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Summary

Wessex Archaeology (WA) was funded by English Heritage (EH), through the Aggregate 
Levy Sustainability Fund (ALSF), to conduct a project concerning the application of 
geophysical, geotechnical and seabed sampling methodologies to marine aggregate deposits 
that have been demonstrated to contain potential pre-Devensian or Devensian artefactual 
material.

Artefactual material, including hand axes, flakes and cores were recovered, along with faunal 
remains (including bison, mammoth, horse and reindeer) in 2008 from aggregate extraction 
Area 240 (licensed to Hanson Aggregates Marine Ltd. (HAML)), situated approximately 11km 
off the coast of Great Yarmouth. The findings show that significant archaeological material 
can be present in deposits that are being targeted for marine aggregate extraction. The place 
where the finds were dredged is relatively discrete, and the provenance of the artefacts is 
secure. The area from which the hand axes were recovered is currently subject to a 
rectangular exclusion zone based on dredger trackplots, implemented voluntarily by HAML in 
accordance with the Marine Aggregate Industry Protocol for Reporting Finds of 
Archaeological Interest. 

The principal aim of the project is to improve the future management of the potential effects 
of aggregate dredging on the marine historic environment by developing techniques to 
evaluate the source of prehistoric artefactual material discovered in the East Coast region. 

This report presents the synthesis of all stages of the project. Specifically, this report 
comprises an overview of the methodologies used throughout the project; an evaluation of 
the techniques used and assessment of the staged approach used in the development of the 
project. A characterisation of Area 240 is presented with reference to the date, extent, 
quality, preservation of the sediment deposits and associated archaeological material. 
Finally, the report presents the local and regional implications of the results for marine 
aggregate licensing which will inform English Heritage and allow for the future management 
of Area 240 and other similar sites in the future. 

The project was developed in a series of stages allowing the work to be undertaken on a 
judgement-led basis, with each stage informed by the results of the preceding stage. This 
was particularly necessary for a multi-disciplinary project such as this one. The stages of the 
project were as follows: 

� Stage 1: Existing data review – detailed review of geophysical and geotechnical data 
from industrial surveys; 

� Stage 2: Geophysical review – intensive geophysical survey to investigate the merits 
of different types of sub-bottom profiler for investigating sediments found in aggregate 
extraction areas and to integrate the results with the Stage 1 interpretation; 

� Stage 3: Seabed sampling – the adaptation of ecological sampling methods to assess 
methodologies for recovering archaeological material from the seabed; 
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� Stage 4: Palaeo-environmental sampling – acquisition of vibrocores at 10 locations 
within the vicinity of where the hand axes were dredged; 

� Stage 5 and 6: Palaeo-environmental assessment, analysis and dating – macro and 
micro-faunal and -botanical assessment of sediment samples and scientific dating 
using radiocarbon and Optically Stimulated Luminescence (OSL); 

� Stage 7: Synthesis – overarching synthesis and interpretation (this report);  
� Stage 8: Dissemination and outreach – dissemination of the ongoing project results to 

the general public, industry and academia;
� Stage 9: Archive deposition – preparation of the project archive for deposition.

Seabed sampling in the area from which the hand axes were dredged recovered further flints 
and faunal remains. The flint tools and bone already recovered by aggregate dredging in 
Area 240 and the flint flakes recovered during Stage 3, indicate that the area is significant in 
terms of its artefact content. The methodologies used within this sampling survey, which 
included clamshell grab sampling, 2m beam trawling and visual inspection have shown that 
debitage from the production of flint tools and hand axes exist at least within the localised 
area.

The assessment of prehistoric character of Area 240 has revealed a complex history of 
deposition and erosion. Eight sediment units were identified in the data, dating from the Late 
Pliocene/Early Pleistocene (Unit 1) to marine deposits associated with the last transgression 
in the Holocene (Unit 8).  The area is dominated by two channel features, one dating to the 
Late Anglian (c. 430 ka), the other an Early Holocene shallow meandering channel infilled 
with peats, deposited as late as c.7800 BP. Although two channel features are observed they 
are effectively part of the same system, interpreted as the offshore extension of the Palaeo-
Yare Valley system. 

The evidence suggests that Area 240 has been an outer estuarine or coastal location which 
could have been suitable for use from humans and animals alike, during repeated periods of 
known occupation. 

Two particular units have been identified as the likely sediments from which the lithic and 
faunal remains were dredged. The first is a cold climate, estuarine sediment deposited during 
the Wolstonian (MIS 8/7), during the Middle Palaeolithic. The second unit was deposited in a 
similar cold climate, estuarine environment during the mid-Devensian (MIS 3) with sediments 
deposited as the climate deteriorated at the onset of the last glaciation, towards the end of 
the Middle Palaeolithic/start of the Upper Palaeolithic. 

The lateral extents of these units extend beyond the limits of Area 240 and are expected to 
be present in surrounding aggregate areas. As such, it is considered that there is a potential 
for further artefacts in the immediate area surrounding Area 240. This is supported by the 
small number of finds reported through the Marine Aggregate Industry Protocol for Reporting 
Finds of Archaeological Interest. 

Other sediment units have been identified which have the potential to contain further 
artefacts. The Yarmouth Roads Formation, equivalent in age to the sediments from which 
flakes and cores were recovered at Pakefield on the Suffolk coast, has been identified within 
Area 240. Where these sediments are associated with channel features cutting into 
underlying Early Pleistocene deposits, there is a potential for artefacts. 

Also, a meandering Early Holocene channel is interpreted in Area 240 and is observed in 
regional datasets to flow southwards through adjacent aggregate extraction areas and 
beyond. There is a possibility of Mesolithic artefacts associated with these saltmarsh, organic 
deposits.
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The investigations demonstrated that it is possible to relate unstratified archaeological 
material to submerged and buried landscapes that, although complex, can be examined in 
detail using a variety of fieldwork and analytical methods. 

This work provides a detailed, factual basis for discussions of future aggregate dredging in 
Area 240 and surrounding licence areas. 
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1. INTRODUCTION 

1.1. PROJECT BACKGROUND 

1.1.1. Wessex Archaeology (WA) was funded by English Heritage (EH), through the  
Marine Aggregate Levy Sustainability Fund (MALSF), to conduct a project 
concerning the application of geophysical, geotechnical and seabed sampling 
methodologies to marine aggregate deposits that have been demonstrated to 
contain potential pre-Devensian or Devensian artefactual material. 

1.1.2. Artefactual material, including hand axes, flakes, cores and faunal remains were 
recovered from aggregate extraction Area 240 (licensed to Hanson Aggregates 
Marine Ltd. (HAML)) in 2007/2008. Area 240 is situated approximately 11km off the 
coast of Great Yarmouth situated towards the west of a large area of aggregate 
licence areas covering an area of around 250km2 (Figure 1).

1.1.3. The discoveries showed that significant archaeological material can be present in 
deposits that are being targeted for marine aggregate extraction. 

1.1.4. Prior to this project major questions remained about the complexity of deposits 
within Area 240; the susceptibility of such deposits to geophysical investigation; and 
the capability of various seabed sampling methods to enable observations of 
prehistoric artefacts, palaeo-environmental material and their spatial distributions. 

1.1.5. This report presents the synthesis of all project stages in one volume. It does not 
replace the previous reports, but provides an amalgamation of the results and 
presents the project conclusions. 

1.2. RATIONALE

1.2.1. In 2007/2008, 75 Palaeolithic artefacts, including hand axes, flakes and cores as 
well as a series of bones (woolly mammoth, woolly rhino, bison, reindeer and horse) 
were discovered by Mr Jan Meulmeester in stockpiles of gravel at the SBV Flushing 
Wharf. The finds were identified from stockpiles and reject piles between the 7th

December 2007 to the 18th March 2008, dredged from Area 240 between the 7th

December 2007 and 5th February 2008. The fresh condition of some of the hand 
axes indicated that they came from relatively undisturbed deposits.  

1.2.2. Dr Matt Leivers, a lithic specialist from WA, reviewed photographs of the artefacts 
taken during the expert meeting for the North Sea Prehistory Research and 
Management Framework in Amersfoort on 13th March 2008. His provisional view, 
based on the photographs alone, was that the finds seem to indicate several 
different depositional histories. For example, some appear to have spent a 
considerable period in iron-rich gravels, while others retain edge and surface 
conditions suggestive of inclusion in a fine, soft-grained sediment. This suggested 
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that the dredger impacted a range of deposits containing artefacts, rather than one 
single coherent deposit.  

1.2.3. These observations were confirmed by Hans Peeters, then of Rijksdienst voor 
Archeologie, Cultuurlandschapp en Monumenten (RACM) - Dutch government 
organization for archaeology, culture landscapes and monuments - who prepared an 
initial inventory of the artefacts. He commented that the hand axes could be divided 
roughly into three groups (pers. com. 15/05/08): 

1. artefacts in 'mint' condition (no/slight colour patination, no gloss, no edge 
abrasion); among these are many hand axes forming a homogeneous 
typological/technological group; it seems that this group originates from a 
primary context; 

2. artefacts in partially 'fresh' condition (colour patination but no gloss and 
abrasion on one side, and colour patination, slight to medium gloss and 
slight to medium edge abrasion on the other); this group mainly consists of 
flakes; it would seem that these items originate from an eroding surface 
(possibly, but not necessarily, at the seafloor); 

3. artefacts in weathered condition (colour patination, medium to heavy gloss, 
edge abrasion on both sides); some hand axes, flakes and cores; this 
material originates from secondary contexts and in view of the presence of 
marine epifauna on one of the hand axes, the material (not necessarily all) 
derives from the sea floor. 

1.2.4. The inventory listed numerous flakes and cores, including Levallois flakes and 
cordate hand axes. Although it is very difficult to assess the hand axes by 
photographs, particularly in terms of identifying diagnostic features, the WA lithic 
specialist has suggested likelihood of the Levallois technique evident (250 ka to 
40,000 BP). Cordate hand axes are generally thought to be Mousterian of Acheulian 
Tradition (MAT). The MAT is broadly 60,000 to 35,000 BP, and the nearest 
comparable Mousterian site is Lynford Quarry, Norfolk  However cordate hand axes 
have also been found at Hoxne, Suffolk (MIS 9; 300 ka). Images of some of these 
hand axes are presented in Plates 1 - 4.

1.2.5. Since their discovery, the hand axe assemblage has undergone assessment by Dr 
Dimitri de Loecker at the University of Leiden. At the time of writing, this report had 
not been made available to WA. 

1.2.6. Provisional results of the analysis and radiocarbon dating of the faunal remains have 
been made available by Mr Jan Glimmerveen (pers. com. 30/03/09). Radiocarbon 
dating was conducted on six bones. The results indicated that five of the bones were 
dated to between 43,000 and 31,000 BP. Mr Meulmeester found in excess of 100 
bones and around 70% of these have been attributed the same age as those 
mentioned above, based on their appearance and degree of fossilisation. The 
remaining 30% of the bones are heavily fossilised, estimated to be older than 500 
ka. However, preservation of bones, and the degree of fossilisation may vary within 
a deposit and between deposits. As it is unknown if the bones were from a single 
deposit or from many deposits, these dates should not be taken as definitive.  

1.2.7. The place where the finds were dredged is relatively discrete, dredged specifically 
for aggregates for SBV Flushing (Figure 1). This part of Area 240 has only been 
dredged (at least in recent times) during the period that Mr. Meulmeester was 
monitoring the wharf. The correlation between the stockpiles inspected by Mr. 
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Meulmeester and the source of the aggregate, confirmed by the correspondence 
between the dates of his visits and the dates of aggregate dredging in Area 240, 
means that the provenance of the artefacts is quite secure. Moreover, a review of 
trackplots of dredging for the relevant dates has established the extent of a quite 
limited geographical area within which the artefacts are most likely to have been 
recovered (Figure 2).

1.2.8. The area where the hand axes were recovered is currently subject to a rectangular 
exclusion zone based on dredger trackplots, implemented voluntarily by HAML in 
accordance with the Marine Aggregate Industry Protocol for Finds of Archaeological 
Interest (Figure 2).

1.2.9. The discovery of these artefacts has raised two issues in understanding and dealing 
with potential impacts of marine aggregate extraction on the marine historic 
environment: 

� First, the potential early (Devensian and pre-Devensian) age of the artefacts, 
their number, their apparently little-disturbed context and their association with 
faunal material indicate that the prehistoric archaeological potential and special 
interest of the region may be more coherent and span a greater period than 
previously thought. 

� Second, although considerable advances have been made in the use of 
geophysical data (both through acquisition of new data and re-use of industry 
data), techniques are as yet under-developed for successfully ground-truthing 
geophysical data and relating such data to the actual presence of archaeological 
material.

1.2.10. Consequently, this project endeavoured to refine a range of techniques for 
prehistoric site evaluation, including geophysical techniques, seabed sampling 
techniques, and techniques of palaeo-environmental analysis, dating and 
reconstruction, as well as generating additional data about the hand axe site in 
terms of its implications for the wider region. 

1.3. AIMS AND OBJECTIVES

1.3.1. The overarching aim of the project was to improve the future management of the 
potential effects of aggregate dredging on the marine historic environment by 
developing techniques to evaluate the source of prehistoric artefactual material 
discovered in the East Coast region. 

1.3.2. In order to achieve this aim the following objectives were devised (Wessex 
Archaeology 2009a): 

O1 refine practical techniques for establishing the presence or absence of 
prehistoric archaeological material (artefacts, deposits, faunal and other 
palaeo-environmental material) on the seabed and for establishing the 
character, date, extent, quality, preservation and special interest of such 
material, if present; 

O2 improve the understanding of the character of the historic environment in the 
East Coast region, specifically its potential for prehistoric material; 

O3 to pass on the knowledge gained to the archaeological and scientific 
community, to industry, and to the general public. 
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1.3.3. The project has been split into nine stages, as detailed in Table 1.

Stage Task description 
1 Review of existing geophysical and geotechnical data 
2 Geophysical survey 
3 Seabed sampling 
4 Visual inspection/palaeo-environmental sampling 
5 Palaeo-environmental assessment and dating 
6 Palaeo-environmental analysis 
7 Synthesis 
8 Dissemination, knowledge transfer and outreach 
9 Archive deposition 

Table 1. Project stages 

1.3.4. This report presents the findings of Stage 7: Synthesis. The intention of Stage 7 is to 
synthesise the final results of all the stages of the project into one volume.  It is not 
the intention of this report to replace the previous reports from Stages 1 – 4
(Wessex Archaeology 2009b; 2009c; 2010a; 2010b) but rather to integrate the 
results of the palaeo-environmental assessment, analysis and dating (Stages 5 and 
6) with the results of the earlier project stages to provide a comprehensive 
characterisation of the historic environment in Area 240. 

1.3.5. Specifically, this report comprises an overview of the methodologies used 
throughout the project; an evaluation of the techniques used and assessment of the 
staged approach used in the development of the project.   A characterisation of Area 
240 is presented with reference to the date, extent, quality, preservation of the 
sediment deposits and any associated archaeological material. Finally, the report 
presents the local and regional implications of the results for marine aggregate 
licensing which will inform English Heritage and allow for the future management of 
Area 240 and other similar sites in the future. 

2. METHODOLOGY  

2.1. OVERVIEW

2.1.1. As detailed in the introduction the project was developed in a series of stages 
allowing development in a judgement-led, scientific way, informed by the results of 
the preceding stage. A brief overview of the methodologies employed in each stage 
is presented below. For Stages 1- 4 the detailed methodologies can be found in the 
respective reports.

Stage 1 
2.1.2. Stage 1: Existing data review involved the re-processing and interpretation of an 

existing geophysical dataset and the integration of geotechnical data within the area.   

2.1.3. The main intention of the data review was to provide geological context for Area 240 
with regards to the sediments from which the artefacts may have been dredged. As 
such, the geological assessment focussed on those sediments thought to have been 
deposited within the timescale of the human occupation of Britain. 

2.1.4. The geophysical dataset was acquired in 2005 by Andrews Survey Ltd (now 
Gardline Surveys Ltd.), on behalf of HAML. The datasets used for the 
archaeological assessment were sub-bottom profiler (boomer source) and 
multibeam echosounder (MBES).  
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2.1.5. The data were acquired at a line spacing of 100m, with cross lines acquired at 1km 
line spacing, providing a comprehensive coverage of Area 240 (Figure 3). Full 
technical specifications of the geophysics equipment and processing methodologies 
are provided in the Stage 1 report (Wessex Archaeology 2009b). 

2.1.6. Five geotechnical reports were reviewed for geoarchaeological purposes and  were 
integrated into the geophysics interpretation (Alluvial Mining Ltd. 1999, Andrews 
Survey 2000a; 2000b; 2005, Lankelma Andrews 2007). The data comprised 
geotechnical logs, photographs and test results that were commissioned by HAML 
in order to assess the economic viability of extracting sand and gravel from the 
shallow sediments in Area 240. A total of 158 vibrocore logs were assessed (Figure 
4).

2.1.7. Additional data providing context to the Area 240 sediments were also reviewed. 
These included a review of the prospection lines and main survey geophysical data 
(Figure 3) and geotechnical data (Figure 4) acquired during the Seabed Prehistory: 
Great Yarmouth project (Wessex Archaeology 2008a) in Area 254, adjacent and to 
the northwest of Area 240. 

2.1.8. Subsequently, geophysical and ground-truthing (vibrocore and clam-shell grab) data 
acquired during the East Coast Regional Environmental Characterisation (EC REC) 
surveys (Limpenny et al. 2011) have been integrated into the interpretation of Area 
240 and to provide wider regional context (Figures 3 and 4).

Stage 2 
2.1.9. Based on the results of Stage 1 a geophysical survey was designed. The survey 

area consisted of an approximate 3.5 km x 1.1 km site within Area 240 where the 
hand axes were discovered. Data were also acquired along additional tie-in lines 
and a small area in the northwestern corner of Area 240 (Figure 5).

2.1.10. The Stage 2 survey was undertaken in April and May 2009 and comprised the 
acquisition of sidescan sonar, magnetic, single-beam echosounder and four different 
sub-bottom profiler datasets (boomer, pinger, parametric sonar and chirp). Full 
technical specifications of the geophysics equipment and processing methodologies 
are provided in the Stage 2 report (Wessex Archaeology 2009c). 

2.1.11. Four sub-bottom profilers were used to acquire data during the survey in order to 
provide comparative data on the relative merits of the different systems in 
applications in aggregate dredging areas.  This is discussed further in Section 2.2.

2.1.12. Prior to this survey the parametric sonar had not been used for archaeological 
purposes in the UK. This survey provided a valuable opportunity to test its 
application in direct comparison with three better known sources (boomer, pinger 
and chirp). The parametric sonar data provided a further resolute dataset which was 
used to characterise the deposits. 

2.1.13. The main survey area covered an area of approximately 3.5 km x 1.1 km with 28 
main lines of approximately 3 km length oriented north-south with a line spacing of 
40 m and up to ten cross lines of approximately 1 km length with a line spacing of 
either 200 m or 400 m and east-west orientation.  

2.1.14. There were two survey plans for the main area: one for the sidescan sonar, 
magnetometer, boomer and chirp, and another survey plan 20 m offset for the 
pinger and parametric sonar datasets. Bathymetric data were acquired for all survey 
lines using the single-beam echosounder and the parametric sonar, respectively. 
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Track plots for the different sub-bottom profilers are provided in Figure 5. The line 
plans were designed to take into account the strong tidal currents in the area with 
main lines running north-south (in the direction of the tidal currents).  

2.1.15. The datasets were also used to monitor changes at the hand axe site since the 2005 
dataset was acquired and to provide information on the current distribution of 
surface and sub-surface sediments to a high vertical and lateral resolution.  

2.1.16. The mapping of sub-cropping sediments, as well at the thickness of overlying 
Holocene sediments from the 2009 dataset, led to the development of the strategy 
for Stage 3: Seabed sampling. A series of sampling transects were selected in order 
to sample the sediment units interpreted as likely to contain flint artefacts and faunal 
remains.

Stage 3 
2.1.17. The intention of Stage 3: Seabed sampling was to assess the capability of seabed 

sampling methodologies to enable observations of prehistoric artefacts, palaeo-
environmental material and their spatial distributions. The survey was conducted in 
July 2009 trialling three equipment types: video survey, beam trawl and clamshell 
grabs.

2.1.18. Due to the poor weather conditions, samples were only acquired along three 
transects although 7 were selected based on the results of Stage 2: T1 (Figure 6),
T2 (Figure 7) and T3 (Figure 8). Full technical specifications of the sampling 
equipment and processing methodologies are provided in the Stage 3 report 
(Wessex Archaeology 2010a). 

2.1.19. Although the main purpose of the sampling survey was to focus on methods capable 
of recovering artefactual material, visual inspection methods were also trialled. This 
aided the selection of the clamshell grab sample locations. A series of photographic 
stills were acquired at equal intervals along each transect. 

2.1.20. Due to the apparent proximity of the artefacts to the seabed, a 2m-benthic trawl was 
selected for trial. The 2m-beam trawl is used for both habitat mapping and biological 
monitoring surveys and is the recommended device for the sampling of epifauna at 
marine aggregate extraction sites (CEFAS 2008). A trawl was conducted along each 
transect.

2.1.21. Hydraulic clamshell grabs are used in the aggregate industry to assess the 
aggregate resource, by means of sediment identification and particle size analysis. 
Use of the clamshell grab for archaeological sampling purposes offered the 
opportunity to acquire a sediment sample, up to 350 l, in which some stratigraphy is 
preserved.

2.1.22. In total, forty-eight grab samples were acquired recovering approximately 8,250 l of 
sediment (c. 16.7 tonnes). The samples were initially processed offshore for 
artefacts with a 10 mm sieve; a sub-sample of the sediment was processed at WA‘s 
offices to 4 mm. 

2.1.23. The seabed sampling survey recovered a number of flint flakes and faunal remains, 
together with evidence of terrestrial surfaces within the vicinity (rolled peat and 
waterlogged wood identified in the beam trawl samples and on the photographs). 
These results are discussed in detail in Section 5.2.
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2.1.24. The flints and faunal remains were all located on the southernmost transect, 
however, no definitive evidence of a hand axe site was established. Although the 
option of carrying out diver or ROV based inspection was considered, given the area 
over which the flint flakes were found, no definitive localised site and the poor 
visibility in the area, video inspection was not considered appropriate as the next 
stage in the investigation.  

2.1.25. Rather, it was recommended that vibrocores were taken at key locations within Area 
240 in order to gain detailed sedimentary, chronological and environmental data. 
The vibrocores were selected based on the geophysical interpretation to target 
sediments in order to both better understand the sedimentary sequence, 
depositional environment and, in particular, the sediments from which artefacts were 
thought to derive in this area.  

Stage 4 
2.1.26. Stage 4: Palaeo-environmental sampling involved the acquisition of vibrocores at 10 

locations within the Area 240 (Figure 4). The vibrocores targeted sediment units 
that would provide palaeo-environmental material allowing for the assessment, 
dating and reconstruction of the former land surfaces within Area 240. 

2.1.27. The vibrocore survey took place between the 10th May and 13th May and full 
technical details are provided in the Stage 4 report (Wessex Archaeology 2010b). At 
each location two vibrocores were acquired. The first was acquired in a clear liner to 
be used for geo-archaeological logging and a second in an opaque liner to be used 
for Optically Stimulated Luminescence (OSL) dating. 

2.1.28. The vibrocores (acquired in clear liners) were split longitudinally using an angle 
grinder and carefully prised open with a knife in order to preserve sedimentary 
structure. One half of each core was cleaned where necessary, and photographed. 

2.1.29. Post-survey, each vibrocore was then geoarchaeologically recorded. The vibrocore 
descriptions provided details of the depth to each sediment horizon and the 
character of the sediment. Sedimentary characteristics were recorded including 
texture, colour, stoniness and depositional structure (cf. Hodgson 1976). 

2.1.30. The sediments described within the vibrocores were then grouped into a number of 
sedimentary units (and sub-units) based on the observed sedimentary 
characteristics. These sediment units were then integrated with the geophysics data 
interpretation (from Stages 1 and 2).

2.1.31. Recommendations were made for palaeo-environmental assessment and dating 
work.

Stage 5 and Stage 6 
2.1.32. Based on the results of Stage 4: Palaeo-environmental sampling, recommendations 

were made for the sub-sampling of four vibrocores for Stage 5: palaeo-
environmental assessment and dating. Samples from four vibrocores (VC2c, VC7c, 
VC8c1 and VC9c) were assessed for macro-botanical (plants and charcoal), macro-
fauna (molluscs and insects), micro-botanical (pollen, diatoms and microcharcoal) 
and micro-fauna (ostracods and foraminifera). Additionally, a series of samples were 
dated using radiocarbon (VC8c1) and Optically Stimulated Luminescence (OSL) 
dating (VC3c, 7c and 9c) techniques. 
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2.1.33. Based on the results of the assessments, further sampling and the analysis of 
pollen, foraminifera and ostracods with some further work on plant macrofossil 
remains and molluscs was undertaken as Stage 6: Palaeo-environmental analysis.

2.1.34. Methodologies for each of the palaeo-environmental techniques are presented in 
Appendices I to VII, as part of the specialist palaeo-environmental reports. 

Stage 7 (this report) 
2.1.35. Stage 7: Synthesis is a desk-based exercise which focuses on synthesising the 

results of the project and addresses both the technical developments achieved by 
the project and the characterisation of the seabed prehistory that has been 
achieved.

Stage 8 
2.1.36. For Stage 8: Dissemination and outreach a number of school visits, event days and 

web based dissemination tasks were undertaken. In June 2009 nine school 
workshops were delivered to Year 5 and 6 pupils in four different schools in Great 
Yarmouth and Pakefield. A community group talk was also conducted during this 
week, the recipients being the residents of McCarthy and Stone’s Norwich 
retirement living development.

2.1.37. WA attended the Royal Norfolk Show on the 1st and 2nd July 2009. Over 1,000 
people of all ages visited the WA stand to learn about submerged prehistory and the 
Area 240 project. WA also attended the Lowestoft Airshow on the 23rd and 24th July 
where display panels detailing the project were displayed alongside examples of 
finds from the area. This stand also promoted other ALSF-funded projects. 

2.1.38. Display panels detailing the project were displayed at the Time and Tide museum in 
Great Yarmouth, during October 2009. The museum has strong links with local 
schools and organisations and is very well known in the Norfolk region. It features a 
prehistoric gallery that introduces some of the themes explored by the Area 240 
project. As the display was present during the school half-term the panels reached a 
wide and varied audience of all ages. 

2.1.39. At the inception of the project a series of web pages were made available providing 
details on the rationale of the project, the aims and objectives, and details on the 
outreach elements of the project.  A number of podcasts were also made available 
where geophysicists discussed the surveys from Stages 1 and 2.

2.1.40. Additionally, both the project methodology and results have been presented to a 
wider audience through a series of conference and seminar papers and posters. 
The audience have included industry and regulators as well as the research 
community: 

� Oral presentation at the MALSF Work in Progress meetings in November 2009 
and July 2010; 

� Poster presentation of the ongoing results at the Ancient Human Occupation of 
Britain (AHOB) conference in April 2010; 

� Oral presentation at the IFA annual conference in April 2010; 
� Oral presentation at the IFA/ALSF conference “The Past Changing the Future; 

nine years of ALSF funding in the Historic Environment”, October 2010; 
� Oral presentation to industry representatives at the BMAPA Protocol Awareness 

seminar in October 2010; 
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� Poster presentation at the Association for Environmental Archaeology 
conference, October 2010;   

� Oral presentation at the MALSF Technical Conference in February 2011; 
� Paper in the peer-reviewed publication “Submerged Prehistory” to be published 

in April 2011. 

Stage 9 
2.1.41. Stage 9: Archive deposition involved the preparation of the project archive. This 

includes the archiving of raw geophysics, sampling and geo-technical data collected 
during Stages 2, 3 and 4 respectively.  

2.1.42. The digital data acquired during Stages 2 - 4 have been prepared for archive. This 
involved the preparation and, in some cases, translation of the raw digital data 
format to appropriate data file formats. Table 2 details the geophysics data and 
associated file format for archiving. 

Stage Dataset Format (acquisition) Format (for 
archive) 

Stage 2 Boomer sub-bottom 
profiler data 

.cod (Coda software 
format)

.Seg-Y

Stage 2 Chirp sub-bottom profiler 
data

.Seg-Y .Seg-Y 

Stage 2 Pinger sub-bottom profiler 
data

.cod (Coda software 
format)

.Seg-Y

Stage 2 Parametric sonar .SES (parametric sonar 
software format) 

.Seg-Y

Stage 2 Sidescan sonar .xtf .xtf 
Stage 2 Magnetometer .xyz .txt 
Stage 2 Single-beam 

echosounder 
.RAW (Hypack 
navigation software files) 

.txt 

Stage 2 Navigation files .RAW (Hypack 
navigation software files) 

.txt 

Stage 2 Data logs Analogue .pdf 
Stage 3 Navigation files .RAW (Hypack 

navigation software files) 
.txt 

Stage 3 Sample logs Analogue .PDF 
Stage 3 Sample photographs .jpeg .jpeg 
Stage 4 Vibrocore positional data .xls .txt 
Stage 4 Vibrocore logs .pdf .pdf 

Table 2: Digital data prepared for archive

2.1.43. The metadata to accompany the digital data products has been prepared to Marine 
Environmental Data Information (MEDIN) standard, based on the UK GEMINI 
standard and conforming to the European directive INSPIRE. This will allow future 
migration of metadata to other standards as required. 

2.1.44. The material archive includes the lithic and faunal remains recovered during Stage 3 
and the unsampled vibrocores acquired during Stage 4.

2.1.45. The lithics and faunal remains have been prepared for archive. The faunal remains 
were treated into order to preserve them; faunal remains that have been recovered 
from a marine environment are vulnerable to salt and humidity damage if they are 
allowed to dry out without careful attention. 

2.1.46. The salt that the remains had absorbed whilst in the sea was removed by soaking in 
changes of water. Tap water was used for the initial soaking baths, so as not to 
cause too much stress on the internal structure of the bone. After four months, 
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distilled water was used for the soaking baths to speed up the last of the salt 
removal for the final two months. The salt content of the soaking baths was 
monitored using silver nitrate. When the salt content had dropped to a level 
comparable to tap water, the items were removed from the baths and allowed to dry 
out under controlled conditions. 

2.1.47. The items were monitored to check that: 

� no salt crystals formed, as these would disrupt the internal structure of the bone;  
� no mould growth occurred; 
� no cracking appeared as a result of drying out too rapidly. 

2.1.48. The humidity in the storage container was slowly reduced to normal levels over the 
following month. The faunal remains are still vulnerable to changes in their 
surroundings and are stored with buffering material that keeps the humidity 
constant. Fluctuating humidity is likely to cause swelling and shrinkage that will lead 
to physical deterioration.  

2.1.49. The unsampled vibrocores are currently stored at the WA office in Salisbury and WA 
is in contact with the University of Southampton and the British Geological Survey 
core store facilities with regards to the long term archive of these cores. 

2.1.50. Details of each project stage have been input to the OASIS database along with a 
copy of the stage report. Additionally, a copy of the report and associated higher-
level products has been submitted to the ALSF archive, which is maintained by the 
Archaeological Data Service (ADS), (http://ads.ahds.ac.uk/catalogue/projArch/alsf/).

2.2. DISCUSSION

2.2.1. The project was developed in a series of stages allowing the work to be undertaken 
on a judgement-led basis, with each stage informed by the results of the preceding 
stage. The advantage of this approach is that the development of subsequent 
stages of the project has a strong foundation rather than the project being designed 
at inception based on a series of assumptions about the site and any findings.  This 
is particularly relevant for a multi-disciplinary project such as this one. 

2.2.2. An example of this approach was particularly apparent at the end of Stage 3: 
Seabed sampling. The aim of Stage 3 was to use seabed sampling techniques in 
the attempt to identify a site or sites where archaeological material was present on, 
or just below, the seabed. It was anticipated at the start of the project that Stage 4
would either comprise visual inspection of a small area of the seabed identified in 
Stage 3, palaeo-environmental sampling or a combination of both. 

2.2.3. In light of the Stage 3 results it was decided that the palaeo-environmental sampling 
would be the better approach. The flints and faunal remains in Stage 3 were 
confined to the southernmost transect. However, a discrete find site was not 
identified, rather a scattering of material within the area. Also, it was apparent from 
the seabed sampling work that the site under investigation was not conducive to 
diving methodologies. 

2.2.4. Water depths approaching 30 m would mean that diving time would be limited using 
standard air (or would require mixed-gas / technical diving to work effectively at such 
depths). The strong currents in the area would mean that diving could only be 
conducted at slack water further limiting time availability. Also, the visibility was very 
poor in the area, which would further hinder diving operations. As a result, the 
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prospect of locating flints without a precise location for the findspot was remote and 
would require a major commitment of time and money. Cost effectiveness would be 
low and the chance of failure to find artefacts would be high. Due to the 
environmental conditions the usefulness of a remotely operated vehicle (ROV) 
would also be limited. 

2.2.5. As such, a palaeo-environmental programme was developed for Stage 4 in order to 
gain detailed sedimentary, chronological and environmental data. Without the time 
to assess the implications of the results of Stage 3, the results of Stage 4 and 
successive stages may not have been as focussed or successful. 

2.2.6. Additionally, the staged approach allowed time for internal workshops with EH (and 
other interested parties) to be carried out to discuss the progress of the project and 
the implications of the results on successive stages.  These took place in July 2009 
(end of Stage 1 and 2), November 2009 (end of Stage 3) and July 2010 (end of 
Stage 4). The results of these discussions were incorporated into the updated 
project design of subsequent stages. 

2.2.7. The disadvantage of such a staged approach is the increased project time incurred, 
particularly in completing one stage before planning the next. However, the 
advantages of structured approach and increased control over project development 
outweighed the disadvantage of time incurred in this case. 

2.2.8. The importance of strategic funding, such as the ALSF, with long time-scales for the 
developing and carrying out projects should not be under-estimated. This project 
has been conducted over 2 years without the immediate pressure of a deadlines as 
for development-led work. Consequently, this project has afforded the time and 
development such that a much more detailed interpretation of Area 240 has been 
accomplished in comparison to the interpretation typically conducted during the 
course of an Environmental Impact Assessment (EIA) for an aggregate assessment.  

2.2.9. Discussions on the methodologies used throughout the project can be broadly 
divided into three categories. Firstly those methodologies relating to the 
establishment of the character of the sediment deposits in the area in reference to 
their date, extent, quality, preservation and special interest of such material, namely 
geophysics and geoarchaeological methodologies. These contributed directly to 
Objective 1 and 2 of the project. Secondly, the methods used for establishing the 
presence or absence of prehistoric archaeological material (artefacts and faunal 
remains) on the seabed (seabed sampling), relating to Objective 1. Thirdly, the 
dissemination, outreach and archiving of the project, directly related to Objective 3. 
These are each discussed in more detail below. 

Geophysics and Geoarchaeology 
2.2.10. Stage 1: Existing data review involved the assessment of geophysical (boomer sub-

bottom profiler data and multibeam echosounder) data and geotechnical data. In 
principal three datasets were made available. However, the data assessed during 
Stage 1 was the latest available dataset acquired prior to the 2007 dredging when 
the artefacts were dredged, was in a digital format suitable for reprocessing, and 
was the best quality dataset (I. Selby, pers. com.). As such, it was considered the 
most appropriate dataset to review. 

2.2.11. This provided a baseline dataset and interpretation upon which the project was 
developed. The data were originally acquired for the purpose of aggregate 
assessment and data were acquired at 100m line spacing, with cross lines at 1km 
line spacing. The line spacing was adequate for the purpose of the archaeological 
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assessment. Also, the data were of excellent quality and clearly acquired in very 
favourable weather conditions. This allowed a comprehensive, in-depth 
interpretation to be made. 

2.2.12. A total of 158 vibrocores were also assessed and integrated with the geophysics 
data. A 3 m vibrocore was used and penetration was generally close to 3 m. 
Although longer vibrocores would have proved more useful in terms of 
characterising the deeper units, they were adequate for assessing the upper 
sediment units from which the hand axes were likely to have been dredged. As the 
vibrocores were acquired for the purpose of aggregate assessment they tend to 
target the coarser sediments rather than the fine-grained and organic sediments. 
However, the combination of the geophysical and geotechnical data provided a 
suitable baseline data set for the project. 

2.2.13. Stage 2: Geophysical survey four different sub-bottom profiler datasets were 
acquired: boomer, pinger, parametric sonar and chirp. This was the first time that 
parametric sonar was used for archaeological purposes in the UK. The system has 
since been used on other archaeological surveys (Wessex Archaeology 2009e). The 
acquisition of the four datasets allowed an assessment of which of the sub-bottom 
profilers achieved best results regarding data quality, resolution, penetration and 
applicability for the sediment type found at the site (sands and gravels) and which 
could be further recommended, especially with regards to archaeological 
applications in similar environments. A comparison of the datasets is presented in 
Figure 9.

2.2.14. The boomer dataset proved to be the most useful dataset for interpretation at this 
site. Both penetration (between 16 and 35m sub-seabed) and resolution were 
sufficiently high to identify larger geological units, such as tops and bases of 
formations, as well as small-scale features such as bases of sandwaves, shallow 
cuts and fills and erosional features. It was also possible to determine which 
geological units are present at the surface. The parametric sonar had limited 
penetration (up to a maximum of 6m) but had a higher vertical resolution than the 
boomer system. The parametric sonar resolved the thickness of Holocene 
sediments, the bases and internal layering of sand waves as well as resolving 
shallow cuts, fills and erosional features where penetration permitted.

2.2.15. Both the pinger and chirp systems were strongly affected by the nature of the 
sediments (and bed forms) and were found to yield the least useful datasets for 
interpretation in this area. The pinger uses a comparatively high frequency and as 
such was not expected to penetrate the gravelly sediments such as those 
encountered in Area 240. These sediments prevented penetration further than a 
maximum of 6 m and caused pronounced ringing in the data obscuring any small 
scale features such as cuts, fills and erosional surfaces. Interpretation was further 
complicated by the diffraction of the seismic energy by small sand ripples which are 
present over most of the area. 

2.2.16. Penetration of the chirp system was lowest of all sub-bottom profilers used in the 
survey and resolution was much lower than expected. Similar to the pinger data, the 
base of sandwaves and faint reflectors were observed within the upper 4 m sub-
seabed

2.2.17. The results of this comparison highlighted the strong effect geology has on the 
choice of sub-bottom profiler. The pinger proved useful in the previous Seabed 
Prehistory: Great Yarmouth project (Wessex Archaeology 2008a) in Area 254 to the 
north of Area 240, where the pinger data helped confirm the presence of fine 
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grained material (silts and clays) which was not as obvious in the boomer data. 
However, the same result has not been observed just a few kilometres away in the 
2009 survey data in Area 240. This is likely to be due to sediment type and the 
presence of small sandwaves in Area 240. Fine-grained sediments identified in Area 
254 were also identified to the north of the 2009 survey area in the 2005 dataset for 
Area 240 associated with a channel feature. Had pinger data been acquired over 
these sediments, it may have proved useful, however, the sediments identified in the 
2009 survey area generally comprise sands (fine to coarse grained) and gravels. As 
such, the pinger is less useful in identifying these sediment types. 

2.2.18. Also the chirp system which proved successful in the Seabed Prehistory: 
Happisburgh and Pakefield project (Wessex Archaeology 2008b) failed to reproduce 
its effectiveness during this survey due to the nature of the surface sediments. The 
parametric sonar, which had not previously been used for this type of archaeological 
survey proved to be the most useful system for providing additional information for 
the interpretation of the boomer data, e.g. by resolving shallow features and the 
thickness of Holocene sediments. Therefore, as with the Seabed Prehistory: Great 
Yarmouth survey, this project proved the effectiveness of using more than one type 
of sub-bottom profiler on a site.  

2.2.19. For future surveys of similar specifications, a combination of one high and one low-
frequency profiler is recommended to provide information about shallow features (a 
combination of high and low-frequency data) within the wider geological context 
(low-frequency data). It is essential to consider the suitability of sub-bottom profilers 
to sediment properties as well as to the aims of the survey – for the identification of 
very localised, small-scale features a sub-bottom profiler with a small footprint (i.e 
the area ensonified by the seismic signal) is preferable whereas for more extensive 
features a larger footprint would be better suited.  

2.2.20. If a combination of a high and low-frequency profiler is used, it might also be 
feasible to first survey at a widely spaced grid using the low-frequency profilers and 
then target features of interest with the high-frequency instrument on a tighter grid.  

2.2.21. The acquisition of a new dataset also made it possible to establish the current 
seabed condition of the area from which the hand axes were dredged and to monitor 
changes in surface and sub-surface sediments (e.g. due to movement of bed forms 
and dredging) since the 2005 dataset was acquired. The 2009 dataset was acquired 
at much narrower line spacing than the 2005 dataset providing a dataset at a higher 
lateral resolution than the 2005 dataset.  

2.2.22. The sediment units identified during the 2005 and 2009 datasets were comparable, 
but differences in interpretation were apparent. Although the data quality of the 2005 
dataset were better due to more favourable weather conditions during acquisition, 
the denser line spacing and use of multiple sources resulted in a more resolute 
interpretation from the 2009 datasets. Additionally, the parametric sonar provided a 
more detailed view of the upper few metres than the 2005 boomer dataset, allowing 
a more detailed interpretation of structure within the uppermost sediment unit. 

2.2.23. Sediments, weather conditions and current regimes within the survey area proved to 
be challenging for geophysical data acquisition; this particularly affected the high-
frequency sub-bottom profilers of which only the parametric sonar dataset showed 
good results suitable for data interpretation on all lines and in all survey directions 
(where large sand waves were penetrated).
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2.2.24. Also, the complexity of sediments within the area, especially with regards to 
mapping faint and shallow reflectors, calls for data of the highest possible quality 
and resolution. Comparison with the 2005 dataset showed that weather conditions 
during data acquisition play a crucial role. Therefore, although allowance was made 
for weather downtime in the survey design, it is not financially practical to wait for 
perfectly calm seas and so most datasets experienced some degradation due to the 
marginal weather conditions.

2.2.25. The interpretations of the Stage 1 and 2 assessments were combined. This resulted 
in a higher resolution interpretation in the area from which the hand axes were 
dredged. Although the datasets were acquired four years apart and there were 
obvious differences in the nature of the seabed and the vertical extents of the units 
(due to dredging activities in the intervening years), the lateral extents of the units 
were comparable and an integrated interpretation was produced. 

2.2.26. This interpretation was supplemented by the assessment of the vibrocores acquired 
during Stage 4. Geoarchaeological logs of the vibrocores were compared to the 
geophysics interpretation in order to characterise the geophysical units identified at 
the core locations and to extrapolate the interpretation for Area 240. As the 
geophysical data and the logs record different properties care was taken when 
comparing the two datasets as they are not directly comparable.   

2.2.27. The sub-bottom profiler data record changes in acoustic impedance of sub-surface 
sediments; layers recorded on the data reflect changes in the bulk properties of the 
sediment and not necessarily changes in sediment type. The geoarchaeology log, 
on the other hand, records actual, physical boundaries relating to detailed changes 
in sediment type and depositional structure.   

2.2.28. In addition, the geophysical data are acquired using two-way time, with speed of 
sound estimation used to convert the vertical extents of units into depth sub-seabed, 
whereas the vibrocores are measured in metres.

2.2.29. Although the geophysics data and sediment descriptions can be compared and is 
very useful for broad-scale ground-truthing of the geophysics data, there may be 
differences in depths of horizons from each data type and subtle changes in density 
may be obvious in the geophysics data but not the sediment data. Equally subtle 
changes in the sediment type do not necessarily result in a significant enough 
density change for it to be recorded in the sub-bottom profiler data. 

2.2.30. Although the logs recorded a high resolution interpretation of the sediments units, 
the major boundaries were identified in both the geophysics and geotechnical data. 
The integration of the two datasets was successful and this interpretation was 
further improved with the palaeo-environmental assessment, analysis and dating of 
a selection of these units from a number of vibrocores.  

2.2.31. The work carried out under Stage 5: Palaeo-environmental assessment and dating
and Stage 6: Palaeo-environmental analysis provided data on the depositional 
environments of the deposits and the results were used to provide a chronological 
stratigraphy of the sediment units in Area 240 and in particular where the hand axes 
were dredged. 

2.2.32. The dating of sediment units, in particular, have aided in establishing the chronology 
of the sediment deposition. 
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2.2.33. Four radiocarbon samples from a single unit were dated, two of which were 
successful (Appendix I). These dates were similar to those previously recorded in 
Area 240 (Hazell, in prep.).

2.2.34. A total of 9 samples were submitted for OSL analysis and all returned successful 
results (Appendix II, Table 1). However, all but one of the samples returned with 
analytical uncertainties. The analytical validity of each result was provided 
(Appendix II, Table 2) and ranged from “accept tentatively” or “accept with strong 
reservations”.

2.2.35. Although theses OSL dates were only accepted with reservations, within individual 
cores all age estimates are consistent with their relative stratigraphic position (no 
age reversals observed) and the dates were broadly stratigraphically equivalent 
between the cores and returned ages similar to those previously recorded within the 
wider region. This provides further confidence in the ages returned for each sample.

2.2.36. Previous dating work carried out in the region, such as the Seabed Prehistory: Great 
Yarmouth project (Wessex Archaeology 2008a) and the more recent East Coast 
REC project (Limpenny et al. 2011) indicated that the age of deposition of sediments 
was different to the established interpretation of the area (Cameron et al. 1992). 
However, this previous work was based on very few dates and questions remained 
over their validity. The dating evidence within Area 240 has validated these dates 
and, as such, have not only successfully enhanced the interpretation of Area 240, 
but have also enhanced the understanding of the wider region.

2.2.37. Based on the results of Stages 5 and 6, the geophysics data from Stages 1 and 2
were re-interpreted where there were discrepancies between the geo-archaeological 
evidence and the interpretation. These have been implemented in the final 
interpretation of Area 240, as presented in Section 3.2.

2.2.38. The combined approach has resulted in a comprehensive interpretation of strato-
chronology of Area 240.

Seabed sampling
2.2.39. The intention of Stage 3: Seabed sampling was to inform the development of remote 

sampling strategies that are cost-effective in establishing the presence and 
distribution of archaeological material at 100 m – 1 km scales. 

2.2.40. Three equipment types were trialled as part of the seabed sampling stage of the 
project: clamshell grab, video survey (video-tow and drop-down stills camera) and 
beam trawl. These methods are based on existing sampling techniques used in 
other disciplines as apart of aggregate licensing procedures. The advantage of 
applying existing techniques for archaeological purposes are that the methods for 
deployment, recovery and processing are well-established and integration between 
archaeological use and existing use is straightforward. 

2.2.41. The following section discusses the methodologies of the techniques in terms of 
their usefulness in establishing the presence and distribution of archaeological 
material. This includes the advantages and disadvantages of the individual 
methodologies and discusses the use of a combined methodological approach. 

2.2.42. A high level of importance was placed on the positioning of the equipment during the 
survey. This was especially important because in order to sample the seabed lag 
deposits and to avoid sampling the mobile modern sandwave sediments. Accurate 
positioning of the equipment, by use of an acoustic tracking system (Scout USBL 
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system) enabled features to be targeted and for the exact position of the equipment 
to be known rather than the vessel position.  This was particularly important in Area 
240 as the strong tidal current affected the positioning of the equipment.  

2.2.43. Although the principal aim of the sampling survey was to focus on methods capable 
of recovering artefactual material, video methods were also trialled. It was 
considered that visual inspection would aid the positioning of samples, particularly 
given the presence of large mobile sandwaves known in the area. 

2.2.44. Initially, a towed sledge with a video attached was trialled. The aim was to tow the 
sledge along the seabed transect in order to provide an indication of the seabed 
sediments along the transect. Environmental conditions in the area were such that 
the video-tow was of little use. The sledge proved difficult to control towing it cross-
current in the strong currents of the area. However, more of a problem was the low-
visibility and the consequent inadequacy of the video and the still photographs 
produced from the video system on the sledge.   

2.2.45. Although not useful in this sea area, the towed system could be used successfully in 
areas with greater visibility, and where the tow can be conducted with the current 
direction rather than across it. 

2.2.46. Although not as effective as a continuous-towed system and more time-consuming, 
the low-visibility drop-down camera produced a series of good quality images that 
were used to select the grab sample locations. The camera set-up allowed an 
assessment of the general nature of the seabed and of the homogeneity of the 
seabed sediments along each transect.  

2.2.47. Drop-down camera stations were placed at approximately 100 m on T1 and 50 m on 
T2 and T3. This was based on the length of the proposed transect and the time 
available for survey. With increased survey time a greater number of camera 
locations would have provided an increased understanding of the seabed 
sediments. However, as little change was expected over the short distance of the 
transects these intervals proved sufficient. If this method were to be used in other 
areas consideration of the likely seabed sediments would need to be taken into 
account when designing the visual survey. 

2.2.48. In sea areas around the UK where the visibility is good the continuous-towed video 
system would be preferred. However, the low-visibility drop down camera system 
proved its worth in the southern North Sea, allowing an assessment of the seabed 
sediments prior to clamshell grabbing operations.  

2.2.49. The beam trawling technique had not been previously used for archaeological 
sampling prior to this survey. Similar to the video tow system, the trawl proved 
difficult to control in strong cross-currents, and following a set transect was difficult. 
However, the sample recovered from the beam trawls appeared to generate a 
representative sample of the seabed within the area of the transect.  

2.2.50. The beam trawls were all towed along the seabed as was confirmed by the shiny 
shoes of the tow and the seabed fauna within the sample. Adding additional weight 
and a tickler chain to the trawl improved its performance. Volume-wise the sample 
acquired along T1 proved the most successful; the samples of T2 and T3 were small 
and this was possibly due to the predominantly sandy sediments rather than failure 
of the trawling method. 
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2.2.51. The samples acquired along T1 comprised flint, waterlogged wood and a small 
amount of rolled peat. The gravel was generally small (less than 40 mm); no flints 
the size of a hand axe was recovered. This does not necessarily mean that this 
method failed; it may be that there were no larger flints along this transect. 

2.2.52. The trawls along T2 and T3 also successfully recovered rolled peat and wood 
indicative of terrestrial surfaces within the area. 

2.2.53. The main disadvantage of using the beam trawl is the lack of accurate positioning. 
Although a beacon was attached to the trawl and the position of the trawl was 
known at all times whilst online, if any artefacts were recovered their position would 
only be known to lie on the transect, not at any specific point.  

2.2.54. A further technique that may be considered for trial in the future is the use of a 
scallop dredge. Scallop dredges are used during fisheries surveys (and for scallop 
dredging) so are an established technique.  

2.2.55. A scallop dredge can be deployed from the side of a vessel and towed along a 
transect comparable to the beam trawl deployment. The scallop dredge consists of a 
triangular iron frame, with toothed cross bar set at an acute angle to scrape the 
scallops from the seabed into a bag that is attached to the frame. The belly of the 
bag is made from steel rings, to withstand chafing, and the top part is of a 
sufficiently large mesh net to allow gravel dug up with the scallops to pass through 
(FAO 2011). However, the dredge retains finds greater than 50 mm and as such 
would retain any hand axes. The disadvantage of this type of dredge is that it would 
not be effective for smaller flakes and may damage any smaller artefacts (G. 
Hooper, pers. com. 2011). 

2.2.56. The use of a clamshell grab as the primary tool for sampling the seabed was a 
success. The main advantage of a clamshell grab sample is the large sample (350 l) 
of sediment that can be recovered compared to methodologies previously trialled for 
archaeological purposes. 

2.2.57. Previous archaeological grab sampling surveys (Seabed Prehistory project) in the 
English Channel (Palaeo-Arun (Wessex Archaeology 2008c), East English Channel 
(Wessex Archaeology 2008d)) and the Humber area of the North Sea (Wessex 
Archaeology 2008e) utilised a Hamon grab, which recovers a maximum of 10 l with 
a penetration of up to 0.2 m of the seabed. These surveys recovered totals of 
between 1,000 and 4,000 l of seabed sediment. The samples were sieved on board 
using a 1mm mesh size in order to mimic the process for retrieval of marine benthos 
undertaken for seabed environmental surveys. The residues were then sieved at 
Wessex Archaeology using 10, 4 and 1 mm mesh sizes to retrieve archaeological 
artefacts.

2.2.58. The clamshell grab survey comprised 8,250 l of sediment from 48 locations, 
compared to 1,000 l sediment from 100 locations in the Hamon grab surveys.  As 
such, the sediment volume acquired at any one site is significantly higher. The 
sediment was sieved on-board to 10 mm mesh size with a bulk sample of 40 l 
sieved at Wessex Archaeology to 10 and 4 mm mesh sizes. 

2.2.59. Although, the volume of sediment acquired during this survey was significantly more 
than previous Hamon grab surveys, it is still a small percentage compared to the 
amount of sediments recovered during dredging operations. 
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2.2.60. The locations of the Hamon grab samples from the previous Seabed Prehistory 
sampling surveys (Wessex Archaeology 2008c; 2008d; 2008e) were arranged in 
grid patterns overlying palaeo-geographic features of interest identified only from 
geophysical survey data.  The sample spacing was predominantly 100 m. These 
grid locations were arranged in advance of the survey and, in the case of the 
palaeo-Arun survey, extra samples were taken at locations of interest.  

2.2.61. In the Area 240 survey, transects suitable for grab sampling were identified by 
geophysical survey where troughs of sandwaves correlated with palaeo-geographic 
features, identified by geophysical survey. The exact locations were then targeted 
after video, photographs and beam trawling of the seabed had been undertaken. 
The locations were spaced along the transects where sediments were observed 
from the photographs to have less sandy seabed sediment and more gravel sized 
and larger sediment. The clamshell grab locations were then chosen on the basis of 
what was recovered from the samples, and infilling gaps between locations to 
identify areas of interest in a systematic manner. 

2.2.62. The two methods are equally valid. A grid system is a systematic way of sampling a 
large coverage of the seabed at equal intervals. However, if this approach had been 
employed in Area 240, the majority of the grabs would only contain surficial sand 
due to the number and extent of sandwaves. By employing a systematic judgement-
led approach, only areas of potential were targeted and as such allowed a higher 
resolution sampling survey, albeit covering a much reduced area. 

2.2.63. A further advantage of the clamshell grab over the Hamon grab is the record of 
stratification. Although the clamshell sample is a mixed sample once the grab has 
been emptied, a certain amount of stratification is preserved and can be seen by 
cracking open the grab jaws. This can provide a certain amount of sedimentary 
information that is not available from Hamon grab samples. 

2.2.64. Deployment, recovery and processing of the clamshell grab offshore was a relatively 
quick procedure and was shown to be an efficient methodology for acquiring and 
processing large volumes of sediment in a short amount of survey time. 

2.2.65. Although a series of flakes and bones were obtained by sampling in Area 240, no 
hand axes or evidence of a localised definitive site were found. This is likely to be a 
reflection of the methodology employed rather than of the material present. Despite 
the choice of sampling location being judgement-led and based on as much 
evidence as was available and the systematic, targeted approach using 
photographic stills and grab sampling, only a very small proportion of the area was 
sampled. The volume of sediment sampled using the clamshell grab was a fraction 
of the volume of cargo from Area 240 in which Mr Meulmeester made his 
discoveries. During the clamshell grab survey, the 8,250 l of sand and gravel 
retrieved and processed equates to approximately 16.7 tonnes of sediment. This is 
compared to the thousands of tonnes recovered by the dredger between the 7th

December 2007 and 5th February 2008, from which the hand axes were recovered. 
Approximately 2,500 tonnes of aggregates can be dredged per hour (BMAPA 1995). 

2.2.66. Of the three benthic sampling methods trialled, the beam trawling proved least 
useful, although some wood and peat were recovered, indicating the presence of 
terrestrial landsurfaces. However, this technique should not be dismissed entirely. 
Other trawling methods may be considered suitable for future trials, such as the 
scallop dredge. 
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2.2.67. Although only a very small proportion of Area 240 has been sampled along three 
small transects, the systematic targeted approach of video and grab sampling has 
shown that the recovery of archaeological material and palaeo-environmental 
samples is possible using these methodologies.  

2.2.68. During the East Coast REC ground-truthing survey in May and June 2009, a 
collaborative approach was undertaken on the vessel to assess the sediments 
recovered during benthic surveys (Limpenny et al. 2011). During this survey, 
archaeologists were in attendance during the seabed sample acquisition (Hamon 
grab and clamshell grab sampling), vibrocore acquisition and the scientific 2m-beam 
trawl survey.  The archaeologists reviewed the samples onboard and in one 
instance a worked flint was recovered from a clamshell grab sample (this is 
discussed further in Section 5.2).

Dissemination, outreach and archiving 
2.2.69. Objective 3 (O3) of the project was to pass on the knowledge gained through this 

project to the archaeological and scientific community, to industry and to the general 
public. This was mainly accomplished through Stage 8. It should be noted that 
Stage 8 was reduced in scope due to re-budgeting by the DEFRA/EH. As such, the 
stage focussed on the early phases and development of the project. 

2.2.70. The development of the dissemination and outreach as a separate stage early on in 
the project allowed details of project to be disseminated to a wide audience and built 
the foundations for the continuation of dissemination throughout the lifetime of the 
project.

2.2.71. The dissemination of significant discoveries, such as the hand axes in Area 240, to 
the public is essential to promote a wider understanding of the work that 
archaeologists undertake and the need to protect underwater heritage.  

2.2.72. Primarily focused on the Norfolk region, the outreach programme was valuable in 
communicating a local discovery to a wide range of community audiences. 
Connecting with their local past is an excellent way for people to develop a sense of 
place. Projects such as this offer these opportunities and with a range of outreach 
activities, from lectures to hands-on school workshops, can provide something for all 
ages and interests.  

2.2.73. Choosing to disseminate information at public events, such as the Royal Norfolk 
Show, can also attract new audiences who may not have any prior interest or 
understanding of archaeology. In making the local past accessible to people, the 
public profile of archaeology is raised and support to continue such work in the 
future is developed. 

2.2.74. The dissemination events to both academics and the aggregate industry in the form 
of presentations and attendance at conferences throughout the project stages 
allowed for external contributions to be incorporated into the project as it developed. 
This allowed for contributions not only from other archaeologists, but also 
geologists, ecologists and industry. 

2.2.75. These data and interpretations informed the Anglian Marine Aggregates Regional 
Environmental Assessment (MAREA) and interpretation of data from the 
accompanying East Coast REC survey (Limpenny et al. 2011). The Anglian MAREA 
will provide the general environmental framework for subsequent marine aggregate 
licensing procedures off East Anglia, so this project is likely to inform future 
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aggregate licensing both through the MAREA and through individual licence 
applications. 

2.2.76. The results are also likely to inform a number of other initiatives relating to the 
prehistory of the North Sea and of European Continental Shelves, including the 
North Sea Prehistory Research and Management Framework (NSPRMF), which is 
being led by RACM (Netherlands Heritage Agency), the European Cooperation in 
Science and Technology (COST) Action on Submerged Prehistoric Landscapes and 
Archaeology of the Continental Shelf (SPLASH), and the Ancient Human 
Occupation of Britain (AHOB) project. 

2.2.77. The archiving of the project will provide a legacy to the project, allowing project data 
to form the basis for future work either in Area 240 or similar areas. In particular, the 
unopened vibrocores that were acquired for OSL purposes but not sampled may 
provide a basis for further palaeo-environmental work on Area 240 in the future. 

3. PREHISTORY RESULTS  

3.1. AREA 240 SETTING

3.1.1. Area 240 is situated approximately 11km off the coast of Great Yarmouth and is 
situated towards the western limit of the East Coast Region of marine aggregate 
licensing. Licensed dredging in this region first began in 1969, with a maximum 
annual extraction level of 10 million tonnes (in 1996).  A total of 89 million tonnes of 
marine sand and gravel was dredged in the region between 1998 and 2007 (Crown 
Estate and BMAPA 2009). 

3.1.2. Within Area 240 the dredging history needs to be taken into account when analysing 
geophysical data and interpreting the depositional history of an area. Obviously, 
dredging has an impact on the seabed and effectively creates an additional post-
transgression erosion surface.  

3.1.3. A further factor that needs to be taken into account when assessing the palaeo-
geography of the area is the modern day hydrodynamic forces acting on the 
sediments in the area.  

3.1.4. The bathymetry data (acquired by multibeam echosounder) assessed during Stage
1 of the project indicate that water depths in Area 240 vary between 18.2 m and 
35.0 mbOD (16.7 and 33.5 m CD). 

3.1.5. Areas of previous dredging activities are observed in the central area and to the east 
(Figure 10). This dredging occurred prior to 2005. The most heavily dredged area is 
known to have been dredged in 2001, 2003 and 2004 (Crown Estate 2001; 2003; 
and 2004).

3.1.6. Sandwaves are observed throughout the majority of Area 240 generally with an 
east-west trend (Figure 10). To the west and south of the area the sandwaves are 
generally up to 3 m high; in the north of the area they are up to 6 m high.  

3.1.7. Of particular note is an area in the north-western corner of Area 240 which is a 
distinct area of lower-lying seabed with only some evidence of small bedform 
features (generally less than 1 m high), and is therefore not affected by present-day 
currents in the same manner as the rest of the area. The area is orientated 
northeast to southwest (Figure 10) and is the remnant of an under-filled channel 



Seabed Prehistory: Site Evaluation Techniques (Area 240) Synthesis 70754.04 

21

that extends beyond the limits of Area 240. It is referred to in this assessment as 
Channel B.

3.1.8. The sandwaves in the area indicate a strong hydrodynamic regime in the area.  This 
was confirmed by comparing the 2005 bathymetry data with the data acquired 
during Stage 2.

3.1.9. Generally, the seabed in the 3.5 km x 1.1 km (Stage 2) survey site slopes from west 
to east and water depth varies between 21.5 mbOD at the crests of sand waves and 
approximately 36 mbOD to the east of the site (Figure 11). Most of the site is 
covered by large sand waves trending east-west up to 6 m high. Only the south and 
south-east regions of the area are not covered by these bed forms. Here, lag 
deposits are found.  

3.1.10. Current regimes in the area are very strong. The comparison of the 2005 and the 
2009 bathymetry shows that bed forms have moved significantly, generally by more 
than 10 m, and also changed shape, particularly with regards to curvature and 
bifurcations. A detailed comparison between the datasets is difficult because of the 
different processing methods for comparing single-beam echosounder data and 
multibeam echosounder data, but the general trend of highly mobile sediments with 
quickly shifting bed forms is evident (Figure 11).

3.1.11. The effects of dredging show as areas of greater depth in the east and south-east of 
the site, which are also coincident with smaller sand waves than those appearing 
further to the west.  

3.1.12. It is difficult to estimate the amount of dredging activity that has taken place between 
2005 and 2009. Spot checks in areas without sand waves have shown on average 
1.0 to 1.5 m difference in depths between 2005 and 2009 indicating removal of 
sands and gravels in parts of the site within that time period.  

3.1.13. Large sand waves and dredging scars (and the wreck of the Tregantle, UKHO 
10452) were visible on the sidescan sonar mosaic. The dredging scars are all 
orientated north - south and are mainly found in the central, northern section of the 
Stage 2 survey area, outside of the Exclusion Zone established by HAML in 2008. 
These dredging scars are likely to be from relatively recent dredging activity. The 
dredging scars seen within the Exclusion Zone are less coherent as they have been 
partially filled by recent sediment movement across the area. 

3.2. STRATIGRAPHY AND CHRONOLOGY

3.2.1. The following section describes the stratigraphic units within Area 240 as identified 
from the geophysics data, geotechnical data and palaeo-environmental analysis and 
dating results. As the project has developed since its inception, a series of 
stratigraphic units have been described based on the geophysics data (Stages 1
and 2), and based on the geotechnical (vibrocore) logs (Stage 4).  The results of the 
entire project have now been integrated resulting in a definitive stratigraphic 
interpretation, presented below.   

3.2.2. As part of the assessment numerous vibrocore logs have been used (Figure 4). The 
vibrocores assessed as part of Stage 1 are referenced with their vibrocore number  
pre-fixed by “WA_VC” . Those acquired during Stage 4 have a prefix “VC”. 
Vibrocores from the Seabed Prehistory: Great Yarmouth project (Wessex 
Archaeology 2008a) are pre-fixed “GY_VC” and those acquired and assessed as 
part of the East Coast REC project are pre-fixed “REC_VC”. 
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3.2.3. A total of 8 sedimentary units have been interpreted during the archaeological 
assessment. The geographical coverage of these units is illustrated in Figures 12
and 13, and is described below. 

3.2.4. To supplement the text, the vibrocores acquired during Stage 4 of this project are 
illustrated in Figures 14 – 27 and includes the sedimentary, palaeo-environmental 
assessment, analysis and dating results. The palaeo-environmental assessment, 
analysis and dating reports are provided in Appendices I – VII.

Unit 1
3.2.5. Unit 1 is the deepest unit and is observed across Area 240. Seismically, it generally 

comprises a series of faint, sub-parallel reflectors. To the west, pro-grading 
sediments/dipping reflectors are observed. The top of Unit 1 is a well defined 
reflector in the west becoming fainter and less well defined to the east. The top of 
the unit is observed at 2.2 to 29.3 m sub-seabed (32.2 m to 61.0 mbOD). This unit is 
interpreted as the Westkapelle Ground Formation which is dated to the Late 
Pliocene/Early Pleistocene and predates the occupation of Britain.  

3.2.6. Due to its age, its consistent and identifiable seismic nature, this unit was not 
targeted by the vibrocore survey. 

Unit 2
3.2.7. Unit 2 is divided into 2 distinct seismic units: Units 2a and 2b. Unit 2a is observed 

throughout the majority of Area 240 and generally overlies Unit 1 and as such the 
base of the unit is observed dipping to the east. Unit 2 thickens to the east as Unit 1
deepens. Unit 2b is observed in the southeast corner of the site. The unit is 
contemporary with Unit 2a but is observed as a distinct seismic unit, representing a 
significant lateral change in structure. 

3.2.8. Seismically, Unit 2a has a varying character. Predominantly it is an acoustically 
transparent unit with occasional faint reflectors; to the southwest and west of the 
area faint, southerly dipping reflectors are observed. Vibrocores WA_VC025, 065 
and 071 indicate that these faint reflections are indicative of thin beds of clay 
laminae and silts.  Throughout the remainder of the area the vibrocores (WA_VC55, 
057 and 068) indicate that the unit comprises silty, gravelly, fine to coarse sands. 

3.2.9. The base of Unit 2a is an undulating surface with some broad shallow channels 
observed across the site.  

3.2.10. Unit 2a was identified in 7 vibrocores acquired during Stage 4 (VC1c – 4c and 
VC7c, 8c1 and 10c). VC02c and 08c1 were sampled for palaeo-environmental 
remains.

3.2.11. In VC1c – 4c the unit comprises horizontally bedded layers of sand and clay which 
may have been caused by tidal rhythmitic deposition. In VC7c and VC10c the unit 
comprises sandy gravel and in VC08c1 comprises medium to coarse-grained sand.  
This is indicatives of subtle changes in sediment deposition throughout this unit. 

3.2.12. Pollen concentrations in VC2c and VC8c1 were dominated by Pinus sylvestris
(pine), Cyperaceae and Poaceae (grasses). Numbers of pre-Quaternary spores and 
indeterminable grains are high indicating some reworked sediment. This may also 
account for the high amount of poorly preserved Pinus sylvestris grains in the 
samples. There is also a range of other pollen types which are better preserved 
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suggesting that not all of the pollen is derived from reworked sediments. Microscopic 
charcoal was present in VC2c but not in VC8c1.  

3.2.13. OSL dating of this unit in VC3b at 33.57 to 33.67 mbOD returned a date of 735 �
134 ka (GL 10040) which is considered to be a minimum age estimate indicating a 
Cromerian Complex age equivalent to the Yarmouth Roads Formation (Cameron et 
al. 1992). 

3.2.14. Unit 2b is only observed to the south of the site (Figure 12). The base of the unit is 
observed between 1.0 and 11.3 m sub-seabed (29.9 to 39.2 mbOD). Unit 2b is up 
to 11 m thick and is composed of a series of very strong, southerly dipping 
reflectors.

3.2.15. WA_VC022 indicates that the sediments of Unit 2b comprise silty sand with very 
frequent thin beds and laminae of firm to stiff clay and peaty organic clay.  

3.2.16. Unit 2b was identified in VC09c (Figure 25) and the Unit 2b sediments comprise a 
0.7m thick unit of fine to medium well sorted sand with lenses and layers of 
horizontally bedded silts and sand. A single organic streak is also observed. This 
unit is overlain by a thin (0.03 m) unit comprising silty clay interbedded with fine to 
medium-grained sand. The major element comprises two clay bands which are 
oxidised, indicative of sub-aerial exposure subsequent to deposition.  

3.2.17. Foraminifera indicative of shallow marine and outer estuarine environments was 
observed in this unit. These included species of Elphidium and Elphidiella
(Elphidium arcticum and Elphidiella hannai) usually associated with pre-Anglian cold 
stages of the Early Pleistocene (Funnell 1989). Molluscs including Venerupidae 
(carpet shells) recovered from the base of vibrocore VC8c1 also indicate a shallow 
marine environment.

3.2.18. Pollen, recovered from this unit within vibrocore VC2c were dominated by Pinus
sylvestris (pine), Cyperaceae and Poaceae (grasses), but the pollen counts are 
relatively low. A proportionally high number of pre-Quaternary spores and 
indeterminable grains were observed in comparison to identifiable pollen grains 
present, indicating that the amount of reworked sediment is probably significant and 
preservation is poor. 

3.2.19. Where present, the grains of Poaceae and Chenopodiaceae were much better 
preserved possible implying that they were local in origin and represented the local 
vegetation. This would have probably been an open brackish/ estuarine 
environment, also supported by the presence of Plantago maritima (sea plantain). 
The single occurrence of Dryas octopetala (mountain avens) may also imply that 
this is a cold environment. 

3.2.20. Based on its seismic character and the palaeo-environmental and dating results 
Units 2a and 2b are interpreted as the Yarmouth Roads Formation. The Yarmouth 
Roads Formation is known to comprise a complex delta-top sequence forming part 
of the Ur-Frisia delta plain, consisting of sands with pebbles (including chalk), 
abundant plant debris and peat clasts (Cameron et al. 1989; 1992).  

3.2.21. The enhanced reflectors observed in Unit 2b are likely caused by the high organic 
content in the unit here compared to further north and west within Area 240. It is 
likely that in this part of Area 240 the depositional environment was of lower energy 
than to the north of the site and formed part of the delta plain described by Cameron 
et al. (1992).  
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Unit 3
3.2.22. Unit 3 is a channel infill deposit that is associated with a channel feature (Channel 

A) probably cut during the Late-Anglian glaciation (Figure 12).

3.2.23. The base of Unit 3 (undifferentiated) is marked by a channel cut. This channel cuts 
into Unit 2. The base of Unit 3 is observed between 0.5 m sub-seabed to the west 
and central areas, and 15.4 m sub-seabed, to the east associated with the base of a 
channel (25.9 and 43.6 mbOD). Channel A is observed orientated northwest to 
southeast across the area. The southern edge of the channel is prominent and the 
channel edge cut is approximately 5m deep. The northern edge of the channel is 
less obvious and is observed as more gently shoaling rather than a steep cut to the 
south.

3.2.24. Unit 3 is a very complex sequence of deposits that are not easily resolved in the 
geophysics data and the vibrocore data indicate lateral changes in sediment type 
within the unit. However, a distinct strong reflector is observed in the sub-bottom 
profiler data which marks a change in depositional environment within the unit. As 
such, Unit 3 can be divided into two broad units, Unit 3a and 3b.

3.2.25. Unit 3a is the deepest, and oldest, fill primarily associated with the channel feature 
in the northeast, as illustrated in Figure 12.

3.2.26. Unit 3a comprises strong reflectors, sometimes chaotic and  sometimes sub-
parallel, indicating a coarse-grained infill. This unit was targeted during Stage 4 and 
was observed in VC5c, VC7c and VC10c. 

3.2.27. The vibrocores indicate that Unit 3a comprises gravel and sand. Environmental 
samples assessed from VC7c did not contain any environmental remains (Figure 
22).. These sands and gravels are similar to the overlying Unit 3b and are likely to 
have been deposited in a similar environment. Whilst few environmental indicators 
were recorded, the sediments and OSL dates suggest they might be glacio-fluvial 
outwash.

3.2.28. A strong reflector marks the top of Unit 3a and is observed between 0.3 and 12.6 m 
sub-seabed (23.8 to 36.6 mbOD), generally deepening to the east. 

3.2.29. Unit 3b overlies Unit 3a in Channel A and directly overlies Unit 2 throughout the 
central and western area. The unit generally comprises sands and gravels of varying 
compositions. There is some difficulty in interpreting these units due to their complex 
seismic signatures. 

3.2.30. Within the channel area, Unit 3b is characterised by a series of strong sub-parallel 
reflectors, whereas in the central area Unit 3b is characterised by a more chaotic 
unit indicating a lateral change in sediment type.  

3.2.31. The vibrocores assessed during Stage 1 indicate that Unit 3b comprises sands and 
gravels. The sands and gravels recorded in the vibrocore logs were predominantly 
orange, yellow and brown in colour although occasionally grey. The sand was often 
noted to contain crushed shell. The gravels were predominantly subangular to 
subrounded flint with notable amounts of quartz, quartzite, sandstone and 
occasional siltstone. It should be noted that the level of detail recorded varied 
between the reports and therefore attempts to characterize these sands and 
gravels, particularly with regard to their inclusions, is difficult.  
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3.2.32. An assessment was made to see if there was any spatial pattern to those vibrocores 
documented as containing flint, flint and quartz, and flint, quartz and sandstone. 
However, no discernable patterns were apparent.  

3.2.33. The vibrocores, acquired during Stage 4, all contained Unit 3b except for vibrocore 
VC5c. The unit is generally characterised by well sorted quartzose sands with 
occasional gravel, clay and organic inclusions. The environmental samples within 
this unit returned negative results. It is thought that if the sands within Unit 3b were 
formed in marine conditions (or subject to marine reworking) then some evidence of 
this would have been recovered from the samples. Some very sparse reworked 
pollen assemblages were recovered from VC2c with concentrations too low to 
permit environmental interpretation. Some reworked marine molluscs (VC8c1 and 
VC10c) and foraminifera (VC08c1) were recorded from within this Unit.  

3.2.34. OSL dating of this unit in vibrocore VC2b at 30.90 to 31.00mbOD returned a date of 
418 � 78 ka (GL 10039) and at 28.65 to 28.75 mbOD a date of  243 � 33 ka (GL 
10038) was returned (Figure 16). Within vibrocore VC7b at 29.80 to 30.05mbOD a 
date of 207 � 24 ka (GL 10042) was returned (Figure 24).

3.2.35. OSL dating in vibrocore VC9b at 31.51 to 31.61 mbOD returned a result of 283 � 56 
ka (GL 10043). Whilst this depth corresponds to the base of Unit 3b in vibrocore 
VC9c, the sample was taken from beneath a clay layer thought to mark the top of 
the underlying Unit 2. The date seems to correlate with the other dates from Unit 
3a. However, the date is only accepted with strong reservations due to dose 
recovery test failure, and possible feldspar contamination amongst other reasons 
(Appendix II, Table 2).

3.2.36. Within the central area the basal reflector of this unit varies and is sometimes 
observed as an obvious strong reflector, elsewhere it is diffuse. The diffuse 
boundary probably reflects a grading of sediments into the underlying silty sands 
and gravels of Unit 2. Within the dredged areas particularly to the southeast of the 
area the unit is very diffuse and difficult to identify. Furthermore, due to the nature of 
the overlying sands and gravels of the surficial unit (Unit 8) it is difficult to interpret 
where the edges of this unit sub-crop Unit 8, or where the base of the unit becomes 
so indistinct that the basal reflector cannot be clearly observed.  

3.2.37. It is considered that these sands were deposited during the Wolstonian glaciation 
(MIS 8) as glaciofluvial outwash. It is possible that some of the sand has been 
subject to subsequent reworking. 

Unit 4
3.2.38. Unit 4 is a very distinctive unit generally associated with the buried channel feature 

(Channel A) in the north of Area 240 (Figure 12). The unit is interpreted as the 
infilling of a cut sequence. The cut, marking the base of Unit 4, is observed cutting 
into the deeper Unit 3a, or cutting into Unit 3b and is generally associated with the 
submerged channel.

3.2.39. The unit is generally seismically transparent, generally up to 2 m thick, occasionally 
thickening in channels to up to 6 m.  

3.2.40. Unit 4 is observed in a variety of forms. It is observed infilling broad shallow cuts at 
the top of Unit 3a (Figure 19) and/or Unit 3b. To the northwest it is observed 
forming small bank-like structures up to 3m high (Figure 20). Further banks of Unit
4 are observed to the east associated with the edges of the channel.  
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3.2.41. Based on the geophysics Unit 4 is interpreted as comprising fine-grained sediments 
(sands, silts and clays) deposited in a low-energy environment such as river or 
estuary. This is confirmed by the vibrocores, palaeo-environmental analysis and 
dating results.  

3.2.42. Unit 4 is identified in 2 vibrocores acquired during Stage 4 (VC5c and VC7c) and 
can be divided into 2 sub-units. The lower of the two units was recorded in both 
cores between a depth of 27.44 and 29.22 mbOD and comprised clayey, silty sand.  
An upper sub-unit was observed in VC5c and comprised up to 0.84 m of horizontally 
bedded sand and clay indicative of tidal deposition. 

3.2.43. In VC7c (Figures 21 and 22), organic material was recovered from near the base of 
this unit and comprised fragments of stems and rootlets, possibly of brackish or 
estuarine plants. The predominant shells recovered within the sample were those of 
Hydrobia, both ulvae and ventrosa. There were also a number of shells of cockle 
(Cerastoderma spp.), of the Rissoidae family, of Scrobicularia/Tellina type, saddle 
oyster (Anomia ephippium), oyster (Ostrea edulis) and a small scallop (Chlamys
type), indicative of brackish, estuarine and shallow marine environments. 

3.2.44. In Unit 4 the pollen assemblage was dominated by Pinus sylvestris, Quercus and 
Poaceae, with a consistent presence of Ulmus, Corylus avellana-type, 
Chenopodiaceae and Cyperaceae. The preservation of Pinus sylvestris was very 
good suggesting that it is unlikely to be derived from reworked material, also 
supported by the low presence of pre-Quaternary spores. A number of wetland 
pollen types were present. The presence of Chenopodiaceae and Armeria maritima
(thrift) imply some marine/ brackish influence. The abundance of deciduous 
woodland taxa also implies that this assemblage is likely to be from an inter-glacial/ 
stadial warm period. Also present were Vaccinium-type (bilberries and heath) and 
Calluna vulgaris (heather) which may indicate areas of heath or mire in the local 
vicinity. The high abundance of Quercus in comparison to lower values of Corylus
avellana-type implies that this is a pre-Holocene sequence. The Corylus avellana-
type grains did not show characteristics similar to that of Myrica gale (bog myrtle) 
(included in this type category) so are most likely to small reflect stands of hazel 
rather than bog myrtle. Microscopic charcoal was also present in this unit. 
Waterlogged plants recovered from Unit 4 (at 28.36 to 28.46 mbOD) included 
fragments of stems and rootlets, possibly of brackish or estuarine plants, but equally 
may come from marine algae (seaweed). Above this level, identified from the 
foraminifera and ostracod samples between 27.72 and 28.11 mbOD, were four 
seeds of tasselweed (Ruppia sp.). Single seeds were recovered at 27.72 and 27.91 
mbOD with two seeds from the sample at 28.11 mbOD. This species is most 
commonly found in brackish cut off pools on the coast or within lagoonal 
environments where there is both freshwater and marine input.  

3.2.45. OSL dating within vibrocore VC7b at 28.62 to 28.72 mbOD returned a date of 109 �
11ka (GL 10037) and at 27.75 to 27.85 mbOD returned a date of 96 � 11 ka (GL 
10041) both correlating to the Early Devensian (MIS 5c).

3.2.46. Within VC7c marine and brackish foraminifera and ostracods faunas were 
recovered. At 28.30 mbOD the assemblage was dominated by the ostracod
Cyprideis torosa indicating an estuarine environment consisting of brackish tidal 
creeks. Above this Cyprideis torosa still formed a significant part of the fauna with 
the addition of the ostracods, Loxoconcha elliptica and Loxoconcha rhomboidea at 
28.11, 27.91 and 27.72 mbOD which are together indicative of estuary and estuary-
mouth environments. Molluscs indicative of estuarine and brackish water 
environments were also recorded within Unit 4 including Cerastoderma spp., Ostrea
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edulis and Hydrobia sp.. The predominance of species of Hydrobia was noted, 
which are typically found on muddy or silty surfaces in estuaries, intertidal mudflats 
and saltmarshes and are restricted to brackish or salt water.

3.2.47. Moving up profile, an increase in marine influence was noted with marine 
foraminifera including Miliolids and marine ostracods being more common within the 
samples consistent with an interpretation of sea-level rise.

3.2.48. The vibrocores, assessed during Stage 1, penetrating this unit indicate clay with 
occasional shells (WA_VC090, 091, 016, 044, 041, 150 and 158) overlain by a thin 
unit of clayey sand (WA_VC016 and 150). WA_VC090 and 091 show evidence of 
oxidisation and may be a result of weathering and exposure to oxygen and the 
formation of a horizon of a gley type soil. Black clay recorded in WA_VC158 may 
have the colour due to a high organic content although no organic material was 
recorded on the vibrocore log. Given the mode of deposition, i.e. low energy 
fluvial/estuarine, the presence of organic matter is not unexpected. 

3.2.49. Unit 4 is interpreted as the Brown Bank Formation, as documented by the BGS, 
deposited in the early Devensian (MIS 5a-d; 110 – 75 ka). In the region of Area 240 
the Brown Bank Formation comprises more fluviatile current-bedded silt and finely 
laminated clays filling late Ipswichian/ early Devensian channels, up to 20m deep 
(British Geological Survey 1991). 

Unit 5
3.2.50. Unit 5 is observed throughout the southern and central areas and in pockets to the 

northwest (Figure 12). The seismic character is generally transparent indicating a 
finer-grained composition than the underlying Unit 3b. Unit 5 infills small 
depressions; there is no significant evidence to suggest that these sediments infilled 
channels (Figure 9). The base of the unit is observed between 0.4 and 6.3 m sub-
seabed (25.4 to 34.4 mbOD). 

3.2.51. The geotechnical data indicate that the unit comprises slightly gravelly, slightly silty, 
fine to medium grained sand (WA_VC088 and 064). Vibrocores WA_VC023, 024 
and 074 indicate the presence of clays associated with this fine-grained sediment 
indicating a low-energy depositional environment early in this sequence. Within 
vibrocores WA_VC023 and WA_VC024, clay is interbedded with shelly silty sand 
which may be an indication of tidal rhythmitic deposition suggesting an estuarine or 
near coastal depositional environment. 

3.2.52. The age of this unit is unknown and there is no stratigraphic association with any 
unit other than it is higher up the sequence and therefore younger than Unit 3b. It 
could be associated with Unit 4, although Unit 4 is generally observed as a channel 
infill deposit, unlike these features.  Unit 5 could also be associated with the 
deposition of Unit 6. Structurally this fits in terms of feature type; however the 
vibrocores indicate a difference in sediment infill type. 

3.2.53. There is also the possibility that Unit 5 is younger than Unit 6 and should be higher 
up the stratigraphic sequence. However, based on the available data this unit can 
not be securely placed in the sedimentary sequence. Until there is further evidence, 
Unit 5 has been tentatively been interpreted as being contemporaneous with Unit 6.

Unit 6 
3.2.54. Unit 6 is observed in the south of Area 240 (Figure 12) and is observed infilling 

broad shallow depressions in the surface of Unit 3b (Figure 25). The infill unit is 
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observed up to 3 m thick and has similar seismic characteristics to Unit 4, however 
sedimentological evidence indicates a very different fill type. The unit is generally 
overlain by up to 1 m lag deposit of sands and gravels and there are no bedforms 
associated with this area.

3.2.55. VC9c, acquired during Stage 4, targeted this unit. The unit comprises a 0.88 m unit 
of sandy gravel. The gravel component is predominantly rounded to sub-angular flint 
with approximately 20% quartz fraction. Pollen evidence is sparse in this unit with 
some evidence of Poaceae and Cyperaceae, although in low numbers. Unit 6 is 
interpreted as fluvioglacial alluvium.

3.2.56. An OSL date within Unit 6 at 27.7 to 27.8 mbOD returned a date of 36 � 5 ka (GL 
10045) indicating a mid-Devensian (MIS 3) age. An OSL date just below the 
boundary of Unit 6 in Unit 3b at 28.45 to 28.55 mbOD returned a date of 36 � 3ka 
(GL 10044) indicating possible exposure to light in the mid-Devensian (MIS 3), 
rather than deposition.

Unit 7 
3.2.57. Unit 7 is only observed to the northwest of Area 240 and also a small patch in the 

southwestern corner (Figure 12), although these sediments are part of a larger 
system which is discussed in detail in Section 4.8.

3.2.58. Seismically the unit is characterised by strong sub-parallel reflectors (Figure 23)
and is associated with a bathymetric low indicating that this unit forms the basal fill 
of an under-filled channel feature, albeit a very shallow one (up to 6 m). The base of 
the unit is observed between 0.6 and 6.3m sub-seabed (27.7 to 36.2 mbOD). The 
top of the unit is observed at the seabed with only a veneer (less than 1 m) of 
surficial sediments (Unit 8).

3.2.59. Based on the geotechnical evidence the unit comprises a basal unit of peat 
approximately 0.2 m thick overlain by a unit of sandy or shelly clay (WA_VC061, 
WA_VC072 and WA_VC086).  

3.2.60. Independent radiocarbon dating of the peat layer in WA_VC061 dates the peat 
between 10,710 – 10,280 cal. BC (10,470±35 BP, SUERC-11978) and 7530 – 7350 
cal. BC (8370±25 BP, SUERC 11975) at depths of 30.80 mbOD and 30.05 mbOD, 
respectively (Hazell, in prep.). 

3.2.61. Unit 7 in VC8c1 was sampled and dated and is comparable in sediment type and 
age (Figure 24). The unit comprises a fining up sequence of estuarine gravely, silty 
and clayey sands from 33.23 to 32.06 mbOD containing ostrocods and foraminifera 
indicative of brackish environments dominated by the euryhaline ostracod Cyprideis
torosa. There were also noted to be a significant number of freshwater molluscs 
within the lower part of the unit including Theodoxus fluviatilis, Bithynia spp. and 
Valvata spp.. These are all fresh-water species which thrive in moving water 
environments. The more numerically dominant mollusc species were, however, 
indicative of brackish and shallow marine environments including Hydrobia spp. and 
Cerastoderma spp.. Only one stray ostracod valve was recorded (Candona spp.) 
that can be attributed to non-marine environment and it is considered that these 
molluscs have been transported downstream from a freshwater habitat and 
incorporated into these estuarine sediments. It is interesting to note that the 
dominant ostracod Cyprideis torosa can tolerate widely fluctuating salinities from 
freshwater to hypersaline conditions although its mass development is usually 
associated with a substrate consisting of soft mud and organic detritus in brackish 
salinities, between 2 and 16.5‰ (Meisch 2000).  
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3.2.62. The unit described above is overlain by a sandy, clayey, peaty silt 0.49 m thick. The 
unit comprised horizontally bedded layers/laminae of sand, silt, peat and clay. The 
peat layers were up to 3mm in thickness and appeared to comprise horizontally 
bedded plant remains (Phragmites). This is overlain by a sand unit up to 0.18 m with 
occasional small pebbles and marine molluscs, which is in turn overlain by a sandy 
gravel up to 0.32 m thick. Radiocarbon dating of Phragmites australis reeds from the 
base of the unit returned a date of 7710 – 7560 cal. BC (8595 ±35BP, SUERC-
32234) at 32.00 mbOD. At these levels the foraminifera (Haynesina germanica) and 
ostracod (Hirschmannia viridis and Heterocythereis albumaculata and Loxococha 
rhomboidea) faunas were indicative of a saltmarsh fringing an estuary which is likely 
to have developed within the tidal frame. 

3.2.63. Between 31.60 to 31.70 mbOD the sample had several fragments of organics and a 
few whole seeds of seablite (Suaeda maritima), a fragment of bud scale, a seed of 
white water-lily (Nymphaea alba), and one of probable pondweed (Potamogeton
sp.). These samples also had fairly frequent small fragments of charcoal although 
none were large enough for identification. White water-lily is a freshwater aquatic, 
while pondweed is an aquatic that is generally found within fresh-water 
environments, but some species can be found within brackish water especially 
within estuarine habitats. Seablite is a coastal species common within saltmarshes 
and often found on mudflats. Such an assemblage would be in keeping with rising 
sea-levels in the early Holocene and coastal/estuarine conditions during the 
formation of the deposit. 

3.2.64. The pollen assemblage from Unit 7 was dominated by Quercus and Corylus
avellana-type with Pinus sylvestris, Ulmus and Poaceae present throughout. Other 
notable taxa present include Betula, Alnus glutinosa, Tilia cordata (small-leaved 
lime), Chenopodiaceae, Filipendula (meadowsweet), Plantago lanceolata (ribwort
plantain) and Cyperaceae. The assemblage implies an area of mix deciduous 
woodland with some stands of Pinus sylvestris. There is a wetland environment 
present (indicated by taxa such as Filipendula and Sparganium sp.) which is subject 
to some marine/ brackish influence, implied by the presence of Chenopodiaceae 
and Spergularia-type (sea-spurrey). The presence of Rumex acetosella (sheep’s 
sorrel) and Plantago lanceolata, in association with peaks in the charcoal record, 
may imply some local disturbance, though this may be in the form of natural burning 
rather than being necessarily related to anthropogenic activity. 

3.2.65. Unit 7 was the only unit which contained diatoms. The preservation of diatoms was 
very poor with most diatoms only represented by small fragments. The species 
recorded were predominantly marine and brackish forms including Paralia sulcata, 
Podosira stelligera, Triceratium favus, Auliscus sculptus and Actinoptychus 
undulates.

3.2.66. Molluscs indicative of marine and brackish environments were recorded in the upper 
part of this unit dominated by Scrobicularia/Tellin type bivalves, with occasional 
freshwater types still noted. 

3.2.67. At 31.58 mbOD a radiocarbon date from a Phragmites reed returned a date of; 
6730–6590 cal. BC (7820 ±30BP, SUERC-32233). The sample at 31.59 mbOD was 
dominated by ostracods indicative of littoral, sublittoral, marine and estuarine 
environments including Hirshcmannia viridis, Heterocythereis albomaculata with
Cytherura gibba. The foraminifera at this level were mixed although also dominated 
by estuarine and marine forms including species of Elphidium and Miliolids
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3.2.68. Above the estuarine alluvial deposits at the base of Unit 7 in VC8c1, sediments 
indicative of a progressively transgressive sequence from intertidal 
mudflat/saltmarsh deposited in the Early-Holocene overlain by a shallow marine/ 
outer estuarine sand, in turn, overlain by a shallow marine lag deposit, deposited 
during the last transgression. 

Unit 8 
3.2.69. Unit 8 is the uppermost unit and is observed across Area 240. It is present either in 

the form of a lag deposit or in mobile sediment forming mobile bedforms such as 
sand ripples and larger sandwaves (up to 6 m high). Where observed, the lag 
deposit generally comprises shelly, gravelly medium to coarse sand. The 
composition of mobile seabed sediments or sandwaves is generally composed of 
shelly well-sorted sand (Alluvial Mining 1999; Andrews Survey 2000b). However, 
VC4c indicated a poorly sorted fine to medium sand with a moderate number of 
small (20 mm) oxidised mudstone inclusions, probably indicative of the mobile 
nature of this unit. 

3.2.70. Evidence of re-worked sediments is also observed in the surficial sediments of VC2c 
and in the upper stratified sediments in clamshell grab samples T1_G3 and T1_G7. 
In T1_G3 the upper layer comprised a yellowish brown gravelly sand with rolled peat 
lumps on the surface up to 0.2 m in thickness. 

3.2.71. An interesting sediment feature found in the grabs and observed in the photographs, 
particularly in T2 and T3 to the north are iron oxide sheets. In the clamshell grabs, in 
particular T3_G3 and T3_G5, these tended to be pebble size, up to 60 mm wide and 
a couple of millimetres thick and in the stills photographs (such as T3_V1B) these 
tend to be larger in size, up to 100 mm diameter. Small oxidised mudstone 
inclusions were also noted in Unit 8 of VC4c and small iron oxide coated sand sheet 
were noted in Unit 8 of VC6c/c1. These are probably re-worked from their original 
depositional position. 

3.2.72. The orange colour is caused by iron oxide forming a crust around existing sediment. 
The sheets are friable and the centre of the crusts is composed of either hard fine-
grained silts or very soft light grey clay. 

3.2.73. The mechanism for the formation of these sheets is unknown, however, they will 
have occurred during oxic conditions, and may have formed in a variety of 
environments, such as marine, intertidal or riverine.  

3.2.74. The fact that the sheets formed in a sheet-like deposit as oppose to clumps, may 
indicate some sort of laminar (smooth) flow and a sudden exposure to air that would 
allow fast drying, oxidation of the iron and the formation of these sheets, indicating 
that a riverine/estuarine environment is more likely than an intertidal area. One 
theory for deposition is within a floodplain of a river in flood. The river floods and 
particles of fine material are transported to the floodplain, where the water flow 
slows allowing the deposition of fine-grained silts and clays. As the flood waters 
recede the mud can form a crust during a period of baking. 

3.2.75. If these sheets were formed in this way, then this would indicate that the sheets pre-
date the transgression and may be associated with the Channel A deposits 
observed in the geophysics data. However, the depositional environment and age of 
these sheets remains speculative. 
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4. PREHISTORIC CHARACTERISATION 

4.1. INTRODUCTION

4.1.1. The following section provides a discussion of the characterisation relative to sea-
level change, climatic variations and geology for Area 240 and its surrounding area. 
Correlation between onshore deposits and those mapped offshore are also 
included.

4.1.2. The Quaternary (Pleistocene and Holocene) has been a period of fluctuating climate 
with corresponding oscillations in sea-level (Bridgland 2002). During interglacial 
periods sea-levels were relatively high, sometimes comparable to the present-day, 
whereas at the climax of glacial periods the sea-level fell to more than 100 m below 
present levels. During these multiple cycles of transgressions and regressions 
various areas of the southern North Sea have been repeatedly exposed. For a large 
percentage of the Middle and Late Pleistocene, rivers have extended beyond 
present-day shorelines onto the continental shelf (Bridgland 2002). These 
extensions of existing rivers, enlarged by confluences that are now submerged, and 
swollen by glacial meltwater, would have been drainage systems of considerable 
size (Bridgland 2002). It should also be borne in mind that remnants of rivers 
systems may be submerged which have no direct correlation onshore today.  

4.1.3. Figure 28 provides an approximate indication of relative sea-level variations in the 
southern North Sea during the last one million years. Major archaeological periods 
and periods of known occupation are included to illustrate the relationship between 
these periods and the relative sea-level stands. The sediment units identified in the 
archaeological assessment are shown with reference to the sea-level curve. 

4.1.4. During the multiple cycles of transgressions and regressions, associated with the 
transitions between glacial and interglacial phases, various areas of the southern 
North Sea and English Channel have been repeatedly exposed. During these 
transitions, sediments would have been reworked, primarily through the repeated 
combination of fluvial action, glacial and permafrost melts, followed by marine 
transgression. Moreover, glacial cycles did not follow a regular pattern and within 
the transition from glacial to interglacial, with its progressive warming of the 
environment, there would have been short periods of cooling. As a consequence, 
the pattern of inundation and exposure would have occurred irregularly at varying 
rates, within an overall transgression or regression trend. 

4.1.5. The consequence of these multiple cycles of transgression and regression is that in 
some cases deposits within the seabed around the UK have been truncated and 
sequences of earlier deposits have been isolated. The present day seabed 
stratigraphy does not necessarily represent a complete chronological sequence as 
deposits may have been completely or partially eroded before subsequent 
deposition. This is illustrated in Figure 28. As well as the possibility of some periods 
of deposition not being represented in the sedimentary record, some deposits may 
have been reworked and modified by flooding events.

4.1.6. Based on the geophysical and geoarchaeological results it is thought that the 
channel features and associated sediments observed in Area 240 are associated 
with the continued development of the Palaeo-Yare River system from the late 
Anglian through to the mid-Holocene when the area was inundated for the final time 
during the last transgression. As such, the development of this system is discussed 
in conjunction with the remnants of deposits observed within Area 240, below. 
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4.2. PRE-ANGLIAN (MIS 13 UPWARDS; >480 KA)

4.2.1. For the purpose of this report pre-Anglian sediments are discussed in terms of 
known occupation in Britain, i.e. approximately 900 ka, from during the Cromerian 
Complex to the onset of the Anglian Glaciation. 

4.2.2. The Cromerian Complex is recognised as having at least six temperate phases 
(Preece 2001).  With the exception of MIS 16 and MIS 14 which are thought to 
represent colder phases (Wymer and Robins 2006), when sea-level fell to in excess 
of 90m below its current level, the Cromerian has been described as having a warm 
climate, similar to that of the present day Mediterranean.     

4.2.3. Within Area 240 two deposits are ascribed to the pre-Anglian period: Units 1 and 2.
Unit 1 is observed throughout the area gradually deepening to the west across the 
site and is interpreted as the Westkapelle Ground Formation (British Geological 
Survey 1991).  The Westkapelle Ground Formation comprises clays, muddy sands 
and sands deposited in an open marine environment (Cameron et al. 1992), and are 
partially equivalent to the Crag deposits recorded onshore (Arthurton et al. 1992). 

4.2.4. Unit 2 deposits directly overlie Unit 1 throughout much of Area 240. Unit 2 is absent 
in the northwest corner of the site where the sediments have been eroded away and 
subsequent overlying sediments have been deposited. 

4.2.5. Foraminifera and molluscs indicate that these sediments were deposited in a 
shallow marine or outer estuarine environment; the foraminifera also indicate a likely 
pre-Anglian cold stage. Pollen grains of Poaceae and Chenopodiaceae were 
preserved possibly implying a local brackish/estuarine environment. This is also 
supported by the presence of Plantago maritima (sea plantain). The single 
occurrence of Dryas octopetala (mountain avens) may also imply that this is a cold 
environment. 

4.2.6. OSL dating of this unit returned a date of 735 � 134 ka (GL 10040) which is 
considered to be a minimum age estimate (Appendix II) indicating a Cromerian 
Complex age.  

4.2.7. Unit 2 is interpreted as the Yarmouth Roads Formation (British Geological Survey 
1991). The Yarmouth Roads Formation is known to comprise a complex delta-top 
sequence forming part of the Ur-Frisia delta plain, consisting of sands with pebbles 
(including chalk), abundant plant debris and peat clasts (Cameron et al. 1992). The 
Yarmouth Roads Formation was deposited between 2.3MA and 480 ka; although 
the earliest deposits are of no archaeological interest, the later deposits equate, in 
part, to the Cromer Forest-bed Formation which have been associated with 
archaeological material at Pakefield and Happisburgh. 

4.2.8. Environmental data from vibrocores 8km off the coast of Lowestoft suggest a 
Praetiglian to Tiglian age (1.9 to 2.4 Ma) coeval with the Westkapelle Ground 
Formation or is possibly coeval with the Markham Hole Formation ( 1.2 to 1.4 Ma). 
The OSL results indicates that the sediments in Area 240 are younger than this and 
are more contemporaneous with the Yarmouth Roads Formation to the north of 
Area 240 (790 – 480 ka) (Cameron et al. 1992) and are slightly older than a core in 
the Dutch sector at a similar latitude in which the pollen analysis indicated that the 
deposition of the sediments occurred during the Cromerian III Interglacial, around 
720 to 690 ka (Zagwijn 1983).
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4.2.9. At Pakefield, to the south of Lowestoft, the Cromer Forest-bed Formation yielded 
struck flint from Pakefield on the former floodplain of the lower course of the pre-
Anglian Bytham River (Parfitt et al. 2005). The age of the site is thought to be MIS 
17 (c. 680 ka) or MIS 19 (c. 740 ka). The material from Pakefield was recovered 
from river sediments associated with a diverse range of plant and animal fossils 
indicating warm summers (18-23°C), mild winters (between -6 and +4°C), and a 
strongly seasonal precipitation regime, indicating a warm, seasonally dry 
Mediterranean climate. 

4.2.10. Insect and plant remains from Pakefield suggest extensive reedy vegetation and 
marshy ground adjacent to the lower reaches of a large meandering river. 
Deciduous woodland (oak) and open grassland were nearby, supporting browsing 
and grazing mammals and their predators and scavengers. 

4.2.11. Unit 2 in Area 240 returned an age of MIS 19. However, given the colder climate 
assemblage, it is likely that these sediments are from an older cold stage and are 
not equivalent to the sediments at Pakefield. 

4.2.12. Further Cromerian Complex sites associated with the River Bytham include 
Waverley Wood near Coventry, and High Lodge, West Dereham, Feltwell, Brandon, 
Hengrave and Lakenheath in East Anglia. Furthermore, stone artefacts discovered 
within the Ingham Formation at Warren Hill at Mildenhall are one of the richest sites 
for Lower Palaeolithic hand axes in Britain (Wymer 1999). 

4.2.13. At Happisburgh on the Norfolk coast are the sites of Happisburgh Sites 1 and 3. At 
Site 1 organic mud within the floodplain of one of the pre-Anglian rivers draining 
eastern England exposed on the beach contain lithic artefacts including a hand axe 
(Field, 2010). The date of the organic deposits are a matter of ongoing debate, with 
arguments in favour of an MIS 17 or earlier age advanced alongside rival arguments 
for a date in MIS 13 (or late MIS 15). Vertebrate, coleopteran and amino acid 
racemization (AAR) evidence seem to favour the latter, although the evidence is not 
conclusive in either case. 

4.2.14. The excavated artefact assemblage from Happisburgh Site 1 includes waste flakes, 
retouched tools, cores and possible indications of hand axe manufacture. 
Environmental evidence points to occupation of a temperate, moist, open 
environment, with slow-moving freshwater fringed by damp grassland and 
woodland, and still water/marshy conditions. Summer temperatures were in the 
range of 12-15°C; winter temperatures in the range of -11 to -3°C. 

4.2.15. At Happisburgh Site 3 a series of channel sediments and associated overbank 
alluvium belonging to the ancestral River Thames has been mapped along 
approximately 1km of coastline. The deposits are thought to be either MIS 25 (c.
970 ka) or MIS 21 (c. 850 ka). Excavations close to the northern channel edge 
revealed flint artefacts within gravel layers belonging to the newly-named early 
Pleistocene Hill House Formation of the Cromer Forest-bed Formation. This 
comprises approximately 4 m thick gravels, sands and interbedded sands and silts 
and is most likely to have accumulated in the upper part of the estuary of a large 
river system, with gravel and sand channel fills and sand and silt mud flats. 

4.2.16. A lithic assemblage consisting of cores, flakes and flake tools is not typical of a 
primary knapping scatter, but seems to represent selected elements removed for 
use. There are no suggestions of hand axe technology. The lithics were recovered 
from several different gravel bodies, suggesting revisiting and a repeated hominin 
presence (Parfitt et al. 2010).  
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4.2.17. Pollen from Happisburgh Site 3 indicates a succession in which mixed deciduous 
woodland with alder and willow in damper areas, saltmarsh, damp grassland or fen 
and open water, is replaced by heathland with some nearby coniferous woodland, 
the heath eventually replaced by a mixed deciduous/coniferous wood. Insect 
remains indicate summer temperatures of 16-18°C; winter temperatures of -3-0°C 
(Parfitt et al. 2010). 

4.2.18. This landscape supported a large mammalian fauna consisting of southern 
mammoth, bovids, deer, elk, equids, and hyena in addition to hominins and a range 
of small mammals, amphibians and fish. 

4.2.19. A hominin presence at these latitudes in the Cromerian is of great significance in 
terms of the occupation of Britain. It is possible that Lower Palaeolithic material 
relating to this early occupation may be preserved in situ within late Cromerian 
Yarmouth Road Formation deposits. The potential might be greatest where later 
Yarmouth Roads Formation deposits are associated with features (river valleys, 
shorelines etc.) cut into earlier Pleistocene or pre-Pleistocene formations.  

4.2.20. Although the Yarmouth Roads Formation (Unit 2) is observed throughout Area 240, 
no significant channel features are observed extending across the site. However, a 
deep cut and fill feature is observed on the westernmost edge of Area 240 which 
may hint at a larger feature to the west of the area (Figure 12).

4.3. ANGLIAN (MIS 12; 480 – 423 KA)

4.3.1. This period represents a glaciation and subsequent return to interglacial conditions. 
The Anglian glaciation represents the most extensive glaciation of the British Middle 
Pleistocene, with ice sheets reaching down as far as the north Cornish coast and 
the Thames Valley (Wymer 1999).  The trapping of water within the extensive 
Anglian ice sheets resulted in a fall in sea-level thought to be the lowest recorded 
around the British Isles and estimated at 130 m below the present level.   

4.3.2. Extensive remodelling of the landscape took place, with old river courses such as 
the Bytham River destroyed or buried. The Thames and its tributaries were diverted 
southwards and a large ice-dammed lake developed in the southern North Sea -
directly to the south of the ice-front - into which the Thames and other major 
European rivers flowed (Gibbard 1988; 2001). Recent work has indicated that the 
limit of the ice may in fact be further south than originally thought (Emu Ltd 2009). 

4.3.3. It is certain that re-working and remodelling of the land surfaces would have 
occurred in Area 240 during this period. It is probable that younger Cromerian 
Complex deposits (the younger Yarmouth Roads Formation) were eroded during 
this time. 

4.3.4. Onshore, deposits around Great Yarmouth from this period are glacial till deposits 
belonging to the Corton and Lowestoft Till Formations (Arthurton et al. 1994). The 
Corton Formation is a widespread till deposit and is generally overlain by the 
Lowestoft Till Formation. 

4.3.5. Within Area 240 it is likely that equivalent tills would have been deposited. However, 
there is no direct evidence of the tills surviving in Area 240 and it is likely that any 
such material was subsequently eroded, either during the late-Anglian or 
subsequent Hoxnian Stage.  



Seabed Prehistory: Site Evaluation Techniques (Area 240) Synthesis 70754.04 

35

4.3.6. Onshore, a channel representing the Palaeo-Yare River post-dating the Corton and 
Lowestoft Till Formations is observed, infilled with the Yare Valley Formation and 
the overlying Breydon Formation. The age of the Yare Valley Formation is open to 
debate but the general characteristics of the oldest parts of the succession is 
thought to imply a late Anglian age (Arthurton et al. 1994). River deposits around 
Postwick in the Yare Valley are considered Anglian or Wolstonian in age (Coxon 
1979) whilst Cox et al. (1989) postulated a possible late Hoxnian age for these 
sediments. Devensian (Coxon 1979), late Devensian (Cox et al. 1989) and late 
Devensian/Early Holocene (Arthurton et al. 1994) ages are postulated for the age of 
the upper sediments of the Yare Valley Formation. The Breydon Formation is a 
Holocene deposit and is discussed in Section 4.8.

4.3.7. A channel cut (Channel A) is observed in the north-eastern corner of Area 240 with 
an extensive floodplain, extending beyond the limits of Area 240. This is marked by 
the top of Unit 2.  Channel A is observed oriented northwest to southeast across the 
area. The southern edge of the channel is prominent and is approximately 5m deep. 
The northern edge of the channel is less obvious and is observed as a more gently 
shoaling rather than a steep cut. The channel feature is up to 2 km wide. Channel A 
is known to extend to the north (Wessex Archaeology 2008a) and to the south 
(Wessex Archaeology 2010d; Limpenny et al. 2011), as illustrated in Figure 29.

4.3.8. Based on the, albeit tentative, early Hoxnian (MIS 11) OSL age of 418� 78 ka (GL 
10039) at the base of the overlying Unit 3a/b (VC2c), it is considered likely that the 
cut of the channel and the development of the floodplain occurred prior to the 
Hoxnian during the late Anglian period, developed as the ice sheet retreated and 
glacial meltwater carved broad channels as part of a braided plain system. It is 
possible that the system was more extensive both laterally and vertically and that 
much of the sediments deposited with this early development of the system were 
subsequently removed or reworked during the sea-level rise in the early Hoxnian. 

4.4. HOXNIAN (MIS 11; 423 – 380 KA)

4.4.1. The Hoxnian interglacial followed the Anglian glacial period. Initially, sea-levels rose 
rapidly and by 400 ka were around 10 mbOD. This meant that the coastline - and 
the outer estuarine limit of the Palaeo-Yare River - during this period was 
approximately 5 km (based on present-day bathymetry) to the east of where it lies 
today. Area 240 would have been a shallow marine environment covered by 15-25 
m water. 

4.4.2. During the latter parts of the interglacial, Britain is likely to have become a peninsula 
of north-western Europe.

4.4.3. Sediments of possible Hoxnian age were observed in a section during the 
construction of sea defences at Caister-on-Sea, to the north of Great Yarmouth. The 
sediments comprise channel fill sands cut into Lowestoft Till Formation. These 
sands were overlain by sands and gravels of the (predominantly Devensian) Yare 
Valley Formation (Arthurton et al. 1994). 

4.4.4. At Beeches Pit in Suffolk evidence of flint knapping and fire occur adjacent to an 
abandoned channel of the Bytham River, dated to approximately 400 ka (Gowlett 
2006). At Hoxne, a complex sequence of laminated lacustrine sediments were 
deposited as a lake was formed in a kettle hole produced in the glacial till deposited 
as the Anglian ice sheet retreated. Large numbers of hand axes in near mint 
condition indicated more or less in situ deposits, associated with mammalian teeth 
and bones with indications of deliberate cut-marks. At Southfleet Road, Ebsfleet, 
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Kent a complex sequence of fossiliferous Middle Pleistocene (almost certainly MIS 
11) sediments containing lithic artefacts have been found (Wenban-Smith et al.
2006).

4.4.5. Our understanding of hominid movements and settlement in the Hoxnian interglacial 
is fragmentary but it is thought that the coastal plain was used for occasional forays 
into the intertidal marshes and the lower portions of river valleys for fishing and 
fowling with some sea fishing. It would seem that the potential for recovery of MIS 
11 assemblages offshore is greatest in near-shore areas where remnant river 
terraces or valleys may be buried. 

4.4.6. As Area 240 would have been submerged during this period, it is unlikely that any 
archaeological material would be recovered associated with this Stage. 

4.4.7. Within the offshore wider region, to the north and east of Area 240 the Egmond 
Ground Formation is observed. This Formation was deposited during the early 
stages of the Hoxnian interglacial as the re-establishment of a shallow sea 
prevailed, caused by rising sea-levels and continued tectonic subsidence following 
the decay of the Anglian ice sheet.

4.4.8. There is no evidence of Hoxnian deposits in Area 240. Interestingly, an OSL result 
in VC2c indicates an age of 418 � 78 ka (GL 10039) indicating possible deposition 
associated with late-Anglian channel development prior to the inundation of the 
area.  Any sediment associated with shallow marine deposition or subsequent 
regression at the start of the Wolstonian period is no longer preserved offshore 
within Area 240. 

4.5. WOLSTONIAN (MIS 10 – 6; 380 – 130 KA)

4.5.1. The Wolstonian saw alternating periods of warm and cold with fluctuating sea-levels 
and climatic conditions. During the cold phases, sea-level was as low as 120 mbOD; 
during the warm phases (the MIS 9 (Purfleet) and MIS 7 (Aveley) interglacials) the 
sea-level was at similar levels to today and Britain was an island. Analysis of 
deposits assigned to the Purfleet interglacial indicates a range of habitats including 
riparian, woodland and grassland environments with climatic conditions that are 
thought to be warmer than the present day (Bridgland et al. 1994).

4.5.2. The cold phases were comparable in impact to those of the Anglian glaciation, with 
river diversion and landscape remodelling on a large scale (Gibbard 1988; 2001). 
The extent of the ice sheets during the cold stages are a matter of ongoing 
discussion. It has been tentatively suggested that the ice margin ran across 
Lincolnshire and the Midlands (Wymer 1999), with its limits extending from the 
Wash eastwards and then north before heading south and west. In this scenario 
Area 240 would have been south of the ice-front throughout the Wolstonian and the 
landscape would have been a partially flooded periglacial area (Cameron et al.
1992). Gibbard (2007) has proposed that during MIS 6 (c. 160 ka) the Wolstonian 
ice sheet dammed a lake in the southern North Sea, with the lake water level 
remaining close to the present sea-level, and the major rivers of the Rhine and 
Meuse forced to flow to the southwest into this ice-marginal lake. Area 240 would 
have been situated on the western edge of this glacial lake, with a landscape and 
vegetational mosaic of cold tundra and open steppe (Barton 2005).  

4.5.3. Another view suggests British ice sheets joined with the Scandinavian ice across the 
northern North Sea, leaving the sea floor south of an approximate line from 
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Southwold to Scheveningen outside the limits of the ice front (Flemming 2002). In 
this scenario Area 240 would have been covered in ice.  

4.5.4. The sediments identified in this assessment indicate that Area 240 was not covered 
in ice during this period and that the ice front lay to the north. 

4.5.5. Within Area 240, Unit 3b is ascribed a Wolstonian age. The sediments generally 
comprise sands and gravels and palaeo-environmental remains are generally 
sparse within this unit. OSL dating in the central (floodplain) area (VC2c) returned 
ages of 418� 78 ka (GL 10039) at the base of the unit and 243 � 33 ka (GL 10038) 
towards the top, possibly indicating that some of the sand has been subject to 
subsequent reworking. In Channel A, Unit 3b sediments are dated to 207 � 24 ka 
(GL 10042).

4.5.6. It is considered that these sands were deposited during the Wolstonian glaciation 
(MIS 8) as glaciofluvial outwash. It is possible that some of the sand was reworked, 
accounting for the Hoxinian age.  

4.5.7. The underlying sediments of Unit 3a in Channel A were formed in a similar 
environment to Unit 3b and, although the age of these sediments is unknown, are 
either contemporaneous to MIS 8 or represent deposition in the previous cold stage 
of the Wolstonian (possibly MIS 10). 

4.5.8. Unit 3b sediments are known to extend into dredging Area 254 which is situated 
immediately north of Area 240 (Figure 30, inset map). Here, similar fluvio-glacial 
sediments are observed extending throughout the area. OSL dating of this unit 
returned upper limit ages of the deposit of 309.5 � 29.1 ka, 226 � 26.5 ka and 175.7 
� 22.6 ka indicative of a Wolstonian (MIS 8, 7 and 6) depositional age. The upper 
sediments of the unit are indicative of post-glacial climatic amelioration and are 
attributed to the end of the Wolstonian (MIS 6) and the onset of the Ipswichian (MIS 
5e) period (Wessex Archaeology 2008a). 

4.5.9. Furthermore, a similar bank structure situated 1.3 km to the west of Area 240 was 
sampled and dated as part of the East Coast REC study (REC_VC29c2, Limpenny 
et al. 2011). The sediments comprised a basal shelly sand overlain by interbedded 
sandy clays and silts with some evidence of oxidisation. No date was retrieved for 
the basal shelly sand but a sample from this layer contained a small assemblage of 
foraminifera and ostracods indicative of probably cold estuarine/shallow marine 
conditions.

4.5.10. Above this unit, the sediments have been dated to between 222±28.7 ka (at 32.50 
mbOD) and 188±19.7 ka at 31.50 mbOD. What appears to be a reversal at the base 
of the sequence (206.5±29.5 ka at 33.40 mbOD) is actually likely to be 
contemporary with these other dates given the error bars quoted. These dates 
correlate with those dated in Area 240 and Area 254 (MIS 7/6). The uppermost date 
in the unit of 57±5.6 ka at 30.88 mbOD has at present been rejected as an age for 
deposition of the sediment on the grounds that it is possible that the sediment at this 
depth was exposed to sunlight during the Devensian (MIS 3), subsequent to its 
original deposition during the Wolstonian MIS 7/6 period. The oxidisation noted 
within the sediments is a result of a fall in the level of the water table, and exposure 
subsequent to their deposition. 

4.5.11. The overall environment indicated by the samples within REC_VC29C2 is of a cold 
estuarine environment, probably deposited during the Wolstonian. 
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4.5.12. Hominins were certainly active in northern Europe, including southern Britain, during 
the Wolstonian and many Palaeolithic sites and finds occur. Dating evidence is, 
however, sparse and it is very difficult to differentiate material belonging to different 
phases.

4.5.13. A number of archaeological sites dated to MIS 8 and 7 and containing Early Middle 
Palaeolithic assemblages are located in Suffolk and along the present-day Thames 
River (White et al. 2006). In Suffolk sites such as Stoke Tunnel (Ipswich), Brundon 
and Holbrook Bay all yield faunal remains and Levallois cores and flakes and are 
attributed to temperate conditions with a local landscape dominated by open-
grassland with a woodland component; all are attributed to a late MIS 7 age.  

4.5.14. Although no evidence is preserved for human settlement during the cold extremes of 
the MIS 8 glacial, sites such as Acton, West London (associated with the top of 
Lynch Hill/Corbets Tey Gravel) and at Northfleet, Kent and West Thurrock, Essex 
(associated with the base of the Mucking/Taplow Formations) indicate both early 
and later MIS 8 occupation (White et al. 2006). 

4.5.15. Given the potential MIS 8/7 date for Unit 3 sediments in Area 240, and a possible 
estuarine environment conducive to hominin use, then there is a possibility for 
archaeological material to be associated with these sediments. 

4.5.16. From the onset of the last major glacial stage of the Wolstonian (MIS 6, c. 180 ka), 
Britain appears to have been uninhabited until c.40,000 years ago (MIS 3). 

4.6. IPSWICHIAN (MIS 5E; 130 – 110 KA)

4.6.1. For the purpose of this report the Ipswichian interglacial is referred to as MIS 5e 
only. Certain authors integrate MIS 5a-d with the interglacial and mark the start of 
the Devensian Glaciation at MIS 4 (75 to 60 ka) as it is at this point in the faunal 
record that animals are cold-adapted (Currant and Jacobi 1997). However, more 
generally, MIS 5d is referenced as the onset of the Devensian after the maximum 
stage of the interglacial (Kukla et al. 2002 etc.). 

4.6.2. The onset of MIS 5e (130 ka) was marked by an abrupt climatic transition from the 
end of the Wolstonian. The climate was similar of that today, possibly a bit warmer 
with hot summers and mild winters ((Wymer 1999; Barton 2005).  

4.6.3. Faunal remains dating to this period discovered at sites such as Bobbitshole near 
Ipswich indicate a climate suitable for large mammals such as lions, hippopotami, 
straight-tusked elephants, rhinoceroses, giant deer, red deer, fallow deer, aurochs 
and bison within floodplains (Wymer 1999). Evidence from Essex suggests 
vegetation comprising predominantly mixed oak forests (Allen and Sturdy 1980). 
The southern North Sea was submerged during this time with the sea-level 5-6m 
higher than it is today. 

4.6.4. There is little evidence of Ipswichian interglacial sediments having survived in the 
Great Yarmouth and Lowestoft areas.  Given the rise in the sea-level during this 
time, much of the coastal areas would have been inundated. At Great Yarmouth and 
its surrounding areas, of the Pleistocene stages following the Anglian, only the 
Devensian sediments are considered to be widespread (Arthurton et al. 1994). To 
the south in the Lowestoft area, there are Ipswichian deposits at Wortwell, 
interpreted as having been deposited in a low energy fluvial backwater within the 
Waverney Valley (Moorlock et al. 2000). 
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4.6.5. No sediments of Ipswichian age were positively identified in Area 240. In Area 254, 
however, organic freshwater sands and silts with occasional brackish indicators 
were OSL dated to 116.7±11.2 ka suggesting an Ipswichian date (Wessex 
Archaeology, 2008a) (Figure 30 and 31). The environmental remains of this 
sediment unit included a seed of the brittle water-nymph (Najas minor) and the 
pollen sequence observed is similar to East Anglian Ipswichian sites where pine 
(Pinus) and birch (Betula) woodland is succeeded by oak (Quercus) before the 
occurrence of hazel (Corylus) (Godwin 1975). Some indications of increasing salinity 
were noted amongst the predominantly freshwater faunas indicative of a freshwater 
pool, lake or oxbow lake, surrounded by a birch and pine woodland.  

4.6.6. These possible Ipswichian sediments in Area 254 are observed infilling the deeper 
section of a shallow channel feature cutting into the underlying Wolstonian sand and 
gravel sediments (corresponding with the Area 240 stratigraphy as Unit 3b),
indicating a second phase of cut and fill within Channel A. The presence of a 
freshwater lake, pool or oxbow lake implies a high water table that would have 
impeded drainage. This high water table may have been caused by sea-level rise 
which would explain the arrival of mollusc and ostracod species tolerant of slight 
increases in salinity at the top of the predominantly freshwater unit. 

4.6.7. This possible Ipswichian deposit is overlain by an estuarine deposit that is observed 
in further vibrocores in interpreted as being similar to Unit 4 observed in Area 240. 
As detailed below, these sediments are thought to be of an early Devensian age, 
deposited as the sea-level began to fall as the climate began to deteriorate. 

4.6.8. The presence of this possible Ipswichian fluvial to brackish deposition would indicate 
a transgression sequence during a sea-level rise which would indicate that the cut of 
this channel, and any development of freshwater pools etc., occurred during the late 
Wolstonian and was then infilled during the Ipswichian, continuing to be filled during 
the early Devensian as the sea-level began to fall.  

4.6.9. It is also possible that the channel was developed during the early-Devensian as the 
sea-level fell at the start of MIS 5d; and that the transgressive infill sequence is 
associated with the climate warming and sea-level rise during MIS 5c. 

4.6.10. These hypotheses, however, are only based on one sequence in one vibrocore. It is, 
however, the only freshwater sequence found in these areas and cannot be 
dismissed. If further freshwater sediments were deposited associated with the 
infilling of Channel A in Area 240 these seem likely to have been reworked or 
eroded during subsequent deposition during increasingly estuarine conditions. 

4.7. DEVENSIAN (MIS 5D – 2; 110 KA – 13,500 BP)

4.7.1. The Devensian Glaciation was the last glacial stage to occur before the present 
climate amelioration. The Devensian maximum, when the glaciation was at its 
greatest extent, occurred c.18,000 BP with the southern extent of the ice sheet 
extending in a line from the Severn to the Wash (Flemming 2002).  Area 240 would 
thus have been outside the limits of the ice but within the periglacial zone.  At the 
height of the Devensian, the water locked up in ice sheets caused a lowering of sea-
level to approximately 120m below its current level. 

4.7.2. The sea-level curve for the Devensian reflects considerable climatic variability with 
long periods of relative cold and, overall, a general trend towards ever colder 
conditions, culminating in the last ice age.
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4.7.3. During MIS 5d – 5a (110 – 70 ka) there was a general deterioration in climate 
characterised by interstadial (5c and 5a) and stadial (5d and 5b) periods. Periglacial 
conditions prevailed during the stadials but pollen indicates that this did not limit tree 
growth altogether (Barton 2005). MIS 4 (75 – 60 ka) marked the onset of very cold 
conditions in Europe with the advancement of the Scandinavian ice sheet. However, 
although southern Britain remained ice free, Britain was probably uninhabited until at 
least 60 ka, at the start of MIS 3.   

4.7.4. Recent work by the University of Southampton and Oxford Archaeology suggest that 
Britain may have been occupied as early as 100 ka, based on flints found at a site in 
Dartford, Kent. However, work is ongoing on this site (Wenban-Smith, 2010).  

4.7.5. MIS 3 (60 ka – 25,000 BP) is typified by a sharply oscillating climate – short cooling 
episodes and milder climatic events are recorded. In Britain, cool dry conditions 
encourage the development of rich arid grasslands (mammoth steppe) which 
supported large mammals such as mammoth, woolly rhino, lion, bear etc. The 
migration of these animals probably also coincided with the arrival of the Late 
Neanderthals (Mousterian culture). Anatomically modern humans were active in 
southern Britain sporadically (in MIS 3: around 38,000 BC at Kent’s Cavern, Devon; 
around 35,000 BC at Beedings, West Sussex). There is evidence of a MIS 4/3 site 
at Lynford Quarry, Munford, Norfolk where a middle Palaeolithic lithic assemblage 
(stone tools and debitage) and in situ mammoth bones were found within organic fill 
deposits in a palaeochannel. The infill deposits were dated to MIS 3 cutting into 
early-Devensian sands and gravels (Boismier et al. 2003).

4.7.6. In 2001, a portion of a Homo neanderthalensis skull was discovered in sediments 
extracted from the Zeeland Ridges, 15km off the coast of the Netherlands. The 
specimen was dredged up from sediments containing Late Pleistocene faunal 
remains and Middle Palaeolithic artefacts, including well-finished small hand axes 
and Levallois flakes (Hublin et al. 2009). 

4.7.7. Subsequently, intense cold all across northern Europe forced human populations to 
retreat to a few key refuge areas before the last Glacial Maximum around 18,000 BP 
(Housley et al. 1997). 

4.7.8. In Area 240 Units 4, 5 and 6 are thought to be associated with the Devensian 
period.

4.7.9. Unit 4 is a fine-grained unit generally comprising silty and clayey sands. Palaeo-
environmental evidence indicates deposition of a brackish or estuarine environment. 
The abundance of deciduous woodland taxa implies that this assemblage is likely to 
be from an inter-glacial/ stadial warm period and there is also evidence of bilberries, 
heath and heather which may indicate areas of heathland or mire in the local 
vicinity. The pollen analysis also implies that this is a pre-Holocene sequence. 

4.7.10. OSL dating within vibrocore VC7b at 28.62 to 28.72 mbOD returned a date of 109 �
11 ka (GL 10037) and at 27.75 to 27.85 mbOD returned a date of 96 � 11 ka (GL 
10041), both correlating to the Early-Devensian. 

4.7.11. Unit 4 is an infill deposit of a re-cutting of Channel A during the end of the 
Wolstonian or the Ipswichian and is interpreted as deposits belonging to the early 
Devensian Brown Bank Formation. 

4.7.12. This formation was deposited during the marine regression at the onset of the 
glacial stage and generally comprises brackish-marine grey-brown silts which are 
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extensively bioturbated with a thin layer of shelly gravelly sand towards the base 
(Cameron et al. 1992; 1989). However, in the region of Area 240 the Brown Bank 
Formation comprises more fluviatile current-bedded silt and finely laminated clays 
filling late Ipswichian/ early Devensian channels, up to 20m deep (British Geological 
Survey 1991). 

4.7.13. Given the age of the cut and fill deposits of Unit 4, there is limited potential for 
artefacts as the area is generally thought to be uninhabited at this time. However, 
there is potential for faunal remains associated with this unit. 

4.7.14. Unit 5 is interpreted as a fill deposit observed throughout the central and southern 
sections of the area. The unit infills small localised depressions and comprises a 
fine-grained sediment indicating a low energy depositional environment. The age of 
this unit is unknown and is difficult to place in the stratigraphy of the area. It is 
younger than Unit 3b, cutting into this unit throughout the area. It is probably 
associated with either Unit 4 or 6. Based on its structure it is considered more likely 
to be a similar age to Unit 6.

4.7.15. Unit 6 is only observed in the south of the area. Sedimentological and dating 
evidence (36 � 3ka, GL 10044) indicates that this is a sandy gravel unit thought to 
be deposited in a fluvioglacial environment indicating a mid-Devensian (MIS 3) age. 
This unit infills a cut into underlying Unit 3b sediments, possibly cut as the sea-
levels began to lower as the climate continued to deteriorate. 

4.7.16. This age of sediment was unexpected in this area with no previous documented 
sediments of this age in the offshore region. However, OSL dating of vibrocores in 
the wider East Coast region, indicate that the upper fill deposits of channels have 
dates of similar MIS 3 age (Limpenny et al. 2011).

4.7.17. There are no documented sediments present off the coast of East Anglia attributed 
to the periglacial landscape present at the height of the Last Glacial Maximum 
(LGM) (c. 18,000 BP) and continuing after the Devensian Glaciation. To the 
northeast of the dredging areas, the Twente Formation is documented and is 
composed of periglacial sediments deposited throughout much of the southern 
North Sea from the Devensian and into the Early Holocene. These sediments are 
largely reworked during the Holocene transgression and are now only preserved as 
scattered outliers (Cameron et al. 1989). 

4.7.18. There is potential for both artefactual and faunal remains associated with these 
units. By time of the cut and deposition of Unit 6, Britain is known to be re-occupied 
and Area 240 would have been a cold, arid landscape with fluvioglacial channels, 
possibly in a braided channel system. 

4.8. LATE DEVENSIAN AND EARLY HOLOCENE (MIS 2 – 1; 13,000 – 6000 BP)

4.8.1. Britain was recolonised by 13,000 BP. Cave and rock shelter sites, such as Gough’s 
Cave, Badger’s Hole and Sun Hole on Mendip, Kent’s Cavern, Devon and Robin 
Hood cave, Derbyshire were being occupied on at least a seasonal basis.  

4.8.2. Between 13,000 and 11,000 BP (Windermere Interstadial) the climate was warm 
and the landscape contained a mixture of light birch woodland, grassy meadow and 
areas of wetland vegetation, favourable for human occupation and exploitation. 
Colder conditions returned between 11,000 and 10,000 BP (Loch Lomond Stadial) 
when glaciers formed in the Scottish Highlands and colder conditions returned until 
the climate finally ameliorated with the onset of the Holocene period, approximately 
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10,000 BP. At the beginning of this period vegetation will have been sparse but, as 
temperatures rose, both flora and fauna will have become more diverse. Eventually, 
the east coast area is likely to have presented a generally favourable habitat for 
Upper Palaeolithic herd animals and humans alike. 

4.8.3. The Pre-Boreal period (10,000-9,500 BP) which occurred towards the beginning of 
the Early Mesolithic period in Britain saw a marked improvement in climate, 
accompanied by the development of a closed birch forest environment within the 
general vicinity of Area 240 (Allen and Sturdy 1980). Broadly speaking, the gradually 
shrinking lands within the region will have been occupied by seasonally mobile 
human groups exploiting a diverse range of resources and leaving behind many 
thousands of artefacts testifying to an organised and diverse lifestyle ranging all 
across the landscape. River valley sides and lakesides, bluff locations overlooking 
rivers with locally available flint sources, and locations close to spring lines, will have 
been particularly favoured. 

4.8.4. Early Mesolithic sites and find spots are often found adjacent to wetlands and 
estuaries (Oxford Archaeology 2007), indicating a preference by Mesolithic 
communities for areas in which they could exploit the marine resources available in 
such environments. In the Early Mesolithic period, the southern North Sea would 
have comprised an undulating lowland drained by a complex of Pleistocene river 
systems. This extensive lowland would have been attractive for human occupation, 
not only providing access to both terrestrial and marine resources, but also enabling 
these early Mesolithic communities to exploit the herds of red deer and other such 
mammals which migrated into Britain from the Continent as the climate ameliorated 
(Sumbler et al. 1996).

4.8.5. By the Late Mesolithic period, brackish conditions would have begun to occur within 
the river estuaries and the low-lying ground would have been subject to periodic 
flooding and the generation of marshland. Occupation sites within the area during 
the Late Mesolithic period are unlikely as the rising sea-level would have 
progressively forced people further inland. However, Mesolithic communities will 
have continued to exploit the marine resources within the marshland until its full 
inundation. As such, there is considerable potential in these areas for the presence 
of archaeological material. 

4.8.6. Water depths within Area 240 are between 18.2m and 35.0 mbOD. According to 
existing models of sea-level change this area would have remained exposed as dry 
land throughout this period following the retreat of the Devensian ice sheet until 
becoming fully submerged by about 7,500 BP.

4.8.7. During the Pre-Boreal and the subsequent Boreal period (9,500 – 7,200 BP) sea-
levels continued to rise as the climate continued to ameliorate. Between 8700 and 
4500 BP local sea-level rose by between 22 and 26m, the change being marked by 
the intrusion of tidal influence much further inland up the valleys (Moorlock et al.
2000).

4.8.8. The confluence of the Rivers Bure and Yare at Great Yarmouth has resulted in a 
large complex of alluvium, peat and fen silts adjacent to the coast (Geological 
Survey of Great Britain, Sheet 12). Peat of freshwater and brackish origins is a 
major component in the valleys of the River Yare and overlies the Yare Valley 
Formation gravels (Arthurton et al. 1994).  

4.8.9. These post-glacial peats are identified as the Breydon Formation, a fill of the buried 
valley system underlying present-day marshland. The formation is dominated by silt 
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and clay. Associated with the formation are three peat layers: the basal, middle and 
upper peat.  Of these peat layers the basal peat is the one of interest with regards to 
Area 240; the middle and upper peat were deposited onshore after the inundation of 
Area 240 (Boomer and Godwin 1993; Arthurton et al.1994).

4.8.10. The basal peat of the Breydon Formation is recorded to have formed 6600 to 6240 
cal. BC (7580± 90 BP, HAR 2535) at a depth of around 19 mbOD and is up to 2 m 
thick (Arthurton et al. 1994). Based on seismic data of the near coastal area, the 
Breydon Formation is thought to be preserved offshore in two distinct areas off 
Great Yarmouth, approximately 6km offshore, to the northwest of Area 240 (Figure
32).

4.8.11. Unit 7, identified partially infilling Channel B in Area 240, is considered to be a 
continuation of the Breydon Formation offshore. It is thought that the cut and infill of 
Channel B occurred during the Early Holocene with the development of the regional 
saltmarsh environment.  

4.8.12. Onshore, the Breydon Formation is an extensive deposit infilling the Palaeo-Yare 
Valley; offshore, only the basal peat deposit is observed and the remnants of the 
deposit are confined to a smaller channel within the offshore extension of the valley 
system. It is possible that the saltmarsh deposits were much more extensive in the 
past but were eroded during the last transgression. Evidence of rolled and re-
worked peat recovered during the Stage 3 survey indicates that erosion has 
continued since the transgression. 

4.8.13. Unit 7 is confined predominantly to the northwest area of Area 240, but assessment 
of regional datasets acquired for the East Coast REC project, indicate that Unit 7 is 
part of a larger system. 

4.8.14. The sediment sequence of Unit 7 comprises sediments indicative of a progressively 
transgressive sequence from intertidal mudflat/saltmarsh deposited in the Early/Mid-
Holocene overlain by a shallow marine/ outer estuarine sand, in turn, overlain by a 
shallow marine lag deposit, deposited during the last transgression. 

4.8.15. The intertidal mudflat/saltmarsh sediments are observed between 32.06 mbOD and 
31.57mbOD.  Radiocarbon dating for the bottom and top of this unit returned dates 
of 7710 – 7560 cal. BC (8595±35 BP, SUERC-32234) and 6730–6590 cal. BC (7820 
±30BP, SUERC-32233). 

4.8.16. Independent radiocarbon dating of the peat layer in WA_VC061 within Unit 7 dates 
the peat between 10,710 – 10,280 cal. BC (10,470±35 BP, SUERC-11978) and 
7530 – 7350 cal. BC (8370±25 BP, SUERC-11975) at depths of 30.80 mbOD and 
30.05 mbOD, respectively (Hazell, in prep.).

4.8.17. Regional bathymetry (Limpenny et al. 2011) in the area indicates a broad, shallow 
meandering channel that flows south through Area 254, into Area 240 cutting 
through Channel A and the early Devensian sediments (Unit 4) into the underlying 
Wolstonian sediments (Unit 3b). The channel then meanders through Area 319 and 
continues south through Area 251 for approximately 20 km, before heading to the 
south-east. Based on the modern-day bathymetry the morphology of the shallow 
channel appears to widen to the south, indicating its likely flow direction with the 
width of the channel varying from approximately 350m in the north to in excess of 
2.5 km to the south (Figure 32).
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4.8.18. Within Area 251 a peat sample (Cemex_0296) from an area coinciding with the 
central portion of the channel (Figure 32) was reported through the Marine 
Aggregate Industry Protocol for Reporting Finds of Archaeological Interest (Wessex 
Archaeology, 2010c) from a 1.4 km track on the western limits of aggregate 
extraction Area 251. 

4.8.19. The peat sample contained relatively high numbers of seeds, as well as substantial 
numbers of wood fragments. The assemblage indicates the deposition in an ox-bow 
lake or similar cut-off chute. The presence of opercula of Bithynia, a species 
associated with flowing channels, suggests that some of the material may be 
derived from overbank flooding. The assemblage suggests the peat was formed on 
boggy ground, adjacent to a flowing river or stream, with only slight evidence for 
larger bodies of standing water. This evidence comes mainly in the form of seeds of 
white water-lily (Nymphaea alba) which is more common in pools, ponds and 
standing water in ox-bows, but can be found in the still water of slow-flowing rivers. 

4.8.20. The high presence of wood fragments may have been derived from shrubs adjacent 
to the peat, although the presence of sedge (Carex sp.), bogbean (Menyanthes
trifoliata), common reed (Phragmites australis) and greater spearwort (Ranunculus
lingua) points to some marshland and possibly wet grassland elements. 

4.8.21. The presence of birch (Betula pubescens), aspen (Populus tremula), and possibly 
also willow (Salix) (only small tree/shrub species), indicates probable open shrub 
woodland within close proximity to where the peat formed. It might be noted that 
marsh fern is also recorded today in Britain in wet downy birch woodland (Rodwell, 
1991; plant community W4).  

4.8.22. Although there is no date for this peat deposit and its exact location is unknown, the 
palaeo-environmental evidence and the geophysical data evidence indicate that this 
forms part of the infill of this Early Holocene channel. 

4.8.23. Further to the south, similar infill deposits were identified in the East Coast REC 
dataset. The sediment sequence in REC_VC18 (Figure 33) indicate gravelly sands 
overlain by sand and silty clays. A mollusc (Veneridae) from the upper part of the 
gravely sands returned a date of 8050 – 7560 cal. BC (9030±35 BP, SUERC-
30759).

4.8.24. The molluscs, ostracods, foraminifera and diatoms are together indicative of inner 
shelf and outer estuarine environments. Tree pollen from these levels and above 
included species representative of the early Holocene Flandrian Chronozone 1 
including a dominance of pine (Pinus) with additional thermophilous trees including 
oak (Quercus), elm (Ulmus), alder (Alnus) and hazel (Corylus). It is thought that the 
pine pollen is over represented within the sequence and that oak, elm and hazel 
were probably dominant.  Pollen of more local origin included reworked elements 
from a nearby freshwater sedge/fen, including bur reed/reed mace (Typha
angustifolia/ Sparangium), royal fern (Osmunda regalis), algal Pediastrum and 
pondweed (Potamogeton).

4.8.25. More coastal and saltmarsh elements present within the sampled sediments 
included seeds of goosefoots and oraches (Chenopodiaceae), seathrift or lavender 
(Armeria) and spurrey (Spergula). A seed of sea arrowgrass (Triglochin sp.) was 
also recovered. 

4.8.26. The upper part of the sequence is characterised by outer estuarine environmental 
remains including foraminiferal species of the genera Ammonia and Elphidium, with 
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a significant amount of the outer estuarine/shallow marine taxa Ammonia batavus in 
the uppermost sample at 35.51 mbOD. Diatoms were also present in moderate 
numbers from these uppermost samples indicating a subtidal sedimentary 
environment of moderate depth.  The radiocarbon dating of sediment the upper part 
of the sequence returned dates of 6490 – 6230 cal. BC (7900±35 BP, SUERC-
30758) at 35.95 mbOD and of 6310 – 5970 cal. BC (7625±35 BP, SUERC-30754) at 
33.53 mbOD. 

4.8.27. Shennan and Horton (2002) suggest that at these dates relative sea-level was at 
approximately 25 mbOD for this period which correlates well with an outer estuarine 
type of environment at this location. Interestingly some charcoal was also recovered 
at the top of the sequence. Although reworked into these sediments, it is a possible 
indication of hominin habitation. 

4.8.28. The latter phase of Holocene shallow marine and outer estuarine sedimentation 
within the channel feature, recorded in vibrocore REC_VC18, marks a transgressive 
system of sea-level rise. 

4.8.29. To the north of The Wash, remnants of Mesolithic landscape have been 
documented including a dendritic channel network of potential fluvial, estuarine or 
intertidal origin (Fitch et al. 2005) and remnant peat deposits (Ward et al. 2006; 
Hazell 2008). Also, to the south of the aggregate areas the Elbow Formation is 
documented. This is an intertidal peat deposited at the onset of the transgression.  

4.8.30. The presence of these Early Holocene land surfaces offshore indicates that 
complete removal of these sediments and features did not occur during the last 
transgression.

4.8.31. Based on the radiocarbon dates of the infill of Channel B in Area 240 and known, 
well-established sea-level curves in the area (Jelgersma 1979; Shennan et al. 2000; 
Shennan and Horton 2002), inundation of Area 240 probably occurred c. 8,000 to 
7,500 BP. 

4.9. MID-HOLOCENE (TRANSGRESSION; 7,500 BP)

4.9.1. Offshore, within Area 240, Holocene sediments generally form a thin veneer over 
Pleistocene formations. The present-day bathymetry of this area of the North Sea is 
comparable to the morphology of the pre-Holocene land surface with exceptions 
where accretion and erosion has occurred (Cameron et al. 1992). This is observed 
where the Early Holocene channel has not been completely infilled, but a veneer of 
modern sediments is observed throughout the feature.  

4.9.2. Within Area 240 the seabed sediments comprise a shelly, gravelly medium to 
coarse sand lag deposit or shelly sands forming mobile bedforms such as sand 
ripples and larger sandwaves (up to 6m high). Reworked sediment comprising 
laminated sand and organic black peaty sand was observed in the clamshell grabs 
recovered during the Stage 3 survey. 

4.9.3. This is an obvious indication of some reworking of sediments in the area since the 
onset of the last transgression. How much of the sediment has been impacted and 
how far, for example rolled peat, can travel is open to debate.   

4.9.4. Within the Area 240 region, models of the potential depth of re-working for sand is 
less than 36.5 mm and gravel is up to 254 mm (Limpenny et al. 2011). This 
predominantly affects the upper surficial sediments in the area but could indicate 
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some reworking of the underlying units where gravel is the main component. This 
obviously has implications for the preservation of flint artefacts, particularly flakes.  It 
is thought that the hand axes themselves would be too large to be reworked, but 
sediment could be reworked around them. 

4.9.5. Subsequent influences on the seabed sediments and morphology consist of the 
effects of dredging in parts of the area over the last 20 years. 

4.10. WIDER REGIONAL IMPLICATIONS OF THE AREA 240 CHARACTERISATION

4.10.1. The assessment of Area 240 reveals a complex history of deposition and erosion, 
with sediments present from the earliest of known occupation through to the 
Mesolithic, although not as a complete sequence. Much of the development of the 
area is associated with the continued development of the Palaeo-Yare valley, in 
particular the initial cut of Channel A in the Late-Anglian, the infilling of the channel 
in the Wolstonian and then the re-cutting and infilling of these sediments in the 
Ipswichian/Early Devensian, then further deposition in the Mid-Devensian. There is 
then a further development of a new channel (Channel B) during the late-
Devensian/Early Holocene. The channel then continued to infill until the last 
transgression. 

4.10.2. The complex nature and diverse age of the sediments found in Area 240 have 
implications for the interpretation of the prehistoric characterisation of the immediate 
surrounding area and the wider region. 

4.10.3. Within the aggregate areas surrounding Area 240 it is possible that the sediments 
forming the floodplain deposits of Channel A (Unit 3b) are extensive. These 
sediments are known to extend north into Area 254 (Wessex Archaeology 2008), 
west into Area 319 and beyond (Limpenny et al. 2011), and south into Area 251 
(Wessex Archaeology 2010d). Although lateral changes are apparent in Unit 3b, the 
Wolstonian sands and gravels are likely to be the sediments targeted for extraction. 

4.10.4. The deposits identified in Area 240 are much more complex than previously 
documented. Work carried out by the BGS in the mid- to late-1980s interpreted this 
region as early Devensian Brown Bank Formation infilling Early Devensian channels 
cut into Cromerian Complex Yarmouth Roads Formation (Figure 34). Although 
these two deposits are identified in the area, the Wolstonian, mid-Devensian and 
Early Holocene deposits are not recorded. However, Bellemy (1998) suggested that 
sediments in Area 254 were associated with the Yare Valley Formation and the 
overlying Breydon Formation. The latest interpretation supports this. 

4.10.5. The age of the Yare Valley Formation onshore has been open to debate but the 
general characteristics of the oldest parts of the succession are thought to imply a 
late Anglian age (Arthurton et al. 1994) infilled by a range of deposits through to the 
late Devensian (Cox et al. 1989; Coxon 1979 and Arthurton et al. 1994). The 
assessment of Area 240 would support this, with the initial cut interpreted as Late 
Anglian with various infills of Wolstonian, early-Devensian and mid-Devensian 
deposits.

4.10.6. In the wider region offshore, numerous channels are documented infilled with the 
early Devensian Brown Bank Formation (British Geological Survey 1991). The 
assessment at Area 240 indicates that this is a simplification of the channel infill and 
questions remain whether the infilled Brown Bank channel in Area 240 is part of the 
more extensive regional Brown Bank channel system, or whether the regional 
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channels are also more complex in their formation and are similar to Area 240 
(Figure 34).

4.10.7. Palaeo-environmental and dating evidence acquired during the East Coast REC 
project indicates that the upper sediments of the channel infills to the east and north 
east of Area 240 are mid-Devensian (MIS 3) outer estuarine/lagoonal sediments 
(Limpenny et al. 2011), similar in age to Unit 6 observed in the south of Area 240. 
These results certainly seem to indicate that the channels were infilled continued to 
be a much later date than previously ascribed. 

4.10.8. The sediments of Units 2, 3, 5 and 6 were deposited, or were exposed, during 
periods of known occupation and are predominantly associated with estuarine or 
shallow water environments that would have been attractive for hominins and 
animals alike. This has implications for the presence of Palaeolithic artefacts and 
archaeological material within Area 240 and the wider region. This is discussed 
further in Section 5.4.

4.10.9. Mesolithic landscape features have been indicated to the north of the southern 
North Sea area (Fitch et al. 2005), where 3D-seismic data were used to map Late 
Pleistocene and Holocene depositional systems. The area was interpreted as a vast 
plain with a complex meandering river system with associated tributaries and lakes 
which later developed into a dendritic network of fluvial, estuarine and intertidal 
origin prior to inundation approximately 7500 years ago (Fitch et al. 2005). 

4.10.10. Previous to the identification of Unit 7 in Area 240 and the extent of the meandering 
early Holocene channel identified during the East Coast REC project, there was little 
documented evidence of Mesolithic landsurfaces in the east coast region. Early 
Holocene deposits associated with the Palaeo-Yare are documented off the coast of 
Great Yarmouth (Arthurton et al. 1994) and intertidal deposits off the Suffolk coast 
(Moorlock et al., 2004), as well as a number of isolated peat deposits along the 
Suffolk and Norfolk coast (Ward et al., 2006).

4.10.11. The presence of this early Holocene channel indicates that there may be more 
extensive evidence of Mesolithic land surfaces now submerged. The presence of 
these remnant land surfaces has implications on the potential for Mesolithic 
artefacts (Section 5.5).

5. LITHICS AND FAUNAL REMAINS  

5.1. INTRODUCTION

5.1.1. Stone artefacts have long been found in sediments associated with river channels, 
either in sand and gravel layers or associated fine-grained sediments and peats 
(e.g. Wymer 1999). The presence and survival of these artefacts are closely linked 
to the environmental processes that caused the associated deposits to be formed.  

5.1.2. The recovery of Palaeolithic stone artefacts and Pleistocene faunal remains from the 
southern North Sea has a long history predominantly associated with the fishing 
industry and, more recently, the dredging industry (Godwin and Godwin 1933; 
Glimmerveen et al. 2004; Mol et al. 2006). Numerous mammal remains have been 
reported from a relatively restricted area in the southern North Sea between the 
Brown Bank area and the Norfolk coast, which have yielded Early and Middle 
Pleistocene mammal fossils (van Kolfschoton and Laban 1995; De Wilde 2006). 
Isolated finds of artefacts such as flints, bone spearheads, and reworked or carved 



Seabed Prehistory: Site Evaluation Techniques (Area 240) Synthesis 70754.04 

48

fossil mammal bones are also documented (Long et al. 1986; Coles 1998; Flemming 
2002). Finds and faunal remains have been, and continue to be, reported from the 
North Sea aggregate dredging areas via the Marine Aggregate Industry Protocol for 
Reporting Finds of Archaeological Interest (BMAPA and English Heritage 2005). 

5.1.3. Between 2005 and 2011 (at the time of writing) 30 find reports have been reported 
as part of the protocol within the aggregate dredging areas offshore East Anglia 
(Figure 35) relating to prehistoric archaeology (Table 3), including the Area 240 
hand axes and faunal remains under discussion in this report (Wessex 
Archaeology 2006, 2007, 2008f, 2009d). These reports are discussed further in the 
following discussion. 

5.1.4. The majority of the finds reported in this manner are isolated finds and have little or 
no context. In many cases the actual location of the find is unknown other than the 
area from which it was dredged. This highlights the value of the Area 240 finds 
having a confined lateral extent.  The use of the dredge trackplots and being able to 
narrow the dredge loads to a particular period has allowed a specific targeted 
approach to investigation of the site.
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Area Lithics Faunal Remains Environmental Possible Date Report, year and reference 

240 75 lithic finds including hand 
axes, cores and flakes 

In excess of 100 bones 
identified and recovered with 
the lithics 

Bones dated between 31,000 
and 43,000 BP; and >500 ka 

Hanson_0133_A (2007 – 
2008); Wessex Archaeology 
(2008f) 

240
Two curved, naturally 
delaminated sections of 
mammoth tusk fragments 

Woolly Mammoth: c. 380,000 
to 10,000 BP 

Hanson_0126_A (2007 – 
2008); Wessex Archaeology 
(2008f) 

240   

Three large concentrations of 
peat were discovered at 
various locations across three 
dredging lanes, indicating 
200m by 130m area. 

Based on the location and 
dating from this project the 
peats are considered to be 
Early Holocene 

Hanson_0150_A (2007 – 
2008); Wessex Archaeology 
(2008f) 

240

Two flints recovered. One of 
the flint artefacts showed 
possible signs of striking and 
may have been the waste 
product during knapping. 

Two mammoth teeth 
measuring 17cm and 12cm, 
respectively 

Mammoth: c. 380,000 to 
10,000 BP 

Hanson_0180_A (2007 – 
2008); Wessex Archaeology 
(2008f) 

251

35cm long complete bone was 
identified by Wessex 
Archaeology as a similar size 
to that of a horse, red deer or 
cattle; EH have suggested that 
it may be a hippopotamus 
radius bone. 

Cemex_0093_A (2006 – 
2007); Wessex Archaeology 
(2007) 

251 Aurochs metatarsal bone 
approximately 30cm long. 

Cemex_0307 (2009 – 2010); 
Wessex Archaeology (2010c) 

251   

Peat sample identified within a 
1.4km transect from a known 
point. Examination of the peat 
indicated the presence of white 
water-lily, bogbean, sedge, 
fragments of wood, small 
flakes of charcoal and the 
remains of common reeds. 

Cemex_0296(2009 – 2010); 
Wessex Archaeology (2010c) 

254
10cm long bone fragment 
identified as a possible deer 
metatarsus

UMD_0041_A (2005 – 2006); 
Wessex Archaeology (2006) 

296
Suggested end of a long bone 
from a large mammal, possible 
one bigger than a horse. 

UMA_0076_A (2006 – 2007); 
Wessex Archaeology (2007) 
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Area Lithics Faunal Remains Environmental Possible Date Report, year and reference 

296
Possible milk tooth of a 
mammoth due to its size and 
unworn nature. 

Woolly Mammoth: c. 380,000 
to 10,000 BP 

UMA_0107_A (2006 – 2007); 
Wessex Archaeology (2007) 

296

Large fragment (approximately 
26cm long) of a right-sided 
femur. High degree of rolling 
and abrasion on the seabed. 
Derived from either a large 
bovid, such as a cow, or a 
cervid such as a giant deer. 

UMA_0117_A (2007 – 2008); 
Wessex Archaeology (2008f) 

296

Heavily degraded and 
damaged bone from an 
artiodactyl, possibly pig, goat 
or cattle 

UMA_0160_A (2007 – 2008); 
Wessex Archaeology (2008f) 

360 Single piece of struck flint  

12 fragments of mineralised 
bone, possibly from a 
herbivore; 3 pieces of deer 
antler

More than 200 large (>50mm) 
waterlogged and mineralised 
wood fragments, one large 
definite (and one possible) 
fragment of partially charred 
wood and four samples of 
fibrous herbaceous peat. 

Charred wood and an eroded 
peat ball both radiocarbon 
dated to >47,000BP (NZA-
27239 and NZA-27238)

CEMEX_0039_A (2005 – 
2006); Wessex Archaeology 
(2006) 

360
Fragment of Mammoth tooth 
and fragment of antler. 
Possibly in situ finds 

Mammoth: c. 380,000 to 
10,000 BP 

Cemex_0265 (2008 – 2009); 
Wessex Archaeology (2009d) 

361
Fragments comprising 
mammoth teeth and bone, and 
a piece of deer bone. 

Woolly Mammoth: c. 380,000 
to 10,000 BP 

Hanson_0018_A (2005 – 
2006); Wessex Archaeology 
(2006) 

361

Fossilised humerus fragment 
(22cm across) possible 
belonged to a large mammal, 
such as a mammoth 

Mammoth: c. 380,000 to 
10,000 BP 

Hanson_0202 (2008 – 2009); 
Wessex Archaeology (2009d) 

430

7cm long fragment identified as 
a partial distal end of the 
humerus bone. Mammalian in 
origin 

UMA_0144_A (2007 – 2008); 
Wessex Archaeology (2008f) 

Unkno
Flint struck by human action 
rather than during dredging or 
by natural processes. Probably 
waste flake with smooth worn 
surfaces

   UMA_0182_A (2007 – 2008); 
Wessex Archaeology (2008f) 

Table 3. Possible Prehistoric finds reported through the Marine Aggregate Industry Protocol for Reporting Finds of Archaeological 
Interest
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5.2. LITHIC AND FAUNAL REMAINS RECOVERED FROM AREA 240
Lithics

5.2.1. The lithic artefact inventory of Mr Meulmeester finds listed numerous flakes and 
cores, including Levallois flakes and cordate hand axes. It is not easy to estimate 
the age of the artefacts based on the photographs and initial inventory and the 
collection of artefacts could date from 500 ka to 22,000 BP.  

5.2.2. Although it is very difficult to assess the hand axes by photographs, particularly in 
terms of identifying diagnostic features, Dr Matt Leivers the WA lithic specialist 
suggested there was evidence of the Levallois technique. 

5.2.3. In north-west Europe the Middle Palaeolithic is synonymous with the appearance 
and use of a specific flint technology known as the Mousterian which includes 
distinctive flat-butted hand axes (bout coupé) and flakes and cores employing a 
technique known as Levallois. This technological complex is generally synonymous 
with Neanderthals and persisted in use from around 250 ka to perhaps 40,000 BP. 

5.2.4. Cordate hand axes are generally thought to be Mousterian of Acheulian Tradition 
(MAT). The MAT is broadly 60,000 to 35,000 BP.  However cordate hand axes have 
also been found at Hoxne, Suffolk (MIS 9; 300 ka). 

5.2.5. Consequently, it is possible that the hand axes broadly date from 300 ka to 35,000 
BP.

5.2.6. Further artefacts of archaeological interest have been reported from Area 240 
through the Marine Aggregate Industry Protocol (Table 3 and Figure 35). In 2007 – 
2008 two flints, along with two mammoth teeth, were recovered from the aggregate 
reject pile at SVB Flushing Wharf (Hanson_0180). One of these flints showed 
possible signs of striking and may have been the waste product during the knapping 
of a flint tool such as a handaxe. The second flint flake was deemed to be natural 
(Wessex Archaeology 2008f). The position of the finds were based on the centre-
point of the lanes being dredged at the time and are situated in the northwest corner 
of Area 240 (Figure 35).

5.2.7. During the East Coast REC survey (Limpenny et al. 2011) a flint artefact, identified 
as a broken secondary flake, was identified during onboard processing of a 
clamshell sample at station CG6, which is situated to the west of the HAML 
exclusion zone and to the south of the central section of T1 (Figure 36).

5.2.8. The artefact is a broken secondary flake (Plates 5 and 6). The surviving dimensions 
of the piece are approximately 60 x 43 x 9 mm, although a transverse break means 
that the piece was originally considerably longer. Although formal retouch is absent, 
both lateral margins have been used. The right margin has light edge damage 
towards the distal end; the proximal two thirds, however, show evidence of more 
robust use. The left margin is almost entirely cortical, but one short section comes to 
a cortex-free point, which appears to have been used as a piercing tool. The butt is 
facetted, and the platform edge has been prepared. 

5.2.9. Flake debitage is difficult to date, but these traits are suggestive of a potentially Late 
Glacial date. However, such a flake could also result from hand axe preparation, 
and thus may be older. One facet on the dorsal surface has a light patina; otherwise 
the piece is unpatinated and in very good condition, showing no signs of rolling, 
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staining or damage congruent with its having been re-deposited or having 
undergone any disturbance subsequent to its original loss/discard.  

5.2.10. During Stage 3: Seabed sampling lithic material was recovered from the clamshell 
grab samples, primarily associated with Transect 1 (T1). In total, fifteen flakes were 
recovered and consisted entirely of flint flakes, the by-products of flint tool 
manufacture. It can be difficult to distinguish humanly-produced flint flakes from 
those that occur naturally. However, of the flakes recovered, four have been 
identified as most likely artefacts of anthropogenic origin; a further 4 are considered 
probably of human workmanship and the remaining 5 are considered to be possible 
flakes, but there is some doubt of their origin.  

5.2.11. Two of the flakes, from T1_G22 (Plates 7 and 8) and T1_G25, are broken mid-
sections of tertiary flakes with well-defined flake scars and are characteristic of hand 
axe thinning flakes found at other sites.  

5.2.12. The flake from T1_G23 (Plates 9 and 10) is a primary flake of clear anthropogenic 
origin with a striking platform and point of percussion and the flake from T1_G5 
shows evidence of platform preparation (Plates 11 and 12). The flakes from 
T1_G5a and T1_G21a (Plates 13 and 14) show evidence of deliberate, systematic 
debitage.

5.2.13. Two flakes, from T1_G6 and T1_G9, are hard hammer struck and although less 
convincing than the other flint flakes, are probably of human workmanship. The 
remaining five flint flakes from T1 (G7, G9, G25 [three pieces]) and two from T2 are 
considered possible artefacts but open to doubt and may have been formed by 
natural processes. Detailed descriptions of the recovered flakes are provided in 
Table 4.

Grab
sample 

Flake Description Discrim-
ination  

T1_G22 

This is a mid section of a tertiary flake, with well defined conchoidal 
rings on the ventral surface. The dorsal surface also has a number 
of converging negative flake scars. It has a slightly dipping profile. 
These features, including the way in which it has broken, have 
been noted on hand axe thinning flakes. 

Most likely 

T1_G25 

Flake similar to that from sample T1_G22 (described above). This 
flake also lacks the proximal and distal ends, so valuable details of 
the technology are lost. However, the dorsal surface has a number 
of residual flake scars, which form a radial pattern. This flake is not 
as convincing as T1_G22, but is still a probability. 

Most likely 

T1_G23 

This is a stained and patinated primary, hard hammer struck flake. 
The most convincing feature that indicates human production is the 
clear striking platform and well positioned point of percussion well 
back from the edge of the core. 

Most likely 

T1_G5 

A very thin flake in mint condition and unstained. The point of 
percussion is located at the edge of the flake. It is possible that this 
flake was removed by natural processes, however the fact that 
there are apparent traces of platform preparation, that do not 
represent edge crushing, and other facets suggest that this is a 
product of debitage. 

Most likely 

T1_G5a 

A heavily rolled flake with a glossy finish. It is naturally backed. The 
proximal end is missing, having been chipped by recent damage; 
however the presence of clear conchoidal rings on the ventral 
surface and similar well defined traces on the dorsal surface, 
indicating a previous removal, suggest that this flake is genuine. 

Probable 

T1_G21a 

This is an elongated hard hammer struck flake. It is unstained and 
unpatinated. The argument that it is a genuine artefact relates to 
the presence of other flake scars, which suggest that it is product 
of deliberate, systematic debitage. 

Probable 
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Grab
sample 

Flake Description Discrim-
ination  

T1_G6 

This is a primary flake that is both patinated and stained. It is hard 
hammer struck. There is always potential for doubt with a flake of 
this type; however the striking platform is plain and the point of 
percussion is well positioned on the striking platform and not a 
glancing blow.  

Probable 

T1_G9 

Clearly hard hammer struck and is part of a ‘compound’ removal, 
where a flake was removed with this one at the same time and the 
same blow. While not certain, it is probably due to human 
workmanship. 

Probable 

T1_G7 A small patinated and rolled primary flake, open to some doubt. Possible

T1_G9 Small flint is principally cortical and not convincing. Possible

T1_G23 Three small flakes, all open to some doubt. Possible

T2_G1b Technically a flake, although open to some doubt. Possible

T2_G5 Small flake that may well be a product of gravel abrasion. Possible

Table 4: Descriptions of flints recovered during Stage 3 

5.2.14. The flakes clearly identified as of anthropogenic origin and those considered 
probable artefacts were all recovered from the central and eastern areas along T1 
(Figure 35). T1_G22 and T1_G23 are situated less than 20m to the north of the flint 
recovered from CG6 during the East Coast REC survey. 

5.2.15. Taking into account the flint tools and bone already recovered by aggregate 
dredging in Area 240 and the flint flakes found within this study and the East Coast 
REC, it can be concluded that the area is significant in terms of its artefact content. 
The sampling survey has shown that debitage from the production of flint tools exist 
in the area of T1. 

Faunal Remains 
5.2.16. Mr Meulmeester found in excess of 100 bones within the Area 240 dredged material 

and these are thought to be from the same material from which the hand axes were 
dredged. Initial radiocarbon dating of a number of bones returned dates of between 
31,000 and 43,000 BP and approximately 70% of the bones recovered have been 
attributed to this date. The remaining 30% are heavily fossilised and are thought to 
be older than 500 ka (Glimmerveen, pers. com. 21/07/2010). Although further work 
is being undertaken, the faunal remains are thought to have been recovered from an 
in situ deposit. 

5.2.17. Further faunal remains have been reported from Area 240 through the Marine 
Aggregate Industry Protocol for Reporting Finds of Archaeological Interest (Wessex 
Archaeology 2008f). In 2007 – 2008 two mammoth teeth, along with two flints, were 
recovered from the aggregate reject pile at SVB Flushing Wharf (Hanson_0180). 
These were recovered from dredge lanes in the northwest of Area 240. Also in the 
same year, two curved sections of mammoth tusk were recovered (Hanson_0126) 
from the central dredge lanes of Area 240, within the area from which Mr 
Meulmeesters finds were recovered (Table 3 and Figure 35). Although the exact 
location of these faunal remains is unknown, they highlight the potential for the 
recovery of faunal remains within Area 240, as a whole. 

5.2.18. During Stage 3: Seabed sampling ten pieces of bone were recovered from the 
clamshell grab samples: nine from Transect 1 (T1) (Figure 36) and one from 
Transect 3 (T3). Descriptions of the recovered bone are detailed in Table 5.
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Grab sample Description 

T1_G5  Centrotarsal. Bovine/Cervid. Fossilised. 

T1_G5  Fossilised unidentifiable bone. 

T1_G5a  2x unidentifiable small bone fragments. Fossilised. 

T1_G8  Unidentifiable small bone fragments. Recent. 

T1_G22  Vertebra. Fish. Salmonid? 

T1_G27 2x bone pieces. The internal structure is mammalian, possibly a terrestrial mammal. 

T3_G5  Vertebra. Aquatic mammal ?dolphin. Recent. 
Table 5: Descriptions of faunal remains recovered during Stage 3

5.2.19. Most of the pieces recovered are unidentifiable. Two pieces of fossilised bone were 
recovered from T1_G5, one unidentifiable and one broken bovine or cervid 
centrotarsal (Plates 15 and 16). Two pieces of large, probably terrestrial mammal 
bone were recovered from T1_G27. The occurrence of terrestrial mammal bone in 
T1_G5 and T1_G27 from the northeastern end of the T1 (Figure 36) is of interest 
given that Mr Meulmeesters original discovery included terrestrial mammal bone. 

5.2.20. One fossil sponge (Porosphaera globularis) recovered from T1_G8 is worthy of 
some further discussion (Plate 17). The fossil resembles a bead in its appearance 
being spherical, 11mm diameter with a central 4mm diameter perforation. These 
fossils, naturally occurring in chalk, have been known historically to have been used 
as beads, and a necklace consisting of 79 Porosphaera beads was recovered from 
a Bronze Age grave in the Higham marshes in Kent (Oakley 1965). More 
interestingly Porosphaera are known from Palaeolithic sites including Bedford and 
Biddenham in the east of England although to prove their use as beads is 
problematic. Evidence of microchipping (to enhance the natural hole) and localised 
abrasion around the hole are thought to provide evidence of their use as beads 
(Rigaud et al. 2009), neither of which are present in the fossil found at T1_G8. 

5.3. LITHIC AND FAUNAL REMAINS RECOVERED FROM THE WIDER REGION

5.3.1. Material of archaeological interest reported through the Marine Aggregate Industry 
Protocol for Reporting Finds of Archaeological Interest (Table 3) suggest that there 
is potential for the presence of archaeological material within the aggregate 
extraction areas surrounding Area 240. The majority of the reported finds are faunal 
remains, including land mammal bones, such as reindeer and mammoth, but also 
include reports of isolated finds of flint artefacts. 

Lithics
5.3.2. Two instances of lithic artefacts outside of Area 240 were reported from the East 

Coast aggregate dredging areas (Table 3). A flint, probably a waste flake, with worn 
surfaces was reported in 2007 – 2008 from an unknown location in the East Coast 
aggregate region (UMA_182; Wessex Archaeology 2008f).

5.3.3. A piece of flint, along with evidence of an eroded peat layer, waterlogged wood and 
bone, was reported from Area 360 to the east of Area 240 in 2006 (Cemex_039, 
Figure 35). A range of remains were recovered comprising a single struck flint, four 
samples of fibrous herbaceous peat, containing possible fine comminuted charcoal, 
more than 200 large (>50mm) waterlogged and mineralised wood fragments, one 



Seabed Prehistory: Site Evaluation Techniques (Area 240) Synthesis 70754.04 

55

large definite (and one possible) fragment of partially charred wood, 12 fragments of 
mineralised bone and 3 fragments of antler. The single struck flint indicates the high 
archaeological potential of the assemblage (Wessex Archaeology 2006). Although 
this collection of material was not from a secure context, it provides circumstantial 
evidence of former land surfaces and human activity in the region.  

Faunal Remains 
5.3.4. Faunal remains have been reported from the aggregate areas surrounding Area 240 

(Areas 251, 254, 296, 360 and 361) and Area 430, situated in the small aggregate 
dredging areas to the south of the main aggregate dredging area region (Figure 35
and Table 3).

5.3.5. The majority of the faunal remains are fragments of bones that exhibit signs of 
natural delamination, weathering, or fossilisation. All the reported identifiable bones 
belonged to land mammals, including reindeer, mammoth, deer and auroch. 
Mammoth teeth were also reported (Table 3).

5.3.6. An antler fragment and mammoth tooth were recovered from Area 360 
(CEMEX_0265) and were thought to have been dredged from an in situ deposit. The 
lower molar tooth belonged to a Mammuthus meridionalis (Southern Mammoth) and 
although the tooth has some damage it does not appear to have been exposed and 
rolled on the seabed. The antler, possibly belonging to a Megaloceros, (giant deer) 
similarly showed no signs of weathering and the breaks in the bone were very fresh. 
Although it is very difficult to date this material it was considered reminiscent of 
examples from the early Middle Pleistocene and earlier deposits found on the East 
Anglian coast (Wessex Archaeology 2009d). 

5.4. PRE-LAST GLACIAL MAXIMUM 

5.4.1. Mr Meulmeesters assemblage recovered from SVB Flushing included both lithic 
artefacts, including hand axes, cores and flakes and numerous faunal remains. The 
assemblage contained Palaeolithic material sourced from Pre-LGM deposits. 

5.4.2. In order to assess the relationship between the archaeological material and the 
sediments it is first necessary to assess which unit or units the dredger impacted 
during the recovery of the lithic and faunal material. 

Sedimentary Contexts 
5.4.3. Mr Meulmeesters hand axes and faunal remains were recovered from an area 

approximately 3.5 x 1.1 km. Further archaeological material has also been 
recovered from the same area during the East Coast REC survey and Stage 3 of 
this project. 

5.4.4. Within this 3.5 x 1.1 km area, and specifically the seabed known to be dredged 
within this area based on the dredge trackplots, there are three sediment units which 
subcrop the recent Holocene seabed sediments: Units 2, 3b and 5. It is from these 
units, or the upper lag deposits associated with these units, that the archaeological 
material was likely to have been dredged.  

5.4.5. The transects sampled during the Stage 3 survey were selected, in part, in order to 
sample each of these units. The use of the clamshell grab allowed the upper 0.5m 
sediment to be sampled and assessed. 
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5.4.6. The majority of the samples from all three transects comprised gravelly sand 
containing marine molluscs, which is probably indicative of recent and mobile 
marine sediment. Some more obvious recent inclusions were present such as slag, 
glass and pottery. However, the source of the sediment (sand and gravel) was not 
entirely marine, with quartz and quartzite inclusions indicative of sediment originally 
transported from the mainland, probably by glaciers/rivers. Other terrestrial material 
such as wood and peat were recovered which are almost certainly reworked from 
older terrestrial sediments. This indicates a certain amount of reworking in the 
surficial sediments. 

5.4.7. Along T1, the flint flakes were recovered from samples interpreted as a reworked lag 
unit containing recent as well as underlying sediment units. In the central area of the 
transect artefacts T1_G25, G8, G23, G22, G21A and G27 were all recovered from 
an area where the geophysical data indicated the presence of sands and gravels of 
Unit 3b (Figure 36 and 37). To the east of T1, artefacts T1_G5, G5A, G9 and G6 
were associated with sands and gravels of Unit 3b or the underlying Unit 2. This 
boundary was not clearly seen on the geophysics data.  

5.4.8. T2 was originally proposed to encounter sands and gravels of Unit 3b and the fill of 
a shallow cut feature (Unit 5). The transect was specifically designed in order to 
avoid the seabed ripples and sandwaves. However, the grab sample sediment 
indicated predominantly sandy sediment which has been interpreted as a recent 
modern sediment unit. No finds were associated with this transect with the exception 
of two small flakes, both of which are open to doubt in terms of their production 
method (T2_G1b and T2_G5). 

5.4.9. T3 was proposed to target Unit 2 that appeared, on the geophysics, to directly 
underlie the surficial sediment layer.  

5.4.10. Clamshell grab samples T3_G1 and G5 were noted to be different; the samples 
comprised a dark grey sand, occasionally silty, compared to brown sand and 
gravelly sand of the other samples. The silty sand is possibly sediments relating to 
Unit 2. The brown sand and gravelly sand may represent the surficial sediment of a 
thin sediment layer overlying the Unit 2 sediments. However, this is difficult to 
ascertain from the grab samples. The samples at the remaining stations were 
interpreted as the uppermost recent surficial sediment, indicating that this unit is at 
least 0.5m thick. The only find associated with T3 is the presence of aquatic 
mammal (?dolphin) vertebra.  

5.4.11. Although, it was not possible to target all the different units with the clamshell grabs, 
the results indicate that the lithics and faunal remains were recovered from a limited 
number of sediment units.

5.4.12. It is known that during dredging the dredgehead only affects the upper metre of 
sediment and as such the archaeological material must have been dredged from the 
surficial lag deposit or the sediments immediately below the seabed. 

5.4.13. Unit 2 is observed sub-cropping the surficial sediments in localised areas to the 
south and to the north of this dredged area (Figure 36). The unit is interpreted as a 
shallow marine or outer estuarine sand unit deposited during the Cromerian 
Complex (>MIS 13; c. >600 ka). Archaeological material associated with this unit 
would be Lower Palaeolithic. 

5.4.14. Unit 3b is observed sub-cropping the surficial sediments throughout the majority of 
the dredged area (Figure 36). The unit is interpreted as a deposit of fluvioglacial 
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outwash which was deposited during the Wolstonian (MIS 8/7; c.350 – 200 ka). 
There is a potential for Middle Palaeolithic artefacts associated with this unit. 

5.4.15. Unit 5 is observed sub-cropping the surficial sediments in small localised areas 
throughout the dredged area. Unit 5 and 6 are interpreted as being 
contemporaneous and deposited during the mid-Devensian (MIS 3; c. 30,000 – 
40,000 BP). Broadly the units are identified as a glaciofluvial alluvium deposit. In the 
dredged area Unit 5 comprises fine-grained sediments indicating a low energy 
depositional environment. There are potential for Middle Palaeolithic/Upper 
Palaeolithic artefacts associated with this unit. 

Relation between Archaeological Material and Sediments 
5.4.16. The relation between Mr Meulmeesters archaeological material and the sediments is 

not solely based on which sediments sub-crop the surficial sediments within the 
area. The typology of the lithics, the condition of the lithics, the conditions of the 
faunal remains and the dating of the faunal remains all need to be taken into 
account.

5.4.17. The typology of the lithics indicated a broad possibly age range from 500 ka – 
22,000 BP. Levallois flakes were identified indicating that at least some of the lithics 
dated between 250 ka to 40,000 BP. The presence of cordate type hand axes may 
extend this period of use from 300 ka to 35,000 BP.  

5.4.18. The conditions of lithics were broadly divided into three groups: ‘mint’ condition, 
‘fresh’ condition and those in a weathered condition. 

� The artefacts in ‘mint’ condition were described as having little or no colour 
patination and no edge abrasion. The lithics in this group included many hand 
axes forming a homogenous typological/technological group. This group of lithics 
was interpreted as originating from a primary context. That is to say, the lithics 
were deposited in situ and were not reworked or transported prior to their being 
dredged;

� The lithics in the second group are described as having a partially ‘fresh’ condition 
(colour patination but no gloss and abrasion on one side, and colour patination, 
slight to medium gloss and slight to medium edge abrasion on the other). This 
group predominantly comprised flakes and were interpreted as originating from an 
eroding surface; 

� The lithics in the third group were described as having a weathered condition 
(colour patination, medium to heavy gloss, edge abrasion on both sides). This 
group included hand axes, flakes and cores. The lithics were thought to originate 
from secondary contexts and at least some of the lithics were derived from the 
seabed.

5.4.19. The faunal remains recovered at the same time of the lithics could be grouped into 
two primary groups. Based on radiocarbon dates the majority (70%) of the faunal 
remains can be grouped to an age of between c. 31,000 – 43,000 BP (taking the 
limits of radiocarbon dating into account). The remainder are considered to be older 
than 500 ka. The faunal remains were considered to be in situ prior to recovery. 

5.4.20. One of the principal questions regarding the archaeological material is whether the 
material is a single assemblage and dredged from a single sediment unit or whether 
the material is a mixed assemblage dredged from more than one unit. To assess 
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this potential post-depositional re-working of the sediments and potential 
depositional context also need to be addressed. 

5.4.21. Post-transgressive reworking of the surface and near surface sediments are an 
important factor when assessing the depositional environment of the archaeological 
material. Within the Area 240 region, models of the potential depth of re-working for 
sand is less than 36.5mm and gravel is up to 254 mm (Limpenny et al. 2011). This 
predominantly affects the upper surficial sediments in the area but could indicate 
some reworking of the underlying units where gravel is the main component. 

5.4.22. The sedimentary evidence observed in both the vibrocores and the clamshell grab 
samples indicate that the uppermost sediments show evidence of re-working. There 
is obvious re-working of the mobile sediments forming the sand ripples and 
sandwaves in the area, but the vibrocore and clamshall grab samples also indicate 
that the uppermost sediments of units sub-cropping this mobile surficial sediment 
has also undergone re-working. Where mobile sediments are absent the seabed is 
composed of a re-worked lag deposit, generally comprising sands and gravels with 
quartz and quartzite inclusions indicative of sediment originally transported from the 
mainland, with the inclusions of marine molluscs indicative of recent and mobile 
marine sediment. Other terrestrial material such as wood and peat are almost 
certainly reworked from older terrestrial sediments. 

5.4.23. It should also be noted that dredging over the past 20 years will have also caused a 
certain about of disturbance and re-working to the uppermost sediments in the area.  

5.4.24. Wymer (1999) has documented the recovery of lithics along the course of the River 
Yare. The lithics are generally single, isolated finds along the valley and comprise 
mainly hand axes and flakes. These finds are considered to be Lower Palaeolithic 
and are predominantly found in re-worked fluvial or glacial sediments, rather than in 
an in situ context (Wymer 1985). 

5.4.25. In the case of those dredged from Area 240, the condition of the lithics and faunal 
remains indicate the presence of primary context (in situ) deposits, or at least a 
combination of primary and secondary contexts. 

5.4.26. A considerable number of the lithics, those described as in ‘mint’ condition including 
hand axes of a similar typology, were considered to be in situ. Those flakes 
described as in ‘fresh’ condition are considered to be from an eroding surface which 
may be an indication of localised transport or re-working, but does not indicate long 
distance transport within a river deposit.  

5.4.27. Those lithics described as weathered may be of secondary context, possibly over a 
long distance but may also be due to short distance transportation or weathering on 
the seabed as part of a reworked lag deposit. 

5.4.28. Without further details on the assessment of the archaeological material, which is 
currently undergoing separate assessment in Holland, it is difficult to comment 
conclusively on the type of assemblage (single or mixed). However, arguments for a 
single or mixed assemblage are presented below. 

5.4.29. The varying conditions of the lithics do not negate the possibility of a single 
assemblage dredged from a single deposit. 
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5.4.30. Within a single deposit the lithics in weathered condition (hand axes, flakes and 
cores) would have been re-worked to the seabed surface and have been subject to 
abrasion within the surficial lag deposit. 

5.4.31. The flakes in ‘fresh’ condition may have been slightly deeper but within the zone of 
re-worked gravels and those in ‘mint’ condition may have been dredged from below 
this re-worked zone. As such, it is possible that the hand axes in variable conditions 
could be present within the upper 0.5m of the unit. 

5.4.32. Based on the likely typology of the lithics it is unlikely that they have been dredged 
from Unit 2 sediments (> MIS 13; >500 ka). Based on the initial assessment there 
were no Lower Palaeolithic hand axes in the assemblage. 

5.4.33. Consequently, based on the typology of the lithics, it is likely that a single 
assemblage would have been dredged from either Unit 3b (MIS 8/7; 350 – 200 ka) 
or from Unit 5 (MIS 3; 30,000 – 40,000 BP). Evidence of Levallois technique would 
indicate that Middle Palaeolithic Unit 3b deposition would be the most likely, if part 
of a single assemblage. 

5.4.34. If the lithics belong to a single assemblage then the condition of the lithics would 
indicate that the assemblage is in situ and dredged from the unit in which the 
assemblage was deposited. In this scenario any weathering would likely be caused 
by re-working on the seabed.  

5.4.35. The faunal remains, however, are unlikely to have been from a single assemblage. 
The bones were considered to be predominantly in situ and the initial inventory 
indicated two distinct ages: >500 ka and c. 31,000 – 43,000 BP.  

5.4.36. It is likely that the older assemblage of faunal remains (>500 ka) were dredged from 
Unit 2 (>MIS 13; >600 ka) and the younger group dredged from Unit 5 (MIS 3; c.
30,000 – 40,000 BP). For these remains to have been dredged from a single unit, 
then the older remains would have had to be reworked into the younger unit. As 
there was no sign of abrasion or weathering on the remains, it is considered more 
likely that they were dredged from two separate units. 

5.4.37. If the lithic assemblage was sourced from multiple deposits (as part of a mixed 
assemblage) then there is a possibility that the lithics were sourced from Unit 2
(>MIS 13; >600 ka), Unit 3b (MIS 8/7; 350 – 200 ka) or Unit 5 (MIS 3; 30,000 – 
40,000 BP). 

5.4.38. As each of these units sub-crop the surficial sediments, it is possible that the 
weathered lithics, the fresh lithics and the in situ lithics could have been associated 
from each of these units.  

5.4.39. Based on the initial lithic inventory no obvious Lower Palaeolithic hand axes were 
noted in the assemblage, so it is unlikely that these lithics are associated with Unit 2
(>MIS 13; >600 ka). Based on the geophysical and geoarchaeological evidence it is 
considered that any in situ and/or secondary context lithics would be associated with 
Unit 3b. As only remnants of Unit 5, deposited infilling outwash plain channels, are 
observed in Area 240, it is considered that lithics associated with this unit are more 
likely to be deposited in a secondary context. Although, a primary context can not be 
ruled out. 
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5.4.40. If the hand axes were from a mixed assemblage then this would indicate repeated 
use of the landscape in Area 240m. Although rare, there are documented sites of 
repeated use, for example West Thurrock, Lower Thames (Schreve et al. 2006). 

5.4.41. As described above, the faunal remains indicate a mixed assemblage and are likely 
to be associated with Unit 2 (>MIS 13; >600 ka) and the younger group dredged 
from Unit 5 (MIS 3; c. 30,000 – 40,000 BP). 

5.4.42. The presence of hand axes, flakes and cores indicates flint working. As such, it is 
considered more likely that this occurred on site within Area 240, rather than 
upstream and then hand axes, cores and flakes all being transported and deposited 
within a fairly localised position. 

5.4.43. Interestingly, the lithics have been dredged from generally sandy gravels or gravely 
sands, but there is little evidence for larger nodules that would have been used to 
produce the hand axes.  

5.4.44. Occasional flint up to 110 mm were observed in the clamshell grab samples 
acquired during Stage 3 from Unit 3b and the clamshell grab sample for the East 
Coast REC survey (CG6) comprised gravelly sand with occasional flint and quartz 
cobbles (Limpenny et al. 2011). However, there is little evidence to suggest that the 
source material for the production of the hand axes in the immediate vicinity. This 
does not, however, mean that the hand axes were not produced in this area. The 
source material may have been brought into the area. 

5.4.45. Whether of single or mixed assemblage it is certainly likely that the lithics were 
deposited in one of two units: Unit 3b (early Middle Palaeolithic) or Unit 5 (late 
Middle Palaeolithic/early Upper Palaeolithic). 

5.4.46. The evidence from Area 240 suggests that during the Wolstonian (Unit 3b) and the 
mid-Devensian (Unit 5) the environment would be an outer estuarine, possibly 
lagoonal environment relatively close to the coastline. This environment would have 
been conducive to hominin use during these periods. 

5.4.47. Land use and resource exploitation rely on the availability of food, water and shelter. 
Modern humans of the Upper Palaeolithic were highly efficient hunters and foragers; 
though there is no surviving evidence for foraging by earlier hominins in the earlier 
periods it seems unlikely that they would not have taken advantage of fruits and nuts 
and even edible roots to supplement what has long been assumed have been a 
largely meat diet.  

5.4.48. Evidence from terrestrial sites indicates that early hominins were both hunters and 
scavengers. Locations that were favoured for inhabitation are likely to have been 
places that allowed ready access to animals. Such locations include those where 
herd animals could be viewed undisturbed at close range and could be ambushed; 
waterside locations where animals congregated to drink or which were crossing 
points for migrating herds; and locations where a range of species would be likely to 
be present. Both hominins and other predatory animals are likely to have made use 
of such locations. 

5.4.49. During the Wolstonian the landscape would generally be cold tundra and open 
steppe environment and at various times rivers/estuaries would be present 
throughout the landscape. One such estuary would have been associated with 
Channel A identified in Area 240. 
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5.4.50. If the hand axes were dredged from Unit 3b then they would be associated with the 
floodplain sediments associated with the filling of Channel A. It is difficult to assess 
when these sediments would have been exposed as a land surface and how infilled 
Channel A was at that time. As such, it is difficult to assess the importance of the 
channel within the landscape when the hand axes, cores and flake were deposited. 
Suffice to say that during the Wolstonian there would have been periods when this 
area was covered by water and periods when it was likely exposed as a floodplain. 

5.4.51. In the mid-Devensian, at the end of the Middle Palaeolithic/Upper Palaeolithic, Area 
240 would have been a periglacial landscape with the presence of fluvioglacial 
outwash channels, possibly in a braided-plain system. Remnants of this outwash 
plain is observed in Area 240 as small infilled depressions (Unit 5) indicating that a 
certain amount of erosion subsequently took place. In Area 254 and in the south of 
Area 240, there is evidence that land surfaces were exposed around the time of MIS 
3/2.

5.4.52. It is possible that the hand axes were deposited during this time, possibly in a 
secondary context, associated with these fluvioglacial deposits. Certainly, the faunal 
remains associated with this deposit indicate animal presence in the area at this 
time.

Implications on the wider region 
5.4.53. It is considered likely that the Wolstonian floodplain deposits (Unit 3b) extend 

beyond the limits of Area 240 and are likely to cover majority of the aggregate 
extraction areas in this region. Channel A is known to extend to the north and south 
of Area 240 (Figure 29). If the hand axes were associated with this unit then there is 
the possibility of further archaeological material associated with similar deposits. 

5.4.54. Similarly, the mid-Devensian outwash plain deposits (Unit 5/6) are unlikely to be 
confined to Area 240 alone. If the hand axes were associated with these sediments 
then there is a possibility that there could be further finds in the wider area. 

5.4.55. Predicting exact locations of further sites is difficult. Hominin use and exploitation of 
the landscape would depend on many factors, such as the availability of food, use of 
the area by herd, or smaller groups of animals, as well as personal preference over 
one similar site to another. However, isolated finds reported through the Marine 
Aggregate Protocol for Reporting Finds of Archaeological Interest suggest that there 
is potential for the presence of archaeological material within the aggregate 
extraction areas surrounding Area 240.  

5.4.56. The majority of the reported finds are faunal remains, including land mammal bones, 
such as reindeer and mammoth, but also include reports of isolated finds of flint 
artefacts. Most remains appear re-worked, either through deposition or post-
deposition. However, one report indicated primary context (CEMEX_0265) in Area 
360.

5.4.57. In particular struck flint, peat, waterlogged wood and bone were reported from Area 
360 (CEMEX_0039). Although the identification of wood fragments suggested a 
dominance of pine and birch indicating a relatively open canopy woodland, with 
deciduous types present but not important. The presence of hazel, elm and oak was 
thought to indicate a date after c. 9,300 BP However, radiocarbon dating of a large 
fragment of elm and a sample of peat both gave dates earlier than 47,000 BP. 
Although this collection of material was not from a secure context, it provides 
circumstantial evidence of former land surfaces and human activity in the region. 
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5.4.58. It is possible that this archaeological material is associated with sediments similar, 
and of a similar age to Unit 3b (Wolstonian; MIS 8/7) and are associated with 
eastern floodplain deposits associated with the infilling of Channel A. 

5.4.59. This highlights the possibility of further collections of Middle Palaeolithic 
archaeological material present within the wider aggregate region. 

5.4.60. There is also potential for Lower Palaeolithic archaeological material associated with 
Unit 2. This unit is interpreted as the Yarmouth Roads Formation, equivalent in age 
to the sediments from which flakes and cores were recovered at Pakefield on the 
Suffolk coast, and is extensive throughout the aggregate areas (British Geological 
Survey 1991). Where these sediments are associated with channel features cutting 
into underlying Early Pleistocene deposits, there is a potential for artefacts. 

5.4.61. In Area 360, in situ faunal remains reminiscent of those at Pakefield, were reported 
and is considered likely to have been recovered from deposits of this age. 

5.5. POST-LAST GLACIAL MAXIMUM 

5.5.1. Although not directly associated with the lithics and faunal remains recovered from 
Area 240, the sediments associated with the Early Holocene Channel (Channel B), 
may be important with regards to the presence of Mesolithic artefacts within Area 
240.

5.5.2. Unit 7 is interpreted as a transgressive sequence that infills a channel feature cut 
during the Early Holocene. The lower deposits of Unit 7 comprise peat that is 
probably equivalent to the Basal Peat of the Breydon Formation observed onshore. 
The peat was deposited in an intertidal mudflat/saltmarsh environment overlain by 
increasingly brackish deposits. 

5.5.3. It is likely that the saltmarsh environment was extensive throughout the area and 
much has been subsequently eroded during, and since, the last transgression. 

5.5.4. During Stage 3, various archaeological material was recovered. Although the beam 
trawl samples were not successful in retrieving flints (and in particular hand axes), 
rolled peat and waterlogged wood were retrieved, indicating a former terrestrial land 
surface within close proximity. In T3, the northernmost transect, the rolled peat and 
waterlogged wood was retrieved in notable numbers, which was to be expected 
given its proximity to Unit 7, in the northwest of Area 240. 

5.5.5. Further known occurrences of peat have been dredged up from this area within the 
vicinity of Unit 7 deposits, reported through the Marine Aggregate Industry Protocol 
for Reporting Finds of Archaeological Interest (Hanson_0150, Figure 35). These 
reports indicate that the peats may be more extensive than the geophysics data 
indicates, or that due to the relatively thin character of the peat layer, it has been 
removed in the area by dredging activity (when the peats were reported). 

5.5.6. Disturbance of the peat deposits by dredging activities may also contribute to the 
erosion of the layer and may account for the apparently large amount of rolled peat 
observed in the vicinity, during the Stage 3 survey. 

5.5.7. Mammoth teeth and flint finds (Hanson_180) were reported from same area in the 
northwest of Area 240. There is a possibility that these flints and faunal remains 
were dredged from this younger unit (Unit 7) but there was no evidence that the 
material was dredged from an in situ context or that there was any associated peat 
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or fine-grained sediments with the remains, which you would expect. It is considered  
more likely that these are from the older unit (Unit 3b, MIS 8/7) into which Channel 
B cuts.

5.5.8. Channel B, and the infill deposits, are only observed in a small portion of Area 240 
but forms part of a much more extensive feature, not only present in surrounding 
aggregate areas (Areas 254, 319 and 251), but also extending further south (Figure 
32).

5.5.9. During the Mesolithic, this area is likely to have been occupied by seasonally mobile 
human groups exploiting a diverse range of resources and leaving behind many 
thousands of artefacts testifying to an organised and diverse lifestyle ranging all 
across the landscape 

5.5.10. River valley sides and lakesides, bluff locations overlooking rivers with locally 
available flint sources, would have been favourable. However, wetlands and 
estuaries were also important environments. Early Mesolithic sites and find spots 
are often found adjacent to wetlands and estuaries (Oxford Archaeology 2007). This 
indicates a preference by Mesolithic communities for areas in which they could 
exploit the marine resources available in such environments.  

5.5.11. It is likely that Mesolithic communities will have continued to exploit the marine 
resources within the marshland until its full inundation. As such, there is 
considerable potential in these areas for the presence of archaeological material. 

6. CONCLUSIONS 

6.1.1. The multi-disciplinary, judgment–led approach of this project has successfully 
investigated Area 240 for the presence of further artefacts and has established the 
prehistoric character of the area and the wider region. The project has established 
that there is a potential for Middle Palaeolithic sites to exist beneath the sea. 

6.1.2. A range of methodologies have been applied to gauge their effectiveness in 
identifying and assessing sites of this type, including geophysical, geotechnical, 
seabed sampling and a variety of palaeo-environmental analysis and dating 
techniques. 

6.1.3. This work provides a detailed, factual basis for discussions of future aggregate 
dredging in Area 240 and surrounding licence areas. 

6.1.4. The prehistory of Area 240 has been characterised successfully using a combination 
of existing geophysics and geotechnical datasets, the acquisition and assessment of 
geophysics acquired within the area from which the hand axes were dredged, 
vibrocore acquisition and geo-archaeological logging and palaeo-environmental 
assessment, analysis and dating (radiocarbon and OSL). 

6.1.5. The combined approach resulted in a comprehensive interpretation of the strato-
chronology of Area 240. This project has afforded the time and development such 
that a much more detailed interpretation of Area 240 has been accomplished in 
comparison to the interpretation typically conducted during the course of an 
Environmental Impact Assessment (EIA) for an aggregate assessment. 

6.1.6. Results of four sub-bottom profilers (boomer, pinger, parametric sonar and chirp) 
were also assessed in order to establish which of the sub-bottom profilers used 
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achieved best results regarding data quality, resolution, penetration and applicability 
for the sediment type (sands and gravels) found at the site and which could be 
further recommended, especially with regards to archaeological applications in 
similar environments. This was the first time that parametric sonar was used for 
archaeological purposes in the UK. 

6.1.7. The boomer and parametric systems provided the best data within this area. For 
future surveys of similar specifications, a combination of one high and one low-
frequency profiler is recommended to provide information about shallow features (a 
combination of high and low-frequency data) within the wider geological context 
(low-frequency data). It is essential to consider the suitability of sub-bottom profilers 
to sediment properties as well as to the aims of the survey.  

6.1.8. The methodologies used within the Stage 3: Sampling survey, which included 
clamshell grab sampling, 2m-beam trawling and visual inspection, was successful in 
applying established techniques to recover material of archaeological interest. In 
particular, clamshell grab sampling in the area from which the hand axes were 
dredged recovered further flints and faunal remains.  

6.1.9. The flint tools and bone already recovered by aggregate dredging in Area 240 and 
the flint flakes recovered during Stage 3, indicate that the area is significant in terms 
of its artefact content.

6.1.10. The assessment of prehistoric character of Area 240 has revealed a complex history 
of deposition and erosion. Eight sediment units were identified in the data, dating 
from the Late Pliocene/Early Pleistocene (Unit 1) to marine deposits associated with 
the last transgression in the Holocene (Unit 8).  The area is dominated by two 
channel features, one dating to the Late Anglian (c. 430 ka), the other an Early 
Holocene shallow meandering channel infilled with peats, deposited as late as 
c.7800 BP. Although two channel features are observed they are effectively part of 
the same system, interpreted as the offshore extension of the Palaeo-Yare Valley 
system. 

6.1.11. The evidence suggests that Area 240 has been an outer estuarine or coastal 
location which could have been suitable for use by humans and animals alike, 
during repeated periods of known occupation. 

6.1.12. Two particular units have been identified as the likely sediments from which the lithic 
and faunal remains were dredged. The first is a cold climate, estuarine sediment 
deposited during the Wolstonian (MIS 8/7), during the Middle Palaeolithic. The 
second unit was deposited in a similar cold climate, estuarine environment during 
the mid-Devensian (MIS 3) with sediments deposited as the climate deteriorated at 
the onset of the last glaciation, towards the end of the Middle Palaeolithic/start of the 
Upper Palaeolithic. 

6.1.13. The lateral extents of these units extend beyond the limits of Area 240 and are 
expected to be present in surrounding aggregate areas. As such, it is considered 
that there is a potential for further artefacts in the area. This is supported by the 
small number of finds reported through the Marine Aggregate Industry Protocol for 
Reporting Finds of Archaeological Interest. 

6.1.14. Further sediment units have been identified that have the potential to contain 
artefacts. The Yarmouth Roads Formation, equivalent in age to the sediments from 
which flakes and cores were recovered at Pakefield on the Suffolk coast, has been 
identified (Unit 2). Where these sediments are associated with channel features 
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cutting into underlying Early Pleistocene deposits, there is a potential for 
archaeologically significant material to be present. 

6.1.15. Also, a meandering Early Holocene channel is interpreted in Area 240 and flows 
southwards through adjacent aggregate extraction areas and beyond. There is a 
possibility for Mesolithic archaeological material to be associated with these 
saltmarsh, organic deposits. 

6.1.16. The investigations demonstrated that it is possible to relate unstratified 
archaeological material to submerged and buried landscapes that, although 
complex, can be examined in detail using a variety of fieldwork and analytical 
methods.

6.1.17. One of the objectives of the project was to pass on the knowledge gained through 
this project to the archaeological and scientific community, to industry and to the 
general public.

6.1.18. The dissemination of significant discoveries, such as the hand axes in Area 240, to 
the public is essential to promote a wider understanding of the work that 
archaeologists undertake and the need to protect underwater heritage.  

6.1.19. The outreach programme involved school visits, presentations to community groups 
and presence at public events such as the Royal Norfolk Show. This attracted an 
audience who may not have any prior interest or understanding of archaeology, but 
were fascinated nonetheless.  In making the local past accessible to people it raised 
the public profile of archaeology, and in particular this project. 

6.1.20. The ongoing results of the project were disseminated to industry and academia 
through oral and poster presentations at conferences. The on-going results have 
also been presented as a paper in the peer-reviewed publication “Submerged 
Prehistory” to be published in April 2011. 
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VC1c: Vibrocore log, sediment description, photograph, location, geophysical data example and interpretation Figure 14
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2.5Y5/2 Greyish brown gravelly sand. Loose/disturbed. Sand is medium to coarse (predominantly medium)

grained. Gravel is subrounded to subangular flint up to 10mm diameter. Angled sharp boundary. Seabed

sediment Unit 8.

2.5Y 5/2 Greyish brown sand. Sand is medium grained. Occasional horizontally bedded pebble layers (at 0.23

to 0.24m) and pebble inclusions comprising subrounded to subangular flint up to 4mm diameter. From 0.25 to

0.39 and 0.51 to 0.61m there are 2.5Y 3/1 very dark grey organic silty fine sand layers displaying smooth

laminar horizontal stratification which has been dragged at the edges of the core. The laminations are up to

10mm in thickness and include darker (possibly with a higher organic content) lighter siltier and sandier

laminations. Glaciofluvial outwash Unit 3b.

2.5Y 5/1 Grey sand. Sand is medium grained. Well sorted. Occasional subangular to subrounded flint (at 1.49,

2.26 and 2.33m ). Some orange streaking from 1.00 to 1.75m possibly caused by drying subsequent to coring.

Occasional (at 1.71, 1.77 and 2.00m) grey subrounded clay/mudstone inclusions up to 12mm diameter with an

orangey brown oxidised coating noted on the inclusion at 2.00m. Feint horizontal bedding visible. Sorted. Metal

core catcher stuck between 1.90 and 1.98m. A gap between 2.00 and 2.04 and some disturbed/loose sediment

was noted from 2.10 to 2.18m. Angled, gradual boundary. Glaciofluvial outwash Unit 3b.

2.5Y 3/1 Very dark grey sand alternating with areas of lighter (2.5Y 6/1 grey) drier sand. Sand is medium to

coarse (predominantly medium) grained. Sorted. Occasional lenticular olive grey clay inclusions up to 35mm

diameter (at 2.71, 2.72, 2.82, 2.88 and 2.98m) softer than those in the overlying sediment. Very occasional

black flint at 2.58 and 2.67m up to 15mm diameter. Clear boundary. Glaciofluvial outwash Unit 3b.

2.5Y 3/1 Very dark grey alternating grey fine silty sand (medium grained), silt and clay of up to 5mm in

thickness from 3.28 to 3.27 and 3.45 to 3.51m. Laminar horizontal bedding Darker organic band at 3.46m.

Occasional lenticular olive grey clay inclusions more numerous from 3.18 to 3.23m and in a convoluted

arrangement. Waterlain sand/clay Unit 2a.
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VC2c: Vibrocore log, sediment description, photograph, location, geophysical data example and interpretation Figure 15
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10YR 6/3 Pale brown gravelly sand. Sand is medium to coarse grained. Gravel is flint, rounded to angular

(predominantly subrounded) up to 10mm diameter with occasional small subrounded quartz up to 4mm

diameter. Poorly sorted. Abrupt boundary. Disturbed. Seabed sediment Unit 8.

2.5Y 7/2 Light grey sand. Sand is fine to medium grained. Very occasional subangular flint up to 40mm

diameter. One angular piece of reworked sediment comprising laminated sand and organic black peaty silty

sand, 40x65mm diameter. Disturbed. Abrupt boundary. Seabed sediment Unit 8.

2.5Y 6/2 Light brownish grey sand. Sand is fine, medium and coarse grained (predominantly medium). Fining

upwards. Well sorted. Occasional angular flint up to 5mm diameter. Well sorted. Abrupt boundary. Seabed

sediment Unit 8.

2.5Y 6/2 Light brownish grey (becoming 2.5Y 6/4 Light yellowish brown from 1.00m onwards) sand. Sand is

medium grained. Well sorted. Occasional angular flint up to 25mm diameter. Contains some near vertical

oxidised banding, probably due to post coring drying of sediment. Abrupt boundary. Glaciofluvial outwash

Unit 3b.

2.5Y 5/1 Grey sand. Sand is medium and coarse grained. Well sorted. Occasional rounded flint up to 12mm

diameter. Fining upwards. Some feint convoluted bedding structure apparent between 3.10 and 3.15m and

diagonally bedded laminae of lighter/darker sand 3.30 to 3.36m. At 3.53 to 3.60 the metal core catcher is

embedded and the sediment is disturbed. Diffuse boundary. Glaciofluvial outwash Unit 3b.

2.5Y 5/1 Grey sand. Sand is medium to coarse grained. Sorted. Occasional subangular to rounded flint up to

20mm diameter. Occasional grey clay lumps up to 35mm diameter at 3.76 and 4.17m. Some laminar horizontal

bedding noted between 4.15 and 4.22m. From 4.50 to 4.95m some ?mollusc burrows are noted containing

grey silty clay. Abrupt boundary. Glaciofluvial outwash Unit 3b.

2.5Y 5/2 Brown clay with interbedded 2.5Y 5/1 grey sorted medium grained sand in predominantly horizontal

laminar beds (flood couplets). Some slightly wavy and convoluted bedding is also noted. The clay beds are up

to 30mm in thickness. Fining upwards. Abrupt boundary. Waterlain clay/sand Unit 2.

2.5Y 5/1 Grey sand. Sand is medium to coarse (predominantly medium) grained. Very well sorted. No

inclusions. Waterlain sand Unit 2a.
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VC2c: Palaeo-environmental assessment, analysis and dating results Figure 16
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VC3c: Vibrocore log, sediment description, dating, photograph, location, geophysical data example and interpretation Figure 17
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2.5Y 6/3 Light yellowish brown sandy gravel. Sand is medium to coarse grained. Gravel is subrounded to

subangular flint up to 30mm diameter. Poorly sorted. Gap in one half of the core. Disturbed. Occasional broken

molluscs up to 5mm diameter. Seabed sediment Unit 8.

2.5Y 5/1 Grey gravelly sand. Coarsening upwards with highest gravel content between 0.25 and 0.36m. Gravel

is predominantly subrounded to subangular flint up to 30mm diameter. Occasional subrounded quartz up to

18mm diameter. Poorly sorted. Glaciofluvial outwash Unit 3b.

2.5Y 5/1 Grey sand. Sand is medium grained. Occasional grey clay streak (at 0.65m). Moderate small up to

20mm diameter predominantly black subrounded to subangular flint. Very occasional small grey mudstone

lump (at 0.65m). Glaciofluvial outwash Unit 3b.

2.5Y 5/1 Grey sand. Sand is fine to medium (predominantly medium) grained. Massive. At 1.30m a 1mm thick

and 15mm wide horizontal streak of organic silt. At 1.95m grey clay lump 2 x 5mm. Sand dries to a beige

colour. Angled 5cm boundary. Glaciofluvial outwash Unit 3b.

2.5Y 5/1 Grey sand. Sand is fine to medium (predominantly) medium grained. From 2.58 to 2.65 grey clay in

horizontal beds up to 10mm in thickness. Feint horizontal bedding noted from 3.35 to 3.42m. A grey clay

streak at 3.55m and lumps of grey clay up to 2mm thick at 3.70m. Occasional small subangular flint up to

10mm diameter (at 4.16 and 4.83m). From 4.10 to 4.60m convoluted and wavy horizontal to vertical bedding

delineated by darker an lighter bands of sand up to 3mm in thickness. This may be a result of post coring

drying. At 4.75 and 4.77m small grey clay lumps, up to 10mm diameter. From 5.00 to 5.15m some orange

streaks of oxidised sand. Abrupt boundary. Glaciofluvial outwash Unit 3b.

2.5Y 5/1 Grey sand . Sand is medium to coarse grained including from 5.30 to 5.52 and 5.78 to 5.86m. 2.5Y

5/2 clay bands (up to 35mm in thickness) with interbedded fine to medium sand with evidence of burrowing.

Some evidence of burrowing. Small rounded black flint at 5.61m. Small 30mm diameter clay inclusion at 5.94m.

OSL dating at 33.57-33.67 mbOD returned an age of 735±134 ka. Waterlain sand Unit 2a.
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VC4c: Vibrocore log, sediment description, photograph, location, geophysical data example and interpretation Figure 18
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10YR 7/4 Mid greyish brown sand. Sand is fine to medium grained. Poorly sorted. Loose at top of core.

Moderate small oxidised mudstone inclusions up to 20mm diameter. Possible burrow at 0.83m containing

slightly coarser sand. Diffuse boundary. Seabed sediment Unit 8.

2.5Y 6/1 Mid grey sand. Sand is fine grained. Well sorted. Some colour changes noted probably due to water

content from 2.00 to 2.59m 2.5Y 6/2 mid brownish grey; 2.59 to 3.00m mid grey; 3.00 to 3.47m 2.5y 6/2 mid

brownish grey; 3.47 to 3.86m 2.5Y 6/1 mid grey. Occasional lenticular grey mudstone inclusions less than

30mm diameter. Laminar horizontal bedding noted from 2.11 to 2.22 and 3.14 to 3.75m including up to 2mm

thick silty sand bands. Disturbance at 3.18m, between 3.52 to 3.62m including parts of metal core catcher.

Small flecks of dark (possibly contaminant) organic material from 3.52 to 3.62m. Abrupt boundary.

Glaciofluvial outwash Unit 3b.

2.5Y 6/1 Mid grey sand. Sand is fine grained. Well sorted. Becomes greyer with depth (from 4.52m onwards).

Fining upwards. Lenticular grey clay lumps at 4.52, 4.61 and 4.77m up to 50mm diameter. Sand becomes

slightly coarser from 4.62 to 4.92m. Abrupt boundary. Glaciofluvial outwash Unit 3b.

2.5Y 4/2 Dark grey clay. Interbedded with grey sand (fine to medium grained) - flood couplets. Horizontally

bedded. Clay layers are up to 20mm in thickness. Fining upwards. Clay is wet,soft and more frequent between

4.92 and 5.02m. Abrupt boundary. Waterlain sand/clay Unit 2.

2.5Y 5/1 Grey sand. Sand is fine to medium grained. Occasional small wet grey clay lumps up to 12mm

diameter at 5.49, 5.59, 5.70 and 5.74m. Massive. Well sorted. Waterlain sand Unit 2.
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VC5c: Vibrocore log, sediment description, photograph, location, geophysical data example and interpretation Figure 19
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2.5Y 4/1 Dark grey sandy clayey gravel. Gravel is subrounded to subangular flint up to 25mm diameter. The

grey fine sandy clay matrix incorporates sediment from the underlying layer. Clear boundary. Seabed

sediment Unit 8.

2.5Y 4/1 Dark grey sandy clay. Sand is fine grained. Alternate horizontal beds of sand and clay 1 to 10mm in

thickness - tidal rhythmites. Occasional broken mollusc at 0.4, 0.51, 0.55 and 0.70m. Wet. Plastic. Part of

broken metal core catcher at 0.37m. Intrusive brownish yellow coarse sand 0.04 to 0.24m around edges of the

core. Small (3x1mm) charcoal at 0.6m. Slightly darker organic streaks from 0.45 to 0.53m. Angled clear

boundary. Estuarine alluvium/lagoon Unit 4.

2.5Y 4/1 Dark grey clayey sand. Sand is fine. Very frequent bivalve molluscs predominantly Ostrea edulis some

of which (at 1.94m) have both valves still joined . White fragile broken part fossilised? molluscan remains

frequent from 1.50 to 1.69m. Occasional to moderate pebbles (most frequent between 1.80 and 2.12m)

predominantly subrounded to subangular flint up to 10mm diameter, mostly 4-5mm diameter. Very occasional

rounded quartz up to 7mm diameter. Fining upwards. 2.00 to 2.08m gap. From 1.98 to to 2.25m there appears

to be much mixing of the layers. 2.00 to 2.12m increase in sand grain size to fine, medium and coarse

(predominantly medium and coarse) grained. Diffuse boundary. Estuarine alluvium/lagoon Unit 4.

2.5Y 4/4 Olive brown silty sandy gravel. Sand is medium, coarse and very coarse (predominantly coarse)

grained. Gravel is subangular to very rounded flint up to 55mm diameter. Occasional quartz subrounded to

very rounded up to 18mm diameter. Silt content decreases from 2.70 to 3.25m. Frequent broken and abraded

mollusc fragments up to 5mm diameter including at 2.73m Cerastoderma edule. Slightly sorted. Broken metal

core catcher at 2.97m. From 3.00 to 3.25m a colour change is noted (10YR 5/6 Yellowish brown) and less

broken molluscs are noted. Clear boundary. ?Shallow marine/estuarine alluvium Unit 3a.

2.5Y 7/4 Pale yellow sandy gravel. Gravel is predominantly rounded to angular flint up to 45mm diameter and

occasional subrounded to rounded quartz up to 45mm diameter. A singular subrounded granite pebble was

recorded at 3.27m, 50mm diameter. Moderate molluscs, mostly broken up to 12mm diameter most frequent

from 3.65 to 3.84m (including whole Ostrea edulis from 3.70 to 3.73m). Horizontally bedded. Sand is medium

to coarse grained predominantly medium grained. Very sandy between 3.94 and 4.00m. Some hoizontal

bedding of 100mm thick sandier and gravellier layers noted between 3.90 to 4.80m. At 4.82m one large flint

(60mm diameter) and quartz pebble. From 4.92 to 5.35m less gravel is noted although an increase in sand

grain size to medium coarse and very coarse (predominantly coarse) grained is noted. Abrupt boundary.

?Shallow marine/estuarine alluvium Unit 3a.

2.5Y 6/2 Light brownish grey sand. Sand is medium, coarse and very coarse (predominantly coarse) grained.

Moderate subrounded to subangular flint to 7mm diameter and very occasional subrounded quartz to 5mm

diameter. Gravellier towards base . Fining upwards. Slightly sorted. Occasional small broken molluscs up to

3mm diameter. Waterlain sand Unit 3a.
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10YR 7.8 Yellow sandy gravel. Sand is medium and coarse grained. Gravel is predominantly rounded to

angular flint, up to 60mm diameter. Very occasional subrounded to subangular quartz up to 5mm diameter.

Coarsening upwards. Slightly sorted. Very occasional (at 0.01m) iron oxide coated sand sheet, 8mm diameter.

Very occasional broken bivalve molluscs (at 0.3m). Clear boundary. Seabed sediment Unit 8.

5Y 6/3 Pale olive sand (2.5Y 6/4 Light yellowish brown at top from 0.79 to 0.89m). Sand is fine and medium

grained. Occasional subangular flint (most common between 1.01 and 1.08m) up to 10mm diameter. Well

sorted. Glaciofluvial outwash Unit 3b.

Gap

2.5Y 4/3 Olive brown sand. Sand is fine, medium and coarse (predominantly fine and medium) grained.

Occasional to moderate pebble inclusions, predominantly rounded to angular flint up to 61mm diameter. Very

occasional subrounded to rounded quartz up to 8mm diameter. Sorted. From 1.9 to 1.98m very gravelly.

Lighter in colour (due to water loss?) from 2.00 to 2.35m. Metal core catcher plugged at 2.16 to 2.27m. Feint

striping of orangey oxidised/ grey sand from 2.03 to 2.43m (?due to post coring water loss?). Angled clear

boundary. Glaciofluvial outwash Unit 3b.

2.5Y 6/3 Light yellowish brown sand. Sand is fine and medium grained. Feint horizontally bedded layers of

oxidised (2.5Y 5/6 light olive brown) sand up to 5mm in thickness. Occasional diagonal to vertical streaking of

oxidised sand is also visible. 2.70 to 2.76m part of metal core catcher. From 3.00 to 3.46m a colour change to a

more grey/beige colour (10YR 5/8 Yellowish brown) is noted with the oxidised orange layers becoming more

visible and prominent. Clear boundary. Glaciofluvial outwash Unit 3a.

10YR 4/6 Yellowish brown/2.5Y 6/2 Light brownish grey sand. Sand in fine to medium (predominantly medium)

grained. Oxidised horizontally bedded orange layers up to 20mm in thickness comprise c. 60% of the sediment.

The layers have been dragged by coring. From 4.90 to 5.00m there is a gap. At 5.09m the oxidised sand has

formed around a 15x2mm inclusion of grey silt. From 5.11 to 5.23m the sediment is predominantly grey sand

with little oxidisation. Glaciofluvial outwash Unit 3a.
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2.5Y 6/4 Light yellowish brown sandy gravel. Sand is medium and coarse grained. Gravel is subrounded to

rounded flint up to 20mm diameter. Clear boundary. Seabed sediment Unit 8.

2.5Y 3/1 Very dark grey silty clayey sand. Sand is fine to medium grained. Frequent mollusc inclusions and

worm tubes. Ostrea edulis at 0.23, 0.43 and 0.63 to 0.68m. Cerastoderma edule at 0.38, 0.51, 0.73, 0.78 and

0.93m. Worm tubes at 0.27, to 0.36, 0.60 to 0.72m. Very occasional scallop. Twigwood at 0.62m. Plant ?root at

0.72m wood (10x50mm) at 1.00m. 20mm diameter burrows infilled with lighter medium grained sand from 0.38

to 0.42 and 0.74 to 0.87m. From 1.00 to 1.14m no molluscan inclusions. Clear boundary. Estuarine alluvium

Unit 4.

2.5Y 6/1 Grey sand. Sand is medium to coarse grained. Well sorted. Occasional dark organic streaks and clay

lumps up to 5mm diameter. Clear boundary. Estuarine alluvium Unit 4.

2.5Y 5/1 Dark grey sandy gravel. Sand is medium and coarse grained. Gravel is predominantly rounded to

angular flint up to 45mm diameter. Occasional subrounded to rounded quartz up to 10mm diameter. Lighter

colour from 2.00 to 2.60m (due to water loss). Slightly sorted. Abrupt boundary. Waterlain ?glaciofluvial

gravel Unit 3a.

2.5Y 6/2 Light brownish grey gravelly sand. Sand is medium to coarse (predominantly medium) grained. Gravel

is rounded to subangular flint up to 30mm diameter concentrated in horizontally bedded bands at 3.35 to 3.38

and 3.70 to 3.80m. Horizontal banding of lighter and darker sand visible from 3.12 to 3.42m. Clear boundary.

Glaciofluvial outwash Unit 3b.

2.5Y 6/1 Light grey sand. Sand is medium to coarse (predominantly medium) grained. Well sorted. Metal core

catcher plugged from 4.00 to 4.10m. From 4.00 to 4.27m the sediment is slightly lighter in colour due to water

loss. Occasional rounded flint up to 15mm diameter (at 4.06, 4.22 and 4.60m), Clear boundary.

Glaciofluvial outwash Unit 3b.

2.5Y 6/2 Light brownish grey sandy gravel. Sand is medium, coarse and very coarse grained. Gravel is

predominantly subrounded to subangular flint and c.15% subrounded quartz up to 8mm diameter. Slightly

sorted. Waterlain sand Unit 2a.
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VC7c: Palaeo-environmental assessment, analysis and dating results Figure 22
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10YR 6/4 Light yellowish brown gravelly sand. Sand is medium, coarse and very coarse (predominantly

coarse) grained. Very frequent small subrounded to subangular flint up to 12mm diameter. Occasional

subrounded quartz up to 8mm diameter. Frequent broken and abraded mollusc fragments up to 3mm

diameter. Sorted. Abrupt boundary. Seabed sediment Unit 8.

10YR 5/4 Yellowish brown sandy gravel. Sand is medium, coarse and very coarse (predominantly coarse)

grained. Gravel is predominantly subrounded to subangular flint up to 25mm diameter. Occasional

subrounded to rounded quartz up to 4mm diameter. Frequent broken molluscs including bivalves up to 10mm

diameter. Poorly sorted. Clear boundary (dragged downwards at edges of core). Shallow marine lag gravel

Unit 7.

2.5Y 4/1 Dark grey sand. Sand is fine, medium and coarse (predominantly medium) grained. Moderate small

subangular flint to 6mm diameter, mostly between 0.69 and 0.77m. Very occasional subrounded quartz up to

5mm diameter. Frequent broken and whole molluscs including gastropods at 0.71 and 0.75m and Veneridae

type bivalve at 0.76m. There is some evidence of horizontal bedding delineated by the molluscs. Twigwood at

0.79m. Frequent echinoid spines especially at 0.79m. Becoming slightly silty from 0.84 to 0.87m. Sorted.

Shallow marine/outer estuarine Unit 7.

2.5Y 4/1 Dark grey sandy clayey peaty silt. Horizontally bedded and finely laminar. Sand is lighter grey (2.5Y

6/1 grey) fine grained and in 1 to 2mm thick laminae interspersed with grey clayey silt and (10YR 4/4 brown)

fine organic peat layers up to 3mm in thickness, mostly c. 2mm in thickness with thicker bands at 1.05 and

1.30m. These thicker beds are also interspersed with mollusc fragments and what appear to be echinoid

spines. The peat layers appear to comprise identifiable leaf and stem remains - possibly of reeds. Grey clayey

silt beds are up to 20mm thick and display microlamination. At 1.30m one singular small subangular black flint

7mm diameter. Tidal rhyhmitic deposition. Intertidal mudflat/saltmarsh Unit 7.

Gap

2.5Y 4/1 Dark grey clayey silty gravelly sand/ Sand is fine, medium, coarse and very coarse (predominantly

medium) grained. Gravel is predominantly rounded to angular flint up to 6mm. Occasional subangular to

rounded quartz up to 4mm diameter. Frequent broken and whole molluscs including Cerastoderma edule (at

1.38, 1.49 1.64, 1.96 and 2.00m) and other bivalves. Poorly sorted. Very wet. Boundary lost at 2.00m.

Shallow marine/outer estuarine Unit 7.

Gap

2.5Y 4/3 Olive brown gravelly sand. Sand is medium, coarse and very coarse (predominantly coarse) grained.

Some darker grey patches, similar to overlying sediment. Broken and whole molluscs frequent especially from

2.04 to 2.15m including Ostrea edulis and other bivalves. Gravel is subangular to rounded flint up to 10mm

diameter. Poorly sorted. Clear boundary. ?Reworked shallow marine/estuarine alluvium Unit 3b.

2.5Y 4/1 Dark grey sandy gravel. Sand is medium, coarse and very coarse (predominantly coarse). Gravel is

subangular to rounded flint up to 41mm diameter, mostly c. 8mm diameter. No other inclusions. Clear

boundary. ?Reworked shallow marine Unit 3b.

2.5Y 7/3 Pale yellow gravelly sand/sandy gravel . Sand is medium, coarse and very coarse (predominantly

coarse) grained. Gravel is predominantly rounded to angular (mostly subrounded to subangular) flint up to

30mm diameter. Occasional rounded to subangular quartz up to 15mm diameter and very occasional

subrounded quartzite up to 60mm diameter. Occasional broken molluscs, very abraded up to 15mm diameter

at 4.58m, mostly c. 1-2mm and more frequent from 4.40 to 4.65m. Intermittent bands of gravellier (2.70 to

3.20, 4.98 5.21 and 5.48 to 5.65m) and sandier (4.30 to 4.80, 4.90 to 4.98 and 5.21 to 5.40m) sediment.

Slightly sorted. Clear boundary. Reworked shallow marine Unit 3b.

2.5Y 5/1 Grey sand. Sand is medium to coarse (predominanly medium) grained. Fining upwards. Occasional

to moderate subangular to subrounded flint up to 6mm diameter. Between 5.65 to 5.69m frequent black

angular?quartzite up to 25mm diameter. Very frequent molluscs broken and whole, and horizontally bedded

(dragged downwards by coring). Shallow marine/outer estuarine Unit 2a.
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2.5Y 6/3 Light yellowish brown sandy gravel. Sand is fine to medium grained. Gravel is rounded to angular flint

up to 15mm diameter. Occasional broken mollusc. Shallow marine seabed sediment Unit 8.

2.5Y 5/2 Greyish brown sandy gravel. Sand is medium coarse and very coarse (predominantly coarse) grained.

Gravel is predominantly rounded to subangular flint, up to 60mm diameter and 20% rounded to subangular

quartz up to 45mm diameter. Slightly sorted. Glaciofluvial alluvium Unit 6.

2.5Y 5/1 Grey sand. Sand is medium grained. Well sorted. Horizontal layering at 1.22 and 1.60 to 1.70m of

alternate lighter (up to 10mm thick) and darker siltier (up to 2mm thick) bands. Dries out to a light beige colour.

Occasional small (up to 2mm diameter) flecks of black organic material. Diffuse boundary. Glaciofluvial

outwash Unit 3a/3b.

2.5Y 6/1 Grey sand. Sand is medium to coarse grained. Sorted. Contains occasional to moderate rounded to

angular flint up to 12mm diameter most common between 3.00 and 3.40m. Occasional grey clay lumps up to

25mm diameter at 3.80m. Clear boundary. Glaciofluvial outwash Unit 3a/3b.

2.5Y 6/3 Light yellowish brown sandy gravel. Sand is medium, coarse and very coarse (predominantly coarse)

grained. Gravel is predominantly subrounded to subangular flint up to 25mm diameter. 10% subrounded quartz

up to 10mm diameter. Poorly sorted. Occasional grey clay lumps up to 25mm diameter (at 4.55m). Angled

clear boundary. Glaciofluvial outwash Unit 3a/3b.

2.5Y 3/3 Dark olive brown silty clay. Interbedded with fine to medium grained sand. Two clay bands c.15mm in

width. The upper band is heavily oxidised, the lower band only slightly. Abrupt boundary. Waterlain sand

subsequently subaerially exposed Unit 2.

2.5Y 6/1 Grey sand. Sand is fine and medium grained. Well sorted. Horizontally bedded lenticular fine sand

from 5.03 to 5.08m. Lenses and layers of horizontally bedded silty/sand 5.24, 5.34, 5.42 and 5.53m. Organic

diagonal streak at 5.24m. Shallow marine/outer estuarine Unit 2a.
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VC9c: Palaeo-environmental assessment, analysis and dating results Figure 26
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VC10c: Vibrocore log, sediment description, photograph, location, geophysical data example and interpretation Figure 27
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Sub-bottom profiler (boomer) data example at VC10c (Stage 1 survey dataset)
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10YR 7/4 Very pale brown sandy gravel. Sand matrix is fine, medium and coarse (predominantly medium)

grained. Gravel is predominantly rounded to subangular flint up to 35mm diameter. 10% subrounded to rounded

quartz up to 10mm diameter. Occasional broken molluscs up to 5mm diameter. Slightly sorted. Clear boundary.

Seabed sediment Unit 8.

2.5Y 6/4 Light yellowish brown sand. Sand is fine to medium (predominantly medium) grained. Occasional small

pebbles comprising subrounded to subangular flint up to 12mm diameter. Pockets of small gravel from 0.28 to

0.32 and 0.99 to 1.00 and at 1.12m. Occasional small broken molluscs 2-3mm especially filling a burrow from

0.72 to 0.84m. Small 8mm diameter orangey brown inclusion of oxidised sandy clay at 0.46m. Some indication

of horizontal bedding from 0.45 to 0.80m and 1.58 to 1.67m. Fining upwards. Well sorted. 1.00 to 1.87m streaks

of near vertical darker orange sand probably due to drying out. Abrupt angled boundary (mainly colour change).

Glaciofluvial outwash Unit 3b.

2.5Y 6/1 Grey sand. Sand is fine, medium and coarse (predominantly medium) grained. Occasional small

pebbles comprising subangular flint up to 15mm diameter (at 2.14, 2.19, 2.66 and 2.70m). From 2.50 to 2.87m

the sediment becomes slightly darker grey - probably due to a higher water content. Clear boundary.

Glaciofluvial outwash Unit 3b.

2.5Y 6/1 Grey sandy gravel. Sand is medium, coarse and very coarse (predominantly medium) grained. Gravel

is rounded to angular flint up to 65mm diameter and very occasional subrounded to subangular quartz up to

23mm diameter quartz. Occasional broken molluscs up to 5mm diameter (at 2.95, 3.20 and 4.38m). Very

gravelly between 3.08 to 3.40m, 3.70 to 3.96m and 4.20 to 4.40m. From 3.00 to 3.70m a beige colour is noted

due to water loss. Sand becomes very coarse between 3.40 and 4.10m. Poorly sorted. Gradual boundary.

Glaciofluvial outwash Unit 3a.

2.5Y 3/2 Very dark greyish brown sandy gravel. Sand is medium coarse and very coarse (predominantly coarse

and very coarse) grained. Slightly sorted.Gravel is predominantly subrounded to subangular flint up to 25mm

diameter (mostly c. 5mm diameter). Occasional subrounded quartz up to 7mm diameter. Waterlain sand Unit 2a.
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Seabed Prehistory: Great Yarmouth GY_VC1: Vibrocore log, sediment description, photograph, location, geophysical data example and interpretation Figure 30
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Sub-bottom profiler (parametric sonar) data example at GY_VC1
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2.5Y 5/4 Light olive brown sandy (c) gravel. Gravel is angular to subrounded (<80mm) Poorly sorted. Clear boundary.

Seabed Sediment Unit 8.

2.5Y 5/4 Light olive brown sand (mc). Occasional subangular gravel inclusions (<25mm). Moderately sorted. Clear boundary.

Seabed Sediment Unit 8.

2.5Y 5/4 Light olive brown sandy (c) gravel. Gravel is subangular to subrounded (<50mm). Poorly sorted. Sharp boundary.

Seabed Sediment Unit 8

5Y 4/2 Olive grey gleyed clay. Reddish (oxidised?) patches. Very occasional subangular gravel inclusions (<30mm) in the upper

1.06-1.10. Very well sorted. Sharp boundary. Estuarine alluvium Unit 4.

5Y 3/1 Very dark grey silty clay. Occasional shell fragments, very well sorted. Ostrea edulis at 1.28-1.32, 1.36-1.41, plant remains at

1.27. Diffuse boundary. Estuarine alluvium Unit 4.

5Y 2.5/1 Black clayey silt. Very organic. Frequent shell fragments, very well sorted. Sharp boundary. Estuarine alluvium Unit 4.

Dense shell (bivalves - including Cerastoderma edule and hydrobiids. Sediment matrix same as above and below. Sharp boundary.

Estuarine alluvium Unit 4.

5Y 2.5/1 Black clayey silt. Very organic content. Frequent shell fragments. Very well sorted. Gradual boundary. Estuarine alluvium

Unit 4.

2.5Y 2.5/1 Black clayey silt. Very organic. Friable and dry. Frequent shell inclusions and brighter bands at 2.19, 2.21, 2.22, 2.24. Plant

remains (including degraded herbaceous stem) at 2.25. Well sorted. Diffuse boundary. Estuarine alluvium Unit 4.

5Y 3/1 Very dark grey clayey sandy silt. Black irregular and broken (organic?) bands at 2.47, 2.51, 2.55. Occasional shell fragments

especially around the laminae/lenses. Mottled black. Very well sorted. Abrupt boundary. Estuarine alluvium Unit 4.

5Y 2.5/1 Black clayey silt. Very organic. Moderate slightly sandy bands (5-10mm) at 2.64, 2.66, 2.71, 2.76, 2.90, 2.94, 3.04, 3.06, 3.09,

3.11. Occasional shell fragments throughout especially within the sandy bands. Dark (organic?) lamination at 2.66 (2mm), dark flecks at

2.74, 2.76. Brighter bands (2mm) at 2.69, 3.07. Slight black mottling. Well sorted. Abrupt boundary. Estuarine alluvium Unit 4.

5Y 2.5/1 Black clayey silt. Very organic. Moderate slightly sandy bands (5-10mm) at 3.15 and 3.20 containing subangular to

subrounded gravel inclusions (<24mm). Occasional shell fragments. Slightly black mottling. Well sorted. Clear boundary. Glaciofluvial

outwash Unit 3b.

5Y 5/1 Grey sand (m). Irregular bands (5-10mm) of brownish silty clay at 3.24, 3.27, 3.29, 3.30, 3.33, 3.34, especially at 3.24 bounded

by fine dark (organic?) bands. Clear boundary. Glaciofluvial outwash Unit 3b.

5Y 3/1 Very dark grey sand (mc). Silty lenses and frequent subrounded to subangular gravel inclusions (<60mm). Poorly sorted. Abrupt

boundary. Glaciofluvial outwash Unit 3b.

5Y 4/1 Dark grey sand (m), very slightly silty, no visible inclusions. Very well sorted. Abrupt boundary. Glaciofluvial outwash Unit 3b.
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Sub-bottom profiler (parametric sonar) data example at REC_VC18

Other Licence Areas

Channel B

Sub-bottom profiler data example location

0.00

0.68

mbSBmbOD

Area 240

Vibrocore location (ECREC)

1.13

1.55

2.23
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35-38, 42-43, 58-60 & 65-65 cm. No inclusions, shells or pebbles. Clear boundary.

0.68 - 1.13 m Gley 2 5/1 5BG greenish grey f-m sand with gradual lightening of colour. Very well sorted. Homogeneous

quartz rich with subrounded grains, low sphericity. Few horizontal layers of darker organic(?) silty sand esp. 129-130 cm,

lenses or patches of organics.

1.13 - 1.55 m 10YR 6/2 light brownish grey m-c sand. Poorly sorted. Very compacted, rounded flint pebbles up to 20 mm

dia, abundant shells and shell frags layered horizontally. Gradual boudary change from 152 cm, getting lighter with smaller

clast sizes.

1.55 - 2.23 m 10YR 6/6 brownish yellow m-c sand. Mod sorted. Band of tiny shell frags at 164-174 cm, with other shell

frags throughout. Abundant c.30% rounded and sub-angular flint pebbles up to 30 mm dia. Base of unit = iron pan frags

and oxidised flat clay inclusion.
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Comparison of Area 240 interpretation with existing British Geological Survey interpretation
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Transect 1 showing vibrocores and selected grab samples Figure 37
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Plates 1-4

Not to scale

Plate 1: Worked flint from Area 240 Plate 2: Worked flint from Area 240

Plate 3: Worked flint from Area 240 Plate 4: Worked flint from Area 240
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Plate 7: T1_G22 flint (view 1) Plate 8: T1_G22 flint (view 2)

Plates 5-8

See scale bar

Plate 6: Worked flint from grab sample
CG6 (view 2)

Plate 5: Worked flint from grab sample
CG6 (view 1)
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Plate 12: T1_G5 flint (view 2)Plate 11: T1_G5 flint (view 1)
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Plates 9-12
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Plate 10: T1_G23 flint (view 2)Plate 9: T1_G23 flint (view 1)
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Plates 13-17

Plate 16: T1_G5 cervid/bovine centrotarsus (view 2)Plate 15: T1_G5 cervid/bovine centrotarsus (view 1)

See scale bar

Plate 17: T1_G8 Porosphaera globulari

Plate 14: T1_G21a flint (view 2)Plate 13: T1_G21a flint (view 1)
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