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Preface 
 
The research which is presented in this thesis was 
accomplished as part of the International Graduate College 
“Proxies in Earth History” (EUROPROX). EUROPROX is 
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of this Graduate College is the establishment, evaluation and 
application of climate relevant proxies in order to reconstruct 
climate and environmental changes during the past, but also 
to provide knowledge and data for future modelling studies. 
Working in the research group for Sedimentology and 
Palaeoceanography at the Universität Bremen, I got the 
opportunity to contribute to the improvement of the use of 
coccoliths as proxies for palaeoenvironmental 
reconstructions. My participation in EUROPROX enabled a 
three-months stay at the Institut de Ciència i Tecnologia 
Ambientals (ICTA) at the Universitat Autònoma de 
Barcelona (UAB) to conduct separation experiments and 
discuss several research questions. 
Besides, the progress of my Ph.D. benefited from the 
opportunity to participate in several post-graduate student 
programmes, and to attend scientific conferences and 
meetings, where I was able to present and discuss my studies 
with a broad scientific community. 
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Kurzzusammenfassung 

Coccolithophoriden, einzellige Algen, sind ein wesentlicher Bestandteil des marinen 

Phytoplanktons. Ihre kalkige Hülle besteht aus Coccolithen, welche ein Anzeiger 

paläozeanographischer Veränderungen sind. Die Untersuchung der Coccolithengemeinschaften wurde 

erfolgreich zur Rekonstruktion von Klimaschwankungen benutzt. Fortschritte wurden in der 

Anwendung kleinster morphologischer Veränderungen einzelner Coccolithenarten als Werkzeug für 

Paläoumweltstudien gemacht. Zudem wuchs in den letzten Jahrzehnten das Interesse an der 

Verwendung des geochemischen Signals der kalkigen Coccolithenplättchen für 

Paläoumweltrekonstruktionen, allerdings gab es teils unsichere Ergebnisse, welche durch Vitaleffekte, 

heterogene Probenzusammensetzung oder den Einfluss von allochthonem Karbonat verursacht sind. 

Das Hauptziel dieser Arbeit waren die Untersuchung und Anwendung von 

coccolithenbasierten Werkzeugen zur Rekonstruktion von Klimaschwankungen im Nordatlantik 

während der letzten etwa 150 000 Jahre. Diese Arbeit verbindet verschiedene coccolithenbasierte 

Paläoumweltwerkzeuge wie die Untersuchung der Coccolithengemeinschaft und des Beitrags der 

Coccolithen zum Gesamtkarbonat, Feinfraktions-Isotopenanalysen (<20 μm) und morphometrische 

Untersuchungen an Emiliania huxleyi. Die Untersuchungen wurden an zwei Sedimentkernen aus dem 

Nordatlantik (ODP Site 980 und GeoB11035-1) durchgeführt. 

Die Untersuchung der interglazialen Coccolithengemeinschaft an ODP Site 980 zeigt eine 

Erwärmung des Oberflächenwassers kurz nach dem Übergang vom Marinen Isotopenstadium (MIS) 6 

zu 5 an. Die Coccolithendaten zeigen, dass dieser Übergang durch eine kurze Abkühlungsphase vor c. 

124 000 Jahren begleitet war, die vermutlich durch ein erneutes Vordringen kühler polarer Wässer und 

einen verminderten Einfluss des warmen Nordatlantikstroms begleitet war. Während des MIS 5.5 

begünstigte warmes Oberflächenwasser die Coccolithenprimärproduktion und das Entstehen einer 

zahlen- und artenreichen Coccolithophoridenflora. Abnehmende Coccolithenhäufigkeiten und 

Coccolithenkarbonatgehalte kennzeichnen die kühleren Substadien MIS 5.4 und 5.2. Während der 

wärmeren Substadien MIS 5.3 und 5.1 erlangte die Coccolithengemeinschaft wieder größere 

Bedeutung, konnte aber nicht die Häufigkeiten des vorangehenden MIS 5.5 erlangen. Gephyrocapsa 

muellerae dominiert die interglaziale Coccolithengemeinschaft, erhöhte Vorkommen wärmeliebender 

Arten wie Helicosphaera carteri und der subtropischen Syracosphaera pulchra kennzeichnen die 

Substadien MIS 5.5, 5.3 und 5.1. 

Im Vergleich zum vorangehenden Interglazial ist die Coccolithengemeinschaft des Glazials 

durch geringere Häufigkeiten, Artendiversität und Coccolithenkarbonatgehalte gekennzeichnet. 

Geringe Coccolithenhäufigkeiten, relative Häufigkeitsmaxima von großen E. huxleyi (>4 μm) und das 

Fehlen wärmeliebender Arten deuten auf geringere Oberflächenwassertemperaturen und –salinitäten 

hin die durch den vermehrten Eintrag von kühlem Schmelzwasser begründet sind. Diese 

hochauflösende Untersuchung konnte die Reaktion der Primärproduzenten des Oberflächenwassers 
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auf die Veränderungen im wechselnden Einfluss von nordatlantischem und polarem 

Oberflächenwasser während der letzten 80 000–10 000 Jahre rekonstruieren und die südliche 

Verlagerung der Polarfront während extremer Abkühlungsphasen dokumentieren. Die 

Coccolithengemeinschaft der stadialen Kaltphasen ist durch das Auftreten kosmopoliter Arten wie G. 

muellerae, E. huxleyi und Calcidiscus leptoporus gekennzeichnet. Die Interstadiale sind durch ein 

rasches Ansteigen der absoluten Coccolithenhäufigkeiten und das kurzzeitige Auftreten 

wärmeliebender Arten wie Syracosphaera spp., S. pulchra und H. carteri charakterisiert. 

Da gezeigt wurde, dass sich die Coccolithengemeinschaften als Werkzeug zur 

Paläoumweltrekonstruktion eignen, wurde eine weitere Studie initiiert in der die Verwendbarkeit des 

geochemischen Signals des vor allem von Coccolithen produzierten Feinfraktionskarbonats (<20 μm) 

für Paläoumweltrekonstruktionen getestet wurde. 

Das �18O-Signal der Feinfraktion zeigt vor allem in den Glazialen einen deutlich 

gegensätzlichen Verlauf zum �18O-Signal der planktischen Foraminifere N. pachyderma (dextral). 

Während dieser Phasen ist der Coccolithenkarbonatgehalt gering, weshalb der Eintrag von 

detritischem Karbonat und aufgearbeiteten Coccolithen das Isotopensignal verändern und die 

paläozeanographische Nutzbarkeit dieses Signals erschweren. Da aufgearbeitetes Karbonat (detritische 

Dolomite, kretazische und tertiäre Coccolithen) im Vergleich zum autochthonen Coccolithenkarbonat 

ein deutlich leichteres �18O-Signal hat, reagiert das Isotopensignal der Feinfraktion sehr sensibel auf 

den Eintrag allochthonen Karbonats. Daher zeigen extreme �18O-Minima während Heinrich-

Ereignissen vermutlich den hohen Eintrag aufgearbeiteten Karbonats an. Da Coccolithen das 

Feinfraktionskarbonat dominieren, ist das interglaziale �18O-Signal der Feinfraktion (<20 μm) 

offenbar kaum durch diese Effekte beeinflusst. Allerdings ist der durch Vitaleffekte, 

Umweltveränderungen und einen Wechsel in den dominierenden Produzenten des 

Coccolithenkarbonats verursachte positive Versatz des Feinfraktions- zum Foraminiferen-�18O-Signal 

im MIS 5 zu beachten. Obwohl das interglaziale Feinfraktionssignal kaum durch detritisches Material 

beeinflusst ist, stimmen deutliche �18O-Minima während der MIS 5.4 und 5.2 mit dem erhöhten 

Auftreten von aufgearbeiteten Karbonaten überein, die das Signal kurzzeitig verändert haben. Diese 

Studie zeigt dass die Untersuchung der Feinfraktionsisotope im Nordatlantik einer sorgfältigen 

Überprüfung und Interpretation bedarf um das von Coccolithen dominierte �18O-Signal der 

Feinfraktion (<20 μm) von dem des allochthon eingetragenen Karbonats unterscheiden zu können. 

Zusammengefasst haben die in dieser Arbeit vorgestellten, auf Coccolithen basierenden, 

Untersuchungen eine detaillierte Rekonstruktion der Paläoumweltgeschichte des Nordatlantiks im 

Laufe der letzten etwa 150 000 Jahre ermöglicht und stellen einen Beitrag für zukünftige 

Modellierungen dar. Diese Arbeit zeigt aber auch Probleme in der Anwendung des 

Feinfraktionskarbonats für Paläoklimarekonstruktionen und betont die sorgfältige Überprüfung 

erhobener Daten mittels multidisziplinärer Untersuchungen. 
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Thesis abstract 
Coccolithophores are unicellular algae and one of the main groups of marine phytoplankton. 

Their calcareous cover, the coccoliths are valuable indicators of palaeoceanographic change. Coccolith 

assemblage studies have been successfully applied to reconstruct climatic changes in the marine 

environment. Recent advances have been made in the application of fine-scale variations in distinct 

coccolith species as a useful tool for palaeoenvironmental studies. In addition, during the last decades 

particular interest was put on the application of the geochemical signal of the calcareous coccolith 

plates for palaeoenvironmental reconstructions, though partly uncertain results appeared which are due 

to vital effects, polyspecific samples or the influence of non-coccolith carbonate. 

The main objective of this thesis was to test and apply coccolith-based proxies for the 

reconstruction of the environmental conditions and likely influences in the North Atlantic during the 

last c. 150 000 years. In particular, this thesis combines several coccolith-based palaeoenvironmental 

tools such as coccolith assemblages, coccoliths carbonate contribution, fine fraction (<20 μm) oxygen 

isotopes and morphometrical analyses on Emiliania huxleyi on the sediment material of two sediment 

cores from the North Atlantic (ODP Site 980 and GeoB 11035-1). 

The study of the interglacial coccolith assemblage composition at ODP Site 980 reveals that 

the onset of the warming of surface water commenced slightly after the transition from the Marine 

Isotope Stage (MIS) 6 to MIS 5. Coccolith data indicate that this transition was accompanied by a 

short ecological deterioration around 124 ky, which is likely due to a short pulse of polar waters and 

the decrease of the warm influence of the North Atlantic Current. During MIS 5.5 warm surface water 

conditions favoured the coccolith primary productivity and the establishment of a coccolithophorid 

flora, which was rich in numbers and taxa. Decreased coccolith numbers and coccolith carbonate 

contribution indicate the colder substages MIS 5.4 and 5.2. Throughout the warmer substages MIS 5.3 

and 5.1 coccolith assemblages recovered but did not reach the high level of coccolith numbers as 

during the previous MIS 5.5. Gephyrocapsa muellerae dominates the interglacial coccolith 

assemblage, and increases in the abundance of thermophilic species such as Helicosphaera carteri and 

the subtropical Syracosphaera pulchra characterise the warm substages MIS 5.5, 5.3, and 5.1. 

The study of the glacial coccolith assemblage at ODP Site 980 observed a contrarily coccolith 

assemblage composition compared to the taxa and number-rich interglacial assemblage. The glacial 

coccolith assemblage is characterised by much lower total coccolith numbers, a reduced species 

diversity and relatively low coccolith carbonate contribution. Minima in the coccolith assemblages, 

relative abundance maxima of large E. huxleyi (>4 μm), and the absence of thermophilic species 

indicate decreased surface water temperature and salinity, both due to the large input of fresh 

meltwater. This high-resolution study revealed the response of the surface water primary productivity 

to the dynamics of polar versus North Atlantic Current waters during the last 80–10 ky and monitored 

a southward migration of the polar front during phases of extreme surface water cooling. The stadial 
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North Atlantic coccolith assemblage is characterised by the abundance of cosmopolitan species, such 

as G. muellerae, E. huxleyi, and Calcidiscus leptoporus. Interstadial phases are characterised by a 

rapid increase of absolute abundances and short term occurrences of thermophilic species such as 

Syracosphaera spp., S. pulchra, and H. carteri. 

Because the coccolith assemblage works as a good proxy for palaeoenvironmental 

reconstructions, a subsequent study was initialised to test the applicability of the mainly coccolith 

composed bulk fine fraction (<20 μm) carbonate as a palaeoenvironmental proxy by analysing its 

geochemical signal. 

The study of the fine fraction (<20 μm) �18O signal revealed a pronounced anticorrelation to 

the planktic foraminifera (N. pachyderma (dextral)) �18O signal, in particular during the glacials. 

During these time periods, the coccolith contribution to the fine fraction (<20 μm) carbonate is 

lowered, and hence the input of detrital carbonate and reworked coccoliths alter the signal and hamper 

the palaeoceanographic usability of the fine fraction (<20 μm) �18O signal. The �18O signal of the fine 

fraction carbonate is very sensitive to variations in the proportion of reworked to coccolith carbonate, 

due to a significantly lowered �18O of reworked detrital carbonate (detrital dolomite and reworked 

Cretaceous and Tertiary coccoliths) in comparison to the autochthonous biogenic coccolith carbonate. 

Thus, the occurrence of extreme �18O minima during Heinrich events presumably indicates the high 

influence of reworked carbonates. 

The interglacial fine fraction (<20 μm) �18O signal seems not to be influenced by these effects 

which is due to a high contribution of coccoliths to the fine fraction carbonate. However, the positive 

offset of the fine fraction (<20 μm) to the planktic foraminifera �18O signal during MIS 5 is likely to 

be caused by species vital effects, ecological variations and a change in the dominating coccolith 

carbonate contributors. Although the interglacial fine fraction carbonate is generally not influenced by 

detrital input, significant �18O minima during MIS 5.4 and 5.2 correlate with enhanced occurrences of 

reworked carbonates which probably alter the fine fraction (<20 μm) �18O signal. 

The conducted study showed that fine fraction stable isotope analyses in the North Atlantic require a 

careful examination in order to distinguish the coccolith-produced �18O signal from the �18O signal of 

reworked fine calcareous detritus. 

In summary, the coccolith assemblage based results and data which are presented in this thesis 

enable a precise reconstruction of the palaeoenvironmental history of the North Atlantic during the last 

150 000 years and provide valuable information for future modelling studies. Besides, this work 

highlighted problems in the application of fine fraction stable isotope data to reconstruct the 

palaeoenvironment of the North Atlantic and raised further questions in the examination of fine 

fraction stable isotope analyses, but also strengthened the importance of the accomplishment of multi-

disciplinary studies. 
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1 Introduction 

1.1 Late Quaternary climate changes in the North Atlantic region 

The significance of the North Atlantic for climate variations 

The North Atlantic region is highly sensitive in both influencing and reacting to global climate 

variations, which is important to understand its driving role in the global ocean circulation system. The 

knowledge of past climate variations is a key to model and predict future climate change and the 

accompanying variations in the ocean circulation system. Today, the North Atlantic region is 

characterised by warm surface water transport to the north and the formation of bottom water in the 

Nordic Seas, which itself is a crucial component of the global ocean circulation system (fig. 1.1). 

The North Atlantic Current (NAC) is the 

major surface water component of the Atlantic 

Meridional Overturning Circulation (AMOC), 

which is one driving factor behind the global 

conveyor belt and North Atlantic Deep Water 

formation (Broecker, 1997; Hansen et al., 2004). It 

originates in the Caribbean and transports warm and 

saline surface waters to the northern North Atlantic 

and the Nordic Seas. During the northward flow the 

surface waters cool and the density contrast with the 

surrounding waters causes the cooled, oxygen-rich 

and relatively salty surface waters to sink to the 

bottom of the deep-sea basins (Schmitz and 

McCartney, 1993; Dickson and Brown, 1994; 

Voigt, 2008). The Nordic Seas are considered the 

lungs of the world ocean because here deep and 

intermediate water is formed (Duplessy and 

Shackleton, 1985; Broecker, 2002). The deep water 

flows southward and spreads across the bottom of 

the world ocean. Hence, the northern North Atlantic is one of the key areas for monitoring and 

understanding the meridional overturning circulation and its different components (Thiede et al., 1996; 

Rahmstorf, 2002). 

Figure 1.1: The North Atlantic today, main 
surface (black) and deep (grey) water 
currents and regions of deep water 
formation are plotted. The positions of ODP 
Site 980 and GeoB 11035-1 are marked. 
Abbreviations: GS - Gulf Stream, NAC -
North Atlantic Current, NADW - North 
Atlantic Deep Water  (modified after 
Broecker, 1997)). 
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The North Atlantic Current and its influence on climate changes in the late Quaternary 

The North Atlantic is highly sensitive to regional climate changes, and hence to changes in the 

intensity and northward advance of the NAC. Today, the North Atlantic region has relatively stable 

climatic and oceanographic conditions, but drastic changes have occurred in the past, and will likely 

occur in the future. During the late Quaternary strong glacial-interglacial variations influenced the 

surface and bottom water circulation in the North Atlantic. During interglacials and interstadials the 

warm NAC penetrated further north, whereas its influence was weakened during glacials and stadials 

when cold polar waters advanced southwards to the subpolar-temperate regions of the North Atlantic 

(Bond et al., 1997; Oppo et al., 2006). 

Major changes during the (late) Quaternary 

Due to low temperatures and a maximum global ice volume, the Quaternary is often described 

as a period of „icehouse“ conditions. The beginning of the Quaternary is characterised by a large 

expansion of the Northern Hemisphere ice sheet between 3.6 and 2.4 My (e.g. Haug and Tiedemann, 

1998; Haug et al., 2005; Mudelsee and Raymo, 2005). The Quaternary was influenced by periodic 

climate variations and encompassed by a recurrent waxing and waning of glaciers. Scandinavia, parts 

of Northern Europe, Greenland, Siberia, and northern North America were the largest areas of the 

Northern Hemisphere which were covered by continental ice sheets (cf. Ruddiman, 1977; Thiede et 

al., 1998). The gradual build up of ice sheets culminated in intense changes between glacial and 

interglacial periods. Benthic �18O variations, which are an indicator of global ice volume, record the 

largest amplitudes over the last 800 ky (Zachos et al., 2001). These variations are controlled by the 

orbital parameters eccentricity, obliquitiy, and precession with periodicities of c. 20, 41, and 95 ky 

(Milankovitch cycles). The late Quaternary and the Holocene were mainly affected by smaller scale 

variations, but even short-term variations on the order of few thousand years are observed in the 

geological record. The sharp transitions from relatively heavy to relatively light �18O values that are 

connected with glacial-interglacial transitions are called Terminations (Broecker and van Donk, 1970). 

The North Atlantic during the interglacial 

The interglacial MIS 5 starts with Termination II and can be subdivided in the MIS 5.5–5.1. 

MIS 5.5, 5.3, and 5.1 represent relatively warm conditions whilst MIS 5.4 and 5.2 are the cooler 

substages (cf. compilation of climate reconstruction data for the late Quaternary in fig. 1.2). The peak 

warming event of MIS 5.5 forms a possible analogue for the Holocene (Lambeck et al., 2002) and, 

thus, makes it of special importance for climate research. The extensive deglaciation caused a sea level 

rise for the time ~130 ka ago, when it reached values even higher than today (Siddall et al., 2003). In 

general, the North Atlantic Current had a high influence on the North Atlantic region, bringing warm 

surface waters towards high latitude regions and ameliorating climate conditions there. Nevertheless, 

the climate development throughout the interglacial MIS 5 was quite irregular in the North Atlantic 
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Figure 1.2: Compilation of marine faunal and IRD data from the North Atlantic with insolation and Greenland 
ice core data: a) % abundance of polar planktic foraminifera N. pachyderma (sinistral) (running average, 
Schönfeld, 2002b); b) reconstructed August Sea Surface Temperatures (°C, Imbrie et al., 1992); c) % 
abundance of ice rafted detritus (IRD, lithics <150 μm), McManus et al., 1999); d) benthic foraminifera 
Cibicidoides spp. �18O (Venz and colleagues, 1999); e) Greenland Ice Sheet Project 2 (GISP2) �18O (running 
average, Grootes and Stuiver, 1997); f) insolation values for June at 60°N (W/m², Berger and Loutre, 1991). 
Marine Isotope Stages and substages are labelled according to Martinson et al. (1987), grey shading denotes 
interglacial stages. 

region: climate changes were more stable and constant in the mid-latitudes, whereas the higher 

latitudes were affected by more unstable and gradual climate variations (McManus et al., 1994; 

Fronval and Jansen, 1996; Cortijo et al., 1999). 



Introduction 

4 

The North Atlantic during the glacial 

Rahmstorf (2002) pointed out three states of ocean circulation during the glacial climates: a 

warm state with warm surface waters invading further than 60°N (interstadial mode), a cold state 

where the surface waters flow northwards but sink down to form bottom water at latitudes below 60°N 

(stadial state), and an „off“ state with no formation of North Atlantic Deep Water (Heinrich mode). 

Heinrich events are phases of extreme climate shift and reveal a long and very intense stadial (Bond et 

al., 1993). During Heinrich events, large amounts of icebergs were released from the Northern 

Hemisphere ice sheet into the North Atlantic where large amounts of ice rafted detritus (IRD) were 

released. High abundances of polar planktic foraminifera in latitudes around 40°N indicate that during 

the glacial cool surface waters migrated southwards towards at least 40°N (cf. compilation of climate 

reconstruction data for the late Quaternary in fig. 1.2). Due to iceberg melting in the sea, Heinrich 

events are characterised as periods of significantly cooler upper ocean water temperature (Lambeck et 

al., 2002). Studies on Greenland ice core records reveal that Heinrich events occur at the termination 

of a Bond cycle, which comprises a series of short-term cooling and warming events (Dansgaard et al., 

1993). These short-term warming events are marked by a typical saw-tooth wave pattern (cf. Bond et 

al., 1993). They were also identified in the isotopic and sedimentologic record of marine sediments as 

Dansgaard/Oeschger (D/O) events (Broecker et al., 1992), D/O events comprise between 500–

2000 years and are followed by a cold stadial phase (Johnsen et al., 1992). 

The last glacial maximum (LGM) occurred about 20 ky ago as a period of lowest sea surface 

temperatures within the last glacial cycle (cf. fig. 1.2). A multi-proxy reconstruction of the annual sea 

surface temperature during the LGM revealed a range around 1° C for planktic foraminifera and c. 

6° C for dinocysts for the region 45–65°N, a steep gradient on the order of c. 10° C occurred in the 

reconstructions between 40–45°N (de Vernal et al., 2006), probably due to the variety of proxies used 

for the reconstructions. Nevertheless temporary ice-free conditions in the central North Atlantic and 

Norwegian-Greenland Sea during the LGM were suggested (Henrich, 1998; de Vernal et al., 2006). 

During the last 17–13 ky decreasing IRD and increasing surface water temperatures indicate that polar 

surface waters retreated from the eastern North Atlantic towards the north and northwest (Ruddiman 

and McIntyre, 1973). Finally, with Termination I and the onset of the Holocene, the climate in the 

North Atlantic region ameliorated and remained relatively stable, except for a few short-term cooling 

phases. 
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1.2 Coccolithophores as a proxy for the characterisation of (past) 

environmental conditions 

Former studies of the late Quaternary palaeoenvironmental history of the North Atlantic 

focused on palaeoclimatic reconstruction proxies such as grain size distributions, geochemical 

parameters (e.g. elemental distribution), or micropalaeontological parameters (e.g. the distribution of 

planktic or benthic foraminifera, stable isotope signal and trace metal concentration of foraminifera, 

cf. fig. 1.2). A couple of works have focussed on the study of fossil coccolithophore assemblages in 

the North Atlantic region (e.g. Belanger, 1982; Baumann et al., 1995; Andruleit and Baumann, 1998; 

Lackschewitz et al., 1998; Giraudeau et al., 2000). These tiny organisms which inhabit the upper water 

column account as an excellent proxy for surface water reconstructions since they have short 

reproduction cycles, a continuous occurrence in the fossil record, and a high sensitivity to 

environmental changes, which is reflected in distinct floral assemblages in various environments. 

Coccolithophores and their environmental significance 

Fossil coccoliths were first observed in 1836 when C.G. Ehrenberg examined Cretaceous 

chalks from the island Rügen in the Baltic Sea (Ehrenberg, 1836). Descriptions of coccoliths and 

coccolithophores as ‘curious rounded bodies’ from marine muds of the North Atlantic date back to the 

second half of the 19th century (Huxley, 1868). Today, we know that these peculiar microfossils are 

the calcareous cover of coccolithophores. Coccolithophores are marine living unicellular algae, and 

they are one of the main primary producers in the ocean (Giraudeau and Beaufort, 2007). As 

coccolithophores are photosynthetic algae they are a primary component of the marine food web. They 

belong to the division Haptophyta (Jordan and Green, 1994; Billard and Inouye, 2004), and first 

appeared during the Triassic about 220 Ma ago (Edvardsen and Medlin, 2007). After their first 

occurrence in the Late Triassic, coccolithophores experienced several radiation and extinction events, 

whereas they reached their maximum of diversity  during the Late Cretaceous (Bown, 1998). With the 

onset of the Pleistocene coccolith diversities decreased. During the last decades numerous research 

projects focussed on the biodiversity and ecology of coccolithophores, resulting in the discovery and 

description of about 300 coccolith species. 

An exoskeleton of minute calcite platelets, the coccoliths, covers the cell of the 

coccolithophores. Coccolithophores vary in size between 5–30 μm and the size of single coccoliths 

ranges between 2–15 μm. The complex life cycle of coccolithophores comprises alternations of 

haploid and diploid generations that each can reproduce by asexual mitotic division. During these 

processes, several morphologically distinct coccolith types can be produced by the same organism 

(Cros and Fortuño, 2002; Geisen et al., 2002; de Vargas and Probert, 2004). The most commonly 

studied variety of coccolithophores are heterococcoliths which are produced intracellularly during the 

diploid stage (e.g. Cortés, 2000; Cros et al., 2000). Heterococcoliths are formed by crystal units of 
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varying shape and size (Cros and Fortuño, 2002). Holococcoliths are formed in the haploid stage and 

consist of minute crystallites and are very fragile, they are mostly found in plankton or sediment trap 

samples and are rare in sediments. 

The living coccolithophores have a great effect on the inorganic and organic carbon pump (fig. 

1.3). They influence the ocean alkalinity and CO2 uptake of the global oceans by taking up carbon 

from the global carbon pool in order to build their calcite skeleton (Winter, 1996). CO2 is released 

during the intracellular calcification process, whereas the photosynthetic process consumes CO2 and 

again enhances calcification (Erez, 2003). Hence, the uptake of atmospheric CO2 in the surface ocean 

depends on the production of calcifying biomass in the upper surface waters (van Cappellen, 2003). 

Furthermore, coccolithophores are important for the sulfur cycle as they emit dimethyl 

sulphoniopropionate, which is converted to dimethyl sulphide (DMS). The DMS diffuses to the 

atmosphere and influences the global climate through several factors, such as the enhanced reflection 

of sunlight through sulphate-rich aerosols, or by the increased cloud formation over the ocean (Burkill 

Fig. 1.3: Schematic of the role of coccolithophores in the global carbon cycle (modified after Boeckel, 2003). 
CO2 record from the Vostok ice core (Petit et al., 1999) and coccolith carbonate contribution records of site 
GeoB 11035-1 and ODP Site 980 (this study). 
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et al., 2002). Furthermore, large blooms of coccolithophores can, seasonally and locally, influence the 

albedo of the sea water. 

Besides foraminifera, coccolithophores are one of the main sources of marine calcium 

carbonate deposits in the deep sea. Coccolithophores get buried much more efficiently than other 

organisms. Some of the calcite in the skeleton gets redissolved, but up to 90 % of the coccolith-calcite 

sink rapidly in faecal pellets to the ocean floor (Honjo, 1976), get buried and exit the global carbon 

pool for a few million years (Winter, 1996). Studies on late Holocene material revealed that coccoliths 

contribute about half of the calcite to deep-sea sediments (Broecker and Clark, in press). Their 

essential role as tool for palaeoclimatic reconstructions is improved by the fact that coccolith calcite is 

more resistant to dissolution than foraminifera CaCO3 (Frenz et al., 2005; Chiu and Broecker, 2008). 

Coccolithophore-based proxies to reconstruct past environmental conditions and their 

application in this study 

Coccolithophores have relatively short reproduction times, hence these species are able to 

relatively quickly respond to environmental changes, which can be observed by their alternating but 

consistent occurrence in fossil records. Coccolithophore research focuses on the assemblage 

composition, and the analyses of organic (alkenone biomarkers) and inorganic (calcium carbonate) 

components of coccolithophores (Stoll and Ziveri, 2004). An overview of the variety of 

coccolithophore-based proxies is given in table 1.1. Coccolith-based proxies which were applied 

during this study are briefly introduced in the following. 

Table 1.1: Overview of coccolithophore based proxies and their application in (palaeo-)environmental studies. 
 
coccolith 
component 

component derived 
proxy 

proxy information example of application 

coccolith 
assemblage 

assemblage 
composition 

- distinct ecological preferences 
- coccolith primary productivity 
and surface water temperature 
- stratigraphy 

Bown (1998) 
Giraudeau and Beaufort 
(2007) 
Wagreich et al. (2008) 

single coccolith 
species 

morphology and 
morphometry 

- distinct ecological preferences 
- surface water temperature 

Bollmann et al. (2002) 
Mattioli et al. (2004) 
Hagino et al. (2005) 

Mg/Ca ratio - surface water temperature Stoll et al. (2001) 
Sr/Ca ratio - coccolithophore growth rate 

and productivity 
Stoll and Schrag (2000) 
Stoll and Bains (2003) 
Langer et al. (2006) 

�18O, stable oxygen 
isotope ratio 

- �18O of surface water and 
indirectly of ice coverage and 
surface water temperature 
- stratigraphic correlation 

Dudley and Nelson (1989) 
Beltran et al. (2007) 

coccolith 
carbonate 

�13C, stable carbon 
isotope ratio 

- productivity Rickaby et al. (2007) 
Stoll et al. (Stoll et al., 2007b) 

U37
K, undersaturation 

ratio of alkenones  
- surface water temperature Steinke et al. (2001) 

Huguet et al. (2006) 
coccolithophorid 
biomarkers 
(alkenones) �13C, carbon isotopes 

of alkenones 
- pCO2 Benthien et al. (2005) 
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-Coccolith assemblage studies- 

Extant coccolithophore assemblages have been studied globally from plankton (e.g. Takahashi 

and Okada, 2000; Haidar and Thierstein, 2001; Hagino and Okada, 2004), sediment traps (e.g. Broerse 

et al., 2000; Tanaka, 2004; Köbrich and Baumann, 2009), and surface sediments (e.g. Geitzenauer et 

al., 1977; Samtleben et al., 1995b; Boeckel et al., 2006). The study of present day coccolithophore 

assemblages and the assignment to the prevailing ecological parameters form the basis for the 

interpretation of palaeocommunities. Living coccolithophores are limited to the photic zone, but they 

thrive in a wide temperature range, and many of them have a large ecological tolerance (Okada and 

McIntyre, 1977; Okada and McIntyre, 1979; Bown, 1998; Bralower, 2002). Specific water mass 

characteristics and their distribution have a direct influence on the biogeographical distribution pattern 

of living coccolithophores (e.g. Okada and Honjo, 1973). Besides light, temperature, nutrients and 

salinity, the latitude, the regional system of ocean currents and the availability of vitamins and 

minerals are thought to control the distribution of coccolithophores (Winter et al., 1994). Five distinct 

nannofloral assemblage zones are recognised for the Atlantic: tropical, subtropical, transitional, 

subarctic, and subantarctic (fig. 1.4, McIntyre and Bé, 1967). More detailed analyses of the 

nannofloral assemblage composition in the northern North Atlantic were conducted by Samtleben et 

al. (1995a; 1995b). The living (northern) North Atlantic coccolithophore assemblages have been 

studied from plankton, sediment trap, and surface sediment samples, and are characterised by a low 

Fig. 1.4: Coccolith assemblage zones and study relevant 
warm surface water currents in the North Atlantic, redrawn 
after McIntyre and Bé (1967). Abbreviations of surface water 
currents: GS-Gulf Stream, AC-Azores Current, NAC-North 
Atlantic Current, PC-Portugal Current. 
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species variety which decreases with increasing latitude (Samtleben and Bickert, 1990; 

Knappertsbusch and Brummer, 1995; Baumann et al., 2000; Ziveri et al., 2000; Balestra et al., 2004). 

The most dominant species in North Atlantic plankton samples is Emiliania huxleyi, followed by 

gephyrocapsids, Calcidiscus spp., syracosphaerids, and Coccolithus pelagicus. The application of 

coccolith assemblage studies globally enables the reconstruction of lateral oceanic front migrations 

(Findlay and Flores, 2000; Findlay and Giraudeau, 2002), and the monitoring of short- and long-term 

changes in palaeoenvironmental conditions (Hiramatsu and De Deckker, 1997; Bornemann et al., 

2003; Colmenero-Hidalgo et al., 2004). This was used for studies in the North Atlantic region, where 

coccolith assemblage studies were applied on sediment material to reconstruct climate changes and 

oceanic front migrations in the Nordic Seas, the East Greenland margin, the coast off Portugal, and 

parts of the central NE Atlantic during Termination II, the last Glacial, the LGM, and late Holocene 

(McIntyre et al., 1972; Andruleit and Baumann, 1998; Lototskaya et al., 1998; Giraudeau et al., 2000; 

Balestra et al., 2004). 

-Coccolith stable isotope signal- 

The stable oxygen and carbon isotope ratio of coccolith carbonate provides information about 

the chemical composition of the surface water in which the coccolithophores secreted their calcareous 

plates. The measured oxygen isotope ratio gives information about surface water density (and 

indirectly its temperature). The carbon isotope ratio provides information about coccolithophore 

productivity. Most coccoliths vary in size between 2–15 μm, and first studies on fine fraction 

carbonate discovered a temperature control on �18O (Anderson and Cole, 1975; Dudley and Goodney, 

1979; Anderson and Steinmetz, 1983; Dudley et al., 1986b). This knowledge was successfully applied 

in several palaeoenvironmental studies which used the coccolith fine fraction stable isotope ratios as 

stratigraphic tool, but also applied them to reconstruct surface water conditions in the North Atlantic 

(Lototskaya and Ganssen, 1999; Henderiks et al., 2002). Vital effects, a mixing of signals and the 

carbonate of other organisms and detritus may influence the bulk fine fraction signal, therefore 

improved techniques for the enrichment of selected coccolith species emerged during the last years. 

Repeated decanting, extensive micro-picking, density-stratified settling, flow cytometry and 

microfiltration techniques permit the separation of sediment fractions with carbonate dominated by a 

single coccolith species (Minoletti et al., 2001; Stoll and Ziveri, 2002; Stoll et al., 2007a; Halloran et 

al., 2009; Minoletti et al., 2009). 

-Morphology and morphometry- 

Single morphotypes or morphometric features of distinct coccolith species are indicators of 

changing surface water temperature, nutrient availability and surface water salinity. Bollmann & Klaas 

(2008) correlated changes in the morphometry and morphology of Gephyrocapsa oceanica with 

variations in surface water temperatures, Hagino et al. (2005) and Colmenero-Hidalgo et al. (2002) 

showed a correlation between several morphotypes of Emiliania huxleyi and distinct oceanographic 
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regimes, and variations in the occurrence of Coccolithus pelagicus and Coccolithus braarudii were 

used to differentiate between cooling and warming sequences in a sediment core (Parente et al., 2004; 

Narciso et al., 2006). 

Taphonomy 

In the water column, taphonomic processes such as digestion and faecal pellet formation 

influence the settling and transport of the coccolithophores through the water column and affect the 

initial biocoenosis assemblage whilst it is transferred to the taphocoenosis at the sea floor. Selective 

processes play a major role in certain areas of the ocean, and there the coccolith assemblage in the 

sediment record does not represent the entire palaeocommunity of the water column (Samtleben and 

Bickert, 1990; Ziveri et al., 2000; Balestra et al., 2004). Nevertheless, the studied fossil coccolith 

assemblage works as a good representative of the composition of the palaeocommunity (cf. Baumann 

et al., 2000; Kinkel et al., 2000; Ziveri et al., 2000). 



Introduction 

11 

1.3 Main objectives of this study 

Due to the important role of the North Atlantic for the global ocean circulation and its large 

sensitivity for climatic and ocean circulation variations, this work figures out the role of 

coccolithophores as a proxy for the reconstruction of palaeoenvironmental changes in this highly 

sensitive region. This study aims to close a gap in palaeoceanographic science, by applying coccolith-

derived biological and chemical proxy indicators for the reconstruction of the environmental 

conditions and possible forcing factors over the last 150 ky in the North Atlantic. It combines the 

investigation of two North Atlantic sites (site GeoB 11035-1 and ODP Site 980) in regard to: 

 

(1) study and describe the coccolith assemblage composition and the fine fraction (<20 μm) stable 

isotopes in both sites for the last c. 60 and 150 ky, resp. 

 

(2) estimate the coccolith carbonate contribution in both sites. 

 

(3) verify coccolith assemblage compositions as a reliable and significant proxy for 

palaeoenvironmental studies by assigning different taxa to specific water mass conditions. 

 

(4) test and critically examine fine fraction (<20 μm) stable isotopes as indicators of shallow 

mixed-layer conditions in the water column. 

 

(5) reconstruct the palaeoenvironmental history of the North Atlantic region focussing on the 
studied sites with emphasis on long term trends as well as on short-term changes using 
coccolith-based proxies. 
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2 Study area and methods 

2.1 ODP Site 980 

ODP Site 980 is located at the eastern flank of the SW-NE trending Rockall Plateau in the 

transition zone to the Rockall Trough (55°29´N, 14°42´W, fig. 1.4 and later in this work fig. 4.1). The 

site is located in the subpolar North Atlantic within the Feni Drift at a water depth of 2179 m. The 

North Atlantic Current (NAC) is the extension of the Gulf Stream which originates in the warm 

Caribbean (Mienis et al., 2007), and brings relatively warm and salty surface waters towards this high 

latitude region. The salinity at ODP Site 980 is around 35.4 psu throughout the whole year, the surface 

water temperature ranges between ~9.8° C in winter and ~12.1° C in summer (Antonov et al., 2006; 

Locarnini et al., 2006). 

The NAC branches into several currents, one of them is the Irminger Current, transporting 

relatively warm and salty waters towards SE Greenland, another branch of the NAC passes the 

Rockall Plateau on its western flank, and a third smaller branch overflows the Rockall Plateau. 

Opposed to these northward flowing warm surface water currents is the southward drifting East 

Icelandic Current carrying low salinity and low temperature water. It originates from the North 

Icelandic Irminger Current which joins polar waters of the East Greenland Current and flows 

southward at the eastern margin of Iceland (Perkins et al., 1998), where it switches and flows towards 

east. The oceanic frontal system which separates the northward flowing warm Atlantic from the 

southward flowing cold Arctic waters is the arctic front (Swift, 1986). 

The recovered sediments of ODP Site 980 are clayey nannofossil oozes (Jansen et al., 1996). 

2.2 GeoB 11035-1 

The investigations in the more temperate North Atlantic were carried out on sediment material 

from site GeoB 11035 (42°10’N 9°39’W, fig. 1.4 and later in this work fig. 6.1). Sediment core GeoB 

11035-1 has been recovered from the Minho-Galician Shelf at the NW Iberian Margin (off the 

Galician coast) from a water depth of 2045 m. 

The Portugal Current dominates the present-day hydrology. It is a branch of the Gulf Stream/ 

Azores Current. The Portugal Current originates from a transition zone between the NAC west-wind 

drift, and is seasonally dominated by the regime of the subtropical gyre (Pérez et al., 2001). Wind-

driven upwelling dominates the region during summer, whilst downwelling dominates during winter. 

Additionally the fluviatile input from rivers influences the coastal area (Schmidt et al., 2002). The 

surface water salinity reaches between 35.7 and 35.8 psu, whilst surface water temperatures (at 50 m 

water depth) vary between c. 13° C in winter, and 15° C during summer (Antonov et al., 2006; 

Locarnini et al., 2006). 
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The recovered sediments of core GeoB 11035-1 are olive, brown, and grey muds with 

interspersed sandy carbonate particles (Hanebuth et al., 2007). 

2.3 Laboratory work and analyses 

An overview of the sampling and preparation routines carried out is given in fig. 2.1. Samples 

were prepared for coccolith assemblage studies and stable isotope analyses on the fine fraction 

(<20 μm). Samples with enrichments of single coccolith taxa were selected in order to verify the 

obtained fine fraction (<20 μm) stable isotope signal. To test and verify stable isotope signals, selected 

samples were prepared twice in order to do replicate stable isotope measurements of the fine fraction 

(<20 μm), supplementary the determination of the carbonate content and XRD analyses were 

conducted. 

Coccolith assemblage studies and coccolith carbonate contribution 

The preparation for coccolith analyses was conducted, applying the method of Andruleit 

(1996). Between c. 60–120 mg of sediment material were taken from the freeze-dried bulk samples 

and stirred with about 200 ml of ammonia buffered tap water (pH~8.5) for dispersion. After a 

15 seconds ultrasonic bath, the sample was split and filtered on a polycarbonate filter (pore size 

0.45 μm, diameter 47 mm), and dried at max. 40° C. About 1 cm² of the dried filter was fixed on 

SEM-stub with adhesive Leit-Tab and sputtered with gold-palladium. 

Coccolith assemblages were counted on a Zeiss DSM 940A scanning electron microscope 

(SEM) with a magnification of 3000x. At least 300 individuals per sample were counted on a known 

area. A precise description of morphometric features and characteristics, which enables the 

Fig. 2.1: Simplified chart of the sampling strategy and the applied preparation 
steps. 



Study area and methods 

15 

determination of species and subspecies is provided in Cros & Fortuno (2002) and Young et al. 

(2003). In case of low coccolith numbers, less individuals were counted in some of the samples. 

Based on the coccolith assemblage data, diversities were calculated using the software PAST 

(Hammer et al., March 2008). The Shannon diversity index was used as an indicator of the variety 

within a community. 

To calculate mass accumulation rates (CMAR) of coccoliths, the dry bulk density, and the 

linear sedimentation rate are required. The dry bulk density has not been analysed for both sites. 

Instead of this the wet bulk density was used for ODP Site 980. This has been measured by gamma-

ray attenuation (Jansen et al., 2005a; Jansen et al., 2005b). Due to the lack of data, the calculation of 

the CMAR for GeoB 11035-1 was not possible. For sedimentation rates as well as wet bulk density, 

data between two points of unknown age and density were interpolated linearly. 

For the calculation of the coccolith carbonate content, the species specific mass CaCO3 weight 

of each coccolith species is needed. Young & Ziveri (2000) and Beaufort and Heussner (1999) 

measured and calculated the species specific coccolith mass CaCO3 for numerous coccolith species. 

This depends on the density of carbonate, a species specific shape factor, and the average length of a 

species. If these data were not available for some of the species, the coccolith mass has been assessed 

(cf. table 6.1). 

Giraudeau & Beaufort (2007) provided a short review of the development and application of 

the most common preparation and counting techniques to calculate absolute coccolith abundances. 

They discussed possible drawbacks when applying the method developed by Andruleit (1996). We 

dealt with the mentioned problems by using an appropriate amount of material for the preparation, 

applying the same splitting mode throughout separation, and emptying the glass with the split sample 

material at once on the funnel filtration device, and not rinsing the filter afterwards. 

Morphometrical analyses on selected coccolith species 

Size measurements have been conducted for coccoliths of the 

species Emiliania huxleyi on ODP Site 980 and for coccoliths of the genus 

Coccolithus spp. for GeoB 11035-1. According to Colmenero-Hidalgo et al. 

(2002) E. huxleyi has been grouped into specimen >4 �m and <4 �m, based 

upon the maximal length of the distal shield (fig. 2.2). At least 100 specimen 

per sample were measured. For Coccolithus spp. the maximal width and 

length of the distal shield were measured for at least 50 specimen per 

sample. In both cases the coccoliths were chosen by randomly scanning one 

transect of the filter sample which had also been used for assemblage studies 

using a 3000x magnification. The measurements were conducted using the 

SEM size measuring instrumentation. 

Figure 2.2: Illustration 
of the distal view of a 
coccolith (here 
Emiliania huxleyi), and 
the methodological 
approach for 
measuring the 
maximum length of 
single coccoliths. 
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Coccolith fine fraction (<20 μm) stable isotope analyses 

Analyses of the stable isotopes of carbon and oxygen were conducted on the bulk fine fraction 

<20 μm, which was chosen because mainly planktic carbon producers contribute to the total carbonate 

content, but due to the size of their calcite plates (varying between c. 2–15 μm), coccoliths especially 

contribute to the carbonate in the fraction <20 μm. 

The preparation of the bulk fine fraction (<20 μm) samples was conducted by wet sieving the 

bulk sediment on a 20 μm mesh with tap water. The material <20 μm was caught in 1 l beakers and 

left for 2–3 days. Afterwards the supernatant was removed and the material <20 μm was dried at max. 

40° C. 

The same method was applied for replicate measurements. The measurements and final 

sample preparations were conducted in the stable isotope laboratory of the Center for Marine 

Environmental Sciences - Marum (Bremen, Germany). 

Stable isotope measurements on coccolith species enriched samples 

Stable isotope analyses on coccolith species enriched samples were conducted for selected 

samples of ODP Site 980. Therefore Emiliania huxleyi and Coccolithus spp. were enriched from the 

bulk sample. Between 0.39 and 0.55 g bulk sediment of the dried <20 μm fraction were used. The 

organic matter of the samples was oxidised following the cleaning method of Bairbakhish et al. 

(1999). After cleaning, the material is transferred to a 50 ml centrifuge tube, mixed with 25–30 ml 

MNX (50 g NH2OH, 400 g NH4OH (25%), 1 l distilled buffered water), and left for 24 h on a rotating 

carousel. The MNX prevents ion exchange and the formation of aggregates. Afterwards the MNX is 

removed by centrifuging the material and decanting the supernatant. The tube is then filled up with 

IONX (70 ml NH4OH (25%) mixed with 1 l distilled buffered water). 

The applied settling technique bases on the descriptions of Stoll and Ziveri (2002) which were 

adopted to respective needs. The suspension of the cleaned <20 μm fraction mixed with IONX is left 

for a fixed settling time in the centrifuging tube, after this time the supernatant is decanted, the 

residual sediment is filled up with IONX, and the settling and decanting process is repeated for several 

times (cf. fig. 6.2). Depending on the required grain size fraction, the settling time varied between 10 

and 240 min. All settling sequences started with short settling times in order to separate finer from 

larger particles. Throughout the separation procedure the quality of the samples was repeatedly 

checked at the Light Microscope (OLYMPUS BX51). If required, microfiltration on polycarbonate 

filters was applied to enrich a size fraction. After settling the samples were transferred to micro test 

tubes, cleaned with analysis H2O (some drops of NH4OH have been added to distilled water until ph 8 

was reached), and dried at max. 40° C. 

The stable isotope measurements and final sample preparation for these species enriched 

samples has been done in the stable isotope laboratory of the Geosciences Department, Vrije 

Universiteit Amsterdam (The Netherlands). 
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X-ray diffractometry 

The dried bulk fine fraction (<20 μm) samples were ground to a fine powder and prepared 

with the Philips backloading system. The X-ray diffractograms were measured on a Philips X’Pert Pro 

multipurpose diffractometer equipped with a Cu-tube (k� 1.541, 45 kV, 40 mA), a fixed divergence slit 

of ¼°, a 16 samples changer, a secondary Ni-filter and the X’Celerator detector system. The samples 

were measured from 3–85° 2�. The standard deviation of ±5 % can be considered as a general 

guideline for mineral groups with >20 % clay fraction (Moore and Reynolds Jr., 1989), the 

determination of well crystallised minerals like quartz, calcite or aragonite can be done with better 

standard deviations (Tucker, 1988; Vogt et al., 2002). The mineral identification and calculation of 

peak intensity and area were done with the freeware MacDiff 4.5 (Petschick, 1991 (continuous 

updates); Petschick et al., 1996). Semiquantitative determinations of minerals are based on single peak 

factors derived from investigations of pure mineral standards and mixtures by the full-pattern 

quantification software QUAX (cf. Vogt et al., 2002). 

Determination of carbonate (CaCO3) concentration 

To quantify the carbonate (CaCO3) concentration, the total carbon content and the total 

organic carbon content were determined. Between 50–70 mg of the homogenised sample were 

analysed for TC analyses. To determine the TOC, about 100 mg of homogenised material were treated 

with 10% HCl to destroy organic carbonate, later on the samples were flushed with distilled water and 

dried on a heating plate to remove intergranular water. Total and organic carbon contents were 

determined by combusting the sample in a LECO CS 200. The difference between total and organic 

carbon content was used to calculate the carbonate (CaCO3) content. 
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3 Thesis outline 
Coccolith assemblage and stable isotope analyses of the fine fraction (<20 μm) of two North 

Atlantic sites form the basis of this work. Three manuscripts, of which the first two aim on the 

reconstruction of climatic changes throughout the last full glacial and interglacial cycle by studying 

the response of the coccolith assemblage, and a third one, which discusses the applicability of fine 

fraction (<20 μm) stable isotopes for the reconstruction of surface water conditions, arose from the 

obtained data sets and will be presented in the following chapters. 

The coccolith assemblage composition of ODP Site 980 reveals an interesting insight on the 

environmental history of the Rockall region throughout the last ~150 ky. Chapter 4 presents results of 

the coccolith assemblage study of the interglacial MIS 5 on sediments from ODP Site 980, this study 

focuses on the development of the coccolith flora throughout the entire interglacial MIS 5 in the 

eastern North Atlantic. 

A high-resolution study of the climatic and environmental history of the last Glacial cycle has 

been carried out in order to monitor long term and short-term changes over a period from 80–10 ky. 

Therefore coccolith assemblage and morphometrical analyses were applied to observe these variations 

(chapter 5). 

Fine fraction (<20 μm) stable isotope analyses which were conducted on ODP Site 980 and on 

site GeoB 11035-1 reveal the strong influence of detrital fine carbonate on the fine fraction �18O 

signal. This study reveals completely different patterns of fine fraction (<20 μm) and planktic 

foraminifera �18O signals. Hence, a conventional interpretation of the fine fraction (<20 μm) carbonate 

�18O record as being solely a temperature signal does not work correctly. The manuscript which is 

presented in chapter 6 discusses this problem and the analysis and examination of possible factors 

influencing the bulk fine fraction (<20 μm) �18O signal. 

The concluding chapter 7 summarises the presented studies and their main findings. It 

complements the comparison of the fine fraction (<20 μm) stable isotope signal with a comparison of 

the coccolith floral assemblages of the two studied sites. Some of the studied questions need further 

investigation, but also new questions arose. Such future perspectives and developments in the 

application of coccoliths as palaeoenvironmental reconstruction proxies and possible future research 

questions are provided in the final part of this thesis. 
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Abstract 

Calcareous nannoplankton analyses on late quaternary sediments from the eastern North 

Atlantic ODP Site 980 (55°29´N, 14°42´W) provide detailed insight into palaeoceanographic and 

palaeoclimatic changes that occurred throughout the Termination II and the adjacent interglacial of the 

Marine Isotope Stage (MIS) 5. This study presents the development of the coccolith assemblage 

throughout the interglacial MIS 5 towards the beginning of the glacial MIS 4 in the vicinity of the 

Rockall Plateau and investigates and characterises the impact of climatic and environmental variations 

on the coccolith assemblage distribution between 135-65 ky. 

In general, the coccolith assemblage is dominated by Gephyrocapsa muellerae and Emiliania 

huxleyi, whilst significant changes in palaeoceanographic and palaeoclimatic conditions are mainly 

shown by variations of subordinate species. A drastic increase in coccolith accumulation rates and a 

change from a less to a higher diverse species assemblage indicate a rapid increase in surface water 

temperatures during the onset of MIS 5 from c. 127.5 ky on. Highest coccolith numbers, high numbers 

of taxa and a large diversity indicate highest coccolithophore primary productivity and peak 

interglacial conditions during MIS 5.5, which are due to the high influence of relatively warm surface 

water to this region. Coccolith numbers peak again around 120 ky and decline afterwards but stay 

above glacial levels. The two cooling events of MIS 5.4 and 5.2 interrupted the generally warm 

conditions and are indicated by lowered coccolith numbers, a drop of thermophile species and a 

reduction of the species diversity. Decreasing coccolith numbers and a slightly reduced diversity 

indicate that environmental conditions deteriorated towards the onset of MIS 4. The analysis of the 

coccolith assemblage reveals that not only the stadial events MIS 5.4 and 5.2 are characterised by 

colder conditions, but furthermore confirms the upcoming notion that MIS 5.5 was terminated by a 

slight short-term cooling of the surface water which occurred around 124 ky. 

4.1 Introduction 

The North Atlantic plays a key role in the global ocean circulation system because northern 

North Atlantic water masses become dense enough to sink down and form bottom water, sustaining 
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the Atlantic Meridional Overturning Circulation (AMOC). Regional shifts in environmental and 

surface water conditions which affect the bottom water formation are directly reflected as changes in 

the global ocean circulation system, and they have high implications on the marine environment as 

these changes in ocean circulation may occur during a short time period. Such a change in ocean 

circulation occurred during the transition from Marine Isotope Stage (MIS) 6 to MIS 5, which is 

known as Termination II. This termination introduces a period of increased warm North Atlantic 

surface water influence and its penetration towards high latitudes. It is one of the strongest and most 

abrupt terminations and has been observed in terrestrial, marine and ice-core records (GRIP members, 

1993; Müller and Kukla, 2004; Sirocko et al., 2005). Studies of the Termination II in the North 

Atlantic region showed that the transition from MIS 6 to 5 occurred stepwise and was accompanied by 

the transition from a minimum to a maximum of insolation between 137 and 126 ky, as well as by an 

enormous heat transport towards north, leading to ice sheet melting and a huge sea level rise up to 

present values (Berger and Loutre, 1991; Lototskaya et al., 1998; Lototskaya and Ganssen, 1999; 

McManus et al., 2002; Oppo et al., 2006; Risebrobakken et al., 2006). MIS 5.5 is, compared to the last 

Glacial, characterised by generally mild conditions (due to a stable AMOC), and maximum warmth 

was constrained to this substage (McManus et al., 1994). Although temperate and relatively stable 

climatic conditions characterised MIS 5, it was accompanied by short term but large amplitude 

climatic changes, of which the cooling events MIS 5.4 and 5.2 were the strongest (Chapman et al., 

2000). This cooling trend was probably associated with the beginning of MIS 5.4 when Northern 

Hemisphere glaciers started to grow rapidly (McManus et al., 1994), and when sea level was about 40-

60 m below present values (Lambeck et al., 2002). In the northern latitudes the global ice volume 

evolution is seen as a main trigger of temperature changes (Pahnke and Sachs, 2006). This series of 

cooling events led to a general climatic deterioration towards the onset of the full glacial MIS 4. 

The above mentioned changes in oceanographic, environmental and climatic conditions have a 

direct impact on the coccolithophorid assemblage which lives in the upper surface water. We therefore 

analysed sediments from the subpolar NE Atlantic which have been recovered during ODP Leg 162 at 

the Rockall Plateau and have already proven their high potential for the reconstruction of the North 

Atlantics environmental history in numerous studies which focused on foraminifera, Ice Rafted 

Detritus (IRD), palaeomagnetic and isotope studies (McManus et al., 1999; Flower et al., 2000; 

Channnell and Raymo, 2003; Oppo et al., 2006). 

Hence, this work focuses on the effect of environmental changes within the short time period 

of Termination II as well as during MIS 5.5 on the coccolith assemblage. As this time interval is also 

the main focus of many recent studies from the North Atlantic (Fronval and Jansen, 1996; Chapman 

and Shackleton, 1999; Kukla et al., 2002; Shackleton et al., 2003; Bauch and Erlenkeuser, 2008), but 

less attention is paid to the subsequent MIS 5.4-5.1, our contribution is the first to present the 

development of the coccolith assemblage throughout the entire MIS 5 in the vicinity of the Rockall 

Plateau. 
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To reveal the effect of changing environmental conditions during time slices of significant 

environmental changes on the nannoplankton, we studied the coccolith assemblage composition 

throughout the entire interglacial MIS 5 as well as during the transition from and to the glacial MIS 6 

and 4. We therefore studied sediment samples from ODP Site 980, which provides a high 

sedimentation rate, and therewith enables a high resolution analysis of MIS 5. We used fluctuations, 

which are reflected in the coccolith assemblage, as indicators of changes in the surface water regime. 

4.2 Research Area 

Our studies have been carried out on sediments of ODP Site 980, which have been recovered 

during ODP Leg 162 at a water depth of 2179 m. This site is located at the eastern flank of the Rockall 

Plateau (55°29´N, 14°42´W, fig. 4.1) in the high accumulation area of the Feni Drift. 

The study area receives surface water masses from the Gulf Stream, originating at lower 

latitudes in the warm Caribbean (Reverdin et al., 2003; Mienis et al., 2007), which passes over this site 

as the North Atlantic Current (NAC). This causes relatively warm sea surface temperatures at this high 

latitude region throughout the whole year. The surface water temperatures range between ~9.8°C in 

winter and ~12.1°C in summer, and the surface salinity is around 35.4 throughout the year (Antonov et 

al., 2006; Locarnini et al., 2006). 

Figure 4.1: Location of ODP Site 980 as well as a summary 
of significant topographic and oceanographic features in 
the eastern North Atlantic (dark lines indicate warm surface 
water currents, pale lines indicate cool surface water 
currents). Abbreviations: NAC - North Atlantic Current, IC -
Irminger Current, EIC - Eastern Icelandic Current. 
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In the SW of the Rockall Plateau the warm and salty NAC divides into three branches. The 

Irminger Current is transporting relatively warm and salty waters towards SE Greenland, another 

branch passes the Rockall Plateau on its western flank, whilst a third small branch overflows the 

Rockall Plateau (fig. 4.1). The northward flowing warm surface water currents are opposed by the 

southward flowing surface waters of the Nordic Seas. The East Icelandic Current with low salinity and 

low temperature waters flows southward at the eastern margin of Iceland (Perkins et al., 1998), where 

it switches and continues towards east. The oceanic front which separates the northward flowing warm 

Atlantic from the southward flowing cold and Arctic waters of the Nordic Seas is the arctic front 

(Swift, 1986; Schäfer et al., 2001). 

4.3 Material & Methods 

The analyses were conducted on the interval 10.97-18.4 metres composite depth (mcd) 

representing the time interval 133-65 ky (MIS 6-4). The interval 18.4-14.29 mcd represents the time 

interval 133-110 ky and comprises the MIS 5.5, we therefore processed this interval with a higher 

sample resolution, whilst we applied a lower sample resolution to the time interval from 110-65 ky, to 

study general trends throughout this time slice. 

For coccolith studies a known amount (between 44-118 mg) of freeze-dried bulk material was 

suspended with buffered water, ultrasonicated, split, and filtered onto a polycarbonate filter with a 

pore size of 0.45 μm. After drying, a part of the filter was cut out, fixed on SEM stub and finally 

sputtered with Au-Pd. 

The counting of coccolith assemblages was conducted using a scanning electron microscope 

(Zeiss DSM 940A) with a magnification of 3000x. The identification was done according to the 

taxonomy given in Young et al. (2003), a taxonomic list of all identified species is given in the 

Appendix. If possible, at least 500 coccoliths per sample have been counted on a known area. The 

absolute numbers of coccoliths were calculated according to Andruleit (1996): 

� �
� �WA

SCFANC
�

��
�  

with: ANC= Absolute Numbers of coccoliths [number of coccoliths/ g dry sediment] 

F= Filtration area [mm²] 

C= numbers of counted coccoliths 

S= split factor 

A= analysed area [mm²] 

W= amount of material used [g] 

 

Coccolith accumulation rates have been successfully used as proxy for primary productivity 

(Lototskaya et al., 1998) and are calculated by the following formula: 

WBDLSRANCCMAR ���  
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with: CMAR= coccolith mass accumulation rate [number of coccoliths/cm² ky] 

 ANC= Absolute numbers of coccoliths [number of coccoliths/ g dry sediment] 

 LSR= Linear sedimentation rate [cm/ky] 

 WBD= Wet bulk density [g/cm³] 

Usually the dry bulk density is used to calculate accumulation rates. Due to a lack of these 

data, we used the wet bulk density instead, which was obtained by gamma-ray attenuation (Jansen et 

al., 2005a; Jansen et al., 2005b). For sedimentation rates as well as wet bulk density, data between two 

points of unknown age and density were interpolated linearly. 

 

The Shannon diversity index was calculated using the free software PAST 3.189 (Hammer et 

al., 2001). We used this index as an indicator of the variety within a community, which accounts for 

abundances as well as for the evenness of each species. 

Diversities were calculated using the formula: 

� �
�
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with: H= Shannon diversity index 

n= number of individuals 

4.4 Chronostratigraphy 

The stratigraphic framework for ODP Site 

980 has been set up by Oppo et al. (2006). It bases 

on benthic foraminifera �18O measurements and 

their correlation with a standard orbital chronology 

of Martinson et al. (1987). Ages between datum 

levels were calculated by linear interpolation, and 

Marine Isotope Stages as well as isotopic events 

have been labelled according to the descriptions of 

Imbrie et al. (1984) and Martinson et al. (1987). 

Sedimentation rates range between 6.2 and 

23.8 cm/ky (fig. 4.2). The sedimentation rates are 

high in the outgoing MIS 6, varying around 

16 cm/ky, they increase to highest values around 

24 cm/ky at the beginning of MIS 5 and remain at 

this value throughout the first half of MIS 5. From 

117 ky (14.9 mcd) on, sedimentation rates decrease 

towards 8 cm/ky or lower and stay at this low level 

throughout the second half of MIS 5. They start to 

Figure 4.2: Sedimentation rates for the 
Interglacial MIS 5 of ODP Site 980 vs. depth; 
planktic (solid line) and benthic (dashed line) 
foraminifera �18O from Oppo et al. (2006). 
Marine Isotope Stages (MIS) 6-4 as well as 
the substages 5.5, 5.3 and 5.1 are labelled. 



Manuscript #1 

26 

increase with the onset of MIS 4, where they reach 12 cm/ky from 10.8 mcd on. 

MIS 5.5 was analysed with a sample resolution between 0.15 and 1.35 ky (averaged 0.5 ky), 

enabling a relatively precise tracing of short term changes in the studied coccolith assemblage. The 

subsequent MIS 5.4-5.1 as well as the transition to MIS 4 were studied with a sample resolution 

around 0.7 ky. 

4.5 Results 

4.5.1 Coccolith assemblage variations throughout the studied interval 

In total, 26 different coccolith taxa were found. Furthermore, we observed reworked 

nannofossils of Cretaceous and Tertiary origin. Coccoliths which could not be identified to genus level 

were grouped as indet. The total coccolith numbers vary between 656 and 61 512 x 106 coccoliths/g 

sediment (coccoliths/g). The numbers are generally higher during MIS 5 than during the preceding 

MIS 6 and the subsequent MIS 4 and show a trend towards lowered numbers at the end of MIS 5. 

Based upon the total coccolith numbers, the studied section can be divided into a part of rapidly 

increasing and high numbers (c. 133-115 ky), and a second part of decreasing numbers (c. 115-65 ky, 

fig. 4.3). The first part can be described by an inverse V-shaped curve. From 128 ky on, coccolith 

Figure 4.3: Coccolith data for the interglacial section of 
ODP Site 980. MIS 6, 5 and 4 are indicated by white and 
grey bars. 
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numbers increase gradually to the highest numbers (60 024 x 106 coccoliths/g) at 120 ky, where they 

decrease towards 115 ky. The second part from 115 towards 65 ky is characterised by a wavelike 

shaped curve of generally decreasing total coccolith numbers. Several peaks of enhanced total 

coccolith numbers (at 103.5, 99.5, 92.5, 85, 78 and 70 ky) can be pointed out. 

The CMAR range between 4 and 1825 x 109 coccoliths/cm² x ky (fig. 4.3). The trend of the 

CMAR follows that of the total coccolith numbers during the first phase from 133 to 110 ky where 

maximum coccolith accumulation rates occur. From 110 ky on the CMAR decreases significantly and 

varies between 22 and 610 x 109 coccoliths/cm² x ky. Highest numbers of taxa were found at 125.5 

and 103.5 ky, besides these maxima, numbers of taxa increased around 130, 127.5, 119, 106.5, 100.5 

and 97 ky. The Shannon diversity (fig. 4.3) shows a mean of 0.7 and varies between 0.33 and 1.45. It 

reaches its maximum at 127.5 ky and gradually decreases towards the younger part of the studied 

sequence with slightly higher values around 121, 106.5, 85, and 68 ky. 

4.5.2 Species specific variations throughout the studied interval 

The assemblage is dominated by Gephyrocapsa muellerae during most of MIS 5. Only from 

129 to 124.5 ky Emiliania huxleyi and subsidiary C. pelagicus and C. leptoporus, add to the 

assemblage (fig. 4.4a). The first part (135-115 ky) of the studied section is characterised by increased 

coccolith numbers (with an average of 27 200 x 106 coccoliths/g), a high number of taxa, and the 

occurrence of many subordinate and thermophilic species. Helicosphaera carteri, G. ericsonii, and 

Syracosphaera spp. are subordinate species which contribute to the assemblage from 135-110 ky (fig. 

4.4a). An early abundance maximum of species such as E. huxleyi, and C. leptoporus as well as of 

some subordinate species occurs around 127.5-124.5 ky. This highly diverse assemblage composition 

is shortly disrupted around 124 ky, when a minimum in both, the number of taxa and the Shannon 

diversity (fig. 4.3), occur. From c. 123 ky on, the short minimum is followed by a second maximum of 

numbers which is not only composed by the dominating species, but also by almost all subordinate 

species such as H. carteri, Syracosphaera spp. and other species. Fig. 4.4b depicts a sequence of 

abundance maxima of several coccolith species between c. 126 and 120 ky, pointing to a successive 

settling of several coccolithophore species. 

After 115 ky, the sequence is characterised by lowered coccolith numbers with an average of 

18 000 x 106 coccoliths/g. The numbers of the dominating species G. muellerae decrease slightly, 

whilst subordinate species such as C. leptoporus, H. carteri and others disappear or occur in negligible 

numbers. This progression is interrupted by short term increases of the total coccolith numbers, still 

dominated by G. muellerae, but also of E. huxleyi and other species (fig. 4.4a/b). Coccolithus 

pelagicus and C. braarudii which were rare during the first part of the studied sequence reach 

increased numbers from 110 ky on. 
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Figure 4.4a: Total coccolith abundances of selected species (in coccoliths x 106/ g sediment) as 
well as relative abundances of the dominating coccolith species at ODP Site 980 (note: 
Syracosphaera spp. and S. pulchra as well as C. pelagicus and C. braarudii are plotted as sums). 
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4.6 Discussion 

4.6.1 The transition from MIS 6 to MIS 5 

The limited coccolithophorid primary productivity as indicated by the low CMAR, extremely 

reduced coccolith numbers and a low diversity of coccoliths, are similar to today’s Arctic water 

conditions with extremely low water temperatures and low salinities (Baumann et al., 1997). The low 

coccolith numbers in the late glacial of MIS 6 and the following transition to MIS 5, suggest harsh 

conditions such as low sea surface temperatures, the occurrence of sea-ice and iceberg discharge, as 

was already observed in earlier studies (e.g. Bauch et al., 2000). Faunal temperature reconstructions 

for the Northeast Atlantic reveal that SST during the glacial MIS 6 was up to 10°C below peak warm 

conditions of MIS 5 (Kandiano et al., 2004). Due to a steep gradient in sea surface temperature 

reconstructions for the MIS 6/5 transition between two sites in the North Atlantic and Nordic Seas, 

Rasmussen et al. (2003) placed the position of the polar front between ~60 and 65°N, following a 

northwest-southeast direction. Nevertheless, our coccolith data show that presumably the arctic front, 

must have been close to 55°N at the transition from MIS 6 to MIS 5, which might be explained by 

regional variations in the influence of the polar waters. Earlier works (McIntyre and Ruddiman, 1972; 

McIntyre et al., 1972) described the sediments of a 34-62°N transect on the eastern flank of the Mid-

Atlantic Ridge, where the sediments north of 42°N were be barren of coccoliths during Termination II, 

which is another indication for an intense glacial phase in this region with a migration of the frontal 

system further south. Nevertheless, we found a diminished cold and subpolar coccolith assemblage 

represented by E. huxleyi and G. muellerae during the late MIS 6 and early MIS 5. The minimum in 

total coccolith numbers and highest occurrences of reworked nannofossils around 130 ky indicate 

lowest sea surface temperature (SST) in association with the IRD layer of Heinrich event (H) 11 (fig. 

4.5a). 

In the same way, a pause of the Termination II, which is connected with H11 was described by 

Lototskaya and Ganssen (1999). Enhanced IRD contents in ODP Site 980 document the existence of 

icebergs and the dominance of cold, fresh and polar water masses (Oppo et al., 2006). The IRD layer 

of H11 has been observed in many sediment cores from this region (e.g. McManus et al., 1994), and as 

a result of its extensive distribution, ice as well as silt and clay sized particles in the surface water 

might diminish the intensity of light in the surface water inhabited by coccolithophores, and therefore 

be another restraint of the coccolithophores palaeoproductivity. However, the most important reason 

for the diminished coccolith numbers are the reduced temperature and salinity of the surface water 

which delimitate the growth of coccolithophores, as was also shown in plankton sample studies from 

the southeast Greenland margin (Balestra et al., 2004). 
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4.6.2 The early MIS 5 (129-115 ky) 

The warming of the surface water at the beginning of the last interglacial (MIS 5.5) and a 

subsequent increase in primary productivity are reflected in a rapid increase in the total coccolith 

numbers and the coccolith accumulation rates, as well as in the occurrence of thermophilic species 

such as S. pulchra, other syracosphaerids, 

and H. carteri (fig. 4.4a) from c. 127.5 ky 

on. Faunal SST estimations on ODP Site 

980 show an abrupt warming with an 

increase of temperatures by ~8°C at the 

end of H11 (Oppo et al., 2006), and 

plankton studies from the Norwegian-

Greenland Sea confirm our observations, 

showing that coccolith abundances 

increase with the onset of the 

stratification of the surface water 

(Baumann et al., 1997). Notably, this 

initial warming is characterised by a short 

term occurrence of subordinate 

thermophilic species which disappear or 

decrease after their first occurrence 

maximum (fig. 4.4b). A steep meridional 

gradient in sea surface temperatures 

during the Eemian, as proposed by Bauch 

et al. (1999), might cause this enormous 

impact on the coccolithophore 

assemblage within few degrees of 

latitude. Species, which tolerate polar to 

subpolar conditions, existed continuously 

during MIS 5.5, but the northward 

penetration of warm subtropical surface 

water caused a rapid growth and settling 

of species which are presently found 

further south and have probably migrated 

towards 55°N during MIS 5.5 (fig. 4.4a).  

Figure 4.4b: Schematic visualisation of the temporal 
succession of abundance maxima of different coccolith 
species during MIS 5.5 (coccolith numbers in coccoliths 
x 106/ g sediment). 
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We assign this sudden increase in surface water productivity to the coverage of new habitats 

as the result of an early and strong stratification as has been described by Tyrrell (2008). The 

constantly warm conditions during early MIS 5 have been observed as a “plateau” of light isotope data 

in foraminifera isotope analyses (Cortijo et al., 1999; Shackleton et al., 2003; Oppo et al., 2006). 

Figure 4.5a: Warm SST reconstructions, relative abundance 
of the polar foraminifera N. pachyderma (s), IRD, and �18O 
for the planktic foraminifera N. pachyderma (d) (all data 
from Oppo et al., 2006), and total nr. of coccoliths and 
reworked nannofossils (both in coccoliths x 106/ g sediment) 
for ODP Site 980. Insolation data from Berger & Loutre 
(1991). The lowermost sketch depicts the generalised 
estimated influence of the NAC at ODP Site 980, based on 
coccolith as well as other data collected for this site. Grey 
bar indicates H11, deduced from maxima in IRD 
abundances. Labelling of MIS as in fig. 4.2. 
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Based on the coccolith assemblage composition, we can subdivide this plateau into two warm 

phases interrupted and terminated by a brief cooling period which probably occurred from c. 124.5-

123 ky. Coccolith assemblages, in particular the sudden absence of thermophilic species such as H. 

carteri, Syracosphaera spp. and C. leptoporus, as well as the abrupt and short term recurrence of C. 

pelagicus spp. show proof for a slight cooling of the surface water during this event, whereas both 

warm phases are distinguished by high coccolith numbers and occurred from c. 127.5-124.5 ky, and 

from c. 123-115 ky (fig. 4.5b). However, total numbers of coccoliths are enhanced throughout this 

phase, due to the highest numbers of G. muellerae. This species probably resembles the association 

Gephyrocapsa Cold which was described by Bollmann (1997) to inhabit surface waters in moderately 

productive regions with mean SST below 21°C, and therefore was presumably unaffected by this short 

term decrease in SST. 

The short interruption seems to either represent a 

disruption of the influence of warm surface waters (which 

might be a regional effect), or a short phase of enhanced 

influx of cooler waters to this region. IRD data of ODP Site 

980 show no increased abundance during this time, and 

therewith verify that this short cooling was not caused by the 

influence of polar waters. Nevertheless, faunal SST 

reconstructions reveal a short decline of temperatures, set to 

the order of ~1°C, around 124 ky (Oppo et al., 2006), and 

hence, a disruption of the NAC during that time can not be 

excluded. Lototskaya and Ganssen (1999) report a small 

increase in planktic foraminifera �18O in core T90-9P (45°N 

25°W) which probably corresponds with the observed short 

term surface water cooling. 

High coccolith numbers indicate a high 

coccolithophorid primary productivity around 120 ky, 

although this time is characterised by an insolation minimum 

(Berger and Loutre, 1991) and later on followed by regional 

cooling events which are probably more prominent in the 

northern and western Atlantic than in the eastern Atlantic 

(McManus et al., 2002; Bauch and Erlenkeuser, 2008). This 

emphasises the importance of the connection between the 

coccolithophores thriving and primary productivity and the 

surface water temperatures, bringing out the AMOC as 

primary regional forcing of the continued warmth during the 

Eemian (McManus et al., 2002). 

Figure 4.5b: Closeup on the 
development of the coccolith
assemblage throughout MIS 5.5. 
Abbreviations: A - total nr. of 
coccoliths, B - Coccolith mass 
accumulation rate (x 109

coccoliths/cm² x ky), C - C. 
leptoporus, D - H. carteri, E -
Syracosphaera spp., F - C. pelagicus
(all coccolith data in coccoliths x 106/ 
g sediment), G - reconstructed warm 
SST (°C), H - planktic foraminifera 
�18O (both Oppo et al. (2006)). MIS 6 
and 5.5 are marked by white and light 
grey bars, thin dark grey bar indicates 
H11, as presented in fig. 4.5a, thin 
light grey bar indicates the discussed 
probable surface water cooling event 
at ODP Site 980 as observed from 
coccolith data. 
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4.6.3 MIS 5.4–5.1 and the transition to MIS 4 

Slightly decreasing total coccolith numbers point to a climatic deterioration during MIS 5.4-

5.1, this is accompanied by short phases with enhanced occurrences of several species, indicating that 

the interval of MIS 5.4-5.1 is distinguished by several warm phases (fig. 4.5a). These short term 

variations of surface water temperatures are probably due to shifts in the influence of the surface water 

of the NAC to this region. Similar observations were made by Oppo et al. (2001) who discovered 

variations in the Nordic Seas and North Atlantic deepwater source throughout the penultimate 

deglaciation and concluded that these must have occurred in parallel with surface water temperature 

oscillations. 

The ice-rafting episode C25 (c. 110 ky) induces the transition from MIS 5.5 to MIS 5.4 and 

coincides with the beginning of the gradual build-up of continental ice-sheets, pointing to colder 

temperatures throughout this episode (Mangerud et al., 1996; Chapman and Shackleton, 1999). From 

c. 115 ky on, slightly decreasing coccolith numbers indicate a weak cooling of the surface water. 

Furthermore, the occurrences of thermophilic species decreased, which has also been described in 

other studies from this region (e.g. Sancetta et al., 1973), and is interpreted as a cooling signal. 

MIS 5.4 is generally characterised by cooler surface water temperatures than in the MIS 5.5. However, 

relatively enhanced coccolith numbers in the early MIS 5.4, as well as the existence of few 

thermophilic species emphasise the observations of McManus et al. (2002), that cooling did not occur 

rapidly with the onset of MIS 5.4. In addition, coccolith numbers which are still higher than during the 

glacial indicate that this interval (from c. 115 ky on) was not permanently cool, although McManus et 

al. (2002) describe a rapid temperature decrease on the order of 4°C in association with episode C24 

which occurred at 107 ky. Relatively low but nearly constant coccolith mass accumulation rates 

(CMAR) point to moderate coccolith productivity during MIS 5.4. With the beginning of MIS 5.3, 

increased CMAR suggest a warming of the surface waters (fig. 4.5a). High coccolith numbers, and 

enhanced CMAR around 103, 99, 91, and 83 ky, indicate short phases of enhanced coccolithophore 

primary productivity. In particular, the occurrences of Helicosphaera carteri, Syracosphaera spp., as 

well as other “minor” species indicate that these phases are characterised by the influence of warmer 

surface water temperatures. These events of enhanced coccolith numbers, which correlate with the 

isotope excursion of MIS 5.3 and 5.1 (fig. 4.5a), are followed by short-term IRD pulses (McManus et 

al., 1999; Oppo et al., 2006). The heat transport towards the north which occurred during these times 

destabilised the Northern European and Laurentide ice sheet and presumably increased their melting. 

Lower coccolith contents, a reduced number of taxa, and typical cold and subpolar assemblages 

(Baumann et al., 1997) during these short phases of IRD input are connected with calving events of 

instable ice-sheets, which involved the short term cooling of the surface water by adding ice. In 

particular the cold MIS 5.4 and 5.2 are indicated by minima in total coccolith numbers, but besides 

these more prominent events further short events of reduced coccolith numbers point to short term 

interruptions of the relatively stable and mild climatic conditions during the younger part of MIS 5. 
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Didié and Bauch (2000) analysed the ostracode fauna throughout MIS 5 in core M23414-9 

(53.537°N, 20.288°W) and linked an increase in the benthic fauna with changes in the surface water 

characteristics, knowing that the source area for the North Atlantic Deep Water (NADW) formation is 

the sinking water mass of the NAC. This supports our observations of the continuous influence of the 

NAC and leads to the assumption that the source area of the NADW moved further south with the 

approaching onset of the last glacial cycle (MIS 4-2). 

Besides the influence of surface water temperatures on coccolith productivity and assemblage 

diversity, the good correlation of the insolation minima (Berger and Loutre, 1991) with minima in the 

coccolith numbers throughout MIS 5.4-5.1 demonstrates that in higher latitudes solar radiation is not 

only important for coccolith productivity throughout the year (e.g. Baumann et al., 2000) but also 

influencing their thriving on larger time-scales (fig. 4.5a). 

4.7 Conclusions & Summary 

Coccolith assemblage studies reveal that the onset of the warming of surface water 

commenced about 1000 years after the transition from the glacial MIS 6 to the interglacial MIS 5, 

distinguished by oxygen isotope data at ODP Site 980. From then on, the surface water was warm 

enough to establish a coccolithophorid flora which was relatively rich in numbers. Detailed analyses 

of the assemblage composition allow the observation of short term palaeoceanographic events, and 

reveal that the penultimate interglacial was characterised by changing climatic conditions, probably as 

a result of the alternating retreat and advance of the NAC. We can summarise our observations on the 

interglacial coccolith assemblage at ODP Site 980 as follows: 

1) The interglacial MIS 5 is characterised by high coccolith numbers with maxima which are 

two orders of magnitude higher than in the preceding MIS 6, G. muellerae is the most dominant 

species of the assemblage. Coccolith data show that the initial warming of MIS 5 is followed by a 

slight cooling trend towards the onset of the glacial MIS 4, which was interrupted by phases of 

climatic amelioration. 

2) Lowest coccolith numbers and a reduced activity of the NAC characterise the transition 

from MIS 6 to MIS 5 (Termination II). Low coccolith diversities and numbers indicate that the 

oceanic frontal system migrated towards south and that the arctic front was probably closely located to 

ODP Site 980. 

3) MIS 5.5 is characterised by a rapid increase of coccolith numbers to their maximum 

abundance around 120 ky, which is interpreted as a phase of good coccolith growth conditions. 

Characteristic for this warm phase is a coccolith flora expanding in numbers and taxa, and an increase 

in the presence of thermophilic species such as Calcidiscus leptoporus, Helicosphaera carteri, and the 

subtropical Syracosphaera pulchra. Interstadial conditions occurred from 127.5 to 115 ky and were 

the result of an increased influence of the warm NAC. This warm substage was terminated by a short 

cooling around 124 ky. 
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4) Coccolith observations on ODP Site 980 reveal that the transition from the peak MIS 5.5 to 

MIS 5.4 did not occur abruptly, and that an enhanced AMOC as well as an enhanced insolation 

supported warm surface water conditions at the transition to the stadial MIS 5.4. This is followed by a 

cooling trend, indicated by slightly decreasing coccolith numbers.  

Based upon coccolith observations, the interglacial MIS 5 is interrupted by two prominent 

phases of reduced coccolith numbers (110-105 and 90-88 ky) during which cooler surface water 

advanced towards the studied area. These phases correlate with the MIS 5.4 and 5.2. Similar events 

occur on lower amplitude at 96.5-94, 82.5-81, and 73.5-71.5 ky. Although ice sheets grew, and 

lowered SST existed throughout MIS 5.4-5.1, we find proof for the occurrence of interglacial 

conditions in this region which is due to the strong activity of the AMOC, and is reflected in 

interspersed phases of enhanced coccolith numbers. The transition to the last full glacial at around 

71 ky is characterised by a decrease in coccolith numbers and a lowered species diversity. 
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Appendix 

Taxonomic list of all taxa, which have been observed in this study 

Calcidiscus leptoporus small type 

Calcidiscus leptoporus (Murray and Blackman, 1898) Loeblich and Tappan, 1978 

Calcidiscus quadriperforatus Calcidiscus quadriperforatus (Kamptner 1937) Quinn et al. 2004 

Coccolithus pelagicus (Wallich 1877) Schiller 1930 

Coccolithus braarudii (Gaarder) Baumann, Cachao, Young, and Geisen 

Emiliania huxleyi (Lohmann 1902) Hay & Mohler 1967 

Gephyrocapsa ericsonii McIntyre & Bé 1967 

Gephyrocapsa muellerae Bréhéret 1978 

Gephyrocapsa oceanica Kamptner 1943 

Gephyrocapsa ornata Heimdal, 1973 

Gephyrocapsa protohuxleyi Gartner, 1977 

Helicosphaera carteri Kamptner 1954 

Pontosphaera discopora Schiller, 1925 

Pontosphaera spp. 

Syracoshaera pulchra Lohmann 1902 

Syracosphaera spp. 

Rhabdosphaera clavigera Murray & Blackman 1898 
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Acanthoica quattrospina Lohmann 1903 

Florisphaera profunda Okada and Honjo, 1973 

Papposphaera spp. 

Oolithotus antillarum (Cohen 1964) Reinhardt 

Oolithotus fragilis (Lohmann 1912) Martini & Müller 1972 

Coronosphaera spp. 

Algirosphaera robusta (Lohmann 1902) Norris 1984 

Umbellosphaera tenuis (Kamptner, 1937) Paasche, 1955 

Calciosolenia brasiliensis (Lohmann 1919) Young et al. 2003 
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Abstract 

A sediment sequence of high temporal resolution (ODP Site 980) from the eastern North 

Atlantic was used to conduct coccolith-based reconstructions of palaeoproductivity and 

palaeoceanography during the last Glacial period (MIS 4-2, 80-10 ky). The glacial coccolith 

assemblage at this site is typically characterised by low species diversity with the main species being 

Emiliania huxleyi, Gephyrocapsa muellerae, Calcidiscus leptoporus, Coccolithus braarudii, and 

Syracosphaeraceae. 

Strong variations can be observed in the total number of coccoliths indicating a variable 

influence of the warm North Atlantic Current (NAC), halted by the incursion of colder polar waters 

from the north throughout the last Glacial. Between 80–10 ky six major cooling periods that all 

terminate with a Heinrich event were distinguished. Each of these periods starts with a sharp increase 

in the numbers of coccoliths (including thermophilous species) up to a maximum peak, which is 

followed by a slight cooling phase with decreasing coccolith numbers. All these periods finish with a 

final stadial phase when the gradual disappearance of the species ends in an assemblage with only a 

very few species present. Phases of high coccolithophorid production indicate periods in which the 

influence of the NAC was strong, whereas those of low to very low coccolithophorid production 

correlate with the incursion of colder and less saline polar waters further to the south. 

The colder stadial phases are not only characterised by extremely low coccolithophore 

production, but also display a dominance of large E. huxleyi with coccolith sizes >4 μm. This type has 

been used as an indicator of colder surface water masses. 

5.1 Introduction 

The North Atlantic region is known to be very sensitive to climatic changes, and in particular 

to changes in the intensity of the warm North Atlantic Current (NAC) passing over this area in 

interglacials and interstadials, and, to the incursion of cold polar waters in glacials and stadials (Oppo 

et al., 2006). Referring to Bond et al. (1993), phases that are more extreme with respect to climate 

shift, and reveal a long lasting and very intense stadial are called Heinrich events (HE). During these 

Heinrich events large amounts of icebergs were released from the Nordic ice sheets, in particular the 
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Laurentide ice sheet, which passed over the North Atlantic and thereby released large amounts of Ice 

Rafted Detritus (IRD). Besides the fact that HEs in the North Atlantic realm are landmarked by an 

increased IRD input, they are also characterised and defined as periods of significantly cooler upper 

ocean water temperature (Lambeck et al., 2002). HEs occur at the termination of a Bond cycle, which 

comprises a bundle of short-term cooling and warming events which have been discovered in 

Greenland ice core records (Dansgaard et al., 1993). The short-term warming events correlate to time 

equivalent shifts in the isotopic and sedimentologic parameters in records of marine sediment cores 

and were introduced by Broecker et al. (1992) as Dansgaard/Oeschger (D/O) events. Johnsen et al. 

(1992) described them as a sequence of a warm interstadial followed by a cold stadial phase, 

comprising between 500-2000 years. Studies on the polar planktonic foraminifera species 

Neogloboquadrina pachyderma (sinistral) from the northeast Faeroe Margin reveal the northward flux 

of warm Atlantic surface water during interstadials (Rasmussen et al., 1997). 

Rahmstorf (2002) pointed out three major states of circulation in the glacial climate, 1st a 

relatively warm interstadial state with warm surface waters invading higher than 60°N, 2nd a cold 

stadial state when the surface water flows northwards but sinks down at latitudes below 60°N, and 3rd 

an off state (Heinrich event) with no formation of NADW. 

Because of the important role of the North Atlantic region for the global thermohaline 

circulation, Glacial to Interglacial climate changes are most clearly expressed in the North Atlantic 

where palaeotemperature fluctuations and water mass migrations are larger than in any other area of 

the world ocean (McIntyre et al., 1972). These climatic instabilities at millennial time scales were also 

documented within the North Atlantic ODP Site 980 throughout the last 500 ky (McManus et al., 

1999) and resulted in abrupt oscillations in the atmospheric temperature over the northern hemisphere 

(Dansgaard and Oeschger, 1989), which was associated to fluctuations in sea surface temperature of 

the northern North Atlantic. Increasingly higher �18O values of planktic foraminifera during the last 

Glacial and a summer SST reconstruction of 5° to 7°C in the North Atlantic (McManus et al., 1999), 

suggest a general cooling trend throughout MIS 4-2. 

We want to clarify how coccolithophores respond to contrasting environmental conditions 

during the D/O and Heinrich events, in particular how they react to quasi cyclic changes in sea surface 

temperature, and to episodic IRD- input. 

Due to the fact that their autotrophic life is restricted to the photic zone, coccolithophores are 

directly dependent on the upper ocean water temperature, the salinity, and the nutrient content in the 

surface waters, being a good indicator of past surface conditions (Roth, 1994; Andruleit and Baumann, 

1998; Baumann et al., 2000; Baumann et al., 2005). Samtleben et al. (1995a) showed that living 

coccolithophores inhabit the upper 50-60 m of the water column in the subpolar North Atlantic. As 

phytoplanktic primary producers, coccolithophores play an important role in the marine food web, and 

they furthermore play a major role in the global carbon cycle due to their photosynthetic activity and 

dependency on the insolation budget (Bramlette, 1958; Okada and Honjo, 1973; Winter et al., 1979; 



- Glacial coccolith assemblage studies in the North Atlantic - 

39 

Baumann et al., 2004; Brownlee and Taylor, 2004). This unicellular plankton has short generation 

times and therewith a high potential to reproduce short term changes (Adams et al., 1999), as it reacts 

directly to environmental shifts. Coccoliths, the fossil relicts of the coccolithophores, can be found in 

almost all marine sediments, and can be used as tools for palaeoclimatic and palaeoceanographic 

reconstructions (McIntyre and Bé, 1967), showing varying species assemblages, and morphological 

variations, all dependent on their environment (Flores et al., 1997; Kinkel et al., 2000; Takahashi and 

Okada, 2000; Giraudeau et al., 2004). Besides, coccoliths are widely used as a stratigraphic tool, and 

furthermore for the identification and provenance analysis of reworked material (Scourse et al., 2000). 

Several studies have been conducted on plankton, sediment trap, and surface sediment samples 

in the (northern) North Atlantic (Samtleben and Bickert, 1990; Knappertsbusch and Brummer, 1995; 

Baumann et al., 2000; Ziveri et al., 2000; Balestra et al., 2004). In general, the living assemblages are 

characterised by a low variety of species which decreases towards the north. The dominant species in 

North Atlantic plankton samples is Emiliania huxleyi, followed by gephyrocapsids, Calcidiscus spp., 

syracosphaerids, and Coccolithus pelagicus. The variety of different species reduces with increasing 

latitude, supporting that only few species are adapted to polar surface water conditions, as they have 

occasionally occurred during the Last Glacial in the North Atlantic. 

We conducted our work on subpolar North Atlantic ODP Site 980, which already provided 

detailed information on climatic and palaeoceanographic changes over the last 0.5 million years 

(McManus et al., 1999), recording oceanic variabilities from this region on sub-Milankovitch time 

scales (Jansen et al., 1996). Therefore the high resolution material of this site was chosen for further 

analysis. Coccolithophore assemblages were used to reconstruct the surface water environmental 

history and climatic changes during the Last Glacial (MIS4-2) with a sample temporal resolution of 

500-700 years. 

5.2 Core location and regional oceanography 

5.2.1 Regional setting 

The investigations are carried out on a glacial sediment sequence from the Rockall Plateau 

(ODP Leg 162 Site 980, 55°29´N, 14°42´W), providing a high resolution record for the studied time 

interval spanning 80-10 ky. ODP Site 980 is located in the subpolar North Atlantic Feni Drift at a 

water depth of 2179 m. The site is located at the eastern flank of the Rockall Plateau in the transition 

zone to the Rockall Trough (fig. 5.1). The Rockall Trough trends from SW to NE and is a deep-water 

bathymetric feature on the NE Atlantic continental margin (Elliott et al., 2006). It is a part of a 

regional system of deep-water basins which are separated by basement ridges. The axis of the Rockall 

trough coincides with the underlying Rockall Basin, containing up to 6 km of Palaeozoic to recent 

deposits (Morewood et al., 2004). To the north the Rockall Trough is bounded by the Wyville 

Thomson Ridge, to the southwest it is adjacent to the Porcupine Abyssal Plain, and to the west it is 

bounded by the Rockall Bank (Mienis et al., 2006). 
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5.2.2 Surface currents 
The meridional overturning circulation is the driving factor for the global conveyor belt of the 

ocean currents and triggers the North Atlantic Deep Water formation (Broecker, 1997; Hansen et al., 

2004). The Nordic Seas, which are fed by northwards drifting surface waters from the Rockall region, 

are considered as the lungs of the world ocean. Oxygenated surface-water masses become dense 

enough to sink to the bottom of the deep-sea basins (Duplessy and Shackleton, 1985; Schmitz and 

McCartney, 1993; Broecker, 2002). 

The Rockall Plateau mainly receives water masses originating at latitudes from 51°N or lower 

(cf. Reverdin et al., 2003). The North Atlantic Current, passing over this site (fig. 5.1), is the extension 

of the Gulf Stream which originates in the warm Caribbean (Mienis et al., 2007). The salinity at the 

studied site is around 35.4 psu throughout the whole year, while the surface water temperature ranges 

between ~9.8°C in winter and ~12.1°C in summer. (Antonov et al., 2006; Locarnini et al., 2006). In 

the southwest of the Rockall Plateau the NAC branches into several currents. One of them is the 

Irminger Current, transporting relatively warm and salty waters towards SE Greenland. 

Figure 5.1: Map of the working area in the North Atlantic showing 
oceanographic and physiographic features. Abbreviations: NAC - North 
Atlantic Current, IC - Irminger Current, NIIC - North Icelandic Irminger 
Current, CSC - Continental Slope Current, EIC - Eastern Icelandic 
Current, EGC - East Greenland Current, IFF - Iceland-Faeroe Front, ISR - 
Iceland Scotland Ridge, IFR - Iceland-Faeroe Ridge, WTR - Wyville-
Thomson Ridge. 
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Another branch of the NAC passes the Rockall Plateau on its western flank, a third (small) 

branch overflows the Rockall Plateau. On the eastern flank of the Rockall Trough the northward 

flowing Continental Slope Current, originating in the Bay of Biscay, enters from the southeast 

bringing warm and salty surface waters (Holliday et al., 2000). 

From the north, the East Icelandic Current with a low salinity and low water temperatures 

drifts to the south. It originates from the North Icelandic Irminger Current (an extension of the 

Irminger Current) which joins polar waters of the East Greenland Current and flows southward at the 

eastern margin of Iceland (Perkins et al., 1998). Further south it flows towards east following the 

Iceland Faeroe-Front (IFF). The IFF separates the southward flowing waters of the Nordic Seas from 

the northward flowing Atlantic waters. 

5.3 Material and Methods 

5.3.1 Material and Sampling 

The examined high-accumulation sediments from the ODP Site 980 were drilled in 1995 

during ODP Leg 162. The sediments are described as an alternating succession of nannofossil oozes 

with clay, and clayey nannofossil mixed sediment (Jansen et al., 1996). 

In total 115 samples from a 9.14 m core section (3.06 – 12.20 mcd) covering the time interval 

from about 10-80 ky BP have been analysed. To enable a sample resolution of c. 600 years samples 

were taken at intervals ranging from 5-20 cm, depending on the accumulation rate and the availability 

of material. 

5.3.2 Sample preparation and counting of absolute coccolith contents 

About 60 mg of material were taken from the freeze-dried bulk samples for the preparation of 

coccolith samples for SEM analysis. The material was brought into suspension with about 200 ml of 

buffered tab water and ultrasonicated for a maximum time of 15 seconds. Afterwards the samples were 

split, filtered on polycarbonate filters (pore size 0.45 μm), and dried in an oven at 40 °C. After drying, 

a small part of the filter (c. 1 cm²) was cut out and fixed on SEM-stub with adhesive Leit-Tab. 

Afterwards the sample material on the stub was sputtered with Au-Pd. 

The counting of coccolith assemblages was conducted on a Zeiss DSM 940A scanning 

electron microscope using a magnification of 3000x. The identification followed the taxonomy given 

in Young et al. (2003). At least 500 individuals per sample were counted on a known area. Due to low 

coccolith numbers less individuals could be counted in some of the samples. The absolute number of 

coccoliths per sample was calculated using the formula given by Andruleit (1996): 

� �
� �WA

SCFANC
�

��
�  

With: ANC= Absolute number of coccoliths [number of coccoliths/ g dry sediment] 

F= Filtration area [mm²] 
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C= number of counted coccoliths 

S= split factor 

A= analysed area [mm²] 

W= amount of material weighed [g] 

5.3.3 Coccolith species diversity and coccolith mass accumulation rates 

Diversities were calculated using the free software PAST (Hammer et al., March 2008). We 

used the Shannon diversity as a good indicator of the variety within a community, which accounts for 

abundances as well as for the evenness of each species. 

Diversities were calculated using the following formula: 

� �
�
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with: H= Shannon diversity index 

n= number of individuals 

To calculate mass accumulation rates of coccoliths, the dry bulk density, and the linear 

sedimentation rate are required. The dry bulk density has not been analysed, instead of this we used 

the wet bulk density, which was measured by gamma-ray attenuation (Jansen et al., 2005a; Jansen et 

al., 2005b). For sedimentation rates as well as wet bulk density, data between two points of unknown 

age and density were interpolated linearly. 

The calculation of coccolith mass accumulation rates followed the formula: 

WBDLSRAACCMAR ���  

with: CMAR= coccolith mass accumulation rate [number of coccoliths/cm² ky] 

 AAC= Absolute numbers of coccoliths [number of coccoliths/ g dry sediment] 

 LSR= Linear sedimentation rate [cm/ky] 

 WBD= Wet bulk density [g/cm³] 

5.3.4 Biometric analyses 

Size measurements have been conducted for 55 samples on coccoliths of the species Emiliania 

huxleyi. At least 100 specimens have been measured per sample, which were chosen by randomly 

scanning one transect of the filter sample that has also been used for assemblage studies using a 3000x 

magnification. The measurements were conducted using the SEM based size measuring 

instrumentation. Based upon the distal shield length the species has been grouped into 

specimen >4 �m and <4 �m, according to the study of Colmenero-Hidalgo et al. (2002). 
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5.4 Age control 

We used the stratigraphy published by Raymo et al. (2004) which is based on benthic 

foraminifera �18O measurements and the correlation to the tuning target of Shackleton et al. (1990). 

The ages were calculated by linear interpolation between two closest published ages. Sedimentation 

rates range around 6 cm/ky in the Interglacial of Marine Isotope Stage (MIS) 5, and increase to 

~12 cm/ky in the last Glacial (MIS 4-2), reaching their highest values of ~30 cm/ky in the Holocene 

(fig. 5.2). 

Figure 5.2: Age- sedimentation rate and age- �18O 
(planktic foraminifera Neogloboquadrina pachyderma
dextral) ratios for ODP Site 980 (data: McManus et al., 
1999; Raymo et al., 2004), additionally the Marine 
Isotope Stages (MIS) 1-5 (as described by Martinson 
et al., 1987) have been added. 
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5.5 Results 

5.5.1 Total coccolith numbers and species diversities 

In total 24 different species were identified. The assemblage mainly consists of the species 

Emiliania huxleyi, Gephyrocapsa muellerae, Calcidiscus leptoporus, Coccolithus pelagicus, and 

Syracosphaera spp. Furthermore reworked nannofossil species were observed. Coccolith species that 

occurred in numbers less than 400 x106 coccoliths/g dry sediment have been clustered as “others”. 

Exceptions were made for ecological significant species such as: Calcidiscus leptoporus, Coccolithus 

pelagicus, C. braarudii, Helicosphaera carteri, and Syracosphaera pulchra (see figs. 5.3a and 5.3b). 

The observed coccoliths are generally well preserved. The visual inspection at the Scanning Electron 

Microscope (SEM) showed no significant etching or dissolution of the coccoliths. Fragments which 

were found sparsely were most probably not the result of dissolution but of mechanical breaking, 

possibly due to preparation. 

The mean number of total coccoliths varies between 3000 and 7000 x106 coccoliths/g dry 

sediment, and is characterised by peaks of up to 31 000 x106 coccoliths/g dry sediment. From 80 to 

15 ky the studied section is characterised by a general decrease in coccolith numbers. The section can 

furthermore be divided into six repeated periods of gradual decreases in coccolith numbers. Each 

coccolith minimum is followed by another rapid, intense increase in coccoliths. Those periods can be 

assigned to defined time intervals: 71-59.5 ky, 59.5-54 ky, 54-47 ky, 47-35.5 ky, 35.5-29 ky, 29-

21.5 ky, and 21.5-11 ky. 

The Shannon index of species diversity is generally low and varies between 0.35 (at 35.4 ky) 

and 1.52 (at 19.2 ky) throughout the studied time interval (fig. 5.3a). The simple diversity, 

representing the number of taxa, is generally low and varies between 2 and 11 species per sample. The 

Shannon diversity also shows generally low values during the glacial interval but it shortly increases 

to 0.9 or even higher at 68 ky, 65 ky, 47 ky, 40 ky, 27 ky, 24 ky, 19 ky, 16 ky, and 11 ky. 

5.5.2 Assemblage composition 

The assemblage is clearly dominated by Emiliania huxleyi which makes up to 92 % of the 

floral assemblage. The total numbers of E. huxleyi vary between <200 and 9450 x106 coccoliths/g dry 

sediment. 

Generally the large sized coccoliths of E. huxleyi >4μm dominate over the smaller ones. 

Highest abundances were observed during the following time intervals: 76-68 ky, 67-61 ky, 58-54 ky, 

50-47 ky, 43 ky, 40-37 ky, 35-34 ky, 30 ky, 28.5-25.5 ky, 23 ky and 16 ky (fig. 5.4). 

Gephyrocapsa muellerae is the second most abundant species. The absolute numbers vary 

around 12 000 x106 coccoliths/g dry sediment from 80-66 ky, while it suddenly decreases to about 

600-700 x106 coccoliths/g dry sediment after about 66 ky. The change in dominance from G. 

muellerae to E. huxleyi was already described by Thierstein et al. (1977). 
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Figure 5.3a/b: Total coccolith abundances in numbers of coccoliths x 106/g sediment, coccolith mass 
accumulation rates (CMAR), and Shannon diversities. Species belonging to the group of “others”: G. 
oceanica, G. ornata, G. protohuxleyi, Pontosphaera spp., P. discopora, Rhabdosphaera clavigera, Acanthoica 
quattrospina, Florisphaera profunda, Papposphaera spp., Oolithotus fragilis, Coronosphaera mediterranea, 
Umbilicosphaera foliosa, Algirosphaera robusta, Umbellosphaera tenuis, Calciosolenia brasiliensis, indet. 
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Besides this significant change, G. muellerae shows a phase of common occurrences around 

1200 x106 coccoliths/g dry sediment (c. 65-47 ky) and a phase of lower occurrences around 300 

x106 coccoliths/g dry sediment (c. 44-14 ky) throughout the Glacial, which both are distinguished by a 

short phase from c. 47-45 ky in which the numbers of G. muellerae rapidly increase to more than 3600 

x106 coccoliths/g dry sediment reaching almost the same numbers as E. huxleyi. 

Figure 5.3b-continued 
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Most of the other species were observed in quite lower numbers, with only Calcidiscus 

leptoporus, Coccolithus braarudii, and Syracosphaera spp. occurring on common numbers. 

Calcidiscus leptoporus dominates the Calcidiscus spp. group (fig. 5.3a), whereas C. 

leptoporus small type and C. quadriperforatus are only sparsely represented (fig. 5.3b). High numbers 

for C. leptoporus were mainly observed in the outgoing MIS 5 and the beginning MIS 4, whereas 

generally lower numbers of C. leptoporus were found from c. 67 to 16 ky. Towards the Holocene the 

coccolith numbers of C. leptoporus increased again. Conspicuous minima were observed between 66 

and 64 ky, as well as between 26 and 24 ky, and 23 and 19 ky, which are followed by a gradual 

increase towards the beginning MIS 3 and the onset of MIS 2. In general, C. leptoporus and the small 

type of C. leptoporus have slightly enhanced numbers in phases of generally higher coccolith 

numbers. 

Helicosphaera carteri and C. pelagicus show generally low numbers throughout the studied 

sequence, whereas Syracosphaera pulchra, G. ericsonii, Syracosphaera spp., and most other species 

(grouped as others) show higher numbers throughout MIS 5, the beginning MIS 4, and during the late 

MIS 2. In addition, the latter also show high frequency variability from MIS 4-2 with increased 

numbers occurring in short intervals (around 60 ky, 55.5 ky, 50 ky,47 ky, 40 ky, 35 ky, 29 ky, 24 ky, 

19 ky, and 14 ky). During MIS 3, C. pelagicus, as well as C. quadriperforatus, and the small type of 

C. leptoporus have their peak maxima around 56  ky, 50  ky, and 39 ky. 

Reworked nannofossils make up another common species cluster in the studied time interval. 

They show a couple of peaks between 70 and 16 ky (fig. 5.3a). 

Figure 5.4: Comparison of Emiliania huxleyi size classes on ODP Site 980. Size ratio of E. huxleyi <4μm to E. 
huxleyi >4μm, additionally the total number of coccoliths is plotted. 
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5.6 Discussion 

5.6.1 Long term trend within the coccolith species record 

High coccolith numbers as well as enhanced occurrences of thermophilous species such as S. 

pulchra, H. carteri, Syracosphaera spp., and high numbers in the group of other species, of which 

Acanthoica quattrospina, Umbilicosphaera foliosa, and Gephyrocapsa spp. stand out, indicate that the 

MIS 5 is characterised by the inflow of warm surface waters from the North Atlantic Current. Besides 

these subordinate species, the total assemblage is dominated by G. muellerae, C. leptoporus, and C. 

braarudii., of which the first two reach numbers typical for the late MIS 5 in this region (cf. 

Lototskaya et al., 1998). 

A drastic decrease in the numbers of coccoliths is marking the transition from MIS 5 to MIS 4. 

The very low coccolith numbers suggest that the conditions in the surface water have drastically 

changed. A massive influx of fresh and cold polar waters from the north lead to unfavourable 

conditions for the coccolithophore production in the surface water. This confirms earlier observations 

from this region, for example those of Thomas et al. (1995) who showed that the surface water 

productivity was lower during the glacial than in the interglacial on sites at the western flank of the 

Rockall Plateau, or of Rasmussen et al. (2002) who observed an enhanced productivity during 

interstadials at locations further north. The trend of generally decreasing coccolith numbers continues 

during MIS 3 and 2, and is accompanied by a generally low Shannon diversity around 0.9. With the 

outgoing MIS 2 and the beginning of the Holocene, the influence of polar waters decreased, which can 

be seen in a sharp increase in numbers of almost all coccolith species. Studies on the polar planktonic 

foraminifera species Neogloboquadrina pachyderma (sinistral) from the northeast Faeroe Margin 

reveal the northward flux of warm Atlantic surface water during interstadials (Rasmussen et al., 1997). 

Increasingly higher �18O values of planktic foraminifera during the Glacial and a summer SST 

reconstruction of 5° to 7°C for ODP Site 980 (McManus et al., 1999), also confirm our observations 

on the coccolith assemblage, which suggest a general cooling trend throughout MIS 4-2. 

Besides the fact that the coccolithophore production and distribution in the surface waters is 

limited by nutrients, water temperature, and salinity, its occurrence is directly depending on the 

insolation. Thus, a clear relation between insolation and total coccolith numbers can be seen. The 

variation in coccolith numbers during MIS 4 to MIS 2 is clearly linked to the variation in summer 

insolation (Berger, 1978, fig. 5.5a). 

5.6.2 Short term fluctuations and changes within the assemblage 

In the studied ODP Site 980, the coccolithophore production traces variations of the NAC 

during the last 80-10 ky. Several phases can be distinguished, which are all characterised by a saw 

tooth pattern. These phases are characterised by an initial maximum in coccolithophore production 

which is followed by a stepwise cooling event, with interspersed short-term interstadials, leading to a 
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minimum production, this is again followed by a sharp increase, indicating a short term warming 

event. Such saw tooth wave pattern (cf. Petit et al. (1999)) can also be seen in the Shannon diversity 

and the total number of species per sample (see fig. 5.5b). For the MIS 5 and late MIS 2 our data show 

a connection between higher diversities and an enhanced influx of warm North Atlantic waters 

towards the north, which was also observed in other studies from this region (Lototskaya et al., 1998). 

From MIS 4-2 we see the contrary; high species diversity often correlates well with a minimum in the 

total coccolith numbers. In contrast, the coccolith numbers increase when the diversity decreases. This 

can be interpreted as an adaptation of several species to unfavourable conditions, as well as a 

(re)occupation of probable ecological niches, leading to a stabilisation within the coccolithophore 

population. 

Figure 5.5a: Comparison of total coccolith abundance data, the abundance of reworked nannofossils (both in 
coccoliths x 106/g sediment), and the ratio of E. huxleyi <4μm to E. huxleyi >4μm of ODP Site 980 with 
insolation data (Berger, 1978), IRD, and planktic foraminifera �18O data (both: McManus et al., 1999; Raymo 
et al., 2004). Arrows indicate an assignment to an enhanced (up) or lowered (down) surface water 
productivity, and therewith to significant changes in palaeoenvironmental conditions. Grey bars indicate 
Heinrich events, as revealed from minima in the coccolith abundance. 
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Van Kreveld et al. (2000) studied the 

MIS 3 and 2 in a sediment core located further 

west in a region mainly influenced by the 

Irminger Current and reconstructed summer SSTs 

that reached about 8ºC during interstadials (e.g. 

D/O 4, 12, and 14) and 2-4ºC during stadials. 

Samtleben et al. (1995a) described the North 

Atlantic group flora for the investigated area. This 

group was described to inhabit waters warmer 

than 10°C south of the Iceland-Scotland Ridge 

(ISR). In the north of the ISR the flora of the 

Norwegian Sea group inhabit waters with 

temperatures above 5°C (Samtleben et al., 

1995a). Most of the recent coccolithophores in 

the North Atlantic seem to have optimum 

temperature ranges between 12 and 27 °C (Okada 

and McIntyre, 1979). In our record, several time 

intervals are distinguished by extremely low 

coccolith contents due to the influx of polar waters with SSTs below the optimum for coccolithophore 

production. Species that are better adapted to low SST or that are able to find and fill ecological 

niches, show higher numbers in those phases, while other species stand out with sudden peaks at the 

end of periods dominated by cold surface waters (see fig. 5.6). The stadial coccolith flora is more 

likely to represent the Norwegian Sea group flora, whilst the interstadial coccolith assemblages 

represent the North Atlantic group flora. 

Figure 5.5b: Closeup on the total coccolith 
abundance for the beginning MIS3, including 
HE 6 and 5 (grey bars). 
I: warm interstadial, enhanced influence of the 
NAC, high coccolith numbers. 
II: decreasing influence of the NAC, polar 
waters penetrate further south, decreasing 
coccolith numbers. 
III: Heinrich event, no influence of the NAC, 
iceberg discharge from the north, lowest 
coccolith numbers. 
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5.6.3 The Emiliania huxleyi acme biohorizon and its palaeoecological significance 

The recent E. huxleyi is adapted to water temperatures of 1-30 °C, which is shown in its 

extremely wide biogeographical distribution (Hattori et al., 2004). This species is producing the 

highest cell numbers of all coccolithophores, and forming large blooms in summer and early autumn 

(Brown and Yoder, 1994; Knappertsbusch and Brummer, 1995; Tyrrell and Merico, 2004). As in the 

plankton studies from this area (Samtleben et al., 1995a), E. huxleyi is the dominating species within 

the coccolith assemblage at ODP Site 980. Before 66 ky Gephyrocapsa muellerae dominated the 

Figure 5.6: Relative abundances of selected coccolith species from ODP Site 980. Grey bars indicate Heinrich 
events as revealed from minima in the total coccolith abundance. Species grouped as “others” are the same 
as in fig. 5.3b. 
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assemblage, but from c. 66 ky on Emiliania 

huxleyi is the dominating species. This 

change in dominance from G. muellerae to 

E. huxleyi is a well known event, which 

occurred worldwide (Thierstein et al., 1977). 

This reversal is described as time-

transgressive, occurring earlier in the tropics 

(around 85 000 B.P. at latitudes between 

10°S and 3°N), and about 12 000 y later at 

higher latitudes (around 73 000 y B.P. at 

latitudes between 21°N and 53°N 

(Thierstein et al., 1977)). Our results 

complement these observations, showing 

again a later occurrence of this event 

(around 65 ky) at a latitude around 55°N. 

Remarkably, the change occurs within 

MIS 4 and thus, during a phase of drastically depleted coccolithophore production at ODP Site 980 

(fig. 5.7). It may be triggered by changes in ecological preferences of the species G. muellerae and E. 

huxleyi, caused by changes in the surface water conditions towards colder temperatures and lower 

salinities after MIS 4, with E. huxleyi being better adapted to these conditions. 

Within the E. huxleyi complex, large specimens prevail in comparison to smaller ones <4 μm 

(fig. 5.4). However, in phases of lowest total coccolith numbers, especially during HEs, the larger 

forms of E. huxleyi >4 μm dominate (fig. 5.5a). Colmenero-Hidalgo et al. (2004) linked the 

occurrences of E. huxleyi >4 μm with the presence of relatively “cold” surface waters in the Gulf of 

Cadiz (NE Atlantic) and within the Alboran Sea (Western Mediterranean). In contrast, a switch in 

dominance between E. huxleyi >4 μm to E. huxleyi <4 μm was occurring during phases dominated by 

the influence of the “warm” NAC. Culture studies corroborated these field observations, in fact 

highlighting the inverse relationship between both, the coccolith and coccosphere sizes of this species 

with the culture media temperature (Sorrosa et al., 2005). Furthermore, Hagino et al. (2005) observed 

variations in the coccolith length for different morphotypes of E. huxleyi depending on the SSTs in the 

warm Kuroshio and the cold Oyashio Currents off Japan. They found specimens >4.2 μm of the B and 

B/C-2 morphotypes of E. huxleyi north of the Oyashio Front and used the E. huxleyi specimens 

>4.2 μm for the reconstruction of the boundary zone between subpolar and subtropical gyres, without 

regarding the different morphotypes. This supports in the present study again, that the E. huxleyi size 

distribution traces well the dynamics and strength of the warm NAC and the incursions of polar 

waters. Throughout the studied glacial sequence, we can see a clear relationship between the incursion 

of polar waters and elevated occurrences of E. huxleyi specimens >4 μm during Heinrich events on the 

Figure 5.7: The change in assemblage dominance 
from G. muellerae to E. huxleyi observed on ODP 
Site 980 around 65 ky. Note that E. huxleyi was 
already common before 65 ky but took over the 
dominance from 65 ky on, the same is due for G. 
muellerae which did not disappear completely after 
this event. 
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one hand as well as between a predominance of the NAC at the site and increased numbers of E. 

huxleyi specimens <4 μm on the other hand. 

5.6.4 Climatic instability and abrupt climatic changes during MIS 4-2 

Coccolith assemblage data indicate several short term phases of climatic instability during 

MIS 4-2, which is characterised by a generally lowered intensity of the NAC. These phases are caused 

by shifts in the source area of the surface water mass and therewith changes of the SST and sea surface 

salinities at the site. These changes are due to short term alterations of the inflow of the warm NAC, 

and colder polar waters during MIS 4-2, being reflected in a shifting position of the polar front. 

The suggested phases of the incursion of cold polar water masses often finish with Heinrich 

events (fig. 5.5a). Peaks of reworked Cretaceous and Tertiary nannofossils scarcely correlate with 

those of IRD and indicate the inflow from different sources and events. Furthermore, this region lies in 

the northern boundary of the IRD belt (Jullien et al., 2006) and therewith in the north of the main path 

of icebergs crossing the North Atlantic from eastern North America. For this reason, it may also record 

the input of IRD from Greenland and Iceland or from the European continent (cf. Lambeck, 1993; cf. 

Bond and Lotti, 1995; Bond et al., 1997). 

The cold stadials are followed by several short-termed warming events, probably caused by an 

enhanced NAC inflow. Short-termed intervals of higher coccolith numbers, enhanced species 

diversity, and higher abundances of thermophile species such as S. pulchra or H. carteri (fig.s 5.3b & 

5.6) represent D/O events. For the Nordic Seas, Baumann et al. (2000) described the Syracosphaera 

species to be restricted to relatively warm surface waters, which fits well to the observed data. This is 

also true for H. carteri, preferring warmer surface waters and an enhanced productivity (Baumann et 

al., 2005). Besides the observations on these species, the recent knowledge on Calcidiscus leptoporus, 

that is thought to prefer surface waters with higher temperatures and higher salinity (Hattori et al., 

2004), fits to our results. The occurrences of C. leptoporus increase in phases of generally higher 

coccolith numbers due to moderate SST and enhanced salinity. 

In the present ocean, Coccolithus pelagicus is a dominant species in the subarctic regions, 

limited to cold waters with temperatures ranging from -1.7 °C (Braarud, 1979) to 14 °C (McIntyre and 

Bé, 1967; Samtleben et al., 1995a). Hence, we would expect high occurrences of C. pelagicus during 

phases characterised by cold surface water conditions in this region, i.e. glacials and especially the 

stadials therein. The distribution of the subspecies C. pelagicus is limited by temperature to subpolar 

water masses (McIntyre et al., 1970), whereas C. braarudii is known as a temperate form (Saez et al., 

2003) which is also found in upwelling regimes (Cachao and Moita, 2000). It is striking that, in our 

record, the occurrences of the subspecies C. braarudii are much higher in MIS 5 and the beginning 

MIS 4 than in the following glacial MIS 4-2. Coccolithus pelagicus as well as C. braarudii occurred in 

generally low numbers during the glacial, peaking in slightly higher occurrences during warmer 

interstadial phases, and not in stadials, as we would expect (see figs. 5.3a/b, and 5.8). At least the 

general changes from higher numbers during the Interglacial to lower numbers in the Glacial allow us 
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to state that this species seems not exclusively to be linked to colder, low saline polar waters which 

has also been shown before in other works from this region (c.f. Baumann et al., 2000; Giraudeau et 

al., 2000). The occurrences might furthermore be linked to high nutrient conditions as it was 

previously suggested (Aizawa et al., 2004; Boeckel and Baumann, 2004). At ODP Site 980, this higher 

nutrient input might be due to IRD transport and deposition, as well as the input of fine grained 

material in this region. We characterise C. braarudii as a species preferring high nutrient conditions 

and having a much more cosmopolitan distribution during the Glacial. 

Figure 5.8: Correlation of Heinrich events (HE), as revealed from minima in the coccolith assemblage, 
with minimum excursions in the NGRIP �18O record (NGRIP, 2004; data were smoothed by an 11-point 
running average). Note that the fine-frequency climatic variations are nicely reflected in the coccoliths. 
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A bundle of short term fluctuations within the coccolith assemblage, culminating in a 

coccolith minimum can be summarised to a Bond cycle. One of these cycles consists of three different 

states. The initial warm interstadial state is connected with high coccolithophore production and 

enhanced abundances of thermophilic species. A cold stadial state is accompanied by decreasing 

coccolith concentrations and the absence of thermophilic species. Several of these short-termed 

interstadials and stadials occur alternating. The Heinrich event is a stadial characterised by lowest 

coccolith concentrations, and low species richness. These Heinrich events often occur as a “last” 

cooling event within one Bond cycle before a sudden climatic amelioration commences. Rahmstorf 

(2002) introduced this succession of the three described states in the coccolith data as the three modes 

of ocean circulation for the glacial period. These changes in surface water circulation can be observed 

6 times in the studied sequence (fig. 5.5a) reflecting the typical saw tooth pattern (figs. 5.5b and 5.8). 

Besides this, the coccolith abundance maxima which stand for single a saw tooth represent D/O events 

throughout the last glacial period. Based on coccolith assemblage studies we can reconstruct general 

trends in palaeoceanography as well as short term changes. The comparison of coccolith abundance 

with ice-core �18O values from North Greenland (NGRIP Members, 2004) reveals that short term 

fluctuation are well mirrored within the coccolith record. Heinrich events, as observed in the coccolith 

record, can be correlated with those from ice-core observations (fig. 5.8). 

5.7 Conclusions 

It has already been shown on Greenland ice cores that SST in the North Atlantic varied 

simultaneously with the D/O cycles (Bond et al., 1993). What we have addressed in this paper is both, 

the surface productivity response to the D/O cycles, and the dynamics of polar versus North Atlantic 

Current waters during MIS 4-2 (80-10 ky). The coccoliths of the phytoplanktonic coccolithophores 

can provide a key proxy for the reconstruction of surface water conditions complementing previous 

multi-proxy approach studies on foraminifera, geochemistry and sedimentology. They significantly 

show changes in their production during the studied time interval. In particular, the species assemblage 

reflects short term changes in surface water conditions by variations in the coccolith concentration as 

well as the species diversity. Heinrich events are characterised by low coccolithophore production and 

a lack of thermophilic species. The prominent coccolithophore species clearly reflect the general 

pattern of cooling and short term warming periods during the last Glacial, while the less abundant 

species characterise short term events of those periods. 

Our studies in the ODP Site 980, from the eastern North Atlantic, lead to the following 

conclusions: 

1. The typical glacial North Atlantic assemblage is characterised by low coccolith 

concentration, low species diversity and mainly cosmopolitan species, e.g. Gephyrocapsa muellerae, 

Emiliania huxleyi, Calcidiscus leptoporus. The interspersed interstadial phases are characterised by a 
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rapid increase of absolute abundances and short term occurrences of thermophilic species. e.g. 

Syracosphaera spp., S. pulchra, Helicosphaera carteri. 

2. The short term climatic changes in the North Atlantic region are clearly reflected in the 

coccolith concentrations. The lowered activity of the warm NAC and the enhanced influx of cold polar 

waters, as well as short term changes of those features can be observed. Subordinate species have 

enhanced relative abundances during interstadials. 

3. During colder phases the Iceland Faroe Front must have migrated further south which is 

reflected in low diversities and coccolith numbers in our record. 
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Appendix 

Taxonomic list of all taxa, which have been observed in this study. 

Calcidiscus leptoporus small type 

Calcidiscus leptoporus (Murray and Blackman, 1898) Loeblich and Tappan, 1978 

Calcidiscus quadriperforatus Calcidiscus quadriperforatus (Kamptner 1937) Quinn et al. 2004 

Coccolithus pelagicus (Wallich 1877) Schiller 1930 

Coccolithus braarudii (Gaarder) Baumann, Cachao, Young, and Geisen 

Emiliania huxleyi (Lohmann 1902) Hay & Mohler 1967 

Gephyrocapsa ericsonii McIntyre & Bé 1967 

Gephyrocapsa muellerae Bréhéret 1978 

Gephyrocapsa oceanica Kamptner 1943 

Gephyrocapsa protohuxleyi Gartner, 1977 

Helicosphaera carteri Kamptner 1954 

Pontosphaera discopora Schiller, 1925 

Pontosphaera spp. 

Syracoshaera pulchra Lohmann 1902 

Syracosphaera spp. 

Acanthoica quattrospina Lohmann 1903 

Florisphaera profunda Okada and Honjo, 1973 

Papposphaera spp. 

Oolithotus fragilis (Lohmann 1912) Martini & Müller 1972 

Coronosphaera spp. 

Umbilicosphaera foliosa (Kamptner 1963) Geisen in Sáez et al. 2003 
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Algirosphaera robusta (Lohmann 1902) Norris 1984 

Umbellosphaera tenuis (Kamptner, 1937) Paasche, 1955 

Calciosolenia brasiliensis (Lohmann 1919) Young et al. 2003 
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Abstract 
Here we report stable oxygen isotope results from bulk fine fraction sediments (<20 μm) of 

two sites from the North Atlantic, located on the Rockall Plateau (ODP Site 980) and on the 

northwestern Iberian Margin (GeoB 11035-1). Oxygen isotope values vary between -2.01 and 3.62 ‰ 

at ODP Site 980 and between -2.86 and 1.74 ‰ at site GeoB 11035-1, with lighter values occurring 

during glacials (mean of 0.3 ‰ at ODP Site 980 and of -0.3 ‰ at GeoB 11035-1) and heavier values 

throughout most of MIS 5 (mean 2.7 ‰ at ODP Site 980). The observed light oxygen isotope values 

of the glacial deviate strongly from the �18O of monospecific foraminifera (N. pachyderma dextral) 

and are most probably representative of the influences of diagenetically altered detrital carbonate. Low 

coccolith carbonate concentration, a high IRD input and increased reworked nannofossil contents 

point to a high influence of allochthonous fine carbonates to the oxygen isotope signal. 

In contrast, MIS 5 is characterised by much heavier fine fraction (<20 μm) �18O values. A 

high coccolith carbonate contribution, much lowered reworked coccoliths, and only temporary 

occurring IRD input throughout this interglacial indicate that the bulk fine fraction (<20 μm) 

carbonate is mainly composed of autochthonous coccoliths. Thus, the isotopic data of the fine fraction 

is assumed to be directly controlled by surface water temperatures, though species vital effects and 

other ecological factors may slightly alter the signal. 

6.1 Introduction 

The last glacial-interglacial cycle 

To date, six Heinrich events can be detected in the last glacial period by layers rich in ice-

rafted detritus (IRD) and short-term positive excursions of the planktic �18O in sediment records 

(Heinrich, 1988; Bond et al., 1993). These IRD layers were found in numerous sediment cores from 

the North Atlantic which derive from regions that were located within the IRD belt during the last 

glacial (cf. fig. 6.1; Heinrich, 1988; Broecker et al., 1992; Grousset et al., 1993; Channnell et al., 

2008). Heinrich events are caused by massive iceberg discharge and surging of large continental ice 

sheets from the Northern hemisphere, such as the Laurentide, Greenland and Scandinavian ice sheet. 
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Due to a lowered influence of the North Atlantic Current (NAC) and an enhanced approach of polar 

surface waters towards the south, the glacial was characterised by constantly cooler surface water 

temperatures and lowered surface water salinity in the North Atlantic region. The southward approach 

of polar waters and the intensive travelling of icebergs between 40-55°N increased the load of 

reworked fine and coarse grained IRD to this region. This detritus is composed of siliceous and 

calcareous rock fragments of Phanerozoic and Proterozoic age (Ruddiman, 1977; Heinrich, 1988; 

Hemming, 2004; Hodell and Curtis, 2008). A high detrital carbonate input is constantly observed in 

the North Atlantic region with input maxima occurring during Heinrich events (Bond et al., 2001). 

In contrast to the glacial, the interglacial MIS 5 is characterised by an enhanced influence of 

the NAC. The global ice volume change from the preceding glacial MIS 6 to the interglacial MIS 5 is 

associated with significant shifts in the surface water �18O composition. These shifts have successfully 

been observed in various sediment cores by studying oxygen isotopes of planktic and benthic 

foraminifera (Oppo et al., 2001; Shackleton et al., 2002; Shackleton et al., 2003; Penaud et al., 2008). 

Fine fraction stable isotopes 

The stable oxygen isotopes of various organisms are widely applied in palaeoenvironmental 

studies to reconstruct climatic changes, in terms of identifying variations of several environmental 

parameters, e.g. moisture, temperature, and salinity (e.g. Anderson et al., 2001; Felis and Pätzold, 

2004; McDermott, 2004). 

Coccoliths are the tiny calcareous remains (2-15 μm in size) of the unicellular planktic living 

coccolithophores and can be found in sediments. They are therefore assumed to constitute most of the 

autochthonous carbonate in the sediment fraction <20 μm. The production of coccolithophores and the 

formation of their calcareous platelets takes place in the photic zone (Okada and Honjo, 1973). 

Pioneering studies on the fine fraction carbonate �18O signal discovered a direct control of temperature 

on the oxygen isotope ratio (Dudley and Goodney, 1979; Anderson and Steinmetz, 1983; Dudley et 

al., 1986b), and confirmed a correlation between the separated fine fraction �18O signal (depending on 

the studies <44 μm, 3-25 μm or <38 μm) and the planktic foraminifera �18O signal in sediment records 

(Anderson and Cole, 1975; Anderson and Steinmetz, 1981; Anderson and Steinmetz, 1983; Paull and 

Thierstein, 1987). According to this, stable isotope data of the bulk fine fraction or separated grain size 

fractions were frequently applied as proxy for the reconstruction of surface water conditions and as a 

stratigraphic tool for the correlation of isotope records (Lototskaya and Ganssen, 1999; Henderiks et 

al., 2002; Minoletti et al., 2005; Beltran et al., 2007). 

Aims of this study 

Here we present two data sets of bulk fine fraction sediment (<20 μm) �18O (�18Off) analyses 

from two North Atlantic sites (ODP Site 980, GeoB 11035-1), covering the time period from 60 ka to 

present (GeoB 11035-1) and from 170 ka to present (ODP Site 980). Analyses were conducted on the 

fraction <20 μm, because surface sediment studies of Frenz et al. (2005) showed that the bulk of the 

carbonate of this size fraction is generally made up by coccoliths. 



- Fine fraction (<20 μm) stable isotope studies in the North Atlantic - 

61 

In order to detect the spatial and temporal influence of detrital carbonate on the geochemical 

signal of the bulk fine fraction (<20 μm) during MIS 6-1 a subpolar site, partly located north or within 

the influence of the polar front, and one site, located south of the polar front (McIntyre et al., 1972; 

Jullien et al., 2006), were chosen. This work focuses on the downcore abundance pattern of the bulk 

fine fraction stable oxygen isotope signal, and a detailed description of the entire coccolith 

assemblages is presented in other manuscripts (ODP Site 980 Stolz and Baumann, subm.; Stolz et al., 

subm.) or is in preparation (GeoB 11035-1, data contribution: Stolz and Baumann). 

Furthermore, coccolith species enriched �18O analyses will be compared with �18Off to test the 

reliability of the bulk fine fraction (<20 μm) analyses. The �18Off data will be compared with the 

results of planktic foraminifera �18O analyses (data for ODP Site 980 are taken from McManus et al., 

1999; data for GeoB 11035-1 will be published elsewhere soon). Analyses are complemented by the 

determination of the fine fraction (<20 μm) carbonate content. X-ray diffraction analyses (XRD) were 

conducted on selected fine fraction samples to detect the amount of detrital carbonate in the bulk fine 

fraction (<20 μm). 

6.2 Research Areas and Recent Oceanography 

This research was carried out on ODP Site 980 (55°29´N, 14°42´W) located on the eastern 

flank of the Rockall Plateau, and on site GeoB 11035-1 (42°10´N, 9°38´W) from the northwest Iberian 

Margin (fig. 6.1).  

ODP Site 980 is located in the subpolar 

North Atlantic Feni Drift at a water depth of 

2179 m. The North Atlantic Current (NAC) and its 

branches are the main surface water currents of this 

region. The NAC is the extension of the Gulf 

Stream which originates in the warm Caribbean 

(Mienis et al., 2007) and brings warm and salty 

surface waters to this relatively cold subpolar 

region. The surface water salinity reaches around 

35.4  psu throughout the whole year, surface water 

temperature (at 50 m water depth) ranges between 

~9.5° C in winter, and ~12.5° C in summer 

(Antonov et al., 2006; Locarnini et al., 2006). 

Sediment core GeoB 11035-1 was 

retrieved at 2045 m water depth off the Galician 

coast (fig. 6.1). This region is influences by warm 

surface waters of the Portugal Current, which is a branch of the NAC. It originates from a transition 

zone between the NAC west-wind drift, and, if it is more southerly dominated, the regime of the 

Figure 6.1: Position of ODP Site 980 and site 
GeoB 11035-1. Main surface water currents 
are indicated by arrows. The extension of the 
IRD belt and of continental ice-sheets during 
H4 and H5 are taken from Jullien et al. 
(2006). Abbreviations: NAC- North Atlantic 
Current, PC- Portugal Current. 
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subtropical gyre (Pérez et al., 2001). This area is strongly affected by seasonal variations in the water 

column. During summer, wind-driven upwelling dominates, whereas downwelling and river runoff 

and therewith terrestrial sediment input by rivers bias the region during winter (Schmidt et al., 2002). 

The surface water salinity is slightly higher than in the northern North Atlantic, reaching 35.7–

35.8 psu, surface water temperatures (at 50 m water depth) vary between ~13° C in winter and ~15° C 

during summer (Antonov et al., 2006; Locarnini et al., 2006). 

6.3 Material and Methods 

6.3.1 Sediment material 

The sediment material of ODP Site 980 has been recovered during ODP Leg 162. The studied 

section comprises about 17.58 m of sediment material (3.92–21.5 mcd) and spans the time period from 

169.58 to 15.91 ka BP. Depending on the availability of material, the core was sampled every 2.5–

10 cm, larger intervals were only applied if this was inevitable. The examined sediments of ODP Site 

980 are nannofossil oozes with clay and clayey nannofossil mixed sediment (Jansen et al., 1996). 

Sediment core GeoB 11035-1 was recovered during the Poseidon cruise P 342 and consists of 

olive, brown, grey and brownish muds with interspersed fine to medium sandy carbonate particles 

(Hanebuth et al., 2007). This sediment core comprises 501 cm of sediment material, which span the 

last 60 ka BP, samples were taken every 5 cm. 

After sampling all bulk material was freeze dried. An aliquot of the dried sediment material 

was prepared for stable isotope analyses, and another one was prepared for coccolith assemblage 

studies. Replicate stable isotope measurements and additional XRD analyses were conducted for 

selected samples. 

6.3.2 Stable isotope analyses 

Analyses of the oxygen stable isotopes have been conducted on the bulk fine fraction <20 μm 

and on samples containing enrichments of coccolith species. As previous studies from ODP Site 980 

never mentioned that foraminifera were significantly affected by dissolution or fragmentation 

(McManus et al., 1999; Oppo et al., 2003; Raymo et al., 2004; Oppo et al., 2006), we conclude that no 

foraminifera shell break may contaminate the fraction 20 μm. Besides, the visual inspection of 

samples from both sites reveal no significant fragmentation of foraminifera. 

The preparation of the samples <20 μm was conducted by wet sieving the bulk sediment on a 

20 μm mesh. The material <20 μm was caught in 1 l beakers and dried. Final sample preparations and 

measurements were conducted in the stable isotope laboratory of Marum (Universität Bremen, 

Germany). The carbonate was dissolved with orthophosphoric acid (H3PO4) at 75 °C and isotope 

measurements were conducted on a Finnigan MAT 251 mass spectrometer with automated carbonate 

preparation system (Kiel device). Results were calibrated to the Peedee Belemnite via NBS 19 and are 

presented in the standard �-notation. The standard deviation is < 0.07 ‰ for the �18O signal. Replicate 
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measurements were conducted for selected samples, these have been prepared following the same 

procedure. 

Coccolith species enriched sample analyses were prepared for selected samples of ODP Site 

980. Therefore the concentration of one selected species/genus (Emiliania huxleyi and Coccolithus 

spp.) was enriched from the bulk sample during a cleaning and separation procedure (fig. 6.2). 

In a first step between 0.39 and 0.55 g bulk 

sediment of the dried <20 μm fraction were weighed. 

The organic matter of the samples was oxidised 

applying the cleaning method of Bairbakhish et al. 

(1999). Afterwards the bleach is removed by filtering 

the material on a 0.45 μm polycarbonate filter and 

rinsing it with distilled buffered water (0.1 g Na2CO3 

(anhydrous) stirred with 1 l distilled water, and filtered 

afterwards through 0.45 μm filter to remove crystals). 

After cleaning, the material is transferred to a 50 ml 

centrifuge tube, mixed with 25-30 ml MNX (50 g 

NH2OH, 400 g NH4OH (25%), 1 l distilled buffered 

water), and left for 24on a rotating carousel. The MNX 

prevents ion exchange and the formation of aggregates. 

Afterwards the MNX was removed by centrifuging the 

material and decanting the supernatant. The tube was 

then filled up with IONX (70 ml NH4OH (25%) mixed 

with 1 l distilled buffered water). 

To enrich one species/genus of a defined grain 

size cluster, the settling technique based on the 

descriptions of Stoll and Ziveri (2002) was applied and 

adopted to respective needs. The suspension of the 

cleaned <20 μm fraction mixed with IONX is left for a 

fixed settling time in the centrifuging tube. After this time the supernatant is decanted, the residual 

“sediment” is filled up with IONX, and the settling and decanting process is repeated for several times. 

A microfiltration step on polycarbonate filters was conducted to enrich a size fraction, this process was 

avoided, if possible, because it is very time-consuming. Fig. 6.2 exemplifies the different settling and 

decanting steps which were applied to the samples. All settling sequences started with short settling 

times in order to separate finer from larger particles. Throughout the separation procedure the quality 

of the samples was repeatedly checked at the Light Microscope (OLYMPUS BX51) to adopt settling 

steps to the required needs. 

Figure 6.2: Exemplified diagram of 
repeated settling and microfiltration 
steps which were applied to enrich 
Emiliania huxleyi and Coccolithus spp. 
from the bulk fraction <20 μm. In this 
case the fractions 4B and 5A (results of 
the settling steps 4 and 5) bear the 
required species enrichments of 
Coccolithus spp. and Emiliania huxleyi, 
resp. 
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After settling the samples were transferred to micro test tubes. Therefore the samples were 

rinsed and centrifuged twice with analysis H2O (some drops of NH4OH have been added to distilled 

water until ph 8 was reached), and dried at max. 40 °C. 

Final sample preparations and measurements on the species enriched samples were conducted 

in the stable isotope laboratory of the Vrije Universiteit (Amsterdam, The Netherlands). The 

measurements were conducted on a Finnigan MAT 252 mass spectrometer with automated carbonate 

extraction line (Kiel device). The reproducibility of the routinely analysed carbonate standard is better 

than 0.1 ‰ for the �18O signal. 

None of the data have been corrected for the influence of the ice volume effect. 

6.3.3 Coccolith abundances 

The coccolith assemblages were counted using a scanning electron microscope (Zeiss DSM 

940A) with a magnification of 3000x. At least 300 individuals per sample have been counted on a 

known area. The preparation of the coccolith samples was done according to Andruleit (1996), 

absolute numbers of coccoliths were calculated using Andruleit’s (1996) formula: 

� �
� �WA

SCFANC
�

��
�  

with: ANC= Absolute number of coccoliths [number of coccoliths/ g dry sediment] 

F= Filtration area [mm²] 

C= number of counted coccoliths 

S= split factor 

A= analysed area [mm²] 

W= amount of material weighed [g] 

6.3.4 Coccolith carbonate contribution 

In order to assign the proportion of every species to the total coccolith carbonate, the coccolith 

carbonate contribution is needed. For the calculation of the coccolith carbonate contribution, the 

specific mass CaCO3 weight of the species must be known. Therefore coccolith masses measured, 

calculated, and published by Young & Ziveri (2000) and Beaufort and Heussner (1999) have been 

used. If necessary, the carbonate mass was assessed for species of unknown coccolith carbonate mass 

(mainly 2-4μm sized placoliths and muroliths, see table 6.1). The coccolith carbonate content was 

calculated with the following formula: 

 

coccomassANCCCC ��  

with: CCC= Coccolith carbonate content [wt%] 

 ANC= Absolute number of coccoliths/g sediment 

Coccomass= coccolith mass CaCO3 [pg] 
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Table 6.1: Coccolith carbonate masses, which were applied for the estimation of the coccolith carbonate 
contribution 

species coccolith carbonate mass 
(pg) source 

Calcidiscus leptoporus small 
type 
Calcidiscus leptoporus 
Calcidiscus quadriperforatus 

22.6 
74.1 
164.2 

Beaufort and Heussner (1999) 
Young and Ziveri (2000) 
Beaufort and Heussner (1999) 

Coccolithus pelagicus 
Coccolithus braarudii 

99.5 
398.6 

Young and Ziveri (2000) 
Young and Ziveri (2000) 

Emiliania huxleyi 2.3 Young and Ziveri (2000) 
Gephyrocapsa ericsonii 
Gephyrocapsa muellerae 
Gephyrocapsa oceanica 
Gephyrocapsa ornata 
Gephyrocapsa protohuxleyi 

3.6 
8 
16.9 
3.6 
8 

Young and Ziveri (2000) 
Young and Ziveri (2000) 
Young and Ziveri (2000) 
assessed analogue to G. ericsonii 
assessed analogue to G. muellerae 

Syracoshaera pulchra 
Syracosphaera spp. 

13.5 
1 

Young and Ziveri (2000) 
assessed 

Indet. 8 average coccolith Honjo (1976) 
reworked nannofossils 50 assessed 

6.3.5 Fine fraction (<20 μm) carbonate and XRD analyses 

Determination of carbonate (CaCO3) concentration 

To quantify the carbonate (CaCO3) concentration, the total carbon content and the total 

organic carbon content were determined with a LECO CS 200. The difference between total and 

organic carbon content was used to calculate the carbonate (CaCO3) content. 

X-ray diffractometry 

The dried bulk fine fraction (<20 μm) samples were ground to a fine powder and prepared 

with the Philips backloading system. The X-ray diffractograms were measured on a Philips X’Pert Pro 

multipurpose diffractometer equipped with a Cu-tube (k� 1.541, 45 kV, 40 mA), a fixed divergence slit 

of ¼°, a 16 samples changer, a secondary Ni-filter and the X’Celerator detector system. The samples 

were measured from 3 – 85° 2�. The standard deviation of ±5 % can be considered as a general 

guideline for mineral groups with >20% clay fraction (Moore and Reynolds Jr., 1989), the 

determination of well crystallised minerals like quartz, calcite or aragonite can be done with better 

standard deviations (Tucker, 1988; Vogt et al., 2002). The mineral identification and calculation of 

peak intensity and area were done with the freeware MacDiff 4.5 (Petschick, 1991 (continuous 

updates)). Semiquantitative determinations of minerals are based on single peak factors derived from 

investigations of pure mineral standards and mixtures by the full-pattern quantification software 

QUAX (cf. Vogt et al., 2002). 
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6.4 Chronology 

The chronology for ODP Site 980 bases on data published by Raymo et al. (2004). The 

sedimentation rate varied from 4–30 cm/ka in the studied interval. Despite some exceptions the 

sedimentation rate was constantly higher than 10 cm/ka during the last 170 ka (fig. 6.3). 

The age model for GeoB 11035-1 relies on 5 calibrated radiocarbon dating points (fig. 6.3, 

Bender & Hanebuth, unpubl. data). Heinrich events which were detected by maxima in the magnetic 

susceptibility record provided additional evidence for the establishment of the age model. The 

sedimentation rate varied from 4–30 cm/ka, despite two sedimentation maxima from 35–32 ka and 

21–17.5 ka the sedimentation rate varies between 5–6 cm/ka.  

Figure 6.3: Sedimentation rates for ODP Site 980 (top) and GeoB 11035-1 (bottom left). The 
benthic foraminifera �18O for ODP Site 980 has been added (McManus et al., 1999; Raymo et 
al., 2004). Marine Isotope Stages are labelled according to the descriptions of Martinson et al. 
(1987). Age model of core GeoB 11035-1 is plotted in the right graph (Bender and Hanebuth; 
unpubl. data). 
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6.5 Results 

6.5.1 Coccolith assemblage composition 

6.5.1.1 ODP Site 980 

The glacial MIS 6 coccolith assemblage of ODP Site 980 is characterised by low coccolith 

numbers varying between 1700 and 6600 x106 coccoliths/g sediment (fig. 6.4). During MIS 5.5, 

coccolith numbers increase to maximum numbers of more than 60 000 x106 coccoliths/g sediment. 

Besides Gephyrocapsa muellerae and Emiliania huxleyi, subordinate species such as Calcidiscus 

leptoporus, Helicosphaera carteri, and Syracosphaera pulchra occur in enhanced numbers throughout 

this period. The interval MIS 5.4–5.1 is characterised by slightly decreasing coccolith numbers. It is 

interrupted by short phases in which the coccolith abundance significantly decreased in numbers and 

taxa. The long term trend of decreasing coccolith numbers induces the transition to both glacials, 

MIS 6 and MIS 4–2. During the glacial, the number of coccoliths varies between 200 and 30 900 

x106 coccoliths/g sediment (fig. 6.4). The glacial assemblage is dominated by G. muellerae and E. 

huxleyi and is characterised by a low variety of taxa. From c. 14.5 ka on coccolith numbers increased 

again. 

Figure 6.4: Absolute abundance of coccoliths (coccoliths x106/ g sediment) and the coccolith 
carbonate contribution (wt %) for ODP Site 980 (black) and site GeoB 11035-1 (grey). Substages 
MIS 5.5, 5.3, and 5.1 are indicated by arrows, Heinrich events H6-H0 are labelled. 
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6.5.1.2 GeoB 11035-1 

Throughout the glacial MIS 4-2 coccolith numbers of sediment core GeoB 11035-1 vary 

between 100-3300 x106 coccoliths/g sediment (fig. 6.4). The assemblage is dominated by G. muellerae 

and E. huxleyi. The general trend of lowered numbers is accompanied by several short-term phases of 

extreme low coccolith numbers. From c. 13 ka on, coccolith numbers increase towards an average of 

5200 x106 coccoliths/g sediment. 

6.5.2 Fine fraction (<20 μm) oxygen isotope data 

6.5.2.1 Fine fraction (<20 μm) oxygen isotopes of ODP Site 980 

The development of the fine fraction (<20 μm) �18O is characterised by light glacial und much 

heavier interglacial values. The �18O values vary between -1.81 and 2.42 ‰ during the glacial MIS 6 

(fig. 6.5). Peak minima occur at 157, 146.5, and 125.5 ka. Throughout the subsequent MIS 5 the �18O 

values vary between -1.25 and 3.62 ‰. They decrease from 0.2 ‰ at 130 ka towards the lowest value 

of -1.25 at 125 ka. From 125 ka on, the �18O values are getting stepwise heavier towards 3.48 ‰ at 

80 ka interrupted by short periods of lighter �18O at 105 and 86 ka. After 80 ka �18O values decreased 

again. Maxima around 3.3 ‰ occur at the beginning of MIS 4 (73 ka) and tend towards a minimum of 

-0.75 ‰ around 17 ka. The general trend of decreasing �18O values is accompanied by peak minima at 

65, 58, 49, 45, 41, 31, 26, and 21 ka. Replicate measurements on selected samples confirm the above 

described trends. 

6.5.2.2 Fine fraction (<20 μm) oxygen isotopes of site GeoB 11035-1 

From 62–14.5 ka, the �18Off data proceed quite irregular around -0.5 ‰, whereas they slightly 

decrease from 0.89 to -2.65 ‰. Maxima of 1.74 occur between 60–50 ka whereas minima of up to -

2.86 occur between 60–50, 36–26, and 17–14 ka. Peak minima in the �18Off occur at 60, 54, 50, 45, 

33.5, 31, 27, 16.5, 15 and 14.5 ka. After the minimum at 14.5 ka, the fine fraction (<20 μm) oxygen 

isotopes increase to values around 1.45 at 1.5 ka (fig. 6.5). Replicate measurements on selected 

samples confirm the above described results.  

6.5.3 Monogeneric stable isotope analyses at ODP Site 980 

The E. huxleyi enriched samples reveal values varying between -2.35 and 2.14 ‰ (fig. 6.5). 

Measurements of several separated fractions from the same sample depth show slight offsets from 

each other, but reveal the same trend as the fine fraction (<20 μm) data. The same is true for the 

samples enriched in Coccolithus spp., which show generally lighter values than those enriched in E. 

huxleyi, and vary between -1.8 and 2.07 ‰ (one outlier at -7.07 ‰). 
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6.5.4 Fine fraction (<20 μm) CaCO3 contents and coccolith carbonate contribution 

The LECO-measured CaCO3 content of the bulk fine fraction sediment (<20 μm) of ODP Site 

980 varies between 16–61 wt.% (fig. 6.6). CaCO3 contents are higher during MIS 5 with an average 

CaCO3 content of 47 wt.%, lower values with an average of 23 wt.% are determined for MIS 4-2. The 

CaCO3 content of the fine fraction (<20 μm) of core GeoB 11035-1 varies between 12–26 wt.%, with 

an average CaCO3 content of 19 wt.% (fig. 6.6). 

The weighted coccolith carbonate contribution varies between 20–60 wt. % during MIS 5 with 

Gephyrocapsa spp., Coccolithus spp. and Calcidiscus spp. as main carbonate producers (fig. 6.7). In 

contrast, the production of coccolith carbonate decreases drastically throughout the glacial. In general, 

coccolith carbonate contributes less than 10 wt. % to the sediment of the subpolar ODP Site 980 and in 

addition to Emiliania huxleyi, Gephyrocapsa spp., Coccolithus spp. and Calcidiscus spp., reworked 

coccoliths significantly contribute to a rather mixed carbonate signal of the fine fraction sediments. In 

the more temperate site GeoB 11035-1, the glacial coccolith carbonate contribution varies from more 

than 60 wt. % to less than 10 wt. %. The influence of reworked coccoliths is lower than at ODP Site 

980 and the carbonate is mainly produced by Gephyrocapsa spp., Coccolithus spp., and Calcidiscus 

Figure 6.5: Isotopic composition of the bulk fine fraction (<20 μm) and planktic 
foraminifera (N. pachyderma (dextral)) of ODP Site 980 (top; foraminifera data: 
McManus et al., 1999) and sediment core GeoB 11035-1 (bottom; foraminifera data: 
Baumann et al., unpubl.). �18O values of taxon enriched samples of ODP Site 980 
are plotted as dots and diamonds, crosses indicate replicate fine fraction (<20 μm) 
�18O measurements. 
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spp. The CaCO3 content of the fine fraction sediment reveal a strong offset of the calculated species-

specific coccolith carbonate contribution from the bulk carbonate content of the fine fraction sediment 

(<20 μm) during the glacial (cf. fig. 6.7), indicating that other than coccolith derived carbonates 

contribute to the fine (<20 μm) fraction carbonate during the glacials. 

 

Fig. 6.6: Fine fraction (<20 μm) carbonate content and the relative 
proportions of calcite and dolomite at ODP Site 980 (top) and GeoB 
11035-1 (bottom). Additionally,% IRD of ODP Site 980 (McManus et 
al., 1999) and absolute IRD numbers for site MD95-2039 (Lat. 40.6/ 
Lon. -10.4; Schönfeld, 2002a) are plotted. Light grey bars highlight 
phases in which IRD maxima correlate with relative abundance 
maxima of dolomite and minima of the calcite and carbonate content. 

Figure 6.7: Relative contribution of coccolith species to the coccolith carbonate, weighted 
contribution of coccoliths to the carbonate content (dashed line), and fine fraction (<20 μm) 
carbonate contents (crosses) for ODP Site 980 (top) and GeoB 11035-1 (bottom). 
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6.5.5 Fine fraction (<20 μm) XRD analyses 

At ODP Site 980 calcite is the most dominant calcareous mineral in the fine fraction (<20 μm) 

with relative abundances varying between 87–98.5 %. Dolomite follows the inverted distribution 

pattern of calcite, but the abundance is lower, contributing between 1 and 9.5 % to the carbonate (fig. 

6.6). The distribution pattern of aragonite and siderite is similar to that of dolomite, but contents are 

negligible low. 

At site GeoB 11035-1 calcite dominates the carbonate minerals which are present in the fine 

fraction with relative abundances varying between 84–95 %, it follows the distribution pattern of the 

total carbonate content. Dolomite is present with relative abundances between 3.5–13 %, and reveals a 

distribution pattern opposite to calcite. Aragonite and siderite are abundant in negligible proportions. 

6.6 Discussion 

The oxygen isotope records of the bulk fine fraction have been successfully applied for isotope 

stratigraphies from which general palaeoceanographic conclusions can be made (e.g. Margolis et al., 

1975; Anderson and Steinmetz, 1981; Paull and Thierstein, 1987; Balsam and Williams, 1993; 

Henderiks et al., 2002; Beltran et al., 2007). However, in our data sets the �18Off signal shows a rather 

atypical behaviour with heaviest �18Off values occurring during the interglacial, when coccolith 

numbers are highest, whereas during glacials, when coccolith numbers are lowest, lightest �18Off 

values are observed (fig. 6.8). 

In addition, the comparison of the fine fraction (<20 μm) and the planktic foraminifera �18O 

values reveals totally different signals, in particular during glacials, which indicates a contamination of 

the samples by reworked carbonates and may therefore question the usability of the fine fraction 

(<20 μm) �18O signal for palaeoenvironmental reconstructions in the North Atlantic region (fig. 6.8). 

A low relative coccolith carbonate contribution during these intervals indicates that detrital carbonates 

have a large contribution to the fine fraction (<20 μm) carbonate. Allochthonous, reworked 

nannofossils may additionally alter the �18Off signal, whereas the influence of foraminifera 

Figure 6.8: Fine fraction (<20 μm) �18O vs. planktic foraminifera (N. 
pachyderma (dextral)) �18O (left) and fine fraction (<20 μm) �18O 
vs. total nr. of coccoliths x106/ g sediment (right). Correlation 
coefficients for both exponential fits are indicated. Planktic 
foraminifera data for ODP Site 980 from McManus et al. (1999). 
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fragmentation to the �18Off signal can be excluded as it would cause heavier instead of lighter �18O 

values. 

Planktic foraminifera �18O and �18Off  overlap much better during MIS 5 and the Holocene. 

The interglacial coccolith carbonate contribution is much higher than during the glacials and is 

probably not influenced by detrital carbonates, but reflects a direct control by surface water 

temperatures. A temporarily mixed coccolith carbonate contribution, species specific fractionation, 

and other factors are likely to influence the �18Off signal. Therefore the fine fraction stable isotope 

signals of the glacial and interglacial sections will be discussed separately in the following.  

6.6.1 Influences on the glacial fine fraction (<20 μm) stable isotope signal 

The studied region is located within (ODP Site 980) or close to (GeoB 11035-1) the IRD belt 

and is therewith affected by the release of iceberg-transported detrital material. Balsam & Williams 

(1993) observed a strong divergence of fine fraction (<63 μm) and foraminifera oxygen isotopes in 

glacial sediments from the North American margin, which they linked to the erosion and input of 

diagenetically altered carbonate rock fragments transported by glacial processes. Later, Lototskaya & 

Ganssen (1999) found lightest fine fraction (<32 μm) �18O values during H11 and connected these 

with the influx of detrital carbonate. They measured individual detrital carbonate particles and 

observed a mean oxygen isotopic ratio of -5.26 ± 1.7 ‰. Hodell & Curtis (2008) showed that the 

carbonate fraction of glacial North Atlantic sediment material is build up by a mixture of 

autochthonous biogenic and allochthonous detrital carbonate, whereas the bulk �18O decreases with an 

increasing content of detrital carbonate. The conducted stable oxygen isotope analyses on individual 

last glacial detrital carbonate grains, revealed extremely light �18O values during Heinrich events with 

averaged -5.6 ‰ ± 1.5 ‰. They explained this with the increased glacial IRD input of dolomite and 

terrigenous carbonate. 

It is most likely that small detritus of fossil carbonates influences the oxygen isotope signal of 

the analysed fine fraction (<20 μm), especially during Heinrich events. The ice-bearing subarctic gyre 

progrades counterclockwise from eastern Greenland towards the south and then switches towards east 

to continue towards northeast (Ruddiman and McIntyre, 1973). The load of the calving Greenland and 

Laurentide ice sheet was brought into the North Atlantic, and hence IRD is transported over large 

distances towards the Rockall Plateau and off the Iberian Margin. Besides, the input of detrital 

carbonate is also possible via the Scandinavian and British ice-sheet. XRD analyses on the fine 

fraction samples <20 μm revealed the existence of several detrital carbonate sources such as calcite 

and dolomite, which correlate with high IRD input at both sites (fig. 6.6). Relative abundance peaks of 

the isotopically light fractionating dolomite correlate with fine fraction (<20 μm) �18O minima and 

confirm the presumed influence of reworked carbonates on the glacial fine fraction (<20 μm) �18O 

signal (fig. 6.9). 
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Reworked nannofossils of Tertiary and Cretaceous origin occur throughout both studied sites 

with altering proportions. They contribute up to 70 % and 20 % to the coccolith carbonate in ODP Site 

980, and site GeoB 11035-1, respectively. Especially during Heinrich events the abundance of 

reworked nannofossils and herewith the proportion to the reworked coccolith carbonate increases. This 

was also observed in other studies from the Davis Strait, the Labrador Sea and the North Atlantic 

(Rahman, 1995). Studies on the oxygen isotopic composition of Cretaceous nannofossil containing 

bulk carbonate revealed oxygen isotope values between c. -2–-5‰ (Kessels et al., 2006; Wagreich et 

Figure 6.9: Fine fraction (<20 μm) �18O data (black line), planktic foraminifera �18O (grey line), 
relative contribution of dolomite to carbonate (squares), relative contribution of reworked 
coccoliths to the coccolith carbonate (crosses), and IRD (dotted line) data for ODP Site 980 (top) 
and sediment core GeoB 11035-1/MD95-2039 (bottom). Planktic foraminifera and IRD data for 
ODP Site 980 from McManus et al. (1999), IRD data for MD95-2039 from Schönfeld (2002a). 
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al., 2008). The comparison of the glacial fine fraction (<20 μm) �18O pattern with the carbonate 

contribution of reworked coccoliths reveals a significant relation between �18Off minima and maxima 

of the reworked coccolith carbonate contribution, especially at ODP Site 980, where the influence of 

reworked coccoliths is higher than at site GeoB 11035-1 (fig. 6.9). This clearly indicates that these 

isotopic lighter carbonate particles have a strong influence on the fine fraction (<20 μm) signal. 

The analyses of coccolith species enriched samples revealed that the Coccolithus spp. fraction 

has a lighter signal than the E. huxleyi fraction, and that both fractions have a lighter oxygen isotope 

signal than the planktic foraminifera (cf. fig. 6.5). The bulk fine fraction (<20 μm) �18O values are 

slightly heavier than those for the separated coccolith species. This is probably also caused by a 

contamination of the species enriched samples with lighter fractionating detrital carbonates, and 

strengthens that even the separation of coccolith fractions from the bulk glacial fine fraction sediment 

(<20 μm) is difficult to handle. 

6.6.2 The interglacial fine fraction (<20 μm) stable isotope signal 

The transition from MIS 6 to MIS 5 is characterised by relatively light �18Off, probably 

reflecting the influence of reworked detrital carbonates and still cold surface water temperatures, 

which is confirmed by minima in the coccolith assemblage studies (cf. Stolz and Baumann, subm.). It 

is likely that fine-grained reworked detritus of the major ice-rafting event H11 (Shackleton et al., 

2002) contributes to the �18Off signal. But with the beginning of MIS 5, the carbonate fraction in the 

North Atlantic mainly consists of autochthonous carbonates with coccoliths dominating the fine 

fraction sediments (cf. fig. 6.7). Reworked IRD material is of minor importance and only occurs 

during some short-term events (cf. fig. 6.6; McIntyre and Ruddiman, 1972; McManus et al., 1999). 

Besides the high input of ice-rafted fine and coarse grained detritus we can also exclude the 

dominating influence of reworked Cretaceous nannofossils (cf. coccolith carbonate contribution on 

fig. 6.7) during the interglacial. 

Both data sets, the stable isotope record of the fine fraction carbonate (<20 μm) and the 

planktic foraminifera (N. pachyderma dextral), are in good agreement, indicating that the interglacial 

�18Off signal reflects the influence of surface water temperatures, though other ecological factors may 

influence this signal. The shift in �18O values between the N. pachyderma (dextral) and the fine 

fraction coccolith carbonate values is a common feature, most probably due to fractionation 

differences within the two plankton groups (cf. Anderson and Cole, 1975; Anderson and Steinmetz, 

1981; Paull et al., 1991). 

Although the interglacial �18Off signal is mainly reflecting the control of surface water 

temperatures, detrital carbonate input may alter the signal during cooler phases of MIS 5. General 

trends in the �18Off signal are still useful to estimate the interglacial palaeoenvironment of the North 

Atlantic. 

With the beginning of MIS 5.5 the coccolith carbonate increases and the light, Calcidiscus 

spp.-dominated �18Off signal is interpreted as a “real” indicator of the influence of warm surface water 
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at the studied site. From c. 100–60 ka, increasing �18Off data indicate surface water cooling towards the 

onset of MIS 4. The offset of �18Off to the planktic foraminifera �18O, is explained by the high 

carbonate contribution of the heavier fractionating Gephyrocapsa spp and Coccolithus spp. Striking 

�18Off minima at c. 112, 104 and 85 ka correlate with relatively heavier values of N. pachyderma 

dextral and maxima of IRD input (McManus et al., 1999), these signals are probably caused by a 

short-term enhanced influence of detrital carbonates during surface water cooling phases. 

Increasing coccolith numbers characterise the onset of the Holocene when sea surface 

temperatures in the Northeast Atlantic increased (Henderiks and Bollmann, 2004; Peck et al., 2008). 

The light fractionating Calcidiscus spp. dominates the Holocene coccolith carbonate in both sites. 

Slightly recovering �18Off of GeoB 11035-1 indicates that the northward migration of the polar front 

probably occurred some centuries later, because the southerly advection of polar waters persisted 

longer along the Portuguese margin (Chapman et al., 2000). In addition, the �18O of the fine fraction 

carbonate may slightly be influenced by other ecological factors. 

In the North Atlantic region coccolithophores inhabit the upper 50–60 m of the water column 

(Samtleben et al., 1995a), whereas N. pachyderma (dextral) lives in a water depth down to 150 m. 

Their blooming seasons occur during the summer months following the regular course of surface 

water temperatures and light (cf. Baumann et al., 2000; Ziveri et al., 2000). Similar to this, highest 

planktic foraminifera fluxes were observed in sediment trap studies from the Nordic Seas between July 

and October (Schröder-Ritzrau et al., 2001). Nevertheless, both, the habitats and also the blooming 

seasons of coccolithophores and planktic foraminifera almost converge in the North Atlantic region, 

and hence major influences of habitat effects and seasonalities on the �18Off signal are excluded. 

 

Culture studies showed a species specific fractionation behaviour of coccolithophores (Dudley 

et al., 1986a; Ennyu et al., 2002) and Ziveri et al. (2003) estimated these vital effects to a 5 % range 

for oxygen isotopes amongst different coccolith species, and to 1 % within a single species. Three 

coccolith species are the main contributors to the interglacial fine fraction carbonate at specific time 

intervals. Calcidiscus spp. dominates the �18Off signal at the onset of the interglacial (c. 130–118 ka), 

from c. 118 ka Gephyrocapsa spp. and Coccolithus spp., contribute most of the coccolith carbonate. 

Calcidiscus spp. is assumed to fractionate lighter than equilibrium, whereas Coccolithus spp. and 

Gephyrocapsa spp. fractionate heavier than equilibrium (Stoll and Ziveri, 2004). Regarding the 

differences in the dominance of coccolith carbonate contribution (cf. fig. 6.7) and the species specific 

fractionation behaviour, the interglacial �18Off signal may be used to reconstruct palaeoenvironmental 

conditions. 

6.7 Conclusions 

This study identified enormous discrepancies in the �18O signal of two major calcareous 

plankton groups, the coccolithophores and the planktic foraminifera. The differences were larger and 
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more opponent during the glacial and converged in the interglacial. A conventional interpretation of 

the bulk fine fraction (<20 μm) derived �18O data would mislead to a wrong palaeoenvironmental 

reconstruction in the North Atlantic region. 

This study identified two main influences on the glacial fine fraction (<20 μm) �18O signal. 

High occurrences of reworked coccoliths and of reworked detrital carbonates have a significant effect 

on the �18Off, in particular during the glacials. 

The fine fraction (<20 μm) �18O signal can only be used as an indicator of 

palaeoenvironmental conditions during the interglacials, when coccoliths dominate the bulk fine 

fraction carbonate. However, lighter �18O values during the cooler substages MIS 5.4 and 5.2 may be 

the result of enhanced detrital carbonate input. 

The coccolith carbonate contribution decreases drastically with the onset of the last glacial. 

Both sites were highly influenced by the input of IRD and the polar front was located further south, 

probably at 42°N or even lower. The influence of reworked coccoliths and detrital carbonates to the 

fine fraction (<20 μm) carbonate is immense and causes unexpectedly light �18Off values. The high 

influence of IRD derived detrital carbonates is very distinct throughout Heinrich events when �18O 

minima correlate with maxima of the dolomite contribution to the carbonate. Although the northern 

North Atlantic fine fraction (<20 μm) �18O signal may not be used to reconstruct palaeotemperatures, 

it serves as a suitable indicator of Heinrich events and phases of enhanced detrital input, revealing 

lightest �18O values during these events. 

This study demonstrates the limits in the use of fine fraction (<20 μm) stable isotopes and 

their application as palaeoenvironmental reconstruction proxies and emphasises the need for a critical 

examination and careful interpretation of bulk fine fraction stable isotope data in order to reconstruct 

palaeoenvironmental conditions in the high latitudes. 
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7 Summary and Perspectives 

7.1 Thesis Summary 

The studies presented here aimed to reconstruct climate-induced palaeoenvironmental changes 

in the North Atlantic region during the late Quaternary using coccolith-based proxies. These studies 

were carried out on two sediment cores, one from the Rockall Plateau and the second from the Iberian 

Margin. The reconstructions are based on the analyses of the fossil coccolith assemblage composition, 

the coccolith morphometry. Furthermore, the geochemical signal of the fine fraction (<20 μm) was 

tested for its applicability to reconstruct palaeoenvironmental conditions in the North Atlantic region. 

The following conclusions can be drawn about the main questions of this work: 

Coccolith assemblage characterisation and coccolith carbonate contribution 

This study figured out a large difference between the interglacial and glacial coccolith 

assemblage composition, and it furthermore demonstrated local differences of the coccolith 

assemblages during the last glacial. 

High species diversities and high total numbers of coccoliths characterise the late Quaternary 

coccolith assemblage of MIS 5. The Eemian interstadial MIS 5.5 is indicated by a rapid increase of 

coccolith numbers and diversity (fig. 7.1). MIS 5.4 and 5.2 are marked by lowered diversities and 

significant decreases in coccolith numbers. The interglacial coccolith assemblage from the subpolar 

North Atlantic is dominated by Gephyrocapsa muellerae. Emiliania huxleyi, Calcidiscus leptoporus, 

and other subordinate, more thermophile species complete the assemblage. 

The coccolith carbonate contribution during MIS 5 is relatively high, varying between c. 15 

and more than 40 wt. %. During the Eemian, Calcidiscus spp. and Gephyrocapsa spp. dominate the 

coccolith carbonate. This changes during MIS 5.4–5.1 when Gephyrocapsa spp. and Coccolithus spp. 

produce most of the coccolith carbonate. 

During the glacial MIS 4-2 the coccolith numbers and species diversity reduce significantly. 

The coccolith assemblage of the subpolar ODP Site 980 is more homogenous in comparison to the 

assemblage of the more temperate site GeoB 11035-1. The glacial assemblage of ODP Site 980 is 

dominated by E. huxleyi, whilst the glacial assemblage of site GeoB 11035-1 is dominated by the two 

species E. huxleyi and G. muellerae and shows a higher species diversity. Glacial short-term variations 

in the total coccolith numbers are mainly caused by abundance fluctuations of E. huxleyi and G. 

muellerae. These short-term abundance maxima are accompanied by the temporary occurrence of 

thermophile species. Enhanced relative abundances of reworked coccoliths occur during total 

abundance minima in the northern ODP Site 980, with lower relative abundance of reworked 

coccoliths at the southern site GeoB 11035-1. The onset of the Holocene is characterised by an 
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increase of total coccolith numbers at both sites, but diversities increase in the northern site whilst they 

decrease at site GeoB 11035-1 (fig. 7.1). 

The glacial coccolith carbonate contents are extremely low in the northern ODP Site 980, and 

slightly higher at the southern site GeoB 11035-1. The coccolith carbonate contribution is very 

different between the two sites. The coccolith carbonate of the northern site is produced by E. Huxleyi, 

Gephyrocapsa spp., Coccolithus spp., and Calcidiscus spp., and it is subject to a high influence of 

reworked coccolith carbonate. On the contrary the coccolith carbonate of the southern site is produced 

by less species, and no significant influence of reworked coccoliths is observed. With the beginning 

Holocene the carbonate contribution of Calcidiscus spp. increases significantly at both sites. 

Fig. 7.1: Summary of coccolith assemblage (ODP 980: Stolz and Baumann, subm.; Stolz et al., subm.; GeoB 
11035-1: Stolz and Baumann, unpubl. data) and fine fraction (<20 μm) derived data for ODP Site 980 (black) 
and core GeoB 11035-1 (grey) (Stolz et al. in prep.). Marine Isotope Stages (MIS), Termination I and II 
(TI/TII), and Heinrich events (H) are labelled. The graphs on the right illustrate the varying intensity of the 
warm North Atlantic Current (NAC) and the influence of cold polar waters as reconstructed from coccolith 
abundance and stable oxygen isotope data of both sites. 
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Characterisation and discussion of the North Atlantic bulk fine fraction (<20 μm) stable 

isotope signal as an indicator of surface water conditions 

The fine fraction carbonate is assumed to be produced by planktic living coccolithophores, and 

the geochemical signal of the fine fraction carbonate may provide useful information about the 

palaeotemperature of the surface water and the productivity of coccolithophores. 

This work demonstrated that during the interglacial MIS 5, when coccoliths had an enhanced 

carbonate contribution, the fine fraction (<20 μm) stable isotope signal may represent 

palaeoenvironmental conditions, if possible influences on the signal are considered. The interglacial 

onset of MIS 5.5 is marked by a �18O minimum and during the MIS 5.4-5.1 �18O gets heavier. The 

positive offset to the planktic foraminifera signal is mainly caused by species vital effects, habitat 

effects, seasonality signals, and salinity. 

The glacial fine fraction (<20 μm) oxygen isotope records of ODP Site 980 and core GeoB 

11035-1 reveal similar patterns. The opposing trends of planktic foraminifera and fine fraction 

(<20 μm) �18O data and significantly lowered coccolith carbonate contributions in ratio to the total 

fine fraction (<20 μm) carbonate content imply that detrital carbonates have a high influence on the 

geochemical signal of the fine fraction carbonate (cf. chapter 6). A significant fine fraction �18O 

minimum occurs during MIS 4, throughout the following MIS 3 and 2 data of both sites show very 

light �18O values decreasing from 2 to almost -3 ‰. Coccolith assemblage counts confirmed the 

influence of reworked coccoliths, and the analysis of the mineral composition revealed influence of 

detrital carbonates on the fine fraction carbonate composition. Hence, these glacial data sets may only 

be applied for palaeoenvironmental reconstructions if the contribution of reworked carbonates is 

precisely known. They may furthermore be used to detect Heinrich events in the North Atlantic region 

by revealing oxygen isotope minima during these. 

With the onset of the Holocene �18O values increase again and vary between c. 0.5 and 1.5 ‰. 

Throughout the Holocene, the fine fraction (<20 μm) carbonate increases towards 1 ‰ and is assumed 

to be mainly produced by the planktic calcifying coccolithophores, and hence a good proxy to 

reconstruct surface water conditions. 

Reconstruction of the palaeoenvironmental history of the North Atlantic region using 

coccolith-based proxies 

Low coccolith numbers indicate more turbulent surface water conditions and lowered SST 

during the glacial MIS 6. Subsequently increasing coccolith numbers distinguish the transition from 

glacial to interglacial conditions at around 130 ky in the North Atlantic region. The presence of 

warmer species characterise the Eemian interstadial MIS 5.5 when the warm NAC penetrated further 

North into the Nordic Seas (Müller and Kukla, 2004). The studies presented here confirm the notion 

that the climate of the last interglacial, in particular the interstadial MIS 5.5, was quite instable (cf. 

Johnsen et al., 1995). Coccolith assemblage studies reveal a short cooling during MIS 5.5 which was 
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probably induced by an interruption of the NAC. The following part of MIS 5.4-5.1 is distinguished 

by slightly decreasing coccolith numbers. During this period, short but significant minima of total 

coccolith numbers indicate that the last interglacial was interrupted by several phases of increased cold 

water influence (fig. 7.1), of which the stadials MIS 5.4 and 5.2 are the most prominent ones. 

Enhanced occurrences of reworked coccoliths and detrital carbonates which furthermore alter the fine 

fraction (<20 μm) �18O signal of MIS 5.4 and 5.2 confirm this. The interstadials MIS 5.3 and 5.1 are 

characterised as periods in which the coccolith abundance increases in numbers and taxa, and where 

Calcidiscus leptoporus, Helicosphaera carteri, and the subtropical form Syracosphaera pulchra 

appear. A long term decrease in coccolith numbers accompanies the transition from the penultimate 

interglacial to the last full glacial indicating a lowered influence of the NAC at the studied sites. 

The last glacial cycle is nicely reflected in both studied sites. A decrease in the coccolith 

numbers, lowered species diversity, and the absence of thermophile species are characteristic for both 

studied sites, and point to a weakened influence of the NAC, and an enhanced inflow of cold polar 

waters from the North. During this period of climatic and ecologic deterioration the glacial assemblage 

of ODP Site 980 is dominated by G. muellerae and E. huxleyi. Only few other subordinate species 

such as C. leptoporus, C. braarudii, Syracosphaera spp., and Helicosphaera carteri prevail in 

interstadials. Stadials are distinguished by extremely low coccolith numbers, and enhanced relative 

abundances of large E. huxleyi (>4 μm), due to the lowered NAC influence and a cooling of the 

surface water. Extremely cold phases correlate with IRD peaks of Heinrich events, and are abruptly 

followed by short term warm events. The stadials are characterised by a low diversity of taxa and the 

absence of thermophile species. The coccolith numbers of the southern site GeoB 11035-1 are even 

lower, pointing to cold surface water temperatures and decreased coccolithophorid productivity 

throughout the last Glacial off the NW Iberian margin. Similarly to the observations from ODP Site 

980 extreme low coccolith numbers correlate with Heinrich events, but are temporally shifted in 

comparison to the northern site (fig.7.1). Throughout Heinrich events, the coccolith productivity off 

the NW Iberian margin was delimited by lowered sea surface temperatures as a result of the inflow of 

cold surface water and ice rafted detritus due to iceberg melting (Sánchez Goñi et al., 2008). At 

16.5 ka a sudden increase in coccolith numbers marks the onset of the Holocene. 

Conclusions 

Coccolith assemblage studies form a valuable proxy for the reconstruction of past 

environments on short and long-term scales. Besides the assemblage composition the study of 

morphological variations forms a useful coccolith based proxy which can be applied for palaeoclimate 

reconstructions. This work also demonstrates that the application of fine fraction stable isotope data 

from the North Atlantic region needs critical data treatment and fixed terms of method and preparation 

conditions, which enables a better comparability of different data sets. 
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7.2 Future perspectives 

This study provides new and important findings about the response of coccoliths to climatic 

and environmental changes in the North Atlantic region during the late Quaternary. The presented 

study adds to the growing body of knowledge towards the understanding of coccolith-based fine 

fraction (<20 μm) geochemical analyses as palaeoenvironmental proxies and their application. 

Although the generated coccolith assemblage data reveal an excellent basis for palaeoenvironmental 

reconstructions, a general improvement of analysis and interpretation techniques to conduct 

assemblage and morphometric analyses will help to support palaeoclimatic research and future climate 

predictions. More focus should be put on the geochemical analyses of separated fine fractions. 

Therefore special emphasis needs to be placed on the preparation techniques for geochemical analyses 

of the fine fraction carbonate and on an increased density of data bases. An improved cooperation of 

different disciplines will help to enhance the progress on fine fraction or even species specific stable 

isotope studies and to establish a correction of the mixed fine fraction stable isotope signal. 

The following aspects may form an interesting basis for future research which ties in with the studies 

presented here: 

A) A more specified knowledge of ecological preferences of extant coccolithophore species 

such as sensitivity of habitat-transition and food web interaction is required for a better interpretation 

of fossil records. Since coccolithophores react distinctly to environmental conditions an improved 

investigation of the plankton assemblage within various environments is needed. There are still large 

areas of the world ocean, e.g. the western Indian Ocean, for which the extant coccolithophore 

assemblage has not been studied. A detailed study of such blank spots will complement the present 

understanding of coccolithophores ecology. 

The examination of plankton assemblages of previously and recently considered 

“coccolithophore free” regions (e.g. polar regions) with a multidisciplinary approach will help to 

monitor the change in the coccolithophores spatial migration and ecological preferences, but also in 

climate (e.g. Richardson and Schoeman, 2004). As coccolithophores are one component of the 

phytoplankton, the intensified examination of the entire plankton community will supply information 

about the climate induced interaction and variations of different plankton groups (Signorini and 

McClain, 2009). In order to better understand the impact of climate and ecology on the 

coccolithophores and their distribution, enhanced plankton studies, sediment-trap and surface sediment 

investigations will help to establish a dense and reliable data base throughout the oceans. 

A detailed distinction of subordinate species will help to monitor their explicit ecological 

preferences (Köbrich, 2008). Further investigation of coccolith communities on this detailed level will 

help to specify climate or ecology-induced variations within assemblages with low taxa diversity. 

B) A promising, but still rarely used proxy is the analysis and distinction of coccolith species 

specific morphometrical parameters to characterise present and past surface water conditions. 

Morphometric studies on the size distribution within the species E. huxleyi enabled a clear distinction 
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between phases of enhanced cooler or warmer surface water influence towards the study area (cf. 

chapter 4 or works of Hagino et al., 2005). First measurements on C. pelagicus from site GeoB 11035-

1 (42°10’N; 9°39’W) which based on the scientific approach of Parente et al. (2004) revealed 

enhanced occurrences of the small morphotype of C. pelagicus in correlation with the Heinrich events 

(fig. 7.2). However, further morphometric analyses with a higher sample resolution are required to 

support these preliminary results. The application of automated recognition systems as the SYRACO 

system (Beaufort and Dollfus, 2004) might help to improve the use and potential of this proxy. 

C) In order to enable long-term predictions, the analysis of shorter time slices covering climate 

driven “events” needs to be complemented by long-term studies. The analysis of neighbouring 

sediment cores and the subsequent comparison with studies from other regions will help to increase 

understanding of the spatial and temporal extension of the observed short-term climate changes, and 

support the distinction between local, regional or even global effects on the coccolith assemblage 

composition. 

For a more comprehensive application of coccolith-based geochemical proxies distinct 

knowledge about the calcification and fractionation behaviour of coccolithophores is needed. The 

improved culturing of a broad variety of coccolithophore species and the study of their stable isotope 

and trace metal signals will complement the interpretation of fossil data sets. The calibration of a 

Figure 7.2: Summary of unpublished additional data for core GeoB 11035-1: 
Morphometric analyses on C. pelagicus (Stolz, unpubl. data), Sr/Ca ratio (solid line; 
Baumann, Fink and Stolz, unpubl. data) and �13C values (dashed line, Stolz unpubl. 
data) of the fine fraction (<20 μm) carbonate. Grey bars indicate Heinrich like events 
as derived from minima in the total coccolith numbers (dotted line). 
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surface sediment data set for the North Atlantic would be the first effort in that particular region and 

would support similar projects currently in preparation for the South Atlantic and other regions of the 

world ocean. 

D) Previous studies (Zonneveld et al., 2007; Minoletti et al., 2009) showed that more attention 

has to be paid on the interaction of organisms in their role as marine photic zone calcifiers and their 

contribution to a mixed fine fraction stable isotope signal. Since previous works focussed on the 

isotope fractionation signal of differential defined fine fractions (mainly <63, <38, and <20 μm), the 

better comparability of such data requires the application of a defined fine fraction. A clear distinction 

between foraminifera carbonate (including fragments), the carbonate of coccoliths and occasionally 

dinoflagellate cysts was shown to occur at about 8 μm (Baumann et al., 2004). Hence, the general 

application of a grain size range close to that of coccoliths (in this work <20 μm), promises to hold the 

most reliable geochemical information about these primary producers. 

Similarly, the application of a routine technique for extracting coccolith fractions from the 

geological samples will help to better distinguish species specific stable isotope signals (Stoll and 

Ziveri, 2002; Minoletti et al., 2005; Minoletti et al., 2009). 

E) Besides the analyses of fine fraction oxygen isotope signals in order to estimate 

palaeotemperatures, the analysis of carbon isotopes and the trace element distribution holds promising 

information about the palaeoproductivity.  

The �13C and Sr/Ca ratio are interpreted as a proxy for coccolithophore productivity and can 

be determined from fine fraction (<20 μm) carbonate analyses. �13C values of the fine fraction 

(<20 μm) in the subpolar ODP Site 980 vary between 0 and 1.65 ‰ and display no clear pattern, 

which may be due to the relatively low coccolith carbonate contribution at this site (fig. 7.1). 

However, first measurements of fine fraction (<20 μm) �13C and Sr/Ca on site GeoB 11035-1 reveal a 

very good accordance with the pattern of the total coccolith abundance data (fig. 7.2). Hence, these 

signals are probably not altered by the influence of detrital carbonate and are much easier to consider 

than the fine fraction �18O signal. The extended use of this proxy in palaeoenvironmental studies will 

provide a first overview of primary productivity in the surface water. 

F) In order to improve estimates of the influence of detrital carbonates on the fine fraction 

stable isotope signal, first attempts were started to determine the absolute contribution of these 

carbonates to the fine fraction (<20 μm) �18O signal. Therefore, an aliquot (~300 mg) of a <20 μm 

bulk sample (GeoB 11035-1, 490–491 cm) was treated with 6 ml of 5 % formic acid (HCOOH), 

washed and dried. Stable isotope analysis on this sample revealed a �18O value of -4.33 ‰. This 

sample is characterised by relatively high dolomite contribution, which probably caused this 

significantly light �18O value. Besides, a better quantitative estimation of the contribution of detrital 

dolomite, aragonite and inorganic calcite to the fine fraction carbonate will help to enable reliable 

corrections of the mixed fine fraction stable isotope signal. 
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