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1 INTRODUCTION 

1.1 OVERVIEW 

1.1.1.1 This annex of the Environmental Impact Assessment Report (EIAR) presents archaeological 

assessment of geophysical and hydrographic survey data of the proposed Spiorad na Mara 

Offshore Wind Farm (hereafter referred to as ôthe Offshore Projectõ) with respect to Marine 

Archaeology and Cultural Heritage and this assessment has been undertaken by MSDS Marine 

Limited (MSDS Marine). This annex accompanies Appendix 15.1: Marine Archaeology Desk 

Based Assessment, Volume 2c and Chapter 12: Marine Archaeology and Cultural Heritage, 

Volume 2a  of the EIAR.   

1.1.1.2 This annex should be read in conjunction with the  project description provided in Chapter 3: 

Project Description, Volume 1a . 

1.1.1.3 This report is a point in time document that covers the whole of the original scope of the Offshore 

Project and as such does not reflect all changes to design and Study Areas as the Offshore Project 

progresses. 

PROJECT BACKGROUND 

1.1.1.4 Spiorad na Mara Limited (hereafter referred to as ôthe Applicantõ) is proposing to develop the 

Project. The Project is an offshore wind farm (OWF) that will consist of  up to 60 fixed-bottom wind 

turbine generators (WTGs).  

1.1.1.5 The Project will include both offshore and onshore infrastructure. This EIAR supports the 

application for the offshore components of the Project as outlined in Chapter 1: Introduction, 

Volume 1a . The offshore components of the Project (the Offshore Project) includes all 

infrastructure and activities located seaward of Mean High Water Springs (MHWS) within the Array 

Area and Offshore Cable Area of Search (OCAS) (Figure 1.2: Offshore Project Location , Volume 

1c). Further detailed information is provided in Chapter 3, Volume 1a . 

1.1.1.6 The Offshore Project is situated off the northwest coast of Isle of Lewis/Eilean Leòdhais and the 

Array Area is located approximately 5-13 km offshore and is approximately 161 km2 in size. It will 

comprise WTGs, foundations, Offshore Cables, Offshore Substation Platform (if required), and 

Landfall. The Array Area combined with the OCAS is defined as the Offshore Project Boundary. The 

water depths across the Array Area range from 37 m-67 m with the southwest corner of the Array 

Area reaching 72 m. The proposed WTGs and fixed foundations will be located within a Turbine 

Area of approximately 140 km2, within the Array Area. 
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1.2 PURPOSE OF THIS ANNEX 

1.2.1.1 This annex describes the following:  

¶ Existing infrastructure (Section 2); 

¶ Methodology (Section 3); 

¶ Results of surface geophysical anomalies (Section 4); 

¶ Result of magnetic anomalies (Section 5); 

¶ United Kingdom Hydrographic Office (UKHO) records (Section 6) 

¶ Canmore records (Section 7); 

¶ Historic environment records (Section 8); 

¶ Palaeolandscape assessment (Section 9); 

¶ Mitigation (Section 10); 

¶ Recommendations for future work (Section 11). 

1.3 THE SURVEY 

1.3.1.1 The survey was conducted by Ondine Limited (Ondine), on behalf of Aratellus Subsea Solutions PTE 

Limited (Aratellus) between 15 May 2023 and 6 December 2023. The mobilised sensors consisted 

of Sidescan Sonar (SSS), Multibeam Bathymetry (MBES), Magnetometer, Parametric Sub-bottom 

Profiler (SBP), and Ultra High Resolution Seismics (UHRS). 

1.3.1.2 The assessment is being undertaken to inform the EIAR. This document forms the archaeological 

assessment of the geophysical and hydrographic survey data, and outlines the specification of the 

data, the method of archaeological assessment, the presentation of the results, and 

recommendations for mitigation stra tegies. 

1.4 ARCHAEOLOGICAL REVIEW OF GEOPHYSICAL AND HYDROGRAPHIC DATA 

1.4.1.1 The principal aim of the archaeological review of geophysical and hydrographic data is to establish 

the presence of material of potential archaeological significance on the seabed, and the potential 

for submerged prehistoric remains laid down during different climatic and environmental 

conditions in the past. The identification of material and geological horizons allows for strategies to 

be recommended to mitigate against any negative effects that may be caused by the development 

process. 

1.4.1.2 The objectives of the archaeological interpretation can be summarised as follows: 

¶ To establish the presence of anthropogenic material of archaeological potential; 

¶ To interpret the identified anomalies as to their potential to be of archaeological significance; 

¶ To recommend mitigation strategies for the anomalies appropriate to their archaeological 

potential; 

¶ To establish the palaeolandscape potential;  
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¶ To recommend mitigation strategies in relation to the palaeolandscape and 

palaeoenvironment; 

¶ To recommend further works that may be required and their specifications. 
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2 EXISTING INFRASTRUCTURE 

2.1.1.1 Existing third-party infrastructure within the Array survey area was identified through interrogation 

of data sets from Kingfisher Information Service ð Offshore Renewable & Cable Awareness (KIS-

ORCA, 2025) and Oil and Gas data from the United Kingdom Continental Shelf (UKCS) supplied by 

the North Sea Transition Authority (NSTA, 2025). In addition, magnetometer data were reviewed to 

identify linear features that may represent cables and pipes. 

2.1.1.2 No existing, recorded, cables were identified within the Array survey area or the extents of the 

geophysical and hydrographic data. No recorded pipelines, wells, bottom holes, or wells paths were 

identified within Array Area in the extents of the geophysical and hydrographic data.  

2.1.1.3 No evidence of cables, pipelines, or infrastructure was identified with the geophysical and 

hydrographic data. 
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3 METHODOLOGY 

3.1 DATA COLLECTION 

3.1.1.1 The survey was conducted by Ondine, on behalf of Aratellus between 15 May 2023 and 6 

December 2023. The mobilised sensors consisted of SSS, MBES, Magnetometer, Parametric SBP, 

and UHRS. The survey was undertaken by the Ondine Jule between the 30 May 2023 and the 30 

August 2023, and the Glomar Supporter between 15 May 2023 and the 19 July 2023. The Ondine 

Jule was remobilised on the 16 November 2023 to undertake MBES infill and was demobilised on 

the 6 December 2023. The SSS, Magnetometer (piggy backed to th e SSS), and UHRS were towed 

behind the vessel, the MBES and SBP were mounted to the vessels.  

3.1.1.2 Survey operations were undertaken within a pre-defined boundary of Array Area. The SSS, 

Magnetometer, MBES and SBP survey was planned with a line spacing of 100 m for the main lines, 

and 1,500 m for the cross lines. The line spacing ensured 100% coverage of MBES data (with a 

minimum of 10% overlap) and 200% coverage of SSS. The UHRS survey was planned with a line 

spacing of 500 m for the main lines, and 1,500 m for the cross lines. In addition, SBP, Sparker, and 

Magnetometer data were collected along each of the survey lines. The Magnetometer survey 

navigation tracklines are presented in Plate 3-1, the SSS coverage in Plate 3-2, the MBES coverage 

in Plate 3-3, the UHRS survey navigation tracklines in Plate 3-4, and the SBP survey navigation 

tracklines in Plate 3-5. The equipment specification for the surveys is shown in Table 3-1. 

Table 3-1 Geophysical and hydrographic sensor specifications 

Sensor Manufacturer Model Frequency 

Ondine Jule 

Sidescan Sonar Edgetech 4205 230/540 kHz 

Multibeam R2Sonic 2024 170-450 kHz 

Magnetometer Geometrics G-882 >10 m altitude 

Parametric SBP Innomar SES-2000 Medium 4-15 kHz 

UHRS Applied Acoustics Dura-Spark 400 0.3 to 1.2 kHz 

Glomar Supporter 

Sidescan Sonar Edgetech 4205 230/540 kHz 

Multibeam R2Sonic 2026 (dual head) 170-450 kHz 

Magnetometer Geometrics G-882 >10 m altitude 

Parametric SBP Innomar SES-2000 Medium 4-15 kHz 

UHRS Applied Acoustics Dura-Spark 400 0.3 to 1.2 kHz 

 

  



 

{ǇƛƻǊŀŘ ƴŀ aŀǊŀ 9L!w !ƴƴŜȄ мрΦмΦн π !ǊŎƘŀŜƻƭƻƎƛŎŀƭ !ǎǎŜǎǎƳŜƴǘ ƻŦ DŜƻǇƘȅǎƛŎŀƭ ŀƴŘ IȅŘǊƻƎǊŀǇƘƛŎ 5ŀǘŀΣ ±ƻƭǳƳŜ нŎ tŀƎŜ оπс 

CŜōǊǳŀǊȅ нлнс 

3.1.1.3 The data were collected to a specification appropriate to achieve the following interpretation 

requirements: 

¶ Sidescan Sonar: ensonification of anomalies > 0.5 m; 

¶ Multibeam Bathymetry: ensonification of anomalies > 1.0 m; 

¶ Magnetometer (TVG): 5.0 nT threshold for anomaly picking (noting that whilst the specification 

was appropriate, geological factors meant this was not possible); 

¶ Parametric SBP: penetration to bedrock was largely achieved; 

¶ UHRS: penetration to bedrock was largely achieved. 

3.2 POSITIONING 

3.2.1.1 All data were collected with reference to the European Terrestrial Reference System 1989 (ETRS89) 

datum and a customer Transverse Mercator projection (Table 3-2).  

Table 3-2 Geodetic parameters 

Projection Parameters 

Grid Projection TM 6NW 

Central Meridian Zone 29 (CM) 6ÁW 

Origin Latitude (False Lat.) 0ÁN 

False Easting (FE) 1,500,000 m 

False Northing (FN) 0.0 m 

Scale Factor on CM 1.0 

Units Meter 

Global Navigation Satellite System (GNSS) Geodetic Parameters 

Datum ETRS89 

Ellipsoid GR80 

Semi-Major Axis (a) 6,378,137.0 m 

Inverse Flattening (1/f) 298.257222101 

3.2.1.2 Positions within this report are presented with reference to the World Geodetic System 1984 

(WGS84) datum and Universal Transverse Mercator (UTM) Zone 29 North projection (WGS84 Z29N) 

(EPSG: 32629). 

3.2.1.3 All vertical depths are relative to Mean Sea Level (MSL) and were reduced to LAT using Vertical 

Offshore Reference Frames (VORF) model V2.1 2008. 

3.2.1.4 Towed sensors were positioned using an Ultra Short Baseline (USBL) positioning system to ensure 

positional accuracy throughout the survey. USBL ensures the actual position of the sensor is 

recorded, as opposed to when the position is estimated based upon the direction of the vessel and 

the amount of cable out (layback).  
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3.2.1.5 Although the accuracy of the USBL system is dependent on the angle, and the distance of the 

beacon from the transceiver, tolerances of between 0.5 m and 2.0 m can be achieved. Positional 

accuracy is further increased through the correlation of the SSS dataset with the MBES dataset. 

3.2.1.6 Surface and sub-sea position sensors specifications are detailed in Table 3-3. 

Table 3-3 Position sensor specifications 

Sensor Manufacturer Model Frequency 

Ondine Jule 

Surface Positioning Applanix POS MV Roll / pitch 0.008° 

Heading 0.02° 

Position 0.01 m 

Sub-sea Positioning Sonardyne Mini Ranger 2 0.06% slant range 

Glomar Supporter 

Surface Positioning Applanix POS MV Roll / pitch 0.008° 

Heading 0.02° 

Position 0.01 m 

Sub-sea Positioning iXblue Gaps M5 0.1% slant range 
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Plate 3-1 Magnetometer tracklines 
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Plate 3-2 Sidescan Sonar coverage 
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Plate 3-3 Multibeam Bathymetry coverage 
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Plate 3-4 UHRS tracklines and geotechnical locations 
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Plate 3-5 SBP tracklines and geotechnical locations 
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3.3 DATA DELIVERABLES TO MSDS MARINE 

3.3.1.1 MSDS Marine were provided with the survey deliverables by the Applicant , including both raw and 

processed data, alongside interpretations and operations reports. The primary deliverables are 

detailed in Table 3-4. 

Table 3-4 Data deliverables to MSDS Marine 

Sensor Data Type Format 

Sidescan Sonar Raw lines (low frequency (LF) and high 

frequency (HF)) 

.xtf 

Processed lines (HF) .xtf 

Mosaic (HF) 0.5 ppm .tif 

Contacts .shp 

Sub-bottom Profiler (both) Raw lines .sgy 

Processed lines .sgy 

Isopach .shp 

Horizons .tif 

TVG Raw lines .csv 

Grids .tif 

Contacts .csv 

Multibeam Bathymetry Raw lines .xyz 

Grids (at 0.5 m) .xyz 

Mosaic (at 0.5 m) .tiff 

GIS Geodatabase .gdb 

Reports Geophysical factual report .pdf 

Field operations report .pdf 

3.4 DATA QUALITY AND LIMITATIONS 

3.4.1 SPATIAL COVERAGE 

3.4.1.1 The survey achieved full coverage of the predefined Array survey area, and almost full coverage of 

the OCAS survey area. Data was not collected to the shoreward extents of the OCAS, due to the 

depth of water and underwater hazards. Following post-survey revisions to the Array and OCAS 

boundaries, the coverage extends past the Array Area by >1.0 km and broadly conforms to the 

OCAS boundary with the exception of the nearshore area discussed. The unsurveyed areas have not 

been subject to archaeological assessment. 
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3.4.2 SIDESCAN SONAR 

3.4.2.1 The SSS data covered the extents of the Offshore Project (noting the unsurveyed area in the OCAS), 

providing coverage of approximately 200% (excluding the nadir). The data were generally of good 

quality. The high frequency OCAS dataset demonstrated a notable drop off in data quality at the 

outer extents of the range (both port and starboard) likely due to the limitations of the system, this 

was largely mitigated by the line spacing allowing for 100% coverage of the unaffected data. 

Striations were observed in the Array Area dataset, likely as a result of snatching on the SSS cable 

caused by vessel motion, the striations only had a limited impact on the archaeological assessment, 

distorting some features. 

3.4.2.2 Some small horizontal offsets were noted in places between the SSS and MBES data, although 

these were not significant and were within what would be considered  normal tolerances. However, 

the positions of anomalies were taken from the MBES data where visible to ensure positional 

accuracy. 

3.4.2.3 An assessment of seabed composition and morphological features was made based on the 

interpretations contained within the 2023 survey geodatabase provided by the Applicant . Seabed 

composition and features can affect the appearance, and interpretation, of anomalies as well as the 

likelihood of anomalies being obscured or buried. Seabed composition varies across Array survey 

area, predominantly comprising gravels with a high density of boulders. Sands are largely confined 

to patches within the southwest and northeast of the Array Area. The OCAS is largely characterised 

by outcropping bedrock, with distinct gullies, appearing to extend from the shore ( Plate 3-6). 

3.4.2.4 Prominent features such as rock outcrops with gullies can impact the ability to undertake 

archaeological interpretation due to obstructions to the line of sight of the sonar, in particular the 

SSS, the data from which is collected closer to the seabed. Typically, this is mitigated through the 

collection of 200% coverage SSS data, ensuring that the seabed is ensonified from 2 directions. 

Mitigation is further enhanced by the collection of MBES data which collected from above the 

seabed, thus ensonifying areas that may be obscured in the SSS data. 



 

{ǇƛƻǊŀŘ ƴŀ aŀǊŀ 9L!w !ƴƴŜȄ мрΦмΦн π !ǊŎƘŀŜƻƭƻƎƛŎŀƭ !ǎǎŜǎǎƳŜƴǘ ƻŦ DŜƻǇƘȅǎƛŎŀƭ ŀƴŘ IȅŘǊƻƎǊŀǇƘƛŎ 5ŀǘŀΣ ±ƻƭǳƳŜ нŎ tŀƎŜ оπмс 

CŜōǊǳŀǊȅ нлнс 

 

Plate 3-6 Distribution of Seabed Sediments 
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3.4.3 MULTIBEAM BATHYMETRY  

3.4.3.1 The MBES data covered the extents of the Offshore Project (noting the unsurveyed area in the 

OCAS), providing coverage of almost 100%. Small data gaps are visible in the data, largely within 

the Array Area. A review of the un-gridded point cloud data shows that the quality is reasonable. 

The data density is good, and the data is able to be gridded to 0.5 m, increasing the ability to 

identify smaller features. The effects of uncalibrated motion are visible along the outer edges of 

individual lines, as well as slight height differences between individual lines (Plate 3-7), whilst these 

errors do not create a visually pleasing dataset, their impact to archaeological assessment is 

limited, primarily due to the concurrent assessment of SSS data. 

3.4.3.2 Features identified within the MBES data generally correlate well with those identified in the SSS 

data. MBES data is considered to provide the most accurate positioning due to the direct, and 

fixed, correlation between the sensor, the differential GNSS antennas, and the Motion Reference 

Unit (MRU) and is the primary source of anomaly positioning. 

3.4.4 MAGNETOMETER 

3.4.4.1 The Magnetometer data covered the extents of the Offshore Project (noting the unsurveyed area in 

the OCAS) and was collected along the pre-defined survey line plan of 100 m in most areas. The 

data were sampled at 10 Hz and were largely of good quality. It should be noted that the 100  m 

line spacing achieved is too great for the accurate positioning of magneti c anomalies at distances 

away from the tracklines but can indicate areas of archaeological potential or can be correlated 

with visible feature on the seabed that lie on the same plane. Due to the line spacing there is the 

potential that buried ferrous mate rial, particularly smaller objects, between the run lines will not 

have been identified within the data.  

3.4.4.2 Whilst the Magnetometer data were of good quality, their usefulness for archaeological 

interpretation was limited due to a significant response from underlying igneous geology 

(discussed further in Section 9). The significant magnetic response of the igneous geology masks 

the typically smaller responses from anthropogenic material that may be of archaeological interest, 

with the exception of large features such as ferrous wrecks. Furthermore, in areas where there was 

a reduction in the overall magnetic response from the igneous geology the ability to differentiate 

between geological and potentially anthropogenic material is significantly reduced. Given the 

significant, and variable, magnetic response of the igneous geology it is unlikely that a change in 

survey methodology would have a dramatic effect on the resultant data.  

3.4.4.3 Plate 3-8 shows the residual magnetic field, following the removal of the magnetic background 

from the total magnetic field. The underlying igneous geology is clearly identifiable as linear 

features oriented approximately north -northwest, south-southeast. 
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3.4.4.4 The limitations of the Magnetometer data will impact the ability to undertake archaeological 

interpretation. However, the usefulness of magnetometer (in relation to the identification of 

anomalies of potential archaeological interest) is predominantly the verification of ferrous content 

of visible anomalies, and the identification of buried ferrous material. The SSS and MBES are of 

good quality and a precautionary approach to interpretation has been taken, and the overall 

makeup of the seabed of the Offshore Project is not conducive to the burial of material that would 

be considered of medium or high archaeological potential.  
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Plate 3-7 Example Multibeam Bathymetry data 
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Plate 3-8 Residual magnetometer data 
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3.4.5 SUB-BOTTOM PROFILER 

3.4.5.1 The UHRS and SBP data covered the extents of the Offshore Project (noting the unsurveyed 

area in the OCAS) and was collected along the pre-defined survey line plan. The data were 

quality assessed by Aratellus (2024) and MSDS Marine, alongside Professor Richard Bates. 

3.4.5.2 Aratellus indicated that the SBP Innomar data quality from the Glomar Supporter was good, 

with penetration down to the Lewisian Gneiss bedrock, and with shallower horizons and units 

visible within the data. Conversely, the nearshore data collected by the Ondine Jule was 

found to be poor, limited by the shallow bedrock and hard outcrops which effected 

penetration and resolution. This meant that Aratellus were not able to interpret the data 

within the nearshore area. 

3.4.5.3 The UHRS data quality from the Glomar Supporter was considered by Aratellus to be good, 

with good penetration and resolution. The UHRS data from Ondine Jule was also considered 

to be of good quality in deep waters, but in shallow waters data quality was impacted by 

shallow outcropping bedrock and shallow water which led to washouts along numerous 

lines, and geological interpretation was not possible (2024: 22). 

3.4.5.4 An assessment of the suitability of the data for archaeological interpretation found that the 

data quality was variable. Penetration and detection of the boundary between the 

Quaternary sediments and earlier bedrock deposits (e.g. Lewisian Gneiss) was found to be 

generally good, and thus the depth of Quaternary sediment is considered well mapped 

within the offshore Array Area. The nearshore data covering the OCAS however was much 

poorer and Quaternary sediment thickness in this area was not mapped by Aratellus owing 

to the poor data quality (e.g. Plate 3-9). 
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Plate 3-9 Example of the very poor nearshore data (line 01c_004_SCS_0034_NavUp_Shots) 

3.4.5.5 The quality of the data and results from within the Quaternary sediment was variable. Areas 

of the UHRS offshore data were good, particularly in the northwest part of the Offshore 

Project and areas where 2 large sediment basins are mapped (Plate 3-10). In these areas 

horizon picks are considered to be accurate and correlations within the sediment sequence 

reasonable. However, beyond these areasõ horizon picking is much more difficult (particularly 

in the southwest) and data quality was considered too poor to allow confident picking of 

individual horizons consistently across the Offshore Project.  
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Plate 3-10 Example of the good quality data covering the basins (northern basin shown, line 

15_044_UHRS0049_Final_Stack_Time) 

3.4.5.6 In areas where the data quality is good enough multiple horizons could be picked. However, 

making geomorphological sense of these horizons is difficult in places. This is compounded 

by the Offshore Project (which consisted of boreholes, many of which met refusals or sample 

loss at shallow depths) (Aratellus, 2023). However, where data quality is sufficient, and in 

particular within the sediment basins within the Offshore Project, horizons were visible and 

could be correlated with data from the British Geological Society, allowing environmental 

interpretations.  

3.4.5.7 MBES data was used to confirm areas of outcropping bedrock and to determine regions of 

archaeological potential relating to submerged palaeolandscapes.  

3.4.6 SUMMARY 

3.4.6.1 The data collected across the extents of the Offshore Project are of good quality overall, with 

the MBES data provid ing almost 100% coverage and the SSS data providing 200% coverage 

(with the exception of the unsurveyed area in the OCAS).  

3.4.6.2 Due to the discussed limitations, the magnetometer data is of limited use for archaeological 

assessment, however the concurrent assessment of the data alongside MBES and SSS data 

has enabled a robust interpretation that is sufficient for the characterisati on of the Historic 

Environment, commensurate with the requirements of an EIAR. 

3.4.6.3 The UHRS and SBP data were impacted in places by the depth of water and the proximity of 

the bedrock to the surface. However, where data quality is sufficient, and in particular within 

the sediment basins within the Offshore Project, horizons were visible and could be 
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correlated with data from the British Geological Survey (BGS), allowing environmental 

interpretations. 

3.4.6.4 Where restrictions are noted, the data is considered of an appropriate specification, 

coverage, and quality, to undertake a robust archaeological assessment to inform the EIAR, 

noting that additional data collection, and interpretation, will be required prior to 

construction. 

3.5 ARCHAEOLOGICAL ASSESSMENT OF DATA 

3.5.1.1 The archaeological assessment of data was undertaken by a qualified and experienced 

maritime archaeologist with a background in geophysical and hydrographic data acquisition, 

processing, and interpretation. 

3.5.1.2 Following delivery of the required datasets, an initial review was undertaken to gain an 

understanding of the geological and topographic make -up of the Offshore Project. Within 

the extents of the Offshore Project the potential for variations in the seabed are high and can 

affect the interpretation of anomalies. The assessment considers the full extents of the survey 

data, which was collected within a pre-defined survey boundary, including the Array Area 

and the OCAS. The assessment of United Kingdom Hydrographic Office (UKHO) (Admiralty 

Marine Data Portal 2025), Canmore (HES 2025), and Historic Environment Record (HER) data 

was undertaken within the extents of the survey data, relating to seabed wrecks and 

obstructions (UKHO) and historic environment assets, wrecks and documented 

sightings/experiences of historic wrecks (Canmore). These data are used to inform the 

interpretation of known wrecks or the likelihood of encountering physical remains relating to 

such. 

3.5.1.3 Whilst some of the data extends beyond Offshore Project, the purpose of the assessment is 

to characterise the historic environment and therefore data from the wider area were 

considered. The focus of the mitigation measures is, however, on anomalies within the 

Offshore Project, or where mitigation measures would impact within the Offshore Project. 

3.5.2 SIDESCAN SONAR 

3.5.2.1 SSS is considered the best tool for the identification of anthropogenic anomalies on the 

seabed due to the ability to ensonify small features and as such forms the basis of any 

archaeological assessment of data. SSS data in .xtf format were imported into Moga Seaview 

6.2 software, navigation and positioning were checked and corrected where required, and 

optimal gains were applied to ensure the consistent presentation of data. 
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3.5.2.2 Data were reviewed on a line-by-line basis, and all anomalies of potential anthropogenic 

origin identified and recorded. Records include at a minimum an image of the anomaly, 

dimensions, and a description. Whilst typically only images of medium and high po tential 

anomalies are presented with the assessment report, images of all anomalies are recorded as 

interpretations can change as the data assessment progresses. A rating of archaeological 

potential was assigned to the anomaly following the criteria outlin ed in Table 3-5.  

3.5.2.3 Following assessment of the individual lines, a mosaic was created and a Geotiff exported to 

allow for the checking of positional accuracy against the MBES data and to identify the 

extents of any anomalies that may have extended past the limits of individual lines. 

3.5.3 MAGNETOMETER 

3.5.3.1 Magnetometer data indicates the presence of ferrous, and thus usually anthropogenic, 

material both on, and under the seabed. Where line spacing allows, typically to a 

specification for the detection of potential unexploded ordnance (UXO), magnetometer data 

can provide accurate positions of buried ferrous anomalies. The survey line spacing is c.100 

m which is too great for the accurate positioning of magnetic anomalies at distances away 

from the tracklines but can indicate areas of archaeological potential. Where possible, 

magnetic anomalies were correlated with anomalies visible on the seabed. 

3.5.3.2 Magnetometry data were provided as .csv files and as a gazetteer detailing all anomalies 

greater than 5 nT. An assessment was made by MSDS Marine as to the suitability of the 

gazetteer for archaeological interpretation. Where required the .csv magnetometer data 

were imported into Moga Seaview 6.2 software where the data were smoothed, and a 

ôbaselineõ identified and removed from the data to highlight ferrous anomalies whilst taking 

into account geological variations in the data.  

3.5.3.3 Magnetic anomalies identified within the data had the position, amplitude, and dimensions 

recorded. A rating of archaeological potential was assigned to the anomaly following the 

criteria outlined in Table 3-5. The data were gridded to visually identify areas where the 

distribution of anomalies may represent a wider feature such a buried but dispersed wreck, 

or modern features such as buried cable or chain. 

3.5.4 MULTIBEAM BATHYMETRY 

3.5.4.1 Due to the minimum anomaly detection size of MBES data being larger than that of SSS 

data, the primary use during archaeological assessment, outside of seabed characterisation, 

is the corroboration of anomalies identified within other datasets and the visu alisation of 

anomalies that may otherwise be obscured by shadow.  
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3.5.4.2 Navigation corrected, but unprocessed, MBES data were provide to MSDS Marine as .xyz 

files, the data were imported into QPS Fledermaus where it was gridded and exported as a 

depth embedded  raster, the raster was imported into ArcGIS Pro 3.4 and a hill-shaded 

surface applied, shading was adjusted to ensure the optimal presentation of data. The 

resulting 3-Dimensional image was viewed on a block-by-block basis, and all anomalies of 

potential anthropogenic origin identified and recorded.  

3.5.4.3 Records include, at a minimum, an image of the anomaly, dimensions, and a description. A 

rating of archaeological potential was assigned to the anomaly following the criteria outlined 

in Table 3-5. Where the interpretation of an anomaly was unclear, the data were imported 

into point cloud visualisation software such as Cloud Compare, in order to view the un-

gridded data. The gridded surface image was exported as a Geotiff to allow further 

assessment alongside other datasets. 

Table 3-5 Criteria for the assessment of archaeological potential 

Potential Criteria 

Low An anomaly potentially of anthropogenic origin but that is unlikely to be 

of archaeological significance ð Examples may include discarded modern 

debris such as rope, cable, chain, or fishing gear; small, isolated anomalies 

with no wider context; or small boulder-like features with associated 

magnetometer readings. 

Medium An anomaly believed to be of anthropogenic origin but that would require 

further investigation to establish its archaeological significance ð Examples 

may include larger unidentifiable debris or clusters of debris, 

unidentifiable structures, or significant magnetic anomalies. 

High An anomaly almost certainly of anthropogenic origin and with a high 

potential of being of archaeological significance ð high potential 

anomalies tend to be the remains of wrecks, the suspected remains of 

wrecks, or known structures of archaeological significance. 

3.5.5 COMBINED ASSESSMENT 

3.5.5.1 Following the assessment of all datasets the results were loaded into ESRI ArcGIS Pro 3.4, a 

Geographical Information System (GIS), and reviewed alongside each other, along with 

Geotiffs of the SSS, MBES, and Magnetometer data. The concurrent review allows the 

amalgamation of duplicate anomalies, the assessment of the wider context, and an 

understanding of the extents of a feature that may be partially buried or span across two or 

more lines of data. 

3.5.5.2 Data from the UKHO, including the positions of wrecks and obstructions, and Canmore, as 

well as all other relevant data such as third-party assets (see Section 2) were assessed to 
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ensure that any additional information is drawn upon, but also that anomalies are not 

unnecessarily identified as having archaeological potential when the origination can be 

identified. The resultant remaining anomalies assessed as having archaeological potential 

were compiled into a gazetteer and a shapefile. 

3.5.5.3 The interpretation of geophysical and hydrographic data is, by its very nature, subjective. 

However, with experience and by analysing the form, size, and characteristics of an anomaly, 

a reasonable degree of certainty as to the origin of an anomaly can be achieved. 

3.5.5.4 Measurements can be taken in most data processing software, and whilst largely accurate, 

discrepancies can be noted due to a number of factors. Where there is uncertainty as to the 

potential of an anomaly, or its origin, a precautionary approach is always taken to ensure the 

most appropriate mitigation for the historic environment.  

3.5.5.5 It should be noted that there may be instances where an anomaly may exist on the seabed 

but not be visible in the geophysical data. This may be due to being covered by sediment or 

being obscured from the line of sight of the sonar. The use of both SSS and MBES data 

mitigates this by visualising anomalies from multiples angles, including from above. 

Anomalies were named following the standard MSDS Marine convention, [PROJECTYEAR_ID], 

e.g., SP24_XXX. 

3.6 PALAEOLANDSCAPE AND SUB-BOTTOM PROFILER SOURCES 

3.6.1.1 A number of data sources were used for the assessment. The principal sources which were 

reviewed and assessed are set out below, while other published sources are referred to in-

text.  

3.6.1.2 The data available for the Offshore Project includes: 

¶ BGS Offshore Regional Report (ORR) (Stoker et al., 1993); 

¶ BGS geological maps 1:250,000 series; 

¶ Interpretation report: Aratellus, 2024: Spiorad na Mara Offshore Wind Farm: ARA-0087-

ENG-OND-005: Geophysical Factual Report; 

¶ Geotechnical report: Aratellus 2023: Spiorad na Mara Offshore Wind Farm ð 2023 

Geotechnical Survey: Geotechnical Factual Data Report (Final); 

¶ Geoarchaeological report: Northland Power, 2024. Spiorad na Mara offshore wind farm 

project. Stage 1 Geoarchaeological Review of Geotechnical Data. 

3.7 PALAEOLANDSCAPE AND SUB-BOTTOM PROFILER INTERPRETATION 

3.7.1.1 Whilst the interpretation of the palaeolandscape is based upon the archaeological review of 

geophysical and hydrographic data, the method of assessment, the assessment criteria and 
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the best practise mitigation strategies differ from those presented in the preceding sections 

and thus it is detailed separately for clarity. 

3.7.1.2 Sub-surface data acquired from seismic and geotechnical surveys is key to understanding 

the palaeolandscape potential of the Offshore Project. These data have been collected for 

the Offshore Project, reviewed, and brought into an assessment which details geological 

conditions within the Offshore Project. The interpretations of the data have fed into the 

ground model, which incorporates both geological modelling and engineering conditions, 

knowledge of which is necessary for development design. Sedimentary units have been 

identified within the ground model and tentatively correlated with known geological 

formations in the area based on the available data. 

3.7.1.3 From an archaeological perspective the ground model provides insight into the potential 

geological formations within the Offshore Project, and their likely depositional environment. 

This feeds into the assessment of the palaeolandscape through time, and corresponding 

archaeological potential. Information from the ground model and geological maps derived 

from the interpretation of sub -surface data and the current seabed derived from MBES data 

were assessed alongside existing studies which contribute to the understanding of the 

palaeolandscape and prehistoric archaeological potential within the Offshore Project.  

3.7.1.4 An archaeological review of the ground model covering Offshore Project was conducted by 

MSDS Marine supported by Professor Richard Bates. This included a review of geophysical 

survey data, reports, seismic profiles and ground model outputs including geological profiles 

at well locations. These sources were reviewed in order to establish the suitability of the data 

for archaeological interpretation and to gain an understanding of the geological make -up of 

the Offshore Project, formations present and their palaeoenvironmental and archaeological 

potential. Information about the wider area has also been used to better contextualise the 

various environments experienced in the area during the Pleistocene and Holocene.  

3.7.1.5 The assessment of submerged prehistoric remains seeks to identify periods in which the 

Offshore Project was dry land, and thus inhabitable, and periods in which the area lay under 

ice sheets or water masses, rendering Offshore Project uninhabitable. Different geological 

formations are also associated with differing environmental conditions, and thus different 

archaeological potential and the report therefore investigates the Quaternary sequence 

within the Offshore Project. The assessment also seeks to identify the previous 

environmental characteristics of the Offshore Project and Study Area (e.g., marine, terrestrial, 

lacustrine, fluvial, marsh, riverine etc.) at different times during the Quaternary period, as this 

is key to understanding palaeolandscape and paleoenvironmental potential, and also to how 

past human populations may have used the areas. Determining the potential for remains to 

survive is equally important. This involves consideration of the current geological makeup of 
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the area, along with the effects of erosion and other geological forces, following the 

succession of glaciations and marine transgressions which have shaped the area. 

3.7.1.6 The Quaternary chronology of the UK, used for the assessment of submerged prehistory is 

set out in Table 3-6. Marine Isotope Stages (MIS) are alternating warm and cold periods 

derived from oxygen isotope data taken from deep sea core samples. 

Table 3-6 Criteria for the assessment of archaeological potential 

 

3.8 MITIGATION (METHODOLOGY) 

3.8.1.1 The following section discusses the archaeological mitigation strategies which are 

considered for the Offshore Project, the proposed mitigation is presented in Section 10. 

Stage Age Climate Marine Isotope Stage Epochs and Periods 
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936,000 917,000  24 

917,000 900,000 Interglacial 23 

900,000 866,000 Stadial 22 

 
 

866,000 814,000 

Sequence poorly 
understood but 
evidence for a 
series of small 
expansions of the 
British Ice Sheet 
marking at least 4 
interstadials and 5 
warm episodes. 

21 

814,000 790,000 20 

Bruhnes-Matuyama reversal  (c. 780kBP) 
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761,000 712,000 18 

712,000 676,000 17 

676,000 621,000 16 

621,000 563,000 15 

563,000 524,000 14 

524,000 478,000 13 

Anglian 478,000 424,000 Stadial 12 

Hoxnian 424,000 374,000 Interglacial 11 

Wolstonian/ Saalian 
complex 

Unnamed 374,000 337,000 Stadial? 10 

Purfleet 337,000 300,000 Interglacial  9 
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Early 300,000 243,000 Stadial? 8 

Aveley 243,000 191,000 Interglacial  7 

Late 191,000 123,000 Stadial 6 

Ipswichian 123,000 109,000 Interglacial 5e 
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Devensian  

Early 

 109,000 96,000 Stadial 5d 

Chelford 96,000 87,000 Interstadial 5c 

 87,000 82,000 Stadial 5b 

Brimpton 82,000 71,000 Interstadial 5a 

 71,000 57,000 Stadial 4 

Mid Upton Warren 57,000 29,000 Interstadial 3 
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al 

Late 

Dimlington 29,000 14,700 Stadial 

2 Windemere 14,700 12,900 Interstadial 

Loch Lomond 12,900 11,700 Stadial 

Holocene 11,700  Present Interglacial  1 Holocene Meso. 
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3.8.2 SURFACE ANOMALIES 

3.8.2.1 To ensure the most appropriate and robust mitigation for the historic environment, whilst 

being proportional to the requirements of the development, mitigation recommendations 

are determined on an anomaly-by-anomaly basis, and consider all available data including: 

¶ Potential significance; 

¶ Size; 

¶ Seabed type; 

¶ Seabed dynamics; 

¶ Development type; 

¶ Potential negative impacts.  

3.8.2.2 Mitigation strategies have been based on the criteria in Table 3-7. 

Table 3-7 Mitigation criteria for archaeological anomalies 

Potential Criteria 

Low No archaeological significance interpreted, and a low potential to be of 

archaeological significance. Maintain an operational awareness of the 

anomalyõs location and reporting through the agreed protocol should 

material of potential archaeological significance be encountered. 

Medium Avoidance of the anomalyõs position and where appropriate an 

archaeological exclusion zone may be recommended. Ground truthing of 

the anomaly through the use of divers or a Remotely Operated Vehicle 

(ROV) would establish the archaeological potential. 

High Archaeological exclusion zones will be recommended based on the size of 

the anomaly, any outlying debris and the seabed dynamics as interpreted 

from the SSS, MBES, and magnetometer data. 

3.8.2.3 Where an anomaly is visible in the MBES data, that position will generally be used for the 

implementation of mitigation recommendations. The position obtained from the MBES data 

is generally more accurate due to the sensor and the GPS receiver being fixed to the vessel in 

known planes. SSS and magnetometer sensors are towed, and thus the margin for error is 

greater even with USBL, as the positional tolerance can be between 0.5 m and 2.0 m. 

3.8.2.4 A phased approach to mitigation is proposed for  the Offshore Project, corresponding with 

the planned future survey strategy. The survey specification was designed for the purposes 

of consenting and project planning  to determine the most appropriate area for 

development. Future surveys will likely combine an increase in resolution, and the addition of 

magnetometer data with tighter line spacing (as determined by the pUXO risk), within the 
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Array Area. With the data resolution and coverage set to increase, the confidence in 

interpretation and appropriateness of mitigation strategies will also increase. Following the 

archaeological assessment, recommendations have been made as to the coverage and 

specification of future surveys to ensure a robust archaeological assessment of the 

development area at all stages of the development process. 

3.8.2.5 At this phase, differentiation has made between anomalies that are visible and identifiable in 

the survey data (e.g., SSS and MBES anomalies), and potential anomalies that have not been 

identified in the survey data but are likely to exist on the seabed (e.g., Live UKHO records). 

3.8.2.6 The mitigation strategies detailed in Table 3-8 have been used. 

Table 3-8 Archaeological mitigation strategies 

Potential Criteria 

Archaeological 

Exclusion 

Zones (AEZs) 

For archaeologically significant anomalies that are clearly identifiable in the 

survey data and where the extents are largely known, Archaeological 

Exclusion Zones (AEZs) will be recommended. AEZs will remain for the life of 

the Offshore Project or until g round truthing or higher resolution data 

determines a reduction in potential, significance, or extents. 

Temporary 

Archaeological 

Exclusion 

Zones (TAEZs) 

Where an anomaly is not visible in the survey data but likely to exist on the 

seabed at a known position or where the extents of an anomaly are not fully 

identifiable, Temporary Archaeological Exclusion Zones (TAEZs) will be 

recommended. TAEZs have been identified as highly likely to be altered 

following higher resolution or full coverage data assessment, however, they 

will remain in place until alterations have been formally agreed. 

Areas of 

Archaeological 

Potential 

(AAP) 

Areas of Archaeological Potential (AAP) are primarily reserved for magnetic 

anomalies where, due to line spacing, positions are not accurately known. 

AAPs demonstrate that there is potentially an anomaly of archaeological 

significance around the given position. The anomaly is likely to be identified 

following higher resolution or full coverage data assessment but as the nature 

and position is not precisely known, no formal exclusion zone is 

recommended but instead a general awareness of the position is considered 

appropriate at this phase. 

3.8.3 PALAEOLANDSCAPE 

3.8.3.1 Dependent on the assessed potential, the process of mitigation in relation to the 

palaeolandscape and palaeoenvironmental remains typically follows a staged approach of 

continued assessment aligning with the engineering requirement to undertake geotechnical 

works. The staged process is broadly outlined within The Crown Estate (2021) guidance on 
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Archaeological Written Schemes of Investigation for Offshore Wind Farm Projects and COWRIE 

(Gribble and Leather 2011) guidance on Offshore Geotechnical Investigations and Historic 

Environment Analysis. 

3.8.3.2 Archaeological input into geotechnical core locations can allow for the greatest insights into 

the palaeolandscape, such as through the sampling of stratified channel deposits, deposits 

likely to contain organic remains or un -eroded surfaces. Typically, this process involves close 

collaboration with the Site Investigation team. Round-table discussions and the review of 

seismic profiles tends to be a conducive method of allowing engineering and archaeological 

requirements to be taken into consideration when micro-siting geotechnical cores. 

3.8.3.3 Archaeological input into the planning of core locations is not essential, however, and 

sufficient information can be gained from the sharing of derived data, such as core logs, 

photographs and soil descriptions. This data has been gathered for the Offshore Project and 

will be archaeologically assessed as part of the forthcoming impact assessment. 

3.8.3.4 Following the collection of geotechnical cores, they will typically undergo a staged program 

of geoarchaeological assessment and analysis. In brief the process is as follows: 

¶ Stage 1: Geoarchaeological review of core logs; 

¶ Stage 2: Geoarchaeological recording; 

¶ Stage 3: Geoarchaeological assessment; 

¶ Stage 4: Geoarchaeological analysis; 

¶ Stage 5: Final reporting and publication. 
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4 RESULTS OF SURFACE GEOPHYSICAL ANOMALIES 

4.1.1.1 For the avoidance of confusion, the results of magnetic anomalies with no surface expression 

are presented in Section 5, UKHO records in Section 6, Canmore records in Section 7, HER 

records in Section 8, and the palaeolandscape assessment in Section 9. 

4.1.1.2 A total of 25 surface anomalies of potential archaeological interest were identified within the 

geophysical survey data extents, of which 9 are within the Array Area and 11 within  the 

OCAS. The remaining 5 anomalies are located within the data extents. The anomalies are 

categorised by potential in Table 4-1. 

Table 4-1 : Distribution of archaeological anomalies by potential 

Potential Array OCAS Data extents Total 

Low 7 10 4 21 

Medium 2 1 1 4 

High 0 0 0 0 

Total 9 11 5 25 

4.1.1.3 The distribution of anomalies is shown in Plate 4-1, as can be noted the distribution is fairly 

irregular across the surveyed area, predominantly consistent with areas of exposed bedrock 

or areas with high densities of boulders. The distribution highlights the more precautionary 

approach required in such areas. 

4.1.1.4 The distribution of anomalies within the geophysical data shows a consistent approach to 

the assessment. The identified anomalies are discussed below according to their assessed 

potential. 
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Plate 4-1 Distribution of Archaeological Anomalies 
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4.2 LOW POTENTIAL ANOMALIES 

4.2.1.1 21 anomalies interpreted as of low archaeological potential were identified within the 

geophysical survey data extents, of which 7 are within the Array Area and 10 within the 

OCAS. The remaining 4 anomalies are located within the data extents. The anomalies can be 

categorised as follows in Table 4-2. 

Table 4-2 Low potential anomaly categories 

Anomaly Category Array OCAS Data Extents Total 

Chain, Cable, or 

Rope 

1 0 0 1 

Likely Geological 4 6 1 11 

Potential Debris 1 4 2 7 

Mound 1 0 0 1 

Seabed 

Disturbance 

0 0 1 1 

Total 7 10 4 21 

4.2.1.2 The anomalies interpreted as of low archaeological potential (see Table 3-5) are a mixture 

of small features, often boulder-like, or likely to represent modern debris such as chain, 

cable, or rope, or small items of potential debris with no features indicating archaeological 

potential. Each anomaly was reviewed and interpreted to be of low archaeological potential. 

A further review was undertaken following the assessment of the survey area extents. 

4.2.1.3 The high proportion of anomalies interpreted as ôlikely geologicalõ is indicative of the nature 

of the seabed, and the high density of boulders across a significant percentage of the 

Offshore Project. In such areas, coupled with the magnetometer dataset influenced by the 

effects of igneous geology, a precautionary approach has been taken. 

4.2.1.4 Table 4-3 provides a brief justification for the interpretation of each category of low 

potential anomalies. To note, the descriptions below are generalised, and each anomaly is 

interpreted based on individual characteristics, other anomalies within the wider area, 

seabed characterisation, etc.  
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Table 4-3 Low potential anomaly descriptions 

Anomaly Category Description 

Chain, Cable, or 

Rope 

Features identified as chain, cable, or rope are generally 

identified as long, linear, or curvilinear features with little or 

no measurable height. The length and form will generally 

preclude their assessment as of a higher archaeological 

potential. 

Likely Geological Features identified as likely geological, are generally 

precautionary identifications where the form is indictive of a 

geological feature but may be of a size, or form, which is 

unusual in the surrounding area. 

Potential Debris Features identified as potential debris will generally display 

characteristics indicating anthropogenic origin, such as 

straight or angular edges. Boulder like features, with 

associated magnetic anomalies can also be categorised as 

potential debris. 

Mound Features identified as mounds will generally be of a form that 

may indicate either buried, or partially buried, anthropogenic 

material. The size and form of the mound, alongside the 

relationship to other features on the seabed will determine 

the archaeological potential. 

4.2.1.5 Low potential anomalies have been assessed against all available evidence and are deemed 

unlikely to be of archaeological significance and as such are not discussed further within the 

results section of this report. The identification of an anomaly as of low archaeological 

potential is commensurate with the mitigation for this category - Maintain an operational 

awareness of the anomalyõs location and reporting through the agreed protocol should 

material of potential archaeological significance be encountered. 

4.2.1.6 The distribution of low potential anomalies is shown in Plate 4-2. Further information 

regarding mitigation can be found in Section 10, and a gazetteer of low potential 

anomalies, including positions and dimensions, can be found in Annex 15.1.2.A: 

Anomalies of Archaeological Potential , Volume 2c . 
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Plate 4-2 Distribution of Low Potential Archaeological Anomalies 
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4.3 MEDIUM POTENTIAL ANOMALIES 

4.3.1.1 A total of 4 anomalies interpreted as of medium archaeological potential were identified 

within the geophysical survey data extents, of which 2 are within the Array Area and 1 within 

the OCAS. The remaining anomaly is located within the data extents. The anomalies can be 

categorised as follows in Table 4-4, the distribution is presented in Plate 4-3. 

Table 4-4 Medium potential anomaly categories 

Anomaly Category Array OCAS Data Extents Total 

Potential Debris 1 1 0 2 

Mound 1 0 1 2 

Total 2 1 1 4 

4.3.1.2 The anomalies interpreted as of medium archaeological potential ha ve characteristics that 

indicate a likelihood of representing anthropogenic material that has the potential to be of 

archaeological interest, or where a precautionary approach has been taken. 

4.3.1.3 The identification of an anomaly as of medium archaeological potential is commensurate 

with the mitigation for this category - Avoidance of the anomalyõs position and where 

appropriate an archaeological exclusion zone may be recommended. Ground truthing of 

the anomaly through the use of divers or an ROV would establish the archaeological 

potential . 

4.3.1.4 The medium potential anomalies are discussed, along with images, within this section of 

this report. Further information regarding mitigation can be found in Section 10, and a 

gazetteer of medium potential anomalies, including positions and dimensions can be  found 

in Annex 15.1.1: Historic Environment Gazetteer , Volume 2c . 
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Plate 4-3 Distribution of Medium Potential Archaeological Anomalies 
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4.3.2 MEDIUM POTENTIAL SP24_020 

4.3.2.1 SP24_020 (Plate 4-4) lies within the Array Area, c. 4.3 km south of the northern most corner. 

The anomaly is visible in both the SSS and MBES data but has no associated magnetic 

anomaly. The anomaly lies c. 30 m from the closest magnetometer trackline, at that distance 

a ferrous mass of c.13,500 kg would equate to an amplitude of 5.0 nT (assuming a 1:1 

aspect ratio). Due to the effect of the underlying igneous geology, it has not been possible 

to identify small magnetic anomalies, therefore the absence of a magnetic anomaly in 

relation to SP24_020 does not confirm the absence of ferrous material. The anomaly does 

not correspond with any UKHO or Canmore records, the closest being UKHO 102274 which 

lies 4.0 km to the west. 

4.3.2.2 The anomaly is characterised by a cluster of 3 prominent and irregular features covering an 

area 9.2 m x 6.3 m with a measurable height of 1.2 m. Slight, but localised, scour is visible 

amongst the features. The 2 features to the southeast potentially represent one larger 

feature with a linear depression in the centre, however this is not clear within the MBES or 

the SSS data. The origin of the anomaly is not clear, and it lies within an area of seabed 

characterised by the presence of boulders. However, the individual features of the anomaly 

are notably larger in size than the boulders in the vicinity, and of an overall form and size 

that may indicate anthropogenic origin, and a medium archaeological potential.  

4.3.3 MEDIUM POTENTIAL SP24_024 

4.3.3.1 SP24_024 (Plate 4-5) lies outside the Offshore Project, c. 1.0 km northwest of the western 

most corner of the OCAS. The anomaly is visible in both the SSS and MBES data but has no 

associated magnetic anomaly. The anomaly lies c. 38 m from the closest magnetometer 

trackline, at that distance a ferrous mass of c.27,500 kg would equate to an amplitude of 5.0 

nT (assuming a 1:1 aspect ratio). Due to the effect of the underlying igneous geology, it has 

not been possible to identify small magnetic anomalies, therefore the absence of a 

magnetic anomaly in relation to  SP24_024 does not confirm the absence of ferrous material. 

The anomaly does not correspond with any UKHO or Canmore records, the closest being 

UKHO 102274 which lies 15.3 km to the northeast. 

4.3.3.2 The anomaly is visible in both the SSS and MBES data as a prominent mound measuring 

36.4 m x 16.8 m with a measurable height of 2.8 m, there is no significant scour around the 

anomaly. The mound is broadly oval in shape with an irregular surface, and orientated 

northeast to southwest. The anomaly is in an area of outcropping bedrock, however the 

form and the orientation differ from the surrounding geological features. Mounds can 

represent buried (or partially buried) anthropogenic material, or for example, the more 

robust elements of wrecks such as ballast or non-organic cargos. The size and form of the 
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mound, and the noted differences to other geological features means a medium potential 

rating is considered appropriate. 
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Plate 4-4 Medium potential SP24_020
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Plate 4-5 Medium potential SP24_024
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4.3.4 MEDIUM POTENTIAL SP24_025 

4.3.4.1 SP24_025 (Plate 4-6) lies within the OCAS, c. 2.3 km from the northwestern boundary. The 

anomaly is visible in both the SSS and MBES data but has no associated magnetic anomaly. 

The anomaly lies c. 27 m from the closest magnetometer trackline, at that distance a ferrous 

mass of c.10,000 kg would equate to an amplitude of 5.0 nT (assuming a 1:1 aspect ratio). 

Due to the effect of the underlying igneous geology, it has not been possible to identify 

small magnetic anomalies, therefore the absence of a magnetic anomaly in relation to 

SP24_025 does not confirm the absence of ferrous material. The anomaly does not 

correspond with any UKHO or Canmore records, the closest being Canmore 260521 which 

lies 3.5 km to the south. 

4.3.4.2 The anomaly is characterised by 2 parallel, and separated, linear features orientated north to 

south., the feature to the east measuring 9.9 m x 2.3 m and the feature to the west 

measuring 7.4 mx 2.2 m. The overall height, from the lowest point of the seabed to the 

highest point of the feature, measures 2.1 m. The seabed height is variable in the immediate 

vicinity, however, scour that appears to have been caused by the anomaly is visible to north 

of the eastern feature, potentially extending northwest and southeast.  

4.3.4.3 The anomaly is located within an area of dense boulders, 2 within 100 m are >5.0 m, and 

there is potential that it is geological in origin. However, the form is different to the 

surrounding boulders and may indicate anthropogenic origin of a size that coul d be of 

archaeological interest. Therefore, a precautionary medium potential rating has been 

assigned. 

4.3.5 MEDIUM POTENTIAL SP24_026 

4.3.5.1 SP24_026 (Plate 4-7) lies within the Array Area, c. 10.3 km east of the western most corner. 

The anomaly is visible in both the SSS and MBES data but has no associated magnetic 

anomaly. The anomaly lies c. 39 m from the closest magnetometer trackline, at that distance 

a ferrous mass of c.2,700 kg would equate to an amplitude of 5.0 nT (assuming a 1:1 aspect 

ratio). Due to the effect of the underlying igneous geology, it has not been possible to 

identify small magnetic anomalies, therefore the absence of a magnetic anomaly in relation 

to SP24_026 does not confirm the absence of ferrous material. The anomaly does not 

correspond with any UKHO or Canmore records, the closest being UKHO 102274 which lies 

6.4 km to the northeast. 

4.3.5.2 The anomaly is visible in both the SSS and MBES data a large, prominent, feature measuring 

8.4 m x 6.1 m with a measurable height of 2.4 m. Scour is visible all around the anomaly but 

is more prominent to the south. The anomaly lies within an area of similar features, 

interpreted as boulders. However, it is notably larger and more irregular in shape and 
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potentially comprised of three separate elements which may suggest anthropogenic origin. 

The anomaly has been assigned a precautionary medium potential rating due to differences 

to the surrounding geological features and the size. 
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Plate 4-6 Medium potential SP24_025
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Plate 4-7 Medium potential SP24_026
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4.4 HIGH POTENTIAL ANOMALIES 

4.4.1.1 No anomalies interpreted as of high archaeological potential were identified within the 

geophysical survey data extents. 
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5 RESULTS OF MAGNETIC ANOMALIES 

5.1 GEOLOGY 

5.1.1.1 The underlying bedrock within the Offshore Project is comprised of 2 formations, Lewisian 

Gneiss predominantly in the southeast and covering most of the OCAS, and ironstained 

flowbanded Basalt to the northwest covering most of the Array Area  (BGS, 1990). Both 

formations are igneous and have magnetic properties. There is a notable difference in the 

magnetic signature to the southeast and east of the Offshore Project (Lewisian Gneiss) and 

the northwest and west (Basalt) with the Basalt causing a generally higher, and denser 

variation. The outcropping bedrock appears generally to be comprised of Lewisian Gneiss. 2 

basins were identified in the seismic data (Section 9), both towards the northeast of the 

Offshore Project, these basins correlate with areas where the effect of the underlying 

geology is reduced due to the increase in distance from the bedrock to the magnetometer.  

5.1.1.2 As can be seen in Plate 5-1, the underlying igneous geology is visible in the data as linear 

striations of positive and negative changes in the magnetic field. These changes range from 

a few nT to thousands of nT. Whilst the variations are more prominent where the bedrock is 

Basalt (suggesting a stronger magnetic signature), it is still significant in areas where the 

bedrock is Lewisian Gneiss. 

5.1.1.3 The underlying igneous geology has had a significant effect on the ability to undertake an 

archaeological assessment of the Magnetometer dataset with the overall distribution 

masking potential individual or discreet anomalies. 
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Plate 5-1 Underlying bedrock 
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5.2 RESULTS 

5.2.1.1 The archaeological assessment of magnetometer data typically aims to identify isolated 

anomalies of a ferrous mass that may indicate anthropogenic material of potential 

archaeological significance (calculated using the relationship of amplitude, aspect ratio, and 

distance from the sensor to the anomaly), or clusters of anomalies that could, for example, 

represent the remains of a wrecked vessel or aircraft. 

5.2.1.2 Magnetic anomalies were picked within areas where the magnetic field was least affected by 

the underlying igneous geology, predominantly within the northeastern section of the 

Offshore Project. This resulted in the identification of 291 anomalies, 45 within the Array 

Area, 134 within the OCAS, and the remaining 112 within the wider extents of the data. To 

note, 169 of the identified anomalies lie within areas of exposed bedrock. The distribution 

of anomalies by amplitude is shown in Table 5-1 with their spatial distribution presented in 

Plate 5-2. 

Table 5-1 Magnetic anomalies by Amplitude (nT) 

Amplitude (nT) Array Area OCAS Data extents Total 

0 to 100  16 19 25 60 

100 to 500 27 97 70 194 

500+ 2 18 17 37 

Total 45 134 112 291 

5.2.1.3 Anomalies identified within magnetometer data have a ferrous content and thus are 

generally anthropogenic in origin. However, in certain areas, such as surrounding the 

Offshore Project they can be associated with geological features. Magnetometer data differs 

from other data (such as SSS or MBES) in that there is no visual interpretation. 

5.2.1.4 The magnetometer data collection methodology across the geophysical survey data extents 

was to run lines concurrently with the SSS and MBES, thus the line spacing is not sufficient 

for the detailed assessment of small, ferrous features on or below the seabed. The position 

for a magnetic anomaly can only be determined from directly below a single sensor, or 

where lines are run close enough together to be able to confidently position an anomaly 

seen on two, or more, lines. However, in combination with SSS and MBES data the 

magnetometer specification is considered sufficient to develop a broad understanding of 

the potential of the survey area, and to identify larger features of potential archaeological 

significance. 
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5.2.1.5 The positions of magnetic anomalies were viewed in the available datasets and where there 

was a strong correlation with a seabed anomaly, they were assessed for archaeological 

potential. All remaining anomalies have been included within this section. 
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Plate 5-2 Distribution of Magnetic Anomalies by Amplitude (nT) 
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5.3 CALCULATION OF MASS 

5.3.1.1 The presentation, and categorisation, of magnetic anomalies by amplitude (nT) provides an 

effective way to gain a broad understanding of the distribution of ferrous material on, or 

just below, the seabed. However, to understand the data more comprehensively the ferrous 

mass needs to be calculated which is based on the amplitude and the distance from the 

magnetometer. However, with a line spacing of 100 m this is not possible to undertake 

accurately for anomalies that are not visible on the surface or visible on two lines of data, 

due to the potential distance of an anomaly from the magnetometer ranging from the 

altitude to the slant range of 50% of the line spacing (50 m range is equal to 51 m slant 

range at 10.0 m altitude). 

5.3.1.2 Therefore, all calculations of mass are made using the assumption the anomaly lies directly 

below the magnetometer, with the distance used for the calculation being equal to the 

recorded altitude of the magnetometer. Furthermore, calculations are made assuming an 

anomaly ratio of 1:1. The distribution of anomalies by estimated mass is shown in Table 5-2 

with their spatial distribution presented in Plate 5-3. 

Table 5-2 Magnetic anomalies by ferrous mass (kg) 

Estimated Mass 

(ton) 

Array Area OCAS Data extents Total 

0 to 5  18 29 38 85 

5 to 25 25 89 59 173 

25 + 2 16 15 33 

Total 45 134 112 291 

5.3.1.3 The presentation of mass in an area heavily influenced by the underlying geology is unlikely 

to provide results that are conducive for archaeological assessment. This can be noted with 

all of the anomalies being measured in tons, and not kilograms (kg). The distribution of the 

anomalies by estimated mass is broadly similar to the distribution by amplitude, however it 

provides a more robust basis for archaeological assessment. 

5.3.1.4 Typically, and dependant on the survey specification and the distance from the target, 

isolated anomalies under 50 to 100 nT or 500 kg are considered to be of limited, or low, 

potential  to be of archaeological significance. 
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Plate 5-3 Distribution of magnetic anomalies by mass (kg) 






































































































































































