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1.3.4 Quaternary deposits 

1.3.4.1 The Pleistocene and Holocene deposits likely to be encountered within the export cable 
corridor Red Line Boundary have been presented in Section 3 of Appendix 16.3. Deeper 
Pleistocene Formations, notably the Aberdeen Ground, Ling Bank and Fisher Formations, 
are beyond the likely depth of impact from the proposed cable installation and reach of VCs, 
so will not be discussed in this Appendix. The overlying younger and shallower Pleistocene 
and Holocene formations are summarised in Table 1.1. 

1.3.4.2 Each of these formations has been assigned an age, or approximate age-range, based 
upon their stratigraphic relationship to each other, their known biostratigraphy, nature of 
formation, or the direct application of geochronological techniques to assign a date (see 
Stoker et al., 2011). Reporting of these ages is typically by the application of the Marine 
Isotope Stage (MIS) scheme. MIS provide a subdivision of the Pleistocene, recording the 
oscillations between glacial and interglacial phases of global climate, with MIS 1 
representing the latest post-glacial warm period associated with the Holocene, which began 
at 11.7 kilo annum (ka). Ages assigned to these MIS are based upon the work of Leisecki 
and Raymo (2005). 

Table 1.1 Pleistocene and holocene formations within the export cable corridor Red 
Line Boundary area 

Formation Depositional 
environment 

Expected lithology Age 

Holocene marine Holocene reworking of 
Quaternary sediment in 
a low- to moderate- 
energy marine 
environment. 

Expected to comprise of 
clayey, silty sand and 
coarse sand with 
occasional gravel and 
isolated to scattered 
cobbles and boulders. 

Holocene (MIS 1; post 
11.7ka). 

Forth formation (St 
Andrews Bay 
member) 

Shallow-marine deltaic 
to marine. 

Fine medium dense sand 
with shells and shell 
fragments, in places rare 
pockets of organic matter. 

Late Devensian 
(Younger Dryas) to 
Holocene (MIS 2/1; post 
12.9ka). 

Forth Formation 
(Largo Bay Member) 

Glaciomarine Extremely low to low 
strength clay interbedded 
with sandy silt, shells and 
shell fragments. 

Late Devensian 
(Windermere 
Interstadial) (MIS 2; 
14.7ka to 12.9ka). 

Witch ground 
formation 

Glaciomarine, 
sometimes reworked 
during the mid- to late-
Holocene. 

Comprise fine sands and 
silts, often laminated. Unit 
is often acoustically blank 
but characterized by the 
occurrence of pockmarks. 

Late Devensian / Early 
Holocene (MIS 2/1; post 
29ka). 

Swatchway Likely to have been 
proximal glaciomarine 
sediments. 

Extremely low to medium 
strength sandy clay with 
occasional gravel. 

Thought to be Middle 
Devensian (MIS 3/2; c. 
57ka to 26ka. 

Wee Bankie Glacial till. 
 

Fine to coarse loose to 
very dense sand with high 
strength clay, gravel, 

Late Devensian (MIS 2; 
29ka to 11.7ka). 
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Formation Depositional 
environment 

Expected lithology Age 

cobbles, boulders and 
shells. 

Coal Pit Upper Pleistocene 
(Devensian) Sub-
glacial, Post glacial, 
interglacial to early 
glacial.  
 
Largely exists as infill 
deposits within tunnel 
valleys that were 
eroded during / 
immediately after 
Middle Pleistocene 
glaciation. 

Sandy silty clay and 
interlaminated clay and 
fine-grained silty sand; 
clay is generally stiff and 
over consolidated with 
some pebbles. Shell 
fragments and complete 
valves abundant in 
places. Boulders are 
observed within this 
Formation. Where 
outcropping on the 
seabed, typically 
represented by moderate 
to high reflectivity with 
concentrations of 
boulders. 

Thought to be between 
MIS 6 and 2 
(approximately 191ka 
and 29 ka). 
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2. Methodology 

2.1.1.1 The marine geotechnical survey was undertaken by Fugro GB Limited within the offshore 
export cable corridor Red Line Boundary onboard the MV Fugro Galaxy. Seabed sampling, 
including VCs, were collected between 1 July 2023 and 11 July 2023 (Fugro, 2023a), with 
Cone Penetration Testing (CPT) between the 8 November 2023 and 4 December 2023 
(Fugro, 2024a) a synthesis of these results, include onshore laboratory testing, was 
reported by Fugro (2024b).  

2.1.1.2 For coring, the VC was attached to a supporting umbilical cable and lowered to seabed 
using a winch at the stern of the vessel. A load of approximately 800 kilograms at the head 
of the VC forced the core barrel into the ground, where it was vibrated for the minimum 
amount of time considered appropriate for the expected ground conditions. At the end of 
the test, the barrel was hoisted back up into the VC seabed frame and the whole unit 
winched to deck for further processing. A core catcher was used in all cases to maximise 
sample recovery. Material obtained from the cutting shoe or core catcher was used for 
additional soil description and classification and stored in labelled plastic bags. 

2.1.1.3 Twenty-eight VCs were collected within the export cable corridor Red Line Boundary, 
including eight re-samples (Figure 2). This resulted in 20 different locations being sampled. 
Core recovery was a maximum of 5.75 metres (m) in core MRW-ECC-VC-26. Average 
recovery was 2.38m. The location, depth of penetration and length of recovery for each VC 
is provided in Appendix A. 
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3.1.1.2 To aid the geoarchaeological interpretation of these deposits and cross-correlation between 
cores, a range of geotechnical measurements conducted upon the recovered VCs have 
been considered, notably Particle Size Distribution (PSD) and Atterberg limits, alongside 
the results of the CPTs. 

3.1.1.3 PSD is the most fundamental property of sediment, affecting entrainment, transport, and 
deposition. Such analysis, therefore, provides important clues to the sediment provenance, 
transport history, and depositional conditions. For example, tills are characteristically 
unsorted, consisting of a clast and a fine fraction or matrix, with their PSD influenced by 
their source rocks and distance travelled. Marine or fluvial deposits may show evidence of 
strong grading, with the majority of the sediment falling within a restricted grain-size range. 
By contrast, sediments settling out in a glaciolacustrine or glaciomarine setting may exhibit 
a skewed or bimodal PSD dominated by fines and the presence of varves or laminations, 
while sub-glacial channels might be dominated by sands. Comparison of PSD between 
different sediment types, and determination of sediment grading, can be achieved in a 
simple form using both PSD curves and ternary diagrams (Figure 3).  
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formation processes, likely environments represented and potential for 
palaeoenvironmental analysis were also noted.  

3.2.1.3 As part of the Stage 2 recording, radiography and laminography of MRW-ECC-VC-03 and 
MRW-ECC-VC-12A should be undertaken if the samples are sufficiently intact. This should 
be conducted using a suitable system, such as a Geotek ScoutXcan. 

3.2.1.4 For MRW-ECC-VC-05A, up to ten wood fragments should be selected for wood 
identification. Each wood sample should be thin-sectioned, representing all three wood 
planes: transverse section, tangential-longitudinal section and radial-longitudinal section. 
All wood sections should be produced by hand by alternating between two types of standard 
razor blade as appropriate; backed single-edged and double-edged. Anatomical feature 
description should follow those defined in the International Association of Wood Anatomists 
handbook for softwood (Richter et al., 2004) and hardwood (Wheeler et al., 1989) 
identification, with reference to Inside Wood (Wheeler et al., 2020).  
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5. Glossary of Terms and Abbreviations 

5.1 Abbreviations 

Acronym Definition 

2DUHRS 2D Ultra High Resolution seismic 

CPT Cone Penetration Test 

EIA Environmental Impact Assessment 

GW Gigawatt 

ka kilo annum 

km kilometre 

MIS Marine Isotope Stage 

NE7 Northeast 7 

OAA Option Area Agreement 

PSD Particle Size Distribution 

SBP Sub-bottom Profiler 

ScARF Scottish Archaeological Research Framework 

UK United Kingdom 

UTM Universal Transverse Mercator 

VC Vibrocore 

WTG Wind Turbine Generator 

 

5.2 Glossary of terms 

Term Definition 

Anthropogenic  Man-made 

Archaeology The study of the material remains of the past. 

Biostratigraphy Branch of stratigraphical analysis concerned with fossils and their use 
in dating sedimentary deposits. 

Chronology The science of arranging events in their order of occurrence in time. 



MarramWind Offshore Wind Farm December 2025 
Environmental Impact Assessment Report 
Volume 3, Appendix 16.4: Stage 1 Marine Geoarchaeological Assessment 

 

27 

Term Definition 

Geoarchaeology A multi-disciplinary approach that uses the techniques and subject 
matter of geography, geology, geophysics and other earth sciences to 
examine and inform archaeological knowledge and thought. 

Geophysical survey Activities to obtain data on the distribution and nature of geophysical 
properties of the seabed (for example. bathymetry, surficial sediment 
type and bedforms, sub surface geology). Geophysical survey outputs 
typically include multibeam bathymetry, sidescan sonar, magnetometer 
and sub-bottom profiler data. 

Glacial Interval of cold climate associated with larger glaciers and expansion 
of continental ice-sheets, coupled with lower global sea level. 

Glacial maximum Period within a glacial when global ice sheets reach their greatest 
extent. 

Glaciation  The process or state of being covered by glaciers or ice sheets. 

Heritage The historic environment and especially valued assets and qualities 
such as historic buildings and cultural traditions. 

Historic Environment The physical evidence of past human activity. 

Holocene The second (and present) epoch within the Quaternary Period, starting 
c. 11.7ka. 

Ice Sheet A layer of ice covering an extensive tract of land for a long period of 
time. 

Interglacial  An interval of warmer global average temperature lasting thousands of 
years that separates consecutive glacial periods. 

Interstadial  Relating to a minor period of less cold climate during a glacial period. 

Last glacial maximum The most recent time during the Devensian glaciation when ice sheets 
reached their greatest extent in Britain, c. 26ka to 20 ka. 

Magnetometer An instrument which measures the strength of a magnetic field. 

Marine Oxygen Isotope Stage Alternating warm and cool periods in the past climate of the Earth, 
deduced from oxygen isotope data from deep sea core samples. 
  

Multibeam echosounder An instrument that uses sound to create a three-dimensional map of 
the seabed bathymetry. 

Palaeolandscape Palaeolandscape refers to an ancient / relict landscape that has been 
preserved in the geological record. 

Palaeolithic  The cultural period once referred to as the Old Stone Age. It is defined 
by the practice of hunting and gathering and the use of chipped flint 
tools. 

Pleistocene The first epoch within the Quaternary Period, between c. 2.58Ma and 
11.7ka. 
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Term Definition 

Post-glacial Relating to or occurring during the time following a glacial period, 
usually referring to the time after the Last Glacial Maximum. 

Quaternary The most recent period of the Cenozoic Era, starting c. 2.6Ma. It 
follows the Tertiary Period and is subdivided into the Pleistocene and 
Holocene Epochs. 

Sidecan sonar An instrument that used sound to create a two-dimensional 
representation of the seabed. 

Stratigraphy Study of the order and relative position of strata / archaeological 
deposits. 

Sub-bottom profiler An instrument that uses sound to create a representation of the sub-
seabed stratigraphy. 
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Vibrocore Easting 
(Universal 
Transverse 
Mercator 
(UTM) 30N) 

Northing 
(UTM 30N) 

Core 
Penetration 
(m) 

Sample 
Recovery 
(m) 

Water Depth 
(m Lowest 
Astronomical 
Tide) 

MRW-ECC-VC-39A 607280 6417097 1.50 1.05 -107.0 

MRW-ECC-VC-41 599872 6385634 3.30 2.80 -96.8 

MRW-ECC-VC-45 579024 6378219 2.05 1.15 -62.1 

MRW-ECC-VC-45Alt 578991 6378291 1.60 1.45 -63.0 

MRW-ECC-VC-47 573567 6376713 1.80 1.60 -29.5 



 

 

 


