
Europe’s Lost Frontiers
Volume 1

Context and Methodology

edited by

Vincent Gaffney and Simon Fitch

general editor
Vincent Gaffney

Archaeopress Archaeology



Archaeopress Publishing Ltd
Summertown Pavilion
18-24 Middle Way
Summertown
Oxford OX2 7LG

www.archaeopress.com

ISBN 978-1-80327-268-9
ISBN 978-1-80327-269-6 (e-Pdf)

© Archaeopress and the individual authors 2022

Cover: Eleanor Ramsey

This work is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 International Licence

This book is available in print and as a free download from www.archaeopress.com



Landing by Ava Grauls (Duncan of Jordanstone College of Art & Design).
2il and watercolour on JaSanese shԧMi �障子) paper. 413 x 244cm

Landing is about location, ownership, shifting land and shifting borders. The painting was conceived after talking to academics 
about the space between Britain and Europe, and asking the question: ‘How do you paint a forgotten landscape?’ Landing was 

made to travel and interact with different environments and can be folded up and packed away into four boxes.
Ava Grauls 11/08/2021



Dedicated to our Families 
For putting up with Doggerland for longer than any families since the MesolithicDedicated to our Families 

For putting up with Doggerland for longer than any families since the Mesolithic

November 2021
November 2021



Europe’s Lost Frontiers
Europe’s Lost Frontiers was funded through a European Research Council Advanced Grant 
(project number 670518). The European Research Council’s mission is to encourage the highest 
quality research in Europe through competitive funding and to support investigator-driven 
frontier research across all fields, on the basis of scientific excellence. The European Research 
Council complements other funding activities in Europe such as those of the national research 
funding agencies, and is a flagship component of Horizon Europe, the European Union's Research 
Framework Programme.





i

Contents

List of Figures ....................................................................................................................................................... iii

General Editor’s Preface ..................................................................................................................................... vii

The Lost Frontiers Team .................................................................................................................................... viii

Authors’ details .................................................................................................................................................... ix

Acknowledgements .............................................................................................................................................. xi

Chapter 1 Europe’s Lost Frontiers: context and development............................................................................ 1
Vincent Gaffney and Simon Fitch

Before Europe’s Lost Frontiers

Chapter 2 Beyond the site: A re-evaluation of the value of extensive commercial datasets for 
palaeolandscape research....................................................................................................................................16
Simon Fitch and Eleanor Ramsey

Chapter 3 A description of palaeolandscape features  in the southern North Sea ...........................................36
Simon Fitch, Vincent Gaffney, Rachel Harding, James Walker, Richard Bates, Martin Bates and Andrew Fraser

Chapter 4 From extensive to intensive:  Moving into the Mesolithic landscape of Doggerland......................55
Simon Fitch

Chapter 5 The archaeological context of Doggerland during the final Palaeolithic and Mesolithic...............63
James Walker, Vincent Gaffney, Simon Fitch, Rachel Harding, Andrew Fraser, Merle Muru and Martin Tingle

Europe’s Lost Frontiers

Chapter 6 The Southern River: methods for the investigation of submerged palaeochannel systems ...........89
Simon Fitch, Richard Bates and Rachel Harding

Chapter 7 Establishing a lithostratigraphic and palaeoenvironmental framework for the investigation of 
vibracores  from the southern North Sea .........................................................................................................100
Martin Bates, Ben Gearey, Tom Hill, David Smith, John Whittaker and Erin Kavanagh

Chapter 8 Sedimentary ancient DNA palaeoenvironmental reconstruction in the North Sea landscape.....112
Robin Allaby, Rebecca Cribdon, Rosie Everett and Roselyn Ware

Chapter 9 Palaeomagnetic analysis of cores from Europe’s Lost Frontiers.....................................................122
Samuel E. Harris, Catherine M. Batt and Elizabeth Topping

Chapter 10 Applying chemostratigraphic techniques to shallow bore holes: Lessons and case studies from 
Europe’s Lost Frontiers. .....................................................................................................................................137
Alexander Finlay, Richard Bates, Mohammed Bensharada and Sarah Davies

Chapter 11 Introduction to geochemical studies within Europe’s Lost Frontiers ..........................................154
Mohammed Bensharada, Ben Stern and Richard Telford



ii

Chapter 12 Constructing sediment chronologies for Doggerland ................................................................... 165
Tim Kinnaird, Martin Bates, Rebecca Bateman and Aayush Srivastava

Chapter 13 Building chronologies for Europe’s Lost Frontiers: Radiocarbon dating and 
age-depth modelling.......................................................................................................................................... 181
Derek Hamilton and Tim Kinnaird

Chapter 14 Simulating a drowned landscape: A four-dimensional approach to solving problems 
of behaviour and scale ....................................................................................................................................... 190
Phil Murgatroyd, Eugene Ch’ng, Tabitha Kabora and Micheál Butler

Chapter 15 Greetings from Doggerland? Future challenges for the targeted prospection of the southern 
North Sea palaeolandscape................................................................................................................................ 208
Simon Fitch, Vince Gaffney, James Walker, Rachel Harding and Martin Tingle

Supplementary Data

Chapter 16 Supplementary data to ‘The archaeological context of Doggerland during the Final Palaeolithic 
and Mesolithic’ by Walker, Gaffney, Fitch, Harding, Fraser, Muru and Tingle ................................................ 217
James Walker, Vincent Gaffney, Simon Fitch, Rachel Harding, Andrew Fraser, Merle Muru and Martin Tingle

Chapter 17 Supplementary data to ‘Constructing sediment chronologies for Doggerbank, North Sea’ by 
Kinnaird, Bates, Bateman and Srivastava ......................................................................................................... 218
James Walker, Vincent Gaffney, Simon Fitch, Rachel Harding, Andrew Fraser, Merle Muru and Martin Tingle 

Bibliography ....................................................................................................................................................... 222



iii

List of Figures

Frontispiece          Landing by Ava Grauls (Duncan of Jordanstone College of Art & Design)

Figure 1.1 Survey areas prior to Europe’s Lost Frontiers discussed in this chapter. (1) North Sea Palaeolandscape 
3roMect ��� HumEer R(& ����� West &oast 3alaeolandscaSe 3roMect� AST(R '(M is a Sroduct of M(T, and 
NASA. ETOPO2v2 is the property of the National Geophysical Data Centre, NOAA, US Dept of Commerce................. 2

Figure ��� Area of 'oggerland maSSed Ey the 1orth Sea 3alaeolandscaSe 3roMect �Gaffney et al. 2009: Figure 3.23). ................. 3
Figure 1.3 Red flag mapping from Gaffney et al. (2007: Figure 9.8). This image combines threat and uncertainty data 

based on distance to feature and depth of overlying sediment. The lack of sediment cover and direct 
association with identified features with archaeological potential rate as high threats with little uncertainty. 
Deep overlying deposits lying farther from recorded features rank as low threat areas but with significant 
levels of uncertainty. ................................................................................................................................................................... 4

Figure ��� 'istriEution of features located within the southern 1orth Sea during the 1S33 and %SSS SroMects� ......................... 6
Figure 1.5  Map used in the final ERC application showing course of two submerged river valleys to be targeted for 

coring Ey the /ost Frontiers SroMect team, oYerlaid on 1S33 SroMect Ease maS �Gaffney et al. 2007). .......................... 8
Figure 1.6 Initial modification of the Europe’s Lost Frontiers coring programme following funding in 2016. ............................ 10
Figure 1.7 Additional modifications to Europe’s Lost Frontiers coring programme following BREXIT. ........................................ 11
Figure 1.8 Final Europe’s Lost Frontiers coring programme. ................................................................................................................ 13
Figure 1.9 Europe’s Lost Frontiers core study area (1), Cardigan and Liverpool Bays (3) and area of study added as part 

of the Brown Bank survey (2). ................................................................................................................................................. 14
Figure 1.10 Iterative research methodology within Europe’s Lost Frontiers. ...................................................................................... 15
Figure 2.1 Timeslice at 0.076s through the Southern North Sea MegaSurvey 3D seismic dataset. The NSPP study area is 

outlined in blue and the extended study area discussed within this paper is outlined in red. .................................... 17
Figure 2.2 Graph of the frequency from the PGS MegaSurvey 3D seismic data. ................................................................................ 18
Figure 2.3 Additional, original 3D datasets utilised for comparison with data generated through MegaSurvey processing. ... 19
Figure 2.4 Data comparison for survey Z3NAM1988A. ........................................................................................................................... 20
Figure 2.5 Frequency values within the 3D legacy seismic volumes assessed within this study..................................................... 21
Figure 2.6 Frequency values within the Parametric Echo Sounder dataset. ...................................................................................... 22
Figure 2.7 Cross-checking between horizontal and vertical slices within the 3D dataset. (A) shows correlation across 

a wide area with multiple responses along highlighted line, whilst (B) shows the correlation across 
highlighted line for a single feature. ........................................................................................................................................ 4

Figure 2.8 Features within sample area, digitised within SMT Kingdom. ........................................................................................... 25
Figure ��� Features identified within samSle area, imSorted into an ArcG,S SroMect� ...................................................................... 26
Figure ���� Features within the ArcG,S SroMect cleaned and simSlified� .............................................................................................. 26
Figure 2.11 A timeslice with opacity filters applied (B), whilst (A) is the resulting interpretation of features derived 

from image B. It is clear the combination of opacity filters on the timeslice supports fine resolution imaging 
of small-scale features within this river drainage. .............................................................................................................. 27

Figure 2.12 An RMS slice from the Outer Silver Pit area. The slice is generated from the volume between 0s and 0.1s. ............. 29
Figure 2.13 Base horizon layer imported from SMT Kingdom into GIS................................................................................................. 30
Figure 2.14 Areas used to split the horizon point dataset. ...................................................................................................................... 30
Figure 2.15 Detail within Area 1, showing band divisions used to de-stripe the data. ....................................................................... 31
Figure 2.16 Interpolated raster of Area 1 prior to manual de-striping. ................................................................................................ 31
Figure 2.17 Interpolated raster of Area 1 after manual de-striping....................................................................................................... 32
Figure 2.18 3D vertical exaggeration of features within Area 1 using ArcScene. ................................................................................ 32
Figure 2.19 Interpolated raster mosaic after values for Area 1 and Area 2 had been re-evaluated. ................................................. 33
Figure 2.20 A 3D Geobody Model, constructed from the seismic timeslices, and displayed within the seismic volume. ............. 34
Figure 2.21 A channel visualised by cutting the geobody model to reveal the base of the channel model. By using such 

methods, it is possible to understand, more fully, the morphology and formation of such structures. ..................... 34
Figure ��� G,S MaSSing of the features recorded Ey the (uroSe·s /ost Frontiers SroMect� .............................................................. 37
Figure 3.2 Seismic line from ‘Gauss 159B’ survey acquired in 1990 by the RGD and BGS over the Dogger Bank. A 

Holocene channel can clearly be seen to be incised into the underlying late Pleistocene deposits (Dogger 
Bank Formation). ....................................................................................................................................................................... 37

Figure 3.3 Areas divisions of landscape features within the study area. ............................................................................................ 38
Figure 3.4 Cross section across the southern flank of the Dogger Bank. The Holocene features can be seen to incise into 

the underlying late Pleistocene deposits. .............................................................................................................................. 39
Figure 3.5 Example of the later Holocene reuse of pro-glacial channels. This is evidenced by smaller (black) channels 

cut within the main valley and the formation of dendritic feeders on the side of the valley. ..................................... 40
Figure ��� The main drainage channels of the 'ogger %ank drain south into a maMor channel located at the foot of the 

bank and in the area of the Oyster Ground, eventually flowing to the west and into the Outer Silver Pit. ............... 41
Figure 3.7 Mottling of the seismic data within the Oyster ground can clearly be seen in this image. A number of small 

palaeochannels can also be seen through the mottling. ..................................................................................................... 42
Figure 3.8 Area 1, early Holocene features of the Dogger Bank. The main watersheds are shown as dashed black lines, 

the features in the southwest of Area 1, including the Shotton River, would have been the longest-lived 
structures on the Dogger Bank. ............................................................................................................................................... 43



iv

Figure 3.9 Map of the Eastern Sector/Area 2. .......................................................................................................................................... 44
Figure 3.10 The extent of wetland response is outlined within the red hashed area. The location of BRITICE core 147VC 

is marked in orange. .................................................................................................................................................................. 45
Figure 3.11 Interpretation of a seismic line crossing the base of the Dogger Bank area (near the area marked B in Figure 

3.8) clearly shows a large channel running at the base of Dogger Bank (shown here as the DB5 unit between 
141VC and 140VC) (Roberts et al. 2018: Figure 6). ................................................................................................................. 46

Figure 3.12 Cross section across the east of the Oyster ground. The topographic rise which forms the watershed is 
apparent. ..................................................................................................................................................................................... 47

Figure 3.13 Location of mapped features within Area 3. ......................................................................................................................... 48
Figure 3.14 Topographic depressions southeast of the Outer Silver Pit (Area 3)................................................................................. 49
Figure 3.15 Early Holocene landscape features in Area 4. ....................................................................................................................... 50
Figure 3.16 Mapped palaeochannels in Area 2 flow towards the -40m bathymetric contour, below this line virtually 

no features are mapped. This supports the hypothesis that the axial area was a marine inlet during the 
Holocene/Mesolithic................................................................................................................................................................. 51

Figure ���� MaMor features, /ate 3alaeolithic c� ��,��� %3� ...................................................................................................................... 52
Figure 3.18 Coastlines of early Mesolithic Doggerland c. 10,000 BP. ...................................................................................................... 53
Figure 3.19 Coastlines of Mesolithic Doggerland c. 8500 BP. ................................................................................................................... 53
Figure 3.20 Coastlines of the earliest Neolithic c. 7000 BP. ...................................................................................................................... 54
Figure 4.1 Location of the Arch-Area_1 study area is shown by a red box. Bathymetric data courtesy of EMODNET 

Bathymetry Portal, ETOPO1 topographic data courtesy of the NCEI and NOAA. ............................................................ 56
Figure 4.2 The NSPP 2007 interpretation of the channel system overlain on EMODNET bathymetry. .......................................... 57
Figure 4.3 Multibeam Bathymetric image of the survey area generated through the Humber REC. ............................................. 58
Figure 4.4 Humber REC 2D seismic line over main channel and tributary channel .......................................................................... 60
Figure 4.5 Humber REC 2D seismic line showing several strong reflectors in the main channel. .................................................. 60
Figure 4.6 A timeslice from the 3D seismic data at 0.076s derived from the PGS Megamerge dataset. The red box is the 

position of the Humber REC 2D survey, and the position of vibracores VC39/39A and VC40 are shown as 
yellow circles. ............................................................................................................................................................................. 61

Figure 4.7 Comparison between the GIS channel outlines as derived from A) the Humber REC 2D survey interpretation 
and B) the NSPP survey GIS interpretation. Both are overlain on a depth surface derived from the Humber 
REC 2D dataset. ........................................................................................................................................................................... 61

Figure 5.1 A) The Colinda ‘harpoon’, found within a chunk of ‘moorlog’ peat dredged from the Leman / Ower banks off 
the Norfolk coast in 1931 (after Flemming 2002); B) A bone point recovered from beach walking at Massvlakte 
2 in the Netherlands (courtesy of Luc Amkreutz); C) An array of barbed bone points from Maasvlakte 1 off 
the 'utch coast �courtesy of the RiMksmuseum Yan 2udheden�� Many other e[amSles of organic artefacts 
from Dutch waters may be found in Peeters and Amkreutz (2020), Amkreutz and Spithoven (2019) and 
/ouwe .ooiMmans ������� .......................................................................................................................................................... 65

Figure 5.2 Temperature curve for the Final Pleistocene and Early Holocene (Late Glacial and Postglacial between 17 
and 7 thousand years ago) as derived from Greenland Ice Core data, and redrawn from Price (2015). Note the 
climatic variability of the Final Pleistocene relative to that of the Holocene. ................................................................ 66

Figure ��� MaS showing the SroMected coastlines of 'oggerland and the southern 1orth Sea since the final millennia 
of the Last Glacial Maximum, with key dates for the transgression highlighted. .......................................................... 68

Figure 5.4 The sites and findspots located on the map are a combination of the SplashCOS viewer database, and data 
points presented in Tables (5.1 and 5.2), with the exception of findspots from Norwegian waters beyond the 
extent of the map. See this volume, chapter 16 for further information. ........................................................................ 71

Figure 5.5 Four snapshots of landscape evolution across the period of 10,000–7000 cal BP. The period in question 
spans both the 8.2 ka cold event, and the Storegga tsunami, and shows different stages of Doggerland as it 
transitioned into an archipelago and, eventually, a littoral fringe landscape. ................................................................ 76

Figure 5.6 Anders Fischer’s model for the predictive location of submerged Mesolithic sites has been used to great 
effect in the nearshore waters in and around Denmark. Image from Fischer (2007). The model shows 
potentially favourable site locations in different coastal landscapes: A) near an estuary mouth or inlet 
with access to a hinterland; B) in close proximity to islands, but with preference for landward situation; C) 
on headlands, with particular preference for (D) those offering access to sheltered waters; and E) at river 
mouths, with preference for (F) flat and even ground. ....................................................................................................... 78

Figure 5.7 River Valleys active in the Mesolithic, identified through seismic survey and palaeobathymetry, 
and marked by blue arrows. ..................................................................................................................................................... 80

Figure 5.8 The location of Core ELF001A where evidence of Storegga tsunami run-up deposits in highly localised areas 
prompted reconsideration of the event’s impact. ................................................................................................................ 86

Figure 6.1 The location of the Southern River is within the box on the main map. ......................................................................... 91
Figure 6.2 The location of the 2D seismic data shown in Figures 6.3 and 6.4 is indicated by the black line (top). The lower 

image is an example of the original 2D Boomer dataset used for targeting the cores within the Southern River. .. 92
Figure 6.3 2D Boomer data after bandpass filtering applied. ................................................................................................................ 93
Figure 6.4 2D Boomer data after amplitude and gain correction applied. .......................................................................................... 93
Figure 6.5 A combined Bathymetric and seismic data surface of the Southern River. The dendritic network is visible 

at the head of the river, whilst sinuousity increases as the river proceeds south towards the location of the 
Holocene coastline. ................................................................................................................................................................... 96

Figure 6.6 A seismic cross section showing the position of the Humber REC core Arch VC51 and Europe’s Lost Frontier’s 
cores ELF006 and ELF001A. ....................................................................................................................................................... 97

Figure 6.7 The distinctive laminated sediments (SRF6) that produce a clear signal in the seismic data are visible in 
these images of cores ELF033 and ELF054. ............................................................................................................................. 98



v

Figure 7.1 Distribution of cores taken during Europe’s Lost Frontiers ............................................................................................. 100
Figure 7.2 Flow diagram illustrating pathways of samples in the laboratory. ................................................................................. 102
Figure 7.3 &old storage facility for the /ost Frontiers 3roMect at /amSeter �/eft�� &ore recording �Right�� ................................ 103
Figure 7.4 Cores ELF 47 and ELF 51. ......................................................................................................................................................... 105
Figure 7.5 Basic lithological profiles drawn up in the Southern Valley............................................................................................. 106
Figure 8.1 Differential sedaDNA fragmentation (top) and deamination (bottom) damage patterns in Doggerland 

palaeoenvironments. Fragmentation expressed as the lambda parameter of the exponential distribution 
of sedaDNA fragment sizes. Deamination expressed as the probability of observing a C to T change at the 
terminal position (position 0) of the 5’ end of DNA fragments, caused by cytosine deamination. ............................ 115

Figure 8.2 Coring sites used for sedaDNA analysis. A) Cores 1-20. B) Cores in range 21-60 over the Southern River 
area. C) Cores 20-60. D) Core sites selected for deep sequencing. Estimated 8200 BP coastline shown in 
black and estimated Storegga tsunami run up extent shown in white. The Storegga tsunami core (ELF001A) 
shown in grey. .......................................................................................................................................................................... 120

Figure 9.1 Locations of cores used in this study. ................................................................................................................................... 122
Figure 9.2 Schematic representation of the detrital remanent magnetisation mechanism from left to right - how the 

acquisition of the geomagnetic field occurs in sediments. .............................................................................................. 123
Figure 9.3 Location of the UK archaeomagnetic PSVC (Meriden: 52.43°N, -1.62°E), UK Lake Windemere sequence 

WINPSV_12k (Avery et al. 2017), and FENNOSTACK comprised of seven lake sediment sequences from four 
lakes (Snowball et al. 2007). .................................................................................................................................................... 124

Figure 9.4 Sampling of core ELF019 during the first sampling trip (© Erin Kavanagh).................................................................. 125
Figure 9.5 Palaeomagnetic analysis procedure followed when full analysis takes place. .............................................................. 127
Figure 9.6 Comparison of the Inclination data isolated through PCA with associated errors against the WINPSV-12k 

(Avery et al. 2017) calibration curve.  .................................................................................................................................... 128
Figure 9.7 Left: Magnetic susceptibility values for core ELF001A averaged from three separate runs and corrected for 

drift of sensor. Features on the plot are noted in the text. Right: Image of the core for comparisons. .................... 129
Figure 9.8 Stratigraphic trends of the rock magnetic parameters for ELF001A. The plots show the variations in 

a) magnetic susceptibility, b) susceptibility of ARM, c) S-ratio, d) Saturation Isothermal Remanent 
Magnetisation �S,RM�, e� ARMܴ�S,RM ratio, f� Sercentage of E,RM acTuired Eetween ����mT, and g� 
the Coercivity of Remanence. ................................................................................................................................................ 131

Figure 9.9 Left: Magnetic susceptibility values for core ELF002 averaged from three separate runs and corrected for 
drift sensor. Features on the plot are noted in the text. Right: Image of the core for comparisons. ......................... 132

Figure 9.10 Left: Magnetic susceptibility values for core ELF003 averaged from three separate runs and corrected for 
drift sensor. Features on the plot are noted in the text. Right: Image of the core for comparisons. ......................... 133

Figure 9.11 Left: Magnetic susceptibility values for core ELF019 averaged from three separate runs and corrected for 
drift sensor. Features on the plot are noted in the text. Right: Image of the core for comparisons. ......................... 134

Figure 9.12 The declination and inclination values plotted down core for ELF019 from the analysis of 21 samples. ................. 135
Figure 9.13 Down core plot of magnetic proxies calculated for core ELF019. .................................................................................... 135
Figure 10.1 A summary of the benefits of typical analytical tools utilised in chemostratigraphic studies and their 

acronyms. .................................................................................................................................................................................. 138
Figure 10.2 Location map of cores referred to in this paper. Bathymetric data is derived from the EMODnet 

Bathymetry portal - http://www.emodnet-bathymetry.eu. Topographic data derived from the NOAA 
ETOPO1 dataset, courtesy of the NCEI - https://www.ngdc.noaa.gov/mgg/global/ ................................................... 140

Figure 10.3  PCA of elemental data for core ELF19 showing the likely mineralogical and material drivers for variation 
in elemental compositions. a - component 1 and 2, b - component 2 and 3. ................................................................. 141

Figure 10.4 Chemostratigraphic zonation of core ELF19. Si/Rb likely reflects variations in grain size with higher values 
being more Sand (Quartz) rich and higher Rb being more Clay rich. Ca/Rb likely reflects variations in 
carbonate (Ca) compared to clay material. S/Rb likely reflects variations in organic material (S) to clay. 
Br/Ti is a proxy for salinity in wetlands 
(see text for references). ......................................................................................................................................................... 142

Figure 10.5 Boxplots showing the correlation of observed mineralogy and chemistry within core ELF19. ................................. 144
Figure 10.6 This figure demonstrates an excellent match in the chemostratigraphic zonation of core ELF19 and 

ecological biostratigraphic data. ........................................................................................................................................... 146
Figure 10.7 Orkney core locations ............................................................................................................................................................. 147
Figure 10.8 The elemental variations utilised to define the chemostratigraphic zonation in the study area. Sr/Br 

likely reflects variations in shell material (Sr - aragonite) and organic material (Br). Sr/Rb likely reflects 
variations in shell material (Sr - aragonite) and Clay (Rb). Si/Br likely reflects variations in sand (Si - Quartz) 
and organic material (Br). ...................................................................................................................................................... 148

Figure 10.9 Chemostratigraphic correlation of chemo zones in wells A, B and C.............................................................................. 149
Figure 10.10 Chemostratigraphic correlation of chemo sub zones in wells A, B and C. ...................................................................... 149
Figure 10.11 Chemostratigraphic zonation of core ELF1A (from Gaffney et al. 2020). Sr likely reflects the amount of shell 

material (aragonite) Rb likely reflects the amount of clay, Si likely reflects the amount of sand (Quartz) and 
Zr the amount of detrital zircon in the core. ...................................................................................................................... 150

Figure 10.12 Chemostratigraphic zonation of the Stroregga tsunami deposit preserved in core ELF1A (from Gaffney et 
al. 2020). ..................................................................................................................................................................................... 150

Figure 10.13 Comparison of the relative density of core ELF1A calculated from XRF data to the interpreted seismic data 
(from Gaffney et al. 2020). ....................................................................................................................................................... 152

Figure 11.1 Locations of the three cores mentioned in the text. .......................................................................................................... 155
Figure 11.2 Extracted ion chromatogram (EIC), for 71m/z showing n-alkanes in the sample ELF002. ......................................... 157
Figure 11.3 Extracted ion chromatogram (EIC)’ for 71m/z, showing n-alkanes in the sample ELF007 ......................................... 157



vi

Figure 11.4 Extracted ion chromatogram (EIC)’ for 71m/z, showing n-alkanes in the sample ELF009. ........................................ 157
Figure 11.5 Fatty acids found in sample ELF002. ..................................................................................................................................... 159
Figure 11.6 Fatty acids found in sample ELF007. ..................................................................................................................................... 159
Figure 11.7 Fatty acids found in sample ELF009. ..................................................................................................................................... 159
Figure 11.8 XRD pattern of sample ELF002. ............................................................................................................................................. 160
Figure 11.9 XRD pattern of sample ELF007. ............................................................................................................................................. 160
Figure 11.10 XRD pattern of sample ELF009. ............................................................................................................................................. 160
Figure 11.11 Comparison between the ELF002 pattern and the standard of quartz, berlinite and calcite...................................... 162
Figure 11.12 PXRD of ELF007 overlain with reference patters of quartz, berlinite and halite. ......................................................... 163
Figure 11.13 PXRD of ELF009 overlain with reference patters of quartz and halite. ........................................................................... 163
Figure 12.1 Locations of cores mentioned in text. .................................................................................................................................. 166
Figure 12.2 For successful OSL dating, both environmental and mineral characteristics are important: zeroing during 

transport and deposition is a function of environmental conditions and luminescence behaviour......................... 167
Figure 12.3 Illustrative luminescence-depth plots for the Doggerland cores: illustrating, (A., ELF05B) stratigraphic 

breaks and temporal discontinuities, (B., ELF012) rapid sedimentation and short chronology, (C., ELF022) 
slow sedimentation and long chronology, (D., ELF051) stratigraphic breaks, stratigraphic progressions and 
cyclicity. ..................................................................................................................................................................................... 169

Figure 12.4 Sampling strategy for ELF cores – illustrated with core ELF001A: (a) core, with sub-units identified; (b) core, 
with sampling positions indicated; (c) removal of sediment for OSL profiling, OSL dating and dosimetry. ............ 171

Figure 12.5 Illustrative luminescence-depth plots for ELF001A: on the left, IRSL and OSL net signal intensities and 
depletion indices; on the right, apparent dose and sensitivity distributions. .............................................................. 172

Figure 12.6 De distributions for ELF001A, 90-150µm, shown relative to the stratigraphy of the core. 
Units for ELF001A as discussed in the text. ......................................................................................................................... 177

Figure ���� Stored dose estimates for the �������m and ��������m Tuart] fractions�  .................................................................. 178
Figure 12.8 Dosimetry of core ELF001A: semi-quantitative and absolute down-core variations in radionuclide 

concentrations. ........................................................................................................................................................................ 179
Figure 12.9 (left) Apparent vs stored dose estimates for discrete depths in core across a subset of sampled cores, 

encompassing terrestrial, littoral and marine deposits; (right) Quartz SAR OSL depositional ages shown 
relative to depth in core for the same subset of cores. ..................................................................................................... 180

Figure 13.1 Locations of cores mentioned in this chapter. .................................................................................................................... 183
Figure 13.2 Age-depth model for ELF001A. Each distribution represents the relative probability that an event occurred 

at some particular time. For each OSL measurement two distributions have been plotted, one in outline, 
which is the original result, and a solid one, which is based on the chronological model use. The other 
distributions correspond to aspects if the model. For example, ‘start: Unit 5’ is the estimated date that this 
litho-stratigraphic change occurred, based on the dating results. The large square ‘brackets’ along with the 
OxCal keywords define the overall model exactly. ............................................................................................................. 184

Figure 13.3 Age-depth model for ELF007. The model is described in Figure 13.2, with the exception that the outline of 
the radiocarbon dates is based on the simple calibration of those measurements, whereas the solid ones are 
the result of the modelling. ................................................................................................................................................... 186

Figure 13.4 Age-depth model for ELF034. The model is as described in Figures 13.2 and 13.3. ...................................................... 187
Figure 13.5 Calibrated humin fraction and humic acid pairs for depths 180, 185, 193, 202, and 209cm in core ELF034. ............ 188
Figure 13.6 Detail of the bottom of the age-depth model for ELF034. In this detail the humin fraction and humic 

acid dates at each level have been plotted side-by-side, rather than combined as in Fig 13.4, to show the 
relationship of each result to the conservative model results for the bottom of the core.......................................... 189

Figure 14.1 The simulation conceptual framework. ............................................................................................................................... 196
Figure 14.2 3D visualisation package, showing part of the Southern River valley terrain with simulated sea level. .................. 197
Figure 14.3 A 3D render of the output of the forest dynamic modelling package. ............................................................................ 198
Figure 14.4 Graphical output from the landscape modelling package showing areas with differing amounts 

of inundation over time. ......................................................................................................................................................... 198
Figure 14.5 A screenshot of the quadtree-based large-scale modelling infrastructure, showing herbivore agents responding 

to resources in a landscape. The red squares show the dynamic partitioning of the environment resulting 
from the quadtree structure. ................................................................................................................................................. 199

Figure 14.6 The ELF Augmented Reality sandbox. .................................................................................................................................. 200
Figure 14.7 The ELF Augmented Reality sandbox in use. ...................................................................................................................... 200
Figure 14.8 The Model 1.1 simulation study area. .................................................................................................................................. 201
Figure ���� RelatiYe sea�leYel change oYer the last ��,��� years in the 1orth Sea region from Glacial ,sostatic AdMustment 

(GIA) model reconstructions (Bradley et al. 2011; Shennan, Bradley and Edwards 2018). ........................................... 203
Figure 14.10 Table of data showing headings. ........................................................................................................................................... 204
Figure 14.11 Graph showing one calendar year’s data of water height and atmospheric pressure effect. ..................................... 204
Figure 14.12 Graph showing 14 year’s water height data. ....................................................................................................................... 205
Figure 14.13 Flowchart of the Europe’s Lost Frontier models. ............................................................................................................... 206
Figure 15.1 Areas designated for windfarm development within UK and Belgian waters and survey lines associated with 

the Brown Bank and Southern River study areas (The Crown Estate ©, bathymetry derived from EMODNET. 
Topography derived from ETOPO)  ....................................................................................................................................... 209

Figure 15.2 Survey on the Southern River estuary ................................................................................................................................. 211
Figure 15.3 A flint hammerstone fragment, approximately 50mm wide, was retrieved during a 2019 survey of the 

Southern River valley (offshore north of the Norfolk coast) from (or near) a surface dated to 8827±30 cal BP 
SUERC-85715 (Missiaen et al. 2021). Scanned image courtesy of Tom Sparrow. ............................................................ 213

Figure 17.1 Equivalent dose distributions for units 4, 5, 6 and 7 from ELF001A as histogram plots .............................................. 221



vii

TaEle ��� 1umEers and area of features, e[cluding coastlines, identified through the 1S33 and %SSS SroMects ������
2012). After Gaffney et al. 2011: Table 5.1 ................................................................................................................................. 7

Table 2.1 Additional, original 3D datasets used for cross comparison purposes. ............................................................................ 19
Table 5.1 Mesolithic sites and findspots from territorial waters, the nearshore zone (<12 nautical miles of the 

shoreline) of the North Sea basin. This table excludes submerged sites and findspots located from inland 
waters �riYers, inlets and estuaries� in (sse[ �8.� and the /imfMord �'enmark�� For category TySe� &F   
&ollection of Finds� SF   Single Find� �8�   8nstratified� �S�   Stratified� For category 'ating� &��   RadiocarEon 
'ating� T�&   TySo�chronology� Strat   StratigraShically� S/&   Sea /eYel &urYe� For Sources, %MA3A stands 
for British Marine Aggregate Producers Association. Age estimates are given in approximate years BC, and 
depth is given in metres. Some locales comprise multiple findspots, and grid references are approximate. 
Data primarily compiled using SplashCOS Viewer available at www.SplashCOS.maris2.nl .......................................... 70

Table 5.2 Palaeolithic, Mesolithic and Neolithic findspots from the offshore zone beyond territorial waters (>12 
nautical miles of the shoreline� of the 1orth Sea Easin� For category TySe� &F   &ollection of Finds� SF   
Single Find� �8�   8nstratified� �S�   Stratified� For category 'ating� &��   RadiocarEon 'ating� T�&   TySo�
chronology� Strat   StratigraShically� For category Sources� RM2 stands for RiMksmuseum Yan 2udheden� 
Age estimates are given in approximate years BC, and depth is given in metres. Some locales comprise 
multiple findspots, and grid references are approximate. Data primarily compiled (excluding the Southern 
River find) using SplashCOS Viewer available at www.SplashCOS.maris2.nl .................................................................. 70

Table 6.1 Geological deposits within the study area ............................................................................................................................. 90
Table 6.2 Seismic facies within the Southern River system ................................................................................................................ 99
Table 7.1 ELF 045, lithology table. .......................................................................................................................................................... 104
TaEle ��� &ores samSled in SroMect� AEEreYiations as follows� 3�, Srofile �, uncaliErated 2S/� 3�, Srofile �, caliErated 

OSL; D, OSL sediment ages. ..................................................................................................................................................... 108
Table 7.3 Example of data from rapid assessment of cores samples. ............................................................................................... 109
Table 7.4 Detailed assessment of microfossils from ELF 047. ............................................................................................................ 110
Table 7.5 Cores selected for pollen and diatom investigation. ......................................................................................................... 111
Table 7.6 Cores samples for macrofossil analysis. ............................................................................................................................... 111
Table 9.1 Summary of palaeomagnetic sampling details with core locations. ............................................................................... 126
Table 9.2 The stage of palaeomagnetic analysis carried out on each core to date: X denotes completion, P denotes 

partial analysis. Magnetic susceptibility carried out on obtained samples at the University of Bradford (1) 
and carried out using the handheld MS2K directly on the core sections (2). ................................................................ 127

Table 9.3 Definitions of magnetic proxies referred to in text and used to characterise the magnetic minerals present. ...... 130
Table 10.1 Elements commonly utilised for archaeological and paleoenvironmental research (summarised from Davies 

et al. 2015 and Chemostrat multiclient report NE118). ...................................................................................................... 139
Table 10.2 Likely elemental affinities for core ELF19. .......................................................................................................................... 142
Table 10.3  Chemical definition of Chemo Zones and boundaries for core ELF19. ........................................................................... 143
Table 10.4 Integrated chemical and ecological results for core ELF19. ............................................................................................. 145
Table 10.5  Chemical, sedimentological and environmental interpretation of chemo zones and integrated facies 

identification. ........................................................................................................................................................................... 148
Table 10.6 Chemo facies identified in core ELF1A (see Gaffney et al. 2020 supplementary information for full discussion). .. 151
Table 10.7 A summary interpretation of geochemical and seismic datasets. ................................................................................... 153
Table 11.1 Core identifiers, location and depth. .................................................................................................................................... 155
Table 11.2 The percentage of organics and carbonates. ...................................................................................................................... 156
TaEle ���� &haracteristic ��Թ� Yalues, and the d�sSaces of standards and the oEtained samSles Sattern�  ................................. 161
Table 12.1 Stored dose estimates for the 90-150µm quartz fractions from ELF001A (lab code, CERSA114). ............................... 178
Table 12.2 Weighted combinations of OSL depositional ages for ELF001A. ...................................................................................... 179
Table 17.1 Observations / inferences from preliminary OSL screening and subsequent calibrated OSL characterisation, 

example ELF001A ..................................................................................................................................................................... 219

List of Tables



viii



ix

 General Editor’s Preface

Europe’s Lost Frontiers was the largest, directed archaeological research SroMect undertaken in (uroSe to inYestigate 
the inundated landscapes of the early Holocene North Sea – the area frequently referred to as ‘Doggerland’. Funded 
through a European Research Council Advanced Grant �SroMect numEer �������, the SroMect ran from ���� to ����, 
and straddled both Brexit and the onset of the Covid pandemic. Despite suffering the curse of interesting times, 
nearly �� academics collaEorated within the SroMect, reSresenting institutions sSread geograShically from ,reland 
to China. A vast area of the seabed was mapped, and multiple ship expeditions were launched to retrieve sediment 
cores from the valleys of the lost prehistoric landscapes of the North Sea. This data has now been analysed to 
provide evidence of how the land was transformed in the face of climate change and rising sea levels.

This volume is the first in a series of monographs dedicated to the analysis and interpretation of data generated by 
the SroMect� Here, as a Srecursor to SuElication of the detailed results, we Sresent the historical conte[t of the study 
and method statements. The following volumes will present the mapping, palaeoenvironment, geomorphology 
and modelling programmes of Europe’s Lost Frontiers. Several supplementary volumes based on the works of 
postgraduate researchers will also be published prior to a final synthetic publication.

The results of Europe’s Lost Frontiers confirm that these landscapes, long held to be inaccessible to archaeology, can 
be studied directly. Europe’s Lost Frontiers will provide benchmark data for future research on the environmental and 
cultural heritage of Doggerland. Access to such data will become increasingly important. As this volume goes to 
press it is clear that contemporary climate change, and the rush for green energy, is pushing development within 
the North Sea at an unprecedented rate. At the point when archaeologists are finally able to access this unique 
heritage landscape, the opportunities to do so may be significantly limited in the future. In the face of such change, 
academics, developers and curators must work together to assist green development, and also continue exploration 
of Europe’s largest and best-preserved prehistoric landscape, Doggerland, before that chance is lost.

University of Bradford 
November, 2021
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Chapter 1

Europe’s Lost Frontiers: context and development

Vincent Gaffney and Simon Fitch

From bank to bank the waterstrife is spread
Strange birds like snow spots o’er the huzzing sea
Hang where the wild duck hurried Sast and ˣed
² 2n roars the ˣood ² all restless to Ee free
Like trouble wandering to eternity
John Clare, The Flood (1830)

All large research SroMects haYe a history, and Europe’s 
Lost Frontiers (ELF) is no exception. Funded through 
a European Research Council (ERC) Advanced Grant 
Eetween ���������, the SroMect finds its roots within 
a long tradition of research related to the extensive, 
previously habitable, yet initially hypothetical 
archaeological landscapes preserved beneath the 
North Sea (Coles 1998; Gaffney et al. 2009; Walker et al. 
this volume). Setting aside the arcane historiography 
of marine palaeolandscapes, the previous two decades 
have witnessed an exponential rise in awareness of 
the archaeological potential and significance of these 
areas; essentially following publication of Professor 
Bryony Coles’ seminal Doggerland paper in 1998. 
Consequently, the specialist literature associated with 
the suEMects is now suEstantial� 2f sSecific note are the 
outputs of another European-funded research initiative 
– ‘SplashCOS’, the Submerged Prehistoric Archaeology and 
Landscapes of the Continental Shelf network. Alongside 
an online database of sites (The SPLASHCOS Viewer 
(http://splashcos.maris2.nl/ or http://splashcos-viewer.
eu/), the network provided invaluable syntheses of 
recent research across Europe and beyond. SPLASHCOS 
publications also provided important comparative data 
on the necessary legal frameworks within which work 
is undertaken on marine palaeolandscapes (Bailey et 
al. 2017, 2020; Fischer et al. 2019; Flemming et al. 2017; 
Harff et al. 2016). The emergence of a series of research 
frameworks related to these studies is also noteworthy, 
and the 2009 and 2019 iterations of the ‘North Sea 
Prehistory Research and Management Framework’ 
(Peeters et al. 2019), the CBA’s Maritime Research Agenda 
(Ransley et al. 2013) and Historic England’s Maritime 
and Marine Historic Environment Research Framework: 
Resource Assessment (2011 and updated in 2013) are 
worth emphasising in this context. However, whilst this 
increasing corpus of data will be considered in future 
Europe’s Lost Frontiers publications, the topic is tangential 
to this chapter. Here we are concerned with providing a 
description of how Europe’s Lost Frontiers was conceived 
and planned, as well as the changes in direction that 
occurred during its operation (Gaffney et al. 2017).

Against the general backdrop of research and 
development activity within the UK, it will be apparent 
that Europe’s Lost Frontiers essentially sprang from the 
results of a series of interrelated research SroMects 
and one Silot SroMect� The key, underSinning research 
SroMects were the North Sea Palaeolandscapes Project
(NSPP), the West Coast Palaeolandscapes Survey (WCPS), 
the the Between the salt water and the sea strand (BSSS) 
SroMect  ² funded Ey the American 1ational 2ceanic 
and Atmospheric Administration (NOAA), and the 
Humber Regional Environmental Characterisation (Humber 
R(&�� Aside from the %SSS, all of these SroMects 
were supported by the Marine Aggregates Levy 
Sustainability Fund (MALSF 2010; English Heritage 
and Atkins Heritage ������ Two SroMects, the 1S33 
and WCPS, were run through the Visual and Spatial 
Technology Centre (VISTA, Birmingham Archaeology), 
prior to the dramatic reduction of archaeological staff 
at the University of Birmingham, and not long before 
the funding of Europe’s Lost Frontiers at the University 
of Bradford (Fitch et al. 2011; Gaffney et al. 2007; 2009; 
WCPP 2011A; WCPP 2013; Young 2012). BSSS was 
funded through NOAA’s Office of Ocean Exploration 
and Research. The Humber REC was one of a number of 
regional plans funded through the MALSF and DEFRA, 
led by the British Geological Survey and including 
a number of NSPP staff (Tappin et al. 2011). A pilot 
SroMect, directly linked to the successful aSSlication 
for Europe’s Lost Frontiers, involved the experimental 
application of emerging sedaDNA technologies to 
marine sediments (Allaby et al. this volume; Smith et al. 
2015).

An account of the history of some of these earlier 
SroMects has Eeen SuElished SreYiously �Gaffney et al. 
2009). Here it is only important to note that the NSPP, 
undertaken with Dr Ken Thomson (1966-2007 Underhill 
nda), pioneered the use of legacy 3D seismic data, and 
specifically use of the Petroleum Geo-Services (PGS) 
‘MegaSurveys’ to reconstruct the primary topographic 
features relating to the southern North Sea (Thomson 
and Gaffney 2007). Prior to the NSPP, much of the North 
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Sea was effectively a tabula rasa in respect of prehistoric 
archaeology (Amkreutz et al. 2018). An original 
assessment of PGS data, and its use for archaeological 
purposes, was linked to a doctoral thesis, funded by the 
Manx Department of Education and undertaken by one 
of the authors (Fitch 2011).. For this purpose, PGS kindly 
provided access to the top second of the merged seismic 
data over an area of c. 6000km2. Exploration of these 
data suggested that the initial half second of seismic 
data was likely to include information on surviving, 
early Holocene landscapes and that this data could be 
analysed using the technical resources available at the 
time (Fitch et al. 2007). The initial analysis of this data 
attracted MALSF funding, and the establishment of 
the 1S33� The final SroMect study area, made SossiEle 
by further support from PGS, covered approximately 
23,000km² of the southern North Sea, and stretched 
from the East Anglian coast to the Dogger Bank and the 
North Sea median line. At the time, this was the largest 
contiguous area of geophysical data ever used for 
archaeological analysis (Gaffney et al. 2007). Mapping 
the upper land-surfaces of these data, combined with 
supporting seismic sources (Fitch this volume: chapter 
4) revealed a wealth of features presumed to relate to the 
early Holocene of Doggerland, and included estuaries 

and salt marshes, regions dominated by freshwater 
river systems and wetlands, through to coastal plains 
and areas of rolling hills (Figure 1.2).

The value of such an achievement was widely 
appreciated and attracted several national and 
international awards (EAA 2013). One aspect of the 
research which was less valued in some quarters was 
the historic landscape characterisation mapping and 
the threat/uncertainty analysis carried out as part of 
the MALSF contract (Fitch et al. 2007a). Essentially a red 
flag model, this analysis did not simply highlight areas 
in which important features were located, it also sought 
to ascertain areas in which the presence or absence of 
features was uncertain along with the variable level of 
threat across the mapped area (Figure 1.3).

The response to such imagery was not altogether 
positive. On March 23rd 2010, Reuters released a news 
flash entitled ‘Stone Age could complicate N. Sea wind 
farm plans’ (https://www.reuters.com/article/energy-
wind-idUSLDE62M12020100323). Whilst heritage is 
frequently a contested area (Flatman 2011; Silverman 
2011), the potential of the results of the NSPP to threaten 
national economic development was never considered 
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Figure ��� Area of 'oggerland maSSed Ey the 1orth Sea 3alaeolandscaSe 3roMect �Gaffney et al. 2009: Figure 3.23).
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as a likely outcome of the study. This situation changed 
in ���� when a national agency contacted the SroMect 
and asserted that ‘the application of your technique is 
limited to only resolving large scale features which are not 
obviously related to Mesolithic heritage sensitivity’, and that 
‘Information in similar adjacent mapped areas suggests that 
the Birmingham research outcomes may not generally relate 
to the Holocene and hence not to the Mesolithic or even late 
Palaeolithic, but potentially earlier events’. Most telling, 
perhaps, was the comment that ‘[we] believe that there 
has been a potentially significant mis-interpretation of the 
late Quaternary geology of the Dogger Bank region by the 
archaeologists at Birmingham. Ordinarily such differences 
would not matter unduly, but in this case, there are potentially 
serious economic consequences for the users of the seabed in 
the region’ (email to V. Gaffney dated 21/07/2010).

In 2010, a meeting in London was convened with 
governmental specialists, NSPP researchers and 
representatives from the British Geological Survey. With 
the support of English Heritage, as independent chair, 
the positive role of archaeology in supporting marine 

development was emphasised strongly, and the validity 
of the SroMect results asserted� HoweYer, it remained 
true that, whilst there was a technical rationale for the 
relative dating of the channels mapped by the NSPP, 
the maMority of features remained undated� MoreoYer, 
this was a time when the national curator was under 
considerable stress due to imminent restructuring and, 
if such assertions had not been successfully challenged, 
the development of UK marine palaeolandscape 
research may have been hindered in the short term, at 
least. If any lesson was to be learned from this fraught 
exchange, it must have been the importance of working 
closely with offshore developers and governmental 
agencies, as well as the dangerous confusion that can 
emerge if this is not done.

The timing of such a debate was also unfortunate 
when considered against the attempts by the team to 
carry out further studies on the UK coastal shelf. The 
NSPP ran for only 18 months, after which the technical 
monograph, ‘Mapping Doggerland’, was published 
in 2007. A fuller summary of the archaeological 

Figure 1.3 Red flag mapping from Gaffney et al. (2007: Figure 9.8). This image combines threat and uncertainty data based on 
distance to feature and depth of overlying sediment. The lack of sediment cover and direct association with identified features 
with archaeological potential rate as high threats with little uncertainty. Deep overlying deposits lying farther from recorded 

features rank as low threat areas but with significant levels of uncertainty.
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implications of the study was provided at a slightly 
later date through the semi-popular publication 
‘Europe’s Lost World: the rediscovery of Doggerland’ 
(Gaffney et al� ������ %y that time the SroMect team 
were pursuing funding for further strategic research, 
and the urgent need to ground truth the results of 
the NSPP was at the forefront. The first opportunity 
to undertake such work came through the Humber 
REC (Tappin et al. 2011). Here, the results of the 
NSPP assisted in planning a vibrocoring programme 
that provided both dating and paleoenvironmental 
information from palaeochannels. Survey undertaken 
as part of the Humber REC ‘successfully intersected the 
feature identified previously by the NSPP and ….it was 
possible to address the aim of the survey by validating the 
results of the NSPP by sampling’. (Tappin et al. 2011: 156, 
Figure 2.5.1 and pages 154-166; Fitch this volume: 
chapter 4).

A related, important technical issue involved the 
extent of survey. The utility of 3D seismic data for 
palaeolandscape mapping was largely proven by the 
NSPP, but large areas of the United Kingdom seabed have 
no comparable data coverage. This was most notable off 
the west and north eastern coasts of Wales and England. 
Aside from some smaller areas of 3D coverage, as in 
Liverpool Bay, survey sources were primarily limited to 
legacy 2D data, such as the UK Coal Board datasets off the 
Northumbrian coast and other data which is held in the 
UK’s onshore geophysical library (UOKOGL – https://
ukogl.org.uk). If the area of study was to be extended to 
larger sections of the coastal shelf, the SroMect team felt 
there was a need to assess the potential of 2D seismic 
data to provide comparable detail to that provided by 
3D survey. Funding was provided by the MALSF in 2009 
to undertake analysis of collocated 2D and 3D datasets 
in Liverpool Bay and assess their relative value for 
palaeolandscape mapping locally and wherever similar 
data existed around the UK shelf (Fitch et al. 2011; 
Fitch and Gaffney 2011). Finally, as MALSF essentially 
restricted funding to activities within British waters, 
separate funding was sought from NOAA and the Qatar 
Museums Authority to undertake a comparative study 
of the eastern sector of the PGS Southern North Sea 
MegaSurvey (c. 57,000km2) and the world’s then largest 
high-definition 3D survey (HD3D) acquired over the Al 
Shaheen Field, Block 5 (2813km2, Fitch et al. 2011)

The rationale for such international investment in the 
SroMect in 4atar was made clear Ey reYiewer seYen for 
the NOAA application, who observed that little research 
of this type had taken place internationally and ‘success 
would have ramifications for study of other shelf areas where 
these kinds of data may be available or soon will be, such as 
the US Atlantic coast’. The study of submerged landscapes 
across the Americas, whilst advancing rapidly, is still a 
SroMect in deYeloSment� A recent SuElication noted that 
‘within North America, submerged precontact archaeology is 

one of the last frontiers in First Americans research, and may 
rewrite what we think we know about the timing and manner 
of the peopling of the Americas’ (Gussick et al. 2021: 106).

In respect of the North Sea, the completion of these 
SroMects Erought the team to a significant Sosition� 
The available mapping was extensive and a vast 
improvement on previous knowledge, but it was not as 
such authoritative (Figure 1.4). Fundamentally, there 
were still large areas in which landscape detail was 
partial or absent. Although there was confidence that 
the maMority of features might Ee Slaced within a Eroad 
chronological framework (Table 1), this still represented 
a palimpsest landscape. The lack of chronological or 
geomorphological information for most features was 
a significant issue within an area characterised by 
inundation and suEMect to maMor moYements, whether 
from glacial deformation, salt tectonics or other block 
movements (Gearey et al. 2012; Holford et al. 2007; Roberts 
et al. 2018). Another, critical issue lay in an appreciation 
that, whilst the various programmes of mapping were 
achievements in themselves, with the exception of the 
palaeoenvironmental work carried out by the Humber 
R(&, the maMority of maSSed features e[isted without any 
associated environmental or cultural context. Despite 
this, it was certainly true that our knowledge base was 
continuously improving. The revived research interest 
in marine palaeolandscapes in Europe, demonstrated by 
the work of SPLASHCOS, increasingly provided better 
access to existing knowledge, and new archaeological 
and enYironmental data� The onset of maMor inYestment 
in contractual archaeology in the North Sea also provided 
access to new data within those areas planned for wind 
farms and other marine developments (Bailey et al. 2020a; 
Brown et al. 2018; Hepp et al. 2017; Pater 2020; Peeters 
and Amkreutz 2020; Prins et al. 2019; Sturt et al. 2017; 
Tizzard et al. 2014; van Hetern et al. 2013). However, the 
lack of any known early Holocene settlement beyond the 
intertidal zone was apparent. The absence of extensive, 
directed archaeo-environmental study across the region 
necessitated a continuing reliance on chance finds, 
dredged material or cores acquired for other purposes, 
for information on landscape use or development across 
the area (Bailey et al. 2020c: 207-8; Peeters et al. 2020b: 
145, the SPLASHCOS viewer http://splashcos-viewer.
eu��� At the onset of this SroMect, 3rofessor %ryony &oles· 
1998 observation that we knew almost as little about the 
early Holocene landscape of the North Sea as Grahame 
Clark during the 1930s, remained substantively correct 
(see Walker et al. this volume, for a fuller discussion of 
the archaeological context).

Following the end of the NSPP it was apparent that the 
provision of a topographic map, whilst not an end in 
itself, would provide the basis for further exploration. 
The challenges of working in the deeper marine 
environments of the North Sea Basin would also require 
a different approach and substantial funding. The initial 
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Figure ��� 'istriEution of features located within the southern 1orth Sea during the 1S33 and %SSS SroMects�

development of an ERC Advanced Grant took more than 
five years and involved three separate applications to 
the funding agency (in 2010, 2012, 2014). Throughout 
this period of development, the primary goals of the 
SroMect were largely consistent� ,n ���� these were 
listed as:

• To produce a near complete topographic map 
of early Holocene Doggerland using seismic 
reflection data, fully integrated with other data 
sources (e.g. sea-level curves, seabed cores)

• To model and simulate, using multi-agent systems 
inspired by the decentralised, ‘bottom up’ and 
emergent phenomenon of nature, possible 
dynamic scenarios for the geomorphological, 
ecological and human history of Doggerland

• To use this mapping, modelling and hypothesis 
generation to inform a programme of seabed 
coring for palaeoenvironmental and dating 
evidence which will, along with other proxy data 

sources, test, or at least constrain, aspects of the 
models

• To use computer models and simulation-
generated data as a basis for real-time, 
interactive exploration of the virtual landscape, 
and visualisation of the individual and collective 
behaviour, and emergent patterns, of the flora, 
fauna and people affecting the ecosystem

• To provide a robust framework for future research 
into and management of this extraordinary 
scientific, heritage and educational resource

Aside from presentational development, between 
2010 and 2014 the most significant change within the 
application was almost certainly the introduction of 
a maMor work Sackage related to sedimentary '1A 
(sedaDNA). This followed an initial meeting with 
Professor Mark Pallen at the British Association for 
the Advancement of Science in 2007 which, over time, 
manifested in a Silot SroMect with 3rofessor RoEin 
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Allaby, analysing sediments from the submarine 
Mesolithic site at Bouldnor Cliff, off the Isle of Wight 
in the Western Solent (Momber et al. 2011; Momber and 
Peeters 2017; Smith et al. 2015a; 2015b).

The later Mesolithic site at Bouldnor dates between 
8030 and 7980 cal BP and is generally considered 
Britain’s best explored, submerged site of Mesolithic 
date (Momber et al. 2021). The results of the sedaDNA 
pilot study unsurprisingly revealed a wooded landscape 
that included oak, poplar, apple, and beech, with 
grasses and a few herbs (Smith et al. 2015a). The faunal 
profile indicated an abundant presence of Canidae and 
Bovidae (dog or wolf), whilst material interpreted most 
likely as Bos was supported by the find of an auroch 
bone at the site. The presence of deer, members of the 
grouse family, and rodents, all compatible with the 
contents of a Mesolithic diet shared by humans and 
dogs, was indicative of a later Mesolithic environment. 
Undoubtedly, the DNA evidence of Triticeae was 
of considerable surprise and continues to attract 
discussion (Smith et al. 2015b). 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 adMacent areas, and ���� 
BP in western France (Crombé and Vanmontfort 2007; 
/ouwe .ooMimans ����� Marchand ����� RoEE ������ 
Consequently, on the presumption that the evidence 
of DNA is not intrusive, then the source of the Triticum

signal may come from wheat imported from elsewhere 
in Europe during the British Mesolithic.

The potential for significant contact between farming 
and hunter-gatherer communities within the 
inundated areas of the coastal shelf informed SroMect 
development. Although the linked issues concerning 
the final phases of inundation, and the movement of 
people in relation to the establishment of Neolithic 
lifestyles, had certainly been of academic interest 
previously (Coles 1999; Flemming et al. 2014; Sturt and 
Van der Noort 2013), regional investigations of sea-
level change had largely been framed in terms of the 
transition to the current terrestrial context and the 
impact on the hunter-gatherer environment rather 
than from hunter-gatherer to farmer societies. This 
situation existed despite occasional finds of Neolithic 
artefacts on the seabed, such as the early Neolithic 
Michelsberg axes from the Brown Banks (Peeters 
and Amkreutz 2020). These finds had usually been 
interSreted as YotiYe oEMects deSosited either at sea 
or at low tide, as gifts to hunter-gatherer ancestors of 
the inundated plains. However, the position of later 
prehistoric monuments at the marine interface, such 
as Seahenge dated at c. 2049 BC (Brennand and Taylor 
2003), clearly begged the question as to where the 
earlier Neolithic coastline actually stood and what the 
implications were in having an enlarged coastal strip 
during this period (Sturt et al. 2017).

Description  Number Area in km2

early Holocene basin 1 10

early Holocene channel systems 440 700

early Holocene delta 37 350

early Holocene depression 29 20

early Holocene drier areas within wetlands 20 350

early Holocene high ground 17 200

early Holocene lake 10 150

early Holocene peat beds 8 20

early Holocene sandbank 1 10

EH wetlands 25 550

Last Glacial Maximum channel systems 46 150

Last Glacial Maximum depressions 33 70

Modern sandbanks 26 10

Undated channel systems 36 100

UD depressions 7 30

Undated high ground 3 2

Undated lake 1 20

Table 1.1 Numbers and area of features, excluding coastlines, identified 
through the 1S33 and %SSS SroMects ������������ After Gaffney et al.

2011: Table 5.1
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Figure 1.5 Map used in the final ERC application showing course of two submerged river valleys to be targeted for coring by the 
/ost Frontiers SroMect team, oYerlaid on 1S33 SroMect Ease maS �Gaffney et al. 2007).

These results changed aspects of the final, successful 
ERC Advanced Research Grant that was initiated in 
December 2015 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 
stated goals of the SroMect were�

• 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?

• At what time did the Mesolithic people of the 
north west plains make contact with Neolithic 
technologies and practices, and what form did 
this contact take?

• Has our view of the Mesolithic – Neolithic 
transition been drastically skewed by relying 
predominantly on land-based sites? If so, what 

changes need to be made to existing theories as 
a result of the new data?

Alongside these goals were the following primary 
oEMectiYes�

• To 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).

• To 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

• To 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
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• To model possible dynamic scenarios for the 
geomorphological, ecological and, by inference, 
the human history of Doggerland using complex 
systems simulations.

• To 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.

From the onset of the SroMect, the goal to e[tend the 
mapping of Doggerland to achieve the maximum 
coverage possible, and provide a suitable context for 
simulation studies of environment and, potentially 
settlement, was clearly a priority. However, a key output 
from existing mapping was to identify sediment caches 
with the potential to be cored for palaeoenvironmental 
data. Aside from simply retrieving environmental 
samples, the intention was to use such data in support 
of complex systems modelling to model ecological 
development.

It is often said that the first casualty of any battle is the 
plan, and the same might be said when implementing 
many large archaeological SroMects� 2n the Easis of 
earlier mapping, two valleys with incised channels, and 
therefore the potential to hold accessible sediments, 
were chosen to act as sampling transects (Figure 1.5). 
The first valley ran south west to north east out from 
the Wash and into the Outer Silver Pit Lake and also 
from the area associated with the Dogger Island into 
the Outer Silver Pit (Figure 1.5). If correct, coring 
downstream should have allowed a dating programme 
to determine the nature and rate of transgression 
in a consistent manner. A minimum of 100 cores 
were planned to recover palaeoenvironmental data 
(sedaDNA, pollen, plant macrofossils, insect remains, 
ostracods/foraminifera and diatoms) and radiocarbon 
and OSL samples for ‘rangefinder’ dates. These data, 
along with improved, and more extensive seismic 
mapping, could 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 (Murgatroyd this volume).

The selection of individual core locations began early 
in 2016 and was managed by Professor Richard Bates. 
From the onset, some variation to the proposed 
programme was required (Figure 1.6). It was apparent 
that the central section of the longer west to east 
transect, running from the British mainland, could not 
be cored in the central section due to the presence of 
large sandbanks. The core selection was then modified 
and included a series of transverse core lines in the 
lower west-east valley draining into the Outer Silver 
Pit. To the west, a series of cores followed the river 
channel and a separate transect to the mainland. 

Individual selection was also guided by the results of 
survey by the Humber REC. A final transect, intended 
to follow the path of inundation independent of river 
channels, was chosen to run from the central section of 
the main river, south west and towards the East Anglian 
coast. Individual cores were sited to investigate specific 
features identified from seismic mapping including 
one core in the approximate area associated with the 
findspot of the Leman and Ower point (Clark 1932: 115; 
Godwin and Godwin 1933).

On the 23rd of June 2016 the United Kingdom voted 
to leave the European Union. Aside from bequeathing 
the SroMect with one of the most ironic titles SossiEle, 
‘Brexit’ did cause significant impacts. It was apparent 
that permissions for licensing in the aftermath of Brexit 
would present a problem, and that the initial licence 
would be for a smaller number of cores than planned. 
A decision was taken to reduce the numbers of cores in 
the lower courses of the west to east river valley, and to 
acquire only two cores (ELF019 and 020) from channels 
south of the river.

The limitation on the numbers of cores that could be 
taken initially impacted on the overall unit cost of 
cores across the two planned expeditions, and this 
led to further changes (Figures 1.7 and 1.8). Although 
the details of these locations will be provided in a 
forthcoming volume in the Europe’s Lost Frontiers 
series, here we can note that the second transect 
running south and west to the coast was abandoned. 
Further coring on the lower courses of the valley 
was limited to the Outer Silver Pit estuary. Following 
discussion with Louise Tizzard and Wessex Archaeology, 
coring on the Dogger Bank itself was directed to 
specific channel features: the northern coast and a 
lake/pingo on the top of the bank. A series of cores 
were taken on the northern shore of the Outer Silver 
Pit and opposite the estuary of the main west-east river. 
However, analysis of the topographic and seismic data 
south of the main channel, and specifically the data 
from ELF019, suggested that further coring should 
include a maMor transect along a smaller channel which 
became known as the Southern River. This decision was 
taken because this channel was accessible and provided 
the opportunity to sample sediments, from source to 
estuary, along the whole course of a large river. Whilst 
the initial coring plan had presumed the acquisition 
of uS to ��� cores, at the end of the SroMect a total of 
78 cores from 60 locations were recovered from areas 
designated as within the original research study area.

Although there were unforeseen variations associated 
with the two planned coring expeditions, an invaluable 
characteristic of the ERC Advance Grant is the flexibility 
such an award offers� The SroMect team were therefore 
able to follow several research routes that provided 
additional Yalue to the SroMect �Figure ����� 2ne 
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Figure 1.6 Initial modification of the Europe’s Lost Frontiers coring programme following funding in 2016.

such opportunity related to the west coast of Wales. 
Although the North Sea is associated with the largest 
area of early Holocene, inundated landscape on the 
European coastal shelf, the archaeological potential of 
the Irish Sea and the west coast of the United Kingdom 
is also apparent. Substantive research on intertidal 
landscapes by Professor Martin Bell (2007) in the Severn 
Estuary, is of particular note in considering these areas, 
whilst the evidence for the connectivity of the region 
Eoth with the adMacent coastlines, the Atlantic shore 
of Europe and lands beyond has been appreciated 
for some time (Bradley et al. 2016; Brown et al. 2018; 
Cunliffe 2001). However, although the significance of 
coastlines, in terms of linkage, has been stressed by 
many (Sheridan 2015: 31; Woodford 2015: 191-205), the 
literature has tended to concentrate on the evidence 
for the Neolithic and later periods (Cummings and 
Fowler 2016). Despite this, the evidence for cross-
channel, pre-Neolithic contacts along the southern 
and western coasts, specifically at the inundated late 
Mesolithic site at Bouldner Cliff, emphasises the need 
to provide mapping more broadly along the British 
coasts (Momber and Peeters 2017; Smith et al. 2020).

The initial exploration of the Severn Estuary and 
Liverpool Bay by the WCPS has been mentioned 
earlier in this chapter (WCPS 2011; 2013), but further 
opportunities emerged through a collaborative link 
with Dr James Bonsall, at the Institute of Technology 

Sligo, and the Irish Marine Institute. A dedicated 
survey, using the RV Celtic Voyager, was then planned 
in Liverpool and Cardigan bays in 2018. Sadly, the 
appalling weather conditions encountered led to the 
abandonment of work within Liverpool Bay. Survey of 
a maMor riYer channel in &ardigan %ay was successfully 
undertaken, although coring proved unsuccessful 
due to the weather and poor corer penetration. The 
results of this programme of work will be reported in a 
forthcoming Europe’s Lost Frontiers volume dedicated 
to remote sensing and landscape reconstruction 
(Harding et al. forthcoming).

2018 also saw the initiation of a collaborative research 
programme undertaken as part of the ‘Deep Sea History’ 
consortium and involving Europe’s Lost Frontiers, the 
Flanders Marine Institute (VLIZ), the University of 
Ghent, the Geological Survey of the Netherlands (TNO), 
the Deltares Research Institute, Utrecht University and 
the Royal Netherlands Institute for Sea Research (NIOZ). 
The initial fieldwork involving Europe’s Lost Frontiers, 
was directed at the study of the area known as the 
Brown Bank. The Brown Bank has long been associated 
with the recovery of archaeological material; usually 
found by chance through fishing or dredging and 
these have included stone, bone and antler artefacts, 
as well as human remains (Glimmerveen et al. 2004; 
/ouwe .ooiMmans ����� Mol et al. 2006; Peeters 2011; 
Peeters and Amkreutz 2020; van der Plicht et al. 2016; 
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Verhart 2004). Some of the finds are exceptional, such 
as the find of a cobble mace head, a perforated mattock 
with remnant of the wooden handle and, unusually, 
several middle Neolithic polished axes (Peeters and 
Amkreutz 2020: 160). The concentration, and excellent 
preservation, of late Pleistocene and early Mesolithic 
material from several areas across the Bank suggests 
the material is being eroded from a series of stratified 
sites or activity zones.

This collaborative programme of work supported 
three expeditions between 2018 and 2021 and involved 
research vessels from Belgium (the RV Belgica and RV 
Simon Stevin) and the Netherlands (the RV Pelagia). 
The results have provided a significantly enhanced 
view of the structure of the Banks and indicate areas 
or eroding peats which may be the source of organic 
finds (Missiaen et al. 2021). The team were also able to 
mount a short expedition to the Southern River estuary, 
in support of the mapping undertaken by Europe’s 
Lost Frontiers. An area on the estuary was selected for 
targeted dredging, where it was suspected that erosion 
might expose archaeological material. Although 
disrupted by bad weather and poor sea conditions, 
the few hours of survey available provided the first 
lithic artefact, a fragment of a hammerstone, found in 
the deeper areas of the North Sea following directed 
prospection, rather than as a chance discovery.

As a postscript to this brief description of new surveys 
undertaken with colleagues in Belgium, Holland 
and Ireland, it is worth noting that this work was 
entirely dependent upon the availability of European 
marine survey vessels and supporting infrastructure. 
Access to similar resources is simply not available to 
archaeologists through British research institutions. 
This situation contrasts strongly with some other North 
Sea nations. Belgium, for example, provides research 
vessels to support teams undertaking archaeological 
exploration, including Europe’s Lost Frontiers, and will 
enhance its capacity to undertake such work during 
2021 (https://www.eurofleets.eu/vessel/rv-belgica-
ii/). If such a situation is maintained this is likely to 
become problematic for British academics concerned 
with the cultural heritage of the North Sea. The study 
of inundated landscapes will become increasingly 
strategic in respect of our understanding of prehistoric 
north west Europe, and the requirement to undertake 
more survey will become urgent if planned marine 
development across the whole of terrestrial Doggerland 
takes place (Walker et al. this volume).

Aside from new survey programmes it is worth 
discussing where variation in analytical processes 
occurred as the SroMect deYeloSed� The original 
ERC application provided for an iterative research 
methodology with three primary work packages 
(Figure 1.10). Aside from work package leads, research 

was supported by specialists contracted through the 
universities of Bradford and Birmingham, as well as 
post-doctoral researchers and PhD students based at 
Bradford and Warwick. The data provided by teams 
studying seismic mapping, sedimentary DNA and the 
broader environmental programme was intended to 
feed into a far-reaching computer simulation exercise. 
The methodologies associated with specific parts of the 
analytical programmes are provided in the following 
chapters, and detailed results of analysis will be 
reported in forthcoming volumes in the Europe’s Lost 
Frontiers series.

Whilst individual work packages and their components 
were generally implemented as described in the original 
ERC application, it is hardly surprising that some 
variation from the original plan occurred across the five 
years of research. Most of the individual work packages 
provide some examples of internal development 
(Cribdon et al. 2020; Missiaen et al. 2021; Murgatroyd et 
al. forthcoming). However, it is important to appreciate 
that disruption and variation to the coring programme 
imSacted uSon the SroMect structure and timetaEle, 
and the COVID pandemic, significantly delayed analysis 
and reporting from individual researchers. The extent 
of these impacts was such that a 12 month ‘no-cost’ 
e[tension was granted to the SroMect Ey the (R&, 
e[tending the SroMect sSan from its original end date in 
2020 through to November 2021.

8ndouEtedly, disruStion to the SroMect timetaEle 
resulted in some negatiYe imSacts on the SroMect, and, 
to a degree, research activity was inevitably more 
responsive than iterative. However, the addition of Dr 
Martin Bates to the team, at a relatively early stage, 
did much to ensure that any variation in the coring 
plan, and the results of the delayed environmental 
programme, were supported within an appropriate 
geomorphological framework, and that the results 
supported the work of the larger research team (Bates 
et al. this volume). Research methods that were not 
within the original programme were incorporated 
as opportunities arose, e.g. palaeomagnetic studies 
(Harris and Batts this volume). Other techniques, such 
as the application of geochemistry to the core samples, 
deYeloSed as the SroMect Srogressed� The addition of 
Mohammed Bensharada, as a postgraduate student, 
and Dr Alex Finlay (Chemostrat) to the research team 
added significantly to the SroMect·s analytical caSacity 
(Bensharada et al. this volume, Finlay et al. this volume). 
The role of geochemistry as an integrative technology 
was demonstrated clearly within SroMect·s SaSer on 
the Storegga tsunami deposit in core ELF01A (Gaffney 
et al. 2020). Alongside the collaborative research 
links descriEed aEoYe, the SroMect attracted e[ternal 
academics to work with Europe’s Lost Frontiers 
researchers. The placement of Dr Merle Muru, through 
the good offices of Dr Alar Rosenthau (University of 
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Figure 1.9 Europe’s Lost Frontiers core study area (1), Cardigan and Liverpool Bays (3) and area of study added as part of the 
Brown Bank survey (2).

Tartu), was a significant event. Merle’s research on 
palaeocoastlines, and primary research on the Brown 
Bank data and the UK Coal Board archive were integral 
to the SroMect·s goals, whilst 'r Muru·s consideraEle 
expertise in GIS assisted in cartographic development 
within the SroMect�

The final integrative work package within the 
SroMect, comSuter modelling, was managed Ey 'r 
Philip Murgatroyd and Professor Eugene Ch’ng. In 
many respects, this was anticipated to be amongst 
the most challenging of research themes within the 
SroMect� The focus of the simulation comSonent as 
described in the funding application was on agent-
based modelling (ABM), a technique ideally suited to 
examine the actions of individuals within an historic 
environment. ABM is the most widely used simulation 
technique within archaeology (Cegielski and Rogers 
2016) and it tends to obscure other simulation methods 
which do not use agents in their design� As the SroMect 
progressed, it became apparent that there were a 
series of fundamental questions which were critical to 
understanding the landscape of Doggerland which were 
not amenable to ABM. Methods of data downscaling 

(Contreras et al. 2019) became important in providing 
a basic understanding of how the inundation of the 
landscape would have looked to the inhabitants of 
Doggerland (Murgatroyd et al. this volume). The 
taphonomic processes which contributed to the 
formation of the deposits found within the cores were 
increasingly understood as vital to our understanding 
as to how the environmental proxy data within the 
cores related to the landscape as a whole (Barton et al. 
2018). These relatively prosaic elements, representing 
change within the SroMect study area, were e[amined 
before widespread, large-scale ABMs were able to be 
developed. However, ABM development has continued 
throughout the SroMect and is eYidenced Ey the 
development of an experimental augmented reality 
sandbox to simulate response to climate change and 
sea-level rise (Murgatroyd et al. this volume)

This short narrative has outlined the development 
context of Europe’s Lost Frontiers and the changes 
that were imSosed uSon the SroMect, or occurred 
through the natural processes of methodological 
innovation, provision of new data and academic 
enquiry. Despite such change, researchers within 
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Figure 1.10 Iterative research methodology within Europe’s Lost Frontiers.

Europe’s Lost Frontiers have pursued key goals relating 
to the study of the inundated palaeolandscapes of 
north west Europe, climatic change, sea-level rise and 
consequent landscape transformation, and these have 
been achieved on the basis of new geographical and 
temSoral datasets SroYided through the SroMect and 
collaborators. The publication of the methodological 
detail here, and in a series of forthcoming volumes 
dedicated to the details of mapping, environmental 
assessment and computer modelling, will support 
our understanding of how human populations may 

have reacted to climate change and also the evolving 
landscape. In the short term, these data will inform 
our response to current development proposals that 
will impact much of the area that now constitutes late 
Pleistocene and early Holocene Doggerland (UK Govt 
2020; Fitch et al. this volume: chapter 15). Over the 
longer term, it is hoSed that the results of the SroMect 
will inform the development of research agendas 
relating to these, increasingly strategic and historic 
landscapes at a global level.




