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SUMMARY 

Green Rebel contracted GeoSurveys (GS) to provide offline quality-control (QC), processing and 

interpretation of 3D UHRS sparker multi-channel data, acquired by Geomarine Survey Systems, 

within the scope of the Arklow Bank Wind Park (ABWP) survey area. 

Data were acquired from 4th June to 2nd August, 2024, in the southeast coast of Arklow, 8 to 12 km 

off the coast of County Wicklow, Ireland.  The area is approximately 67 km2, with water depth in the 

range of -0.9 to -51m to m LAT. 

This document reports the 3D seismic data interpretation of seventy-one 3D UHRS Volumes 

(corresponding to 822 swaths, including re-runs and infills from both vessels, making up a total line 

length of 600 km) in the survey area, from multi-channel seismic reflection data acquired with a 

sparker system; and 2D UHRS data interpretation of ~145 km seismic lines (represented by 34 

individual seismic sections).  

The survey site is located offshore the southeast coast of Ireland (Figure 1), 8 to 12 km off the coast 

of County Wicklow. The area is approximately 67 km2 with water depth in the range -0.9 to -51m 

LAT. 

The interpretation presented here was carried out by GeoSurveys, using Kingdom Suite software 

from S&P Global. 

The procedures described in the present document are confidential and intellectual property of 

GeoSurveys. 
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1. INTRODUCTION 

The 3D multichannel Ultra High Resolution Seismic (UHRS) data processing reported herein was 

performed within the scope of the Arklow Bank Wind Park (ABWP) survey area. The survey was carried 

out by Green Rebel, on board of the Roman Rebel vessel (from 4th June to 2nd August 2024) and MV 

Lady Kathleen vessel (from 13th of July to 3rd of August, 2024). 

The general scope of the ABWP project was to execute a reconnaissance survey to support the 

planning and de-hazard for the installation of offshore windfarm infrastructures, providing an 

understanding of the expected shallow subsurface ground conditions across the site. As a complement 

to the interpretation of the geological ground model, the 2D and 3D UHRS data were inspected in 

order to identify any potential constraints on future developments of the site.  

 
The main objectives of the 2D and 3D UHRS survey and works are: 

¶ Geological ground modeling down to 100 m below seabed (considering that the achieved 

penetration will be dependent on the sediment properties at the site); 

¶ Detailed and clear delineation of the subsurface geological layers and structural elements; 

¶ Resolve and determine bedrock depth across the site as far as possible and, wherever possible, 

to identify weathered rockhead; 

¶ Provide accurate information on changes in subsurface unit stratigraphy, including lateral 

variability, thickness of units, and changes in material properties; 

¶ Identify subsurface relevant features and geohazards that may impact site design and 

development (e.g. very soft or very hard geological surfaces and seismic units, faults or fault 

zones, shallow gas, etc.). 

 

Seismic data interpretation was carried out at GeoSurveys (GS) office, using Kingdom Suite software 

from S&P Global. 

The survey site is located offshore the southeast coast of Ireland (Figure 1), 8 to 12 km off the coast of 

County Wicklow. The area is approximately 67 km2 with water depth in the range of -0.9 to -51 m LAT.  

The UHRS data acquisition and processing was not the same for the two vessels. The UHRS data 

acquisition carried out by Roman Rebel used an UHRS system that included: three Geo-Source 200 tips 

LW, three Geo-Spark 2000XF0 power supplies, five Geo-Sense Ultra-Light Weight 48 channels streamer 

(group interval of 1m), ten multi-trace units, thirteen dual-DGNSS antennas MK3 located on each 

sparker sources and at the front and tail buoy of each streamer and a Geo-Sense reference hydrophone 
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(single element). The acquisition carried out by M/V Lady Kathleen used an UHRS system that included: 

two Geo-Source 200 tips LW, two Geo-Spark 1000X power supplies, five Geo-Sense Ultra-Light Weight 

24 channels streamer (group interval of 0.5m), five multi-trace units, one dual-DGNSS antenna MK4 

located on each sparker source and a Geo-Sense reference hydrophone (single element). Further 

details on the UHRS data acquisition and processing can be found in the 3D UHRS Processing Report ς 

Arklow_3D_UHRS_PROCESSING_REPORT. 

 

 
Figure 1 - Location of the Arklow, southeast coast of Ireland in the Sea. Survey area outlined in white. 

 

 

 

 

 

1.1. SURVEY AREA 



Arklow Bank Wind Park (ABWP) 2D & 3D UHRS Geophysical Survey 

2D & 3D UHRS INTERPRETATION REPORT 
Page 18 

 

 

The Arklow survey comprises a total of 71 3D UHRS volumes acquired along 822 swaths (717 swaths 

by the Roman Rebel vessel and 105 swaths by the Lady Kathleen vessel), making up a total line 

length of approximately 600 km (Figure 2). Of these, approximately 145 km lines (represented by 34 

individual seismic sections) constitute the 2D UHRS survey that interlinks the 3D UHRS volumes at 

WTG locations. The projection system used is the WGS84 / UTM Zone 30N (EPSG 32630) and the 

vertical datum is Lowest Astronomical Tide (LAT) (Table 1). 

  
Figure 2 - Arklow acquired 2D and 3D UHRS survey lines. 

 
Table 1 - Arklow projection system and vertical datum. 

Location  Offshore Arklow, SE coast of Ireland 

Coordinate system  WGS 84 UTM zone 30N 

Vertical datum  LAT 

Water depth  -0.9 to -51 m 
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2. REGIONAL GEOLOGICAL SETTING  

¢ƘŜ !Ǌƪƭƻǿ ǊŜƎƛƻƴ ƛǎ ǎƛǘǳŀǘŜŘ ƻƴ LǊŜƭŀƴŘΩǎ ŜŀǎǘŜǊƴ ǎŜŀōƻŀǊŘ ǿƛǘƘƛƴ ²ƛŎƪƭƻǿ /ƻǳƴǘȅΦ ¢ƘŜ ƎŜƻƭƻƎƛŎ 

history of the area is complex having been shaped by numerous processes, e.g., tectonics, volcanism, 

sea-level fluctuations, and glaciations, which began in the Proterozoic and extend to the Quaternary. 

¢Ƙƛǎ ǎȅƴǘƘŜǎƛǎ ƻǳǘƭƛƴŜǎ ǘƘŜ ǊŜƎƛƻƴΩǎ ǘŜŎǘƻƴƛŎ ǳƴŘŜǊǇƛƴƴƛƴƎǎ ŀƴŘ ǎǘǊŀǘƛƎǊŀǇƘƛŎ ŦǊŀƳŜǿƻǊƪΣ ǿƛǘƘ ŀƴ 

emphasis on stratigraphy, glacial geomorphology, offshore sedimentary architecture, and post-glacial 

processes. 

The Arklow coastal region is underlain by metasedimentary and volcanic rocks deposited in oceanic 

basins that formed prior to, and contemporaneously with, the closure of the Iapetus Ocean. It was the 

closure of this ancient ocean that brought about the union of two disparate terranes, forming what is 

now referred to as the British Isles. Bedrock types include slates, sandstones, greywackes, 

conglomerates, and volcaniclastic units of Ordovician age. Cambrian sandstones have also been 

recorded offshore. Younger Mesozoic and Cenozoic strata, predominantly of Triassic, Jurassic, and 

Paleogene age, occur to the south and west of the region and represent extensional basin infill 

associated with the initial rifting of Pangaea. 

The marine shelf offshore Arklow represents an extension of onshore bedrock lithologies, now covered 

by variable Quaternary deposits. The Quaternary unit is periodically disrupted by faulting and glacial 

erosion. Subsurface mapping of the region points to Paleozoic strata being overlain unconformably by 

glaciogenic units. The Quaternary deposits represent a discontinuous sediment cover that overlies the 

basement rocks across onshore and offshore environments. The glaciogenic component of these 

deposits are the result of repeated glaciation events, predominantly from the Middle and Late 

Pleistocene. They exhibit a wide range of sediment types and sedimentary structures reflecting 

subglacial, proglacial, and paraglacial processes. 

Glacial deposits predating Late Pleistocene glaciations exist within the Irish Sea. However, there is a 

ǎǘǊƻƴƎ ǇǊŜǎŜǊǾŀǘƛƻƴ ōƛŀǎ ǘƻǿŀǊŘǎ ǎŜŘƛƳŜƴǘ ŘŜǇƻǎƛǘǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ²ŜƛŎƘǎŜƭƛŀƴ ƎƭŀŎƛŀǘƛƻƴΣ Ғ 

115,000 to 11,700 years ago. During the Last Glacial MaȄƛƳǳƳ Ғ нсΣрлл ȅŜŀǊǎ ŀƎƻΣ ƛŎŜ ŦǊƻƳ {ŎƻǘƭŀƴŘΣ 

Ireland and western Britain coalesced into the British-Irish Ice Sheet that covered the Irish Sea. The 

convergence of the aforementioned glaciers within the topographic confines of the Irish Sea basin gave 

rise to the formation of the Irish Sea Ice Stream (ISIS). The ISIS under pressure from massive ice 

accumulation in the Scottish Highlands became a fast-moving glacier that progressed southward 

ǿƛǘƘƛƴ ǘƘŜ ŎƻƴŦƛƴŜǎ ƻŦ ǘƘŜ LǊƛǎƘ {ŜŀΩǎ ǘǊƻǳƎƘ-like basin. Currently, it is assumed that the ISIS terminated 

and retreated within a marine environment, south of the Isle of Man. 

The advancement and subsequent retreat of the ISIS produced the complex glaciogenic sequence that 

exists largely in the subsurface of the modern continental shelf. The sediment types and morphologies 
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of the glaciogenic deposits are diverse, including subglacial tills, ice-marginal moraines, tunnel valleys, 

glaciolacustrine and glaciomarine sediments.  

Following rapid sea-level rise during the Holocene and the coincident transgression of the continental 

shelf, 10,000-сллл ȅŜŀǊǎ ŀƎƻΣ ƛƴǘŜǊǘƛŘŀƭ ŀƴŘ ƳŀǊƛƴŜ ŎƻƴŘƛǘƛƻƴǎ ǇǊŜǾŀƛƭŜŘ ƛƴ ǘƘŜ LǊƛǎƘ {ŜŀΦ ¢ƘŜ ǎƘŜƭŦΩǎ 

glacial deposits were reworked in the marine environment under the combined energy of currents, 

tides, and waves. The Irish Sea is known for its energetic tidal currents that are the predominate force 

shaping the modern seabed. The Holocene deposits are mostly sands, winnowed from glaciogenic 

deposits, that now comprise sediment bedforms that range in size from massive sandbanks and 

sandwaves to minor ripples. In some cases, currents have removed the Holocene sediments exposing 

Pleistocene glaciogenic deposits at the seabed. Gravel lags may also be present at the modern seabed 

or near the base of the Holocene sands.    

 

 
Figure 3 - The maximum extent of the Devensian British-Irish Ice Sheet (compiled from Sejrup et al., 2005, Bradwell et al., 

2008 and Sejrup et al., 2016). 
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3. SEISMIC INTERPRETATION 

The seismic interpretation and descriptions included in this report are based on the assessment of the 

UHRS data acquired within the survey area, processed according with the procedures described in the 

accompanying Arklow Bank Wind Park (ABWP) 3D UHRS Geophysical Survey Processing Report 

(Document No. REP2433023). 

All figures and seismic interpretation work that are included in this report are part of the Kingdom 

Suite project associated to this report. All seismic profiles are FULL-processed, migrated and in depth 

(metres), unless stated otherwise. Numbers on the horizontal and vertical axis refer to distance in 

ƳŜǘǊŜǎΦ ¢ƘŜ ŎƻƭƻǳǊōŀǊ ŦƻǊ ǘƘŜ ǎŜƛǎƳƛŎ ŘƛǎǇƭŀȅ ƛǎ ƛŘŜƴǘƛŎŀƭ ŦƻǊ ŀƭƭ ǇǊƻŦƛƭŜǎ όΨ.ƭŀŎƪ ǘƻ ²ƘƛǘŜ нллΩ ƛƴ 

Kingdom Suite). The colourbar used for each basemap is the 3D Effects: warm colours (red) indicate 

shallower depths, and cool colours (blue) indicate greater depths (unless stated otherwise). For every 

seismic unit, two basemaps are presented: (1) mapped surface of the base horizon, referenced to LAT, 

showing its spatial extent; (2) grid of the depth below seabed of the base of the unit; Vertical 

exaggeration on seismic section figures is variable: horizontal and vertical scales were adjusted to best 

illustrate the features of interest. Each seismic section is displayed with and without interpretation. 

Table 2 summarizes the gridding parameters, used for all grids in the Kingdom Suite project and 

displayed in this report. These settings are based on their ability to deliver the best results (coverage 

between lines whilst minimizing artefacts and edge effects). At a second stage, grids were clipped so 

that undesired extrapolation onto other units is minimized. 

 
Table 2 - Parameters used for gridding horizons. 

Cell size 5 m  

Algorithm Flex Gridding  

Fit to data 0.5 

Smoothness 6 

Search radius 50 m  
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3.1. DELIVERABLES  

The final 2D and 3D UHRS interpretation is included in the accompanying Kingdom Suite project which 

contents are presented in the tables below (Table 3 to Table 6). 

All seismic interpretation data were exported from KS project and delivered as ASCII files: 

¶ Horizons (TWT & depth) - exported as "GeoQuest-CARD IMAGE 7" format; 

¶ Grids (TWT & depth) - exported as "XYZ" format; 

¶ Faults (depth) - exported as "GeoQuest-CARD IMAGE 7" format. 

 
Table 3 - KS project details. 

KS project name Arklow 

SQL version Auto SQL Server Express 2014 

Seismic datasets 
2D UHRS: FAST_MIG, FAST_MUL, FAST_DPT, FAST_VEL_INT, FAST_VEL_RMS 

3D UHRS: MIG, MUL, DPT, VEL_INT, VEL_RMS 

Culture 
ARK_60x60m3DUHRsSurveyOption2_SSE_24052024 

SSE Arklow Bank 100mx100m_Box 

2D Ground model horizons 7 horizons in TWT and depth (LAT) (Table 4) 

2D Ground model grids 14 grids in TWT and depth (LAT) (Table 5) 

3D Micrositing horizons 
(Ground model & Geohazards) 

611 horizons in TWT and depth (LAT) 

3D Micrositing grids 

(Ground model & Geohazards) 

1238 grids in TWT and depth (LAT, BSB, Thickness) 

 

 
Table 4 - Ground model horizons included in the KS project ς 2D and 3D horizons. 

KS HORIZONS UHRS INTERPRETATION 

Name KS colour code TWT Depth LAT Description 

00 Dodger Blue Ҟ Ҟ Seabed 

B0 Salmon Ҟ Ҟ Ravinement surface; base of surficial sediments; Surface Sands Fm. 

B0A Hot Pink Ҟ Ҟ 
Erosional surfaces of different origins (marine and glaciogenic? 

processes); part of Western Irish Sea Fm (?) 

B0B Spring Green Ҟ Ҟ Base glaciolacustrine deposits (?); part of Western Irish Sea Fm (?). 

B1A Green Ҟ Ҟ Base of Western Irish Sea Fm. 

B1 Blue Ҟ Ҟ Base of Upper Till Member of Cardigan Bay Fm (?). 

B2 Yellow Ҟ Ҟ Base of Bedded and/or Infill Members of Cardigan Bay Fm (?). 

BUTU1 Orange Ҟ Ҟ Base of Cardigan Bay Fm; top of bedrock. 
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Table 5 - Ground model grids included in the KS project ς 2D and 3D horizons. 

KS GRIDS 

Name KS colour code 2D Depth LAT 3D Depth LAT 3D Depth BSB 3D Thickness 

00 Dodger Blue Ҟ Ҟ Ҟ Ҟ 

B0 Salmon Ҟ Ҟ Ҟ Ҟ 

B0A Hot Pink Ҟ Ҟ Ҟ Ҟ 

B0B Spring Green Ҟ Ҟ Ҟ Ҟ 

B1A Green Ҟ Ҟ Ҟ Ҟ 

B1 Blue Ҟ Ҟ Ҟ Ҟ 

B2 Yellow Ҟ Ҟ Ҟ Ҟ 

BUTU1 Orange Ҟ Ҟ Ҟ Ҟ 

 

 
Table 6 ς Nomenclature for interpretation items featured in the KS Project for assessment of geohazards and PDs. 

Geohazards 3D Horizons WTGname_Unit-XX (TWT and Depth LAT) 

3D Grids WTGname_Unit-XX (Depth LAT) 

PD Assessment 
Culture WTGname_Delivery1 (1st assessment) 

WTGname_Delivery2 (2nd assessment) 

3D Horizons WTGname_C2_X (Cluster confidence 2) 

WTGname_C1_X (Cluster confidence 1) 

WTGname_HZ_X (Geological Feature) 

WTGname_PDF_X (Geological Feature) 

WTGname_HZ_AA_X (Geological Feature, negative amplitude) 

Faults WTGname_PD3 TWT) (Isolated PD confidence 3) 

WTGname_PD2 (TWT) (Isolated PD confidence 2) 

WTGname_PD1 (TWT) (Isolated PD confidence 1) 

WTGname_PD0 (TWT) (Isolated PD confidence 0) 
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4. UHRS SEISMOSTRATIGRAPHIC INTERPRETATION  

Initial seismic interpretation was performed on a set of regional 2D lines that were produced from the 

3D field acquisition program. The interpretation of the 2D lines was performed with input from an 

already established interim ground model and formation tops derived from geotechnical data (Arklow 

Offshore Wind Farm Interim Ground Model ς Report 20240193-02-R by NGI (2024)). As is typically the 

case when new data is assimilated into vintage interpretations, perfect alignment was not achieved 

between the existing unit horizons and formation tops and the new seismostratigraphic interpretation 

developed using the most recent dataset. However, the fundamental stratigraphic framework and unit 

structure are conserved in GeoSurveysΩ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴǎΦ ¢ƘŜ ŀŦƻǊŜƳŜƴǘƛƻƴŜŘ н5 ƭƛƴŜǎΣ ǘƘŀǘ ƛƴǘŜǊǎŜŎǘ 

and link the 3D seismic volumes positioned at the WTG locations, formed the basis for their 

interpretation. Detailed mapping and interpretation were performed on the 3D seismic volume for 

each WTG location. The results of this analysis are provided on a block-by-block basis in the WTG 

reports. 

Interpretation of the seismic data points to the survey area as being comprised of three basic geologic 

units. The basal unit is a meta-sedimentary bedrock, the surface of which has been sheared and 

weathered by multiple Pleistocene glaciations. A relatively thick, glaciogenic sequence unconformably 

overlies the bedrock surface. The glacial deposits are predominantly diamictic, largely tills. 

Glaciolacustrine and glaciomarine sediments are also interpreted within the survey area. Glaciogenic 

deposits are comprised of a mixture of clay, silt, sand, and gravel. The Pleistocene glaciogenic deposits 

are overlain by a Holocene sand unit. The surface of the Holocene sands, that represent the seabed 

sediments, are interpreted as highly mobile owing to the prevalence of sandwaves and ripples. 

Holocene sediments are mostly sand with localized deposits of gravel. 

Geohazard analysis of the combined seismic, geotechnical, and MBES data resulted in the potential 

hazards listed below: 

¶ Boulders and cobbles; 

¶ Gravel; 

¶ Sediment transport; 

¶ Heterogeneous sediments; 

¶ Soft sediments; 

¶ Hard-over-soft conditions; 

¶ Glaciotectonized deposits; 

¶ Over-consolidated sediments; 
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¶ Paleochannels. 

4.1. SEISMIC INTERPRETATION STRATEGIES AND METHODOLOGIES  

The interpretation of these data was performed using a hybridized methodology, implementing 

elements of classical seismic stratigraphy, sequence stratigraphy, and lithostratigraphy. The 

application of sequence stratigraphic principles, that often provide a framework for seismic 

interpretation, were limited in these data, given that many of the bounding surfaces are directly 

related to glacial processes that are not in-phase with sea-level coupled systems tracts (Figure 4). 

Seismic facies analysis was an essential component of the interpretation process. Additionally, the 

geotechnical data with their derivative formation tops were also key to the process of choosing the 

most relevant seismostratigraphic surfaces to map (NGI, 2024).  A base-centric approach was 

employed when digitizing the seismic horizons that delineate the bounds of the seismic units. For 

example, B0 is the seismic horizon that delineates the base of Seismic Unit 0 (U0) and so on. One caveat 

to this rule is B2, as it represents simultaneously the base of Seismic Unit 2 (U2) and the top of bedrock. 

 

 
Figure 4 - A. Stylized sea-level curve showing the timing of traditional sequence stratigraphic systems tracts (left).  B. 

Curve representing the timing of glaciation and sediment accumulation that underpins glaciodynamic sequence 
stratigraphy (right). The side-by-side comparison of the two systems points to the lack of congruence between deposition 
and preservation potential on non-glaciated and glaciated clastic shelves. The theoretical assemblage of systems tracts 
and their associated boundary surfaces are unlikely to be present or interpretable on glaciated shelves. Adapted from 

figure 8 in Huuse et al. (2012). 

 

It is important to note that the interpretation of these data represent only the most recent iteration 

of an earlier, established ground model (see Table 7 for details). Previously acquired datasets, 

interpretations, and ground model formulations, established outside of the purview of GeoSurveys, 

served as the starting point for interpreting these data.  When possible, the interpretation of the 

seismic data was performed in a manner that facilitated alignment with the constituent horizons of 

the existing ground model and the formation tops provided by the client. However, as is typically the 

case in GeoSǳǊǾŜȅǎΩ ŜȄǇŜǊƛŜƴŎŜΣ ǘƘŜ ƛƴŎƻǊǇƻǊŀǘƛƻƴ ƻŦ ƴŜǿΣ ƳƻǊŜ ƛƭƭǳƳƛƴŀǘƛƴƎ ŘŀǘŀǎŜǘǎ ŦƻǊŎŜǎ 

modifications to existing conceptions of a ǎƛǘŜΩǎ ƎŜƻƭƻƎȅΦ CƻǊ ŜȄŀƳǇƭŜΣ ǳƴƛǘ ¦л. ŀƴŘ ŀƭƭ ƻǊ ǇŀǊǘ ƻŦ ǳƴƛǘ 
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U0A are interpreted as potentially glaciogenic and not Holocene marine deposits, as per the interim 

ground model table. 

The most recent 2D seismic lines, derived from the 3D acquisition program, that provide site-scale 

coverage, were used to establish the stratigraphic framework (Figure 5) for 3D block interpretations. 

Initial interpretations of the 2D lines were guided by a series of gridded horizons derived from the 

previously established ground model. Additionally, the 2D horizons that comprise the updated ground 

model ŦǊŀƳŜǿƻǊƪ ǿŜǊŜ ƛƴǘŜǊǇǊŜǘŜŘ ǎƻ ŀǎ ǘƻ ŦŀŎƛƭƛǘŀǘŜ ŀ άōŜǎǘ Ŧƛǘέ ǘƻ ǘƘŜ ǇǊƻǾƛŘŜŘ ŦƻǊƳŀǘƛƻƴ ǘƻǇǎΦ 

Despite this effort, non-congruence frequently exists among formation tops and the interpretation of 

corresponding units. The foundational horizons (2D) that delineate the established Units, e.g., U0, 

U0A, U0B, U1A, U1, U2, etc., were interpreted whenever possible on each of the 3D volumes. In 

addition to the interpretation of the unit base horizons, detailed mapping was performed on all 3D 

ǾƻƭǳƳŜǎΦ ¢Ƙƛǎ ŜȄŜǊŎƛǎŜ ƎŜƴŜǊŀǘŜŘ ŀŘŘƛǘƛƻƴŀƭ άƛƴǘŜǊƴŀƭέ ƘƻǊƛȊƻƴǎ ǘƘŀǘ ǎǳōŘƛǾƛŘŜ ǘƘŜ ground model units.  

 
Table 7 - Table 4-1 from the Arklow Offshore Wind Farm INTERIM GROUND MODEL Report Rev 1, that shows the 

stratigraphic framework for the interim ground model. 
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Figure 5 - Seismic profile depicting the basic stratigraphic framework interpreted across the survey area, in the 2D seismic data, that formed the basis for the detailed mapping of the 3D 

volumes. 2D seismic line 24G02_RR_007. 
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4.2. SEISMOSTRATIGRAPHIC FRAMEWORK  

The seismostratigraphic architecture of the site, expressed in fundamental terms, is a tripartite, where 

bedrock is overlain by a Pleistocene glaciogenic sequence, that is then overlain by a Holocene 

intertidal to marine deposit (Figure 6). The top of bedrock, also the base of the glaciogenic sequences, 

undulates across the survey area and displays considerable variance in physical character and acoustic 

response in the seismic data. The wide variance in seismic character of the bedrock has been 

attributed to the degree of weathering at the rockface. In some instances, two bedrock surfaces were 

mapped, one corresponding to the start of weathered bedrock material, and a second delineating the 

ǘƻǇ ƻŦ άƛƴǘŀŎǘ ōŜŘǊƻŎƪέΦ  

 

 
Figure 6 - Seismic profile depicting the three fundamental components of the geologic framework for the survey area, 

i.e., bedrock, Pleistocene glaciogenic sequence, and Holocene surficial sands. 2D Seismic line 24G02_RR_119_P1. 

 

The Pleistocene glaciogenic sequence represents the bulk of sediments mapped across the site, in 

terms of total volume. All basic manners of glacial depositional environments are assumed to be 

present in the seismic data, i.e., subglacial, ice marginal, and proglacial settings (Figure 7). Most of the 

glaciogenic sediments are interpreted, generally, as diamict, largely till. However, glaciolacustrine and 

glaciomarine deposits are also present within the site, the former occupying basins incised into the 

underlying till. Many of the glaciogenic deposits exhibit seismic characteristics indicative of tectonism, 
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where internal stratigraphy is deformed, chaotic, or absent. The Quaternary deposits of previously 

ƎƭŀŎƛŀǘŜŘ ŎƻƴǘƛƴŜƴǘŀƭ ǎƘŜƭǾŜǎ ŀǊŜ ǘƘŜ ǇǊƻŘǳŎǘ ƻŦ ŎƻƳǇƭŜȄ ǇŀƭŜƻŜƴǾƛǊƻƴƳŜƴǘǎΦ !ǎ ǎǳŎƘΣ ǘƘŜ ǎƛǘŜΩǎ 

glaciogenic sediments are diverse and include clays, silts, sands, gravel and boulders. 

 

 
Figure 7 - Fundamental glaciogenic depositional zones that represent first-order controls on the type and degree of 

erosion and sedimentation in glaciated environments (left). A conceptual representation of glaciogenic deposits 
associated with a glacier terminating in a marine environment, as is the suspected case for the Irish Sea, south of the Isle 

of Man. Adapted from figures 3 and 6 in Kurjanski et al. (2019). 

 

The Holocene deposits should be contained within the surficial unit, that is mostly sand and 

occasionally gravel. These sediments were deposited within an intertidal to marine environment 

beginning during the onset of the Holocene transgression and extend into modern highstand 

conditions. A considerable portion of the Holocene sediments are assumed to be mobile given the 

degree to which the surface of this deposit is occupied by sandwaves and ripples. Holocene deposits 

typically represent the seabed sediments. However, in some instances, glaciogenic deposits outcrop 

at the seafloor.  

The formation names, geologic ages, and assumed depositional environments from the Arklow 

Offshore Wind Farm INTERIM GROUND MODEL Report Rev 1, derived from Mellett et al. (2015) were 

ƛƳǇƭŜƳŜƴǘŜŘ ƛƴ DŜƻǎǳǊǾŜȅǎΩ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ŀƴŘ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ǎŜƛǎƳƛŎ ǳƴƛǘǎ (Table 8). Notable 

deviations from said ground model are the classification of U0B as glaciogenic, potentially 

glaciolacustrine, and U0A as also being, at least partially, glaciogenic in nature. 
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Table 8 - The Quaternary geologic framework for the relevant area of the Irish Sea, Table 2-1 from Arklow Offshore Wind 

Farm INTERIM GROUND MODEL Report Rev 1, adapted from Mellett et al. (2015). 
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4.3. SEISMIC UNIT DESCRIPTIONS 

4.3.1. SEISMIC UNIT U0 

Seismic unit U0, the base of which is delineated by B0, is interpreted as broadly corresponding to the 

Surface Sands Formation described within Mellett et al. (2015). The spatial distribution and depth LAT 

of ǳƴƛǘΩǎ ōŀǎŜ are presented in Figure 8. U0 is present across the majority of the survey area and ranges 

in thickness from 0.18 m to 18.67 m a thin sediment veneer that may exceed the lower limit of seismic 

resolution. U0 is locally absent in the northern extent of the survey area and along the western margin 

of the site. The absence of U0 may be attributable to sediment transport, namely scour, that has 

removed the Holocene surficial sands, possibly exposing Pleistocene glaciogenic sediments at the 

seabed. These areas, i.e., Pleistocene outcrops, may be more prone to the occurrence of gravel, 

cobbles and boulders at the seabed.  

The base of U0, represented by the seismic horizon B0, is an erosional surface that is interpreted as 

being, at least in part, a ravinement surface (Figure 9). However, the mechanism by which this 

ravinement surface was cut, e.g., waves or tides, is not clear. Additionally, it is reasonable to assume 

that the surface represented by B0 is the product of an amalgamation of erosional processes, 

transgressive ravinement being only one.  

Geotechnical data, i.e., cone penetrometer testing, indicates that U0 is comprised mostly of sandy 

sediments. However, in some instances, U0 may contain a substantial fraction of finer sediments, e.g., 

silts. Gravelly sediments may also be present within U0, particularly near its base (Figure 10). 

The top surface of U0, that corresponds to seabed, is replete with evidence for vigorous sediment 

transport (Figure 11). Large sandwaves and other subaqueous dune features are common to the 

survey area, that grow in size and prevalence in the southerly direction. Even at the resolution of the 

seismic data, the superimposition of smaller sediment ripples on more massive sandwaves is clearly 

evident. These compound dune structures suggest a seabed dynamism where current vectors vary 

through time and space.  

Based on the seismic interpretation, seismic unit U0 is present in the WTG 3D volumes listed in Table 

9.    
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Table 9 - List of WTGs where seismic unit U0 is present. 

Seismic Unit U0 

OSPN WT07 WT17 WT26 WT35 WT45 WT108 WT146 

OSPS WT08 WT18 WT27 WT36 WT46 WT113 GERE 

WT01 WT09 WT19 WT28 WT37 WT47 WT117 

 

WT02 WT10 WT20 WT30 WT38 WT50 WT122 

WT03 WT12 WT21 WT31 WT39 WT51 WT130 

WT04 WT13 WT22 WT32 WT40 WT52 WT134 

WT05 WT14 WT23 WT33 WT41 WT54 WT139 

WT06 WT16 WT24 WT34 WT43 WT55 WT141 

 

 
Figure 8 - Spatial extent of mapped horizon B0, referenced to LAT (in metres).
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Figure 9 - Seismic profile depicting an example of U0 that corresponds to the Surface Sands Formation. The sediments of U0 are mostly sand, but may also contain gravel deposits. 2D 

Seismic line 24G02_RR_119_P1. 
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Figure 10 - Seismic profile depicting the surficial sands and gravel that comprise the deposits of U0. According to the formation tops and CPT data, surficial sands grade into gravels below 
the seabed. 2D Seismic line 24G02_RR_119_P2, CPT008. 
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Figure 11 - Seismic profile depicting large subaqueous dunes with smaller, superimposed, sand ripples that are common at the surface of U0. These types of sediment bedforms are the 

result of energetic sediment transport. 2D Seismic line 24G02_RR_203. 
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4.3.2. SEISMIC UNIT U0A 

Seismic unit U0A, the base of which is delineated by B0A, is interpreted as broadly corresponding to 

constituents of the Western Irish Sea Formations (WISF) as described within Mellett et al. (2015). The 

ǎǇŀǘƛŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ ŀƴŘ ŘŜǇǘƘ [!¢ ƻŦ ǳƴƛǘΩǎ ōŀǎŜ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ƛƴ Figure 12. Generally speaking, the 

WISF are comprised of glaciogenic sediments, to include glaciolacustrine, glaciomarine, and otherwise 

proglacial deposits. U0A is present across the majority of the site and ranges in thickness from 1.06 m 

to 26.62 m. U0A is typically overlain by U0, i.e., the Surface Sands Formation, but may also outcrop at 

the seabed where scour is most intense. 

The seismic facies of U0A is complex, pointing to a diverse and dynamical depositional environment 

that is consistent with a proglacial setting (Figure 13). U0A contains manifold erosional surfaces that 

may be attributable to several mechanisms belonging to both glacial and marine processes. According 

to Mellett et al. (2015) and references therein, the Irish Sea Ice Stream terminated in a marine 

environment, south of the Isle of Man. If true, differing opinions are presented in McCarroll (2001) 

and Scource and Furze (2001), then U0A may be comprised of sediments from meltwater deltas, ice-

contact fans, subaqueous fans, outwash deposits, sediment plumes, and ice-rafted debris (Kurjanksi 

et al. 2019 and Huuse et al. 2015). 

If a glaciomarine environment were to have been predominate, then a channelized outwash plain 

should be lacking in these data. This is, for the most part, consistent with the seismostratigraphy of 

B0A, with some notable exceptions. The type of pattern in the seismic data shown in Figure 14, could 

be interpreted as a stacked channel sequence, the kind that typify subaerial, glaciofluvial outwash 

plains. However, multiple other interpretations might be valid. Such as, subglacial channelization, i.e., 

drainage networks, or intricate deformation resulting from glaciotectonism. Alternatively, and an 

important possibility, is that U0A may contain Holocene sediments, reworked in a hyper-energetic 

marine environment. This complicated stratigraphy may be the record of migration and intermingling 

of subaqueous dunes. 

According to the geotechnical data U0A is mostly comprised of sandy deposits that correspond to a 

(semi)transparent or hummocky seismic facies within the unit (Figure 15). Locally, gravel deposits 

occur within U0A, typically in its uppermost sediments. U0A, occasionally, exhibits organized 

stratigraphy represented by a layered facies. Where thin layering is present in U0A, silts and clays are 

inferred from the CPT data, potentially representing varved deposits. Glaciotectonism is also 

interpreted within U0A, having been induced within the proglacial environment by periodic 

readvancements of the glacial margin (Figure 16).  

Based on the seismic interpretation, seismic unit U0A is present in the WTG 3D volumes listed in Table 

10.   
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Table 10 - List of WTGs where seismic unit U0A is present. 

Seismic Unit U0A 

OSPN WT17 WT28 WT37 WT46 WT113 WT146 

OSPS WT18 WT29 WT38 WT47 WT117 GERE 

WT01 WT20 WT30 WT39 WT48 WT122 

 

WT03 WT21 WT31 WT40 WT49 WT130 

WT04 WT22 WT32 WT41 WT50 WT134 

WT06 WT23 WT33 WT42 WT51 WT139 

WT09 WT24 WT34 WT43 WT53 WT141 

WT13 WT26 WT35 WT44 WT54 WT142 

WT16 WT27 WT36 WT45 WT55 WT144 

 

 
Figure 12 - Spatial extent of mapped horizon B0A, referenced to LAT (in metres).
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Figure 13 - Seismic profile depicting the manifold erosional surfaces and general complexity of the U0A seismic facies. 2D Seismic line 24G02_RR_119_P1. 
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Figure 14 - Seismic profile depicting the intricate seismic facies that is locally present within U0A. Multiple interpretations may be ascribed to this complicated internal geometry, e.g. 
channelization, internal subaqueous dune structure, and glaciotectonism. 2D Seismic line 24G02_RR_200. 
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Figure 15 - Seismic profile with CPT data depicting the sandy deposits that represent the majority of sediments within U0A. 2D Seismic line 24G02_RR_007, CPT029. 
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Figure 16 - Seismic profile depicting apparent deformation related to glaciotectonism that is occasionally present within U0A. 2D Seismic line 24G02_RR_007. 
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4.3.3. SEISMIC UNIT U0B 

Seismic unit U0B, the base of which is delineated by B0B, is interpreted as corresponding to specific 

elements of the Western Irish Sea Formations (WISF) as described within Mellett et al. (2015), namely 

glaciolacustrine deposits. ¢ƘŜ ǎǇŀǘƛŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ ŀƴŘ ŘŜǇǘƘ [!¢ ƻŦ ǳƴƛǘΩǎ ōŀǎŜ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ƛƴ Figure 

17. U0B is constrained to the northern extent of the site where it appears within a basin feature, with 

thickness varying from 27.44 m to 63.86 m.  

The base U0B is a prominent erosional surface in the data that marks an abrupt transition in seismic 

facies (Figure 18). The U0B facies, fine layering and acoustic transparency, suggest deposition in a 

quiet, low energy environment, consistent with distal regions of a proglacial lake. Underlying U0B is 

U1 that displays contorted and chaotic facies, indicating a tectonized diamict, likely till. We speculate 

that the advancement of ice incised existing till deposits, that upon glacial retreat formed basins, 

providing the accommodation space for proglacial lakes. Laterally continuous, thin bedding is common 

within U0B, consistent with varved clays. 

According to the geotechnical data U0B is comprised of clays and sand (Figure 19). Clayey sediments 

are predominant where U0B is thickest, and may represent varved deposits. Sands become more 

prevalent at the margins of U0B where it is thinner. In some instances, sandier sediments overlie the 

deeper clay deposits, possibly the result of high-energy glacial outwash processes. 

Based on the seismic interpretation, Seismic unit U0B is present in the WTG 3D volumes listed in Table 

11.  
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Table 11 - List of WTGs where seismic unit U0B is present. 

Seismic Unit U0B 

VOSP WT05 WT07 WT08 WT10 WT12 

WT14 WT16 WT17 WT19 WT108 WT117 

 

 
Figure 17 - Spatial extent of mapped horizon B0B, referenced to LAT (in metres). 
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Figure 18 - Seismic profile depicting the transparent facies that is common to U0B, potentially representing glaciolacustrine deposits. 2D seismic line 24G02_RR_007. 
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Figure 19 - Seismic profile depicting the clayey sediments that are prevalent within U0B. Often, the soft clays of U0B are overlain by stiffer, sandy sediments. 2D Seismic line 

24G02_RR_200_A, CPT091. 
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4.3.4. SEISMIC UNIT U1A 

Seismic unit U1A, the base of which is delineated by B1A, is interpreted as corresponding to specific 

elements of the Western Irish Sea Formations (WISF) as described within Mellett et al. (2015). The 

ǎǇŀǘƛŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ ŀƴŘ ŘŜǇǘƘ [!¢ ƻŦ ǳƴƛǘΩǎ ōŀǎŜ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ƛƴ Figure 20. U1A is constrained to the 

southern extent of the site, where it varies in thickness from 0.10 m to 18.02 m. U1A is proposed to 

be a glaciolacustrine or glaciomarine deposit.  

Foreset bedding is interpreted within U1A that is indicative of deltaic deposition (Figure 21). Deltaic 

deposits of this sort commonly occur within the confines of proglacial lakes. However, it is also 

possible that such deposits (delta foresets) might occur within a glaciomarine environment. 

Additionally, much of the seismic facies of U1A is disorganized or incoherent, e.g., semi-transparency, 

hummocky, and chaotic, that is more in line with a glaciomarine interpretation rather than 

glaciolacustrine (Figure 22). 

According to the geotechnical data U1A is comprised of sands and clays. The sandier sediments of U1A 

appear to be finer, and less resistant in CPT terms, than the overlying surficial sands. When clay is 

present within U1A it tends to occur near the base of the unit and is overlain by the sandy deposits 

(Figure 23). 

Based on the seismic interpretation, Seismic unit U1A is present in the WTG 3D volumes listed in Table 

12.   
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Table 12 - List of WTGs where seismic unit U1A is present. 

Seismic Unit U1A 

OSPS WT45 WT47 WT48 WT49 WT50 WT51 WT52 WT53 WT54 

 

 
Figure 20 - Spatial extent of mapped horizon B1A, referenced to LAT (in metres). 
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Figure 21 - Seismic profile depicting foreset bedding suggestive of deltaic deposition. These deposits may represent deltaic input to either a glaciomarine or glaciolacustrine environment. 

2D Seismic Line 24G02_LK_XL_09. 
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Figure 22 - Seismic profile depicting the typical facies of U1A that is mostly incoherent and possibly indicative of glaciomarine deposition. 2D Seismic line 24G02_RR_059_R1. 
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Figure 23 - Seismic profile and CPT data depicting sands overlying clayey sediments that is a common sequence within U1A. 2D Seismic line 24G02_RR_059_R1, CPT048b-c. 
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4.3.5. SEISMIC UNIT U1 

Seismic unit U1, the base of which is delineated by B1, is interpreted as possibly corresponding to 

constituents of the Cardigan Bay Formation (CBF) as described within Mellett et al. (2015). U1 is a 

composite unit in that it contains two distinguishable sediment deposits or formation members. The 

two members are separated by Horizon BUTU1 in the 2D ground model seismostratigraphic 

framework, and by U1-internal horizons in the 3D volumes. The spatial distribution and depth LAT of 

horizons B1 and BUTU1 are presented in Figure 24 and Figure 25, respectively. The lower member of 

U1, that which typically occurs directly above B1 (Figure 26), is interpreted as potentially representing 

the Bedded and/or Infill members of the CBF. However, there does appear to be some ambiguity as 

to whether these deposits are confirmed in the western Irish Sea.  

The basal deposits of U1, i.e., the Bedded Member, varies widely in thickness and periodically exhibits 

(semi)coherent acoustic stratigraphy, such as layered facies, and horizontal reflections with extended 

lateral continuity (Figure 27). As such, these deposits are unlikely to be strictly diamictic, but should 

still be glaciogenic, and according to Mellett et al. (2015), the Bedded Member is comprised of silts 

and gravelly sands. CPT data from the basal deposits of U1 also reflect a bedded structure with sand 

and clay components (Figure 28). 

The upper deposits of U1 are interpreted as potentially representing the Upper Till Member of the 

CBF. Even if the assignment of these deposits to the CBF is incorrect, their interpretation as diamicts, 

namely tills, remains likely. The seismic character and facies of the upper section of U1 is consistent 

with that of tills and glaciotectonites. The seismic facies range from chaotic to (semi)transparent, 

indicating a lack of coherent stratification that is diagnostic of tills and diamicts more generally (Figure 

29). Additionally, the seismic data displays potential thrusts and acute deformation suggesting 

widespread glaciotectonism throughout this part of the unit.  

The sedimentological composition of this deposit shows spatial heterogeneity and is comprised of 

sediments raging from clays to sands, according to the CPT data (Figure 30). This type of sediment 

structure, or lack thereof, is also suggestive of glacial tills. It is worth noting that the upper tills of B1, 

where measured as clay in the CPT data, may be quite soft relative to its upper and lower bounding 

units. 

Based on the seismic interpretation, Seismic unit U1 is present in the WTG 3D volumes listed in Table 

13.   
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Table 13 - List of WTGs where seismic unit U1 is present. 

Seismic Unit U1 

OSPN WT07 WT19 WT30 WT39 WT47 WT108 WT144 

OSPS WT08 WT20 WT32 WT40 WT48 WT111 WT146 

WT01 WT09 WT21 WT33 WT41 WT49 WT113 GERE 

WT02 WT11 WT23 WT34 WT42 WT50 WT130  

 

 

 

 

WT03 WT13 WT24 WT35 WT43 WT51 WT134 

WT04 WT14 WT25 WT36 WT44 WT53 WT139 

WT05 WT15 WT27 WT37 WT45 WT54 WT141 

WT06 WT18 WT28 WT38 WT46 WT55 WT142 

 

 
Figure 24 - Spatial extent of mapped horizon B1, referenced to LAT (in metres). 
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Figure 25 - Spatial extent of mapped horizon BUTU1, referenced to LAT (in metres). 
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Figure 26 - Seismic profile depicting the contrasting seismic facies of the upper and lower members of U1. The basal deposits, i.e., the Bedded Member display bedding with lateral 

continuity. The overlying deposits, i.e., the Upper Tills, display a semitransparent to chaotic facies. 2D Seismic Line 24G02_RR_XL_245. 
















































































































































