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Abstract. Intensification of glacial–interglacial cycles at the Pleistocene onset (∼ 2.6 Ma) was a critical transi-
tion in Earth’s climate history. The increased severity of cold conditions triggered the development of continental-
scale ice sheets, which then affected the global climate system through complex ocean–atmosphere–cryosphere
linkages. Besides estimates of global ice volume with poor spatio-temporal control, little is known about late
Plio-Pleistocene ice sheet fluctuations during the transition from late Pliocene warmth to intensified Pleistocene
glaciations, or the apparent change to greater ice volumes during the Middle Pleistocene Transition (∼ 1.2–
0.8 Ma). Our inability to reconstruct the extent of ice sheets through these major climate shifts limits our under-
standing of the causes of long-term climate change and the ways in which ice sheet feedback loops influence
environmental change. The North Sea Basin (NSB) contains a ∼ 1.2 km thick marine record of the late Plio-
Pleistocene that, unlike the land-based record, preserves an almost complete archive of erosion and deposition
by Europe’s ice sheets and large river systems. Thus, the sequence preserved in the NSB is a significant palaeo-
climate archive of late Plio-Pleistocene climate–environmental linkages. While the NSB is extensively covered
by industry data, the late Plio-Pleistocene interval lacks samples providing geological control on existing palaeo-
climate interpretations. The International Ocean Drilling Programme (IODP3) Expedition 507 will unravel how
glaciers, landscapes, climate, and ecosystems evolved and interacted through the late Plio-Pleistocene. The ex-
pedition will contribute knowledge on natural climate variability, analogues of past warmer climates, tipping
points, and rates of change. The mid-latitude location of the NSB allows for linkages between low- and high-
latitude records, and potential feedbacks and teleconnections of north-west European climate with other parts
of the climate system – e.g. European ice sheet influence on North Atlantic storm tracks. A particular focus on
ecosystem evolution will reveal climate- and biology-related feedbacks, resilience, recovery, and carbon cycle
dynamics. The results will tie into the 2050 Science Framework through Strategic Objectives 3–5 and Flagship
Initiative 1 (ground-truthing future climate change) and will contribute to better calibration of numerical Earth-
system models, knowledge on climate sensitivity and variability, and a wider appreciation of feedbacks within
the Earth system.
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Schedule for IODP3 Expedition 507

IODP3 Expedition 507 is provisionally scheduled to take
place in spring 2027, with the final drill site to be determined
based on scientific objectives, the type of vessel used, and
permitting (as of April 2026). The tendering process for a
suitable vessel is ongoing, and the expedition will use either
a geotechnical-type vessel or a liftboat/jackup rig.

1 Introduction

Intensification of global glacial–interglacial cycles, marked
by the onset of the Pleistocene (∼ 2.6 Ma), was a criti-
cal climate transition as increasingly severe cold conditions
triggered continental-scale Northern Hemisphere glaciation.
While the last glacial cycle (peaking at ∼ 25–21 ka) is in-
creasingly well-understood, the nature of prior glaciations
remains less comprehensive, with little information about ice
sheet margins, the underlying glacial- and morpho-dynamic
controls, and how glacial variability was linked with cli-
mate and ecosystem changes. There is piecemeal evidence
for some of these unknowns – e.g. landforms on the glaciated
terrains of north-west Europe and North America suggest
that, in some instances, Early Pleistocene ice sheets may
have been comparable in size to those in the Late Pleis-
tocene (Balco and Rovey, 2010; Rea et al., 2018). However,
with Early Pleistocene sea level lowstand estimates gener-
ally, but not always, ∼ 50 %–60 % of those in the Late Pleis-
tocene (Miller et al., 2011; Jakob et al., 2020), such observa-
tions provide uncertainty as to how they match up and, more
broadly, the nature of Pleistocene climate–cryosphere evo-
lution and its feedbacks relative to the preceding Pliocene
global warmth. If we cannot fully understand the nuances of
such discrepancies, then it provides a limit on how effectively
the past can be used as an analogue for the future.

The ∼ 600 km long North Sea Basin (NSB) transitioned
through ∼ 50 glacial–interglacial cycles – of varying lengths
between the worlds dominated by the 41 and 100 kyr cy-
cles (Fig. 1) – as it was infilled by an offset-stacked suc-
cession of largely muddy deep-to-shallow marine and ter-
restrial sediments (Lamb et al., 2018). Ample accommo-
dation and high sediment fluxes combined to preserve a
unique ∼ 1.2 km thick late Plio-Pleistocene succession that
captures the co-evolution of glaciation and Europe’s largest
river systems in a shallow marine basin (Gibbard, 1988; Rea
et al., 2018). Importantly, the depocentre architecture indi-
cates that northward progradation between 3.3 and 1.7 Ma
is recorded within dominantly muddy, high-sedimentation-
rate (> 0.6 m kyr−1) deposits in the central and southern
NSB, while younger muddy sequences from 1.7 to 0.5 Ma
in the northern basin preserve the record at similarly high
resolution (>0.5 m kyr−1). The 0.5 Ma–Holocene sequence
is 250–300 m thick in both areas, yielding ice proximal and
distal records of overlapping ages. These sediments record
palaeoenvironment signatures from all over north-west Eu-

rope as they were sourced by multiple rivers and ice sheets
connecting middle and high latitudes (Fig. 2). Thus, the NSB
Pleistocene sequence and the late Pliocene succession cap-
turing the transition into it provide a unique land-to-sea-to-
ocean palaeoclimate archive across millions of years (Don-
ders et al., 2018). The geological setting of the NSB means
there are few, if any, better settings in which to collect such a
high-resolution temporal record for this interval across north-
west Europe. Despite thousands of exploration wells, indus-
try rarely collected materials from the upper ∼ 1.5 km, mean-
ing this climate archive lacks samples to date and corroborate
hypotheses.

2 Background

2.1 Geological setting

The NSB structural configuration results primarily from Late
Jurassic to Early Cretaceous rifting and later regional up-
lift, followed by thermal cooling and subsidence (Jarsve et
al., 2014). The basin is surrounded by land, except for a per-
sistent northern link with the north-east Atlantic and a con-
nection to the Channel region that only developed during the
last 500 ka. Since the Neogene, up to 2 km of sediment has
accumulated in the Central Graben, of which up to ∼ 1.2 km
is Quaternary aged (Fig. 3) and is largely undisturbed, ex-
cept near salt diapirs (Knutz, 2010). Basin-scale 3D seismic
data show that at ∼ 2.6 Ma the North Sea formed an elon-
gate depression with a narrow marine connection to the north
(Lamb et al., 2018). North-westward progradation of shelf
deltaic systems in the south and glaciogenic-linked progra-
dation in the central/northern North Sea gradually infilled the
Early Pleistocene basin with sediments from glaciation and
the Baltic/Rhine–Meuse river systems (Lamb et al., 2017,
2018; Ottesen et al., 2018) (Fig. 2). Basin-scale age models
have been developed from limited core materials (Kuhlmann
and Wong, 2008; Knutz, 2010; Lamb et al., 2018) and allow
for subdivision of Early Pleistocene stratigraphy, from incep-
tion at ∼ 2.6 Ma to the Middle Pleistocene Transition (MPT
– ∼ 1.2-0.8 Ma).

The Plio-Pleistocene intensification of glaciation, which
strengthened during the MPT, is preserved within the NSB.
While direct glacial evidence is scarce (e.g. Graham et
al., 2011), 3D seismic data reveal extensive Early Pleis-
tocene glacial landforms on buried clinoform surfaces (e.g.
Knutz, 2010; Rea et al., 2018). The limited chronologi-
cal control from borehole A15-03 (Kuhlmann et al., 2006)
means that these features have led to contrasting interpre-
tations. The “extensive ice sheets” model puts the earliest
ice advance from the British Ice Sheet into the central basin
early in the Pleistocene at ∼ 2.53 Ma, with the confluence
of the British and Fennoscandian ice sheets in the North
Sea at ∼ 1.87 Ma (Rea et al., 2018). In contrast, the “re-
stricted ice sheets” model suggests that while the earliest
Pleistocene Fennoscandian Ice Sheet reached the palaeoshelf
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Figure 1. Proxy records – black graph shows the global oxygen isotope record (Lisiecki and Raymo, 2005), with blue bands indicating ice
ages. Orange graph shows orbital variation influence on insolation that triggered glacial–interglacial cycles (Laskar et al., 2004). Blue graph
is the productivity record at Lake El’gygytgyn, Siberia (Brigham-Grette et al., 2013). Green bars show ice-rafted detritus documented on the
mid-Norwegian margin at ODP Site 642 (Krissek, 1989). Seismic units (brown boxes) and age of key surfaces (labels with red lines) from
Fig. 4 are shown.

Figure 2. Study site – regional context showing Early Pleistocene river inflow into the North Sea (Gibbard, 1988), Last Glacial Maximum
ice extent (Hughes et al., 2016), and contemporary ocean surface currents. Purple dots show modern amphidromic points (Sinha and Pingree,
1997). The map highlights the large geographical extent of NSB sediment transport pathways. Green dots show existing ocean drilling sites –
note the North Sea absence. White box shows location of Fig. 3. Ocean Drilling Program (ODP) Site 642 from Fig. 1 is highlighted. Basemap
is from ArcGIS Pro mapping software. Basemap © Esri, Garmin, GEBCO, NOAA NGDC, and other contributors.

break beyond western Norway (Ottesen et al., 2018; Løseth
et al., 2020), this ice sheet did not reach the centre of the
basin until ∼ 1.1 Ma (Ottesen et al., 2024). The contrasting
interpretations provide significant uncertainty as to glacia-
tion extent and timing, limiting our ability to interrogate the
causes and consequences of global climate shifts such as the
MPT. The NSB succession is largely unsampled by explo-

ration wells but is well-imaged and sporadically sampled by
site surveys (Buckley, 2017). Thus, some information ex-
ists for the Middle–Late Pleistocene (since ∼ 0.5 Ma), but
it remains far from ideal for dedicated palaeoenvironmental
analysis. From limited samples, key associations have been
derived between ice sheet growth/decay and changes in sea
surface temperatures, ecosystem extent (e.g. arboreal vege-
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Figure 3. Quaternary context – (A) thickness map of NSB Quaternary depocentre and the extent of industry data used to plan drill sites. 2D
seismic data are not displayed for clarity but cover the entire basin. Red outline shows the location of panel (B). Note the non-linear colour
scale for the bathymetry to highlight shallower morphology. (B) Map showing the location of the primary study site (NSC-01A), with the
location of the seismic lines shown in Fig. 4, and the alternate sites. The green outline shows the area of maximum sedimentation rates for the
targeted units – i.e. the “sweetspot” – and within this the geohazard workflow was deployed to identify potential drill sites. Bathymetry data
from the EMODnet Bathymetry Consortium (2018) and the satellite imagery is the World Imagery layer on ArcMap Online. Bathymetry
data © EMODnet Bathymetry Consortium, 2018. World Imagery © Esri, Maxar, Earthstar Geographics, and the GIS user community.

tation), and migration of Arctic surface water masses (Don-
ders et al., 2018). In contrast to the Pleistocene, limited sam-
ples from the Pliocene show significant warmth compared to
present (Kuhlmann et al., 2006; Dearing Crampton-Flood et
al., 2020) with different flora and fauna that provide funda-
mental insights into a warm-state end member for the NSB
and an analogue for climates under CO2 levels similar to to-
day.

2.2 Seismic studies

Basin-wide seismic data and hundreds of boreholes al-
low for a 3D chronostratigraphic framework of the late
Plio-Pleistocene to be mapped over areas up to ∼ 100 km2

(Fig. 3). The chronostratigraphy hinges on just one de-
tailed seismic-well tie in exploration well A15-03 (biostratig-
raphy, palynology, palaeomagnetism) (Fig. 4), and wire-
line data calibration points (see Kuhlmann et al., 2006;
Harding, 2015). Seismic reflections can be mapped around

A15-03 and correlated outwards to create regional time-
representative surfaces (Lamb et al., 2018; Busschers et
al., 2025). These two-way-time surfaces have been depth-
converted (Lamb et al., 2018), with subsequent thickness
maps and the A15-03 age constraints being used to cre-
ate sedimentation rate maps. Areas with high sedimenta-
tion rates (≥ 0.3 m kyr−1) were further investigated to iden-
tify mud-prone clinothem foresets/toesets with good conti-
nuity of desirable seismic facies that were calibrated against
nearby borehole data (cuttings and wireline logs) to show po-
tential drill site areas. Drill site locations were de-risked by
documentation of drilling hazards and exclusion zones us-
ing a geohazard workflow (Cox et al., 2020). Cenozoic shal-
low gas occurrences in the southern North Sea were cali-
brated in nearby boreholes and, where possible, documen-
tation of drilling hazards from well reports were integrated
within the workflow. Further consideration was given to the
depth of the target interval and the full overburden character-
istics to maximise continuity of the record, such that it ac-
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curately reflected the depositional history of the interval of
interest while minimising potential drilling challenges. The
spatial distribution of geohazard zones, stratigraphic targets,
and known hazardous objects (e.g. pipelines) was used to
identify suitable primary (Fig. 4) and alternate drill site lo-
cations that were compatible with the broader scientific ob-
jectives of IODP3 Expedition 507 (next section).

3 Scientific objectives

The NSB mid-latitude location, latitudinal range, complete
3D seismic stratigraphic framework, and the multiple catch-
ments and processes feeding materials into a subsiding basin
at different times with high sedimentation rates provide a
unique opportunity to unravel the palaeoclimatic and oceano-
graphic evolution of north-west Europe in unprecedented de-
tail. This campaign will help elucidate how glaciers, land-
scapes, climates, and shallow marine and coastal ecosys-
tems evolved through a period of high-amplitude climate
variability (Fig. 1). The current North Sea has warmed at
twice the global average and, therefore, has a non-linear re-
sponse to climate forcing that needs quantification (Edwards
et al., 2021; Holland et al., 2023). The regional climatic state
drives cascading effects on nutrient cycling, ecosystem evo-
lution, sediment transport, and carbon cycling in the North
Sea (Fig. 5) and requires a greater knowledge on how these
systems evolved through time periods of variable baseline
characteristics (i.e. orbital parameters, ice sheets, climate,
tipping points). This will improve knowledge on the funda-
mental mechanisms governing these processes, with strong
relevance to contemporary and future change.

3.1 Objective 1: Glaciers – when, where, and how did
ice sheets develop around the NSB?

Knowledge on the evolution of Earth’s contemporary ice
sheets is limited by the observational time frame in which
processes and rates of change can be documented. Recon-
struction of palaeoice sheets provides information on ini-
tiation, growth, retreat, disappearance, and interaction with
other parts of the Earth system – all are relevant for using
past warm periods as future analogues. In the NSB, conflict-
ing ideas on the Early Pleistocene glaciations are presented
above – i.e. “extensive” vs. “restricted” – but the lack of em-
pirical validation allows for the coexistence of both ideas;
both may even be correct and represent ice sheets through
different glacials (Newton et al., 2024). Regardless of differ-
ent interpretations, ice advance beyond north-west European
coastlines in the Early Pleistocene is unequivocal.

During the last glacial cycle, the European ice sheet
contained 15–25 m global sea level equivalent (Simms et
al., 2019). For the Pleistocene glaciations it is assumed the
North American ice sheet dominated global sea level fluctua-
tions (Lisiecki and Raymo, 2005; Spratt and Lisiecki, 2016).
However, with Early Pleistocene fluctuations often ∼ 50 %–

60 % lower in magnitude than the Middle–Late Pleistocene,
landform evidence from north-west Europe means that the
North American ice sheet was not always dominant and/or
the magnitude of Early Pleistocene sea level changes may
be incorrect (Newton et al., 2024). These uncertainties raise
complications for our wider understanding of Pleistocene ice
sheet history and how European ice sheets are accounted
for in sea level reconstructions. In a global context this is
an increasingly problematic observation because evidence
for extensive Early Pleistocene ice sheets has grown for all
glaciated margins, while the magnitudes of the associated sea
level changes have generally not (Newton et al., 2024).

While there is limited knowledge on NSB sediment
provenance during the earliest glacial–interglacial cycles
(Kuhlmann et al., 2004), the lack of core material means
we do not know the timing of the first ice advance into the
centre of the NSB, nor how many times ice advanced after-
wards or where it came from. Seismic geomorphology pro-
vides insights, but without materials to constrain these ob-
servations our knowledge remains limited on how ice sheets
varied through 41 and 100 kyr glacial–interglacial cycles. We
also do not know how ice sheets responded to changes in
boundary conditions, such as infill of the NSB, or changes in
oceanography.

Summary

Beyond the fact that icebergs and grounded ice occasion-
ally entered the NSB, we know little about timing, origin,
and characteristics. This uncertainty is important because ice
sheet volumes impact global sea level reconstructions, our
understanding of NSB connectivity with the North Atlantic,
and how sensitive ice sheets were to different orbital and
landscape settings. These are existential gaps in our knowl-
edge of European palaeoglaciology that profoundly impact
our understanding of global Pleistocene glaciation. The first
objective of a successful drilling campaign will be to pro-
vide knowledge on when Pleistocene ice sheet glaciations oc-
curred in north-west Europe, where the ice sheets were cen-
tred, and how these ice sheets and their associated feedbacks
evolved.

3.2 Objective 2: Landscapes – how did the landscapes
around the NSB evolve?

Landscape evolution of the North Sea region is complex
because it is subject to reciprocal changes in glaciology,
climatology, and ecology. The depositional environment of
the NSB has transitioned through different landscape types:
from shelf-deltaic to glaciogenic and contouritic (Ottesen et
al., 2018). Up to ∼ 1.2 km of sediments have been deposited
over ∼ 2.6 Myr, which provides the opportunity to explore
land-to-sea coupling by documenting changing sources and
catchment hydrology of north-west Europe’s major river
systems (Donders et al., 2018; Dearing Crampton-Flood et
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Figure 4. Drill site profiles – seismic lines showing the seismic stratigraphy of the primary site, NSC-01A (vertical black line). Dashed black
lines show key seismic unit reflectors with the associated dates from the A15-03 geochronology. Location of borehole A15-03 is also shown.
Locations of the lines shown in Fig. 3.

al., 2020). Coring will provide information on provenance,
fluxes, and transport history of fluvio-deltaic and glaciogenic
deposition in the NSB, with changes associated with cli-
matic, hydrological, and glaciological evolution across the
north-west European continent. Sedimentological analyses
will provide insights into the relative contributions of glacial
and fluvial processes, and their evolution across, and within,
glacial–interglacial cycles (Kuhlmann et al., 2004).

Infill of the NSB has been hypothesised as a contributing
factor facilitating ice sheet confluence in the central North
Sea during the latest Early Pleistocene and the MPT (Otte-
sen et al., 2018), while regolith around the basin may have
influenced ice sheet flow and geometry (Rea et al., 2018).
Both ideas are important for understanding the triggers of
major environmental changes across north-west Europe, but
they lack empirical validation. The proposed coring site will
be able to document regolith within the stratigraphy, deter-
mine what its source area was, when it first appeared in the
depocentre, and when it disappeared as materials became
fresher in origin through time. This will provide evidence
for testing ideas on the relationship between regolith and ice
sheet geometries (Clark and Pollard, 1998).

An improved chronology will capture short-term
(∼ 10 kyr) and long-term (∼ 100 kyr) cycles of erosion-
deposition around the North Sea. The erosion of the
Fennoscandian mountains and subsequent accumulation of
materials within the NSB have previously been linked with
isostatic changes to explain tectonic-scale uplift (Nielsen
et al., 2009). Such ideas have proven contentious but are
important for understanding the efficacy of erosion and iso-
static compensation. Additionally, estimates of subsidence
in the NSB vary substantially (Arfai et al., 2018; Rea et

al., 2018), and an improved knowledge on erosion cycles
will contribute to these debates by providing insights into
erosion rates and its wider impact on landscape evolution.

Summary

The scale of the drainage networks flowing into the NSB
from across north-west Europe, coupled with repeated
glaciation, means that a coring campaign will provide insight
into landscape evolution and its links with climatic changes
across the European continent. The results will feed into con-
ceptual discussions of global significance on topics such as
the role of regolith in ice sheet development, the influence of
ice sheets on tectonic movements, and the characteristics of
the MPT. The second objective of a successful drilling cam-
paign in the NSB will be to provide knowledge on how land-
scapes around the NSB evolved and impacted other parts of
the Earth system through the late Plio-Pleistocene.

3.3 Objective 3: Climate – how did climate evolve
across different timescales?

The conceptual picture of late Plio-Pleistocene climate
change is relatively simple: decreased pCO2 levels low-
ered global temperature and the climate became more re-
sponsive to orbitally driven insolation changes (Fig. 1). The
knowledge of these changes is poorly understood at different
spatio-temporal scales (Tzedakis et al., 2017). Understand-
ing climate evolution across multiple scales is important be-
cause it directly relates to ice sheet development and land-
scape modification (Objectives 1 and 2). We know global at-
mospheric and oceanographic changes occurred across the
Plio-Pleistocene boundary and likely impacted European cli-
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Figure 5. Interlinked systems – flowchart summarising bi-directional relationships between glaciers, landscapes, climates, and ecosystems.
Red numbered squares document how these links relate to Strategic Objectives in the 2050 Science Framework. The lower boxes provide a
summary of broad topics that relate to each of the IODP3 Expedition 507 objectives.

mate (Bridges et al., 2023; McClymont et al., 2023), but we
have limited information on what form these impacts took
due to a fragmented onshore record and the lack of materials
collected from the offshore realm.

An improved understanding of north-west European Pleis-
tocene climate would allow us to study how climate could fa-
cilitate or restrict ice sheet growth around the NSB (Sánchez
Goñi et al., 2023). We would learn whether climate con-
ditions could support ice sheets during a 41 kyr glacial–
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interglacial cycle that were comparable in size to 100 kyr cy-
cles (Rea et al., 2018). There are complex feedbacks between
different parts of the Earth system, and understanding cli-
mate evolution at scales beyond a single glacial–interglacial
cycle would allow for exploration of how climate, land-
scapes, ecosystems, and glaciers interacted (e.g. Toucanne et
al., 2009).

The final timescale would explore how climate evolved
within, and between, different glacial–interglacial cycles,
including super-interglacials (Brigham-Grette et al., 2013)
(Fig. 1). This is important because some Pleistocene inter-
glacials are viewed as potential analogues for future climate
change (e.g. Marine Isotope Stages 11, 19, 31, 81, 91, 93).
Successful drilling would provide insights into whether there
is evidence for rapid climate changes or polar amplifica-
tion during deglaciations and at what stage of a climate cy-
cle, if any, feedback loops reached tipping points and broke
down. Study of key interglacials would allow for an assess-
ment of whether the super-interglacial signatures observed
at Lake El’gygytgyn, Siberia, were replicated in north-west
Europe and what potential implications this would have for
global vs. regional climate responses. An improved knowl-
edge on climate variation across glacial–interglacial cycles
would elucidate what factors provided important controls on
ice sheet growth and decay. Such an understanding is cru-
cial for European climate reconstructions and how regional
changes might impact, or be impacted by, changes elsewhere
(Brovkin et al., 2021).

Improving knowledge on oceanic connections between the
NSB to the North Atlantic is significant. If there was a gate-
way – i.e. an ice sheet did not block the northern North Sea
– fluvial and glacial freshwater from the NSB could flow
into the North Atlantic and impact the Atlantic Meridional
Overturning Circulation. Such connections could influence
the position of Northern Hemisphere pressure systems and
jet stream positioning, impacting precipitation and tempera-
ture patterns. This knowledge could improve our understand-
ing of the impact and evolution of teleconnections across
glacial–interglacial cycles.

Summary

Insights into climate variability and vulnerability to
perturbations, the large-scale structure of atmospheric–
oceanographic circulation systems, rates/magnitudes of
change, and how different Earth spheres interacted across
different timescales are all relevant to contextualising con-
temporary climate change and are of regional and global sig-
nificance. The third objective of a successful drilling cam-
paign in the NSB will be to provide knowledge on north-
west European climate evolution over different climatolog-
ical timescales, from within and across glacial–interglacial
cycles and major global transitions like the MPT.

3.4 Objective 4: Ecosystems – how did ecosystems
respond to climate changes and what can this tell
us about thresholds relevant for contemporary and
future biodiversity?

The increasingly intense glacial cycles during the Pliocene-
Pleistocene transition significantly impacted marine and ter-
restrial ecosystems and biodiversity. Prior to 3.3 Ma, the
North Sea was a warm-temperate mesophotic ecosystem
with high diversity on the shelf areas and in surrounding
lowlands. In the early Quaternary these ecosystems became
dominated by low diversity and more cold-adapted biota.
There is little knowledge on the exact timing and trajectories
of biodiversity and ecosystem turnover during this period. A
successful drilling campaign would establish baseline vari-
ability, identify regime shifts, and examine climatic triggers
from biotic proxies. Furthermore, a high stratigraphic resolu-
tion will enable a better understanding of terrestrial–marine
ecosystem feedback loops (Donders et al., 2018) and help
document carbon and nutrient fluxes over glacial cycles, as
well as how these changed over time.

An important component of this objective is to investi-
gate how super-interglacials (Brigham-Grette et al., 2013;
Oliveira et al., 2017; Tzedakis et al., 2017) are recorded
in the NSB. High-resolution temporal records in the NSB
will provide insight into how resilient communities were
during the super-interglacials and whether there is evi-
dence for biodiversity evolution and, importantly, tipping
points that might have led to marine death zone develop-
ment, which may be relevant for contemporary (and fu-
ture) warming. Comparison of individual interglacials and
super-interglacials will provide wider knowledge on the pace
of turnovers, timescales of ecosystem resilience or failure,
thresholds in ecosystem structure, and what the characteris-
tics of ecosystem diversification and evolution were through
climate changes of different durations and magnitudes, in
both marine and terrestrial habitats. This improved under-
standing of the marine and terrestrial species in the NSB will
provide broader insights into what the oceanic, atmospheric,
and hydrologic systems looked like at various stages through
the late Plio-Pleistocene (e.g. Lee et al., 2006). Knowledge
on these ecosystem characteristics is important because it
will help to elucidate the driving mechanisms of change,
the feedbacks between different ecosystems, and the asso-
ciations with the glacial and deltaic processes that operated.
These relationships are important for characterising the dy-
namics of the regional carbon cycle, as well as wider bio-
geochemical cycling as ecosystems responded to variable
depositional-erosional processes, and hydrological, climatic,
and oceanographic regimes.

Summary

Documenting the timing, duration, and nature of ecosys-
tem turnover events, and understanding the role of climatic

Proc. Int. Ocean Drill. Prog., 507, 1, 2026 https://doi.org/10.5194/piodp-507-1-2026



A. M. W. Newton et al.: IODP3 Expedition 507 Scientific Prospectus 9

change in triggering threshold responses, is important for es-
tablishing when and why ecosystems undergo fundamental
reorganisation. Climate records derived from proxies such as
dust, pollen, leaf waxes, and micropalaeontology – which
have been effective in the NSB (Noorbergen et al., 2015;
Donders et al., 2018) – all provide information linked with
other parts of the Earth system (e.g. Objectives 1–3). This has
direct implications for our understanding of the habitability
of life on Earth and how this may relate to future ecosys-
tem changes. The fourth objective of a successful drilling
campaign in the NSB will be to provide knowledge on how
ecosystems responded to past climatic tipping points and
longer-term climatic changes.

3.5 Summary

A successful coring campaign will deliver on the bullet
points below, with specific research questions presented in
Fig. 6:

– a late Pliocene and Pleistocene chronostratigraphic
record of the NSB;

– reconstruction of glaciation in the NSB, including the
nature and extent of these glaciations;

– insights into the landscape dynamics and how infill of
the NSB impacted other parts of the Earth system, such
as ice sheets and the Baltic river system;

– knowledge on how north-west European climate
evolved through glacial–interglacial cycles, within indi-
vidual cycles, the potential for tipping points, and ana-
logues for how warmer European climate functioned;

– ecosystem reconstructions through different environ-
mental changes, providing insights into speciation, ex-
tinction, longevity, turnover times, and response;

– insight into how different Earth-system components in-
teracted and their sensitivity through the transition into
the Pleistocene glaciation and the subsequent glacial–
interglacial cycles.

– These outcomes will provide the world’s most inte-
grated record of glaciological, geological, climatologi-
cal, and biological changes for the late Plio-Pleistocene
period.

3.6 IODP3 Expedition 507 and the 2050 Science
Framework (2050-SF)

3.6.1 Strategic Objectives (SO)

Habitability of life will be explored through investigating
how NSB ecosystems evolved through climatic changes of
the late Plio-Pleistocene. The environmental conditions of

this period include fluctuations through glacial–interglacial
cycles, super-interglacials, and significant coastline migra-
tions. This will provide knowledge on limits to and changes
in productivity, food web structures, and biodiversity in the
NSB and feedbacks with carbon cycling, climate change, and
ocean health (SO-1 of the 2050-SF). This also aligns with
SO-6 by contributing to an improved understanding of bio-
geochemical cycles and their relation to CO2 sequestration,
microbial processes, and transport of matter between dif-
ferent reservoirs. Earth’s climate system, feedbacks within
it, and potential for tipping points are integral to SO-3-5.
Drilling the NSB would contribute new insights into how
variable and susceptible natural systems were to major global
climatic changes. Analogues of past warmer climates and
how they can be used to understand the drivers of tipping
points, rates of change, and the spatial scale of their influ-
ence will be studied – all are important for future projections.
IODP3 Expedition 507 will build knowledge on how tipping
points were triggered, whether it was global, regional, or lo-
cal processes, the length of time for stability to arise after tip-
ping points were crossed, and what that new stability looked
like. The drilling will provide new understanding of ecosys-
tem health and stability through time, the level of resilience,
and the consequences for adaptation, speciation, and recov-
ery. The land-to-sea evolution of the NSB will provide in-
sight into biologically driven feedbacks, the consequences
and recovery of biodiversity under different perturbations,
and impacts on carbon dynamics. The mid-latitude location
allows for assessment of linkages with other latitudes and
studying polar amplification during mid-latitude glaciation
and its impact on sea level. It will provide insight into poten-
tial feedbacks of north-west European climate – e.g. North
Sea influence on Nordic seas circulation, North Atlantic pri-
mary productivity, and the influence of European ice sheets
on storm tracks. Improved knowledge on glacial–interglacial
cycling in time periods with different boundary conditions
will allow for the impact of those conditions on ice sheet
evolution to be investigated. Tectonic feedbacks will be stud-
ied through glacial erosion and deposition, regolith transport,
and how these processes relate to regional isostatic compen-
sation.

3.6.2 Flagship Initiatives (FI)

The results will tie with 2050-SF FI-1 (ground-truthing fu-
ture climate change) by providing empirical data for test-
ing numerical Earth-system models, improving knowledge
of climate sensitivity and variability, and contributing to
a wider appreciation of Earth-system feedbacks. FI-4 will
be addressed by exploring how productivity, geochemical
characteristics (e.g. pH, oxygen levels), nutrient availability,
and biodiversity of the North Sea changed through different
glacial–interglacial cycles. The ability to cover such a wide
range of themes, at a scale capturing changes across north-
west Europe that are regionally and globally important, can
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Figure 6. New knowledge – questions that a successful drilling campaign will seek to answer.

only be achieved through continuous coring and logging of
this unique succession. That such insight can be generated
from a modest amount of drilling emphasises why this re-
gion is especially well-suited to ocean research drilling.

3.6.3 Enabling elements (EE)

The objectives of this expedition will provide knowledge on
an array of topics relating to the impact of scientific drilling,
such as improving climate models, assessing ocean health,
and documenting biosphere evolution, all of which help to
contextualise contemporary environmental change. IODP3

Expedition 507 will unite colleagues from numerous disci-
plines across NSB member states and the IODP3 community.
This will ensure knowledge gained from the expedition will
be used as effectively as possible – a key requirement of EE-1
in the 2050-SF. The nature of basin infill means the NSB geo-
logical record will provide insights into late Plio-Pleistocene
sea level changes and its interaction with other parts of the
Earth system. Proponents on this project are also working
with materials from onshore drilling (e.g. the Netherlands)
that will allow for an integrated land-to-sea insight; this re-
lates to EE-2. Finally, the variety of information on past en-
vironments that will be extracted from the NSB means that a
drilling campaign will contribute to EE-4 by providing geo-

physical, geochemical, and biological data that help improve
future climate projections. This is crucial because the NSB
region has never been drilled by IODP3 (or previous itera-
tions), and, although it has been drilled by industry, there are
no cores or data of the scale and quality that are required for
ground-truthing climate models.

4 Operational strategy

4.1 Proposed drill sites

One primary site (NSC-01A) and three alternate sites (NSC-
02A, NSC-03A, and NSC-04A) have been identified to cap-
ture the depositional and climatic history of the North Sea
Basin since the late Pliocene and into the Early Pleistocene
(Table 1). Integrated seismic reflection and borehole data
were used to target a thick, stratigraphically continuous, fine-
grained succession spanning seismic units SU3–SU9 while
avoiding structurally complex or gas-charged intervals, other
geohazards, and existing infrastructure. Alternate sites pro-
vide comparable scientific relevance and operational suit-
ability should permitting or site-specific drilling conditions
preclude use of NSC-01A. All sites were evaluated using
the same scientific, safety, and operational criteria (Newton
et al., 2026). Primary Site NSC-01A (Fig. 4) targets high-
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resolution records of the late Pliocene and Early Pleistocene
intervals, potentially extending from ∼ 3.3 Ma. Seismic ge-
ometries and nearby well data indicate predominantly muddy
to fine-grained marine (shelf deltaic) sediments with up-
ward coarsening due to progradation. The upper succession
(above ∼ 1.78 Ma) likely comprises unconsolidated fine- to
medium-grained sands interbedded with clays, whereas in-
tervals below 400 m below sea floor (m b.s.f.) are expected
to consist of interbedded silty clays, silts, and very fine- to
medium-grained sands, with occasional limestone stringers.
Ice-rafted debris may occur within Early Pleistocene topset
strata (2.1–1.7 Ma). The uppermost 300 m is interpreted as a
heterolithic sequence spanning the last ∼ 800 kyr.

4.2 Drilling strategy

Recent drilling of glaciated continental margins, including
International Ocean Discovery Program (IODP) Expedition
400 (north-west Greenland), has demonstrated the opera-
tional challenges of penetrating compacted subglacial sedi-
ments using advanced piston coring (APC) systems (Knutz
et al., 2024). Comparable subglacial facies are anticipated
in the uppermost intervals of the primary site, where recov-
ery may vary. To maximise efficiency and recovery, rotary
core barrel (RCB) coring will be prioritised to reach the full
target depth at the site with good recovery. Although RCB
coring may reduce recovery of sand-rich intervals, it is ex-
pected to optimise recovery of the deeper, mud-dominated
units that form the primary scientific targets of the expedi-
tion. APC coring will be available and may be deployed de-
pending on geological context. Current estimates provided
by the European Consortium for Ocean Research Drilling
(ECORD) Science Operator indicate an average coring rate
of approximately 30–50 m per day – this is subject to revision
once the final drilling vessel/platform is selected. Drilling
will proceed through successive coring and downhole log-
ging phases. Based on previous IODP experience, expected
recovery of glaciogenic sediments ranges from 13 %–65 %,
though the deeper, mud-dominated strata targeted here are
likely to yield significantly higher recoveries (> 70 %) ow-
ing to compaction and reduced sand content.

4.3 Logging strategy

Integrated downhole logging and core–log–seismic correla-
tion will be applied to maintain stratigraphic continuity and
ensure robust age control throughout the hole. The drilling
programme will include a comprehensive suite of downhole
logging operations designed to obtain a continuous, high-
resolution record of the lithological, physical, and structural
characteristics of the recovered sequences. Planned measure-
ments include spectral gamma ray, sonic velocity, electrical
resistivity, porosity, borehole imaging, and magnetic suscep-
tibility. Although existing boreholes in the region provide
partial control on subsurface velocity, they are typically lo-

cated several kilometres from the proposed site and opti-
mised for greater depths than those targeted by IODP3 Ex-
pedition 507. Consequently, check shot surveys are consid-
ered essential, and the preferred programme will include a
suite of vertical seismic profiling, where operationally fea-
sible. These measurements will provide the velocity control
required to generate synthetic seismograms and establish a
robust core, log, and seismic tie to the regional 3D seismic
framework. The final configuration of the logging strategy
will be refined once the vessel, source availability, hole con-
ditions, and operational parameters are confirmed.

5 Risk and contingency

IODP3 Expedition 507 will be implemented as a Mission
Specific Platform (MSP) operation comprising one primary
borehole and three designated alternates. Operational and
environmental risks are expected to fall within the stan-
dard range for MSP activities and will be managed follow-
ing ECORD and IODP3 operational safety and risk proto-
cols, as also assessed by the IODP3 Safety and Environ-
ment (SEA) Group. Potential risks include adverse weather,
equipment downtime, and variable subsurface conditions af-
fecting core recovery and drilling. These risks will be mit-
igated through flexible scheduling, continuous monitoring
of weather windows, and maintaining critical spares and
backup systems onboard. All operational plans will incorpo-
rate buffer time to accommodate short delays without com-
promising the achievement of scientific objectives. If drilling
conditions, technical constraints, or time limitations prevent
full core recovery or continuity, downhole logging will be
used to supplement data acquisition. Alternate sites may also
be utilised to ensure that a representative stratigraphic se-
quence is obtained. Current operational assessments indicate
that the full target depth can be achieved within the provi-
sional timeline.

6 Science operations

The offshore and onshore phases of the IODP3 Expedi-
tion 507 programme are designed to operate as a contin-
uous analytical workflow. Offshore activities will focus on
non-destructive measurements and limited sampling from cut
ends to establish preliminary age control and environmen-
tal context. These initial results will inform the prioritisation
of sampling and analysis once the cores are split onshore.
The onshore phase will then expand upon these foundations
through comprehensive palaeontological, sedimentological,
geochemical, and chronological studies, ensuring that the full
scientific potential of the recovered material is realised. The
offshore and onshore programmes are designed to be adapt-
able, enabling modifications and additions that best leverage
the collective expertise of the final expedition participants
once they have been selected. A summary of methods is pro-
vided in Fig. 7.
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Figure 7. Research priorities – summary of methods to be used. Superscript numbering in the top table relates to facies in the bottom table
and shows which methods are typically (green numbers) used for studying that facies – e.g. dinoflagellates are typically used to investigate
marine facies. Red numbering represents facies that may potentially be studied using that method, depending upon what materials are present.
Number 8 represents methods that might potentially be applied to all the facies listed.
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Table 1. Proposed sites – summary of drill sites.

Proposed Lat. Long. Water Target Penetration Priority Scientific Site-specific
site (°) (°) depth stratigraphic depth objectives aims

(m) depth (m b.s.f.)
(m b.s.f.)

NSC-01A 55.3042 3.6715 27.70 1112 1200 Primary 1, 2, 3, 4 Recover a high-resolution palaeoclimatic/environmental
record of late Pliocene and Early Pleistocene successions
in the North Sea Basin. Site NSC-01A is targeting seismic
stratigraphic units SU3 to SU9 representing the Plio-
Pleistocene transition and an expanded Gelasian section.
The upper stratigraphy (∼ 300 m) is likely to cover the
Middle and Late Pleistocene period and will consist of
pro-to-subglacial sediments.

NSC-02A 55.2189 3.7026 36.81 1097 1200 Alternate 1, 2, 3, 4 Recover a high-resolution palaeoclimatic/environmental
record of late Pliocene and Early Pleistocene successions
in the North Sea Basin. Site NSC-02A is targeting seismic
stratigraphic units SU3 to SU9 representing the Plio-
Pleistocene transition and an expanded Gelasian section.
The upper stratigraphy (∼ 300 m) is likely to cover the
Middle and Late Pleistocene period and will consist of
pro-to-subglacial sediments.

NSC-03A 55.3494 3.6812 27.95 1135 1200 Alternate 1, 2, 3, 4 Recover a high-resolution palaeoclimatic/environmental
record of late Pliocene and Early Pleistocene successions
in the North Sea Basin. Site NSC-03A is targeting seismic
stratigraphic units SU3 to SU9 representing the Plio-
Pleistocene transition and an expanded Gelasian section.
The upper stratigraphy (∼ 300 m) is likely to cover the
Middle and Late Pleistocene period and will consist of
pro-to-subglacial sediments.

NSC-04A 55.8990 3.5534 59.9 1161 1200 Alternate 1, 2, 3, 4 Recover a high-resolution palaeoclimatic/environmental
record of late Pliocene and Early Pleistocene successions
in the North Sea Basin. Site NSC-04A is targeting seismic
stratigraphic units SU3 to SU9 representing the Plio-
Pleistocene transition and an expanded Gelasian section.
The upper stratigraphy (∼ 300 m) is likely to cover the
Middle and Late Pleistocene period and will consist of
pro-to-subglacial sediments.

6.1 Expected offshore measurements

As the core will not be split offshore, sampling opportunities
will be limited to the cut ends of each section. The offshore
analytical plan focuses on limited discrete measurements that
can guide early interpretation and planning of onshore work.

6.1.1 Sedimentology

Recovered core will capture the progradation and infill his-
tory of the North Sea Basin (NSB), providing a continuous
record of depositional environments across the terrestrial–
marine transition. Preliminary core description, undertaken
through the intact core liner, will allow for documenta-
tion of the anticipated range of lithofacies, including terres-
trial, coastal, shallow-marine, deeper-marine, and glacima-
rine units. As core sections arrive on deck, standard non-
destructive core scanning techniques will be applied to mea-
sure key physical properties using the offshore Multi-Sensor
Core Logger (MSCL), providing offshore datasets of param-
eters such as magnetic susceptibility, density, and P-wave ve-

locity. Core photography will also be carried out to provide
basic information on lithology and curation in a visual format
and to provide information for onshore operations.

6.1.2 Chronology

A crucial deliverable for the IODP3 Expedition 507 is to de-
velop a high-resolution chronology for the existing 3D seis-
mic stratigraphic scheme of the North Sea. Sampled ends
may be used to document planktic and benthic foraminifera,
coccoliths, diatoms, and nannofossils. Documentation of
organic-walled microfossils, such as dinoflagellate cysts,
acritarchs, pollen, spores, and other microfossils with organic
constituents, will also be compared with existing biostrati-
graphic schemes of the North Atlantic (e.g. De Schepper and
Head, 2009). This analysis is expected to be provisional in
nature while offshore to ensure that while approaching the
base of the sequence the key Plio-Pleistocene transition is re-
covered. Some samples may be taken offshore and analysed
immediately after the expedition to help target analysis dur-
ing the onshore operations.
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6.1.3 Palaeoenvironments

Micro/macrofossil assemblages will provide insight into
how water conditions varied, the relative fluxes of fresh-
water into the NSB, the temperature ranges associated with
glacial–interglacial cycles, sea-surface temperatures, sea ice
cover, ecosystem changes, and productivity. Documentation
of pollen and spores will elucidate details on the terrestrial
environment as well as, potentially, initial insights into the
hydrological regimes draining into the NSB and links with
broader climatic patterns, such as the position of the North
Atlantic storm front. From the sampled ends, these onboard
microfossil assemblages (e.g. foraminifera) could also fa-
cilitate early estimates on palaeowater depths. Efforts will
also be made to study pore fluid extractions, as well as spe-
cific protocols for ensuring microbiological work conducted
onshore is not impacted by contamination (e.g. Knutz et
al., 2024) – i.e. depending upon the final science team, some
bespoke protocols may be put in place to allow for the preser-
vation of materials if required for future DNA/biomarker
work.

6.1.4 Wireline logging

The expedition expects to utilise a full suite of wireline log-
ging measurements. This can be adjusted to expedition needs
and will likely include porosity, resistivity, magnetic sus-
ceptibility, spectral gamma ray, sonic, and formation imag-
ing. While significant efforts have been made to target mud-
dominated strata that should facilitate excellent recovery
rates, the nature of intermittent glaciogenic deposition in the
region means that some intervals could have lower recovery
rates. This means that wireline logs will provide a crucial in-
sight into any intervals with poor recovery. The general op-
erational plan will be to conduct the wireline logging after
drilling, assuming that hole conditions permit. Check-shot
and vertical seismic profiling acquisition will be undertaken
alongside the logging programme, subject to vessel configu-
ration, source availability, and hole conditions, to support the
core, log, and seismic tie.

6.2 Onshore and post-expedition analyses

During the onshore operations stage, usually held 3–
4 months after the offshore expedition, the cores will be split
and undergo a suite of standard IODP3 physical measure-
ments (e.g. magnetic susceptibility, porosity, shear strength,
density, moisture, standard geochemistry). Further measure-
ments and samples will be taken depending on personal
sample requests in order to develop a more complex range
of methods and build upon any initial interpretations and
chronologies developed offshore or between the onshore and
offshore operations. The plan outlined below identifies the
priority methods that would ideally be employed. It is in-
tended as an aspirational framework rather than a prescrip-
tive set of requirements, thus it will evolve as techniques de-

velop and the expertise of the expedition participants is con-
firmed – e.g. DNA methods are relatively new and have seen
significant progress in recent years. For personal sample re-
quests, samples will be taken during the onshore operations
and analysed later by members of the Science Team. The an-
alytical programme links directly to the four scientific objec-
tives: provenance and glacial indicators will reconstruct ice-
sheet source and extent (Objective 1); facies, sediment flux,
and core, log, and seismic integration will resolve landscape
and depositional evolution (Objective 2); the integrated age
model and climate and ocean proxies will reconstruct vari-
ability across timescales (Objective 3); and fossil, biomarker,
sedimentary ancient DNA, and biogeochemical records will
document ecosystem change (Objective 4).

6.2.1 Palaeontology

Any initial foraminifera and dinoflagellate analyses con-
ducted directly after the offshore operations will be ad-
vanced further by documenting other micro/macroscopic fos-
sil assemblages to determine palaeoenvironmental condi-
tions. Layers with a sufficient abundance of benthic and/or
planktic species will be used for further isotopic analyses
(e.g. δ18O and δ13C) and development of temperature prox-
ies (Mg /Ca, 147) through time to reconstruct water tem-
perature and salinity. The fossil assemblages will be used
to further develop the preliminary biostratigraphy. Analysis
will also include the identification of pollen and non-pollen
palynomorphs that might be used to reconstruct past vegeta-
tion, relative sea level, and climate dynamics. These will be
combined with siliceous (diatoms) and organic-walled mi-
crofossils (e.g. dinoflagellate cysts, acritarchs, ciliates, fresh-
water algae) to elucidate information on sea-surface condi-
tions – e.g. stratification, circulation, salinity, temperature,
and freshwater flux. These methods will be complemented by
foraminifera analyses, providing information on sub-surface
and bottom water conditions, including the potential use
of isotopic signatures to differentiate between fluvial and
glacial meltwater inputs. These methods will be combined
with the biomarkers outlined below.

6.2.2 Biomarkers and sedimentary ancient DNA

A wide range of biomarkers have been developed in recent
years, with many of them potentially applicable to the suite
of post-cruise analyses proposed here. The following is not
an exhaustive list but presents key priorities that would be tar-
geted. Highly branched isoprenoids (HBIs) can be used as an
indicator of sea ice extent and variability through time (Belt
and Müller, 2013). Sterols, found in a range of organisms,
can be used as biomarkers for pelagic productivity and possi-
ble terrestrial inputs to the marine environment from sources
such as land plants and soils (e.g. Köseoğlu et al., 2018).
Glycerol dialkyl glycerol tetraether lipids (GDGTs) are lipid
molecules that can be used as biomarkers within sediments
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less than ∼ 140 Myr old (Schouten et al., 2013) and have
been used on many glaciated margins to produce tempera-
ture reconstructions, including of offshore north-west Europe
(e.g. Sinninghe Damsté et al., 2022). Leaf wax n-alkanes
can be well-preserved in sedimentary successions and have
previously been used in the North Sea region to reconstruct
past vegetation types and their associated climatic conditions
(e.g. precipitation) (Eglinton and Eglinton, 2008; Donders
et al., 2018). These biomarkers, plus others, can be com-
bined to help gauge a range of environmental characteris-
tics, such as temperature, pH, vegetation types, and terrestri-
al/marine conditions and bacterial communities (Summons
et al., 2021). Sedimentary ancient DNA has emerged as a
unique tool in unravelling past ecosystems, and DNA has
been retrieved from in situ marine sediments going back
∼ 1 Myr (Armbrecht et al., 2022) and from permafrost (in-
cluding raised marine deposits) going back ∼ 2 Myr. A strict
sampling procedure with contamination control will allow
for these analyses to be undertaken (e.g. Knutz et al., 2024).
This will involve using metabarcoding and/or metagenomics
to characterise the eukaryote community structure and diver-
sity. This approach allows for inclusion of many organisms,
including those that do not form micro/macrofossils, into the
ecosystem assessment.

6.2.3 Core characterisation and stratigraphic framework

After the sampling has taken place, it is expected that stan-
dard sedimentological techniques, such as particle size anal-
ysis, petrographic microscopy, thin-section analysis, X-ray
diffraction, and scanning electron microscopy will be used
to identify mineral composition, texture, shape, sedimentary
structure, and any microscopic features (e.g. solution fea-
tures) that may be indicative of weathering histories (e.g.
fresh vs. aged). This will provide insights into the origin,
transport history, facies types, and changes in the deposi-
tional settings that are captured on the coring campaign.
A new high-resolution stratigraphy will be derived from
these methods, and new geochronological constraints will
be developed to provide a wider palaeoenvironmental frame-
work for changes through the late Plio-Pleistocene. Age con-
straints will also be used with thickness measurements of dif-
ferent facies to calculate sedimentation rates and how their
flux changes through time, adding greater detail to the strati-
graphic scheme and its interpretations. Geotechnical proper-
ties will be measured through density, gamma ray, and re-
sistivity logging, as well as shear vane and penetrometer to
document changes in sediment properties, compaction, and
layering. This will provide insight into any potential exam-
ples of over-compaction that might be associated with burial
beneath palaeoice sheets. Palaeomagnetic analyses will be
undertaken during the onshore phase, after the cores have
been split. Natural remanent magnetisation (NRM) will be
measured using non-destructive stepwise alternating field de-
magnetisation. As is standard practice, a cube sample will be

extracted from the working half of each core section to de-
termine NRM directions and comparison with existing geo-
magnetic excursions and major polarity chrons of the Pleis-
tocene (Ogg, 2020). The high sedimentation rates targeted
by the expedition should maximise the potential to resolve
shorter-duration excursions. NRM intensities normalised by
magnetic susceptibility and, where appropriate, laboratory-
induced remanences may also be used to develop a relative
palaeointensity record, building on previous palaeomagnetic
work in the NSB (Stoker et al., 1983). The depositional age
model will integrate seismic sequence stratigraphy, biostrati-
graphic datums, palaeomagnetic polarity reversals and excur-
sions, stable-isotope stratigraphy where suitable foraminifera
are preserved, and correlation of high-resolution physical-
property and palaeoenvironmental proxy series with orbital
forcing and the global marine isotope record. Calibrated
lithological, chronological, and palaeoenvironmental inter-
pretations will then be extended away from the borehole us-
ing mapped horizons, seismic facies, and attributes from the
basin-wide seismic database. This will transform the one-
dimensional core record into a spatial framework for assess-
ing the distribution, geometry, and volume of fluvial, glacio-
genic, and marine deposits and quantifying changes in sedi-
ment routing and deposition across the NSB through time.

6.2.4 Geochemistry, mineralogy, and provenance

A wide range of geochemical methods will be utilised in
the post-cruise sediment analyses. This will include trace
elements, isotopes (e.g. oxygen, carbon, nitrogen, sulfur),
rare Earth elements, carbonate content (grain or compound-
specific isotope analysis), and elemental ratios to interpret
past environmental conditions, sediment sources, and pro-
cesses. Radiogenic isotope analysis, detrital zircon U–Pb and
muscovite 40Ar / 39Ar dating, and Sm /Nd isotopes will fa-
cilitate tracing sediment sources and characterising source-
terrain evolution. More broadly, provenance analysis and
lithological fingerprinting will distinguish sediment supplied
by the British–Irish and Fennoscandian ice sheets, allow-
ing for changes in their relative contributions, extents, and
episodes of confluence to be reconstructed. Changes in or-
ganic carbon and total organic carbon content, as well as bio-
genic silica content of the sediments, will be combined with
biomarkers (outlined above) to document how organic mat-
ter composition, environments, water properties, vegetation,
and productivity changed through glacial–interglacial cycles
and throughout the late Plio-Pleistocene. Mineral identifica-
tion via X-ray diffraction for clay mineral analysis, magnetic
susceptibility, and pore water analysis will help determine el-
emental concentrations, isotope composition, and oxidation-
reduction conditions through the analysis of redox sensitive
elements such as iron and manganese, facilitating an under-
standing of sediment sources, redox conditions, ages, and en-
vironmental changes. Some of these assessments will also
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contribute to understanding any diagenesis and post deposi-
tional transformations.

6.3 Data management

A comprehensive data management plan for the IODP3 Ex-
pedition 507 will be established following finalisation of data
requirements, sampling strategies, and operational logistics.
The plan will define the procedures for data acquisition, pro-
cessing, quality control, storage, and dissemination to ensure
consistency and traceability across all operational phases.
The ECORD Science Operator (ESO) will oversee the use of
the expedition mobile Drilling Information System (mDIS)
as the primary data capture and management platform. All
geological, geophysical, and operational metadata will be
recorded in mDIS, enabling real-time input, visualisation,
and reporting. Supplementary files, including imagery and
analytical datasets not directly stored in mDIS, will be main-
tained on dedicated ESO file servers for archiving and long-
term access. Following completion of offshore operations,
the expedition database and file systems will be transferred
to the Bremen Core Repository to support onshore core de-
scription, sampling, and analysis. Data access for the Science
Team will be provided through a secure web-based interface
during the moratorium period. After completion of quality
assurance and review, all data and metadata will be archived
within the appropriate IODP3 and ECORD repositories and
made publicly accessible to ensure long-term preservation
and scientific legacy.

6.4 Outreach

An outreach plan for the IODP3 Expedition 507 will be de-
veloped in collaboration with project partners and commu-
nications offices once operational and scientific details are
finalised. While the timeline is restricted, the plan will aim
to promote awareness of the expedition and its scientific ob-
jectives within the international research community, educa-
tional sectors, and the wider public. Depending upon feasi-
bility, proposed activities may include coordinated media re-
leases, web-based updates, and engagement through institu-
tional and ECORD communication platforms. All outreach
activities will adhere to ECORD and IODP3 communication
guidelines to ensure consistency, accessibility, and maximum
visibility of the scientific outcomes of the expedition. The
legacy of the expedition will be supported through open ac-
cess to data and imagery to encourage long-term knowledge
exchange.

7 Sampling and data sharing strategy

All applicants applying for membership of the Ex-
pedition Science Team should refer to the Sample,
Data, and Obligations Policy (https://iodp3.org/documents/
sample-data-obligations-policy/, last access: 1 April 2026).

This document outlines the policy for distributing scientific
ocean drilling samples and data to research scientists, cura-
tors, and educators. The document also defines the obliga-
tions that recipients of samples and data incur. The Sample
Allocation Committee (SAC, composed of the Co-Chief Sci-
entists, Expedition Project Manager, and IODP3 Curator or
curatorial representative on board the ship) will work with
the entire Expedition Science Team to formulate a formal
expedition-specific sampling plan for shipboard and post-
cruise sampling.

Shipboard scientists are expected to submit sample re-
quests (at https://web.iodp.tamu.edu/SDRM/; 1 April 2026)
∼ 6 months before the beginning of the expedition. Based on
sample requests (shore based and shipboard) submitted by
this deadline, the SAC will prepare a tentative sampling plan,
which will be revised on the ship as dictated by core recov-
ery and cruise objectives. The sampling plan will be subject
to modification depending upon the actual material recovered
and collaborations that may evolve between scientists during
the expedition. Modification of the strategy during the expe-
dition must be approved by the Co-Chief Scientists, Expedi-
tion Project Manager, and curatorial representative on board
the ship.

The minimum permanent archive will be the standard
archive half of each core. All sample frequencies and sizes
must be justified on a scientific basis and will depend on core
recovery, the full spectrum of other requests, and the cruise
objectives. Some redundancy of measurement is unavoid-
able, but minimising the duplication of measurements among
the shipboard Science Team and identified shore-based col-
laborators will be a factor in evaluating sample requests.

If some critical intervals are recovered, there may be con-
siderable demand for samples from a limited quantity of
cored material. These intervals may require special handling,
a higher sampling density, reduced sample size, sharing of
samples, or continuous core sampling by a single investiga-
tor. A sampling plan coordinated by the SAC may be required
before critical intervals are sampled.

Every member of the Expedition Science Team will be ob-
ligated to carry out scientific research for the expedition and
publish the results, by contributing to the production of the
Expedition Summary, Methods, and Site Reports in the Pro-
ceedings of the International Ocean Drilling Programme and
by publishing in other scientific journals.

8 Staffing

Staffing of the Expedition Science Team involves a compet-
itive process following an open Call for Participation pub-
lished on the IODP3 website (https://iodp3.org, last access:
1 April 2026). Applications are evaluated by the scientific
ocean drilling Programme Member Offices, with staffing
nominations taking into account both the scientific back-
ground of applicants, the scientific needs of the expedition,
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and programmatic national, gender, and career-stage bal-
ances.

Code and data availability. Seismic reflection data used to deter-
mine site locations are available through national data repositories
for North Sea states. Other data, such as the palaeoclimate proxies
presented in Fig. 1, are available through the associated references.
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