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Preface
This thesis has been submitted to the Faculty of Geosciences of the University of Bremen in
order to receive the degree of Doctor of Natural Sciences (Dr. rer. Nat.). The PhD project was
part of the DFG funded International Research Training Group ArcTrain "Processes and impacts
of climate change in the North Atlantic Ocean and the Canadian Arctic". The research described
in the following chapters was conducted under the supervision of Prof. Dr. Simone A.
Kasemann at the Isotope Geochemistry Lab of MARUM—Center for Marine Environmental
Sciences and the Faculty of Geosciences, University of Bremen, Germany. A minor part of the
research has been completed in the framework of a research residence under the supervision
of the project partner Claude Hillaire-Marcel at GEOTOP - Centre de recherche en géochimie et
géodynamique, Université du Québec à Montréal, Canada. This thesis was written as a
cumulative thesis, including three manuscripts in preparation for submission to scientific
journals. A short summary of all included chapters is given below.

Chapter 1 represents the introduction into the research topic and area. The chapter
summarises the aim of the study, scientific motivation and importance of current Arctic
research with regards to the development of the Greenland Ice Sheet in the past and how that
serves future predictions.
Chapter 2 summarises the applied methodology, included sample material and laboratory
results. An overview of the application of radiogenic isotopes in provenance studies is given.
Chapter 3 contains the first manuscript Radiogenic Isotopes Reveal Neoglacial Provenance Shift
and Ice Advance in Southwest Greenland. The manuscript deals with a marine record in the
northeast Labrador Sea revealing late Holocene provenance shifts.
Chapter 4 presents the second manuscript, entitled Northwestern Greenland Ice Sheet
Dynamics traced by radiogenic isotopes. Three marine records represent Holocene detrital
sediment contribution and variations onto the west Greenland shelf along a south-north
transect.
Chapter 5 introduces the third manuscript Radiogenic Isotope Signatures of Holocene
Sediments from Kane Basin: Linkage with the Re-opening and Evolution of Nares Strait. The
marine record in the focus of this manuscript identifies two major radiogenic isotope clusters
and corresponding source regions in connection to deglaciation processes in Nares Strait,
northernmost Greenland.
Chapter 6 summarises the results of the three aforementioned manuscripts. It further
provides the overall and combined conclusions of this thesis work and an outlook into future
research.
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Abstract
Due to the effect of Arctic Amplification the Arctic is currently warming at least twice as fast as
the rest of the planet. Seasonal sea-ice extent has been alarmingly declining in the past decade.
Glaciers and ice caps along the Greenland coast and in the Canadian Arctic have been losing
mass on an accelerated rate during the past century. As the global climate system is a complex
system connecting different regions via atmospheric transport, changes in Arctic climate
patterns are affecting the climate and weather conditions in the lower latitudes. The Greenland
Ice Sheet as well as glaciers and ice caps in the Canadian Arctic are the largest freshwater
storages on the northern hemisphere and expected to be among the highest contributors to
global sea level rise. Freshwater input through meltwater discharge is not only affecting sea
level rise but further influencing deep water formation in the Labrador Sea and the subpolar
North Atlantic and hence global ocean circulation and climate patterns.
To be able to sufficiently predict future developments of the Greenland Ice Sheet with respect
to mass loss and resulting impacts on the global climate, data from past climate and Greenland
Ice Sheet extents are crucially important. The Holocene spanning the last period of the
deglaciation after the Last Glacial Maximum culminating in the Holocene Thermal Maximum
when atmospheric temperatures were warmer and glacier and ice-sheet extent smaller than
today represents the closest analogue to current atmospheric warming and Greenland Ice
Sheet mass loss. The wide west Greenland shelf of Baffin Bay and Labrador Sea hosts thick
marine sediments archiving around ten thousand years of this past climate and ice-sheet
history.
Siliciclastic detrital material discharged into Baffin Bay and the Labrador Sea via meltwater
and erosion can be separated from those sedimentary archives and traced back to its source
region. Radiogenic isotopes (Sr, Nd, Pb) label the source regions of those sediments by
fingerprinting the isotopic composition of the prevailing bedrock. Hence, they can be used as
reliable provenance tracers. Retreating land-ice masses expose bedrock that before was not
subject to erosion, influencing the isotopic signatures delivered into the surrounding ocean.
Based on this theory, radiogenic isotopes can record changes in siliciclastic detrital sediment
provenance and hence, indirectly trace ice-sheet dynamics.
The overall aim of this thesis work is to reconstruct changes in detrital sediment provenance
along the west Greenland shelf to gain new insights into Holocene Greenland Ice Sheet
dynamics and ocean current-induced sediment transport. Sedimentary archives from three
main research areas (eastern Labrador Sea, northeastern Baffin Bay, and Kane Basin, central
Nares Strait) record obvious shifts in sediment provenance throughout the Holocene. Those
shifts coincide with major regional climatic changes in the research area. Generally, all records
reveal the local bedrock as the main source region of detrital material and distal-sourced
material transported along the coast via the West Greenland Current as a secondary source.
Although the proportion of distal sourced material appears to be small, changes in West
Greenland Current strength have been recorded in the isotopic composition.
In southwestern Greenland and the Labrador Sea radiogenic isotope records reveal a shift
towards a higher proportion of the local Archean Block in the late Holocene caused by
Neoglacial ice advance and a reduction in West Greenland Current speed delivering less
material from southern most Greenland. Farther north in the Upernavik region, midwest
Greenland coast, the isotopic composition marks a change with the transition from early to mid
5

Holocene caused by increased West Greenland Current strength and the opening of Vaigat
Strait which enabled erosion and transport of freshly exposed basalts from the Disko Bay area
due to ice-sheet retreat. This basalt input is, however, not transported all the way to
northernmost Melville Bay (northern Baffin Bay) where the detrital sediment composition is
clearly dominated by contribution of the local Committee-Melville Belt without any significant
provenance changes throughout the Holocene. Farthest north, the sedimentary record from
Kane Basin records provenance shifts that confirm the opening of Nares Strait around
8.3 ka BP. This event is followed by an increased delivery of carbonate-rich detrital sediments
from northern Ellesmere Island due to the newly established gateway of Arctic Ocean water
transporting sediments from further north to the core location.
Additionally determined mineralogical composition of the sedimentary records along the west
Greenland coast supports the interpretation drawn from the radiogenic isotopic composition.
Furthermore, it points out the additional value of radiogenic isotopes through variations only
visible in isotopic composition but not in the mineralogical composition. Further comparison
to other studies from the region based on different tracers confirms the reliability and
sufficient application of radiogenic isotopes in provenance studies as well as the advantage of
multi-proxy approaches in paleoclimatological studies.
Overall, this study highlights the advantages and reliability of radiogenic isotopes in
provenance studies with regards to reconstructions of ice-sheet dynamics. The combination of
the three isotopic systems (Sr, Nd, Pb) enables source region determination with a higher
probability compensating for overlapping signatures within individual isotopic systems. The
transect of sedimentary records along the west Greenland coast identifies clearly
distinguishable isotopic ranges for the different Greenland bedrock terrains, qualifying this
approach for further high-resolution investigation in past Greenland Ice Sheet development.
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Kurzfassung
Durch den Effekt der Arktischen Verstärkung (Arctic Amplification) erwärmt sich die Arktis
derzeit mindestens doppelt so schnell wie der Rest des Planeten. Innerhalb des letzten
Jahrzehnts verzeichnete die saisonale Meereisausdehnung einen alarmierend rückläufigen
Trend. Die Gletscher und Eiskappen entlang der grönländischen Küste und in der kanadischen
Arktis haben innerhalb des letzten Jahrhunderts zunehmend an Masse verloren. Da das globale
Klimasystem ein komplexes System ist, welches die unterschiedlichen Regionen der Erde über
atmosphärische Transportwege miteinander verbindet, beeinflussen klimatische
Veränderungen in der Arktis das Klima und die Wetterbedingungen in den gemäßigten Breiten
ausschlaggebend. Der grönländische Eisschild und die Gletscher und Eiskappen in der
kanadischen Arktis sind die größten Speicher von Süßwasser in der nördlichen Hemisphäre
und tragen voraussichtlich mit am stärksten zum globalen Meeresspiegelanstieg bei.
Süßwassereintrag durch Schmelzwasser dieser Landeismassen wirkt sich allerdings nicht nur
auf den Meeresspiegelanstieg aus, sondern beeinflusst auch die Tiefenwasserbildung in der
Labradorsee und im subpolaren Nordatlantik und somit die globale Ozeanzirkulation sowie
das globale Klima.
Um die zukünftige Entwicklung des grönländisches Eisschildes in Bezug auf dessen
Massenverlust und die daraus resultierenden Auswirkungen auf das globale Klima hinreichend
vorhersagen zu können, sind Daten über vergangene Klimabedingungen und die Ausdehnung
des grönländischen Eisschildes von essentieller Bedeutung. Das Holozän schließt die letzte
Periode des Eisrückganges nach dem letzten glazialen Maximum ein, der im Holozänen
Optimum (Holocene Thermal Maximum) seinen Höhepunkt findet, als atmosphärische
Temperaturen wärmer und die Ausdehnung der Gletscher und des Eisschildes geringer waren
als heute. Damit stellt das Holozän das nächste Analogon zur gegenwärtigen globalen
Erwärmung und dem Massenverlust des grönländischen Eisschildes dar. Der breite
westgrönländische Schelf der Baffin Bucht und Labradorsee beherbergt meterdicke, marine
Sedimente, die etwa zehntausend Jahre dieser vergangenen Klima- und Eisschildgeschichte
archivieren.
Siliziklastisches, detritisches Material, das durch Schmelzwasser und Erosion in die Baffin
Bucht und Labradorsee eingetragen wird, kann aus diesen Sedimentarchiven isoliert und zu
seinen Herkunftsregionen zurückverfolgt werden. Radiogene Isotope (Sr, Nd, Pb)
kennzeichnen
die
Herkunftsregion
dieser
Sedimente
mit
spezifischen
Isotopenzusammensetzungen des anstehenden Grundgesteins und dienen daher als
verlässliche Herkunftsmarker. Sich zurückziehende Landeismassen legen Gesteinsschichten
frei, die zuvor nicht der Erosion ausgesetzt waren, was sich auf die Isotopensignaturen
auswirkt, die in den umgebenden Ozean gelangen. Basierend auf dieser Theorie können
radiogene Isotope Veränderungen in der Provenienz von detritischen Sedimenten aufzeichnen
und somit können indirekte Rückschlüsse auf vergangene Gletscher- und Eisbewegungen
gezogen werden.
Das übergeordnete Ziel dieser Dissertation ist es, Veränderungen in den Provenienzen
detritischer Sedimente entlang des westgrönländischen Schelfs zu rekonstruieren, um neue
Erkenntnisse über Eisbewegungen des grönländischen Eisschildes im Holozän und den durch
die Meeresströmung induzierten Sedimenttransport zu gewinnen. Sedimentkerne aus drei
Hauptuntersuchungsgebieten (der östlichen Labradorsee, der nordöstlichen Baffin Bay und
dem Kane Basin in der zentralen Nares-Straße) zeigen deutliche Verschiebungen der
7

Sedimentprovenienzen innerhalb des Holozäns. Diese Verschiebungen überschneiden sich mit
bekannten regionalen klimatischen Veränderungen im Forschungsgebiet. Generell deuten die
erhobenen Daten darauf hin, dass das lokale Grundgestein die Hauptquelle für den Eintrag von
detritischem Material auf dem westgrönländischen Schelf ist und Material, welches über den
Westgrönlandstrom entlang der Küste transportiert worden ist, eine sekundäre Quelle
darstellt. Obwohl der Anteil an weittransportiertem Material gering zu sein scheint, sind
Änderungen in der Stärke des Westgrönlandstroms aus der Isotopenzusammensetzung zu
erkennen.
Im Südwesten Grönlands und in der Labradorsee zeigen die Messungen radiogener Isotope
eine Verschiebung zu einem höheren Anteil des lokalen Archaischen Blocks (Archean Block)
im späten Holozän. Diese wurde durch den neoglazialen Eisvorstoß verursacht sowie durch
eine gleichzeitige Verringerung der Geschwindigkeit des Westgrönlandstroms, der weniger
Material aus Südgrönland transportiert. Weiter nördlich in der Region Upernavik, an der
mittelwestlichen Küste Grönlands, markiert die Isotopenzusammensetzung eine Veränderung
während des Übergangs vom frühen zum mittleren Holozän, herbeigeführt durch eine
Verstärkung des Westgrönlandstroms und die Öffnung der Vaigat-Straße, die aufgrund des
Eisschildrückzuges die Erosion und den Transport von freigelegten Basalten aus dem Gebiet
der Diskobucht ermöglichte. Dieser Basalteintrag wird jedoch nicht bis in die nördlichste
Melville-Bucht
(nördliche
Baffinbucht)
transportiert,
wo
die
detritische
Sedimentzusammensetzung eindeutig von Sedimenteinträgen des lokalen Committee-Melville
Gürtels dominiert wird, ohne ersichtliche signifikante Veränderung innerhalb der Provenienz
während des Holozäns. Der nördlichste Sedimentkern aus dem Kane Basin verzeichnet eine
Provenienzverschiebung, die die Öffnung der Nares-Straße um 8,3 ka BP und eine damit
verstärkte Anlieferung von karbonatreichen, detritischen Sedimenten von der nördlichen
Ellesmere-Insel bestätigen. Dieser Transport von karbonatreichem Material wurde erst
möglich durch die Wiedereinstellung vom Oberflächenstrom aus dem Arktischen Ozean nach
der Öffnung der Nares-Straße, der detritische Sedimente von weiter nördlichen Gebieten der
Ellesmere-Insel zur Kernlokation transportiert.
Eine zusätzliche Untersuchung der mineralogischen Zusammensetzung der Sedimentkerne
entlang der westgrönländischen Küste unterstützt die aus der radiogenen
Isotopenzusammensetzung gezogene Interpretation. Desweiteren wird durch Variationen, die
aus der mineralogischen Zusammensetzung nicht ersichtlich sind, der Mehrwert der
radiogenen Isotope sichtbar, die diese Variationen anzeigen. Auch der Vergleich mit weiteren
Studien aus der Region, die auf unterschiedlichen Tracern basieren, bestätigt die
Zuverlässigkeit der Anwendung von radiogenen Isotopen in Provenienzstudien, sowie den
Vorteil von Multi-Proxy-Ansätzen in paläoklimatologischen Studien.
Insgesamt unterstreicht diese Studie die Vorteile und Zuverlässigkeit von radiogenen Isotopen
in Provenienzstudien im Hinblick auf Gletscher- und Eisschildbewegungen. Die Kombination
der drei Isotopensysteme (Sr, Nd, Pb) ermöglicht die Bestimmung der Herkunftsregion mit
einer höheren Wahrscheinlichkeit, da regional überlappende Isotopensignaturen einzelner
Isotopensysteme kompensiert werden. Das Profil von Sedimentkernen entlang der
westgrönländischen Küste identifiziert klar unterscheidbare Isotopensignaturen der
verschiedenen grönländischen Gesteinsformationen. Diese klare Unterscheidung qualifiziert
diese Methode für weitere hochauflösende Untersuchungen der vergangenen Entwicklung des
grönländischen Eisschildes.
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CHAPTER ONE

Introduction
Why should we care about the Arctic?

1. Introduction
1.1. Scientific Motivation - Why should we care about the Arctic?
The Arctic, a place that is often hidden on the upper edge of world maps, is one of the most
sensible environments of this planet. It is not just the Arctic Ocean that has been increasingly
catching attention due to declining sea-ice extent and concentration over the past years (e.g.
Grosfeld et al., 2016; Notz & Stroeve, 2018; Vaughan et al., 2013). The Arctic is most often
defined as the entire area above the Arctic Circle at 66°33’N, including major land areas and
native peoples in Canada, Russia, Alaska (USA), Norway, Finland, Sweden and Greenland
(Denmark). It is home to a variety of regional-restricted species, land and water-based, such as
polar bears, reindeer, walruses, hooded seals, sea-birds, fish and essential microorganisms
such as algae, but also home to mysterious and sparsely studied animals such as narwhales and
the Greenland shark. A large number of these animals is today classified as vulnerable by the
International Union for Conservation of Nature and Natural Resources. A reason for this
development is the declining extent of sea ice and the lengthening of the period from spring
sea ice retreat to fall sea ice advance. Over the past 3.5 decades this time interval from retreat
to advance has increased by three to nine weeks in most regions over the Arctic which has a
significant influence on marine mammal life history and habitat (Stern & Laidre, 2016). Polar
bears are especially impacted as with declining sea-ice extent and freezing periods their
hunting grounds are shrinking.
But why is the Arctic so important? – What happens in the Arctic doesn’t stay in the
Arctic.
The past summer of 2020 has been recorded as a historical low in July sea-ice extent and the
second lowest September extent after the record year of 2012 (Grosfeld et al., 2016; Spreen et
al., 2008). A decline in Arctic perennial sea-ice extent has been recorded over the past decades
(Comiso, 2012; Nghiem et al., 2007). Since 1979 Arctic September sea-ice extent has been
declining with a rate of more than 11% per decade (Polyakov et al., 2012). The perennial sea
ice is also becoming younger with only 15% being older than two years in 2010 compared to
50-60% in the 1980s, which is fostering further decline in coming years (Comiso, 2012;
Maslanik et al., 2007; Polyakov et al., 2012). The ongoing decline in sea-ice extent is generally
the most pronounced indicator of our planet’s changing climate. With ongoing climate change,
the Arctic has been found to warm more than twice as fast as the rest of the planet (e.g. Jansen
et al., 2020; Screen et al., 2012). This process is called Arctic Amplification and is caused by
interplay of several drivers, spanning from local drivers such as ocean-atmosphere heat
transfer during the transition from melting to freezing season to atmospheric heat and
moisture transport from the tropics through teleconnection (e.g. Ding et al., 2014; Goosse et
al., 2018; Screen et al., 2012; Serreze & Francis, 2006; Svendsen et al., 2018). The contribution
of these drivers to actual Polar and Arctic Amplification is still debated (Stuecker et al., 2018).
It is, however, known that for this century projections of Polar Amplification in the Arctic is
stronger than in the Antarctic (Hugues Goosse et al., 2018; Serreze & Francis, 2006). Not only
the Arctic Ocean is warming, most prominent annual mean surface and tropospheric warming
since 1979 has been attributed to Greenland and north eastern Canada, almost twice as much
as Arctic mean warming (Ding et al., 2014). Ding et al. (2014) attribute around half of the
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current enhanced warming to the general uniform warming in the entire Arctic caused by
anthropogenic forcing and the other half to the enhance heat transport from the tropical
pacific. According to climate models, with increasing anthropogenic CO2 emissions, the Arctic
Ocean will most likely be ice-free (sea ice area <106 km2) for the first time in September before
2050 (Notz et al., 2020; Notz & Stroeve, 2018). What happens in the arctic does not stay in the
Arctic, as the climate system is a complex system and connected via atmospheric transport,
changes in the Arctic are as well affecting the climate and weather conditions in the lower
latitudes leading to increased frequencies of extreme weather events (Francis & Vavrus, 2012;
Jung et al., 2015; 2014), such as recently observed severe winters.

1.1.1. The importance of ice sheets and glaciers in the climate system
Ice sheets, glaciers and ice caps store the majority of freshwater on this planet and keep it from
heating up by reflecting solar insolation and therefore making up a major part to the earth’s
albedo, simply the sum of all solar radiation reflected from a surface. Therefore the Arctic
functions as the natural refrigerator of the planet and its development is of crucial importance
for other parts of the planet. Ice-albedo feedback is playing an important role in global climate
change (e.g. Kashiwase et al., 2017; Forster et al., 2007; Lemke et al., 2007) as variations in
albedo caused by changes in land-ice cover can influence the Earth’s radiation budged (cf.
Luthcke et al., 2013).
The earth’s three biggest storages of freshwater are the Antarctic Ice Sheet, the Greenland Ice
Sheet (GIS) and the glaciers and ice caps (GIC) in the Canadian Arctic (e.g. Gardner et al., 2011;
Radić & Hock, 2010) and thereby two of the most important freshwater storages are located in
the Arctic. Freshwater is not only stored in these ice masses but released via meltwater
discharge. Recent observations report increased mass loss at a number of well known glaciers
and ice streams, such as Helheim Glacier, the largest glacier in southeast Greenland or
Jakobshavn Isbræ, the largest and most productive ice stream in western Greenland (e.g.
Andresen et al., 2012; Bjørk et al., 2012; Holland et al., 2008). Increased air temperatures lead
to increased melting, which lowers the ice sheet’s surface elevation and exposes the ice to
lower atmosphere and higher temperatures which further increases melting (Church et al.,
2013; Edwards et al., 2014). This is one of the major positive feedback mechanisms influencing
GIS melt, especially in contrary to the Antarctic Ice Sheet where surface temperatures are low
and this mechanism becomes insignificant (Hugues Goosse et al., 2018). Glacier and ice-sheet
mass balance is therefore an important measure of enhanced climate change. Mass balance
parameters comprise amongst others accumulations of snow and ice, calving at marine-based
margins and basal melting (e.g. Simon et al., 2014) but the overall prediction of these processes
is far from simple, due to the amount of unknown variables in specifying the stress boundary
conditions at the base and the seaward margin (cf. Vaughan & Arthern, 2007). GIC in the
Canadian Arctic and Greenland are among the highest contributors to sea level rise until 2100
(Radić et al., 2014).
Not only is the sea level rising through major contribution of freshwater into the ocean, major
ocean currents can also be affected which might have a significant influence on the global
climate. The temperature, salinity and wind driven global ocean conveyer belt led by the
Atlantic Meridional Overturning Circulation (AMOC) has its starting point in the North Atlantic
through the formation of North Atlantic Deep Water (NADW). Around 30 Sv of NADW are
transported out of the Labrador Sea via the deep Western Boundary Current (Zantopp et al.,
2017). The formation of NADW is steered by the sinking of dense and cold water. Significantly
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higher contribution of low salinity fresh and colder water through increased meltwater
discharge can have a crucial influence on this deepwater formation and therefore the global
ocean circulation. Major freshwater contributions are entering the north Atlantic through
Baffin Bay and Labrador Sea, originating from the Arctic Ocean and in form of meltwater from
the GIS and the GIC in the Canadian Arctic Archipelago (CAA) and Baffin Island. Not just the
declining Arctic Ocean sea-ice concentration but also the increasing mass loss of the Greenland
Ice Sheet became a symbol of global climate change (Weidick et al., 2012). Current global
glacier retreat is unusual for the entire Holocene and the retreat within the past 100 to 150
years can no longer be explained by natural changes and is attributed to the anthropogenic
global temperature increase (Solomina et al., 2016; Vaughan et al., 2013). Current
temperatures and melting rates in the Canadian Arctic resemble those of the Holocene Thermal
Maximum (HTM) with increased melting rates of GIC since the past ~30 years (Fisher et al.,
2012; Lecavalier et al., 2017).

1.1.2. The Greenland Ice Sheet – Recent developments
Greenland is considered the largest island in the world. Today 81% of its 2,166,000 km2 are
covered by a large ice sheet leaving only a small coastal fringe of 0 to 300 km of ice-free bedrock
(Dawes, 2009a). The continental shelf encompasses more than twice the area of the ice-free
land of Greenland, around 830,000 km2 (Dawes, 2009a). The maximum elevation at its summit
is 3.2 km and 2.8 km at the secondary elevation maximum in southern Greenland. Estimated
ice volume of the GIS adds up to 2,960,000 km³ (Bamber et al., 2013). Since 2003 the GIS has
lost around 244 ± 6 Gt/yr on average with an increasing rate of -28 ± 9 Gt/yr2 (Harig & Simons,
2016), and even more since 2011, average -269 ± 51 Gt/yr (McMillan et al., 2016), which is
around one order of magnitude higher than the combined estimated mass loss from Ellesmere,
Axel Heiberg, Devon and Baffin Island GIC, which sums up to -37 ± 6 Gt/yr (Jacob et al., 2012).
In comparison, mass loss of the Antarctic Ice Sheet was significantly smaller during the same
time period: -81 ± 26 Gt/yr (Luthcke et al., 2013). Between 2011 and 2014 the southwestern
GIS sector has lost about 41% and the northwestern around 24%, making western Greenland
losing the majority of mass (McMillan et al., 2016).
Increased and continuous GIS mass loss (Castro de la Guardia et al., 2015; Harig & Simons,
2012, 2016; Jacob et al., 2012; Rignot et al., 2011; Solomina et al., 2015) was observed to be a
response to increased summer air temperature and summer melt season extent (Luthcke et al.,
2013) but also to increased sea surface temperatures of the surrounding ocean basins (Hanna
et al., 2013; Holland et al., 2008). The GIS mass balance has been clearly identified as being
sensible to atmospheric warming, including influences trough changes in North Atlantic
Oscillation (Hanna et al., 2008). However, the rate of this sensitivity and the expected response
of the GIS to global warming contains ongoing uncertainties (cf. Hanna et al., 2013; McFarlin et
al., 2018). Greenland temperatures are predicted to increase between 1 and 8°C by 2100
(Hanna et al., 2008). The GIS has been estimated to be the major contributor to present global
sea level rise (Church et al., 2013; Harig & Simons, 2012; Jacob et al., 2012; McFarlin et al., 2018;
Rignot et al., 2011), with a potential of 7.42 ± 0.05 m above modern global sea level (Morlighem
et al., 2017).
Due to the major role ice sheets, glaciers and ice caps play in the current debate of climate
change and the fact that the prediction of their development is rather complex, we cannot
exclusively rely on present-day observations through satellites and weather stations, but have
to take a look at past developments to feed and improve climate models in order to make more
15

confident predictions for the future (Notz & Stroeve, 2018; Simon et al., 2014; Weidick et al.,
2012). Models deliver general trends but have been found to underlie uncertainties in
detecting smaller scale fluctuations or overestimate ice-sheet movements on a more regional
trend (Larsen et al., 2015; Levy et al., 2017). To fill these missing gaps further actual geological
and palaeoceanographical data is needed. Holocene records are essentially important for past
climate reconstructions as most prior records of past interglacial and ice-sheet dynamics have
been overprinted or lost due to glacial erosion (e.g. Long et al., 2009; McFarlin et al., 2018;
Vaughan & Arthern, 2007; Weidick et al., 2012). Especially, as during the past in the process of
the deglaciation after the Last Glacial Maximum (LGM) and the following Holocene Thermal
Maximum the expansion of the GIS and GIC were even smaller than today. Also mean global
temperature have not yet reached the maximum of the early-mid Holocene (for the period
2000-2009), but exceeded temperatures during ~75% of the past Holocene temperatures
(Marcott et al., 2013). Northern Greenland air temperatures are now at their highest since the
past 6.8 to 7.8 ka (Lecavalier et al., 2017).
The aim of this thesis work is to emphasize the importance of past GIS development and icesheet dynamics with a focus on the (north)western GIS margin and add to the recently growing
number of contribution from this area. Especially the (south)western Greenland margin has
been found to be particularly sensitive to long-term climate change (Larsen et al., 2014) and
the northwestern GIS has been found object to increased mass loss (Luthcke et al., 2013), both
are expected to increase in the future (McFarlin et al., 2018). Past ice-sheet dynamics will be
indirectly traced by changes in detrital sediment provenance from marine records collected
along the West Greenland shelf. To increase the comparability of studies, locations from the
entire west Greenland margin have been included to point out differences based on
comparable data and to define different endmembers of material transported from and into
these different regions. As it has been found that the Arctic is not behaving as a single
climatological unit (Kaufman et al., 2004; McKay et al., 2018), studies on a bigger regional scale
are highly sufficient and promising.

1.2. Introduction into the Research Area
Andrews and Funder (1985) described the Baffin Bay region as ‘one of the most important
sources of paleoenvironmental data in the entire Northern Hemisphere’. Baffin Bay has been
highlighted as one of the most important areas for ice-sheet dynamics as it was bordered by
three major ice sheets during the LGM and recorded lots of those ice streaming activities within
its sediments (Simon et al., 2014).

1.2.1. Baffin Bay
Bordered by Greenland in the east and the Canadian Arctic Archipelago and Baffin Island in the
west, Baffin Bay is a large marine embayment compassing roughly 1400 by 550 km, around
690000 km2 (e.g. Simon et al., 2014; Tang et al., 2004). The Bay resulted from an extension of
the North Atlantic - Labrador Shelf Sea rift system (MacLean et al., 1990; Simon et al., 2014),
which is why the prevailing geology on both sides is similar (Dawes, 2009a, 2009b; Jackson &
Berman, 2000; Le Pichon et al., 1977). The bay is presently characterized by a counterclockwise surface current gyre, transporting warmer Atlantic sourced waters northwards
along the West Greenland coast and mixing in the northern part of the bay with Arctic sourced
fresh water, travelling south again along the Baffin Island coast (Figure 1.1). This way Baffin
Bay represents an important pathway of Arctic Ocean freshwater through Labrador Sea into
the North Atlantic. The warmer more saline waters travelling north originate from the cold and
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fresh East Greenland Current (EGC) transporting Arctic Ocean freshwater along the East
Greenland coast and merging with warmer and more saline waters from the Irminger Current
when travelling around Cape Farewell, the southern tip of Greenland (e.g. Fratantoni & Pickart,
2007; Myers et al., 2009). Those waters make their way north as the West Greenland Current
(WGC). A major part of the WGC is turning west around 61°N into Labrador Sea, leaving the
remaining current notably slower travelling through Davis Strait into Baffin Bay (Cuny et al.,
2002; Fratantoni & Pickart, 2007; Myers et al., 2009). The WGC is continuing north along the
West Greenland coast where it freshens on the way due to freshwater input through meltwater
discharge and outlet glaciers and hence losing parts of its Atlantic influence (Buch, 2002; Myers
et al., 2009). Atlantic water can however, be traced as far north as Thule (Funder, 1990). Arctic
waters enter through Jones Sound, Lancaster Sound and Nares Strait, spilling over sills at
120 m, 125 m (Barrow Strait) and 250m (Kane Basin) depth, respectively (Tang et al., 2004).
These Arctic waters merge with the WGC and travel south along the CAA and Baffin Island
coast, leaving Baffin Bay through Davis Strait and continuing along the Labrador coast. Arctic
water entering through Nares Strait and the CAA is however also penetrating on the west
Greenland shelf, at least in Melville Bay and Uummannaq Trough (e.g. Sheldon et al., 2016).

Figure 1.1: Map of the research area with simplified present-day surface current circulation pattern and locations
mentioned in text. Map created with Ocean Data View (Schlitzer, 2020).

The Baffin Bay hydrography can be roughly summarized into three water mass layers: cold and
fresh surface water (0 to 150-300 m), warmer and more saline intermediate water (150-300
to 1200-1300 m), both originating from WGC, and cold slightly fresher deep-water (1300 to
bottom) (cf. Aksu, 1983; Tang et al., 2004). However, there is always a lens of seasonal
freshwater due to sea-ice melt and glacial runoff (Stordal & Wasserburg, 1986). The bay is
almost completely ice-covered most of the year, with sea-ice forming from October onwards
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and growing continuously from northwest to south and only ice-free in August and September
(Tang et al., 2004). This so-called west-ice is first year ice formed in northern Baffin Bay in
September and continuously growing southwards along the northwestern Greenland coast
(Buch, 2002) reaching its maximum in March only leaving eastern Davis Strait partly ice-free
(Tang et al., 2004).
The West Greenland shelf is sloping into Baffin Basin, an abyssal plain with maximum water
depth of 2300 m (Aksu, 1983; Tang et al., 2004). The shelf spans around 250 km in width and
is much wider than the counterpart along the Canadian Baffin Island coast (Aksu & Piper,
1987). Both shelf sides are characterised by major ice streams and cross-shelf troughs,
discharging and accumulating regional and distal transported marine and detrital sediments
(Batchelor & Dowdeswell, 2014). Those troughs represent most likely former locations of
marine-terminating ice streams during the quaternary (Batchelor & Dowdeswell, 2014).
The West Greenland coast is further shaped by a number of marine embayments influencing
the Baffin Bay hydrography and representing the most efficient source areas for iceberg
calving. The majority of Baffin Bay icebergs calve from outlet glaciers along the West Greenland
coast north of 68°N, with Disko Bay and Uummannaq Bay being the most efficient calving areas
(Tang et al., 2004). Generally, larger icebergs drift northwards and smaller ones southwards
and through Davis Strait into the North Atlantic, making Baffin Bay an important iceberg source
area, especially as the northern pathway is blocked by an ice arch in Kane Basin, Nares Strait
(Tang et al., 2004).
North of Disko Bay, Melville Bay represents the final and major turning area of the WGC. The
Bay is a heavily glaciated area around 70 km north of Upernavik Trough (Briner et al., 2013).
Its shelf is characterised by three major cross-shelf troughs, as well as multiple fast-flowing
glaciers and ice streams (Bennike, 2008; Briner et al., 2013). Today about 27% of the western
GIS drain into Melville Bay (Rignot & Kanagaratnam, 2006).

1.2.2. Labrador Sea
The Labrador Sea, the coldest and freshest basin in the subpolar North Atlantic, is presently
characterised by a counter-clockwise surface current gyre (Yashayaev, 2007). The surface
circulation pattern comprises of the westwards flowing branch of the WGC and the Arctic
Ocean sourced waters from the Baffin Island Current (e.g. Mao et al., 2014) and leaving the
Labrador Sea as the Labrador Current, the main pathway for equatorwards freshwater
(Yashayaev, 2007). The coastal waters of Labrador Sea are influenced by seasonal variations
in meltwater input from the GIS (Castelao et al., 2019), with the majority of freshwater and sea
ice being delivered into Labrador Sea from Baffin Bay through Davis Strait (Tang et al., 2004).
However, the majority of GIS meltwater reaching the interior of Labrador Sea and influencing
salinity and stratification patterns originates from southeast Greenland, whereas the
southwest Greenland meltwater gets mainly transported northwards into Baffin Bay (Castelao
et al., 2019; Luo et al., 2016). Occasionally sea ice from east Greenland gets transported through
the EGC into Labrador Sea (Grosfeld et al., 2016; Spreen et al., 2008). The current circulation
pattern and the full appearance of Labrador Sea water establish around 3 ka BP (e.g. de Vernal
& Hillaire-Marcel, 2000; Fagel et al., 2004). Also, surface and deeper water masses are currently
warming, the Labrador Sea has been observed to be nearly 18°C warmer at 1500 m depth than
20 years ago (Zantopp et al., 2017).
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1.3. Greenland Ice Sheet History since the Last Glacial Maximum
Greenland glaciation was mainly controlled by a decrease in atmospheric carbon dioxide
during the late Pliocene (Lunt et al., 2008). Glaciations are generally influenced by changes in
the planet’s energy budget, because an increase in thermal contrast between the poles and the
equator leads to the development of land ice cover (Budyko, 1969).
The Greenland Ice Sheet is the last remaining ice sheet on the northern Hemisphere. During
the LGM around 20 ka ago it was connected via the southeastern sector of the Innuitian Ice
Sheet (IIS) to the northeastern sector of the Laurentide Ice Sheet (LIS), both covering major
parts of the north American continent (England et al., 2006). In the process of the deglaciation
those ice sheets retreated on different rates discharging meltwater and sediments into the
enclosed Baffin Bay and Labrador Sea (Jackson et al., 2017). The LIS and IIS retreated slowly
until 7.5 ka BP, leaving only some glaciers and ice caps throughout the island of CAA and Baffin
Island (England et al., 2006). The IIS started to retreat from east to west around 11.6 ka ago,
leaving only island-based ice caps on Ellesmere Island by 9 ka BP and the sea penetrating the
eastern CAA by 8.5 ka (England et al., 2006) The deglaciation and separation history of the IIS
and GIS is documented by meltwater channels and moraines throughout Nares Strait (England
et al., 2006).
In the process of the deglaciation following the LGM the GIS itself has also been retreating
asynchronous along the west Greenland coast which has been documented in several studies
and investigated in a variety of modelling studies of different generations with ongoing
improvements (Lecavalier et al., 2014; Tarasov & Peltier, 2003). During the LGM the entire
west Greenland shelf has been covered by the GIS which retreated towards the mid shelf until
around the Younger Dryas and fully retreated to its current position by 8.4 ka BP in Melville
Bay, northernmost Baffin Bay (Slabon et al., 2016). In midwest Greenland the GIS retreated
from the shelf between ~11.3 ka BP (Corbett et al., 2013), ~9.9 ka BP (Briner et al., 2013) and
~9.5 ka BP (Bennike, 2000) in the Upernavik region, ~70 km south of Melville Bay. At
Uummannaq Trough the GIS was in retreat from its offshore position during the LGM by around
15 ka BP (Sheldon et al., 2016a) and 14.8 ka BP and around 13.8 ka BP in the Disko Bay (Ó
Cofaigh et al., 2013). In southern Greenland the GIS started to retreat from the outer coast
between ~11.4 and 10.4 ka BP (Larsen et al., 2014) reaching its minimum position around
~4 ka BP (Larsen et al., 2015) and its current position around 2.2 ka BP (Kaplan et al., 2002;
Larsen et al., 2011). The ice-sheet retreat from the shelf during the early Holocene might have
been accelerated through incoming warmer Atlantic-sourced waters (Knutz et al., 2011; Larsen
et al., 2014) after the establishment of the WGC before 14 ka BP (Sheldon et al., 2016a). While
the northwestern GIS margin reached its current position comparably early (Lecavalier et al.,
2014), ice-sheet fluctuations exceeding its current outlines have been documented in southern
Greenland (Larsen et al., 2015, 2011; Levy et al., 2018).
Today the GIS leaves 100-125 km of revealed Greenland bedrock in the Nuuk region, southern
Greenland (Weidick et al., 2012) and only a small fringe of ice-free bedrock in Northern
Greenland, making land-based geological records marking the complete deglaciation of
Melville Bay and northernmost Greenland relatively sparse (Bennike, 2008; Young & Briner,
2015). The ice sheet drains through several ice streams and glaciers entering fjords along the
coast (e.g. Weidick et al., 2012). Based on mass-balance calculations Melville Bay currently
drains around 27% of the GIS, which is a comparably large proportion considering that the
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entire West Greenland sector drains 43%, with Jakobshavn Isbræ draining around 7% (Rignot
& Kanagaratnam, 2006).

1.4. Recent Studies and Research Aim
Over the past decades a variety of studies have been conducted, including marine and
lacustrine sedimentary archives, ice cores, morphological as well as modelling studies to
reconstruct past Greenland climate and environmental conditions, sea-ice extent and ice-sheet
dynamics in the Baffin Bay and Labrador Sea area.
The majority of studies from the Baffin Bay and Labrador Sea area concentrate around
southern Greenland and the Labrador Sea as well as the Disko Bay area. Southern Greenland
fjords, lakes and marine archives as well as morphological evidences have been studied for
Holocene climate and circulation patterns and ice-sheet development (e.g. Kaplan et al., 2002;
Larsen et al., 2015, 2017; Levy et al., 2017; Møller et al., 2006; Seidenkrantz et al., 2007; Weiser
et al., 2021). The Disko Bay (e.g. Allan et al., 2018; Ouellet-Bernier et al., 2014; Perner et al.,
2012; Seidenkrantz et al., 2013) and Uummannaq area (e.g. Philipps et al., 2018; Rignot et al.,
2016; Sheldon et al., 2016) have been, amongst others, subject to studies of past ocean
circulation, sea-surface conditions as well as the development of local ice streams such as the
well-known Jakobshavn Isbræ. In comparisons to southern Greenland and the Disko Bay area
studies from northern Baffin Bay are comparably sparse. A number of studies has been focused
on the North Water polynya (NOW), one of the largest polynyas in the Northern Hemisphere
located in northwestern Baffin Bay and a prominent area to study productivity and sea-ice
patterns and air-sea interactions (e.g. April et al., 2019; Barber et al., 2001; Lalande et al., 2009;
Marchese et al., 2017; Moore & Våge, 2018). Due to the position of the GIS margin in Melville
Bay close to the coast, land-based studies on GIS deglaciation are limited (Bennike, 2008;
Young & Briner, 2015) and have only recently been complimented by high-resolution swath
bathymetry studies (Freire et al., 2015; Slabon et al., 2018a, 2018b; Slabon et al., 2016). Even
more recently further studies on marine sedimentary archives from the Melville Bay and
Upernavik area investigated past oceanic and sea-ice conditions and sediment delivering
regimes with regards to ice-sheet dynamics (Caron et al., 2020, 2019a, 2019b; Giraudeau et al.,
2019; Hansen et al., 2020; Saini et al., 2020). Farther north in Nares Strait, one of three
pathways of Arctic Ocean water into Baffin Bay, morphological studies have been conducted to
define the timing of the re-opening of the strait after it was blocked by the GIS and IIS during
the LGM (England, 1999; Zreda et al., 1999). The re-opening of Nares Strait formerly dated to
around 7.5 ka BP (England, 1999) has been recently discussed and suggested to be adapted to
dates between 9 and 8.3 ka BP (Ceperley et al., 2020; Georgiadis et al., 2018; Jennings et al.,
2011, 2019).
However, the majority of studies conducted on marine sedimentary archives along the west
Greenland margin are based on micropaleontological and palynological, as well as common
geochemical proxies, stable isotope tracers or biomarkers, dealing with overall climatological
and oceanographic changes. To trace ice-sheet dynamics from marine records, compensating
for morphological overprints land-based studies are prone to (Long et al., 2009; Weidick et al.,
2012) and regional differences that are often not detected or overestimated in climate models
(Larsen et al., 2015; Levy et al., 2017) sediment pathways of detrital sediments onto the west
Greenland shelf have to be identified. Provenance studies defining source regions of detrital
sediments can be a powerful tool to trace these pathways and has been done on Baffin Bay
marine sediments based on mineralogical and geochemical composition (Andrews et al., 2015,
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2018; Caron et al., 2020; Giraudeau et al., 2019). Andrews et al. (2015) combined mineralogical
data with data of radiogenic isotopes Sr and Nd, identifying significant differences between
eastern and western Greenland surface sediment composition. They point out that the
additional and independently analysed radiogenic isotopes strongly reinforce the results of the
mineralogical composition (Andrews et al., 2015). Still, the amount of studies applying
radiogenic isotopes in provenance studies to track ice-sheet dynamics is relatively sparse and
can be mainly summarised by two studies investigating southern Greenland Ice Sheet extent
during the last interglacial (Colville et al., 2011) and Marine Isotope Stage 11 (Reyes et al.,
2014) as well as studies throughout Baffin Bay and the subpolar North Atlantic defining IRD
sources of the surrounding ice sheets during Heinrich Events (Benson et al., 2003; Farmer et
al., 2003).
In order to take advantage of the high-resolution Holocene sedimentary records of the west
Greenland shelf and the reliability of radiogenic isotopes in provenance studies with regards
to ice-sheet dynamics (Colville et al., 2011; Reyes et al., 2014) this thesis work is introducing
Holocene radiogenic isotope records along the west Greenland coast. The overall aim is to
investigate the still underrepresented potential of radiogenic isotopes and their specific
application in west Greenland provenance differentiation. By analysing Holocene records of
combined radiogenic isotopes strontium, neodymium and lead along a south to north transect
along the west Greenland shelf and Nares Strait, spatio-temporal differences in isotopic
composition will be used to tackle the following questions:
(1) How is the isotopic composition changing over time and does it indicate specific
detrital provenance changes linked to Greenland Ice Sheet dynamics?
(2) Are there major regional differences in Greenland Ice Sheet development throughout
the Holocene?
(3) How reliable are the combined radiogenic isotope records of Sr, Nd and Pb in the
discrimination of different Greenland detrital sediment sources?
(4) Are there general advantages of radiogenic isotope based provenance studies in
comparison to those based on mineralogical composition?

1.5. Overview of Own Research
This thesis work aims to identify provenance changes of siliciclastic detrital sediment for
indirect reconstruction of ice-sheet dynamics throughout the Holocene. Three research areas
have been chosen to identify the spatial distribution of these changes along the west Greenland
coast. The results of each research area were summarised in separate manuscripts (chapters
3-5) in preparation for scientific journals. The study outline and conceptual ideas of this PhD
project were devised by Simone A. Kasemann and Lina Madaj in close consultation with
Friedrich Lucassen, Claude Hillaire-Marcel, Dierk Hebbeln and Rüdiger Stein (all thesis
committee members).
The sample material for manuscripts one and two (chapters 3-4) was obtained during research
cruise MSM44 on board RV Maria S .Merian (Dorschel et al., 2015) and provided by the MARUM
GeoB core repository at the University of Bremen, Germany. Independently from this thesis
work, Lina Madaj participated in research cruise MSM44 and supported the ship’s crew and
scientific party during retrieving and handling of the included sedimentary archives. The
sampling of gravity core GeoB19905-1 was conducted by Jens Weiser, GeoB19927-3 was
jointly sampled by Lina Madaj, Sabrina Hohmann, Jeetendra Saini and Jens Weiser (all IRTG
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ArcTrain), GeoB19946-4 was sampled by Lina Madaj. Box core samples of GeoB19965-2A were
taken by Jens Weiser.
The sample material for manuscript three (chapter 5) was obtained during ArcticNet
expedition (Leg 1b) on board CCGS Amundsen in 2014 (Tremblay et al., 2014). Gravity core
(Calypso Square) AMD14-Kane2B has been directly subsampled on board. Samples included
into manuscript three have been provided by Myriam Caron, Institut des sciences de la mer de
Rimouski, GEOTOP, Université du Québec à Rimouski, Canada.
Samples of GeoB19927-3 and GeoB19965-2A were freeze-dried by Volker Diekamp, MARUM,
University of Bremen. Samples of GeoB19905-1, GeoB19946-4 and AMD14-Kane2B were
oven-dried by Lina Madaj. Subsequent analysis of radiogenic isotopes (including sample
preparation) and the corresponding measurements for all included samples were done by Lina
Madaj at the Isotope Geochemistry Lab of MARUM, University of Bremen, Germany.
Additional mineralogical analysis through x-ray diffraction (XRD) on samples of all GeoB-cores
was conducted at GEOTOP, Centre de recherche en géochimie et géodynamique, Université du
Québec à Montréal (UQÀM), Canada. The sample preparation was done by Lina Madaj with
support from Michel Preda, GEOTOP-UQÀM. Michel Preda conducted the XRD measurements,
while closely explaining analytical steps and procedures to Lina Madaj.
In the following a short summary of each manuscript and the corresponding contributions are
provided.

Manuscript 1 (Chapter 3)
Radiogenic Isotopes Reveal Neoglacial Provenance Shift and Ice Advance in Southwest Greenland
(L. Madaj, C. Hillaire-Marcel, F. Lucassen and S. A. Kasemann)

This manuscript summarises the results of the radiogenic isotope and XRD analyses of gravity
core GeoB19905-1. Radiogenic isotope analysis (sample preparation, analysis and
measurements) was done by Lina Madaj as well as the sample preparation for XRD analysis.
The XRD analysis itself was performed by Michel Preda, GEOTOP-UQÀM. The original
manuscript draft was written by Lina Madaj. All co-authors contributed to preceding data
discussion and provided improving input on the manuscript’s text and content. All figures were
compiled by Lina Madaj. The record reveals shifts towards increased local detrital sediment
input onto the southwest Greenland shelf during the transition into the mid and late Holocene.
Those shifts are most likely connected to a reduction in West Greenland Current speed,
transporting less distal material to the core location. The shift at the transition into the late
Holocene is more pronounced than the first one, identified by a significant shift towards
unradiogenic Nd isotopes and connected to increased local erosion cause by Neoglacial ice
advance.

Manuscript 2 (Chapter 4)
Northwestern Greenland Ice Sheet Dynamics traced by radiogenic isotopes
(L. Madaj, V. Kirillova, F. Lucassen, C. Hillaire-Marcel and S. A. Kasemann)
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This manuscript summarises the results of the radiogenic isotope and XRD analyses of gravity
cores GeoB19927-3 and GeoB19946-4. Box corer GeoB19965-2A serves as additional
reference data for source region identification. Radiogenic isotope analysis of the
aforementioned sedimentary archives (sample preparation, analysis and measurements) was
done by Lina Madaj who also prepared these samples for XRD analysis. The XRD analysis itself
was performed by Michel Preda, GEOTOP-UQÀM. Additional radiogenic isotope data of core
GeoTÜ SL170 was provided (prepared, analysed and measured) by Valeriia Kirillova within
the frame work of her PhD thesis (Kirillova, 2017). The manuscript and all included figures
were prepared by Lina Madaj. All co-authors contributed to data discussion and interpretation
and provided feedback on the manuscript. All three gravity core records identify local west
Greenland sources corresponding to their latitude. While along the coast of Greenland
provenance shifts through activation and deactivation of sources can be reconstructed, the
northernmost west Greenland ice margin appeared to be stable with respect to detrital
provenances.

Manuscript 3 (Chapter 5)
Radiogenic Isotope Signatures of Holocene Sediments from Kane Basin: Linkage with the Reopening and Evolution of Nares Strait
(L. Madaj, F. Lucassen, C. Hillaire-Marcel and S. A. Kasemann)

This manuscript summarises the results of the radiogenic isotope analysis of gravity core
AMD14-Kane2B. Radiogenic isotope analysis (sample preparation, analysis and
measurements) was done by Lina Madaj. The original manuscript was constructed and written
by Lina Madaj, who also compiled all included figures and main interpretational ideas. All coauthors contributed to data discussion and interpretation and provided feedback on the
manuscript. The record identifies two isotopic clusters, an Inglefield Land source (northern
Greenland) and an Ellesmere Island source (Canadian Arctic Archipelago), the main two source
regions of material discharged into Kane Basin, Nares Strait. The identification of both sources
being predominant during different times of the Holocene supports the theory of the final
opening of Nares Strait in the process of the deglaciation after the Last Glacial Maximum.
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CHAPTER TWO

Methodology and Results

2. Methodology and Results
2.1. Radiogenic Isotopes as Tracers for Palaeoclimatological and
Palaeoceanographic Changes
Radiogenic isotopes have been proven to serve as reliable provenance tracers based on their
ability to reflect the isotopic signatures of their continental source regions. Based on different
erosion processes terrigenous siliciclastic detritus carrying these isotopic signatures reaches
the ocean where it can be locally deposited or transported farther away. Particles dissolved in
the water column further have the ability to label the water masses they are carried in, which
in turn can therefore be traced back to its source region and distinguished from other water
masses (Frank, 2002; van de Flierdt & Frank, 2010). In the past a variety of studies took
advantage of radiogenic isotopes in their application as provenance tracers to define source
regions of detrital material and reconstruct transport pathways and water mass evolution on
different time scales throughout the wider Arctic and subpolar north Atlantic region (e.g. Fagel
et al., 2014; Haley et al., 2008; Laukert et al., 2017; Maccali et al., 2018; Werner et al., 2014).
Strontium (Sr), neodymium (Nd) and lead (Pb) are amongst the most common radiogenic
isotopes used in the framework of provenance studies and form the base of this study.

2.1.1. Radiogenic Isotopes Strontium, Neodymium and Lead
Radiogenic isotopes are those at the end of a radioactive decay cascade. The principals of
radioactive decay are that a so-called parent isotope is spontaneously decaying into one or
different daughter isotopes by discharging different ways of energy in the form of nuclear
particles (helium nuclei, electrons, (anti)neutrinos, positrons, photons) along a decay cascade.
Based on the different ways of particle emissions, radioactive decay can be separated into
alpha (α), beta (β) and gamma (γ) decay. The final isotopes at the end of these decay cascades
are radiogenic isotopes. Generally, radiogenic isotopes can be used within provenance studies
to identify source regions and transport pathways of various environmental cycles, reconstruct
temporal and spatial changes within these systems and for dating of the formation of rocks and
minerals (e.g. Banner, 2004).
2.1.1.1. Strontium
Sr has four common isotopes 84Sr, 86Sr, 87Sr, and 88Sr, with natural abundances of 0.56%, 9.86%,
7.0% and 82.58%, respectively. Radiogenic 87Sr originates from beta decay of radioactive 87Rb,
with a half-life of 48.8 Ga:
87

𝑅𝑏 →

87

𝑆𝑟 + 𝛽 −

Sr isotope signatures are documented as ratios of radiogenic 87Sr and the primordial 86Sr. The
main input sources for Sr into the ocean are weathering of continental bedrock (via rivers and
glacial activity), hydrothermal vents and dissolution of marine carbonates (e.g. Banner, 2004;
Frank, 2002). These different pathways contribute different isotopic Sr signatures to the ocean,
where they form a uniform global ocean seawater value due to the average deep-water
residence time of Sr of several million years, which exceeds the global ocean mixing time of
around 1500 years (Broecker & Peng, 1982). This seawater signature depends on the
aforementioned input of Sr which may be altered by a combination of long-term processes such
as shifts in tectonic uplift, continent constellations, climatic and sea level variations amongst
other (Banner, 2004). Therefore the 87Sr/86Sr composition in the ocean has not been constant
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throughout the Phanerozoic and can be used as a dating method for marine authigenic
sediments through comparison with the 87Sr/86Sr seawater curve by Burke et al. (1982). The
present-day value for 87Sr/86Sr dissolved in seawater representing marine carbonates is
0.70917 (Henderson et al., 1994). 87Sr/86Sr signatures have to be interpreted with caution
when continental weathering is involved as they inherit a tendency to change with grain size,
fine-grained sediments have a tendency to provide more radiogenic 87Sr/86Sr signatures
(Tütken et al., 2002). The isotopic signatures of Greenland bedrock range between 0.70 and
0.84 (Colville et al., 2011; Reyes et al., 2014; Figure 2.2).
2.1.1.2. Neodymium
Nd is one of the light rare earth elements. Nd has the following seven isotopes (natural
abundances in brackets): 142Nd (27.2%), 143Nd (12.2%), 144Nd (23.8%), 145Nd (8.3%), 146Nd
(17.2%), 148Nd (5.7%) and 150Nd (5.6%). Radiogenic 143Nd originates from 147Sm which has a
half-life of 106 Ga. The radioactive decay of 147Sm is based on alpha decay:
147

𝑆𝑚 →

143

𝑁𝑑 + 𝛼

The main input source of Nd into the ocean is erosion of continental bedrock. Nd has an average
deep-water residence time of 600 – 2000 years which is on the order of or shorter than the
global mixing time and therefore Nd can be used as a tracer for different water masses (e.g.
Frank, 2002; van de Flierdt & Frank, 2010). Isotopic values of radiogenic Nd are measured as
a ratio to the stable and natural occurring 144Nd. To compensate for the resulting small
numbers and differences in the corresponding ratio, the results will be normalised to the
ancient Chondritic Uniform Reservoir (CHUR) value of 0.512638 as defined by Jacobsen &
Wasserburg (1980). These values are widely presented in the εNd notation:
143

𝜀𝑁𝑑 = [

𝑁𝑑/ 144𝑁𝑑𝑠𝑎𝑚𝑝𝑙𝑒

143

𝑁𝑑/ 144𝑁𝑑𝐶𝐻𝑈𝑅
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As 147Sm is a common component of rock building minerals, the 143Nd/144Nd signature is
dependent on the age and predominant Sm/Nd ratio of the corresponding rocks. Generally,
unradiogenic εNd values indicate origin of older rocks while more radiogenic values point to
younger source regions. The Archean to Paleoproterozoic rocks of Greenland range between 41 and –15 while the Paleogene basalts of Disko Island, midwest Greenland, range between -4
and 10 (Colville et al., 2011; Reyes et al., 2014); Figure 2.2). The comparably short ocean
residence time of Nd makes it not only a reliable tracer of detrital sediment sources but also of
water masses. Different water masses tend to inhibit the εNd signatures of the surrounding
continents and therefore can be traced back to their origin and differentiated among each
other, directly measured in seawater or recorded in marine carbonates (including shells), fish
teeth and ferromanganese nodules or sediment grain coatings (e.g. Blaser et al., 2016; Gutjahr
et al., 2007; Laukert, et al., 2017; Martin & Haley, 2000). Especially, in the Labrador Sea area,
radiogenic Nd has been widely used as such a tracer due to the distinct εNd signatures of
Labrador Sea and Baffin Bay water (Blanckenburg & Nägler, 2001; Filippova et al., 2017;
Stordal & Wasserburg, 1986). Unlike Sr Nd seems to be a grain-size independent tracer (Tütken
et al., 2002).
2.1.1.3. Lead
The most common Pb isotopes are the natural occurring isotope 204Pb (1.4%), the three
radiogenic isotopes 206Pb (24.1%), 207Pb (22.1%), 208Pb (52.4%) and the radioactive isotope
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210Pb

(traces). Pb is primarily transported into the oceans through erosion of continental
bedrock (mainly 206Pb) and secondary through hydrothermal vents (mainly 207Pb) (Frank,
2002). Pb isotopes have an average residence time in the Atlantic of around 50 years and
between 200 and 400 years in the Pacific Ocean, which makes them sufficient water mass
tracers, due to their residence time being shorter than the global ocean mixing time (e.g. Frank,
2002). Radiogenic 206Pb, 207Pb, and 208Pb originate from radioactive uranium 238U and 235U, and
thorium 232Th with half lives of 4.47 Ga, 704 Ma and 14 Ga, respectively. The decay follows the
following decay cascades through alpha and beta decay:
238

206

235

207

𝑈 →
𝑈 →

232

𝑇ℎ →

𝑃𝑏 + 𝛼 + 𝛽 −
𝑃𝑏 + 𝛼 + 𝛽 −

208

𝑃𝑏 + 𝛼 + 𝛽 −

The Archean and Paleoproterozoic rocks of Greenland compose of 206Pb/204Pb between 14 and
24 (Colville et al., 2011; Reyes et al., 2014; Figure 2.2).

2.2. Sedimentary Archives of Ice-Sheet Dynamics
This study aims to reconstruct detrital provenance changes and ice-sheet dynamics along a
south to north transect of the west Greenland coast, from the Labrador Sea to Kane Basin in
central Nares Strait. In total, five sediment cores are included into this study, divided into three
main research areas: Labrador Sea, Upernavik and Melville Bay, Nares Strait (Figure 2.1, Table
2.1). Additionally, a box core has been analysed to compensate for missing reference values of
geological background data (Table 2.2).
Table 2.1: Gravity cores included into this thesis work. Cruise reports MSM09 (Rhein et al., 2013), ArcticNet 2014
(Tremblay et al., 2014), MSM44 (Dorschel et al., 2015); CCGS = Canadian Coast Guard Ship
GeoB19905-1

GeoTÜ SL170

GeoB19927-3

GeoB19946-4

Core ID in
Cruise Report

MSM44/331-1

MSM09/455-13

MSM44/353-3

MSM44/372-4

Sampling Date

01 July 2015,
09:19 UTC

04 Sep 2008
19:09 UTC

08 July 2015
18:20 UTC

14 July 2015
18:01 UTC

AMD14Kane2B
AMD14KANE2b
04 Aug 2014
20:45 UTC -4

Latitude

64°21.68‘N

68°58.15’N

73°35.26‘N

75°49.99’N

79°30.91‘N

Longitude

52°57.70‘W

59°23.58’W

58°05.66‘W

62°30.98‘W

70°49.74‘W

485

1340

932

718

220

Water
Depth [m]
Recovery Depth
[cm]
Sampling Device

1045

600

1147

1372

425

Gravity core

Gravity core

Gravity core

Gravity core

Scientific Cruise

MSM44

MSM09 Leg. 2

MSM44

MSM44

Calypso square
ArcticNet Leg.
1b

Research Vessel

RV Maria S.
Merian

RV Maria S.
Merian

RV Maria S.
Merian

RV Maria S.
Merian

CCGS Amundsen

Gravity cores GeoB19905-1, GeoB19927-3, GeoB19946-4 and box core GeoB19965-2A were
provided by the GeoB Core Repository at MARUM—Center for Marine Environmental Sciences,
University of Bremen. Samples from calypso core AMD14-Kane2B were taken and provided by
Myriam Caron, Université du Québec à Rimouski, Canada. Data for gravity core GeoTÜ SL170
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has been obtained by Valeriia Kirillova in the framework of her PhD thesis (Kirillova, 2017)
and is included in the second manuscript of this thesis for data comparison and publication
(chapter 4). As the data of GeoTÜ SL170 has not been obtained in the frame work of this PhD
project it is not further included into this chapter.
Table 2.2: Box core included into this thesis work. Cruise report MSM44 (Dorschel et al., 2015).

GeoB19965-2A

Core ID in
Cruise Report

Sampling Date

Coordinates

Water Depth
and Recovery

MSM44/391-2

22 July 2015
11:59 UTC

74°23.51’N
56°35.70’W

640 m
63 cm

Scientific
Cruise and
Research
Vessel
MSM 44
RV Maria S.
Merian

As Baffin Bay is a semi enclosed bay with its only connection to the Atlantic Ocean through
Labrador Sea and thick layers of Holocene sediments on both sides of the shelves it represents
an excellent area for palaeoclimatological studies. Detrital sediments delivering radiogenic
isotope signatures of their corresponding source regions onto the west Greenland shelf are
mainly transported by erosion through glacier activity, meltwater discharge and the West
Greenland Current (WGC) as well as icebergs and sea ice. The Greenland west coast is currently
draining around 43% of the Greenland Ice Sheet (GIS) dominated by a number of fast flowing
glaciers and ice streams such as the well-known Jakobshavn Isbræ and the Upernavik ice
stream, draining ~7% and ~2%, respectively (Eric Rignot & Kanagaratnam, 2006). Glaciers
along the west coast north of 68°N are producing the majority of icebergs in Baffin Bay with
Disko Bay and Uummannaq Bay being the most productive areas from where they mainly get
transported farther north via the WGC (Tang et al., 2004). The WGC is the eastern component
of the counter-clockwise surface current gyre characterising ocean circulation in Baffin Bay,
with the Baffin – Labrador Current forming the western part (Figure 2.1). The relatively warm
and saline Atlantic-sourced water of the WGC freshens on its way north through meltwater
discharge along the west Greenland coast (Buch, 2002; Myers et al., 2009) collecting and
transporting material discharged along the way. Sea ice might be a secondary but not
neglectable transport pathway within Baffin Bay. It is seasonally forming in the northwest of
Baffin Bay growing towards the south with the sea-ice border in eastern Davis Strait, leaving
eastern Labrador Sea ice-free (Tang et al., 2004).
Different transport pathways generally favour different grain sizes being transported based on
energy efficiency. Clay-size fractions are usually analysed for the reconstruction of deep ocean
currents as they represent far-travelled material (e.g. Fagel et al., 2004; Fagel et al., 2002) while
for meltwater discharge representing local erosion without influence of possible iceberg
transport the silt–size fraction is commonly used (e.g. Colville et al., 2011; Reyes et al., 2014).
The sand-size fraction can be used as a proxy for ice rafted debris (IRD) as they are too large
to be carried by meltwater plumes and rather indicate ice-berg transport (e.g. Andresen et al.,
2012). In the framework of this study tracing past ice-sheet dynamics of the western GIS all
transport pathways will be considered and hence the bulk grain-size faction will be used for
analysis in order to receive an overall signal of combined transport mechanisms within the
research area. The general grain-size distribution of the included gravity cores is comparably
fine and mainly compost of hemipelagic (clayey) mud and silty clay with occasional sandy
layers towards the bottom of the records (chapters 3-5; Caron et al., 2019; Dorschel et al., 2015;
Georgiadis et al., 2018; Saini et al., 2020; Weiser et al., 2021). Thus the general sediment grain40

size composition points towards an overall transport regime of meltwater discharge, local
erosion (e.g. Colville et al., 2011; Reyes et al., 2014) and ocean currents, reducing the likelihood
of possible bias of far-travelled material through IRD. The same approach has been followed
by Kirillova (2017) for analysis of gravity core GeoTÜ SL170.

Figure 2.1: Map of the research area with simplified present-day surface current circulation pattern and locations
of all sediment cores included into this study. EGC = East Greenland Current, IC = Irminger Current, WGC = West
Greenland Current, B-LC = Baffin – Labrador Current. Map created with Ocean Data View (Schlitzer, 2020).

2.2.1. Provenance Approach
During rock formation a specific isotopic composition is imprinted on the resulting rock based
on energetic properties and the isotopic composition and availability of different isotopes
during the process and its corresponding time in Earth’s history (cf. Dickin, 2005). Therefore,
different rocks carry different signatures of radiogenic isotopes, especially with regards to age.
Through erosion processes these signatures are transported into the surrounding oceans and
hence yield information on the corresponding source regions of the discharged material. By
newly added sources though freshly exposed bedrock caused by ice-sheet and glacier retreat
or the deactivation of those sources through ice advance, the isotopic composition delivered
into the oceans might change and provide indirect links on ice-sheet dynamics.
The studies closest to the approach of this study are the aforementioned ones by Colville et al.,
(2011) and Reyes et al. (2014) who applied radiogenic isotopes to investigate southern GIS
presence during the Last Interglacial and southern GIS collapse during Marine Isotope Stage
11, respectively. By analyzing radiogenic isotopes in the detrital silt fraction from Eirik Drift
sediments Reyes et al. (2014) proved that only a small residual ice dome remained over
southernmost Greenland as decreased meltwater and sediment flux into the ocean led to an
almost absence of specific isotopic signatures of the respective end member. Those studies are
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based on the comparison of isotopic signatures in the detrital sediment fraction of the sample
material to those of stream sediments collected along the southwest Greenland coast. The
stream sediments represent fine-grained glaciofluvial sediments from meltwater streams and
are supplemented by few glaciolacustrine sediments from ice-marginal lakes and debris
entrained in icebergs near calving glacier margins (Reyes et al., 2014). All stream sediments
were deposited in low energy environments along streams draining the local geology and
therefore represent the isotopic composition actually delivered to the ocean rather than
bedrock samples that might contain a bias towards certain rock types (Colville et al., 2011,
supplement). Colville et al. (2011) followed the stream sediment approach as the use of
isotopic composition of bedrock samples can yield complications because they might overrepresent specific rock and mineral types analysed for petrologic or tectonic evolution instead
of general isotopic composition on a lateral extent. In comparison of stream sediment data with
weighted average rock data Colville et al. (2011, supplement) found mainly agreements in Nd
isotopic signatures and slight disagreements in Sr and Pb isotopic composition for certain
southern Greenland bedrock terrains. Based on these findings this PhD study will follow the
same approach of using stream sediment data as isotopic background values for the geological
terrains where the data are available. Additionally, some available bedrock data display large
isotopic ranges, causing major overlaps between different sources and therefore do not serve
the purpose of source region differentiation. However, data availability depends on the
conducted studies and is comparably sparse in northern Greenland. Therefor the isotopic
reference data for the different Greenland geological terrains used in this study is a
combination of stream sediment and rock data. While the available stream sediments cover the
entire southern Greenland margin, for the Rinkian Belt only Sr and Nd isotopic signatures
based on rock data are available and for the Committee-Melville-Belt no radiogenic isotope
data could be found at all (Figure 2.2). To compensate for the missing data surface sediment
data (GeoB19965-2A) from a fjord in northwestern Greenland was added as well as data from
Baffin Island. Due to the origin of Baffin Bay from the extension of the North Atlantic - Labrador
Shelf Sea rift system (MacLean et al., 1990; Simon et al., 2014), the geology on both sides of the
bay is similar (Jackson & Berman, 2000; Le Pichon et al., 1977) and isotopic composition has
been found to be chemically comparable (cf. Jackson & Berman, 2000).

2.2.2. Greenland Geology Overview
Greenland holds some of the oldest rocks on Earth with Archean Rocks in southern and
northern Greenland and Paleoproterozoic rocks in midwest Greenland (Figure 2.2) (e.g.
Dawes, 2009a). The only comparably young rocks that can be found in west Greenland occur
in the Disko Bay area, which contains Paleaogene basalts and intrusions (e.g. Dawes, 2009a).
The main geological terrains discussed in this study are from south to north: the Ketilidian
Mobile Belt (KMB), the Archean Block (AB), the Nagssugtoqidian Mobile Belt (NMB), Disko
Island (DI), the Rinkian Mobiel Belt (RMB) and the Committee-Mobile Belt (CMB). Apart from
the Paleaogene basalts on Disko Island those geological units are dominated by granites and
orthogneisses with occasional supracrustal belts and intrusions (AB) and metagreywackes
(RMB) (e.g. Colville et al., 2011; Connelly et al., 2006; Dawes, 2006; Grocott & McCaffrey, 2017;
Kalsbeek et al., 1998). Based on their different geological composition and ages these bedrock
terrains are composed of different radiogenic isotope signatures (Figure 2.2) which will be
delivered into Labrador Sea and Baffin Bay and allowing for the source region determination
that this study is based upon.
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Figure 2.2: Geological map of Greenland with isotopic signatures of main geological terrains included into this study
and present day Baffin Bay and Labrador Sea surface circulation pattern. Lighter shaded areas indicate the current
extent of the Greenland Ice Sheet, dashed grey line represents the border between NMB and RMB (Dahl-Jensen et
al., 2003). KMB = Ketilidian Mobile Belt, AB = Archean Block, NMB = Nagssugtoqidian Mobile Belt, DI = Disko Island,
RMB = Rinkian Mobile Belt, CMB = Committee-Melville Belt (map adapted from Dawes, 2009a); EGC = East
Greenland Current, WGC = West Greenland Current, B-LC = Baffin – Labrador Current, IC = Irminger Current.
Isotopic background data: KMB, AB, NMB: Colville et al., 2011; Reyes et al., 2014, DI: Larsen & Pedersen, 2009, RMB:
Kalsbeek et al., 1998, CMB: this study. Yellow stars mark the location of the sediment cores included in this study.

The major part of these bedrock terrains is presently covered by the massive GIS. In the Nuuk
region in southern Greenland the GIS leaves around 100-125 km of revealed Greenland
bedrock (Weidick et al., 2012) and only a small fringe of ice-free bedrock in Northern
Greenland, making land-based geological records and samples in northernmost Greenland
relatively sparse (Bennike, 2008; Young & Briner, 2015) which is the reason for the missing
isotope background data of this region.
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2.3. Analytical Procedures and Results
2.3.1. Age Chronology
The age chronologies of the sediment cores included in this study were constructed in the
framework of different studies that have been previously published with the exception of the
age chronology of gravity core GeoB19946-4 (Table 2.3). All age chronologies are based on
accelerated mass spectrometry radiocarbon dating of marine carbonates, mainly mixed
benthic foraminifera and occasionally planktonic foraminifera and mollusc shells, depending
on the availability of dateable material in the corresponding cores. Ages have been calibrated
to calendar years using the Marine 13 and IntCal13 calibration curves (Reimer et al., 2013) and
the age model has been constructed based on Bayesian age modelling using the BACON
(Blaauw & Christen, 2011) or CLAM 2.2 (Blaauw, 2010) software packages.
Table 2.3: Overview of age chronologies for sediment cores included into this study.
Sediment Core
GeoB19905-1

GeoTÜ SL170

GeoB19927-3

GeoB19946-4

AMD14-Kane2B

Carbonate Source
mixed benthic
foraminifera
mixed benthic &
planktonic
foraminifera,
mollusc shells
mixed benthic &
planktonic
foraminifera,
mollusc shells
mixed benthic &
planktonic
foraminifera
mixed benthic
foraminifera,
mollusc shells

Calibration Curve

Age Modelling

Reference

IntCal13

BACON

Weiser et al., 2021

Marine13

BACON

Jackson et al., 2017

Marine13

BACON

Saini et al., 2020

Marine13

BACON

J. Weiser, pers.
comm..

Marine 13

CLAM 2.2

Georgiadis et al.,
2018

2.3.2. Isotope analysis
In preparation for radiogenic isotope analysis between 1 and 2 g of bulk sediments have been
homogenised with a mortar, washed with ultrapure water (18.2 MΩ; Millipore), decarbonised
with a 40% acetic acid solution (buffered to pH ~4 with 1M Na-acetate), and leached with
hydroxylamine hydrochloride and 15% acetic acid (buffered to pH ~4 with NaOH) to remove
possible iron-manganese (FeMn) sediment grain coatings following the procedure by Gutjahr
et al. (2007) (Figure 2.3). Between each step the samples have been dried in the oven at 110°C,
homogenised again and a sample fraction of around 100 mg was separated for isotopic
analysis. These sample fractions of washes, decarbonised and leached sediments will in the
following be labelled ‘bulk’, ‘dc’ and ‘dt’, respectively. The leach solution of the FeMn leaching
step has been saved for analysis by centrifuging, removing the supernatant with a pipette and
evaporating the residue in the oven at 110°C.
All 100 mg sediment sample fractions were transferred into 30 ml - SavillexTM beakers for
stepwise hot-acid digestion to obtain the siliciclastic detrital fraction and remove organic
matter. As most rock-forming minerals dissolve in hot concentrated hydrofluoric acid (HF)
under atmospheric pressure (e.g. Dickin, 2005), the following acids have been added to each
sample for dissolution on the hotplate: concentrated hydrofluoric acid (5:1, HF:HNO3, 3 ml),
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Aqua Regia (3:1, 6M HCl:concentrated HNO3, 3 ml), nitric acid (concentrated HNO3, 1 ml),
hydrochloric acid (6M HCl, 3 ml) and hydrogen peroxide (H2O2, 100µl multiple times). Between
each dissolution step, the samples have been evaporated on the hotplate at 70°C to remove
acid remains. The FeMn leachates have only been treated with 2 ml of concentrated HNO3 and
2 ml of 6M HCl, three times each. The duration and temperature these samples were left on the
hotplate to evaporate between each step are the same as for the sediment fractions.

Figure 2.3: Flow chart of leaching procedure for decarbonisation, FeMn leaching and hot-acid digestion to receive
the siliciclastic detrital sediment fraction. Between each leaching step a washing step with ultrapure water (18.2
MΩ; Millipore) has been applied to remove leach solution remains. Method based on Gutjahr et al. (2007).

The final sample fraction was re-dissolved in 500 µl 2M HNO3 and analysed through column
separation to collect Sr, Pd and Nd. Sr and Pb were separate from the sample matrix through
TrisKem Sr.specTM cation exchange resin eluted with 0.05M HNO3 and 6M HCl, respectively
(method modified after Deniel & Pin, 2001). The rare earth elements were saved and
transferred onto columns loaded with TRU.specTM resin to further separate the light rare earth
elements. Those were directly transferred onto Nd columns for its final separation using
LN.specTM eluted with 0.25M HCl (Pin et al., 1994). After separating Sr, Pb and Nd isotopes, a
drop of phosphoric acid was added to accumulate the sample while evaporating all other
remaining acids and ensure easier sample transfer for subsequent measurement. H2O2 was
additionally added and evaporated again to remove possible resin remains.
Measurements of radiogenic isotope ratios were performed on a Thermo Fisher Scientific
TritonTM Plus multicollector thermal ionization mass spectrometer (TIMS). All samples were
transferred onto rhenium-filaments within a drop of phosphoric acid. Sr and Pb were
transferred onto single filaments with an additional emitter of tantalum and silicon,
respectively, to support the ionisation process. Samples for Nd isotope ratio measurements
were transferred onto double filaments without an additional emitter as the ionisation process
is induced by higher temperatures. Therefore the instrument’s vacuum is support with
addition of liquid nitrogen filled into the cryopump of the instrument. Through heating the
filaments samples have been ionized, accelerated through a magnetic field via high voltage,
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where the different masses are separated and detected by Faraday cups downstream the
magnetic field at different times. Each measurement series was accompanied by international
standardised reference material (NIST987, NIST981, JNdi-1 for Sr, Pb, Nd, respectively) to
monitor analytical accuracy. Isotopic ratios for reference material are in a range of
0.710255 ±0.000056 (87Sr/86Sr ±2SDmean; n=29), 0.512067 ±0.000423 (144Nd/143Nd ±2SDmean;
n=24) and 16.8999 ±0.0172 (206Pb/204Pb ±2SDmean; n=20) throughout the measurement period
of 2.5 years. These values agree with the range of published reference values (GeoReM data
base; query June 2020; http://georem.mpch-mainz.gwdg.de): 0.710249 ±0.000034 (87Sr/86Sr
±2SDmean; n=1528), 0.512107 ±0.000026 (144Nd/143Nd ±2SDmean; n=339) and 16.9211 ±0.0413
(206Pb/204Pb ±2SDmean; n=254). Isotopic ratios have been measured in either multidynamic (Sr)
or static (Pb, Nd) multicollection mode, the final value is the automatic calculated mean of
around 100, 60, 120 (Sr, Pb, Nd) measured values, with possible outliers automatically
discarded. Internal correction for isotopic fractionation during measurements has been
applied by the instrumental software, using the natural occurring ratio of Sr of 86Sr/88Sr and
146Nd/144Nd of 0.1194 and 0.7219, respectively. For Pb isotopic ratios a bulk uncertainty of
0.1% per atomic mass unit was assumed to account for isotopic fractionation during the
measuring process, which exclusively exceeds the measured uncertainty.
All isotopic analysis and measurements have been conducted in the Isotope Geochemistry Lab
at MARUM—Center for Marine Environmental Sciences, University of Bremen.
2.3.2.1. Suitability of Sediment Leachates from Eastern Baffin Bay
Sediment leachates for FeMn sediment grain coatings have the potential to carry seawater
signatures and therefore information on past water mass development (e.g. Gutjahr et al.,
2007). However, in order to reliably interpret the obtained data of gravity cores GeoB199051, GeoB19927-3 and GeoB19946-4 (Figure 2.4), the occurrence of these FeMn sediment grain
coatings should be tested via elemental composition of the corresponding leachate.
The elemental composition has been measured for six samples of gravity core GeoB19927-3 to
test for possible FeMn sediment grain coatings. Analysis of Fe and Mn concentrations has been
done through inductively coupled plasma mass spectrometry (ICP-MS, Plasma Quant MS Elite,
Analytik Jena) and analysis of Ca and Mg concentrations through inductively coupled plasma
optical emissions spectroscopy (ICP-OES, SPECTRO CIROS VISION) at Leibniz Centre for
Tropical Marine Research (ZMT), Bremen, Germany. All samples were dissolved in 2M HNO3
and further diluted with a dilution factor of 1:100 for analysis.
Concentrations of Fe and Mn in the leachates of GeoB19927-3 range from 4300-25000 µg/g
and 380-1200 µg/g, respectively (Figure 2.5). The ratios between these concentrations vary
from 8.4 to 23.6 which is pointing to overall low Mn concentrations and exceed the common
ratio of Fe/Mn in sediment grain coatings of 2.2 (Toth, 1980) suggesting the absence of FeMn
coatings. The absence of FeMn sediment grain coatings in Baffin Bay has been noted before
(Blanckenburg & Nägler, 2001; Kirillova, 2017). Additionally, the molar ratio between Ca and
Mg is close to one, which resembles the stoichiometric ratio of Ca/Mg in dolomite indicating
that dolomite might have been leached from the sample instead of FeMn (cf. Kirillova, 2017).
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Figure 2.4: Isotopic composition of FeMn leachates of gravity cores GeoB19905-1, GeoB19927-3 and GeoB199464. Dashed line represents the present-day Sr isotopic composition of marine carbonates of 0.70917 (Henderson et
al., 1994). Age models are based on radiocarbon dating of mixed foraminifera and shell fragments (Saini et al., 2020;
Weiser et al., 2021; J. Weiser, pers. comm.) Analytical errors are smaller than data points. Data can be found in Table
8.1,Table 8.2,Table 8.4.

Figure 2.5: Elemental composition of leachates of gravity core GeoB19927-3. Ca and Mg concentrations are
normalised by their molar mass of 40 and 24, respectively. Data can be found in Table 8.9.

Due to the presumable absence of FeMn sediment grain coatings in the samples of this study
and therefore the possibly obtained isotopic seawater signal the leachate data is not included
in further interpretation in order to solve the overall research question of this study and only
displayed here for completeness and possible comparison.
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2.3.2.2. Sediment Fractions
The three different fractions of bulk, decarbonised (dc) and detrital (dt) sediment of gravity
cores GeoB19905-1, GeoB19927-3, GeoB19946-4, AMD14-Kane2B and box core GeoB199652A have been analysed for their radiogenic isotope composition and are below displayed
together for comparison (Figure 2.6, Figure 2.7, Figure 2.8, Figure 2.9, Figure 2.10). In all
records the dc and dt fraction plot close together, often overlapping, while the bulk fraction
records an offset in isotopic composition towards less radiogenic Sr and more radiogenic Pb,
with the exception of GeoB19946-4, where only the Pb isotopic composition records an offset.
This offset in Sr isotopic composition is most likely connected to the carbonate content of the
samples as it coincides with high calcite composition in core GeoB19905-1 (Figure 2.12) and
cannot be detected in core Geob19946-4 which does not record any carbonate content (Figure
2.14).

Figure 2.6: Isotopic composition of gravity core GeoB19905-1 of all three sediment fractions: bulk, decarbonised
(dc), detrital (dt). The age model is based on radiocarbon dating of mixed benthic foraminifera (Weiser et al., 2021).
Dashed lines represent a hiatus in the sedimentary record. Analytical errors are smaller than data points. Data can
be found in Table 8.1.

The overlapping dc and dt signatures support the result of the elemental composition
indicating an absence of FeMn sediment grain coatings in all included samples. They further
suggest that no significant other fraction has been leached out of the sample fraction, qualifying
both sediment fractions dc and dt for interpretation towards the aims of this study.
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Figure 2.7: Isotopic composition of gravity core GeoB19927-3 of all three sediment fractions: bulk, decarbonised
(dc), detrital (dt). The age model is based on radiocarbon dating of mixed benthic and planktonic foraminifera and
mollusc shells (Saini et al., 2020). Analytical errors are smaller than data points. Data can be found in Table 8.2.

Figure 2.8: Isotopic composition of gravity core GeoB19946-4 of all three sediment fractions: bulk, decarbonised
(dc), detrital (dt). The age model is based on radiocarbon dating of mixed benthic and planktonic foraminifera (J.
Weiser, pers. comm.). Dashed lines mark a possible mass wasting event (see chapter 4). Analytical errors are smaller
than data points. Data can be found in Table 8.4.
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In the following interpretation of the data (chapters 3-5) the dt fraction will be used to rule out
any possibility of remaining FeMn sediment coatings as their absence has only been tested for
gravity core GeoB19927-3. It could, however, be suggested for future research to use the dc
fraction for interpretation of radiogenic isotope signatures in order to trace sediment
provenances in areas where FeMn sediment coatings are known to be absent (cf. Höppner et
al., 2018). The isotopic variations recorded in each of the sedimentary archives are discussed
in chapter three to five.

Figure 2.9: Isotopic composition of gravity core AMD14-Kane2B of all three sediment fractions: bulk, decarbonised
(dc), detrital (dt). The age model is based on radiocarbon dating of mixed benthic foraminifera and mollusc shells
(Georgiadis et al., 2018). Analytical errors are smaller than data points. Data can be found in Table 8.5.

Figure 2.10: Isotopic composition of box core GeoB19965-2A of all three sediment fractions: bulk, decarbonised
(dc), detrital (dt). Note this data is plotted against sediment depths as it has been used as surface sediment reference
data. Analytical errors are smaller than data points. Data can be found in Table 8.3.

2.3.2. X-Ray Diffraction
The mineralogy of each sample has been obtained to compare the composition to the isotopic
results and rule out possible mineralogical control of the isotopic signatures. An additional
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approach was to draw conclusions from the use of both methods alongside and their particular
advantages in comparison to each other. For most comparable results the mineralogical
composition was measured on the same samples as used for radiogenic isotope analysis (if
enough material was available), as well as the same grain-size distribution. X-ray diffraction
(XRD) analysis was conducted on the non-decarbonised sediment fraction in order to also
measure the carbonate content.
Between 100 and 500 mg of ground bulk sample material were prepared for XRD analysis
using the ‘back-side method’ (Moore & Reynolds, 1997). The samples have been filled into
sample trays and compressed by manually added pressure. After the first run of measurements
each sample has been weighed, washed, dried and weighed again to estimate the amount of
halite and to prevent any possible masking of clay minerals. Washing has been conducted by
adding water and a magnetic stir bar to the samples and leaving them on the magnetic plate
for a few minutes to dissolve the water-soluble fraction. After washing, residual sediment and
water-soluble fraction have been separated by filtering the sample through applied vacuum.
The residual sediment has been dried on the hot plate. Subsequent estimating the watersoluble fraction and passing the sample again through the diffractometer, the carbonate
fraction has been removed by adding approximately 100 ml of 0.1M HCl to the sample and
slowly let it pass through a filter, vacuum-supported for the first seconds to assure total calcite
dissolution. The sample was dried and weighed again to estimate the calcite content. Following,
the sample has been analysed again for mineral composition.
The second part of sample treatment is crucial for identification of clay minerals within the
mineral matrix. Water has been added to orient the clay minerals as random orientation
compared to oriented clay minerals can have a significant influence on the peak intensities and
therefore peak intensity ratios between different minerals (e.g. Moore & Reynolds, 1997). After
passing the oriented sample again through X-ray diffraction, it has been saturated with
ethylene glycol inside a vacuum desiccator for 24 hours, measured again and heated up to
300°C for four hours before final measurement. Ethylene glycol-solvated samples show a
distinct peak for smectite at 16.9 Å that is not visible in non-treated samples (e.g. Moore &
Reynolds, 1997). If this peak disappears again after heating the sample, smectite can be clearly
identified. In the end all samples were analysed several times, before and after the following
steps of sample treatment: (1) untreated sample, (2) washed sample to calculate halite content,
(3) decarbonised sample (0.1 M HCl) to calculate calcite content, (4) addition of water to orient
and identify clay minerals, (5) ethylene glycol saturated sample to identify smectites and (5)
heated sample (300°C) to verify smectites (cf. Moore & Reynolds, 1997).
Measurements were done in a Siemens X-ray Diffraktometer D5000 in a range between 5° and
85° 2θ. Results were based on peak intensity and contain an analytical uncertainty of ~2%.
Quartz was used as a standard for horizontal peak position correction. Halite and calcite were
used as a standard for peak intensity. Results have been evaluated using the DIFFRAC.EVA
evaluation software by Bruker. All mineralogical measurements have been conducted at
GEOTOP – Centre de recherche en géochimie et géodynamique, Université du Québec á
Montréal, Canada.
2.3.2.1. Mineralogical Composition of Core Samples
Following the results of the XRD analysis for sediment cores GeoB19905-1, GeoB19927-3 and
GeoB19946-4 are summarised. The mineralogical composition of core AMD14-Kane2B has
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been obtained in the framework of another study (Caron et al., 2020) and is therefore not
included in this section.

Figure 2.11: Detailed overall mineralogical composition of gravity cores GeoB19905-1, GeoB19927-3 and
GeoB19946-4. The percentages represent the average mineralogical composition over the entire sedimentary
records. Data for each core and sediment depth can be found in Table 8.6Table 8.7Table 8.8.

Figure 2.11 summarises the overall mineralogical composition of gravity cores GeoB19905-1,
GeoB19927-3 and GeoB19946-4 averaged over the entire record. All three cores are
dominated by quartz and feldspar mirroring the gneiss and granite dominated Greenland
bedrock. Minor components are biotite, clinochlore, hornblende, and further phyllosilicates
and iron minerals which clearly vary in their contribution in the three different cores and
locations. The most obvious difference between the core locations is the decrease in carbonates
from south to north; while calcite is a major component in GeoB19905-1, it is only a minor
component in GeoB19927-3 and entirely absent in core GeoB19946-4.
Slight variations over time can be identified in each mineral group and core (Figure 2.12, Figure
2.13, Figure 2.14). GeoB19905-1 shows the most obvious changes in carbonate content, which
is significantly higher during the mid Holocene (Figure 2.12). Generally, the mineralogical
composition varies slightly more in the mid and late Holocene and exhibits an occasional
increase in phyllosilicates during the late Holocene. The results are discussed in chapter three.
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Figure 2.12: Mineralogical composition of the bulk sediment fraction of gravity core GeoB19905-1. The age model
is based on radiocarbon dating of mixed benthic foraminifera (Weiser et al., 2021). Shaded interval represents a
hiatus in the sedimentary record. Data can be found in Table 8.6.

Figure 2.13: Mineralogical composition of the bulk sediment fraction of gravity core GeoB19927-3. The age model
is based on radiocarbon dating of mixed benthic and planktonic foraminifera and mollusc shells (Saini et al., 2020).
Data can be found in Table 8.7.

The mineralogical composition in gravity core GeoB19927-3 appears to be comparably stable
throughout the Holocene with a slight increase in carbonates during the late Holocene (Figure
2.13). A striking peak is recorded around 4.3 ka BP within the amphibole and pyroxene
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composition coinciding with a drop in quartz and feldspar. For interpretation of the results see
chapter four.
GeoB19946-4 records low variations in quartz, feldspar and phyllosilicates and a slight
decrease in amphibole and pyroxene content and a simultaneous increase in iron minerals
(Figure 2.14). The lower part of the record is characterised by a mass wasting event and
records some more variations within the amphibole and pyroxene, phyllosilicate and iron
mineral composition. For interpretation of the results see chapter four.

Figure 2.14: Mineralogical composition of the bulk sediment fraction of gravity core GeoB19946-4. The age model
is based radiocarbon dating of mixed benthic and planktonic foraminifera (J. Weiser, pers. comm.). Shaded interval
marks a possible mass wasting event. Data can be found in Table 8.8.
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3. Radiogenic Isotopes Reveal Neoglacial Provenance Shift and Ice
Advance in Southwest Greenland
Abstract
The development of the Greenland Ice Sheet has been studied in a wide range of scientific
scopes and scales. Variations in ice-sheet dynamics and meltwater discharge control the input
of detrital material into the ocean and further influence oceanic circulation. Records of these
variations in the past are indispensable to improve climate and ice sheet models and predict
future developments as for now discrepancies between the geological record and modelled icesheet extents are still being reported on regional scales.
Radiogenic isotopes represent reliable tracers of detrital provenance changes induced by icesheet dynamics and changes in surface current activity. Here we present a Holocene record of
radiogenic isotopes Sr, Nd and Pb in the siliciclastic detrital sediment fraction from the
southwestern Greenland shelf. The record, spanning the past twelve thousand years, reveals
insights into the Holocene history of the southwestern Greenland Ice Sheet.
A general continuous shift towards a higher contribution of local sources, mirroring the
isotopic signatures of the adjacent Greenland bedrock, can be observed throughout the late
and mid Holocene. This shift is most likely connected to a reduction in West Greenland Current
speed, transporting less distal material to the core location. A more pronounced shift is
recorded during the late Holocene, which can be connected to Neoglacial glacier and ice-sheet
advance. The shift in detrital provenances after 3 ka BP is most obvious in the Nd isotopic
composition and even more pronounced after 2 ka BP. We interpret this shift to be caused by
interplay of increased erosion of the local bedrock through Neoglacial ice advance and a
decreased quantity of material transported via the West Greenland Current.

3.1. Introduction
In the past years the development of the Greenland Ice Sheet (GIS) has gained increasing
attention as it is losing mass on an accelerating rate (e.g. Castro de la Guardia et al., 2015; Harig
& Simons, 2012, 2016; Rignot et al., 2011) and provides the largest uncertainty in predictions
of future sea level rise (Harig & Simons, 2012; Jacob et al., 2012; McFarlin et al., 2018; Rignot
et al., 2011). To improve predictions of future GIS development and its response to climatic
changes, information on past developments are crucially important (e.g. Weidick et al., 2012).
They further form the base in the ongoing debates about reactions of ice sheets and ice caps to
a warming climate and their contribution to sea-level rise.
The GIS is the largest storage of freshwater in the Northern Hemisphere and its meltwater
contribution influences the composition and physical properties of the surrounding coastal
currents and the deep-water formation in the Labrador Sea (cf. Tang et al., 2004). Ice-sheet
dynamics, such as retreats or advances, result in the exposure or sealing of surface rocks prone
to erosion. In combination with variations in the volume of meltwater discharge, this controls
the amount of siliciclastic detrital sediments transported to the Greenland shelf but may also
induce compositional changes of these sediments if the exposed lithologies vary. Therefore,
changes in the detrital record on the shelf may directly relate to the climate that controls GIS
dynamics.
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During the Holocene, climate variations triggered a variety of retreats and advances of the GIS,
especially during the Holocene Thermal Maximum (HTM) warming and the following
Neoglacial cooling (e.g. Kaufman et al., 2004; Solomina et al., 2015). It is known from
reconstructions of past ice-sheet spatial distribution, that Arctic glaciers were smaller than
today for most of the Holocene (e.g. Solomina et al., 2015). However, temporal climatic
responses might differ on a regional scale, as the Arctic realm cannot be categorized as a single
climatological unit (McKay et al., 2018).
The (south)western Greenland ice margin has been found to be particularly sensitive to longterm climate change (Larsen et al., 2014). Its broad shelf represents high resolution marine
sedimentary records of Holocene climatic changes due to high rates of meltwater discharge
and sedimentary input during GIS retreat after the Last Glacial Maximum (LGM). Variations in
detrital sediment input through meltwater discharge, erosion and oceanic (surface) currents
can be linked to changes in detrital sediment provenance and allow the identification of
sediment source regions and transport pathways. These possible changes in detrital sediment
provenances can be indirectly linked to glacier activity and ice-sheet dynamics.
Within this study we combine radiogenic isotope records (Sr, Nd, Pb) with the mineralogical
composition of the sediment to trace past ice-sheet dynamics along the southwester Greenland
margin. The aim of this study is to investigate variations in siliciclastic detrital sediment input
onto the adjacent shelf and Labrador Sea in order to unravel potential changes in sediment
provenance in response to GIS dynamics and shelf surface current intensities and hence ice
sheet and ocean current-induced sediment transport patterns.

3.1.1. Holocene History of the southwestern Greenland Ice Sheet
The GIS has undergone several retreats and advances throughout the Holocene. The general
retreat pattern following the LGM has been investigated and described in a number of studies
along the southwestern Greenland coast (e.g Knutz et al., 2011; Larsen et al., 2014; Levy et al.,
2017). The area around Godthåbsfjord (Figure 3.1) was covered by warm-based ice during the
LGM, which retreated rapidly from the outer coast to the present ice margin between ~11.4
and 10.4 cal. ka BP (Larsen et al., 2014). The ice margin further retreated behind its presentday extent between ~7 and 4 cal. ka BP as documented by Larsen et al. (2015). The authors
complemented existing geological data from the region with new records from threshold lakes
south of 70°N and attributed this ice-sheet retreat to a response to atmospheric and oceanic
warming. The described time interval coincides with the HTM (Kaufman et al., 2004)as
identified for Southern Greenland between around 6 ka BP and 3 ka BP (Kelly, 1980; Fredskild,
1973; Kaplan et al., 2002; Kaufman et al., 2004). Submarine melting of marine terminating
glaciers can be induced by warm ocean currents as it has already been documented for
Southwest Greenland glaciers during the deglaciation (Knutz et al., 2011). Larsen et al. (2014)
suggest this process to be the trigger of the early Holocene ice retreat in Godthåbsfjord,
supporting evidence of the GIS being very sensitive to changes in climate, especially with
regards to atmospheric and oceanic temperatures (cf. Andresen et al., 2012; Bjørk et al., 2012;
Hanna et al., 2008).
Following the HTM, initiated by Neoglacial cooling, the ice margin re-advanced around
3.8 cal. ka BP and reached the present ice extent around 2.2 cal. ka BP (Kaplan et al., 2002;
Larsen et al., 2011). This ice advance has not been a steady process but retreated and advanced
another time from 1.5 and 1 cal. ka BP (Larsen et al., 2015, 2011; Levy et al., 2018) until it
exceeded the present-day ice margin during the Little Ice Age (LIA) around 0.4 cal. ka BP
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(Kaplan et al., 2002). The initiation and progression of the Neoglacial ice advance was indicated
by the deposition of ice rafted debris (IRD) into glacial lakes at ~4.6, 3.6, 2.2, 1.0, 0.7, and
0.5 cal. ka BP in southernmost Greenland (Larsen et al., 2015). In southwestern Greenland the
onset of the Neoglaciation was suggested to happen around 3.2 cal. ka BP based on a multiproxy study from a marine sediment core collected in Ameralik Fjord, Godthåbsfjord system
(M. S. Seidenkrantz et al., 2007). The Neoglacial has, in general, been described as a time period
of decreased meltwater discharge, increased sea-ice cover in the local fjords and a significant
drop in atmospheric temperatures (e.g. Møller et al., 2006; Seidenkrantz et al., 2007). Although
the investigation of fluctuations in the ice-sheet margin is getting more attention in recent
years (e.g. Larsen et al., 2017; Levy et al., 2017), the dynamics remain poorly documented and
understood (cf. Weidick et al., 2012).
In addition to reconstructions based on lacustrine and marine sedimentary records the general
development of the GIS has been analysed in a few modelling studies (e.g. Lecavalier et al.,
2014; Tarasov & Peltier, 2003). Comparing these models with the geological records, Larsen et
al. (2015) found that the Neoglacial ice marginal fluctuations are not detectable in these
models. The Huy3 model (Lecavalier et al., 2014), which generally agrees best with the
geological records, overestimates the HTM ice margin retreat in the Isua region by around
60 km, according to Levy et al. (2017). In addition to these model discrepancies, the
geomorphic evidence of Neoglacial ice advances is comparably rare as most previous evidence
has been overprinted by the widest ice advance during the LIA (Long et al., 2009; Weidick et
al., 2012). Mass balance calculations are, however, not easily estimated on a regional scale as
the ice sheets margin is often merging with local glaciers and ice caps that have their own mass
budget (Weidick et al., 2012).

3.1.2. Provenance Studies
Marine sediments commonly comprise abundant terrigenous siliciclastic detritus that is
mobilized by different erosion processes and deposited on the sea floor. If the continental
sources of this detrital material show sufficient compositional variability it is possible to trace
the material back to its potential origin. The isotopic signatures of radiogenic Sr, Nd, and Pb of
the siliciclastic component in marine sediments are directly related to their continental source
area (Frank, 2002; Gutjahr et al., 2007; Werner et al., 2014). Based on the isotopic fingerprint
of the sediment provenance and the activation and deactivation of various bedrock sources the
isotopic record of marine sediments further allow for an indirect reconstruction of past icesheet movements, sea-ice transport or paleocurrents (e.g. Fagel et al., 2014; Haley et al., 2008;
Maccali et al., 2018; Reyes et al., 2014).
Radiogenic isotopes have been used as provenance tracers in a variety of studies conducted on
(deep sea) sediments in the Labrador Sea. Many of these studies were applied to specific grainsize fractions, in order to differentiate between different transport mechanisms (Fagel et al.,
2004, 2002; Fagel & Hillaire-Marcel, 2006; Innocent et al., 2000). However, the majority of
radiogenic isotope based provenance studies, including most of the aforementioned, focuses
on pre-Holocene times and larger spatial scopes, such as sediment provenances during
Heinrich events (Benson et al., 2003) or within glaciomarine sediments tracing their origin of
the Laurentide, Greenland, Iceland and Fennoscandian ice sheets (Farmer et al., 2003). Few
radiogenic isotope based provenance studies actually trace ice-sheet dynamics in southwest
Greenland (Colville et al., 2011; Reyes et al., 2014), and usually not based on Holocene
sedimentary records. As shown by Colville et al. (2011) and Reyes et al. (2014) the different
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geological terrains of southern Greenland have unique radiogenic isotopic signatures due to
their differing geological history and ages and hence present a suitable tracer of siliciclastic
detrital material.

3.2. Regional Setting and Research Area
Potential source areas of detrital sediments encompass the entire Southwest of Greenland, its
bedrock geology and the adjacent shelf with a focus on the area around Greenland’s capital
Nuuk (64°10’ N 51°44’ W) and the Godthåbsfjord system (Figure 3.1).

Figure 3.1: Map of the research area with simplified ocean current system and close-up on southern Greenland
geological terrains. Geological map has been adapted from (P R Dawes, 2009): lighter shaded areas indicate the
current extent of the Greenland Ice Sheet; dashed grey lines mark the present-day GIS drainage domains: SW =
southwest, CW = central west, CE = central east, SE = southeast (White et al., 2016); Labrador Sea circulation pattern
has been adapted from Fratantoni & Pickart (2007) and Myers et al. (2009). Yellow star marks the location of gravity
core GeoB19905-1. Abbreviations: KMB = Ketilidian Mobile Belt, AB = Archean Block, NMB = Nagssugtoqidian
Mobile Belt, EGC = East Greenland Current, WGC = West Greenland Current, B-LC = Baffin – Labrador Current, LC =
Labrador Current, IC = Irminger Current. Overview map created with Ocean Data View (Schlitzer, 2020).

3.2.1. Southern Greenland Geology
Greenland holds some of the oldest rocks on Earth with Paleoproterozoic rocks in
southernmost Greenland and Archean rocks in southwest (and east) Greenland (Figure 3.1)
(e.g. Dawes, 2009). The main geological units covered within this study are, from south to
north; the Ketilidian Mobile Belt (KMB), the Archean Block (AB) and the Nagssugtoqidian
Mobile Belt (NMB), all of which mainly consist of granites and gneisses, as well as supracrustal
belts and intrusions (cf. Colville et al., 2011, supplement and references therein). The major
part of these bedrock terrains is presently covered by the massive GIS. The exposed surface is
characterised by a variety of fjord systems and differs in its topography along the coast of
western Greenland. The GIS is drained by a number of outlet glaciers, mostly land-based, but
also by a few marine-terminating glaciers (Mortensen et al., 2011; Weidick et al., 2012),
discharging meltwater into the local fjords. The ice-free area around Godthåbsfjord with rocks
exposed to erosion and weathering is around 100 to 125 km wide (Weidick et al., 2012). The
Godthåbsfjord system (Nuup Kangerlua) is the largest fjord system in southwest Greenland
reaching from the coast to the GIS where some outlet glaciers reach sea level (Weidick et al.,
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2012). The up to 600 m deep fjords are surrounded by an alpine mountainous terrain up to
1800 m of elevation (Mortensen et al., 2011). The fjords exchange water with the adjacent
Labrador Sea off southwest Greenland. The local oceanography is characterised by the
northwards flowing West Greenland Current (WGC), which originates from the East Greenland
Current (EGC) transporting cold and fresh waters from the Arctic Ocean and mixing with the
warm and saline waters from the Irminger Current (IC) in the subpolar North Atlantic (Figure
3.1). The WGC is warmer and more saline than the EGC but freshens on its way north due to
meltwater discharge along the West Greenland coast (Buch, 2002; Myers et al., 2009).

3.2.2. Labrador Sea
The research area is adjacent to the Labrador Sea which functions as a gateway for Arctic Ocean
freshwater through Baffin Bay into the North Atlantic (Myers et al., 2009). The Labrador Sea is
a key site for investigations of the formation of North Atlantic Deep Water (NADW), which is
overlain by the distinct Labrador Sea Water (LSW). The Labrador Sea surface circulation is
characterised by a westwards flowing branch of the WGC merging with the polar Labrador
Current, both transporting and eroding glacial deposits (Mao et al., 2014). Water transported
by the WGC represents a mix of Arctic Ocean water transported along the east Greenland coast
via the EGC, and warm and salty waters from the IC (Figure 3.1). For these Atlantic sourced
waters the Labrador Sea forms the final destination (Yashayaev, 2007), as well as for material
transported alongside these currents. The eastern Labrador Sea coastal waters are further
influenced by seasonal variation of meltwater input from the GIS (Castelao et al., 2019). The
majority of GIS meltwater reaching the interior of the Labrador Sea influencing its salinity and
stratification patterns originates from southeast Greenland, whereas the southwest Greenland
meltwater gets mainly transported northwards into Baffin Bay (Castelao et al., 2019; Luo et al.,
2016). The current circulation pattern and the full appearance of LSW established around
3 ka BP (e.g. de Vernal & Hillaire-Marcel, 2000; Fagel et al., 2004).

3.3. Material and Methods
3.3.1. Core Description and Age Chronology
The 1036 cm long gravity core GeoB19905-1 was collected from Nuuk Trough (64°21.68’N
52°57.70’W), ~60 km northwest of Nuuk, at a water depth of 483 m during RV Maria S. Merian
cruise MSM44 in 2015 (Dorschel et al., 2015). The core mainly consists of uniformly olivegreyish hemipelagic muds with four alternating layers of sandy mud and muddy sand at the
bottom of the core (Dorschel et al., 2015). Grain size granulometry detected no material
>250 µm and on overall fining-upwards trend throughout the record (Weiser et al., 2021).
Based on grain-size distributions, the core can be divided into three intervals of early, mid and
late Holocene with sortable silt fractions of >28 µm, ~26 µm, ~24 µm, respectively (Weiser et
al., 2021). The entire record covers the past 12 ka BP.
The previously published age model of sedimentary record GeoB19905-1 is based on
Accelerator Mass Spectrometry 14C-dating of ten mixed benthic foraminifera samples (Weiser
et al., 2021). The resulting ages were calibrated against IntCal13 (Reimer et al., 2013) using the
PaleoDataView program (Langner & Mulitza, 2019) to compensate for possible reservoir age
changes throughout the Holocene. The reservoir ages were used to construct the age model
with the Bayesian age modelling approach using the software package BACON (Blaauw &
Christen, 2011). The age model reveals a hiatus of around two thousand years at 640 cm,
excluding the time period between 7.6 and 5.9 ka BP from the sedimentary record. This hiatus
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is supported by an abrupt change in grain size and a significant and unrealistic drop in
sediment accumulation rate (Weiser et al., 2021).

3.3.2. Radiogenic Isotope Analysis
Sample preparation and measurements of radiogenic isotope ratios were performed in the
Isotope Geochemistry Laboratory at MARUM—Centre for Marine Environmental Sciences,
University of Bremen, Germany. The first batch of 14 samples was chosen based on the age
model to cover roughly every one thousand years. Additional four samples were chosen for
further investigation based on existing isotopic trends. All samples were washed, decarbonised
and separated from possible iron-manganese coatings following a procedure by Gutjahr et al.
(2007). To obtain an overall signal not emphasizing certain transport mechanisms, the bulk
grain-size fraction was chosen for analysis rather than a specific fine fraction, which is known
to mirror current induced transport (e.g. Eisenhauer et al., 1999; Fagel et al., 2002; Maccali et
al., 2013). Between 1 and 2 g of bulk ground sample were washed with ultrapure water (18.2
MΩ; Millipore) to remove pore water, decarbonised with a 40 % acetic acid solution (buffered
to pH ~4 with 1M Na-acetate), and leached with hydroxylamine hydrochloride and 15 % acetic
acid (buffered to pH ~4 with NaOH) to remove any possible sediment grain coatings (cf.
Gutjahr et al., 2007). Stepwise hot-acid digestions with concentrated hydrofluoric acid (5:1,
HF:HNO3), Aqua Regia (3:1, 6M HCl:concentrated HNO3), nitric acid (concentrated),
hydrochloric acid (6M) and hydrogen peroxide were applied to around 100 mg of the
decarbonised and leached sample to receive the siliciclastic detrital fraction and remove
organic matter. The final sample was dissolved in nitric acid (2M) for radiogenic isotope
separation. Sr and Pb were separated from the sample solution through column separation
using TrisKem Sr.specTM resin (method modified after Deniel & Pin, 2001). From the remaining
solution, light rare earth elements were separated as a group using TRU.specTM resin. Nd was
isolated from Sm by LN.specTM following the method by Pin et al. (1994). Isotopic ratios were
analysed with a Thermo Fisher Scientific TritonTM Plus multicollector thermal ionization mass
spectrometer (TIMS) in either multidynamic (Sr) or static (Nd, Pb) multicollection mode. The
international reference materials NIST SRM 987 (Sr), JNdi-1 (Nd) and NIST SRM 981 (Pb) were
measured along with the samples to monitor analytical accuracy and long-term
reproducibility. The measured reference material values are in the range of
0.710253 ±0.000023 (87Sr/86Sr ±2SDmean; n=6), 0.512105 ±0.000043 (144Nd/143Nd ±2SDmean;
n=6) and 16.8972 ±0.0059 (206Pb/204Pb ±2SDmean; n=4) during the measuring period of 15
months. Those values fall in the range of published reference values measured on TIMS
(GeoReM data base; query June 2020; http://georem.mpch-mainz.gwdg.de):
0.710249 ±0.000034 (87Sr/86Sr ±2SDmean; n=1528), 0.512107 ±0.000026 (144Nd/143Nd
±2SDmean; n=339) and 16.9211 ±0.0413 (206Pb/204Pb ±2SDmean; n=254). A bulk uncertainty of
0.1% per atomic mass unit was assumed for Pb values to account for isotopic fractionation
during the measuring process, which exclusively exceeds the measured uncertainty. Nd isotope
ratios are converted to the εNd notation normalized to ancient Chondritic Uniform Reservoir
(CHUR) value of 0.512638 as defined by Jacobsen & Wasserburg (1980):
(εNd = {[( 143Nd⁄ 144Nd)Sample ⁄( 143Nd⁄ 144Nd)CHUR ] − 1} ∗ 104 )

3.3.3. Mineralogical x-ray Diffraction
The mineralogical composition was obtained through X-ray diffraction (XRD) of the bulk
sediment fraction. XRD analysis was carried out at GEOTOP, Université du Québec à Montréal,
Canada. Between 100 and 500 mg of ground bulk sample material were prepared for analysis
68

using the ‘back-side method’ (Moore & Reynolds, 1997) and measured in a Siemens X-ray
Diffractometer D5000 in a range between 5° and 85° 2θ. Quantification is based on the
respective peak intensity and comprises an estimated uncertainty of ~2%. Quartz was used as
a standard for horizontal peak position correction. Halite and calcite were used as a standard
for peak intensity.

3.4. Results and Interpretation
3.4.1. Radiogenic Isotope Records
The sedimentary record from Nuuk Trough can be divided into three intervals based on the
radiogenic isotope record: early (before ~8 cal. ka BP), mid (~6 to 3 cal. ka BP), and late
(~3 cal. ka BP to present) Holocene (Figure 3.2), note that the interval between ~7.6 and
5.9 ka BP represents a hiatus within the sedimentary archive.

Figure 3.2: Radiogenic isotope records of the siliciclastic detrital sediment fraction of gravity core GeoB19905-1.
Analytical uncertainties are smaller than data points. Highlighted time intervals represent the early (green), mid
(red) and late (blue) Holocene, which coincide with the Deglacial period, Holocene Thermal Maximum and
Neoglacial, respectively. Arrows indicate trends mentioned in the text. Age model and sediment accumulation rate
are taken from Weiser et al. (2021).

The radiogenic isotope records commence with comparably uniform εNd values (average ~29.4) and a slight trend towards less radiogenic values in Sr and Pb ratios (average ~0.721
(87Sr/86Sr), ~14.5 (206Pb/204Pb)) between ~11 and 8 cal. ka BP. A small kink towards more
radiogenic εNd and 206Pb/204Pb values can be identified around 8.5 cal. ka BP. After ~6 cal. ka
BP 87Sr/86Sr and 206Pb/204Pb values slightly shift towards more radiogenic values (~0.7232
(87Sr/86Sr), ~15.0 (206Pb/204Pb)) while εNd values become slightly less radiogenic (~-29.1 (εNd)),
compared to early Holocene values. Starting around 3.2 cal. ka BP, εNd values show a
pronounced shift towards even more unradiogenic values, with -29.1 at ~3.2 ka BP, -30.6 at
~2.1 ka BP and finally reaching -35.7 at the top of the record (~0.2 ka BP). A similar
development is visible in the Sr and Pb isotope record. Sr values shift from 0.7221 (~3.2 ka BP)
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to 0.7246 (~2.1 ka BP) and 0.7263 (~0.2 ka BP), and Pb values from 15.13 (~3.2 ka BP) to
15.25 (~2.1 ka BP) and 15.66 (~0.2 ka BP). It should be noted that the most pronounced shift
in isotopic ratios coincides with the most pronounced changes in sediment accumulation rate
(Figure 3.2).

3.4.2. Mineralogy
The mineralogical composition of gravity core GeoB19905-1 reveals small variations
throughout the entire record (Figure 3.3). The most frequently occurring minerals are quartz,
feldspar (albite, microcline), hornblende, biotite and calcite. The quartz and feldspar content
is relatively stable throughout the record without any significant peaks. The amphibole and
pyroxene concentration appears generally higher in the early Holocene and decreases towards
the late Holocene, with only one exception around 2.2 cal. ka BP. Within the phyllosilicates
record (biotite, clinochlore), three peaks where the concentration exceeds the 10% mark can
be identified at ~2.6, 0.8 and 0.2 cal. ka BP. The iron mineral content (primarily pyrite) is rather
stable around 2% with two higher peaks at ~5.5 and 5.2 cal. ka BP. The most significant
changes are visible within the carbonate content, which drastically increases between ~8.6 and
3.8 cal ka BP.

Figure 3.3: Mineralogical composition of the bulk sediment fraction of gravity core GeoB19905-1. Age model is
based on radiocarbon dating of benthic and planktonic foraminifera (Weiser et al., 2021). Highlighted time intervals
represent the early (green), mid (red) and late (blue) Holocene, which coincide with the Deglacial period, Holocene
Thermal Maximum and Neoglacial, respectively. 87Sr/86Sr rations for bulk (dashed line) and carbonate-free detrital
(solid line) sediment fraction are plotted alongside to demonstrate the biogenic origin of carbonates (Sr with
seawater signature) during the mid Holocene (see 3.5.1).

Apart from the carbonate content that correlates with the bulk sediment Sr isotopic
composition, the recorded changes in carbonate-free detrital isotopic composition are not
aligned or show any correlation to the changes in mineralogical composition. There is no
significant evidence of mineralogical control on the isotopic values.
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3.4.3. Detrital Sediment Provenance
Plotting the isotopic composition of potential source areas in Greenland and of time resolved
samples of gravity core GeoB19905-1 enables the identification of possible provenance shifts
over time (Figure 3.4). The isotopic composition of southern Greenland bedrock are
represented by stream sediments taken along the west Greenland coast (Figure 3.6; Colville et
al., 2011; Reyes et al., 2014). The stream sediments represent fine-grained glaciofluvial
sediments from meltwater streams and are supplemented by few glaciolacustrine sediments
from ice-marginal lakes and debris entrained in icebergs near calving glacier margins (Reyes
et al., 2014). All stream sediments were deposited in low energy environments along streams
draining the local geology and therefore represent the isotopic composition actually delivered
to the ocean rather than bedrock samples that might contain a bias towards certain rock types
(Colville et al., 2011 supplement). All reference samples will hereinafter be summarised as
stream sediments.

Figure 3.4: Radiogenic isotope composition of the siliciclastic detrital sediment fraction of gravity core GeoB199051 and isotopic ranges of the main southern Greenland geological terrains for 87Sr/86Sr versus εNd (A) and 206Pb/204Pb
versus 207Pb/204Pb (B). Colours represent the terrains included in Figure 3.1 : KMB = Ketilidian Mobile Belt, AB=
Archean Block, NMB = Nagssugtoqidian Mobile Belt. Background data for isotopic ranges originates from stream
sediments (Colville et al., 2011; Reyes et al., 2014). Circles represent the mean (solid) and median (dashed) of
reference values for the corresponding terrain. Dashed grey line represents the Pb growth curve of continental crust
(Stacey & Kramers, 1975).

The 87Sr/86Sr and εNd provenance diagram suggests mixed detrital sediment sources of the local
AB and the distant NMB as well as some contribution of the KMB for gravity core GeoB199051 (map: Figure 3.1). The siliciclastic detrital sediment composition displays changing
proportions of the different sources over time, most pronounced in the late Holocene. While
the 87Sr/86Sr ratios become gradually more radiogenic over time, the εNd values are comparably
uniform, but become pronouncedly less radiogenic in the late Holocene. The least radiogenic
Nd values coincided with the most radiogenic Sr values.
The Pb isotopic composition exclusively plots into the field of AB sources. A gradual trend
towards more radiogenic 206Pb/204Pb composition is recorded over time. The least radiogenic
values can be found in the late Holocene and the most radiogenic values in the late Holocene.
The 206Pb/204Pb versus 207Pb/204Pb provenance diagram does not reveal any indication of
neither KMB nor NMB as a detrital sediment source to the GeoB19905-1 core location
throughout the Holocene.
71

3.5. Discussion
General climate variability is usually visible in a variety of oceanic and detrital tracers. Often
oceanographic changes are consistent with overall Holocene climate patterns (e.g. Fagel &
Mattielli, 2011). Based on changes in isotopic composition the sedimentary record from Nuuk
Trough can be divided into the three time intervals of early (before ~8 cal. ka BP), mid (~8 to
3 cal. ka BP) and late (~3 cal. ka BP to present) Holocene. Theses intervals coincide with major
climatic intervals known for the Holocene time period, the Deglacial period, the HTM and the
Neoglacial.

3.5.1. Early to Mid Holocene Ice-Sheet Retreat
During the early and mid Holocene, a time interval of major ice-sheet retreat (Knutz et al., 2011;
Larsen et al., 2014, 2015; Levy et al., 2017), the detrital sediment input onto the west Greenland
shelf appears to be dominated by local AB-sourced material with varying secondary distal
input from KMB and possible NMB sources (Figure 3.4). The main sediment transport
pathways are local erosion and meltwater discharge, delivering AB material, as well as distal
transport via the WGC, transporting KMB material along the coast. The possible contribution
of NMB-sourced material can most likely be excluded due to its geographical position north of
the core location and the general transport pattern of the WGC flowing northwards (Figure
3.1). Additionally, the present-day GIS drainage domains part into a southwestern domain and
a central western domain approximately at the boundary between the AB and NMB geological
terrains (Figure 3.1; White et al., 2016). An identification of distal NMB sediment from east
Greenland transported along the currents is also rather unlikely as the majority of this water
mass is deflected westwards into the Labrador Sea (Castelao et al., 2019) and the remaining
proportion would most likely be insignificantly low when mixed with other sources along the
way. Sea-ice cover, which is usually an important transport pathway within the Arctic realm
and could yield the potential to transport detrital sediments (NMB) southwards can most likely
also be neglected. Even though sea ice formed in Baffin Bay enters the Labrador Sea through
Davis Strait (e.g. Tang et al., 2004), the general present-day sea-ice border lies north of the core
location (e.g Kolling et al., 2018; https://meereisportal.de: Grosfeld et al., 2016), and
predominantly ice-free conditions were recorded at the core location throughout the past
11.5 ka BP of the record (Saini et al., submitted). Even though increased sea-ice cover has been
recorded in the local Ameralik Fjord, Godthåbsfjord system (Figure 3.1) (Møller et al., 2006; M.
S. Seidenkrantz et al., 2007), it has also been found that neither sea ice nor glacial ice leaves the
fjords as it all melts prior to exiting (Mortensen et al., 2011).
The Pb isotope data clearly identify the AB as the main source region of siliciclastic detrital
sediments without any indication of substantial KMB and NMB contribution (Figure 3.4). Thus
the Pb data solidify the assumption drawn from the Sr and Nd data, about AB being the
dominant source area as well as excluding NMB as a relevant source. However, ruling out any
contribution of KMB based on the Pb isotopic composition would contradict with the general
transport pattern of the WGC current, no northwards transport of detrital material along the
west Greenland coast would be unlikely. Here, the Pb data simply do not lead to any indication
of KMB input.
Significant changes in siliciclastic detrital sediment provenances cannot be identified
throughout the early and mid Holocene. A slight shift towards a more radiogenic Sr isotope
composition from the Deglacial into the HTM can be identified pointing to a relative increase
in AB contribution (Figure 3.5). As one possibility this could be the result of increased
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meltwater discharge driven by higher atmospheric temperatures during the HTM (e.g. Axford
et al., 2013; Moros et al., 2006). This interval of more radiogenic 87Sr/86Sr between ~6 and
3.5 ka BP coincides with the timing when the ice sheet margin retreated behind its present
extent (Larsen et al., 2015), which enabled the erosion of freshly exposed (AB) bedrock.
Another possibility would be a decrease in WGC speed resulting in a reduction of far-travelled
material (KMB). This possibility has recently been discussed by Weiser et al. (2021) who
defined the preceding interval (10.6-6 ka BP) as the Holocene Speed Maximum (cf. McCave &
Andrews, 2019a, 2019b) after which the WGC speed continuously decreased. Weiser et al.
(2021) came to their conclusion based on endmember modelling of two grain size domains
(coarse vs. fine) of the same record as used in this study (GeoB19905-1) showing reduced
contribution of the far-travelled endmember during the mid Holocene. Hence, the probability
of the shift in isotopic composition being a result of reduced KMB input rather than increased
AB input might be more likely. Considering, that the mid Holocene sedimentary record
between 7.6 and 5.9 ka BP is missing from the GeoB19905-1 record, it remains unclear if the
isotopic shift from the Deglacial into the HTM was gradually or abrupt.
The general mineralogical composition during the early Holocene is stable. The most
pronounced changes can be identified in the carbonate content starting around 8.6 ka BP and
continuing throughout the mid Holocene. The drastic increase in carbonate content is
accompanied by a slight decrease in quartz, feldspar and phyllosilicates, which is most likely a
mass balance effect. This time period of high carbonate content (mainly calcium carbonate)
coincides with the timing of the HTM (Kaufman et al., 2004 and references therein), which has
been characterized with comparably high atmospheric and surface water temperatures. The
higher temperatures lead to a significant increase in primary productivity in the upper water
column, as it has been documented in several studies in the Labrador Sea, Baffin Bay and in
southern Greenland lake sediments (e.g. Kaplan et al., 2002; Lochte et al., 2019; Ouellet-Bernier
et al., 2014). The high calcium carbonate content can be considered as a tracer of this high
surface productivity period. While the excursion cannot be seen in the Sr isotope record of the
detrital (carbonate-free) fraction, it is clearly documented in the Sr isotope record of the bulk
(not decarbonised) fraction (Figure 3.3), mirroring the present-day seawater signature of Sr in
marine carbonates (87Sr/86Sr = 0.70917; Henderson et al., 1994). This supports the assumption
of the carbonate being biogenic carbonate most likely produced by primary producers in the
upper water column.

3.5.2. Ice-sheet advance – late Holocene
The onsets and timings of the Neoglaciation vary across the Arctic and generally began after
5 ka BP and proceeded through a number of ice-advance pulses with its culmination during the
LIA (e.g. Solomina et al., 2015). Throughout the Arctic the main pulses of Neoglacial cooling
have been identified between 4.5 and 3 ka BP, around 2 ka BP (McKay et al., 2018; Solomina et
al., 2015) and between 1.5 and 0.5 ka BP, coinciding with general cooling periods (Solomina et
al., 2015). A distinct cooling around 3 ka BP has been identified from different archives and
proxies around southern Greenland. Especially the time between 3 and 2 ka BP is a crucial
interval of Neoglacial cooling and occurred over large parts around Labrador Sea and
Greenland, suggesting a teleconnection of decreased ocean heat transport through the entire
East Greenland-West Greenland-Baffin current system (Kaplan et al., 2002).
The onset of the Neoglacial has been defined at 3.2 ka BP in southern Greenland (e.g. Larsen et
al., 2015; Seidenkrantz et al., 2007 & references therein), which coincides with the onset of the
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most pronounced shift in isotopic composition and hence in provenance in the GeoB19905-1
record (Figure 3.2). Around 2 ka BP, when the shift in Nd and Sr isotopic composition is
becoming even more pronounced, atmospheric cooling accelerates and the second major pulse
of Neoglacial ice-sheet advance has been documented (McKay et al., 2018). This shift in isotopic
composition coincides with the ice-advance pulse and the general increase of local glaciers
during the late Holocene, initiating increased erosion of the local bedrock and transport and
deposition of the corresponding detrital material, as supported by the increase in sediment
accumulation rate (Figure 3.2; Weiser et al., 2021).

Figure 3.5: Close-up of Sr and Nd data of gravity core GeoB19905-1. Reference data for provenance plot (left) as in
Figure 3.4.

For a better visualisation of the spatial distribution of isotopic signatures transported with
detrital sediments onto the southwest Greenland shelf, the stream sediment data serving as
reference (Colville et al., 2011; Reyes et al., 2014) have been interpolated (weighted average
gridding; Schlitzer, 2020) onto the local shelf (Figure 3.6). Comparing our isotope patterns to
the spatial distribution of the stream sediment data (Colville et al., 2011; Reyes et al., 2014)
identifies a distinct shift away from KMB signatures and towards the local AB detrital sediment
sources. The isotopic values of stream sediments closest to the core location match the
Neoglacial values of GeoB19905-1 in all three isotope systems. The most radiogenic Sr values
and least radiogenic Nd and Pb values can be found for AB. The dominant input of local AB to
the core location is supported by the concept of basal glacial erosion, stating that detrital
material is usually delivered within a radius of 50 to 100 km (cf. Farmer et al., 2003). Farmer
et al. (2003) further suggests that ice-proximal sediments deposited in the northern North
Atlantic originate from erosion of immediately adjacent rocks rather than erosion at the base
of interior portions of the ice sheet. Furthermore, unradiogenic Nd values usually indicate
older crustal terrains such as the local Archean rocks of the AB (e.g. Farmer et al., 2003). The
gneisses in the ~3800 – 3700 Ma year old Isua supracrustal belt (Nutman et al., 2016), one of
the geological units within AB in close vicinity to the core location (Figure 3.1), have been
identified before as the source of highly unradiogenic Nd by Fagel et al. (2002).
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Figure 3.6: Distribution of KMB and AB stream sediment data (Colville et al., 2011; Reyes et al., 2014) for each
isotope system: (A) εNd (B) 87Sr/86Sr and(C) 206Pb/204Pb. Values are interpolated (weighted average gridding) to
represent the isotopic signature transported onto the shelf. (D) displays the sample locations. Yellow star marks the
location of gravity core GeoB19905-1. Maps created with Ocean Data View (Schlitzer, 2020).

Despite the well matching Pb data with the local bedrock signatures, supporting our theory on
increased local erosion, the data does not include any possible influence of KMB originating
material as already noted for the early to mid Holocene. The Pb isotopic composition follows a
continuous trend towards more radiogenic values throughout the entire record until recent
values, in line with the development of the Sr isotopic composition (Figure 3.2Figure 3.4).
While a possible contribution of KMB sources seems to decrease over time as indicated by the
Sr-Nd system, the Pb isotopic composition rather points to an increase of this particular source.
A continuous Holocene trend towards more radiogenic Pb has been noted in other studies
(Colville et al., 2011) and might as well be an effect of increased weathering or the result of
younger sourced Pb caused by basaltic intrusions in the Isua supracrustal belt (Nutman et al.,
2016 and references therein). The local geology of the Godthåbsfjord region is, however, quite
divers with different forms of orthogneisses (Pedersen et al., 2013), whose different
contributions might have caused the increasing development in Pb signatures. However, it has
to be kept in mind that the stream sediment background data display the recent erosion signal
and not necessarily the mean Holocene erosion signal. Despite the uncertainties in the cause of
the radiogenic development of the Pb data, it yields the essential information of identifying the
Archean Block as the main contributor of detrital sediments to Nuuk Trough throughout the
entire Holocene. This identification could not have been made based on Sr and Nd data only.
The apparent absence of KMB sources within the Pb isotopic composition can be a cause of
mixing. The two sources do not yield overlapping isotopic signatures; hence the secondary
source will most likely be masked by the dominant source. A possible signal of material
transported via the WGC is already a mix of AB and KMB, when mixing the WGC endmember
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with the local AB endmember, the KMB contribution becomes comparably small and values
converge towards AB values.
The past 3000 years do not only represent the time period with the most significant changes
in radiogenic isotope composition but also record some of the highest concentrations of quartz
and K-feldspar, and the highest concentrations of biotite (phyllosilicates) (Figure 3.3). These
mineralogical changes support the proposed provenance shift towards the dominant local AB
geology (Nutman et al., 2016). While quartz and feldspar merely slightly increase overall but
do not identify pronounced peaks, the phyllosilicate record shows three significant peaks in
the Neoglacial period. Those peaks solely correspond to a significant increase in biotite, which
has been identified as a rock-building mineral in AB, especially the Isua supracrustal belt
(Nutman et al., 2016). Those peaks and general fluctuations in mineralogical composition could
be caused by the observed Neoglacial ice-sheet fluctuations (Larsen et al., 2015, 2011; Levy et
al., 2017), but are not recorded in the isotopic record. This could be due to the lower resolution
of the isotopic record.
Generally, decreased meltwater discharge, as documented for the Neoglacial time period
(Møller et al., 2006; M. S. Seidenkrantz et al., 2007) along the west Greenland margin leads to
less detrital material discharged onto the Greenland shelf and fed into the WGC. Hence, less
material can be transported further north to the core location. Additionally, decreased
intensities of the WGC after 3.7 ka BP (Schweinsberg et al., 2017) would further decrease the
fraction size of detrital material originating from southern Greenland (KMB) transported
northwards. For the same record (GeoB19905-1) Weiser et al. (2021) report a decrease of their
far-travelled endmember and an increase of their local endmember, in combination with a
significant fining trend in sortable silt and mean grain size after 3.3 ka BP. They suggest a
further decrease in WGC speed following the ongoing decrease after the Holocene Speed
Maximum (10.6-6 ka BP), and notice a speed minimum during the past ~2 ka. This WGC speed
minimum (Weiser et al., 2021) in combination with the Neoglacial ice advance culminating
during the LIA around 0.4 ka BP (e.g. Kaplan et al., 2002) can be identified in the intensification
of the late Holocene provenance shift in Sr and Nd and to some extent also in the Pb isotopic
composition (Figure 3.2), emphasising erosion of the adjacent bedrock as the main source of
siliciclastic detrital sediments into Nuuk Trough.
Furthermore, the Nd isotopic composition of water masses is known to represent the
geological signatures of the geological surrounding of their source areas (cf. Frank, 2002).
Filippova et al. (2017) find the least radiogenic surface water Nd composition (-25 to -23) in
the (western) Labrador Sea closest to the coast of Labrador, documenting input from the
Precambrian terrains of the Canadian Shield, the geological equivalent of AB in Greenland (cf.
Dawes, 2009). With increasing distance from the shore, the values become more radiogenic.
Certainly, seawater and sediment signatures differ from each other, but the trend of local input
coinciding with unradiogenic Nd signatures, further supports our assumption of increased
local erosion.
Based on the above mentioned assumptions, we suggest that the main transport pathway of
detrital sediments into Nuuk Trough during the late Holocene is a mix of increased local
erosion and meltwater discharge, while distal transport via the WGC can be noted as the
secondary transport pathway. This interplay of transport pathway divergence can be
concluded as the reason for the Neoglacial provenance shift. This conclusion is supported by
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the recent study of Weiser et al. (2021), who also suggest decreased distal sediment transport
at the core location of GeoB19905-1.
However, actual fluctuations in the ice-sheet margin as mentioned in recent studies (Larsen et
al., 2017; Levy et al., 2017) are not resolved in the isotopic records of Sr, Nd and Pb radiogenic
isotopes. This might be mainly due to the data resolution but also connected to the mixed
sediment composition and the decreasing but still existing influence of far-travelled material
from southernmost Greenland. The fluctuations in mineralogical composition, however, do
hint to the observed fluctuations in ice-sheet extent. Further investigations of higher resolution
radiogenic isotope (and mineralogical) records might shed new light onto this topic of still
poorly documented and understood Neoglacial GIS fluctuations (cf. Weidick et al., 2012).
Finally, significant changes and paleoenvironmental variability after 3 ka BP have been found
in a variety of studies in and around southern Greenland or other places in the Arctic. These
changes encompass reorganisation of fjords, cooler atmospheric temperatures, increased seaice cover and decreased meltwater discharge, as well as variations in deep current
compositions and intensities (Fagel et al., 2004; Kaplan et al., 2002; Seidenkrantz et al., 2007;
Werner et al., 2014). The establishment of the modern Labrador Sea circulation pattern around
3 ka BP was aligned with the full appearance of LSW (cf. Fagel et al., 2004). Fagel et al. (2004)
further identified a sudden increase in North American Shield components (old cratons of
western Greenland and Labrador) delivered into Labrador Sea after 3 ka BP and suggest
increased supply from Labrador Sea margins driven by enhanced LSW formation. The
distinguishing climatic and oceanographic changes in the northern north Atlantic region
coincide and are to some extent connected to the pronounced shift in radiogenic isotope
composition during the Neoglacial. The interplay of atmospheric cooling and oceanographic
reorganisation increased the input of local southern Greenland detrital sediments onto the
adjacent shelf, most likely influencing the entire Labrador Sea realm (cf. Fagel et al., 2004). Our
radiogenic isotope data highlight that these overall climatologically and oceanographic shifts
not only influence local sedimentation patterns but can be identified on a small and local scale.

3.6. Conclusions
The combined record of radiogenic Sr, Nd and Pb isotope composition of gravity core
GeoB19905-1 retrieved from Nuuk Trough identifies systematic changes in siliciclastic detrital
sediment provenance discharged onto the west Greenland shelf throughout the Holocene. The
overall siliciclastic detrital sediment composition is dominated by input from the local Archean
Block (AB), with additional but minor contribution from the distal Ketilidian Mobile Belt
(KMB). Shifts in isotopic composition follow continuous trends and coincide with the
transitions between early, mid and late Holocene and are hence connected to major
climatological changes. A slight decrease in distal KMB sources, transported from
southernmost Greenland via the West Greenland Current (WGC) can be noted at the beginning
of the mid Holocene. We attribute this shift to an increase of meltwater discharge during the
prevailing Holocene Thermal Maximum and a decrease in speed of the WGC as recently
observed by Weiser et al. (2021). With the transition into the late Holocene and Neoglacial the
detrital sediment composition shifts towards increased local input and further decreased distal
input. This shift is more pronounced and abrupt than the aforementioned. It is recorded by a
distinct shift towards unradiogenic Nd isotopic composition and supported by the Sr and Pb
isotopic composition becoming more radiogenic. The most likely cause of this late Holocene
detrital provenance shift is the widely recorded Neoglacial ice advance and the concomitant
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enhanced local erosion. Additionally, a continuous decrease in WGC speed and a speed
minimum after 2 ka BP (Weiser et al., 2021), further reduced the amount of distal transported
detrital sediment sources (KMB).
We hereby identify local erosion and meltwater discharge as the main transport pathway for
detrital sediments onto the west Greenland shelf during the Holocene, especially during the
late Holocene. Material transported from distal sources via coastal currents seems to play a
subordinate role.
Slight changes in sediment mineralogical composition, mirroring the local geology, can be
detected with the transition into the Neoglacial and support the conclusion of enhanced local
detrital sediment sources. Furthermore, the sediment mineralogy data corroborate the
provenance implications drawn from radiogenic isotope records by ruling out major influences
through mineralogical control.
This study documents the potential of radiogenic isotopes as tracers for detrital provenance
changes linked to ice-sheet dynamics along the southwestern Greenland shelf. The
combination of multiple isotope systems (Sr, Nd, Pb) enabled the clear identification of the
Archean Block as the main source of siliciclastic detrital sediments into Nuuk Trough.
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isotopes
Abstract
The ongoing atmospheric warming and its impact on the planet’s environment and climate
system are gaining increasing attention throughout the past years. Glaciers and icecaps are
especially sensible to these warming processes and reduction of land ice masses is favouring
meltwater discharge into surrounding oceans. Meltwater contributions from the west
Greenland Ice Sheet are adding to the freshwater budget of Baffin Bay and Labrador Sea, where
deepwater formation takes place and can hence influence global ocean circulation and climate
patterns. Predicting future changes and impacts of ice-sheet mass balance and meltwater
discharge variations is not only essential for assessment of global ocean circulation and climate
developments but also to predict future sea-level rise. Sedimentary records of past
environmental changes are a key component when predicting future changes and contribute
to improving climate models.
The west Greenland shelf hosts several meters of sediments archiving Holocene climate
history, representing a sufficient analogue for future predictions based on the Holocene climate
developments with atmospheric temperatures warmer than present-day temperatures. Here
we present records of radiogenic isotopes (Sr, Nd, Pb) of the siliciclastic detrital sediment
fraction along a transect of three sedimentary archives along the mid-west to northwest
Greenland shelf. Based on their ability to fingerprint the isotopic signature of their
corresponding source regions, radiogenic isotopes serve as tracers for detrital provenance
changes and past ice-sheet dynamics.
The radiogenic isotope and mineralogical data indicate distinct regional differences between
Upernavik Trough (midwest Greenland) and northern Melville Bay (northernmost Greenland)
in detrital sediment composition as well as temporal variations. In both locations input of the
local bedrock through erosion and meltwater discharge appear to be the main sources of
detrital sediments delivered to the west Greenland shelf. While additional sources of detrital
sediment delivery to the comparably sheltered region of northern Melville Bay play a
secondary role throughout the Holocene, detrital sediment provenances in the Upernavik
region indicate temporal differences caused by ice-sheet dynamics and oceanic surface current
variations. A shift in radiogenic isotope composition is marking an increased contribution of
detrital sediments delivered via a strengthened West Greenland Current during the transition
from early to mid Holocene. This shift is followed by a clear signal of continuous basalt input
from the Disko Bay region after the opening of Vaigat Strait around 6 ka BP, establishing the
current coastal circulation pattern and sediment delivery regime.

4.1. Introduction
Baffin Bay is an important pathways of Arctic Ocean freshwater entering through Nares Strait
and the Canadian Arctic Archipelago (CAA) and leaving through Davis Strait into the Labrador
Sea and hence into the subpolar North Atlantic where deep water formation takes place. The
Greenland Ice Sheet (GIS) is contributing an additional but not insignificant part of freshwater
through meltwater discharge into Baffin Bay (Castro de la Guardia et al., 2015; Harig & Simons,
2016; McMillan et al., 2016). Variations in freshwater input into Baffin Bay and the Labrador
Sea may have a significant influence on deep water formation and hence global ocean
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circulation and climate patterns. The GIS has been retreating and discharging meltwater into
Baffin Bay on varying rates throughout the entire Holocene in the progress of the deglaciation
after the Last Glacial Maxium (LGM). With increasing rates of GIS melt in the past decades and
an increasing long-term trend caused by anthropogenic global warming (Church et al., 2013;
Harig & Simons, 2012, 2016; Jacob et al., 2012; Rignot et al., 2011), the improvement of climate
models predicting these trends and their impacts on global climate and sea-level rise becomes
essentially important. The GIS holds a potential of 7.42 ± 0.05 m to global sea-level rise
(Morlighem et al., 2017). Modelling studies assessing past and future GIS development
(Lecavalier et al., 2014; Tarasov & Peltier, 2003) have been found to yield discrepancies despite
main similarities to geological records (Young & Briner, 2015) and may overestimate ice-sheet
extents on a more local scale (L. B. Levy et al., 2017). A wide spatial range of actual data of past
climatic changes is therefore an indispensable tool for improving those climate models. The
Holocene represents the closest analogue to future climate scenarios as it covers a time period
with atmospheric temperatures warmer than at present by an average of 1.6±0.8 (Kaufman et
al., 2004; Young & Briner, 2015) and contains still intact geological records while earlier
records are mainly overprinted by ice-sheet advances (Long et al., 2009; Weidick et al., 2012).
The west Greenland shelf hosts several thick marine sediments of environmental archives
deposited during the past twelve thousand years providing high-resolution environmental
archives of past ice-sheet dynamics and meltwater discharge variations.
While a variety of studies has been conducted on past oceanographic and ice-sheet
development in southern west Greenland (e.g. Kaplan et al., 2002; Larsen et al., 2015, 2017;
Levy et al., 2017; Weiser et al., 2021) and the Disko Bay (e.g. Allan et al., 2018; Ouellet-Bernier
et al., 2014; Perner et al., 2012; Seidenkrantz et al., 2013) and Uummannaq area (e.g. Philipps
et al., 2018; Rignot et al., 2016; Sheldon et al., 2016), northern Baffin Bay, with exception of the
North Water polynya (e.g. Levac et al, 2001), is still underrepresented in palaeoclimatologial
research and only recently became more often subject to scientific studies. High-resolution
swath-bathymetry based studies interpreting glacial landforms across the northwest
Greenland shelf shed light on the deglaciation pattern of the northwestern GIS after the LGM
and palaeo ice-stream and GIS drainage development prior to Holocene records (Freire et al.,
2015; Slabon et al., 2018a, 2018b; Slabon et al., 2016). Recent studies based on Holocene
sedimentary archives from the northwest Greenland shelf focus on past sea surface conditions
and variations, especially within transition from the Deglacial to Postglacial, period based on
microfossils and sea-ice biomarkers (Caron et al., 2019b; Hansen et al., 2020; Limoges et al.,
2020; Saini et al., 2020), highlighting a clear impact of meltwater discharge from the GIS and
ocean current variability on those sea-surface conditions (Caron et al., 2019b).
Detailed studies on the development of the northwestern GIS during the Holocene are
comparably rare despite the fact that it has been identified as one of the most sensitive sectors
(Freire et al., 2015) and currently drains around 27% into Melville Bay, northernmost Baffin
Bay (Rignot & Kanagaratnam, 2006). Especially in Melville Bay reconstructions on marine
sedimentary records might be of essential advantage, as the region only consists of a small
fraction of ice-free land, which is limiting geological and land-based records (e.g. Young &
Briner, 2015), additional to possible overprint of land-based records after ice-sheet readvance. One of the most recent studies from the northwest Greenland shelf is indeed a
provenance study identifying source regions of glacier and ice-stream dynamics based on
elemental composition through X-ray fluorescence (XRF) (Giraudeau et al., 2020). High counts
in source region specific minerals combined with principal component analysis were used to
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distinguish the different detrital sources of material discharged by meltwater and erosion
throughout the past 9,100 years delivered to Upernavik Trough. Furthermore, Caron et al.
(2020) provided XRF data and X-ray diffraction data (XRD) in combination with the
SedUnMixMC programme (Andrews & Eberl, 2012; Andrews et al., 2015) to reconstruct past
provenance and transport pathways also in the Upernavik area as well as in northernmost
Melville Bay. This study has been supported by previously conducted grains-size analysis on
the same records (Caron et al., 2019a). However, these studies only form a first base in order
to establish more detailed data availability and record past changes of the northwestern GIS
margin. Our study is adding to this existing data by introducing reconstructions of Holocene
provenance shifts based on radiogenic isotopes along a transect of three sedimentary archives
from midwest to northernmost Greenland.
The radiogenic isotope composition within the siliciclastic detrital sediment fraction of marine
deposits reflects the isotopic composition and age range of their corresponding source regions
and hence radiogenic isotopes serve as reliable provenance tracers (e.g. Frank, 2002; Gutjahr
et al., 2007). The discriminative geology of Greenland (Dawes, 2009a) provides the foundation
of these provenance studies through visible temporal and spatial differences on this rather
local scale (Colville et al., 2011; Reyes et al., 2014). In combination with the sediment
mineralogical composition we aim to apply our radiogenic isotope records to investigate
provenance shifts and associated variation in meltwater discharge and ice-sheet extent of the
northwestern GIS as well as further transport pathways of detrital sediments such as oceanic
currents and sea ice. This will provide additional and essential information on this sparsely
investigated but highly sensible area of the western Greenland Ice Sheet and provide insights
into its future development.

4.2. Regional Setting and Research Area
Baffin Bay is a mediterranean sea bordered by west Greenland, Baffin Island and the Canadian
Arctic Archipelago encompassing roughly 690,000 km² (e.g. Simon, et al., 2014; Tang et al.,
2004). At present Baffin Bay is characterised by a counter-clockwise surface current gyre
consisting of the comparably warm and saline West Greenland Current (WGC) travelling along
the West Greenland coast and merging at the northern tip of the bay with polar waters from
the Arctic Ocean entering through Nares Strait and the Jones and Lancaster Sound of the CAA,
forming the cold and fresh Baffin Island and Labrador Currents (Figure 4.1). The WGC
originates from the East Greenland Current (EGC) transporting Arctic Ocean sourced waters
along the east Greenland coast and a westwards flowing branch of the Irminger Current
transporting Atlantic waters. Both currents merge at the southern tip of Greenland and enter
Baffin Bay through Davis Strait (Fratantoni & Pickart, 2007; Myers et al., 2009). A large
component of the WGC is turning westwards into Labrador Sea at 61°N, resulting in a notably
slower current speed of the remaining portion (Cuny et al., 2002; Fratantoni & Pickart, 2007;
Myers et al., 2009) that flows northwards, freshening on its way to northern Baffin Bay due to
freshwater input through meltwater discharge along the west Greenland coast (Buch, 2002;
Myers et al., 2009). The Arctic Ocean waters forming the Baffin Island Current mostly travel
south and via Davis Strait into the Labrador Sea and the subpolar North Atlantic Ocean, making
Baffin Bay an important pathway for these Arctic Ocean waters. A certain amount of these polar
sourced waters have been noted to penetrate onto the northwest Greenland shelf (e.g. Hansen
et al., 2020; Sheldon et al., 2016). Baffin Bay is seasonally ice-covered with sea ice forming from
October onwards and growing continuously from northwest to southeast and becomes ice-free
from August to September (Tang et al., 2004).
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Figure 4.1: Overview map of research area, main ocean surface currents and core locations of this study and cores
mentioned in the text (small yellow dots), EGC = East Greenland Current, WGC = West Greenland Current, B-LC =
Baffin – Labrador Current, IC = Irminger Current, JS = Jones Sound, LS = Lancaster Sound, VS = Vaigat Strait. Map on
the right summarises the main geological terrains of Greenland; lighter shaded areas indicate the current extent of
the Greenland Ice Sheet; dashed grey line represents the border between NMB and RMB (Dahl-Jensen et al., 2003):
KMB = Ketilidian Mobile Belt, AB = Archean Block, NMB = Nagssugtoqidian Mobile Belt, DI = Disko Island, RMB =
Rinkian Mobile Belt, CMB = Committee-Melville Belt (map adapted from Dawes, 2009a); solid grey lines mark the
present-day GIS drainage domains: SW = southwest, CW = central west, CE = central east, SE = southeast (White et
al., 2016); yellow stars mark the location of the cores included in this study. Overview map created with Ocean Data
View (Schlitzer, 2020).

The research area of this study is spanning from north of Disko Bay to northernmost Melville
Bay, with the main focus being the wider Melville Bay area. Melville Bay is a heavily glaciated
area with only a narrow fringe of ice-free island, peninsulas and nunataks between the open
Baffin Bay and the GIS (Bennike, 2008; Briner et al., 2013). The wider Melville Bay is
characterised by three main cross-shelf troughs which were occupied and eroded by marineterminating ice streams during at least the last glacial period (Batchelor & Dowdeswell, 2014).
The Melville Bay cross-shelf troughs can be divided into a southern, central and northern one
and comprise an average width and length of 45-120 km and 170-320 km, respectively (Slabon
et al., 2018b, 2018a, 2016; Søndergaard et al., 2020). Around 70 km south of Melville Bay
Upernavik Trough, the aforementioned southern cross-shelf trough, forms the southern end of
the main research area. The trough was shaped by the Upernavik Isstrøm, one of northwest
Greenland’s major outlet glaciers (Briner et al., 2013), currently draining around 2% of the GIS
(Rignot & Kanagaratnam, 2006).
Greenland holds some of the oldest rocks on earth, with Archean rocks in southern and
northern Greenland and Palaeoproterozoic rocks in midwest Greenland (e.g. Dawes, 2009a)
(Figure 4.1). In west Greenland comparably young rocks can only be found in the Disko Bay
area, which contains Paleaogene basalts and intrusions (e.g. Dawes, 2009a). The research area
of this study, is characterised by the Paleaoproterozoic Rinkian Mobile Belt (RMB) containing
mainly orthogneisses and metagreywackes of the Karrat Group between the Uummannaq area
and southern Melville Bay (e.g. Connelly et al., 2006; Grocott & McCaffrey, 2017; Kalsbeek et
al., 1998; and references therein) and the orthogneisses of the Neoarchean Committee-Melville
Belt (Dawes, 2006). Due to its origin from an extension of the North Atlantic-Labrador Shelf
Sea rift system (MacLean et al., 1990; Simon et al., 2014) the main geological units in Greenland
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and Baffin Island mirror each other (Dawes, 2009b; Jackson & Berman, 2000; Le Pichon et al.,
1977) and have been found to be chemically comparable (cf. Jackson & Berman, 2000).

4.2.1. Northern Greenland Ice Sheet History
Due to the close position of the GIS to the northwestern Greenland coastline with only a small
fraction of ice-free land, land-based geological records such as radiocarbon and 10Be exposure
dates marking the complete deglaciation of Melville Bay are relatively sparse (Bennike, 2008;
Young & Briner, 2015). During the LGM the entire shelf has been covered by the GIS which
retreated towards the mid shelf until around the Younger Dryas and fully retreated to its
current position before 8.4 BP in southern (Slabon et al., 2016) and before 9.5 ka BP in
northern Melville Bay (Bennike, 2008; Caron et al., 2019a; Young & Briner, 2015). Despite its
early retreat towards the current outline, high-resolution swath-bathymetry based studies
revealed a slow retreat of the northern west Greenland ice-streams after the LGM (Slabon et
al., 2016).
Based on radiocarbon ages and 10Be exposure ages the GIS must have retreated from the shelf
between 11.3±0.5 ka BP (Corbett et al., 2013), 9.9±0.1 ka BP (Briner et al., 2013) and 9.5 ka BP
(Bennike, 2000) in the Upernavik region. This temporal evolution was confirmed by amino acid
ratios (Briner et al., 2014) and ice-sheet modelling (Lecavalier et al., 2014). These modelling
studies also show that after 9 ka BP the northwestern GIS margin mainly remained at its
current position and did not experience larger-scale fluctuations as modelled and observed for
the southern GIS margin (e.g. Larsen et al., 2015; Lecavalier et al., 2014). The WGC flowing
along the west Greenland coast was established prior to 14 ka BP and most likely favoured the
GIS retreat after the LGM by warm Atlantic water intrusion (Sheldon et al., 2016b).

4.3. Material and Methods
This study is based on three sedimentary archives collected along the west Greenland coast.
Gravity cores GeoB19927-3 (73°35.26’N 58°05.66’W) and GeoB19946-4 (75°49.99’N
62°30.98’W) were collected during research cruise MSM44 in 2015 (Dorschel et al., 2015c) and
were raised from Upernavik Trough (water depth 932 m) and northern Melville Bay Trough
(water depth 718 m), respectively. Gravity core GeoTÜ SL170 (68°58.15’N 59°23.58’W) was
raised from the west Greenland slope (water depth 1078 m) slightly north of Disko Bay during
research cruise MSM09/2 in 2008 (Rhein et al., 2013). Additionally, surface sediment data from
box core GeoB19965-2A (74°23.51’N 56°35.70’W, MSM44) was included as reference material
for northwest Greenland sediment sources.

4.3.1. Core Description and Age Chronology
The age models of these cores are based on radiocarbon dating and have been described in
detail in the corresponding publications. All have been constructed using the Marine13calibration curve (Reimer et al., 2013) to convert the ages into calendar years followed by
Bayesian age modelling using the BACON software package (Blaauw & Christen, 2011).
The age model of core GeoTÜ SL170 (recovery 683 cm) is based on Accelerator Mass
Spectrometry radiocarbon dating of mixed planktonic and benthic foraminifera and mollusc
fragments (Jackson et al., 2017). The complete record spans the past 18 ka and is based on 21
radiocarbon ages, here however, only the past 12 ka will be considered for comparison with
the other two records included into this study. This upper part of the core consists of sandy
mud with occasional dropstones. It has to be noted that due to carbonate shell availability
within the record the youngest radiocarbon age dates to 10.2 ka BP and the remaining age
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chronology had to be extended by interpolation assuming constant sedimentation rates
(Jackson et al., 2017).
Core GeoB19927-3 (recovery 1147 cm) mainly consists of grey to olive hemipelagic clayey
mud (Dorschel et al., 2015c) and covers the past 10 ka years (Saini et al., 2020). The age model
is based on a combination of 12 radiocarbon dates and 210Pb dating. Sedimentation rates range
between 32 and 172 cm/ka with a mean sedimentation rate between 100-150 cm/ka, a
decrease can be observed between 8 and 6 ka BP and around 3.1 ka BP as well as an overall
decreasing trend towards the core top (Saini et al., 2020).
Core GeoB19946-4 (recovery 1372 cm) consists of olive grey silty clay with occasional fine
sandy mud lenses and a thicker sandy mud layer towards the bottom of the core (Dorschel et
al., 2015c). The age model covers the past 11 ka and was based on seven radiocarbon ages (J.
Weiser, pers. comm.). The record displays decreasing sedimentation rates from around
100 cm/ka to 20 cm/ka towards the top of the core which was dated to ~1.8 ka BP, missing the
youngest roughly 2 ka of the record. The sandy mud layer (679-1080 cm) representing the
period between around 9 and 10.5 ka BP and the finer layer underneath were identified as a
turbidite layer and mass wasting event due to significantly higher sedimentation rates around
380 cm/ka and will therefore be excluded from palaeoclimatological reconstruction. It has to
be noted that this age model is preliminary and part of the PhD thesis by J. Weiser to be
submitted within 2021.

4.3.2. Radiogenic Isotope Analysis
Sample preparation and measurements of radiogenic isotope ratios were performed in the
Isotope Geochemistry Laboratory at MARUM—Centre for Marine Environmental Sciences,
University of Bremen, Germany. The bulk sample has been used for analysis without separation
for any specific grain-size to receive a general sediment transport signal, not biased by specific
transport pathways, such as finer fraction generally used to reconstruct current induced
sediment transport (e.g. Eisenhauer et al., 1999; Fagel et al., 2002; Maccali et al., 2013).
Between 1 and 2 g of bulk sample were homogenised using a mortar, washed with ultrapure
water (18.2 MΩ; Millipore) to remove pore water, decarbonised with a 40 % acetic acid
solution (buffered to pH ~4 with 1M Na-acetate) and leached with hydroxylamine
hydrochloride and 15 % acetic acid (buffered to pH ~4 with NaOH) to remove any possible
sediment grain coatings (cf. Gutjahr et al., 2007). Following, stepwise hot-acid digestion with
hydrofluoric acid (5:1, HF:HNO3), Aqua Regia (3:1, 6M HCl:concentrated HNO3), nitric acid
(concentrated), hydrochloric acid (6M) and hydrogen peroxide was applied to 100 mg of the
sample to receive the siliciclastic detrital sediment fraction and remove organic matter. The
final sample was dissolved in nitric acid (2M) for radiogenic isotope separation. Radiogenic
isotopes were received through column separation using TrisKem Sr.spec TM resin (method
modified after Deniel & Pin, 2001), TRU.specTM resin and LN.specTM resin (method from Pin et
al., 1994) for Sr and Pb isotopes, light rare earth elements and Nd isotope separation,
respectively. Isotopic ratios were analysed on a Thermo Fisher Scientific TritonTM Plus
multicollector thermal ionization mass spectrometer (TIMS) in either multidynamic (Sr) or
static (Pb, Nd) multicollection mode. The following international reference materials were
measured along with the samples in order to monitor measurement consistency: NIST SRM
987 (Sr), NIST SRM 981 (Pb) and JNdi-1 (Nd). Throughout the measurement period of 2.5
years, standard values varied within the range of published reference values measured on
TIMS (GeoReM data base; query June 2020; http://georem.mpch-mainz.gwdg.de): 87Sr/86Sr:
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0.710251 ±0.000013 (2SDmean; n=8), 0.710249 ±0.000034 (GeoReM; ±2SDmean; n=1528);
206Pb/204Pb: 16.8981 ±0.0157 (2SD
mean; n=8), 16.9211 ±0.0413 (GeoReM; ±2SDmean; n=254);
143Nd/144Nd: 0.512100 ±0.000048 (2SD
mean; n=11), 0.512107 ±0.000026 (GeoReM; ±2SDmean;
n=339). A bulk uncertainty of 0.1% per atomic mass unit was assumed for Pb values to account
for isotopic fractionation during the measuring process, which exclusively exceeds the
measured uncertainty. Nd isotope ratios are displayed in εNd notation normalized to the
ancient Chondritic Uniform Reservoir (CHUR) value of 0.512638 as defined by Jacobsen &
Wasserburg (1980):
(εNd = {[( 143Nd⁄ 144Nd)Sample ⁄( 143Nd⁄ 144Nd)CHUR ] − 1} ∗ 104 )

4.3.3 Mineralogical x-ray diffraction
Additional to radiogenic isotope measurements, XRD measurements were performed on 100
to 500 mg of the bulk sample of cores GeoB19927-3 and GeoB19946-4 at GEOTOP, Université
du Québec à Montréal, Canada. All samples have been homogenised using a mortar and
prepared for analysis using the ‘back-side method’ (Moore & Reynolds, 1997). Analysis has
been conducted on a Siemens X-ray Diffraktometer D5000 in a range between 5° and 85° 2θ.
Horizontal peak correction was done using the quartz peak. Peak intensity was corrected using
halite and calcite peaks. After the first measurement samples have been washed to estimate
the halite content, then decarbonised (0.1 M HCl) for calcite content estimation and as a final
step clay minerals were oriented by adding water. Ethylene glycol saturation was used to
identify smectites and heating the sample to 300°C was used to verify these smectites (cf.
Moore & Reynolds, 1997).

4.4. Results and Interpretation
For better comparison and easier assessment of isotopic shifts connected to climatological
changes the isotopic and mineralogical records were shaded by the extension of the three main
Holocene climatological units, the Deglacial period, the Holocene Thermal Maximum (HTM)
and the Neoglacial period. The timing of these units was defined by the regional varying
extension of the HTM as summarised for the western Arctic by Kaufman et al. (2004).

4.4.1. GeoTÜ SL170 – Midwest Greenland Slope
The sedimentary record GeoTÜ SL170 collected from the midwest Greenland slope display
some minor variations in isotopic composition throughout the Holocene (Figure 4.2). From
~12 ka BP to ~4.5 ka BP the 87Sr/86Sr isotopic composition follows a trend towards less
radiogenic values ranging from 0.7245 to 0.7201, with two set-backs around 11.1 and
6.8 ka BP. After ~4.5 ka BP 87Sr/86Sr follow a more pronounced trend towards more radiogenic
values, reaching 0.7270 at the top of the record (~0.9 ka BP). The εNd isotopic composition
shows comparably stable values around -28.5 in the lower part of the record, some distinct
fluctuations from -24.8 to -28.0 between 9.6 and 5.0 ka BP and a continuous trend towards
initial values around -27.9 towards the core top. The 206Pb/204Pb isotopic composition mainly
records a continuous trend towards more radiogenic Pb, starting with 17.2 (~12.1 ka BP) and
reaching 17.7 at the core tope with one small excursion around 6.8 ka BP (206Pb/204Pb: 17.3).
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Figure 4.2: Radiogenic isotope records of siliciclastic detrital sediment fraction of gravity core GeoTÜ SL170.
Analytical uncertainties are smaller than data points. Highlighted time intervals represent the main Holocene
climate periods: Deglacial period (green), Holocene Thermal Maximum (red; as summarised by Kaufman et al.,
2004) and the Neoglacial period (blue). The age model has been constructed by Jackson et al. (2017).

4.4.2. GeoB19927-3 - Upernavik Trough
The general trends of the isotopic record of gravity core GeoB19927-3 go towards less
radiogenic 87Sr/86Sr and more radiogenic εNd and 206Pb/204Pb values over time (Figure 4.3). Sr
and Nd records start off with values of ~0.7667 (87Sr/86Sr) and ~-28.5 (εNd), following a steep
trend towards less radiogenic 87Sr/86Sr and more radiogenic εNd values until ~8.4 ka BP, when
the record displays a kink towards the initial values of the record. From there onwards the
trend continues towards less radiogenic 87Sr/86Sr and more radiogenic εNd until ~3 ka BP when
both records seem to stabilise around values of 0.7439 and -24.35, respectively. Sr isotope
ratios actually reveal a very slight trend towards more radiogenic values, Nd towards more
unradiogenic values within this part of the record. Around 1.2 ka BP a peak towards more
radiogenic εNd can be identified; however, this peak is only based on one data point. 206Pb/204Pb
signatures follow a slight trend towards more radiogenic values from the bottom (206Pb/204Pb
: 18.2) to the top (206Pb/204Pb: 19.1) of the record. In the lower part of the record a small
excursion towards more radiogenic values (206Pb/204Pb: 19.1) can be identified between 9.7
and 8.4 ka BP. The peak visible in the Nd isotopic record around 1.2 ka BP can also be identified
in the Pb isotopic record, pointing towards more radiogenic values (206Pb/204Pb: 19.4).
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Figure 4.3: Radiogenic isotope records of siliciclastic detrital sediment fraction of gravity core GeoB19927-3.
Analytical uncertainties are smaller than data points. Highlighted time intervals represent the main Holocene
climate periods: Deglacial period (green), Holocene Thermal Maximum (red; as summarised by Kaufman et al.,
2004) and the Neoglacial period (blue). Age model and sediment accumulation rate have been previously published
by Saini et al. (2020).

Figure 4.4: Mineralogical composition of gravity core GeoB19927-3. Highlighted time intervals represent the main
Holocene climate periods: Deglacial period (green), Holocene Thermal Maximum (red; as summarised by Kaufman
et al., 2004) and the Neoglacial period (blue). Age model and sediment accumulation rate have been previously
published by Saini et al. (2020).
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The mineralogical record of GeoB19927-3 shows little variability (Figure 4.4). The main
components are quartz, feldspar (albite, microcline), phyllosilicates (clinochlore, biotite) and
hornblende. Minor components are pyrite, augite, smectite, kaolinite and calicite (for details
see chapter 2 and Table 8.7). The most pronounced difference can be identified around
4.2 ka BP where a significant peak in hornblende of 42% is visible differing from the average
4%. This time interval also shows the highest concentration in kaolinite and the lowest
concentrations in quartz, albite and microcline. Any slight coinciding differences in other
components might be simply caused by a mass balance effect. Carbonate content seems to be
slightly higher during the late Holocene from around 3 ka BP onwards.

4.4.3. GeoB19946-4 – Northern Melville Bay
The northern Melville Bay record GeoB19946-4 (Figure 4.5) is disturbed by a mass wasting
event in the lower part (~10.9 – 9.1 ka BP), which is characterised by an isotopic excursion of
the least radiogenic 87Sr/86Sr (0.7284) and 206Pb/204Pb (16.2) values and some more radiogenic
εNd values (-33.2). The beginning and the end of this event are marked by similar isotopic values
within all three isotopic systems. These values stay comparatively stable throughout the entire
87Sr/86Sr and 206Pb/204Pb record of around 0.7475 and 18.3, respectively.

Figure 4.5: Radiogenic isotope records of siliciclastic detrital sediment fraction of gravity core GeoB19946-4.
Analytical uncertainties are smaller than data points. Highlighted time intervals represent the main Holocene
climate periods: Deglacial period (green), Holocene Thermal Maximum (red; as summarised by Kaufman et al.,
2004) and the Neoglacial period (blue). Green shaded interval marks the mass wasting event in the bottom of the
record. Age model and sedimentation rate were constructed by J. Weiser (pers. comm.).

The εNd isotopic composition records a slight trend towards more radiogenic values, similar to
those in the mass wasting interval, culminating in a pronounced peak around 3.4 ka BP (-29.1).
Following, the εNd isotopic composition develops towards less radiogenic values until the upper
end of the record (-33.6, ~2.0 ka BP). The pronounced peak in εNd values is exclusively visible
within this record but not within the 87Sr/86Sr and 206Pb/204Pb isotopic record and only based
upon one data point and therefore has to be considered with caution.
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The main occurring minerals in the GeoB19946-4 record are the same as for GeoB19927-3:
quartz, feldspar (albite, microcline), phyllosilicates (clinochlore, biotite) and hornblende.
Minor components are augite, smectite, kaolinite, pyrite and ilmenite (for details see chapter 2
and Table 8.8). No carbonate occurrence was detected throughout the entire record. The
quartz content seems to follow an increasing trend towards the late Holocene while the
amphibole and pyroxene record seems to follow a decreasing trend. The phyllosilicate and iron
mineral content display the highest concentrations during the early Holocene. However, these
time intervals fall into the inception and termination of the mass wasting event and have to be
interpreted with caution.

Figure 4.6: Mineralogical composition of gravity core GeoB19946-4. Highlighted time intervals represent the main
Holocene climate periods: Deglacial period (green), Holocene Thermal Maximum (red; as summarised by Kaufman
et al., 2004) and the Neoglacial period (blue). Green shaded interval marks the mass wasting event in the bottom of
the record. Age model and sedimentation rate were constructed by J. Weiser (pers. comm.).

4.4.4. Detrital Sediment Provenance
To unravel detrital sediment composition and identify contributing sources, the isotopic
records have to be put in context with background data of the possible source regions. Isotopic
background data has been taken from literature and consist of rock, stream sediment and
surface sediment data, depending on data availability (see Figure 4.1). While radiogenic
isotope data availability for southern Greenland is sufficient due to similar provenance studies
that included stream sediments for the purpose of establishing background data (Colville et al.,
2011; Reyes et al., 2014), data availability in northern Greenland is sparse. To compensate for
missing background data from the Melville Bay region, we additionally analysed surface
sediment data from a northwest Greenland fjord to represent detrital sediment input from the
Committee-Melville Belt (GeoB19965-2A, Figure 4.1), following the approach of Colville et al.
(2011) who chose stream sediment data over rock data as those reflect the actual isotopic
signatures discharged into Baffin Bay, while rock data tends to over-represent certain rock or
mineral types. So-called provenance plots, cross plots of 87Sr/86Sr against εNd as well as
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206Pb/204Pb

against 207Pb/204Pb, combining the isotopic records with reference data, reveal
detrital sediment sources and their possible development over time (Figure 4.7). All three
cores represent detrital sediments of mixed sources. GeoTÜ SL170 appears to be a mix of the
southern Greenland Archean Block (AB) and the Nagssugtoqidian Mobile Belt (NMB). The
detrital sediment composition of GeoB19927-3 reflects a mix of these AB and NMB sources as
a southern endmember and the Rinkian Mobile Belt (RMB) as a local endmember. Over time
the sediment provenance focus shifts towards a different proportion of these two
endmembers. GeoB19946-4 appears to be a stable mix of the southern endmembers AB and
NMB and the local Committee-Melville Belt (CMB). A slight temporal shift to a slightly higher
contribution of the southern endmembers AB and NMB can be identified during the mid and
late Holocene.

Figure 4.7: Radiogenic isotope composition of the siliciclastic detrital sediment fraction of gravity cores GeoTÜ
SL170, GeoB19927-3 and GeoB19946-4 and isotopic ranges of the main Greenland geological terrains for 87Sr/86Sr
versus εNd (A) and 206Pb/204Pb versus 207Pb/204Pb (B). The colour shading within the core data represents the
temporal evolution of Deglacial (dark), Holocene Thermal Maximum (medium) and Neoglacial period (light) as
defined in Figure 4.2, Figure 4.3 and Figure 4.5. Abbreviations and colours representing the main geological terrains
of Greenland are the same as in Figure 4.1 with addition of: BI = Baffin Island, NNS = Northern Nares Strait, NGr =
Northern Greenland. Background data for isotopic ranges originates from stream sediments (KMB, AB, NMB:
Colville et al., 2011; Reyes et al., 2014), surface sediments (NNS: Maccali et al., 2018; CMB: this study) and rock data
(DI: Larsen & Pedersen, 2009; BI: McCulloch & Wasserburg, 1978; RMB: Kalsbeek et al., 1998; NGr: Thorarinsson et
al., 2012, 2011). Dashed grey line in Pb provenance plot (B) represents the Pb growth curve of continental crust
(Stacey & Kramers, 1975). The most extreme isotopic values of GeoB19946-4 during the mast wasting event (Figure
4.5, dark green shaded) have been excluded from this figure.

4.5. Discussion
The main discussion will focus on the isotopic records of GeoB19927-3 and GeoB19946-4
(thereafter referred to as 27-3 and 46-4, respectively) raised from the Greenland shelf as they
cover the northwestern GIS drainage sector. GeoTÜ SL170 (thereafter referred to as SL170)
was raised from the west Greenland slope, therefore underlying a slightly different sediment
transport regime and the age model contains higher uncertainties as it was interpolated based
on the lower record. Therefore SL170 will mainly serve as a southern endmember and support
for interpretation of the two other records from Upernavik Trough (27-3) and northern
Melville Bay (46-4). The radiogenic isotope data will be interpreted and compared to sediment
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geochemistry (and micropalaeontological) data from other studies on sediment cores AMD14204 (thereafter referred to as 204) (Caron et al., 2020, 2019a, 2019b; Giraudeau et al., 2020;
Hansen et al., 2020) and AMD14-210 (thereafter referred to as 210) (Caron et al., 2020, 2019a,
2019b), taken from locations close to our core locations of GeoB19927-3 and GeoB19946-4
(Figure 4.1).
The discussion will be divided into the three main Holocene climatic intervals following the
LGM: the Deglacial period, the HTM and the Neoglacial period. These three intervals were
determined based on the timing of the HTM, which represents warmer-than-present
temperatures and varied on a spatio-temporal scale in the western Arctic due to lingering ice
sheets (Kaufman et al., 2004). The transition between each of these periods has been
characterised with pronounced changes in sea surface conditions in northeastern Baffin Bay
(Caron et al., 2019b; Hansen et al., 2020).
Generally, the detrital sediment composition in northeastern Baffin Bay sedimentary archives
is composed of mixed sources of mainly local input with differing contribution of distal sources.
The highest temporal variability can be observed in core 27-3 from Upernavik Trough. While
core 46-6 from northern Melville Bay appears to be characterised by mainly local sources
without significant provenance shifts over time, the detrital sediment composition of core 273 is generally influence by Holocene climatological and oceanographical changes. Based on
surface sediment data Andrews et al. (2018) defined West Greenland Mineral Clusters
(WGMC), for Melville Bay and Upernavik sources, which clearly state specific mineralogical
compositions of Melville Bay surface sediments, mainly influenced by input of the local bedrock
through meltwater discharge and erosion. Based on these mineral clusters Caron et al. (2020)
conducted Principal Component Analysis which identified their record 210 from Melville Bay
as characterised by local sourced detrital sediment input, while their core 204 from Upernavik
is composed of mixed sources. Ternary plots differentiating these provenances defined based
on the WGMC identify mixed sources in the quartz-kalifeldspar-plagioclase ternary plot for
both cores 204 and 201, while the carbonate-amphibole-pyroxene ternary plot differentiates
between increased local northern Greenland sources for 210 and a mix of northern Greenland
and Disko Bay sources for 204 (Caron et al., 2020).

4.5.1. Deglacial Period
The Deglacial period in the wider Melville Bay and Upernavik region has formerly been
described as a period of harsh conditions with extended sea-ice cover and wide spread
meltwater input from the retreating GIS after the LGM (Caron et al., 2019b; Hansen et al., 2020;
Seidenkrantz et al., 2013). The isotopic records within this time interval reveal continuous
trends with a slight kink in Sr isotopic composition around 11 and 8.4 ka BP for SL170 and 273, respectively. A shift in Nd isotopic composition can be identified around 8.2 ka BP in core
SL170. The sediment composition seems to be a mix of material transported via the WGC as it
reflects southern Greenland sources and the local RMB, with a stronger influence of local
sources which would be supported by high meltwater discharge rates, transporting local
material onto the shelf (Marit Solveig Seidenkrantz et al., 2013). SL170 clearly reflects the
isotopic composition of the local NMB terrain. The Pb provenance plot supports the input of
NMB sources at the SL170 location as well as at the 27-3 location, which would be the closest
southern component to the core location. For the RMB unfortunately no Pb data is available
within literature. Giraudeau et al. (2020) propose a high contribution of Melville Bay glaciers
to Upernavik Trough in the early Holocene which is agreeing with the isotopic data plotting in
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between CMB and RMB sources, as well as the Baffin Island component. Although Baffin Island
is located on the western coast of Baffin Bay and most likely does not contribute any detrital
sediment material to the eastern part of the bay, the geological terrains continue through Baffin
Bay from northern Greenland to Baffin Island ( Jackson & Berman, 2000; Le Pichon et al., 1977)
and isotopic signatures have been reported to be chemically comparable (cf. Jackson & Berman,
2000). Therefore the Baffin Island component can be seen as another hint for local detrital
sediment input, as it should be representing the wider RMB signatures, while the possible
influence of CMB transporting material from northern Melville Bay agrees with the suggestion
by Giraudeau et al. (2020) of glacial input from that area.
The most obvious changes in isotopic composition are recorded within the 46-4 record with
pronounced shifts towards less radiogenic Sr and Pb and more radiogenic Nd. However, this
shift falls into the aforementioned mass wasting event with significantly higher sedimentation
rates possibly related to the GIS retreat. Similar findings have been observed in the 210 record
by Caron et al. (2019a), who also found higher sedimentation rates in the lower part of the
record as well as coarser grain sizes, unsorted sediments and the highest IRD counts. They
interpret this period as unstable with occasional turbidity current activity related to the
destabilization of the GIS inducing sediment remobilisation throughout the deglaciation
process. Caron et al. (2019a) further suggest that the period prior to 9.4 was characterised by
ice-proximal glaciomarine sedimentation regimes following the retreat of grounding ice in
Melville Bay. The general sediment composition seems to reflect a mix of the local CMB and the
AB from southern Greenland. However, the CMB signal originates from surface sediments from
a fjord south of the core location and therefore represents a very local signal and may not
reflect the exact same isotopic signatures discharged directly at the core location. Additionally,
CMB is mainly of Archean age as is the AB (Figure 4.1) and therefore the contribution of this
core might more likely reflect the similarity of the isotopic composition of the actual CMB
signature in northern most Greenland than the surface sediment does. The major CMB
contribution is however clearly supported by the Pb isotope provenance plot, that differs from
AB contribution. However, Pb is generally known to become more radiogenic in younger
sources and as CMB contains some Palaeoproterozoic overprints, it should overall not reflect
the exact same age range as the Archean Block.
The mineralogical composition of both records does not indicated significant changes within
this time period. While 27-3 does not show a lot of variability, the mineralogical composition
of 46-4 differs slightly from the rest of the record, with reduced quartz content compared to
the following part and some fluctuations in accessory minerals as amphibole and pyroxene,
phyllosilicates and iron minerals (Figure 4.6). These changes coincide with the changes in
isotopic composition indicating the differing sediment composition during the mass wasting
event.
The kink in Sr isotopic composition around 8.4 ka BP within the 27-3 record (Figure 4.3) is
neither visible in any of the other Sr records nor in the mineralogical composition. A first
assumption of this kink being related to the 8.2 cold event (Thomas et al., 2007) coinciding
with atmospheric cooling and local glacier increase as observed within XRF data in a southern
Greenland record (Weiser et al., 2021) is equivocal. While the western GIS melting pattern did
not seem to be affected by the 8.2 cooling event and no visible changes and signs of cooling
within different records have been observed (Marit Solveig Seidenkrantz et al., 2013),
moraines in the Disko Bay area suggest a short, regionally differing GIS advance or stillstand
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between 8.5 and 8.0 ka BP (Young et al., 2013). The set-back in Sr isotopic composition towards
initial values would suggest a short ice-sheet advance around 8.4 ka BP based on the obvious
isotopic shift, identifying continental erosion as the dominating sediment pathway, over
meltwater discharge (cf. Seidenkrantz et al., 2013). SL170 records records a pronounced peak
around in Nd isotopic composition around 8.2 ka BP (Figure 4.2), favouring the possible
recording of 8.2 event related GIS impacts (Young et al., 2013) within the radiogenic isotope
composition. However, the different timings of the recorded isotopic signatures and different
reported reactions of the GIS with regards to extent and meltwater discharge patterns leave
some uncertainties in the overall interpretation and require further investigation.
With regards to basal ages of the sedimentary records Caron, et al. (2019a) concluded that the
GIS retreated from the shelf before 10.3 ka BP in the Upernavik region, which can be supported
by the age model of the 27-3 record. The 46-4 record points to an earlier retreat than the
proposed one around 9.5 ka BP (Caron et al., 2019a). However, the age model has to be treated
with care prior to ~9 ka BP due to the observed mass wasting event and therefore does support
this assumption to some extent and confirms and asynchronous retreat of the GIS between
Melville Bay and Upernavik as stated by Caron et al. (2019a) as well as earlier studies, that
reporting this development on a larger scale (Jackson et al., 2017; Young & Briner, 2015).

4.5.2. Holocene Thermal Maximum
The beginning of the HTM has still been characterised with the ongoing pronounced meltwater
discharge reported from southern Greenland and the Disko Bay area and most likely continued
along the west Greenland coast until around 7.5 ka BP (Marit Solveig Seidenkrantz et al., 2013).
With the transition into the HTM the amounts of warmer Atlantic-sourced waters transported
northwards along the coast via the WGC increased and induced pronounced shifts in seasurface conditions (Caron et al., 2019b; Hansen et al., 2020), with a coinciding reduction in seaice cover (Caron et al., 2019a; Saini et al., 2020).
The most obvious shift in Sr and Nd isotopic composition of 27-3 was recorded during the HTM,
with trends towards less radiogenic Sr (0.763 to 0.746) and more radiogenic Nd (-27.8 to 25.4) indicating a continuous shift towards changing detrital sediment composition and source
distribution (Figure 4.3). This period was not only marked by reduced sea-ice cover and
warmer surface waters (Caron et al., 2019b; Saini et al., 2020) but also by a stronger WGC from
7.9 to 6.7 ka BP (Hansen et al., 2020), changing sediment delivery regimes towards increased
input from southern sources as indicated by Sr-Nd provenance plot through an increasing
contribution from NMB (Figure 4.7). The continuous shift in detrital sediment provenance
beyond the proposed interval of increased WGC strength could be caused by input of additional
sources. Around 6 ka BP the modern circulation pattern of the WGC within Disko Bay was
established by the opening of Vaigat Strait, which was blocked by glacial ice up to this point
(Perner et al., 2013). Disko Island and the Nuussuaq Peninsula are comprised of Palaeogene
basalts which are characterised by entirely different isotopic signatures compared to other
west Greenland bedrock terrains, with 87Sr/86Sr signatures between 0.703 and 0.709 and εNd
signatures ranging from -4.4 to 10 (Larsen & Pedersen, 2009). The exposed bedrock and open
channel between the Disko and Nuussuaq islands lead to northwards transport of basaltic
material which before remained in Disko Bay (Perner et al., 2013). The distinct isotopic
signatures of the Palaeogene basalts from Disko Bay might have induced the continuous shift
in isotopic signatures. This shift cannot be identified from Pb isotopic data, as the isotopic
signatures for the corresponding sources are overlapping, which might also explain the stable
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Pb record within this time interval. However, the proportion of basaltic material within the
overall detrital sediment composition still seems to be small compared to the local detrital
sediment input, as the mineralogical composition does not indicate any major contribution of
additional material. This basaltic influence is most likely only visible due to the rather large
differences in isotopic composition of the different sources. The input of basaltic sources has
recently been observed by Giraudeau et al. (2020) based on an increase in Fe counts within
measured XRF data from core 204 as well as by mineralogical based Principal Component
Analysis by Caron et al. (2020). Caron et al. (2020) observe a progressive change in
mineralogical composition and input of the local RMB Karrat Group (Kalsbeek et al., 1998) and
basalts after ~7.7 ka BP, which is the same interval when the continuous shift in isotopic
composition is recorded. They additionally find that the signal of basaltic component delivery
to Upernavik Trough becomes even more distinct after 4.9 ka BP and suggest a fast flowing
Upernavik ice stream until ~7.7 cal ka BP, associated with strong meltwater discharge from
the GIS, which transported fine detrital sediment material to the core site, which is supported
by their earlier studies on the same record (Caron et al., 2020, 2019a, 2019b).
The isotopic composition of the 46-4 record does not show any variability apart from a slight
shift towards more radiogenic Nd, which might also be related to the aforementioned Vaigat
Strait opening. The Sr isotopic composition does not show any indication of basalt input from
the Disko Bay area which could be an effect of dilution as the WGC transporting these
signatures is continuously fed by meltwater discharge (Buch, 2002) and therefore detrital
material from the surrounding landmasses that will add to the original isotopic signature.
However, a study conducted by Andrews et al. (2018) showed that the mineralogical
distribution of Melville Bay surface sediments varies from that of other areas in Baffin Bay and
is not significantly influenced by material from other than local sources and does not show any
basalt input. Comparing the mineralogical composition of the 46-4 record to the 27-3 record
suggests a rather insignificant input of northwards transported material as the carbonate
visible in core 27-3 is not visible in 46-4, which should have been the case if a significant
fraction was transported to the core location of 46-4. Furthermore, the slight trend in more
radiogenic Nd values continues into the late Holocene and culminates into a peak around
3.4 ka BP, where it also is not visible in any of the other two isotopic records, which might
indicate that the cause of the shift is caused by other effects than basalt input from the Disko
Bay area.
Core SL170 records a pronounced shift in Nd isotopic composition around 6 ka BP towards
more unradiogenic values similar to the Deglacial values, which could also be related to Vaigat
Strait opening as the Deglacial values represent erosion conditions during ice-sheet retreat.
Generally, this event impacted the circulation pattern in Disko Bay (Perner et al., 2013) and
hence should influence the sediment delivery pathways to the adjacent slope.

4.5.3 Neoglacial Period
The Neoglacial period is generally characterised by atmospheric cooling and glacier advance
that has been recorded in different locations around Greenland (e.g. Kaplan et al., 2002; Larsen
et al., 2011, 2017; Solomina et al., 2015). The warmer HTM sea-surface conditions in
northeastern Baffin Bay lasted until around 3.4 to 2.9 ka BP (Caron et al., 2019b; Hansen et al.,
2020). Following sea-surface condition changes with some visibility of Neoglacial cooling
around 2.9 ka BP where marked by an abrupt transition in benthic foraminiferal assemblages
(Hansen et al., 2020) and to some extent by dinocyst data around 2 ka BP (Caron et al., 2019b),
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while the sea ice biomarker IP25 does not record any evidence any evidence of Neoglacial
cooling (Saini et al., 2020). The decrease in WGC strength observed after 6 ka BP further
decreased after ~3.5 ka BP (Hansen et al., 2020; Perner et al., 2012; Weiser et al., 2021).
The isotopic composition after the HTM appears to be comparably stable with low variability
within the cores from northeastern Baffin Bay, 27-3 and 46-4. The trends within the Sr and Nd
composition of core 27-3 continue slightly towards less radiogenic Sr and more radiogenic Nd
between ~5 and ~3 ka BP. After ~3 ka BP Nd values become stable while Sr displays an even
minor trend towards more radiogenic values until the top of the core. Pb values stay
comparable stable throughout this entire interval with one exception of a small peak around
1.2 ka BP towards more radiogenic Pb, which can also be seen in a more pronounced way in
the Nd isotopic composition, also becoming more radiogenic. In northern most Melville Bay the
isotopic Sr and Pb composition of core 46-4 stays stable while Nd isotopic composition
continues the trend initiated during the HTM towards more radiogenic values. The trend
culminates in a pronounced peak of more radiogenic Nd (-29.1) around 3.4 ka BP and from
then onwards moving towards less radiogenic values until the top of the record. Core SL170
displays continuous trends towards more radiogenic Sr and Pb and less radiogenic Nd. The
provenance plots (Figure 4.7) indicate some shifts in detrital sediment provenance in 27-3 and
SL170 during the late Holocene, both shift towards an increase in Disko Bay contribution.
Within core 204 from Upernavik Trough Caron et al. (2020) also observed a continuous
increase in basalt contribution with the highest contribution between 2.0 and 2.4 ka BP.
Additionally, Giraudeau et al. (2020) report reduced contributions of northern Melville Bay as
well as local Upernavik sourced material at the 204 core location and suggest this being caused
by a rapid response of the GIS towards Neoglacial cooling and a possible connected stagnancy
or re-advance of the GIS margin. Both observations coincide with the isotopic development
moving towards Disko Island sources and away from CMB sources. From the provenance plot
it might appear as SL170 also received increasing contribution from Disko Island basalts, but
the general trend towards less radiogenic Nd contradicts with this assumption. It might be
more likely that the change in detrital sediment composition delivered to the west Greenland
slope was influenced by the observed decrease in WGC strength (Perner et al., 2012; Weiser et
al., 2021) transporting reduced amounts of distal material.
The peak in Nd isotopic composition around 3.4 ka BP recorded in core 46-4 is not that obvious
to explain. It does coincide with a peak in smectite/amphibole ratio in core 210 which was,
however, not further explained (Caron et al., 2020). A similar peak was recorded in core 27-3
around 1.2 ka BP, which can also be observed in the Pb isotopic composition. Those timings
roughly coincided with pulses of Neoglacial ice advance documented on the Nuussuaq
Peninsula and in southern Greenland around 3.7 to 3.6 ka BP and 1.4 to 1.0 ka BP (Larsen et
al., 2015; Schweinsberg et al., 2019; Schweinsberg et al., 2017). Changes in Nd isotopic
composition have been noted before to record Neoglacial ice advance through erosion of
Archean bedrock in southern Greenland (see chapter 3). However, in southern Greenland Nd
values indicating Neoglacial ice-advance became less radiogenic, while the values in 27-3 and
46-4 became more radiogenic, which might either be due to the different isotopic composition
of the corresponding source rock or point towards a different cause of isotopic shift.

4.6. Conclusions
This study presents radiogenic isotope and sediment mineralogy data from the west Greenland
margin identifying regional and temporal variations in detrital sediment provenances
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throughout the Holocene. The northwestern Greenland Ice Sheet margin seemed to be
comparably stable after its deglaciation during the early Holocene. Main sources for detrital
sediment delivery to northernmost Melville Bay are local glaciers and ice streams reflected by
the radiogenic isotope composition of the local geology without any distinct variation during
the mid and late Holocene.
Farther south in the Upernavik region local glaciers and ice streams also define the main source
for detrital sediment delivered onto the shelf. However, in contrast to northernmost Melville
Bay, here a clear influence of distal detrital sediment transported via the West Greenland
Current can be identified. With an increase in West Greenland Current strength between ~7.9
and 6.7 ka BP (Hansen et al., 2020) radiogenic isotope signatures indicate a shift towards a
higher proportion of southern Greenland detrital sediment sources, most pronounced in the
87Sr/86Sr composition. This shift towards less radiogenic Sr values in combination with an
increased shift towards more radiogenic εNd identifies the Vaigat Strait opening and increased
input of basalts from ~6 ka BP onwards (Perner et al., 2013).
We conclude that our radiogenic isotope based provenance study records rather unstable
conditions during the Deglacial period caused by ice-sheet retreat and more stable conditions
during the mid to late Holocene. Shifts in detrital provenance are mainly caused by oceanic
current strength variations and ice-sheet retreat rather than ice-sheet fluctuations. Generally,
sediment transport pathways of detrital sediment to the west Greenland shelf are locally
influenced by ice-sheet dynamics and meltwater discharge with the West Greenland Current
playing a minor role but a clear visible one with regards to current strength and circulation
changes (cf. Andrews et al., 2018; Giraudeau et al., 2020).
This study further points out the advantage and reliability in the application of radiogenic
isotope based provenance studies. Shifts in isotopic composition identify major climatological
changes in line with previously published data and reveal additional information that has not
been identified from changes in mineralogical data, such as the influence of the Vaigat Strait
opening. However, this study also points out the need for further studies including more
radiogenic isotope background data in the form of stream and surface sediments as already
existing for southern Greenland (Colville et al., 2011; Reyes et al., 2014).
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Basin: Linkage with the Re-opening and Evolution of Nares Strait
Abstract
The re-opening of the Arctic Ocean-Baffin Bay gateway through Nares Strait, following the Last
Glacial Maximum, has been partly documented, discussed and revised in the past decades. The
Nares Strait opening has led to the inception of the modern fast circulation pattern carrying
low salinity Arctic water towards Baffin Bay and further towards the Labrador Sea. This lowsalinity water impacts thermohaline conditions in the North Atlantic, thus the Atlantic
Meridional Overturning Circulation. Available land-based and marine records set the complete
opening between 9 and 7.5 ka BP, although the precise timing and intensification of the
southward flowing currents is still open to debate. A recent study of a marine deglacial
sedimentary record from Kane Basin, central Nares Strait, adds information about subsequent
paleoceanographic conditions in this widened sector of the strait and proposed the complete
opening at ~8.3 ka BP.
We present complementary radiogenic Sr, Nd and Pb isotope data of the siliciclastic detrital
sediment fraction of this very record further documenting the timing and pattern of Nares
Strait opening from a sediment provenance approach. The data permit to distinguish detrital
material from northern Greenland and Ellesmere Island, transported to the core location from
both sides of Nares Strait. Throughout the Holocene, the evolution of contributions of these
two sources hint to the timing of the collapse of the ice saddle in Kennedy Channel, north of
Kane Basin, which led to the complete opening of Nares Strait. The newly established gateway
of material transported to the core location from the north via Kennedy Channel is recorded
by increased contribution of northern Ellesmere Island detrital sediment input. This shift from
a Greenland (Inglefield Land) dominated sediment input to a northern Ellesmere Island
dominated sediment input supports the hypothesis of the newly proposed timing of the
complete opening of Nares Strait at 8.3 ka BP and highlights a progressive trend towards
modern-like conditions, reached around 4 ka BP.

5.1. Introduction
The Nares Strait is an important gateway of Arctic Ocean freshwater continuing through Baffin
Bay into the Labrador Sea and the subpolar North Atlantic. Nares Strait connects the Lincoln
Sea in the Arctic Ocean and Baffin Bay, a mediterranean sea between Greenland and Baffin
Island, Canada. During the Last Glacial Maximum (LGM) the strait has been blocked by the
prevailing ice sheets, the Greenland Ice Sheet (GIS) and the Innuitian Ice Sheet (IIS). The
freshwater pathway between the Arctic Ocean and the subpolar North Atlantic via Baffin Bay
and the Labrador Sea has therefore been disabled during these times and only fully reestablished around 8.3 ka BP (Georgiadis et al., 2018). The complete opening of Nares Strait
for Arctic Ocean freshwater into Baffin Bay initiated the current ocean circulation pattern of
Baffin Bay, a counter-clockwise surface current gyre merging Atlantic sourced waters with
Arctic Ocean freshwater (Jennings et al., 2011; Tang et al., 2004). The re-connection of Baffin
Bay and the Arctic Ocean via Nares Strait plays an important role in freshwater and sea-ice
contribution into the Labrador Sea (Goosse et al., 1997; Kwok, 2005; Tang et al., 2004) where
deep convection occurs and the formation of North Atlantic Deep Water represents the
initiation of the Atlantic Meridional Overturning Circulation.
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The Holocene deglacial development of Nares Strait and its complete re-opening have been
studied in a number of studies but still remain subject to uncertainty (Georgiadis et al., 2018;
Jennings et al., 2019; Mudie et al., 2004). Until recently the most accurate timeline has been
established and summarised by England (1999) who reconstructed the GIS and IIS extent and
deglaciation based on radio carbon dates collected along Nares Strait. England (1999)
concluded that the northern part of the strait was deglaciated by 10.1 ka BP and the southern
end by 9.0 ka BP, certain parts were still blocked by ice around 8 ka BP and not entirely icefree until 7.5 ka BP. Additionally, Zreda et al. (1999) measured cosmogenic 36Cl on glacially
polished bedrock from two island in Nares Strait, where the ice retreated around 10 ka BP.
These land-based records were later supplemented by marine records from Hall Basin,
northern Nares Strait, which revealed new insights into its deglacial history (Jennings et al.,
2011; Mudie et al., 2004) and reclassified the complete opening of Nares Strait to around
9.0 ka BP (Jennings et al., 2011).
More recently a well-preserved record from Kane Basin, central Nares Strait, covering the past
9,000 years served as the basis to re-date the complete opening of Nares Strait to around
8.3 ka BP (Georgiadis et al., 2018). The record further contains indications for the earlier
suggested opening around 9 ka BP (Jennings et al., 2011) but Georgiadis et al. (2018) argued
substantiated for the later opening around 8.3 ka BP. Their hypothesis has been complemented
and corroborated through subsequent studies on the same record (Caron et al., 2020, 2019a).
This record represents the first well-preserved marine sedimentary archive documenting icefree condition in Kane Basin during the Holocene (Georgiadis et al., 2018). Later Jennings et al.
(2019) pointed out that due to uncertainties in radio carbon ages and correction values (ΔR) it
is still hard to define an exact age for the opening of Nares Strait and proposed a time frame
between 9.0 and 8.3 ka BP. This time interval agrees with the most recent date for the Nares
Strait opening of 9.0 ± 1.1 ka BP (Ceperley et al., 2020).
The prevailing uncertainties concerning the deglaciation history of Nares Strait and differing
timings proposed for its complete opening yield potential for further investigations, especially
with regards to the Arctic Ocean freshwater gateway and its influence on the Baffin Bay and
Labrador Sea circulation patterns (Jennings et al., 2011; Jennings et al., 2019). Here we present
radiogenic isotope records of the sedimentary archive from Kane Basin to further corroborate
the hypothesis of the complete Nares Strait opening around 8.3 ka BP as proposed by
Georgiadis et al. (2018). Radiogenic isotopes serve as reliable provenance tracers for detrital
sediment input and indirect reconstruction of past ice-sheet and glacier movements. Newly
established detrital sediment sources caused by unblocking of ice in Nares Strait can be
detected by changes in radiogenic isotope composition.

5.2. Regional Setting and Research Area
5.2.1. Current Setting
Nares Strait is a 530 km long channel between northern Greenland and Ellesmere Island
(Figure 5.1). It consists of two basins, a larger but shallower one (Kane Basin, 220 m water
depth) and a smaller but deeper one (Hall Basin, 800 m water depth), both are connected via
Kennedy Channel. Robeson Channel and Smith Sound form the northern and southern end of
Nares Strait, respectively. Nares Strait is the main gateway of Arctic Ocean freshwater into
Baffin Bay and Labrador Sea and therefore into the North Atlantic. Further gateways are
through straits in the Canadian Arctic Archipelago (CAA) which, together with Nares Strait,
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make up around 30% of the Arctic Ocean fresh water export (e.g. Jennings et al., 2011; Zreda
et al., 1999). The water is spilling over a sill in Kane Basin (Tang et al., 2004) and is merging
with water from the West Greenland Current (WGC) in Northern Baffin Bay and forming the
Baffin Island Current travelling southwards along the Canadian coast to leave Baffin Bay
through Davis Strait and contribute to deep water formation in the Labrador Sea and the
subpolar North Atlantic. Nares Strait is seasonally ice-covered, at least 80% for 11 months
(Jennings et al., 2011). A seasonal ice bridge at the southern end of the strait (Smith Sound) is
functioning as an important block of sea ice sustaining the North Water polynya (NOW), one of
the most productive and the largest polynyas in the western Arctic (Barber et al., 2001; Melling
et al., 2001; Dunbar, 1981; Dunbar & Dunbar, 1972). When the polynya is ice-free by May or
June it spans over wide parts of northernmost Baffin Bay with its northern boundary in
southern Kane Basin and has been active throughout most of the past 9,000 years (Levac et al.,
2001).

Figure 5.1: Area map of Baffin Bay and Nares Strait and their present-day surface current patterns. Core location of
gravity core AMD14-Kane2B is marked by the yellow star. Colours in the right map (legend left) indicate the
different geological terrains of northern Greenland and Ellesmere and Axel Heiberg Islands (AHI). White areas
represent the Greenland Ice Sheet and the Ellesmere and Axel Heiberg Islands ice caps. Grey lines represent the
present day drainage areas of the Greenland Ice Sheet, NO = North, NW = North West, NE = North East (White et al.,
2016). Greenland geology and boundary extensions (dashed grey lines) are taken from Dawes (2009a), Ellesmere
and Axel Heiberg Islands geology is taken from Harrison et al. (2011) and Estrada (2015, and references therein).
The dotted outline sketches the average June extent of the North Water polynya (NOW) (Dunbar, 1969). JS = Jones
Sound, LS = Lancaster Sound, B-LC = Baffin-Labrador Current, WGC = West Greenland Current, EGC = East Greenland
Current, IC = Irminger Current. KMB = Ketilidian Mobile Belt, AB = Archean Block, NMB = Nagssugtoqidian Mobile
Belt and RMB = Rinkian Mobile Belt (left figure) represent the locations of further Greenland geological units used
for reference. Overview map created with Ocean Data View (Schlitzer, 2020).

Nares Strait receives meltwater and detrital material input from the surrounding Greenland
Ice Sheet and glaciers, especially Humboldt and Peterman Glaciers and the remaining ice caps
of Ellesmere Island, including the Agassiz and Prince of Wales ice caps. The ice-free coast of
Nares Strait is characterised by dissected plateaus on the Greenland side and northern
Ellesmere Island, while southern Ellesmere Island is characterised by narrow valleys and
fjords (England, 1999). The surrounding geology comprises of the Paleoproterozoic gneisses
and granites of the Ellesmere-Inglefield Mobile Belt around southern Kane Basin and Nares
Strait and Palaeozoic carbonate rocks of the Ellesmerian-Franklinian Basin north of Kane Basin
(Dawes, 2009a; Dawes, 2009b; England, 1999) (Figure 5.1).
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5.2.2. Past Setting
During the LGM Nares Strait has been entirely covered by extensions of the GIS and the IIS
whose retreat enabled the inflow of Arctic Ocean water into Baffin Bay and the initiation of its
current circulation pattern. GIS and IIS merged offshore, in the middle of Nares Strait (England,
1999) and their deglaciation was recorded by meltwater channels and moraines that mark the
progressive thinning and separation of those ice sheets (England et al., 2006). The deglaciation
began around 10.1 ka BP at the northern end and around 9.0 ka BP at the southern end of the
strait (England, 1999); however, total deglaciation and resulting reconnection of the Arctic
Ocean and Baffin Bay did not complete until 8.3 ka BP (Georgiadis et al., 2018). The IIS covering
Ellesmere Island retreated from west to east after 11 ka BP, leaving only island-based ice caps
by 9 ka BP and the sea penetrating the eastern CAA by 8.5 ka (England et al., 2006). On the
Greenland side, Washington Land, adjacent to Humboldt Glacier, was one of the last major land
masses that became deglaciated after the LGM (Bennike, 2002; Bennike & Björck, 2002). Across
all elevations the GIS retreated from Washington Land by 8.6 ±1.1 ka BP (Ceperley et al., 2020).
Within Nares Strait, Kane Basin and Hall Basin were not connected until ~8.3 ky BP as a result
of the break-up of the ice saddle connecting the GIS and IIS in Kennedy Channel (Georgiadis et
al., 2018). Hall Basin became deglaciated soon before 10.3 ka BP (Jennings et al., 2011) while
the GIS retreated in eastern Kane Basin around 8.1 ka BP (Georgiadis et al., 2018). The seasonal
sea-ice cover of Nares Strait, especially in Kane Basin, has been prevailing at least throughout
the past 9,000 years, with periods of highly variable sea-ice extent due to climate and
oceanographic changes (Georgiadis et al., 2020).

5.3. Material and Methods
A 425 cm sediment core (AMD14-Kane2B) has been collected in Kane Basin, central Nares
Strait (79°30.91’N; 70°49.74’W) at a water depth of 220 m onboard CCGS Amundsen during
ArcticNet expedition (Leg 1b) in 2014 (Tremblay et al., 2014). The core was taken with a square
section gravity corer (Calypso Square) and immediately subsampled onboard. The core has
previously been object to different studies, including grain size and X-ray fluorescence (XRF)
(Georgiadis et al., 2018), mineralogical composition trough X-ray diffraction (XRD) (Caron et
al., 2020), sediment magnetic properties (Caron et al., 2019a), sea-ice biomarker (Georgiadis
et al., 2020) as well as dinoflagellate cyst assemblages and organic linings of (benthic)
foraminifera (Caron et al., 2019b).

5.3.1. Core Description and Age Chronology
The sediment lithology of gravity core AMD14-Kane2B has been described in detailed by
Georgiadis et al. (2018) and Caron et al. (2019a). The core consists of varying sand and silt
contents integrated in a clay-dominating greyish brown sediment matrix. In the bottom of the
core alternating layers of coarser and finer material with occasional occurrence of clasts can
be observed. Two intervals of increased sedimentation rates, ~130cm/ka and ~190cm/ka, can
be found from 370 to 320 cm and from 300 to 280 cm, respectively (Georgiadis et al., 2018).
Between 280 and 250 cm a significant increase in sand content and decrease in clay content
can be noted. From 250 cm onwards the silt content gradually increases and the sediments
become comparably homogenous with nearly even proportions of silt and clay. Generally,
some appearance of ice rafted debris (IRD) is recorded throughout the entire record, with the
only significant increase between 298 and 320 cm (Caron et al., 2020, 2019a).
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The age model has been constructed by Georgiadis et al. (2018) and is based on 18 radiocarbon
dates of mixed benthic foraminifera and unidentified mollusc shells. The core top has been
dated to -5 years BP (1955 CE) by 210Pb chronology, which is in accordance with the 210Pb
record of a boxcore from the same location (Georgiadis et al., 2018). The ages were calibrated
according to the Marine 13 curve (Reimer et al., 2013) using the CALIB 7.1 software (Stuiver et
al., 2017) with a marine reservoir correction of 640 years (ΔR = 240±51), based on three prebomb collected mollusc shells from Nares Strait (Georgiadis et al., 2018). The final age model
has been constructed using the CLAM 2.2 software (Blaauw, 2010) and covers the past 9,000
years. The interval between 320 and 298 cm has been excluded from the age model as the very
high sedimentation rates suggest a rapidly deposited layer (Georgiadis et al., 2018).
Based on CT scans and grain size data (Georgiadis et al., 2018) divided the core into five
lithological units (their figure 6 & table 2), which will be further used to support the radiogenic
isotope data obtained in this study and mainly agree with the intervals defined by Caron et al.
(2019a) for the AMD14-Kane2B record.

5.3.2. Isotope Ratio Measurements
Sample preparation and measurements of radiogenic isotope ratios were performed in the
Isotope Geochemistry Laboratory at MARUM—Centre for Marine Environmental Sciences,
University of Bremen, Germany. The bulk samples have been used for analysis, no grain-size
separation has been conducted to receive a combined transport signal, not biased by any
specific transport pathway. Between 1 – 2 g of bulk sample were homogenised using a mortar,
washed with ultrapure water (18.2 MΩ; Millipore) to remove pore water, decarbonised with a
40 % acetic acid solution (buffered to pH ~4 with 1M Na-acetate) and leached with
hydroxylamine hydrochloride and 15 % acetic acid (buffered to pH ~4 with NaOH) to remove
any possible sediment grain coatings (cf. Gutjahr et al., 2007). Following, stepwise hot-acid
digestion with hydrofluoric acid (5:1, HF:HNO3), Aqua Regia (3:1, 6M HCl:concentrated HNO3),
nitric acid (concentrated), hydrochloric acid (6M) and hydrogen peroxide was applied to
100 mg of the sample to receive the siliciclastic detrital sediment fraction and remove organic
matter. The final sample was dissolved in nitric acid (2M) for radiogenic isotope separation.
Radiogenic isotopes were received through column separation using TrisKem Sr.spec TM resin
(method modified after Deniel & Pin, 2001), TRU.specTM resin and LN.specTM resin (method
from Pin et al., 1994) for Sr and Pb, light rare earth elements and Nd separation, respectively.
Isotopic ratios were analysed on a Thermo Fisher Scientific TritonTM Plus multicollector
thermal ionization mass spectrometer (TIMS) in either multidynamic (Sr) or static (Nd, Pb)
multicollection mode. The following international reference materials were measured along
with the samples for measurement consistency: NIST SRM 987 (Sr), JNdi-1 (Nd) and NIST SRM
981 (Pb). Throughout the measurement period of ten days, standard values varied within the
range of 0.710246 ±0.000009 (87Sr/86Sr ±2SDmean; n=3), 0.512136 ±0.000016 (143Nd/144Nd
±2SDmean; n=3) and 16.8928 ±0.0069 (206Pb/204Pb ±2SDmean; n=2), which are within the range
of published reference values measured on TIMS (GeoReM data base; query June 2020;
http://georem.mpch-mainz.gwdg.de): 0.710249 ±0.000034 (87Sr/86Sr ±2SDmean; n=1528),
0.512107 ±0.000026 (143Nd/144Nd ±2SDmean; n=339) and 16.9211 ±0.0413 (206Pb/204Pb
±2SDmean; n=254). A bulk uncertainty of 0.1% per atomic mass unit was assumed for Pb values
to account for isotopic fractionation during the measuring process, which exclusively exceeds
the measured uncertainty. Nd isotope ratios are displayed in εNd notation normalized to
ancient Chondritic Uniform Reservoir (CHUR) value of 0.512638 as defined by Jacobsen &
Wasserburg (1980):
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(εNd = {[( 143Nd⁄ 144Nd)Sample ⁄( 143Nd⁄ 144Nd)CHUR ] − 1} ∗ 104 )

5.4. Results
5.4.1. Radiogenic Isotope Records
The siliciclastic detrital radiogenic isotope record of AMD14-Kane2B (Figure 5.2) can be
subdivided into the temporal intervals proposed by Georgiadis et al. (2018) and Caron et al.
(2019a): the Deglacial (~8.9-7.5 ka BP) and Postglacial (~7.5 ka BP onwards) periods. The
lower part of the core (~8.9-7.5 ka BP) is characterised by pronounced variations in isotopic
composition throughout all three isotopic systems, ranging between 0.725 and 0.736
(87Sr/86Sr), -25.5 and -13.4 (εNd) and 17.78 and 18.54 (206Pb/204Pb). While the 87Sr/86Sr and
εNd records display actual fluctuations the variations within the 206Pb/204Pb isotopic
composition is rather composted of a steep trend towards initial values with one peak around
8.3 ka BP. Around 7.5 ka BP values follow a trend towards more radiogenic εNd and
206Pb/204Pb values and less radiogenic 87Sr/86Sr values. This trend is diminished after
~4.5 ka BP when only a slight trend continuous towards the core top. Within this interval
values range from 0.728 to 0.724 (87Sr/86Sr), -16.7 to -13.3 (εNd), and 18.21 to 18.28
(206Pb/204Pb).

Figure 5.2: Radiogenic isotope records of the siliciclastic detrital sediment fraction of gravity core AMD14-Kane2B.
Analytical uncertainties are smaller than data points. Highlighted time intervals represent the Holocene Thermal
Maximum (red), the thicker dashed line marks the end of the Deglacial period, and Neoglacial (blue) Holocene.
Dashed lines and corresponding boxes on the left mark the sedimentary units and ecozones of previous publications
(Caron, et al., 2019a; Georgiadis et al., 2020, 2018). Age model and sedimentation rate were previously published
by Georgiadis et al. (2018).

Changes in isotopic composition go along with the changes in lithology previously described
by Georgiadis et al. (2018) and Caron et al. (2019a). Their sedimentary units five and three
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(~8.1-0 ka BP, Figure 5.2), respectively, cover the interval of less isotopic variability, while all
other intervals cover higher variability in the lower part of the core.

5.4.2. Detrital Sediment Provenance
To identify possible provenance shifts, data of 87Sr/86Sr versus εNd (Figure 5.3 A) and
206Pb/204Pb versus 207Pb/204Pb (Figure 5.3 B) of gravity core AMD14-Kane2B are plotted
alongside ranges of isotopic background data of possible source regions taken from literature.
While the Sr-Nd data plot in between of several sources from northern and western Greenland
as well as Ellesmere Island, the Pb data plot directly into the range of these mainly overlapping
sources. Both plots identify a clear shift of source region within the detrital sediment
composition over time with an obvious difference between the Deglacial and Postglacial
Holocene.

Figure 5.3: Radiogenic isotope composition of the siliciclastic detrital sediment fraction from gravity core AMD14Kane2B and isotopic ranges of the main Greenland and Ellesmere Island geological terrains for 87Sr/86Sr versus εNd
(A) and 206Pb/204Pb versus 207Pb/204Pb (B). Colours represent the geological terrains included in Figure 5.1Figure
3.1 : KMB = Ketilidian Mobile Belt, AB= Archean Block, NMB = Nagssugtoqidian Mobile Belt, RMB = Rinkian Mobile
Belt, CMB = Committee Melville Belt, NGr = Northern Greenland, EI & AHI = Ellesmere & Axel Heiberg Islands, CAA
= Canadian Arctic Archipelago, NNS = Northern Nares Strait. Background data for isotopic ranges originates from
stream sediments (Colville et al., 2011; Reyes et al., 2014), surface sediments (Maccali et al., 2018; this thesis study
(see chapter 4)) and rock data (Dostal & Macrae, 2018; Estrada, 2015; Estrada et al., 2010; Kalsbeek et al., 1998;
Thorarinsson et al., 2012, 2011). Dashed grey line in figure (B) represents the Pb growth curve of continental crust
(Stacey & Kramers, 1975).

5.5. Discussion
In the framework of the previous studies by Georgiadis et al. (2018) and Caron et al. (2019a)
gravity core AMD14-Kane2B has been divided into different time intervals and sedimentary
units based on lithology and micropaleontological species abundances. These intervals will
serve in this study as a structure of discussion and support of the radiogenic record as changes
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in isotopic composition coincide with changes in other lithological, geochemical and
micropaleontological parameters and tracers.

5.5.1. Deglacial Period and Holocene Thermal Maximum (~9.0 – 7.5 ka BP)
5.5.1.1. Time Interval 9 – 8.3 ka BP
The period between ~9 and 8.3 ka BP has been described by Georgiadis et al. (2020, 2018) as
the deglaciation of Kane Basin. This time interval was characterised by a short-lived transition
from an ice-proximal deposition environment to a secluded and narrow bay while the adjacent
ice sheets IIS and GIS retreaded. An abrupt change was recorded around 8.3 ka BP with the
collapse of the ice saddle in Kennedy Channel that was the last connection between the IIS and
GIS and marked the complete opening of Nares Strait as an Arctic Ocean water gateway
(Georgiadis et al., 2018). Caron, et al. (2019a) defined this deglacial period until ~8 ka BP
which is in better agreement with the isotopic record and will be further used for
interpretation. The isotopic composition of radiogenic isotopes Sr, Nd and Pb displays the
highest ranges of the entire record within this time interval. εNd shifts from nearly most
radiogenic to the most unradiogenic values, while 87Sr/86Sr follows the exact opposite trend,
nearly most unradiogenic to most radiogenic. 206Pb/204Pb displays the most pronounced trend
from most radiogenic values to least radiogenic values between ~8.9 and 8 ka BP.
The lowest value of the isotopic record (~8.9 ka BP) represents entirely different 87Sr/86Sr and
206Pb/204Pb values than the values of the following millennium (Figure 5.2). With the exception
of the second lowest value (~8.7 ka BP) this is also the case for the εNd values. These
differences in isotopic composition around 8.9 ka BP and between 8.7 and the following time
interval, represent distinct differences in detrital sediment composition (Figure 5.4). While the
~8.9 ka BP values plot into the range of surface sediments around Ellesmere Island and Axel
Heiberg Island the following data points plot into the vicinity of southern Greenland sources.
The Pb isotopic composition at ~8.9 ka BP supports the higher Ellesmere Island and Axel
Heiberg Island influence. Here the possible Archean to Palaeoproterozoic sources of gneisses
and granites that is represented by the southern Greenland signatures is not as certain.
However, it has to be noted that the closest isotopic background signatures are those of the
southern and midwest Greenland terrains (Colville et al., 2011; Reyes et al., 2014). The
Ketilidian Mobile Belt (KMB) of southernmost Greenland is geologically similar to the
Ellesmere-Inglefield Mobile Belt of northern Greenland and southern Ellesmere Island (Dawes,
2009a) and will therefore be used as the closes analogue due to limited background data
availability.
In comparison with the geochemical and mineralogical record of AMD14-Kane2B provided by
Caron et al. (2020) the detrital sediment provenance shift after 8.9 ka BP can be confirmed.
Caron et al. (2020) defined provenances based on the SedUnMixMC programm (Andrews &
Eberl, 2012; Andrews et al., 2015) which suggest an interplay of Ellesmere Island and Inglefield
Land provenances, with a dominant contribution of Ellesmere Island sources before 8.8 ka BP
and a dominating contribution of Inglefield Land sources afterwards. The lowest part of the
isotopic record covers the time interval interpreted by Caron et al. (2020) and Georgiadis et al.
(2018) as an interval of major retreat of the ice sheets on both Ellesmere Island and Inglefield
Land and the corresponding discharge of detrital sediments into Kane Basin. They ascribe the
shift around 8.8 ka BP towards a dominance of Inglefield Land sources in response to faster
retreat of the GIS and discharge from the adjacent Humboldt Glacier (cf. Reusche et al., 2018).
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The most abrupt changes in isotopic composition are recorded between 8.9 and 8.3 ka BP
during intervals of high sedimentation rates (~130 cm/ka mean sedimentation rate
(Georgiadis et al., 2018)). This interval is also the time period for which Georgiadis et al. (2018)
interpreted the location of the GIS to be yet relatively close to the core location, suggesting high
local input through meltwater discharge. Generally, this time interval has been described as an
interval of unstable conditions with input of different sedimentary sources, supported by the
numerous changes in lithology (Caron et al., 2019a; Georgiadis et al., 2018) (Figure 5.2). This
interplay of different sources further supports the interpretation of the isotopic record and
might explain the Nd isotopic composition at ~8.7 ka BP that does not follow the same trend
as the Sr and Pb isotopic compositions.
This time period also coincides with the Holocene Thermal Maximum (HTM) between 9 and
5 ka as summarised by Kaufman et al., (2004) and further defined by Lecavalier et al., (2017)
to last until 7.5. Increased atmospheric temperatures during the HTM support the assumption
of high melting rates discharging large amount of local material from both coasts (Georgiadis
et al., 2018; Lecavalier et al., 2017).
5.5.1.2. Time Interval 8.3 ka BP – Opening of Kennedy Channel
An IRD-rich layer within the AMD14-Kane2B record with extremely high sedimentation rates
between 320 and 298 cm core depth has been dated to 8.3 ka BP as a rapidly deposited layer
(Georgiadis et al., 2018). This layer has been interpreted to mark the opening of Kennedy
Channel, which might have led to intense calving of GIS sourced glaciers, including intensified
calving of the local Humboldt Glacier (Georgiadis et al., 2018; Reusche et al., 2018). The isotopic
composition of this layer clearly differs from that of the prior (and following) interval within
all three isotopic systems, it display similar Sr and Nd values as the ~8.9 ka BP sample and
points to a larger contribution of Ellesmere Island sources. The isotopic signatures together
with an increased carbonate signal in the sediment geochemistry (Georgiadis et al., 2018) point
to northern Ellesmere Island as the origin of the increased amounts of IRD recorded around
8.3 ka BP, transported southwards through the newly opened gateway into Kane Basin. This
assumption is further supported by the simultaneously established general circulation pattern
(cf. Georgiadis et al., 2018). However, Georgiadis et al. (2018) as well as Jennings et al. (2019)
discussed the plausibility of this layer marking the opening of the strait, with respect to the
earlier IRD-rich layer deposited around 8.9 ka BP. Georgiadis et al. (2018) argue for 8.3 ka BP
based on elemental composition and source region determination, rather than input from
Humboldt Glacier through intensified calving as suggested by Reusche et al. (2018). Later,
Jennings et al. (2019) found no evidence for intensified Humboldt Glacier calving around
8.3 ka BP within their record south of Smith Sound, but point out that the exact timing of Nares
Strait opening is still difficult to determine. Due to the close temporal spacing of both IRD-rich
layers and the given uncertainties of the corresponding age models based on ΔR uncertainties
Jennings et al. (2019) suggest to define the opening of Nares Strait within the time interval of
9.0 and 8.3 ka BP rather than an exact timing. The isotopic composition of both these layers is
comparably similar in Sr und Nd composition. The Pb isotopic composition, however, differs
with the older layer being more radiogenic. At 8.3 ka BP the Pb isotopic composition is similar
to the composition of those samples clearly deposited after the strait was completely open,
representing northern Ellesmere Island sources, while the composition at 8.9 ka BP differs
from all other signatures recorded throughout the core (Figure 5.4 B).
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Figure 5.4: Close-up of Sr – Nd (A) and Pb (B) provenance plot for gravity core AMD14-Kane2B data. KMB =
Ketilidian Mobile Belt, AB= Archean Block, NMB = Nagssugtoqidian Mobile Belt, RMB = Rinkian Mobile Belt, CMB =
Committee Melville Belt, NGr = Northern Greenland, EI & AHI = Ellesmere & Axel Heiberg Islands, CAA = Canadian
Arctic Archipelago, NNS = Northern Nares Strait. Reference data for provenance plots as in Figure 5.3.

The unique 8.9 ka BP signature also pointing to Ellesmere Island sources is most likely
connected to the retreat of glaciers and ice caps on both sides of Kane Basin, marking the
deglaciation of the basin (cf. Caron et al., 2020; Georgiadis et al., 2020, 2018). Therefore, we
suggest that the proposed timing of 8.3 ka BP (Georgiadis et al., 2018) is more likely to
represent the complete opening of Nares Strait.
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5.5.1.3. Time Interval 8.3-7.5
From 8.3 ka BP onwards the radiogenic isotope composition is starting to follow a trend
towards more radiogenic εNd and 206Pb/204Pb and less radiogenic 87Sr/86Sr values, indicating
a shift in sediment provenances. A decrease in clay content and sedimentation rates suggesting
decreased meltwater discharge as well as a drop in Fe/Ca ratios from 8.1 ka BP onwards lead
Georgiadis et al. (2018) to the assumption that the GIS rapidly retreated in eastern Kane Basin.
This rapidly retreating GIS on Inglefield Land in addition to the newly opened gateway for
northern Ellesmere Island and Greenland sources can be interpreted as the cause of the
continuous shift in radiogenic isotope composition, as it points to a change in primary sources
of detrital sediments into Kane Basin. This continuous shift towards initial values proceeds
throughout the following millennia and points towards a higher contribution of northern Nares
Strait sources.
From 7.9 ka BP (until 7.2 ka BP) enhanced Atlantic water inflow has been recorded at the core
location (Caron et al., 2019b). This comparably short interval of larger Atlantic sourced waters,
in this case the WGC transporting material from the west Greenland margin, might explain the
slow transition towards a dominated Ellesmere Island input as it brings material isotopically
more similar to Inglefield Land and inhibits the complete shift towards the newly enabled
sources in the sedimentary signature.

5.5.2. Post- and Neoglacial Period (~7.5 – 0 ka BP)
From 7.5 ka BP onwards the radiogenic isotope composition continuous the trend towards
more radiogenic εNd and 206Pb/204Pb and less radiogenic 87Sr/86Sr values at a steeper slope
than directly following the opening of Kennedy Channel around ~8.3 ka BP (Georgiadis et al.,
2018). This shift seems to stabilise after ~5 ka BP in Pb isotopic composition and after
~3 ka BP in Nd and Sr compositions. The detrital sediment provenances seem to clearly shift
towards an Ellesmere Island dominated sediment input regime with similar values as at the
start of the record.
5.5.2.1. Time Interval 7.5-5.5 ka BP
The transition to stable values coincides with a decrease in the coarse grain size fraction and
sedimentation rates within the AMD14-Kane2B record (Georgiadis et al., 2018) and is
accompanied by a decrease in atmospheric temperatures around 7.5 ka BP (Lecavalier et al.,
2017). Georgiadis et al. (2018) suggest that this transition might be related to a reduced input
of marine-terminating glaciers of the GIS when most of the north Greenland coast deglaciated
(cf. Bennike, 2002; Ceperley et al., 2020; Reusche et al., 2018).
The radiogenic isotope composition (Sr, Nd, Pb) points to a shift in detrital sediment
provenance towards increased input of northern Ellesmere Island sources after 7.5 ka BP and
hence a decreased input from Inglefield Land (Figure 5.4). The increasing input of detrital
carbonates from Ellesmere Island as well as northernmost Greenland is possibly connected to
the established inflow of Arctic Ocean water from the north and sediment transport from
sources north of Kane Basin after the complete opening of Nares Strait (Caron et al., 2020;
Georgiadis et al., 2018). Geochemical and mineralogical data by Caron et al. (2020) also indicate
a shift towards northern Ellesmere Island and Greenland sources. This shift appears to be
continuous, initiated around 8.2 ka BP and intensified around 7.5 ka BP, until ~5.8 ka BP
according to Caron et al. (2020) data, displaying increased detrital carbonate input. The
isotopic data encompass only two data points within this interval but indicate the same
continuous shift (Figure 5.2 &Figure 5.4). Extended sea-ice cover in Kane Basin between ~7.5
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and 5.5 ka BP (Georgiadis et al., 2020) might have supported and enhanced this transition to
dominating northern Ellesmere Island sources by transporting the corresponding detrital
material from the north into Kane Basin (cf. Caron et al., 2020). This time period appears to be
a transitional period for the provenance shift from Inglefield Land dominated detrital sediment
sources to Ellesmere Island dominated sources. At the end of this transitional period the data
indicate more stable conditions.
5.5.2.2. Time Interval 5.5-0 ka BP
The detrital sediment sources appear to be more stable during the late Holocene and the
Neoglacial (~5 ka BP, Kaufman et al., 2004), when main input most likely was dominated by
glacial erosion. Along with the isotopic composition the geochemical and mineralogical
composition of the AMD14-Kane2B record (Caron et al., 2020) stabilises. Based on the
SedUnMixMC analysis (Andrews & Eberl, 2012; Andrews et al., 2015) 70-80 wt% of detrital
sediments originate from Ellesmere Island sources, which are the highest recorded
proportions, and 20-30 wt% from Inglefield Land (Caron et al., 2020). The isotopic
composition shifts towards these higher proportions of Ellesmere Island sources concordant
in all three isotopic systems. The comparably stable values after 5 ka BP coincide with the
onset of recurrent and seasonal formation of ice arches in Kane Basin, favoured by a negative
phased Arctic Oscillation and ongoing Neoglacial cooling, (Funder et al., 2011; Georgiadis et al.,
2020). The stabilisation in radiogenic isotope composition and hence detrital sediment input
indicates the establishment of modern oceanographic conditions and sediment delivery
regimes in Kane Basin and Nares Strait, as suggested before by other studies (Caron et al., 2020;
Jennings et al., 2019). The increased influence of northern Nares Strait sources clearly indicates
the influence of detrital material transported from further north and deposited in Kane Basin.

5.5.3. Detrital Sediment Clusters
Generally, the radiogenic isotope data can be divided into two clusters, an Inglefield Land
sourced (~8.7-7.5 ka BP) and an Ellesmere Island sourced (~8.9 ka BP & ~6.1-1.0 ka BP)
cluster. While the Pb isotopic composition may not identify the two source regions as clearly
as the Sr-Nd data, it separates the two clusters more explicitly and indicates the difference in
detrital sediment composition prior and after the opening of Kennedy Channel. The 206Pb/204Pb
composition at ~8.9 ka BP could even be separated into a third cluster, as it clearly
distinguishes from the composition including newly enabled Ellesmere Island sources (~6.11.0 ka BP) and certainly proves the contribution of distal transported sediment sources from
northern Ellesmere Island and Greenland after the opening of Kennedy Channel. However, it
has to be kept in mind that the background data originates from the southern Greenland KMB
and only serves as the closest fit, due to age agreement. Furthermore, ternary plots of
geochemical tracers by Caron et al. (2020) point to a generally higher contribution of
carbonate-bearing rocks, this also accounts for most of the IRD samples, which are
continuously recorded throughout the core indicating iceberg calving throughout the entire
Holocene (cf. Caron et al., 2019a). Some of these IRD samples indicate gneissic and basaltic
origin, supporting the assumption of input from both Nares Straits coasts, as well as northern
Greenland, where basaltic rocks occur (e.g. Kalsbeek & Frei, 2006; Thorarinsson et al., 2011).
The three different clusters of isotopic change do not only coincide with lithological changes
(Caron, et al., 2019a; Georgiadis et al., 2018), but coincide with changes in foraminifera
assemblages (Georgiadis et al., 2020) that indicate different oceanographic and climatic
conditions. A glacimarine environment with limited Atlantic water inflow but increased
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meltwater discharge prevailed from ~9-8.3 ka BP (Georgiadis et al., 2020) supporting the local
Inglefield Land input indicated through isotopic composition as the main detrital sediment
source. As glaciers mainly discharge detrital material within 50 to 100 km of their location
(Farmer et al., 2003), the dominant Inglefield Land provenance underlines the assumption that
the gateway for far-travelled detrital sediments via ocean currents through Kennedy Channel
must have still been blocked at that time. After 5.5 ka BP when this connection is clearly open
and modern-like conditions start to gradually establish, Arctic water inflow is recorded by
foraminiferal assemblages (Georgiadis et al., 2020) and enables the detrital sediment transport
from northern sources towards the core location.

5.6. Conclusions
This study supplements the already existing data on gravity core AMD14-Kane2B, a marine
sedimentary archive from Kane Basin, central Nares Strait, recording the deglaciation of the
Greenland and Innuitian Ice Sheets (Caron et al., 2020, 2019a, 2019b; Georgiadis et al., 2020,
2018). The newly produced radiogenic isotope data corroborate the hypothesis of the timing
of the complete re-opening of Nares Strait around 8.3 ka BP (Georgiadis et al., 2018). The
combination of the three radiogenic isotope systems Sr, Nd and Pb enabled the classification of
sediment samples into two main detrital sediment source clusters, an Inglefield Land source
(~8.7-7.5 ka BP) and an Ellesmere Island source (~6.1-1.0 ka BP). A continuous shift towards
increased Ellesmere Island sources can be identified after the complete opening of Nares Strait.
Around 5 ka BP the isotopic composition becomes stable, supporting the establishment of
modern-like sedimentation and oceanic conditions. A possible assumption of the opening of
Nares Strait already having occurred around 9 ka BP seems less likely based on distinct
206Pb/204Pb composition around this time. The isotopic composition around 8.3 ka BP
represents the same isotopic composition as the material deposited during times when the
strait was clearly open. The collapse of the ice saddle in Kennedy Channel at ~8.3 ka BP
enabled material from northern Ellesmere Island to be transported to the core location, as it is
the case for times after the re-opening and during the establishment of the current oceanic
circulation pattern.
The agreement of the isotopic data with independently compiled mineralogical and
geochemical data (Caron et al., 2020) highlights the potential and reliability of radiogenic
isotopes in provenance studies related to ice-sheet dynamics. The study further supports the
conclusion by Caron et al. (2020) regarding the importance of multiproxy studies based on
their potential of comparison with different data types to better understand data and resulting
indications as well as to make better predictions for the future.
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CHAPTER SIX

Conclusions and Outlook

6. Conclusions and Outlook
The aim of this thesis work was to reconstruct changes in detrital sediment provenances along
the west Greenland shelf to gain new insights into Holocene Greenland Ice Sheet dynamics and
ocean current-induced sediment transport. The three manuscripts included in this study
(chapters 3-5) focus on three different research areas: the Labrador Sea and the southwest
Greenland coast, the Upernavik and Melville Bay area along the northwest Greenland coast and
Kane Basin in central Nares Strait, northernmost coast of west Greenland. All five sedimentary
records collected within those three research areas reveal systematic changes in their
radiogenic isotope composition pointing to shifts in detrital sediment provenance connected
to past ice-sheet dynamics. The most obvious shifts were identified to be caused by the
Neoglacial ice-sheet advance in southwestern Greenland (chapter 3), the Vaigat Strait opening
in midwest Greenland (chapter 4) and the Nares Strait re-opening (chapter 5). By combining
records along the entire west Greenland coast overall similarities as well as differences in
detrital sediment delivery onto the west Greenland shelf could be detected.
The main transport pathway of detrital sediments onto the west Greenland shelf are invariably
characterised by local glaciers and ice streams through meltwater discharge and erosion,
identified by the specific isotopic signatures of the corresponding local Greenland bedrock.
Minor contributions but clearly visible variations in distal transported material via the West
Greenland Current can be identified in southern and midwest Greenland while the comparable
sheltered region of northern Melville Bay appears to be exclusively dominated by local erosion
and meltwater discharge. In Kane Basin the proportion of local and distal input changes with
the proposed timing of the re-opening of Nares Strait (Georgiadis et al., 2018), enabling a
southwards flow of Arctic Ocean waters through the strait and transporting material from
former blocked detrital sediment sources.
This study demonstrates the reliability of the application of radiogenic isotopes in provenance
studies with respect to ice-sheet dynamics through their agreement with data from other
studies based on different provenance approaches (Caron et al., 2020; Georgiadis et al., 2018;
Giraudeau et al., 2020). In comparison to the mineralogical composition measured for three of
the five included records, certain conclusions could only been drawn from the radiogenic
isotope composition, but not from the mineralogical composition. The Neoglacial ice advance
in southern Greenland for example cannot be verified by the mineralogical composition, but
only in combination with the radiogenic isotope records. The basalt input marking the opening
of Vaigat Strait and the establishment of the present-day circulation pattern of the West
Greenland Current in the Disko Bay area can also not be identified by the mineralogical
composition alone.
By combining the three isotopic systems Sr, Nd and Pb uncertainties in source region
determination resulting from similar isotopic compositions could be diminished. The
identification of the Archean Block as the main source for detrital sediments onto the
southwestern Greenland shelf was confirmed by the Pb isotopic composition, clearly
differentiating Archean Block-sourced material from material originating from the
Nagssugtoqidian Mobile Belt. This distinction was not obvious from the Sr and Nd isotopic
composition due to overlapping signatures of both source regions. Within the sedimentary
record from Kane Basin a clear distribution of the different sources into sediment clusters as
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well as differentiating the two IRD-rich layers related to the Nares Strait opening was possible
by combining the Sr and Nd data with Pb data.
This thesis work also points out the ‘gaps’ in the application. To identify source regions a solid
knowledge of their isotopic signatures is required, which is the current limiting factor. Stream
sediment data as used in chapter three (Colville et al., 2011; Reyes et al., 2014) sufficiently
function as background values as they have been taken for the purpose of serving as reference
values and represent the signatures and composition of material that is actually eroded and
delivered onto the shelf (cf. Colville et al., 2011, supplement). These kind of data are
comparably sparse and the reason why the available fjord surface sediment data from
northwest Greenland was additionally analysed to compensate for the missing background
data for the Committee-Mobile Belt (chapter 4 - 5). All other data comprise of rock data from
different studies available in literature (Table 8.11). However, these data have been collected
for an entirely different purpose, mainly for specific geological developments (e.g. Kalsbeek et
al., 1998; Kalsbeek & Frei, 2006; Larsen & Pedersen, 2009) and therefore have to be interpreted
with caution as they do not necessarily represent the isotopic signatures actually eroded and
delivered onto the shelf, but the closest analogue. In comparison, the isotopic data of
sedimentary record AMD14-Kane2B (chapter 5) plot closer to the surface sediment data than
the rock data included in the corresponding provenance diagram (Figure 5.3), confirming the
conclusion already drawn by Colville et al. (2011, supplement) that surface and stream
sediments are the closer estimated endmember for isotopic signatures of detrital sediments
delivered into the ocean. However, here it also has to be considered that surface and stream
sediments represent the current erosion pattern and signature and do not compensate for
sources not being available in the past due to variable extents of land-ice cover.
In summary, this study demonstrates the potential of combined Sr, Nd and Pb radiogenic
isotopes in provenances studies and the clear distinction between southern, midwestern and
northern Greenland detrital sediment sources which holds potential for small scale highresolution studies. The consistency with other proxy data supports their reliability but also
highlights the advantages of multiproxy studies for more solid interpretation.
However, to improve the application of radiogenic isotopes in provenance studies with regards
to tracing ice-sheet dynamics, it requires a more detailed database of background data of mid
to northwestern Greenland isotopic ranges.
Based on the conclusions of this study the following ideas and advice for future research are
being proposed:
(1) Extending the data base of available background data with stream and surface sediments
and whole rock samples analysed for the purpose of provenance studies. Especially,
stream and surface sediment data are highly recommended to ensure a complete and
unbiased signal of the local erosion pattern.
(2) Regional high-resolution studies to define whether the observed ice-sheet fluctuations
(Larsen et al., 2015, 2011; Levy et al., 2017) can also be traced by radiogenic isotope
records in order to compensate for geological overprints limiting land-based data.
(3) Generally increase the number of high-resolution provenance studies on a local scale
further documenting possible provenance shifts through ice-sheet dynamics pointing out
regional differences and increasing data on asynchronous development of the Greenland
Ice Sheet.
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With the (south)western Greenland Ice Sheet margin observed to be particularly sensitive to
long-term climate change (Larsen et al., 2014) and its mass loss expected to continue into the
future (e.g. McFarlin et al., 2018) as well as the effect of Arctic Amplification if greenhouse gas
emissions continue to rise (Miller et al., 2010), studies of Holocene climatic changes become
more and more important. The Holocene Thermal Maximum recorded warmer-than-present
temperatures with glaciers and ice-sheet extent smaller than today (Kaufman et al., 2004;
Young & Briner, 2015) and therefore represents the closest analogue to the development of
the Greenland Ice Sheet in a warmer climate. As the current atmospheric warming will not be
counter-balanced by the lingering ice sheets on the north American continent as it was the case
for the Holocene Thermal Maximum (Kaufman et al., 2004), data and insights on past
Greenland Ice Sheet dynamics are extremely crucial for its future development and related
impacts on global climate and ocean circulation patterns and the fate of the Arctic realm
overall.
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APPENDICES

8. Appendices
8.1. Radiogenic Isotope Data
Table 8.1: Radiogenic isotope data of gravity core GeoB19905-1 for dt, dc, bulk fraction and FeMn leaching. All values were automatically corrected for internal fractionation. Pb data was
additionally corrected by a bulk uncertainty of 0.1% per atomic mass unit (Pb corr). εNd values were calculated with CHUR value of 0.512638 (Jacobsen & Wasserburg, 1980).
Sample ID

Sediment Depth [cm]

cal. Age

Isotope Data dt Fraction

Top

Bottom

[ka BP]

87Sr/86Sr

206Pb/204Pb

206Pb/204Pbcorr

207Pb/204Pb

207Pb/204Pbcorr

143Nd/144Nd

εNd

LM #032

50

51

0.22

0.726340±4

15.6417±21

15.66

14.6593±19

14.67

0.510810±7

-35.66

LM #033

150

151

0.72

0.728231±4

15.1890±7

15.20

14.5612±7

14.58

0.510990±7

-32.15

LM #034

290

291

1.83

0.724105±5

15.1835±8

15.20

14.5634±8

14.58

0.511060±6

-30.78

LM #035

320

321

2.13

0.724610±5

15.2376±19

15.25

14.5682±22

14.58

0.511071±4

-30.57

LM #036

370

371

2.70

0.723181±5

15.4639±10

15.48

14.6131±10

14.63

0.511171±7

-28.62

LM #037

410

411

3.16

0.722109±6

15.1156±58

15.13

14.5464±60

14.56

0.511146±8

-29.10

LM #038

460

461

3.75

0.722885±5

15.0705±8

15.09

14.5114±9

14.53

0.511111±7

-29.79

LM #039

500

501

4.24

0.722676±4

15.0119±7

15.03

14.5041±7

14.52

0.511134±4

-29.34

LM #040

580

581

5.19

0.723107±6

14.8985±14

14.91

14.4734±15

14.49

0.511202±12

-28.01

LM #041

610

611

5.56

0.724156±5

15.0802±58

15.10

14.5373±54

14.55

0.511138±7

-29.26

LM #042

680

681

8.11

0.721210±6

14.6237±8

14.64

14.4088±9

14.42

0.511107±5

-29.87

LM #066

700

701

8.33

0.720167±4

14.2951±12

14.31

14.3477±12

14.36

0.511111±8

-29.79

LM #067

710

711

8.44

0.720451±9

14.3855±6

14.40

14.3648±6

14.38

0.511171±6

-28.62

LM #068

720

721

8.53

0.720394±7

14.3840±6

14.40

14.3640±6

14.38

0.511181±9

-28.42

LM #069

730

731

8.62

0.720448±6

14.3092±6

14.32

14.3472±6

14.36

0.511142±5

-29.18

LM #043

820

821

9.48

0.720909±5

14.6462±60

14.66

14.4154±54

14.43

0.511134±6

-29.34

LM #044

920

921

10.45

0.720127±5

14.4547±5

14.47

14.3452±6

14.36

0.511093±7

-30.14

LM #045

1030

1031

11.54

0.723719±5

14.946±6

14.96

14.4413±6

14.46

0.511106±8

-29.88

151

Sample ID

cal. Age

Isotope Data dc Fraction

Top

Bottom

[ka BP]

87Sr/86Sr

LM #032

50

51

0.22

0.726263±5

LM #033

150

151

0.72

0.728463±5

15.3004±6

15.32

14.5733±7

14.59

0.510990±8

-32.15

LM #034

290

291

1.83

0.724188±6

15.2379±23

15.25

14.5706±22

14.59

0.511070±6

-30.59

LM #035

320

321

2.13

0.724506±9

15.2252±15

15.24

14.5554±16

14.57

0.510988±16

-32.19

LM #036

370

371

2.70

0.722612±6

16.0571±7

16.07

14.6799±7

14.69

0.511217±5

-27.72

LM #037

410

411

3.16

0.722000±4

14.9505±16

14.97

14.4822±18

14.50

0.511156±11

-28.91

LM #038

460

461

3.75

0.723049±6

15.1562±28

15.17

14.5341±27

14.55

0.511156±7

-28.91

LM #039

500

501

4.24

0.722578±5

14.9028±11

14.92

14.4748±90

14.49

0.511152±6

-28.99

LM #040

580

581

5.19

0.722799±6

15.0328±45

15.05

14.5117±48

14.53

0.511143±4

-29.16

LM #041

610

611

5.56

0.722853±6

15.0723±46

15.09

14.5471±44

14.56

0.511129±5

-29.44

LM #042

680

681

8.11

0.720330±6

0.511132±4

-29.38

LM #066

700

701

8.33

0.720230±5

LM #067

710

711

8.44

LM #068

720

721

8.53

LM #069

730

731

LM #043

820

LM #044

920

LM #045

1030

Sample ID
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Sediment Depth [cm]

206Pb/204Pb

206Pb/204Pbcorr

207Pb/204Pb

207Pb/204Pbcorr

143Nd/144Nd

εNd

15.6618±37

15.68

14.7001±43

14.71

0.511080±6

-30.39

14.4161±13

14.43

0.720737±8

14.5206±5

0.720725±4

14.3999±10

8.62

0.720624±6

821

9.48

921

10.45

1031

11.54

Sediment Depth [cm]

14.3713±13

14.39

0.511173±5

-28.58

14.54

14.3964±5

14.41

0.511128±8

-29.46

14.41

14.3768±10

14.39

0.511188±6

-28.29

14.4752±6

14.49

14.3929±7

14.41

0.511179±14

-28.46

0.721224±5

14.7905±9

14.81

14.4774±9

14.49

0.511167±11

-28.69

0.720373±5

14.5307±36

14.55

14.4172±46

14.43

0.511057±6

-30.84

0.723924±6

15.0659±50

15.08

14.5142±48

14.53

0.511090±6

-30.20

cal. Age

Isotope Data bulk Fraction

Top

Bottom

[ka BP]

87Sr/86Sr

206Pb/204Pb

206Pb/204Pbcorr

207Pb/204Pb

207Pb/204Pbcorr

143Nd/144Nd

εNd

LM #032

50

51

0.22

0.724063±7

15.9164±12

15.93

14.7201±11

14.73

0.511094±6

-30.12

LM #033

150

151

0.72

0.727388±16

15.8451±58

15.86

14.7557±69

14.77

LM #034

290

291

1.83

0.723148±5

15.8129±23

15.83

14.7291±30

14.74

0.511104±6

-29.92

LM #035

320

321

2.13

0.723674±7

15.6414±6

15.66

14.6296±6

14.64

LM #036

370

371

2.70

0.720962±5

15.9028±55

15.92

14.6636±53

14.68

0.511212±6

-27.82

Sample ID

Sediment Depth [cm]

cal. Age

Isotope Data bulk Fraction

Top

Bottom

[ka BP]

87Sr/86Sr

206Pb/204Pb

206Pb/204Pbcorr

207Pb/204Pb

207Pb/204Pbcorr

LM #037

410

411

3.16

0.721295±7

15.4554±46

15.47

14.6529±56

14.67

LM #038

460

461

3.75

0.719905±6

15.5567±51

15.57

14.6597±55

14.67

LM #039

500

501

4.24

0.717513±5

15.5646±7

15.58

14.6073±7

14.62

LM #040

580

581

5.19

0.716855±6

15.6730±80

15.69

14.6290±80

14.64

LM #041

610

611

5.56

0.717403±7

LM #042

680

681

8.11

0.716906±5

LM #066

700

701

8.33

0.717747±3

14.8928±10

14.91

14.4517±10

LM #067

710

711

8.44

0.717746±4

14.9480±16

14.96

LM #068

720

721

8.53

0.717415±5

15.0014±17

15.02

LM #069

730

731

8.62

0.717260±4

14.8203±13

LM #043

820

821

9.48

0.720914±7

-28.29

0.511155±6

-28.93
-30.02

14.47

0.511058±30

-30.82

14.4695±15

14.48

0.511111±4

-29.79

14.4909±17

14.51

0.511150±5

-29.03

14.84

14.4523±13

14.47

0.511139±8

-29.24

15.1978±9

15.21

14.5136±8

14.53
0.511105±11

-29.90

920

921

10.45

0.720378±6

14.6082±26

14.62

14.4183±34

14.43

1030

1031

11.54

0.723939±5

15.3926±5

15.41

14.5062±6

14.52

Top

0.511188±7

-10000.00

LM #045

Sediment Depth [cm]

εNd

0.511099±8

LM #044

Sample ID

143Nd/144Nd

cal. Age

Isotope Data Leachate

Bottom

[ka BP]

87Sr/86Sr

206Pb/204Pb

206Pb/204Pbcorr

207Pb/204Pb

207Pb/204Pbcorr

143Nd/144Nd

εNd

LM #032

50

51

0.22

0.726708±6

19.4243±317

19.44

15.5882±262

15.60

0.511118±14

-29.65

LM #033

150

151

0.72

0.726752±4

20.2640±130

20.28

15.5413±95

15.56

0.510813±73

-35.60

LM #034

290

291

1.83

0.724097±12

20.7440±200

20.76

15.612±153

15.63

0.511140±16

-29.22

LM #035

320

321

2.13

0.725932±5

20.4760±91

20.50

15.5381±66

15.55

LM #036

370

371

2.70

0.722154±6

20.2885±89

20.31

15.4808±68

15.50

0.511238±16

-27.31

LM #037

410

411

3.16

0.727382±8

20.1166±614

20.14

15.5012±478

15.52

0.511187±26

-28.30

LM #038

460

461

3.75

0.720305±6

20.3745±141

20.39

15.5021±110

15.52

0.511377±40

-24.60

LM #039

500

501

4.24

0.719832±8

20.0745±209

20.09

15.4418±162

15.46

0.511216±21

-27.74

LM #040

580

581

5.19

0.717044±6

20.4233±115

20.44

15.5340±93

15.55

0.511247±12

-27.13

LM #041

610

611

5.56

0.720403±4

20.2088±89

20.23

15.4764±72

15.49

0.511038±34

-31.21

153

Sample ID

Sediment Depth [cm]

cal. Age

Isotope Data Leachate

Top

Bottom

[ka BP]

87Sr/86Sr

206Pb/204Pb

206Pb/204Pbcorr

207Pb/204Pb

207Pb/204Pbcorr

143Nd/144Nd

εNd

LM #042

680

681

8.11

0.717992±7

20.0556±234

20.08

15.4744±179

15.49

0.511124±56

-29.53

LM #043

820

821

9.48

0.737451±5

21.0136±72

21.03

15.5457±52

15.56

0.511125±26

-29.51

LM #044

920

921

10.45

0.742222±19

20.9836±50

21.00

15.4748±35

15.49

0.511057±50

-30.84

LM #045

1030

1031

11.54

0.742438±6

20.4478±193

20.47

15.3711±146

15.39

0.511072±10

-30.55

Table 8.2: Radiogenic isotope data of gravity core GeoB19927-3 for dt, dc, bulk fraction and FeMn leaching. All values were automatically corrected for internal fractionation. Pb data was
additionally corrected by a bulk uncertainty of 0.1% per atomic mass unit (Pb corr). εNd values were calculated with CHUR value of 0.512638 (Jacobsen & Wasserburg, 1980).
Sample ID
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Sediment Depth [cm]

cal. Age

Isotope Data dt Fraction

Top

Bottom

[ka BP]

87Sr/86Sr

206Pb/204Pb

206Pb/204Pbcorr

207Pb/204Pb

207Pb/204Pbcorr

143Nd/144Nd

εNd

LM #001

0

1

-0.05

0.745559±3

19.1048±10

19.12

15.5013±10

15.52

0.511348±6

-25.16

LM #019

18

19

0.51

0.745312±6

18.9836±38

19.00

15.4732±31

15.49

0.511341±3

-25.30

LM #011

50

51

1.25

0.743858±5

19.3862±79

19.41

15.5756±73

15.59

0.511539±76

-21.44

LM #002

100

101

1.86

0.743121±4

19.0174±16

19.04

15.4929±18

15.51

0.511374±8

-24.66

LM #012

150

151

2.46

0.742956±6

19.1504±7

19.17

15.4714±5

15.49

0.511367±13

-24.79

LM #003

200

201

3.02

0.742853±4

19.0234±4

19.04

15.4613±2

15.48

0.511370±5

-24.73

LM #013

250

251

3.45

0.741789±5

19.1139±6

19.13

15.4656±5

15.48

0.511388±6

-24.38

LM #004

300

301

3.87

0.744111±5

18.9642±6

18.98

15.4560±6

15.47

0.511340±6

-25.32

LM #014

350

351

4.29

0.745802±8

19.1443±8

19.16

15.4847±7

15.50

0.511354±4

-25.05

LM #005

400

401

4.72

0.74596±4

18.9596±4

18.98

15.4658±4

15.48

0.511336±6

-25.40

LM #006

500

501

5.48

0.748032±5

18.9543±10

18.97

15.4626±10

15.48

0.511301±10

-26.08

LM #007

600

601

6.18

0.752440±7

18.8353±6

18.85

15.4669±5

15.48

0.511264±12

-26.80

LM #008

700

701

7.14

0.755882±2

18.8445±6

18.86

15.4641±6

15.48

0.511242±4

-27.23

LM #009

800

801

8.01

0.762797±6

18.7286±47

18.75

15.4981±40

15.51

0.511213±6

-27.80

LM #015

850

851

8.35

0.766294±5

18.6455±6

18.66

15.4864±5

15.50

0.511225±6

-27.56

LM #010

900

901

8.69

0.75613±6

18.8626±6

18.88

15.4929±6

15.51

0.511287±8

-26.35

LM #016

950

951

9.03

0.761031±7

19.0285±27

19.05

15.5451±22

15.56

0.511255±23

-26.98

Sample ID

Sediment Depth [cm]

cal. Age

Isotope Data dt Fraction

Top

Bottom

[ka BP]

87Sr/86Sr

LM #017

1000

1001

9.37

0.764051±5

LM #018

1050

1051

9.73

Sample ID

0.766715±5

206Pb/204Pb

206Pb/204Pbcorr

207Pb/204Pb

207Pb/204Pbcorr

143Nd/144Nd

εNd

18.9427±5

18.96

15.4959±4

15.51

0.511215±21

-27.76

18.1372±5

18.16

15.4075±4

15.42

0.511176±8

-28.52

143Nd/144Nd

εNd

Sediment Depth [cm]

cal. Age

Isotope Data dc Fraction

Top

Bottom

[ka BP]

87Sr/86Sr

206Pb/204Pb

206Pb/204Pbcorr

207Pb/204Pb

207Pb/204Pbcorr

LM #001

0

1

-0.05

0.744676±4

19.1518±34

19.17

15.5160±28

15.53

LM #019

18

19

0.51

0.743851±6

19.0850±12

19.10

15.4976±11

15.51

0.510944±5

-33.04

LM #011

50

51

1.25

0.743169±5

19.3780±70

19.40

15.5141±6

15.53

0.511371±14

-24.72

LM #002

100

101

1.86

0.742377±6

19.0134±42

19.03

15.4696±34

15.49

LM #012

150

151

2.46

0.742384±5

19.2503±6

19.27

15.4884±5

15.50

0.511276±47

-26.57

LM #003

200

201

3.02

0.741794±5

19.0348±40

19.05

15.4918±34

15.51

LM #013

250

251

3.45

0.741291±7

19.2077±7

19.23

15.4649±6

15.48

0.511417±12

-23.82

LM #004

300

301

3.87

0.743286±4

19.0539±66

19.07

15.5247±54

15.54

LM #014

350

351

4.29

0.745119±6

19.2251±12

19.24

15.4940±11

15.51

0.511332±29

-25.48

LM #005

400

401

4.72

0.744673±6

18.9934±24

19.01

15.5167±20

15.53

LM #006

500

501

5.48

0.747764±5

19.0614±18

19.08

15.4806±16

15.50

0.511279±13

-26.51

LM #007

600

601

6.18

0.751878±4

18.8775±12

18.90

15.4582±10

15.47

LM #008

700

701

7.14

0.755372±34

18.8956±13

18.91

15.4700±11

15.49

LM #009

800

801

8.01

0.763492±3

18.8181±6

18.84

15.4763±6

15.49

LM #015

850

851

8.35

0.765488±5

18.7448±6

18.76

15.4716±5

15.49

0.511226±10

-27.54

LM #010

900

901

8.69

0.756076±7

18.9427±6

18.96

15.4875±6

15.50

LM #016

950

951

9.03

0.760701±6

19.1138±8

19.13

15.5290±8

15.54

0.511278±5

-26.53

LM #017

1000

1001

9.37

0.763954±6

19.1261±10

19.15

15.5665±9

15.58

0.511255±70

-26.98

LM #018

1050

1051

9.73

0.766584±6

18.3664±46

18.38

15.4683±51

15.48

0.511162±10

-28.79
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Sample ID

Sediment Depth [cm]
Top

Isotope Data bulk Fraction

Bottom

[ka BP]

87Sr/86Sr

206Pb/204Pb

206Pb/204Pbcorr

207Pb/204Pb

207Pb/204Pbcorr

143Nd/144Nd

εNd

0.511362±5

-24.89

LM #001

0

1

-0.05

0.739209±4

19.5855±8

19.61

15.5558±7

15.52

LM #019

18

19

0.51

0.739672±5

19.6459±20

19.67

15.5681±16

15.58

LM #011

50

51

1.25

0.739117±8

19.5649±7

19.58

15.5320±7

15.59

0.511477±39

-22.65

LM #002

100

101

1.86

0.737976±4

19.4578±11

19.48

15.5269±8

15.51

0.511377±4

-24.60

LM #012

150

151

2.46

0.738232±5

19.4080±12

19.43

15.5087±10

15.49

0.511388±8

-24.38

LM #003

200

201

3.02

0.737688±4

19.5144±10

19.53

15.5610±9

15.48

0.511373±5

-24.68

LM #013

250

251

3.45

0.737694±5

19.4118±172

19.43

15.5186±130

15.48

0.51141±21

-23.95

LM #004

300

301

3.87

0.739240±5

19.4532±15

19.47

15.5285±14

15.47

0.511347±3

-25.18

LM #014

350

351

4.29

0.741375±7

19.4263±9

19.45

15.5263±7

15.50

0.511257±27

-26.94

LM #005

400

401

4.72

0.740693±6

19.5071±11

19.53

15.5382±11

15.48

0.511341±5

-25.30

LM #006

500

501

5.48

0.743324±5

19.4547±80

19.47

15.5809±64

15.48

0.511299±6

-26.12

LM #007

600

601

6.18

0.747083±5

19.3958±9

19.42

15.5358±8

15.48

0.511266±5

-26.76

LM #008

700

701

7.14

0.749823±6

19.5112±20

19.53

15.549±16

15.48

0.511247±6

-27.13

LM #009

800

801

8.01

0.756492±6

19.3074±8

19.33

15.5358±7

15.51

0.511208±6

-27.89

LM #015

850

851

8.35

0.758493±27

19.1495±7

19.17

15.5226±6

15.50

0.511241±6

-27.25

LM #010

900

901

8.69

0.750835±6

19.5881±38

19.61

15.5639±30

15.51

0.511291±7

-26.28

LM #016

950

951

9.03

0.756465±8

19.5491±8

19.57

15.5689±6

15.56

0.511276±8

-26.57

LM #017

1000

1001

9.37

0.758329±5

19.48

15.5596±6

15.51

0.511264±22

-26.80

LM #018

1050

1051

9.73

0.765220±5

19.4627±8
18.8818±52

18.90

15.5258±41

15.42

0.511257±41

-26.94

206Pb/204Pb

206Pb/204Pbcorr

207Pb/204Pb

207Pb/204Pbcorr

143Nd/144Nd

εNd

Sample ID
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cal. Age

Sediment Depth [cm]

cal. Age

Isotope Data Leachate

Top

Bottom

[ka BP]

87Sr/86Sr

LM #001

0

1

-0.05

0.712190±4

21.7255±50

21.75

15.8350±36

15.85

0.511470±7

-22.78

LM #019

18

19

0.51

0.713552±8

22.3592±14

22.38

15.8800±11

15.90

0.511840±30

-15.57

LM #011

50

51

1.25

0.711774±6

22.1998±18

22.22

15.8568±13

15.87

0.511516±6

-21.89

LM #002

100

101

1.86

0.710912±3

21.8619±77

21.88

15.8316±55

15.85

Sample ID

Sediment Depth [cm]

cal. Age

Isotope Data Leachate

Top

Bottom

[ka BP]

87Sr/86Sr

206Pb/204Pb

206Pb/204Pbcorr

207Pb/204Pb

207Pb/204Pbcorr

143Nd/144Nd

εNd

LM #012

150

151

2.46

0.711104±5

22.0915±29

22.11

15.8317±21

15.85

0.511528±8

-21.65

LM #003

200

201

3.02

0.711223±6

22.1591±74

22.18

15.8477±53

15.86

0.511503±8

-22.14

LM #013

250

251

3.45

0.711339±4

0.511543±7

-21.36

LM #004

300

301

3.87

0.710729±5

22.0817±127

22.10

15.8293±95

15.85

0.511473±6

-22.73

LM #014

350

351

4.29

0.711231±9

22.0939±88

22.12

15.8728±63

15.89

0.511514±7

-21.93

LM #005

400

401

4.72

0.710987±4

22.1202±76

22.14

15.8363±54

15.85

0.511474±5

-22.71

LM #006

500

501

5.48

0.712138±5

22.2233±30

22.25

15.8618±21

15.88

0.511428±4

-23.60

LM #007

600

601

6.18

0.712915±5

22.3466±119

22.37

15.8625±85

15.88

0.511422±13

-23.72

LM #008

700

701

7.14

0.714735±6

22.5030±245

22.53

15.9017±175

15.92

0.511419±13

-23.78

LM #009

800

801

8.01

0.712745±5

22.5087±89

22.53

15.9338±62

15.95

0.511357±11

-24.99

LM #015

850

851

8.35

0.716964±5

22.2669±12

22.29

15.9188±10

15.93

0.511382±6

-24.50

LM #010

900

901

8.69

0.723719±5

22.3403±211

22.36

15.9004±152

15.92

0.511386±6

-24.42

LM #016

950

951

9.03

0.715448±5

22.2868±13

22.31

15.9177±10

15.93

0.511391±7

-24.33

LM #017

1000

1001

9.37

0.716201±4

22.4358±17

22.46

15.9366±12

15.95

0.511389±7

-24.36

LM #018

1050

1051

9.73

0.720072±6

22.1955±38

22.22

15.9239±27

15.94

0.511287±8

-26.35

Table 8.3: Radiogenic isotope data of box core GeoB199265-2A for dt, dc, and bulk fraction. All values were automatically corrected for internal fractionation. Pb data was additionally
corrected by a bulk uncertainty of 0.1% per atomic mass unit (Pbcorr). εNd values were calculated with CHUR value of 0.512638 (Jacobsen & Wasserburg, 1980).
Sample ID

Sediment Depth [cm]

Isotope Data dt Fraction

Top

Bottom

87Sr/86Sr

206Pb/204Pb

206Pb/204Pbcorr

207Pb/204Pb

207Pb/204Pbcorr

143Nd/144Nd

εNd

LM #061

1

3

0.773199±4

18.1088±8

18.13

15.4356±7

15.45

0.510911±17

-33.69

LM #062

30

32

0.777440±7

18.2645±9

18.28

15.4544±8

15.47

0.510904±7

-33.83

LM #063

61

63

0.774694±5

18.0903±19

18.11

15.435±16

15.45

0.510893±7

-34.04
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Sample ID

Sediment Depth [cm]
Top

Isotope Data dc Fraction

Bottom

87Sr/86Sr

206Pb/204Pb

206Pb/204Pbcorr

207Pb/204Pb

207Pb/204Pbcorr

143Nd/144Nd

εNd

LM #046

6

7

0.772418±6

18.1226±10

18.14

15.4378±90

15.45

0.510924±13

-33.43

LM #047

28

29

0.780308±9

18.4618±8

18.48

15.4776±6

15.49

0.510912±6

-33.67

LM #048

37

38

0.774363±6

18.1705±10

18.19

15.4415±9

15.46

Sample ID

Sediment Depth [cm]

Isotope Data bulk Fraction

Top

Bottom

87Sr/86Sr

206Pb/204Pb

206Pb/204Pbcorr

207Pb/204Pb

207Pb/204Pbcorr

143Nd/144Nd

εNd

LM #046

6

7

0.772439±11

18.7845±10

18.80

15.5155±8

15.53

0.510910±8

-33.71

LM #047

28

29

0.778086±5

19.0131±12

19.03

15.5387±10

15.55

0.510915±3

-33.61

LM #048

37

38

0.775649±6

18.9765±10

19.00

15.5422±8

15.56

0.510881±3

-34.27

Table 8.4: Radiogenic isotope data of gravity core GeoB19946-4 for dt, dc, bulk fraction and FeMn leaching. All values were automatically corrected for internal fractionation. Pb data was
additionally corrected by a bulk uncertainty of 0.1% per atomic mass unit (Pbcorr). εNd values were calculated with CHUR value of 0.512638 (Jacobsen & Wasserburg, 1980).
Sample ID
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Sediment Depth [cm]

cal. Age

Isotope Data dt Fraction

Top

Bottom

[ka BP]

87Sr/86Sr

206Pb/204Pb

206Pb/204Pbcorr

207Pb/204Pb

207Pb/204Pbcorr

143Nd/144Nd

εNd

LM #020

6

7

2.02

0.746856±5

18.3853±7

18.40

15.4253±5

15.44

0.510917±4

-33.57

LM #064

28

29

3.00

0.745883±5

18.1554±8

18.17

15.3994±8

15.41

0.510964±8

-32.65

LM #021

37

38

3.40

0.746459±6

18.1134±13

18.13

15.3951±16

15.41

0.511148±5

-29.07

LM #065

49

50

3.93

0.747385±17

18.4085±8

18.43

15.4320±7

15.45

0.511002±3

-31.91

LM #022

68

69

4.78

0.747093±5

18.2248±9

18.24

15.4060±7

15.42

0.510950±8

-32.93

LM #023

92

93

5.45

0.748852±7

18.4123±9

18.43

15.4294±8

15.44

0.510948±4

-32.97

LM #024

116

117

5.99

0.748625±4

18.3760±6

18.39

15.4281±5

15.44

0.510942±4

-33.08

LM #025

223

224

7.64

0.747062±7

18.1078±110

18.13

15.4960±130

15.51

0.510863±4

-34.62

LM #026

291

292

8.48

0.748861±5

18.2405±6

18.26

15.3999±5

15.42

0.510912±4

-33.67

LM #027

400

401

9.06

0.754656±6

18.4357±19

18.45

15.4768±21

15.49

0.510836±4

-35.15

LM #028

517

518

9.12

0.751992±7

18.2552±5

18.27

15.4299±4

15.45

0.510827±4

-35.33

Sample ID

Sediment Depth [cm]

cal. Age

Isotope Data dt Fraction

Top

Bottom

[ka BP]

87Sr/86Sr

LM #058

600

601

9.17

0.757818±6

LM #059

750

751

9.57

0.738014±4

17.2738±6

17.29

15.2591±6

15.27

0.510937±13

-33.18

LM #029

909

910

10.15

0.730072±13

16.8445±27

16.86

15.1880±24

15.20

0.510934±5

-33.24

LM #060

1000

1001

10.49

0.728444±4

16.1493±8

16.17

15.0927±7

15.11

0.510936±5

-33.20

LM #030

1101

1102

10.76

0.751269±4

18.4259±7

18.44

15.4427±7

15.46

0.510810±7

-35.66

LM #031

1278

1279

10.89

0.751046±6

18.4914±9

18.51

15.4348±8

15.45

0.510811±4

-35.64

143Nd/144Nd

εNd

Sample ID

206Pb/204Pb

206Pb/204Pbcorr

207Pb/204Pb

207Pb/204Pbcorr

143Nd/144Nd

εNd

18.7703±10

18.79

15.5004±8

15.52

0.510855±9

-34.78

Sediment Depth [cm]

cal. Age

Isotope Data dc Fraction

Top

Bottom

[ka BP]

87Sr/86Sr

206Pb/204Pb

206Pb/204Pbcorr

207Pb/204Pb

207Pb/204Pbcorr

LM #020

6

7

2.02

0.746569±7

18.3931±31

18.41

15.4333±25

15.45

0.510930±3

-33.32

LM #064

28

29

3.00

0.745936±7

18.2623±8

18.28

15.4106±8

15.43

0.511007±24

-31.82

LM #021

37

38

3.40

0.745680±7

18.2458±45

18.26

15.4509±57

15.47

0.510944±5

-33.04

LM #065

49

50

3.93

0.747611±5

18.5121±7

18.53

15.4372±6

15.45

0.510965±6

-32.64

LM #022

68

69

4.78

0.745680±6

18.2879±7

18.31

15.4093±6

15.42

0.510958±3

-32.77

LM #023

92

93

5.45

0.748227±5

18.4884±24

18.51

15.4723±23

15.49

0.510949±4

-32.95

LM #024

116

117

5.99

0.748745±8

18.5300±69

18.55

15.4978±75

15.51

0.510926±9

-33.40

LM #025

223

224

7.64

0.747148±6

18.1844±18

18.20

15.4251±22

15.44

0.510852±3

-34.84

LM #026

291

292

8.48

18.2786±22

18.30

15.4098±22

15.43

0.510915±3

-33.61

LM #027

400

401

9.06

0.755142±6

18.6271±20

18.65

15.5212±23

15.54

0.510807±24

-35.72

LM #028

517

518

9.12

0.752899±7

18.4261±15

18.44

15.4421±15

15.46

0.510814±5

-35.58

LM #058

600

601

9.17

0.757768±5

18.8358±9

18.85

15.5118±8

15.53

0.510818±7

-35.50

LM #059

750

751

9.57

0.738303±5

17.2680±13

17.29

15.2387±11

15.25

0.510954±8

-32.85

LM #029

909

910

10.15

0.728503±5

16.6317±20

16.65

15.1628±21

15.18

0.510849±4

-34.90

LM #060

1000

1001

10.49

0.728439±4

15.7384±7

15.75

15.0022±7

15.02

0.510888±6

-34.14

LM #030

1101

1102

10.76

0.750045±8

18.1383±18

18.16

15.4242±19

15.44

0.510813±3

-35.60

LM #031

1278

1279

10.89

0.751872±6

18.5088±14

18.53

15.4485±15

15.46

0.510822±18

-35.42
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Sample ID

cal. Age

Isotope Data bulk Fraction

Top

Bottom

[ka BP]

87Sr/86Sr

LM #020

6

7

2.02

0.744919±5

19.3533±23

19.37

15.5973±24

15.61

LM #064

28

29

3.00

0.744633±6

19.2832±12

19.30

15.5332±10

15.55

LM #021

37

38

3.40

0.744013±7

19.1117±14

19.13

15.5411±15

15.56

LM #065

49

50

3.93

0.745683±5

19.3444±7

19.36

15.5443±6

15.56

LM #022

68

69

4.78

0.745198±7

19.2528±44

19.27

15.6158±46

15.63

LM #023

92

93

5.45

0.747292±11

19.4670±9

19.49

15.5592±10

15.57

LM #024

116

117

5.99

0.746384±6

19.4493±33

19.47

15.6098±36

15.63

LM #025

223

224

7.64

0.746776±5

19.2131±39

19.23

15.5835±33

15.60

LM #026

291

292

8.48

0.747442±5

19.4208±10

19.44

15.5815±8

15.60

LM #027

400

401

9.06

0.754744±8

19.6821±88

19.70

15.6713±74

15.69

LM #028

517

518

9.12

0.752197±6

19.3317±24

19.35

15.5328±19

15.55

LM #058

600

601

9.17

0.757252±5

19.7671±9

19.79

15.6223±9

LM #059

750

751

9.57

0.740666±5

18.5095±12

18.53

LM #029

909

910

10.15

0.728887±5

17.1048±44

17.12

LM #060

1000

1001

10.49

0.727729±7

16.4804±9

LM #030

1101

1102

10.76

0.749321±7

LM #031

1278

1279

10.89

0.750680±5

Sample ID

160

Sediment Depth [cm]

206Pb/204Pb

206Pb/204Pbcorr

207Pb/204Pb

207Pb/204Pbcorr

143Nd/144Nd

εNd

0.510965±11

-32.64

0.510968±9

-32.58

15.64

0.510819±7

-35.48

15.4231±10

15.44

0.510894±5

-34.02

15.2508±39

15.27

16.50

15.1333±8

15.15

0.510836±6

-35.15

19.0980±12

19.12

15.5009±10

15.52

19.4253±37

19.44

15.6235±38

15.64

143Nd/144Nd

εNd

Sediment Depth [cm]

cal. Age

Isotope Data Leachate

Top

Bottom

[ka BP]

87Sr/86Sr

206Pb/204Pb

206Pb/204Pbcorr

207Pb/204Pb

207Pb/204Pbcorr

LM #020

6

7

2.02

0.720577±11

24.0964±22

24.12

16.1106±15

16.13

0.510987±6

-32.21

LM #021

37

38

3.40

0.723054±8

23.7554±21

23.78

16.0631±14

16.08

0.511062±10

-30.74

LM #022

68

69

4.78

0.722231±6

23.8020±16

23.83

16.0803±10

16.10

0.511067±5

-30.65

LM #023

92

93

5.45

0.723364±15

23.7744±56

23.80

16.0665±38

16.08

0.511079±5

-30.41

LM #024

116

117

5.99

0.726567±6

23.8627±15

23.89

16.0844±10

16.10

0.511054±7

-30.90

LM #025

223

224

7.64

0.743083±11

24.5383±39

24.56

16.1831±25

16.20

0.510797±7

-35.91

Sample ID

Sediment Depth [cm]

cal. Age

Isotope Data Leachate
87Sr/86Sr

206Pb/204Pb

206Pb/204Pbcorr

Top

Bottom

[ka BP]

207Pb/204Pb

207Pb/204Pbcorr

143Nd/144Nd

εNd

LM #026

291

292

8.48

0.73296±45

24.0762±40

24.10

16.1387±27

16.15

0.510950±5

-32.93

LM #027

400

401

9.06

0.751981±11

26.1281±23

26.15

16.2721±15

16.29

0.510762±7

-36.60

LM #028

517

518

9.12

0.752546±9

25.0788±32

25.10

16.2712±21

16.29

0.510785±8

-36.15

LM #029

909

910

10.15

0.753286±12

24.6379±185

24.66

16.1673±119

16.18

0.510721±135

-37.39

LM #030

1101

1102

10.76

0.757578±5

25.4666±227

25.49

16.2757±144

16.29

0.510815±6

-35.56

LM #031

1278

1279

10.89

0.764360±11

0.510733±13

-37.16

Table 8.5: Radiogenic isotope data of gravity core AMD14-Kane2B for dt, dc, and bulk fraction. All values were automatically corrected for internal fractionation. Pb data was additionally
corrected by a bulk uncertainty of 0.1% per atomic mass unit (Pbcorr). εNd values were calculated with CHUR value of 0.512638 (Jacobsen & Wasserburg, 1980).
Sample ID

Sediment Depth [cm]

cal. Age

Isotope Data dt Fraction

Top

Bottom

[ka BP]

87Sr/86Sr

206Pb/204Pb

206Pb/204Pbcorr

207Pb/204Pb

207Pb/204Pbcorr

143Nd/144Nd

εNd

LM #046

20

21

0.99

0.723919±6

18.2321±10

18.25

15.4428±8

15.46

0.511954±5

-13.34

LM #047

60

61

2.65

0.723648±9

18.2316±7

18.25

15.4328±7

15.45

0.511982±7

-12.80

LM #048

100

101

3.68

0.725033±7

18.2518±12

18.27

15.4358±11

15.45

0.511921±7

-13.99

LM #049

140

141

4.48

0.725441±6

18.2576±8

18.28

15.4500±9

15.47

0.511886±4

-14.67

LM #050

204

205

6.11

0.727661±7

18.1949±7

18.21

15.4297±6

15.45

0.511783±6

-16.68

LM #051

252

253

7.51

0.728296±7

17.9679±9

17.99

15.4066±8

15.42

0.511649±7

-19.29

LM #052

276

277

8.00

0.729787±6

17.7593±9

17.78

15.3938±8

15.41

0.511503±7

-22.14

LM #053

292

293

8.22

0.733694±6

17.8154±8

17.83

15.3814±8

15.40

0.511353±8

-25.07

LM #054

316

317

8.30

0.725613±5

18.3102±6

18.33

15.4497±6

15.47

0.511889±7

-14.61

LM #055

332

333

8.44

0.734424±10

17.8588±11

17.88

15.3871±9

15.40

0.511329±7

-25.53

LM #056

356

357

8.70

0.736485±5

17.9431±10

17.96

15.3909±10

15.41

0.511914±8

-14.12

LM #057

388

389

8.93

0.725260±5

18.5249±8

18.54

15.4745±7

15.49

0.511949±6

-13.44
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Sample ID

Sediment Depth [cm]
Top

Isotope Data dc Fraction

Bottom

[ka BP]

87Sr/86Sr

206Pb/204Pb

206Pb/204Pbcorr

207Pb/204Pb

207Pb/204Pbcorr

143Nd/144Nd

εNd

LM #046

6

7

0.99

0.723153±4

18.2416±8

18.26

15.4417±6

15.46

0.511949±20

-13.44

LM #047

28

29

2.65

0.723374±4

18.2623±10

18.28

15.4454±8

15.46

0.511937±7

-13.67

LM #048

37

38

3.68

18.3441±9

18.36

15.4500±8

15.47

0.511930±10

-13.81

LM #049

49

50

4.48

0.724667±5

18.2904±30

18.31

15.4444±25

15.46

0.511899±21

-14.42

LM #050

68

69

6.11

0.726877±6

18.2268±27

18.25

15.4388±22

15.45

0.511814±11

-16.07

LM #051

92

93

7.51

0.727927±6

17.9586±17

17.98

15.4101±14

15.43

0.511679±15

-18.71

LM #052

116

117

8.00

0.735891±5

17.8259±12

17.84

15.3888±11

15.40

0.511490±9

-22.39

LM #053

223

224

8.22

0.733655±5

17.8935±11

17.91

15.3971±10

15.41

0.511332±9

-25.48

LM #054

291

292

8.30

0.733858±5

18.1934±11

18.21

15.4342±9

15.45

0.511948±11

-13.46

LM #055

400

401

8.44

0.722999±6

17.8483±11

17.87

15.3925±11

15.41

0.511284±11

-26.41

LM #056

517

518

8.70

0.729758±4

17.9877±8

18.01

15.3990±7

15.41

0.511206±30

-27.93

LM #057

600

601

8.93

0.724163±5

18.5166±15

18.54

15.4803±12

15.50

0.511970±7

-13.03

206Pb/204Pb

206Pb/204Pbcorr

207Pb/204Pb

207Pb/204Pbcorr

143Nd/144Nd

εNd

18.4819±12

18.50

15.4827±9

15.50

0.511994±6

-12.56

Sample ID

162

cal. Age

Sediment Depth [cm]

cal. Age

Isotope Data bulk Fraction

Top

Bottom

[ka BP]

87Sr/86Sr

LM #046

6

7

0.99

0.718935±5

LM #047

28

29

2.65

0.719696±5

18.5580±9

18.58

15.4777±8

15.49

0.511962±8

-13.19

LM #048

37

38

3.68

0.719770±7

18.5305±12

18.55

15.4790±10

15.49

0.511911±4

-14.18

LM #049

49

50

4.48

0.719104±5

18.5017±8

18.52

15.4692±8

15.48

0.511892±22

-14.55

LM #050

68

69

6.11

0.720681±6

18.5747±12

18.59

15.4807±11

15.50

0.511806±7

-16.23

LM #051

92

93

7.51

0.720768±9

18.5377±16

18.56

15.4803±13

15.50

0.511691±13

-18.47

LM #052

116

117

8.00

0.723324±6

18.3858±9

18.40

15.4525±7

15.47

0.511502±4

-22.16

LM #053

223

224

8.22

0.727517±5

18.5815±9

18.60

15.4707±9

15.49

0.511346±51

-25.20

LM #054

291

292

8.30

0.717436±6

18.4025±13

18.42

15.4598±12

15.48

0.511954±6

-13.34

LM #055

400

401

8.44

0.734891±10

18.4710±22

18.49

15.4690±18

15.48

0.511255±9

-26.98

LM #056

517

518

8.70

0.728056±6

18.5380±14

18.56

15.4638±11

15.48

0.511307±10

-25.96

Sample ID

Sediment Depth [cm]

LM #057

cal. Age

Isotope Data bulk Fraction

Top

Bottom

[ka BP]

87Sr/86Sr

600

601

8.93

0.715823±7

206Pb/204Pb

206Pb/204Pbcorr

207Pb/204Pb

207Pb/204Pbcorr

143Nd/144Nd

εNd

18.5780±15

18.60

15.4930±13

15.51

0.512001±7

-12.43

8.2. Mineralogical Data (XRD)
Table 8.6: Mineralogical composition of gravity core GeoB19905-1. Data underlies an estimated uncertainty of ~2%.
Sample ID

Sediment Depth [cm]

cal. Age

Mineral Content [%]

Top

Bottom

[ka BP]

Quartz

Albite

Microcline

Hornblende

Pyroxene

Biotite

Clinochlore

Pyrite

Ilmenite

Calcite

Dolomite

LM #033

40

41

0.17

43.5

29.4

5.1

7.1

0.0

10.6

1.7

1.5

0.0

1.1

0.0

LM #036

150

151

0.72

52.7

29.6

4.7

2.8

0.0

4.7

1.9

1.8

0.0

1.6

0.2

LM #037

160

161

0.79

35.7

27.4

5.7

9.1

0.0

15.7

1.7

1.4

0.0

2.3

1.0

LM #038

300

301

1.93

47.2

28.8

4.8

8.4

0.0

6.5

1.6

1.7

0.0

1

0.0

LM #040

330

331

2.24

33.9

32.9

4.1

14.2

0.0

7.1

1.4

1.8

0.0

4.6

0.0

LM #041

360

361

2.58

32.9

30.1

7.1

5.2

0.0

14.8

2.1

1.7

0.0

6.1

0.0

LM #042

370

371

2.70

39.1

32.2

9.1

9

0.0

3.4

3.3

2.0

0.0

1.9

0.0

LM #043

400

401

3.04

38.4

37.3

4.4

5.2

0.0

5.5

2

1.6

0.0

5.6

0.0

LM #044

410

411

3.16

58.2

10.9

11.7

6

0.0

7.6

2.2

1.9

0.0

1.5

0.0

LM #045

460

461

3.75

39.1

14.8

10.4

8.4

0.0

5.6

3.1

1.8

0.0

16.8

0.0

LM #066

470

471

3.87

41.8

30.4

4.6

7.1

1.3

4.2

1.6

1.8

0.0

7.2

0.0

LM #067

510

511

4.36

38.9

33.9

4.5

7.2

1.1

4.1

1.5

1.7

0.0

7.1

0.0

LM #068

580

581

5.19

36.7

20.4

5.1

6.8

0.0

5

2.1

3.6

0.0

20.3

0.0

LM #069

590

591

5.31

31.9

25.5

3.4

12.7

0.0

4.1

1.7

1.5

0.0

17

2.2

LM #070

610

611

5.56

41.4

20.5

5.3

6.9

0.0

5.3

2.6

1.4

0.9

15.7

0.0

LM #071

670

671

7.97

34.8

32.2

4.8

14.4

0.0

2.6

1.4

1.4

0.0

8.4

0.0

LM #072

680

681

8.11

40.1

26.9

5.2

10.6

0.0

5.3

2.1

1.9

0.0

7.9

0.0
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Sample ID

Sediment Depth [cm]

cal. Age

Mineral Content [%]

Top

Bottom

[ka BP]

Quartz

Albite

Microcline

Hornblende

Pyroxene

Biotite

Clinochlore

Pyrite

Ilmenite

Calcite

Dolomite

LM #073

700

701

8.33

44.2

23.6

4.6

11.4

0.0

4.9

1.3

1.7

0.0

7.3

1.0

LM #074

710

711

8.44

43.4

27.1

4.4

6.9

1.5

3.5

1.5

1.9

0.0

9.8

0.0

LM #075

720

721

8.53

40.4

29.3

5.3

8.3

0.0

4.2

1.8

1.8

0.0

8.9

0.0

LM #076

730

731

8.62

43.2

26.2

5.5

11.5

0.0

4.3

1.2

1.4

0.0

6.7

0.0

LM #077

820

821

9.48

42.4

34.3

6.6

5.4

0.0

5.8

2.1

1.9

0.0

1.5

0.0

LM #078

920

921

10.45

43.5

28.8

4.4

11.7

0.0

8.1

1.3

1.6

0.0

0.6

0.0

1030

1031

11.54

41.8

29.2

5.1

12.5

1.4

5.4

2.1

1.6

0.0

0.9

0.0

LM #087

Table 8.7: Mineralogical composition of gravity core GeoB19927-3. Data underlies an estimated uncertainty of ~2%.
Sample ID

Sediment Depth [cm]
Top

LM #001

cal. Age

Mineral Content [%]

Bottom

[ka BP]

Quartz

Albite

Microcline

Hornblende

Augite

Biotite

Clinochlore

Kaolinite

Smectite

Pyrite

Calcite

0

1

-0.05

36.4

26.5

11

4.4

2.8

7.1

5.7

1.1

3.6

1.4

0.0

LM #002

50

51

1.25

36.5

22.6

7.9

3.5

1.7

12.8

6.3

1.1

3.8

1.7

2.1

LM #003

100

101

1.86

32.2

29.2

10.4

5

2.1

8.7

5.4

1.2

3.5

1.6

0.7

LM #004

150

151

2.46

34.7

26.4

6.6

3.9

1.8

8.5

8.4

1.4

5

1.9

1.4

LM #005

200

201

3.02

33.1

26.3

10.2

5

2.6

7.5

5.7

1.3

3.9

2.3

2.1

LM #006

250

251

3.45

34.9

26.7

9.2

3.6

1.5

8.2

6.7

1.3

5

1.6

1.3

LM #007

300

301

3.87

33.6

29.6

9.5

5.1

2.1

7.2

5.4

1.2

3.5

1.7

1.1

LM #008

350

351

4.29

24.4

9.8

2.3

41.7

0.8

5.1

6.8

4.3

3.1

1.3

0.4

LM #009

400

401

4.72

33.4

25.4

9.5

4.2

2.0

10.4

5.1

2.7

4.3

1.9

1.1

LM #010

500

501

5.48

34.8

25.9

9.6

5.3

1.7

9.2

5.1

1

4.4

1.9

1.1

LM #011

600

601

6.18

39.1

27.2

7.7

4.3

1.4

9.2

4.2

0.9

3.5

1.5

1.0

LM #012

700

701

7.14

39.4

24.2

8.2

3.6

1.5

9.8

5.1

1.8

3.7

1.6

1.1

LM #013

800

801

8.01

35.4

26.8

8.8

3.8

2.1

9.2

4.8

2.9

2.9

2.1

1.2
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Sample ID

Sediment Depth [cm]

cal. Age

Mineral Content [%]

Top

Bottom

[ka BP]

Quartz

Albite

Microcline

Hornblende

Augite

Biotite

Clinochlore

Kaolinite

Smectite

Pyrite

Calcite

LM #014

850

851

8.35

39.9

25.9

8.3

3.7

1.2

8.6

4.3

0.9

4.8

1.3

1.1

LM #015

900

901

8.69

35.7

24.2

8.9

3.4

1.9

10

6.2

3.2

3.7

1.8

1.0

LM #016

950

951

9.03

47.5

23.9

7.7

3.1

1.1

6.3

3.9

0.9

3.4

1.2

1.0

LM #017

1000

1001

9.37

40.9

26.1

8.3

3.4

1.2

7.7

5.2

1.1

3.7

1.3

1.1

LM #018

1050

1051

9.73

43.3

28.4

7.3

2.9

1.1

7

4.5

1

3.3

1.2

0.0

Table 8.8: Mineralogical composition of gravity core GeoB19946-4. Data underlies an estimated uncertainty of ~2%.
Sample ID

Sediment Depth [cm]

cal. Age

Mineral Content [%]

Top

Bottom

[ka BP]

Quartz

Albite

Microcline

Hornblende

Augite

Biotite

Clinochlore

Kaolinite

Smectite

Pyrite

Ilmenite

LM #020

6

7

2.02

38.4

26.1

8.8

5.2

0.7

4.1

6.6

5.3

2.2

2.6

0.0

LM #021

28

29

3.00

40.0

25.5

8.2

8.3

0.0

10.3

4.2

0.0

0.0

2.5

1.0

LM #022

37

38

3.40

38.1

31.3

9.7

4.6

1.1

5.7

5.3

0.0

1.6

1.6

1.0

LM #023

49

50

3.93

35.8

27.3

8.8

6.3

0.0

13.6

4.5

0.0

0.0

2.7

1.0

LM #024

68

69

4.78

39.9

26.1

10.1

4.9

0.8

10.1

5.5

0.0

1.5

1.1

0.0

LM #025

92

93

5.45

33.3

32.1

8.2

6.1

3.1

11.0

2.9

0.0

1.4

1.9

0.0

LM #026

116

117

5.99

31.3

29.3

8.7

8.3

1.1

15.4

3.5

0.0

1.3

1.1

0.0

LM #027

223

224

7.64

31.4

29.5

7.9

11.3

1.0

12.8

2.9

0.0

1.2

2.0

0.0

LM #028

291

292

8.48

34.3

33.8

5.4

8.4

1.0

10.3

4.3

0.0

0.0

2.5

0.0

LM #029

400

401

9.06

30.1

29.7

7.6

10.4

1.5

10.3

6.4

0.0

1.6

2.4

0.0

LM #030

517

518

9.12

27.5

40.0

2.6

13.2

1.0

9.7

4.0

0.0

0.0

2.0

0.0

LM #031

600

601

9.17

26.4

33.1

14.5

5.4

0.0

8.8

4.7

0.0

0.0

5.6

1.5

LM #058

750

751

9.57

32.0

37.2

8.1

9.3

0.0

7.2

2.4

0.0

0.0

2.8

1.0

LM #059

909

910

10.15

25.8

31.1

6.2

7.1

1.1

21.1

4.6

0.0

0.0

3.0

0.0
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Sample ID

Sediment Depth [cm]

cal. Age

Mineral Content [%]

Top

Bottom

[ka BP]

Quartz

Albite

Microcline

Hornblende

Augite

Biotite

Clinochlore

Kaolinite

Smectite

Pyrite

Ilmenite

LM #060

1000

1001

10.49

26.2

29.5

11.3

4.8

0.0

20.9

5.8

0.0

0.0

1.5

0.0

LM #064

1101

1102

10.76

21.9

29.4

9.5

9.5

0.0

21.9

4.9

0.0

0.0

2.9

0.0

LM #065

1278

1279

10.89

21.5

30.4

9.3

11.2

0.0

16.2

5.8

0.0

0.0

4.0

1.6

8.3. Elemental Composition (ICP-OES, ICP-MS)
Table 8.9: Elemental composition of gravity core GeoB19927-3 FeMn leachates. Mg and Ca were measured on ICP-OES. Mn and Fe were measured on ICP-MS. Samples were diluted by
1:100 upon measurement.
Elemental Composition Leachate
Sample
ID

Sediment Depth
[cm]

Weight

Addition
2M HNO3

Top

Bottom

[g]

[ml]

LM #002

100

101

0.0341

1.1

LM #004

300

301

0.0302

1.1

LM #007

600

601

0.0306

LM #015

850

851

LM #010

900

901

0.0290
0.0868

LM #017

1000

1001

0.0860
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Dilution
Factor

Mg

Ca

Mn

Fe/Mn
ratio

Fe

[mg/l]

[µg/g sed]

[mg/l]

[µg/g sed]

[µg/l]

[µg/g sed]

[µg/l]

[µg/g sed]

32.26

10.7

34606.45

7.5

24070.97

227

733

5097

16442

22.4

36.42

11.4

41552.32

7.54

27463.58

266

967

6271

22841

23.6

1.1

35.95

11.1

39819.28

7.03

25278.43

324

1166

6966

25041

21.5

1.1

37.93

10.2

38670.69

7.09

26881.72

316

1200

6383

24211

20.2

1.1

12.67

6.98

8850.69

5.21

6597.47

412

522

3471

4398

8.4

1.1

12.79

4360

11.4

6.89

8817.91

4.72

6030.81

298

381

3409

8.4. Radiogenic Isotope Data for Standard Reference Material
Table 8.10: Radiogenic isotope data for standard reference material measured along with all samples for data
accuracy control over the measuring period of 2.5 years.
NIST SRM 987

JNdi-1

NIST SRM 981

Date

87Sr/86Sr

Date

144Nd/143Nd

Date

206Pb/204Pb

207Pb/204Pb

15.05.2017

0.710247±6

13.06.2017

0.512096±6

16.06.2017

16.9145±6

15.4624±8

23.06.2017

0.710258±8

30.06.2017

0.512091±5

29.06.2017

16.9046±7

15.4494±7

29.06.2017

0.710243±5

18.12.2017

0.512090±6

05.12.2017

16.8952±5

15.4364±6

10.11.2017

0.710251±6

17.01.2018

0.512072±5

07.12.2017

16.8982±4

15.4402±5

30.11.2017

0.710248±4

19.01.2018

0.512096±8

08.12.2017

16.9021±5

15.4453±4

08.12.2017

0.710257±5

19.03.2018

0.512126±2

18.12.2017

16.9000±6

15.4427±7

19.06.2018

0.710256±5

04.09.2018

0.512103±6

31.08.2018

16.8985±5

15.4406±6

25.06.2018

0.710246±6

04.10.2018

0.512088±5

06.09.2018

16.9247±6

15.4766±7

21.08.2018

0.710272±7

05.10.2018

0.512088±4

12.09.2018

16.9062±6

15.4519±5

14.09.2018

0.710253±6

28.01.2019

0.512081±9

14.09.2018

16.9047±6

15.4494±6

08.10.2018

0.710249±7

29.01.2019

0.512089±6

10.12.2018

16.8958±6

15.4370±6

10.10.2018

0.710370±2

12.02.2019

0.512084±7

11.01.2019

16.8951±7

15.4362±6

16.01.2019

0.710245±7

14.02.2019

0.512088±4

15.01.2019

16.8871±4

15.4249±4

17.01.2019

0.710260±5

04.03.2019

0.512106±6

01.03.2019

16.8969±9

15.4387±9

13.02.2019

0.710248±8

06.04.2019

0.512085±4

07.10.2019

16.8983±1

15.4411±1

02.04.2019

0.710250±6

18.03.2019

0.512097±9

08.10.2019

16.9001±8

15.4430±8

28.06.2019

0.710257±6

28.06.2019

0.511176±8

23.11.2019

16.8903±5

15.4297±7

29.06.2019

0.710259±6

05.07.2019

0.512143±7

24.11.2019

16.8952±8

15.4367±9

04.07.2019

0.710246±6

25.10.2019

0.512108±1

26.11.2019

16.9014±6

15.4451±5

05.07.2019

0.710241±6

29.10.2019

0.512176±8

27.11.2019

16.8889±5

15.4284±5

08.07.2019

0.710251±7

05.11.2019

0.512110±7

09.07.2019

0.710260±6

19.11.2019

0.512144±5

22.10.2019

0.710247±5

20.11.2019

0.512129±5

31.10.2019

0.710248±5

22.11.2019

0.512133±6

08.11.2019

0.710248±5

16.11.2019

0.710241±6

16.11.2019

0.710249±6

19.11.2019

0.710255±4

20.11.2019

0.710252±9
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8.5. Radiogenic Isotope Data for Geological Terrains
Table 8.11: Radiogenic isotope data of geological terrains of Greenland, Ellesmere Island, Axel Heiberg Island and
Baffin Island. Data taken from previously published literature.
Ketilidian Mobile Belt (KMB)
Colville et al., 2011 (1); Reyes et al., 2014 (2)
Sample Type

87Sr/86Sr

206Pb/204Pb

207Pb/204Pb

εNd

Ref.

stream sediment

0.718350

22.249

15.907

-22.0

(1)

stream sediment

0.717699

22.289

15.897

-22.1

(2)

stream sediment

0.716310

22.872

15.961

-21.9

(1)

stream sediment

0.716278

22.657

15.935

-22.1

(2)

stream sediment

0.716580

23.835

16.071

-21.6

(1)

stream sediment

0.717930

22.253

15.910

-22.2

(1)

stream sediment

0.708922

21.779

15.849

-17.4

(2)

stream sediment

0.712708

20.474

15.718

-18.7

(2)

stream sediment

0.717290

20.733

15.741

-15.2

(1)

stream sediment

0.712411

18.791

15.529

-23.6

(2)

stream sediment

0.712676

18.566

15.484

-23.5

(2)

stream sediment

0.713137

21.195

15.751

-23.4

(2)

stream sediment

0.711059

20.758

15.695

-22.2

(2)

stream sediment

0.720920

20.667

15.764

-31.4

(1)

Archean Block (AB)
Colville et al., 2011 (1); Reyes et al., 2014 (2)
Sample Type

87Sr/86Sr

206Pb/204Pb

207Pb/204Pb

εNd

Ref.

stream sediment

0.738501

14.278

35.138

-32.3

(2)

stream sediment

0.71588

14.659

35.192

-31.1

(2)

stream sediment

0.716788

14.512

34.958

-31.2

(2)

stream sediment

0.720129

14.400

35.471

-32.8

(2)

stream sediment

0.726286

14.418

34.372

-25.8

(2)

stream sediment

0.733156

14.562

34.979

-32.8

(2)

stream sediment

0.71702

14.559

34.544

-29.0

(2)

stream sediment

0.715696

14.575

35.029

-31.0

(2)

stream sediment

0.727575

14.391

35.197

-35.8

(2)

stream sediment

0.7264

14.512

34.663

-27.3

(1)

stream sediment

0.72331

14.518

34.718

-28.3

(1)

stream sediment

0.72669

15.072

37.463

-40.8

(1)

stream sediment

0.727251

15.397

38.994

-29.5

(2)

stream sediment

0.717451

15.022

36.106

-26.7

(2)

stream sediment

0.717702

14.926

35.660

-29.1

(2)

Nagssugtoqidian Mobile Belt (NMB)
Colville et al., 2011 (1); Reyes et al., 2014 (2)
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Sample Type

87Sr/86Sr

206Pb/204Pb

207Pb/204Pb

εNd

Ref.

stream sediment

0.73140

17.58

15.22

-29.3

(1)

stream sediment

0.73793

16.04

14.94

-33.3

(2)

stream sediment

0.71322

15.07

14.82

-31.5

(1)

stream sediment

0.71206

17.41

15.17

-36.8

(1)

Nagssugtoqidian Mobile Belt (NMB)
Colville et al., 2011 (1); Reyes et al., 2014 (2)
Sample Type

87Sr/86Sr

206Pb/204Pb

207Pb/204Pb

εNd

Ref.

stream sediment

0.71245

14.81

14.77

-35.0

(1)

stream sediment

0.71260

16.66

15.12

-35.8

(1)

stream sediment

0.70740

17.01

15.28

-29.0

(1)

stream sediment

0.70797

17.51

15.26

-31.4

(1)

stream sediment

0.71211

-34.0

(1)

stream sediment

0.71324

-29.6

(1)

stream sediment

0.71301

14.48

14.70

-36.4

(2)

stream sediment

0.72224

16.53

15.07

-32.3

(2)

stream sediment

0.72158

18.14

15.33

-34.9

(2)

stream sediment

0.72047

18.00

15.31

-32.9

(2)

stream sediment

0.72246

20.79

15.57

-36.6

(2)

stream sediment

0.71874

17.95

15.30

-32.7

(2)

stream sediment

0.70673

15.90

15.09

-27.9

(1)

stream sediment

0.70709

16.38

15.18

-23.3

(1)

stream sediment

0.71363

17.13

15.19

-32.3

(1)

stream sediment

0.70476

16.92

15.37

-26.2

(2)

stream sediment

0.70656

17.37

15.47

-26.6

(2)

stream sediment

0.70499

-30.0

(2)

Disko Island (DI)
Larsen & Pedersen, 2009 and ref. therein (3)
Sample Type

87Sr/86Sr

206Pb/204Pb

207Pb/204Pb

εNd

Ref.

rock

0.703314

17.970

15.573

8.47

(3)

rock

0.703320

17.832

15.529

8.27

(3)

rock

0.703265

18.066

15.413

8.70

(3)

rock

0.703214

17.879

15.530

7.67

(3)

rock

0.703399

18.069

15.418

7.78

(3)

rock

0.703464

18.034

15.394

7.57

(3)

rock

0.703319

18.109

15.505

8.88

(3)

rock

0.703243

18.052

15.495

8.11

(3)

rock

0.703352

17.846

15.357

7.74

(3)

rock

0.703297

18.075

15.407

8.34

(3)

rock

0.703466

17.747

15.308

7.55

(3)

rock

0.703333

17.939

15.437

7.33

(3)

rock

0.70572

18.823

15.307

-3.12

(3)

rock

0.70379

19.868

15.549

-4.41

(3)

rock

0.702956

18.020

15.470

10.18

(3)

rock

0.703383

17.805

15.343

7.99

(3)

rock

0.703329

17.965

15.388

8.32

(3)

rock

0.70376

20.177

15.574

-4.39

(3)

rock

0.703210

17.733

15.361

9.56

(3)

rock

0.703480

18.105

15.482

6.55

(3)

rock

0.702975

17.938

15.404

9.27

(3)

rock

0.703263

18.024

15.409

7.54

(3)

rock

0.703456

17.926

15.337

7.57

(3)

169

Disko Island (DI)
Larsen & Pedersen, 2009 and ref. therein (3)
Sample Type

87Sr/86Sr

206Pb/204Pb

207Pb/204Pb

εNd

Ref.

rock

0.703433

17.744

15.350

7.38

(3)

rock

0.703027

17.972

15.410

9.29

(3)

rock

0.703147

17.740

15.399

8.46

(3)

rock

0.703372

17.931

15.398

8.30

(3)

rock

0.708931

17.315

15.222

-4.07

(3)

rock

0.705421

18.376

15.463

2.59

(3)

rock

0.703080

17.813

15.393

10.01

(3)

rock

0.703403

17.528

15.308

8.37

(3)

rock

0.703803

16.904

15.190

6.20

(3)

rock

0.703173

17.840

15.411

9.11

(3)

rock

0.704517

17.390

15.237

3.41

(3)

rock

0.703293

17.862

15.421

8.64

(3)

Sample Type

87Sr/86Sr

206Pb/204Pb

207Pb/204Pb

εNd

Ref.

Rock

0.74493

(4)

rock

0.79478

(4)

rock

0.83591

rock

0.75406

(4)

rock

0.76366

(4)

rock

0.76966

(4)

rock

0.79134

(4)

rock

0.81033

(4)

rock

0.82301

-25.89

(4)

rock

0.76381

-21.93

(4)

rock

0.78593

(4)

rock

0.83034

(4)

Rinkian Mobile Belt (RMB)
Kalsbeek et al., 1998 (4)

-23.58

(4)

Northern Greenland (NGr)
Thorarinsson et al., 2011 (5), 2012 (6)
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Sample Type

87Sr/86Sr

206Pb/204Pb

207Pb/204Pb

εNd

Ref.

18.559

15.522

3.16

(5)

rock

0.74938

rock

0.73265

rock

0.75702

18.572

15.529

3.36

(5)

rock

0.72513

18.616

15.523

3.16

(5)

rock

0.72183

rock

0.75230

18.527

15.517

2.97

(5)

rock

0.73749

18.559

15.520

2.97

(5)

rock

0.75724

18.469

15.523

3.16

(5)

rock

0.72357

18.572

15.527

3.16

(5)

rock

0.71925

rock

0.70759

rock

0.70752

rock

0.70636

rock

0.70635

(5)

(5)

(5)
18.653

15.511

2.77

18.525

15.519

2.97

(5)
(5)
(5)
(5)

Northern Greenland (NGr)
Thorarinsson et al., 2011 (5), 2012 (6)
Sample Type

87Sr/86Sr

206Pb/204Pb

207Pb/204Pb

rock

0.70476

19.128

15.554

rock

0.70475

rock

0.70551

18.491

15.537

rock

0.70548

18.492

15.538

rock

0.70548

rock

0.71208

18.532

15.545

rock

0.71189

18.436

15.538

rock

0.71560

18.511

15.545

rock

0.71484

rock

0.70935

rock

0.70930

rock

0.70922

rock

0.70874

rock

0.70940

rock

0.70962

rock

0.71291

rock

0.71257

εNd

Ref.
(5)
(5)

0.04

(5)
(5)

0.23

(5)

-4.25

(5)
(5)

-4.64

(5)
(5)

18.408

15.531

18.515

15.540

-4.25

(5)
(5)

18.434
18.421

15.532

(5)
-4.45

(5)

-4.45

(5)

-4.25

(5)

15.543

(5)
(5)

rock

0.71626

18.995

15.584

-2.89

(6)

rock

0.71088

19.087

15.592

-2.11

(6)

rock

0.71362

18.769

15.565

3.75

(6)

rock

0.70442

18.999

15.564

4.33

(6)

rock

0.76565

18.878

15.577

-0.74

(6)

rock

0.89628

18.855

15.568

1.79

(6)

rock

0.72408

18.685

15.567

0.62

(6)

rock

0.73954

18.817

15.558

3.55

(6)

rock

0.75968

18.754

15.550

3.36

(6)

rock

0.72973

18.519

15.560

0.43

(6)

rock

0.74183

18.713

15.571

1.40

(6)

Ellesmere & Axel Heiberg Islands (EI & AHI)
Dostal & MacRae, 2018 (7); Estrada, 2015 (8); Estrada et al., 2010 (9); Maccali et al., 2018
(10)
Sample Type

87Sr/86Sr

206Pb/204Pb

207Pb/204Pb

εNd

Ref.

rock

0.706838

0.76

(7)

rock

0.706896

0.94

(7)

rock

0.705882

2.03

(7)

rock

0.706765

1.11

(7)

rock

0.706951

2.22

(7)

rock

0.704725

3.84

(7)

rock

0.707357

-2.13

(8)

rock

0.707350

-2.07

(8)

rock

0.707336

-2.13

(8)

rock

0.707315

-2.22

(8)

rock

0.703992

4.08

(8)

rock

0.704101

4.14

(8)

171

Ellesmere & Axel Heiberg Islands (EI & AHI)
Dostal & MacRae, 2018 (7); Estrada, 2015 (8); Estrada et al., 2010 (9); Maccali et al., 2018
(10)
Sample Type

87Sr/86Sr

rock

206Pb/204Pb

207Pb/204Pb

εNd

Ref.

0.704182

3.80

(8)

rock

0.704095

3.78

(8)

rock

0.704113

3.80

(8)

rock

0.704060

5.11

(9)

rock

0.704150

4.19

(9)

rock

0.703750

1.91

(9)

rock

0.704830

3.02

(9)

rock

0.703690

1.99

(9)

rock

0.703590

5.13

(9)

rock

0.704290

4.06

(9)

rock

0.703870

2.81

(9)

rock

0.704560

2.07

(9)

rock

0.705980

2.48

(9)

rock

0.706270

2.38

(9)

rock

0.704600

4.06

(9)

rock

0.705040

0.20

(9)

surface sediment

0.723207

18.957

15.631

-12.17

(10)

surface sediment

0.722786

18.900

15.591

-13.26

(10)

surface sediment

0.722570

18.919

15.590

-13.30

(10)

surface sediment

0.723917

18.909

15.599

-13.26

(10)

surface sediment

0.723883

18.970

15.614

-13.26

(10)

surface sediment

0.724239

18.914

15.587

-13.97

(10)

surface sediment

0.738823

18.980

15.627

-15.20

(10)

surface sediment

0.724768

18.844

15.601

-12.46

(10)

surface sediment

0.744196

18.968

15.610

-19.49

(10)

206Pb/204Pb

207Pb/204Pb

εNd

Ref.

-31.7

(11)

Baffin Island (BI)
McCulloch & Wasserburg, 1978 (11)
Sample Type

87Sr/86Sr

rock

0.761057
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