millennium BC was possibly a response to a loss of territory in the lowlands to the east. 
Watercraft are likely to have been used to facilitate the movement of people and resources although 
direct evidence is largely lacking at present. The archaeological evidence shows how networks 
expanded along coastal routes and boats would have allowed people to travel long distances to new 
territories relatively rapidly through an expanding system of coastlines and river estuaries. Waddington 
(2015) cites supporting evidence for a maritime dispersal in the pattern of dates and distribution of 
early narrow-blade technologies at the beginning of the eighth millennium BC along the north-east 
coast of England and lowland Scotland, around the north coast of Scotland, then south to Ireland, the 
Isle of Man and Caldey Island in the Bristol Channel off the coastline of south Wales.

A later southerly dispersal appears to have taken place in the south and east of the British mainland, 
showing connections with northern France and Belgium. These relatively late arrivals to the British 
mainland followed a more southerly route from the northern French region. It is uncertain whether the 
pathway into southern England was purely terrestrial or involved maritime travel along coastlines and 
rivers but most Late Mesolithic sites are associated with rivers or estuaries and recent discoveries on 
the Isles of Scilly show how developed maritime abilities appropriate to Atlantic waters were present 
by the beginning of the 6th millennium BC. The discovery of microlithic trapezes typologically linked 
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to the Belgian region provides direct evidence for movement between the Islands and mainland 
Europe by boat around 6000 BC (Garrow and Sturt 2015), most likely via the south coast of England 
in the vicinity of the Solent and Bouldnor Cliff.

It is against this backdrop that the Bouldnor Cliff finds gain added significance, providing insights 
into human dispersal and links with mainland Europe at a time when the most likely pathways of 
movement were dominated by the progressive encroachment of estuarine and coastal conditions. 
Bouldnor Cliff contains a material culture that shows similarities with mainland Europe, wheat that 
must have been derived from Europe, a wood-working technology that is more akin to the Neolithic 
than the Mesolithic and microlithic trapezes similar to those in France and Belgium. It is therefore 
plausible to suggest that goods and cultural influences reached the Isle of Wight from western France 
or the lower Rhine Basin with the aid of watercraft via estuaries and coastlines at the western end of 
the ‘proto-English channel’ before Britain was finally separated from the European mainland.

21.6  Conclusion

The body of evidence in the archaeological record serves to demonstrate the value of the submerged 
landscapes to resolve questions about human occupation and dispersal across north-west Europe fol-
lowing the LGM. First, the high level of mobility, subsistence patterns and cultural links across the 
North Sea basin demonstrate the very strong likelihood that it was occupied and was the focal point 
of at least one techno-complex. As such, archaeological investigation within it could give information 
that would make our understanding of these cultures less fragmentary and indeed necessary if we wish 
for a coherent appreciation of post-LGM human occupation patterns.

Secondly, the evidence has a great deal to tell us about the use of coastal resources, adaptation to 
an increasingly marine environment and development of maritime skills as the sea level rose. Sea level 
rise was persistent throughout the Early Holocene and as such, most Mesolithic coastlines where this 
evidence is to be found now lie underwater.

Thirdly, it is the drowned landscapes that hold the data needed to provide insights into the cultural 
changes that followed the separation of Britain from mainland Europe. Bouldnor Cliff is an example 
of a site with high levels of technical skill that shows evidence of cultural links to the south-east and 
the west. It was occupied just before the network of rivers between Britain and the continental land-
mass was disrupted by the creation of the North Sea. This was a mature landscape rich in resources 
before it was drowned and the ensuing coastal squeeze forced its inhabitants to retreat upslope or 
migrate elsewhere.

Finally, the preservation potential for fine organic material and organic artefacts is invariably 
greater than in terrestrial deposits. It is a very rich archive that can provide high concentrations of 
archaeological material of a type that has rarely survived on sites in present-day terrestrial locations.

Despite the limited number of sites, the evidence for early human activity on the drowned lands of 
the continental shelf is significant and tangible. It remains an understudied archive of data that can 
contribute to our understanding of human dispersal, colonisation and behavioural variability. The sites 
have demonstrated that organic material and DNA- rich sediments can survive and remain well pre-
served for many millennia. These results are causing us to rethink the technical abilities of our Stone 
Age ancestors. The remains at Bouldnor Cliff and the targeted discovery in Yangtze Harbour indicate 
that there could be many more well preserved sites entombed within the submerged palaeo-landscape. 
The next question is where to find them. An understanding of geomorphological changes in response 
to rising sea levels can help target areas where the circumstances for preservation were greatest and 
where the environments remained stable (see in particular Hepp et al., Chap 14, Karle and Goldhammer, 
Chap 15, and Gaffney et al., Chap 20 for relevant work in the North Sea Basin. Many such examples 
are present along and offshore of the modern coastline and many of these landscapes survive 
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underwater. Once we have sufficient data about these offshore landforms and we can use the evidence 
from currently known sites to relate human activity to the landscape, the resulting models should help 
us pinpoint sites with the highest potential.
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Abstract The Aegean Region has remained marginal to research into human origins despite its key 
position in the multiple movements of animals between Europe and Asia. A possible explanation for 
this is that the Palaeolithic remains are invisible because they lie beneath the sea, whilst research in 
the field was hitherto developed on the mainland. In this chapter we make the submerged land, the 
coastal zones and the islands a unified research focus to examine the main, long-term and short-term 
geological and geotectonic processes which have controlled the development of Pleistocene land-
scapes in the Aegean Region above and below the fluctuating sea-level. We integrate evidence on the 
geology, tectonics, morphology and hydrogeology of the shallow coastal and shelf areas in order to 
reconstruct the palaeogeography. Given the variable tectonic evolution and geomorphological con-
figuration of the coastal and shelf areas, we divide the Aegean into nine geographical units. Each unit 
has its own geotectonic and morphological history and offers a frame of reference to assess land- 
routes and the natural resources available to hominins at different times of the Pleistocene. We link 
this palaeogeographic reconstruction to the discussion of the early occupation of Europe. This allows 
the NE Mediterranean to become part of the discussion about hominin dispersals into Europe through 
a south-eastern route and gives a more complete view of the variations in Palaeolithic settlement.

22.1  Rationale, Aims and Methods

The Aegean Region, henceforth the Aegean, has remained marginal to research into human origins 
(Bar-Yosef and Belfer-Cohen 2001; Moncel 2010; Jöris 2014). Until recently, agreement about Lower 
Palaeolithic material involved only the Petralona Cave in Macedonia and the Kokkinopilos red beds 
in Epirus. Associated with a Homo heidelbergensis cranium and a handful of large cutting tools with 
bifacial retouch respectively, the two sites have remained controversial with respect to their strati-
graphic context and date (see discussion in Darlas 2014; Galanidou 2016). Simultaneously, palaeon-
tological work showed the central position of the Balkan Peninsula in the successive dispersal episodes 
of Early and Middle Pleistocene animal populations between west Eurasia and the east (Azzaroli 
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1983; Koufos 2001; Palombo et al. 2006; Rook and Martínez-Navarro 2010; Rodríguez et al. 2013; 
Khatib et al. 2014), thus emphasizing the potential of the region to yield material that would enhance 
the discussion on the early occupation of Europe. In recent years, excavations conducted by the 
University of Crete have unveiled two early sites: Rodafnidia an open-air site at Lisvori on Lesbos 
Island; and the Kythros Cave, a collapsed karstic complex on the rocky shore of the island of the same 
name in the Inner Ionian Archipelago. Both yield archaeology and radiometric dates that securely 
place hominin activity in the Middle Pleistocene (Galanidou 2013, in press; Galanidou et al. 2013, 
2016b). The sites are situated on islands of different configuration and size, which at times of low sea 
levels—certainly during the periods of hominin presence—would have been joined to mainland 
Anatolia and Greece respectively. Their interpretation demands palaeogeographic reconstructions so 
as to understand the impact of changing sea levels on connections between the islands and their adja-
cent landmasses and the dynamic history of the drowned landscapes of the Aegean and Ionian shelves.

In this paper we make the submerged landscapes, the coastal zones and the islands of the Aegean 
a focus of research to review the main geological and tectonic processes which have controlled their 
evolution. We discuss the attractions that these three interconnected geographic entities may have 
offered to hominins either to settle or disperse into Europe following a north-western route from the 
Levantine corridor. Our discussion refers to the period of the Middle Pleistocene (<780–126 ka) and 
Upper Pleistocene (<126–12 ka). Our point of departure is the conviction that Palaeolithic research in 
this part of the world ought to move beyond a mainland-focused paradigm that regards continental 
Greece as the only area offering good prospects for finding early sites.

The initiative for studying the geological evolution of the submerged landscapes as a critical 
parameter has been developed within the framework of COST Action TD902 SPLASHCOS, (Bailey 
et al. 2012) and the writing of the European Marine Board’s Position Paper 21 recommending archae-
ological and palaeoclimatic research on the drowned prehistoric landscapes of the European continen-
tal shelf (Flemming et al. 2014). In line with these developments, we view the submerged landscapes 
of the Aegean and its ‘islandscapes’ (see also Ward and Veth, Chap. 24) as areas worthy of systematic 
research, marking possible passageways and/or settlement areas for early hominins according to vary-
ing climatic and geographical opportunities.

The Aegean (Fig. 22.1) is an almost land-locked sea and coastal area in the NE Mediterranean that 
has repeatedly been transformed into an archipelago by sea level rise as in the present Holocene 
epoch, and an extended land mass with lake basins by falling sea level. During the low sea levels of 
the Pleistocene many of the present islands were connected to the Eurasian mainland, offering a much 
larger area of land for hominin occupation. Elsewhere we have argued that the archaeological record 
for the Pleistocene Aegean bears witness to a great geographical and temporal diversity, with both 
continuity and rupture (Sakellariou and Galanidou 2016). Although the Aegean as a geographic entity 
has been employed in larger scale reconstructions of the past as lying at the heart of Eurasia, in prac-
tice its Palaeolithic archaeology embraces the biogeographic influences of southern Europe in main-
land Greece and the Ionian Sea, of western Asia along the islands of the East Aegean Sea and of 
mainland Greece, North Africa and possibly western Asia in Crete. In harmony with these multi- 
directional influences, we propose a palaeogeographic subdivision of the Aegean into nine units based 
on the particular geomorphological evolution of distinct regions, which stand out as individual tec-
tonic blocks (or groups of blocks) and exhibit discrete geotectonic histories. We consider that the 
overall geodynamic outline and the morpho-tectonic structure of the Aegean act as a backbone for the 
discussion of the morphological evolution of the continental Eurasian shelf. We present a short 
description of the geological, tectonic and hydrogeological background against which the information 
on the natural resources available to hominins can be evaluated. Our palaeogeographical reconstruc-
tions of the shallow coastal and shelf areas in each unit are complemented by an overview of the 
Palaeolithic archaeology and palaeontology.
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22.2  Aegean Geodynamics, Geology and Hydrogeology

The Aegean is a unique environment in terms of active geodynamics, plate movements, on-going 
geological processes, formation of new relief and dynamically changing landscapes. The driving 
force is the convergence between the Eurasian and the African continental plates. The westward extru-
sion of the Anatolian continental block along the North Anatolian Fault, the NNE-ward subduction of 
the Eastern Mediterranean lithosphere beneath the Hellenic Arc, the subsequent SSW–NNE extension 
of the Aegean back-arc region, the collision of NW Greece with the Apulian block in the northern 
Ionian Sea north of the Kephallinia Fault and the incipient collision with the Libyan promontory south 
of Crete are the main, ongoing, geodynamic processes (McKenzie 1970, 1978; Dewey and Sengoer 
1979; Le Pichon and Angelier 1979; Le Pichon 1982; Le Pichon et al. 1982, 1995; Angelier et al. 
1982; Meulenkamp et al. 1988; Mascle and Martin 1990; Taymaz et al. 1991; Jolivet 2001; Armijo 
et al. 1999, 2004; Kreemer and Chamot-Rooke 2004).

The build-up of stresses along the boundaries and in the interior of the Aegean leads to brittle (and 
ductile) deformation in the upper crust expressed in normal, reverse or strike slip faulting. Long-term 
vertical tectonics associated with the activity on major tectonic elements and faults creates a puzzle of 
small-scale blocks each displaying a different history of uplift or subsidence.

Fig. 22.1 Shaded relief map of the Aegean region extracted from the CGMW/UNESCO Morpho-Bathymetry of the 
Mediterranean Sea (Brossolo et al. 2012) with location of Middle and Upper Pleistocene archaeological sites

22 Aegean Pleistocene Landscapes
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The active, long-term, geodynamic processes, crustal movements and deformation of the Aegean 
also give rise to violent, short-term, geological events. Regional or local-scale phenomena such as 
onshore and offshore slope and coastal failures or earthquake-induced subsidence overprint the effect 
of long-term geodynamic movements and can temporarily amplify or moderate long-term trends of 
landscape evolution. Eustatic sea-level fluctuations are superimposed on these long-term geological 
processes. The result is a dynamically changing boundary at the land-to-sea interface, where vertical 
tectonic movements, sedimentation, erosion, coastal slope-failures and sea-level fluctuations force 
coastlines to move vertically and horizontally on a variety of time scales.

The geological structure of the Aegean (Fig. 22.2) resulted from the successive closure of different 
branches of the Mesozoic Tethys Ocean and evolved in the course of four orogenic cycles from 
Dogger to Miocene. The present arc-shaped configuration and rupturing derives from the overprinting 
of the Plio-Quaternary geodynamic regime on the Alpine structure. The basement geology of the 
mountainous regions of Northern Greece and North-western Turkey comprises Alpine and Pre-Alpine 
metamorphic rocks and sedimentary and volcanic rocks of Mesozoic and Cenozoic age. Extended 
Quaternary alluvial plains occur predominantly on the North Aegean coasts and are associated with 
major river-delta formations. The eastern parts of the Greek mainland, the Central Aegean Archipelago 
and the opposite coasts of Turkey are mostly built from Alpine sedimentary rocks and metamorphic 
rocks. Quaternary volcanic rocks and active volcanoes occur in the Central Aegean Island Bridge. The 
mountain chain of Western Greece, from Epirus in the north to the South Peloponnese in the south and 
through the islands of the Hellenic Arc to Southwest Turkey consists predominantly of folded and 
thrusted sedimentary rocks of Mesozoic to Cenozoic age. Late and Post-Alpine, Oligocene to Miocene 
and Pliocene sedimentary deposits occur at various regions in between the Mesozoic mountain chains, 
filling back-arc and molassic basins arranged parallel to the Alpine trend or neotectonic, Plio- 
Quaternary grabens cutting across the Alpine trend.

Mesozoic limestone and marble constitute a major component of the Aegean geological structure. 
Marble occurs in the metamorphic provinces of Northern Greece and NW Anatolia, the eastern part 
of Central Greece, the Central Aegean Islands (Cyclades) and opposite the Anatolian coast and along 
the Hellenic Arc (SE Peloponnese, Crete, Rhodes). Limestone forms the major part of the basement 
geology of the western part of mainland Greece, the Ionian and Aegean Islands and SW Anatolia. 
Clastic sedimentary rocks (Tertiary flysch, Triassic-Jurassic siltstones and early rift sandstones) form 
the second major component of the Alpine stratigraphy. Metamorphosed clastic sediments (mainly 
greenschists and phyllites) along with metamorphosed volcanics (greenschists, blueschists) complete 
the basement geology in the metamorphic provinces.

Folding and thrusting during the Alpine orogenic phases has led to the creation of complex geo-
logical structures and the deformation of the initial stratigraphic rock succession. Vertical and lateral 
transition between permeable limestone and marble and impermeable clastic sediments and metamor-
phic rocks results in suitable hydrogeological conditions for the formation of very significant aquifers 
in the karstified carbonate rocks. The interplay between hydrogeological structure and morphological 
relief defines the development of major karstic springs at the interface between marble/limestone and 
sedimentary/metamorphic rocks. Submarine, karstic, fresh or brackish water springs are known from 
very many places along the coastline or at shallow depths below the present sea level. Submarine 
springs constitute a major factor in the submerged landscape survey and are of paramount importance 
for the submerged Palaeolithic archaeology since fresh-water points have always been attractive to 
humans and animals.
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22.3  Aegean Shelf Morphology and Palaeogeography

The North Aegean shelf, north of the North Aegean Trough, is the widest one in our study region. The 
largest rivers of the Southern Balkan Peninsula flow through mountainous Northern Greece and out-
flow here, feeding the shelf with huge quantities of new sediment. The Aegean Sea between the North 
Aegean Trough and the South Aegean Basin includes the vast majority of the numerous islands and 
islets which comprise the Aegean Archipelago. Many of them, like the Cyclades, are separated from 
each other by shallow shelves. Yet others again, like the East and Northeast Aegean Islands, the East 

Fig. 22.2 Geological and Morpho-Tectonic Map of the Aegean, extracted from the Geological and Morpho-Tectonic 
Map of the Mediterranean Domain (Mascle and Mascle 2012) and modified. KF Kephallinia Transform Fault, NAF 
North Anatolian Fault
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Dodecanese and the North Sporades Islands, are separated from each other and from the adjacent land 
masses of Greece or Turkey by shallow shelves. Two island bridges, a southern one in the Central 
Aegean and a northern one in the North Aegean Sea, connect the mainland of Greece with the land-
mass of Anatolia.

Fast but not uniform uplift prevails along the southern and eastern part of the Hellenic Arc, which 
is segmented by numerous faults. On the top of the uplifted blocks, the islands of the Hellenic Arc rise 
well above sea-level and are separated by narrow and deep, faulted trenches. This active environment 
has led to the formation of high relief and consequently does not favour the development of an 
extended shelf. The shelf off the mostly rocky coasts of the Hellenic Arc Islands is very narrow and 
nowhere exceeds a few kilometres in width.

The western part of the Hellenic Arc, from Corfu to South Peloponnese, displays a similarly nar-
row shelf. The Ionian margin hosts the deltaic plains of some of the largest rivers of Greece. Here, the 
shelf reaches maximum a width of up to 15–20 km near the river deltas but in most areas does not 
exceed 2–5 km.

22.4  Submerged and Coastal Landscape Analysis and Archaeology

Given the above geological and tectonic factors, we divide the Aegean into nine geographical units, 
each with its own morphological, geological, tectonic, hydrogeological and sedimentological charac-
teristics (Fig. 22.3). The boundaries coincide closely with major fault zones separating crustal blocks 
with different tectonic characteristics (compare Figs. 22.2 and 22.3).

We present landscape reconstructions for each unit in turn, based on our understanding of long- 
term geological processes and likely patterns of landscape evolution since the Middle Pleistocene. We 
support the discussion with maps that show areas of the offshore shelf exposed during one or more 
low sea-level periods of the Middle and Upper Pleistocene. These offshore areas mainly comprise 
basement rocks with a thin sediment cover and show a close relationship with prevailing tectonic 
movements along major faults that define the boundary between areas of exposed land and areas sub-
ject to long-term subsidence and sediment accumulation. Finally, we integrate the available archaeo-
logical data on the distribution of Palaeolithic sites and highlight the important factors which need to 
be considered in future surveys of submerged landscapes and underwater Palaeolithic archaeology.

22.4.1  North Aegean Shelf

The North Aegean Shelf belongs to the relatively ‘non-deforming’, rigid Eurasian continent (Fig. 22.4). 
Geological, sedimentological and tectonic processes and movements over longer periods have raised 
the mountainous regions of the Chalkidiki Peninsula and the Thasos and Samothraki Islands and 
formed sedimentary basins and lowlands comprising the present alluvial plains and submerged shelf 
area. Coastal subsidence varies between 0.05 and 1.2 mm/year along the coastline (Perissoratis and 
Conispoliatis 2003).

The shelf is up to 15–20 km wide. Four large rivers (Axios, Loudias, Aliakmon and Pinios) drain 
the eastern part of the Central North Greece mountainous area and outflow in the Thermaikos Gulf. 
The Strymon, Nestos, Filiouris, Kompsatos and Evros Rivers flow through the metamorphic basement 
of the Rhodope Mountains and outflow into the Strymonikos Gulf and Samothraki Plateau.

Systematic subbottom profiling (Perissoratis and Mitropoulos 1989; Piper and Perissoratis 1991) 
has identified the major riverbeds on the submerged landscape and connected them to the present riv-
ers, while a number of ephemeral lakes and at least two permanent ones (Ierissos and Alexandroupoli) 
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existed in this area. The 14–16 ka shoreline has been mapped at about 120 m below present sea-level. 
The shelf area was exposed during the low sea-level stages of the Middle and Upper Pleistocene 
(Lykousis 2009), and the exposed land included the Thassos and Samothraki Islands, which would 
have been connected to the mainland to the North.

Hominins were present as early as the Middle Pleistocene according to the finds from the Petralona 
Cave (Hennig et al. 1982; Latham and Schwarcz 1992; Grün 1996). Upper Pleistocene evidence is 
represented by a small number of Middle Palaeolithic sites, namely the open-air site at Rachona near 
Pella (Darlas 2011), the Cave site by the Agitis Sources in Drama (Trantalidou 1989; Trantalidou and 
Darlas 1995), Therma near Strymon (Kourtessi-Philippakis et al. 1993) and further east in the Rhodope 
province a number of sites at Krovili (Ammerman et al. 1999) and the Petrota chert quarry (Fotiadis 
2016). Upper Palaeolithic sites are conspicuously scarce, with the exception of the ochre quarry and 
associated lithic, bone and antler artefacts excavated at Limenaria on Thasos (Koukouli-Chrysanthaki 
and Weissgeber 1997; Koukouli- Chrysanthaki 2012).

Fig. 22.3 Bathy-morphological map of the Aegean (Aegean Sea and Hellenic Arc, IBCM/IOC 1981) divided into 
geographical units according to the nature of the active morpho-tectonic processes, evolution and configuration of the 
coastal and submerged landscape
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22.4.2  North Aegean Island Bridge

Two clusters of islands, a western one with the North Sporades Archipelago and Skyros Island, and 
an eastern one with the Aghios Efstratios, Limnos, Gokceada Islands and other smaller islets consti-
tute a series of stepping stones between Central Greece and Northwestern Anatolia (Fig. 22.5). During 
MIS (Marine Isotope Stage) 12, 10 and 8 the North Aegean Trough was isolated from the open sea 
and the North Aegean Island Bridge connected the mainland of Greece with that of north-western 
Anatolia. The Skopelos Basin was at that time an isolated lake located between the North Sporades 
Islands and North Evia. During MIS 6 the Sporades Archipelago remained connected to the Greek 
mainland to the west. A shallow sea separated the Sporades ridge from the exposed land attached to 
north-western Anatolia. The eastern islands remained connected to the Anatolian mainland through-
out the LGM.

Active tectonics in the area are broadly associated with the prolongation of the North Anatolian 
Fault into the North Aegean Trough (Papanikolaou et al. 2002) and sub-parallel secondary branches, 
mostly strike slip and transtensional structures (Mascle and Martin 1990). Evidence of vertical tec-
tonic activity is known from Skyros Island where Late Holocene submerged notches indicate subsid-
ence (Evelpidou et al. 2012).

The Northern Sporades island cluster has a long-known Upper Pleistocene record at open-air 
locales on Alonissos (Panagopoulou et al. 2001) and its nearby islets Mikro Kokkinokastro (Theocharis 
1970, 1971) and Agios Petros (Efstratiou 1985; Moundrea-Agrafioti 1992). The record comprises 
mainly Middle Palaeolithic finds recovered from low-density sites or smaller find spots and Late 
Upper Palaeolithic finds at Leptos Yialos on Alonissos (Panagopoulou et al. 2001, pp. 132–133). On 

Fig. 22.4 Bathymetry and morphology of the North Aegean Shelf (IBCM/IOC 1981) with major faults and rivers. 
Green-shaded areas indicate areas of the now-submerged shelf exposed during the low sea level stands of the Pleistocene. 
The dotted black line east of Chalkidiki Peninsula shows the location of the 14–16 ka BP coastline; the dotted blue lines 
are submerged river tracks; IL Ierissos Lake, AL Alexandroupolis Lake (From Perissoratis and Mitropoulos 1989). PR 
Pinios River, AR Aliakmon River, LR Loudias River, AxR Axios/Vardar River, TH Thessaloniki, K Kavala, T Thassos, 
A Alexandroupolis, S Samothraki, L Limnos, G Gokceada
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the shelf around the northern Sporades islands Middle Palaeolithic stone artefacts were found on the 
seabed. Some may originate from caves now at depths of −40 m off the shores of Kyra Panagia 
(Efstratiou 2001). The eastern counterpart of this unit has set its mark on the Palaeolithic map with the 
excavations at Ouriakos on Limnos (Efstratiou and Kyriakou 2011; Efstratiou et al. 2013; Efstratiou 
2014). The closest comparanda to the Ouriakos archaeological material are found in the Upper 
Palaeolithic assemblage of Öküzini in SW Turkey, clearly suggesting an Anatolian origin.

22.4.3  East Aegean Islands

The two big islands, Lesbos and Chios, remained connected to the Anatolian land-mass during all 
major low-sea-level periods of the last 500 kyr. During the low sea-level MIS stages 12, 10 and 8, a 
large lake occupied the Central Aegean area. The lake comprises several deep basins developed along 
major tectonic lineaments and separates the exposed land of the East Aegean Island from the Greek 
land-mass to the west. NE–SW strike slip faults create a puzzle of elongated shallow ridges separated 
by deep trenches and basins (like the North and South Skyros Basins) forming a series of stepping 
stones between Lesbos and Skyros Islands (Fig. 22.6). After MIS 8, the Central Aegean and the North 
Aegean Trough remained connected to the open sea through shallow sea areas.

The Island of Lesbos is separated from the Asian coast by two sea straits, Muselim or Lamna to its 
north and Mytilene to its east. The Muselim Strait is an 8 km-wide, 300 m-deep strait developed in the 
hanging wall of the transtensional fault which runs along the southern edge of Biga Peninsula (Iler 
et al. 2008). The Mytilene Strait, between the eastern coast of Lesbos and the Anatolian shoreline, is 
40–60 m deep and 6–8 km wide. Chios Island was part of the Çeşme Promontory during MIS 2–4 
while Lesbos Island should have been attached to the area of Ayvalik. Several shallow banks occur in 
the sea-area west of Lesbos and north-west of Limnos. They represent basement ridges, bounded by 
extensional or transtensional faults, and rise from the surrounding 400–600 m-deep seafloor to heights 
as shallow as −30 m. Subsidence of the island, indicated by ancient harbour installations (Theodoulou 

Fig. 22.5 Bathymetry and morphology of the North Aegean Island Bridge (IBCM/IOC 1981) with major faults and 
location of Palaeolithic sites. Numbers and arrows indicate the depth of shallow ridges or banks. Green-shaded areas as 
in Fig. 22.4. S Skiathos, SK Skopelos, A Allonissos, KP Kyra Panagia, Y Youra, P Piperi, AE Aghios Efstratios
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2008; Williams 2007), is mostly attributed to eustatic sea-level rise, although tectonically driven verti-
cal movements cannot be ruled out.

Chios and Psara are so far devoid of any Palaeolithic sites, while Lesbos has only recently made an 
impressive entry to the Aegean Palaeolithic map with Rodafnidia, Lisvori, in the Kalloni Basin, 
securely placed by post-infrared infrared-stimulated luminescence (pIRIR) and relative dating based 
on artefact technology and typology to the Middle Pleistocene (Galanidou et al. 2013, 2016b). At 
Rodafnidia compelling evidence of hominin groups using early and late Acheulean industries is being 
excavated. Lower Palaeolithic activity took place in a fluvio-lacustrine environment near the shore of 
what, during Middle Pleistocene low sea level stands, was probably a palaeo-lake. The early industrial 
component shows affinities with other African and Asian Acheulean industries, and especially with 
the ‘Large Flake Acheulean’ (e.g., Goren-Inbar et al. 2000; Sharon 2007).

Rodafnidia is the first extensive Middle Pleistocene site in the Aegean with a corpus of archaeo-
logical evidence that supports a scenario of an eastern entrance to Europe by groups using Acheulean 
technology. The close industrial affinities are with material excavated at Gesher Benet Y’aaqov on the 
bank of the Jordan River near the paleo-lake Hula in northern Israel (Goren-Inbar et al. 2000) and the 
lower strata at Kaletepe Deresi 3 on a seasonal drainage in the Göllüdağ area near Cappadocia (Slimak 
et al. 2008). They suggest two possible but not mutually exclusive routes for hominin dispersal from 
the Asian mainland to Lesbos: a north–north-westward route from the Levantine corridor; or a 

Fig. 22.6 Bathymetry and morphology of the East Aegean Islands (IBCM/IOC 1981) with major faults and location of 
Palaeolithic sites. Numbers and arrows indicate the depth of shallow ridges or banks. Green-shaded areas as in Fig. 22.4
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westward route from central and eastern Anatolia. The presence of Middle Pleistocene hominins and 
Early Pleistocene fauna on Lesbos indicates that both humans and animals were reaching the island 
from the Asian mainland via land bridges opened by low sea level stands (Galanidou et al. 2013, 
2016b). To judge by the archaeological variability observed at Rodafnidia, there must have been 
repeated hominin movements over long periods of time between Anatolia and mainland Greece via 
Lesbos from at least the early stages of the Middle Pleistocene. The palaeontological record of Lesbos 
suggests that animal crossings began much earlier. Taking into account that the nearby Anatolian 
record at Kocabaş (some 300 km in a direct line from the Kalloni Basin on Lesbos), with a very small 
number of artefacts and a Homo erectus skull found embedded in a travertine block, is securely dated 
to around 1.1 ma BP (Kappelman et al. 2008; Lebatard et al. 2014), we hypothesise that hominin pres-
ence on Lesbos may have begun during the Early Pleistocene.

22.4.4  Central Greece

This is an area of Quaternary and ongoing extensional tectonics (Fig. 22.7). A series of WNW–ESE 
trending neotectonic grabens have developed as elongated marine gulfs cutting across the Alpine 
structure of the Hellenides mountain chain. The 900 m-deep Gulf of Corinth and the 450 m-deep 
North Evia Gulf are the largest and most active grabens in Central Greece. The Amvrakikos, South 
Evia, Pagasitikos and West Saronikos Gulfs are smaller, shallower and less active. All are connected 
to the open sea through narrow and shallow straits and were isolated lakes during the LGM (Perissoratis 
et al. 1993; Richter et al. 1993; Lykousis and Anagnostou 1994; Kapsimalis et al. 2005; Lykousis et al. 
2007; Sakellariou et al. 2007a, b).

The first two gulfs display active, vertical tectonics, which modify significantly the effect of sea- 
level or lake-level fluctuations (Armijo et al. 1996; Leeder et al. 2005; Lykousis et al. 2007; Sakellariou 
et al. 2007b; Evelpidou et al. 2011a). Due to the ongoing opposite vertical movement of the two mar-
gins of the Gulf of Corinth, the shoreline of the LGM Lake can be found at −90 m along the northern 
margin and at −62 to 65 m along the southern margin. The lake level in the North Evia Gulf during 
the LGM was at about −90 m (Sakellariou et al. 2007b). The tectonic asymmetry of the basin forces 
the southern margin to subside (Evelpidou et al. 2011b) and the northern one to uplift (Sakellariou 
et al. 2007b).

The Argolikos Gulf is a deep neotectonic, asymmetric graben (Papanikolaou et al. 1994) and was 
always connected to the open sea of the South Aegean. Van Andel et al. (1990) have suggested a local 
sea-level history, while Van Andel and Lianos (1984) provided a reconstruction of the palaeoshore-
lines off Franchthi Cave. Preliminary results of a recent survey provide a detailed reconstruction of 
the submerged landscape (Sakellariou et al. 2015). Karstic, fresh or brackish water springs occur 
along the coasts of Central Greece or on the shelf at shallow depths below the present sea-level. The 
karstic spring of Anavalos is located at 6 m below the present sea-level on the western coast of the 
Argolikos Gulf.

Archaeological evidence dates to the Upper Pleistocene and is associated with both Neanderthal 
and AMH (anatomically modern human) populations. It is encountered in open air and in karstic set-
tings, namely the Seidi Rockshelter in Boeotia (Stampfuss 1942), Kefalari Cave (Felsch 1973; Reisch 
1976), Franchthi Cave (Farrand 2000; Perlès 1987, 1999; Douka et al. 2010) and Klissoura Cave 1 in 
the Argolid (Stiner et al. 2010). Middle Palaeolithic assemblages are commonly found in red-bed 
alluvial deposits and in the Argolid they have been uranium-series dated to around 50 ka (Pope et al. 
1984). The Klissoura Cave 1 sequence spans the Middle and the Upper Palaeolithic.
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22.4.5  Central Aegean Island Bridge

The Central Aegean Island Bridge comprises the Cyclades Archipelago and Plateau, the northern 
Dodekanese Archipelago and Ikaria and Samos Islands. The northern margin of the Central Aegean 
Island Bridge has been shaped by normal and strike-slip faults. The southern margin hosts the Hellenic 
Volcanic Arc. NW–SE and NE–SW normal and strike-slip faulting has created a puzzle of elongate 
basement ridges (Amorgos, Thera, Anafi-Astypalea) separated from each other by deep, elongate, 
basins. During the major low sea-level periods, an elongated land mass was exposed connecting 
Central Greece with Anatolia. Since MIS 6 the Central Aegean landmass has broken into two main 
parts. The western one (Cyclades Plateau) remained connected to Central Greece and became a large 
Island during the LGM (Kapsimalis et al. 2009). The eastern part remained attached to the Anatolian 
landmass. A narrow, 400–600 m-deep sea strait separates the Cyclades Archipelago to the west from 
the Dodecanese Islands to the east (Fig. 22.8).

The Central Aegean is characterized by relatively weak tectonic activity. The evolution of the 
coastline during the Late Pleistocene and Holocene is mostly controlled by eustatic sea-level fluctua-
tions and to a lesser extent by isostatic movements. Even so, evidence of Late Holocene tectonic 
subsidence has been observed by comparison of submerged beach rocks (Desruelles et al. 2009).

Two sites on two islands of this region are noteworthy. The first is Triades Bay in west Melos where 
claims for Middle or possibly Lower Palaeolithic artefacts manufactured on rhyolite have been 

Fig. 22.7 Bathymetry and morphology of Central Greece (IBCM/IOC 1981) with major faults, location of Palaeolithic 
sites and coastal and submarine karstic springs. Grey areas show Last Glacial Maximum lakes (see text). AG Amvrakikos 
Gulf, InIA Inner Ionian Archipelago, PG Patras Gulf, NAT North Aegean trough, PaG Pagasitikos Gulf, NEG North 
Evia Gulf, SEG South Evia Gulf, WSG West Saronic Gulf, ArG Argolikos Gulf
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published in a preliminary report by Chelidonio (2001). The second is Stelida on Naxos where Carter 
et al. (2014) have reported the presence of an industry belonging to the Denticulate Mousterian facies 
of the Mediterranean coast. In the latter site ongoing research is expected to shed light on the context 
and date of deposition of the lithic finds, whereas in the former only systematic new research can 
answer questions of chronology, industrial affinity and depositional context.

22.4.6  Ionian Margin

The Ionian Margin belongs to the seismically most active area of the Aegean. Tectonic movements are 
associated with the thrusting of the overriding Aegean crustal block above the subducting Ionian litho-
sphere and with activity on the Kephallinia strike-slip fault (Fig. 22.2). Mesozoic evaporites, lime-
stones with chert layers, radiolarites, Tertiary flysch and Late Alpine clastic deposits and Quaternary 
Post-Alpine sediments form the basement geology of the Ionian Margin area (Fig. 22.2).

Most of the Ionian Islands were connected to the Greek Mainland during the major low sea-level 
stands. Perissoratis and Conispoliatis (2003) suggest that Corfu Island was connected to the mainland 
with formation of a lake between them. The Inner Ionian Archipelago comprises over thirty islands, 
big and small (Fig. 22.9, Galanidou 2014a). Most of them were connected to each other and the main-
land during low sea-level stages (Ferentinos et al. 2012). New marine geophysical surveys provide 
refined palaeogeography during the LGM and the MIS 6 low sea-level stands (Zavitsanou et al. 2015). 
Numerous caves, partly or totally submerged, are known along the coasts of the Ionian Islands. The 

Fig. 22.8 Bathymetry and morphology of Central Aegean Island Bridge (IBCM/IOC 1981) with major faults, location 
of Palaeolithic sites (symbols as in Fig. 22.1) and coastal and submarine karstic springs (symbols as in Fig. 22.7). K 
Kythnos, Se Serifos, S Sifnos, Fo Folegandros, Th Thera, An Anafi, As Astypalea, M Mykonos, F Fournoi, P Patmos, L 
Leros, Ka Kalimnos, N Nisyros, T Tilos
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calcareous composition of the prevailing sedimentary rocks favours the formation of karstic caves in 
the fractured rocks. Further south, the shelf is fairly narrow and becomes negligible along the coasts 
of the western Peloponnese. Holocene sediment deposition on the narrow shelf is generally low. 
Strofades Islet is a structural high bounded by two NE–SW faults and has been separated from the 
land throughout the Pleistocene.

Two major gulfs, the Messiniakos and Lakonikos Gulf, represent long-term subsiding grabens 
formed on the hanging wall of N–S trending normal faults between the uplifting tectonic horsts of the 
three peninsulas of the southern Peloponnese. Shelves are fairly narrow and almost negligible along 
the coast of the Taygetos (Mani) Peninsula. The latter is built on Mesozoic limestone and marble with 
a well-developed karstic network which has favoured the formation of coastal and submarine springs 
and caves. Characteristic examples are the cave of Alepotrypa (Diros) and the submarine spring of 
Stoupa, the latter at −27 to 29 m (Rousakis et al. 2014).

Fig. 22.9 Bathymetry and morphology of the northern (top) and southern (bottom) Ionian Margin (IBCM/IOC 1981) 
with major faults, location of Palaeolithic sites and coastal and submarine karstic springs (symbols as in Fig. 22.7). AG 
Amvrakikos Gulf, ArG Argolikos Gulf, LG Lakonikos Gulf, MG Messiniakos Gulf
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The earliest evidence for hominin presence, as early as the Middle Pleistocene, comes from two 
key sites: Kokkinopilos in Epirus (Tourloukis et al. 2015); and the Kythros Cave in the Inner Ionian 
Archipelago (Galanidou in press). At Kokkinopilos in the Louros River valley a handful of impressive 
Large Cutting Tools with industrial affinities to the Lower and/or Middle Palaeolithic were recovered 
(Higgs 1964; Runnels and Van Andel 1993; Tourloukis 2009; Tourloukis and Karkanas 2012). Kythros 
Cave faces due NE on the rocky shore of Kythros, a pristine small island in the Inner Ionian Sea with 
no recent human activity. Its infill is a brecciated red clay deposit with calcitic matrix, containing 
limestone and chert clasts as well as fossil mammalian skeletal elements and flint artefacts with 
Middle Palaeolithic affinities. The site was once strategically placed to overlook a river valley between 
W Meganisi and E Lefkas. Systematic excavation on the site began in 2015 and two stratigraphic units 
separated by flowstone were identified. Two luminesence dates place the upper unit at the end of the 
Middle Pleistocene at around 200 ka BP and a full dating program is under way.

In the Upper Pleistocene a good number of sites containing Middle and Upper Palaeolithic archae-
ology are found all along the mainland coastal region from Thesprotia (Papoulia 2011; Ligkovanlis 
2011; Galanidou et al. 2016a), to Preveza (Runnels and Van Andel 2003; Runnels et al. 2003), 
Aetoloakarnania (Sorrensen 2004; Darlas and Papaconstantinou 2004; Staikou in press), Achaia 
(Darlas 1985, 1989) and the western coast of Elis in the Peloponnese (Chavaillon et al. 1967). Likewise 
many of the Ionian Sea islands host Middle and Upper Palaeolithic sites: Corfu (Sordinas 1969, 1983; 
Darlas et al. 2007; Papadea and Georgiadou 2007), Lefkas, Meganisi and Kythros (Dousougli 1999; 
Zachos and Dousougli 2003; Galanidou 2014a, b, 2015, in press), Kephallenia (Foss 2002), and 
Zakynthos (Van Winjgaarden et al. 2006, 2008).

Given this wealth of archaeological sites on land across the Ionian margin, it is not by chance that 
the Ionian shelf has provided ample evidence for Palaeolithic sites. On the west coast of Corfu, 
Sordinas (1983, p. 340) reported heavily rolled Levalloiso-Mousterian tools and cores washed up 
from the sea and incorporated in modern beach material in several locations. Flemming and Kazianis 
(1987) reported underwater finds to the north and west as much as 2 km offshore and at various depths 
down to −30 m, and Flemming (pers. comm., 2014) observed a submerged cave with a collapsed roof 
and artefacts at a depth of −8 to −9 m. New marine-geoarchaeological and archaeological fieldwork 
explicitly focused on coastal sites may shed more light on this material. One such case study is the 
recent excavation on a naturally eroding section of land near the passage of the Korrisia lagoon into 
the Ionian Sea, which has verified the presence of a stratified site yielding part of a hippo jaw and 
Middle Palaeolithic finds (Darlas et al. 2007). The excavators stress in their report the intense ero-
sional action that sea waves inflict on these Pleistocene deposits.

The Mani Peninsula coastline in the southern Peloponnese has numerous caves with Middle and 
Upper Palaeolithc material (Darlas and de Lumley 1998; Darlas and Psathi 2008; Panagopoulou et al. 
2004). In addition, the only Neanderthal fossils from the Aegean were found in the same region, at the 
Kalamakia and Apidima Caves in the Oitylo Bay, and at Lakonis I near Gytheio (Harvati et al. 2003, 
2010, 2013). All three cave sites are situated in the tidal zone, Kalamakia Cave and Apidima Cave on 
the west coast, and Lakonis I, part of which lies now submerged, on the east coast. The geography and 
topography of the areas around them as well as the bone and environmental remains suggest that the 
now-submerged lands immediately fronting the cave sites must have once comprised a varied mosaic 
of grasslands, parklands, woodlands, lagoons and marshes (Bassiakos 1993; Elefanti et al. 2008). The 
archaeological evidence is robust and shows that these littoral lowlands lying between the Pleistocene 
coastline and the cave sites were themselves important to the survival strategies of the Middle and the 
Upper Palaeolithic groups. Exploitation of marine and avian resources, as well as stalking and hunt-
ing, are believed to have taken place on what is now a submerged landscape (Lebreton et al. 2008; 
Roger and Darlas 2008a, b).

Glyfada Cave on the shore of Diro Bay offers a wealth of submerged Pleistocene faunal remains. 
The entrance of this large karstic complex lies at 0.5 m asl and a river runs through it. Of the 10.6 km 
explored, 1.8 km is underwater, the water drowning a palaeokarst at an average depth of −20 to 
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−25 m. Remains of Pleistocene land and sea mammals, such as deer, hyena, panther, lion, hippopota-
mus, rodents and seal as well as birds were collected from depths ranging between 0.5 and −2.5 m. 
They offer evidence for a littoral cave that was frequented by these animals. The largest assemblage 
of Hippopotamus amphibius in Greece, more than 350 whole bones and 900 fragments, comes from 
the submerged parts of Glyfada cave. The majority of the bones were collected from a stratigraphic 
horizon that post-dates 31,650 ± 550 BP (Giannopoulos 2000, p. 402). Forty thousand years ago, 
entrance to the cave was possible through a large opening.

22.4.7  West Cretan Strait

This includes the south-eastern part of the Peloponnese and the islands of Kythera and Antikythera, 
two stepping stones between the Peloponnese and Crete (Fig. 22.10). The area is known for its very 
high seismicity and long-term vertical tectonic movements. Uplifted Late Pleistocene marine terraces 
and Holocene shorelines (Pirazzoli et al. 1982) along the coastal area of SE Peloponnese indicate 
continuous tectonic uplift during the Quaternary.

The shelf off the coasts is fairly narrow and passes very speedily to steep submarine slopes leading to 
the deep basins of the Hellenic Trench to the south-west or the deep Myrtoon Sea to the east. A shallow, 
NW–SE running, shallow, basement ridge connects Cape Maleas in the Peloponnese with the Islands of 
Kythera and Antikythera. The shallowest parts of this ridge were exposed during the major low-sea-level 
periods. Kythera and Antikythera Islands were connected to the Peloponnese and the width of the sea-
strait separating them from Crete may have been only 2–3 nautical miles (c. 3–5 km) (Fig. 22.10). Local 
tectonics and faulting is responsible for the formation of the deep basins and trenches and the rough 
seafloor morphology. The submerged prehistoric Bronze Age city at Pavlopetri in Vatika Bay close to 
Elaphonissos (Flemming 1968, 1978; Harding et al. 1969; Harding 1970; Henderson et al. 2011) is clear 
evidence of local subsidence within a region undergoing long-term uplift.

No Palaeolithic finds are known on Kythera and Antikythera, the two islands providing stepping 
stones between the Peloponnese and W Crete despite surface surveys conducted in recent years 
(Broodbank 1999; Bevan and Conolly 2013).

Fig. 22.10 Bathymetry and morphology of Crete and the western and eastern Cretan Straits (IBCM/IOC 1981) with 
major faults, location of Palaeolithic sites and coastal and submarine karstic springs (symbols as in Fig. 22.7)
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22.4.8  Crete

The geotectonic position of Crete is responsible for the very strong brittle deformation of the island. 
The largest earthquake in the Mediterranean during the historic era occurred on a NE-dipping fault- 
plane a few kilometres off SW Crete (Shaw et al. 2008). That earthquake uplifted western Crete 
abruptly by up to 8–9 m in the fourth century AD (Pirazzoli et al. 1982). Initial N–S extension fol-
lowed by extension in an E–W direction formed the Cretan structural high and divided the island into 
several tectonic blocks (Van Hinsbergen and Meulenkamp 2006) with different tectonic movements. 
The high mountains of the island represent the faster uplifting blocks while the lower parts in-between 
them exhibit slower uplift or even relative subsidence (Pirazzoli 1988), as demonstrated by the Bronze 
Age sites now found submerged below the present sea level. The faulted, steep, southern flanks sepa-
rate the >2000 m high mountains from the >2000 m deep basins south of the Island. Gavdos Island is 
the summit of a tectonic block south of Crete, separated from it by a 1000–3000 m-deep trench 
(Figs. 22.3 and 22.10). The linear morphology and rocky character of the steep west and east coasts 
of Crete is a good indication of their fault-related development. The sea-strait separating Crete from 
Kassos-Karpathos during Pleistocene low sea-level periods may have been only 2–4 (c. 3.5–7 km) 
nautical miles wide.

The geological structure of Crete has favoured the development of larger or smaller karstic springs, 
mainly along the northern coastline of the Island, like the Almiros coastal spring system. During low 
sea-level stands, the karstic spring was presumably discharging fresh water.

Throughout the Pleistocene, Crete was separated from any landmass of Africa, Asia or Europe by 
a considerable distance (Fig. 22.10). Its earliest prehistory goes hand in hand with the prehistory of 
seafaring in the Mediterranean. Systematic archaeological surveys conducted on Crete and on Gavdos 
Island, have brought to light artefacts and sites associated with activity dated to the early Holocene, 
the Upper Pleistocene and perhaps even stretching as far back as the Middle Pleistocene (Strasser 
et al. 2010, 2011; Kopaka and Matzanas 2009, 2011; Mortensen 2008).

On the north coast of west Crete, a large part of the Vamos Cave on the Drepano Cape is now sub-
merged and offers compelling evidence for sea level fluctuation. Fossil bones of Pleistocene cervids 
and an elephant species endemic to Crete, Elephas chaniensis, were found at depths ranging between 
−1.5 and −4.5 m. The bones were deposited on the cave floor at periods when the sea level dropped 
by at least 10–20 m. The cave was on dry land during the Last Glacial Maximum some 20,000 years 
ago (Symeonides et al. 2001). Despite the good conditions of visibility and faunal preservation, there 
is no evidence of human activity from Vamos Cave in the form of artefacts or cut-marked bone recov-
ered from its inundated deposits.

22.4.9  East Cretan Strait

The islands of Kassos, Karpathos and Rhodes and some smaller ones form an island chain between 
East Crete and the Anatolian landmass (Figs. 22.2 and 22.10). The islands of the East Cretan Strait 
represent the uplifted parts of the south-eastern segment of the Hellenic Arc, which is characterized 
by active strike-slip tectonics (Jongsma 1977; Mascle et al. 1982) and oblique thrusting (Stiros et al. 
2010). Subsequent deformation and uplift of the Arc creates extensional tectonics of the upper plate, 
manifested by numerous normal and oblique faults (Ten Veen and Kleinspehn 2002). The East Cretan 
Strait is segmented into tectonic blocks, each with its own history of vertical movements. The island 
of Rhodes is characterised by a number of crustal blocks (Pirazzoli et al. 1989), each with a different 
tectonic history and with up to eight Late Holocene shorelines (Pirazzoli et al. 1982, 1989; Kontogianni 
et al. 2002). Despite the general uplift of the entire island there are still areas which exhibit 
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submergence during the Late Holocene (e.g., the submerged Roman quarries at Koskinou) and which 
are separated from the uplifting blocks by normal faults.

The three main islands are surrounded by narrow shelves. The sea-strait between Rhodes and 
Turkey is shallow and it is possible that the island was connected to Anatolia during earlier low sea- 
level periods (Fig. 22.10). Karpathos and Kassos Islands were connected to each other during low 
sea-level stands but were always separated from Crete and Rhodes by deep sea straits. Distances 
between Kassos-Karpathos and Crete or between Karpathos and Rhodes may have been as narrow as 
3–5 nautical miles (c. 5.5–9 km). No Palaeolithic remains have been reported from the islands of this 
unit. They do, however, have a rich animal fossil record that is essentially Asian, indicating that the 
islands were connected to the Asian mainland during low sea level stands.

22.5  Discussion

Our study shows that active tectonics in the Aegean is the major driving mechanism that has con-
trolled and defined, first, the development of deep basins undergoing long-term subsidence and con-
tinuous sedimentation during the Quaternary, and, second, the crustal blocks which have escaped 
subsidence or exhibit long-term, continuous or episodic, relative uplift. The latter represent the areas 
which have been exposed during low sea-level periods and which have the potential to host Pleistocene 
landscapes and therefore traces of Palaeolithic archaeology. Understanding of the local and regional 
vertical tectonic movements is essential for the definition of the most promising areas to be surveyed 
for submerged landscapes by means of modern marine survey techniques. Interplay between fluctuat-
ing sea-level and long-term tectonic activity has led to the formation of extensive landmasses sepa-
rated from each other by narrow sea-straits which may represent areas where early seafaring evolved.

The availability of fresh water resources is one of the main factors which make an area attractive 
for habitation. Water sources include rivers, lakes, streams and freshwater springs. Reconstruction of 
the course of the rivers and identification of possible lakes is a sensible first task in any survey of 
extensive shelves like the North Aegean Shelf, the eastern part of the North and Central Aegean Island 
Bridges, the East Aegean Islands and the Inner Ionian Archipelago. Late Pleistocene lakes have 
already been identified at several points on the North Aegean Shelf, in Central Greece and east of 
Corfu (in the northern part of the Ionian Margin). Fresh and brackish karstic springs are very common 
along the Aegean coastline. Most of the known underwater karstic springs in the Aegean are located 
on narrow shelves, off moderately or steeply sloping coasts. Large underwater karstic springs have 
been discovered on the eastern shelf of the Messiniakos Gulf, the Ionian Islands and off the Ionian 
coastline of Greece, the western shelf and coast of the Argolikos Gulf, off the steep southern and 
northern coasts of the Gulf of Corinth, the North and South Gulfs of Evia, the northern coast of Crete 
and many other areas.

Submerged karstic caves are sites of potential prehistoric occupation (see also Radić Rossi and 
Cukrov, Chap. 17). Like karstic springs, the caves are associated with calcareous rocks. Submerged 
caves have been discovered off the rocky coasts of the Ionian Islands, in the southern Peloponnese, 
Crete, the Sporadhes Islands and many other places. The two most important ones, Glyfada in the 
southern Peloponnese and Vamos in Crete, have yielded significant Pleistocene faunal remains, which 
exemplify the high potential of this type of site to future Palaeolithic research, despite the absence of 
Palaeolithic artefacts from these two particular sites.

A small number of prehistoric and palaeontological sites lie partly in shallow waters whereas less 
than a handful of sites containing Pleistocene remains are fully submerged at greater depths and dis-
tances from the shore. In addition, stray archaeological finds washed out from the shores of Greece 
and coastal sites, parts of which are currently underwater because of erosion, wave action or faulting, 
together build up the limited Pleistocene evidence now known from beneath the Greek seas. Submerged 
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and coastal palaeontological and archaeological sites are testimonies to the much larger coastal mosaic 
of biotopes that were available to Palaeolithic groups during cold and arid periods. They are more 
eloquent about the potential of future coastal and underwater research aimed at discovering Palaeolithic 
sites rather than of an existing remarkable record.

During the twentieth century, Palaeolithic research in the NE Mediterranean operated with a 
mainland- focused epistemological paradigm that saw the NE Mediterranean Sea as peripheral to the 
Palaeolithic world and hence not worthy of systematic exploration (Galanidou 2014b). At the same 
time underwater explorations focused almost exclusively on the archaeology of shipwrecks. Now we 
emphasize that unless island, coastal and underwater geographies are incorporated into palaeogeo-
graphic research, many of the shortcomings of the Aegean Palaeolithic narrative are bound to remain. 
Our work is founded upon the premise that the coastal landscapes exposed at lowered sea levels pro-
vided relatively fertile and productive refugia for plants, land mammals and hominins, at a time during 
the cold, low sea-level periods when increased aridity would have reduced or deterred hinterland 
occupation (Bailey and Flemming 2008). During the last 20 years, the new sites discovered on the 
islands of Crete, Gavdos, Thasos, Limnos, Lesbos, Meganisi and Kythros lend credence to our claim 
that the ‘islandscapes’ and submerged seascapes of the Aegean are indeed highly promising targets for 
Palaeolithic investigation.

In the present study we have put together the evidence upon which a division of the Aegean into 
nine smaller, and rather coarse, units can be defined. We regard this as a first step to reconstructing the 
palaeogeography of the shallow and coastal shelf areas of the Aegean. In order to elaborate further on 
aspects of early human adaptation and dispersal, more work is needed, targeting individual units by 
means of underwater investigation of the shelf, coupled with archaeological survey on the coasts and 
islands (Bailey 2011; Benjamin et al. 2011; Flemming et al. 2014). The benefit of bringing the NE 
Mediterranean into focus and of linking these results to the discussion of ‘the early occupation of 
Europe’ is fundamental to progress. By changing the underlying paradigm of Palaeolithic research in 
the region, new possibilities for archaeological discovery will emerge, allowing the Aegean to take its 
rightful place in the study of human origins.
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Abstract We report on a preliminary exploration of the submerged landscapes in the Saudi Arabian 
sector of the southern Red Sea aboard the Hellenic Centre for Marine Research (HCMR) Research 
Vessel, AEGAEO, in May–June 2013. The survey sampled areas of the continental shelf down to the 
shelf margin at ~130 m depth in the vicinity of the Farasan Islands and combined high resolution 
acoustic techniques with sediment coring to reconstruct features of the now-submerged landscape of 
potential archaeological significance, including geological structure, topography, palaeoenvironment, 
and sea-level change. The region is currently of wide interest and significance: to archaeologists 
because it is currently regarded as one of the primary pathways of dispersal for early human popula-
tions expanding out of Africa during the Pleistocene, in which the extensive but now-submerged shelf 
region may have played a key role; and to marine geoscientists because the Red Sea offers unusual 
opportunities as a ‘laboratory’ for investigating Pleistocene sea-level change. Preliminary results 
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 indicate that the submerged landscape was characterised by a complex topography with fault-bounded 
valleys and deep basins, some of which may have hosted, at least intermittently, fresh water during 
periods of lowered sea level.

23.1  Introduction

The southern end of the Red Sea is currently of high interest in relation to the nature and direction of 
human expansion into Asia and Europe from a presumed African cradle of early human evolution. The 
current consensus is that there were at least two major episodes of expansion out of Africa: an earlier 
one involving the earliest members of the genus Homo (H. ergaster or H. erectus) at about 1.8 mya, 
and a later dispersal by the earliest members of anatomically modern Homo sapiens between about 
150 and 60 kya (Grine et al. 2009; Groucutt et al. 2015). The conventional view is that the primary 
pathways of movement and the most attractive environments involved a land route via the Nile Valley 
and the Sinai Peninsula, and thence northwards via the Levant to Anatolia, and eastwards to Iran and 
the Indian Subcontinent. In this view, the Arabian Peninsula has typically been ignored as a predomi-
nantly arid and infertile cultural backwater, largely bypassed by the major flows of early populations. 
More recently, however, a number of new sources of evidence have focussed attention on the Arabian 
Peninsula as a key region for early human settlement and a gateway to onward expansion to Eurasia, 
especially through the ‘southern corridor’, referring to southern Arabia and its coastal regions, and 
especially in relation to the dispersal of Homo sapiens. These indications include growing evidence 
for an Arabian archaeological record extending back to the early Pleistocene, similarities in stone tool 
technology in East Africa and Arabia, palaeogenetic inference, evidence for periodic climatic ‘green-
ing’ of Arabian deserts during the Pleistocene, evidence that for much of the glacial- interglacial cycle 
lowering of sea level reduced the southern Red Sea to a narrow and shallow sea channel dotted with 
islands that could easily have been crossed with minimal equipment or seafaring expertise, and grow-
ing evidence for a greater time depth in the Pleistocene for early developments in seafaring and 
exploitation of marine resources (Petraglia and Rose 2009; Lambeck et al. 2011; Bailey 2015; Bailey 
et al. 2015; Erlandson and Braje 2015; Petraglia et al. 2015).

Lowering of sea level would have exposed an extensive area of shelf, reaching a maximum width 
of about 100 km on either side of the southern Red Sea, with a relatively narrow and shallow sea- 
channel separating the two sides (Figs. 23.1 and 23.2). Both mapping of palaeoshorelines (Lambeck 
et al. 2011) and the stable isotope composition of the Red Sea as measured in deep-sea cores from the 
Red Sea (Siddall et al. 2003) demonstrate that a marine connection between the Red Sea and the 
Indian Ocean would have persisted throughout the lowest sea-level stand of the LGM, and most prob-
ably for earlier low stands, at least for the past 400,000 years. In other words, there would not have 
been a dry-land passage from Africa to Arabia at any time over that time span. However, a narrow 
channel dotted with small islands would have persisted for long periods during the glacial-interglacial 
cycle, affording relatively short and easy sea-crossings of no more than a few kilometres. For earlier 
periods of the Pleistocene, the topography of the southern channel is less clear because of uncertain-
ties about the impact of plate motions and tectonics, but it is worth noting that ongoing separation of 
the Arabian and African plates is mostly accommodated in the Danakil depression rather than in the 
area of the Red Sea.

Over the past decade a series of investigations has been devoted to exploring both the onshore and 
offshore archaeological record of Southwest Saudi Arabia as a joint Saudi-British and international 
project (Bailey et al. 2007a, b, 2015; Bailey 2009; Alsharekh and Bailey 2014). Here we report on a 
joint archaeological and geoscientific exploration of the continental shelf around the Farasan Islands 
(Fig. 23.2), which was conducted in May–June 2013 aboard HCMR’s Research Vessel AEGAEO with 
the aim of exploring systematically the submerged landscapes. This project developed as an interna-
tional and interdisciplinary collaboration arising directly out of the SPLASHCOS COST Action 
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(www.splashcos.org; Bailey and Sakellariou 2012) and within the ERC-funded DISPERSE project 
(Bailey et al. 2012). This work builds on three strands of earlier investigation: one concerned with the 
impact of sea level change and submerged landscapes on the potential connections between Africa 
and Arabia and the dispersal of early humans expanding out of Africa during the Pleistocene (Bailey 
et al. 2007a, b; Lambeck et al. 2011); a second with the impact of active tectonics on the early land-
scapes of human evolution (King and Bailey 2006; Bailey and King 2011; Bailey et al. 2011); and a 
third with field investigation of the mid-Holocene shell mounds on the Farasan Islands and the search 
for earlier submerged shorelines and archaeological remains associated with them (Bailey et al. 
2007a, b; Alsharekh and Bailey 2014).

In this chapter we concentrate on the deep-water survey of the offshore landscape. The main objec-
tives of the cruise were to reconstruct the broad outlines of the now-submerged landscape on the shelf, 
to understand the underlying Quaternary geology and the role of active tectonics and sea-level change 
in shaping the changing topography, and to identify specific locations that might have preserved 
archaeological evidence of past human activity.

23.2  Materials and Methods

The marine survey comprised a wide variety of geological-geophysical techniques: (1) multi-beam 
bathymetry by using two hull-mounted systems (20 kHz and 180 kHz); (2) high-resolution sub- 
bottom profiling with a 3.5 kHz pinger; (3) deep-towed, 110/410 kHz, digital side scan sonar imaging; 
(4) deep penetrating airgun 10ci seismic profiles; (5) gravity coring, with cores 3–5 m long; (6) box 
coring, 40 × 40 × 60 cm; and (7) ROV dives to visually inspect sites selected from the bathymetric, 
acoustic and profiling data.

Two areas (FARASAN 1 and FARASAN 2) and two seismic transects (TRANSECT 1 and 
TRANSECT 2) were systematically surveyed (Figs. 23.3 and 23.4). The data set comprised about 
500 km2 of seabed morphology mapped with the multi-beam systems, 170 nautical miles (105 km) of 
airgun seismic profiles, 250 nautical miles (155 km) of 3.5 kHz sub-bottom profiles and 140 nautical 
miles (87 km) of side-scan sonar lines. Eighteen gravity cores and two box cores were recovered and 
five dives of the Max Rover ROV were accomplished.

Fig. 23.1 (a) (left) general relief map of the Southern Red Sea area with the location of the area of interest indicated in 
the black box; (b) (right): GEBCO bathymetry of the area of interest with the location of the survey areas Farasan 1, 
Farasan 2 and Transects 1 and 2

23 Geoarchaeological Exploration in the Red Sea
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23.3  Results

23.3.1  Survey Area Farasan 1

Swath bathymetry mapping (Fig. 23.3) shows a relatively flat, 70–80 m-deep platform, which dips 
slightly towards the SE and occupies the outer part of the shelf. A shallower terrace, at approximately 
40 m depth occurs at the north-eastern edge of the surveyed area. A deeper terrace is preserved locally 
at about 120 m depth on the steep slope off the shelf edge. Elongate or irregularly shaped flat-topped 
ridges are located at a short distance off the shelf edge. They tops of the ridges are at depths of about 
80–90 m, very similar to the depth of the 80 m terrace on the shelf, and are separated from the shelf 
by deep and steep-sided troughs.

Airgun single-channel seismic profiles across the shelf and the ridges show that the steep, SW-facing 
slope off the shelf edge and the SW- and NE-facing slopes on both sides of the shallow ridges are 
controlled by normal faults running NW–SE, parallel to the rift axis of the Red Sea (Fig. 23.4). The 
latter is characterized by the deposition of massive, up to 2,500 m thick evaporites (salt deposits) in 

Fig. 23.2 Enhanced 
satellite imagery of the 
southern Red Sea. Light 
blue area indicates the 
extent of the submerged 
landscape exposed 
at – 120 m. The upper 
red circle indicates the 
position of the Farasan 
Islands. The lower red 
circle indicates the 
group of islands that 
emerge in the region of 
the Hanish Sill at low 
sea level with sea 
crossings of less than 
4 km. ASTER GDEM is 
a product of METI and 
NASA (created by Maud 
Devès)
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Fig. 23.3 Swath bathymetry and location of seismic and subbottom profiles, side scan sonar track-lines, gravity cores 
and ROV dives in the Farasan 1 survey area

Fig. 23.4 Airgun 10 cubic inches single channel seismic profile across the outer Farasan shelf, in Farasan 1 area

23 Geoarchaeological Exploration in the Red Sea
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the Middle to Late Miocene (Bosence 1998). Shallow Pleistocene marine reef-limestone, underlain 
by Miocene salt and deformed by salt diapirism, forms the bedrock of the Farasan Islands (Bantan 
1999). We expect that a similar stratigraphic succession prevails underneath the continental shelf 
around the Farasan Islands. Evidence for extensive salt flow towards the axis of the Red Sea has been 
provided by Augustin et al. (In press). On the basis of the observed stratigraphy on the Farasan Islands 
and the extensive salt flow observed on and underneath the seabed, we suggest that the flat-topped 
ridges, mapped off the shelf edge, are blocks dragged away from the shelf by salt flow that may occur 
in the deeper stratigraphic levels. This suggestion can explain both the steeply sloping sides of the 
troughs between the ridges and the similarity in height between the ridge tops and the continental 
shelf in the surrounding areas.

It is reasonable to assume that the ridges were exposed above sea-level during the last low sea-level 
stand during Marine Isotope Stage (MIS) 2 and probably during older, Pleistocene low sea-level peri-
ods, forming thus a series of flat islands, the ‘prehistoric Farasan Archipelago’, separated from the 
LGM-coastline by deep troughs. Normal faults dipping in a SW direction also crosscut the shelf and 
are responsible for the slight morphological anomalies, mainly depressions and incised valleys.

Holocene sediment deposition on the outer shelf is very limited and restricted to small depressions 
and valleys (Fig. 23.5). The sedimentological description of gravity cores indicates lacustrine-type 
sedimentation below the thin Holocene marine drape in the isolated depressions on the 80 m-deep 
terrace. The seismic stratigraphy of the seabed sub-surface displays horizontal sedimentary sequences 
in these depressions deposited presumably during the Pleistocene in relatively shallow waters, as 
shown by Bantan (1999) for the exposed sedimentary formations on the Farasan Islands.

23.3.2  Survey Area Farasan 2

This area comprises a 120 m-deep valley, bounded by NW–SE trending normal faults (Fig. 23.6). The 
valley is incised into the 70–75 m prominent terrace, which forms a prominent feature of the inner 
shelf and becomes narrower towards the north-west. A narrow gorge on the sea floor at the north- 
western tip of the valley connects it with a >200 m-deep, depression. The latter is presumably the 
result of the solution of a Miocene salt diapir and hosts a >250 m-thick sedimentary sequence of 
Quaternary age, possibly extending back into the Pliocene.

A terrace at about 112 m depth can be mapped along the flanks of the valley and is covered by 
seismically transparent Holocene deposits (Figs. 23.6 and 23.7). This terrace is interpreted as an indi-
cator of the water-level in the valley during the last low sea-level stage. Gravity coring penetrated the 

Fig. 23.5 Subbottom profile (3.5 kHz) across the shelf of Farasan 1 survey area. Note the seismically transparent sedi-
mentary infill of the shallow depressions which is interpreted as marine Holocene deposits. The numerous small ridges 
are coral reefs developed during the last sea-level rise
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Holocene fine-grained, marine sediments, and recovered gypsum fragments presumably of Miocene 
age from the substrate at about 2–2.5 m below the seafloor.

Preliminary laboratory analyses on sediment cores from the deep depression reveal lacustrine-type 
sedimentation below the 1–2 m-thick Holocene marine silt deposits. Thus, both the 120 m deep valley 
and the >200 m deep depression in Farasan 2 area may have been lakes during the Last Glacial 
Maximum. One more core recovered from a small, 102 m deep depression located on the northern 
slope of the valley revealed evidence of lacustrine sedimentation (Fig. 23.8). Holocene marine silty 
sand prevails in the upper part of the core. Gradual coarsening of the grain size between 80 and 
147 cm below the seafloor indicates a shallow marine to coastal environment. A sharp erosional con-
tact at 147 cm separates the upper part of the core from the lower part, which is characterized by 
grayish to bluish-whitish colours. The sedimentological characteristics along with the increase in 
magnetic susceptibility below 147 cm indicate a significant change of the depositional environment 
from marine above to lacustrine below. Geochemical, micropalaeontological and geochronological 
analyses on the recovered marine and presumably lacustrine sediments of core FA13 and other cores 
are in progress, with the aim of shedding light on the environmental conditions (freshwater, saline or 
otherwise) prevailing in these lakes during the periods of lowered sea level.

Fig. 23.6 Swath bathymetry and location of seismic and subbottom profiles, side scan sonar track-lines, gravity cores 
and ROV dives in the Farasan 2 survey area

23 Geoarchaeological Exploration in the Red Sea
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23.3.3  Combined Results

The observations and preliminary results presented above can be summarised as follows:

(a) The numerous Plio-Pleistocene depressions of varying depth formed on the shelf around the 
Farasan Islands are due to the solution of Miocene evaporites and represent isolated water-bodies 
or lakes during the last low sea-level stand and possibly during older Pleistocene sea-level low 
stands (Fig. 23.9)

(b) The flat-topped ridges mapped off the shelf edge in the Farasan 1 survey area were disconnected 
from the exposed shelf, forming an island archipelago at a short distance from the 
LGM-shoreline

(c) The flat shelf observed in both survey areas was exposed during the Last Glacial Maximum and 
incised by river valleys, while shallow depressions were transformed into basins filled perma-
nently or ephemerally with water, possibly as freshwater lakes

(d) This type of landscape might have served both as an attractor of human settlement and as a favour-
able location for the preservation of archaeological evidence

23.4  Discussion

The work reported above is still at an early stage, but there are several important outcomes that bring 
into focus three issues of wider relevance to the investigation of hominin dispersal and expansion. In 
the first place, it is clear that the landscape exposed at low sea-level stands would have afforded many 
of the characteristics that are known to be attractive to early human populations, in particular a com-
plex topography comprising fault-bounded basins and topographic bottlenecks such as narrow con-
necting valleys that could have trapped freshwater and offered both extensive grazing territory for 
large mammals and also topographic opportunities for capturing them (King and Bailey 2006; Winder 
et al. 2013, 2015).

The availability of freshwater in this landscape is a key variable, and our results indicate the pos-
sibility, though not yet definitive evidence, that many of the basins would have contained, at least 
periodically, supplies of fresh water. It is well known to fishermen in this region, as elsewhere, that 
there are springs of fresh water emerging below modern sea level (see also Radić Rossi and Cukrov 
Chap. 17), and it has long been hypothesised that when sea level dropped, these springs would have 

Fig. 23.7 Subbottom profile (3.5 kHz) across the shallow, elongate basin in Farasan 2 survey area. Note the seismically 
transparent, sedimentary infill of the basin which is interpreted as marine Holocene deposits. The 112 m deep terrace 
on the flanks is shown on the profile
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flowed more strongly, providing the possibility of a well-watered and relatively fertile landscape 
(Faure et al. 2002). The sediment cores that we have recovered from the Farasan survey provide the 
first opportunity to directly test this hypothesis, and sedimentological and foraminiferal analyses and 
dating of the sediments by optically stimulated luminescence (OSL) and radiocarbon are currently 
underway to pursue this.

Moreover, it is clear that these possibilities would have been available during periods of the glacial- 
interglacial cycle when the mainland of the Arabian Peninsula would have been exposed to conditions 
of maximum aridity and pressure on the survival of human populations in the region (Bailey 2015; 
Bailey et al. 2015, Breeze et al. 2016), providing a core area or refugium where populations displaced 
by the expansion of arid conditions in the interior of the Peninsula could have persisted.

We are still far from finding archaeological evidence of human habitation on the now-submerged 
landscape, and this brings into focus a second issue, which is the need to better understand the condi-
tions under which archaeological material is likely to survive in underwater contexts, and where to 
look for it. To facilitate that understanding, our underwater investigations are being carried out in 
conjunction with archaeological survey on the adjacent mainland. This includes survey for Palaeolithic 
stone tools in the SW region of Saudi Arabia, demonstrating a time depth of human occupation 
extending back into the Middle Pleistocene if not earlier, and investigation of mid-Holocene coastal 
shell mounds, particularly on the Farasan Islands. Both types of investigations are directed towards 
researching archaeological sites in their wider geoarchaeological and landscape context, and to under-
standing the conditions under which material traces of human activity are variously accumulated, 
concentrated, preserved, eroded away, buried by subsequent sedimentation or exposed to discovery. 

Fig. 23.9 Palaeogeographic reconstruction of the Farasan continental shelf during the Last Glacial Maximum (LGM)

G.N. Bailey et al.
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These investigations in their turn provide clues as to where archaeological materials may have been 
preserved or exposed on the submerged shelf and the likelihood that they will have survived destruc-
tion or burial by inundation during sea-level rise.

The combination of research under water and on dry land is an important feature of the wider 
research strategy with which the above underwater survey is associated. One reason for this is that the 
present-day coastline is an arbitrary boundary that cuts across what would have been a seamless ter-
ritory extending from the mountain watershed of the western Arabian escarpment down to the con-
temporaneous shoreline as it existed at periods of low sea level, and this whole territory needs to be 
investigated as a single entity. Proceeding as if the landscape now offshore of the modern coastline did 
not exist must necessarily result in a highly biased and inaccurate evaluation of the archaeological 
record and the dynamics of human settlement and range expansion or contraction during the climatic 
fluctuations of the Quaternary.

Another reason is that the results from one sector can usefully inform on the research design and 
interpretation of results in the other, and on aspects of methodology that apply to both sectors. 
Understanding the factors that determine the location and visibility of archaeological sites on land 
clearly can provide clues as to where to search under water, and this is a well-practised strategy that 
has proved successful in other contexts (Faught 2004; Evans et al. 2014). However, this is not simply 
a one way relationship. Our underwater investigations are also influencing the way we think about 
research on land. In particular they focus on the all-important issue of ‘landscape taphonomy’ – 
namely the variables that determine the survival, preservation and visibility of archaeological material 
and the extent to which such variability confounds the interpretation of geographical patterning in the 
distribution of archaeological sites. This taphonomic factor is thrown into sharp relief when dealing 
with submerged landscapes because of the potentially destructive or obscuring influence of sea-level 
rise. But it is no less potent on dry land, where processes of erosion and sedimentation, and agricul-
tural and industrial developments, may have equally powerful distorting effects on the visibility and 
recovery of archaeological remains. These are issues that are still at a very early stage of development 
and point to a new and emerging field of taphonomic investigation in need of future development.

Finally our results highlight the issue of the early development of simple methods for crossing sea 
barriers and the conditions under which this may have been favoured. We cannot be sure whether the 
narrow channel that existed at the southern end of the Red Sea during periods of low sea level would 
have been crossed. But we know from the evidence of early human expansion into Australia and New 
Guinea that sea crossings involving some form of water craft were being conducted on a regular basis 
at least 50,000 years ago and to Flores Island at 0.8 million years (Hiscock 2008; Ward and Veth 
Chap. 24). There is no reason to deny that possibility in other parts of the world. Moreover, it is likely 
that the earliest sea crossings would have been facilitated in archipelago environments with short 
travel distances, relatively sheltered conditions, land always in sight, proximity to a familiar main-
land, and the prospect of attractive resources on the other side of the sea crossing. The presence of 
mid-channel islands at the southern end of the Red Sea during low sea level periods (Fig. 23.2) and 
the presence of islands offshore of the Farasan shelf at periods of lowest sea level (Figs. 23.3 and 23.8) 
are both examples of the conditions that may have encouraged early experiments in sea travel.

23.5  Conclusion

This is one of the first attempts to apply a suite of underwater techniques to the purposeful and sys-
tematic geoarchaeological exploration of a deeply submerged landscape (for comparable examples, 
see Dixon and Monteleone 2014; Pearson et al. 2014; Flemming Chap. 18; Gaffney et al. Chap. 20). 
It is clear that a landscape with interpretable features of geological structure, geomorphology, topog-
raphy, and potential for human settlement lies now submerged on the extensive shelf region 
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surrounding the Farasan Islands. This forms an important first step in archaeological survey and a 
promising basis for future investigations, but we emphasise that we are still at a very early stage in 
developing this research agenda, and that underwater archaeological material has yet to be discovered. 
Nevertheless, the research has clarified ways in which improvements in approach and the deployment 
of additional technologies can be applied in future work, and sharpened our focus on the issues that 
need to be addressed when attempting to incorporate submerged landscapes into the interpretation of 
human dispersal and range expansion during periods of low sea level.
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Abstract In this chapter we consider the archaeological records of islands from three archipelagos 
lying off NW Australia and their implications for the submerged landscapes of which they were once 
a part. We draw attention to unique human-landscape configurations from circa 42,000 cal BP to 
7500 cal BP, for which there may not be analogues in modern cultural landscapes. A holistic under-
standing of the genesis of maritime cultures is currently based on a truncated record in which the most 
significant part (the drowned landscapes) is usually missing. Here we make the case for renewed 
investigation of the drowned landscapes of the NW Shelf, in order to better understand the role of 
islands, archipelagos and coastlines in human history.

24.1  Introduction

Since the earliest human occupation of Australia currently dated to circa 50,000 cal BP (Veth and 
O’Connor 2013) changing sea-levels have had dramatic effects on the Australian continental shelf, 
repeatedly exposing and drowning vast lowland areas. Prior to the most recent period of sea-level rise 
between 20,000 cal BP and 8000 cal BP (the postglacial transgression) the archipelagos and islands 
of NW Australia were part of an extensive lowland plain that extended in the south from NW Cape to 
as far north as the Bonaparte Gulf and westward well over 100 km from its current position (Jones 
1973). This plain was dissected by riverine courses and scattered hills (Semeniuk et al. 1982; Semeniuk 
and Wurm 1987), some of which now make up the islands of the Dampier and Bonaparte Archipelagos 
and the Montebello and Barrow Island complexes (Fig. 24.1).

For many Indigenous Australians in the northwest, their ʽcountry’ is not conceptually restricted to 
the present landscape but includes the past, and correspondingly includes the landscapes drowned by 
postglacial sea-level rise. This ‘Sea Country’ or ‘Saltwater Country’ includes the mainland coastal, 
island and marine environments that together make up the traditional estates of maritime Indigenous 
groups in Australia (Smyth 1997). Like Hayward’s (2012, p. 1) notion of the ‘aquapelago’, the 
Indigenous concept of Sea Country provides a framework for understanding the cultural continuum 
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between land and sea by emphasising ‘the interrelation of marine and terrestrial spaces in areas of the 
planet in which small fragments of land are aggregated’ (Hayward 2012, p. 1).

From an archaeological perspective, land and sea shed light on each other but, as argued by 
Dawson (2012, p. 19), we are more likely to find evidence of maritime cultural interactions on the 
islands than underwater, and this has certainly been the case for NW Australia so far. However, 
archaeologists in Australia are now beginning to explore these submerged landscapes (Ward et al. 
2013, see also Flemming, Chap. 18) and a range of shelf edge sites (Veth et al. 2014; Ward et al. 
2016). Indeed, we argue that the investigation of these former coastlines and submerged landscapes 
is critical to our understanding of maritime adaptations in this region (Ward et al. 2015, 2016, see 
also Benjamin et al. 2011).

Archaeological evidence demonstrates a continuity of marine resource exploitation in the north-
west, from as early as ~42,000 cal BP (Veth et al. 2007, 2014, Morse 1988, 1993, Przywolnik 2002, 
2005). At the same time, new understandings about the nature of human settlement of the plains and 
past coastlines, and reliance on maritime versus terrestrial resources of the now drowned NW Shelf 
are emerging from midden records and macrofaunal remains on Barrow and Montebello Island com-
plex (Veth et al. 2007, 2014, 2016; McDonald and Veth 2009; Ward et al. 2016) and from some of the 
extensive engraved rock art (petroglyphs) in the Dampier Archipelago region (Mulvaney 2013, 2015). 
In this chapter, we summarise the evidence for maritime adaptations from the archipelagos of NW 
Australia and their implications for drowned cultural landscapes of northern Australia more generally. 
In contrast to the wealth (>3000) of submerged sites in the northern hemisphere (Benjamin et al. 
2011), there are still no documented underwater sites from Australian waters that date to before mid-
Holocene sea-level stabilisation.

Fig. 24.1 Archipelagos of NW Australia. (a) Dampier Archipelago, Barrow Island and Montebello Islands and (b) the 
Buccaneer Archipelago
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24.2  Archaeology of the Archipelagos of NW Australia

24.2.1  Dampier Archipelago

The 42 islands that make up the Dampier Archipelago (now known as Murujuga) are located within 
the Pilbara Offshore marine bioregion on the inner part of the North West Shelf (NWS) (Fig. 24.1). 
Legendre Island and some of the small outer islets (e.g., Kendrew Island, Brigadier Island, Cohen 
Island) are remnants of consolidated limestone ridges which delineate a previous coastline (Semeniuk 
et al. 1982). In contrast, the other islands and the Burrup Peninsula (formally Dampier Island) are 
predominantly composed of granophyres, gabbro and basalt (Donaldson 2011), cut by dolerite dykes 
which extend offshore (Semeniuk et al. 1982; Dortch 2002).

The Dampier Archipelago formed when rising seas flooded the coastal plain between approxi-
mately 8500 and 7500 years ago. Older formations dating to the terminal Pleistocene have been iden-
tified including lithified dune, beach and offshore bar deposits located within and immediately beyond 
the Dampier Archipelago. These provide a physical clue to the changing sea-levels and former shore-
line systems around which people may have foraged (Kojan 1994). Indeed shell midden sites from 
Burrup, Enderby and Rosemary Islands dating to between 10,000 and 7500 cal BP (Vinnicombe 
1987; Bradshaw 1995; McDonald and Veth 2009; McDonald 2015) show an intriguing proximal asso-
ciation to some of these submerged shorelines sequences (see Ward et al. 2013), suggesting continu-
ous use of the coastline before it was completely cut off from the mainland. This is the same pattern 
recently identified for the nearby Carnarvon bioregion, containing the Barrow and Montebello island 
groups, where over 40,000 years of continuous reliance on marine resources has been identified 
(Manne and Veth 2015).

Rising seas would have first started to encroach on the outer islands of Murujuga around 9000 years 
ago (Fig. 24.2). The use of coastline resources is evident from Terebralia (mud whelk) middens on 
Rosemary Island (Bradshaw 1995) and Enderby Island (Ward et al. 2013). Rising sea-levels progres-
sively separated bedrock hills (e.g., Enderby Island, Rosemary Island, Malus Island and West 
Intercourse Island) from the mainland (Semeniuk et al. 1982; Bird and Hallam 2006; Ward et al. 
2013) and may have even been abandoned (McDonald 2015). Around 7000 cal BP, Dolphin and 
Dampier Islands still formed a peninsula but by 6000 cal BP the Archipelago took its present form 
(see Fig. 24.1).

The wider use of the Murujuga landscape-seascape from the time before sea level rise through to 
islandisation is mirrored in the changing themes of the engraved rock art (petroglyphs) of the archi-
pelago (McDonald and Veth 2009; Mulvaney 2013, 2015; McDonald 2015). A shift is seen through 
time from a preponderance of terrestrial species, including some not found in the region today such as 
the Emu, to increasing proportions of marine and wetland resources. Late Pleistocene (c. 47,000–
11,700 cal BP) rock art, when Murujuga was just a small rangeland in the wider Abydos Plain, is 
focused around terrestrial fauna, anthropomorphic figures and simple geometric elements (Table 24.1). 
The early transgressive rock art phase (c. 11,700–8000 cal BP) has pecked birds and macropods, 
dynamic grouped humans and geometric designs but importantly sees the introduction of marine sub-
jects and distinctive anthropomorphic types, such as the Murujuga ‘rainbow-man’ (Table 24.1, 
McDonald 2015).

The mid-Holocene (8000–6500 cal BP), when Murujuga truly forms an archipelago, is character-
ised by the dominance of fish and other marine fauna, and anthropomorphs with distinctive local 
stylistic traits. It is at this time that the outer islands (e.g., Rosemary, Enderby) are thought to have 
been abandoned. This phase of abandonment of distant outer islands is matched by the termination 
dates from both the Barrow and Montebello island groups further west on the NW Shelf. The final 
mid–late Holocene (6400 cal BP to Modern) rock art found on the inner islands accessible from the 
mainland is argued to represent a distinctive Murujuga style with distinctive maritime themes, 
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including large stylised water birds, more complex turtle compositions and crustaceans. 
Anthropomorphs show group behaviours and locally-distinctive headdresses and material culture 
combinations likely signalling the establishment of new territories after sea-level stabilisation 
(Table 24.1).

There is limited evidence that at some time during the most recent period (4000 cal BP to Modern) 
people from the coastal Pilbara region voyaged to some of the outer islands through the development 
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Table 24.1 Landscape, sea level and climate, art phases and archaeological correlates

Period age (ka 
BP)

Landscape and climatic 
context Archaeological context Mulvaney”s rock art phases

Late Pleistocene Abydos Plain: coast 
110 km away Increasingly 
arid Weak monsoon

Early colonisation and 
establishment of regional 
broad-based economy. Art shows 
broad regional connections and 
long distance chains of stylistic 
connection

Phase 1: Regional graphics include 
archaic faces, elaborate geometric 
and anthropomorphic figures; 
unique forms disarticulated 
blob-heads

47.0–22.0

Late Pleistocene Abydos Plain: coast 
160 km away Maximum 
aridity

Peak LGM occupational hiatus in 
many sites. Art demonstrates 
regional social connections 
between Dampier Range refugia 
and many major rock art 
complexes through the Pilbara 
and into the Western Desert

Phase 2: Regional style: Outline, 
large terrestrial faunal and 
anthropomorphic figures, simple 
geometric elements

22.0–18.0

Late Pleistocene Marine transgressive: 
Rapid sea-level rise – 
coast within 30 km, 
reintroduction of summer 
monsoon

Small population groups, high 
residential mobility; social 
pressure through territorial 
retraction. Art used to establish 
territoriality but distribution 
extends beyond the boundaries of 
the current Archipelago

Phase 3a: 1st distinct Murujuga 
style: Outline, solid, internal 
patterned terrestrial faunal and 
anthropomorphic figures, simple 
geometric elements

18.0–11.7

Pleistocene – 
Holocene 
transition

Rapid sea-level rise – 
coast reaches outer 
‘islands’. Increasingly 
humid e return of 
monsoon

Larger population groups with 
decreasing residential mobility as 
territorial pressures increase and 
coastal resources are proximal and 
become more reliable: art and 
stone arrangements are used to 
assert territoriality. Art switches to 
marine focus

Phase 3b: Pecked intaglio stylised 
birds and macropods, dynamic 
grouped humans, simple and linear 
geometric designs11.7–8.0

Mid Holocene Wetter: continuing 
sea-level rise results in 
formation of the 
Archipelago. Outer islands 
become separated; Great 
Mangrove forest is 
primary resource focus

Increasingly coastal focus, with 
decreasing residential mobility. 
Distinctive local signaling in the 
art repertoire from increased 
territorial pressure. Stone 
structures delineate space on 
larger habitation sites and 
modification of landscape is 
widespread. Outer islands may 
have become inaccessible

Phase 4: Murujuga style but with 
coastal connections: Outline and 
solid fauna and geometric 
elements; anthropomorphs have 
distinctive local stylistic traits, 
marine faunas begin to dominate

8.0–6.5

Mid-late 
Holocene

Semi-arid with monsoonal 
influence. Sea-level 
highstand, results in 
reduction of mangal 
forests

Marine A – Predominant use of 
marine and intertidal (mangrove) 
resources: higher sea level creates 
an environmental change with 
apparent dire consequence for 
mangrove forests. Outer islands 
abandoned

Phase 5a: Distinctive Murujuga 
style: Outline and internal design 
marine and terrestrial fauna, 
anthropomorphs showgroup 
behaviours and distinctive 
headdresses and material culture

6.5–4.0

Late Holocene Modern island 
configuration. The last 
1500 years represents a 
stable sea-level at current 
height

Marine B – Predominant use of 
marine resources with switch to 
sand flat and rocky resources after 
highstand. Increased intensity of 
site occupation (e.g. large shell 
mound building) and accelerated 
ritual and ceremonial cycles

Phase 5b: Murujuga style: Outline, 
internal and solid design marine-
dominated fauna with increasing 
schematisation; human figures have 
exaggerated anatomical features 
and different ceremonial 
paraphernalia to preceding phases

4.0–0

From McDonald (2015)
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and use of log rafts, and an intimate knowledge of tides and currents (King 1827; Smyth 1997, 2007; 
Green 1998). Indeed, the different site patterning observed in the Holocene art repertoire across the 
Archipelago is argued to reflect the relative accessibility of the respective islands: by watercraft with 
respect to the outer and intermediate islands (e.g. East Lewis, Gidley and Malus); by swimming, to 
the intermediate islands; or by walking across low tidal flats, to Burrup Island and other proximal 
islands (e.g. Dolphin, West Intercourse).

Arguably Murujuga only represents Hayward’s (2012) ‘aquapelagic’ society from the terminal 
Pleistocene when people began to make use of the coast and later as they navigated to the islands of 
the Archipelago, whilst remaining fundamentally connected to the mainland. However, there is 
increasing archaeological evidence that connection to Sea Country in the Pilbara was in place from as 
early as 42,000 cal BP (Veth et al. 2014), with artefacts fashioned from shellfish found up to 50 km 
inland. Regardless of whether they were utilitarian or dietary in nature, the inland presence of shellfish 
(including Pinctada sp., Trochus sp. and Melo amphora) indicates that people were both familiar 
with, and reliant on, coastal resources from a very early period (Veth et al. 2007, 2014, 2016, see also 
Ward et al. 2015, 2016).

24.2.2  Barrow Island: Montebello Island Complex

Contrasting Dampier Archipelago’s predominant volcanic geology, the offshore Barrow and 
Montebello Islands are comprised entirely of limestone (calcarenite), which has had a major influence 
on the preservation of certain landforms and zooarchaeological remains (Manne and Veth 2015; Ward 
et al. 2016). Barrow Island is the largest island on the inner shelf with nine smaller islands nearby 
(Fig. 24.3). Measuring some 20 km by 10 km in area, Barrow island is the second largest island off 
the entire Western Australian coastline. Lying 20 km north of Barrow Island, the Montebello Island 
group comprises 265 distinct, low lying islands and islets (Fig. 24.3).

Virtually all coastlines dating between about 130,000 and 15,000 cal BP now lie submerged and 
distant from the modern coast (Erlandson 2001), hence the record from Barrow and Montebello Island 
complex is particularly important because of its position on the continental shelf edge (Fig. 24.1). 
Moreover, the abandonment of these islands around 7500 cal BP, probably coinciding with the timing 
of insulation, provides a unique ‘time capsule’ of terminal Pleistocene behaviours without admixture 
from later Holocene occupation (Veth 1993, Veth et al. 2007, 2014, 2016). Indeed the high diversity 
of near-continental shelf rockshelters, islands and prograding shorelines in the wider region indicates 
at least 42,000 years of contact with the coast and a unique window into marine resource-use through 
long periods of glacio-eustatic and climate change (Veth et al. 2014, 2016).

Early occupation is registered at Noala Cave on the Montebello Island to 31,400 cal BP (based on 
an AMS date from Melo amphora, Veth et al. 2014). At this time, sea-level would have been ~80 m 
below present and the then limestone plateaux would have been a topographic highpoint in an an 
ecologically-rich and diverse coastal sand plain, as represented in the zooarchaeological record by 
burrowing bettong (Bettongia lesueur), spectacled hare wallaby (Lagorchestes hirsutus), western 
barred bandicoot (Paremeles bougainville), rock wallaby (Petrogale sp.), northern quoll (Dasyurus 
hallucatus), and Olive Python (Liasis olivaceus), a species that frequents permanent springs in rocky 
outcrops (Manne and Veth 2015).

After this early human presence, there is a hiatus until 14,500 cal BP, after which time episodic 
occupation is registered at Noala Cave up to 8700 cal BP and at nearby Haynes Cave until 8300 cal 
BP just prior to the insulation and inundation of the Mary Ann Passage (Veth et al. 2007; Manne and 
Veth 2015). Like the Dampier Archipelago, there is a clear shift in the representative faunal assem-
blages over the Pleistocene–Holocene transition, as distance to the coast decreased. Between ca. 
11,500 and 8300 cal BP, there is a clear increase in exploitation of marine resources—particularly the 
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mangrove mudwhelk Terebralia sp.— in the Montebello Island record as the sea approached its cur-
rent position (Veth et al. 2014; Manne and Veth 2015). At nearby Barrow Island, the archaeological 
record indicates that Terebralia sp. was consumed from as early as 17,000 cal BP—if not earlier (see 
Veth et al. 2016), with continuous exploitation of the transgressive coastal resources for both techno-
logical (Melo sp.) and economic purposes for a further 9000 years until it too was abandoned c. 
7400 cal BP (Veth et al. 2014, 2016).

Not only do the archaeological records provide evidence of movement of people outward to the 
contemporaneous coastline, but the flaked and ground stone record also shows movement of people 
landward. Preliminary analysis of the lithic assemblages on Barrow Island indicates that artefacts are 
manufactured from both local limestone and also a significant proportion of exotic materials including 
quartz, volcanic and metasedimentary rocks (Veth et al. 2007; Basgall et al. 2014; Zeanah et al. 2014). 
The sources of these materials are found inland of the current Pilbara coastline and may thus have 
been traded over larger distances (Veth et al. 2007), and likely even from the Dampier Archipelago.

Lithic records show two distinct systems of lithic circulation and possibly two periods of occupa-
tion corresponding to a period when the island was part of the extensive NW Shelf, and a subsequent 
period when it was increasingly insulated. The model entertains two distinct stone transport systems 
(Fig. 24.4). A working hypothesis sees these distributions reflecting riverine sources that may have 
once run south and north of Barrow Island, with Ashburton and Cane Rivers in the south predomi-
nantly draining through metamorphic and sedimentary bedrock geology, and the Fortescue and Robe 
Rivers to the north draining through igneous bedrock geology. While there is no doubt that palaeoriver 
channels and coastal estuaries would have been a key resource focus for any past occupants, there is 
a clear need to research the past morphological extension of fluvial and estuarine systems across the 
shelf to be fully confident of any interpretation of past resource use (see Ward et al. 2015).

Fig. 24.3 Map with 
bathymetric data for the 
Barrow-Montebello 
Islands, as well as the 
locations of Noala, 
Haynes and Boodie 
Caves (Sourced from 
Veth et al. 2007, 2014)
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24.2.3  Buccaneer Archipelago

The Buccaneer Archipelago occurs further north in the Kimberley Marine bioregion (KIM) in remote 
northwestern Australia (Fig. 24.1). The rocky sandstone islands of the Buccaneer Archipelago number 
over 800 and cover over 50 km2 between King Sound and Camden Sound (Fig. 24.1). The largest of 
these, Koolan Island (22 km2), is no more than 1 km from the mainland, with Round Island providing 
a stepping stone to the mainland.

Archaeological surveys on Koolan Island provide some of the earliest evidence for the use of 
marine shellfish in northern Australia, with dates from a mangrove dwelling bivalve (Geloina coax-
ans) of 27,300 ± 1100 cal BP (O’Connor 1999). This age estimate demonstrates the existence of 
developed mangrove communities, the shellfish of which were then transported considerable dis-
tances. At this time, sea level would have been about 125 m below present and over 150 km further 
northwest. However, King Sound has one of the largest tidal ranges (maximum tidal range 11.5 m) of 
any tide-dominated delta in the world (Brocx and Semeniuk 2011) and the tidal range may have been 
even larger during the LGM (Ward et al. 2013). Hence it is highly likely that complex intertidal facies 
were available for exploitation during the period leading into the LGM. Even now, many traditional 
marine activities in NW Australia revolve around the huge tidal range and gently sloping seabed, 
which results in vast areas of intertidal land and reef flats available for exploitation (Smyth 2007, 
p. 15). Thus coastlines with large tidal ranges are likely to have offered very attractive resources, and 
to have been intensively used throughout the Late Pleistocene and Holocene.

However, contrary to the implied expectation of continued coastal use, there is an apparent occupa-
tional hiatus between 24,600 cal BP and 10,900 cal BP in the SW Kimberley (O’Connor 1999). 
Whether this represents cultural abandonment or sedimentary stasis and differential preservation of 
archaeological sites along this tide-dominated shelf is not certain (O’Connor 1999, see also Ward and 
Larcombe 2003) although a change in sediment composition between the Late Pleistocene and mid- 
Holocene layer (shell midden) implies the latter. If people followed the coastline as it retreated and 
transgressed back again (see also Bowdler 1977) then a large part of the Pleistocene evidence for occu-
pation may either be destroyed or lie buried and submerged on the drowned shelf. It should be noted 

Fig. 24.4 Pie charts 
showing different 
proportions of rock 
types within the lithic 
assemblages on different 
parts of Barrow Island, 
based on preliminary 
data (Reproduced with 
permission from Mark 
Basgall, David Zeanah 
and David Glover)

I. Ward and P. Veth



383

that the date of 27,300 cal BP at Koolan shelter is not a basal date and depth-age curves indicate that it 
may have been in use 40,000 years ago, when the sea was again close to the site (O’Connor 1999).

King Sound (Fig. 24.1) itself formed when rising sea levels flooded the coastline at the end of the 
LGM around 12,000 years ago (Semeniuk 1980) and the sea reached the northern coastline of Koolan 
about 1000 years later, which is when the records of coastal occupation—and, importantly, net sedi-
ment accumulation—are re-established (O’Connor 1999). In the Pacific, many islands became inhab-
itable only when their coastal plains emerged sufficiently for them not to be inundated at high tide, 
something called the ‘crossover point’ (Nunn 2009). The attainment of the crossover point is coinci-
dent with the earliest-known date for the human settlement of many such islands (Dickinson 2003), 
and perhaps by inference, the re-establishment of coastal occupation along many parts of the main-
land following the post-glacial transgression.

Other islands, including the outermost islands of the Archipelago, have not been systematically 
excavated. Hence there is both a temporal and spatial gap in the record for the Buccaneer Archipelago 
that, if filled, may provide new insights in regard to maritime adaptation associated with changing 
sea-level and changing tidal regimes (e.g. Fa 2008). Indeed a more precise understanding of past tidal 
regimes and past intertidal environments that may have been used by past occupants is necessary 
along all parts of this tide-driven continental shelf (see also Ward et al. 2013).

24.3  Continuity Versus Contiguity

Hayward’s (2012) emphasis is on the archipelago as an entity constituted by human presence whereby 
the utilisation of the environment matters more than the islands as a geographical entity. Yet they are 
not mutually exclusive because archipelagos, to paraphrase Hayward (2012, p. 6, added emphasis) 
‘wax and wane as climate patterns [and hence sea-level] alter and as human socio-economic organ-
isations and technologies, and/or the resources they rely on change and develop in these [changing 
coastal] contexts’. The examples we have profiled briefly above illustrate that coastlines, coastal eco-
systems and coastal occupation records are dynamic (see also Manne and Veth 2015; Ward et al. 2015, 
2016).

This leads to the question of continuity and contiguity in the ‘aquapelagical’ record. Continuity 
relies heavily on the resolution of the available archaeological, environmental and chronological data 
(Stein 1993). Natural and cultural processes are necessarily coupled and operate irregularly over 
space and time, hence no single island or site can be expected to provide a continuous record of occu-
pation. Rather these individual island records need to be linked with records from adjacent contexts 
both above and below water. It is this interdisciplinary ‘contiguous landscape approach’ between the 
terrestrial and marine, island and mainland, past and present that provides the best opportunity to 
resolve a significant missing element within Australia’s ancient and rich archaeological heritage 
(McDonald and Veth 2009).

This contiguous approach can be well demonstrated for the Barrow Island and Montebello Island 
complex. Fig. 24.5 shows the pooled archaeological radiocarbon data for the wider northern Carnarvon 
bioregion lying to the west and south of the Pilbara island chains. It illustrates the break in radiocar-
bon dates from the island records precisely when they cut off from the mainland, with post-insulation 
dates being picked up immediately from the coastal mainland records at nearby Onslow and Cape 
Range. Here steep offshore shelves and prograding shoelines have preserved the earliest post- 
transgression records of marine resource use. The inference is that maritime people retreated to the 
hinterland as transgressive seas cut off the islands but maintained their reliance on coastal maritime 
resources. The presence of exotic materials in the lithic records indicates ongoing links with the main-
land, either through long-distance movements of groups or exchange networks, even before the islands 
were abandoned (see also Veth et al. 2014). This is the ‘coastal coalescence’ described by Veth et al. 
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(2014) in which Aboriginal people developed ‘hybrid’ maritime-desert societies focused both on the 
plentiful littoral zone and more dispersed arid interior resources.

Hence archipelagos and island complexes provide an insight into the spatio-temporal mosaic that 
is presented as the residue of extinct patterns and processes (McGlade and van der Leeuw 2013, p. 6). 
At the macro-scale, these are the effects of addition/loss of accessible lands such as LGM refugia and 
archipelagos or islands, and at the micro-scale, they are the effects of variable survival and exposure 
of occupation within any geomorphic unit. As such, any extrapolation between present-day terrestrial 
and maritime archaeological landscapes, particularly in shallow shelf areas, must be based on sound 
geological and geomorphological principles. Wherever possible, exhaustive and precise chronologies 
must be obtained across multiple sample points (Bates et al. 2007; Ward et al. 2015, 2016). In offering 
multiple sample points in the form of relict shelf islands (archipelagos), nearshore uplifted coral ter-
races with steeply shelving profiles and procumbent prograding shorelines, a unique window into past 
marine cultural and resource configurations has been uncovered from the Carnarvon bioregion and is 
also likely to be found in the Kimberley bioregion.

24.4  Conclusion: Drowned Cultural Landscapes and Human Dispersals

Hayward (2012) indicated that the study of cultural seascapes should not stop at its surface but should 
delve deeper. While he was mainly refering to aquaculture and fisheries in a modern context, we argue 
that any study of ‘aquapelagic societies’ would be incomplete without considering the submerged 
landscapes of which these archipelagos and island complexes were once a part (see also Erlandson 
and Fitzpatrick 2006). At present our understanding of the genesis of maritime cultures is inevitably 
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Fig. 24.5 Pooled archaeological radiocarbon frequency data for the Carnarvon bioregion (current for 2014), which 
show a ‘switching off ’ of the islands (black line) to Holocene mainland records (purple and red lines). NW Cape’s steep 
offshore profile registers continuous occupation. Dates are calibrated (at 95%) using Oxcal v. 4.2, using the Marine 
Calibration, with a regional offset (delta R) of 54 ± 30 based on Squire et al. (2013)
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based on a truncated record in which the most significant part (the drowned landscape) is usually 
missing (Ward et al. 2013, 2015). Whilst underwater exploration for traces of Indigenous societies on 
the now-submerged shelf is still nascent in Australia, it is unquestionably necessary to fully under-
stand the role of oceans, islands and coastlines in human history.

The islands and archipelagos of NW Australia are geologically, ecologically and archaeologically 
unique, linked together by their common development through postglacial sea-level rise. There is no 
question that, at times of lower relative sea level, the extended coastal shelf of NW Australia was 
occupied by Aboriginal groups relying on both marine and land-based resources (McDonald 2011, 
p. 12; Veth et al. 2014, 2016). The archaeological records from the archipelagos of NW Australia are 
testament to this. To this extent islands are not necessarily entitities with ‘defined geographical param-
eters’ (Bowdler 1995, p. 945) but rather entities where our understanding of their past is limited by 
our lack of knowledge of their former geographic extent. The present and past coast and islands all in 
effect constitute Sea Country.

Yet until there is systematic study of drowned cultural landscapes, these islands and archipelagoes 
provide the only real link with the submerged context, and the only means of inferring, indirectly, the 
nature of that submerged landscape, for which we only have limited geological and chronological 
data, at present, and still no cultural records. What is missing is an archaeology of the seabed to match 
that of the land (following Dawson 2012), i.e., a systematic exploration of the now-submerged land-
scapes occupied by anatomically modern humans for the first 45,000 years of the occupation of Sahul. 
In short, the islands and archipelagos of NW Australia are not simply isolates of land surrounded by 
a mass of sea, but rather are all part of a complex tapestry with a long-standing connection to both the 
mainland and the seas that connect them.

The archaeological record for near-continuous use of maritime resources by peoples of NW 
Australia from at least 42,000 cal BP may be ascribed to highly adaptable foragers who comfortably 
switched between productive coastal, sub-coastal and often more resource-patchy interior habitats. 
The settling of a vast and relatively arid continent by people armed with advanced marine skills 
acquired from the increasingly poor terrestrial returns of the Wallacean islands (O’Connor and Veth 
2000) sets the conditions for both early coastal resource exploitation and penetration deep into the 
continent. These early dates for use of dietary marine molluscs are the oldest for AMHs (anatomically 
modern humans) outside of Africa and are seen to be one of the signatures for the ‘super-charged’ 
dispersal of modern humans along the southern coastal route. They also raise the spectre of coastal 
colonisation models again (e.g., Bowdler 1977), as these were previously found wanting due to older 
dates being returned from interior sites (Veth et al. 2007). As coastal chronologies match those of the 
interior, and which now appear to contain some dietary molluscan assemblages (in addition to utilitar-
ian and ornamental uses), the centrality of marine competencies in the dispersal of humans through 
southern and South East Asia must again be critically re-examined.
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Abstract The position of submerged prehistoric landscapes beneath the water and often beneath the 
seabed makes them difficult to access. Scientific investigation and research are providing data on 
prehistoric peoples and their associated drowned landscapes which is important for illuminating 
aspects of the past. Development of academic study and management approaches to the resource are 
vital for professional growth and appropriate protection. Alongside this is a large public fascination 
with past landscape change which provides an important route for engaging people with this other-
wise hidden aspect of their past. Prior to the SPLASHCOS project the approach to education and 
outreach relating to submerged prehistoric landscapes across Europe had been patchy and inconsis-
tent. This paper explores examples from the Maritime Archaeology Trust (MAT) of how education 
and outreach can promote this understudied area of the historic environment. It then details initiatives 
of the SPLASHCOS project that provided learning opportunities, field schools, engagement with 
industry and wider management aspects. Experience from this work is drawn upon to consider future 
challenges for expanding understanding and appreciation of submerged prehistoric landscapes.

25.1  Introduction

The understanding and appreciation of submerged prehistoric landscapes (SPLs) is currently at a very 
early stage, whether within the professional community of archaeologists and marine scientists, or 
more widely amongst marine managers, heritage professionals, policy makers, politicians and the 
general public. The fact that SPLs are not only underwater but also often further buried under seabed 
sediments presents a number of obstacles to ease of access and understanding. The ‘remoteness’ of 
SPLs, both in terms of the period of human history they refer to and their physically inaccessible loca-
tion, provides particular challenges for engaging a wider audience.

With a limited number of preserved and stratified sites so far located and relatively few organisa-
tions undertaking any physically intrusive investigation of sites and landscape deposits, there are 
limited examples of well-studied and conserved material available for access, research and wider 
dissemination through archives, museums and other media. Moreover, the research itself requires 
specialist equipment for survey, archaeologists with professional diving qualifications, and complex 
logistics. The low number of experienced practitioners currently active in the field highlights the rela-
tive immaturity of the discipline.

However, the location and investigation of submerged archaeological sites and landscapes is ongo-
ing and expanding, as is clear from other chapters in this volume, and these are revealing the huge 
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potential of the underwater environment to add to the understanding of early human history in a num-
ber of key areas, including sites with unusual conditions of preservation and from very early periods. 
This as yet largely unexplored frontier of archaeological research will certainly provide significant 
discoveries in coming years and it is only through active efforts to promote increased education, 
engagement and incorporation within the wider public consciousness that this information will 
become available for all, and thus reinforce wider public and governmental support for ongoing 
research and conservation.

The aim of this chapter is to examine the key issues associated with communicating the signifi-
cance of SPLs to a wider public and the different types of audience that need to be addressed, to 
describe the activities of the Maritime Archaeology Trust as an example of developing education and 
outreach programmes, and to summarise the activities developed as part of the SPLASHCOS Action, 
which included a Working Group specifically dedicated to communication, outreach, training and 
collaboration with industry.

25.1.1  Challenges and Benefits

The need to understand SPL deposits, and the need to communicate that understanding to a wider 
audience, is acute due to a range of humanly-induced threats through development and commercial 
use of seabed deposits and to natural threats from erosion, hydrodynamics and geomorphological 
processes. Without quality data on these deposits it is not possible to target investigations and manage 
the resource effectively.

In addition to the access issues of the underwater environment, there are other key obstacles to 
wider understanding. Concepts of large-scale landscape and environmental change can be difficult for 
the non-specialist to grasp, given the scale of the physical processes involved and the extent to which 
they have dramatically reshaped landscapes which now bear no resemblance to modern coastlines and 
international borders. An additional difficulty in conveying the nature and significance of the research 
to a wider audience is that the discipline is still developing and trying to understand where and how 
these deposits are preserved and how to locate them. Another barrier to engagement and understand-
ing, although this applies equally on land and is not confined to underwater material, is that the most 
commonly available artefacts for study are stone tools. These artefacts often need additional interpre-
tive materials demonstrating the specific application of different type of tools to allow their full sig-
nificance to be appreciated.

On the positive side, underwater archaeological material and deposits are now becoming available 
for study in increasing numbers even if they are localised in nature and difficult to access. The pres-
ervation potential in the underwater environment can result in recovery of organic artefacts such as 
wooden structures, boats, fish traps, wooden implements, basketry, cordage and other organic materi-
als, which would not normally survive on land-based archaeological sites, and which convey a more 
lively and detailed picture of past day-to-day life. Also, the rapidly changing evidence base does 
demonstrate ‘science in action’; as often with archaeological research, the actual detective work 
involved in the process of discovery and reconstruction is a source of perennial fascination to the non- 
specialist, and this is especially the case with underwater research, providing many opportunities for 
engaging the interest of non-specialist audiences.
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25.1.2  Key Messages and Audiences

Inevitably there is a need to reach a range of different audiences when attempting to increase under-
standing. This task is especially important to pursue alongside the actual research itself, because 
increased understanding amongst a wider academic and scientific community as well as the wider 
public will help to ensure that the underwater cultural heritage will be valued, cared for and properly 
managed. For the SPLASHCOS project, it was important to identify the most important messages to 
convey to various audiences to maximise the international impact across Europe and beyond.

For the scientific academic audience there is a need to develop and promote this growing area of 
study, and especially the need for inter-disciplinary skills and approaches to solve research problems 
and develop future strategies. There is huge potential for the re-use of data and resources that are held 
in public and private archives to help develop research. This can help demonstrate the relevance of the 
study of SPLs to other areas of science, for example in contributing to an understanding of climate 
change or changes to the maritime environment.

Moreover, re-use of surveys and investigations undertaken by marine industries can help engage 
the commercial and industrial audience. Collaborations between companies and research organisa-
tions can help unlock the potential within marine datasets for understanding the extent and preserva-
tion of SPLs. This has been ably illustrated through examples such as the North Sea Palaeolandscape 
Project, which used 3D seismic industry data to map the early Mesolithic landscapes (Gaffney et al. 
2009; Gaffney et al., Chap. 20), and the development of Rotterdam’s Maasvlakte 2 port extension 
which included extensive assessment and mitigation work on Mesolithic archaeology and associated 
landscapes (Moree and Sier 2015; Momber and Peeters, Chap. 21). In the longer term, this can reduce 
risks related to unexpected discoveries or impacts on prehistoric archaeology resulting from industrial 
and commercial projects in the marine zone. While there is EU legislation and guidance documents 
that dictate minimum best practice in relation to consideration of prehistoric remains during the 
course of industrial work on the seabed, fulfilling and surpassing these minima can provide positive 
public relations opportunities for the companies involved.

Reaching government agencies and policy makers is also vital to help develop management, pro-
tection and funding. Some key elements for achieving this include highlighting how SPLs contain 
unparalleled information on early human populations and environmental change that is not preserved 
on land and is currently not well studied or integrated within research and management programs. 
Developing understanding of past climate change, particularly rising sea levels and their effects on 
prehistoric territories and human populations, has direct relevance for issues faced by modern coast-
lines and communities. From a management point of view, increased investment in research can 
develop understanding of SPLs—their location, extent and significance—and this in its turn will feed 
into marine spatial planning and associated licensing and protection. This can be particularly relevant 
for commitments under the UNESCO Convention on the Protection of the Underwater Cultural 
Heritage (2001), the Valletta Convention (1992) and the Council of Europe’s European Landscape 
Convention (2007).

Messages to the wider public need to focus on a landscape that is now submerged and that can 
preserve fascinating evidence about daily life. A key aim is to provide a basic understanding that 
underwater investigations are providing a new dimension to knowledge of early human populations 
impossible to gain from studying only terrestrial sites and landscapes. SPLs can also be a valuable tool 
to engage children with a wide range of cross-curricular subjects, promoting engagement from an 
early age.

To deliver these messages effectively, I draw on experience from the UK, in particular the work of 
the Maritime Archaeology Trust, where education and outreach has been a major priority in actively 
raising the profile of submerged prehistoric landscapes, and then examine some of the initiatives 
developed within the SPLASHCOS Action.

25 Education and Engagement

http://dx.doi.org/10.1007/978-3-319-53160-1_20
http://dx.doi.org/10.1007/978-3-319-53160-1_21


394

25.2  MAT Experience in the UK

Within the UK, the Maritime Archaeology Trust, or MAT (formerly the Hampshire & Wight Trust for 
Maritime Archaeology) has extensive experience with research-led investigation of SPLs. This 
includes work on the nearby underwater site of Bouldnor Cliff (Momber et al. 2011; Momber and 
Peeters, Chap. 21) involving excavation, data gathering, analysis and interpretation, as well as dis-
semination and promotion of the significance of SPLs to audiences ranging from school children to 
marine managers and planners. The work of the Trust extends to all aspects of the maritime heritage 
including shipwrecks and coastal and underwater installations from more recent periods, but has a 
particularly strong focus on prehistoric underwater material.

As an independent charitable Trust, the MAT operates to deliver its broad aim of ‘promoting inter-
est, research and knowledge of maritime archaeology’. Specific objectives related to education and 
outreach include:

• Promoting public awareness, enjoyment, education and participation in maritime archaeological 
heritage

• Ensuring that maritime archaeology plays an important role in coastal planning, management and 
policies.

These objectives are achieved through formal and informal initiatives for different sectors and 
audiences. The lessons learnt from these education and dissemination activities provide examples at 
a regional scale that could be expanded nationally and internationally to promote this understudied 
area of the historic environment.

25.2.1  Direct Hands-on ‘Training in the Field’: Professionals and Volunteers

One of the most important ways of gaining an understanding of SPLs is to directly experience them. 
The MAT provides opportunities to participate in research projects for professional colleagues and 
volunteers from the scientific and research community as well as the general public. In addition to 
being open to those qualified to dive, the Trust offers a range of related tasks for non-divers. This 
inclusive approach aims to develop public archaeology in its broadest sense through creating access 
to materials and experience of methodologies and techniques.

The Solent has been recognised as being of particularly high potential for submerged prehistoric 
landscapes (Fulford et al. 1997; Momber 2000; Momber et al. 2011). One of the most significant areas 
is off the north-west coast of the Isle of Wight at Bouldnor Cliff, where stratified Mesolithic occupa-
tion remains have been located in 12 m depth of water (Fig. 25.1). The site provides a significant 
opportunity to study well preserved prehistoric material including a range of organic artefacts and 
palaeoenvironmental evidence. Not only is the site contributing unusual knowledge of the Mesolithic 
within the UK (Smith et al. 2015), it also provides a range of opportunities for training.

This expanding area of archaeological research and investigation is demanding the development of 
innovative approaches to underwater recording, sampling and recovery (Fig. 25.2). The project has 
also demonstrated the need for training of archaeologists, either those used to terrestrial prehistoric 
sites, or those more familiar with shipwreck remains. The Bouldnor Cliff project hosted two Short 
Term Scientific Mission (STSM) placements as part of the SPLASHCOS project, providing the 
opportunity for early stage researchers to experience all aspects of underwater investigation of SPLs 
(http://splashcos.org/training/2010_Southampton).

There is also an ongoing requirement for the processing of a large number of samples of seabed 
deposits from the Bouldnor Cliff site. Due to the difficulties of conducting underwater excavation in 
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situ because of the harsh tidal environment, the excavation strategy required the removal of blocks of 
sediment and their transportation back to dry land for detailed processing and the development of a 
sieving programme to maximise the recovery of data (Momber et al. 2011, pp. 24–33). Much of the 
data is in the form of palaeoenvironmental samples (e.g., bulk samples, cores, monoliths and timber 

Fig. 25.1 The location of the Bouldnor Cliff submerged Mesolithic site and landscape, off the North West coast of the 
Isle of Wight, UK (Maritime Archaeology Trust)

Fig. 25.2 Diver records 
evidence of Mesolithic 
occupation at Bouldnor 
Cliff (Photo: Maritime 
Archaeology Trust)
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samples), often with unusual conditions of preservation. Processing of such samples may be familiar 
to those used to working and volunteering on terrestrial sites, but they provide an excellent learning 
opportunity for non-specialists as well as for those more familiar with other types of maritime work, 
such as photography, survey or diving.

The examination, recording and recovery of material from these samples involved the training of 
non-diving volunteers and students who were keen to gain experience (Fig. 25.3). Although recognis-
ing the need for supervision and guidance while carrying out processing of samples, those involved 
have relished ‘hands-on’ work with prehistoric material.

The educational potential of this project was recognised from the outset, and has achieved positive 
results simply through the significant numbers who have participated. Those involved have gained 
practical experience in a range of activities:

• Underwater recognition of prehistoric landscape deposits, their stratigraphy and the potential of 
their associated palaeoenvironmental evidence

• Use of recording techniques such as photography on submerged prehistoric remains
• Adapting and developing survey and sampling approaches to a new environment
• Recognition of archaeological material including worked and burnt flints, worked wood, and food 

remains such as hazelnuts

Fig. 25.3 Volunteers of all ages have been involved with the recording and processing of material recovered from the 
submerged prehistoric landscape deposits from Bouldnor Cliff (Photos: Maritime Archaeology Trust)
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The development of interest in SPLs is not confined to the archaeological field. There is huge pub-
lic interest in this subject, which combines the study of early human populations with ‘drowned’ 
landscapes. This is further fuelled by challenges posed by modern climate change and sea level rise. 
It has been possible to link evidence from Bouldnor Cliff with these themes in interpretations and 
exhibitions and through this to attract wide interest in this area of marine archaeology.

25.2.2  Formal and Informal Education and Learning: Children 
and the General Public

Embracing the potential to inspire children and young adults with SPLs through formal and informal 
learning opportunities has resulted in the development of a range of education products. As archaeol-
ogy is seldom taught in UK schools as a separate discipline, we have found it necessary to raise the 
profile of the subject through a number of innovative schemes in order to enhance its accessibility and 
appeal. We have introduced maritime archaeology and SPLs to junior-age children in order to encour-
age them to explore the subject further both outside a formal teaching environment and into higher 
education. At a basic level, simply providing children with an appreciation of this under-studied 
aspect of their cultural heritage imparts knowledge that is likely to stay with them throughout life.

Archaeology and the study of SPLs is a highly cross-curricular subject and is relevant to history, 
geography and sciences in addition to contributing to literacy and enjoyment of language. Teaching 
resources that we have provided for schools have included education packs made available on loan. 
The packs contain folders and notes for teachers that provide background information in addition to a 
range of activities linked to learning objectives, and a range of artefacts, core samples showing stra-
tigraphy, and CDs containing interactive components for teaching. One example of an activity focus-
ing on SPLs is ‘Reconstruction of ancient landscapes and people’ that encourages pupils to study 
artefact and environmental evidence through which they learn about prehistoric lifestyle, technology 
and culture.

Learning is not confined to the formal setting of schools, and there are a wide range of ways that 
information can be provided to children and adults. The writing and production of well-illustrated 
children’s story books has been a route for reaching both children and parents. ‘Derek the Dredger and 
the Underwater Archaeologists’ (HWTMA 2008) explore aspects of archaeology and the marine 
aggregates industry including how traces from prehistoric landscapes such as remains of bones and 
flints can be discovered in sorting through dredged-up material.

Based on the experience of attending a range of events, shows and conferences to engage different 
audiences, the MAT developed the ‘Maritime Discovery Bus’, a travelling resource which show-cases 
maritime archaeology including SPLs (Fig. 25.4). The bus has undertaken tours within the UK and 
across Europe, most recently within the EU Funded ‘Common Cultural Connections’ project with 
partners in France and Spain (www.commonculturalconnections.org). Using onboard artefacts, infor-
mation boards, videos and a screen-linked microscope, visitors learn about the process of archaeologi-
cal investigation in addition to the types of evidence recovered.

The approaches taken by the MAT have demonstrated the advantages of taking a holistic approach 
to the investigation and dissemination of SPLs. In addition to practical activities for outreach, the 
MAT also works through representation on coastal and marine management groups and forums to 
help ensure that the wider appreciation of the resource is translated into effective management 
approaches and policies for protection. This experience was drawn on when working within the 
SPLASHCOS project to promote communication and wider engagement with marine industry.
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25.3  SPLASHCOS: Training, Outreach and Collaboration

The aim of the SPLASHCOS project in pushing forward the development of the study, appreciation 
and management of SPLs included a number of objectives for delivering training opportunities, 
increasing collaboration with marine industries and broader outreach to stakeholders and the wider 
European public.

25.3.1  Training

Targeted training and direct field experience was provided for early stage researchers. There were two 
key mechanisms for this – Short Term Scientific Missions (STSMs) for individuals or small groups, 
and Training Schools for larger groups of individuals (see Uldum et al., Chap. 5; Galili et al., Chap. 
6). Eleven STSMs were delivered during the project. These allowed individual researchers to gain 
valuable experience at a host organisation within another EU state. The missions differed in duration 
from 5 days up to 1 month, the key aim of which was to foster collaboration and to learn new tech-
niques (Fig. 25.5).

The training schools provided intensive specialist training on particular subjects for groups of 
researchers. SPLASHCOS delivered six training schools, which focused on a range of areas related to 
SPLs: palaeo sea-level modelling (Estonia), underwater excavation (Israel, Galili et al., Chap. 6), 
underwater geoacoustic modelling (Spain), underwater recording and conservation (Malta) and 
remote sensing of submerged landscapes (Rhodes).

During the project, 65 early stage researchers were able to benefit from these training 
opportunities.

Fig. 25.4 The Maritime Archaeology Trust’s Discovery Bus presenting information on submerged prehistory at a 
public event located at a coastal park, Plymouth, UK
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25.3.2  Engagement with Industry

There is an urgent need for greater collaboration between SPL research and marine industry. For 
industries impacting the seabed there are requirements to ensure heritage is investigated prior to 
development, and this is embedded within European Directives. However, direct contact between 
companies and archaeologists is not always required as part of the regulatory process. The framework 
through which heritage legislation and management are delivered differs between countries with regu-
lation and relations with industry being more developed in some states than others. The need for 
promotion of collaboration with industry was highlighted by Flemming’s (2004) volume ‘Submerged 
Prehistoric Archaeology of the North Sea: Research Priorities and Collaboration with Industry’. Over 
the following decade, growing awareness of SPLs, an increasing volume of research and new evi-
dence from the seabed has focused attention on the need for appropriate evaluation and monitoring 
through development work. This situation has been examined by Salter et al. (2014), who summarise 
approaches to research and management of SPLs, emphasising the importance of industry collabora-
tion and the need for greater international cooperation and coordination.

The existing survey data that is held by companies, developers and governmental organisations is 
of great value when developing understanding of SPLs. Making such data available can bring benefits 
to scientific and wider public understanding of past human occupation and environments. Facilitating 
this access requires increased cooperation and communication between industry and the heritage sec-
tor, which will be of mutual benefit. During the SPLASHCOS project a number of internationally 
significant projects were initiated or came to fruition which demonstrate the potential of such collabo-
rations and are building a body of knowledge about best practice (see also Homlund et al., Chap. 4; 
Glorstad et al., Chap. 19; Gaffney et al., Chap. 20; Sturt et al., Chap. 28).

The largescale project to develop Maasvlakte 2, an expansion of the Port of Rotterdam, embedded 
archaeological assessment and mitigation throughout the project involving close cooperation from the 
beginning of the planning process through to completion between the Port authority, the government 
heritage agency, archaeologists and geoscientists. Evidence from SPLs within the development area 
included underwater Mesolithic sites, coring and excavation techniques adapted to the working condi-
tions, and recovery of flint tools and palaeoenvironmental indicators (Moree and Sier 2015; Momber 

Fig. 25.5 An Early 
Stage Researcher from 
Portugal (Leandro 
Infantini) working in the 
laboratory on prehistoric 
sediment samples during 
a SPLASHCOS Short 
Term Scientific Mission 
(Photo: Maritime 
Archaeology Trust)
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and Peeters, Chap. 21). The work included initiatives to communicate the results to the public, generat-
ing wide interest (https://www.maasvlakte2.com/en/index/show/id/665/archaeology-palaeontology).

In the UK, the Aggregate Levy Sustainability Fund enabled research and consultancy organisa-
tions to undertake projects to better understand the impacts of the aggregate extraction industry on the 
marine historic environment (Sturt et al., Chap. 28, http://archaeologydataservice.ac.uk/archives/
view/alsf/). Notable SPL examples include the University of Birmingham’s West Coast 
Palaeolandscapes Project, which used industry seismic data to explore Late Palaeolithic and Mesolithic 
deposits (Fitch and Gaffney 2009) applying approaches originally developed as part of the North Sea 
Palaeolandscape Project (Gaffney et al. 2007, 2009, see also Gaffney et al., Chap. 20). Further work 
by Wessex Archaeology in their Seabed Prehistory project developed methodologies for assessing the 
presence or absence of prehistoric archaeology within marine aggregate deposits (Russell and Tizzard 
2011). The British Marine Aggregate Producers Association Protocol for Reporting Finds of 
Archaeological Interest has established a framework for direct contact between industries working in 
the marine environment and heritage specialists (BMAPA 2005), which has resulted in reports of flint 
tools, bones and submerged landscape evidence. This approach is also being applied to the fishing 
industry through a pilot project (https://fipad.org/) and has been very recently adapted into the Marine 
Antiquities Scheme through which divers, fishermen, boat operators and coastal visitors can report 
marine discoveries (https://marinefinds.org.uk/).

SPLASHCOS initiatives targeting relations with industry include a publication ‘Marine Industry 
and Submerged Prehistoric Archaeology: Sharing Data, Developing Understanding and Delivering 
Best Practice’, which was distributed through network members in all project countries and is publi-
cally available on the SPLASHCOS website (http://splashcos.org/sites/splashcos.org/files/
SPLASHCOS_Marine_Industry_Guide_FINAL.pdf), and a conference with Industry entitled 
‘Offshore Industry and Archaeology: a Creative Relationship’ held in Denmark in March 2013 and 
organised by Thijs Maarleveld (http://splashcos.org/events/splashcos-esbjerg-meeting). The 2-day 
event addressed key themes of existing data, the need for standardisation in fulfilling environmental 
regulations, and the involvement of small and medium sized enterprises (SMEs). Speakers included 
representatives from major industries in addition to those responsible for gathering and interpreting 
data from the heritage sector. The event provided opportunities for SMEs which specialise in survey, 
offshore archaeology services, data evaluation and consultancy to present their experience to repre-
sentatives of offshore industries and the heritage management sector.

25.3.3  Wider Promotion

The need to enhance understanding and appreciation of SPLs by scientists working in related disci-
plines and the public was achieved through a range of routes. For events and conferences, we created 
posters for display. For wider promotional opportunities, we designed and produced a leaflet 
(Fig. 25.6), and distributed 10,000 of these during the project. As with any current project, internet 
presence was important, and the project website at www.splashcos.org attracts several hundred visi-
tors per month. A Facebook page was also established with posts regularly reaching over 500 people. 
Statistics available for the Facebook page indicate that the largest audience reached was the 25–34 age 
group, providing an important route to reach younger researchers.
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25.4  Looking to the Future

As understanding of SPLs is a developing area of research, it is important to capitalise on any oppor-
tunities for raising awareness within the scientific community as well as more broadly with the gen-
eral public. It is important for those involved in data gathering and analysis to think about how new 
results can be disseminated as widely as possible, making sure this goes beyond the research com-
munity. Examples from a number of European countries are showing how information can be used for 
maximum impact and to reach the widest possible audience.

As the SPL resource is physically difficult to access, this makes archaeologists’ responsibilities 
towards promoting public archaeology even more pressing. While definitions of public archaeology, 
or community archaeology, are difficult to pin down to specifics, there is broad acceptance of the need 
to make results available for all to examine, interpret and reinterpret (Merriman 2004; Holtorf 2007).

The results of enhanced wider public understanding of the SPL resource and its importance in the 
story of human history can have wider effects. Increased public awareness helps raise the profile of 
the marine cultural heritage and this in turn influences the development of management plans focussed 
more generally on the coastal and marine environment at local and regional level. When local and 
regional approaches are translated into national and international frameworks, then more robust pro-
tection is possible.

Fig. 25.6 The SPLASHCOS publicity leaflet. Over 10,000 were distributed during the project (Photo: Maritime 
Archaeology Trust)
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While raising the baseline profile of SPLs within the population has been an important goal, it has 
also been vital to increase communication with marine industry, in order to increase understanding of 
the submerged heritage, the need for protection, and a positive dialogue that ensures appropriate treat-
ment of the resource and collaborative partnership without compromising the commercial demands of 
underwater work.

Within the SPLASHCOS framework it has also been possible to take forward specialist training of 
early stage researchers and help to increase the numbers involved. Building a body of professionals 
who will be able to expand current levels of research, and some of whom will find employment in 
government agencies and archaeological companies responsible for implementation of environmental 
impact assessments and legislation, is an important legacy for the future.

Enjoyment and understanding of SPLs should be fostered at every opportunity, and all those 
involved in heritage need to promote this on a national and international scale. Developments over the 
past decade have meant a growth in understanding and awareness. It is now essential to ensure there 
are available opportunities to facilitate the future aspirations of those wishing to be directly involved 
in their heritage and to continue to build on this work.
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Abstract The coast of the English Channel (La Manche) and the Southern North Sea is a dynamic 
environment. Coastal erosion, increased storm frequency, flooding and instability are all providing 
challenges for managing risks associated with these threats. Understanding the long-term develop-
ment of the coast is vital in order to understand how the present situation has arisen. Archaeological 
and palaeoenvironmental data from submerged and prehistoric landscapes along the coastlines and 
sub-tidal fringes of the European Continental Shelf represent previously under-used coastal indicators 
that can be applied as tools to inform long-term patterns of coastal change. The preservation of organic 
material and traces of flora and fauna within submerged and intertidal sites provide detailed evidence 
of the past environment including plants, animals and insects, the types of soils and crucially whether 
it was dry, damp or wet, saline or brackish. Recording changes to these environments demonstrates 
the impact of rising or falling sea levels and relationships with coastal adaptation. This chapter pres-
ents the results of the Arch-Manche project, which used archaeological, palaeoenvironmental, histori-
cal and artistic resources to advance understanding of the scale and rate of long-term coastal change.

26.1  Introduction

Coastal managers face an ongoing battle to moderate impacts from the sea in the face of a changing 
climate and pressures from human uses of the coastal zone. The challenges that lie ahead are forecast 
to increase while pressure on limited resources is also likely to increase. This paper explores the value 
of under-used coastal indicators that can be applied as tools to inform on long-term patterns of coastal 
change. This work forms part of the ‘Archaeology, Art and Coastal Heritage—Tools to Support 
Coastal Management and Climate Change Planning across the Channel Regional Sea” (Arch-Manche) 
project. The project aims to advance understanding of the scale and rate of long-term coastal change 
using sources of evidence including archaeology, palaeoenvironmental data, works of art, historic 
maps, charts and photographs (see also Karle and Goldhammer, Chap. 15 for a similar approach).

Traditionally, coastal engineers, planners and decision-makers have rarely studied long-term 
changes to the coast. However, the roots of coastal instability often relate to progressive geomorpho-
logical evolution that dates back thousands of years. Evidence from coastal, submerged and intertidal 
sites can be used to model the position of past coastlines, understand the rate of past sea level change 
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and map coastal erosion. Early archaeological evidence can demonstrate how people were impacted 
by coastal change in the past and how populations reacted to some large-scale landscape and climatic 
changes (Van de Noort 2013). Coastal zones have often been favoured for human occupation, and 
marine resources in particular are thought to have played a key role in the settlement patterns of 
hunter-gatherers from an early period (Bell and Warren 2013, p. 31). Much of this evidence, now 
submerged in the Channel and southern North Sea, has been investigated and analysed during the 
project in order to reconstruct past landscapes and to model changes over time.

Various palaeogeographical models exist for the English Channel and North Sea region (including 
Shennan et al. 2000; Brooks et al. 2011; Sturt et al. 2013) and this work has stressed the importance 
of these once inhabited landscapes, now submerged, in terms of what can be learnt about the rate of 
change in the Holocene and the impact on human populations (Sturt et al. 2013 p. 3964). The Arch- 
Manche project focusses on a number of case study areas in the Channel and the southern North Sea 
and aims to highlight the importance of such data in terms of coastal management and how an under-
standing of past change can help with planning for the future. The project looked at archaeological 
and palaeoenvironmental data ranging from the Palaeolithic to WWII, located in the marine, intertidal 
and coastal zones. However, it was clear that submerged prehistoric land surfaces have the highest 
potential to inform on long-term coastal change. Many of those investigated as part of the project 
contain long stratified and dated sequences which can demonstrate a record of the changing environ-
ment, with some spanning a series of geomorphological events.

The case studies included a variety of coastal frontages faced with different challenges in terms of 
management, physical conditions and available data resources. Project partners in the UK, France, 
Belgium and the Netherlands employed a variety of research and fieldwork techniques involving in- depth, 
inter-disciplinary investigations (Momber et al. 2014). The work aimed to determine sea level in relation 
to the coast at particular times, identify resources showing specific measurable change, and model coastal 
change through time. This chapter demonstrates the methodology used and presents some of the results 
from case studies on the English south coast at Langstone Harbour and the western Solent (Fig. 26.1).

Fig. 26.1 Map of the Solent showing key sites mentioned in the text from the western Solent and Langstone Harbour. 
The green shading indicates the extent of the intertidal zone exposed between high and low tide
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26.2  Methodology

A large amount of data was assessed as part of the project, and the process of extracting information 
from archaeological and palaeoenvironmental sources has involved a phased approach to work. This 
included initial desk-based assessment, ranking of sites, features and samples, and collection of pri-
mary field data using a range of field investigations.

26.2.1  Desk-Based Assessment

An initial desk-based survey identified areas of the coastline which have archaeological or palaeoen-
vironmental information that can help tell the story of past change, including monuments, fish traps, 
shipwrecks and submerged landscapes. A ranking system was developed in order to provide a relative 
value on the potential of each site to provide scientific information beneficial to practical decision- 
making in the long-term management and protection of the coastline. Particular importance was 
attached to information concerning the past behaviour of the coastline and to chronological informa-
tion concerning the nature, scale and pace of sea level rise and coastal change.

Ranking methodologies were also developed for historical resources in order to assess their reli-
ability. Such resources can provide important information for studying coastal development, for 
example, maps can be georeferenced and digitised to reconstruct former shorelines. However, the 
quality and detail can vary dramatically, and it was therefore necessary to evaluate these resources in 
terms of accuracy and reliability prior to using them for coastal research, using methods based on 
work carried out by Jongepier et al. (2016) and McInnes (2008).

In areas of coastal instability, archaeological and palaeoenvironmental sites have a particular role 
to play in establishing proven histories of localised change in coastal geomorphology and shoreline 
positions. These are particularly valuable in sectors subject to landslide movement and other coastal 
changes. Thus the ranking criteria sought to identify those sites that might best offer evidence for 
measuring the magnitude and rate of coastal change. Data were ranked according to the following 
criteria:

• Does the site contain evidence of changes in sea level?
• Does the site provide evidence of environmental change?
• Does the site contain archaeological material from different cultures/time-periods, showing evi-

dence of temporal continuity?

The ranking did not place particular archaeological value on sites but was used to highlight the 
potential of a site to inform coastal managers of past changes to the coastline. The data was integrated 
into the project database and GIS to facilitate analysis and visualisation of areas of high potential. 
Although the process of ranking was subjective, it has revealed areas and environments where ques-
tions concerning the links between past and present coastal behaviour can be positively pursued.

This study has demonstrated that certain types of site and deposit can gain consistently positive 
scores for their potential to inform on coastal change. Some of these sites represent single or short- 
lived episodes. These might include a shipwreck or a prehistoric camp site. Sites of this kind can occur 
at a particular height, location or time that is pertinent to the understanding of shoreline-change. Other 
sites can offer a broader range or sequence of chronological and environmental information. They 
include biostratigraphical evidence such as pollen records in peat deposits, diatoms in stratified marine 
sediments and plant macro-fossils in river valley alluvium.

26 Arch-Manche
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26.2.2  Fieldwork

The project employed a variety of fieldwork techniques to carry out detailed research on significant 
sites and areas of the coastline. This involved in-depth, inter-disciplinary research including field-
work, scientific dating and analysis. The methods varied depending on the specific environment and 
the type of information being targeted, and included:

• Diving archaeological investigation
• Intertidal survey
• Archaeological excavation
• Geophysical and geotechnical sources

Here we discuss two case studies. The prehistoric landscape of Langstone Harbour was investi-
gated using intertidal and marine seismic surveys (Fig. 26.2). Here the focus was on the islands pres-
ent in the north of the harbour, which are known to be the last vestiges of the prehistoric landscape 
prior to inundation, as well as the main channels in the harbour. Six of the 14 case-study sites were 
subject to detailed field investigation, and full details can be found in the project technical report 
(Satchell and Tidbury 2014).

In the western Solent, the fieldwork included survey and sampling of submerged landscapes. 
Evidence from sites and deposits in this area provide high resolution data on the development of the 
Solent as a river, including coastal and climate change and human responses to this, which inform on 
current change and vulnerabilities.

26.3  Results

26.3.1  Langstone Harbour

Langstone Harbour is located between Portsmouth Harbour to the west and Chichester Harbour to the 
east (Fig. 26.1). The site was selected as a case study area due to its rich and diverse archaeological 
record and its history of archaeological investigation, in particular a large multi-disciplinary project 
carried out over a 5-year-period in the 1990s (Allen and Gardiner 2000). The project revealed 

Fig. 26.2 Left: Auger survey off long island. Right: Marine seismic survey, Langstone Harbour
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intermittent human activity commencing in the Mesolithic and adapting, at various times, to a rising 
sea- level and changes in areas of mudflats and saltmarsh.

Langstone Harbour today includes an area of around 1900 ha, of which 1700 ha are exposed at low 
tide, demonstrating the shallow nature of the harbour. Peat deposits in the Broom Channel at a depth 
of between −10.5 and −12 m OD (Ordnance Datum, equivalent to Mean Sea Level) were discovered 
within cores related to a housing development (Mottershed 1976). But other than these, the main 
evidence for the development of the harbour comes from work associated with the Langstone Harbour 
Archaeology project undertaken in the 1990s. Of particular relevance are two radiocarbon dates 
obtained from submerged tree remains embedded within peat deposits from the Baker’s Rithe and 
Russel’s Lake areas between the islands. From the former a peat deposit at −1 m OD provided a date 
of 2310–1950 cal BC (R-24993/2, 3735 ± 60 BP), and from the latter at −0.5 m OD a date of 3350–
2910 cal BC (R-24993/1, 4431 ± 70 BP) (Allen and Gardiner 2000, pp 88–90), indicating the nature 
of changes that have occurred since the Neolithic and early Bronze Age period.

During auger work related to the excavation of the Langstone log boat in 2002, a substantial peat 
deposit was encountered at a depth of around −2 m OD off the north-west coast of Long Island. This 
peat remained undated until recently, but its substantial thickness of up to 2 m indicated that it was 
likely to be a different peat from those identified during the Langstone Harbour Project (Allen and 
Gardiner 2000; Scaife 2003). In 2012 this area was re-visited and the palaeochannel was tracked 
through hand augering along a transect south-west of the previous survey. Due to the difficulties of 
hand augering in the intertidal zone, the deepest core reached just −2.3 m OD. A sample from a wood 
horizon at −0.8 m OD located within the peat layer was sent for radiocarbon dating and was dated to 
1660–1650 cal BC (Beta 344585).

In order to track the buried palaeochannels, a marine seismic survey was conducted in the harbour 
using a parametric echosounder. The survey was conducted at high water between the islands in the 
north of the harbour, focussing on the area of the auger survey and around the location of the sub-
merged forests at Baker’s Rithe and Russel’s Lake. The survey was also conducted in the main chan-
nels of the harbour.

Between the islands the survey profiles revealed in high detail a network of channels and a number 
of features on the seabed which could relate to timber remains. These were outside of the known loca-
tion of the submerged forests at Baker’s Rithe and Russel’s Lake, suggesting that the submerged forest 
could have been more widespread than originally presumed (Evangelinos et al. 2014, p 4).

Previous work in the harbour suggested that the area was dominated by a steep valley in the 
Mesolithic following the course of the present day Langstone Channel (Allen and Gardiner 2000 
p 203). A network of profiles was recorded in the Channel including large palaeochannels (Fig. 26.3; 
Evangelinos et al. 2014, p 10).

A 4-D model of the topographical and environmental change in Langstone Harbour was con-
structed based on the results from the geoarchaeological data analysis including boreholes, sediment 
analysis, radiocarbon dating, the results of seismic survey and the data from the 1990s Langstone 
Harbour Project (Fig. 26.4). The model was produced using a CesiumWebGL cross-platform. 
Significant stages in the development of Langstone Harbour begin with a transition from a down-cut 
ravine with fresh water streams to a silted river valley, infilled by organic material, which became 
established during the Late Mesolithic/Early Neolithic. During the Bronze Age the area developed 
towards a more predominantly marine environment made up of salt marsh and tidal rivers. Fully 
marine conditions did not characterise the channels within the harbour until after 800 BC. There then 
followed periods of stasis and episodes of both accelerated erosion and deposition. The harbour was 
then altered significantly by anthropogenic processes in the post-Medieval period, particularly through 
land reclamation in the area of Farlington Marshes. These dynamic episodes show a relationship with 
concurrent changes in relative sea-level and shifts in local currents and the tidal system (Allen and 
Gardiner 2000, pp 186–198).
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26.3.2  Western Solent

The western Solent has been completely reconfigured over the last 8000 years by geomorphological 
changes and rising sea levels. The process has not finished and a stable equilibrium has yet to be 
reached. It demonstrates how the long-term evolution of a coastline can influence present and future 
patterns of change with important implications for ongoing management policies. Bouldnor Cliff and 
the wider landscape of the western Solent was chosen as a case study as it contains a long sequence 
of stratified prehistoric landscapes including Mesolithic occupation evidence (Momber et al. 2011).

Fieldwork was focused on the prehistoric and landscape features at Bouldnor Cliff, Tanners Hard 
and Hurst Spit (see Fig. 26.1) and included:

• Monitoring landscapes—many of the sites have been subject to previous survey and historic datum 
points were relocated to calibrate erosion over the past 10–15 years.

• Sampling landscapes—sediment samples were collected from Bouldnor Cliff and Hurst Spit to 
assess palaeoenvironmental changes and for radiocarbon dating.

• Excavation—an evaluation trench measuring 1 × 2 m was excavated at Bouldnor Cliff and lithic 
material and palaeoenvironmental samples were collected.

• Rescue artefacts—artefacts exposed through erosion were recovered from the seabed before they 
were lost.

Sediment archives are well preserved in this area, particularly at the site of Bouldnor, and the 
analysis of diatoms and formanifera together with analysis of bathymetry has revealed a sequence of 
events that saw final inundation by the sea around 6000 cal BC (Momber 2014, p 203). This was fol-
lowed by the deposition of brackish estuarine sediments, which served to protect the palaeolandscape. 
Evidence suggests that the sea entered the system via the River Yar, and by 4500 cal BC rising sea 
levels eroded the barrier to the east of the basin, and breached the western barrier about 2000 years 
later. This formed the Solent, which changed from a sedimentary sink in the estuary to the new Solent 
channel cutting across the infill deposits and removing most of them (Fig. 26.5). Some of these depos-
its remain in sheltered areas to the north and south, including Bouldnor Cliff, although they are still 
subject to ongoing erosion (Momber et al. 2011).

The formation of the Solent dramatically remodelled the seabed by reshaping and transforming 
the submerged palaeolandscape. First, estuarine deposits covered and protected earlier land surfaces, 

Fig. 26.3 Seismic profile in Langstone Channel showing a large buried palaeochannel (From Evangelinos et al. 2014, 
p 10)
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and secondly sea level rise overtopped hills to the east and west allowing a new channel to be formed 
perpendicular to the original drainage pattern (Fig. 26.5). This masked the previous north–south 
flowing river. The results show that the centre of the Solent Channel has been eroded and is now 
deeper than would otherwise have been the case, demonstrating that the palaeolandscape was quite 
different from what might have been concluded by relying solely on the morphology of the present-
day seabed (Momber 2014, p 203). Moreover, the accumulation of fine-grained fluvial and marine 
silts in an oxygen-free environment has preserved detailed, well stratified and well preserved remains, 
demonstrating the nature, rate and scale of change, and the fact of ongoing erosion of the 
palaeolandscape.

Fig. 26.4 Screenshots from the 4D model of Langstone Harbour showing the development of the harbour from the 
Mesolithic to the present day based on archaeological and palaeoenvironmental evidence. The coloured dots show the 
location of archaeological sites and features, the larger red dots are the Baker’s Rithe and Russel’s Lake submerged 
forests. The view is taken from the north-east corner of the harbour looking south-west
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26.3.3  Lymington, North-West Solent

Alongside archaeological and palaeoenvironmental data, the project has also used historical resources 
including works of art, photographs, maps and charts to understand more recent change. This can be 
combined with the data from archaeological investigation to provide an understanding of coastal 
change both in the long and short term. A methodology was developed as part of the project to assess 
the reliability of historic maps and charts (Jongepier et al. 2016), and those which ranked more highly 
in terms of reliability were used to reconstruct past landscapes through digitisation and 
GIS-rectification.

Off Lymington in the north-west Solent, historic maps were used to assess the rate of saltmarsh and 
mudflat erosion (Fig. 26.6). The most reliable maps were georeferenced and the limit of the saltmarsh 
digitised demonstrating the rate of change from 1781 to the present day. Over a period of 153 years 
from the date of the first map (1781) to the second map (1934), the area witnessed around 500 m of 
regression of the saltmarsh. Over the next 57 years a further regression of 200–400 m took place, 
indicating an increased rate of change, and subsequently this accelerated more dramatically with salt-
marsh erosion in just 22 years of up to 500 m in places. Clearly, the rate of erosion has dramatically 
increased in the last 100 years. The specific cause of saltmarsh regression is currently not well 

Fig. 26.5 Formation of the western Solent, showing the effects of progressive sea-level rise and shoreline retreat. At 
6000 cal BC, sea level was around 10 m below OD and the Isle of Wight was connected to the mainland. At 4500 cal 
BC, sea level reached 5 m below OD opening up a channel to the east. Around 1500–2000 cal BC, sea level rise crossed 
the 2.5 m contour and a second channel opened to the west. The breaching of this final land link to the Isle of Wight 
transformed a salt marsh into a channel that would eventually extend over 10 km long and up to 60 m deep. The strong 
tidal currents introduced when the channel was formed continue to erode the Solent shoreline today. The land shown in 
white indicates an estimate of the coastline when sea-level approached the present level. The difference with the modern 
coastline reflects widening of the Solent channel by coastal erosion (and locally, shoreline progradation). Image re- 
drawn by Geoff Bailey from an original by Garry Momber
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understood, but is thought to result from a combination of factors including wave action, lack of sedi-
ment supply, dieback of vegetation, tidal currents and sea level change (NFDC 2014). These maps 
cannot provide an answer to the cause of erosion, but they can provide high resolution detail on the 
rate and scale of change from the eighteenth century onwards.

26.4  Conclusions

All those involved in coastal management have a requirement for high quality data and a thorough 
understanding of the physical processes at work around the coastlines of the Channel and the southern 
North Sea. An appreciation of the impacts of coastal evolution and processes is fundamental in order 
to understand and manage coastal frontages in the most effective way. Long-term coastal monitoring 
is increasingly recognised as an invaluable data source to support coastal risk management, as well as 
providing information to assist, for example, the efficient design and construction of coastal defence 
measures.

Over 3000 sites across the English Channel and southern North Sea regions were assessed as part 
of the Arch-Manche project. Six areas were selected for detailed fieldwork and investigation, and the 
results from two of these have been outlined here. Information from these sites provides data on the 
scale and rate of coastal change in these areas. Sites from the Mesolithic period demonstrate evidence 
of rapid sea level rise as thousands of kilometres of inhabited land were lost to the sea. Since current 
climate change models predict future rise in sea level, inundated Mesolithic sites are of particular 
relevance to coastal management (Gaffney et al. 2009). Archaeological research on such sites can also 
contribute new sea-level index points, providing valuable information to improve existing climate 
change models.

Fig. 26.6 Saltmarsh and mudflat regression in the north-west Solent based on historical map analysis (Image re-drawn 
by Geoff Bailey from an original by the Maritime Archaeology Trust)
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Palaeoenvironmental data provide evidence of past landscapes from early prehistoric times through 
to the present. Analysis reveals evidence of the environment including plants, animals and insects, the 
types of soils, and whether it was dry, damp or wet, saline or brackish. Recording changes to these 
environments demonstrates the impact of rising or falling sea levels and relationships with coastal 
adaptations. Humans have used the coastal zone for thousands of years. The position of settlements 
shows the proximity to coastal areas, while specific features like trackways to cross marshy areas 
show adaptations to marine environments, such as those found off the north coast of the Isle of Wight 
dating to the Neolithic (Tomalin et al. 2012). Studying the archaeological record can demonstrate how 
humans adapted to change, and in more recent times, how they effected change.

The project has also looked at coastal heritage and historical resources to understand more recent 
change to the coastlines of the Channel and North Sea regions. Using a combination of data sources 
allows for maximum amounts of information to be extracted.

This project has highlighted the potential of these various sources of data to contribute to under-
standing the rate and scale of past change, their value in contributing to informed decisions about 
future management, and the scope for more detailed analysis along the same lines and in different 
areas to further refine interpretation and assessment of future risk associated with climate and sea- 
level change.
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Abstract Large parts of the Belgian continental shelf (BCP) are affected by commercial activities. 
Close to the shore, major infrastructural works are also envisaged for the near future. All these activi-
ties constitute a serious threat for the underwater cultural heritage (UCH) but until recently solid regu-
lation regarding UCH was (and largely still is) lacking in Belgium. The SeArch project tries to offer 
solutions to these challenges through the realisation of three objectives: (1) developing a reliable 
survey methodology based on remote sensing techniques that allows cost-effective evaluation of the 
archaeological potential of offshore, nearshore, and intertidal areas; (2) preparing correct implemen-
tation of the commitments imposed by international conventions and of comprehensive proposals for 
a transparent and sustainable management policy for UCH in Belgium; (3) offering guidance for the 
stakeholders from marine industry, government agencies, fisheries, and harbour authorities on how to 
implement the new methodology and management approach, and to increase the general awareness 
with regards to UCH. The 4-year SeArch project started in 2013 and involves partners from Ghent 
University, Flanders Heritage Agency, Deltares and Flanders Marine Institute. In this paper we dis-
cuss the main scientific challenges of the project and some first results.
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27.1  Introduction

Compared to the neighboring countries, the general attitude in Belgium towards marine archaeology 
has long been marked by a genuine lack of scientific interest. The sparse archaeological research in 
the Belgian sector of the North Sea has up to now been very fragmented and focused almost exclu-
sively on a few wreck sites (Missiaen et al. 2012; Zeebroek et al. 2010). Very little or no attention has 
been paid to submerged archaeological sites and remains, or to submarine landscapes and (pre)histori-
cal coastlines.

This lack of any structured investigation with regard to the UCH is largely due to the state-structure 
of Belgium, where heritage is a regional matter whereas the North Sea is largely a federal matter. As 
a result, until recently no management system has existed in Belgium for archaeological and other 
heritage in the marine area. This is a deplorable situation, especially regarding the ever increasing 
pressure on the North Sea due to infrastructural and commercial activities, which already occupy a 
very large part of the North Sea and nearshore area, and are in general carried out without any system-
atic and built-in consideration for the marine archaeological heritage (Douvere et al. 2007).

Several international regulations deal with marine archaeological heritage, such as the 2001 
UNESCO Convention on the Protection of Underwater Cultural Heritage and the 1992 European 
Convention for the Protection of the Archaeological Heritage (so-called Malta or Valetta Convention). 
The latter has entered into force for Belgium in 2011 whereas the former was ratified by Belgium in 
2013. At the onset of the SeArch project (January 2013), however, Belgium was still not adequately 
equipped to fulfil its international commitments to manage and protect the UCH present in the North 
Sea and nearshore (intertidal) zones.

27.2  The SeArch Project

The SeArch project (www.sea-arch.be) aims to provide the necessary tools that allow correct imple-
mentation of the international conventions. On the one hand this involves the development of a survey 
methodology which allows accurate, efficient and cost-effective evaluation of the archaeological 
potential of marine areas under development. On the other hand this involves clear proposals for a 
comprehensive, transparent and sustainable management policy for underwater cultural heritage in 
Belgium and further development and implementation of a legal framework. The project also aims to 
provide practical guidance on how to implement the new methodology and management approach. 
The 4-year SeArch project will finish in December 2016.

The results of the SeArch project will bring about important benefits to a wide range of stakehold-
ers (Fig. 27.1), ranging from marine industries, harbor authorities and government agencies involved 
in marine heritage to non-governmental organization’s, divers, tourism, the scientific community and 
the general public. For instance, an efficient survey methodology will allow serious cost reduction for 
marine industry during the preparatory phase (by better planning) and avoid costly damage and loss 
of valuable time during the operational phase of the works. Sustainable management of UCH within 
a well-defined legal framework (including licensing, monitoring and evaluation procedures) will 
allow government agencies and policy makers to work more efficiently. Furthermore, the project will 
provide adequate tools to prevent or minimise damage to the archaeological heritage not only for 
offshore works but also in the land-sea contact zone which is actually the focus of large infrastructural 
works. Finally it will result in better knowledge regarding the marine (pre)historic environment and 
the development of (pre)historic coastlines, which is crucial for our understanding of the present-day 
changes related to sea level rise and climate change.

T. Missiaen et al.
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27.3  Survey Methodology

To date no efficient marine survey methodology exists that is specifically aimed at archaeological 
assessment studies. Standard geophysical and remote sensing techniques are used on an ad hoc basis 
and often they are not well adapted for archaeological investigations, since they were in the first place 
aimed at other purposes (Missiaen et al., Chap. 2). Moreover, the available techniques are frequently 
ineffective in large parts of the near-shore zone due to the presence of biogenic gas in the sediments, 
and their application in intertidal areas poses major technological challenges due to the shallow water 
depth, strong currents and wave action. A cost-efficient survey methodology that is based on effective 
geophysical and remote sensing techniques suited for both deeper and very shallow water is therefore 
urgently needed.

As a first step to achieve this goal a thorough review was made of all state-of-the-art remote sens-
ing techniques that can be applied for detailed imaging of the seafloor and sub-seafloor environment 
in a 3D geological/palaeo-environmental model. Conventional techniques (e.g. reflection seismics) as 

Fig. 27.1 Overview of the current problems related to UCH in Belgium, the approach of the SeArch project to tackle 
these problems, and the expected benefits for the different stakeholders (BCP Belgian continental shelf, SDI spatial data 
infrastructure)
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well as techniques that are not commonly employed at sea (e.g. shear-waves, non-acoustic techniques, 
Lidar) were evaluated with archaeological and geological indicators in mind (De Clercq et al. 2013; 
Kruiver et al. 2013; Stal et al. 2013; Zurita Hurtado et al. 2013).

The most promising remote sensing techniques are to be subsequently tested on designated test 
sites (Fig. 27.2). The latter cover a wide variation in environment, archaeological features, economic 
importance and ground-truth data. The main offshore test site is a large, buried palaeovalley off the 
coast of Ostend (so-called Ostend Valley) and potential hot-spot for prehistoric life, as indicated by 
the palaeontological finds in the area (Vermeersch et al. 2015). The palaeovalley, which is covered by 
a large sand bank, is also a known sand extraction area (Mathys 2009). The sand bank poses an impor-
tant challenge because sound waves are quickly absorbed in the heterogeneous sandy sediments. The 

Fig. 27.2 Overview of the different test sites in the SeArch project: 1 Ostend Valley, 2 Thornton Bank, 3 Raversijde 
Background map is the current seafloor topography in m below MLLWS (mean lower low water at spring tide)  
(© Flemish Hydrography)
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main intertidal test site is Raversijde beach, which is known for the buried remains of a drowned 
Medieval village, Roman and Medieval peat and salt extraction, and historic dyke structures (Pieters 
et al. 2006, 2010).

During the surveys, major attention is paid to smart acquisition design and inventive data process-
ing to enhance cost efficiency (Incoul et al. 2014). The results so far indicate that for offshore areas 
marked by sandbanks the multi-electrode sparker seems to allow the best trade-off between resolution 
and penetration (Fig. 27.3). Even when the target depth is only a few tens of metres, and especially in 
relatively shallow water, multichannel acquisition furthermore offers considerable advantages over 
single channel data. In addition to 2D imaging, also true 3D subsurface imaging is tested using a 
recently developed multi-transducer parametric echosounder system (Innomar Technologie 2015). 
The results of a recent try-out at Raversijde were astonishing: for the first time buried peat and salt 
excavation patterns could be observed in the highest detail (cm to dm resolution in three dimensions, 
Fig. 27.4). Moreover, the observed features match perfectly with old aerial photographs (Missiaen 
2015). These results set a new standard for detailed three-dimensional sub-bottom imaging, and open 
up significant perspectives for archaeological prospection in shallow water.

An additional focus of the survey methodology concerns the presence of biogenic gas in marine 
sediments, which is known to obscure conventional (reflection) seismic data (Missiaen et al. 2002). 

Fig. 27.3 Comparison of seismic profiles obtained with different acoustic sources over the Ostend Valley. Top left: 
geological interpretation. Single channel sections obtained with 1 SIG sparker, 2 Centipede sparker, 3 Seistec boomer, 
4 500 J boomer, 5 X-Star chirp, 6 Parametric echosounder. Same dimensions for each section (see top image) (after 
Zurita Hurtado et al. 2014)
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Within the Search project, various experiments involving shear waves, surface waves and refracted 
waves are carried out at sea and in the intertidal zone in order to obtain reliable subsurface informa-
tion in gas-rich areas. This research is technically challenging and highly novel and the results are 
expected to present an important step forward in the exploration of the sub-seafloor, especially in 
nearshore areas which are often prone to shallow gas.

Based on these different survey results a generic methodology will be put forward, preferably with 
a flexible structure based on a step-by-step approach. It is not the objective of the SeArch project to 
come up with a list of ‘good’ or ‘bad’ techniques since the potential of each technique will depend to 
a high degree on the environmental setting and the archaeological feature. The generic methodology, 
which is intended to be a guide for all those involved in commercial activities at sea as well as the 
international scientific community, will be complemented with a specialized Spatial Data Infrastructure 
(SDI) and web-GIS to allow efficient integration and visualisation of archaeological and environmen-
tal data in a user-friendly way.

27.4  Sustainable Management

The second goal of the SeArch project is to develop proposals for a sustainable and efficient manage-
ment regime for the Belgian underwater cultural heritage. This management regime must fit into a 
legal framework, and includes a marine spatial planning process and a set of specific procedures and 
rules to deal with different types of heritage in an internationally acceptable way. The management 
regime for underwater cultural heritage will at the same time provide legal security for industry to 
invest in activities at sea.

In order to achieve this goal, a thorough evaluation of legislation, directly or indirectly, that affects 
the legal status of underwater cultural heritage has been carried out. It includes international law, EU 
legislation, as well as national legislation (Maes and Derudder 2014; Derudder and Maes 2014). 
Attention was also paid to bridge the gap between the legal and management approach between heri-
tage on land and heritage at sea (Khakzad 2015).

Fig. 27.4 Horizontal 
depth slice from the 3D 
volume obtained at 
Raversijde beach with 
the multi-transducer 
parametric echosounder 
SES-2000 Quattro (slice 
dimensions 180 × 80 m, 
depth below seafloor  
~1 m). The characteristic 
pattern of rectangular 
excavation pits, long 
(diagonal) trenches and 
circular depressions 
stands out clearly
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With regard to national legislation several important objectives have (at least partly) already been 
achieved. In August 2013 Belgium, as the 45th member state, ratified the 2001 UNESCO Convention 
for the protection of UCH. Merely a year later, in June 2014, Belgium implemented in its national law 
most of the commitments imposed by that convention. This, in combination with a new law on marine 
spatial planning which takes heritage concerns into consideration, means that Belgium is now in a 
position to deal more efficiently with UCH in its waters. At this moment eight historic wreck sites 
(among which the HMS Wakeful, a British destroyer sunk in 1940 during the evacuation of Dunkirk, 
and the West-Hinder, a late nineteenth century lightship sunk in 1913) have received heritage status 
(Demerre et al. 2014). This is a major achievement and an important step forward for Belgium; more-
over since 2014 underwater heritage has become an official stakeholder in all North Sea matters. With 
this, Belgium is finally joining the UK and the Netherlands, where official UCH management has 
been established for a number of years.

With regard to the international level, the most important provisions for UCH protection at this 
moment are found at international level rather than at the level of the Council of Europe. The 2001 
UNESCO Convention is by far the most valuable convention to create an international framework for 
UCH protection, as well as a basis for national UCH legislation. However, so far only Belgium and 
France as North Sea States have ratified the Convention. In contrast to this, all the States bordering the 
North Sea have ratified the United Nations Convention on the Law of the Sea (UNCLOS) 1982, oblig-
ing them all at least to protect UCH and to cooperate for this purpose. A downside to both Conventions 
dealing specifically with UCH is the incorporation of constructive ambiguities as a result of compro-
mises made to achieve a consensus. As a result the provisions in UNESCO 2001 and UNCLOS 1982 
are sometimes general and vague, possibly leading to different interpretations (Maes and Derudder 
2014).

Based on the above mentioned studies and the outcome of a large-scale consultation of all possible 
stakeholders, definitions and criteria for tailoring the management regime are currently being set up. 
It is the aim to come up with a coherent and inclusive management regime for underwater cultural 
heritage in the Belgian part of the North Sea, thereby looking both at ‘unknown’ zones (i.e. without 
information on heritage) and at already identified sites. The final objective is to deal with underwater 
cultural heritage in an internationally acceptable way and to provide legal security for industry to 
conduct relevant socio-economic activities at sea.

Within the SeArch project, an approach is also developed to include the protection of underwater 
cultural heritage in the process of marine spatial planning. In 2003 Belgium was one of the first coun-
tries in Europe to develop a marine spatial plan (MSP) for the North Sea, the so called ‘Master plan 
North Sea’. In 2014 an updated plan was developed, which is committed even more to following the 
planning process (comparable to what is happening in the regions regarding spatial planning on land) 
(Maes and Seys 2014). Whereas underwater heritage was not in focus in the first marine spatial plan 
for the North Sea of 2003, in the new version of 2014 underwater cultural heritage is well integrated 
in the annexes to the new law.

Sustainable management of underwater cultural heritage highly depends on optimal access to data. 
At this moment, correct and efficient storage of submerged archaeological and environmental data is 
still lacking in Belgium. The SeArch project therefore aims to provide the first steps towards a com-
prehensive, reliable and accessible national data base. Different aspects and requirements related to 
the data type, resolution, accessibility, legal status, usefulness, accuracy, data format, and above all the 
compatibility with national data and international data base systems are thoroughly analysed. Major 
attention is also paid to the associated legal issues in order to reach a clear understanding on the terms 
and conditions regarding access and ownership of the data.

27 The SeArch Project
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27.5  Guidance and Outreach

A last important goal of the SeArch project is to provide optimal guidance for commercial industries 
and government agencies involved in marine work. To this end a ‘best practice’ manual including 
advice and procedures for all stages of development and operation is being developed. The guidance 
manual will stress the importance of pro-active concern for underwater cultural heritage and provide 
specific advice and procedures (‘best practice’) on how to implement UCH in every stage of planning, 
development and operation of marine works (including licensing and monitoring).

In addition a set of protocols for the identification, reporting and handling of archaeological finds 
in the Belgian part of the North Sea is being prepared. The protocols are tailored to the specific needs 
of the end-users (marine industry, harbour authorities, fisheries and recreational divers). They describe 
the actions needed after discovery of an archaeological artefact, and include clear guidelines on how 
to identify finds of archaeological interest, as well as rules for safe handling and storage. A prelimi-
nary draft of the protocols is currently under discussion with the various stakeholders.

The guidance manual and protocols represent a significant step in ensuring that the marine historic 
environment in Belgium is considered in the marine development process, which will help to prevent 
or minimize damage to the archaeology during activities at sea. With this, Belgium joins the UK and 
the Netherlands, where guidance rules and reporting protocols already exist and where they have 
resulted in a spectacular increase in number and frequency of reports and finds, ranging from aircraft 
remains and cannon balls to whale and mammoth bone fragments (e.g. Wenban-Smith 2002; BMAPA 
and English Heritage 2003; Wessex Archaeology 2007).

In order to support practical use of the manual and protocols, it is crucial to raise awareness and 
appreciation. Therefore various measures are being included such as practical handouts, targeted 
workshops, visits to vessels and survey companies, as well as demonstration sessions. The need for 
such awareness is clearly demonstrated in the UK, where an extensive awareness programme has 
resulted in a pro-active and positive approach on the part of the marine industry, perfectly illustrated 
by a publication from the aggregate dredging industry stating that ‘a potential threat can be turned into 
an opportunity through an open and constructive partnership approach’ (Russell and Firth 2007). In 
the Netherlands, however, no awareness-raising was done and as a result much less attention is given 
there to UCH in offshore and infrastructure works.

27.6  Conclusions

Until recently Belgium was not adequately equipped to fulfill its commitments to manage and protect 
the underwater cultural heritage. Timely action was needed in view of the ever increasing industrial 
activities at sea such as aggregate extraction, wind farms, dredging, cable & pipeline projects, inten-
sive fishing, and nearshore infrastructural works (in particular for coastal protection). It was not only 
the scientific community who were aware of this urgent need, but it was also expressed by the repre-
sentatives of marine industries in Belgium, who are in need of clarity in legislation. In close collabora-
tion with stakeholders from the marine industry and governmental and societal organisations involved 
in marine issues, the SeArch project (www.sea-arch.be) is preparing the way for efficient manage-
ment of submerged cultural heritage in Belgium. At this moment a number of important objectives 
have already been realised with regard to survey methodology, management and legislation. Further 
work will focus on how to translate these results into a ‘best practice’ guidance manual and protocols 
for finds that are specifically targeted at the different marine industries.

T. Missiaen et al.
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Abstract This chapter charts the shifting relationship between industry and archaeology offshore. 
We argue that, just as on land, collaboration with developers has changed the scope and scale of our 
investigations, transforming our understanding of the submerged continental shelf. However, through 
considering the development of the subject we argue that there is a need to actively avoid compla-
cency and to continually develop new approaches which better reflect our shifting interests and capa-
bilities as archaeologists. In this light, the challenges of working offshore are shown to be one of its 
great strengths, in that it forces us to consider what we want to know, and how best to find it out.

28.1  Introduction

Offshore industry and a developing understanding of the distribution and potential of submerged 
landscapes have been inextricably linked since the birth of archaeology as an academic subject. 
Nowhere is this more apparent than for the waters that surround England. Here both the history of 
research and current practice have been shaped by the nature of industrial activity. While this relation-
ship can be seen as longstanding and mutually beneficial, it is also complex and worthy of careful 
consideration.

In this paper we consider the history of archaeology’s relationship in England with offshore 
industry, its impact on the discipline and how we might proceed in the future. We argue that, just as 
on land, collaboration with developers has changed the scope and scale of our investigations, trans-
forming our understanding of the submerged continental shelf. However, to paraphrase Levi-Strauss 
(1964, p 89), we also contend that one of the most significant outcomes from work investigating 
submerged landscapes in English waters is recognition of the fact that they are ‘good to think’ with. 
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The act of investigating these now partially obscured places helps us to confront the changing nature 
of the world, and the people that lived within it. Importantly, this forces us to consider what our most 
important research questions are, how we might best answer them, and what industry’s relationship 
to this might be. Thus, as we argue below, while the goals of archaeology and offshore industry have 
the capacity to be strongly aligned, this alignment should not be taken for granted and needs to be 
actively maintained.

28.2  History and Development of Thought: The Early Twentieth Century

The recognition and investigation of submerged landscapes in English waters has long been directly 
connected to industrial activity. Reid (1913, p 1) in his ground-breaking book on submerged forests 
extended his understanding of their distribution beyond the inter-tidal zone through discussion with 
fishermen. This practice in turn built on earlier nineteenth century antiquarian relationships with 
North Sea trawler men, where the faunal remains frequently dragged up by their nets were sold to 
interested collectors (Bynoe 2014). Similarly, Crawford (1927), in the first paper in the first edition of 
the journal Antiquity, identified the presence of an extensive preserved prehistoric landscape below 
the high water mark in the Isles of Scilly. While the majority of his paper derives from first-hand 
observations of anthropogenic features and lithic artefacts, he also noted (1927, p 12) the significance 
of knowledge gained by fishermen. In each of these early twentieth century examples there is a recog-
nition of the need to engage with the people who spend time working at sea, and to value the knowl-
edge they garner.

One of the best early examples of the impact that can be generated from engaging with offshore 
industry, and the significance it can have for our understanding of British Prehistory, is seen in the 
recovery of a single find: the Leman and Ower Harpoon. In 1932 the trawler Colinda dredged up a 
well preserved Maglemose harpoon from the Leman and Ower banks (Fig. 28.1), 25 miles off the 
Norfolk Coast. Its recovery received a brief paragraph in the journal Man (Burkitt 1932, p 118), but 
was to have a far more significant impact on the research trajectory of J.G.D. Clark, who in turn 
shaped the nature of hunter-gatherer archaeology in the United Kingdom.

As Gaffney et al. (2009, p 19) observe, Clark quickly recognised the significance of this find, com-
ing at a time when he was focused on writing about the Mesolithic cultures of northern Europe (Clark 
1936). The Leman and Ower harpoon allowed him to populate the forest environments of the now 
submerged North Sea described by Reid (1913) with mobile groups of Mesolithic hunter-gatherers. 
Within his 1936 volume on the Mesolithic settlement of northern Europe, Clark mapped out the extent 
of the submerged landscapes beneath the North Sea, the finds that had been made and the implications 
they had for social connectivity. In Clark’s work the North Sea moved from being a simple blue area 
on the map that divided prehistoric populations, to a space that had previously connected them in a 
meaningful manner. The catalyst for this change had been the product of industrial activity.

Significantly Clark did not work alone, and nor did he place pre-eminence on material culture as a 
line of evidence for archaeology. For Clark, the significance of the harpoon lay as much in what it 
indicated about the archaeological potential of the North Sea as it did in materialising Mesolithic con-
nectivity. In the same year that the Leman and Ower harpoon was being recovered from the North Sea, 
the Fenland Research Committee was formed to work on the complex stratigraphy and associated 
remains found within the fenland basin of East Anglia (Smith 1997). Here the sedimentary archive 
told the story of Holocene transgression and regression, and of the fluctuating size, shape and dynam-
ics of the broader North Sea basin. The formation of this group of scholars reflected the observation 
made by Reid (1913, p 2) that the investigation of prehistoric environments needed to be an interdis-
ciplinary affair. It was as part of this team that Clark developed his working relationship with Harry 
Godwin, the father of Quaternary research in the UK.
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Fig. 28.1 Map showing location of sites mentioned in the text and the area covered by the North Sea Megasurvey (used 
within the North Sea Palaeolandscapes Project) (Topographic and bathymetric data from GEBCO14 (www.gebco.net) 
data)
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On the discovery of the harpoon, Clark and Godwin were not satisfied simply to plot its point of 
discovery on a map. Instead, they returned to the area from which it was recovered in order to sample 
the seafloor. At this location Harry and Margaret Godwin (Godwin and Godwin 1933) used a trawl net 
to recover organic material from the seabed. They subsequently carried out pollen analysis in order to 
act both as a form of relative dating, and as an environmental proxy for the context from which the 
harpoon had been recovered. For Clark, Godwin and Godwin, the peat layers that the Leman and 
Ower Harpoon were recovered from linked neatly to the sequences they were exploring on land in the 
Fenland basin. Through engaging with submerged prehistory Clark and the Godwins were removing 
a modern land/sea boundary to better understand the dynamics of the past.

The story of the Leman and Ower harpoon is more than just an historical aside. It charts the begin-
ning of an improved understanding of submerged landscapes preserved in English waters and, per-
haps more significantly, the value of data from this region for transforming our understanding of the 
past. However, it may also have contributed to the development of a responsive mode of investigation. 
Where Reid (1913) and Crawford (1927) had actively set out to research a specific topic, Clark and 
the Godwins can be seen to be responding to a spectacular chance find. In essence this may have 
helped to establish a modus operandi for the integration of archaeology and industrial activity for a 
number of years thereafter. Furthermore, it created a very high bar in terms of expectations and 
assumptions with regard to what constitutes a find of significance, a legacy still felt today.

Sadly, the history of research into submerged landscapes in English waters is not one of simple 
intensification of study, or indeed systematic engagement, from the time of Reid (1913) or Clark 
(1936) onwards. In contrast to developments on the continental mainland, engagement between 
archaeologists and offshore industry in the UK dwindled through the 1940s, 1950s and 1960s. As 
Coles (1998) and Sturt et al. (2013) document, there were few researchers in England who followed 
up on the significance of offshore finds, or thought deeply about what the shifting palaeogeography of 
North West Europe might have meant for the dynamics of prehistory. Thus work on finds from the 
Brown Bank (Louwe Koojimans 1971) and on the potential significance of changing continental con-
nectivity (Jacobi 1976) failed to get the recognition it deserved. Nor was consideration given to how 
offshore industries might be impacting on this record. This stands in stark contrast to the pioneering 
developments that were taking place in the United States (Gagliano 1977), where the potential for 
submerged prehistory was being carefully thought through. Sadly, as Bailey (2014, p 292) documents, 
this excellent early research in the United States failed to have the wider impact it deserved. This sug-
gests that as a community we need to be cautious of presuming that advances in one region directly 
translate to another.

Part of the reason for this may have been disengagement with offshore industry by academics (lack 
of communication of chance finds) and the absence of a regulatory framework. On dryland the post- 
war development boom in England led to recognition of the impact of construction on the archaeo-
logical record. Local archaeology societies quickly formed in the 1950s and 1960s and attempted to 
rescue what they could ahead of any development (Everill 2009). By 1971 this trend led to the forma-
tion of RESCUE: the British Archaeology Trust, a body determined to generate support and mitigate 
the impact of development. The success of RESCUE and the positive relationship which grew between 
archaeologists and developers over this period paved the way for new frameworks to be put in place. 
In 1990, Planning Policy Guidance 16 was introduced, with the principle that developers should be 
financially responsible for the mitigation of destruction to archaeology encountered during their 
works.

The success of RESCUE was remarkable; however it remained focused on the heritage found 
above the low-water mark. The absence of physical engagement with submerged prehistory (or indeed 
most underwater cultural heritage) in England over this period is in some ways understandable. While 
there had been spectacular discoveries of submerged prehistory by SCUBA divers in the calmer 
waters of the Baltic during the late 1950s and early 1960s (Andersen 2013), and a history of scuba- 
based research into wrecks and submerged cities in the Mediterranean, the murkier waters, complex 
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tidal systems, sedimentary sequences and erosion patterns off England meant that the diving com-
munity became better acquainted with the shipwreck record. Similarly, the catalysts for change with 
regard to attitudes to heritage assets in English waters were all shipwrecks—the Association, 
Amsterdam and Mary-Rose—with no prehistoric finds generating the necessary public interest to 
drive shifts in policy. It wasn’t until 1988 with the formation of the Joint Nautical Archaeology Policy 
Committee (JNAPC) that pressure was brought to bear and things began to slowly change.

The result of the above history is that the profile of submerged prehistory was not raised as highly 
as it might have been. Thus, while in 1979 Søren Andersen was beginning to carefully excavate 
Tybrind Vig, maritime archaeology in Britain was only just beginning to take shape, with Keith 
Muckelroy’s (1978) foundational text eschewing the study of submerged landscapes altogether.

It is tempting to see such comparatively deep academic history as colourful background and little 
more. However, it helped shape our expectations for, and knowledge of, the waters around England. 
As such, despite Reid (1913), Crawford (1927) and Clark (1932, 1936) clearly demonstrating the 
significance of the offshore zone for understanding prehistory, it was not actively pursued as an area 
of research by the broader archaeological community in England nor was its significance dissemi-
nated to the public at large for nearly a century. It is for this reason that sporadic dredged finds of 
lithics and faunal material failed to gain broader recognition, resulting in only two high profile cases 
of direct ground truthing: the Mesolithic site of Bouldnor Cliff from the 1980s, but in earnest since 
1999 (Momber et al. 2011) and Palaeolithic finds from Area 240 in 2008 (Bicket 2011; Tizzard et al. 
2014).

28.3  The Late Twentieth and Early Twenty-First Century

While site-specific investigations did not develop in the same way as on the continent, archaeologists 
working in England did eventually re-engage with the broader topic of submerged prehistory. Coles’ 
(1998) seminal ‘speculative survey’ of the submerged southern North Sea (‘Doggerland’) demon-
strated to the wider archaeological community the potential of offshore contexts. Importantly this 
potential was not only seen to lie in the recovery of material, but in relating the broad-scale narratives 
of landscape change to those of social impact. This played to the strengths of British archaeology in 
landscape approaches (Johnson 2008) and allowed the broader academic community to realise the 
significance of what Coles was discussing.

The awareness this article generated was timely as it coincided with increased offshore develop-
ment, acquisition of new data and followed on from a spectacular achievement by the JNAPC. In 
1995, the JNAPC published an agreed voluntary code for seabed developers, establishing that archae-
ology be taken account of during the development process. In what was a comparatively rapid devel-
opment of policy in 2002, Historic England built on this agreement and succeeded in resolving a 
peculiar regulatory gap, extending their remit out to the 12 nautical-mile limit, where previously it 
stopped at the water’s edge (Roberts and Trow 2002). This saw a formalisation of the need for off-
shore developers to account for archaeology within their planning and mitigation works. As Bicket 
et al. (2014, p 218), Salter et al. (2014), and Firth (2015, p 1) note, this change in regulatory stance 
helped to accelerate offshore research, encouraged improving standards and firmly embedded the 
investigation of submerged landscapes in the planning process.

One key mechanism through which improvement of the knowledge base was achieved was through 
the Aggregates Levy Sustainability Fund (ALSF). The ALSF redistributed money derived from 
aggregate extraction licencing to research. A range of projects was funded between 2002 and 2011, 
which cast new light on the archaeological potential of the waters surrounding England. The majority 
of this work operated at the large regional scale (Wenban-Smith 2002; Westley et al. 2004; Gaffney 
et al. 2007; Dix and Sturt 2011; Bicket 2011; Bynoe et al. 2013), making best use of the data that the 
offshore industries supplied. This process also served to consolidate a nascent community of 
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researchers, providing much needed experience and access to resources. Critically in this instance, 
resources refer both to the underwater archaeological record directly, and to the funds and equipment 
required to reach it.

At the same time the need to re-engage those working in offshore industries was recognised, with 
a series of guidance notes commissioned by the British Marine Aggregate Producers Association 
(BMAPA and EH 2003, 2005) and Collaborative Offshore Wind Research into the Environment 
(COWRIE 2007, 2011) in collaboration with English Heritage. These documents served to communi-
cate to those working offshore the sorts of information required to make a substantial contribution to 
our understanding of the archaeological record. There was a clearly perceived need to ensure that 
increasing research offshore did not just equate to gathering more data, but harnessed careful thought 
as to what ‘useful’ data was. Significantly the BMAPA (2005) document re-instated the relationships 
that had enabled Reid (1913) and Clark (1936) to progress their research. It established a finds report-
ing protocol and, just as importantly, a means to disseminate that data.

This drive to evaluate the state of the art led to a series of significant publications that directly 
addressed the links between industry and archaeological research (Flemming 2004), region-specific 
priorities (Peeters et al. 2009), broader national strategies (Ransley et al. 2013; Sturt and Standen 
2013) and wider-reaching documents working at the continental and global scale (Bailey 2011; 
Fischer et al. 2011; Benjamin et al. 2011; Bailey et al. 2012; Flemming et al. 2014). The challenge 
was perceived to lie (and still lies) in rapidly changing understandings of what might be achieved 
through investigating the submerged record. These publications all sought to map what was currently 
achievable with the available technology and methodology onto archaeological research priorities, as 
well as giving a speculative look at future possibilities.

The pioneering work of Gaffney et al. (2007, 2009) on the North Sea Palaeolandscapes Project, 
and the analysis by Gupta et al. (2004, 2007) of United Kingdom Hydrographic Office Data, act as 
another important turning point. Together these projects served to demonstrate the difficulties inher-
ent in overly didactic agenda-setting. While local and regional reconstructions had previously been 
derived from industry-sourced data (Westley et al. 2004), the work of Gaffney et al. (2009) and Gupta 
et al. (2004, 2007) served not only to advance the methods adopted for data integration and visualisa-
tion, but also to capture the public’s imagination. What Coles (1998) had done for the academic com-
munity, Gaffney et al. (2009) and Gupta et al. (2007) did for a broader audience. They thus served to 
focus attention on what could be achieved and why it was worth investing in such investigations. In 
this sense they stepped outside of what was considered possible at the time, advancing scholarship 
beyond what more regional and local agendas had considered achievable. As such, these projects 
helped to remind researchers to be ambitious and achieve more.

Significantly, both groups also demonstrated the disruptive potential of research, demonstrating the 
large advances that could happen when datasets were made accessible. The bathymetric maps ren-
dered by Gupta et al. (2007) and the 3D seismic visualisation of Gaffney et al. (2009) were an order 
of magnitude greater in range and scope compared to what had been published previously, but, the 
data had been there (at least in part), untapped, in the background for a number of years. As such, one 
of the challenges when considering the future of the relationship between industry and archaeology is 
not to be constrained by the status quo, but to look at how innovative practices might transform the 
field of study.

28.4  Current Practice and Emerging Agendas

As the discussion above makes clear, in England there has been a deeper history of development-led 
archaeology onshore than offshore. Through that history, complicated relationships have formed 
between developers, archaeologists working in commercial units and archaeologists in Universities, 
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non-governmental organisations, charities and research institutes (Satchell, Chap. 25). With regard to 
work onshore, Bradley (2006, p 2) describes ‘unwelcome divisions between those who undertake 
field archaeology and those who remain disengaged’. He notes that University research ‘often hap-
pens in a parallel universe and its results are disseminated in meetings that few outsiders attend 
(Bradley 2006, p 2), while on the other hand it can be hard for those working outside of commercial 
archaeology to engage with the scale, scope and results from the projects being undertaken. Thankfully, 
as commented on below, research into submerged prehistory appears, so far, to have largely bridged 
these divides.

If we examine the extent of commercial activity in English (and broader UK) waters in 2015 
(Fig. 28.2), for the majority of the points, lines and polygons given on the map an environmental 
impact assessment has taken place. Subsequently, as part of mitigation works, additional analysis of 
seismic and core data has been commissioned. As Arnott and Baggaley (2012), Salter et al. (2014), 
and Firth (2015) clearly establish, archaeological considerations are now well integrated into this 
process, ensuring that the data are reviewed (and at times commissioned) from an archaeological 
perspective.

In contrast to the extent of commercial activity shown in Fig. 28.2, research into submerged prehis-
tory undertaken with research funding by University-based archaeologists would be barely visible at 
this scale. The vast majority of work is being driven by commercial and environmental agendas (but 
see Gaffney et al., Chap. 20; Bailey et al., Chap. 23). As such, development-led and policy-mandated 
research represents the larger part of activity in this field. Fortunately, due to the principles established 
during the ALSF period of funding, and continued guidance from Historic England as the regulator, 
the research/development divide that Bradley (2006) was commenting on is not so readily apparent 
offshore. Put simply, those working in commercial units and on developer-funded projects have been 
producing high quality academic outputs, helping to shape the discipline and disseminate the knowl-
edge gained (e.g., Russell and Tizzard 2011; Bicket 2011; Tizzard et al. 2014; Bicket and Tizzard 
2015; Firth 2015).

Conversely, the authors of this paper have recognised that in order to advance an understanding of 
submerged prehistory they need to engage with developer-funded research from within a University 
context. It is only through doing so that it has been possible to work with both regional geophysical 
and local geotechnical data (Dix and Sturt 2011; Sturt et al. 2014; Griffiths et al. 2015).

This dialogue between groups working in different institutional settings has perhaps helped to slow 
down what Firth (2015, p 8) identifies as one of the biggest challenges to the discipline: that the pro-
cess of developer-funded work will stagnate by becoming familiar and routine. Firth argues that this 
will see research reduced to a series of ‘copy and paste’ responses growing out of a sense of repetition. 
Essentially Firth is pointing out that what drove the advances seen to date was in part their novelty and 
the challenge of working within a new environment. As that challenge recedes so too does the need to 
question best practice and consider the direction in which the discipline is heading. In effect, industry 
standards become ‘standard’ and the pace of progress slows.

Flatman (2007) makes a related and equally interesting argument that we need to consider the eth-
ics of our mode of engagement with submerged prehistory in England. Flatman (2007, p 144) argues 
that with the influx of data and new knowledge that occurred at the start of the ALSF we may have 
overlooked the issue of what the best/most effective means of investigating submerged prehistory 
might be. Instead he suggests that perhaps we too readily settled for adopting approaches used by 
other disciplines (ecologists and geologists) which were already integrated into commercial data col-
lection. Flatman effectively makes the point that these strategies at least need to be questioned and 
debated more openly. Are vibrocores, seismic surveys and grab samples the most effective means of 
identifying submerged palaeolandscapes? Are sampling strategies robust enough? Will they generate 
the data we need to answer the questions posed in research agendas, academic books and journal 
articles?
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As Firth (2015, pp 7–8) notes, there is no simple answer to these questions. In some instances 
established protocols are entirely appropriate and add substantially to our understanding of the past. 
However, both Firth (2015) and Flatman (2007) are right to raise concerns. Archaeology is constantly 
developing, with new research questions coming to the fore, alongside innovative techniques to 
answer them. As such, we should fear complacency and the emergence of a copy-and-paste mentality 
in developer-funded work. Each project needs to be assessed on its own terms and considered in light 
of the questions we want to (and can) answer.

A key part of this process lies in aspiring to be surprised by the archaeological record, and in 
acknowledging the necessity of trialling new approaches. This might be as simple as expanding areas 
of investigation. For example, the work of Conneller et al. (2012) at the terrestrial site of Star Carr 
altered our understanding of the Mesolithic at a site widely believed to be well understood. Through 
excavating a wider area and looking at the site in its broader context they managed radically to alter our 
thinking about Mesolithic communities. At the risk of grossly simplifying the work they undertook, by 
sampling a wider area they found more and new data. In a similar vein the recent work at Yangtze 
Harbour in Rotterdam (Moree and Sier 2015) demonstrates the gains in knowledge achievable by 
intense sampling and analysis of the seabed underpinned by funding from an industrial developer.

Moree and Sier’s (2015) report details fine-grained geoarchaeological research and careful mate-
rial cultural analysis of a submerged site. An area of high intensity prehistoric activity was identified 
through geophysical survey matched with numerous cores. This led to the development of an innova-
tive approach to the recovery of material from the seabed in a controlled manner via grab sampling on 
an industrial scale with purpose-designed equipment made available by the industrial developer. This 
work should serve to have the same transformative impact that Gaffney et al. (2007) had with regard 
to expectations for regional survey. Here, reconstructions of the prehistoric terrestrial landscape were 
achieved over a large area of the sea floor, but the authors recognised that excavation by diver might 
not be appropriate. In essence, a middle ground between landscape reconstruction and traditional site- 
based excavation was identified. The result was a substantially improved understanding of the archae-
ology of the area, and, of how investigations of the submerged prehistoric landscape might progress. 
The data generated allowed consideration of landscape change through time in contrast to more tradi-
tional archaeological issues of material culture variability (see also Gaffney et al., Chap. 20).

However, as Firth (2015) identifies and Flatman (2007) has demanded, we cannot assume that the 
work of Moree and Sier (2015) will cause such a transformative realignment to occur within English 
waters. Firth (2015, p 1) notes that all archaeological work is underpinned by three principles:

 1. Research contributes to human understanding based on physical evidence
 2. Conservation seeks to safeguard the survival of material evidence in the future
 3. Engagement is conducted for and on behalf of the public

It is this latter issue that has perhaps been too readily overlooked and may most threaten advances 
in submerged landscape research in English Waters. With the vast majority of fieldwork being devel-
opment led, any request for more intensive research has to be supported by a broad mandate. Without 
a wider understanding of what is trying to be achieved, it will become all too easy to fall back on the 
newly established ‘standard’ as the best for all possible circumstances.

In recognition of this need to widen access to outputs from developer-funded work, we recently 
included examples from our work in a free massive open online course (MOOC). The Shipwrecks and 
Submerged Worlds MOOC has had 20,852 participants to date (February 2016, see https://www.
futurelearn.com/courses/shipwrecks). Most significantly for this discussion, over 4500 specific com-
ments were made on the week exploring submerged prehistory. Our aim in referring to this is not to 
offer a detailed content-analysis of these comments, but to document and reflect on a latent desire 
within the broader population to engage with this subject. If the material is made accessible, then there 
is an appetite to engage. This would appear to support Firth’s (2015) observation, that if we want to 
see change in development-funded work we should not neglect the people on whose behalf it is being 
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undertaken. Thus while it might be hard at present to envisage a project in English waters of the scale 
and scope reported by Moree and Sier (2015), this should not prevent us from preparing the way 
through opening that dialogue.

28.5  Conclusions

Research into the submerged landscapes of English waters has always had a connection to industrial 
activity. The nature of this relationship has varied considerably through time, from independent recov-
ery of material dredged from the sea floor through to active partnerships collaborating in research. As 
Firth (2015) and Flatman (2007) have argued, the challenge that exists now is to recognise that this 
relationship is never fixed—nor should it be.

The investigation of submerged landscapes will always require a dialogue. This dialogue shapes 
what we aim to get from these spaces and what we are willing to expend to realise those goals. As 
Bailey (2004, p 9) notes, the challenge for submerged prehistory is not to re-create landscapes or find 
in-situ material underwater, it is to demonstrate the difference it can make to our understandings of 
prehistory. Thankfully this is the one thread that ties together each element within the history of 
research given above. When we have taken the time and effort to consciously investigate the sub-
merged landscapes in English waters, the results have paid considerable dividends in terms of our 
broader understanding of prehistory, from Reid’s (1913) consideration of submerged forests, through 
Clark’s (1936) improved understanding of Mesolithic Europe, to transforming our accounts of palaeo-
landscape change and connectivity (Coles 1998; Gaffney et al. 2007). Submerged landscapes are 
clearly good to think with, posing challenges that promote new ideas and approaches.

Within this trend rests another subtle but equally important thread—the importance of communica-
tion. Writing a paper on submerged palaeolandscapes in English waters always had a faintly ridicu-
lous feel. It may reflect current practice with regard to regulatory regimes and development-led 
research, but, modern national boundaries clearly don’t relate adequately to the subject of study. 
Equally, knowledge of how to approach the study of submerged landscapes is not confined to a single 
nation’s academic history. It is fitting that this paper sits within a volume that has come about because 
of the SPLASHCOS initiative, a European project to draw researchers together across many different 
national boundaries. In operating in that wider way, we radically increase our pool of knowledge and 
refresh our expectations. This is fundamental for combating the threat of complacency highlighted by 
Firth (2015).

Finally, submerged landscapes and the results from development-led work are not only good for 
archaeologists to think with. When the opportunity is given, a much wider range of people will 
actively choose to engage with this topic. This should not be seen as an interesting aside, or validation 
of established arguments as to public support for archaeological research. Rather, it should be taken 
as a challenge to heighten the quality and detail of debate in public circles, and as a mandate to push 
for greater open access to resources. It is only through maintaining these different dialogues that we 
will ensure the continued progress and relevance of research into submerged landscapes.
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