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Marine Geophysical Survey and the Historic 
Environment

What are marine surveys, the UK legislative framework and archaeological 
expectations of offshore investigations 



What are marine surveys?



What’s happening offshore?

• Marine Renewables 

Offshore wind farms 
Wave power generators 
Tidal Power generators

• Marine Aggregates

• Oil and gas exploration

Exploratory wells

• Linear Schemes

Cables 
Pipelines 
Sewerage outfalls

• Capital Dredging 

Ports, harbours, marinas

Different impacts for each type of 

scheme 

Scale of development 

Area, point, narrow line impact 



Marine Renewables



The purpose of marine surveys

• Why do we carry them out?



The purpose of marine surveys

• Four key elements:

• Quantification of the 
resource 

• A legislated responsibility

• Determination of potential 
impact

• To enable effective 
management through 
informed decisions 
(mitigation)



Why do we carry them out?

• To better understand the archaeological record (and 
often the potential impact of development on it)



What constitutes the 
archaeological record?

• Material culture?

• Anthropogenic material?

• the broader context?

• Need to think about significance and 
value

Data courtesy of the MCA – Image by Dr Amelia Astley



What constitutes the 
archaeological record?

• What is the time depth of the 
archaeological record in the UK?

Source: Norwich HER



The Marine Policy Statement 
(MPS) 2011 

• The ‘historic environment’ is defined as:

“‘all aspects of the environment resulting from the interaction between people 
and places through time, including all surviving physical remains of past 
human activity, whether visible, buried or submerged” (page 21)

• This broad statement aligns with the definitions used in The European 
Convention on the Protection of the Archaeological Heritage (revised) 1992 
[which the UK is a signatory for] and the 2001 UNESCO Convention on the 
Protection of the Underwater Cultural Heritage [which the UK has not signed, 
but states it agrees with in principal]

• The MPS defines Heritage Assets as “those elements of the historic 
environment – buildings, monuments, sites or landscapes – that have been 
positively identified as holding a degree of significance meriting 

consideration” [emphasis is my own]



The Marine Policy Statement 
(MPS) 2011 

• ”heritage assets are a finite and often irreplaceable resource and can be 
vulnerable to a wide range of human activities and natural processes.” 
page 21

• “The view shared by the UK Administrations is that heritage assets should be 
enjoyed for the quality of life they bring to this and future generations, and that 
they should be conserved through marine planning in a manner appropriate 

and proportionate to their significance” [emphasis is mine]
page 21



The purpose of marine surveys:
enjoyed?

Source:  https://sketchfab.com/models/26c020cee6604c47933ec7defe5dbbfc#
HMD John Mitchel (1917), Armed Drifter – recorded by the Maritime Archaeology Trust

https://sketchfab.com/models/26c020cee6604c47933ec7defe5dbbfc


The purpose of marine surveys:
significance

Source:  https://sketchfab.com/models/55d8f9d5ae91491da186d4f4cc3a7375#
Mesolithic wood from Bouldnor Cliff – recorded by the Maritime Archaeology Trust and University of Southampton

https://sketchfab.com/models/55d8f9d5ae91491da186d4f4cc3a7375


The UK legislative framework

The UK has a devolved approach to the management of Underwater Cultural 
Heritage (UCH) – it is different in England, Scotland Wales and Northern Island.

The UK has a designation based approach to the management of UCH (rather 
than categorical).

Understanding the key pieces of legislation requires a knowledge of their history 
and marine zones



Marine Zones

Internal waters (landward of baseline 
e.g. many estuaries etc.)

Territorial Sea (12 nautical miles)

Continental Shelf (up to 200 nm)

Exclusive Economic Zone (12-200 
nm)



The UK legislative framework

• The Merchant Shipping Act (1995) – Part IX Salvage law
Material must be declared to the Receiver of Wreck within 28 days 



In the news recently



1969 The Association



1969 The Amsterdam



1969 The Amsterdam



The UK legislative framework

• The Protection of Wrecks Act (1973)

• “It is an offence for unauthorised persons to tamper with, damage or 
remove any part of the wreck or its contents; to carry out diving or salvage 
operations; and to deposit anything which would obliterate or obstruct 
access to the site.  Activity can only be undertaken under licence.”

• Administered by DCMS

• Advised by Historic England – who in turn commission a diving contractor 
to:

• Monitor and assess sites

• Liaise with Licensees



The UK legislative framework

• The Protection of Wrecks Act (1973)

• Three types of licence can be awarded:

• Survey

• Surface recovery

• Excavation

• Permission would also be required from the Marine Management Organisation 
(MMO)

• 52 protected wreck sites in England (2017)



The Ancient Monuments and 
Archaeological Areas Act (1979)

• Used to protect 
(schedule) sites on land, 
but can/could be applied 
below the low water mark

• Is used to protect 
wrecks in Scotland 
(currently 8 protected in 
this way)

• Is used to protect inter-
tidal prehistoric 
structures on the isles 
of Scilly (England)

http://www.cismas.org.uk/samson-flats-survey.php



The Protection of Military Remains 
Act 1986

• Military ships sunk after 4th August 1914 – also vessels lost in last 200 years 
(controlled sites)

• Automatic implementation 

• RAF in charge of planes

• MoD – vessels

• Offence to damage or unearth, or enter – can’t dive or excavate near them

• Corresponds to what people often call ‘War Graves’ – but this not a legally 
used term within the UK.

HMS Gloucester Image courtesy of the Fleet Air Arm



The National Heritage Act 2002

• Brought heritage management together under Historic England

• Extended Historic England's remit out to the territorial waters (12 nautical 
miles)



Environmental Impact Assessment 
(EIA) regulations (1985)

• European Law introduced through Council Directive 85/337/EEC

• Member states must implement this law – in the UK this has been done 
through transposition into domestic law

• Transport and Works Act 1992

• Planning Act 2008

• MCAA 2009

• EIAs involve three stages: Screening, Scoping and Submission (with 
submission being the major element)

• Consultation with Historic England will take place through all three stages



Marine and Coastal Access Act 
(MCAA 2009)

• Makes explicit reference to the management of UCH

• MCA implementation varies across England, Scotland, Wales and Northern 
Ireland via different ‘Marine Acts’ 

• The Marine (Scotland) Act 2010 – introduced Historic Marine Protected 
Areas (HMPAs), looking to replace the use of Scheduling under AMAA 
(1979)

• In the rest of the UK, the PWA 1973 remains the key piece of legislation.



Authorities and Organisations

• Cultural Heritage managed by:

• England = Historic England

• Scotland = Historic Scotland

• Wales = Cadw

• Northern Ireland = Department of the Environment, Northern Ireland 
(DOENI)

• Marine management is also devolved: England = Marine Management 
Organisation (MMO); Scotland = Marine Scotland; Wales = Natural Resources 
Wales; Northern Ireland = Marine Division of DOENI

Useful source: Firth, A. 2014 http://honorfrostfoundation.org/wp/wp-content/uploads/2014/04/Safeguarding-Underwater-Cultural-Heritage-in-the-UK-Factual-Background-220414.pdf 



Environmental Impact Assessment

• Principle means of addressing archaeology in relation to offshore development

• A series of reports are commissioned and compiled to produce an 
Environmental Statement (ES)

These provide a combination of archaeological  and non-archaeological  
maritime and terrestrial data sources.   These are  used to establish known and 
potential archaeology



Environmental Impact Assessment
& Strategic Environmental 
Assessment

• Specialist knowledge is required due to source and data issues 

• Positional issues are key

• Importance and significance: problematic at DBA level

• Proposed mitigation within the EIA/ES frames conditions placed on license –
often detailed in full in subsequent Written Scheme of Investigation.

• Additional studies normally included: 
• Marine geophysical data 
• Marine geotechnical data



Standards and expectations:
from the archaeological community

Desk-based assessment will determine, as far as is reasonably possible from 
existing records, the nature, extent and significance of the historic environment 
within a specified area. 

Desk-based assessment will be undertaken using appropriate methods and 
practices which satisfy the stated aims of the project, and which comply with the 
Code of conduct and other relevant regulations of CIfA. 

In a development context desk-based assessment will establish the impact of 
the proposed development on the significance of the historic environment (or 
will identify the need for further evaluation to do so), and will enable reasoned 
proposals and decisions to be made whether to mitigate, offset or accept 
without further intervention that impact. 

http://www.archaeologists.net/sites/default/files/CIfAS&GDBA_2.pdf



Determining significance 
and interest 



Thinking about significance:
archaeological expectations
• Remember why we are doing 

this work!

• Often it is context and period 
specific

• We have to consider what 
helps us to understand the past 
and its variability.

• We might also be interested in 
deep time  
environmental/landscape 
change

• Sometimes it is the nature of 
the story itself. 



Introduction: What are marine surveys, 

the UK legislative framework, 

archaeological expectations of offshore 

investigations

Christopher Pater

Head of Marine Planning – Historic England

25th January 2017

National Oceanographic Centre (Southampton)



Historic England – matters to cover:

• The role of Historic England

• Underwater cultural heritage as part of the marine environment

• Historic England’s Conservation Principles

• National Marine Policy

• Assessment Exercises

• Written Schemes of Investigation and Reporting Protocols

• The results of completed assessments



English Heritage Trust and Historic England –

from 1st April 2015

English Heritage Trust is now a 

charity caring for the National 

Heritage Collection of more 

than 400 historic properties 

and their collections.

Historic England is an 

independent non-departmental 

public body retaining the formal 

title of the Historic Buildings 

and Monuments Commission for 

England and is the government 

service championing England’s 

heritage and giving expert, 

constructive advice. 

Historic England – South East Office: Eastgate Court, Guildford



Historic England – what we do:

• advice to local and national government on important parts of 

our heritage and how change might affect them;

• forging partnerships – public and private;

• pass on expertise and support training in conservation 

capabilities;

• hold accessible archive material and data sources; and

• undertake assessment, investigations and scientific research

Development advice: e.g. London Gateway Port,

Thames estuary

Marine geotechnical

Survey training 

for archaeologists



WW1 U –boat 

investigation by ROV 

(England)

Diver investigation 

programme  (Scotland)

Foreshore survey 

Programmes (NAS UK)

Public publications from 

research

The Marine Historic Environment

“The United Kingdom’s seas represent a valuable facet of our 
cultural heritage. There are the thousands of shipwrecks and 
remains of aircraft that one might immediately think of, but there 
are also drowned prehistoric landscapes containing artefacts that 
are more than 8000 years old…”

Source: The House of Commons Environment, Food and Rural Affairs 
Committee Marine Environment. Sixth Report of Session 2003–2004

Geophysics survey programme  

(Northern Irelands)



National Record for the Historic 

Environment - England
Maritime records (total): 46,000

Wrecks: 38,000

Casualties, position to be verified: 

32,000 

Wrecks position known: 6,000

Designated Historic Shipwrecks 

(DHS) (England): 52

British aircraft: 1,100

Fishermen’s fastenings: 7,400

Isolated finds etc.: 1,300

Sterling Castle

(1703) - DHS

Uncharted wreck

(Found 2015)National Record for the 

Historic Environment 

Designated  

wreck
Named location:

Multiple records

www.pastscape.org.uk

SS. Somali (1941)

(Non designated)

Known wreck



Protection of Wreck Act 1973:

Designated Wreck Sites (England)

1
3

4

2

1. HMS Colossus

(1798) Diver Trail

2. Swash Channel wreck

3 2
1

3. HMT Arfon (1917)



Designated Wreck Sites: 1973 Act and 1979 Act

4. Seaton Carew (C. 19th)

1973 Act PART 1: Historic shipwrecks

4

SS Richard Montgomery 

New Scheduled Sites in SW England (1979 Act): 

Two 18th century merchant ships on the beach at 

Westward Ho! (right) and a medieval fishing boat 

in a mud bank on the Axe River (Devon)

Marine (Scotland) 

Act 2010 provides 

for designation of 

Historic Marine 

Protected Areas 

(replaces 1973 Act 

Part 1.)

1973 Act PART 2: Dangerous shipwreck

S.S. Richard Montgomery, 1944

Devon County Council



Protection of Military Remains Act 1986

Two types of control available under this Act:

• Controlled Sites (UK Territorial Sea only) – all access controlled by licence

• Protected Places (UK and international) – open access, but do not disturb

Rolling programme of further designations by Ministry of Defence

Bosun.net

Protected Place - HMS Umpire, sunk 

off Norfolk, England in 1941 with the 

loss of 22 crew

Controlled Site - HMS Formidable, attacked 

by U-boat in Lyme Bay on 1st January 1915 

with loss of over 547 crew

Crashed military aeroplanes are 

automatically afforded Protected 

Place status. Hawker Hurricane, 1940



Historic England and Conservation Principles

published 2008

• The historic environment is a shared resource;

• Everyone should be able to participate in sustaining 

the historic environment;

• Understanding the significance of places is vital;

• Significance places should be managed to sustain 

their value;

• Decisions about change must be reasonable, 

transparent and consistent; and

• Documenting and learning from decisions is essential.

Blencowe Hall, Penrith

Constructive Conservation 

in practice

Constructive conservation: a positive and collaborative 

approach to conservation that focuses on actively 

managing change.  The aim is to recognise and reinforce 

the historic significance of places, while accommodating 

the changes necessary to ensure their continued use and 

enjoyment – “Preserving significance is what we do, 

Constructive Conservation is how we do it”



Heritage Assets

heritage asset – “The existence and/or location of many heritage assets are often unknown 

prior to investigation preceding development as part of an archaeological assessment”

Historic England guidance  describes different vessel types and how particular interest 

might be identifiable e.g. transition between wood, iron and steel construction; 

development of steam engine propulsion; and different vessels for different maritime roles.

The two guides identify interests associated with ships and boats constructed before and 

after 1840: older, rarer vessels types are more likely to be identified as heritage assets; post-

1840 vessels must demonstrate  particular and unique characteristics.

A 3D scan of HMS Falmouth (sunk by U-boat off 

Bridlington in 1916) superimposed on a seabed survey 

carried out in partnership with the Maritime and 

Coastguard Agency © Historic England



The Battle of 

Flamborough 

Head

23rd September 

1779

International search teams since 1976:

Ocean Technology Foundation

US Navy Historical Centre

French Navy

Global Foundation for Ocean Exploration

Woods Hole Oceanographic Inst.

University of New Hampshire

Clive Cussler

John Paul Jones Memorial: Washington DC

Most recent 

survey mission 

by US & French 

Navies –

September 2016



Marine Planning in the UK considers all aspects of the 

historic environment to ensure policy addresses how 

we managed this shared resource: from prehistory to 

yesterday and all in the same space

8000 

calBP

12000 

calBP

16000 

calBP

Image: University of Southampton



National UK Marine Policy

“…society getting more benefit from the use of the marine 

environment than previously, whilst its rich natural and 

cultural heritage are better protected...”

“People appreciate the value of the marine environment, 

its natural and cultural heritage and its resources and act 

responsibly.”

2.6.6.5 “The absence of designation for such (heritage) 

assets does not necessarily indicate lower significance and 

the marine plan authority should consider them subject to 

the same policy principles as designated heritage assets.”

2.6.6.7 “In considering the significance of heritage assets 

and their setting the marine plan authority should take into 

account the particular nature of the interest in the assets 

and the value they hold for this and future generations”

Significance is the value of a heritage asset to this and future generations because of its 

heritage interest. That interest may be archaeological, architectural, artistic or historic.



Strategic Assessment (SEA, 2016)

• More detail provided about prehistoric 

environments as might be encountered offshore 

(in, under and exposed on contemporary seabed)

• More detail provided about maritime historic 

environment (vessels and aircraft)

• Uses information generated by the former 

Aggregates Level Sustainability Fund and guidance 

published by COWRIE Group

• Development Consent Orders (DCO) and inclusion 

of conditions to deliver archaeological mitigation 

• UK Marine Policy Statement and National Policy 

Statements (e.g. EN-3) capture the concept that 

subject to satisfactory conclusion of 

archaeological mitigation it is possible for 

positive impact (i.e. knowledge gain) from 

seabed energy infrastructure developments.

Inshore and Offshore 

Marine Plan areas



Information,  Data and Knowledge
The seabed development area: 

available records
Guidance for EIA preparation

Geotechnical

Survey & Interpretation Guidance

Geophysical

The design envelope 

approach makes draft 

preparation of a WSI 

essential as part of EIA



Archaeological Written Schemes of Investigation

• The WSI to be agreed with the MMO as part of any scheme, plan or 

programme detailed in the Deemed Marine Licence (DML).

• Other relevant Project Plans required by DML to include information about  

agreed Archaeological Exclusion Zones. (AEZs) .

• The DML to set the timeframe for WSI to be delivered to the MMO.

• WSI is relevant to post construction surveys – demonstrate avoidance of AEZs.

• DML will detail obligations to deliver agreed reports to archives 

WSIs detail the archaeological analysis of different survey 

techniques completed post-consent to inform final design of the 

project and how it is delivered



Protocol for Archaeological Discoveries 

Examples of shipwrecks 

studied, examined and 

cleared with report of 

work completed

Source: DP World

Source: DP World

Recovery and Recording 

Sets out the action to be taken if discoveries occur while works are underway

The agreed WSI will set out the procedures to follow in 

accordance with professional standards

Pre-lay grapnel 

run
Protocol enacted during all 

stage s of project delivery

Finds at 

London 

Array 

reported 

through 

protocol

In-situ examination 

during UXO survey



Publications – promoting completed work

• Press releases – Newsletters –Visitor 

Centres

• Popular publications

• Published technical reports

• 2016 Winner for the Offshore Energy 

Public Outreach Award: Maritiem 

Museum (Netherlands) 

Sheringham Shoal Offshore Wind Farm 

visitor centre at The Mo (north Norfolk) Offshore Wind Farm 

project newsletter

Public publications to 

give away

Technical 

Publications – add 

to national archive



Introduction to Marine 
Geophysical Techniques



Horizontal (and Vertical) datum:

The use of all of topographic and bathymetric datasets require knowledge of the geodetic 
datum used. This is the spatial relationship between the Earth’s topography and a reference 
surface that best fits the Earth. Most global datasets use the standard GPS datum WGS84:

The geodetic datum used for GPS:
WGS84: - a global Earth fixed Cartesian coordinate system, XYZ

- axes and ellipsoid (GRS80) are geocentric; that is, their origin is the centre of 
mass of the whole Earth
- the direction of the axes and orientation of the ellipsoid equator and prime 
meridian of zero longitude coincided with the equator and prime meridian of 
the Bureau Internationale de l'Heure at midnight on New Year's Eve 1983 (100m 
east of prime meridian at Greenwich)

ETRS89 (European Terrestrial Reference System 1989) - datum which initially 
coincided with WGS84 in 1989 but then stayed stationary so is not affected by continental 
drift (note US equivalent NAD83)
- all DGPS corrections from European stations are ETRS89
- ETRS89 should be specified where surveying requires better than 1 m accuracy 

All coordinates in degrees of Latitude and Longitude

Coordinate systems and projections - Global 



- Metric Global System: Universal Transverse Mercator Projection (UTM) is 
the recognised mapping standard: 60 zones each 6°wide – axis are metric

- Three UTM zones in UK: Zone 29N: central meridian 9°W
Zone 30N: central meridian 3°W
Zone 31N: central meridian 3° E

Coordinate systems and projections - Global



In Britain: - Ordnance Survey Great Britain 1936 (OSGB36)
- the British national grid XYZ
- very much a terrestrial coordinate system
- conversion from WGS84 to OSGB36 needs careful 
consideration two options are available:

National Grid Transformation OSTN02 however this is only effective to 10 km 
offshore (Freely Available from OS and now activated in ARCGIS). From August 
2016 this has been supplanted by OSTN15 which extends to cover most of UK 
waters. Not implemented in ARCGIS but can use free Grid InQuestII software.

Petroleum transformation - This seven parameter transformation is the one 
recommended for WGS84 to OSGB36 conversion in the by UKOOA* - this 
transformation "... has an accuracy of typically 2 metres and is no worse than 
approximately 4 metres throughout Britain.“

ww.ordnancesurvey.co.uk/business-and-government/help-and-
support/navigation-technology/os-net/surveying.html  

*UK Offshore Operators Association

Coordinate systems and projections – National Grids

http://www.ordnancesurvey.co.uk/business-and-government/help-and-support/navigation-technology/os-net/surveying.html


Coordinate systems and projections – Vertical Datums

- Bathymetric datum on Admiralty charts, tidal predictions, tide gauge 
data currently all provided in Chart Datum (CD)

- In UK: CD = Lowest Astronomical Tide (LAT), which varies 
regionally (each chart/map has one or more applicable CD’s assigned 
to it). 



The Mean Sea Level of the tide-gauge benchmark at Newlyn
near Penzance in Cornwall, its MSL height being established 
from continuous tide readings between 1915 and 1921.

Ordnance Datum Newlyn (ODN): 

http://www.psmsl.org/data/obtaining/stations/202.php

Coordinate systems and projections – Vertical Datums

http://www.psmsl.org/data/obtaining/stations/202.php
http://www.psmsl.org/data/obtaining/stations/202.php


Variance with OD Newlyn fixed vertical 
datum up to 1.5m across the Thames 
Estuary. Conventionally use CD and 
correct to closest available tide gauge 
data using  co-tidal models.

Orfordness

Sheerness

Thames examples after Burningham & French, 2010

Vertical 
Datums:
OD vs CD 



Vertical Offshore Reference Frame (VORF): 



Surface (Ship) Positioning

• Differential GPS (DGPS) still used extensively in marine 
surveying. Horizontal accuracy (x-y): 1-5m; vertical accuracy 
(z): 2x worse.

• For centimetric-level solutions  (in XYZ) using Real-Time 
Kinematic (RTK) or Post-Processed Kinematic (PPK) can 
provide even greater accuracy.

• In the same way as DGPS, RTK uses a static monitoring 
receiver, placed at a known location, and a roving station

• In contrast to standard GPS and DGPS, the monitoring 
station actually observes the phase of the actual carrier wave 
broadcast by the GPS satellites and correlates it with an 
internally generated signal.

• The receiver can estimate the travel time of the satellite’s 
signal by determining the shift needed to line up the received 
and generated signals, these are then broadcast to the survey 
vessel.

• Needs minimum of 5 satellites  and its own base station, 
preferably within 10-20 km if UHF based corrections signals.



Sub-surface (Towfish) Positioning – Acoustic Positioning

• Acoustic positioning systems are based on three types of 
configuration: long
baseline (LBL), short baseline (SBL) and ultra short baseline 
(USBL):

• The relative accuracy of these systems depends on the 
transmitted frequency used, with low frequencies (8 kHz –
16 kHz) obtaining relative accuracies between 2 m and 5 m, 
and high frequency systems (200 kHz – 300 kHz) obtaining 
theoretical accuracies < 0.01 m.





Swath Bathymetry  Systems

• Beam formers (multibeams) - MBES
• Phase Measuring Bathymetric Sonar – aka: Interferometric Multibeam;

Bathymetric Side-Scan; Vernier Interferometer; Wide Swath (or swathe) Sonar





East Kent Coast – CCO Rgional Coastal Monitoring Programme



Single time step swath bathymetry for 
identification of seabed mobility

Slope

AspectBathymetry.

NESW

Lee Stoss



IHO S44 – 5th Edition, Feb 2008

ORDER Special 1a 1b 2
Typical Areas Under-keel 

clearance critical
< 100 m; under 
keel clearance less 
critical; features 
concerned to 
shipping exist

< 100 m; under keel 
clearance not 
critical

> 100 m depth

Horiz Accuracy 2m 5m + 5% depth 5m + 5% depth 20m + 5% depth

Total Vertical 
Uncertainty

a=0.25
b=0.0075

a=0.5
b=0.013

a=0.5
b=0.013

a=1.0
b=0.023

System detection 
capability

Cubic feature > 
1m

Cubic feature > 1m 
and 10% depth 
beyond 40m

Cubic feature > 1m 
and 10% depth beyond 
40m

Not applicable

100% coverage Required Required Not Required Not Required

Maximum Line 
spacing

Not applicable Not applicable 3 x average depth or 
25 m whichever is 
greater

4x average depth

Total Vertical Uncertainty = ±√a2+(b*d)2 where d = depth 

https://www.iho.int/iho_pubs/standard/S-44_5E.pdf
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Manders, 2010: Burgzand Wreck Site 10, Wadden Zee
http://www.machuproject.eu/index.html

http://www.machuproject.eu/index.html


Time Lapse swath bathymetry for identification of 
seabed mobility

Timestep 1 - Bathymetry.

Timestep 2 - Bathymetry.

Bed Level Change T2 – T1.

If time lapse swath bathymetry is 

available direct comparison can be 

made either through crest to crest 

comparison or bed level change plots.

In this case bedforms migrating at 5 m/yr. In Outer 

Thames Estuary typical rates 10-15 m/yr and can be as 

extreme as 30 m/yr +



9000m

N

High

LowBackscatter of Dorset seabed between Chesil Beach and
Swanage Bay. Bin size 0.25m.





100 kHz (114 kHz) and 500 kHz (410 
kHz) 

GeoAcoustic sources

These are typical frequencies but 
Marine Sonic Technology (600, 900 & 
1200 kHz) & Sonatech Inc. (1 MHz) go 

higher! Typically ROV/AUV based 
system



To optimize the geometry The height of the side scan fish should be aimed at 1/10th of the range setting 
(e.g. range of 50 m = height of 5 m)



First Law of Reflection and Backscatter
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Countess of Erne
Portland Harbour





Mosaicing

• Processed side-scan data 
comprises picture elements 
(pixels), organised into one or 
more several images.

• These pixels are located by 
geo-referencing, usually 
rectified to a particualar map 
system (e.g. UTM). Data 
generally delivered as a geo-
tiff with original acquired data 
in either *.xtf, *.sgy and *.cod

• Mosaics are effectively series 
of parallel side-scan passes 
pasted together to form an 
image covering large areas but 
maintaining resolution. 



Jürgen Fritzen. 75-80 m depth.  sank off the Swedish coast in 1940. 



Side scan data courtesy of 

RMA (UTEC).



500 kHz Side Scan Sonograph of Saxon wooden fish weir at Sales Point,
Blackwater Estuary

Plot scale is 200 m x 120 m. 

Known sections of wooden weir

Unidentified anomalies Wattle panels



A. The method uses an energy source to trigger a 
pressure wave in the water; 
B. The wave propagates away from the source and is 
reflected at sub-bottom horizons; 
C. The reflected wave propagates back and is recorded 
by pressure-sensitive hydrophones; 
D. Successive traces build up a seismic 'section' or 
'profile' whose vertical axis is measured in two-way-
time (TWT) and horizontal axis is distance. 

Single Channel Sub-bottom Profiling



Muller et 
al., 2002
Geophys. 

Prosp., 
50(5)

517-526 



Types of Sub-bottom sources

• Controlled waveform
– Pinger (single frequency – “narrow bandwidth” systems)

– Parametric sonars

– Chirp

• Accelerating Water Mass
– Boomer

• Explosive
– Sparker

10-60

6-65



10 ms 50 m

Classic Aggregate Industry Boomer Section

Courtesy Hanson Marine Ltd.



200 m
200 m

Boomer Data Offshore Arun River:
Wessex Archaeology, 2004 and 

Dix et al., 2006 –
www.ads.adhs.ac.uk

http://www.ads.adhs.ac.uk/


Internal structure at decimetre vertical resolution

50 m



Integration and analysis of sub-bottom and 
swath data

Dix and Sturt 2011
Co-workers: Kirsty Penkman, Geoff Duller, Helen Roberts, Hollie Wynne, Anne Williams, Nicola Pressling, John Whittaker, Rob Scaife, 
Roger Dixon, Richard Preece, Charlie Thompson and Ed Henden.
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Integration and analysis of sub-bottom and 
swath data

50 m

Dix and Sturt 2011
Co-workers: Kirsty Penkman, Geoff Duller, Helen Roberts, Hollie Wynne, Anne Williams, Nicola Pressling, John Whittaker, Rob Scaife, 
Roger Dixon, Richard Preece, Charlie Thompson and Ed Henden.



Integration and analysis of sub-bottom and 
swath data

Dix and Sturt 2011
Co-workers: Kirsty Penkman, Geoff Duller, Helen Roberts, Hollie Wynne, Anne Williams, Nicola Pressling, John Whittaker, Rob Scaife, 
Roger Dixon, Richard Preece, Charlie Thompson and Ed Henden.



Controlled Waveform I: 

PINGER
(Freq. 3 - 4 kHz)

Pulse is generated by passage of 
electrical impulse through a 
piezoelectric crystal. The crystal 
is physically deformed, thus 
generating a pressure wave. 
Transmitting transducer acts also 
as a receiving transducer (i.e. no 
separate hydrophone).

Typical vertical resolution c. 30 cm -
with maximum penetration of 30 - 60 m

Energy output typically:

10-60 joules

Pulse duration = 2 ms 



GeoAcoustics 3.5 kHz 4-element pinger: Lago Cardiel, Patagonia
http://www.limnogeology.ethz.ch/



Parametric Sonars

Has poor efficiency the power level of 
the secondary pulse is 1% of the 

primary pulses and requires a 
reasonable distance to form so not 

good for shallow water

Single Transducer emits
two primary frequencies 

(f1 and f2) simultaneously 
Typically f1 = 18 kHz and f2 is selectable

The interference of the two 
signals generates secondary 

frequency pulses equal to their 
difference, f2+f1 and f2-f1

The most interesting signal is f2-f1, called 
the secondary signal, which has the narrow 
beam pattern of the primary waves whilst 
having a significantly lower frequency so 

sub-surface penetration possible



Lowag et al., 2012. Geomorphology, 171-172, 42-57.



Buiten Ratal wreck: Missiaen, 2010, Relicta 6, 219-236



Chirp Profiling Systems
• A wide linearly swept frequency pulse 

i.e. contains a range of frequencies in 
a single pulse

• A repeatable output pulse – this 
enables a process called “correlation”
of the data which improves its’ “Signal 
to Noise Ratio”.

• Long pulse lengths (typically 16 or  
32 ms) to input greater energy into 
seabed

• Typical energy output 6 – 65 Joules

• All of these system elements aim to 
optimise penetration and resolution 
for a single system, with:

• Typical Resolution 10 – 20 cm

• Typical Penetration 20 – 50 m 
(dependent on sediment type)

1.5 – 7.5 kHz 32 ms swept frequency pulse

Linearly Swept

fd 4.5 kHz  
Blackman Harris envelope



8 m

60 m BASAL TILL SURFACE

POST GLACIAL SEDIMENTS SHALLOW GASSHALLOW GAS

SHALLOW GAS DEPOSITS IN THE SURFICIAL SEDIMENTS
OF STRANGFORD LOUGH, N. IRELAND



Yarmouth Roads Wreck: Plets et al., 2007.
IJNA, 37, 360-373 

One of the UK’s Designated wrecks 
identified as Late-16th Century –

Early 17th century
merchant carrack – probably 

Spanish and possibly the Santa 
Lucia lost in 1567
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Yarmouth Roads Wreck: Plets et al., 2007.
IJNA, 37, 360-373 

One of the UK’s Designated wrecks 
identified as Late-16th Century –

Early 17th century
merchant carrack – probably 

Spanish and possibly the Santa 
Lucia lost in 1567



Plets et al., 2007

Stern

Bow



Magnetometry Data – See Camidge et al., 2010: 
http://www.cismas.org.uk/docs/marine_magnetometers_theory_study.pdf

Courtesy of Wessex Archaeology

Advantages of Gradiometers: Diurnal variations and distant large targets irrelevant; 
focusing direction of max sensitivity; significant increase in Signal to Noise Ratio

Sensitivity typically 0.02 nT/m and sample rates of 10 Hz



Magnetic Data

• The intensity of the magnetic field due to a ferrous object depends on the size
of the feature and, more importantly, decreases with the cube of the distance
to the object. The following formula can be used to determine the distance to a
ferrous object:

With  δM the change in field intensity (nT), A/B the length to width ratio of the 
object, W the weight of the object in tonnes and D the distance to the object in 
metres. Thus require iterative modelling to establish amount of ferrous material 
e.g. For 5 nT detection limit (these values vary between authors):

• A 250 kg WWII Sea Mine is detectable at <11.5 m.

• A 500 kg (2 cwt.) anchor: is detectable at < 18 m.

• A 2 ton cannon: is detectable at 27 m.

• A 10 ton ship: is detectable at 46 m.

• A 100 ton ship: is detectable at 100 m.

• A 1000 ton ship: is detectable at 216 m.

,..10 3
4

D

W

B

A
M 



Survey Planning

Dr Michael Grant

www.southampton.ac.uk/coars



Introduction

• Identify project aims

• Determine archaeological 
potential

• Survey requirements for 
different projects

2



Purpose of Marine Geophysical survey

• Developer-led

• Strategic research

• Statutory support

• Multidisciplinary marine science

• Learning and access



Components of a Written Scheme of 
Investigation (WSI)

Broadly, marine WSIs comprise: 

1. An outline of the known and potential receptors 
implicated by the scheme; 

2. Roles and responsibilities; 

3. An account of the archaeological actions that are to take 
place in various circumstances; and 

4. Detailed methodologies for these archaeological actions



Desk Based Assessment

• This should precede all geophysical fieldwork

• It should examine existing archaeological, geological and 
oceanographic archives or databases.

• A DBA can help avoid duplication of data and assesses the 
archaeological potential of the survey area

• A review of existing geophysical investigations under similar 
conditions and / or from the same study area can help with the 
preparation of the field work

• A DBA should not just repeat back information held within a database 
but contain an assessment of the archaeology record itself

5



Data sources

6

Infomar UKHO Civil Hydrography Programme



National Mapping Projects and DACs

• National coverage ranges 
from very good (UKHO 
Order 1a / special) to 
moderate for most of the 
coastline, but further out 
the bathymetry is still 
derived from lead-line / no 
survey data 

7



UKHO CHP MBES resolution

8

MV Robert Iona II



Data sources

9

The Crown Estate Marine Data ExchangeEMODnet



UK Regional Environmental 
Characterisation Project



AP and LiDAR

11

SS Scheldt 

(1890)

SS Belem 

(1917)

Data sources include the CCO and Environment Agency



Non-archaeological ‘hazards’

• Non-archaeological hazard, 
such as pipelines, cable, old 
installations (e.g. well sites) 
are documented and can 
assist with interpretation of 
the geophysical results

12



BGS

13



Wreck Sites

14



Wreck Sites

• Various databases 
available:

– Historic England NRHE 
/ Canmore

– Local HER

– UKHO

– Wrecksite.eu

15



Data biases

16

All records

Excluding records with 

unreliable positions

Source No. of entries

UKHO and 

Wrecksite.eu

654

Devon HER 289

Cornwall HER 73

NRHE 2751

RCZA anomalies 107

Total 3874

Position

source

No. %

HER 85 3

NRHE 1418 46

RCZA (AP) 50 16

RCZA

(description)

825 27

RCZA (MBES) 111 3

UKHO and 

Wrecksite.eu

621 20

Total 3110 100

Source data

Positions checked, most 

representative/suitable one assigned



Survey resolution vs requirements

• The purpose of a geophysical survey can be divided into 
two broad types:

– Large area and reconnaissance survey, where data are 
acquired to investigate the seabed and sub-surface 
geology, benthic habitats and archaeological potential. 

– Small area surveys are often, but not uniquely, part of 
research-led projects and are aimed at more detailed 
archaeological interpretation and/or the advancement 
of the use of marine geophysical techniques for 
archaeology

17



Survey requirement

• The choice of techniques and survey strategy will mainly 
depend on the type and condition of the archaeological 
site and the purpose of the geophysical survey:

– UXO clearance?

– Planning / engineering design?

– Initial scoping of an area?

– Hydrodynamic and Geomorphologic studies?

– Archaeology – wreck or palaeolandscape?

– Phased Geophysical Investigations?

18



Possible survey requirements
• Preliminary reconnaissance (Phase 1)

– Bathymetry, Sub-bottom and Side Scan Sonar

• Aggregates Area / UXO

– Side Scan Sonar and Magnetometer ?Bathymetry

• Pre-consent / final design survey

– Bathymetry, Side Scan Sonar and Magnetometer

• Post-installation survey

– Bathymetry, ?Side scan sonar

• Wreck site investigation

– Bathymetry, Side Scan Sonar and Magnetometer

• Palaeolandscape

– Sub-bottom and Bathymetry

• Pre-coring

– Sub-bottom(s), Bathymetry, Side Scan Sonar and Magnetometer
19



Survey resolution vs requirements

• The extent of any survey will be determined by its aims 
and available funding

• In developer-led investigations, archaeology may not be 
the primary aim

• Data resolution, including line spacing, will be determined 
by principle survey aims, including:

– What the data will be used for (e.g. preliminary 
reconnaissance vs infrastructure placement

– Impact on the seabed – shallow vs deep impacts (e.g. 
cable vs monopole

20



Bathymetry data resolution requirements

21

5m 
resolution

300m0

<0.1m 
resolution



Sub-bottom survey

22

System Operating 
Frequency

Acoustic Source Receive Array Typical 
Resolution

Depth of 
Penetration

Source Mounting 
Style

Sparker 50Hz - 4 kHz Electrical spark in 
water

Towed streamer > 2 m 500 m Towed

Chirper Swept 1-10kHz Swept frequency 
transducer (1-10kHz)

Transducer ~0.05 m < 100 m Hull mounted or 
towed

Boomer 300 Hz to 3 kHz Boomer plate Towed streamer 0.5 to 2 m < 200 m Towed sled

Pinger Tuned between 2-12 
kHz (eg 3.5kHz)

Combined piezo-
transducer/ 
transceiver

Combined piezo-
transducer/ 
transceiver

0.2 m 10 - 50 m Hull mounted



Magnetometer detection and line spacing

• Using the run line 
spacing (30m) and 
minimum fish depth 
(6m) results in a 
magnetometer to target 
distance of:

– 6m for targets on 
the run lines (A)

– 16m for targets 
between the run 
lines (B). 

• This means the survey is 
of variable sensitivity.

23

Camidge et al. 2010



Magnetometer detection and line spacing

• If the line spacing 
was halved to 15m, 
the minimum mass 
detectable midway 
between lines would 
reduce from 2000kg 
to 440kg. Reducing a 
ratio of 20:1 for 30m 
spacing to 4.4:1 for 
15m spacing.

• As an example, a half 
ton target would give 
a 1.5nT deflection at 
15m distance or 24nT 
on the run line

24

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5 7 9 11 13 15 17 19

K
g

Distance (m)

Assumes that 5 nT is the minimum reliable detection deflection

Camidge et al. 2010



Archaeological targets and detection distances

25

Example target Mass Minimum detection distance 
(5 nT deflection) 

20lb round shot 9 Kg 2.7m

32lb round shot 14.5 Kg 3.1m

Small anchor 100 Kg 5.9m

Medium anchor 2 tonne 15.9m

Small Iron gun (9lb) 1.25 tonne -

Medium Iron gun 
(18lb)

2 tonne -

Large Iron gun (42lb) 3.25 tonne -

Iron wreck 10 tonne 27.1m

Iron wreck 100 tonne 58.4m

Iron wreck 1000 tonne 126m

Camidge et al. 2010



Survey routes

• Survey line plans are generated 
to ensure that adequate survey 
coverage can be achieved and 
ensure the timely and most 
economic execution of the 
survey. 

• Typically the line plan will be 
composed of a grid of lines in a 
site survey situation, or a centre 
line, wing lines and cross lines 
in the case of linear surveys

26



Constraints on survey

• Vessel Size

• Tidal conditions and draft

• Prevailing weather 
conditions

• Equipment to deploy

• Underwater hazards / 
exclusion zones (e.g. 
protected wrecks / marine 
species)

27



Pre-survey specifications

• Survey locations and data coverage

• Stand-down periods and time constraints

• Equipment specifications

• Data formats and transfer

• Horizontal and vertical datums (and corrections)

• Reporting and time lines

28



Submerged 
Palaeolandscapes
introduction

Anthony Gormley: Another Place



Submerged palaeolandscapes

• Strongly noted for their potential in UK waters (40% of the current land 
area of Europe again (Harf et al. 2015))

• One of the most challenging areas of research

• A social/scientific discussion as to what constitutes proportionate 
mitigation and appropriate levels of investigation

2



A quick quiz

3

h(t) = h(t
o
) – Δζrsl(t) +σh

Reference: Lambeck, K. 2004



A quick quiz:

• Time depth of the archaeological record in Britain?

• What are the drivers of sea-level change?

• What are the archaeological implications?

• “heritage assets should be …..conserved through marine 
planning in a manner XXXX and XXXX to their XXXX”

• What is the artefact in the picture below?

4



Orbital variations and ice ages

‘wobbl

e’

‘tilt’

Obliquity

Milankovitch calculated the latitudinal differences in insolation and the corresponding surface 

temperature



Orbital variations and ice ages

100 

ka

40 ka 23 ka

the incidence of ice masses is closely related to the amount of 

summer radiation received at high latitudes 

(increase in winter snowfall and a decrease in summer melting)



7

Chronology and terminology



8

Chronology and terminology



Marine Isotope stages

• Changes in temperature change the proportion of Oxygen 
18 and Oxygen 16 left in the ice core record

• This allows characterisation and numbering of warm and 
cold periods

• Even numbers are cold periods, odd numbers are warm

• Used for dating with the Quaternary 9



10

Dating methods

Milne et al. 2009 Nature Geoscience 471-478



Understanding sea-level change

11

h(t) = h(t
o
) – Δζrsl(t) +σh

Reference: Lambeck, K. 2004



h(t)

12

Source: http://www.ahobproject.org/Downloads/Chart.pdf



Δζrsl(t)

13
Source: Harf et al. 2016



Δζrsl(t) – LGM and pre-LGM differences

14
Source:  Sturt et al in press – data from Peltier ICE6G 2016, GEBCO2014, Sturt et al. 2013



Glacio-isostatic factors

15
Source:  Cohen et al. 2014



Quantifying change:  GIA Models

Combined topographic and bathymetric digital 
elevation model – sturt et al. 2013

Data points extracted from Bradley et al.’s 
(2011) GIA at 500 year intervals



σh

17

Source:  Dix and Sturt 2011



σh

18



A complicated 
record

19
Source: Cohen et al. 2014



Changing Palaeogeography - σh

20

Source: Cohen et al. 2014



Changing Palaeogeography - σh

21
Source: Sturt 2015

References: Gupta et 

al. 2007

Toucan et al. 2009



What was their world like?

Cohen et al. 2014North Sea palaeogeographical reconstructions for the last 1 Ma   NJG 93 1-2 pp. 7-29: 

http://journals.cambridge.org/download.php?file=%2F3261_8189541AEA67600482EE7595DAAF1A24_journals__NJG_NJG93_1-

2_S0016774614000122a.pdf&cover=Y&code=89c3b6dbdfa936743395fd739ff44a29

http://journals.cambridge.org/download.php?file=/3261_8189541AEA67600482EE7595DAAF1A24_journals__NJG_NJG93_1-2_S0016774614000122a.pdf&cover=Y&code=89c3b6dbdfa936743395fd739ff44a29


Can we identify them?

23

Toucan et al. 2014



How can we understand them?

24

Toucan et al. 2014



25

Toucan et al. 2014



9,000 BC



8,000 BC



7,000 BC



6,000 BC



6,000 BC



The significance

• These changes reconfigured the conditions and nature of connectivity 
across Europe

• They altered the preservation potential and nature of sedimentary 
archives

• They represent significant past land areas that would have been 
occupied

• Temptation to focus on periods of rapid change (early Holocene), this 
can be a mistake as RSL change is regionally variable

• This record is knowable …

31



… some history

Clement Reid’s (1913) Submerged Forests but also Gerald of Wales 

in 1188 and Samuel Pepys in 1665



Lyonesse & Atlantis



Lyonesse & Atlantis



Finds of interest…



Image after Coles, B.J., 1998. Doggerland: a Speculative Survey. Proceedings of the Prehistoric Society 64, 45–81. 

A changing understanding



1940: a split



The Scandinavian approach





Sources: 
Dix, J., Sturt, F., 2011. The Relic Palaeo-landscapes of the Thames Estuary. MEPF/ALSF:  London. 

Gaffney, V., Thomson, K., Fitch, S., 2007. Mapping Doggerland: The Mesolithic Landscapes of the Southern North Sea.

But in British waters …



Doggerland and the North Sea 
Megasurvey

Gaffney et al. 2007, 2009



This was despite

42
Reference:  Bynoe et al. 2016



And despite …

• Very large numbers of 
inter-tidal finds

43
http://splashcos.maris2.nl/welcome.php



Area 240



Area 240 – Wessex Archaeology

45
Tizzard et al. 2014



Area 240

46
Source:  Wessex Archaeology – see Tizzard et al. 2014



Fermanvile

• 40 – 90,000 BP (based on 
wave cut platforms)

• Discovered in submerged 
peats in 1968

• 1000’s of lithics

• Work in 2010 as a part of the 
A2S project



Bouldnor Cliff



Images courtesy of the Maritime Archaeology Trust

Oak bole dated at

8390 - 8060 cal.yrs BP

Bouldnor Cliff





Submerged Landscapes in North West Europe

Site data source:  Splashcos web mapping service

interventionprospection



Which leads to

52
Goodwyn et al. 2010



Which leads to

Goodwyn et al. 2010
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How are we choosing to investigate the past?

≠

How archaeological 
knowledge is created



This history is important

• It has helped to frame expectations

• This impacts on how we plan surveys and how we plan 
mitigation

• Our mode of intervention changes our knowledge base (see 
Lucas 2011 for an excellent discussion of this, also Sturt et 
al. 2016)

• We have no geophysical methods that can detect 
submerged prehistoric sites – so, what do we do?

55



How do we identify 
these areas?



Palaeolandscape identification

• Surface expressions – time series data increasingly key

57



Palaeolandscape identification

• Surface expressions

58



Palaeolandscape identification
• Sub-surface datasets (2, 3 and 4D)

59



Palaeolandscape identification

• Geotechnical data

60

Image courtesy of 

Wessex Archaeology

Provides critical

Information 



Integration of data 
(including chronological data)

61

Pre-Holocene
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Fischer, A. 1995. An entrance to the Mesolithic world below the 

ocean. Status of ten years’ work on the Danish sea floor. In Man 

and Sea in the Mesolithic (A. Fischer, ed.):371–384. Oxford: 

Oxbow.

Benjamin, J. 2010. Submerged Prehistoric Landscapes and 

Underwater Site Discovery: Reevaluating the ‘Danish Model’ for 

International Practice Journal of Island and Coastal Archaeology 

5(2) 253-270 p. 262

Could we do even more?



The Dutch Approach (onshore):
Indicative Map of Archaeological Values (IKAW)

• Predictive modelling as an important 
tool for heritage management

• 1st generation map based on a static 
surface model

• ‘Dry-feet’ model of human behaviour

Slide courtesy of Hans Peeters

Could we do even more?



Source:  Wheatley, D. 2004.  Making space for an archaeology of place.  Internet Archaeology

http://intarch.ac.uk/journal/issue15/10/tof.html

Also discussed:  Gaffney, V., Stancic, Z., Watson, H., 1995. The impact of GIS in Archaeology: a 

personal perspective. In: Lock, G., Stancic, Z. (Eds.), Archaeology and Geographical Information 

Systems. Taylor & Francis, London, pp. 211e229.

The concerns

http://intarch.ac.uk/journal/issue15/10/tof.html


Source:  Wheatley, D. 2004.  Making space for an archaeology of place.  Internet Archaeology

http://intarch.ac.uk/journal/issue15/10/tof.html

Also discussed:  Gaffney, V., Stancic, Z., Watson, H., 1995. The impact of GIS in Archaeology: a 

personal perspective. In: Lock, G., Stancic, Z. (Eds.), Archaeology and Geographical Information 

Systems. Taylor & Francis, London, pp. 211e229.

The concerns

http://intarch.ac.uk/journal/issue15/10/tof.html


Conneller et al. 2013. Substantial settlement in the European Early Mesolithic: new research at 

Star Carr.  Antiquity 86 (334)  1004-1020

Anderson-Whymark, A., Garrow, D. and Sturt, F. 2015 Microliths and Maritime Mobility.  

Antiquity

The concerns continued



Isles of Scilly – changed understanding (Mesolithic)



Isles of Scilly – changed understanding (Neolithic)



Trials and attempts

Source: Sturt et al. 2016



In the Netherlands … moving away from 
IKAW – Moree and Sier 2015

http://www.20metersunderwater.nl/Downloads



Conclusions

• Significant areas that were once land are now inundated.

• The possibility of finding types of sites that are currently absent on 
land.

• Potential to contribute to some ‘big questions’.

• Key environmental archives

• The possible impact of increased development of this area that might 
lead to destruction of material.

• Capability/conceptual gap between questions, methods and datasets 

• http://www.english-heritage.org.uk/publications/social-context-
submerged-prehistoric-landscapes/

http://www.english-heritage.org.uk/publications/social-context-submerged-prehistoric-landscapes/
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Introduction

• Identification of anomalies

• Determine archaeological 
potential

• Construction requirements

2



Classification of maritime ‘receptors’

• A1: where geophysical anomalies demonstrate the clear 
presence of a site of anthropogenic origin of 
archaeological interest (including anomalies 
corresponding to historic records and newly identified 
sites)

• A2: where geophysical anomalies have been identified as 
being of potential archaeological interest but where the 
origin is uncertain

• A3: where historical records indicating the presence of a 
wreck have not been found to correspond to a geophysical 
anomaly within current data. search



Archaeological Potential / Importance
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Archaeological Potential / Importance

High – Geophysical anomalies with corroborating data which 
can be related to identifiable anthropogenic activity or where 
insufficient data is available to determine whether there is 
archaeological potential

Medium – Geophysical anomalies with no corroborating data 
but whose size, shape or amplitude suggests possible 
archaeological potential

Low – Identifiable geophysical anomalies having little or no 
archaeological potential

5



Marine impacts on terrestrial sites
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Archaeological Exclusion Zones

• Archaeological Exclusion Zones (AEZs) agreed between the 
Developer and Archaeological Curators will be the principal 
means used to preserve in situ any features or deposits of 
known or potential archaeological interest.

• The Offshore Renewables Protocol for Archaeological 
Discoveries provides for Temporary Exclusion Zones 
(TEZs) to be introduced when discoveries are made. The 
TEZ may be lifted following advice, or may form the basis of 
an AEZ in the event that further disturbance should be 
avoided.
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Archaeological Exclusion Zones

• The Developer will require its contractors to conduct all 
construction activity in such a way as to prevent any 
impacts by construction or related works within any 
AEZs, including impacts from plant and equipment that 
is not directly engaged in construction. 

• Although AEZs are fixed, provision is made for their 
alteration, following appropriate archaeological 
investigation and consultation, should this become 
necessary before or during construction. The design, 
alteration and removal of AEZs will be subject to 
agreement with Archaeological Curators.
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Archaeological Exclusion Zones

• Provision will be made for AEZs around confirmed sites, 
anomalies and palaeogeographic features that can be 
safeguarded in situ. 

• AEZs are formed by establishing a buffer around the known 
extents of sites, or around geophysical anomalies for which 
the available evidence suggests that there could be 
archaeological material present on the seabed. 

• For sites and anomalies for which there is insufficient 
detailed information available to ascertain the site’s 
archaeological importance, the AEZ will be implemented 
based on the potential apparent to the Retained 
Archaeologist. 18



Archaeological Exclusion Zones

• The need for and the design (position, extent) and 
implementation of any new AEZs will be subject to the 
agreement of Archaeological Curators. 

• AEZs may be altered (enlarged, reduced, moved or 
removed) as a result of further data assessment or 
archaeological field evaluation of data covering those areas 
that are subject to AEZs. 

• If it becomes apparent that activities have taken place 
within any AEZ, the party responsible will obtain advice 
from the Retained Archaeologist in accordance with their 
obligations with respect to AEZs and the detail of the 
scheme-specific WSI as relevant to any identified AEZs. 19



Archaeological Exclusion Zones

• Periodic Archaeological Reports will be prepared to review 
whether there have been any incursions into each AEZ and 
whether there are still archaeological grounds for 
maintaining each AEZ. 

• Post-construction monitoring will be carried out in 
accordance with the methods and timescales set out in the 
scheme-specific WSI with a view to identifying any impacts 
on AEZs attributable to indirect effects of construction. The 
duration of monitoring should be consistent with the time 
frame for monitoring processes (e.g. sediment transport) 
that have been identified as having possible indirect 
archaeological effects
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AEZ’s and aggregate areas

• The exclusion zone is composed 
of: 

– an ‘inner dynamic buffer’ 
which contains the seabed 
affected directly by the 
shipwreck and

– beyond this, a ‘slope buffer’ 
which accounts for the 
seabed slopes that form 
between the lower bed 
following dredging and the 
higher undredged seabed 
near to the wreck.

21



Post-installation implications for 
zones of assessment

•Once in position the only significant potential impact on archaeology is 
the lateral extent of scour around the individual turbine monopiles.

• Lateral extent of scour is controlled by a combination of pile diameter, 
water depth controlling relative contribution of wave and tidal activity 
and grain size of sediments (fine to medium sands).



•Three sources of information  available: 

1. Rule of Thumb - Width~5.5D

2. Commissioned Scour report: although such reports often focus on
depth of scour, they can provide calculations for the lateral extent of
scour

• Studies of scour evolution on identical turbines in a similar environment
identifies. Gunfleet Sands produced flow aligned scour with a lateral extent of
50 m and an across flow width of 30 m. Also other objects have developed
scour

• Consequently, scour effects will be constrained to the inner 50m radii core of
the installation exclusion zones and need only be considered when a site rests
within this. Thus, these data enable us to constrain size of archaeological
assessment zones

23
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Marine Geophysical Reporting

• project name, authors, contractor, client and data 

• non-technical summary of the project 

• background information and reason for the survey (aims and objectives 
as described in the project design) 

• methods, including information on the types of equipment used, survey 
set-up, data processing and software used

• Results, including

– objective description of results and discussion of the analyses and 
interpretations. 

– plots of raw and processed data and interpretative diagrams: each 
plot should be annotated fully, including scale bars, north arrows, 
grid coordinates (if applicable) and a key for any symbols and colour 
scales used.) 2



Marine Geophysical Reporting

• conclusions, discussing the results in relation to the aims and objectives 
set out in the project design, the value of the geophysical data and the 
implications of the findings for the current and future research 

• statement of indemnity

• acknowledgements 

• references and the location of the archived data
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In addition…

• Full table anomaly positions, dimensions (including area of 
importance around the anomaly), interpretation, 
supporting information, level of archaeological potential, 
any recommendations

• Ensure full clarity on projections, transformations and 
vertical datums used within the report

• Provision for data archive and / or storage

4



Drop Down Camera / ROV



Diver investigations

• Physical investigation of objects 
on the seabed

• Permits greater flexibility to 
resolve what an object might be 
compared to static viewing (e.g. 
video footage)

• Often the most expensive 
option
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Additional survey

• Where geophysical data collected is of low resolution, or 
total coverage hasn’t been achieved, additional surveys may 
be required.

• Also useful in area where seabed migration rates are high, 
leading to archaeology being routinely covered and exposed

• Additional geophysical techniques aimed at small sites, 
such as 3D Chirp, can help to rapidly evaluate geophysical 
anomalies with archaeological potential that lie within areas 
of greatest possible impact (e.g. turbine location, grapnel 
run alignment, etc).
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Obtaining samples



Grab Samples
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Vibrocoring

• Core tube is positioned 
on seabed using a 
support frame placed 
on the seabed.

• Motor driven vibrating 
mass (force of 6 tonnes 
vibrating at 50 Hz) at 
top forces core into 
sediment. 
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Rotary and Piston Coring
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Drilling Rig
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Existing guidance



Considerations pre-coring

• What techniques will be used?

• What material are they retaining / discarding

• Are the drillers aware of what might be archaeological 
significant

• Will toolbox talks be used?

• How will the material be package and transferred?

16



Beyond Geophysics

• There are many ways to investigate any geophysical 
anomalies and palaeolandscape features identified through 
your data

• But always consider – do you actually need to impact on the 
archaeology, and therefore when are further investigations 
really needed?

17
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