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PREFACE 

This thesis was submitted in order to pursue the degree of Doctor of Natural Sciences (Dr. rer. 

Nat.) at the Department of Geosciences, University of Bremen. This PhD project is a part of the 

ArcTrain Graduate School, funded by the DFG (Deutsche Forschungsgemeinschaft). The thesis 

is written in the cumulative form and includes three manuscripts, which concentrate on the 

radiogenic isotope approach to provenance, water circulation and deglaciation study in the Baffin 

Bay area. In total, this dissertation has five chapters: 

Chapter 1: Introduction 

This chapter introduces the study area, the Late-Pleistocene – Holocene glacial state and 

sediment transport mechanisms. Also shortly described are the Sr, Nd and Pb radiogenic isotope 

systems, Fe-Mn oxyhydroxides’ application as an archive for the seawater signal and arguments 

for the grain size selection. Research questions and motivation for the project are discussed in 

the end of the chapter.  

Chapter 2. Materials and Methods 

This chapter includes full description of the materials used for this research project as well as 

detailed description of methods. Additionally, results for all sediment fractions and all sediment 

cores are reported here, with brief discussion and comparison between the different fractions and 

cores. With additional experiments performed, this chapter is planned to be expanded into a 

manuscript on sequential leaching procedure.  

Chapter 3. Late Pleistocene-Holocene deglaciation history in the Baffin Bay from 

radiogenic isotope provenance studies 

This paper is in preparation for submission to the Quaternary Science Reviews journal. Sr, Nd 

and Pb isotope ratios were measured on the detrital sediment fraction to identify major sediment 

sources. Based on the provenance information, implications for the last deglacial ice sheet 

history in the Baffin Bay area is discussed.  

Chapter 4. Radiogenic isotope analyses on sediment leachates from the Baffin Bay reveal 

detrital dolomite signal 

This chapter contains the manuscript in preparation for the Chemical Geology journal. It 

introduces the second major part of the research project, based on the leached fraction from the 

same Baffin Bay sediments. The origin of the leachates signal is investigated, and implications 

for the paleoclimate study in the Baffin Bay are discussed.  

Chapter 5. Summary and outlook 
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Main conclusions from the research project are discussed here, and suggestions for the potential 

future work are implemented.  
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ABSTRACT 

 

The Baffin Bay is a marginal sea of the Atlantic Ocean, a semi-enclosed basin, situated 

between Greenland, Baffin Island and the Canadian Arctic Archipelago (CAA). It is an 

important link in the Northern Hemisphere circulation and is connected to the Arctic Ocean and 

to the Labrador Sea. During the Last Glacial Maximum (LGM) the Baffin Bay was flanked by 

three North American Ice sheets: Laurentide, Innuitian and Greenland. Ice sheet dynamics is still 

poorly understood but highly valuable in the frame of recent Greenland ice sheet mass loss and 

recent climate change data. Understanding the mechanisms and interplay between ice sheets, 

ocean circulation and climate is a key to more accurate climate prediction models. Thus the 

deglaciation history of the Baffin Bay is a matter of interest for the research community and has 

been a topic for many projects in the last decades. There is a gap, however, in a thorough 

provenance study, which would contribute to the information on sediment supply in the Baffin 

Bay. Knowing the main sediment sources can further improve the research on ice sheet dynamics 

and paleocirculation.  

For this project three cores were investigated: one in the central (PC 16) and two in the 

southern Baffin Bay, along both eastern (SL 170) and western (SL 174) coasts. The location of 

these cores allows to characterize sediment provenance in the Baffin Bay as well as to reproduce 

transport mechanisms, in particular, water masses. The major research goal of the Ph.D project, 

therefore, is to perform  a sediment provenance study in the Baffin Bay based on radiogenic 

isotope analyses (Sr, Nd, Pb) on the detrital fraction of the sediment cores and to connect these 

results with the information on sediment delivery mechanisms and ice sheet extent/retreat. We 

were able to determine major sediment sources for the core SL 170: central West Greenland 

(Nagssugtoqidian Mobile Belt) and southern West Greenland (Archean Block) terrains. 

Moreover, we observed the shift in all three radiogenic isotope records at 12 ka and attributed it 

to the change in the relative importance of the terrains: probably, at 12 ka the deglaciation of the 

central West Greenland ice sheet margin intensified or started, increasing the material supply to 

the location of the SL 170 core. The provenance of SL 174 and PC 16 cores was much more 

difficult to distinguish due to the influence of the minerals with a specific isotope composition 

(micas, feldspars). However, the Precambrian sources seem to prevail in their sediments. 

Additionally, Northern Baffin Bay Proterozoic or Paleozoic carbonate terrains could be an extra 

source for the PC 16 sediments.  

 Paleocirculation study was initially the second aim of the project. Information on the 

water masses movement in the Baffin Bay should have been derived from the leachates fraction 
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of the same sediment cores. Leachates are thought to be dominated by the iron-manganese (Fe-

Mn) oxyhydroxides, which are formed on the sediment grain and incorporate rare earth and trace 

elements reflecting the composition of the bottom seawater. However, the extraction of the true 

seawater signal from the Baffin Bay sediment leachates is complicated due to detrital dolomite 

material, which has been extracted during the leaching procedure as well. Moreover, after a brief 

mineralogical and chemical investigation we discovered no Fe-Mn coatings on the sediment 

grains or in the leachates samples. One of the potential origins of the detrital dolomite in the 

Baffin Bay samples was determined as the Borden Basin in Nunavut (Baffin Island, Canada). Pb 

isotopes appear to have a potential to trace chemical weathering and freshwater routing regime. 

The comparison between Baffin Bay and North Atlantic cores demonstrated, that by the end of 

the Baffin Bay Detrital Event 0 (around 11 ka), the modern-like circulation commenced to being 

established. The present-day water circulation in the Baffin Bay was possibly achieved by 9-8 

ka.  

Overall, this PhD thesis showed that radiogenic isotopes indeed can be used for 

reconstructing sediment supply from the nearby land masses, and their variations can be 

explained in the light of changing provenance, circulation, weathering regime and ice sheet 

history. However, we emphasize here, that a profound chemical and mineralogical investigation 

is absolutely necessary along the traditional leaching procedures, in order to have a better control 

on the method and results and to be able to present strong arguments for the interpretation.    
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KURZFASSUNG 

 

Die  Baffin-Bucht ist ein Randmeer des Atlantischen Ozeans. Dieses halb geschlossene 

Becken liegt zwischen Grönland, der Baffininsel und dem kanadisch Arktischen Archipel 

(CAA). Es ist ein wichtiges Glied in der Ozeanzirkulation der nördlichen Hemisphäre und ist mit 

dem Arktischen Ozean und der Labradorsee verbunden. Während des Letzteiszeitlichen 

Maximums (LGM) wurde die Baffin Bay von drei nordamerikanischen Eisschilden eingerahmt: 

dem Laurentidischen, dem Innuitischen und dem Grönländischen. Die Eisschilddynamik ist 

immer noch unzureichend verstanden, aber sehr wichtig im Kontext des rezenten 

Eisschildrückgangs von Grönland und der jüngsten Daten des Klimawandels. Das Verständnis 

von Mechanismen und das Zusammenspiel von Eisschilden, Ozeanzirkulation und Klima ist ein 

Schlüssel zum Erstellen von genaueren Klimavorhersagemodellen. Daher ist der 

Gletscherrückgang in der Baffin Bay für die Forschungsgemeinschaft interessant und war in den 

letzten Jahrzehnten ein Schwerpunkt vieler Projekte. Es gibt allerdings immer noch eine Lücke 

in einer gründlichen Provenienz-Studie, die notwendig ist, um die Mechanismen der 

Sedimentzufuhr in die Baffin Bay zu verstehen. Die Erforschung der wichtigsten 

Sedimentquellen kann daher die Forschung auf dem Gebiet der  Eisdeckendynamik und 

Paläozirkulation weiter verbessern.  

Für dieses Projekt wurden drei Kerne ausgewählt: ein zentral gelegener (PC 16) und zwei 

aus der südlichen Baffin Bay, entlang der östlichen (SL 170) und westlichen (SL 174) Küste. Die 

Lage dieser Kerne ermöglicht es, den Sedimenteintrag in die Baffin Bay zu charakterisieren und 

dessen Transportmechanismen, insbesondere der Wassermassen, zu reproduzieren. Das 

wichtigste Forschungsziel des Ph.D-Projektes ist daher eine Sediment-Provenienz-Studie in der 

Baffin Bay, die auf den radioaktiven Isotopenanalysen (Sr, Nd, Pb) der detritischen Fraktion der 

Sedimentkerne basiert. Mit diesen Ergebnissen können die Mechanismen des Sedimenteintrags 

und der Eisschilddynamik reproduziert und interpretiert werden. Anhand der Ergebnisse konnten 

wir die wichtigsten Sedimentquellen für den Kern SL 170 ermitteln: Zentralwestgrönland 

(NMB) und Südwestgrönland (AB). Darüber hinaus beobachten wir eine Veränderung in allen 

drei radiogenen Isotopensystemen vor 12 000 Jahren. Diese kann als Verschiebung der relativen 

Bedeutung der Terrains interpretiert werden.  Vermutlich begann vor 12 000 Jahren der Rückzug 

des zentralen Westgrönlandeisschildes, wodurch mehr Material an die  Lokation des Kerns SL 

170 geliefert wurde. Die Provenienzen der Kerne SL 174 und PC 16 sind wegen des Einflusses  

von Mineralien mit einer spezifischen Isotopenzusammensetzung (Glimmer, Feldspat), viel 

schwerer zu definieren. Allerdings scheinen vorkambrische Quellen in diesen Sedimenten zu 
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dominieren.  Darüber hinaus könnten die proterozoischen oder paläozoischen Karbonate der 

nördlichen Baffin Bay eine zusätzliche Quelle der PC 16 Sedimente sein.  

Der zweite Schwerpunkt des Projektes war eine Paläoströmungsstudie . Dafür sollten 

Informationen über die Wassermassenbewegung in der Baffin Bay aus der Laugelösungsfraktion 

der gleichen Sedimentkerne hergeleitet werden. Generell wird angenommen, dass die 

Laugelösungen die Eisen-Mangan (Fe-Mn)–Oxyhydroxide, die sich auf den Sedimentkörner 

bilden, repräsentieren, in der die seltenen Erd- und Spurenelemente  mit der Zusammensetzung 

des Tiefenwassers eingebaut werden. Die Extraktion des wahren Meerwassersignals aus den 

Baffin-Bay Sedimenten  wird jedoch durch detritische Dolomite, die während des 

Laugungsprozesses extrahiert werden,  erschwert. Außerdem konnten wir nach mineralogischen 

und chemischen Untersuchung keine Fe-Mn-Krusten auf den Sedimentkörnern selbst oder in den 

Laugelösungen nachweisen. Als eine der potentiellen Quellen der detritischen Dolomite in den 

Baffin Bay-Proben wurde das Borden-Becken in Nunavut (Baffininsel, Kanada) bestimmt. Pb-

Isotope scheinen daher das Potenzial zu haben, für die Rekonstruktion von chemischer 

Verwitterung und Frischwasserströmungsregime zu dienen. Der Vergleich zwischen den Baffin 

Bay Kernen und Kernen aus dem Nordatlantik zeigte, dass sich am Ende des Baffin Bay Detrital 

Event 0 (ca. 11 000 Jahre) die moderne Zirkulation zu etablieren begann. Die heutige 

Wasserzirkulation in der Baffin Bay wurde vermutlich vor  9 000 – 8 0000 Jahren erreicht.  

Insgesamt zeigte diese Dissertation, dass radioaktive Isotope tatsächlich dazu genutzt 

werden können, die Sedimentzufuhr aus den nahe gelegenen Landmassen zu rekonstruieren.  

Variationen können mit  Änderungen der Provenienz, der Wasserzirkulation, des 

Verwitterungsregimes und der Eisschildgeschichte erklärt werden. Allerdings wollen wir 

nachdrücklich darauf hinweisen, dass zusätzlich zu dem traditionellen Laugungsverfahren eine 

gründliche chemische und mineralogische Untersuchung absolut notwendig ist, um eine bessere 

Kontrolle über die Methode und die Ergebnisse zu erhalten, um starke Argumente für die 

Interpretation der Daten präsentieren zu können. 
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Chapter 1 
 

Introduction 
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1.1.Study area  

1.1.1. Hydrographic description 

 

Baffin Bay is a marginal sea of the Atlantic Ocean, a semi-enclosed basin, situated 

between Greenland, Baffin Island and Canadian Arctic Archipelago (CAA). The present-day 

circulation in the Baffin Bay implies a counter-clockwise gyre with Atlantic water brought by 

the West Greenland Current (WGC) and recirculated in the northern part of the Bay with Arctic 

waters inflow. Labrador Current is washing the east coast of the Baffin Island and flowing into 

the Labrador Sea. The West Greenland Current is influenced by the Irminger Current (IC) and 

polar waters from the East Greenland Current (EGC) (Lloyd et al., 2005).   

Three main water mass groups are present in the Baffin Bay. The Surface water or ‘Arctic 

water’ mass (Tang et al., 2004) being cold and low-saline, is fed mostly by Arctic waters and 

extends to 100 meters in the eastern and to 300 meters in the western Baffin Bay. It is 

characterized by temperatures around -1°C and salinity of 37.5 ‰ (Figure 1).  The intermediate 

layer is comprised of the Baffin Bay ‘Atlantic Water’ (Tang et al., (2004); Knudsen et al. 

(2008)), easily distinguished by slightly higher temperatures of up to 3-4 0C. Bottom waters of 

the Baffin Bay are represented by the Baffin Bay Deep Water and the Baffin Bay Bottom water, 

both saline (around 34.5 ‰) and cold (around -0.5 0C), the origin of them is unclear (see 

Knudsen et al. (2008) and Tang et al. (2004) for discussion).  

Baffin Bay is strategically important for the global circulation, since it is connected to the 

Arctic via water passages like Nares Strait, Lancaster Sound, Jones Sound and to the Labrador 

Sea via Davis Strait. The Labrador Sea is one of the areas of deep water formation. North 

Atlantic Deep Water plays a key role in overturning circulation, which in turns greatly connected 

with the global climate cycles. Atlantic Meridional Overturning Circulation (AMOC) is driven 

by heat transport, heat exchange between ocean and atmosphere and strongly influenced by the 

freshwater inflows and deep water patterns. It has been suggested, that during Last Glacial 

Maximum (LGM), NADW was replaced by Glacial North Atlantic Intermediate Water 

(GNAIW), which is less cold and saline and takes up intermediate layers of water (Boyle and 

Keigwin, 1982). There is still a lot unclear about the history of AMOC and NADW changes, the 

exact mechanisms of overturning circulation drivers as well as its interplay with global climate 

patterns.  
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Figure 1.  Salinity and temperature sections at the latitude of 680 N (produced with ODV – 

Ocean data view (Schlitzer, 2016)) with the Baffin Bay water masses. 

1.1.2. Geological description 

 

Geologically, Baffin Bay is flanked by the oldest rocks on Earth. Surrounding terrains 

represent mostly cratons with Precambrian rocks: orthogneisse of Archean Block (AB) of 

Greenland, granites and gneiss of the Rae craton in the Baffin Island and Labrador (Figure 2). 

Nagssugtoqidian Mobile Belt (NMB) represents reworked Archean facies in Early Proterozoic 

fold bel (White et al., 2016)  and is located in the west-central Greenland coast. To the south of 

the Archean Block Ketilidian Mobile Belt (KMB) is located, comprised mostly of Proterozoic 

granitoids. 

Disko Island is the only area that hosts Tertiary basalts (Paleogene volcanics) in West 

Greenland. In East Greenland the outcrop of lower Tertiary basalts is located between 

Kangerlussuaq and Scoresby Sound in East Greenland (Soper et al., 1976).  

The very north of Greenland is characterized by the Early Paleozoic shelf and deep-water 

deposits of a Franklinian Basin (Rosa et al., 2016). The north of the Baffin, most of Ellesmere 

and Devon Islands are predominantly Paleozoic, comprised of fine terrigenous sediments and 

sand, with abundant shallow marine platform carbonates. The rest of the Baffin Island is 

dominated by Precambrian rocks from the Rae craton (St-Onge et al., 2009) and Proterozoic 
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rocks of the northern margin of the Trans-Hudson Orogen (Wodicka et al., 2002).  Precambrian 

Superior Province of the Ungava Peninsula and Makkovik, Churchill and Nain provinces in the 

Labrador are located to the south of the Baffin Bay and also represent potential drainage regions 

for the Hudson Bay-Baffin Bay-Labrador Sea system.    

 

 

Figure 2. Geological map of the area, shown together with sediment core locations. BIC – 

Baffin Island current, LC – Labrador Current, EGC – East Greenland Current, WGC – West 

Greenland current. DevIs – Devon Island, DI – Disko Island. GIS – Greenland Ice Sheet, IIC – 

Innuitian Ice Sheet, LIS – Laurentide Ice Sheet. Also shown major ice streams (after Simon et al., 

2014) and main geological patterns (adapted from Simon et al. (2014), St-Onge et al. (2009); 

Wodicka et al. (2002), Okulitch A. (1991), White et al. (2016)). 
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In the northern Baffin Bay Precambrian basin is overlain by the carbonate units (e.g., 

Thule Basin in the Northern Greenland, Borden Basin in the Baffin Island, Nunavut), comprised 

of unmetamorphized siliciclastic and carbonate rocks (Kah et al. (2001),Turner (2011)).  Borden 

Basin is one of the basins that belong to Mesoproterozoic Bylot supergroup, together with Thule, 

Fury, Hecla, Aston, Hunting basins (Turner, 2009). Angmaat Formation (from the Society Cliffs 

Formation) carbonate platform is shallow, with pronounced tepee-shoal rim (Turner, 2009). It’s 

lower contact – Iqqittuq Formation, upper – Victor Bay. Victor Bay Formation is mainly shale 

dominated in the lower part and carbonate-dominated in the upper part (Hofmann and Jackson, 

1991). Both formations comprise the Uluksan Group of the Baffin Island and Bylot Island.    

Mesoproterozoic Borden Basin dolostones were studied extensively, mostly because the 

basin is hosting valuable Zn-Pb ore deposits (Turner, 2011). It was investigated for stratigraphy 

and tectonic regime (Sherman et al. (2001);Turner (2004)), special control on mineralization 

(Turner, 2011) isotopic and elemental compositions of the evaporates and carbonates (Kah et al., 

2001) and whole rocks (Turner and Kamber, 2012) . Simon et al. (2014) suggested dolomites of 

Baffin Island and/or CAA to be the source for the Baffin Bay dolomite layers, when working on 

the core PC 16, based on the mineralogical and sedimentological studies. To test this hypothesis 

as well as to determine the origin of radiogenic Pb isotope ratios in sediment leachates, we 

analyzed few carbonates from the Angmaat and Victor Bay Formations (discussed further in the 

Chapter 4).  

1.2.Late Pleistocene-Holocene glacial state in the Baffin Bay area and major climatic events 

 

During the Last Glacial Maximum (LGM), Baffin Bay was surrounded by three major ice 

sheets: the Laurentide Ice sheet (LIS), the Innuitian Ice Sheet (IIS) and the Greenalnd Ice Sheet 

(GIS) (Simon et al., 2014). The following deglaciation period was accompanied by massive 

iceberg discharge, meltwater inflow into the Baffin Bay, subglacial erosion and increased 

chemical weathering during the ice sheets retreat. These processes and overall temperature rising 

are strongly connected to the ocean circulation and climatic changes. Baffin Bay is connected to 

both the Arctic and Labrador Sea, what makes it an important region for the global overturning 

circulation. 

The extent of the ice sheets during the LGM and the detailed chronology and history of 

their decay have been of special interest over the last few decades since they help to reconstruct 

sea level fluctuations and climate change mechanisms. They have been investigated via various 

approaches: carbonate chronology and planktonic foraminifera oxygen data (Winsor et al., 

2015), modelling studies (e.g., Dukhovskoy et al. (2016), Ullman et al. (2015)), geophysical and 



- 24 - 

 

bathymetry data (e.g., Slabon et al. (2016)), 10Be-dating (e.g., Sinclair et al. (2016)), see also 

reviews by Vasskog et al. (2015) and Stokes et al. (2015)). 

The history of all three ice sheets varies significantly. Recent studies determined 

discrepancies in the timing of LIS, IIS and GIS ice sheets build up and maximum extents, what 

most likely confirms that they responded to different events (Dyke et al. (2002),England et al. 

(2006)). Jackson et al. (2017), based on chronology and geochemistry from the Baffin Bay cores 

SL 170 and SL 174, also showed, that the story behind North Atlantic ice sheets retreat is rather 

complex.  

Ice sheet mass loss is mainly controlled by marine-terminating ice streams through ice 

calving (Roberts et al., 2013). In the Northern Baffin Bay Lancaster Sound and Smiths Sound ice 

streams were dominating during LGM (England et al., (2006), Simon et al. (2014); Simon et al. 

(2016)), when in West Greenland Uummannaq, Jacobshaven and Melville Bugt ice streams were 

of major importance (Simon et al., (2014), Roberts et al., (2013)) (Figure 1).  In the west Baffin 

Bay the possible absence or insignificance of similar structures could be explained by the 

narrower continental shelf and smaller fjords outlets (Cofaigh et al. (2013b);Cofaigh et al. 

(2013a)). However, many ice streams of possibly smaller size were defined in the Baffin Island 

part of the LIS, and Cumberland Sound and Hudson Strait ice streams as the most prominent, 

were supplying the Davis Strait with icebergs (see Margold et al. (2015) for the review).  Today 

the Disko Bugt in Western Greenland is still one of the major ice calving areas with Jakobshaven 

Isbrae and Uummannaq glacier contributing to the Greenland Ice Sheet meltwater discharge 

(White et al. (2016); Roberts et al. (2013); Cofaigh et al. (2013a)).  

Besides ice rafting, ice streams contribute largely to the meltwater discharge, which serves 

as one of the major sediment delivery mechanism in glacial marine environments (Cofaigh et al. 

(2013b),Andrews et al. (2016)). In fully glacial stage, glacial erosion contributes largely to the 

material input into the ocean, accompanied by a range of processes like debris flow, sediment 

reworking on the continental slope, turbidities (Cofaigh et al. (2013b), Reyes et al. (2014)). Ice 

streams are advancing onto the continental shelf and form troughs by glacial erosion (O’Grady & 

Syvitski, 2002). Deepwater currents also transport sediment, but their input decreases within 

periods of high iceberg discharge (Prins et al., 2002). Icebergs travel relatively far and deliver 

sediment via ice-rafted-debris (IRD) (Figure 3). When they melt, they release sediment, which is 

than deposited or moved with the bottom currents. Dropstones serve as a clear indicator of 

iceberg-delivered sediments. In a glacial state the sea ice cover is extensive, and sea ice can also 

transport sediments in a similar way to icebergs. Sea ice incorporate sediment usually in the 

areas close to the continental margins, where the resuspension of continental shelf material is 



- 25 - 

 

intensified by brine rejection and thermohaline convection and is accompanied by the winds and 

tides movements. This sediment becomes thus integrated into the newly formed sea ice. Icebergs 

incorporate sediment contacting the sea floor with keels, either when still attached to the main 

ice sheet or when already calved and travelled, touching the bottom ocean sediment (O’Cofaigh 

et al., 2002).  

 When the ice sheet retreats inland and becomes land-terminating, less erosion products 

from the continental shelf are delivered to the oceans, and the icebergs are expected to be mostly 

of far-travelled origin (Reyes et al., 2014). At the same time, freshly exposed bedrock sediment 

as well as the material from subglacial channels is transferred to the ocean with the meltwater 

streams, which become the main delivery mechanism. The sea ice cover becomes less extensive, 

but at the same time more open water and more water routes for icebergs are available.  
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Figure 3. Schematic model of sedimentation with a) marine-terminating ice sheet,  b) land-

terminating ice sheet (based on Reyes et al., 2014; Stein, 2008; https://landsat.gsfc.nasa.gov/despite-

warming-landsat-reveals-decadal-slowdowns-on-greenland-ice-sheet/) . 

The cores in study were thus chosen in order to compare information about sediment 

delivery to the Baffin Bay on both sides – core GeoTÜ SL 170 (further on SL 170) close to the 

Greenland margin and GeoTÜ SL 174 (further on SL 174) close to the Baffin Island margin 

(Figure 1). Moreover, both cores are also close to the Davis Strait, what makes it possible to 

track the possibility of sediment exchange between Baffin Bay and North Atlantic. The third 

core– PC 16 – is located in the central deep Baffin Bay, allowing to get more insight into the 

sediment delivery to the Baffin Bay and into basin circulation patterns. The time coverage of the 

cores (18 ky for SL 170, 45 ky for SL 174, 130 ky for PC 16) allows to study the Late 

Pleistocene-Holocene transition period, during which several distinct climatic events were 

determined from the Greenland isotope records, SST records or other observations. 

One of them is a Heinrich Event - an event of iceberg release from the LIS to the North 

Atlantic and is estimated to cover 16 - 15.5 ka (Carlson and Clark, (2012)), although the date 

may vary because of different age models and is complicated by reservoir ages changes 

associated with AMOC instability during the last deglacial. In the sediment cores Heinrich layer 

(and later events) were identified as IRD layers and increased amount of detrital calcite. 

According to the prevailing hypothesis, Heinrich events were more likely the responses to the 

internal thermal oscillation of LIS (e.g., Carlson and Clark, 2012).   

 Bølling- Ållerod interstadial (14.7 ka- 12.7 ka, Broecker (1992)), associated with a rapid 

warming. A massive meltwater pulse 1A (MP 1A), an event of a fast sea level rise within a 

centennial scale, is known to take place at 14.6-14.3 ka (Deschamps et al., 2012). North Atlantic 

ice sheets, as well as Antarctic ice sheet, contributed to this MP 1A.  

The Younger Dryas Event (YD, 12.8-11.7 ka, Steffensen et al. (2008)) is a considered to 

be a cooling period, following the B/Å interstadial. According to the prevailing hypothesis, the 

origin of the YD is associated with a freshwater inflow from the Lake Agassiz (Carlson and 

Clark, 2012) and consequent weakening of overturning circulation.  Besides AMOC slowdown 

(e.g., McManus et al. (2004)), YD was also marked by sea ice cover increase (Not and Hillaire-

Marcel, 2012) and mountain glaciers advance (Davis et al., 2009). Some studies have been 

suggesting ice sheets’ readvance within the YD, however, there is evidence of non-uniform 

response of the Greenland ice sheet to the Younger Dryas cooling and it seems like overall GIS 

as well as LIS (Vasskog et al., 2015), continued to retreat. 
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The maximum of solar insolation marked 11 ka, and the Early Holocene period is 

generally characterized by the gradual warming and sea level rise. One more meltwater pulse - 

MP 1B, defined by Fairbanks (1989), occurred at the beginning of the Holocene. The 8.2 ka 

event is one of the short cold reversal events, defined from the Greenland ice core record (Alley 

et al., 1997). Lake Agassiz meltwater discharge, like in case for the YD, represents a likely cause 

of this event, however the real picture may be more complicated and include other factors as well 

(Carlson and Clark, 2012).  

1.3.Radiogenic isotope systems and applications 

 

Long-lived isotopic systems have been used in reconstruction of earth system processes 

through geological times for decades (e.g., see review by Frank (2002)). Radioactive are isotopes 

that undergo radioactive decay. As a result of the decay a new isotope is produced, and is called 

radiogenic. In turns it can be either radioactive or stable. Nd, Sr and Pb isotope systems are 

applied as a powerful proxy to study paleoceanography, changes in sediment provenance, in 

weathering intensity (cf. Frank (2002)).  

1.3.1. Nd isotopes 

Neodymium (Nd) is one of the Rare Earth Elements (REE) and belongs to the lanthanides 

group of the periodic table. Among 7 naturally occurring stable isotopes, 143Nd is the one 

produced during the radioactive decay of parental 147Sm isotope: 

(1)                                            147Sm             143Nd + α + Q 

α is a nucleus of a Helium atom, Q – energy, released from the radioactive decay (DePaolo, 1988) 

Neodymium is more incompatible than Samarium (Sm) and is enriched in the continental 

crust, and depleted in mantle. Therefore 147Sm/143Nd, and consequently, 143Nd/144Nd ratio is 

higher in the mantle, than in the crust.  

Because of small differences among 143Nd/144Nd ratios, εNd notation is used in presenting 

Nd isotope composition: 

(1)  

εNd =  
(

143Nd
144Nd

) sample − (
143Nd
144Nd

) CHUR

(
143Nd
144Nd

) CHUR

 Х 10000 

  where CHUR is Chondritic Uniform reservoir, with a value of 0,512638, and 144Nd – primordial 

isotope of Nd (DePaolo, 1988).  
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Old cratons like those in the Canada and Greenland, thus produce unradiogenic εNd values, 

and young mantle-derived rocks (e.g., those, surrounding the Pacific Ocean) – more radiogenic 

εNd values. The whole range of εNd signatures is quite wide, covering values from -56 to +12.   

Nd reaches the ocean mainly through eolian and riverine inputs. Additionally, input from a 

continental slope has also been suggested as one of the potential sources of Nd (Frank et al., 

(2002)). Scavenging is the major sink of the Nd in the ocean. Nd is a particle reactive element 

and has a relatively short residence time in the ocean – between 600 and 2000 years (Jeandel, 

1993), what is on the order of the world ocean residence time (average 1,500 year, Broecker et 

al. (1982)). Because of this short residence time, Nd is not homogeneously distributed in the 

ocean and can be used to trace water masses as well as sediment provenance (Frank, 2002). 

Unlike other paleocirculation proxies, Nd isotopes are not dependent on biological processes. 

The archives, used for Nd isotope analyses, are variable: Mn nodules, Fe-Mn crusts, Fe-Mn 

coatings on sediment grains, sedimentary foraminifera and fossil fish teeth.  

1.3.2. Sr isotopes 

 

Strontium (Sr) has four naturally occurring isotopes, all of them stable, with 87Sr being 

radiogenic and produced by β-decay of the parental Rubidium (Rb) isotope 87Rb: 

(3)                                                              87Rb          87Sr+ β-+ v- + Q,  

Where Q is total energy produced during radioactive decay, β – beta particle, in this case 

electron, v- - antineutrino. 

Due to different ionic radii of Rb+ and Sr+, Rb is more incompatible than Sr, which 

preferentially stays in the mantle. Therefore, Rb/Sr and consequently 87Sr/86Sr ratios are high for 

the continental crust, and low for the mantle derived rocks.  

Sr isotope signature of the ocean is composed from two main end-members: generally 

unradiogenic values of hydrothermal input from Mid-ocean ridges and more radiogenic riverine 

Sr values. Old marine carbonates can strongly influence Sr signature of riverine input. The only 

sink of Sr in the ocean is the incorporation in the carbonate shells and deposition in the marine 

sediments. Sr is very soluble in water, but not particle reactive, and its residence time in the 

ocean is more than 2 million years (Henderson et al., 1994). Thus it is distributed 

homogeneously in the ocean and the present-day 87Sr/86Sr is considered constant – 0.70918 

(Henderson et al., 1994). However, it has been changing on the longer time scales, mainly due to 

variation between hydrothermal inputs and weathering inputs. These changes are reflected in the 

Sr seawater curve produced for the last 500 million years (Figure 4).  
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Figure 4. Variation of the 87Sr/86Sr for the Phanerozoic, from Veizer et al. (1999b). 

 

During continental breakup hydrothermal activity is increasing, lowering the Sr isotope 

composition of the ocean, and the during continental collisions and mountain formations 

(orogenesis) 87Sr/86Sr changes in the opposite direction (Frank, 2002).  

Sr isotopes serve as a provenance tracer for the terrigenous sediments. Especially in 

combination with Pb and/or Nd isotope systems, changes in 87Sr/86Sr values can provide 

information about changes in provenance, and consequently, about sediment delivery 

mechanisms, weathering strength. One of the major complications of Sr isotopes application is 

the fact that during weathering 87Sr/86Sr signatures are changing with grain size (Tutken et al. 

(2002)). As a result, fine-grained sediment fraction provides more radiogenic 87Sr/86Sr.  

In paleoceanography, Sr isotope results from the sediment leachates or foraminifera 

samples provide a tool for testing the seawater origin of the isotope signal. The deviation of Sr 

isotope values from the Sr seawater curve could indicate the presence of detrital contamination 

in the samples. Gutjahr et al. (2007) showed, however, that this Sr-test alone is not enough to 

prove the integrity of the seawater signal.  

1.3.3. Pb isotopes 

 

There are three radiogenic Pb isotopes: 206Pb, 207Pb and 208Pb, produced with the 

radiogenic decay of 238U, 236U and 232Th isotopes, correspondingly. Normally, radiogenic lead 

isotopes are normalized to the only non-radiogenic primordial 204Pb isotope. Alternatively, they 
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could be presented as ratios among each other. U, Th and Pb are all incompatible and are 

enriched in the continental crust.   

The sources of Pb in the ocean are riverine, eolian and to some extent hydrothermal input, 

and the sink is the deposition in the marine sediments. Pb is a highly particle reactive element 

and has a short residence time in the ocean: 20-30 years in the Atlantic (Henderson and Maier-

Reimer, 2002) and 200-400 years  in  the  Pacific  (Craig et al. (1973);Schaule and Patterson 

(1981)), what is much less than the global ocean mixing time. Thus, Pb isotopes can be used in 

tracing water mass changes on the short time scales. However, lately they have been more often 

used as a proxy for provenance studies (e.g., Bailey et al. (2013)), as well as chemical 

weathering variations (e.g., Crocket et al. (2012)).  

Pb isotopes are fractionated during the chemical weathering of the rocks. Radioactive 

decay results in the damage of the crystal lattice of the mineral and radiogenic Pb isotopes tend 

to migrate to the mineral grain boundaries, and are more easily exposed to the weathering than 

non-radiogenic 204Pb isotope. von Blanckenburg and Nägler (2001) showed, that some accessory 

minerals like monazite, allanite and xenotime, host highly radiogenic 206Pb and 208Pb and with a 

weathering of these freshly exposed due to ice sheet retreat minerals resulting Pb isotope ratios 

of the solution are more radiogenic, than those of the source rocks. Thus the resulting Pb 

signatures in the seawater do not actually reflect the composition of the surrounding land masses.  

1.4.Fe-Mn oxyhydroxides as an archive for radiogenic isotope studies 

 

Among the archives used for radiogenic isotope analyses are Fe-Mn crusts, Mn nodules, 

foraminifera, fish teeth and marine sediments, which are the most widespread and accessible. 

The detrital fraction of the sediment represents the terrigenic signal and is used to reconstruct 

sediment provenance (e.g., Fagel et al., 2014). So-called authigenic fraction (Faure and Mensing, 

2005) or leachates, extracted from the sediments, are supposed to represent the seawater signal, 

and used to trace water masses. This authigenic fraction is thought to be dominated by iron-

manganese (Fe-Mn) coatings, which are formed on the sediment grain and incorporate trace 

elements. These coatings represent Fe and Mn oxyhydroxides (FeOOH, MnOOH), precipitating 

from the ambient water. They have a good scavenging capacity and incorporate trace metals, 

REE, also other ions like HPO4
2-, CrO4

- and others (Schulz and Zabel, 2006). The adsorption is 

caused by hydroxylation of the mineral surface and the subsequent exchange between hydrogen 

from the hydroxyl group and trace element cation, for instance, Cu2+ (the process is highly pH 

dependent, therefore, cations are adsorbed at less, and anions at more acidic ambient water 

conditions). Fe and Mn precipitates are strongly redox dependent. In anoxic conditions Fe+3 and 
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Mn+4 can be used up by bacteria as electron acceptors (Algora et al., 2015). This should be taken 

into account when using Fe-Mn oxydes fraction as a source for the seawater signal (see the 

Discussion in the Chapter 4).  

Bayon et al. (2004) pointed out the existence of so-called ‘pre-formed’ Fe-Mn oxides of 

terrigenous origin, which are formed on land and enter the ocean via riverine or eolian inputs, 

thus carrying not an authigenic bottom water, but rather a detrital signal. The isotopic signature 

of these pre-formed Fe-Mn oxides can mask the seawater isotopic signature of the authigenic Fe-

Mn oxides. In the areas close to the continental margin this issue is especially crucial, and needs 

to be accounted for.  

The extraction of the authigenic Fe-Mn coatings is a challenge, and there have been several 

studies, in attempt to develop the best sequential leaching procedure, the most popular being the 

one by Gutjahr et al. (2007). Despite careful extraction of the coatings, the possibility of the 

leachates fraction detrital contamination remains. Thus several methods for proving the integrity 

of the seawater signal exist. ‘Sr-test’ implies comparing Sr isotope results of the sediment 

leachates (authigenic fraction) with the Sr seawater curve (Veizer et al., 1999a) and with results 

of the detrital fraction samples. Another option is to analyze core-top samples and compare their 

leachate isotope signatures with modern water signatures. Moreover, since foraminifera are 

suggested to be more reliable archive for seawater signal reconstruction (e.g., Blaser et al. 

(2016), leachates samples’ isotopic results could be compared to the ones obtained for the 

foraminifera samples.  

1.5.Choosing the grain size fraction for radiogenic isotope analyses 

 

The size of the detrital fraction used for the analysis depends on the scientific question you 

want to answer. When focusing on the proximal, meltwater/rivers delivered material, the 

smallest, or silt fraction is usually chosen (e.g., Revel et al. (1996),Reyes et al. (2014)). To trace 

far-travelling ice-rafted material, delivered mainly by icebergs, coarse grains are selected (e.g., 

Hemming (2004); Downing and Hemming (2012)).    

Eisenhauer et al. (1999) and later Tutken et al. (2002) performed grain size experiments on 

the Arctic sediment core samples before analyzing them for the radiogenic isotope ratios. They 

discovered that 87Sr/86Sr ratios are grain-size controlled, when there is no correlation between 

fraction size and εNd results. Therefore, when applying radiogenic isotope ratios in provenance 

studies, grain size control should be considered, and only when both Nd and Sr isotope results 

show correspondent correlations, the potential sources could be discussed.  
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There is inconsistency, however, in how the fraction size is defined. Fagel et al. (2002) has 

already partly addressed this issue, pointing out that researches when talking about fine fraction, 

for example, do not mean the same: from smaller than 2 µm (Innocent et al., 1997)to smaller 

than 63 µm (e.g.,Hemming et al. (1998)). Later, Fagel et al. (2014) raised the same problem, 

when they chose sediment fraction smaller than 20 µm for the Late Quaternary Arctic 

provenance study, arguing that this fraction would be more resistant to post depositional current 

winnowing. They admit, however, that choosing fine fraction would exclude such mechanisms 

of sedimentary delivery as ice streams and IRD as well as meltwater events.   

Moreover, Reyes et al. (2014), even though they excluded coarse fraction as being 

potentially delivered to the study site with icebergs and drift sea ice, acknowledged the 

possibility of delivering clay and silt material in the same way. In case of the core MD 99-2227 

(Reyes et al., 2014) from the Erik Strait, there are more options to receive far-travelling 

sediments, than in the Baffin Bay, which is more isolated.  

Therefore, considering these uncertainties in the choice of material grain size, and keeping 

in mind our objective to define major sediment sources and suggest delivery mechanisms within 

the Baffin Bay, we settled in for a whole sample detrital fraction, and did not work on specific 

grain size fractions. Detailed sample preparation is covered in the Chapter 2 of the thesis.  

1.6.Motivation 

 

It is crucial to understand the connections between atmosphere, ocean circulation, ice sheet 

dynamics and the climate patterns. Nowadays this information is useful for the prediction of the 

Greenland and Antarctic Ice Sheets’ future dynamics. These ice sheets are continuously losing 

their mass (Dowdeswell (2006), van den Broeke et al. (2009),Vasskog et al. (2015)). Direct 

observations are limited to short scale changes and cannot define nor predict long term response 

to the global forcing - our knowledge on up to millennial scale remains insufficient (Alley et al. 

(2010), (Cofaigh et al., 2013)a). By studying the history of past deglaciation processes, we can 

improve our existing knowledge on the involved mechanisms to implement them into the 

numerical ice sheet and climate models (see Stokes et al. (2015) for the review).    

The last deglaciation was a period of profound changes in temperature, ice sheet extent, sea 

level and circulation. It is the most recent example of major ice sheets disappearing and the 

consequences for the climate system and world ocean. Baffin Bay is an ideal place to study the 

ice sheet dynamics in the Northern Hemisphere since the Last Glacial Maximum (LGM). It was 

surrounded than by three major ice sheets: Laurentide, Greenland and Innuitian. Considerable 

amounts of sediment from the continents were transported into the Baffin Bay by icebergs and 



- 33 - 

 

sea ice, meltwater plumes, subglacial erosion. Marine sediments represent one of the main 

archives for a variety of ice sheet retreat/extent proxies. Profound mineralogical, geochemical 

and micropaleontological investigation of sediment samples helps to reconstruct the sediment 

provenance and the character of sediment delivery and connect this information with the ice 

sheet dynamics. 

Radiogenic isotopes analyzed on the sediment samples have been serving this goal 

successfully for the last decades. Sr, Nd and Pb isotope records have been obtained for many 

sections of the Arctic sediment. In Baffin Bay, however, up to now there has been no profound, 

complete provenance study conducted. Simon et al. (2014, 2016) have made a good progress on 

sedimentological and mineralogical studies from the PC-16 core from the central Baffin Bay 

(Figure 2). They identified the sources of the Baffin Bay Detrital Carbonate (BBDC) layers to be 

Northern Baffin Bay carbonate platforms. They also performed 10Be/9Be isotope study on the 

sediment samples to discover, that variation in 10Be concentration depends on local deglacial 

processes rather than on Arctic interglacial/glacial cycles.  

For our project, we also selected the core PC 16, in combination with two additional 

sediment cores both coastal areas of the Baffin Bay, close to the Davis strait - SL 170 and SL 

174 (Figure 2). The location of these cores allows us to retrieve a complete picture of sediment 

delivery in the Baffin Bay. Therefore the first of the main research goals of the project is to 

perform sediment provenance study in the Baffin Bay, based on the radiogenic isotope analyses 

on the detrital fraction of the sediment cores, and to connect the information with sediment 

delivery mechanisms and ice sheet extent/retreat.  

Paleocirculation study was originally the second major part of the project. Baffin Bay is an 

important link in the Arctic – North Atlantic circulation system. It connects the Arctic Ocean 

with the Labrador Sea and North Atlantic. Labrador Sea, as one of the areas of deep water 

formation (Broecker and Denton, 1989), is a key player in the global overturning circulation. The 

distribution of sediment cores in study should allow us to follow the water mass paths in the 

Baffin Bay and its connection mainly to the North Atlantic for the last deglacial project. To 

achieve this, the same radiogenic isotope systems (Sr, Pb and especially Nd), but another archive 

were used. Sediment leachates (Fe-Mn oxyhydroxides) are supposed to represent the seawater 

signal. As the project evolved, however, we discovered that extraction of the true seawater signal 

from the Baffin Bay sediments is a challenge. Therefore, the third major part of the PhD project 

aimed to conduct additional analyses, which are not that often performed or published, in order 

to better understand the chemistry of the leaching procedure and its influence on the resulting 

radiogenic isotope signatures.   
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2.1. Introduction 

 

The focus of this study is on the provenance of marine siliciclastic sediments from the 

Baffin Bay, a marginal sea between Eastern Canada and Western Greenland that presently 

connects the North Atlantic and Arctic Oceans (Figure 1). The Late Pleistocene and Holocene 

time sections of the investigated sediment cores include the deglaciation history of the 

Laurentian-, Innuitian-, and Greenland ice sheets and potential changes in directions of the major 

water mass transport. In the chapter Materials, acquisition of the sedimentary cores, sub-

sampling of time sections from the cores, and the mineralogical and chemical composition of the 

samples are described. Radiogenic isotope compositions of the siliciclastic fraction of marine 

sediments have been widely used as a proxy to trace changing sediment supply from continental 

sources (Gwiazda et al. (1996a); Colville et al. (2011); Reyes et al. (2014);Bailey et al. (2013)), 

whereas isotopic compositions of biogenic carbonate and apatite and authigenic precipitates (Fe-

Mn crusts and coatings) from seawater in the sediment column trace the past variability of the 

water mass signal (Fagel et al. (2004); Frank (2002); Gutjahr et al. (2008); Bohm et al. (2015); 

Piotrowski et al. (2012). This study is based on combined evidence from Sr, Nd, and Pb isotope 

composition. The key issue in the separation of the provenance signal from the water mass signal 

is the sequential dissolution (leaching in the following) of the biogenic minerals and authigenic 

precipitates ((Chester and Hughes (1967) Gutjahr et al. (2007)). The leaching protocol and 

chemical analyses of some leachates are presented in the section Sample treatment: leaching 

procedure and sample dissolution. Before analyzing isotope ratios by mass spectrometry, the 

respective element has to be isolated from the matrix elements by chemical separation. The 

chemical procedures used in this study are described in the section Chemical separation and 

purification of Sr, Nd and Pb. Most isotope ratios have been analyzed by Thermal Ionization 

Mass Spectrometry (TIMS) at the laboratory at University of Bremen and MARUM and few 

samples by Multi Collector Inductive Plasma Mass Spectrometry at Geotop Center laboratory at 

Université du Québec à Montréal (UQAM) in Canada. Procedures, data quality and results are 

presented in the section Isotope ratio mass spectrometry. 

 

2.2. Material 

2.2.1. Selection of the cores and age model 

Two gravity cores from the Baffin Bay were selected at similar latitude by their proximity 

to Greenland within the northward directed West Greenland Current and to Canadian Baffin 

Island within the southward directed Baffin Island Current; the third core is from the center of 

the bay (Figure 5).  
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Figure 5. Map with the location of the sediment cores for this study, major circulation 

patterns (after Seidenkrantz (2013)) and maximum extension boundaries for ice sheets (after Simon 

et al. (2014), Dyke et al. (2002),Stokes et al. (2016)). EGC – Eastern Greenland Current, WGC – 

West Greenland Current, LC – Labrador Current, BIC – Baffin Island Current, DI – Disko Island, 

DevIs – Devon Island, EI – Ellesmere Island, GIS – Greenland Ice sheet, IIS – Innuitian Ice sheet, 

LIS – Laurentide Ice sheet. 

Cores SL 170 and SL 174 were collected with a gravity corer during the cruise MSM 09/2 

on research vessel Maria S. Merian in 2008 (Kucera et al., 2014). Sediment core SL 170 from the 

Greenland side (68° 58.15'N/ 59° 23.58'W; 1078 m water depth) with 600 cm recovery 

represents a time section of the last 18 thousand years; SL 174 from the Baffin Island side (68° 

31.88'N/ 63° 19.82'W; 1559 m water depth) with 773 cm recovery represents the last 48 

thousand years. The age models for both cores are based on the Acceleration Mass Spectrometry 

(AMS) 14C dating of mixed planktonic/benthic foraminifera assemblages (Jackson et al., 2017). 

Since no radiocarbon dates available before 11 ka for the core SL 170 and before 10.5 ka for the 

core SL 174, simple interpolation has been applied for top core-age calculation, assuming 

constant sedimentation rate. 

Core HU2008-029-016PC (further on PC 16) was retrieved during 2008-029 CCGS 

Hudson expedition from central Baffin Bay (70°46.14’N/64°65.77’W) at a water depth 2063 m 
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(Campbell and De Vernal, 2009). The physical, chemical and mineralogical properties of the 741 

cm long piston core was described in detail by Simon et al. (2012) and Simon et al. (2014). The 

age model was produced by a combination of relative paleo-intensity (RPI) data of geomagnetic 

field in the sedimentary sequences, 3 radiocarbon ages and 2 geomagnetic excursions and gives a 

time span of 131.7 ka (Simon et al. (2016). For this study samples were taken (116 – 15 cm ) 

covering the time period from 16.0 till 8.7 ka. All core locations are presented in Figure 1.   

Sediment cores SL 170 and SL 174 were sampled at the Center for Environmental 

Research and Sustainable Technology (UFT, Bremen), laboratory of Micropaleontology group 

of MARUM on one centimeter scale with a metal sampling knife. An aliquot of every sample 

was saved in glass vials for the biomarker analysis by Henriette Kolling (PhD student from 

Marine Geology and Paleontology group, Alfred-Wegener-Institut Helmholtz-Zentrum für Polar- 

und Meeresforschung (AWI) in Bremerhaven). The remaining aliquots were collected into the 

plastic bags, weighed and saved in a freezer. These samples were successively freeze-dried in the 

plastic bags in an Alpha 1-4 LDplus (Martin Christ Gefriertrocknungsanlagen GmbH) freeze-

drier in the UFT. After freeze-drying they were weighed again and stored in the office. 

Sample selection for a survey of radiogenic isotope compositions started with 10 samples 

evenly distributed throughout the sediment core SL 170 covering different lithologies and Ca 

contents from XRF scans (de Groot (2013). After the age models became available for cores SL 

170 and SL 174, the resolution of sampling was extended to a sample each 1 to 2 thousand years 

or higher for the time span 11 to 13 ka, which showed a pronounced excursion of isotope ratios 

in the survey of core SL 170.  

2.2.2. Lithology 

 

Full lithological description for cores SL 170 and SL 174 together with X-ray fluorescence 

(XRF) and quantitative X-ray diffraction (qXRD) results can be found in Jackson et al. (2017). 

Core SL 170 is characterized mostly by fine to sandy mud with the > 63 µm fraction rarely 

exceeding 10 to 30%, pebbly layers at 14.5-13.9 ka (505-470 cm) and at 11.5-11.1 ka (145-110 

cm), and occasional dropstones (Jackson et al., 2017). From XRD analysis the proportion of total 

carbonate was established to be 4-16% in the core SL 170, with considerably higher contents of 

dolomite relative to calcite. 

Core SL 174 is generally coarser and is also characterized mainly by laminated mud with 

variably sandy layers (up to 30% sand), including several coarse layers of pebbly mud with 

abundant dropstones at 625-610cm (~44.1-40.5 ka), 240-195 cm (14.2-12.6 ka) and 163-111 cm 

(12.2 – 10.9 ka). Dropstones in core SL 174 are more abundant than in the core SL 170. SL 174 



- 44 - 

 

is also richer in total carbonate (up to 55%), but the proportion of dolomite in the carbonate is 

similar in both cores with > ~70%.  

Lithological and mineralogical descriptions of core PC 16 were previously published by 

Simon et al. (2014) and Simon et al. (2016). I selected 15 samples from the core PC 16 for the 

period of 16-10 ka that covers major radiogenic signal changes in the isotope records of the core 

SL 170. This corresponds to the core section between 116 and 15 cm. The sediment is mostly 

sandy and gravely mud, with abundant pebbles and two BBDC (Baffin Bay Detrital Carbonate) 

layers with > 70% dolomite in the carbonate namely BBDC 0 between 12.2 and 10.7 ka, and 

BBDC 1 between 15 and 14 ka (Simon et al., 2014). According to the age models in cores SL 

174 and SL 170, BBDC events 0 and 1 were redefined to 12.7 - 11 ka and 14.2 - 13.7 ka, 

respectively (Jackson et al., 2017). 

2.2.3. Examination of samples by stereo microscope and by Scanning Electron Microscope 

(SEM) 

 

Bulk sediment samples under the stereo microscope show a dominant, greyish groundmass 

that is not resolved at the maximum magnification of 100x. Sieved fractions >63 µm show 

abundant fine sand, comprising mainly bright and less abundant greenish-dark grains. Larger 

identifiable grains of variable size up to a few mm comprise quartz, feldspar, supposedly 

hornblende, rare mica, and rock fragments. The large grains (and dropstones) underline the 

importance of ice rafted material in the depositional environment (e.g., Simon et al. 2012; 

Jackson et al. 2017). A part of the coarser fraction is biogenic carbonate like foraminifera.  

Semi – quantitative detection of characteristic elements on the grainsize and smaller scale 

is enabled by EDX (energy-dispersive x-ray analyses) detectors of Scanning Electron 

Microscopes (SEM). I used a Tescan Vega 3 XMU SEM at the department of 

Biogeochemistry/Geology of ZMT (Leibniz-Zentrum für Marine Tropenforschung, Bremen, 

Germany) equipped with an Oxford EDX-detector to survey multi-grain mounds of selected 

sediments samples from core SL 170 (1) for the presence of Fe-Mn coatings on grain surfaces 

and (2) to trace carbonate minerals that are characterized by the presence of Ca and potentially 

Mg or Fe in the case of dolomite and siderite component and absence e.g. of Si and Al. The 

results of the element mapping of grain mounds and elemental compositions of grain surfaces are 

shown in the Appendix 1. Fe-Mn coatings were not identified on the grain surfaces, moreover, 

Mn was not detected at all in the analyzed samples. On the other hand, both Ca and Mg were 

defined by SEM in almost all samples, excluding only Sample 5 which is the detrital fraction of 

Sample 2. Where only Ca was detected without Mg, fragments of calcite could be identified, 
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even from the shape of the fragment (like in the case of the Sample 9). Where the SEM showed 

enhanced concentration of both Ca and Mg for the same areas of the pictures, it could imply the 

presence of dolomite (e.g., Samples 6, 7, 9 of the Appendix). Samples 2 and 5 of the SEM 

represent bulk and detrital (free from the ‘authigenic fraction’ sediment) fractions of the same 

sediment sample: 15-14 cm, core SL 170. Interestingly, both Ca and Mg are visible in the bulk 

fraction results, but not in the detrital, where only Ca was detected, what could imply that the 

dolomite was already leached. Overall, even these brief results support the hypothesis of 

dolomite being leached with the leaching solution used in the sequential extraction procedure 

(see Chapter 4).  

2.3. Methods 

2.3.1. Sample treatment: leaching procedure and sample dissolution 

 

In this chapter I describe methodology of the sequential leaching extraction of dissoluble 

fractions and their separation from the silicate detrital fraction of the samples.  

List of materials and chemicals used for the procedure: 

• 18.2 MΩ water also Milli-Q in the text (Merck Millipore) 

• Acetic Acid (100%; suprapur, Merck) 

• Sodium hydroxide NaOH (30% solution, suprapur, Merck) 

• Sodium acetate (99.9 %, suprapur, Merck) 

• Hydroxylamine hydrochloride (99.99%,trace metals basis; Sigma-Aldrich) 

• Pre-cleaned 40 ml and 15 ml Polypropylen (PP) centrifuge tubes. 

• Pre-cleaned 40 – 60 ml PP vials for storage of leachates. 

The leaching procedure was adapted and modified from Gutjahr et al. (2007) and is 

presented in the flowchart-diagram (Figure 2). All leaching steps were performed at room 

temperature. The procedure includes 4 steps (1) washing of the sample in Milli-Q water in order 

to remove the water soluble fraction, mainly NaCl from pore water; this fraction was only saved 

from core SL170 and discarded for the other cores. (2) Decarbonation aims to remove of 

biogenic carbonate; the supernatant and the first washing were saved for all cores. (3) 

Hydroxylamine hydrochloride (HH) leaching aims to remove authigenic Fe-Mn coatings on 

mineral grains. The survey by SEM did not reveal any Fe-Mn coatings on grain surfaces of our 

samples. Therefore, we selected a smaller ratio of sample size/ leaching solution volume of ~4g 

grams / 10 ml of solution than proposed by Gutjahr et al. 2007. The supernatant and the first 



- 46 - 

 

washing were saved for all cores. The solid samples were dried between the different leaching 

steps at 110°C, most of them also weighed (Table A1, A2 of the Appendix for sample weights).  

Freeze-dried samples for the core SL170 and several samples for the core SL 174 were 

weighed into into PP centrifuge tubes of 40 ml, Milli Q water were added to fill the tube and the 

tubes were shaken for an hour on a platform shaker (Polymax 1040; Heidolph Instruments 

GmbH) at 40 rpm (rotations per minute). After centrifuging in a centrifuge (Heraeus Multifuge 

X1;Thermo Fischer Scientific) for 30 min, the supernatant of the first washing of samples from 

core SL170 was saved in PP containers and evaporated in the oven at 1100C to reduce the 

volume, and then transferred to Teflon beakers. This fraction is referred in the text as ‘water 

soluble fraction’. For several samples from the core SL 170 water soluble fraction was extracted 

from the whole available sample mass (see Table A1), after extracting and material drying and 

weighing, 1.5-4 grams of sediment (depending on the abailability) were used for the rest of the 

leaching steps. For other samples of SL 170 and SL 174 (see Table A1, A2 of the appendix) 

water soluble fraction was separated from the 1,5-4 grams of sample, which was used for all 

other leaching steps as well.  

Samples were washed two more times with Milli-Q water, and then dried in the oven at 

1100C. Approximately 4 grams of each sample (Tables A1, A2 in Appendix) were transferred to 

15 ml centrifuge tubes for the next steps of leaching. For the cores SL 174 and PC 16 no water-

soluble fraction was collected, in this case the first step was weighing of a sample in the 15 ml 

PP centrifuge tubes with the same step of Milli-Q washing, shaking and centrifuging (EBA 20; 

Andreas Hettich GmbH) for 30 min at 4000 rpm.  

The next step is decarbonation of the samples with a solution of 15 % acetic acid buffered 

to pH~4 with 1 M sodium acetate. Samples were shaken for 2 hours on the shaker and 

centrifuged for 30 min at 4000 rpm. The ‘carbonate fraction’ was saved in the PP containers and 

the decarbonized samples were washed twice with Milli-Q water to ensure the complete removal 

of the solution.  

The next step includes leaching with 0.05M solution of hydroxylamine hydrochloride (HH) 

and 15% acetic acid buffered with NaOH to ~4 pH, carried out for 1.5 hours on the shaker, 

followed by 30 minutes of centrifuging. The extracted fraction will be further referred to as 

‘leachate(s)’. Afterwards the detrital fraction was washed twice. After each step of the chemical 

treatment the sediments were dried at 110°C and weighed in order to constrain the mass of the 

dissolved fraction (This was done for SL 170 and SL 174 cores: Tables A1, A2 - Appendix). 
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2.3.2. Sample dissolution 

 

Each extracted fraction (water soluble, carbonate, leachate) was saved in the PP containers 

and evaporated in the oven at 110°C to reduce the volume of the fraction but not dried down, 

afterwards it was transferred into Savillex Teflon beakers and evaporated to dryness prior to re-

dissolution. The dissolution was conducted under clean lab conditions. The water soluble 

fraction was dissolved in 1 ml 2N HNO3. The carbonate fraction and leachates were dissolved in 

concentrated HNO3 acid (up to 5 ml for carbonates, up to 2 ml for leachates depending on the 

amount of sample), refluxed at 80 °C on the hotplate for 1-2 days, evaporated to dryness, and re-

dissolved in 2N HNO3 for chemical separation of Sr, Nd, Pb. Aliquots for other analyses (e.g., 

ICP OES major element measurements, Table 1) were saved from these solutions in PP micro 

centrifuge tubes of 1.5 ml.  

The detrital material was stored in the centrifuge tubes, and approximately 50-100 mg of 

each sample were homogenized with pestle and mortar and was weighed in the Savillex Teflon 

beaker followed by the dissolution process described below (detrital fraction). The bulk fraction 

was subjected the same procedure: 50-100 mg of the bulk sample were homogenized, weighed in 

the Teflon beakers and dissolved.  

The first dissolution step for the detrital fraction included treatment with 4 ml of 

concentrated HF-HNO3 acid mixture for 3 days on a hotplate at 130-140°C, followed by 

evaporation overnight at 80°C. Next step was applying aqua regia (3 ml 6 N HCl: 1 ml 

concentrated HNO3) for 24 hours on a hotplate at 120°C, followed by drying down at 90°C. If 

remains of organic material were noticed (black spots), hydrogen peroxide was applied to the 

sample in 100μl steps, until the visible reaction had finished (one to three steps depending on the 

amount of visible black material). Finally, the detrital fraction was re-dissolved in 2 ml of 2N 

HNO3, and aliquots for further analyses were saved.  
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Figure 6. Flowchart of the sequential leaching procedure together with the following steps of 

samples treatment 
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2.3.3. Major element analysis 

 

Both detrital fraction and leachate of eight samples from the core SL 170 (selected based 

on samples ages to ensure an equal distribution throughout the whole core and on the availability 

of the well-dissolved aliquots with weight control) were analyzed for Fe, Mn, Ca, Mg, Al, Si, B, 

K, Li, P, S, Sr, TI element concentrations. These elements allow assessing element distribution 

in the samples, with Fe and Mn, and Ca and Mg being especially of interest – to check the 

presence of Fe-Mn oxyhydroxides and dolomite, correspondingly. Aliquots of the leachates and 

detrital fractions (Table 1) were re-dissolved in 2% HNO3, diluted and measured on the ICP OES 

Varian Vista PRO in the Sediment Geochemistry research group of University of 

Bremen/MARUM. Sample weights, dilution factors, and element concentrations are in the Table 

1. The main results are (1) Mn contents in leachate and detrital fraction are very low (< 600 

µg/g; 1 detrital ~800 µg/g; Figure 7), Fe contents is low in the leachate (range ~ 400 to 12000 

µg/g) compared with the Fe contents of the detrital fraction (range ~29000 to 46000 µg/g). The 

low Mn contents and high Fe/Mn ratios (> 5) preclude the presence of large amounts of material 

from typical Fe-Mn coatings (e.g.Toth (1980); Hein et al. (1997)) in the leachate. (2) The major 

element chemistry of the leachate is dominated by Ca (range ~35000 to 181000 µg/g) and Mg 

(range ~22000 to 104000 µg/g; Table 1) with molar ratio Ca/Mg of ~1, which is the 

stoichiometric ratio of Ca/Mg in dolomite (Figure 8). Sr contents in the detrital fraction is 

substantially higher than in the leachate.  

 

Figure 7. Core SL170: Fe and Mn concentrations measured in leachates and detrital fraction 
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Figure 8. Core SL170: Here shown Ca concentration relative to its molar mass (40) versus 

Mg concentration relative to its molar mass (24), for both detrital and leachates fraction. The 

resulting ratio is close to 1. 
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2.3.4. Chemical separation and purification of Sr, Nd and Pb 

 

List of Materials used: 

• PTFE labware 

• double distilled HNO3 

• triple distilled HF and HCl 

• 18.2 MΩ water also Milli-Q in the text (Merck Millipore) 

• Orthophosphoric acid (suprapure; Merck) 

• H2O2 (suprapure; Merck)  

High precision isotope ratio analyses by TIMS (Thermal Ionization Mass Spectrometer) or 

MCICP-MS (Multicollector Inductively Coupled Plasma-Mass Spectrometer) require a chemical 

separation of the element of interest (Sr, Nd, Pb) from elements with interfering masses (e.g. Rb, 

Sm) and other matrix elements that inhibit ionization.  Prior to the column chemistry, all 

solutions were centrifuged to avoid loading of undissolved particles on the columns.The column 

separation procedure were identical in MARUM clean laboratory (Bremen, Germany) and in 

Geotop clean laboratory (Montreal,Canada), Sr and Pb were separated in columns with  Triskem 

Sr spec - resin (mesh size 50-100 μm; Table 2) (Horwitz et al. (1992);Deniel and Pin (2001)).  

Volume Reagent Stage 

2x500 µl 6N HCl cleaning resin 

2x500 µl MilliQ-water cleaning resin 

2x500 µl 2N HNO3 condition resin 

100 µl steps Sample load sample, collect 

REE 

12x100 µl 2N HNO3 elute matrix elements, 

collect REE 

5x200 µl 0.05N HNO3 collect Sr 

5x100 µl 2N HCl condition columns 

4x200 µl 7N HCl collect Pb 

backwash MilliQ-water discard resin 

 

Table 2. Sr spec column procedure. (PE columns with a resin volume of ~70μl) 
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About 40 µl of 0.1 M H3PO4 were added to collected Sr and Pb samples before drying at 

temperature of 120°C on the hotplate. Potential remains of the resin in the Sr and Pb fraction 

were destroyed in ~70 µl of concentrated HNO3 (65%) at 140°C overnight, evaporated and 

treated with ~40 µl H2O2 and finally dried at 120°C. 

The run off from Sr and Pb separation (Table 2) contains the rare earth elements (REE). 

The  REE group was separated from their matrix elements using Triskem TRUspec- resin (mesh 

50-100; volume ~250 µl, procedure in Table 3; (Pin and Zalduegui, 1997). ( Neodymium was 

separated from Sm using Triskem Ln- resin (mesh 50-100; procedure in Table 4 Le Fèvre and Pin 

(2001); Mikova and Denkova (2007). Prior to drying, about 40 µl 0.1 M H3PO4 was added to Nd 

fraction. 

 

Volume Reagent Stage 

3xfull reservoir MilliQ-water  cleaning resin 

2 ml 0.05N HNO3 cleaning resin 

full reservoir MilliQ-water cleaning resin 

2x0.5 ml 2N HNO3 precondition resin 

0.5 ml steps sample load sample 

7x0.5 ml 2N HNO3 elute matrix elements 

0.25 ml 0.05N HNO3 elute 2N HNO3 

4x0.5 ml 0.05N HNO3 collect LREE 

backwash MilliQ-water save resin for cleaning 

 

Table 3. TRU spec column procedure (PE columns; volume 250 µl ) 

 

Volume Reagent Stage 

5 ml 0.25N HCl  cleaning resin 

5 ml MilliQ-water cleaning resin 

2x1 ml 0.05N HNO3 precondition column 

0.5 ml steps sample load sample 

3x0.25 ml 0.25N HCl elute La, Ce, Pr 

0.5 ml 0.25N HCl elute La, Ce, Pr 
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2 ml 0.25N HCl elute La, Ce, Pr 

2,5 ml 0.25N HCl collect Nd 

5 ml 6N HCl cleaning resin  

5 ml 6N HCl cleaning resin 

5 ml 0.25N HCl cleaning resin 

 

Table 4. Ln spec column procedure (quartz-glass columns, 10 cm length, 4 mm inner 

diameter; resin volume 1 ml) 

Total procedure blanks were <800 pg for Sr, ≤80 pg for Nd and ≤160 pg for Pb what 

represents << 1 % of the total respective sample size and is considered to be negligible.  

2.3.5.  Isotope analyses  

 

Most of the isotope analyses were conducted at MARUM - Center for Marine 

Environmental Sciences in Bremen, Germany, apart from five samples from the core PC – 16, 

which were analyzed in GEOTOP center at UQAM, Montreal, Canada. The results for the three 

cores are presented in Tables A3, A4 and A5. Nd and Sr isotope ratios were analyzed on a 

Thermal Ionization Mass Spectrometer (TIMS) Triton from Thermo Fisher Scientific (both at 

MARUM and GEOTOP). The procedures described below are true for both laboratories for Sr 

and Nd isotope measurements. Sr was loaded on Re single filaments using H3PO4 and Ta emitter 

in ‘sandwich’ technique (Birck, 1986). Sr isotope ratios were analyzed in the dynamic 

multicollection mode and corrected for instrumental mass fractionation using 88Sr/86Sr =8.375. 

NIST SRM 987 was used as a Sr standard, with a 87Sr/86Sr value yielded over the study period of 

3 years 0.710250 ± 10 (2σ, n=34) and 0.710249 ± 16 (2σ, n=10) in MARUM and GEOTOP, 

respectively.  For Neptune ICP-MS Pb isotope analyses in GEOTOP 2s.d. mean – two standard 

deviations of the mean, calculated based on internal CGPB standard.  

Nd was loaded on a Re filament with H3PO4 and was analyzed in a double filament 

configuration in the static multicollection mode. The averaged 144Nd/143Nd of standard JNdi-1 

(Tanaka et al., 2000) during the period of analyses were 0.512097 ±6 (2σ) (n=28) and 

0.512098±20 (2σ) (n=10) at MARUM and GEOTOP, respectively. Instrumental mass 

fractionation was corrected using 146Nd/144Nd=0.7219.  

143Nd/144Nd ratios are presented in εNd notation [(143Nd/144Nd)sample/(
143Nd/144Nd)CHUR − 1] 

× 104 relative to (143Nd/144Nd)CHUR = 0.512638 (Jacobsen and Wasserburg, 1980). 



- 55 - 

 

Pb isotope measurements for the cores SL 170 and SL 174, as well as for 10 samples from 

the core PC 16 were carried out on a Thermal Ionization Mass Spectrometer (TIMS) Triton from 

Thermo Fisher Scientific at MARUM. Pb was loaded on single Re filament with H3PO4, using a 

silicagel emitter and analyzed in the static multicollection mode. Internal correction for 

instrumental mass fractionation is not possible because Pb has only one non-radiogenic isotope. 

Therefore an external correction for instrumental mass fractionation has been applied using 0.1% 

per atomic mass units on the basis of NIST SRM 981 composition. A 2σ of 0.1% considers the 

uncertainty in the correction for instrumental mass fractionation and is assumed for all analyzed 

samples . 

Pb isotopic analyzes for 5samples from PC-16 core (specified in the Table A5) were 

performed on a Nu Plasma II ™ MC-ICPMS instrument in GEOTOP, Montreal (Prior to the 

analyses samples were dissolved in 2% HNO3. SRM NIST 997 Tl solution was added to the 

sample and instrumental mass bias was corrected internally to (205Tl/203Tl of 2.3889) 

(Thirlwall,2002). CGPB-1 internal standard Pb-ratios indicate an external reproducibility 

(2s.d.mean , n=10 (1 session) 208Pb/204Pb: 37.974±0.012; 207Pb/204Pb: 15.698±0.014; 206Pb/204Pb: 

18.595±0.005). 

2.4. Results of isotope analyzes 

We present the radiogenic isotope records for hydroxylamine hydrochloride leachates and 

detrital fractions from cores SL170, SL174, and PC16 (Tables A3 to A5). The water soluble 

fraction was only analyzed in core SL170 (Table A3), but not saved for the other two cores. The 

carbonate fraction from acetic acid leaching and selected bulk sediment samples were analyzed 

in cores SL170 and SL174 (Tables A3, A4). Time section of cores SL 170 and SL 174 were 

sampled in the Holocene and in more detail in the Holocene –Pleistocene transition and older 

(core SL 170 back to 18 ka; SL 174 back to 50 ka). In core PC 16 the focus of sampling was on 

the 16 – 12 ka period, where prominent changes occur in the isotopic pattern of cores SL170 and 

SL174. 

2.4.1. Core SL 170 

‘Water soluble  fraction‘ 

Sr isotope ratios of the water soluble fraction range from 0.70927 to 0.70974 (average 

0.7094±0.0002, with the most radiogenic value of 0.70974 at 5.3 ka (Table A3). These values are 

close to the present seawater 87Sr/86Sr of 0.70917 (Figure 9). The water soluble fraction is 

dominated by marine pore waters and the dried fraction includes mainly salt. The possible 

exchange of Sr between pore water and silicate fraction with 87Sr/86Sr near or larger 0.72 is small 

and no systematic variation occurs between compositional variations in the silicate and water 
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soluble fractions (Figure 10). Covariation between the 87Sr/86Sr of the water soluble fraction and 

the carbonate fraction is also absent. Concentrations of Nd and Pb in the water soluble fraction 

were too low to be analyzed for isotope composition.    

 

Figure 9. Core SL 170 Variability of Sr isotope of the ‘water soluble fraction’ (shown with 2σ) 

with age (depth) of the sediments and present seawater composition of (0.70917 e.g.,Henderson et 

al., 1994).  

 

Figure 10. Core SL 170; 87Sr/86Sr of the water soluble and detrital fractions. 
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composition of the leachates provide strong evidence for the absence or minor importance of Fe-

Mn precipitates and the dominance of dolomite in the leachate. Sr, Nd, Pb isotope variations of 

the leachate,s detrital, and bulk fraction are presented together against age of samples in the core 

(Figure 16). Carbonate, detrital fraction, and leachates show all systematic changes and/or strong 

increase of variability at ages >~12 ka, whereas the bulk fraction shows no or comparably weak 

changes. 

Leaching procedures that aim at a certain fraction in a complex bulk sample inevitably also 

attack other fraction to certain extent (Chester and Hughes 1967), e.g. the HH leaching dissolves 

preferentially Fe-Mn coatings (hydrogentic precipitates; e.g., Chester and Hughes (1967); 

Koschinsky and Halbach, 1995; Gutjahr et al. 2007), but it is also known to dissolve dolomite at 

room temperature (Chester and Hughes 1967). Here I discuss the isotopic compositional 

relations among carbonate, leachate, and detrital fraction. 

The carbonate fraction represents those carbonates dissolved by a buffered acetic acid 

solution during the second step of sequential leaching extraction (Figure 6). This fraction mainly 

includes biogenic carbonates (aragonite and calcite), which are remains of calcareous organisms, 

but can also contain authigenic carbonate and detrital carbonate from continental sources (Blaser 

et al., 2016). Sr, Nd, and Pb isotope composition of the carbonate fraction were analyzed for the 

cores SL 170 and SL 174 (Tables A3, A4; Figures 11 and 16). Neodymium and especially lead 

contents were too low for analyzes in many samples.   

In the carbonates of the core SL170, 87Sr/86Sr values range from 0.7094 to 0.7118 (average 

0.7104±0.0013). The range plots roughly between the more radiogenic values of the water 

soluble fraction (>0.7094; Table A3) and the less radiogenic values of the leachate (<0.7120; 

range 0.7100 – 0.7136; Figure 11). 

Carbonate and detrital fraction 87Sr/86Sr values show no covariation, but a group with most 

radiogenic values in the carbonate occurs at the least radiogenic 87Sr/86Sr of the detrital fraction 

(Figure 12). 
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Figure 11. Core SL170: Variation of (a) Sr, (b) Nd, and  (c-e) Pb isotope ratios of the 

carbonate fraction and leachate with age of the sediment samples. The compositional variability in 

all three isotope systems increases at ages >~12 ka. 
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Figure 12.  Core SL170: 87Sr/86Sr of carbonate versus detrital. A group with the most 

radiogenic 87Sr/86Sr in the carbonate fraction occurs at least radiogenic detrital. 

There is a correlation between increasing 87Sr/86Sr in carbonates and leachates (Figure 13). 

The 87Sr/86Sr of the leachate and detrital is inversely correlated, i.e. the most radiogenic values in 

the leachate occur at the most unradiogenic values in the detrital fraction (Figure 13). It could 

possibly mean that the least radiogenic detrital fraction contains a phase with easy leachable Sr. 

The detrital fraction shows distinctly more radiogenic 87Sr/86Sr than the leachates, with an 

excursion to even higher values between ~ 12 and 16 ka (Figure 16). 

 

Figure 13. Core SL170: 87Sr/86Sr of carbonate (left vertical axes) and detrital (right vertical 

axes) versus leachate. Mind that the most radiogenic values of the leachate occur at the least 

radiogenic values of detrital fraction. 
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The εNd values show a similar spread in the carbonate (range -34.5 to -24.4) and leachates 

(range -33.6 to -23.3) and are positively correlated (Figure 14). The εNd values in the leachates 

are slightly more radiogenic than the respective values of the carbonate fraction in the Holocene 

or scatter at ages >12 ka with generally decreasing, less radiogenic values around the carbonate 

composition (Figure 11b). The εNd values of leachate and detrital fraction also show positive 

covariation (Figure 14), which could point to the incorporation of Nd from the detrital fraction 

during the leaching procedure., εNd of leachates is generally more radiogenic than or similar to 

the detrital fraction at ages <~12 ka, but significantly less radiogenic or similar for the older 

section of the core (Figure 16b).   

 

Figure 14. Core SL170: εNd values of carbonate and detrital fraction versus leachates and 

bulk. Neodymium composition of the carbonate and the detrital fraction show a positive correlation 

with the composition of the leachates. The compositional spread in carbonate and leachate is 

similar. Note, there no correlation between detrital and the bulk fraction.  

 

206Pb/204Pb, 207Pb/204Pb, and 208Pb/204Pb of most of the carbonate fraction and the leachate 

samples are almost indistinguishable (Figure 11), and hence show a pronounced positive 

correlation (Figure 15 a, b). Compared with the detrital fraction, the 206Pb/204Pb, 207Pb/204Pb, and 

208Pb/204Pb of the leachates (and carbonate) show distinctly higher, more radiogenic values 

(Figure 15, 16). In the time section ~16 to 12 ka, the detrital fraction shows systematically more 

radiogenic Pb isotope composition, whereas in the leachates, the scatter increases at still 

substantial higher, radiogenic Pb isotope ratios. Both detrital and leachate fractions show no 

covariation between their variable Pb isotope ratios (Figure 15). It means, leachates (and 

carbonates) have very distinct compositions, which are not visibly influenced by Pb from the 
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detrital fraction. The positive covariation between the mass of the leachate and the Pb isotope 

signature indicates a two-endmember mixing model between unradiogenic Pb leached from 

silicate fraction and radiogenic Pb from the dolomite. The dolomite dominates the element 

composition of the leachate. We can also exclude substantial contamination by the leaching 

process, because two different solutions were used during decarbonation and HH-leaching. 

Moreover, the isotope composition of small amounts of Pb in the HH leaching solution showed 

18.32 for 206Pb/204Pb; 15.60 for 207Pb/204Pb, 38.59 for 208Pb/204Pb, what is far from the radiogenic 

Pb isotope composition of the leachates and carbonates fractions. 

 

Figure 15. Core SL170: Pb isotope composition of carbonate and detrital fraction versus 

composition of the leachate: (a) 206Pb/204Pb and (b) 208Pb/204Pb show both a strong covariation in 

carbonate and leachate, but are uncorrelated in leachate and detrital fraction. There appears to be 

a correlation between the weight of the leachate and increasing radiogenic composition of the 

206Pb/204Pb (c). 

 

 

Bulk composition 

The isotope composition of the bulk sample was analyzed for a number of samples 

throughout the core (Figure 16). Sr and Pb isotope compositions plot much closer to the detrital 
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fraction than to the leachates (and carbonates). The Nd isotope results are less distinguishable, 

since leachates show affinity to the detrital fraction. Furthermore, isotopic compositions of the 

bulk fraction do not follow the excursions observed in the detrital fraction and leachates between 

~ 16 and 12 ka , for neither of the isotope systems. (Figure 16).  

 

Figure 16 (a-e). Core SL170 (a) Sr, (b) Nd, (c-e) Pb isotope variation with age for leachates, 

detrital and bulk fractions. The bulk shows less variation with time than detrital fraction and 

leachates. 

 

If we consider mass balance, we would expect the bulk composition within the 

compositional space of the analyzed components (fractions) of the same sample. In the 

“extreme” situation, the composition of the bulk can be close to the composition of one or 

another fraction, in case the composition of the respective fraction is dominant in the sample. 
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The core SL 170 has an excellent data coverage for all four fractions that were separated from 

the bulk material. The water soluble fraction is dominated by seawater (pore water) composition, 

and does not contain any significant amounts of Nd and Pb. The isotopic compositions of the 

carbonates and the leachates are closely linked (Figures 11, 13-15), but Nd and Pb contents in 

the carbonates appear to be in general much lower than in the leachate and hence Nd and Pb 

isotope composition were not analyzed for many carbonate samples. Therefore, we focus the 

discussion on the sub set leachate – detrital – bulk and consider the isotope composition of the 

carbonate as similar to that of the leachate. Sr contents in the detrital fraction are substantial 

higher than in the leachate (Table 1), which may explain the proximity of detrital and bulk 

fraction’ Sr isotope data (Figure 16). Sr isotope composition of the bulk plots between detrital 

and leachate in 14 out of 17 samples, which is a requirement from mass balance. However, the 

bulk composition does not follow the excursion of 87Sr/86Sr in detrital between ~12 to 16 ka and 

there is no covariation between detrital and bulk. Principally, the 87Sr/86Sr composition of the 

bulk could be explained by influence of the unradiogenic isotopic composition of the leachate 

(and carbonate), but element contents of the different fractions in this time section were not 

analyzed and therefore the quantification is not possible.  

The Nd isotope composition of 8 bulk samples (out of 14) does not fit the mass balance 

criteria, but 7 of the outlying samples plot close to their detrital counterparts. In the younger part 

of the sediment column εNd of the outlying samples is more, and in the older part ( >~12 ka), it is 

less radiogenic than the εNd of the detrital fraction.  

206Pb/204Pb, 207Pb/204Pb, and 208Pb/204Pb: of the same 5 samples (out of 11 samples) do not 

fit the mass balance criteria, and are, despite plotting close to the detrital fraction, less radiogenic 

than the latter. 

The detrital fraction most likely dominates the element budget of the bulk sample and 

therefore most bulk compositions fall close to the detrital fraction compositions. The small 

deviations of Pb, Nd, and two Sr signatures from the mass balance criteria are likely due to 

insufficient homogenization of the detrital and bulk samples. However, this bias, presumably 

introduced by the sample treatment does not affect the major features of the leaching 

experiments: (1) pronounced systematic compositional change or at least increased variability of 

the detrital fraction and leachates fraction occurs at ages older than ~12 ka (2) the Pb isotope 

composition of leachates and carbonate fractions is differs considerably from the composition of 

the detrital and bulk fractions and cannot be explained by the leaching of an authigenic Fe-Mn 

phase, but is rather caused by the presence of dolomite according to the elemental composition 

of the leachate (see Chapter 4).  
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2.4.2. Core SL 174 

The coverage of Sr isotope analyses for the time section from 45.7 to 1.7 ka is good for all 

fractions; a similar coverage of Nd isotope results exists for the leachates, detrital and carbonate 

fractions, whereas Pb isotope record is only complete for the detrital fraction (Figures 17-18). 

The variability of Pb and Nd isotope results in other fractions is partly due to the low contents of 

Pb in the leachates and low contents of Pb and Nd in the carbonate fraction.   

Carbonate fraction and leachates 

The carbonate fraction forms a compositionally relatively uniform group according to its 

small range of 87Sr/86Sr (0.7092 to 0.7110; average 0.7100±0.0010), which is on the order of the 

least radiogenic samples of the leachates (Figure 17 a). Their least radiogenic 87Sr/86Sr values 

plot close to the modern seawater (0.70917, Henderson et al., 1994, Figure 17a). The 87Sr/86Sr 

values of carbonates and leachates show only a weak covariation (Figure 19).  

 

Figure 17. Core SL 174:  Sr and Nd isotope composition of carbonate fraction and 

leachates versus time. (a) 87Sr/86 (b) εNd 

Along the time axis, the scatter in the carbonates increases between ~20 and 10.7  ka, and 

respective leachates samples evolve to generally more radiogenic 87Sr/86Sr (Figure 17 a). 

The εNd values of the carbonate fraction considerably vary from -23.2 to -32.5 what is 

within the even larger range of the leachate’s composition (Figure 17b). At ages between ~20 

and 10.7 ka, the εNd values of the carbonate fraction evolve to generally more unradiogenic 

compositions with a large scatter, whereas the εNd of the leachate samples show random 

variations between ~-21 and -33.6. Covariation between εNd of carbonates and leachates is weak 

(Figure 19).  
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Only four values are available for the carbonate fraction Pb isotope ratios (average 

206Pb/204Pb 22.34±0.50) and 8 values for the leachates, all but 2 samples from the ~20 to 10.7  ka 

time section.  Carbonate fraction samples systematically show more radiogenic Pb isotope ratios 

than the leachates samples (Figure 17 c-e).  

Detrital fraction – bulk – leachate 

The Sr isotope compositions of the detrital fraction are rather variable in all time sections, 

but in the time section between 20 and 10.7 ka the samples show the dominance of comparable 

unradiogenic 87Sr/86Sr at a still broad scatter (Figure 18). The scarce data at >20 ka are also 

rather radiogenic. Sr isotopes of the detrital and bulk co-vary (Figure 19).  

In the time section from ~20 to 10.7 ka, detrital εNd show prevailing comparable 

unradiogenic values but maintains its large scatter. The unradiogenic εNd values also dominate at 

ages >20 ka. Neodymium isotopes of the detrital and bulk show a good positive covariation; 

there is however no covariation between εNd in detrital fraction and leachate (Figure 20). 
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Fig 18. Core SL 174: Sr, Nd and Pb isotope compositions versus age. (a) 87Sr/86 and (b) εNd of 

detrital fraction, bulk and leachates (c-e) Pb isotope composition of detrital, carbonate, bulk, and 

leachates fraction. 

Twelve of 13 bulk samples fit the mass balance criteria in the Sr isotope system and all 4 

samples with a complete dataset of bulk – leachate – detrital fraction fit the criteria for the Nd 

isotope system. The 206Pb/204Pb and 207Pb/204Pb composition of the detrital fraction evolve from 

unradiogenic compositions at ages >20 ka, with a scatter rather than a trend between 20 to 10 ka 

to more radiogenic compositions in the Holocene (Figure 18). The 208Pb/204Pb does show a 

similar evolution (Figure 18 d). The Pb isotope signatures of the leachate and carbonate are far 

more radiogenic than those of detrital fraction and bulk. 
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Figure 19: Core SL174 87Sr/86Sr composition. The covariation of 87Sr/86Sr is considerable 

between detrital fraction and bulk, but absent (leachate – detrital; leachate - bulk) or weak 

(leachate -carbonate) between other fractions.  

 

 

Figure 20. Core SL174: εNd composition. The covariation of εNd is good between detrital 

fraction and bulk, but absent (leachate – detrital) or weak (leachate-carbonate) between other 

fractions. 
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 2.4.3. Core PC 16 

Leachate and detrital fractions 

Core PC 16 was sampled from 116 cm to 16 cm covering the age from 16.0 to 8.7 ka. All 

but one sample are within the time section of increased compositional variability in cores SL170 

and SL174. The 86Sr/87Sr of the leachates is relatively uniform with range of 0.7097– 0.7133 

(average 0.7109±0.0020) and without any trend within the time section. The 86Sr/87Sr of the 

detrital fraction is more radiogenic than the 86Sr/87Sr of the leachate and shows a larger 

variability through the core (Figure 21 a). The εNd of both detrital fraction and leachate also does 

irregularly scatter with age. All but two leachate samples show more radiogenic εNd than the 

detrital samples (Figure 21 b). Lead isotope composition of the leachate is substantially more 

radiogenic in the leachate in comparison to the composition of the detrital (Figure 21 c-e). The 

207Pb/204Pb values scatter rather considerably between ~15.3 to 15.7 (Figure 21d). 

 

Figure 21. Core PC 16: Sr, Nd and Pb isotope composition of the leachate and detrital 

fraction with increasing age for the time section 16 to 8 ka. 

2.4.4. Comparison of cores SL170, SL174 and PC 16 

 

Here I compare the results for three cores on a descriptive level without geological 

implications. Detrital fraction and bulk of core SL 170 from the western Baffin Bay have 

generally less radiogenic 87Sr/86Sr than the same fractions from the core SL 174 from eastern 
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margin and core PC16 from the centre of the bay (Figure 5; Figure 22 a). Interestingly, the 

results of detrital fractions from the core SL 170 for the time section from 16 to 12 ka show no or 

little overlap with the detrital fraction results from other cores between. The range εNd is less 

distinctive (Figure 22a). The leachates show a similar range of Sr and Nd isotope compositions 

in general (Figure 22a). However, leachates of SL170 are distinguished from other cores by less 

radiogenic εNd (Figure 22 a) during the 16 – 12 ka period.  

Pb isotope compositions (Figure 22 b, c) of the detrital and bulk fractions of SL 170 and 

SL 174 show little overlap with the less radiogenic compositions in core SL 170. The PC 16 

detrital fraction plots at the radiogenic end of the detrital fractions. The leachates of PC 16 and 

SL 170 are similarly radiogenic, independent of the differences between the detrital fractions of 

both cores. The leachates of SL 174 core plot at the unradiogenic end of the leachate 

compositions.  

Overall, we can conclude, that isotope data indeed show variation through time and they do 

differ between sediment cores. This will help to distinguish various sediment sources (see 

Chapter 3) and discuss possible reasons of isotope variations. At the same time, the extraction of 

the leachates fraction appears to be quite complex and with the lack of more systematic approach 

to the leaching method, major minerology and chemistry data, the interpretation of the leachates 

becomes problematic (see Chapter 4). In this light, we have to be aware, that our interpretation of 

data in terms of paleoclimate/paleoceanography is up to now mainly based on general estimates 

and suggestions.  
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Figure 22. Comparison of Sr-Nd (a) and Pb (b, c) isotope compositions of cores SL170, SL174 

and PC16. S/K – Pb evolution curve (from Stacey and Kramers (1975)).  
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3.1.Abstract 

 

Due to the fact that it was surrounded by three ice sheets during Last Glacial Maximum 

(LGM) and received a massive influx of sediment via ice stream systems, Baffin Bay is an 

excellent area to study the Last Pleistocene-Holocene deglaciation history. Defining the origin 

and routes of sediment fluxes is a key element in the ice sheet dynamics research. Radiogenic 

isotopes measured on the detrital fraction of marine sediment represent a robust proxy for 

determining material supply changes from the continental sources. We present here Sr, Nd and 

Pb isotope results for the detrital sediment from three cores from the central (PC 16), and 

southern Baffin Bay (SL 170 and SL 174). We define main sediment sources for the core SL 170 

as central West Greenland and South-West Greenland Precambrian terrains, and suggest that the 

Greenland Ice Sheet deglaciation was retreating asynchronously. The signal in the isotope ratios 

at 12.0 ka was attributed to the change from South-West Greenland (Archean Block) to central 

West Greenland (Nagssugtoqidian Mobile Belt) source. SL 174 Sr isotope values seem to be 

influenced by the abundance of minerals (micas, feldspars) with radiogenic Sr values, what 

complicated characterization of the sediment origin. Detrital material of PC 16 core was mainly 

influenced by mixed Precambrian sources and detrital carbonate source from North Laurentide-

Innuitian ice sheets.  

3.2.Introduction  

 

Late-Pleistocene-Holocene climate transition represents the beginning of the deglaciation 

period accompanied by extensive changes in the temperature, ocean circulation and ice sheet 

extent (Carlson and Clark, 2012). By expanding our knowledge on ice sheet retreat mechanisms 

and the interplay between climate variability, ice sheet dynamics and ocean circulation, we can 

better predict the future climate changes, which are already happening faster than we suggested 

before. Baffin Bay takes a special place in this research as it was surrounded by three major 

North American Ice Sheets during the Last Glacial Maximum (LGM): Laurentide Ice Sheet 

(LIS), Inuitian Ice Sheet (IIS) and Greenland Ice Sheet (GIS) (Figure 23 and references therein) 

and received a massive amount of sediment input from large ice stream systems during 

deglaciation. Moreover, it is an important link in the North Atlantic-Arctic circulation system, 

and is connected to both Arctic Ocean (via Nares Strait) and Labrador Sea (via Davis Strait), 

which is one of the areas of bottom water formation (Broecker and Denton, 1989).  

Many studies appeared in the last decades, which were focused on the Late Pleistocene 

deglaciation history and the role of the Baffin Bay, and were based on a wide variety of proxies: 

ice sheet modelling (Lecavalier et al., 2014), geophysical observations (Dowdeswell et al., 
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2014), sedimentology and minerology (Cofaigh et al. (2013a); Cofaigh et al. (2013b); Simon et 

al. (2014)), bathymetry patterns (Slabon et al., 2016), 10Be exposure dates (White et al., 2016), 

foraminiferal assemblages and stable isotope records (Jennings et al., 2006). Some of these 

studies, however, were concentrated on selected areas, such as ice streams (e.g., O’Cofaigh et al. 

(2013a)) or on the specific events, such as Younger Dryas (e.g., Carlson et al. (2007)). Sediment 

flux to the Baffin Bay and determination of its sources is an important aspect of deglaciation 

study. Simon et al. (2012, 2014, 2016) presented a profound mineralogical and sedimentological 

data analysis, based on the records from the sediment core in the central Baffin Bay. However, 

clay mineral assemblages is not specific enough of a method to accurately determine the 

sediment provenance (Darby et al. (2011); Fagel et al. (2014)). Radiogenic isotope records (Sr, 

Nd, Pb) of the detrital sediment, on the other hand, have been successfully applied for decades to 

trace changing sediment supply from continental sources (Gwiazda et al. (1996a); Colville et al., 

(2011);Reyes et al. (2014); Bailey et al. (2013)). Here we present Sr, Nd and Pb isotope results 

for the detrital sediment fraction from three cores - in the central (PC 16) and southern Baffin 

Bay (SL 170, SL 174). Our aims are: (1) To define main sources and transport mechanisms of 

the sediment fluxes to the sediment cores in the Baffin Bay; (2) to compare the sediment 

provenance of both cores and (3) to discuss implications for the ice sheet dynamics and 

freshwater routing.  

3.3.Regional Setting 

 

Baffin Bay is connected to the Arctic through a series of water passages between Canadian 

Archipelago Islands, like e.g., Nares Strait, Jones Sound and Lancaster Sound and to the 

Labrador Sea via Davis Strait. Present-day surface water circulation implies a counter-clockwise 

gyre (Figure 23;Aksu and Piper (1979)). Warm water is delivered from the North Atlantic Ocean 

through the Davis Strait with the West Greenland Current, whereas the Baffin Island Current 

(BIC) brings cold water from the Arctic into the Labrador Sea along the Baffin Island (Figure 

23). The Labrador Sea is one of the areas of deep water formation, feeding the North Atlantic 

Deep Water (Broecker and Denton, 1989), what makes it extremely important for the world 

ocean thermohaline circulation. The Labrador Current flowing further south meets the North 

Atlantic Current, another key contributor to the global ocean circulation. As such Baffin Bay is 

one of the main seawater pathways between the Arctic and the North Atlantic. 
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Figure 23. Map produced with Ocean Data View (Schlitzer, 2016).  Baffin Bay map and core 

locations together with the major circulation patterns (blue lines - modified from Seidenkrantz 

(2013)and Nuttin and Hillaire-Marcel (2015)) and LGM ice sheet boundaries (dashed grey line - 

modified from Stokes et al., 2016). BIC – Baffin Island Current, LC- Labrador Current, EGC – 

East Greenland current, WGC – West Greenland current, GIS, LIS, IIS – Greenland, Laurentide 

and Innuitian Ice Sheets, DI – Disco Island, EI- Ellesmere Island, Dev Is – Devon Island. Also 

shown major ice streams (after Simon et al., 2014) and main geological patterns (adapted from 

Simon et al. (2014), St-Onge et al. (2009); Wodicka et al. (2002), Okulitch A. (1991), White et al. 

(2016)).  

The area around Baffin Bay is known to be surrounded by the oldest rocks on Earth. One 

of the biggest Archean cratons – the North Atlantic Craton, which covers a major area of North 

America, is represented in Greenland by orthogneisses of the Archean Block (AB). The rest of 

central and southern Greenland is mostly Precambrian as well: Early Proterozoic granitoids of 

Ketilidian Mobile Belt (KMB) on the south and dominant Proterozoic belt with reworked 

Archean rocks of Nagssugtoqidian Mobile Belt (NMB) (White et al. (2016)) in the Central 

Greenland. Disko Island in the central West Greenland stands out hosting tertiary basalts. The 
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very north of the Greenland is characterized by the Early Paleozoic shelf and deep-water 

deposits of Franklinian Basin (Rosa et al., 2016). The north of the Baffin, most of Ellesmere and 

Devon Islands are predominantly Paleozoic as well, comprised of fine terrigenous sediments and 

sand, with abundant shallow marine platform carbonates. The rest of the Baffin Island is 

dominated however by Precambrian rocks from the Rae craton (St-Onge et al., 2009) and mostly 

Proterozoic rocks of the northern margin of the Trans-Hudson Orogen (Wodicka et al, 2002).  

Precambrian Superior Province of the Ungava Peninsula and Makkovik, Churchill and Nain 

provinces in the Labrador represent are located to the south of the Baffin Bay and also represent 

potential drainage sources for the Hudson Bay-Baffin Bay-Labrador Sea system.    

3.4.Material and Methods  

3.4.1. Sediment cores information 

 

Two sediment cores SL 170 and SL 174 were collected with a gravity corer during the 

cruise MSM 09/2 on research vessel Maria S. Merian in 2008 (Kucera et al., 2014). Sediment 

core SL 170 from the Greenland side (68° 58.15'N/ 59° 23.58'W; 1078 m water depth) with 600 

cm recovery represents a time section of the last 18 thousand years; SL 174 from the Baffin 

Island side (68° 31.88'N/ 63° 19.82'W; 1559 m water depth) with 773 cm recovery represents the 

last 48 thousand years. The age models for both cores are based on the Acceleration Mass 

Spectrometry (AMS) 14C dating of mixed planktonic/benthic foraminifera assemblages (Jackson 

et al., 2017). Since no radiocarbon dates available before 11 ka for the core SL 170 and before 

10.5 ka for the core SL 174, simple interpolation has been applied for top core-age calculation, 

assuming constant sedimentation rate. 

Core HU2008-029-016PC (further on PC 16) was retrieved during 2008-029 CCGS 

Hudson expedition from central Baffin Bay (70°46.14’N/64°65.77’W) at a water depth 2063 m 

(Campbell and De Vernal, 2009). The physical, chemical and mineralogical properties of the 741 

cm long piston core was described in detail by Simon et al. (2012) and Simon et al. (2014). The 

age model was produced by a combination of relative paleo-intensity (RPI) data of geomagnetic 

field in the sedimentary sequences, 3 radiocarbon ages and 2 geomagnetic excursions and gives a 

time span of 131.7 ka (Simon et al. (2016). For this study samples were taken (116 – 15 cm) 

covering the time period from 16.0 till 8.7 ka. All core locations are presented in Figure 23.   

3.4.2. Leaching procedure 

 

Leaching procedure (adapted from Gutjahr et al. (2007)) is fully described in the Chapter 

2. Briefly, prewashed with MilliQ-water sediment samples were decarbonated with a solution of 



- 82 - 

 

15 % acetic acid (supra pure)/ 1 M sodium acetate (99%) (buffered to pH~4), carbonate fraction 

was saved and analyzed. Dried decarbonated sediments were leached with hydroxylamine 

hydrochloride solution (0.05M hydroxylamine hydrochloride (HH; 99%) and 15% acetic acid 

buffered with NaOH to ~4 pH), leachates were saved and analyzed. Approximately 100 mg of 

the detrital fraction was dissolved with concentrated HF-HNO3 acid mixture, aqua regia and one 

more step of concentrated HNO3. 

3.4.3. Isotope analyses 

 

After redissolution in 2 N HNO3 detrital samples were put through Sr-spec, TRU-spec and 

Ln-spec columns to separate Sr, Pb and Nd elements. They were further measured on Thermal 

Ionization Mass Spectrometer (TIMS) at MARUM Center for Marine Environmental sciences 

(Bremen, Germany) and at GEOTOP Center at UQAM (Montreal, Canada) (those samples are 

marked in the Table 5).   

NIST SRM 987 was used as a Sr standard, with 87Sr/86Sr value yielded over the study 

period of 3 years 0.710250 ± 10 (2σ) (n=34) and 0.710249 ± 16 (2σ) (n=10) in MARUM and 

GEOTOP, respectively. The averaged 144Nd/143Nd of standard JNdi-1 during the period of 

analyses were 0.512097 ±6 (2σ) (n=28) and 0.512098±20 (2σ) (n=10) at MARUM and 

GEOTOP correspondingly. Instrumental mass fractionation was corrected using 143Nd/144Nd 

=0.7219. 143Nd/144Nd ratios are presented in εNd notation [(143Nd/144Nd)sample/(
143Nd/144Nd)CHUR − 

1] × 104 relative to (143Nd/144Nd)CHUR = 0.512638 (Jacobsen and Wasserburg, 1980). For Pb 

isotope results an external correction for instrumental mass fractionation has been applied using 

0.1% per atomic mass units on the basis of NIST SRM 981 composition. A 2σ bulk error of 

0.1% considers the uncertainty in the correction for instrumental mass fractionation and is 

assumed for all analyzed samples. 

Pb samples were measured at GEOTOP (Table 5) using Nu Plasma II ™ MC-ICPMS. 

SRM NIST 997 Tl solution was added to the sample and instrumental mass bias was corrected 

internally to (205Tl/203Tl of 2.3889) (Thirlwall, 2002). l. CGPB standard Pb-ratios indicate an 

external reproducibility (2s.d.mean , n=10 (1 session) 208Pb/204Pb: 37.974±0.012; 207Pb/204Pb: 

15.698±0.014; 206Pb/204Pb: 18.595±0.005). 
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3.5.Results 

3.5.1. Temporal downcore Sr, Nd and Pb isotopic results for SL 170, SL 174, PC 16 

 

Isotope ratios results are presented in the Table 5 and Figure 24. For the core SL 170 a 

general shift in the isotope composition of Sr, Pb and Nd can be observed between 15.8 ka and 

12.0 ka. The 87Sr/88Sr record starts with rather unradiogenic values between of 0.7196 and 

0.7227 (average 0.7210 ±0.0026, σ), when from 15.9 ka to 15.8 ka the first shift occurs towards 

more radiogenic 87Sr/88Sr values with the range of 0.7277 to 0.7333 (average 0.7307 ±0.0041, σ). 

At 12.0 ka Sr ratios shift back to less radiogenic values (average 0.7223 ±0.0028, σ) with a 

scatter between 0.7201 and 0.7244 before it turns back to a more radiogenic value of 0.7270 

close to the top of the core.  Downcore εNd values start with an average value of -29.2 ±1.3 

(range from -29.8 to -28.5).  At 15.8 ka, the values shift towards slightly more radiogenic εNd 

values between -32.1 and -28.5 (average -30.0 ±2.3, σ). Further up the core and after 12.0 ka, the 

data show a big scatter (average 27.5 ±2.7, σ) but there is a general shift towards more 

radiogenic εNd values as high as -24.8. The 206Pb/204Pb of the detrital material deposited before 

15.8 ka vary from 16.64 to 17.21 with an average of 16.85±0.62. Further up, the data shift 

towards more radiogenic values (with the range 17.85-18.35) before returning to less radiogenic 

Pb isotope ratios of 16.95 to 17.70 (17.29 ±0.50, σ) at 12.0 ka. 207Pb/204Pb and 208Pb/204Pb 

records show generally similar patterns with the shifts within the same time spans, to 206Pb/204Pb 

record, producing the range of values 15.07-15.33 (average 15.21 ±0.13, σ) and 36.92-39.71 

(average 38.10 ±1.74, σ), correspondingly. 

SL 174 records are generally more variable than those for SL 170 core. Sr isotopic values 

are more radiogenic than for SL 170 core. The results cover the range from 0.7239 to 0.7475 

(average 0.7380±0.0127, σ). From the downcore value of 0.7239 at 45.7 ka 87Sr/88Sr increase to 

0.7438 at 33.6 ka, followed by a decrease to the values of 0.7296-0.7234 at 27.4-17.8 ka. 

Afterwards the record is highly variable ranging between 0.7317 and 0.7473 from 17.8 ka to 11.6 

ka, with 87Sr/88Sr of 0.7454. The top of the record demonstrates a slight trend towards less 

radiogenic Sr ratios from 8.6 ka (0.7475) to 1.7 ka (0.7396). εNd values are generally more 

radiogenic than those for the core SL 170, with few fluctuations throughout the record, which 

ranges from -29.8 to -24.0 with an average of -27.5 ± 3.0 (σ). Nd isotope record starts with 

values around -29.1 to -25.2., followed by a slight decrease towards more unradiogenic value of -

29.9 at 18.6 ka. Afterwards a sharp increase occurs reaching εNd -23.9 at 17.2 ka. A change in the 

opposite direction follows, again showing the value -29.9 (13.3 ka), and directly afterwards a 

trend towards less unradiogenic range εNd values is observed: -25.3 to -24.3 for the top of the 

core. 206Pb/204Pb data produce strongly variable record with values scattering between 17.23 and 
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19.27 (average 18.19±1.07, σ). The values are mostly more radiogenic than Pb isotope values for 

the core SL 170. The record starts with values varying between 17.33 and 18.57 from 45.7 to 

14.2 ka, when a sharp decrease at 13.3 occurs reaching 206Pb/204Pb of 17.23, followed by a shift 

in the opposite direction reaching 19.27 value at 8.6 ka. The top of the core covers values 18.73-

19.18. 207Pb/204Pb and 208Pb/204Pb records show similar patterns as 206Pb/204Pb record, producing 

the range of values 15.26-15.59 (average 15.40 ±0.20, σ) and 38.39-41.19 (average 39.46 ±1.36, 

σ), correspondingly.  

PC 16 data are available for the section of the core from 116 cm to 16 cm covering the age 

from 16.0 to 8.7 ka. Sr record shows highly radiogenic isotope values: they vary greatly from 

0.7318 till 0.7508 with an average of 0.7390 ±0.0120. The range of Sr values is similar to the SL 

174 range for the same time span. There are two peaks with the most radiogenic signatures at 

14.5 ka (0.7493) and at 12.2ka (0.7508). εNd signatures for this core produce a range from -25.4 

to -29.6 (average of -27.8±2.4, 2 σ), what again is in the similar to the scope of values for the 

core SL 174. 
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Table 5. Nd. Sr and Pb isotope data of the detrital fraction for the cores SL 170, SL 174, PC 

16. Samples* were analysed in GEOTOP. For these 2 s.d. of the mean error: 0.012 for 206Pb/204 Pb, 

0.004 for 207Pb/204Pb,  0.005 for 208Pb/204Pb. For Pb isotope analyses in MARUM a bulk error of 

0.1% is assumed. 

 

Two peaks showing the least unradiogenic values are observed at 15.2 ka (-25.4) and at 

12.9 ka (-26.6) 206Pb/204Pb ratios vary between 18.02 and 20.10 (average 18.80±1.37), thus 

showing the most radiogenic signatures among all three cores, with two extremes at 14.5 ka 

(19.82) and at 11.0 ka (20.10). 207Pb/204Pb ratios range from 15.32 (at 15.7 ka) to 15.72 (at 11.0 

ka) (average 15.49±0.27), showing similar pattern to the 206Pb/204Pb record, when 208Pb/204Pb 
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ratios produce slightly different pattern, varying between 38.43 (12.8 ka) and 40.71 (at 11.0 ka) 

(average 39.76±1.26). 

 

Figure 24. Sr, Nd and Pb isotopic composition results for sediment cores SL 170 (purple), SL 

174 (green) and PC 16 (red).  

 



- 88 - 

 

 

3.6.Discussion 

3.6.1. Potential sediment sources  

 

Greenland has been studied intensively in the last decades, what explains abundant 

radiogenic isotope data both for the whole rock, and for the stream sediments (e.g., from Reyes 

et al. (2014), Colville et al. (2011)). Thus, from the Greenland side 5 major sources were used 

for the provenance diagrams compilation: Archean Block (AB), Nagssugtoqidian Mobile Belt 

(NMB), Ketilidian Mobile Belt (KMB), Northern Greenland and tertiary basalts or Paleogene 

volcanics from the Disko Bay area. Baffin Island Rae craton is a part of North American Craton, 

so is Archean Block, what partly compensates for the lack of Baffin Island Precambrian source 

rock data. Mean Sr and Nd isotope values for the Proterozoic east cost of the Baffin Island are 

available from McCulloch and Wasserburg (1978) (Table A6). 

Data from the Superior and Makkovik provinces were included, although considering 

modern-like circulation patterns and the domination of severe ice sheets and sea ice regime for 

the beginning of deglaciation period, contribution from these sources are unlikely, however not 

impossible. Data from Nain province are absent. Sparse data are available for the Northern 

Greenland and Canadian Arctic Archipelago (mostly Nd isotope data, Table A6). All areas with 

available radiogenic isotope data and the mean values of these data are shown in the Figure 25. 

Note that the colors in this Figure correspond to the colors in the provenance diagrams (Figures 

26 and 28).  

For the better interpretation of the results isotopic data from all three cores were grouped 

together, based on the changes through isotope records. For the core SL 170 the following 

groups were defined: 17.8 – 15.9 ka; 15.8- 12.0 ka; 11.9-0 ka. Data from core SL 174 were 

divided into 3 groups: 45.7-20.2 ka; 19.1 – 10.7; 8.6-0 ka. PC 16 samples did not demonstrate 

synchronous changes in isotope ratios through time in all three records; therefore the data for this 

core was not divided into groups (age 9.2-15.7 ka). 
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Figure 25. Geological areas surrounding Baffin Bay with available whole rock and stream 

sediments radiogenic isotope data; shown are mean values for Sr, Nd and Pb isotope ratios for 

these areas (Table A 6, Appendix). All the references could be found in the Table 6.  

3.6.2. SL 170 sediment sources determination 

 

Most of the data points from the sediment cores occupy the central part of the Sr-Nd 

diagram, somewhat in the middle of the mixing line between the Paleogene volcanics data with 

the most radiogenic εNd values and the least radiogenic 87Sr/86Sr and whole rock samples of the 

Archean with the most radiogenic 87Sr/86Sr ratios and the least radiogenic Nd signatures (Figure 

26).  

From the Sr-Nd diagram two diagonal shifts can be defined between three groups of SL 

170 data: one at 15.8 ka and one at 12.0 ka (Figure 26). Usually when shifts in both Nd and Sr 
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isotopic composition occur simultaneously, this implies a change of the sedimentary source. All 

SL 170 data concentrate within areas of the Naggsuqidian Mobile Belt (NMB) and the Archean 

stream sediments. However, the second group of data - from 15.8 ka to 12.0 ka – seem to be 

inclined towards the Archean Block source, and the other two groups – before 15.8 ka and after 

12.0 ka are shifted in the opposite direction. These changes suggest variability in the contribution 

from both AB and NMB: at 15.8 ka AB influx must have been increased, when at 12.0 ka 

sediment supply from NMB must have been enhanced.  

In the 207Pb vs 206Pb diagram data from SL 170 core occupy area with relatively 

unradiogenic Pb values, especially compared to data from other Baffin Bay cores, and they again 

incline towards South-Western Greenland terrains – NMB and AB (Figure 28). Here we also can 

identify shifts between three groups of data. The first one - from the group of oldest samples 

(before 15.8 ka) with the lowest values for both Pb ratios to the middle group (15.8 to 12.0 ka) 

with more radiogenic isotope composition, which overlaps with SL 174 core data. The second 

shift implies the return to pre -12 ka slightly less radiogenic values. However, as has already 

been mentioned by Reyes et al. (2014), interpretation of the 207Pb vs 206Pb – provenance 

diagrams for the North Atlantic area is complicated by anomalously radiogenic KMB data, and 

by Paleogene volcanics data, which fill the central part of the diagram, where most of the 

measured samples are concentrated. Moreover, it has been shown, that rivers draining Archean 

cratons provide Pb isotopic composition different from the source rocks (Asmerom and Jacobsen 

(1993);Fagel et al. (2002)). Nevertheless, two shifts in Pb isotope data at the same time as in Sr-

Nd isotope data nicely support the idea of sediment source changes. 
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Figure 26. Sr and Nd provenance diagram, showing the isotope signatures for the 

surrounding continents (data provided in the Table A6) KMB = Ketilidian Mobile Block, 

NMB=Nagssugtoqidian Mobile Belt. Colors correspond to the geological areas in the Figure 25, and 

richer colors presents whole rock data, lighter – stream sediments data (for NMB).  
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3.6.3. SL 174 sediment sources determination 

 

Data from the SL 174 core show generally more radiogenic Sr isotope compositions than 

from the SL 170, although the range of εNd values is comparable. Apart from few outliers, three 

groups of data can be observed, with the youngest group having the most radiogenic Sr 

signatures (Figure 27). The oldest and the middle group have both a similar range of εNd values, 

when the youngest group (from 8.6 ka onwards) shows the least unradiogenic εNd. Apart from 

one sample the middle data group (19.1-10.7 ka) produces quite distinctive signatures, entailing 

a different source. Similar situation we observe in the 207Pb vs 206Pb  diagram (Figure 28): 

samples from the youngest group (8.6-0 ka) show the most radiogenic Pb isotope ratios among 

all SL 174 data. The source of these sediments however is not unambiguous: from the 

provenance diagrams one could suggest KMB terrain; however, considering the location of SL 

174 core and the ice conditions in the Baffin Bay, this source is less likely than the Precambrian 

terrain of the Baffin Island. 

 

 

Figure 27. Sedimentation rate, coarse fraction percentage (from Jackson et al., 2017) and Nd, 

Sr, Pb isotopic composition for the SL 174 sediment core. YD= Younger Dryas event (12,8-11,7 ka, 

Steffensen et al., 2008), B/Å = Bølling- Ållerod warm period (14,7-12,7 ka, Broecker (1992)), H1= 

Heinrich Stadial 1 (Carlson and Clark, 2012). BBDC – Baffin Bay Detrital Carbonate events 0 and 

1 (Jackson et al., (2017)). Also shown oxygen isotope record from GRIP 2 project.  
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On the other hand, from Pb data points for the group 8.6-0 ka (Figure 28) incline towards 

rather radiogenic Pb ratios, where the data for the Northern Greenland Paleozoic basin are 

located. 

A strong deviation towards radiogenic Sr ratios without significant shifts in Nd isotope 

composition, observed for all SL 174 samples (including 8.6-0 ka group), suggests the influence 

of the mineralogical composition on the resulting values. Presence of such minerals as micas or 

feldspars in the weathered material can result in elevated radiogenic Sr isotopic composition of 

the sediment samples. In the core PC 16, for example, XRD analysis determined feldspar rich 

layers (Simon et al., 2014). In the Sr-Nd provenance diagram the cloud of SL 174 data does not 

overlap with any of the potential source areas, except for the Superior Province. If we assume the 

same or similar circulation state as today (Figure 23), however, it would be complicated to 

deliver material from the Labrador to the central Baffin Bay, although it is not impossible. Thus, 

we suggest that mixed Precambrian sources are involved in sediment supply to the SL 174 core, 

and the signals are overprinted by the abundant minerals with radiogenic Sr signatures (e.g., 

micas).  

3.6.4. PC 16 sediment sources determination 

 

PC 16 Sr-Nd isotope data distribution is similar to the SL 174 (Figure 26), with two 

distinctively radiogenic Sr values. In the 207Pb vs 206Pb diagram, other two samples show 

extremely radiogenic Pb isotope compositions, the most radiogenic among all Baffin Bay data. 

Radiogenic isotope results for the core PC 16 are highly fluctuating (Figures 24, 29). No 

synchronous shifts are observed in the records; therefore data were not further divided into 

groups. This can indicate the combination of several sediment sources, providing a mixed signal, 

what can be expected, taking into account the location of the core – deep central Baffin Bay. 

This location implies less high sediment influxes with meltwater discharge from the ice streams, 

and more sediment delivered with icebergs and sea ice. The range of radiogenic isotope data 

advocates for the prevalence of Precambrian signal. 

This is also confirmed by coarse grains percentage which is generally higher than for the 

other two Baffin Bay cores (Figure 29). The spread of Sr isotope ratios towards highly 

radiogenic values leads to similar conclusion as for the SL 174: abundant micas and feldspars 

provide radiogenic Sr isotope signatures . 207Pb vs 206Pb diagram demonstrates the proximity of 2 

exceptionally radiogenic PC 16 samples to the Northern Greenland data (Figure 28). 
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Figure 28. 207Pb vs 206Pb provenance diagram showing the isotope signatures for the 

surrounding continents (data compilation and references are in Table A6) together with Pb isotope 

data from this study for the cores SL 170, SL 174, PC 16. KMB = Ketilidian Mobile Belt, NMB= 

Nagssugtoqidian Mobile Belt, AB= Archean Block. Colors correspond to the colors from Figure 3. 

Richer color is for the stream sediments data, lighter – for the whole rock data (for NMB). Hatched 

area shows the data from Hemming et al., 1998 on IRD deposits in the North Atlantic. S/K – Stacey 

and Kramers growth curve (Stacey and Kramers, 1975). LSRL = Labrador sea reference line 

(Gwiazda et al. (1996a);Downing and Hemming (2012)).  
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Northern Greenland data represent sphalerite and galena samples from the Franklinian 

Basin (Rosa et al., 2016) (Table A6). Franklinian basin however covers not only the north of 

Greenland, but also major areas of the CAA, which is the more probable source of material in the 

Baffin Bay. Although Pb isotope data are not available for other Paleozoic terrains in the 

Northern Baffin Bay area, one can assume the similar values range for the whole section. Few 

Nd isotope data is available for the Northern Ellesmere Island; the values are much less 

unradiogenic than those for the PC 16 samples (around -10 for εNd, Table A6). We analyzed 

several dolomite samples from Borden Basin (Nunavut, Baffin Island), one of the Proterozoic 

carbonate platforms; they resulted in even more radiogenic Pb isotope composition (see Chapter 

4): up to 40 for 206Pb/204Pb. Thus, as second major sediment source for the core PC 16 is 

represented either by Paleozoic or by Proterozoic carbonate terrains, both, however, are drained 

by the Northern Laurentide-Inuuitian Ice sheets. This finding allows us to advocate for the 

Northern Baffin Bay ice sheets discharge as a source for the detrital carbonate delivery to the 

Baffin Bay sediment cores, as suggested by Simon et al. (2014), the matter discussed further in 

the section 3.6.6.  

 

Figure 29. Sedimentation rate, coarse fraction percentage (Simon et al., 2014) together with 

Nd, Pb and Sr isotope ratios for the core PC 16 (this study) and oxygen isotope record from 

Greenland Ice Sheet Project 2 (GISP 2, http://www.ncdc.noaa,gov/paleo/study/17796). BBDC – 

Baffin Bay Detrital Carbonate events (Jackson et al., 2017). YD  - Younger Dryas event (12.8-11.7 

ka, Steffensen et al. (2008)). Implications for reconstruction of the Baffin Bay deglaciation history 

 

 

http://www.ncdc.noaa,gov/paleo/study/17796
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3.6.5. Implications for the Baffin Bay surrounding ice sheets history  

 

Within the first shift in SL 170 isotope records (15.8 ka), sedimentation rate is relatively 

low and constant (Figure 30). Alley et al. (2010) did not observe any evidence for the GIS retreat 

before Younger Dryas. However, O’Cofaigh et al. (2013) and Dowdeswell et al. (2014) defined 

the timing of GIS retreat at the Uummannaq Trough as early as 14. 8 ka, what also coincides 

with the beginning of the warm Bølling interstadial. Sheldon et al. (2016) showed, that 

Uummannaq ice stream retreat started by 15.0 ka, providing an evidence of warm Atlantic 

waters presence in the Baffin Bay as early as before 14.0 ka. Our provenance data, on the 

contrary, demonstrate that from ~15.8 ka to 12.0 ka Archean Block area of Greenland played a 

major role as a sediment supplier, and not the NMB area (where Uummannaq is located). The 

coarse fraction percentage increased around 14 ka, suggesting icebergs to be the major delivery 

mechanism for this time. Could the warm water intrusion first initiate/strengthen the retreat of 

the South-Western Greenland ice sheet before proceeding to central West Greenland with two 

main ice streams – Uummannaq and Jakobshaven? This would require further investigation.  

 

 

Figure 30. Sedimentation rate, coarse fraction percentage (Jackson et al., 2017) and Nd, Sr, 

Pb isotopic compositions for the SL 170 sediment core. YD= Younger Dryas event (12.8-11.7 ka, 

Steffensen et al., 2008), B/Å = Bølling- Ållerod warm period (14.7-12.7 ka, Broecker (1992)), H1= 

Heinrich Stadial 1 (Carlson and Clark, 2012). BBDC – Baffin Bay Detrital Carbonate events 

(Jackson et al., (2017)). Also shown oxygen isotope record from GRIP 2 project.  

The second shift in SL 170 isotopic compositions at 12.0 ka is accompanied by an increase 

in the sedimentation rate, which reached its maximum for the core – 250 cm/ka, but at the same 

time the percentage of coarse material drops (Figure 30). The fact that the sedimentation rate is 
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so high possibly indicates the proximity of the source to the core location, and our provenance 

studies confirm that. Based on the provenance data we suggested that at 12.0 ka, what is in the 

middle of the cold YD, material supply from central West Greenland (NMB) was enhanced 

(Figures 26,28). Increased sediment transport from NMB region must have been a result of the 

intensive retreat of the GIS in this area.  White et al. (2016), based on 10Be exposure dates and 

14C chronology suggested the rapid retreat of GIS in the Archean Block area (Figures 23,25) 

from the coastline towards its near modern ice margin between 11 and 10 ka. Our results show 

that it could happen even earlier - by 12.0 ka, although not necessarily. Archean Block could still 

drain material to the Baffin Bay, but the deglaciation in the NMB area started and, being the 

most proximal source with extensive ice streams, the NMD signal simply overprinted the AB 

signal. Therefore, we suggest an inception of an intensive deglaciation in the central West 

Greenland area by 12.0 ka, with a release of a massive amount of sediment via meltwater plums 

and glacial erosion, intensified by two major Greenland ice streams - Jakobshaven and 

Uummannaq (Stokes et al. (2016), White et al., 2016). The shift postdates the onset of the 

Younger Dryas event, which is supposed to represent the short cold period and is often 

associated with the readvance of the ice sheets. Cofaigh et al. (2013) argued for a very brief 

readvance of the Jacobshaven glacier in the Disko Bugt area and a rapid retreat within YD event. 

Lecavalier et al. (2014), based on the GIS model Huy 3 results, also proposed a readvance of the 

ice sheet for some regions of the GIS at 12 ka as well as the earlier time frame for the retreat in 

the Southwestern Greenland: 16-14 ka. We do not determine an ice sheet readvance, what is in 

agreement with some other studies (e.g., Jennnings et al., 2006).  

After the event at 12.0 ka, there are no more significant shifts in the isotope records for the 

core SL 170 (except for the excursion in the Nd record at 7.5 ka). From 10 ka onwards the 

sedimentation rate drops down to its minimum of around 10 cm /ka. By that time Central and 

South-West GIS must have been stabilized and retreated inland. It is supported by few recent 

studies: 10Be surface exposure ages indicated that the GIS margin remained on the continental 

shelf until ~11 ka (Winsor et al., 2015) Lecavalier et al. (2014) also determined the time of ice 

sheet reaching the modern coastline – 10 ka, and Sinclair et al. (2016) defined land-based 

deglaciation start in Western Greenland as 10.5 ka. The end of the BBDC 0 event (around 11 ka; 

Jackson et al., 2017) seems to be accompanied by the diminished sedimentation rates and coarse 

fraction material in the SL 174 data as well, with isotope records showing much less fluctuation 

after 11 ka (Figure 23). This timing marks the ice sheet retreat from the carbonate platforms in 

the Northern Baffin Bay area (Jackson et al., (2017)), what is supported by Ledu et al. (2010), 

who determined the last deglaciation stage in the Lancaster Sound as 11.1-10.8 ka. Moreover, 

Margold et al. (2015) identified the decrease in the ice streaming for LIS at 12-10 ka, 
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emphasizing the importance of ice streams dating to better understand their role in the ice sheet 

mass balance. Isotope ratios in the SL 174 records do not demonstrate the presence of a clear 

sediment source shift. Nevertheless, we suggest no influence from the Greenland Ice Sheet 

discharge areas, but mixed sources of Precambrian origin with a possible influence from the 

Northern Baffin Bay Paleozoic terrains (section 3.6.3).  

In general, Laurentide Ice Sheet was relatively stable, as Downing and Hemming (2012) 

proposed. The smaller continental shelf on the west side of the Baffin Bay is possibly 

responsible for the absence of similar major ice streams in the Baffin Island area, as in 

Greenland, what could make the ice retreat there more gradual and uniform, i.e. harder for 

radiogenic isotope and sedimentological data to define stages of the ice sheet extent. 

3.6.6.  Using Pb isotopes for determining detrital carbonate layers and their provenance 

 

Within 206Pb/204Pb record for the core PC 16 two peaks can be encountered accompanying 

both BBDC (Baffin Bay Detrital Carbonate) events (recently redefined by Jackson et al., 2017). 

Interestingly, the first peak occurs with the beginning of the BBDC 1, when the second – 

towards the end of BBDC 0. These events were interpreted as a release of the detrital carbonate 

material from the Northern Laurentide/Innuitian Ice sheets, as a result of their instability (Simon 

et al., 2014; Jackson et al., 2017). Two samples with these distinctive radiogenic Pb isotope 

compositions are separated from other PC 16 samples in the 207Pb vs 206Pb  provenance diagram 

(Figure 28). We suggest either Northern Paleozoic terrains or Northern Proterozoic carbonate 

platforms to be the source contributing to this fraction of PC 16 sediments. Thus, Pb isotope 

results seem to confirm the assumption of detrital carbonate delivery from the Northern Baffin 

Bay sources to the central Baffin Bay core locations. The absence of such distinct Pb values for 

the core SL 170 could be attributed to the fact that North Baffin Bay signal was diluted with 

other sediment sources, which were more prominent (see section 3.6.2). SL 174 Pb isotope data 

are more radiogenic than for SL 170, however not as much as for PC 16, what implies an 

additional source of material as well, but different from the one for SL 170 core (section 3.6.4).  

Benson et al. (2003) also used Pb isotopes and REE results to define Heinrich event  2 

(H2) for the Labrador Sea core HU 87-09. The timings of the BBDC events are in disagreement 

with timings for Heinrich events, what can signify the complexity of the Laurentide Ice Sheet 

instabilities and discharge history (Simon et al., 2014,; Jackson et al., 2016). 206Pb/204Pb isotope 

ratios for HU 87-09 samples showed an increase towards values of up to 18.5, when most of the 

other samples produced significantly less radiogenic, i.e. different isotope composition, making 
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the Pb signatures for Heinrich event quite distinctive. Benson proposed Hudson Strait ice stream 

as major sediment source during H2.  

 

Figure 31. Pb isotope results for SL 170, SL 174, PC 16 (this study), PC 13, PC 94 (Fagel et 

al., 2002) and HU 87-09 (Benson et al., 2003) together with the location map. WBUC=Western 

Boundary Undercurrent, NAWD= North Atlantic Deep Water. BBDC= Baffin Bay Detrital 

Carbonate Events, defined in Jackson et al. (2017). H1 – Heinrich Stadial (Carlson and Clark, 

2012), H2 – Heinrich event 2, defined for the core HU 87-09 (Benson et al., 2003; Kirby and 

Andrews (1999)). Note that ages for the core HU 87-09 were calculated based on three radiocarbon 

dates from Kirby and Andrews (1999) and interpolation. 

These evidences from sediment cores in two different locations nicely illustrate the 

potential of Pb isotope ratios to represent and alternative/additional method of determining the 

presence of detrital carbonates layers and their origin, within either Baffin Bay or the Labrador 

Sea.  

The results also lead to better understanding of the delivery mechanisms, especially bottom 

and surface ocean current.  Sediments from North Atlantic and the Baffin Bay have been studied 

extensively (Bond et al. (1992); Gwiazda et al. (1996b); Andrews and Tedesco (1992), Downing 

and Hemming, 2012), mainly because of the North Atlantic Deep Water formation areas – 

Labrador Sea and Greenland-Iceland-Scotland ridge area, as well as because of the connection to 

the Arctic Ocean through Fram Strait and the Canadian Archipelago. To compare the sediment 

transport history in the Baffin Bay and North Atlantic we show lead isotope results for the 

sediments from these three cores, together with the cores in this study (Figure 31). PC 94 and PC 

13 seem to have minimum variation through time, and their 206Pb/204Pb values range from 18.5 

to 19.2, similarly to Pb values of PC 16 Baffin Bay core. PC 13 is under the influence of 
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WBUC, and PC 94 – NADW, and the isotope results indicate that the sediment supply 

mechanism most likely didn’t change, as didn’t change the source regions. The WBUC is the 

major supplier of the NADW (McCartney, 1992), and although active during the LGM 

(Ledbetter and Balsam, 1985), it was rather weak until the rapid increase in production together 

with NADW at the isotopic stage 2/1 transition (Fagel et al., 2002). Fagel et al. (2002) 

determined provenance for the both cores, emphasizing the role of North American Precambrian 

Shield but also Lower Paleozoic Terrains of northwestern Europe. Pb isotope results for the 

cores PC 13 and PC 94 fall between 2 groups of PC 16 data: the one that we associate with the 

detrital dolomite Proterozoic source  (or Paleozoic platforms) and another one associated with a 

mixed signal from mainly Precambrian sources surrounding the Baffin Bay. These results lead to 

a conclusion, that WBUC, or, more likely, sub-surface warmer waters (West Greenland Current 

system), was possibly significant in the Baffin Bay, and could even transport the material from 

the North Atlantic. Bottom currents represent one of the possible fine sediment delivery 

mechanisms. Whether the intrusion of the WGC system was possible during Last Deglaciation, 

is still under debate, however some evidence exist for the relatively warm currents in the areas as 

high as near the Uummannaq Trough region (Sheldon et al., 2016). This warm waters inflow 

could serve not only as a sediment delivery mechanism, but could also influence the West 

Greenland ice sheet boundary, accelerating its melting and provoking increased detrital sediment 

supply.  

The core HU 87-09 is producing the least radiogenic 206Pb/204Pb ratios (Figure 31). Within 

H2 event it still shows relatively radiogenic Pb isotope ratios, when afterwards a pronounced 

decrease occur, and values become as unradiogenic as 15.8 at the age of 9.7 ka. This could be 

attributed to the material source change, since not only Pb, but also Nd isotope ratios changed 

and became unradiogenic (Benson et al. (2003)).   

It should be noted, however, that there is no consistency in the detrital sediment analyses 

method, performed for the studies described above. Fagel et al. (2002) used HCl- decarbonated 

clay-size fraction (<2µm), Benson et al. (2003) also worked with HCl decarbonated sediments, 

however <63µm. We performed analyses on the acetic acid-decarbonated, free from HH-

leachates detrital fraction, unsieved. Therefore we believe that future research will benefit from 

developing a uniform method for detrital fraction provenance study, what will significantly 

simplify the comparison of results from the various studies.  
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3.7.Summary and outlook 

• Radiogenic isotopes provide a strong tool for tracing the sediment provenance in 

glaciated environments; 

• Main sources for the sediments in the Baffin Bay were determined for the last 

deglaciation period: central west (NMB) and south-west (AB) Greenland for the core SL 

174, mixed sources (mainly of Precambrian origin) and Northern Laurentide-Innuitian 

source for the core PC 16; establishment of the core SL 174 sediment sources was 

complicated by the overprinting of Sr isotope ratios by extreme radiogenic composition 

of the minerals (micas, feldspars); therefore  mixed sources are suggested for the core SL 

174, mostly of Precambrian origin; 

• A change in the sediment sources from for the core SL 170 in the eastern Baffin 

Bay was determined at 12.0 ka. By that time, central west Greenland ice sheet margin 

started to retreat. We do not observe the readvance of the GIS in the Disko Bugt area. 

Our results confirm the idea of asynchronistic retreat of the Greenland Ice Sheet.   

• Lead isotopes reveal to be a potential proxy for defining detrital carbonate events 

in the Baffin Bay area.  

• Comparison of the results from different studies is complicated by using different 

fractions of the sediment for interpreting the same events. Developing a uniform method 

seems like a reasonable solution; 

• A work should be continued on the extension of the GEOROC database, 

especially in the North Atlantic area, what will greatly improve the quality of the 

provenance studies.  
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4.1.Abstract 

 

Baffin Bay serves as an important chain in the North Atlantic-Arctic circulation system. 

The changes in circulation patterns as well as in sedimentary supply and weathering rates during 

the last deglaciation are still a matter of investigation. Nd isotopes have served as a reliable tool 

for reconstructing water mass circulations. Sediment leachates (supposed to be dominated by 

authigenic iron-manganese (Fe-Mn) coatings on the sediment grains), due to their availability, 

are the most used archive for the Nd seawater signal reconstruction. We analyzed strontium (Sr), 

neodymium (Nd) and lead (Pb) isotope composition of the sediment leachate samples from three 

cores: in the central (PC 16) and in the southern (SL 170 and SL 174) Baffin Bay. Highly 

radiogenic Pb isotope signatures, major element concentrations, examination of samples with 

Scanning Electron Microscope (SEM) unraveled possible absence of Fe-Mn coatings, but 

presence of detrital dolomite, which was affecting isotope composition of leachates. Northern 

Baffin Bay Proterozoic carbonate platforms likely supply Baffin Bay with dolomite material. 

The variation of Pb isotope ratios could be attributed to the changes in chemical weathering 

intensity and freshwater routing in the Baffin Bay.   

4.2.Introduction  

 

Baffin Bay is a key chain in the Arctic-North Atlantic circulation systems, being connected 

to the Arctic Ocean (via Nares Strait) and to the Labrador Sea (via Davis Strait). The Labrador 

Sea is one of the areas for the bottom water formation (Broecker and Denton (1989)) which in 

turns plays a major role in the Atlantic Meridional Overturning Circulation (AMOC). During the 

Last Glacial Maximum (LGM) Baffin Bay was surrounded by three ice sheets– Greenland (GIS), 

Laurentide (LIS) and Innuitian (IIS). Late Pleistocene-Holocene deglaciation reinforced 

sediment flux and meltwater inflow into the Baffin Bay. Understanding the interplay between ice 

sheet dynamics, ocean circulation changes and climatic variations will improve our 

understanding of the mechanisms behind and enhance the quality of climate models.  

Foraminifera-based paleoceanography research in the Baffin Bay is complicated due to 

calcium carbonate dissolution (Azetsu-Scott et al., 2010) in Holocene sediments and low 

sedimentation rates during the interglacial states (Simon et al. (2012), Gibb et al. (2015)). 

Traditionally, Nd isotopes have served as a reliable water mass tracer (Frank (2002), van de 

Flierdt and Frank (2010)). Nd has a residence time on the order of the global ocean mixing time, 

and it does not depend on biological processes. There is a wide range of archives, used for Nd 

analyses:  Fe-Mn crusts (e.g.,Reynolds et al. (1999)), Mn nodules (e.g., Albarède et al. (1998)), 

foraminifera (e.g., Vance and Burton (1999); Roberts et al. (2010)), fish teeth (e.g., Scher and 
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Delaney (2010); Tachikawa et al. (2014);Martin and Scher (2004);Huck et al. (2016)), Fe-Mn 

oxyhydroxide coatings on the sediment grains (e.g., Kurzweil et al. (2010)). Fe-Mn coatings 

represent an authigenic fraction of the sediment, which carries bottom seawater composition. 

They are separated from the detrital fraction during sequential extraction leaching procedure 

(Gutjahr et al., 2007) to be further analyzed for radiogenic isotopes.  

We present here Sr, Nd and Pb isotope compositions of the sediment leachates from three 

cores: in the central (PC 16) and in the southern (SL 170 and SL 174) Baffin Bay. In the frame of 

this research project we originally planned to test the potential of the radiogenic isotopes to 

reconstruct past water masses circulation in the Baffin Bay from the sediment leachates. We 

show, however, that sediments most likely contain no Fe-Mn oxyhydroxide coatings. The 

leachates appear to be dominated by detrital dolomite, being dissolved during the sediment 

leaching procedure. The fact of dolomite being attacked by hydroxylamine hydrochloride 

leaching agent has been known before (Chester and Hughes 1967), but has not been yet 

discussed as a potential reason for radiogenic Pb isotope signal in leachates. It has rather been 

interpreted as the influence of ‘pre-formed Fe-Mn oxides’ (Crocket et al., 2012) or explained by 

incongruent weathering (von Blanckenburg and Nägler, 2001). 

As an alternative hypothesis, we consider and briefly discuss the potential of the Nd 

isotope results delivered from leachates to record bottom water signal and to reconstruct 

circulation patterns in the Baffin Bay. We also discuss the ability of Pb isotope leachates records 

to reconstruct chemical weathering or freshwater routing regime of the Last deglacial, as well as 

to determine the source of the detrital dolomite material.  

 

4.3.Regional Setting 

 

Baffin Bay is situated between Greenland, Canadian Arctic Archipelago (CAA) and the 

Baffin Island with the Davis Strait in the south connecting it to the North Atlantic. The West 

Greenland Current (WGC) enters the Bay through Davis Strait, bringing relatively warm and 

saline waters. The sources of the WGC include warm Atlantic Irminger Current (IC) and colder 

and less saline East Greenland Current (EGC) (Lloyd et al., 2005). West Baffin Bay is washed 

by the Baffin Current (BC), which is fed from the cold Arctic waters and enters the Labrador Sea 

through the Davis Strait. The Labrador Sea is one of the areas for deep water formation 

(Broecker and Denton, 1989). North Atlantic Deep Water (NADW) originates in this area, 

playing a major role in the global conveyor belt.  

The area around Baffin Bay is known to be surrounded by the oldest rocks on Earth. One 

of the biggest Archean cratons – the North Atlantic Craton, which covers a major area of North 

America, is represented in Greenland by orthogneisses of the Archean Block (AB). The rest of 
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central and southern Greenland is mostly Precambrian as well: Early Proterozoic granitoids of 

Ketilidian Mobile Belt (KMB) in the south and dominant Proterozoic belt with reworked 

Archean rocks of Nagssugtoqidian Mobile Belt (NMB) (White et al. (2016)) in the Central 

Greenland. Disko Island in the central West Greenland hosts tertiary basalts. The very north of 

Greenland is characterized by the Early Paleozoic shelf and deep-water deposits of Franklinian 

Basin (Rosa et al., 2016). The north of the Baffin, most of Ellesmere and Devon Islands are 

predominantly Paleozoic as well, comprised of fine terrigenous sediments and sand, with 

abundant shallow marine platform carbonates (Thule Basin in the Northern Greenland, Borden 

Basin in the Northern Baffin Island). Mesoproterozoic Borden Basin dolomites (Nunavut, Baffin 

Island – Figure 32) were studied extensively for better understanding of the stratigraphy and 

tectonic regime (Sherman et al. (2001);Turner (2004)), mostly because the basin is hosting Zn-

Pb ore deposit (Turner, 2011). 

The rest of Baffin Island is dominated by Precambrian rocks from the Rae craton (St-Onge 

et al., 2009) and mostly Proterozoic rocks of the northern margin of the Trans-Hudson Orogen 

(Wodicka et al., 2002).  Precambrian Superior Province of the Ungava Peninsula and Makkovik, 

Churchill and Nain provinces in the Labrador are located to the south of the Baffin Bay and also 

represent potential drainage sources for the Hudson Bay-Baffin Bay-Labrador Sea system.    
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Figure 32. Map with the location of the sediment cores in study, major circulation patterns – blue lines 

(after Seidenkrantz (2013)), maximum extension boundaries for ice sheets (after Simon et al. (2014), Dyke et 

al. (2002), Stokes et al. (2016)). EGC – Eastern Greenland Current, WGC – West Greenland Current, LC – 

Labrador Current, BIC – Baffin Island Current, DI – Disko Island, DevIs – Devon Island, EI – Ellesmere 

Island, GIS – Greenland Ice sheet, IIS – Innuitian Ice sheet, LIS – Laurentide Ice sheet. Borden basin in 

Nunavut, Baffin Island, is shown separately. Also shown are main geological areas, the  description is based 

on Simon et al. (2014),  St-Onge et al. (2009); Wodicka et al. (2002), Okulitch A. (1991),White et al. (2016).  
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4.4.Material and Methods 

4.4.1.  Sediment cores description 

 

Sediment cores SL 170 (68° 58.15'N/ 59° 23.58'W; water depth: 1078 m; 600 cm recovery; 

covering last 18 thousand years) and SL 174 (68° 31.88'N/ 63° 19.82'W; water depth: 1559 m; 

773 cm recovery; covers 48 thousand years) were collected by gravity coring during the cruise 

MSM 09/2 of the research vessel Maria S. Merian in 2008 (see cruise report: Kucera et al. 

(2014)). Both cores were subsampled at 1 cm intervals.  

Age models for both cores are based on the AMS 14C dating of mixed planktonic/benthic 

foraminifera assemblages and have been published in Jackson et al. (2017). There are no 

radiocarbon dates available for the core SL 170 before 11 ka and for SL 174 - before 10.5 ka. 

Therefore, in order to present radiogenic isotope records obtained for these sections of the cores, 

simple interpolation has been applied for top core-age calculation, assuming constant 

sedimentation rate. Full lithological description for both cores together with X-ray fluorescence 

(XRF) and quantitative X-ray diffraction (qXRD) results can be found in Jackson et al. (2017).   

Core HU2008-029-016PC (further on PC 16) from the center of Baffin Bay was retrieved 

during 2008-029 CCGS Hudson expedition (70°46.14’N/64°65.77’W) from 2063 m water depth 

and is 741 cm long (Campbell and De Vernal, 2009).  

Radiogenic data presented in the thesis for the Core PC 16 cover time period from 16.0 till 

8.7 ka (116-15 cm depth), although the core itself extends to 131.7 ka (Simon et al., 2016). The 

age model was produced by combination of relative paleointensity (RPI) data, three radiocarbon 

ages and two geomagnetic excursions (Simon et al. (2012), Simon et al., 2016). Lithological and 

mineralogical description can be found in Simon et al. (2014) and Simon et al. (2016). 

4.4.2.  Isotope analyses 

 

The leaching procedure (adapted from Gutjahr et al. (2007)) is fully described in the 

Chapter 2. Briefly, prewashed with MilliQ-water sediment samples were decarbonated with a 

solution of 15 % acetic acid (supra pure)/ 1 M sodium acetate (99%) (buffered to pH~4), 

carbonate fraction being saved and analyzed. Dried decarbonated sediments were leached with 

hydroxylamine hydrochloride solution (0.05M hydroxylamine hydrochloride (HH; 99%) and 

15% acetic acid buffered with NaOH to ~4 pH), leachates being saved and analyzed. 

Approximately 100 mg of the detrital fraction was dissolved with concentrated HF-HNO3 acid 

mixture, aqua regia and one more step of concentrated HNO3. 
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For the dolomite samples analyses we reproduced the sample treatment which was used for 

the sediment samples. Carbonate samples were leached with acetic acid and HH agent and both 

carbonate and leachates fraction were analyzed (for the full description see Heins (2016)). 

After redissolution in 2 N HNO3 detrital samples were put through Sr-spec, TRU-spec and 

Ln-spec columns to separate Sr, Pb and Nd elements. They were further measured on Thermal 

Ionization Mass Spectrometer (TIMS) at MARUM Center for Marine Environmental sciences 

(Bremen, Germany) and at GEOTOP Center at UQAM (Montreal, Canada) (those samples are 

marked in the Table 6).   

NIST 987 was used as a Sr standard, with 87Sr/86Sr value yielded over the study period of 3 

years 0.710250 ± 10 (2σ) (n=34) and 0.710249 ± 16 (2σ) (n=10) in MARUM and GEOTOP, 

respectively. The averaged 144Nd/143Nd of standard JNdi-1 during the period of analyses were 

0.512097 ±6 (2σ) (n=28) and 0.512098±20 (2σ) (n=10) at MARUM and GEOTOP 

correspondingly. Instrumental mass fractionation was corrected using 143Nd/144Nd =0.7219. 

143Nd/144Nd ratios are presented in εNd notation [(143Nd/144Nd)sample/(143Nd/144Nd)CHUR − 1] × 

104 relative to (143Nd/144Nd)CHUR = 0.512638 (Jacobsen and Wasserburg, 1980). For Pb 

isotope results an external correction for instrumental mass fractionation has been applied using 

0.1% per atomic mass units on the basis of NIST 981 composition. A 2σ bulk error of 0.1% 

considers the uncertainty in the correction for instrumental mass fractionation and is assumed for 

all analyzed samples. 

5 Pb samples were measured at GEOTOP (Table 6) using Nu Plasma II ™ MC-ICPMS. 

SRM NIST 997 Tl solution was added to the sample and instrumental mass bias was corrected 

internally to (205Tl/203Tl of 2.3889) (Thirlwall, 2002). l. CGPB standard Pb-ratios indicate an 

external reproducibility (2s.d.mean , n=10 (1 session) 208Pb/204Pb: 37.974±0.012; 207Pb/204Pb: 

15.698±0.014; 206Pb/204Pb: 18.595±0.005). 

4.4.3. Major element concentrations 

 

Both detrital and leached fractions of eight samples from the core SL 170 (selected based 

on samples ages to ensure a distribution throughout the whole core and on the availability of the 

well dissolved aliquots with weight control) were analyzed for Fe, Mn, Ca, Mg, Al, Si, B, K, Li, 

P, S, Sr, Ti major element concentrations. These elements allow to assess element distribution in 

the samples, with Fe and Mn, and Ca and Mg being especially of interest – to check the presence 

of Fe-Mn oxyhydroxides and dolomite, correspondingly. Aliquots of the leachates and detrital 

fractions were re-dissolved in 2% HNO3, diluted and measured on the ICP OES Varian Vista 
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PRO in the Sediment geochemistry group of University of Bremen/MARUM . The results are 

presented in the Table 1 (Chapter 2).  

4.4.4. Scanning Electron Microscope (SEM) 

 

The results for the element mapping for several samples of the core SL 170 (Appendix I) 

were obtained with SEM Tescan Vega 3 XMU device with EDX (energy-dispersive X-ray 

analysis) detector in the department of Biogeochemistry/Geology of ZMT (Leibniz Zentrum für 

Marine Tropenforschung/ Center for Tropical marine research), Bremen, Germany. The loose 

samples were mounted with conductive adhesive tape on standard pin stubs and coated with 

carbon for SEM-EDX analysis. Sample list and the resulting electron mapping figures are shown 

in the Appendix I. 

4.5.Results 

4.5.1. Temporal variations of the leachate fraction 
 

87Sr/86Sr ratios for the core SL 170 produce values in the range of 0.7099-0.7155 (average 

0.7122±0.026), deviating from the modern seawater composition of 0.70917(Henderson et al., 

1994). Two excursions in the direction of more radiogenic values occur at 11.9 and 16.3 ka, what 

is almost at the same time as two shifts in detrital composition (12.0 and 15.8 ka, see Chapter 3). 

εNd values show pronounced variability scattering between -23.3 and -35.1 (average -29.4±6.8), 

when after 12.0 ka they develop a trend towards more unradiogenic values and reach εNd of -23.3 

to -24.6 at the top of the core. 206Pb/204Pb data range between 19.93 and 23.30 (average 

22.08±1.54) until 10.5 ka, when the ratios stabilize around the value of 21. 207Pb/204Pb data 

averages 15.82±0.14, 208Pb/204Pb values average 43.94±2.24. 

Sr isotope ratios of the core SL 174 produce similar range to the SL 170 core: 0.7092 – 

0.7122 (average 0.7130 ±0.074), however three samples show exceptional radiogenic signals: 

0.7220 (LK 52, age 13.8 ka), 0.7217 (LK 63, age 25.9 ka), 0.7215 (LK 64, age 27.5 ka).  Nd 

isotope data demonstrate a strong variability from the εNd values between -21.0 and -33.6 

(average-26.6 ± 7.3). For the bottom part of the core only few data are available. A slight trend 

towards less unradiogenic ratios from the 17 ka till ~10 ka, and a trend in an opposite direction 

from 10 ka to the top of the core can be defined. Few 206Pb/204Pb data is available for the SL 174 

core hardly scatter, producing the ratios 20.54-21.85 (average 20.99±0.87). 207Pb/204Pb ratios 

average 15.74± 0.20, 208Pb/204Pb ratios - 42.20±4.08. 



- 116 - 

 

87Sr/86Sr ratios for the core PC 16 demonstrate relatively stable Sr record, with Sr isotope 

ratios are within the range of 0.7097– 0.7133 (average 0.7109±0.0020). εNd values are highly 

variable: from -20.9 to -29.5 (average 25.8±5.1). The pattern of the leachate record repeats itself 

in the detrital Nd record (Figure 33). 206Pb/204Pb ratios vary from 21.34 to 23.80 (average 

22.10±1.58)., and the most radiogenic value (at 11 ka) corresponds to the most radiogenic ratio 

in the detrital record. The 207Pb/204Pb average value is 15.91 ±0.26, the 208Pb/204Pb average value 

is 43.62± 1.80. 

The results are presented in Table 6 and Figure 33. 



- 117 - 

 

 



- 118 - 

 

 

 

Table 6. Nd. Sr and Pb isotope data of the leachates fraction for the cores SL 170, SL 174, PC 

16. Samples* were analyzed in GEOTOP. For these 2 s.d. of the mean error: 0.012 for 206Pb/204 Pb, 

0.004 for 207Pb/204Pb,  0.005 for 208Pb/204Pb. For Pb isotope analyses in MARUM a bulk error of 

0.1% is assumed (see Chapter 2). 

. 
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Figure 33. Sr, Nd and Pb isotope results for the sediment cores SL 170 (A), SL 174 (b) and 

PC16 (C), leachates and detrital fractions. Grey dashed line represents modern seawater Sr 

composition of 0.70917 (Henderson et al., 1994), and shaded grey area represents a range of Nd 

isotope composition of modern seawater in the Baffin Bay (from Stordal and Wasserburg (1986)).  
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4.5.2. Major element concertation analysis 

 

Results for the major element concentrations are presented in the Table 1 (Chapter 2). The 

main results are: 

(1) Mn contents in leachate and detrital fraction are very low (< 600 µg/g; 1 detrital ~800 

µg/g; Figure 7), Fe contents is low in the leachate (range ~ 400 to 12000 µg/g) 

compared with the Fe contents of the detrital fraction (range ~29000 to 46000 µg/g); 

(2) The major element chemistry of the leachate is dominated by Ca (range ~35000 to 

181000 µg/g) and Mg (range ~22000 to 104000 µg/g; Table 1) with molar ratio Ca/Mg 

of ~1, which is the stoichiometric ratio of Ca/Mg in dolomite (Figure 34). 

 

Figure 34. Ca/Mg molar ratios for leachates and detrital fractions, from ICP-OES results. M 

– molar mass of the element, Ca/Mg – measured concentration, µg/g.  

4.6.Discussion 

4.6.1.  Radiogenic Pb isotope composition in the leachates  

 

For all three Baffin Bay cores leachates show radiogenic 206Pb/204Pb ratios from ~20 to 

~24, when the signatures for the detrital fraction are considerably lower: ~16 to ~19 (Figure 33). 

The leachates data appear to be too high: they cannot be explained by the surrounding land 

masses’ composition. Usually, one would expect to find values less radiogenic than or similar to 

those for the detrital fraction. von Blanckenburg and Nägler (2001) pointed out, that in this case 

Pb isotope results are controlled by incongruent weathering. This process entails chemical 

weathering of freshly exposed due to glacial erosion U- or Th-rich accessory minerals (for 
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example, allanite, monazite), which are most easily chemically dissolved. These minerals 

provide thus highly radiogenic Pb signatures to the weathering solution. This solution is reaching 

later the seawater, and this is how resulting Pb isotope composition of the seawater does not 

reflect the original Pb isotope composition of the source rocks.  

Crocket et al. (2012) presented Pb isotope records for the cores ODP 980 in the North East 

Atlantic and U 1302/3 in the Orphan Knoll, which also demonstrate highly radiogenic Pb isotope 

ratios (19-21 for 206Pb/204Pb). After conducting few tests (comparison of Pb and Fe+Mn 

concentrations in leachates; comparison of Sr and Pb isotopic ratios from leachates with those 

from detrital fraction), authors exclude the potential contamination of the Fe-Mn phase as a 

reason for the resulting signatures. They agree with a conclusion from von Blanckenburg and 

Nägler (2001), proposing that Pb isotope records should be interpreted as a proxy for a chemical 

weathering regime and weathering fluxes. Similar work was done with the sediment core from 

another area of the North Atlantic Ocean - Gulf of Saint Lawrence - by Kurzweil et al. (2010). 

Their Pb isotope composition of the Fe-Mn oxyhydroxide fraction was similarly to the Orphan 

Knoll highly radiogenic with values up to 20 for 206Pb/204Pb. Authors interpret their Pb isotopic 

results in terms of chemical weathering regime as well as freshwater runoff.  

Detrital contamination could not explain the resulting isotope composition of Pb in 

leachates, since the results for the detrital fraction is much less radiogenic, and there is no 

overlap between the results of two fractions (Figure 33). Potential contamination from the 

leaching solution can be also excluded: low concentrations of Pb in HH-leaching solution were 

measured for isotope composition and resulted in 18.32 for 206Pb/204Pb; 15.60 for 207Pb/204Pb, 

38.59 for 208Pb/204Pb, what is far from the radiogenic Pb isotope composition of the leachates and 

carbonates fractions. 

From lithology description, stereo microscope and SEM investigation of the SL 170 

samples (see Chapter 2, Appendix I), we can conclude, that no Fe-Mn coatings could be 

determined on the sediment grains, when dolomite seems to be quite abundant.  Trace element 

analyses for the same core uncovered rather low Fe concentrations for the leachates (400- 12000 

μg/g (Table 1), what is much less than for the detrital fraction (29000-46000 μg/g). Mn content 

turned out to be very low: <600 μg/g.  This low concentration of Mn and high Fe/Mn ratio in 

leachates argue against the expected content of traditional Fe-Mn oxydes (Toth (1980);Hein et 

al. (1997)) The content of both Fe and Mn is also smaller than in the supposed ‘Fe-Mn fractions’ 

of other studies (e.g., Gutjahr, et al. (2007); Maccali et al. (2013); Wilson et al. (2013)). At the 

same time, we obtained rather high concentrations for both Ca and Mg. Moreover, the ratio of Ca 

concentration (ppm) divided by its molar mass to Mg concentration (ppm) divided by its molar 

mass in the leachates equals approximately 1 in every sample (Figure 34). The stochiometric 

formula of dolomite is CaMg(CO)3, i.e. with the ratio of Ca to Mg also being 1. Based on these 
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results, we can propose a hypothesis, that it is the dolomite that we are leaching from the 

sediment samples, and that provides abnormally radiogenic Pb values. It has been known 

(Chester and Hughes, 1967), that dolomite can be attacked by HH-leaching solution, but it has 

not been considered before as a possible explanation for the elevated Pb istope signatures in the 

leachates.  

The absence or extremely low content of Fe-Mn oxyhydroxide is not that surprising if we 

consider marine chemistry of the elements. Based on the microbial communities’ studies in the 

Baffin Bay, Algora et al. (2015) discovered that Mn and Fe oxides reduction is important for 

building microbial community structures, since Mn and Fe are main electron acceptors in the 

areas with the strong sea ice cover, anoxic conditions and the lack of organic matter. Thus Fe and 

Mn oxides are being reduced to the Fe+2 and Mn+2 dissolved forms, what could result in the 

absence of Fe-Mn coatings on the sediment grain.  

4.6.2. Dolomites from the Baffin Island – a source of the radiogenic Pb ratios? 

 

To test the hypothesis about the presence of dolomite in the Baffin Bay sediment leachates 

we selected 8 carbonate samples from the Borden Basin (Nunavut, Baffin Island, see Figure 32) 

to analyze for Pb isotopes. Borden Basin is one of the Mesoproterozoic dolomite formations in 

the Northern Baffin Bay area among others in the Ellesmere and Devon Islands and in the 

Northern Greenland (Simon et al. (2014);Turner (2004)). Resulting 206Pb/204Pb range overlaps 

with 206Pb/204Pb range of sediment leachates, producing even more radiogenic values (Figure 

35). This endorses our idea of the dolomites being dissolved during the HH-step of the leaching 

procedure, providing extremely radiogenic Pb isotope values to the leachates fraction.  

 

Figure 35.  Pb isotope ratios for the leached and carbonate fractions of the dolomite samples 

from the Angmaat and Victor Bay formation, Baffin Island (Heins, 2016); the range of the Pb 

isotope values for the leached fraction of the Baffin Bay sediments from this study is shown as a 
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grey bar. Height in meters corresponds to the height of the section, where samples have been taken.  

Data is shown in the Table A7 (Appendix). 

 

The ‘carbonates’ fraction, also measured for the cores SL 170 and SL 174 (however the 

data coverage is smaller, than for leachates and detrital fractions – see Chapter 2), showed Pb 

isotope range very similar to leachates, especially for the core SL 170 (Figure 36). Only few Pb 

isotopes data are available for the carbonates from the core SL 174 (Figure 36), and they show 

slightly more radiogenic values than the leachates. Moreover, carbonate leachates from two 

dolomite samples were also analyzed, and show identical or slightly more radiogenic values 

(Figure 35). These observations could imply, that (1) calcite, dissolved during the decarbonation 

step of leaching procedure has similar isotopic composition to dolomite; (2) dolomite is already 

being attacked at the stage of acetic acid leaching, and overprints other signals. It could be a 

matter of further investigation to identify quantitively, weather dolomite it truly extracted only at 

the HH-leaching step, and weather the extraction is full, or the detrital fraction contains a portion 

of the detrital carbonates, but the signal is overprinted by dominant silicate fraction. 

 

Figure 36.  Pb isotope results for carbonate and leachates fractions of the core SL 170 and SL 

174 (Data in the Tables A3, A4 of Appendix). 

Provenance study of the Baffin Bay detrital sediment revealed variable Pb isotope 

compositions for three sediment cores: SL 170, SL 174, PC 16 (Chapter 3). PC 16 detrital 
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fraction produced the most radiogenic Pb isotope values, up to ~20 for 206Pb/204Pb ratio (Figures 

33, 36). The presence of detrital dolomite resulted in radiogenic Pb isotope values for the core 

PC 16.  Thus, as we suggested earlier (see Chapter 3), Pb isotope ratios could potentially serve as 

an additional method to determine detrital carbonate layers in the Baffin Bay or Labrador Sea 

sediments.  

Pb isotope results for the sediment leachates show even more radiogenic signatures, than 

for the detrital fraction: up to ~24 for 206Pb/204Pb, up to ~15.8 for 207Pb/204Pb, ~45 for 208Pb/204Pb. 

Pb isotope results from the core ODP 645 (von Blanckenburg and Nägler, (2001)) show the 

range similar to the data from other Baffin Bay cores: with leachates being more radiogenic than 

the detrital fraction (Figures 37, 38). The fact that different cores produce similar ranged isotope 

ratios for detrital and leachates fractions advocates for the integrity of the method and for the 

reliability of the obtained data. 

If Pb isotopic results for the detrital fraction can help to determine detrital dolomite layers 

in the sediment core, leachates Pb isotope data could help to determine the origin of the dolomite 

material. Provenance diagrams (Figures 37,38) show leachates data being grouped in the region 

of highly radiogenic Pb isotope values, and SL 174 show the least radiogenic values among all 

leachates. Borden Basin sparse dolomite data are distributed along the group of leachates and the 

most radiogenic detrital samples. ODP 645 data are arranged similarly to SL 170, SL 174 and PC 

16 cores data. KMB and Makkovik province data only overlap with the leachates data from the 

Baffin Bay sediment cores. KMB isotope composition is rather anomalous (Reyes et al. (2014)), 

however, 208Pb/204Pb ratios produce different relative to leachates data – not so radiogenic 

(Figure 37). There is a lack of data from carbonate platforms from the Northern Baffin Bay, only 

available data are those of the Borden Basin dolomites (Nunavut, Baffin Island). Based on these 

data, we can suggest, that this area is one of the potential source for the dolomite delivered to the 

sediment core sites. Another area with similar geological setting – Proterozoic carbonates – is 

located in the Thule Basin (Northern Greenland), unfortunately, we could not find data in the 

literature.  

These results support the theory of the detrital carbonate delivery from the Northern Baffin 

Bay due to the LIS and IIS retreat (Simon et al., (2014,) Jackson et al. (2017)). The agreement of 

different scientific approaches (minerology, sedimentology, chronology, geochemistry) 

strengthen the hypothesis, at the same time favoring the methods.  
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Figure 37. 207Pb vs 206Pb isotope diagram. For the database see Table A6. Colors are 

correlated with the colors in the Figure 32. ODP 645 data are from von Blanckenburg and Nägler 

(2001). Nunavut carbonates data (Borden Basin, Baffin Island, Canada) are from Heins, (2016). AB 

– Archean Block, KMB – Ketilidian Mobile Belt, NMB - Nagssugtoqidian Mobile Belt 
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Figure 38. 208Pb/204Pb vs 206Pb/204Pb isotope diagram. For the database see Table A6. Colors 

are correlated with the colors in the Figure 32. ODP 645 data are from von Blanckenburg and 

Nägler (2001). Nunavut carbonates data are from Heins, (2016). AB – Archean Block, KMB – 

Ketilidian Mobile Belt, NMB - Nagssugtoqidian Mobile Belt 
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4.6.3. Pb record as a proxy for weathering changes/freshwater runoff  

 

Earlier we suggested that leachates contain certain amount of dolomite dominating the 

isotope signatures for the leached fraction, at least for Pb isotopes. However, Pb isotope records 

vary through time (Figure 33). This variation could imply the unstable sediment supply during 

the last deglacial. We compared the Baffin Bay Pb isotope record with records from the Orphan 

Knoll and Laurentian Fan to discuss the origin of the isotope changes through time (Figure 39).  

 

Figure 39. 206Pb/204Pb values for the leachates from the core SL 170 in the Baffin Bay (this 

study), U 1302/3 in the Orphan Knoll (from Crocket et al. (2012)) and cores 26GGC and 14GGC in 

the Laurentian Fan (from Kurzweil et al., 2010). YD – Younger Dryas event (12.8-11.7 ka, 

Steffensen et al. (2008)), B/Ǻ - Bølling- Ållerod period (14.7 – 12.7 ka, Broecker (1992)), H1- Heirich 

event 1 (16-15.5. ka, Carlson and Clark (2012)) 

Three records form a sequence pattern, with Baffin Bay samples producing the most 

radiogenic Pb signatures, with an offset of about ~2 206Pb/204Pb values from the North Atlantic 

records. This offset could be explained by the detrital dolomite, providing the radiogenic Pb 

composition to the Baffin Bay cores. As waters travel further into the Labrador Sea and North 

Atlantic the dolomite signal is not as strong anymore and mixed with other signals.  

Within Heinrich event 1 both North Atlantic 206Pb/204Pb records show a sharp increase. 

This feature was attributed by Crocket et al. (2012) to the activity of the ice margin, releasing 

pre-formed Fe-Mn oxides delivered from glacially eroded land masses. Pre-formed Fe-Mn 

oxides (see Bayon et al. (2004)) are those of detrital origin formed on the continent and being 
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delivered with the sediment to the Site location, thus providing not pure authigenic seawater 

signal, but terrestrial.  

All three Pb isotope records peaked during the Younger Dryas event (Figure 39), what was 

explained as the increase of freshwater runoff from Gulf of Lawrence by Kurzweil et al. (2010) 

and as increase in the chemical weathering rate by Crocket et al. (2012). The timing also fits with 

recently redefined Heinrich event 0 (Jennings et al. (2015)). Furthermore, the timings of Baffin 

Bay Detrital Carbonate (BBDC) events have been recently redefined as well, based on the 

chronology from SL 170 and SL 174 cores (Jackson et al., (2017)). BBDC event 0 spans 12.7-11 

ka and captures the final stage of the Younger Dryas. It is possible that the release of pre-formed 

Fe-Mn oxides with radiogenic Pb signatures occurred during BBDC event, as similarly for the 

North Atlantic record (from Laurentian Fan) it occurred during the Heinrich event. Perhaps not a 

local reorganization of freshwater routs occurring in the Laurentian Fan (Kurzweil et al., 2010), 

but a freshwater event, which affected both Laurentian Fan/Orphan Knoll areas and Baffin Bay 

regions took place. Notwithstanding the origin of this event, it should have affected not only the 

Laurentide but also the Greenland Ice sheet, since it largely influences sediment core SL 170 

(see Chapter 3 of the Thesis). Freshwater runoff increase at the time of the Younger Dryas period 

or after its end  is in agreement with some other studies (e.g.,Carlson et al. (2007), (Jennings et 

al., 2015), correspondingly). Jennings et al. (2015), however, argues for the increased freshwater 

supply especially between 9.7-7.8 ka.  

Interestingly, after the YD event, all three records do not show any variations, but rather a 

decreasing trend towards less radiogenic values, especially obvious in the Baffin Bay core. Here 

Baffin Bay 206Pb/204Pb ratios almost reach North Atlantic 206Pb/204Pb ratios, what could imply 

the establishing of the Holocene less intensive chemical weathering regime and perhaps a 

modern circulation regime with a stronger water mass connection between the Baffin Bay and 

North Atlantic through Davis Strait (due to less severe ice regime). Overall, correlations between 

three different records confirm the Pb radiogenic isotopes to be an effective proxy for 

reconstructing paleoclimate features in glaciated environments.   

4.6.4. Nd record as a seawater proxy 

 

Nd isotope record recovered from the sediment leachates, uncleaned foraminifera, Mn 

nodules and Fe-Mn crusts have been interpreted as seawater signal record and used to track the 

changes in the bottom water masses (Frank et al., 2002). Lately, however, concerns have been 

raised for weather the extraction of the seawater signal from sediment leachates is reliable. 

Uncleaned foraminifera or fish teeth are used as more reliable source of seawater signal 

(e.g.,Blaser et al. (2016);Huck et al. (2016)). Moreover, a recent study by Du et al. (2016) 
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showed that εNd in the authigenic fraction records pore water signal rather than bottom waters’. 

By performing rare earth elements (REE) analysis and evaluating input from detrital fraction, 

volcanic ash and pre-formed oxides, scientists established Fe-Mn coatings to be the dominant 

and authigenic phase extracted from the sediment during leaching. They observed the deviation 

of εNd core-top values from the bottom waters and explained it with the detrital sediment 

diagenesis influencing the formation of the pore water and authigenic εNd. 

However, sediment samples are the most widely distributed and well-preserved archive, 

and when the integrity of the seawater signal is investigated and proved, there should be no 

hesitation in applying this method for water mass reconstruction.  

To justify the seawater origin of the leachates fraction several methods are usually applied. 

One of them is the so-called ‘Sr test’ (Gutjahr et al., 2007), which controls deviation of the 

authigenic fraction 87Sr/86Sr from the Sr seawater value, which is stable for the period of study 

and equals 0.70917 (Henderson et al. (1994)). Figure 33 and Figure 40 show that SL 170 Sr 

ratios range for the leachates does not overlap with the Sr range for the detrital fraction. The 

leachates values, however, are more radiogenic than the modern seawater composition for both 

SL 170 and SL 174 cores.  Gutjahr et al. (2007) admitted, however, that the Sr test alone is not 

powerful enough of a tool test for the presence of detrital contamination.  

 

 

Figure 40. Core SL 170 Sr isotope ratios versus reverse Sr concentration (μg/g), for both 

detrital fraction (grey squares) and leachates (black circles).  

 

Another method is comparing modern seawater isotope signatures with the signatures of 

the youngest samples available. Unfortunately, comparing Pb ratios for the leachates with the 

modern seawater Pb values is not possible due to the anthropogenic contamination (Schaule and 

Patterson, 1981). However, Nd isotope values for the Baffin Bay delivered from the direct 

seawater measurements (Stordal and Wasserburg, 1986) are within the range of the εNd for the 
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top samples of the Baffin Bay cores (~ -20 to -26, Figure 33). Nevertheless, it would be useful to 

measure Nd values for the core-top samples and to compare them with the direct seawater 

measurements exactly at the location of the cores. Due to unavailability of sufficient 

foraminifera samples, comparison of leachates’ isotope result with those delivered from 

uncleaned foraminifera is unavailable. These methods seem to us therefore insufficient to 

unambiguously prove the absence of the detrital contamination, especially due to unavailability 

of foraminifera and core-top samples results.  

On the other hand, Pb isotope ratios showed that we might leach detrital dolomite from the 

sediments during the leaching procedure, enough to shift the resulting isotope composition 

(discussed above). However, Nd and Pb elements behave differently. And detrital dolomite 

tracers in the leachates may have shifted Pb isotope composition, but not influenced their Nd 

isotope composition. Unfortunately, Nd isotope data for Proterozoic carbonates from the 

Northern Baffin Bay are absent. For neither of the sediment cores do we observe significant 

offsets between leachates and detrital Nd isotope records, as we do in case of Sr and Pb results: 

on the contrary, both records intersect each other throughout the whole core depths (Figure 33). 

This could be possibly explained by boundary exchange process - the exchange of particulate 

matter between water masses and continental margins (Bacon et al. (1988), Lacan and Jeandel 

(2005)).  This process implies uptake or release of a substance or an element at the ocean margin 

by interaction with the surface of sediment particles, what can alter both Nd budget and εNd 

distribution. Both SL 174 and SL 170 cores are close to the coast, hereof could be exposed to the 

boundary exchange.   

Potentially, Fe-Mn coatings could be still present in the Baffin Bay sediments, although in 

very low concentrations. In this case they should provide seawater isotope signatures. Up to our 

knowledge, it has not been investigated, how efficient are the Fe and Mn – oxyhydroxides in 

scavenging REE and trace elements, in a quantitative sense. Alternatively, there might be 

another fraction (oxides of other elements?), that is incorporating REE. If dolomite did not affect 

Nd isotope values as it did for Pb, the extraction of seawater Nd record might have been 

successful. In this context, we would like to discuss Last Glacial circulation changes in the 

Baffin Bay, comparing our Nd records with other available for this region. However, it should be 

noted, that this discussion is purely hypothetical, considering the lack of full mineralogical and 

chemical investigation of the sediment samples and leachates fraction.  

In the Figure 41 we compared Nd records delivered from: sediment leachates from the 

Labrador Sea (Filippova, 2016), uncleaned sedimentary foraminifera from Bermuda Rise 

(Roberts et al., 2010), sediment leachates from the Fram Strait ((Maccali et al., 2013) and 

sediment leachates from the Baffin Bay (this study). 
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Figure 41. Comparison of the Nd records from the Labrador Sea (cores MD 99-2227, HU-08-

029-004, HU-84-030-021, Filippova (2016)), Bermuda Rise (core GGC6,Roberts et al. (2010)), Fram 

Strait (core MC 16, Maccali et al. (2013)) and Baffin Bay (cores SL 170, SL 174, PC 16, this study). 

Also marked Younger Dryas event (YD), Heinrich event 1 (H1) and Heinrich event 2 (H2)– light 

pink bars, modern NADW Nd signature (-13.5 ±0.5, Piepgrass and Wasserburg, 1987) and modern 

Baffin Bay seawater signature (Stordal and Wasserburg, (1986)) - light grey bars. 

 

Records seem to form a sequence pattern, with Baffin Bay having the most unradiogenic 

Nd composition and the Fram Strait and Bermuda Rise – the least unradiogenic. Labrador sea 

records are in between. Interestingly, SL 170 record shows the most unradiogenic εNd values 

among Baffin Bay cores (up to ~ -36). SL 174 and PC 16 records generally have a similar range - 

from ~-21 to -36 εNd, but demonstrate a slight decrease in εNd signatures from ~16 ka until the 

YD event. After the event SL 170 and SL 174 records are less variable and produce a trend 

towards less unradiogenic εNd. Fagel et al. (1999) suggested enhanced inflow of North Eastern 

Atlantic Deep Water (NEADW) to the Labrador basin and a switch to the more modern-like 

circulation at 14.3 ka. Hu-04 and MD-27 cores show it could have happened at 15 ka. The core 

Hu 21 record behaves differently, demonstrating εNd values within a range similar to the Baffin 

Bay records: after YD it reaches modern Baffin Bay seawater signatures, but at~5 ka it shows 

values close to MD-27 core and present-NADW. 

In the Baffin Bay cores the trend towards more unradiogenic εNd can be observed later - at 

12 ka for the SL 170 and at 10.5 ka for the SL 174 record, possibly implying an increased 
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inflow of waters from Irminger and Iceland basins in the Baffin Bay. They reach present Baffin 

Bay water signatures around 9-8 ka, what could mean the establishment of modern-like 

circulation pattern. The fact that εNd values were more unradiogenic before Younger Dryas could 

indicate that Baffin Bay was a closed basin during Late Pleistocene without North Atlantic 

waters entering it  due to extended ice sheets and severe sea ice conditions.  

 

4.7.Conclusions and outlook 

 

We analyzed the leachates and carbonates fractions on the sediment samples from the 

Baffin Bay sediment cores SL 170, SL 174 and PC 16. Pb isotope ratios produced values, much 

more radiogenic than for the detrital fraction of the same samples. It is expected, that Fe-Mn 

oxyhydroxides dominate sediment leachates and are supposed to reflect the bottom water signal. 

However, major element concentrations, as well as mineralogical descriptions indicated possible 

absence of Fe-Mn oxides and at the same time – presence of the detrital dolomite in the 

leachates. Pb isotope analyses of the dolomite samples from Borden Basin in Nunavut, Baffin 

Island, supported the idea of the detrital dolomite samples being leached instead of Fe-Mn 

coatings. Moreover, it advocates for the hypothesis, that detrital dolomite layers must be 

dominated by material from the Northern Laurentide-Innuitian Ice Sheets (Simon et al. (2014), 

Jackson et al. (2017)). Results for acetic acid leachates showed, that dolomite could be dissolved 

already at this stage of leaching procedure. Comparison with other Pb isotope records from 

North Atlantic confirms that Pb isotopes is a stable proxy for the chemical weathering 

intensity/freshwater routing.  

We considered the possibility that Nd isotope records delivered from the leachates fraction 

nevertheless represens seawater signal, and compared Baffin Bay Nd records with those from the 

Labrador Sea, Bermuda Rise and the Fram Strait. Baffin Bay records reach modern Baffin Bay 

seawater Nd signatures around 9-8 ka, what could mean the establishment of present-day 

circulation patterns at that time. 

To increase the robustness of the study, more radiogenic isotope analyses on dolomite 

samples from the Northern Baffin Bay area (Borden Basin and Thule Basin) should be carried 

out. It would be interesting to compare sediment leachates and detrital fraction results with the 

data from Paleozoic carbonates, which are also rather sparse and also could represent a potential 

sediment source for the Baffin Bay (see Chapter 3 for discussion). Moreover, the limitations of 

the Fe-Mn oxides fraction as a seawater proxy obviously need more investigation.  
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The current PhD project addressed two main goals: (1) to reconstruct deglaciation history 

in the Baffin Bay for the Last Pleistocene-Holocene transition period from radiogenic isotope 

data, (2) to study the chemistry of sediment leaching procedure and its influence on the resulting 

isotope compositions. Radiogenic isotopes (Sr, Nd, Pb) signatures is a progressive tool for 

investigating paleoenvironmental changes from a range of various archives. Analyses on the 

detrital fraction of the marine sediment allow to reconstruct their provenance and transport routs, 

when analyses on the authigenic component of the sediment are supposed to reflect the seawater 

composition and to allow tracing of the water masses.  

We presented here radiogenic isotope results on the detrital sediment of three Baffin Bay 

cores: SL 170, SL 174 and PC 16 (Chapter 3). We were able to determine major sediment 

sources for the core SL 170: central West Greenland (NMB) and southern West Greenland (AB) 

terrains. Moreover, we observed the shift in all three radiogenic isotope records at 12 ka and 

attributed it to the change in the relative importance of the terrains: probably, at 12 ka the 

deglaciation of central West Greenland ice sheet margin intensified or started, increasing the 

material supply to the location of the SL 170 core. Based on these provenance results we can 

also suggest, that the sediment supply to the SL 170 core was realized via meltwater plums and 

subglacial erosion. For other cores, it was more challenging to define prevailing sediment 

sources. Highly radiogenic Sr isotope signatures in the SL 174 samples indicate the potential 

overprinting of the signal by an extreme Sr composition of micas and feldspars, abundant in the 

sediment. From the resulting spread of isotope ratios, however, we can suggest Precambrian 

terrains to be the main suppliers for the core. The sparse database for the Baffin Bay surrounding 

terrains greatly complicated the provenance study. For the core PC 16 it was similarly 

complicated to determine the sediment sources more precisely, and we believe that for the most 

of the core mixed Precambrian sources prevail. However, few samples showed distinctively 

different Pb isotope values, what was attributed to an additional source – possibly, detrital 

dolomite from the Proterozoic terrains or sediments from Paleozoic carbonate platforms. There is 

a possibility that Baffin Bay was provided with material from the North Atlantic via West 

Greenland current. Icebergs and sea ice were the main carriers of detrital dolomite from Northern 

Laurentide-Innuitian Ice Sheets.  

We analyzed the sediment leachates fraction of the same Baffin Bay samples (Chapter 4), 

since our initial goal was to reconstruct circulation changes in the Baffin Bay, what would have 

broadened the paleoenvironmental research in the area. The leachates are supposed to be 

dominated by Fe-Mn oxyhydroxide coatings formed on the sediment grains, which scavenge 

REE and trace elements and thus acquire the isotopic composition of the ambient bottom waters. 

The sediment extraction leaching procedure aims to separate leachates from the detrital fraction. 
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Our resulting radiogenic Pb isotope values, obtained for the leachates fraction, however, could 

not be explained neither by Fe-Mn fraction nor by the influence from the detrital sediment. 

Mineralogical investigation (stereo microscope, SEM evaluation, lithological description) and 

major element concentrations in leachates revealed the presence of the detrital dolomite in the 

leachates, which dominated the resulting isotope composition. Further investigation unraveled 

that dolomite samples from Borden Basin (Nunavut, Baffin Island, Canada) could serve a source 

for the dolomite in the leached sediment. The fact, that dolomite can be leached by the 

hydroxylamine hydrochloride, has been known before (Chester and Hughes, (1967)), however, 

up to our knowledge, it has not yet been considered as an explanation for the extreme Pb isotope 

composition.   

It is unclear, whether Fe-Mn coatings are totally absent or leachates contain them although 

in a very low concentration. Major element analyses did not show typical content of Fe and Mn 

for the Fe-Mn oxides. Pb isotope composition of dolomite is obviously very special and different 

from other components’ composition, and possibly overprints them. Nd is another element, 

behaving differently and having different isotope distribution through components. Thus, we also 

considered and briefly discussed the case, when Nd leachates record nevertheless provides the 

reconstruction of the circulation patterns in the Baffin Bay. There was a change in Nd 

composition towards less unradiogenic values observed for all three Baffin Bay records, and 

incepted around 12-11 ka. By 9-8 ka, Nd signatures reach modern Baffin Bay values, what could 

indicate the establishment of present-like circulation.  

From analyzing two other fractions – carbonates and bulk (Chapter 2) – it became clear, 

that it is important to perform full analytical work on, when applying sequential leaching 

extraction procedure, before interpreting isotope results in terms of provenance and ocean 

circulation. These fractions are hardly ever published; however, they could be critical, and could 

be necessary for interpretation of the research results. Bulk fraction, for example, revealed an 

issue, which has not been explained yet: why does it show no variation when detrital fraction 

does, and why does it have offsets from the mass balance-expected range of values? Carbonate 

fraction, which showed Sr values close to the modern seawater composition, produced Pb 

isotope signatures, similar to leachates (highly radiogenic), and raised the question, whether the 

detrital dolomite was already attacked at the first stage of leaching procedure.  

Overall, this PhD thesis showed, that radiogenic isotopes indeed can be used for 

reconstructing sediment supply from the nearby land masses, and their variations can be 

explained in the light of changing provenance, circulation, weathering regime and ice sheet 

history. However, we empathize here, that profound chemical and mineralogical investigation is 
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absolutely necessary along the traditional procedures, in order to be able to present strong 

arguments and to have better control on the method and results.   

As an outlook for the future research, few directions can be outlined here: 

(1) An expansion of the GEOROC database, especially on the terrains 

surrounding Baffin Bay, are absolutely necessary. The lack of data hindered the 

otherwise promising provenance study.; 

(2) As a follow up to the previous point, the current and future projects would 

greatly benefit from more data on the detrital dolomite samples from the Proterozoic 

terrains, as well as on the material from Paleozoic carbonate platforms; 

(3) More research on Fe-Mn coatings and other fractions/compounds that 

could potentially carry the seawater signal is necessary; a caution should be taken when 

interpreting sediment leachates results; 

(4) Expanded database on all sediment fractions and better control at the each 

step of the leaching process will allow to better estimate the procedure from the mass 

balance perspective as well as to provide statistical assessment; 

(5) Further investigation of the leaching procedure, specifically on the 

chemistry of leaching agents and their interaction with sediment fractions would improve 

the method; 

(6) Bulk fraction issue still to be investigated: are the offsets from the 

expected values originate from the sample heterogeneity?; 

(7) The discrepancy among methods used in radiogenic isotopes provenance 

studies is perplexing the comparison of the research results and interpretation; further 

steps towards method improving and unification would increase the integrity of the 

provenance research. 
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To the Chapter 2: Materials, methods, results 
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Appendix AI. SEM-EDSX Results 

SEM sample 

name 

Lab sample 

Name 

Core depth 

interval, cm 

Fraction size Sediment 

fraction 

1 LK 13 SL 170 651-650 <63 μm Bulk  

2 LK 28 SL 170 15-14 >63 μm Bulk 

3 LK 19 SL 170 171-170 >63 μm Bulk  

4 LK 19 SL 170 171-170 <63 μm Bulk  

5 LK 28 SL 170 15-14 >63 μm Detrital  

6 - SL 170 491-490 >63 μm Bulk  

7 - SL 170 285-284 >63 μm Bulk  

9 - SL 170 300-299 >63 μm Bulk  

 

SAMPLE 1.  

a) Electron mapping results 
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b) Element Spectrum Results 

 
c) Higher magnification electronic picture and elemental spectrum of a selected area 

(rectangle) 

 
 

SAMPLE 2.  

a) Electron mapping results 
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b) Element Spectrum Results  

 

c) Higher magnification electronic picture and elemental spectrum of a selected area 

(rectangle) 

 

SAMPLE 3.  

a) Electron mapping results 
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b) Element Spectrum Results  

 

 

SAMPLE 4.  

a) Electron mapping results 
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b) Element Spectrum Results  

 

SAMPLE 5.  

a) Electron mapping results 
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b) Element Spectrum Results  

 

SAMPLE 6.  
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a) Electron mapping results 
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b) Element Spectrum Results  

 

c) Higher magnification electronic picture and elemental spectrum of a selected area 

(rectangle) 
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SAMPLE 7.  

a) Electron mapping results 
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b) Element Spectrum Results  

 

SAMPLE 9.  
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a) Electron mapping results 
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b) Element Spectrum Results  
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To the Chapter 3 “Late Pleistocene-Holocene deglaciation history in the Baffin Bay from radiogenic 

isotope provenance studies” 
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